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Tpakrar H. Byp6axn ,Hauana MareMaTHKH® HMEET HENbI0 H3JIO-
JHTh BCIO COBPEMEHHYI0 MareMaTHKy C eJHHOH M OpHrHHaxbHOH
TOUKH 3PEHHA

MuOro BHINYCKOB STOTO TPakTaTa yie BhuIO BO Ppauuun. Okn
BBI3BAAH GOALUION HHTEPEC MaTEMAaTHKOB BCErO MHPA KaK HOBH3HOI
U3N0MEHHA, TaK H BHICOKHM HayYHBIM YPOBHEM.

Hacrosimee H3ganue NpeicraBaseT coGolt nepeson NepBOit KHMTH
epBOi YACTH BTOrO TPAKTATa, T. €. KHHIH, B KOTOPOH 3aKnaimIBaloTCA
Hau6osee (yniaMeHTaibHbe M OGIME MOHATHSA, CAYKALIHE OCHOBOH
BCEro jgaibHeimero uaaoxenusd. KHHra cOnepXHT CAenyloIHe TAaBhI
LOmnucanne popmanbuoil MaTeMaTuxkn®, ,TeOpHsl MHOXKECTB®, . Ynops-
JOueHHBEIE MHOXKECTBA; KaplMHaAbHble YHCIa; Heasie ncaa“, ,Crpyk-
TYpHI®, @ TaKKe CBOAKY PEe3yAbTaTOB H HCTOpHYECKHI Ouepk Teo-
PHH MHOXECTB H OCHOBAWHIl MaTeMaTHKH.

Knura He mpennonaraeT KaKHX-iHGO NPEXBaDHTEABHBIX 3nanui,
a TpefyeT aMmb WABHIKA B MATEMAaTHUECKHX pAacCyXueHuax. Oua
paccuMTama Ha MaTeMaTHKOB -— HayunhlX DPaGOTHHKOB, ACNHPAHTOB
H CTYAEHTOB CTapiIHX KypCOB.

Penakuns auteparypsl 10 MaTeéMaTHUECKMM HayKaM




NMPEJIUCIIOBUE PEJAKTOPA NEPEBOJA

1. UYmo npedcmagasem co6oli Ppanyy3ckuil opuzunanr OAHHOZ0
u3danus

Tpakrar Huxona BypGakn ,Hauana maremarnku® (“Eléments de
mathématique* par Nicolas Bourbaki) spasgerca oamum u3 nauGoxee
H3BECTHBIX M HauGoJee HeCTaHAAPTHHIX NPOU3BEAEHUH COBpeMeHHOH Ma-
TemaTuueckod aureparypbl. OH ellle He 3aKOHYEH, M He H3BECTHO, KakK
Gyner BHINISAETh BCe COYHHEHME B LEJIOM M AAKe KaKOro oHo Oyrer
o06bena. [TOCKObKY BO Bpema MUCAHUS TPAKTATa MATEMaTVKa TOXe NBH-
JEeTCA BmepeR, €CTb OCHOBaHMS noJarars, 4ro pabora ne Oyxer 3aBep-
nieHa HUKOTAA.

Tpaxmam (iraité) neanrca ua zacmu (parties), 4acTn —Ha KHu2U
(livres), xuuru —na 22aget (chapitres). Kaxaas xuura, BooGuie rosops,
JOMNKHA, Kpome raas, comepiaTb ewe Crosaps (Dictionnaire) n Csodxy
pesyavmamos (Fascicule de résultats). Kpome Toro, xaxnas raasa win
rpynna TCJaB COMPOBONAAIOTCA OTHOCAUIMMCSA K STOR raase nau rpynne
raas Mcmo puseckum owepron {Note historique). Tpakrar uspaerca na-
pmKckuM usgareabcrsoM Hermann B cepum ,Actualités scientifiques
et industrielles U BHXOAUT OTAC/AbHLIMH BHNYCKAMU (fasgicules), HAYH~-
nas ¢ 1939 r. Kawzawft BHNYCK COREPMHT CBA3HYI0O 4acTb TeKCTa Ka-
Koft-1ub60 M3 KHWT Tpakrara. Bbinycku HymepyloTca B TOM nopsike,
B KaKOM OHH BbIXOAAT B CBET; HOMEp BHIIYCKAa COXPAHAET( H 0PH
nepeusgauusax. IlOpANOK M3AaHUA BHINYCKOB He COOTBETCTBYeT JOH-
YeCKOMY NOpAIKY YacTeH, KHUI u TJaB; 3TO o0bACHAETCA TeM, 4TO, Kak
yKa3nBaeT CaM aBTOP B CBOMX @HOHCAaX, ,COCTaBJenue GO/MbLIMHCTBA
raB TpakTara BefeTca OLHOBpeMeHHO“. B Buimycku ¢paniy3ckoro usna-
HMS BKJAQAbIBAlOTCA OpPOIUIOPH, Kaxlasd U3 KOTOPHIX COHEPMUT CIUCOK:
BHIIIEALIMX BHINYCKOB, pachpejeneHue omyOJHMKOBAHHHX TIJaB, cJoBape#
H CBOAOK pesyabraroB no kuuraM u ,Cnoco® mnonbaoBauusd [LaHHBIM
tpakrarom* {,Mode d’emploi de ce traité*). Kpome roro, B oTu BHNyCKH,
KaK MpaBWIO, BKJIAAbIBAIOTCA OTHOCAIUMECH K MpeAablaylyM BHIYCKaM
HyMepyeMble CRUCKU One4amox. ) '

CnMcoK BhINEANIMX B cBeT BhimyckoB Tpakrara H. DypGaku npuse-
IeH B mpuiomenuu | K HacTosweMmy npeaucaoBuio (cm. crp. 13—15).
B npuaoxenun Il (crp. 15—16) nokasaHo, KaK onyOauKOBaHHbIE B STHX
BHIyCKaX IJIABbl, CAOBAPH U CBOAKU Pe3y/abTaTOB 00beAMHAIOTCS B KHUIH
H YacTu.

Ecin npusHaKOM B3aKOHYEHHOCTH KHMIH CYMTATb Haauyne B HeR
CBoaxku pesyibrarop uau CiaoBapa  (ux  Qymkuum  pagbaCHAIOTCA
Brmnn 5 u 9 ,Cnoco6a Moab30BaHus“), TO 3aKOHYEHHBIMH CJeLyeT CHH-
Tate kuuru I, III, IV u V nepBoft wactu. Hano, BnpoyeM, umerb B BHAY,
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yro yme Bblluejwie pasnensl TpakTaTa BpeMd OT BPEMCHHU nepepabaThi-

BAIOTCS, HHOIAZ OYEHb 3HAUMTENbHO, M BHIXOAAT HOBLIMH H3LANUAMM.
Boablias YacTh UCTOPHYECKUX OuepKOB (CM. O HUX B I 11 ,Cno-

coba mnoabsopanua“) cobOpaHa BOeAMHO B KHUTE H. Byp6axu ,Ouepku

M0 UCTOPHH MATEMATHKU" (,,Eléments d’histoire des mathématiques*), dop-
ManbHo He Bxoisued B Tpaxrar ,Havanza maremaTHKu‘ u BHINYIUEHHOH
s 1960 r. TeM e usmareabcrBoM Hermann B KauecTBe IV Bbimycka
cepun ,Histoire de la pensée®.

Pan pasmenos rtpakrara H. Byp6aku BHLIea B pYCCKOM NepeBoie.
ChucoK STUX PYCCKUX M3JaHu# CM. B TIPHJIOXEHUH [II wa crp. 16—17.

Hacrosiiee pycckoe usiaHue MNpEACTaBjgeT coboit mepeBol NepBoH
KHuru (osariasiaeHno#t ,Teopus muoxecrs* (,Théorie des Ensembles*))
nepBoft uyactu (nashiBaemOH ,OCHOBHbE CTPYKTYpHI Anamsa® (,Les
structure fondamentales de I’Analyse*)) Tpaxrtara. Bo dpaHiy3ckeM u3-
LaHUy STy KHHTY COCTaBJAIOT CJERYIOLIHE HETHIPE BbIMyCKa (npuBoau-
Mple B TOM MOpANKE, B KAaKOM MX TNepPeBOJbl CKOMINAHOBAHH B HACTOM-
peM usnanun): XVII (coaepxaliyuit r/aBH I u I), XX (comepxaurnt
raapy I u Hcropuueckuit ouepx X § 5 raasn IIT ), XXII (comepxa-
wuit raapy IV u Mcropuyecku#t ouepx K TaaBaM [—IV) u I (comepxa-
mut CBoaxy peayabTaros). Ilas Mepesoja 6blad  UCMOJb30BAHBI BTOpPOE
uaganue Benycka XVII, meppble M3JaHUd BbINYCKOB XX u XXII u Tperve
ua3fanue phinmycka I1).

TMepesoiam HA3BAHHBIX BHIMYCKOB MNPelnOC/HaH B HACTOAIIEM H3IAHUM
nepepon ,Crnecofa MOAL30BAHUA HAHHLIM TPAKTaTOM®, BLIMOJIHCHNbIH]
C 9K3eMmaspa, BJONKEHHOTO BO BTOPOE H3LAHUE BBHINMYCKA X (1961 r.).

B uacrosiieM MNepeBOje YYTEHbl CIHCKM OMNEYaTOK Ne 1—9. Hesna-
YUTEeIbHOE YUC/IO MEAKMX HETOUHOCTeH MCnpaBaeHo 6e3 OroBOPOK.

2. H. Byp6aku 0 csoen mpaxmame
B aunnorauuu, momeurennoit B XXII Bemycke Tpakrara, ropopurcs:
_B Tpakrare MaTeMaTuka paccMaTpuBaeTCa C CAMOro ee Haua/1a i AaioTed
[O/HbIE AOKA3aTe bCTBA. I103TOMY ero uyTeHue He NMpEeAnojaraeT B IMPUH-

1y Bor 6u6auorpaduueckue onncaHud (OMMCHIBAIOTCA UMEHHO TE H3IaHHA,
¢ KOTOPHIX OCYINECTBAEH NaHHbH Mepeson):

1) N. Bourbakl Fascicule XVIL Eléments de mathématique. Premiére par-
tie. Livre L Théorie des ensembles. Chapitre 1. Description de la mathématique
formelle. Chapitre 2. Théorle des ensembles. Deuxiéme édition. Paris, Hermann,
1960. 137 crp. -} BKae#xa.

2) Eléments de mathématique par N. Bourbaki. XX. Premiére partie. Les
structures fondamentales de 1’ Analyse. Livre I. Theorie des ensembles. Chapi-
tre 1. Ensembles ordonnés. Cardinaux. Nombres entiers. Parls, Hermann et
C°, 1956. 118 crp. )

3) N. Bourbaki XXII. El¢ments de mathématique. I. Les structures fonda-
mentales de I’Analyse. Livre I. Théorie des ensembles. Chapitre 4. Structures.

Paris, Hermann, 1957, 125 ctp.

4) N. Bourbaki. L Eléments de mathématique. L. Les structure fonda-

mentales de I’Analyse. Livre L Théorle des ensembles. Fascicule de résultats.
Troisiéme édition. Paris, Hermann, 1958, 63 crp.
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jume HUKaKuX CMeUMaibHbIX MATeMaTHYeCKuX 3HaHuit, a Tpefyer auib
HEKOTOPOI'0 HAaBblKAa K MATeMaTHYECKUM PACCYXKIAECHUAM H HEKOTOPOH Crmo-
cobrocrn K abcrTpakuyu.

Tem He menee TpPaxkTaT pacCYUTaH NPeUMylUIECTBEHHO HA YuTaTexeH
ofaajalouiyx MO Kpakued mepe XOPOIUMM 3HAHUEM MaTepuana, npe-'
noiasaeMoro BO ®paunuuu B Kypce oOme# MaremaTHKH, —B JAPYrux
CTpPaHaxX Ha MEPBOM WM TEPBHX ABYX FOJaX YHUBEPCHTETCKOro 06yye-
HHl, — & TaK¥e N0 BO3MOXHOCTH HEKOTODHIM 3HaHHEM OCHOBHbIX pasjie-
0B AMGPEepeHIHAIbHOTO ¥ MHTEr PATLHOTO VCYHC/IEHHUS.

TpaxTar Huxoum o6pasoM He uUMEeT CBOeH LEMbI0 CAYKUTb IHIUKJIO-
neaveit COBPEMEHHBIX MAaTEeMaTHUYECKUX 3HAHHH; MBl MPOU3BENH CUCTEMATH-
yeckuit orbop, 0coOEHHO cTapasichb PasBUTb Oa3uCHble MOHATHA, HCIMOJb-
ayeMble NP pelleHuyt OOJMBIIMHCTBA 3a4a4 COBPEMEHHOH MareMaTuxu
Yro6bl crenaTb 9TH MOHSITUA INPHIOKUMBLIMH K BO3MOXKHO 6om>1.ueM3;
YUCTY CJAy4aeB, Mbl NMPEACTAaBUAUM UX B CaMO# oOuie#t u, clefOBaTENbHO
caMoft abGcTpakTHOR (¢opme, KOTOpas NO3BOJAET ACHEE BCEro Bﬂﬂ.eTb'
CTPYKTYpY pasiuuHbix paspabaTbiaemblx Teopud. ITo Tof xe npuunne
Mbl HE CTPEMUJINCh BKJIOUMTH B U3MOMEHUE KaWIAOR TEOpUM BCE TEOPEMbI,
M3BECTHbIE K HACTOSALIEMY MOMEHTY; Mbl NPUHUMITUAILHO OTPAHUYMIKUCH
TEeMH U3 HHUX, KOTOpBIE COCTABJAIOT JOTHYECKMH KapKac TEOpUHM Y 3HA-
HHe KOTODHIX HEOOXOAMMO AJs pelleHHs GOJAbUIMHCTBA 34434, MCHOJb-
3yOIIHX 3Ty Teopuio. Muorue apyrue peayJbTarhl, uMelolue Gosee
orpanuueHnyio cdepy npumeneHus, LaHk B (opMe ympamHeHuft, cogep-
WwauX OOLIMHO YKas3aHusd, LOCTATOUHO MOAPOGHBIE AJAA UX peméﬂm.

Tpakrar pasgesen Ha oOTAedbrble KHMrH. K KawAOR kuure, Kax
NpaBuao, TNPHJIOMEHA CBOAKA pe3y/abTaTOB; B HEH MOMHO HafTH 6oJb-
IIYHCTBO onpefereHUt u cOpMyIUPOBaHHble 6e3 [0Ka3aTeanCTBa OC-
HOBHblE Teopembl AanHO# xnuru. [lomoGmas cpoika [aeT MaTeMaTuKy
MENAOIUEMY TOAL3OBATLCA COOTBETCTBYIOIIEH Teopuedt, BecbMa yIlOﬁHbIP;
CNIPAaBOYHYMK; KPOME TOrO, OHZ MONET TMOMOYbL HUTATENI0 TOJYHHTh
NpEACTAB/EHe O KHHUI'E B 1IeJIOM DaHblle, 4YeM OH NMPUCTYOHT K TNOA-
poOHOMYy ee uU3yHEHHIO®.

Tax rosoput o coeM Tpaxrare' caM aBTop. 3a GoJee NMOAPOGHBIMH
CBEAEHMAMY O CTPOEHHM U LeadX TPAKTATa MBI OTCHIIAEM YUTATEJd
K ,Cnoco6y noabsosauus* (ctp. 19—22) u x ,Beexenuro* (crp. 23—30).
Onnako, nomany#, nauGoxee OTYETAUBO B3IJIAL aBTOPa Ha POJb €ro
TpaKkTara MepesaerT OTKPLIBAWOINAA HACTOALIEE H3LAHUE HKATMIOCTPALys
(B0 ¢paniysckoM u3ZaHuM OHAZ OTKpHBaeT cobo#t MepBbIt BBIMYCK) 1),

3. ,Teopusn MHoMCecm8* —nepsas knuza L Hawar mamemamuru®

Bcel.lenbxo Tpaktata Dyp6axku saBaserca mnocTpoeHue BCeR WM TOUYTH
# MaremaTuku Ha Oase Teopum MHOMecTB. MareMaTHyeckMe OGBEKTHI

1
qmal_)eﬂ(;ne;g)rf(ec H306pax EHHOTO HaM Heit Ax;laeTona xpama 3esca B Ouaumouu
T yBHAETL B 3aie 5 3ed  M3o6pasuren
ncrn Ty oy 5 Mo, y Pa3HTEABHBX HCKYCCTB
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paccMaTpuUBAIOTCA aBTOPOM KaK MHOXECTBA, Haj€NeHHHE TO# WIM MHOH
,CTpYKTypo#“ (06 3TOM nocaeiHeM nmousitun cM. § 8 ,Ceoaxu pesyib-
raros“). B m. 2 mpewkuero BapHaHTa ,Cpoco6a moab3oBaHua“ roBOpH-
noch: ,Ilepsas wactb TpakraTa MocBallena OCHOBHHIM CTPYKTypaM Amua-
aH3a .... B KQOKIOH N3 KHUT, HA KOTOpHIE NC/MMTCA 9Ta 4acTh, H3Y-
yaeTca OAHA U3 ITUX CTPYKTYp WU pAl 6JM3KOPOACTBEHHBIX CTPYKTYP . . .
O6uiye NPUHLKANL, U3yyaemble B nepBoit yacTH, HaHLyT 3aTeM B CJCLyIO-
WMX YacTAX TNpUMEeHeHue K TeopusaM, B KOTOPBIX NOABJAIOTCSt OAHOBpE-
MeHHO pPasauyHbIe CTPYKTYPHI.

EcTecTBEHHO, YTO TP TAaKOM CNOCOOe H3MOMeHHd nepBas KHUIa —
,Teopuss MHOXECTB® — 3aHUMACT coBepuieHHo 0co0oe MeCTo B TpaKTare.
ABTOp, HamMepeBaioLIHACH CHCTEMATUHCCKH BHIBOAUTb BCIO MaTeMaTHKy
U3 TeOpHU MHONECTB (NyTeM NpHCOCIMHCHHUA K MmocJelHe#t ROMOJIHUTENb-
HBIX AKCHOM), MMEHHO B 3TO# KHHUIE sakaanbiBaeT (GYyHLAMEHT CBOEro
nocrpoenus. I[losromy BBEICHME K MepBOR KHUPE€ MOXNET B M3BECTHOM
CMbICJIE PACCMATPUBATHCA KAK BBEIeHUE KO BceMy TpaKTary.

B nepsoit riaBe jnaeTcs ommcanyue METOLd, MOCPEeACTBOM KOTOPOTO
Gyner pasBuBarbcd Teopus Ha nporsmkenuu Bcero TpaxTara. TaxkoBHIM
Cay®uT (opMaTbHbIH axcuoMaTHuecKu#t Meronl), B KOTOpOM (B OT/MHHE
oT Hed)OPMaIbHOTO AKCHOMATHYECKOrO MeTOa) 4eTKO (OpMyTUpYyIoTCS
He TOJBKO aKCHOMBI, HO H TpaBuia BHBOLA M3 Hux. IIpenjomenus
paccMarpuBazMoft TEOpUM MPeLCTaoT npH 3TOM B BUIE 3narxocouemanul,
a mpaBuia BbIBOAZ OAHMX npeAJIoNKeHuit U3 APYrHX — B BUAE MpaBul
($hopManbLHOro npeo6pasoBaHud  3TUX sHakocouerauutt. FimMeHHO TaKHM
coco6OM pasBuBaeTCA BO BTODOH raaBe Teopud MHOXeCTB. :

Paaymee’rca, 3Hakocoueranida i aeHcTBYg ¢ HUMHU MOTYT npH WEJAHHU
paccMarpuBaTbcs 6€30 BCAKOH MHTEpTpeTalui, Kak T[OBOPAT, € HUCTO
cunmakcuneckoli Toukn 3penus (T. €. UCKIIOUUTEJBHO C TOYKU 3peHus
B3aUMHOTO DAacMOJIOXKeHUd CaMuX 3naxoB). Oanako HauGOJbIIUA UHTEPEC
NpeLCTaBIAlOT, KOHEYHO, Te NOCTPOEHMs, KOTOpHle COMPOBOXKAAITCH
uuTepnperauues, T.e. HAACICHUCM paccMaTpUBaeMbIX 3nakocoyeTaHuH
onpeneneHibM codepicanem. B kuure Takas MHTepIpeTauus MOCTOAHHO
ykasbiBaercd. boaee TOro, Gnarogaps LUMPOKOMY HCMOJb30BAHUIO TaK
Ha3bIBAEMbIX COKpALAIoLUX CUMBOJIOB (cM., Hampumep, ONpeleleHue
cuMBoOJa ,1“ mra cTp. 187—188) u coriaumeHuit O CIOBECHOM NPOHTEHHM
3HAKOCOYeTaHUHl, TEKCT KHULM MO Mepe yiaieHud ot Hayaaa Bce Ooaee
¥ Gouee mnpuobpeTaeT Xapakrep OGBLIYHOTO MATEeMaTHYeCKOro TeKCTa
(mumib B raase IV mpuxonurcs choba BepHYThCH K (HOPMAILHOMY A3HIKY)-
OfHaKO CJaesyeT BCerja MOMHHTb, HTO KamL0€ spyyaiiee OOHYHO TNpeA-
noxenne (Bpole ,CyumiecTByeT TaKoe MHOMECTBO, 4TO...* W T.IL)
npeicrapaser coGoft Ha CaMOM Leje He YTO MHOE, KaK NPOU3BEACHHYIO
HAa OCHOBE CAEJaHHHX COMJAlIeHuf CIOBECHYIO 3aMUch HEKOTOPOro 3HAKO-
coueranusi, — MpUyeM Kak pas TaKoro, 4To 3TO 3HakocoyeTaHyue — Npu

l)SCM. A. Yépu, Bpenesne B MaTeMaTHUECKyl0 JOTHKY, M, WJ, 1960,
cTp. 95
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ero uHTEpNpeTalyy, 3afaHHOH OCOOLIM COrJAIUEHHEM, — H 3TO I
KeHUe — pY  OOBLIMHOM €ero HCTOJKOBAHUM B TOBCELHEBHOM MaTgeMO-
YeCKOM fA3BHIKE — BLIDAXAIOT OAHO M TO We cymiaenue. Takum o6 1:21‘»1-
6OJIbINMHCTBO TPERNOKEHUH MOXET pacludpOBHIBATLCA ABYMS collzna(c)M’
BAHHBIMM MeXAy co00ft cnmocobamMu — OOLIYHLIM, COREPKATEAbHBIM (Kz(l)l;
BLIpAXalONee HEKOTOPOE CymjaeHHe) U (opMaIbUbIM (KaK u30Opamaloniee
:g;(;;oploiasu:irxoe(s);efr;ﬂue); CM. Iua mpumepa dopmyauposky [lpenno-
crp. 85. Iror 0cobuift, ,ABYCMEL “
NMpeLCTaBIgETCS MNeJaroruyeckon yﬂaqgﬂ };BTopC::eP(‘)Zbllﬁtoslfgﬁ:gfr“aﬂ;eﬁiﬂm
POpPMATLHYI0 aKCHMOMATUYECKYIO TEOPHIO, CUUTATH, YTO MK :~:’afmvxaeBa“I
cojepKareabHOH MaTeMaTUKON (MM, Ha00OPOT, 3aHUMAACh OOLIYHOM ro.
MaTUKOH, pasBuBaThL BMECTE C TeM (DOPMA/JbHYI0 TEOPHIO) Hae
B Tperbe#t riaBe usnaraercs Teopus ynopﬂnoqeﬂum;{ MHOXECT
KapAMHAJbHEIX (KOJUYECTBEHHBIX) uwuced. K coxanenuio Bax(HeﬂB e
MOHATHE OPAMHAMLHOIO (MOPAAKOBOIO) YUCHA BCTpedaeTcs n;4mb B gy
HEHMSX. P
B raase IV onpenenserca u usyyaercs OCHOBHOE A/ BCErO TPaKTa
(BbiHeceHHOE AaxXe B Ha3BaHue Bcefl mepBOft YacTH) MOHATHE CT pKT o
B cuny camoft TeMaTuKkH NepBOH KHUTY, NOMEIUEHHBIH Blzl}:aﬂ YE;I-
u B apyrux, Mcropuueckut odepk (xacawowufica ocuoBanuft MaTeMa:FI/IKHK
3;);2:(1, TEOPUH MHONKeCTB) Oojee TeCHO CBA3AH 3AeCh C OCHOBHbIN’[
CKasaTbxflf{?;,H:::lﬂorﬁef;guéo B Apyrux pasgesax Tpakrara; LOCTaTOYHO
i B0 ::aq)opmyﬂupym'rcn 3HameHUTHle Teopemnbl énens
P A PMaJILHOTO aKCHOMaTHyeckoro Meroza. [[Tosromy
oo petue TeKCTpangO €ro B DYCCKOM H3ZAHUM TeM MKe Ipudrom, 4TO
RaOepaten momon] (paHLY3CKOM OpHUrHHAJe UCTOPHYECKME OYepKy
qHngﬁOHeu, CBoska pesyJbTaToB [OJMHA CHEAATH BO3MOMHEIM AJd
1 usyueHue nocjaenyrouux xkuur Tpaxrata 6e3 HenmocpenCTBEHHOrO
o0paieHus K JOCTATOYHO HANMPMKEHHOMY Tekcry raap 1—IV.

4. Hexomopue xpumuuecxkue 3amedanus

(popl;ilzﬁ:ﬁb;xo%m aBTOPOM, u3OUPAIOWUM LA PasBHTUS CBOEH TeOpHUH
bopu: It aKcuoMaTWyecku# MeTOJ, BCErAa BCTAIOT JABe mpobJaemhl:
6&)}(;:: ;czn;;on;?gopewsocmu, COCTOSIIAA B BbIICHEHUH TOrO, He
P $OpMANLHOR TEOPUM CAUMKOM MHOIO0 TeopeM
e, no/m;)muo OHUM YKE HAYHyT NPOTHBOPEUUTHL APYr APYTY),
reom e , COCTOSINAs B BBHISICHEHUM TOrO, MOXHO JH B ITOH
coopuu MOAyIHTL Boccemamouﬂo MHOZO TEOpeM (a WMEHHO MOJYYHThb
Ty p BLIpa3UMble B TEOPUH COLEPHATENbHO HMCTUHHEE
coé?ﬂo f;l;e(;ieyﬂlgu g;Topéﬂii_30) aBTOP LOCTATOUHO OTHETIHBO CTABHUT Mepel
ocrou rey? ERo0Te Yy ¥ pewaer ee, No ero CIOBaM, ,B peajyucTy-
IlpOTnaopeque. . pelueHue CcaaraeTcs, BO-NMEPBLIX, U3 HAAEHAH, UYTO
o aKCUOMATHYECKOH TeOpUM MHOXMECTB He BCTpeTurcH,
) BTOpHIX, u3 yCexheHnus, YTO eCJAH OHO H BCTPETUTCH, TO €ro
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Moxuo Oyjler yCTpauuTh, cJjaerka pugousmenus 31y Teopuio. Oanako
NOAKPENAAIOWUN HALEKAY aPTyMEHT HE KaWeTca JOCTaTOYHO yOeiureb-
HuiM. OH cocrouT B TOM, 4TO ,34 40 ger ¢ Tex mop, Kak chopmymu-
poBaaM C [OCTATO4HOH TOHHOCTBLIO aKCHOMH TEOPUYM MHOMECTB M CTaJH
W3BJEKaTh M3 HHUX CJACACTBUA B CaMHX pasno06pasHbix 061aCTAX MareMa-
TUKM, euie HH pasy He BCTPETHJOCH nporuBopeyne’ (BBeienue, CTP. 29).
He ropops yke O TOM, UTO aKCHOMH, O KOTOPbIX CKa3aHO B 3TOM
OTpHIBKe, CblIM BCe Xe He Te, KOTOphHE MOJO¥eHH B OCHOBY Teopui
Byp6axu, ObI0 Obl, KOHEYHO, HEeMpaBHAbHEIM PACcCMATpHBATH PASBUTHE
MaTeMaTMKU Tocae (OpMyIMpOBAHUS AKCHOM TEOPUH MHOXeCTB KaK Npo-
lilecc u3BJEUeRus CAEACTBUA M3 ITUX AKCHOM. [To3ToMy CChIIaTbCA 31eCh
MOXHO He HAa COpOKaneTHui OMBIT Mamemamuxi, a Ha copokaneTHui
ONbIT QKCUOMAMU4ECKOL meopuu MHONECMS. BnpoueMm, aBTop, Mo-

BUIVMOMY, UCXOAUT U3 TOro, 4HTO BCe pe3yJ bTaThl, noJyueHune € TEX -

nop MareMaruxo#, MOIIH Gbl ObITh TMOJYHEHbl M CPEACTBAMU aKCHOMA-
TUYECKOH TeopUH MHOMeCTB. Moxer 6LIThb, 3TO M TaK; OLHAKO 3TO el
He MPEeACTaBJAeTca AOCTATOUHO OHYEBULHLIM. Crporo ropopsi, HeT rapaHTui
Jaxe TOro, yTo Bce TeopeMbl Tpakrara MOLYT 6LITh JOKA3aHH B paMKax
$opMATH30BAHHOR TEODHH, onucannoit B raape I meppoit KHUTH. »JLBY -
CMbICJIEHHBIE CTHILY, O KOTOPOM TOBOPUIOCH B npexbAyuieM MyHKTE,
raut B cebe M M3BECTHYIO OMACHOCTb: CTAHOBHTCA TPYAHBIM DPOCJAENUTD,
BOSMONHO /M 060€ [0Ka3aTenbCTBO, BCTpeualolleecs B Tpakrate u
uMelolllee BHEIUHHH BHMA COLEPKATCIHHOIO paccyxieHus, BOCNPOU3BECTH
dopmabto. HO TyT Mbl CTa/IKHBAEMCH yxe ¢ mpoOaeMO# MOTHOTHL.
Kak mokasaa Tézeab B cBoeH 3HAMEHUTOH meopeme 0 HeRoAHOME,
wau nepsoii meopeme, KaxAad AOCTATOUHO CUAbHad HEMPOTHBOpEUUBAs
dopMabHas TEOpHa HEMOJIHA, T. €. CylIecTByeT UCTHHHOE yTBEpHCICHHE,
BHpaNaplieecs Ha s3plKe STOH TEOPUH, Ho He noxasyemoe B HeHl);
KpuTepUeM CHJIH TeopuM ABIFETCS SLECH LOK23yeMOCTb B HEH TaK Ha-
3HBAEMHX AKCHOM  apu(METUKH. AxcuoMsl  apuMeTHKU JOKa3yeMHl
B aKCUOMATHYeCKOR TEOPHH MHOXECTB; cJeJ0BaTeNbHO, MO TeopeMe
[égens, aKCHOMATWYECKas TeOpHs MHONECTB, €CIM HEMPOTUBOPEYUBA,
1o nemoiua. VITak, Mbl MOJYHHJH, YTO CYLIECTBYeT ucTHHHOE TIPenIo-
sKeHyue, BHIPA3UMOE HA A3HKE AKCHOMATHUECKOH TEOpHH MHOXECTB, HO HE
IoKasyeMmoe B Heft. bonee TOro, Teopema [épeas paer cnocol MOCTPOCHMk
TAKOro MNpeaOKeHus; OTHOCHTEJIbHO STOrO (Temepb yXe KOHKDETHOTO)
npeoKeHUs MB MOMEM yCmarosums, cTag0 ObiTh, YTO OHO MCTUHHO
cojepxareabHO, HO He JOKa3yeMO GopMaTpHO. YCTaHOBIEHHE MCTUHHOCTH
KAKOr0-1u60 NpelIoNeHus ecTb T0, UTO B oOLIyHON MaTeMaTuKe Ha3hBaioT
JoKa3amesbCmBoM; ME UMEEM, CIEL0BaTeNbHO, NMPUMED TaKOro €00ep-
eameabnozo 00KA3ameAbcm8a, KOTOPOE HE MONET 6EITh TMPOBELLCHO
goprassno (B paccMarpupaeMoit aKCuOMaTUYeCKOi#t Teopuu, B NAHHOM

1y Ha crp. 344 umTareab HaifleT ONpELEACHHE MOAHOTH (K, CAEAOBATEIbHO,
HeMOJHOTH), He Onupaiileecs Ha MOHATHE HCTHHML. O6a omnpelieaeHHd IKBH-
BaeHTHB! ISl NIHPOKOTO KAACCa TEOPHH.
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cayyae B Teopun bBypOaku). Tae rapaurus, uyro Takue 0K
:Z)KBeCTEe:-axO'récn B peajbHO! MaTeMaTHYecKOH NpaKTuke (:, 6;3;1:?5;??
Kaabmae}; 1;:;[ yzér;eB ;ocnezumx KHurax Tpakrara BypOaku)? U ne no:
kasuiha (popMaJmaauung NMPpUHUUNUAAbHYIO OTPAHHYEHHOCTH
Pasymeerca, mocrpoennoe HCTHHHOE, HO He HOKasyeMoe
¢opManbHOit TeopuM MPeATOMEeHHe Mbl MOMEM NPUCOEIUHUTD P ameetme
zoggz dKCHOMBl K HCXOAHOH CUCTEME; HO TOTAA TEM Ke cno?:o%?;cl:ge
<:l}drTeJ")Hﬁpyroe npeinoxenue, 06/Manaloliee TEMH Xe CBOHCTBaMH (OTHO-
e palc{fupeﬂﬂoﬂ cucreMbl) u T. A. Bo BBeseHuu aprop mumer
( T'pax'ra';‘e B(é;oﬁBOBMO)KHOCTb NoJHOR  ¢opManu3auuu® coxpausercs
CcpaBHeHUe (B(; BCHKYOMB c;?;rlfgé :iﬁu H&!g;ﬂpﬂ;(;pgsgﬂfr; o, o0
cpabuomte (0 , celt MareMaruxe, a He
TOTPKO ¢ aBr;r)(z)ip;r’z.iTe) OKa3biBaeTcss 0oJee TOYHHM, HeM, BO3MOMXHO, XOTe-
At
Has Boga:imcqqﬂy;'reafgﬂ HY)!IiIHbIM X0Tl Obl MOCTABUTL NMPOOIEMY NOJHOTH.
BOLUTCA TeopeMa I‘e'ngrﬂ (C)Toflx)eﬂr;{:;:g:e 01:1?2;(();’ om0 en mombi
» , FOBODHUT O Heft
) ;;(e(': :;x:qvgreenz:;:rgesynmafre MeTaMaTeMaTUKi, He 3aMeyas, uiu Hen)?((;ﬁ’;:
e Mot K()H::p;nv[oro OTHOMIEHHS K NPUMEHSIEMOMY B TpaKTaTe
o HHKaK’OI‘O 1€YHO, BO3PasuTb, YTO aBTOP, NMO-BULUMOMY, U He
A q)opManb:(());mm VCTUHB, OTJIMYHOTO OT TOHATUS J0KA-
Oe3 npuejeyeHUs 9TOro nC:::'::: .(T%)peMa oo AT HpyeTeR
Heni TDoG e oo ): «Taxum oOpasoM, ,MaTeMarudeckas
P o HO B JIOIMYECKOHN NELYKLMM U3 TOCHIIOK
yorana HcTOpuquK}(;M h(:l:xpousBonbﬂoro 3afaHus aKCoM», —mumer H. Byp-'
g T pCCIOM ¢ );,pxe (ctp. 316—317). OnHako cTaHOBUTCA HemNo-
A ,0 axou € CMbIC/Ie C/IeAyeT MOHUMATb UCTUHHOCTD, CKAXKEM
yroeputenut 0 HC;; THBOPEUMBOCTH ¥ TOJHOTE (POPMANLHBIX TeOpMﬂ:
e oRHMaNC uiibl fenaet Mcropuyecku#t ouepx mopoabHo Ten-
» OCTaBJAs €ro, BNPOYEM, MHTEPECHBLIM U TOYYUTEJbHBIM.

.
Heicomopbte mepmunoso2usecKue 3aMe4anuUs

Ob6uias
o xéxm T(;gy;ﬂrﬂuﬂu;;sﬂocn Tpaxrara H. Byp6axu pacnpocrpanserca
M, Tpn: aeor TUi0, U300HIYIOULYI0 Crenuputeckumu ,6ypbaxus-
peBole MMENOCh B BUAY COXPAHUTh XapaKTep TepMHHO-

JIOTUHU Jaxe TaMm rae ee He()(; )| 0 a. .
’ s a bIYHOCTbL 3 X0ouJa CaunIKoOM AAJEKO

H p p; 3HAK yuTaercd y y 63 € e
IaK Hanpume 2 B p KU "est plus p tlt qu s

“.

iy e H;M::;,me, TakuM 00pasoM, (pasa ,Hyab MeHblue
XapaKTepHaﬂ e IK€ NAHHOIO U3RAHUA UCTUHHOE CYMIEHUE.
N Tapakrepas Os.mempixzam TEHACHUMA K MAKCUMaJbHOH OOGLIHOCTH
i ‘Sbommme, Jmiero aCTHOMY TPOSBJAETCA M B CHCTEME TE€PMHHOB
K bomenenut, Oua Iggmachn 3l€Ch Mpemie BCEro B CTPeMIEHUH
PiCenonmeny o MO)K{[ 61>emy TePMUHA. ABTOp KaxAbIl pas menaeT
bpecne oo 0 Oonee o0LIYyID CHTYRLUUWI0 M MMEHHO AJA Hee

KOpoTkoe uaspanue win Godee npocTodt cumsona. [Ipu
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nepexose xe oT OGoiee oflielt curyauuu k Gonee qacTHOR Ha3BaHUA
Y CHMBOJH COOTBETCTBEHHO YCJHOMKHAOTCH. Bosuukaoliye Ha 9TOM NyTH
TepMuHBl ¥ 00O3HaueHusd uHOrAA OKa3bIBAIOTCH PACXOAALMMUCH € TIpU-
HATBIMM B DYCCKOR uwareMaruyeckoll aureparype, 2 yHoraa M NpocTo
CO CTOBOYMOTpeOIeHHEM PYCCKOro A3bika. [IpuBeseM HECKOJABKO Mpume-
poB, KOTOpble TMOACHHIOT cKasanHoe W OJHOBPEMEHHO TpPEelOCTePeryT
yuraTess OT BO3MOMNHOR OLIMOKH, CcBA3AHHOR C HEOOBYHBIM ynmoTpebie-
HueM 3HAKOMBIX €My CJIOB.

1) ITocaedosamersHOCHbIO nasnipaetcsa B Tpakrare (CTp- 222, onpe-
jejeHue 2) He TOJIbKO (YHKIUS, ompejeneHHas HA BCeM HATypaJbHOM
page, HO M (yHKLHSA, onpejeneHHas Ha NpOU3BOJILHON UacTH HAaTypab-
HOFO pfja, — M jajee pasIHyaioTcd KOHeUHbE NOCAe008aMERbHOCMU
U Geckoneursie nocAe008amesbHoOCMU.

2) AHa/MOrM4HO CHEMHbLM nasmBaercs B Tpakrare (CTp- 227,
ompenenenue 3) He TOJLKO MHOXECTBO, PABHOMOUIHOE BCEMY HATypalbs
HOMY pSLY, HO M MHOMECTBO, paBHOMOLIHOE KaxkoH-1ubo ero #acmu, —
w gajee pasaMualOTC KOHEHHble CHUEMHBLE MIOKECTBa U OecKoHeulbie
cuemmuble MHOXECTBA.

3) Ipo cTpyKTypY &P, TOBOpUICH, HTO OHA monstue CTPyKTYpH Fa
ecqu CyuleCTByeT HEKOTOpOe€ ecTeCTBEHHHIM 00pasOM  aCCOLMHPYEMOE
¢ STMMM CTPYKTypamu oToOpameuue. [lpu oSTOM Kawaad CTPYKTypa
OKa3blBaeTCA TOHbIIE CaMOH ce6s. Eciu cTpykTypa &) TOHbLIE CTPYK-
TypH &Py, @ CIPYKTYpa &P, tie TOHbLIE CTPYKTYPhI &, (6onee yacrHas
curyauual), TO TFOBOPHTCH, HTO &, cmpozo moHplie, HeM &Fq (Cu.
crp. 257.)

4) Ananorudyso mpo TEOpHIo J"' TOBOpAT, UTO OHA CuLbHEe treopud J
eCaM 3HAKY, SBHble AKCHOMBI M CXEMbI Teopuu J BHIpAXAIOTCA OMpele:
neHHHIM 0OpasoM B J' (cM. CTP- 43); Bcakas Teopus OKa3bIBACTCA npu
aTOM cuibhee caMoft cebi. B ayxe Tpakrara 6bia0 OBl TOBOpHTH, HYTO
teopus J' cmpoeo cusbree, yem J, ecan J' cuibHee J. aJ ue
CHJIbHEE i

5) Iaa o6o3naueHus Gosee oOuieH cHTYyaluH, MpH KOTOPOH MHO-
wecTBo - X ecTb MOAMHOXECTBO wHoXecTBa Y, ymorpebasercd 6oxee
npocmoll 8HAK ,C ¢ u muuercd XY (amne ,X & Y“, Kak Hacro
numyT B copeTcKO# MareMaTU4eCKOH JluTepaType); T2 6osee wacmHan
curyauus, koraa X ecrb I0IMHOXECTBO MHOXECTBA Y, He coBmaiaiolee
co BcemM Y, o6osHauaeTcs GoJee AJUHHO XcY u X+Y“ (a ue
,X Y4, Kak MuWyT B 3TOM ciyuae B TeX CHCTeMaX, Tie cymiecTByeT
snax ,=%). (Cm. crp. 75, ompenejeHue 1)

6) 3Hak HECTPOTOro HepaBEHCTBA ,<“ omuCHIBAeT Goree 00Uy
CHTYaLMIO, HEXEJH 3HAK CTPOroro wepapecrba ,<* (34ech HabaI0AaeTCH
oTkJOHeHME OT o0uiero cTuas o603nauenuit BypOaxH, cOraacHo KOTOpOMY
NMepBblit U3 9TUX 3HAKOB JNOMKEH G Obl umeTh GoJjee MpoOCTOe HAYCP-
ranue, HEXEeJu BTOPOH), H TOTOMY HMEET B TpakTare 6o.see KOPOMKOE
npourenue: ,MeHbuwe — B TO BPEMA KaK BTOPOH 3HEK HMTaeTCH ,CTpoOro

Mmenbuie®.

——
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AHajoruy
e 6om,m:? e;na: HECTPOroro HepaBeHCTBA ,_>* HUTAETCAd B TPaK
» R H3K CTPOroro HepaseH “ 0
,6ombme’ (cM. crp. 140—141) P TR a7 imaeren ,crporo
7) Tlousrue :
Heﬂmz) . noﬂﬂ:gcna, Goabuiero Hyas, ssiasercs Gosee o6UMM MO cpas
Hewtio < nouw ﬂM 6qucna. ctporo Gonbmero uyad. [losromy nepB c
me omix now “u 0603HayeHo Oosiee KOPOTKUM TEPMUHOM — nomﬁ«oe
Temn Mmmblo (TaKOBBIM ABJAETCS, B YaCTHOCTH, HYJb), a ;Topo -
M — ,CTPOTO NOJIOKHTE : o
JbHOE YUCIH0*
o LKL (cum. crp. 384).
TepMM;z‘a oo OBé()CCTaHOBHTb ¢panuysckuft npoobpas Toro mm) HHOTO
PaTHTbCA K andaBHTHOMY YKa3aTesi0 B KOHLE KHHUIHU:

COOTBETCTBYIOIUMHA (panl
Y3CKLH TepMun Gyne
CKOBKAX MOCAe TepMuHa pyccxoro.p YAET NOMEUIEH TaM B YIJIOBBIX

MNMPUJIOXKEHUE 1
NEPEYEHb BbIMYCKOB ®PAHUY3CKOIO U3JIAHHUS!)

Buinyckn  ¢pa r
HUY3CKOTO H3LaHus
. Tpaktata H. B
Bunyc . Oaku -
szxoﬂ”p Bmcg;\v.l uddpaMy B TOM nopsgKe, B KaKOMYPOHI/I Bn:yme
e ovo Ka;;( npﬂu Nepeu3faHuax COXPaHAITCA Te Ke Hompef;)bzlie
, OB} BLIMYCK MMeeT ¢ .
- s - B i
scientifiques et industrielles*; sror Homegﬂnnﬁg‘:p , Cgplm pes
sclentifiques cq apabckumu
n moraa (;):I[:IaHHGTCﬂ npu TepeUsfaHuu, a MHOILA Her. Hm;t:d;};amﬂ
a8 )erc:;; TPaKTaTa B TNOPAAKE UX ,PHMCKOH® Hymepaugxi-
H T'OL BLIXOZA B CB :
, ‘ eT mnocaen
e HEro U3 u
p Py H3JaHUM HAHHOTO BBIMYCKAa, a TaKKe nopﬁﬂxoablvalBe;;r)HHx
Mep

9TOro H3JaHUA B Tex CJIV laﬂx: Koria IaKOBO“ 6bIJ[ 0603“a el Ha

I. Livre I. Théorie des ensembles.

Fascicule de résultats. (1958, 3-e uazn.)

IL. Livre IIl. Topologie générale,

Ch. 1.
- I. Ch. 2. (1961, 3-e usan.)
. Livre (I:I; ’gopologie geénérale.
. . 3. Ch. 4. (1960, 3-e wuan.)
IV. Livre II. Algebre. .
Ch. 1.

1958,
V. Livre IIl. Topologie générale. ( roves wen)
Ch. 5. Ch. 6. Ch. 7. Ch. 8.
VL. Livre II. Algébre,
Ch. 2.

(1955, 2-e usn.)

(1962, 3-e usn.)

1
) He nperennyer na noasory.
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VIIL.

VII.

IX.

XL

XIL

X1,

XIV.

XV.

XVIL

XVIL

XVIIL

X1X.

XX.

XXI.

XXIL.

XX

XXIV.

Livre 1I. Algébre.
Ch. 3.

Livre HI. Topologie générale.
Ch. 9

Livre IV. Fonctions d’une variable réelle.
Ch. 1. Ch. 2. Ch. 3.

Livre III. Topologie générale.
Ch. 10Y).

Livre II. Algébre.
Ch. 4. Ch. 5.

Livre IV. Fonctions d’une variable réelle.
Ch. 4. Ch. 5. Ch. 6. Ch. 7.

Livre VI. Intégration.
Ch. 1. Ch. 2. Ch. 3. Ch. 4.
Livre II. Algebre.
Ch. 6. Ch. 7.
Livre V. Espaces vectoriels topologiques.
Ch. 1. Ch. 2.
Livre III. Topologie générale.
Fascicule de résultats.
Livre I. Théorie des ensembles.
Ch. 1. Ch. 2.
Livre V. Espaces vectoriels topologiques.
Ch. 3 Ch. 4. Ch. 5.
Dictionnaire.

Livre V. Espaces vectoriels topologiques.
Fascicule de résultats.

Livre 1. Théorie des ensembles.
Ch. 3.

Livre VI. Intégration.
Ch. 5.

Livre I. Théorie des ensembles.
Ch. 4.

Livre II. Algébre.
Ch. 8.

Livre 1I. Algébre.
Ch. 9.

1) B nepsoM H3JaHMH STOrO BHIyCka

(1958, nopoe ¥31.)

(1960, 2-e wual.)
(1958, 2-¢ u31.)
(1961, 2-e u3n.)
(1959, 2-e usL.)
(1951)
(1952)
(1964, 2-e ui.)
(1953)
(1953)

(1960, 2-e usa.)

(1955)
(1955)
(1963, 2-¢ u3L.)
(1956)
(1957)
(1958)

(1959)

(1949) nmeerca elle Dictionnaire.
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XXV. Livre VI, Intégration.

Ch. 6. (1959)
XXVI. Groupes et algébres de Lie.

Ch. 1. (1960)
XXVIL. Algébre commutative.

Ch. 1. Ch. 2. (1960)

ITPUJIOXKEHUE 11

OPrAHHU3ALHS BbILIENIINUX TJIAB TPAKTATA

YkasaHHble B Npuaoxenuu I raaBbl, CI0OBapH ¥ CBOAKYM pe3ynsTaToB
CIeRYIOINM 06pa3oM O0beAMHAIOTCA B KHUTM ¥ 4YacCTH.

Mepsasa wactb. OcHoBHBIE CTPYKTYPH AHaju3a

Kuura 1. Teopus muoMecTB.
(Thécrie des ensembles.)

Taasa
I1asa
[naBa

["naBa

L. Onucanue dopMmanbHoOl MaTeMaTuky,
2. Teopuss MHOMECTB.

3. YrnopsgoueHrble MHOXeCTBa. Kapaunaabrele wuciaa.

Lleable uucaa.
4. CtpyxrypH.

Coaxa pe3yabTarosn.

Kuura 2. Aure6pa.
(Algebre.)

[naBa
I'naBa
I" 1aBa
I'nasa
naBa
I'aasa
I1asa
T'naBa
[naBa

©0OND UL b~

. AnreGpauyeckue CTPyKTyphHL.

. Jlune#inas aareGpa.

. Ionunuuettnas aareGpa.

. [MomunoMbl U paunoHannuvie Apobu,
KoMmMyTarusnee Tedna.

YnopsaaoyeHHble TPYNNsl U Teda.

Moy Ha KOJbUAX I'VIaBHBIX HAEA/I0B.
[onynpocTele MOAY/IM H KOJAbLA.
[Monyropanuueftible U KBagpaTudubie HOPMEL

Kuura 1II. O6was Tonosorus.
(Topologie générale.)

T'naBa
nasa

1. Tononoruueckyue CTPYKTYpPH.
2. PaBHOoMepHble CTPYKTYpHI.

T'naa 3. Tonosoruyeckue rpynns.
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[nasa 4. JelicrBuresbibie ducIa.
[nasa 5. OnHomapaMeTpuuecKue rpynnbl.
Faasa 6. Hucaosre H NPOEKTHBHHE npocTPaHCTBA.
Taaga 7. ApauTuBHEIE TPYNIH R".
[aapa 8. Kommiexcuble Hucia.
Caapa 9. HcmouassoBaiue KOMIIJIEKCHBIX 4Yucel B obueit
TOMOJIOTHH.
[nasa 10. ®YHKUMOHAIBHBEIE NpoOCTPAHCTBA.
CioBapb.:
Cpoaxa pe3yJ/bTaToB.
Kuura IV. ®yHxuuu 04HOTO Je#CTBUTENILHOTO TEPEMEHHOr0-
(Fonctions d’une variable réelle.)
Funapa 1. ITpou3BOAHEIE.
[napa 2. TlepsooGpasHbie H MHTErpajbl.
Tnapa 3. DuemeHTapHbIC by HKIHH.
Taasa 4. Hduddepenuualbible ypaBHEeHHH.
[napa 5. JlokaibHOe MCCIELOBaHHE ¢dyHxLUA.
I'mapa 6. OGoluieHnbie TOHIOpPOBCKUE  Pa3TONEHH. dopmyaa
CyMMUPOBAHUSA Suaepa — MaxopeHa.
Faasa 7. lamMa-QyHxuus.
CaoBaps.
Kuura V. Tomnojoruieckue BEeKTOpHbIE MPOCTPAHCTBA.
(Espaces vectoriels topologiques.)
[nasa 1. Tomomoruueckue BEKTOPHEIC NpOCTpaHCTBA HAL HOP-
MUPOBAHHHIM TEJIOM.
[aapa 2. Bbinmykabie MHOXeECTBA H JOKaJbHO BHIyKJHE TPO-
CTpaHCTBA.
Faapa 3. IIpocrpaHcTsa HempephIBHBIX JHHEAHBIX orobpaxenuft.
[aapa 4. JiBoHCTBEHHOCTb B TOMOMOTHYECKUX BEKTOPHBIX 1pO-
CTpaHCTBaX.
[naga 5. TuabGepTOBH MPOCTPAHCTEA (sneMenTapHas Teopus).
Ci10Bapb.
CpojKa pesyabTaToB.
Knura VI. Wnaterpuposanue.

(Intégration.)

Taapa 1. Hepasencrsa BbITYKJIOCTH.
[aasa 2. TIpocrpancrsa Pucca.

Cnaea 3. Mepn Ha J0KaJIBHO GUKOMIIAKTHHX TNpPOCTPaHCTBAX.
Tnapa 4. Tlpono/mxenue Mepel. [TpocTpancTsa L.

Tnasa 5. Wnrerpuposanue Mep.

[napa 6. BexropHOe MHTErpHpOBAHUE.
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Bropasa wacrTs
Kunura (6e3 noMmepa). I'pynnul ¥ aarebpst Jiu.

(Groupes et algébre de Lie.)
FnaBa 1. Aare6pn Jlu.

Knura (6es nomepa). KoMmmyrarusHas aireGpa
Tanapa 1. Tlaockue momynu.
Fnasa 2. Jlokanusanus.
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PYCCKHE NEPEBOJbl PA3IEJNOB TPAKTATA

K nacrosuwemy B
peMeHd BBIULIA B CBET CJeLyI0
Boabl pasnenoB Tpakrara. Aylone. pyceitue meper

1) H. Byp6axu. O6uwaa Tono

. aorud. OCHOBHBIE CT
c (bpagu.CC. H. Kpaukosckoro. [Tox pen. [. A. Paﬂxoa:f.ygrﬁgzll.mrcl;g.
Buel\éoﬂép){m‘iﬂsxcaﬂnpoaa. M., dusmarrus, 1958, 324 crp. 2 aneﬂxu-
epBLle TPU IJaBbl TPeTbelt KHUrY [B :
]l:l[&&&Hﬂfé sunyckos I (1951) wu HI (1951)] H—[B n}fﬁ{?ciﬁ: C?I f:[';(())l:i:ﬂx
us — CBOLKY pe3syJbTaTOB NepBO# KHUTM [B TNepeBode O ’ o
u3nauua Boinycka I (1951)]. Propore
2) H. bypo6aku. OOmas tomoaorus. Yucsia u CBA3AHHHE C HUMH

rpynnbl u npocrpancrBa. Ilep. ¢ ¢ppanu. C. H. K
J. A. Patixoa. M., dusmarrus, 1959, 247 C.Tp.paqxoscxoro. Hox pea:

g)olﬁp%m raassl IV—VII tperbe#t xHuru
. byp6aku. Tonomoruueckue BeKTO'
pHBIE TIpOCT .
< q)(;:)anu. O. A. Panxosa. M., MJI, 1959. 410 CTp.?+5p§:§:i tier
OIEPWUT MEePEBOA BCeH MATOM KHUIM, a TaKme NepeBor C1.10c06a

noJjb3oBanus aanusiM Tpa “
KkTaromM* [ppanuysckuft opu

TUH i
»Cnocoba moaws3oBanua® Obl1 BJOMEH ¢ o " ropoe wanane

RV ooy 1000 e HanpuMep, BO BTOpOe HU3KaHue

4) H. Byp6aku. AareGpa. Aurebpaudeckue CTpykrypo. Jlunei-

Hasi ¥ nmnoJuMadHedHas aarebpa. Ile
M., dusmarrus, 1962. 516 CTE.—{—4 Ex'maitxuq.)paﬂu. A A Pasona.

Cozepxur mepeBof MEPBHIX TPeX IJIaB BTOPOH KHHTH.

Kpome T
p Oro, Bblllea nepeBos ,OuepKOB MO HCTOPUM MATEMATHKU

H. Bbyp6axku. Quepku :
U. T. Bauwa pxky no ucropux marematud. Ilep. ¢ dpanu.
202 crp. makoso#. Tlom pen. K. A. Pubuuxosa. M., UJ, 1963,

Ha
¢“3Ma:1f)uf;eu,19360céopﬂuxe ,Maremarnueckoe npocsemlenue*, Buin. 5, M
, , H1 cTp. 99—112 nomemen sumoanennsdt 1. H. feu

2 H. BypGaku
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CKUM TIepeBOX TNPOTPaMMHO# CTaThH H. Bypbaku ,Apxurekrypa Mmare-
MaTiku®, TnosaBUBIIEACHT B 1948 r.1). B ToM e BBHIyCKE ,Marema-
THYECKOrO TPOCBElIeHHs MOXHO npodecTh Ha CTP. 113—115 cratbhio
A. A. Janysoa ,0 ¢yniamente H crune COBpeMeHHOH MareMaTHku
(no moBoLy Crarby H. Byp6aku)“, a Ha CTp. 999239 — BHIMOJNHEHHBIA
&. JI. Bapnaxosckum u T. A. lllecronan nepeson crarbu IT. Xammowa
,Hukonaft Bypbaku“, B KOTOPOH NPUBOASTCA IOCTATOYHO noapodubie
cpenenus 00 aBToOpe HACTOALIEro Tpakrara?).

B. Ycnencxui

9 nona 1964 r.

1y Jror ke TNEpeBoA noMemeH B Biile INpHIOXKeEHUs B PYCCKOM H3AHHY
,OuepKoB Mo HCTOPHH MaremaTiku® (cTp. 246—259). B oeux HasBaHHBIX My0-
JUKalliax STOrO fepeBojia MOCICAHAR {pasa COJEPKUT OMNEuaTKy. HarmevaraHo:
,len 3aMEHHUTh SHIMUCAGHUS MU", CHELyeT UHTaTh: ,BHiMILCACHIE 33MEHHTh
noesmu® (B opuruHane ,substituer les idées au calcul®; cm. c6. ,Les grands
courants de la pensée mathématique®, présentés par F. Le Lionnais, Fontenay-
aux-Roses (Seine), Cahlers du Sud, 1948, ctp. 47).

2) ([Tpunmeranueipi xopperxmy pe.) CM. TaKme AHOHHMHYI0 CTaThIO , «IBKIHA»
aBanuaroro Beka® B 1-M HOMEpE wypnana ,Hayka H ®u3Hb* 3a 1965 r.

(ctp 136—137).

CNOCOBb NOJb30BAHHUSA JNAHHbIM TPAKTATOM

1. B Tpakrare MareMaTuka pacCMaTpuBaeTcs C CaMoro ee Hauaja
W fal0Tcsd TosHble [AOKasareibcTBa. I[103TOMY ero ureHue He Npexno-
naraeT B TPUHLUMINE HUKAKUX CREUUA/AbHBIX MAaTeMaTUYeCKHX 3HAHUH,
a TpefyeT /Mulilb HEKOTOPOTO HAaBbIKA K MATEMaTHYECCKUM PaCCyKAEHUAM
¥ HeKOTOpPOW CHOCOOHOCTH K abcrpakuny.

Tem He Menee Tpakrar paccyuTaH NPeuMyLIECTBEHHO HA yuTarenei,
06nafaIUX MO0 KpaHHe# Mepe XOpDOLIMM 3HAHMEM MarTepuana, npeno-
AaBaeMOro Ha TEPBOM WM [epBBHIX [BYX TOLaX YHUBEPCUTETCKOTO
obyuenus.

9. Tlpunsrelf cnoco6 H3JI0MEHHS ABJIAETCA AKCHMOMATHYECKUM H al-
CTPAKTHHIM; 4allle BCero NPOUCXOAMT MEepexoh OT OOMIEr0 K YacTHOMY.
BuiGOp TaKOro MeTO4a BhisBaH TiaBHo# ueavio 9sroro Tpakrara,
cocroseft B TOM, uyTOOGHl JarTb TPOYHBIE OCHOBaHuA BCelt coBpeMeH-
Ho#t MareMaTuky B uedoM. Jlis aToro cosepmieHHO HEOOXOAUMO Cpasy
e BOOPYMUTbCS BecbMa OOMbIUMM YUCAOM OUYeHb OOCIINX  TOHSATHH
u npunuunos. Kpome Toro, mnorpe6HOCTH LOKA3ATEIbCTBA AMKTYIOT,
qro6bl AaBH, KHATH M 9acTW C/EI0BAJIM B CTPOro (DHKCHPOBAHHOM
JorudeckoM mopsaake. I103ToMy MNOJE3HOCTb HEKOTOPHX PAacCMOTpElHH
O6yner obHapyXeHa uuTaTeleM, JHIIb €CAu OH Yxe oOialaeT BecbMa
OGLIMPHBLIMA 3HAHUAMHM MM Ke ecau oH OyleT MMeTb TepleHue OT/IONHTL
CBOE CyxAeHue N0 TeX Nop, KOrla eMy NpeicTaBHTCs ciaydait yoeaurscs
B STOH MOJIE3HOCTH.

3. UToGbl B Kako#t-To mepe GOPOTbCS C 3TUM HeyHOOCTBOM, B TEKCT
IOBOABLHO YacTO BBOAATCA NpPUMEPH!, HUCMOMb3YIOliMe (AKTH, KOTOpbIE
yuraTedb MOMXET YxXe 3HaTb U3 APYrHX HCTOYHUKOB, HO KOTOpble ellle
He wuanaranuch B Tpakrare; 5T TNPUMEpPH BCIOAY TMOMELICHH Mexay
apyMs 3Haukamu °....'). BoabwinHCTBO YuTaTe/neH, HECOMHEHHO, HAHACT,
YT 9TH mpuMephl 06/JervyaioT MOHUMAaHWe TEKCTA, W MPEANOoYTeT He Mpo-

1) B opurunane * ..., — [1pun. peo.

2*
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fMyckaTb HX, Adxe NP TEpPBOM YTEHWH; OMHAKO TaKOH MPOMYCK, pasy-
MeeTCsi, He BhI3BAJ Gbl, C NOTUYECKOH TOUKM 3PeHHs, HUKAKHX HeyloGCTB.

4. TpakTaT pasiensieTcs Ha KHUTH.

B nepso#t uyactu Tpakrara KHuTH HyMepylOTCd, M, B npuHUHUIE, J1100as
dbopMyaHPOBKA TeKCTa TNpeano/araeT H3BECTHHIMH TOMBKO pPe3YJbTaTH,
U3/I0WEHHbIE paHee B yCTaHOBneHHOM nopsaake. Bo Bropo# uacTd 3TO
npaBuio cobiaonaeTcs  BHYTPH KawIOH KHUTH, HO U3 cooOpaxenuit
ynoOCTBAa M3/MOMEHUs KHUTH YKe He pacnonaraloTCH B JuHEeHHOM MOpsikKe.
YyraTess HafgeT B HauyaJe KaXAOR KHUTH Win TJaBHl BTOpOH uacTh
Tpakrara TOyHbIE YKasaHus O €€ JOTUYECKUX CBA3AX C IpyruM# KHH-
ramMuy SToH uacTH (KHMTM TMEpBOH yacTH NMpPENnoJaraiTed N3BECTHBIMH);
TaK OH CMOXET NMPOBEPUTb OTCYTCTBHE MOPOYHOTO Kpyra.

5. UYprarenb, ObITb MOXET, 3aXoyeT HHOrAa COCTaBUTDb cebe oOuee
TpeaCTaB/eHye O CyMMapHOM COAEpHaHHU kakolt-qu6o kuury Tpakrara,
npexje yeM NPHCTYNaTh K MOLPOGHOMY u3yuenuio ee. dra sagaua Oyner
eMy 06.1er4aThCs c600Ka ML pe3yarbmanos, npuiaraeMeimMu, Kak NpaBujo,
K KanOH Kuure ¥ PAcCUMTAHHBEIMM B TO Xe BPeMd HA SAHATHIX HUTATE-
Jlelt, KOTOpbIE KeJann Obl KaK MOXHO CKOpee HauaTb U3Y4eHUe CMeUUaTbHbX
npoGrem. ITu cBoikU OyAyT COAEPKATb MO BO3MONHOCTH caMmoe cyuecr-
BeHHOE M3 TOT0, 4TO Oyaer HeoOXONuMO LS U3yueHus CACNyIOUMX KHHT®

6. Jloruueckui Kapkac Kawxao# riaaBbl COCTaBJAIOT ee onpedenenus,
AKCUOMB W meopems. NUMEHHO 3TO 0co0eHHO He06X0IUMO COXDPaHATH
B yMe, HMes B BuIy JAaabHedLlee. Pesynbrarhl, MeHee Baxuble, HIM Te,
KOTOpble HETPYAHO BHOBb BbIBECTH U3 T€OpPeM, BHICTYMAIOT NOJA HA3BaHUEM
»TPELNOKEHUR", ,aeMM”, ,CHeACTBUIY, ,3aMedyaHuit® u T. L.; Te, KOTOpble
MOXHO TIPONYCTHTb MPU NMEPBOM YTCHUM, TEYATAOTCH MEIKHM wpudTOoM,
Mo Ha3BaHMEM ,CXOMuA* yuTaTeb UHOTAA HAKAET KOMMEHTAPHH K ocobeH-
HO BaXHOH TeopeMe.

7. Hexoropbie Mecra HMEOT Uesblo ybepeub uyHTaTens OT cepbesHon
omMGKH, B KOTOPYIO OH PHCKOBaJ BMAacTh; STH MECTa OTMEHEHbI HA MO-

N9X 3HAKOM Z (,OMacCHbI MOBOPOT*).

8. Ynpaouenus BOMKHB, C OLHOH CTODOHBI, 1aTb BO3MOMHOCTH
yyTaTeno NMPOBEPHTb, XOPOLIO JH OH YCBOUM TEKCT; C APYro# CTOpOHbI,
OH# JOMNKHH TO3HAKOMHTB €r0 C pe3yJbTaTaMy, KOTOpbie HE Hallik
ceGe MecTa B TEKCTe, HO TeM He Mence NO-CBOeMy uurepecubl. Mx moxuo
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nponyckarh TNpuM NEepBOM HYTeHMM; OAHAKO M3YYAIOWIEMY DPEKOMEHAYETCS
pellaTh HEKOTOpbie M3 HMX XOTd Obl npu BTOpoM ureHuu. HaunGosee
TpyAHble oTMedaoTcss 3HaukoM Y[ 1)

9. TepMmuuosoras, mnpuHATas B 3SToM Tpakrare, Obiia TNPEAMETOM
ocoboro BuuMmanus. Ilpusazaruce cmapanusi Huzde He omcmynams
om o0uenpURAMOE mepmunoso2ul 0e3 BeComa CePbe3HbLX NPULUH-
He ToAbKO Kamblit Bomyck OyneT cHaOxwen NOAPOOHEIM yxa3ameaem,
HO 3a Kawao#h xuuroft Gyner crenoBaTb €084 pb, Tie OyAyT 00BACHATLCA
u obcysxaarbcs, KpoMe TepMuHoB, ynorpelJdemblx B sTOM Tpakrare,
COOTBETCTBYIOIME TEPMHHBI, ynorpebigeMbie 10 cuX NOP B HauboJjee
BaXHBIX #3blKaX. Tako# cJoBapb MO3BOMMT uyrarenio Tpakrara mnpu-
CTYNUTb K U3YYCHUIO OPUTMHAbHBIX PabOT Ha Pa3/iUYHBLIX fA3bIKAX, a Ma-
TEMaTUKy, NpUBbIKLIEMYy K IADYTOH TEPMHUHOJOTUM, OLICTPO OCBOHUTHCA
¢ repmunoisorueit Tpaxrara.

10. Tlpuaaraauch cTapanus K TOMY, uTOOH, He XepTBYs NMPOCTOTOH
M3J0MKeHUs, NMOJAb30BATLCA BCIGAY CTPOTO KOPPEKTHbIM f3bikoM. Hackoubko-
BO3MOXKHO, 80AbHOCmU peuit, 6e3 KOTOPHIX 110001 MaTeMaTHYECKUH TeKCT
pMCKyeT cTarh TNeIaHTHYHBIM ¥ JaXe TPYLHO YHTAeMbiM, OTMEUa/IHCh
MOMYTHO; B HYXHBIX CJAyyasX OHM YNOMMHAIOTCA B yKasarTeasX n
CJIOBapAX.

11. Tak kaK TeKCT MOCBAlleH B OCHOBHOM JOTMaTHYECKOMY H3J0Mxe-
HHI0 TeopuH, yuratesb Haizer OGubaumorpaduyeckue CChUIKH UL B Buie
HCKJAIOYeHUt; 9TH CCHUIKH OYLYT COCPeLOTOUMBATHCS B UCMOPUHECKUX
oueprax, TOMelaeMbiX OOBIYHO 8 KoKWie KaKHOol 22484, W 3lechb
We uuTaresqb HafieT, eCJH NPeACTaBUTCA c}lyqaﬂ, yKa3aHUA Ha elle
He pelleHHble NpoGaeMbl Teopuu. Bubanorpadus, koTopas clielyeT 3a Kax-
IBIM M3 9TuX 0630pOB, Yallle BCErO COAEPIKHT TOJAbKO OPUTHHAMbHEIE KHUTH
M CrarbH, Chrpapiude HauGoJBLIYIO POJb B Pa3BUTHH PACCMaTpHUBacMON
TeOpUH; OHA HUKOMM 00pasoM He NpeTeHiyeT Ha NMOMHOTY, B YacTHOCTH,
CCHIKM, KOTOPHE KOMKHBl JUINL YCTAHOBATH NMEPBEHCTBO, TOYTH Bceraa
OyLyT OmyuLeHH.

Yro kacaeTcs ynpaxueHu#, TO BooOle He OHJIO COYTEHO NOJE3HBIM
yKa3blBaThb UX HCTOYHUKH, KAKOBBIE BECbMA Pa3JMUHEI (opHuruHabHbBE pa-
GOTHl, yuyebuble PYKOBOACTBA, COOPHHKHM YMpamHeHHi).

1) B ykasamux Ha crp. 16—17 pycckux mnepepojax paspenoB Tpaxrara
HauGo/ee TPyIHbE ylpamHEeHus OTMeNa/ucChb 3Be3fOuKkoil. — [1pux. ped.
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12. Ccobinku #a To mau uHoe mecro Tpakrara AAawTCA ClenyOmUM
~00pasom:

a) Ecnmn mamo cocnarbcs Ha TeopeMbl, AKCHOMBI WIH ONpefc/icHHS,
U3jlaraeMble 8 MOM JHe CAMOM napizzpagbe, TO OHH 0603HAuAOTCA,
“€C/IM 3TO BO3MOXHO, CBOUMH HOMEPaMH.

6) Ecnu onu wusnaraiorca 8 dpyzom napazpage mod e 2aassl,
“TO, KpPOMe TOT'0, yKkasblBaeTcs STOT maparpad. '

B) Ecau onu usnaraworca 8 dpyzod zaase mod e xauzu, 10 yKa-
:3bIBAIOTCA COOTBETCTBYIOLUME TiaBa W maparpad.

r) Ecau onu wuaxomsrca 8 Opyzod xnuze, TO CHayana yKasbBaioT,
(BEpPX TOTO, 3Ty KHUTY MO ee Ha3BaHUIO.

Csodrxu pesyabmamos o6osuaualoTcs OykBamu Pes: uanpumep,
MHuooc. Pes osHauaeT ,CBOIKA pesy/bTarTOB TeOPUH MHOMecTB®. Eciu
xakag-au6o T/aBa Oblna MOAUDUUAPOBAHA B MOCAEAYIOIIMX H3LAHUAX,
CCBUIKYM Ha Ty raaBy OyAyT COIEPHATb YKA3aHHE HA W3NAHHE, eCJH
“TOJbKO MECTO, HA KOTOPOE CCHUIAIOTCH, HE OCTaN0Ch HEU3MEHHbIM MO
CPaBHEHUIO C TEPBbLIM M3AAHHEM.

Tabauys coomsemcmsust MeXAy TNOCACAOBATEAbHBIMH U3LAHHSMHU
(AT YMTATENI0 BO3MOXHOCTb OTBICKATh B HOBOM M3IaHHHM OMNpeleeHus,
NpeNJIOKeHUs WA YNPANKHEHUS, HyMepauus KOTOPBIX HU3MEHWIach
TIO CPaBHEHMIO C NPeABLYUIHM HM3IAHHEM.

13. Kaxapit pas, KOTAA YHTATENI0 MOXKET GLITh NMOJE3HO UMeTh nepen
'CBOMMM TJ/Ia3aMH BO BpPeMs BCEr0O YTEHNS NAHHOTO BHIMYCKA HEKOTOpbIE
4KCUOMBI, HEKOTOpble OMpelefeHHs U T. A., TAKOBble OYAyT BOCTIPOM3-
-BOAMTbCS HA pa3sopauusaoujelics sxaelie, noMemaeMoft B KOHig
BbIMyCKa.

BBEJAEHHE

Co BpeMeH TpeKOB TOBOPUTb ,MaTeMaTuka“ — 3HAYUT TOBOPHUTDH ,AOKA--
3aTesibCTBO“. HexkoTopbie COMHeBaIOTCH Aame, 4TO BHE MaTeMaTHKU uMe-
10TCA 10Ka3aTeibCTBa B TOM TOYHOM M CTPOrOM CMBIC/E, KAaKOH moxyuuno
3TO CJA0BO y TPeKOB M KaKOM Mbl XOTHM MNpuiaTh eMy 3fech. C noausim
NpaBOM MOXHO CKa3aTb, YTO 3TOT CMbICA He H3MeHH/ca. To, uro 6bL1O
[OKa3aTenbCTBOM il OBKJ/WAZ, OCTaeTcd [0Ka3aTeqbCTBOM M B HalIux
r7asaX; a B 310Xy, KOTIa MOHATHE [0Ka3aTejbCTBa ObLIO MOL Yrposoh
yTParsl M MareMaTHKa HAXOIM/IaChb H3-32 3TOTO B OMACHOCTH, OOpasubl.
MCKa/MM MMeHHO y rpekos. OLHAKO K CTO/b C/HaBHOMY Hac/elHI0 B Teye-
HUe TOC/eNHero Beka NpuOaBU/IMCh HOBble BaXHbIE 3aBOEBAHUSI.

HeftctBuTenbHO, aHAMU3 MEXaHU3MA 10KA3aTeabCTB B XOPOILO Nosobpau-
HBIX MaTeMaTH4eCKUX TEKCTaxX MO3BOJIMJ PACKPHITh CTPOCHUE I0KA3ATENLCTB
C TOYKM 3PEHMs KaK C/O0Bapst, TaK M CUHTaKcuca. DTO MpUBENO K 3aK/I0-
YEHMIO, YTO [OCTATOYHO SICHBI MaTeMaTH4YeCKUR TeKCT MOXHO Oblio Ol
BLIPA3HTH HA YC/IOBHOM $I3bIKE, KOTOPHIf COREPHKUT Aulllb HeOOo/IbIIOE YHCIO-
HEUBMEHHBIX ,CA0BY, COENMHSIEMBIX IPYT C APYrOM, COTJIACHO CHHTAKCHCY,
€OCTOfllleMy H3 HeOOJBLIOTO YMC/IA He NOMyCKAWIKX HCK/IIYeHuit npa-
BUJ; TaK BBLIDAXEHHBIR TEKCT Ha3blBaeTCd ¢HopMaAAUI0BAHHbLM. 32ANUCh.
1IaXMaTHO! NapTHH C NMOMOLbI0 OOBIYHOH IaxXMaTHOR HoTauuu ¥ Tabivua
J10Tapu(dMOB CYTb HOPMaMU30BAHHBIE TEKCTH. POPMY /b OOBIUHOTO aaredpa-
HYECKOTO MCYMCACHHS Takwe OyAyT ¢OpManu30BAHHBIMH TEKCTaMU, €C/H
MOMHOCTHI0  KOAHGUUUDOBATh TNpaBUia, YOpapisioiye ynorpebrcHueM
CKOOGOK, ¥ CTPOro uX NPUISPMUBATHCA; HO B AEHCTBHTENbHOCTH HEKOTO-
phl€ u3 9TUX NPaBM/ MO3HAIOTCA JHLIb B mpouecce ynorpebaenus, u 9TOT
e MPOUeCC CAHKUMOHUPYET HeKOTOpble OTCTYM/IeHdus OT HHX.

ITposepka (HOpPMAAH30BAHHOTO TeKcTa Tpebyer /AuLb B HEKOTOPOM
pole MEXaHHYECKOTO BHMMAHUS, TAaK KAaK eJMHCTBEHHbiE BO3MOXHbIE
MCTOYHUKHM OIUOOK — 3TO JJMHA MM CHOKHOCTb TeKcTa. Bor nouemy
MareMaTHk Oosblile# 4acTbio noBepsier cobpary, cOOOLIAOILEMY pPesy.ib~
TaT anrefpanyeckuX BHIYUC/EHUH, eCnM TOJNbKO H3BECTHO, YTO 3TH Bbi-
YYCACHHS HEe CAMIIKOM JUIMHHbl M BHINOJHEHH TuiaTenbHo. Hanporus,
B HehOPMAIM30BAHHOM TeKCTe BCErjJa CyulecTByeT OMacHOCTb OWHGOY--
HBIX YMO3aK/MIOYCHUR, K KOTOPHIM MOXET NpPHUBECTH, HampuMep, 3J0yNOT--
pebaetne WHTYHUMeR u/iM paccymienue no ananoruu. OnHako B geHcr-
BUTEAbHOCTH MAaTEeMaTUK, Xejaowufl yOeinTbCd B NMOJHOM NPaBHIILHOCTH,
WIH, KaK TOBOpAT, “CTPOrocTH®, A0KasaTe/qbCTBA WJH TEOPHH, OTHIOAb-
He npuberaer K OAHOR M3 TeX NOMHBLIX (OPMaNU3AUMHA, KOTOPLIMH Mbl
cefluac pacnosaraem, U Jaxe OoJjbliet YacTbio He MOJAb3yeTCs YacTHY~
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HBEIMH M HenosHbiMu opManusaugaMu, A0OCTaB/ASEMBIMU aaredpauyecKuM
M APYTHMA MOLOGHBIMH ucyucieHusMd. OOLIKHOBEHHO OH AOBOMbCTBYETCS
TEM, YTO MNPUBOAUT U3JA0MEHHE K TAKOMY COCTOSHHMIO, KOTA2 €ro OINBIT
¥ 4yThe MaTeMarTdka TOBOPAT eMy, 4YTO NepeBold Ha (opMaau3oBaHHBiH
A3bIK Obll OBl Temepb Jullb yNmpaxHenueM (ObHITh MOXET, O4€Hb TATOCT-
HbiM) B Tepnenud. Ecan, kak Hepeako ObiBaeT, BOSHHKAKOT COMHeHHd,
TO B KOHEYHOM CYET€ OHM OTHOCATCH HMMEHHO K BO3MOMHOCTH MPUATH
0e3 IBYCMBICJACHHOCTH K Takoft (opmanusauun — ynorpebasnoch au 04Ho
1 TO XK€ CJOBO B DPa3HbLIX CMbLICJAaX B 3aBHCHMMOCTH OT KOHTEKCTa, HApYy-
LIadUCh JY NpaBuia CUHTAKCHCA GecCO3HaTeNbHBIM ynoTpelieHueM CHO-
co6OB paccyxieHus, He pa3pellaeMblX ABHO 3TUMM TpaBuiaaMu, Oblaa au,
HaKoOHell,, coBeplleHa dakTHyeckas owubka. Ecan ocTaBuTb B cTOpOHE
NMOCAeIHUH ciay4ad, TO HeNMpPeMEeHHO paHO WM TO3IHO COMHEHHMsS Tmpe-
OLOMIEBAIOTC TeM, YTO TEKCT pelakTupyercs, Bce OGoabue u GoJblue
npubnmxasice K (OPMaaU3OBAHHOMY TeKCTY, NMOKa, MO o0uIeMy MHEHHIO
MaTeMaTuKOB, Aa/bHefliee npofomKeHue 3Tolt pabOTH He CTAHET UBIUILHUM.
HupiMu cnoBamMu, NPaBUNBHOCTH MaTeMaTUYeCKOTO TeKCTa Bcerja Npo-
BepsieTcs 6osee HAN MeHee SIBHLIM CPaBHEHHEM C MPABMIAMH KaKOro-anGo
(popMann30BaHHOTO S3LIKA.

Axcuomamuyeckuii memod, cCOGCTBEHHO TOBOpS, €CThb-He YTO HHOe,
KAaK UCKYCCTBO COCTaB/SITb TeKCTH, (opMa/in3ailus KOTOPHX METKO A0CTH-
#uma, OH He aBisfieTcs HOBLIM HM300peTeHUEM, HO ero CHCTeMaTuyeckoe
ynorpebiicHue B KayecTBe MHCTPYyMEHTa OTKPBLITHUH cOCTaB/jsfeT ORHY H3
OPUTUHAMbHBIX YepT coBpeMeHHON wMaTemartuku. B camom gene, u mpu
3amucH, ¥ MpH YTeHHu (POPMANIU30BAHHOTO TEKCTAa COBEPLUEHHO HECYlle-
CTBEHHO, TIPHUIHCHIBAETCH AU CIOBAM M 3HAKAM STOTO TEKCTa TO WM MHOE
BHAYEHUE WIH JaxXe He NMPUMUCHIBACTCS HUKAKOTO, — BAXCHO JHIUb TOYHOE
cob/iofeHe NpaBua cuUHTakcuca. ViMeHHO mosroMy anreBGpauueckKue BhI-
YUC/EHHS, KaK 3HAaeT KaXAH{, MOTYT CHyXUTb &I pelleHus 3a1ay o
KujiorpaMmax unau o ¢pankax, o mapabonax uim O paBHOMEPHO YCKOpEH-
HbIX ABMaKeHusaX, TakuM Ke MpeuMyleCTBOM — H N0 TeM Ke NMpUuuHaM —
ob6nanaeT u BCAKMH TEKCT, COCTAB/EHHLI MO aKCHOMATHYECKOMY METOAY.
Koab ckopo Teopembl OOuie#t TOMOAOTHM YCTRHOB/MEHbI, HX MOXHO RpU-
MEHATL MO KEJAHWI0 ¥ K OOBIYHOMY MPOCTPAHCTBY, M K TuiabOepTOBY,
PaBHO KaK H KO MHOTUM APYTUM MPOCTPAHCTBaM. JTa BO3MOXHOCTb MNpH-
1aBaTh pasHooOpasHOe cofepxauue CJIOBAM W/IM TEPBUYHBIM TNOHATUAM
TEOPHU COCTAB/AET BMeCTe C TeM BaXHBIff UCTOYHMK OOOTaUIeHU UHTYULUH
MareMaTHKa, KOTopad OTHIOAb He 00s3aTe/bHO UMEET NPOCTPAHCTBEHHYIO
#/Id YyBCTBEHHYIO NMPUPOAY, KAaK 4acTo AyMmaiT, a CKOpee NpeincTaBiager
COOOM HEKOTOpOe 3HAHWE NOBEAEHMS MaTeMaTHYeCKMX OODBEeKTOB, HacTo
npuberamwoliee K nOMomwH 00pa3os CaMol pasauyHOf NMPUPOALI, HO OCHOBAH-
HOe Tpexcie BCETO HAa MOBCEIHEBHOM B3HAKOMCTBE C 3THMM O0ODbEKTaMu.
Ha TakoM nyTd Hepeiko OTKpHBAZach BO3MOXHOCTbL IJIOLOTBOPHOTO
U3ydYeHuss B KaKoH-nuG0 TeopUM CBOUCTB, KOTOpble B Heft MO Tpauuuuu
0CTaBanuch Oe3 BHUMAHMS, HO KOTOPbIE CUCTeMaTHYeCKH U3yHaauch B oGuieH
AKCHOMATHYECKOR TEOpuH, OXBaTbIBawuIe# NAHHYI0O TEOPUIO KaK YacCTHYIO
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Molenb (Hampumep, CBOMCTB, BeNylIdX CBOE UCTOPHYECKOE MPOMCXONAEHUE
OT Opyro#t uacrHOit Mopenn 3To# obuwe# Teopuun). bBoaee TOro, — U 3TO
HaM OCOOEHHO BaXHO B HacTosuleM TpakTare — aKCHOMATUYECKUH METOX
MO3BOJISIET, KOTAZ [eJ0 KacaeTcd CJAOXKHHX MareMaTH4ecKux oOBbexToB,
pacujaeHuTb MX CBOUCTBAZ U MEPErpynnUpoOBaTL STH CBOHCTBZ BOKPYT He-
MHOTUX TOHATUH, T, €., €CJAM BOCHO/Jb3OBATHCA C/JOBOM, KOTOpOe lajee
MOMYYUT TOYHOE OMpefe/ieHue, OH MO3BO/AET KaacCudAuupoBarh CBORCTRa
No ¢cmpyKkmypaim, KOTOPbIM OHM MPHUHAN/IENKAT (OAHA U Ta e CTPYKTypa,
pasymeercd, MOXeT (PUTYDUPOBaTb B CBA3U C Pa3HbLIMH MAaTEMaTHYeCKUMH
ob6bexramu). Tak, cpenu cBOHCTB chepbl ONHH ABJIFIOTCA TOMOMOTHYECKHMH,
apyrue — anre6pauyeckKUMHu, a TPeTb! MOTYT PACCMATPUBATHCS KAK OTHOCH -
wuecd K auddepeHunaibHOR reoMeTpun uin K reopun rpynn Jin. Kakum 6u
UCKYCCTBEHHHIM 3TOT MPUHLMUN KAaCCU(PUKAUUM HHM CTAHOBMJCA MHOTAA TO
Mepe nepenieTeHus CTPYKTYP, HMEHHO OH JIEXHUT B OCHOBE pacnpeieneHus
N0 KHHraMm MaTepuala, COCTaBJAIOLIETO TpeaMeT Hacrosuero Tpakrata.

[Togo6HO TOMY KaK MCKYCCTBO TMpPABUJILHO FOBOPUTH HA XKUBOM 3bIKe
CyLIeCTBOBAJIO elle X0 TPAMMATHKH, TAK M AKCMOMATUYECKHH MeTOn mpu-
MEHs/ICH 3al0/IT0 A0 M300peTeHus GhOpMaiu30BaHHBIX A3bIKOB. QIHAKO ero
Co3HaTe/lbHOE NMPUMEHEHHE MOMXeT OCHOBBIBATHLCH TOJIbKO HA 3HAHHM OOILUX
NPUHUMIIOB, YIPABJAAIOIMUX STUMY A3BIKAMM, H HX COOTHOIUEHHH C OGbIYHBIMH
MaTeMaTHYeCKUMH TekcTaMd. Mbl HavepeBaemcs B 91oH kuure Tpakrara
IaTh CHayala ONUCAHME OJHOTO TaKOTO §A3biKA BMECTe C M3JI0MEeHUEeM
OOLIMX NPUHILMIIOB, NPUMEHUMBIX KO MHOTUM IPYrUM NOLOGHBIM $I3BIKAM.
Onnako o4s Hamux uesiedl GyneT LOCTATOYHO JAHIIb OAHOTO-eAuHCTBEHHOTO
A3bika. B camom lLene, ecan mpexie MOTAH AyMaTb, YTO KamIad OTPACb
MaTeMaTHKU 33BHCHT OT CMeuUdUYECKUX MHTYHUMR, NRI0IUUX eff TepBuyHble
MOHATUA M UCTUHBI, W TOTOMY I/ KauAOH oTpaciu HeobXomum cBof
cneunduyeckuit GOPMANU3OBAHHLIA H3BIK, TO CETrOAHA MBI 3HAEM, 9TO,
JIOTUYECKU TOBOPS, BO3MONHO BBHIBECTM TOUYTH BCIO COBPEMEHHYIO MaTe-
MaTUKy M3 eAMHOTO HCTOYHuKA — Teopun Muomecr. Takum 06pasowm,
HaM OyZer LOCTAaTOYHO HUBMOKUTb NMPUHUUABL KAKOTO-TO OLHOTO (OpMa-
JU30BAHHOTO #A3bIKA, PACCKa3aTh, Kak CHOPMYJMPOBATL HA 3TOM f3HKE
Teopuio MHOMECTB, @ 3aTeM MOCTEMEHHO, MO Mepe TOTO KAaK HAmlle BHil-
Manue OyZeT HampaB/fATLCS HA PAas3jiuyHbie OTPACAM MATEMATHKH, TOKA3bl-
BaTh, KaK OHM BkMw4YaioTca B Teopuwo muoxects. Iloctymas Tak, Ml ue
HamMepeBaeMCs 1aBaTb 3aKOHbI HA BeuHble BpeMeHa. Moxer cayuuTebes, uTy
KOTAia-HUOY Ib MATEMATHKH COTNACATCA UCNOb3OBATH CNOCOGH paccymaenus,
He monjaiouinecs GOpManU3aUUM B U3NATAEMOM 31eCh A3bike. Torma mpu-
AETCs eC/M M He TIOMHOCTbIO M3MEHUTH 3TOT A3HK, TO MO KpaHueH mepe
pacumpuTh TMpapuia cuurakcuca. Peurenue npunamnemur Oynymemy.

Camo cobo#t pasymeercs, onucanue GOPMaNU3OBAHHOTO A3bIKA Je-
JlaeTCs Ha OOBIYHOM A3bIKe, NOJOOHO OMUCAHUIO TIPABUA UIPhl B LIAXMATHI;
Mbl He BXONUM B 00CymIeHMe INCHUXOMOTHYECKHX HJIM MeTadu3nuecKuy
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npofaeM, CBA3AHHLIX C MPUMEHHMOCTbIO OGLIYHOTO A3bIKA B TaKux 06CTO-
ATEIbCTBAX (HANpHUMEP, BO3MOMHOCTH OMNO3HATH, YTO Kakasa-uuOyIb OykBa
-andaButa ABigeTca ,TOM Ke caMOf* B IBYX pasJHYHBIX MECTAX CTPAHHUILLI,
u T. 1.). PaBHbiM 006pa3oM HEBO3MOXHO BBIOJIHUTH Takoe onucanue Oes
“TOTO, 4TOOH He NpPUMEHATh HYMepauuio; XOTd CTPOTHE YMbl MOTAM Obl
TIOYYBCTBOBATb 3aTPyAHEHHE NPH 3TOM M AaXe HAHTH 31eCh JIOTUYECKYIO
ouubKy, TeM He MeHee SCHO, YTO B JAHHOM Ciydae UU(QPB UCTO/b3YIOTCA
.IULIb KaK OMO3HaBaTeNbHbIE METKU (BIPOYEM, 3aMEHHMBIE APYTUMHU 3HAKAMHY,
HanpuMep uBeTaMM uJad OYKBAMHM) U YTO MOACYET 3HAKOB B BLINMCAHHOH
popMysie ellle He COCTaB/seT HUKAKOTO MaTeMaTUYECKOTO pacCyXiaeHus.
.Msbl He OyneM 06CYyXIaTb BO3MOMHOCTb 0OyuuTh npuuHuunam Qopmannso-
BaQHHOTO A3LIKA CYIUECTBA, YMCTBEHHOE DPa3BUTHE KOTODHX He LOXOAUJIO
-Obl 0O YMEHHS YUTaTh, MUCATb H CUYHTATh.

Ecau OBl ¢dopmannsoBaHHas maTeMaTuka Oblla Tak e NMPOCTd, Kak
urpa B INaXMaThl, TO, COCTaBUB ONMucaHue BLIGPAHHOTO HaMu (opMaiu-
.:30BAHHOTO #3BIKA, MBIl ZOMKHB ObliM Obl 3aTeM JMIUb WM3JAATaTh HAIWIK
JA0Ka3aTeJbCTBA Ha 3TOM sA3blKe, MOAOOHO TOMY KaK aBTOD ILIZXMaTHOTO
TpaKTaTa 3amuChiBaeT B CBOeH HOTauuu TNapTUY, KOTOPHIM OH XOuer
HAy4uTh, CONPOBONAAA MX B Ciyyae HeOOXOAUMOCTH KOMMEHTapHUSMH.
Onuako BONMPOC peliaeTcs OTHIOAL HE CTOJb JIETKO, H He Tpelyercd
BONBLIOTO OMbITA, YTOOH yOeduTbcs B a0COMOTHOH HEOCYLIECTBUMOCTH MO~
_1OGHOTO TPOEeKTa: Jaxe MpocTefiliee A0KA3aTENbCTBO M3 HAYAJIBHOTO
pasnena Teopuu MuOMecTB norpeboBano Obl COTEH 3HAKOB 17a CBOei
noano#t dopmamusauuu. Ilosromy, yme Hauumnas ¢ Kuuru | Hacroduero
TpakTara, BO3HHKAET HacTOATe/NbHasd HEOOXOIMMOCTb COKpauare ¢op-
Ma/M30BAHHBI TEKCT BBEJEHHEM HOBBIX CJOB (HashHBaeMHX ,COKpALIAI0-
MMM CHMBOJAMHU*) M [OTIOJNIHUTEJbHBIX MPaBHJI CUHTAKCUCA (HA3BHIBAEMBIX
,2AEIYKTHBHBIMY KDUTEPUAMH®) B [NOBOJHHO 3HAYUTE/NbHOM KOJIMYECTBE.
TlocTynas Tak, MBl MOJydYaeM sa3blku, Topasfo Oosee ynoOuble, yeMm ¢op-
Ma/M30BAHHBI A3BIK B COOGCTBEHHOM CMBICJAE, M OTHOCUTE/NBHO KOTOPBIX
A1060H Ma/0-ManbCKH ONMBITHHYA MaTeMaTuk OyaeT yOexcieH, YTO X MOMHO
paccMarpuBaTh Kak CTeHOrpaduyeckue TPAHCKPUMUUH (HOPMAIU30BAHHOTO
‘a3bika. Ho MBI yxe He OyleM uMETb YBEPEHHOCTH, YTO NEPEXOL OT
OJHOTO M3 3STHX S3BIKOB K APYroMy MoXeT ObITb CHE/MaH 4UCTO Mexa-
HuyeckuM oOpasoM. Yrob6wl ofGpecTd STy YBepeHHOCTb, RPHLLIOCH Obl
HaCTO/LKO YCAOMHHTb NPaBUIa CHHTAKCHCA, YTPAB/SIOLIME YIOTpeOaeHueM
HOBBLIX CJIOB, 4YTO TOJB33a OT 3THX CJOB CTana Obl uiamo3opHOfl. 3nech,
K8K # B anare0pauyeckoM uCYuC/AeHMd u NPy ymorpeb/ieHuu MouTu JioObIX
00603Ha4eHNH#, KOTOPHIMY OOBLIYHO TNOJbL3YIOTCS MAaTeMaTuKy, yROOHbIR HH-
-CTPYMEHT MPEANOYUTAETCS APYTOMY, TeopeTHHYeCKu Oo/ee COBEpLICHHOMY,
HO CJMIIKOM TPOMO3IKOMY.
Kak yBuauT uuTaTesnb, BBeLEHUE ITOTO CHATOTO A3BIKA CONPOBOKIALTCS
.pPACCYKIEHUAMU 0COBOro THNA, MPHHAANEKAHMMH K TAK Ha3biBaemolt Me-
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mamamemnamure. I1a AUCUUNIMHA, a6CTPAr UPYACH MOJHOCTHIO OT BCAKOTO -
3HaYeHHs, KOTOpOe MOria0 Obl NepBOHAYA/MbHO MPHIHCHLIBATHCA CIOBAM MU
¢pasam HopMaNU30BAHHBIX MATEMATUYECKHX TEKCTOB, PAcCMaTpuBAeT ITH
TeKCTBl KaK 0COGble MPOCTble 0GBEKTH, Kak COGPAHHs HEKOTOPLIX 3apaHee
HaHHBIX OOBEKTOB, LM KOTOPBIX BAXEH JHWIb MOPALOK UX PACMOA0KEHHS.
W kak Tpaxrar no XuMuH 3apaHee OOGDBABASET Deay.abTar 9KCTIepUMEHTa, .
TPOUBBOAMMOTO MPH NAHHBIX YCAOBHAX, TAaK M MeTaMaTeMaTHYecKue ,pac-
Cysnenus“ Oynyr oOLIYHO yCTaHABAMBATH, YTO MOCAE HEKOTOPOH Mocie-
JOBATEJNLHOCTA ONMEpauuit Haa TeKCTOM JaHHOTO THMA OKOUYATe bHBbIH TeKCT:
Oyser TekCTOM ApYroro [IaHHOTO THRA. B mpocreHmux ciy4afx Takue
YTBEPHKACHUA, TO TPaBAe TOBOPs, SABJIAIOTCA HYUCTHIMU TPIOM3MaMU (MX
MOXHO Gbl10 OBl CPABHATb, HATPUMEpP, CO CAELYIOLUUM YTBEPKICHUEM:
»KOria B meumike ¢ mapamu, CoLepiKauieM YepHble Waph U mwapw Gesnvle,
3aMECHAT BCe yepHble INApH OeqblMM, B MeIUKe OCTAHYTCH TOJbKO Gelbie
wapu®; cp. crp. 34). Ho ouvens ckopo (cp. ctp. 37—38) Ml BCTpeyaeM
NpUMEpLI, B KOTOPLIX apryMeHTaUHd MPUHUMAEET TUIMHYHO MareMaTUyecKul
XapaKrep, ¢ TNPeHMyLIeCTBEHHbIM YMOTpeOGieHueM MPOUBBOABHEIX LEABIX.
quces W paccymieHuft mo uuiykuuu. Ecnu pbime Mbl ycrpauunu Bospa-
¥KEHHEe TPOTHB yMOTpeGieHHs HyMepaunu NP OMHCAHUM HOPMATUBOBAH-
HOrO fA3bIKa, TO TeNepb Mbl He MOxeM OoJiee OTPHIATb OMACHOCTb JIO--
THYeCKON OWuOKH, MOCKOMbLKY TeNnepb Kak OyIATO ¢ CAMOTO HAYana UCTOb-
3YIOTCS BCe DPecypcel apH(MeTdkM u B TO Ke BpeMs NpeInONaraercs
HBJIOMUTb, MEXIY TpOuuM, ee ocHoBanus. Ha 910 HekoTOphle Haxozat:
BOSMOXHBIM OTBE4aTb, YTO B PACCYXAEHUAX TAKOTO POAA MB JUIUL OMUCH-
BacM OMepauuu, MOLAAIOIIHECS BLINOMHEHHIO ¥ KOHTPOJAIO, H Y4TO MO 3TOH
TpUYHHE Mbl TIOYCPMBLIBAEM B ITHX PACCYKAEHHAX yGexaeHue APYroro:
nopsaka, 4eM TO, KOTOPOE Mbl NMPUIHUCHIBAEM MATEMATHKE B COOCTBEHHOM
cueicae. [Ipoute, mo-BuanMoMy, ckasath, 4To MoHCHKO 6o Gbr 0GORTUCD.
Ge3 MeTaMaTeMaTHYeCKHX pacCyxienufl, ecanm Obl thopmanusoBanHas Ma-
TeMaTuKa Obia NeHCTBUTENBHO 3aNMCaHA: BMECTO MCMOAb30BAHUS pleIyK-
TUBHBIX KPUTEPHEB® Mbl KX(AHH Pa3 BHOBb HAYMHAAH Obl MOCHEIOBATENb-
HOCTH OMEPauMit, KOTOPEIE MBI TENEPb XOTHM COKPATHTL TEM, YTO NPEACKA3bI--
BaeM ux peayabrar. Ho dopmanusopannas maTeMaTuka He MOmeT GbiTh
3aMHCaHa BCSA MOJHOCTBIO, U MOTOMY B KOHUE KOHUOB NPUXOAHTCHA MHTATDH
oBepue K TOMY, YTO MOXHO Ha3BaTh 3APABHIM CMLICIOM MAaTeMaTuka, —
AOBepHe, aHANOTUIHOE TOMY, KOTOPOe OyXranTep M UHKeHep, He NOAO3peBas
O cymiecTBoBaHuM akcuom [leano, nuralor x dopmyne iz yucaeHHof
Tab/uie # KOTOPOE B KOHEYHOM CHETE OCHOBAHO HA TOM, YTO OHO HUKOTLZ.
He OBUIO MOZOPBAHO (haKTaMu.

HTak, Mbl OueHb CKODO MOKuHEM (bopMann30BaHNYI0 MaTEMaTHKY, HO
TeM He MeHee Oylem 3a00OTUTbCA O TOM, 4TOGB OTMEuaTsh 4Opory, mo
KOTOPO# K HEeH MOXHO BepHyTbcsl. JIBrOTH, NMPHHOCUMBbiC MEPBLIMH XKe:
»BONLHOCTAMU Pedu® TAKOTO POAA, NO3BO/AT HAM HANKMCATH OCTAABHYIO YaCTb
Tpaxrara (u, B wactHOCTH, cBOAKY pesyabratoB Kuuru I) Tak, xak nu-
WyTCA Ha MPAKTHUKE BCE MAaTEMAaTMYeCKUE TEKCThi, T. €. OT4aCTH OOLIYHBIM
H3BIKOM, OT4ACTH C NMOMOLIBIO GOPMY], COCTABASIOUIMX YacTUyHble GopMa—
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JIM3auMH, CleluManbhble H HEeNMOJHBIE, U3 KOTOPBIX anrebGpanyeckoe HCUHUC-
JeHHe MOMET CHyXHUTb HauboJaee u3BECTHHIM NMpuMepoM. Hacro maxe Ml
GyaeM MM0/b30BaThCsl OOBIYHBIM A3HIKOM ellle 6oJee CMeno, ¢ MPOU3BOJILHO
BBOAMMBIMY BOJILHOCTAMH PeyH, C MOJHBIM OMNYILUIEHHEM MECT, OTHOCHTEJbHO
KOTOpLIX TpeanosaraeTcss, YTO Mal0-MaJbCKM MCKYIUEHHBIH YMTaTENb
CnocoGeH MX JEerKOo BOCCTAHOBUTH, C YKa3aHUAIMHM, HE MNEPEBOAMMBIMM Ha
(GOpMaNU3OBAHHBIA f3BIK W CAYKAWMMH I OO/eryeHdus sToro Boéccra-
HOBUTE/IbHOTO npouecca. Jpyrue MecTa, paBHO Hemnepesoaumbie, Oynyr
COLEPMAaTh KOMMEHTapuu, HasHaueHUe KOTOPHX CcHeJaTh Ooaee ACHLIM
pasputHe uiel, ¢ obpameHHeM B cayyae HEOOXOIMMOCTH K HMHTYMIHH
yyTaresd; MCNO/MAb30BaHue PHTOPHYECKMX CPeACTB CTAHOBUTCA TOSTOMY
3aKOHHbIM, JuLIb Gbl OCTaBA/NaCh HEH3MEHHOH BO3MOMCHOCTb (POPMANU3ALHH
Tekcra. [leppole MpuMepbl TAKOTO CTUAA OyayT AaHbl yme B sro#t Knure
Tpakrara, B ra. ll, usnaraouielt Te0pui0 UEHX M KapAMHAJILHLIX YHCE.
" MTak, HamUCAHHLIA MO AKCHMOMATMYECKOMY METOLY H COXpaHsouiuf
BCIOAY B BuiAy, KaK HEKU# TODH3OHT, BO3MOMXHOCTb MOJNHOH (opmanu-
3auuu, Ham Tpakrar mnpereHiyeT Ha TNOJHYI0 CTPOTOCTb — IPETEH3Nd,
KOTOPYI0 HEe ONpOBEPTraloT HHU U3JIONEHHbIe BHIIE COOOPameHus, HU CIIUCKH
onewamorx, C TOMOWpBI0 KOTOPHIX Mbl UCMpaBAanud u OyieM HCRPaBJIATb
owmnbkHu, BpeMs OT BPeMeHM BKpalblBaioluuecs B Tekct. baaroaaps ToMmy,
YTO MBI TMOCTOSHHO CTapaeMcs IepmaTbCd HACTOMLKO Oausko K dopma-
JM30BAHHOMY TEKCTY, HACKOJAbKO 5TO NPEeACTaBJAETCH BO3MOMHLIM 0e3
HEBLIHOCMMBIX AJMHHOT, IPOBEPKA B MPHHLMIE jerka; olIHOKH (HenabexHble
npu TMOoAO0HOM MNPEANPHUATHM) MOWHO OOHAPYHUTb Oe3 GoMbIUMX 3aTpar
BpeMEHH, M PHCK, YTO OHU CJEJAT HEeAEHCTBUTENbHBIMH TNABY MJU Lle-
aywo Kuury Tpakrara, ocraeTcs BeCbMa HE3HAUMTEIbHBIM.

B ToM ke peanucrudeckoM Jayxe MH paccMarpuBaeM 31eCb BOMPOC
O HENpPOTHBOPEYUBOCTY — OJMH U3 BONMPOCOB, Haubolee 3aAHUMAWIUHX CO-
BPEMEHHbIX JIOTHKOB H B TOH WM HMHOH Mepe BCTAIBLIMX YHe C caMori(;)l
Hayajna 0pH CO3LaHHH (OPMAJHU3OBAHHHIX HA3LIKOB (CM. ,,I/IC'ropuqecm;l
ouepk“). Ta uau uHag vaTeMaruyeckas TeOPHs HA3HIBAETCH NPOTHBOPEYHBOMH,
ecqu  Kakad-iaubo TeopeMa IOKa3blBaeTcsi B Heft BMecTe CO CBOUM
orpuilanneM. Torna U3 o6LIYHBIX NMPABUJ YMO3aK/HOYEHHS, JIEKAIIMX B OC-
HOBE TIPaBuUJ CuHTaKCHca ¢(OPMAMU3OBAHHBIX fA3bIKOB, MOXHO BbIBECTH
CleIcTBHe, 4TO M0bas TeopeMa OJHOBPEMEHHO M MCTHHHA, M JIOXKHA B 3TOH
TeopuH, Tepaoled TeM cambiM Beakuft uHrepec. Ecam, tTakum oGpasom,
Mbl HEYasHHO NMPHAEM K NPOTHBOPEYUIO, TO MBI HE MOMXEM OCTABUTH €ro
CyIecTBOBAThL Hajee, He obecueHUBas TeOpUH, B KOTOPOH OHO BOBHMK.HOT;

MoxHo 1y npuobpecTu yBePeHHOCTb, YTO 3TOr0 HUKOTAA HE CAYy4uTCH:
He nyckasdce no sroMy mnoBoay B BLIXOAALIME 32 Mpelenbl Halle#d KOM-
MeTeHUUH CNOPH O CaAMOM TNOHATUH YBEPEHHOCTH, 3aMEeTHM, YTO MeTama-
TEeMaTHKa MOXeT IONbITAThC PACCMOTPETh NPOo06./eMbl HEMPOTHBOPEYUBOCTH
CBOMMH COGCTBEHHBIMM MeTOAaMH. B camom jJeje, CKasaTh, YTO HEKOTO-
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pas TeOpHA NMPOTHBOPEUUBA, CBOAMTCA K TOMY, 4TOGbI CKA3aTh, Y4TO OHA
COAEPKHUT TNPaBUNbHOE (DOPMANM3OBAHHOE NOKA3ATENBCTBO, OKAHYMUBAIO-
eecs 3akaiodennem 0 = 0. Ho meramareMaruxa Momer NMBITATHCA C MO-
MOUIBIO CTIOCOBOB PACCYKAEHNUS, 3AUMCTBOBAHHBIX Yy MaTeMaTuku, M3yyuTh
CTpOEHHE 3TOr0 (HOPMANM3OBAHHOTO TEKCTA, MPELN0NAT AEMOTO 3aNUCAHHLIM,
U B HTOTE YXUTPUTLCA ,ROKa3aTb“ HEBO3MOMHOCTL TZKOTO TekcTa. B ca-
MOM AeJse, TaKue ,R0Ka3aTeAbCTBA“ ObLAM AAHbl IS HEKOTOPbIX YACTHBIX
$OopManH30BaHHbIX A3BIKOB, MeHee GOraTHX, YeM TOT, KOTOPBHIH MBI XOTUM
BBECTH, HO LOCTATOYHO GOTaTHIX AMS TOTO, YTOOB HA HUX MOMNHO GbLIO
3aMUCaTh BHAUUTENbHYIO YACTh KNACCHYECKOR MaTeMaTuku. M oxuo CTIPOCHTb,
MpaBla, 4TO HMEHHO ,NOKA3bIBAETCA‘ TAKUM NYTEM; BeAb €CAH Ol Ma-
TeMaruka OblIa NMPOTHBOpEYUBa, TO HEKOTOpLIE ee MPUMEHEHHs K MaTepu-
AMbHBIM 00BEKTAM, U B YACTHOCTH K (bOpManu3oBaNHLIM TeKkCTaM, pHCKOBanu
On craTh WAMO30pHBIMU. YToGb H3bexarts stoft LUNeMMB, OvIO Obl
HEeoOX0A1MO, YTOOH HEMPOTHBOPEYHBOCTD (bOpMaNH30BAHHOTO ABBIKA MOKHO
ObII0 ,A0KA3aTh* MOCPeLCTBOM paccyxneHust, opmanusyemMux B sabike,
MeHee OOraToM K TeM caMbiM 6ojee HROCTORHOM nosepus. Ho sHamenuntas
TeopeMa veTaMaTeMaTHKH, NpuHaniexaias ['énemo 1), TOBOPHUT, YTO 3TO He-
BOSMOXHO 1S f3blKa TOTO TuNa, KOTOPHIA MBI XOTUM ONMHCATH, T. e,
AN A3bIKA, AOCTATOYHO OOraTOro aKCHOMamu, YTobnl ponyckars ¢op-
MYTUPOBKY De3ynbTaTOB KJAacCHYECKOH apudMernku.

C zpyro#t cropous, mpu nokasaTeabcTBax »OTHOCHTENLHOR® Hempo-
THUBOPEUUBOCTH (T. €. MPH 10KA3ATEAbCTBAX, YCTAHABIUBAIOILINX HeNPOTHBO-
PCYHBOCTD JAHHOM TEOPHM B MPEANOLOKEHUH HENPOTHBOPEUUBOCTH APYTOH
TEOpHH, HampuMep Teopun MHOXECTB) MeTamareMaTHyeckas 4acTb pac-
cymaenus (cp. ra. I, § 2, n°4) uwacroapko npocTa, 4ro Aame He mpej-
CTaBJSIETCH BO3MONHBIM NMONBEPTHYTh €€ COMHEHUIO, He OTKA3BIBASICH npu
STOM OT BCAKOTO DPAUHOHANLHOTO YMOTpeGJeHHs Hamux YMCTBEHHbIX
cnocobxocret. Tak Kak HbHE PasdnuuHbie MaTeMaTuyecKue TEOPHH npu-
BASLIBAIOTCA B OTHOINCHHH JOTuKH K Teopunm MHOMeCTB, TO OTCI0Ha ciie-
AYeT, 4TO BCAKOE NMPOTHBOpEUHE, BCTPEYEHHOE B ONHOM 13 STUX Teopuft,
Aano Gbl MOBOX MPOTHBOPEYMIO B CAMOH Teopuu MuOMecTB. 3r0, KOHEuUHO,
HE eCTb apryMment, MNO3BOAAIOWUA BaAKAIOUHTH O HEMPOTHBOPEYHBOCTH
Teopuu MHOXecTB. Onnako 3a 40 ger ¢ Tex Mop, Kak ChopMyaupoBaiu
€ LOCTATOYHOH TOYHOCTBLIO aKCHOMB TEOPHH MHOXECTB ¥ CTajH M3BJIEKATh
M3 HMX CACACTBUA B CaMBIX PasHOOGPABHBLIX 061aCTAX MaTeMaTHKH, elle
HU Pasy He BCTPETHNOCH NPOTUBOPEYUE, U MOKHO C OCHOBaHMEM Ha-
ACATLCA, YTO OHO ¥ HE MOABUTCH HUKOTAZ.

Ecnu 681 neno u caomumnocs HHAue, TO, KOHEYHO, 3aMeyeHHoE NpO-
THBOpeuHe Obli0 6H BHYTpeHHe NpUCyle CaMUM TNIPUHLMANAM, TOJMOMKEH-
HBIM B ocHoBaume Teopuu MHOmecTs, a NOTOMY HYXHO Obli0 Obl
BULOUSMEHHUTL 3TY MPUHUMNEL, CTAPASCh MO BOSMOXHOCTH He CTaBUTH MNOA
YTpO3y Te 4acTH MarteMaTHKW, KOTOPHIMH Mbl HauGoee popoxum. U sac-
HO, LOCTHYL 3TOro Tem Gojee Jerko, 4ro NPUMEHEHHE AKCUOMATUYECKOTO

1) Cm. Hcropumeckuit 04€pK, c1p. 347. — [Tpun. ped.
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MeToAa M (GOPMajM30BAHHOTO A3LIKA MO3BOUT (POPMYJIMPOBATL TU MPHH-
uuns Gojlee 4eTKO M OTAENATh OT HUX CleicTBus Oojee ompeneseHHO.
BrpoueM, npuGauauTeNbHO 3TO M NMPOUZOLIIO HEAABHO, KOTAA YCTPAHHIM
,MapaiokcH® TeopuH MHOXECTB NpuHATHEM (OPMAJU30BRHHOTO A3bIKA,
MO CyuleCTBY SKBHBAJIEHTHOTO C OMHCbIBaeMbiM 34ech Hamu. [TonoGuyio pe-
BM3MIO CJEAyeT NPEeANpPUHATb H B CAydyae, KOTAA STOT HA3LIK OKAMKETCs B
elb TPOTHBODEYUBBLIM.
CBOlI(:IT(;!:le;I Be{;)PIM, q;;o MaTeMaTHKe CYXIEHO BBDKUTb M YTO HHKOTIa
He NPOM3OHAET KPYLIEHHs T[JAaBHBLIX YacTeH STOTO BEMYECTBEHHOTO 31a-
HHf BC/IEACTBME BHE3ANHOTO BHISIBAGHHS NMPOTUBOPEYHS; HO Mbi He YTBEp-
KIdeM, YTO 3TO MHEHHE OCHOBZHO HAa uyeM-iu6o, KpoMme OmbTa. ITOro
Maso, CkaxyT Hexoropsie. Ho BOT yxe 1BaiuaTh MNsTb BEKOB MareMa-
THKH UMelOT OOLIKHOBEHHE MCMpPaBJASATh CBOM OLIUOKM M BUAETL B STOM
oforaulense, a He oOOelHeHHe CBOeR HayKu; STO NAET UM TPABO CMO-

Tperb B rpaiyllee CIOKOHHO.

PSS

FATABA I
ONHUCAHUE ®OPMAJIbLHOH MATEMATHKH

§ 1. TepMs H cOOTHOWEHHs

1. 3naxu u 3Harkocowemanusn
3narxu moGO# MaTeMaTHYECKOR Teopuu J Y raxosw:

1° Jozunecxue snanu ?: [, =, \/, 7.
2° ByxBol.

My monumMaeM NOA STMM NPOMUCHBIE M CTPOUHBIE AATHHCKHe GYKBHI,
cuHabxaemble wrpuxamu. Tak, A, A/, A”, A", ... —OykBbH. Bo Bcs-
KOM MECTe TEKCTd MOXHO BBeCTH OYKBEI, OTMMUHBIE OT BCTpeuaBIIAXCH
B TPEABILYIINX PacCymIEHHSX.

3° Cneguansneie 3naKW, 3aBHCALME OT paccMaTpHBaeMoft TeOpuH.

B Teopun MHONKECTB Mbl NOMB3yeMCH TOMBKO TPEeMSl CHENHaNbHbLIMU
3HaKaMu: =, €, O

3Suaroconemanue Teopun J' eCTh NOCIELOBATENLHOCTb 3HAKOB 3TOH
TCOpHH, HAMUCAHHBIX PALOM ADPYT C APYTOM, NPHYEM HEKOTOPbe 3HAKy,
OT/NYHbIE OT OYKB, MOTYT ObITb COEXMHEHB JUHUAMY, HIYIUMMY Hapg
CTPOKOR W HasbiBacMbIMH ¢843Amu. °Hanpumep, B Teopun MHOXECTB,
rie € ecTb CNeuuadbHHHA 3HAK,

—
TV €A EJA"
€CTb 3HaKOC0‘{€TaHl/le.°

¥Ynorpebaelilie OIHAX TOMBKO 8HaKOCOYeTaHnH NprBeao 6W K Hempeo-
AOMMMBIM TUNOTpadCKUM ¥ YMCTBEHHHIM 3aTpylAHEHHAM. MostoMy B 06514~
HBIX TCKCTaxX HCHOJAB3YIOTCH COKPAWAOINUE CUMBOMB (OCOGEHHO CA0RA
OGBLIYHOTO $3bIKa), HE NpPHHALICKAIHE K dopmanbHOi Matemarmke. Bae-
JCHHE STHX CHMBOJOB COCTaBASIET UEAb OnpedeaeHur. Wx ynorpebaenue
meOpemuuecKu He s18AsLemcss HEOGXOOUMBLM H 9ACTO facT NOBOJ K myTa-
HHIE, H36EeraTh KOTOPYIO MO3BOJSIET JHIIb HEKOTOpLI# OmbiT.

ITpunepso. 1) 3nakocoueranue V 7] uso6panaercs cuMBoaoM =>.

') CMblcn nociennero BHpakenus 6ygeT MOCTENEHHO YTOUHATLCHA HA nPOTH-
IKEHUM BCell raamwl.

%) O6 uHTYHTHUBHOM CMHCHE 3THX 3HAKOB CM. I° 3, .3aMeuaHue".
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2) Crepylomiie CHMBOJB H300pamaloT 3HaKocoueraHusl (IPHTOM BECbMa

JUHHbIE):
o ) 3 u 4,
@1
Ny
Zy
»UHCJIOBAA npaMasn’,
+byuknua T,
fog
T = V 2+ V 3,
1¢2,
»BCAIKOE KOHEewYHOe Tes0 KOMMYTAaTHBHO*,
LHYIH Gynkumu {(s), orauunbie or —2, —4, —6, ..., JAeXaT Ha NpAMOi
Re (5) = 1/2¢.

Boo6uie rosops, CHMBOJA, CAyxaimud Aas H3o6paxeHHs 3HaKocoyeTa-
HHSl, COIEPXUT BCe Bcrpevaiomuecs B HeM Oyksbl. MHorma, omnako, 310
NP4BHJAO MOXHO HapyumuTbh 6e3 60JbIIOH ONAcHOCTH BRACTh B NYTaHHLY.
°HanpuMep, cuMBOX ,3aMblkaHue MHOXecTBa E“ m3ofpamaer sHakocoue-
Tauue, KOTopoe, conepxa 6yksy E, CONIEPHT TaKke OYKBY, H306paxalo-
myo Muomelcho OKpyXeHHii paBHOMEpPHOH CTpyKTypn MHOXKecTBa E.

Hanportus, | f (x) dx msobpamaer 3HakOCOUeTaHHE, B KOTOPOM OyKBa x

(paBHO Kak M 6ykBa d) He CONEpKHTCA. 3Hakocouerauus, H306pamaeMble
cumoaaMu N, Z, ,bynxuust T, ve comepmar HuKakux OYKB.

Besikas mamemamuueckas meopust (WM NPOCTO mMeo pus) COLEPHUT
npaBuja, MO3BOJAOIME CKA3aTh, YTO HEKOTOPLIE 3HAKOCOUETAHUS ABJIAIOTCA
mepMami, a HEKOTOPblE — COOMHOUWEeHUL MU TEOPUY, A TaKXKe NpaBuna,
[103BOASIOILME CKA3aTh, YTO HEKOTOpHle 3HAKOCOYeTAHUS SBJASIOTCH Meo-

pemamu TEOPHH. .

Omucanne 3THX NpaBHJa, KOoTopoe Oyler LaHO B 9TOH raase, He npu-
Halnexcum K GopManbHOf MaTeMaTHKe;, B HEro BXOAAT 3HAKOCOUETaHus,
6oace uAu MeHee HeompejeJeHHble, Hamp¥Mep HeompejejleHHble OYyKBBL
Yro6ul ob6MerunTh H3MAOKEHHE, yAOOHO 0003Ha4aTh 3TH 3HAKOCOUYETaHHA
BO: MOXHO MeHee IPOMO3JKHMH CHMBOJAMH. A HMEHHO MBI 6ynemM noabso-
BaTbCA KOMOMHANMAMH 3HaKoB (KakOH-aHG0 MaTeMaruyecKoH TeopHuH),
NONYXKHPHbHIX KYPCHBHBIX OYKB (ObiTh MOX(eT, CHaG¥eHHbIX MHIEKCaMH HJIH
IITPUXAMH) H OCOObIX CHMBOJOB, NPUMEPH KOTOPbIX Mbl NPUBELEM. 'l;ax
Kak Mbl XOTUM JHIIb ¥u36eXaTb MHOrocaopus (cM. cHocky B § 3, n°l,
ctp. 44), Mbl He 6yneM u3narath CTPOTHX M OOGIHX NPaBHA OTHOCHTENBHO
ynoTpe6Gaenns sTHX cuMBOJOB. Hurarenr 6e3 TpyjAa CMOXKET BOCHPOM3BECTH
B Ka¥JIOM OTJAEIbHOM CJIy4Yae 3HAKOCOUeTaHHe, O KOTOPOM HIET peub.
Jlonyckas BOABHOCTb Deus, Mbl 4yacto O6yaeM TOBOPHTh, YTO HCHOMb3YeMble
CHMBOJLI Cymb 3HAKOCOUSTAHHS, BMECTO TOr0 4YTOObl CKa3aTh, YTO OHH
o6o3navaiom 3uakocouetaumsl. Takum oO6pasoM, mpH HWXecaeaylOIIEM
H3JIOWEHHH NpaBHA TaKue BbIPAXEHHd, KaK ,3HaKocoueranue A“ wim
,0YKBa X*, Hy¥HO Oblio 6b 3aMeHATb BbHIPAKEHHAMH ,3HAKOCOYECTAHME,
obosHaueHHoe yepe3d A“, mau ,6ykBa, 0603HauCHHAs uepes x“.

[Tycts A u B — 3Hakocoueranus. QO6osuaunM uepes AB 3uakocoue-
TaHue, MOJAyyaeMoe TpH 3anucH 3HakocoueTauus B chnpasa or 3nako-
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coueranus A. OGosnauum uepes \/ A | B 3suakocoueTaume, nojyuaemos
Mpi Samucu cieBa HAMPaBo 3Haka \/, suakocoueranms A, smaka |,
auakocoyeranus B u T. 1.

[ycrs A — snakocoueranue, a x — 6ykpa.  O603nauuy Yepes t, (A)
SHAKOCOYETaHHE, TMOAyYacMOe CACAYIOWUM OOPA30M: Mbl MHIHEM 3HAKO-
coyeranue tA, COEAMHSEM CBA3LI0 KakIb SK3EMIAAp OykBol x B A
CO B3HAKOM t, HAMHCAHHBIM CieBa OT A, u 3aMenseM OYKBY X, KawIbi
ee SK3eMmnap, CuMBO/OM [T]. Takum obpasoM, suakocoyeramue, 0603Hz-
4aeMoe CUMBOJMOM <. (A), He codepocum x.

1
ITpunep. CuMBox <, (€ xy) nsoGpamaer 3HaKOCOUETAHUE T € {lj y.

llyero A w B —3nakocoderanns, a Xx—GyKBa. 3HakOCOYeTaHme,
fnonydaeMoe Npu 3aMeHe OYKBbl X, KaWIOro ee 3K3eMnispa B A, 3HAKO-
coueranuem B, oGosuayaercs uepes (B|x)A (unrath: ,B saMemaer x
B A“). Ecan x He Bcrpeuwaerca B A, TO (B|x) A Toxpecrenno ¢ A;
B 4acTHOCTH, (B|X)rty(A) TOMmecTBeHHO C T, (A4).

ITpumep. Ecau B 3HaKOCOUYeTAHHH
VExy = xx
3aMeHuTb OYKBY X CHUMBOJMOM [ ] B KaWJIOM MecTe ee MOSIBJIEHUS, TO noay-

YHM 3HAaKOCOUETaHwe
vely=00O

Ecan nam nano smakocoueranve A u ™Mbl ocobeHHo HHTEpecyeMcs
Kako#-uuOynn OYKBOH X WM AByMs PasHbIMU OyKBaMH X H Y (xoropbie
MOTYT BCTpedaThcsi HAM He BCTpewatbcs B A), Mbl uyacto Gyaem
nucatb Afixi uin Ajx, yi. B sroM cayude mul numew A§B}% BMecto
(B|x)A. CumBon A}B, C} o6osnauaer 3HaKocoueTaHue, nonayuaemoe
npu 00HOBpemennol 3aMeHe OYKBHl X 3HAKOCOYeTaHueM B u OyKBH ¥
3HaKOCOYeTanueMm € BO BCeX MeCTaX ux nodsaeuus B A (3aMeTuum, ut0 %
My MOryT coxepxarbcs B B u 8 C); ecan x' n ' — Gykshl, oTanumbie
OT X W y ¥ Ipyr OT Apyra u He BCTpevaiwwiuecs uu 8 A, uu B B, nu p C,
10 A}B, C% ectb He 4TO MHOe, Kak (Blx")(Cly)(x' | x) (¥ | y) A.

Samewanue. Koria Mb faeM ompelenense COKpaIaoInero CHMBoJa %
INs. M306PaKeNHns HEKOTOPOTO 3HAKOCOYETAHHS, TO cOraamaeMcs (o6btuHO
He OrosapuBasi 0¢060), YTG6H 3HAKOCOYETAHHE, NOAYUAEMOE MOJCTAHOBKOM
BHaKOoCO4eTaHHsl B B UCXOXHOE 3HAKOCOYeTAHHE BMECTO HEKOTOpOi 6yKBH X,
H300pakanoch CHMBOJOM, NOAydIaeMbIM 3aMEHOG 6YyKBM X B £ 3HaKocoue-
TanHeM B (Yame e COKPamAKINHM CHMBOJOM, H306paKAI0MHUM 3HAKO-
coueranue B).

°Hanpumep, yrounus, kakoe sHakOCOUeTaHHe Hzobpaxaer cuMpoa E ® F,
rae E u F —6yusn (swakocoueranne, kotopoe, BOpoueM, COIEPKHT H APy~
rne OyxBul, kpoMe E u F), Mu OyneM noab3osaThcs 6Ges 06bsicuermit
cuMBoiaoM ZQ F.,

3TO NPaBMAO MOMET NPUBECTH K MyTaHune, M3beraeMoi PasTHYHBIMK
THNOrpadCKHMU NPUEMAMYH, H3 KOTOPHIX HAHGOMEE YacThlli COCTOMT B TOM,
To X 3aMeHsieTcsl cuMBoioM (B), a He cuMBoJOM B.

“Hanpumep, M ] N o603nauaer sHakocoueTanue, coxepxamee 6yksy N.
Ecan _BMecTo N noactasurh  3HakocoueraHue, u300paxaeMoe CHMBO-
aoM P Q, To moamyuwrcs 3HaxocoueTanue, KOTOpOe MOXHO 0603HauuTh
cuMBoroM M (P U Q).,

3 H. Byp6aku
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2. Kpumepuu nodcmanosrxu

PopManbHadm MaTEMaTHKa COCTOMT TOMbKO W3 HANUCAHHBIX ABHBLIM
o6pasom aHakocoderanuit. O@Hako Aawe npu ynorpeGiaeHun COKparamw-
IHX CHMBOJIOB "MOCTPOEHHE MATEMATHKHM CTPOTO B COOTBETCTBUU C STUM
NpUHUMTIOM TIpUBeNO OB K Kpa#iHe NJAHHHBIM paccyxaenus. Ilosromy
Mbl ycranosum B sroft Kuure Tpakrara xpumepuu, KOTOpLIe  OynyT
KacarbCsl HeOMpeJe/NeHHbIX 3HAKOCOYETAHMH M KAWABLIH H3 KOTOpBIX pas
HABCCrla OMHIIET OKOHYATeJbHLIH pesyJbTaT ONpeleNeHHOR NOCae10-
BaTCJAbHOCTH MaHURY/IMIMH HAaX STHUMH 3HAKOCOYETAHHAMH. DTH KPHUTEDHH,
CTano ObITb, HE SB/ASAIOTCA TEOPETHYECKH HEOOXONMMEIMHU; HX 0BOCHOBA-
HUE OTHOCHUTCA K Memamamemamiure.

IocTpoense MeTaMaTeMaTHKH MPAaKTHUECKH CAMO HeJaeT Heo6xoMHMbIM
ynoTpeGieHse COKPAmaIN¥X CHMBOMAOB, 9YaCTh M3 KOTOpHIX yxe Oblaa

yKasaHa. DOJBIIHHCTBO 3THX CUMBOOEB OyIeT HCNOAb30BATLCH TaKmke
H B MaTeMarHke.

Mer Gyzem nO/MB3OBATLCS CHELYIOWMMH KPUTEPHAMU, HASHIBAEMbIMH
Kpumepusmu nodcmanosru:

CSl1. ITycms A u B — 3narxocovemanue, x u x' — 6ykso.. Ecau x'
He scmpenaemcs 8 A, mo (B|x)A moocdecmsenno ¢ (B|x'y (x| x)A.

. CS2. Tyems A, B u C—3uakocowemanue, x u y—pasnse
Oyrsn V). Ecau 'y ne scmpewaemcs ¢ B, mo (B|x)(C|ly)A mooncde-
cmeenno ¢ (C'|y)(B|x)A, 20e C' —3narocowemanue (B]x)C.

CS3. ITycms A — snaxocouemanue, X u X' —Gywew. Ecau %
H.f scmpenaemcs 8 A, mo <y (A) moocdecmsenno ¢ v (A, 20e
A’ — snaxoconemanue (x'| x) A.

CS4. Ilycms A u B—3unarxocowemanus, x u Y— pa3uvie
Oykeoi. Ecau x ne 8cmpewaemcs 8 B, mo (B|y) e (A) moocde-
cmeenno ¢ vy (A"), 20e A’ —3naxocouemanue (B|y) A.

CS5. ITycms A, B, C—3uakocovemanus, X —O0yKsa. 3uaxo-
covemanun (C|x)(T]1A), (C|x)(V AB), (C|x)=>(AB), (C|x)(sAB)
(s — CIeRUANbHHE 3HAK), modicdecmsenns coomsememsenno ¢ | A,
VAB, S AB,sA'B', 20¢ A, B’ cyms coomsemcmsenno (Clx)A,
(€I®)B. ,

OfbsicunM, HanpuMep, npuHuHM nposepky Kputepust CS2. Cpasuum
onepanuio nepexoaa ot A k (B|x)(C|y) A ¢ onepanueii nepexona or A
kK (C'1y) (Bu[x) A. Tlpu obenx onepauysix He w3MeHdeTcs Hu OIHH 3HaK
copepwamuiicss B A w oramuHmi OT ¥ u y. Ha kawioe Mecro, rne x
BCTpeuaeTcsl B A,UMu JOMKHB NOACTABHTL B BMECTO X Kak mpu ’rlepaoﬁ.
TaK W NpH BTOPOH ONepanuu: 3TO OYEBHAHO AJs NEpBOH, a jad BTOPOii
5T0 BHLITEKA€T H3 TOTO, 4TO ¥ He BCTpevaercs B B. HaxoHen, Ha kawnom
Mecre, e ¥ BCTpedaercsl B A, nepsasi onepanusi COCTOHT B TOM, 4T0OObI

!} B cooTsercrBun ¢ TeM, u °

T » 1TO OTMedanock B n° 1, ¢pasa ,x u y — pasunle
6ykBH“ npejicTaBaser €060# BOJBHOCTb peuH AJf TOro, 'lT06bI,CKa33Tb5 ?x uy
0003naxalom pastule 6YKBH B paccMaTpHBaeMblX HaMH 3HAaKOCOYeTAHHAX®,
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noacrasuTb C BMeCTO y, 2 3aTeM B —BMecTo X Ha Kamaoe MecTo, TIe X
BcTpeuaeTcss B C; HO fICHO, 4TO 5TO CBOAHTCH K NOACTRHOBKE BMECTO ¥
¢dopmyan (B|x)C Ha kamJoe MecTo, Tae ¥y Bcrpeuaercd B A

3. dopmamusHoie KOHCMPYKYLL

Cpenn cheuHa/bHBIX 3HAKOB BCAKOH TEOPHM OLHM OYIyT Ha3bl-
BaTbCH pPeASKUOHHBMU, A Ipyrue — cybcmanmusupmuy. C opyro#
CTOPOHLI, KaXAOMY CheuuaJbHOMY 3HAKY MpPUIUCLIBAETCS 11eJ10€ YHCJO,
HasbiBaeMoe ero gecom (MPaKTHYECKH Bceria uuciao 2).

3HakocoyeTaHHe Ha3bIBAETCH 3HAKOCOYETAHHEM nepso2o poda, eciu
OHO HAYHHEeTCA CO 3HAKA T HAM C CyOCTaHTMBHOTO 3HAaKa WJH CBOJHMTCA
K onHOH OykBe; B MPOTMBHOM Ciaydae 3HAKOCOYETAHUE HA3LIBAETCS 3HA-
KOCOYeTaHueM 8mopozo poda.

Dopruamusias KOHCMPYKYUS Teopun J ecTb NOC/Ae10BaTelbHOCTb
aHakocoueTaHuit, obnajnaolas chAelyOWUM CBOUCTBOM: [/ KaXI0ro
BHAKOCOYeTaHHss A M3 MOCIeIOBATENbHOCTH BHIMOMHAETCS OLHO U3 yKa-
3aHHBIX HHXeE YC/IOBHH:

a) A ecrb OykBa;

6) B NOC/IEI0BATENbHOCTH CYILECTByeT 3HAKOCOYEeTaHHe BTODPOTO
posa B, npemwecrsyouee A, Takoe, uro A ectb | B;

B) CYLIECTBYIOT IBa 3HaKOcCoyeTaHus Broporo poza B u C, mpen-
mecrsywoue A (pasnauyHble uau Her), Takue, uro A ecrb \/ BC,

T) CYLECTBYIOT 3HaKOCOYeTaHue BTOporo poia B, npermecrsyio-
wee A, u OykBa X, takue, yto A ecTb 1, (B);

I) CYLIeCTBYeT CreuuatbHbit 3Hak § Beca n 1) U3 J u 7 3HaAKOCOYe-
TaHu#t nepsoro pozaa 4,, 4,, ..., A,, mpeswecrsyouue A, Takue, yro A
ects SAj A, ... A,

Mu uasviBaeM mepmuamu (COOTBETCTBEHHO COOMHOWEHUAMIL) TEO~
puu J 3HAKOCOYETaHUS TNeEpPBOrO poxa (COOTBETCTBEHHO BTOPOTO pOJAa),
scmpenaiowuec s 8 HoPMAMUBHHLYX KORCMPYKYUAX meopun J.

ITpumep. °B TeopuH MHOXKECTB, B KOTOPOH € ecTb peasnuOHHbBIH
3HaK Beca 2, Clefylomas MOCAeNOBATEABHOCTD ABAsieTcs pOpMATHBHOK
KOHCTpYyKuueit:

A
AI
. A7
€ AA’
E AA//
TJeAA’
V T1€ AAT € AA”

!r!v _IEEIJA'EIEIA”.

) Kak roBopuioch Bhimre, NPH HOCTPOEHHH COBPEMEHHBIX MaTeMaTHUECKHX
TEOPHH MOXHO OblI0 OBl OTPaHHUHTHCSl PACCMOTPEHHEM TOJbKO CHEenHadbHBIX
3HaKOB Beca 2 H, CIEJOBATEJNbHO, HE YNOTPeOMATh BLHIPAMKECHuS ,ueN0e 4HCao n
B olpexeneHnn GOpMaTHBHOH KOHCTPYKUHH.

3*
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TakuM 06pa3oM, sHakocouerauwme, NpuBeieHHOe B KauecTse IpHMEpa
B n° 1, ecTh TepM TEOPUH MHOXKECTS., :

3amesanue. VIMTYHTHBHO, TepMbl — 3TO 3HAaKOCOYETaHHA, H3o6paxaio-
mue 00BeKmsl (npedmemst), a COOTHOMEHUS — GOPMYIH, H306paxcaloinye
ym8epycOeHUs, KOTOpble MOWHO JenaTh 06 3THX mpeiMerax. YcJo-
BHe d) 03HAaYaeT, 9TO GYKBEl H306PakKalOT MHpeiMeTH. YCaAoBMe 6) osHa-
uaet, 4T0 ecAn B—yrBepwaeHue, To T| B, Tak HasnBaeMoe Ompuya-
Hue 5TOTO yTBEpPHICHNA B, Takke eCTh yTBepMfAeHHe (YHTAEGMOE: ,He B*).
Ycnosue B) osHauaer, aro ecau B m C — yTBepxieHns, 1o \ BC, Tak
uasblBaeMasi Ou3sionkyus B w C, Takke ecTb yTBepkieH:e (aurae-
Moe: ,B wan C*); nostomy => BC ectb yTBepwjenue (unTaemoe: He B
uan C* wan , B uMnauuupyer C*, unu ,B Bieuer C*). Ycaosue r) O3Ha-
daet, 4TO ecau B — yTBEpkaeHne H x — 6ykBa, TO t, (B) ecTb TipeaMer;
GyneM paccMaTpuBaTh yTBepmJeHue B Kak yTBEpxJeHHe, Bhpaxaiomee
HEKOTOpOe CBOWCTBO MPeAMETA X, TOTAA, eClH CYuIeCTBYeT MPEAMET, O6Xa-
JAOUEE 3THM CBOMCTBOM, 3HAKOCOUETaHHe T, (B) usobpamaer mnpusmIe-
THPOBAHHWA 00bexT, o6nagalomuit sTuM cpoflcTBOM; B IIPOTHBHOM CJy-
qae t, (B) u306paxaer mpeiaMer, 0 KOTOPOM Heab3sl HHYETO CKas3arhb. Ha-
KOHen, YycJaoBHe ) O3HauaeT, 4ro ecam A;, A, ..., A, — npéaMernt,
4 § — pendunoHHbE (COOTBETCTBEHHO, CYGCTAaHTHBHMIH) 3HAK Beca 7, TO
SA 4, ... A, ecTb yTBepMIeHHe, OTHOCAIIEECH K npeaMeraM A,, 4y, ..., 4,
(cooTBeTCTBEHHO, NpeaMeT, 3aBUCSHE OT TpeiMeToB Ay, Ag, ..., A,).

Ilpumepo. CumBonm @, N, ,uncnomas npavan®, ,pyuxnua I'«,

Jfog usobpamant TepMsl. CuMoan =) 24+) 3, 1¢2, ,Bcsikoe Komeq-
HOE Tedo KOMMYyTaTHBHO®, ,HyaH ¢ywkuun {(S), oTaHuHBeE OT —2, —4,
~—6, ..., J&ewar ua mpamoi. Re (s) =1/2* u306pamaoT €OOTHOMmEHHS.
Crumpon ,3 u 4 He nzo6paxaer Hu TepMa, HH COOTHOMIEHHS,

Hauanbubiit snak cootsowenus ects \/, ] uam PeNSUHOHHBIR 3HaK;
Ha4albHBI! 3HAK TepPMa eCTb T WIH CYGCTaHTHBHHIA 3HAK, eCHAH TOJbKO
TEpPM HE CBOAMTCA K onHo# Oykse. B camom gese, 910 yTBepxIeHue
O TEpMaX BEITEKAET M3 TOTO, YTO TEPM €CThb 3HAKOCOYETaHHe MNEPBOro
pona. Ecin A — coornoutenue, To A Bcrpeuaerca B KaKoi-nubyis dhopma-
THBHOH KOHCTPYKUMH, He SBAAeTCA GYKBOM M He HAUMHAETCA C ) CJefo-
BATe/JbHO, BOSMOMHB TPM Ciayuas: 1) prnepeam A HMeerca Taxkoe 3HAKO-
Coueranue B, uto A ectv ~|B; 2) mnepeam A wuMeioTca Takue npa
sHaKocouetanus B u C, yto A ecre \/BC; 3) Bnepean A umeiorcs
Takue sHaKocoueranus A,, Ay, ..., A, uro A ectv sAA,...A
Tie § — peJSsUHOHHBIH 3HaK.

1

4. @popmamusnoie xpumepuy

CFl. Ecau A u B— coompomenus meopuu J, mo \/ AB ecms
coomuowenue meopuu 7.

. B camom nene, paccmortpum ase (opmaruBHble KOHCTPYKIUH TeOpUH T
OlHa M3 KOTOPHIX colepxutr A, a apyras colepxur B. Paccmorpum
TIOC/IELOBATENLHOCT 3HAKOCOYETAHHH, MOJYYaeMYI0 TNPH 3aNMHCH CHAYana
BCEX SHAKOCOYETAHUA NEPBON KOHCTPYKIUH, 3aTEM 3HAKOCOYETAHUHA BTOPOH,
4 3areM 3HakocoueraHusi \/ AB. Tak xak A u B — 3snakocouetanus Bro-
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poro pola, TO Cpasy e BHIHO, YTO 3Ta MOCAENOBATELHOCTb eCTh PpopMa-
TuBHAsl KOHCTpyKUMs Teopun J'. 3nakocoueranne \/ AB — Broporo poxa;
Ced0BATENbHO, OHO SBAAETCA COOTHOHIEHHEM Teopuu J.

AnanordyHHIM 06pa3oM YCTaHABJAMBAIOTCA TPH CAELYIOUIMX KPUTEpHA:
CF2. Ecau A — coomnowenue meopuu J, mo | A ecms coomHo-
wenue meopun J. :

CF3. Ecau A— coomrowenue meoputt J', @ X — 6yksa, mo tx(4)
ecmv mepm meopuu J.
CF4. Ecau Ay, Ay ..., A,—mepn meopuu J, a §$— pesfi-

Yo HHLE (COOmBemcemBenno CYO6Cmanmusrelil) 3Lax geca n meopuu J
mo sA,A, ... A, ecmv coomunowerue meopuu J (coomsemcmsenno

mepmu meopuu J).
DTH KpPUTEPUM CPa3y He BJEKYT CJeLy olul:

CF5. Ecau A u B— coomnouwenun meopuu J, mo =>AB ecms
cOOmHOWerRue meopuu J.

CF6. Ilycms Ay, Ay ..., A,—opuamusnas KOHCMPYKUUSR
meopun J, a x u y— O6yxss. Ilpednonrodcum, 4mo 'y He scmpe-
yaemcn 8 smux A;. Tozda (y|x)A;, (¥|x)A, .... (¥|x)A, ecme

o pramusnas KOHCM PYKYUA meopul J-
B camom mene, nycrb A;— 3nakocouetanne (y|x)A4;. Ecmm

’ —_— -
A; — Oyksa, 10 u A; — 6ykpa. Ecau A, umeet sun "] A;, rae A; —snako-
CoueTaHWe BTOPOTO poOMa, NpenuwectByouiee A; B KOHCTPyKuuH, T0 A
14
toxzectBeno ¢ ] A;, cormacio CS5, m A; ecrs 3uaKocoueTauue
BTOPOTO PONA. AHATOTHUHBIM 00pasoM paccymnaem, ecan A; umeer B(;lfl
; — ClMeunaibHbil 3HaK Teopud J.
VAjA, nm sA; A;, ... A; , TIe 8 it P
Ecau, nakoueu, A4, uveer Bun < (4;), rae A; —sHakocoueTaHne BTO-
poro popa, npenwecTsyiollee A, B KOHCTPYKUMH, TO BO3MONHO
HECKOJIbKO CJyuaeB: ’
14
a) 2 — OykBa, OT/IMYHASA OT X M ¥; TOTA2 A; TOKLECTBEHHO C Tz (4)).
coraacuo CS4, u A} eCThb 3HAaKOCOYeTaHue BTOPOro poia,
6) 2 TONAECTBEHHO ¢ X; Toria A; He COIEPNKUT X, W, CleloBa-
TeabHo, A; ToMmecTBeHHO C A, 1. e. ¢ 14(4)); TaK Kak y He BCTpe-
’
yaercs B A;, TO Tx(A;) TONIECTBEHHO C Ty (4)), cornacno CS3;
B) 2 TowmectsenHo c y; Toraa A; ecTh 3makocoueraune <t
’
MOTOMY 4YTO J He BCTpedaercd B Aj; ciaemoBaresbHo, A; ecTh 3H8K0;(2-
7 ’
yeranue td;, T. e. t4(4;). rie w—Oyksa, He Bcrpevaomasca B Aj
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CF7. ITycms A— coomnoumenue (coomsemcmeenno mepm) meo-
pun J, a X u y—Oyxsu. Toz0a. (y|x)A ecms coommowenue
(coomsemcmeenno mepm) meopuu 7J. . .

Ilycre A,, Ay, ..., A,— dopMaTusHas KoHCTPyKuusi, B KOTOpO#
Bctpeuaerca A. [TokaweM War 3a wWwaroM, 4to ecanm A, — cooTHOWIeHHe
(COOTBETCTBEHHO TepM), TO 3HAKOCOYETAHHE (¥|x)A,, koTopoe Mm 060-
BHaUMM uepes A; €CTb COOTHOMIGHHE (coorBercrTBenno TepM). [lpex-
TO/IOKUM, 4TO Mbl yCTaHOBHJIM 9TO A A, A,, ..., A;_|, 4 ycraHoBuM
o10 ans A;. Ecau A, —6yxsa, 1o u A;— Gyksa. Ecmu Brepenun A;
B KOHCTPYyKUMH HMeeTCA Takoe cooTHowenue A; uto A, ectn 14,
10 A; Toxaectsenno ¢ | Aj, cornaco CS5, a T14; ects cootHoweue,
cornacio CF2. AHanormuHeiM o6pasoM paccymiaeM, ecau Brepenu A,
UMETCA TakHe cooTHowenus A; A,, uro A; ecrsb VAA,, umn Taxue
Tepmbl A;, Aj, ..., A; ,uto A; ects sAj Aj, ... A; | rie s—cne-
UHalbHBIA 3HaK Teopuu J Beca m. Ecam Bnepean A, umeercs Takoe
coorHowenue A;, uTo .A; ects 1, (A;), TO BOIMONKHBI HECKOJLKO C/lyuaes:

) 2 OTMMYHO OT X H ¥; Torna A; TONIECTBEHHO C T, (A;) COTJI2CHO
CS4, u Mbl yxe 3HaeM, uT0 A — COOTHOLICHHE; CIENOBATEBHO, A; ects
TepM, coriacHo CF3;

6) 2z TOMIECTBEHHO € X; TOTAa A; He CONEPHHMT X, W, CienoBa-
TeJbHO, A; TOMIECTBEHHO ¢ A;, a noromy sBagercs TEPMOM;

B) # tomjuectsedio c¢ y. Ilycts Torma uw-— Gykea, oramumas or x
W y W He BCTpewawumatcs B A, A, ..., Aj; coraacio CF6, nociaeno-
BATE/BHOCTH 3HAKOCOUETANUH mnA4, ..., (u|y)A;, xotopyo Mbl 060-
aHauuM uwepes A, ..., A'}, cocrapafieT (GOPMATHBHYIO KOHCTPYKIHIO
TEOPHH J; TAK KaK Y He BCTpeuaercs O0OJblle B 3TOR HOBOH KOH-
crpykuuu, 10 (9| %) A, ..., (y|x)A}' ecThb (OPMaTHBHAA KOHCTPYKIHS
8 cuiay CF6, rak uro (y]x) A;f eCTb COOTHOILIEHHE TEOPUH J'; CJlefoBa-
TeJbHO, t,,((,},)|x)A;) ecte TepM Tteopud J. Ho 310T TepM Tomuectmen
c (y|x)cu(A,~), cornacio CS4, a swauur, u ¢ (y|X)vy(A;), coraacuo
CS3, a suaunt, u c A;.

CF8. ITycms A— coomnowenue (coomsemcmsenno mepm) meo-
puu J, x—0yksa u T— mepu smoi meopuu. Tozda (T|x)A ecms
coomnowerue (coomsemcmsenno mepm) meopuu J.

Mycrs Ay, Ay, ..., A, — dopmaTusHas KOHCTPYKIHA, B KOTOpPOH
scrpeuaercas A. Ilycre xy, X,, ..., X, — pasnuunele OyKBbl, BCTpEYa0-
muecs B 7. TlocTaBuM B COOTBEeTCTBHE KamioH Gyxse x; O6yxBy Xis
OTIMYHYI0 OT Xy, ..., X, u oT Gyks, BCTpewawowuxca B A, ..., A4,
npuueM OyKBbl X[, ..., X! AOMKHE ObITH MOMAPHO pasauutel, 3HaKo-
coueTaHus (xl’]xl) (xé]x2) e (x;,xp) T ects tepm T, cormacuo CF7,

(T|x)A  roxnectsenno ¢ CAEAICAEN R (%,]%,)(T'|x) A

ynp. § 1. TEPMBH W COOTHOIUEHHS 39

spuny CS1. Iosromy nocrarouxo mokasarts, uto (77[X)A ects cooTHO-
mieHHe (COOTBETCTBEHHO TepM); MHAYE TOBOPHA, OTHBIHE MOXHO npej-
nozarare, 4o Gyksbl, BcTpeuaownecs 8 7', He BcTpevaoTca B 4, ..., A,.

IToxaxceM Tenepb NMOCTENEHHO, YTO ecaH A, — COOTHOIIEHHe (COOTBET-
crBeHHO TepM), TO 3Hakocoderanne (T'|x)A,, kOTOpoe Mbl 0603HAUMM

yepes A;, ecTb COOTHOIIeHHe (coorsercTBeHHO TepM). [lpennononum,
YTO 3TO yCTaHoBjeHO is A), Ay, ..., A;_;, M ycranoBuM 510 mis A,.
Eciu A; —GykBa, T0 AE ectb au6o sra Oyksa, aubo T, a cnaenoBa-
TeabHo, TepM. Ecim A; umeer Bun | A, rae A; — cooTHOIeHHe, Mpen-
¢ !

wectsyoumee A, B KOHCTPyKUHMH, TO A; TOXHecTBeHHO C —IA}, co-
rnaceo CS5, u Mbl ywe 3HaeM, 4To A}——coomomeﬂue; C/e10BaTebHO,
A ectb coornomenue, cornacko CF2. AHanoruuHbiM o6pasoM pac-
cyxnaem, eciu A, umeer sun\/ A;A, wm sA; ... A; . Eciu, Haxowen,
A, umeer Bun T;(4)), rae A; — coorHowenne, npexuectsyiomee A,
B KOHCTPYKUHMH, TO BO3MOMHBl HECKOJbKO CJyYaes:

. a) 2 oTiMuHa OT X H OT Oyks, BCTpeuaomuxcs B 75 Ttoraa A;
TOWAECTBEHHO C Tz (A;) coracHo CS4, u Mbl 3HaeM yixe, uTO A}—coomo-

nrenue; caenosarenbHo, A; ecrto TepM, coraacwo CF3;
6) Z ToxnecTBeHHa C X; Toraa A, He CONepPWHT X, H, CjleloBa-

’
TejbHO, A; TOXKIECTBeHHO ¢ A;, a NMOTOMY fAB/ISAETCA TEPMOM;
B) 2 BcTpeyaercs B 75 Torna 2 He BCrpevaerca B A; Tak uTo 4,

. ’
TOXKACCTBEHHO C ‘CAj, a 3HAYuT, U C ‘CAj; HO Mbl YyXe 3HaeM, 4TO

14 14 ’
Aj; — coorHolenue, a tA; TOXKIECTBEHHO C ‘Cu(Aj), rie u— 6yksa,
14 7
He BCTpevawulasgca B Aj; orciona ciaexyer, 4o A; ecTb TepM, COrnacHo

kpurepuio CF3. . X

UnryuruBHo, ecin A — cOOTHoIIEHHE TEODHH J', KOTOPOE MBI MOXEM
paccMaTpuBaTh KakK BHIpaXaloliee HEKOTOpOE CBOHCTBO OGbekTa X, TO
yrBepkaarb (B|x) A — 310 3HauMT CKasarh, 4T0 00beKT B 06aajaeT aTHM
cpoficrsoM. Ecat A — tepM Teopuu J, To OH .u306paxcaer oGbEKT, 3aBH-
cAumuil HeKOTOpHIM 0O0pa3oM oT 006bekTa, 0603HAaYEHHOrO0 CHMBOJOM X
TepM (B x) A uzolpaxaer To, ueM craHOBUTCA 00bekT A, Korjga B Kaue-
cTBe X Gepercs B. ‘ ‘

Ynpascrenun
k3 1) Mycrs J —teopua Oes crHeumanbHex 3HakoB. Hu omHo 3Hakoco-
yeraHue Teopud J He ABAACTCH COOTHOWIeHHeM. EnMHCTBEHHHIE 3HaKoCOoYe-
TaHus TeOPMH J, ABASIOUIMECH TepMaMHu, CYTh 3HAKoCOUYeTaHHs, CBOAs-
urecss K onHoH GYkBe.

2) NMycre A —7TepM uau cootHoireHue Tteopuu J'. ITokasars, u4TO
KawJAbuli 3HAK [ |, ecau oH umeercs B A, cBA3aH C OAHUM U TOABKO OIHHM
3HAKOM T, PaCHOJOXEHHHM cAeBa oT Hero. [Tokasath, 4TO BCAKMEH 3HaK <,
ecau oH umeercss B A, aub0 He CBA3aH ¢ JIPYTrUMH. 3HaKamu, AuGo CBA3aH
€ HeKOTOpHIMH 3HakaMu [ |, pacrmoioXeHHsIMu copasa ot Hero. Hu omun
Ipyro#l 3HaK He ¢BA3aH HH C KAKUMH 3HaKaMH,

3) Mlycrs A — TepMm nau coorHoureHue reopuu J . [Tokasars, 4T0 Kamabli
clleuManbHelff 3HaK, ecin OH MMeeTcd B A, mpelllecTByeTr HEKOTOPOMY
8HaKy [ |, uau 3HAKY T, HAH OyKBe, MAH CYGCTAUTUBHOMY 3HAKY.
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9 4 Hyctb A —rTepM uau COOTHOWIEHHE TeOpHH J, a B — 3HaKo-

coueraHue 3ToH Teopuu. ITokasarh, uTo AB He ecTh HH TepM, HH COOTHO-
meHve teopuu J. (Paccymaars MHIYKTUBHO 1O 4xcay 3HAKoB B A.)
5) Mycrp A — 3HaKocoueTaHue Teopuu J, a X — 6yksa. Ecaut,, (A) —

TepM Teopuu J', T0 A — COOTHOWEHUE TEOpHU J .
6) Iycrs A u B— 3HaxocoyeraHus Teopun J . Eciu A u=> AB — coort-
HomeHust Teopud J, TO H B-— coorHoureHue 3TOH TEOPHH (UCMOABLIO-

Bath yip. 4). _
§ 2. Teopemun

YUmoGot o6aeezuums 4menue - daavneliuezo, ms 6ydem nucanms
omusine 8 caysae, Ko2da A— coomnowenue,  He (A)“ smecmo "] A.
Ecau A u B—coomuomenusn, Mo Gydem nucams ,(A) um (B)“
smecmo \JAB u (A)=>(B) smecmo =>AB. Huozda mus Gydem
onycamsy cKko6xu. Yumamenrv cmoxcem Ges mpyda onpedeaums
8 KaNCOOM CAyiae, 0 KAKOM 3HAKOCOHemawuu udem peds.

1. Axcuomot

3ajaHue CIEUHANbHBIX 3HAKOB ONpejesieT TepMbl H COOTHOMIEHHS Teo-
pun J. Uro6el 3aBeplinTh NMOCTPOGHHE TEOPHH J, AEJNAOT CiAenyiouiee:
1° 3anuchiBalOT CHayajJa HEKOTOPOE KOJHMYECTBO COOTHOILEHHH Tec-
pHH J; 9TM COOTHOLUEHHS HA3BLIBAIOTCH FBHLMU GKCUOMAMUL TEODHH T,
GyKBbI, BCTPEUYAIOI(HECH B SIBHBIX aKCHOMAX — KOHKCMARMAMu Teopuu J .
2° 3agaloT OJAHO HJH HECKOJAbLKO Mpasuil), HasblBaeMblX cxemagmu?)
Teopud J, KOTOpHIE [AOJKHH 006JafaTh CJAEAYIOWHMH OCOGEHHOCTAMU:

© a) MpUMeHeHWe KAXKJOTO TAKOro npasuia & naer cooTHoutenue Teopuu J;

6) ecitu T—repum Teopun J, x—Oyksa, R—cooTHoleHue Teopud J,
nmocrpoeHHoe npuMeHeHneM cxembl &, To coorwoutenne (7| x)R Taxke
MOXeT ObiTb MOCTPOEHO NpHMeHeHHeM cXeMbl &R.

Bo BCex cayuasx, KOTOpHe MH GyAeM paccMaTpuBarh, IPOBEPKA 3THX
ycaoBufi GYIET nerka.

Bcesakoe cooTHolenue, o6pa3oBaHHOe npuMeHeHHeM Kako#-iu60 cxeMbl
Teopud J', Ha3uBaeTCAd HeABHOL ArcuoMold Teopuu J.

UHTyuTHBHO axcuoMel u3oOpaxaioT au60 OUEBMAHLIE YTBEpMIEHHA,
au60 THIOTE3H, U3 KOTOPHIX COGMPAOTCA HM3BAECUL CAEHCTBUS; KOHCTAHTHI
M306paxcaloT BHOJHe omnpejfeieHHbE NpPEAMETH, IAf KOTOPHIX CBOHCTBA,
BhpaXaeMble ABHBIMU aKCHOMamy, NpefionaraoTcs HCTuHHmMU. Hanporus,
ecin GYykBa X He fBAfeTCd KOHCTAaHTOH, TO OHa u3OOpamaer mnpexMeT
COBEpIIEHHO HEONpENeAeHHbH; ecau HexkoTopoe CBOHCTBO mpeaMera X
NpenNonaraeTcss BEPHHIM BCAESICTBHE aKCHOMSBI, TO 9Ta akcHoMa ueofxo-
IUMO fBASETCH HesBHOW, Tak 4TO JAaHHOE CBOMCTBO TaKMe WCTUHHO A5
mo6oro npeamera T.

1) dr1u npaBuna Mul GyneM BHpaxaTh, MCTIOAB3YS IS COKPAI{EHUs CHUMBOJBI,
0 KOTOpbix Mbl rosopuau B § 1, n°l (a umento NOJYWHUpPHHIE KYpCHBHbE OYKBEI);
onHaxo mpu (opMyauposke mpaBud Owlo OBl METPYAHO 0GOHTHCH COBEpIIEHHO
6es aTux cumBoaoB (cM. § 3, n°l, cHocky Ha crtp. 44).

2) CxeMbl HasHBAITCA TaKKe CxeMmamu axcuOM (B AanpHeiurem aBTop
ynoTpe6aSEeT HHOIZA MMEHHO STOT HocaexHuid Tepmun). — I[Ipus. ped,
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2. Hoxasamenscmsa

Beaxut doxazamensrolli mexcm TeOpHd J COCTOMT 3!

1° BcmomorarenasHo#t GoPMATHBHOH KOHCTPYKIMH M3 COOTHOIUEHHH M
TepMOB TeOpHu J;

2° dokaszameabcmsa TeOpUH J, T. €. NOCAEAOBATENbHOCTH COOTHO-
meHu#t Teopuu J, BCTPEHAIOUIHXCA BO BCIIOMOraTe.bHOH dopmarusHOH#
KOHCTPYKIHH, TaKuX, 4TO ISl KAXIOr0 cooTHowenus R sTo# mocaeno-
BaTeJIbHOCTH BLIMOJIHAETCH MO KpafHe# Mepe 0AHO M3 CJELYIOIMUX YC/I0BHi:

a;) R ecrb sBHas akcuoma teopuu J;

3,) R nonyuaercs mnpuMeHeHHEM CXeMH TeOpPHH J K TepMaM WJH
COOTHOLIEHHUSAM, BCTPEUAlOWUMCA BO BCHoMoraTeapHo#t ¢opMaTHBHOH
KOHCTPYKIUH;

6) B ynoMsHyTOR mOC/e10BATENLHOCTH CyLIECTBYIOT IBa OTHOLIE-
Hua §, T, npenuwecrsywouue R, rakue, uto T ectb S=>R.

Teopema Teopun J eCTb COOTHOLUEHUE, BCM PE4AOU4eecs 8 KAKoM-
Hu0yos doxazamenscmse meopuu [J.

Taxum 06pasoM, 9T0 MOHATHE CYHIECTBEHHO CBABAHO C COCTOSIHHEM
paccMaTpHBAaEMOH TEOPHUU B TOT MOMEHT, KOrja €e OIMCHIBAaT: COOTHO-
IIEeHHE TEOPUH J CMAHOSUMCS TEOPEMOH 3TOH TEOpHH TOorja, KOrja ero
CyMenu BKAOYATH B KakOs-HMOYHNbL NOKa3aTeabCTBO TEOPHH T .

He moxer umers CMbICJlg [‘OBOPP[Tb IIpo COOTHOUICHHE TEOPHH (T, qTo
OHO ,He HfABAACTCHA TEOPEMOH 3TOH Teopuu“, ecay He YTOUHUTh, Kakas
CTaAusl PA3BUTHA TCOPHU UMEETCHA B BUAY 1).

Bumecro ,TeopeMa Teopuu J“ TOBOPAT TAKKE ,COOTHOILEHHE, UCMUHROE
(seprnoe, cnpasedausoe) B J* (unu ,npepioxnende’, ,neMma‘, ,cCrael-
cTBue* u T. 1.). [lycte R—coornouenue Teopuu J, X—0yksa, T — TepM
Teopuu J; ecau (T|x)R ectb Teopema Teopuu J, rosopar, utro T ydo-
saemgopsaem 8 J coomuowenuro R (aim uto T ecTb HEKOTOpOe
pewenue coomnouenun R), xorna R paccMaTpuBaeTcs KaK COOTHO-
weHde 1o (OTHOCHTENbHO) X.

B o6uivHOH MaTeMaTHKe 4aule BCero olycKaloT Yka3aHHe, UTO BHIMU-
CaHHbIE COOTHOIUICHHS COCTABASIOT NOKa3aTeabCTBO.

CooTHOIleHHe HA3BIBAETCA LONCHLLM B J, €Clu ero OTPHUAHHE eCThb
TeopeMa Teopun J, loBopar, uto Teopus J npomugope4usa, KOria
MOXHO HAMHMCATH COOTHOILEHHE, OJHOBPEMEHHO HCTHHHOE M JOXHOE B J.

. 31ech OMNATb-TAKU HAET PEuYb O TMOHATHH, OTHOCHAILIEMCA K OMPENeheH-
HOH CTamuu pasBuTHA AaHHOH Teopuu. Heobxomumo ocreperarbcd IMyTa-
HHLB (K COXANCHHIO, BHYIIAeMOH UHTYUTUBHBIM CMBICAOM CAOBA ,NOMHBIH®),
cocrosuiedt B ToM, 4TOGBl AyMaTb OYATO, NOKa3aB MOKHOCTh COOTHOIIe-
Hug R B J, MBIl TeM caMBIM JiOKasand, 4To R ,He ABAAETCA HCTHHHBHIM®
B J'(COGCTBEHHO roBOps, 3T MOCAENHAS hpasa HE UMEET HUKAKOIO TOYHOrO
CMBICAA 8 Mamemamukxe, KaK Mbl 9TO BHIEAM BbILIE).

') Pasymeercs, BO3MOXHA ¥ Ipyras TOYKa 3peHus, Npelroaralolias, uTo
Mbl TIOHUMAEeM CMEICA C/OB ,JaHHOE COOTHOIIEHHE He SIBAAETCS TEOPEMOH MaH-
HOM Teopuu“ (T. e. He ABASETCA TEOPEMOH Hu Ha KaxOf CTaluu ee Pa3BUTHH;
HHBIMM CIOBAMH, HUKAKOe JOKa3aTEAbCTBO TEOPUH He CO0epycurm 3TOr0 COOoT-
HomeHus). — [Tpum. ped.
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Mel panuM B pasnbHefllleM MeTaMaTeMaTuUeCKUe KPUTEPUH, HA3blBaeMble
0eOYKMUBHO MY Kpumepusmy, KOTOPble TMO3BOJAT HAM COKpAMIaTh
JOKAasaTe/JbCTBA. DTH KpHTepuu Mul OyxeM o6o3Hauate Oykso#t C ¢ uay-
(MM 3a Heft HOMepoM.

Cl (cusanoeusm). ITyems A u B—coomnowenus meopuu J.
Ecau A u A=> B —meopenss meopuun J, mo B marxoce meopena

meopuu J. .
B camom zene, nycte Ry, Ry, ..., R, ecTb 10Ka3arenbCTBO TEOPHH T,
B KOTOpOM BCTpeuaerca A, u nycts 8, Sy, ..., §, ecTb [10Ka3aTe/lbs

CTBO Teopuu J, B koTopoM BCcrpeuaerca A=>B: OueuaHo, uro R, Ry, . ..
eos R, 81, 8y, ..., 8, ectb 10Ka3aTEJHCTBO TeOpHH J, B KOTOPOM

BcTpeyaoTcda A u A=>B. CienosateibHo,
R.Ry, ....R,, S, 8, ....§,, B

eCTb JOKa3aTeJbCTBO TEOPHM J, 4 3TO B CBOIO Ouepeiab MOKA3bLIBAET,
yro B ecTb Teopema TeopuH J. .

3. Modcmanosku 8 meopuro

Tlycre J — reopus, A;, A,, ..., A, — ee AiBHbIe aKCHOMBI, X — OyKBa,
T — tepm sroft Teopun. Ilycre (T| x) J ecrtb Teopus, y KOTOPOH 3HaKu
H CXeMbl Te Xe caMble, YTO U y J, MU y KOTODOH SIBHBIE AKCMOME! CyTh

(T| ) Ay, (T| £) Ay, ..., (T| %) A,

C2. ITycmv A—meopema meopuu J, T—mepu meopuu 7T,
X —0yksa. Tozda (T|x)A ecmv meopena meopuu (T| X) 7.

B camoM nere, mycrs Ry, Ry ..., R, ecTb 10Ka3aTeJbCTBO TeO-
pun J, B KOTOpOM BCTpeuaercs A. PaccMOTpuM Mnoc/1en0BaTeqbHOCTD
(T| )R, (T| %)R,, ..., (T| X)R,, ABAOUWLYIOCA NOCAELOBATENBHOCTLIO
cooTHomenu#t reopuu J, cornacio CF8 (§ 1, n° 4). Mm mokaxeM, 4To
9T0 — JoKasaTeabcTBO Teopun (7| X) J; TeéM caMuM Kpurepuft Gyzer
ycranosaen. Ecim R, — HesasHad akcuoMa reopun J', 1o (T| X) R, Takxe
AB/deTcd HedaBHOH axcuoMmo#t Teopuu J (cm. m° 1), a ciemoBaTeqbHO, M
teopuu (7| x)J. Ecim R, — aBuas akcuoMa teopuu J', 10 (T| X)R,

asaserca aBHo# axcuomo#t teopun (7T'|x) . Hakowenu, ecau mepen R,

uxyT coorsowenus R; u R;, rae R; ects R;=>R,, 1o nepen (T| x)R,
uayt (T| x) R, u (T| x)R;, ' 970 nOCAe/Hee COOTHOMUIEHHE TOKASCTBEHHO
¢ (T|x)R;=(T| x)R, (xpurepuit CS5).

C3. Tycms A— meopena meopuu J, T —mepu meopus T u
X — OyKsa, He Asagowasca Koucmanmoli meopuu J. Tozda (T| x) A
ecmy meopema meopuu J.

310 crenyer cpasy me u3 C2, NOTOMY 4TO X He BCTPeYaeTcs B ABHLIX

aKcuoMax Tteopuu J.

B wactHocTH, ecau J He COLEPHHUT SIBHBIX aKCHOM HJIH SBHBIE AKCHOMbI
He cofsepxar Oyks, 1o kpurepuft C3 npumenuM Oe3 orpaHuyeHHs Ha
OykBy X. i
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4. CpasHenue meopui

Mbi roBopuM, 4TO Teopus J’ cusasnee teopuu J, unu 6osee cussna,
wes TeOPUS J, eC/H BCe 3HAKH TEOPHH J ABJSIOTCA 3HAKAMH TEOPHH TJ’
BCe SIBHbIC AKCHOMbl TCOPHH J SABJRAIOTCA TEOPeMaMu TeOpHH J’ M CXeMbl
TeopuH J ABAAIOTCA CXeMaMu Teopun J.

C4. Ecau meopus J' cunsnee meopuu J, mo 8ce meopens
meopuu J R8AAIOMCA meopemary meopuu J'.
. Iycrs Ry, Ry, ..., R,— 10Ka3aTeqbcTBO Teopuu J'. Mel mokamem
Lar 3a INAroM, 4To Kaxnoe R, ecTb TeopeMa Teopun J/; TeM CaMBIM Kpu-
Tepu#t OyAer ycranosied. [IpeamosomuM, 4TO Halle yTBepKIeHHe ycra-
HOBJIEHO A COOTHOWIEHMH, NpemecTBYOIHX R,, H YCTaHOBUM ero
anst Ry. Ecmm R, — akcuoMa teopun J', TO 3T0 — TeopeMa Teopuu J”’
no onpenenexuio. Ecau Bnepenn R, croar ornomenus R; u R,=>R,,
TO MBI 3HaeM yxe, 4t0 R, u R,=> R, cyts TeopeMn Teopuu J'; cie-
IoBaTenbHO, U R, ects TeopeMa Teopuu J’, coraacuo Cl.

Ecau kawnas u3 teopu#t J u J/ cuibHee Apyro#t, TO TOBOPAT, uTO
J u J' sKeusasewmusl, WM PABHOCUAbHG.. TOTA BCAKAs TeopeMa
Teopuu J ecThb TeopeMa Teopuu J’, u obpaTHo.

C5. Ilycms J —meopus, A, A, ..., A,—ee asuse axcuomns,
Q. Q. -.., qy—ee Kowcmanmsl, T,, T, ..., T,—ee mepnusi.
ITpednoroocun, umo (T\|a)(Tylay) ... (T,la)d, (022 i=1,
2, ..., n) Agaswomca meopemanmu meopuu J', 4mo 3naku meo-
puu J Asanomci 3xaKamu meopuu J' u 4mo cxems meopuu [J
asanomes cxemanu meopuu J'. Toz0a ecau A— meopema meo-
pun T, mo (Ty| @) ... (T,| a,)A ecmv meopema meopuu J"'.

/

B camom nexe, J' cuavuee teopun (T,|a,) ... (T,|a,) T, u noromy

pocrarouHo npuMeHuth C2 u

Korga ¢ momompio 310ro Merona Mel BHBOZMM TeopeMy Teopun J°'
H3 TEOPEMbl TEODHH J', Mbl TOBODUM, UTO pe3yasmamsi meopur J npu-
Mensiomes 8 (uau npupazaiomes k) J'. ToBOPA uHTYMTHBHO, aKCHOMEI
TEOPUH J BHIPAXKAWT CBOHCTBA MPEIMETOB &y, @y, ..., A, COOTHOUIEHHE
#e A BHIPAWKAET CBOHCTBO, ABASMIOLIEECA CASICTBUEM 9THX akKCHOM. Ecau
mpeamerst T, Ty ..., Ty oOnajawt B J°/ cBoOfCTBaMH, BblpaXaeMBIMU
aKCHOMAaMM TEOPKH J ', TO OHH 00JamaloT ¥ CBOHCTBOM A.
°HampuMep, B Teopuu rpynm J° dBHEHE aKCHOMH CONEPHAT JABE KOH-
craute: G H po (FPYMIa u 3aKkoH Kommosumuu). B reopun MHomecrs J’
1 onpenensOTCa ABa TepMa: YMCAOBaA IIpSMas U CAoxkeHue AeHCTBHTEABHBIX
gucen. Ecau mnopcraBuTe 9TH TepMBI COOTBETCTBEHHO BMeCTO G H W
B fBHLIC QKCHOMBI TeOpHM J', TO MBI NOAYUMM TEODEMBI Teopuu J .
C npyroit CcTOpOHHL, cXeMH W 3Hakd Teopudl J u J' Te we camuie. Ilo-
3TOMY MBI MOMEM ,NDHMEHATh K CAOMEHUI0 NeHCTBUTENBHBIX UuceA pe-
BYAbTATHl TEOPHH [PYmn*. Ml roBOpHM, 9TO MOCTPOHIH [l TEOPHH IPYIN
M0Oesp B TEODHU MHOXECTB. (3aMETHM, 9TO, MOCKOABbKY TEOpHs IpYI
CH/bHEE TEOPUHM MHONKECTB, MOXHO TaKie NDUMEHATb K TEOPHH Tpymil pe-
3yAbTATHl TEOpDHH MHOMKECTB.),
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3amewanue. Tlpun Tex e npeanonoxenusax, kak B C5, ecan reo-
pus J Owaa Obl NPOTHBOpPEYHBA, TO M TeOpHUf J' Gnaa Onl TakosoH.
B camom sene, ecau A u ,He A° cyTh Teopemsl Teopuu J, TO
(T\|a) ... (Ty|e,) An ue (Ty| @) ... (T,|a,) A" cyr> reopemsi Teo-
pun J’. °Hampumep, eciu TeOpHa rpymn 62 Obl MPOTHBOpPEYMBA, TO
M TeOpHAl MHOXeCTB TOXe Oblia Obl NMPOTHBOPEUUBOA.,

Ynpascnenue

Mycts J —teopud, A, Ay ..., Ay—ee dBUHIE AKCHOMB, &y,
ay ..., Qp— €8 KOHCTAHTHL. .

a) [ycts J/—rteopusl, ¥ KOTOpOH 3uakM H CXEMbl CYTb 3HaKM H
CXeMB TEODHU T, @ ABHblE aKCHOMHI cyTb Ay, As, ..., Ay_1. Mul craxey,

yro A, He 3agucum OT JPYFHX AKCHOM TEOpUM J, €CIH J’ He sKBUBa-
seHtHa J'. Jlas 3TOro HEOGXONMMO U NOCTAaTOUHO, 4TOOH A, He 65110 TEO-

pemoii Teopun J'. .

6) Mycrs J” —Teopus, y KOTOPOH 3HAKM H CXeMHl Te Xe, KaK H y J .
Mycts Ty, Ta ..., Tp-—TaKue TEPMHl TEODHUH T, UTO (T la)(Tala) ...
(Tl ap) A; maa i=1, 2, ..., n—1u He (T [ @1) (T2] @2) . (T | @p) A,-
cyts Teopemn Teopuu J 7. Torxa aubo A, He 3aBUCUT OT APYrHX aKCHOM
Teopuu J', aubo reopus J'” MPOTUBOpEUUBA.

§ 3. JlornueckHe TeopHH
1, Axkcuomeoe

Mul Ha3blBaeM 202u4ecKoli meopuel BCAKYH TeOpHiO J, B KOTOpPOH
HIKec/eAyomue cxeMbl S1— S4 3a71ai0T HedBHbe AKCHOMM !).

Si. Ecau A—coomnowenue meopuu J, MO COOMHOULeHUE
(A win A) =>A ecms axcuoma meopuu J 2.

S2. Ecau A u B— coomnouwenus meopun J, MmO COOMHOWUeRUE
A= (A wiu B) ecms axcuoma meopuu J.

S3. Ecau A u B—coomnowenus meopuu J, mo COOMHOWeErUE
(A wmu B)=>(B uin A) ecms axcuoma meopuu J.

S4. Ecau A, B u C—coomnowenus meopuit J, mo COOMHO~
uenue :
(A =>B)=>((C wm A)=>(C uwm B))

ecms akcuoma meopuu J.

1) dra dpasa He o3HauaeT, 4TO CXeMbl JOCHUECKOH TEOPHH UCUEDIIBIBAIOTCH
cxemamn S1—S4; B Aornveckod Teopuu MOryT ObITh u Ipyrue cxembl. AHano-
FUUHOE 3aMeuaHue CIpaBeJIMBO W AAA KBAHTODHHIX M SFaiAMTApHHIX Teopui (cM.
nuwxe). — [l pun. ped.

2) BupaweHue 3ToH cxeMsl 6e3 ncloansoBaHus OyxBH A W COKpalfaomero
CUMBONA = HUMEeT cAelyouuil BHI uies COOmHOWenue, Mbi NOLYHUM meO~
peMy, ecau wanuuieM caesa wanpaso NV, "\, V. & 3ameMm mpu pasa nodpsod
0anHOe cOOmuOwenue. Yurateap MOXKET MNOYUPAKHATHCA B NPUBEJECHHH K Ta-
KOMY XK€ BHAY OCTaJbHHIX CXEM.

2 § 3. JIOTUYECKUE TEOPHUHU 45

D1y npasuaa AeHCTBUTEJBHO ABJASIOTCH cxeMaMu. [Iposepum 3r0, Ha-
npumep, s S2. Ilycte R — cooTHouleHHe, TOJy4yaeMOe MPUMEHEHHEM
npasuaa S2; TOraa CyLeCTBYIOT Takue cooTHollenus A, B rteopuu T,
y10 R ects coortHomedne A=> (A wm B). Ilycts T — tepM Teopuu T,
a x—OGyksa; nycts A’ u B’ cyrs coornomenns (T'|x)A u (T|x)B;
rorza (7| x) R roxnecrsenno ¢ A" => (A’ nm B’), a cienosareibno, ero
MOXHO MOJYYMTb NpPHMeHeHHeM mnpaBuia S2.

UHuTyuTuBHO mpaBuaa S1-—S4 aumb BHIPaXalOT CMBICA, NPHIHMCHIBAE-
MBIl CcHOBaM ,UAH“ M ,BAeder* B OORIYHOM MATEeMaTHYECKOM s3bIKe !).

Ecau noruueckas T1eopusi J NPOTUBOPEUUBR, MO BCAKOE COOMHO-
wenue meopuu J ecmy meopema meopuu J. B camoM gene, mycTb
A— takce coorHoumenue Tteopun J, uro A u ,He A CyTb TeopeMbl
Teopuu J, u nycte B — mo6oe coorHouwenue teopun J. CoraacHo S2
(ne A)=>((ue A) wiu B) ecrtb Teopema Teopuu J; Cl€LOBaTe/bHO,
cornacio Cl (§ 2, n°2), ,(ve A) wiu B*, 1. e. A= B, ecTb TeopeMma
reopud J. Eme onuo mnpumenenne Cl moxasmBaer, uto B — rteopeMa
Teopuu J.

B oOausvnelimenm uepes J sciody Oydem o0603Hasamscs a02u4e-
ckasg meopus.

2, Hepsvie caedcmaus

C6. Tycms A, B, C— coomnomenun meopuu J. Ecau A=>B
u B=>C cymos meopemm meopuu J, mo u A=>C ecmv meopena
meopuu J.

B camom neae, (B=>C)=>((A=>B)=(A=>C)) ectb akcuoMa Teo-
puu J, coraacio S4, rie A 3amenderca uepes B, B—uepes C,
C —uepes ,He A“. Cornacio Cl (§ 2, n°2), (A=>B)=>(A=>C) ecmp
teopema Teopun J. B sakmouenne eume pas npumenum Cl.

C7. Ecau A u B—coomuowenun meopuu J, mo B=>(A uin B)
ecmy meopema meopuu J.

B camom nene, B=>(B wm A) u (B nm A)=>(A um B) cyms
aKcuoMn Teopun J, coraacHo S2 u S3. B sakaiouenue npumengem C6.

C8. Ecau A— coomnowenue meopun J, mo A=>A ecms meo-
pema meopuu J.

B camom gaene, A=>(A uan A) u (A wm A)=>A Cyrb aKCUOMBI,
cornacuo S2 u Sl1. B sakawouenue npumensem C6.

C9. Ecau A—coomnouenue, a B—meopema meopuu J, mo
A=>B ecmos meopema meopuu J.

1) B 06biuHOM SI3bIKE CJAOBO ,HAM® MOXET HMEThb JBA PasHBIX CMHICAA B 3a-
BUCUMOCTH OT KOHTEKCTa: CBA3bIBasl ABA BHICKA3bIBAHHS CAOBOM ,HAM“, FOBOPSIIMH
MOXET XOTETb BHIPA3HTh HCTHHHOCTB JHGO xord OBl OfHOrO U3 ABYX (H, BO3-
MOXHO, 060uX cpa3y), 1460 TOABKO OXHOro € HCKAIOYEHHEM APYroro.
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B caMom nese, B=>( (ne A) wiu B) ectb Teopema, coraacuo C7; cie-
noBaTeNbHO, ,(He A) uiu B¢, 1. e. A=>B, ectb Teopema, coraacho Cl.

C10. Fcau A—coomuowenue meopuu J, mo ,A wm (e A)

ecms meopema meopuu J.
B camom nene, ,(ue A) mam A° ectb Teopema, coriacio C8. B sa-

Kmouenue npuMensem S3 u Cl.

Cil. Ecau A— coomuomenue meopuu J, mo ,A=>(ue ne A)*

ecmo meopema meopuu J.
B caMoM fene, STO COOTHOLIEHHE eCTh HE YTO MHOe, Kak ,(He A) uiu

(ue e A)“, u Haw kpurepuft smirexaer us C10.
Cl12. ITycms A u B— 0sa coomnouwenun meopuu J. Coomuo-
mexue

(A=>B)=>((1e B)=>(ue A))

ecms meopema meopuu J.
B camoM nene,
((ne A) wm B)=>((ue A) umm (e He B))

ectb Teopema, coraacio Cl1, S4 u Cl. C apyro#t CTOpOHEI,
((ne A) nu (ve we B))=>((we ue B) wmm (e A))

ecTb axcuoMa, coraacHo S3. CienopaTenbHo,
((ue A) wn B)=>((ne ne B) um (ne A))

eCcTh TeopeMa, COrJacHo C6. Ho 310 M ecTtb COOTHOIUEHHE, KOTOpOe

TpeGOBaJOCH YCTAHOBUTH.
C13. Iycms A, B, C—coomnouerus meoput J. Ecau A=>B
ecms meopesma meopuu J, mo (B=>C)=>(A=>C) ecms meopena

eopuu J.
" 15 CaM{M neje, (e B)=>(ue A) ectb TeopeMa, COTJIacHO C12 u Cl.
Crenosateabto, (C umu (we B))=>(C umn (ne A)) ectb Teopema, CO-
raacuo S4 u Cl. Ipumenss nsaxabl S3 u C6, Mbl MPUXOJMM K BBIBOAY,
uro ((we B) uan C)=>((ne A) umm C) ecTb TeopeMa. Ho 310 u ectp
COOTHOLIEHHE, KOTOpOe TPeboBajJOCh N0KAa3aThb.

Omuvine moi 06biuno 6ydesm npunmensms npasusa Cl u C6, e
CCBAAAC, HA HUX SBHO.

3. MemoOst Oorxa3lamensvcmsa

. Memod scnomozamessnoli zunomess. OH OCHOBaH HA ClelyiO-
nieM NpaBHJe:

Cl4 (xpumepuii dedyxyuu). ITycmo A—coomnowenue meopu J,
a J'—meopus, nosyiaemas npucoedurerueim A K axcuoman
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meopuu J. Ecau B— meopena meopuu J', mo A=>B ecms meo-
pema meopuu J. ~

Iycrs By, By, ..., B, ectb 10Ka3aTelbCTBO Teopuu J', B KOTOPOM
BCTpeuaeTcs B. Ml nokaxeM Moc/ief0BaTe bHO, YTO COOTHOWEHH A=>B,
cyTb TeopeMbl Teopuu J. IIpeanmonoxuM, 4TO TO yKe YCTAHOBJIEHO IR
COOTHOUICHUH, npelmecTsyomux B;, u nokaxeM, uto A=>B, ects Teo-
pema Teopun J. Eciu B, — akcuoma teopun J', To B; ects aubo
akcuoMa Teopuu J', auGo A. B oboux caydasx A=> B, ectb Teopema
reopuu J sBuny C9 wim C8. Ecau snepeau B, unyr coorHowenus B;
u B;=>B;, To Mbl yxe 3HaeM, yto A=>B; u A=>(B;=>B,;) cym Tec:
pems Teopun J. Toraa (B;=> B;)=>(A=>B;) ectb Teopema TeopuH T,
cornacho C13. Crenosarensno, coriacio C6, A=>(A=>B)), 1. el
(e A) wm (A=>B)“, ectb TeopeMa TeopHH J, a 3HAUHT, TaKKe K
H{A=>B;) nm (ne A)“, cormacio S3. Ho (ne A)=>((#e A) wm B),
1. e. (He A)=>(A=>B,), ecrb reopema Teopuu J, coraacHo S2. [lpu-
mensiss S4, MEH BHAMM, UTO

(A=>B)) win (ne 4))=>((A=>B) nm (A=>B,))

ecTh TeopeMa TeOpHH J, a CIe10BATENbHO, M (A=>B)) uiu (A:éBi)"‘
ectb Teopema reopun J. C nmoMomsio S1 mu nenaeM BmiBog, uro A=>B;
eCTb TeopeMa Teopuu J.

Ha mpaxrtuxe HamepeHue NpUMeHHTb 3TOT KpUTepUH BHIpaXawT ¢pasoh
TaxKoro poaa: ,IIpexmonoxum, uyro A cnpasemnuBo“. Jra dpasza os3Hauaer,
4TO Mbl HaMmepeBaeMcHl HEKOTODOE BpeMs MNPOBONUTH PACCYXICHUS B TEO-
puu J'. Mu ocraemcs B J/, HOKa He JOKaxeM B Hell coortHOuIeHue B.
Caenas sro, M YcrasaBauBaeM, uro A=> B ectb TeopeMa B J, U Ipo-
AolKaeM (ecau HyXHO) pacCyxjuartbh B J', He OroBapuBasl BOBCE, UTO MbI
nokunaeM J'. CoorHomeHue A, BBOAMMOE Kak HOBas aKCHOMa, Ha3kl-
BaeTcd §cnomozamenvnOd e2unome3oi. °Hanpumep, rosopsa: ,Ilycrs
X — JAeHCTBUTEABHOE UHCAO“, MBI CTPOHM TEOPHIO, B KOTODOH COOTHOLIEHHE
»X €CTb NEHCTBMTEAbHOE YHCAO“ ABASETCHA BCIOMOTATEABHOH IHIOTE30H.,

II. Memoo npusedenus k¥ a6cypdy. OH OCHOBaH HA CAeLyIOLIEM
npasuJe:

Cl5. ITycms A— coomuowenne meopun J, a J' — meopus,
noayiaemas npucoeduneruem axcuomv He A Kk axcuomam meo-
puu J. Ecau J' npomugopesusa, mo A ecms meopema meopuu J.

B camom nexne, A ects TeopeMa Teopuu J'. ChenoBaTenbHO (METOX
BCOMOTare/abHO# runoress), (e A)=>A ectp Teopema teopuu J. Co-
raacio S4, (A wm (ve A))=>(A uwm A) ectb TeopeMa Teopud J.
Coraacvo C10, ,A uau (se A)* ects teopema Teopun J. B saxiouenue
npumensieM Si.

Ha mpaxtuke HamepeHHe IDHMEHHTb 9TOT KpuTepuil BupakalT ¢pa-
30if Taxoro poma: ,llpenmonoxum, uro A noXHO“. Bra tdpasa osHauaer,
YTO MKl HamepeBaemcn Ha BpEMA IIPOBOAUTHL paccy)xnemm B TE€OpHH ('T'.
Mu ocraemca B J/, 10Ka He YCTaHOBMM [Be TeOpeMul Buia B u ,He B“.

CrnenaB 370, Mbl yCTaHaBAMBaEM, 4T0 A ecTs Teopema Teopuu J'; nocaes-
Hee BhIpamaeTcs oOuluHO ¢pasoit raxoro popa: ,Ho ato (a umeHHo B npe-
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auAymux ofosHaueHusx B u ,He B“) aGcypnHo; caefoBareibHo, A cmpa-
BELAUBO“. 3aTeM BO3Bpal{aeMcs K TEOPMH J , KOTODOH Mbl 3aHHMANHCh
o aroro.

Kak nepsbie NpuUMeHeHHs STUX METONOB NOKAXKEM Cjeiyiollue Kpu-
TepHu:

C16. Ecau A— coomnowenue meopuu J, mo (He He A)=>A
ecms meopema meopuu J.

B caMoM neJe, MPEANONONKHM, YTO ,He He A* BepHO; HAnO JNoKa3ate A.
Mpeanonoxum, uro A JjoxHO. B cosxasaemoft TakuM 0o0pasoM TeopuH
06a cooTHoweuns ,He He A* u ,He A cyTb TeopeMbl. ITO aGCYpUHO;
c/e10BaTeNbHO, A BepHO.

Cl7. Ecau A u B— coomnowenus meopuu J, mo
(e B)=>(ne 4))=>(A=>B)

ecms meopema meopuu J.

B camoM neste, mpeanonowuM, uro (e B)=>»(we A) sepno. Hano
nokasath, 4to A=>B BepHo. ITosromy npeanonoxum, 4to A BepHO, H
fAoKaxeM, 4to B Bepno. Ilpemmosoxum, 4to ,He B“ pepwo. Torna
,He A“ BepHo, yTO abCypHHO.

HI. Memod pa3derenusn cayiaes. OH OCHOBAH HA CJelylOlleM
npasuie:

C18. Mycms A, B, C— coomnouenus meopuu J. Ecau ,A win B¢,
A=>C, B=>C cyms meopemss meopun J, mo C ecms meopena
meopuu J.

B camom nene, cornacho S4, (A ui B)=>(A wm C) u (C nm A)=>
=(C wm C) cyts teopeMsl Tteopun J. Ecou yuects S3 n S1, 10
(A wmu B)=>C ecto TeopeMa Teopuu J, OTKYAa M CJIelyeT MPABUIO.

Jlas poxasateabctBa C [OCTaTOYHO, TakUM 00pasoM, B Cayuae, KOraa
pactioaaraiot Tteopemoil ,A mam B* nokasate C ¢ npucoenuHeHuem A
K axcMoMaM Teopud J, a 3areM Jokasath C ¢ mpucoeauHeHnem B
K aKCHOMaM TEOpUM J'. JTOT METOJ MHTepeceH TeM, 410 ecau ,A uau B*
HCTUHHO, TO, BOOGUIE TOBOpSA, HHUTO €lfe HE I03BOAAET YTBEPKAATh, UTO
OIHO 43 COOTHOLIEHHH A, B HUCTHHHO.

B uacraoctu, coraacio Cl0, ecan o06a coorwowenus A=>C u
(1e A)=>C cyTts Teopempbl Teopuu J, To u C ecTb Teopema Teopud J.

1IV. Memod scnomozamensnoii kowcmanmo. O3 OCHOBaH Ha cJe-
AyIOlLIeM MpaBuJe:

C19. Tycms x —6yxga, A u B—coomnowenin meopuu T,
maxue, 41mo:

1° Byksa X ne ssasemci KOHCmMAWmol meopuu J u He scmpe-
yaemcs 8 B.

2° Hzsecmen mawxoii mepu T meopuu J, umo (T/x)A ecms
meopema meopuu J.
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ycms J' — meopun, nosyicemas npucoedunenuer A K arcuo-
manm meopuu J. Ecau B— meopena 8 J', mo B ecms meopena 8 J.
B camom pgene, A=>B ecrtc Teopema B J (KpHUTepHHt HeAyKIMH).
Tak Kak X He sBasercd KoHcrauto#t teopun J, 10 (T|x)(A=>B) ects
Teopema Teopuu J, coraacHo C3. [lockonbky X He BCTpevaerca B B,
(T|x)(A=> B) Toxzaecrsenno, cornacio CS5 (§ 1, n°2) ¢ ((T/x) A)=>B.
Haxowueu, (7/x)A, a Tem caMbiM u B cyTtb Teopembl Teopun J.
”HTYP[TP[BHO MeTOJ, COCTOUT B HUCHOAb30BAHUU JAfl AOKa3aTeAnCTBa B
HPOU3BOALHOrO MpeiMeTa X (8CnOMOzameAnsHOL KOHCMAHMbL), KOTOPLIH
npeamnoaaraeTcs HaaCACHHBIM HEKOTODBIMH CBOﬂCTBaMPI, BBIP@Xa€MbIMH
cootHomeHuemM A. °HarpuMep, B 10OKa3aTenbCTBE H3 FEOMETPUH, TAE HAET
peub, MexAy npoduM, o Inpamodt D, MOMHO ,B3ATh* TOYKY X Ha 3TOH
npAMoi; Torxa coorHomeHne A ects x € D.  Urto6sl B x0le NOKa3areanCTBa
MO¥HO OBIAO IOAL30BATHCA npeaMeroM, HajaeaeHHBIM HU3BECTHBIMH CBOY-
CcTBaMy, HeOoOGXONHMO, KOHEYHO, qT00Bl TaKHE npeAMeTsl CYyLIECTBOBAMH.
Teopema (T [x) A, Ha3biBaeMas meOpeMOi y3aKOHeHWUs, TapaHTHpYeT
9TO CYUIECTBOBAHHE.
a IPAKTHKE HaMmepeHHe IlpPIMeHPITb 3TOT METOJ BHIDAKAIOT (I)pﬂSOﬁ
takoro poxa: ,IIycrs x— rakoit npeamer, uro A“. B npoTuUBONOI0KHOCTH
TOMY, 9TO INPOMCXOAUT MNPH METOHE BCIIOMOTraTeabHOH THIIOTE3Rl, 3IECh
pesyabTaT YMO3aKAUeHus He KacaeTcd X.

4. Kousmu;cquﬂ
Mycts A, B — 3HakocoueTanud. 3HaKocoueTaHue
ue ((He A) unn (ue B))
Gyner oGosHauarbcsa uepes ,A u B“.

CS6. ITycms A, B, T —3unarxocovemanus, x—06yxsa. 3Haro-
covemanue (T|x)(A n B) moxdecmsenno ¢ (T|x)A u (T|x)B-
d10 BBITeKaer cpa3y we u3 CSH (§ 1, n° 2).

CF9. Ecau A, B—coomnowenun meopuu J, mo ,Au B*—mooxnce
ecmy coomuowenue meopuu J (Ha3biBaeMOe KOHBOHKYUeld COOTHOIIE-
Hui A u B).

dro shitekaer cpady ke u3 CF1 u CF2 (§ 1, n° 4).

C20. Ecau A, B— meopemsr meopuu J, mo ,A u B* moosce ecmo
meopema meopuu J. ‘
[pennosoxum, uro ,A u B* JI0XKHO, T. €. 4TO

He He ((He A) uau (He B))

ucrunHo. Coraacio Cl16, ,(we A) wimu (ve B)*, 1. e. A=>(ue B),
MCTUHHO; CijejfoBaTe/bHO, ,He B* ucrunuo. Ho 910 abcypano; caeposa-
TeabHo, ,A u B* ucTHHHO.

C21. Ecau A, B—coomnowenus meopuun J, mo (A u B)=> A
u (A v By=>B cyms meopems, meopuu J.

B camom fgene, coortHoweHus (He A)=>((ve A) umu (ue B)),
(ne B)=>((ue A) wiu (He B)) cyTb TeopeMel Teopuu J, corjacHo S2

4 H. Bypbaku



50 IJ. 1. OITUCAHHUE ®OPMAJIbHOVI MATEMATHUKH 5

u C7. Ho ((ve A win (ve B))=>He (A u B) ectb Teopema B J,
cornacio C11. Caenorarensno, (e A)=>He (A u B), (ue B)=>He (A u B)
cyTb Teopemn Teopun J. B sakmouenue mpumensem Cl17. :

VcaosuMca o6o3nauars uepes ,A u B u C* (cOOTBETCTBEHHO
,LA um B wm C% coorHowenue ,A u (B u C)* (COOTBETCTBEHHO
»2A wm (B uin C)*). Bonee obwo, ecin A, Ay, ..., A, — coortHoLle-
Hudl, o6o3nauuM uepes ,A, u Ay u ... u A cooTHOINeHHe, KOTOpoOe
CTPOUTCA MOC/IENOBATENHHO C IOMOW(bIO cOriallledus, uro ,A;, u A,
u...un A obosnavaer TO Ke camoe, yro M A U (Ay u ... u A)“

AnanoruyHo onpeneaserca ,A; wium A, umm ... wam A*. CooTHoleHHe
A m A, n ... u A ects Teopema TeOpuM J TOrAA M TOJILKO TOTIA,
KOraa Kaxmoe us coortHowenu#t A;, A, ..., A, ecrb TeopeMa B J.

Orciona chrepyer, 4To BcAkas jaorudeckas Teopus J 9KBHBaAeHTHa
HeKOTOpOH Joruueckoit teopuu J', obnanaiwomeit camoe Gonbiee AHIIL
OMHOH #ABHOH aKCHOMOIH. JTO OYEBHIHO B caAydae, korja J Boollie He
HMEeT Hu OfHOH ABHOH akcuoMul. Ecan xe J° obaanaer sBHHIMH aKCUOMaMH
Ay, Ay, ..., Ay, TO IycTs J' — TEopud, uMelou[as T€ e 3HAKH M TE XKe
cXeMBl, 4TO ¥ J, u ABHylO akcuomy ,A; u A, u ... u A,*. Herpyaxo
BUAETH, UTO BCAKAS akcuoMa B J (COOTBETCTBEHHO B J ') ecTh TeopeMa
B J' (cOOTBETCTBEHHO B J). -

ITycrs J'y — 1eopus Ge3 fABHBIX aKCHOM, HMEIOLIAas T€ e 3HAKH, 4TO
v J, u aums oxHu cxemsl S1, 82, 83, S4. Usyuenue reopun J° B mpuHUUIE
CBOAMTCA K M3YUYEHHIO TEOpHU J'o: AAS TOTO 4TOGH cooTHOIeHue A Ouiio
TeopeMoll B J, HEOGXOZMMO M JNOCTaTOUYHO, YTOGH B J° CYLIECTBOBAAU
akcuoMsl A;, A, ..., Ay, takue, Yyto (A; ¥ Ay ... u Ap)=>A ecrs
TeopeMa B J,. B camom jexe, 3TO ycaoBHE, OYEBHIHO, NOCTATOUHO.
Ilpexnonoxum, ¢ JApyroit cTOpOHH, 4r0 A—TeopeMa B J, U IyCTh

A, Ay, ..., Ay cyTb akcHOMB B J', BCTpeYaoU{Hecs B JOKa3aTeAbCTBE
teopun J, comepxauiem A. Ilycrs J/ (cooTBeTCTBEHHO J”) €CTb TEODHS,
nonydaemas us J, IpHcOeauHeHueM axkcuom A, A, ..., A, (coorser-

CTBEHHO aKCHOMB ,A, u Ay u ... u Ap*). JokasareabcTB0 coOTHOmMEHUs A
B J eCTbh JOKa3aTeAbCTBO COOTHOWeHus A B J''; ciaenoBatenbHo, A ecTh
TeopeMa TeOpHH J°/, a B3HAuuT, M TEOPHH J ', NOCKOABKY MBI BUAEHH
Bule, 4t0 J' u J” okBuBaieuTHH. CoOraacHO KpHTEPUIO JAEAYKIHH,
(A n Ay u ... u Ap)= A ectp TeopeMa TEOpHH T q.

Ecan J nporusopeuuBa, TO, COrAacHO IpeABAYLUIEMY, CYUIECTBYET
KOHDBIOHKIMA A aKcMoM TeopHM J M COOTHONmeHHe R M3 J, Takue, 4TO
A= (R u (He R)) ects TeopeMa teopuu J',. CaegoBarennHo,

(e R) uan (He He R))= (ue A)

€CThb TEOpEMa TEOpHH J o, @ TaK Kak ,(He R) uau (He He R)“ ecTb T€O-
pema Teopuu Jo, TO ,He A® TOXe eCTb Teopema TeopuH Jo. OGpaTHO,
€CAM CYLIeCTBYET KOHDBIOHKUMA A akcuoM Teopuu J, Takasd, 410 .He A“
ecTb TeopeMa B J'g, T0 A u ,He A® cyTh TEOpE MBI TEOPHH J , TaK 4TO [J
NPOTHBOPEYHBA.

8. 3xsusaseHmHuocms
[ycts A u B — 3uakocouyeranus. 3HAKOCOYETAHUE
(A=B) un (B=34)
6yxer obosHauathca uyepes A& B.
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CS7. Hycms A, B, T— 3naxocosemanus, X —0yksa. 3naro-
couemanue (T|x) (A B) moxcdecmsenno ¢ (T|x) AS(T|x)B.
dto BmTeKaer cpasy e u3 CS5 (§ 1, n® 2) u CS6 (un° 4).

CF10. Ecau A u B—coomnowenun meopun J, mo ASB—
modsce coomrowenie meopuu J.
1o BmTekaer cpasy ke u3 CF5 (§ 1, ni°4) u CF9 (n°4).

Eciu A& B ectb TeopeMa Teopudn J, Mbl OylIeM TOBOPHTb, 4YTO
A u B sxsusasrenmus. B J; ecin X — Oykpa, He ABJSIOMIAACA KOH-
crantot 8 J, u eciu A u B paccMaTpHBAIOTCH Kak COOTHOILUEHHSA MO X,
TO BCAKUH TepM B J, YAOBJIETBOPAKIHA OJIHOMY COOTHOILEHHIO, YIO-
BJIETBOPAET M JAPYroMy.

Us xpurepues C20 u C21 cuenyer, uTo i 10KasaTelsCTBa B J
Teopembl Buia A& B Heo6XoAMMO M AOCTATOUHO ROKasate A => B u
B=A 8 J. Yacto 310 nenaercsl TaK: CHauana AOKa3mBaercs B B Teo-
puM, moJydyaeMo#f M3 J mNpHCOeIHHeHHeM aKCHOMB A, a 3aTeM NOKasbi-
Baerca A B Teopuu, nojaydaeMoft u3 J mpucOelHHEHHeM aKCHOMH B. dru
3aMeuaHusl MO3BOJAIOT CPa3y e YCTAHOBUTH CJCAYIOUIME KDHUTEPHH,
JI0Ka3aTeJNbCTBO KOTOPHIX MBI MPENOCTaB/sAeM UYHTATEJO.

C22. ITycms A, B, C— coomnowenun meopuu J. Ecau A&SB —
meopena 8 J, mo u B&SA—meopema 8 J. Ecau ASB u
B& C—meopems 8 J, mo u ASC—meopena 8 J.

C23. ITycms A u B — coomnowenus, 3Ksugasenmusie 8 J, a
C— ewe Kaxoe-mo coomnuouenue 8 J. To2da 8 J umewomca cae-
Oyouwue meopemol:

(e AS(e B (A=>C)EB=0); (C=>AE(C=> By
Au OB u C); (Aum C)&S(B wm C).

C24. Hycms A, B, C—coomuowenus meopuu J; mozda 8 J
uMeomes caedyoujue meopemst:

(e e HSA (A= B)E((ne B)=>(ne A));
AuHSA (Au B&S(B n A);
(Au B n0)S((AnB)u C)
(A wiu B)&Sue ((ne A) u (ve B));
A wu S A, (A win BYS (B nwm A);
(A wmm (B win C))S((A wm B) um C);
(Au B um CO)S((Au B) umi (A u C));
(A um (Bu €))S((A nm By u (A nm C));
(A u (He B))SHe (A=>B); (A win BY&S((ne A)=>B).

4*
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C25. Ecau A-—meopema 8 J, a B—coomnowenue 8 J, mo
Avu BY&SB ecmv meopema 8 J. Ecau ,ue A“— meopena 8 J,
mo (A win BY&SB ecms meopema 8 J.

Kakx npasuno, 80 scex daavneimux pasdesax Tpaxmama Kpu-
mepuu Cl — C25 6ydym omusine ucnosv3osamscs 6e3 CCHAOK.
Ynpaxcrenusn

1) Mlyers A, B, C — coorHomeHus aorudeckodt reopuu J°. Iloxasats,
YTO CAEAYIOUIHE COOTHOIIEHHS CYTh TEOPEeMH Teopuu J:

A (B> A)
ASBS(BSC)SASO0));

A ((we A)=> B);

(A nan By &S (A= B)=> B);

(A& B) & ((A u B) man ((ne A) u (ve B)));
(AES B)=> He ((He A) & B);

(A= (B nmu (e €))) & ((C u 4)= B);
(A=>(B unu C)) & (B van (A=>C) );
ASB)=> (A3 6)>A> (B 1 C)));
(A=C) > ((B>C)> ((A nan B)SC));
ASB)S((AuC)>(Bu )

(A= B)=> ((A nu €)= (B uau C)).

2) Tyers A — cootHomeH e Aoruueckoit teopuu J. Ecan A & (He A)—
TEOpEMa TeOopHH J, TO J NPOTHBODEYUBA.

3) Mycrs A, Ay, ..., A; — COOTHOMEHHS NOrHYECKOH TeOopUH J:

a) Jlna nokasaTenncTBa COOTHOMeHHA ,A; uau Ay uau ... waum A,*
B J JHOCTaToUHO XOKasarb A, B TEOpHH, NOAYyYaeMOH MpUCOENUHEHHEM
K J axkchom He A;, He A, ..., He A,_,.

6) Ecam ,A, uwam A, uaum ... uan A, ecrb TeopeMa Teopud J H
ecau Mbl XOTHM JOKasatb B J TeopeMy A, IOCTaTOYHO JOKA3aTh TEOpPEMb
A=A A, SA .., 4,54

4) Ilycte A v B — coorHoueHus Xoruyeckoit Teopuu J. OGosHauum
uepes A |[B cootHouteHue ,(He A) wau (He B)*. Jlokasath B J  caenyio-
LHE TEOpEMBI:

(He 4) & (A]A);

(A nin B) & ((A1A)[(B] B));
(AuB)& ((A1B)|(A] B));
(A= B) & (A|(B|B)).

5) flycrs J° — noruueckas teopusi, Ay, A, ..., Ay -—e€e ABHHE QKCHO-
Mel. JLasi Toro 4To6ur A, He saBHceaa OT OCTalbHBIX aKCHOM Teopuu J (§ 2,
YnpaxHeHne), HEOGXOIMMO U JOCTATOUHO, YTOOH TEOPUS, ¥ KOTOPOH SHaKu
¥ cxeMsl Te Xe, U4T0 U Y J, 4 ABHLIMil aKcHOMaMu caywat. A, A, ...
vvuy Ay, JHe A,*, 6bl1a HempOTHBOpEUHBA.
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"~ § 4. Kpanutopubie Teopuu

1. OnpedeseHue KBAHMOPOS

B § 3 eXHMHCTBEHHHIMH JOTHYECKHMH 3HAKAMM, HPPaBUIMMM Yy HAC
poab, ObliM ~ | M \/; MpaBuja, KOTOPble Mbl Temepb cobupaeMcsa u3no-
HUTH, KACAIOTCA IJ1aBHBIM 00 pa30oM ynoTpebaeHus JOT HieCKUX 3HAKOB TH [ ].

Ecau R — sHakocouetraHue M X — OykBa, TO 3HAaKOCOYeTaHHe
(v« (R)| x) R o6o3Hauaerca uyepe3 ,CyUIECTBYeT Takoe X, 4To R“, uiu
yepes (3x) R. 3uaxocoueranue ,He ((Jx) (He R) ) o6o3Hauaercs uepes ,aas
BCAKOrO X R, win uepes ,kakoBso Obl Hu Obl10 1) X, R*, nim uepes (Vx) R.
Cokpamawomue cuMoibi 4 MV Ha3HIBAIOTCA COOTBETCTBEHHO KBAH-
MmopoM Cyuecmgosanus M Kgammopom o6wrocmu. Byksa x He
BCTpeYaeTCsl B 3HAKOCOYeTaHHH, 0003HauaeMOM CHMBOJOM 1. (R); cae-
dosamensno, OHa He 8cmpedaemcs W B 3HaAKOCOUYeTaHHAX, 00O03Hauae-
Mbix cumpodamu (3x)R u (VX)R.

CS8. MTycms R—3narxocowemanue, X u x'—6yxeo. Ecau x"
ne scmpetaemcs 8 R, mo (AxX)R u (VX)R moocdecmsennst coom-
semcmeenno ¢ (xR u (Vx')R', 20e R’ ecms (x'| x)R.

B camoM zene, (ty (R)| X) R ToxaecTBeHHO ¢ (v, (R)| X")R’, coraacHo
CS1 (§ 1, n1°2), a 4 (R) TomaecTBeHHO ¢ T, (R’), cornacio CS3
(§ 1, n°2). CaenoBarennso, (X)R Toxaecrsenro ¢ (Ax)R’. Orcona
sbitexaer, uto (Vx) R ToxznecrsenHo ¢ (Yx)R’. :

CS9. ITyems R u U—3naxocowemanus, X u y— pasiuunvie
6yisol. Ecau x ne scmpevaemcs e U, mo (U]y)(Ax)R u U] (VX R
moocoecmeennot coomsemcmeenno ¢ (AX)R u (VX)R’, 20e R’ ecme
U|nR.

lB camoM nere, (U|y)(xx(R)|X)R TtOXIRECTBeHHO, coriacHo CS2
§ 1, 1°2), ¢ (T|X)U|R, rae T ecro U |yt (R), 1. e. . (R),
coraacio CS4. Orciona (U|y)(3x) R toxnectsenno ¢ (Ix)R’, a cie-
nosareasto, (U]y)(Vx)R roxnecrsenno ¢ (Vx')R'.

CFll. Ecau R—coomuowenue meopuu J, a X—O6yxsa, mo
@Ax)R u (WVx)R cyms coomnowenus meopuu J.
Sro Buitexaer cpasy xe u3 CF3, CF8 u CF2 (§ 1, n°4).

Ha uHTYMTHBHOM ypOBHe Mbl 6YREM CUHTATh, 4TO R BBHIPAXKAET KaKOE-TO-
CBOHCTBO npeaMera, 0603HaueHHOr0 GYKBOH X. BBHILY HHTYHTHBHOTO CMBICAA
tepMa T, (R) ytsepxaeHue (dx) R cBOAUTCA K YTBEpMIEHHIO, UTO CYu(e-
cTByer Kakoii-tro o6bexT, obaagawomuii cBoiictBoM R. Cxasats ,He (3X)
(He R)* — 3HaYMT CKa3aTh, UYTO HE CYUIECTBYET HA OXHOro 00BEKTA, HMEIO-
LLero CBOHCTBO “He R*; UHBIMHM CAOBAaMH, 9TO 3HAYUT CKasaThb, UTO BCAKifil
06beKT o6aagaer CBOHCTBOM R.

1) 3ameruM, 4TO B PycCKOM fi3blKe CAOBA, CAYWKaugne HasBaHMAMH OyxB aa-
THHCKOTO H rpedecKoro aitaBHTOB U MMEIOI(HE IIPH3HAK MYMCKOrO HAH XEHCKOro
poxa (,uKc*, ,aeabTa‘ H T. IL), urypupyior B ABYX dopMax: B dopMe CKAOHSE-
MOZO CYW[ECTBUTEABHOTO COOmMeemcmeyou,ezo poaa u B hopMe HeCKAOHAEMO20
CYL{ECTBUTEABHOIO CpPedHez0 POJa; B MaTeMaTHISCKoi TepMuHOAorHH Habaogaercs
TEHAEHUHMA K NMPeHMMyL(ecTBEHHOMY ynorpeGaeHuio BropoH dopmel. — ITpus. peo.
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Eciu MH pacrojaraeM B Jorudeckofft Teopun J TeopemoH Buna
{3x)R, rne Gyxksa X He. AiBJAETCS KOHCTAHTOH Teopuu J, TO 3Ta Teo-
peMa MOXET CJYXHTb TeOpeMOH Y3aKOHeHHs B MeTOle BCIIOMOTaTe/bHOH
koncrautel (§ 3, n°3), moroMy uyTo OHa TOXAeCTBeHHA C (tx) (R)|x)R.
Mycre toraa J’' — Teopud, MHoJydyaeMas npucoenuHeHueM R K akcuo-
MaM Teopud J. Ecam B J’ MOXKHO AOKa3aTe COOTHOIIeHHE S, B KOTO-
poM X He BCTpeuaercss, TO § ecTb TeopeMa TeOpuu J.

C26. ITycmy J — snozuneckan meopusi, R— coomnowenue, x —
Oyrsa. Coomnowenusn (VX)R u (zy (ve R)|x)R sxsusasenmusi 8 J.

B camoM neine, (VX)R TomnecrBeHHo ¢ ,He (1, (He R)|x)(ne R)“,
.4 Ce10BaTeNbHO, H C L He He (e (He R)|x)R“.

C27. Ecau R—meopena ao2uneckoll meopuu J u Gyksa X He
A8asemcA KOHCmanmod smol meopuu, mo (WVx) R ecmos meopena 87T,
B camom xenre, (ty (e R)|x)R ecrb rteopema B J, coraacuo C3
(§ 2, °3).

Hanporus, ecau X — KoHcraHTa TeOpun J', TO HCTHHHOCTH COOTHOIIE-
Hud R B J He Baeder ucTHHHocTH (Vx) R. MHTYHTHBHO H3 TOrO 06CTOM-
TEAbCTBA, YTO R €CTh HCTHHHOE CBOHCTBO IA X, SIBASIOLIErocA B J OIlpe-
JeneHHHIM OODBEKTOM, elie He CAexyeT, KOHEuHo, 4To R eCTb MCTHHHOE

CBOHCTBO BCAKOT0 O0BEKTA.

C28. ITycms J —aozuseckan meopus, R-—ee coomnowenue
4 x—0yxsa. Coomnouwenus e (Wx)R“ u (Ix) (ue R) sxsusa-

aenmuot 8 J. .
B camoMm nene, ,He (YX)R“ ToxiaecTBeHHO c ,He He (Jx) (He R)“.

2. AxcuomMvl K8AHMOPHBIX meopul

Mpbl Ha3sblBaeM K8aHMOPrOL meopuell BCAKYID TEOPHIO J'» B KOTO-
po#t cxembl S1—S4 (§ 3, n° 1) U Hmkecaepyowas cxema S5 LaOT He-

‘ABHBHIE AKCHUOMHEL.

S5. Ecau R—coomnowenue meopuu T T—ee mepu v x—
Oyxsa, mo coomnotenue (T|x)R=>(AX)R ecmsy arxcuona.

DTo NMpaBUAO, KOHEYHO, ecThb cxema. B caMoM gesne, mycres A ects
.akcuoma Teopuu J, NOJyueHHAs npuMmeHeHueMm mpasuiaa S5. DTo 3HAUMT,
YTO CYWIeCTBYIOT TakOe cooTHoweHue R rteopuu J, Takod tepm T reo-
puu J u rtakas Gyksa X, uro A ectv (T|x)R=>(3Ix)R. Ilycrs U —
repM Teopuu J, ¥y — OykBa; mokameM, uto (U|y) A raxxke noayuaercq
npumenenueM S5. Hcmoasays CS1 (§ 1, n°2) u CS8 (n° 1), MoxHO
CBeCTH BCE K CJyyail, KOrja X OTJIMYHO OT ¥ M He BCTpeuaercs B U.
Iycts Torma R’ — coornomwenne (U|y)R u T —repm (U|y) T. Kpu-
Tepun CS2 (§ 1, n°2) u CS9 (n° 1) nokasmBaior, uto (U|y) A Toxne-
<rteenno ¢ (7| x)R' =>3x)R’.

CxeMa S5 BHpaxaeT TOT akt, 4TO ecau cyuiecTByeT npeamer T, nid
KOTOPOro BEPHO COOTHOIIEHHE R, PACCMAaTPHBaEMOE KaK BLIDAKEHHE HEKO-
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TOpOro cBoficTBa MpeaMeTa X, TO R BepHO u jad mnpeaMera t, (R); sTo:
BIIOJHE OTBEYaeT MHTYUTHBHOMY 3HAUEHHIO, KOTOPOE MBI NPHIMCAAH 3HaKY
T, (R) (§ 1, n° 3, sameuaHne).

3. Csolicmea K8aHmoOpos

OTnpliHe Mbl OyZeM DaccMaTpHBaTh TOJALKO KBAHTOPHblE TeOpHUH..
Bo Bceft ocTaibHOM uacT Hacrosuiero mnaparpada cumsojoM J Oyner
0603HAYATLCA HMEHHO TaKasd TeOpHS, a CHMBOJOM J, — Teopus 6e3 ABHLIX
akcuoM, 001ajalomas TeMH e 3HAKaMu, 4TO M J', HO JIHIIb CXeMaMH
S1—S5; J cuasHee, ueM J .

C29. ITycms R— coomnouenue meopuu J, a X —06yrga. Coom-
nowenun He (AX)R* u (Vx)(ne R) sxsusarenmust 8 J.

B camoM Jesie, NOCTATOYHO YCTAHOBUTH LAHHBIA KPUTEPHH B TEOPUH J o-
B aToft Teopun X He sBasercs KoucraHto#h. Teopema R& (ue He Ry
naer seuay C3 (§ 2, n°3) rTeopems

(3X)R=>(vx (R) | x) (e ne R)

|
(3x) (ne He R)=> (1, (e He R)|x)R.
[Mpumensas S5, MBI BHIBOAMM OTCIOHA B J, TEOPEeMbl
(Ax)R= (dx) (e He R)
H

(Ax) (e vHe R)=>(Ax)R

i TeM camuM TeopeMy (JxX)R&(Ix)(He He R). Ho (Jx)(ue ne Ry
SKBUBAJEHTHO B J, C ,He He (x)(He He R)*, T. e. ¢ ,He (Vx) (e R)“.
TeM caMpiM KpuTepu#f NOKAa3aH.
Kpurepun C28 u C29 mnosBoasioT BHIBOXHTH CBOHCTBAa OIHOrO KBaH—
TOpa M3 CBOHCTB APYroOro.

C30. Iycms R-—coomnowenue meopun J, T—ee mepu uw
x —6yxsa. Coomnouenue (NX)R=>(T|x)R ecms meopema 8 J.

Cornacio S5, (T|x)(ne R)=>(xy(He R)|x)(He R) ecTs axcuoMa..
3T0 COOTHOLIEHHE TOXAECTBEHHO C

(ae (T'| x) R)=> (He (v, (He R)| X)R).

Caenosatenbto, (ty (e R)|X)R=>(T'|x)R ectb TeopeMa Teopuu T
B saxsouenne Mb npumenseM C26 (n° 1).

Mycrs R — coorHomeHue teopuu J. CoraacHo C26, C27 u C30, 1pn
cAenylouux XedcTBus (mpu YCAoBUHM, 4TO OyKBa X He sABASETCH KOHCTaH-
TOH TEOpHH J') CBOIATCH K OXHOMY H TOMY Ke: chOpMyAHpOBaTh B J TEO-
pemy R, uau chopmyaupoBars B J teopeMy (Vx) R, uau, nakoHel, chop-
MYaupoBarh MeTaMareMaTHueckoe npaBuio: ,Ecan T —TNpou3BoabHBHA TEPM.
treopun J, 1o (T |x) R ectb Teopema B J“. . . . :
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C31l. ITycms R u 8 — coomnowenun meopuu J, a X —6yKsa,
He nAsaawnuwasci korcmanumoli meopuu J. Ecau R=>S (coorser-
crBeHHo R&ES) ecmv meopena 8 J, mo (WNX)R=>NVx)S u
(Ax)R =>(dx) S (cootsercraenno (VX)RE(VX)S v (AX)RE(Dx)S)
modice cymes meopemo. 8 J

B camom mene, npeimosomuM, 4to R=>8 — TeopeMa Teopuu J.
TlpucoenunuM runortedy (Vx)R (rme X He BCTpeyaeTcs) K AKCHOMaM,
Toraa R, a caenosarensHo, u §, a caexoparensHo, u (Vx)S BepHsl.
D10 3uauuT, yto (VX)R=(VX) S ecrb Teopema B J. OTciona BuiTekaer,
410 ecau RES ectb TeopeMa B8 J, 10 1 (WX)RE (VX)S ects Teo-
peMa B J. [lpaBuna, oTHOCAuiHecs K =, BHBOAATCA M3 MOJYYeHHbIX
npumeHenuem xpurepus C29.

C32. ITycms R u 8§ — coomnomenun meopun J, a X — Oyksa.

Coomuouenusn
Vx)YR u H&S((VX)R u (Vx)S),
@Ax)R wm &S ((HX)R wmm (dx)S)

cyms meopemvi meopuyu J.
B camom neje, NOCTATOYHO YCTAHOBHTb 3TH KDHTEDHH B TEODHH T
B Hell X He saBagercd koucranto#f. Ecau (VX)(R u §) BepHo,
170 ,R u §* TOXe BepHO; CJeIOBATe/JbHO, KaXnoe U3 COOTHolleHu# R,
§ BepHO; C/e10BaTe/bHO, Kaxnoe u3 cootuouenut (Vx) R, (Vx) S Bepuo;
caepoBatenbo, L(VX)R u (Vx)S* BepHo. HerpyaHo BumeTh Tak:xe,
yro ecan L(VX)R u (Vx)S8* Bepno, 10 (VX)(R u §) ToMe BepHo.
Orciona BHITeKaeT nepsas TeopeMa. Bropas BeIBOAUTCA M3 Hee ¢ NO-
Moubio kputepus C29. )
Hano ormeruts, uto ecau (Vx) (R uau §) ecrs TeopeMa rteopuu J,
TO M3 9TOH TeopeMul Heas3d 3aKAWUHTh, 4T0 ( (VX) R nau (Vx) S) ects
TeopeMa Teopuu J . UHTYUTHBHO cKa3aTsh, 4T0 cooTHomeHHe (VX) (R uau §)
BEPHO, 3HAYUT CKasarh, YTO AJAS BCAKOTO NMpeIMeTa X BepHO XoTd Onl OJHO
u3 coordoumeHuil R, §; Ho, BooOlie roBOpH, M3 HUX OYAET HCTHHHO JHIOb
ONHO, U B 3aBUCHMOCTH OT BHIGODAa X TAKOBBHIM MOXET OKa3aThCd TO UAH
npyroe u3 cooTHoureHu#t R, $. Mut Bugum rakxe: ecau ((3Ax) R u (Ax) S)
€CTh TEOPEMAa TEOPHH J , TO U3 ITOH TEOPEMEl Heab3dl 3AKAOYUTB, YTO
(Ax) (R u 8) ectp teopema teopuu J. OnHaKO MBI paciionaraem ciaenywo-
I[MM KDHTEpHeM:

C33. ITycmp R u S — coomnowenus meopuu J, a Xx— Oyksa,
He scmpewaouanca 8 R. Coomnowenusn

(V)R wmu $YSR nwm (Vx)S),
@AoR u HSR u @AxS)

cymy meopenvt meopuu J.

B caMoM Ieje, NOCTATOMHO yCTaHOBHTH HACTOALIMH KpHTepH#t B T,
rie X He fiBAgercss koucrautoil. Ilycrs J/ — Teopus, monyyaemas npu-
coenunenneM (Vx)(R uan S) x axcuomam teopuu J,. Torma B J’ co-
OTHOWIeHus ,R uin §%, a caeposarenbHo, u (He R)=>§ cyTh TeopeMsl.
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Ecau ,He R* BepHO (rumoTesa, B KOTOPOK X He BCTpeuaercs), 10 §,
a caeposaresnbho, U (Vx)S rawke BepHel. Bcaencrsue srtoro (He R)=>
=>(Vx)S§ ects Teopema teopun J’', a moromy (VX)(R wm §)=>
= (R wm (Vx)8) ects TeopeMa Teopuu J,. AHaNOrHUHBIM 00pa3oM,
ecmtu R wm (Vx)8“ BepHo, T0 LR 1M 8§, a CJAelOBaTe/bHO, H
(V x) (R unu §) raxxe BepHel. Bauny storo (R umu (Vx) 8) = (Vx) (Ruru §)
ecTb Teopema Teopun J. IIpaBuio, orHocameecs k d, BHBOAUTCA U3
noJiyueHHoro npuMexenueM kpurepus C29.

C34. Tycms R — coomnowenue, x u y—O6yxsot. Coomnouenusn
V) (VRS NVy) (VIR
3x)ENREE EX)R,
(3x) (VI R=>(Vy)(3X)R

cyms meopemv. meopuu J.

B caMoM geJe, AOCTATOYHO YCTaHOBHTb Hall Kputepu#t B J, rae x
My He aBagiorcs koucrataMu. Ecou (Vx)(Vy)R sepuo, 10 (V) R,
a ciezosateasHo, H R, a cieposaresnsno, u (VX)R, a creposartenbHo,
u (Vy)(Vx)R rmakxe Bepupl. Axanoruuso, ecau (V3y)(Vx)R sepro,
o (VX)(Vy)R rtakwe Bepro. Orciona BeiTekaer nepsas Teopema. Bro-
pas BmBOxMTCS M3 Hee c mnomowbio kpurepus C29. Haxoweu, koub
ckopo (VI)R=>R ectb TeopeMma Teopud J, 71O BBuAy C31 TO xe
MoxHo ckasath 4 0 (X)) (VIR =(Tx)R; ecau (Ix)(Vy) R BepHo,
10, €rano 6with, (Jx)R BepHO, a ciegoparenbo, sepHo H (Vy)(x)R.
Orcrona BHITEKAET TPEThl TeopeMa.

Harporus, ecan (Vy) (3x) R— reopema Teopuu J, TO U3 3TOH Teo-
peMbl Heab3s 3akmodurs, 4ro (Ix)(Vy)R ects teopema B J. Uurym-
TUBHO BHICKa3HIBAHHE O TOM, 4YTO coortHoweHHe (Vy)(dx) R ucruHHO,
O3HavaeT, 4TO €CAM 3ajaH NPOH3BOABHHIH OOBEKT Y, TO CYLIECTBYET TaKOW
06beKkT X, 9To R €CTh UCTMHHOE COOTHOLIEHHE MeXIY 00beKTaMH X U V.
Ho o6vexr X, BooGuie roBops, Gyzer sasucers or obwvexra y. HaoGopor,
BeICKasblBaHue O TOM, 4ro (dx)(Vy) R uCTHHHO, O3HA4YaeT, UTO CYule-
cTByeT dpurcuposannsiii 06beKT X, Takoi, 4TO R ecTh MCTHHHOE COOT-
HONIEHHE MEWIY 3THM OOGDBEKTOM M KaXIuM 00BEKTOM Y.

4. Tinosvie KBAHMOPLI

Mycre A u R — 3Hakocoyeranus, X — 6yxBa. Mb 0603HauaeM 3HaKO-
couetanue (Ix)(A u R) cumsosom (Jax)R, a 3HAKOCOUETAHUE
JHe (F4x) (He R)* — cumBosom (V 4x) R. Cokpamaomue cuMBoas J4
V 4 GYAyT HA3HIBATLCA MUINOBLLMU KBAKRMOpami. 3aMeTuM, 4To Oyxsa X
He BCTPeyaeTcs B 3HAKOCOUETAHUAX, 0603HAUaeMbIX yepes

(Fax)R, (Vax)R.

CS10. Tycms A u R — 3naxocosemanun, X u X — 6yKssl.
Ecau x’ ne scmpesaemcs nue 8 R, nu 8 A, mo (ax)R u (Vax)R
moxcoecmsenns coomsemcmeenno ¢ (Jax¥ )R u (Nax')R, 20e R
ecms (X' |x)R u A’ ecmy (x| x)A.
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CS1l. IIyems A, R, U—anarocovemanus, X u ¥ — pa3su4Hsie
Oyrkeo. Ecau x ne scmpewaemcs 6 U, mo 3naxocowemanusn
W|»(3ax)R u U|y)(Vax)R mooxcoecmsesns, coomsemcmeenro
€ Qux)R u (Vax)R', 2oe R ecmv U|p)R u A" ecms (U|y)A.

DTt npasuia cpasy e BbiTekaioT u3 kpurepues CS8, CS9 (n° 1),
CS5 (§ 1, i°2) u CS6 (§ 3, n° 4).

CF12. Tycms A u R— coomnowenus meopuu J. a X —Oyxsa.
Tozda (axX)R u (V4x)R cyms coomnowenus meopuu J.

dro BuiTekaeT cpasy xe u3 CF11 (n° 1), CF9 (§ 3, n°4) u CF2
4 1, n®4).

UuryurusHo Msr Gygem paccMaTpuBath A H R KaKk BEIpaWeHHs
cBOHicTB NpeaMera X. MoxeT cayduuThCd, UTO B KaKOH-HuOYAs uernouxe
LOKA3aTeAbCTB Mbl MHTEPECYEMCH AHIIb OGBEKTAMH, YAOBIETBOPAD MUMH A.
Cxasatb, uTO cymecTtByer oGBeKkT, yaoBaersopsiomuit A, Take#, 4ro R,
3TO0 BCe paBHO, UTO CKasarh CAepylouee: cymecrsyer o0bekT, TakoH, 4ro
»A'n R* 0orciona 1 ofipeseacHue KBaHTOpa 3 4. CKasaTs, YTO BCE OGBEKTHI,

yaoBxeTBopsiome A, HMET CBOHCTBO R, 3TO BCE PaBHO, YTO CKA3aThl
He CywecTByer o0beKTOB, YIOBACTBOPAIMHUX A M TaKux, 4T0 ,He R
0TCI0Na H OllpefeieHHe KBAHTOpA Y 4. Ha NMpakrtuxe 3T 3HaKH 3aMEHMOTCH

JOBOJAbLHO paBHOO6paSHbIMPI (I)paSaMM B 3aBUCHMOCTH OT HNPHPOAK COOTHO-

nrenus A
°HanpuMep, rOBOPAT; ,KaKOBO On HM OWAO Lejoe uucao x, R,

»CYWECTBYET aaemMeHT x MHoxectBa E, rakoif, uto R* u 1. 1.,

C35. Mycms A u R— coomnowenus meopuu J, Xx-—O0yxsa.
LCoomnomenus (Wax)R u (Vx)(A=>R) sxsusasrenmus 8 J.
B camom neine, coorHouenue (V4X)R TOXIECTBEHHO C

LHe (3x)(A u (e R) )‘f.

Ho ,A u (se R)“ skBuBanedTHo B J, C ,He (A=>R)“; cienosateisHo,

e (3x)(A u (ne R))* sksusanentio 8 J, ¢ ,He (Ix)(ve (A=>R))“,

cormacio C31 (n° 3). 3ro nociaelaHee COOTHOLIEHHE TOMAECTBEHHO

< (Vx)(A=R). TakuM o6pasoM, KpuTepuH yCTaHOBJIEH B Ty @ Che-
LOBaTEJbHO, U B

Yacto NPUXOAMTCS AOKa3WBaTh COOTHOIIEHHA BHEA (V,4%)R. E)Tp

Jenaercsda OOBLIYHO C NoMoMbiI0 OAHOrOo H3 IBYX cnez(yloumx Kpm‘epueB:

C36. ITycms A u R—coomnowenun meopuu J, X—Oyxsa.
Iycms J' — meopus, nosyiaeras npucoedunenuen A K axcuoman
meopun J. Ecau x ne nganemcs roucmanmoid meopun J u R
ecms meopema meopuu J', mo (Wax)R ecmb meopesa meopuu J.

B camom nene, A=>R ectb Teopema Teopuu J, COTIACHO KPUTEPHIO
NeAYKUHH; CeloBaTenbHo, (V4X)R ecTb TeopeMa Teopuu J, corJaacHo
€27 (n° 1) u C35.

Ha npaxtuke, ecau XOTAT HPHMEHHTb 3TO NPaBHAO, roBopAT ¢pasy
taKoro poxa: ,Ilycts X —IpOM3BOABHEIN 3aeMeHT, Tako#l, uro A*

B TocTpoenHolf “TakuM ofpasoMm TeopuH J' CTapawrci IoKasath R.
KoHeuHO, Helb3sl yTBEpHAaTh, 4TO caMO R €cTh TeopeMa Teopuu J':
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C37. Tycme A u R —coomnomenus meopuu J, x—6yxsa.
Iycms J'— meopun, nosyiaeman npucoeduHenuer coomuoue-
nui A u .He R* r arxcuoman meopuu J. Ecau x He nganemcs
Koncmanmod meopuu J u meopus J' npomusopedusa, mo (V4x) R
ecms meopema meopuu J.

B camom nene, Teopus J' 9SKBUBAJEHTHA TeOPUH, MOJyHaeMOH MpU-
coenunenueM ,He (A=>R)* k akcuomam teopun J. CoraacHo Merony
npusenenus k abcypry, A=>R ectb Teopema Teopuu J; CaeiOBa--
TeabHo, (Va4X)R Takke sBasercs TeopeMo#t sto#t Teopunm BBuny C27
(n° 1) u C35.

Ha mpaxruke rosopsar: ,lpeanonoxuM, uro cymecTByeT mpeaMer X,.

yrosretBopsiomui A, a8 KOTOPOro R HeBepHO“, H CTapaloTcs HaiTu
IPOTHBOPEYHE.

CBOMCTBA TAMOBBIX KBAHTOPOB 4HAJOTHYHBl CBOHCTBAM KBAHTOPOB..

C38. ITycms A u R— coomnowenun meopuu J, x —6yxsa. Co-
omnouenun ,He (Vax) RE(J4x) (e R)“, e (4 X) RS (Vax) (e R)*

cyms meopemsi 8 J.

C39. ITycms A, R u S — coomnowenus meopun T, a x — 6yxsa,.
He ABAROUAACA KOHCmanmod asmoi meopun. Ecau coomuowenue
A= R=8) (coorsercrseno A=>R&ES)) ecms meopema 8 J, mo
coomuouerun " o ' C ’

(FaX)R=>(J4x)S, (Vax)R=(Vax)S.
(cooTBeTcTBEHHO §d,4 X)R&S(Jax) S, (\7’1'q X)R&S(V4x)8)

mooice cymo meopems 8 J

C40. Tycms A, R u 8 —coomnouenun ¢ J, a x—6yxsa. Co-
OMHOUWeHUR

Vax)(R u SS((Vax)R u (Vax)8).
(FaX)(R umu §)&S((Fax)R nwm (J4x)S) '

cyms meopens 8 J.

C41. ITycms A, R u S — coomnowenus 8 J, a X —06yksa, He
scmpewawwanci 8 R. Coomnowenus ’

(Vax)R nm §)&S(R nm (V4x)S),
(Fax)R u SR u (ax)S)

cymy meopenvt meopuu J.

C42. Tycme A, B, R—coomnowenun 8 J, x u y—6yxss.
Ecau x ne scmpewaemcs -8 B, a y ne scmpewaemcs 6 A, mo
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COOMHOWeHuR (VAx) (VBy)R®(VBy) (VAx) R'
(BAx) (EIBy)R@(BBy) (BAx)R.
(3, %) (V)R %(VBy)(BAx)R

cyms meopenmst 8 J-
B kauectse npuMepa nokakeM uacts kpurepus C42. CoorHouleHue

(BAx)(BBy)R roxaecrsenHo ¢ (3x)(A u (Jy)(B n R)); caenosa-
TeJbHO, OHO SKBUBAJEHTHO B J, (MOCKOJbKY Y He BCTpeuaercs B A)
¢ (3x)(3y) (A u (B u R)), coraaco C33 C31. AHaJOruuHo
'(BBy)(BAx)R skupasentio ¢ () (3x)(B u (A u R)). B saxmoue-

e npumensem C31 u C34 (n° 3).

°[las WATIOCTpauMy NPHMEHEHUs NPEJBIAYUIHX KPUTEDUER DPacCMOTPHM
caelyomiee COOTHOLIEHHe: ,HOCAER0BaTEALHOCTD quf:nosux dyuxuuit (fp)
paBHomepHO cxozurcs k O Ha (0, 1)*. 3710 3HAUHT: ,Aa4 BCSI(;(OII‘O e > o
CyuIeCTBYET TaKOe uenoe dHUCAO 1, UTO AAf BCSIKO[‘O.)CE( , 1) u za
BCAKOTO LEAOTO UHCAA rm 3> 1 UMeeT MeCTO | fp (X)|<Ce” INpennonomum,
yro Tpebyercs B3ATh OTPHUAHKE 3TOrO COOTHOMCHUA (HampuMep, Aas
yMO3aK/IoYeHHsl npHBeaeHueM k abeypay). Kpurepun C38 HOKa3hIBAET, 1TO
370 OTPHMHAHHE SKBHBANEHTHO CAEAYIOWIEMY COOTHOMICHHIO: ,CYIECTBYET
Takoe ¢ >0, 9TO AAS BCAKOFO HEIOTO 4HCIa 71 CYLIECTBYET TaKoe
x€(0,1) u Takoe m > n, AA KOTOPHX | fm (X)] > e

Ynpaxcnenun
3THX yUpawHeHusx J 00603HauaeT KBaHTOPHYIO TEODUIO.

113;) I?I;?I);b A 12, pB——coomou‘Z;Hym teopud J’, x — Oykma, HE BCTpe-
yaomasca 8 A. Toraa (Vx) (A= B)& (A= (Vx) B) ectb TeopeMa B T

2) Mycts A u B— COOTHOMICHUA TEOPHH J, x— OykBa, oTaHuHad
o7 KOHCTaHT Teopuu J u He Bctpedalomasca B A. Ecan B=> A ectp
teopema B J, T0 ((3x) B)=> A TOMXE ecTh TEOPEMA B J- c

3) IMycTs A-— COOTHOIEHUE TEOPUH T, ¥ H — OYKBHI. oo‘:ﬂome-
s (Vx) (Vy) A (V2) ((213) 4), 3x) ((x]y) A)=>(3x) (3y) 4 cym

eMbl B J .
Te0p4) l'chT{ A U B—coorHoweHus Teopuu J', X — Oyksa. ITokasars,

4TO COOTHOIIEHHS
(V) (A win B) = ((Vx) A uan (3X) B),
(Ax)A u (Vx) B)=>(3x) (A u B
€yTbh TEopeMH B J

5) TMycts A u B-— COOTHOIIECHUA TEOpHU J, x uy—O0yksn. Ecan x
He BCTpeuaerca B B, a y —B 4, 10

(Vx) (V) (A 1 BYS((Vx) A u (Vy) B)

ecrb TeopeMa B J -
6) l'II})IC'n; Au R — cootHomeHus Tteopuu J, X¥ — Gyksa. CoorHome-

Hua (3 4%) R= (3xX) R, (VX)R=> (V4 X) R cyrb T€0pEMH B J-

7) Mycrs A 1 R — COOTHOMIEHHA TEOPHH J, a x — OykBa, orauuHas
or KoHcTaHT 3r10# Teopun. Eciu R=>A ectb Teopema B J, T0 @Ax) RS
&(34x) R rTakke ecTb TEOpEMA B J. Ecau (He R)=> A ecrb TéopeMa
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B J, 10 (VX)R&E(V4X)R Takme ecrb Teopema B J. B wacrHocts,
ect A—reopema B J, 10 (AX) RS (F4¥)R u (V)RS (V4R
TaKWE CYTh TEOpeMHl B J

8) flycts A u R — coorHomeHus reopuu J, T —ee repm, X — Gyksa.
Ecin (Tlx)A—rteopema B F, 10 (T|X)R(4X)R u (Vax)R=>
= (T |x) R Taxxke cyTh TeopeMul B J .

§ 5. JraaurapHbie TEOpHH
1. Axcuomos

Mzl HasbiBaeM szazumapuoli meopueli tTakyio rteopuio J. B KOTO-
pofi BCTpeuaeTCs peJANHOHHBIM 3HAK Beca 2, UMM Bug = (4u-
TaeTca: ,paBHO*, ,paBHAETCA) M B KOTOPOH cxempl S1-—S5 (§§ 3 u 4),
a Takke HuKecqaedymouiue cxembl S6 u S7 1al0T HeaBHBlE AKCHOMBI.
Eciu T u U — tepupl Teopuu J, TO 3Hakocoueranne =— TU ectb coor-
HOIUeHHe TeOpHH J (HA3LIBAEMOE COOMMOWeHUeH paBencmea), Co-
raacio CF4; 3to cooTHowenue oGosuauator yepe3d 7 = U wau (T) = (U).

S6. IMycms x —06yksa, T u U—mepus meopuu J u R} x}—
coomnowenue 8 J. Tozda coomnomenune (T=U)=>RiTi&SRUY)
ecmy aKCUOME.

S7. Ecau R u S — coomuowenun meopun J, ¢ X — 6yxkéa, mo
coomnouente ((VX)(RES8)) = (vx (R) =1, (8)) ecmv axcuona.

IIpaBuno S6, xonedno, ectb cxema. Ilycts, B camom gene, A ects
akcuoMa B J, MOJyueHHas NpHMeHeHHeM 3TOro mnpasuia. Toraa cyuie-
CTByeT Takoe cooTHomenue R B J, Takue TepMl T u U B J u Takas
6ykea x, uto A ectv (T=U)= ((T|x)R& U|x)R). Herpyano su-
zetb, uto ecau ¥y —O6yksa u V —rtepM B J, 1O coortHomenne (V|y) A
TaKxke NoJydaerca npuMmedenueM npasuna S6. Mcmoassya CS1 (§ 1, n° 2),
MOXKHO CBECTH BCE len0 K CJy4aio, KOrxa X OTJIHYHO OT Y U He BCTpe-
uaerca B V. OGosuauum uepes 77, U’, R" ¢opmyanst (V| T, (Viy)U,
(V|y)R. Cornacao CS2 n CS5 (§ 1, n°2), (V|y)A TommectsenHo c

(T'=U)=>(T' )R SU'|H)R),
YTO [0KAa3blBaeT Hallle yTBEpPMAeHHEe. AHAJOTHYHO AOKA3bIBAeTCs, uTO S7
€CTh cXeMa.
WUHTyurnBHO cxema S6 osHauaer, 4TO €caM ABa TpeaMeTa paBHH, TO
OHM 001ajAT OAMHAKOBLIMU cBOiicTBaMu. Cxema S7 Goablle oTmaifeTCs
0T OOLIYHOH MHTYULHH; OHa O3Hadaer, 4TO ecAu 1Ba CBoMHCTBA R u S

HEKOTOpOro mpeaMeTa X B3KBUBAXCHTHH, TO MPUBUAETMPOBAHHBIE MIpej-
Mersl T, (R) u t.(S) (BuOupaeMmble COOTBETCTBEHHO CpPEAM YIOBAETBO-

PAIOIIUX COOTHOMIEHHI0 R M Cpegu YAOBAETBOPMIOUIMX COOTHOLIEHHIO S,
€Cny TOAbKO CYWECTBYIOT TaKHE HpeAMETHl) paBHB. UHTaTeNb 3aMETHT,
uTo npucyrcreue B S7 KBaHTOpa VX sABAAETCS CYWECTBEHHuM (cp. YHp. 7).

Orpuuanue coorHouwenns == TU oGosuauaerca uepes T == U wuim
gepes (T)5=(U) (rne sHak == uuTaeTCA: ,HE PABHO“, ,OTJHUHO OT“).
M3 S6 suBomuTcs cienyowui kpurepuii:
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C43. ycms x—6ykea, T u U—mepuvt meopun J u Rix}—
coomuouenue 8 J. Coomuowenuns (T'=U u RiT% u (T=U u
R:iU?Y) sxsusasenmnusl.

B caMoMm gaene, ecim npucoenuuuts runorestl T=U u R}T} 10
R;iU} Gyner sepHo, cornacHo S6; caenosarenvto, (T'=U u RiU})
TOXe BEpPHO. ’

Homyckast BOABHOCTH Pedd, 9acTo, KOrJa LOKAa3aHO COOTHOUIEHHE BHAA
T=U B Tteopuu J, roBopdr, uro TepMul T u U cyrh ,T€ Xe cammle’,
HAM ,ToXJecTBeHHbie“. Tlono6Ho atomy, korpa T==U cnpaseaauBo B J,
ropopat, 4ro T u U ,pasauyHbI“, BMECTO TOrO 4TOOH CKas3arb, uto T

He pasHo U.

2. Ceolicmea pasercmea

OtHeine MBI OyldeM paccMAaTPHBATL TOJbKO STaJHTApHBlE TEODPHH.
Hycrs J — rakas Teopus. Ilycts J,— Teopus, y KOTOPOH Te ke 3HAaKH,
uro H y J, M y KOTOPOH aKCHOMH Jal0TCs Juwb cxemamn S1—S7,
Teopus J, MeHee cuibHa, ueM J (§ 2, n°4), u He MMEET KOHCTAHT.
Tpu cienywouune TeopeMbl ABJAAIOTCA TeOpeMaMH TeopuH J .

TeoPEMA 1. x — x. :
O6o3naunm uepes § cooTHolleHue x = x Teopun J, Corsacwo C27

(§ 4, n° 1), npu scakom cootHomennn R us J; coorromenue (V x)(R & R)
ecTb TeopeMa B (J,; CJENOBATEJBbHO, COrJacHO S7, COOTHOLIeHHE
©, (R)=1,(R), 1. e. (1,(R)|x)S, ecrb Teopema B J,. [lpunumas sa R
coOoTHOMIEHHE ,He S8 u yuutbiBag C26 (§ 4, n° 1), moayuum, uro (Vx) S8
ectb TeopeMa B J,. Coraacio C30 (§ 4, n°3), § nosromy ectb Teo-
peMa Teopuu J . :
CoorHomeHre (Vx) (X = x) Taxkme sBagercd TeopeMOd B Jo; U €CId

T — tepM Teopuu Jo, 70 T =T ectb Teopema B J o (cp. § 4, 1° 3). AHa-
JOTHYHO MOXHO Npeolpa3omarb NOCAEAYIOUIME TEOPDEME B TEODEMbI, B KO-
TOPHBIX HEe BCTPEYAeTCs HU OnHOH GYKBHI, UAM B METaMaTeMAaTHIECKUE KpH:

Tepud. Mur Goabme He OyaeM jedarh Takux npeoGpasoBaHui, HO 4acro
6yzneM MOAB30OBATHCA MMM HEABHO. ‘

TeEOPEMA 2. (x = y) & (y = x).

[Tpeanonoxum, uto coorHomenne x=y BepHo. Corsacto S6, cooTHO-
weinne (x =) =>((x]y) Y =x)S@(NY==%x). 1 e (x=y)=>
= ((x=x)&(y=1x)), sepro. Cienosartesbto, (x¥=x)&(y=x)
BepHO. B cuny TeopeMbl 1 Toraa BepHO y = X, YTO LOKa3LIBAET TEOPEMY.

TeoPEMA 3. ((x=y) u (y=2))=>(x=2).

Hpucoenunum runoressl x =y, y==2z k akcuoMaM Teopuu J, Co-
riaacHo S6, cootHomenue (x = y)=>((x =2)&(y=2)) Bepuo. Cue-
LOBATENIBHO, (¥ ==2)&(y==2) u TeM CaMblM X ==& BepHbl, YTO NOKa-
3bIBAET TEOpeMy.

C44. Hycme x—6yksa, T, U, Vixi—mepus. meopun J,.
Coomuomenue (T =U)=>(ViTi= ViU ecms meopema meopuuJ .
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B camom nese, mycte y M 2 — aBe GYKBBHI, OTJIHYHbIE APYr OT ApyTa
¥ OTJAHYHBIE OT X M oT Oyks, Bcrpevawmuxca 8 T, U, V. [lpucoenu-
HuM runoredy ¥y =2. Torapa, coruiacio S6,

(O[)(Viyi=Viz}))SViyi=Vizd. .

T. e. (Viyi=ViydS(Viyi=Viz), sepno. Ho Viyi=Viy}
BepHO, corsiacho TeopeMe 1. CienosarensHo, BepHo Viyi=V iz} Us
Bcero 3TOr0 BhITekaer, uro (¥y=—2)=>(Viyi=V iz} ectb Teopema
Teopuu Jo; o0osHauuM 3Ty TeopeMy uepes A. Ho (T|y)(U|2) A ects
He 4uTO HHOe, Kak (T=U)=>(ViTi{=ViU}).

Mul rosopuM, uto cootwomwenue Buga T'=U, rage T u U — tepmu
TeopuH J, eCTb ypasuexue, OTCIOAA pelleHuenm (8 J) coorHomeHus
T=U, paccMarpuBaeMOro KaK YpaBHEHME OTHOCHTEIbHO HEKOTOpPOMH
OykBbl X, CAymuT BCAku#t Takofl Tepm V reopun J, uro TiVi=U iV}

ecTh TeopeMa B J (§ 2, n® 2).

Nycrs T u U—Ba tepMa Teopun J; Xy, X5 ..., X,— OyKBH,
Berpevaowuecs B 7, wo we B U. Ecmw (Ax)) ... (3Ax,) (T=0)
ectb TeopeMa B J. rosopar, uro U npedcmasanemcs 8 sude T
(8 J). Mycrs R — coorxowenue 8 J, y— 6yksa. [Iycts V — peenne
(8 J) ama R, paccMatpuBaeMoro Kak cooTHollende mo y. Ecau Bcsakoe
pewenne (B J) a1 R, paccMaTpuBaeMOro Kak COOTHOUIEHHE MO Y,
MOXeT OBbITb NpexactaBieHo B Buge V, rosopar, uto V ecTs noaxoe
pewernue (Wi obuee pewenue) nas R (8 J).

3. PyHKyUOHAABHBIE COOMHOWEHUS

Mycre R — 3uakocoueranne, X — 6yksa. Ilycts y, @ — GyKkBH, OT-
JUUHBIE NPYT OT Apyra M OT X W He Bcrpedaiomnecs 8 R. [lycrs 3y, 27 —
Be npyrue OykBbl, o6iajaiouive TeMH e CcBOHCTBaMu. B cuay CS8,
CS9 (§ 4, n° 1), CS2, CS5 (§ 1, n°2), CS6 (§ 3, n°4) dopmyn

VNVY([DR 1 @)R)=>(y=2))
VY)VZ) (Y |DR 1 (Z| )R> =7))

rToxaectsenHul. Ecan R — cooTHolleHue Teopun J, To 3HAKOCOYETAHHE,
TaK OMNpeleneHHOe, eCTh COOTHoWleHHe B J, 0603HAuAEMOe uepes ,Cy-
LleCTByeT caMoe GoJbliee OLHO X, Takoe, uro R¥; OykBa X B HeM
He BcTpeuaercd. Ecam 3to coorHomenune — TeopeMa B J', TO TOBOpAT,
yto R 00no3nauno no x B J. Has nposepkm omHosHauHoctd R B T
-AOCTATOYHO MPOBEPUTh Y ==2 B TEOPUH, MOJAYYaeMOH u3 J mNpucOeaU-
HeHueM akcuOM (Y|X)R u (2|X)R, rae y u 2 — GyKBbl, OTJUYHBIE APYT
OT Apyra M OT X M He BCTpeyaloudecss HA B R, HH B ABHBIX AKCHUOMAX
Teopun J .

C45. ITycmos R—coomnowenue meopuun J, a X—6yKsa, ne a845710-
wanca Koncmanmoii meopuu J. Ecau R 00noznasno no x 8 7T,
mo R=>(x=r,(R)) ecmv meopema meopun J. O6pamno, eciu

u
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023 Hexomopozo mepua T meopuu J, He codepicauezo X,
R=>(x=T) ecms meopema 8 J, mo R oonosnauno no x 8 J.

[peanonowum, uyro R ORHO3HAYHO 1O X B J, ¥ AOKAKEM, 4TO
R=(x=1,(R)) ecrs teopeMa B J. Ilpucoennium runoresy R. Torna
(v« (R)|X)R Bephno, cornacHo S5; cienosaTensho, ,R u (tx (R)| x)R*
toxe BepHo. Ho Tak kak R ogpHOSHauHO mo X,

(R u (= (R)|X)R) = (x =+ (R))

— teopeMa B J, coraacdo C30 (§ 4, n° 3). 3uauur, X==r1,(R) BepHo.

O6paruo, npennonoxuM, 4r0 R=>(x=T) ectb Teopema B J.
Mycts y, 2 — OykBbl, OTIHYHBIE IPYr OT Lpyra H OT X H He BCTpe-
yaounecs HU B R, HM B saBHEIX akcuoMax Tteopud J. Tak kak X He
ecTb KOHCTaHTa B J M He BCTpeuaetcs B 7, TO COOTHOIUEHHS
Y| XOR=>@=T) u (2|x)R=>@=T) cyr» Tteopemn 8 J. Tlpucoe-
zusuM  runoressl (Y|X)R u (2|x)R. Torna y=T u 2=T BepHn
M, CJelOBaTeNbHO, BEPHO y=—2.

[ycts R — cootHowenue B J. CoOTHOlIEHHE
A3X)R u cywectByer camoe OoJbluee OAHO X, Takoe, yTo R*

0603HayaeTC C/IOBaMH ,CYUIECTBYET eAHMHCTBEHHOE (WAM ,CYHIECTBYeT
M eRMHCTBEHHO“) X, Takoe, uro R*“. Eciau 5T0 COOTHOILEHHE fABJASETCS
Teopemott B J, TO M roBopuM, ur0 R ecTb coomuoulenue, PyHK-
quoHaasHoe no X 8 J.

C46. ITycrme R —coomnowenue meopuu J, o X—O0Gyx8a, He
agastouanca Kowcmanmol smoid meopuu. Ecau R ecms coommuo-
wenue, PpyHKyuonasshoe no X 8 J, mo R&S(x=r.(R)) ecms
meopena 8 J. O6pamno, ecau 048 Hexomopozo mepua T us T,
ne codepoucawezo x, R&S(x=T) ecmv meopema 8 J, mo R ecms
coomunouwenue, PyRKyuUORaLbHOE N0 X 8 .

[Mpeanonoxum, yro R — cooTHouleHue, GyHKUHOHAJAbHOE MO X B J,
Torza R=>(x=r1,(R)) ecrb Teopema B J, coraacio C45. C npyro#
cropoHbt, (AX)R ectb Teopema teopuu J. CoraacHo S6, cooTHOuIeHHE

(=1, (R))=>(R&S(3X)R)

ecTb TeopeMa B J. Ecau npucoenunuts runoresy X = 1, (R), 10 R crauo-
purca BepHbiM. CienosarenbHo, (X =r<,(R))=>R ecTb TeopemMa B J.

O6paruo, eciiu R& (x == T) ectb TeopeMa B J, T0 R 01HO3HAYHO MO X
B J. cornacio C45. Kpome rtoro, (T'|x) R&E(T=T) ectb TeopeMa B J;
cregosareabho, (T|x)R, a tem camuiv u (IxX)R cyts Teopems B J.

Ecmt R — coortHowtenue, ¢QyHKuUMOHANLHOE NO X B J, TO, CTa10
OblTh, R 9KBUBAJEHTHO COOTHOIIEHHIO X == Ty (R), KoTOpOe uacTo OniBaeT
6osee ynoOHbIM njs medctsuit ¢ HuMm. [TosTomy o6bluHO BBOIAT Ka-
KOH-HUOY b COKpamawmui cumoa L xiasa usobpamenus repma <. (R).
Tako# CUMBOJ HA3LIBACTCH CUMBOAOM, PYHKYUOHAAbHEM B TEOPHH T .
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UHTYyHTHBHO, ¥ u3o6paxcaer enuHCTBeHHM 00beKT, KoTopsiH o6aagaer
cBoiicTBOM, ompepeaseMbiM depes R. °Harpumep, B Teopuu, rae sepHa
TeopeMa ,y €CTb JeHCTBHTEABHOE UMCAO, Ooabllee HAM PaBHOE Hymo0*,
COOTHOLIEHHE ,X eCTb AeHCTBHTEABHOE UMCAO, GOAbIIEE MAM PABHOE HYAIO,
H y==X%“ ecTb coOTHOlIeHHe, GYHKIHOHaARHOE MO x. B kavecrse coor-

BETCTBYIOLIEr0 (GYHKUMOHAaALHOrO cuMsoxa Oepyr V'y wau y'/2.

C47. [ycmp x — OyKsa, He ABAAOWAACA KOHCmanmold meopuu T,
aRix}u S3xi—o0sa coomuowenun 8 J. Ecau Rixiecms coomno-
wenue, PyuxyuoHasshoe no X 8 J, mo coomuouenue Site(R)}
srgusasenmuo coomuowernuw (Ax)(R3ixi n Sixi).

B camom nxese, us C46 u C43 suirexaer, uro (Rix} u Six}) skBu-
BajentHo ¢ (R3ix?} u Sit.(R)}); rak xak S}t (R)} He conepwur X,
1o (Ax)(Rix} n S§t,(R)}) dKBUBANEHTHO C

St (R): u (IX)R,

coraacno C33 (§ 4, n°3); B 3akioueHHe 3aMetum, 4T0 (JX)R BepHo,
noToMy uto R — cooTHolleHHe, (yHKUHOHATbHOE MO X.

Ynpaxcrenun

Bo Bcex atux ynpakHeHHsX J° 0603HaYaeT sraAUTApPHYIO TEODHIO.

1) x =y ecThb COOTHONIEHHE, GYyHKIHOHAABHOE MO X B J

2) Tycts R — cooTHouieHHe B J, X H y — pasdadyHule OykBul. Torza
cootHomrenns (3x) (¥ =y u R), (¥ | X) R sKkBuBaAeHTHH B [T .

3) l'Iéycrb R u §—coorHomenus B J, T —1epM B J, X U y — pas-
auyHele OykBEl [Ipepmoaaraercsd, 4To y He ABASETCA KOHCTAHTOH Teopuu J
u x He Bcrpeuaercs B T. Ilycrs J°/ — Teopus, noaygaemas NPHCOERMIE-
uueM § K akcHoMmaMm teopuu J . Ecau R — coornoumeHue, yHKIHOHANBHOE
no x8 J’, u (T'|y)S—reopema B J, T0 (T |y) R ecTb COOTHOHIEHHE,
(yHKUMOHAABHOE 10 X B

4) Mlyctb R u 8§ — cooTHOHEHHA TEOpPUH J, X — OykBa, He ABAA0-
mascd KoHcTaHTOH 3T1oH Teopuu. Ecau R— coorHoureHue, dhyHKUHOHaAb-
Hoe Mo x B J, U R& S —reopema B J, T0 § ecTb COOTHOLIEHME,
¢dyHKUHOHAALHOE O X B T .

5) TMycrte R, §, T — cootHolleHus B J, X — 6ykBa. Ecau R — cooTHo-
mrenue, QyHKuHoOHaABHOE HO X B J, HOKa3arh, 4TO CACAYIOIME COOTHOMIS-
Hufl ABASIIOTCA TEOpEMaMu B J:

e (Ax) (R u 8)) & (Ax) (R u (He 8)),

@Ax)Ru($uTl) S(EX)RuS)u (AX)(RuT))
@AXNRu S NS (AR u S) uan (Ax) (R u T)).

6) TNokasate, 4To ecau B J° cxema (Ix) R=> R paer HesaBHLIE aKCUOMHI,
TO X =y ecTh Teopema Teopuu J (cp. ymp. 1).

7) Tlokasars, uTo ecau B J cxeMa (R & 8) = (t,, (R) = 1, (S)) aaer
HEsIBHBIE aKCHOMBI, TO X==Y €CTb TEOpeMa Teopud J (HpuHATL 32 R
COOTHOIIEHUE X = X, 32 § — COOTHOIIEHHE X ==Y, a 3aTeM B MOJYUeHHYIO
aKCHOMY MOJACTAaBHTH X BMecTO y)!).

'y Mol yBuauM UO3XKe, 4TO B Teopuu MHoxkecTs (x) (Ay) (xs~y) aABasercs
Teopemoit (ra. II, § 1, yup. 2).

5 H. Byp6aku



MPUJIOXKEHHUE

XAPAKTEPUCTUKA TEPMOB U COOTHOIUEHMI

Korna MeraMareMaruka nepepacraer 3JeMeHTapHbIH ypoBeHb HACTOALIEH
TJ1aBHl, OHa IIMPOKO HCIIOJNbL3yeT Pe3y/bTATHl MaTEMATHKH; Mbl YXe OTMe-
yaju 3T0 BO BBexeHuHu. Lleab Haiero npunomeHus — naTh NnpuMep pac-
cymneHu# rakoro poxal). Mbl HauHeM C yCTAaHOBJGHHS HEKOTOPHIX
pe3y/abTATOB, OTHOCAIIHXCA K MaTeMaTHYecKOH Teopud C80000HBX
monoudos (,Anrebpa“, ra. I, § 1, n° 3); sareM Mbl paccMOTPHUM MeTa-
MaTeMaTHYeCKOe ,MIpUMeHeHHe“ UX K XAPaKTepPHCTHKE TEPMOB H COOTHOILE-
HUH NPOH3BOJBHOH TEOpHH.

1. 3uaku u caosa

°IlycTe S — HemycTO€ MHOXECTBO, 3JeMEHTHl KOTOpOoro OyiyT Hashl-
BaThCA Jlanee 3naxKamu (3Ta TEPMUHOJOrUS NMPHUCMOCOO/MeHAa K MeTaMa-
TeMaTHYeCKOMy TNpDHUMEHeHHIO, KOTOpoe Mbl uMeeM B Buay). Ilycrs
L, (S) — cBoGoaupi#t MOHOMA, MOPOXIAEHHbIH MHOMecTBOM S (,Aare6Gpa“,
ra. I, § 1, n°3); ero oiemeHTH (Ha3blBaeMble' C.208aMUZ) MOFYT

GbITh OTOMNIECTBJIEHb C KOHEUHbIMH NOCIeN0BATENBHOCTAME A = (8} ., .,
= ==

snemeHTOB M3 S; Mbl OymeM 3samuchiBaThb 3aKOH KoMmmosuuuu B L, (S)

MYJbTHNIMKATUBHO, TaK 4YTO AB ecTb mocjenoBaTebHOCTb, nmoJsiyuaeMasa -

coenuHeHHeM nocieposareqbHocTet A u B. [lycroe caoso O sasasercs
He#TpaibHeIM 3jeMeHToM B Lo (S). Hanmomuuwm, uro dauna [(A) ciosa
AELy(S) ectp uucio 3seMeHTOB B mociexoBarenbHocTH A; [(AB)=
=1(A)-+{(B); caoBid amuel 1 cyts 3Haku. O6osHauuM uepe3 L (S)
MHOXECTBO HemyCTeIX cJ10B MoHouaa L, (S). A
[TpeamosoxkuM, KpoMe TOro, 4YTo 3azaHo oroOpaxeHue §-—»n(s)
MHOXeCTBA S B MHOXKeCTBO N ue bIX uHuces, GOJbLIUX HJIH PaBHBIX HYJIO;
IJs1  BCAKOTO HemycToro caosa A=(s u3 L (8) mnoaoxum
&
n(A)=lZ(-)n(s,-) u n(J)=0; mMpl ropopuM, uto n (A) ectb gec ciosa A.

OuepuzHno, 410 n(AB)=n(A)-+ n(B).

Ecin A= A’BA”, 10 Mbl TOBOpUM, 4YTO CJ0BO B ectb cezmenm
cioBa A (ucmunuwii cerMenr, ecid, KpoMe Toro, B+ A). Ecim A’
(coorsercTBenHo A”) mycto, TO MBI TOBOPHM, UTO B ecTh Ha4assHsLl
(COOTBETCTBEHHO KOHYe80i) cerMent ciaosa A. Ecim [(A')==F&, 10 MH
roBoOpuM, 4T0 B HauuHaetca Ha (k -} 1)-M Mecre.

i)0<l<k

') PesyabTaThl, yCTaHOBAEHHBE B HACTOSAUIEM NpUAOMEHUH, HE GyAyT MCNOADb-
30BaThCAd B paabHeHmed uwactu Tpaxrara.
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Ecau A= BCDEF (rze caosa B, C, D, E, F Moryt O6blTb MyCTHIMH),
Mbl rosopuM, uto cerMentl C U E caosa A He nepecexanomcs.

2. 3HameHamesbHblEe CA08Q

HasoseM snamernamessHoli nocaedo8amessHocnso BCAKYIO nocie-
JOBATENbHOCTh (Aj)1<j<n croB u3 Ly(S), obaanaoumyno ciaenymoumum
cBOHCTBOM: IJS Kauaoro ciosa A; B 3TOH NMOC/IEROBATENbHOCTH BHLINOJ-
HAETCA OLHO H3 IByX CJAELYMOLMX YCJIOBHI:

1° A; ects sHak seca 0.

2° CyuuecTsyioT p CJOB Ai:’ Ay o v A,-p U3 paccMaTpuBaeMoit
MOC/AEN0BATENLHOCTH C HHAEKCAMH, MEHbIUMMH [, M 3HAK f Beca p, Takue,
4TO Ai =fAilA12 PN A[p.

SuaMmenamesbHbLML CAOB8aMU Mbl Ha3hbiBAEM CJOBA, BCTPevaloUiuecs
B 3HAMeHaTe/NbHHIX mocnexoBarTenpHOCTAX. Cpasy e moJydaercs cie-
Ayiolui pe3yJbTarT:

HNeennoxenue 1. Ecau Ay, Ay, ..., A, 284310MCA 3HaMeHGMEND-
HeMu caosamu, @& f ecmb 3HaK 8eca p, mo ci080 fAA, ... 4,
3HAMERAMENbHO.

3. Xapaxmepucmuxa 3HaAMEHAMEAbHBLX CA08

Ciaoso AELy(S) HaseiBaeTcAd paSHOBECHBIM, €CIM OHO obaanaer
IByMsA CJELYIOWHMH CBOHCTBaMH:

1° I(A)=~n(A)~1 (otkyra creayer, uro A He NycTO);

2° 145 BCAKOrO MCTHHHOTO HAuajbHOrO cerMenta B cioBa A BunoJ-
naetca Hepasenctso I (B) L n(B).

[pexnoxenuE 2. sz mozo umoGu c1080 GbuiA0 3HaMeHamMeAb-
Hoim, HeolGxodumo u docmamoino, umobs. OHO Obli0 PABHOBECHBIM.

B camoM nene, nycth A — 3HaMeHaTeabHOE CJ0BO, BCTpeualoueecs
B 3HaMeHaTeabHOH mocieposatensHoctu Ay, A, ..., A, MH NOKaKeM
uHaykuuet mo &, uro kawpoe cioso A, pasnosecHo. Ilpeamonomum,
4TO 3TO yXKe yCTaHOBJeHO aas Bcex A; ¢ uHaexcom j < &, n poKameM
sro nas A,. Ecan A, —suak seca 0 (4T0 ABJAETCA eNUHCTBEHHOH BO3-
MOXHOH runoTtesoft npu k= 1), To A, pasHoBecHo, noToMy uro [(A,)=1
u n(A,)=0. B nporusnom cayuae A,=fB\B, ... B,, rie f—3HaK
Beca p U cia0Ba B; uMeioT BHX Aij ci;< k, a crenoaTe bHO, ABAAOTCA,
0 MPEANOAOKEHHIO, PABHOBECHHIMH cioBaMu. Hrak,

HAY)=141B)+IB)+ ... +1(B)=
=1+@B)+ D+0B)+D+ ... +@B)+D=
=14 p+nB)+nBY+ ... +n(B)=1+n(4,).

Tlycts, ¢ Apyrol cropoxsl, C — MCTHHHBI HAavYadbHBLIH CerMeHT
cioBa A, M NycThb ¢-— Haubosbulee M3 HeJsX uucen m < p, TakHX,
uyro B, ectb cerment caosa C; torma C==fB\B, ... B,D, rae

b*
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D — ucTHHHBIH HauaJbHBIH CErMeHT CJOBa B,y CurenosareJibHO,

1O =1-+IBY+ ... +1BY+ID)<
K14+0BY)F+ D+ ... +0B)+)+nD)<
<pFnB)+ ... +nBY)+nD)=n(C).

CienoBaTenbHo, A, paBHOBECHO.
Yrobsl AOKa3aTh, yTO, 0OPATHO, BCAKOE PABHOBECHOE CJIOBO 3HaMe-
HaTe/bHO, HaM INOHANOOATCA NBE JeMMBbl,

Jdenma 1. ITycme A-— pasnosecnoe c2080. Aii kax0020 yerozo
yucaa kR, maxozo, wmo 0Lk <<Il(A), cywmecmsyem u eduncmsen
pasrosecuuli cezmenm S caosa A, Howunaouuica xa (R4 1)-u
Mecme.

ENMHCTBEHHOCTh CerMeHTa S BHITEKaeT Cpa3dy e M3 CJAeAyIOLero
3aMeuaHus: ecau I — pPaBHOBeCHOE CJOBO, TO, MO ONpele/eHHIO, HU ONHH
HCTHHHBIA HauyaJbHEH cerMeHT cjoBa 7 He gBJACTCH PABHOBECHBIM.
JokaweM cyuecrsoBanue cerMenra S. ITosoxum A ==BC, rae l(B)=k.
Ias seaxoro rakoro £, uro 0 (i g=1(C), nycrs C; ecTb Hayain-
Heift cerMedt caosa C agaunbl f. Tak Kak B — UCTHHHBIH EavajbHBIH
cerMeHr cjosa A, 10

LCH=1A—IB)>n(A+1—nB)=n(C)+1.

C zpyro#i croponsl, 0 =1I1(Cy) < n(Cy)=0. Ilycte { — HauGo/blIee
us ueqsx uucen J<gq, rmakux, uro (CHLn(Cy) nm 0Lh LS
rorza L(CHLn(C) u I(Ci ) >n(C; )+ 1. Tlokawkem, uro C;

PaBHOBECHO. Ycaosue, OTHOCHALIEECS K HCTHHHBIM HayaJbHbIM CErMEHTaM, .

BHIOJIHEHO B CHJIy onpenejenus yuciaa . C npyro#i cTopoHml,
nCi )+ 1<<IC)=IC)+1<nC)+1<nCrp+1;
caegosarensho, I(C; )=n(C;,)—+ 1, 4TO 3aBepiuaeT KOKa3aTe/nLCTBO.

Jlemma 2. Bcaxoe pasuosecnoe €A080 A modcem Guimb npeo-
cmasseno 6 8ude A=fAA, ... A, 20e sce A; pasnosecHv u

n(f)=p.
B camom pene, mycrs f— HauaabHullt 3nak caosa A. Coruaacho

aeMMe 1, A Moxuo sanucath B BHae fA;A, ... A, rae Bce A; pasHO-
BeCHBl: LOCTATOYHO Onpeients A; N0 HHAYKUHH KaK PaBHOBECHBIH cCerMeHT

caora A, HAYHHAOLUACT HA k ({)-M Mecre, rle k(i)=2+j§il(Aj)-
Kpowme Toro,
14+1(AD+ ... +FIA)=1(A)=n(A)+ 1=
=n(f)+nA)+ ... +n(d)+1=
=n(f)+UA)— D+ ... +UA)—D+1,
otkyna n(f)=p.
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Koab ckopo neMMel 1OKasaHb, HETPYAHO NOKAa3aTh MHAYKIHEH MO
AjuHe caoBa A, YTO BCAKOe PaBHOBECHOE CJIOBO A 3HaMeHaTe/JbHO BBHAY
JeMMbl 2 Y npeanoxenus 1.

Cuaencrsue 1. ITycme A — 3namenamensnoe ca080. Has 8caKozo
yerozo wucaa k, marxozo, umo 0 <k < I(A), cywecmeyem u agrsemcs
eOUNCMBENNBM INAMEHAMeAbROLE Ce2menm ca08a A, Hatunaowulics
ra (k- 1)-u mecme.

CaenctBuE 2. Bcesarxoe 3unamenamessnoe ca080 A moxcem Gums
npedcmasieno, npuies eOuncmsennam 06 pason, 8 sude fAA,. .. A,
20e sce A, sHamenHamersHo 1 n(f)=p., :

4. ITpumeHeHue K 3HAKOCOHEMAHUSIM RPOU3BONLHOL
mamemamu4ecKoli meopuu

[MpeamonoxuM, 4TO MHOXeCTBO S eCTb MHOMECTBO 3HAKOB MaTeMa-
tuueckoh reopun J. Mosowum n (=0, n(x)=n()=1,n(V)=2,
n(x)=0 a1 kawno#t OyKBbl X; HaKOHeL, AJg KAXKIAOIO CINEHHAJIBHOTO
3Haka § Teopud J nyctk 7(S) ecTb BeC 3TOr0 §, (UKCUPyeMH4 3ana-
nueM 3To#l Teopuu J

Mycte A — suakocouetanue teopuu J. OO6o3HauuM cuMBojoM A*
C/I0BO, MOJyuYaeMOe CTHpaHHeM BCex cBsisel B A, W OyleM roBopuTs,
yro 3HaKocouertanue A pagunosecno, ecin A* pasunosecho (B8 Ly(S)).
Mpbl OyleM HA3BIBATH Ce2MeHmoOM 3HAKOCOueTaHus A BCcakoe 3HAKOCOUE-
TaHue, MoJydaeMoe nyreM CHaGeHus Kakoro-auGo cermenra § ciosa A*
TEMH CBA3AMH, KOTOphie B A COeIMHSIM 1Ba 3HaKa cermeHra §.

Kpurepu#t 1. Ecau A —mepnu urun coomuouwenue meopuu J, mo
A — pasHosecHoe 3HGKOCO4emanue.

B camoMm gexe, nycrs A, A,, ..., A, ecTb GopMaTHUBHAS KOHCTPYK-
nus Teopuu J, B Koropo# BcrTpeuaerca A. Paccyxaas nmo uHAyKuuM,
TIPeANONOKUM 1OKA3aHHbIM, uTO BCe A; ¢ uH1eKcoM j < I paBHOBECHH,
M LOKAXeM, YTO 3HaKocouerTaHue A, paBHOBeCHO. DTO yCTaHABJIMBAETCH
COBepUIEHHO TaK e, KaK B NMepBOH 4acTW AO0KAa3aTeJbCTBA NpelJome-
HHA 2, 3a MCKIIOYEHHEM TOro cJydas, koraa A; umeer Bui <y (B)
¢ B=A;, j<!{ B sroM cayuae nycts C eCTb. 3HaKOCOYeTaHue, MOJIy-
yaeMoe 3aMemieHueM OyKBEI X HAa KaXIAOM MecTeé, TAe X BCTpeuaercs
B B, cumsosom []; ciaoBo A; tToxaecrsexno ¢ «C*. Ho B* paBHoBecHO;
cienoBarenbHo, U €' paBHoBecHo (M60 n ([[])=n(x)=0); crenona-

*
TeabHO, A; TOXE PAaBHOBECHO.

Hrak, Mbl mojyunau HeoOXoauMoe yCJOBue AN TOro, uTOOBl 3HAKO-
coueranue TeOpud J OHLJIO TEPMOM HJIM COOTHOLIEHHEM. ITO yCJOBHE,
KaK Mbl yBHIHM, He SIBJAETCS AOCTATOYHBIM.

Tycrs A-— paBHOBecHOe 3Hakocoueranue Teopuu J. Eciu A Hauu-
Haercs ¢ OykBol uwaM 3Haka [], To A HensBeKHO CBOXHTCH K 3TOMY
HauaJIsHOMy 3HaKy (cieacTsHe 2 mpennoxenus 2). Bo Bcex ocTanbHHX
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clyyasX Mbl oOllpexnesuM 3HAKOCOYETAHHE MJM 3HAKOCOYeTaHHUs, axmMe-
yeoenmnoe x A.

1° Ecan A Hauudaercs ¢ |, WIM ¢ \/, HJIH CO CHEUHANLHOTO 3HAKa,
TO A" mpeacTaBuMo eaMHCTBeHHbIM oOpasoM B Bune fB\B, ... B, rae
S —anak seca p>1 u Bce B, paBHOBecHsl (CjexcrBHe 2 mpemsoxe-
Hus 2). HasoseM 3HAKOCOYETAHWSMH, anTeleieHTHhIMH K A, cerments 4,
Ay, ..., A, sHakocouetaHus A, coorBeTcTBylouMe cermentam By, B,, ..., B,
cioBa A*. Kpome Toro, mul ckaweM, uro A— cosepuenno passosec-
Hoe 3Hakocouerauue, ecan A roxmnecrsedio ¢ fA A, ... A, wnimu, nxaue
rosopsa, eciu B A Hu onHa CBA3L He coenunseT f ¢ kakuM-Hubyns u3 B
MJIM ABA pasHeiXx B; apyr c apyrom.

2° Ecan A HauuHaetcs ¢ t, 10 A* umeer sux <B, rae B — pasno-
BeCHO (CaelcTBue 2 mpejjoxeHus 2). Mpl Ha3oBeM 3HAKOCOUETAHHEM,
anretleneuTHHM K A, moboe U3 3HAKOCOUeTaHHH A, onpeneseMuHX cie-
nyomuM o6pa3oM: BcCe 3HakH [] B B, casaHHble B A C HAYaJAbLHHIM T,
3aMeHsioTcs OykBOH X, oTIMUHOA OT Apyrux Oyks, BCTpeuamouiuxcs s B,
a cBs3u, coenuHsowue B A 1a 3Haka 3HaKocoyeranus B, BoccraHaBauBa-
wotcs. [Ecan BMecTo X moacTaBuTh G6YKBY ¥, TaKiKe He BCTpedaoulyiocs 8 B,
TO MOJYYUTCS He YTO HHOe, Kak 3HaKocouetaHue (y(x)A4,).] Kpome toro,
Mbl CKaXeM, 4TO A eCTb CO8epUEHHO pPABROBECHOE 3HAKOCO4emanie,
ecid A TOMIECTBEHHO C Ty (A), MM, HHAYE FOBOPHA, €CJM HH O[HA CBA3DL
HE COe[MHAeT HauaJbHOE T CO 3HAKAMH U3 B, OTJHuHBIMH OT [].

Torna MoxHO copMyTUPOBATL CAeLyiOU(HH KpHTepHi:

Kpureputt 2. ITycmys A — pasnosecnoe 3Haxocouwemanue meo-
pua J. Has moeo umobu A 6Gwao mepmom, Heo6x00umo u docma-
MOUHO, 4mo6bl BHLNOAHRA0CE 00KHO u3 caedyouux yca08ui: 1) A
csodumca K o00HOU Gyxse;, 2) A HavuHaemcsa ¢ <, co8epuenHo
PABHOBECHO, U GHMEYCOEHMHBE 3HAKOCOHEMARUR CYMy COOMHOULe-
Hun (cornacio CF8, 10CTaTOYHO MNpPOBEPHTH, YTO KaKOe-HUOYIb OAHO
aHTelUeJeHTHOe 3HAKOCOYeTaHHE ecTb CooTHOllenue); 3) A Hauunaemcsn
€ cY6CcmanmuBro20 3HAKA, COBEPULERNO DPOBHOBECHO, u QHmeye-
OeHmube 3HAKOCOHEMAHUS CYyMmb mepmsl.

Hdag mozo umobe A Gwir0 coomuouwenuesm, Heo0xX00uMO u
0ocmamouno, wmobs BHNOARALOCH OOHO U3 CAEOYOUUX YCA0BUL:
1) A Hawunaemes ¢ \/ wau 7|, cOBepUeHHO DABHOBECHO, u AHMe-
LeOenmHble 3HAKOCO4emanus Cyms coomuomenusn; 2) A Havunaemcs
C PerYUORHOZ0 3HAKA, COBEPULEHHO DOBHOBECHO, U axmeyedenm-
Hble 3HAKOCO4EMAHUR Cymos mepiue.

3TH yca10BHA BOCTATOYHB, coraacHo kpurtepusm CF1 — CF4 (§ 1, n° 4).
Hokaxem, 4to oHn HeoOGxouuMbl. Eciu A — COOTHOLIEHHE, TO MBI yXe
uneau (§ 1, n° 3), uro A naumsaercs ¢ \/, € ~ | WIH C PeJAUMOHHOIO
sHaka. Bo Bcex Tpex cayuyagx paccykiaeM aHaioruydHo. Ecau, Hampu-
Mep, A HauuHaerca ¢ \/, 10 A ameer Bun \/BC, rze B u € — cooTHO-
weHus, TaKk 4to B, C cyTh 3HaKOcoueraHus, aHTeueleHTHble nas A;
CleR0BATENbHO, 3HAKOCOYeraHne A coBeplIeHHO pasHoBecHO. Eciu
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A —repM, To A mnGo cBopuTca K onHo#t Oykse, AuGO HauuHaercs ¢ cy6-
CTAHTMBHOI'O 3HAKa, HJIH C t. Bo BTOPOM ciyuae MbI paccymnaeM, Kax
panee. Eciu A HauuHaeTcs C t, TO M3 onpeleneHus (HOPMATHUBHOH KOH-
CTPYKUUH BHIHO, uTo A HMeeT BUA <. (B), rie B — coorHomenue u
x — 6ykBa. TlosroMy MoxHO mnpuHaTe B 3a aHreuenentHoe kK A, u,
C/e10BaTe/bHO, A — COBEPIIEHHO DABHOBECHOE 3HAKOCOUETAHHE.

Ecau tpefyerca ysHaTth, fBAfieTcd JAu ZaHHOe 3HAaKOcoyeTaHue A (He
cBOfIEeCs K OfHOH GyKBe) COOTHOIIEHHEM (COOTBETCTBEHHO TEPMOM) TEO-
puu J', TO CHayana Hajao HPOBePUTh, PAaBHOBECHO AH A M HauMHaercd AU
OHO € V, WM C ~ |, HAH C PeSHUOHHOrO 3HAKa (COOTBETCTBEHHO € T WAM
cy6cTaHTHBHOrO 3Haka). 3aTeM Hazo O6pasoBath aHTEUEACHTHOE MJAH aHTe-
UeneHTHBE 3HAKOCOUETaHUd M HPOBEPUTH, ABAfAeTcd JAH A COBEPIIEHHO
paBHOBECHHIM 3HakocoueranueM. Cpaenas 3TO, Mbl HpUJEM K aHaAQTUYHOH
3ajnave, HO Kacalomelcsa 6oiaee KOPOTKHX 3HakocoueraHuid. [locremenHo,
HIar 3a LIAaroM, MBI OPMAEM K 3HAKOCOUETAaHHSM, COCTOAUIMM KaWKI0e U3
OZHOTO 3HaKa M JOUYCKAIOIIMM TEM CAaMbIM HEHOCPEACTBEHHOE peLIeHHe
BOMpOCA.

3amewanue. Vcknodas HeKOTOPHIE MAaTEMATHIECKHE TEOPHH, OCOOEHHO
OepHble aKcMoMaMu (Cp. ymp. 7), Mbi, Boo6we roBops, He pacloaaraeM
METOOM, HOJ0BHHMM NPELIAYINEMY, KOTODHI MO3BOAAN Gbl y3HATH, ABASAETCH
JIM RaHHOE COOTHOmeHue R Teopuu J° TeopeMmoi B J.

Ynpaxcuenusn

1) Myers S — mHOKecTBO 3HaKOB, A — cxoBo u3 Ly (S), B u C — 3Ha-
MeHaTeabHble cermMeHTel cioBa A. Torma nu6o B — cermeHr caosa C,
au6o C — cerment caosa B, au6o B u C He nepecekaworcs.

2) Mycrs S — MHOXKECTBO 3HaKOB H NYCTh A — 3HaAMEHATeNAbHOE CAOBO
u3 Lo (S), npeacrasumoe B Buze A’BA”, rae B sHameHateabHo. [Mpen-
nonoxuM, uro C — 3HaMeHaTeAbHOE CA0BO, Torza caoBo A’'CA” sHameHa-
TeAbHO (MCHOAb30BaTb yup. 1).

3) Myctb E — muoxectso, f — orobpamenue us E X E B E (,3akoH
BHYTpEHHEH KOMOO3uuuu®, cM. ,Aarebpa‘, ra. 1, § 1). lMycrs S — MHOWe-
CTBO 3HAKOB, fiBAfOMIEEC CYMMO#t MHOxectBa E u MHOXKecTBa, cOCTOf-
LIEr0 U3 €JMHCTBEHHOro anaeMeHTa f; Mul ToxaraeM n (f)=2, n(x)=0
naa sesaxoro x ¢ E.

a) Mycre M — muoXecTBO 3HaMeHarexasHeIX ca0B u3 L, (S); nokasars,
4TO CYWIECTBYeT €RMHCTBEHHOe oToGpaweHue v u3 M B E, yposaersopsio-
mee caeayomuM yceaoBuaM: 1) v (x) = x gas Beaxoro x€E; 2) ecan A u
B - nBa 3HaMEHAaTEAbHHIX €A0Ba, 10 v (fAB) = f (v (A), v(B)).

6) [as xamkjoro cioBa A=(si)o<,—<” U3 L, (S); mycre A* ects
CJI0BO (sik). rne !, — WHAEKCHW i, Takue, UTO S;==f, U PACHOIOKEHHbIE

B mopsnke BospacTaHus. [Ba caoBa A, B us L, (S) nassiBaoTcs Mon06HbIMH,
ecan A*= B* Tlokasath, 4TO ecAM 3aKOH KOMIO3HIHMH f acCOUHUATUBEH
[t e ecau f(f(x, y)2)=f(x, f(y, 2))], 10 v(A)="v (B) aaq mBYX
NON00HHIX 3HAMEHaTeAbHHIX CAOB (,00mas TeOpeMa acCOMUATUBHOCTH®).
(3HamenateabHoe €10BO A = (S;)g<; <9, HASHIBACTCH HOPMAABHHIM, eCAH

si=f aai=0,2 4, ..., 2n—2u 5;5~ f — aaa apyrux uHpexcos. [Toka-
3aTh, UTO KaWKHOe 3HaMeHaTeAbHOE CcAOBO A MOAOGHO eAUHCTBEHHOMY
HOpManieHOMY cxoBy A’, u pokasars, u4to v (A) =wv(4’), ¢ mnoMomsio
HHIYKUMM M0 pavHe caoBa A.)

i 4) Ilycts A — TepM uan coorHomeHue teopuu J'. PaccmoTpum mo-
CIei0BATENBHOCTD 3HAKOCOUETAHUH, OmpeneleHHYO cieayloumuM 06pasoM.
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3amumewm cHauaxa A; ecau A cBoputcs K 0oxuoit Gykse, TO MOCTPOEHHE CuH-
TaeTcs 3aKOHUEHHHIM. B NPOTHBHOM CAydae 3alUIieM 3HAKOCOYETaHHE HiH
aHaKOCOueTaHud, aHTeuegeHTHHe kK A (ecau A HauuHaercd € T, TO BblGu-
paeTca NPOM3BOMBHO KaKOE-HUGYAb OHO M3 AHTEUENEHTHHIX 3HAKOCOUETa-
Hui). 3aTeM 3aMMUIEM, €CAU BO3MOKHO, 3HAKOCOUETAHUE Wil 3HAKGCOUETa-
HHS, aHTEUEAEHTHHE K UDENBIAYIIMM 3HAKOCOYeTaHHAM, ue CBOASIUMCA
K Gyksam. M 1. 1.

a) Ecau usMEHUTb HOPANOK STOH IOCAEAOBaTeNbHOCTH 3HAKOCOUETa-
HuH, TO moaydYurcs GOpMATHBHAS KOHCTPYKLHA.

6) TMycTs B— cerMeHT 3HaKocoueraHus A, paBHOBECHHIH U TaKOH, uTO
HY OjuH 3HaK u3 B He cBszaH B A cO 3HakoM, He BxojsuuM B B. IMoxa-
3aTh, 9T0 B — TepM WAH COOTHOLIEHUE [MCNOAb3OBATH W. a) U YOp. 1}.

B) 3ameHum B B A TepMOM (COOTBETCTBEHHO COOTHOIIEHHEM), eCau B
ecTh TepM (COOTBETCTBEHHO COOTHOIIeHHe). [lokasarb, YTO MOXYYEHHOE
3HAKOCOUETaHHE eCTb TepM, eciH A — TepM, U ecTh COOTHOMCHHE, €CaH
A — cooTHOWICHHE.

5) Tlycrs A — 3HaKOCOYETAHHE TEOPUH J, T—repm teopun J,
x — 6yxsa. Ecau (T'|x) A — Tepm (COOTBETCTBEHHO COOTHOHICHHE), TO H
A — TepM (COOTBETCTBEHHO COOTHOLIEHHE). (Ucnoas3oBarb yup. 4.)

6) CoorHoureHHe TeOpUH J HA3HIBACTCA LOZUHECKU HenpusoOUMbIM,
ecan OHO HauuHaeTcs ¢ peasuuoHHoro sHaka. Ilycte Ry Ry, ..., R,—
pasavyHble NOrHYECKH HEMPUBOAHMbIE COOTHOLIEHHS TEOPUH T . Jozuuecxoi
xouncmpyrgueii Hap 6asucoM R,, Ry ..., R, Ha3bBaoT BCAKYO MOCAEN0-
BareabHOCTh A;, Ay, ..., A, Takux dopMya T€OpHH ', UTO JAS KAWLOrO A4
BHIIOAHAETCS OHO M3 ciaeayoumux ycaosuit: 1° A; ecThb OBHO U3 COOTHO-
menuit Ry, Ry, ..., Ry 2° cymecTByer 3HaKoCOueTaHne Aj, mpeauecTsyio-

mee A; 1 Takoe, uto A; ecrb "} A; 3° cymecTBylT JBa 3HaKOCOUETA-
uust Aj u Ap, mpeplmecIsyomue A; u Takue, uto A; ecrp V AjAp
a) lMokasarb, 4TO 3HaKOCOUETAHHE JOTHUECKOH KOHCTPYKUUYM Haj Gasu-

com Ry, Ry ..., Ry cyTb coorHomeHus teopuu J. CoOTHolIeHKE, BCTpE-
yaomeecs B AOCHUECKOH KOHCTpYKuuu Haj GasucoM R, Ry, ..., Rp, HasH-
BAeTCS L0zU4ecKi NOCMPOeHHbM Hal Ry, Ry ..., Ry

6) Ecan R 1 § noruueckd MOCTPOEHHl Hazn R, Ry ..., Ry 1O Xe

MOXHO yTBEpXkiaTh K 0 1R, V RS, SRS, ,Ru §*, RS S.

B) Ilycrs R — COOTHOLIEHKE TEOpHH J- PaccMoTpuM MOCAELOBATENb-
HOCTL COOTHOIIEHHH, ONPEACACHHYI CaeaylIuM 0GpasoM. 3anumem
cHauaza R ; ecin R noru4eckd HENPUBOAMMO, TO HOCTPOEHHE CUHTACTCH
3aKOHYEHHHIM. B MPOTHBHOM CayYae 3allMHIEM 3HAKOCOUETaHHE WAM 3HAKO-
coueTaHus, aHTeueeHTHEEe K R (OHH CYTh BIIOJIHE ONpeAeAeHHbIE COOMmHouLe-
Huf). 3aTeM 3amuuleM, €CAH BO3MOXHO, 3HAKOCOUETaHWE HAHM 3HaKoCOTe-
TaHWd, aHTEUEAeHTHBE K TeM u3 NpeAUIECTBYIOUMX 3HAaKOCOUETaHHH, KOTO-
pele He SBASIOTCH JOrMYECKH HENPUBOLUMBIMY, U T. 1. [lycre Ry, Ry - -
..., R,— pasnuuHple JOrHYECKH HENPUBOAMMHIE COOTHOLIEHH:, 1aBAEMLIC
3TMM NOCTPOEHHEM; HA30BEM HX [LOZUYECKUMU COCMABARIOUUMIL COOTHO
menust R. Tokasarb, 9T0 R JAOTHUECKH MOCTPOEHO HaX CBOUMH JOruic-
CKHMH COCTABAAIOIIUMH, HO UTO €CJH M3 M0CAe10BaTeAbHOCTH R, Ry .... Ry
yAanuTh XOTS Obl OJHO COOTHOUICHHE, TO R yxe He OyleT JHOrHUECKH
MOCTPOGHO Haj OCTAaBLIMMHCH COOTHOLICHHAMHU.

r) llycrs R — mpOUM3BOABHOE COOTHOLIEHUE, 2 Ry, Ry ..., Ry—pas-
AMYHEIE AOrMYECKY HENPHUBOAHMEIE COOTHONIEHHS, TAKHUE, UTO: 1° R noruyecku
nocrpoeHo Hax Ry, Ry, ..., Ruy 2° ecam ynaauTh Xord 6bl OJHO COOTHO-
eHHe U3 NOCAE]0BaTeAbHOCTH Ry, Ry ..., Rp, TO R yxe HE Gyner aoru-
YeCKH IOCTPOEGHO Hajx OCTaBUIMMHCA COOTHOLICHHAMM. [Mokaszars, 4TO
R, Ry ..., R, cyTh JOrudeckHe COCTaBAAIOUING COOTHOUICHMA R.

1 7) Mycrs Ry, Ry, ..., Ry —pasavyHBIC JAOrHuECKH HENpUBONMMEIE
cootHourenus (yup. 6) Teopun J. Ilycts A;, Az ..oy A, ecTb Jory4ecKas
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KOHCTpYykuusl Hax 6asucoM Ry, Ry, ..., R, [Ipeanonoxum, 4ro kam oMy R,

npucBoeH opuH u3 3Haxos 0, 1. IpucBoum Torna kaxaomy A; Ttome omuH
u3 sHakoB 0, 1 mo caeaylomemy npasuay: 1° ecan A; TomzmectsenHo ¢ Rj,

TO A; HoAyuaeT TOT W€ 3HaK, 4T0 U Rj; 2° ecau A; TOXIECTBEHHO ¢ | Ay,
rae A; npemmectsyer A; 1o A; noayuaer sHak 1 (coorsercrsento 0),
ecan A; moayauno sHak 0 (COOTBETCTBEHHO 1); 3° ecru A; TOXAECTBEHHO
¢ V A;A,, 10 A; noayuaer sHak 1, ecan A; u A, noayuuau o6a sHak 1,

H noayuaer 3Haxk 0 B oCTaabHHX cAydasx. (Mel roBopuM, 4To NMpUMEHSAETCS
caeaywouee ,CHMBOAUUYECKOE MPaBUAO“: 0=1 1= =
o1 = 00 0 p 1 s ] 0, vil=1,

a) TMokasarb, YTO CYWIECTBYET TOJBKO OAMH CHOCO6 NMpHOHCATb 3HAK
KaxaoMy A; coraacHO NpejbiAyIEMy HpaBuay.

6) Ej:nu R nornuecku mnocrpoeHo Hax Ry, Ry, ..., R, 1O 3HaK, npu-
CBOEHHBIl COOTHOLIEHHI0 R, HEe 3aBUCUT OT JOrMYECKOH KOHCTPYKIMM Hax
6asucoM Ry, R;, ..., R, B KOTOpOH 3TO0 R BCcTpEHaercs.

B) Ecau R u § noruuecku mnocrpoenst Ham Ry, Ry, ..., R, u ecan R
gc?%s npucBoeHs! 3Haku 0, TO 3HaK, NPHCBOGHHHH COOTHOHIEHWIO §,

5 0.

r) lNpexmonoxum OTHBIHE, 9TO AKCHOMBl TEODHH J NAIOTCHA MOALKO
cxemamu S1 — S4. TMycts R —1eopema B T, a Ry, Ry, ..., R, —ee noru-
deckue cocrasasiomue. [Tokasars, 410, KakuM Obl COCO60OM HH NPHIHCHI-
Barb onuH u3 3HakoB O u 1 atum Ry, Ry, ..., R, coorBercrBylouuii sHak,
noayueHHu#t Tteopemoit R, ectb 0 [ycraHOBuTH 3TO CHayana B cayuae,
kKoraa R ectb akcHoMa B J', 3aTeM B oOLIeM cayuac pacCMOTPETH JOKa3a-
TEABCTBO TEOPEMH R ¥ HpUMEHUTH B) |

1) Mycrs R -—anoruueckn HeENpUBOZUMOE COOTHOHmISHHEe Teopuu J.
IToxasars, uT0 HU R, HH ,He R* He cyThb TeopeMnl Teopuu J. B wacrHo-
€TH, J HempoTHBOPEuMBa [UCHOAB30OBATh r)].

e) IMycrs Ry, Ry ..., R, —pa3iuyHole JOTMYECKH HENPUBOAUMbIE

COOTHOLICHUss 3 J'. PaccMOTpuM BCe COOTHOIIeHus Buaa ,R| uin R;
la . !
Hau ... wau R, , rae aad Kaxaoro [ R; ecTb OJHO M3 ABYX COOTHOMIE-

Huil: R; unn ,ue R;*. Tlycrs 9Tu cooTHoumeHu s cyTs Sy, Sy, ..., §p [ycrs,
nmanee, Ty, Ty, ..., Tg—cooTHomenns Buga ,§; u §; u ... u 8§ %
2 r

rae iy, iy ..., iy—aw00asg CTPOro BO3pacralIas [OCAENOBATEABHOCTH
HHAeKkcoB. [Tycth, HakoHen, Ty eCTh cOOTHOHIEHHE ,R, uau (He R,)”, apasio-
meeca reopeModl B . Tlokasarb, 4TO BCAKOE COOTHOHIEHHUE, JOTUUCCKH
noctpoeHHoe Hag R, Ry, ..., R,, 9KBMBaAeHTHO B J OIHOMY H TOJABKO
opHoMy u3 cootHotteHud Ty, Ty, ..., Ty [[lokasath CHavana, 4TO Kamjaoe

COOTHOLIEHHE R; SKBUBANEHTHO B J° OZHOMY u3 cooTHouteHuit Ty, Ty, ..., Ty

ecan R qorudeckn UOCTPOeHO Han R, Ry, ..., R, paccyxpaTb mocaexo-
BaTeAbHO O AOLHYECKOH KOHCTPYKUWH Haj GasucoM Ry, Ry, ..., Ry, co-
Aepwamed R; naf N0KasaTeabcTBa €AMHCTBEHHOCTH UCHOAB30BATh T).]

#) Ilycte R — coornomeHue teopuu J, a Ry, Ry ..., R,—ero
aoruyeckue cocraBasiomue. lng toro uro6u R 6blI0 TeopeMoH B J', He-
006X0IMMO U AOCTATOUHO, UTOOH r;gu ao00M cnocoGe npucBauBaTh OJHMH
H3 3HAKOB Q uau 1 coorHomeHusaM R, Ry, ..., R, COOTBeTCTBYIOmMMit 3HAK,
noayyaemsift cooTHomenueM R, 6wt 0.

91 8) Mycrs Ry, Ry, ..., R, — ROruuecky HEMPHBOJUMEIE COOTHOMIEHHS
Teopun J (ynp. 6). TpucBoum kawaoMy u3 R; oauH U3 3HakoB 0, 1, 2.
BesixoMy coorHomleHnio u3 A1060H IOruYeCKOfl KOHCTPYKUMH Haj GasHCOM
R, Ry, ..., R, Mul mpucBauBaeM TOraa ojuH us sHakos 0, 1, 2, coraacHo
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CHMBOJXHUECKOMY mpaBuay (ymp. 7):
0=1, 1=0, T(2=%
VO=VO0l=VvV02=V10=Vv20=V2=0
vili=1l vi2Z=y 21=2

a) Ecan R noruuecku nocrpoeHo Hax Ry, Ry ..., Ry, 1O 3Hak, npu-
CBOEHHHH TakuM o00pasoM COOTHOMmEHHIO R, HE 3aBUCHT OT JOTHYECKOH
KOHCTPYKUuu Hap GasucoM R, Ry, ..., R, B KOoTOpOH R HE BCTpeuaercs.

6) IIpenmonoxuM, 9TO AKCHOMHI TEOPHM J AAOTCA TOABKO CXEeMaMu
S2, S3, S4. TMycrs R—rteopema teopuu J. Iloxasars, 9T0, KakuM Ol
cnoco6oM Hu NpHOUCHIBaTh OAMH M3 3HakoB 0, 1, 2 snoruveckum cocra-
BAAOIMM TEOPEMHI R, COOTBETCTBYIOIIMH 3uaK, mMOAyuaeMblit reopemoit R,
ecrs 0. Hamporus, ecid § JOrM4ECKH HEUPUBOAMMO U HOAYUMAO 3HAK 2,
TO 3HaK, HOAYYeHHwH cooTHomeHueM (§ uan §)= S, ects 2. Busectu
OTCI0Aa, YTO TEeOpHs J HE SKBHBAAEHTHA TEOpHH, MMEIOUIEH Te ke 3HaKW,
4r0o M J', M aKCHOMEHI, OCHOBaHHuIe Ha cxeMax SI, S2, S3, S4.

B) [lokasarts aHaAOTMYHHIA pesyabTaT RAs TeopuH, OGasHpyoIUXCH
Toabko Ha cxemax S1, S3, S4 uau Ttoxbko Ha cxemax Sl, S2, S4. (Hamo
COOTBETCTBEHHO HCMOAbL3OBATH CACAYIOIIHE NPABMAA:

10=1, J1=0, 12=2, V0=V O0l=v1I0=Vv02=YVy 20=0;
vil=1 vVI2=Vv2=1l V2=
10=1, T11=2, 712=0;
VOO=VOil=vV1I0=Vv0R2=Vv20=V20=0
VIl=VI12=1, v 22=2)
r) [Hoxasarb aHanOrMYHH pesyabral XA TeOpHH, OasHpyomeHcs

toasko Ha cxemax Sl, S2, S3. (Hano ucnoansoBats uersipe 3Haka 0, 1, 2, 3
H caelyiouiee mpaBuio: -

10=1, TJ1=0, 7]2=3, 713=0;
VOO=VO0l=V10=vyv02=V 0=y 0B=V30=V2B=Vy32=0;
Vil=1l VI2=yv 2=V 22=2 Vv 13=y 3l = v 33=3)

rTABA 1I
TEOPHUA MHOXECTB

§ 1. KoanekruBusupywiHe COOTHOMEHHS

1. Teopus MHOMcCECMS

Teopus Muoxcecmg mnpencraBaser cobolt Teopuio, B KOTOpOH
MMEIOTCSl PeJISUHOHHbBIE 3HAKH ==, € H CyOCTaHTHBHBIH 3HAK ) (BCe OHH
umeloT BeC 2); kpome cxeM S1— S7, npuBeneHHBIX B rJ. [, oHa comepxur
Taioke cXeMy S8, Koropaa BBouTca B n° 6, u sBHble akcuoMul Al (n° 3),
A2 (m°5), A3 (§ 2, n°1), A4 (§ 5, n°1l) u A5 (ra. IlIl, § 6, n°1).
OTu ABHblE AKCHOMbl HEe cojepKaT OykB; HHade FOBOPA, TEOPHS MHO-
HeCcTB ABJIACTCS Teopuel 0e3 KoHcmanm.

Tak kax Teopust MHOXKECTB NMPHHALIEHHT K YHCIY SraiuTAPHHX TeO-
pu#t, TO K Hefl NMpUMeHHMBl pe3yiabTaTel ria. I

OrtHblHe, ecod TOJLKO ABHO HE OTOBApHBAETCH NPOTHBHOE, MBI OyleM
BCeraa paccyxiath B OGosaee cuibHOf (ru. I, § 2, n®4) reopuu, uem
TEOpHs MHOXECTB; CaMO e CJOBO ,TeOpHsA“, eclu fBHO He OrOBOPEHO
nporusHoe, OyleT 03HAYaTL TEOPUI0 MHOXECTB., B npanbHefiuieM Bo MHO-
THX cayyasx Oyler fCHO, YTO 3TO NPeLNOJIOKEeHHe OTHIOAL He HEOBGXOAHMO,
H uMTaTe]b onpeneaut Oe3 Tpyda, B KakoH Teopuu, Gojee caabof,
4eM TeOpHA MHOMECTB, OCTAalOTCS BEPHBIMH HAIUH Pe3yJbTaThl.

Ecan T u U —TtepMnl, 10 3Hakocoderanne € TU ecrb cooTHOIleHue
(HasLiBaeMoe coomuowenuem npuradsexcrocmu), o003HAUAEMOEe HA
fpaKTHKe OZHUM M3 Cjeaylowux crnoco6os: TEU, (T)€E ), ,T npu-
Hapgaexur k U¢, T ects saement us U“. Coornomenne ,ve (TEU)“

3aMUCHIBAETCH KaK TéU.

C ,HauBHOH® TOUYKHM 3peHMS MHOTMEe MareMaruuecKkue OO6BeKTH MOryT
paccMarpuBaThCA KaK CcOOpaHus, WaM ,MHOXeCTBa®, NpeiMeroB. Mul He
Oyzem mbitarbcs (OpManM30BaTh ITO MHOHATHE, U NPU (OPMAMUCTCKOH
MHTEPNPETAUMH RanpHEHIIEr0 MaTepHana CA0BO ,MHOXECTBO® CJAEAYeT pac-
CMaTPUBATh KAK TOUHBIH CUHOHMM CJOBa ,TEPM“; B YACTHOCTH, Takue dpassl,
Kak: ,IycTb X ecThb MHOMECTBO®, SBIAIOTCA B NPUHUHIE COBEPLIEHHO H3-
AUUIHUMY, [MOCKOAbKY Kaxnasd OykBa ecTh TepM; TakuHe ¢pasnl BBOAATCH
AULIS 2AS OOAErYeHHS MHTYHTHBHOH HHTEPNDETAUUH TEKCTa.

2. Brarouernue

Onpexenenue 1. Coomuowenue (V2)((2 € x)=>(2 € y)), 8 Korto-
POM Bcmpetaromen moasko OYKew X 4y, 3GNUCHEAencA O0OHUM
u3 caedyouux cnoco6os: xcy, yDx, ,X colepxcumcia 8 y“,
»Y CoOepicum x*, ,x ecmb dacms (om) y*, ,Xx ecmv nodMHoNce-
cmgo (8) y*. Coomuouenune e (xCy)“ 3anuceigaemca Kok x gy

uau yp x.
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B coorsercTBuM ¢ coraanieHusIMH, U3TOXeHHbIMu B 1. [, § 1, n° 1, sTO
onpeneseHue BieueT 3a COOOH Crelymollee MeTaMaTeMaTHYeCKOe IPABHJO:
nycte T u U — 3HaKocoYeTaHus; eC/iu B 3HAKOCOUCTAHHH XCy 3AMEHHTH
oAHOBpeMenHo x Ha T u y Ha U, TO moayuurca 3HakocoueTaHue, 060-
sHauaeMoe uepes TcU; ecium 0603HauuTH uepe3 X, Y NPOH3BO/bHbIE
OykBbl, OTJIMYHBIE APYF OT APyra W OT X M y W HE BCTpPevaloHIHecsd HH
B T, vu B U, T0 HeTpyaHO BuieTh, uTO sHakocoderanne T'clU Toxmie-
creedio ¢ (T|x)(U]y)(x]|x)(¥{y)(xcy), a crenoBareqbHO, COrJIACHO
CS8, CS9(rn. 1, § 4, m°1)uCS5 (r. I, § 1, m°2), c (V) (RET)=
= (2 €U)), npu ycaosun, yro 2 — Oyksa, He Bcrpeyawouiasca vu 8 T,
HH B

OrHbiHe, popMynupys MareMaTHYeCKOe OUpejeneHUe, Mbl GOablie He
6yz(eu OTMEUYATh MeTamaTemaTuqecxorQ coriaameHnsd, KOTOpoe€ H3 Hero
BRITCKAET.

CS12. Tyems T, U, V — 3narocouemanus, ¢ X — 6Gyxsa. 3nano-
couemanue (V|x)(T<U) moxdecmsenno ¢ (V| x)T(V|x)U.

9ro Buirekaer u3 CS9 (ra. I, § 4, n°1) u CS5 (ra. I, § 1, n° 2).

CF13. Ecau T u U—mepunr, mo TclU — coomuomenue.
310 cpasy ke Buitekaer uz CF8 (ra. I, § 1, n° 4).

Beakoe coornomenne supa TcU (rae T u U — tepMbl) HasbiBaercs
COOMHOUEHLEM BKAIOUEHUR.

OrHuie Mbl Goabire He GyxeM M3AaraTh SBHO KPHTEPHH UHOACTAaHOBKH

1 (GopMaTHBHLIE KPUTEDHH, KOTOPHIE ZOJNIKHBI CAEA0BATh 32 OUPEAEACHUAMH,

OpHako uHTaTenb 3aMETHT, UTO TH KPUTEPHU 9acTO OYAYT MCHOAB30BATHCA
HESBHO B JOKA3aTEAbCTBAX.

Ins roro utobbl 10Kas3aTh B TeOpHH J COOTHOIIEHHE XCy, AOCTA-
TouHo, corjacuo C27 (ra. I, § 4, n° 1), nokasate 2€ y B TeOpuH, MOy~
ugeMOl mpucoeiuHenueM 2€ x K akcuoMam Teopuu J, rae 2 — GOyksa,
OTJMYHAA OT X M Yy M OT KOHCTaHT TeopuH. Ha mpakTuke rosopsr: ,myctb
2 — 3JIeMeHT M3 X“—Hu CTapaioTcs LoKasaTs Z €Y.

IMeeanowenue 1, xcx.
3T0 mpeloXeHHe OYEBHIHO.

[FoBopar, 4To x ecTv noanas wacms (0m) x uasd noixoe nood-
MHO%KCECMBO (8) X.

[TPEANOKEHHE 2. (xCy H yC2)=>(xC2).
Ipucoenunum runoressl xc.y, ycz ¥ #€ x. Toraa coorHouenus

(MEXx)=>(u€y), (MEY)=>(u€2) BepHH; CJAOBATEJIbHO, COOTHOLLIE-
HHe u € 2 TakXe BepHO.

3. Axcuoma akcmeHcuoHasbHOCMU
Axcuomolii SKCMEHCUOKRQABHOCM I HA3LIBAETCH cnenylou.[aﬂ aKCuoMa:

Al (Vx)(Vy)((xcy 1 yex)=>(x=y)).
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”HTyl/lTHBHO. 3Ta 4dKCHOMad O3HavaeT, 4YTO JBa MHOXeCTBa, UMEKOUIHE
OZHY U T XK€ 3ACMECHTHI, PABHH.

Jaa Toro uroBnl noKasaTh X ==y, LOCTATOYHO, CTa10 OHITH, AOKa-
3aTh 2 €y B TeOPUH, NOJYyuaeMOHi INPHCOeNMHEHHEM THIOTe3b 2 € X, U

ZE€x B Teopuu, MOJy4yaeMOH NpHCOEIMHEHMEM THIOTe3nl 2-€ Y, rie
2 — OykBa, OTJHYHAA OT X MU Y U OT KOHCTAHT.

C48. ITycms R —coomnuowenue, x —G6yxsa, y —Oyksa, omaui-
nan om x u wescmpenanuancs 8 R. Coomuouenue N X)((xEy)SR)

00HO3HAYHO no Y.
B caMoM zejse, mycth 2 — OykBa, OTJIMYHAA OT X H He BCTpeyaw-

wasici 8 R. Tlpucoenunnm runoresst (Vx)((x€EPER) u (Vx)((xE€
€2)&R). Toria nocienoBaTebHO MOJYYalOTCA TEOPEMEl

V) (((xENESR) u (xE€2)SR)),
VX)) ((xEMNES(xE€R)) ycr, zCy.

Cornacio Al, y==2. Bro AokasmBaer C48.

4. Koasexmususupyrowue cOOmMHOWeEHUs

[lycts R — coornomenne, X —Oyksa. Ecau y u 3 o6osnauaior
GyKBHl, OTJHUHLIE OT X 4 He scmpeugnowuecs 8 R, TO cooTHoImeHHs
AVX)((xENSR) v AY)(VX)((x€Y)ESR) TOKRECTEEHHSI,
cornacio CS8 (ra. I, § 4, n°1). Tax ompeneseHHoe COOTHOLIeHHE (KO-
TOopoe He COepKuT X) obosnauaercs cuMsonoM CollyR.

Ecaun Colly R — teopema teopun J, TO Mbl OylAeM TOBOPHTb, YTO
cooTHOILEHHE R sBagerca Koasexmusuupyouwum no x 8 J. B srom
C/lyuae MOXHO BBECTH BCIIOMOraTe/bHYyH0 KOHCTAHTY @, OTJIHMYHYIO OT X
H OT KOHCTAHT Teopud J M He BCTpedaioulyiocs B R, C MOMOH(bIO BBO-
pamel akcuombl (VX)) ((X €E@)& R), uam —4To TO Ke CaMoe, KOria X
He ABIfAETCA KOHCTAHTOM B J, —C NOMOWKBIO akCHOMH (X €E@)&SR.

C 4HTYHTUBHOH TOUKH 3pEHHS CKa3aTh, YTO R — KOJAAEKTHBU3HDYIOmEE
[0 X COOTHOHICHME, 3HAYUT CKa3aTh, 4TO CYMECTBYET TaKOe MHOXECTBO @,
470 06'beKTH, 06aazaoue CBOKCTBOM R, CYTh B TOUHOCTH 3AEMEHTH M3 a

Hpumepw. 1) CoorHomenue x €y oOueBHIHBIM 00pasoM sBiseTcs
KOJIJIEKTUBH3UPYIOWUM MO X.

2) CoorHouenue xﬁx He A8ASEMCE KOALEKMUBUSUPYIOUUM 11O X}

uHaye rosops, (He Coll, (xéx)) ecTb TeopeMa. Byaem paccyxnarts npu-
peneHueM K albCypAy, MpPeaNoOJIONKHB, 4TO xﬁx €CTh KOJIIEKTHBH3HPYIO-

mee COOTHOIUECHHE. HyCTb @ — BCNoMoraTtesbHasg KOHCTAHTa, OTJIH4YHAA
OT X H OT KOHCTAHT TEOpHH, BBOAuMAA C TIOMOWbI0 AKCHOMbI

(Vx) ((x ¢ x)& (2 €a)). Torna sepro coorrowenne (a & a)&(a € a),
coraacuo C30 (ra. I, § 4, n° 3). Meroxn pasznenenus cayyaes (ra. I, § 3, u°3)
floKa3LBaeT CHayaja, YTO COOTHOLIEHHUE aq_-'a BEPHO, a 3aTeM, YyTO COOT-
HolweHne @ €@ BepHo, HO 3T0 abCypaHo.
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C49. ITycms R— coomuowenue, a X —Oyrsa. Ecau R aganemcsn
Koasekmugusupyouunm no x, mo coomuouenue (Vx)((xENESR),
20e y ecmb GyKea, omAuHHas om X u He scmpenarwancs 8 R,
AB84ReMCA PYHKYUUOHAAOHUM NO Y.

D10 cpady xe Bhitexaer us C48.

QueHb 4aCTO0 B RajbHelmeM Mb OygeM pacnosararb TeopeMoi Buia
Colly R. Torna nas uzo6paxenus repMa ty ((VX)((X¥ EY)ES R)), He 3a-
BUCALLETO OT BHIGOpa OGykBH ¥ (OTJIMUYHOH OT X M He BCTpevalouiefics
B R), 6yner BBOAUTHCS (YHKUMOHAMbHbIH CUMBOJ; Mbl OYyLeM HCNO/b30-
Bath A8 9TOH uean cumBoi 8. (R); COOTBETCTBYIOLMA TePM He CO-
pepxut x. ViMenso o6 9ToM Tepme OyleT HATH peyb, KOTAA Mbl OyleM
TOBOPUTL O ,MHOJcecmse (8cex) X, maxkux, wmo R, Tlo onpenejeHuio
(ra. 1, § 4, n° 1) cootnomenue (VX) ((¥ € &5 (R)) & R) moscdecmsenno
¢ CollyR; raxum o6pasoM, cooTHOlleHue R IKBUBGAEHMHO B ITOM
cayuae cooTHOWeHHIO X € 8, (R).

C50. ITycmo R, § — 0s8a coomuomenus, a X—6yxsa. Ecau R
U S ABARIOMCA KOAAEKMUBUSUPYIOU UMY RO X, MO COOMHOUEHUE
(Vx)(R=S) oxsusasenmno ¢ B.(R)=8.(S). a coomnowenue
(VX)(RES) sxsusarenmuo ¢ &y (R)=8.(S).

D10 cpasdy e BbITeKaeT W3 NpPeAHAYIIEr0 3aMeuyaHus, U3 Onpenene-
Hus 1 u axcuomb Al.

5. Akcuoma 08yx3remMeHmHoz0 MHOHcecmsa
A2. Vx)(Vy)Coll,(z=x umm z=y).
JTa aKCHMOMa O3HAyaeT, 9TO €CJAH X H y CYTb KakHe-T0 00BeKTH, To
CyﬂleCTByeT MHOMECTBO, €IMHCTBEHHLIMH 3JICMCHTAMH KOTOPOTO fABAAIOTCA
X uy.

Onpeneaenue 2. Muoscecmso §,(z=x wiu z=y), eduncmgen-
HoMUL JACMEHMAML KOMOPO20 RABAAIOMCA X 4y, 0603Havaemcs
cumgorom {x, y}.

TakuM 06pa3oM, coortHomeHne 2z € {x, Y] 9SKBHBAAEHTHO C ,2 ==X
wmm z =y* ua C50 suirekaer, uro {y, x}=/{x, y}.

[ycts R$2}-— cooTHomeHne, X # y — OyKBbl, OTAHYHBE OT 2. U3
kpurepues C32, C33 (ra. [, § 4, n°3) u C43 (ra. I, § 5, n° 1) nerxo Bu-

BOAUTCH, 4TO cooTHomenne ,(32) ((2€{x, y}) u R{z})“ sxBUBaSEHTHO
¢ JRéx} unn R{yi“ oTCi0fa BHITEKAET, YTO COOTHOIIEHUE

(v2)((z€ (% y}) > REzS
sxBUBaJeHTHO ¢ ,Rixi u Riyi-.

Muoxectso {x, X}, 0603nauaeMOe NpPOCTO CHMBOJIOM {x}, na3bl-
BAETCA MHONCECMBOM, eOUNCMBEHNbLE 3ACMENM KOMOPO20 ecms X
(MM MHONCECMBOM, COCMOAWUM U3 eJUHCMBEHHO20 JLeMeHma X,
WIM MHOJMCECMBOM, CBOOAUUMCA K EOUHCMBEHHOMY 3AeMEHmY X),
COOTHOWEHHEe 2 € {X} 9KBMBaNEeHTHO 2 ==X; COOTHOWeHHe x € X 9KBH-
BanenTHO {x}cX.
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6. Cxema ombGopa u o6redurerun

Cxemod om6opa u 06vedunen us HA3LIBACTCH ClelyOLas CXeMa:

S8. ITyecmb R — coomnowenue, X u y— padaruunse 6yrge, X
u Y —6yksol, omaudHee om X u 'y 4 He scmpetawujuecs 8 R.
CoomHoueHue

(1) (V) EX) (V) (R=>(x € X)) =>(VY) Coll, (AN ((YEY) 1 R))

ecmb aKcuoMma.

[TokakeM cHayana, 4YTO STO NMPAaBUIO AeHCTBUTE/NLHO AB/IAETCH CXEMOM.,
B camoM nene, 0603HauuM uepe3d § coorHomexue (1) u noncraBum B §
tepM T BMecTOo KakoR-nuGynb Gyxsbl 2; cornacho CS8 (ra. I, § 4, n°1),
MOXHO NPeanoaoXuTh, 4r0 X, ¥, X, ¥ oOTauunb oT 2 u He BCTpe-
yaworcs B T. Toraa (T|2)$S ToXIZecTBEHHO C

(V3) @X) (VX) (R = (x€ X))=>(VY) Coll, (A ((yEY) u R)),

rae R ecmv (Ti2)R.

C uHTYHTHBHOH TOUKH 3penus cOoTHomenue (yy) (3X) (Vx) (R=(x € X))
03Hayaer, 4ToO LA BCAKOrO OOGBEKTAa Y CYIIECTBYeT Takoe MHOXecTBO X
(KOTOpPOE MOMET 3aBHCETh OT ¥), 4TO OODBEKTH X, HAXONAILHECH B COOT-
Homendnd R ¢ [JanHBIM OGBEKTOM VY, CYTh 3JE€MeHTH MHoxecrBa X (He
cocTaBags o6g3arenbHo Bce MHOXectBo X). Cxema or6opa u o6beaute-
HHfl YTBEPKIAET, YTO €CAH O€A0 O6CTOMT Tak M ecan ¥ ecth moboe MHO-
WECTBO, TO CYILECTBYCT MHOMECTBO, SJIEMEHTAMH KOTOPOro SIBAAIOTCSA
B TOYHOCTH BC€ OOGBEKTH X, HAXOLAIWecs B COOTHOMeHWH R, XOTS Obl
¢ ognuM O0O6BEKTOM y U3 MHOXecTBa Y.

C51. Hycme P— coomnowenue, A— mnoxncecmgo u x — Oynsa,
ne scmpewanwanca 8 A. Coomuowenue P u x€A“ ssanemcsn
KOALGKMUBUIUPYIOUUM NO X.

O6osnauuM uepes R coorsomenne P u x=y“, rge y — Oyksa,
OTJIMYHAS OT X M He BCTpevawliascs nu B P, nu B A. CooTHOleHHe
(VX)(R=>(x € {y})) sepno, coraacko C27 (rn. I, § 4, n° 1). Ilycm
X — GykBa, OT/MuHas OT X M ¥y W He BCTpeuawouiascs B P. [Ipessinyiee
cootnomenne Toxtecrsenno ¢ ({y}|X) ((Vx) (R=(x € X))) (uMenHo noto-
My, 4T0 X OTJAMYHO OT ¥); caenoBarteabno, coorHowenne (Vy)(3X) X
X (VX)R=>(x€X)) Bepno B cuay Sb u C27 (ra. I, § 4, nn° 1 u 2).
U3 S8 u C30 (ra. 1, § 4, n° 3) BhiTekaer, 4TO COOTHOILUEHHE

(A]Y) Coll,((Ay)(YEY u R))

(rne Y — 6yxBa, ne BCTpeuawlliascd B R) BEPHO, HO STO COOTHOIIEHHe
roxnectBento ¢ Colls((AM)(YEA n R)) uMeHn0 NOTOMY, UTO HH X,
Hu y ue Bcrpevaorcs B A). Hakoneu, cootnowenue ,yE€ A n R* sxBu-
BajeHTHO ,X==3y u XE A u P* coraacio C43 (ra. I, § 5, n° 1); rak
Kak y He Bcrpeuyaercs wu B P, nu B A, T0 cootHomenne (Jy)(x =
=3y u ¥x€A n P) skBusajentno coornomwenno ((Ay)(x=y))n x€A
u P“, coraacno C33 (ra. I, § 4, n°3), a caenosaTeqbHO, U COOTHOLIE-
mw P u x€ A% u6o (Iy)(x=y) BepHO.
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Muoxecto &, (P n x € A) Ha3LIBaeTCA MHONCECMBOM (8CeX) MAKEX
X €A, wmo P °(nanpumep, B 9TOM CMbiCJe TOBOPAT O MHOXECTBe HeH-
CTBUTE/bHBIX YMCe], TaKUX, 4TO P)..

C52. Ilycte R —coomnowenue, A— mHodcecmso, X — Oyksa,
He scmpewawnuancs 8 A. Ecau coomnowenue R=>(x€A) ecmp
meopema, mo R ecmv Coomuowenue, KOAAEKMUBUIUPYOUee RO X.

B camom nene, R rtorza sksusajentso ,R u x € A“

3anmenanue. Tlycrb R — cooTHOWEHHe, KOANEKTHBU3UPYIOLLEE MO X,
a § — rakoe coortHowekne, uro (VxX)(S§=>R) ectb Teopema. Toraa §
ABSETCA KOJNJNEKTUBU3UPYOIMM N0 X, u60 R sxsusaientno X € &, (R);
caegoBatenbto, $=>(x €6,(R)) ectb TeopeMa, M NOCTATOHHO HNpUMe-
Hutb C52. 3aMerum, xpoMe TOro, uro B 970M cayuae &,(S)c§,(R),
coraacso C50.

C83. MMycmo T —mepm, A— mHONCECMB0, X U Y— Pa3AUiHble
6ynse. Ilpednorazaemcsn, wmo X He 8cmpewaemcs 8 A u umo y
ne scmpewaemcs Hu 8 T, nu 8 A. Coomnowenue (Ax)(y=T n
X CA) A818eMmCA KOAACKMUBUIUPYIOUUM RO Y.

“Tlycts R — cootnomwenne y = 7. Cootnomenne (V) (R=>( €(T}))
BepHO; caenoBareabHo, BepHo u (VX)(AX)(VY)R=>(y€ X)), rie
X — 6yxBa, oTaMuHas OT ¥ u He Bcrpeuamoumasnca B R. B cuay S8 coor-
Houmenne (dx)(x €A n R) saBaseTCa KOJJIEKTUBH3HPYIOLIUM IO Y, YTO
u noxassiBaer C53.

Coornomenne (x)(y=T u x € A) yacto unraercs Taxk: ,y MOMKeT
ObiTh NpencrasieHo B Bume T aas HEKOTOPOrO X, NPUHALIEKAILETO
K A“. MuoxectBo &y((Ax)(y=T u x € A)) 06bYHO HA3BIBACTCE MHO-
oicecmaom (8cex) o0sexmos guda T 0aa x € A. 3nakocouetaHue, Tak
0603HauaeMOe, He COIEPHUT HH X, HU ¥ M He 3aBUCHT OT BHGOpa
GyxBbl ¥, YIOBJeTBOpsiolliedt ycaoBusm u3 C53.

7. HonoaneHue mHuoxcecmsa. IIycmoe MHOICECMBO
CooTHO1EHHE (xéA H x €X) aBagercs KOAIEKTHBU3UPYIOLUM 1O X
B cuay C51,

Onpreneaeuue 3. ITycme A —uacmo mnoscecmea X. Jdonoanenuen
MHOocecmsa A omuocumeavbHo X Ha3bl8aemcst MHONCECMBO IAEMEH-

moe a3 X, He npunadaexwcaujux & A, m. e. MHodwcecmso &, (xéA

u x€X), ono o6o3nasaemcn wepes bxA uwau X-A (wm (A, xorna
He NPUXOLUTCA GOATbCS MyTAHHUIB).

Iycts A —uacte MHOXecTBa X; COOTHOWeHHS ,XEX M xéA“ "
x €0xA sBasmorca, Takum 06pa3oM, skBuBadeHTHbiMH. CienoBaTenbHO,

coorHomwenue ,x€X u xéﬂxA“ 9KBUBATEHTHO ,X € X # (xéX E
x€A), a caenosarenpno, u x € A. Huave rosops, A=0y(04A)
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ecTb BepHOE COOTHOWeHWe, HeTpynHO BHAETb Takme, u4TO ecan B —
yacte oT X, T0 coorHomenus AcB u BxBc=OxA sxBuBanentsl.

Teopema 1. Coomnoumenue (Vx)(x € X) asanemen dynxyuonars-
Hoim no X.

B camom zene, coornomenne (Vx)(x¢X) srever (VY)(Xc<Y)
crano GbTh, B CHAY 4KCHOMB 9KCTEHCHOHANBHOCTH  COOTHOLUGHHE
(Vx)(x € X) saserca onsosnaunsim no X. C Apyro#t cTOpoHE, C0OT-

nowenne (Vx)(x@06,Y) BepHo, a 370 1OKasBIBaeT, uTO COOTHOWIEHKE

(3X) (Vx) (2 € X) sepno.

Tepm wx ((Vx)(x ¢ X)), coorsercrayowut sroMy ¢yHKUHOHAML-
HOMY COOTHOIUEHMIO, M306pamaerTcs (QYHKUMOHAJIbHBIM CUMBOJIOM O, KO-
TOPHI HA3HIBAETCE nYCMolM MHOKCecmson V); coornowenne (V x) (xéx)y
sxBuBa/leHTHOe X == @, uuTaercs Tax: ,MHodxcecmso X nycmo“. Cnpa-
pernsul Teopems: X @, DX, CxX=@, Cx@=X; coornomenue
Xc@ sxkBuBaientHo X =@. Ecan R} xi— cooTHOIIEHHE, TO COOTHO-
wenve (VX)((x € D)= Rix} BepHo.

3amevwanue. He cymectByér MHOMECTBA, 9JEMEHTaMH KOTOPOro
ABNIOTCA BCE O06bEKThl; uHaue rosops, ,He (IX)(VX)(x€X)* ectp

tTeopema. B camom gene, ecad 6Bl CYLIECTBOBAIO TAKOE MHOMECTBO, TO
BCAKOE COOTHOIIEHUE 6b1I0 OB KOANEKTHBH3UPYOWUM B cuay C52. Ho Mu

pugenad (n° 4); 4T0 COOTHOIUNCHHE xéx He fBAgeTCHd KOJMJEeKTUBM3HPYIO-
UM,

Ynpascrneniusn
1) ITokasars, YTO COOTHOIUEHHE
@=yS ¥X)((xeX)=>(yeX))
€cTb TeopeMa.

2) Mokasars, ute @ s~ {X} ecrb TeopeMa; BHIBECTH OTCIOAA, YTO

(3x) (Fy) (¢ 5~ y) Take ecTb TEOpeMa.
[Tycts A u B — gBe yactH wMuoxecrBa X. Ilokasars, uTo coOTHO-

menne B cc CA akpuBanentHo coorHomennio A < OB M uTOo CcoOTHOmIE-
e CB c A skpuBanentHo cootHomenuio CA — B.

4) Mokaaats, yto coorHomenue X C {X} 9KBUBAJCHTHO COOTHOIUE-
a0 X = {x} nm X = @

5) Hokasats, uro @ = 1y (T, (¥ € X) é X)-

6) Iycts J — sranuTapHas TEOPHA, B KOTOPOH BCTpEUaeTcs 3HaK €
H KOTOPAs COZEPMHT CAENYIOUIYI0 aKCHOMY:

Al V) (y =" ((V2) (€ X &5 2€Y)))

1) Takum 06pasoM, TepM, 0603HaTaeMblii CHMBOJOM O, €CTh

I — 1 |
<77 e lenan.

6 H. Dyp6axu
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(uHaue roBOpS: ,BCAKHH TEpM pAaBEH MHOXECTBY CBOHX 3JEMEHTOB®).
ITokasats, uTo akcioma akcrencuonanbHoctn Al ects Tteopema B J
(ucnoab3oBartb cxemy S7).

§ 2. NMapu
1. Axcuoma napot

Kax mbl cxasanu B § 1, n° 1, 3sak O sB/MeTCa B TeOPUU MHOXECTB
cy6cranTuHbM 3HakoM Beca 2. Ecan T, U — tepMul, TO, cTano ObiTh,
suaxocoueramne OTU ectb TepM; 9T0T TepM 0603HauaeTc1 OGHLIUHO:
yepes (TU). Ilpn rtakux O06GO3HAUEHMAX QKCUOMOL napb. HAIBIBASTCA
caelyomas aKkcuoMa:

A3. (VX VYNV NVY)(((x, =", y)=2(E=x"ny=y)).

Tak Kax COOTHOWEHHE ,Xx==Xx" W y=—y'* Baeuer (x, ¥y)=(x', ¥),
eornacho C44 (ra. I, § 5, n1°2), T0O MBl BUAMM, YTO COOTHOIIEHHE
(x, y)=(x', y’) skBuBasentHo ,x=x" u y=y'“

Cootnomenne (Jx)(Fy)(z=(x, y)) 0003HAYAIOT CIOBAMU ,Z eCMmb
napa“. Ecam z-—napa, 1o cootHomenns (Iy)(z=(x, y)) u
Ax)(z ==(x, y)) 2BAGIOTCT QYHKULUOHAIbHBIMHU 110 X U y COOTBETCTBEHHO,
KaK 9TO Cpa3dy e cieiyeT u3 A3.

Tepunl ©, ((Ay)(z=(x, y))) u 1, ((3x)(z2==(x. y))) obosna-
Yal0TCd COOTBETCTBEHHO CHMBOJAMM Py 2 U Py 2 U HASLIBAIOTCH COOT-
BETCTBEHHO nepsol Kooplunamol (nepsod npoexyueld) W smopot
xkoopounamoi (smopol npoexyuei) (o1) z. Ecim 2z —napa, 10 coor-
nomenue (Jy)(z=(x, y)), crano 6bITb, SKBUBAJIEHTHO X ==PIr; 2, 4 CO-
ornowenue (Jx)(z=(x, y))—y==pry2z (ra. I, § 5, n°3).

CoorHOmeHHe Zz ==(x, V) SKBHBA/JEHTHO COOTHOWIEHUIO ,Z €CTb Napa
W X=pr,z u y=DPpIy2“ B CaMOM [1eje, 9TO NOC/IelHee COOTHOLIEHHE

9KBHBAJeHTHO
@Ax)@y) @) @YV 2=, ¥) n z=(x. y) u 2=(", M)
cornacio A3, ,z=(x/, y)uz=(x, y") n z=(x", y)* 9KBUBAJEHTHO
2= NWux=x n x=x"ny=y uy=y" crerosareibHo,
,Z CTb Mapa U X==pr;2 M y==pr,2“ I3KBUBAJEHTHO, COTJACHO C33
(ra. L, § 4, n°3),
z=(x, ) 1 (Ax) Ty (Fx) QY (x = x" n x=x"n y=y' n y=y").
yTo JOKa3blBaeT Hame YTBEPKIECHHE. OueBunHO, 4TO Pry(X, y)=— X,
prp(x, y)==y u 4r0 COOTHOUIeHHE z=(pr; 2, Prfy2) BSKBUBAJEHTHO
,2 ecTb mapa‘“.

Mycrs Rix, y§— cOOTHOmEHHE, TAe X M ¥ -— ABe pasauunbie Oyk-
pbl, BCTpeuaiowneca B R. Ilyctb 2 — OykBa, OTIMyHas OT X M ¥y

u He BCcTpevaowasca B R. OGosnaunM uepes S§zi coorHoumeHue
(Ax) ) (z=(x, y) u Rix, y}); 970 COOTHOWEHHE COLEP}KHMT OIHOM
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OyxkBOH Menblue, yeM R, W SKBHUBAJEHTHO COOTHOIIGHMIO ,2 €CTb mapa W
Ripryz, pryz§“. Jleno o6CTOMT Tak B CHJIY TOTO, YTO 2 == (X, ¥) SKBU-
BajeHTHO ,2 eCThb Mapa M X==pPrZ u y=Dpr,2“ u kpurepues C33
(ra. 1, § 4, n°3) u C47 (ra. 1, § 5, n°3). Orciona cpasy xe BhITe-
kaer, uro Rix, y} oskBuBajeHTHO Si(X, ¥)}, a ciaenoBaTeNbHO, M
(F2)(2=(x, y) u § }2}), cornacHo kpurepuio C47.

JTo O3HAaYaeT, UTO COOTHOIUEHWE MEXAY HPEAMETaMH X H y MOXHO
HHTEPNPETHPOBATb KaK CBOHCTBO mnapbl, o6pa3yeMoil sTUMH 06BEKTaMH.

2, fIpou3sederue 08yx MHOICECMB

TeoreMa 1. Coomuowenue

VX))V @D (V) ((2€D)S @)@ (z=(x. y) n x€X ny€Y))

geprno. Huaue z080pa, kaxoss 6w Hu Gwau X u Y, coomuoue-
Hue ,z ecmv napa v priz€X v pr,2 €Y* Agasemcsa Koarexmusu-
3upyouun no z.

B camom neae, oGosnaunM uepes A, MHOXECTBO NpeIMeTOB BHAA
(x, ) ong x€X (cp. § 1, n°6, xpurepuit C53). Ilycts R ectb coor-
Howenue 2z € A, okBuBanentHoe (Ix)(z=(x, y) n x €X). fcuo, uro
coornomenue \Vy)(JA)(V2)(R=>(z2 € A)) Bepuo B cuay S5 (ra. 1,
§ 4, n1°2), Toraa u3 S8 BriTexaer, uro coorHomenne (Ay)(yEY u R)
ABIAETCS KOJJEKTHBUSHPYIOIMM N0 2. HO 9TO COOTHOLIeHWE SKBUBA-
aento ¢ (x)(3Ay)(yEY u x€X u z2=(x, y)), a orcI01a caegyer
TeopeMa.

Onpeaenenue 1. ITyems Oaner 08a muoowecmsa X u Y. Toz2da
sronmecmso &,((Ax)(Ay)(z=(x, y) u xEX u yEY)) nasusaemcsn
npoussederuesm mrodcecms X u Y u o0603navaemcas cumB8oAoM
XXY.

Coornomenne 2 €X )XY 9KkBHBaJeHTHO, TakuM 06pasoOM, COOTHO-
IIEHAI0 ,2 ecTh napa u pryz€X u pr,z€Y* Muoxecrsa X 0 Y Ha-
3LIBAIOTCA NEPBUM W BMOPbiM MHOdNcumesem (AIM COMHONCUMEleM)

‘npoussegenns X X Y.

Irenaoxenue 1. Ecau A’, B’ — nenycmuoe mnoscecmsa, mo co-
omuouenue A’ X B < AXB sxsusasenmno A=A u B < B~

Ilpexxne Bcero coorsoumenne 2z €A’ X B’ 9xBuBaieHTHO ,2 ecTo
napa u pryz €A’ u pry2 €B’%; crano Gurth, 6e3 Kakux-au60 mpeano-
aoxennit 06 A’ w B’ coorHowenne ,A’c A u B’ <= B¢ Baeuer
A’ X B <A XB. C npyroit CropoHbl, nOKaxeM CHAaYal1a, Y10 ecau
B’ + @ (6e3 npeanonoxennit 06 A’), To coorrowenne A’ X B’ A X B
Baever A’ A. Ilycts x — 9aeMeHT MHOXeCTBa A’; Tak xak B’ == (J,
TO CyLIeCTByeT NPeiMeT ¥, ABAAIOIMACAS SAeMEHTOM MHOXeCTBa B’: no-
sromy (x, YEA' 4 B’, orkyra (x, yYYVEAXDB u, crenosateabHo,
X €A; 910 noxasbiBaer, 0 A’ < A. AHAJOrMYHO MOXHO YBHAETb, YTO

6*
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ecan A’< @, T10 coornomenne A’ X B’ A X B Baewer B’ < B,
OTKyLa BbHITEKaeT HallEé MNpenjoXeHue.

Ilpeanoxenue 2. [Tycms A u B — dsa mnoxcecmsa. Coommuouwe-
Hue A X B=0 osxgusarenmno ,A=—0 wiu B= 0"

B camoM nede, coornolienne 2 € A X B Baeuer pr;z€ A u pry2 € B;
cnenoBatebHo, A+ @ u B+ @. O6parso, coortnoutenne ,X€A u
y €B¢ Baeuer (x, ¥) €A X B, a caenoBareabno, u A X B+ J. Huaue
rosopsa, coorunomenne A X B~ skBupanentio ,A+J u B+ G
OTKYZ4 M BhITeKaeT Hallle NpelomeHue.

Ecau A, B, C — mHOMeCTBa, MBl [OJAraeM
(AXB)XC=AXBXC);

saeMent ((X, y), 2) u3 A X B X!C sanucmBaerca Takie B BURE (X, Yy, 2)
W HasblBaeTcs mpoirxoi. Axanornuno, ecan A, B, C, D — muoxecrsa,
Mbl nonaraeM (A X B X C)XD=AXBXCXDur n?

Ynpaxcnenus

1) Myctb R§x, ¥} COOTHOWIEHHE, X H Y — pa3inunbie OyKBbI;
nycrs 2— GyKBa, OTJMYHAZ OT X W ¥ M He BCTpevawomascs B Rix, yi
ITokasats, 4T0 coorHomenue (gxX) (3¥) Rix, y? sKBUBANEHTHO

(3?) (z ectb mapa M Ripr; 2, pra2})
H Y10 cooTHOweHHe (yX) (VYY) RiX, ¥ 9KBHBAaAEHTHO
(v2) ((2 ects napa) = Ripr; 2z, pra23).

2) a) Ioxasats, 4to cootnomenne { {x}, {X, y} }={ {¥'}, {¥, ¥} }
3KBHBAMEHTHO ;X = X' 0 y=y’“.

6) Ilyctb Jo— TEOpHA MHOMECTB, a J ) — Teopus, HUMelIlas Te Ke
CXeMbl M SIBHBIE AKCHOMBI, 9TO H J'o, 3a uckaouenueMm axcuombt A3. [lo-
Kasarb, YTO €CAH J'; HENpOTHBOPEYWBA, TO H J o HENpOTHBOPEYHBA
[ucnoabaoBare a)].

§ 3. CoorBeTrcTBHUA

1. T'padurke u coomsememsusn

Onpeneaenue 1. Fosopam, wmo G ecmo zpadpur, ecau Kadxcowi
aaemenm 8 G ecmv napa, uau, una4e 2080pA, eCAU CNPasedauso
coomuouenue

(V2) (z€G=>(z ectb napa)).

1) YnoTpe6acHne 3xech ABTOPOM 3HAKA ,==* MOMXET MDUBECTH K HyTaHHILE,
NOCKOALKY B JAHHOM KOHTEKCTE STOT 3HAK BOBCE He ecms TOT PEAALAOHHEIH
CHeNHaNbHbli 3HAK PACCMATPHBAEMON 3rajuTapHOd TEOpHH, O KOTOpOM coobma-
goch B § 1, m°1 u panee B ra. I, § 1, n° 1. 3Hak ,=*“ B JaHHOM €ro ymorpe-
G6aennd OTHOCHTCS K Maremaruke (cM. ,BBenenne®) M o3navaer, 4T0 3amuch
AXBXC Mb ycaasausaesmcss ucnoapsosats uecto (AX B)X C [r. e. aas
W30GpAKEHUs TOFO IKE 3IHAKOCOUETaHHsA, KOTOPOE, COTJAcHO Ompexe’enuio 1,
nao6pamaerca nocpeactsom (A X B) X C). — [Tpun. ped.

) JneMment (4, ..., #,) npoussegenus E, X ... X E, HaspBaeTcs — npH
OpOM3BONBHOM 11 — KOpTEWEM. — ITpus. ped.

1 § 3. COOTBETCTBUSA 85.

Ecan G —rpadux, TO cooTnHowenne (X, y)E G BbipakaeTcs elle
C MNOMOWILI C/10B: ,(06BEKT) Yy COOTBETCTBYeT (06beKTY) x no (au
,MOCPEICTBOM* WK ,0THOCHTeAbHO) G*.

ITycts Rix, yi— COOTHOLIeHHe, X W Y — pasnuunbie Gyksbl. [IycTe.
G — OyxBa, OTAMYHAs OT X M ¥ M He BCTpeuawowascs B R. Ecan coor-
HOLIEeHHe

(36) (G ecrs rpadux u (V) (Vy) (RE((*. )€ G)))

BEPHO, TO Mbl TOBOpUM, uTO R o61adaem 2paguxon no Gykpam [uaw
(ornocuteabno OykB) X u y]. Toraa rpapuk G enuucreen B cuay
aKCHOMEl SKCTEHCHOHAABbHOCTH W HA3bIBATCH 2paguiom COOTHOWeHus R
(unu npedcmasrfowum MHOMeCmsom COOTHoIeHus R) mo (oTHOCH-
TEJbHO) X U Y. :

Ilycts Z OyxBa, OTiMuHas OT X W ¥ M He BCTpevamulasca B R..
Ecaun coornomenune

E2)(Vx) (V) (R=>((%. )€ 2))

BepHO, TO R o6najaer rpaguxoM; B CaMOM feje, LOCTATOYHO NPHHSATH.
3a 9T0T Tpadux MHOXECTBO TakuX nap 2, uto 2€Z u Ripr, 2, pry2}
(rie 2 — OyxBa, OTAMYHA® OT X, ¥, Z u He BCTpeuawuiascs B R). Iro
YCI0BHe BHIMONHEHO, €CAM Mbl 3HaeM KakoH-au6o TtepM T, B KOTOPOM
He BCTPEYAIOTCA HU X, HA ¥, U NPUTOM TaKOH, uTO BepHO R=>((x, V) E T).

IIrennoxenne 1. Mycmoe G — 2padux. Cywecmsyom eduncmser-
Hoe MHONCecmso A u eduncmgennoe Muodcecmso B, ydosaemso-
prowue caedyouun ycaosuam: 1) coomnouwenue (Iy)((x, y) € G)-
aKsusarenmuo coomuowenuo x € A; 2) coomnouwenue (Ax)((x, y) € G).
IKBUBAACHMHO COOMHOWeRuwo yEBY).

B camoM Znene, 1OCTaTOYHO TNpHHATH 33 MHOXECTBO A (COOTBET--
CTBEHHO 3a B) MHOXeCTBO 06beKTOB BuLa Pr; Z (COOTBETCTBEHHO.
BULa pryz) nas 2€G (§ 1, n° 6); rosops rtounee,

A=8,(@((x. NEG) u B=8§,((Ax)((x, YEG))2;

') J1a QopmyanpoBka AOCTAaBASET HATAAAHBIA HPUMEP TOTO ,JBYCMBICAEH--
HOrO cruas* Byp6aku, 0 KOTOpOM TroBopHAOCH Ha cTp. 8—9. Ee MoXHO HcTOMKO-
BHIBATH JBOSKO: KAK COAEPKATENbHOE YTBEPHICHHE ,HAUBHON TEOPHH MHOKECTB*
O CYIMECTBOBAHWM H ERMHCTBEHHOCTH IBYX MHOXECTB C ONPENCACHHBIMH CBOI-
CTBAMH H KaK OGPA30BaHHYIO B COOTBETCTBUM CO CAENAHHBIMH DaHee corJame-
HASIMH  CIOBECHYIO 3anHCh HEKOTOPOTO 3HAKOCOUCTAHUS (NPHYEM — MOCKOABKY
9Ta 3allUCb HAET BCAEH 3a CAOBOM ,HPENJIOKEHHE" — YTBEPAKAACTCSH, UTO COOT-
BETCTBYIOIEE 3HAKOCOYETAHUE €CTh TeOpeMa pPacCMaTPHBAEMOM  TEOpUH). —
ITpun. peo.

?) 3HaK paBeHCTBA MOXET MOHHMATBCA 3NECH B ONHOM M3 CAELYIOUMX IBYX.
CMBICIOB: 1) kaK 3Hak uccaeayemoil sranutapoit Teopuu; B TakoMm caysae A u B
CAELyeT paccMaTpuBaTh KaK BCIOMOTATEAbHble KOHCTaHTHl (cM. § 1, n°4 u ra. |,
§ 3, n°3), BBOAMMEBIE COOTHOINEHHAMH (x); 2) KaK MeTaMareMaTHYeckuil 3HaK (cm..
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9TH MHOXECTBAa Ha3bIBAlOTCA COOTBETCTBeHHO nepsoli u emopoi npoex-
yueii rpapuxka G nam ob6aacmeio onpedesenust u o6racmoio 3Ha4e-
Huiéi tpaduka G; onu oGosnauaiorcs uepes pr;{G) u pro(G) (uam uepes
pr, G u pr, G, xoraa sTo He NMPUBOAMT K myTanuue). HeTpyano sumerts,
uro G = (pr; G) X (pry G): BCAKOE MHOXKECTBO Nap ecTb, TaKMM 06PasoM,
4acTh HEKOTOPOro npousBelenus, u obparHo. Ilosromy, ecau OnHO u3
asyx muoxectB pry G, pry G nycro, to G=0 (§ 2, npeanoxenune 2).
Saneqanue. CooTHOWEHNE X = y He 06nagaer rpadukoM, n6o neppas
ApoeKuus sToro rpaduka, ecau 6ul OH cyltecTBoBaJ, 6bina 6b1 MHOXECTBOM

Bcex o6bekToB (cp. § 1, n°7, ,3ameuanne’).

Onpeaeaesue 2. Coomsemcmsuem mMedxncdy MHoNCecmsom A u -

muoxcecmgom B nazwsaemcs mpolika I'= (G, A, B)1), 20e G—
epagpur, maxodd, umo pr,Gc A u pryGc=B. Mu 2080punm, umo G
ecms zpagux coomsemcemeun I', A — o6aacmy omnpassenus u B —
ob6aracms npulemus cCoomsemcmsun.

Ecan (x, y)€G, Mbl roBopum, uT0 ,(06BEKT) ¥y COOTBETCTBYET
(o6bexty) X npu COOTBeTCTBUM (MO, COTJAACHO COOTBETCTBHIO, NOCpPEn-
ctBoM, B cuay coorsercrsus) I'“. Jlas Bcaxoro x € pr; G Mbl roBOpuUM,
yro coortsetcteue I' onpedeseno 0an npedmema x, a pr; G naspiBaeM
oGracmpio onpedesenus coomsemcmsun I'; ana Bcakoro yEpr, G
Mbl TOBOPHM, YTO y €CTb 3HA4eHuUe, npunumaenoe coomsemcmsuen I',
.a pry G HasbiBaeM of.aacmoio 3Hawenuli coomsemcmsun L.

Ecan R§x, y}— coorsHomenue, o6aanaiomee rpapuxoMm G (mo Gyx-
BaM x 1 ¥), U ecan A u B—IBa MHOXKECTBa, Takue, 4T0 pryGC A H
pra G < B, 10 MB roBopuM, 4t0 R eCTb COOmHoOUlenue Medcdy daeMeH-
MmOoM MHOMNCeCmEa A u 3NeMeHmOM MHOdxcecméa B (OTHOCHTEAbHO OYKB
x ¥ y). Mst roBopum, uro cootsercTBue I' = (G, A, B) eCTb COOTBETCTBUE
Mmexay A u B, onpedeasemoe coomnowenuem R (no x u y).

Mycts G —rpaduk u X — muoxecrBo. Coortnomenne ,x€X n
(x, ¥)EG Baeuer (x, ¥)E€ G u, crenosarenbho, o6aanaer rpapuxom G'.
Bropas npoexuus 9sroro G, OueBUZHO, COCTOHT M3 BCeX OGBEKTOB,
KOTOpHIe COOTBETCTBYIOT OTHOCHTeabHO rpaduka G ob6bvexram u3 X.-

Onpeaeaenue 3. [Tycms G —zpagux u X — muoscecmso. Muo-
gcecmeo 0066eKNmos, KOmMopsie COOMEEMCMBYIOM 3AEMEHMAM MHO-
acecmsa X ommnocumessno 2papuxa G, Ha3wsaemca o6pazon

npuMeuanne na crp. 84), npu nomowu koToporo sHakocoueranus &, ((3y)((¥, y) € G))
u §y ((3%) ((x, ¥)€ G)) ycnaBausaorcs (6BITH MOXET, BPEMEHHO) H300paxarsb
nocpencTsoM A u B (mpeiBocXWIlas TEM CaMbIM COTJIANICHHE O MPEKpAaIteHHuH
WCHOMb30BAHHA HOAYMHPHBIX KYPCHBHBIX 6YKB, KOTOpO€ OyAET CAENaHO B HepBOM
.a6zaue § 6). — [Tpun. peo.

1y 3Hak paBeHCTBa ynoTpeOaeH 3A€Ch B MATEMAaTHYECKOM CMBICAE (CM. OpH-
MeuaHne Ha crp. 84), osHavaomewm, yto tpoiika (G, A, B) ofosnauaercs 3xech
yepes I'. AHAOTMYHbIE CAYYaH MATEMATHYECKOro YHOTpEOJeHHs 3HAKA PAaBEHCTBA,
a TaKie CAyTIad ABYCMBICIEHHOTO €ro YHOTpeOJeHHs (CM. mpeiblayumee npumeda-
nue) GyAYT BCTpEdaTbCsi H BOPeAb, H Mbl He GyseM 60Jblle MX OroBapHBaTh. —

dTpun. peo.

2 § 3. COOTBETCTBUA 87

muoxcecmsa X no zpaguxky G (aan omuocumesvro 2paguxa G
wmn npu epaguxe G) u o6oanasaemca wepes G(X) usu G(X).
ITyeme I'= (G, A, B)— coomsemcmsue, a X —uwacmvs mHoxce-
cmsa A. Mnowcecmso G(X) o6oananaemcs ewe uepes T'(X) uau
P(X) u na3wsaemcs o6paszom wacmu X no coomsemcmsun (nau
OMHOCUMEAbHO COOMBemMcmsus wiu npu coomsemcmeuu) T,

Samewanusn. 1) Tounee, G (X) 0003HaYaeT  MHOMKECTBO-
By ((3X)(x€X u (x, y)€G)). Mo Tenmepr Gyaem auiub U3pEAKa JAeHaTh
HEPEBOA onpeAeneHuit Ha GopManbHbIH A3LIK.

2) O6oznauenus G (X) u T'(X) MOryT HHOrAA MPHUBECTH K CMEIICHHAM
¢ 0603HAYCHUAMH, KOTOpble Ogny'r BBEIEHB Mo3fHee (cp. n°4, ,3ameua--
HUE“ BCACR 3a ompexenchueM 9).

ITycre G —rpadgux. Tak kak coortHomenue (X, Y)EG Baeuer
y€pr, G, 10 G(X)c=pry,G ans moGoro Muoxecrsa X; TaK Kak

(%, y)€G Baeuer x€pr; G, 1o G({pr, G) =pr, G. Tak kax xé@ €CTh-
TeopeMa, 10 G(@)=@. Eciu X cpr; G n X+, 10 G(X)+# .

Neennoxenue 2. Hycmy G — 2pagpur, X u Y — dsa mnoscecmsa;
mozda coomnowenue XY srenem G(X) = G(Y).
IIpennioxenne OueBMAHO BBULY omnpeneseHud u  xpurepus C50

6§ 1, n°4).
Caencrue. Ecau A Dpri G, mo G(A)=pr,G.

OnpeneneHue 4. IMyemv G — 2pagur, x —npedmem. Cpesons.
epagpuca G no x naswsaemcs mnoxecmso G ({x}) (unorza, nomy-
CKast BOJBHOCTb peud, Mbl 0003HauaeM ero Takxe cumsoaoMm G(x)).

Mas C43(ran. 1, § 5, n° 1) cpady e BHITEKAeT, YTO COOTHOLIECHHE
y€ G {{x}) sxpuBanentno (x, y)€G. Ecam G n G’ — nBa rpaduxa, 10
cootnomenne G = G’ sxBuBanentHO, TakuM o6pasom, (Vx)(G({x})c
< O ((x)).

Ecmn I'=(G, A, B)— coorsercrBue Mexay A v B, To nas xaxmoro
X €A cpes rpapuxka G no x HasbiBaeTCa ellle cpe3om coomsemcmsun I”
no x u toxe oGosnauaerca uyepes I'({x]) (wm I (x)).

2, Coomsemcmsue, 06pamnoe K OQAHHOMY COOMBEMCMBUI0

Iycro G—rpaguk, a A=pr;G u B=pr,G—ero npoexuuu.
Coomnomenue (y, x) € G Baeuer (x, ¥) €B X A; 310 cooTHOWeHUe, CcTANO
ObiTh, 06Gnanaer TPaduKOM, COCTOSLMM u3 mnap (X, y), TaKux, uTO.

(. x)€G.

Onpenenenne 6. ITyeme G —e2pagux. Ipadux, asremenmanu
Komopozo nsanwmcsa napu (x, y), maxue, ¥mo (y, x)€G, Ha3wn-
saemca zpauxonm, ob6pamuwr kK G, u o6o3navaemca 4epes G.
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-1
s Bcaxoro muoxecta X MmuoxectBo G (X) nasweiBaeTcs nosHstiM

apooGpaszor muoxecrsa X no (oraocureabno, npu) G.

-1 -1

Olqummo, uro rpaduk, o6patubit k G, ectb G u uro pr; G==pr, G,

prG=pr; G. B wuacrmocry, ecam X u Y —[Ba MHOXeCTBA, TO
-1

——
XX Y=Y XZX. Mu rosopuM, uro rpapuk G cummemputen, eciu

~1
G=G.
IMycts I'=(G, A, B) —coorsercrue Mexny A u B. Tak kax
-1 -1 -1
p;GeB u pryGe A, 1o Tpotka (G, B, A) ects coomsemcmesue

mexncdy B u A, nasniBaeMoe coomeemcmsuerm, o6pamuuism K T,
-1 -1
u o6oanauaemoe cumBoiom I'. Ilas Besxoi uwacru Y or B obpas I'(Y)
-1
MuoxecTBa Y npu coorserctsuu I' HasbiBaercs eule noAHsM npoobpa-
30mM Muoxcecmea Y 1npuH COOTBETCTBUM (OTHOCUTEAbHO COOTBETCTBHA,

-1
no coorsercruio) I'. fcno, uro coorsercrBue, o6partioe k I', ecrp I

3. Komno3suyun 08yx coomsemcmsuli

MMycrs G u G’ —nBa rpaduxa. OGO3HAauMM uepe3 A MHOXECTBO
pr; G, a uepesa C— muoxecrso pryG’. Coornomenne ,(Iy)((x, Y)EG
u (y, 2)EG’)“ Baeuer 3a coboit (x, 2) €A X C; caenosarenbHo, OHO
obnanaer rpadukoM Mo x M 2.

Onpegenenue 6. ITycms G u G’ — 2paduxu. Ha3osem xomnosu-
yuel e2paguxos G’ u G1) u o6osnauum wepes G' oG (uau mnOTA2
yeped G'Q) zpagpux no x 4 2 COOMHOUWEHUR

@AW ((x, NEG u (v, 2)EG)".
IMeeanoxenne 3. ITycms G u G’ —dsa epaguxa. I'pagux, o6-

-1 -1
pamnsili € G’ oG, ecmp GoG'.

B camoM nene, cootHomenne ,(x, Y)E€G u (y, 2) € G’* sxBuBa-
-1 -1
JaentHo (z, EG u (y, x) €G-

Meeanoxenue 4. Tycms G,, Gy Gy — 2paguru. Tozda
(Gy 0 Gy) 0 Gy =Gy 0 (G0 Gy).
B caMoM jgene, coortHowenne (x, £)€(GyoGy)o G, sxBUBANEHTHO
-COOTHOILIEHUIO
@A ((x )EG, n @) HEG, n (2. HEGY)
1) OTHOCHTENLHO MOPAAKA, B KOTOPOM YROMUHQIOMCS KOMIOHHDYEMbie

.06beKkThl (3J€Ch W HHXe, B ompeaetennn 7), CM. HOACTPOYHOE MpHUMEdaHue HA
«c1p. 363. — I1pum. peo.

3 § 3. COOTBETCTBUSA 8%

a caenoBatenbHO [uMenno, cornacko C33 (ra. 1, § 4, n°3)], u coor-
HOLeHHIO

Ay@E)((x, EG u (3. 2)€G, n (2, )EGy. (1

[Mono6HO STOMY, HEeTPYLHO YBHIETb, YTO COOTHOWenue (x, £)E-
€ G50 (Gyo G,) 5KBUBAJAGHTHO COOTHOLIEHHIO

2@ ((x. EG, u (v, 2)€EG, u (2, HEGy). 2

Ho wmbi 3naem, uto coortHouenus (1) u (2) SKBHBAJEHTHBH, a 3TO M HO-
KasbiBaeT npenaoxenue 4.

Tpagux Gzo (Gyo G,) oGo3nauaercs uyepesd Gyo Gyo G). Ananornuo,
ecin Gy, Gy, Gy, Gy —rpaduku, TO Mbl nOAaraeM

Gy0(Gy0Gy0G)=Gy0G30Gy0Gy u 1. .

ITrennoxenue 5. ITycms G u G’ —2paduxu u A — Mnosxcecmso;

mozda
(G’ o G)(A) =G’ (G (A)).

B camom gene, B cuny C33 (ra. I, § 4, n°3) coorHomeHue
2 €(G’ o G)(A) 9KBMBAJEHTHO COOTHOUICHHIO '

@AN(@EDN(xEA n (x, 9)€G) n (v, €0,

a caenoBateabno, u coornowenuo (y)(YEG(A) u (y, 2)€G’), uro
M JOKa3biBaeT MNpensoXeHHe.

-1

Ecu G u G —anBa rpaguka, 710 pr;(G'oG)=G(pr, G’) u
pry (G’ 0 G)= G’ (pr, G). Jlas 1noKa3aTenbCTBAa, HANMPUMEP, BTOPOrO M3
9TUX COOTHOWEHMH JOCTATOYHO 3aMeTHTb, YTO COOTHOWeHuwe 2§
€ pry (G’ o G) pasnocuabho (Jx)((x, 2)€ G’ 0 G), a caenosareibHo, u

@A (@) (%, YEG) n (v, HEC);

HO 9TO MOCJelHee COOTHOUIeHMe sxBuBanentno z € G’ (pr, G).
Ecan G —rpadguk, a X-—rakoe wMuomectso, uyro Xcpr, G, To

-1
X G(G(X)). B camom nene, cooTnowenue x € X Baeuer, MO mnpen-

-1

noaoxennio, (Iy)((x, ¥)€G); uo (x, y) €G sxeuBasentio (y, x) €EG,

TOraa Kax, ¢ Apyro#t cropons, (¥, y) € G saever (A2) (2 €X u (2, y) €Q);
. -1

caenoBareaso, x € X saever (Ay) ((Fz2)(z € X n (2, y) €G) u (v, x) €G),
-1
1. e. X €G{G((X)).
fcuo, uro ecan Gy, Go, G, G;—rpa(bnxn. 1o coornomenus Gy G,
| G;CG; BJEKYT G{OGICG;OGQ.

Ilycts rtemepp I'=(G, A, B) u I"=(G’, B, C) cym> raxue aBa
COOTBETCTBHA, uTO 064acTb npubbitns s I' ToxpecrBenHa ¢ 06aaCThi>
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ornpasaenns 1as IV, CoraacHo ckasannomy Boiie, pry (G’ o G)cpr, G A
n pry(G'o G)=pryG’=C; caenoBaTenbHO, MOXHO [aTh Cjelyiollee
onpejieneHue:

Onpeaenenue 7. Myeme I'=(G, A, B) a« I"=(G’, B, C) cyms
08a coomsemcmais, maxue, 4mo o6aacms npubumusn 048 I’ moscoe-
cmeenna ¢ o6aacmsio omnpasasenus 048 1. Hasosem womnosuyued
coomgemcemeud I u T' u o6oanauwam cumsoson I oI (a muorpa I'I)
coomsemcmeue (G’ o G, A, C).

U3 npennoxenus 5 cpady ke BbITeKaeT, 4TO ecid X — 4aCTh MHO-
wecrea A, 10 (IV o I)(X) =I"(I'(X)). Kpome Toro, rak xax 06aactb

-1 -1
npubuiTs aas I’ rtoxaecTsenHa ¢ o6aactbio ornpasaenus aas I, To0
-1 -1
cootBercTBHe, o6parroe K IV oI, ects I'o IV BeaenctTBue npeanoxenus 3.

OnprEAEAEHUE 8. Ecau A — MHodcecmBo, mo MHoxcecmso Ap 06sex-
mos suda (x, x) 042 X €A Ha3wsaemcAa 0ua20H2AbIO RPOu3sede-
Hus (win 8 npouzsedenuu) A X A.

flcho, uto priAa = proAs = A. CoorBercrBue Iy =(Aa, A, A)
HA3BIBACTCS MONCOECMBEHHUM CoomBemcmeuem 048 A; OHO fABJAfeTCA
o6parHbiM K caMomy cefe.

Eciu I — coorsercreue Mexay A u B, Ia — TOoxzpecTBennoe coot-
percreue aas A, Igp— roxaecteennoe coorserctBue A1 B, 10 I'o Ia =
=g I'=T.

4. dYHKYyuu

OnpeieaeHuE 9. Mo 2080pun, wmo epagpux F ecms pyuryuo-
HaaoHull zpaduk, ecau 0Af Ka#0020 X cyuwecmsyem He 6oaee
wem 00uH o6Bexm, coomsemcmsyouyul amomy x omuHocumesvno F
(rn. 1, § 5, n°3). Mu zosopum, wmo coomgemcmsue f=(F, A, B)
ecmp pyHKuun, ecan ezo epagux F ecms gynxyuonarvnod zpagur,
a e20 ob6aacms omnpasienun A pasna ezo o6aacmu onpedere-
nun pryF. Hnaue zosops, coomsemcmsue f=(F, A, B) ecms gpyn«-
Qus, ecau 0AR Kaxc0ozo X, npunadiexcauwe2o K ofaacmu omnpa-
saenus A coomsemcmeusn f, coomuowenue (x, y)EF agasemcsn
gynxguonarsnem no y (ra. I, § 5, n°3); eduncmeennoili npedmem,
coomeemcmeyouul npedmemy x npu coomsemcmsul f, Hazosaemcs
3HaueHuem PyHryuu f 0an ssemenma x u3 A u o603Hauaemcs
uepes f(x) usu f, (man F(x), wau F,).

Ecau f — ¢yukuus, F — ee rpaduk u x — sneMent oGaactu ompe-
nenenuss OYHKUMH f, TO COOTHOIWieHMe y ==f(Xx), CTaja0 ObiTb, IKBH-
Banentho (x, y)€F (ra. 1, § 5, n° 3, xpureput C 46).

Samevanue. HeobxonumMo oCTEperaThCcs MyTAHULB, KOTOPAas MOMET
BO3HUKHYTb [PU OJIHOBPEMEHHOM ynorpeGacHHH o6o3Hauenus f (X) u o6o-
snauenus f (X) (cvHonnMa K o6osnauenuio f (X)), BBEIEHHOTO B ONpeaeae-
uun 3 (cp. ymp. 11).

4 § 3. COOTBETCTBUSA or

ITycre A u B-—1Ba MHOXECTBAa; HAa30BeM 0mMob6pajcenuem MHO-
sicecmga A 8 muodxcecmso B dynkumio f, y xotopoHt obnacts ornpa-
BjeHus (paBHas o6aactTu omnpeneienns) paBHa A, a 064acTb NpuGbITHS'
paBHa B; roBopaT Takxe, ur0 Takas QyHKUus onpedeseHa He A u
npunumaem csou 3HaveHus s B.

Bmecto TOro urolml ckasarh: ,OycTh f €CTb oToGpamkenne A B B«
4acTo TOBOPAT: ,MYyCTh KaHO OtobpameHue f: A —> B¢ wau name mpocro:
2ayctb fi A—> B¢ Uro6m o6gerunth 9TEHHE paccyxuenui, rie BCTpe--
YaeTCs HECKOAbKO oToGpawennid, Mbl OyAeM MOABLIOBATHCH Juazpammami,.
TAKHMH, KaK

C
e/ 7 \i
AL/ >E
N p /7

f
TA€, HampuMmep, rpymma 3HakoB A —=-> B osmauaer, uto f ectb oToOpa--
wenne A B B.

ToBopar euwe, uto dyHkuns f, onpeneneHsas B A, npeol pazyem x
8 f(x) (ana kaxporo x€A), wam uyto f(x) ects mpancgopuam
00beKTa X 10 (WAM OMHOCUMEAbHO, WM Rpu) f, Wan (BOJABHOCTH peun),
utb f(X) ecTb 06pas o0sexma x no (Wi OMHOCUMEALHO, WIH npua) f.

B HeKOTOpIX ciyuasx (yHKUMOHAALHBIA TpaduK HA3HIBAETCH TAKXKe
cemeldcmsom; 06aacTb ONpeje/cHUst HA3LIBAETCS TOTLA MHONCECMBOM
uHOexcos, a 0061aCTb 3HAueHMH Ha3bIBAETCH — KaK BOJBLHOCTH peuy —
MHONCECMBOM S4eMERMOE CeMeHCTBA. B 9TOM-TO cayuae W ucnoabayot
0COGEHHO 4aCTO WHIEKCHYI 3anmuch f,, uToGH O0GO3HAYNTH 3HAYCHHE
Gynxunn f nas sneMenra x. Korna MHOXECTBO MHIAEKCOB €CTh NPOH3Be-
IeHHe OBYX MHOXECTB, 4aCTO TOBOPAT, YTO MH UMeeM 1el0 C 080 AHsiiL
cemelicmson.

AHanoruyHo ¢QyHkuus, 06.1aCTbI0 NPUOLITHS KOTOPOH ABASETCH MHO-
KecTBO E, HasbiBaeTCa WHOTIA CeMelCmeom 3.eMeHmos8 MHoNcecmsa E.
Korpa xawnuft snement u3 E ectb uwacth Muoxecrsa F, 1o TOBOPAT
TAKXKeE, YTO MMeeTcs cemelicmeo wacmeli muoxwcecmsa F.

B zanbheitmedt wactd Tpakrata MEl "acro Gyem yHnoTpebasth clIoBo
»PYHKIHA® BMECTO CNOB ,PYHKUNOHANLHBLE rpaduk .

ITpumepor pynryuii. 1) Tlycroe MHOXKECTBO ecTb Oy HKUHOHAIbHBI
rpaguk; Bcakas QyHKUMA, Yy KOTOPOH rpaduk nycToH, MMeeT B KauecTBe
06aacTn OnpeneneHus M B KauecTBe 06/aCTH 3HAYEHMH MYCTOE MHOXECTBO!
Ta u3 9TMX QyHxuuft, y KOTOpPOo#H 06aactb NPHGLITHA eCTh MyCcToe MHO-
KECTBO [T. e., uHaue roBops, Qynkuus (&, &, O)], HasviBaetcs nycmoit
dyuryued.

2) Tlycte A — MHOXeECTBO; TOXIECTBEHHOE COOTBETCTBHE AAs A (n° 3)
eCTb (QYHKUMS, Ha3biBAeMans mMONCOECMBERHNM Omol pasicenue s MHO~
agcecmsa A.
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C KaXIBIM MHOXECTBOM A COMOCTaBJASETCS, TAKUM 06pPaA30M, CEMEHCTBO,
06pa30BaHHOE TOXAECTBEHHBIM OTOGDAKEHHEM MHOMECTBA A; y 9TOro Ce-
MeHCTBa MHOXECTBO A CAYXHT MHOMECTBOM HHIAEKCOB U MHOXECTBOM
anemenToB. [Jlomyckas BOJBHOCTbL peyy, HHOrAA o6o3HavaloT Kakoe-Hubyap
MHOXKECTBO CJAOBOM ,CEMEHCTBO®; MPH 3TOM PE€Ub UAET HMEHHO O TOM
ceMelicTBe, KOTOPOE CTAaBHTCS B COOTBETCTBHE PACCMATPUBAEMOMY MHOXM(e-
CTBY YKA3aHHBIM CHOCOGOM.

Mbl TOBOpUM, uTO QYHKUMA [ ROCMOAHHA, €CIM, KaKOBb Obl

Hu 6bian X u X' B o6aactu onpenenetus Gpynkumn f, Beeraa f(x) = f(x’).

Ilycte f — oroGpaxeHnue Muoxectsa E B Muoxecrso E. Mul rosopum,
uyTO 9jeMeHT X u3 E unsapuanmen (UM Henoosudcen) npu (A
omuocumeasto, uan 0as) f, ecan f(x)=x.

5. Cyxcenus u npodosdceruss PyHxyui

Mur roBopuM, uTO ABe QyHKLUU f U g cosnadaom Ha mRodecmse E,
ecaiu E comepmurca B o6aactax onpenenenns ¢yukuud f u g u ecau
f(x)= g (x) aaa kaxnoro x € E. JlBe QpynKunu, uMeiollue OLMH  TOT Xe
rpaguk, cosmajalor Ha WX OGaactu ompegenenus. Ckasath, uTO
f =g BCe paBHO, YTO CKa3aTh, 4TO f M g 00.1a1a10T ORHOH W TOH xe
o6aactbio onpenenenus A, oxHOH M TOH ke 06aactbio NpuGbitus B u

.cOBNajawT Ha A.

Mycts f=(F, A, B) u g=(G, C, D) cym> ase ¢pynxunn. Cxasars,
uyro F=G Bce paBnO, uTO CKa3ath, 4TO 06JacTL onpenedenus A Qynk-
wud f comepxurcs B obaactn onpedenesns C Qyskumu g M utO g
cosnanaet ¢ f na A. Ecau, xpome toro, B& D, Mb rosopum, uro g ecrtob
.npodosscenue ¢yukuma f (uau, TOuUHee, MpoAOMkenue yHKuMM f
na MHOMecTBO C) wmam uro g npomsomxaer f (sa C). Korma g Haswl-
BaeTCA CeMeHCTBOM 37eMeHTOB u3 D, roBOpAT Takxe, 4T0 f ectb nod-
cemelicmso cemedcmsa g.

Mycte f— ¢ynkuma, A —uactb obaactu onpenenenus Qynkuuu f.
‘HenocpeacTBeHHO OueBMAHO, 4TO COOTHomeHHe ,XEA u y= f(X)*
o6nanaer rpaguxkoM G mo x u y, uTO 3TOT rpapux GYHKLHOHANLHBIA
M uTo A ectb ero obaacte onpedeicnus; Oyukumio ¢ rpaguxom G,
HMeILy0 Ty e 064acTh npuOHTHS, uT0 W f, HABLIBAIOT CYJNCEHUEM
dyHkyuu [ Ha wacms A; uHOTZA ee o6osnavawor uepes f/A. JlioGas
¢yHKUMS 9BAAETCS MPOLO/MKeHHeM J060ro cBoero cyxenus. Ecau nse
(pYHKIMH f W g MMEOT OXHy M Ty e 0061acTb NpuGHITHS U COBNALAT
Ha MHOxecCTBe E, TO ux cyxenus Ha MHOxeCTBO E pasubl.

6. Onpedesernue PyAxuynn uepe3 mepm

C54. MTycms T u A— dsa mepma, X u y— pasiuinsie 6yKeu.
Ilpednosazaemcs, wmo X He scmpedaemcsa 8 A u umo y He scmpe-
waemcs nu 8 T, nu 8 A. ITycms R ecmb coomuousenue ,X€A
u y=T*. Coomnowenue R o6.1adaem zpaguxon Fno 6ykean x uy.
Smom epaux PYRKLUOHALbHHE;, €20 nepsas npoexyus ecmy A,
@ e20 8MOpPan npoexyus ecms MHosxcecmso o6sexmosg 8uda T 0 A
XEA§ 1, n°6). Kaxoso 64 nu 6uro x€ A, scezda F(x)=T.
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B camom nene, nycts B -— MHOXecTBO 06bexToB Biuia T s x € A.
Torza R=>((x, y) €A X B); Tak xax 3HAKOCOYeTaHHe, 0603HAUAEMOE
uepes A X B, He comepxur uu X, uu Y, 10 R gonmyckaer rpadux F
no 6yksaM x u y (n° 1). ficno, uto cootHomenue (X, ¥) € F n (%, y') € F*
Bieyer y==13’; caenoBarenpho, Fectb Gpynkunonanbhbiit rpadgux. Ocranb-
Has yacTb KpPUTepHs OUYEBHIHA.

Ecan C-— MuOxecTBO, cogepixalllee MHOMecTBO B npeameros suga T
i X€A (npuuem y ne Berpeuaercas B C), 10 dynxums (F, A, C)
sanuceiBaercd- Takke B Bule X—>T(x €A, TEC); coorsercrymoulee
3HAKOCOYETaHHe (OPMANLHON MATEMATHKM HE CONEPXKHT HU X, HU Y
W He 3aBUCHT OT BbIGOpa OyKBH ¥, YAOBJETBOPSIOWEH NpeAblayiIuM
ycaosuaM. Koraa KoHTeKCT 10CTaTOYHO MPO3paueH, MOXKHO NOBOAbCTBO-
BaTtbCca 3amuchio X — T (x € A), (T),ca wav x—>T, a nnorpa npocro T
uan (T). “Hanpumep, MOXHO FOBOpUTH O ,dYHKUMM X3¢, eC/AM KOHTEKC T
yKasblBaeT #ACHO, YTO peub uier 00 0TOOpaXceHUH X —> X3 MHOMKECTB1
KOMIUIEKCHBIX uHcen B cebd.,

ITpumepe. 1) Ecan f — otobGpaxenne muoxkecrsa A B B, 10 ¢byHK-
uus  f paBHa dynkumu x—> f(x)(x €A, f(x)€B), xotopyi MoxHO
3anmucarb MNPOCTO KaKk X —> f (X) Mian xe (fx)xEA (MMEHHO NpH HMCNOMb-
30BAHUM ITOr0 nOCJenHero 0603HAYEHHS U TOBOPAT OCOGEHHO YacTo
»CEMEHCTBO 9/71E€MEHTOB* BMECTO ,pyHKUHA®).

2) Ilycts G — MHOXecTBO map. dyHxuuu

z—>pnz(z€G, prz€prG) n z2—>pryz(2€G, pryz €pr, G)

HA3bIBAIOTCA COOTBETCTBEHHO NePBOL U 8MO POl KOO POUKAMH LMY PYHK-
yuamu na G; ux 0603HAUAIOT yepe3 Pr; M pry, KOTAA 9TO He BHI3HIBAET
My TaHULbI.

7. Komnosuyun oeyx dyaxyuli., O6pamran PyHrkyus

[TpEpnoxEHME 6. Ecau f— omo6pascenue muoxcecmsa A s B,
¢ g—omobpasxcenue B 8 C, mo gof ecms omo6paxenue A 8 C.

Iycrs F w G-—rpaduxn f u g; nokaxeM, uro GoF ecrb Qynx-
uMoHaMbHEMA Tpaduk. Ilycrs x, 2, 2’ —rakue o6bexThl, 0 (X, 2) EGo F
(£, 2’)€GoF. Cywectsyor o6bextH y, y’, Takme, uro (x, y)EF:
(%, Y)EF, (v, 2)€G, (¥, 2")€G. Tax xak F — dynxunonanbapift
rpaduk, 10 y=y" u, caenosareasno, (y, 2’)€ G. Tax kax G — dyux-
HUGHAbHBH rpaduKk, TO M3 CKA3aHHOTO BHITEKAET, YTO 2 ==2’, HO 3TO
RoxasbiBaetT Hawe yTtBepxcienne. C Apyro# cTopomb, 064acTb onpefene-
Huf go f, KOHeuHo, eCTb A, YTO 3aBepliaeT [10KA3aTeJbCTBO.

PYyHKUMIO g o f MOXHO 3anucarTh TaKxe B BUIe X —=>g(f(x)) (n°6),
WHOTAA e B Buie gf, KOTIa 3TO He MOXeT NPMBECTH K MNyTaHULeE.

Onpegenenne 10. ITycmsy f — omo6 pascenue A 8 B. Mu cxaxcen,
4mo f ecmo unvexyusm, (une injection), usu unsexmusnoe omo -
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Gpadcenue, ecau anlse 08a pa3AUUHBLX dAeMenma u3 A umewom
pasauinse o6pazs omnocumesvno f. Mo cxasxcen, wmo f ecmo
ClOpBeK yUuR, usL clopseKmugroe omobpadicenue, ecau f(A)=B. Mo
cxaccem, umo f ecmv Ouexyus, uiu Guexmusnoe omob pagcernue,
ecau | OOHOBPEMENHO UNBEKMUBHO U CI0PBEKMUBHO.

BMecTo ,f MHBEKTHBHO® TOBOPAT TaKxke, YTO «f 83QUMHO 00HO-
3HauH0*. BMecTo ,f CIOPBEKTHBHO® FOBOPAT TaKke, 4ro f eCTb OTO-
O6paxende MHOXecTBAa A Ha B wam uto f ecTe napamempuieckoe
npedcmagaenue mroxcecmsa B nocpedcmson mroxcecmsa (nin wepes
MHO¥cecmso) A (B nocieiHeM ciyyae A Ha3bIBAGTCHE MHOJCECMEOM
napamempos 3ITOTO NPEeICTABICHHA, & DJAEMEHTH M3 A HOCAT HasBaHue
napamempos). Ecan f GueKTHBHO, TOBOPAT TaKxke, YT0 f ycmanasau-
saem B3QUMHO O0OHO3NA®HOEe coomsemcmsue Mexncdy A u B nau
npusodum A u B 80 83aumno 00HO3HaAUHOE coomBemcmasue. buek-
LUuS MHOXecTBA A Ha A Ha3biBaeTCs TaKXKE M€ PecmaHoB8Koldl MHO-

wectBa A.

Mpunepwi. 1) Ecim AcB, 10 orobpaxenne MHOXecTBa A B B,
rpaduKOM KOTOPOr0 SB/ISETCA 1MaroHab B A X A, MHBEKTHBHO H Ha3bIBAETCA
KQHOHULECKUM OmOoBpadcenuem WIN KAKOKU1eCKod unsexyuel (nu
npocro unsexyueii) muoxecrsa A u B.

2) Mycts A — mHOxecrBo. Orobpaxenne x —> (X, X) MHOXecTBa A
B amaronanb Ax MHoxectBa A X A ecTb OHMeKTMBHOE OTOOpaxeHue,
HA3LIBAEMOE OUAZOHAAbHBM OMo6 pajxcenuem MHOXeCTBa A.

3) Mycts G — mMuoxecTBo map. Oto6paxetue pry (COOTBETCTBEHHO pry)
muoxxectsa G B pr; G (COOTBETCTBEHHO pry G) COPBEKTHBHO; L% MHDEK-
THBHOCTH OTOODaXeHWs pr, HeoOXOLMMO M NOCTAaTOYHO, YTOGHI G 6ua0

GyHKUMOHALHLIM TD2PUKOM.
4) Tycrs G — muoxecTBo nap. OroGpaxenne z —(pry Z, Pt Z) MHO-
-1

wectea G B G ecTb GMexuus (HasblBaeMas KAHOHU4eCKod).
5) Iycrb A — MHOXecTBO, b — 00bekt. OtoGpaxennue x—>(x, b)

muoxectea A B A X {b} ectb Onekuus.

TIpERAOKERUE 7. [Tycmb f— omoG pajicenie MHoICecmsa A 8 MHO-
-1
scecmso B. Las mozo umobw f Gbvino PyHxyuel, Heo6Xx00umo u

docmamouro, ¥moGe omoG paxcenue [ 6oa0 GueKmusrblM.
-1
B camoM nene, ecau f ecTb QyHKuus, TO ee 061acTh OTNPaBJICHHS B
paBHa ee ofnactTu OnpejeincHus, T. e. f(A). C npyro#t cTOpoHH, MyCTh X
W y CyTb 1Ba 3JeMeHTa M3 A, Takue, 4T0 f(x)=f (). Eciu F —rpa-
1

duk nas f, 1o (f (%), x) Ef"ln (FO:ME 1—3; caenoBarteabto, (f (x), ¥) EI:I;

3naunT X ==y. Takum 06pasoM, oTOGpaxeHHe f WHBEKTHBHO, a MOTOMY
-1
u GuexTHBHO. OGpaTHO, ecau f GUEKTHBHO, TO CPasy e AcHO, uto F ectb
-1

¢yHKuMOHATEHRA Tpadwk u uTO 064acTb -OMpefenenns 114 f pasra B.

N3
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-1
Korna f OuextuBno, f naswiBaerca omolpasienuem, o6 pamusis
1

-1 -
K f; fl6l/leKTl/lBHO, f o f ecTb TOXIeCTBeHHOE OTOGpAaXeHHe MHOXKeCTBA A

H fof ecThb TOxAeCTBeHHOE OTOOpaXkeHHE MHOXecTBa B.
Eciau nepecTaHoBKa TOXIECTBEHHA ¢ O06GpaTHOM nepecTaHoBKOH, TO
OHA HA3LIBACTCJ UNBOAIOMUBHOL.
3anmeuanue. Tlycts f — orobpaxenne muoxectsa A B B; n1an Beakoit

-1
vactt X wmHoxmecrBa A wmbl Bugen (n° 3), uro X < £ (f (X)). Kpome
TOro, Aas BeAkoH uyactH Y MHOXecTBa B cmpaBennuso f(fl(Y))cY:

-1
B camoM Jene, cootHomeHne y € f {(f(Y)) sKBHBAJIEHTHO COOTHOIUEHHIO
@)@ (EEY n z=f(x)) n y=f(0),

a MOTOMY BJEYET COOTHOoIUueHue (3 =
ooy et (32) (2€Y v y =2) u, caenoBaTensHo,
-1
Ecau f — ciopsexyus, 10 f{f{(Y)) =Y nas Bcaxo#l yactn Y -
xectBa B, nbo coorHomenne y¢Yc—B Baeuer, no npennonomex::g,
:l(())om;neu%}me (EIx)};&:)f (x)), a caenoBatenso, u (3x)(y e Yuy = f (x));
. ny=jf(x)* Breuer (32) (€Y u 2 = .
AyeT Halle yTBEpPKIEHHE. 3 (= ¢ #=S()), orwyan u cio

Ecan f —unsexyus, 1o s Beskoi wacth X muoxectsa A crpa-

c=l
BeaauBo f (f (X)) = X. [efcTBUTENbHO, COOTHOWIEHHE X Efl(f (X))
3KBHBANEHTHO COOTHOWIEHHIO f (X) € f (X), a cienoBareAbHO, H COOTHOIIE -
o (32)(z€X u f(2)=f(X)); HO Halle NPeAMONOKEHHE O3HAUAET,

uto f (2) = f(X) BA€YUET Z = X; CICNOBATENBHO, X € j—‘ (f (X)) Baeuer x ¢ X.
8. Pemparkyuu u ucceweHrusn

TIpEanoxeHuE 8. [Tyemy f— omo6paxcenue muoxcecmsa A s B.
Ecau cywecmsyem maxoe omo6pascenue r (cOOTBeTCTBEHHO §) MHO-
sicecmga B 8 A, wmo r o f (COOTBETCTBEHHO f o S) ecms Mmoscdecmeenroe
omoG padicentle MHOYcecmea A (COOTBETCTBEHHO B), mo f unsexmusno
(cooTBercTBenHo clopvexmusno). O6pamuo, ecau f clopsexmusno,
mo cyuecmsyem maxoe omolpaxcenue S MHoxcecmea B 8 A, umo
fos ecmv moscdecmsennoe omo6pascenue mnoncecmsa B. Ecau S
unvekmusno u A+, mo cywecmsyem maxoe omo6pascenue r
MHONCecmsa B 8 A, umo ro f ecmv moxcdecmsennoe omo6paxce-
Hue MHodcecmsa A.

B camom nene, ecam cywecryer orToGpaxenne r muoxectsa B B A
TaKOe, 4TO ro f eCTb TOXAECTBEHHOE OTOOPAKEHHE MHOMKeCTBa A TC’)
PaBeHCTBO f(x)=f(y), rtae x€A u yEA, Bireuer x:r(f(x)’)_—.:
=r(f(y))=y; cnerosareabno, f wuHbexTHBHO. Ecau cyutecTByer
oToOpaxenne § MHOXecTBA B B MHOMXECTBO A, Takoe, uto fos ectb
TOXECTBEHHOE 0TOOpaeHne MHOXecTBa B, 10 B== f (s B))=f(A)=B;
CleloBaTenbHO, f coOpbekTuBHo. Ecam f ciopbexTusHo, 0603Ha'-ll/lN;

uepes T repM t, (YEA u f(y)= x); Toria f(T)=x nna x €B; ecan

0603HaunTL uepes s ortoGpawenne x—>T(xEB, T €A), T0 fos ectp
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ToXIECTBEHHOe OTOGpaxenne MHuoxecTBa B. Hakowel, npeanonoxuM,
yto 0oTOOpaxeHne f MHBEKTHBHO H A @. Tlyctb a — 3aeMeHT M3 Aj
COOTHOLIEHUE

LVEA n x=f(y)) nm (y=an x€B—f(A))

Baever (x, Y)EB X A, a caenoBarenbHO, LOMyCKaeT rpa¢puxk R oTHO-
cuteabHo GykB X M Y. 10T rpaduk sBasercs QYHKUMOHANLHBIM BBULY
npeanonoxewns O f, H €ro 064acTb Onpejfesends ecTb B. Haxoseu,
R(x)=a, ecin xEB—f(A), n f(R(x))=x, ecu x € f(A). Cne-
poBareabno, ¢ynxuns r=(R, B, A) oGaanaer TeM CBOACTBOM, uTO rof
ecTh TOXIECTBeHHOE OTOOpaxeHHe MHOXecTBa A.

Cueacreue. ITycms A u B — mnoocecmsa, f-— omolpaxcenue
uuoncecmsa A 8 B, g— omoGpadcenue muoxcecmsa B s A. Ecru
g o f — mooicoecmsennoe omol pasicerue MHOKCECMBA Au fog—mo-
scoecmsennoe omol paxcenue mroxcecmsa B, mo f u g Guexmusuyl

-1
ug=f.

Onpeaeaenue 11. Iycmo f—unsexmusroe (COOTBETCTBEHRO C/0PBEK-
musnoe) omoGpadxcenue MHOYCeCcm8a A 8 MHOJCECM8O B. Bcaxoe
omoG paxcenue r (coorserctBenno s) B 8 A, maxoe, umo ro f (coort-
BETCTBEHHO f o§) ecmb moscdecmaennoe omol pasjcenue MHoxcecmsa A
(coorserctBenno B), nasvsaemcs pempaxyued (COOTBETCTBEHHO u4cce-
yeHueMm), ACCOUUUPOBANNOL (accoyuuposannsn) ¢ f.

Bmecto ,perpakius® (COOTBETCTBEHHO ,ACCEeUeHne*) UHOTga rOBOPAT
,Ae8as (COOTBETCTBEHHO npasas) ungepcus’,

Ecau f HMHBEKTMBHO (COOTBETCTBEHHO CIOPBEKTHBHO) M r (COOTBET-

CTBEHHO §) €CTb DeTPaKLUs (COOTBETCTBEHHO HCCEUCHHE), aCCOUUMPOBaHHAA
(cOOTBETCTBEHHO accOUMMpPOBaHHOE) € f, TO f ecTb ucceuetue (COOT-
BETCTBEHHO PETPaKLus), aCCOUMMDPOBAHHOE (COOTBETCTBEHHO aCCOUMMPOBAH-
nas) ¢ r (coorsercrento ¢ §). CaenoBarTe/bHO, PETPAKLMA CIOPBEKTHBHA,
HCCeueHue HHBEKTUBHO.

Ecau f CIODBEKTHBHO M S, §’ — LBa MCCEUEHN, ACCOUUMPOBAHHbIE C I
rakme, uto s(B)=s'(B), 10 s=2s'; B camMom pnenre, ecan x€B, 10
cywecrByeT Takoe y € B, uro s(x)=2s"(y); rTorma x=f(s(x))=
= f(s’(y))=1y. a C1ef0BaTe/bHO, s(x)==+s'(x), Tak uro s=s'* Takum
06pa3oM, MHCCEYeHHE S ONHO3HAYHO OMpenenseTcs MHOXECTBOM s(B),
a nOTOMYy, IOMyCKas BOJbHOCTb pPeud, HHOrZa CaMO MHOXECTBO s(B)
MOXHO HA3BaTb 4CCeYenueM, ACCOLMHPOBAHHBIM C f.

Teopema 1. ITycmp f— omolpadcenue MRodNcecmea A 8 MHO-
scecmso B, a f'— omoG pascenue unodcecmsa B s mnoscecmso C,
u nycms f’=f'of. Toz0a:

a) ecau f u f'— uwsvexyuu, mo 4 [’ — ausexyun; ecau r,
' — pempaxyu, accoyuuposanisie ¢ f u f’'smo ror’ — pempaxyus,
accoyuuposarnan ¢ f”;
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4
, 6) ecau f u f'—copsexyuu, mo u f”— copvexyun; ecau S,
s — uccewenun, accoguuposannve ¢ f u f', mo sos’ — uccenenue,
accoyuuposannoe ¢ f”;

B) ecau f’— unseruus, mo u f-—— unsexyus; ecau r’ — pe-
mpaxyua, accoyuuposanuas ¢ f’, mo r”o f' — pemparxyusn, acco-
Yuuposannasn ¢ f,;

r) ecaun f"—copsexyun, mo u f' — copsexyun;, ecau s —
uccewerue, accoyuuposannoe ¢ f”, mo fos” — uccewenue, acco-
yuuposannoe ¢ f;

/4

) ﬁmu [’ —copsexyun u [ — unvexyus, mo f— copsexyus;
ecau s” — uccewenue, accoyuuposannoe ¢ f”, mo s”o f' ecms ucce-
4eHue, accoyuuposantoe ¢ f,

17

e) ef,mu [ —unsexyus u f—copsexyun, mo f' ecmo unsexyun;
ecau r" — pempaxyun, accoyuuposannan ¢ f’, mo for” ecmov pe-
mpaxkgus, accoyuuposannan ¢ f’.

s Besxoro muoxecrsa E 06osnauuM cumBonom I, TOxmecTennoe
orobpaxenue 3TOro Muoxecrsa E.

a) Tak xak rof=1I, u r'o f/ =15, 10

. (ror')o(f’of)—_—rcIBof=rof'=IA_

Ecau f n f’— unbexuun, 10, cTano ObTh, U f” — uHbexuud, COTJIACHO
npelnoxennio 8, ecan ToAbko A %= J; HO cayuyal A =@ oueBuieH.
6) Tak kak fos=I; u flos’ =1, 10

(f'of)o(SoS’):f’oIBoS’:f’oS':]c,
Ecmn f u f’— copbekuuu, T0, €Taao Obith, M f” — ciopbexuud, co-
r1acHO mnpeinoxenuio 8.
/" "

B) Tak kak r’o f"=1,, 10 (r"o f)o f=1r"0 f"=1,. Ecan f'—
HHDbEKLHUd, TO, CTaJ0 ObiTb, M f — HHBEKUMH, COTIACHO NPeasoxeHuio 8,
€Cau TOABKO A +< J; H0 cayualt A = oueBuLeH.

7 n__ ’

r) Tak kak f"os"=I., 10 flo(fos")=f"os" =1, Ecmm f"—
CIOpBEKLHd, TO, CTaN0 ObiTh, U f' — CIOpbeKuus, COTJAAaCHO MNpPeroxe-
o 8.

4 Y a—
1) ffos"=1, u f’ ecrb Guexuus, coraacuo r). CiexroBare/bHO,
-1

-1
Fols"ofy=(flofyofo(sof)=fo(f os")o f' =
-1 -1
=f’o]cof'=f’of'=IB.
Ecan f” — ciopbexuus u f/ — MHbekius, TO, CTajao 6LITb, f — cropbex-

uusi, COTJACHO NpenaoxeHuo 8.
74 [ —
e) r"of”=1, u f ectb Guekumus, cormacio B). CrenosarenbHo,

(Fortyef =(for)yof o(fo f)=Ffo ("o f')o f =
-1 -1
—_"fo]Aof:fof:IB,

7 H. Byp6akn
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Ecnn f” — unbexuusa u f — ciopbeKius, T0, CTan0 Gbith, f’ — HHbEKLHS,

COracHO mnpemjoxennio 8, npu A =£; HO cayyadl A =@ oueBuieH
(torma B= f(A)=0).

[Meeanoxenue 9. a) ITycmo E, F, G — munooucecmsa, g — omo6 pa-
sicenue muoxcecmsa E nwa F, f—omobGpancenue mrnoscecmsa E s G.
Hrn cywecmsosanun omo6paxcenus h unoxcecmsa F 8 G, maxozo,
umo f=~hog (puc. 1), neo6xo0d0umo u docmamouno, 4mo6s coom-
Kowerue

E\s i/ E
e+ 7 e
G
F—»> —>F
h h
Puc. 1 Puc. 2

g(x)=g(y) (20e xEE, yEE) saexro coomnowenue f(x)==f(y).
Omo6Gpascenue h 00no03RGUHO onpedersemcs omobpajcenuen f;
ecau §— uccedenue, accoyuuposannoe ¢ g, mo h=yfos.

6) ITycms E, F, G — uroocecmsa, g — 83aUMHO 00HO3HAUHOE
omo6 padcenue mnoxcecmea F 8 E, f — omo6 pascenue unoxcecmsa G
8 E. [ra cywecmsogarnus omo6paxcenus h uuoocecmsa G g F,
maroz0, 4mo f =g oh (puc. 2), #eo6x00umo u docmamouno, 1mobu
f(GQ)cg(F). OmobGpascenue h odnosnauno onpedessemcs omo-
Opadgicenuen f; ecau r— pempaKyus, QCCOUUUPOBAHHAA C &, MO
h=rof. .

a) Ecan f=hog, 10 coothomenne g(x)=g(y) (tie x€E, yEE) "

BJleYeT, OYeBHLHO, f(x)= f(y). [laa Kaxnoro ucceyeHus s, accoOLUUPO-
BAHHOTO C g, CNpaBeiiuBo A=Hho(gos)==fos. IT0 nokasniBaer,
YTO A ONHO3HAUHO onpeleaserca otobpaxenneM f. OGpaTHO, npenno-
JOXUM, UYTO COOTHOWIeHHE g (X)=g(¥) Bieyer, f(X)==f(y); nycmp
§ — UCCeYeHne, aCCOUMMPOBAHHOE C g; MOJAOKHM k= fos. Ilas Bcsakoro
xEE, rorna g(s(g(x)))=g(x) u, cnenosarejbHo, f(s(g(x)))=
= f(x), wa h(g(x))=f(x), cnenoBateibHo, f=—=~hog.

6) Ecmt f=goh, 10, oueBnmno, f(G)cg(F) n ans BCAKOH pe-
TPAKUMK 7, ACCOUMHPOBAHHOM € g, CNPABEMJMBO A==(rog)oh=rof,
a4 5TO [1OKAa3BIBAET, YTO /72 ONHO3HAYHO OmNpelelseTCs OTOOpaXeHueM f,
O6patno, npeanonoxuM, uro f(G)< g (F); nycrs r — perpakuus, acco-
UMUPOBAHHA C &, W MyCTs A=ro f; aas Kaxnoro x € G cywecrsyer
Takolt ¥y € F, uro f(x) = g (y); cnrenosarenvto, g(h(x))=g(r (f (x)))=
=g(r(g()) =g =71 (x) Ho Tem cambi f=goh.

9. dyHKyun O8yx apzymMeHmos.

Pynrkyuel 08yx apzymenmos HaswiBaeTCs QyHKuMs, 067aCTHIO
onpexnejeHuss KOTOPOR fBAAETCS MHOXECTBO Map (WM, u4TO TO Ke, 4acTh
HEeKOTOPOro mnpoussedetus). Ilycrs f — raxkas QyHkuus; ecau (x, y)—

9 § 3. COOTBETCTBUSI - 99

aJeMeHT u3 o6GJjactu onpepeteHus QyHKUuM f, T0 3Hauenue f((x, ¥))

¢ynkuun f B Touke (¥, y) 0003HAUAETCH OGLIYHO CHUMBOIOM f(x, V).
Mycts f — ¢yHKuUS IBYX apryMentos, D — ee 06nacTb onpenenexus,

C —ee o6aacth npubbitus. [lJs BCIKOro y MNycCTh lAy eCTb MHOXEeCTBO

Takux x, uro (x, ) ED [r. e. cpes Muoxectsa D mo y (n°l)]. Oro-
Gpaxenne x—>f(x, Y)(XE€A, f(x, y)€C) HasbiBaercs uacmuoi
(WM napyuarbRem) omol pascenuem, 3a0asaemon Hynkyuel f npu
3HaYeRuu y 8mMopozo apeymenma, v 0603HAYACTCI CUMBOJIOM f(., V)
win f(, y) (anm wHOrzHA fy); TakuM obpasom, f(., V()= f(x, y)
g (x, y)ED. Tlono6uo 9ToMy, Aasi BCAKOTO X mycTh B, ecTh MHO-
KecTBO Takux y, uto (X, y)ED. Otobpaxenne y— f(x, ¥)(y €B,,
f(x, v)E€C) naspiBaercsi wacmuoism (WM RAPYUALLHUM) OmMOC padice-
HueM, 3a0asaemsin OYHKyueld [ npu 3xa4eruu X nepsoio apzy-
Menma, u 0603nauaeTcss CUMBOJIOM f(x,.) wam f(x,) (uan unorma f,);
TakuM o6pasoMm, f(x,.)(¥)=f(x, y) nm (x, ¥)ED.

Ecau aas BCAKOTO ¥ (COOTBETCTBEHHO X) yacTHOe OTOGpaxenue f (., ¥)
(cootBeTcTBeHHO [ (X,.)) ABAAETCA NOCTOAHHBIM OTOOpaWeHnueM, TO ro-
BOPAT, uTO [ Me 3asucum OT CBOErO NepBoro (COOTBETCTBEHHO BTOPOro)
aprymesra; 9710, cTano ObiTh, O3Hauaer, ut0 f(X, y)=f(x', ¥), ecau
(x, ¥) u (x’, y) naxomsrcs B D [coorBercTBenno f(x, y)==f(x, ¥'),
ecan (x, ¥) u (x, y) Haxomsarca B D]. Ilnsa BCAKOro y, mpuHamiexa-
mero Bropo# npoekuwu obaactu D, Ml 6yneM o6osHauato sepes g£(Yy)
oblee 3HaueHwe Bcex f(x, y) mafd x € A,1); orobpaxeine y—>g(y)
ecTh otob6paxenue npoexuuu pry,D B C, rtakoe, uro g(¥)=f(x, y)
nas (x, y)ED.

O6partno, nycrb g — oToOpaxenne MHOxecTBa B B Muoxectso C u
nyctb A — npousBojbHOe MHOMecTBO. Orobpaxenue (x, y)—> g (y) MHo-
wectBa A X B B C He 3aBHCHT OT NepBOro U3 CBOMX apryMeHTOB.

[Iycrts u — oroGpaxenne MHoxectsa A B C, ¥ — 0To6paxeHne MHO-
wectBa B B D. OroGpaxenue z —(u(pryz), v (pryz)) MHoxectBa A X B
B C X D HA3BIBAETCA KAHOHUMECKUM pacnpocmpareruer (Wil pac-
npocmpanenuesm) omobpaxenul 4 M U KA npoussedenus MHO-
Jicecms WM €lle npousdsederuem omobpaxenud u u v (€CIM MOXKHO
He GOATBHCS TNYTAHMUBI) M 0003HAYAETCA HHOTHA CUMBOJOM & X U WM
(#, v); obaacte ero 3navenn# ectb 4{A) X v(B). Ecim 4 n v—
MHDBEKTUBHLIE (COOTBETCTBEHHO CIOPbEKTHBHBIE) OTOOpAXKeHHs, TO & X U -—
TOXE HWHBEKTHBHOEe (COOTBETCTBEHHO CIODDBEKTHBHOE) OTOGpaxeHue.
Ecam # uw v OGueKktuBHB, TO # X U TOXe OGHEKTHBHO U oTOOpaseHue,

-1 -1
o6pathoe K # X ©, ectb 4 X v. Ecau 4’ — orobpaxenne MHoxecrsa C

) ta ¢ppasa He cOBceM TOYHAa [OcTaeTc HEACHBIM, 4YTO Ke HMeHHO 000-
3Havaercs uyeped g(y)] u AOMKHa ObiTh, NO-BUIMMOMY, YTOUHEHA CAREAYIOLIUM
06pa3om: ,uepea g (y) GyaeM OGosHauath 7, ((J¥) (XE€A, u f(x, y)=2))*. —
Hpun. peo. .

7%



100 rJ. 11. TEOPUSA MHOXXECTB Yap.

B MHoxecTso E, a v’ — oro6paxenne Muoxectsa D B MHOxecTBO F, 10

(' X0v)o(uXv)y=(tou) X (v ov).

Ec)n(u U u V-—rpaduxu cOOTBeTCTBEHHO 1A% ¥ H v, TO rpadux W
aas u X v eCcTb MHOXECTBO Takux map ((X, y), (2, £)) u3 (AXB

K (C X D), uro (x, 2)€U u (y, £) € V; 310 MHOXKECTBO MOXHO (nocra.ﬁﬁi
BO B3aMMHO OJHO3HawHOe cOOTBeTCTBHE C Inpou3seneHHeM U X V [ugacTbio
npouaBefeHus (A X C) X (B X Dg] NoCcpencTBOM  OTOGpaxeHHsd ((X, y),
@ H)>((x, 2), 0, 1)) (cp. § 5, 1° 5).

Ynpancrnenus

1) Moxazats, 4T0 COOTHOMEHHS X €y, Xy, X = {y} He OGaanaior
rpadukaMu N0 X H y.
2) Mycrs G —rpaduxk. [lokasars, uro cootHOmeHne X  pr; G 3xBH-

~1
BaleHTHO cooTHOomeHno X < G (G (XIZI) .
3) Mycrb G u H — nsa rpaduxa. Iloxasarb, 910 cOOTHOmEHHE priH
~1
cpr;G skBuUBaneHTHO cootHOomennio H < HoGo G; BuiBecTH OTciofa, 4TO

G = GoGoQ.
4) Ecau G —rpadux, nokasats, yt0 GoG=GCGo@ = @. Jas toro

41006 G oG = &, HeO0X0AMMO H AOCTaTOUHO, YTO6H Q = O.
5) Ilycrs A u B — aBa mHOxecTBa, G —rpadux. [okasarh, uto

-1
(AXB)oG =G (A)XB 1 Go(A X B)=AX G (B).
6) Has Beakoro rpaguka G mnycrs G’ ectb rpadux ((pr,G) X
1

| :\
X (pr.G) ) — G. Tlokasarb, ut0 (G)' =G’ u
-1 L -1 ’
Go(G)' < Ag, (G) eG4y,
ecat ADprG u Bopr,G. Maa toro wro6et G = (pr,G) X (pr,Q), ue-

-1
06X01UMO U A0CTaTOYHO, YTO6H Go G/ oG = .
7) Has t0ro utoGH rpadpuk G Obn HYHKHMOHAALHBIM, HEOGXOIUMO K

A0cTaTtouHO, uro6nl G (G (X)) < X aas Beaxkoro MHoxecrBa X.

, 8) Ilycth A u B — 1Ba MHOMecTBa, I — cooTBercTBUe Mexay A u B,
I" — cootsercrBe Mexway B u A. Ilokasars, ato ecan I (T (X)) = {x}
anst Beskoro x € A v I'(IV (y))={y} aan Bcaxoro y¢B, 10 T ecth
GuexuMs MHOXecTBa A Ha MHOXecTBO B, a I’ —o6patHoe OTOGpaxeHHe.

9) llycts A, B, C, D — MHOXecTBa, f— OTOGpaKeHUe MHOMecTBa A
B % gn— 0T100paxeHne MHOxecTBa B B C, & — 0106pakenne MHOxecTBa C
guekuuu(.)xasaTb' 9r0 ecau gof u hog— Guekuuu, 10 f, g, h— TOWE

10) Mycts A, B, C— mvHOXecTBa, f — OTO6paxeHde MHOXECTBa A
B B, %—— otoGpaxeHne MHOXecTBa B B C, A — 0TOGpaxenue muHOmecTa C
B A. Ilokasats, 4r0 ecau cpean OTOOpakeHUd hogof, gofoh, fohog
JBa ABIAIOTCH CIOPBEKUMAMY, @ TPEThbe — MH'bEKHMEH WAH JBa ABAAIOTCA
MHBEKIUAMY, A TPeTbe — clopbekuued, 10 f, g, k cyTh GuexuuM.

11) Hailru omu6ky B caepymomeM paccyxmenud: nycrts N — mio-
KECTBO HATYpaAbHBIX yucesa, A — MHOXECTBO UENbIX YHcea 71 > 2, Jas KO-
TOPLIX CYIECTBYIOT TPH TAKUX CTPOTO NOJOXKHTEALHHIX LEABIX YHCAA X,
Y, 2, 4T0 X" y" = 2% MHOmecTBO A HenyctO (MHaue rOBOPS, ,BeaHkas
Teopema PepMa“ HepepHa). B camoM gene, mycth B= {A} u C= {N}:
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tak kak B u C — MHOxecCTBa, COCTOSINHE H3 €IMHCTBEHHOrO sjeMeHTa, TO
cymecrByeT Ouexknus f mHOxecrBa B Ha wmHOmectBo C. TaxuM 0GpasoM,
F(A)=N; ecau A 60 6bl NyctO, TO M NoayIuad 66 N= f (@) = 0,
910 abCypaHo. '

§ 4. O6beauHenue ¥ nepecedenue ceMelicTBa MHOXECTB

1. Onpedesenue 00%eOUREHUST U nepece4eHusn cemelcmsa

MHOMHCECME,

Mycts X — cemeficteo (§ 3, n°4), I—ero MHOKECTBO MHIEKCOB;
s OGJeryeHnss WMHTYMTMBHOTO MCTOJKOBAHMA JdanbHeHiiero Mer OyieM
roBopuTh, uTe X — Cemedcmeo MHOINCeCMmS.

Ecmu (X, 1, @) — cemeilicmso wacmeli Hexomopozo mHoiCecmsa E
{T. €. CeMeHCTBO S/IEMEHTOB, y KOTOpOro oGiracrhb npubuitus @ raxosa,
uto coorHomenne Y €@ Brever Y = E), To Me Oynem oGo3nauarth ero
CHMBOJIOM (XL)IEI(XLE@) wan mpocTo cuMBoaoM (X)), (§ 3, n° 6); no-
fyckas BOJBHOCT B 0GO3HAYeHHAX, Mul Oynem 00603HayaTh CHMBOJIOM
(X\),¢| TaKxe npousBOIbHOE ceMeHCTBO MHOXeCTB C MHOXXECTBOM MHIEK=-

cos L.
Tak Kak BepHO COOTHOHIEHHE

VO(CED n xeX)=>(x€X))
10 13 S5 (ra. I, § 4, n°2) BpITeKaeT, ¥TO BePHO COOTHOIIeHHEe
V)@V (CET n x€X)=>(x€2)).

CnenoBatelbto, B cuiy cxeMsl S8 (§ 1, n° 6) coornowenne (Jv) (1 €1 n
X €X) ABASETCA KOAAEKMUBUIUPYIOUUM TIO X.

Onpeaenenue 1. ITycmo (Xl)Lel—ceMezicmso MHONcecms (COOT-
BETCTBEHHO cemelicmBo 4acmell  muoxwcecmsa E). Mnoxcecmso
&, ((A)CEL u xE€X)), m. e. MHONECMBO mexX X, KOMOpse npu-
Hadaexcam xomsa Ob. O0HOMY MHONCECMBY U3 cemelcmsa (Xl)tgll).
Hasvieaemcs 00vedunenuem 3mozo cemelicmsa u 0003Ra4QemMes CaM-
soson | JX.

el

Ecau (X,)‘el— ceMe#icTBO uacTeit MHoxectsa E, To ero obbeluneHue
eCTh uacTs MHOxectBa E; HeTpymHO BuleThb, YTO OHO He 3aBHUCHT HH
or E, uu or obaacru npubsitus G orobpaxenns «—>X,.

Cpasy xe BumHo, uro ecan I=@, o | J X,=4, u6o roraa

el
Y€l u x€X,) nesepuo,

1) Cxema S8 moapoaser, TakuM 00pasOM, ONpeleauth OGbelHHEHHE ceMeit-
C€TBa MHOXECTB, He IpeanoJnaras allpHopH, 4TO 3TH MHOXKE€CTBA CyTh 4Y4dCTH OIHOro
M TOrO Xe MHOXecTBa (THIOTe3a, BBEJEHHas NpH OnpenereHuu O06bejHHeHHS
B CBOIKE pesyabTaros, § 4, n°2).
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[IpennonosxuM teneps, uto I+ J. Ecin o — saement Muoxectsa I,
10 cootHowenune (V) ((tE)=>(x € X)) Brever x €X,; caeropateasHo,
seuny C52 (§ 1, n° 6) sro coorHomenue siBasIETCS KOAACKMUBU3UP VIO~
wum no x.

Onpenenenue 2. ITycms (XL)tE,—cmeﬁcmso MHOJCeCms, y Komo-
po2o mrodxscecmso undexcos 1 nenycmo. Muoscecmso

& ((V)(CED=(xEXY)),

m. €. MHOXCECMBO mexX X, KOMOPbEe NPUHAOLEHCAm BCeM MHONCE-
cmeam u3 cemelicmsa (X‘)tEI, Ha3vieaemca nepeceweruem amozo ce-

Melicmea u 00603Ha4vaemcs vepes nX‘.
el
Ecru 1=0, 10 coorHomenue (V) ((1cl)=>(x¢€X)) He sBaserca
KOJlJleKTPlBHSprIOmKM no x. B camom nene, ar0 COOTHOIUEHUE HCTUHHO
H He CYIIeCTBYET TaKOro MHOXecTBa Y, uto X € Y ecTh UCTHHHOE COOTHOILEC-
Hde, u00 TOrAa Y 6b0 6B MHOXECTBOM Bcex OGBEKTOB (cp. § 1, m° 7,
»3aMeyaHue*).

Ecnu (Xl)lgl——cemeﬂcmo yacret MHOxecrBa E u ecaum 1<, 1o
coorHowterne ,Xx€E n (V)((LED=(x€X)) SKBHBANEHTHO COOT-
Howenmo (V) ((+ ED)=>(x €X,)); TakuM 06pa3oM, OHO ABASETCH KOJIEK-
THBH3UDYIOWIMM N0 X, M MHOXECTBO TeX X, KOTOPble YIOBAETBOPSIOT
sTOMY coothomenmio, pasuo []¥,.

[T .

Korma 1=¢, coomomex%ae SXEE u (V)((LED=(x €X))* 9kBu-
BAJEHTHO COOTHOLIeHHI0 X € E; KpoMe T0ro, OHO #BJASeTCS KOJJEKTH-
BU3MPYIOLIMM MO X, M MHOXECTBO X, YIOBJIETBOPSIOWMX 9TOMY COOT-
HOWWEHHKW, ecTh E.

Beuny storo Mel npeisaraeM ciaelyioiee onpeieseHue.

Onpeaenenue 3. ITycms (X‘)lel—ceueﬁcmso wacmeld  MHodNCE-

cmea E. Mnroxecmso &, (x€E n (VY)(CEDD(EX))), m. e.
MHOJYCECMBO Mmex X, Komopuie npunadsexcam E u scem mnoxcecmaan

u3 cemelicmsa (Xt)‘el, Ha3b6l8aemcsa nepecewenuem 3mozo cemelicmsa
u o6osnanaemcs uepes [)X..
el

TaxuM 06pa3oM, ajns ceMeHcTBa (Xt)teg uacrelt MHOXecTBa E nosnyuvaem
n X, =E. Ho nas cemeiticTBa (Xl)‘El yacted E, Tle MHOXECTBO MHICK-
€Q
coB | menycro, nepeceuenue nX; He 3aBuUCHT HU OT E, HHM oT obGaactu

el

npubbiTHs oToOpaxenus t~>X,, YTO M ONpABABIBAET ynorpebaenue onu-
HaKOBBIX 0603HaueHn#t B onpenesenusx 2 u 3.
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IMeeanoxenne 1.  ITycms (Xt)te,-—ceueﬁcmso MRONHCECMB U

nycms f—omo6pasxcenue mnoxcecmsa K na 1. Tozda

U Xw=Ux
»£K el

a ecau 1=, mo anm:nXt.
r&K el

[lycte x — sneMeHT U3 UX;' Cyuwecrsyer Tako#t unaexc t€I, uro
e1
x€X,. Tak kak f(K)=1, 1o cymecrsyer Ttako#t uniekc x €K, uro

¢=f(x), orkyra X €X,, ¥, ClIeR0BATE]bHO, X€ E{Xfm. O6parHo,
x

ecin x € U X TO CyllecTByeT Tako# % €K, uto xEXf(K), OTKY A
x €K

F®EI BBrRy x€ lEJl X,. Caenosatennto, LEJK X = .LeJI X..

[pexnonoxuM rtenepb, 4ro I+, W nycrs X — 31€MeHT M3 nXl.
el

Jas Beakoro snementa x us K cnpasenmuso f(x)€ 1, orkyma x€X, .,

q4xX€ n Xs o [Tycrs, o6paTHO, X — d/eMEHT M3 XQ( Xy ECM t—

x¢&K
ﬂpOHSBOJH:-HbIﬂ saeMent w3 I, TO CyliecTByeT Tako# saemeHT % u3 K,

4yro v=f (%), oTkyaa X €X, W, CJeNOBATeE/BHO, xEﬂX‘. CaenoBa-

el
TeABHO, n Xf(x) = nXt.
x €K el

JIins cemefictB uacredl AaHHOrO MHoxecTBa fCHO, 4TQ BTOpas 4acth
npeanoxeHns 1 ocraercs chnpaBenauBOil u Ges orpaHuueHus I == @.

Caencreue. ITycms (XL)LE,—ceuethmso MHOJCECMSE, MaKoe, 1Mo
X, =X, 04 kaxool naps unodexcos (1, x). Toz0a 0478 8cAK020
a €1 cnpasedauso | JX, =X, u (npu 1+ Q) an':-Xa-
1 el
JloCTaTOUHO NPUMEHHTh mNpemaoKeHue 1 K noCTOAHHOMY orobpaxe-
amo t—>a MHOxecrBa I Ha Muoxecrso {a}.

Onpeaeaenui 4. ITycmy & — MHodcecmso MHOJNCECM8 u Nnycmos
® — cemelicmso MmHoCecms, 06pPa308aAnHOe MONCOECMBEHHUM OMO-
Gpaxcenuen muoncecmea F. O6vedunenue mnoxecms uz ® u (ecau F
Henycmo) nepecewenue mroxwcecms uz © wnaszwsaomca coomsem-
cmBenno 06bedunenuem o nepecewenuem MHoxcecms u3 § u 0603-
nanaomen cumsosamu \J X u« [ X.

XT# Xe _

U3 npeanoxenust 1 cpady e BbITeKaeT, 4TO €CIH (X,)tEl—cemen-

CTBO MHOXecTB, TO oObemunenne u (npu I =) nepeceuenue 9roro
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ceMeHcTBa PaBHLI COOTBETCTBEHHO 06'be,IlPlHel;ll/l10 U’ nepeceyeHu) MHO-
XKECTB U3 MHOXECTBA 3IJEMEHTOB TOro cCeMencrna.

2. Caolicmea 00%e0uHeHus u nepecedenusn

Ecau (X‘)‘el u (Yl)lEI—cemeHCTBa MHOMECTB, UMEIOIIHE ONHO M
TO Xe MHOXeCTBO uhuexkcoB I, w ecim Y, < X, mas kaxgoro t€1, to
JIETKO BWIETH, 4TO Uch: UXl u (npu 1+ @) nY; c nXl.
) L€l €1 t€1 el

[ycrb (Xl)lel—cemeﬂcmo mHoxectB. Ecam J I, to U X c UX‘

.o teld el
n (mpu J+=0) )X, = N)X.
’ el el

Meennowenue 2. IIycmeo (X‘)lel——ceueﬁcmso MHOINCECMS, Y KO-

mopozo MHodNcecm8o unOexcos 1 ecmbv o06%edunenue cemelicmsa
(JA)AEL Mmuooxcecms. Tozda :

u (ecau L+ @ u J, + @ daa xaxmdozo AEL)
Nx=0N(Nx
el reL \e€d,
(,aCCOLMATHBHOCTL® OGBENMHEHHs M TepecedeHus).

[Tycte x — aneMent u3 UXl. CywectByer Takoit unmexc (€1, uro

el
x€X,. Tak kak |— o6beaunenne cemelcrna (JA)XEL’ TO CyLlecTByer

Takoh unmekc AEL, uro € J,, orkyna x € U X, M, CJAel0BATeNLHO,

LEJy
x€ U (UUX.). O6parno, nycrs x — snement Mnoxecrsa Uy x\.
NEL \ €1, AL\ €1,
CyuecrsyeT Takoit uniekc AEL, uyro x € U X,, OTKyla BHITeKaer
LEJ)‘

CyLIeCTBOBaHHe TaKoro uniekca t € J, (cnenosareneno, ¢ €1), yro x €X,;

orciona MOxHO 3akmounts, uro x €[ JX.
(A3
[peanoaoxum Temepb, uyTo L =@ u J =+ @ nna kaxaoro AEL;
Toraa I+ @. Tlycth X — 37eMeHT M3 an Ecan A€L, ro x€X, aas
€1
Kaxaoro t&J, (6o J,=I), orkyna x € n X,. Tak xak 9710 BEpHO W19
AN
kaxnoro AE€L, 1o orcioma MOXHO BBBECTH, YTO X NPHHALJICKAT
K n (n Xt) . O6paTtHO, NycTh X — 3JEMEHT ITOr0 NOC/HELHEr0 MHO-
reL\.gd,
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WecTBA M NYCTh t— NPOM3BOAbHEIA 3aeMenT w3 I. Cymecrsyer rtakoe
AEL, uro +€J,; Tak kak x € n X,, 10 x €X,. TlockosbKy 370 BepHO
lEJx
ais kaxgoro t€1, to xEﬂXl. CrenoBatespHO, npennoxenne 2 no-
E 0
Ka3aHo.

Jns ceMeiictB uacreil MHOXeCTBa BTOpas 4YacTb NpeAnOxeHus 2
ocraercs CHpaBeAauBOi#t U Ge3 OrpaHHueHHil Ha L u J,.

3. O6pa3er 06se0unerus u nepeceweHus

[Mpenaoxeuue 3. ITycmos (Xt)‘elwceueticmso wacmeli MHodCe-
cmea A, a I'—coomsemcmeue mencdy A u B. Tozda

r<ﬁgxt>= UTx) « I‘<‘QXL><: AT XD.

€l tE1
Coornomienue (Ix)[(x € UXl u yEI‘(x)) SKBUBAJEHTHO COOTHOIIE-

131
o (Fx)(F)( €I x€X, u yET (%)), a creacBaresbHo, U COOTHO-

wenno () (€I n yET(X)), 1 e. ¥€ UI‘(X‘), YTO  NOKa3blBaer
tel
nepsyio ¢opmyay. C apyro#t cropons, ans kaxioro t€1 crnpasexnuso
() X. = X, orkyza (§ 3. mpennoxenue 2) I‘<nX‘>c:I‘(X‘) ", Clexo-
€l 3
BATEJILHO, I‘<nXl> < (X))
eI el
Ecan I' — npousBoabHoe COOTBETCTBUE (MJM, B YACTHOCTH, TIPOH3BO/Ib-
Han QyHKuua), T0 opMmyaa I‘(ﬂxl>=nr(x,), pooblle ropops, He-
T €1 '
BepHa,
° Hampumep, B mnockoctH R? mepBble NPOEKUMM NPAMBIX y=X H
y=x-41 tOoxnpectBeHHnl ¢ R, HO nepecedeHHe OSTHUX MNPAMBIX HYCTO,
a caenoBaTeabHo, IycTa M IepBasi MPOeKuMs STOrO nepeceueHHs !). ,

OxHako MOXHO CcQOPMYJMPOBATH ChaelylolMH BAXHBIA pesyabrar:

[Meenaoxenue 4. ITycms f— omoGpascenue mrosxcecmsa A 8 MrHo-
acecmso B, a (Yl)‘el—-ce.ueticmso wacmeili mnroxcecmsa B, Tozoa

-1 -1

FOYY=07 -

[ el

1) 3HameHuTas OWHOKa, CBA3aHHAs C NpHMeHeHHEM HpeAnAyIed dopmynsl,
Opina cosepmeHa A. JleGeromM npu MoNbITKE A0Ka3aTh, YTO NPOEKLHH Ha OCh
NA0CKOTO 0OpeieBa MHOXKECTBa Takke ecrb GopeneB0 MHOXECTBO (pesyabrar,
BIOCJ€EICTBHY HpPH3HAHHBL HeBepHbIM; OGCYXACHHE €rQ HOCAYKHUIO HauyaaoM Teo-
puM ,CYCHMHCKHX® MHOXectB); JleGer mHcan, 4TO NpOeKiUs nepecedeHus yGui-
Balome# NOCAEHOBAaTENbHOCTH MHOXECTBA paBHa IlepecedueHHI0 HX npOeKnui

(Journal de Mathématiques, (6), 1 (1905), 191—192).
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-1 4
IleMCTBUTEABHO, NYCTH X — D/JAEMEHT M3 nf (Y). IHas kaxaoro

tEl
t €1 uMeer Mecro f(x)EY,, oTKyna f(x)Er]Yl M, CleloBaTeJbHO,
el
-1 -1 -1
xXEf <nYl>. CrenoBartenbHoO, nf Yycf <n Y‘>, YTO  BMecTe
el el e

C NpemyioXeHueM 3 3aBepliacT AO0KAa3aTeJbCTBO.

Caencrsue. Ecau f— unsexyusn Mmrowcecmsa A 8 mnodxcecmso B,
a (Xt)lE,—ceMeﬁcmso wacmedi MHodcecmsa A, MHOJNcecm8o urOeK-

co8 KOmMOpPo20 Henycmo, mo f nX‘>=n FXD).
€l el
B caMoM leje, MOXHO 3anucaTth f==io g, rle [ — KaHOHHYECKAD

unbekuusas Muoxecrsa f (A) B B u g — Guexuus Muoxecrsa A Ha f (A).

_. -1
Torza mas xaxioh uactu X Muoxecrea A f(X )=~nr(X), rae cum-
BOJOM £ 00603HAueHO ortobparieHue, 0OpaTHOe K g, TaKuM 06Pa3oM, MHl
npumad K nNpenioxenuio 4.

‘4, Jonoanerue 065edUHEHUST UL NEPECeHeHust

[Mpeanoxenue 5. Jasn kaxcdozo cemeldcmsa (Xl):EI wacmel MHO-
acecmsa E

C: (ij: N©:x) « 6, (Qx): U @e:x).

/ el tel
[ycts xEGE(UXl\). Tak xak x €E w nas kaxaoro t€1 uMmeer
t€1

MecTO xé X, 10 x €0 X; caenosaresbho, x € n(cEX,). O6partto,

t€1
nycm X € n(cExl); N0 ONpelesNeHHIo TNepeceyeHuss (omnpelenenne 3)
tE1
x €EE. Kpome toro, ecan 66 x € UXl, TO cywlectBoBado O Takoe

€1
x€1, uro x €X,, a 970 NPOTHBOPEUYHT NPEANOJOKEHHIO X € n(GEXl);
el

CJ1e10BaTebHO, xEGE(UXt). 370 3aKaHuMBAET NOKA3aTeNbCTBO TNep-
€1

BO# QopMynb. Bropas cpasy se BbiTeKaer OTCIONA, eCJM Y4eCTb, H4TO
H (GEX)=X s Besikof wactw X Muoxecrsa E.

5. O6sedurHenue u nepecewerue 08yX MHOIHCECMS
Ecaiu A u B-— MHOXeCTBA, NMOJOXUM

AUB= [J X, AnB= [] X
xe{a, B} Xe{A B}
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fIcuo, uto A UB ecrb MHOxecrBO OGBEKTOB, NpHHALJexKAWKUX An6O K A,
au60 ¥ B (u, Guitb MOxeT, K HuM oGouM), B TO BpeMs Kak A []B ecrs
MHOXECTBO OOGDBEKTOB, NpUHaliexalux cpasy kK A u k B. B vacrhocru,
fx. y} =[] U{y}-

Monoxum {x, y, z}={x, vy} U{z}. Mnuoxecreo {x, y, z} ecm
MHOMECTBO, €AMHCTBEHHBIMH 3JEMEHTAMH KOTOPOTO ABJSIOTCA X5 ¥ M 2.
Ananoruyno nonoxuM {x, y, z, t}={x, y, zJU{¢} n 7. L

Ecan Tenepp A, B, C, D — MHOXeCTBa, NOJOXHM:

auBuc= {J X AnBnC= (] X
X¢{a, B, C} x¢{a,B,C}
AUBUCUD = X, ApBpCnd= [} X ur n
x¢e{a, B, C, D} x¢{a,B, C, D}

Mycrs A, B, C— Muoxecrsa. Ilpeanoxenus 1 u 2 Baexyr ¢op-

© MYJIBI

AUB=BUA, AnNB=BnA,
AUBUO=AUBUC=AUBUC,
AnBNO=AnBNC=ANnBNC.

Sti GOpMYJBI, BIPOYEM, CYTh HEMOCPEACTBEHHbIE CJEICTBUS TEOPEM,

wanoxenusix B Kpurepun C24 (ra. I, § 3, n° 5); aHanormyHo 1OKa3bi-
BalOTCA QOPMYJbE

AUBNC=AUBNAUC)., AnNBUCO=ANBUMANOC
(,AMCTpUOYTHBHOCTE® OOBbENMHEHUS OTHOCHTENBHO TepeceyeHns u mepe-
ceyeHHsi OTHOCUTENIBHO O6beaunenus; cp. § 5, n° 6).

CoorHomenne A c B skeusasentHo AUB=B u ANB=A.
Ecom A u B —uactu muoxectsa E, T0 u3 npernoxenus 5 (niau u3
kputepusi C24) nerko BHIBOAATCS (HOPMY Ikl

€. (AUB)=(6,A)N(C;B). € (ANB)=C AUCB;:
KpoMe TOFO,
A U(C:A)=E., AN(CcA)=0.

Ecau I'— coorsercreue mMexxny E n F, a A u B —muacru or E, 10
M3 npeljoXKeHusi 3 JErKO BHIBECTH, YTO

I'(AyB)=T(A)UT(B). I'{AnB)=T{A)nTI(B).
a ecan f—oroGpawenne u3 F B E, 10

7 (AnBy=7 (AYn7 (B)

B cuny npenjoxenus 4.
OrMmeruM Takxe ciaelyioliee NpeloXeHue O LONOJHeHHAX.
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Meenaoxenne 6. Mycmo f— omo6pascenue u3 A ¢ B; dan sca-
-1 - -
Kol wacmu Y mnosxcecmsa B cnpasedauso f(B —Y)=f1(B)—-fl(Y).

-1
B caMom mene, nas TOro utoGh x npuHaanexano K f(B—Y), ue-

06XOIMMO M 1OCTAaTOYHO, 4TOGH f (x) npuHaanexano K B, Ho He x Y,
-1 -1
T. e. uto6b x npunasnexano k f(B), no me x f(Y).

Caenpcreue. ITycmy f— unvexyus A 8 B; 0an ecaxod wacmu X
MHodicecmsa A cnpasedaugo

fAA—X)=f(A)—FX).

B camoM nene, sanucwiBasg f=~io g, rie {— KaHOHWYECKas HHDbeEK-
unﬂlns f(A) B B, MB NpUXOLAM K NpPEeNOXKEHHIO 6, npuMeHeHHOMY

K g.

[Mepeceuenne X [ A HaseiBaeTca uHOTIA c.redox (0T) MHOxecTBa X
Ha A. Ecan § — ceMeHCTBO MHOXeCTB, TO HA3HIBAIOT TaKXe C.2e00Mm
(oT) cemeficTBa @ Ha A MHOXECTBO CJeIOB Ha A OT MHOXeCTB, TpH-
HALIEXKAWMX K T

6. Hoxpermus
OnpeaegeHuE 5. Mol crascem, wmo cemelicmgo mroxcecms (X,) )
t

ecms noxkpumue MHoxcecmsa E, ecau Ec:UXt. Ecau (X‘)LEI /4
(123

(Y,)xeK——noxpumun nmuoncecmga E, mo mub cxagcem npo smopoe
u3 amux nokpumuli, umo oxo Ooaee Mmeaxoe (MOHKOE), 1eM nep-
goe, Wi Meabue (MOHbULE) nepsozo, a npo nepsoe u3 amux no-
Kpomud, —umo ono Gosee kpynwoe (2py6oe), sem smopoe, urn
Kpynuee (zpyGee) smopozo, ecau 048 8cAK020 »C K cywecmsyem
maxoe 1 €1, umo Y, = X,.

MuoxectBo MHOMects W ectb noxkpeTHe MHOXecTBa E, ecau ce-
MeliCTBO MHOXeCTB, 06pasyeMoe TOXAECTBEHHBIM OTOOPAXKeHMEM MHOXe-
crea M, ecrp nokpwrue aad E, T. e., uHbiMM ciaoBamu, ecim E
«Ux

XeR

Ecin W, N, N’ — rpu nokpuirust Muoxecrsa E, rtakue, uro N/
meabue N, a N” meavue M’, 0 sicuo, uro M’ Meavue R.

[ycTs (X,)ler—noprnne Muoxecrea E; ecam J—wyacte MHOXe~
crBa I, Takas, uTO (X‘)tel TaK)Xe €CThb NOKpPhITHE WA E, TO 9TO NMOKpPHI~
THe, OYEBUAHO, MeJbye, YeM (Xt)LEl'

[ycts (X‘)lel " (Y,)xEK—HOKpuTuﬂ mHoxecrsa E. CeMeltcTBO MHO-
wectB (X, NYy), o ¢ 1x K TaKKe ABIAETCA NMOKPHITHEM LA E. B camoMm

nene, ecan x €E, To cymecrsylor Takue uuiexcet (€1 u x €K, uro

6 § 4. OBBEAWHEHUE U NEPECEYEHHE CEMEVICTBA MHOMXECTB 109

x€EX, n x€Y,, otkyra x €X,NY,. KpoMe TOro, icHo, 4TO MOKpBITHE
KN Y, e 1xk Meabue KDKIOTO 13 nokperth (X)), ¢pr (Yo, eg- [Iyers,
06paTtHO, (Z,), ¢ — MOKpHITHE LI E, Gojee MelKoe, HeM Kaxioce W3
NoKpHITHH (Xl)LEI u (Yl)zcEK; ecan AEL, TO CYWIECTBYIOT TaKHE HHIEKCHI
t€lu x €K, uro Z, =X, # Z,cY,, okyna Z, = X,1Y,; a 970 RO-
KasplBaeT, YTO MOKPBITHE (ZA)AEL Mesbye MOKPBLITHS (XlnYt)(t,x)elxK'

IMycts (X)), — NMOKPHITHE MHOXKECTBEA A u nycts f-— orobpaneHune
muoxectsa A Ha Muoxecrso B. CemeHcTBo (f(Xt))lEI ABJsieTCd TOTHA
noKphLiTHeM MHOXecTBa B (npensioxenue 3); OHO Ha3BIBAETCA 00 PA3OM
noxpumun (Xt)tel npu 0TOGpaxeHHH (WM OTHOCHTEIHLHO oToOpaXceHns,
win no oroGpaxenuio) f. Ecam g — oToOpaxieHne MHOXKECTBA C B MHO-

xecTBo A, 10 ceMeicTBO (g(X,)),¢; €CTh NCKPEITHE 174 C. HaabiBaeMoe
NOAHBM nPOOGPA3OM NOKPUMUR (X,)lEl npu (OTHOCHTEJ]bHO, MO) £.

Mycrs E u F— MHOMECTBA, (XL)tEl—HOKpHTMe MHoxecTBa E H
(Yz)xeK — noxpuitne Muoxecrba F. CemelicTso X XY, merxk

apnsercd TOTAa NokpetueM Muoxecrsa E X F, HaseiBaeMbM npousse-
denuenm MOKPHTHA (X)), | MHOXKECTBA E n (Y,), g MHOXecTEa F.

TpEanokEHKE 7. 1° ITycms E — mnodcecmso u (X)), — noxpeimue
unoxncecmsa E. Ecau dynkyuu f u g, obracmbio onpedeserun
Komopux cayxcam E, maxoss, uno oan raxncdozo €1, fu g
cognadawom ra ENX, 10 f u g cosnadawm xa E.

2° ITycms (X,)le,—ce)ueﬁcmso MHOJCECME; nYyCMb (f,)‘EI—ma-
xoe cemelicmeo PyHKyul, umenuux 00Ky u my e o6racmp npu-
6umun F. umo 048 kaxcdozo €1 06.2acms onpedenenusn Pynxyuu f,
ecms X, u 047 Kaxcooi naps (1. »)€IXI pynryuu f, u f, cos-
nadaom xa X NX, Tozda cyuwecmsyem ‘w eduncmeenna PYHK-
yus f, o6aacmovio onpederenus Komopoi cayxcum A=UXL, ao6-

3 I
sacmsio npubumus — mHoxcecmgo F u Komopas npoéoxzeofcaem ace
gynryun f, €.

1° Ilycrtb X — NpOU3BOJIbHBIA SJEMEHT U3 E; cywecTByer TaKoe
t€1l, uro x€X,, OorKyna f (x)==g (%) no NpennooxeHuo.

2° Iycrp G, —rpadux nas f, u nycrb G=UGd nokaxeM, 4TO

1
G — ¢yHKunOHAIbHEIA rpaguk. B camom llene,E ecin (x, Y)EG u
(x, y)YEG, 10 B I cymecrByrT Takue IBa HHIEKCA t M X, Y10
(x, NEG, n (x, y)€G,. Iro Baeuer x€X, x€X,, y=f.(x)
y = f,(x); HO TaK KaK XEX NX, 10 fo(x)==[o (%) T. e. y=y.
O6nacTbio  onpeneieHns rpaduka G cayxuT MHOXKECTBO pr,G =
=UPT10;=A; cnenosateqbho, ¢ynkuma f=(G, A, F)— nckomas.

el

Ee enuMHCTBEHHOCTb BBITEKACT M3 nepBon 4aCTu nNpeAnoxeHusd.
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7. Pa3buernusn

Onpeaenenue 6. Mo cxaocem, uwmo 0sa muoxcecmsa A, B ne
nepecexalomcs (Wi He umewom o6ujux 3remenmos), ecau ANB=;
8 BPOMUBHOM cayHae Mb Cradxem, wmo A u B nepecexawomcs.
ITycme (X‘)lgl——cemeticmso MHOJCECMB, Mbl CKANCEM, UMO MHOMNCE-
cmea 3mozo cemelcmsa 83auUMHO (MU NONAPHO) He Nepecexaomcs,
ecau ycaosua L€, xC1, v« gaenym X, NX,=d.

[lyete f — oToGpaxcenne MuomectBa A B MHOXeCTBO B, (Yt)‘el—-
CEMEHCTBO MONMAPHO HenepeceKaWUXcsd yacTed MHoXecTBa B; mpenno-

KeHHe 4 TNOKAa3BIBAET, YTO MHOXECTBA H3 CceMeHCTBa (fl(Yl))‘eI yacteft
. MHOXECTBa A TOMe NOTAapHO He Nepecekawrtcs. Hanporus, ecan (Xl)te' —
CeMEHCTBO NONApHO HenepeceKawIUXca yacTel MHOMecTBa A, TO MHO-
KeCTBA M3 ceMeMcTBa (f(X,))le,. BOOGLUE TOBOPS, He ABIAIOTCA NONAPHO
HenepeceKauMUCs.

[Mrenaoxenue 8. IMycmo (Xl)lEl—ceMeﬁcmso nonapio wenepe-
CeKQOWUXCA MHONHCECMS, a (f‘)‘E,—maxoe cemeldcmeo Pyuryul,

umenuux 00Ky u my e o6racmv npubumun F, amo d18 xancdozo
t€1 o6racms onpedesenun dynryuu f, ecmo X,. Tozda cywecmsyem
eduncmeennan Pynxyus f, y xwomopod o6iucmvio onpedesenus
cayxcum UX" a o6aacmeio npubsumus — Mmnoncecmso F u rxomo-
ecl

pas npoos)./mcaem sce gynxyuu f, (LED.

I70 — HeMelJeHHOE CJCNCTBHE TIpeloKeHus 7, NOCKOIBKY f, u f,,
oueBHAHO, coBmananT Ha X, NX, = npu t == x.

Onrenenenue 7. PasGuenuem muoscecmsa E Haswmsaemcs cemeli-
CM80 HenYCMUX U NONAPHO HenepeceKaAmOWUXCR 4acmeldl MroNce-
cmea E, aganwnweecs noxpumuem muoxcecmsa E.

ITpusmep. JIns BCAKOrO HemycTOrO MHOXKecTBa A ceMeHcTBO ({XDrea
yacTeil MHOXeEcCTBa A, COCTOAIMUX U3 ELHHCTBEHHOrO SJAeMEHTa, ecTh pas-
6ueHHe 3TOrQ MHOMkecTBa A.

Ecan (XL)LEI—paaéueHne, Muoxecrsa E, To oroGpawenne t—>X,
mHoxecTBa | Ha MuOmecTBO F saeMentoB X, 3TOro pasGueHust ectb
B3aUMHO OIHO3HA4YHOe oToOpaxenue. CieqoBaTenbHO, 3aJaHUE MHOMKe-
crea ¥ onpexenser pasbuenne ¢ TOYHOCTbIO N0 B3aUMHO OJHO3HAYHOTO
COOTBETCTBUS MeX(Iy MHOXeCTBAMH MHIEKCOB. Koraa rosopsr o pasGue-

HUM, TO yallle BCETO peyb WAET MMEHHO O MHOXECTBE 3/EMeHTOB pa3-
Guenmus.

8. Cymma cemeicmsa mroxcecms

[eensoxenue 9. Mycme (X)), ¢y — cemelicmso mnoocecms. Cywe-
cmeyem mHoocecmso X, ob0nadanuee Ccaedyouum Cc80LCMBE OM:
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X ecmb o6vedunenue markozo cemelcmsn (Xl’)hEl nonapro Henepe-

CeKAIOWUXCR MHONCECME, 4mo O0AR Kaxdozo €1 cyuecmsyem
83QUMHO 00RO3HA4NO0E omob paxcenue muoxwecmsa X na X/,

Mycrs A=|JX.. Ecam t€l. 1o oroGpaxenne x—>(x, )(£€X)
t€Cl ,

eCTh B3aMMHO ONHO3HAUHOe OTOOpaxenue MHOxecTBa X, Ha wacTh X
muoxecrsa A X I. Kpome roro, o6pas muoxecrBa X' OTHOCHTE]BHO

BTOpOR KoopauHaTHOR Qynkuuu Ha A X I colepxurcs B MHOXECTBE h
orcioga Butekaer, uto X' | X; == npu t = x. Toraa 10craTouHo Nd/0-

HUTD X——-——U X
el .
Onpeaeneuue 8. ITycmo (X.,)lgl*ceueﬁcmso MHOMNCECMS. Cyv»moﬁ
IMO020 CeMeliCmea MHOINCECMB Ha3u8aemcs 00vedurerue cemelicmsn
mnoscecms X, X {t] €D

Mregnoxenne 10. [Tycmy (X), . — cemedcmso nonapro uenepe-
cexaowuxcn Muoxcecms. ITycmv A — ezo o6vedunenue u S —ezo0
cymma. Cywyecmsyem 83auUMHO OOHO3HAUHOe OMOO padrcerue MHO-
scecmsa A na MHodcecmgo S.

Ias kaxaoro t€1 nycrs f, ecrs Ouekuus MHOMeCTBa X, Ha MHOXe-
creo X, X {t}. Beuay npeanoxenus 8 cywecrsyer oroGpaxceHue f MHO-
wectBa A B MHOXeECTBO S, mpopomxkawouee sce oroGpaxenus f,. He-
TPYAHO BHUAETh, YTO f — B3AMMHO ONHO3HAUHOE OTOOpaKeHHE MHOXe-
crBa A Ha MHOXecTBO S.

Jonyckas BOJABHOCTH peud, MBI TFOBOPHM, 4TO MHoxkecTBO E ectb
cymma cemeiictBa MHONKeCTB (X)), ¢y, €CAH CYISCTBYST O6uexuus MHO-
aecrBa E Ha cymMMy 9TOro cemeiicrba, OmpefeaseMyio cOrjacHO onpefenc-
Huio 8

3aMeTuM, uTO eCad (Xl)lEI—nponaBoanoe ceMeHCTBO MHOXECTB,

T0 BBIBOA npenioxenus 10 mokaspiBaer, uyTO CyllecTByer oToGpaxeHue
cymMbl S aTOro cemedCTBa #a ero oGbeauHenne A.
Yapascnenus

1) Nycres G —rpaduk. [TokaszaTh; 9TO TPH cAEAYIOIMHUX HpPeIOKe1HA
9KBHBAaJCHTHbBI: .
a) G ecrs QyHkuuoHanbHbIH rpaduk;

-1
6) xaxOBbl- O HM Obltn muoxecrBa X, Y, Bcerma G (XNY)=
~1 -1 .
=G (X)NG (Y L
B) coortHomeHne X 1Y =@ Baeuer 3a co60it G (X)1G (Y)= 0.

2) Mycrs G —rpaduk. [Tokasats, YTO AAS BCAKOrO MHOMecTBa X
cinpaBepauBo G (X) = pra (GN(X X pr:G)) u G(X)=G(XNpr,G).
3) Myctb X, Y, Y/, Z — uernipe MHOXKecTBa. [lokasarh, 410

(Y X Z)o(XXY)=9, ectn YNY =@
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(Y XZ)o(XXY)=XX2Z ecru YQY == O.
4) Iycrpb (Gz);gx — cemeicTBO rpadukoB. [Tokasars, 4TO 18 BEsAKOro
MHOXeCTBA X CHPaBEANUBO (U G‘) (X) =U G. (X) ¥ uto Aas BCAKOro

el el
00beKTa X CIpaBEAHBO <n Gt) {x)) = n G, ({x}). Mpusecru npumep
el el

aByx rpa¢ukoB G, H u mHoxecrBa X, Takux, uro

(GNH) (X) # G (X)NH(X).
5) Mycrs (G‘)IE | — cemeifcTBo rpadukos, H — rpadux. [Tokasats, uto

(LGJI Ol)oH= Lejx (G.oH), Ho(gl G‘>=U (Ho G).

el

6) Has toro ut06u rpaduk G Obn GYHKIHOHAALHBIM, HeO6X0AUMO U
JOCTAaTOYHO, 4TOOB! AN KaxAO#H Hapw rpaguxos H, H’

(HNH)eG = (HoG) (Y (H’ « Q).
7) lyers G, H, K — 1put rpaduxa. JIokasaTh cOOTHOMICHMe

HoG)NK = (HN (Ko G))o (G (HoKY).

8) Mycrs R = (X‘)Lel HS = (Yx)xeK — ABa NOKpbITUS MHOXecTBa E.

a) Moxasdrh, yro ecan R u S -— pa30ueHus MHOxecTB E u  mMeavue,
geM &, 1O AA% KaxAOro x € K cymecrByer Takoe (€I, uro X, < Y,.

6) INpuBecrn npumep ABYX Takux nokpuiTHi SR, S, uro R Menbue S,
HO CBOWCTBO, OMHCAHHOe B a), NPH 3TOM OTCYTCTBYET.

B) [lpuBectn mpumep ABYX Takux pas6ueHuit R, & mHOwxecrBa E, uro
Aas kaxnoro € K cymecrsyer «€ I, ana koroporo X, < Y,, Ho mpu stom SR
HE Medabue, uem S.

§ 5. IpousBenenne cemeiicTBa MHOMXECTB

1. Axcuoma mHOMcecmea uacmeli
A4 (VX) colly (Y = X).

9Ta aKCHOMa 03HAYAET, YTO MAS KAKIOTO MHOXKeCTBA X CylllecTByeT
MHOXKECTBO, 9JIEMEHTAMH KOTOPOTO CJAYXKAT BCe 4acTH OT X, 4 MMEHHO
MHOXeCTBO &y (Y = X) (§ 1, n°4); ero o6osmnauaior yepes P (X) u na-
SHIBAIOT MROJMCECMBOM (8CeX) wacmed WM MHONCECMBOM (8cex) nood-
MROoNcecms mrodcecmsa X. Slcno, uro ecin X < X/, 10 P(X) = P(X').

Iycts A w B — nBa muoxectsa, I' — cootsercraue mexny A u B.
Pynryus X —>I'(X) XEP(A), T(X)EP(B)) naswiBaetcs xarnonu-
“eCKUM pacnpocmpanenuesm (WM TPOCTO  PACRPOCMPAHEHuEM)
coomsemcmeus I' na mnoxecmsa wacmedi v 0603HAYAETCS CUMBO-

aom I'; 910 ectn oroGpaxenne muoxecrsa J(A) B P (B). Ecim I¥ —
cooTsercteue Mex1y B u nekoropeiM muoxectsom C, To ¢opMyna
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(I" o I') (X) =I" (I'(X)) nokasmsaer, uro pacnpocTpaHenne cooTBeTCTBUSA
I"oI' na Muoxecrsa uacredt ects oroGpaxenne 1V o T

[rennoxenue 1. 1° Ecau f — copsexyun mnoncecmsa E na MHO-
dcecmso F, mo xanonuueckoe pacnpocmpanenue [ ecmb cropsexyun

u3 P(E) na P(F).
2° Ecau f — unvexyun mnoxecmsa E 8 mnoscecmso F, mo xa-
nonuueckoe pacnpocmpanenue f ecmv unsexyun uz YP(E) s B (F).
1° Ecau s — nccevenne, accoumnmpoBannoe c S+ 10 fos ecth TO-

KIECTBEHHOe OTOOpaxenue MHOXecTBa F; cienoBatensHo, fos ecmp
TOXAECTBEHHOE oToGpaxenue muoxecrsa P (F), a sro xoxasupaer,

4TO f eCTh  CIOpBEKuMs u E—accounnpoaa}moe € Hell wucceyenue
(§ 3, n°8). :

2° Tlpennioxenue HeNOCPeACTBEHHO OUYEBUIAHO npu E=¢, noromy
uro roraa PW(E)= (D). Ecau E+£Q u r ecms peTpakuus, accouunpo-
BAHHAA C f, TO rof ecth TOXHECTBEHHOe OTOGPaXeHHe MHOXeCTBA E;

CACNOBATE/LHO, I o f eCTh TOXAECTBEHHOE OTOGPAXKEHHE MHOXECTBA B (E),

-~

4 5TO JIOKA3bIBALT, YTO f eCTh MHDBEKUWS M I — ACCOUMMPOBAHHAA C Hef
perpakuus (§ 3, n° 8).

2. Mnookecmso omo6pascenuii 0dHoz0 MHOJMCecmBa 8 Opyzoe

Ilycte E u F — MHOXecTBA. Ipaduk oroGpawenus muoxecrsa E
B F ects uacts Muoxectsa E XX F. MuOXecTBO 9eMenTOB us P (E X F),
0671a12101UNX CBOACTBOM ,GEITh rpagukoM oroGpaxeHus MuoxecTBa E
B F“, saBaserca nostoMmy uacrsio ot P (E X F). koTopyio Mbl 0603HauaeM
uepes FE. Muoxecrso tpoex f=(G, E, F), rne GEFE, ecrs, Taxkum
00pasoM, MHONMcecmBo omo6 pascenusi Muoxectsa E B MHOXxecTBO F;
OHO 0603HauaeTcsi cuMBOIOM oF (E, F). Slcho, uwro G—(G, E, F) ects
Ouvexuns (HasbiBaeMas Kanonudecrkod) wuoxectsa FE wa F (E, F).
CywecrBoBanne 9roMt Guekumu noapossier Cpa3y e nepeBeCTH BCAKOe
npenjoXeHue o0 MHoxecrse FE p NpeiIoxKeHHe 0 MHOMecTBe oF (E, F),
u ob6parHo.

Iycrs E, E’, F, F/— muoxecTsa. Ilycts 4 — orto6paxenne Muo-
xecrBa E' B E u v — oro6paxenne us F p F’. PyHKuMAs f—>vo fou

(f€F (E, F)) ecrs otoGpanenue us 7 (E, F) B &F (E/, F').

[Meeanoxenne 2. 1° Fcaa U —cropsexyun muoxcecmsa E' na E
4 U — unsvexyun Mmroxucecmsa F 8 F/, mo omob pascenue f—>vofou
UHBEKMUBHO.

2° Ecau u— unvexyun mnoscecmsa E' 8 E u v—cropeexyun
MHoocecmsa F na F', mo omo6pascenue f—>vofou croprsex-
mugro.

OrpaununMca cayuaem, korsa wmuoxectsa E, E’, F, F’ HENyCTHI,
Tak Xak B APyrux cayuasX npenjoxenne NpoBepseTcs TPUBHAILHO.

8 H. Byp6akn
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1° TlycTp s — Mcceuenue, AacCOUMMPOBAHHOE C &, r— PeTpaKuus,
accoumnpoBannas ¢ v (§ 3, onpeaenenne 11). Toraa ro(vo fou)os=
=Ipofolg=f, a 970 NIOKa3biBaET, 4TO f—> Vo fou MHBLEKTUBHO.

2° Tlycrs r’ — perpakumsi, acCOUMMPOBAHHAA C 4, s’ — ucceyeHue,
accouunpoBanHoe ¢ v. [las BCAKOrO 0TOGpaeHHs f':E’—F’ cnpa-
BelMBO T o (s o f/or’you=f’, a 910 nOKa3LBaET, 4TO f—>Vofou
CIOP'BEKTHBHO.

Cneacteue. Ecau u— Guexyus muoxcecmea E' na mnoscecmso E
u v— Guexyun mnoxcecmsa F na mnowcecmso F', mo f—>vofou

GueKmusro.
[ycts A, B, C—tpu MuOXecTBAa M f— OTOGpaXieHHE MHOXECTBA

B X C B Muoxectso A. Ilas scsakoro y& C mycrs f (-, y) ecrb wacr-
HO> oToGpaxcenne X — f (¥, ¥) MHOXeCTBA B B MHOXeECTBO A (§3,n°9);
¢yuxuus y—>f(-, y) ecrb 0TOGpaNeHHE MHOXKECTBA C B & (B, A).
O6paTho, n1asi BCAKOTO OTOGpa¥eHHs g MHOXKECTBA C B & (B, A)
CylleCTBYeT M EINMHCTBEHHO OTOOpaxceHue f MuOKeCTBA BX CBA,
rakoe, uto g(y)==f(-, y) as kaxnoro y& C, a uMeHHo OTOGpaxe-
e (x, ¥)—->(g(y))(x). CnenoBareibHC, HMMEET MECTO Clelyiolice
npenIoKeHue. )

[Trentoxenue 3. Ecau 0as 8cakozo omobpadxcenus [ MROINCECHER
B C 8 Mnoscecmso A 0003naxumbv CUMBOAOM f omob paxcerue
y—>f(+, y) unoxecmsa C 8 & (B, A), mo pynryua f—>f ecmo
Gueryusn (Ha3biBaeMas KAHOHu4eCKOH) MHOdcecmsa & (BXC, A)
na muodcecmso F (C, F (B, A)). .

AHaJOTHYHO onpelensieTcs Guekuus (HaspiBaeMas KAHOHWYECKOH) MHO-

wectBa oF (B X C, A) Ha &7 (B, o (C, A)). B cuay B3auMHo OIHO-
3HAYHOrO COOTBETCTBHA MeXLy OTOOpameHHs IMH M ¢YHKUHOHAIbHEIMH
rpagukaMu nNpelbyliMe GueKUMH NAT GHeKuuu (Ha3biBaeMble KaHOHH-

4eCKUMHM) MHOXECTBA APXC na mnoxectso (AB)C (COOTBeTCTBeHHO (AC)B).

3. OnpedeseHue npou3sederuss cemelicmsa MHOHcECMB

[Tycrs (Xl)tgl—cemeﬂcmo MHOXeCTB, F — Takoit QyHKUHOHAJIbHBIN
rpaduk ¢ 06aacTbio onpeleeHusi I, uTo mas BesAkoro €1 mmeeT Mecro
F () €X,; OTCI0a BHITEKAeT, YTO 1Isl BCAKOro ¢ € I nMeer MecTo F(WEA=
=UX“H, caenosarensto, F ecrb anement us Y8 (I XX A). PyHKkunonaib-

€1
Hple rpaduky, 06nagaoIHe ITUM CBOHCTBOM, O0GpasyloT, TAKMM o6pazom,

vacts ot P (I X A).
OnpepEnEHME 1. ITycmo (Xl)le,—cemeﬁcmso MHOodcecms. Mnuo-

aecmeo @yHKyuoORasbRbX 2paguros F ¢ o6iacmeio onpederenus 1,
maxux, awmo F()EX, 0an scaxozo €], naswsaemca npoussede-

Huen cemelicmsa nuoocecms (X, 4 0603Ka1aemca CUMBONOM HX,.
. el
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Hrn scaxozo €1 mnooncecmso X, nazwsaemcs muoxcumesen (unn
COMHOMNCUMeNeM) uHOEKCE t npoussedenusn HXJ omob pasicenue
ek

F—F (1) (F € Jé[l X, FWe Xl) Rasvwsaemcsa Koopounamuol Gynx-

yued unoexca v (uru npoexmuposanuem no undexcy 1) 4 0603na-
waemcs wepes pr,. ‘

Mur rosopuM, uto F (1) ects Koopounama undexca . (Wu npoex-
4us undexca 1) rpaduxa F; oGpas pr,(A) uactu A npoussenennus IJXt
tel

OTHOCHTE/NLHO KOODIAMHATHOW (YHKUMH HHIEKCA U HASLIBAETCA M poexiueii
UKHOexca . MHONECTBA A; HETPYLHO BHIETh, uTo A C Hprl (A).
€l

3amice  (X),c; 4aCTO uCHOAb3yeTcs AAA OGO3HAUEHHS SAEMEHTOB

H3 l;[I X, (§ 3, ° 6).

Ecau 1=, To MHOXeCTBO le—!Xt 00aanaeT AMILbL ONHUM 3/JeMEHTOM,
h -
4 MMEHHO TyCTBIM MHOXecCTBOM (§ 3, n°4, npumep 1),
Korna Bce coMuoxutenn X, npousseieHus HX( paBHBI onﬂomy
L€l
I
U TOMy Xe MHOXectBy E, T0 l;[lXL=E, Kak 3TO BhITEKaeT Cpasy xe
t
M3 onpelneseHut.

Ecau (X,)LEl—nponaaoanoe CeMeHCTBO MHOXeCTB, a E — Takoe

mnoxectso, uto | JX, = E. To onpenenenne 1 nokassinaer, uro [ X, =E!
&1 el ' :
C/IC0BATENIbHO, HMMEETCS  B3AUMHO OLHO3HAYHOE COOTBETCTBHE MeXy
npousBeleHneM le—lx)(‘ U HEKOTOPHM MHOXECTBOM OTOGparkeHMH MHO-
t
xectea 1 B MHOXecTBO E (COCTABIAOIIMM YacTh OT & {, E))
EcmuI={a} — MHoxecrBo ¢ exuncTBEHHEIM 916 MeHTOM, TO 11 X=x{";
a ’
gl
oto6paxenue F—>F(a) sBasieTcs TOrma GUeKTHBHBIM oTo0paxceHHeM
npousBeJeHus l;[})(l Ha X, (Ha3biBaeMbiM, KaK U 06paTHOe oToOpaxeHue
e e . ’
KQHOHu4ecKuMm).
(Takl;lgrcn A ¥ B—MHOXeCTBA M nycTh @, B— Ba pAasAMuUHBIX 06beKTa
) Abxe CywiecrByior, Hampumep @ w {J]). Paccmorpum rpaduk
:, )- (8. B)}., Kotopu#t, ouesnmHo, sBaAsercs GYHKUNOHANBHEIM U eCTh
HE UTO MHOe, KaK ceMeHCTB
MEHCTBO (X).c (, o1+ TaKoOe, uto X, =A, X,=B.

Has Beakod napsl (x, y)EA X B nyctb f, , €CTh (QYHKUMOHATbHEIH
rpadpuk {(2, x), (8. ¥)}. Cpasy xe Buaxo, uTo ynxuns (x, y)—> f
eCTh OMeKTHBHOE OTOOpaMeHHe MHOMECTBA AXB na X ):J'li)l'

. ‘E a, B
KOTOPOro OoGPaTHLIM OTOGPaXeHMEM CJIYMCUT £—>(g @), g(p))}; 9TH 1BA

8*
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0TOGpaXkeHus HA3BIBAIOTCS KAHOKu4ecKuMu. MBI B IajbHeHmIeM UCTIOMD-
3yeM 9TO B3aWMHO ONHO3HAYHOE COOTBETCTBHE, YTOGH 10Ka3aTh CBOWCTBA
npousBeleHusi AByX MHOXECTB, UCXOLS W3 CBOHCTB NPOM3BENeHUS CeMeH-
CTBAa MHOXECTB.

[ycrte (X‘)‘el—cemencmo MHOXECTB, KOXI0€ U3 KOTOPHIX COCTOUT
W3 eQMHCTBEHHOTO SJeMeHTa: ckaxeM, X, = {a,}; Toria mnpousseicHue

IIX‘ eCTh MHOXECTBO, COCTOsIliee U3 €INMHCTBEHHOro SJEMEHTA (aL)LEI.

el
[Tycte E -—— MHOXeCTBO; Tpaduku, nOCMOAHKHY oro6paxieHuft t—> X

muoxecrsa 1 B E o6pasyior uacre A npousBeneHus E', uasniBaemyio
duazonasso;, ecan x oGosnavaer rpaduk orobpamenus «—> x (a1s x € E),
TO OTOoOpaxKeHue x—->Xx ecrh Ouekuus MHoxectBa E Ha nmaronanb A,
HA3LIBAEMAs OUA2OHAAbHGLM OMOG PadcerHuem.

[peanoxenne 4. ITycmo (Xl)le—ceueticmso MHOIHCECMS, U —
Guexyun muoxwecmsa K na mnoxecmso 1, U—ee epagpux. Omo-

6 pascenue F—>FoU mnoocecmsa HX‘ 8 MHONCECMBO le—[KXu(,)
el x
GueKmugro.

Nyers A=) X.= J Xu ) (§ 4. npennoxenne 1). Oro6paxenue
131 xe K

F->FoU(FE A') ABJIsieTcA OMEKTUBHBIM OTOOpaXKeHHEM MHOXECTBa Al

na A% (npennoxenne 2). OueBUAHO, YTO YCIOBHE ,IJIf BCAKOTO t€1,

F (1) € X,“ 9KBMBANEHTHO YCIOBHIO ,1JI5l BCAKOrO % EK, FoUyMEX,

a 9TO HNOKAa3bBAET NpeAOXKEHUE.

4. YacmuuHosie npou3sederus
[ycrs (XI)LEI—CCMGHCTBO MHOXECTB M J— yacTh MHOXecTBa I; Mbl

FOBOPHM, YTO Il X. ects wacmuunoe npoussedenue mpoussenenus
te

II X, Ecaua f— ¢ynkuus ¢ rpapukoM FEle—[lX" 10 Folj (tne 45—

(T3
anaronans B J X J) ects rpaduk cyxcenun ¢ynkumn f na J. OuesuiHo,

yro Fod;€J] X; oro6pawenne F—>Fodj muoxecrsa le—[l X, B MHO-
velJ '

KECTBO HX‘ HA3BIBAETCA NpPOEKMUpPOBAruEeM no urndexcy J u 0603Ha-
eJ
yaercd yepes prj.
[Tpeanoxenue 5. IMycmo (X‘)lel——cemeﬁcmso Mroxcecms u J—
wacmb muoscecmsa 1. Ecau 0aa scanozo €1 umeem necmo X, =+ g,

mo npoexmuposanue pr, ecms 0molpaxcenue MHOJNCeCmsa l;[lx,
t

HQ MHOXNCECMBO th.
eJ
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CoracHo caeAaHHLIM BBHIIIE 3aMeyaHusIM, HOCTATOYHO AOKa3aTh CJe-
AYIOLLee npenjoxeHue.

[Meeanoxenue 6. ITycmes (XL)LEI—maxoe cemelicmseo MHeocecms,
umo X, + @ 0aa scaxozo «€l. Ecau 0ano omo6pascenue g mno-

oicecmga J=1 8 A=UX“ maxoe, umo g (1) €X, 0.5 Kaxcoozo L€ J,
tgl

mo cywecmsyem maxoe npodosxcenue f Pysuyuu g ua l, umo

FQ)EX, 0as raxdozo LE€1.

B camom nene, anst xaxaoro v €I —J ycnosumest 0603nauars uepes T,
TepM t, (yE€X). Tak kak X, # @ no npeanonoxeHuo, 1o T,€X, nasm
kaxaoro t€1—J (ra. I, § 4, n°1). Ecm G — rpaduk dpynxuuu g, 1o
rpaduk GU( U {(. Tl)}) ecTh rpaguk HexoTopod ¢ynkuum f, naio-

17
el OTBET HA BONPOC, KAK 3TO CPasy XKe BHIHO.

CnencrBue 1. ITycme (Xt)le—maxoe cemelicmeo MHONCECMEB, 4MO
028 Kaxdozo €l cnpasedruso X, + @. Tozda dan xardozo a1l

npoexmuposanue pr, ecms omobpascenue npoussedenusn [J| X,
el
Ha X,.
LlocTaTouHO MpUMEHUTHL Tipeasokenne 5 K yactu J = {a} Muoxecrna I
M 3aMETHTb, 4YTO Pr, €CThb KOMNOSHMUMA KAHOHHYECKOTO OTOGPAaXeHUs

mnoxkecrsa X&) na X, oToGpaxenus pr(,y.

Caencreue 2. ITycms (X),gy — cemedicmso uroxcecms. i mozo

ymobul l;[lxl=®, HeoGx00umo u docmamouro, 4mobu. cyuecmeso-
]
saso maroe €1, umo X, = @.
B camom nene, ecam mas kaxmoro t€1 mMeer mecTo X, + 3, ro

" lé[X‘q&Q, Kak 3To BbITeKaeT u3 chaenacreua 1; o6parno, ecim
tE1

l;[l X, # @, 1o cooTHOweHHe pr, (H X,) < X, nokaseiBaer, uyro X, + @
t el
IJs BCAKOro a € L.

Mb1 BuauM, TakMM 00pasOM, uTO ecaM HaM JaHO CeMmeilcTBO (X, ¢x

HENyCcTHX MHOXECTB, TO Mbl MOXEM BBECTH (Ha NIpaBaX BCIOMOraTenbHOMR
KOHCTaHTBI) QyHKUMIO f, ¥ KOTOpOH O6aacThio OmpexeaeHHs cayxur I
M KOTOpas OO0MafaeT TeM CBOMCTBOM, 41O f ()¢ X, AN Beakoro (€ I
Ha npaxruxe rosopst: ,Bosbmen B xamnoM MHOmecTBe X, 10 3AeMEeHTY X,“.
C MHTYMTHBHOH TOUKM 3peHHs TeM CaMbIM »BBIOUpaeTCH* aNeMEHT X,
B Kax1O0M u3 X BBEAEHME JOTHYECKOTO 3HAKAa T W KPUTEPUEB, YHpaBasio-
WUX er0 ynorpeSaeHueM, nO3soaua0 HaMm OGOTHCH 3fech Ge3 $hopmy -
POBKH ,aKCHOMBl BHIGOpa“ 1% OnpaBjaHus 3TOH oNepauuu (CM. CBOAKY
pesyabtaToB § 4, n° 10).

Creacrsue 3. Mycms XDy v (Y, ¢y — 98a cemedcmsa mnoxcecms
€ O0OHumM u mem dce mHoxcecmsom undexcos 1. Eciu 041 kandozo
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t€El cnpasedruso X Y, mo u Hch:HYl. O6pamno, ecau
el €l

l-[Xtc:I]Yl u 0an scaxozo €1 cnpasedanso X +0, mo X, Y,
(€1 1< {
Oan scaxozo €1

TlepBoe yTBepiIeHME OYEBHAHO, a BTOPOE BHITEKAET H3 CleAcTBus 1

npeatoxenus 5, u6o B 3TOM cayuae s kaxaoro a €l

X,=pt, (H Xl) cpt, (H Yl) =Y,
€1 el

5. AccoyuamusHocmbd npoussederuli MHOCECME

Meeaaokewug 7. ITycme (XL)lEI—-cexueticmso MHOJCecms ¢ He-
RYCMbBM MHONCECMBOM UHOEKCO8 I. ITycme (JA)AEL—paaduenue MHO-
giczemsa 1, omo0 pascenue f—>(pr_,kf) npousgedenus X, 8 MHoO-

AEL tE
(H X,) 6uekmusno (,aCCOLUATHBHOCTL®

Jicecmso-npou3geden e }I[
t€J
A

€L
npousBeeHHH MHOXECTB).
CorzacHO HCTOJKOBAHHIO MHOXeCTBa Ppr; f Kax rpaduka Ccyxexus
X

$yuxuun ¢ rpadpuxom f (n°4), yTBepkaeune 0O 6MeKTUBHOCTH OTOOpa-
WeHus f—>(prJ f) 03HayaeT, YTO AJA BCAKOr0o CeMedcTBa (vA)AEL,
x el

rae v, — oto6paxenue us J, B UX“ CyleCTByeT elHHCTBeHHOe OTOOpa-
el
wenne # MHoXecTBa | B UXL, Taxoe, 4ro A4as Bcakoro AEL orobpa-
v€1
sKeHHe v, eCThb CyXenHe OTOGpamenusi £ Ha J,; HO Bemb 3TO BHITEKaeT
H3 TOrO, 4TO (J’\))\EL ects pasbuenve Muoxecrsa I (§ 4, mpennoxenue 8).

Ortobpaxenne, onpejeleHHOe B NPelI0KeHUH 7, u ortobpaxenmue,
o0paTHOe K HEMY, Ha3blBAIOTCH KAHOHUYECKUMU.

3amewanusn. 1) Tycrs a, § — 1Ba passbIX 00beKTa H (Jl)xe{a,ﬁ}—

pas6uenne muokectsa | Ha nBa MHOXecTBa J,, Jg. Mul nOJyunM B3aUMHO
ofHO3HAuUHOE OTOGpamenue (TakKe HA3LIBAEMOE KAHOKUUECKUM) NPOU3BE-

nenus ] X, na (H X‘) X(H X‘), B3AB KOMIIO3HIHIO KaHOHHYECKOTO
€l veJ teJ

0TO6paxeHns MHOXECTBA H (H X‘) Ha (H X;) X (H XL') M KaHOHH-
A {a, BI\red, €J 30

4¢ CxOro OTO6paX eHns MHOXECTB H X, na H H Xl). Ecau aa4 Bcs-
' L€l A {8 TN
KOFO t € Jg MHOXecTBO X, COCTOMT M3 e0UHCMEeHHO2Z0 IACMEHMA, TO Pry
&

eCTh B3aHMHO OJHO3HAaYHOe OTOOpaMEeHHE MHOXKECTBA H X, Ha H X,
L €1 lE.’a
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2) llycrb a, B, 7 — nonapuo pasiudgHbie 0GBEKTH (TAKOBLIE CYMECTBYIOT,
Hanpumep O, {@} n {{O}}) u nyctp A, B, C— mHoxecrBa. Paccmorypym
¢ysxkuuonanshuiii rpagpux {(a, A), (8. B), (7, C)&, T. €. ceMeliCTBO MHO-
KEeCTB (Xt)‘e{a' b,y TaKoe, 91O X,=A, X;=B, X,=C. Pa3sbuesno
MHOXecTBa {, 8,7}, o6pasyemomy aByms muoxecrBamu {a, 8} n {y}, coo-
TBETCTBYeT KaHOHHYEeCKas GHMeKnus MHOXeCcTBa X, Ha mnpouase-

Le{a, ﬁ,Y}
neuue( X‘)X{T} H, CJIeJOBATE€NbHO, OuekIHs (TaKKe Ha3LIBaeMas
1€{a,ﬁ}
KAHOHUY®ECKOl) MHOXECTBA H X, Ha A X B X C (§2 n°2), crapa-
t({a,B,T}
mast B COOTBETCTBHE BCAKOMY rpaduky f € H X, sasMmentr (f (a),
L€, 8, y)
FB) F(1)) u3 AXB X C. Mpusnmas Bo BHMMAHWe NpepaoXeHue 4,
MO)é(HO TEM CaMbiM lIOCle\BHTbB BOCBBaHMHO OJIHO3HAYHOE COOTBETCTBUE
Mobute 1Ba M3 mHOXecTB A X B X C, BC X A, CXAXB,Bx A R
AXCXB, CxXBxA. X RAX HAXC

6. @opmyavt ducmpubymusHocmu
ITreanoxenue 8. ITycmes ((X)‘")IeJX)L — cemelicm8o cemelicme

mroscecms (umewoujee L 8 xanecmse muoocecmsa undexcos). I1ped-
noaazaemcn, 4mo L+0 a J,+@ 0as xamodozo NEL. Iycms

1=]] J, 0. Toz0a

AEL
u AGUL (IQA X .) = ffgl (ALGJL Xy, fm)
DY) =Y (Q%0)

(»2MCTPUGYTHBHOCTL® OGbEAMHEHUS] OTHOCHTEJBHO Mepeceyenus M mepece-
YeHH OTHOCHTE/bHO OGbeluHeHus).

TMycts x — suemenr us | J (n Xm)' Mycts f— n1060# s1eMeHT
AL \ed,
us 1. CywectByer Ttaxo# HHiexc A, uto x € nXM, CJleJl0BATEIbHO,
IEJA
x€X,, sy OTKyaa x € UXL“M. Tax xax 9TO cnpaBelJHBO AJs BCsA-
AEL

€
xoro fE€I, 10 xen(U thm). Tlycts Tenmeps x ecTs mpeaMer,

FEL\AEL
He TpHHALNEKAWMA K MHOKECTBY U n X,,.}- Otciona BrITexaet, uro
AL el
Aas BeAaxoro AEL umeer Mecro x¢ nXL »» 4 9TO O3HAYAET, YTO A%k
te .
N

I
Besikoro A€ L muoxecrso Jx takux t€J,, uro xe}_th » He nycro. Co-
FJIACHO CAeACTBUIO 2 MpemIoNeHus 5, CyllecTByeT Tako# (yHKIMOHAb-
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He#t Tpagux f c obaacteio onpeletesus L, uro mas Besakoro AgL
fQ)E . Crenosateasuo, f €1 u aas Beskoro AE L quXLf oy OTciona

sutekaer, uro x ¢ |J X, ;o) > crenosatensio,
L

xg ﬂ(Ume)-

fEL \A €L

TeMm caMuiM mepBasi (popMyna mokadaHa. BTopas BLIBOAMTCA OTClOAa,

€CJIM TPHMeHNUTs NepByI0 GopMyay X ceMeHCTBY (((}AXA ) ) , Tie A
st ‘EJ). )\EL

obosuauaer obwvemunenne (J ({J Xu o)
AeL lEJ)\

Cagacrsue. ITycms (X‘)LEI u (Yn)ng_‘?Ba cemelicmea MHOJNCECMS
€ HenycmuMu MHodNCecmsamy undexcos. Tozda

L0 )=, .0, 50

€K @ ELXK

(L, »EIXK

Tlycts @ H f— ABa DAasIMyHEIX NpeiMeTa; LOCTaTOYHO MPHMEHHTDH
Qopmyan npeanoxenus 8 k ciayuaio, xoraa L= {a. B}, J,=1 Jy=K,
H K CeMeftcTBy ((Zl' p)u@‘)kel.' takoMy, uto Z, , =X, a1 Bcaxoro €1

Ux)nUv)= U &

u Zy, ==Y, AAf BCAKOTO *€K; npuHaB BO BHUMaHWe CyleCTBOBaHHE
KaHOHHYeCKON OGHEKIMUH MHOXecTBa ]_[JR Ha 1 XX K (n° 3) u npennoxe=
XL

Hue 1 u3 § 4, mojyuuMm yxasaHHee (QOpMYJsL

Meepioxenne 9. ITyceme ((XM‘)LEJQ —cemelicmgo cemelicms
AEL

Mnoocecms (umeoujee L 8 KauecmBe mHOJcecmsa undeKcos). IIycms

I= )\];[LJ)\. Tozda
II (U X, ) = (AI;ILXA-/Q))

AN FE1
u (ecau L+ u J,+ B dan scakozo AEL)

H ( n X, «) =n (gxl,f(l))

Ael \ezr, fel

(,AMCTPUOYTHBHOCTL® MPOU3BENEHUS OTHOCHTEJABHO OObelMHeHMs W nepe-

ceyenns).
[Teppas ¢opMmysna ouesuana, ecain L =0 nin J, =0 a9 HexoTO-

poro mHuiexca AEL. B nporuBHOM cCayyae nycTb g — IJMEMEHT
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3 Al;[L ( U X,, .| crenopareasso, aas xaxaoro A €L cywecrsyer Takoe
lEJX

t€Jy, uro g(NEX,, i uHbMH C10BaMu, muokectso H,, takux €J,,

uro g(MEX,, , se nycro. CoriacHo ciaenctsuio 2 npemnoxenus b,

CyllecTByeT TakOi (QyHxuMoHanbHbilt Tpadux f ¢ o6aacTeio onpeneie-

nust L, uto aas sesakoro A€ L f (X) € Hy, a s10 o3uauaer, uro g A) € X, 70

CnenoBaresHo, gEJﬁ]L X, oy W notomy g€ J (H X)\,f()\)) . OGparso,
FEIVEL
ecin g € U (Al;[llth(l))’ TO CyLleCTBYeT TaKOH (YHKUMOHAJBHHIHA rpa-
3

$uk fE€Il, uro anm xakporo AEL cnpapemmmBo g (A) € X, Foy U TEM

Gosee g (M) E UXLI; TeM CaMbIM J0Ka3aTelbLCTBO MepBOR  Qopmyin
IGJ)

3aKOHYeHO. BTOpas [10Ka3blBaeTCA aHAJNOTHYHO, HO ellle Mpolle, KaK

B STOM MOXeT y6elWTbCS YHTATE/]b CBOMMM CHJAMH.

Cueacreue 1. Ilpednoaoscun, wmo L + O u J, #0 0as xamdozo
AEL. Ecau 0z xaxcdozo undexca NEL cemelicmso 0,690 ). €cms
i i )\

pasbuenue mnooxcecmsa X, = U X, ., mo cemelicmso (H X, f(h))
AL

leJX
ecms pasbuenue MHOINCECMBA H X,.
AEL
Eciu  nonoxurs Pf=H X, 7oy TO BBHAY mepBoi W3 ¢opmyn

NeL
npeanoxenus 9 10CTaTOUHO onasan:, uTO A4 Beaxoro f €1 cnpasenupo
P,# @ w uro ecitn f u g — pasinuseie saeMents u3 I, 10 PNP,=—0
Ileppoe BhITekaeT 3 CaeacTBMs 2 npemnoxenus 5. C mpyros CTngHbI:
ecim  f<g, To cyllectByer Takoe AEL, uro f(A) =+ g (), orxyna
B cuny npennonoxenus X, )N X, zq)=90. Orciona Burexaer, uto
He CyllecTByeT HM OAHOTO rpauxa, npuHaiexallero x P/NPg B ca-

MoM nene, Taxo# rpagux G nOMKeH YLOBJETBOPATH  YCIOBHIO
GMEX, sy NX,, gy =9, uro abeypano.

Cneacreue 2. [ycms (X,)lEl u (Yn)xEK—dsa cemelicmsa MHO-

agcecms. Tozda _
(UX.)X(U Yx)= U &xvy)

el *EK L xel XK

u (ecau 1l u K He nycmu)
X} X Y, )= X, XY).
(g ) (xg( ) @, x)gx K( >< )

IocraTouno paccykaarb, KaK npM J0KA3aTeNbCTBe CaAelCTBHSA npen-
JoxeHus 8.
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— aicecms,
Meeanomenne 10. [yems (X, ), ne1xk — CEMEHCMBO MHO
MHONHCECMBO UHOEKCOB KOMOPO20 ecmb npoussederue 0syx MRO-
acecms | u K. Ecan K 5= O, mo

0 (0 x.)=I(Nx.)

xeK \eel el \x€K

O6e CTOPOHBI 10Ka3bIBAEMOr0 PABEHCTBA NPEACTaBJIAT COGOH MHO-
WecTBa (YHKIMOHAAbHLIX Tpaduxos. [las Toro yrobw rpagux f npu-
Hallekal K JeBOH CTOpoHe, HeOOGXOAMMO M JOCTATOYHO, 4YTOGH Aas

scakoro *x €K Onao  cnpaseliuBO fEl;[IXH, T. e.. 4yro6GH 444
i

kaxaoro (¢, ) €1 X K f (1) npunannexaro x X, ,. Has rtoro yToOBl f

npuHalIexaJo X MNpaBoit CTOpoHe, HeO6GX0A¥MO H AOCTATOYHO, YTOOH

aas Besikoro t€1 6w10  CnpaBelIMBO f(z)Ean, T. €., HHBIMH CJO-
%€ K

Bamu, uTo6n ana Beaxoro (v, ¥) €IX K f(1) npunanpiexano x X, .
TeM caMbiM NpelOXKeHHe 10Ka3aHo.

—_— a MHOJCecms,
Caencrsue. ITyems (X)), # (Y‘)lEl 0sa cemelicms
ofsadanuue 0OKUM 4 meM KHce MHodcecmgom undexcos 1=+ Q.

Tozda (161[ Xl) 0 (IE]I y‘) = le]l X.NY) |
(< Q) =

el

JlocTaToYHo npuMeHuTd mpentoxenue 10 x ciyvaio, xoraa K (coor-
percTBeHHO I) €CTb MHOXKECTBO, COCTOsIlee U3 ABYX PAa3JHYHBIX 3JEMEHTOB.

7. PacnpocmpaHerue 0moGpasceHuli Ha npoussedeHusn
OnpeaeaeHue 2. I1ycms (X.)‘El, Y).er — 0sa cemeiicmsa MHOJCECMB
u (g,)El—matcoe cemelicmgo PyHKyul, umeujee mo ce camoe
t

MKoNcecmBo undexcos, umo 0aa Kaxoozo €1 dynxyun g, ecmo
omoGpascenue muozcecmsa X, 8 mnoxecmso Y. i Kaxdozo

j € l;[] X, nycmo uy ecmo epag"mrc dyuryuu v— g (f())ED), nsaso-
Wulic s 346 MERMOM NPOU3BLOCHUSA l;l Y,. OmoGpascenue f—>u; nno-

acecmsa H X, 8 MHOJICECMBO H Y, HO368AEMCA KAKOHUuseCKUM pac-
t -
el €1 5
spocmpanesuem (WM NPOCTO pacnpocmpa‘;tenue/u) cemelicmea on;z;
; uNH020a e2o naswsanm max
6 pascerui (gl)‘EI Ha npoussedenus;

npou3sederuen cemelicmga omolpaxcerid (g,)‘El-

JrEws e
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Taxum oGpasom, ecium MCNONB30BATL HHAEKCHBIE 0603HAYECHWS,
TO TNpOoM3BeAeHHe CeMeficTBA  OTOGpameHuit (gl)‘el ecTb  QyHKIug

(x-).el—’(gt(xt))zgx; HHOTJA ee Taxie 0003HAYAIOT Yepes (gl).EI.
Ecm 1=={a, B}, rae @ u § pasjiuunn, T0 pacnpocrpaneHue Ha mpous-
BelleHUst ceMedcTBa OTOGpaxenui (gl)lel €CTb He 4YTO0 HHOe, Kak
$o(gaX g3)oP, e ¢ 0603HAYAET KAHOHMYECKOE OTOOPAKEHHE MHONKE-
cTBa H X, Ha MHOX€CTBO X(,,><Xa (n° 3), ¢ — kanoHuveckoe oT06paxe-
t€1 '
HHE MHOXeCTBa Y(,)(YB H2 MHOXKECTBO H Y.
el
TMrennoxenue 11, MTycmes (Xl)cex’ (Yt).gl' (Zl)|61—mpu cemelicmsa
MHOJMCeCcm8 u nycmes (g|) 1 u (gl/) El__o_sa cemelicmsa yuxyud,
t t

umenuue Mo e camoe MHOJMCECMBO UHOeKC08 u 06aadauue men
csolicmson, umo 0an Kamdozo €1 g, ecms omo6 pascenue us X,
’ 7/
8 Y. a g/ —omo6pascenue u3 Y 8 Z. Ilyems g u g’ — pacnpo-
CMmpanenun cemeiicms (gl)e] u (g")el Ha npoussedesusn; mozda
L t
pacnpocmparenue cemeiicmsa (g"ogl)‘e'] Ha npousgedenus pasHo

gog.

[Ipeanoxenue cpasy e BHTexaer ua onpeaenexus 2.

Cagacreve. ITycmos (Xn)tex’ (Y‘)tE]—dsa cemelicmsa MHoxcecms,
(gl)te,—ce/ueticmso dynxyui. Ecau 0an Kaxcdozo €1 g, ecms

unseKyus (COOTBETCTBEHHO COPBEKHUR) MHONCECMBA X, 8 Mnoce-
cmso Y,, mo pacnpocmpanenue g cemelicmga (gl)lEI Ha npousse-

JeHust ecmv UHBEKYUA (COOTBETCTBEHHO CIOpBeKyuR) MHONCECm8a

el teld

¢ 1° OrSaannmca CiyuaeM, xorma X =@ ans Beskoro (€1, u6o
B OCTA/JbHLIX CIY4asX Pesy/ibTaT BHIBOAMTCS TPUBHMAIbHO. TIpeamonosxuy,
4T0 And Beakoro t€I g, ects uwbexuus w uro r, ects peTpaxuus,
accounuposantas ¢ g, (§ 3, n° 8, onpepesenue 11); Taxum o6pasom,
7o 8, €CTh TOXIECTBEHHOE OTOGpamenue Muoxecrsa X,. ITycrs r — pac-
NpOCTpaHeHHEe HA NPOM3BeleHHs CceMeHCTBa (r),¢p» TaK Kax rog ects

PACMpPOCTPAHEHUE HA NPOU3BE/CHHS CeMEMCTBA TOXAECTBEHHHX OTOOpa-

WMeHu R lx.' TO 7 o g eCTb TOXAECTBEHHOe OTOGpaXKeHue MHOXECTBA H X, u,
€1
ClTeLOBATENbHO, & €CTb Mubexuusa (§ 3, npepnoxenne 8).

2° TIpeanonOXHUM, YTO A BCAKOTO t€l g, ectb clOpbexuus MHO-
xecTBa X, Ha MHOXeCTBO Y, M y4TO S, €CTb HCCeveHHe, acCOLMMPOBaH-
noe ¢ g, (§ 3, n° 8, onpenenenue 11); Taxum o6pasoM, g, 08, ecTsb
TOXIeCTBeHHOe oToOpaxenne Muoxectsa Y,. Eciu s ectn pacnpocrpa-
HEHUE Ha TNpou3BejeHUn CeMelCTBa (Sx).ev TO goS. eCTh pacnpocrpa-

HEHWe HA MPOM3BENEHHA CeMeHCTBA TOMIECTBEHHBIX 0TOGpaKeHutt Iy w,
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HOXeCTBa Y
C/1eJl0BaTe/IbHO, g o § €CTh TOX1eCTBEHHOES oToOpaxeHune MHO J;[I v

a 3TO NOKashIBaeT, YTO g eCTb clopbexuus (§ 3, nMpeldnoKeHue 8).
Mycrs (X)) El—cemeﬁcmo MHOMecTB M nycts E — mHoxectBo. [lis
t
enue X, xoMnosu-
scaxoro oro6paxenus f MHokectsa E B nmpoussel ‘l;[] .

uus pr,o f ectb oroGpaxenne MuOokecTBa E B MHOXeCTBO X,; ecau
f—pacnpOCTpaHeHue 3TOro ceMefcrBa o0TOOpaXKeHud Ha npOHSBEﬂEHHIﬂ
u d — auaroHanbHoe oToGpaxenue (n° 3) Muoxecrsa E B muoxecrso El,
TO HeTpyaHo Buiets, uto f=fod. OGparHo, nyctd (f,),c, — Taxoe
ceMefiCTBO (yHKUMA, YTO 1.4 BCHKOI‘O_LEI f, ectb oTo6paxeHue MHO-
wectBa E B MHOXecTBO X,, M MyCTb f — PACHPOCTPaHeHHe ITOr0 ceMeld-
cTBZ Ha npoW3BeleHHs ; TorAa Aas kawporo t€1 mmeer Mecro
pr‘o(f—o d)= f,. Jlonyckas BOIBHOCTb peuM, Mbl 06O3HayaeM oToGpaxe-
HMe ]_‘od TaKke CHUMBOJOM (f), i TaxuMm o006pa3oM, Mbl OnpejesusH
B3aMMHO OJHO3HAUHOE oOToOGpaxeHue (Ha3biBaeMoe, xax M 0OpaTHOe

E E
K HeMy, KQHOHUYeCKuM) MHOKeCTBA tl;!Xl Ha MHOXeCTBO (E Xl) .

Ynpaxcnenun
1) Myers (X)), e1— ceMeitcTBO MHOXeCTB. [TOka3arp, UTO eCau (Yr):el —

rakoe cemeiicteo Muokect, uro Y, X, ans Beskoro t€ L, ro Jf Y.=

t€1
-1
= n pr. (Y)
¢

l 21) Mycts A n B—psa mHOxecrBa. Hia kaxpo# wacru G muoxe-
crBa AXB myers G ecrb oroGpaxenue x —>G ((x)) mnokecrBa A
B 98 (B). ITokazarb, ut0 Orobpaxenne G—> G ecrb Guexuus H3 P (AXB)

B))*

Ha ( . . .
— BO MHOwecTB. [las xaxpo#
%253) Myctb (X)) ¢ i «  — KOHEUHOE CEMEHCTBO
wyacrn H muoxectBa uugexco (1, n) mycrs Pﬁ=qxi u QH:OHXi.
ic i
Myctb @p — MHOXKECTBO 4acTed MHOXECTBA (1, n), umewmee X saeMeH-
TOB; NMOKa3arhb, 4TO

i
U Q> n Py npu kgn—;
HE®, HEF,
! n+1
U Quec n Py mpu k3> —;_— o
HEH, HEF,

§ 6. CooTHOmeHHs IKBUBAJIEHTHOCTH

B NpUHLUUNE Mbl nepeCTaHeEM OTHBIHE MO0Jb30BATHCA NOJYXKUPHBIMH
KYpCHBHBIMH ﬁyKBaMH ast 0003HaueHUs HeonpelejeHHBIX 3HaKocouyeTa-
HUfl; KOHTeKCT MO3BOJIKT 4YHTaTEJIO0 pasau4arthb 6e3 TpyAa BbLICKA3blBaHud,
oTHOCHALMeCd K 6y1(BaM U K HeonpeleJeHHBIM COOTHOLICHUAM.,
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1. OnpedesreHue cOOmMHOUEHUS IKBUBANEHMHOCMY

llycte  Rix, y§—coornowenue, X u y— pasnuumbie GYKBHL
Mb rosopuM, uro cooTHowenne R ABASeTCS cumMempuuecxkum wnu
cummempuuroin (no GyKBAM X M Y WIM OTHOCHTENbHO OYyKB X H ),
ecam Rix, yi=Ri}y, x} Eciu zeno o6CTout TaK, TO, 3aMeHsis x u y
AByMs Oyxpamu x', y’, OTJMUHBLIMM APYr OT JApYra W OT BCex 6yxB,
BCTpeuaolwuxcs B R, a 3areM 3aMmensis x’ u Y’ COOTBeTCTBEHHO Gyk-
BaMH y W x, HeTpyaHo Buletb, 4T0 R}y, x{=>Rix, y} crenosa-
TeabHO Rix, y§ u R}y, x} sxpuBanenTHbI.

Ilycts 2 — Gyxsa, ne Bcrpedaoilascs B R, Mbl roBopuM, uto cooT-
Houenwe R mpansumusno (no OGyxBaM x M Y WIM OTHOCHTENbHO
6yxs x u y), ecu (Rix, yi u R}y, 2})=>Rix, 2}

IIpunepu. CooTHoWeHHE X = y CHMMETPUUHO M TPAH3UTHBHO. COOT-
Howenue XC Y TPaH3UTHBHO, HO He CUMMeTpHuHO. CooTHomenue X Y =0
CHUMMETDHYHO, HO He TPAH3UTHBHO.

Ecan Rix, ¥} onHoBpeMeHHO M CUMMETPUYHO, H TPAHSUTHBHO, TO MbI
roBopuM, uto R{x, ¥} ectb coomnomenue sxsusasenmuocmu (no Oyx-
BaM X M y WAM OTHOCHTEJbHO OYKB X W y). B srom cayuae umoraa
NpuMensieTCs 3anuch x =y (mod. R) Kax cunonum ¢ Rix, y§ sra sanucs
UUTAeTCH TaK: ,X AJKBUBAALEHMNO Y no Mo0yaio R (Mau no R wim
cozaacko R)“. Ecim R — cooTHOmIeHHe SKBHBAIEHTHOCTF, TO Rix, yi=>
=>[Rix, x§u R}y, yi), u6o Rix, y§ paever Riy, x} a (Rix, y?
u Riy, x%) Brever (Rix, x} v Riy, yi) B cuay onpejeleHul.

Ilycre Rix, yi— coorHoulenne. Mbl TOBOPMM, YTO COOTHOLIEHUE R
pepaercusno 8 E (no GykBaM x M y), eClM COOTHOLIEHHe Rix, x}
9KBUBAIeHTHO X C E. Eciu Her Hukaxolt weacHocTH HacueT E, Mbl TOBOPHM
MpOCTO, A0NyCKas BOJALHOCTH peud, 4T0 R pedbaexcuswo.

Coomnowenuen axsusasenmnocmu 8 E HasbiBaeTcs COOTHOMICHHE
SKBUBANEHTHOCTH, peduiexcusnoe B E. Ecam Rix, y} ecTs cooTHowenue
dxBuBaneHTHOCTH B E, To Rix, ¥$=>((x, ¥y)€EE X E); cirenosatensuo,
R o6napaer rpapuxkom (no Gyxmam x u y). OG6partHo, npeanoJoNKuM,
4TO0 COOTHOUIeHHe SKBMBANEHTHOCTH Rix, yi ob6nanaer rpaduxom G;
8aMETHM, 4YTO  COOTHOWIeHHe Rix, x} SKBUBAJEHTHO COOTHOLIE-
wio (AY)R(x, y); B camom ene, nepBoe BJeveT mnociedHee (ria. I,
§ 4, n°2, cxema S5), a ¢ apyro#t CTopoHml, Tax Kak Rix, y3 Bieuer
Rix, xi T1o (y)Rix, y} Bieuer (Ay)Rix, xi a cienoBaTennHo,
m Rix, xi Hrak, Mmu BumuM, urto Rix, X} SKkBUBAJeHTHO x€pr, G,
4 moTOMy R ecTh COOTHOWIeHHe SKBHBAMeHTHOCTH B pr, C,

IKeusasrenmuocmeio Ha MuoNecTBe E  masmBaercs COOTBETCTBHE,
Y KOTOporo o0G61acTbi0 NpuGHTHS M 06MACTHI0 OTnpaBieHus spasercs E
Wy xotoporo rpaguk F Takos, urto coorHomenue (x, WEF ects
COOTHOILIEHHE IKBUBAJIEHTHOCTH B E.

IIpumepn. 1) CoorHouenne X =y ecTb COOTHOWIEHHE 3KBUBAJIEHT~
HOCTH, He oOjajaiollee TrpadMKOM, TaKk KaK mnepsas NPOEKUHA 3TOro
rpaduxa Guita Gl MHOXKECTBOM BCeX OGBEKTOB.
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2) CoorHoulenne ,x=y u x EE“ ecTb cOOTHOLIeHHE OKBUBAJIEHT-
Hoct¥ B E, rpajuxom koroporo ciyxur muaroHains B E X E.

3). CootHoulenne ,cylllecTByeT OHexIMfi MHOXKecTBa X Ha MHOXe-
ctBo Y“ ecTb COOTHOIIEHHe SKBHBAJEHTHOCTH, He oOuajawulee.rpadu-
koM (cm. ra. III, § 3).

4) CoorHowenne ,xEE u y€E“ ecTb COOTHOUIEHHEe 9KBMBAJIEHT-
nocti B E, rpagux xoroporo ecte E X E.

5) Ipeanoaoxum, uto A < E. CoorHoulesne

(xEE—A‘n y=2Xx) W (xEAny_EA)

€CTh COOTHOLIeHHe 3KBuBAJEHTHOCTH B E.
6) ° Coornowenne ,x€Z u YyEZ u x—y jeaurcs Ha 4“ ectp
COOTHOUIEHHE SKBHBAJEHTHOCTH B Z.,

[Mpeanoxenue 1. ZJas mozo uwmo6u coomsemcmsue I' mewcdy X
# X 6uro sxsusasenmuocmoo Ha X, Heo6xodumo u docmamouno,
umobul BWNOAHAAUCHL cAeOywouue ycaosus: a) X ecms obaacme

-1

onpedesenun coomsememeun I's 6) I'==I"; B) o I'=T\
TMycts I' — cootserctre Mexay X u X u G—ero rpadux. Ecm
I' — skBuBanentHocT Ha X, 10 (%, ¥)€G n1a BCsAxoro x €X; creno-

BatesbHo, X ects o6aacTh onpenenexus aasa I'. CoorHouwenne (x, y)EG
-1

-1
sxBuBanentHo (¥, x)€ G, a caenoBarensto, u (X, ¥)EG, tax uro G=G

-1
# notomy I'==TI'. Coorrowenus (x, y) € G u (¥, 2) € G Brexyr (x, 2) €G,
a oro noxasmBaer, 4yro GoGc G; ¢ Apyro#i CTOpPOHH, COOTHOLIE-
nue (x, )EG Brever (x, x)€G, a crenoparensHo, u (x, ¥Y)€GoG,
tak yro G c GoG; raxum ob6pasom, G=G-G u, caeroBareabHO,
I'=Tol.

O6par#o, MNpPeANONOKMM, UTO yCiaoBus a), 6), B) BEINOJHEHHL.
Cootuoutenue (x, y) € G cumMerpuuso BBHAY 6) M TPaHSHTHBHO BBHAY B);
C/1eJOBaTE/NbHO, 9TO COOTHOLIEHHE DK BHBANEHTHOCTH, H, HAKOHELL, U3 a) BhITe~
KaeT, YTO STO COOTHOIEHWe SKBMBAJIEeHTHOCTH B X,

2. Kraccor 3xsusaseHmHocmu; haxmopmHoOicecmeo

Mlycrs f — ¢yskuusa, E — ee obnacte onpenenenus, F — ee rpadux.
Coorsoutenne ,x€EE u yEE n f(x)=f(y)* ecTb COOTHOLIeHHE IKBH-
BAJEHTHOCTH B E; MBI CkaXKeM, YTO 3TO COOTHOLIEHHE eCTh COOTHOIIEHHE
9KBUBANEHTHOCTH, accoyuuposannoe ¢ f. OHO SKBUBAJIEHTHO COOTHO-,

wenuio (32)((x, 2)EF u (y, 2) €F), 1. e. coornowennio (I2) ((x, 2)€F
-1

-1
u (2, y)€F); ero rpapuk, craro 6uTh, ects FoF.

Teneps Mbl MOKAMKEM, YTO BCAKOe COOTHOILEHHE IKBHBAJEHTHOCTH R
B MHOXecTBe E eCTb COOTHOLIeHHe SKBHBAJeHTHOCTH TAKOTO ke THIA.
B camom pere, nycts G ects rpadux aas R. Ias Beakoro xEE
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(venycroe) MuoxectBo G (x) = E wasmBaerca xaaccom sxsusasenm-
Hocmu 3semenma x no coomuoweruw R (wiv das, unM omuocu-
meabHO COOTHOMIEHUS R); UHBIMH CJIOBAMH, 3TO MHOMXECTBO TaKHX YEE,
uro Rix, yi Bcakoe wmuokecTso, npencrasuMoe B Buze G(X) ans
KaKoro-#ubyis x € E, HasbiBaeTCA KJAcCOM 3KBHBaleHTHOCTH (mo R).
D/leMeHT KJacCa SKBMBAJIEHTHOCTH HA3BIBAETCS Taxme npedcmasdumesen
9TOTO K/1acCa. MHOXKECTBO KNACCOB SKBHBAJIEHTHOCTH 1O R (T. e. MHOXecTBO
oGbexros Buaa G (x) ana x € E) HasbiBaeTCs aKmop MHONCECMBOM MHO-
xectBa E no R n o603nauaerca yepes E/R; oroGpaxenne x — G (x) (x €E),
y KOTOpPOro 06,aCTbi0 OnpelejeHus CAYKUT Muoxecrso E, a o6racrtuio
npuOHITHs — MHOXecTBO E/R, HaswiBaeTcs Kawosuueckum omo6padce-
Huen muoxectBa E va daxropmuoxectso E/R. Teneps MoxHO cdopmy-
JUPOBaTh CACAYIOINHHA KpUTepMHit:

C55. ITycms R—coomuouenne sxsusarenmuocmu 8 Muoxcecmse E,
a p-—Kanonuueckoe omoOpadxcenue Mmuoxwcecmsa E wa ¢axmop-
muooxceemso E/R. Tozoa

Rix, yi&S@(x)=p®).

B camom nene (npu npeabiaywux 0603HAYEHWSX), MYCTh X H Y —
Takue sieMentsl M3 E, uro (x, y) € G. Orciona cpasy xe cienyer x €E
u y€E; noxaxem, uto G(x)==G(y). Tax xax y € G(x), To (mpenio-
xenne 1) G(y) =(GoG)(x)=G(x). C apyro#t croponn, (y, x)€G,
otkyaa G(x)cG(y) u, crenosarensto, G (x)=G(y), 1. e. p(x)=p (y).
OGparuo, ecin G(x)=G(y), 10 yEG(y)=G(x), orkyna (x. y)EG,
a 3TO 10Ka3LIBaET KpHUTepHUR.

Hlcceuenne, accoummpoBaHHOE C KAHOHHUECKMM OTOGDAaMEHHEM P MHO-
xectBa E  Ha dakropmuoxectso E/R (§ 3, n°8, onpenenenve 11)
Ha3LIBAETCA KPATKO uccedenuesm MHoxecrBa E (a1s cootHowewus R)

Ilpumepw. 1) Tlyctb R — cOOTHOLIEHHE SKBUBANEHTHOCTH X EE
u YEE n x=y“ B mHokectBe E; TOraa xunacc SKBHBAJAEHTHOCTH
and x CE ecT MHoXecTBO {x} W xanonmueckoe oroGpaxenue x —»> {x}
mHoxecrsa E Ha daxropmuoxecrso E/R 6uexTHBHO.

2) Tlycte E u F— 1Ba mHOMecTBa M R — COOTHOUIEHHE 3KBHBAMEHT-
vocru B E XF, cesisannoe ¢ oroGpaxenueM pr, us wmuoxecrsa E X F
Ha wmHokecTBo E. Kaaccel sxBuBameHTHOCTM ans R CyThb MHOXeCTBa
Buga {x} X F, rae x € E; orobpaxenne x->{x} X F ecrb Guexuus
muoxecrsa E na daxropmuoxecrso (E X F)/R.

Tlycts R — COOTHOLICHHE SKBHBAJEHTHOCTH B MHOXecCTBe E. daxTop-
MuoxecTBo E/R ects uacth muomecrsa P8 (E), a ToxaecTBennoe oToGpa-
wenue pakropmHokecrsa E/R ecth pasbuenue Muokectsa E (§ 4, n°7);
B camoM pene, ectn G —rpadux coorrouenus R, To x € G(x) aasa
BCikoro x CE, a ecnim nBa xnacca sxsusanextoctn G(x) u G(y)
MMEOT OGLIMA 3jeMeHT Z, TO MMeloT MecTo Rix, 2z} u R}z, vy} a cre-
noBarenvHo, M Rix, yi a moromy G(x)=G(y). Kpome Toro, coor-
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HOllleHHe

@X)(XEER u x€X u y€X)

ABAAETCS SKBuBadeHTHBIM Rix, v

O6parHo, NycTh (X‘)lel—paséneﬂne MHoxecTBa E; HeTpyaHo BuieTs,
yto coortnomenue (JH(EI u x€X, u y €X)) eCTh COOTHOLEHUE IKBHU-
pajeHTHOCTH R B E; wjaccol aKBHBaJeHTHOCTH NMO R CyThL He 4TO HHOe,
KaK MHoXecTBa X, 2T0ro pasGueHus, W oroGpaxexue t—» X, eCTb OHeK-
uust MHOkectBa | Ha ¢axropMHoxectBo E/R. JloGas uvacte S MHOXe-
crea E, Takas, uto aas Bcakoro tE1 muoxkectBo S[}X, cocToMT M3
eJMHCTBEHHOTO 3JeMeHTa, HasbBaeTca cucmemoli npedcmagumenel
KJaCCOB SKBHUBAaJeHTHOCTH N0 R. IDTUM Ha3BaHHeM 0003HAUAIOT TaKKe
BCAKYI0 HHDBEKLMIO NPOM3BOJNBHOTO MHOXKeCTBa K B E, o6sanaioulyio teM
CBOMCTBOM, uTO 06pas MHOXecTBa K no 3TOH HHbBEKIMHM eCTh CHCTeMa
npeacTaBuTeselt KNaCCOB SKBHBANEHTHOCTH MO R; TakuM sBisercs, B 4acT-
HOCTH, BCKOe McCeueHHe MHOxecTBa E aia cooTHowexus R.

3. COOMmHOWECHUS, cOBMECUMbBIE € COOMHOUWEHUEM
axsusareHmHocmu '
Mycrs Rix, x’§— cooTHouleHue sxBUBaNeHTHOCTH U P§x§— npous-
BoJibHOe cooTHOuexnue. Mu rosopum, uto Pixi cosmecmumo ¢ coom-
Howenuem sxgusasenmuocmu Rix, x'§ (no x), ecam

(Pixiu Rix, yH)=>Piyi

rae y o6o3HauaetT GYyKBy, He BCTpedaiowlylocs Hu B P, mu B R.

Hanpumep, ua C43 (ra. I, § 5, n° 1) BriTexaer, 4t0 a1060e COOTHO-
menue P§x3 COBMECTHMO € COOTHOLIEHHEM SKBHBAJEHTHOCTH X = X',

C56. ITycms Rix, x'i—coomnouienue 5K8uBQACHMHOCMU 8 MHO-
acecmse E, a Pixi—coomnouenue, ne codepicaujee 6yxen x' u
cosmecmunoe (0 x) ¢ coomuouenuenm sxsusasenmuocmu Rix, x'%
mozda, ecau t He scmpewaemcs 8 Pix} coommnowenue ,tCE/R u
(Fx)(xEt u Pix}) onsusasenmuno coomuowernuwo ,tECER n
(V) ((xEHSPixi) .

B camom Jgere, nycts f{EE/R. Ecam cymecrsyer rakoe a€f,
yro Pja} T0 n1na Beaxoro x €f umeer Mecto Ria, x${ u, cre-
nosaredsHo, Pix3 Cuenopateasno, (Jx)(x€¢ n Pixi) Bsieuer
(Vx)((x €E)=>Pix}). Obparnoe ouesuaro, Tak xax u3 t€E/R cre-

ayer, uro ¢ # Q.
Ipo coornomenne ((€E/R u (Jx)(x€¢ u Pix{)) rosopar, uTo

oHO 8wsedeno u3z Pixi nepexodom «k gaxmoprunoocecmsy (no Xx)
s cootHowenus R. Eciiu 0603HauuTh yxazaHHOe COOTHOLeHNe Yepes P’ §£]

W eclu f ecTb KaHoWMyeckoe oroGpaxenne MHoxectBa E Ha ¢akrop-.

muoxectBo E/R, To coorsowenue (yE€E u P'§f(y)}) (rae y ne Bcrpe-
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yaercs B Pix}) owsusasenmno (yEE w Piy}), xax mnerpyamwo no-
KasaTh.

4. HacowyeHHnoie wacmu

Tlycts Réx, yi— cooTHOWIEHHE IKBHBAJGHTHOCTH B MHOXecTBe E
M nyctb A —uacrtb MHoxecTBa E. Mul rosopuM, uto uacte A wnacw-
wena 04 cooThowenus R, ecau cooTHomesne x € A coBMeCTHMO (0 X)
¢ Rix, yi; nim—uro TO ke caMoe — eCiu 045 8¢AK020 X € A Kaacc
dKBuBAACHMHOCMU dreMenma x codepycumcs 8 A. HMuaue rosops,
RJIS TOrO YTOGB MHOXeCTBO OblJIO HACHIIEHHHIM 11 R, Heo6xoauMo u
AOCTATOYHO, YTOOH OHO OLIIO 00BeduUReRUeM KAKOZ0-AuU00 MHONCECMBE
Kaaccos sxsusasenmuocmu no R.

[Tycts f-— xanoHuyeckoe oTto6Gpaxenue MHoxecTBa E Ha d¢axrop-
mHoxectBo E/R; ecim A HacwbunedHo ais R, TO xjaacc 3KBUBAJEHTHOCTH
BCAKOTO 3JeMeHTa x € A, npeiacTaBASIOLIHH coéon He 4TO HHOE, Kax

}l({f(x) 1), comepxurca B Aj; C1eR0BATELHO, f(f(A))c:A Ho Tax
KaK, ¢ npyroﬁ CTOpOHHI, Ac:f(f(A)) T0 A= f(f(A)) O6parHo,

ecin A= f(f(A)) TO AN BCAKOTO X € A KJAacC SKBHBAJEHTHO-
cth K= f(x) 2iementa x ama R ecTs 3jaement u3 f(A) u Tak

=1 -1 .
xak K= f{({K]), Kef{f(A)) = A. Takum 06pasoM, Mbl BUAUM, YTO
4acTH OT E, Hacoiennsie ais R, cyTh Takue vyacty A MHoXectBa E,

yro A = f(f (A)). MoxHo Taxe CKa3aTh, Yr0 TO YACTH MHOKECTB2 E

BUAA f(B) rae BcE/R; B CaMOM jeje, COOTHOLIeHHe A = f(B) BJIe-

yer B=f(A), otkyra A = f (f (A)).

Ecau (X,)‘E] ceMeiiCTBO HAcCBHlIleHHHIX uvacTefi MHoxkectBa E, To0
MHOXECTBa UX‘ " nXl Hacolilennl (§ 4, npemjoxenuss 3 w 4). Ecau
el el

A — HacwillleHHast yactb MHOXecTBa E, To m Cr A — HachllleHHast 4YacTh

(§ 4, npeanoxenue 6).
Ilycts Temeps A — npoM3BOJbHAS YacTh MHOXectBa E. Muoxecrso

f(f (A)) conepxut A u Hacwilleno. O6paTHO, ecin HACHIILEHHAA YaCT5 A’
MHOKecTBa E cozepxur A, TO f(A’)::f(A) otkyna A’ = f (f(A’))::

:Jf(f (A)). TlosToMy MOXHO CKa3aTh, 4TO f(f (A)) ecTb ,HauMeHblIas*
HacbllleHHast yactb MHoxectBa E, cozepxawas A (cp. ria. III), 3TO MHO-
KeCTBO HA3LIBACTCH Hacuujeruem dacth A mis cootHouwenus R. Hemno-
CPEACTBEHHO OYEBHAHO, YTO OHO eCTh 0ObeJMHEHHE BCEX KJACCOB SKBH-
BAJeHTHOCTH 3JeMeHTOB MHOXecTBa A. Eciau (X,)IE] — ceMeHcTBO yYacTel
MHO¥ecTBa E, a A, — HacwmilleHue MHoxecTBa X, A R, To HachiieHue
MHOXecTBa UXl ecThb UA‘ (§ 4, npenpioxenne 3).
el €l

9 H. BypGaku
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5. OmoGpasiceHusn, cosmecmumbie ¢ COOMHOULEH UM
IKBUBANCHMHOCY

IlycTb R -— cooTHOWIeHUe IKBHBAJEHTHOCTH B MHOxectBe E u mycrb
J— ¢ynxuns ¢ oGnractsio onpenenenus E. Mw rosopum, urto f co-
suecmuma ¢ coomuouenuesm R, ecau coorHoweHue y = f(x) coBMe-
cruMo (no x) c¢ coorHomenueM Rix, x'3.

Buecto 9T0ro, xax Jerko BHAeTb, MOXKHO CKa3aTh, YTO CyKeHHe
GyHKUMH f Ha NPOM3BOJBHBIA KJaCC DKBUBAJIEHTHOCTH €CTh NOCTOSHHOE
oToGpaxeHue; MOKHO CKa3aTh TaKXKe B ITOM cJyyae, YTO f nocmosnna
Ha 8CAKOM Kaacce sxsusasenmuocmu no R. Ecin g — xanonuueckoe
oroOpaxenue MHoxecTBa E Ha daxtopmuoxecrso E/R, TO 3TO o03uauaer
TaKxe, UYTO COOTHOWleHUE g (X)==g (x') Biever f(x)==f(x’); cieno-
BateJpHO (§ 3, mpennoxenne 9), Ml MOAYYMIM CaeAyIOLIUH KpHTepuit:

C57. ycms R-— coomuowenue 3KBUBAACHMHOCMU 8 MHOYHCe-
cmee E u g—rxanonuneckoe omoGpascenue muosecmsa E na
gaxmopunonecmso E/R. Han mozo umo6u omo6pasicenue f muo-
sicecmsa E 8 mnoocecmso F Guao cosmecmumun ¢ R, neoGxoduno

u docmamouno, wmobu f MOdcHO Obiao npedcmasums 8 sude hog,

20e h—omoGpascenue paxmopunonecmsa E/R 8 mnoxecmso F.
OmoGpaskcenue h 00HO3HAUHO Onpedessemcs uepes fi ecau s — uc-
cedenue, AcCOYUUPOBAKKOEe ¢ &, mo h=fos.

Msui roBopuM, 4TO A ecTs omo6padcenue, swsedennoe u3 f nepe-

xodon K dakmopmuoscecmsy no R.

Tlycrs  f — oroGpakenne muokectBa E B wmuowectso F u mycrs
A:f(E)c:F. Tlyctb R -— cOOTHOUIEHHE SKBUBAJIEHTHOCTH, accouuupo-
Banxoe ¢ f (n°2); acHo, uro f coemecTuMo ¢ R. Kpowme Toro, otTobpa-
KeHne i, BHBElEHHOe M3 [ NEPEXONOM K (aKTOPMHOKECTBY, eCTh
unveKmusnoe OTOGpaxeHne ¢axropMHoxectsa E/R B MHoxecrBo F;
B CaMOM jeje, ecad £ M ¢’ —xJaacchl SKBHBAIEHTHOCTH MO R, Taxne:
uro kA (§)=h(¢'), 10 f(x)=/f(x") npu x€¢t u x' €, a 510 BACUeT
t =t’ no onpejeiennio cootHomwenus R. Tlycrs £ — otobpaxenue daxtop-
mHOxkecTBa E/R Ha MHOXeCTBO A, MMewllee TOT ke caMmbift rpagux, uro
u h; Toraa kB Ouexmusno. Ecnv j — xaHOHMYeCKas WHBEKIUMS MHONeE-
crBa A B MuoxecrBo F u g — xanoHuyeckoe oto6paxenne MHoxecTBa E
Ha QaxTopmHOXecTBo E/R, TO MO¥HO Hanucarsh f=1Jeokog; aro coor-
HOLeHHe HA3BIBACTCH KAHOHKUMECKUM pA3AONHCeHueMm OTOOpakewus f.

Ilycte f — oroOpaxenne Muoxectsa E B muoxectso F, R — coor-
flouleHye 3SKBUBANEHTHOCTH B E, S — cooTHolenye

E s

ul ly

E/R —~» F/S
Puc 3
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sxpuBatentHocTH B F. TIycTh # — KAHOHMYECKOE OTOGPAMEHHE MHOME-
crea E Ha daxropmuoxecreo E/R, ¥ — KaHoHWYecKOe OTOOpaxeHue
muoxkecTBa F Ha caxropmuoxecrso F/S. Mu rosopum, uto f cosme-
CMUMO € COOMHOUeRUAME dKsusaienmuocmu R u S, ecin vo f co-
BMeCTMMO C R; 3T0 03HauaeT, uTo cooTHoweHue x==x'(modR) ssevem
f(x)=f(x")(modS). Orobpaxenue h Qaxropmuoxecrsa E/R Ha muo-
KecTBo F/S, BhBeAeHHOe U3 Vo f mepexOnoM i (axTopMHOKeCTBY no R,
Ha3bIBaeTCA TOTAAa Omo0 pajcenues, BuBeOeHHBM u3 f nepexodom
K gaxmopmuoycecmsar no R u S; OHO XapaKTepusyercs COOTHOLIe-
HueM vo f =hou (puc. 3).

6. ITorHbIE nPOOGPA3 COOMHOWEHUS IKBUBANECHMHOCMU;
UHOYYUPOBAHHOE COOMHOWEHNE 3KBUBAACHMHOCM

Tlycrs ¢ — otoGpaxenne Muoxectsa E B mnoxecrso F, a S— coor-
HomeHue SkBUBateHTHOCTH B F. Ecam u — xaHoHmuecxoe oToOpaxeHue
MuoxecTBa F ua ¢axropmsoxectso F/S, To cooTHouleHue SKBHBAJIEHT-
HOCTH, ACCOLMMPOBaHHOe ¢ OToGpaxesueM 4o mHoxectsa E B ¢axrop-
MHoxecTBo F/S, HasbiBaeTCs nosNbM Rpoo6pa3om cooTHoweHus S
OTHOCHTEJbHO (MpH, NMO) ¢; ecam R —raxoe cootHomwenue, T0 Rix, yi
sKkBHBANEHTHO S}¢ (X), (y)}; Kiaacchl SKBUBAJIEHTHOCTH MO R cyThb noa-
Hble npoo6passl Mo ¢ OT TeX K/JACCOB IKBHBANEHTHOCTH MO S, KOTOpHIE
nepecexaiorcs ¢ ¢ (E).

B 4acTHOCTH, PaccMOTPUM COOTHOLIEHHE SKBHMBAJNEHTHOCTH R B MHO-
wectse E, u nycTs A ects uyacTs MuoxectBa E; noanbii npooGpas
cooTHollenns R no uubexuuu j MHOKectBa A B MHOXecTBD E Hasbi-
BAETCH COOTHOLIEHHeM SKBUBAJEHTHOCTH, UNOYRUPOBAHHHM B A coot-
nowenuem R u of6o3xauaercs CHMBOJAOM Ra.

Knaccsl 9KBHBAJEHTHOCTH 1O Ra CyTb c.e0s Ha A OT xJacCOB 3KBH-
BajeHTHOCTH no R, nepecexawuuxcs ¢ A. Wnbexuus J, oueBUXHO,
COBMeCTHMA ¢ cooTHowenusMu Ra u R. OtoGpaxenve 2 (aKTOpMHOMNe-
crea A/Ran B daxTopmuoxectBo E/R, BuBesenHoe U3 j mepexonoM
K dakTOpMHOKecTBaM NO Ra W R ecTs unsexmusnoe o0roGpaxenue
dakropmuoxecrsa A/Ry B E/R; B caMoM leie, eCiH f — KaHOHHYeCKOe
oTobpaxenue MuoxectBa E Ha E/R, a g — kaHoHnyeckoe otoGpaxenue
MHOXecTBa A Ha A/Ra, TO coOTHOLIeHue h(g(x))="h(g(x")) npu
xEAux'EA SKBUBANEHTHO-f (X)=f (x), a CleRoBaTeNbHO, g(X)=g (x').
O6pas h (A/Ra) paseH fﬁAg; ecnu k — OuexTHBHOe OTOGpaxeHue dax-
TopMuoxecTBa A/Ra Ha f(A), uMelolee TOT XKe CaMblft rpadux, 4ro U &,
TO caMo £ u o6paTHOe K HeMy OTOGpaXeHHe HA3BIBAIOTCH KAHOKULeCKuML.

7. ¢axmopcOOMmHOUIeHus COOMHOWEeHUl 3K8UBAACHMHOCTU

[Tycts R 1 S— 1Ba COOTHOLIEHUS SKBHBAJIEHTHOCTH MO 6yxkBaM X M Y.
Mu ckaxem npo S, uto OHO Oouee meaxoe (mouxoe), wesu R, nin
meavwe (mowsuwe) R, a npo R, uro oHo Ooxee xpynuoe (epy0oe),
wenm S, win kpynnee (2pybee) S, ecik CNIPaBeIMBO COOTHOLIEHHE S=R.
Ecaii R M S — COOTHOLIEHHs SKBMBAJEHTHOCTH B OAHOM M TOM Xe MHO-

9*
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xecrse E, To ckasarb, uTo S meabue, ueM R, 3HauMT ckasaTs, 4TO rpadux
COOTHOIUEHNA S CONePKUTCH B Tpaduke COOTHOWeEHHA R, wiu, uyTo BCaxub
KJ1aCC 9KBMBAJIEHTHOCTH MO S COAEPKUTCA B HEKOTOPOM KJacce SKBHUBA-
JIEHTHOCTH MO R, WM, MHBIMH CJIOBAMM, YTO BCAKHA KJIACC SKBUBAJEHT-
HOCTH no R wacemuen apasg S.

ITpunepw. 1) Coorsomenne ,x¢E u y€E n X =y* Meibue, UeM
mo60e COOTHOMEHHEe IKBHMBAAEHTHOCTH B E; cootHomenne ,x € E u yeE*®
KpymnHee, 4em A000€ COOTHOIEHHE 3KBMUBAEHTHOCTH B E.

2)° COOTHOIIEHHE 3KBUBANEHTHOCTH ,XEZ H y€Z u x—y neaurcs
Ha 4 “Meabue, ueM COOTHOINEHUE SKBUBANEHTHOCTH ,XCZ U yEZ U x—y
Jeaurca Ha 2¢.

Ilycte R ¥ S — COOTHOWIEHUS 3KBMBAIEHTHOCTH B OQHOM H TOM e
muoxecrse E, npuuem S mennue, uem R. Tlyctb f u g — kaHOHMYeCKHe
oroGpaxenns mHoxectBa E na E/R u muoxectsa E na E/S. dyuxuus f
CoBMeCTMMa C S; mycTb A — QyHKuMA, BhIBeleHHas W3 f NepexoioM
K (axropMHO)ecTBY no S; A ecTb orobpaxkenue ¢akTopmHoxecTBa E/S
Ha E/R. CooTHolenue 3KBMBAJEHTHOCTH, accouuupoBauxoe ¢ 4 B E/S,
HassiBaeTCa gaKmopcoomuouenuem cooTHoulennss R mo S u o6osna-
uaeTcs CUMBOJIOM R/S; cooTHoweHne x ==y (mod. R) 3KBHBAJIEHTHO COOT-
HOWEHUIO g (x)= g (y)(mod. R/S); xnaccu axBuBasentHoctu no R/S cyrsb
o6pasbl xJ1acCOB 3KBHMBajJeHTHOCTH no R. Ilycrs h=johyoh, ectb Ka-
HOHMYecKOe pasioxkeHue (n° 5) orobpamenus /; TOria k, ecThb KaHOHH-
Jeckoe orobpaxexue axropmuoxectsa E/S wa (E/S)/(R/S), j ects To-
MAeCTBeHHOe 0TOOpaxeHue daxTopMHoxecTBa E/R U /1y — B3auMHO 01HO-

sHauHoe oToOpamenne MuoxectBa (E/S)/(R/S) va E/R. OroGpaxenue hy -

H 06paTHOe X HeMy OTOGpaxeHue HA3LIBAIOTCA KAHOHUYECKUMU.

PaccmoTpuM, Ha060pOT, NPOWBBOJILHOE OTHOLIEHHE SKBMBAaJIeHTHOCTH T
B MHOXectBe E/S, m nycts R -— cooTHOmenue 3KkBUBaIeHTHOCTH B E,
fABJAIOlleecs MOJMHLIM NpooGpasoM cootHowenns T no g (n° 6); Tax xax
cooTHowenue x:==y(mod R) sxBHBAJEHTHO ¢ g (x)==g (y)(mod T), To
HETpyAHO BHAeTb, 4TO T 3KBUBajIeHTHO ¢ R/S.

8. IlpoussedeHue 08yX COOMHOWIEHUE 3K8UBANCHMHOCTY

Ilycrs Rix, y¢ u R'§x’, y'3— aBa COOTHOWEHHUSI SKBHBAJIEHTHOCTH.
O6osnaunm ueped Siu, v} cooTHOomeHue

)@y @ QAY)(u=(x, ) u v=(y, y)
uRix, ydu R}/, y'});

JIETKO BUIETb, YTO Siu, U}-— COOTHOLIeHUE SKBHBANEHTHOCTH; ero Ha-
BHIBAKOT npoussedenuem COOTHOWeeHuH R 1 R’ 1 0603HauaioT yepes R XR’.
ITpeanonoxum, uTo R — cOOTHOLIEHHe SKBHBAJIEHTHOCTH B MHOXeCTBe E
¥ 4T0 R’ —cooTtHowenve sxBuBasenTHOCTH B MHOXecTBe E/. Toraa coor-
HoweHne Siu, u} SKBUBAJIEHTHO

() 3x)(@=(x, x') u Rix, x{ u R'§x', x'}),
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T.e. () @xHYu=(x, x') u x€EE v x'€E’), a caenoparensHo,
u u €E X E’; orcioga Buitexaer, uro R X R’ ecrb coortHowenne sxpu-
panedtHoctd B E X E’. Ecam u =(x, x’) ectb ajement us E X E’, 10
cooTHouexsne S}u, U3 SKBUBAJIEHTHO

Ay @y)w=(, y) u Rix, yin R'}x’, y'});

ecin G u G’ —rpaduku 113 R v R/, TO 3TO COOTHOLIeHHe SKBUBAIEHTHO
raxe 0 € G (x) X G (x'). Bearxuli kaacc sxsusasenmuocmu no R X R’
ABAAEMCR, MAKUM 00pPA30M, RPOU3BECCHUEM HEKOMOPOZO KAACCA
aKBusaseumuocmu no R 4 HeKOmopozo Kaacca 3KBUBAACHMHOCMU
no R/, u o6pamno.
Tlycts f u f/ — KaHoHuyeckne oToGpaxkenus MHoxectsa E Ha E/R
u muoxkecrsa E na E’/R’, u nycts f X f/ — xaHoHuyeckoe pacnpocrpa-
HeHde ortoGpaxenu#t f u f' Ha npousselneHua-Mmuoxkecrsa (§ 3, n° 9);
roraa (f X f)(x, x)y={(f (x), f/(x')) ana (x, x')EE X E’. TIpoo6pas
no fX f’ anemenra (u, #’) us (E/R) X (E//R’) ecTs He 4ro uHOe, KaK
npousseaenre 4 X #’ KJ1acCa IKBUBAJNEHTHOCTH # 1O R M xJacca 9KBM-
BajseHTHOCTH &' no R’; OTCI04a BBITEKaeT, YTO COOTHOLIECHME SKBMBAJNEHT-
HocTH, accounupoBannoe ¢ f X f’, sxBupanedtHo R X R’. [lostoMmy oro-
Gpaxenue f X f’ MOXKHO MpPeACTABUTD B BUILE /£ o g, Fle & — KAHOHMYECKOe
orobpaxenne u3 E X E’ Ha (E XE)/(RXR’), a 2 — B3auMHo 0jaHO-
aHauHoe oroGpaxenne MmHoxectBa (E X E’)/(RXR’) na (E/R) X (E'/R);
3170 oTOGpaxeHHe M 0OpaTHOe K HeMy Ha3bBAIOTCA KAHOHUYECKUMU.
Samenanue. Ilycrs P §x, x'§— cOOTHOmEHHe, B KOTOPOM HE BCTpe-
ualorcs OyKBH y M y’; MBl TOBOPUM, 4TO P cogMecmumo ¢ cOOTHOmEHNAMH
akBuBaJMEHTHOCTH Rix, yi m R ix’, '} (m0 x u x’), ecan coOrHOUEHHE
(Péx, x"'3uRéx, yiu R §x', y'3) Baeuer P; ,¥'% Mycts Qiu} ects
cootHomenue (Ix) (Fx) (w = (x, x') u P {x, x’§); 370 3uaumt, uto Qiu}
COBMECTHMO (N0 4) ¢ COOTHOIEHHEM SKBHBAJEHTHOCTH S§u, U} — npousse-
JeHuem coorHomenu#i R u R,

9. Kaaccot 3xsusaseHmHoLx 005exmos

Tlycts Rix, yi—npousBOJbHOE COOTHOLIEHHE 3KBHBAJEHTHOCTH,
ObiTh MOXET AdKe He uMeroltiee rpaduxa. OueBHIHO, YTO eCad X, X' U y
CyTs TpH pasauudble OyxBH, TO CoOTHomlewue Rix, x’} bpieyer
Rix, yi&Rix, y3 a crenosarensio, u (Vy)(Rix, yi&SRix’, yi).
Honoxum 8ixi=—=rt,(Rix, y§). Beuny cxemm S7 (ra. I, § 5, n° I)
coorHomenne Rix, x'§ Brever 83 xi==03x'3 3amerum, c apyro# cro-
poHbl, 4TO no onpelesteHnio Rix, 0ix3} ecTs He uro uMHOe, xax C€OOT-
nowenne (y)Rix, ¥} taxum obpasom (n° 1), cootHowenue Rix, 83 x}3
SKBHBAJIEHTHO COOTHOWeHHI0 Rix, x3i. Tlo3TOMy MOXHO 3aK/IOYHTbL, 4YTO
coorHoulenne (Rix, x3u Rix/, x’iu 0ix3=0%x'}) snsusasenmuo
cooTHowennio Rix, x’% B camoM jese, nepBOe M3 9THX COOTHOLIeHUH
Bieyer, B cuay S6 (ri. 1, § 5, n° 1), cootHoweHue

(Rix, xiu Rix', x'$ u Rix', 0§x}i&SRix, 03 x733),
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a 3sHaunt, u coorHomenve (Rix, Bix3}} u Rix/, 03x33) u, naxowen,
B CHJIy TPaH3UTHBHOCTH M CUMMeTpHUHOCTH, Rix, x’} rtax xak, ¢ apyro#
CTOPOHBI, U3BeCTHO, uT0 Rix, x’§ Biever (Rix, x} u Rix’, x'}), nawe
yTBepx)aenue nokasano. Tepm 03 x % nasuiBaloT Kaaccom o6sexmos, IK8u-
8aleHmubBX X (COTACHO COOTHOWeHUID R).

TlpeanosoxuM Temiepb, 4To T — Takoit TepM, MM KOTOPOFO COOTHO-
HIeHHE

(Vo) Riy, yi=>3x)(x€T u Rix, y})) (H)

nctuHHo. Toraa coorsowenne (Ix)(Rix, xiu z2="03x}) apiserca xo4-
sexmususupyouums no 2. B caMoM Jeie, MOXHO MpPeANo/aarath, 4YTo
x €T prever R§x, x§ nocrarouno samenutb T mHoxectBom x € T, raxux,
uyro Rix, x3 (3ametuM, uto Rix, yi Bieuer Rix, x3). Ilycts Torna O
6ynet MHoxecTBOM 00bexToB BHaa 03x§ nag x €T (§ 1, n° 6). [pennoso-
KuM, yT0 R}y, yiMcCTuHHO; Toraa cymectsyeT Takoit x € T, uto Rix, y§
cnenoBarenbho, 0iy3=03ix3€O. ToBopar, uro MHOKeCTBO O ecTb
MHOICECMBO KAQCCOB IKBUBAACHMHBX 00%eKmos Aias R, W ans BCs-
KOro x, Takoro, 4ro Rix, x}, 03} ecTb eduncmeennniii sneMent 2 € 8,
takoft, 4ro Rix, 2%
Ipu Tex ke npeanoaoxeHusx mycrb A § x 3 — 1akOil Tepm, ut0 Réx, y3
Biever Afx}= A{y} Torma coorHomenue (Ix) (R ix, x3u 2= Afx})
TaKxKe ABAAETCA KOMICKTHBM3UpYIOmHMM N0 2, u60 Rix, x}, Oyayuu
axBUBaNEHTHHIM R$x, 0§ x3$, Baeuer Afxi= A§0{xi3u, caenoBarennHo,
ecau E ectp MHOXecTBO 06bexTOB Buaa A$fd mas£€©, Rix, xi Baeuer
A$x3¢E. Ecau f ectp ¢yHxuus t—>A§t§§(te€), A$ti¢E), 1O COOTHO-
meHue R$x, x} Baever Asxd= f (85x}).
B wactHOCTH, ecan R — cOOTHOmIEeHHe SKBUBAaAECHTHOCTH 8 MHONHCeCmBe F,
32 A § X} MOXHO B3Tb KAACC IKBUBANCHMHOCMU IAeMenma x 10 R (n° 2);
OYHKIHA f ABASETCA TOTHA Ouexyued MHOXKECTBA © Ha (GakTOPMHOXKECTBO
F/R, 4To OnpaBibIBaeT BBELEHHYIO TEPMHHOJOTHIO.

® Mpunep. Myctb R§ x, y}ecTb COOTHOIIEHUE IKBUBAACHTHOCTH ,X H ¥
CyTb BEKTODHHIE NPOCTPaHcTBa Haj C OAHON M Toll ke KOHEYHOH pasmep-
HOCTH*; 3T0 COOTHONIeHUE He obaanaer rpaduxom. ¥ caosue (1) BHNOAHsETCH,
ecau 3a T B3ath au60 MHOXKECTBO BEKTOPHHIX NMOANPOCTPAHCTB MPOCTPaH-

crea C™, qu60 nogmuoxecrB0 T’ muoxecrsa T, 06pasoBanHoe MpOCTPaH-

crBamn C*(n¢N), rae nox C° nouumaerca tOuka O mpocrpancta CN,
a pas n > 0 npocrpanctBO C* ecth CyMMa NEpBHIX 71 KOMMOHEHT mpAMOM

cymmnr CN. Mexcay mpousm, npu BTOpOM Br6Ope O = T'.
Ynpaxcrnenusn

1) das toro uro6u rpadux G 6bia rpaduxoM KakOd-1u60 sKBUBAJCHT-
HOCTh Ha MHOXKecrBe E, He06x0xMMO M 10cTaTO4HO, 4tobnt pr;G =E,

-1
GoGoG =G n A < G (rae Ay — anaroHas, MuOxecrsa E).
) 3tor ¢akT, NO-BUAMMOMY, OGOCHOBHBAETCH CCHUIKOH Ha JEIYKTHBHHIE

kputepuy § 1, n° 6. Ho Toraa, xax xaxercs, Hag0 AONOAHUTENLHO NMOTPE6OBATH,
4T061 OyiBa X He BcTpeuanach B Tepme T.— ITpum. ped.

Ynp.

§ 6. COOTHOUIEHHUE 3KBHUBAJIEHTHOCTH 135

-1 _ -1
2) Ecan G — rako#t rpaduk, uro GoGoG = G, nokasars, ur0 Go G

-1
u GoG cyrb rpapuku sxBuBaAeHTHOCTel Ha priG u pryG cOOTBETCTBEHHO.

3) Iycrs E—mHOKecTBO, A—NOAMHOKECTBO MHOXecTBa E, R — coorHo-
[HeHUE IKBUBAJEHTHOCT U, aCCONMUPOBaHHOE ¢ OTOOpaxenveM X — X [ A mHo-
aecrBa 9P (E) B muoxkecrBo PP (E). Ilokasars, ut0 cymecrByer OGuekuus
muOxecrsa 98 (A) Ha daxkropmuHOKecTBO P (E)/R.

4) Iycts G —rpaduk HEKOTOPOH SKBUMBAJASHTHOCTH Ha MHOwecTBe E.
[Tokasarb, 4TO ecan A — takO# rpaduk, ur0 A=< G u pr;A =E (coor-
BetcrBeHHo praA=E), to GoA = G (coorBercTBeH0 Ao G = Q); kpome
T0TO, ecAu B — npousBoabHmit rpadux, to (G1B)o A= G}(BoA) [coor-
BerctBeHHO Ao(G1B)= G (AoB)].

5) Ilokasarp, 4TO BCAKOE nepecedeHHe rpaduxoB 3KBHBAJEHTHOCTEH
B muoxectBe E ecthb rpadux sksusanentHoctu Ha E. IlpuBectu mpumep
IBYX 3KBuBajdeHTHOCTeH Ha E, rtakux, 4ro6n OObefHHeHHMe UX rpadukoB
He 6bu1o rpadukOM 3KBHBAJMEHTHOCTH B E.

6) IMycrs G u H —rpaduku aByx sxBuBajsenrnocreit Ha E. Haa rtoro
41066 GoH 6b1a0 rpaduxOM skBuBadeHTHOCTH Ha E, He06x0AMMO u nocCTa-
TO9HO, 4T066 GoH ==HoQG; Torna rpadgux GoH ecrp mepeceuenne Bcex
rpadukoB akBuBaaentHocreil Ha E, comepwamux G u

7) ycrs Gy, Gy, Hy, H;, —rpaduku uernipex sxkBuBaAeHTHOCTEH Ha
muoxecrBe E, rtakue, uto G;1Hy= Gy1H, u G,oHy = GyoH,. s Bca-
xoro x € E mycrs R, (coorBercrBeHno S;) ecrb cOOTHOMIEHMe, WHIyUMpO-
BaHHOe Ha Q) (x) (coorBercrBeHHo H, (x)) cOorHOmIeHMEM 3KBUBaJEHT-
#ocru (%, y) € G, (coorBercrBenHO (x, y) € Hy). IToxasare, 410 cymecrByer
Guexuua ¢Qaxropmuoxecrsa G, (x)/R, Ha ¢axropmHokecTBO H; (x)/S,
{noxasarb, 4TO 3TH IBa (AKTOPMHOMECTBA HaXOAATCA BO B3aUMHO OJIHO-
3HAYHOM COOTBETCTBUHM C (pakTOPMHONKECTBOM MHOXecTBa A =G, (x) N H, (x)
10 COOTHONIGHWIO 3KBHBANEHTHOCTH, HHIYUMPOBAHHOMY H2 A COOTHOMIe-
Huem Ry, npuueM 370 COOTHOIIEHHE IKBHBAJAEHTHO COOTHOIICHMIO 3KBHBA-
JAEHTHOCTH, MHIYUHPOBAaHHOMY Ha A cOOTHOmeHueM Sy

8) Myctb E u F — xBa MHOWecTBa, R — cOOTHOLIEHNE 9KBUBAASHTHOCTH
8 F, f—oro6paxenune muoxecrsa E B F. Ecau S — coOTHOmEHNE 3KBUBE-
JieHTHOCTH, COCTaBafumee npoobpas coorHomenus R no f, u A = f (E),
ONpeNeNUTh KaHOHMUECKYl0 Ouexnuio mMuOxecrBa E/S na A/R,.

9) ITycrp F, G — aBa MHOXeCTBA, R — COOTHONIEHHe SKBHBAIECHTHOCTH
B F, p— xanounuecxoe oro6paxenve MuoxecrBa F Ha F/R, f — copbek-
nua mHOxecrBa G na F/R. Ilokasarb, uto cymecTByer MHOMecTBO E,
CIOpBbeKIUA g MHOXeCtBAa E Ha MHOoXectBO F u ciopbekuus A MHOXe-
crBa E na muOxectBo G, Taxue, 4TO pog = foh.

10) a) Ecau R§x, y3— npoussoabHoe cooTHollewue, 10 ,Rix, y3 u
Réy, x3 ectb cuMMerpuueckOe cooTHolleHue. Ilpu kaxOM ycaoBuu OHO
pedaexcuBHo B MHOXecrBe E?

° 6) Mycts Rix, yi— cooTHOmeHHe, CHMMeTpHUeCKOE U PedaeKCUB-
Hoe B muoxectse E. [lycrs S {x, y} ectb cOoTHomenue ,CymecTByer

TakOe nexoe 4MCA0 1> 0 u TaKas NMOCAENOBATEABLHOCTb (Xi)c;p, DM€~

MeHTOB M3 E, 410 Xy = x, X, =y ¥ 1Ia BCAKOrO HHAEKCA i, TaKOTO, YTO
0 < i < n, umeer mecro Rix;, x;. i ITokasars, uro S {x, y} ectb coOT-
HOIIeHYe 3KBUBAXEHTHOCTH B E M 4TO ero rpadux sABAfeTCS HaUMEHbIIMM
U3 rpa¢ukoB sksupaieHtHoctelt B E, coaepamux rpaduk cootHOmenus R.
Kaacchl sxkBuBaXeHTHOCTeH NO S HA3LIBAOTCA CBLIHHMU KOMIOHeHMaMi
MHOXecTBa E OTHOCHTEABHO cOoTHOmIeHHs R.

B) Ilyctb § — mHOxecTBO uacreft A muOwectsa E, o6aagaomux rem
CBOACTBOM, 4TO A8 BCAKOI MapH ajdeMentoB (y, 2), rae y€ A, 2€¢E — A,
cnpasefauBo ,He Riy, z23¢. Jlaa Bcaxoro x € E nokasats, yT0 nepeceyente
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MHOXecTB A € ¥, TaKuX, YTO X € A, ecTb CBA3HAA KOMIOHEHTA 3JIEMEHTa X
OTHOCHTEABHO cOOTHOmeHus R.

11) a) ITycrs Rix, y;ﬂ— cuMMeTpHUeCKOe H pedaexcuBHOE COOTHO-
menue B MHOxectBe E. Mu rosopum, uto R ectb uumpansumusgroe
coomuOiuenue nopsidka 1, ecam Jas 4eTHpPeX pAIAUYHLLX IAEMEHTOB
x, v, 2, t us E coornomenus Rix, y} Rix, 2§ Rix, £} Riy 2{u
R 3y, t; Baekyr R§z, t} Mm roBopum, uto vactb A mHOXecrBa E ycmoii-
4uga NPOTHB COOTHOWIEHUR R, ecau, kaxOoBhl On HM 6HAM x u y B A,
Beernia Rix, y3 Ecau a u b — Ba pasauyHBIX MEMEHTa U3 E, Takux, 4t0
Rsa, b3 nokasars, ut0 MHOxecTBO C (a, b) Takux x €E, uto Ria, xi n
R$b, x3, ycro#uuBO M 4TO JAS BCAKOH NMaphl Pasfv4HLIX 3JAEMEHTOB X, Y
u3 C(a, b) cnpasenauso C (x, y)= C(a, b). Koncmumysnmamu vHOXe-
ctBa E orHocureanHo cootHomeHus R Hasosem st mHOXectBa C (g, b)
[zas Bcaxo#t mapw (e, b) takoi, uTO0 R %4, 6{] u CBA3HBIE KOMIOHCHTDI
(ynpaxsenne 10) no R, cBOAAmMECK K €MHCTBEHHOMY saemeHTy. Iloka-
3aTh, 4TO mepeceyeHue IBYX DPa3IHIHHIX KOHCTHTYSHT MHOXecTBa E He
MOXeT cojepxarb Gogee OZHOTO 3JEMEHTa M YTO IAs TPeX NONapHO pas-
AHIHBIX KOHCTuTY3HT A, B, C 1o wmeHbmei# Mmepe OIHO Hu3 MMOXECTB
ANB, BNC, CNA mycro.

6) O6pario, nyctb (X)) ; — NMOKPHTHE HEKOTOPOrO MHOXECTBA E,
06pa3soBaHHOe HEMYCTHIMH YacTAMHM MHOXecrBa E u o6aamaiomee crenylo-
My cBOifictBamu: 1° ecau A u o — ;B2 pasAMUHHX uuAekca, T0 X, [}1X,
comepKutT camoe Goabinee OfMH 3JeMeHT; 2° ecan A, i, v — TPH Pa3JIMUHBIX
HHJIEKCa, To Xota Obl OfHo u3 tpex muoxecrs X, [1X,, X,NX, X,1X,
nycro. Ilycts Rix, y3 ecrb cOOTHOmeHue ,CymecTByer TakOe AEL,
uT0 x € X, u y€ X,“ nokasars, ut0 R pedaekcusnoe B E, cummerpuue-
CKOe M HMHTPaH3MTMBHOE nopsaixa 1 cOOTHOLIeHHE M HTO MHOWeCTBa X
CyTb KOHCTHTYSHTH MHOXecTBa E oTHOcHTennno R.

B) ° Mu roBOpuM, uTO CcOOTHOmIeHue R§x, y§, cumMmerpuueckoe H
pedaexcuBnoe B E, aBaserTcs unmpansumusHsim COOMROULeHILEM N0 pAOKE
n—3, ecin 1A BCAKOTO ceMeHCTBA (X))o, PA3AMUHHIX BAEMEHTOB

]
us E coornomenus R§x; x;iaxa seakoit mapu (i, J)# (n— 1, n) Baekyr
Réx,_1, X,3% O606murb cBOHcTBa a) U 6) Ha MHTPAH3UTUBHBIE COOTHONIE-
HuA NPOU3BOABLHOTO mOpsaka. IT0Kasarb, YTO HHTPAH3UTHBHOE COOTHOLIEHYE
TopAAKa p ABAAETCA TAKKE HHTPAH3HTUBHBIM COOTHONIEHHEM NOpHjKa ¢
s BCAKOrO g > p.

TJABA 1l

YNOPSAAOUEHHBIE MHOXECTBA. KAPAWHAJIDHBIE YHMCJIA.
LEJIBIE YUCJIA

§ 1. CooTHOmeHHA TOPsAKA. YNOpsAnOuYeHHBE MHOXKeCTBa

1. OnpedeneHue cOOMHOULEHUST NOPAOKA

Mycrs Rix, yj— COOTHOUIeHHE, a X M Y — PasdiHyHbe GyKBHI. Mu
roBopuM, uto R ecTb coomuouenue nopadka no OyKksam x u y (Wi
OMHOCUMEAbHO X 1 Y WIN MedxcOy X 4 y), ecld BepHsl COOTHOLIEHHS

(Rix, y} n Riy, z2)=>Rix, 2}
Rix, yi u Riy, x)=>(x=y)
Rix, yi=Rix, x{u Riy, yd.

V3 HUX NepBOE 03HAYAET, YTO COOTHOWlEeHHe R mpansumusno no 6yxean
x uy (a1, § 6, n°l).

Mpunepn. 1) Coomnouernne paseRcm8a x ==y eCTb COOTHOLIEHHE
NopsiKa.

2) Cootnowene XcY ecTh cooTHouleHve nopsaka mexay X u Y
(ra. 11, § 1, npennokesus 1 uw 2 u axcuoma Al); oHo Ha3miBaeTCsl
4aCTO COOTHOLIEHWEM BK.AOEHUS WIH COOMHOWeHUeM C.

3) Tlycrs Rix, yi— coorwowenne nopsaka mexay x u y. Coorxo-
wenns Riy, x} ecTb COOTHOUIeHWe nOpsaxa Medxdy X 4 Y; OHO Ha3bl-
BaeTCsl COOTHOUIEHWEM TOPSNKA, RPOMUBONOLOICHHM K Rix, yi

Coomnowenuem nopaoka 8 Mmnoocecmse E HaspiBaeTcst COOTHOLIe-
Hue nopsaxa Rix, yi mo aBym pasauuneim GykBaMm X, y, Takoe, uTo
cootHomenne Rix, x} sxgusasenmno x €E [uHaue ToBOps, Takoe, 4TO
Rix, vy} pegaexcusso B E (ra. II, § 6, n° 1)]. Toraa coorHomenue
Rix, yi Bacver ,x €E u y€E*, a cootnowenne (Rix, yi u Riy, x9
sxpuBanedTHo ,XE€E u yEE n x=y".

IMpunmeps. 1) COOTHOIIEHHE PABEHCTBA W COOTHOIIECHHE BKAIOUEHUA HE
ABASIOTCA COOTHONIEHMAMH NOPAXKA B KaKOM-HMOYIb MHOXECTBE, TaK KaK
cocl)TH(O)meHuﬂ x=xu X C X He aBAROTCA KOAIekTHBH3UpYlomumu (ra. II,

, n° 7). ’

S 2) Mycre Rix, y§-— cOoTHOomEHHEe MNOpAAKAa MEWAYy X M y M MyCTh
E — rakOe MHOXecTBo, ut0 x ¢ E Baeuer R§x, x} (HEeTpyAHO BUAETH, UTO
IlycTOE MHOXECTBO yJI0BAETBOpAET 3TOMY ycaosuw). Coornomenue ,R§x, y}
u x¢E u y ¢E* ectb Toraa coornomenue nopaaka B E, kax aro cpasy xe
BHHO, Ml TOBODHM, 4TO 3TO COOTHOWIEHHE UNOY4uposano B E coornomre-
nuem R$x, yi (cp. n° 4). Jomyckas BOAbHOCTH peum, Ml Oyiem 4acro
rOBOpUTDH: ,COOTHOLIEHHe S §x, y3 €CTh COOTHOLICHHE NOPAAKA MEXKAY dJe-
MeHTaMH MHOXecTBa E“, BMeCTO TOrO 4TOOH CK43aTbh. ,COOTHONICHHE
(Sx,y u x¢E u ycE) ecrb coornomenne nopamxa 8 E¢. Hanpuwmep,
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ecad JaHO MHOXecTBO A, TO coortHomiedde ,XcYu XcAdu YC A«
€CTh COOTHONLIEHHe NMOPAAKa B MHOXKECTBe YacTeil MHOXeCTBa A, 3 ,XCY*“—
COOTHOILIeHHe NMOPAIKA MeXNy uactamMu A. ’

3) Ilycrs E m F — muoxecrBa. CoorHomrenne ,g npogomxaer f*
€CTb COOTHOLIEHHE MOpAIKA MeXNY 3JeMEeHTaMu f U g MHOXEeCTBA OTO-
Opaxenun uactedl MHOXxectBa E B muoxecrBo F.

4) Muoxecrso P (W (E) ) muoxecTB uacteit MHOMectBa E copepyur
B _K2ueCTBE 3JeMeHTa J° MHOXECTBO pajbuenuli mMuoxectBa E (ra. I, § 4,
n° 7). Hanomuum, 4to pasbuenue o HasumBaercd 0oJee KPYMHBIM, YeM pasde
Ouenne o', ecad, kakoBo Ob Hu OO Y€ o', cymecTByer takoe X € o,

uro Y X (ra. 11, § 4, n° 6). Haa Bcaxoro pasbuenus o € & mycrb © ecTb
rpaduk sKBHBaNCHTHOCTH, ONpefeNenHoi uepes o B E (ra. If, § 6, n° 2),
T. €& 00bejluHEHUE MONAPHO HE NEPECEeKAIUXCA MHOKeCTB A X A, rae A
npo6eraer . CoOTHOIIEHHE ,® KPyIHEe, 4eM o’ 3KBHUBAJIECHTHO BKJiOUe-

HAK © D o', 4TO €pasy ke BUJHO; CAeJ0BaTeNbHO, 9TO COOTHOLIEHHE MO-
pAlKa MexAy d3JEMEHTaMH © U ©’ MHOXeCTBa .

Ilopsdkon Ha wmHoKecTBe E  naswlBaeTcs Takoe CoOTBeTCTBHE
I'=(G, E, E) c obaacrvio ornpasaenus E u o6aacrsio mpubetus E,
uto (x, )& G ecrb cooTHowenne nNopsaaka B E. Jlonyckas BoabHOCTb
peun, MH MHoria GylAeM roBoputs, 4to rpadpuk G coorsercrBus I' ecTs
nopsanok na E. Ecam Rix, y$}-— cooTHowenne nopsaaka B E, To oHo
of/anaeT rpagukoM, ABAAIOLIMMCA MopsiAkoM Ha E.

Tpeanoxenue 1. Jas mozo wmobw coomsemcmsue U mexncdy E
u E 6nsao nopadxom na E, neoOxodumo u oocmamourno, umobu
e2o 2pagpux G y008.4emBOPAL CALOVIOUUM YCAOBUAM:
) Go G=gG;
-1

6) mnoocecmso GNG ecms duazonaasr A 8 E X E.

B camom nene, coorrHomenue ((x, YEG u (y, 2)EG)=>((x, 2)EQ)
sanucsiBaeTcsl TakxKe B Bule Go GG, a cooTHolleHMe

((x, EG U (¥, NEC)&S(x=y n xCE u y€E)

~1 -1
sanuceiBaeTcs B Buae GNG=A. Us GNG=A Toraa suTekaer AcG,
a orcioga G=A-GcGo-G. Tak kak Go GG, 9ro Baever Go G=G.

2, CoomHoweHnus npeonopsoxa
ITycre Rix, y3— cooTuolleHne, x ¥ y — pasauuneie GykBul, Ecau R

TpaHSHTHBHO H
Rix, yi=Rix, xin Riy, vy,

To R He fABasieTcs ¢ HeoOXOAMMOCTBIO COOTHOLIEHHEM MOPAAKA, TAK KaK

cootHowenre (Rix, yiu Riy, x$%) He BiIeueT ¢ HeoOX0AUMOCTBIO X = y.

Mul rosopum, uTo Rix, y} ecTs coomrowenue npednopadxa Mexiy
x uy.

Hanpumep, nmycrs % — mHoxectBo uacreit muoxecrsa P (E), asasio-

uuxca nokpeituamu nas E (ra. I, § 4, n° 6). Coorsomwenue SR kpynHee,

ueM R'“, Mexny saemenramu PR, A’ mHokecrBa # (ra. I, § 4, m° 6)

TPAH3UTUBHO M pedaekcUBHO, HO JBA PAasAMYHHIX NOKPHTUR MOTYT OKa3a-
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TbCA TAKMMH, YTO KaxJoe u3 HuX Oysmer Kpymuee, uem Apyroe. Hanpuuep,
uMenHo Ttak obcrour geno, xorza R’ ecrb (B P (E)) obOberunenue muo-
wectBa Y u uyactu MHOXecTBa E, copepxauenca B KaKOM-1u60 MHOXKecCTBE
u3 §}, HO He npuHaaexamed k PR

Onuako coorHomenne (Rix, vy} u Riy, x}), Bo BcikoM cayuae,
AIBJIAETCS COOMHROULeH ueM KBusarenmuocmu Six, yino x u y. Ilycrs
x’ u y’— OyKBH, oTAMUHBE OT X, Y W He BCTPevawinuecs B R; Toraa
Rix, yi cosmecmunmo (No X U y) ¢ COOTHOLICHUAMH SKBHBAJEHTHOCTH
Six, '3 u Sty, y'% unaue rosops (ra. II, § 6, n°8), coorTHomenue
(Rix, yi u Six, x'3 v Siy, y'3 Baever Rix', y'§

Coomuowernuemn npeonopsnoxa 8 muoxcecmse E nasuiBaerca Takoe
cooTHOWenre npeanopsaka Rix, y3, uro coorHowenwe Rix, x} skeu-
BajeHTHo X EE, coornomenne Rix, yi Baever toraa ,x€E u y€E*“.

Ecau Rix, y}— cooTHomwenne mnpeanopsika B MHoxecTBe E, To
onpenenenHoe Bblllle COOTHollleHHe Six, Yy} eCTb COOTHOlleHHe SKBHBa-
aentnocty B E. Tlycts toraa RiX, Y} ects cooTHoullenue

XCES u YEES u Q@AW ((x€X ny€Y) n Rix, v,

T. e. COOTHOlleHWe, BhIBelenHoe M3 R NMepexoloM K ¢axTopCooTHolle-
HuI0 (Mo X M y); MB yxe Bugeau B Tia. II, § 6, n°3, uto ono sxsu-
Ba/IEHTHO COOTHOLUEHHIO

XEES n YCE/S n (V) (V) ((x€X n y€Y)=>Rix, y).

TTokaxeM, uTo R {X, Y3} ecTb coomunowenue nopsndxa Mexay sie-
MeHTaMu (akTopMuoxectBa E/S. B caMom zeae, cooTHoulenne (R'$X, Y}
u R’{Y, Z3 sxkpuBanentHo XEE/S u YEE/S u Z€E/S u

V)VNNV)((x€X u y€Y n 2€Z)=>Rix, yiu Riy, 2))

(ra. 1, § 4, kpurepun C40 u C41); Tak kax Rix, y} TpausuTuso u

Y EE/S Baever Y@ (ra. II, § 6, n°2), To oTcl0Aa HeTPYAHO BHIBECTH,

uro R'¢{X, Y} rpansurubno. Kpome Toro, cootnomende (R'iX, Y% u
R’$Y, X3}) skBuasnentHo coortHowennio X EE/S u YEE/S u

V)V ((x€X u yeY)=>Rix, yiu Riy, x)).
T. €. COOTHOLIEHHIO
XEE/S u YECE/S u (V) (VN ((x€EX u yEY)=>S{x, yi),
a MOTOMY 3TO COOTHOLUIEHHe BJleYeT
XEE/Su YEE/S u X=Y.
Kpome Toro, Rix, y} Baeuer R3x, x} u Riy, vy}, oTkynma caenyer,

yro R’$X, Yi BaeueT Kaxaoe U3 COOTHOLIEHHH

XEE/S u (V) ((x€X)=>R}x, xD,
YEE/S u (V3)((y EV)S>Riy. yi)

caenosatenso, R'3X, Y mirever (R'(X, X} u R’}Y, Y}). Haxkoueu,
Tak kak xEE Baewer Rix, xi, To XEE/S Brever R'{X, X3} uro
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3aBepulaeT HOKa3aTeabLCTBO HallleTo yTBepXKjeHus. Mbl roBopuM, uTO
R’§X, Y§ ecTv cooTHolleHHe mopsaxa, accoyuuposannoe ¢ Rix, yi.

IIpeonopadkom va wmHoxecTBe E HasniBaeTCs TaKoe COOTBETCTBHE
T'=(G, E, E) ¢ o6aactelo ornpaBaeunss E u o6aactvio npubuitua E,
yTo (X, ¥) € G ecTb CooTHolleHHe npeanopsiika B E; nonyckas BoibHoCTb
peud, Mbl TOBODHMM HHorla, uro rpaguk G coorsercrsus I' ects npen-
nopagok Ha E. Jas rToro wuro6m rpapux G 6uma npeamopsixkom
Ha E, neobxoammo u nocrarouso, uro6sl ApcG u Go GG (oTkyaa
caeayer G o G = G). CooTHolleHHe SKBUBAJAEHTHOCTH S, COOTBETCTBYIOIEE
CooTHolleHHI0 Npeanopsanka (x, y) € G, uMeeT Toria B KauyecTse rpaduxa

-1

GNG; coorHouleHHe mMopAAKA, AacCOUMMPOBAHHOE ¢  COOTHOLIEHHEM

(x, ¥)€G, umeer B kavectBe rpaduka dacTe G’ npousBenenus (E/S) X

X (E/S), coorsercreytomyio (ra. II, § 6, n°8) ob6pasy rpaduxa G npu
KaHoHHYecKoM oToOpaxenun MHoxectBa E X E na (E X E)/(SX9).

ITpumep. ° Iycts A — xoasuo ¢ egunuued. Coorsomenne (32) (z€ A

Hy= zx) MEXKAYy IByMA 3JEMCHTAMHU X U Yy U3 A ecTb cooTHOmEHHE npexa-

nopsiaxka B A; OHO UMTaeTcs TaK: ,X €CTb IIpaBblil Jeaureab Aad y* uiu ,y
€cThb JeBoe kpaTHoe aas x* (cM. ,Aarebpa“, ra. I, § 8 ura. VI, § 1).

3. OGo3HaueHus u mepmMunosozusn

Onpejeaenus, JaBaeMble B jJaabHeilleft yacTH sToro naparpada, npu-
MeHUMB K a1000My CooTHolleHHI0 mopsaika Rix, y§ Mexay x u y, HO
B ocobeHHOCTH OyIyT HCMOAL3OBATHLCH B CJAyvae, Korda Rix, yi obo-
3HayaeTCd Yeped X << y °(Mo aHaAoTMU ¢ OOBIYHBLIM COOTHOIIEHHEM MOpAAKa
MeXIy LeJbIMM Mad Je#iCTBUTeAbHHIMM YMCaaMH), (MJIM 4yepes xCy M
aHAJIOTHYHBIM 3HAKOM); MOSTOMY Ml c(opMyJupyeM HX Julle B obo3Ha-
YeHUAX X <y, NPeloCTaBafid YMTATeJNI0 DPacnpoCTPaHUTb UX HA Jpyrue
cayuau. Koraa R}x, y} oGosnauaerca dyeped x <y, To CuuTaercs, 4TO
Y>> X eCTb CHHOHMM M x <y, U STH COOTHOLIEHHS YWTAIOTCA TaK:
,X munopupyem y* {,x est inférieur 2 Y e ,x mensute y*
,x est plus petit que y*)y wau ,y npessuaem (maxcopupyem) x*
Ly est supérieur 3 x*) uan ,y 6oavume x* {,y est plus grand que x“g,
Mau VHOTAA ,X Menswie uau pasen y* (,x est au plus égal i y*
uau ,y Goasuwe usu pasex x* (,y est au moins égal & x*). Toraa
CooTHoILleHHe X > y eCTh COOTHolUeHHe Mopsaka (mexncdy x u y), npo-
musonoaoscroe x < Y.

Jonyckas BOJAbHOCTb peuH, Mb 6yIeM 4acTO FOBOPHTH O ,COOTHOMIE-
HUH <* BMECTO ,COOTHOLIEHH X <y, B 3TOM Caydyae ,COOTHOIUEHHE >*
6Gyner NPOTHBOIMOJNOKHBIM , COOTHOIICHHIO < “. 38METHM TaKXe, 4TO B OJHOM
M TOM X€ JN0Ka3ateabCTBE 4acTo éyne'r HCIIONb30BATHCHA OAHH H TOT XK€

3Hak < Aas O0O6GO3HAUeHUSA HECKONbKHX PAa3HBIX COOTHOIIEHHH TOpAAKa,
€CAH 3TO He NpPUBOAMT k IIyTaHMIE.

YcanoBus, mpH KOTOPHX CooTHolleHue, oGo3HadeHHoe ueped x < V.,
6yleT COOTHOLIEHMeM MopAika B MHoxecTBe E, 3amuchiBaloTcs Tenepb
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B BHIE

(ROy) Coomnowmenue ,x <Ly uny< 2" saevem x < 2.
“(RO;) Coomnouwenue ,x Ly u y< x“ saevem x=y.
(ROy) Coomnouenue x Ly saesem ,x < x u y <y
(ROy) Coomnowerue x < x 3Ksusasenmno coomnouenuno x€E.

Korna cootHouleHne nmopsika o6o3Hauaercss yepe3d x < y, TO MHUIUYT
x <y (um y> x) naa 0003HayeHUss COOTHOWIEHHS ,x <y U X == Y*;
9TH COOTHOLIEHHS] YUTAIOTCA TAK: ,X CMPO20 Munopupyem y*, Hau ,x
Cmpozo Menblie Y, UAM ,y CmMpO2o npessuiaem (CMpPoO2o Maxicopu-
pyem) x“, uam ,y cmpoz2o Goqbuie x*.

ITpumep cOOTHOLIEHHS BKJIIOUEHHS MOKA3LIBAET, YTO OTPHUAHME COOT-
HomreHust x <y (oéosﬂaqaeuoe HHOTAA uepes x{ y) OmHI00b He 00s13a-~
MeAbHO SKEUBAAEHMHO COOTHOMEHHIO y < x (cp. m° 14).

C58. ITycmp < ecmv coomnowenue nopadka, x u Yy — pasiui-
noe 6yksn. Coomnouenue x Ly IKBUBAACHRMHO ,xX < Y UM X == Y“.
Kaocdoe u3z coomunomenuii ,x Ly n y<z ,x<y uny<2" sre-
yem x < z.

[lepBoe yTBepak/ieHHe BHITEKaeT M3 KPHTEpHs

A=((A u (1e B)) uau B)

'(rn. I, § 3, xpurepuit C24). Has J0KA33TeabCTBA BTOPOTO 3aMeTHM

CHauana, 4To Kaxjuoe W3 NpelNoJoXeHUH BaeyeT X < 2 BBUAY TpaH3u-
THBHOCTH. C ApYyrofl CTOPOHH, CooTHolleHHe (¥ =2 M X <Ly H y < 2)
noBaekao 6b X = y==2, YTo HPOTHBODEYHT HalleMy INpelloJOXKeHHUIO.

YrolGul chenaTh UdJoxeHHe OoJee YJoOHHIM H 3aMEHHTb MeTaMmare-
MAaTHYeCKHe KPUTEpHM MaTeMaTHYeCKHMH TeopeMaMH, Mbl OoJibllelt uacTbio
GyneM MepeMellaTsCsi B HEKOTOPYIO TeopHI0 J, CONEPXKAIYI0 AKCHOMBI
M CXeMbl TeopWM MHOXECTB W, KpoMe Toro, ABe koHcrautol E u T, yno-
BJIETBOPSIOILHE aAKCHOME

,I' ecTb mopsiiok Ha MmHoxectse E* (n° I).

Msl Gynem o6osuauaTh uepes x <y coorHouwenne y € I'(x) u Gyaem
FOBOPHTS, 4To E ects mnoocecmso, ynopadouennoe nopsaoxon I' (nau
cootHowenneM nopsiaxka y €PN (x)) (cm. ra. IV, § ).

Ecau I sBasercs — B Teopuu J — npednopsakoM Ha E, To mbl Gynem
FOBOpHTH TaKXe, 4To E ecTs mrodsicecmso, npedynopadotennoe nped-
nopsaoxoxm I

B HexoTophIx cayuasx (HallpuMep, B HHXKECIENyoIUeM OMpepeneHHn)
TeopHH, B KOTOpHE Mb OyAeM MepeMemarhes, OyAYT 10BOALHO COXKHLIMH.

Mul mpenocTaBaseM YMTATEN0 COCTABAATb SBHbIE CIIHCKH KOHCTAHT U aK-
CHOM 3THX TEODHH.

1) IMo moBoxy 3TO#l TEPMHHOJNOTHHM CM. MOACTPOUHOE Tpumedanue k M° 1 § 6
CBOfiKu peayabTatoB (ctp. 384). — I1pum. ped.
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Iycre E, E’ — aBa MHoMecTBa, ynopsaioveHHnX mopsaxamn I' m I,
Hzomopgpuzmom muoscecmsa E na wmunoowecmso E’ (oTHocuTeabHO
nopsaakoB I' u I") naswiBaeTcsl Takoe B3aMMHO oAHO3HAuHOe oToOpaXe-
uue f wmHoxecrBa E Ha wmHoxectBo E’, uwro coorHowenns x <y u

() < f(y) sxsuBagenrus (cp. ra, IV, § 1).

4. YnopndoueHroie noomHoscecmsa. Ilpoussedenue
YROPROOUEHHBLX MHOMNCECMS

[lycte E — MuoxecTBo, ynopsfloueHHoe mopsakoM I, m  mycTs
G —rpatux mopsaka I'. Jlaa Bcako#i uwacrh A MHoxecrBa E mepeceue-
Hue G1(A X A) ects mopsiiok Ha A; COOTBeTCTBYWOIllee COOTHOLIEHHE
MOpAJKA SKBMBAJEHTHO COOTHOWIEHWIO ,X LY U XCA u yEA“ Mu
6yaeM o6o3HauaTh ero TaKXe yeped X <y (Aomyckas BoOJbHOCTbL peuH).
ITopsinok M CooTHOUIeHHE MOPAAKA, TAK ompejeseHHble HA A, HA3LIBAIOTCA
UHOYQUPOBAKHOLMY TOPAAKOM ¥ COOTHOLIeHHeM NOpAAKa, 3aJAHHBIMH
Ha E; Mbl TroBopuM TakKxXe, YTo MoOPAAoK H CooTHolleHue mopsaaxka Ha E
CYyTb npo0osdicenuss TOPAAKA M COOTHOIIEHMs] NMopsAAKA, MHAYLUHPOBAH-
Heix Ha A. Korma A paccmarpusaercs kKak ymopsilloueHHoe MHOMECTBO,
To, eC/qM He OoroBopeHo MNPOTHBHOE, peub HAeT MHMeHHO o MopalKe,
MHAYUMPOBaHHOM HAa A mopsakom Ha E.

ITpusepoi. CooTHOLIEHHN, MHAYLUHPOBAHHEE COOTHOLIEHHEM BKJIOYE-
Hufg X © Y Ha pasHeIX MHOXecTBax vacred, oueHb BawHu. IIpuBenem He-
CKOAbKO NPUMEPOB:

1) Myctb E, F — 1Ba MHoxecTBa, @ (E, F) — MHOXeECTBO oTOOpaXeHui
yacrelt MHoxectsa E B MHOxectBo F; pasa Bcaxo# dyuxuuu f¢ @ (E, F)
nycrs Gy ectb rpauk dyHkuuu f, cocTapasiomuii yacts Muoxecrsa E X F.
Ecan nageaurs @ (E, F) coorHomenuem MNopsika ,g npofoaxaer f*
mexay f u g (° 1, Npumep 3), 10 f — Q¢ ecTb uzoMOpGHH3M yNOpALOUCH~
Horo MmHoxectBa @ (E, F) Ha HexoTopoe MOIMHOXECTBO MHOXKECTBA
P (E XX F), ynopazoueHHoe cOOTHOMIEHHEM BKJIOYEHHR.

2) Has Bcaxkoro pas3bueHust o Kaxoro-HuGyab MHOXecTBa E NMycTh
€CTb rpaduK SKBHBAJEHTHOCTH, OTpelleNeHHON uepes o B E. OtoGpakenue
® —> © eCTb U30MOp(dH3IM MHOXECTBA & pasbuenudl aroro E, ynopsazouen-
HOTO COOTHOIIEHHEM ,w MeJbue, ueM o’*, Mexay o u o’ (m° 1, npumep 4),
Ha HekoTopoe NMoaMHoxecTBO MHOXecTBa P (E X F), ynopanouensoe coor-
HOIIEHHEM BKJIIOYEHHS.

3) Mycts E — muoxectBo, 2 P (E X E) — mMHOXKecTBO rpacduxos
npepnopankos Ha E (I° 2) (uiu — KOMyckas BOALHOCTb PeYH — MHOKECTBO
npepnopankosB Ha E). CootHomeHne s C ¢ MexAy S u f, HHIYLHPOBaHHOE
Ha Q cootHomenueM Braouenus B P9 (E X E), MOXKHO BHIPa3sHTb CIOBaMH:
»NIPEINIOPANOK § Measue (mOHbwe), HeM Npealopalok t* [uau ,f kpynnee
(rpy6ee), uem s¢]. O6o3nauum uepes x(S)y H x(f)y COOTBETCTBEHHO
COOTHOLIeHus TpeaNlopsaka (x, y)€s u (x, y)€£ B E; ckasarp ,5 Meabue,
ueM f“, — 3HAYMT CKA3aTh, YTO COOTHOIIEHHE X (S)y sseuem x(t)y.

Tlyctb (El)tel—cemencmo MHOM¥ECTB, W /s BCikoro t€&I mycrs T

ectb mopsasok Ha E, a G,cE, X E,—ero rpapuk. 3anuumeMm B BHle
x, L ¥y, cooTHouleHue mopsiaka (x,, y,)€ G, Ha E,. B npousBenennn MHo-
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xectB F = H E, coorHoulenne

El
VoeD=(x<y))

€CTb COOTHOLIeHHe Mopsiaka Mexny x==(x) ¥ y=(y,), KaK HeTpyIHO
sugers. IlopsinoK ¥ cCooTHolleHWe Mopsiixa, TaK ompegeseHHHle Ha F,
Ha3LIBAIOTCA npoussedenuem mopsnkoB I, v npoussedenuen coomno-
wenuii nopadrxa x, <y, 3To CooTHolleHue MBl o0o3HayaeM (JoNyckas
BOJBHOCT, o6o03HaueHutt) ueped x <y ¥ FOBOpUM, 4TO MHoXecTBo F,
ynopsiloyeHHoe mpou3BeleHueM Nopaukos I, ecTv npoussedenue yno-
pAdouennvix mHoxcecms E,.

Herpyaro Bumets, uto rpadux nopsajxa-npousseneHus Ha MHOXecrse F

ecTb 06pa3 MHOM(eCTBa-NPOU3BELEHHUA G, npu kaHoHuueckoM oT0Gpa-
Vel
JKEeHUM MHOXEeCTBa H (E,XE) na FXF (ra. II, § 5, n° 5).
el

BaxHblif puMep NpoH3BeleHUs! yMOPAAOYEHHBIX MHOXECTB COCTaBJfET
muoxecTBO FE rpaduxoB oToGpaxeHuit MHuoxecrBa E B ylmopsaoueHHoe
MHoxecTBo F; Mbl 3HaeM, YTo CylieCTByeT KaHOHHYeCkoe oTOGpaxeHue
MHoxecTBa rpaduxoB FE Ha MHoxecrBo oF (E, F) orob6paxenntt E B F;
3To Gro6paxeHne ecTh M3oMop(HU3M YmopsiioueHHoTo MHoxecTBa FE Ha
MHoxecTBo oF (E, F), HalegenHoe mopsaixoM, ompelelseMbM Clelyio-
UMM COOTHOllleHHeM Mexway nByMsi oTobpaxceHusMu f, g MHoxecrBa E
B F. ,kakoBo Om Hu Oniio x €E, f(x)< g (x)* (310 CoOTHOLICHHE
oGo3nauaeTcs deped f < g).

Crenyer 3aMeTUTb, YTO B yHopagouenHoM MHoxecrse & (E, F) coor-
HollleHHe f < g O3HaYaerT:

,kaxoBo Gul Hu 6p10 x €E, f(x) < g (%), u cymectByer 1akoe y €E, uro
fN<g»

HO OTHIOAb He 03Haxaem, 41O

,KakoBo Gb Hu OnI0 XE€EE, f(x) < g (x)“.

Uro6hl He oflacathcd 3TOTO CMemeHus, Mbl GygeM OGBIUHO u3berartb
yhorpeGaeHus o6o3HaueHus f < g B 3TOM cJayuae.

5. Bospacmaroujue omo6pasicenus

Onpeaeaesue 1. ITyems E u F — ynopadosennme Mroscecmsa
(4 npumom ynopadouennne cOOMHOULEHUAMYU, Komopue 00a 060-
3nauawmcs uwepes ). Mwu zogopum, wmo omoG pascenue f MioO-
scecmsa E 8 unoocecmso F ssasemca sozpacmanouun, ecau x <y
saevem f(xX) < f(y); Mub 2080opum, wmo omobpasenue [ ABASLEMCS
yowsanouum, ecau coomnomwenue x <y saevem f(x)> f(y). Omo-
Gpascenue mnooxcecmsa E 8 mnoxcecmso F nazvsaemes monomon-
HoM, ecau OHO 803pacmaioujee uiu yovsaouee.

Bospacrawomee oToGpaxenue MHoxecTBa E B MHoxecTBo F craHoBHTCS
yOuBalomuM (¥ o6paTHo), eCan 00ux W3 MOPAAKOB MHoxecTsa E uuu
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MHOMeCTBA F 3aMeHMTb mpoTHBomosOMHEIM MopsiakoM. Besikas mocTosi-
Hasi QYHKUMS SBJSETCS OJHOBPEMEHHO BO3pACTAIOWEH W yO6blBaloLIeH;
06paTHoe yTBepkileHHe, BoOOLE TOBOPS, HEBEPHO.

Hanpuwmep, ecan muoxecrso E YNOPANOYEHO COOTHONIEHUEM PaBEHCTBA,
TO TOMJecTBeHHOe oToOpaxenue MHOXectBa E Ha ceba spasercs OJHOBpE -
MEHHO BO3pacTaiouMM U yOLIBAOUIMM, HO HE NOCTOMHHBLIM, €CIH TOAbKO E
CONEPKUT HE MEHee JBYX 3JeMeHTOB (cp. ylNp. 7).

Onreneaenue 2. Tycms E u F —dsa YRopAdouenunX MHOMNCe-
cmsa; Mol 2080pum, wmo omob6pamxenue f u3 E 8 F ssasemcs
Cmpozo so3pacmanuun, ecan coomnouwenue x <y gievem f(x)<
< f(¥); omobpaocenue f sasisemcs Cmpoz2o yYOwsawwum, eciu
coomnouenue x <y saewem f(x)> f(y). Omo6paxcenue mnosce-
cmsa E 8 mnoocecmso F naswsaemca cmpozo monomonnsm, eciu
OHO CMpO20 803pacmarnujee uiu cmpozo Yowsaouee.

ITpumepe. 1) Tlycts E — mHOXeCTBO; oroGpaxenne X —-E — X wmHo-
wectBa 9 (E) (ymopsamouensoro BKJIOUEHHEM) Ha ce6a ABASETCA CTPOro
yOLIBAIOIIKM.

2) HNycrs E — ynopsanouentoe Muoxectso. Jas Bcskoro x € E nyers U,
€CThb MHOXeCTBO Takux y€E, uto y > x. Orobpaxenue x —>U, saBasercs
CTPOTO yOLBAOMMM OTOGPANKEHHEM MHONKECTBA E B MHOKECTBO ® (E)
(YnopsgoueHHoe BKJIOUEHHEM); MOXHO JaKe 3aMETHUTb, UTO COOTHOMICHUE
X <y sxBuBazeHTHO U, > Uy.

MonoToHHoe M B3anMHO oAHO3HAYHOE oroOpaxeHnHe MHoxecTBa E
B F cmpozo monomonno; obpatioe, Boobue roBopd, HeBepHo, MO0
CoOTHOWEHHe f (X)== f (y) MoXeT GHITbL BEPHHIM W TOTAA, KOIAa HU OAHO
U3 CooTHOWeHMA X <y, x>y He BepHo (cp. n° 14, npelsoxenue 13).

I Toro uToGH B3aUMHO 0JHO3HAYHOE oToGpakenne f ynopsioyeH-
HOTro MHOXecTBa E Ha ynopsanouednoe Muoxectso E/ 6bio n3oMoppus-
MoM wmHoxectBa E na E’ (n°3), Heobxoammo u AocCTaTouno, 4robni f
W o6paTHoe oToOpakeHHe K HeMy ObLIM BO3PaCTaIOIUMH.
* Korna I ects ynopsioueHHoe MHONECTBO HMHAEKCOB, roBOpAT, uTo
cemelicmso wacmell (X‘)LEI MHoxecTBa E sBiserca so3pacmaowun,
ecan t—X, ecTh Bospacramliee oToGpaxeHue u3 I B P E), rae P (E)
YNOPANOYEHO BK/IIOUEHHEM (MHBIMH CJAO0BAMM, eCaH t < X BJeuer X, cX).
Auanornuto ompenensiorcs  y6usanuee, cmpozo so3pacmaioujee w
Empozo yOwsamwuee ceMeHcTBO uacTelt (Xl)uél‘

8. Marxcumansroie u MUHUMANAbHBIE 3AEeMEHMbL

Onpenenenue 3. ITycms E — ynopadowennoe muoscecmso. Sae-
Menm a GE na3vigaemcs Munumasonsm (COOTBETCTBEHHO MAKCUMANb-
HoLM) saemenmonm muoxcecmsa B, ecau coomnoweniue x < a (coor-
BeTCTECHHO X 2> a) gaedwem x == q.

Beakkit MHHEMaAbHLI saeMenT MHoxecTBa E ects MaKCHMa/JbHbIH
SJACMEHT /1 NPOTHBONONOKHOIO nOpSAKa, M oOpaTHO.
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ITpumepw. 1) Ilycts A — MHOMECTBO; B 9aCTH MHOXecTBa 8 (A) (yro-

PANOYEHHOH BKJIOYEHHEM), QOPa3yeMOH HENyCTHIMM 4acTAMH OT A, MHHH-
MalbHBIMM 3JEMEHTaMH CJAYyXaT YaCTH MHOXECTBa, COCTOSINME M3 OIHOrO
3/JeMeHTa.

2) B muowecree @ (E, F) orobpaxennit uwacreii Muoxectsa E B ue-
nycroe muoxectBo F, ecaun @ (E, F) ynmopsnoueno cootHomenuem ,v mnpo-
HOMKaeT u“ MEeXAY U ¥ U, MaKCHMabHHIMH 3JEMEHTAMH CIykaT oTo6pa-
weHus Bcero MHoxecrBa E B F.

3) °B MHOXeCTBe HaTypaibHHX 4ucead > 1, yNopaI0YeHHOM COOTHOIIe-
HHEeM ,/M eCTb JENuTedb JIS n“ MEXIY m M 7, MUHHMaJbHbIMK 3JIEMEH-
TaMH cayxar MPOCThe YHucaa.,

4) °MHoOXecTBO AEeHCTBUTEIbHHX 4YuCed He 061a7aeT HM MAaKCHMalb-
HBIMH, HH MHHUMJIbHBIMU 3J€MEHTaMH.,

7. HauGonrvwmuii anemenm; HaumeHowuli asemenm

Ecan B ynopsaouenHoM MHoxecTse E cyliecTByeT Tako# aieMeHT a,
ytTo a < x aaa Beskoro X €E, To a ectv eduncmsenusii siaeMeHT
u3 E, o6Gaajaomuit 3TUM CBOHCTBOM; AeHCTBUTeJbHO, eCJH elle U b<x
aas Beskoro x €E, To orciona caeayer, uto a b u b<a, a no-
aToMy a=20.

Onprenenevue 4. Ilycms E — ynopsndovennoe muoscecmso. Mo
20s8opum, umo semenm aCE ecmv naumensuwuii (CooTBETCTBEHHO
Hauboavmuid) sremenm MuONcecmsa E, ecau 0as scaxozo x€E
cnpagedruso a < x (cooTBercTBetto X < a).

YnopsaoueHHoe MHoXKeCTBO He o6f3aTe/qbHO COAEPHKUT HAUGo/bLINA
¥ HauMeHbIIUA 3JeMeHTHl; ecad E uMeeT HauMeHbUIMH 9/eMeHT &, TO &
ecTh Hanbo/bUINA 3JeMeHT 1Jd NMPOTHBOMOJOXKHOTO MOpsIKa.

Ecau E uMeer HauMeHblIMH 3JieMeHT @, To a4 eCTb eJduHCMBEHHbLI
MunumMasvroli 3nemenm MHoXecTBa E; pedicTBuTedbHO, a < X A4
BCSAIKOTO X, OTJHYHOTO OT Q.

ITpumepei. 1) Ilycrs @ — uellycras uyacThb MHOXECTBa P (E) uacrei
KaKkoro-HHGy b MHOWecTBa E. Ecau & umeer HaumeHbmMH (COOTBETCTBEHHO
Hau6oMbIIuH) 3AeMeHT A IS COOTHOLIEHHS BKJAWuYEHHsS, TO A eCTb He 4T0
HHOE, KaK Iepeceuenue (COOTBETCTBEHHO 00BeduHeHue) MHOXecTB H3 .
O6parHo, ecan nepeceueHne (COOTBETCTBEHHO OGDBEAMHEHHE) MHOMXECTB
13 & npuHagaexut k S, T0 OHO ABAAETCA HAUMEHbIIUM (COOTBETCTBEHHO
Han6oabOIuM) aleMeHTOM B &, .

2) B uactnoctd, @ ecrv HaumeHbWiMH M E — HauGoapiué saeMeHt
B 9 (E). B muoxecre ® (E, F) oro6paxennii wacreit mHOXecTa E B MHO-
xecrBo F, rae @ (E, F) ynopagoueno npomomxenuem (n° 1, mpumep 3),
nycmoe omoo paxcenue ectb HauMeHbIIWH 3jeMmeHT, a Hau6OJAbLIErO 3Je-
MEHTa He CYIIECTBYeT, €CAH TOAbKO F He COCTOHT H3 €JMHCTBEHHOTO 3ie-
menta. Hakonen, nuaronass A B E X E ectb HauMeubmuit 35€MEHT B MHO-
KecrBe rpadukoB sxBuBaNeHTHocTeld Ha E (uan npeanopsnkos Ha E).

lrengoxenue 2. [Tyems E — ynopadosennoe mnoxcecmgo, E/ —
cymna muoxcecmsa E u mnoscecmsa {a), cocmosuezo u3 edun-
cmeenno2o asemenma; na B’ cywyecmsyem u eduncmsen nopsadok,
undyyupywouwui na E 3a0anuvii nopadox u o6iadamowyuii mem

10 H. Byp6aku
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C80LcmBOM, MO npu Hem a ecmb HauGOALWUL 34eMeHNM MHOCE-
cmsa E’.

B camom neune, eciu G — rpaduk nopsiaka Ha E, To rpagmk, orseuaio-
MR Ha Hall Bompoc, Ao/ixeH GwTh o6besutenueM G’ rpaduka G u MHo-
wecrBa map (x, a), rae x €E’; obparno, HemoCpeiaCTBeHHO oYeBHIHO,
yro G’ ects rpaguk nopsaaka a E’, oTBevaioimero noCTap/IeHHEIM YCI0BHAM.

Mbl roBopuM, YTo ymopsiloyeHHOe MHoxecTBo E’ moJsyuaerca npu-
coedunenuem & E nauGoavwezo ssemenma a (cp. ynpaxuenue 3).

Mol roBopuM, uTo uYacTb A ymopsgoueHHoro MHoXecTBa E Kondw-
Ha/IbHA (COOTBETCTBEHHO KOUKULUAAbHA) MHOXeCTBY E, ecau 15 BCIKOTO
x€E cywecrByer Takoe yEA, uto x <y (coorsercrBeHno y . X).
CkasaTb, yTo ymopslouyeHHOe MHOXeCTBO WMeeT HauGoJbLIMA (COOTBeT-
CTBEHHO HAWMEHbUIMH) 3/eMeHT, 3HAYMT CKasaTh, uTo B E cymecrsyer
KOHQUHAMbLHAR (COOTBETCTBEHHQ KOUHMIMA/bHAS) YaCTh, COCTOSIAS U3 e AHH~-
{TB2HHOTO 3JeMeHTa.

8. Mascoparmbsi; muropanmot

Onrepenenne 5. [Tyems E — ynopadowennoe muoocecmso U
X —muacme mrosxcecmsa E. Munopanmedi (CooTBeTcTBeHHO MAHCO-
panmod) [ RusiCruM (COOTBETCTBEHHO 8epXHUM) O2panuyumene}
Mnoxcecmea X na3wsaemcs 210604 maxod sasemenm x€CE, umo
0xs scaxozo yEX cnpagedsuso x <y (COOTBETCTBEHHO X > V), Mol
2080pum mozoa, wmo x muropupyem (CooTBETCTBEHHO MAHCOPU-
pyem) X.

Besikast MaxopanTa MHoxectsa X eCTb MHHOpAaHTA MHokectBa X npH
TNPOTHBOTIOJIOKHOM MNOpsAKe, U obpaTHo.

Ecan x smudopupyer X, To BCAKMH 3JeMeHT 2 < X ToXe MHHOpHU-
pyer X. Munopauta MHOXKecTBa X eCTb TaK:Ke MHHODAHTA BCAKOH YacTH
mHoxecTBa X. Jas Toro uro6ul X uMeso HaMMeHbIUMH SaeMeHT, Heol-
XONMMO M JA0CTaTOYHO, 4TOObl CylllecTBoBaja MHHOPaHTa MHoXecTBa X,
npuHanexaitas Kk X.

MuoxecTBo MuHopaHT uacTH X MHoxecTBa E Moxer GbThb mycTeim:
HanpuMep, korla X==E u E He MMeeT HauMeHblllero sJeMeHTa.

Yacts X oT E ¢ HemycTHM MHOXeCTBOM MHHOPAHT (COOTBETCTBEHHO
MaXOPAHT) HA3bIBACTCH MUHOPUPOBAHHOL (COOTBETCTBEHHO MANCOpPU-
POBAHHOL) WIM O2panutennol cnu3y (COOTBETCTBEHHO C8epXY); YacTb,
orpaHuyeHHas M CHU3Y, W CBepXy, HasuiBaeTcd ozpanudennoii. Ecaun X
OTPaHMYeHO CHHM3Y (COOTBETCTBEHHO OTPAHHYEHO CBEpPXY, OTPaHMYEHO), TO
M BCiKass YacTs oT X OrpaHuyYeHa CHU3Y (COOTBETCTBEHHO olpaHMucHa
CBepXy, OrpaHuuyeHa).

Beakaa %acTb, COCTOALIAA H3 EIUHCTBEHHOTO B3JEMEHTd, OrpaHuvYeHa.

OpHako 1ByXaeMeHTHas 4acTb yxe He O6%3aTeNbHO OTPAaHHYEHA CHU3Y
uau cBepxy (m° 10). °
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Mycrs E — ynopsioyeHHoe MHOXKeCTBo, a f — oToGpakenHe npous-
BoJbHOIO MHOXecTBa A B MHoxecTBo E. [lomyckas BoabHOCTH peud, Mul
roBOpHM, 4YTO oToOpaxeHue f orpaHHyeHo CHW3Y (COOTBETCTBCHHO Mako-
pHpoBaHo, orpaHuyeno), eCIH MHOXKeCTBo f(A) MaXopHpoBaHO (CooTBer-
CTBeHHO MHHOPHPOBAHO, OTPAaHUYEHO).

9. BepxHssn 2paHsb; HUNCHASL Z2paHb

Oneeaenenue 6. [Tycmoe E—ynopadowennoe muoscecmso, X —uacme
uunomecmsa E. Mw zosopum, umo asremenm u3 E ecmv nuncusasn
{COOTBETCTBEHHO B8epPXHAA) 2panb Muodcecmsa X 8 muoscecmge E,
ecal amom 3seMenn ecms Hauboaputuli (COOTBETCTBEHHO HAUMEHD-
wull) 3seMeHm MHOKCeCM8A MUHOPAHM (COOTBETCTBEHHO MANO-
panm) wacmu X muoscecmsa E.

Tlycrs nana yacte X ynopsaouenHoro MHoxecrBa E; cumBoaom supp X

(cootsercrBenHo infg X) H/M, eCAH MOXHO He ONAcaThCl NYTaHMILY,
cumBoJsoM sup X (cooTBercTBenHo infX) o603HauaeTcs BepxHss (CooTBeT-
CTBEHHO HHXKHAs) TpaHb MHoXecTBa X B E, koraa oHa cymecTByer.
BepxHsin (COOTBETCTBEHHO HIKHSA) TpaHb JABYXI/JEeMEHTHOIO MHoONe-
cTtBa {x, y} oGosnauaeTcd (Korja oHAa CYINECTBYeT) CUMBOJIOM sSup (x, )
[cooTBeTcTBenno inf(x, y)]; aHanormuHele oOo3HAYeHHS BBOAATCA A/
BepXHelt M HHXKHeH rpaHed Tpexs/JTeMeHTHOro MHOXKeCTBAa H T. 1.

Eciu uacte X MHoXecTBa E umeer HauGoublUMH 3JMeMeHT a, TO &
eCTb BepXHsisl TpaHb MHoxecTBa X B MHoxecTBe E.

Ecan X uMeer HUXKHIOIO rpaHb a B E, To a ecTb BEpXHss TpaHb
aas X npu NPoTHBOMOJIOXHOM Nopsike Ha E; 3To HaM Mo3BoJHT B JaJb-
HeltuieM GoJiblllel YacTbI0 pacCMaTpUBaTh JWIUbL BepXHWe TI'paHu,

I pumepor. 1) MuoxkecrBo Maxopanr MNMycrofl vactu @ ynopsgodeH-
Horo MHOXecTBa E ecrb, ouesnnHo, camMo MHOXecTBO E; n4s Toro utobu O
o6aanano B E Bepxueit rpanbio, HEO6XOIUMO U JOCTATOUHO, 4TOOH E HMeno
HauMeHbwul SNeMEHT, KOTOpHU TOorAa Oyner sepxHell zpawsi aas .

2) B muoxectse P (E) uacreit Muoxecrsa E, ecau 9 (E) ynopsgoueHo
BKJAIOYEHHEM, BCsikaad 4actb & MHoxectBa P (E) uMeer BepXHIOIO rpaHb,
KOTOPOH CIyXuT 005e0UHerue MHOXECTB M3 &, H HHXKHIOW TpaHb, KOTO-
poit cayxur nepecewenue MHOXKecTB u3 &.

3) IMycts E u F— 1Ba MmHOoxecrBa, 2 © — uacTb mHoxectBa @ (E, F)
orobpaxenuil yacreit Muoxecrsa E B MHOXecTBO F, ynopsagoueHHOrO Nnpo-
nomxenueM (N° 1, mpumep 3). Hdas Bcakoro u € ® (E, F) nycts D (1) ects
o6nactb oNpefeNeHHs 3TOTO W. YCIOBHE CYLIECTBOBAaHUA OOMIEr0 NMpOAOJ-
WEeHUA IJA cemedcTBa OTo0pameHud, NpuHagiexamux k ® (E, F) (ra. II,
§ 4, npexnoxenue 7), MokasblBaeT, 4ro LA TOrO, 4TOOH 6O HMMENO BEpX-
Hiolo rpaHb B @ (E, F), HeoO6xopumMo u noctarouyHo, 9TOGH jas Beskoit
Mapel 3jneMeHTOB (¥, U) u3 O BHuoaHsAOCh U (x) = (x) Mpu Job6oM
x€D (w)ND (v).

Ilycts pavo oroGpaxeHue f MHoXecTBa A B yMopslodeHHOe MHO-
#ecTBo E. Mbl rosopuM, uTo sTa (yHKLHS HMeeT BEDXHIO IpPaHb, eCiu
o6Gpa3 f(A) uMeer BepxHi0l0 Trpaub B E; 3Ta rpawb TOrja HasniBaeTcs

10*
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sepxued 2pansio gynxyun f n obosnavaercs uepesd sup f (x). Huxusas
£ A

rpadb Ajsa f ompepeasercd M oGo3HauaeTcs aHAJOrMYHO.

B yacTHOCTH, ecau 4acTh A mHOxectBa E umeer BepxHion rpanb B E,
TO 3Ta TpaHb eCThb BEPXHAA IPaHb KAHOHUYECKOH HHBEKLHH 4acTH A MHO-
wectBa E, a noroMy Moxer OuTb 0603HaueHa uepes Sup x.
X€A

MeeaaoxeHuE 3. ITycms E—ynopadowennoe mnosxcecmso, A—uwacms
muoscecmea E, umeowan 8 E u nuwicnion, 14 BepxuHion 2panu;
mozda infA supA, ecau A ne nycmo; ecau sxe A=@, mo supA
ecmv naumenvuwuli, a infA —nauborvwuli 3aemenm 8 E.

dTo BHITEKAeT Cpasy ke U3 oNpeleseHHH.

Mrenrnoxesue 4. Ilycms E — ynopadouennoe muoscecmso, A u
B — 0se wacmu mnoxmecmsa E, umewuue xaxoasn sepxuwoio (coor-
BeTCTBeHHO HuJKCHIOW) 2pans 8 E; ecan AcB, mo supA <supB
(coorsercTpenno inf A 2> inf B).

STo npeaJoxeHHe oYeBHAHO.

Caeacreue. ITycms (%),¢ — cemelicmso s.4emenmos MnodCecm-

sa E, umewwee sepxnww epans 8 E; ecau J—maxasa wacmo
Mrooicecmsa 1, umo cemelicmso (%), tMeem BepXuiolo Ipans 8 E,

mo sup x, < sup x,.
v€J €1

TeeanoxEnuE 5. ITycme (x‘)‘EI, (y,)LEI—OBa cemelicmsea 3aemen-

mos ynopsodouennozo muoxecmsa E, umeouwue o0dno u mo e
muoocecmso undexcos 1 u mawxue, umo x, <y, 0an scakozo €1,
ecau o6a cemelicmsa umeiom sepxuioi 2pans 8 E, mo sup x, <

el
L sup y,.
el
B caMmowM fesle, @ =Sup y, eCTb MaXoPaHTa MHOXECTBA 3JEMEHTOB Y]
el
caejgoBatesio, X, <y, < a AJa BCAKOTO t, YTO BJeyeT Sup x, < a.

el
TlrepnoxeHnE 6. ITycme (x,)EI —cemelicm8o aaemenmos ynopa-
douennozo mnoscecmsa E, a (J),. —noxpumue unozxecmsa
undexcos I; npednosazaemcs, umo wascdoe u3 nodcemeiicms ()c‘)lGJ
X
umeem sepxniow 2pand 8 E. Jan mozo umoOu cemelicmso (x,)tEI

umeso sepxnion zpand 8 E, HeoOxodumo u docmamouno, umolu

cemelicmso (sup x;) umeno 8epxnio 2pand 8 E, npuuen 8 amon
|EJ)\ r\EL

cayuae

sup x, == sup {sup xt) . 0))
el AcL kEJx
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TTostomum bk:sél{'p x,. TlpeamoJoXuMm, uro (xl)tel MMeeT BepXHIOIO

t

2
rpasb a@; Toraa @ > b, nas Besikoro AEL (caencteue mpeasoxenus 4).
C 1pyrolf croponH, ec.rm ¢>b, ana Bcakoro AEL, To ¢ > x, aasa
Bcakoro t €1, ubo (JA)AEL ecTb MOKpHITHe MHoxecTBa I; caemoBareasuo,
¢ 2> a, 4TO [0Ka3blBaeT PAaBEHCTBO a_—sup b,. TlpexnonoxuM, obparso,
reL

yro ceMeHCTBO (bk)kEL MMeeT BepXHIOW rpanb a; Toraa a’ > x, aas
Beskoro tE€ 1. C apyro#t croponsl, ecam ¢ > x, aaa Beakoro €1,
B YaCTHOCTH ¢’ > sup x, = b, a/s Bcakoro A€ L, crenosaremwho, ¢’ > a’,

t€J

A

YT0 JOKa3BIBAaeT paBeHCTBo 4’ == sup x,.
el

Caexcreue. Ilycme (xm)(x,p)ngM—aBOﬁ’we cemeiicmso  3ae-

MeHmO8 YnopsaoodeHnozo muooxcecmsa E, maxoe, umo 0as sca-
Kozo pEM cemelicmso (Xyph¢y UMeem sepxuioio zpans 8 E. Han

mozo wmolsl cemelicmeo (xm)(x peLxm UMERO BeDXHIOWD 2PAHb 8 E,

Heo6x00umo u 00cmamonno, wmods cemelicmso (sup xw) umero
AEL weM
gepxuiww 2pant 8 E, u moz2da
sup  x,, =sup (sup xw) 2)
(W) ELXM peM\ el

Hrennoxenue 7. Ilycmeo (El)tg —cemelicmeo YnopsAOOHEHHBX
mroocecms. I[Tycme A —wacms ynopadowenno2o MHoONCECMBA-NPOUS-
sedenuns E= IIEL, i 043 ecaxozo €l nycms A, =pr, A. Has mozo

el
ymobu A umeno sepxnwio zpand 8 E, neo6xoduno u docmamouno,

ymobw npu scaxom (€1 mwoxecmso A, umeso BePXHION 2PAHb
8 E,, u mo2da

supA—(supAl)El (suppr x) .

L€l

B camoM zeJse, mpeimoJoXuM, YTo AJd Bcsikoro t €1 MHoxecTBo A,
MMeeT Bepxuioo rpaub b, B E,. YTeepmaenue, uto ¢ ==(c,) ecTb Mako-
panTa aJd A, o3HavaeT Toria, uTo ¢, > b, Aaas Beskoro t€I; caenosa-
TeJbHO, (b)el eCTb BePXHfifl FPaHb MHOMeECTBA A. OGpartHo, npearno-

JOXHM, YTo A MMeeT BEepXHIO TpaHb a=(a),¢y; A1 BCAKOTO x €1
3JMeMeHT a, eCTb Maxopadra s A,, ubo npu x, € A, mo onpene/eHuio
MHoxecTBa A, cywecTByer Takoe x€ A, uro pr,x=x,. C apyro#
CTOpoHHI, €C/H g, — Maxopanta aas A, B E,, To asiement c’=(cl’)€l,
. t
TaKOR, YTO ¢, ==a I8 L= % W ¢, == a,, eCTb MaXOPaHTa MHOXecCTBa A,
4 I4

yTo BJeueT ¢’ 2> a u, chejoBaTenbHo, @) > a,. Takum o6GpasoMm, a, ecTb
BepxHss rpadb aas A, B E,.
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IMycty F — uvacrs ynopsinouenHoro MHoxecTBa E u mycTs A — uacts
MHoxecrBa F. MoXeT ciyuuThCsl, YTO OLMH M3 ABYX 3JEMEHTOB— Supy A
WM Sup; A — CyliecTByeT, a APYyrofl—HeT WaM YTo 06a CywecTBYIOT
M He DaBHbL ' '

ITpunepst. °1) B ynopagouenHoM mHoxecTBe E =R neficTBuTeabHbIX
yuceN PacCMOTPHM MHOXecTBO F = Q panuOHalbHHX 4YuCeN H MHOXe-

ctBo A F paunonaabumix uncea <) 2; Toria supg A cyllecTyer,
a supp A — Her.

2) Ilpu rtex ke oOo3HaueHusix, xak B mnpumepe 1), mycrb G ectb
o6benuHeHne MHOXecrsa A u MHoxectBa {2}; 1orna G F u supgA

cymecTByer, a supp A — Her.
3) Ilpu Tex e o6osHauenusx supg A=V 2, supg A =2,

OjHaKko cupaBelJauB cJaelylolufl pe3y/bTar:

TTreanoKEHUE 8. [Tycms E—ynopsadouennoe muoscecmso, F—aacmeo

Mnoocecmsa E u A —uacme mnoocecmsa F. Ecau supg A u sup A

o6a cywecmsyom, mo supp A <sup.A. Ecau supg A cywecmsyem
u npunadaexcum xk F, mo sup. A cywyecmsyem u pasna supgA.
[lepBoe yTBepKAeHHe BHITeKaeT W3 Toro, 4To MHoXecTBo M Maxo-
panT MHoxecTBa A B F cogepxuTci B MHoxecTBe N MaXopaHnT MHo-
xectBa A B E, u u3 npensoxkenus 4. C gpyroft CTopoHbl, eC/H Hau-
MenblIn# aaeMedt U3 N gexur B F, To oH npusannexur k M u, oyeBusHo,

‘ABJAAETCA HAMMCHBLIIHAM 3JEMEHTOM B M. 3rto nokaswiBaer BTOopoe yTBep-

KAeHHe.

10. @uassmpyrowmuecss MHoscecmsa

OnrENENEHHE 7. Mu 208opunm, amo ynopadouwennoe muoxicecmso E
asafemca Pussmpyrouumcs 8npaso (COOTBETCTBEHHO 8.€80), ecAu
8CAKA 08yxdsemenmuas wacms om E o2panutena csepxy (coot-
BETCTBEHHO CHU3Y).

BuMecro ,puasrpyoiieecs BNPABO® rOBOPAT Takke ,uHabTpyoueecs
M0 COOTHOWICHHIO < *!); aHANOTHUHMIE BHIPAKEHUS UCNOJb3YITCH, KOTAa
COOTHOIIEHUe Iopsanka o6GosHauaercsa ApyruMm 3HakoM. Hampumep, ecau
& — kaxkoe-uulyab MHOWKECTBO uacteldl MHOXecTBa A, TO MH OyjaeM roBo-
puTh, 4t0 & ABAAETCA PUAbM PYIOUUMCST N0 COOMHOULEHUI C (COOTBET-
CTBEHHO D), ecau Aad Beaxoi AByxaaementuolt sactu {X, Y} MHoxecTBa &
cymectByer Takoe Z €@, utro X< Z u Y Z (coorBerctBenno X D Z
HYDZ). .

Hollyckas BOJLHOCTb peuH, BMECTO ,MHOXECTBO, (GuabTpyomeecs
BMPaBO“ (COOTBETCTBEHHO BJEBO), Mbl HHOTAa OyleM TOBODHTbH TaKKe
.Bo3pacraimee (COOTBETCTBEHHO YyObulBawomee) GuabTpyoieecss MHO-
KECTBO*. .

Hpumepsr. 1) YnopajoueHHoe MHOXKECTBO ¢ HauGOJbIINM 3JEMEHTOM
apasgerca (uAbTpylOmMMca cllpaBa.

1) OTHOCHTENbHO TEPMHHOMOTHM CM. Takxke IOACTpouHOe [puMedanue
k n° 8 § 6 cBoaku pesyavraTos (crp. 387). — ITpunm. peo.
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°2) B roMonoruueckoM MNPOCTPaHCTBE (YHIAMEHTAAbHAR CHCTEMA:
OKPECTHOCTe#l TOUKHM ABAAETCH MHOXECTBOM, GHILTPYIOIHMMCH 1O COOTHO-
menuo O (,06mas Tonoaorus*, Pes. § 1, n° 4). .

3) MuoxecrBo noamonyael KOHeuHOro Tulla B NPOM3BOABLHOM MOLYie
(-Aare6pa“, ra. VI, § 2, n°2) aeaserca QuabTpywomuMcs Mo COOTHOMIe-
HUIO C.

TIrEpnoxenne 9. B dussmpyouenca snpaso muoxcecmse E
MAKCUMAABROLE  d4eMeRm @ ecmb HaubOAbWUE JAEMERM MHO-
acecmsa E.

B camom nese, aas Beskoro x €E, mo mpeanoJokeHuio, cymecTeyer
Takoe YEE, uto x <y u a < y; Tak KaKk @ — MaKCUMAJIbLHLI 3JeMeHT,
To y=—a,

YropsiioueHHoe MHOXECTBO, QUABTPYIOLIEeCs BIPABO, ABAAETCH PHILT~
pyloiuMcs BJAeBo NMPH NPOTHBOMOJNOKHOM Nopsiike. Bcesikoe npoussenenne
(QUIABTPYIOINMXCS BNPaBO MHOXECTB eCTb (UILTPYIOIleecs BIPaBO MHO-
KecTBo. HampoTus, YacTb GuIAbLTpYIOIErocs BIpaBo MHOMecTBa He 06f3a-
TeJbHO SABJASETCH (QUILTPYIOLIMMCS BIPAaBo MHOMECTBOM.

Ecan E — npedynopsidouennoe MHOXKECTBO C COOTHOIIEHHEM IIpen-
nopsaka, o6oaHauaeMuim uepes x <y (M° 3), T0 rosopsar, uto E aBasercs
Punrem pyOWUMC 6npagd (COOTBETCTBEHHO 8.4260), €ClM, KAKOBH Gbl HH
6oim x, y B E, cymecrByer takoe z€E, uto x <2z n y < z (cootBeT~
crBeHHO 2 <L x u z <L y).

11, Omobpascenusn: I. Huoykmustioie npedenrs

ITycrs 1 — duasTpylomeecs BnpaBo ynopsnoueHHoe MHoxecTBo (1° 10),
a (Ea)a“—cemencmo MHOXECTB, MHOMKEeCTBOM HHIEKCOB KOTOpOTro
caysur I. Jlas Beaxo#t mapm (a, §) mHuexcos u3 I, Takux, uyTo a < B.
nycrb fo, eCTb oToGpakenue iHoxcecmsa E, 8 E;. TIpennosoxum, uTo-
3TH fg, YAOBJIETBOPSIOT CJAEAYIOUIEMY YC/OBHIO:

(LD) CoorHowenns a By BIKYT fi, = fig0 fg,

Ilycts F— MHoXecTBo, sBJsIOUIeecs cYMMOL CeMeHCTBA MHOMKECTB.
(Ea)aEI (ra. 11, § 4, n° 8); nomyckasi Bo/JIBHOCTH peuM, MHl OTOMIAECTBHM

MHoxecTBa E, ¢ CcoOTBETCTBYWOIMMH 4acTAMM MuoxecTBa F, xoTophle,
ecau MHoxecTBa E, He mycTel, o6pasylor pasGuenve MHoxecTBa F.
B cBasu ¢ stum s kaxioro XxE€F My o6o3sauuMm cumBodoM A (x)
Tako#t unpexc a €I, naa koroporo x € E,. Ilycrs Rix, yi— caenyiomee
COOTHOLIEHHE MeXIy ABYMsl 3;1eMeHTaMH X W y u3 F:  cylecTsyer Takolt
saeMedT YEIL uro Y2 a=A(x), 1>B=XA(y) u Ffra(X)=fia (¥
noKaxeM, YTo R —coomnowenue sxsusasrenmuocmu 8 F. Ouenngno,
uyTo R cuMMmerpuydo u pedaexcusHo B F; ocraercss nokasatsh, yro oHo
TpausutuBHo. Ilycrs xCE,. y€E; 2CE,; npeanonoxuM, uto cyue-
crByer Takoe A€ uro A>a, A>B u f,,(x)==f,5(y). u Takoe p€]1,

uro p 2B, p > u Sos (W)=, (2). Tak xaxk I-— ¢umrpyomeecs,
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To cyumecTByeT Takoe Y& I, 4To v2>X u v >p; Toraa B cuay (LI)

fru@)=Ffafra())=Falfrg(M) = fs (¥ =
= [ (FosN) =S (fpy (2)) =1,y (2),

YTo [J0KA3bIBAeT Hallle yTBepxjaeHHe. Mbl ToBopUM, uYTO ()aKTOPMHO-
wecTBo E ==F/R ectv undyxmusnuii npedes cemelicmsa (Ea)ael 04

ceneiicmga omobpasenui (fg,), u malleM E =Ilim(E,, fg,) wm npo-
—>

¢to E=IimE,, xorsa sTo He npuBoJMT K myTaunuile. Jlomyckas BOJb-
—>
HOCTb peud, Mbl GyleM ToBopuTb Takxke, uTo napa ((E,). (fg,)) (oGo-

BHavaeMas Taxwke uepes (E,, fp,)) ecTd UHOYKMUBHAR CUCTEMA MHO-
Jcecms OTHOCWTEJNbHO MHOXECTBA MHAEKCoB .

flcuo, uTo E wHe mycro, ecau xoTs 6 oxuo w3 E, ne mycro. OGo-
3HauuM uepe3d f, cyXennme Ha E  KaHoHuuecKoro oToOpaxeHus f MHo-
xecrBa F nHa E=F/R u 6GyneM roBopuTh, uTo f, eCTb Kanonuuecxoe
omo6 paxcenue muoxecrsa E, 8 E. [pu a < cnpasesupo cooTHollehue

fooSpa=1o (3)

B caMoM Jese, AJs Besikoro x €E, cnpasenauBo fgq(f, (%) )= fg, (%)
seuay (LI); crenopaTenso, anementsl x CE, u fg, (x) € Eg 9KBUBA/ICHTHEI
no Moay/aio R, uro nokaseiBaer (3).

Tleepnoxenne 10. ZJasn scaxozo a €1 nycms g, ecms mawoe omo-
Gparcenue nuoncecmsa E, 8 mnoxcecmso E’, umo coomnouwenue a <
saenem ggo fo, ==&, llpu amux ycarosusnx:

1° cymecmsyem u eduncmsenno maxoe OmoOparcenue g MHO-
acecmsa E=li_)mEa 8 munooxcecmso E', umo g,=gof, 0aa 8ca-
Kozo a€l;

2° dan clopsemusnocmu g neoGxodumo u docmamouno, umods E/
Ona0 o6sedunenuen muosicecms g, (E);

3° dun unveKmusrOCmMU g HEOGX00UMO 4 0OCMAMOURO, 4MOGH
dun scaxozo a €1 coomnomenun xCE,, yCE,, g,(x)=g,(y) saexsu
cywecmsosanue marozo B >a, 041 Komopozo fa, (X)== fg, (¥).

1° Tlycts h — oToGpaxenue MHoxecTBa F B E’, coBmanamowee ¢ g,
B kaxaom E, (ra. II, § 4. mpensnoxenue 8). Ms mpeanonoxenns BoiTe-
KaeT, uTo A COBMECTHMO C COOTHollenueM SKBHBaJteHTHocTH R (ra. I,
§ 6, n°5); caenoBaTe/qbHO, CYUIECTBYeT M eIMHCTBEHHO TaKoe oTOGpaxe-
une g MmHoxecrsa E=F/R B E’, uto A=go f (cM. Tam Xe).

2° Tak kak E — o6beaunenne mHoxecTs f,(E)), To cooTHouleHue
E' = Ugal (E,), oueBHIHO, ABAAETCH HEOOXONMMEIM M [OCTaTOYHBIM 175l

afl
CIOPBEKTHBHOCTH £

3° Ecam g wwbextusHo, X CE,, YEE v g, (0)=g,(y), 10 f(¥)=
= f (¥); o oNpene/eHHI0 COOTHoIeH s R, CyIlecTByer Takoe B> a, urto
Foa (%) = foa (B)- OG6paTHO, NpPeANONOXUM, 4To CHOpMyaupoBaHHoe yCJao-
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BUe BHIOJHEHO, M JOKameM, YTo g HHDbEeKTHBHo. B caMoM jeue,
mycTb X, ¥y — TaKue JBa aneMenTa MHoxecTBa F, utro g (f(x)) =g (f (),
u nycrs x€E,, yE€Eg cymecrsyer Takoe 7€I wro Y >a, Y>>0 u,
caenopateitsto, f (x)=f (f1u () 4 £ () =F (f;5 (%)) Ecan nonoxcurs,
X' =f (0, ¥Y=7FpO ToO x' u y' 6ysyT npunapaemars k E. u
g%’ =g, (y"); Mo NPeAMO/OKEHHIO, CYUIECTBYeT Takoe 8>, uro
foy (x")= f3;(¥"), nam, uHaye rosops, f(xy=f(y"), a, crenopartesHo,

F)=f-

Koraa oTobGpaxenue g Ouexmusno, To MHOTAA MBI TOBOPHM, LomycCKas
BOJbHOCTb peuM, uTo E’ ecrb MHAYKTHBHBIR mpenea ceMeitcra (E)).

Bameuarue. TIpelNONOKHM, YTO Kaxnoe u3 orobpawenudl fg, unsex-
mMmieHo, TOTAa Kaxaoe us OTobpaxeHu#t f, uUHseKmUSHO BBMULY oOIpe-
nenenss cootHomenus R. B TakoMm caysae OOHMHO OTOXJAECTBAAIT
E, u f,(E,), paccmatpuBas reM caMbiv E kax 00sedunenue wmHo-
wecre E,. O6pario, ecan MHOxectBo F ecTb obbenuHenue cemeicrsa
(Fm)°l€l Takux wacrefl, 4ro cooTHomenne a<f Baewer F,CFy u ecan

(ans Bcakoro o< @) KaHOHHuecKas HHDBEKUMA MHOXecTB2 F, B MHOXe-
crBo Fg 06o3nauaeTc CHMBOAOM Jg,, TO M3 MPENJDNEHHS 10 BHTEK2ET,

yto F MOXHO OTOXJECTBMTb C MHAYKTUBHHM HpegeinoM cemefictBa (F,)

aai cemefictBa oTo0paxeHuit (Jg,), @ KaHOHMUECKHE 0TO0paXeHU MHO-

kecTsa F, B lim F, — ¢ xaHOHHYECKUMH uHbeKuusaMu MHOMectBa F, B F.
—>

Hpumep. Iycrb A 1 B — 1Ba HeNyCTHX MHOXECTBa, (Vq)aEI—ce-

MeHCTBO 4acTell MHOXECTBa A, ¥ KOTOPOTO MHOXeCTBO HHAekcoB | aBasercs
duabTpyoUIUMCs BIIPABO H JJS KOTOPOTO CIIPABEANMBO, UTO COOTHOLIEHHE
a< B Breuer Vy 'V, OGosnauum uepes E, MHOXecTBO oTOGpaxeHuf

MHOXecTBa V, B B; a4 kawno# NMapel HHIEKCOB ¢, B, TakoH, 4TO a B,
nycn,fg,, ecrb oTo6paxeHue mMHoxecTBa E, B Eﬁ, cTaBflllee B COOTBETCTBUE
kaxaoft ¢ynkuuu uw€E, ee cywcenue fo, (1) Ha Vﬂ. Henocpencreenno
oueBuaHo, 4ro ycaosue (LI) BHIOAHeHO; TOBOPAT, YTO MHOXECTBO
E = limE, ecTb MHOXECTBO pOCMic08 OmO0 paycenuli yacTeid MHOXECTBA

—>
A B B, coorBercryomee cemeiictey (V,).° Hame scero (V,) ectb cemeii-
CTBO 0K pecmrOcmeli HEKOTOPOH YaCTH TOMOJOTHYECKOTO MPOCTPAHCTBA A.,

Caencreue 1. ITyems (A,. ¢q,) (B, Yp,) — 08e undyxmusneie
cucmembl MHOJCECME OMHOCUMEALHO OOHO20 & MO20 Jice MHOMNCe-
cmsa undexcos I, nycme A=lim(A,, 9p,), B=1im(B,, {g,), 4 021

— —

scaxkozo a €l nycms ¢, (coorsercrBenHO ) ecmb KanoHuuecKoe
omo6Gpascenue Mmuodcecmsa A, 8 A (COOTBRTCTBEHHo Mrodcecmsa B,
8 B). daa scaxozo a€l nycms g, ecms omofpajienue Muoice-
cmsa A, 8 B,, mawxoe, umo npu a - Ouazpanna

£y

A, +B,
Pa | | ¥g
v v
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ABASIEMCA JKOMMYMAMUBROL“, m. e. umeem mecmo 83° Pge = upﬁa ° g,
Ilpu smux ycaosunx cywecmsyem maxoe eduncmsennoe omo6pa-
acenue g :A—B, umo 0aa scaxozo a€l Ouazpamma

A, 225 B,
% | ¥4
v v
A—>B

KOMMYMamusna.

[Monowum h, =19, 0g,. Tlpu a B BBuay (3)

h@"‘P@a:%°ge°‘Paa=%°%a°ga=%°ga=ha-

TIlosToMy MoXHO npuMeHuTs Npeatoxenne 10 k oToGpawenusm £,
OTKyAa CJelyeT CYWeCTBOBAHHE M eAMHCTBEHHOCTb TAaKOTO oTobpaxe-
st g : A— B, uro

gccpazh‘a:q)qoga
JJs Besikoro a € 1L

Mbl roBopuM, uTo ceMelcTBo oToGpawenuit g, :A,—>B_, ynosie-
TBOPSIIOICE YCIOBHAM CIencTBUsl 1, eCTv unOyxmusnas cucmema omo-
Opasxcenull VHIYKTHBHOH cHucTeMbl (A, Pg,) B HMHIAYKTUBHYIO CUCTEMY
(B, ¥g,); oToGpaxeHwe g, onpeleleHHoe B CAeACTBHM 1, HasbiBaeTcs
undyxmusubim npedesom ceMeficTBa (g,), M, KoIld MoXHo He oMla-
<aTbCAl MyTaHMiH, ynorpeGisercs obosnauenne g =Ilimg,.

—_—

Caencrsue 2. ITyems (A,. 95,), By 9g). (Cpo 85) —mpu undy-
MusHble cucmemb  MHOJNeCm8 omuocumessro I, nycms A=
=lim(A,, ¢g,). B=1im(B,, ¢;,), C=1im(C,, 8;,) « nycms ¢, (coorser-

—> —> —>
creenno ,, 8,) ecmy rxanonuuecxoe omoGpascenune muoscecmsa A,
(coorBercTBenHO B, C,) 8 A (cooTercTBenno B, C). Ecau(u,) : (A,, Ppa) >
—> (B, $g) # (0,): By, ) —>(C,, 8y) cymo Ose unoyxmusnme cu-
cmemb omoGpascenul, mo cemelicmso (v, ou,) cyms UROYKMUBRAA
cucmema omobpascenuli mnoscecmsa (A, 9p) 8 (C,. Oﬁa), u npu
SMoM

lim (v, 0 )= (limv,) o (lim u,). “)
— —> —>

B camom neste, ecam nosoxuts w, =1, 0 u,, To npu a L B Gy, 0w, =
=(63a o ‘ZJa) ou, = ('Uﬁ 0 (‘P@a) on, =1, 0 (”ﬁ 0 cpﬁa) — 'w@ °©®g, a4 3T0 n0Ka-
3bIBaeT, 4YTo (W,) eCTs MHAYKTHBHAA cHCTeMa oToGpawenuit. Kpome Toro,

eCaH moJIoXuTh #=limu,, v=Iimv,, To 1% Bcikoro a €I
— —>

(vou)o?azvo(q"aoua)=ea°(va°ua)

¥ BBHAY eAWHCTBEHHOCTH MHIYKTHBHOIO NMpeje/a MOAyyaeM ¥o 4 =limw,,
-
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Tycts J—xondpunasrenan (n°7) vacTs MHoxecrBa I; J ects duan-
Tpylolleecs BUpPaBo Yropslo4eHHoe MHOXeCTBo, MGo mpn a€J, BEJ

. cymecreyeT Takoe €I, uro a<(y u B, H, KpoMe Toro, Cymecr-

ByeT Takoe 8 €J, uto 7 3. flcHo, uro Koria a u § mpoGeraioT moa-
MHOMecTBo J MHOXecTBa 1, To oToGpaxeHHus fga (pu a < B) ynosue-
TBopsiior ycioBuio (LI); o6Gosnaumv uepes E’ uHIYKTMBHLIA mnpexen
cemeftcTBa (Ea)aEJ OTHOCHTe/IBHO 3THX oToGpameHuit fg,. Onpegeaum
OGuexyuw (Ha3blBAaeMyIlo Kaxnonudeckold) Muoxectsa E’ wa E (uro mo-
3BouuT oToxcaecTBuTy E u E’). MuoxectBo E’ ecTb (akTopmuoxecTBO
F//R’ cymmm F’ cemeitcrBa (E,),¢ys F' MoxHO oToxnecTBuTh ¢ ofbenu-
HenveM uacreit E, muomecta F(a €&J). OGosnauuM uepe3 j KaHoHH-
YecKyl0 nnubekuuio MHoxecTBa F’ B F u ans Besikoro a €J oGosuaunm
Yepes £, KaHonuuecKoe oToGpaxenne u3 E, B E. Henocpexacrsenno
ouepuaso, uro mpu a€J, BEJ U a <P umeer MecTO ggofy, =g,
npensoxenve 10 nokasbiBaeT Torda, 4YTo CyLIeCTBYeT oTO6paxesne g
muoxectBa E’ B E, Takoe, uTo eciu 0603HAYUTL Yepes f’ KaHOHHYECKOE
orcOpaxenune MuoxectBa F/ ma E/, To g (f/ (%)) = f(j(x)) a1a Bcaxoro
x €F’. Tlpennoxenne 10 cpasy e MOKaskBaeT, yTo & MHBEKTHBHO;
A5 Toro 4ToGH XOKA3aThb CIOPBEKTUBHOCTb £, 3aMETHM, YTo AJsl BCAKOTO
acJ g,(E)=f(E,). Ho naa scaxoro BEI cymecrsyer Takoe 7EJ,
yTo B<{ Y, OTKyAa MH 3aKJIOYaeM, uTo f(EY)::f(fw(E@)—_—_f(EB);
crejoBatenbo, E neicTBuTesbHO ecTh oObeanHenue Muoxects £, (E,).
rae a mpoberaet J. ) _

Meennoxenue 11. Hyems (AD, ol (=1, 2) cyms dse unoyx-
musrsie cucmembl MHONCECMSB OMROCUMEAbHO 00HO020 & MO20 e

muoxcecmsa unoexcos I. Ilycms A“’:lim(A,ﬁi), ¢). OGosnauun
: —

4epe3 cpf) Kanonuteckoe omoGpasncenue muoxcecmsa AL s A9 (I=1, 2).
Mosoncun A,=AP X AD, o, =of) X ¢i; cemedcmso (A, Poa)
Asasemca moz20a undyxmusnwofi cucmemoli  muoocecms. Ilycmo
A=l_ir11 (A, ¢5,) 4 nycms @, — KAHORUYECKOE OmMOGpasicenue MO~

ocecmsa A, 8 A. Haxoney, nycmo B=A(“>< A® 4 q)achf)chf);

mozda cyujecmsyem u eouncmeennan Guexyus f A ~>B (na3wsaenas
Kanonuyeckol), maxan, wmo foo,=4, 0dsa scakozo a€l
MuniMu cnoBaMu, f mO3BOAfiET OTOXISCTBHTb MpousseieHue B unpyk-~
tueuux Npesenos AV, A®) ¢ mupykrusuum Mpenenom A NpousseneHui A,
Herpyauo Buaers, uto ycaosue (LI) Buimoaneno aast ¢g,; KpoMe Toro,
I a < § cnpaBeauBo $g© 9, = b,. Coraacio npennoxenno 10, cyme-
CTByeT MOITOMY TaKoe eNHHCTBeHHoe oTobpaxenue f:A~>B, uro
Jog, =4, naa Bcakoro a €. TlokaxeM, uro f OuexTusHo. Huasa sToro
onpefeauM Takoe oToOpaxenne g :B—>A, 4To6e go f Gslio ToXie-
CTBEHHEIM oToOpaxeHHeM MHoWeCTBa A H f o & — TOXIeCTBeHHHIM OTO-
GpaxenueM MHoxecTBa B (ra. II, § 3, ciepctBue mpensoxenus 8).
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Mycts x = (xM, xP)E€B; tak kak | — duasTpywOINeecs MuoXKecTBo,
T () £ AlD @ Dy __ (D
o CylnecTByeT Takoe x €I u Takne x, €A;", uTo o, (x,, )-—x aas
i=1, 2. Mlyers x, = (xV=(x{, xP)€A,). Toraa obpas ¢, (x,)EA
3aBHCUT JHUIL OT 3JEMEHTA X, Ho He OT Bh6opa ssneMentoB x(). B camoM
neqe, mycrs BET u x§? €A rtaosm, uto o () =x"0=1, 2).
B I cyuwecTByoT Takme ¥Y,, Y, uTo Y, >a, Y,>0B u cpyt)" (x(Bi))z
:CP(YLLL () @E=1, 2). lycrs 3€1 raxoBo, uro 8> 17,, 8> 7y Toraa
() (D) (xEN Y = (D) (D) ()
%n (CFUB (xkf )) %n (an-a (xa ) )
Wueimu crosamu, ¢ff) (#{)=¢{) (xV) ama i==1, 2. Orciona no onpe-
LeJIeHHIO CIeRYeT, YTO Pgg(Xg) = 95, (X,); CIEA0OBATENbHO, Qg (Xg) == @, (X,).
Eciu nonoxuts g(x)=¢, (x,), To Jerko ybeaursbcs, YTo £ oTBeyaer
Ha BollPoC, a 3To 3aBepulaeT A0Ka3aTeqbCTBO.

3amewanus. °1) lpennoxenne 11 Herpynuo paclpocTpaHMTh HA Mpo-
M3BEAEHHE MOGOTO KOHEHHO20 YMCAA MHAYKTHBHBIX MNPEJENOB.,

2) Onpepencnus u pesyabrathl H3 Hacrosamero n° 11 merpyaHo pac-
NpOCTPaHUTh HA CAyuai, KOrAa NMpejnojaraeTcs JAHIb, 4T0 [ ecth Quan-
Tpyloleecs BIPaBO NpefynopaioueHHoe MHOxecTBO (N° 10).

12, Omoo6pascenus :Il. IIpoexmusnsie npedenoi

[Tycts I — duasTpylomieecss BOpaBo  yHopsiouYeHHOE MHOXKECTBO,
(Ea)agl—cemeﬁcmo MHOXECTB, MHOXECTBOM HMHAEKCOB KOTOPOr'o CAYMUT I.
Ias Besaxo#t nmapwel (o, B) wnnexcoB w3 I, Takux, uto o <P, mycrs fap
ectb oToGpaxenue mnoocecmsa E; B munoxcecmso E,. Tpeanonaraercs,
4TO OTOOpaXeHHs f,, YAOBJIETBOPAIOT CJAelylolleMy yc/aoBuio (LP):

(LP) Coomnomenun a < B <Y BAEKYT fo, = fog0 fo

Tlycrs G=I]Ea——npou33e0enue ceMelCTBA MHOXeCTB (Ea)aEI;

agl
o0GosHaunM uepe3 E uactb MHoxecTBa G, o6pasoBaHHYIO S/JeMEHTAMH X,

VAOB/ETBOPSIOIHMU KaXO0MmY U3 COOTHOILEHUH

pra X = faﬁ (pr@ )C) (5)
JJISL BCAIKOH mapHl Takux uHuekcos (a, B), uyro a <{B. Mul rosopuM, uto E
ecTb npoeKmusnni npedes cemelicmsa (Em)m€I O0as cemelicmsa omo-
Opadcenul (f,g), W mnuweM E=Liin(Ea. f.p) MM mpocTo E:Liln E,.
ec/d He Bo3HMKaeT myranuusl. Jomyckas BOJMBHOCTb peud, Mu GyneM
ropoputh Takxe, 4ro napa ((E)). (fap)) (o6o3nayaemas TaKke uepe3

(E,» fop) ecTo npoexmusnan cucmema MuO03iCecn8 OTHOCHTEABHO MHO-
KecTBa uulekcoB 1. Mu rosopum, uro cyxenne f, Ha E npoexumn pr,
eCTb KaHOHUuUecKOe omolpadcenue MHokecTBa E B MHoxecTBO E ;
CHpaBelMHBO COOTHoLIEHHE

fa—__faﬁofﬂ_ (6)
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nas o <@, uro mpeacraaser coGoft JMIb APYTyI0 (Gopmy ycaosuft (5),
onpeaeaaiomux E. .

3aMeTHM, uTO MHoXecTBo E MoxXeT OuTh nycmem, naxe Koraa
MHoxecTBa E, HenmycTnl M kaxloe u3 oToGpasenuit Sa CIOPBEKTUBHO
(ynpaxHeuue 32).

Nrengoxenne 12. fan scaxozo a €1 nycms g, ecms maxoe omo-
6paxcenue muoxcecmsa E' 8 E,, umo coomuowenne a B saevem
Sfago 8y =8, B amux ycaosuax:

1° cywecmsyem u eduncmsenno marxoe omo6 pascenue £ MHo-
wecrsa E' 8 E, uro g,=f, o0& 04a 8caxozo a€];

2° 04n unvEKMUBROCMU & Heo6Xx00umo u GOCMAMOUno, 4mobu
048 8cAKOL napu pasaiuunsix 3aemenmos x', y' uz E' cywecm-
8osas0o maroe atl, umo g,(x")+ g, ().

B caMoM neue, cooTHowenue g, = f, o & o3HauaeT, YTo AJ8 BCAKOTO
x"€E’ cnpapenmuBo pr,(g(x'))=g,(x'); cremoBaTeabHo, SJeMeHT
g(x’)el;[lE,,L OJHO3HAYHO  oOINpele/seTCsl CooTHolleHueM g (x')==

a

=(g,(x") )ael' Ocraercs aokasats, uTo g (x') €E, uau, uHLIMH CloBaMH,
4YTO

Pr. (8 (%)) = fop (Pry (g (x7)))

npu o < f; Ho 3TO MomyckaeT 3amuch g, (x")==f,5(gs(x')) ¥ BHTeKaer
M3 mpelnosioXenufl. Bropas uyacTh npelsoxenus C€pasy ke BHITEKAaeT M3
onpejesneHuld.

MTpumep. ° Tyctp (F'x))‘%—ceueﬁcmo MHOXECTB, | -— MHOXecTBO
’

KOHEUHBIX 4acTell MHOXecTBa L, ynopagouesnoe BkaiouenueM; | apaserca
GuIbTpYOIMMCS N0 OTHOLIEHMI® Kk . Jiaa BcsAko# koHeuHoH wactu J

MHOXecTBa L Mycrs Ej = H Fy ecan J, K — nBe KoHeunsle yacTu MHOXe-
AET
crBa L, rakue, uto JC K, mycrb fyi ecTb Mpoekuus us Ex na Ej; weno-
CPEACTBEHHO OWYEBUIHO, 4YTO 3TH f), yAoBaerBopsioT ycaosuio (LP).
Iycrs E — NpoexTuBHniét Mpemea cemeiicrsa (Ej) nas cemeiicTBa OTO-
6paxxenuii (f3g): oupeneauM GCuexyuio g TPOU3BEIEHUSA F=HF;\ Ha
rEL
MuoxecrBo E. Ina Besxoil koHeunoii wactm J mHoxectBa L mycTb gy
ecTb MNpoexuus muoxecrBa F na Ej; HellocpencrBeHHO OYEBMAHO, 4TO
fike gk = &; npu JC K, orkyna g ollpeneasercs NMpuMeHeHueM Tpejio-
Kenua 12. VhvekruBHocTh OTOGpaMceHHS £ oueBuiAHa; 4TOOH N0Ka3aTh

CIOPDEKTUBHOCTD 3TOTO OTOGDaeHus, PACCMOTPUM HEKOTOPHIH 3ileMeHT
Yy =(y;)u3 E; nas Bcakoro A ¢ L u Beaxoit koneunoit wactu J MuowecrtBa L,

cofepxamei A, saneMeHr pr, (¥;) He 3aBUCHMT OT paccMaTpuBaeMOH wacTu J
(copepwameit L), Tak kak MO TIPEINONOKEHHIO fik(Yg)=yy tpu J K.
O603HauuM 3TOT 3AeMeHT yepe3 x) H MOJOKUM X = (xk)keL; a5 BCAKOH
xoHeuHoH uacTu J MHOxecTBa L no oflpenenensio & (x)=(x;\))‘€J=,VJ'
OTKYJla W BhITeKaeT Hamre yrsepiienue. [olyckas BOAbHOCTh peun, 4acTo
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OTOXIAECTBAKIOT TpousBefeH#e F ¢ NMPOEKTHBHHIM TNPENEAOM MNPOHIBEIC-

S JbTPYIOIEMY Cst
AHAJOTHYHOE pacCyXieHie MPUMEHHMO KO BCAKOMY GHIBLTDY uyca

MHOXECTBY qaCTeg MHOXeECTBa L, oGbeliHeHHE KOTODBIX eCTb BCE

swectso L.
— 0se npoexkmusHuie
Caencraue 1. ITyems (A, 9,5 # (By $gp) ose np e
cucmemu MHOMNCECME OMHOCUMENbHO 00HO20 U MO20 IHe gm;icc;cxow
undexcos 1; nycme A =l1im(A,, ¢,9): B=1T(B¢’ $op)s & 02
T asxce-
a €1 nycms ¢, (COOTBETCTBEHHO $,) ecmb KanoAuueckoe omo:;;r)nw "
Kue mHoxcecmsa A 8 muoxcecmgo A, (COOTBETCTBEHHO MHONM sa 5
& muosxcecmso B). Han scaxozo aCl nycms g, ecms ma/cze M
6pascernue MHoOdNcecm8a A, 8 MHONCECMEO B,, wmo np <K
duazpamna

&g
Ag—> Bg
q'\ag| iq}aB
Aa _>B¢

xouﬂymamuaﬂa. Toz0a cyujecmsyem u eOUHCMBEHHO maKoe Omo-
6pascenue g:A—>B, umo 0aa 8eAK020 a€l Juazpamra

A_£&.,B
%l |+,
v v
A, >B,

Mymamugna.
KOMﬂgnomuM hy=8,°%, Ilpn a < B seuay (6)

q’aﬁohﬁzq)aﬁogﬁ°<Pﬁ=ga°<Paﬂ°<P(3=ga°(Pa=ha’
; H
4 MOXHO NPHMEHHTh NpexnokeHue 12 K OTOGPAMEHHAM h,; chxozi.?mﬂ
BHTeKaeT CylleCTBOBaHHE H  EIMHCTBEHHOCTb TaKOro  OTOOpaxN
:A—B, uro
g ¢a°g=h1=g10<?a
n1a Beskoro a €l
: BJe-
Mbl TOBOpHM, 4TO ceMeicTBo OToOpaxenu# g, : AaeBa,M)‘fzm())mo-
TBOpAIOUIEe YCAOBHSIM CIeACTBHA 1, eCTb npOEKMUBKAR cucme a omo-
6pancenudi u3 (A, ¢, B (By $ug) oroGpaxeHne g, OmNpel
B CACACTBMH 1, Ha3bIBaeTCA NPOEKMUBHBIM npeamﬁﬂca::ch;ei;?ﬁm(i:)
i O He oNa .
u o6Go3Hauaerca yepes g:l_n_rzl g, Koria MOXH

Caeactsue 2. ITyems (A, 94 (Bor $u)s (O 6,;5) c{-mbn;ﬁi
omunocumensio L.

npoeKmusHsie CucmeMb  MHOJCECMS _omocume e

A=Iin(A, ¢ B=ImBy b C=Im(C b .

i
5
4
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(coorsercTBenHO Y, 0,) ecms Kanonuweckoe omobpascenue muoxce-
cmga A (coorserctenHo B, C) B A, (cooTBeTCTBeHHO B,. C). Ecau
(1) : (A, @) —>(B,, bep) # (v,): (B, bap) > (C,, Bag) cyms 08e npoex-
musnue cucmems. omobpaxcenud, mozda cemelcmso (U, ou) ecms
RPOCKMUBHAR Cucmema OmMOOpadicehuli cucmemn uuoxcecms (A, Pap)
6 cucmeny (C,, 0,4). u npu smon A

lim (v, o #,) = (limv,) o (lim u). @)
< < <«

B camom zese, ecan monoxuts w,=wv, o u,, 10 mpu a <P

wa e <Pa(3 = va °e (ua ° <Pa.(3) = fUat e (‘Puﬁ e uﬂ) = (eaﬁ °e fvﬂ) °e u(i = eaﬁ °e wﬁ'

a 9TO [LOKA3BIBAET, YTO (W,) eCTb NMPOEKTHBHAS CHCTEMA OTOGPaXeHuH.
Kpowme toro, ecau nonoxurs # =lim u,, v==1lim U,» TO LIs BCAKOro a €l
< <

eao(’vou)=(f0aoq)a)ou:(’vaoua)o(Pa
W BBHIy €QMHCTBEHHOCTH NPOCKTHBHOrO Npeiena vo u=limw,.
D

[ycrs J — kougpunasvnan vacts (n® 7) muoxecrsa I; korza o u B
npoberalwT noaMHoxectso J B I, OTOGpaXKEHHA fap (Mpn a < B) yro-
BACTBOPSAIOT ycaoBHio (LP); o6osnaunM uepes E’ npoextuBHbIf npenen
ceMeicTBa (Ea)aEJ OTHOCUTE/bHO 3THX OTOGpaMeHuH fag- Onpeneanm
Ouexyuro (HasbIBAEMYIO KaHoHuweckol) MHoxectBa E Ha MHOXecTBO E/,
4TO NO3BOHT OTOXIECTBUTL 3TH 1Ba MHOMECTBa. B camoM nene, mycto
&£ — Takoe OTOGpaweHue MHOxecTBa E B E’, uro 8(X)=(f,(%)),-;
ama Besakoro x €E. TlokameM cHauana, 4TO g MHBEKTHBHO, ecin x
W Y CyTb pasiawiHbie saeMmenthl u3 E, 1O cymecrsyer Takoe a€l, uro
fo(X) 5 fo(¥); Tak kak J koH¢puHambHO B I, TO CYLWIECTBYeT TaKoe
BEJ wro a B maK Kak f,4(fy(x)) # fop(fo(¥)) BBUZY (6), TO
Sfa (%) # fg(¥) u, caenosareabuo, g(x) #* g(y). Ocraercs y6Geaurbes,
YTO g CIOPbeKTHBHO. [lycTb x’(x;) ¢y HNEMEHT 13 E’. Ias Bcakoro

@
BEID cymecrsyer Takce AE€J, wro B <X mokameMm, uyTO 3neMeHT
Sa(%:) He saBucur or mmmexca AE€J, Takoro, uro B<A B camom
Aene, ecnd uHaeKC p € J Takos, uTo B <, TO CymiecTByeT Takoe vEJ,
yto ALY u p <V, caenoBaTenbHO, B cuny (LP) cnpaBenauso
A — r — r I —_— 14
o (%)= (/1 (%)) = fpu (%), # amanorwuwo £ 0 (%) = fau (%.):
OTKyZa M BbITCKaeT Halwe yTBepxaeHme. [lycTb Xg—o0ulee 3HayeHue
r . —
OTOOpaxeHuH Sor (%) ana rakux A€ J, uto B < \; nononum X = (Xg)g e
OneMent X mnpunamexur K E, w60 eciu a<(P u ecan X €J rakoso,
— 4 — 4 ———

yro B A, 'r’o, cornacluo LP), fo (xﬁ)_fa;i (far (xx))_.fmx (xx)__xa.
Haxoweu, x =7, (x) ama Beaxoro «€J; ciegosaremsyo, X, =X,
AN2 BCAKOrO a€J. MHbiMu caoBamu, f.(¥)=x, otkyna g(x)=x,
4 5TO W 3aBepliaeT AOKAa3aTeJbCTEO.
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SBaneqanue. Onpenenenna # pesyibTaThl HacTosmero n° 12 He}pyﬂ.ﬂo
pacIpoCTPaHWTh Ha CcAyuadl, Korja mNpeanojaraerca auib, 910 I ectb
¢duabTpylouteecs BOPaBO 7pedynopaio4eHHOe MHOXECTBO.

13. Cemuameoie MHOMNCECMBA

OnpeaeneHuE 8. I'osopam, umo ynopadouennoe mHodxcecmso E
asanemcs cemyamsm (uam uyto E ectb ynopslosennas cems WIH
pewemrka)l), ecau 8cAKAR 08YXILEMEHMHAS 4Hacmb Om E ameem
8epXHION 4 HudxcHOW 2padu 8 E.

Besakoe npousBeseHHe CeTYaTHX MHOKECTB €CTb CeTHaTOE MHOKECTBO,
KaK 9TO Cpasy e BbITEKaeT M3 YCJOBHf CylleCTBOBaHUA BepreR‘ rpaHl-d
B Npou3BeleHHH yNOPALOYEHHHX MHONeCTB (mpelfoxeHue 7). Muoxke
CTBo BCeX uacTeit mi000ro MHOXeCTBA A, ynopsioyeHHOe BK/WOUCHHEM,
ecTh CeTYaTOe MHOXECTBO, TaK Kak o0belMHeHue H Nepecedenue ABYX
yacTel MHOXeCTBA A CHOBa eCTh 4acTb MHOMXeCTBa A.

ITpusepn. °l) MuomecTBO HENHX WHceX > 1, yROPSAOUEHHOE COOT-
HOIIeHHEM ,m €CTh AEAHUTENb A4 n“ MEXiy m H n, ABAMAETCS CEeTYAThIM

MHOXeCTBOM. BepxHaa (COOTBETCTBEHHO HHHAH) IPaHb MHOMXECTBA {m, n’}t
ecThb HE uTO HHOE, KaK H. 0. K. (COOTBETCTBCHHO H. O. I.) uuCcen m H

6pa“, ra. VII, § 1).
(,,An21‘)e I\I’)lilxomecmo n?)nri)ynn ao6oit rpynnu G, ynopsapoueHHOe BKIIOYE-

AeTcd CceTuaThiM MHOXeECTBOM (,Aare6pa“, ra. I, § 6).
HueMé)"EfH:xT(ecmo TOMOJNOrHH Ha M06OM MHOMECTBE A, yn9PﬂnoquHoe
COOTHOIUEHHEM ,TONOJOTHA J MaXOpHpyeTcs TOHOJOrHeH J‘“ Me)lxng ]
M J', aBageTca ceTdaThiM MHOxecTBoM (,O6mas TOHNOMOTHA®, Tl . 5 -

4) Muoxectso & (I, R) uncioBHX yHxknuil, onpeieacHHbIX B . l{)a
pane I mHomecTBa R, ABAAETCA CETHATHIM AAd coomomelmm nopsanu
7 < g (n° 4), ana kotoporo oko usomopdHO npousseachuio R' (cu. ,Mure-
rpupoBaHue®, ra. II).,

3amenanue. CeTnatoe yNOPAAOHEHHOE MHOXECTBO ABJAGETCS, Oquﬂf:B%
$uabTpylomuMCcs BAeBO ¥ BNpaso. Ho muoxecTso, (pmmpyxomeecsin Bmwe
H BHpaBO, He 0643aTeAbHO SBASETCS CETYATBIM, °KaK MOKA3HBAET 1»? oroIi
MHOXeCTBa oToOpameHHi x -> p (x) MHOxecTBa R B cebs, rae p— H<
wied u3 R[X], ecau aTO MHOMECTBO YNOPANOUEHO COOTHOMIEHHEM P < 4

(n°® 4).,
14. CoseputeHHo ynopsi004eHHbIe MHOXHCECMBA

Onpeaeneiue 9. osopsam, amo 08a 3iemexma X, Y ynopaoo-
ueHn020 MHONcecmBa B cpasnumbl, ecau cnpagediuso CooOmrnomerue
xLy nmm yL x* Tosopam, umo muoxecmso E cosepuenno
Smop s c. 6uie 08a €20 3aemenma
YROPROOUEHO, ecAl OHO YnopAOOHeHo u aobue 08a 2
cpasnunn. Tozda zosopam, umo nopadox va E ecms cosepuennu
nOpAGOK u 4mo coomgemcmsywouee COOmMHoOuerRue nopaoxKa ecme

2
COOMHOWeH e COBePUEHHO20 nopaoKa ®).

2 ]
1) OTHOCHTENLHO TEPMHHOMOTHH CM. TaKIKe NOJCTPOUHOE NpUMeuaHue ?) K I 8

6 cBomku pesyapTaToB (cTp. 387). — ITpum. peo.
s 2) OTHoIc)me.ano TEPMHHONOTHH CM. TaKe INOACTPOUHOE NpHMEeYaHue K

" n° 4 § 6 ceopxu pesyabtaToB (cTp. 385). — [1pum. ped.
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Ecu x u y — sneMeHTH COBeplIEHHO YNOPAZOYEHHOTO MHOKECTBA E,
TO X=Y, wm x <y, Wi x>y, OTpuUllaHHe AJig XLy ectb
Toraa x > y.

Ilas Toro uro6u mopamox Ha E 6w COBEpIUCHHHM TIOPAAKOM, Heol-
XOJMMO H I0CTATOUHO, 1TO6H er0 rpaduk G, kpoMe cooTHomweHHit Go G = G

—~1 -1

# G()G = A, yAOBAETBOPAL TAK}KE COOTHOLICHHIO GYG=E XE.
[Ipusmeps. 1) Beakas 1acTh coBeplIeHHD YTIOPAIOUMEHHOTO MHOXECTBA
COBEPIUEHHO YNIOPAAOUCHA HHAYUHPOBAHHKLIM TIOPANKOM.

) Iycts E — npousBoabHoe ynopsanoueHHoe MHOMECTBO, ITycras vacts
MuoxectBa E cosepurento ynopanouena, Tak ke kak u Bcakag oxHO3NE-
MEHTHas 4acTb. )

3) °MuoxectBo R aeffcTBuTeapHBIX wuCea COBEPIUCHHO YNIOPANOUEHO .
4) Eca A — MHOXeCTBO, conepKailee xord Oul fBa Pa3AHAHBIX i€~
MEHT2, TO MHOXECTBO I (A), yNOp#noueHHOe BKMIOUEHHEM, HE ABAAETCA
COBEpIIEHHO YNIOPANOUEHH M, HOO IPK X == y wacTh {x} u {y} HecpaBHUMEL

CoBepineHHO yNOpAIOYEHHOE MHOMECTBO COBEpIIEHHO yIOpALOYEHO
TakKe u AN NPOTHBONOJOKHOrO MOPSAKA; OHO ABASETCA CeTYATHIM M TEM
Gosee ABAAETCA UAbTPYIOUIMMCA BIPABO M BAEBO.

[IPEpnoxEHME 13. Beakoe cmpozo moHomouHoe omob paxcenue f
COBEPULEHHO YnopAdoO4ennozo mHOdNcecmsa E 6 ynopsdosennoe
Muoocecmso F unsexmusno; ecau f—cmpozo sozpacmawouee omo-
Opaocerue, mo f ecms usomopgpusm muoxecmsa E na f(E).

B camoM nmene, x £y Brewer x <y wam x > ¥, a ClIeAOBaTe/bHO,
H f(x) < f(y) nan f(x) > f(y), TaK 4To B A0060M cayvae f(x)= f ().
Ocraercs nokasats, 4T0 ecam f — cTporo BO3pacrapuiee O0TOGpaxeHue,
TO f(x) < f(¥) Baever x < y; HO B NPOTHBHOM cay4ae Obl10 GBI X >y,
oTKyma f(x)> f(y).

Hpeanowenue 14. ITycms E — cosepumenno YROpAGOUeHHOE MHO-
wecmso, a X —uacme muoxwecmga E. Jags mozo wmobu ssemenm
bEE 6usr sepxneli epanvio 041 X 8 E, Heo6x00umo u docmamouno,
umobu: 1°b 6ma maxcopanmod das X; 2° 048 scakozo ¢€E, ma-
K020, umo ¢ < b, cymecmsosar marxol x€X, umo ¢ < x <L b

B caMmoM pese, BTopoe ycioBHe BhipamaeT TO OGCTOATE/bCTBO, YTO
HH OauH 9aeMent ¢ < b He sABAseTCHd MamOpanToHt mag X, T. e. uTo &
€CTb MUHMMA/AbHHMA 91eMeHT MHOxecTBa M MaxopaHt gas X; HO 3TO 3Ha-
YT, YTO & ecTb nauMenblinH jMeMenT B M, NOCKO/bKY M coBepineHHO
ynopsgoueno (npepnoxenne 9),

15. Humepsano

I[Iycts E — ynopsnouentoe MHoxecTBo, @ M b — Takue Ba MeMenTa
u3 E, uro a b. 3amnuymun unmepsaion ¢ Havarom a u Konyom b
HasbiBaeTca M uepes (@, b) oGosHauaeTcs uacTh MHOMecTBa E, o6pa-
S0BanHad TaKuMu 3neMeHTaMu X, uTo a < x < b; noayomupome s
¢npasa (COOTBETCTBEHHO C.A€8Q) UHAMEPBAAOM ¢ HAYAAOM @ U KOH-
4om b wasmiBaetca u uepes (@, H{ (COOTBETCTBEHHO yepe3 Ja, )

11 H. Byp6aku
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06osHauaeTcs MuoxecTso Takux X €E, uto a < x < b (coOTBETCTBEHHO
a < x<Lb), omkpumum uHmepsasoMm C HALQALOM a U KOHYOM b
HasbiBaeTCA u uepes }a, b( obo3HauaeTca MHOXeCTBo Takux x €E, uro
a<x<b
3aMeTHM, UTO 3aMKHYTHHl HHTEPBal HHKOTJA He NYCT, HHTepBaa (a, a)
ecTb MHOMECTBO, COCTOfillee M3 eNHHCTBEHHOro asdeMeHTa a. Hanpotus,
uHTepBann (2, a(, )a, @) # )a, a( NycTH; OTKPHTHA HHTEpBAL )a, b(
Moxer GHThb NMyCTHM jaie mpu a < b.

MycTh a — snement u3 E. MuoxwecrBo Takux x€E, uro x<a
(COOTBETCTBEHHO X < @), Ha3biBaeTcsi 0e3ZPAHUHHbIM CAe8a 3aMK-
Hymeim (COOTBETCTBEHHO OMKPbIMbiM) UHMEPEAAOM C KOHUOM a U
o6o3nauaercs uyepes )<—, @) (COOTBETCTBEHHO }<—, a(); MHOXeCTBO
Takux X EE, 4TO X 3> a (COOTBETCTBeHHO X > @), HA3HBACTCA b6e3zpa-
HUYHOLM CNPABA 3AMKHYmMbuM (COOTBETCTBEHHO OMKPHMbM) urmep-
8040M C HaiaroM a w obosnauaercs uepes (@, —>( (COOTBETCTBEHHO
Ja, —> (). Haxoneu, camo Muoxectso E nasbiBaercd beszpanuinvlm
¢ o6eux cmopor (uin 8 060UX HANPABACHUAX) OMKPHIMBM UHmMED-
gasom u o6o3nauaeTca yeped )<, —> (.

TIpEmnoxEHUE 15. B cemuamom mHoNcecmse nepecesedue 08yx

UHMEePBANO8 eCMb UHMEpPEan.

PaccMorpuM, HanmpuMep, NepeceyeHue IBYX SaMKHYTBIX HHTepBaJlOB
(a, b) u (¢, d) u nonoxum a==sup(a, ¢), B=inf(d, d). Ecan oano-
BpeMeHHO MMeeT MecTo a L x < b u c L x<d, TO OTCIOAA BbiTEKaeT
a L x <P, u obparHo; ecin a < He HMEET MeCTa, TO NepeceyeHue
untepeanos (a, &) u (¢, d) nycro; ecin a<f, To 3TO mepeceyenne
ects («, B). Mb npeldocTap/iseM 4MTaTeq0 TPYA NPOBECTH LOKA3ATE/b-
CTBO B OCT4/bHEIX CIy4adX.

Ynpasxcuenusn

1) Mycrs E — ynopspoueHHoe MHOMXECTBO, B KOTOPOM  CYIIECTBYET
XoTA 68 OfHa Tapa pasaHulHX CPaBHUMHX 3aemeHtos. [lokasats, uTO
cooTHollenHe ,x¢E # x¢BE u x <.y*, obosHauaemoe uepes Rix, y}
yLOBJETBOPSET IlEé)BblM AByM ycioBusM H3 n° 1, HO He TpeTbemy.

2) a) Mycrb E — ynopanouentoe MHOKECTBO, S § X, y § — COOTHOMIEHHE
skBHBaACHTHOCTH B E. OGoanauum uepes R$X, Y} coornomenue ,X € E/S
i YEE/S u, kakopo 6n Hu 6ba0 x¢ X, cymectsyer Takoe y €Y, 410
x < y“ Ina Toro uyto6sl R${X, Yi 6rn0 COOTHONCHHEM NOPALKA B E/S,
10CTAaTOUHO, 9TO6H S§x, y3 YAOBAETBOPANO CHELYIOLIEMY YCJIOBHIO! COOT-
HOMIeHHA x < y < 2 H x==2 (mod S) BaekyT x ==y (mod S). CooTHolleHHE
nopanka R$X, Y$ B E/S HasslBaeTca TOrAa (aKmoOpcoOmnoueniiem coot-
somenns X< y Mo S, u cakTopmHoxkecTBO E/S, Hamearennoe arTuM €OOT-
HOIUeHHeM NOPALKA, Ha3blBaeTCa (C AOMYIIEHHEM BOABHOCTH peul; cp. ri. IV,
§ 2, n° 6) ynopagoueHHKM PaKMOPMHONCECMEOM MHOMKECTBA E 10 S.

6) Ilycth ¢ — kanoHuueckoe orobpamenne MHoXecTsa E Ha E/S. Io-
kasaTb, uto ecai R$X, Y} — cootHollen#e mopaaka B E/S, To Beakoe
oTo6pakeHde g MHOMecTBa E/S B ynopasoueHsoe MHOXecTBo F, at0 gog
£BNMETCA BO3DACTAIONIHM, ABAAETCH BO3PACTIIONIHM OTOGPAMKEHHEM MHO-
seersa E/S B F. Jlas Toro uto6u ¢ GblAO BO3PaCTAIOLIHM, HEOOXOZHMO
H AOCTAaTO4HO, 4TOGH, XpOME TOro, S YAOBIETBOPAIO CaACLYOINEMY YCIO-
BHIO: COOTHOIIEHHA X<y M x==x'(modS) BAEKYT CyIECTBOBAHUE Ta-

Yup.
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koro y’, uto y==y’' (modS) u x" < y’. B aroM cayuae Mn rosopum, uro
COOTHOIIEHHE SKBHBAJNEHTHOCTH S ABNSETCA C4a00 cO8Mecmumbii (MO X U Y)
¢ coornomeHnnem nopaaka x <!y. Bcakoe cooTHomenne nopsmka S, co-
BMECTHMOE (N0 .x) C COOTHOMmeHHeM mopaika x <y (ra. I, § 6, n° 3), Tem
Gonee spasgercs caabo COBMECTHMBIM (MO X U y) C 3TUM COOTHOMIGHHEM.

B) Ilycte E,, E;—nBa ynopanoueHHnix muomectBa. [Tokasarb, wuro
eca S; — COOTHOIIEHHE IKBHBAJMEHTHOCTH pryZ2==pr; 2’ B E, X E,, 10 §,
c1a60 COBMECTHMO 1O 2 M ! C TPOH3BENEHHEM COOTHOMIEHWH NOPAAKA —
cooTHoleHneM mopsanka 2 < ¢ Ha E, X E; (o, BooGite rosops, HecoBMe-
CTHMO C 3TUM COOTHOLIEHHEM HHM MO 2, HH TO {); KPOME TOro, €ciH
¢, — KaHoHuueckoe orobpawenie mHemxecTBa E, X} E, ma (E, X E,)/S,,
a pry = f|o ¢, — KaHOHHUECKOE Da3nOxeHHe OTOOpa:eHUd Pr; MO COOTHO-
IIEHHIO SKBHBAJEHTHOCTH S, IIOKa3aTh, UTO f; — H3OMOPPHU3IM MHOMEETBA
(E; X Eg)/S; Ha E,.

r) Ilycrs f —Bospacraiomee orobpaxeHie mHomecrsa E B ynopano-
ueHHOe MHOXecTBO F u S — cooTHomenne sxBuBaneHtHOCTH f (x)== f(¥)
B E. Ilokasats, urto ycioBue a) Bunoausercs. Jlag Toro 4ro6ul S GHI0
c1abo COBMECTHMHM € X < Y, HEOGXONHMO H AOCTATOMHO, UTO6H COOTHO-
m,eﬂﬂﬂ,xgy u f(x)= f(x’) BaekaAH CYyIECTBOBAHHE TAKOro y’, uTO
XLy u f(y=r(y) Ilycrb f= go¢— KAHOHHUECKOE pa3NOKEHHE
oToOpameHia f; ans Toro uTo6e g GbLIO HsomopdudmoM us E/S Ha f(E),
HeoBX0MMMO H JOCTAaTOUHO, 4TOGH BHIIOAHANOCH NpelbAyilee yCaAeBHe H,
KpoMe TOro, 4To6n cootnoleH#e f(x)< f(y) BJIEKAO CyLIeCTBOBaHHE
Takux X', y', uto f(x)=f(x"), f(N=F(y) u x' <y’

3) Ilycte I— ynopanovednoe MHOXECTBO, (E)),¢ 1 — cemeiicTBO Hemy-
CTHIX YNOPAJOUEHHHIX MHOMXECTB C MHOMXECTBOM HHJexcoB I.

a) Ilycrs F — muoxecTBO, sBasomeeca cyunmoi (ra. I, § 4, n° 8) ce-
meitcTBa (E,)tel u aaa Beakoro x € F mycts A (x) ecTh Takoit mHuekc t€ I,
uro x€E; mycre G —rpaduk, obpasopanuniii mapamu (x, y)¢F X F,
obnafaonuMK Creayiomum cBoicTBoM: 1160 A (x) < A(y), 1160 A (x) = A (y)
U x<y B Ey(y. [loxasars, uro G ectb rpadux nopsmxa xma F; muoxe-
cTBO F, HajeneHHOe 3THM NOPSAKOM, HA3BIBACTCHA OPOUHAALHOL CYMMOL
cemeiicTBa (E,)IE, H 0603Ha4YaeTCk CHMBOJOM 2 E.. Ilokasats, 4TO OTHO-

el
nieHHe 3KBHBAACHTHOCTH, COOTBETCTBYIOUlEE Ppa3bHEHHIO (EL)lE] MHOX(E-~
crea F canabo coBmecTiMo ¢ coorHomrennem mopsika Ha F u dro ynops-
noueHHoe daxropmHoRecTBO (ynp. 2) uzomopduo ¢ L

6) Ecan mHOMecTBO I ecTh OppHHANbHAd CyMMa YNOPSAOUEHHHX MHO-
#ectB (1)1, rae L ynopsnoueno, moxasaTs, uTO YNOPSAOUEHHOE MHO-
XecTBO 24 E, kaHomuuecku u30MOpDHO OpIHHAJABHOH CyMme E F), rae

€1 XEL
Fy= E E, (.acconuat#BHOCTL* OpauHaabHOH cymmnul). Korma I ectn co-

LCJ)
BEPIIEHHO YMOPAJOUEHHOE MHOMeCTBO {1, 2}, opaunaabHas cymma MHO-
weets E; u E, sanuchBaerca Takwe B Bule E, -} E, mnokasars, uTo,
BooGwe rosops, E,+E, # E;+ E; He usomopdHsL

B) ns toro urobnl opauHaabHA® CyMma Z E, 6nna duabTpylomumcs

el
BNpaBo (COOTBETCTBEHHO COBEPIUCHHO YMOPANOMEHHHIM) MHOKECTBOM, I0-
€TaTouHo, uTo6m I n kawaoe u3 E, el GuIbTPYIOIIMMHCH BUPABO (COOT-
BETCTBEHHO COBEPIUEHHO YNopsnoueHHuMH). [as Toro utobu 2} E, 6u10
) el

CeTUaTHM MHOMECTBOM, A0CTaTouHo, 4TO6n I u kawpoe u3 E, Gunu cer-
HATHIMH H, KPOME TOrO, UTOOH A%t BCSKOrO a € I, 14% KOTOPOro CyIiecTBYIOT

11*
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IBa TAKHX pPasAHIHBIX HuAexca B, 7, uTO @ == sup (B, ¥) (COOTBETCTBEHHO
a==1inf (8, 7)), E, 06aamano HaHMeHbIIHM (COOTBETCTBEHHO HaHGOJbIUHM)

9JEMEHTOM,
9 4) Mycre E — ynopanoneHHoe MHOMECTBO U TOyCTb (E),gy—ero

a3buenre, 06pa3OBaHHOE CBASHBIMH KOMIIOHEHTAMH MHOMXECTBA E (ra. II,
g 6, ynpaxuenue 10) nas pedaexCHBHOrO ¥ CHMMETPHYHOTO COOTHOLICHHSA
LX ==y WA X H Yy HECPABHUMBI*.

a) IMoxasats, uto ecan t==%, X€E, u ygE,, 10 x 1y CpaBHUMH,
u uto ecan y €E,, y' =y u (uanpumep) x <y, 10 X<y (yuecrts,
YyTO HE CYywecTByeT pasbueHus MHOmecTBa E, HA 1Ba TaKUX MHOMe-
ctBa A, B, uTo6bl BCAKuil 3aeMeHT H3 A Ohll CPABHHM CO BCAKHM 3JeMEH-
ToM u3 B).

6) BriBecTd M3 a), 4TO COOTHOLIEHHE SKBHBANEHTHOCTH S, COOTBET-
creyiowee pasbuenuio (E,) muomectsa E, coBMECTHMO C COOTHOIUCHHEM
nopanka x<C y B E u uto ynopamouenHoe daxropmuoxcectso E/S (ympax-
HeHue 2) COBepUIEHHO YNOPHNOMEHHO.

B) KaxoBsl cBfA3HBle KOMIOHEHTH E, ynopanoueHHOro MHOMeCTBA
E = F X G, aBaswomerocs Npou3BeleHHEM IBYX COBEPUIEHHO YNOPALOYEH-
HBIX MHOM&CTB? )

5) Myerb E — ynopsaioueHHOe MHOMECTBO, @ ¥ — MHOMKECTBO 600 00-
notx vacteidl X muomecrsa E, 1. e. Takux wacreit X, uto ao6eie psa pas-
JUUHBIX 3JeMeHTa u3 X HecpaBHuMbl [lokasath, 4TO B ¥ COOTHOLIEHHE
,KakoBo 6m Hu 6nao x € X, cymecTByer Takoe y€Y, uTo X < y* ecTb
cooTHolren#e mnopsaaka Mexay X # Y; ono obosnauacrcs uepes X VY.
Orobpaxenne x—> {x} ecth usomopduam mHoWKecTBa E Ha vacts ymops-
gouenHoro MuHomectsa . Ecmt X< Y(Xe$, Y& ), nokasars, uro
X Y. Jdas Toro uro6r $§ 6bl10 COBEpPIIEHHO YMNOPANOHEHHHIM, HEO6XO-
AUMO H A0OCTATOUHO, uTOGH E 610 cOBEpIEHHO YNOPALOYEHHBIM, H Toraa ¥
usomopduo ¢ E.

6) ITycts E u F — B2 ynopsanoueHHuX MHOXecTBa U My cTh of (E, F)—

TIOIMHOKECTBO YNOPALOYEHHOTO MHOKECTBA-NPOH3BEAEHHS FE, o6pasopan-
Hoe s03pacmawuumy otobpanennsmu mHoxectsa E B F.

a) Ilokasars, uto ynopsanouenHoe mHoxectso A (E, F X G) usomopdHo
¢ A, Fy XAE, G).

) Tokasats, uTO ynopazouenHoe MuomecrBO ot (E X F, G) uso-
Mopduo ynopsnouessomy muoxecrsy oA (E, o (F, G)).

B) Mas Ttoro uroOu of (E, F) Gnuno cerdaTelm, HEO6XOIHMO H JAOCTa-
TOUHO, uTO6K F 6HIIO CETHATHIM.

r) [Tokasats, uto & (E, F) Moxer GnTh COBEpUICHHO YNOPSIOYEHHHIM
JMIDL B TeX cAy4adX, KOrma F COCTOMT 13 EIMHCTBEHHOIO 3JEMEHTa,
und xe xorja E.cosepluenno ynopsanoueHHo, a F ectb cosepluenHo ymo-
PANOYEHHOE MHOXKECTBO H3 IABYX 3JEMEHTOB, WM, HakoHeW, E cocTout u3
€IHHCTBEHHOrO 3jeMeHTa, a F cOBepIIEeHHO YNOpAA0UEHHO.

7y ILas toro 4rtobbl BCAkOe Takoe oToOpamenie f ynopanoueHHOro
MHoxectBa E B ynopsanouenHoe MHOmecTBO F, cocrodimee ne menee uem
M3 IBYX 3JEMEHTOB, KOTOPOE GBJAETCA CPa3y BO3DPACTAONIHM H YGhBaio-
muM, OLJO MOCTOSHHKIM, HEOGXOMUMO W JOCTaTO4HO, 4TOOH E 6ma0 cBa3-
Hoil KOMIOHeHTOH piasa pedrekCHBHOTO U CHMMETPHYECKOrO COOTHOIUEHHS
.X 1y cpaBuaMu® (ra. 11, § 6, ynpaxuenne 10); B nactnocTH, 970 ycaos1e
BHINOAHAeTCH, koraa E asagerca QuALTPYOIIHMCA BIPABO H BJEBO.

8) Myctb E u F — 1Ba ynopano1eHHEX MHOKECTB, f — BO3paCTaloIee
otobpamenne mHoxectBa E B F, g — Bo3pacrawinee OTO6pameHHE MHO-
wectBa F B E. Ilycts A (cootBeTcTBeHHO B) — MuomecTBo Takux x € E
(cootBeTcTBEHHO ¥ € F), ut0 g (f (X)) = x (cooTBETCTBEHHO f(£(¥)) =1Y¥)
IToxasatb, uTo ynopszouenHnle mMHOMecTBa A n B nsomopoHs.
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9) B ceruarom muomecrBe E xoxasaTb COOTHOIIEHuS:
sup (inf x;;) < inf (sup x;
jp(i )<Y (jp iy
A BCAKONO KOHEWHOrO ABOIHOrO ceMelicTra (xy))

sup (Inf (x, 2), inf (y, £)) < inf (sup (x, y), sup (2, #)).

10) Mycte E u F—paBa ceruatnix Muomecrsa. [Tokasarb, 4T0 ecaH
J —T1akoe oto6pamenne MHomectsa E B muomectBo F, uro

S (nt(x, y)) =t (f (x), f())

TO f #BAseTCs BospacraiomuM. °JaTb NpHMep BO3PAcTAOMIEro OTOGpaMe-
Hud MHOKecTBa-npousseneus N X N B N, He yIOBIETBOPAINErO NpPEAb-
AYLIEMY YCAOBHIO.

11) MB roBopuM, 4TO CETUATOE MHOMECTBO E aBAfETCA nOAHHM,
eca BeAkad vacTe MuoxectBa E jpomyckaer BepxHOlO H  HUKHIOWD
rpaiu B E. '

a) Ioxasarh, 4TO ecau ynopsnoueHHoe MHOXecTBO E TakoBo, uTO
BCAKad wacTh MHOmecTBa E pomyckaer Bepxuiow rpans B E, T0o E ecth
HONHOE CEeTHATOE MHOMECTBO.

6) Jas Toro uTOGH NPOH3BENEHHE YNOPANOUEHHHX MHOMKECTB GHLIO
TOJHBIM CETUATHIM MHOXECTBOM, HEOOXOIHMO H LOCTATOMHO, 9TO6H KaMInli
COMHOXCHTENAb OBl TOJHBIM CETHATHIM MHOMECTBOM.

B) Jlag Toro uto6nt opauHaAbHAK CyMMa (ynpamHeHue 3) 2 E, 6naa

[Yend §
TOJHEIM CETYATBIM MHOMECTBOM, NOCTaTOUHO, uToOW I u kamgoe us E,
OLIO MOMHKEIM CETYATHM MHOMECTBOM.

r) Mas toro ure6m ynopsgouenHoe wmuomectso Jf (E, F) pospacraio-
X OTOOpaXEHHH YNIOPANOUEHHOro MHOMeECTBA E B ymopapoueHHoe MHO-
#ectBo F (ynp. 6) GHIO MOJHEIM CETYATHIM MHOKECTBOM, HEOo6XOLHMO
M JOCTATOYHO, YTOOH F GBIIO MOJHEIM CeTYATHIM MHOMKECTBOM.

12) Mycre @ — MuoMecTBO oOTOGpamenHit muomecTBa A B cebs.
Ilyets % — uwacTh mHOXecTBa Y (A), 06pa3oBanuas TaKMMH MHOMECTBAMH
XcA, uro f(X)= X maa Beakoro f¢ @, noxasath, 9TO T — MNOJHOE
€ETHATOS MHOMECTBO IAf COOTHOIUEHUS BKJMIOWEHHA.

13) ITycts E — ynopsanoueHHoe MHOXECTBO; MH rOBOPHM, 4TO OTOGpa-
weHue f MHOWKECTBa E B cebA ABRAETCS 3QMLKAHUEM, SCAH OHO YIO-
BJETBOPACT CJAEAYIOMHM ycaoBuaM: 1) f aBagerca Bospacraiomuy; 2) aus
Beakoro x € E umeer mecto f(x) > x; 3) nas Beakoro x € E umeer mecto
S (f (%)) = f(x). lTyctb F — mHOMKeCTBO 3nemMeHTOB M3 E, HHBapHaHTHBIX
OTHOCHTEALHO [

a) TMokasars, uro aas Beskoro x € E muoxectso F, Takux saeMeHTOB
y€F, uto x <y, HemycTo u [ONMyCKAaeT HaMMEHbIUHHE saemeHT f (X).
O6paruo, ecan G — vacTh MHOXecTBa E, Takas, uro jas Bcakoro x¢E
MHOXKeCTBO TeX ¥ € G, 1as KOTopex x <y, IONYCKAeT HauMeHbIUui 3je-
MeHT g (x), TO g ecThb 3amblkanHe ¥ G TOMICCTBEHHO ¢ MHOMXECTBOM
9/1€MEHTOB, HHBADHAHTHHIX OTHOCHTEABHO g. .

6) [Ipennoaoxum, uto E — monHoe ceTyaTOoe MHOMECTBO, MOKa3aThb,
4TO HiDKHAA rpadb B E mpousBoabno#t HemycTo# wacTu MHomectBa F npu-
Hapaexur x F.

14y Mycts E u F — 1Ba mHOMecTBa, R — npousBosbHas wacth MHO-
wectBa E X F. Jasa Bcakoii wactu X CE (cooTsercTBeHHO Beakoii wactu
Y C F) cumsoaom p (X) (coorerctBenHo o (Y)) o603HauaeTcs MHOMKECTBO
Takux y € F (coorBercTBenno x € E), uto (x, y) €R naa scex x ¢ X (coor-
BETCTBEHHO (X, y) € R nas Bcaxoro y € Y).
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a) Moxasatb, uto p u o-— BospacTaiomue H_uto X Ca(p(X)) n
Ycp(a(Y)) naa seskoro X < E u Beaxoro Y < F; BuBecru orcioaa, uro
p(p(X)))=p(X) ns(p@E(¥)))=c())

6) Orebpamenie X —>a(p(X)) (coorBercTBEHHO Y-—>p(3(Y)))
apasercd 3aMblkamiem (ynpawuenne 13) B Y8 (E) (coorBercrseHHO
s % (F)).

15) [Tycts naHo mnpousBoJabHOe ynopspouenHoe MHomectso E. s
Beakoil mactu X MHomecTBa E obBosnauum uepes p (X) MHOMECTBO Maxo-
paut X, a uepes o (X)— MHOXECTBO MuHOpaHT X.

Mokasdrs, uto B 9 (E) muomectso E rakux X, uto X=0(p (X)),
€CTb MOJHOE CeTYaToe MHOmeCTBO (cp. ympamHenua 13 u# 14) u uro oro-
Gpamenne x—> o ({x}) ectb u3omopduam MuomecTsa E na ynopsanevueH:oe
nopmuoxecTso E/ B E, takoi, uro ecau cemeificTBO (X,) 3JEMEHTOB U3 l:}
HMEET BepXHiol0 (COOTBETCTBEHHO HMXKHIOW) rpadb B E, To obpas sroit
BepxHed (cOOTBETCTBEHHO HMKHeH) rpaHu €CTb BePXHAs (COOTBETCTBEHHO
HHKNAA), rpaib B E aasa cemeiictBa 06pa3oB 3JemeHTOB x,. Mm roso-

puM, HMTO E ects nonoauenue YNOpAALOUEHHOI0 MHOXKECTBa E.

91 16) Mu rosopum, uto ceTuaToe MHOWECTBO E aBaserca duempu-
GymUsHH M, €CaH OHO YIOBIETBOPSET ABYM CAeYIOINHM YCJAOBHAM:

(D’) sup (x, inf (y, 2) ) = inf (sup (x, ¥), sup (x, 2));
(D”) inf (x, sup (y, 2) )= sup (inf (x, y), iInf (x, 2)).
a) IMokasate, urto kamnoe u3 ycaosuit (D), (D”) Baeuer ycroBue:

(D) sup (inf (x, y), inf(y, &), inf (2, x) )=
= inf (sup (x, ¥), sup (3, 2), sup (2, ) ).

6) Ilorasats, uto ycaosue (D) Baener ycaosie:
(M) eca x > 2, 1o sup (2, iInf (x, y) = Inf (x, sup (y, 2)).

BuiBecTi o1clopa, uto (D) Baewer xaxpoe u3 ycaosuit (D’) u (D7)
H, CJen0BaTeabHO, Bce TpH akcuomul (D), (D’), (D”) skBuBaAeHTHH [aas
J0OKa3aTeabCTBAa Toro, Hampumep, uto (D) Baeuer (D), B3ATb BEpXHIOK
rpakb Jas X H KaXAOTO H3 3aeMeHTOB, ¢urypupywoumux s (D), u xHcnoab-
sopaTh (M)].

B) Ilokasath, 4TO ecau

inf (2, sup (x, y)) < sup (x, inf (y, 2)),

KkakoBbl On HH Guat x, y, 2 B E, 10 E nucrpubyTuBHo (paccMoTperh
anemeHt inf (2, sup (x, inf (y, 2) ))). BuBectn orciona, uto ecau

inf (sup (x, y). sup (2, inf (x, y)))=sup (inf (x, y), ini (y, 2), inf (2, X)),

10 E mucTpubyTuBHO.

1 17) Ilycts E — MHOMECTBO He MEHEE HEM C TPeMf 3JeMEHTaMH,
& — MHOXECTBO pa3buenuit MHOMecTBa E, yNOpAJOYEHHOE OTHOLIEHHEM
L0 *MENbUe, UeM o'“, Mexay o # o’ (n°l, npumep 4):

a) NoKasaTh, UTO <P — IOJHOE CETYATOE MHOKECTBO (yrépa)xﬂemle 11);

6) moxasaTh, UTO ¢* He NHCTPUOYTHBHO (ympaxHeHue 16);

B) NOKa3aTh, YTO Jiifl BCAKOTO pa3buHEHHA o € & CYMECTBYET Takoe
pasbieHHe o', UTO BEpXHAZ TPaHb 1A © H o' €CTb HanGOABLINHA aneMEHT
B &, 4 HUMHAA TPaHb 111 © H ®' eCTh HaHMEHbIUHH 3NEMEHT B & (BNOAHE
YyIOPANOUHTh MHOMECTBA, NPHHALNEKAIHE K ©).

18) Mul roBopuM, uTO ynopspoueHHoe MHOmKecTBO E ecth mHOMecTBO
6e3 Ovoip, eCM OHO CONEPHKHT ABA PA3NHUHBIX CPABHHMHIX 3JEMEHTA H €CAH

Yup.
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Las BCAKOH IAapH TAaKHX SAEMEHTOB X, ¥ M3 E, wt0 x <y, cymecrsyer
Takoe Z€E, uto x <2 < y.

Tokasate, 4t0, A4 TOrO uTOOH OpAuHaAbHas cymma 3 E, (ympaw-

el
HeHHE 3) Obiia MHOMeECTBOM 6e3 IbIP, HEO6XONHMO M QOCTATOMHO, YTOOH
BRINOAHANKCH CAeAywouHe ycaosus: 1°-mubo | comepmur nsa pasauunbix
CPaBHHMHLIX 3JeMeHTa, aubo cywecreyer takoe t€l, uro E, conepmur nsa
pasaHuHHX CPaBHHMBIX aaemeHTa; 2° xaxpoe E,, comepxamee He Menee
ABYX 9JEMEHTOB, €CTh MHOWeCTBO 6e3 mmlp; 3° ecmi @, B —jaBa Takux
aneMeHTa H3 I, uTO @ < B, H ecaH He CYWIECTBYET Hi# OZHOIO TAKOLO 3Je-
Menta A€ I, uT0 @ < A < §, TO AHGO E, He UMEET MAKCHMAALHKEIX S1EMEHTOB,
460 E; He MMEeT MHHHMANbHWX 3]eMeHTOB. B wacTHocTH, BeAkas oppu-
HaJbHAag CymMMa ZEL MHOXeCTB 06e3 Jhp ecTb MHOWecTBO b6e3 IEID,
el
Koraa Hu oaHo E, He uMeeT MakcHMAJbHBIX 3JEMEHTOB (MaM KOrZa HH
omHo E, He umeer MuHHMaabHBX 3aeMeHTOB). Ecan I — MHOMecTBO 6e3
Xblp, TO opauHanbHas cymma ) E,—6es nup, xorma kampoe E, ects
el

MHOMXECTBO 6€3 ibID HAH HE COAEPHHT H OHON Napbl PAasAHUHMWIKX CPAB-
HHMBIX 31€MEHTOB.

T 19) Mu TOBOPHM, HTO YNOPANOUEHHOE MHOMKeCTBO E saBasgercs
OUCNepCHbIM, HIH DACCeSHHOM, €CIH HHKAKOE YTIOPANOUEHHOE IOIMHO-
wectBo B E He ecth MHOMecTBO 6€3 nbip. Bedkoe moamuomecTso ancnepc-
HOTO MHOMKECTBa €CTb JHCIIEPCHOE MHOMXECTBO.

a) Ecau E mucnepcHo, TO a4 BeAKOH mapel TakuX 3JeMEHTOB X, y
u3 E, uTo x <y, cymecTsyioT ABa TakHX saemeHTa x’, y’ u3 E, uto

A<H <y Ly

M uHTepsan ) x’, y’ ( mycr. °HaTh npuMep COBEPIUEHHO YNOPAAOUEHHOrO
MHOMECTBA, YAOBJACTBOPAIINErO NMPEIbIAYIIEMY YCJAOBHIO, HO TeM HE MeHee
HE NHCIEPCHOro (PaccMOTPETh TPHANUUYECKOE MHOMKECTBO Kanropa).,

6) Oas Toro uro6nl oppHHaAbhag cymma E = E E. (I u Bce E, ue-

el
nycTel) Gblaa pucnepcHol, Heo6X0AUMO H nocmmtmoe, “uTo6nl I u Kampoe
M3 E, 6niau gucnmepcHuiMu (IPHHATH BO BHHMaHHe, wTo E COLEPXHUT MO~
MUHOMeCTBO, u30MOpdHOEe € I, H uTO BCAKOE HENYCTOE MOAMHOXECTBO F
mHOMecTBa E ecth opauHaabHas cymma muoxects F(E, koropue Bece
HENyCThl; HCNIONBL30BATH, HAKOHEN, yNpaxmHenue 18).

20) Mycrb E — coBepureHHo ymopsioueHHoe MHOMECTBO, S$ x, yi—
COOTHOIICHHE ,3aMKHYTHH HHTEPBAN C KOHHMAMH X, ¥ jAHCIEpCEH* (ympax-
Henue 19). Ioxasats, uTo S — cooTHOIIEHKE MOPANKA, Ca260 COBMECTHMOE
€ COOTHOMIEHHEeM MOpsAka Ha E, 4TO KaaccH SKBHBaJAEHTHOCTH no S cyTh
JHCIEPCHBHIE MHOMKECTBA M 4TO YNOpALOueHHOEe (aKTOpMHOMKECTBO E/S
{ynpaxsenne 2) —6e3 mbip. BuiBecTs orciofa, uto E u3oMOpQHO HEkoTO-
poil OpaMHANLHOH CyMMe AMCIEPCHHX MHOKECTB, € MHOMXECTBO HHIEK-
COB — MHOMECTBO 6e3 apip.

21) Mycte I — duabTpyomeecs BIPaBO YNOPALOUECHHOE MHOMECTBO H

(82) 1 (Aq, ?5a) = (Bos q’ag)

— HHAyKTHBHag CcucTema ortobpameHuil ornocuteabno [ ITokasars, uto
€CIH KAKAOE M3 g, HHBEKTHBHO (COOTBETCTBEHHO CIOPBEKTHBHO), TO
£ =lim g, ecTb HHBEKTHBHOE (COOTBETCTBEHHO CIOPHEKTHBHOE) orobpaxe-

Hue mHomecTBa A = lim A, B B = 1im B,
—_ —_
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22) IMycts I — duabTpylomeecs BIPAaBO MHOXECTBO, (J))keL—cemeﬁ-

cTBO wuacTefl OT MHOXKecTBa I, y KOTOPOTO MHOMKECTBO HHAEKCOB L ecTh
TaKoe QUABTPYIOIlEEcs BNPABO MHOKECTBO, T0: 1° naa Beakoro A€L
MHOXECTBO }; aBageTcs (UABTPYIONUMCE Adf COOTHOIUEHHA TOPALKa,
MHAYUHPOBaHHOTO COOTHOIIeHWeM mopsika Ha I; 2° coorHomenne A <p
paeuer J, < J,; 3° I ecth o6beminenue cemeiictsa (Jy). Mycts E= l_iLn>Ea—»

WHIYKTHBHHE Npelies ceMeidcTBa MHOKECTB (Ea)ae [ Aaa cemei{cTBa oTo6pa-
wenuit (fg,). O603Hauuy uepes Fy un1ykrusHulE npenea cemeiicTBa (E,), ¢ 5

nas cemeiicTsa (f@a), rae a u § npoberaioT J,; mycth ff})—xaﬂo;mqecme
oTo6paneHie MHOMecTBa E, B F) mas a¢ ;.

a) TTokasath, ut0 Npu A< P CYIIECTBYeT eNMHCTBEHHOe OTOGpaxe-
uie g,, wuomectsa F, B F, Taxoe, uro Zuo P =¥ aaa Beaxoro
a¢ J,. Orobpaments g,; yaoaersopsioT ycaosuio (LI); myers F — unayx-
THBHHIA mTpenea ceMeicrTsa (Fl)xeL Iona cemeiicTBa oTobpaiteHdil (g,,)-

6) Jas Bcskoro AEL mycTh g, — KAHOHHYECKOE oTOOpaxeHHe MHO-
wecrea F) B F; ecau o ¢ ] npuHanaexur onHospemenHo k J, u J,, moka-
3ath, uT0 OTOGpameHus gyof) g,° f® papun. OG6osnanas 370 OTO-
Gpaxtenne uepe3 h,, INOKa3aTh, UTO CYHIECTBYET oTOGpameHse h MHoNe-

ctBa E B F, Takoe, uTo0 A, = ho f, 441 Beakoro o € I, npuuem h 6HeKTHBHO.
23) Iycts |- duastpyiomteecs Bupaso MHomecrso, E = limE, —
-—

uHaykTHBHEIA mpenen cemefictBa muOMeCTB (Ey) oy A cemelcTBa OTO-
GpameHuil ( fga). Mycts B E, cooTHomeHnue R, ecTh cooTHOLreHnHe aKBH-
BAJGHTHOCTH [, (x) = f, (¥); nokasaTh, uTo mpi «<f orobpamente fg,
COBMECTHMO C COOTHOIIEHHAMH 3xBuBalewTHocTH R, u Rg Ilycrs
' =E ; 6 E, B Eg

E,=E,/R, u mycts f5, — oTobpanenne muoxecTsa E, B g noayueHHoe
#3 fgq TEPEXONOM K daxTopmHOMecTBaM. [loxasaTs, 4TO OTOGpae-
HHA f;ﬁ ynosaeTsopstoT ycaoBuio (LI) M MHBEKTHBHEL, ONPENCAHTH KAHO-

7} ’ - 7
HHuecKylo Guexmuio MHomecTBa E Ha uuaykTHBHHWiE npepen E' = limE,.

—

24) Mycrb 1— duapTpyomeecs Bnpaso MuomecTBo, (E,),¢; — cemeit-
CTBO MHOMECTB H NYCTh fgu, TAC a < B, ects orobpaienue MHomecTBa Eo
B Eg Ipeanoaaraercd, 4T0 ceMEHCTBO (f3,) YAOBACTBOPAET YCAOBHIO (LI).
Mycrs E;=fm (E,) = E, u mycrs gy, — Cyxenue orobpanenns fz, Ha
MHOMX€ECTBO E;; NoKasaTh, 4TO g, €CTh oTobGpaxeHue MHOMECTBA E; B Eé,
yTO cemelcTBO (gs,) yAOBaReTBOpAeT ycaosuwio (LI) # uro mas Beaxoro
a¢ 1 oTobpaxenne g,, €CTh TONIECTBEHHOE OTOGDAMEHHE MHOMECTBA E,.
C nomompio npepnoxenta 10 onpeleanTh KAHOHHUECKY!I0 GHEKIHIO MHO-
wecrBa E=1mE, na E' = lim E;

— —>

25) Tycrb (g4): (A, 93“)——>(B“, {3,) ecTh HHIYKTHBHASA CHCTEMA OTO-

Gpaxenuii OTHOCHTEAbHO ymopazouensoro muomecrsa I Tlycrs G, c

< A, X B, —rpadux orobpamenis g, # MyCTb Jgq FIE & < B, ecTn cyme-
HHE OTOGPameHHs $gq X {go HE G,. [lokasath, 4TO CeMEHACTBO (/g.) YIO-

BaeTBOpAET ycaosuio (LI), i ompexemuTh KaHOHHYECKYlo CuekIuilo MHOMe-
ctBa G = lim (G,, f3,) Ha rpaguk otobpaxtenust g = lim g, MHOXeCTB&
— —

A= }En) (Aa’ "Pﬁa) B B =_h_t£ (Bw q’.’ja)‘

Vnp.
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26) Mycto 1— ynopsanouenHoe ¢GHABTPYIOLEECS BNPaBO MHOKECTBO

H mycTh
(82): (Aq, Pag) —> (Ba q’«g)

€CTb NPOEKTHBHad CHCTeMa oTobpamenuil oTHocuTeabHo I ITokasars, uro
ecan Kkamaoe OTOOpaMeHHE g, HHBEKTHBHO (COOTBETCTBEHHO OHEKTHBHO),
T0 g=Ilim g, €CTb HHBEKTUBHOE (COOTBETCTBEHHO GueKTHBHOE) oTOGpa-

HeHHe MHOmecTBa A =1i(_m A, BB =(1i_r_n B, (cp. ynp. 32n)).

27) Hycts 1 — ¢puabTpymoileecs BOPaBO MHOMKECTBO, (J;L)AGL—cemeﬁ-
CTBO uacTed MHoxecTBa I, ynosaersopsiomee ycaosuam u3 ynp. 22. ITyctb
E =£n E, — npoexkTHBHRH npenea ceMelicTBa MHOMECTBa (Ea)ael no ce-

MeifictBy ortobpamenuit (f,;). O6ossauum uepes F, npoexTusuulil npenen
cemeficTBa (Em)mEJX no ceMe#dcTBY fn3, Foe @ u § mpoGeraior Jy; nycTb

fg‘)—KaHOHH‘IeCKOE orobpaxenue MHomectBa u3 Fy B E, npu ac J;.

a) lokasath, 910 mMpH A <@ CYWECTBYeT eIHHCTBeHHOEe OTOGpame-
uue g, Muowecrsa F, B F,, Takoe, uro fg)ogm=f£“) 114 BCAKOTO
a ¢ J,. Oro6pamenus &, yrosaetBopsior ycaosuio (LP); mycts F — npoex-
THBHHIH mnpefiea ceMeficTBa (FR)AEL no ceMeicTBy orobpamenuit (8,,)

6) das Beaxoro A€L mycTs g, — KaHOHHHUECKOe 0T06pa)x<e}mePL MHO-
#ectBa F B Fy; ecanm o €1 npunapnemur onHospemenHo k Jy u J,, moxa-
sath, U0 otobpanenus fMog, u fg‘)og‘JL pasie. OG6osnauup uepes h,

370 oTo6paeHHe, MIOKA3aTh, UTO CYMIECTBYET OTOOpaxeHHe A MHOmKecTBa F
8 E, Takoe, uto h, = fyo h, u npu 3TOM GHEKTHBHO.
28) Ilycrs I— duabTpylomeecs Bnpaso MHOKecTBO, E = lim E, —
-—

NpoeXTHBHHIH npeaen cemeiicrBa muomects (E,), ¢1 1o cemeicTBy orobpa-
weHui (fop)- Hycms E;:fa (E); noxasaTh, UTO cymeHue f;ﬁ orobpaxite-
Hua f,g Ha muomectso E; ects cloppexuus muomectsa E; na E, npu
o< M 49TD OTOGpAMEHUH f;g yaosaersopsaoT ycaosuio (LP); onpeneants

KaHOHHIECKYI0 Gueknuio  mHomectBa E Ha mpoexTHBHHi mnpegen
E'=1limE, u nokasaTs, uro0 KaHOHHWECKOe OTOGpaeHHe MHOKecTBa E’

B E; CIOP'BEKTHBHO.

29) Mycts | — duabTpylomeecs BNPaBo MHOMECTBO, (Ea)aEI—cemeﬁ-
CTBO MHOXECTB H MyCTh f,5 rie @< B, ecTh oTobpanceHie MHOMecTBa E
B E,. leenno.naraeTCﬂ, uTo CeMedCTBO (f,g) yROBAETBOPAET ycaoBHio (LP).
Mycrs E, = f,, (E,) ©E, u nycts g,3 — cymenue orobpamenus Sap HA

1
+ MHOecTBO Eg; mokasats, 4TO g,g ecTb otobpawenue muoxecrsa Eg B E,,

uTO CeMeicTBO (g,3) yAOBAeTBOpseT ycaoBuio (LP) u uto gas Beaxoro

a €1 otobpatenie g,, €CTh TOMAECTBEHHOE OTOOpANEHHE MHONKECTBA E;
Onpenennth  kaHOHHUECKYI0  Guekumo  Muomectsa E =1imE, wa
—

E'=limE,.
(—_
30) Myers (g4): (Aq Pap) —> (Bay $op) €CTH MpoexTHBHAA CHCTEMA OTO-
OpameHiii OTHOCHTENBHO YNOPAAOYEHHOrO (HABTPYIOUIErOCa MHOMecTBa I
yes G, < A, X B, —rpadux orobpamenus g, € mycrb Japr TRE @< B,
€CTh CYMEHHE Pyg X %ﬂ Ha Gg. Ioxasars, uTo cemeRcTBO (j,3) yAOBACTBO-
pset ycaosuio (LP), M onpemenuTh KaHOHHUECKYIO 6HEKLHIO MHOKECTBA
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G= E (Ga» Joz) Ha rpadux oTobpameHH g = l(ir_n_g, MHOMKECTBa
A =IlimA, B B=Iim B,
«— <«

31) Iycts [— Takoe duapTpylomeecs BIPABO MHOXECTBO, 4TO Cyle-
CTBYeT CHeTHad 4acThb MHOWecTBa OT I, koHbuHaabHaa ¢ [ .

a) mokasaTb, 4TO Aad BeAKOH wactd J MHOXecTBa I, xonpuHan,HOH
¢ I, cymecTByeT cueTHas WacTb MHOMecCTBa J, kOHQuHaabhaa ¢ J (a cae-
JoBaTedbHO, # ¢ I);

6) nyctb (Ea)aE,——cemencmo MHOMKECTB, ¥ KOTOPOro MHOXECTBOM
HHIeKcOoB caywur I, # mycTs fa@, rie «<B, ecTb CrOpseKyUs MHOME~
crBa E; ma E,; npeamoaaraercs, 4TO OTOGpameHis f,5 YAOBACTBOPAIOT
yecaosuio (LP). [IMokasats, wTo ana BesAkoro o€l kaHoHuueckoe orobpa-
senne f, muoxectsa E B E, clopbexTuBuO H, crefnosarensho, E He nmycro,
ecay xota 6n omnHo u3 E, He mycro.,

°32) Mycts [-— uabTpyomeecs BNPAaBO MHOMKECTBO, He HMeluee
HauGoAbIIEro 3AeMeHTa, X NyCTb F — MHOMKECTBO MOCAENOBATENLHOCTEH
X = (a, @y ..., Up_y, %,) H3 UETHOTO UHCHA 3> 2 3NEMEHTOB MHOMeCTBa I,
o6rajalomux CcrepywomuMu cBolicTBami: 1° ay_; <ay aa l<Lign;
2° ag_y {azj_, s 1< j<i<n Muooxecrso F He nycro, ecam
TOAbko | He CBOMMTCS K OfHOMY sJaeMeHTy. Mm moaaraem r(x) =ay,_,
s (x) = ay, 4 HasulBaeM 2n 04LHOH TOCAELOBATENLHOCTH X.

a) Mlns Bcakoro ¢l mycts E, ects muomectBo takux x¢F, uro
r(x)=ao E, me nycro, ecau I comepiur Goaee omHoro saementa. Has
a< B Mun ompeseadM caenyiomuM o6pasom orofpamente f,3 MHOMKeE-

c¢tBa E, B MHOKECTBO KOHEHHHIX NOCAenoBaTedpHOCTell aaemenToB u3 F:
npu X = (&, ..., Ogp_1, Fap) € Eg NyCTh f €CTh HaHMEHbIUMH TakoH HHIEKC,

4710 aga”_,; MBI TIOJIaraem
Jag () = (a1, ..., agj_p @ 0y)).

TMokasars, 410 fa5 (Eg) = Eq, uTO OTOGpateHns f,g yAOBACTBOPAIOT yCAO-

Buio (LP) u uto f,, €CTb TOXAECTBO.
6) Tlokasatb, uto ecan X, €E, u xg€E; TakoBwl, uTO CymlecTByeT

uHexc 7€ I, kotopuit > a u > B, n ecan x; € E; TaKoBo, uT0 X, = fuy (%)
u x3= fg, (x;), H ecan, KPOME TOrO, X, H X3 — MOCAENOBATENLHOCTH O~
HakOBOH IIHHH, TO § (Xy) = s (Xp).
B) BuBectu u3s 6), uro ecau npoextushuil npeaea E = lim E, ne mycr
H y = {X,) € E, TO MHOMXECTBO 31EMEHTOB S (X,) CUETHO i KoHPuHaabHo ¢ L
r) ITycTh | — MHOMECTBO KOHEUHHIX HacTeH HeCYeTHOro MHOMeCTBa A,
ynopsjouesHoe BkiawouehneM. [lokasaTh, 4TO HE CYILECTBYET HHUKaKO#

CHETHOH WacTH MHOXECTBa I, KOTOé)aﬂ 6naa 66 KoHpuHaAbHa ¢ I, # BB~
BECTH H3 B) TNpumep cemeficTBa ( a)ael # oToOpaxeHuH Jag» YROBAETBO-

palomux ycnosiio (LP) u ciopbekTuBHBX (npi o < B), HO TakuX, uTOOH
lim E, 6bl1 mycThIM.
<

1) BriBecTu 43 r) npuMep NMPOEKTHBHOA CHCTEMBI

’ ’
(82): (B fug) > (Bur Jg)
TaKoif, UTOGK Kamaoe H3 g, OBIO CIOPBEKTHBHBIM, HO UTOOH g=2£1_g¢

!
He Owlno CIOpbEKTHBHRIM (BSﬂTb 3a BCE Eu ONHO3 NEMCHTHBIE MHO)KeCTBa)."
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§ 2. BnoaHe ynopsaoYeHHHIE MHOXKECTBA
4. Ompesxu snosne ynopsoOO4EeHH020 MHONCECMBA

Coornomenne R} x, y3 HasuiBaeTcd coomuouwernues noAwozo no-
PAOKG medndy x u Y, ecan R ABAACTCA COOTHOLICHHEM NOPAIKA MEXIy
X H Y M eclu LI BCAKOTO HENyCToro MHoxectsa E, Ha koropom R x, y3
MHAYUMpYeT COOTHOIUEHHEe MOpAAKa (T. e. Takoro, 4to xE€E Baeuer
Rix, x§ cm. § 1, n° 1), E, ynopanouenHoe 3TUM COOTHOILIEHHEM, MMEET
HauMmeHsul 3nemenm.

Muoxecrso E, ynopamouyennoe mnopsaxoM I', HaswBaercs s8noawe
ynopadosennun, ecnn cootHomenune y € I'(x) aBasercs cooTHOmeHneM
TNOJNHOIO MoPAAKAa MeXAYy X H y; B 3TOoM cayyae I' HaswiBaeTcs nosnsim
nopadkoxr Ha E. OTo onpeneesne PaBHOCH/IBHO CleAyIOIIEMY:

Onpeneaenue 1. Mwuoowecmso E naswsaemcs snoane ynopsoo-
YEHHOM, eCAU OHO S8AAEMCA YNOPSOOUEHHUM U ecau BCAKAA He-
nycmas 4acmb MHoxcecmsa E umeem HaumeHnbwmuli ssemenm.

Broane ynopasoyeHsoe muomectso E cosepuenno ynopsdouedo,
Tak KaK BCAKad 4acTb {X, y} MHoxecTsa E uMmeeT HauMenbIUMH SieMeHT.
Bceakoe noamHomecTBo A MuoxecTBa E, orpaHuueHHOe cBepxy, uMeer
8 E BepxHiol0 rpanb.

ITpumeps. 1) Tlycts E = {a, 8} — mHOMECTBO, 3A€EMEHTH KOTOPOrO
pasanunbl. Mruosenno nposepserca, uto uacts {(4, @), (B, B), (o B)} Mmuo-
xecta E X E aBagerca rpadiuxoM moasoro mopsaxa Ha E.

2) Beaxasd wacTh BNOJHE YNOPAJOUCHHOTO MHOMECTBAa (B WacTHOCTH,
NyCTas 4acTh) BIOJHE YNOPANOYEHA MHIYUHMPOBAHHHM TOPALKOM.

3) °CymecTBoBaHUE COBEPIICHHO YNOPALOMEHHHX, HO HE BIOMHE YIIO-
PALOYEHHBIX MHOMECTB 9KBHBANEHTHO akcuome Gecxonennoctu (§ 4, n° 4,
caepcrBue 1 IIIPe,IUIO)KeHHﬂ 3 ¥ ynpaxuenue 3).

4) Ecau T'— nonunlii nopsanok Ha E, to nporuBonosoxumit x I' mops-
JOK TONbKO TOTAA ABAAETCH NMOJHBIM TMOpaAnxkoMm Ha E, xorma E — xoneunoe
MHOMeCTBO (§ 4, ynpaxHenue 3).,

5) Iycrb E —pnoane ynopsijouenHoe MHoMecTBo. MuomxecTso E,,
noayueHHoe npucoenuHenueM k E Hauboabnrero saemenra b (§ 1, n° 7),
BIIONHE YMOPAJIOHMEHHO, TaK KakK JJaf BCAKOTO HENYCTOro moAMHOmecTBa H
MHOXeCTBa Ey, HE cBOAALIErocs K 3AEMEHTY b, HAHMEHLIIHH SJIEMEHT MHO-
wectBa HNE saBasgerca Taxkme HauMeHbIUHM 3JeMEHTOM MHOXecTa H.

3amenanue. °Axcnoma GECKOHEUHOCTH NO3BOAAET JOKA3aTh CYIECTBO~
BaHue BIONHE YNOPSAAOYEHHBIX MHOMECTB, HE HMEIOMHX Hauboabliero sie-
MEHT3; TaKUM HBJjETCA, HanpuMep, MHOWECTBO N HaTypadbHHX HENbX
uHcen.,

OnpeaeneHue 2. ITycms E — ynopadowennoe mHoxcecmso. Yacme
S muoocecmsa E Haswsaemes ompeacon muoxcecmsa E, ecay coom-
Howerus x€S, YEE u y < x saexym yE€S.

OueBuaHo, BCAKoe mNepecedenne H BCAKOE OGbeluHeHHe OTPE3KOB
MHOXecTBa E Takme SBAAIOTCA OTPe3KaMu MHoXecTBa E; ecim S — otpe-
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30K MHOXeCTBa E, To BCAKmH OTPe30K MHOXECTBA S AB/JAETCA OTPE3KOM
u aas mMuoxecrsa E. Camo MHoxecTBO E u MycTO€ MHOXECTBO fABJIAIOTCS
OTpe3kaMH MuoxecTBa E.

TIPEANOKEHHE 1. BeAKuld ompe3ox 8noane Yynopsido4esnozo mHo-
ocecmsa E, omauunwii om E, aeasemcs unmepsason )<, a(, 20e
a €EE.

B camom n&ene, mycTb S-— oTpesok MHOxecTBa E, oTanunbi# ot E.
Mockoabky MHOXecTBO E— S He mycro, onO uMeeT HauMeHbIUHH 3ie-
MEHT @; B CHAY oNpelefeHus 2 COOTHOLIEHHE X > @ BAIEYET xéS, 6o
uHaye Mul uMeau Gbl @ €S, uto Hesepno. Takum o6pasoM, E —S ecrb
untepsan (a, —(, a S—uHTepBan )<, a (.

JLast BCAKOTO 9/J€MeHTa X COBepIIeHHO YNOPAAOYEHHOT0 MHOXecTBa E
0603nauuM uyepes S, OTPe3oK )<—, x [ u Ha30BeM £r0 OMPe3KOM
€ KOHUOM X.

3ameTdM, uTO echi E uMeeT HauMeHbIUw# 3neMeHT o, OTpe3ok S,
ABNgeTCA TaKKe MOJYOTKPHITHIM HHTepBaaoM (@, X (.

Iycts E — coBepliuento ynopsaodeHHoe MHOXecTso. O6beduHeHue A
orpeskoB S,,rae x npoGeraetr E, ectb E, ecan E He umeer Hau6oJb-
1Iero sneMeHTa; ecau ke E nMeeT HanGo/bmui snement b, 1o A =E—{b}.

[Tpeaa0KEHHE 2. Muoocecmeo E* ompe3rkos snosne ynopsaooten-
Ho20 MmHoxcecmsa E gnoane ynopsadoueno 8gxkAioHeHuem; omodpa-
gicerue X —>S, ecmb uU3OMOPpPHuUIM 8nOAHE YnOPAIOLEHHO20 MHOINCe-
cmsa E na mHoxMcecmgo ompesxos muoxcecmsa E, omausnox om E.

ficho, uto ecaim x €E n y €E, coornomenue x Ly Baever S, S,
a cooTHoleHne x <y Baeuer S, %= S,. Orobpaxenune x—>S, asasercs,
takuM 06pasoM, usoMopdusmMoM MuoxectBa E Ha muOxectBo S(E) oTpes-
KoB MHoxectBa E, oTamunbix ot E (§ 1, nmpunoxenue 13), u, caenosa-
teabHo, S(E) Bnoane ynopsgoueno. Kpome toro, E* usomopduo enoaxe
yHopsiOYeHHOMY MHOM(eCTBY, NoayyenHoMy u3 S (E) noGapieHueM Hau-
6oublllero 3jeMeHTa.

[reanoxEHUE 3. ITycme (X)), —cemedcmeo snoane ynopaooiex-

Holx MHOJCECmS8, mawxoe, wmo O0As KadxiOO0k naps undexcos (i, %)
0010 u3 Muoocecms X, X, ngagsemcs ompesxom Opyzozo. Toz0a
cywecmsyem 4 eOuHCMBeH ROPAOOK HA MHOKHCecmse E=U X,
el
undygupyouuii Ha Kaxcoom u3 mroxcecms X, OaHHbl nop;gaox.
Mwuoacecmso E, ynopaoosennoe amum nOPpAOKOM, 8nosxne ynopsa-
004eHHO. Bearuii ompe3ox mruoxcecmsa X, ABAAEMCS OMPEIKOM
muoncecmsa E. [Hana scakozo x€X, ompedox muoxcecmsa X,
C KOHUOM X pasen ompe3ky muoxcecmsa E ¢ ronyom x. Beaxui
ompe3ok mHoxwecmsa E aubo cosnadaem ¢ E, aubo ssanemcs
ompe3kom o00wnozo u3 X,.
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IMepBoe yTBepxacHue BbITEKAeT M3 CacAylolleH oOWieH J1eMMbl.

Jdemmna 1. ITycme (Xo), ca — cemeticmso YROPAOOUEHHBX MHO-

ocecms, hurompynoueeca 8npaso no omuouerhuro < (uHave rosops,
TAKOe CeMeHCTBO, YTO AMA BCAKOH Napbl uHIEKCOB (a, 8) cyuiecTsyer
uniexc 7, Takofl, uro X, <X, u Xy<X,). [Ipednoroxun, wmo 014
scarol napwe undexcos (a, B), maxod, umo X, =X nopadok, undy-
guposanuull Ha X, nopaoKkom, 300aHHNM Ha Xg. cosnadaem ¢ no-
paokom, 3adannum na X, ITpu smux ycaosusax cyuwecmsyem u
eduncmeen nopaodox Ha mHoxwcecmse E == UXa, uHOYyupyouul Ha
aCA
Kaxwcoon u3 muoxecmg X, Oanunil nopsaoox.

B camom mene, mycts G, —rpaduk nopsaxa, nasHoro xa X,. Eciu
G —rpaduk nopanka sa E, unayumpyloumero Ha kaxaoMm u3 X, NMOPALOK
rpaduka G,, To HeoOxomnmo G,<G mas Kawaoro a € A; TakuM 06pa3ow,

G coxepxuT obbenuHenue U G,. C npyroi cropoubl, naias BCSKOH
acA

napet (¥, y) 94eMeHTOB u3 E 1O nNpeiNo/0XeHHI0 CylLIeCTBYeT TaKoH

untekc a €A, uro x€X, u yE€X, ecmu (x, y)€G, 10 HeobXxOAUMO

(x, Y)EG,, ortkyna GcUGa. Takum o06pasoM, ecru KCKOMBHE TODS-
acA
ook Ha E cyuwectsyer, To aas ero rpaduka G nHeo6xoauMo G==U G,.
€A

OcraeTcs MoKasaTbh, YTO 3TO MHOXECTBO YLOB/IeTBopseT TPeGyeMuM yciio-
Busm. Tak kax Gy N (X, X X,) = G,, xoraa X, =X, 10 G N (X, X X,)==G,
ana Beskoro a € A. C apyro#f CTOpOHBI, M3 NPEANoNONKEHHH BHITEKAET,
YTO TPM INPOU3BOJLHBLIX S/eMeHTa X, Y, 2 MHOxecTBa E mnpunagiexar
K HekoropoMy X,. K3 3Toro cpasy xe sakmiouaeM, uto (x, y)E€G—
TpeOyeMOe cOOTHOlIeHne mNopsizka Ha E.

HokasaB neMMy, MNOKa¥eM, YTo Npu NPeINOJOXEHHAX MpenToXKe-
Hug 3 kaxaoe X, fBageTCs OTPeskoM MHOXecTBa E. B camom zene, ecau
x€X, YyEE u y<x, TO cylecTByeT HHIEKC ¥, TakoH, yTo X =X,
u YyE€X, Tak KaK N0 npeanooxeHnio X, ecTb OTPe30K MHoxecTsad X,
HMeeM y € X, OTKylda M ClefyeT Hallle yTBePXKIeHHe. AHAJOTMYHO® Pac-
CYy}AeHue N0KaskiBaeT, 4To MLIa Beakoro x € X, oTpedok Muoxectsa X,
€ KOHIOM x cOBNajgaeT ¢ uHTeppaioM )<—, x( B E. JokaxeMm naiee,
ut0 E Brnoane ynopsgoueno. Ecau H —Henycras vacTe MHOXecTBa E,
cyuwectyer uHaekc ¢ €1, takoit, yro HN X, & &; ecaun @ — HauMeHbLINH
91ement Mmuokectsa HNX, B X. To @ ABifieTcA TaKkxke HauMeHbIIUM
srementoM mMuoxectsa H B E; B camoM nene, ans Beskoro x € H gyuie-
cteyeT « €1, Tako#t, uro X <X, u x €X,; He MoxeT ObiTh x < @, TaK
Kak untTeppan }<—, al colepxurcs B X CleLOBATE]bHO, MOCKOJIbKY X,
COBepIIEHHO YNMOPALOYEHHO, X > Q.
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OcraeTc, HaKOuel, #OKa3aTh, 4YTO JIOGOH OTpe3ok MuoxecTsa E,
oTanuubii oT E, apagerca oTpeskoM 0aHOrO U3 X; 3TO ToTyac e BhiTe-
KaeT M3 NpelbIAYIIero, TaKk KAk TaKOH OTPe3oK HMeeT Bul ) <—, x(
(npesnoxenue 1), a x NpHHALIENKHT HeKOTOpomy X..

2. Hpunyun mpaHcHurumHol uHOYKYUY

Jdemma 2. ITycmv E —snoane ynopsaooweHnoe MHO¥*cecmso,
& — MHoMcecmso ompesxos muoxncecmsa E, o6radawwee credyro-
wumy ceolicmeanmu: 1° a060e 00BeduHerue ompe3nos, npurnadre-
gcamux x© S, maxoce npunadsexcum Kk S; 2° ecau S, €S, mo
S, U[x] €. Toz0a awbok ompesox mrnoxecmsa E npurnadaie-
acum & S.

B camoM gene, NMPEANONOXKHM, YTO HMEIOTCA OTPe3Ku MuOXecTBa E,
He npusaaiexaune Kk &, u NMycThb S -— HauMeHbLIHH W3 HuX (NPELIONKE-
uue 2). Ecim S ne uMeer HauGoublnero sneMenTa, S ecTh 00belunHeHue
OTPE3KOB MHOXeCTBZ S, OTJAHYHBIX OT S; 3TH OTPe3KH, o ONpPeAe/eHuI0
orpeska S, npuHagaexar k &, a torza S € & — nporupopeune. Ecan xe
S uMeer Hauboabluuii 3aemeHtT a, T0 S=3S,|) {a}; Tak kak S, —oTpe-
30K MHoXecTBa S, oTauuHbift or S, 10 S, € &; no Toraa u S € & — npo-
THBOPEYHE.

Hna Goabluero yno6CTBa Mbl NePEMECTHMCA B TEOPHIO, B KOTOpDoO#
E — MHOXeCTBO, 8noAxe ynopsaodo4eHH oe COOTHOLIEHHEM, 0003HaYEeHHBIM
yepe3 x < y. Toraa uMeoT MeCTO CAEAYIOLIHE KPHTCPHH:

C59 (npunuun TpaHchuHuTHOH nHAyKuun), I[Tycms Rix}— maroe
coomrouerue meopuu J (8 KOmOPOE x He ABALEMCA KOHCMAHMOL),
4mo coomuowenue

(x€E u (V)(WEE n y <x)=>Riy}))=>Rix}

asanemcs 8 meopuu J meopemotd. Ilpu smux ycrosusax coomuo-
wenue (x EE)=>R3ix} ssanemcs meopemoii meopuu J.

B camom pgene, nycts & -—MHOXECTBO OTPe3kOB S MHOxecTBa E,
Takux, 4To y €ES=Ri}y3}. Hcuwo, uro 1060e obbeluHeHHe OTPE3KOB,
npuHangexamux Kk &, npuHaanexut Kk ©. C apyro#f CTOPoHBI, ec/H
S,€&, To—no mnpennojoxeHuio kputepus — R} .x i TakuM oGpasowm,
COI'IACHO MeToAy pasgenexus cayyaeB, (VES,U{x})=>Riy} Toraa
(nemMa 2) E€ @, uto u loKasbiBaeT KpHTepuil.

B npumenenusx kpurepus C59 coorHolueHne
x€E n (VY)((WEE n y <x)=>Riyi)

HA3bIBAETCA OOBIYHO ,MPEANONONEHHEM HHIYKIHH®,
Ias Beskoro otobpawenns g oTpe3ka S MuoxecTBa E B MHOMecTBo F
M 47 BCIKOTO X €S uepes g¢*) Mu Gymem Huxe 0Go3Hauarb oToOpa-

2 § 2. BITOJIHE YIIOPSIAOYEHHBIE MHOXECTBA 175

wenue oTpeska S, = J<—, x( Muoxectsa E #a g(S,), cosnaaiouee
B S, ¢ g. B atux oGosnaueHusx:

C60 (ompeaeneHune oToGpaxeHHs TpaHCHUHUTHOH MuAyKuHeH). [Tycmob
u—6yxga, Tiui—mepnu meopuu J. Tozda cyuwecmsyiom mwo-
acecmgo U u omobpasxerue f mroxecmsa E na U, marue, umo
048 a106020 x€E

f)=T§f"s

Kpome mozo, amunu ycaosuanu smroxecmso U u omobpasxcenue f
onpedeseHs. 00HO3HALHO.

JokakeM cHayana eAMHCTBEeHHOCTb. [IpemmonoxuM, uto f' u U’
TaK¥e yILOBJIETBODPAIOT yCAOBHAM KpuTepHus. TlycTh & — MHOXECTBO TaKHX
oTpeskoB S MHoxectBa E, uro f u f’ copnajaior ma S. ficHo, uTO
moboe oO6beluHeHHe OTPE3KOB, NMpHHAANeKawnx k &, npunanexur xk &.
C apyro#i cropoHm, ecan S, €&, f u f' coBnazaT Ha S,, TaKuM
o6pasoM, f = f'%) u, cnenosaresbuo, f(x)=T3}fW3i=T}fPi=
= f/(x), otkyna S, U {x} € &. Us aroro sutekaet, uro E € & (1emma 2)
u, sHaunT, f=f n U =f (E)=f(E)=U.

O603HauuM Tenepb yepe3 &, MHONECTBO oTPe3koB S MHoxecTsa E,
LA KOTOPHIX CYUIeCTBYIOT MHoXecTBo Ug u OToGpaxeHue fg MHOXe-

crea S Ha Us, Takue, uto a4s Bcex X €95 fs(x)=T§f‘Sx>§. Has Bca-
koro SE€&, fo u Ug B cuay nepBo# YacTH 10Ka3aTenbCTBa oNpee/eHsl

onHO3HaYHO. B yacTHOCTH, ecau S’ W S — ;nBa Takux OTpPe3Ka, NpuHal-
aexauwux k &, yro S’'cS”, 10 fg — OToOpamenue MuOxecTBa S’

na fg, (§’), cosnazawimee Ha S’ ¢ fs. M3 3TOr0 3ameuanns BHTeKaeT,

yTo NI060e OODbeAuHEHHEe OTPEe3KoB, NpuHAiIekaUuX kK &), TaKkke INpu-
Hagnexutr Kk &; (ra. H, § 4, npeanoxenne 7). C apyroit CTOpOHH,
ecin S, €&,, onperenum Ha S=3S, U {x] ¢ynkumio f, nporsomxaio-

wmyio fg, moaoxus fo(x)=TE}fs i (ra. 1, § 4, npennonenue 8);
X X
TaK Kak f@ = f , neMeLnenHo noxydaem S, U {x} € &,. Takum o6pa-
X
soM (nemMa 2), E €&, ur0 3aKanumBaeT NOKa3aTebCTBO.

JlokasaHHBIA KpuTepHH daule Bcero OyAeT NPHMEHATHCA B CUTyalluy,
B KOTOPOH CyweCTByeT MHOXecTBO F, Takoe, 4TO 04f 8CAKOZO OMO-
Opasxcenusn h Hexomopoz0 ompesxa muoxecmsa E na nexomopoe
nodmuoxcecmso muoxcecmga F umeem T3h3€F. Toraa muonzcrso U,
NoayyenHoe npuMeHenneM kpurepus C60, Oyner uacmsio muoxectsa F.
B caMmoM nene, B mpeanaymux o6o3sauennsx NycTb &, — uacTb MHO-
wecrBa &,;, o6pa3osanHas OTpe3kaMu S MuoOkecTBa E, TakuMum, uTo0
UscF. Cpasy xe Buaxo, 4T0 a10060e oObeauHeHHe OTPe3KOB, NPHHANL-
aexamux k S, npuHaliexuT Kk S,; ¢ APYrod CTOPOHbI, NPEANOIONKEH-
HOe CBoHCTBo MHoWecTBa F Baeuet, uto ecan S, €&,, 1o u S, U {x} € Sy
TpuMeHeHNe JeMMbl 2 3aKaHyuBaeT AOKa3aTeabCTBO.
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3. Teopema Lepmeno
JMenma 3. [Tycms E — muoncecmso, @ — wacms muoxcecmsa P (E),
p— omobpaxcenune Muoxecmsa © & E, maxoe, umo 048 scaxozo

XES soinoangemcsa p(X)éX. Toz20a cyuiecmgyiom wacme M mno-

awecmea E u noansvd nopsdoxk I' wa M, maxue, umo (06Go3suavas
Yeped x < y cooTHomenne y €I'(x) B M u uepea S, orpesok )<, x():
1° 0zn scakozo x €M umeem S, €@ u p(S,)=x;

2° M¢ 2.

[ycts M — muoxectso uacteit G MHoxecrsa E X E, yAOBJIETBO=
PAIOLIMX CIeAYIOLHM YCJIOBUAM:

a) G —rpaduk noanoro mopsaka Ha pr,G=U;

6) ecau 06o3HauuTh Yepes x < y coorHomenue (x, Y)EG B U, 10 a11
Beakoro x €U orpesox S, Takos, 4to S, €& u p(§,)= x.

[Mokaxem, uro ecan G, G’ — zBa aneMenta w3 M, a U, U’ —ux
NepBHle NpoeKuun, T onHo U3 MHOMecTs U, U’ comepkurca B APyroM;
nokaxeM Jnanee, uyro ecau, Hampumep Uc U’, to G=G'NU X U)
(ApyTMMH CIOBaMH, COOTHolUeHue NMopsaaka Ha U HHAYUHPOBAHO COOTHO-
menneM nopsaka Ha U’) u U— ompesox Muomecrsa U’.

Ina ROKasaTelbCTBA PacCMOTpuM MHoxecTBo V Takux x €UNU/,
4T0 OTpesku ¢ KoHuoMm x, B U u U’ coBnajaT, a nopaaku, uHAy-
LUMPOBaHHBIE HAa 9TOM oTpedKe mnopsiikaMd B U u B U’, oxuHaKoBbl.
flcHo, s70 V—otpesok u B U, u B U’, a nopsaaxu, uniyuupOBaHHEIE
Ha V, onuHaKoBbl; Halle yTBepiaAeHue OyAeT AOKa3aHO, eCJum Mbl MOKa-
weM, uTo V=U wmu V=U’. Paccyxzas OT NpOTuBHOro, NpPEANOJO0-
wuM VU n VU’ Tlycts x— HAUMEHbINMA H3 3INTEMEHTOB MHO-
wectBa U—V B U, a x’ —HaumeHnbmnit u3 snementos U'— V s U’;
torla V=S, B U nu V=S, 8 U’. Ho u3 npeanonoxenu# crepyer
VES, x=p(@S,) u 2’ = p(S,), oTKyla x= x’; HO TOrZa MO oOmnpe-
AeneHuio x € V— npoTuBopeyue

K wmHoxecrsy npoekuu#s U=pr;G (m1a G €M) MmoxHO, Takum
00pa3oM, NpPUMEHUTh NpelaoNeHHe 3 ¥ MOJAYYHTb BIOJHE YHOPAAOYEHHOE
MHOXECTBO M = Uprl G. Jlerko BugeTb, 4To rpadmk nopsaka Ha M

: acm .
npunapnexut k M. Ecan 6bt 6b110 MES, nonokus a = p (M), Mul
noay4uau Obl aéM; TOrZa MOXHO Obl10 Obl, NoGaBuB K M 9jeMenT a

B KauecTBe Haubo/bllero 3JeMeHTa, NMOJAYYUTb BIOJHE YHOPALOYEHHOE
mMHOoxecTBO M’=My {a}. Tak xax M=S, B M’, 10 S,€S u
P (S,)=a; a Torna rpaduk nopsinka Ha M’ npunasaexur k W —nporuso-
peuue.
3aMeTHM, 4YTO ecau @é@ (i, B wacTHOCTH, ecan & NyCTOE), MHO-
wecTBO M, cymecrsoBanHe xoTOpOro yTBepimaeTca JdemMoil 3, mycroe,
q9TO BuAHO #3 n° 1° 3akaoueHHS JeMMBbL.
TeopeEMA 1 (UepMeno). Ha ecaxom muoxecmse E cyuecmsyem
noAxsllE nopaook.
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Mycts & =P (E) — {E} — mHoxecTBO yacTe#h Muoxecrsa E, oranu-
Hix ot E. [Jas moGoro XE€@& mnoroxum p(X)=r, (x€E —X).
Tak kak cooTaomeHue X €& Biaeuver (Jx)(xE€E —X), oHo no onpe-
nJenenuio Biaeder U p(X)EE—X (ra. I, § 4, n° 1), rakum o6pasom,

p(X)éX. MoxHO npuMexuTb JeMMy 3: Ha HeKOTOpOH uacTH M wmHo-

wecrBa E, rako#i, uTo Mé@, CyleCTBYET NOJMHbIA NOPALOK; HO eAHH~
CTBeHHasl 4acTb MHoxecTBa E, He npuuamnexamas k &, ects E, orkyaa
H cleayeT TeopeMa.

4. Huoyxmuenste MHOMcCECmEa

OnpegeaeHue 3. Ynopsadouennoe muoxcecmso E Ha3vsaemca
UHOYKMUBHUM, CAU BCAKAS €20 COBEPULEHHO YNOPAOOUEHHAST 4ACMY
umeem 8 E maxcopanmy.

Hpumepe. 1) Tlycts F —Takoe MHOMeECTBO uacteil MHOMecTBa A,
yNOpAIOUEHHOE BKJIIOUEHHEM, UTO AJf BCAKOH COBEpUIEHHO YNOPALOUEHHON
uactH @ mHomecTBa F obObenuHeHuHe MHOMeCTB H3 & mpuHamaemHT ¥ F;
TOFA2 § HHIYKTHBHO NO COOTHOIUEHHIO CI, TaK Kak oObeauHeHHe
MHOMECTB H3 @ saBaserca BepxHeit rpanbio MHoxectBa G B P (A).

2) BawHBIM NpHMEPOM HHAYKTHBHOTO IO OTHOIUEHHIO K C MHOXECTBa
qacTed ABASEeTCA MHOMeCTBO § rpaduxoB ortobpawmeHud wuacredf MHO-
wecTtBa A B MHOWKecTBO B; B camom jene, & aBasdeTCA MACTHIO MHOKECTBA
W (A X B), a yrBepmaeHue ,4acTe & MHOMECTBAa F COBEPIUEHHO YNOPALO-
UeHa BKJAIOYEHHEM® O3Hauaer, 4TO afd moOuX 1ByX rpadHKoB oTOGpame-
nuii u3 @& onHo u3 sTux orobpamenudl npopoaxaer JApyroe. M3 srtoro
HeMELJeHHO BHIT€KaeT, 4uTO OObeliHeHHe MHOWecTB #3 G saABaserca
anemeHTOM MHOMectBa ¥ (ra. II, § 4, n° 6, npennoxenue 7). MoxHo,
CJAelOBaTeNbHO, TaKKE CKasaTh, 4TO MuOmecTBOo @ (A, B) orobpamenuii
TIOAMHOXECTB MHOMecTBa A B B MHIYKTHBHO NO COOTHONIEHHIO MOpAAKA
»U TIPOJIOJIKAET 4* MeXIy 4 ¥ .

)° M3 akcuHOMbl GeCKOHEMHOCTH BHITEKAET, YTO BIOJHE YNOPAIOUEH-
HOE MHOKECTBO HaTypaJbHHX HEAHX HHCed He SBASETCH HHAYKTHBHHIM
MO COOTHOIIEHHIO <.,

TeorEMA 21). Bcarxoe undykmugrnoe ynopaoodernuoe MHO*CECMBO
umeem MAKCUMAALHOLE IAeMmeHm.
DTa TeopeMa MABJAETCA YACTHHIM CAydYaeM CJAEAYIOLIET0 pesy/bTaTa:

Iprennoxenue 4. [Tycms E — ynopadonennoe mnoxecmso, scaKoe
8noane ynopsooOdeHHOe NOOMHOINCECMBO KOMOPO2O O02PAHUHEHO
ceepxy, moezda B umeem marncumasronsii 3semenm.

ByneM rosoputb, 4To aieMeHT v € E apaseTca cmpoz20d maxcopan-
moi yactu X MHoxecTBa E, ecium ¥ —Maxopasta MHoXecTBa X M

v éX. [ycts @& — MHOXeCTBO yacTe#t MHOXecTBa E, HMEIOLHX CTPOryIO

MaX(OpPaHTy; NOJOMHM 245 Besikoro S € & p (S) ==r,, (v — cTporas Maxo-
paHta mHoxectBa S); Torza p(S)— cTporas MaxopaHTa MuOXecTBa S.
Ilpumenss k¥ @ u p aemMy 3, BuAHM, YTO CYIIeCTByeT 4Hacth M

1y Haswsaemasn taxkie meopexmoii Liopna (cM. Pes., § 6, n° 10). — I7pun. peo.

12 H. Byp6aku
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MHOxecTBa E M nonuui#i nopsinok I' ua M, yuoBieTBopsioiHe yCJIOBUSAM
JeMMEl; B 4acTHOCTH, M He wuMeer cTporo#f Mmaxopaurs B E. Kpowme
Toro, nopsanok I' coBmazaer ¢ mopsaAKOM, HHAYUHPOBAaHHEIM Ha M no-
paakoM MHoxectBa E. B camoM nere, B M coortnomenne «y €I'(x)
W X = y» 9KBHBAJIEHTHO X €Sy, a Tak Kak p(S,) ==y ABIAETCH Mawo-

paurtofi MuOxecTBa S, (OTHOCHTe/abHO nopanka B E), OHO, 3TO €OOTHO-

meune, BiaedeT x <y B E. Ho 370 o03HauyaeT, uTO HMHBEKUMHA MHO-
xectBa M B E saBaserca crTporo BospacTalowmM orToOpaxenueM (Koria
M wuaneneno nopsaxom I'), a Tak Kak M — coBepIUEHHO YNOPANOUEHHOE
MHOXeCTBO, 3ak/iouaeM, 4T0 B M cootHowenns yEI'(x) n x Ly
skBuBajseHTHB (§ 1, npennoxenue 13). Temepp Kk M MOXHO NPHMEHHTb
yC/I0BHe HpPeITI0KEHHs: CYLIECTBYST SMeMEHT #1, SABJAIIMHKCA MaxOpaH-
Toi Muoxmectea M B E. Tak kak M He uMeeT CTpOro#i MaxOpaWThl,
m HeoGXOINMO SABAAETCH MAKCHMaabHBIM 3jaeMeHTOM B E.

Cnexcreue 1. ITycms E — undykmusnoe ynopaoouennoe Muc-
scecmeo, a— 3aemenm muoxcecmsea E. Cywecmsyem macumasbrol il
aaemenm m Muoxwecmsa E, marxoil, umo m > a.

B camoM nene, u3 omnpeledeHus 3 BbITeKael, YTO MHOxecTBO F
9JIeMeHTOB X > @ MHOxecTBa E MHAYKTHBHOE, a MaKCUMaJbHBIA 3TEMEHT
MHOXecTBa F aBageTca TakKe MakcUMajabHbIM U B E.

Caencteue 2. ITycms § — muoocecmso wacmeil mnoxcecmsa E,
marxoe, umo 0sa scaxoi swacmu ® muonmcecmsa F, cosepuienno
ynopaodouennol sraionernuesm, 00sedurnernue (COOTBeTCTBEHHO nepece-
wenue) muoncecms u3 ® npunadaercum §F; mozda F umeem marcu-
ManbHbill (COOTBETCTBEHHO MUHUMAAGHUE) 348 MEHM.

5. Haomopgu3mor 8nosrne ynopsooueHHoLX MHOMHCECME

TeorEMA 3. ITycms E u F —0sa gnoane ynopsaoouennvx mHo-
ocecmsa; no Kpalineli mepe 00HO U3 caedywujux 08yX BHCKA3BBA-
Hull uCMUuHHO:

1) cywecmeyem u eduncmsen u3omopgusm muosxcecmsa E na
Hekomopuii ompe3ox mHoxcecmsa F;

2) cyujecmsyem u eduncmsen u3omopgusm muodcecmsa F na
Hexomopuli ompe3ok muoxecmsa E.

Mycts & — MHOMKECTBO Takux o0TOOpaxeHu#f uacTe#t MuoxecTsa E
B F, kamzoe M3 KOTOpBIX ONpejne/eHO HA HEKOTOPOM OTpe3Ke MHO-
wectBa E U saBasercs u30MOpQH3MOM ITOro OTpe3Ka Ha HEeKOTODPbIR
oTpe3ok MHomecTBa F. Muoxecrso ¥, yNopsloYeHHOE COOTHOIIEHHEM
,U TMPOLOMKAET #4“ MeWIy 4 W U, ABIAETCA unOyKmugusim. B caMoM
aene, mnycth @ — coBepumenno ymopsamoueHHas YaCTb MHOXeCTBA
o6beannenne S obaacreli onpenenenns oToGpawenuit €@ apaserca
oObelMHEHHEM OTPEe3KOB MHOXecTBA E H, Clel0BaTeIbHO, HEKOTOPHIM
OTPe3KOM MHOXecTBa E; ecaM ©u— Bepxusaa rpaub MuoxectBa ©
B @ (E, F) (n°4, npumep 2), to v(S) aBaserca obbennHenneM obacreit
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sHayeHus orobpaxennii ¥ €@ M, 3HAUNT, HEKOTOPLIM OTPE3KOM MHO-
wectBa F; HakoHell, A8 BCAKOH Mapbl 3J1EMEHTOB X, ) MHOxecTsa S,
TaKuxX, 410 X <y, cymectsyer oroGpaxewne #€®, obnacts onpe-
ZeJeHns KOTOpPOro cogepxuT # x H y (nockoabky @ cosepmenno
ynopsiaouento), u Tak Kak U (x) =u(x) u(y)=v(y), v saBrsercs
u3oMoppuaMoM OTpeaka S Ha OTpe3oK U(S), 4YTO M IOKa3HIBAeT Haule
yrBepxcaenue. [IycTb TOrAa &, ABAAETCA MAKCHMATbHBLIM 3JEMEHTOM MHO-
wectBa § (TeopeMa 2) M MycTb Sy -—— OTPe30K MHOxecTBa E, spasiomuiics
061acTbI0 OnpeleleHus O0TOOpaxeHns uy. EcIM Mbl NMOKaweM, 4TO au60
So=E, mbo uy(Sp)=F, cymecTtBoBaHHe OLHOrO H3 H3OMOPPUIMOB,
yKasaHHEX B (OpPMyIHpOBKe TeopeMbl, OyaeT A0kasawo. Paccymaas or
NPOTHBHOTO, NPELNOIOKUM, 4TO Sy E u #,(Sp) # F; Toraa cywecrsyior
anement a €E u saemenr b €F, makue, uto Sy=)<, a(, #4,(Sp) =
=)<, b( (upennoxewne 1); NPOAOMKMM &y A0 OTOOpaeHus u,
oTpeska J<—, @) B F, noroxus u,(a)=>0; Tak Kak &, sBIieTCA H30-
MOpdU3MOM OTpe3Ka }<—, @ ) Ha OTPe30K )<—, b}, MOJAYuHM NpPOTHBO-
peuHe C NpPEANIOTOKEHHEM, YTO 4(—— MAKCHMAIbHEIA 971eMEHT B ¥.

VTBepxIeHust eIUHCTBEHHOCTH TeOpeMbl 3 BHITEKAKT H3 clenylole#
JIeMMbI:

Jdenma 4. Hycms E, F—O0sa snoane ynopsaoowennsix MHO-
oecmea, f u g — 08a so3pacmaomux omob paxcenus muoxecmsa B
8 F, maxue, umo f(E) ssasemca ompesxom muuoxecmsa F, a
g Asasemcs cmpozo so3pacmaouwum; mo20a f(x)<L g(x) 04
anb6oz20 x €E.

Paccymaas OT NPOTHBHOrO, INPEANOJOMKHM, YTO MHOXECTBO TAKHX
y €E, 113 kotopuix f (¥) > g (y), He nycro. Toria 310 MHOXECTBO MMeeT
HanMeubluh saemMent a. Ias x < @ uMeeM, N0 ONpele/IeHHIO TEMEHTA 4,
f)Lgx)< g@) < f(a), mak kak g — cTporo Bospacraiouee. [lo-
ckoabky f (E) siBaseTcs oTpeskoM MHOxecTBa F, cywectsyer z € E, Takoe,
yt0 g (a) = f (2); Tak Kak f — Bo3pacrauiee, cooTHomenue f (2) < f(a)
Baever z < a, otkysa f(z)<< g(2)< g(a)= f(z)— nporuBopeumne.

Caeactsue 1. EOuUHCMBEHHBM 130MOPPUIMOM BROAHE YNOPAOO-
yennozo Mmroxcecmsa E Ha Hexomopwii ompesox mrodxecmsa E
asanemcs moxcoecmsennoe omol pasxcenue mHoxcecmsa E na cebg.

Ioctarouno, B caMoM gefe, moaoxuth F=DE B Teopeme 3.

Caeactsue 2. ITycms E u F — 0s8a snoane ynopaoowennsx MHO-
ocecmsa; ecau cyujecmsyem uzomopgusn f muoxcecmsa E Ha He-
komopuii ompesox T muoxcecmsa ¥ u usomopdpusm g MmHoNMe-
cmsa F na nexomopunii ompesaox S mnoxcecmsa E, mo nenpemenno
S=E, T=F « f u g— o6pamnse 00xo 045 0pyz020 omobpa-
HCEHUR.

B camom 1gene,” gof — uzomopdpusm Muomectsa E Ha oTpesok
g(T)cS muomectsa E; B cuay caenctsus 1 neobxogumo g(T)=S=E
H go f—ToxaecTBeHHoe oToOpaxenne MHoxecTBa E; aHasoruuHo

12*
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YCMATPHBAEM, YTO f o g — TOXIECTBEHHOE OTOOpaxKeHHe MHOxecTBa F,
YTO U [JOKAa3HIBAET CAeACTBHE.

CiEACTBUME 3. Bcsaxoe noOmuovcecmso A 8noane Yynopsoowennozo
MHoxcecmsa E uzomopdro nexomopomy ompesxy muoxcecmsa E.

B cuay rteopembl 3 10CTaTOuHO HOKa3aTh, YTO He CyWECTBYyeT H30-
MopdusMa g wmHomecTBa E Ha kako#-umbymb OTpe3OK MHOMeCTBa A
BHIA S,; HO g Obl10 Obl TOrZa CTPOro BO3PACTAKILMM OTOOpaeHUEM
muoxecTBa E B E, Takum, uto g(a) € S,, uan, unave rosops, g(a) < a;
O/IHAKO 9TO HEPaBEHCTBO NPOTHBOPEYHT JeMMe 4.

6. Jlexcuxozpagdiuueckue npoussederus

[Tycts (EL)‘EI—CeMeﬂCTBO YHOPALOYEHHBIX MHOXECTB, MHOXECTBO
HHAEKCOB | KOTOPOro 8n0.ne ynopaootenso. PaccMOTPUM MHOXECTBO-
NpOoHU3LeaeHHe E=II,El M COOTHOLIEHHE

el
»XCE n yEE u a7 wanMeuniuero uuzexca t€1, Takoro, uto

pr:x#:prv.y' prl.x<prly“'

Kotropoe Mbl oGosuaunM Rix, yi Cpasy xe BumHo, uto Rix, x3
skuBaneHTHo X €E, uro Rix, y§ Brever (Rix, x} u Riy, y3)
u uto (Rix, y: u Ry, x}) Brever x=y. Kpome Ttoro, nposepsercs,
uto (Rix, y§ u Riy, 2}) Brever Rix, 2z} (MocTaToyno paccMoTpeThb
HaMMeHbINH# MHICKC €I, L1 KOTOPOro IBa M3 TpPeX SMEMeHTOB pr, X,
pr,y. pr 2 He paBubl); TakuM 00pasoM, cooTHowenue R x, y§ asasgercs
COOMHOWeREM nOPAOKG HAQ MHOYNCecmBe-npoussedenuu E. Dro
COOTHOIUEHHE M NMOPANOK, UM ONpeleNeHHbI], HABHLIBAIOTCA COOMHOWEHUEM
LEKCUKOZPAPULECKO20 NOPAOKA W LEKCUKOZPagiutecKum nopaoKon
Ha E (monyvenHbiMM M3 NaHHBIX MOPAIKOB Ha | u Ha MHoxectsax E);
MHOXeCTBO E, yNOpAIOYEHHOE STHM COOTHOMICHHEM, HA3LIBACTCH JeKCH~
Kozpaguieckum npousgedenues ceMeHCTBA YIOPALOYEHHBIX MHOKECTB
(EL)tEI' Koraa Bce muoxectBa E — cosepuenno ynopsadouwennse, ux

JeKCHKOrpapuueckoe NMPOU3BeldeHHE TaKkKe COBePULeHHO YnOpAoo4eHo.
Ynpaxncrenusn

91 1) Mokasars, uro B mmomectse NOPSAKOB Ha MHOwecTBe E MuHu-
MaapHLIMU (0 cOoTHOmeHulo ,I' xpymHee uem I'¢ wmeway T u IY)
SNIEMEHTAM} HBJAIOTCH COBEpIICHHBIE NOpAfkM Ha E v uto mas mo6oro
nopanxa I' Ha E rpadux mopsaka T ecTb NepeceueHne rpadpukos copep-
MeHHBIX TOPHAKOB, O0fee KpYNHuIX, uwem I (mpuMenuts TEOpemy S)
Busectn u3 3TOrO, 4YTO BCAKOE COBEPIICHHO YnopAROUYCHHOE MHOXECTBO
U30MOPGHO HEKOTOPOMY MOLMHOMKECTBY HEKOTOPOrQ NPOM3BELEHUA COBEp-
IEHHO YMOPAIOYEHHBIX MHOMXECTB.

2) MNycts E — ynopanouennoe MHOMECTBO, B — MHOKECTBO uyacTelt
MHOXecTBa E, prioae ynopanoueHHbIX MHAYHMPOBAHHEIM TMOPAAKOM. [ToKa-
3aTh, 410 B B cootHOmeHue ,X ecTh OTPE30K MHOMECTBA Y* gBafeTcs
COOTHOmEHNEM mopAaxa Meway X U Y M UTO MO STOMY COOTHOIMIEHHIO
B aBageTca WHAYKTMBHHIM. BhiBecTu u3 storo, uTO CYIIECTBYIOT BIIOAHE
YnopspOUeHHble 9acTH MHOXeCTBa E, He umelomue B E crporux MaxopaHr.

¥Ynp.
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3) Mycrb E — ynopanouerHoe MHOMeCTBO. FIOKa3aTh, 4TO CYMECTBYIOT
1Be Hemepecekaiouiecs dactd A, B mHOxecTBa E, o6bennnentie KOTopex
ecTb E M Takue, uT0 A BHOAHe YNOPALOUeHHO, a B ne umeeT HavmeHb-
mero aneMeHTa (B34Th, HAMPUMED, 3a B o6benyHedye uactedt MHOxecTsa E,
He HMEOMMX HalMeHbIIEro 3A€MeHTa); °1aTb TNpHUMEp CYIeCTBOBAHUSA
HECKOAbKUX pasnoieHunii mHoxecTBa E ¢ Temu ke cpoitcTBami.,

M 4) Vnopsnouennoe muomectso F HasbiBaeTcs #acmu4HO 8noAHe
ynOpAGO4eHHbLM, €CAM BCAKAA COBEPHIEHHO YNOPAAOUCHHAS YACThb MHO-
wectea F Bnoawe ynopamnouenna. IToxasaTb, 4TO BO BCAKOM YNOp#AAOyeH-
HOM MHOWecTBe E CyiIecTByeT 4acTHyHO BIOJHE YNOpAAOueHHad wacThb F,
koHduHaabias ¢ E. (PaccMOoTperb Ha MHOXeECTBE §F UYACTHUHO BHOAHE
ynopamQueHHHIX uacred MmHOxecrsa E coorHOmenve mopsaxka ,XC Y u
Hukako#t aaeMeHT MHOMKecTBA Y — X He MAXOPHUPYETCH HUKAKIM 3NEMEHTOM
mHOkecTBa X* Mexay X M Y, 1mokasaTb, 4TO ¥ HMHAYKTHBHO N0 3TOMY
COOTHOMIEHHIO.)

5) Hycts, E — ynopsnoueHHOe MHOXECTBO, ¥ — MHOKECTBO TaKHX
yacreit X MmHOxecTBa E, urO0 ABa JI00bIX PA3AMuHBIX 3JAEMEHTa MHONKe-
ctBa X He cpaBHumbl. ITycTs & ymopajoueHO COOTHOLIEHNEM, ONpeneneH-
Hbim B yop. 5 § 1. TToxasats, ut0 ecan E yHayxkTuBHOE, TO J uMEET Hau-
6OJbIINI 9JEMEHT.

9 6) Mycts E — ynopsagouenHoe MHOKECTBO, f — OTOOpaXeHHE MHO-
xecrea E B E, takoe, ut0 f (x) > x Ang Bcakoro x€E.

a) IMycts @ — mHoMmecTBO uacTelt M mHOMecTBa E, ofaapanomux
caenyiomumy cBoHcTBamu: 1° cooTHOmeHue x € M Baevet f (x) € M; 2° ecan
wenycras uyactp H MmHOMectBa M umeeT B E BepxHioio rpanp, TO 3Ta
rpaibp npuHannewut k M. Jlna Beakoro saemeHra € E mokasarh, 4To
nepeceuenne C, mHOkectB u3 @, comepxamux a, mpunamaexur k G;
xpome Toro, C, BnoaHe ymopanoueHo, U ecay, C, umeer B E Bepxuion
rpaub b, 10 b€ C, M f (b) = b; C, HaswiBaeTCA Uensvlo daemeHTa a (OTHO-
cuteabHo ¢yHxknuu f). (Paccmorpers mHOécecTBO M, cocroquiee k3 my-
cToro MHOMecTsa M dacret X MmHOkectsBa E, comepxamux a, HMeOmHUX

B E Bepxuiolo rpaHb m, ¥ Takux, 4ro an6o méx, an6o f (m) > m;
npumeHuTh X W cOOTBETCTBYIOmMM 06pasoM aemmy 3.) 3atem, paccyxknas
OT NPOTMBHOIO ¥ MCNOAb3Ys TOT ¢axt, 4T0 C, BrOAHE YNOPALOYEHO,
10kasaTh, yT0 C, copepiurca B mobom M € G.

6) BoiBecty u3 a), 4TO ecau E nHAYKTMBHO, TO CYIECTBYeT JEMEHT
b€ E, taxoii, ur0 f (6) =0b.

1 7) Nycts E — ynopanouentoe muOmecTso, F — MHOMECTBO 3aMbi-
xanuit (§ 1, ynp. 13) B E. Vnopamounm F, moaoxus u<v, ecau
u(x) < v(x) nas Beex x € E; F MmeeT HaumeHbIINH 3J/IEMEHT e — TOMXAE-
cTBeHHOoe OTOGpamenue mHOxectsa E B E.

a) Moxasatk, yTo &4 < v B F TOr1a M TOABKO TOTHA, KorAa 1 (v) (),
rae I (#) (coorsercTBeHHO I(v)) 0603HayaeT MHOKECTBO 3J4E€MEHTOB MHO-
#ecTBa E, VHBApHAHTHHIX OTHOCHTENbHO & (COOTBETCTBEHHO V).

6) MokasaTh, uyTo ecau M06bie aBA adeMeHTa MHOMecTBa E umeioT
B E Hmkmiolo rpaHb, TO mo6pie 1Ba saemeHTa MHomecrBa F umeior B F
HM#HI0I0 rpaHb. Ecau E —moanas cerb (§ 1, ymp. 11), 10 u F Takoso.

B) MMokasath, 410 ecnm E uHIyXTMBHOE (O COOTHOMEHHIO <), TO
a06eE 1Ba adeMeHTAa &, v MHOMecTBa F umeioT B F Bepxmioio rpams
(MOKa3dTh, 4TO €CAH NOAOKHUTD f (X) = v (& (X)) 1 0603HauuTb Yepes @ (X}
Han6oAbLIM SAEMEHT LENM 3AEMEHTa X OTHocHTeabHO dyHxnun f (ymp. 6),
TO w — 3amblKaHue, ABadloilleecd BepxHed rpaHpio oToGpaseHudt # u v).

8) Urobbl opmuHanbHas cyMMa ZEt (§ 1, ynp. 3) Onina BnoJaue

el
ynopagouesHoi, neobxomumo u A0CTaTOUHO, uTO6H I M Kammpoe E, Gpurd
BIIOJHE YNOPAIOYEHHBIM Y.
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9) Iycrb 1 — ynopsinoueHHOe MHOXMeECTBO, (E), ¢ | — cemeiicTBO ymo-

PANOUECHHBIX MHOXECTB, KAMA0E H3 KOTODHX DABHO ONHOMY H TOMY ke
ynopanoueHHoMy mHoxcecTBy E. IlokasaTeh, 4TO OpAuHaapHas cymma Z‘, E,
el
(§ 1, ynp. 3) m3omopdpHa nexcuxorpapuIecKOMy NPON3BEIEHNIO ceMelicTBa
F*)xg {a, 8}’ rie MHOXeCTBO {a, B} M3 ABYX pasaAvUHBIX 3NEMEHTOB BIIOJHE

,XnOpMoquo COOTHOmeHneM ¢ rpaduxom f{(o, o), (% 8), (B, 8)} u F, =1,
g = E; 9T0 mnpousBelieHHe HA3IBACTCA NeKCUKOZPAPULECKUM NPOU3Isede-
Hiem MHOdcecmsa E Ha muOmcecmso 1 n o6osHauaercs E . 11).

91 °10) Mycrb 1 — BROAKE ynopsagoueHnoe MHOKeCTBO, (E), o — ceneii-
CTBO YNOPAJOUEHHBIX MHONKECTB, KAXKNOE M3 KOTOPHIX CONEPKUT MO Kpaii-
Helt Mepe 1BA PA3MMUHBIX CPABHUMEBIX 3aeMeHTa. UYTo6nl aexcuxorpadu-
ueckOe NMpOHM3BENeHHe MHOWeCTB E, 6bli0 Broade ynopamoueHHsIM, HeoG-
XOJMMO 1 JOCTAaTOUHO, 4TOOH Kanoe E, 6b10 BHOJHE YNOpSAAOUEHHBIM
1 9T06b 1 610 KOHeuHbiM (ecan | GeckOHEUHO, ONpEENUTb B JeKCHKO-
rpaduieckOM nNpousBeleHnH MHOmects E, cTporo y6uiBaomyio GeckoHeu-
H/10 MOCAEN0BATEALHOCTD)., .

M 1) HOycrs I — coBepmeHHO yNOpANOUEHHOE MHONKECTBO HHAEKCOB,
(EL)lE { — CeMelCTBO YyNnopAnOuYeHHBX MHOKECTB ¢ MHOXKECTBOM HHIEKCOB I,

Onpeneanm Ha E = [ E. caenyiomee coorsomenne R x, y3 ,mH0kecTB0
t€l

MHAEKCOB t € I, Takux, 4TO pr, x 5= pr, y, BNOAHE YNopsaOueHo, W XAf Hau-
MEHDBIIErO 3JEMEHTd 3TOr0 MHOXECTBa pr, x < pr,y“. [lokasarb, uTo
Réx, y% ecTb cOOTHOmEHMEe mOpsAnKa Mekay x u y B E. Ecau mHOme-
ctBa E, coBepmeHHO ynopanOuyeHsl, NOKa3aTh, YTO CBA3HBIC KOMIOHEHTH
MHOXecTBa E OTHOCHTEABHO COOTHOmIEHNHA ,x M y CpaBHuMbl® (ra. II, § 6,
ynp. 10) Taxke SBJAOTCA COBEPIIEHHO YNOPANOYEHHBIMY MHOMECTBAMH.
[Ipeqnonoxum, uro xaxnoe E, umeer He MeHblle ABYX 3/AeMEHTOB; Aas
T0r0 4TO6b E 6HIIO COBEPImIEHHO YNOpAAOuYEHHbIM, HeOGXOAMMO M 1OCTA-
TOUHO, 4TO0B I 6blI0 BNIONHE YNOPANOUEHHBIM 1 YTO6H MHOXecTBa E, 6ulau
COBEPIICHHO YNOpAAOYEHHbIMU (MCNOAB30BATL YOp. 3); B 3TOM Ciydae E
ABAAETCA JNEKCHKOTpaduUeCKHM TpOu3BeneHreM MHOKECTB E,.

12) a) Iycrs Is(I, T) ects cootHOmenue ,I' ecth mnopamok (Ha E)
u I ectb mopamox (Ha E’), ¥ cymecTByer usoMopdusMm MHOMecTBa E,
ynOp%I}?‘lGHHOFO nopaakom I, Ha wmHOxecTBO E’, ynopapoueHHOe nopsa-
KOM .

IMoxasarp, 410 cootHomeHue Is (T, I'’) ecTb COOTHOmIEHYE 3KBUBAJAEHT~
HOCTH BO BCAKOM MHOXECTBE, 3/€MEHTH KOTOPOrO ABASIOTCH NOPAIKaMu 2),
Tepm =, (Is (T, A)) ectb NOPANOK, HasbiBAEMbllt nOPLOKOSHM MUNOM TIO-

panka T y o6osHawaembrit Ord (T) uay, 1omyckast BOJABHOCTb 0603HAUEHMIH,
Ord (E). Oas TOro yro6bl 1BA YNOPANOYEHHBIX MHOXKECTBA ObLAM H30-

1y B mopauunuke E.l — Tpum. ped.

%) 3ro HepepHo. [leficTBuTEabHO, cOraacHO ompeaeneHuam ra. II, § 6, n° 1,
ecal Is (T, I'’) ecTb COOTHOmMIEHWE SKBHBAJNCHTHOCTH B MHOWecTBe M, TO cmpa-
BefBO cooTHomeHue Is(T, T)=>T €M u, caenoBareabHo, M ecTb MHOXECTBO
BCeX NOpsakoB. ONHAKO TaKOrO MHOWECTBA He CYINECTBYET; B MPOTHBHOM Cayuae
MHOXECTBO 06beKTOB Buma pro I anga T €M 6b10 66 MHOXKECTBOM BCEX MHO-
wects (eu. ra. 11, § 1, n° 7, 3ameuanue). Ppasy, k KoTopoil Aenaercsa HacToALIEe
npuMeYaHyue, MOXKHO MCIIPABHTh, HANPuUMEp, 3aMeHUB ee Ha caepyowyio: ,I[loka-
3ath, 4T0 cOOTHOmeHue (Is(T, IV) u T€M u I'V € M) ssasgerca COOTHOWEHYEM
3KBUBANEHTHOCTH BO BCAKOM MHOMecTBE M, saemeHTaMu KOTOPOIO cAyxar Imo-
panskn“. — IMpun. peo.
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MOpOHBL, HEOGXOAMMO M AOCTATOYHO, YTOOH MX TNOPANKOBBE THb GblAK

paBHBL.
6) Mycts R$A, 3 ectb COOTHOmIEHWE ,A €CThb MOPANKOBHI THI M 1

€CTb l'lOpﬂIlKOBblﬁ THN U CYIUECTBYET HSOMOpd)I/ISM MHOXECTBa, ynopauo-
YEHHOrQ nopfAnKOBBIM THUIIOM A, Ha HEKOTOPOe MNOAMHOMKECTBO MHOXKECTBa,

yTIOpANOYEHHOrO NMOPSAKOBLIM THIOM °. ‘
IMokasaTb, 4T0 R$A, (+3 ecTb COOTHOIIEHME TIPEANOPAAKA MeXIy A U {4

o6osHaunm ero A < p. )
B) Iycts I— ymopaaoueHHOE MHOXKECTBO, ()‘L)tE 1 — ceMeicTBO mopax-

KOBBIX THIIOB C MHOXeCTBOM uhaexcos l. Hasosem 0pdunasbvnoi cymMmoil
nopaakoBbX THNoB A (1€ 1) u 060sHawuM ) A, MOPAKOBHA THN OpaH-
t€l
HaapHO# cymmbl (§ 1, ynp. 3) cemedcTBA MHOXECTB, YNOPSAIOUCHHBIX MO-
pankopbimi Tunmamu A. Ecan (E),. [ — ceMeHCTBO yNOPANOUCHHBIX MHO-
- N\
MECTB, TO NOPAIKOBBIA TuUN MHOXECTBA }:1 E, ecTb z Ord (E,)). Ecan
: el el
1 —opauHanpbHas cyMMa CeMEHCTBa MHOXECTB (Jx)xEK’ NOKa3aTh, 4TO
\l Al ]
3 (B= 3
xeK »EJ’t el
r) UIycre I — Bnoase ynopamoueHHOE MHOMECTBO HHAEKCOB; Ha30BEM
OpounasbHbLM npoussedenues cemeicTa (L), ¢ | NOPAAKOBbIX THIOB 1 06O~

3HAYUM P A, NOPAAKOBbHI THN AeKCHKOrpaduyeckOro NpousseieHus cemet-
el

CTBA MHONECTB, YNOPALOYEHHBIX NOPAAKOBBIMU Tumamu A. Ecau Eder1—

ceMeHCTBO yNOpANOYeHHbIX MHOXKECTB, TO MOPSAKOBLIH TNl J€KCHKOrpadu-

4eCcKOr0 Mpou3BeleHus 3TOro cemeilcTa ecTb B Ord (E). Ecan I ectp

t

OpAMHAAbHAA CyMMa ceMeilCTBa BIOJHE YNOPALOUEHHBIX MHOKECTB (J%)xEK*
‘,

rze K BnoaHe yIOpanoueHO, TOKa3arb, 4TO P P A, =P A.
»€K vel, el

n) O6osHaunM A-f-p (COOTBETCTBEHHO pA!)) OpAMHANBHYIO CyMMY

(COOTBETCTBEHHO OpAMHAZbHOE TNpOM3BeneHue) cemedcrBa  (8),¢ ) TAC

J = {o, B} — MHOXECTBO M3 IABYX Ppa3AHyHBIX 3JAEMEHTOB, YIOPAIOYEHHOE

cooTHomenneM ¢ rpaduxoM {(z, @), (¢, B), (8, B)}, u rne &, =A §=p

[oxasats, 4t0 ecau 1-— BnoaHe ynopagoueHHOe MHOMECTBO NOPALKOBOrO

TMna A, a (™).t — CeMelicTBO NMOPANKOBHIX THNOB, TAaKHX, YTO W, = |+ AAf

moboro t€1, 10 ¥ p,=ph Hmeem (A+p)fv=A4(x4v), A)v=

el
=A() u A@-+v)=M-~Av (u0, BOOGme roBOps, A-p~p-FA,
A == ph, (A=) v 55 Ay - ).

e) Iycts ()‘l)aE 84 (”‘)té [ — ABa ceMeHCTBa MOPAAKOBLIX THIIOB € OJHUM

W TEM K€ YNOpSAOUEHHBIM MHOXECTBOM uHpekcos l. ITokasaTh, uTO ecau

A <y, s Beskoro L€l 10 DA < D, u (ecan | roaxe ynopano-
el t€e1

2IEHHO) I)I A, <R 2. Ecam J—mnogmuoxectBo mHoxecTBa [, mokasato,
13 e

) Bmecto ph Gyser rtakke ynorpebasgTbes 3amuch p-A (BO (paHLy3CKOM

opurnHaze p . A; Cp. MOACTPOUHOe mnpumedanue k ra. I, § 3, n° 3, crp. 192). —
pun. peo.
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4TO Z A, < z A, ¥ (ecau 1 BnoaHe ynopAnOueHO ¥ MOPANKOBBIE THIBL A,

ted vl
we myers)) P a, <P

= €1 w

#) OG6osHauum gepes A* NOpANKOBBIA THN MHOXECTBA, YNOPAIOUEHHOTO

NOPALKOM, IPOTUBOTIONOKHBIM IOPAAKY A; HMeeM (A*)* = A, (2 A‘)*= PR
(€1 EI*

rle I* o6osnauaer MHOKeCTBO I, HaneaeHHOE MOPAAKOM, MPOTHBOMOAQKHBIM
nopsAAKy, 3afaHHOMY INepBOHaualbHO Ha L

91 13) Hasosem 0pdunassioim wuca0Om MOPAIKOBHE THN BHOAME YNO-
PAAOYEHHOro MHOXecrsa (ymp. 12).
a) Moxasars, 4T ecau ()\L)LG [—CeMeHCTBO OPAMHANBHBIX YHCEN C BIOAHE

ynopaaouenHbiM I, To OpauHaapHas cymma Z A, €CTh OpAMHAIBHOE YHCIO;
e 1
°ecal, xpome TOrO, I KOHewHO, OpAMHAALHOE NpOu3BeneHue P A, — Takxe
: tel

opluHaabHOe uyucao (ymp. 10)., O6osHayum (momyckad BOJBHOCTbL PEuH,
cp- § 3) mopanKOBBLIE THN MYyCTOrO MHOXecTBa uyepe3 0, MOPAAKOBBIA THUII
MHOXECTBA M3 OHOTO snemeHTa uepes 1; mokasate, uTo ¢a}+0=0-+4a=a
Ha-l=1.-a=a qag 1060r0 OpPAMHANLHOTO wUHUCIA &.

6) Iloxasarb, 4T0 COOTHOMIEHHE ,A — OPAMHANBHOE YHUCAO U i — OpLHU-
HaJbHOE 9uca0 ¥ A < 1 eCTb COOMHOULeHIe NOAR020 nOPAIKa, 0603HaUNM
ero A<y (3aMeTHTb, 9TO ecaum A ¥ p — OpAMHAJBHBIE YHCAA, TO COOTHO-
menye A-C{t 3KBUBAJEHTHO COOTHOIIEHHIO ,\ PaBHO MNOPAIKOBOMY THIY
HEKOTOPOr0 CerMeHTa OpAMHAMBLHOrO uucaa i (cAelcTBHE 3 TEOpeMHl 3);
uMes ceMeHcTBO (7\1);61 OpIAMHANbHBIX udced, paccMOTpeTh Ha I cTpyxrypy

BIOJHE YMOPANOUEHHOr0 MHOMXKECTBA M mnepeHTH K OpAMHAJABHOH cyMMe
ceMefCTBA MHOXECTB, YNOPANOUCHHBIX OPAMHAMABHBIMM gucaaMyu A; MCIOAb-
30BaTb, HaKOHel, NpeinoxeHue 2).

B) IycTh a— OpayuHaasHoe 4MCA0; MOKA3aTh, 4TO COOTHOLIEH E ,§ — OPIH-
HANbHOE YHMCAO U § < a“ ABASETCS KOMICKTHBUIMUDPYIOUMM NO € ¥ Y4TO MHO-
wectB0 O, OpAMHANBLHBIX YMCed, CTPOr0 MEHpINHX @, #BJAACTCH BNOJHE
ynopanoveHHsiM MHOXxecTBOM, TakuM, ut0 Ord (O,) =« OpauxaapHoe
AuCa0 @ U MuHOXecTBO O, 9acTO OTOXAECTBAAIOTCA.

r) Mokasats, 4T0 Qa8 BCAKOro ceéMmeicTBa OpAMHAMBHBIX UMCEl (E'-)tei

CYIECTBYET M €IMHCTBEHHO OpAMHAJBHOE YUCAQ &, TAKOE, YTO COOTHOIIe-
Hue ,A — OpAvHaAbHOE uMCIO M Jas Beakoro t€1 § < A* akBuBaAEHTHO
a< A Jonyckad BOJLHOCTh peud, GyIeM roOBOPUTb, YTO o -— BEPXHASA
2pans cemedcTBa OpAMHANBHBIX Wicen (§) ¢ 1, 1 NMONOKHM o= sg;l) & (sr0

t

HanboabIIMH sjeMeHT O6beANHEHHs MHOWECTBA {a} M MHONECTBa OpIu-
HanbHBIX Yucen £). Bepxusas rpaHb MHOXeCTBA OpPAMHAABHBLIX yucen § < a
€CTb @ WM OpAuHaabHOe umcao f§, takoe, ut0 a=8-+ 1; B 3TOM mocaex-
HeM Cilyyae [ HasbBalOT npedwlecmseHHUKOM OPIMHAILHOTO uucaa a.

14) a) Ilycrs @ v B —nBa OpaumanbHeIX umcaa. [Tokasath, 4TO Hepa-
BEHCTBO o < B akBHBadeHTHO o+ 1< 8 u Breuer -4+ a<€-4B, @ €p<
L B4 af < BE ana BCAKOro OpAMHAABLHOFO uucaa § v o < &8, ecau £ > 0

6) BuiBeCTH M3 a), UTO HE CYLIECTBYeT MHOXECTBA, SAEMEHTOM KOTO-
POro #ABAANOCH Ohl BCAKOE OPAMHAJbHOE YHCAO (MCNOAL30BaTh ymp. 13).

B) ITycts a, B, ¢ — Tpy OpayMHaabHBIX uicaa. ITokasate, 4TO Kamnoe
U3 COOTHOMmEHUH p | a < B, a1 < B 1 Baeuer @ < B; T0 XKe camoe
Jad KawJI0TO M3 COOTHOmeHuH pa < uf, ap < B, ecan p > 0,

r) HMoxkasat, 4T0 coOTHOLIEHHE -+ a=p B Bareuer a=f; TO xe
camoe 1Ja pa=pf, ecau ¢ > 0.

o) dag TOro uTo6Bl 1A ABYX OpAMHAJAbHBIX ulced a, B 610 < B,
Heo0X0MMMO M OCTAaTOYHO, 4TOOH CYIEeCTBOBAAO OpauHaabHoe yucao §,

Ynp,
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Taxoe, uTo B == a £ 3ITO OpAMHAABHOE UHCAO EXMHCTBEHHO H £ §; 060-
3Haunm ero (—a)-}B.

e) Myctb a, B, { — TpH OpAMHAABHBLIX uMCad, Takne, 4To § < af. Ho-
Ka3aTh, UTO CYIIECTBYIOT 1BA OPJAMHANBHEIX uHcaa §, 7, TakHe, 410 §{ = an 4§
u E<a n<B (cu. caencrsve 3 rteopemnl 3). Kpome rtoro, stumu ycao-
BUAMY OpAMHAaabHbie yucaa § U 7 ONpeieAeHbl OJHO3HAYHO.

] 15) OpauHaabHoe 4ucao p > (0 Ha3LIBAETCH HepasfONCUMblM, €Cin
HEe CyuWecTBYeT TakO#d maphl OpAMHAILHBIX yuceld L muro E<p,M<pmH
E—f_na) '-IPT061>1 p 6bII0 HEpA3AOMUMBIM, HEOOXOAMMO M NOCTATOYHO, 4TOGHE
[asl BCAKOrO OpJMHAMBHOrO uucaa &, Takoro, yto & < p, 6b110 §+-p==p.

6) IMoxasatb, 4TO eciu p > 1 — HEPA3NOWUMOC OPIMHANBHOE TUCIO
# a> 0 — OpiuHaIbHOE UMCAO, TO &p HEPasA0KMMO, H OOPaTHO (MCNOAb-
30BaTh ymp. l4e).

B) Ecau p Hepasnoxumo 1 0 < @ < p, NOKa3ath, 410 p = of, rlie § —He-
KOTOpOE HEPA3NOKNMOE OPIHMHANBLHOE UMCIO (MCTMOML3OBATH YTIp. 14a).

r) Mycts a > 0 — OpAHHAALHOE YUCI0; IOKA3aTh, YTO CPENH HEPA3A0KH-
MBIX OPIHHAABHBIX ynced < @ CyIecTByeT Hauboabinee Hepa3 oK UMOE OpAM-
HaAbHOE YHCAO (PACCMOTPETh pasiomeHns a= p 4§ rie p HepasIQKHUMO).

1) Ecan E — kakoe-Hubyab MHOXECTBO HEpa3AOMHMMBIX OPAMHANBHBIX
gyced, BLIBECTH H3 r), 9TO BepxHss rpaHp MHOxecTsa E (ymp. 13r) ) —
HEPa3noXuMoe OPIHMHAILHOE YHCRO.

9 16) Nycry nawo opannaabHoe uucao ap; Tepm f (§) HaswBaercs
OPOUHANLHOM PYHKULOHANbHOIM CuME0A0M (n0 §), OnpedeseH oM oxa
&> a, ecad COOTHOmeHue ,§ — OpAMHANBLHOE YUCIAO U § > a,* BACUET COOT-
HOmeHue , f () — opliMHanbHoe uuca0*“; cuMBOA f (§) Ha3bIBaeTCH HOPMALb-
HblM, €CIM COOTHolmeHHe oy < § < v Baeuer f(§) < f(7) u A4 BCAKOTo
cemeicTBa (§), ¢ | OPAMHANBHBIX yHCea > a, UMeeM snépl) JFE)y=r (?lé[l) e’;,)

i

(cm. ynﬁ. 13r) ).

4) TloxasaTh, 4TO A9 BCAKOFO OPIMHANBHOTrO umcaa «> 0, Tepmbi
a+& u af cyTh HOpMaadbHble (QYHKIMOHANLHBIC CHMBOJBL, ONpEjeneHHbIE
aas &3>0 (ucnoabsoBath ynp. 14e)). .

6) Myctb @ (§) — opAvHaAbHBIA PYHKIMOHAABHBIH CHMBOJ, ONpeneeH-
HbIl A8 &> ag, Takod, uto @w (§) > € u e E < q Baewer w (§) < w (7).
Mycts, ¢ xpyrod cropousl, £ (§, M) — Taxoil Tepm, 4TO COOTHOmEHUE ,& H
7 — OpIMHAJbHbIE 4MCAA 3> %o BJEYET COOTHOmIEHWE ,g (§, 7) — Takoe
opauHaabHoe wucno, 4to g (§, 1) > §¢. Onpeneants Tepm f (5, 7) O cae-
Lyomumy ByMs cBolicTBamu: 1° 1ad BCAKOrO OPAMHANBHOTO 4ucad § 2> o
S G 1)=w (§); 2° naa BCAKOro OPAMHANLHOTO 4HuC/a §€ > ag ¥ 144 BCAKOTO
opIuHaabHOrO uucaa 4 >1 f (€, 1) == cstépg(f (&, £), §) (ncnoap3oBaTh Kpu-

n

tepuit C60, n° 2). Mokasark, ut0 ecau f (§ M) — Apyrod TepM C TeMH ke
cpodictBaMy, uto M f, 10 fE D= 1E NaaEzaun>1 IquasaTb,
4T0 18 BCAKOrO OPIMHAJIBLHOrO uucaa £ 3> ag f (5 1) — HOpMAILHEIH YHK-
HMOHANBHDIE cuMBOA 1O 7 (Aag 7 3> 1). [Tokasate, 4T0 f (&, 1) > § aas 12>
HEZagu f(E M) > 18§ sup (e, 1) 1> 1. Kpome Toro, aas BCAKOH
naphl OpAnHaabHbix uucen (o, §), TakoH, 4T0 a > 0, a >0y, B> w(a),
CYIecTBYeT EH €HCTBEHHO Eop<ngﬂanbﬂoe aucao &, taxoe, yto f (e, §) <
<B< fe 1), mpuuem & <.
- BB) Ec(.rm l'l—(tHO)KHTb =0 wE=4¢+1gGCn=E+110 fE )=
=& v. Ecan moaoxuts ap=1, w §)=¢, £ € 1) =,E—f— v, T0 f (E,/n) = {7,
r) ITokasats, uto eciam cCOOTHOmEHHA &< & <’E , g << gn, BAEKYT
gG N<LeE, ) 1o cootHomeHMd ap< & <,E » 1<y’ saexyr
FE D)< E, 7). Ecau cootHomeHna ay <L 68 M o << <" BAEKYT
gEN<egG 1) n gG D<gE, ), 10 cootHOmenns apLE <&
v >0 Baexyr f (& v+ 1D <SE, 14+1).
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1) Ipeanoaoiuum, uro w (£) =§ 1 9T0 COOTHOmeHNA ay < § <& n
%< <7 Baekyr g ) <g (€ ) u g€ )< g (E, 7). Mpeanoao-
HUM, KPOME TOTO, 4TO LIS BCAKOrO & >y g (§, M) — HOpMaAbHbLi dyHx-
HMOHAAbHBIA CHMBOJ 1O 7 (Ad 7 3> &) M 4TO A4 > a5 1> a, £>a
CrpaBeLivB0 COOTHOMIEHHE accOouuaTUBHOCTH £ (£ (5, 1), ) = g E g(mO).
Iokasats TOr;a, 410 Aas €>ap, 9>1, (>1 g(f(, W 6 0))=
=f( 1n-+8 (,aucTpubyTUBHOCTH cuMBONA £ OTHOCUTENBHO f) w
S G M), O =756 %) (,accOMaTHBHOCTD  CHMBOIA 1)

17) B wmetome onpepeneHus, OMMCAHHOM B ynp. 166), BosbMem
@ =1-1 (nonyckas BOABLHOCTL peun, 0603HAUMM % uepes 2), w (§) =§,
& (¢ m) =En. Toaowum toraa f (5, 1) = &% Monoxmm, kpome Toro, a® = 1
A BCAKOrO OPAMHARBLHOTO wucaa @, 0P =0 u 1F =1 gug BCAKOTO Opau-
HanbHOrO umcaa 8> 1. ,

a) Ioxasare, uto pasg a>1 u B < f’ af <af' y 9T0 A4S BCAKOro
OpPAMHANBHOrO uucaa « > 1 dE—HOpMaJleblﬁ GYHKIMOHANLHBIR  cUMBOA

1o & Kpome Toro, aaa 0 < a Lo’ of < a’’,

6) MoxasaTs, 410 o - al= o1 i (a5)? = o,

B) IMokasarn, ut0 ecan a>2 1 B3>1, 10 o > af.

F) Jlng BCAKOH Napbl OPAMHANBHBLIX yuces B>1, a>>2 CYIeCTBYIOT
TpH OPAMHANBHBLIX wucaa § Y, 3, OnpeneneHHble ONHOSHAUHO, Takue, 4TO
B=oafy 3 y<amd<ad

18) °Hycte @, B —1Ba OpAMHMAABLHHIX uymcaa o nycte E u F-gpa
BROJHE YNOPANOYEHHHIX MHOXECTBA, Takux, yto Ord (E) = e, Ord F)y=23.
Paccuotpnm B mHOxecrse EF orolpaxenui Muowectsa F B E mopmHo-
#ecTBO G Takux oto6paxcenuii g, 4to £ (¥), xpome, GHITb MOMCET, KOHeY-
HOTO wiCaa 3HaueHuil y, paBeH HaumeHbIeMy 3JEMEHTY MHOMecTBa E.
Ecau F* — mHOMECTBO, NONyyeHHOE Hanenenven MHOXecTa F NPOTHBOMNO-
JOXKHBIM NOPANKOM, NIOKA3aTh, 4TO G -— CBA3HAA KOMIOHEHTa (OTHOCHUTENbHO
OTHOmEHNA ,x 1 y cpaBhnMbl®; cM. ra. 1I, § 6, ynp. 10) B npouaBese-
m EY, nanenennon nopAnKOM, onpeneneHHsiM B ynp. 11, u uto G Bnoaue
YUOpANOUEHHO; KpOMe Toro, A0kasaTh, 410 Ord (G) = of (MCnOAL30BATh
CBOMCTBO €IMHCTBEHHOCTH W3 ymp. 166).,

19) MuoxecTe0 E HasbiBdercs n€e8000pOURANL LM, €CAN OHO 06aa-
Aaet caenyomuMu csoficTBaMu: 1° @ € E; 2° cooTHOmeHue SYEE n xecy-
Bredet x € E; 3° coorHomenne ,x€E n y€E u (¥ =y nan x ¢ y)* aBagercs
COOTHOWEHNEM NOAHOrO nopaaxa B E. IokasaTe, 4T0 118 BCSKOro opau-
HANLHOTO WHCAA @ CYMECTBYET W eIMHCTBEHHO MCEBAOOPAMHANLHOE MHONE-
¢80 E,, Takoe, uto Ord (E,) = @ (3aMeTuTh, 4T0 BCSKAH SMeMEHT ncenao-
OPMHHAALHOTO MHOMXECTBA E ecTh MHOMECTBO 31€MEHTOB, CTPOrO MeHbIMX
970r0 aneMeHTa B E, n ncnonn3osath kputepuii C60); B yacTHOCTH, NceBiO-
OpAMHAaNbHBIE MHOKECTBA, MMEIOUIHE NOPAIKOBHE Tvmbl 0, 1, 2=1-+41,
3=2-1, 570 COOTBETCTBEHHO {9}, {0, {2)), {@. (@), {0, (o)1)

§ 3. PasHoMowHble MuowecTsa. Kapaunaibubie uHcia

1. Kapdunanrsroe wucao mHomcecmsa

Onpeaeneune 1. Mu 6yden zosopums, umo muoncecmso X PasHo-
MOURO MHONMCecmsY Y, ecau cyujecmsyem Guexyus muoxcecmsa X
#a Y. Coomnowmenue ,X pasuomouno muoxcecmsy Y mu Gyden
o6o3navams uepes Eq(X, Y).
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flcuo, uto cooruowenus Eq(X, Y) u Eq(Y, X) sxBuBa/seHTHbI, HHAYES
rosops, cootHowenne Eq (X, Y) cummempuuno; Koraa 310 COOTHOLICHHE
UCTHHHO, Mbl OyjneM Takxe rosoputh, uto X u Y pasnomouyns. C Apy-
roit cropoun, Eq(X, X) uctuuno!). Hakowen, cooruomenne Eq (X, Y)
MpOH3uMuUBHO, TaK Kak KOMIO3HUMA ABYX OMeKuMH ABJfeTCa OueKuuel
(ra. I, § 3, reopema l); TakuM 006pasoM, 3TO COOTHOIUEHHE ABIAETCH
COOMHOWeEHUEM IKBUBBACHMHOCMY, DedNeKCUBHBIM BO BCAKOM MHO-

Be 2). '
2’KeCIT/Is )HSIIO)KCHHOI‘O BbITekaeT, 4To ecad X H Y paBHOMOWIHBI, TO
coornomenne (VZ)(Eq(X. Z)SEq (Y, Z) ) uctunno. Ho cxema S7
(rn. 1, § 5, n° 1) paet CaeRyloulyio akcuomy

((VZ)(Eq(X, 2)SEq(Y. 2)))=> (7, (Ea (X, 2)) =1, (Eq(Y. Z))).
TakuM oOpasoM, ecau X u Y paBHOMOULHBI, TO
7, (Eq (X, Z))=r1,(Eq(Y, Z)).

Beenem cieldymouiee Onpele/eHne:

OnpenEnenuE 2. Muooacecmso <, (Eq(X, Z)) nasveaemcn xapdu-
HaabHWM ducaoM MHoMecmsa X (MIM moujnocmbvbio MHOMecTBa X)
1 o6o3naraemcsn Card (X).

Tak kak Eq(X, X) ucruuno, Card(X) pasrwomouno Muoxecrsy X
(ra. 1, § 4, cxema S5). TakuM o00pa3oM, MH JROKasaldH CiaeAylOLIHMi

pesy/bTaT:

Meeanoxenue 1. Jas mozo0 wmo6u 0sa muoxcecmsa X u Y Guau
PABHOMOURY, BEOGXO0UMO & OOCMAMOLHO, 4MOGH UX KAPOUHAL-
Hble qucAa Obau PABHH.

Ipunmeps. 1) O6osuaunm depes 0 kapmuxaiabHoe uuciao Card ().
Tak Kak eNMHCTBEHHOE MHOMKECTBO, PaBHOMOILHOe MHOXeCTBY I, ecTb &
(a. 11, § 3, 1°1 u n°4), To 0 =Card (D)= 0O. 5

2) Bce MHOMeCTBa M3 OLHOTO 9J]eMeHTa PaBHOMOUIHBI, HOO {(a, )}
aBasieTca rpaduxom Ouekimu MuoxecrBa {a} Ha MuoxecrBo {b]; B ua-
CTHOCTH, OHM paBHOMOM[HH MHOxecTBY {fJ}. OG6o3mauum uepes 1

1) Mockoabky cootHomeHye Eq (X, X) uncTHHHO aas Bcaxkoro X, OHO 6He
ABASAETCA KOANEKTHBU3upYylomuM no X; B NPOTMBHOM Caydae cymecﬂaonal.no ! ?[
MHOX(ECTBO BCeX O6bEKTOB, UTO HEBO3MOKHO B cuay 3aMeuyanud w3 ra. I, § 1, n°7.

- Mo sro# xe npuunde Eq (X,oY) He o6aanaer rpapuxom (cp. 3aMeyaHue Hu3
ra. 11, § 3, n° 1). — ITpun. peo.
. 23 %e(imexcx)mﬂomf COOg‘HOmeHHﬂ Eq (X, Y) B MHOmecTB2 A 03Hauaer, :{:ol-
raacHo ra. I, § 6, n° 1, uro coorHomenna Eq (X, X) n X€A SKBHB&J;?HT Bl
Ho rorma cootnomenne Eq (X, X) 6bl10 6bl KOMIEKTUBH3NPYIOUIUM nol_I , 4TO,
KaKx OTMEeYeHO B NpefbliyllieM NOACTPOUHOM TNpUMEYaHWH, HEBEPHO. oammg'
TBepaeHHe aBTopa, uto Eq (X, Y) pedaekcuBHO BO BCAKOM MHOMXECTBE, HeBepHA:
MECTe C TeM BEpHO Clleflylomee yTBEpHIEHIe: ,Aad BCAKOrO Mﬂomecmaa
cootHomeHnne (Eq (X, Y) 1 X€A u Y€ A) pedaexcusno B A“. — I[Tpun. peo.
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KapIMHANBHOE YHCIO0 _
Card ({@}) = <, (Eq ({9}, 2))1).

3) OGosnauum uepes 2 kapauuanbHoe uucao Card ({9, {9} ) sr0
KapIMHA/IbHO® YHC/IAO BCAKOTO HBYX3JEMEHTHOTO MHOXECTBA, 3JIEMEHTH
KOTOPOTO DPas/IMYHBHI.

4) Tuab0epToOBO MPOCTPAHCTBO CHETHOIO THNA PABHOMOLIHO MHO-
HECTBY ACHCTBHTENbHBIX HHCEN.,

2. CoomHowmenue nopaoka mencoy KapouHAAbHbIMUE HUCAGME

Cootnomenne ,X paBHOMOWIHO HEKOTOPOH uyacTH MHoxecrBa Y©
9KBUBAMEHTHO ,CYIIECTBYET MHbeKUUs MHOxecTBa X B Y¥; OHO SKBHBA-
BA/IEHTHO TaKxe COOTHoWeHuI0 ,Card (X) paBHOMOHO HEKOTOPOR YacTH
muoxectpa Card (Y)* (ra. II, § 3, teopema 1).

Teorema 1. Coomnomenue Rig, 9i:
2§ U4 Y —KapOunasbuble 4UCAQ U § DABHOMOUHO HEKOMOPOH
Hacmu MHONecmea Y — coomuouerue nosnozo nopaoka (§ 2, n° 1),

') Pasymeerca, He caeayer cMemuBaTh MaTeMaTHYeckud mepM, 0603Ha4eH-
#oug (ra. 1, § 1, n° 1) cumsoaoM ,1¢, u ca0BO ,00MH* OBBLIYHOFO A3MIKA. Tepwm,
06O3HaueHHblt yepes ,1“ paBeH B Cully ONpeleAeHys, XAHHOTO Bhillle, TEPMY)
©0603HaUCHHOMY CHMBOJAOM

2 (@A) @U@=, {9}, Z) n Uc {B) X Z

n (V) ((x € (B (Fy) ((x y)€U)) n (V) (Vy) (Vy') (((x, y) €U
1 (5 y)eU)S(y=y)) n (Y9 ((Y€Z)=> (%) ((x, y)eU))
n (V) (V) (V) (((x, )€U n (¢, y) e Uy (x = x')))).

'pyGas onenka moxaswiBaeT, uTO TepM, 00 03Ha4eHH bl TAKHM OGPA3OM, ABATETCA
3HAKOCOYETaHUEM U3 HECKOAbKUX JAECATKOB THICHY 3HAKOB (Ka)l(ﬂ,blﬁ u3 KOTOPHIX
€CTh OpuH M3 sHakeB ¢, [], V, "], ==, €, 9). [B npusesensom coxpaiuesHOM
0603HaueH ) COOTHOMEHHE, 3AKNIOUCHHOE B CAMble 8HewHUE CKOOKH (1. e. upymee
nocae 3Haka tTz), BHIPAWACT CYILECTBOBaHue Ouexuuy MmHOWecTBa {@} Ha MHo-

KeCTBO Z (1. e. aBasercs cooTHomeunuem Eq ({@}, Z). ViMeHHO HA HHTYHTMBHOM
YPOBHE YTBEPHKNAETCH CYIECTBOBAHME TAKOrO cOOTBETCTBUS # ¢ rpadukom U,
KOTOPOE U ABASETCA MCKOMO# Ouexnuei. Tlocae KkBaHTOPOB CymecTBOBaHus (8u)
u (3U) 3anMcaHO COOTHOmEHHE, cayxamee GOPMAIbHON 3aNHCHIO OTIpEAEACHNS
Ouekuuu {0} Ha Z, coraacno ra. 11, § 3, n° 7. D10 cOOTHOWEHUE COCTOMT H3
COENMHEHHBIX COIO30M ,H* IIECTH COOTHOWIEHHH, NEPBOE U3 KOTODBIX O3HAUAET,
ut0 & ectb Tpodxa (U, {D), Z); sropoe — 410 U eCTh NOAMHONECTBO MPOM3BE-
AeHus BTOPOH H TpeTbei Koognuﬂam TPORKY u (TeM CcaMbiM 4 OKa3mBaeTcd CO-
OTBETCTBUEM MexAy {@) W Z), TpeThe — 4TO COOTBETCTBHE # OMPEAEJEHO AJA
BCEX 2/1eMEHTOB MHOMeCTBA {@); yerBepTOe — uTO rpaduk COOTBETCTBHA 4 ByHK-
LIIHOHAMIEH; NATOe — 4TO PYHKIUSA & CIOPBEKTHBHA; HIECTOE — UTO PYHKUHA 4 UHDBEK-
THBHA. JTO NOCAEAHee, WIECTOE, COOTHOMIEHUE 106AaBAGHO NEPEBOAYHKOM; OO
OTCYTCTBYeT BO (paHUY3CKOM OpHIHHale (MOMET OwITb, NMOTOMY, YTO BCHAKaf
byHKuuA, onpeleneHHas Ha {@}, unbekrusya). Ham mpepcrasasercsa, ogHako, 4To,
TNOCKOMbKY CBOHCTBO MHBEKTHBHOCTH YUacTBYET B ONpelefeHud GHeKuud, 3amuch
aToar]o CBOACTBA JO/KHA MPHCYTCTBOBATh B COOTHOMICHMH Eq ({9}, Z). — D pun.
peo.
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Tak kak Rix, ¥} HCTHHHO M1 BCAKOTO KapIHHAJIbHOTO YHCIA X,
BCe CBOLHTCA K TOMy, yToOH HOKa3aTb, 4TO LA J1060ro MuoOxectBa E
KapIUHAIbHEIX uHcen cooTHoweHue ,$EE u YyEE n Ry, 9i“ apaserca
COOTHOIIEHHeM NoaHoro nopaska B E. PaccMoTpum MuoxecTBo A = U o

scE

BCAKOe KapauHaibHOoe uucCjI0 § EE saBagerTcd, Takum 00pas3oM, 4YacThio
MHoxmecTBa A. Ha A cyumecTByeT COOTHOIIeHHe NOJHOTO HOpPAIKaA
(§ 2, treopema 1), o6osnauum ero x < y. Bcakas wactb Muoxecrsa A
paBHOMOLIHA HEKOTOPOMY OTpe3ky MuoxectBa A (§ 2, crexcrsue 3
teopeMs! 3). Jlas npousBoabHOro kapauuaisHoro uncaa ¥ € E pacemorpum
MHOXECTBO OTpPe3KOB MHOXeCTBa A, PaBHOMOLIHHX MHOXECTBY X; 9TO
MHOXECTBO OTpPE3KOB He IYyCTO H MMeeT, C/AeR0BATENbHO, HAMMEHLIIMH
sneMeHT ¢(x) (§ 2, npennoxenne 2). CooTHolIeHHe

wLEE 1 YEE u ¥ paBHOMOUHO HeKOTOpOH YacTH MHOXeCTBa ¥“
IKBUBAACHMHO COOTHOILEHHIO

HEE u YEE n e(@)ce(Y”.

B camMoM Zese, OHO, OYeBHIHO, C/eLyeT M3 STOr0 BTOPOI'OG COOTHO-
IeHUs; C IPYro# CTOPOHB, €C/AH ¥ PABHOMOLIHO HEKOTOPOMY MOAMHO-
KeCTBY MHOXKECTBA 1), TO He MoxeT OHTb @ (Y)c¢(¥) u ¢(¥) + ¢ (%),
u60 TOorja CyuiecTsoBaq Obl OTPE30K MHOXECTBA ¢(¥), PaBHOMOWIHLIA
MHOXeCTBY ¥ (§ 2, ciencTBue 3 TeopeMbl 3), YTO NPOTHBOPEYHT ONpe-
Iesennio Muoxectsa @ (¥). Tak KaK MHOXECTBO OTPE3KOB MHOMECTBA A
BIO/IHE YNOPALOYEHO BKIIOUYenueM (§ 2, Teopema 2), Teopema I0Ka3aHa.

O6o3nauuM yepes ¥ ¥ cootHomenne Rig, yi. JHas Toro urolnl
MHOXKecTBO X OblJIO PABHOMOWHO HEKOTOPOH 4YacTH MHOxecTBa Y, He06Xo-
aumMo M adocrarouuo, yrobw Card (X) < Card (Y).

SloHo, ut0 Oy AAA BCAKOTO KapAMHaabHOro uucaa g u 1<y nas
BCAKOrO KapAMHaJbHOrO uucaa g 5=0.

Caexcreue 1. M3z anobwx 08yx MmHONCECmB OOHO PABHOMOUIHO
Hexomopol wacmu 0pyz020.

CuagactBue 2. Ecau kaxcooe u3 08yx MHONCeCm8 pPAEHOMOULHO
HeKOMOpOH wacmu 0py2020 MHONCECMBA, MO 3MU MHONCeCmsa

PABHOMOUHYL.

3amenanue. Jna mo6oro MHOMeCTBA A CyLIeCTByeT MHOXECTBO,
9/IeMEHTAMH KOTOPOTO #ABAAIOTCE KapauHaabuble uucaa Card (X) Bcex
NOAMHOXeCTB X MHOXeCTBA A; B CaMOM Zefe, 3TO MHOXECTBO 0ODbEKTOB
suga Card (X) aaa XEP(A) (rn. 11, § 1, n° 6). Iaa Bcskoro Kapau-
Ha/JbHOrO YHCI2 @& COOTHOLueHMEe ,¥ ~— KapAuHadbHoe uucao u ¥ <L a*
ABAAETCE, TaKuM 006pasoM, KO/JIEKTUBH3HUPYIOUMM 1O ¥, HOO0 OHO 9KBH-
BaNeHTHO cooTHolneuuio ,¥ umeer BuA Card (X) nas XcCa“; MHOXECTBO
KapIHHAJIbHBIX YuCeT ¥, YIOBAETBODPAIOMHX 3TOMY COOTHOIIEHHIO, HAa3bi-
BaeTCA MHONCecm8oMm (8cex) KAPOUHAABHUMX 4ucesr < .
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Mreeanoxeune 2. Ara gcaxozo cemelicmsa (a'-)lEl KAPOUHANLHUX

Yucen cyuecmsyem u eOUHCMBEHHO KapOurasvHoe ducro b, maxoe,
umo, go-nepswx, & b das scaxozo «€1 u, so-smopux, scaxoe
Kapounassroe 4ucao ¢, 048 komopozo & L ¢ 028 scex (€1, ydo-
sremsopaem coomuowenuo ¢ > b.

B camom mene, cywectsyer MHomecTBO E, cozepxalumee BCe MHO-
KeCTBa @, [Hanpumep, cyMMa STuX Muoxects (1. I, § 4, n° 8)], otkyxa
a, < a=Card(E) ana Bcakoro t€1. Tak kax muomectso F Kapauxasb-
HHIX 4Yucen <@ BNOJHE YNOPALOYEHO M BCe @, nNpuHantexaT K F,
CeMeficTBO (@), ; B STOM MHOXECTBe HMeeT Bepxuiolo rpaub b. Kpome
TOTO, NyCTh € — KapAMHaMbHOE HYMCJIO _> @& AIR Beskoro t€1; ecam
c<b<a, o ¢€F u uepasencrso @, < ¢ NPOTUBOPEYHT TOrIa ONpe-
Ie/leHHI0 BepXHelt rpanu ceMeficTBa (@) B ymopsioueHHOM MHOXeCTBe F;
npefjoKeHHe N0Ka3aHO.

Jonyckas BOJbHOCTb pedd, OylZeM TOBOPHTb, YTO KapAMHA/bHOE
yncao B ecTv 8epxHAR Zpans ceMelCTBa (8),,; KapAMHAIbHBIX uHCE,
v 0003HayaThb ero sup @,.

€1

[TreanoxeuuE 3. I[Tycmo X a Y — mnoxncecmsa. Ecau cyujecmsyem
ciopsexyus f mroxecmsa X na smroxcecmgo Y, mo Card (Y) < Card (X).

B camom nene, cyumecTByeT HCCeYeHHe S, aCCOUMHPOBaHHOe C f
(ra. 1, § 3, npent. 8), u s aABAfeTCH MHbekuuel Muomectsa Y B X,

3. Onepayun Had KapOUHAALHOIME HUCAAMU
OnpeaEaEHUE 3. [Tycme (“t)lel — cemelicmeo KAPOUHAAbHBLX HUCeAN.

Hapounaasroe wucno npoussedenuss (COOTBETCTBEHHO CYMMb) MHO"
acecms @, Ha3veaemcs KAPOUHAAbHHM npOU3BeOeHuem {COOTBET-
CTBEHHO KAPOUHAAbHOE CYyMmOd) KApOuHQAAbHWX Huces & 4 000-

-
3Hataemcs Pat (COOTBCTCTBCHHO 21 al) .
tel el
Korzia HeT HMKAKOH ONACHOCTH CMElIeHHs, OBOPAT NPOCTO ,IPOM3~-
BeneHue M ,CyMMa“ BMECTO ,KapAMHA/JAbHOE MNPOM3BENCHHe* M ,Kapiu-

HajlbHad CyMMa“ W IUIUYT l—[at BMeCTO P a, (cp. ynp. 2).
Y4 €l

Mreaaoxenue 4. ITycme (Et)IEI—-ceJuezicmso Mmuoxcecmg, P— ezo
npoussedenue, S—e20 cYyMma, O —KAPOUHAALHOE HUCAO MHO-
acecmsa E. Kapounaasvnoe qucao muoocecmsa P (cooTsercTBeHHO S)
ecmo KapdunaasvHoe npoussederue (COOTBETCTBEHHO KAPOUHAAbHASR
cymma) cemelicmsa (“t)lel'

B camom gene, cymecTByeT OHekuus MHoxecTBa P (cooTBeTcTBeHHO S)
Ha NpOusBeleHHe MHOMECTB @ (COOTBETCTBEHHO HA CYMMY MHOXECTB &)
(ra. 11, § 4, mpeanoxenne 10 u § 5, cneacrsue npeanoxenns 11).
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Caencrue. Jas scaxozo cemedemsa (E) ., muodkecms Kapou-
E, menvwe unu pasno cymme

€1

HaabHoOe ulca0 0068e0urHenus

D) Card (E).

el
B caMoM gede, CYLIeCTBYeT OTOOpaMeHHE CYMMbl S MHOXECTB E, Ha
ux oGbenuuenue (ra. 11, § 4, n° 8); cielACTBHe BHTEKAET, TAKHUM obpa-

30M, 3 Tpedjoxenufi 3 u 4.

[Ipenioxenue 5. a) ITycmo (al)LEI—ceﬂeﬁcmBo Ka pOUuUKQAbHBX
wucen u nycme f-—Ouexyus MHONCECMBQ K wa muHoocecmso 1

mozoa . P
y! — a = a.
%K“m) %“c H 1161 ro =Ko

6) ITycmo (at)lEI—ceMeﬁcmao KapOourasbHux 4ucen 4 (JA)REL—
pasbuenue muoxcecmsa I mozda (,2CCOUMAaTHBHOCTbL CYMMbl H IIpO-

U3BeIeHns“) . N
2e=2 (Z al) ,
vel AL lEJ)\

P al =P (P al) M
€1 AEL €], )

B) [Tycmb ((a“)‘@x)x@,_ cemelicmso (c mHodwcecmeom undexcos L)

cemeiicms KapounarsHbx wucen. ITycmo I=HJA. Tozoa (,aucTpu-
XEL

GyTMBHOCTh NPOW3BEASHHS OTHOCHTEJbHO CYyMMbi“)
P(3a)=3
2 “u)—- pa (Eax, f(x)) .
XEL \ €7, jfér\rew

CoOTHOINGHMS NyHKTa a) BHTEKAT M3 aHAIOTHYHBIX (OPMYT A1
06bedHHEHHs H TIPOM3BeldeHHs MHOxeCTB, H60 TOoT ¢dakT, yro f — Gnex-
ums, sreder, 4ro eciu (X)), ; — CEMHCTBO NONAPHO HE MepeCeKAIUIMKCA
MHOXeCTB, TO TO e CaMoe BepHo M Jas  ceMeHcTBA  (Xj (4, ck
(cm. ra. 11, § 4, npennoxeune 1 u § 5, nmpennoxenne 4).

CoorHomenus nyHkra G) HeMeI/JeHHO CIEAYIOT u3 GOpMy.a accouua-
TuBHOCTH OObelunenns W npoumssesenus (ri1. I, § 4, npeanoxenne 2
u § 5, npennoxenue 7) U AMCTPUOYTHBHOCTH TNepeceyeHHs OTHOCHTE/ILHO
ob6benuuennss (ra. 11, § 5, nmpennoxenne 8), KoTOpas MOKa3piBaeT, UTO
ecau (Xl)tEI—CeMeﬂCTBO NONAPHO HEe MepeCeKaloUINXCS MHOMKECTB, TO

TO e caMoe BepHO M Jia CeMeHcTBa (U Xl) .
€ e
Hakouen, B) eCTb CjAeACTBHE AMCTPUOYTUBHOCTH NPOM3BEAECHUS OTHO-
cHTenbHO OoObenuHenua M nepeceuewus (ra. I, § 5, mpennoxenne 9 u
crencteue | mpennoxeuns 9).
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Hycts @ w b— npa xapammanbubix wncaa. Ecin I — mMuoxecTBo us
ABYX ~Pa3/MYHBIX 9/€MeHTOB (HANPUMED, KAPAWHAIbHOE YHCIO 2), 10
CyuwiecTsyer orobpamenne f muoxecrsa I ua [a, b}, xotopoe onpeze-
AET HEKOTOpOe CeMeHCTBO KAPAMHANbHBIX YHCEN; CYyMMa u Npon3BeleHHE
9TOTO CeMeHCTBa 3aBUCAT TOMLKO OT & # b (B CHIly TpeloxeHus 5a));
HA30BEM 9TM KapIWHa/bHble UMCIA CYMMOL W npoussedenuen Kapau-
Ha/IbHOrO 4MCIa & M KAapAMHAIBHOTO YHC/AZ B M 0603HAYMM HX a0
u abl), Auagsoruuxo OTpPENe/AT U 0603HAYAIOT CYMMY M NpPOHM3BEeHHe
HECKO/IbKHX KAPAMHAbHBIX YuCed. U3 mpennoxmenns 5 BhiTekaer cren-
CTBHe:

Cuenctsue. [Tycms &, B, ¢ — kapdunaissnoe wucaa; mozda

(D a4 b=>0+a, ab=ba;
@ e+ OB+ c)=(a40)+c, a(be)=(@ab)c;
@ a (b4 ¢)=ab- ac.

4. Ceodcmsa rkapdunarshotx uuces 0 u 1

[rEnnoxEHME 6. [Tycms (al)IEI —ceMelcmso Kapiunasvrox Hucen
u J (cooTBetcTBeHHO K)— wacms mmoxcecmsa I, makasa, amo a =0
045 8carozo ¢ J (coorBercTBento &, = 1 045 8caKoz0 1§ K); mozda

2 av, = E al.
el teJ
(COOTBCTCTBCHHO P al == P at) .
: el €K

Iag cyMMbl 370 oveBHIHO, HOO CyMMa S; ceMelCTBa MHOXeCTB (at)zEI
FaBHOMOWHA O0BENHHEHHIO CYMMBI S; ceMeHcTBa (“l)LgJ H MyCTOr0 MHO-
HECTBA, 4 3HAYMT, PABHOMOIUHA MHOXECTBY Sj. Jlns mpoussemenus sTo

BEITEKAET U3 TOTO, UTO NpoeKuus er NnpousBeaeHUd @, Ha YaCTHUHOE
vl

NpoU3BeLEHHE l_[at ecTb Ouekuma (ri. 1, § 5, n°5, sameuaune D),

€K
Caenacreue 1. Has scarozo Kapounarsnozo wucsa &
at+0=a-1=a.

Caenacrue 2. ITycms a u b—rkapounasvnme wucsa u nycme
I— unoocecmso, passnomoumnoe B; daa scarozo t€l nycmo a, =a,

¢, =1; Toraa
u b= e,
el

ab= > a
el

') Buecro ab numyt takue a - b (Bo paHuysckoM OpuruHane a . ; BOOGme,
KaK TpaBulo, TOUKa, O3HAYAIOIANA YMHOMEHNE, CTABHTCA BO (PAHIY3CKHX ' TexCTax
BHU3Y CTPOKY, a B PYCCKUX TeKCTax — NOCpeaune). — I7pu . péo.
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Bropas ¢opmyira BHTekaer us Toro, uro mo6oe MHOXECTBO €CTh
o0beaHHeHHe CBOMX OLHOS/MeMEHTHHX uacTelf. Ilepsas noJyyaeTca H3
BTOPOH YMHOMEHMEM Ha @& M UCHO/b30BAHHEM CIeacTBus 1.

[peanoxeuue 7. Iycme (al)lel—-ceﬂeﬁcmso KAPOUHQAbHHX Hu-

cen; 048 moz2c wmolwul 6, +0, neoGxodumo u Odocmamouno,
1

L
umobs. &, 0 045 8cAKO20 t€1L
ITO NMPOCTO MepPeBOA YCAOBHA, YTO npoussenenne we mycro (ra. II,
§ 5, crencreue 2 npengoxeuns 5).

[Treanoxenne 8. Ecaiu a u b—rapounassume wucsa, marue,
wmo 84+ 1=0b-+1, mo a=0».

[lycts X=a +4-1=9-4 1. Cywecrsyior nozmuoxecrsa A, B Muo-
¥ecTBa X € KAPAMHAJLHBIMH 4HCA2MH & W B, Takue, uTO Kaxnoe u3
aononuennt X —A u X—B cBoanres k onuomy siaementy. Ilycts «
W U—5TH 3ieMeHTH. Ilepeceuenne C= A 1B umeer B kauecrse 20m0-
wewns B X MHOkeCTBO {4, v}. Eciu #=wv. 10 A=B=_C, OTKYyAa
6 =0. B nporussom cayuae A=Cy {v, B=CU{u) n a=1+4
-+ Card (C) =b.

He cneayer nymars, ut0 a - m = 6-- m Brever g — b IJf BCAKOTO
KapIMHANBHOTO yucaa s (cM. § 6); °Mbl yBUIMM OXHAKO, YTO 5TO BEPHO,
Korna mt xoneurnoe (§ 6, caencTsyue 4 npemaOMKeHus 3 u § 6, caeacteue 4
TeopeMbl 2).,

8. BoasedeHue xkapourasvHuLx 4uces 8 cmenets

Onpeneaeune 4. [Tycms & u 0— kapdunasrsune qucaa; xKapdu-
HAAbHOE HUCAO MHOJMCECMBA OmOGpasceruli muoxcecmsa B 8 a
0603Ha4UM, 0ONYCKAR B0AbHOCMb 0603HA%eHUE, 4epes ab.

BOabHOCTL €OCTOMT B TOM, 9TO STHM CHMBOROM MBI O603HAYHAW yike
MHOXECTBO (YHKIMOHAALHHX TPaduKOB OTOGpaseHui MHOMeCTBa b B &
(ro. 11, § 5, 1°2), a 2710 MOcAegHee MHOMECTBO He ob6g3arenbHO aBAfETCS
KapANHANbHHIM 4ucAOM (ynp. 2). Koutexcr Bcerma sicHo ykamer cmblcd,

KoTOpwiil caenyer mpunare cumpoay a®,

Hrennoxenme 9. ITyems X u Y —08a muoxecmsa, a u B ux
Kapdunaavuvie wucaa; mozda muoxcecmso XY umeem Kapouransuoe

Yucao ab.
B camom mese, cywiectByer Ouekumus MHoxecTBa XY Ha MHOKECTBO

oroGpamenutt muoxecrsa B B @ (ra. II, § 5, n° 2, cneacrsue npenno-
Wenns 2).

Ireanoxenue 10. ITycms & u b—xapounassnsie wucsra, 11—
maroe muoxcecmso, 4mo Card(I)=0; ecau a,=a 9043 scaxozo

t€1L, mo a"=gat.
1

OTo BhHTeKaeT M3 onpeaeneHus NPOH3BELEHHA CeMeHCTBA MHOKECTB
KdK MHOwecTBAa (yHKuHOHaIbHHX rpaduxos (ra. II, § 5, n° 3).

13 H. Byp6aku
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Caeacreue 1. ITycms @ —xapOurasbroe 4ucao, (I)‘)tEI —cemeli-
cmeo Kapounassuwux wuces. Toz20a
X s,
o€l =P ab.
€1
B camom mesae, nyctb S —cyMma muomects b. I[lonoxnm a4, —a
aas peskoro SE€S. OO6Ge uyacTH paBeHCTBa, KOTOPOE HYXHO JNOKas3aTh,

Ie)sas B cuay npenjoxenus 10 u ¢opmyasl accounaTs-
§
HOCTH TNpOW3BeleHds (Mpenoxexue 506)).

Caracreue 2. ITycme (“t)tgl — ceMelicmeo KAPOUHQABHBX 4ucen,
b — Kapounarsnoe wucro; mozda
b
(Pa)=Pa.
el el
B camom feie, TOJONHM @,=@a, 111 scakoit mapul (v, B)€IXDb.
Toraa B Cu/ly ACCOUMATHBHOCTH NPOM3BEACHMA

(Pe)'=P(Pag) =P P,as)=Dor.

Caencrsue 3. ITyems a, b, ¢ —rapdunassnme uucaa. Tozda
abc=(ab)c.
B camom nere, monoxum b, =10 a11 scakoro y€e. Toraa
Xe,
ab—=a’¢° = ]é) a’t = (a%)
T

B cuay caeacrsus 1.

[eennoxeuue 11. ITycms & — xkapdunasvnoe uucao. Tozda
a=1, al=a, 1“=1; ecau a #0, mo 0°=0.

B camom Iese, CyUWeCTBYeT eauHCTBEHHOE 0TOOpaxeHHe MHOMeCTBA J
B NpPOU3BOJbHOE MHOXKECTBO (0TOOpaxeHHe C MYyCTHIM IpadHKOM); MHO-
HKECTBO OTOOpaXKeHHMH MHOXECTBA M3 OJHOTO 9JIEMEHTa B NPOU3BOJbHOE
MmHoxecTBo X pasxoMoliHo Muoxecrsy X (ra. I, § 5, n° 3); cymwecrsyer
M eIMHCTBEHHO OTOGpa)keHue IPOU3BOJBHOTO MHOXECTBA B MHOXECTBO
U3 OMHOTO 3/EMEHTA; HAKOHEl, He CYLIECTBYeT HHKaKOro OTOOpaxceHHs
HemycToro MHOxecTBa B .

paBHB TOTIa

3aMeTHM, B YaCTHOCTH, uro 00=—1.

[eeaaoxenue 12. I[Tyemo X — muoxcecmso, & — e20 KapouraLy-
noe 4ucao; Kaplunassnoe wucro muoxecmsa Y (X) zacmeld muo-
acecmea X ecms 2°

[Mycts & M B — 9aeMeHTH KapIMHAIBHOTO YHC/IA 2; /18 NPOM3BOJIbHON
vacth Y Muoxectsa X mycTs fy-— oToOpaxenne Muoxecrsa X B 2,

l
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onpenenenHoe paseHcTBaMH fy(x)=a a1 x€Y u fy(x)=F w1

x€X—Y, nycte 4 —orobpaxenne Y-—> f, muoxecrsa P (X) s 2%,

O6paTHO, BCAKOMY OTOODAaMEHHI0 g MHOxeCTBA X B 2 NOCTABHUM B €OOT-
-1 -1
BETCTBHE YacCTb g (&) MHOueCTBa X, M MyCTb ¥ — oToOpaxeHHe g —> g ()

X
mMuoxectBa 27 B P (X). flcHo, 4TO 0TOGPANKEHNS LoV U Vo 4 — TOMAC~
CTBEHHbIe OTOOpAXKEeHHUA MHOKeCTBa 2¥ u muoxecrsa P (X). Caenosa-
TeAbHO, # W U-—Ouexumu (ra. I, § 3, caesctsue mpesnoxenus 8),
oTkyza u caenyer, uro Card (§ (X)) =2".

6. CoomHoweHue noprRoKa u onepayun Mexncdy KapouHasoHoIME
wucramu

[peanoxenue 13. [Tyems & u b —rxapounassuse sucaa; o418
mozo 4moGe umeno Mecmo & >0, Heo6x00umo u docmamouno,
4mo0 b CYuecmsos8aro maKoe KapoukaLshoe 4ucao ¢, yro @ = b-4-¢.

B camom nene, cootHomeune @& > B o3HayaeT, 4YTO CyliecTByeT
yacTh B MuOxecTBa @&, paBHOMOLIHas MHOxecTBY B (1°2), T. e. uTo @&
PaBHOMOLIHO CyMMe MHOXeCTBa B u HeKoToporo Muoxectsa C.

Ecav a > B, 10, BOOGmE rOBOps, CYMECTBYIOT Pa3iuuHble KapAMHAMDb-
Hbl€ yucaa ¢, Taxue, 4TO0 @ =D-}-¢ (cM. § 6); Takum o6pasoM, B 0ObineM
cryyae ,,pHSHOCTb“ a—b ABYX KapAaMHAJMbHBIX 4yuced onpeaedadTr HeBO3-
MOXHO (cM. § 5, n° 2).

Mreanaoxenue 14. ITycme @), 2 (B,)lEI—OBa maKux cemeti-
Cmea KAPOUHAAbHUX wHuCen ¢ OOHUM U MeM e MHONCECMEOM
undexcos 1, umo &, > B, 0asn scarkozo 1€ 1; mozda

Zal.}ZBg u Pa|>PBt'
1€l el el el

BTopoe HepaBeHCTBO BHITEKAeT W3 COOTHOLICHMH BKIIYEHUS MeEXAY
npousBeneHuamMu Muoxects (ra1. 1, § 5, cremcreue 3 npeanomenns 5).
C apyro#t cTopoubr, ecau MuOxecTB) E ecTb oObeiaumuenue cemeficTsa
(A,)Lel NONapHo nepeceKaloUMxca uacTet 1 B,c A, and Beskoro t, To

MuoxecTsa B, nomapwo ue mnepecekaorca u UB,(:U A (. ll, §4,
t t

n°2), oTkyza caelyeT NepBOe HEPaBEHCTBC.
Caeacteue 1. ITycme (al)lei—ceﬁteﬁcmso KA POUHQAbHUX Hucen.

To20a 048 6caxoi uwacmu § muoxwecmsa 1 D a < X a,. Ecau,
€3 i€l .

kpome mozo, & +0 oan ecaxkozo (£1—J, mo ?“L<P“.-
€Y [T

Hoaoxum b, =a 12 €Y u b, =0 (coorercrBenso b = 1) nas
t€1—3. locTaTOYHO NpHMEHHTh NpensoxeHue 14, 3aMeTHB, YTO COOT-
Hollenne & % O Bieyer & > 1.

13*
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Caeacteue 2. Ecau a, o/, B, ' — kapounarsuse wucra, maxue,
umo a <o/, bW # a0’ >0, mo a*La”,

B camom nene, a“<a"’ B cuay npeanoxenntt 10 u 14 y a"’ga""
B cuay mnpennoxenus 10 u crencrsus 1 npenioxeuns 14,

Teorema 2 (Kautop). Jss scarxozo xapdunaibrozo ducaa &
2% > a.

B camom gene, Card (P (a))=2" (npeanoxenue 12). Orobpaxeuue
x —> {x} (x € @) ecTb unbekuus Muoxectsa & B Y (@); smauut, @ L 2"
JlocTaToyHo MOKasaThb, 4TO & == 2°, T. e. YTO AId BCAKOTO OTOGpaxce-
Hua f muoxecrea & B Y9 (a) o6pa3 f(a) oranuen or ¥ (a). Ho nmycts
X — MHOXECTBO 3/eMeHTOB x €@, TaKuX, 4TO xéf(x); ecan x€X,

TO xéf(x), otkyda f(x)#+ X; ecin x€a—X, 10 xEf(x) u xéX,
3HaunT, f(x)+* X. 310 OOKa3HIBaeT, 4TO Xéf(a), OTKyZIa W claenyer
TeopeMa. ‘ ‘

CreacrBue. He cyujecmsyem MHOMECME, INCMEHMOM KOMOPOZO
0o Obl 21c60e KAPOUHAALHOE 4UCAO0.

Ecan 66 U Obl/I0 TAKHM MHOXECTBOM, CYLIECTBOBA/AO0 Ol MHOMXECTBO
S —cymMa ceMeHCTBa MHOMXECTB (X)XEU M BCAKOE KAapAMHAIbHOE YHCJIO
Obl710 OB DaBHOMOLIHO HeKOTOpOH wacTh MuoxectBa S. [Ilycts,
B uactHoctH, 8= Card(S); Tak Kak 2°® — kapiMHAaJIbHOE YHCTO, TO

2% 8 — npoTuBOpeune.

Ynpasxcnenun
M D Hycrs E u F-—nsa MHOxecTBa, f— uHbeknua MHOXecTsa E

B F, g —unvekuua wmuomecrsa F B E. IMokasats, uT0 cymecTsyor nse
yactd A, B muowectsa E u mBe wactu A’, B’ muoxmecrsa F, Takue, uto
B=E—AB =F—A"A'=f(A)nB=g (B'). (Ilycts R=E — g’ (F)
U h=g- f;B3aTb 3a A nepecedenne yacre# M mHOKkecTBa E, Takux, uro
MoDRUYRE(M).)

2) Ecan E uw F — pasanusele MHOXeCTBa, NOKa3aTb, YTO EF =+ FE.
BrisecTi 3 atoro, uro ecam E u F cyTh xapauHaabHbie uncaa 2 u 4 =
=2-}2, T0O no xpaiielt Mepe OIHO M3 MHOKECTB EF, FE ne ects Kapau-
HaJbHOE YHCIO.

1M 3) Mycem (“n)lel' (), —nBa ceMedcTBAa KapAMHAJMbHBIX uYyced,
Takye, 4to B, > 2 nasa Beaxoro t€ L

a) IMoxkasats, ut0 ecau a, < b, aag BedAkoro €1, 10

Z‘.at<!)ln-
el

el

6) Moxasatpb, 4T0 ecau a, < B, a1 Beakoro t€1, To

pd aL<:E) b,
tel el
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(3ameTuTsb, uTO NpOU3BeeHHE E, He Moxker 6GbiTh O6beauHeHHEM
e
ceMecTBa (Al)lep takoro, uro Card (A,) < Card (E,) mas Beaxoro €1,

BBuly Toro, uto Card (pr, (A)) < Card (E)).)
4) Mycrb E — MHOMEeCTBO, f — OTOOpaxenue MHOxecTBa P (E) — {T}
B E, Takoe, 4TO AJAA BCAKOrQo noaMHOxecTBa X &= & MHOkecTBa E BuI-

noanserca f(X) € X.
a) Myctp b — kapauuaabHoe uucao < Card (E), 1 mycTb A — MHO-
xKecTBO aaeMeHTOB X €E, Takux, uro Card (f (x)) < b. Mokasars, yto

ecan a = Card (A), 10 2* <1} ab (3ametnts, yTo ecan Y A uY = O,

10 f(Y)€A). .
6) ITyctp B — mHOMecTBO aaemeHTOB x € E, Takux, uTo nas Bcaxoi

yactu X == @ wmuOwectBa E, npuHapaemame# x f (x), BHNOJHSETCH
Card (X) < b. MMoxasars, uro Card (B) < 6.
5) Iycrb (KL)IEI—CeMeﬁCTBO NOpAAKOBBIX THNOB (§ 2, ymp. 12),

a I — ynopsinouennoe MHOxectBo. Ilokasate, 410

Card ( > )\L) = ¥ Card ()

el el

H (ecayu I — BnOaHe ynopanoueHHO)

Card (P x‘) = P Card (A).
i€l

tel

6) IMoxasats, 4T0 aas BCAkOro mHokectsa E cymecrsyer X E,
taxoe, uT0 X ¢ E (ucnoan3oBaTh Teopemy 2).

§ 4. Harypaabnrie nesqsie uucsaa. KoHeunsle MHOXecTBA

1. Onpeodeaenue yeavtx wucen

Onpeaeneuue 1. Iogopam, wmo KapOunasswoe yucio & KO-
HeuHo, ecau @ + a-+1; KOHetHOe KAPOUHQABHOE HUCAO HA3b-
8aemcsa MaKdxdce HAMYPAAbHbLM UeAbiM 4UCAOM (UTH TPOCTO YeAblM
YUuCA0M, €CITM MOXHO He omacaTbesl mytanuubl 1)). I'osopam, wmo MmHO-
acecmeo E wowneuno, ecau Card (E) ecrme ronewHoe rapounHasbvHoe
uucro; 8 amom cayiae zosopam, wmo Card(E) ecms wucro sremen-
mos mroxecmsa E.

TFosopsar, uro cemeficto (ra. I, § 3, n°4) xowneuno, ecau ero
MHOX(ECTBO HHAEKCOB KOHEUHO. .

Korpa mbnt OyieM rOBOpuTb, 4TO uMCAO O6BEKTOB HEKOTOPOTO Tuma
eCTh Heaoe 4ucao m, Mbl 6y;1eM HMETh B BULY, YTO 3TH 06 bEKTH — 3ile-
MEHTBI HEKOTOPOTr0 MHOXECTBA, YACHO 3JAeMEHTOB KOTOPOTO €CTh 1. MHuoxe-
CTBO, UHCJAO SJEMEHTOB KOTOPOrQ eCTh 1, Ha3blBAETCA TAKKE MHONCICMEOM
u3 m 3/4eMeHmos.

1) Mouatue ,ueaoro wucia® Gyaer noaxke 06o6meHo B aarebpe, rae GyayT
OnpelefeHbl PayllORaNbHble Yeable HUucAa U alzebpautecKue yeasie 4iucAa.
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[TPEnAOKEHNE 1. Ara mozo umoGu KapOunarsnoe 4wucro & 6oso
KOHeUnbM, RHeo6x00umo y docmamouno, umoGe a4-1 6uso ko-
HeunuM.

Hasectio, B camom aene, yro COOTHOWEHNA @ =0 u a -} | =b-1
MmNy KapAWHANLHEIME YHCIaMu @ u B SKBHBAJEHTHH (§ 3, mpennoxe-
HHe 8); 3HAYMT, COOTHOWeHHS @ Fo+lunad1+ @4 1)1 sxeu-
BaNEHTHbI,

Slcho, uto 0 = 1; Caelosateabho, 0-—uenoe umcao; orciosa noJy -
daercd, uto 1 M 2 —yeame wumcna, Kapnunanbuwie uncsa 24-1n
24 13- 1 — yenpe HHCH2, KOTOpHIe 0603HavawT 3 u 4,

2. Hepasencmsa MeHcoy yeaviMu wuciamy

IIPENNOKEHHE 2. ITIycms n— yenoe wucao. Bcakoe xapdunais-
Roe uucro &, maxoe, umo a L n, 'ecms 4eroe wucro. Ecau n + 0,
MO cyusecmsyem u  eQuncmsenno yesoe #ucro m, maxoe, uymo
n=m—1, npusem coomuomenue a <N 3K8UBALEHMHO cOOmHO-
wenuw a < m.

Eciu a < n, 1o CyluecTsyeT KapiuHaabHOe uucao B, TaKoOe, 4TO
n=a—+b (§ 3, npernoxenne 13). Torna @4 1)4-b=(a+ b))
+l=n-+1(§ 3, crescreue NpEANOKeHUs 5), M Tak Kak n - n+1,
0 @+ 1)4-b+a- B CIEROBATEALHO, @1 @&, uTo u o3Hauaer,
9T0 @ — uenoe uwncno. Ecau n + 0, o n>1(¢ 3, 2), a caenosa-
TEIbHO, CYUIECTBYeT eAMHCTBEHHOe KapAUHANLHOE YHCAO 7, Takoe, uTo
n=m--1 (§ 3, npexnoxenns 13 u 8); Tax Kak m<n, m—yenoce
4MCI0 B cuny npensiaymero. Hakowen, eciu UeJ0e YHCAO a TakoBo,
M0 an, 10 n=a-+b c h=£0 (§ 3. npennoxenue 13); Tak kax
b —uenoe uucno, b=c-41u n=m+l=(a+c)+l. Hs sroro
8AKMIOYaEM, 4YT0 m =g ¢ (§ 3., nmpennoxenue 8), ortkya am
(§ 3, npeanoxenne 13). O6partuo, ecan a<m, TO TaKme am-+
~+1=n, u ecan 60 o110 @=n=m-1, o nonyunnoce 6y a>m,
UTO TMPOTHBOPEHYUT MPEANO.I0KEHHIO,

CJIE,ZICTBPIE 1. Bcaxasn Kacmb KOHeuno20 MHOMNecmsa KOHeuRa.

Caencreue 2. Ecay X —uacms xowneinozo MHoKcecmaa E, om-
Auinan om E, mo Card (X) < Card (E).

B camom nene, X COAECPXKUTCA B aomosHeHuH X’ HEKOTOpOH uacTu
MHOXecTBa E, cBoagdiuetica k CAMHCTBEHHOMY 3.]€MeHTY; uMeem Card X<
< Card (X’) u Card (E) = Card (X")4-1, C/Ie10BATENbHO (NIPef0Ke e 2),
Card (X’) < Card (E) u tem 6oaee Card (X) < Card (E).

Onpezenenye 1 JIOKa3LIBAET, 9T0 u 06patHO: ecan E — akoe MHO-
#ecrso, yro Card (X) < Card (E) aas Besaxo#t wacty X # E MHoxecr-
Ba E, 10 E xoHeuoe.

Caencrsue 3. Ecau f—omobpaxenue xoneunozo MHONcEcmBa E
8 MHoocecmso F, mo f(E)— konewnas tacmb MHOXMCecmea F,

B camom szeae, Card (f(E)) < Card (E) (§ 3, npennoxenue 3),
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Caencrsue 4. ITycms E u F— 0sa koneunsx MHOMCecmBa, umen-
Uux 00uUHAKOBOE HUCAO MeMEHMOB, U f—omobpaxenue unoxe-
c¢cmsa E 8 F. To20a caedyouue csolicmsa sxsusarenmus:

a) f—unsexyus,

0) f— clopsexyus,

B) f— Guexyus.

HlocrarouHo noxasate, 4TO a) W 6) SKBHBamewTHH. Ecau [ uHDBek-
TuBHO, To Card (f (E)) = Card (E) = Card (F), otkyaa f(E)=F (caea-
creue 2). Ecmu f He MHBEKTHBHO, MycTb X M x'—iBa :-melzmema u3s E,
Takue, 4T0 x % x’ w f(x)= f(x’). Toraa, nonoxus E =E —{x},
mieem f (B')= f (E), otkyna Card (f (E)) < Card (E") < Card (E) s cuny
creacrsus 2. Ho tax kak Card (F) = Card (E), 10 Heo6x0mumMo0 f(E)=+F.

3. Mpunyun undyxyuu

C61 (npunumn wuxyxuuu). Tycms Rini—coomunowenue 8 meo-
pua J (0aa Komopoi n ne asasemcs Korcmanmoi). ITpednosoncun,
4mo coomHouenue

R:0¢ n (Vn)((n— uenoe umcao u Rén§)=>Rin413)

Agaemcs meopemold meopuu J. [Tpu smux ycaosusx coomuo-
ulenue

(Vn) ((n —uenoe wncao)=>Rin )

ecmbs meopesma meopuu J.
Paccyxnas oT mpoTHBHOrO, MPeNMONOKHM, 4TO COOTHOLIeHUe

(In)(n — uenoe uucao u (e Rini))

vcTdHHO. IlycTh ¢ —Takoe uenoe umcno, uto ,He Rigi* (»geron BCIO-
MOraTe/bHOH KOHCTauTH; cM. ra. 1, § 3, n°3, u § 4, n ). Leawe
YHCAa N, TaKue, 4T0 ,n < g u(He Rin})“, obpasyior HEMyCTOe BMOJHe
ynopanoueHHoe MHOkeCTBO (§ 3, n° 2, 3ameuannue), KoTopoe, cnenoaz‘i‘-
TEAbHO, HMMEeT HauMeHbIUIMH 3seMeHT §. Ecau s=0, to PHe R§03,
4TO MNPOTHBOPEYHT MNpeAnoaokeHuo. Ecan s >0, 10 s=g -+ 1, rue
§’ —uenoe uucao, Takoe, uro §' < § (mpennoxenne 2). Ilo onpenenexno
uncaa s ucTHHHO Ris’3, Ho Toraa mpeamosoxenme Baewer, uTo Ris}
HCTHHHO, YTO MPOTUBODPEYUT ONpPEleNeHHIO Yucaa s.

HToGH npUMEHUTh NPHHUMT HHAYKIMH, HeOOXOZUMO, B YaCTHOCTH,

AOK&3aTbhb COOTHOILUEeHHEe

(n—uenoe udcno u R§n3)=>R inf-13

Ilna Takoro noKasateNbCTBA HCMOMB3YIOT YacTo METOJ BCIIOMOraTe/b-
HOR runotesm (ra. I, § 3, n° 3), NO3TOMY COOTHOLIEHHE ,71 — [eJ0e YHCIO
MR §n$* (umu maxe R$n}) HaswiBaercs npednosoeruer uRAYKYUY.
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3amewanue., YacTo noj HasBaHUEM ,MIPHHLHI HHAYKHUM® HCMOJb-
3yIOT pasiuyHble KPUTepUH, KOTOpble JMerKo BuIBoiATca u3 kpurepus C61
H HauboJee BaKHble H3 KOTOPHIX Mbl YKaXKEM.

1) Iycte Sin} ectb cooTHOWieHHe

(Vp)((n—uenoe yucao u p —uenoe yncao u p<< n)=>Ripi),

H npeanonoxum, uto Sini ssesvem Rin?. Toraa cooTHouleHue
(Vn)((n — uenoe uucao)=>Rini)

ncTuHHO. B camoM gene, coorHoweHue S§03 MCTHHHO M Mo npexnoJo-
kenuio Sin} Baever Rind; tak kak cootHowehne m < n-- 1 sxBu-
BanentHO m < n (upennoxenue 2), coorHouwrenue S3n-1% sksupa-
neutHo ,Sint uw Rin}“ caemosatemsno, Sin} Baeder Sin—-13%.
Kpurepu#t C61 nokasmBaer TOrAa, 4TQ COOTHOMIEHHE

(Vn) ((n—ueanoe yncao)=>Sin})
MCTHHHO H, Tockoabky Sin} Baeuer Rini, cooTHOweHue '

(Vn) ((n —ueaoe 4ducao)=>Rin})
MCTHHHO.
2) Mycro k—uence uyucno, Rin}—makoe coornoumeHue, HTO
COOTHOLIEHHE

Rik} u (Vn) ((n—uenoe uncno >k u Rini)=>Rin-41})
HCTHHHO. Toraa cooTHOUIeHHE
(Vn) ((n —uenoe yucao > k)=>Rin})

HCTHHHO (“undykyus Hawurnas ¢ k). B camom pmene, mycte Sini ectb
COOTHOLIeHHE (> R)=>Ri}ni}“ Ttorma, ucmoabsys MeTOA pasneneHusd
cayuaes, BuAMM, uTO cooTHoweHue S§0% uCTMHHO; ¢ ApYroH CTOPOHHI,
JIeTKO MpOBepseTcs, Y4TQ COOTHOUIEHHE

(n —uenoe 4ucao u Sin)=>Sin-1}
ucruiHo. Y3 xputepus C61 sakmouaeM, 4TO COOTHOUIEHHe
(n —ueaoe dHucao)=>S(n)

UCTHHHO, OTKYyIa M clelyeT Halie yTBepikIeHue.
3) Mlyctb @ w b—aBa Ueanx d4ucaa, Takue, 410 @ < b, m nycts

R3n}— takoe cOOTHOLIEHHE, YTO BHIQJHAETCA
Riai u (Vn)((n —uence yucno u a <n<buRini)=>Rin+1%).
Toraa cOOTHOMIEHHE

(Vn) ((n —uenoe uncno 1 a < nLH>Rini)

4 % i,
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ucruhHo. Jlenaercs, kak B MpenbllylieM cayuae, ecau BaaTh 3a Sin}
cootHoweHne (@ K< n<b)=>Rin* (,undykyus, ozpanusennasn
unmepsason’).

4) llyctb @ w b—anBa ueamix uucna, Takue, 4o a4 < b, u nycrs
R}n}—rtakoe cooTHOweHue, YTO BHIMOJHAETCS

R§b% n (Vn)((n—uenoe ducno v a<n<buRint+13)=>Rin}).
Toraa cooTHOleHHE

(Vn) ((n—uenoe yucno 1 a<<nb)=>Rin})

ucTuHHO. VMMeeM, B caMoM Zelie, COOTHOLIeHHE

(n—uenoce yucao u a Ln<bwu (we Rind)) = (e Rin413%).

Ecau Ob 249 HeKOTOPOro 7, Takoro, uto @ < n < b, 6uao (ve Rin}),
T0o u3 3) crenosano Gu (He R{H§), uTo npoTuBOpeUnT NpeanonoKeHuo;
KpuTepult N0Ka3aH (,undyK{us cnycka®).

4. Koxeunovie wacmu ynopsooueHHotx MHOcecms

[pEpnoxEnnE 3. ITyems E — gpussmpynoueecs snpaso (cootser-
CTBEHHO cemuamoe, COBePUIEHHO YNOPAOOHeHHOe) YnopAadouenroe
MHOMCecmBo. Bceaxas nenyemas Koneunas wacms Muoxcecmsa E
ozparutena csepxy (COOTBETCTBEHHO o6.adaem gepxHeli 2pansio
i nucneld 2panso, o6aadaem RauboLbULUM SNCMEHMOM U RAUMEHb-
WuM 3LeMeHMOM).

HloxaxeM npexnoxeHue WHAYKUMe# 10 YHCAY 7 3MEMEHTOB paccMa-
TpuBaeMo#t 4actu. Ilaa n=1 pesyabtar tpusmasen. Ilyctb X —uacTb
u3 n~ 1 snementos Muoxectsa E (¢ n>>1), u nomoxum X =Y U {x},
rie Y COCTOMT U3 1 3JeMEHTOB M, CIEJ0BaTeabHO, He mycro. Vs mpeano-
JOXEHUS MHAYKUMH CAeAyeT, YTO CYLUecTByeT MaXOPaHTa (COOTBETCTBEHHO
BEpXHAS TpaHb, HauGOJbIIMK 31eMeHT) y MHoxecTBa Y. Tak Kak
E — duibTpyioeecs BmpaBo (COOTBETCTBEHHO CeTYaToe, COBEPIUIEHHO
ynopsanoyentoe), {x, y} obnanaeT MaxopaHTOH (COOTBETCTBEHHO BepX-
HeH T'paHblO, HaUOOJLIIMM 3/MEMEHTOM) Z, KOTOpasA, OUEeBHAHO, ABIAETCSH
H MawopaHTo# (COOTBETCTBEHHO BePXHeH TpaHblo, HaubOIbILIMM 3je-
MeHTOM) MHoXecTBa X.

Caencrsue 1. Bcaxoe nenycmoe Koneunoe cosepuleHno ynops-
0ouennoe MHONCECMBO 8MOAKE YNOpAOOUeHHO u 06aadaem Hau6oss-
WUM 346 MERMOM.

Caeactsue 2. Bceskoe nenycmoe KkoHedHOe ynopadouenHoe
MHONCECMBO 06.aa0aem MAKCUMANADHBM 3NEMEHMOM.

B camoM nene, Takoe MHOXECTBO MHAYKTHBHO B CHIY caeicTBud 1
(cm. § 2, teopemy 2).
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8. Ceolicm8a KOHeur020 xapaxmepa

OnpeaeneHug 2. ITycms E — muoxcecmgo. losopam, wmo muo-
acecmso S wacmel muowcecmsa E ecmv MHONcecm8o KOHEHHO20
xapoakmepa, 4iu umeem KOHEHHO xapaxkmep, ecAu COOMHOWeHUe
X €S sr8uBaLeHMHO COOMHOWERUIO ,8CAKASL KOKEUHAR HaACMb MHO-
acecmea X npunadaedncum S,

l'oBopar, uro csokictBo P §X3} wactu X muoxecrsa E ectb cBoicTBO
KOHe4HO20 xapaxkmepa, eciii MHOxecTBO udacte X MHoxecrsa E, nas
Koroperx ucTuHHO P $X 3, ecTb MHOXECTBO KOHEYHOTO Xapakrepa.

Ipumepsi. 1) MHo)ecTBO COBeplIEHHO YMOPAZOYEHHHIX yYacTe#d ymo-
pAZOYEHHOro MHOXKeCTBa E ecTb MHOXECTBO KOHEYHOro XapaxTepa: B CAMOM
zene, aada Toro 4toOu yactb X MHOxecTBa E ObIIa COBEpIIEHHO ynopaao-
%eHHOH, HEOOXOZHMO U JOCTATOYHO, YTOGH BCAKAA YAcTb M3 JBYX 3JEMEH-
ToB MHOXecrBa X Obla TakoH.

2) °MHoxecTBO CBOGOAHBIX YacTed BEeKTOPHOrO IPOCTPAHCTBA €CTb
MHOXKECTBO KOHeYHOro xapakrepa (,Auare6pa* ra. I, § 1). To xe Bepuo
AJs MHOXKeCTBAa aarebpanyeckd CBOOOJAHHIX YacTeilf NMPOH3BOABHOrO pac-
mupendsa noas (,Auarebpa“ ra. V, § 5).

3) MuoxecrBo moamoxyJaeH Mozyas A He €CThb MHOXECTBO KOHEYHOrO
xapaktepa, K60, BoOOWwe roBopsd, KOHEYHasd YacTh MOXAMOAYHA MOAyad A
He fABJAETCA MOAMOZyJeM Moxayas A.

Teorema 1. Bcearoe mnoncecmso & wacmeis muoxncecmsa E, ume-
oujee KOHeunnli xapaxkmep, 06.4a0aem MAKCUMALLHEM L8 MEHMOM
(npu ynopadouenuu BKAIOHEHUEM).

B cuay Teopembl 2 § 2 n0CTaTOYHO N0Ka3aTh, yto & MHIYKTHBHO;
AN 3TOTO MOKaweM, 4T0 aas BcakoH dactu & Muoxecrsa &, cosep-
UIeHHO YMOPAAQUYEHHOTO BKJIIuYeHHeM, oGbenuieHne X MHoxecTB us G
npunanaexut kK S (§ 2, creacrsue 2 Teopemnl 2). Tax kak & — MHo-
HEeCTBO KOHEYHOrO XapaKTepa, JHOCTATOYHO YCTAHOBHTH, 4HTO BCAKas
KoHeyHas 4Yacth Y MHOxecTBa X npuHasaexut Kk &. Ho ana seaxoro
yEY cymecrsyer muoxectrso Z,E®, rakoe, uro y€Z,; mockoabky
MHOXECTBO MHOXECTB Z,(y€Y) KOHEYHO H COBEPUICHHO YMOPSALOYEHHO

BKJIOYEHHEM, OHO oO6aanaer HauGoabluuM sneMeHTOM S (caexcrsue 1
npeanoXeHus 3); MHaue TroOBOPSA, CYLIECTBYeT Takoe MHOxecTBd S €@,
yto YcS. Ho rtak kak SE€S, Y —koHeuHas uyaCTh MHOXECTBa S,
a2 & — MHOXeCTBO KOHeYHOro Xapakrepa, umeeM Y € &, uro 3akawumsaer
J0Ka3aTeabCTBO. :

Ynpascrenus

1) a) Myctb E — mHoxectBo, ¥ (E)-— MHOXKECTBO KOHEUHHX HacTel
MHOXeCTBa [Tokasatb, uto & (E) aBaseTcd HAUMEHBIIUM 3JEMEHTOM
cpexu yacreit G muoxecrBa S (E), yroBAeTBOPAIONIHX CACAYIONIHM YCJIO=-
puam: 1° G @®; 2° cootHomeHuss X € ® u x € E Brexyr XU {x}€@®.

6) BoBecTH M3 a), YTO oObenuHeHHe IBYX KOHEUHBIX yactedt A u B
MHOXecTBa E koHeuHO (paccMOTpeTb MHOMKECTBO TakMX d4actet X MHO-
wxectBa E, uto X{JA koHeuHoO). .

Yup.
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B) BoiBecty u3 a) u 6), 4TO A BCAKOrO KOHEWHOrO MHOMKeCTBA E
9P (E) — xoHeyHoe MHOXECTBO (pPacCMOTpPETb MHOXECTBO TAaKHX 4YacTel
X mdoxectBa E, uro 9§ (X) xoHeuHo).

2) ITokasaTp, YTO AJd TOro, YTOGH MHONKECTBO E OBlJIO KOHEUHBIM,
HEOGXONMMO U KOCTATOYHO, YTOOH BCAKAaA HEMyCTas wacTb MHoxecrsa 98 (E)
o0/1azasa MaKCHMANbHEIM 3JEMEHTOM /1 COOTHOWEHUA BKJ0YeHUd (4TOOH
yBUIETH, YTO YCJOBHE JOCTAaTOYHO, NPHMEHUTb ero k MHoxectsy & (E)
KOHEeYHBIX 4acTed MHOxecrBa E).

3) ITokasaTb, uTO ecaH BHOJHe yHopsioueHHOe MHOXecTso E Taxoso,
49TO YNOPAJZOYCHHOE MHOXECTBO, NOJYYEHHOe HazeJeHieM MHOKecTBa E
NPOTHBOMOJOXHEM MOPALKOM, Takke BINOJAHE ynopagoueHo, To E xowueu-
HO (paccMOTpeTb Hamboabumimii aaeMeHT X MHOxecTBa E, Tako#, uro
OTpE30K S, KOHeueH).

4) IMycts E — KOHeYHOE MHOMXECTBO M3 n > 2 anemenros, C-—uactb
mHoxectBa E X E, rtaxas, yro aad MmoGoit mape (x, y) pasiHUHHX 3Je-
menToB u3 E oxun u3 1Byx saeMeHTOB (x, y), (¥, X) npuHanaexut k C,
INoxasatb, 4TO cymecTByer orobpaxenue f uurepsana (1, n) Ha E, taxoe,
uro (f (i), f(i—l 1))eC maa 1< i< n (paccyxzarb HHAYKUMEH no n),

91 5) Mycrs E — ynopanouennoe MHOXeCTBO, 114 KOTOPOTO CYIECTBYeT
Takoe LEJoe YUCAO k, YTO k ecThb Hambolbiee YHUCAO CpeAM 4HHUCE] 3Je-
meHToB cBOOOAHEIX uacteft X mHoxectsa E (§ 1, ynp. 5). [Tokasars, uto
cyngecTByeT pasbueHue MHoxecTBa E Ha £ MHOMECTB, COBEPUIEHHO YHOpPA-
JOYeHHBIX MHAYUHPOBaHHBIM mopaaxoM. [Tpozenars 3TO B jBa arama:

a) Ecau KOHCYHO H HMEET N1 3JIEeMEHTOB, JOKAa3nlBaThb MHAYKUHMeH
110 n: NyCTb &—MHHUMAaJbHBIH aaeMeHT MHoxecTBa E, u nycrs E' =E —{a}.
Ecau cymectByer pasbueHue MHoxkecrBa E’ Ha & mHoxects C; (1<ik),
COBEPUIEHHO YNOPAAOYEHHBIX HHAYLHPOBAHHEIM NMOPALKOM, PACCMOTPETh LJ1
KaMnoro HMHAeKca i MHOxecTBO U; saeMeHTOB x € C; MaXOpHPYIIIHX a;
1I0Ka3aTh, YTO CYHMIECTByeT NO kpafiHe#t Mepe oauH wWHIekc i, Tako#H, 4UTO
B E’ —U; umeerca cso6opHas yactb, cofepxkamas He GoJbme & — 1 sue-
MEHTOB. Jlas 3TOro Hafo pPacCykAaTh. OT MPOTHBHOTO, PACCMOTPER B KAXKAOM
E’ — U; cBoGoanyto yactb S; u3 %k aJleMeHTOB U B34B 3aTeM 00befuHeHue S
MHOXKECTB S; M JAf KakAOro HHAeKca j < & HaHMEHbIIMH 3JEMEHT $;

mHoxectBa Sf]Cj; mokasars, 9to k2 1 snemenroB 4, sy, ..., Sp 00pasywoT

€BO6OJHYI0 YacTb MHOxecTBa E.

6) Ecan E — npousBo/bHOe MHONECTBO, JOKA3BIBATh WHAYKIMEH mo &
caexyomum obpasoM. ['oBopar, uro yacts C MmHoxectBa E cuasno css-
3aHHas B E, ecam nas Bcaxkoid koHeuno#t yacrtu F mHOXecrsa E cyme-
CTBYeT Takoe pasbueHue MHOxecTBa F Ha He Gosee ueMm & coBepuIeHHO
ynopaaoueHasx MHoxecTs, Yyto CMF coxepixkurca B ozHoM U3 Hux. Ilo-
Ka3aTb, 4TO CyLIECTBYeT MaKCUManbHafs CHJIBHO CBA3aHHaA yactb C, u 4TO
B E—C, Bcakas cBoGomHana uacth uMeeT He Goabize k—1 sjaeMeHTOB.
{Paccyxnatb OT NpOTHBHOrO, NPEANOJOKUB, YTO CYmECTBYeT cBOGOAHASA
vactb {ay, ..., @} 43 k 3JEMCHTOB; PACCMOTPETH KaXKIOE U3 MHONKECTB
CoU{a;} (1 <i< k) u BBpAsuTb, YTO OHO HE CHUJABLHO CBA3AHHOE, YTO A4CT
And KaXaoro uHuexca i xoHeuHylo wactb F; mHoxectBa E. Paccmorpers,
HaxoHen, o6beamHeHue F mHoxectB F; M ucnoab3oBaTh s NMOJYYESHHS
npoTuBopeyrsd TOT (axT, yTo Cy — CHIBHO CBA3AHHOE.)

9 6) a) Mycrs A — mHoxecTBO, § M & — ABE KOHEUHHE YACTH MHO-
#ectBa P (A), UMelowHe COOTBETCTBEHHO m u n 3JeMeHroB. [lycTh
h — HauMeHbIIEE leNoe YHCJAO, TaKoe, UYTO NJAf BCAKOrO LIEJOro YHCIA I
obbenHHEHHE HeKoToporo cemeiicrBa r— k uacreft MHOXecTBa A, mpH-
HAIJEKAMHX K $F, NepecexaeTcd MO MeHblzed Mepe ¢ r MHOXKECTBaMH,
upuHagnexamumuy k @. ITokasars, 9T0 B A CymecTByeT Takoe KOHEUHOE
MHOXecTBO B u3 camoe Goubiiee n -4 A 3JeMEHTOB, YTO Kaxaoe MHO-
WECTBO M3 ¥ M Kawjaoe MHoxecTo U3 & mnepecekaiorca c¢ B. (flycts



TJ1. II1. YIIOPJAOOYEHHBIE MHOMXECTBA ¥np.

X; (1<<i< m)—osnementnn muoxectsa F, Y; (1< j< n)—snements
MHOMecTBa &; paccmorpers Ha [ UG coorHomenwe mnopsanxa, rpadux
koroporo oGpasosau mapamu (X; X;), (Y; Y;) u napamu (X, Yy), raxumy,
ut0 X;NY;+ @ ¥ DpHUMEHHTH K STOMY YMODPAAOYCHHOMY MHOMKECTBY
ynpaxueuue 5.)

6) [Tycts E U F — 1Ba koHEUHH X MHOMKECTBA, X -> A (x) —oT06paxeHue
muoxectBa E B 9 (F). Iaa toro 4to6m CyumiecrBoBalta MH'bEeKUHA f MHO-
xectBa E B F, rakas, uro pas Bcaxoro x €E f (x) € A (x), Heob6xonumo
U J0CTaToYyHO, 4To6H aad Bcakod vactd H wmuoxkectsa E o6bexune-

Hue |J A (x) MMe/NO 4HCNO 3NEMEHTOB HE MeHbIIee, 1eM 9HCJIO 3JeMEHTOB
x€éH

mHOXkecTBa H (npumenurs a) ¢ A=0.

7) FoBopar, uTo B ceT4aTOM MHOXecTB€ E anement a wenpusoiun,
€CJIH COOTHOIIEHHe Sup (X, y) = a BJeYeT X =4 HI¥ y =a.

a) IokasaTh, 4TO B KOHEYHOM ceTyaToM MHOXecTBe E Beaxuid aje-
MeHT & MOXeT OHTb 3anucad B Buie sSup (€, ..., €p), A€ SJEMEHTH
e; (1 <i< #) HenpHBOZUMHL.

6) ITycrb E — xoueuHoe ceTyaToe MHOXECTBO, J— MHOXECTBO €ro
HenpuBOAMMEIX 3JaeMeHTOB. [las Bcaxoro x € E mycth S (x)— MuoxecTso
1ex y € J, xotopuie < x. [Toxasarb, UTo OTOGpaskenue x -» S (x) aBaserca
usoMophusMoM MHoxecTBa E Ha Hexoropylo uacte MHOMecTBa 9 (J),
yUopan0o9eHHoro BkJaoUeHueM, u uto S (inf (x, y) }=S (x)1S (y).

11 8) a) Iycrs E — IUCTpHOYTHBHOE ceTyaToe MHOXeCTBO (§ 1, ynp. 16).
Ecau a Henpusonum 8 E (ynp. 7), nokasaTs, 4T0 COOTHOIIEHHE @< SUP (X, ¥)
BJICYET &< X HIK a < Y.

6) ITycrtb E — KoHeYHoe fUCTPHEYTHBHOE CETUATOE MHOXKECTBO, J — MHO-
WECTBO €ro HENpPHBOJAHMBIX 3JEMEHTOB, YNOpAAOYEHHOEe HHIYLHPOBAHHBIM
nopankom. ITokasats, uro Hsomopdusm x -> S (x) muoxecrsa E B 9 (J),
ompeneieHHHA B ynp. 76), TakoB, aTo S (sup (x, y)) =S (x)US(y). Bu-
BEeCTH H3 3TOr0, 4TO eCaM J* — MHOXeCTBO, MoJdyueHHOe U3 J HaneleHHeM
MHOKeCTBa J NPOTHBOMOJOXHEIM NOpAAKoM, TO E usomopdHO ynopagoyeH-
HOMY MHOxec1BY of (J*, I) Bospacralomux orofpameHudt MuoxectBa J*
B I={0,1} (§ 1, ymp. 6).

B) [IpM npeamoJsoxeHusax myHxra 6) nyctb P — MHOMXECTBO 3JeMEHTOB
MHOXeCTBA J, OTJMUHBIX OT HAaMMeHbIIero sJjeMmeHra MHoxecTBa E. [lag
kaxnoro x€E mycrs y,, ..., y, —PpasauiHbe MUHMMAJbHBIE SJEMEHTH

.

unrepBana )x, ->»( B E; aaq xaxzoro HHiexca i mycth ¢, — TaKo# sue-

MeHT MHOXecrBa P, uto g, ¢ S(x) u ¢, ES(yi). [Tokasars, 4TO 3/€MEHTH
gy +++1 4, TONAPHO HECPABHUMBL.

r) O6parto, myctb ¢, ..., g, —TONaPHO HECPABHHMblE 3JEMEHTH
muoxecrsa P. ITycts

u==3up (-« es 4;) ”i=12'}p<k(qf (1<igh).
iFEL

[Tokasars, uto v; < u zaa 1< i<k Iycrs toraa
x=inf(v, ..., v U = inf (v).
el W 1<1<k( »
Ve

l'onaaa'rb, UTo X < yi Jig KaXJOro HMHAEKca i, U BHIBECTH H3 3TOro, 4TO

B HHTepBaie )x, ->( CyWeCTBYeT fl0 MeHbleH Mepe X pasiuMYHBIX MHHH-
MaJbHEIX 3J€MEHTOB.

¥np.
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M9 FoBopat, 4To uwactb A ceryaroro MHoxectsa E nodcemuama,
ecnu njs BCAKOH mapel SJeMEHTOB (X, y) H3 A sieMeHTH supg (x, y)

H infg (x, y) npmmanaexat kK A.
a) Iycrs  (C;) ¢ ;< — KOHEUHO® CEMEHCTBO COBEPUICHHO YNOPAZO-

n
9eHHBIX MHOXeCTB, E = H C;— Hx npousBeneHHe, A — mojceTYaroe noj-
i=1
MHOKeCTBO MHOxecrBa E. [TokasaTb, 4T0 B A He MOXeT CyHIeCTBOBaTh
6oabiie YeM n HENpUBOAUMEIX M NONMAPHO HECPABHUMBHIX 3JemeuToB. (Pac-
CyXAaTb OT MNPOTUBHOrO, MPEANOJONUB, YTO B A HMeercd r > n HenpH-
BOAMMBIX W MONAPHO HECPABHUMBIX 3aeMeHTOB &; (1 < < r). Paccmorpers
3JIeMEeHTH

u=sup (a, ..., 4), vi=l<§|;p<r(aj)

MHOXECTBA A M, NPOEKTHpYA HX HAa MHOXHTE]H, NOKAa3aThb, 4TO U = y;
AJIsi MEKOTOPOrO HHAEKCA [ M YTO 3TO BJAeYeT CPABHUMOCTb ABYX KaKHX-TO
3JIEMEHTOB 4;.) :

6) O6parHo, nyctb F — KOHeYHOe AHMCTPUOYTHBHOE CETYATOE MHO-
XeCTBO, P— MHOXECTBO HENPHBOZHMHIX 3JEMEHTOB MHOXECTBa F, oTauunbIX
OT HaUMEHBIIETO 3JEMeHTa MHOXeCTBa F, M npexnoJoxuM, aTo Hauboabliee
YHCJIO CPEeAH 4YHCeJ SJEMEHTOB CBOOOIHEIX IOAMHOXECTB MHOMXecTBa P
ectb n. [Toxasars, 4to F M3oMOphHO HekOTOPOMY MOACETYATOMY MOAMHO-
JKEeCTBY HEKOTOPOrO MNPOM3BEAEHHM 7 COBEPHICHHO YHOPSAOYEHHHIX MHO-
#ects. ([Ipumenurs ymp. 5, B cuiay kotoporo P Gyner obbenuHeHueM n
COBEPLIEHHO YNOPANOYEHHH X HENEPECEKAIONIHXCA MHOXECTB; nycTb C;—co-
BEpIICHHO YMOpAAOYEeHHOEe MHOXKECTBO, NoJyyeHHoe jobaBieHHeM k Py
Haumenbmero 3Jjementa (1 <{i<n). ComocraBurh 3aTeM kaxaomy x €F
CeMEHCTBO (X;)y <y <pp TAE X; —BEPXHAA Ipalb B C; MHOXKECTBA sJeMeH-

TOB M3 P;, KotopHE < Xx.)

11 10 a) Jlag 1oro uTO6H ynopamoyeHHOe MHOXKECTBO GBLIO H30MOpd-
HbIM NOXMHOXECTBY HEKOTOPOTO NMPOM3BEACHHS 1t COBEPLIEHHO YNOpALoUCH-
HEIX MHOX€ECTB, HEO0XOZHMO H JOCTATOYHO, YTOGH rpaduk nopaika Ha E 6bia
nepeceueHHeM n rpadukoB COBepIICHHHIX Mopsaaxos Ha E. (Utob6u ysuaers,
4TO yC/OBHE HeOOXOAMMO, MOKAa3aTh, YTO rpaduk MOpAAKa Ha MHOKECTBe

n

HFi' ClyXalleM NPOU3BENEHUEM N COBEPIICHHO YNOPAZOYEHHHX MHO-
i=1

HECTB, €CTb MepeceueHHe n rpadHKoB JAeKCHKOrpapuyecKux MOpAAKOB
Ha 3TOM MHOXECTBE.)

6) lna toro aTO6H ynOpAnOYEHHOE MHOMNECTBO E GH/O H30MOpDHHIM
NOAMHOMECTBY HEKOTOPOro MNpOM3BENCHHUA IBYX COBEPIIEHHO YNOPAKOYEH-
HBIX MHOXECTB, HEOGXONIMMO M JOCTaTOYHO, 4To6H mopanox I Ha E Gwla
TaKHM, 4TO CymiecTByeT BTOpO# mopamok IV Ha E, ynoBaeTsopsiomtuit
YCJIOBHIO: IBa NPOU3BOJbHEIX Da3JMYHBIX 3JeMeHTa H3 E cpaBHUMBI OTHOCH-
TE/BHO . OZHOrO M TOJbKO OAHOro M3 mopsaakos I, IV.

B) IlycTb A — KkOHEUHOE MHONECTBO M3 n 3JeMeHTOB. B 8 (A) pac-
CMOTpeTh MHOXecTBO E, o6pasosannoe 2n saemenramu {x}, A —{x},
rae x npoberaeT A; moxasarb, YTO 1 — HAMMEHbINEE H3 LeJBX YHCea m,
TakHX, 4ro E, ynopamoueHHoe BKMOYEHHEM, H30MODDHO NOIMHOKECTBY
HCKOTOPOrO NPOH3BEJICHH m COBEPIUGHHO YMOPAAOUEHHBIX MHOXECTB.
(ucnoab3oBath a)). '
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§ 5. Buluncaenus ¢ neabiMd YHClaMH
1. Onepayuu Hao yesbIME YUCAAMU U KOHEHHOIMI MHONCECII8AMIL

Meepnoxeune 1. ITycms (e — KOHedHOe cemelicmso uyeabx

Die1

‘qucesr. To2d0a kaplunaisshse Hucsa ZI a, u u a; ABAAOMCA
ic e

yersimu HucLaMi,

IMoxaxeM cHayana, YyTo ecau a W b—uenme yucaa, o a4 b —
nenoe yHcao. Jloxasmeare OyneMm wuniaykuuei nmo b. Ecam =0, npex-
JoxkeHue HCTHHHO, 00 @+ 0=a. Eciu a4 b — uenoe 4ucao, 1o xe
BepHo u 119 (@~ b)+1 (§ 4, mpeanoxenue 1); o (a+by—--1=
=a~ (b 1) (§ 3, careacrsue npeanoxetunsa 5), 3Hauutr, a (b4 1) —
LeJoe YHCJAO M, CJleloBaTeabHo, a— b -—uenoe uwucao aaa mo6oro
Heaoro 4ucaa b.

[Mokawem tenepp wuHAykuued no n= Card(I), uro 2 a; —uenoe
igl

yucao. IT0 oueBHAHO, ecad n=0, ub6o Torna =@ wu Eai=0.
icl

Ecu Card(D=n-1, 1o I=JU(k} ¢ Card(J)=n n k¢ J; Toraa
E al=ak+2 a; (§ 3, npeanoxenne 5). IlpeanosnoskeHue MHAYKUUU
ic1 ic)
COCTOMT B TOM, 4TO Q; — Uej0oe YHCJO; 3HAYHT, 3TO BEpPHO H AIs
i€l
a,+ > @, B CHIY TOAbKO 4YTO NOKa3aHHOTO. A 3TO0 JO0KAa3HBaeT, YTO
i€l

2 a; —1e0e YUCI0 IAad moboro 7.
ic1

Tak Kak npousBeleHHe ab [ByX UeJHIX .YHCeX @ U b ecTb cyMMa
HEKOTOPOTO KOHE4YHOro ceMelcTBa LeJbIX 4ucen, paBHHX & (§ 3, caen-
creue 2 mpennoxetns 6), ab-—uenoe umcao. [TokaxeM uHAyKIIMeH

no n=Card(I), uro Hal—uenoe yuca0. ITO HCTHHHO AaA n=0,
H60 TOraAa Ha =1. C npyro#t ctroponsl, ecan Card (I)=n-1, 10

(npu Tex e 0603Haquuax, YTO U BHIlLiE) Ha =y )lelJai (§ 3, npexn-

JoxeHue 5); U3 NMpelano/oxKeHus an,yKuuu caepyet, 4T0 Ilai—uenoe
e

yucno. Crenosarefbho, lle—[l Q; —Uenoe 4ucao Aas ao6oro n.
Caeactue 1. O6sedunenue E voneunozo cemeiicmea (X
HOLX MHONCECMB — KOHEHUHOE MHOICECMBO.
B camom gmene, cymMa S cemefictBa (X;) KoheuHa. [TockoabKy cylue-
cTByer orobpaxenue MHoxectBa S Ha E (ra. II, § 4, n° 8), Muoxecto E
KoHeyHo (§ 4, caeactBue 3 npelsiomehus 2).

t)tel Koney-
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CneactBue 2. IIpou3gedeHue KOHEHHOZ0 cemelicmse KOHeHHBLX
MHONCECMB — KOHEHHOE MHOICECMEO.

b

CnaeactBue 3. Ecau a u b— yeaswvte wucaa, mo a’ — yesroe 4ucro.

B camoM gene, @’ —nmpousBeseHMe KOHEYHOTO ceMeHCTBAa MEAbIX
yyucen, paBHnx a (§ 3, npeanoxenne 10).

Caencrsue 4. Muoocecmso wacmeli rowmewnozo muoscecmsa E
KOHEHHO.

' c
B camoM Zere, ero kapiuuambhoe uncao ect 2°°“®) (§ 3, mpex-
aoxeHue 12).

2. Cmpozue HepaseHcmsa MeHcoy UesbiMUu HUCAAMU

[eeanoxkenue 2. ITycms @ u b—08a yeawx ducaa; 048 mozo
ymobue 6ua0 a < b, neo6xodumo u docmamouno, wmoGu cyue-
cmsosaro marxoe yeaoe wucao ¢ >0, umo b= a--c.

B camom pene, ecau @ < b, M3BECTHO, UTO CYLIECTByeT KapIHHAa.b-
Hoe uuca0 ¢ b (Koropoe, TakuM 0OpaseM, ABAAETCA HEAHM YHUCIOM
(§ 4., mpeanoxenue 2)), Takoe, utro b=a—-c (§ 3, npennoxenne 13);
ecau a + b, 10 Heo6xonuMo ¢ = 0. O6patHo, ecau b=—=a--¢ u ¢+ 0,
0 ¢ > 1, a sHaunr, e < at+1Latc=b.

Meenaoxeuuve 3. ITycme (ai)iEI u (b,)iel——daa KOHeunBX ce-
Melicmsa ueastx 4Hucenr, marue, wmo a, b, das scarceo i€l u
a, < b, no kpalineli mepe 045 008020 undexca i. Torna Z a, < % b,.

Ecau, kpome mozo, npednoasoscums, 4mo b, >0 a/m /uodozo i€l

Myctb j—rtakoH wuHAekc, uro a; < by momoxum J=1I-—{j}.
Umeem b;=a;~-¢; ¢ ¢; >0 (npeanoxenne 2), sHaunr (§ 3, mpea-
JA0xeHue 14),

Do=ajtc;+ b >cp4a;+ 2 ay=c;4 2 a,,
ic1 i€l gl igl

a Tak Kak ¢; >0, orciona cireayer nepsoe yTBepxieHue (TpeinOxe-
Hue 2). AHAJOTHYHO ,

l].;llbl=(aj+cj)gbi=aj' H%‘F%'Q%)Q%‘FC Hb

HO, TaK Kak ¢; u Bce b; + 0, npousseneHue ¢; - !Ibi +#+ 0 (§ 3, npex-

AokeHHe 7); M3 3STOro, eCAM INPHHATL BO BHHMaHHe npe,u,nox(eﬂue R
BBITEKaeT BTOpOE YTBEPXKAEHHe.
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Caencrsue 1. ITyems a, o' u b— yease wucra, marue, 4mo
a< a ub>0; moeda ab < a’’.
Hocratouno npexcraButs @® u a’° B BuAe NpPOM3BeleHHH KOHEYHBIX

ceMeHCTB Heanx uucen (§ 3, nmpeanoxenue 10) u npuMeHuTb NpenaONe-
HHe 3, 3aMeTHB, YTO COOTHOlueHHe a < @’ Baeuer a’ > 0.

b

Crencteue 2. Ilyems a, b u ¥ — yeawme uucaa, marue, 4mo
a>1 u b b moada a® < at'.

B caMmom inene, cywectByer ueaoe 4ucao ¢ >0, Takoe, yt0 b =
= b~ ¢ (mpennoxenne 2); Tak kak ¢ >1, 10 @°>a > 1; orciona
a¥” =ab. ac > ab,

Creacrsue 3. [Tycms a, b, ¥ — yeaste 4ucsra (cooTBETCTBEHHO
Keave Hucaa, maxue, wmo a > 0). g mozo umobet 666240 a b=
=a-} b (cooTBeTcTBeHHO ab=abd’), Heo6x0dumo u docmamouno,
umobus Gotao b=1=4".

B camom nene, ecam b=~ b’, umeem, Hanpumep, b < & wu npeano-
KeHHe 3 mOKasbBaeT, 4T0 a-+b << a-+ ¥ wu ab < ab’ (ecam a > 0).

Caeacrsue 4. Ecau a u -b—marxue yeawe wucaa, umo a b,
mo cywecmsyem u eOuHCMBEHNKO YesOe HuCA0 ¢, makoe, 4mo
b=a-}c.

CymecrBoBaHue YHCAa ¢ BHTeKaeT M3 Npefnoxenus 13 § 3, eluH-
CTBEHHOCTb — M3 TOJBKO YTO AOKA3aHHOTO CJAEACTBHA 3.

Lence uyucmo ¢ takoe, uto b=a -} ¢ (u19 a < b) HaswiBaeTCa pas-
HOCmbi0 UedHX 4ucen b u a u 06o3Hayaercs b — a. MrHoBeHHO mpo-
BepAeTcsl, 4T0 ecau a, b, a’, ¥’ —ueasle uucaa, Takue, uyro a b
ua ¥, 1o

(b —a) (¥ — &'y = (b +b') — (a+ ).

3. HumepBass. 8 MHOMCECMBAX UEAbiX 4wucen

" BcAKoe MHOMECTBO HeaAHX 4Yuces, GyAydd MHOXKECTBOM KapAHHAb-
HBIX 4HMCe], BMOAHe ynopsaaodeHo (§ 3, TeopeMa 1); Kpome TOTO, Aad
BCAKOTO LEJOT0 4YMCAAa & COOTHOWIEHHEe ,X — KapAHHaAbHOE YHCAO H
x « a* konnexTuBusupyomiee (§ 3, saaMeyaHue, creayoLiee 3a TeopeMoit 1),
a4 MHOXECTBO YHCea X, YAOBJETBOPAIOLHX 3TOMY COOTHOIIEHHIO, ABAAECTCA
MHOXKeCTBOM UednXx yuced (§ 4, npeianoxeHue 2), KOTOpoe, TaKuM
06pazoM, MOxHO oGosuauuth (0, a).

Hpepnoxenne 4. Iyems a w b-—yeane wucaa;, omo6paxcenue
X—>a—-X A8ASEMCA CMPO20 803PACMAOWUM UIOMOPEHUIMOM UH-
mepsara (0, b) na unmepgas (a, a~-b), a y—>y —a ecms o6 pam-
Holl usomopghuzm.

flcHo, ut0 cootHomenus 0 < x < & Baekyt

aLa+t+xLa+-b;
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oTOOpakeHHe X —> @4 X — CTPOro BO3pacramllee (M, CaelOBATeNbHO,
HHBEKTHBHOE) B cuay npeanoxenus 3. Hakoweu, cootHowenns a Ly K
La+bBrekyr y=a-+x c x>0na+t-xLa+b, orkyna x b
(npeanoxeHue 3), yeM M 3aKAHYHUBAETCHA N0Ka3aTeabCTBO.

[IpEanokeHuE 5. Ecau a u b— yeawe wucana, maxue, 4mo a < b,
mo unumepgas {a, b) ecms KOHEUHOe MHOINCECMBO € HUCAOM 3.ae-
xenmog (b—a)—+ 1. )

B cuay npeanoxeHns 4 MOXHO orpaHuyutbes cayyaem a=0.
HokaxkeM npentoxenne uHAykuue# no b. Jlna b=0 oHo oyeBuaHO.
C npyro#t cropoubl, cootHomehne 0 < x b+ 1 3kBUBANEHTHO COOT-
vowennio ,0 L x < b1 wmm x=>5~ 1% a coornowenne 0  x <
< b1 skpusanentio cootHowehno 0 < x < b (§ 4, npeanoxenue 2);
uHaue rosops, uurepsan (0, b~ 1) ecTb o6beaunenue uutepsana (0, b)
¥ MHoxecTBa {b~-1}, mpuuem 3TH AB2 MHOXeCTBA He llepeceKaioTcs;
B CHJY NpeAMOJOXeHHs MHAYKUWM uncao daeMentos B (0, b—-1) pasuo
{0+ 1)~1, uTo u n0OKa3LIBaET MPelNOXKEHHUE.

Mpenn0KEHUE 6. AR 8CAKO020 KOHEUHO20 COBEPULERHO YROPSA-
douennozo muoxecmsa E, umewowezo n ssemenmos (n> 1), cyme-
cmeyem u eOuncmBen u3oMOpPuim Mroxcecmsa E na unmepsaan
(1, n).

Tak kak E u (1, n) Bnoaxe ynopanodenus (§ 4, caeacrsue 1 mpen-
noxeHusa 3) M MMEOT OAMHAKOBOe YHCJO 37eMEHTOB (MpelioxeHue ),
npeinoXeHHe BoiTeKaeT M3 TeopeMh 3 § 2 u caexcrsus 2 mpemo-
weHua 2 § 4.

4. KoRreuHole nocaedogamesbrocmu

HazoBeM Koxewnold nocaedogamessnHocmbio (COOTBETCTBEHHO KO-
Heunoll nocaedosamesbHocmsio 31emenmos mroxcecmsa E) cemeicTo
(COOTBETCTBEHHO CeMeHCTBO 3JeMeHTOB MHOxecTBa E), MHOoXecTBO
HHIEKCOB KOTOPOTO €CTh KOHEYHOe MHOXeCTBO | meamx uucen; ducio
91eMEHTOB MHOXecTBa | HasHBaeTcd B 3TOM cayuae O.4unol mocieno-
BaTeJbHOCTH.

Iyctb (ti)iEI———KOHe‘IHaﬂ MOCAe10BaTeIbHOCT AJAMHH n. B cuay

npeanosxeHns 6 cyluecTByeT eIMHCTBEHHHH H3oMopdusM f unrepsana (1, n)
Ha MHoxxecTBO ueamx uucea I. Jlas scakoro k€ (1, n) rosopar, 4ro
11y €CTb k-i 4aen nocaedosamensrocmu, ty ) (COOTBETCTBEHHO £y (y)

BasbiBaeTcs nepsus (COOTBETCTBEHHO NMOCAeOHuM) 4YIEHOM MNOCAEnN0-
BaTeJbHOCTH.

[ycts P3l§—rtakoe cooTHOlIEHHE, YTO 3JeMEHTH {, 1Jf KOTOpPHIX
BolmoaHgercd P }i}, o6pasyloT KoHeuHoe MHOXeCTBO | wueaHnx uucen;
KOHeynas MNocaen0BaTe bHOCThb (ti)iel o0603HauaeTCcqa TOTAA 4YacCTo (ti)Pgt;-
Hanpumep, xoraa I = (a, b), ynorpe6asior 4acto 0Go3HadeHue e ci<h
Tlpu Tex e -ycaoBuaX, 4TOGH 06GO3HAYUTb, HANMpuUMep, TpPOH3BEIEHHe

14 H. Byp6aka
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b
ceMeHCTBA MHOMECTB (X;);¢y, HCTOAB3YIOT 0GO3HAUeHNH ITx, = IIx:
$i3 i=

aHaNOTHYHHE O0O03HAYEHHS INIPHMEHAIOT 1A OObelMHEHWsA, MepeceveHus,
KApIMHANLHOTO MNpPOM3BeJEHUd, KAPAMHAALHON CyMMbl, °3aKOHOB KOMIO-
suuuu B Aaredpe (,Anre6pa‘, ra. I, § 1), u 7. i

5. Xapaxmepucmuueckue Gynxyun MHONCECmS

IMycte E — Henmyctoe MHOMecTBO, A — vacth MHoxecTBa E. Hasosem
xapakmepucmuseckoli Pyrwxyueii uyactu A MHoxecTBa E orToOpaxe-
Hue ¢, Muoxecrsa E B MmHoxecrso {0, 1}, onpeneaenHoe ycaoBusmu:

o, (x)=1 nma x€A; ¢,(x)=0 mma x€E—A.
OueBHIHO, 9YTO COOTHOWIEHHE ¢, == @, SKBHBANEHTHO COOQTHOLIEHHIO
A=DB; umeem o, (x)==1 ana scakoro x€E, by (x)=0 naa Bca-

Kkoro X€E, m 370 eIMHCTBeHHble MOCTOAHHblE XapaKTepHCTHUECKHE
¢yuxunn B E. Kpome Toro, ToTuac ke M3 omnpeleneHuH BHTEKaeT cle-
Ayiollee MpeNIoKeHue:

Ipennoxeuue 7. [Jasn scakod naps nodmuoxncecmeé A, B neny-
cmozo MHoxcecmsa E

(1) Pp_a (X)=1—0, (%),
@ Pans ) =9, ()¢, (),
() Paus ) T uns () =19, (D49, (x)

04s awbozo0 xE€E.

6. I8rxau0080 OeaeHue

TeoreMA 1. ITycms a u b— yeawe wucra, mawue, 4mo b > 0;
cyuecmeyrom yesve Hucaq g u r, maxue, 4mo a=>bq—~r u r < b,
nputesm smumu YCA0BUAMU yeable #ucaa q u r onpedesens 00HO-
3HQURO.

Tpebyembe yca0BHA SKBHBa/leHTHb ycJaoBUAM bg <l a < b(g—1)
M r=a— bg (npeanoxenue 2). Bce cBenoch, TakuM 06pa3oM, K TOMy,
yroOH HalTH Takoe ¢, 4T0 bg <l a < b (g} 1); unHaue rosopd, ¢ AOIKHO
OBITb HAMMEHbIINM UEJBIM YHCJIOM, TakuM, yto @ < b(g-}- 1), uro noka-
3HBaeT, YT0 ¢ M r == a — bg onpeseneHy onHO3HauHO. Jlag Toro uro6wl
MOKa3aTh MX CyLIeCTBOBAHHE, 3aMETHUM, UYTO CYLIECTBYIOT LeJbe 4YHCaa P,
TaKue, 4T0 @ < bp, xora Om e—1, tak kak b > 0. Ilyctb m -— nau-
MeHbllee M3 3THX UedblX uucest; m %= 0, U NMO3TOMY MOXHO HAMHCAThH
m=qg-+1 ¢ gm (§ 4, npeanoxenne 2); orciona BHTEKaeT, 4TO
bg < a<big+1).

OnpeneneHue 1. B o6o3nauenuax meopems 1 2080pam, umo
r—ocmamox om Oeasenus #uucra a Ha b. Ecau r=0, 2080pam,
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_umo a-—kpamnoe (028) wucre b, usu wmo a deaumcs na b, uau

umo b— Oesumens Hucsa a, uau 4mo b deaum wucro a; wucao g
Ha3weaemcsa 8 IMOM CAyiae HACMHHM Om OeneHus wucia a Ha b

a
u obo3naraemcs 5 uau al/b.

Korga a He aBaseTcd KpaTHHM 14 b, 4YHCIO ¢ HasblBaeTca 4esod
yacmsio wacmuozo om Odesenus 4ucra a Ha b (cp. ,OC6was Tomo-
aorus“, ra. 1V, § 8, n° 2).

a
B 5moii zsase cam (axt samucu a/b wau Y3 6yxer o3Hayarb, 41O b

AEJIUT 4.

CootHolieHus a = bq u ¢ = a/b sxBusateHTHH (ecau b > 0). Beakoe
KpaTHOe a’ HeKOTOPOro KpPaTHOTrO & 1A b ABaserca KPaTHHM Last b,
npuueM a’/b=(a’/e)(a/b), ecim a =+ 0. C npyroft CTOPOHH, €CIH ¢
u d—xkparivie aaa &, 10 ¢+d u ¢—d (korma d < ¢) — KpaTHbe

c+d ¢ d c—d ¢ d
Ana b, npudeM 5 :T+—b' W= —

[leable uucaa, Kparhee [1 2, Ha3BIBAIOTCHA 4emHbiMu, OCTAJbHLIE —

HewemHwMu;, 3TH TOCAeNHME BBHLY TeopeMu 1 umeloT sua 2n—- 1.

7. Pa3aooenus no OcHOBaHuro b

TIrEnnoxeHuE 8. [Tyems b— geaoe wucao u b > 1. las scaxozo
‘genozo wucaa k>0 nycms E, — aexcuxozpaguneckoe npoussede-
nue (§ 2, m°6) cemeiicmea (Jp)y .\, o, UHMEPBALOS, cosnadanuux

kawcdutd ¢ (0, b6—1). Hdaa 8cakozo r=(ry, ry, ..., r,_EE,

k-1
nycmo f, (r)=’120rhbk'h_l. Toeda omo6pasxcenue f, ecmv u3o-
MOpPusm Ynopadotenno2o muoxwecmsa E, na unmepsas (0, b*—1).

Mu 6yzeM 10OKasbiBaTh MNpeNJONeHHe HHAYKUMeH mo k; ana k=1
OHO TOTYaC e BHTeKaeT M3 oOnpedeteHud. Jlasa Beskoro r ==
==(rg» ++es Fpoy» Tp)EE,,, MonOKEM @ (r)=(ry, - .., rp_1) €E,; oTO-
Gpaxenue r — (¢ (r), r,) ectb usomopdusm muoxecrna E,,; Ha JeKcHKO-
rpaguueckoe npousselehne MHOxecTBa E, u muomecrsa J=(0, b—1),
KaK 3T0 BHTeKaeT u3 onpeietenuil. Moxuo sanmucate f,.,(r)=
=b&-f,(p(r))-+ r,; noxaxeM, uto cooTHoweHnue r < r’ B E, ., Breuer
Fri1 (1) < fra1(r’). B camom nexe, umeem Torma aubo ¢ (r) < ¢(r'),
6o ¢ (r)y=¢(r’) u r, <r, B nepsom cayuae MpeinooNeHHe HH-
_RyKuuu Baeuer, uTo f, (¢ (r)) < f, (¢ (r’)). sHaunt (§ 4, npennoxenne 2),
Te@ (")) > frlo(r))—+1; caenosatenbHo, Fom(rH 20 frle(r))+
“+b> fri1(r), TaK Kak r, b — 1 (npennoxenne 3). Eciu xe ¢ (r)=
=¢(r') n r,<r,, oueBHuHO, 4T0 f, ,(r) < fpi1(r’). C apyro# cro-
POHH, TpPEeNNOJ0XKeHHe MHAYKUHM MOKAa3hBaeT, 4YTO f, (¢ (r)) < b —1,
OTKYAA fpyqy (1) < BB — 1) 45— 1=05"""— 1. Orciona saxmouaeu,
4To f,,, ecTb u3oMopdusM MHOxecTBd E, ., Ha HeKoTOpOe MOIAMHO-

14*
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k+1
xectso uurepsana (0, 5°*'—1); Ho TaKk Kak 3TOT MHTepBan Exii

HMEIOT OIMHAaKOBOe uHCAO 3eMeHToB bF'! (npennoxenue 5), f,. ., ecrb
Ouekuua (§ 4, caencrBue 4 npennomeHus 2), 4TO M 3aKAHYUBAET [OKa-
3aTeJbCTBO.

3aMeTUM TeNepb, YTO NAA BCAKOTO UeJOTQ YHCAA @ uMeeM a < b%:
AOCTATOYHO MNPHUMEHHTb HMHAYKUMIO MO @, TaK Kak aad @ =0 npenso-
KEHHe OYeBHIHO, a mupeanonoxenne a < 5% Baever a—-1.Lbp* <

<b- b*=p"* (npeanoxetue 3 u § 4, npeanoxenne 2). TakuM 06pasom

CylIeCTBYeT HauMeHblilee LeJOe YMCAO R, A9 xotoporo a < &%, a mpexn-
JoxeHue 8 nOKasHBaeT TOrial), 4TO CYLIECTBYET M eNMHCTBEHHAZ TaKas
KOHedHas MOCAeNOBATEALHOCTb (rp)y p oy ¥4T0 0Ly b —1 nast

k-1
0LhLk—1n azgor,lbk"“l; KpOMe TOro, HeoGXommMo ry > 0,

HHa4Ye W3 npelaoxeHus 8 caenoBano Obl, 4TO a<bk—l. FOBopﬂT, 4TO
k-1

1 k—h—
2. ryb '

P eCTb  PQ3.0JCeRUe N0 OCHOBaHwO b uenoro uucaa a ?).

°Bo BCex pasienax MareMaTuKH, A€ HE MMEIOTCA B BHAY YHCJIeHHHE
pacdersl, MpezaoxeHue 8 Oyner TIaBHBEIM OODA3OM MOJE3HHIM, KOTAa OHO
Oyaer MpHMEHATBCA K HEKOTOPOMY npOCmoOMY LeIOMy ducay b.,

Korna uenoe uyuciao & n0CTaTOYHO Maso, YTOGH 5TO GHLIO ocye-
CTBUMO, KaXJO€ leN0e WHCAO < b MONHO 0603HAYHTH KAKUM-HUOYHh OT-
YETJMBHM CHMBOJOM, HasblBaeMblM Yudpoll, npuieM iudpamu, 0603Ha-
salowumdt 0 u 1, o6wuno Owmmalor 0 u 1. [Tycts a —uenoe ymcdo u
k-1

k—h-1

2 rpb — €ro pa3iloxkeHue MO OCHOBAHMIO b; ecau nenoe yucno k,
h=0

¢burypupyomee B 3TOM DA3NOKEHHH, AOCTATOYHO MaJo, YTOGH 5TO OBLIO
OCYNeCTBHMO, YIOOHO acCOUMMPOBATH € LICAMM YHCJIOM & TOCJAELOBATE/Ib-
HOCTb CHMBOJIOB, MOJYYEHHYI0 3aNUCHIBAHHEM CJEB3 HANPABO rof| ...
+-+ Fp—3glp—1 ¥ 3aMEHOH KaXJOTO LEJOTo Yucaa r; uHppoH, xotopas ero
0603HaYaeT; TaK MOJYYEHMBIH CHMBOJ HASHIBAETCH YUCLOBHLM CLULMEOLOM,
4CCOUUMDOBAHUHIM € ¢. UHCIO @ B TEPMAX HJM COOTHOIIEHHSAX, B KOTOPHIX
OHO (GHTYPHDYET, YacTO 3aMEHAIOT B 3TOM CJIydae HAa ero YHCJIOBOH CHMBOJL.
CQFl—Il)alépHMep, ecan C, Q, F, D—-umppbléqucnosue cumBoan CQ, CQF,

cconuupyioTca coorBercTBeHHO ¢ Cb -+ Q, Ch? b+ F, Co

O CE ey +Q, Co+ Qb +F, CoH* -

M3 mpeanoncenus 8 BHTEKaeT, YTO YHCAOBOH CHMBOJ, 4CCOMHUPOBAMHbI
€ UCJHM YHCIOM @, ONHO3HAYeH M YTO, ecad a < b%, om comepxur He
6onee k %mpp. 3ameruM, 4TO YHCNOBOH CHMBOJ, ACCOLUUPOBAHMBIA C LEJIBIM
quciaom b*, mmeer Bux uudps 1 ¢ £ nocirenywo wumu tabpamu 0.

Ora cucrema M306paKeHuA LEJBIX YHCEJ YHCIOBHIMM CUMBONAMH Ha-
3BIBACTCH CLUCMEMOL CYuCAeHUs nO OCHOsaruro b. Ha npaktuxe B umcaeH-
HOM aHAJM3E HCHOJAb3YIOT CJCAYIONIME CHCTEMBII a) CHCTEMY NO OCHOBA~
HHIO 2, ullk 080u4HYI0 cucmeMy, TAe UubpaMu ssasiorca 0 u 1; 6) decs-

g ga;zy;ae, ecau k > 0, YyTo cnpaBefNMBO, KOAb CKOPO @ > 0. — [T pus. peo.
THM, YTO Te€M CaMHIM pasJoxeHue ONpefcteHO JUIIb Al & - —
Jpun. peo. P 8 >0
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muunyw cucmemy, rae uadpamu asasiorca 0, 1, 2, 3, 4, 5=4-1,
6=54+1 7=6+41, 8=7-+1, 9=8-41 u rae b ecrp uUenoe auCIO
9-41 (YUCJOBHIM CHMBOJIOM KOTOPOrO B 3TOH CHCTeMe ABAAETCH, TAKHUM
o6pasom, 10). .

Hauunas co cpeaMux BEKOB B YHMCICHHOM aHaiu3e MO TPAAHLAH
HCTOAb3YeTCA AECATMHAS CHCTEMA, U UMEHHMO €10 MBI GyleM I0Jb30BaThd,
KOTAd MaM Mano OyAeT ABHO 3aMHCaThb Kakoe-MMGYAb lleJoe YHCAO HA mO-
CleLyIoUHX CTPAHUIIAX 3TOTO COUMHEHus. [laa u3JIONKeHHs METOROB, O3B0~
JAIONIMX NOJAYYaTh YUCAOBBIE CHMBOJIH, aCCONMMPOBAMHHIE C CYMMOH, pas-
HOCTBIO, MIPOU3BE/EHHEM MJM leA0H YacTblo HACTHOrO ABYX Yuces, 3ajaH-
HEIX HMX UHCJAOBLIMH CHMBOJAMH, MBI OTCBIIaeM K Yactu storo Tpaxrara,
NOCBANEHUOH UHCACHHOMY aHaJu3y.

8. KomGunamoprul anasu3

Mpeanomenne 9 (npunuun nacryxos). [Tycms E u F —O0sa mno-
giceemsa, & u b—ux rKaplunasvuue wucasa, f— COPBEKYUL MHO-

-1
acecmsa E na F, maxan, umo sce muowecmsa f (y) 022 yEF
umeom 00uHaK080e KapOunasbrOe 4ucso ¢; nozda a=Dbe,

-1
B camom aenxe, cemeiictBo (f (y) Jyep €CTH pas3bueHne MHOMecTBa E,.
KaXIHH 3J4eMEHT KOTOPOTO eCTb MHOXECTBO € KapIAMHAAbHHM 4HCJIOM €,
oTKyaa u crexyer mnpeianoxenue (§ 3, caencrsue 2 npepnoxenus 6).

OnpeaEAEHHE 2. [Tycms n— yeaoe wucao; 0603xa4ur 4epes nl
(unraerca: ,n axropuan‘) npoulsedesue H @i .
i<n

Umeem Ol=1 (ra. II, § 5, n°3) u ll==1; scHo, 4To Aa BCAKOrO
LLeJOTO YHCJAA 7 CMPaBeAnuBO COOTHOuleHue (n— 1)!=n!(n—1). Ito
nocaenHee COOTHoleHue, 00beluMHEHHOe ¢ cooTHoweHueM 0!=1, xa-
paKTepusyeT, KaK 3TO BHAHO, TepM n! HHAyKuueH mo n.

Mreanoxeune 10, ITycms m u n—maxue uyeave Hucaa, 4mo
m< n. Tozda nlj(n—m)! ecmb 4uCcL0 UHBEKMUBHBLX OMOO pascerul
nRpOu3BONLHOZ0 MHOICECMBR A U3 m 34eMEHMO8 8 NPOUIBOABHOE
MHONcecm8o B u3 n 3aremenmos.

IokaxeM HHAyKuMeH Mo umcay m < n 3IEMEHTOB MHOXEcTBa A.
Ilns m =0 npennoxenne oyeBnaHo. [Ipeanonoxmm, uro m—~4-1.n,
W nyctb A — MHoxecTBo 3 m ~+ 1 31eMenToB, A’ — HekoTopoe moOA-
MHOXECTBO MHOXeCTBA A, HMelojilee m 3neMenToB, M {a}=A —A’.
INycts F u F/ — MHOXecTBa HHDBEKTHBHHX OTOGDaeHHH MHOXecTB A
1 A’ coorsercTBeHHO B B u mycts ¢ — oTobpaxenne f—> far, KOTOpOE
Bcako# ¢yukumn f E€F cTaBHT B COOTBETCTBHE €e CYyXeHHe Ha A’. Has

-1
Bcako# Qyuxuun f'€F asnement f w3 ¢ (f’) cBoum 3HadeHueM f (@)
onpenensercs OLHO3HAUHO; TAK KaK f MHBEKTHBHO, HeoOxomuMo f(a)€

-1
€B—f/ (A’). Orciona BuTeKaeT, 4T0 @ (f’) uMeeT TO XKe caMOe YHCIO
9/1eMEHTOB n—m, 4910 ¥ B — f/ (A’); NpHHUHN NacTyXoB NOKa3biBaeT
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n! _ n!
—m)!l T (n—m—1)!
B CHIY NPEANOJOXKEHHS HHIYKIMM, & 3TO IOK23HBAET NpelnoXKeHHe.

‘roraa, 4ro F coxepxur (n—m) @ 3/EMEHTOB

Caencreue. Yucio nepecmanosox KOHe4HO20 MHONecmBa u3 n
INeMEHMOB8 PABHO Nl

B camoM nene, 3T0 YMCI0 PaBHO HMCIy MHBEKUMH MHOMeECTBA B ce6s
(§ 4, caencreue 4 mpenanoxedus 2).

Heeanoxenue 11. ITyems E — xonewnoe muoscecmeo u3 n sae-
MERMOB U (D), Ly o\~ KOHEHHAR nOCLEO08AMENBHOCTS HeabX Hu-
h

a
cen, maxKas, 4mo lz p;=n. Toezda wucao noxpwmui (Xi)1<i<h
=1

MHoucecmsa E marumu RONAIPHO Henepecekanwumucs MmHoIiCe-

A
emsanu, ywmo Card(X)=p, 022 1 LI <h, pasuo n!/le.!.
i=1

IMycts G — MHOXECTBO NMepecTaHoBOK MHOxecTBa E, P — MHOxecTBO
TTOKPBITHH (Xi)1<i<h' YAOBAETBOPAIOLUUX CHOPMYIHPOBAHHBIM YCAOBHAM.
h

Tak kak X p;=n, T —

i%p, n, To P uHe mycro. Ilycrs (A)y <1 < — DAEMEHT
mHuoxecta P. Jlna BCAKo# mepecTaHoBKH f €G ceMmelictso (f(At.))l <i<h
‘CHOBa NpHUHAaAIeKUT K P; 00o3Hauum ero uepes ¢ (f). Iaa scakoro age-
meuta (X;); _; ., MHOXecTBa P HalieMm uucao anementos f € G, Takux,
uto ¢ (f) = (X;). UToOH 3T0 BHNOJHANOCH, HEOOXOAMMO M IOCTATOYHO,
4roGH A/ BCAKOTO MHAEKCZ [ Obl1o f (A;) = X;; Takum 06pa3oM, MHO-
KECTBO PacCMaTPUBAEMHX MEPECTAHOBOK f PaBHOMOLUHO [POU3BENCHHUIO
MHOKeCTB Ouexuuit MHOMectBa A; Ha X; (ra. II, § 4, npeanosxenue 8);

i

-1
C/e10BaTeNbHO, MHOXeCTBO ‘P((Xi)1<1<n HMeeT Hp,!anemeu’roa (caen-
i=1

crue npesnoxenus 10). Tak kak G umeer n! 371eMeHTOB, LOCTATOYHO
NPUMEHUTb NMPUHUMI NMACTYXOB, YTOOH MOAYYMTb Npemtoxenue 11.

Caeacrsue 1. ITycms A — Muoxcecm8o us n ssremenmos u p —
yenoe wucao L n. HYucao wacmell muoocecmsa A, umewouwux p sase-

n!
pl(n—p)t°

Hocratouso npumenuts npenaoxedue 11 kx cayuaio k=2, p,=p,
Py=n—p.

HHCIO MOAMHOXECTB M3 p 3/eMEHTOB MHOXECTBA M3 £ 3JEMEHTOB

MeHmMos, ecmb

06osHauaerca (ecan p < n) yepes W HasbiBaeTcd (M0 NMPHYHHAM, KO-

‘TOpble  BHAcHaloTca B AareGpe, ra. 1, § 5) 6unomuarsumn xosghgpu-

Yuenmorm ¢ undexcamu n u p. VI3 cooTHoweHus (n)z—"!—_
P pl(n—p)!

T0TYaC BBITEKAeT, 4TO (n)___( n )
P n—pj;.
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AT0 BHTEKaeT Takike u3 TOro ¢akra, uto ecan E — mHOKECTBO 43
snementoB, 10 X—>FE — X ecth 6uexlHd MHOMECTBAa yacTe#t muoxecrtsa E,
HMEONHX P 5JeMEHTOB, Ma MHOXECTBO yacTeil muoxecrsa E, umelontux.

n— p 3JEMEHTOB.

Monoxum (n =0 pas BCAkOil Mapel HaTYpPAJIbHEIX UEJNHX YHCeN, Ta-

KHX, 4YTO p > n. an 3TOM YCJOBHH YHCJO MOJAMHOXECTB H3 p 3JIEMEHTOB
n
POU3BOJALHOIO MHOIKECTBA H3 N 3JEMEHTOB €CThb (p) AN 8CsAK020 HATY-

pajbHOTO HEJNOrO qyucaa p.

CaeacrsuE 2. ITycms E u F— xoneunsie cosepuienno ynopsoo-
HeHHOLE MHONCECMBA, UMeloujue COOMBEMCMBEHHO P U N 3AeMEHMOB.
To20a 4uca0 cmpo20 Bo3pacmanuux OMOO6 PaxceHul MHONCecmsa

E 8 F ecms (n)
p
B camom leje, Takoe OTOOPaxEHHE ecTb HHbeKLUs MHOXecTBa E
B F (§ 1, npennoxenne 13), u, nockoabky E u F-— pnoate ynopsao-
yennne (§ 4, caexctsue 1 npemnoxenus 3), 449 BCAKOTO MOAMHONE -
crB1 X H3 p 31eMeHIOB MHOXecTBa F cyliecTByeT elMHCTBEHHOE CTPOFO
Boapacramliee oToGpamenue Muoxecrsa E Ha X (§ 2, teopema 3).

IMeennoxeuue 12. Zlas 8caxozo yeroeo wucsa n

D{HE

p<n
B camoM neae, ecim E — MHOXeCTBO M3 7 3JeMEHTOB, JeBasg 4acTb
eCThb YHCIO TOIAMHONECTB MHOMecTBa E; mnpuMeHenue npernoxenus 12
u3 § 3 3akaHuMBaET [10KA3aTEAbLCTBO.

[Mpennoxeuue 13. [Tycms n u p — yease wucaa; mozoa
n-+1 n n
GE)=0(1)+()
r+ r+ p
Iycrts E — MHOXecTBO M3 7~ 1 aneMenToB, P — MHOXeCTBO yacTeH:
muoxecrsa E, wumeiomux p--1 saementoB, @ —3nementr u3 E m
E’=E — |a}. O6o3uaunyu uepes P’ (coorsercrBenHo uepes P”) muoxe-
crB0 vactel u3 p—1 axaementoB MHoxectBa E, comepxamnx a

(COOTBETCTBEHHO He coiepxauux a). MHOXecCTBO P” ecTb MHOXeCTBO
yacred u3 p-+1 anementoB MHoxectBa E’, a sHauur, OHO muMeeT

1) B opurunaie BMECTO 3| CTOHT ', ur0 sBAsETCS, NMO-BUANMOMY, OIle-
p<n ]
atko#h. (3aMeTHM, YTO UCTONKOBAHHE D) KaK 3HaKa CYMMHDOBAMHA MO BCeM
) p
HATYpaAbMBIM UGAHM YHCIAM B NaHHBA MOMEHT HEBO3MOXHO, NOCKO/bKY JHIIb.
B § 6 OygeT YCTaHOBJEHO, YTO HAaTypa/bHbe LEJHE UHCIAa OGpasyloT MHONe-

¢rB0.) — I1pus. peo.
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>(p_';_1) saemedtoB. OtoOpametue X —>XNE’ ectb Guexunsa MHOxe-
.cTBa P’ Ha MHOXeCTBO uacTeH M3 p 51eMeHTOB MHOXecTBa E’; P’ umeer,
TaKuM 006pasoM, (;) sneMenToB. [IpesnoxeHue BHTeKaeT u3 TOTO,
uyro P ecTb oGbelnHeHne Hemepecekaouuxca MHOxkects P/ u P,

Ecau p < n, npegnoxenre 13 moxer Takie OHTb JOKA3aHO HECAONK-

n n!
HBIM BBIYHMCJACHHEM C HCHOJb30BauHEM (HopMyJB ( )=_.
_ P pl(n—p)!

[Tpeanoxenue 14. ITyems n— yesoe wucao > 0; wucao a, (coor-
BETCTBEHHO b,) maxux nap (I, j) yestsix wuces, wmo 1. LIiLj<n

(coorsercrBento 1 I < j L n), ecms —é—n(n—f— nn (COOTBeTCTBeHHO

1
yne—1)
B caMmoM unenxe, b, eCTb YMCAO ABYX3/JEMEHTHHX YacTel MHOXeCTBa

nl 1
W—T)l='2‘n(n— 1). Orcioaa noay-

yaeM a,, 3aMeyas, 4T0 MHOXecTBO map (I, j), takux, uro 1 LILjLn.,
ecTb oObenuHeHue MHOxectBa map (I, j), aaa xoropux 1 Li< jn,
M MHoxecTBa map (i, i), rae 1Lin, orkyma a,=n-b, =

= -;— n(n— 1.

(1, n); caenosarenbho, b, =

n
1

Caencreue. Jas 8cakozo Keaozo wucaa n>0 E [ = VR (n—+- 1).

i=1
B muoxectBe A map ueamx uucen (Z, j), rakux, uro 1 LI L jn,
‘o6o3HaunM uepes A, MHoxecTBo map (I, k), y koropux 1| <{i<Lk
(419 BCAKOTO UENOT0 4ucad R < n); YHCIAO 3JEMEHTOB MHOXKeCTBa A,
€cTh k; ¢ Apyro# cTopohsl, (A,), o, ., €CTb pasbueHHe MHOXecTBa A,

OTKyla U BHTEKaEeT CJeACTBHE.

[Tpennoxenue 16. I[Tycms n u h— geave 4ucaa u E — uuooce-
cmso u3 h asemenmos. Hucano omobGpaxwenuli u muoxecmsa E

8 (0, n), maxux, umo u(xyLn (COOTBeTCTBeHHO h u(x)y=n
x€E x € E
0418 k> 0), ecms (n_,';h) (COOTBeTCTBeHHO (n ;}z-—’i_l—l) )
[ycts A (h, n) (cOOTBETCTBEHHO B (h, n)) —uncro orobpamequdt u

muoxectsa E B (0, n), Takux, uro u(x) < n (COOTBETCTBEHHO
¥CE

Z u(x)y=n gna kh>0). Tlokaxem cHauana, uwro A(h—1, k)=
X €E

. a ac
l) sner H B JaJbHEHIIEM aBTOp MNHWEeT HHUOrAa TC BMeECTO —b— .
ITpun. peo.
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=B (k, n); B camom pexe, nyctp E’—uacrtb Muoxectsa E uz £ —1
sneMenToB H nmycTb {a} =E —E’; ecau # — oro6paxenne MHoxectsa E
s (0. n), Takoe, uTO 2, u(x)=mn, 10 ero cywxenne #’ Ha E’ takoso,
¥€E
) <,
yro ) #' (x)< n v, KpoMe TOrO, # (@)==n— %E'u (x). OGpatHo,
x¢cE x
esikoe oroGpaxenue #’ muoxecrsa E’ B (0, n), yaosnersopsiowee ycao-
BHIO Z u’ (x) < n, onpenenseT eIMHCTBeHHOe OTOOPa}eHHe 4 MHO-

*€E
wecra E B (0, n), 418 KOTOPOrO OHO ABIAETCHA CyXeHHeM W TaKuM,
4T0 Z u(x)y=n.

¥€E .

3aMeTuUM Telepb, 4YTO E€CIH Z u(x) L n, T0 aubo 24 u(x) =n,
x €E xcE
m6o X u(x) L n—1—1Be B3AMMHO MCKJIIOYAIOLIHE BO3MOKHOCTH.

X €E

CaenoBarebHO,

A, ny=Ak, n—1)4+B, )=Ak, n—1)+4A(—1, n).

Tak kag A0, O)=1= (g). dopmyna A(h, n)= (n_,'; h) BHTEKaeT

W3 TpenblAyliero M U3 MNpenjoxedus 13 npu noMowM MHAYKUHH TO
n—+h.

° Yucho OmHOUJEHOB ¢ h MepeMeHHBIMH XT’X:’ X;" obmeit cre-

neHu < n, OYEBUIHO, PABHO UHCJy oToGpaxenuii i —>»a; Muoxecrsa (1, h)

k nt+h
B (0, n), Takux, 4TO 21 ;< n; OHO, CJICN0BATENBHO, PaBHO | 5 B CHJy
i=1
upeanoxenusa 15; 370 WHCAO ABNAETCH TaKXKE YHCAOM OTHOUJIEHOB C k-1
nepeMeHuBIME OCmie#i cremenu n (cm. ,Auare6pa“, ra. IV, § 1).,

Ynpaxncruenus
1) Mokasats topmydy
n—p+q+l1
36
p—q—1J\ ¢ P

k=q+1
aad p< n N g <n (0606murs paccyiielHe CAeICTBHS NpeANok cuna 14)

2) JloxasaTh COOTHOLIEHHE

(3)“(7)+(§)----+(—1>ﬂ (Z)=on).

1) Pasymeercd, AJf NOHHMAHHA STOTO M ADYTMX YNPAaXHEHHH, B TEKCTe KO-
TopHx BCTpeuaercd (— 1), BOBCe He HyXHMO Ma camoM Jelie 3HaTh OTpHUATENb-
Hele YHcaa (a 70 OB 3TH YNPAkHeHus HyXHO OBUIO BBLACHATH 3HakaMu ° );
npocTo cuMBoX (—1)? nomken OHTh BBEACH cneuuaanuMn coraameHueM. B dop-
MyJUpOBKE yhpawHeHus 2), Hampumep, CHMBOA - (—1)" osmauaer ~ mpu n
WeTHOM H ,—* IpH 7 HeweTHoM. — [1pun. peo.
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(Ompenennth B3aHMHO OLHOSHAYHOE COOTBETCTBHE MeXny MHOXeCTBOM
yacte MHOXecTBa (l, n), MMEOMUX YETHOE YHCJO 3JEMEHTOB, H MHOKE-
CTBOM uacreil MHOXecTBa (1, n), HMEOIMUX HEWETHOE YHCIIO 3JIEMEHTOB;
paccMOTpeTh ABA Chyyas B 3aBHCHMOCTH OT YETHOCTH uyHcAa n.)

BV EHT) ) (2 ) ()= ).
©)G) =) GZ0+6) 23—+ (3)("57) =0

(Paccmorperts cpenu wacte#t Muoxkectsa (1, n), mMeomux p 371eMen-
TOB, T¢, KOTOPHIE COLEPKAT NAHHYI 4acTb H3 & 3JeMeHTOB (0 < & < p), ¥

HCINIOIb30BATh A1 BTOPO# (GOpMyJEl ynpaxHenne 2.)
4) lloxasath mpennoxenue 15, OnmpenenB GHeKLHIO MHOXECTBA OTO-
h

Opawennit u nutepsana (1, &) B (0, n), 119 KOTOPHX Z u(x)y<n Ha
=1

X
MHOXECTBO ~ CTPOrO BO3PACTAIOIHUX oOTOGpaMeHnit wuHTepBana (1, &
oy, p p p ( )
5) Hoxasate dopmyay

(=TT =GR e () ()
(Ecamn F — mHomectBO Takux oroOpawenmit u wuHTepBana ©, »)

h
B8 (0, n), uto 2 U (x) =n, paccMOTpeTb Aas kaxAo# wactn H wunrepBata
x=0
(0, ) wHoxmectBO oTO6pawenu#t uw€F, y koTOpHX AAf KAKAOrO x€H
u (x%)} 1.)1'1
a) Ilycry S, , —unucno orobpawennit unrepsara (1, n) ua (1, p).
Joxasats tpopMynyn ? P P (b %) d. 2)

Sn.p=p”—(f)(p—l)"-}-(g)(p—z)"- ...+(—1)ﬂ‘1(p£1).

(3aMeturs, uto

=St )t (B, )

M HCIOJb30BATh yIpaKHeHHe 3.)
6) Hloxasarb Qopmyay

Snp=0r (Sn—l.p"l'sn-—x,p—x)

{MeTon mpexnnowenus 13).
B) Jokazath ¢opmyas

Snrr,n =15 (1+1),
Snpan =280 oy g

{paccMoTpeth suements r wmutepBaia (I, n), nMpoo6pas KOTOPHIX uMeeT
00JbILE OXHOTO 3JeMenTa).
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r) Ecan Py, ,— uncao Tanux pasbueHnit MHOKECTBA H3 1 9J]EMEHTOB,
KOTOPHIE COLEPXKAT p NOAMHOXKECTB, NOKA3aTb, 4TO
Sn,pzplpn,;r

7) Myctb p, — YuCHO TAKHX NMEPECTAHOBOK u MuoxectBa E u3 n aje-
MEHTOB, 4T0 U (X) == x Aad BcAkoro x € E; nmokasats, 4ro

p,l=nl~—(7) (n—l)l-}-(;‘)(n-z):—... + (=1

1
° W, CJIeNOBATEIbHO, UTO Pn~ — nl, KOTAa n cTpemurtcs K -} oo, (TOT WKe:

METOH, 4TO H B ympaxkHeuus 6a)).

8) a) ITyctb E — MHOXecTBO u3 gn 3JeMEHTOB; IOKa3aTh, YTO YHCJO-
pasbuenuii MHOXecTBa E Ha n noIMHOXeCTB 43 ¢ 9JEMEHTOB Kaxloe
pasuo (gn)!/(n!(q)").

6) [Tpeanonoxum, aro E = (1, gn). ITokasars, uto umcno pasbueHui.
MHOXecTBa E Ha 7 NOAMHOXKECTB H3 ¢ 3JEMEHTOB, KAXKJ0e M3 KOTOPHX.
HE fABJASETCA HHTEPBAJOM, PaBHO

(gn)!  (gn—g+1)! + (gn—29+2)!
nt(@h®  UE—DIEH* ' ' 2A@—21(gH* 2

(ToT Ke MeTOj, 4TO H B ympamHeHuax 6 u 7).

9) ITyctb ¢qp, , — YHCAO TAaKHX CTPOrO BO3PACTAOIMHX OTOGpaKEHWH u
nurepBata (1, £) B (1, n), 4To AJ4 BCAKOrO YETHOTO X (COOTBETCTBEHHO-
HEYETHOro) u (x) —ueTHOe (COOTBeTCTBEHHO HeueTHoe). [lokasarb, uTo-

n.k=qn—1, k-1 dn_3, r- BuiBectu ua sroro dopmyay

— (=1

[*5]
2
dn, = b ’
n-t+k
rie — HeJlas 4acTb YAacTHOTO OT JeJeHud yucaa n-+k na 2.

2

91 10) ITycts E — muoxectso u3 n s1eMeHTOB, S — MHOKECTBO 3HAKOB,
apasomeeca cymMMmoi MuowkecrBa E u MuoxecrBa, cBOLAMIErocd K eXHH~
cmennom‘g‘ 3JIeMEHTY f, NPENNOJNOKHM, YTO f HMeeT Bec 2, a Jpboi aje-
ment u3 E —sec 0 (ra. 1, mpunoxkenue, ymp. 3).

a) I[Tyctb M — MuOKecTBO 3HayaIuX cJAOB MOHOHAA L, (S), comepxka-
IDHX KaXABIH 3sjgeMeHT H3 E oAZMH u TOAbKO oimH pas. [lokasath, uro-
YHCJIO L, SJIEMEHTOB MHOXECTBA M yl0B/€TBOpAET COOTHOWICHHIO U, =
= (4n — 2) u,, u BHIBECTH H3 3TOrO, YTO

u,=2.6.....(4n—6) n>=2)

. (,4HCJO MPOHM3BENEHUH U3 1 PasJHYHBIX TEPMOB B CAy4ae HEACCOUHATHB-

HOr0 3aKOHA KOMIIO3HULHHK*).
6) IMyctb x; —i-ii u3 snemeHroB muoxecTBa E, BcTpeuawmuxcs B He-
kotopom caose u3 M. [Toxasars, 4TO uucao v, ca0B u3 M, umeromux
1 (2n—2
33aHHYI0 TIOCJAeL0BaTEIbHOCTb (X;), paBHO 7( n—1) & J0Ka3aTb COOT-
HOILIEHHE
Upr1 =0V + V0, -+ ... +v,_ 0+ 0,0,

9 11) Mycrs E —muomecTBo u3 2m saeMeHTOB, ¢ — Lejaoe 9HCIO,
CTPOrO MeHbllee m, o — MHOMecTBO uacredt @& wmuowkectBa S (E),
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HMEIIUX caenyrmee cBoicTBo: ecin X u Y — IBA pasaHuHbIX sAeMeHTa
MHOXecTBa &, Takue, 4o X < Y, TO uMCAO 3/4eMeHTOB MHOMecTBa Y — X
He TpeBoCXoAauT 29.

a) Iyets M = (A)), < i  p— MAKCHMAIbHBIA 3/EMEHT MHOXKECTBA 7 .
Mokasars, uto m —g < Card (A < m+q 113 1<i p. (Paccyxknatp
OT NPOTHBHOTO, MPEINOMOKHB, YTO CYIHECTBYIOT MHOXKecTBa A;, Aad Ko-
TOpHX, Hanpumep, Card (A;) < m—g, u paccMOTpeTb Te Ay ¥ KOTOPHIX
Card (A;) uMeeT HauMeHblzee BO3MOXHOE 3HAYCHHE m—qg—s (cs>1)
nycTh, Hampumep, A, ..., A, —stu mHOXecTBa. [Tycts & — MHOMeECTBO
4acTell MHOXECTBa E, Kamjiad u3 KOTOPHIX €CTh OObEJUHEHHE HEKOTOPOro
A; (1< i< r) u HekorOpoit yacTH u3 29+ 1 saeMenToB, copepkamuxcs
B E — Aj; nowasarb, uto @ comepkur He meHbiue r-+1 aneMeHTOB U 4TO
ecmn By, ..., B,y —r-1 saemento muoxectBa ®, To MHOXECTBO, 06-
pasosanmoe wactamu B; (1</j<<r+1) u A (r-+1<ig p), NpHHAX-
JeXUT K o, YTO MPOTHBOPEUHT MNPENIONIOKEHHIO.)

6) BuiBecTu u3 a), UTO YHCHAO p 3JEMEHTOB MO6OTO MHOWeCTBa & € F
YAOBJETBOpAET HEPABEHCTBY

2q
2m
<X gye)
k=0

B) YCT3HOBUTb Ppe3y/bTaThl, AHAJIOTHYHHIE pPe3yJbTaTaM MYHKTOB a)
u 0), KOraa 2m wiu 2g 3aMEHEHO HEYETHHIM YHCJOM.

T 12) Mycrs E — muoxectso us n anemenToB, A; (1 < i< m) cytb m
NONAapHO PasAHYHHIX yacTedl MHOkectBa E, oranumnix oTr & u or E.

a) IlpeanmonoxuM, 4T0 BCAKOE MHOKECTBO (X, y} M3 ABYX pasiMUHHIX
9/IEeMCHTOB MHOXecTBA E comepHTCA B OJHOM H TOJBKO OJNHOM H3 MHO-
wectB Ay Ilyetb aj (1. j < n)— saementsl MHoxecTsa E; pas Beaxoro
HHJeKCa J mycThb k; — 4uCAO TakHX qacrelt A; uTo @; € A; nad Beakoro

14 m
Hujekca { IyCTh §; — YHCIO d1eMenTOB Muokectsa Ay Torna 3 &y = 3\ s;.
j=1 i=1
[Tokasats, 4TO ecau aj € Ay 10 8; < &y

6) Busectu u3 npexmaymux cBo#cts, uto m 3= n. (lyctd &, — nau-
MEHBIICe H3 4uCed kj; TOKA3aTh, HTO MOXHO HPEANOJOKHTb, UYTO KJId

i by, J< kyui=j Bunoanserca a; € Ay a qaa j > k, BHOOJHAETCH

a, é A])

B) Ilokasarp, uro pas TOro, 4TOGH OHIO m = n, HEOOGXOAUMO H HO-
CTaTOYHO, YTOOH MMeN MECTO OJHH H3 IBYX CASAYIOLIHX chyuyaes: 1° A, =
={a; 8y ..., qq1), A= (a1, 0, A 2<Li< M P n="r(k— hH+1;
BCAKOE A; eCTb MHOXECTBO H3 & 3/JCMEHTOB, M BCAKHH 3JEMEHT MHOMe-
ctBa E npuHagnexur poBHo & MHOWecTBaM A,

b 13) Ilycts i, h, k— TpH ueABX 4uCJa, Takue, 4TO i > |, h>i,
k > i. Ilokasath, uto CYWeCTByeT ueJa0oe YHCaO m; (h, k), uMewmee cie-
Ayloltee CBOMCTBO: JJAA BCAKOTO KOHEYHOrO MHOXKecTBa E, HMelomero
ue Meupire m;(h, k) sJeMeHToB, H BCAKOrO pasbueHus (¥, ) MHOKe-
crBa F;(E) uacreit muoxecrsa E, umeiomux i s1eMeHTOB, HEBO3MOXKHO,
4TOOB BCAKAA 4acTb M3 £ 3JMeMEHTOB MHOXECTBA E comepikana HEKOTOPYIO
qactb X € ¥ u BCAkasd uyacTb M3 k 3JeMEHTOB MHOXeCTBa E comepxana
HEKOTOPYI0 yacTh Y € Y; ApyrUMH CJIOBAaMH, eCJH BCAKAf YacTb H3 A 3Je-
MeHTOB MHOwecTBa E comepxur nekoropoe X € ¥, 10 cyumecTsyer wacts A
H3 k sneMeHTOB MuOxecTBa E, Takad, 4TO BCAKad 4acTh U3 [ 3JEMEHTOB

T

L
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mHoxecrBa A mpuHagaexur x X. (PaccyXnaTh 10 MHAYKIHH: IOKasaTh,
4TO MOXHO B3aTb my (h, By=h-4k—1, my(, &y="F u m;(h, i)=h n,
naxonen, my(h, ky=m;_y(m;(h—1, k), my(h, k—1))-+1; ecou E —
MHOXECTBO, umemomee m; (h, k) 31eMEHTOB, 4 -— 3JEMEHT MHOXecTBa E
u E’=E — {a}, nokasatb, 4TO eciu Ou npenjomenne GHLIO HEBEPHHIM,
TO, BO-NIepBHIX, BcAkad 4acTb u3 m;(h—1, k) asemeHToB MHOXecTBa E’
cozepiara 6u wactb X' us i—1 saemeuros, rakyw, uro X’|J{a} € X,
H, BO-BTOpHIX, BcAkad 4acTb u3 m;(h, k—1) ssemenToB MHOXecTBa E’
comepxana 6u uactb Y’ u3 i—1 aaemeuros, Takyw, uro Y'(J {a} € Y.)

9 14) Mycrs £ u £ —aBa neanx uucaa >1 u mycrs
rih, y=(h—DHE—-1+1,

1(h, k)-—uurepBanr (1, r(h, k)). [Tokasath, yTO AJA BCAKOH KOMEUHOI
NoCAe0BaTe/IbHOCTH (x,-)ie[(,l' %) 9JICMEHTOB COBEpIICHHO YNOPALOYEHHOTO
mHOXecTBa E cymectsyeT Jau6o wacte H Hu3 A aneMeHTOB HHTepBaaa
1(h, k), Taxasa, 4TO NOCJ]EAOBATENBLHOCTH (*1); ¢y Bospactalomas, 6o

yactb K u3 k sjemeHToB HHTepBaJa I (4, k), Takas, 4yToO mOCJENOBaTE/b-
HOCTD (X;);cx YObBawmas. (Paccyxnarb uunykuueii no & > 2, mpuMeHus

HPEANOJOKEHHEe HHAYKLUHH K KAXAOMY u3 muoxects (1, r(h, k) — 1) {m}
nas r(h, By<m<r(h, k)4 h—1.) Ilokasars, uTo B 3TOH QopMyIH-
poBke r (h, k) He MOXeT OBITb 3aMEHEHO CTPOrO MEHbLIHM LEABIM HHCAOM.

§ 6. BeckoHeuHBle MHOXeCTBa

1. MHOJKCECMBO HAMYPAALHBIX YEABLX HUCER

Onpeaenenue 1. Iogopsam, umo mHoxwcecmso GeckoHnednoe, eciu
OHO He ABAAEMCSA KOHEUHBIM.

B uacrHocTH, KapAuHaJbHOe 4uca0 6eCKOHeUHOe, eC/IH OHO He fABJAETCA

LEJBIM YuCJOM.
3aMeTuM, 4TO U3 COOTHOUeHus »CYLLECTBYET 6ecKOHeyHOe MHOMXKECTBO®
BbITEKaeT, YTO COOTHOIUEHHME ,X — LeJ0e UYUCJI0“ ABJAAeTCa KOoALLeKmu-

csuzupyouum (ta. 11, § 1, n°4); B camom pene, ecin @ — GeckoHeu-

HOE KapJMHaJAbHOE YHC/O M B — KaKoe-HHOYIb LeM0e YuCa0, TO He MOXeT
61tk @ < n (§ 4, npesnoxenue 2); TakuM 06pa3oM, A/ BCAKOTO LEJOTo
yucjaa n uMeeM 7 < @; 3TO NOKAa3bIBAeT, YTO MHOMKECTBO IeJblX 4HCel,
crporo MeHoinux @& (§ 3, m° 2, 3aMeuanue, cleiyiomee 3a Teopemo# 1),
collepxHUT Bce ueable uucaa. OGpaTHO, eClH COOTHOIIeHHe ,X — Lefoe
unC/0“ KOJJIeKTHBH3HDPYIOLlee, MHOMXECTBO HeldhX uuceq E — Geckonen-
HOe MHOXECTBO: B CaMOM JeJe, [/ BCAKOTO LEJOr0 YHC/IA 7 mHTEPBaJ
(0, n) ecro uwact, Muoxectsa E, uMeloman n—-1 saemenros (§ 5,
npeianoxenne 5), Takum o6pasom, Card(E)>n—1>n) Ho To, uro
Card (E)  n nsm BCAKOro UeJoro umcia # osnauaet, uro E Geckoueuno.

BeeneM caelyomyio aKcHoMYy:

A5 (akcuoma OGeckoneunoctu). Cyugecmsyem Geckoneuwnoe MHO-
Jicecmso.
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He wusBecren BHIBOJ, 3TOH aKCHOMBI H3 A0 CHX IIOp BBCACHHBIX aKCHOM
H CXECM aKCHOM, H, XOT4 BONIPOC OKOHYATEJAbHO HE pelleH, npeanoJjaraercs,
YTO OHA HE3aBHCHMA OT HHX.
Ilpeapinynine 3ameyanus NOKA3bIBAIOT, TaKUM 00pa3oM, CielyiOLLYIO
TeopeMy:
Teorema 1. Coomnowenue ,x — yenroe 4ucro* A8LAeMCS KOANEK-
mugu3upyioumun.

O6o3naunm uepes N MHONECTBO weablX uucena (KOTAa XOTAT Npelno-
XPaHUTb OT CMelleHus, TOBOPAT TaKike ,MHOMXECTBO HATYPAJIbHBIX LEJ/BX
uncen). KapauHaaenoe umcio MHOkecTBA N 0603Hauderca uwepes N

OnpeneneHuE 2. Ha3osen nocaedosamessnocms (COOTBETCTBEHHO
nocred08amesvbHOCMbI0 32eMeHmMO8 MHOXCecmsa E) scaroe cemeiicmso
(COOTBETCTBEHHO cemelicmso semenmos mHOxcecmsa E), mMHoxicecmso
UHOeKCO08 Komopozo ecmb uacmbd MHOxHcecmsa N; nocredosamens-
Hocmbs Ha3bigaemcs OGeCKOHEHHON, ecau ee MHONCeCMmB80 UHOCKCOS
ecmbv OecKonetnasn wacms MHoxcecmsa N.

Ilycte P§n§— cooTHowenue; 06GoaHauum ueped | MHOMECTBO TaKuUX
ueAwX uHCed n, uro Pini ucTHHHO; MHOMecTBO I dABaderca, TaKuM
o6pa3oM, uacTbio MHOxecTBa N; mMocCaen0BaTeNbHOCTD (x,,)ﬂEI 0603Ha-

HAETCH HACTO (X,)p ;,q; TOBOPAT, 4TO X, — 44eH nOcsedosamesrocmy

¢ undexcor n. IlocrenoBaTeNbHOCTb, MHOMXKECTBO HHAEKCOB KOTOpPOH
€CTb MHOXECTBO UeJHX uHced n > Rk, 00603HauaeTcd 4acTo %2y <n

Wi (x,), . , Wi Jaxe (x,), koria k=0 wum k=1. [lpu Tex xe
= . .
yCA0BHAX, 4TOOH 00O03HAYUTH, HANDPHMED, NMPOU3BElEHUE MOCAEJOBATE/b~

©0
scr MCMO/B3YIOT 0603HaYeHHs p];!s X, u ”l_—[kX,l;

aHajoru4Hbe 0603HAYEHHA YMOTPeOafioT 1/ 06beluHeHHus, NepeceyeHus,
KapAHHANBHON CyMMbl ¥ KapJMHAJAbHOTO MPOU3BEJEHHA.

Bceakoe moncemeHcTBO KakoH-mu6o MOC/KEI0BATENLHOCTH eCTh INOC/E-
IOBAaTEAbHOCTD; €€ Ha3blBAIOT nO0NR0CAed08amesbHOCMBIO PACCMATPH-
BaeMOH#t MOC/e0BaTebHOCTH.

l'oBopar, uro xBe NOCJeN0BATENLHOCTH (xn)nel’ (y,,)nel, uMelon e

ONMHAKOBOE MHOXECTBO WHIEKCOB, OMAUHAIOMCSE MOALKO ROPAOKOM
4AeHO08, eC/M CYlecTBYeT INePecTaHOBKa f MHOMECTBa HHIeKcoB I,
TaKad, 4To0 Xz, ==Y, AAa moboro nEl.

Kpamuoi nocaedosamersnocmovio HazoseM CeMeHCTBO, MHOMXECTBO
MHIEKCOB KOTOPOTO eCThb 4acTh HEeKOTOpOro npousseleHus NP (rze p —
uenoe uucaol)) (emwe roeopat ,p-KpaTHas NMOC/eLOBATENbHOCTHY, ,JBOH-
Had MOC/AeNOBaTeJbHOCTh® 11 p =2, «TPOHHAA NOCJIeJ0BATETLHOCTbY»
o p=3 u 1. 1)

HOCTH MHOXecTB (X,)

) Coraacto ra. 11, § 5, n° 3, MHOxecTBO N” paBHO NpOH3BENEHHIO HX“
: tep

rae comuoxurenu X, pasusl N. He uckaioueHo, BipoueM, 4To NOHATHE HATYPalb-
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Mycrs I — mHOXecTBO, paBHOMOWHOe MHOXecTBY N, a f — Guekuus
muoxkecrea N Ha 1. Jlag Bcakoro ceMeHCTBa (xl)tEI C MHOXeCTBOM
uHjgekcoB I Mpo Moc/efoBaTeNbHOCTb N —> X (,) TOBOPAT, YTO OHA MOJY-
YeHd PACNONOJNCeHUeM ceMelcmsa (xl)lEI 8 nopaoke, onpedeseHHOM
omo6 paxcernuen f. TlocaenoBaTeNbHOCTH, COOTBETCTBYIOLIHE, TAKHM
o6pasoM, ABYM pazauuHbM OuekuusaM Muoxectsa N wa I, oTmuawoTca
TOJbKO nOpAakoM 4JaeHOB. Jlafi KOHEYHOro ceMeHCTBA C MHOXECTBOM
#HIEKCOB | W3 7 3/IEMEHTOB aHAJOTHYHO OMpPeEle/floT KOHEYHYI0 MmocJje-
10BaTeJqbHOCTh ¢ MHOWecTBoM utpekcos (1, n) wan (0, n—1), pacno-
jgaras ceMeHCTBO B IlOpsnKe, OMpele/JeHHOM HEKOTOPO# OGuekuuel MHO-
wecTsa | HA OJMH M3 YKA3aHHEIX HMHTEPBAJOB.

2. Onpedenenue omobpancetull undyxyuel

Tak kak MHOXecTBO N BMOJHe YMOPANOYEHHO, K HEMY MOXKHO npu-
smenuTh Kputepu#t C60 (§ 2, n° 2), Korophi# 3leCb NPUHHUMAET BUL
(B Tex ke 0603HAYEHHAX):

C62. IHycms u—6yxsa, Tiui—mepm. Tozda cyuwecmsyiom

MHoxcecmgo U u omobpadxcenue [ nuomecmsa N na U, makue,
ymo 048 2100020 4en020 Huclra n

fmy=T§f"4

20e uepes f™ o6o3naseno omo6pascenue unmepsasa (0, n(
na f((0, n(). cosnadawuee na (0, n( ¢ f. Kpome mozo, smunu
yeaosugmu Muoxcecmso U u omo6padxcenue f onpedesens 00HO-

3HA%HO.
BriBeseM ceHuac u3 3TOTO KpuTepus clielylomuii KpuTepufl.

C63. ITycms Sivi u a—o0sa mepra. Tozda cyuwecmsyom MHO-
aocecmgo V u omoGpaocenue f muoxcecmsa N Ha V, makue, 4mo
f()=2a u 023 w6020 yeaozo wucra n>1

fm=S8if(n—1i

Kpoune mozo, smumu ycaosuamu Muoxcecmgo NV u omo6 padxce-
Rue f onpedesenst 00HOIHAYHO.
Yro6n BuBecTd C63 us C621), nosowxum A8 BcakoH OYKBH @

D(u)=28,(xEN u (Ay)((x, y)Epr (pr; (¥))))-

HOTrO umcJaa ynorpebeHO 3ech B METaMaTeMaTHIeCKOM CMHICHe (CM. aBTOpCKoe
noacTpeuHoe mpumeuanue k ra IV, § 1, n° 1) wuto N°=NX ... XN (cp.
p pas
Pes., § 3, n° 12). — [lpum. ped.
1) Kpurepu#i C63 mMoxuo 6110 OBl IOKA3aTh TAKIKE M HENOCPEACTBEHHO pac-
CyXIEHHEM, aHAJOFHYHHM JOKasaTenbcTBy kputepua C60 (§ 2, n° 2).
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Korna #— oTo6paxenue HeKOTOPOTO NOAMHOMECTBa MmuOmecTa N
B HEKOTOpOe MuOXecTBO, D (#) ectb He 4TO WHOe, Kak o6macTh ompe-
Aenenus oroGpaxenus # (ra. II; § 3, n° I). Mycrs M (u) — Bepxnussa
rpaab  MHoxectBa D(z) B N1). Ilycts ¢ — nycroe oTobpaiceHue
(c © B KauectBe 064acTH OTNIpaBlenusl W "OGIACTH NPUOHTHA, uHAYE
rosopa (ra. I, § 3, n° 1 u 4), rpoiixa (@, @, 9)); paccMoTpuM Co9T-
HOILIeHHe

(=9 uy=a) um (u#9u y=SiuM())})

KOTOpOe Mbl 0603HauuM uweped R}y, u}; makomeu, mycrs Tiu}—repM
ty(R$y. #}). Tlpumenum xpurepuit C62 k repmy Tiu}; tak kak f()
pasio ¢, T} f©i=2g, rakum o6pasom, fO)=a; eciu xe n>0, 10
D(f™My=(0, n—1) u M@EF™)=n—1, orkyma Tif®M}=
=SifM(n—1Di=S8if(n— i

Ilpumepw. 1) IlpeamonoxuM, uto a — sdeMeHT MHOMKecTBa E,
Stuj—repm g(#), rie g —orobpaxenue MHOXecTBA E B ceba?).
Torna MuAyKUMA MO A TOTYAC XKe MOKA3HIBAET, YTO N/ BCAKOTO nEN
umeeM f(n)EE; TakuM 06pasoM, f — 3T0 Takoe OTOGpaeHUE MHOXNe-
crBa N B E, uto f(O)=a u f(n+ 1)=g(f (n)) 113 BCAKOTO WeJIOTO0
uycaa n.

AHanoruuno nycre h— oto6paxenne MHoxectsa N X E B E u nycrs
{ — oro6paxenue Muoxkecrsa N X E B ce6s, onpesenennoe paseHcTBOM
Y(n, x)=(n—+1, k(n, x)). Ha ocOBanuM mnpeaviayuiero CyLLecTByeT
eNMHCTBEHHOe OToOpaxenne g MHoxectBa N B N X E, Takoe, uro
g0)=(, a) u g(n+1)=49(g(n)) ana pcakoro n; orcioga 3aKJi0-
YaeM O CYl1eCTBOBAHMM ¥ €IUHCTBEHHOCTH TaKOTO OTOGpaMKeHUs f MHO-
kectBa N B E, uro f(O)=a u f(n+ 1)=~h(n, f(n)) ama Bcaxoro
LeJoT0 uucaa .

2) Mycts X — mHOXeCTBO, E — MHOMECTBO 0TOOpacenuit MHOXe-
crBa X B ceba; NycTh € — TOXAECTBEHHOE OTOOpaMenue MHOMKecCTBa X
B ceba u f— KakoH-uubynb saement u3 E. BoseMeM 3a S}u} repm
fou®). Tlpumenss C63, BUAMM, uTO CyIecTBYeT W eIMHCTBEHHO OTO-
GpaxeHue MHOxecTBa N B E (0603nauum ero n—> f”), Takoe, uro fO==¢

n+1 n
H f77 == fof". Orobpaxenue f" naariBaeTcs n-i umepatuel oro6pa-
wenus f.

1) Onpenencune Bepxuesi rpanu (§ I, n°7, 8 u 9) Moker GuTb chopMyn-
POBaHO TakuM O0pPa3OM, YTOGH OHO COXPAHANO CMBICH H JJ MHOXKECTBA, He ABIfI0-
erocsd OrpaHHYeHHHM CBEPXY (OHO YKAa3BIBaeT HEKOTOPHIHA TepM (hOpMaaH30BaH-
HOTO, A3HKA BHAA Ty (R§{x}), xoTopHii unrateap BHIABUT Ges TpyAa).

) Ecin g=(G, E, E), tepm g (u) ecTb TepM, o6o3naueHHH uyepes
Ty (& lg)e Q).

) Peus uper snece o tepme, oGosnauaemom uepes (T, X, X), rae T — Tepy,
0603HauaeMblii yepe3

& (z ectb napa # (3y) ((pr; 2, y)E€pri (pr; (1)) H (¥, Prg2) €prz (pry () )))
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3) Ecau B kauectse S§uj Baarb Tepm P (u), a B KavecTe a4 — MHO-
®ecTBO E, aHANOTMYHO BMAHO, UTO CYLIECTBYeT Takoe orobpawxeuue (060-
auayum ero n —> P~ (E) ) muaoxecrsa N B muoxecrso V (E), uto P° (E) =E,

P E) =P (E) u P71 (E) =P " (E)) n1a Beskoro uenoro uncaa n.

Bameuanue. Mycrs E — mHomecrBo, A —ugactb muoxectsa E, g—
oroGpaxenue MHOWecTBa A B E, a-—3nemenr MHuoxectBa A. BosbMeM
3a Siu} TepM g (u). MoxHo mpumenuts kpurepuit C63, KOTOPHI AOKaNET
CYIIECTBOBAHME Takoro oToGpameHus f MHowectBa N Ha MHOMECTBO V,
yto f{0)=a u f(n+1)=g(f(n)) Arg BCAKOTrO WEJIOrO UYHCIA 1.
Moxer cayuuthcd, uT0 V < A, B NPOTHBHOM CJIyd4ae HYyCTh p— HanGo/b«
Imee Heaoe YHCa0, Takoe, uto £ ( (0, p) Y= A;torna f (p+ 1) = g (f (P ¢EA
1 g (g (f(p))) ecTb TepM, O KOTOPOM HHYEro Heab3A Ckasarb. IloaTomy
B 3TOM CJyuae CYHTAT TAKMKe, 4TO f ONpeAeleHO TONbKO HAa HHTEPBAJIC
(0, p+ 1) (,orpaHudyeHHan HHAYKUHA®).

3. BuiqucsreHust ¢ GecKOHedHbIMU KAPOUHQAABROIMI HUCAAML

TeopEMA 2. as 8caxo020 GecKOHeuH020 KA POURAAbHOZO0 HUuCAd
Q uMeem Mecmo pageHcmso aZ=a.
Ham noHapo6aTca ABe JIEMMHI.

Jdenma 1. Bcaxoe Geckonewnoe mHoxecmso E codepacum noo-
MHONCECMBO, PABHOMOUWHOE MHONecmsy N.

Ha E cywecrsyer cOOTHOWeHHe MOJHOTO mopsaka (§ 2, TeopeMa 1),
KOTOpOe Mbl 0603HauuM X < ¥. B cuay ycioBua BMO/HE yNOPALOUEHHOE
MHOecTBO E He Moxer OHTb U30MOPHHHIM HHKAKOMY OTPe3Ky MHOMKeE-
crea N, oramudomy ot N, u6o tako# orpesok mmeer sua (0, n) (§ 2,
npentoxkenne 1) u, cirenosateabHo, Kodeuen (§ 5, mpelroxkenue 5),
Orciona BhTeKaeT, 4ro N #30MOpGHO HEKOTOPOMY OTpe3Ky MHOxecTBa E
(§ 2, Teopema 3), 4TO M [IOKa3blBAET JEMMY.

Jdemnma 2. Muoxcecmso N XN pasnomowno muoxcecmsgy N.
Tak kak N X N comepwur Muoxecrso {0} X N, paBHoMomHOoe MHO-
wectBy N, Card (N) < Card (N XX N). C apyrod cTOpoHb, omnpeienuM
uubekuuto f Muoxectsa N XN B N. [lia sroro sameTuM, uTo Cyue-
CTBYeT MHbeKIMA ¢ MuOKecTBa N B MHOXECTBO 0TOGparenuit MHOXKecTBa N
B I=1{0, 1}, moayuaomasca ciaelylowuM 06pPa3OM: eCH r — HAUMEHb-
r—1
wee meaoe uMca0, Takoe, w0 n < 2, u > £,2" ¥ ! — npouunoe pas-
£=0

AoxeHnue uucaa n (§ 5, m° 7), To o (1) ecTb MOC/IEN0BATENLHOCTD (”m)meN'
B KOTOPOH 4,==¢ _,_, Aaa m<r 4u u,=0 a19a m>r; npeuio-
*kehnnwe 8 § 5 MOKaswIBaeT, 4TO ¢ MHBEKTUBHO. YCTAHOBHB 3T0, 1J4 BCA-
ko mapu (n, n) ENXN omperemum f(n, n’) caeaywoliumM 00pasoMm:
ecin ¢ (n)=(u,) U ¢()=,). T0 mycts f(n, n') Oyler TaKuM
HeJdbLIM UHCAOM S, 4TO ¢ (8)==(W,), The Wy, =1U, U Wy, =T, A11
seakoro m €N. flcwo, uTo cooTHOWeHUE f (7, n')=f(nl, n;) Baeuer
¢(n)==9(n) n ¢(n)=9(ny), crerosarebuo, (n, n’)==(n,, ny), 410

15 H. Byp6Gakn
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W JOKa3bBaeT MHBEKTHBHOCTb oTOOpamenus f. 3uauut, Card (N X N) <
*{ Card (N); 3To 3aKanumBaeT NOKA3aTENbLCTBO JEMMHL. , )<

[Tocne Toro kak 9T JeMMH JOKa3aHbl, ycTb E — Takoe mHOMecTBO
yro Card (E)=a. Ilycte D —uacte MHOxecTBa E, pasHOMOuiHas MHO-’
xectBy N (nemma 1); cymecrByer OuekTuBHOe oTOGpaxeHue ¢, MHO-
kectea D wa DX D (1emma 2). Ilycts R — MHONecTBO nap (()X $)
me6X — NoAMHOMeCTBO MuoxecTBa E, comepiamee D, a ¢ —~6uem‘n,snoé
g;ﬁﬁ?ﬁ?ge L;,H:(:KCCTBa X Ha X X X, apasomeecs MpOIOMKEHHEM OTO-
{ 0 panouuM MHOKecTBO I COOTHOINEHMEM

4
XX u ¢’ —mnponomkenue orobpanenus

mexay (X, ¢) u (X', ¢); rtoruac xe nposepsercs, uro I — uudyx-
mugnoe MHOKECTBO (cM. § 2, n° 4, npumep 2). Takum 06pasoM, B CuJj
TeopeMbl 2 § 2 M umeer Makcumatbubii sgement (F, f). H(;xamemy
gro Card (F)=a, uem TeopeMa u GyzeT nokasaxa. B nporusnom cnyqae'
Tak kak b= Card (F) takoso, uro B2=0W0, u OGeckoHeuno, umeem B <,

26 36 LWP=0 (§ 3, npeanoxenue 14), a 3Haumr, 26 —b n
b="». V3 npeanonoxenus b < & Butekaer, uro Card (E — F) > B, u6o
B NMPOTHBHOM ciydae M Obl umedu Card(E) <26=9, a mu I el-
nonoxuau, uro b < Card (E). TakuM 06pasoM, CymecTByeT uacTh Iz)(c
cE —F, paBuomomuan muoxecrsy F; nonowum Z=F Y u nokaxem
YTO ¢ymiecTByeT Ouekuusa g MuOxecTsa Z Ha Z Y Z, nponoa ;
orobpaxenue f. B camoM ngene, P oA

LXZ=FXFUEFEXVNUXXFUEF XY)

M YeTHIPe MHOXKECTB4, OODbENMHEHUEM KOTODHX fABJfeTCA Npasas 4acThb
He mepecekaloTcs; Tak kak F u Y paBHOMomHHI, ’

Card (F X Y) == Card (Y X F) = Card (Y X Y) = B2 = b
GTKyZa ’
Card ((F XY)U(Y X F)U (Y X Y))=36—b.

Takum o6pasoM, cywmecTByeT GHeKTHBHOE 0T06

paxeHue f; MHO-
l)wxecma Y HZa MHOxecTBO (F X Y)UX X F)UX X Y) om6pamlenue g
muoxkectBa Z B Z X Z, pasuoe otobpaxenuio f B F u oTo6panenno f
B Y, ABaseTca Toraa GuexuweH, nponomkaiomed oroGpawenue f ;
TIPOTHBOPEUUT OMpeleeHuio oTOOpamenus f. $ e

Caeacreug 1 —

u"-—aﬂa uE 1. Ecau @ — Geckonewnoe KapOunaasnoe wucao, mo
= A8 8CAK020 Yenr020 wucaa n > 1.
OueBUAHO BBUAY MHAYKUHH TO 7.

Caeacrsue 2. ITpoussedenue Koneunozo cemelicmaa (“i)tel He-

paaung HYAI0 KapOUKAABHOLX 4ucenr, Hauloabuiee u3 Komopsx
ecmb Oeckonewnoe KApOUHaAbHOE HUCAO @&, PABHO Q.

§ 6. BECKOHEYUHBIE MHOKECTBA 227

Iycts b— sTo npousejenue # MNyCTb n — UMCNO 3JeMEHTOB MHO-
wectsa I; umeem b a"==a (§ 3, npelloxenue 14); ¢ apyro# cTO-
POHEI, TaK KaK @&; > 1 pasa Bcakoro I, uMeeM B> a(§ 3, npennoxetive 14).

CaeacreuE 3. ITycms @& — Geckoneunoe KapOuHarbHOe HUCAO U
(at)lel——ceyueticmso KapOURQAbHUX HuCes L a, mroxecmso undex-

cos | komopozo umeem KapOUKALLHOE HUCAO L a. Tozda Sa<e;
el

Kkpome moz20, ecai @.==@& XOMA 66 04 00020 uHOexca i, mo

Y .= a.
L EI . .
Mycts b — KapIuHaIbHOE YHCIO0 MHONECTBA I; Toraa E&ulgub <

e

L a?=a (§ 3, npeajoxenue 14) u Z;,I a.> a, aaa scakoro €L

Cuencrsue 4. Ecau @ u b-—08a HepasHblX HYAO Kapounanb-
HbxX Hucaa, no Kpalineld mepe 00HO u3 KOmMOpHX 6ecKoHe o, mo
ab—a-}b=sup(a, b).

Jro TOTuAC Ke BBHITEKAeT U3 CJelICTBHH 21 3.

4. Cuemmnoie MHONCECM8a

ONPEIEAEHHE 3. Muodxcecmso Ha3ssaemcs CHemHuM, ecau OHO
PABHOMOULHO HEKOMOPOMY nodmnoncecmsy Mmuoxcecmsa N yeronx

yucenl).
[IpeaonEHHE 1. Bcaxoe nodmmoxcecmso CHEMHO020 MHONCECmBA
cuemno. Ipoussedenue KOHEUHO20 ceMelicmea CHEMHHX MHONCECmS

cHemHo. OGovedunerue nocaedogamensbrocmy CHemubx MHONHCECE

cHemHuo.

[lepsoe yTBEpK
reopemsl 2.

Mu ywxe Bujead (n1eMMa 1), uTo 449 BCAKOrO GeCKOHeYHOro Kapiu-
nampHoro uucaa @ cnpaseinuso Card (N) < @. Orcioga BHITEKAOT Ciel-
CTBHUS:

[IPELMOKEHHE 2. Bcaroe GecKoHeunoe CuemHoe MHONECMBO E

PRBHOMOUHO MHOHCECMBY N.
B camom gete, Card (E) < Card(N) no ompenefeHuio u, TaK kak E

Geckoneunoe, Card (N) < Card (E).

[IpE IJIOKEHUE 3. Bcaxoe GecKOHeHHOe MHON ECMmEO E donycrkaem
pasbuenue (X)), 00pasosannoe GeCKOHEUHb MY CHEMHBMU MHO-
acecmeanmu X, MHONCECMBO undexcos 1 xomopo2o pasHOMOUHO
unoxcecmsy E.

JeHue OueBHIHO. OcraabHble BHITEKAlOT 43 caenCcTBUH

1) OTHOCHTEIbHO TEpMHHA ,CYUETHBIA* CM. TMOACTPOUHOS TNPHMEUAHHE K n° 7
§ 7 csoakn pesyabTaros (CTp. 394). — I pun. ped.

15*
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B camom nene, Card (E) = Card (E) Card (N) (cencreue 4 TeopeMHl 2).

Neepnonenne 4. Iycms f— omo6paxcenue Muoxcecmga E Ha

Geconeunoe muoxmcecmso F, maro 7
) e, umo 0.3 8c
cuemno. Tozda F pasnomowno Mroxcecmsy E. Frozo YEF S 0)
B camom mene, muoxecrsa ;‘1(
, y) (¥ € F) o6pasyor pasbuenue -
l):)eﬂcT:a E, caenosareavno, Card (E) < Card (F) Card (N) = Card F)yc Z;;-
TOpoHb1, uaBecTHo, uro Card (F) < Card (E) (§ 3. npesnowxenne 3).

H02?PZAHJ;O;C(E:;E‘Z&EMuomecmso & (E) Koneunvix wacmeii 6econey-

a PABHOMOWHO MHONCecmB8Y E.
MHO)K:ZI(?T Bcagoro UeJ0r0 4ucaa n 0603HAYMM Yeped F, MHOKECTRO yacTel
Goect Ba L, uMeiownx n snementos. Iaa pcakoro X € &, CYILEeCTBYeT
Mﬂomecmp;m%psana (1. n) ma X; caenosaremsno, KApIHHAMBLHOE YKCJIO
n MEHbUIE MW DaBHO KAPAMHAMBHOMY YMC/Iy MHOMKECTBA

oTobpaxenutt uutepsana (1, n
cTeue 1 Teopembr 2). SHa[qm, ) 8 E, 1. e Card (E")= Card (E) (caea-

Card (F (E)) =%, Card (§,) < Card (E) Card (N) = Card (E). '

C zpyro#t cropomn, Tak Kak x—{
, X} ecThb HHBEKTH
Muoxecrsa E B § (E), To Card (E)<éard & E)). Prioe otofpaxcime

Cax
ACTBUE. Mwuoowcecmso S woueunmx nocaedosamensrnocmed

MHOE(eE:MOM dese, S ectb oGbesuHenue MHOkecT E', rpe I npob6eraeT
B0 & (N) KOHEUHbIX MOAMHONECTB mMuoxectsa N. Ho, korma
. ’

IEFWN) n 1+0, E
) PaBHOMOLIHO
B CHay mNpeljioxeHus 5. CneﬂoBaTlgano?dHomecmy E, a %(N) cuerno

Card (E)  Card (S)  Card (E) Card (N) == Card (E).

np
Onpenenewue 4. Iosopam, wmo muoncecmso umeem MouyHocms

8H

MuoxecTso MomHoCTH KOHTHHYyMa He cuetHo (§ 3, Teopema 2)

o
T
)KeCTBOep;;I;:éTgMomHocn KOHTHHYYMa* NPOUCXOAHT OT TOTO, YTO MHO-
Hecrso e mmle\}xbugug ) !mggn PaBHOMOWHO MHOXecTBY P8 (N) (, Obwasn
, a1V, o Tunomesa konwmun 3
o o LYYy MA €CTb YTBEpXK
Kog;;ﬂm;fa.ﬂegq?uoe MHOXECTBO CONEPKHT YacTh, HMeIOHJIO Mx:)uilue:cnr%
Ko gfgor ,g OOWeRHAA 2UNOme3a KORMUKYYMA €CTh YTBEPKACHHE, 110
O OECKOHEYHOrO KAPAMHAJIBHOTO 4HCI3 ® JK060e Kapnnuanguoe

1MC]I0, KOTOpOE > @, ABJ
, AETCHA KAPAHHANLbHBIM YHCJAOM > 2
BPEMHA IOKA3aTEJbCTBA 3THX YTBEPKICHUHA HEH3BECTHHI li B Hacrosnee

') U HeB :
) CBO3MOMHH: CM. NOACTPOYHOE NPHMEuAHHE Ha ctp. 344. — [ pun. ped
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5. CmayuoHapHsie nocaedogamenrsRocmu
Onpeieaenue 5. Ilocaedosamenbrnocms (x,,)ﬂEN dNeMEHMOB MHO-

scecmea E Ha3wsaemcsa cmayuoHapHOU, ecau cyuwecmgyem yeaoe
QUCAO M, MAKOe, YMO X,== X, OARL BCAKOZO KEAOZO HucAd N > M.

[pEnokEHUE 6. [Tycms E— ynopsaodosennoe MmHO¥*ceCmBO0. Cae-
Oywouue nPeOLONCEHUS ICBUBAACHMHYL:
a) 8caKan nenycmas 4acme muoxwecmsa E umeem maxcumanry-

HOLO 31eMeRm;
6) 8cAKQAA 803PACMANUAL NOCALO0BAMENLHOCME (x,) 32emenmos

mnoxwecmea E cmaguonapra.
[MokaxeM cHauaja, yTo a) BJeuer 6); B caMoM leJje, NyCTh X — MHO-
HECTBO 3JEMEHTOB MOC/AeJ0BATENLHOCTH (X,) U MyCTb X, — MAKCHMaJTb-
HbH 9/ieMEHT MHOWKecCTBA X; A8 7> m N0 NPEANOJONKEHHIO X, > X,
OTKYJa TO OMpPelENeHHIO DIEMEHTa X,, X, == X,,. OOpaTHO, NPELNON0KHUM,
YTO CylllecTByeT HemycTas uyacThb A MHoxecTsa E, ne umenomas MakcH-
MAJbHOTO 3/MeMeHTa; 14 BCAkoro x € A mycTe T, — MHOXECTBO TaKuX
aneMentoB y € A, uro y > x. [lo npeanonoxenuto T, @ nas Beakoro
x € A; cael0BaTeqbHO, CyWECTBYeT OTOOpaNeHUe f MHOKECTBA A B A
TaKoe, uto f (x) > x Aaa Bcakoro x € A (ra. 11, § 5, npennoxenne 6);
ecan @ € A TOCAENOBATENLHOCTh (X,),  OMPelefeHd MHAYKUKEH TpH

noMely yCaAOBUH X,==a, X, == f(X,), TO ACHO, yTO 3Ta MOC/ENO0BA-
Te/JLHOCTh BO3PACTAOIAA H HECTALUOHADHASA.

Caeacteue 1. [Jra mozo #moGel CO8ePULEHKO YnopAOOoHeHHOe
unoxcecmgo E Guao 8nosne ynopadouennsuim, HeoOxodumo u 00-
cmanmouno, 4mobe 8CAKAs YOWBAOWAR NOCAE008QMENBHOCMb S48~
Menmo8 muoxcecmga E Guaa cmayuonapuol.

B camoM Jnene, ckasaTh, 4To E BIOJHe ynopsaoyeHHoe, 3TO BCe
paBHO, YTO CKa3aTh: BCAKOE HeMyCTOe MOJAMHOXECTBO MHOXECTBA E o6aa-
jiaeT MuHHMaqbHEIM 3neMenToM (§ 1, mpennowenue 9), u, 3HAUUT, Haue
yTBEDNAeHHE BHTEKAET M3 MPENJIOKEHUS 6.

CheacrBME 2. Bcaxkas 8o3pacmanwai nocLed08amensHocms
S/eMEeHMO8 KOHEWH020 Ynopadouennozo mHoxecmsa E cmayuo-
HapHa.

B caMoM fefe, BCAKOE KOHeuHOe YMOPSAI0O4YeHHOe MHOXecTBO 06aa-
AdeT MaKcuMaabHLIM 3ieMentoM (§ 4, ciaencrsue 2 mpennoxenus 3).

Ynpaxcuenisn

1) Uro6u mHOkecTBO E G6BIO GecKOHEUHBIM, HEQGXOIUMO H AOCTa-
TOUHO, 4TOGH AJA BCAKOTO OTOOpaxenus f MHOXecTBa E B E cymecrBoBara
Henycras yactb S muoxectsa E, pas xotopoit Ss£E n f(S)cS.

2) MoxasaTs, 4T0 ecau a, B, ¢, D—TaKue YeTHpe KAPAHHAIbHBIX
yneaa, o a < ¢ M B<d, 10 a-+b< e+ duab<ced (cp. ynp. 22).

3) Eciu E — GeCKOHEUHOE MHOXECTBO, MHOMECTBO 4YacTed MHO-
wecrsa E, paBHOMOIHEIX MHOxeCTBY E, paBHOMOLIHO MHOKECTBY P E)
(ucnoab30BaTH MpeIOKeHne 3).
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4) Ecim E — GeckoneyHoe MHOXECTBO, TO MHOKECTBO pa3bueHHH MHO-
wectBa E paBHOMOM{HO muoxectsy P (E) (Bcaxomy pasbuenio (Xl)l el

COOTHECTH MHOXKECTBO U (X, XX) B EXE).

tge1

5) Ecau E—6ecxosle!moe MHOXECTBO, TO MHOXeCTBO NEpeCcTaHOBOK
mHoxectBa E pasnomomuo muowecrsy 9 (E) (ucnoabsosas npeaoxe-
Hue 3, NMOKasath, 4T0 AAa BcAkoH wacTH A MmOxecTBa E, JOmOaHeHme
K KOTOpOH He CBOAMTCA K @IMHCTBEHHOMY 3JEMEHTY, CYIIecTBYeT Takas
nepecTauoBka f MHoxecTBa E, 4T0 A dBJfETCA MHOXKECTBOM 3JEMEHTOB,
HHBAPHAHTHHIX OTHOCHTEJIBLHO f).

) Mfycts E u F — z8a GeckoHeuHnx MHOXeECTBa, TakHe, 4TO

Card (F) < Card (E).

IToxasars, 4o MHOMECTBO orO6pamennti MHOxecTBA E Ha F, MHOKeCTEO
oroOpaxenuti Muoxectsa E B F n MHOXKECTBO oTOGpakeHHH uacTeli MHO-
xecrBa E B F EpaBHomomHu mHOxecTBy I8 (E).

7) Mycrs E u F — nBa 6eckOHeUHBIX MHOXECTBA, TaKHe, 4TO

Card (E) < Card (F).

[Tokasath, 4TO MHOXKecTBO uacTelf MuoxecrBa F, PaBHOMOIIMBIX MHO-
wecTBy E, ¥ MuomecrBo uHbekiufi MHOxecTBa E B F pasHomomun kaxnoe

muoxecrsy FE orolpaxenu#i Muowkectsa E B F (m1a xaxzoro orobpaxe-
Hua f mHoxectBa E B F paccmorpers umbexumo x -> (x, f(x)) muo-
sectBa E B E X F).

8) Iokasarh, 4TO MHOMECTBO CTpYKTYp!) BMHOMHE YHOPSAL0YEHHOrO
MHOXECTBA (M meM (0/4¢¢ MHOMECTBO NOPALKOB) HA GECKOHEUHOM MHO-
xectse E paBromomuo mHoxmectsy 9 (E) (mcnoab3oBars yupaxueHue 5).

9) Mokasatb, 4T0 ecam B HellycTOM BmOJHE YTIOPANOYEHHOM MHO-
kecrBe E BCAKHH 9/eMEHT X, OTIMUHBIA OT HAMMEHDBIIErO SJHEMEHTA MHO-
xectBa E, ob6nanaer npeduwecmsennukom (Han60bMHM 3JIEMEHTOM HHTEp-
Bana )<—x (), 10 E nzomopduo au6o wmuowectsy N, mu6o HEKOTOpOMY
nurepBany (0, n) muomecrsa N (cMoab3ys npeaomenne 6, 3aMETHTD, 4TO
BCAKHA OTpesok =~ E xoueuen, sarem npumemuts Teopemy 3 § 2).

1[10) Yepes o mau o, 0603HAYAI0OT OpAHHAABHOE yucao Ord (N) § 2,
ynp. 13); Takum 06pasoM, MHOXKECTBO LEJbIX YHCed eCTb BIIOJHE ynopazno-
UEHHOEC MHOXKECTBO, H30MOP(HOE MHOKECTBY OpPAUUAJBHBHIX YHCEN << o) %
BCAKOrO LEN0ro yucla n opaunansroe yucao Ord ((0, n( ) o6osnaunm (no-
Nycias BOJbHOCTh PEUH) CHOBA 4Yepes n.

a) ITokasarb, 4TO 118 BCAKOrO KADIMHAJLHOFO YHCAA @ COOTHOIMEHHE

»& — opauHasbHoe yucao u Card (§) < a* aBasgercs KOJJIEKTHBH3HPY 10~

mum (Hcnoab3osath teopemy Llepmeno). OGosnauum uepes W (a) Muo-
KEeCTBO OpAHHAIBbUBIX yucea §, Takux, yto Card (§) < a.

6) [laa BcakOro OpauHAJABHOrO uHCAA @ > 0 BO BIOJHE YIOpAJ0YEHHOM
MuoxecTBe O () OpAHHAJBHBIX uncend < a ONpeHe.IHM tpauchuunthoit
HHAYKUHEeHA QYHUKImO f, NpH IOMOIIY CAEAYIOMHX yCAOBHE: fe(0) =04 =0,
u aas Beakoro §, rakoro, uto 0 < §<a, f, (E) ecTb Bepxuad rpaub 2§ 2,
ynp. 13r)) MHOKeCTBA TakuxX OpAMHAABHHX uuced L, 4ToO ard ) <
< Card (f, (1)) no kpafiHeit Mepe a9 OXHOTO OPAHHAIBHOTO WHCJIA <8
Moxasars, 410 ecam 0 < &< a, 10 Card f, (1) < Card fa(8), u urO
ecmn ECa(B, TO0 £, ¢)= fa (§); monowuM o, = f, (a) u CkaKeM, 9TO
O — HALALbHOC OPOLHAAbHOE HLCAO UHAEKCA O; HMEEM 0y 3> d. [Tonomum

') O nouatun ,crpykrypa“ ¢m. ra. IV.— Mpun. ped.

¥mp.

§ 6. BECKOHEYHBIE MHOJXECTBA 231

8, = Card (,) H CKalKeM, UTO R, — died UHOeKCa ; B HACTHOCTH, Ry ==
= Card (N)

B) [lokasars, 4TO A1 BCAKOTO GECKOHEWHOTrO KAPIAHHAJBHOIO YHCIA @
BEpXHAA rpaHb A MHOMECTBA OPIHHAAbHHX uHcea W (a) ecth HekOTOpOE
HAYaJIbHOE OPIHHANBUOE UHCJIO wg H YTO @& =R, (paccMOTpeTb HauMEeHb-
mee U3 OpAHHAJNBHBEIX UHCEX [, TAKHX, HTO cuu})\); HHaye rosop, w, €CTh
HauMeHbIIee OpAHHAIbHOE uucIo §. Takoe, uto Card (§) = R,. I[Jlfl BCSIKOTO
OpIMHANBHONO WHCAA a OTOGpaxeHHe §—> R;, onpeaercnHoe B O’ (2), ecth
uzomopduaM BHOJHE ynopApouennoro MHoxecrsa O’ (a) Ha BnOAHE yTIO-
PANOUEHHOE MHOXECTBO KAPAMHAIBHHIX HYHCEN <Ry B YAaCTHOCTH, B,y
eCTh HavMeHblIee H3 KAPAMHAJIBHBIX 4HCed > R,. [lokasath, 4To eciu a
He MMeeT MpejIeCTBeHHHKA, TO AAA BCAKOTO CTPOrO BO3pPACTAIIEro OTO-
6paxceHus §—>J; OpAHHAJIBHOrO 4HCJIA 8 B o, zxaa KOTOPOrO a == Esgppca

uMeeM ) R, =R,

E<p .

r) BeiBecTH H3 B), YTO ®; €CTb HOPMAalbHbIH OPAHMHANBHBIH (yHkuHO-

H CHMBOJ 2, ynp. 16).
HaJ")%Mll) a) HOK51§3au,y qx;o o;)muuanbuoe YHCJIO @ ABJAASTCA HAMMEUbILHM
OpAMHANBHHIM YHCAOM > 0, He HMEWIIHM NPEALICCTBEHHUKA, UTO @ Hepasd
aoxkumo (§ 2, ynmp., 15) ¥ 4TO ANA BCAKOrO OPAHHAJBHOrO YHCIA & >
OpAMHANBHOE YHCJIO aw €CTb HAMMEHbLIES HEPA3N0KUMOE OpAHHAIbLHOE
qHCJAO > a (3aMETHTb, YTO N = o IJjd BCAKOro IeJ]Ooro 4ucaa n). Busectu
u3 3TOro, 4To (2 1) ®» = aw Axa Beakoro a > 0.

6) BuBecTH H3 a), 4TO A4 TOrO, YTOOH OpAMHAABHOE YHCJIO 6un%
HepasNOXKHUMEIM, Heo0XOIMMO M JOCTaTOYHO, YTOOH OHO HMEJO BHI ®
(ucnonb3oBark ynp. 17r) u3 § 2).

91 12) a) Mokasarb, uyTO AAA BCAKOTO OPNMHAJBHOLO WYHCAA & H
BCAKOTO OPAMHAJBLHOTNO 4YHCAA Y > 1 CyIMECTBYIOT JBE KOMEUHHE MOC/IeN0-
BaTeAbHOCTH OpAuHaAbHBX umcen () u (1;) (1 i< &), Takue, 4ro 4

A A A
a=1 e +1 Mt o 1 P

O<p; <y aaa Beaxoro i Ay > Ay aaa 1 ik —1 (ucnonb3oBars
yup. 17r) § 2 u ynp. 3 § 4). Kpome Toro, atumu yCJAOBHAMH NOCJIELOBA-
TeabHOCTH (A;) u (@;) ofpeneleHs OZHO3HAUHO. B wacTHoCTH, CymecTByeT
M eIMHCTBEHHZ KoOHeyHas yGHBamas nocienosareabnocts (B); j<ms

TakKad, 4TO 8 8
a=u>Bl+o)2+ cei Fom,

B
OG6osHaunm uepe3s ¢ («) HauboJabliee OPAMHAIBHOE UYHCAO ® ! 3TOFO pa3-

JNOKEHHA.
6) Mg Bcakoro leaoro uyuciaa n myctb f (n) < n!— HauboJunLiee
4UCJO 3JEMEHTOB B MHOXKECTBE OPAMHAILHBIX YHCEN BHAA

aa(l)+aa(2)+ e + aa‘(n)’
rae (2;); < i< n— TMOCIENOBATEILHOCTL H3 1 KaKUX-HHOYAb OPAHHAAbHBIX
yuced, a ¢ npoberaeT MHOXeCTBO mepecTaHoBOK HuHTepsaia (1, n). IToxa-
3aTh, 4TO

) Fmy= sup (kT4 1)f(n—k).
kgn—1

(PaccMoTperh cHauana cayda#, xorza Bce ¢ (a;) PaBHH Mexny co0oi,
# [OKA3aTh, YTO TOrJa Hawnboibliee BO3MOXKHOE YHCIO PA3NMYHBIX OPAH-
HalbHBIX 4Yucea TpebyemMoro BHAAa PaBHO n; AAd 3TOrO HCIOJIb30BATH
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ynp. 15a) § 2. 3areM paccyAaarb HHAYKUHMEH 1O wHCA
YHCEN &;, A KOTOPHIX ¢ (a;) anHHMaeTyuanmeHbmee BogMoﬁ)ﬁgga:;:!i’f
HHE B MHOWecTBe yucead ¢ (a;) (1< j<n).)

Busectn us (1), uto aaa n > 21 f (n) = 81f (n—5).

B) ITokasaTb, 4T0 Bce n! opauHaabHbix yuced (o 4-a (1)) (o +a 2))...
... (@4-a(n)), rae o mpoberaer MHOXECTBO IIEPECTAHOBOK HHTEpPBaJa
(1, n), pasauunb.

1 13) a) l'IyCTub w (§) — TaKoH opAuHAABHBIHA DYHKHHOHAJBHBI CHM-
BOJ, ONpeleJeHMHBH XA &> a, YTO COOTHOWIEHWE dq<_§ < &’ BAeueT
w () < w (§'). IMoxasats, uT0 ecan §>ap, 10 W(E+ M) > w (€)1 A1
BCAKOTO OPAMHAJALHOIO 4YHMCAA 7 (PACCYyXIaTh OT IPOTHBUOrO). BhiBecTH
U3 3TOr0, YTO CywecTsyeT Takoe «, 4T0 w (§) >& aas Beakoro £ >a
%;T'il:f)a HaHMeHbIICE OPAHHAJIBHOE HEPA3NOKHMOE YHCJIO o> &y CM.

6) Iycte f (5, 1) — opauHanbHbE YHKUHOHAJbHBIA CHMBOJ, OMpele-
aeHHBIE B ynp. 166) § 2; mpeanonomkuM, uTO COOTHOWmEHMA o < &< &' H
a << Baekytr g (€ 1)< g€, 1), Torma cootHomeHusa a\<\E<E'

; 0 = R
u 1<y Baekyr fE W< FE, v) (§ 2 yup. 16r)). Ilokasars, uro
AJS BCAKOTO OPAMHAJALHOTO YHCJA § CYIIECTBYET TOJLKO KOHEUHOE YHCJIO
OPAMHAJIBHBIX 4uCed ¥, A8 KOTOPHX ypaBHeHuE f (§ 1) = B uMeer xoTd Gbl
OIHO pellleHHE (3aMETHTb, UTO ecaH §; — HAHMEHbLIEE pelleHHe ypaBHe-
Hufd f(§, n)=0 u § — HaumeHbiree pewenue ypasHeuus f (§, 7o) =B,
TO COOTHOWICHHE 7, < 7y BJeuer §, > §,).

B) OpOuUNansHOIM HUCLOM, Kpumu4eckuM pxaa f, HA30BeM BCAKOE
GeciOHEUHOE OpIHMHAMBHOE YHCJIO | 1> %, Takoe, 4To f (5, {) =7 A1a Bcs-
KOro §, 113 KOTOPOro ag < § < ¥. ITokasars, 4TO OPRHHAIBHOE YHCJO, KPH-
THYECKOe AJa f, He uMeer mpejumecTBeHHHKAa. Ecau cymectsyer Takoe
MHOXKECTBO OpAHHAAbHLIX uHcead A, u4T0 f (§, Y) =17 ZaA BcAxoro §¢ A
H eC]H Y — BEPXHAA TPaHb MHOWecTBa A, MOKa3aTh, 4TO x—xpnmqecxoé
OpAHHANLHOE YHCJIO.

1) Iyers £ (§) = f (&, §) onpexeneno xaa § > ag). OnpegeauM MHAYK-
unel ay =g+ 2, a,, = h(2,;) aaa n > 1. [loxasars, 4T0 BepxHsad rpaHb
NOCAeXOBATENbHOCTH (a,) €CTb OpAYHAJbHOE YHCJIO, KPHTHYECKOE Aas f.

1) TMoxasarb, 49T0 BEPXHAA FPaHb BCAKOTO MHOXECTBA OPAHHAJIbHBIX
gzgig,MKpmmecxux s f, CHOBa ABAAETCA KPHTHYECKHM OPAMHAAbHLIM

H 4YTO BCAKOE KPHTHYECK
Pistonigiut: P O¢ OpAMHAJAbHOE YHCJIO HEPA3JOMHMO

FE1+FDZ>w@+1>8+4
s § > ag).
T 14) a) Moxasars, uto ecan a2 u ecam B me wumeer npexure-
CTBeHHHKA, TO af — HEPA3JOXHMOE OPAHHAJIBHOE YHCHO (cM. § 2, ynp. 15a));
€caH @ KOHEYHO H B = w7y, T0 a® = o ecan a GeckoHEUHO U T — HAUGODb-

Iee HEepa3NOKHUMOE OpAMHAIBHOE 4YHCAO < & IOKA3aTh, 410 of = nb
(ucnoansoBary ymp. 11).

6) [as TOro uTOGBH OPNUHANBHOE HHCAO B GHIO KDPHTHUECKHM LAs
dynxumonanbroro cumsona f (§, 1) = £, HeO6XOAHMO H LOCTATOUHO, YTOGH

L5 BCAKOTO «, KIS KOTOporo 1< a<(3, ypasHenme d=a* obuaagano

XoTs1 OB ORHUM pelienneM; BCAKOE pelleHue € aToro YP3BHCHHA ABJAAETCSH .

TOTAa Hepa3JOKHMEIM (HCNOJAb30BaTh ynp. 131) u ymp. 17r) § 2). O6patno,
AMS BCAKOrO a > 1 H BCAKOrO HEPA3NOKHUMOTLO OPIHHAIBHOTO YHCJA Ta™
ABAAeTCAd OpAMHAJIBHBIM 4YHCJOM, KPHTHYECKHM IJA &n (MCIOJb30BATh
yup. 138) ). BuiBectn u3 3TOrO, 4TO AAs TOrO, YTOGH 3 OHLIO OpAHHAND-
HBIM YHCAOM, KPHTHYCCKMM ZIaa &7, neoOXOAHMO M AOCTATOYHO, 4TO6Hl &

nMeno Bul o (cu. ynp. 116)).
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B) lnn TOro uyTOGH OPAHHAABHOE YHCAO & OBIO KPHUTHUSCKHM J1s
dynkuronaasroro cumsona f (5 1) =§" T. e. 4TOGH AA BCAKOrO Y, A1
KOTOPOro 2. {1 < ¢, BHIOJAHAIOCH {* = ¢, AOCTAaTOUHO, 4TOGH 6bl10 2° = ¢.
MokasaTh, YTO HaUMeHbIIee OPAUHAJIBHOE UYHCJO &g, KPHTHUECKOEe AJd &%
cueTHo (cM. ymp. 13r)).

1 15) IMycrs { — opanHaABHOE YHCJO > 1; AAsl BCAKOTO OPAMHAILHOIO
ymena a 0003HauMM uyepes L () MHOKECTBO HOKasaTeneH CcremeHd A;
B NPEACTABACHHH YHCJI3 &, JAHHOM B YIID. 12a).

a) ITokasats, uro A;<Co Haa BeAkoro A; €L (¢) u YTO DABEHCTBO

;==a MOXET BbUIOJHATLCA A8 OJAHOTO H3 ITHX OPIMHAIbMBLIX UYHCEN,
TOJBKO €CiH @ = 0 HJIH ecau a — OPAUHAIBHOE YHCID, KPHTHYECKOE Aas {7
(ynp. 148)).

6) Omupenemuym L, (x) nuaykuued no n tak, uro L (@=L (),aL,(a
ecTh o6benunenne Muoxects L (B), xorma B mpoGeraer L,_, (a). Iloka-
3aTh, UTO CYIIECTBYET UeJN0e YHCAO Mg, TAKOE, UTO Lyy1(@)=L;(a) naa
13> ng, W YTO BJAEMEHTaMH MHOXECTBA L, (2) ABIAI0TCA TOrAA 0 uan opau-
HaJAbHBHIE 4MCAa, KpHTHUeckue XIas £7. (Paccyxzaar, OT IPOTHBHOTO, pac-
CMOTPEB AJAA KaKIOrO n MHOWeCTBO M, (), Takux § € L, (a), 4ro Be& LB
H RpeinoaoKus, 4t0 M, (¢) He mycro Aaa A060rO n; A NMOJAYYEHH NPO-
THBOpEUXs HCHOJAb3OBATh a).)

16) Jlio6oe coBepiIeHHO ymopsaoueHHoe MHOxecrBo E o6nazaer KoH-
GuHATLHOR eMy BHOJHE YNOPALOYeHHOH uactbio (§ 2, ymp. 2). Haumenb-
1mee U3 opauHaAbHLX yucea Ord (M) Bcex BnoaHe ynopaaOYeHHBIX yacrefi M
mHOkecTBa E, xoHpMHAIbHHX MHOXecTBY E, Wa3bBAeTCd PUHALbHbLM
xapaxkmepos muoxectsa E.

a) OpAnHaAbHOE HHMCIO § HA3BIBAETCA pezyAs PHbLM, €CIH OHO DABHO
cBOeMy (DMHAIBHOMY XapaKTepy, H CUNZYAspHsLM B NPOTHBHOM Cay4ae.
Ilokasarb, 4TO BcAkoe GECKOHEYHOE PEryaspHOE OpPAHHAJIBHOE YHCJO €CTb
HEKOTOPOE HAYaJbHOE OPAUHAIBHOE UHCIO o, (ymp. 10). OGparuo, Bcakoe
HA4aJIbHOE OPAMHAIBHOE YHCIO ®,, HHAEKC KoToporo pasen 0 uau o6aa-
AaeT MpellIeCTBEHHHKOM, eCTb pPeryaapHoe opauuanbHoe yucio. Hauaas-
HOE OpIHHAJbHOE YHCAO ®,, HHLEKC KOTOPOrO He PaBeH Hymo H He o6ia-
HaeT NpeNUeCTBEeHHHKOM, CHHTYJADHO, eCIH & < @, B WaCTHOCTH, o,
4BJAeTCd HaUMEHbIIHM OECKOHEUHBIM CHHTYJAADHBIM Ha4aJbHBIM ODAHHAJb-
HHIM YHCJIOM.

6) HauaipHoe OpAMHANBHOE YHCAO ®, HA3BIBAETCH HEOOCMUNCUMBLAM,
€CAH OHO PDETYJASPHO M €CAM €ro HHAEKC ¢ He HMeeT NpeallecTBEHHHKA.
[Tokasarb, uto ecau a >0, TO v, ==@, HHAYEe rOBOPA, @ ABJAACTCHA OpAH-
HAJbHBIM YUCJIOM, KPHTHYECKHM AJA HOPMaabHOrO (YHKLUHOHAJIBHOIO CHM-
BoJAa o, (yop. 10r) u 138)). ITycTs » — HauMeHblIee OPAHHAILHOE HHCIO,
KPUTHYECKOE LIS 3TOTO (YHKIMOHAILHOTO CHMBOJA, IOKA3ATH, TTO , CHH-
ryaspHo u ero (GuHAIBLHBIA Xapakrep paseH o (CM. ymp. 13r)). Hnaue
roBOps, HE CYIIECTBYET HHKAKOrO HEAOCTHMKHMOTO OPAHHAILHONO YHCI3 ©q,
Taxoro, 4to 0 < a < x !).

B) [ToxasaTb, 4TO CYIECTBYET TOJIbKO OLHO DEryaspHOE OpIHHAIBHOE
9HCA0, KOH(HHAIBHOE COBEPIIEHHO ymopazodenHoMy Muoxectsy E; sTo
OpIHHAIbHOE YHCJO PABHO (PMHAJLHOMY XapaxTepy MHOMXECTBA E u, ecn E
He umeeT HAuboablIero JeMeHTa, HBJAACTCA HAYAJIbHBIM OPAHHANLHBIM

qucaom. Ecay o- ecTh duHAIBHHH XapaKTep YHCAA w,, TO & < @ YTOOH o,
&

6HLIO pEeryJApHHIM, HeOOXOXHMO M JOCTATOUHO, YTOOH a=a.

1) B Hacrosimee BpeMs HEH3BECTHO JOKA3aTe]bCTBO CYIIECTBOBAHUA HENO-

CTHXHMBX OpJHHAJNBHBIX YHCEJ, OTJIHYHBIX OT ®.
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r) Ilycrb o, — GeckoneuHoe peryiaspHoe OpAMHAJNBHOE YHCAO, | —Ta-
KOC BIOJHE YNOPANOUCHHOE MHOXECTBO MuAekcoB, 4To Ord (I) < w,. [Toxa-
3ath, 4TO AJA BCAKOrO ceMeicTBa (EL),E[ OpAHMHAJbHBIX YHCEJI, TAKOTO, YTO
§ < g aaa Beakoro t€ I, umeem D€, < o5

t€1

17) KapaunaasHoe 4ncio R, Ha3bBACTCH pezyasipHslM (COOTBETCTBEHHO
CUNZYASAPHbLM), €CIH HAYAbHOE ODAHHAILHOE HHCJIO ®, PEryafapHO (COOT-
BETCTBEHHO CHHIYNApHO). UTOOH &, OBLIO pEeryaspHeM, Heo6Xoaumo u
JAOCTaTOYHO, Y4TOOH AJA BCAKOrO ceMeicTBa (@), ¢1 KapAHHANBHBIX 4HCEl,
takoro, uto Card (I) <&, u @, <&, aas Beaxoro €1, Goto D a, < ny

el

R, ABIAETCA HAUMEHbMIMM CHHIYJIAPHBIM KapIHHAABHLIM UHCJOM.

97 18) a) [laa Beaxoro OPJHHAJNBHOTO YHCJA @ H BCAKOTO KapAHHAdb-
HOTO YHCJIA 1y, HEPABHOTO HYJII0, HMEET MECTO COOTHOWIEHHE Ry ;| = Ry’ - R i1

*&

(orpaHuunTbes cAyYaeM m << 8gy; M PACCMOTPETb OTOGpANKEHHA KapAu-
HaJbHOTO YHC/IA Wt B OPIHHAJbHOE HHCIO g, ;).

6) BuiBecTH u3 a), 4TO 1A BCAKOrO OPAHHAIBHOTO YHCAA T, ¥ KOTO-
poro Card (1) < m, Bemoansercs

o Card
=R, 'R‘H‘T 41}

m
RH—'{

(paccyxaatb TpaHCHHHHTHOH MHAYKIHMEH 1O 7).
B) BuBectu na 6), 94T0 117 BCAKOrO OPAMHANLHONO YHCHA d, § KOTO-
poro Card (2) < m, BHIOJHACTCA

R:t — QMR;:ard (a)-

9 19) a) Mycrb « u B — gBa OpAWHANBHMX UHCJa, NpHYEM & HE HMeeT
npelUICCTBEHHAKE, H MycTh §—>J, — TaKoe CTPOro BoO3pacTaiouiee oTo6pa-
HEHHE OPJAHHAIBHOTO YHCIA wg B OPAHHANBHOE YHCAO o, UTO SUp o, = a,

E<w ¢

n s ;

oxasars, uto #,6=[] «, . (Mpoussonbuomy orobpamennio f opaunans-

E<w3

HOrO 9HCId wg B OPAUHANBHOE YHCJIO W, NOCTABHTh B COOTBETCTBHE WHbBEK-
THBHOE OTOGpaeHHe f UHCIA wg B MHOXKECTBO YHCEN Vg (§ < op), Taxoe,
uro f (£) < f (€) ana Beaxoro L < wg; OLEHATD KAPAMHAABHOE YHCAO MHO-
KecTBa oTo6pameHuH f, KOTOpHE COOTBETCTBYIT ONHOMY M TOMY Xe
OTOOpaXeHHI0 f, W 3aMETHTb, 4YTO m=H RGE>2C”‘1 ) v m>w,

E<w3
(cM. § 3, ynp. 3).)
6) Ilyctb @ — raxoe opAMHAAbHOE UHCIO, UTO ®. ABAAETCH (PUHANDL-
-3
HBIM XapaKTepoM HYHCJIA w,; MOKA3aTh, YTO
i\
8> N,
H UTO eCNH CYWECTBYeT Takoe m, AIA KOTOPOro ¥, = u''7, To a (uc-
noab3oBath a) u ymp. 3 § 3). P ‘ Pror<e (e
B) [Tokasatb, 4T0 ecan A < a, TO
L O W NA
R, =2 %
E<a
(paccyxknarb, kak B ynp. 18a)).

1 20) a) Uro6u xapaumanbHoe YHCAO @ OBLIO perynapHeiM (ynp. 17),
Heo6XOAUMO H JOCTaTOYHO, YTOOH Aid BCAKOTO KAPAMHAJBHOTO uucaa b

oo0 a®=a - 2 m® (ucnoavsosars ymp. 19 u yop. 3 § 3).

m<a

6) IToxasats, uTO eCAH KAPAMHAJbHOE HHCIO @ TaKOBO, YTO Aas BCA-
KOr0 KapJHHAJBHOTO 4HCaa m, ¥ koroporo 0 < m <a, a®=aq, 0 a
peryaspHo (ucnoas3oBats ymp. 3 § 3).

B) [TokasaTs, 4TO NpeNJOKeHHEe ,AJd BCAKOLO PEryApHOrO KapAH-
HaJbHOTO UHCJAA @ H BCAKOrO KApAMHAJABHOrO 4YHCJAAa m, Y KOTOPOro
0 < m < a, BHNOAHAETCAd a™ = a* 3SKBHBAJEHTHO OOO6IIEHHON THIOTE3e
KOHTHHYyMa (HCHOJB30BATH a) ).

91 21) Beckoueuroe kapAHHAALHOE UHCJO @& HA3HIBACTCA GOMUHAHMH M,
ecan m" < a 44d BCAKOH mapHl KApAHHAABHBEIX qHCed mt < a, n < a.

a) Jas Toro 4TO6H @ OBLIO IOMHHAHTHBEIM, LOCTATOHHO, 4TO6Bl 19

BCAKOrO KApPAMHAJBHOTO yHCAa mt < a ObuIo ™ < a.
6) OnpegenuM HHAYKIHEA NOCHEA0BATEIBUOCTD (a,) KapAMHAaAbHBIX

a
Yyucen CAeIYIOMHM 00pasoM: ¥y = R, Ap41 =2 7, [Tokasarb, 4TO CyMMa D
[10CJENOBATEABHOCTH (@) €CTb AOMHHAHTHOE KAPLHHAILHOE WHCIO, Ry H
D — 1Ba HAHMEHHIIMX JOMUHAHTHBIX KAPJHHAJbHBIX YHCAA.
8) [Toxasars, 4710 o —=nd = 9% (sameruts, uro 2° < ¥); BHBecTH H3

»
oToro, 4o B0 = (2%)", xora B < 2® M 8y < .

T 22) Kapmumanbnoe 4HCAO 8, HA3LIBACTCH HEOOCMUNCUMBIM, €CIH
OpAUHAJbHOE YHCIO w, ABAACTCA HENOCTHIKUMEIM (ynp. 166) ); Toraa o, = ¢,
€CAH 0, = wo. KapIMHaAbHOE YHCAO @ HA3HIBACTCA CLALHO HEOOCIMUNCUMbLH,
eCJH OHO SBJAACTCH HENOCTHKHMBIM H IOMHHAHTHHIM (ymp. 21).

a) O0o0uteHHas THIOTE3a KOHTHHYyyMa BJEUET, UTO BCAKOE HENOCTH-
KHMOE KapAYHAILHOE YHCAO ABAAETCA CHJILHO HeJOCTHMHMEIM.

6) KapaunaapHoe 4HCJO @ TOTA3 H TOJbKO TOFAA CHIBHO HENOCTH-
JHMO, KOTIA AJf BCAKOTO CEMEHCTBA (a,)IEI KapAUHANBHBIX YHCEJ, TAKOro,

yro Card (I) < @ H a, < @ Aa8 BCAKOro 1€ I, BBHIIOIHANOCH H a <a.
el
B) Jlaa Toro 4TOGH GeCKOHEWHOE KAPAHHAJBHOC YHCJIO 65110 CHIBHO
HETOCTIKHMEIM, HEOGXOTMMO H AOCTAaTOYHO, YTOOH OHO OBIO ROMHHAHT-
upiM (ynp. 21) U yAOBAETBOPAJIO OZHOMY H3 cneng:omux YCJOBHIt: a) Kad
BCAKOMO KApIMHAABHONO uncAa B, Takoro, uto 0 < b < a, BHINOJHAETCA
a®=a; 8) aas Bcakoro KapaumanbHOTO umcaa b > 0 BrnoadsAercA

a® = a . 2% (Mcnoabsosats ymp. 20 u 21.)

9 23) Mycrp a— opauHaabHOE uucao > 0; oroGpakenue f opau-
HAJIbHOTO UHCJIA & B Ce6f HA3BIBACTCH CXOOSWUMCS, €CAH AN BCAKOrO
OPAHHAJBHOPO YHCAA kg < & CYIXECTBYET OPAHHAIBHOE UHCIO o < @, TAKOE,
4TO COOTHOMIEHHE (o< § < @ BaeueT A< f(§) <a')

a) [lyetb ¢ —cTporo Bo3pacramee OTOGpAKEHHE OPAHHAILHOrO
ypcaa B B a, Takoe, 4TO q:(sup C)= sup ¢ () mas Beakoro Y <P H
i<y <t

,
1y Ecan BnoqHe YNOPANOYEHHOS MHOKECTBO O, OpAMHAALHEIX unCced <&

nanereo tomosorneit §_ (0,) (,O6mas ronosoruas, ra. I, § 1, ymp. 3), sto

ycJoBHE MOXKET OHTh TaKXKe 33MHCAHO TakK:

lim f(§)=qa [B opurunaxe
E->a, & <a

‘BMeCTO ,cXOAdlneeca® (convergente) HANEUaTaHo .pacxoasameeca* (divergente),
470, TIO-BUIUMOMY, ABASETCS ONeuarkolf. — [7pun. nepes.
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csipp‘f’(C)=a'). Iaga Toro uTOGH CYIIECTBOBANO TaKOE pACXOAAIISECH

orobpakenne f uncaa a B cebd, uto f (§) <& ana Bcakoro £, p1d KOTO-
poro 0 < € < a, He06X0AUMO U OCTATOYHO, YTOOH CYLIECTBOBAJNO TAKOE KE
orobpaxkeHne unucaa B B cebs.

6) BuiBecTn u3 a), 4TO AJs CYIIECTBOBAHHA PpACXOAAIIEroca 0TOGpa-
WeHud f 4HcIA o, B cebd, o6aapaiomero cBoiicTBom: f (§) <& aam 0
< € < @, HEOOXOIMMO H JOCTATOUHO, YTOOH (HHAIBHBIA XapaxTep YucJa
®g OB paBeH @, (eCHM w, — PEryJIApHOE OPJMHAJIBHOE UHCIO > w,
onpelleJuTh HHIYKUHEHd CTPOro BO3PACTAINIYI0 MOCJIEAOBATENBHOCTh (1)
IpH NOMOIRM YCJIOBHH: M =1, M,4; — HaHMeHbLICE OpAHHAJILHOE YHCJIO L,
Taxoe, 410 1ad § > £ () > 1,)-

B) Ilyctb - — HHANbHHHA XapaKTep 4HCaa o, (ymp. 16); mokasars,

41O ecan a >0 H f — TaKoe OTOOpaKEHHE YHCHA w, B cebd, uto f (§) < £
ans Beakoro & aaa kotoporo 0 < § < wg, TO cymecTByer Ay, Takoe, 4TO
MHOXKECTBO peiueunit ypaBHeHus f(§) =21, HMEeT KapAHHAJILHOE YHCJO,
paBHOE R-.

1 24) a) Ilycts & —raxoe MmuokecTBo wacreft muoxectBa E, uro
aaa Beakod wacth A€ F Bemoauserca Card (A) = Card (F) =a > r,.
INokasars, uro B E cymecrsyer yactb P, Taxas, uto Card (P) = a u uuxakoe
MHOXeCTBO H3 & ue conepxurca B P. (Ecan a =r,, ompeseaurs Tpamuc-
¢GuuuTHOH MHAYKUHEH JBa HHBEKTHBHHX OoToOpawkeHua §-> f (§), > g (§)
uyucaa o, B E, Takue, uto muoxecrsa P = f (v,) u Q= g (»,) ue mepe-
CEHAKTCA, MO KAKAOC M3 HHX IMeEpPeceKaercd ¢ KaxAOH 9acTbio A€ )

6) [Ipenno.oxuM, KpOMe TOro, 4YTO s BCAKOrO HOAMHOXECTBA O
MHOXecTBa ¥, Ttakoro, uto Card (®) < a, nonoauenue B E o6beauHeHus
MHOKeCTB A € @ uMeeT KapAHHAJIBHOE YHCIO > @; NOKA3aTb TOrAa, 4TO
B E cymectByer takas wacre P, uro Card(P)=wa u gaa Bcsakoro A¢
Card (P1A) < a (Meron amaxoruuen).

1 25) a) Iycrs & — noxphiTHe GeckoneyHoro MHoOwkecTBa E; cmenensio
pa3desenuss MOKPHITHA £ HA30BeM HAMMEHbIIEe KAPAHHAIBHOE HHCJIO ¢,
TaKoe, YT0 ¢ Cmpoz0 npessiuaem KapauHaabume qucra Card (XNY) ans
BCAKOH Napel pasauuubix MHOxkecTB X €F M YEF. Ecan Card (E) = q,
Card (%) = b, nokasats, uro b < a® (sametutb, 970 uaCcTb MHOXKecTRa E,
HMemas KapAMHANAbHOE YHCJIO ¢, HE MOXeT coAepxkarbcd 0oaece uem
B ONHOM MHOXKECTBE H3 ).

6) ITyctb w, — HaYaIbHOE OPAHHAJBHOE UHCJIO, F — Takoe MHOXeCTBO,
uTo 2 p = Card (F) < R,; nyctb E — mHomecrso oroGpaxennit orpes-

KOB 4HCJAA ®,, OTIHYHBIX OT o, B F; Torna Card (E) < p¥=. Maa scaxoro
orobpaxenua f uucaa o, B F nycrs Ky-—uacte mHOXecTBa E, 06paso-
BAaHHAA CYXCHHAMH OTOOpaXeHHA f Ha OTPE3KH UHCIA «,, OTJHYHBIE OT 0.
TNoxasarsb, yTo MHOXKECTBO P yacrted K, ecTb TaKoe MOKPHITHE MHOXKECTBA I%,

)
uro Card (F)=p ¢ ¥ cTeneHb pasgeteHHs €ro pasna‘xa.

B) [Tyctb E — GeckoHeuHOe MHOXKECTBO C KADAMHAABHBIM THCIOM @ H
OycTb ¢ U p -— ABA TaKMX KAPAMHAABHBIX YHCAA > 1, uto p<e, p"‘ <a
JJA BCAKOTO M < ¢ H a = 2 p™. Busecrn u3 6), 4TO CyIRecTByeT no-

m<e
kpHTHE F MHOKecTBAa E, 06pasoBaHHOe MHOXKECTBAMH € KapAHHAJIbHBIM

¥Ynp.
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YHCJIOM ¢, CTENEHb Pa3AeNeHHs KOTOPOrC PABHA ¢, H Takoe, uto Card (F)=p°
B wuacrmocty, ecan E cueTHO M GESCKOHEUHO, CYIIECTBYET IOKPHTHE ¥
mHoxkectBa E, oGpasoBanHoe OCCKOHEYHBIMH MHOXECTBAMH, TaKoe, 4TO
Card () = 2%, u nepeceueHne ABYX IPOH3BOJIbLHBIX MHOXECTB M3 & xO-
HE4HO.

M 26) [Mycts E — Geckoneunoe MmHoxecTso, (¥;) ¢ m — KOHEUHOE
pa3fueHHe MHOXeCTBa & (E) uacreit mHOxecTBa E, HMewIHX n 3jeMeH-
ToB. [IokasaTh, 4TO CyllecTByer uHAeKC { M OeckoHeyHas wactb F umHo-
wecTBa E, Takue, 4TO BCAkad yacTb MHOkecrBa F, umewmad n 3aeMeHTOB,
npunanaexcnt k X;. (Paccyxaats wHAykumed mo n: aad Bcakoro a¢E no-
KB8aTb, UTO CYUIECTBYIOT HHIeKC j H OeckoHeuyHad uyactb M MHOxecTsa
E — {a}, Takme, uTo I1a BcAkoH yacTH A MHOwecTBa M, nmewomero n —1
aqeMenToB, {@}|) A npuHamaexur k X;.)

27) ToBopar, uTo ymopasodeHHoe MHOXKecTBO E ydossemsopsem
YCA0BLI0 MUNUMALLHOCMY, €CIH BCAKOE HENyCTOE IOAMHOXECTBO MHO-
wectBa E o6najaeT MHHHMAJAbHBIM 3JeMEHTOM.

a) Mokasatk, 4T0 ecau A u B — 1Be 4acTH MHOKECTBA E, yzoBaerBo-
pAIOIHE YCIOBHIO MuHHMAnbHOCTH, To A(JB raiike yaosrersopaer yc.io-
BHI0O MHHHMAJbHOCTH.

6) llaa Toro urobw ymnopagoueHHoe MHoxecrso E  yrosrersopaino
YCJAOBRIO MHHHMAJABHOCTH, HEOOXOAHMO H XOCTAaTOYHO, 4TOOB BCAKHH HH-
TepBax ) <-, 4 ( MHOXecTBa E yROBJETBOpA/A YCJOBHIO MHHHMAALHOCTU.

B) [Ipeanosoxum, uro E yjpoBierBopsier YCIOBHIO MHHHMaJbHOCTH.
IMycts u — GykBa, T §u§— TepM. [Toxasats, 4TO CymecTBYIOT MHOxecTBO U
u orobpaxenue f muoxecrsa E Ha U, Takue, aTo And Beakoro x € E Bul-

noausiercs f (x) =T fP% rae uepes f¥) o6osnaseno oroGpamenue HH-
TepBana Y <, x (, Ha f () <, x (), coBnazaiuiee Ha 3TOM UMTepBaJE C 5
kpoMe TOTO, 3THM ycaoBheM U u f ompeleleHbl OXHO3HAUHO.

r) [Tpeanonoxum, uro E ynosnemogﬂer YCAOBHIO MHHMMAaJlbHOCTH H
4TO BCAKAA KOHeyHad uacThb MHowecTBa E o6Gaagaer B E HmkHel rpanbio.
MMoxasarb, uTo ecan E obaanaer nauboaviuuM siaementoM, E ects moanoe
ceruatoe MHOxecTBO (§ 1, ynp. 11); ecan xe E ne o6aranaer Han6oabIIHM
3JEMEHTOM, TO NOJHBIM ceTdaTmM Oyner MHoxectso E’, moayuensHoe xo-
6asaenum k E mamboabpuiero sxementa (§ 1, mpemnoxenue 2).

28) [lycts E—ceruaToe MHOXECTBO, YIOBACTBOpAiOmee YCJIOBHI
munuMaibiocTi (ynp. 27). Ilokasath, uTo BCAKHE 9JEMEHT 4 MHOXKECTBA E
MOXeT OuiThb TpeacTaBieH B BHAC Sup (€, ..., &), FAe SIEMEHThH
¢; (1 < i< n) uenpusogumut (§ 4, ynp. 7, mokasatb CHa4aka, 4TO CyIle-
CTByeT HEeNnpHBOLMMBLIH dJEMeHT ¢, TakoH, uTo 4 =sup (e, b), ecam a He-
npusoauMo). OO6o6murs na E ynp. 76) § 4. OGobumurs TaKxe ynp. 86)
u 96) § 4 ma AuCTPHOYTHBHBIE CETYATHIE MHOMKECTBA, YAOBJICTBOpAMIIUC
YCIOBHID MHHHMAJIbHOCTH. ;

1 29) Mycts 1 — duasTpyoMmEecs BIPaBO MHOKECTBO (E(l)uEI — ceMelii-

CTBO CETUATHIX MHOMXECTB, YAOBISTBOPAIOIIUMX YCJOBHIO MHHHMAJAbHOCTH
(yup. 27). Ilas Bcsaxoi mapet (2, B) muiexcoB us I, Tako#, uTO & B, mycrn
f a3 — 803pacmatouee oro6paenne MHoxectBa Eg B E, u mycTbh 3TH
oto6pakenns_ynoBaeropsior ycaosuio (LP) n3 § 1, n° 12. Ias BcAkoro
a¢l nycrs Q, —Henycras 4actb MHOXecTBa E, yaAosJeTBopawuag cie-
IYIOMMM YCJIOBHAM:

1° gBa pasnuuHbX saemenTa u3 G, me CpaBHUMEL

1 7
) Ecan ¢ nponomxurs Ha Og ycnoBuem ¢ (8) = o, mpeasiymue ycaoBus 2° 1aa « < B cnpasennBo foq (Gp) = Gus
OyayT O3Hayarh, YTO ¢ HENPEPHIBHO, KOrAa O; H Oé HajfieJeusl TOMOJOTHAMH

-1
r , ° G it npoo6pa3 X,) HMEET
5_(Oa) u§_ (OB) (»O6mas ronoxorua®, ra. I, § 1, ynp. 3). T & 0 s e Tompoocas Jeg !

B Ej HanGoaburnit sneMeHT Mgg (*a);
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4° pasa < B, ecnu hg — TaKOH saeMeHT MHONXeCTBa Eg, uTo cymecrsyer

¥s€ Qg Ias KoToporo ¥ < hg, TO AN BCSKOro £, € Gg, TaKoro, uTO

X, < ;GB (hﬁ) CywecTByer X € Gﬂ, TaKoi, uto X< hg 1 Xy = fog (Xg).
Mpn aTwx ycloBuAX NOKA3aTh, YTO NPOESKTHBHBIA Npelen cemeHcTBa

(Co)ag1 Anu cyxenuit orobpaxennit f,3 na Gy ne nycm (cm. § 1, ynp. 32).

ST0 MOXHO NpoAenath ClepyiomuM o6pasom:
a) Ilycrb J— koHeynas uacrs muoxecrsa I; cemeictso (¥a)y ey TRE

X € G, ANA BCAKOTO a € J, Ha3niBacTCH KO2epeHMmHbLM, €CIN OHO YJOBJE-
TBOPAET ABYM caenyomuM yeaosuam: 1) ecana ¢ J, 8 € J,a B, X, = Fag (x3);
2) AAs BCAKOrO 3JIEMEHTA Y MHOMECTBA I, Maxopupyomero J, cymecTsyer
x,€GQ,, Takoit, 9r0 x, = fo; (%) Ras Beaxoro a ¢ J. IMokasats, 410 AAA

-1
BCAKOro aneMenTa € I, Maxopupylomero J, MHOXECTBO n fay (%4) oGna-

«€CJ
IaeT HauOOJbUIMM SJAEMEHTOM, paBHBbIM inf (M, (%4) ); xpoMe Toro, Hepe-
«€J

-1
cedeHne MHOXECTBa GT H n fmT (x4) ecTb MHOXECTBO (MO MPEANONOKEHHIO
afl

HENyCTOe) TeX ¥, € GT, KOTOPHIE MAXOPHPOBAHBI SAEMEHTOM aigg M, (1))
{ucnoap3oBarb ycaosue 1°). ’

6) Mycrb J— npousBoabHas 9acTb MHONeCTBA I; ceMeiicTBo Xy =
= (xa)ae_,, TAE X4 € G, ANA o€ J, HA3BIBACTCA KOZEPEHMHOLM, SCIN BCAKOE
KOHEUHOE NOACeMEeACTBO ceMelicTBa x| KorepentHo. Ecin J = 1ufecl—J,
noKasaTh, 4TO cymecTByeT X3¢ Gy, Tako#, 4T0 cemefictBO X =

1U{g}
= (xa)a c1U s} xorepentHo. (das Bcakod koHeuxo# wactu F mHomecTsa J

TNOKa3aTh, HCNOJB3YA a) M YCAOBHE 4°, 4TO €CAM Y ABASCTCA MaXOPAHTOH

-1
muoxecrsa FU {B}, to fo. { O:N Say (X2) ] ecTb (He nycroe) mHOMKe-
B1 i cr Y
«€ .

CTBO TeX yg € GB’ KOTOpbl€ MAXOPHPYIOTCH JNEMEHTOM fg (aigg (M” (%£2) )),

Hcnoabsys tor dakt, uto E. yAoBIeTBOpAET YCIOBUIO MUHHMAAbLHOCTH,
NOKa3aTh 3aTeM, 4TO CYHICCTBYIOT KoHedHas dactb F, MHOwecTsa J u
Maxcopanra o MmuoxectBa FoJ (B}, Takue, ato gas Bcakoil koneanoit yactu F
MHOXecTBa J M Bcako# MawopanTel 7 MuoxecrBa F{J{B) smimoansercs
inf (Mg, (%,))> inf (M € )). HokasaTb Toraa, 4TO BCAKUH ajeMeHT
at R i aEF, “Tp \7¢

xgeGB, MaXOPUPOBAHHBIH 9NEMEHTOM fﬁ"x (inf Mm7 (xa))), fBJAAETCA
0 \agF, 0
HCKOMBIM.)

B) 3aKOHYMTb JOKA3aTENAbCTBO, NMOKA34B, 4TO CYWIECTBYET KOTEPEHTHOE
CeMEeHCTBO, MHOMECTBOM HMHIEKCOB KOTOPOro fBAAETCA JI060e Henoe
qucio. (YNOPANOUHTH MHOMECTBO KOMEpPEHTHHIX CeMeHCTB X COOTHOIE-
HUEM ,X; eCThb MOACEMEHCTBO ceMelcTBa X * W NpUMEHHTb 6) U TeopeMy
HopHa 1).)

11 °30) Mycrs (M,), (P,) — ABe NOCIECAOBATENBHOCTH KOHEUHHX NO-
NIAPHO HENepeceKaluXCA MHOWECTB (HE BCe M3 KOTOPHIX MYCThi), HMEIO-
HIMe B KaueCTBE MHOMXKECTBA MHAEKCOB MHOXECTBO Z PauUOHANBHBIX HENbIX
qucels; noxnoxuM a,= Gard (M;), B,= Qard (P,). [lpeanonosnm, uro
CYUIECTBYET Takoe Hejoe 4ucao 2 > 0, uTo mas BCAKOro n¢€ Z M BCAKOrO

1) To ecth Teopemy 2 us § 2. — [Tpunr. peo.

¥Ynp.
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{ > 1 puinoansercs
opt-opi14 .. +an+l<en—k+en—k+l+ coe +Bavirr
BntBasi+ ... A<t g+ - + et ik

IMyctb M — o6befuneHne CeMeiCTBa (M,), P — cewmeiicrsa (Pp). Ilo-
KkasaTh, 9TO cymecTByer Ouekuus ¢ MHoxectsa M ma P, rakas, u4ro
n+k

n+R+1 1 +1
p(Mp)c U Piu ¢ (P)c U M; nas Bcskoro uuiekca né€ Z.
i=n-k-1 i=n-k-1

(PaccMoTpers Ha KawioM M, (COOTBETCTBEHHO P,) coBepmieHHBIH NOPALOK
n BaATh 33 M (cooTBercTBEeHHO P) og}xnﬂaawym cymmy (§ 1, ynp. 3) ce-
meitictea (M), ¢z (COOTBETCTBEHHO (Pn)pcz) ecan no — TaKo# HHIEKC, 4TO
M_ == @, paccMoTperb H3oMOp(u3Mbl MHOXecTBa M Ha P, npeobpasyio-
ny .
i U3 SJEMEHTOB MHOXe-

mHe HaMMeHbIIHA SaeMeHT MHOXecTBA M, B omun

no+ R ) )
cTBa U P;, u nokasarb, 4T0 OAMH H3 STHX n3oMopdu3MOB HCKOMBIH,),

j=no—k -



HCTOPHYECKHHA OYEPKY)

K § 5 I'JIABBI 11l

(PumMckue nndpn orcoaanT K 6ubnuorpaduy, noMeueHHOH B KOHNE HACTOAMEro
0oYepKa.)

JBoMOUHUA HACH, KACAIOMHUXCA MOHATUH HEAOr0 THCAA H KapAHHAABHOTO YHCIa,
HEOQTIeNMMa OT UCTOPUH TEODHH MHOXECTB H MaTeMaTHYeCKOH JOLUKH, YUTATENb
HalileT ee M3NOKEHHE B HCTOPUUECKOM ouepke, cAeaylowem 3a ra. IV. Ml orpa-
HUIHMCA 3JeCh KPATKUMH yKa3aHHAMH Ha Haubo/ee BBIAIOMHECT (GAKTH U3 UCTO-
pun cuuchaenun n ,KomOunatopHOoro amanmsa“.

HcTopus ¥ apXeonorus 3HaKOMAT HAC ¢ GOJBIINM YHUCJAOM ,CHCTEM CHUCIE-
HHA®; X NIEPBOHAYANLHAA UEAb ~— CONOCTABHTH KAKAOMY HHAUBULYAAbHOMY HenoMy
qHCAY (B NMpEReNax, 3aBHCAWMUX OT MOTPEGHOCTEH NPaKTHKH) HA3BaHME M NHCHMeH-
HOe n3o0pamenue, o6pasosannoe (10 Gojee HAH MeHee PErynsipHeiM NPaBUNAM)
koMOunanue# OrpaHHYeHHOro uwucaa snakos. Hamboxee ynoTpeGuTeAbHbHE npueM
COCTOUT B PA3NOMEHHH HENbIX UHCEN B CYMMbl ,IOCAENOBATENbHBIX EAHHHUL® b,
be, ..., by, ..., KOKAAL U3 KOTODHIX KPATHA npexbtAymeH, 4, x0T O6BI9HO b,/b,
OepeTcss paBHBIM ONHOMY H TOMY e qucay b (,0CHOBaHHE® CHCTEMbi, ualie
Bcero 10), Ha6MONAIOTCA HEONHOKPATHBIE HCKJAIOUEHHA M3 3TOrO npasuaa, Kak,
HanpuMep, y BaBUAOHAH, rAe b,/b,_, panno To 10, 10 6 [I], u B cucreme XpOHO-
AOTUU Maid, rae b,/by_y pasuo 20, ecau n == 2, u be/by =18 [II]. Yto Kacaerca
COOTBETCTBYIOWEH 3aIUCH, TO OHAa AOMKHA YKa3LIBATH GUCAO ,eAMHUN* b; xamaoro
NOPAAKA /; BO MHOMHX CHCTeMaX (KaK, HalpUMep, § erunTsH, IPEKOB, PHMJAH)
noCneoBaTeNbHbBE KpaTHBE R-&; [rie k& uamenserca or 1 a0 (bi+1/b1)-—lj
00603Ha4a10TCA CHMBOJAMH, KOTOPHIE 3aBHCAT OJIHOBPEMEHHO OT £ M oT /. IlepBhifl
K BaXHBIH NPOrpecc COCTOMT B 0603HaYeHuUn Bcex wHcen k-b; (nag oxHOrO H
TOTO JKE 3HAYEHHUA k) ONHUM H TeM WKe 3HAKOM: 3TO NPHHUMI NMO3UNUOHHOCTH,
»numeration de position“, koraa uHzekc i YkaspiBaercd TeM (aKTOM, YTO CHM-
BOJ, usobpawaomuii £ -J;, momeunlaerca Ha i-e MecTO B MOCNEN0BATENLHOCTH
»KYCKOB®, COCTaBAAIOWIUX HU30OpamaeMoe vuucao. [lepBas cucreMa 3TOro poxa
BCTpEYaeTCHd y BABHJOHAH, KOTOpHE, HEecOMHEHHO, 3a 2000 neT 70 H. 3. 0603Ha-

Jaiu OJHUM M TEM e 3HaKOM BCe KpatHuie k-60™%, coorsercrsyiomme mpous-
BOMIBHEIM 3HaueHUAM Nokasatens  ([1], crp. 93—109). Heyro6cTBo Takoi cucremsr
COCTOHT, Pa3yMeercsl, B HEOAHOBHAUHOCTH YNOTPEGAACMBIX CHMBOMOB, MOCKOABKY
HUYTO HE YKA3bIBACT HA TO, 4TO EAMHHUbI HEKOTOPOr0 MOPAAKA MOTYT OTCYT-
CTBOBATH, IPYrHMH COBaMH NMOCKONbLKY CHCTEMa He NONONHEHA BBEACHHEM ,HY.f.
OxHaKo Mbi BUAMM, 4TO BAaBHAOHAHE OOXOAMMMCH 6E3 TAKOrO 3HAKA Ha npoTsKe-
HuM CGoablued YacTH CBOEH HCTOPHH; B CaMOM Aene, OHHU yooTpebadat ,nyan“
TOMbKO B JBYX [OCACAHHX BEKaX A0 H. 5. H BAOGABOK HCKIOYHTEAbHO BHYTPH
TMCIE, JO T€X MOp /ML KOHTEKCT 1aBai BO3MOXHOCTb YTOYHHTb 3HaYEHHe pac-
CMATpUBAEMOro 4Hcaa. TOAbKO ABE CHCTEMB HCHONBL3YIOT CHCTEMATHUECKH »HY B *:
cucreMa Maila (YnorpeGadsiwasics, mO-BUAMMOMY, ¢ CAMOTO Hagana XPHCTHAHCKOH
aput [H]) u nama cospemennas gecaTudHas cucTeMa, KoTOpasa (uepe3 apabog)

') Hpyro#t mepesox atoro ouepka (Bmnonnennnif M. I'. Bammakosoii mox
pen. K. A. Pubnnkosa) cu. (noa nassanueM,Cuncaenue. KomG6unatopHuiii ananus«)
Ha ctp. 61—63 kuurn Byp6aku H. Ouepkn no ucropuu matemaruku, WUJI,
M, 1963.— ITpun. ped,
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npulia M3 WHAMECKOR MareMaTnky, TA€ ee yHoTpe6aeHHe OTMEYeHO B nepBuiX
Bekax Hameill apbl. Caelyer, KpoMe TOro, 3aMETHTb, 4TO MOHATHE HYJIq KaK qucaa

- (a HE KaK HpOCTO PAa3feaUTEeNbHOro 3Hal(a) U €ro BBEJCHHE B BLIYMC/AECHHUA TAKKe

CHMTAIOTCA NPUHALACKAUWMMH K ODHIMHAJBHHIM Bknafam uHamiines [III]. Pasy-
Meercd, yCBOHB OAHAKALI MPUHLMII MO3HUMOHHOCTH, JNerko GblI0 PacipoCTPaHUTH
€ro Ha 11060e 0CHOBAHUE; OOCYHIEHHE TOCTONHCTB PA3NHUHBIX »OCHOBaHUH “, mpex-
noenHux Haynnas ¢ XVII Beka, otHocuTcs K Texuumke UHCHEHHOro aHAMM3a M
He MOXeT OBITh Hauato 3fiech. OrpanuuuMcA 3aMeqanueM, yTo onepanud, nexa-
1431 B OCHOBE JTMX CHCTEM, TAaK HA3HBAEMOE ,3BKJAMIOBO* JeJeHHE, He BCTpe-
danack 10 rpeKoB M BOCXORUT, HECOMHEHHO, K NepBhIM Nudaropeiinay, KOTOpLIE
Clenann ee CYWECTBEHHBIM OpylHeM B cBoeHl Teoperuueckoil apudmeruke (cM.
Heropudeckuit ouepk k ra VI—VII , Aare6pu«).

O6mue npobneMbl mepecyeTa, coOpaHHBIE N0 HMEHeM »Kombunaropuoro
aHa/Inza‘®, He PaCCMATPHBANMCHL A0 MOCACTHHX BEKOB KJAACCUUECKOH AHTHUHOCTH:

TOABLKO opMyna (;): n (n —1)/2 sacsunereascrsosana s 1l1 Bexe u. 5. Unani-

ckuit marematnk Bxackapa (XII sex) auan o6myio dopmyay xas (n) Bonee

CHCTEMATHIECKO® HCCNEROBAHHE HAXOAWTCH B MaHyckpunte Jlesn Gen [epcona,
B Hauane XIII Beka: oH moayuaer peKyppeHTHyIo (10 p) hopMyay, nossoasiomyo

BBIYHCAUTD 9ncno V2 pasmemenuit u3 n saeMentos mo P M, B 4aCTHOCTH, YHCJO
TIEPECTaHOBOK M3 71 3/EMEHTOB; OH QOPMYMUPYET TakXKe MPABUAA, IKBHBAJEHTHBIE

COOTHOIIEHUAM (;) = V,’,’/p! H (nip):(Z) ({IV], ctp. 64—65). Ho artor

ManyCKpUNT, NO-BHAUMOMY, OCTANCH HEH3BECTHHIM COBDEMEHHHKAM, H €r0 pe3yib-
TaTkl TONBKO M2/10-MOMANy MePEOTKPHIBANUCE MAaTEMATHKAMH CAEAYIOU(MX BEKOB.
Cpean npanbuefimmx ycneXoB OTMETHM CaAeAyiOuee: Kapran noxasaan, uto gucno
HEMyCTHIX yYacTedl MHOWECTBA U3 n 31eMeHTOB ecTb 24— 1; [lackanb n Pepma,

n
33HUMAACh HCYHCJCHUEM BEPOHTHOCTeﬁ, NEPEOTKPHLINU BbipaKeHne Jiag »

u Tlackanb mepBriff 3aMeTHA CBSI3H MWy STUMH WMCAAMH H dopMynoit 6unoma:
3Ta NOCACIHAL, NO-BUIUMOMY, Gbina u3BectHa apabam B XIII Beke, KHTadnaMm
B XIV Beke u Gbina mepeoTkphita Ha Bocrtoke B mawane XVI Beka tax e, Kak
H METOR PEKYPPEHTHOrO BHIYHCIEHUS, TAK HA3BIBAEMBIH ,apUPMETLYeCKHE Tpe-
YrospHUK®, NpUIHCbIBaeMb# 06biuHo IMackamo ([IV], ctp. 35—38). Haxosen,
Jle#t6uun okono 1676 roga moayuma (ue ony6ankosas) obutyio dopMyay ,nonu-
HOMHANLHBIX  KO3(DMUUMEHTOB, NEPEOTKPHITYI0 HE3ABHCUMO N ony 6IMKOBAHHY 10
20 romamu moswe Myaspom.
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FJTABA IV

CTPYKTYPbI

Llens 9TOM raaBbl — OMHCATh Pa3 U HABCEra HeKOTOpoOe uucio ¢op-
MaTHBHbBIX KOHCTPYKUMH M 1OKasaTeabCT (cM. ri I, § 1, 3 u § 3,
n° 2), BCTPeyaloLuXCa O4YeHb 4acTO B MaTeMaTuKe.

§ 1. CTpyKTYpH H H30MOPGOH3MH
1. CmyneHu

Cxema Kowcmpykyuu cmynesu eCth TOCIENOBATENBHOCTD Cqp
€y, -+ +» Cp TP HATYPAJIBHBIX UeJEIX 4HCEN Yy ¢;=(a; b;), yLOBIeTBO-
paolas CrelyioluM yCIOBHAM:

a) ecrn b; =0, 0 1 La; I 15

6) ectm a;#0 u b; 0, 10 l1<ag;Li—1n 1< Li—1.

Us sTux ycaopui BuitekaeT, uT0 ¢;==(0, 8;), rae 5, >0. Ecm
n — nanbonbliee w3 uncen b,, Bcrpevaoiuxcs B napax (0, by), 1O ro-
BOpAT, YTO €;, Cy, +-., Cp €CTb CXeMa KOHCTpyKuuH CTyMeHH Had

n mepmanyu.

Ecin naHsl cxema S=1(¢;, €9 ++.+ Cp) KOHCTPYKilmH CTyHEHH Hal
n Tepmamu u n Tepmos E,, ..., E, Teopun J 6Gonee cuibHOH, ueM Teo-
Pus MHOXeCTB, HAa30BeM KONCMpYKyuel cmynenu nado E,, ..., E, no
cxeme S mocienopatenbHoctb Ay, Ay, ..., A, U3 m TepMOB TeOpHH T
onpele/ieHHYI0 MOC/IeN0BaTeNbHO ClIeNylouMMy Yy CJIOBUAMH:

a) ecrn ¢; = (0, b;), T0 A; ectb Tepm Ep;

6) eciu ¢;==(a,;, 0), 10 A; ecto TepM P (Ag);

B) ecim ¢;=(a; b;), npuiem a,#*0 n b;%#0, 10 A; ecTb TepM
Ag, X Ap,.

Mu 6yiaeM rOBOpHTb, YTO MOCJAENHHH u/eH A,, KOHCTPYKUHH CTYNeHH
nag E;, ..., E, no cxeme S ecTb cmynens HaO 6a3ucHblMU MHONCe-
cmeamu By, ..., E,, nocmpoennasa no cxeme S, nin cmynens cxemvl S
nad Gasuchwmu muoxcecmsarnu E,, ..., E, u B larpHeAmx obuwux
paccyxieHusx Oynem 0003HauaTb ero 4epes SE; .... E)).

1) Mbl uCNOJAb3yeM NOHATHE ,IENOTO YHCAA® TeM Ke o6pasoM, 910 H B ra. I,
T. e.B METaMaTEMATHUECKOM CMBICIE OTMETOK, YNOPAAOIUBAIOUHUX B HEKOTOPOM 1O~
pAnKe; aTo ymorpelJeHHe He MMEET HHYero OOIIEro ¢ MaTeMaTHIecKOH Teopueit
uenwlx 4ucel, passurtoit B ra. IIL

2 § L. CTPYKTYPbl 1 H30MOP®H3MbL 243

ITpumep. Ecau nansi 1ea MuoxectBaE u F, 1o Mu
. ) 0XECTBO E
xsp(ﬁ) ectb crynens Hag E u F, moctpoennas mo cxeme B E)) X

©, 1), (0, 2), (1, 0), 3, 0), (2 0), (4 3).
D10 MHOMECTRO ABafeTca TakXe cTynensio Hag E u F, moctpoensoit mo
cxeMe

©, 2), 0, 1), 1,0, (2 0), @4 0, (5, 3).

Taxum 06pasoM, HECKONLKO DPAsAMTHBIX CX€M MOFYT AaBaTh OfHY H Ty Ke
CTyNeHb Haj ONHUMH H TEMU Xe MHOKECTBAMH.

2. Kanoruueckue pacnpocmpanerus omoOpaxceruii
ITycte S=(c¢;, €y ..., €,)— CXeMa KOHCTPYKUMH CTYNeHH Hal n
7 7
tepMamu. [lycto By, ..., By, By, ..., E;—mHOXecTBa (Tepubi Teopun J),
M nyctb f,, ..., f,— Takue Tepmbl TeopuH J, YTO COOTHOLIEHHS

»f; ectb orobpaxeHue mHOWecrBa E; B E;“

i 1<i<n arsiorca Teopemamu Teopun J. Ilycte A, ..., A,
7 !

(COOTBeTCTBeHHO Ay L. A,,,)—KOHCprxuua crynedn Han E,, ..., E,
17 I

(COOTBeTCTBeHHO Ei, ..., Em) no cxeme S. Omnpenenum NOC/EL0BATEb-

HOCTb U3 M TEPMOB &), ..., £,, Takyw, u4tobnl &; (mis 1 i m)

7
Oul10 omolpajcenuem MmHodxcecmsa A; 8 A; npu noMowm Cllenyioumx
ycaoBuM:

a) ecan ¢;=(0, b;) u, chaenosaresnbHO, Ai=E,, A;=Ep, 10 g
ecTb oToOpameHue f, ; '
i
_ 7 14
6) ecin ¢;=(a;, 0) u, crenoparenvro, A, = (As), Ar=9(A,,)
TO g; eCTb KQHORU4ECKOE pacnpocmpanerue g, OTOGpameHns g
i 2

Ha MHOXecTBa vacre# (ra. I, § 5, n°1);
B) ecimm ¢;=(a@; b) c a;+0n b;#0 u, crenoparesbio, A, =

! 7 ’

= A“zXA”t H Ai=Aai>< A”i’ TO &, eCTb KaHoHu4wecKoe pacnpo-
cmpanenue g, X g, orobpawennit g n g, Ha A XA, (ra. I

o f f a i % b, ’
§ 3, n°9).
Mpi Oynem roBOpuTb, YTO NMOC/HENHHH UMeH g, STOR MOC/ENOBATEbHOCTH
eCTb KQHOHUYeCKoe pacnpocmpanerue omobpaxenuli fy, ..., f,

S

no cxeme S, n Gynem obosHauath ero uepes (fy, ..., f,).
[lar sa warom mpoBepsiOTCs ClelyiOline KpUTEpHH:

CST1. Ecau f; — omo6 padcenue mnoxcecmsa E, 6 E}, f,— omo6-

! "
paxcenue muoxwecmsa E; 8 E; (1 i n), mo ora 21060 cxemut Kox-
CMpyKyun cmynen S nad n mepmaru

oo Fyo o woon TuofS =T T eoos S35 o(fu oees 155
16* . |
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CST2. Ecau f; unvexmusno (COOTBETCTBEHHO ClOpBeKmMusno) 0%
1Lign mo {fy, «.., f,,)s UHBEKMUBHO (COOTBETCTBEHHO C/0pPBEK~

musuo).
DToT KpuTepull BHITeKaer u3 COOTBETCTBYIOUIMX CBORCTB pacmpo-

CTpaHeHusl g (en. 1, § 5, n° 1, npennoxenne 1) u pacmpocTpaneHns
gXh (ca. 1, § 3, n°9).
CST3. Ecau f,—G6uexyus mnoxecmsa E; na E;, a f[l —ofpam-

- “1\s
nan Guexyual), mo (fy, .... fn) ecms Guexyun, a{fi 11, e f/11> —
Sy — -
o6pamnasn OueKyus; unaie 2080pA, (T Y] ={f7 ...
s
o SO

Ator kpurepuht ToTuac ke swirexaer n3 CST1 u CST2.

3. Mepenocumote cOOMHOUCHUS
Iycte J — Teopus, GoJiee CHJIbHAS, YeM TEOPHs MHOXECTB, Xj, ...
eevy Xg Sps +se, S, — OyKBBI, pasjuubble MEXILY co0OR M oTaHMual-
luHecs OT KOHCTaHT Teopun J, a Ay, ..., A, —Tepmnl Teopun J,
B KOTODHX He BCTpeyaeTcsa Hu oxaxa u3 OykB x,(1LiLn) n
L —_ KuuM CTyMeHH Ha

s;(1 < J<«< p). Mycrs Sy, ..., S,—CcXeMbl KOHCTPYKUH y bl
n-+m Ttepmamu; Ml OyneM rOBOpUTb, YTO COOTHOIIEHHE Tix, .oy X,

Sprovees SpE
WS 1ES (X eevs Xp Ap ooy A m Sa€Sq(Xys vevs X Ay vvvs A
oo # S, €S, (X eves X Ap oves Ap)®

ecTo munu3ayus OYKB Sy, +.., Sp.

Mycts Rixy, ...y X, Spp o oen S, 8 — COOTHOWIEHHE TEOpUH J, co-
Lepxailiee HekorTophie u3 OYKB X;, §; (M, BOSMOXHO, Ipyrue 6yKBbI).
Mbl Gymem rosopuTb, uTO R nepernocuno (8 J) npu munusaguu T,
8 Komopol 6yreu x;(1 < i< n) paccmampugarwmecsa KaK ocHosnbie
Gazucnvie Mnoxcecmsa, a mepuu A, (1 < h < m)—Kak scnomoza-
measHole Ga3ucusie MHONCecm8a, €CN¥  BHIMOAHsAETCA Clelynoliee
yclioBue:

Mycts Y1, ««s Yp» fr1o - ++» fp—OyKBbl, pasimubbie MeXIy cobo#
n orauuaiowmecs ot x; (1 i n), s]-(l < j £ p), KoHCTaHT Teopu# J
W Bcex OykB, BCTPeyalOIluXCs B COOTHOWeHmu R um B Tepmax
A,(1 <h < m). Ilycts, C Ipyro#t CTOPOHHI, I, (1 < h < m)— roxne-
cTBeHHOe OTOGpameHue MHOMecTBa A, Ha cebs. Torma cooTHoleHH®

HOMKeCTBA X, Ha
JT3X oo Xpo S oves SpE M (f) ecTh OueKuus MHO B 1 %)11)
H ... u(f, eCTb OueKilus MHOXECTBA X, Ha Y,) (1)

gaedem 8 J COOTHOLIeHHE
’ I
Rix, ooy X Speees sp§<:}R§yl, cens Yy Spovees spg, 2)

-1
-1
1) Mo npuunnaM Tunorpadckoro yi00CTBa Mbl MUIIEM f ° BMECTO /.
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rie
S}=<f1’ N P N Im>si(sj) 1<i p). (3)

Ananornuynoe, Ho Gonee MPOCTOE ONpeleseHHe uMeeM, KOJA BCIOMO-
raTesbHbIX MHOXMECTB HeT.
Hanpumep, ecin n = p=2 u rtunusauua T ecrtp
252€ X M S€ x4,
TO COOTHOIUCHHE &) == 5y nepeHocumo. Hanpomﬂ, COOTHOILIEHUE X = Xo
He MepeHocuMo. B mpunoxenun Mbl aAHM KDHUTEPHH, NO3BOASIOUIHE

B OObIYHBIX CAYYafX JEIKO Y3HABATH, NEPEHOCHMO MU AaHHOE COOTHOMEHHE
(opu HexOTOPO¥H THMH3ayuu).

4. Podet cmpykmypot

[ycts J —Teopus, Gosnee CuibHAas, uyem Teopust MHOWecCTB. Pod
cmpykmypse B J ecTb TekcT L, OGPA3OBAHHBLIA CJeLylOuUlMMH Bblpa-
HEHUAMH:

1° Hexoropoe uncio OyKB X, ..., X, S, PasJIHuHbIX MeKIy COGOH

M OT/HYAIOWHXCA OT KOHCTAaHT Teopun J; NMpPH STOM X, ..., X, Hashi-
BAIOTCA OCHOBHOLMI OQ3UCHbLMU MHOXNCeCMmBaMu pOIA CTPYKTYypH I.
2° Hexoropoe uncio TepmoB A, ..., A, Teopun J, B KOTOpbIX

He BCTpPevaeTCs HAM oxHa u3 OYKB X;, S; 9Tm Tepmbl HA3LIBATCA 8CHO-
MOZAMENbHOLMI  OA3UCKHBMY  MHONCECMBAMU DPOJA CTPYKTYpH L.
TexcT L MOXeT u He CONepXaTb HMKAKOTO BCHOMOTATeJNbHOrO Ga3UCHOIO
MHOXeCTBA (HO OH BCerla NOJDKEH uMeTb 10 KpalHe# Mepe OIHO OCHOB-
Hoe 6a3HCHOe MHOXECTBO).

3° Tunmzauma Tix, ..., x,, s&

SES(Xy vovs Xy Ap oLl A,

rie S — CXeMa KOHCTPYKUUH CTyNeHH nax # —+ m Tepmamu (n° 1). Fosopsr,
uro Tix,, ..., X, s} ecto minosans xapaxmepucmuxa pona
CTPYKTYpHl L.

4° Coornomenne Rix,, ..., x,, s}, nepenocumoe (8 J) npu Tu-
mu3aumn T, B KoTOpo# OyKBb X; paccmaTpuBalOTCsi KaK OCHOBHbIE
GasncHbie MHOXECTBA, a TepMbi A, — KaK BCIIOMOraTe/bHble Ga3uCHble
muoxecrsa (n°3). R HaswiBaercs axcuomod pona CTPYKTYpH X.

Teopued poda cmpykmyper L HasoseM Teopuio J'y, ¥ KOTOpOfH
CXeMbl aKCHOM Te e, YTO u B J, 4 ABHbIMH AKCUOMAMH SIBJASIOTCS
fiBHBle akcuombl Teopum (J u axcuoma ,T u R“ Takum 00pa3oM, KOH-
CTaHTbl TeOpuH Jy —3STO KOHCTaHTH Teopun J u OYKBEl, BCTpeyaio-
muecs B T nau B R.

Iycts Tenepb J* — reopus, Gonee CuibHAsA, Yem TeopHs J, u UyCTb
E,. ..., E;, U—7epun teopuu J’. Mu Gynem rosoputh, u4to (B Teo-
puu J°) Tepm U ects cmpykmypa poda L Ha ocHo8ubx 6asucksix
muoxcecmsax Ey, ..., E, ¢ mnoxecmsamu Ay, ..., A, 8 Kauecmse
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scnomozamessunix 6a3ucuslx MHONCECMS, eCl COOTHOMIeHHEe
,T3E, ..., E,, U} u R§{E, ..., E,, U¥

ectb meopema meopuu J'. Korma sTO umeer MECTO, TO IJs élloﬁgﬂg

TeopeMbl B} x;, ..., X,, §§ Teopuu J, COOTHOMIeHHE B3E,, ..., E,,

ects meopema meopuu J' (a1, § 2, n°3). B Ty KOHCTaHTa §

HaswiBaeTcss olujed, uau podosol, cmpykmypol poda L.

/s
Mul OyZeM Takie FOBOPHTb, 4TO (B Teopuu J') OCHOBHbIE Ga%[cggri
muoxecta E,, ..., E, nadesenst cmpykmypol U. fcHo, uro

‘gnement Muoxecrsa S(E; ..., E, Ay ..., Am).ATame Ao6)paa;g-,
‘MHOXecTBO 3aementoB V muoxectBa S(Ep, ..., Ey Ay v, g;c;c};ngo
prersopsiomux coornomenuio REE, ..., E, V§,6 ecTb f;‘mcoTbIM
cmpykmyp poda L na B, ..., E; OHO MOXeT OuTb u Iy .

: Teopuio MHOXECTB U PaccMo-
Mpumeps: 1) Bosbmem B Kauecrse J°

TPUM f)’:)ljx cfpymgfpu, He uMelouMil BCIOMOTATENbHbIX Ga3HCHBIX Mﬂomec?
W COCTOSMHME M3 OCHOBHOTO Oa3MCHOrO MHOMNECTBA A, THMOBOH XapaKT

puctukn 5 €Y (A X A) n akcuoMul 1
soS=S§ u S1§ =4,

(Ap— AmaroHaab B A X A), KoTopaf, Kak Jerko Nposepsercd, ABIACTCH
COOTHOLICHHEM, TEPEHOCHMBIM NMPU TUNH3ALUH S s:]ge(o%ﬁ%)ﬁgl;ggb -.1;(:‘ :tito,;
HO®, K
TOr0 POAa CTPYKTYphl €CTh HE 4TO HHOE, " d
B:;tﬂoglcgcmg) (ra. 111, § 1, n° 3); roBopAT TaKXKeE, 4TO T;K(;IKMa (i){gpzaog l(_);pﬁl
7 mpykmy pol nop . .
HHbIH POA CTPYKTYpH ectb po0 ¢ I
ﬁ?eampquan MgOI‘O'{PlCJleHHHe npuMepbl MHOMECTB, HaJCHEHHBIX CTPYK
it aTOrO0 poia.
Typ05l) aB(())SngM B KagecTBe J TEOPHIO MHONKECTB H PacCMOTPUM POX
CTPYKTYPHl, He HMEUHi BCNOMOraTelbHHIX 6a3UCHBIX MHOXECTB H cou
chﬂmnﬁ 13 OCHOBHOI'O Ga3UCHOrO MHOKECTBA A, THNOBOA XapaKTepUCTHK
Fe P ((AX A) X A) u akcnoMbl — NEPEHOCHMOTO COOTHOWICHHA

L]
F i HK ¢ o6aacThio onpexeneHus A 3 A“.
LF ecrb dynkunosanbubiil rpad

CTpyKTypHl 9TOr0 POia — 9ACTHHA Caydait TOro, 9T0 Hasugjxe;:;ﬂ:ﬁ;edé
pauieckuMy cmpyKmypami, a GYHKuUS, rPadHKOM KOTOPOH

(oTo6paxenne Muoxecrsa A X A B A),——3T0 Tak Ha3biBaeMbill 8c100Y
onpedesenHolil

SHym pennuli 3GKOH KOMRO3u4uy TaKOH CTPYKTYpH

6pa“, ra. I).
(,.Aug)e E?am; B Kazlecme J' no-npexHeMy TEOPHIO MHOXECTB, pacmorpcnonf
O CTPYKTYPHI, HE AMEIOIUi BCIOMOraTebHEX 6a3HCHBIX MHOXECTB :lem
rc)TommAifx U3 OCHOBHOrO 6a3MCHOro MHOXeCTBAa A, THNOBOH XapaKTEpH

Ve (P (A)) n axcnoMbl — IEPEHOCHMOTO COOTHOLICHHA
N ev X)ev)) u Aev
(@ en>((Y X))
n (VX)) (YY) ((XeV 1 YEV) (XN YeEV)).

HA3BIBAETCA POOOM MOROAOUHECKOL CmpyKmy pol.
a Ha3blBaeTCA TaKWe monoasozueu, a COOTHOHJCHPI\?
: MHOXECTBO X — OmKpbimoe B TONOJOTHH

DTOT POA CTPYKTYPHI
CrpyKTypa 3TOrQ pOX
X € V BuIpaxaiT CJAOBaAMH
(,O6mas rononorus®, ra. I, § 1).

s § 1. CTPYKTYPH M M30MOP®U3IMbI 24T

4)° BoabMeM 3a J TEOpHIO pOAa CTPYKTYPH Tena, cojepxalyio:
CpeIH npovero KoHcranty K B KauecTBe eIMHCTBEHHOrO Ga3sHUCHOrO MHO-
WecTBa (0CHOBHOro). Poa CTPYKTYpH 468020 8€KMOPHOZO npocm pancmea.
#ad K coxepxur K, kax BcroMOratenbHoe GasucHOe MHOX€CTBO, OCHOB-
Hoe GasucHoe MHOWecTBO E M B KauecTBe THMOBOI XapaKTEPUCTHKU COOT-

HOLIEHHE .
VeP ((EXE) XE)XP ((KXE)XE)

(pr,V ssaserca rpaduxoM caoxenus s E, pr2V —rpadukom yMHOMEHHST
Ha CKanap; cM. ,Aare6pa“, ra. II); Mpl He Gyzem ajech ¢dopMyaupoBath
aKCHOMY 3TOr0 pOla CTPYKTYpH (cM. ,Aarebpa*, ra. II).

5) CHoBa BO3bMeM 32 J TEODHI0 MHOMECTB] B 3TOH TEOpUH Teso C
KOMILICKCHBIX 4HCEl €CTh TEPM, He COjepXamuii HuKakod 6yksel. Pox
CTPYKTYDLL KOMNALKCHOZO GHAAUMUYECKOZ0 MHO2000pa3US pasMep-
Hotmu n coctouT u3 C B KadeCTBe BCHOMOraTENbHOrO GasUCHOTO MHO-
JKECTBA M OCHOBHOTO Ga3uCHOrO MHOMeCTBa V; Mbl He GyieM 3iech yka-
3biBaTh HY THIOBYI0 XaPAKTEPHUCTHKY, HH aKCHOMY 3TOTO POAA CTPYKTYPHI.

Samewanusn. 1) B npunoxenusax (ka, HanpuMep, B npumepe 4 Bhillie).

uacto cayuaercd, uyro crymenb S(Ey, ..., E, A, ..., A,) ects Npou3-
BeeHue CTyneHei

SIEL ..., Ap)X ... XSp(Ey ..., Ap).
B atom cayuae B onpesenenuu pona chyKTygu % OYKBY S 4acTO 3aMe-
HAIOT Ha ,KOPTEX® (Sy, ..., Sp) (cp. ra. II, §°2, n°2).

C apyroit cropossl, akcuoMa poxa CTPYKTYPH % game BCero 3aluchi-
BAaCTCA Kak KOHDIOHKIUA HECKONbKHX MNEPEHOCHMBIX COOTHOMEHHH (Kak
B npuMepe 3 BBIIIE); 5TH COOTHOIUEHHS HA3BIBAITCH aKCLOMAML poxa Z.

2) PonaM CTPYKTYpH, OYeHb YacTo HCMO/Mb3YyeMBbIM B MAaTEMAaTHKE, H
MHOMKECTBAM, HAJC/ICHHBIM CTPYKTYPAMH 3THX POAOB, AQIOT MM, TaK, Ha--
NpUMED, ynopadoennoe muoxcecmso (ra. I, § 1) ects MHOXECTBO,.
HajeNeHHOe CTPYKTYpOH mnopsaxka'!) (mpumep 1); °B JaabHeiimeM B aToM
Tpakrate MBl ONpPENeNNM NOHATHS 2PYRNLL, MEAG, MONOAOZLLECK 020 npo--
cmpancmsa, Ougepenyupyerozo MHO2006pasus M T. A, — BCE ITO-
03HZJAET MHOMECTBA, HAACNEHHBIC HEKOTOPHIMH CTPYKTYpaMu.

3) Mlonyckas BOALHOCTb pedu, B TEOPHU MHOKECTB J' 3ananue n pas-
JUYHBIX MEXAY c06oit 6yxB X, ..., X, (6e3 TANOBOH XapaKTEePUCTHKU U
6e3 aKCHOMBI) TaKKe paccMaTPHBAIOT Kak POX CTPYKTYpH I,, HasnlBae-
MBI DONOM CmpyKmy poi MHONCECMEa HA N OCHOBHBIX 6A3MCHBIX MHONECTBAX.
Xy oovy X

5. H3omopgusmor u nepenoc cmpyxmyp

[lycte ¥ — pon crpykrypsl B Teopun J Ha 7 OCHOBHBIX GaBHCHHIX
MHOXECTBAX X, ..., X, C M BCNOMOTaTeNbHbIMH Oa3uCHBIME MHO-
wectBamu Ay, ..., A,; MycTh S-—cCXema KOHCTpYKUHH CTyNeHd Haj.
n—-m Tepuamu, BXOASWAS B THINOBYIO XapaKTePUCTHKY pola CTpyK-
Typst L, u mycte R—akcuoma poma crpykrypsl E. B Teopun J7,
Gonee cuabHOM, Yem J, myctb U—crpyktypa pona £ Ha MHOXecTBax
E,. ..., E, (xak 0CHOBHBIX 6a3HCHBIX MHOXECTBaX) unyctb U’ — cTpyxTypa

4

’
mozo e poda na mHoxectsax E;, ..., E,. Tlycre, Hakouen 8 J)

') 3T0 BOABLHOCTL peuH; MONHOCTHIO HAAO ObLIO OBl CKA3aTh »HaleNeHHOE
CTPYKTYPO# pofia CTPYKTypwl nopsiika*. — I7pus. peo.
Py PYKTYp P P
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?
f;—Ouexyus wroxecrsa E; va E; (1 < i< n). Mpbi 6ynem ropopuTh, UTO
(f;» -+ fn) ecTb u3omopghusm wmmoxecrs E,, ..., E,. HaleneHHbIX

! ’
cTpykTypo#t U, Ha MHOXeCTBa Ey, ..., E,, Hanmenennvie ctpyktypoi U’,
ecau (8 J7)
]
provovs fro L eees L) U=V, 4)
rae 1, 0603HaYaeT TOXIECTBEHHOe OTOOpaweHHe MHOXeECTBA A, Ha ce0s.

Mycts f,— Ouexuus, obparnas k f, (1. LI n). N3 (4) u kpure-
pus CST3 (n° 2) ToTyac BbITEKAaeT, 4TO

S 1y
(f; fro Lo LYy UH)=U ®)
¥, CJelOBAaTeJbHO, 4TO (f; ceer fy) €CTB n3oMOppu3M  MHOKeCTB
E; ..., E,, Hagenennnx crpyktypot U’, ma wmuoxecrtsa E,, ..., E,,
HajeJeHHbe CTPyKTypo# U; roBopsaT, uToO u30MOpQu3MEI poovees fo)
7
u (f{ f,,) ofpamns. OnMH LJIs Apyroro. )

Mu Gynem TOBOpUTb, 4YTO MHOXECTBA Ei, ..., Ep HazeneHHble
crpykrypot U’, usomopghnbs MHOXeCTBAM E. .... E, Halle.’leHHl;;M
crpyktypoit U, eciam CymecTByeT u3OMOP(U3M MHOXECTB E,, ..., n
Ha B, ..., E,; B 9TOM C/lyyae TOBOPSAT TaKMKe, 4TO CTPYKTYPHI UrnU

U30M0O PPHHOL.
B cuny kpurepus CSTI mpenbinylume onpeneieHus BJIEKYT Cielyo-

i KpuTepuit:
CST4. ITyems U, U/, U —mpu cmpykmyps. 00r020 U mo2o e

poda L na ocHosHbLX Oasucuox mioxecmsaxE, ..., E,E, ... E,
u Ef, ..., E, coomsemcmsenno. [Tycms fi—6ue:’muﬂ sroocecmsa E;
na B}, a g, —Ouexyus MHoxecmsa E; na E] (1<in). Ecau
rr oo fo) 8 (g1 oo os gn) — U30MOPPUIMBL, MO MO KHe BePHO U
048 (8o f1r -+ -+ &no Sa)-

HMsomoppusm Muowects E,, ..., E; Ha MHOKecTBa E, ..., E,

(¢ mod e camod CTPYKTypOR) HasbiBaercs asmomopdhu3smom MHO-

swecrs E|, ..., E,. Komnosuuus 1ByX aBTOMOp(H3MOB MHOXECTB E,...

..., E, ssaserca asromoppusmoM. To Ke BepHO Ias u3oMop¢usma,

o6paTHOro K aBroMop¢u3My; °ApyruMm CrOBaMy, aBTOMOpP(¢U3ME MHO-

xects E, ..., E, obpasyor zpynny (,Anre6pa“, ri. I, § 6, 7)., ,

Bamenanue. Korga f; — nponssoabnas Ouexuuss Muowectsa E; Ha E;

(1 i< n), M GyneM, Aonmyckas BOABHOCTb PEYH, FOBOPHTH, UTO gl,

«..» fr) eCTb H3OMOPHU3M MHOXECTB (El’o""E") na (Ej, ..., E;) or-
HOCHTEJLHO POAA CTPYKTYphl MHOWecTBa (n° 4, 3aMevanue 3).

CST5. B meopuu J', 6oaee curstoii, 4em J, nycme U —cmpyx-
mypa poda L na E,, ..., E, unycms f, —Ouexyus MHoxHcECmBa E;
Ha muoxmecmso E; (1 i n). Toz0a na E[, ..., E, cymecmsyem

T
)

¢
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u eduncmsenia cmpykmypa poda X, mMaxkas, umo (f1r ~oos [0

AsaAemcA usomoppusmon muoxecms E, ..., E wa E;, ..., E'.

B camoM nene, sta cTpykTypa He MOXeT He coBnamaTb ¢ Tepmom U’,
onpejle/ieHHbiM COOTHOMIeHHeM (4); OCTAeTCs NPOBEPHTb, YTO STOT TepM
NEACTBUTENILHO ABJSETCS CTPYKTYpo# poma L, T. e. 4YTO COOTHOLIEHHe
REE, ..., E/, U’} wcruwno B J’. Ho 510 BmITeKaeT ua TOro, uTo
Rixy, ..., x,, si nepenocumo, n6o RE, ..., E/, U’} sxksusazentio
B J' coorHomennio RIE, ..., E,, U} (n°3), xoropoe wucTuiHO B T’
M0 yCJOBHIO.

Msi Gynem rosopuTh, uTo cTpykTypa U’ nonyueHa nepenocox (en
transportanty cmpykmypu U Ha muosxcecmsa EL. ..., E/ nocpeo-
cmgom Guexmusnolx omobpaxcenut fy, ..., f,. Takum o6pasom,
CKasaTb, 4TO 1Be CTPYKTyphl OIHOTO M TOrO e POLd M30MOD(HB MK
YTO OINHA NOJYYaeTCsi M3 APYroi NepeHOCOM, 03HAYAET OQHO © TO XKe.

MoskeT caydauThed, 9TO ABE MpOUIBOAbHLE CTPYKTYDH POia I HeoG-
X00uUMO U30MODEHS, B 3TOM Clydae TOBOPAT, 4TO POX CTPYKTYpH T
oonosnayvern. ° Tak OGCTOMT AENO €O CTPYKTYpOR GeckoHeuHOH Hukau-
qeckoil rpynnsl (n3oMopHo#t Z), co CTPYKTYPOR NPOCTOro Teaa xapakre-
pucrukn O (usoMOppHOH Q), CO CTPYKTYpOH NOJHOTO H APXHMENOBCKH
ynopsjgodessoro tena (usoMmopduoit R), co crpykrypoit anreGpaudecku
3aMKHYTOr0, KOMMY TATUBHOIO, JIOKAJIbHO KOMNAKTHOrO, CBA3HOIO Tena (U30-
mopdro# C), HakoHew, cO CTPYKTYpOH HEKOMMYTATHBHOTO, JOKAJbHO KOM-
MAKTHOro, CBA3HOTO Tena (M3oMopdHOH Teny kBatepnnonos K). Jlns we-
KOTOPBIX H3 3THX POXOB CTPYKTYpH, KaK, HanmpuMep, KA CTPYKTYpHI
IIPOCTOTO TeNa XapaKTepUCTHKU 0 HAM IS CTPYKTYPHl MOJHOTO H apXnmMe-
IOBCKH YMOPSZOYEHHOrO TeNa, HE CYMECTBYET Aawe HUKAKOTO aBTOMOp-
(u3Ma, OTAMYHOTO OT TOXKAECTBEHHOTO OTOOPAKEHHS; AAs APYTHX e NMpH-
MEPOB, MAHHBLIX Bhille, TAKHE aBTOMOPQUIMB CYIECTBYWOT (HaNpumep,
cuMmerpus X —>— x B Z). |

3aMeTuM, 9TO yKa3aHHBEIE TOJBKO YTO DONB CTPYKTYPH SBAAIOTCH KaK
pa3 TeMH pPOAaMH, KOTOpBIE Jexar B ocHoe Kinaccuueckoit MateMatuku.
Harmpotus, °pox CTPYKTYpBI IPYNNBL, POA CTPYKTYPH YHOPANOYEHHOO MHO-
ECTBa, POA TOMOJNOrMYECKOH CTPYKTYPH HE ABAAITCA OXHO3HAUHBIMH.

6. Bot800 cmpyxmyp

ITycts £ — pon CTPYKTYpul B Teopuu J Ha 7 OCHOBHBIX GasucCHHIX
MHOXeCTBaX X;, ..., X, C /M BCIOMOraTeJbHbiIMH OGAa3HCHBIMH MHO-
wectBamn Ay, ..., A, 0ycTb § — o6was cTpyxTypa pona E. Ilycts T —
HeKOTOpas CXeMa KOHCTPYKUHM CTyneHH Han n—-m TepMamu. Tepm
Vix, ..., X, $% He colepxamiui HuKaKuxX OYKB, OTIHYHBHIX OT KOH-
CTanT Teopun Jy, HABLIBAECTCA BHympewnum s s, tuma T(x,, ...
eves Xp Ayoo., Ap), e OH yIOBJIETBOPSET C/ACLYIOIAM YCIOBHAMS

1° CootHomenue

Vixy coey X, SIET(xy, vvvs X Ap oo, AY)

€CTb TeOpema Teopu (J .
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2° Tlycts J 'y — Teopus, NOJMyueHHas A0GaBjieHHEM K aKCHOMAaM TeO-
pun Jy aKCHOM ,f; eCTb Omexuus MHOXeCTBA. X; Ha ;" ALin)
Gyxsel y; n f; ans 1 i n, OTAMYHBI OT KOHCTAHT TeOpUH Ty H
pasjuuHbl Mexay coOoRt); ecau s’ — CTPYKTypa, NOJyYeHHas MepPeHOCOM
CTPYKTYpPbl § TOCPEACTBOM (fy, ..., f,) (0°5), TO

Vi ooos Yo S 3=(Fps voes fr Ly eves L)W (VX oovy X, 83)

!

€CTb TeopeMa TeOpHH (T g.

B npunoxesuu MBl YBUAHM, OYeMy Ooablueil 4acTbi0 TEPMBL, KOTOpHIE
NPUXOXHTCA ONPEAEASTH B TEODUH DPOAa CTPYKTYPhl, SBASIOTCH BHYTpEH-
HHUMH TEPMaMH.

ycts Tenmeps © — 1pyro# poa CTPYKTyphl B Teopuu J Ha r OCHOB-
HbIX GA3UCHBIX MHOMECTBAX U, ..., ¥, C P BCIOMOraTeNbHbiMH Oaguc-
HblMH MHOXecTBamu B,, ..., B, nycTb

t€T(4y, ---» 4 By --.y B

— ThnoBast xapakrepuctuka poja 6 (n°4). Cucrema u3 r—- 1 tepmos P,
Uy, ..., U,, ssympennux 0ra s, Takas, uyto P apaserca cmpykmy-
poli pooa 8 na Uy, ..., U 8 meopuu J, HasuiBaetcs cnocobor
8ngoda cmpykmypo. poda O u3 cmpykmypwu poda L. Homyckas
BOJILHOCTb peun, Mbl 4acTo OyleM ofun Tepm P HasbiBaTb Cnocofom Bbi-

.BOJIa.

[lycts J/ — Teopusi, Gosee cuibHas, Yem J. Ecim B J' ob6bexkT
fBJAETCA CTPYyKTypo# poma L Ha E,, ..., E,, o P}E,, ..., E,, &}
AABJAETCA CTPYKTYpOR pona O na r muoxecrsax F;=U;{E,, ..., E,, &3
(1 < j<r); sTa CTPYKTypa HA3LIBAETCS CTPYKTYPOH, 861860eHHOL 13 P
cnocobom P, unn cTpyxrypoRt, noduunennod cmpykmype & . Ilpen-

nonoxenne, uro tepmul P, U}, ..., U, aBISIOTCA BHYTpeHHHMH ILJf S,
BJe4eT, KpOMe TOrO, CleAylOWud KpuTepuit:

CST6. ITycmo (gy, - ... &,) — USOMOPPHUIM MHONHCECMS E,,, e E,’,,
Hadesennwx cmpyxmypol & poda L, Ha mHodcecmsa E..... E,

Hadesennve cmpykmypol & mozo e poda. Ecmm U, —muna

T .
P(THY, noroseum h;=_gy, «cvr g Ly - s Iy 7 ALJiLr), u
nycme F}:U}.gE’, .. B 1L TKr) mo2da (hy, ..., hy)
asasemca uzomopdusmon muoxecms Fy, ..., F, na umunooncecmsa

Fl.o ..., F;, ecan 3Mu cucmemv. Muodxcecms8 Hadesexw. coomsem-

cmeeHno cmpykmyparu poda O, swsedennwmu u3 &F u & cno:
cob6om P.

) CumBon P (S), rae S —cxeMa KOHCTPYKUMH CTYNEHH, ONpelensiercs
B NMpPHJOXKEHHH K 3To# raaBe (n° 1, moxcrpounoe npumedanug). — ITpun. peo.

)

o

&

8 § 1. CTPYKTYPHL 1 U30MOP®HU3IMBI 251

fIcHO, uTO TepMBl X, ..., X, SBATIOTCA BHYTPEHHUMH 1% S, BO
MHOrHX Ciyuasx Tepmsl U, ..., U, ABISIOTCS HeKOTOpbiMH u3 OyxB.
Xys e e.s X,; TOTIA TOBODPAT, YTO CTPYKTYpa pona €, BbiBeleHHAs u3 s
cnocobom P, sexur nmxe, ueM s.

ITpusmeper. ° 1) Pox cIpyKTYpH monosozuveckoi 2pynnst COAEPIKUT
OHHO OCHOBHOE 0a3uCHOE MHOMECTBO A, He COAEPKHT HHKAKWX BCIOMOra-
TeJAbHBIX 0A3MCHBIX MHOXECTB, a COOTBETCTBYIOWAd 0GmIas CTPYKTYpa ecThb
napa (sy, S3) (51 ecTe rpaduk 3aKoHa KOMMO3HmWH Ha A, a 83 — MHOMXECTBO
OTKPHITHIX MHOMECTB Tomonoruu B A; cM. ,O6mas tomonorus*, ra. III,.
§ 1). Kawanit ns TepMoB sy, S; ecTb €nOCOG BHIBOAA, AAIOMHA COOTBET-
CTBEHHO CmpYKmypy zpynns. W monoi0zui, IEXAllue HuKe, 9eM CTPYK--
Typa TONoAOruyeckod rpymmul (S;, Sj).

AHanOrT¥dHO U3 CTPYKTYPH BEKTOPHOrO NPOCTPAHCTBA BLIBOAUTCH.
HIKENCKAIWAA CTpyKTypa abenesodl rpynmbl. M3 CTPYKTYDH KOAbHA Bh-
BOAATCA HIKENeMHAUE CTPYKTYpPa abenemoit rpymisl H CTPYKTypa (MyJab-
THIUIMKATHBHOTO) MoHOMAA. M3 cTpykTypH xuddepenuupyeMoro Muoroos-
Pasvd BHIBOAHTCA HHMENEWAasd TONOJNOTHS H T. .

2) Pox CTPYKTYpH BeKTOPHOTO MpOCTpaHCcTBa Hax C (cooTBercTBeno R)
CONEPIKHT OCHOBHOE G6asucHOEe MHOXecTBO E, BcnomoraredbHoe 6asucHOe
MHOXeCTBO, paBHoe mHO¥ecTBy C (coorercTBeHHO R), M THIIOBYIO XapaK--

TEPUCTHKY .
$1E€P((EXE)XE) us;€P((CXE)XE)
(cooTBeTcTBEHHO
$IEP(EXE)XE) u s;¢P ((RXE) XE)).

Mapa (s1, s:N((R X E)XE)) ecrs cnoco6 BBIBOJA CTPYKTYDPhl BEKTOp=-
HOro MpOCTPaHCTBA Hal R 43 CTPYKTypH BekTOpHOro mHpOCTpaHCTBa
Han C (,cymeHue Tena cKandpos 1o R*, CM. ~Anre6pa, ra. II).

3) MNpeanonoxu, aro 8 umeer me e camoie MHOWECTBA Gasm
(OCHOBHEIE H BCIOMOTaTEelbHbE), 4TO M X, N my e Camyio TANOBYIO-
xapakrepuctuky. Ecau, kpome Toro, akcuoma popa I sievem (B J) akcu-
OMy pojia O, To ACHO, 4TO TEPM S eCTb CNOCOG BHIBOLA CT YKTYpH pofia 6
H3 CTPYKTYPH poaa L. B sToM caydae rosopar, ato 8 Geonee, deM X, win
aro % Goza4e, vem 8. Beakas crpyktypa poxa ¥ B Teopun J', Gonee-
CHABHOH, 4eM J', ABAfETCA B 3TOM Caydae Takwe H CTPYKTYpOH poja 6.
Hanpumep, pox CTpyKTYPH cosepwerno ynopsdouennozo wmHoxectsa
(monywaromuknca, ecin B KauecTBe aKCHOMBI B3ATH KOHBIOHKIUIO 2KCHOMBI

CTPYKTyp mopsnka (u° 4, npumep 1) u cootHowenus s{Js = A X A) 6oraue,
YeM POA CTPYKTYpPHt MOPsiAKa. ° Pox cTpykType abeaeBoii rpynns Gorade,.
4€M DO CTPYKTyphl rpynnbl. Poi cTPyKTYpHl KOMNakTHOrO NpOCTpaHcTBa
Goratue, 4eM POX TOMONOTHYECKOH CTDYKTYpH, W T. A,

°4) Jlna cayuas, kora X u 8 06a apagioTcs POAaMH CTPYKTYPH TPyINb
(cooTBeTCTBEHHO KOMbUA), B anare6pe (»Axare6pa, ra. I) onpénenasior crocob
BbIBOJ13, aCCOUMUPYIONHMI KXA0H CTPYKTYpe Ipymbl (COOTBETCTBEHHO KOJIb=
11a) CTPYKTYpy rpynnsl (COOTBETCTBEHHO KOMBbLA) HAj ee (ero) yenmpom.
Ilas cayuas, korga T ectb pOX CTPYKTYpHI BEKTOPHOI'0 NPOCTPAHCTBA HAJ .
noseM K, 8 —pon crpyxrypht anre6pm nan K, 8 »Aarebpe*, ra. I1I, onpe-
AGNAIOT CHOCOOH BHIBOAA, aCCOUMMPYIOIIHE KAKAOMY BEKTOPHOMY npo-
CTPaHCTBY Hal K ero men3opuyn aize6py wnm ero sHewnon anzet Dy,
B nagpHeiimeM Ham BCTpeTaTcs Takme MHOTO JDYrux NpHMEPOB. ,

Banmevanue. Ecnu P ectv ,koprex* (P, ..., P,), roBopsr takxe, uTo

TepMbl Py, ..., P; cocrtaBasmior cnoco6 smiBONa CTPYKTYpel poja 6 us.
CTPYKTYpH pona X.
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7. IxsusaseHmnoie podsvt cmpYKMmMypoL

Mycts & u © —xBa poga CTPYKTYpbl B ONHOR ¥ TOH ke TeOpiuH T,
umelollne 00y U mMe e OCHOBHble MHOXeCTBa 06asbl Xy, ..., X,
Tlyctb s u f—o0line CTPYKTYpH PONOB ¥ u 6. [lpexanonoxum, 4to
BHLUIOJIHAIOTCA C/Aelyioline yCIOBUSA:

1° Umeercs cnoco6 BuBoma Pixy, ..., X, S§ CTPYKTYpH pona 2]

Ha Xq, +..s X, H3 CTPYKTyphl poia I Ha X;...X,
9° Umeerca cnoco6 BeiBoza Qj Xy, ..., X, £} CTPyKTyphl pona ¥
HA X, -+., X, U3 CTPYKTYphl pona 8 Ha xy, ..., X,

3° CooTHolLleHHE

Qixys eves X PEXy oovs Xy sii=s

€CTb TeopeMa TeOpHH Jx. a COOTHoUleHHne
Pix, ooy X QX ovey Xy E3i=1

ecTb Teopema Teopun J g

Torza roBopsT, YTO pONbl CTPYKTyph L n O sxsusasrenmus no-
cpedcmsom cnoco6os snsoda P u Q. B 3ToM caydae 11 BCAKOH TeO-
pembi Bixy, ..., X, S} Teopun J, COOTHOLIEHHE Bix, ..., x, Qi}
ecTb Teopema Teopun Jg (ri. I, § 2, n° 4); u obpaTHo, A BCAKOH

TeopeMbl C§ Xy, + .., X, £} TEOPHH J g COOTHOLICHHE Cixy oves X, P}

ectb Teopema Teopnu J 5.

Ecmn U ecTb cTpykTypa pona L, FOBODSAT, YTO CTPYKTYypa, noJyueH-
Has 03 U meronom P, axsusasenmna ctpyktype U. Vs kpurepus CST6

BbITeKaeT CJelyiOIKHR KpurepHi:

CST7. Tycmo &P, &' — 0se cmpyKmy poi poda L Ha 0CHOSHBLX
Gasucnix Muoxecmsax (E, ..., E) u (E,.... E) coomsem-
cmsenno. ITycme &P, Fy— cmpyKmype poda O, srsusasenmnbie

coomeemcmsenno cmpykmypan & u &' Han moz0 umoGu
(g1, -+ &n) Obir0 u30M0pPHUSMOM daa cmpykmyp &, u &y ue-

06x00umo u docmamouno, 4mobe (g, «.., &) Ob20 uzomopghus-

aon 023 cmpyrkmyp & u &
Ha npaxruke Teopun J'x H J ¢ ABYX SKBHBAJIEHTHbIX DOJOB CTPYK-

‘TYpbl He pAa3/H4aloT.
puseps. 1)° DNycts L —pon CTPYKTYpH aGenesoit rpymnsl (,An-
re6pa, ra. I, § 6, n°7); OH COAEPKHT OIHO OCHOBHOE) 06asucHOE MHOKe-

¢TBO A, a ero o6mas CTPYKTypa €CTb OAHa 6ykBa F; Tinmosas xapakTepH-

cruka poxa = ectb F e ((A X A) X A) 0603HaYUM aKCHOMYy pojaa X
yepes R$A, F3 Ws sroif aKcnoMbl ClEAyeT, B gactHOCTH, 410 F ecTh

dyHkmuoHanbHbH rpaduk (,3aK0H KOMIIO3UNUH® Tpymmsl, cM. n° 4, Tmpu-

mep 2). Onpegeanm Toraa B J'g (rae J 0603Hauaer TEOPHIO MHONKECTB)
tepm M} A, F §, apnaomuiic st GyHKIHOHANbHBIM rpaduxom B P ((ZXA)XA)
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U yAOBIETBOPAIOMMUA CAEAYIOMEMY COOTHOWEHMIO B§M, A, Fs:
V) (V) (Vn) (xcAnycAuncZ)> ‘
M@ F(x, 9)=F M x), M1, y))))
u (Vo) (Vm) (Vn) (k€A u mE€Z nu ncZ)>
SM(m+n, x)=F(M(m, x), M(n, x))))
n (Vx)(Vm) (V) ((x€A umecZu nez)y=>
%(M (m: M(Il, x))=M(mnv x)))
1 (V) ((x€A)> M (L, x)=x))

(,yMHOX(EHHE ajeMeHTA H3 ;

Sy A Ha uenoe wucno®; cM. ,Aarebpa‘, ra. I,

(Aﬂl;ggrc)xxaqgmrr I}'enep{, POL  CTPYKTypH 6 yunumapnozo Z-modyasn

rAareGpas, 1 'Kaq'ecgne’ Bgnoiz;) UMEIOmMA  OAHO OCHOBHOE MHOMXECTBO
A, raTe/bHOro MHOXECTBA, € o6mieii

TYPOH, colepxauweil ase 6yksm G, L, ¢ Tumosoi xapamepnuﬁlxgﬁﬂpy“

GEP((AXA)XA) nLeP((ZXA)XA)

¥ C aKcuoMo#

R{A, Giu (L ectb dynx i

R , HHOHanbHB# rpaduk) u B3L, A, G«

BoﬂaT%TTqacK HEe Tposepdaercd, 4TO TepMul F, M COC’gl‘aBJlﬂl,OT c§n6c06 BhI-

Bona ¢ pc% T}l’(pbl poaa 6 us CTpyKTypH poxa I, a TepM G ectb clocob

O o pyc TYpHI §)Oona L u3 cTpyKTypH posa ©; KpoMe TOro, Bhime-
ycaosue 3° nmpoBepsiercs Tpg[manaawo. Takuam o6pasoM, MoxHO

€Ka3aTb, YTO POA CTPYKTYpH abeneBoii r
HOro Z-Moanyas SKBHBaJlez;gl')Hbl. PYJIIEL 1 POX CTPyKTypH yukap-

2) Mycte X —pox TOmONOrHYECKOR °
A oyer o Ol CcTpyKTypn (n° 4, mpumep 3),
A s ok 180 6asbl u V — o6mas CTPYKTypa poaa X. Paccmorpnﬁ co)-

x€AuXcAu(VU)((UeV u x€U)=> (XNU % @)). Ouo obnanaer

Tpaduk
Mpaug) .;H%»l:egs? 511:1%>(<XA ;l)o ;l:lf()ﬁ (X, x); P$A, V3§ ecth TepM, HasbiBae-
, X)), X, 94TO X €CTb rmouxka npux
;m;»xecma‘ X OTHOCHTENbHO TOMOAOTHH V ¢, Hoxaausaercap(c; CHOOB(‘f;l;ﬁ
oroaorust®, ra. 1, § 1), 9ro caenyomue coorHOMmeHn TBAMIOTCH Teol
o opeMaMy
P (@)= 0,

V) (Y A) (Y P(Y))),
YN ((YS A= P (P (Y))=P(Y))),
(V)(VI)(YCAuZcA)sPEYUZ)=P (Y)UP (2))).
PaccmotpuM Temepe pox cTpyKTYpH O, HMetouiuii OJIHO (OCHOBHOE) MHO-

akecTBo Oasml A, ¢ o6uell cTPYKTYpOi, ¢ i
B ) ofepia
ToBOH Xapakrepuctukoid W e 8 ( (A)’ Xl}\)pn én::cp?g;iﬁ()y“y Woem

W@)=0 u (YN) (YA (Y <= W(Y)))
1 (YY) (YS A)S (W (W (V) =W (Y)))
1 (V) (VZ) (YSA n ZC A (W (YUZ) =W (DHUW (2))).
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PaccMoTpuM, ¢ APYroit CTOPOHBI, COOTHOLIEHUE
UcA u (Vx) (xeU)>(x eEW(A—U))).

O LIEHHIO
Muoxecrso aneMeHTOB U € 8 (A), yROBAETBOPAIOWHX 3TOMY COOTH ,
ectb uacth Q3 A, W3 mHoxecrsa 99 (A). Torna noxaseiBaercs (,O6mas
tononorus®, ra. 1, 2 usnanue, § 1, ynp. 10), uro caexyouine cOOTHOLEHUS
ABAAIOTCA TEOPEMaMu Teopuu J g

Acq,
(VM)((MGQ)%((XLE)MX)GQ)),

(VX)) (V) ((XeQu YEQ) = ((XNY)€Q))

1o nokaswiBaer, uro TepMbl P$A, Viu Q{A, Wi ynosneTBopsioT Boime-
ykasaHHbIM ycaoBuaM 1° u 2° BUEHO TaKKe, 9TO OHH YAOBJIETBOPSIOT
yenosuio 3°. TakuM oGpasoM, poanl CTPYKTypH Z 1 6 9KBUBAJEHTHHI; BCA-
kylo CTpYKTypy poia © Takike PacCMaTpHBAIOT KaK TOMOJOTHIO, 4 HMEHHO
KaK TOWMOJOTHIO, KOTOpas COOTBETCTBYeT et coraacHo cnoco6y BEtBOja

QfA Wi,

Ynpasxcrernue

PaccmotpuM Teopuio J', 6onee CWJBHYIO, YeM TEODHS MHONECTB,
B KoTopo# P ecTb cy6cTaHTMBHBIH 3Hak Beca 1, X — cy6cTaHTHBHBIA 3HaK
geca 2 (ra. 1, § 1, n° 3). MNycts %y, ..., X, — pasauunbie OYKBHl, KOTO-
pum npunuceBaercs Bec 0. IMycrs T — pasHosecHoe Bhipaenne (ra. I,
npunoxenue, n° 1) u3 snakos P, X, X, ..., X5 Takoe Buipamenue Gyrer

HA3bIBATbCA MUNOM CMYNEHL HAX Xy, «.vr X .
Nycte Teneps E;, ..., E, cyTs n TepmoB Teopuu, 6oaee cunbHO#H, ueM
teopusi MuoxectB. [as BCAKOro THMa CTYNEHH T ua x, ..., x5 onpene-

aum tepM T (E,, ..., Ep) caexyomum o6pasom: ‘
1° %ch T ecth 6yksa x;, 10 T(E,, ..., E;) ects muoxecrso E;;
92° ecan T umeer Bua PU, rae U— Beipaxenue, auTeneaenrioe k T

(ra. 1, npunoxenue, n°4), o T (Ey, ..., E;) ectn Bhpakenue
PUE,. ..., E))
3° ecom T umeer Bug XUV, rae U n V — BhIpaXeHus, aHTCHEJEHTHBIE
k T, o T(E, ..., E;) ectb MHOXECTBO
UE, ..., E) XV (E, ..., Ep.
MokasaTh, 4TO AAA Bcakoro tuma crynmenn T wam x,, ..., X, Tepm

T(E, ..., E;) ectb cryness Hal TepMaMu Ey, ...., E5 u obpatso (pac-
cyXAaTh HMHAYKHMEH NO JaHHe THIIA CTYNEHH HJH flo pauHe cxeMbl KOH-
crpykmun  crynenn); T (Ey, ..., E;) HasbiBaeTCa peaqusayued Ha TEPMax
i+ -.. Eg THna crynenn T. Boaee TodHO, BCAKad CTYNEHb HA 1 pasaud-
HBIX OYKBAX MONXET, npnqe’lxg ennucznegg:ﬂm o6paszoM, ObITb 3anucaHa
T(xy, ..., x5), rae T —Tun cry .
° BHII'II?)Ka:a(aTll’, Tak)xg,)’ kak Moxuo tuny crynmesn T Han n Oyksamu u n
orobpaxeHuaMu f), ..., fn COMOCTABATh KAHOHHYECKOE PACHPOCTPAHEHHE
3TuX OTOGpajeHuit. BoiBecTu u3 9TOro, 4TO €CIH JBE CXEMbl KOHCTPYKIHMH
crynenu S u S’ Hax n 6ykBaMHM TaKOBH, 470 S (X, ..., Xg)=5" (x5, ...
vee Xp) (rae Xy, ..., X5 — pasIHUHBIC 6yKBHI), TO

i v )5 =1y oer S

S R <

s

b

A
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f

§ 2. Mopdu3mn n mpoussosHbe CTPYKTYPH
1, Mopdiuamoe

Ilna npoctorsl B 3TOM maparpage m manbuwe bl Gymem npeanosa-
TaTb, 4TO paccMaTpuBaeMble PONLI CTPYKTYPH CONEPMAT TOABKO 00HO
6a3ncHOe MHOXeCTBO (HEOGXONLMMbIM 06pasom OCHOBHOE); uuTaTelb 6e3
TpyAa PpacnpoCTPAHHT ONpeie/icHus W pe3yAbTaTsl Ha OBWMA Cayua.

IIycte E — pon cTpykTypbl B Teopun J, Goisee CHAbHOH, uyeM Teo-
pust MHOXECTB, X, Y, s, {— ueTblpe OyKBbl, pasinunbie Mexay coGoH
M OTIMuAaIolWHeCs OT KOHCTAHT TeOPHH (Jy; HANOMHHUM, YTO CHMBOJ

&F (%, y) OOO3HauaeT MHOXECTBO OTOGpaKeHnH MHOXeCTBA X B Y
(ra. 11, § 5, n° 2). Tlpeanonoxum, ut0 nam Tepm oix, v, 8 #§ Teo-
puu J. YIOBIETBOPAIOWUA CJAENYIOUIEM YCIOBHAM:

(MO,) Coomnomenue
»$ €CTb CTDYKTypa poma L Ha X u £ €CTh CTPYKTypa poma L Ha y*
saeuem 8 J coomuowenue 6} x, Y,s, t3CF (x, y).

(MO,)). Ecau s meopuu J”’, 6oaee curvnoii, wen J, E, E’, E” cyms
mpu MHOJNCecmBa, Hadearennve cmpykmypanu &, &', & poda %,
mo coomuowenus f €s3E, E', &, &'} u g€s E', E', &', &}
saexym coomuowenue gofEsiE, E', &, &L

(MOy)). Ecau s meopuu J', Goree curonoii, wen J., E u B/ — dsa
Mrodicecmsa, nHaderennsie cmpykmyparu &, &' poda ¥, mo Guex-
yua f muonmecmsa E na E' 6ydem uzomopgpusmom mozda u mo.rsvko

-1

mozda, Kozda fE€oiE, E, &, & }u fE€sIE, E, &', &3

Korna ¥ n o namw, coornowenne f€o3x, y, s, t§ BBIpaXaT
cnoBamu: f ecTo MOpghusm (wnm o-Mophusm) Muo¥cecméa X, Hade-
AEHHOZO CMPYKMYPOL S, 8 MHONCECMBO Y, HadesenHoe cmpyKmy-
pol t; ecan (B Teopun J' Gonee cunvho#t, uem J) E, E/ — npa muoO-
KeCTBa, Hale/leHHble CTPYKTypamu o, &’ pona X, tepm o 3E, E/, &, 7'}
Ha3bIBAETCS MHONCECMBOM G-Mopdhusmos muoxecmsa E s E’.

IIpuneps. 1) Bosbmes 3a T pox CTPYKTYpHI NOPSAKa, 233 0§ X, ¥, S, £
MHOMKECTBO TaKHX OTOOpaKeHUil f MHOXECTBa X B MHOXECTBO ¥, 4TO CO-
oTHoleHHe (&, v) €S Baever (f (u), f(v)) €t B o6osnauenuax § 1ra II
9TO TAKXKE O03Ha4aeT, 9T0 4L v Baeder f (u) < f(v), T. e. 410 f 803-
pacmatouee. Tposepka akcuom (MO, (MOy)) n (MOyy;) serka.

2) BosbmMem 3a I HexoTopHifi poX anrebpanueckoii CTPYKTYDPH, COAEp-
WalHUA OXMH BCIOLY ONpeeAeHHBIH (BuyTpenHu#t) 3aKOH KOMNO3HUH
(§ 1, n° 4, npumep 2). INyctb A, A’ — 1Ba MHOXECTBA, HajeNeHHBIE CTPYK-
TypaMu poia I, W mycTb p, p’ — 3aKoHBl KOMNO3HUMM 9THX CTPYKTYp.
PaccMotpuM Takme oroOpaxenns f Muoxecta A B A/, gro P (f (%),
S())=/r(p(x, y)) ana x€A uycA; stn orobpasenns YAOBJIETBOPAIOT
axcuomam (MOy), (MOy;) 1 (MOy ;); onn HasbiBaloTCa npedcmasienusmu
HiIK 20MOMOpdu3Mmamuy MHOKeCTBa A B A'.

) BosbMem 3a X poa Tomeaoruueckoit CTpyKTypnt (§ 1, n° 4, npu-
mep 3). Ilycts A, A’ — B2 MHOXECTBA, HajeneHHHE TonoJorusmu V, V'
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COOTBETCTBEHHO; DAaCCMOTPHM TaKue 0TOOpaxenns f MuoWecTBa A B A,
1

qt0 cootHomenue X’ ¢V’ maeuer f (X’) €V (unaue rosops, MOJHBIA NPO-
06pa3 OTHOCHUTENBHO f BCAKOrO MHOXKECTBZ, OTKPHITOro B V', nomieH GBITH
OTKpHITHM B V); 3TH OTOGpaXXeHHs, YAOBAETBOPAIOIHE AKCHOMAM (MOI),
(MOyy) u (MOyyp), HasbIBAKTCA  Hen pepuisHbLML omo0pajceHuaMuL MHO-
wectea A B A’ (aas Tomoaormi#i V um V') (cm. ,O6was Tomonorns*,
ra. 1, § 4).

Bamevanue. Jnd 3a5aHHOTO POJA CTPYKTYpHl I 4aCTO MMEETCA BO3-
MOMHOCTb ONpeieaeHAs DA3NIHYHBIX TEPMOB 0% X, ¥, S, £3, yIOoBRETBOPAIO-
mux ycrosusm (MOp), (MOyp) u (MOy;). Hanpumep, ans poaa X Tomo-
JOru9eckoil CTPYKTyps HazoBeM (B 0003HaUeHHAX NPERBIAYIMETO npuMepa)
oro6paxenue f MHOXecTBa A B A’ OmMKpsmM, €CIH COOTHOLICHHE
X ¢V Baeger f(X)€V’ (uHaue rosops, eciu o6pas npu otolpamenun f
BCAKOTO OTKPHITOFO MHOXECTBA €CTh OTKPHITOE MHOMeCTBO). Jlerko ycra-
HaBJAWBAETCH, YTO OTKPHITHIE OTOGPaMEHHS TaKIKe YIOBJICTBOPHAIOT yCJO-
BuaM (MOy), (MOyy) u (MOyyp) ana poda I; ° KpOME TOro, MOXHO I[OKa-
3aTh, UTO HENPEPHBHOE OTOOpaX(eHHe He 00A3aTEJbHO ABNAETCA OTKDHITHM,
a OTKpHITOE OTOGpaNeHHe — HE O00S3aTEAbHO HEMPEPLIBHBIM. Taxun 00-
pa30M, 331aHAE DOJa CTPYKTYPH He 8Aevem BHOJHE ONpPENSRCHHOE MOHA-

Tue Mopdusma.

Jlas CTPYKTYp MOPAAKa, anre6panyecKux CTPYKTYP W TONOJOrHUECKHX
CTPYKTYP, €cAn NPOTHBHOE HE OrOBOPEHO, MOA Mopdusmamu OYyAyT 0OA-
pasyMeBaThcss T€ MOPOH3MBI, KOTOpbie ObiIM ONPElENCHB B NPHMEPAxX
BhiIIE.

Veaosue (MOp;) ¥ xapakTepucTuka Oumekumit (ri. I, § 3, n°8,

ClecTBHE MpEIJIONKeHHs 8) BJIeKyT cjelyolin# KpuTepuH:

CST8. [Tyems E, E'—0dsa mHodcecmsa, Haldenennbdie Kaxcooe
cmpykmypol poda L. ITyecms f ecmo s-Mopgpusm Muoxcecmga E
g B/, a g ecmy s-Mopusm Muodxecmsa E’ 8 E. Ecau gof—mo-
scdecmeennoe omobpaxcenue muoxcecmsa E na ce6a u fog— mo-
scdecmsenmoe omol paxcenue Mmuoxecmsa E' na ce6s, mo f ecms
usomoppusm muoxecmsa E Ha E’, a g ecmbv o6pamusl uso-

MopPUIM.

3amerny, 9r0 Guekuus Muoxecrsa E a E’ Moxer GbiTh o-MOpPdA3MOM
u 6e3 Ttoro, uToGs o6paTHOE OTOGpasenne OwAO S-MOPHUIMOM. °Hanpu-
Mep, OueKTHBHOE OTOGpaNKeHHe TOMOJOIHIECKOro NPOCTPAHCIBA A B roro-
JIOTHYEcKOe NPOCTPAHCTBO A’ MOXET GbiTbh HENMpepbiBHbIM 6e3 toro, 4TOOH
o6parHoe oTOGpajkeHne ObJO TaKOBBIM (,O6uias Tononorua®, ra. I, § 4).,

Bameuanue. Korga poja CTPYKTYpHl I COAEPKHT HECKOAbKO OCHOBHHIX
6a3HCHBIX MHOXECTB X, ..., X; W BCIOMOTATEIbHBIX Ga3HCHBIX MHOXECTB
Ay, .-, ApTOrA 0-MOPHU3M €CTbL CHCTEMA (f1r ..., fr), THe f; ecTb OTO-
6paxKeHne MHOKECTBA X; B ¥ (1 < i< n); aTu CUCTEMH oTo6paxeHuit yR0B-
JIETBOPAIOT YCAOBHAM, aHAJIOTHYHBIM yCAOBHAM (MOypy) u (MHyyp), xoropsie
yuTaTeAb N€rko copMyJaUpyer.

2. bBoaee monkue cmpyxkmypbi

Bo Bcelt OCTaBllefcs 4acTu 3TOro maparpada Mbl 6ynem npennoJa-
raThb 3a4AHHBIMM POIL CTPYKTYpHl L u IOHATHE 6-MOp¢hH3Ma OTHOCHTEJBHO
STOr0 poia CTPYKTYpHI; 8Ce NORAMUA, KOMOpbie 6yoym 8godumsca,
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3agucam He moasKo om L, Ho maKwe u om HUKCUPOBAHHOZO
noHAMUA s-Mopgusma. Mpl GyneM OOLINHO FOBOPHTL ,MOpQHu3M* BME-
CTO ,6-MOpdU3M“.

ITycts E — muOXecTBO, &) # Py — ABe CTPYKTYpH poma ¥ Ha E.
Mbl Gymem rosoputb, YTO CTPYKTYpa &P, Mokbiie, UAu mensue, ueM
cTpyktypa o, (uiu uto &, 2pybee, uaru Kpynuee, uem oF,), ecian
TOM/eCTBeHHOe OTOGpaxeHne MHOXecTBa E, HaneseHHOro crpyktypo#t ..
Ha MHOXecTBO E, HaleneHHOe CTPYKTYpoR oF,, eCTb MOpGhu3M. !

Ecan at0 neo6xo0uMo Aag usbexcanud cMemenud, Mbl 6yieM rOBOPUTH
YTO &) TOHbIUE, YEM &3, OMHOCLMEALHO PACCMAMPUBALMOZO nou}zmu}z'

S-MOpPHUIMA, AHANOTUUHO — A BCeX NOHATHH, KOTOpHE 6
AyT ompe-
AeAeHbl B 3TOM naparpade. ’ P yy P

[Tpeanonoxum, u4to o, TOHblle, Hem ¢Fy; ecan E’ — mHoxectso,
Hale/leHHOe CTPYKTYpo# ' poma X, u f— mopdusm MHOXecTBa E,
Hajle/IeHHOrO CTPYKTYPOit 5, B MHOXeCTBO E’, HaneneHHOE CTPYKTY POt P,
TO f ABJASETCH TaKme MOpQuaMOM MHOXecTBAa E, HaleNeHHOro CTPYKTY-
poit &, B MHOXecTBO E’, HamesneHHOe CTPYKTYypo# &' 9TO BLITeKaeT U3
npenwiayliero onpeneiedus u (MOy). Ananormuno, ecanm g — mopduam
MHoxectBa E’, HameseHHOro cTpyKrypo# &/, B mHOxecTBO E, HameseH-
HOe CTPYKTYpoH &F;, TO g sBJAeTCa TaKiue Mop(duaMoM MHOxecTBa E’,
HaJle/leHHOTO CTPYKTYpO#t &', B MHOXecTBO E, HaneseHHOe CTPYKTY pO#t &F

Tosopa Goaee o6pasHo, wem CTPyKTypa (poaa X) na E tombme, men

Ooavwe cywmecTsyer Mopdu3MoB ¢ obaacTbio ornpasienuds E u mes
Menbwe cymectByeT Mopdu3MOB ¢ o6aacTbio npubuitus E.

CoorHollernne &7, rpybee, dem &F,°, eCTb coomuowenue nopadka
Mexny ¢F; u &y B MHONeCTBe CTPYKTYp polda L Ha E; B camom geie,
oHO pedrexcusao B cuay (MOyy), TpanautuBHO B cmay (MOy) u, ecan
HeKoTopas CTPYKTypa pola L OIHOBpeMeHHO # TOHbiie u rpybee, yem
HeKOTOpast Ipyras CTPYKTypa, TO OHAa TOXIecTBeHHa e#f B cuiy (MOp,)
¥ onpenenedus u3omopdusma (§ 1, n°5). B coorsercTBum ¢ oO6muMu
onpeneiennamu (ri. III, § 1, n° 14) rosopst, 4TO ABe CTPYKTYpH porda B
Ha E cpaguump, eCnu OnHAa u3 HuX TOHblle, YeM APYras; roBOpsAT, 4TO
OlIHa CTPYKTYpa CMpozo mOHbwe, ULl CMPO20 MeAb4e (COOTBETCTBEHHO
cmpozo 2pybee, uarw cmpozo Kpynuee), vyeMm Apyras CTPYKTypa, ecam
OHa MoHsbuie (COOTBETCTBEHHO 2pyfee), 4eM 3Ta Ipyras CTPyKTypa, u
OT/IHYHA OT Hee.

Mpusepo. 1) Ina toro 9To6B CTPYKTYPa MOPSAKA ¢ rpadukoM s Ha
MHOXecTBe A Obia TOHbIIE, YeM CTPYKTypa mopsagka ¢ rpaduxom s’
HEOGX0AUMO U JOCTAaTOUHO, uTOOH Oniio S < s’. Wnade rosops, cooTHO e~
HHE X<y An4 S BJeYeT X <y AAd §’; MBl CHOBZ MOAydaeM ONpeReleHue
naunuoe B ra. I, § 1, n° 4, npumepe 3. '

2) Paccmorpum jaBe anreGpamyeckue crpyktypul F, F’ ogmoro u
TOro xe poia ¥ Ha MHowectBe A, Tak, uto F u F’ cyrp rpaduku saxo-
HOB (BCIOLY ONpeleleHHBIX) KOMIIO3HUHH 3THX CTPYKTYp. B cuay onpenene-
Hust MopdusmoB aas sroro caydas (n° 1, npumep 2) F rouwie, uem F’
osnadaer, ato FcF’. Ho tak kax F u F’— dyuxkuuonansHbie rpa-’
¢uxn, uMeomue o6a olHy H Ty e obmacts onpejenesus A X A, 10

17 H. Byp6aku
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Heo6xoaumo F = F’. Huaue roBsopd, ABe CpasHumsle CTPYKTYpHl poaa X
HEOOXOAHMO MOHCOeCmEeHKbL.

3) Mycts V, V/ — 1Be TOMOKOrMM Ha OXHOM M TOM e MHOKeCTBe A.
V ronbumie, ueM V’; 3TO 03HAYaeT B CHAy onpejeiaeHus mopduamor (n° 1,
npumep 3), uto V' < V; apyruMu caoBaMu, BCAKas YacTb MHOXKeCTBa A,
ABJAIOMAACH OTKPHITHIM MHOXECTBOM OTHOCHTEJAbHO V', dBjdeTCA TaKke
OTKPBITHIM MHOMECTBOM M OTHOCHTEJBHO V (uau, Gonee o6pasHo, ueM
TONOJOrHA TOHbINE, TEM B HEeH GOojblIe OTKPBITHIX MHOMKECTB).

3ameuanue. Mbl TOXBKO UTO BHAEIM npumep (npuMep 2), B KOTOpOM
ABE CPABHHMBIE CTPYKTYPBHl OJHOFO ¥ TOr0 Xe pofa I OblIM HEOOXOZUMO
TOMAECTBEHHBl. BcTpeuaercs MHOrO HNpHUMEpPOB TAKMX CTPYKTYP: CTPYKTYph
COBEpIICHHOr0 NOPAAKA, ° TOMOJOrHH KOMMAKTHOIO NPOCTPAHCTBA, CTPYK-
TYpbl mpocTpaHcTBa Ppeue (MOpdu3MaMu ABAAIOTCA HENMpEepBIBHbIE JHHEH-
Hble 0TOOpaNKeHUs), TOMOJOrHH, ONpefeseHHble Ha Tejle Npu moMomu abco-
RMOTHOH BENMYMHBI (HJIM-OUEHKH); U T. A.°

Ias Ttakoro poaa cTpyKTypsl % Mopdusm f wmuowxectsa E B E’,
ABJAIOWMHACA OUeKmuEHoM OTOOPAKEHUEM, €CTh L3OMOpPHUIM: MEePEHOCsH
MOCPeACTBOM f CTPYKTYpY & muoxectBa E, moayuum cTpykTypy pora X,
Gonee TOHKYIO, 4eM CTPYKTypa ¢’ MHOXecTBa E’, KoTopas, TakumM o6pa-
30M, HEOGXOAMMO TOKJECTBEHHA 3TOH NOCHAeRHEeH.

8. Hauaxssrnoie cmpyxkmypoe

Paccmorpum ceMefticTBo (A!)‘EI MHOXeCTB, KaXjuoe H3 KOTOPHIX Hale-
neHo CTpyKTypo#t &, pona X. Ilycts, ¢ Apyro#t croponbl, E — MuoxecTBo
M oA kaxnoro tE€1l mycre f, — orobpawenne mHoOdcecmsa E 8 A,
Crpyktypa & pona L na E nasmBaecTca cmpyxmypod, nHauarsHod
dan cemeticmsa (A, &, f).cp ecm oHa obrajaer CBOHCTBOM:

(IN). KakoBu 6b Hu Obiau MHOXecTBo E’, cTpyktypa o poma &
na B’ u oro6paxenue g muooecmsa E’ 8 E, coorTnollenne

.Z €eCTb Mop¢muam MHOxectsa E’ B E¢
SKBUBANEHMHO COOTHOUICHHIO

nkakoso 6bl HH Obio t €1, oTobpamenne f og eCTb MOpPDU3M
muoxectsa E' B A X

CST9. Eceau na E cywecmsyem cmpykmypa, HaiaivHaf 048
cenmeiicmsa (A, 0501’}"),61: ORQ ABAAeMCA Hauboaee epy6 ol us cmpyx-

myp poda X wa E, dun xomopuwx rasxdoe us omo6pasenuli f,
ecmoe MOphusm, u, cLe008amMesbHO, e0URCMBEHHA.

B camoM geje, nycTs § — HavasibHas CTpyktypa Ha E u & — cTpyk-
Typa poaa X Ha E, anq xoropo#t kaxpoe u3 f, ecTb Mopdusm. O6o-
3HAYMB YePe3d [ TOMIeCTBeHHoe oTobpaeHHe MHOXeCTBA E, Hazenewnoro
CTPYKTypo#t ¢, Ha MHOXKeCTBo E, nalesenHoe CTPYKTYPOH &, MOxeM
TaK¥e CKasarb, 4To f,of eCTb MopdusM nas scakoro t€I; ycaosue (IN)
nokasbiBaeT, 4to [ —MopduaM, uyT0 osHauaeT (n°2), uto & moHbvuwe,
yeM & . C npyroft cropour, npuMenus (IN) k cayuamo, korna g-—To-
KIeCTBeHHOE oToOpaxeHue MHoXecTBa E (HameleHHoro CTPYKTypo#t g)
Ha ceba, suauM (8 cuay (MOyy,)), uYro kaxioe M3 f, eCTb MopduaMm
MuoxeCTBa E B A, yTo n0Ka3mIBaeT KpUTepHi.
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MoxeT cayuutbes, uT0 CcymecTByeT CTpyKTypa pojaa I ma E, asasio-
miaacs caMoi rpy6oil u3 Bcex CTPYKTYp poaa 2, jad KOTOpPbIX BCE
f.— MOpdH3MBl, HO 4TO 9TA CTPYKTYPA HE ABJHETCH CTPYKTYpoi, Haualb-
HOH oTHOCUTeabHO (A, &, f) (ynp. 6).

HimeeM caenyoiuh xpumepuli mpan3umusrocmu:

CST10. ITycms E — mnosxcecmso, (A), .} — cemelicmso muoxcecms

u 0an KaNdozo €1 nycms & —cmpykmypa poda L na A. ycms
(e — pasOuenue unoxcecmsa 1 u nycms By, — cemedicmso
MHONCeCmE ¢ MHONCecmB8oMm undexcos L. Haxoney, oan scakozo AEL
nycmo h, — omob6paxenue mnoxcecmsa E 8 B,; das scakozo AEL

u gcakozo LEJ, nycmy g, — omo- .
Opasxcenue mroxcecmsa By s A; no- .
aoxwcum mozda f =g, ch, (guc‘ 1). ! .
Hpeonoaowunm, wmo dasn slaxozo .
A€L Ha B, cywecmsyem cmpyx- . y
mypa &Fr, HatasvHas Oan cemel- . . A

cmea (A, &,. guey: MTpu smux /

Iae
ycaosunx caedyouyue npeoroxe- 5___—-—,;——-’8,‘\,
A

HUS 3KBUBARCHM NG .

a) na E cywecmeyem cmpyx- .
mypa ¢, HavasbHaA OAs ceMel- * .
cmsa (A, &, I er .

6) na E cyuecmsyem cmpyi- ¢
mypa ', Hawasvnas 0asn cemel- .

1

emsa (B, &5, B, ey .

Kpome mozo, smu npedroscenusn Pune 1.

saexym, umo J =Y'.

B camom npene, nycte F — muoxecTBo, HalesMeHHOe CTPYKTYpO#
pona X, u nycTs u— orobpaxenue muowectsa F B E. 3amerum, uto
Mo OMpelesIeHNI0 COOTHOUIEHHe

oM, o ecTb Mopdusm muoxecrsa F B B,*

SKBHUBAJEHTHO COOTHOUIEHHIO

,KaKoBO Obl uH OHIO t€J,, g, o ko u==f ou ecrb MOpHuU3aM
MHOXeCcTBA F B A%,

CooTHOIeHNe

,KakoBO Gl Hu Obi0 AEL, A, 0 u ectb Mopdusm muoxectsa F B B, (1)

SKBHUBAJEHTHO, TAKHM 06p330M, COOTHOLIEHHIO

»KaKoBo OHl uu ObIO t €1, f, o4 ecTb Mopgusm MHOmecTsa F B A, (2)

7*
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Ho ytBepieHte, 4T0 &’ — CTpyKTYpa, HauaJbHas OTHOCHTENBHO CeMeft-
14

CTBa (BA, & h)\)}‘EL, 03HayaeT, 4YTO COOTHOWeH#e (1) 9IKBHBA/JIEHTHO

COOTHOUICHHUIO

»i ectb Mopdusm MHoxkectBa F B MHOXecTBO E,
HaNeleHHOe CTPYKTypo# g’%,

a yTeepxIeHHe, 4TO G — CTPYKTYpPa, HauyaabHad OTHOCHTEAbHO CeMeft-
crea (A, &, fl)tEI’ 03HauaeT, 4uTO COOTHOWIeHHe (2) 9KBUBAICHTHO

COOTHOUICHHIO

o4 eCTb Mop¢uaM MHOxectsa F B MHOXecTBO E,
HajesleHHOe CTPYKTYpoH & ¢;

OTCI04, MNpUHMMasg BO BHHManWe CBOWCTBO EIMHCTBEHHOCTH HAYaJbHOM
CTPYKTYPBI, W CllelyeT KPHTepHH.

4, Mpumepsl HAYANOHELX CMPYKMYD

I. IToanei npoo6pa3s cmpykmypu. Ecan [ ects MHOXeCTBO u3
ONHOr0 3/JeMeHTa, CTPYKTYpa, HAyaJAbHAt OTHOCHTEJAbHO eIMHCTBeHHOH
Tpottkn (A, &, f), HasbIBaeTCA (B TOM Ciydae, KOIAd CYLIECTBYeT) NOLHBIM
npoobpasom cmpykmypu & omHocumesvno (no, npu) f.

°Tomonorus Bceraa 06jagaeT MNOJHBIM MOPOOGPA3OM OTHOCHTENBHO

a1060T0 OTOOpaeHus f, HO AAS CTPYKTYphl MOpsifiKa Mau anrebpavueckoit
CTPYKTYPHl AEJO OGCTOMT HE TaK.

1. Hudyyuposanuan cmpyxkmypa. Tlycts A — MHoMXeCTBO, Hale-
lenHoe CTPYKTYpo# & pora X; mycts malee B ~—wacth MHomecTsa A;
MycTb, HaKoHell, J — KaHOHHYeCKad WHDBeKUHa MHoXecTBa B B A.
Cmpykmypoii, uHOY4upo8anHoii Ha B cTpyKTypo#t ¢, HA30BEM MoJHbIH
npoo6pas (ec/H OH CYIECTBYeT) CTPYKTYPH ¢ OTHOCHTe/bHO J.

CrpyxTypa mopsfika MHAYUMPYET CTPYKTYpy TOro Xe pojia Ha 060
YacTH MHOXECTBa, Ha KOTODOH OHa OmpejefieHa; He TaK OGCTOMT Aelo 1ad
CTPYKTYpHl uJIBTPYIOIErocs YMOpPAAOYEHHOro MHoxecTBa. ° TomoJaorus
HHAYIHMPYET TOMOJOTHIO Ha JI060H 9acTH MHOXECTBa, Ha KOTOPOH OHa onpe-
JesieHa; HO TOMOJIOTHS KOMMAKTHOrO MpOCTPaHCTBA HE MHAYLMpYET, BOOOu(e
TOBODA, TOMOJOrKHIO KOMNAKTHOrO nmpocrpancrsa. Ha mpoussoabHOH wactu B
MHOXeCTBa A, HaJeNeHHOro aare6pandeckoil CTPYKTYpoH, aTa CTPYKTypa
HE MHAyUHpYyeT, BOOOile roBOpd, CTPYKTYpY TOro Ke pojaa; KOrxa CTpyk-
Typa, 3ajaHHadg Ha A, COCTOUT H3 BCIOAY ONPECACJACHHBIX 3aKOHOB KOMIIO-
3ulmMy, HEo6XonumMoO, uYTOGb B 6blna ycTOHYMBOH OTHOCHTENBHO KAMAOTO
H3 3THX 3dKOHOB, OAHAKO 3TO ycaoBue He BCeria ABAACTCA ROCTATOYHBIM
(cM. ,Auarebpa“, ra. 1).,

O6wuit kpurepuit CST10 naeT /s HHAYUHPOBAHHEIX CTPYKTYP Kpu-
mepuld mpan3umusHocmuy: ’

CST11. Ilyems B —uacms muoxmecmsa A, nycms G-—uacms
Muosxceemsa B, & — cmpykmypa poda L xa A, undygupyouas
Ha B cmpykmypy P mozo0 we poda. dan mozo umobu & undy-
yuposasra na C cmpykmypy poda E, Heo6xo0urmo u 0ocmamodno,
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umobu & undyyuposasra na Ccmpykmypy poda X, npunen cmpyi-
mypbi, unoyyuposannse na C cmpysmypanu & u &', 8 smon cay-
4ae MmoxcoecmseHHol.

CST12. ITycms A, A’ —0sa MHOXNCecmBa, HadeseHHBEe CMPYK-
myparu &, &’ poda ¥, B—uacms mnooncecmsa A, B’ —uacme
mHoocecmsa A’ ITpednosoxcun, wmo & (coorserctBenno ') unoy-
yupyem na B (coorBercrBenno B’) cmpykmypy poda L. Tozda,
ecau f ecmv mopghusm muoxcecmsa A s A’, maxoid, wmo f(B)cB’,
omob6paixenue g nnoxecmsa B s B’, cosnadawwee na B ¢ f,
maKxice ABAAECMCA MOPPUIMOM (OMHOCUMEALHO CMPYKMYP, UHOY-
yuposannux cmpyimypann & u &F).

B camoM neqe, nmycrs j (cOOTBeTCTBeHHO Jj') — KAaHOHHYECKAA HHbEK-
M MHOXecTBa B (coorBercrBenHo B’) B A (coormercrsenso A’). Tlo
onpeleieHulo f o j=j'o g; TaKk KaK f U j— MOpPQHU3MbI, TO Ke, B CHAY
(MOyy), Bepuo um w19 foj; HO TOrza, MOCKOAbLKY j’'og — MOpQHU3M,
TO e, MO ONpPelefeHAI0 HHIYUHPOBAHHOR CTPYKTYPH, BepHO ¥ 14 .

HI. ITpoussedenune cmpykmyp. Ilycts (A‘)LEI—cemencmo MHO-
KeCTB, W LA K@XAOr0 MHOKeCcTBa A, nycTs &, — CTPyKTypa pora I;
nycTb EzﬂAt—npou.aBedeﬂue ceMefctea (A), o, (rn. 11, § 5), u

el

nycTh pr — npoekuus MHOxecTBa E Ha A
ITpoussedenuem cTpyKTyp ¢, HA3HIBAeTCA CTPYKTypa (ec/au oHa Cy-
UleCTBYeT), Haua/JbHAA OTHOCHTedbHO CeMelctBa (A, &7, pr‘)lel.

CemeiicTBO CTPYKTYp mOpsika Bcerfa o6Jafaer CTPYKTYpOH-npousse-
JIEHHEM, OIHAKO 3TO HEe BEPHO AJAA CeMeHCTBa CTPYKTYp COBEpLIEHHOrO
nopaaka. ° CemeHcTBO CTPYKTYp rpymnbl Beersa o6/agaeT CTPYKTYpOi-
NpousBElCHHEM, HO 3TO HE BEpHO Ris cemeHcrBa cTpyktyp Tena. Cewmeii-
€TBO ToOmOJOruil Bceraa obnagaeT CTPYKTYpoH-mpoMsBeneHHEM, HO 3TO He
BEpHO A4 CEMEeHCTBa TOMOJOrHH JOKaJbHO KOMMAKTHOIO MpPOCTPAHCTBA.
OTHOCHTENbHO ITOTO MOCAEAHErO POAA CTPYKTYPHl 3aMETHM, 4TO Ha B~
KOM TMpOU3BEAEHHH KOHEUHOTO CeMeHCTBA JOKAaJbHO KOMMAKTHBHIX 1IpO-
CTPaHCTB MMEETC CTPYKTYpa-pOM3BENEHHE TOr0 KE poAd, HO Ha [POM3-
BeJICHHH OeCKOHe4HOZ0 CceMeficTBa TaKuX MPOCTPAHCTB -— HE BCerxa (cM.
»O6mas tomosorus“, ra I, § 10).

Kpurepuit CST10 nmaer nsaa CTPyKTyp-npousseneHuit xpumepuli
accouuamusHocmuy:

CST13. Hybmb (A‘)lel——ce.ueticmso MHOMCeCcm8 U 048 Kadxdoz2o
tE1 nycms & — cmpykmypa poda £ wa A. ITycms (JA)AEL—paa-
Guenue Mmuooxcecmsa 1. l'l_peanmoolcu.u, ymo 048 Kaxdozo Hacmu4-

nozo npoussedenun B, = [ A cemeicmso (o?,)‘EJ o6saadaem cmpyi-
LEJ)‘ A
mypoli-npoussedenuen &F,. Tozda, 0an mozo uwmobs cemelicmso

("?l)tel o6aadano cmpykmypoli-npoussedenuen &, Heo6x00uUMO U
docmamouno, 4mobu cemelicmso (‘yl’)xex. obaadaro cmpykmypoii-
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npoussedenuen &', u KaHOHuweckoe 0mol pajrxcenue MHONECMBA
E= H A, naldeaennozo cmpykmypoli &, na mnoocecmso F = l;[LBX,
tel A

Hadesennoe cmpyxmypoii & (ra. 11, § 5, n°5), ecme usomoppusm.

Ewe omso npuMenenue xpurepus CSTI10 npaer caenyiomu#t xputepuft,
OTHOCAWMACA K CTPYKTypaM, HHAYUMPOBAHHEIM CTPYKTYpOR-npowussele-
HHEM:

CST14. Ilycms (Al)LEI—ce.uethmso MHONCECMS U 048 KAHO020
tE€1 nyemy & — cmpykmypa poda L wa A. Haa xaxwodozo €1
nycms B, — nodmuoocecmso muoncecmsa A,. Ilpednoasoscum, wmo

. 7
Kaxcooe &, undyyupyem nHa B cmpyxmypy &P, u umo na npousse-
denuu E:l-[AL cyujecmsyem cmpykmypa &, -— npoussedenue ce-
13!
meiicmsa (). Tlpu smux ycaosunx caedyowue npedronenus sisi-
BAACHMHO:
a) HaQ MHOJNCecmse B=HB‘<:E cywecmsyem cmpykmypa &,
. t€]
unoOyyuposannan cmpykmypol &;
6) #Ha muoxwcecmse B cyuwecmsyem cmpykmypa &' — npoussede-
!
nue cemelicmsa cmpykmyp ().

Kpome mozo, smu svicka3vsanusn 8aekym, 4mo & =dF’.

B camoM nene, nycTb J, — KaHOHMYeCKas HHDbeKUHS MHOMecTBa B,
B A, j— xaHoHMueckad HHbeKLMA MHOXectBa B B E, p — mpoeknus
MHO¥ectBa E Ha A, p:—npoexuuﬂ MHOXecTBa B Ha B; uMeeM p o j=
=J op/ ana Beakoro t €1 B cuny CST10, & ectb cTpyKTypa, Hauafb-
Has OTHOCHTeqbHO ceMelictsa (A, &, p,oj),.;» U & ectb cTpykTypa,
Haua/bHas OTHOCHTEAbHO CeMeHcTBa (A, & J o pl')‘u, OTKYyla W BbiTe-
KaeT KpHTepHH.

[Tonarus moJaHoro nmpoobpasa ¥ NMPOU3BelleHHA CTPYKTYP CBA3aHH CJje-
AYIOLUAM KpHTEpHEM:

CST15. ITycmas (AL)‘EI—ce.uethmso MROXMCECM8 u 048 KaX0020

t€1 nycme &, —cmpykmypa poda L wa A, a f,— omobpadxcenue
muonecmsa E 8 A. ITpeonorosicum, 4mo Ha MHOINCecmBe-npousse-
Oexuu A=HA‘ cywecmsyem npoussederte F cmpykmyp cemeli-
€1

cmsa (). Tozda, 0asn mozo 4moGe. Cyuecmsosara cmpyKmypa,
HA4YaAbHaf OmHOcumessho cemelicmsa (A, &, fdy Heobxodumo
u docmamouno, wmobol cywecmsosasr noAxul npoobpas cmpyk-
mype & omuocumessno omobpadxenus x—f(x)==(f (x)) Muo-
ocecmea E 8 A, u smu 0ge cmpykmyps moxcoecmseHHul.

Tak kak f ==pr of, 9T0T KpHuTepuit eCTb YACTHHIH Cayyal Kpure-
pus CSTI10.
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Samevanue. lycrp (e?)‘))\EL"—'CeMeﬁCTBO CTPYKTYP pOia X Ha 00HOM
4 moM sce mHOMecTBE A; 0003HaUMM uepes A, MHOKeCTBO A, Hajeses-
HOE CTPYKTYpo# &), a uepes I, — TOXHAEcCTBEHHOE OTOOGPaWEeHME MHONe-
crea A B A, Iycrs B ecto muoxectso-nponspesemne ALl = H A,
Iy
A — puaronans atoro mpowssefenns (ra. I, § 5, o° 3) u h—-nnaro%;nb-
HOe OToGpaxceHHe MHOXeCTBa A Ha A, Tak 4T0 A (X) ecTb TaKOM 3eMeHT
(xx)AeL' 4TO X = X Jad Beakoro A¢ L. IMpexmosomum, uto Ha B cyime-
CTBYeT NPOM3BEACHHE & CTPYKTYP ceMeicTBA (&)); TaK Kak h HHBEKTUBHO,
kpureput CST15 nokasmiBaer, 4To Aas TOro, uTOGH CymecTBOBANA CTPYK-~
Typa ¢, HayaJbHas OTHOCHTENBHO ceMeliCTBa (4,;, &, [)L)}\EL’ HEe06X0 AUMO
¥ JOCTaTOYHO, 4TOOB Ha A CymMECTBOBa®a CTpyKTypa o7, HHAYNHPOBaHHAs
CTPYKTYpOH &', &” noayuaerca Torza NIEPEHOCOM CTPYKTYphl & mocpen-
ctBoM h. B wacrtHoctd, Korma Bce CTPYKTYPBl &) TOMXAECTBEHHBI, 2 €CThb
u30MOpPuL3M MHOKECTBA A (HaAeJeHHOro 3ToOi CTPYKTYpO#) Ha A.

HMiMeeM raixe caenyiouuit kpurepuit:

CST16. Iycms (A‘)‘El, (BL)IEI——asa cemedicmea mHoNMecms
C O0HUM U Mem e MHONCECMBOM undexcos. A 8CAK020 t€1
nycms P, —cmpykmypa poda T Ha A, c?f—cmpyrcmypa poda ¥

na B,. Ilpeononoscun, amo na A= [J A (coorsercrsenso B = HBL)
tel el
cyuwecmsyem npoussederue ¢ (CoorBeTCTBeHHO ) cmpyKmyp cemeii-

cmea (&) (COOTBeTCTBeHHO (05{) ) Haxoney, dan gcakozo €1 nycms
f.—mopdusm munoocecmsa A, 8 B; mozda omo6 paxenue f=(fl)zel
ecmy mMopusm MHoxcecmsa A s B.

B camoM nese, nyctb p, (COOTBETCTBEHHO @) — NPOeKUMS MHOXe-
ctBa A Ha A, (COOTBeTCTBEHHO MHOXecTBA B Ha B); mmeem gof=
=f.op,. Tak Kak f wu p — Mmopdusmsl (kputeputt CST9), To e,
B cuny (MOyy), BepHO U 1am f, 0 p; Takum 06pasoM, BCJEICTBHe yCJO-
sus (IN), f ects Mopdusm.

Samewarue. Jlna 60gbMHHCTBA 0GBMHBIX CTPYKTYp ycaosue, chopmy-
aupoBanHoe B CSTI6, sBisieTcs He TONBKO AOCTATOYHBIM, HO TAKKE M
HEOOXOAMMBIM JJif TOrD, 4TOGH f GBLIO Mopgpusmom (cp. ymp. 7). Tak
OGCTOMT AeJO0, B 4aCTHOCTH, NP CAEAYIOMMX yCAOBMAX KOTOpbIE BBHINOJ~
HAIOTCH, HANPUMED, KOrAa X — pOX CTPYKTYPH MOPAAKA, ° WAH POX CTPYK-
TYphl rpYMlbl, WM POL TOMOJNOTMYECKOH CTPYKTYPH , M T. A.; Cp..ymp. 8).

CymectByer cemeiicTBo (“:)zel’ TaKoe, 4YTO @, € A, And BCAKOro t€1,
H TaKoe, uTO €CaM MOJOXHTh 7, (X)=(y,) ¢ ¥, = X, Y=y AAA * %= t,
TO Kakpoe w3 orobpawenuii r, 6yner MOppusmoM MHOKecTBa A, B A,
B camom nexe, ecin f = (f) ecrh MOp$u3M MHOXecTBa A B B, 1O fas
BCAKOrO 1 €1 MOXHO Hamucath f, = g,ofor, u npuMenuTs (MOy).

3ameTnM, 4TO 7, AIBASETCH MOPHH3MOM, €A BHITOHAETCS caepyiouee
ycaoBue:

a) A BCAKOrO MHOXeCTBa E, HajeneHHOro cTpykTypoit poxa I, mo-
CTOAHHOE 0TOGpaKEHHE Z —> g, eCTh MOp®H3M MHONKecTBa E B A,

B camom nene, Torna axs Beskoro x€1 p,or, asaserca MopduaMoM
Muoxectsa A, B A,, notomy uTO 3TO oTebpaxeHne Mig % ==t eCTb TO-
KLCCTBO, @ JIA % %~ t eCTb MOCTOSHHOE O0TOGpameHHe Z > a,; TakuM o6pa-

30M, MO ONpPEAeNeHHI0 NPOMIBEACHHS CTPYKTYp 7, ABASETCH MODDUIMOM
MHoXecTBa A, B A, ' MoPd
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[IpuMephl, NPHBENEHHbIE BhIlE, YAOBAETBOPAIOT HE TOABKO yCIOBHIO a),
HO TaKKE M YCIOBHIO:

6) Ha KaXJOM MHOXECTBE A: =A X H {a,} cTpyxTypa & HHAyIH-
Pt

pyer cTpykTypy poRa L.
Myets p:—cy)xeﬂue oToGpaxeHHs p, Ha A:; ecau ycaosus a) u 0)

U ’
BLUMOMHEHBI, P, eCTh 430MOppusM MuoxectBa A, Ha A. B camom nere,

’ . R ’
TaK KaK p, = p,°j, T'lie j, — KaHOHHYECKasd MHBEKUHA MHOMECTBA A B A,
-1
! o » 4
p.» B cuny (MOyy), ects Mopdu3m. C apyroit cTOpOHB, F,=jo p,; Ta-
_ll
KM 06pasoM, p., 1O ONDEAEJNEHHIO WHIYUMPOBAHHOM CTPYKTYPHI, ecTb

MopusM MuomectBa A, B A/

ViMeeM, HaKoHel, CAeIyIOLMA BO MHOPMX CJAy4asx XapakTepusylolwuh
Mop¢u3MBl KpHTepHit:

CST17. ITycms A u B— dsa mHroscecmsa, HadereHHbie Cmpyk-
mypanu a, Fp 00H020 u Mo20 dHe poda L. IIpednoroxcur, 4mo
#Ha A X B cywecmsyem cmpykmypa PAxp — npoussedeniie cmpyK-
myps Fa u cmpykmype . Ilycme f—omobpanxcenue MmHoNMeE-
cmsa A 8 B, F—e20 2paghux, m—Ouexmugroe omobpadcenue
x—(x, f(x)) mnomecmsa A na F. Hdan mozo umobe f 6620
mopgpusmom muosxcecmsa A 8 B, HeoGxo0uM0 u Oocmamoiro,
umo6u na F cywecmsosara cmpyxkmypa pooa L, uHOyyuposan-
nasn cmpykmypoii Faxp, 4 4mobe m 6640 U30 MO PPHUIHOM MHO-
ocecmsa A na muoxcecmso F, madeaennoe smoi cmpykmypod.

Vc/a0BHe LOCTATOYHO; B CAMOM IeJjle, eC/H j —— KaHOHHYeCKad HHBEK-
1 MHOkectBa F B A X B, To MoXHO Hamucath f==pryojom u f
TOrAa MO NPEANOJOKCHHIO ABJAETC KOMIO3HUMeH TpPex MOPPH3IMOB.

[TokaxeM, u9TO YCJA0BHe HeoOxonumo; 0603HAUUM uepes &F CTIPYKTYPY
poaa L, NMoJayueHHYI0 NePeHOCOM CTPYKTYpHI & a MOCPenCTBOM OMEKUHU T
(§ 1, 1°5); BCce CBONMTCA K TOMy, 4TOOBI I0Ka3aTb, HTO &Fr HHIYUH-
pyerca na F erpykrypo#t Faxs. JHaa aroro sametuM CcHauana, 110 J
ectb MopduaM Muoxectsa F B A XX B; B camoM neje, no onpeie/eHuio
CTPYKTypsl ¢FF LOCTaTOYHO IOKA3aTh, 4TO Jow eCTh MopdusM MHOXe-
¢tBa A B AXB; HO jom ecTh He 4YTO HHOe, Kak orobpaxenue
x—>(x, f(x)) maoxectsa A B A X B, KoTopoe sABARETCA MOpPH3IMOM
B CHAy TNpeano’oxenuss o6 f W onpelefeHWA NpOM3BEACHUA CTPYKTYD.
OcraeTc HoOKa3aTb, 4To ecad E ectb MHOXeCTBO, HaleJeHHOe CTPyK-
Typo#t poma I, g— orobpameHue MHOXECTBA E s F, Takoe, uro
fog—moppusm wmHoxectsa E B A X B, To g eCTb MOPQu3M, HJH,

-1
YyTO CBOJMTCA K TOMy e, 4TO gy ==mog eCTb MOP(QH3IM MHONeCTBA E
B A; HO TaK Kak g,= pryo(jog), 3T0 BbiTeKaeT H3 MpPEINOJOKCHU
H onpele/eHUs TMPOU3BeNeHHA CTPYKTYp.
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5. QunasbHole cmpPYKmypol

PaccMoTpuM ceMefiCTBO (At):ex MHOXeCTB, Ka)XIN0€ H3 KOTOPhLIX Ha-

JejieHo CTpykTypolt &£, pona X. Ilycts, ¢ mpyro#t cropoHb, E —MHo-
WecTBO M Aaa kKaxaoro t€I nmycte g, — orobpaxenne mroNiecmsa A
8 E. Crpyktypa <F pona L Ha E nasmBaeTca CTPyKTypO#H, (pI/lHaJleOl;
Aas ceMmeftctBa (A, “’773 gl)‘el, eC/i oOHa o6aanaet CBOHCTBOM:

(FI). KakoBbl 6bl Hu Opli MHoxectBo E’, crpykrypa & poma B
Ha E’ u orobpaxenne f mnonecmsa E 8 E’, cooTHoulenne

.f ectb Mop¢dusm muoxectsa E B E’*

9KBHUBAJEHTHO COOTHOLIEHHUIO

,kakoBo Obl HH Oblo t €1, orobpaxente fogecTs Mop¢uaM

MHOoxecTBa A, B E’“.

CSTI18. Ecau na E cywecmsyem cmpykmypa, Ppunassuan 041
cemeiicmea (A, &, gl)‘El, OHQ sBasiemCs Haubosée MOHKOW u3
cmpykmyp poda X Ha E, oan komo-
pux Kaxdoe u3s omobpaxenuld g, ,
ecmy  Mopgusm, u, €Le008amessvHO, .
eduncmeennod. .

B camoM nede, MycTb oF —uHaMb- *
nasd c1pyktypa Ha E n & —cTpykTypa
pona X Ha E, a9 koTOpO#t Kaxioe U3 g, A
ectb Mop¢dusM. OGo3HauMB 4yepe3d t TO- 9[;\\,
HIeCTBEHHOe OTOGpaxeHue MHOxecTBa E, S —F
HalleNeHHOTO CTPYKTypo# &F , Ha MHOKe- *
¢80 E, HameneHHOe cTpykTypO#f &, MO-

JEM TaKKe CKasaTh, 4TO to g, eCTb MOp-
¢usm naa Beakoro tE€1; ycaosue (FI) .
nokasniBaer, uTo {— MOpdu3M, a 370 .
o3Hauaer (n° 2), uto & 2pybee, ueM oF .
C npyroi#t cropoHs, npuMenus (FI) k cay-
yal, Korga f — ToWIeCTBeHHOe oToOpa-
Kenne MHOXeCTBa E (HalesleHHOT o CTPyK- Puec 2

Typoit <F ) na ceba, BHIMM (B CHAY

(MOy;p)), uro kaxnoe u3 g, ecte Mop¢dusM mHoxecTsa A, B E, a aro
# JOKa3blBaeT KpHTepuhl.

[

Moxer CyYHTBCA, YTO CYIIECTBYET CTPYKTYpa poAa % Ha E, aBasio-
masicd caMOH TOHKO# W3 BCeX CTPYKTyp pola X, &ad KOTODHIX Bce
£, — MOp(M3MHI, HO 9TO 9Ta CTPYKTYpAa He ABAAETCA CTpyKTYpOH, dunanp-
moli oTHocuTeabHo (A, &, g) (ymp. 6).

ViMeeM caenywowut xpumepuli mpan3umugHocmis:

CST19. ITycme E— mnoocecmso, (A, — cemelicmso muodxiecms

4 0ana Kan0o20 €1 nycmo &P, — cmpykmypa poda L Ha A,. [Tycms
Ui — pasbuenue Muodcecmsa I, u nycms (B¢, — cenmedicmso
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MHONCECMS € MHONCecmBoM uHOexcos L. Haxoney, oan scakozo A EL

nycme h, —omoGpaxenue mnoxecmsa B, 8 E; dan scakozo LEL

u scakozo € J, nycme g, — omo6pascenue mHoxecmsa A, 8 B,;

nosoxcum moz0a f =h,og, (puc. 2). Ilpednosowcun, wmo drn
’

scakozo AEL na B, cywecmsyem cmpykmypa &F\. punarsnan om-

Hocumeasno cemeicmsa (A, &, go);eJ)' Ilpu smux ycrosusx cae-

oywouue NnpPedLONCEeHUA IKBUEANEHMHbL

a) ha E cywecmeyem cmpykmypa oF , punasvHaA OmHOCU-
measio cemedicmsa (A, &, f),p;

6) na E cywecmsyem cmpykmypa oF ', GUHAABHAA OMHOCU-
measto cemeicmsa (B, &, hA))\EL-

Kponme mozo, amu 86CKA36LBAHUA BACKYM, 4MO oF = oF /.

B camoM gpene, nyctb F— MHOxecTBO, Hame/eHHOe CTPYKTYpOH
poma I, #— orobpaxenrie E B F., [To onpenenenuio cooTHOLeHHe

alioh, ecTb MopdusM MHONecTBa B, B F*

3KBHBAJIEHTHO COOTHOLLEHHIO
»KaKOBO Ol HH OO € h,, uoh,og,=uof, ecTb MOpdu3M
MHOXecTBa A, B F¥,
CootHouenne

»KaKoBO Gbl HM ObJIO AE L, uo h, ectb MopduaM MHOXecTBa B, B F* (3)
SKBUBA/CHTHO, TAKHM 00Pa3oM, COOTHOUIEHHIO

»KaKOBO Obl HH Obiio L€, uo f ectb Mopgusm MuoxectBa A, B F¥. (4)

Ho yrsepxienue, uto oF ' -— CTPYKTYpa, (MHAALHAS OTHOCHTCJABHO Ce-
uettctra (By, s, Bk €1, O3HauyaerT, YTO COOTHOLIeHHe (3) IKBHBAAEHTHO
COOTHOUIEHHIO
i ecTb MOpHU3M MHONecTBA E (HaleNeHHOro crpyxtypo#t oF ')

B MHOXeCTBO F¥,
3 yTBepXIeHHe, UTO oF -—- CTPYKTYpPA, (MHAMbHAS OTHOCHTEAbHO CeMeit-
ctea (A, &, fn)Lez' 03HaYaeT, YTO COOTHOWEeHHe (4) 3KBHBANEHTHO

COOTHOW eHHUI0

»lt €CTb MOp(dH3M MHOkecTBa E (HamesneHHOro cTPyKTypol oF )
B MHOXeCTBO F¥;

OTCI0Na, TNPUHMMAs BO BHUMaHHe CBOHCTBO eNMHCTBEHHOCTH (HMHAIbHOH
CTPYKTYPH, H CJjelyeT Kpurepust.

6. Illpumepor ghuraronoix cmpyKmyp

I IlIpamod o6pas cmpyxmypu. Ecan | ecTh MHOXKeCTBO H3 OLHOI'OG
dJeMeHTa, CTPYKTYpa, (HHAAbHAS OTHOCHTEAbHO eIMHCTBeMHOHM TpPOHKH
(A, &, f), HasbBaeTca (korza oHa CYLIeCTBYeT) npamum o06pa3on
cmpykmyps & npu omoGpadxenuu f.
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Il. @akmopecmpykmypa. Tycte A — MHOXeCTBO, HalleJeHHOE CTPYK-
1ypo#t & poma I, R — CooTHOlIeHHe IKBHBANEHTHOCTH B A M MyCTh ¢ —
KaHOHWueCKOe OToOparkeHnHe MHOXECTBA A Ha QakTopMHOXecTBO E = A/R
(ra. 11, § 6, n°2). @axmopcmpykmypol cTpykTypH ¢F 10 COOTHOLIe-
HHI0 R HaswiBaerca npaMo#t 00pa3s (ec/au OH CylecTBYeT) CTPYKTYpPH o
NpH oToOpaXeHH! ¢.

° Boo6ie roBOp#, CTPYKTypa HOpaiKa MM aireGpanieckas CTPyKTypa
He 06/1a1210T (GaKTOPCTPYKTYPOH OTHOCHTEIBHO MPOU3BOJILHOTO COOTHOMEHHS
skBuBajsenTHoctn (cM. ri. Il § 1, ymp. 2). Haoporus, tonosorus Bcerma
o6nanaeT (GakTOPCTPYKTYpO# OTHOCHTEJBHO JIOGOTO COOTHOUIEHHH 3KBHBA-
JEHTHOCTH, HO 3TO HE HMEET MeCTa AJsl CTPYKTYPbl OTISJHHMOro TOIOJO-
THYECKOr0 NPOCTPAHCTBA.

IIycts A, B-—nBa MHOXecCTBa, Haje/deHHble COOTBETCTBEHHO CTPyK-
rypamu ¢, &’ poma X, u nycts f—mopdusM MHOMecTBa A B B.
Ilycte R — cooTHOLIeHHe 3IKBUBAJEHTHOCTH f(X)= f(¥), ¢ — KaHOHHU-
uyeCKkOe oTOoOpakeHWe MHOMKecTBa A Ha A/R M j— KaHOHM4eCKad HHbeEK-
uus mHoxecrsa f(A) B B. Ilpennonoxum, uro o o6Gaamaer ¢akrtop-
CTPYKTYypoRt &, Mo cooTHomeHHId R M uTo o’ HHIyuMpyer Ha f(A)
cTpyKTypy o TOrma B KaHOHUHECKOM pasrowesuy f=jogoq
orobpawenua f (ra. I, § 6, n°5) Guexuns g MHowecrsa A/R na f(A).
accounnposannad ¢ f, ecTb Mopgudm (Ho He 0073aTeNbHO HU3OMOPDHU3M),
Korna MHoxecTBo A/R HameneHo ctpykTypo#t &) a f (A)— CTpyKTYy-
polt . B camoM sede, Jog ectb MopduaM MHoxectBa A/R B B, mo
onpelle/leHHID (GaKTOPCTPYKTYPE, a & eCTb MOPdH3M MHOxectBa A/R
Ha f(A), Mo onpereneHHI0 MHAYLUPOBAHHON CTPYKTYpHL.

CST20. ITyeme A, A’ — dsa mHOXMcecmsa, HadesenHBe cmpyK-
mypanu &, & poda E, R—coomHowenue B3K8USAACHMHOCHY
8 A, Rl —coomuomenue sxsusarenmuocmu 8 A’. Ipednosoxcun,
amo cyuecmsyem paxmopempykmypa &, cmpykmyps & no coom-
Howenuwn R u gaxmopcmpykmypa &Fo cmpykmype & no coom-
nowenuo R'. Tozda, ecau f ecms mopgpusm muoxcecmsa A s A,
cosmecmunmuii ¢ coomuomenuany R u R', u g — omo6paxcenue, no-

AYHEHHOE nepexooom K (DAKmopMHONCeCMBaM, Mo g ecms MOp-

pusm mnoxcecmsa A/R 8 A'/R’.

B caMoMm nese, ecnM @ — KaHOHHYeCKOe OTOGpaMeHHe MHOMeCTBA A
Ha A/R, ¢’ — xaHoHuyeckoe oroOpaxeHue MHOxectBa A’ ma A’/R’, 10
goo=¢ o f, Tak kak ¢’ u f— MopdusMb, TO Xe, B.cuay (MO,
BepHO U A ¢’ o f; HO TOrla, MOCKOMBKY g o — MOPGU3M, TO XKe, NO
Onpenesennio QAaKTOPCTPYKTYPH, BePHO W A g.

Kpurepuit tpansuthBHoctH CSTI19 pnaer, B 4YaCTHOCTH, CJepyIOULHH
KPHTepHH:

CST21. Ilyems A — muoocecmso, Haderennoe cmpyxmypoli o
poda X, R— maKoe coomuouwenue sK8usaLeAmuocmu 8 A, 4mo Ha
Muoxcecmse AR cymecmeyem ghaxmopempysmypa L’ cmpykmypo &
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no R. IlTycms S — coomnowenue srxgusasenmuocmu 8 A, Gosee
kpynuoe, e R, u nycme S/R— cOOMHOUEHUE OKBUBAAEHMHOCTU
8 A/R, asaawujeecs ghaxmopcoomuouenuem coomuouwenuna S no R
(ra. 11, § 6, n° 7). Has mozo wmobu rva (A/R)/(S/R) cyuecmsosara
gaxkmopcmpykmypa &F7 cmpykmypu &' no SR, neo6xodumo
u docmamonrno, 4mobu Ha A/S cywecmsosara gakmopcmpyk-
mypa &, cmpykmypu & no S u 4moGe KanoHu4eckoe omobpa-
scenue mHoxcecmsa AJS (nadeaennozo cmpykmypoi &) Ha MHO-
sicecmso (A/R)/(S/R) (nadesennoe cmpykmypoii &) 6uao usonop-
gdusmon.

B caMmoMm gnefe, MycTh ¢ — KAHOHWYECKOe OTOGpaxceHHe MHOMeCTBa A
Ha A/R, ¢ — kanoHuueckoe oroSpameHue Muoxecrsa A/R Ha (A/R)/(S/R).
B cuay CST19, yrBepxaenue, uto o’ — aKTOPCTPYKTypa CTPyK-
typs & no S/R, 3KBHBAZeHTHO YTBEPXKIEHHIO, YTO & — CTPYKTypa,
¢unanbHat OTHOCHTeAbHO TPOHKH (A, &, $ogp). Kpurepu#t BhITeKaer
Tenepb M3 TOro, 4yro cootHouwenne $(p(x))=1¢ (p(y)) IKBHBAIEHTHO
COOTHOLIEHHIO S.

Baumeuwanuve. Ilycte A — MHOKECTBO, HAJENEHHOE CTPYKTYpoH o
pora I, R —rakoe COOTHOLIEHHE SKBHBAJIEHTHOCTH B A, yto wa E= A/R
cymecTByeT (GaKTOPCTPYKTYpa &' cTpykTyphl ¢ mo R. Ilycrs ¢ — KaHoHu-
yeckoe OToGpaxkeHue MHOKecTBa A Ha E; BooGwe rosops, He CylecTBYeET
uccewenusn s, accouunpoBantoro ¢ ¢ (ra II, § 3, o°8), koropoe 6bi0 Gbi
Mopgusmon vuoxectsaE B A. [Ipennonomus, 4T0 TaKOE MCCedeHue S Cy-
LeCTBYET M, KpOME TOTO, UTO CYUIECTBYET CTPYKTYpa &, HHAYUHPOBaHHAA
Ha s?g) CTPYKTYpOii &; TOrna, ecan uepe3 j 0003HAUMTb KAHOHHTECKYIO
unbpekunio MHoKectsa S (E) B A M MOJOXKHTB § = jo f, B3aUMHO OJXHO3HAY-
HOe oTOOpawenue f ecTb u3oMoppusx Mmuowecrsa E na s (E). B camou
gene, f ecTb MOpdM3M 0O ONPEAECICHHIO HMHAYNHMPOBAHHOH CIPYKTYpHI,
a g=¢oj ectb MopdusM muoxecrsa s (E) va E B cuny (MOyy); Tax xax
go f — TOKAECTBeHHOE OTOGpaxenue Muoxectsa E u fog — roxaecTseH-
Hoe orolpaweHue MHOXecTBa S (E), 3akiloyeHHe BBHITEKAeT W3 KpuTe-

pus CSTS.
Ynpaocrenusn

1) Nycte J — Teopus, Gojee CHAbHAZ, YEM TEOpHUS MHOXECTB, B KO-
Topoit P u P~ — cyGcTantnBHble 3Hakh Beca 1, X u X — cy6CTanTuBHbIE
anakn Beca 2 (ra. I, § 1, 0°3). Jlas BCAKOro 3HAKOCOUETaHMA A M3 9THX
SHAaKOB M 1 paslMuHbIX OYyKB X, ..., X,; ONpPENEJMM 4eny 3HaKoceueTa-

g A creaylommm o0pasoM: Kaxaas u3 GYKB X; TaK XKe, KaK WM 3HAKM
P, X, umMeer neny 0, smakn P, X~ wumeloT uesy 1; mesa ssakocouera-
Hug A ectb cymma °(8 Tene F,), nes BXOASmUX B HEr0 3HaKOB (HHaue
rosops, oHa ectb 0, ecim B HEM 4emHOe UYUCIO 3HAKOB, HMEIOIIHX
ueHy 1, 1 1 —B NpOTHBHOM cxyuae).

HasoBeM 3HAKO0BLM MUNOM Cmynenu PABHOBECHOE 3HaKocoueTaHue A
(ra. I, npuaoxenwe, n°3) u3 BHIIIEYKa3aHHBIX 3HAKOB, YAOBJETBOpAIOlIEe
CAEAYIOUIMM yCa0BHAM; 1° Bhipawennud, awreuesentabie Kk A (rr I, mpuro-
wKenue, n°4), ABAAIOTCA 3HAKOBHIMM THIAaMM CTyneny; 2° ecan A HauMHaeTcd
co amaka X, ABa AHTENENECHTHHIX 3HAKOCOUETaHMA HMeloT LeHy 0, ecau
we A HauumHaeTca co 3Haka X, AB2 aHTEUEAEHTHHIX 3HAKOCOYETAHMIA
uMeloT ueny 1.

3HAaKOBHIH THII CTYEHH HA3BIBAETCA KOSAPUAHMHbIM, €CIM OH HMeer
ueny 0, ¥ KOnmpasapuarmusin, ecan oH mmeer neny 1. Ecan B sHako-
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BOM TuMe CTynenu A sameHuTs P~ u X~ Ha P u X COOTBeTCTBEHHO, mO-
ayuutca THO crymedn A* (§ 1, ynpaxHenue); BcAKas peajusanud HA n

TepMax E,, ..., E, Tuna ctynenn A HasmiBaercd peasusayuei na Ey, ..., E,
3HaK08020 muna cmynenu A U obGosHadaerca A (E,, ..., Ep).

Mycts Ey, ..., E,, E, ..., E, — MHOXecTBa, f; — OTO6paxeHue MHo-
wecrsa E; B E; (1< ig n). MokaszaTb, 4TO KaXAOMY 3HAKOBOMY THOY
cTymenu S Ha Xy, ..., X, MOXHO accouMMpoOBaTh oToGparenue {fy, ..., f,,}s
uMelolee clefylomue cBofcTaa:

1°Ecam S koBapuanTeH (COOTBETCTBEHHO KOHTpaBapuanten), { £y, . . .,f,,}S
ects otobpawenne Muoxecrsa S(Ey ..., E;) B S(Ey, ..., E,) (coorser-
crBenno muoxectsa S(Ey, ..., E,) B S(Ey, ..., E,)).

2° Ecam S ectb 6YKBa X5, {f1, ..., fa)> ecTb fi.

3° Ecou S ectb PT (coorserctsenso P™T) ¥ ecam g = {f}, ..., f,,}T
ectb orto6pawkenwe MHoxkectsa F B F/, 10 {f, ..., f,,}S ecTb pacnpo-

CTpaHeHHe OTOGpaXEeHHA g Ha MHOXKECTBA ITOJAMHOXECTB (COOTBETCTBEHHO
06paTHoe pacnpocTpaHeHHe 0TOGPAXEHUA £ Ha MHOMECTBA MOAMHOXKeCTB ') ).

4° Ecom S ectb XTU wmmu X7 TU, rae T n U — anreneseHrHbie BB~
paweHnus, u ecau {fy, ..., f,,}T ecTb oTo6paxenHe g Muowecrsa F u F’

a{fu--- f,,}U — orobpamenne i muoxectsa G B G', 10 {f1, ..., fu}S
ectb pacnpo crpaHenve g X h, oto6paxenne Muoxecrsa F > G B F/>( G’

Orobpakenune {fy, ..., fn}° HaSBIBACTCA 3HAKOSHM KANOHULUECKUM
pacnpocmparnenuesm ortobpawennit fy, ..., fp COOTBETCTBYIOIIMM 3HAKO-
Bomy Tumy ctymesn S. Korma S ecTb tun crynesn (uHage rosopd, KOrxa
P~ u X~ He BcTpewalotcsd B S), 3HaKOBOE KaHOHMUECKOE PACMPOCTPAHEHHE
{Fir - Fn)® paBHO (f1, o0y f)®

[Tokasath, uro ecam f; ectb oroOpaxenne MHOXecTBa E; B E;,
a f;—oro()pa)xeime MHOMKECTBa E; B E;' (1< ig n), TO a9 KOBapHaHT-
HOro 3HAKOBOIO THMMA CTymeHu S

{(flofu o FrofaP={F1 s £ e lfr oo 105
a Aas KOHTpaBapHaHTHOI‘O 3HAKOBOrO THMA CTYIEHH S
(Frofp eoms Fnofa)S={f1 oo Fa)So{ft o ons F2}3

BoiBecTH u3 3TOTO, 4TO ecad f; sBaderca Oueknued mHOmecTsa E;
na Ej, a f;—oOparnoii Omexumed (1<<i<<n), 10 (f), ...,f”}s ecTs
Guekuus {f{, ceer f,'l}s—o()pawaa 6ueknus. Kpome Toro, ecan S* ectb
TMN CcTyneHW (He 3HAKOBBIH), COOTBETCTBYIOINMH 3HaKOBOMY THIy CTY-

4 4
neun S, 10 {fy, ..o fo} PaBHO (£ .ons £4)S wam (£, ..., £1)%, cuotpR
10 TOMY, KOBaPMaHTEH MJH KOHTpaBapuaHTeH S.

2) Mycrb S —3HakoBbIA TN cTymeHW Hap r—+m GykBaMu (ynp. 1).
[lyctb ¥ —poa CTPYKTYpH, uMenomed X, ..., X5 B KaUeCTBE OCHOBHBIX
MHOMecTB 6a3bl, A, ..., A;, —B KayecTBE BCIOMOTATEAbHBIX MHOMXECTB
6a3sl ¥ ¢ THIOBOI XapaKkrepucTuko Buaa SE P(S (X1, ..., x5 A o0 Ap))
Moka3sark, YTO AJd 3TOTO pOJa CTPYKTYPHl NOHATHE o-MOP(DH3IMA MOKHO

Iy O6parHoe g)aCdeCTpaHeHHe oro6pakeHust onpelelseTcs B CBOJKE pe-
syabratoB (§ 2, n°6). — [Tpun. peo.
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ONpPEAEANTh CAEAYIOIHM OO0pasoM: KOTAa AAaHBl n MHOXecTB E, ..., E,
Hanenentbie crpyktypoit U poma I, n muoxects Ej, ..., E,, nazexeHube
crpykrypoit U’ pora X, w, aas 1 i < n, oto6paxenue f; mHoxectsa E,
B E;, roBOpAT, 41O (fy, ..., fa) ecTb s-mopdu3M, ecan orobpaxenus fy

YAOBJAETBOPAIOT CACAYIOIMM YCJIOBHAM:
1° ecan S — KOBapHaHTHBIH TUN CTYNMEHH

{flv HERT] fm [l- se ey [m}s (U) < U,'
2° ecim S — KOHTPaBapHAHTHBIA THI CTYNEHU

{Fireoor Fo Iy ooy 13U Y < UL

IMokasare, 410, HagaexamuM o0pazoM BHIGHpad LEHBI, MOXHO TAKHM CIO-
coboM cHOBa JaTb omnpefenenue MOpHH3IMOB 1if CTPYKTYp NOPAAKa,
anre6panuecKux CTPYKTYpP U TOIMOJOTMUECKHX CTPYKTYP.

3) Myctb A, B, C — Tpu MHOMKECTBa, HaleNIeHHBIE CTPYKTYpaMH OIHOTO
¥ TOro Xe pola I, f—cropsexmususii MOpduaM MHOXKectBa A B B,
g — mopdusm muoxectsa B B C. ITokasaTs, 4TO ecax go f aBasercs M3o-
Mopdusmom muokecTBa A Ha C, T0 g n f — U30MOpPPHUIMBL.

4) MNyere A, B, C, D — ueThipe MHOXECTBA, HAACACHHDBIE CTPYKTYpaMU
OAHOr0 M TOro e poaa X, f — mopdusam MHomectsa A B B, g — Mopduam
muoxecrsa B B C., h-—Mopdusm mHoMECTBa B D. Ilokasare, uTO
ecad gof n hog-— n3oMOpQHUIMBL, TO f, & H £ — u3oMophu3MBI (CM.
ra. I, § 3, yop. 9).

5) Ilycts A, B-—aBa MHOMECTBA, HafeJeHHBIE CTPyKTypamu &, &'
OnHOrD H Toro Xe posa X. Ilycte f— mophusm muOKecTBa A B B, g —
moppusM muoxectsa B B A. Tlyctb M (coorBercTBenHo N) — MHOXECTBO
9EMEHTOB X € A (coOoTBeTCTBEHHO y € B), Takux, uto g (f (%)) = x (cooT-
BETCTBEHHO f (£ (y))=y). [lpeanonoxum, uT0 & (COOTBETCTBEHHO &)
uuayuupyetr na M (coorsercrsenno N) crpykrypy poxa X. [TokasaTs, uto
M u N, HaneseHusle 3THMH CTPYKTYpPamH, H3OMOPQHBL

6) [lycts T —pox CTPYKTYPH € oxuuM (OCHOBHBIM) GA3UCHBIM MHO-
aectBom A, obmas crpyktypa (V, H) koroporo umeer TAnoBylo xapaxte-

PHCTHKY
VEPE(A) u HeB (A)
M aKCHOMA KOTOPOTO €CTb (HIEPEHOCHMMOE) COOTHOIUEHHE
HeV u R§V3,

rie R§V$ oGosmauaer akcHoMy poza TOMOJOTHYECKOH CTPYKTYphI ¢ 1,
n°4, npumep 3). Ecam A, A’ —jBa MHOXecCTBa, HajejieHHBIE COOTBET-
crBenno crpykrypamu (V, H), (V/, H’) poma I, onpexeanm os-mopguambl
mHoxecrsa A B A’ kak oto6pamenus f, HenpepolBHBIE (1451 TOMOOTHHA VV')
u rakue, yro f(H) < H’. I[Tokasats, uto 310 moHATHe o-MOpdu3Ma MOKET
6rITh OnpexeseHo MetoxoM ynpawxHenus 2. ° JaTb HpUMEp TAKOro ceMeii-
cTBa (&) CTPYKTYp pORa I Ha MHOKECTBE A, 4TO CymIECTByeT BEpXHAf
TpaHp 3TOTO CEMEHCTBA CTPYKTYP (B YMOPAAOUEHHOM MHOXKECTBE CTPYKTYD
poia X Ha A), HO uTO 3Ta BEpXHAA rpaHb He ABJAETCA CTPYKTYDOii, HAUaAb-
HOH OTHOCHTEJbHO ceMeicTBa (A, &), 1)), rae A, 0603HaqaeT MHOKECTBO A,
HafeneHHOE CTPYKTYPQH o, a I, — TomaecTBEHHOE OTOGpameHHe MHO-
wecrBa A na A, (PaccMoTpers TOmOJOrMYECKOE MPOCTPaHcTBO A, B KO-
TOpOM CYWECTBYET 3aMKHYTOE MHOXECTBO, MMeElollee He MycTylo BHYTpeH-
HOCTb, OTJMYHOE OT CBOEH BHYTPEHHOCTH M ABJAIOLIEECH NepeceueHueM
CeMeHCTBa OTKPEHITHIX MHOXECTB.)

[lyctb 8 —pon cIpyktypel ¢ Tofi xe TANOBOI XapaKTepHCTUKOH,
4TO H %, HO aKCHOMOH KOTOPOro ABJAETCA COOTHOLIEHUE

A—HeV u R§Vi

Ynp.
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_ Onpenenum Mopdu3Mbl Ans STOTO POAA CTPYKTYPhl TEM Ke YCAOBHEM,
o i
uro u Bume. ° lat npumep TaKoro cemeiictBa () ctpyktyp pona © Ha

MHOXECTBE A, 4TO CymecTBYeT HIXKHAA I'PaHb 37T0r0 ceMeiicTBa CTpYKTYp
(B ynOpaAOYEHHOM MHOXECTBE CTPYKTYp poia © Ha A), HO YTO 3Ta HIKHAA
rpaHb He ABaseTcAd CTPYKTYpoH, ¢(HHajibHOX OTHOCMTENBHO ceMelcTBa

(A #% L) tme Ay oosauaer MHOXECTEO A, HAGNEHHOE CTPYKTY-
7
poit &), a I, — ToxaecTBeHHOE OTOGpaxeHue MHOKecTBa A, B A (TOT We
METOJ). ; .
7) °Illyctb ¥ — poR CTPYKTYphl, HMEIOmHH OCHOBHOE MHOXKECTBO

6asbl A, BCoMOraTeJbHOE MHOXECTBO R, 0o6umylo CTpYKTYpy, cOCTOAuylo
M3 AByXx 6ykB V, ¢ ¢ THIOBOH XapakTEpPHCTHKOH

VEBP(A)) u ¢ PRXA),

¥ caegylomue akcuoMel: 1° akcuomy R§V$ poma Ttomosornueckoii cTpyk-
Typnt (§ 1, n° 4, npumep 3); 2° coorHomenue: ,cymectsyeT @ > 0, Takoe,
410 ¢ ABAAETCA QYHKUMOHAJbHBIM IpadUKOM HempephHIBHOrO (OTHOCHTEAbHO
tonoJiorun V) MHBEKTHBHOr0 orobpawenus murtepsana (0, ¢) B A“. Ecumm
A, A’ — 1Ba MHOXeCTBa, Haf€JeHHbIE COOTBETCTBEHHO CTpPyKTypamu (V, 9),
(V’, ¢') pora I, onpenenum c-Mophu3Mbl MHOXectBa A B A’ Kak Henpe-
phiBHBIE (OTHOCHTENBHO V, V') oTrobpaxenus f, rpadpux F kotopsix Takos,
uto Fopc ¢’. Tlokasat, uto 3To moHATHE o-MOpdu3Ma MOXET ObiTh
OfpeNeseHO METOROM YIpAaKHEeHUs 2 M 4TO HA NPOH3BEAEHUM ABYX MHO-
aecT8 A, A, HaleNeHHBIX NPOHM3BOJBHEIMM CTPYKTYpaMH poja X, cyule-
CTBYET CTpyKTypa-mpouspelenue. Jath mpumep, B KOTOPOM NpaMOH 06pas
CTPYKTYpbi-pou3BeaeHus u3 A; X A, npu nepBoit npoékuun pr; He 6bla Obl
CTPYKTYpOii, 3aiaHHO# mepBoHayaJbHO Ha A, (B3aTb 3a A; mpOCTPaHCTBO,

~ roMeomopdHoe npocrpaictsy R).,

8) Mycrp £ — pox CTPYKTYpH, UMelOmHH OfHO (OCHOBHOE) 6asucHoe
MHOXecTBo A, obmylo crpyktypy (V, @, ), cocroamylo us Tpex 6ykB
¢ TAMOBOH XapaKTepHCTHKOH

VeP P (A)) u acA u beA
H aKcuoMmMa KOTOpOl"O eCTb COOTHOLUECHHE
RV u a5,

rie R§V${— akcuoma poma tomosornueckod crpykrypsl (§ 1, o° 4, npu-
mep 3). Ecan A, A’ — 1Ba MHOXECTBA, HaJeJeHHbIE COOTBETCTBEHHO CTPYK-
typamu (V, a, b), (V/, a’, b'), onpeneanM o-MopdusMbel MHOXecTBa A B A’
KaKk HempepbiBHBE (oTHOCcHMTEabHO V, V') oroOpawmeHus f, Takue, 4TO
f(a)=a" u f(b)==10. Tokasarb, 4TO, 3aMeHHB L POAOM 3KBHBAJEHTHOIH
CTPYKTYpbI, 3TO MOHATHE d-MOPPU3MA MOKHO MOJYYHTb METOXOM YMparKHe-
uua 2. [lokasatb, 4TO AJad ABYX MHOXeCTB A, B, HajeJeHHBIX CTPYKTY-
pamu &, &’ pona I, Ha A X B cymecrByer cTpykTypa-mpousBeieHne B 4TO
npaMoH o6pa3 aro# CTpyKTypnl npw pr; (COOTBETCTBEHHO pra) €CTb &
(COOTBETCTBEHHO ¢*'); ° IaTh npuMep, B KOTOPOM HE CYUECTBOBAJO Okl
HcCeYeHHd, acCOUMHPOBAHHOrO € pry, fBaglolierocd o-MOpHH3MOM MHOXE-
ctBa A B A X B (B3aTs 32 A cBa3HOe mpocTpaHcTBO, 32 B — AncKpernoe
NPOCTPAHCTBO).

°9) Myctb Z— pol CcTpyKTYps Tesa. [Tokasatb, 4TO NOHATHE I-MOp-
¢u3Ma aas TOrO pOA@ CTPYKTYPbl ONpPENEAAeTCH, €CJH B3ATb B KaYECTBE
mMopdusmoB teaa K B teno K’, Bo-mepsmiX, npeacraBaenus f rena K B K/
B cMbicae npuMepa 2 n° | u, kpome Ttoro, oro6paxenue f, Tena K B K’,
Takoe, 4T0 fu(0)=0, fo(x¥)=1 naaa Becakoro x %= 0 B K. [lokasars,
4TO 3TO NOHATHE MopduaMa oO6nagaeT CACAYOIHMH CBOHCTBaMM: JLis
Besikoro Teaa K (mpou3BOJbHON XapakrepucTuku) CcTpykTypa Teaa K
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nHayuupyer Ha wmuoxecrse {0, 1} cTpykTypy Texa (u3omopdHylo CTPYK-
type teaa F,); kpome Toro, eciu R ecTb COOTHOIIEHHE 3KBHBAJEHTHOCTH,
KJAcCaM¥ 3KBHBAJEHTHOCTH Koroporo saBagiotea {0} u K*=K — {0},
cyuiectsyeT ¢axkropcTpykrypa (msomopdHas CcTpykType ‘Tena Fj) cTpyk-
Typsl Teqa K mo coorHomenuo R,.

°10) Ilycte X —poOA CTPYKTYphl MOJHOTO H AapXHMENOBCKH ymopd-
IOYeHHOro Texa. [las BCAKOrO MHOXKECTBa A, HARJAENEHHOTO CTPYKTYpOi
poaa I, MyCTh ¢, — eXMHCTBEHHblH H3OMOpHM3M MHOWKecTBZ A Ha
Ecau A, B — aBa MHOMKeCTBa, HaJejleHHbIE CTp%KTypaMH poxra I, mokasarb,
yTo B KauecTBe MOpduaMos MHOKectBA A B B MOXHO B34Tb TaKue OTO-
opaxenus f muoxecrsa A B B, uto ¢p (f (%) ) >> ¢4 (X) Ang Beskoro x € A.
Has storo moHarua Mopdu3Ma [I0Ka3aTh, HYTO CYINECTBYIOT OHMEKTHBHBIE
MopduaMBI, He sBiAlOmMEcT H3OMOPHH3IMAMM, XOTH POA CTPYKTYphl X
OJIHO3HAUEH.

11) Mycts X —pox CTPYKTYpHl (B TEOpHH J'), COREpKAWME TONBKO
OXHO MHOXecTBO O0a3bl; mnycTb s € F (x)—TANoBas XapaKTEPHCTHKA,
R§ x, s}— akcuoMa poxa Z. O6osnauuM uepes A (X¥) MHOKECTBO CTPYKTYp
pora X Ha x. [Ilycrb ofx, y, s, tj—rTepM, yRoBAeTBopsalowuid ycio-
BuaM (MOy), (MOy;) u caenyomemy ycCHIOBHIO:

(MOyy,). Ecan B Teopun J”, Goxee cuubHOH, ueM J', KaHBl 1Ba MHO-
wecrsa E, E’, HajenaeHHble CTPYKTYpamu &, &’ pofa I, TO Jad BCAKOTO
usomopduama f muoxecrsa E na E’ feoiE, E/, &, &4

a) Ilyctb I, — roxaecTBeHHOE OTOOpaKeHHE MHOXKECTBA X Ha celd.
IMokazats, uTO cooTHowrenue Q$.x, s, £%:

LSEA(X) m teA(x) n Lieodx, x, 5 t31oéx, £, ¢, 53¢

€CThb COOTHOIIEHME 3KBHUBAJEHTHOCTH Mexay s u f B A (x). [lycts B (x)
ecTb dakTopMHOXKEcTBO A (X)/Q, 9y — KAHOHHUECKOE OTOOPAKEHHE MHO-
xectBa A (x) Ha B (x). [Ipeanonoxnm, uto cootHomenue s’ € B (x) nepe-
HOCHMO (OTHOCHTEABHO YCJAOBHH, 06ecmeyuBaloOIUX 3TO, CM. NPHJOXKEHHE),
u o0603HauuM dYepes O pox CTPYKTYphl ¢ THNOBOH XapaKTepuCTH-
ko#t s’ ¢ P (F (x)) n ¢ axcnomoit s” ¢ B (x).

6) Iyctb ofx, y, s/, 4 ecTb MHOXecTBO oToOpaweHMH fE€F (X, y),
YAOBJAETBOPAIOIHX CASAYIOUIEMY COOTHOLIEHHIO:

S'eB(x) u t'eB(y)
M cymecTBYT § € A (x) u £€ A (y), Takue, 9TO
S'=9,(s) M '=9,() u fealxy, s, ti"

MokasaTh, 4T0 A48 POXAa CTPYKTYPH © TepM G YIOBJETBOPSET ¥CJIO-
BuaM (MOy), (MOyy) u (MOyy) u utO

S§x, ¥, 8, t3 a8, ¥, ¢x(S), Py (D)}

§ 3. YuuBepcaababie 0TOGpaKeHHA

1. YHusepcasvHoie omoobpascenus u MHOMCECMBQ

Mycts J — Teopus, GoJee CHAbHAA, YeM TeOPHA MHONeECTB, W MYCTb
E —repm teopun J. Ilycts T — pod cTpykTyphl B J [A48 NPOCTOTH
MBl BCerza NpelnoJaraeM, 4To Y onpegefeH Ha ONHOM (OCHOBHOM)
0asuCHOM MHOXeCTBe]; I/If KPAaTKOCTH MBI BMeCTO ,MHOXeCTBO, Haue-
JieHHOe CTpYKTypoR pofia X“, GymeM roBOpHTb ,L-MHOXecTBo“. Ilpen-
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NO/MOKHM, KPOMe TOro, u4TO M/IA Poia L ONpelelieHO MOHATHe G-MOp-
¢usma (§ 2, n°1) (kak u B § 2, MH OyaeMm BMecTO ,o-MOp¢H3M®
roBopuTb ,MOp¢uaM“). HakoHel, mycTe poa L onpelefeH Ha GasucHOM
MHOXeCTBe X ¥ uMeer 00wyl cTpykrypy s (§ 1, n°4); npeanonoxuM
TOrna, uto B J; OnpenefeH TepM aix, Si YyIOBAeTBOpAlOWHMHA caenyio-
LIMM YCJAOBUAM:

(QMp. Coomnowenue alx, s} < oF (E, x) ucmunno s Ty

QM. Ecau 8 meopuu J’, 6osee cuavnod, yem J, F, F' —odsa
MHoKCecmBa, Kadesennse cmpykmypani & F’ poda B, uecau f ecms
Mopghusm muoxcecmsa F 8 F/, mo coomuowenue ¢ CaiF, &3 saevem
fee€aiF, &L

Mz 6yneM BbIpaxaTb COOTHOLleHMe ¢€a}x, s} c/aoBaMu: ¢ ecms
a-omobpasicenue MHoxwecmsa B s mnoxcecmso x (Haldesennoe
cmpyKmypos s).

Otnpasjaics 0T 3T0ro OnpeledeHus, Mbl 6yleM HasbBaTh L-MHO-
wecrso Fp u a-oroGpameHne ¢ MHOxecTBa E B Fp ynusepcassnonu,
€C/IM BBHINOJHAeTCA CJAelylollee yCJoBYe:

(AU). Hdasn scakozo a-omobpascenun ¢ mroxcecmsa E 8 L-mno-
socecmso F cyuwecmsyem u eOuncmsen mopgusm [ mnoxecmsa Fy
8 F, maroii, 1mo ¢ = f opg.

B srom cayuae rosopar Takxe, yro mnapa (Fp, ¢g) ecte pewenue
npo6remss YHusepcarviozo omobpaxcenun nna E  (OTHOCHTeNIbHO
3ajaHHBIX L, ¢ U a).

Mycts (Fg, @) u (Fg 9g) —ABa pemllends NpoG/AeMbl yHMBepcais-
Horo orobpaxenus naa E. Ycaosue (AU) mokasbiBaer, u4TO Torja Cyle-
CTBYIOT eIMHCTBeHHBIf MOpQHSM f, MHOXeCTBa Fe B FE  emMHCTBeH-
HEIR MoppuaM f, mHoxectBa Fp B Fp, Takme, 410 ¢ =f oq. u
e =f2° Pe-

Takum o6pa3om,

gp=Fpof o0p M ‘Pl::'=f1°f2°3°g'
Mpumenns (AU) x cayvan F=F[ u ¢==¢;, BuBOmMM u3 3ro0ro,

14
4YTO fyo f; eCTb TOXIECTBeHHOe OTOOpaxceHHe MHoxectBa Fp; analo-

”
THYHO f o f,— TOXIECTBeHHOe OToOpaweHHe MHOxecTBa Fg. Caenosa-
teabHo (§ 2, n°1, kpurepu#t CST8), f, ectb wu3omopghussm wmno-

"

wectsa F na Fp, a f,— o6paTnbift k HeMy u3oMOpdH3M. DTOT pesyiib-
TAT BBHIPAXAIT TAKXKe CJAOBAMH: pellleHHe NpOGAEMH YHHBepPCaAbHOrO
orobpawenns nas E eduncmsenno ¢ mounocmsiwo 00 eduncmeennozo
usomopgpusna.

Yro6n ycramosuts, uTo mapa (Fp, ¢g) ectb peumenne npoGiemst
yHuBepcaabHoro ortobpaxeHuss nas E, uacto yno6uo nposeputs cie-
Ayllive 1BAa YCJAOBHS: '

18 H. Byp6akn
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(AU;). Aan scaxozo L-muoxecmsa F u scaxozo a-omo6 pasce-
Hun ¢ muoxwecmsa E 8 F cywmecmsyem moppusm f munoxnecmsa Fg
8 F, marod, umo ¢=foq,. :

(AU;I)- Han scaxozo L-muoncecmsa F 0sa mopgusma muosce-
cmea F; 8 F, cosnadawwyue na 9c (E), pasnun.

B camoM nese, ecau 3TH yC/0BHA BLUTOAHAIOTCA, MOPGU3M f» cyle-
CTBOBAHKE KOTOPOro 06ecreyeHo YcAoBHEM (AU;), e[MHCTBEH B CHJIY (AU{I) .
O6patno, fcio, uto (AU) Baewer (AUj); kpoMe Toro, ecm fu f/—ansa
Mop¢mama MHOXecTBa F B F, coBnanarompue na ¢ (E). 10 fogpp = f" o ¢p,
OTKyna, mpuMensin (AU) Kk a-oroGpamenuio fooqy, f=f’.

2. Cywjecmsosanue ynusepcanrsrolx omoGpasicenuii

[Tpo6Gaema yHuBepCANLHOro OTOOpaMeHHS He 0683aTedbHO HMEeT
pemeHue (ynp. 1). OmHako Mm CeHyac mokaweM, uTO CaAelylollue YC/A0-
BHsl BJEKYT CYLECTBOBAHHE DPeILeHHA:

(CUy). Ha scaxkom npoussedenuu cemelicmsa L-muoxcecms cyue-
cmayem cmpykmypa-npoussedenue poda L (§ 2, n°4).

(CUy). lyems (FL)IEI—ce.uethmso Y-mrooxcecmsa u 0rA 8cA-
Kozo t&1 nycms ¢ — a-omo6 paxenue unoxcecmsa E s F,. To20a
omoGpadxcenue (9) . Muodecmsa E 8 muoxecmso lleIIF‘ (naderen-

Hoe cmpyKkmypold-npousdgedenuen) ecms a-omo6paxcenue.

Ms1 6yneMm roBopute, ur0 uwact, G or X-MHO)ecTBa F sBisercs
L-donycmumod, ecmu crpykrypa Muoxectsa F unnyuupyer na G crpyk-
TYypy poma X (§ 2, n°4).

(CUny). Cywecmsyem xapounaissnoe wucso &, o6iadawvuee cae-
Oywouuny cgoiicmsamu: O4A BCAK020 L-mHoxcecmsa F u 8cAn020
a-omobpanenun ¢ uuoxecmsa E 8 F cymecmsyem B-donycmumoe
nodmnoocecmso G muooecmsa F, codepacawee 9(E), ¢ xapou-
HOABHOLM HUCAOM @& U maKxoe, wmo, 80-nepsux, omob paxcenue
Mroocecmsa E 8 G ¢ men oe epaguxom, wmo u ¢, ecmsv a-omo-
Opagicenue u, 80-8mopuix, 08a Mopghuana uuosxecmsa G 8 npous-
80avHOe L-MHONMCecm80, cosnadauue Ha ¢(E), pasun. .

CST22. Ecau ycaosun (CUp) —(CUyy) sanosnens, npob.iena
YHugepcasvno20 omobpaxcenusn orn E o6radaem pewenuen.

ITokaxeMm cHavasa, TO €C/H  CyluecTBYeT napa( - (pE), yanoBJe-
TBOPSAIOLAS YCIOBUIO (AU,), TO CYWECTByeT TaKXe W pelleHHe MNpPO-
GJieMbl yHHBEPCAbHOTO 0T0OOpaxenus nas E. B caMoM zese, B cuay (CUyp)

?

cywecTByeT L-ZONyCTHMOE INOAMHOKeCTBO Fg MHOXectBa Fp, comepid-
wee ¢g (E), Takoe, uro, Bo-mepBHX, OTOOpameHHe ¢ MHomecTsa E B Fg
C TeM Xe TIpaQMKOM, 4TO M @, fBJIACTCA a-0TOGPAXKeHHEM H, BO-BTO-

~ '
poix, nBa Mopdusma MHOxectsa Fg B Npou3BoAbHOe L-MHOXECTBO, COB-
nagawomue Ha ¢p (B), pasue. IIycTs j — KanoHnueckas HHDBEKLHS MHO-
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wectBa Fy B Fp, 1orma ¢y =jogg; 148 BCAKOro MopdusMa f MHowe-
14
crBa Fg B L-mHoxecrso F, foJ ectb MopduaM MHOXectBa Fgp B F 1
Fogog=(°jropg. Teneps acuo, uro (Fg, o) ynosrersopser ycao-
r !
suam (AU), (AUR).
Octaercd, TakuM 06pasoM, NOKa3aThb CyLieCTBOBAHHE NApbI (FE, ‘PE)’

YA0B/eTBOPSIOIEH YCAOBUHIO (AU{)‘ Ilycts s €S(x) —minoBaa xapak-
TEPUCTHKA poONa CTPYKTYPHl X; pacCMOTPUM NOAMHOXecTBO L npous-

BeIeHUd
P@)XS@) XPEXa),

obpasoBaHHoe Tpofikamn A=(X, V, P) co cienyomuM CcBoHCTBOM:
»V ectb cTpykTypa -poma L Ha X< @ u P ects rpaduk HEKOToporo
a-orobpaxceHuss MHoxecTBa E B MHoMectBO X (HameleHHOe CTPYKTY-
po#t V)* (3aMetnm, uro S(X)c= S(a), kak Jerko BHIeThb, paccyxnas

‘TIOCJ/e10BaTeIbHO MO IJIMHe CXeMbl KOHCTPYKUMHM cTyneHn S). Jlas Bca-

koro A=(X, V, P)EL ofosnaunM uepes X, MHOMeCTBO X, HajedeHHOe
cTpyKTypoit V, a uepes ¢, — oto6paxenue MHOXectsa E B X, c rpadu-

‘koM P. Tlycte teneps Fg ecTb E-MHOMeCTBO, MpOM3BeleHHe MHOMKECTB X,

(cymectsyer B cuny (CUI)), a ¢ — orobpaxeHne X —(9, (x)) MHOXe-
ctBa E B Fg, daBadouleecs a-orofpamcHueM B cuay (CUpp). Tlokaxem,
yro (Fp, ¢g) YAOBAETBOPAET YCJAOBHIO (AUp). B camoMm nene, ecam
Aanbl o-oToGpanenue ¢ MuOXecTBa E B L-Muoxectso F, nmycts G — uacthb
MHOXeCTBA F, y10B/eTBOpAIOLIAN YCAOBHAM, CHOPMY AMPOBAHHEIM B (CUyy);
NyCcTb j— KaHOHMYeCKad MHbekuHA MHOXecTsa G B F u ¢ — oToGpae-
Hie MHOXecTBa E B G € TeM xe rpagukoM, uTo u ¢, TaK uro p==jod{.
HUs (CUyy) shiTekaer, 410 ¢ — a-oTo6paxenne MHoxectsa E B G. Tak
kak Card (G) @, cymectByer wacts G’ MHOXeCTBA @&, PaBHOMOLUHAS
MHOKecTBy G. Tlycre g — 6uekuns MHomectBa G Ha G’; ecau CTPYK-
Typy pomna L wmHokectBa G MepeHeCTH MOCPeACTBOM g, Ha#ercs
no onpenesienuio Takoe AEL, uro G’ (HaZedeHHOe 3TOH mepeHeceHHOM
CTPYKTYypOH) paBHO MHOXeCTBY X, M g o ¢ ==¢,. Torna f=Joglopr,
ectb MoppuaM MHoxecTsa Fp B F, takofi, uro ¢==f opp, 4TO 3aKaHUH-
BAaeT J0Ka3aTebCTBO.

CST23. Hycms (Fe» Pp) —pelierue npobaeMb YHUBEPCAAbHO20
omobpaxcenus orn E. Hag mozo wmobu 9p O6l20 unBeryues Muo-

ocecmsa E g Fg, Heo6x00umo u docmamouno, amobu 048 8caxoi
nape pastuinolx ssemenmos x, ¥ u3 E cywecmsosanro maroe
a-omobpaxcerue ¢ munoxecmsa E 8 nexomopoe L-muooxcecmso F,
4mo ¢ (X) + @ (y).

Tak kak @p ecTb a-oTOGpaeHHe, KPUTEpPHH TOTHAC e BLITEKaeT

U3 ompeleieHuf.

B sToM cayuae rosopar TakiKe, 4TO a-0To0paxeHus omdessom
9/leMeHTHl MuoxecTBa E. B fA3blke TOrma o6bMHO He NesaloT HMKAKOH

18*



276 TJ1. IV. CTPYKTYPbLI 8

PasHHUB MexAy 9JeMeHTaMH MHOXeCTBA E ¥ ux ofpasamum npu ¢p
(cp. npu/ioxenue, m°5); NPH ITOM COrJAIEHHH, eCJH (Fg» 9g) ect
pelllentie Npo6aeMBbl YHHBePCaAbHOro oToOpameHus W eciu ycaosue (CUypy)
BLIMOJIHAETCA, BCAKOe a-0ToOpameHHe MHOxectBa E B X-mHowectBo F
npodosxcaemes, u NPuMoOM OOHOIHAYHO, 00 MOPPHuIMA MHONCE-
c¢cmsa Fe 8 F.

3. Mpumepbr YHUBEPCANLHBIX OMOOPANCEHUY

° Huxecaenyomue npuMepnl OynyT 60/blueR 4acTbio HeTajibHO 06CYy-
#WIeHbl Ha JafbHeHINMX CTPAHHLAX ITOTO COUHHEHHS.

I. Cso600Hbie anzeb pauneckue cmpykmype. Ilycts E — HekoTopoe
MHOXeCTBO, a X — HeKOTOPHH pon aareGpanuecko#t CTpyKTypn (onpe-
Ie/qeHHEH NpPH MOMOWIKW OIHOrO HJH HECKOJbKHX 3aKOHOB KOMMO3HIMM:
cM. ,Anre6pa“, ra. 1); B kauecTBe MOPQHH3IMOB BO3bMEM npedCmagAeHus
paccmMaTpuBaeMoro poma X, a a-ortobpaxcenusiMu OYIyT npou3sosvHsie
otoGpaxeHuss MHOxectBa E B X-MHOXecTBO (MHaue rosopd, ajx, s§=
=oF (E, x)). Bce ofblunble pona ajireGpandeckoft CTPYKTYPH ymO-
sierBopsioT ycaoBuio (CUpy); 3a MCK/MOYeHHeM CTPYKTYPH Teda, OHH
yaoBaeTBopsioT Takike yciaosuio (CUp), a (CUp) asasercd smech Tpu-
BMaJIbHBIM CJaeaCTBHeM ycaosusa (CUy).

[Tockoabky OOLIMHO CYILECTBYIOT CTPYKTYPH pona X, onpele/ieHHblE
Ha MHOXeCTBAaX, MMelOIUXWX He MeHblle ABYX 3JAEMeHTOB, «-0TOOpameHUs
OTHEAAIT 3/MeMeHTH MHOXecTBA E u E paccmarpuBaercs, Takum o6pasoM,
norpyxenbiM B Fg. Fg HasbiBaerca ¢80600#6M L-MHOKeCTBOM, NOPO-
WIeHHBIM MHOXecTBOM E; Tak, HanpuMep, B Aare6pe rosopar o c8o-
600nom monouoe (,Aarebpa“, ra. 1, § 1, n°3), csobodnoit 2pynne
(,Aarebpa“, ra. 1, § 6, ynp. 19), cso6o00nom mooyare (,Anrebpa“,
ra. II u VII), cso60dnod arzebpe (,Aarebpa“, ra. 1I).

II. Koavya u noasn dpobei. Ilyctb E — KOMMyTaTHBHOE KOJbUO
C e¢IMHMYHBIM 32JeMeHTOM, a S — MyJAbTHIIMKATHBHOE NOAMHOXeCTBO
mHoxectBa E, He conepxawee 0. BosbMeM B kausecTBe & pon CTPYKTYpPBI
KOMMYTATHBHOIO KO/bLA, HMEIOWero eIMHHuHLIA 3JieMeHT, B KaueCTBe
MOp(USMOB — roMoMopdu3Mbl (OTHOCHTEAbHO CTPYKTYPH KoJbLA), Mpe-
o6pasylolsie eIWHHUHBI 3/MeMeHT B CcIHHHYHBLIE 3JdeMeHT. B KauecTse
a-0TO6paxeHnit Bo3bMeM TakHe roMoMopduaMbl ¢ MHoxecTsa E B ofaa-
Jaollee eIMHMYHEIM 3/eMeHTOM KOMMYTAaTHBHOe KoJblo A, uto @ (l)=1
H ¢(S) CONePNKHT TOMLKO 3JEMeHTH, ofpamuibie B A. HeMenaenso
nposepsaoTcs yeaosia (QMy), (CUp)— (CU;y) (¢ a = Card (E) Card (N) );
npo6aeMa yHMBepCaAbHOro OTOOPaMKeHWA, TAKHM OOPa3oM, BCerna HMeeT
pewense (Fp, ¢p), HO, BOOGIle rOBOPS, ¢y He HHBEKTHBHO. Yame Bcero E
ABAAeTCs 0GJACTBHI0 1ENOCTHOCTH; B 3TOM Cayuae ¢p MHDbeKTHBHO. Ecim,
kpoMe Toro, B3ath S=E — {0}, 10 Fg ectb moie, HasbBaeMoe no.Lei
dpobeli komua E (,Aare6pa“, ra. I, § 9, n° 4, npennoxenne 4; cMm.
Bropaa uacts, ,KomMmyramiBmaa aarebpa“.
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111. Teuszoproe npoussedenue 08yx modyared. Ilycre E ects npo-
ussenesne A X B 1ByX yHHTapHBIX MOALYJ/Jel Hal KOMMYTAaTHBHLIM KOJb-
goM C, HMelOIUMM elMHWYHHIA 3JeMeHT. BosbMeM B KayecTBe X pon
CTpykTyph yHutapHoro C-Monyas, B KauecTBe MOP(QH3MOB — JMuHeHHbIE
0TOOpaXeH!A, B KaueCTBe d-0TOOpaMeHHR — Ousunelirnbie oTobpaweHus
muoxectBa A X B B C-Moayab. Ycaosue (QMy) BhInmoJHseTcd, Tak
we kak #u (CUp— (CUpy) (¢ a==Card (E)Card (C) Card (N)). Yuusep-
cameibit C-momyab Fg, coorsercTByiown#t nape (A, B), HasbiBaetcs
MeRIOpHOM Npou3sedenuem MHOKeCTBA A Ha B u o6osHauaerca A Q B;.
yHuBepcaabHoe oroOpawenne ¢, 0603HauaeTcs (X, Y)—>xX @ Y; OHO

G6uauHeflHO, Ho, BoOOlle roBops, He HHDbekTHBHO (cM. ,Anrebpa“,
ra. IIL-§ 1).

IV. Pacwupenue rxoasvya onepamopos #ad Modysem. Tlycrs
A — KOMMYTaTHBHOe KOJbLO C eIWHWYHLIM 3/JeMeHTOM, B -— noakossiio
KoJaba A, Collepxaliiee eIHHHYHEIH 3/7eMeHT Kouabua A, E — ynutapnbift
B-monyas. Pon L ecTb pon CTPYKTYPH yHHTapHOro A-mony./s, Mop-
¢QusMbl cyTb A-suHelinsie oTOOpaueHus, a-orobpawenus cytb B-auned-
Hole oToOpaenus MHoxectBa E B yHutapHnifi A-Mmonyas. 'oBopaTt, uTo
yHusepcaabHbift A-Mmonyas Fe, cootsercrsyiomnit B-moayao E, noayuen.
nyreM pacuuperus 0o A Koabua oneparopos B Ham E (,Aarebpa‘,
ra. 111, § 2).

V. IlTonoanenue (comple’tion) PABHOMePHO020 npocmpancmsa.
Iycts E— paBHOMepHOe NPOCTPAaHCTBO; BO3bMeM B KaseCrBe L poli
CTPYKTYpPHl OTHAeMHMOrO MW MOJHOTO PaBHOMEPHOTO MPOCTPAHCTBA, B Ka-
YeCTBe MOP(H3MOB — PaBHOMEPHO HelPepPbiBHble OTOOPaXeHHA, B Ka1eCTBe
a-0TO6paXKeHHH — PaBHOMePHO HenpepriBHbie OTOOpameHuds MHOXectBa E.
B OTIEJHMOe M MOJHOe PABHOMepPHOe MPOCTPAHCTBO. X-IOMYCTHMBIMH
YacTAMH OTMe/JHMOrd W MOJHOTO PaBHOMEPHOIo NMPOCTPAHCTBA ABJAAITCH
agech 4aCTH, 3AMKHYMbe OTHOCHTENbHO PAacCMaTPHBAEMOH TOMOMOTHH
BCero npoctpaHcta; u ycaosusa (QMp) u (CUp) — (CUyy) Bunosssorcs,

Card (E
ecan B3ats @ = 22°®) Ornemimoe u momoe pasHoMepHOe nmpocTpaH-

ctBo Fg ecTb He uTo HMHOe (C TOYHOCTHIO IO M30OMOP(H3MA), KaK NONOA~
HeHue (complété) OTIe/MHMOr0 PaBHOMePHOr0 NPOCTPAHCTBA, AaCCOUHU-
uposainoe ¢ E (,O6was romosorua“, ri. II, § 1 u 3).

V1. Kounaxmnoe pacwupenue {compactification)y Cmoyna —
Yexa. Tycts E— BHoAHe peryispHOe MPOCTPaHCTBO; ¥ — POL CTPYK-
TyPH KOMNAKTHOTO MPOCTPAHCTBA, MOPQU3MbL — HenpephiBHEIE 0TOGpaKe-
HHA (KOMNAKTHOrO NPOCTPAHCTBA B KOMMAKTHOE MPOCTPAHCTBO), a-0TOGpa-
MeHHA — HempephiBHble 0TOOpaxeHHa MHOXecTBa E B KoMnakTtHOe npo-
CTPAHCTBO. L-IONYCTHMBIMH HaCTAMH 31ECh ONATH ABJAITCA 3AMKHYMbLE
MHO¥ecTBa; ycaosua (QMy), (CUp)—(CUy) (C TeM Xe KapauHadb-
HBHIM 4YHCJOM, 49T0 H B npumepPe V) Jerko nposepsiorcd. KomnaktHoe
npocrpaictBo Fg ecTs (C TOYHOCTHIO 10 H30MOP(H3Ma) ,KOMIAKTHOE
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pacliupetne (compactiﬁé) Croyna — Yexa®, mosyueHHoe NOmnoJHeHHeM (en
complétant) MHo:kecTBa E 10 camoft XpynmHOH paBHOMepHOH CTPYKTYpHI,
.Aenaollelt HenpephiBHble 0ToOpaxenus muoxecrsa E B (0, 1) paBHoMepHo
HempepblBHHIMH (,O6wwas tomoJqorus“, ria. IX, § 1, ynp. 7); orobpaxe-
HHE @p MHDBEKTHBHO, TaK KaKk JBe pa3aM4Hbie TOYKH MHOMecTBa E moryr

ObITh OTIeseHbl HeNpephBHEIM oTOGpamenueM MHoxectBa E B (0, 1).

VII. Csoboouse monoaozuseckue zpynns. Ilycte E — Brnoaue
pery/spHOe MNPOCTPAHCTBO, X — POA CTPYKTYPbl OTAENHMOH TONOJOTH-
yeCKO#f Tpymnmbl, MOp¢U3MBl — HempepbIBHBe MNpeACTaBJAeHKs; HaKOHell,
B KauecTBe a-oToOGpaxeHu#i BO3bMeM HeNpepbiBHble OTOOpaeHus MHO-
wecTBa E B oTlenuMylo TOROJOrHuYeckylo rpynny. Jlerko mposepsioTcs
yeaosus (QMp), (CU) —(CUyp) ¢ a=Card (E) Card (N). Oraeaumas
TornoJoruyeckas rpynna Fg-— peutenne npob/eMbl yHHBepCanbHOTO OTO-
6paxenus s E — nHaswiBaercad c80000H0lk monoaoceuneckoli zpynnod,
nopoocoennoli npocmpancmgon E; Tak Kak JBe pasiauuHble TOUKH
13 E Moryr ObiTb OTZeseHBl HempepHBHBIM 0TOOpaxeHHeM MHOKecTBa E
B OTIeJHMYI0 TomoJoruyeckylo rpynny R, orobpamene ¢, HHBEKTHBHO;
MOXHO T0Ka3aTb, YTO @ eCTb roMeoMOpdusm MuoxectBa E na mommpo-
cTpaHcTBO ¢, (E) mpocrpancrea F1). Bmecto poma cTpykrypm oraenn-
MOH TOMOJIOTHYECKOH Tpynmbl B KayecTBe X MOXHO Oblio Obl Takxe
B3fITb POJbl CTPYKTYpbl OTIeauMofi TOmoJoruyeckoft abeseBOH rpynmei,
KOMNAaKTHO# TPYNNbi, OTAEJAMMOrO TOMOJOTMYeCKOrQ KOJbLA, OTAEeJMMOr0
“TOMNOJOTHYECKOr0 BEKTOPHOrO MPOCTPAHCTBA (HAA TOMOJIOTHYECKUM TeJOM,
paccMaTpHUBaeMBIM KkaK BCIOMOraTeqbHOe Oa3UCHOe MHOXeCTBO) U T. A.

VIIL. IToumu nepuoouneckue hyscyuu Ha monoaozudeckol epynne.
Ilycte E — ronosoruyeckas rpymna; BO3bMeM B KauecTBe X pOX CTPYK-
Typsl KOMNAKTHOH TpyNmbl, B KayecTBe MOP(U3MOB — HelmpepEIBHbIE
npencTaB/eHds, B KayecTBe &-OTOOpameHHH — HelpepLIBHbIE MpelcTaBJe-
nus rpynnei E B komnaktHO#t rpymme. ¥Ycaosus (QMy), (CUp— (CUyp)
prmoatens ¢ @ = 22°74® Komnaxthas rpynna Fg — pemtenne npo6.embi

_yHuBepcaabHOro oTobpaxenus naa E — HasbiBaeTcd xkomnaxkmuol zpyn-
nod, accoguuposannol ¢ E; orobpaxeHne ¢ He 0013aTelbHO HHDbEK-
THBHO. Bcsakas uwuciaoBas ¢yHkuus, HenpepbiBHag Ha E, umelomas suzx
go¢p, Tle g —uncaosasd ¢Qynkuud, HenpephisHag Ha Fg, HasbiBaercs

Pynryued, nowma nepuoouteckold na E.

IX. Mnozoobpa3ue Aavbanese. Ilycts E — aareGpanueckoe MHOTO-
o6pasue, ¥ — poa CTPYKTypbl abeseBoro MHOroo0pa3us Hal TeM ke Gasuc-
HBIM TeJioM, 4T0 U E (moaHoro aare6panueckoro MHOTooOpa3us, HazeJeH-
HOTO 3aKOHOM ajreGpavdeckofi, HeoOXO0IMMbIM O0GPasOM KOMMYTAaTUBHOM,
rpynmnsl); MOp(dH3Mbl — palHOHA/JbHBle OTOOpaxeHuss abejeBOTO MHOIO-

Y Cum. Samuel P, On universal mappings and free topological groups,
Bull. Amer. Math. Soc., LIV (1948), 591—598.
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o6pasusi B Apyroe (OHH HeOGXONHMbIM 00Da30M ABJASIOTCH KOMIO3HLMSAMH
roMoMopdu3Ma M CIBHTa); a-0TOGpaXKeHHs — PalHOHA/IbHbIE OTOGpaXEeHHS
mHOroo6pasus E B aGeseBo MHoroo6pasue. Yciaopue (CUj) He Bumoansercs,
HO mnpoGiemMa yHMBepCaabHOro oToOpaeHus O6aagaer pemenHem Fg,
Ha3LiBAEMBIM MHO2000pa3ues Aavbanese MuorooGpasus E; B obuiem
CJay4ae COOTBETCTBYIOLIee PAllHOHAIBHOE 0TOGpaXKeHHe @ He WHDBEKTHBHO.,

Samedanue. B teopnu ,yHUBEpCANbHBIX HaKpPHITHA®* MBI MO3Xe BCTpe-
THMCAA TaKXe€ W C APDYrHM THUNOM IlpOﬁJleMbl, NpeACTaBAAIOUIUM aHaMor UIo-
¢ npoGaemoit yHHBEpCanbHoOro orobpaxeHus. Ha stor pas mmeem moHsatHe
»$-orobpaxenns® X-wroxecrsa F B E; mapa (Fg, ¢p), oGpasosahHas,

Z-MHOXECTBOM U B-0TOOpamkeHNUeM, YHUEePCAAbHA, €CAl IS BCAKOTO B-0TO-
Opaxenus ¢ Z-mHoxectBa G B E cymecrsyer o-Mopdusm f MHOmecTBa Fp
B G, raxodl, 4t0 9 = 9o f. °B TeopHy, o koTopoit Mb ynoMauyau, T ecrb
pOA CTPYKTYPhl CBA3HOTO, JOKanbHO CBS3HOTO M JOKaAbHO OAHOCBA3-
HOTO TOMOJOTHYECKOTO NpOCTPAHCTBa, a o-MOphU3MBl H §-0TOGpameHus —
CIOp BEKTHBHBIE ,JIOKANbHBIE rOMEOMOPHUIMBI®.,

Ynpaxcuenusn

°1) Mycte E — romosordyeckoe npocTpaHCTBO, ¥ -— OZMH M3 DOJOB-
CTPYKTYpbl, onpereneHHnIXx B ynp. 7 u 8 § 2; Bo3bMeM B KauecTse MOp-
¢u3MOB MOpdu3MbI, onpenencHHBIE B TeX e YIpawHEHHAX, a B KauecrBe:
a-0T00paueHit — HenpepbiBHbIE 0TOOpaxeHMd MHOWecTBAa E B  I-MHO-
wectBo. [lokasars, 4TO npobreMa yHUBepcanbHoro orobpawenus gaa E
(OTHOCAIMWAnACA K OpEelblIyuIuM OmpeefeHHaM), Boobme rosops, He o6na-
Jaer peueHHeM.

°2) Nycrb E — noue, Z — poj CTPYKTYpbl anreGpavdecKd 3aMKHYTOro-
noJjs; BO3bMEM B KauecTBe MOP(U3MOB NpeiCTaBAEHHS, 3a a-0TOGpaxe-
Huf — npescraBaeHus noaa E B aare6pauuecku 3amxHyToM noae. Tloxasartb,.
4yTO0 anre6pandyeckoe 3aMblKaHHE Fr noas E u kaHoHMYeckas UHDBEKLHS

mroxectsa E B Fg (, Aare6pa*, ra. V, § 4) ynosaersopsior ycaosuio (AUY),
HO 4TO, BOOOIIE roBOpAl, He CYUIECTBYET peueHWs npobieMhl YHWBEpCaldb--
Horo oro6paxenus gaa E.

3) Mlycte £ -—poa crpyxTypH, (At)LEI—CeMeﬁCTBO MHOXECTB U [1Js
kaxgoro 1€l nycte &, —crpykrypa posa T Ha A, Ilycrb E—cymma
cemelicTBa (AL)LEI, npuyem A, paccMaTpuUBaeTCs KaK IOJAMHOXKECTBO MHO-
wectBa E.

Ilpeanonoxum 3aZaHHBIM NOHATHE d-MOpGU3Ma AAK POJA CTPYKTYPH I.
¥ ompefenuM o-0TOOpameHHE Kak Takoe orobpaxeHne ¢ MHOMecTBa E
B Z-mHowectBO F, uTo aaf Beakoro €1 cymeHue orobpaxenus ¢ Ha A,
ecrb Mophusm MHOxecrBa A, B F

[lokasars, 4TO ecay cyuiecTByer pemieHue (Fe» 98) npoﬁnemu YHU--

BepcaabHoro oroGpawehns ias E, to crpykrypa poma T Ha Fg ects
cmpykmypa, dunanrsnas LAa ceMeicta (A, &, ‘Pa)Ler rie uepes ¢, 06o-
3H3UeHO CyxeHUe oToOpameHus ¢ Ha A.

Kpome roro, mycte F — MHOwecTBO u mas kawmoro t€1 mycts
f.—oroGpaxenue mHoxecrpa A, B F. Ecau Ha F cymectsyer crpykrtypa
pora I, ¢wmHaabHas mas ceMedictBa (A, &, fL)lEI, MOXHO Hanucarhb
f.=/fo¢, rae f-—moppusm wmHomectBa Fp B F, u cTpykTypa MHOMXe-
cBa F ectv npamoii o6pas cipykryps mHowectsa Fp npu orobpame-~
Hud f.
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P{)OHMeHeHMﬂ K CAEIYIOWUM CAydaaM:
T — poj, aareGpalueckoli cTpYKTYphl, MOpdU3MBI — [pECTaBAeHUq,
yenoua (CUp) — (CUjy;) BBINOAHEHB!; TaK OGCTOUT A€A0 A CTPYKTYP
MOHOU/A, rpynmnbl, MOAYAS, aare6pel u T. A, £ — MHOXecTBO F HasuiBaercs
B CHyuae Tpymn— C80600HNM npoussedenueM MHOXECTB A,, B cayuae
Mony{eﬁ—npﬂuoﬁ CyMMOii, B cayuae anre6p — npaMoi xomnosuyueil.
2° £ — poj CTPYKTYpHl TONOJOTMYECKOH I'DYINbI UM TONOAOrUYECKOrQ
BEKTOpHOro mpoctpaHcTBa. Ycaosusa (CUy) — (CUjyp) Toraa semonHAoTCA;
B ClyYae JOKaAbHO BHIOYKAbIX TOMOJAOrMYECKHX BEKTOPHBIX MPOCTPaHCTB Fy

Ha3blBACTCA MONOACLUYECKOI NPAMOL CYMMOU MHONCeCmE A,

MMPUJIOXKEHUE

KpuTepHH nepeHoCHMOCTH

1. Ilepenocumbie mepmbi

Myctb J — Teopus, 6oJee CHJIbHAS, YeM TeOpHS MHOMECTB. Mui cobu-
paeMcsi JaTh HeKOTOPOE YMCJIO0 KPUTEPHEB, MO3BOJSIOWIMX yCTaHABIMBAT,
YTo HEKOTOpOe COOTHOWieHMe Teopud J nepenocuxo (§ 1, n®3) ortho-
CHTEJbHO HeKOTOPOH THNH3aUUH. .

B kaxIoM 43 3THX KpHTepueB GyleT noapasyMeBaTbCs, UTO CHaua/la
BBeleHO HeKOTOpoe uuciao OykB, 00O3HAUEHHBIX 4Yepes Xy, ..., Xp,
Sys +++» S, PABAUUHBIX MEKIY COGOH M OTIMHHBIX OT KOHCTaHT TEOpUM T,
M HeKOTopOe uuCJO TepMOB A, ..., A,, B KOTODbIX He BCTpeuaeTCi
nnkakas M3 OykB X, S; MOADPA3yMeBAaerTcs, YTO KPUTEpHH NPUMCHUM,
KaKOBbl 6bl HH Gblyiu LeJble uncaa n > 1, p > 1, m > 0. Jlis COKpallcHUs
Mbl 6yeM TOBOPUTb, UTO X;, ;s A, —ucx00nbie GyKBLHl H TEPMBI KpUTEPHS.
Cumpoa S (x, A) Gyzer 0608HauaTh cTynmenb S (X, ..., X Ap - ooy Ap)s
rIe S — cxeMa KOHCTPYKUMH CTYTeHH Hal n -4 m TepMamu; 1is oGo3Haue-
HUsL CTymeHe#t Bmecto S OyayT ynorTpebaarbCs Takxke OYKBel, Takue,
kak S/, S”, S; u T. A. B KaxuoM KpuTepuH Mol 6yneM 0603HaYaTs
yepes Tix, s, A} (wm Tix, si wm npocro T) runusaumio

2S1ES (X, A) H ... m S, €S, (X, A,

rae Sy, ..., S,— p CXeM KOHCTPYKUMM CTymMehu Hal n-+m TepMaMi,
X; §j Ay — HCXOIHbBIE 6yKBbl M TepMbl KpHTEpHSl.

B KkaxIOM M3 pacCMaTpHBaeMbiX KPUTEpHeB peub, KpOMe TOro, OyareT
WATH O COOTHOLIeHMSIX TeopuH J', 0603HavaeMblXx 00bIYHO R, R, R, ...,
W 0 TepMax Teopuu J, 0003HauaeMbliXx OOGLIYHO U, U, U, ...; o
COOTHOIIEHHs] M TEpPMbl MOTYT COIepXaTh HCXONHble GYKBH KPUTEDHS.
Ecmn x, (1 i n), s;(1 < J < p) A, (1 < k< m)— ncxonnsie GYKBI
M TepMbl KDHTepHs, DacCMOTDHM, KpOMe TOrO, 2n pasJMYHBIX MEXLY
co6oft 6YKB ¥y, ++vs Yo f1» =+ +» fp» OTIHUHBIX OT KOHCTAHT TEOPUM T,
ucxoaHblx OykB KpuTepus H BceX OYKB, BCTpedaloluxcsi B HCXOIHBIX
TepMaXx A, MM B COOTHOUIEHHAX M TepMaX, O KOTOPbIX HACT petb.
B xpnrepuu. HasoseM TOrAa COOMHOUleRUeM neperoca oan munusa-
yua T (B paccMaTpuBaeMOM KpUTEpUH) COOTHOILEHHE

,T3x, s, A} u (f, eCTb GHeKIMs MHOXKeCTBA X, HAd yi) M ... H
(f, eCcTb OueKLusi MHOXKECTBA X, Ha ¥,)%;

yepes J,(X, s, A, y, f) (nmn npocro uepes J,) Mbl Gynem o6osnauath
TeOpHI0, TOJY4eHHYI0 100aBJeHHEM K AKCHOMaM TEeODHH J’ cooTHOLUEeHNS
nepenoca. Ecu S ecTb cXxeMa KOHCTPYKIUMM CTYMeHH Hall 7t —-m TePMaMi,

0603HauMM uYepes 1 TepM Teopun J, 0603HAYAEMbIk MO COrALICHHAM
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s
§ 1, 0°2 wepes (fy, ..., f,. ;. ..., 1I,)°, rae 1, o6o3snauaer Toxue-
CTBEHHOE OTOOpaMeHUe MHONKecTBA A,; TaKHM O06pPa3OM, COOTHOLIEHHe

,,fs ecTb Guekuus MHoxecTBa S(x, A) Ha S(y, A)“

ABJSIETCS TeopeMolt Teopun J, (§ 1, n° 2, kpureputi CST3). B reopuu J,

Mpl OyleM 00603HauaTb 4epe3 Sy, ..., S, TepMbl 51 ) --e fsp(sp)
COOTBETCTBEHHO; L/ BCAKOTO 3Hakocoueranus W3x, s3 Mul GyldeM 0Go-
3Hadath uepes Wiy, s’} 3Hakocoueranme, NoayuenHoe 3sameHo# B W
KaKLOTO M3 x; Ha y; M KaKAOTO H3 S, Ha S

[Tpu sTux 0603HauEHHSIX yTBepxIeHHE, YTO COOTHOWIEeHHE R nepe-
nocumo (8 J) npu munuzayuu T, O03HAYaeT, TaKkum 00pasoM, uTo

COOTHOIlIEHHE
Rix, s{& Ry, s’}
ecTb Teopema Teopun J,(§ 1, n° 3).

ITpu Tex xe 0603HaueHusX Mbi GyaeM rOBOPHUTH, uTo TepM U — muna
(S, X, A) npu munu3ayuu T (WM, KONycCKas BOABHOCTb peud, muna
S(X. A) umm namxe muna S'), eciM COOTHOIIeHUE

T=>UES(x. 4))

€CTb TeOpeMa TeopuH J; coorHowenne UES(X, A) sBaseTcs Toria
TeopeMoH Teopuu J,. Mbl Gysem roBopuTh, uro U — nepenocanoii
mepu muna (S, X, A) (umm muna S(x, A), wwm muna S) npu munu-
3ayuu T, ecau BBHIMOJHSIOTCS CJELYIOLUE YCAOBHS:

1) U ectb Tepm tuna S(x, A) (aas T);

2) coornowenne Uiy, s'3=15(U}x, s} ects Teopema teopuu J,.

Bamerum, uTO ecau J’ — rteopus, 6oee CuaAbHAA, 4eM J', TO BCAKOE
COOTHOLIEHHe (COOTBETCTBEHHO TePM) TEOPUH (J, NEPEHOCHMOE NMPH THMH-

7 14 ’
) Myers S=(cy ..n ), S =(cp ..., €;) — ZBE CXEMBI KOHCTPYKILMU CTy-
MeHU Hax n repMamil. OnpenenuM HUXECAEAYOWHMM 06pasoM Takylo cxeMmy S; KoH-
CTPYKUMU CTYNEHH Hax n TepMamy, oGosHauaemyio S X S, urto

Sty ... Eg) =S (Ey ..., E)) XS €, ..., Ep).
Onpenenuu cHavasa ¢, lgigs:, ecau ¢; = (0, 5;), MOAOKHM ¢, ) = ¢
ecan ¢; =(a;, 0), nonownm c,,, =(a;+r, 0); Haxoneu, ecan c| =(a; 4;)

4 ’ r ’
¢ a; #+0ub 0, notoxum ¢, ; =(a, +r b +r). Torna necaegosarenshoctsb

Cireess € Cryr.eey Cryg) €CTh CXEMAa KOHCTDYKIMM CTYNEHH S” Hax n TepMaMH
"
S"(Er ..., E)=S"(E, ..., Ep).
MonoxuM, HakoHel, ¢,i5y, = (7, r+ S); MOCAEHOBaTENLHOCTD (T T

€CTb HuCxomaa cxema S;. Tem we cnocoGom (Ho mpoue) ONpEAENHM TAKYIO
<xemy S, comepxawyio r- 1 nap nHeablx uuced, uro S,(E, ..., Ep)=
=P (S(E, ..., En)), u obosHauum 31y cxemy P (S).
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sauuu T, ocraercs mnepeHOCUMbIM (MPM TOH XKe TUNMBALMH), KOTAA OHO
paccmarpuBaeTcs KaK COOTHOLIeHHe (COOTBETCTBEHHO Tepm) Teopuu J.
3aMeTuM, HakOHel, YTO MpelblAyl(He OMNpeneJeHUs PacnpOCTPaHSIOTCH’
(8 HaMHOrO OoJsee mpocToft ¢opme) Ha cayualf, KOraa HuKakuX OykB S;
HET; uMTaTedb Ge3 Tpylda YBHIUT, BO UYTO MNpPeBPATATCA B STOM CJyuae
c¢hOopMyMpOBaHHble HMXE KPHUTePHH (DOCTAaTO4HO 3ameHHTb T Ha COOT-
HOIlIeHHe, UCTHHHOE B J).

2. Kpumepuu nepenocumocmu

Iast kpatkocTd Mbl OyJeM 4acTo B HIXKeCAeAylowuX (GOpPMyJHpOBKaX
FOBOPHTb ,NIEPEHOCUMEIH® BMeCTO ,MepeHOCUMbIft npH TUmM3auud T,
Korja 370 He GyleT BH3LIBATL MyTaHHUH. B OZHOM H TOM Xe KPHUTEpHR
CJIOBO ,MePeHOCUMBIA BCeria (ecau He OTOBOPEHO NMPOTUBHOE) OTHOCHTCH
K oaHOH W To#t xe Tunusauuu T.

CT1. Ecau Hu 008G 43 OYK8 Xy, ..., Xp Sy, ..., S, HE BCMpe-

ygemcs 8 coomnouwenua R, mo R nepenocumo. Tepm & ecmo nepe~
rocumvili mepu muna P (S) (kakosa Goi nu Gviaa cxema S).

CT2. lHpu manusayua Tix, s, A} x,—nepenocumnd mepu:
muna ¥ (x;), §;— nepenocumuii mepm muna S;(X, A) u A, — ne-

penocumvili mepu muna P (A,).
DTH KpUTEepUH HeMelJEHHO BLITEKAIOT U3 ONpeleJeHHM.

CT3. Ecau R u R’ — nepenocumsie coomuomenus, mo sxce 8¢ pHO
u Oasn coomuowenud ,ne R* - R wm R’“, ,R uR“ ,R=R'“,

”R@R/“'

CT4. Ecau mepmuoe U u U’ cyms nepenocumbie mepmo munos,
coomgemcmsenno S u S, mo (U, U')— nepenocumouti mepm muna.
SXS'. Ecau U u U’ cyms nepenocumvie mepmue. munos coomsem-
cmsenno P (S) u P(S'), mo UX U’ ecms nepenocumoisi mepu muna
PES X S) u PU) ecms nepenocumonii mepmu muna P (P (S)).

CT5. Ecau U u U'— nepenocumse mepmo. 00R020 u Mo20 e
mana S, mo coomuouenue U=V nepenocumo. Ecau U —nepeno-
cumvii mepu muna S u U’ — nepenocume®i mepmu muna P (S), mo-
coomnowenue UE U’ nepenocumo. Ecau U u U’ cyms nepenocunmsie
mepust muna P (S), coomnowenue UcU’ nepenocuno.

Mbl mpefoCTaB/AsieM YHTATeNI0 NOKa3aTeJbCTBO 3TUX KPUTEPHEB, BhI--
TeKalOWUX HeMelJeHHO U3 ollpele/eHUH U CBOHCTB OMeKUMH M MX KaHO~
HHueckux pacnpocTpanenut (cM. § 1, kputepu#t CST2, u ra. II, § 3,
n° 7).

CT6.. an scanol cxems Koncmpyskyuu craynesu S nao n-+m
mepuanu S(x, A) ecmv nepenocumwd mepm muna P (S (x, A)) dqx
munu3ayua TiX, s, Ai.
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310 BuiTekaer U3 CT2 u CT4 u n0ka3blBaeTCa LIar 3a WIATOM, Cleldys
82 MOCTPOEHHEM CXeMbl S.

CT7. Ecau R— maxoe coomuowenue, wmo T=>R ucmunuo s J,
mo R nepenocamo npu T. Ecau U, U' — dsa marxax mepma, umg
T=U=U" ucmunno 8 J, u ecau U nepenocumoi mepm muna S
npu T, mo mo oce sepro u dan U’,

Bropas uacth KpuTepHs BbITeKaeT H3 ONpeleJieHHs NePEeHOCHMOro
-TepMa u cxeMmbl S6 (ra. I, § 5, n° 1), Bxoasue#t B Teopuwo J,. C apy-
rof cToponel, cooTHowexnne T§X, s, A} nepeHocHMO (NpPH THNH3ALHUH
Tix, s, A}) B cuay CT3, CT5 u CT6; crenopaTeqbHO, COOTHOUICHHE
Tix, s, A}&Tiy, s’, A} apastercss TeopeMOH TeopHH J', W, 3HAUMT,
T0 we BepHo u aas Tiy, s, A Tlpeanosoxenne 06 R Bieuer, uToO
R$x, s} ectb TeopeMa Teopud J,; C LPYyro# CTOPOHH, B CHJIY KpuTe-
pus C3 (ra. I, § 2, n°4), Tiy. s, A}=Riy, s’} ectb Teopema
Teopuu J, TaKk Kak GYKBbl X; M §; He ABJAAIOTCA KOHCTaHTaMH Teopuu J'
caenoBaTeabHo, R}y, s’} ecTb Teopema TeopH J, H3 uero BhiTekaer,
uyTo coorHowenne R3ix, s}&R3y, s’} rakxe saBasercd TeopeMo#t Teo-
pun J, OTKyLa MOJy4aeTcs TMepBas YaCTb KPHUTEpHS.

CT8. Hycmy z—0Gyxksa, omaudnas om kKoscmanm meopuu J
u Oyks, scmpeuawnuwuxca 8 munudaguu Tix, s, A} Ilycms S—
CXeMa KOHCMPYRGUU cmynedy u3 n-+m mepmos u nycms T’ ecme
munu3ayun
»,T3X, 8, A} u 2z€S(x, A)“

Haroney, nycme R— coomnouenue, ne codepicauee z. Ilpu smux
ycaosuax, ecau R nepenocumo (8 J) npu munuzaguw T', mo R
nepenocumo npu munusayuu T 8 meopuu J', noaywensoidl 0o6a-
8aenuem Kk akcuoman meopuu J coomuowenun S(x, A) =+ 0.

ST10 TOTHaC e TMOJyvYaercs MeTOAOM BCIIOMOTATENbHOH KOHCTaHTH
ra. I, § 3, n°3 u § 4, n° ).

IMpenbiayuiuét xputeputt mnpuMeHseTcs OGHYHO B ABYX CJEAYIOILMX
cayvasx:

a) crymedb S(x, A) umeer sug 8 (X);

6) cxema S ToxaecTBenHa ¢ oaHo# M3 cxeM S;(1 < j < p), Bxom-
wuX B THnHzaumio T. ™

B atux aByx cayuasix u3 kpurtepusi CT8 MOMXHO 3aK/IOUMTb, YTO
R mepenocumo B meopuu J upu tummsauuu T, u6o S(x, A) = J ect
TeopeMa TeOpHH J,.

CT9. ITycmb R — coomnouwenue, neperocuroe npu munusayua T,
u nycmos R —maroe coomuouwenue, umo T=(RER')— meopena
meopau J. Tozda coomnomwenue R’ nepenocumo npu T.

B camoM nese, Takoe ke paccyxienue, kak M B kpurepun CT7,
MOKa3niBaeT, 4ro cooTHolenus RiX, s3&R'ix, s3 u Riy, s'i&
&SR3y, s’ § aBasiorcs TeopeMaMu Teopuu J ,; TaK KaK MO MPeAnoJIONKEHHIO
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cootHomenne Rix, s}&Riy, s’ uctunno B J, TO xe BepHO M LJs
R'ix, si&R iy, s’

CT10. Hsn manuzayua TiX, s, Ai nycme U—mepu muna
ﬂ&(Sj), 8 KomopoM He scmpewaemca Oyxksa s;. i mozo 4mobeU
Ooia0 nepenocumoim mepuom npu T, Heo6xo00umo u docmamo4ro,
4moOo coomnouenue s;€U 0o nepenocumnm npu T.

Ycaosue Heobxoaumo B cuiay CTSH. O6paTHO, eCiu OHO BHIOJIHAECTCH,
COOTHOILEHHe

(s;€U0%x, ..., Sx,,, Sprovees Sjips Spppn vees $HHES
S(F/(s,)EU Yy, -.ov ¥, S1 ooy S Siyp oo SHE)

S
ucthuno B J,. Tak kak B teopun J, orobpawenue f°/ GuexTHBHO, u3

$
9TOr0 BHITekaeT, 4T0 cootHoweHue Uly, s'3=17/(Uix, s}) ects
TeopeMa TEOPUH J, YTO M YCTAHABIMBAET KPUTEPHH.

CT1L. IIpu manusayuu TiX, s, A} nycms U —mepu muna Sj
8 Komopom He scmpeuaemcs Oyksa s;. Has mozo umo6s U Obiso

nepenocumom npu T, HeoOx00umo u Oocmamouno, umobs coom-
nowenue $;=VU 6Gvi20 nepenocumoir npu T.

PaccyxieHue cOBepIIeHHO aHAJOTHYHO paccyxaenuio kputepuss CT10,
# Mbl NPEeIOCTaBJseM YUTaTeMO ero MpoJenarhb,

CT12. ITycme z-—6yxsa, omagunas om Kowcmanm meopuu J
u Oyks, scmpewawuwuxca 8 munudayuue Tix, s, A3, u nycms U—
mepxu muna S (coorserctBenHo Y8 (S)) oz2a T, 8 xomopon Oyxsa z
ne scmpewaemcsn. Tpu caedyouux YcA08UR IKBUBAAEHNMHbL:

ay U ecms nepenocamoiii mepmu muna S (coorserctsenHo Y (S))
npu T,

6) U ecmbe nepenocumoiii mepm muna S (coorserctsenno P (S))
npu manudague ,TiX, s, Ai u 2€S(x, A~

B) coomuowenue z="U (coorBercTBenno z €U) nepenocumo npu
munusague ,Tix, s, At u z€S(X, A~

OxsusaeHTHOCTh 6) u B) BbiTekaer u3 CT10 u CTI1 u a) Baeuer,
oueBujHO, 6). Kpome TOro, MeroL BCmOMOrareibHOH KOHCTAHTH IOKa-
spiBaeT, uTo 6) BjeueT mepeHocuMocts U mpu T B TeopuM, MOJMyueHHOH
npo6asienueM K J axcuombl S (X, A) # @. Ho ecam U —tuna S, coor-
Houmenue T paever no npexmosoxenuto (B J) coornouwenue U € S (X, A)
W, CJeL0BaTe/]bHO, COOTHOWeHHe S (X, A) # J; TakuM o06pas3oM, nocaen-
Hee COOTHOLIeHHE eCThb TeopeMa TeOpUH J,, @ 9TO J[OKa3blBaeT, uToO
B 3TOM cayuae U nepenocum npu T 8 Teopuu J'. Ecau U — tuna P (S),
cooTHowenne ,TiX, s, A} u S(x, A)=* Brewer U= B J u
rtorga U mnepenocum npu T B Teopuu, noayuenHoH HoGasieHueM k J
akcuoMel S(x, A)=¢, B cuay CT!; sakmouenHe noJyuaercsa Tenepb
METOLOM pa3feJeHusi caydaes (ra. [, § 3, n° 3)



286 [J1. IV. CTPYKTYPbI 2

CT13. ITycme R— coomnomenue, nepenocumoe npu munu3aguu
Tix, s, A} Hdas scarxozo undexca j(l L j < p) mepnu
»MHOXECTBO 9JeMeHTOB §;€ S;(X, A), Takux, uro R*
(ra. II, § 1, n° 6) ecmy nepenocumord mepm muna Q]S(Sj) (npa T).
B camom nene, ecau 3TOT TepM 00603HauuTh 4epes U, sAcHo, uTO
U—muna 9P(S;) u uto s; B nem He BCTpeuaercs. Ho B J° munmsauus T

BJIe4eT COOTHOLLUEeHHe !
(s;€UV)S(s;€S;(x, A) u R),

W coortHowehue ,s;€S;(X, A) u R* nepenocumo npu T (xputepuu CTS,
CT6, CT3). C momouiplo CT9 u CT10 noayuaem TpeGyeMoe 3aKJOueHue.

CT14. HAan munuzayuu TiX, s, A} nycms R—nepenocunoe
coomuouenue, U— nepenocunoii mepu muna P (S;). Tozda coom-
HOWeHUA

(3s)(s;EU n R),
(Vs ((s; EV)=>R)

nepernocumel npu T.
B camom zese, nyctb U’ ectb Tepm
»MHOXECTBO 3JIeMeHTOB sjESj (X, A), rakux, uro R*.
B J cootHowenue T BJeueT COOTHOIIEHHE

UcU)S((Vs) ((s;€U)=>R)).

Tax kax, B cuay CT13, tepu U’ ecrp nepenocuMbifi TepM tuna 8 (S))

npu T, TO Bropoe yrBepxieHue Kpurepus BhiTexaer u3 CTS u CTY;
nepsoe xe noayuaerca ¢ momomplo CT3 u CT9.

CT15. Aas munusayuu Tix, s, A} nycme U— nepenocumsii
mepu muna S, U —maxod nepenocumuis mepu muna P (S),
8 KOomopom He scmpewaemcs S;. Tozda mepm

,MHOXecTBO 00bekroB Buma U nas sjEU"‘ (ra. II, § 1, n° 6) ectp
nepesocumuli mepmu muna P S) npu T.

B camom zese, mycts 2 — 6ykBa, OT/M4HAasg OT OYKB, BBENEHHHX 10
cux mnop. PaccMarpuBaemMbifi TepM eCTb  MHOXeCTBO V  3J1eMEHTOB
2€S(x, A), raxux, uto uctunHo (Is;) (sjEU’ u 2z =VU). Mpumenss
nocaenoBareabio CTS, CT3 u CT13, Buamm, ut0 V — nepeHOCHMBIN
TepM tuna P (S) npu tumuzauuu ,Tix, s, A} u 2€S(x, A C mo-
mouipio CT12 moayuaem tpebyemoe 3akJ/lOyeHHe.

CT16. IIyems R — coomnowenue, nepenocumoe npu munuda-
yuu T. Ecau 8 J coomuowenue ,T u R* pynryuonarvno no sj,

TO meps 1‘; (T 1 R) —nepenocumui mepm muna Sj.
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Z

3

ITycte V — 3TOT TepM; OH, OYEBMAHO, THUNA S, B J coothouwenne T
Breder (s;=V)&(T u R) u s; He scrpeuaercs 8 V; ¢ nomompio CT9
u CT1l noayuaeMm TpeGyemoe 3ak./ioueHye.

Hanporus, ecan He npeanoxararb, uto ,T U R* dyHKuMOHanbHO Mo ;s

sakmouenve kpurepus CT16 He sepHo. Ipeanonowum, Hanpumep, uto J —

T€0pUsl MHOXeCTB, 410 n=p=1, m=0 u uro T u R—o06a toxze-

CTBEHHBI COOTHOMIEHUIO §, € X;. Ecan 6Bl TepM t, (R) Obla nepeHocHMEIM
1

npu T, COOTHOLIEHNE NEpeHOca BAEKAO Obl paBeHCTBO
Fi (Fs, (51 € X)) =7 (L€ /1 (7))

10 BAEKAO OBl 3aT€M, YTO IS BCAKOro MHOxecTBa E 06pasoM snemeHTa
Ty (X €E) npu scaroi Ouexuud mHomectBa E Ha mHoxectBo F asasercs
anemMeHT Ty (X€F), uro aGcypaHo, Tak Kak CyWIeCTBYIOT MHOXECTBa,
HMEoIE IBa SJEMEHTa.

CT17. ITycms R—nepenocumoe coomuouwenue, U — nepenocu-

Moti mepm muna S; U’ —nepenocumnd mepx muna S'. Tozoa
coomnouenue (U]sj)R nepenocumMo, a mepu (U}sj) U’ ecms nepe-

Hocumold mepm muna S’.
B camom mene, mycte V —MHOXECTBO sieMeHTOB S;€S;(x, A),

Takux, ur0 R; V — mepenocumuift tepm (CT13), u coorHomenue T
BiedeT (B J) COOTHOICHHE

((UlspRy &SUEV).

Crenorareabto, (Uls;)R nepenocumo (CT9). ITycts 2z — Gyxsa, oTamu-
Hag OT OYKB, BBeIEeHHBIX A0 CHX T1I0p; COOTHOILEHHE z=(Ulspu’
ToxnecTBeHHo cootHowennw (Uls;)(2=U’") u z==U’ nepenocumo npu
Tunusann ,TExX, s, Af u 2€ S (X, A)“; TakuM 06pa3oM, B CHIy mpe-
Abiaywero, cootHowenue 2z ==(U|s;) U’ nepenocumo npu 5TO# THNU3ALMH.

3aknouenue Oyner Buitekath u3 CT12, kak TOMbKO MB MOKaXeM, 4TO
repM (U[s))U’ ectp tepm tuna S’ npu tumuwsauun T. Ho B J coeTho-

wenne T BJever xawnoe us coornowenutt UES;(x, A)u U €S/ (x, A);
cnenoBaTeqbHO, T BJleYeT COOTHOIEHHE (U|sj)T M, HaKOHell, TaK Kak
s; He BcTpeuaercsi B TepMe S’ (X, A), T Bieuer coOTHOWeHHe (UlspU’€
€85 (x, A) (xpureputt C2, ra. I, § 2, n° 3).

CT18. Ilycmos U — nepenocunei mepmu muna P (P(S)) osa T.
Toz20a mepu U X ecmv nepenocamwdi mepm muna PP (S); ecau T
X€U
saewem U &, mo oce 8epro u oan mepma nX.
X¢eu

CT19. Ecau U u U’ — nepenocumsie mepmer muna Y (S), mo sce
sepro u dan mepmos UUU’/, UNU/, S(x, A)—U.
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CT20. Ecau U — nepenocunnii mepu muna S XS, pr;U u prU —
nepenocumeie mepuel munos S u S’ coomsemcmsenno. Ecau U' —
nepenocunni mepn muna P (S X ), pry(U’) u pry U’y — nepeno-
cumvie mepuot munos P (S) h P (S') coomsemcmsenno.

JIokaxem, HanpuMep, mepsylo uactb kpurepus CT18. Ilycrb 2, £—
IBe GYKBHI, pa3/MuHble Mex1y COGOH M OTJMYHbIE OT OYKB, BBEILEHHBIX
10 CHX Top; cooTHourenue T BJedYeT COOTHOIIEHME

(ZEU n tE)S(EES X A) u 2EP(S (X A)).
TakuM 06pa3oM, OOCTATOYHO II0Ka3aTh, YTO MHOXECTBO 3JEMEHTOB
t€S(x, A), rakux, uro (J2)(z €U u £€ 2), mepenocumo rtuna PS)

i tumuaaumn T. Ho aror tepm — tuna ¥Y8(S) aas T u nepeHocHMBIfd
tepm tuna P (S) TMnH3aLMH

,Tix, s, At u z€P(S(x, A)) u tES(x, A

TaK KaKk OH He colepxHuT HH 2z, Hu f, u3 CT12 moayuaem HywxHOe- 3a-
kJaioueHne. JlokasareqsCTBa OCTaJbHBIX KPUTEPHEB BMOJHE aHAJOTHYHBL.

B naavHefilieM Mbl He 6yneM JOe/aTh Da3u4Msd MexI1y COOTBETCTBHEM
M ero rpapukom.

CT21. Ecau U — nepenocumniti mepu muna PSS X S) u U —
nepenocunmwnti mepsu muna P(S' X S"), mo U’ U — nepenocunniii
-1 .

mepxu muna P (S X S"), a U—neperocunsild mepu muna P (5 XS).

CT22. Ecau U — nepenocumord mepu muna PSS XS) a« V—
nepenocumvili mepu muna Y (S), mepu U(V) — nepenocumsiii mepn
muna P ().

CT23. Ecau U—nepenocumnits mepu muna P (S),» moooe-
cmaennoe omobpasxcenue ly muoncecmsa U na ces nepernocumo

muna P (S X S).

JlokasaTeJbCTBO STHX KpPHTEpHEB Mbl MPENOCTABJsAEM YHTATEJIO.
CT24. [ pednoroscun, umo U—nepenocumsi mepu muna P (S').

U’ — nepenocumnii mepu muna Y (S’) u V-—nepernocunvi mepr
mana P (S X §). Tozda coomnowenus

,V ectb oToGpaxenne MHOoxecTBa U B U«
,V ectb mubekuuss Muoxecrsa U B U’
,V ectb copbekuus Muoxecrsa U B U’
,V ectb Guexuus muoxecrsa U B U’

nepeHocumsl.
JIlokaxeM yTBepxJAeHHe, Hampumep, A9 MepBOrO COOTHOIUIEHUS, KO-
Topoe MbH 0603HauuM uepes R. OueBuAHO, YTO B J tinuazanus T Baeuer

COOTHOIIEHHE

-1
RE((VUYSU) 1 Vo V=1, ).
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Taxkum o06pasoM, 3akmaouenne BuTexaeT H3 CT9 u kpurepues CT21,
CT22, CT23, CT5 u CT3.

r[pellOCTaBJ'IﬂeM quTaTeai0  10KasaTeJbCTBO CJACAYIOLIUX KpUTepues.

CT25. HIyeme U, U', U”, V—nepenocumse mepms munos co-
omgemcmaenno S, P (S), P (). P (S X &) npu munazayuu T. [Ipeod-
nosoxcun, umo coomuousenue T saewem coomuowenus N ecms
omob pascenue nnoxecmsa U 8 U™ wUEU’. Tozoa mepmu V (U) —
nepenocumed mepm muna S". Ecau, xpome mozo, W' — nepeno-
camoli mepmu muna P (S) u coomuouenue T saewem coomuouwenue
W/ U, mepm ,cywmenue oroGpaxenus V Ha W' —nepenocumuit
mepxu muna P (S X S).

CT26. Ecau R —nepernocumoe coomuowenue, 2pagus coomno-
wenus
»S;ES; (X, A) 1 s, €S,(x, A) u R

no S; u S, ecmv nepeRocuMul NiepM muna i]S(SjXSk).

CT27. [1peonoaoocun, 4mo 0432 08YX pPaA3AUUHBLX UHOEKCOB [, k
cxemot S; u S, odunaxoss u nycme npu munuzayuu TU ecms nepe-
HocuMmuli mepmM munag s].5(81-) u R—nepenocumoe coomunouwenue.
Ilpeonoaoscum, kKpome mozo, umo coomuouenue T sretem coom-
HoWeHue

»,R €eCTb COOTHOUIeHUe IKBUBAJEHTHOCTH B U Mexay §; Hos%

Tozda mepm U/R — nepenocunsi mepm muna PP (S)) « xa-
HoHu4eckoe omob paxcenue muooxcecmsa U Ha U/R ecmv nepenocunois

mepn muna P (S; X WP (S))).

CT28. IIpu munusaguu T nycms V — nepenocumod mepu muna
P (S X S');, rwaHnonuueckoe pacnpocmpanenue coomsemcmsus V Ha
PESE, A) u P (X, A)) ecmv nepenocumuii mepm muna
PCEBES) XPS)). Hyems U, U, U, U —nepenocunse mepus
munos coomsemcmseenno P(S), P(S”), P (S, P(S”), V,—nepe-
nocumos mepu muna Y (S” X S™) u npeonoaoxcun, wmo coomno-
wenue T saewem coomuowenus NV ectb oro6paxeHue MHomecta U
B U“ u ,V, ectb orobpaxenue muowectsa U, B U“. Tozda xanonu-
weckoe pacnpocmparenue omobpascenud V u V, na UX U, ecms
nepenocunmsii mepu muna P (S X S7) X (S X S)).

CT29. Hycms U, U, U —mpu nepesocumsx mepma munos
coomsemcmsenno P (S), P(S). P (S”). Tozoa ranonuweckasn Ouek-
yusn muoxncecmsa (U X U)X U" wa UX U XU") 4 kanonaveckas
Ouexyun muoocecmsa UX U na U X U asasiomca nepenocumomu
MepMAMUL MUNOE COOMBEMCMBEHHO

PUEXE)XT)X (S XS X5D)) & PSS X)X (E XS)).

19 H. Byp6axu
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CT30. Ilycmy U, U’ — d8a nepeHocumbelx mepmua miunos coom-
semcmsenno P (S), P(S)). Toz0a mnozecmso omob paxcenuli MHO-
acecmsa U 8 U’ asasemcs nepenocumblm .mepMom muna

PP S X ).

CT31. I1pu munuzagyuu T nycme U — nepenocunnli mepm muna
WP (S;). V—nepenocumni mepn muna P(S; X P(S)); npednoao-
acuMm, umo coomuouenue T 8aewem coomuouwenue N ecms omobpa-

acenue muoxcecmsa U 8 P(S(x, A))* u umo S; He scmpeuaemca

Hu 8 U, nu 8 V. Tozda mepuu H Vs, u U V (s;) — nepeno-
5j€U sjEU
cunsie mepues munos PP (S;XS)) u P(S) coomsemcmeenno.

Ecau T saewem coomnowenue U == O, mepn U V(s;) nepenocu-
$:€U
ol mepu muna P (S). d

3. Hpumepuot

B 3TOM NyHKTe Mbl NpPeANOJOWHM, 4TO J €CTb TEOPHA MHOXKECTB.

1) IMoxaxeM, uTO COOTHOLIEHHE ,X; H X, PABHOMOILHLI MEePeHOCHMO,
KOTJa X; U X, — eJMHCTBEHHbie MCXOIHble GYKBbl (MHaue rosopsd, n=2,
p=m=0 u B kauectBe T OGepeTcsi COOTHOLIEHHE, HMCTHHHOe B J).
B camom gese, 3TO COOTHOILIEHHE 3KBMBAJEHTHO B J COOTHOLIEHUIO

(3F2)(2EP(x; X xy) 1 z ecTb OGHEKUUS MHOKECTBA X; HA X,).

W3 CT 24, CT3 u CT 14 csrenyeT, 4TO 3TO COOTHOIUCHHE MEPEHOCHMO
npu tummsawun ,T u 2 € P (x; X x)% caenosareabho, B cuay CT 8,
oo mepeHocumo rakxe M npu T, Tak kak P8 (x; X x,) + J. Ioka3a-
TeJbCTBO 3akaHuMBaercs ¢ nomouplo CT 9.

2) CoorHoweHHe ,x, eCTb OeCKOHeyHOe MHOMXeCTBO® MepeHOCUMO,
TOrja X, — eIMHCTBeHHas WcxoiHad GykBa M A; =N — eIUHCTBeHHHIH
ucxonHuit tepM (T — cooTHOlIeHHe, ucTHHHOE B J). B caMoM nese, OHO
9KBUBAJEHTHO COOTHOILIEHHIO

(32) (z —« x, u z pasHoMOwWHO MHOxecTBy N),

a 370 nocienHee nepeHocuMo npu tunusauuu T u 2 € (x4, uro
BoiTekaer u3 npumepa 1 u kpurepues CTDH, CT3 u CT 14. TpeGyemoe
BaKJIOueHUe moJyuyaeM, kak B npuMepe 1, ucnoJaedys kpurepuu CT 8
u CT9O.

3) Yrob6bl nokasaTe, uTo TepM Card (x) nmepeHocuM mpH tunusamuu T
(B xoTOpo# x — ucxonHas OykBa), ciaefyeT HAHTH CXeMY KOHCTPYKUHUH
ctynenn S, Takyw, utobbl Card (x) Gbla Tuma S(X, A), 4ero B JaHHOM
€Jayyae He cyumecrByer. Hanporus, coortnowenne ,Card (x;) < Card (x,)*
TIeDEHOCHMO, KOTAA X,, X, — eIHHCTBEHHHle HCXopHbe OykBH (p =0,
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m=20). B caMoM jeJe, OHO 3IKBHBAJEHTHO IEPEHOCUMOMY COOTHOLLIEHUIO
(32) (2 © x, U 2z PaBHOMOLIHO MHOMECTBY X;).

4) CoorHowenne (0603HauuM ero R))

,S; €CTb BCIOAY OMNpeledcHHbIft 3aKOH KOMIOBMLMM Ha X,
nepenocumo npu tamusaumu T :s; €P ((x, X %) X ¥;), Kak BhTeKaer
u3 CT 24. °[lokawem, uro coorHoulenue (0603HauuM ero R,)

»S1 eCTb BCIOLY Oﬂpeﬂ.eJIeHHbIﬂ U aCCOLUMATUBHBIA 3aKOH KOMIMO3BHIIHH Ha Xy«

nepeHoCUMO MNpH T. B caMoM gese, OHO OSKBUBAJEHTHO KOHBIOHKIUH
COOTHOILUCHHSA Rl H COOTHOLUCHHUA

Spe (Sl X Ixx)=sl 0(],,1)(81) °J,

roe uepe3 J 0003Ha4YeHO KaHOHMYeCKOe OTOOpameHHMe MHOMECTBA
(%7 X X7) X x; Ha x; X (%, X x;); Tpebyemoe 3ak/IOueHHE MOJAYYaeTCs
¢ nomomplo CT 21, CT23 u CT 28.

[MokaxeM, BO-BTOPBIX, YTO COOTHOUIeHHe (0603HaunM ero Ry)

»S; €CTb 3aKOH KOMMO3ULMH HA X, BCIOLY ofnpeje/ieHHbIH acCOLHATHBHBIN
H uUMeuMit eIMHHYHBLIH 2JeMeHT”

nepeHOCMMO. B caMOM Zene, OHO 9KBUBAJIEHTHO KOHDIOHKLMHM COOTHOLIE-
i R, M coorHowenus

’ ’ N —— o/ / —
F2)(z€x, 1 VY2 €ExP=>(5:1(2, 2)=2" u s,(2, 2)=2")))-
310 nocJaenHee MePeHOCUMO NPH TUNUSALHUH
,Tu z€x u 2/ €x,%
3akmouende BoiTekaeT Temepb M3 CT 8 M Meroaa pasienenus Mo cJay-
yasv (ra. 1, § 3, n°3), ecaM 3aMeTHTb, uTO B TEOPUM, MNOJIYYeHHOH
no6apJienueM K J COOTHOWeHHS Xx,==(J, COOTHOUeHue Rz JOKHO H,
caenopareabHo, nepenocuMmo (CT7 u CT 3).
HaxoHel, coOOTHOWEHUE
»S; €CTb 3dKOH KOMMO3UIMM Tpynmbl HA X,

nepernocumo npu T, Tak KaK OHO SKBHBAJEHTHO KOHDBIOHKUHH COOTHOLIE-
Hus Ry M COOTHOWIEHHS!

(V2)y(V2') (2€x n 2 €x)=>((F2") (2" € x,

Sl (z, z//)=zl) U (Hzlll)(zlllex‘1 u Sl (zlll’ z)=zl)));

pacCyxleHMe 3aKaHYMBAeTCs Tak ke, Kak 1Ja Rj.

Mbl  yCTaHOBMJM, TakuM 00pasoM, YTO aKCHOMa pOAa CTPYKTYphE
TPYNNbl eCTb [EPeHOCHMOE COOTHOWIeHHe (NpH THUIIOBOH XapakTepuUCTUKE
3TOro poaa CTPYKTYphl). ,Jlas Bcex OOGBIUHBIX POLOB CTPYKTYpbI COOT-
BeTCTBYIOWIAs TMpPOBepka MOJyuaeTcs H3 QAHHBIX Bblllle KpUTEpHeB TaKxe
JIeTKO UM uaue BCero OmyCKaercs.

19*
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4. OmRroOcumesbHo nepeHoCumsle mepmot 1 COOMHOWEHRUR
[Tycts X —pox crpykrypu B J, HMEOmMA B KauecTBe OCHOBHLIX

Ga3MCHBIX MHOXECTB Xy, ..., X,, B KaueCTBe BCIOMOTAaTe/JbHLIX Ga3HCHEIX
MHOMecCTB A, ..., A,, B KauecTBe POLOBOH CTPYKTYpPbl Sq HNYCTb
' SoESy (X4 v vvs X Ap ool AY)

— ero THMOBasg XapakTePUCTUKA, KOTOPYH Mbl o6osnauum T, H mycTb
P —akcuoma pona I; caenosareabHo, P nepenocumo mpu tunusauun T,
¢ 1, n°4).

Mbl GyzeM roBOPHTb, uyTO COOTHOLlenue R nepenocumo (8 J) om-
Hocumeavno YL npu munu3ayguu , Ty u T ecaum coorHowenue P =R
neperocumo B (J) mpu ,T, u T“ npuueM BHNOJHSIOTCH CJeaylolue

ycaoBus:
1° ucxonnble 6yKBH COOTHOWIEHUSI T CYyTb Xy, ..., X,, Sy H (BO3MOKHO)

’ ’ .
apyrue OYKBBI X, ..., X, S, ..., S,3 MCXOIHBIE TePMBl — Ay, ..., A,
u (BO3MOXKHO) Apyrue TepMbl A[, ..., A’ Teopun J. He colepxaiine

HUKAKUX MCXOLHEIX 6ykB cOoTHoueHust T;
2° T uMeer Bun

W$1ES (X, X', A, A)m...m s, €S, (x. X', A, A

rae S;(1 < J < p)—cxeMbl KOHCTPYKUMM CTYMeHM HaL n—-r~m—-s
TepMaMu.

Mbl nokamxeM cefiuac, 4TO 3TO ONpeleleHHe SKBUBAJEHTHO CJEAYIO-
meMy (B 0603HaueHUAX, BBeAeHHBIX B N° 1) coommuouwenue

Rix, X, s si&Riy, ¥y, 55 '}

ecmb meopema meopuu (J,),, noAy4ennol do6asrenuem K axcuo-

Mam meopun J coomHouenus nepenoca 04 munudayuu T, u T¢
u acuomst Pix, 3.

3ameruM, 4TO STO YCAOBUE HE O3HauaeT MEPEHOCUMOCTH COOTHOIIE-
Hug R B reopun J'y aaa rtunusauuu ,Tp, u T¢ Ttak kak OykBo X;

(1 i< n) aBAKIOTCA KOHCTaHTaMH TEOPHU [J 'y

[TpeanonoxuM, B camoM Jesde, uro R nepenocumo (8 J') OTHOCH-
Teapo L mpu tunusauuu Ty u T¥ Toraa cooTHoLleHHe

Pix, soi=>Rix, X', 50, sHHSPEY, s;i=>Riy. ¥, 55 s'8) (D
€CTb TeOpeMa TeOpHH J,; TO e BEPHO M IJs COOTHOIUEHHS

Pix, s} &Py, sk

nockosbky P nepenocumo ams T, (8 J). CaenosaTensho, B J, COOT-
riowenne (1) SKBUBAJEHTHO COOTHOIIEHUIO

(P§Xv Sog%Réx» \x/v S(y Sg)@(p§x' SOg%R;Y’ y,’ S(/)’ Slg)' (2)
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Ho B (T); Rix, X, 55, s u Pix, s,i=>Rix, X', s, s}— sxsuba-
JIEHTHBIE COOTHOLIEHUS!; aHAJOTHYHO B (J,), 9KBUBateHTHH Riy, ¥y, 55 8”3
uPix, s5i=>Riy, y'. s, s’} u3 9TOro 3ak.ioyaem, uTo

Rix, X', so, si&SREy. ¥y, s, 8'3

ecTb TeopeMa Teopur (J ')
O6parro, NMPeANoJOXKUM, YTO 3TO BEPHO; TOrAa B J, COOTHOLIEHHE

Pix, 55§=>(Rix, X', 5, siSRiy. y'. s 8'8) 3

eCTb TeOpeMa; HO Jerko InpoBepsercs, 4To COOTHOWeHHs B = (C&D)
1 B=>C)&(B=D) 3xBuBajJeHTHH BO BCAKOH JOTMYeCKOH Teopuu;
TakumM 00pa3oM, (2) ecTb TeopeMa TeopuH J, a cjaefosaresbHo, # (1),
YTO 3aKaHYMBAET LOKAa3aTeJNbCTBO HALIEro yTBepMKIEHHUS.

Mui 6yasem rosoputb, uto TtepM U Teopun J ecmb nepernocumoiii
mepn muna S (8 J) omuocumessno L npu munusayuu ,To u T,
ecan B (J,); COOTHOLIEHUS

UES(x. X. A, A)

Uiy, v/, s 8'3=18Uix, X, 55 s})
SABJIAIOTCA TEOpEMaMu.

Jlerko Temepb NpPOBepUTb, YTO KPUTEPHU, YCTAHOBJEHHBle B 1° 2,
OCTAIOTCA BEpHBIMHM, €CJAH B HUX 3aMEHHUTb ,MepeHOCHMBIA“ Ha ,llepeHo-
cumpit otHocuteabho ¢, T na ,To u T m (B xpurepusx CT7, CT9
u CT16) teopuio J Ha Teopuio J;.

[Moxaxem, HanpuUMep, KaK J0Ka3arb KpHTEpUH, COOTBETCTBYWIIUH nep-
Bofl wactu xpurepus CT7. Ilpeamonowmenue, aro (T, 1 T) >R ecrp reo-
pema TeopuM J'y, 03HauaeT, 4yTo COOTHOUIEHHE

(Pix, sp3u Toéx, so3 u Téx, X', 5o, 83)>Riéx, X', 5o, 83

ecTb TeopeMa Teopud J M, CleXOBaTelbHo, R {x, X', S), S} ecTb TeopeMa
1

teopun (Jo)g- Tak Kak OYKBH x;, X, §; HE ABAAIOTCA KOHCTHTaMH TEO-

pud J', COOTHOUIEHHE

(Piy. sp3 uTody, spi uThy, y', sp s'§)$R§ V.Y, Sp 8 3
ecTb TeopeMa Teopud J U Tem Ooxee Teopuu (J )y Ho coorHo‘meHMe
(Pix, o3 u Tosx, sof u Tx, X', 8, $§) &

SPiy st n Tody, soiu Ty y, sp 8'§)
eCTh TEeopeMa TEOpUM Jp, a 3HauuT, U (J’c)g; U3 STOTO 3aKAKUAEM, UTO
Riy, ¥ s 8 § ecTb Teopema TeopuH (J); M, CAEHOBaTEMbHO, TO Xe

BEpHO 114 , ., -
Rix x', sp, s$&SREy, Y, s, 8§
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[Mpeanoaoxum, uro R ecTb COOTHOILIeHUE, MEPEHOCHMOE OTHOCH-
TeqbHo L mpu tumusaumu T, u T¢ rae r=0. B reopun J’, Gosee
cHabHOM, YeMm T, nycTb ¢ (COOTBETCTBEHHO ') — CTPYKTypa poaa L Ha

!

muoxectsax E,, ..., E, (coorsercrsenno Ei ..., En) u mycms
(81 -++r &n) —usomopgusm muoxects (E,, ..., E,), Hazesennwix
CTPYKTYpoOit ¢F. HA MHOXeCTBA Ef E;, HafleJleHHble CTPYKTYpPO#H &
(§ 1, n®5). Tycrs, ¢ apyrott croponn, Cy, ..., C, — repMul Teopuu J”’,
TakHe, UTO COOTHOIIEHHS
C,€S;(Ep .-+, Eno Al ooy Ap, AL ..., AY)

gBasiorcst Teopemamu teopur J7 (1 < J < p). Tlycrs g5 — kaHOHUHYecKoe
pacrnpocTpaHeHHe OTOGpaxeHut £y, ..., £, U TOXIECTBeHHHX OTOGpa-
WeHul MHOWeCTBa Ap H A,', A LkLm, 1 Lk s)Ha cryneny tana S,
nocrpoennyio us Ei, ..., E,, Ay, ..., Ay, A;, A;; uMeeM, B 4acT-

HocTH g5 (F)=dF’. Tlpn 9TUX YCAOBUAX COOmMHOUEHUE
7 ’ 7 S S
R3Ey ...,Epn.&.Cl ..., Ci3SREEL .. .,Es &, 2 1(C1), ..., 277 (Cp)
s,
ecmy meopema meopuu J'. B camom HeJe, eciu B TepM 7 (s;) nox-
7
crasuth g; Bmecto f;, E; BMectro x;, E; BMecto y;, & BMecto S, H
S. .
C, smecro s, (1 L1 n, 1 I p), moayunm tepm g7 (Cy) (1 < J < p).
Tak kak Te We MNOACTaHOBKHM, mpousseleHHble B P, Ty, T u B cOOTHO-
WweHHH mepenoca aas ,T, u T“, Ka0T TeopeMbl Teopuu J’, Haule yrBep-
MJeHHe BBITEKAeT M3 ONMpelle/ieHUs COOTHOLUEHHS, NMEPeHOCHMMOro OTHO-
cuTeabHO X.
Auanoruuno, ecin U — nepeHocuMul#i TepM THHAa S OTHOCHTe/bHO X
aas runusaumu , Ty, u T¢ (c r=20), cootHoweHHe

gS(UgEI:-.-, E. &, C],...,,Cp%):-l ) S .
=U§E1,..., E,. &, gl(_Cl), ey gp(Cp)g
€CTb TeopeMa TeOpHH J/, KaK 3TO0 BHIHO Cpal3y Xe U3 OnpelneeHus.

BosblIMHCTBO COOTHOWIEHUH M TepMOB, PAacCMAaTPHBAEMBIX B TeOpUH
poia CTPYKTYPH X, MepPeHOCHMBl OTHOCHTEJbHO X (MPU COOTBETCTBYlOLIeH
THIH3ALHY ).

ITpumep. °Bosbmem B KauecTBe I poa CTPYKTYPHI IpYyNmbl; TakUM 00pa-
30M, n==1, m=0; T, ectb cooTHomeHHe S,€ P ((x; X x;) X X;) 1
P{x,, 50— akcuoma ,S; €CTb 3aKOH KOMMO3ULMU rpymnsl Ha x* (n° 3).
TepM, Ha3biBaeMBbIH ,HEHTPANbHBIA M1EMEHT MHONKECTBA X;* (OTHOCUTENBHO
ofme# CTPYKTYpH Sp), €cTb

T (Ex 1 (V2) (2 €X)D (50 (2 2)=2" 1 5 (2, 2)=2))).
OH sBafeTCS MEPEHOCUMBLIM TEPMOM TUNa Xx; OTHOCUTEAbHO £ npu THNU3a-
muu Ty, kak nerko sugets ¢ noMougbio CT12; o603Hauum ero e (B Hem BcTpe-
4alTCA TOAbKO OGYKBHI S H X). O6Go3HauuM yepes u~! TepM

T,(2Cx; U S5(2 u)=1¢e U S, (1, 2)=e);
OH 4BJAACTCA OTHOCHUTEJNbHO NEepeHOCUMbIM TEpMOM THNna x; npu TUNN3a~
nuu Ty u u € x,;*. CootHomeHne, 0603HauaeMoe uepes ,v €CTh NOArpynna
rpynmbl x;“, €CTh

(Vo) ((zev) (@71 ev n (V) ((Z€v)D (S (2 2)€0)));
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OHO OTHOCUTENBHO mnepeHocuMo mpy tunusanuu ,To u ve P (x;)“. Tepm,
Ha3bIBa€MbIH ,MOATpYNNa TIpYnmbl X, NOPOXKAEHHAA MHOWKECTBOM wW°,
ABAACTCA OTHOCHTENLHO NMEPEHOCUMBIM TepMOM THna i (x;) npu THOM3aLHH
»To . @€ (x;)*, TaK KaK OH paBEH nepecedeHUI0 MHOXECTBA TaKUX U,
YTO U —NOArpynna rpynnsi X; 4 @ c v. COOTHOMEHHe ,2 €CTh KOMMYyTa-
TOp B X|“ OTHOCUTENbHO NEPEHOCHUMO npd tunusaumu ,T, U z € x,*, Tak
KaK OHO 3KBMBAJMEHTHO (B Jy) COOTHOWICHUIO

(@232 (@7 exs m 2" €x, m 2=35,(2, 5,(2", 5,(z' 7%, 2771)))).

Orciona TepM , MHOKECTBO KOMMYTATOPOB rpynnsl X, “ (cogepxamyid T101bKo
OyKBBl So M X|) OTHOCHTENbHO mepeHocuM tvna ¥ (x;) H, HakOHeL, TO Xe
BEPHO IS TEpMa ,KOMMYTAHT TpPYMHNbL x,°, MOCKOJAbKY S3TOT NOCKeHHI
€CTb MO ONpeAcNeHUI0 MOATpyNNa, NOPOXAEHHas MHOXECTBOM KOMMYTAaTo-
poOB Ipymnbl Xx,.,

IlanHbie BHILE OMpeNeneHHs MOKA3LBAOT, YTO TePM, 8HRYMpesHul
Oan s, (§ 1. n°6), ects He uro MHOe, xak TepM V3ixy, ..., X, $o3
He colepmamuMi Hukakux OYKB, OTAMYHBIX OT KOHCTAHT TEOpHH (J
U neperocumuli omuocumensno L npu rtunusauun T,

bl

°TakuM 06pasoM, Mbl TOABKO 4YTO NOKa3ahd, 4TO B TEOPUH rpynn
HellTpanbHEIA  SAEMEHT M KOMMYTaHT — BHYTDeHHUE; TO e BEpHO IJd
IeHTpa, IPyNnsl aBTOMOP(HUIMOB U T. 1.,

Mycte V§x,, ..., X, Sy} — TepM, BHyTpeHHu#t aas s, Tuna S. Oue-
BUAHO, YTO COOTHOLIEHHE

o(f1s +vvs fn) €CTb a8momoOpghu3m MHOKECTB
Xis «s+y X, HaleJeHHBIX CTPYKTYPO#H sy°

BJleueT (B Jz) coorHomenue fS(V)==V; rosopsar takwe, uro V uxsa-

puarmen TPU BCeX ABTOMOP(HUSMAX MHOXECTB Xy, ..., X, HaleJeHHbIX
CTPYKTYypO#H S,. :
310 HeobXoxUMoOe ycaoBUE TOro, 4To6nl V Gbln BHYTpEHHHM (IAf Sp),
B0oOOIIe TOBOpA, HE ABAAETCA JOCTATOUHLIM; MOKET CHAYUHTbCA, HampuMep,
4TO BCAKUN aBTOMOPGHU3M CBOXHTCA K TOMAECTBEHHHIM OTOGpAaMEHUAM MHO-
#eCTB Xz “Tax 06CTOMT [€n0 B clyuae CTPYKTYPH NPOCTOTO TeAa HAH JAs
CTPYKTYpbl MOJHOro apxXUMENOBCKOro ynopajaoueHHoro rexa. Ho, ecay,
Hanpumep, I ecTb poj CTPYKTYpH NPOCTOrO Tena M3 JABYX 3JE€MEHTOB,
uMelomyd B KadecrBe GasucHoro MHowecTBa K, trepm T, (2¢ K) He mepe-
HOCUM OTHOCUTENbHO I (M B HacTOAWIEE BpeMs HE pacnonaraloT HHKakoH
TEOpeMOH, No3Bondomed ckasartb, paBeH au stor tepm 0 mau 1B K).,

Eciu tepM V, BHyTpeHHMH Aas S;, €lie M TaKOB, YTO COOTHOLIEHHe
»V ecTb coorsercTsue Mexay X u Y* (coorBercrseHHo ,V ecTb 0Tobpa-
xeHne MHOxecTBa X B Y) ecTh TeOpeMa TeopuH Jz (X 1 Y — nBa tepwma,
BHYTPEHHUX LJsl Sg), TO V HasblBaeTcs coomsemcmaues (COOTBETCTBEHHO
Omo0 pasicenuem), KAnOKU4eCKUM LIS Sy. B nanbHefieM B sToM Tpak-
Tare HaM MOHALOGUTCS ONpEele/HTh O4YeHb MHOTO KAHOHHYECKHX OTOOpa-
HEeHUH.

Bamewanue. B cuny cornamenuit, BBeseHHnXx B § 1 (° 4 u n°5),
YTBepiKaeHHe, UTO COOTHOWIEHHE (COOTBETCTBEHHO TepM) NMEPEHOCHUMO Ofie
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HOCUMEAbHO poda cmpyKmypu MHONCECm8a, O3Ha4aeT npocTo, 4T0 COOT-
HOHIeHUe (COOTBETCTBEHHO TEpM) MEPEHOCHMO B CMBICAE, ONPEAENCHHOM
B n° 1. TepMuHOMOTUS ,KaHOHMYECKHX OTOOpaweHU#®, BBeeHHasn B TEOPHH
mHoxects (ra. 1 u 1II), cornacoana, Takum 00pasoM, ¢ npeiblywe rep-
MUHOJAOTHMeH npy noMOmY coraaiieHunH, KOTOpble Mbl TOABKO 4TO HAOMHHIH,

5. Omoosicoecmerenus

A) Yacro caydaercs, 4To, AJ TOr0 4To0H He YCJAOKHSTL  3aMUCH,
MHOX€eCTBA E‘.; (B 0603Havenusx n° 4) ycaasimsaloTca 0603HaYaTh TeMU xe
CHMBOJAMH, 4TO M COOTBeTcTBYylowme MHOxectBa E; u & (coorser-
CTBEHHO gsi(Cj)—TeM we cuMBoJioM, uto U & (coorserctBenno Cj);
B 3TOM CJyuae roBopsaT, 4ro MHOxectsa E,, ..., E",’ Haje/eHHble CTPyK-
Typolt &P, omodcdecmsasiomc ¢ MHOKECTBAMHU Ey, ..., E,, Hanenen-
HbHIME CTPYKTypo#t &', nocpedcmson uzomoppuana (gy, «--. Ly

Tepmss U3E, +. ., By &, Cro o o3 USEL ooty Eny .87 (C), ..
s P (C,)} ycnapiupaloTcsl TOraa 0B603HAYaTh OAHUM H TEM Xe CUM-
BOJIOM.

M puneps.® 1) MHOXKeCTBO HaTypambHbX leAbX uMcea N, HalereHHoOe
CTPYKTYpaMU MNOpPAAKA, afUTUBHOLO MOHOMKa M MYJbTUMAHKAaTHBHOTO MO-
HOMIA, OTOXIECTBAAETCA C HEKOTOPOH 4acTbi0 MHOMECTBa Z pauUOHaNbHBIX
"HeABIX 4UCed, HajgeneHHOH CTPYKTypaMu, MHIYUUPOBaHHbHIMU COOTBETCTBYIO-
WUMU CTPYKTypaMmM Ha Z; mpH sTom Z ompeeasiercs kak Hekoe (axrop-
MHOMXECTBO MHOXECTBa N><PN nap HarypaabHBIX Leablx wucen. MHoxe-
¢TB0 Z OTOWIECTBASETCA ¢ HEKOTOPOH 4acTblo MHOXeCTBa Q palMOHaNbHBIX
yncen (9TO NOCAEIHEE ONMpeAenseTcsi Kak (haKTOPMHOKECTBO HEKOTOPOH
yacty MHoxecTBa Z X Z). MHoxecTBO Q OTOXKAECTBAAETCA C HEKOTOPOH
yacThio MHOXecTBa R AeHCTBHTENbHLIX ddcen (3TO mocaeanee onpejensercd
KaK (PaKTOPMHONECTBO HEKOTOPOro MHOXecTBa GuabTpoB Ha Q). Hakouen,
R 0TOXIECTBASETCA C HEKOTOPOU yacTblo MHOXKeCTBa C KOMIIEKCHBIX YHCEN.

2) MHoxectBo Mep ¢ —> f f (x) ¢ (x) dx, onpeneneHubix GyHKUUAMH f,

JIOKalbHO MHTerpupyeMbiMi no Mepe JleGera Ha R, oToxaecTBasgerca ¢ MHO-
WECTBOM KJNACCOB SKBMBaJAEHTHOCTM M3 3THX ¢YHKuM (MO COOTHOMIEHHIO
./ ¥ g nouty BCiOAy paBHH®).,

?
Pasymeercs, oroxaectsienne E; ¢ E; (1 I n)) nocpeacrsoM
’
usomoppusma (g, ..., £,) He O3HauaeT, uTO COOTHOwenus E;,=E;

BBONATCA KaK HOBble aKCUOMBl; BIpOYeM, COOTHOILeHUs E; + E; uacto
SBJSIOTCS TeopeMaMu Teopun J'.

B) Iyctb, B 0603Hauennsx n° 4, X u Y — TepMbl, BHYTPeHHHE L/ Sp,
V — kaHoHuueckoe (4451 S,) oToGpaxenne MHoxectsa X B Y, Takoe, 4ro
cooTtHowenne ,V ecThb Ouekuuss MuoxectBa X Ha Y“ sBaseTcs TeopeMOH
Teopun Jy. Torma uacro ycaaiupaiorcs 06o3Hauath X u Y OJHUM H
TeM Xe CHMBOJOM, Tak xe kak B Teopun J’ tepmsl X3E,, ..., E,, &%
u Y§B;, eeos En & 3. Ecom, kpoMe TOro, Z ectb TepM TeOpHH J ',
rakoft, uro ZEX3E,, ..., E,, &} asaserca Teopemott Teopuu J', Z u
tepM VIE,, .... E,, &3(2) 0603Haual0T OMHHM U TeM e CUMBOJOM.
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B sroMm cayuae rosopsr, uto X & Y omoscdecmsaens nocpedcmson
Kanonuseckol Ouexyuu V.

ITpumeps. B ra. 1I, § 5 6b110 onpeJeneHO HECKOAbKO KaHOHUYECKHX
(ans poaa ,CTPYKTYpH MHOMECTBa®) OUEKLMH HEKOTOPHIX TEPMOB TEOpUH
MHOXeCTB Ha gpyrue tepmbl. HamoMHUM, cpeny npouux, KaHOHHYECKOE OTO-

GpaweHne MHOXECTBa FE ha mMHOmecTBO & (E. F) oro6paxenuit MHoxe-

crBa E B F, kaHoHHuecKoe OToOpameHUe MHOXECTBa Xa{la} Ha X, KaHOHU-

yeckoe oToGpaxceHue MHOxecTsa A X B Ha p X;(rae X; = A, X, =B),
ey, 2}

kaHOHU4eckOe oToOpameHue wmHoxecTBa (AX B) X C Ha A X (B X C)
u T. 1. Bo Bcex sTUX caydyasx uwamie BCEro NpUHATO OmMONCOeCmeasims
COOTBETCTBYIOIHME TEPMbI MOCPEACTBOM 3TUX GUeKuU#. AHaAOrM4HO OTO-
6paxenue G —>(Q, A, B) mnoxectBa 8 (A X B) Ha MHOXecTBO coOTBert-
creufi Mexny A u B ecTb kaHoHUueckas Ouekiuf; BBUAY 3TOH Ouexuuu
OueHb 4acTO OTOXKIECTBAAIOT COOTBETCTBUE MEXAY A u B (4, B uactHocrH,
oroGpaxeHue MHoxecTBa A B B) ¢ ero rpadaxom, uro Mbl HeCKOAbKO pa3
yiKe H Jenand.

Bameuarue. TONbKO NpaKTUKa MOXET yKas3aTh, B KaKOH Mepe OTOWze-
CTBJIEHHE IBYX MHOXECTB NPEJCTaBUT GONbIIE NpPEUMyIIecTB, YeM Heya006CTB.
Bo BcakoM cayuyae HyxHO, uTOOH, KOTAa OHO NpHMMeHsercs, He BO3HUKANO
HeoGXOIMMOCTH micaTh HemepeHocHMble COOTHoweHus. Kpurepuu, AaHHbie
B 5TOM NPUJIOMKEHUY, NOKa3LIBAIOT, YTO YaILE BCEr0 OMCHOCTb STOr0 MHHU-
ManabHa.



UCTOPHYECKHUA OYEPK
K I'VNTABAM I—IV 1)

LAliquot selectos homines rem intra
quinquennium absolvere posse puto*?)

Jleit6Huy,
[[2761, 1. VII, crp. 187]

(NB — Lu¢pprr B ckobkax OTCHIAAIOT K OuGauorpadud, MOMeLeHHOH
B KOHLle 3TOro OYepkKa)

Vayuenue TOrO, uTO OGLIYHO HABLIBAIOT ,0CHOBaHusMH MaTeMaThku®,
GecnpephbIBHO Npopo/Kaoleecss ¢ Hayana XIX B., CMOrIO MPHBECTH K XO-
pOIIMM pe3y/bTaTaM TOAbKO 6Jaromaps napanjienbHbIM YCHJHAM MO CHCTe-
Marusaunu JIoruky, 1o kpatHe# Mepe Tex ee uacTeH, KOTODHE H3y4aioT
CoelHHeRHs] MaTeMaTHuecKuX npeinoxeHu#t. Vicropmo Teopuum MHOxeCTB
M popMajH3ALKH MaTeMaTHKH HeJb3sl TAKHE OTAEAUTb OT HCTOpUM Mare-
MaThuecko# Jaorukd. Ho TpalnulmOHHass JOTWKa, Kak H JOTHKA COBpe-
MeHHLIX (HI0CO(OB, MMeeT, B IPHHLMANE, HAMHOTO 6o/ee OGWIMPHOE noOJe
npaMeHeHu#t, yeM MareMarnka. [To9TOMy uMTaTen, He NOJKEH HaledATbCs
Halitn 3mech uctopuio Jlorkku, gaxe B oueHb OG30pHOH (opMe; Mbl
OTPaHHYHIUCh, HACKOJbKO 3TO BO3MOXKHO, H3JOXeHWeM pasputusi Jloruku
TOJAbKO B TOW Mepe, B KOTOPOH OHO BO3Je#CTBOBAJO Ha passuTue MaTe-
MaTukd. Tak, Hanpu@Mep, Mbl HUYErO HEe CKaxMeM O HEKJACCHYECKHX JIOTH-
Kax (MHOTO3HAYHHIX M MOJAJbHBIX); TeM GoJee Mbl He MOXeM BAaBAThCH
B MCTOPHIO YueHuX crnopos, koropnle, ot Coducros a0 BeHckol ko,
MOCTOAHHO pasieasau ¢uaocodoB B BONPOCAX O BO3MOXKHOCTH M crnocobe
npumeHeHnst JIOTHKH K mnpeiMeTaM 4YyBCTBEHHOTO MHpa MJH TOHATHAM

ye/I0BeYeckOro pasyma.

CyuiecTBOBaHHe B JOI/JMHCKHA NEPHO] OueHb Da3BATOH MaTeMaTHKH
CerOfHf He MOXeT GHTh nOoABeprHyTO coMHeHHi0. He Toabko (1 yxe ouyeHb
aBCTpaKTHBIE) TOHATHA 1eJOr0 4YHCJAa W HM3MepeHHs BeqHYuH CBOGOLHO
MCNOTb30BAJMCh B CaMBIX JApeBHMX [OKYMeHTax, JAOWeAUMX OO0 Hac
w3 Erunta wnau Xaazed, HO © BaBUJOHCKas aarebpa no HU3SILECTBY H
HaZeXHOCTH CBOHX MeTOJOB He MOXeT pacCMaTPHBAaTbCsl Kak NMPOCTOe
cobpanne 3alay, pellieHHBIX SMNUpUUeCKUMH nouckamu. M xors B 3THX
TeKCTAX MBI He HaXOJHM HHYEro, YT0 HAanmOMHHAaJa0 Obl ,.10Ka3aTeabCTBO®
B TOUHOM CMBICJE CJI0Ba, Mbl BCe e BnpaBe AyMaTh, 4TO TaKue MeTOAH

1) Jipyro# nepeBos sTOrO ¥e HCTOPHUECKOro ouepka (BuInOHenHH# V. I'. baw-
MakOBOH) uMratejp Haiger Ha crp. 9—60 kHuru: H. Bygﬁaxn, Ouepkn no
HCTOpUM MaTeMaTHKY, nepeB. ¢ dpanuyackoro, WJI, M., 1963. — ITpun. peo.

) ,[Tonaraio, uTO HECKOJbKO H3GpPAHHBLIX JIOJEeH MOrYT 3aBEpLIUTH JEAO B Te-
ucHue nATH Jer* (aar). — ITpun. ped.
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peuieHus, OGWHOCTL KOTOPHIX MpPOSBIFETCH B KOHKPETHHX YHCJEHHBIX
TNPUAOKEHHAX, HE MOT/IM Obl GHITb OTKPHTH 6e3 HEKOTOPOTO MUHMMYMa
JIOTUYECKUX TIOCTpOeHu#t (ObITH MOXET, He TOJHOCThbIO OCO3HAHHLIX, HO,
Ckopee, BpOlde TeX, Ha KOTOPhble ONHMPAETCH COBPeMeHHHH aareGpancr,
KOT1d OH OCYILEeCTBJsET BbIUHC/EHHs, ellle He ,TMpPHBels B TMOPALOK® Bce
nperamu) [[31], crp. 203 w caen.].

Baxnehmag caMoObiTHas 0COOeHHOCTb TPEKOB COCTOWT HMEHHO B HX
CO3HaTeJLHOM CTPEMJIEHHH PacNoJOXKUTL MaTeMaTHueCKue N0Ka3aTedbCTBA
B TaKue UEMOYKH, YTOGH NepeXoA OT OAHOTO 3BeHA K CAeAYioLleMY
He OCTaBJs/ HAKAKOTO MecCTa COMHeHHSIM U 3aCTaBJ/AJA BCeX ¢ HHM COrJa-
cuThed. O TOM, 4TO rpeyecke MaTeMaTHKH, COBCEM KAK COBpeMeHHbIE,
B CBOHX H3BICKAHHAX I10/Ib30BAJACh CKOpee ,3BPUCTUYECKMMH paccy-
KACHUAMH, 4YeM J[0Ka3aTeNbHBIMH, CBUAETEJbCTBYeT (eCad B ITOM ecTh
HYkKIa), Hanpumep, ,TPakTaT O Merolde* Apxumensa [2 ]; y Hero xe
MOXHO TaKkxke 3aMeTUTb YNOMMHAHUSA O DPe3y/abTaTaX, ,HallleHHBIX, HO He
N0Ka3aHHBIX" NpelleCTBYIOW UMY MaTeMaTnkaMu ). Ho, HaunHas ¢ mepsoix
MOAPOGHLIX TEKCTOB, CTABLUAX HAM HM3BECTHHIMH (JATHPYIOLIUXCH Cepe-
IHHON V Beka), uieabHHH ,KAaHOH® MaTeMaTHYECKOTO TeKCTa yXKe BrOJIHE
ycraHoBieH. OH HaXoOMT CBOIO HanGOJee 3aKOHYEHHYIO peasH3allHIo
Yy BeAUKMX KJAACCHKOB: OIBKAuAa, ApXuMela M ANONIOHHS; TOHATHe
ZLOKa3aTesJbCTBA Y ITHX aBTOPOB HUYEM He OTJAMYAETCH OT HaLlero.

¥ Hac HeT HMKAaKOrO TeKCTa, NO3BOJSAIOIEr0 HaM NPOCAENUTH 3a
NEPBLIMA  11araMi  9TOr0 ,JeAYKTHBHOTO MeTOJa*, KOTOPHIH mNOsIBHJCSA
Mepes HaMU cpa3y OGJMsKUM K COBEpUIEHCTBY B TOT CaMbif MOMeHT,
KOTJa Mbl 3aMevaeM ero CyiwecTBOBaHMe. MOXHO TOJABKO Npelnonarate,
YTO OH JOBOJbHO €CTeCTBEHHO BKJIOUMJCH B TOCTOSIHHBIE IOUCKH
»O0BACHEHUI MUpa, XapakTepHble A/s TPe4eCKOH MBICAH W CTOJb 3aMeTHhle
yxe Yy HOHMUCKHX ¢Purocodos VI Bexa; kpome TOro, Tpaauius eJuHO-
TJAaCHO TIPUNMUCHIBAET DPAa3BUTHE W OKOHUATENbHYIO OTAeJKYy Merola muda-
ropefickoit wkojge B NMepuOl Mexay koHuoM VI u cepeauno#t V Beka.

ViMenHo B 3TO# ,JNeNyKTHBHOM® MaTeMaTHKe, MOJHOCTbIO OCO3HABILECH
CBOM llead W MeTOAbl, YNpaxHAeTCAd @uaocopckas W MarTeMaTuueckas
MBIC/b TMOCAEAYIOWHX BeKOB. MBI BHINM, ¢ OXHOM CTOPOHBI, KaK MO
o6pasuy MaTeMaTHKH MaJo-NOMany CTPoMaace ,dpopManbHas“ Jloruka,
YTO TMPHBOIAIO K CO34aHHI0  (OPMA/NN30BAHHBIX ASLIKOB; C ApyroH

') Hampumep, [JeMOKpHTOM, KOTOpOMY ApXHMEX NDHIHCHBAET OTKPHTHE
Gopmysl, naomeh 06veM mupamuasl [ [2 bis), crp. 13]. 310 ynoMuHaHHe caexyer
CONOCTaBHTbL € M3BECTHBIM OTPHBKOM, MpHIUChIBaeMbIM JeMOKpPUTY (ero moaJuH-
HOCTb, BIPOUYEM, OCNAPHBAETCA), I/e OH 3afBJSET: ,HUKMO HE Npes3ouien MeHs
6 RnOCmMpoeHuw Qpuzyp ¢ nOMOWsI0 OOKAZAMEALCMSE, OANCe — e2UNeMCKiLe
nzapnedonanmsi®, wax Ux nazeisarom*. [H. Diels, Die Fragmente der
Vorsokratiker, 2 nan., 1.1, crp. 439 u 1. 11, 1, crp. 727—728, Berlin (Weidmann),
1906—1907]. 3ameuaHue ApxHMesa H TOT (aKT, YTO B JOWEJWHX 14O Hac
€rHIeTCKHX TEKCTaX He ObIO HalileHO HM ONHOrO [0KasaTebCTBa (B KJaccUue-
CKOM CMBIC/I€), 3aCTaB/MIOT JyMaTh, 4TO ,JOKA3aTeNbCTBA®, O KOTOPHIX yIOMU-
Haer [IeMOKDHT, He paCCMaTPHBAJHCh Y€ KaK TaKOBHe B KAaCCHUECKYIO SMOXY
H TeM G0Onee He GblIH Obl HMH Temepb.
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CTOPOHBI, TaBHEIM 06pasoM — ¢ Hadaida XIX Bexa, Bce Goubute H GoJblne
VHTEPECOBAIUCh TOHATHAMH, JexaluuM4 B oOcHOBe MareMarnku, #
CTapaiHChb BLIACHHTH HX TPUPOLY, 0COGeHHO mocjae npuwecTsust Teopuu
MHOXeCTB.

Dopmaruzaygun Jozuxku

O6uee BrieuaT/eHHe, KOTOPOEe NPOU3BOAAT MMeEIOLIMeCs y Hac (BeCbMa
HeroJHble) TeKCTH 10 Tpeueckoh ¢uaocopckodt Mbicau V Beka, COCTOHT
B TOM, 4TO OHa NojuuHeHa Bce Gojee u 60Jee CO3HATEJIbHOMY CTpeMJeHHIO
pacnpOCTPaHUTh HAa Bce OGJACTH 4YeJO0BeYeCKOTO MHIUIIEHHs MeTOMbl
MOCTpOeHKs Peur, C TAKHM YCNeXOM NPHMeHeHHble TOTrialliHeH pHTOPUKOH
M MaTeMaTHKOM, IPYrUMU CJOBAMH, — CO31aTh JIOTHKY B CaMOM 0O6ileM
cMbicae 9TOro c¢Jaosa. ToH ¢uUAOCOPCKHX COUMHEHHH mpeTepreBaeT B 3TY
snoxy peakoe u3Menenne: ecai B VII uam B VI Beke Quiocodsl
yTBEPKAAIOT HJH INPOPOYSCTBYIOT (WaH, caMoe GoJbllee, HAMEYalOT
TYMaHHbe PAcCYXeHHsl, OCHOBAHHbE HA He MeHee TYMaHHHIX aHAJIOTHAX),
T0 Hauunas ¢ [JapMenuza # 0coOGeHHO ¢ 3€HOHA OHM APryMeHTUPYIOT
W CTapaloTCsl BLLAEAWTH OOGlide INPHHLUINBI, KOTOpblE MOTJH Gbl CJYXKHUTH
OCHOBOMH HX 1HaiekTuku: uMeHHo y [lapMenuna Mbl HAXOLHM mepBoe
yTBepxKieHHe O NPUHIKNE UCKAOYEHHOTO TPeThero, a JA0Ka3arTeabCTBa
,OT TpoTHBHOr0* 3eHoHa OieHckoro 3HaMenuTn M cefuac. Ho 3enon
numer B cepeadHe V BeKa; H KakoBbl Obl HM OblJiM HETOYHOCTH HALIHX
MCTOUHMKOB!), BeCbMa npaBIONOLOGHO, 4TO B 3Ty 3MOXY MaTeMaTUKH,
B cBOe#t co6eTBenHo# 06aacTu cBOGOAHO NMO/L30BAAHCH ITUMH NIPUHLHNAMA.

Kak Mbl y»e Ckasajd BHILe, HaM He HYXHO H3Jararb GeCuHCJeHHEIe
TPYAHOCTH, BO3HWKABLIMe HAa KAXAOM IHary TNpPH 3apOIeHHM JOTHKH,
¥ BEI3BAHHBIC WMH cnophl, OT JuearoB uyepes Coducros o Iliaatona
ApucroTeJist; 31eCb Mbl TOJALKO OTMETHM pOJb, KOTOPYIO B STOH 3BOJIOUMH
HrpaloT TILATEJAbHO Pa3paboTaHHas KyJabTypa OpaTOPCKOro HCKyccTBa W,
KaK CJeICTBHe W3 Hee, aHaJaW3 s3blKa, Pa3BHUTHE, KaK CYMTAOT celuac,
raaBHuM o6pasom CoducraMu V Bexa, C Apyro# CTOPOHHI, eC/IH BJHAHHE
MaTeMaTHKNd M He BCerja NpH3HAEeTCsl AIBHO, OHO He CTAHOBHTCA OT 3TOTO
MeHee OueBMIHBIM, B 4acTHOCTH, B counHenusx Ilnarona um Apucroreis.
MoxHo cka3aTb, uTo [laatoH 6Bl MOYTH ONEPXKHM MATeMaTUKOH; He
Gyaydd caM TBOpUOM B 3TOH 00JacTd, OH, HauHHasgs C HEKOTOPOro
Neproaa cBOeH XH3HH, HAXOIMACA B KypCe OTKPHITHA COBPEMEHHLIX eMy
MaTeMaTykoB (M3 KOTOPHIX MHOTHe OBUJIH €ro ApPY3bsMH WJH Y4YeHHKAMM)
M He NepeCTaBaj WHTEPeCOBATLCS MATEMaTHKOH CaMLIM HelloCpelCTBeHHBLIM
06pa3oM, BIIOTb DO TOTO, YTO YKA3biBa/l HOBblE HAlpaBJeHHs UCCIEN0-
BaHH{t; KpOMe TOrO, B ero TPyJaX MaTeMaTHKa WOCTOAHHO CJYKHT

1y Haunyumuil xAaccu4eckHdl mpHMep paccyxJeHus OT NpOTHBHOrO B Mare-
MaTHKe — 3TO 10Ka3aTeJbCTBO MpPAUOHANBHOCTH 11 V2, O KOTOPOM HECKOJBLKO
pa3 ynomMHHaer ApHCTOTENb; HO COBpEMEHHBle YueHble HE CMOrIH CKOJBKO-
HHOYAp TOUHO AaTUPOBATH 3TO OTKPHITHE, OJHM OTHOCAT €r0 K Hauaay, apyrie —
K caMOMy KOHLY V Bexa (cM. Mcropuuecknit ouepk k 1. IV xhuri Il # cenlakH,
DpHBEJCHHEIE TaM MO STOMY NOBOAY).
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HAMIOCTpalMedi uau  MOAEabI0 (yAOBJETBODASl HHOrAAd jawe, KaKk U
y Ilacaropetues, ero ckAOHHOCTD K MHCTHILH3MY). UTo KacaeTcs ero
yueHHKa ApPUCTOTesd, TO OH He MOT He MOJY4YdTb MUHHMYyMa MaTeMaTH-
4eCKOro 06pa3oBaHus, Tpe6yeMOro OT Y4eHHKOB AKafeMuu, U OwlT
COCT4BJEH LeJbli TOM OTPHIBKOB M3 €ro COYMHEHHH, OTHOCAILHXCS
K MaTeMaTHkKe HJM YNOMHHAOWIMX O He#H [44]; HO OH HHUKOrIa, No-
BUAMMOMY, He CTapajcs COXPAaHUTb KOHTAKT C MATeMATHYeCKHM ABHNKEHHEM
CBOEr0 BpeMeHH U CChlIAJCH B 3TOK 06JAaCTH TOJLKO HAa Te Pe3y.ibTaThl,
KOTOpHIe 1aBHO yXe CTanu OOien3BeCTHHMH. BrpoueM, y GoabuuHcTBa
NOCAENYIOWHUX PUAOCODOB 3TO pACXOKIEHHE TOJABKO YCHAUTCH; MHOTHE
U3 9THX QUIOCOPOB, HE MMest TeXHHUECKOH TMOArOTOBKH, BIOJIHE HCKpEHHe
CYHTaJH, YTO OHH TOBOPAT O MaTeMaTHke CO 3HAaHHEM JeJa, B TO BpeMs
KaK OHM CCHIJIAJHCh Ha NAaBHO Yxe MPO#AEHHY0 CTaiHI0 €e pa3BUTHS.

3asepiieHneM 3TOrO TepHOJa pPAa3BHTUS JOTHKH SABJSETCS MOHYMeEH-
TaJbHBIH TpyA Apucrorteas [l], Beaukas 3acayra KOTOPOro COCTOHT
B TOM, YTO €My BMiepBble yJAaJOCb CUCTEMAaTH3MPOBATh M KOAU(UIMPOBATH
METOAb PACCYKNEHHH, OCTABIIHECH He ACHLIMA WJH He COPMY TMPOBAHHLIMA
y ero npeamecTBeHHHKoB ). Jlas Hawux uened 3jech 0COOEHHO HeoO-
XOIHMMO 3allOMHUTL OCHOBHOe TNOJOXeHHe 3TOH paGoTh, 3akaoualoLieecs
B TOM, YTO BCAKO€ NPAaBHJbLHOE PACCYKIEeHWe BO3MOXKHO CBECTH K CHCTe-
MaTHYeCKOMY TNPUMEHEHHI0 HeOGOJbLUIOrO 4YHCJa HeU3MEeHHBIX NpaBuJ, He
3aBHCAUIHX OT KOHKPeTHOM mnpuposb 06beKTOB, O KOTOPHIX HAET pedb
(9Ta He3aBUCUMOCTbL ACHO BHIABJAETCS OGO3HAYEHHEM NOHATHH WM BHICKA-
3biBaHMi OyKBaMW — uTO, OYeBUIHO, OLLIO 3aMMCTBOBAHO APHCTOTeJEM
y MaremathkoB). Ho Apucrorenb cocpenorouda cBoe BHHMaHHe IOYTH
HCKJIQUHTENbHO Ha OCOGOM THIE JOTMYeCKHX COOTHOLIEHHH M HX COeldH-
HeHHH, COCTABJAIOLIEM TO, YTO OH Ha3biBaeT ,CUJJIOTH3MOM®: peub ujerT,
B OCHOBHOM, O COOTHOLIGHHfIX, KOTOpHE B HacTodlllee BpeMsl HA ALK
TeOpUM MHOXeCTB Mbl mNepeBeqn O6H B Bule AcB nm ANB+#Q?),

1) Hecmotps Ha mpocroty H ,0ueBHIHOCTB®, KOTODHIE, MO-BHIMMOMY, Npes-
CTaBJAIOT /I8 Hac JOrudeCKde IpaBHJa, CHOPMYJIHpOBaHHEIE ApHCTOTEREM,
AOCTaTOYHO JIMINb NOMECTUTh HX B UX UCTOPHYECKHE PaMKu, YTOGB OlEHHTh
TPYAHOCTY, MEIUAaBIIHE TOYHOMY IOHUMAHHIO 3THX NPABUJI, H YCUAHS, KOTODHE
JOMKeH Obll mpuAOXUTh ApUCTOTENb, YTOGH IOCTHTHYTH 1eau; [11aTOH B cBOMX
AHanorax, kOTopbie OH ajgpecyer npOcBemieHHOH IyGJHKe, NO3BOJSA €llle CBOUM
NepCOHAKaM 3amyTHBATHCHA B TAaKHX 3JeMEHTapHHIX BONPOCAX, KaK COOTHOILEHHe
Mexjy (Ha COBPEMEHHOM f3bIKe) OTPUNaHHEM COOTHOmeHUs A c B u cooTHO-
meHHeM A | B=(7), xora BnociencTBUn He CkpLIBAET NPaBUABHOTO OTBETa
[9(’:7M. ]1131.] Robinson, Plato’s consciousness of fallacy, Mind, 51 (1942),

%) CoorsercTBylomue BhpaweHus Apucrotens: ,Beakoe A ecrs B* u ,Hexo-
TOopoe A ecTb B“; B 3rHx o6osHaueHusx A (,cy6next®) U B (,nmpenuxar)
3aMeHAIOT MNOHATHA, U ,Bcakoe A ecrs B“ o3Hauaer, 4TO MOXHO NpPHNHCATh
HOHATHE B BCAKOMY CYIIECTBY, KOTOPOMY MOMHO IpHmUCaTh MOHATHe A (B Kaac-
CHUECKOM mpiMepe A ecTh NOHATHE ,4eOBEK*, B —moOHATHE ,CMepTEH®).
Wnrepnperalins, KOTOPYI0 Mbl 3TOMY [1aeM, COCTOHT B PacCMOTDEHHH MHOXECTB
CYIMECTB, K KOTODHM IIPUMEHSIOTCA COOTBETCTBEHHO NOHATHA A H B; 310 Tak
HaspiBaeMaa ,00beMHaa“ TOUKa 3peHHsl, Ywe u3secrHas ApHucroreawn. Ho sror
nociefHHA paccmarpuBaer, ocoO6eHHO COOTHOmEHuwe ,Bcskoe A ectb B¢, ¢ mpy-
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H 0 crnocobe COeAHHEHHs 3TUX COOTHOLIEHHN WJIM UX OTPULLAHUH TpU

f10MOIUY CXeMB
(AcB n BeC)y=(AcC).

Bce ke ApucroTenb Obla  CJHLIKOM HCKYIIEH B MaTeMaTHKe CBOero
BpeMeHH, YTOOH He 3aMeTWTb, uYTO CXEM STOr0 pOAa He AOCTAaTOYHO,
yToGH OXBATUTL BCE JOTUUECKHE OMEpallid MaTeMaTHKu M, TeM OGoJee,
ApYTuX npuMeHeHu#t aoruku [[1], An. Pr., 1, 35; [II], crp. 25—26]").
[Mo xpakhelt Mepe, yrayG/ieHHOe u3yueHHe pa3iMuHbiX (OpM ,CHJLIO-
TH3Ma“®, KOTOPHIM OH 3aHHMaeTcs (# KOTOpOe INOYTH LEJHKOM NMOCBALIEHO
BBISICHEHUIQ MOCTOSIHHBLIX TPYAHOCTeH, BBI3BIBAEMBIX [BYCMLICJAEHHOCTHIO
WM HeACHOCTHIO TEePMHHOB, YYacTBYIOIUHX B DacCyiaeHuu), HaeT eMy
MEXIy TPOUYHM MOBOX C(OPMYIUPOBATHL [PABHJIA HAXOXKACHHA OTPHIAHHA
BuickasnBanust [[1], An. Pr., 1, 46]. Taxxe uMeHHO ApPHCTOTENIO IIpH-
HaLJeKHT 3aCAyra OueHb OTYeTJMBOTO pasAyueHHsi pPOJH ,00Wux‘ M
,44CTHHIX® BBHICKA3BIBAaHM#, YTO GLIO NepBLIM NMOAXOLOM K KBAaHTOpaM ?).
Ho caumkoM XOpolo H3BeCTHO, KAaK BJHSAHHE ero TPYAOB (ACTOJAKOBAH-
HBIX 3aYacTyi0 OIHOCTOPOHHe HJIH HEeyMHO), OCTaBaBLIeecs O4eHb YYBCT-
BUTeJbHHIM BIIOTH 10 koHua XIX Beka, moowpsno ¢uaocopos B HX
TipeHeGpeXKeHUH K W3yueHHIO MaTeMaTHKM M TOpMO3ua0 passutue Pop-
MaJabHOH JOTHKH 3).

TeM He MeHee TOCJ/eIHA NPOLOJIKAET PAa3BUBATHLCA B AHTHUHOM MHpe
B JIOHE MerapcKkO#t W CTOMYeCKOR INKOJ, COMEPHMYABLIAX C Nepunarerd-
xamu. K coxasnenulo, Bce Halli cBelfeHHsi 00 HX TeOPHAX — H3 BTOPHIX
pyK # NepeiaHbl OHH YaCTO HX MPOTUBHHKAMM HJH [OCPEACTBEHHBIMH
KOMMeHTaropaMu. [ /1aBHO€ JAOCTHXXeHHe 3THX JIOTHKOB COCTOSJIO, mNO-
BUAMMOMY, B CO3ZaHHH ,MCYHC/IEHUs BHICKA3LIBAHUH“ B TOM CMBIC/E, KaK
Mbl TIOHHMaeM ero CerojHs: BMecTO TOro, uToGi, noso6uo ApucroTe/o,
OrpaHU4MBATLCS BLICKA3bIBAHUSAMH uacTHOrO BMaa ACB, onn ¢dopmyiu-
pOBa/n NPaBHJIa, OTHOCSILHECH K COBEPUIEHHO weonpedenentblM BHICKA-
3piBanuAM. KpoMe TOro, OHM HACTOMBKO TJaAYOOKO mNPOAHAIU3KHPOBAJIH
JIOTHYECKHe CBSI3H MEXAY OSTUMH IIpABUJIAMH, YTO yMEJH METOAAMH, O4eHb

roi, Tak HasmBaemoil ,comepxatefbHOf“ TOuUKH 3peHHs, rje B nonumaercsa kax
ONHO M3 HOHATUH, KOTODHE KakiM-TO O6pa3oM COCTaBAAOT 6ojMee CAOKHOE
noHaTHe A, MaM, Kak TOBOpPUT ApHCTOTeNb, €My ,NmpHHamnexar. Ha meppwrit
B3I/ 06€ TOUYKH 3pEHHS KaKyTcd OOMHAKOBO ECTECTBEHHHIMH, HO ,Cojepxa-
TeJbHaf* TOYKa 3peHUs Oblla MOCTOSHHHIM HCTOUHHKOM TPYARHOCTEN B pasBUTHH
JOTHKH [OHa, mo-BHAUMOMY, 6oJee jajleka OT MHTYULHH, yeM nepsad, ¥ ROBOJIbHO
Nerk0 MPUBOIUT K OWMOKaM, OCOGEHHO B CXEMaX, B KOTOPBIX Y4acTBYIOT OTpH-
nauus; cm. [26)], crp. 21—32].

1y [To noBOAY KPUTHYECKOrO OOGCYXJEHHA CHAIOrH3Ma M ero HeJIOCTaTKOB
cM., HanpHMep, [26], ctp. 432—441 uau [16], cTp. 44—50.

2) OrcyrcTBHE HACTOSIUX KBaHTOPOB (B COBPEeMEHHOM CMBIC/IE) 10 KOHIu@
XIX Beka Gbl0 OAHOH W3 NPHYUH 3acTOA B (POPMATBHOH JIOTUKE.

3) PacckasulBalOT cayuaif ¢ OAHUM BHIHBIM NPOGEccOpoM yHHBEPCHTETa,
KOTOpHIi HenaBHO Ha sexnyuy B [TpuHCTOHE B mpucyrcTBuM ['éneds akoOH ckasar,
4TO B JIOTHKE CO BpeMeH ApHCTOTens He GBIIO CHENaHO HM4ero HOBorol
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TIOXOXHMH Ha ONucCaHHbie B ra. I, § 2 u 3, BHBOAUTL BCe 9T NpaBHJAA
U3 NATH W3 HHMX, B3ATHIX KaK ,HenokasyeMwie* [B]. K coxanenuwo, ux
BaAsHAe OblJIO N0BOMLHO 3¢)eMepPHHIM, W HX Pe3yabTaThl NOMKHB ObIH
0CTaBaTbCsl B 3a0BEHUH A0 TeX NOP, MOKa OHH He GLLIA BHOBb HalleHHI
aorukamu XIX Bexa. Bnaots 10 XVII Beka HeoCnopHMbHIM aBTOpPHTETOM
B Jloruke ocraBaacs ApUCTOTe b; H3BECTHO, B YACTHOCTH, 4TO (PUAOCOPHI-
CXO/ACTbl BCELeJO0 HAXOAHMHCh NMOA ero BJAMSHUEM; W XOTH UX BKJALOM
B (OpMajbHYI0 JOTHKY HUKAK HeJb3sl npenebpeub [3], OH He COdepKuT
HHKAKOTO TIEpBOCTEINIEHHOr0 JOCTHXKEHUSl MO CPaBHEHHI0 C BKJAALOM
¢u10c0p0B AHTHYHOCTH.

3aecb CHAeAyeT, BNpOYeM, 3aMeTuTb, YTO, NO-BUAHMOMY, pa6GoTH
ApucroTens Wad ero nocjeinoBaTefefl He HMead 3aMeTHOrO OTKJHKA B
MaTeMaTuke. [ peueckHe MaTeMaTHKH [POJOJIKAJIH CBOM HCCJAEROBaHUA
MO MNyTH, MNPOJOXKEHHOMY nHparope#aMmd M HX I10CJAeJ0BaTENAMU
IV Bexa (Teomopom, Tesretrom, EsaokcoM), He 3a6oTACb, BHAUMO,
0 ¢opMaibHOH JorMKe TIpH O(OPMJICHUH CBOHX pe3yabTaToB: (akT,
KOTOPHHA BOBCE He NOJMEH Hac YAHBIATb, €CJH CPaBHUTH THOKOCTL H
TOYHOCTb, AOCTHTHYTHIE B 3TO BPeMs B MaTeMaTHYECKHX pacCyXAeHHsX,
C BeCbMa 3a4aTOYHBIM COCTOSIHHEM apHcTOTe/qeBOM JOrMKH. A Koria
Jlorkka npowaa 3TOT 3Tam, TO UMEHHO HOBHle 3aBOEBAHHS MaTeMaTHKH
CHOBa HANpaB/sji ee PasBHTHE.

Korna nauana passuBaThcsi asarebpa, Heab3st OBLIO He MOPa3HTbCS
CXOACTBY MeXAy npasuiamMu PopMajbHOR JOTHKH M TpaBUJaMH aiareGphl,
NOCKOMbKY ¥ Te, W aApyrde uMean O0O6OOeHHHH XapakTep NpHMeHeHUs
K HeompeieJeHHLIM O0OBeKkTaM (BhHICKa3biBaHWAM uid uucaam)., W koraa
B XVII Bexe anreGpamueckne o00sHauenust nox nepom Bueta u Iekapra
TIPUHSIH CBOI0 OKOHYaTeabHYI0 (OPMY, MOYTH TOTUYAC e CTaI0 Haba0aaTsCs
nofABJAeHUEe Pa3JUYHLIX ONHITOB CHMBOJNYECKON 3allHCH, NMpeiHa3HaYeHHOH
aas u300paxieHHsl JOTHYECKHX oOnepaluit; HO ro JlefilGHULUA 3TH NONBITKH,
KaK, HanpuMep, y Dpurona (Hérigone) (1644) aas 3anucu 10Ka3areabCTs
DaementapHo#t reometpun uam y Ilenas -(Pell) (1659) aas sanucu
J0Ka3aTeAbCTB ApU(MeTHKH, OCTaBaJMCb BeCbMa NOBEPXHOCTHBIMH H He
BeJM HM K KaKOMy TIPOTPeccy B aHa/aH3e MaTeMaTHUeCKHX paccyxmaeHu,

JletGHULL NMpencTaeT mepeX HaMH Kak (Pua0COd, KOTOPHH He TOJLKO
6bl1 OJHOBPEMEHHO MaTeMaTUKOM NepBOH BeJnuuHbl, HO W yMeJa H3BJe-
KaTb H3 CBOEr0 MaTeMaTU4YeCKOro OIblTa pPOCTKH uAed, CnocoGHLIX
BoiBecTH POpMabHYIO JOTHKY U3 CXOMacTHYeCKOro Tymuka!l), YHusep-

") Xorsa Jlexapr U (B meHpied cremeHn) [Tackaap mOCBATHAH HacTb CBOHX
dunocodpckux paGOT OCHOBAHHAM MAaTEMAaTHKH, UX BkJaj B pa3BUTHe Popmalb-
HOH JIOTHKH HUYTOMEH. HecOMHEHHO, mpHYHHY STOrO HamO BHJETb B OCHOBHOM
TEHAEHIHN UX MbIIJIeHUd, B UX CTpEMJIEHUH BBIPBATHCA H3-n10J OIEeKH CcXOaa-
CTUKH, NpUBOAUBIIEM K OTODACHIBAHUIO BCEr0, 4YTO MOTJIO UX ¢ Hedt CBA3LIBATh
4, B NepBy10 ouepens, PopMaspHOi Joruku. JeHcTBHTEABHO, B €BOHX , Paambiui~
Aenusx 0 0yxe 2eomempun® [lackais n0 cOGCTBEHHOMY NPU3HAHUIO OrpaHHUUICH
rJIaBHHIM O0pa30M BKJafblBAHHEM B XOPOWIO IOCTPOEHHBIE (OpMYJIbl H3BECTHBIX
NPHHIMIOB 3BKAMAOBHIX AOKa3aTeabCTB (Hampumep, U3BECTHOE mnpaBuio ,Bcezda
noJCMasAIms MuiCAeHHO Onpedelenuss na Mecmo onpedessiembix® ([33], 1. 1X,
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Ca/ibHb# YyM, ecaH TakoBO# Koria-aubo CylliecTBOBAaj, HeHCyepraeMbi
HUCTOYHHK CAMOOGHLITHBIX W MJOAOTBOPHEIX uxed, Jle#tGHuu TteM OGoJee
JOJKkeH Obli HHTEpecOBAThLCH JOTHKOH, 4YTO OHa HAXOIuWaacb B CaMOM
UEeHTPe ero IpaHIHO3HBIX NPOeKTOB (OPMANU3ALIHK A3bIKA M MBILIJIEHUS,
HaJl KOTODHIMM OH He NepecTasaa pafoTaTb BCIO CBOIO ku3Hb. [lopsaB
€ CaMOT0 [eTCTBA CO CXOJaCTHueCKO#t JOTHKOM, OH YBJEKCA MEIC/AbIO
(Bocxonswe# x Paimony Jloamo (Raymond Lulle)) o Merose, KoTopbiit
pasaaran Obl Bce ueroBeueckue IIOHATUS HAa TpocTefliiue NOHATHSA,
cocrapiaouide ,AndpaBAT uYeJOBeYECKOTO MbILJIeHUS , u, KOMOuUHUpYH
dX 4YyTh JM HE MeXaHHYeCKH, NOJyuYan BCe WCTUHHBIE BLICKA3bIBAHHS
{[26], . VII, crp. 185; cp. [44], ra. II]. Taxxe B panHHelt MoaOZOCTH
y Hero BO3HHKJH ellle 0oJlee OpUTrMHANbHAA Hled O TOJE3HOCTH CHMBO-
JUYeCKHX 0003HAuYeHU# KaK ,HUTH ApranHb“ ajs Mollaenusl): Hemun-
HOli Mmemod, — roBopun OH, — doadcen O0asamb HaM filum Ariadnes,
Mm. e. nekoe 4y8CMBeHHOe U 2py0oe cpeOCmBo, KOmMoOpoe Ynpasifsio
6ol HaWuM YMOM, KAK Ha4epuyeHHble AUHUL B8 2eOMempuu u npeo-
nucanuvle Y4eHurKam Hopmo onepayui 8 apupmemure. bes smozo
Haw ym He moz Gol npodesams dosz2uii nyms, He 3a0ayduswucy®
{[26], T. VII, ctp. 22; cp. [26], crp. 90]. Byayun mo 25 saer Mauo
3HAKOMBIM € MAaTeMaTHKO# CBOEro BpeMeHW, OH CHauaja MpeiCcTaBJsa
CBOM TpOeKTh B (opMe ,yHHpepcadphOro samka® [[26], ra. HI]; wHo
KaKk TOJAbKO OH O03HaKOMHJACA ¢ aareGpol, OH NpHHAJN ee B KauecTse
Moje/Md CBOel ,YHUBepcaJbHOH XapaKTepHCTUKH®, 1NOA KOTOpO# moapa-
3yMeBaJ CHMBOJHUECKHN SI3HIK, CIOCOOHBIH OZHO3HAYUHO BHIPA3UTL JI0GYIO
4e/I0BEeYECKYI0 MbIC/Ib, YCHJIHTH Hally CMOCOOHOCTb K AeAyKlud, uaberarhb
OwNGOK MpU MOMOIUKH COBEPLICHHO MEXaHHYeCKOTO HanpskeHHs BHHMaHWs
d, HaKOHell, NOCTPOeHHEIH TakK, uTOObl ,XuMepsl, KOMOpbie He NOHUMAem
dadce mom, Kmo ux 8vidsuzaem, He mo2au Obims 3anucanbl 8 AMUX
3narax* [[27a], 1. I, ctp. 187]. Ilo MHOTOUYHC/JEHHbIM OTPHIBKAM H3
ero .couuHeHu#t, rie Jle#GHHL yrNOMHHAaJl O CBOEM TDAaHAHOBHOM IIPOEKTe
¥ 06 ycmexax, KOTOpHe TMOBJekJa Obl 3a cOGOH ero peasausauus [cM.
{26], ra. IV u VI], BuaHo, ¢ KakOo#t sCHOCTbIO TpeACTaBJAAA OH celbe
noHsTHe (OPMaIH3OBAHHOTO SI3BIKA, YHCTOH KkOMOuHauWu 3HAKOB, B
KOTOPOH BaXeH TOJbKO B3aMMHBIA TMOPALOK ?), Tak 4TO MawinHa Gblaa Gbl

crp. 280) no cywecrBy G6ulao uaBectHO Ot Apucrorens ([1], Top., VI4; [44],
crp. 87). Uro kacaerca [ekapra, 10 npejjiaraeMble UM mNpaBuia pacCyxACHHS
ABASIOTCA, CKOpee, NCUXONOTHYECKHMU NpeANHCaHHAMU (IOCTaTOYHO TyMaHHBIMU),
a He JOTMYECKUMHU KPHTEPUSAMU; NMOTOMY, KaKk ympekand ero Jle#6nuy ([44], crp.
94 u 202—203), 9TH npaBHJa HMEIOT TOABKO CY6beKTHBHOE 3HaueHHe.

1) .PasyMeercs, MHTepeca K TaKOMY CHMBOMHM3MY He nabexaid H npemecT-
seHuukd JleHOHHA B MaTeMaTHke, ¥ JlekapT, HanpuMep, pEKOMEHI0BaX 3aMEHATh
peasie Gurypul ,0uens xopomxumu 3naxamu* (XVI-e llpasuio mas pykoBOA-
ctBa yMma; [20), 1. X, ctp. 454). Ho HukTO 10 Jlek6HUIA He HacTauBal Tak CHABUO
#a YHHBEpCaJbHOH 3HauMMOCTH STOrO IPUHIHMA.

2) [MopasurensHO BHAETH, KaK OH NPUBOAMT B KaueCTBE IPUMEPOB ,HAIC-
IKaUIEro* paccyxaeHus ,c4em cbopujuxa (,un compte de receveur,) WA naxe
wopuadueckuit texcr ([276], 1. IV, crp. 295).
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cnocofHa 1aTb HaM BCe TeOpeMbll) H BCe CMOPH peliajnch Obi MPOCTHIM
BHunCaeHueM [ [276], 1. VII, ctp. 198—203]. XoTa 3T Hazexas MOTYT
N0Ka3aTbCsl Ype3MepHHIMH, HO TeM He MeHee NpaBaa, YTO UMEHHO ¢ TOH
NOCTOSIHHOM TeHfenUke#t MuluieHus JleOHMLA caeayeT CBSI3LIBATL 3HAYK-
TeJbHYI0 4YaCcTb €ro MaTeMaTHYeCKOro HacJeiHsl, HauWHas ¢ paGoT no
CHMBO/M3MY AHaan3a OeckoHedHO Maanx (cM. Mcropuuecku#t ouepk
kK khure 1V, ra. [ —I1 —III); oH caM 3TO npekpacHO 0CO3HABAA U SBHO
cBsi3blBan CO cBoe# ,XapakTepHCTHKOR® uien 06 HMHAeKCHOM o00603Haue-
HUH W onperequtessx [[27a], 1. II, crp. 240; cp. [26], cTp. 481—487]
H cBO#t Habpocok ,['eoMeTpuueckoro wucunc/ieHus* [cM. Hcropuueckud
ouepk k kuure II, ra. II u III; cp. [26]. ra. IX]. Ho no ero Muc.au
OCHOBHOM ee 4acTblo Jo/kHA ObiTb CHMBOJHYeCKasl JIOTHKAa HJH, KAaK OH
rosopur, ,Calculus ratiocinator®?) u, x0T eMy He yAa/ oCh CO34aTb ITO
MCYHC/IeHHE, TeM He MeHee OH TO KpakHe# Mepe TpPHXIAB MpenllpHHU-
MaeT NONBIIKH B 9TOM HanpaBjeHHH. B nepBulli pas y Hero Obla MbCJb
NOCTaBHTb B COOTBETCTBHEe KAXKIOMY ,NPHMUTUBHOMY® TEepPMHHY NpOCTOe
YHC/IO, 4 BCAKHH TEDPMHH, COCTABJEHHBIt H3 HECKOJbKHX TPUMUTHBHEIX
TepMHUOB, TNPEACTaBHTb TPOH3BEJEHHEM COOTBETCTBYIOLUUX IPOCTHIX
uncen?d); OH cTapajcs mepeBecTH B 3Ty CHCTeMy OObIYHbie NIpaBHJa CHA-
JOrU3Ma, HO HATOJKHYJCA Ha 3HauuTe/abHble 3aTPYAHEHHS, BbI3bIBAEMLIE
oTpuiaHHeM (KOTOpPOe OH JOBOJBHO eCTeCTBEHHO MBITAJCA TPeACTaBUTH
M3MeHeHeM 3Haka), U OhCTpO ocTaBua 3TOT nyTh [ [27c], crp. 42—96;
cp. [26], ctp. 326—344]. B cBoux nocaeayilomux paGoTax OH NHITAJACHA

_npuAaTh apUCToTeneBOH Joruke OoJjee aareGpanueckyio ¢opMy; Aas

KOHBIOHKIHH ABYX NOHATHH OH TO coxpaHsaa o6o3HaueHwe AB, TO Hcnoas-
30Ban 06o3Hauenne A - B4%); on o6parus BHuMaHuie (B MyJbTHNJIHKATHB-
HBIX 0003Ha4YeHUsIX) Ha 3aKOH MAEMNOTEHTHOCTH AA = A, saMetu, dro
BhICKa3biBaHHe ,Bcsikoe A ecTb B* MOXHO 3aMeHuTb paBeHCTBOM A — AB
M 4TO, MCXOAA K3 3TOro, OOJbWIYI0 UYaCTb MNPaBHJI APHCTOTEs MOXHO
BLIBECTM BHOBb UYMCTO aJreOpanuyecKHM BHUYUCJeHHeM [ [27B], cTp.
229—237 u 356—399; cp. [26]. cTp. 345—364]; y Hero Onlaa Takxe
ules nycroro noustus (,non Ens“5)) u oH cosnaBaa, HampuMep, SKBuBa-
JAEHTHOCTb BHICKa3biBaHMH ,BCsikoe A ectb B“ u ,He cymectByer A (He
B)“ (loc. cit.). Kpome Toro, oH 3aMeTua, uTO ero JOTHYeCKOe HCUHCIE-
HUue TNpUMEHMMO He TOJbKO K JIOTHKE MOHATHW, HO U K JOTHKe BLICKa3Hl-
Bannfl [[278], crp. 377]. Takum 06pasoM, OH, BepOATHO, OHLI OueHb
6an3ok k ,0yneBy ucuucaeHul0“. K coxaneHuio, eMy He MOJHOCTLIO,

1) .M3BecTHO, 9TO 9TO MOHATHE ,JOTMYECKOH MAUIMHLI“ MCNOJB3YETCA B Halle
BpeMs:B ME@TaMaTeMarthke, IJ€ OHO Wrpaer BaxHylo poab ([14], ra XIII).

2). ,Mcunciienue, npoussoasauee paccyxaeHuasn® (aar.). — Ilpun. peo.

%) Dra nmed B HECKONbKO OTIHYHOH (OpMe € yCmeXoM Obila npuMeHeHa
I'énenem B ero pa6orax no meramaremarike (cM. [12a] u [6], crp. 254).

4) Jle#6HHUY mBITaNCs BBECTH B CBOE HCUMCAEHHE NH3BIOHKIUIO TOMBKO B
HeCKOMbKHX ¢pparMeHTax (rae OH 060sHauaer ee A -+ B) u, no-pugumomy, emy
He yhaeTcs YROBJETBOPHTENbHO ONEpHPOBaTh OXHOBpeMEeHHO 9TOH omepanuei u
KOHBloHKime# ([26]), crp. 363).

%) ,He cymee* (aar.).— I1pun. ped.

20 H. Bypbaku
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M0-BHAUMOMY, YAAa/J0Ch OCBOOOAUTHCH OT BJMAHUS CXOJ4CTOB; Majgo TOrO,
YTO OH CYHTAJ LeJbI) CBOETO WCYUCJ/EHHUs NMOYTH HCKJIOYHTEJILHO TepPeBo
B CBOM O00O03HAuYeHHsl NpaBUJN CUJJIOTH3MA!), HO W CaMmble CHACTJMBHIE
CBOM MAEH OH IIDHHEC B XePTBY IKeJaHHI0 BHOBb NOJYYHTb MOJHOCTHIO
npasuaa ApHUCTOTeas, Oaxe Te, KOTOPH€ HECOBMeCTUMH C TOHSATHeM
NyCTOrO MHOXeCTBa 2).

PaGorbl JleitOnnua GoJbliel 4acTbl0 OCTABAaJHCh HEH3AAHHBLIMH BIJIOTH
do Hayaaa XX Beka W mpsMOe BJusHHEe UX OBIJIO He3HAYUTEAbHO.
B reuenne Bcero XVIII u wnauama XIX Beka pasauunpie aBTOpH (xe
Cernep (de Segner), . Jlambepr (J. Lambert), ITayxxe (Ploucquet),
Tonnanx (Holland), ne Kacruawon (De Castillon), XKeproun {Gergonne))
NpeANpUHUMANH TIOTBITKH, NOLOOHHE nonbiTKaM JleHOHHIa, HUKOTAA He
NpeBOCXOAsl 3aMeTHO YpPOBHfl, HA KOTOPOM OCTaHOBHJCA OH; HX paboTH
MMeJad TOJbKO OueHb caalpif OTKJHK, M OOJBIIHHCTBO M3 HHX JdXe
HUYEro He 3HAJ0 O pe3yJbTaTaX CBOMX NpellliecTBeHHHKOB3). Bnpouew,
TOYHO B TaKHX ke ycaoBuax nuuwer u Jx. Byab, koroporo caenyer
paccMaTpuBaTh KaK HCTHHHOTO CO34aTessi COBpeMeHHOH CUMBOJMYeCKOH
jgorikd [7]. Ero rJaaBHas MBIC/Ab COCTOflJa B CHCTeMaTHu4eCKOM MpOBe-
JeHHH ,06beMHOR® TOYKH 3peHHS! W B ONEPHPOBAHHH, CJeJOBATeJbHO,
NpsIMO C MHOXKecTBaMu; uepe3 xy oH 0003Hayaa IepecedyeHue JBYX
MHOXecTB, a 4yepe3 x -} y — ux OObelHHEeHHe, KOrAA X H Y He UMEIOT
obmux sgeMeHtoB. OH BBeJ, KpOMe TOro, ,yHHUBepcyM“, o6o3nauaeMnulit 1
(MHOXeCcTBO Bcex OGDBEKTOB), W IycTOe MHOXeCTBO, o0603Hauaemoe O,
# 0003HauHa yeped 1—x gonoJHeHHe MHOXecTBa x. IloxoSHo JleitOHuuy,
OH UHTepNpeTHPOBaJd COOTHOIIEHWE BKJIQUEHHS! COOTHOUIEHUEM XY= X
(3 uyero 0e3 TPyAa NOJYyYHJA CIPABEAJMBOCTL IIPABUJI KJAaCCUUECKOI'O
CUJIOTH3MA), M ero o0003HaueHus Aas OObelHHEHHA M [OINGJHEHHH
NpuianT ero cucreMe rHOKOCTb, KOTOPOH He RKOCTABaJ0 ero mpexuiect-
BeHnukaM 4). Kpome Toro, cBa3biBasi ¢ KaXKAbIM BLICKA3bIBAHHEM MHOXe-
CTBO ,C/ly4aeB“, B KOTOPHIX OHO BHIIOJHAETCA, OH HWHTepNpeTAPOBaJ

1) Jle#OHul OueHp XOpPOWIO 3HaJ, YTO APUCTOTENEBA JOTHKA HENOCTATOYHa
a8 GopMaNbHOrO IepeBOJa MaTeMaTHYeCKMX TEKCTOB, HO, HeCMOTpPS Ha He-
CKOJbKO MONLITOK, €My He YAaJOChb YAyYWIHTH €e B 3TOM OTHomeHuH ([26],
crp. 435 u 560). ,

?) Peup uger O mpaBuiax, Ha3HBaeMbIX ,IPaBHJIaMH KOHBEpPCUH®, OCHOBaH-
HBHIX Ha noctynare «,Beakoe A ectp B“ Baewer ,Hekoropoe A ecrp B*», B
KOTOPOM MNpEANnONaraercs, eCTeCTBEHHO, 4T0 A He mycTo.

%) Hauvnas ¢ cepegunst XVIII Beka BaugHUe KaHra Takixe HECOMHEHHO
CKa3blBaeTcsl Ha TOM MajJOM MHTepece, KOTODHIH Bbi3biBana B 3TO BpeMs ¢Gop-
MajibHas JIOTHKA; OH CYUTaM, 4TO ,HAM He HYJNCHbL HUKAKULE HO8ve U300 peme-
Rusg 8 AOzuxe*, Tak kak $OpMa, NpuAaHHad eif ApHCTOTEaeM, NOCTAaTOYHa AAd
BCEX BO3MOXHHX npunoweHuit [Werke, 1. VIII, Berlin (B. Cassirer), 1923, crp.
340]. O pormarvueckHx BO33peHUsx KaHTa Ha MaTeMaTHKy H JOTUKY MOMHO
npouectb B cratbe L. Couturat, Revue de Métaph. et de Morale,
1. XII (1904), 321—383.

4) 3ameruM, B uactHOCTH, 9TO Byap nods3oBaics gucTpUGYTHBHOCTBIO mepe-
CeueHUd OTHOCUTENbHO OObeXMHEHWd, 3aME4YEeHHOH BIEPBHE, MNO-BUXHMOMY,
XK. Jlam6epTom.
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COOTHOIIlCHUEC HMINIHKALIMK KaK BKJ/IOYEHUE, W €Tro HCYHCAeHUe MHOXKeCTB
1an0 eMy, TakuM 06pa3oM, NpaBuaa ,MCUHCAEHHS BHICKA3bIBAHHUH®.

Bo Bropo#t nojosune XIX Beka cucreMa Byas cayxur ocnoso#t mas
paGoT aKTUBHOM IUKOJB JIOTHKOB, KOTOpbie OGOTaTHIM M AOMOJHUIN ee
B pa3juuHbiX Hanpasienusx. Tak, Hampumep, Ixesonc (Jevoms) (1864)
pacLiMpHJ CMBICA Olepauun OODLeauHeHus X -y, pacnpocTpaHuB ee Ha
npousBoJbHble X U y; A. 1e Mopran (A. de Morgan) B 1858 roay u
Iupc {C. S. Peirce) B 1867 roay nokasaiu COOTHOIIEHUsS! 1BOACTBEHHOCTH

©2)nEB)=C(AUB), @A UGB = GANB)Y.

B 1860 roay e Moprau mnpeilpHHAJA Takxe H3yuyeHHe COOTHOLIeHUH,
onpefe siOIKX WHBEPCHIO U KOMIIO3HUHMI0O GMHADHEIX COOTHOWERUH (T. e.
-1
onepauun, coorsercrsylouue onepaunsM G u G;o G, nan rpadukamn)?).
Bce st paGoTel cHCTeMaTHueCKH H3JO0XEHB M DPa3BUTHl B 00beMHCTOM
¥ MHOrocaopHoM couuHeHun Llpénepa {47]. Ho mobonbitHo Takxe
OTMETUTb, YTO JOTHKH, O KOTOPBIX Mbl TOJbKO 4TO FOBOPUJH, kak OyaTO
65 BOBCE He MHTepecOBaJUCh NpHMeHEHHEM CBOUX pe3dy/JbTaTOB B MaTe-
MaTWKe H YTO, COBCeM HanpoTus, HMeHHO Byab u llpérep, no-suauMomy,
HMead cBOoe#t raaBHOYM 1espl0 pa3BusaTh ,OyjeBy“ aarebpy, KONupysi ee
MeTOAB M [pO0aeMBl C KJACCHYeCKOH aare6psl (4acTO OYeHb HCKYCCT-
BeHHbIM 006pa3oM). [IpUYMHBI TaKOro OTHOLIEHHS, HECOMHEHHO, CJexyer
BUILETH B TOM, 4TO 0y/eBO HCUHC/IeHHe elle He ObIJIO AOCTATOYHO YAOOHBIM
IJs BhIpaweHHs OOJbIIMHCTBA MaTeMaTHUeCKHX paccyxkleHu#3) H, Takum
o0pa3oM, JulIb B OYeHb Majno# CTereHH OTBEYAJI0 BEJHKOMY 3aMBICITY
Jle#i6uuua. ITocTpoenne ¢popMaausaMoB, JAyullle NPHUCIIOCOOJIEHHLIX K MaTe-
MaTHKe, — er0 T[JaBHBIM 3TaNOM SIBUJIOCH IIPHHAAJEXallee He3aBHCHMO
®pere [42] u [Tupcy [366] BBeneHue nMepeMeHHHIX U KBAHTOPOB — OHLIO
JeJoM JOTMKOB ¥ MaTreMaTHKOB, KOTOpHle B OTJWYMe OT NpeAllecTBeH-
HUKOB [peXnie BCEro MMend B BHAY TMPHJIOMXKEHHS K OCHOBAHHAM MaTe-

MAdTHKHU.

) Caegyer OTMETHTH, UTO (OPMYJMPOBKH, 3KBHBaJEHTHHIE 3THM HpaBUJaM,
BCTPEYAIOTCH YKe Y HeKoTophx duaocodos-cxoaactos [ [3], ctp. 67 U caex.].

?) OnHakO MNOHATHE ,JEKapTOBa“ NPOH3BENEHUS ABYX NPOM3BOJBHBIX MHO-
#ecTB ObiIO, MO-BUAUMOMY, fIBHO BBeleHO Toabk0O I'. KaHropom ([22), crp. 286);

Takx¥e HMeHHO KaHrop nepBbiM Ompejenni BO3BejeHHE B CTENeHb AB (loc. cit.,
cTp. 287); obwee noHaATHe 6eCKOHEUHOrO HPOU3BENEHUS NpUHAZAKHT Y akTXeny
(A. N. Whitehead) (Amer. Journ. of Math., 24 (1902), 369). Wcnoab3oBaHue
TpapUKOB COOTHOIIEHHH JOCTATOYHO HOBO; €CAH HCKAYHUTH, KOHEYHO, KJaac-
cuueckulf cayuad uMca0BbIX QYHKIHA TeHCTBHTEAbHBIX MEpPEMEHHBIX, OHO, KaKerced,
BNEpBHE MOSIBJAETCHA Y HTaJAbSHCKHX reomerpos, a umeHHO y Cerpe (C. Segre)
B er0 pabore 06 aareGpaHiecKHX COOTBETCTBUSX.

3) ag kaxc00z0 COOTHOWEHHA, NOJAYYEHHOrO H3 OJHOrO HAU HECKOJAbKUX
3afaHHLIX COOTHOINEHHH HpHMEHEHHEM HalllMX KBaHTOPOB, B 3TOM MHCUHCJECHUH

~1
npuimaoch Gst BBOAMTL ©OG6o3naueHMe ad hoc, TMna o6osnauenuii G u G;0G,
(cm., Hampumep, [366]).

20*
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3ameicea dpere [426 u B] cocrosin B 060CHOBaHHUM apH(METHKH TIDH
NOMOLUK JIOTHKH, ()OPMaJH30BAHHOM B BHIE ,3aNHCH noHatu#“ (Begrif-
fschrift), n Mb BepHeMcsi B gaibHeMuleM K cnocoGy, KOTOPHIM OH OIpe-
IeaseT HaTypaJdbHbie uncaa. Ero Tpyasl xapakrepusyloTcs kpalHe# TOu-
HOCTbI0O M TILATEJbHOCTbIO B aHa/Au3e NOHSTHH, HMEHHO B CUJY 3TO#
TeHAEHUHH OH BBOJAMT MHOTOYHC/EHHBlE Pa3/HueHHs, MOJAyuHBluKe 6O/bIIOE
3HayeHue B COBPEeMeHHOH JOTHKe: HalpuMep, OH NepBHI pasdjnuaeT ¢op-
MYJMPOBKY BHICKA3LIBAHUA W yTBepXAeHHe, UYTO 9TO BHICKA3bIBAHHE
HCTHHHO, COOTHOLIEHHE IIPHHAAJMEHHOCTH U COOTHOLIEHHE BKJIOYEHHU,
00BEKT X W MHOXeCTBO {x}, cocrosiliee U3 9TOr0 €IMHCTBEHHOTO
o0bekra, ¥ T. A. Ero ¢opmasnusosaHHas Joruka, COLepXKallad He TOAbKO
JiepeMeHnbe’ B CMBICJe, YNOTpeGafeMOM B MaTeMaTHKe, HO M ,lIPONO3H-
HHOHAJbHble TepeMeHHble, MNpeACTaBJAAIOlIHe HeolpeieaeHHble COOTHO-
WEHHS M CNOCOOHLIE INOABEPTraThbCA AEHCTBHIO KBauTOPOB, [OJIKHA Gblaa
nosxe (npo#as uepes couHHeHue Paccesa u Ya#txema) cocTaBuTb OCHOB-
Hoe OpynWe MeTaMaTeMaTukd. K coxajeHUIO, NpHMeHSieMble UM CHMBOJIBI
OblaM  MaJo BHPA3MTeJbHBl, Yxacalouled THNOrpapCckof CJA0XKHOCTH H
OYeHb NaJeKW OT NMPaKTHKH MaTeMaTHKOB; BCE 3TO OTTOJKHYJIO NOC/AeN-
HAX W 3HAUMTEJbHO CHH3WJIO BJHAHHe dpere Ha COBpEMEHHHMKOB.

Ueab [Teano (Peano) Gkia oxHoBpeMeHHO GoJee oGuupHo# n Gouee
NPAaKTHYHOH; AeJ0 Kacajochb u3zanus ,dopMmyaspa MaTeMaTHKu®, Hanu-
CaHHOTO TOJHOCTBIO Ha (POpMANH3OBAHHOM f3blKE H COLEpPXKAILEro
He TOJbKO MaTeMaTH4eCKYyI0 JOTHKY, HO W BCe pe3yJbTaTh Haubo.ee
BAXXHHIX DPa3fe/ioB MaTeMaTHKH. BHICTpPOTa, ¢ KOTOPOH eMy yaajdoch 0Cy-
IECTBUTL CBOR 4ecTOMOOHMBEIR 3aMbICe] C NMOMOLILIO IJESABl COTPYI-
HHKOB-3HTy3uacros [Bawnarn (Vailati), [Tuepn (Pieri), Ilamoa (Padoa),
Bakxa (Vacca), Busanti (Vivanti), ¢ano (Fano), Bypamu-doptu
(Burali-Forti)], cBhIeTeAbCTBYeT O IPEBOCXOAHOM KAuecTBE NPHHATOR
MM CHMBOJMKM: HeOTCTYyNHO CJelsiiuft 32 OOBIYHOM NMPaKTHKOK MareMa-
THKOB, BBOISAIIWA MHOrOYMCJEHHEIE, XOPOIIO MOZOOpaHHbBlE CHMBOJE IS
COKpaIlleHUs,, ero s3blK OCTAeTCs, KPOMe TOro, JOCTaTOYHO Jerko uuTae-
MbpIM Gaaronaps B OCOGEHHOCTH OCTPOYMHOH CHCTeMe 3aMeHH CKOGOK
pasaeqMTeJbHBIMH TOuKaMu [42B]. Muorue o0603Hauenust Ileano npuuATH
ceroinss GOJbIIMHCTBOM MaTeMaTHKOB: ykaxeM €, D (HO B IPOTHBO-
NOJOXKHOCTL COBPEMEHHOMY YNOTpeOJeHHI0 B CMbLICJe ,COAEPKUTCA® WM
SJaMnauuupyet“ 1)), U, N, A—DB (MHOXecTBO pasHoCTeh a — b, rae
a€A u bEB). C apyro#t ctopoHH, uMeHHO B ,POpMyJsipe* Mbl BrepBbie
HAXOAMM pa3BUTHIA aHann3 OOILEro NMOHATUA (YHKUMH, NMOHATMH 06pasa?)
¥ [0JHOTO Npoo6pa3a ¥ 3aMeuaHue, yTO IOCJAELOBATENbHOCTb €CTb HE uYTO
VHOe, Kak ¢yukuus, onpenenennags B N. Ho ynmorpeGaenne kBantropos
y Ileano noiuHHeHO CTeCHUTEJLHLIM OrpaHHYeHHSM (110 CYUIECTBY, B €ro

) 310 x0opowo noOKasbiBaeT, A0 KaxoH CTENEHU yKOpEeHUNach faxe y Hero
crapas IpUBHUKA MBICAHTb CKOpee ,COfepiaHUeM*, Hexead ,06beMOM“.

?) T10-BUAMMOMY, 3TO NOHATHe Obli0 BBefeHO JlegexkHHAOM B €ro pabore

. Was sind und was sollen die Zahlen*, 0 xOTOpOH Mbl GyieM TOBOpPHTb NO3WeE
([42], . 1II, crp. 348).

MOHATUE UCTHUHBI B MATEMATHKE 309

CHCTEMe KBAaHTOPH MOXHO HaBelIHBAaTb TOJbBKO Ha COOTHOLIEHWA BHAa
A=B, A & B niu A =B). Kpome toro, nourn ¢anaruieckoe ycepimue
HEKOTOPHIX H3 ero YueHHKOB JIerKkO TNOAaBaj0 IM0BOA K HaCMeLIKaM;
KPHTHKA, 44cTO HecripaBejauBas, B uacTHocTd kputuka [lyanxaps
(H. Poincaré), Hanecna uyBCTBMTeJbHb# ynap uwikoje IleaHo u sBHJIaCH
IpeNnaTCTBHeM IJf PACHPOCTPAHEHHAA €r0 YueHHsl B MaTeMaTHueCKOM Mupe.

Baaronapa ®pere u [leaHo mNOABHAKCL OCHOBHBIE 3JEMEHTH YIIO-
TpeGaseMblx B HacTosllee BpeMs (OpMaau30BaHHBIX sA3bIKOB. CaMbimM
0611eH3BECTHHIM U3 HUX, Ge3 COMHeHHs, SIBASIETCH $I3bIK, CO3xaHHbIM Pac-
ceqoM M YafiTXelOM B X KallMTaJAbHOM coOuMHeHuu ,Principia Mathe-
matica® ¥ CuaCTAMBO COepMHsOWuA TOouHOCTL Ppere W yno6erBO
cucremn [Teano [38]. BOJLLIKAHCTBO COBPeMeHHBIX (POPMANU3OBAHHBIX f3BI-
KOB OTJMYAeTCA OT Hero TOJAbKO MOAU(UKAUMAMH  BTOPOCTENeHHOH
BA)KHOCTH, CBA3aHHLIMH C ynpouienueM ero ynorpeGaenns. Cpean nau-
60/ice OCTPOYMHEIX MPHBeLEM ,(YHKLIHOHAJbHYK® 3alliCh COOTHOLIEeHUA
(nanpuMep, €xy BMecTo x €Y), npuayMannylo Jlykacesuuem (Luka-
siewicz), Gnarosaps KOTOPOM MOXHO MNOJHOCTbIO O0GOHTHCH Ge3 ckoGok;
HO HauGOJBIIMA MHTEpeC, HECOMHEHHO, MNpeiACTaBaseT BBeacHHe [Habnbep-
toM (Hilbert) cuMBO.ia T, KOTOpOe TMO3BOJHMAO paccMaTpuBaTh KBaH-
ropul 4 ¥ V Kak cokpauiaioinide 3HakH, H30exarb BBeleHusl ,yHUBep-
ca/abHOro* YHKUHMOHANLHOTO cuMBoOsa ¢ Ileano u Paccena (MpUMeHHMOTO
TOJbKO K (PYyHKIHOHAJLHLIM COOTHOLUEHHSM) H, HakoHeu, #30aBuJIO
OT HeOOXOAMMOCTH (POPMyJHPOBATHL B TCOPHH MHOXKECTB aKCHOMY BHOOpa
[(15a), ctp. 183 1).

ITonamue ucmuHo 8 mamemamure

MareMaTuki Bcerad Oblad YBepeHBl, 4TO OHM JOKa3hIBAOT ,HCTHHH®
HJIH ,MHCTHHHBle BLICKA3LIBAHHA“; Takoe yGexaeHue MOXET HMETb, Oue-
BHIHO, TOJbKO 4YyBCTBEHHHIA Hau MeTadusuuecKuit XapakTep H, BCTaB.
Ha 1OYBy MaTeMaTHKH, HEBO3MOXHO HH ONpPaBAaTb ero, HU Jaxe npuiarbh
eMy CMLICJ, OTJMYHBLIA OT TaBTO.OTHU. McTOpuS MOHATHA UCTUHL B MaTe-
MaTHKe OTHOCHTCH, TakuM 00pasoM, k uctopuu cuaocopuu, a He K UCTO-
pud MareMaTHKH, HO 9BOJIOUMS 3TOTO YIOHATHS OKa3aja HeOCHOpHMoe
BJHSIHHE HA SBOJIONUIO MaTeMaTUKH H [03TOMYy MBl He MoeM 0GOHTH
ero MOJ/YaHHEM.

[Mpexne Bcero 3aMeTuM, 4YTO CTOJb e PeNKO MPHXOLHICH BHIETb:
MaTeMaThKa, 06./a1al0niero BHICOKOH (HIOCOPCKOR KyAbTYypOH, CKOJb U
¢unocoda, UWHPOKO 3HAKOMOTO C MAaTEMaTUKOH; BO33peHUA MaTEMAaTUKOB.
Ha BONPOCHl (PHIOCOPCKOTO MOpslKa, AdXKe KOrAa 3TH BONPOCH OTHO-
cATCl K UX Hayke, ualiie BCero NpPeicTaBasioT cOOOH B3rJsAbl, MOJy-
YeHHBlE M3 BTOPHIX HJM H3 TpeTbMX DYK, MPOHCXOIf OT UCTOUHMKOB
COMHUTeJAbHON UeHHOCTH. Ho HUMeHHO nNOSTOMY 9TU-TO CpelHHe B3TJAAbl

1) 3amernM, uT0 TO, 4r0 I'manGepr oGosHauaer Tam depe3 T, (A), Oblio.
B . | 0o6o3HaueHo uepes t, (He A).
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¥ HHTepeCcyloT MCTODHKAa MaTeMaTHKM IO MeHblle# Mepe Tak XKe, KaK H
OpHTHHAJbHbIE BO33peHHSl TaKHX MblcadTesed, kak [ekapr uan JleOuuu
(NpMBOAMM ABYX M3 TeX, KOTOpHe OBlIM TaKXe MaTeMaTHKaMH [epBOTO
nopsaka), [liaron (koTophi#t Gma nO KpalHe#t Mepe B Kypce MareMa-
"THKM CBOEro BpeMeHH), ApucroTeap uau KaHT (0 KOTOPHIX 3TOro yixke
He CKaxellb).

TpanullHOHHOE TOHAITHE MareMaTWueCKO# HCTHHBI BOCXOAHT K 3MMOXe
Bospoxaenusi. B 9TOM INOHATHM He nefda’oc, eiie OO0JbIIOH pasHHLLLI
Mexay oObekTaMH, u3ydaeMbIMM MaTeMaTHKOW, ¥ OObeKTaMy, H3yuyae-
MBIMH €CTeCTBEHHBIMH HAyKaMu; ¥ Te M ADYTHe NO3HaBaeMbl M Yej0BeK
NOAYMHAeT KX cefe Npd MOMOLIM ORHOBPEMEHHO HHTYHUMH M paccy-
WAEHUH; HEBO3MOXHO NOABEPraTh COMHEHHIO HH WHTYHLUHIO, HU pacCyx-
JeHus, KOTOpble TOJbKO TOFAa MOTYT NpPHBECTH K OLIMGKe, KOrga MX
ynoTpebadl0T He TaK, Kak noJaraercs. ,fyocno 6etao 6bi, — rosopur
[Mackanb, — amems cosepuleHHo Henpasussuolli ym, 4moObu 0ypHo
paccyycoams 0 RPUHYURAX CMOAL 3HAYUMEABHLLX, HMO noumu
.HeB03MONCHO, 4mo0b onu yckoassasu ([33], 1. XII, crp. 9). Hekapr,
y cBoe#t meukn!l), mnpHIeJa K YOeKICHHIO, UYTO ,MOABKO MAMeMamu-
KaMm yoarocCs Halmu Hexomopwe Ooxa3ameabcmsa, M. e. HeKo-
.mopsie mounsie u o4esudHsie coob paxcernun* ([20], 1. VI, ctp. 192))
M 3T0 (eCau OTrPAHUYHTBCH €ro pacckadoM) 3af0aro A0 IOCTPOeHHS
MeTadusuku, B KOTOpO# rosopua: ,To, umo s ¢ Hedas8Hux nop npu-
HAA 30 Npaguso, @ UMEHHO, 4MO Beuju, Komopbie Mb MOCHMU-
20eM OUeHb ACHO U OHeHb OMH4emAUBO, CYMb UCMUHHbE, 28paH-
muposaro Auwb meM, uwmo boz ecmb uau cyuecmsyem u 4mo ow
agasemcs coseputenuolm cyuecmgomn® [{20], 1. VI, crp. 389)]. Xors
Jle#Guuu n Bospaxaa [lekapry, u4To He BHAHO, KakuM 00pa3oM pacro-
3HaeTcd, YTO HekoTopas uies ,ACHA W OTYeT/IHBA“?4), OH caM Takxe pac-
-CMaTpHBaJ A4KCHOMbBI, KaK OuYeBHAHble M Heud0exHble CJAeACTBHUSl ONpe-
_JdeneHdH, KaK TOJbKO Mbl TIOHHMaeM CMBICJ BXOIAUIHX B HHX CJOB5),

') Bo ®paHuun pacnpocTpaHeHo npeiaHue, uro JexapT Gula OueHb TEmJo-
. MOGUBBHIM M mHCal CBOH pabOTHl, CHAA Yy HaronaeHHOH neuku. — ITpum. nepes.

2) Pycckuit nmepeson, crp. 23. — [T pun. peo.

%) Pycckuii ‘mepesos, crp. 37.— [1punm. peo.

%) .Te, xOmopote Oaru nam MemoOsi, — roBOPHA OH IO 3TOMY MOBOLY, —
0e3 COMHEHUST 0aKOm HAM U npexpacrsie NpPeOnUCAHUusT, HO He Cnoco6 ux
soinoanenug® ([276], 1. VII, crp. 21). W B apyroM mecre, BHICMEHBAA A€KapTOBHI
NpaBHAa, OH CPaBHHBAJ HMX C pelUenTaMH aJXUMHKOB! ,BoasMu, 4mo nyxcno,
.npodesail, 1m0 O0AHCHO, U nOAY4UULL, 4mO Hcesnews!* ([276], 1. IV, c1p. 329).

5) B srom Bompoce Jled6GHui HaXOAUTCS eile moj BAHAHMEM CXOJacTOB; OH
BCErza NpeacTaBadeT cefe BHICKa3biBaHMA KaK YCTaHaBAMBAIOUIME CPERH MOHATHH
-OTHOWIEHHs ,CyObeKTa* K ,mpegukary“. Kak TOAbKO MOHATHA GYIYT pasJiomeHHbl
Ha ,NIPHMHTHBHHIE® (9TO, KaK Mbl BHjesd, ABASETCA OJAHOH H3 OCHOBHBIX ero
uned), Bce cBogurcd, no JleHOHHLy, K HpOBEpKE COOTHOMMEHUH ,BKJIIOYCHHA®
NpH MOMOIH TOrO, 4YTO OH Ha3blBaeT ,TOXJAECTBEHHBIMUM aKCUOMAMU® (raaBHHIM
-00pa3oM, BoickasbiBaHUs A = A W A A), U nNpUHEHMNA ,MOACTAHOBKH 3KBHBa-
JMEHTHHIX“ (ecan A =B, mOwHO Besge sameHnth A Ha B —nHama cxema S6
us . I, § 5) ([26], crp. 184—206). [To 3TOMy NOBOAY HHTEPECHO 3aMETHTb,
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He caenyer, BnpoueM, 3a6biBaTbh, 4TO Ha SI3bIKe TOH 3MOXH MaTeMaTHKa
colepxaja MHOTHE Hayku, KOTOphle COJbllle K HeH He NpHYHCJSIOTCH,
MHOT1a BIJOTb JO HHXEHePHOT'O HCKYCCTBa; W B 1O0BepHH, KOTOPOe OHa
BHylla/a, Mrpan GO/blIyl0 pOJb TNOPA3MTEJbHHE ycnex ee NpuaoKeHuh
K ,HaTypaJabHOH (HI0COPUH”, K ,MEXAHHUECKHM UCKYCCTBAM“, K HABUTALlHH.
[Tpn stux B3raAAAaX aKCHOMBl He 00Jee MOTYT GbTb MOABEPTHYTHI
O6CY W ACHHIO WJH COMHEHHIO, 4YeM TpaBuJa pacCcyXKneHus; camoe 6OJb--
ulee, MOXHO NpPENOCTaBHTL KaXAOMY, CJeAys ero INpealouTeHHIO, BhIOH-
paTh, paccyxnath J¥ ,B MaHepe NPEBHHX‘ WJH 0aBaTh CBOGOIHYIO BOJIO:
cBOefl MHTyuiliM. BrGOp uCXONHOM TOUKH TaKkKe eCTb BONPOC WUHAWBHU-
AyaabHOTO MPEeANOYTeHUs K MOXHO HaOmoLaTh INOsIBJEHHE MHOTOUMCJEH-
HBIX ,H3AaHMH® OBK/JMAA, rie NPOuHHH JOTHYeckud ocros Hauaa npu-
YyAAUBO H3MCHEH; H3JaraloTC KYCKM HCYHC/eHHs OeCKOHEYHO MaJblX,
pauMOHaAbHOM MEXaHMKH, U3J0XeHHe Kak OyATO IeAYyKTHBHOe, HO Gasa
ero 00ocHOBaHa B BHCIIe# cTemeHH nNJa0X0; ¥ CnHHO3a, BO3MOKHO,
MCKpEHHe BblAaBajl CBO Jmuxky 3a LOKa3aTeJbCTBO Ha MaHep reoMe-
TpoB (,more geometrico demonstrata“!)). Xors 8 XVII Beke TpyaHo:
HaWTW IBYX MaTE€MAaTHKOB, COTJA4CHBIX APYT € ADPYroM MO KakOMy-aunGo-
BONPOCY, XOTH CNOPH KaXA0IHEBHH, HECKOHYAeMEl H J3BHTEbHbI, MOHATHE:
HCTUHBl TeM He MeHee He oOcyxnaercs. ,Cywecmsyem aums 00ua.
acmuna o Kadxc0od 8ewu,— roBopuT JlekapT, —u Kmo Hauwenx ee,
3naem o Hed 8ce, wmo moxcHo 3uams® ([20], 1. VI, c1p. 212)).
HecMoTpst Ha TO, 4TO HHKAKOTO I'peuecKOro MaTeMaTHYyecKOTro TeKCTa
BEJHKOM 3MOXH, MOCBALIEHHOI0 9THM BONPOCAM, He COXPAHHJIOCh, BEPOSITHO,
B3MVIAAL TPEYeCKHX MATeMAaTHKOB Ha 3TOT npeiMeT Obiiu ropasno 0o.ee
rubkuMu. Toabko Gaarojaps OMBITY INpaBuJa PACCYKAEHUS MOTJAH OBbITb -
pa3paGoTaHHBIMM 10 TaKO#t cTemeHu, uTOOH BHywaThb [0JHOE [OBEpHE;
NpeXne 4YeM MX MOXHO Obl/IO paccMaTpuBaTh CTOSILMMH Bbillle BCAKOTO
obcyxnenus, Heo06x0AuMo OLII0 MPOWTH uYepe3 MHOTO MOMCKOB M Tmapa-
aoru3mos. BooOpaxarb, 4TO Te caMble ,akCuOMb“, KoTopsie [Tackain
CYMTaJ CaMHIMM OYEBHAHBIMH (M KOTOpDbie OH MO JiereHie, pacnpocrpa-
HABlUe#ca ero cecTpo#, siIkoGe ¢ Ge30IHOOYHBIM HHCTHHKTOM, CaMOCTOS--
TeJLHO OTKPBIA B JeTCTBE), He [AeJaJHCh MpeIMeTOM JOJTHX CNOpOB,
3Hauua0 OBl TaKXe HelOOLleHWBATb KPHTHUECKOrO AyXa TPEKOB, HX BKyCa.
K JdckyccuaM K copuctuke. B 00aactd, He oTHOCcauie#cs, COGCTBEHHO
TOBODS, K FeOMeTpHH, NapafoKCH D/eaTOB COXPAHHAHM AJAH HAC HEKOTOPbHIE-
CJeibl 9THX CMOPOB; W ApxMMeA, KOraa oH 3aMeTua ([2], crp. 265),
YTO €ro InpejlieCTBEHHWKH BO MHOTMX OOGCTOATeJbCTBAX I10Jb30BAJIHCh
AKCHOMOH, KOTOpYIO MB!I NMPUBHIKJH Ha3bBaTh ero HMeHeM, H00aBUT, YTO-

4TO B COOTBETCTBHU CO CBOUM KeJlaHUEM Bce CBECTU K JOTUKEe H ,N0Ka3aTb BCe,
4TO AOKa3yemo*®, JIeHOHHI JOKa3bBaeT CUMMETPUMHOCTb U TPaHIUTHBHOCTH COOT-
HOLIEHHA paBEHCTBa, HCXOAA U3 AKCHOMBI A=A1u npuinMna noAaCTaHOBKU 3KBH-
BaJEHTHHIX, OJyuas, TakuM O0pPasOM, B OCHOBHOM [0OKa3aTeJbCTBa, KOTOPHE Mbl.
nam B r1 I, § 5 ([27a], 1. VII, crp. 77—78).

!y JokasaHnylo reomMeTpUuecKUM Cnoco60M (aat.). — I1pum. ped.

2) Pyccxuit nepesogn, ctp. 24. — [Tpun. ped.
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TO, YTO OHJO ZOKA33HO C NOMOLIBI0 STOH AKCHOMH, ,06020 N PUSHAHO
He 8 MeHbweld Cmenend, 4em mo, wmo Obio doxa3ano 0Oe3 Hee“,
¥ YTO eMy AOCTaTO4HO, YTOGH ero COGCTBeHHHE PE3y/AbTaThl OblM NMPH3-
HaHbl Ha TOM e OCHOBaHMH. [1aTOH B COOTBETCTBUH CO CBOMMH MeTa-
(M3HUECKMMH BO33pEHHSMH TNPEACTaB/AJI MaTeMaTHKy KaK Cnoco6 nocTu-
XeHUusl ,MCTHHEl B cefe“, a 00bekTh, O KOTOPHX OHAa pacCyxlaeT, Kak
HMelolliHe cCOOCTBEHHOE CYUIeCTBOBaHHe B MHUpe HIAeH; 9TO He yMeHbllaer
TOYHOCTH, C KOTOPOM OH XapakTepu3oBaJ MaTeMaTHYECKH# MeTOx
B M3BECTHOM OTphiBKe u3 ,Pecnybanxun®: ,Te, Komopsle 3anumanwmcs
2eomempueii u apupmemurol,... npednosrazaiom 4HemHoe U He-
4emuoe, mpu poda Y:a08, OHU paccyxdaiom 0 HUX, KAK
0 Uu38eCMHbLX 8elfax; 00UK pa3 NPednoAoHUS 3MO, OHW cuumaom,
4mo uMm yxce Gosvile Hem HYIUCOBL OMHUUMBIBAMbCA 8 3IMOM HU
camum cee, Hu Opyzum, [pacCMaTpHBAsl ero] KakK ACHOe Kaloomy;
u, ucxo00s u3 yMo20, onu deilcmsyiom no nopaoky, 1mobe ¢ o6uezo
cozracun npulimu K Uedu, NOCMABAeHHOU neped ux nouckamu’
(Kuura VI, 510c —e). Hrak, 1n0Ka3aTeabCTBO COCTOMT, Npexie BCero,
#3 MCXOJAHOH TOYKM, NpeACcTaBAsIOliefi HeuTo TNPOHM3BOJAbHOE (XOTA H
SICHOE KaXAOMY“), Aajblie KOTOpOH, rOBOPHT OH HEMHOTO HHXe, Mhl
He MbITaeMca WATH; 3areM neficTBHe, MpoXxojisuiee MO NOPALKY NOCJAELO-
BaTe/IbHOCTh NPOMeXYTOUHBIX 9TAllOB; HAKOHELl, HA KaXIOM Iuary corjacue
cobecenHUKa, TrapaHTHpylouiee NPABHALHOCTL paccyxaenus. Creayer
406aBHTh, uTO, KaK TOJILKO AKCHOMBI YCTAHOBJEHEl, HUKaKOe HOBOe 00pa-
IleHHe K MHTYHUMH B npHHUune He gnonyckaercs: [Ipoka, uutupys
TeMuHa, HATMOMHHJ, YTO ,y CAMUX NUOHEPOB IMOL HAYKU HAYLUAUCL
Mbl COBCeM He NDUHUMAMb 8 paciem Rpocmo npasoonodolrsix
3aKaiotenuii, Ko2da peus uldem o paccyxcleHunax, O0AHCHHX cocma-
8umos wacme Haweldl cucmemb 2eomempuu* ([44a], t. I, crp. 203).

Hrak, HWMeHHO ONEITY U OTHIO KPHTHKH Mbl 00si3aHb BHIPaGOTKOH
npasus MaTeMaTHYeCKOTO pACCyXJeHHS; ¥ eCJ¥ BepHO, KAK 3TO NpaBio-
nono6Ho yreepxkaanul), yro Kuura VIII Iskanaa coxpaHuna HaM 4acTb
4pHpMeTHKM ApXHTa, He YAHBHTEJbHO YBUIETb B HEH HECKOJAbKO INenaH-
THYHOE OTCYTCTBHe TUOKOCTH pacCyXAeHHH, NOSBAAIOLICECS KaXAHH pa3s
BO BCAKO{ MaTeMaTH4eCKOHN IiKOJe, B KOTOpPOH OTKPHIBAIOT HJH AYMAIOT,
4YTO OTKphBalOT ,cTporocth*. Ho, omHawabl BBeleHHbIE B MaTeMard-
4eCKyI0 TNpaKTHKy, 3TH NpaBuJa pacCcyxieHus, NO-BHAHMOMY, HUKOTAa,
BILIOTH 4O COBCEM HelJaBHero BpEMEHH, He TOABeprajuch COMHEHHIO;
XOT9 y ApuUCTOTeJs H CTOUKOB HEKQTOpble H3 I3TUX NPAaBUJ BHIBOLHJIHCH
#3 APYTUX MO CXeMaM paccyXieHHus, HCXOAHble MpaBuja BCeraa IpHHU-
Majnuch Kkak oOueBupHple. K TOMy ke, nokas 1o ,THnore3“, ,aKCHoM“,
,MIOCTY/aTOB®, naBaBINX, KAK HM Kas3aJjoch, COJMAHOE OCHOBaHHE HayKe
CBOEro BpeMeHu (HanpuMep, TAKUX, KOTOpble ROJMKHBH Oblau OHITh Tpen-
CraBjeHHHIMH B mepBuix ,Hauanax“, npunuchiBaeMblXx Tpazuuueft 'unmo-

Y Cm. van der Waerden B. L., Die Arithmetik der Pithagoreer,
Math. Ann., CXX (1947), 127—153.
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kpary XuocckoMy, 450 r. mo H. 3.), Trpeueckne MarTeMaTdKu KJjacCuue-
CKOTO TNePHONA MOCBATH/IM, BUAUMO, CBOM yCHJNs Go/iee OTKPHITUIO HOBHIX
pe3yJbTaTOB, 4eM KpDHTHKe 3THX OCHOBaHHH, KOTOpas B TO BpeMms
He MOTJa He ObITb 6eCnJAONHOM; H, OTJIOXKUB BCAKWe MeTadH3uueckue
3a60TH B CTOPOHY, MaTeMaTWKH AOCTHIJu 0Oiiero coraacus 06 OCHOBAaxX
HX HAayKH, O 4YeM CBUIETeJbCTBYET LUMTUPOBAHHLIA Bhiwe TekcT [TaatoHa.

C nopyro#f CTOPOHBI, TpedeCKue MaTeMaTuku, NO-BUAMMOMY, He Ha-
JesJucb Ha BO3MOXHOCTb HCTOJKOBaHHA ,MIePBOHAYAJbHBIX IOHATHH,
CJAYXKHBIIUX HM HCXOLHOH TOYKOH, -—— NPAMOM JHHHH, TIOBEPXHOCTH, OTHO-
IIeHUs BeJHuYHH; eCad OHH W JaloT MM ,OnpejeeHus”, TO 3TO, Oue-
BUIHO, AJA OYHCTKM COBECTH, He NHUTAasl W03 OTHOCHTE/IbHO HX 3Ha-
yumocT. CamMo co6o#t pasyMeeTcsl, YTO 3aTO OTHOCHTEJbHO OIlpeneaeHUR
He ,llepBOHAYAJbHEIX NMOHATHH® (OnpenejeHHH, YacTO HA3EIBAEMHX ,HOMHU-
HaJAbHBIMKH® W WTpAOILKX TY ke pOJb, 4TO H Halik ,COKpauamoude
CHMBOJBI“) Tpeueckne HUIOCOGMH W MaTeMaTHKX HMeJH COBEepLIEHHO SCHbIE
npeacrasieHus. HecoMHeHHO, HMeHHO TNO 3TOMY YIOBOLY BIEpBHIE SIBHO
BO3HMKaeT BONPOC O ,CYILIeCTBOBAHHM® B MareMarhke. ApHCTOTe b
He TpeMHHYJd 3aMeTHTb, UYTO ONpeleeHHe He BJeYeT CYIIeCTBOBAHHA
ONpeAe/AeMORt Bellid M uYTO, KPOMe 3TOro, HyxeH .auG0 moctyJar, au60
KOKa3aTeJbCTBO. Be3 coMHenusl, ero Hab/oAeRKe ObIJIO BHIBEAEHO M3 MpaK-
THKH MaTeMaTHKOB; BO BCSAKOM cCJjyuae OBKJIUL M03a6OTH/ICH O NOCTYJH-
pOBaHHH CYUIeCTBOBAHHS KPYyra M O J[I0Ka3areJbCTBE CYLUECTBOBAHHS
paBHOOEAPEHHOTO TpeyroJbHHKA, mnapajJjeJbHBIX, KBajpara 4 T. A,
N0 Mepe TOTO KaK OH BBOZHMT WX B CBOM paccyxkieHus ([44a], Knura 1);
9TH [10Ka3aTeJbCTBa SBJAIOTCA ,KOHCTPYKUHMSMH®; HHAue TOBOPS, OH
NpenbsBAseT, ONHPAfChb HAa AKCHOMEl, MaTeMaTHYeCKHe OOBeKTH ¥ A0Ka-
3bIBAET O HMX, YTO OHHU YAOBJETBOPAIOT IIPOBEPAEMBIM OMNpexe/eHUsM.

Takum 00pa3oM, Mbl BUAMM, 4YTO Tpeyeckas MaTeMaTuka B KJaccu-
YeCKyl0 SMO0Xy IpHLUIJA K HeKOTOPOH  SMIMPHYECKOH YBEpPeHHOCTH
(xakoBbl Obi HH OBIJH ee MeTapu3HUYECKHEe OCHOBH Yy TOTO WJKH KHHOTO
¢unocoda); x0T ¥ He OHINO OCO3HAHO, YTO MOXKHO CTABHThb MO BONPOC
npaBuad pacCyxIeHHsl, ycCIeX TpeueckOii Hayku M HYBCTBO HecBOeBpe-
MEHHOCTH KPHTHYECKO# PeBH3HH CHJABLHO CNOCOOCTBYIOT NOBEPHIO, KOTOpOE
BLI3LIBAIOT aKCUOMBI B COOCTBEHHOM CMHICJE CJIOBAa, MOBEPHIO, OYeHb
NOX0XeMy Ha TO (TaKxe TOYTH HEOTPaHHYEHHOe) JIOBepHe, KOTOpOe
B IIPOLLIOM BeKe CBA3bIBAaJOCh C NDHHLHMIAMM TeOpeTHYecKOR ¢usuku.
MIMenHO 3TO, BnpoueM, BHyLIaeT IIKOJbHasi morosopka ,mihil est in intel-
lectu quod mon prius fuerit in semsu“!), npoTusB KOTOpPOH, KaK He 1al0-
el NO0CTATOYHO TBEPAOTO OCHOBaHHS TOMY, uTO OH XoTeJ Obl H3BJeub
13 TpHMEHeHHs pasyMa, chpaBeiJuBo Bocctaer llekapr.

Hywxno no#ttu npo Hauana XIX Beka, uToOnl yBHAeTb, KaK MareMa-
THKYM BO3BpAILAlOTCAd OT BBICOKOMEpHS Takoro ueqosexka, kak Jlexapr
(He TOBOpA yX O BHICOKOMepud Takoro, kak KauT, wiau Takoro, kak

1) Huuero TakOro HeT B pasyMe, uYero TMIpexIe He CYllecTBOBalO Obi
B u4yBCTBE (NaT.). — [1pum. peo.
y
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leresb, —nocaennnft, Kak W CJAeAyeT, HECKOJbKO OTCTaeT OT HAYKH
CBOEro BpeMeHH!)), K CTOJb e THOKOM TO3HUMM, KAK H NO3UUUS Tpe-
k0B. [TepBHft yrap 3TUM KaacCHYECKMM KOHLETIIUSM HAHECJO MOCTpOeHHe
B Hadajne Beka runep6oauuecko#t HeIBKJIHZOBO# reoMerpuu Tayccowm,
JloGauesckuM u bBo#Han. Mp He cobupaeMcas nogpo6HO H3JaraTh 314ech
TEeHe3UC ITOr0 OTKPHITUS, pe3yabTaTa MHOTOYMCJAEHHBIX OecnaoaHbIX
TONBITOK AOKA3aTh MOCTYJAAaT O napaajenbHuix (cM. McTopuuecku#t odep
k kuure II, ra. IX). B To BpeMst ero pausiHHe Ha TPHHIUNBI MaTeMaTHKH
‘He OBLIO, NO-BMAMMOMY, CTOJb IJIyGOKO, Kak 3T0 WHOrAa rosopsar. OHo
NpOCTO MOTpeGOBa/I0 OTKA3a OT NpeTeH3u#t NpenlUIeCTBYIOLIEr0 CTOJETHS
‘Ha ,aBCOMIOTHYI0 UCTHMHHOCTb® IBKJIHLOBOH reoMeTpud U TeM GoJee OT
JeHOHHLEBCKON TOYKM 3peHUs 00 oOnpeleneHHsX, BAEKYLUIHX aKCHOMBI;
'9TH NOCJeJHHe BOBCE He KaXyTcs Tenepb ,O4eBUAHBIMH®, 3TO CKOpee
THIIOTE3bl W peub HAET O NMpOBepKe, NPUCNOCOO/eHBl JH OHH K MaTeMa-
'THYeCKOMY TPeACTaBJEHUI0 uyBCTBeHHOro Mupa. Tlaycc u JloOGauesckutt
CUMTaJH, YTO CIIOP MeXAY Pa3JM4YHLIMH BO3MOMKHBIMA FeOMeTpHAMH MOMeT
OnTh peuten onbiToM ([28], ctp. 76). TakoBa e TOuka 3peHus PumaHa,
KOTOpbi#t B cBOeH 3HameHuTO# ILHcceprauuoHHOM gekuuu ,O0 zunomesax,
ACHCAUUX 8 OCHOBARUW 2e0Mempuu cTaBHT cebe ueabl0 AaTh oOluee
MaTeMaTHuyeckoe oOpaM/eHue pa3JUYHBIM  eCTeCTBEHHBIM  SIBJEHUSM:
,LOcmaemca elje 8bLACHUMS, — TOBOPUT OH, — ofecnedusaiomcs Ad
onbimuold nposeproli amu npocmule omrnouwenus, u ecau obecneuu-
BQIOMCA, MO 8 KAKOU cmenenu u 8 Kakosm obseme* ([39], cTp. 2842)),
Ho s10 —3axaua, kOTOpas, OYeBHAHO, He WMeeT Huuero OOGlLero ¢ Mare-
MaTUKOM; M HM OZHH W3 NpPeABIAYILHX aBTOPOB He COMHEBAaeTcs, Mo-
BHIMMOMY, B TOM, 4TO JaKe ec/JH HeKOTOpas ,reOMeTpus“ He COOTBET-
CTByeT KCHePHUMEHTaJbHON AeHCTBUTEHHOCTH, €€ TeOPeMbl TeM He MeHee
CTOJIb e OCTAalOTCH ,MaTeMaTHyeCKUMHM HCTHHaMH® 3).

Bo BcsikOM ciayuae, ecsu 3TO Tak, TO, Pa3yMeercsi, He HeOTPaHUYeHHOH
Bepe B KJACCHYECKYIO ,[eOMETPHYECKYI0 MHTYHIMIO® CJeiyeT NPHMHCHIBATH
Takoe yOexJeHHe; OMHCaHWe, KoTopoe PuMan crapaJcs aaTb ,n-KpaTHO
NpPOTSKEHHBIM MHOroo0pas3usM“, npeiaMery cBOe#t paCoThl, ONHpaercs Ha
LMHTYUTHBHEIE® 4) COOGpaKeHHsl TOJbKO [1Jsl ONpABRAHUS BBENEHHH ,J0-
‘KaJbHBIX KOOpAHMHAT; HauMHas C 9TOTO MOMEeHTa, OH SIBHO YyBCTBYeT cebs
Ha TBepAO# mnoyse, a uMeHHO Ha mouBe Anaauda. Ho artor nocaenhutt
OCHOBAH B KOHEYHOM C(4eTe HAa NOHATUM AEHCTBUTENBHOTO 4YUCJA, OCTa-
BaBIIEMCH LO CHX NOp Ha KpaHe WHTYWTHBHOM YPOBHe; K TOMY e paa-

) B cBoed gnucceprauud OH, B TOT CaMblii rOJ, KOrAa OTKPHUIM BOCHMYIO
NAaHeTy, ,JOKa3HBaeT*, YTO HX MOMKET OHTb TOJABKO CEMb.

2y Crp. 290 pycckoro usaanus. — ITpun. peod.

3) Cp. aprymeHtn [lyaHkape B mO/ib3y ,npOCTOTH® H ,yAOOCTBa* 9BKJAUIO-
BOH reomeTpuu ([37a], cTp. 67) M TOT aHaaus, npM mOMOMM KOTOPOro OH
HECKOJIbKO TO3)€e NPUXOAUT K 3aKJI0UEHUI0, YTO ONHIT He AaeT abCcoioTHOrO
KpHTEpUa AAf BHIOOpa OTHOM reOMeTpHH BMECTO APYrOH B KauectBe OOpaMJ/eHH:
€CT eCTBEHHBIX fBJAEHUIl NPHUPOAHI.

4) CaMO c/IOBO 3TO ONpPaBXaHO TOABKO Maf n < 3; Aaa GOMbUIMX 3HAUEHHH 7
peub B OeHCTBHTENBHOCTH HAET O PacCyX/JEHWM IO aHaJOTHH.
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Bitie Teopuh ¢yHKuHE npuBeso B 3TOM BONMPOCE K BECHbMA CMYILAIOLAM
pesyapTataM: € uccjefoBaHHMH camoro PuMana no uHTerpupoBanHic H
B OCOGEHHOCTH C MpHUMepOB KPHBHIX 0€3 KacaTeJbHOM, MOCTPOEHHHIX
Boabuano u BefiepiitpaccoM, HaumHaeTcsl B MaTeMaTuKe BCEBO3MOMHASA
narosorus. B Teuennme Bexa MW BHIeAM CTO/LKO uyIOBHUI 3TOTO poJa,
YTO Y)Ke HEeMHOro NpPeCHTHIACh, U HYXHO cOOpaTb CaMble HeCypasHble:
TepaToJOruyeckue CBOWCTBA, 4TOOH eiie nHac yausutsh. Ho addext, npo-
usBeleHHbI HMH Ha GoubuiMHCTBO MartemarukoB XIX Beka, pacnpoctpa-
HAJCS OT OTBpalleHHsl 10 pacTepsHHOCTH: ,Kaxum ob6pa3om, — cupa-
wnBaer cebs A. Tlyankape, — uumyuyusa mozaa o6maswsams Hac
0o maxol cmenesu? ([376], ctp. 191)); n Dpmur (e Ges kanan wMopa,
KOTODYI0, KaMXercd, He BCe KOMMEHTaTOpH ITOH 3HAMeHHTOH (passl 3a-
METH/IH) 3aBJIAET, UTO OH ,C YHCACOM U OMeDP3eHueM OMBOPALUEALMCS
om amol KHaarKoll A38b. Henpepul8HLLX PYHKUYul, He UMeOUUX HU
8 00noli mouxe npousgodnol* ([38], 1. II, crp. 318). Camoe raasHoe,
Hesb3s OBIIO OTHECTH 3TH, CTOJb NMPOTHBHHIE 3APABOMY CMbICAY SBJAEHHS
Ha CYeT MJOXO BHCHEHHBIX NOHATHH, Kak BO BpeMeHa ,Hexe UMBIX®,
TaK KaK OHH TOABHJAMCL nocae pedopMbi Boabuano, Abeas u Kowu,
no3BOMBIEA 000CHOBAThL NMOHATHEe Npelesa CTOJb e CTPOro, Kak Oblaa-
obocHoBaHa Teopud OTHouwleHHH. TakuM o06pasoM, BHHHUTH CJIELOBAJO .
UMEHHO TPYGbI ¥ HeNoJHbI# XapakTep HalieH reOMeTPHUECKOH MHTYHUHK
U TIOHATHO, YTO C 9THX TNOP OHA OblAd C MOJHHIM OCHOBAHHEM IHCKpe-
JUTHPOBAHA KaK CPeACTBO [0Ka3aTe/bCTBA.

KoHcratauust 2TOro HensGexHO AOmKHA OblIa OKa3aTb BJHSHHE Ha
K/JACCHYEeCKYI0 MaTeMaTHKY, W TIpelJe BCero Ha reoMerpuio. Kakoe Gbt
yBameHHe K aKCHOMATHYECKOMY MOCTPOEHHI0O OBKJMAA HH IpOABJASAM,
B HEM C CaMOM aHTHYHOCTH HAXOAUMM He ONUH HeJoCTaTOK. M3 Hux.
NOCTYNaT O NapajiejbHbIX OBl MpeiMeTOM HauGoJbIIEro YHCJA KPUTA-
YeCKHX 3aMevaHH# M NONBITOK 10KAa3aTeJbCTBA; HO MOCJAEROBATENH U KOM-
MEHTaTOPH OJBKJHMAA THTAMACh TaKXe [0Ka3aTb W LPyTrHe TNOCTYJaTH
(a HMEHHO NOCTYNaT O paBeHCTBE MNPAMBIX YIJA0B) HJM NPH3HABAIM He-
COBEPLIEHCTBO HEKOTOPHIX ONpeAeNeHHft, KakK, HanpuMep, OnpeaeneHu#t
npaMo# u naockoctd. B XVI sexe Kuaapu#t (Clavius), usnaren, Hauaaz,
3aMeTH OTCYTCTBHE NOCTYJAaTa, T4apaHTUPYIOLIETO CYUIECTBOBAHHE Yer-
BepTOTO MpPONOPLUHOHAALHOro; JleHOHUL, CO CBOeH CTOpPOHH, 3aMeTHJ,
YTO IJBKJMA TOJb30BAJCSH TeOMETPUYECKOM WHTYWLHMEH, SIBHO 3TOTO He:
OroBapuBasi, HampuMep, KOT1a on aonyckan (Haxaaa, Kuura 1, npeaa. 1),
YTO IBa Kpyra, W3 KOTOPHIX Ka)(ALH NPOXOANT 4epe3 LEHTP APyroro,
uMeloT obmyio touky ([276], t. VII, crp. 166). aycc (caM He oTKa3bl-
BaIOUIMACA OT UCNOJb30BAHHS MOJNOOHEIX TONMOJOTHYECKHX PAacCMOTpeHuUM)-
ofpaiiaeT BHHMaHYe Ha pOJb, KOTOPYI0 B 9BKJHZOBHX TNOCTPOEHHAX
MrpaeT MOHSITHE TOYKHM (MJAM TNPAMOH), DPACIOJNOXKEHHOH ,MeXAYy“ AByMH
ADYTHMH, TIOHfITHe, KOTOpO€, OAHAKO, He OblJI0 ompedeneno ([11], t. VIII,

"y Crp. 15 pycckOro HsgaHus (B KOTOPOM 5Ta ¢pa3a mpuBeleHa B HEBEPHOM,
nepesone). — ITpun. ped.
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crp. 222). Hakonen, HCNO/b30BaHHE TNepeMeuleHHA — HMEHHO B ,TIDH-
3HAaKaxX paBeHCTBA TPEYrOJbHUKOB, — [0Jroe BpeMsi JHONyCKaeMoe Kak
caMo coGo# pasyMewoiueecsi!), f0/KHO ObJIO BCKOPE MOABePrHyTbCS KpH-
tuke XIX Beka, KaK TaKxe OCHOBaHHOE Ha HeC(HOPMYJMPOBAHHHIX AKCHO-
max. TakeM o6pasoM, B mnepuoa c¢ 1860 mo 1885 rox Mbl mpuuM
K pasMMuHBLIM YACTHYHHIM DeBU3HSIM Hauaa reoMerpuu [[easMrosu, Meps
{Meray), Yem (Hougl)], HanpaBJeHHbIM Ha 3aNOJHEHHE HEKOTOPHIX W3
atux npo6eaos. Ho toabko y M. [lama [34] oTkas OT BCAKOro obpa-
LIeHHS] K WHTYHUHH CTAHOBUTCS SICHO C(HOPMYJMPOBAHHOM W BHIIOAHAEMOH
C COBepLIEHHOH CTPOTOCTbIO NMPOrpaMMOM. Ycrex ero HauMHaHus AOCTaBUJ
eMy BCKODE MHOTOUHMCJIEHHHIX KOHKYPEHTOB, KOTOpble, TJIaBHEIM 00pasoM
Mexcaiy 1890 u 1910 roxaMu, 1aau [OBOJbHO Das/iHYHBIC OPOPMJIEHHS
4KCHOM 9BKJUAOBOH reoMerpud. CaMblMH 3HAMEHWTHIMH M3 9THX COUYMHE-
Hu#l Gblau Tpyanb [leaHo, HamuMCaHHbIE HA €FO CHMBOJHYECKOM fi3LIKE [296].
v ocobenno ,Grundlagen der Geometrie* I'mabGepra [15], BhWIeAuIas
B 1899 roay, kHura, KoTopas IO ICHOCTH ¥ FIyGHHE H3JIOXKEHUs CpPasy ke
C MOJHHM OCHOBaHWEM CTajJa CBOEro poxa XapTrue#t COBpeMeHHOH akcho-
MATHKH, BIJIOTb XO TOTO, YTO 3acTaBuia 3albiThb CBOMX NpeAIIeCTBEH-
HukoB. M neHcTBUTENbHO, He OrpaHHUYMBIIACh TIPHBELEHHEM NOJHOH CH-
CTeMbl aKCUOM AJ8 5BKAUAOBOH reomeTpud, [uan0epT KaacCHpUUHUPYeT
9TH aKCHOMBl MO HeCKOJbKHM TpYMNNaM pas/HYHOM Mpupoibl U CTPEeMUTCA
onpeseuTb TOYHYI0 CHIY KaXI0# H3 9THX TPYynnm aKCHOM, He TOJbKO
NoJyuasi JOTMYECKHe CJAEACTBHS KaXIOH W3 HHX OTAEJbHO, HO W 06Cy-
XKIas elle pasaMuHble ,CEOMETPHH“, NOJAyuaeMble BHIODACHIBAHHEM MJHU
MOAU(ULHAPOBAHHEM HEKOTODEIX K3 ITHX AKCHOM (TeOMETpHMH, NO OTHOILIE-
HHIO K KOTODHLIM reoMerpuu JloGaueBckoro u Pumana spasiorcs He Gosee
yeM YaCTHHIMH CayuasMu?)); TakuM 06pa3oM, B 06J4acTH, paccMaTpHBae-
MOH 10 TeX MOp B KauecTBe OXHOM H3 HauGoaee GIMBKMX K 4YBCTBEHHOH
AEHCTBHTEJbHOCTH, OH fICHO BHIABHJ cBOGOAY, KOTOPO# pacmonaraer Mare-
MaTHK B BLIGOpe CBOMX NOCTy’aaToB. HecMOTps Ha 3aMelnarenbCTBO, Bbi-
3BAHHOE y MHOTUX (HUIOCO(POB ITHMU ,METareOMeTPHAMK® CO CTPAHHBIMU
cpo#icTBaMu, noJoxenus ,Grundlagen® OblaM BCKOpe MOYTH €JUHOIYILIHO
npuHaTH MareMaThkamu; A. Ilyankape, KOTOpOTO Bpfil JH MOXHO 3a-
NOLO3PHTL B GJATOCKJAOHHOM OTHOIIEHAH K (OpMaau3My, TNpH3HAET
B 1902 roay, uTO aKCHOMB TFeOMeTPHH CYTb COrJalleHHs, AJd KOTOPBHIX
IOHATHe ,HCTHHLI, KaK ero NMOHWMAOT OGHYHO, He HMeeT cMbicaa ( [37a],
crp. 66—67). Takum o006pa3oM, ,MaTeMaTHyeckas HCTHHA® npeSuBaer
MCKJUOYHTE/JbHO B JOTMYECKON [eAyKLHH W3 HOCHJOK, yCTaHAB/AHBAEMLIX

1) Caexyer, OfHaKO, 3aMeTHTh, 4TO eme B XVI Bexe KOMMEHTaTOp IBKAH A
Tlenerse (J. Peletier) Bospaxan MpOTHB 3TOro croco6a NOKa3aTeAbCTBA NPHMEPHO
B Tex e BHIPaXEHHAX, 4TO U coBpeMeHHbie kpuriku ([44], 1. I, crp. 249).

2) [o-pumuMOMy, GOJbIIE BCEro IOpasHiaa COBPEMEHHHKOB ,HEapXuMEIOBa“
FeOMETpHA, T. €. TeOMeTpus, OCHOBHHIM TEIOM KOTOpOH sBJIfeTCA HEapXHMe-
IOBCKH yHOpAAOYEHHOe (KOMMYTaTHBHOE WIH Her) TeJO; B KOMMYyTaTHBHOM caydae
9Ta reoMerpHs Obula BBeJeHa 33 UeCKOAbKO JeT 10 91oro Bepohese (Fonda-
menti di geometria, Padova, 1891). :
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nyTem NPOU3BOJLHOTO 3aNaHust aKCHOM. Kak Mbl YBUIMM fafbille, 3aKOH-
HOCTb MPaBHJI PACCYAeHHS, N0 KOTOPHIM NMPOU3BOAMJHCH ITH 1€ LyKLUH,
CaMa foMmkHAa Oblia BCKOpe ObITb TOXBEPTHYTAa COMHEHHIO, YTO TNPHBEJO
K TIOJHOMY MpeoOpa3oBaHHI0 OCHOBHBLIX KOHLENUu# MaTeMaTHKH.

OGzexmoi, modeau, cmpyxmype

A) Mamemamuueckue o6vexmml) u cmpyxmypei. C anTuyHOCTH
a0 XIX Beka cyulectsyer oflliee COrJacHe MO BONPOCY O TOM, uTO
SIBJSICTCA OCHOBHBIMH O0bEeKTaMd MaTeMaTHKOB, 3TO Te cCaMble OGbeKThI
KOTOpHle ynoMuHaeT IliaToH B UMTHPOBAHHOM Bbille OTpHIBKe: 'mcaa’
BeJUYHHE W Qurypsl. XoTf BHauajle H HYXKHO K0GABJAATH K HUM 06”beKTb;
# ABJEHUS, KOTOPLIMM 3aHHMAIOTCS MeXaHHKA, aCTPOHOMMHs, ONTHKA M My-
3blKa, 9TH ,MareMaTHyeCKHe NLHCUMIIMHLL BCerAa SCHO OTAeJeHH Y rpe-
KOB OT apU(MeTHKM M TeOMeTpPWH, a HauuHas C BoapoxueHus, oHM RO-
BOJIEHO OBICTPO BO3BOAATCH B PAHT He3aBUCHMBIX HAyK.

Kakosbt Onl Hu ObliM UAOCOPCKHE OTTEHKH, B KOTOphIe TOHATHe
MaTeMaTu4yecknx OOBEKTOB OKPAWMBAAOCh Y TOTO HJH HHOFO MaTreMa-
THKa uau Quaocoda, uMeeTcs NO KpaiHel Mepe OAMH NYHKT, B KOTO-
POM OHH eRUHOAYWIHBEI 3TO TO, YTO 3TH OG'bEKTH HaM GaHbl W He B Hallleld
BJIACTH TPHIMHUCHIBATL MM TPOHM3BOJbHBIE CBOMCTBA TaK XKe, KaK (QU3MK
He MOXeT HW3MEeHUTb Kakoe-a1uGO npuponHoe sijenuwe. [IpaBay ckasaTsb,
COCTABHOM 4aCTb10 9THX BO33PeHUH, HECOMHEHHO, ABJSIOTCA PEaKIHH NCHXO-
JIOTHYECKOTO MOPAnKa, B KOTOPHIE HAM He CJeAyeT YrayGJasThcH, HO KO-
TOpble XOPOWIO 3HAKOMBl KaXIOMY MaTeMAaTHKy, KOTXAA OH BIYCTYIO Tpa-
THT CHJbIL, CTapasch MOHMATb [OKa3aTe bCTBO, GeCHPeCTaHHO, KaK eMy
KaxeTcd, yckob3awouiee. OTCIOAa 10 NIPHPABHHBAHKS 3TOTO COTpPOTUBJIECHHS
06CTOsATe/IbCTBAM, KOTOPbie NPOTHBONOCTABASET HAM BHEIHWH MHP, —
TOJIbKO OAMH LUAr; H JaXe CerOAH He OAMH MaTeMaTHK, aQUIIHPYIOLIKH
HeNpUMHPUMBIA OpManaM, B TayGHHe AYWIH OXOTHO TMOANHCAJACS Obl MOX
CNeRYIOIMM TIDH3HAHHeM OpmuTa: 5 nosazaw, 4mo wucia u GyHKyul
AHQAu3a He ABARIOMCS NPOU3IBOAbHOLM CO30aHUEM Haulez0 yMa;
R OYyMai0, 4MO OHU CYUeCMBYIOM BHe HAC ¢ marxoli Jce Heobxodu-
MOCMbIO, KAK 4 npedmemst 00veKmMUBHOL DPeasvhocmu, u Mol ux
BCMpetaeM WAL OMKPHBAeM U U3YUQeM UX MAK dee, KAK Pu3uKu
xunuxe u 3ooa0zu* ([37], t. II, crp. 398). ’

B K/accuueckofi KOHUENUHU MATeMaTHKH He MOXeT GHTh M peud 06
YKJAOHEHHH OT W3Y4eHHs YHCeJ W (PUryp; HO 3Ta OoduIMAaIbHAS NOKTPHHA,
0 CBOEM COTJACHU C KOTOpDOH KaXAni# MaTeMaTHK cunTaeT ceGa 00s3aH-
HBIM 3afBHTh, CO31aeT [OHEMHOTY HEBBIHOCHMble 3aTPYAHEHHS 110 Mepe
HAKOTVIEHNs HOBBIX HieH. 3aMelwarteanCTBO a/ire6PaucTOB Mepel OTPHILA-
TEJbHBIMH YUCIaMH NPEKPATHAOCH JAMLIb TOTAA, KOrAa aHaJAUTHYECKas Teo-

l) B 370 apTI/IK lee fbpaHuy{SCK p
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MeTpus 1aaa uM y1o0Hylo ,uHTepnperauuio®; Ho eue B cepenune XVIII sexa
DanamGep (npaBaa, yOemIeHHbIA ,MOSUTHBACT®), 0O0CYyxIas 3TOT BOMPOC
B Jnyursonedun [18], nocie uenoro psia LOBOJLHO 3aMyTaHHbIX 00bAC-
HeHUH BHE3AMHO MCTYTaJAC X OTPAaHUUMJICA 3aK/IIOUeHHeM, UTO ,Npasura
aszeb paunecKux Onepayuli Had OMPUUAMELbHOME BEAURUHAMU
06uWenpurAms. 8CeM C8emoM U 6CIO0Y NPUIHAIOMCA mormbmu“,
Kakywo O0v uden, 8npouem, € IMUMU BEAUHUHAMU HU CBA3HBAAUT.
Eule Goabiuuit CkaHiad ObJ M3-33 MHMMBIX uuceJ; HOO e€Cau 3TO ,He-
BO3MOXHBIE “ KOPHH ¥ ecuu (BraorTh 10 1800 roaa) He BMIOHO HHMKAKOrO
croco6a uX ,HMHTEPNPETHPOBATL®, KAK MOXHO Oe3 NpOTHBOPeuUs FOBOPUTD
06 5THX HeONpeleAMMBIX CYWIHOCTAX ¥, OCOGEHHO, 3aueM uX BBOMTBHD
Hamambep XpaHus 31eChb OCTOPOKHOE MOJYaHME M JAXe HE CTABUJI ITUX
BONPOCOB, 6€3 COMHeHusl, MOTOMY, YTO NPH3HABAM, YTO OH He CMOT OHl
OTBeTHTb Ha HMX HMHAYe, YeM CTOJIeTHeM paHbllle HAUBHO cheJasl 3To
YXepap (Girard A.) [21]: ,Mozau Ob cKasams: 023 4e20 Cayxcam
amu Heso3modcHue pewenus? Omsewan, 048 mpex seueil: 045 8ep-
nocmu o6wezo npasura, wmobs ne Os.n0 Opyzux peutenul u paodi
csoell nosesnocmu®.

B ananuse noJoxenne B XVIII Beke Obli0 HuuyTh He ayyime. Cuact-
JUBLIM OOCTOATENLCTBOM OHJIO NOMABJEHHe B HYXHBIH MOMEHT aHAIHUTH-
yecko# reomerpuu, naBlied Beguxomy TBopenuio XVII Bexa — nouaruio
¢yHKUMM — ,TIpeCTaBIeHAE" B BHIe TFeOMETPUYeCKO# Qurypel, CHIbHO
criocoGerBoBaBiel Tem cambiM (v Pepma, [Mackana nau Bappoy) Bo3Huk-
HOBEHMIO aHAMK3a GeCKOHeuHO Mabix (cM. Micropuyeckutt ouepk i kHure IV,
ra. [—II—III). Ho usBecTHO 3aro, kakue (UIOCOPCKO-MATEMATHYECKHUE
CHOPH IOMKHB ObIAM 1aTb MECTO NOHATHAM OeCKOHEYHO MaJIOH M Heme/M-
moro. ¥I xora 3gech Hanambepy OoJbllie NMOBE3JIO U OH NpusHaBal, 4To
B ,MerTadu3uke” aHaNu3a OeCKOHEYHO MajablX HeT HHUYEro HHOTO, Kpome
noHATMH Tpelena, OH He OOJblile CBOMX COBPEMEHHHKOB MOT TNOHATH
ACTHHHBIA CMBICJ PAa3JOXeHUH B pacxoisuiuecd paabl u OGDBACHUTDL Napa-
JOKC NMOJIyYeHus! TOUHEIX Pe3y/bTaTOB B KOHLE BBIYHC/IeHUR C BRIPAKCHUAMA,
JHMIIEHHBIMA BCAKOH uncoBOH unTepnperauyuu. Hakoweu, naxe B oGaacti
,TEOMETPUYECKOH [IOCTOBEPHOCTH® SBKAMIOBH PpaMKy Tpewaa: KOria
Crupaunr B 1717 ropy, He k0.4e6/aACh, TOBOPHJ, UTO HEKOTOPAT KpuBas
,UMEET MHUMYI0 IBOHMHYIO TOUKY B GeCkOHeuHOCTH*1), TPYIHO OblIO Gbl,
KOHEUHO, CBAI3aTb TaKOH ,00bekT* ¢ OOMleNpuUHATHMY MOuATUAMU; U IloH-
cene, xotophi#t B Hauajse XIX Bexa, OCHOBAB HPOEKTUBHYIO TeOMETPHIO,
Jan 3HAUMTEJbHBIH TOMYOK HOMOOHBIM MJEAM, elle JOBOJLCTBOBAJICA
CCHAKON B KauecTBe ONpPaBiaHusl Ha COBEpIUEHHO Meradusuueckuit ,npu-
HUUN HeNpepbiBHOCTH®.

[ToHATHO, u4TO B 3THUX YCJOBUAX (M Jaxe B MOMEHT, KOT1a, KaK HM
napaiokcajibHo, cO Bce OoJblued CuIOA RPOBOSI/IALIA/H ,a0COIIOTHY 10
HCTHHHOCTb MaTeMaTuky) NMOHATHE NOKasarelbcTsa B Teuenne XVIII Beka,
MO-BUAMMOMY, BCe GOJblue M 6OJblle 3aTEMHAETCH, NOCKOJbKY HE B CO-

) Stirling J., Lineae tertii ordinis Newtonianae... (1717).
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CTOAHUM (UKCHPOBATH, MONOOHO TpeKaM, MOHATHS, O KOTOPHIX paccy-
WAAI0T, ¥ UX OCHOBHHE CBOHCTBa. Bo3Bpar K crTporocTd, HauaBuUIghcs
B Hadane XIX Beka, BHeC HeKOTOpOe YJy4llleHHe B 9TO NOJIOKEeHUe BelicH,
HO OTHIOLL He OCTZHOBMJ BOJHBI HOBHIX NOHATUH: B aareGpe MBl BHIHUM
TnofAB/eHHe MHUMOCTeH [anya, upeanbubix uncen Kymwmepa, 3a xoropbimu
CHIELyIOT BEKTOPH M KBATEPHUOHB, N-MePHble INPOCTPAHCTBA, ROMHUBEK-
TOPH ¥ TeH3OPHI, He roBopa yx o OyjeBo#t aireGpe. HecoMHeHHO, 3Ha-
YNTeJbHHIM YCHeXoM (kak Pas U MO3BOJMBLUMM BEPHYTbCA K CTPOTOCTH,
Ge3 nOTepy NpelIeCTBYIOLIMX 3aBOEBAHMH) ABIAETC BO3MOXKHOCTb CO3Ma-
HUA ,MOLe/eR* ITHX HOBBLIX NOHATHH B OOJee KJACCUYECKUX TePMUHAX:
MjeaNbHEIC YMC/IA MIM MHUMOCTH ['anya WHTEpNpPeTHPYIOTCH TeOpue#t cpaB-
HeHUH, n-MepHAs reoMeTpust OKa3biBaeTca (eCM YroLHO) NMPOCTO UHUCTHIM
AISBIKOM 111 BBIPAXKEHUS Pe3yAbTATOB aareOpbl ,OT 7 MepeMeHHBIX®; a AJd
KJIaCCHYECKUX MHUMBIX YHCeJ, eOMeTpHYeCKOe RpelCTaB/eHHE KOTOPHIX
TOYKAMH IJIOCKOCTH 3HAMEHYeT HAyano0 3TOrO pacliBeTa anrebpbl, BCkOpe
yKe NOABMICA BHOOD MeXay ITOH FeOMeTPHUeCKOH ,MOJE/bIO* UHTEP-
nperauned B TepMuHax cpasHeHu#t (cM. Kcropuuecku#t ouepk k khure II,
ri. IV—V). Ho wmareMatniu Hauain, HakoOHel, OTHETIMBO YyBCTBOBATb,
4TO 9TO MPOTHUBOLEACTBYET €CTeCTBEHHOMY HANMpaBJeHHI0 uX PaGOT M uTO
B MaTeMaruke [O/KHO OBITh NO3BOJIEHO paccyxnath 00 o6bexTax, He
MMCIOIMX HUKAKOH 4YyBCTBeHHOH ,unTepnperauuun*: ,Cywsocms mame-
Mamurxy, —rosopul Byas B 1854 roay, — se cocmoum 8 mom, umobu
3anumamsCa udesmu 4qucaa u seauduns* ([76], crp. 13)1). To e
Gecnoko#tcTBo 3acTaBui0 I'paccmana B ero ,Ausdehnungslehre’ 1844 rona
NpeACTaBUTL CBOe UCYUCJIeHHE B (pOpPMe, B KOTOPOH Nmpexae BCero Oblau 6bl
HCKJIIOYEHD! TIOHATUS YUCJA UM FeOMETPHYECKOTO 06bekTa 2). A HecKOIbKO

') B stoM orHomenun JledGHuy, cHOBa mpostBun ce6d Kak mpexreua: ,YHu-
8epLanbHAT MAMEMAMUK A, — TOBOPUI OH, — 31O, MaK cKa3ams, A02uKa 8000 pa-
JHCeHUR" W OHA JOJIKHA H3YYaTh ,8Ce, 4mo 8 06.iacmu 8000 paxcenus noo-
Oaemcst _mo4nomy onpedenenui* ([278], c1p. 348; cp. [26], crp. 290—291); u
JJs Hero TrJaBHOH YacThlo TaK HOHHMaeMoH MaTeMaTHKH SBJSETCA TO, YTO OH
HaseiBaer ,KomGuHatopukoit* wam ,UckyccTBoM ¢opMya®, HOZ YeM OH HOHHMAeT
rIaBHHIM 00pa3oM Hayky 06 a6CTPaKTHBIX COOTHOLIEHHAX MEXAy MaTeMaTH-
YECKUMH OGbekTamu. HO TOrza kak 10 CHA NOP COOTHOMIEHHS, PACCMATPHBAB-
myecst B MAaTEeMaTHKe, TOYTH HCKAIOYHTENbHO OBIMH COOTHOWIEHHAMH BeAHYMH
(PaBeHCTBO, HEPABEHCTBO, IPOTIOPIHOHANBLHOCTD), JIei6HY IPHBOAKT MHOTO APYTHX
THIIOB COOTHOUIEHUH, KOTOpBIE, IO €r0 MHEHHI0, JOJMHBI GbLIMH OB CHCTEMATH-
YECKH U3yJaTbC MAaTEMaTHKAMH, KaK, HAIPUMED, COOTHONIEHHE BKJOYEHHA WU TO,
4TO OH HA3HIBAET COOTHONIEHHEM OJHO3HAYHOTO HAM MHOTO3HAYHOTO ,YCTaHOBJE-
Hus® (,détermination*) (1. e. NOHATHA OTOGpaMeHHs] H cootsercrBus) ( [26],
c1p. 307—310). MHoro Ipyrux coBpeMeHHBIX HIEH Mo 3TOMY BOMPOCY BHILLIO
U3-TI0Z €ro mepa: OH 3aMEYaer, 4TO PA3JIHYHBIE COOTHOIIENHS SKBUBAaJAEHTHOCTH
B KJaCCHYECKOH F€OMETPHH WMEIT O6IiHEe CBOHCTBA CHMMETPHYHOCTH H TPaH3H-~
THBHOCTH; OH H3JIAaral TAKKe MOHATHE COOTHOMIEHHS, COBMECTHMOrO C COOTHOIIE-
HUEM 3KBHBAJEHTHOCTH, M SICHO yKasaJ, 4TO MPOH3BOALHOE COOTHOLIEHWE He OG-
BaTeqbHO OGxajaer sTuM cBoicTBOM ( [26], cTp. 313—315). Pasymeercs, oH 371€Ch,
Kak Y BE3XE, 3amuuian ynorpeGienue ¢opMaHIOBAHHOLO A3BIKA U TaMe BBOAUT
3HaK, KOTODHI JOJuKeH 0603HauaTh MepemeHHoe cooTnomenue ( [26], crp. 301).

Hyxno npusnarb, uto ero BechMa (HAOCOPCKOrO BHIA SI3BIK HE OUEHD
6bl1 TIPUCTIOCOGAEH, YTOGH COOMA3HHTL GOJbLIMHCTBO MATEMATHKOB, KOTOpDHIE He-
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nosxe PuMan B cBoe#ft BCTynmuTeabHOH JIeKUHM € €aMOTO HauaJa 3aboTuics
0 TOM, uTOOB NpU OMUCAHHUU ,N-KPAaTHO MPOTAKEHHBIX MHOT0O0Opasuf*
TOBOPUTb He O ,TOuKax“, a 0 ,cnocobax sanauua® (Bestimmungsweise),
¥ NOJYEPKHMBAJ, YTO B TAKOM MHOro00pasuu ,MeTPUUECKHE OTHOLICHHA"
(Massverhiltnisse) ,mozym Gwms uccredyemss nocpeOcmsom omene-
YeHHBX BeAUHUH U NOCMABACHb 80 83AUMHYIO C853b € ROMOWbIO Hop-
MYA; OOHAKO NPU HEKOMOPBLX NPEONOAOHCEHUAX UX MONCHO C(8eCmiL
K MaKum OMHOUWEHUAM, KOMOpbie, 0Y0y4U pOACCMAMPUEAEM s Kasxcooe
8 omdesbHOoCmU, OONYCKAOM 2e0MempuyecKue npeoCmasierus, u
€2e008aMeAbHO, CILAHOBUMCA 803MONCHUM D3y AbMAMbL 804UCACHLY
suLpascams 8 zeoMempuyeckoli gopme* ([39], crp. 2761)).

HauuHag ¢ 5TOro MOMeHTa, BBIXOJ aKCHOMAaTHYeCKOrO MEeTOAa HAa apeHy
CTAHOBUTCS MPU3HAHHBLIM ¢dakToM. XOTH ellle B TeueHHe HEKOTOPOro Bpe-
MEHH CYMTAJH{ NOJNEe3HBIM HPOBEPATb, KOTA& STO BO3MOXHO, ,a0CTpaKTHHE"
pe3yJbTaThl TeOMeTPUUECKOH MHTYUUUER, NPU3HABAIOCL NO KkpaliHe#t Mepe,
yTO ,Knaccuqecxue“ 00beKThH — He €IUHCTBCHHbIE, KOTOpble MaTeMaTUKH
3aKOHHO MOrju Obl u3yuath. Jeso B TOM, UTO — KaK pa3 LO NpHYUHE
MHOTOYUCJ/ICHHBIX BO3MOXHBIX ,MHTephnperauuf® uau ,Monee#“ — OGbIO
NPHU3HAHO, 4TO ,MPUPOAA“ MareMaTHueCKUX OODBEKTOB €CTh, B CYILHOCTH,
11eJ10 BTOPOCTENEHHOEe U UTO 10BOJbHO HEBAXKHO, HATIPUMED, NPeACTaBHIM JIH
MBI Pe3yJbTAT B BHAE TEOPEMBI ,UUCTOH® TreOMETPUM HJIM NPHU NOMOLIH
aHaJqUTHUECKOH reoMeTpuu B Buae aiarebpauyeckod rteopembl. Ipyrumu
CI0BaMU, CYUIHOCTb MAaTeMAarTHKH — 3TO YCKOJb3alolliee MOHATHE, KOTOPOE
A0 TeX MNOp CMOTJAM BBHIPA3UTh TOJLKO HeEONpede]eHHbIME HA3BAHUAMH
Bpone ,00uez0 npasusa’ Wiu ,Memagusuxu® — NOABAACTCA KaK U3Y-
yeHHe COOTHOLICHMH Mex1y O0OBeKTaMH, KOTOphle Telepb (CO3HATeNbHO)
MO3HAIOTCA M ONUCHLIBAIOTCA, HCXOAS TOJBKO M3 HEKOTOPBHIX M3 CBOMX
CBOMACTB, a UMEHHO M3 TeX, KOTOpble B KayeCTBe AKCHOM MNPUHUMAIOTCA
33 OCHOBY ux Teopuu. MmenHo 370 sacHo Buaes Byab B 1847 roay, koraa
OH NHCaJ, YTO MAaTeMaTUKa usyuaeT ,Onepayul, paccmampusaemvie
camu no cebe, He3a8UCUMO OM PA3AULHLLX Mamepuli, K KOMOPuM
onu mozym Gums npusodcenn* ([7a], crp. 3). Canxeas (Hankel)
s 1867 roay, npuctynmas Kk akcuomarusauuu aiareOpbl, 3aluMINal Mare-
MATHKY, ,HUCMO UHMEAACKMYQARVIO, LHCHYI0O meopuio ghopm, umeo-
WYI0 CB0uUM Nnpedmemom He COBOKYNHOCMb 8eAudutr uiu ux obpa-
308 — qucen, HO Muicaenuux seuwjeli (,Gedankendinge*), xomopunm

JOBKO ce6s yyBCTBOBaJH Iepej, HampuMep, cienywoueil gopmyno: , Yucmas ma-
meMamuka ecms HayKa 0co0020 Gulmus, NOCKOAbKY OHA pOXCcOeHA 8 Mbiuine-
nuu® (Die Wissenschalt des besonderen Seins als eines durch das Denken ge-
wordenen). HO KOHTEKCT NO3BOASET MOHATH, 4TO [paccMaH OCTaTOYHO SICHO
NOHHMAJ [OJ 3THM AaKCHOMATHYECKYI0 MAaTEeMAaTHKY B COBPEMEHHOM CMbICIE (3
HCKJIOYEHHEM TOTO, YTO OH, KaK HU CTPaHHO, cJaenoBalt JIcHOGHHLY, cYHTas OCHO-
BaMH 3TOH, KaK OH roBopur, ,$OpMa’AbHOH HAayKU® ONpELENEHHS, a HE AKCHOMBbI),
BO BCAKOM CJyuae, OH, HOgo6HO ByJio, HacTauBaeT Ha TOM, UTO, HA38AHUE HAYKU
0 8eAUHUHAX He N0OX00um K COBOKYNHOCMIL MAMeMamu4ecKux OucCyuniur®
([17], 1. 1, cTp. 22—23).
1)y Crp. 283 pycckoro uanaHus. — [1pun. peo.
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MOZYM coomsemcmsogams Oelicmeumensroie 06BEKMb UAlL OMHOULE=
HUR, xoms maKoe coomsemcmsue He o6azamensno® ([10], crp. 10).
Kantop B 1883 roay otkiukHy.Jcs Ha 310 TpeGoBanue ,cBOGOIHOH Ma-
TEeMaTUKH®, NPOBO3rJIACHB, UTO ,MAMEMAMUKA NOAHOCHOI0 C8060OHA
8 CB0eM pa3sumun u ee NOHAMUA CBA3AHLL MOALKO Heobx00u-
MOcmpio GBoms HERPOMUBO PEHUBHME U COZAQACOBANHMMU C NO-
HAMUAME, 88e0eHHbBIMU PaHee NOCPEOCMEOM MOUHBX Onpedesenuii®
(122], crp. 182). HakoHel, nepecMOTp 3BKIUIOBOH reOMeTPMu 3aBepLIMT
pacnpocTpaHeHue u Tonyaspusaumio 3tux unefl. Haxe Ilam, no6usaio-
wulcd eule HEKOTOPOH ,PeaJbHOCTH® A/ TeOMETPHYECKUX CYILHOCTeH,
NpU3HAET, 4TO HA CAMOM [eJe FeOMeTpUs He 3aBUCHT OT HX 3HaueHus
¥ NpeacTaBadeT COOOM yMCTOe M3yueHHe OTHOIUEHHH MEeXLy HUMH ([34],
crp. 90); kouuenuus, koropylo I'mabGepT 10Bea 40 JOTHYECKOTO KOHLA,
NOA4EepKHYB, 4YTO CaMH Ha3BAHUS OCHOBHBIX MOHATHH MaTeMaTHueCKOH Teo-«
puy MoxHO BhOparh Npou3BoabHOl), u koropyio IlyaHkape Bhipasus,
CKa3aB, 4TO AKCHOMbl — 3TO ,3aMacKUPOBAHHbE ONpeeaeHHs*, NOJHOCThIO
HUCIPOBEPria, TakUM 0OpasOM, CXOJACTHYECKYIO0 TOUKY 3peHHs.

MoxHo Obiio Ob, TakuM 06pasoM, NHLITAaThCAd CKa3aTh, YTO COBpe=
MEHHOe IOHsATHEe ,CTPYKTYypPH* BhIpaboTajoch B OcHOBHOM k 1900 roay;
B 1eHCTBUTEJIBHOCTH, NOHAZOOMJIOCH ewlle TPUAUATH JET YuYeHUUeCTBa,
4T0Obl OHO MOSABUJIOCH B NOJHOM Giecke. KOHewHO, HETPYIHO PaclO3HATH
CTPYKTYPH OIHOFO M TOFO Xe pOAa, KOrAa WX MNpHUPOAa AOCTATOYHO
NpOCTa; Hanpumep, AJad CTPYKTYPH TPYNHB STOTO YPOBHA NOCTULJM YXKe
B cepeaune XIX Bexa. Ho B 1O e Bpems Mbl emte BuauM, kax [ aHkeas
60poJcs, He BNOJHe NOCTUras CBOeH UeJu, 32 BhledeHue OOwmMx uaeh
Tela M €ro paclIMpeHHsi, KOTOPHie OH CMOTI BHIP@3UTb TOJbKO B BuAe
nosymeTadusuyeckoro ,ApuHuuna nepmaHentHocTy® [10] u koTOpHIE OMpe-
Je/eHHO Oblu cdopmympoBanb Toabko ltehnuueM 40 romamu nosxe.
B sToM nese 0COGeHHO TPYAHO OO OCBOGOAMTBCA OT BHeEYar/eHHs,
4TO MareMaruueckue OOBEKTBl ,NaHbl“ HaM 8Mecme €O CB80ell cmpyK-
mypoi; v TOMLKO 10CTATOYHO A0/rad NpaKTHKa PyHKLMOHAAbHOTO aHa/Iu3a
NOMOr/a COBPEMEHHBIM MATEMATHKAM OCBOMTLCA € uleeH, 4TO, Hanpumep,
CYIIECTBYIOT PasiuuHble ,ECTECTBEHHBle“ TOMOJOMHM Ha pPalUOHAJIbHBIX
YUCJAAX M PAa3JMuHble Mepbl Ha uwucJaOBOH npsMoR. 3TO pasbenuHeHue
OKOHYATe/JbHO OCYUIeCTBM/IO Nepexold K 0OuleMy OnpeleleHHI0 CTPYKTYD,
TaKOMy, Kakoe ObLIO AaHO B 5ToH Kuure.

B) Mooeau u uzomopgpuamer. MOXKHO 3aMeTUTb, YTO MBI HEOIHO-
KPaTHO HCHOJMb30Baky NOHATHE ,MOAeIU“ HJIM ,UHTepHperauuu“ OLHOH
MaTeMaTuyecKOH TeopHH TNpU noMouu apyrof. DTa uled He HOBa; ee,

1y CorsacHO H3BECTHOMY aHEKIOTy, 'Miab6epT OXOTHO Bhlpawkalt STy HIEI,
rOBOpSl, YTO MOXHO Obl10 GBI, HHYEr0 HE MEHAs B TEOMETPHH, CJIOBa ,TOUYKA“,
LNpAMan“ 4 ,MJIOCKOCTb® 3aMEHUTb CJAOBaAMH ,CTOX*, ,CTYA“ H ,IIHBHAs KpyXKKa“.
JIwGonbiTHO, 4TO yXKe y Jlanram6epa MOMKHO HaWTH NPEABOCXHINEHHE STOTO OCTPO-
yMHOrO Bhmaza: ,Cr08aM MONCHO npudambv maxoili CMbCA, KakOil nosicee
Aaews, — nMWeT oH B Inyuxsoneduu ([17], crarbs Définition); — [moxHO
6BLIO Gbl] 8 KpaiiHeM cayuae, COelamb dNeMEHMbL 2eOMempulL MOHOMU (HO
CMeUHBLMU), HA38A8 MPEYZOALHUKOM MO, 4mo O0BYHO HA36I8aemCT KPYZOM s

2] H. Byp6akn
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HECOMHEHHO, MOXHO BuIeTb B GeCHPeCTaHHO BO3POKAAIOUIEMCH NPOsBie-
HUH TAYOOKOTO 4yBCTBA €AMHCTBA DAas3/MYHBIX ,MaTeMaTHueCKUX HayK".
Ecau TpanuuuonHoe napeuenue nepBhx nudaropehiues ,Bce ecms uucao®
CYUTATh NOAJIHHHBIM, MOXHO PACCMAaTPHBATL €T0 KaK Cjel MepBOH HONBITKY
CBelleHusl reoMeTpuu u aare6pbt TOro BpemeHu Kk apudmernxe. Xora
OTKPHITHE MPPAUMOHAIBHOCTEH, Ka3anoCh, HaBCEriaa 3aKphlio 3TOT MyTb,
peakuue#t, KOTOPYI0 OHO BHI3BaJO0 Y TpeYeCKMX MareMaTUKOB, Oblia
BTOpas NOMNLITKA CHHTe3a Ha OCHOBE Ha 3TOT Pa3 TIeOMETPHH CO BKJIO-
YeHHEM Tyla Cpeau NPOYero MeTOAOB pellieHud anreOpauuyecKHX ypas-
HeHUH, YHACJelOBaHHBIX OT BaBuJOHAH!). H3BeCTHO, YTO 3Ta KOHUeNuUUsA
NIPOCYLIECTBOBANA BIIOTh 10 (yHiaMeHTaibHOR pedopmbr P. BomGennn
(R. Bombelli) u [lexkapra, cBOuBIIeH BCAKYI0 Mepy BeJMYMHB K Mepe
LAHHBL (MHaue roBOPA, NeHcTBATENBHOMY unCay, cM. McTopuuecku#t ouepk
K Kuure III, ra. IV). Ho ¢ cosnannem HexapTom u ®epMa aHanuruyecko#t
TeOMETPUA CHOB2 NPOSBJAACTCA NepBat TEHAECHLUS — NOJAyuaeTcs Topasio
6oJsee TeCHOe CJMAHHE FeOMETPUM U aareGpH, HO HA STOT Pas HA NOuBE
aiarebpel. Bnipowem, [exapr ToTuac wumeT Aajiblie ¥ TOBOPUT O Cylile-
CTBEHHOM €IUHCTBE ,8CeX HAYK, Komopsie 8 06uenm naswsarom Mame-
mamurod ... Xomsa ux 00BeKme. pasauiubi, — TOBOPHUT OH, — OHU
OCMAIOMCA COZAACOBAHKBME MeJCOY COOO0E 8 moM, 4MO paccma-
mpusanom 8 3mux 00BeKmax mMOALKO Pa3Auisbie C8A3U WAL NPO-
nopyuu, Komopee 8 Hux Haxodamca“ ([20], 1. VI, crp. 19—20)2).
TeM He meHee 3Ta TOuKA 3PeHHs BCEro Julllb CTPEMHUIACh CAENaTh anreGpy
OCHOBHOl MaTeMaTHYeCKOH HaykOH, 3akJ/I0ueHUe, NPOTHB KOTOPOro CH/IAbHO
Bodpaxasn JleAOHul, TakXke 3aHMMaBIMHCA, KaK Mbl Bulelu, ,YHUBep-
CaJbHOR MaTeMaTuxkO#“, HO B NJaHe MHOro 60/ee LIXPOKOM U yKe COBCeM
6/1M3KOM K COBPEMEHHBIM HAeM. YTOUHAA ,COTJIACOBAHHOCTBS, O KOTOPOH
rosopua Jlekapr, OH, MO CYIIeCTBY, BIEpBbe BBOAUT B PACCMOTPEHHE
o0iee noHATHE M3OMOPdHUM (KOTOPYID OH Ha3LIBAET,N0100ME“) U BOSMOXK-
HOCTb  ,0TOXACCTBJACHHA® U3OMOP(PHBIX COOTHOIUGHHH WM  Onepauu;
B KayeCTBe NpuMepa STOr0 OH NMPHBOAMT CJOXKeHHe U yMHOXeHue ([26],
crp. 301—303). Ho 3T cMesibie B3rAsAbl He HALLIM OTKJIHKA y COBpe-
MEHHHKOB, M HYXHO NOXKEATbCA pa3BuTuA aareGphl, COBEPLIMBILEroCs
K cepeaune XIX Bexa, uToOB yBHIETb HAUal0 OCYLIECTBJEHHA TOTO,
0 ueM Meuran Jle#Ounu. Mbl yxke NoauepKHBaiM, 4TO HMEHHO K 3TOMY Bpe-
MeHH TNOABH/MCh MHOTOUYUC/EHHBIE ,MONEMM“ M CTAaJ] MPUBHIYHBIM NEPEXOa

1) Tem He meHee apHPMETHKA OCTAETCA BHE STOTO CHHTE3a, WIBECTHO, YTO
JBKJHI, PAIBUB OOGUIYI0 TEOPHIO NPONOPUHMI MEXIY NMPOHIBOABHBIMH BEJIUYAHAMH,
HE3aBUCHMO DPa3BHJI TEODHIO PAUOHANBLHBIX YHCEJ, BMECTO TOTO 4TOGH paccMa-
TPHBATb HX KaK YACTHBIE CAYYaH OTHOLIEHHH BeIUUHH.

%) Mo 3Tomy mOBOIY HOBOJLHO JMIOGOMMTHO BULETH, KAK JleKapT cOmocTaBas
APHPMETHKY U ,KOMOUHAUUU HUCCA*, ,UCKYCCMBA ..., 8 KOMOPHLX HAUGONb-
wyw poas uzpaem nopsoox, n0GOGHO UCKYCCMBAM PeMECACHHILKO8, DAGIOULLX
MKAHb UAU KOBDbL, UM UCKYCCMBAM HCEHUUH, BbULUSAIOUUX UAL NACMYUWUX
kpysxcesa* ([20], 1. X, cTp. 403), xak 6bl OpeaBuUAS COBPEMEHHHE pPaGOTH MO
CHMMETDUH H ee CBA3AM ¢ nousTHeM rpynnsl (cp. Weyl H.,, Symmetry, Prin-
ceton Univ. Press, 1952).
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OT OJHOH TEOPHH K APYrOH IPOCTHIM M3MEHEHHEM TEPMHHOJOTHH; CAMbIM
APKUM NPUMEPOM 3TOrO #BJAAETCH, BEPOATHO, ABOHCTBEHHOCTb B NpoeK-
TUBHOH TreOMeTpuM, e uacTas B TO BpeMs NPAKTHKA NeyaTaHud TEOpEM,
»ABONCTBEHHBIXY OfHa JPYro#t, APYr NPOTHB apyra B JBe KOJOHKH
chirpana, 6esycioBHO, GOJbLIYIO POAb B OCO3HAHAU IOHATHS W3OMOPGUH.
C Gonee TexHUYECKOH TOYKH 3PeHUA HECOMHEHHO, YTO MOHATHE U3OMOPH-
HbIX Tpynn Obao u3BecTHO Tayccy Ana abesesbix rpynn, Taaya — nis
rpynn noacraHoBok (cm. Heropuueckutt ouepx x Kuure II, ra. I u II—I1I);
B 00uleM Buje ISl NPOU3BOAbHBIX TPYNN OHO GHIIO YCBOGHO K CepeiiHe
XIX Bexa!). BrocieactBuu kamaas HOBas aKCHOMATHYECKAd TeOpPUs
€CTECTBEHHO NpPUBOAMAA K ONpele/feHdl0 TOHATHA u30MOpdU3MA; HO
TO/bKO C COBPEMEHHBIM NOHATHEM CTPYKTYPbl ObIAO OKOHYATEAbHO NpH-
8HAHO, 4TO Kaxnad CTPYKTypa HeceT B ce6e mnouAtHe n3oMopdu3Ma u
HeT HUKAKOM HYXIbl HaBaTb 0co0oe onpenejesne usoMopdusama aas
KaX10ro poja CTPYKTYpHL. A

C) Apupmemusayus raraccuseckoli mamemamuxu. Bce Gonee u
6osiee pacnpocTpaHsBilleecss ynoTpeGaeHue NOHATHA ,MONeaM* a0 TaKkKe
BO3MOXHOCTb ocyutecTButh B XIX Beke TO 0OGbenuHeHue MaTeMaTHKH,
0 KOTOpPOM MeuTaau nudaropeitunl. B Hayanse Beka Ienoe wuciO M He-
npepbiBHas BeJMYMHA BCE elle KAa3aJHUChb CTOJb XK€ HECOBMECTHMBIMH, KaK
M B aHTHYHOCTH; ANEHCTBUTE/bHBIE 4YUCJA OCTABAIMCH CBA3AHHBIMH C HO-
HATUEM TE€OMETPHYECKOA BeauuuHbl (O KpaHHe# Mepe, ¢ NMOHATHEM JIJAMHBI),
M MMEHHO K TNocaelHelt o00pamamuch 3a ,MOAENAMU* OTPHUATENLHBIX H
MHUMBIX uxcen. Jlaxe palMOHAJAbHOE uMCJIO TPAAMIUOHHO CBA3BIBAJIOCH
€ uneel ,neneHua” BeJMuMHbl HA PaBHble 4YacTH; TOJbKO LEeJble uuCAa
OCTaBaMUCh B CTOPOHE B KaueCTBe ,UCKAIOUUMEAbHLIX NPOOYKNO8
Hawe20 yma“, xak cxasan [ayec B 1832 romy, mportuBomnocTaBassa ux
nouatuio npocrpancrsa ([11], t. VIII, crp. 201). TIlepsbe ycuaus no
cOmmxennio apugMeTHKM € aHAAM30M OblIM HANPABJIEHH CHAYAJAA HA pa-
LMOHAAbHble YNC/Ia (MOJOMKUTeNbHble M OTPULATENbHEIE) M TpUHALIEAKANU
Mapruny Omy (Martin Ohm) (1822); okono 1860 rosa oun €biau B0306-
HOBJEHb HECKOJbKMMH aBTOpaMHu, a uMeHHO [paccmaHoM, Tlankenem u
BeftepmrpaccoM (B ero Heony6aMKOBaHHBIX JEKIUAX); MMEHHO HOC/ENHEMY,
KaXeTcd, NMPUHANIEKUT uled NOAYYEHH ,MOJEeJU“ TOJMONKHUTEJIbHBIX pa-
UHOHAMbHBIX uYMCeJ WM OTPHUATEJbHHIX Ue/JbX 4YHCeJ B BHle KJACCOB
nap HaTypajbHLIX UeJbX udcen. OCTaBajIOCh, OAHAKO, CAe/aTh CaMblit
BaXHBIAA INAr, a MMEHHO HAHUTH B TEOPHUM PAUUOHAJBLHHIX YUCENA ,MOAENb"
HppauMoHaabHbiX uucen; k 1870 romy sra 3amava noayuuaa nepBocre-
NEHHYI0 BaXHOCTb BBHAY HeOOXOLMMOCTH IOC/]e OTKPBITHS ,NATOJOrU-
YeCKuX“ fBJeHMH B aHa/Ju3e YCTPAaHUTb BCAKMA CJAel TIeOMeTPUYECKOH

) Camo ca0BO ,u30MOpQH3M* BBEIEHO B TEOpHM TPYII B 5TO KE BPEMS;
HO CHaYaja OHO CHYMHT Takxke XA O603HauYeHHS CIOPHEKTUBHBIX FOMOMOP(UIMOB,
KBanU(HUHPOBABIIHXCA KAK ,MEpUSHPUYECKHE U30MOPGH3MBI*, TOrAa Kak U30-
MOpPGU3MBI B COGCTBEHHOM CMBICJE CJOBA HA3BIBANUCH ,TOJNO3IPHUECKHMH H30-
MophH3IMaMH“; 5Ta TEPMHHOJOrUA OCTABajach B ynoTpeGjeHHM BIMOTH 10 paGor
3. Hérep (E. Noether). ‘ -

21*
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HHTYHUMU M HeCHOTO NMOHATHA ,BeJMUMHBI® B ONpeliefieHud AeHCTBUTENb-
HbIX uyuced. MsBecTHO, uTo 3Ta sajaua Obiia pellleHa B TO BpeMs MOYTH
oaHospeMenHo Kantopom, Henekunnom, Mepsem (Méray) n Betiepiurpaccom
IOBOJBHO pasdiauuyHnimMu MerTonamu (cM. Mcropuueckutt ouepk g Knnre IlI,
ra. IV). '

HaunHas ¢ TOro BpeMeHH LeAble uuCAd CTaAn (YHIAMEHTOM BCe
Knaccuueckoft Marematuxu. Kpome rtoro, ,Momenu“, OCHOBaHHbLIE Ha
apudMetuke, npuolperaloT eliie 60Jblilee 3HaYeHUE C PACHPOCTPaHEHHEM
aKCHUOMAaTHYECKOTO MeTOAd M KOHLUeNUHMed MaTeMaTHueCKUX OOBEKTOB KaK
cBoOoaHBIX TBOpenu# pasyma, Ha caMom zese Ha 3Ty cBoGoay, npo-
Bo3rjalleHHylo KaHtopou, 6bl10 Ha/lOXeHO OrpaHHueHue — BONPOC O ,Cy-
LeCTBOBaHUM®, KOTOPHIH 3aHMMaJ yXKe TPEeKOB M KOTOPLIH CTaBu/iCA 34eCh
ropaszo 0o0Jjiee HEOTJONKHO KaK pas IOTOMY, 4TO BCAKOe oOOfpalieHue
K MHTYMTHBHOMY NpeiCTaBAeHHIO ObIO Temepb OTOpOlIeHO. Mbl yBuaum
Janblle, LEHTPOM KaKOro (uaocophCKo-MaTeMaTHUECKOTO MaabCTpEMa
CTajxo NoHATHE ,CyllecTBOBaHUS“ B nepBble roibl XX Beka. Ho B XIX
Beke 3TOrO ellle HeT W NOKa3aTbh CyLIECTBOBAHME KAaKOro-HuGyab Mare-
MaTH4ECKOTO O0DbEeKTa C 3a1aHHBIMH CBOHCTBAMU — 3TO MPOCTO, KAK U A/f
dBiauna, SHAYUT ,MHOCTPOUTH OOBEKT, UMeIMH YKasaHHBE CBOMHCTBA.
Jas aToro Kak pas u cayxuau apudmeTuyeckUe ,MONENM“: KAK TOJAbKO
JeHCTBUTEeNbHBlE UYHUCAA ,MHTEPHPETUPOBAHBI® B TePMHHAX LEJBIX 4YHCEJ,
3TO Ke MMeeT MeCTO 0/aroapsd aHaJIUTHYECKOR TeOMETPUH LAf KOM-
IMEeKCHBIX uMCeJd M AJA SBKAMAOBOH TeOMETpPUM; TO XKe CaMOe BEPHO U
s BCeX HOBHIX aareOpauuecknx OOBEKTOB, BBENEHHBLIX C HAYA/AA BeKa;
HaKOHell, — OTKPHITHE, NMeBllee 60.1bIOA pe3oHatc, —Beabrpamu u Kietn
(Klein) nawe no/iyuuin 3BKAMAOBbl ,MONeAM* HESBKAMAOBHIX TeOMeTpHH
JloGaueBckoro m Pumana M, Clef0BaTenbHO, ,apumeTu3upoBamu® (TeM
€aMblM MOJHOCTbIO ONPaBAaB MX) 3TH TEOPHM, BHI3BABIUME NPH NEPBOM
3HaKOMCTBE CTOJbKO HeIOBepHd.

D) Axcuomamuszayus apugpmemuru, Jluaua pa3sutua nomkHa Obiaa
3areM INOBePHYTb K OCHOBAaHMAM CaMOH apu¢MeTHKH H, KeHCTBUTEABHO,
sro Habmonaercs okono 1880 roaa. Ilo-supumomy, no XIX Bexa ue
NBITAAUCL ONPeneNUuTh CAOMEHHE M YMHOMXEHUE HATYPAAbHBIX LEeAblX uuces
MHaye, yeM NpPAMbIM OOpalleHUeM K UHTYULHMH; TOAbKO JIeHOHul, BepHHIH
CBOMM NpPHHUMNAM, $ABHO YKasbiBaJd, UTO ,UCTHHBI®, CTOJb ,OueBUIHBIE,
Kak 2-2==4, He MeHee HNPOYUX [IOMYCKAIOT [0KA3aTeJbCTBO, eCJH
noaymatb 00 onpeneieHuAX BXOafAIMX B Hux uucea ([276], t. IV,
crp. 403; cp. [26], crp. 203); u OH HAKOrAA He PACCMATPUBAET KOM-
MYTaTUBHOCTb CJOXKEHUS M YMHOXEHUS KaK caMO COGOH pasymeloluecs ).
Ho nanbme 3TuX pasMmblillieHufi OH MO STOMY NOBOAY He Iles, d A0
cepennnbl XIX Bexa HUKAKOrO MNpPOrpecca B TOM HANPABJEHMM elle He

) B xauecTBe IpUMEpPa HEKOMMYTATHBHBIX ONEpAaUull OH yKa3biBad BbI4MTa-
HHE, [eJeHUe H BospeleHue B creneHs ([276), 1. VII, crp. 31); OH Kak-TO pas
Jaxe 3gmallcn BBECTH Takue OIepalMM B CBOE JOTHueckoe HcuucaeHue ([26],
crp. 353). ‘
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npoucxoauno: cam Beepurpacc, JekuuM KOTOPOro chirpasu 60JbLIYIO
poab B pacnpOCTPaHeHUH ,apUPMeTU3NPYOINEH® TOUKM 3peHus, HE uyB-
CTBOBAJ, NMO-BUAMMOMY, HEOOXOAMMOCTH B JIOTHYECKOM NPOSICHEHAN TeOpHH
Ueabix uncen. IlepBrie wary B STOM HANPaB/CHUN NPHHANNENKAAN, BEPOSTHO,
Ipaccmany, woropuwit 8 1861 romy ([17), 7. Il,, ctp. 295) man onpes
DeneHue CJIOXKEHNS M YMHOMEHHMA Le/IblX 4YMCed W [J0Ka3ad MX OCHOBHHE
CBOHCTBA (KOMMYTATUBHOCTb, aCCOLMATHBHOCTb, AMCTPUGYTHBHOCTB), HC+
NOAb3Ys TOABKO onepauuio X —> % — 1 u npuxuun unaykuun. IocaenHuft
npuHUMT OblA  BNEPBbie  SICHO MBAOXeH H ynotpebaen B XVI Beke
utanbAuleM Masponuko (Maurolico F.) [29]1) —xora eumte B AuTuu-
HOCTH BCTpPeuanucb 0O0Jee MM MeHEee CO3HATEJbHBIE €r0 MPHAONKEHHA —
H LIMPOKO HCMOAb30BANCA MareMarukamu ¢ nepso# nojaosunbl XVII Beka.
Ho rombko B 1888 roany Hemexuna ([19], t. III, ctp. 359—361) cchop-
MyJUpPOBaJ MOJHYIO CHCTEMY aKCHOM AIAd apudMeTHKM [3Ta cucreMa Obiia
Bocnpousseseda 3 rogamu noaxe IleaHo u uspecTHa OGHIYHO NOZL ero
nMeHeM [35a]]. comepxaulyilo, B uacTHOCTH, TOUHYI0O OpMYMMPOBKY
NpuHOUNA UHAYKUMM (KOTOphIk ['paccman ewe ynorpebasger, ABHO He
dopmyaupys). .

Kaganoce, uto ¢ 3TOR akcmomatn3auue AOCTUTHYTO OKOHYATEABHOE
060CHOBaHNE MATeMAaTHKH. B HNeACTBUTEABHOCTH, B TOT CaMBIi MOMEHT,
Korga Obau ACHO CHOPMYyAHMPOBAHBI aKCHOMBI apupMETHKH, OHa IJd
MHOTHX MaTeMaTukOB (Hauuuas ¢ camux Jenexunna u Ileano) yxe
yTpaTuia poJib OCHOBHOH HAyku B MNOAb3Yy NOCAeiHeH HOBUHKM Cpelld
MaTeMaTHIECKUX TEOPUH — TeOPHH MHONXECTB; U CIOPbI, Pa3BePHYBIMHECH
BOKDYT NOHATHA LEJOr0 YMCA3, He MOTYT ObITb OTOPBaHB OT BeJUKOTO
.Kpuauca ocHoBanu#t* 1900—1930 ronos.

Teopus Muoocecms

MoxHO CKasaTb, uYTO MaTemaTuku W ¢uaocods Bcerza 60jee HAH
MeHee CO3HATeNbHLIM 00PAa30M NMOAb3OBAMCh PACCYHAeHNsAMH TeopHu MHO-
KeCTB; HO B UCTOPMM Pa3BUTHA MX B3LJALO0B IO STOMY INpeIMeTy Heol-
XOAMMO UETKO OTAENATb BCe BOMPOCHI, CBASAHHHIE C HiceH KAPAUHANBHOrO
yncaa (M, B uvACTHOCTH, C NOHATHEM OeCKOHewHOCTH), OT BONPOCOB,
BeAylUX TOAbKO K HOHATUAM NPUHALAEKHOCTH M BKAIOUEHHS. DTH NO-
caenHue Haubojee MHTYUTUBHH M, MO-BUAMMOMY, HMKOI1A HE BbI3HLIBAJIH
CNOPOB: UMEHHO HA HUX Jiel'Ye BCero MOXHO OCHOBATH TeOPHIO CU/IOTU3MA
(kak 310 10/KHB Oblnu MokasaTh JIeHOHuL 1 Dfaep) UAU aKCUOMB BpOIe
slenoe Oo/blue uacTH®, He TOBOPA YK O TIeOMeTPHUUECKUMX BOMPOCAX,
KaCaAloLIUXCA NepeceueHud KPUBHIX M NOBepXHOCTeH. BriaoTe 10 KoHua
XIX Beia pasroBop 0 MHOXeCTBe (MM, Y HeKOTOPHX aBTOPOB, ,Kjacce“)
06beKTOB, 060X TeM UAM UHBIM 331aHHHIM CBOKCTBOM, He BLISHIBA

) Cm. Takxme W. H. Bussely, The origin of mathematical induction,
Amer. Math. Monthly, 24 (1917), 199.
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HUKAKUX TpyaHocTe#hl); u 3uamenutoe ,onpeaenenue’, nanHoe KanTopom
(,[100 wMHOdCecmsom Mo norumaem o00svedunenue 8 O00HO yeroe
XOpowo pa3aundaemsx O00BeKmo8 Hauleld unmyuyuu usuy Mmucaut
[22], crp. 282), He BHI3BaAO B MOMEHT ero NyOAuKaLMM NOYTH HUKAKUX
Bo3pameHuit 2). ONHAKO NONOKeHHE B KOPHE H3MEHHAOCb, KaK TOJbKO
K TIOHAITHIO MHOXKeCTBa Hayaju NPUMELIUBATh NOHATHA YKC/AA MM BEJHIUHbI.
Bonpoc 0 GeckoHeuHOR 1eAMMOCTH NPOCTPAHCTBA (CTOABLIMH, HECOMHEHHO,
ellle CO BpeMeH NepBbIX nudaropeitues) npuBen, KaKk H3BECTHO, K 3HA-
yuTeAbHbBIM (uAOCO(CKUM TPYIHOCTAM: OT OjeaToB jJo bosabuaHo u
Kantopa marematuku u cduiocods Oe3ycnellHO Ouauchk Hal NapaiokCoM
KOHEYHOH BeJMuMHBI, COCTaBICHHOR 13 OeCKOHeYHOro uYHCAA TOueK,
JUIIEHHBIX BejnudHbl. Ham ObI0 Obl HEMHTEPECHO U3/IArath 31eChb, AaXe
6er/io, HeCKOHYAeMble XM CTPACTHHIE CIOPH, KOTOPBHE BHI3bIBANa 3Ta NPO-
6/eMa, CO31aBlIas 0cOGeHHO OMArONPUATHYIO NMOYBY A MeTaPUSHUECKUX
M TEOJOTHYECKHX pa3rjarojbCTBOBAHMH; OTMETHM TOJBKO Ty TOUKY
3peHus, KOTOPOM CO BpeMeH AHTMYHOCTH NPUAEPHKUBANOCH OOJBIIMHCTBO
MaTeMaTukoB. 3JTa TOuka 3PEHHUS] COCTOMUT IJIaBHBIM 00pasoM B OTKa3e
OT CNOPOB 32 OTCYTCTBMEM BOSMOMHOCTH DPaspelluTb HX HEONPOBEPKH-
MbIMH CPEICTBaMy — NO3ULLUA, KOTOPYIO Mbl BHOBb HAXOAWM Yy COBpeMeH-
HbIX GOPMANUCTOB: NOAOGHO MOCHeIHUM, CTPEMALIUMCS YCTPAHUTh A06oe
HCIIO/Ib30BAHNE ,MAPANOKCAAbHBIX® MHOMXECTB (cM. Hike cTp. 333—334),
KJaCCHYeCKMe MaTeMaTMKM TIIATeJbHO u30erain BBOAMTb B CBOM pac-
CyMJeHus ,aKTyanbHylo 0ecKOHeuHOCTb® (T. €. MHOXECTBa, COojepxauiue
GeckOHeuHOe uMCAO OOBEKTOB, PacCMaTPUBAEMBIX, KaK CYyLIeCTBYIOLiUE,
no KpaliHelt Mepe MBICJEHHO, ONHOBPEMEHHO) M NOBOALCTBOBAMUCL ,HOTEH-
UManbHOR 6eCKOHEeYHOCTbIO, T. €. BO3MOMHOCTBIO yBeAUYEHUA (UM yMeHb-
LIeHHS, €CJM Peub AT O ,HeNpepbiIBHOR® BenuuuHe) MIOOOH naHHOH Benu-
yutibl 3). X0TA 9Ta TOUKA 3peHUs COAEPKANA HEKOTOPYIO HOJIO AHLieMepHs 4,

') Boimre Ml BuZead, 4T0o Byap Ges koaeGaHuii BBea B CBOe JOTHYECKOE
MCYHCIEHHUE ,YHUBEPCYM* 1 — MHOXECTBO BCeX OGBEKTOB; MO-BHIHMOMY, B CBOE
BpeMsl 3TH BO33PEHUS HE KPHUTHKOBAAHCh, XOTH ApDHCTOTENb, TNPHBOAS XOBOJBHO
TEMHOE JOKas3aTeJAbCTBO MX abGcypaHoctH, orBepraer ux ([1], Met. B, 3, 9985).

2) Kaxercs, Ppere GbiaA OZHHM H3 HEMHOTHX TOTJAIIHAX MaTEMATUKOB, BO3-
paxaBuIMX, HE 6€3 OCHOBAHMS, MPOTHB PACIIBIBYATOCTH HOJOOHBIX ,ONMpeaeNeHHit
([42 B), 1. 1, c1p. 2).

%) TunuuHBIH NpUMep TakoW KOHUENUHH faeT GOopMyaupoBka IBKauza: ,/Jas
2106020 3a0aGHHO20 KOAULECMBA NPOCMLLX HUCeA Hadlemcss npocmoe 4ucao,
ux npesocxodsujee*, KOTOPYIO CErofHs MBI BHIPaXaeM, rOBODSH, YTO MHOXECTBO
TPOCTHIX YUCEN GECKOHEUHO.

4) Knaccuueckn Mbl, OYEBHIHO, HMEeM IPaBO CKalaTb, 4TO TOYKA IpHHA.-
JAEeXHT MPAMOH, HO BBIBECTH OTCIONA 3aKJOYEHHe, 4TO IpsAMas ,COCTaBJEHA H3
TOYEK*, GbI0 6bl HapyureHueM TaGy aKTyaabHOH GECKOHeYHOCTH, U ApHCTOTENb
NOCBSITUN IJAMHHBIE PacCyXIEHHS ONPaBAAHHIO 3TOrO 3ampera. BepodrtHo, uToGH
M36aBuTbCA OT M6BIX BospaweHu# 3TOrO poza, B XIX Beke MHOrHE MaTeMaTHKH
u36eraay TOBOPHTb O MHONECTBAX H CHCTEMATHYECKH pacCyxjaau ,lo comep-
XKaHMio*; HampuMep, [alya roBOpHJ HE O TeJe YHCeJ, a TOJAbKO O CBOHCTBAx,
0o6mux BceM sjaeMmeHraM Taxoro tena. Hawe IMaw u Tuan6epr B cBOMX akcHOMa-
TUYECKHX NPEACTABJACHUAX BSBKJMUIOBOH TEOMETPHH euie BO3JEpKanuch OT TOrO,
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OHa MNO3BOJSAJA BCe e pa3BuUTh OOJBLIYI0O 4YacTb KJAACCHUeCKOH Ma-
TeMatuky (BKJIOYas TeOPUI0 OTHOIIGHMH M MNO3KE aHAAU3 OeCKkOHEuHO
Manbix)!); OHa Kasanach TakikKe OTIMUHOM OMOPOH, OCOGEHHO MOCHEe CHO-
poB no nosoay OeCkOHewHO Manblx, ¥ euwe aoaro B XIX Beke Oniga
NOUTH NMOBCEMECTHO NPUHATOH AOrmMo#.

[lepBbitt 3apoabil  O6MEro NOHATUA PABHOMOLIHOCTH NOABAAETCS
B oaHom 3ameuanun [anunea ([9], t. VIII, crp. 78—80): ou obpaiuaer
BHHMAHHE H& TO, uTO OTOOpaMeHue 7 —>n? YCTAHABIMBAET B3AUMHOOLHO-
3HAYHOE COOTBETCTBUE MENLY HATYPAAbHBIMM YUCAAMH M HX KBaipaTaMu
H, CJelOBATeJbHO, aKCHOMA ,Uefoe Oojblle 4acTU® He NpUMeHMMa
K GeckoHeuHbIM MHOMNecTBaM. Ho BMecTo TOro, uTo6b MOAOKHTL HAwajo
pasyMHOMYy u3yueHHIO OeCKOHEYHBIX MHOMKECTB, 3TO 3aMeUaHHe HMENO,
NO-BUAUMOMY, TOILKO OOpaTHHA 3ddeT, ycuaus HemoBepHe K aAKTYadb-
HON O0eCKOHeuHOCTH; 3TO 3aK/IOUYeHHe OblIO ClelaHO Ywxe caMuM [amm-
aeeM, u Kowu uutupyer ero B 1833 roay Toabko aMA MoaTBepHIcHHS
CBOEH noauuuu.

[Torpe6HocTn  ananusa —wu B 0COGeHHOCTH YrayGieHHOe u3ydueHue
GyHKUMA  NeHCTBUTENbHOH NepeMeHHOH, NPONO/KABIIEeCH B TeyeHue
Bcero XIX Beka, — MONOKUIM HAUATO TOMY, YTO BIOC/AEICTBMM PA3BUAOCH
B COBpeMeHHYIO TeOpuio MHOXecTB. Korma Bomsuano B 1817 rogy ao-
KasblBaj CyLUeCTBOBAHUE HIXKHEW I'PAHM MHOXECTBA, OFPAHUYEHHOTO CHUBY
B R, oH, K@k u OOJbIIMHCTBO €r0 COBPeMEHHUKOB, paccCyXiai elle
»CONEPIKATEIBHO, TOBOPS He O NMPOU3BOJIBHOM MHOXECTBe 1eHCTBHTEJb-
HBIX 4YuCed, & O MPOM3BOJLHOM CBOHCTBe 3TuX nocieadHux. Ho koraa
TPHAUATHIO OAaMy NO3Xe OH penakTuposa’ cBou ,Paradoxien des Unen-
dlichen* [4] (omy6aukoBanwnl B 1851 roamy, uepes Tpu roga nmocjie ero
cmeptn), OH 0e3 konebGanuit Tpe6oBan NpaBa HAa CYueCTBOBaHWE Jd
»@KTYaJIbHOH OeCKOHewHOCTH® M NpaBa FOBOPUTb O NPOM3BOJBHHX MHO-

4T06Hl CKa3aTh, YTO NMPAMBIE H IIOCKOCTH CyTh MHOMecTBa Touek; [leano Gbia
©IHHCTBEHHBIM, KTO B 3JEMEHTApHOH reOMeTpud CBOGOZHO MOJb30BAACH HA3BIKOM
Teopun MHOXecTB.

1) Mpuunny sTOr0 HyXHO, 6€3 COMHEHHS, BHAETh B TOM OGCTOATENbCTBE, UTO
MHOMECTBA, DPACCMATPHBAOLIHECS B KJACCHYECKOH MareMmatuke, NpHHAZAEH AT
¥ HEeGONbHIOMY 4YHCHY MPOCTHIX THIOB H MOTYT GOJbIIEH 49acTbio GHITH IOJHO-
CTbI0 ONHCAHBI KOHEYHBIM YHCJOM UYHCIOBBHIX ,IIAPAMETPOB*, TAK YTO UX U3yUEHHE
CBOJHTCA B KOHEYHOM CUETE K H3YUEHWI0 KOHEWHOTO MHOXecTBa uHcea (Tak 06-
CTOHT 1eN0, HAlPHMEP, C aire6paudecKHMH KPHBBIMH H NOBEPXHOCTAMH, H3 KO-
TOPHIX B TEYEHHE J0Jroro BPEMEHH M COCTABJIAMMCH B OCHOBHOM ,(UIYDHI* KAaC-
cuueckod reomerpun). [lo TOro, Kak mporpecc aHanusa BHHyNHa B XIX Bexe
PaccMaTpHBaTh MPOU3BOJbHBIE IOAMHOXECTBA NPAMOH Hau R, pelxO BCTpedatuch
MHOXECTBA, BBHIXONAUIME H3 MNPENBIAYHIMX TUNOB;, Hampumep, JleitGHuy, Bcerna
ODHTHHANbHBIH, PUBEI B KAYECTBE ,TEOMETPHYECKOTO MECTa TOUEK* 3aMKHYTHIH
IuCcK Ge3 Uentpa uad (MOGOMEITHHIM OGPa3oM MPERYYBCTBYS TEOPHIO HAEAJIOB)
ycMarpHBad, 4TO B apUMETHKE 1EN0e YHCIO €CTh ,POL* MHOXKECTBA €ro KPaTHHIX,
H 3aMeTHJ, UYTO MHOMXECTBO KDAaTHBIX yucla 6 ecTb NepecedeHHe MHOMXeCTBa
KpaTHBIX 4HCAa 2 u MHOXECTBa KparHmix umcaa 3 ([276], r. VI, crp. 292).
C navana XIX Bexa B aarefpe H TEOPHM UHCEJ] NPUBBLIKJAH K MHOKECTBAM 3TOrO
TNOCAE/HEr0 THNA, KaK K KAACCAM KBaLpaTHuHbIX (opM, BBeseHHbM [ayccoMm, uau
K TeJaM u ujeanam, onpeneieHHbIM eaexkuniom eme 10 KaHTOPOBCKOH PEBOMIOLHH.
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WecTBax. B arto#t pabore on onpeaeaun oOllee NOHATHE PABHOMOLIHOCTH
IBYX MHOXeCTB M AOKa3aid, 4TO [Ba MHTepBajda, KOMNAKTHbIX B R d
He CBOASLIMXCA K OJHOM TOuKe, PaBHOMOILHBI, OH 3aMeTHU] TaKxke, 4TO
XAPaKTePUCTUYHAS DPA3HUUA MeXAy KOHEUHbIMM U GeCKOHEUHBIMM MHO-
JEeCTBaMu COCTOHT B TOM, uTO GeCKOHeyHOe MHOMXeCTBO E pasHOMOWHO
MOAMHOXECTBY, OTAMYHOMY OT E, HO He NaeT HHKAKOro yOeluTeJbHOTO
LIOKa3aTebCTBA 3TOMY yTBepXKaeHuio. Brnpouem, oO6wuH TOH 3TOro couu-
Heunss ropasao 6Gonee duaocodckuit, ueM MaTeMaTHuecku#; He OT/IMuasA
JOCTATOYHO fACHO IOHATME MOLIHOCTH MHOXECTBA OT MOHATHA BeJMYUHbI
uian nopanka GeckOHeqHOCTH, Do/bLAHO MOTepnes Heynady B CBOHX TO-
MHTKaX 06pasoBaTbh OeCKOHeuHBle MHOXeCTBA BCe Gosiee u Gonee BO3-
pacTaiolet MOIIHOCTM M Npullled K TOMY, 4TO NMpUMellaj K CBOMM pac-
CyX/eHUAIM COBePLICHHO OeCCMBICAEHHBle PacCMOTPeHUs Pacxoadluxcs
pALOB.

Vimenno reumo I'. Kautopa 06s3anbl Mbl CO31aHueM TeOpHUM MHOXECTB
TaKOH, Kak MBI ee NOHuMaeM ceroaus. Ero oTnpaBHO# Touko# Takxe Ob
Anams, u ero paGoThl MO TPUrOHOMETPUUECKUM DANaM, Bbi3BaHHble pado-
ramu Pumana, ectecTBeHHO NpuBeiu ero B 1872 roay k HepBOMy ORHTY
KAacCupUKAUNA ,MCKMOUNTEAbHBIXY MHOXECTB, MNOABAAIOWUXCA B 3TOH
Teopuu 1), NpY NOMOLLM NOHATHS NMOCAENO0BATEJbHBIX ,MPOU3BOAHBIX MHO-
KeCTBY, KOTOPOE OH BBed NO 3TOMY Ciyualo. DBe3 coMuenus, MMeHHO
STH HCC/AeAOBAHMS, & TaKXe ero MeTON OnpeneeHus NeHCTBUTENbHBIX
yucen mpuBean K TOMy, uTo KanTOop Hauan muTepecoBatbcs MpobieMaMu
paBHOMOWHOCTH, #60 B 1873 roay OH 3aMeTust, YTO MHOXeCTBO PalHo-
HAJbHBIX uYHMCed (MAM MHOXECTBO aAreOpaMyeCcKuX uMced) CUETHO; H Mbl
BHIMM, uTO B CBOoeH mepenucke ¢ JlelekuH1OM, HauaBIUe#ACd OKOMO 3TOTO
Bpemenu [23], OH mnpeadaraer BONPOC O PABHOMOUIHOCTH MHOXe-
CTBa leAblX M MHOXeCTBAa AeHCTBUTE/JbHBIX 4HMCed, KOTOPBHI#t eMy yaaeTcd
pelluTh B OTPUUATEAbHYIO CTOPOHY HECKOJbKUMH Hele/fMu NO3xKe. 3aTeM,
¢ 1874 roana ero 3auumaeT npoOieMa PasMepHOCTH, M B TeYeHHE TpeX
JAeT OH TIIETHO MNBITAeTCH YCTAHOBUTbH HEBO3MOXKHOCTb B3aUMHO O1HO3HAY-
HOro coorBercTus Mexay R u R® (n > 1), nmpesxae uem npuxoaut, K co6-
CTBEHHOMY H3yMJeHHI0 ?), K Onpeie/eHHI0 TaKOro coorsercrsus. Iloa sne-
yaT/JeHUEM OTUX pPe3YyAbTATOB, CTO/Mb e HOBHIX, CKOJb YAUBUTENbHBIX,
OH BCelleJo MocBATAA cebA Teopunm MHOXecTB. B cepunm us 6 memyapos,
ony6aukoBanubix B Mathematische Annalen mexay 1878 u 1884 ronamu,
OH OJHOBPEMEHHO 3aHuMancs npolaeMaMH PaBHOMOLIHOCTH, TeOpHe#t CO-
BepUICHHO YMOPSANOYEHHBIX MHOMXECTB, TOMOJOrMuecKuMu CBOHcTBamu R
# R” u npoGaeMOt Mepbl; MU BOCXMTHUTENbHO BHIETH, C KAKOH ACHOCTHIO

1) Peup umer O muoxecrsax E R, TaKHX, UTO eCAM TPHTOHOMETPHUECKHH
+c0
paa z cpe™* cxomutcst K 0 BClony, KpOMe Touek MHoxecrsa E, To HeoGxoaumo

—00
¢y =0 nas Bcex n ([22], cTp. 99).

2y S ez0 eudxcy, HO s 6 Hezo He sepw*, —uumer on Henexunny ([23],
¢Tp. 34; B TeKcre — no-ppaHIyacKH).
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BLLAEJAIOTCS Majo-NoMaly B ero pyKax IOHATUA, KOTOpble, KasanocChb,
HENONpaBuMO OblIM MepeNnyTaHbl B KJACCUYECKOM NMOHATHH ,KOHTHHYyMa“.
C 1880 rona y Hero nosBuJjacbh uiel O ,TPAHCHUHUTHOM® HTePUPOBAHUH
06pa3oBaHus ,MPOU3BOIHBIX MHOMXECTB®; HO BOILIOLIEHME CBOE 5TO HIes
HAIIAA TOJALKO ABYMS [OL3MHU NO3Ke C BBelIEHUEM BIOJHE YNOPANLOYEHHBIX
MHOXeCTB, ONHOTO M3 CAMBIX OPUTMHAALHBIX OTKpHTu# Kanropa, Gaaro-
napsi KOTOPOMY CTAaJ0 BO3MOXHBIM NPUCTYNUTb K 1eTaJdbHOMY M3Y4eHHIO
KapAMHAJbHHIX uuceA M CcHopMy/aupoBath ,nmpobaemy KOHTHHYyMa* [22].

CT0/b CMeJible KOHLeNLMM, ONPOKUIABIBAIONIME ABYXTHICSAueleTHHE TpPa-
JAMUMM ¥ BeAyllMe K HEOXMIAHHBIM M C BULY NapalOKCaJbHHIM Pe3yJb-
TaTaM, He MOTJM ObITb MpuHATHIMU Oe3 conporuBienud. Y gedcrBurenbuo,
M3 BCeX BAMATENbHBIX HEMELKHX MaTeMaTHKOB TOrO BpeMeHu Bettepiur-
pacc Obli eNMHCTBEHHBIM, KTO C HEKOTOPOH O6/arOCKJOHHOCTHIO Cjenui
3a pabGoramu KaHropa (cBoero OBIBIIErO YueHHKA); [Apyrue yueHble
He pasnensiu 3TOro OTHOLIenud, U KaHTOp cTOJKHYy/CA ¢ HempuMupuMoH
onnoanuuet Isapua (Schwarz) u, ocobenro, Kponekepa ). ITo-Bunumony,
CTO/Ib K€ HNOCTOAHHOE HampsiKeHue, BbI3BAHHOE NPOTUBOIEHCTBUEM €ro
uleaM, CKOJb M OeCHAoiHble NONBITKM NOKA3aTb TUNOTe3y KOHTUHYyMa
Bhi3Bain y Kanropa nepBble cUMNTOMBI HepBHOR GoJe3HM, CkasaBuieHcs
Ha €ro MaTeMatuueCkoH npoayxTuBHOocTH 2). Ilo-HacTosleMy OH BHOBDL
npuobpen uurepec Kk Teopuum MHOMmecTB TOIbKO K 1887 roay, a ero
hocieanne ny6auxauuum patupylotcs 1895—1897 rr.; B Hux OH pasBui
B OCHOBHOM TEeOPHIO COBEPLIEHHO YMOPALOYEHHBIX MHOMKECTB U HCUUC/IEHUE
opauHaabHbiXx uyuces. B 1890 roay oum 10kasan TakkKe HepaBeHCTBO

m < 2"; 01HAKO He TOAbKO NPOO6AeMa KOHTHHYYMA OCTaBadach (M OCTAeTCs
ele Mo cefl ndeHb) Oe3 OTBeTa; B TeOPUM KAPAMHAJbHBIX uHCeJ HMencs
G6onee cepbesublfi npobes, u6o KaHTop He cMOr yCTaHOBUTb CylLIeCTBO-
BaHus COOTHOILEHUS NOJHOIO NMOPSAAKA MeX1Y HPOU3BOAbHBIMU KaPIUHAAb-
HbIMH uuCaaMu. JTOT npoben ObA 3amOAHEH 4acTHyHO Teopemol ®. BepH-
mrefina (1897), nokasasuero, uto cootHolrenus @ < b u b < a Biexyr
a=D03%), n ocobenHo teopemoti llepmeno [45a], noxasaBliero cyule-
CTBOBAHME NMOJHOrO NOPAAKA HA JI0OOM MHOMXECTBE — TeopeMa, ¢ 1883 rona
npeanoaaraswasica Kauropom ([22], cTp. 169).

Mexay Tem [HelexuHn ¢ caMOro Hauaja He NepecTaBan ¢ HeocJ/ale-
BAIOIIUM HMHTEPECOM C/AeAUTb 3a HUCCjieloBaHuAMH KaHTOpa; HO B TO BpeMs
KaK NOCAEeIHMH KOHIEHTPUPOBAJ CBOe BHUMAHME HA GECKOHEUHBIX MHO-

1) CoBpemenHukH KpOHekepa uacTO YNOMHHAJAH O €r0 TEOPETHYECKOH MO3H-
IHH B OCHOBAHMAX MATEMAaTHKY; CAelyeT NPENNOJOXKHTb, YTO OHA BhIpaXKaxach
6oJsee ABHO NpPU JHUHBIX KOHTAKTaX, YeM B ero myGauxanuax (rie, 4To Kacaercs
pOJH HAaTYpaJXbHBIX UEJBIX YHCed, CIeLyeT B3fiTb JOBOJbHO GaHaJbHBIE 3aMETKH
06 ,apudpMeTusauun®, oTHocsiuecs k 1880 romy) [cm. H. Weber, Leopold
Kronecker, Math. Ann, 43 (1893), 1—25, B wactHocTH, cTp. 14—15].

9282) C1)6 2a{;om nepuoge xu3Hy Kanropa cm. A. Schoenflies, Acta Math., 50
(1928), 1—23.

%) 3ra teopeMa Onina noayueHa Heaexuniom eme B 1887 rozy, mo nokasa-

TEALCTBY ee He Ghuio omy6aukoBaHO ( [19], 7. III, crp. 447).
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WeCTBAX U UX kJjaccudukauuu, HelexHHI NPOLOJKAT CBOM COOC TBEHHbIE
pasmbliIeHUs] O TOHATHY YuCA2 (KOTOPHE yKe NpPUBEJH ero K Onpele-
JEHUI0 HPPALMOHAJIbHBLIX 4YHCeX NpU NMOMOLM ,CeueHu#“). B cBoe# Gpo-
miope Was sind und was sollen die Zahlen, onyGaukoBaHHOR
B 1888 rony, HO oTHOCcAelCst BO Bcem cylecTBeHHOM i 1872—1878 ronam
([19], t. III, ctp. 335), oH nokaswiBaeT, KaKuM 0GPa3OM NOHATHE Ha-
TYPaJbHOTO uucsaa (H& KOTOPOM, KaK MBI BHUAENM, B KOHLE KOHUOB Obl1a
OCHOBaHa BCA KJAaCCHYECKAass MaTeMaruka) caMo MOrjo OB ObITb BbiBe-
JeHO "3 OCHOBHBIX TMOHATHH Teopuu MHOXKecTB. M3yuas (6e3 coMHeHus,
BepBbie B CTOJb ABHOH (popMe) sjeMeHTApHble CBOACTBA NMPOM3BOJBHBIX
orobpaxenut oxHoro MHoxectBa B apyroe (Kautop o cux nop npene-
Operan uUMH ¥ HHTEPeCOBAJICA TOMbKO B3aUMHO OJHO3HAYHLIMM COOTBET-
CTBUAMY), OH BBeJ AJ9 MNPOU3BOJLHOTO OTOOpaxeHusi f MHOXKecTBa E
B ceba mouatHe ,uenu“ sgemexta ¢ €E oTHocuteqbHO f, Kak mepeceue-
Hua muoxect™B K < E, takux, uto a €K u f(K) = K1). 3arem ou B3an
3a onpedesenue GeCKOHEYHOTO MHOMecTBa E ¢akT cyluecTBoBaHAA TaKOro
B3aUMHO OAHO3HAYHOTO OTOOpamenus ¢ Muoxectsa E B E, uro ¢ (E) = E 2);
€C/M, KpOMe TOrO, CYUleCTBYIOT TakOe OTOOpa)KeHHe ¢ M TAaKOH 3JeMeHT

aécp(E), naa kotophix E sBafercss uenblo 3deMenta @, IenexuHa ro-

Bopun, uro E ,npocto GeckoHeunoe“, sameTus, uTO ,akcuomb Ileano®
B STOM CJyuae BHUIOJHAIOTCA, M TOKkasan (paHblle, uem [leano), xak,
HCXOIfl M3 9TOrO, MOJAYYAIOTCH BCE AEMEHTAPHblE TeOPeMbl apUbMETUKH.
B ero usnoxennu He XBaraeT TOJAbKO aKCUOMbl GeCKOHEUHOCTH, KOTOPYIO
Jenexunn (Bcnen 3a Boabuano) namesncs 10kasath, PaccMaTpuBas ,MHp
yenoseveckux wmuicaen* (,Gedankenwelt) kax MHOXKeCTBO 3).

!) Ha ananoruyHOM NOHATHH OCHOBaHO BTODOE [OKA3aTENbCTBO, KOTOpOE
Llepmeno man cBoe#i teopeme ([406]; cm. ra. III, § 2, ymp. 6).

%) My Buzean, uto BoabuaHo yike 3aMETUX 5TO XapaKTEPHCTHYECKOE CBOH-
CTBO GEeCKOHEYHHIX MHOXKECTB, HO €ro pabora (MO-BHIMMOMY, HOBOJBHO Malo
PacnpocTpaHeHHas B MaTeMaTHYeCKHX Kpyrax) Oblia He uaBecTHa [emexunny
B TO BpeMmd, kOraa oH nucax ,Was sind und was sollen die Zahlen«.

%) Ilpyroi#i meTon OmnpeieaeHus NOHATHA HATYPadbHOTO YHCAA H YCTAHOBIEHHSA
€r0 OCHOBHBIX CBOWMCTB Gbln mpentoxweH Ppere B 1884 romy [426]. CHauana oH
TILITANCA MPUIATH NOHATHI KApAKHAJAbHOTO YHCAA MHOMECTBA CMBICH GoJee Tou-
Hbiif, ueM Kantop; x sTOMy BpeMeHH NOCAEIHHI ONMpEeZeNHa TOALKO HMOHATHS
PaBHOMOIIHBIX MHOXECTB M MHOMECTBA, HMEIOLIErO HE GOMAbLIYIO MOIMHOCThH, 4EM
ApYyTOE, 2 Ompe/leJneHue ,KapauHaABHOIO Yucaa“, JaHHoe uM mo3dxe ( [22], cTp. 282),
ObIO TMOUTH CTOAb HE TEMHBIM M GECTOME3HBIM, KAK H 3BKAHJOBO ONpelcicHHE
npAMOH. Ppere, Bcerna 3a60THBIIMICT O TOYHOCTH, Bas1 3a ONpEAEJeHHE Kapiu-
HaJbHOrO 4YHCAA MHOXECTBA A MHOXECTBO BCEX MHONECTB, PABHOMOIIHWX MHO-
xectBy A ([196], § 68); sarem, ompezeans ¢ (a) =a -1 11 moboro Kapiu-
HaJbHOrO wucra (§ 76), Om paccMaTpuBan MHOkecTBO C BCeX KapAMHAABHBIX
YHCEN W ONpefenss OTHOMEHHE ,b ecTh ¢-HaCAeNHHK IS @, Kak O3HAYalIlee,
4T0 b MpuHalnexuT K mepeceueHuio Bcex muoxectB X ¢ C, Takux, 410 ¢ (a) € X
1 ¢ (X)X (§ 79). Haxonen, oH onpeneasisi HATYPaAbHOE YHCAO KAK ¢-HACACTHHK
Zna 0 (§ 83; Bce 3T ompemeneHus, pasymeercs, Ppere BHpaman Ha €ro s3biKe
»JIOTHKH MOHATHH*). K coMaNeHMIO, 3Ta KOHCTPYKUMA OKa3alach HETOAHOH, mo-
CKONbKY MHOMECTBO C HIM MHOXECTBO BCEX MHOMKECTB, PABHOMOIUHBIX MHOXE-
CTBY A, ABASETCH ,MapPafOKCANbHBIM® (CM. HHXKE).
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C npyro#f cTopoub, apudmernueckue PpaGOThl (& MMEHHO pabOTH
10 TeOpHM uneanor) npuseau HeleknH1a K PacCMOTPEHHIO MOHATHSA YNO-
PSIOYEHHOTO MHOXecTBa B Oojee oOmeM, uem y Kantopa, acmexre.
B TO Bpema KaK ITOT NOCACLHMH OrPaHMYMBA/CA MCKAIOYHTENbHO COBep-
IIEHHO yMNOPANOYeHHBIMU MHOXecTBaMu 1), Jlenexuun paccmarpusan oGuiui
clyyat u ocobeHHO MOAPOOHO usyuan ceTuarsle muoxectsa ([19], r. II,
crp. 236—271). Otu paboThl OCTaAMCh NOUYTH HE3aMEYEHHBIMH B TO Bpewms,
XOTS MX Pe3yjbTarhl, NePeOTKPHTHE PA3/MYHBIMU ABTOPAMH, CIEAAMUCH
HauuHad ¢ 1935 roza npeaMeroM MHOTOYHMC/EHHBIX nyGaukaumft, ux
MCTOPUUECKAA LEHHOCTb 3aKJII0YaeTCsl FOPa3fo MeHblle B BO3MOMKHOCTAX
TIPUJIOXKEHUH STOH TeOpHH, HECOMHEHHO, NOBOJLHO HE3HAUUTE/bHHIX, ueM
B TOM (akTe, 4TO OHM COCTABMUJM OIMH M3 NEPBHX NMPUMEPOB TUIATEIBLHO
pa3paloTaHHOro aKcUOMaTHyeckOro noctpoexus. Hanporus, nepsre pe-
3y/abrarThl KanTopa O CueTHbIX MHOMXeCTBAX HJ¥ O MHOXECTBAX, UMEKUIAX
MOIHOCTb KOHTHHYYMa, BCKOpE NOJYUM/IH MHOTOYMC/JCHHBlE UM BaXKHHE
APHJIOKEHUS K CaMblM KJACCHYeCKHM BONPOCAM aHaiu3a ?) (He rosops yx,
€CTeCTBEHHO, O TeX uYacTAX KaHTOPOBCKUX padoT, KOTOPHE NOJOKUJIM
Hauajdo OOlleft TOMOMOrMH M TeOpuu Mephl; cM. HmKe Vcropuueckue
ouepkn Kk Knuram III u VI). Kpome roro, HauuHas ¢ nOCAeIHHMX To-
1oB XIX Beka NOABIAMMCL NePBble NPUMEHEHUS NPHHUMNA TPAHCHUHAT-
HOH MHIYKUWM, CTaBIIEro, OcoOeHHO MNOCJ€ [0Ka3aTeAbCTBA TEOPEMH
Ilepmeso, HeOOXONMMBIM MHCTPYMEHTOM BO BCeX OGMACTAX COBPeMeHHOH
mareMatuku. B 1922 roay Kyparoecku#t nax apyrywo, sawactyio Goaee
ya00Hy10, (GOPMYJHUPOBKY 3TOrO NPUHUUNA, HE HCHOAL3YIOUIYI0 MOHATHSA
BIIOJIHE YIOPAAOYEHHOTO MHOXecTBa ([25], ctp. 89); umenHo B 3TOH
¢opme, nepeorkpniTod noswe Lloprom [46], ou raaBHwM 06Gpasom
ynorpebasercss ceffuac 9).

Takum oOpasom k kouuy XIX Bexka OocHOBHhe koHUenuuu Kantopa
onepxann Bepx?). Mbl BugesH, UTO K TOMY XKe BpEMEHH 3aKAHYMBAETCH

1) /loGONBITHO OTMETHTh, YTO CPENH STHX HOCJAELHHX KaHTOp HHKak He XO-
TEA IOMyCKaTb CYUIECTBOBAHHE ,HE APXHMENOBCKHX® YHNOPSANOYEHHBIX TPYMN, IO-
CKOJIbKY OHM NPUBONMJIH K MOHATHIO ,aKTyaXbHO# OeckoHeuHO Manoi* ([22],
crp. 156 u 172). Ilogo6Hpie OTHOWIEHHS MNOPAAKA ECTECTBEHHO BCTPEYATCH
B nccaenosanuax i Bya-Peiimona (Du Bois-Reymond) o mopsizkax 6Geckoneu-
Hoctu (cM. Mcropuueckufi ouepk k Khure IV, ra. V—VI) u cucreMatHuecku
uayqanuch Beponese (Veronese) (Fundamenta di geometria, Padova, 1891).

2) C 1874 rona, xorza Beitepwrtpacc B muchme k Hio Bya-Pefimony yxasau
Ha npuMeHeHue K (yHKUuAM JHEHCTBHTENbHOH mepeMeHHOH TeOpembl KaHTopa
O BO3MOMHOCTH DAacHOJOMEHHS PpalMOHANBHBIX YHCEN B NOCAEI0BATENbHOCTH
(Acta Math., 30 (1924), 206).

%) Mosromy uHTEpEC, BHI3BIBABIIMIACA OPAHHAIbHLIME YHCAaMH KaHTopa, cHabHO
YMEHBUIMACS; BIPOUYEM, M BOOOILIE MHOrHEe pe3yabTaThl KaHTopa u ero mocie-
JoBateneil 10 apudpMeTUKE OPIMHANBLHBLIX YMCENA M HECUETHBIM KapPAHHAALHBIM
YHCAAM O CHX IOp OCTalOTCH IOBOJBHO H30JHPOBAHHBIMH.

%) OdunuanpHoe NpH3HAHHME TEOPHH MHOXKECTB OOHApYXHUBAeTCsd, HauuHAs
¢ IepBoro memuaynapopHoro maremaruueckoro xourpecca (Lliopux, 1897 r.), rae
Anamap u TypBun ykasajiu Ha BaXHBIE NPHUMEHEHUs STOH TEODHHM K aHAIH3Y.
Boapacraomee B 310 Bpems BauAxue 'nabbepra CHALHO MOMOIJO pacHpOCTpaHe~
uuio uge#t KaHropa, oco6eHno B I'epMaHum.
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dopMaau3anyuA MaTeMaTHKd W UCNOAb30BAHHE AKCHOMATHYECKOrO MeTO01a
TIpUSHAETCA MOYTH YHHBepCaibHbiM. MHaue roBopd, Hanpsikensas pa6oTa
1875—1895 romoB BBena MaTeMaTHKOB BO BJaleHUE OCHOBAMM Mare-
puana, usjoxenHoro B Kuure I sroro Ttpaxrata. Mexiy TeM MMeHHO
B 3TO BPeMs HAuMHAACA ,KPU3MC OCHOBaHMA“ pelko#f cuabl, Goaee 30 ger
COTpsCAaBIUMA MaTeMaTHueCKUH Mup M BpeMeHaMu, Ka3ajaoch, KOMIPOMe-
THPOBABIINH# He TOAbKO BCe STH HelaBHHE NOCTHMXEHHS, HO JaXe CaMbie
KJAacCHueCKHe pasjenbl MareMaTHKH.

Iapadorxecn meopun MHONCECMS U KPU3UC OCHOBAHUL

TlepBhie ,NapaioKcanbHbie MHOMECTBA NOABUAMCh B TEOPUM Kapiu-
HaJbHBIX 4 OPAMHAJbHLHIX uncea. B 1897 roay Bypaau-doprta samerus,
4yTO HeAb3fl PaCCMaTPHBATh KaK CYLIECTBYIOLIee MHOXECTBO 8ceX 0 pou-
HaAbHYX wucen, u00 3TO MHOMECTBO OblIO OB BHOJIHE YHOPALOUEHHBIM
H, CIe10BaTe/bHO, N3OMOPQHBLIM OLHOMY M3 CBOMX OTPE3KOB, OTAMYHBIX
OT Hero €amoro, a sTo abcypaxol!). B 1899 roay Kaurop (B nucbme
K JlenexuHiy) yxasbiBal, 4YTO TelePb yXe HeAb3s HU CKa3arb, 4TO Kap-
IMHAJbHBIE uuCAd O00pasyloT MHOXKeCTBO, HM TFOBOPUTH O ,MHOXECTBE
BCeX MHOXeCTB“, He Bnajas B NpoTuBOpeuue (TaK KaK MHOMXKeCTBO NOA-
MHOXECTB 3TOM0 TOC/AeIHero ,MHOXecTBa* 2 OHAO OH PaBHOMOIUHO
HEeKOTOPOMY HOAMHOMXECTBY ,MHOXecTBa® £, 4TO NPOTHBOpeudT Hepa-

BEHCTBY Mt < 2'") ([22], crp. 444—448). Hakoueu, B 1905 roay Pac-
cei, aHaJAM3UPysl 1OKA3aTeJbCTBO STOTO HEPABEHCTBA, IMOKa3ad, uTO U3
YCTaHABAUBAIOLIErO €F0 paccyxieHus BHTekaeT (Ge3 obpalieHuss K TeOPUH
KapAMHAJbHBIX 4YHCes]) NPOTHBOPEuMBOCTb €lle M MOHATHA ,MHOXeCTBO
MHOXECTB, He ABJAIOLIUXCHA d/eMeHTaMu caMux ceba“ [38]2).

MoxHo Obio OB NOAYMaTh, 4TO TakHe ,aHTHHOMHUM® MOABJAIOTCS
TOMbKO B MNepnepuAHbIX 06GAACTAX MATEMATHKH, XapPaKTepU3YIOLIMXCA
PacCMOTPEHHEM MHOXECTB, ,Be/MYMHA“ KOTOPHIX HEIOCTYMHA MHTYHIUMU.
Ho Bckope apyrue ,napaiokch“ CTaiu yrpoXarb CaMbiM KJACCHYECKHM
wactam MatemaTuku. B camom nene, Beppu (Berry) u Paccea [38], ynpo-
was paccyxaenue Pumapa (J. Richard) [40], oTMeuaior, yTO MHOXeCTBO
UeJbX uyHMCen, ONpelefeHde KOTOPBIX MOMHO BbIPA3UTh MeHblIe, ueM
YeTHIPHANUATBIO PYCCKUMU 3) CAOBaMu, KOHEYHO, HO, OJHAKO, OBLAO Ol
NPOTHBOPEYHUBHIM ONpeleUTh HEeKOe lief0e YUCAO KAK ,HAUMeHblIee le0e
YUCAO, KOTOPOe He MOXeT OHTb Onpele/ieHO MeHblle, yeM uyeThipHai-

") C. Burali-Forti, Sopra un teorema del Sig. G. Cantor, A#ti Acad.
Torino, 32 (1896—1897), 229—237. 10 3aMeuaHHe 6bHIO yxe clenaHo KaHTO-
pom B 1896 roxy (8 HeomyGauxoBaHHOM HuchbMe I'Hab6epTy).

%) Paccymnenune Paccena crepyer COMOCTABHTb ¢ aHTHUHBIMU NAPATOKCAMU
TUIIA 3HAMEHUTOrO ,MKela“, 06bEKTa GECYUCAEHHBIX KOMMEHTAPHEB B KJaccuue-
ckOH (OpMAJNBHOH XOTHKE: peub HAET O TOM, 4TOGHl 3HAaTh, TOBOPHT JAM MPaBAY
M HENpaBAy 4eOBEK, roBopsamuit ,4 Ary*, IpOM3HOCS sTU caosa (cM. A. R it s-
tow, Der Ligner, Diss. Erlangen, 1910).

¥) B moanuHHuKe ,mIecTHAAUATbIO (paHUY3cKUME®. — [Tpum. nepes.
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LATbI0 PYCCKUMH C/0BaMu®, uGO 3TO ONpelefeHHE CONEPHHT TOJbKO
TPHUHAALATL CJOB.

Xota nonobuble paccyxueHus, CTOAb AadekHe OT NPUBHIYHOrC 06ux01a
MaTeMaTHUKOB, MOr/Y Obl MOKA3aTbCAd MHOTUM U3 HUX ueM-TO BpOZe KajlaMe
6ypoB, OHM TeM He MeHee YKa3hiBaid Ha HeOOXOIUMOCTb IiepecMOTpa
OCHOB MaTeMaTHKH, HaNpaBJeHHOrO Ha YCTpaHeHue ,NAPanoKCcoB* 3TOH
npuponbl. Ho ecinm uMeoCh eAMHOAYIIMe B BORPOCE O HEOTIOKHOCTH
TAKOrO IepecMOTpPa, TO INO BOMPOCY O Cnocobe ero OCylleCTBJCHUS
BCKODe BO3HMK/M KOpeHHbHle pacxowiexus. Haa nmepBOd rpynnbl Mare-
MaTHKOB — BCE DaBHO, ,H1eanucToB* Wiy ,dopManucTos* ) — cutyauus,
cO31aHHas ,NapaaoKcaMu® TeOpHMH MHOXECTB, BNOJHEe aHAJAOrMYHA CUTya-
UM, BO3HUKIIEH B TeOMeTPHUH MOC/Ae OTKPLITHA HEIBKAUIOBLIX TeOMeTpui
MAM ,MaTONOTMYeCKMX“ KDUBHIX (HanmpuMep, KPUBBIX Oe3 KacaTelbHOH);
OH4 AO/KHA NPUBECTH K NOLOOHOMY e, HO ObJjee oOuieMy 3akJjioue-
HUIO, 4 MMEeHHO uyTO O0ecCrnoJ/ie3HO NBTaTbcsd OOOCHOBATH KaKyw Ob mo
Hi OwA0 MAareMaTuueCKylo Teopuio oOpauieHueM (ABHBIM HJAH HeT)
K ,MHTYHUMH®. 3Ty NOSHUHMIO MOXHO MOABTOXUTb CJOBaMU TJA3BHOTO
NpoTuBHAKA GOPMAINCTHYECKON WIKOAL: ,Popauasucm, —roBopus Bpaysp
([6a], ctp. 83), — ymsepocdaem, wmo uesoBenecKuli pasym se umeemn
8 CBOeM pacnopaXNceHun mMmMOUHLLX 00pa308 NPAMLX AUHUE uln
Yucen, 6oabWLX, HanpuMep, Oecamu. .. Mo 8epHO, YMO U3 HEKO-
MOpHX COOMHOWEHUT MendY MOMEeMAMULECKUMU CYUHOCMAMY,
KOmopble Mt NPURUMAEM 30 QKCUOMb, Mb 86.8600um Opyzue coom-
HOueHUS N0 PUKCUPOBAKKUM npasusam ¢ Y6erOeHueMm, 1m0 MAKUM
06pa3om Mb NpU NOMOWU AO2UYECKO20 PACCYICOeRUs 86803um
ucmunst u3 opyeux ucmur... [Ho) dasn dpopmasucma mamemamu-
YeCKQsl MOYHOCMYL COCIMOUM UCKAIOYEMEALHO 8 Pa3sepmulanult
nocaed008amesbHOCIME COOMHOWEHRE 1 He 3a8ucum Om 3Ha4eHUR,
Komopoe MONMCHO Omao 6u. 3axomems npudams dMum COOMHOULes
HUAM UAU CYWHOCMAM, UMU CBASAHHBME.

CaenoBatenbHo, 1Js (opManucTa peub UgeT O TOM, uTOOB MpHIATb
Teopuu MHOMECTB aKCHOMAaTHYecKylo 06ady, COBepLIEHHO aHa/JIOTMYHYIO
6a3e 31eMeHTapHOH TeOMeTPHH, TAe He 3aHUMAJuCh OBl HHM ONpelesieHHEM
TOTO, 4TO TaKOe ,BeliM“, HAa3biBaeMble ,MHOXeCTBAMH®, HU TeM, UTO
03HayaeT COOTHOIIeHue X €y, HO Tae NMepeudciain Obl YCIOBHS, Hano-
KeHHble Ha 3TO MNOC/AeIHee COOTHOLUEHME; KOHEYHO, 3TO IOMKHO OHITh
BHINOJAHEHO Tak, uTOOBl BKJIOYHTH NO BO3MOXKHOCTH BCe Pe3yAbTaThl Teo-
pun Kautopa, nenas B TO e BpeMs HEBO3MOMHBIM CYLUeCTBOBaHHE
»MapanoKCaIbHbIX“ MHOXecTB. IlepBHIt npuMep TaKOH aKCHOMATH3aUUH
6bi nan llepmeno B 1908 roay [45 B]; OH usberai ,CAMLIKOM 00/b-

1) PacxoxpeHus! MEKIY STHMH IBYMS IIKOJAMH B OCHOBHOM (uiocodckoro
HOpsiika, H MBI HE MOMXEeM 31ecb BXOIHTb MO 3TOMY BONPOCY B NMOAPOGHOCTH;
CYIIECTBEHHO TO, 4TO Ha COGCTBEHHO MaremMarH4eckKoit MOYBE OHU CXOZATCH.

anpuMep, Ajamap, THITHYHBIH TIpeICTaBHTENb , HIEANHCTOB®, IO BONPOCY O 3aKOH~
HOCTH pacCyXaeHH#t TEOpDHHM MHOMXKECTB NPUHAN TOUKY 3pEHHS, BECBMaA GJIH3KYIO
kK $OpMaauCTCKOH, HO HE BhHIpaXaa ee B akcHoMarHdeckoit ¢opme ([8], c1p. 271).
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mWuX“ MHOXECTB, BBeasl ,akcuoMy Or6opa (Aussonderung)®, mo KOTO-
po#t cBoficTBO P § x$§ onpenenser MHOXKECTBO, COCTOfiLee M3 IAEMEHTOB,

00A1anaoLuX STUM CBOMCTBOM, TOJAbKO B TOM Cayuyae, xorma Pjx} yxe

BjieueT cOOTHOWeHMe Buaa x € A!). Ho napamoicsl, aHajoruuuble ,napa-
nokcy Pumapa“, morau Ol ObHTb yCTpaHeHHl TOABKO NPH OrpPaHHYEHUHM
CMBIC13, NMPUNUCHIBAEMOTO NOHATHIO ,CBOHCTBO*; RO 3toMy nosoay Llep-
Me/10 10BOJIbCTBOBAJICH BECHbMA TYMaHHBIM ONACAHMEM OJHOT'O THNA CBOYCTE,
KOTOpble OH HasbiBaeT ,definit“?), u yxasaHuem, yTO B NpUMeHeHHAX
aKCHOMBl OTOOPA C/elyeT OTPaHMYMTLCS STUMU NOCAENHHMH. DTOT MYyHKT
Obin yrounen Cionemom [41]) u ®penxenem [43]3); kak Gblio uMH 3aMe-
YeHO, A ero BHACHeHUs] TpeOyeTca NepeHTH K MOMHOCTbIO (opmanu-
30BAHHOM cucteMe (moaoOHOH cucTeMe, onmucaHHO# B ra. I u Il sro#
Kuuru), rae nousrus ,cBOHCTBa* M ,COOTHOLIEHHA® TEPAIOT BCAKOE ,3Ha-
YeHue“ u NPeBPAUIAIOTCA NPOCTO B 0003HAueHHs AMA BbpaxeHu#t, oGpa-
B0BAHHBIX COJIACHO fABHO CHOPMYAMPOBAHHBIM TpaBuiam. Pasymeercs,
910 TpeGyeT BBeleHHS B CHCTeMy HCNOJ/b3yeMblX MPaBH/A JOTHKH, Yero
eile He OblA0 B cucteMe llepMesno — dpeHkens; ¢ TOYHOCTBHIO 10 3TOTO
TIYHKTa, HMEHHO 3Ta NOC/IeNHAA cucTema OwAa, MO CYIMECTBY, ONuMCaHA
Bra I u Il

BriocseacrBuu OblaM npeanoxeHsl M APYrHe aKCHOMATH3AUMM TEOPHH
MHOXECTB. YNOMfAHeM IaBHueM 06pa3oM axcuoMarmsauuw ¢on Hetimana
(von Neumann) [32 a) u 6)], koTopas Go.iblue, ueM cucreMa llep-
Meno — dpenkeds npubiamkaeTcs K NepBOHavanbHOH koHUenuun Kauropa:
uTo0bl M30exkarb NapanoKCaAbHBIX MHOXECTB, NOCAEAHMR B CBOeH Mepe-
mucke ¢ [lenekHHAOM YXe Npeasarai pasyuyaTh 1Ba COPTA MHOMNECTB —
nMHOXeCTBeHHOCTH® (,, Vielheiten*) u cobeTBenHO ,MHONKecTBA® (,Mengen®),
npuueM BTOpblE XaPAKTEPH3YIOTCA TeM, 4TO OHH MOTYT MBICAHTbCH KaK
omuH uedw#t 0Gbext. ViMenHo 3Ty umelo u yrtouwnua ¢on He#tman, pas-
JUYMB 1Ba THNA OO0LEKTOB — ,MHOMXECTBA® M ,KJACCH“] B €r0 CHCTEME
(mouTH NMOARHOCTBIO (OPMAAM3OBAHHOM) KAACCH OTAMYAIOTCA OT MHOXNKECTB
TeM, 4TO OHH He MOTYT CTOATh CJeBa OT 3Haka €. Onuum u3 npeu-
MYLIECTB TAKOH CHCTeMbl $BuAaCh peabuautanuss NOHATHS ,YHNBEPCANb-
HOTO Kjacca“ (He sIBJAIOILETOCS, €CTeCTBEHHO, MHOXECTBOM), YNOTpebas-

') Hanpumep, mapagokc Paccena 6uin 6l BO3MOMEH B cucTeme Llepmeno,
TOABKO eciu Ol B Hell Gblio 10Ka3ano coornomenne (32) ((xéfx)%(xéz));

pasyMeercd, TaKOE JOKAa3aTeJbCTBO, €CAH OBl ero yzajsoch HOAYUHTh, HMENO Gbl
CBOHM HENOCPEACTBEHHBIM CAEICTBHEM HEOGXOANMOCTL CYMIECTBEHHOTO M3MEHEHHS
paccMaTpuBaeMoifl CHCTEMBI.

2} Onpeneaerusie (HeMm.). — ITpun. ped.

®) Ckosem [41] u Ppenxeas [43] 3amernan Takxie, 410 akcuoMmul Llepmeno
HE TO3BONAIT 10Ka3arTh, HANPHMED, CYIIECTBOBAHHE TAKHX HECUETHBIX KapjH-
HaJbHBIX YHCEJ M, YTO A BCAKOrO KApAHHAJIBHOTO UHCAA 1 < Mt BBITOJIHAETCS

2" <m. Mw urenn (v, I, § 6, ymp. 21), uto, ycuaus akcuoMy 0T60pa
(cxema S 8, ra. II, § 1, n° 6), MOXHO "1OKA3aTb CYWECTBOBAHHE TAaKHX Kapiu-
HaNbHBIX YHCEN, TaK BBEIEHHAs aKCHOMA €CTh BAPHAHT TeX, KOTOpble GBUIM Tpej-
aomeHn Cxonemom H @penxenem.
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meroca aoruxamu XIX Beka; oTmMeruM Takxke, uTo cucteMma ¢on Hetimana
u3beraia (U TeOPHM MHOXKECTB) BBEIEHHA CXEM AKCHOM, 3aMeHsd UX
NOAXOIAMMY aKCHOMaMu (uTO OOJeruaeT JOTHHYeCKHe PacCMOTPeHHs).
Buaousmenenusi cucrembl ¢ou Heitmana Obiau nanml Bepnadcom u Téne-
aem [12 6].

VlckmoueHye napajoKcoB OblIO, NO-BUIMMOMY, IOCTHTHYTO y¥ke npe-
ABLAYLUMMH CHCTeMaMH, HO [1eHOH OrpaHuueHult, KOTOphHe He MOTyT
He Ka3aThCA BeCbMa NPOM3BOJbLHbIMU. B onpasnanue cucreMsl llepmeno —
dpeHKess MOXHO CKasaTb, YTO OHa OrpaHMYMBAETCA BBelEHMEM TaKNX
aanpelleHnH, KOTOpHie TOAbKO 3aKPEnAfAlT OOHYHYI0 NPaKTUKy, CJa0-
WHUBLIYIOCA B NPUMeHeHMAX HOHATHA MHOMXECTBA K PAa3AM4YHbIM MaTeMaTH-
yeckum TeopusM. Cuctembt ¢on Hefimana n T'égens Gonee naiekd OT
OOHUHBIX BO33peHu#t; 3aTO He HCK/IOUEHO, YTO HEKOTOPble MaTeMaTHue-
CKHE TeOPHM yXe B CaMOM Hauajde HX pasButus ynoOHee IOMeluathb
B PaMKM TaKuX CuCTeM, ueM B OOJjiee y3kue pamiu cucteMsl Llepmeno —
dpenkead.

KOHeuHO, Hedb3s yTBepKAATb, 4TO XOTd OBl OJHO M3 3TUX pelieHuHH
NpoM3BOAMT BHeuaT/JeHue OKOHuATeJbHOTo. Ecium OHM ya0BAETBOPSIOT
($OpMaNUCTOB, TO ITO NOTOMY, 4TO MOCAEIHHE OTKA3BIBAIOTCH MPUHUMATD
BO BHAMAHYe HHIMBHAYAAbHble TNCHXOJOrMYeCKHue Peaklun KauJaoro mare-
MaTUKa, OHM CuMTalOT, YTO (OPMANM3OBAHHBIA HA3BIK BHUIOJHAT CBOIO
3ajayy, ecIM HA HeM B HeABYyCMBICJAEHHOH ¢ opMe MOXKHO 3anucarhb
MareMaTHueCkue PAacCyXIEHHS M OH CMOXeT CJAYXHTb, TakuM 00pasoM,
NOCpPeJHNKOM MAaTeMaTHueCKOM MblCAM; Kawiabi# BOJeH, TOBOPAT OHH,
AyMaTb, 4TO XO4YeT, O ,NPUPOAEe‘ MaTeMaTHueCKHX OGBEKTOB niau 00
LMCTHHHOCTH® HCNOJb3YEMBIX MM TeopeM, Julib Obl ero paccyxieHus
MOTJIM OHTh 3anuCaHbl Ha OOWieM s3biike!).

Huaue rosops, ¢ ¢unocodcko#t TOuKM 3peHus nosuulus GopManucTOB
COCTOMT B MrHOPUPOBaHMM npOO/eMBl, MNOCTABJAEHHOH ,Napaaokcamu’;
OHM OTXOIAT OT IIJATOHOBCKOH MNO3WLMM, CTapaBlledcs npunucatb Mare-
MaTHUECKUM HOHATHAM MHTEANEKTYajbHOe ,COldepiaHue”, obllee LA BCEX
MaTeMaTHKOB. MHOrMe MarTeMaTWKn OTCTYNHJHM Nepen NOAOCHOR JIOMKOH
Tpamuuuit. Paccen, Hanpumep, crapaiaca u3bexartb napanokcos, Oouee
yray6aeHHO n3yuyas X CTPYKTYpy. [ToaxBaTus ujelo, BHICKa3aHHYIO epBO-
HauaabHo Pumapom (B crathe [40], rae oM msjaraia cBoH ,napamoxc)
u passutylo 3satem [lyaukape [37B], Paccen n Yaiirxen (Whitehead)
OTMeYaid, yTO BCe Olpene/eHH INapafOKCaJbHBIX MHOXECTB HapywaioT
cielyloUud NpUHIUN, HAa3biBaeMbit ,NPUHUUTIOM NOPOYHOTO gpyra“: ,die-
MEHT, ONpelefeHHe KOTOPOTO COZEPHHUT B cebe COBOKYNMHOCTb 3/IEMEHTOB

) Muab6epT TEM He MeHee, NO-BHIMMOMY, BCEria BEPUI B OGbEKTHBHYIO
MaTeMartuueckyw ,uctuny* ([15], crp. 315 u 323). Jaxe dopmanucTs, KOTOpHIE,
nogo6uo Kappu (H. Curry), cTosaH Ha TO3WIUH, OueHb GAM3KOH K TOABKO HYTO
HONBITOMEHHOH, OTBEPrai € HEKHM BO3MYIIEHHEM MBICAb O TOM, YTO Marema-
THKY MOMHO PAacCMaTpHBaTh KaK MPOCTYIO HIpY, M HEUNPEMEHHO XOTEJH BHIETH
B Helt ,o6bexrusHyto Hayky* (H. Curry, Outlines of a formalist philosoph
Of mathematics, Amsterdam (North Holland Publ. Co.), 1951, ctp. 57). .
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HEKOTOPOTO MHOXECTBA, HE MOXET NPUHALMENATb STOMY MHOMXECTBY™
([38], 1. 1, ctp. 40). Sro nosoxenue u B3ATO 3a OCHOBY B Principia,
H UMEHHO 1JI er0 COO/ONeHHS Pa3BUBAETCH B STOM COYMHEHHH ,TeOpHS
anor“. Kax u noruka &pere, KOTOPOH OHAa BAOXHOBAAAACH, JOTHKA
Paccena u Yaiirxepa (Hamuoro Gosmee oOWypHas, uyeM MaTeMaTHuecKas
noruka, ynorpebaspwasca B ri. 1 sro# Kuuru) comepwur ,nponosu-
LxOHaAbHble TlepeMeHHble“; TeOopusl THUMOB JaeT KJAACCHPUKAUMIO STHUX
Pas/MYHBIX NePeMeHHbIX, OCHOBHble uepThl KOTOpPo# cieaylouue. Otnpa-
BafeMCd OT ,00/aCcTH MHAMBUAOB® (HE YTOYHEHHBIX), KOTOpPble MOXHO
HasBaTbh ,00bexTamu nopsanka 0 COOTHOLIEHUS, B KOTOPHIX MepeMeHHbIE
(c80600ube uru c8A3aHHBE) CYThb MHAMBUAL, HA3LIBAITCA ,00beKTaMU
NepBoOro nopsaaka‘; u BooGLile, COOTHOWEHHSA, B KOTOPBIX NePeMeHHble CYTh
00bexThl mopsaaka < 7 (npuueM XOTS OB ONHA UMeeT NOPANOK /1) HAa3bl-
BAlOTCA ,00bexTaMu nopaaka n—+ 1¢1). MHoxecTBo 06beKTOB NOpPAIKa 7
MOXeT TOrAa ObTb ONpejAefeHO TOAbKO COOTHOLIeHHeM MOpAaKka 7 —— 1 —
ycaosue, Ge3 Tpyaa NO3BOAMIONIEE YCTPAHATD AP a10KCAIbHbIE MHOXKeCTBA %),
Ho npuiuun ,uepapXuu THNOB“ HACTOJbKO OrpaHUMMTENEH, uTO, CTPOrO
ero NpuAepKUBAACb, Mbl Obl NpUUIAM K MaTeMaTHKe HeNPOXOauMOH
cnoXHOCTY 3). UroOn u3baBuTbCA OT ITUX TOCAeacTBu#, Paccen u Ya#ntxen
ObliM BBIHYX/eHbl BBECTH ,aKCHOMY CBOLMMOCTH®, yTBepKIAOLIYIO CYie-
¢TBOBaHHE 1/ K&XKIAOTO COOTHOWIEHHS MEXIY ,MHAMBMAAMA® SKBUBANEHT-
HOTO eMy COOTHOIIEHUS 7epP8020 nOPAOKa; yCIOBHE, CTOAb ke NPOU3-
BOJIbHOE, CKOJb U aKCAOMBl (JOPMANUCTOB, 3HAYMTENBHO YMEHBILUAO
HHTEpEC K MocTpoenuaM Principia. Tlostomy cuctema Paccena u YaHitxena
uMena GOJBILUA yCNeX y JOrMKOB, 4eM y MaTeMaTHKOB; K TOMY e 9Ta
cuCTeMa He HOJHOCTbIO (opMannsoBaHa?), u3 wero MOAyYaOTCH MHOrO-
YUC/JeHHbBle HeACHOCTH B JAeTalaX. Dblinm crenausl pasauyHbe NONBITKY
YNpOCTUTL ¥ MPOACHATL Ty cuctemy [Pamca#t (Ramsey), Xsucrex
(Chwistek), Kya#tu (Quine), Poccep (Rosser)]; cTpemsch mo.ibaosaThcs

') B AeHCTBUTEABHOCTH, 5TO TOJbKO HAYANO KJACCHPHKAUMH ,THIOB®, KOTO-
pyio Ge3 OYeHb ILJHHHBIX TMOCTPOEHHH HEAb3S BEPHO H3JOMHTb] YHTATElNb, HKEJat0-
muif 6Onee NETaNbHBIX OGDBACHEHHH, MOXET NPAMO 06GPaTHTHCS K BBEICHHIO
B 7. II Principia Mathematica [38].

?) Takum o6pasoM, Hanpumep, B NPOTHBONOJOXKHOCTH CHCTeme Llepmeno —
Ppexkens B cucTeme Paccesa u YaiTxeza COOTHONIEHHE X € X He MOMeET GhiTh
3aKOHHO HamucaHo (cp. ra. II, § 1, n°4).

%) Hampumep, paBeHCTBO He sBaseTCH NEePBOHAYAJNbHBIM TIOHATHEM B CHCTEME
Principia: nBa o6bexta a, b paBHH, ecqH I 6CIK0z0 CBOHCTBA Péx3 Péa}
u P $b% — sxBuBaseHTHbIE BHICKa3mBaHu. Ho 31O OIPEAENEHHE HE UMEEeT CMbICHA
B TEODHH TH}glOB: YTOGH! TIPHAATD €MY CMBICH, HYXHO O Kpaiine#l Mepe YTOYHHTD
»TIIOPAROK" P, a 310 mpuBeno 6b Hac K pasiuueHui0 GECKOHEUHOTO YHCJAa COOT-
HomreHH# pasenctBa! Bmpouem, Llepmeno B 1908 rony samerua [456], uTo MHOrue
ONpEJENEHUST KNAcCHIECKOH MaTemarnku (Hanpumep, OUpeieNeHHe HiKHel rpaHu
MHOXECTBA B R) He cO6Mo0JaoT ,MPHHIMI TIOPOYHOTO KPYra® H 4TO MPUHATHE
9TOr0 NpHHUMNA Yrpomanso Obl, TakuM 0OPA30M, HANOKHTbL 3aNPET HA BAKHBIE
Pasneasl CaMbIX TPALHUHOHHBIX MATEMaTHYECKHX TEOpHH.

‘) Paccer n VYaiitxen (xax u Ppere) crosum Ha KraccUuecKoi TIO3HIHH
OTHOCHTEILHO MaTeMaTHYECKHX (OPMYJ, KOTOPHIE IAS HHUX BCEria IOMMHBI HMETH
#CMBICA®, OTHOCAIUIACS K TOACO3HATEABHOH NeATENbHOCTH MBIULIEHHS.
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Bce GoJee u Gojlee OKOHUATeNbHO (OPMAAU3OBAHHHIM S3bIKOM, 3TH aBTOPH
aamensiii  npaBuna Principia (ellile uMeBIIME HEKOTOPOE HHTYUTHUBHOE
OCHOBAHME) OTPAHMYEHHAMH, YUUTHIBAIOLIMMY TOJLKO 3alUCb PaccMaTpu-
BaeMbiX BBIDAXEHHH; 3TH NPaBUAa He TOABKO Kasalucbhb TOrAa CTOAb Ke
HeMOTHBHPOBAHHBIMM, KaK M 3alpeThl, CHOPMYyAUPOBAHHBHIE B CHUCTEMAx
LlepMeo — ®petkens uian ¢on He#tmana, no, Oyayum ewe Gojee nase-
KMMH OT MareMaTHyeCKOH NPAKTHKY, OHU B HECKOJDbKMX C/Iyuaax NpuBe/d
K HENpUeMJeMbIM CJEICTBHAM, HeNpPeABHIAEHHBIM CaMHM aBTOPOM (Hampu-
Mep, nmapanokc Bypam — PopTu uAxM OTpULAHAE AKCHOMBI BHIGODA).

I1a MareMaTUKOB BblIEYKa3aHHBIX ILKOJ 1eJ0 COCTOUT HpeX e BCEro
B TOM, uTOObl He OTKa3aTbC HM OT KaKOft 4aCTH HacCjiedus NPOILJIOro:
JHukmo He cmodcem nac u3zhams u3 pas, c030aHH020 048 Hac
Kanmopon“, —rosopua MaasGept ([15], crp. 274)1). Iaa noctuxenus
STOM lleid OHM COIJACHBI NPUHATL TaKUe OrPAaHHUEHUsS HA MATEMaTHYeCKUe
paccyxkieHus, KOTOPbie He OYeHb CYLIeCTBEHHBI, NOCKOAbKY OHH COTrJa-
COBaHbl ¢ OOblYaeM, HO, BUIMMO, HE HAJaraloTcd HAIIUMM YMCTBeHHBIMH
ApUBHIYKAMH M MHTyUUHMeH NOHATUA MHOMeCTBA. Bce kawercda um mpea-
NOYTHTEe/bHEE BTOPXKEHMS INCHUXOJOTHM B KPUTEPUUM S3AKOHHOCTH MaTeMa-
THKH, 4YeM ,yiumu8ams cgoficmea Hawlux M03208“, KAK TOBOPHUI
Anamap ([8]. ctp. 270), oHHM CKOpee TOTOBbB CMUPUTBCA C BBeleHHEM
B MaTeMaTvueckylo 00/acTb rpaHml, O6ojbllieft 4aCTbio NPOHM3BOJBLHBIX,
AU Obl OHM BKJIOYAAH KJAACCHUUECKYI0O MATeMaTHKy M HE YTpoXKand
3aTOPMO3HTb AafbHERIIMA mporpecc.

CoBceM MHYIO TNO3MUMIO 33HMMAaJM MareMaTHKH TOTO HanpaBjeHus,
0 KOTOPOM HaM ocraeTcd Ckas3atb. Ecam (opmanucThl COrjallaIuch
OTKA3aTbCsl OT KOHTPOJA ,YMCTBEHHOTO B30pa“ B BONPOCAX, Kacaloluxcd
MaTeMaTHYeCKOTO pPAaccykieHus, MaTeMaTHKd, KOTOPbIX HAa3HBadd ,3MNHU-
pucTaMu“, ,peanucTaMu’ MU ,MHTYHUMOHUCTaMU®, OTBePraju STOT OTKas;
MM HeoOXO0IMMa Obl1a HeKOTOpas BHYTPeHHSAl YBePEeHHOCTb, TapaHTupylo-
uas ,CylleCTBOBAHNE® MareMaTHYeCKHX OODbeKTOB, KOTODHMH OHM 3aHHU-
MaJuch. [Toka peyb Laa TOJIbKO 06 OTKa3e OT NPOCTPAHCTBEHHOH UHTY HILUM,
cepbesHbX BO3paxkeHuH He ObLIO, NOCKOAbKY apudmeruueckue ,MOfeA”
NO3BO/AAH YKPBITHCA 33 MHTYMTHBHBIM TNOHATHeM uesoro uucia. Ho no-
ABMJUCh HeNMPUMUPUMBble BO3pAXMeHHd, KOrAa ObI TNOCTaBJAeH BOIPOC
CHayana O CBeJeHHM TOHATUS UeJOro yucja K (HAMHOTO MeHee TOYHOMY
MHTYMTHBHO) IOHATHIO MHOXECTBA, & 3aTeM O HaNOKeHUM — Oe3 UHTYU-
THBHOTO OOOCHOBAaHUA — HA OOpallleHHe C MHOXeCTBaMH OF paHHueHUH.
[TepBbIM MO BpeMeHM M3 3THUX NPOTHUBHUKOB (KOTOPHIH K TOMY XKe B Cuny
aBTOPUTeTa CBOEro TAMaHTa NOKeH OBLT Oka3arh HaubOJbllee BAUAHHUE)
O6bnin [lyankape; NpUHAB He TOABKO aKCHOMAaTHYECKYIO TOUKY 3peHus
OTHOCHTEJBHO TeOMeTPHUH M apudMeTH3aluu aHaausa, HO M OGOMbIIYIO
YaCTb KAHTOPOBCKOHM TEOpHM (KOTOPYIO OH OJIHMM M3 MEPBHIX C yCNeXOM
NpUMeHAA B CBOMX paboTax), OH, OIHAKO, OTKA3LIBAACA NMpPEACTaBUTh Cele,

1 Crtp. 350 pycckoro usnganud. — ITpum. ped.

22 H. BypGaku
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YTO M K apudMeTHKe Takme MOr ObITb MPUMEHEH aKCHMOMATAYeCKHH MeTox;
B YACTHOCTH, NPUHUMN NMOJHON MHAYKUMH Ka3ajacd eMy byHIaMeHTaJbHBIM
NpenuyBCTBAEM HAUIETO CO3HAHMA, OH CYMTAJ, 4YTO B 9TOM HpUHLMIE
HEBO3MOXHO BuaAeTb uucTOe corjamenue!) [378]. IMpunuunuaibHo Bpa-
HaeOHbI# GOPMaIU3OBAHHEIM A3bIKAM, M0JE3HOCTh KOTOPHIX OH OCHapHBal,
Ilyankape NOCTOAHHO CMeLIMBA/JA INOHATHE UEJOTO Yucjaa B (GOpManuso-
BAaHHOH MaTeMaTHKe ¥ TOJbKO HaMeuaBlieecs TOTAa UCMOJAL3OBAHHE LeJBIX
yuces B TeOPUM 10Ka3aTeJbCTBA, O KOTOPOM MH OyJeM TOBOPUTDH JaJblie;
Ge3 COMHEHM B TO BpeMsl 3TO pasjuyue GBIO TPYAHO CAEJNATb TAKHM HKe
OTYET/IUBBIM, KaK CerogHa — nociae 50 jerT u3yyenns u o6CyxaeHus,
OIH3AKO €ro XOpOLIO YYBCTBOBAJH Takue ydeHble, KaK [uanbepT uau
Pacceu.

IMono6Hble kpHTHYeCKMe BLICTYNJIEHMS Y4acTUIHCh NOCJAE BBeAeHUd
Ilepmeso B 1904 roay axcuomsi BHGOpa [45a). Ee wucnoab3obanue
B MHOTOYHCJEHHBIX NPEeNIIeCTBYIOIMX [0KA3aTeJbCTBAX aHAAM3a MJM
TEOPHY MHOMXKECTB NPOXOAMJO 10 TeX NOP He3aMeueHHHIM 2); ceays ulee,
noackasanHo#t pxapaom Lllmuatom, llepMesno, chOpMyInpoBaB SBHO
3Ty akcuoMmy (nputom B aByx dopmax, npuBeneHsix B ,Teop. MH., Pes.*,
§ 4, n°10), ocTpOyMHBIM CHOCOGOM MOJYYH M3 Hee yNOBAETBOPHTENbHOE
JOKa3aTeNbCTBO (B OCHOBHOM BocnpoussefieHHoe Hamu B rJ. I, § 2)
CylleCTBOBAaHUSA TOJHOIO Nopsika Ha JJoO6oMm MHOxecTBe. [To-BUAMMOMY,
5TOT HOBHH CNOCOO paccyxueHus, NOSBUBIIMACA OIHOBPEMEHHO C ,Mapa-
BOKCamu®“, CBOMM HEOOBLIYHBIM BHIOM NpHUBE] B CMYlIEHHE MaTeMaTHKOB;
HBOCTaTOYHO B3TAAHYTb HA CTPAHHLIE He1OPasyMeHUd, BO3HUKILME IO 3TOMY
nosoay B caenayiomem Tome Mathematische Annalen non nepoM Marte-
MaTUKOB, HaCTOJbKO OCBOMBIUMXCA C KaHTODPOBCKUMH MeTO#aM#, Kak
Wongmuc (Schoenflies) u Bepumreitn (F. Bernstein). Boiee cywectseHHbl
HATIeyaTaHHbIE B TOM e TOMe KpuTudeckue 3ameuanus Bopeas (E. Borel),
MMeIollMe NpAMOE OTHOLIeHHe K TOuKe 3peHus [IyaHkape Ha Lesbie 4HCIa;
OHH pasBUBAOTCA U OOcyxpaloTcad B nepenucke Bopeas, Bspa, Axamapa
u Jlebera, 10 cHX NOp cuMTalomledca KJIACCUYECKOR BO (paHLy3CKOH
MaTemaTuyeckolt rtpamuuuu [8]. Bopeab HauuHaeT C ocnapuBaHHsS 3aKOH-
HOCTH aKCHOMH BBIOOpA, MOCKOJBKY, BOOOlle TOBOPS, OHA NMpeanoJaraer

1) Myankape noxonua 10 TOTro, UTO, MO CYUIECTBY, YTBEPHKAAI HEBOIMOXKHOCTD
onpefeNeHHs CTPDYKTypHl, yzoBierBopsioumieil Bcem axcuomam Ileano, kpome
NPUHIMNA TOJMHOH wuuaykuuu ( [37a)], cTp. 65); npumep [npumymannmit ITagoa
(Padoa)] ueaslx wucex ¢ oro6paxeHneM x ->x -2 BMecTo x —>x -+ 1 noxasm-
BaeT, UYTO 3TO YTBEPkAeHHe He TOYHO. JIIOGONMBITHO, YTO MBI HAXOLHM 3TOT
npuMep —IOUTH B TEX Ke BhipaxeHudx —yxe y Ppere ([426], c1p. 21 e).

%) B 1890 roay ITeano, noxa3biBas CBOK TEOPEMY O CYLIECTBOBAHHHM HHTE-
rpanos pudpdepeHunanbHBIX ypaBHEHHH, 3aMeTHJ, YTO er0 eCTeCTBEHHO NpPHBENO
K TOMY, UTOOB ,0@CKOHEOHHOC HUCAO pA3 NPUMEHUMb NPOU3BOALHOIE 3AKOH,
no _KOMOpoMy KaxcooMy KAQCCY CMABUMCST 8 COOMEemcmsue HeKomo puii
undusud 3mozo KAacca*; HO OH TOTHAC ke ROGABASIET, YTO TaKOE pacCyXKAeHHe
B ero raasax Hemomyctumo (Math. Ann., 1. [38] (1890), ctp. 210). B 1902 r.
Jlesu (B. Levi) samerna, uTO TO Xe pacCyxieHHE 6bIO HESBHO HCIOAb30BAHO
BeprmTedHoM B OZHOM 1OKA3ATENbCTBE TEOPHUH KApAMHAMbHbIX wucen (/st. Lom-
bardo Sci. Lett., Rend. (2), 1. (8] (1902), crp. 863).
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HecyeTHYI0 GECKOHe4HOCTh BHOGOPOB, UTO HEMOCTHHUMO 44f uHTyuuu. Ho
A namap u JleGer 3aMeyaioT, 4TO c4eTHad GECKOHEYHOCTb MOCJEN0BATEMbHBIX
TIPOU3BOJILHEIX BHIGOPOB He GOJee NMOANAETCA MHTYHMUMM, TOCKOJbKY OHA
npeanosaraeT GeCKOHeYHOE YMCJO Onepauuii, a 3TO HEBO3MOXHO MNpef-
cTasuTh cebe meHcTBuTebHO ocywiecTaeHHbM. Ha JleGera, pacuupus-
LIErO Crop, BCe CBOIUTCA K TOMY, YTOOH y3HATh, YTO IOHMMAETC MOZ
CJ/0BaMu: MareMatHyecku#t OODBEKT ,CYUIECTBYeT; eMy HyXHO, 4TOGHI
fIBHO ,HA3BaJM“ CBOMCTBO, OMNpeje fioee STOT OOBEKT ONHO3HAYHEIM
o6pasoM (,pyHkuuonanbHoe* CBOMCTBO, cKasaau OBl MBI); YTO Kacaercs
¢yHKUuY, Bpoae To#, koTopas ciaymuT llepMeso B ero paccyxienuu, —
3T0 TO, 4To JleGer Ha3bIBaT ,3aKOHOM® BEIOOPA; eCJH, — NMPOLO/IKAAR OH, —
9TO TpebOBaHHE He BHIOJHEHO M Mbl OFPAHMYUMCH TeM, 4YTO Gynem
,AyMaTbh* 00 3TOH (ByHKUUM BMECTO TOTO, YTOGHI ee ,Ha3bIBATH*, MOXKEM JIH
Mbl ObLITb yBEepeHbl, YTO HA NMPOTSKEHUH PACCYNIEHUA Mbl ayMaeM o6 oaHOH
u Ttot we ([8]. cTp. 267)? BnpoueM, sTO npusoant Jlebera Kk HOBLIM
COMHEHHAIM; yXKe BONPOC O BhIGOpe KaKoro-HuOyab eiMHCTBEHHOTO 3Je-
MEHTa B MHOXECTBE KAXeTCA €My BbI3HBAIOIIMM TPYNHOCTH: HYXKHO ObITh
yBepeHHBIM, YTO TaKo# 3/EMeHT ,CYyLIeCTBYeT“, T. €. YTO MOXHO ,Ha3BaTh®
nOo KpaitHel Mepe OaMH U3 DJIEMEHTOB MHOuecTBal). MoxHO au TOoraa
roBOpUTh O ,CyLIECTBOBAHMM® KaKOTO-HMOYIb MHOMXECTBA, HE Kauabli
3/eMeHT KOTOpOro Mbl MOMeM ,HasBaTh“? Ywe Dap G6Ge3a kouaeGanuit
OTpUlIa] ,CYLIECTBOBaHUE® MHOMXECTBa YacTefl 3amaHHOrO GeCKOHEYHOTO
mHoxectBa (loc. cit., ctp. 263—264); nanpacHo AnaMmap 3aMeTun, §TO
9Tn TpeGOBaHUA BelyT K OTKAa3y Aaxe OT TOrO, 4TOOH FOBOPUTH O MHO-
)KecTBe NeHCTBUTEJbHEIX YMCe]: UMEHHO K 9TOMy 3aKJ/IOYeHMIO B KOHLE
KOHUOB mnpucoeannuaca bopeab. He cuuras Toro ¢akta, yTo cyeTHOe,
No-BUAMMOMY, NpHOGpeTaeT NPaBO IPamIaHCTBA, Mbl MOYTH BO3BpAILAEMCS
K KJacCHYeCKOH INO3MUMH TNPOTHBHUKOB ,aKTYaJbHOH GeCKOHEYyHOCTH".

Bce sTu Bospascenus OblAM He CJAMIIKOM CHCTeMaTuusb; bpayapy
M ero wkoJse 6blJO MpelHA3HAYEHO MPENTIPUHATL I0/HOEe NPeolpasoBaHue
MaTeMaTHKH, OCHOBAHHOE HA MOXOXKHUX, HO ropasno 6ojee PanMKaTbHbIX
npuHuunax. Mel ne MOxeM 31eCh Aame KPaTKO M3/araTbh TAKOe CJOXHOE
yueHHe, KaKk MHTYMUMOHM3M, CTOJb Ke OTHOCAulEecd K MCHXOJIOruH,
CKOJb M K MaTeMaruke, M MBI OTPAHMUMMCH YKa3aHUEM HA HEKOTOpble
M3 CaMbiX NOpasuTEeJbHBIX €ro 4YepT, OTChlIad 33 NOAPOGHOCTAMH K

) Tax HnasbiBaeMblii ,BHIOOpD“ 3JMeMEHTa B MHOXECTBE He UMEET Ha CAMOM
Aene Huuero o6uiero ¢ axkcHoMo# BbIGOpA; peub HAET MPOCTO O MaHepe BHpa-
KaTbCHl, M BCIOLY, FIe eH caexywor, B ZeHCTBUTENBHOCTH TOABKO HCIOAbIYIOT
MeToj BcnomorarenbHoi koHcTaHtel (ra. 1, § 3, n°3), onupawwuiica Anwb Ha
camble 3JEeMEHTapHble JOTHUeCKHe MpaBHaa (Kyla He BXOAHMT 3Hak t). Pasymeercq,
NpPHMEHEHHE STOT0 MeToja K MHOWecTBY A tpefyer, 4To6m OblIO IOKa3aHO,
4T0 A == J; UMEHHO K 3TOMY NYHKTY obpameHa apryMmeHrtauus JleGera, Tax Kax
Takoe 10Ka3aTelbCTBO MPHEMJAEMO IJS HEr0 TOAbKO B TOM CJAyYae, eClrd HMEHHO
»Ha3BaH“ KaKOH-HuOynp siement. Hampumep, JleGer He cunmTan 3akOHHHMM pac-
cyxaenne Kantopa, n0KasmBawliee CYylWeCTBOBaHHE TPAHCUECHIEHTHBIX YHCEM,
3TO CYUIECTBOBAaHHE IOKA3aHO IJS HEr0 TOJbKO MOTOMY, YTO BO3MOXHO ,Ha3BaTh®
TPaHCUEHAEHTHbIE YHCJA, TaKue, KaK 4Hcaa JIMyBuaasd, uad yuciaa e uiu w.

22%
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paboram camoro Bpayspa [6] u k usnoxennio Tetrunra [13]. Iaa Bpayapa
MaTeMaTHKa COBNalaeT ¢ ,TOYHON yaCThlO HALIETO MBILIJIEHHS, OCHOBAHHOH
Ha NEpBOHAYAIBHOR HMHTYHUMM MNOC/NEAOBATEILHOCTH HATYPa/bHBIX YHCel,
M ee HEBO3MOXHO Ge3 MCKameHH# NepeBeCTH B (OPMAbHYIO CHCTeMy.
BrnpoueM, OHa ,TOYHA“ TOJBKO B CO3HAHUM MATEMAaTHKOB, M BCe HALEWK LB
NpUAyMaTh KaKoe-HHOYLb CPEACTBO CHOLIEHHH MEX1y HUMH, KOTOPOe He
Obii0 Gbl NMOLBEPIKEHO BCEM HECOBEPIIEHCTBAM H IBYCMBICJCHHOCTAM
A3bIKA, HECOHITOUHBI; Camoe GoJbliee MOXHO HAACATLCS BHI3BATh Y CO-
GecenHUKA COCTORHHME AyXa, GJaronpuaTHoe AJd Gojee uaH MeHee Ty-
MauHbiX onucanu# ([13], ctp. 11—13). Murynunonucrckan MaTemaTuka
TpUNAeT JIOTMKE HEHaMHOro OoJblie B3HAYeHHs, 4YeM A3BbIKY: 10Ka3a-
TeAbCTBO yOeiuTe/bHO He B CHJIY JOTMYECKMX NPaBHA, (GUKCHPOBAHHBIX
pas u HaBCeria, HO MO NPUYUHE ,HENOCPENCTBEHHOH OYEBUAHOCTH® KaK-
ZOTO M3 ee 3BeHbeB. IJTa ,O4EBMAHOCTL® NOMKHA, KPOME TOFO, OHITH
HCTOJKOBaHA emle GOJee OrPaHMYMTENbHBIM 06pa3oM, uyeM y Bopeas u
ero CTOPOHHHKOB: TaK, B MHTYHUMOHMCTCKOH MATEMAaTHKE HE/b3f CKA3aTh,
4TO OTHOWIeHHe BHAZ ,R wam (He R)“ uHCTHHHO (3AKOH MCKJIIOYEHHOrO
TPeTbero), ec.u TOMbKO MBI HE MOMeM Iad KamAOH CucTeMbl 3HaueHui,
HPUIAHHBIX NepeMeHHbIM, BCTpevaiowwmMcd B R, nokasats, uTo ogHo u3
ABYX BEHICKa3HBaHH{ R, ,He R“ uctunno; nanpumep, u3 ypasnenus ad—0
Mex 1y ABYMS HeACTBHTeJbHLIMM YMC/IAMHM HEJb3fl 3aK/MOYUTb ,a =0 win
b=0% un60 serko naTb fIBHHE NPUMEePHl NEACTBUTENBHHX uucen a, b,
A8 KOTOpHX ab=0, HO B HacTosulee BpeMa MH He MOmeM 10Ka3aThb
HUKaKOe M3 ABYX BbicKasblBaHu#t a =0, b=0 ([13], ctp. 21).

He YAUBUTEJIbHO, YTO, UCXOAA H3 TAKUX NPUHUKUNOB, HHTyuLHO-
HUCTCKME MaTeMaTHKH NPUXOAAT K pe3y/bTaTaM, BecbMa OT/MYHBIM OT
K/accuyeckux TeopeM. Lleqbifl pan STHX MOC/IENHMX HCYE3aeT, HAMpHMEp
0O/ILIIMHCTBO TEOPeM ,CYWIECTBOBAHNA® B aHanude (Bpoie TeopeM Boub-
LaHO u Befteplutpacca 0 4uCJIOBHIX (PyHKUHMAX); eCau HeKOTOopas QyHKuus
OZHOA [NeACTBUTE/IbHOH NepeMeHHOR ,CYylIeCTBYET“ B HHTYMUMOHHCTCKOM
cMbice, OHZ [pso facto!) HenpepHIBHA; MOHOTOHHAS OorpaHu4yeHsas no-
CJIe10BATE/LHOCTL 1eHCTBUTE/BHEIX YuCe] He 06f3aTe/IbHO UMeeT npeje..

C apyro#t CTOPOHBI, MHOTHE KJAaCCHYeCKHE MOHATHA AJA WHTYHUMOHUCTA

pacnanalTcs Ha HECKOJbKO pas/MuHBIX (yHIaMeHTaJbHBHIX MOHATHH: Tak,
MMEETCA 1Ba NOHATHA CXOAMMOCTH (A4J NOCJeNOBATENbHOCTH neHCTBU-
TeJbHbIX YUCeN) M BOCeMb NMOHATMH cyeTHocTu. CaMo coGoft pasymeercs,
4TO TPaHCOUHHTHAS MHAYKUUA M ee TPUMEHEHUs! K COBPEMEHHOMY aHAIH3y
(kak u Gbabmas wvacTb Teopuu Kantopa) npuroBopens Ge3 npasa 06-
XaJOBaHUs.

Tosbko Takum cnocoGoM, no Bpayspy, maremaruyecKie BEHCKA3HBAHUS
MOTyT npHOGpecTn ,coaepxanue”; GOPMaNUCTHYECKUE PACCYMAEHUS, Bbl-
Xoafiue 3a npenejbl TOrO, 4YTO AONMYCKaeT HHTYMLMOHU3M, CYUMTAIOTCH
He MMEIOMMMH 3HAYeHud, NOCKOJBKY MM HEJb3fl BPUIATH ,CMBICI*, K KO-
TOPOMY OblI0 Gbl MPUMEHMO MHTYMTHBHOE HOHATHEe ,UCTHHH. S$ICHO,

') B cuxy camoro dakra (uar.).— [Tpun. ped.
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yT0 NOA00HBIE CyX1eHHA MOTYT OCHOBBIBATHLCA TOJDBKQO HAa NpeABapUTE/Ib~

HOM TIOHATHH ,MCTHHH® JICHXOJIOTHYECKOH MJH MeTadu3nyeCKOR mpUpPOAHL.
[TpakTHY4ECKH 3TO O03HAYAET, YTO OHH HE NOABEPKEHH HHKAKOMY OO~
CYyH AEHHIO.

HecomHenHO, 4TO MOILHble aTaKM HUHTYHUMOHHCTCKOTO Jarepsi 3acTa-
BHAH He TOJbKO AaBAHTapAiHbie MaTeMaTHyeCKue LIKOJBI, HO 1aXe npu-
BEPKEHUEB TPAIMUMOHHOM MAaTeMaTHKH Ha HEKOTOpPOe BpeMf 3aHATH
o6opounutebHOe NoJOKeHue. Kak NMpU3HAJCA OLMH M3BECTHHI MaTeMaTHK,
3TH aTaKu NOJAEHCTBOBAAM HA HEro 10 TAaKOH CTeNmeHH, YTO OH YMBILIJIEHHO
OrpaHuyug CBOM pabOTH OTPAcHAMH MAaTeMaTHKU, CYUTAIOLMMUca ,0e3-
onacHbIMU®,

Ho, no-BupuMoMmy, Takue ciayyau Obliu HedacThiMu. MIHTYHUMOHMCT-
CKas 1IKO/a, BOCMOMHMHAHMIO O KOTOPO#, Ge3 COMHEHHA, CyXAeHO Cylue-
CTBOBAaTb TOJBKO B Ka4yecTBe HCTOPHYECKOH 10OCTONpPUMEYaTeNbHOCTH,
oKasaJja, Mo KpaHHe# Mepe, Ty yCJIYry, 4TO 3aCTaBUJA CBOMX NPOTHBHUKOB,
T. e. B KOHEYHOM CyeTe NOAABJAIOLIEE GOJBLIMHCTBO MaTeMaTHKOB, yTOY-
HUTb CBOM TOSHUMM H SICHEe OCO3HaTb NPUYMHBL (OAHHM — JOTHYECKOTO:
nopsAaKa, APyrue — 4yBCTBEHHOIO) CBOErO I0BEPHUSl K MaTeMaTuke.

Memamamemamuxa

Bo Bce Bpemena OTCYTCTBME HPOTHBOPEYHt pACCMaTPUBAIOCh Kak
ycioBue sine qua nonl) moGo# MaTeMaTM4eCKOH HAayKu, U CO BpeMeH
ApucroTena goruxka Oblia AOCTATOYHO Pa3BUTa, 4YTOGB MONKHO GO
B COBEPIIEHCTBE HOHMMATb, YTO M3 NPOTUBOPEYUBOH TEOPHUH MOMKHO BhI-
BECTH BCE YTO YroiaHo. JLOKas3aTeJbCTBA ,CYIECTBOBAHMAY, CYMTABLINECST
HeoOX0AUMBIMA €O BpeMeH aHTHYHOCTH, HE HMEJIH, OYeBHAHO, APYroH
ueiH, KaK TOAbKO TapaHTHPOBAaTb, 4YTO BBejeHHE HOBOrO NOHATHA He
yrpoxaeT MOB/e4Yb NPOTUBOPEYHE, 0COOEHHO KOTAa 3TO MOHATHE C/MIIKOM
C/IOXKHO, YTOOB HENOCPENCTBEHHO NMOANACTb MOX HMHTyuuuio“. Mbl Bugean,
kak ¢ npuxoaom B XIX Bexe aKcHOMaTHYeCKOH TOYKM 3peHus 9TO Tpe-
OoBaHue CTAHOBHUAOCH Bce 00/ee HACTOATEJHLHBHIM ¥ K3aK OTBEYAJIO eMy
nocTpoexue apupmeTHyeckux ,Moaene“. Ho ue moraa au cama apud-
MeTuka OHThL mpoTuBOpednBo#? Bonpoc, koTopui#t n0 konua XIX Bexa,
6e3 comHeHus, HUKTO OBl M He NOAYMaJl CTaBUTb, HACTOJbKO Lefble
YHC/IA Ka3aNuCh NPUHALTEKAUWHMU K TOMY, 4TO ecThb HaubOjee BEpPHOTO
B Hale#l MHTYHUMH; HO HOCJe ,NapanoKCOB“ BCe Ka3aJOCh NMOCTABJAECHHBIM
noA BONPOC, M MOHATHO, YTO YYBCTBO HEyBEPEHHOCTH, BLI3BAHHOE HMH,.
3aCTaBUJIO MaTeMaTMKOB 0koJ0 1900 roma ¢ GoabmiuM BHUMaHHMEM 3a-
HATbCA NPo6aeMOHt HenpOTHBOPEYMBOCTH apudMeTuku, uTOGH MO KpalHeh
Mepe CMacTH OT ruGend KJIaCCHYeCKylo MareMaTHKy. I10STOMy sTa mpoG-
Aema Oblna BTOPOR M3 mepeyucneHHbIX [HibGEPTOM B €ro 3sHaMEeHHTOM:
nokaase Ha MexaynapontoM konrpecce 1900 rona ({15a)], ctp. 299—301).
Henas 3TO, OH BBIABMHYJ] HOBBIH NPUHUMN, KOTOPBIM jO0/KeH OBbILA

) HenpemeunHoe (aar.). — [Tpux. ped.
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NOJyYuTh 6OALIION pe3oHAHC: TOTFAZ KAK B TPaauUMOHHOR JIOrMKe Henpo-
TUBOPEUHBOCTL NMOHATHS Ne/1a/a ero TOJbKO ,BO3MOMHLIM®, naa I'uabbepra
OHa SKBUBAJEHTHZ (N0 KpaltHel Mepe, AJA MaTeMaTHYECKHX NOoHATHH,
"ORpele/IeHHBIX AKCHOMATUYECKH) CYM4eCMB08aHUI0 ITOTO HOHATUS. DTO,
OUYEBHAHO, COLepKaN0 B cebe HeOOXOAMMOCTb 10Ka3HIBaTh a priori He-
IPOTUBOPEYHBOCTE HEKOTOPO# MaTeMaTHyeCKOR TeOpuu, eille gaxe 10
fI0JydeHust BO3MOXHOCTY pasBUBATL ee 3aKOHHHIM OOpa3oM; TaK 3TO u
nousx Ilyankape, koTopbi#t, uToGH npo6uth Gpemws B dopmanusMe, noa-
XBaTU1 Ha CBOA Japn uaew [uibOepra, NOAYEpPKMBAs € eXUIHBIM YAO-
BOJILCTBHEM, 10 KaKo# cTeneHu Aajeku Obiim (OPMAIUCTH B TO BpeMs
"OT BO3MOXHOCTH ee ocyulecTsieHus ([37B], cTp. 163). Hambure MbI YBHU-
JAMM, Kak [uibGepT NpuHAT BHI3OB; HO NpexIe HAM HYXKHO 31eCh 3aMe-
“THTB, YTO MOA BJMAHUEM er0 aBTOpuTeTa u aBToputera IlyaHkape TpeGo-
BaHUsl, BBIABMHYTBHIE MNOC/IEAHUM, B Te4eHHe JOJIrOro BPEMEHH [0JIKHBI
Obi Ge30rOBOPOYHO NPUHUMATBCA KaK (OPMAauCTaMu, TAK M HX npo-
‘TuBHUKaMH. CiencTBueM 3STOro OHIA OYeHb pacCTIPOCTPAHEHHAA TAKKE
Cpean GOPMaIUCTOB Bepa, 4TO TeOPHA 10KA3aTe.bCTBA l'unb6epra — co-
'CTaBHad 4aCTb MaTeMaTHKH, IJA KOTOpO# OHa o0pasyeT Heo6XOmuMble
nposeroment. Bo BBeneHuMm Mbl CKasaiu, MOYeMy 3Ta Teopus He npen-
'CTABJIAETCA HAM OGOCHOBaHHOM !), M MBI CyMTaeM, 4TO BMelaTe bCTBO
MEeTAMATEMaTHKY B M3JOMEHHE JIOTMKH M MaTeMaTHUKH MOXeT ¥ AOMKHO
ObITb CBENEHO K OueHb 3JeMeHTAPHOM uacTw, udyuaiouwieft o6pawenue
‘¢ COKpPAWAIOINAMY CHMBOJAMH M ReAyKTHBHBIMU KpuTepuamu. Takum 06-
pasoM, B NPOTUBONMOJIOKHOCTb TOMy, uero xoTea [lyamkape, peub muer
He O TOM, 4TOGHl ,TpeGoBaTh cBOGOAL NPOTUBOPeYUit*, HO, CKOpee, 0 TOM,
4YTOOH BMeCTe ¢ ANaMapoM CUMTaTh, 4TO OTCYTCTBHE NpoTUBOpeYUuit KOH-
'CTaTHpyeTcd, Aaxe el OHO He pokasmiBaetcst (I8], crtp. 270).

Ham ocraerca naTe kopotku#t ucTopuyeckutt 0630p Tpynos I uib-
GepTa M €ro WIKOJEI; XOTA TeOPHMS 10Ka3aTe bCTBA He H3JAraeTcsi B Ha-
cToAeM TpaxTaTe, HeGe3bIHTepecHO Gerao NPOCJEAUTh HE TOAbLKO 3BO-
AIOLHI0, KOTOpast B KOHUE KOHUOB NpuBe/a K OTPUUATEIbHOMY pe3y.IbTaTy
I'€xens u onpasaana a posteriori ckenTuUUaM Anamapa, HO TaKxe u Bechb
‘BBI3BAHHBIA 3TUM TpPOrpecc, OTHOCAWMACA K HAlUeMy 3HAHUIO MeXaHU3Ma
MaTeMaTHYECKOro pacCyxneHUs M CHeJaBLIMH COBPEMEHHYIO MAaTeMaTHKy
CaMOCTOATE/IbHOR U GeCCIIOPHO HHTEpPeCHOH HayKoM.

B 1904 rony B noksaane na MexaynaponHom kourpecce ([15], cTp.
247—261) T'uabGepT npHCTYNHI K NPOG.IeMe HeNpOTUBOPeYUuBOCTH apud-
MeTuku. CHayana OH KOHCTAaTUPOBAd, YTO HE MOXET GHTb M peyn 0 10-
‘Ka3aTe bCTBE ee C MOMOMIBIO MOxeau 2), u HaBpPOCan KPYMHBIMM Mas3KaMmu

') B uucro $opManncIcKOM yueHuH caoBo »CYIECTBYeT* B dhopManu3oBaH-
HOM TEKCTE€ HMeeT He GoJbINe ,3HAYEHHA®, YeM IDYTHe CJIOBA, M ADYTHE THIbI
;{gxu:{gcmosaﬂua‘ B (OpMaNM3OBAHHBIX [OKA3aTeAbCTBAX pACCMATP! 1aTh He

?) wMonenu, napaemble onpelefeHuaMH JlefeKuHAa WAH Ppere, TOAbKO ne-
PeMElain BONpOcC, CBOAS €ro K HeNpOTHBOPEUUBOCTH TEOPHH MHOXECTB, npobaeme,
HOTOpasi, 6e3 BCAKOTO COMHEHHsA, 6oJee TPYIHA, ueM HENpOTHBOPE4YHBOCTh apud-
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NpUHUUN APYrOro MeTOAa: OH Npensaral pPacCMOTpeTb HUCTUHHBIE BEHICKA-
abiBaHuA GOPMANM30BAHHOR apuPMETHKM KaK BHIPAXEHUs U3 3HAKOB, He
MMEIOLUX 3HAayeHHs, M J[OKa3aTb, 4TO, MCIOAL3yA IpaBu/a, yHpaBJs-
olye o0pasoBaHHEM M COeAMHEHMEM STHX BBIDAMEHUH, HUKOrAa HeJb3d
MOJyYuTh BbipaXeHHe, KOTOpoe OH/IO0 Obl HMCTUHHBIM BBICKA3bIBAHHEM U
OTpULAHHE KOTOPOro Takme ObIO Obl MCTHHHBIM BbicKasbiBaHueM. OH
Aaxe HaMeTua nonoGHOe 10KasaTeabCTBO A (opMaauaMa, GoJjee y3KOTO,
yeM apudMeTHuecKuit ¢opManusM; HO, Kak BCKope 3ameTun [lyankape
([378], cTp. 188), 3T0 10Ka3aTeNbCTBO CyLIECTBEHHO MCIOJ/b3yeT NpHHLAN
MHAYKUMH M NMOSTOMY KaXeTcid OCHOBAHHBHIM Ha MOpouHoM kpyre. [uib-
GepT He OTBeTHA HEMEAIEHHO Ha 3Ty KPUTHKY, M B TeueHue JeT naT-
HaJlaTH HUKTO He TBITaJCA Pa3BUBAThL ero uieu; Toabko B 1917 roay
OH (NBIXKUMBIH KeJaHHEM OTBETUTb HA HaNagKH MHTYUUMOHMUCTOB) CHOBa
B3f/ICs 32 npobJjeMy OCHOBaHUM MaTeMaTHKH, KOTOPOIO OTHbIHE He mepe-
CTaBaJ yie 3aHUMAThCA 10 KOHLUA CBOeH HayuyHOH neATeAbHOCTH. B cBoux
pa6otax IO 3TOMy BOMpPOCY, nosBuBluuxca npuGausuteabso ¢ 1920 no
1930 roasl, B KOTOpPLIX AKTUBHO Y4acTBYeT lie/af IIKOJa MOJOIBIX Ma-
TematukoB (AkkepmaH, bepna#ic, 3Op6pan (Herbrand), ¢on Hefiman),
Tuab6ept Mano-nomMasy 0oJee TOYHO BLIABJAJI NPUHUMAL CBOEH ,TEOPHH
J10Kas3aTeJbcTBa“: HefBHO NpusHaBas 0OOCHOBaHHOCTb kpuTuku Ilyankape,
OH COTJIAIUAaACAd, YTO B MeTaMaTeMaTHKe HCHOJb3yeMmble apudMeTHyecKue
paccymIeHHss MOTYT OCHOBBIBATbCS TOJbKO HAa Hallleft MHTYHLMM UEJBIX
yucesa (a He Ha ¢opmaiuaoBaHHOM apuMeTuke); 118 3TOrO eMy Kaxercs
CyUleCTBEHHEIM OTPaHMYMTb 3TH PpacCyxneHus ,pUHAMTHLIME MeTOZaMu“
(,finite Prozesse“) jaonyckaeMOro MHTYMUMOHUCTAMM THIA: HaNpuMep,
JIOKa3aTeJbeTBO OT NPOTHBHOFO HE MOXET 10Ka3aTb MeTaMaTeMaTHyecKoe: .
CYIIeCTBOBaHHE BBIPAXKEHUA HJAM IIOCJe10BaTe/IbHOCTH BbIpameHul — He-
06x0auMO 3anaTh 3aKOH fABHOrO mnoctpoenus!). C apyro#t CTOpOHHI,
Muab6epT pacwiupua CBOIO NepBOHAYaMbHYIO NPOrpaMMy B ABYX Hanpas-
JEHMAX: OH HACTYNaJl He TOAbKO HAa HeNmpOTHBOPEUMBOCTbL apudMeTHKH,
HO CTpPEeMMJCHl TaKKe [O0Ka3aTb HEeNPOTUBOPEYUBOCTb TEOPHH AeHCTBU-
TeJAbHBIX YUCET W AaMe TEOPUM MHOKECTB?), KpOMe TOro, K NpobjeMam
HeNnpoTHBOPEUUBOCTH 100aBUIUCH NMPOOG/IeMbl HE3ABUCHMOCTH aKCHOM, NOJ-
HoThl (catégoricité) u paspemmmoctu. Ceftyac M Gerjo paccMOTpuM
9TH pas/nyHbIEe BONPOCHl M YKaweM TJaBHbIE MCC/eL0BAHMA, BBI3BAHHBIE

HUMHU.

METHKH, M KOTOpas JO/MKHa G6blIa Ka3aTbed eule Gojee TPYZHOH B TO BpeMsd,.
KoTrJa elle He 6blI0 MpelNokeHO HH ONHOH cepbesHOH momsiTKu H3bexarb ,na--
PanoKCcoB“.

1) 3a moZpoGHBIM U TOYHBIM ONMHCAHHEM (HHUTHBIX METOAOB, NPHHUMAaeMbiX
B MeTaMaTeMaTuke, MOXHO, Hampumep, O6paTuTbcs K Auccepranyu IJpGpaHa
(J. Herbrand) [48].

2) Korza roBopuTcs O HEmpOTHBOPEYHBOCTH TEOPHU NEHCTBHTENBHBIX YHCEJ,.
[IpefnoaaraeTcs, YTo ee ONpelensioT aKCHOMATHIECKH, 6€3 HCIIOAb30BAHUA TEOPUR
MHOXECTB (wid, MO KpaiHe# mepe, BO3NEPKUBAACH OT YMOTpeGiaeHnus HEKOTOPHIX
aKcuoM 3To# mocaenHeH, Bpole aKCHOMBl BHIGOpAa MJAH AKCHOMBI MHOXKECTBA MO~

MHOXeCTB).
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Hoxasateanctso nesasucumocmu (I'indépendance) cucremb Bbicka-
3biBaHuit Ay, Ay, ..., A, cOCTOMT B TOM, 4TOGH NMOKA3aTh, YTO AAT KAX-
AOro uHAeKCa { A; He fABAfeTCA TEOPEMOH B Teopuu J;, MoJydaioumeHcs,
€CJIM 332 aKCHOMBl B3fTb BHICKa3bIBaHUSA Aj C HMHAEKCamMu j=%=i. A 3TO

OyneT yCTaHOB/IEHO, eC/lu M3BECTHA HENMpPOTHBOPeYnBas Teopust J'i, B KO-
TOpOR KaK BhiCKasbiBaHud A; (f+1I), Tak u ,He A;* CyTb TeopeMbl; Ta-
KuM 06pasoM, 5Ty npoGaeMy MOXHO pPaccMaTpUBaTh B HABYX acrekTax
B 3aBUCHMOCTM OT TOrO, NPU3HAEM Mbl MAM He NMPU3HAEM HEKOTOpPHIE TEO-
puu (Hanpumep, apudMeTHKY unH TEOPHIO MHONKECTB) HEMPOTHBOPEYHUBLIMU.
Bo BTOopoM cayuae Mm umeem gpeno ¢ npo6aemolt ,a6coOTHOR Henpo-
TUBOpeunBoCTH. Hanporus, npoGieMbl’ MepBOro THNa peAOTCS, Kak
npoGaeMbl ,0THOCHTE/LHOR HENPOTUBOPEUHBOCTH, MOCTPOCHUEM COOTBET-
CTByIOIMUX ,MONENEA®, M MHOrOYHC/eHHble [OKa3aTeAbCTBA STOTO COPTA
ObLAM TpHAYMaHBl ewe 3al0Ar0 A0 TOrO, KaK MareMaTuKa npuobpena
TIOJHOCTBIO (POPMAAM3OBAHHBIA BUA: NOCTATOYHO HATIOMHUTb MOZEAH He-
9BK/HAOBOH reoMeTpuu, BOMPOCH HE3ABHCHMOCTH AKCHOM 9/JeMEHTapHON
TeoMeTpuu, usyuaBwmeca ['mabGeprom B ero ,Grundlagen der Geomet-
rie“ [15], a Takxe paGorn lllTefiHuua no akcHoMarTuaauunu anre6pH u
Xaycnopda u ero nocaenoarteneit no akcuoMmarusauuyu tonoaoruu !y,
CoBopar, uro Teopus J mnoana (catégorique), ecinm KA BCAKOTO
BBICKA3biBaHMA A Teopuu J (He conepXallero HUKAaKuX GOYKB, KPOMe
KOHCTaHT Teopuu J) OAHO M3 ABYX BBICKaswiBaHu#t A, (e A) ecTb Teo-
peMa Teopun J ?). Ecau OCTaBMTL B CTOpOHE HEKOTOpHE BechbMa pyiu-
MeHTapHble ¢OpMaau3Mbl, NOJHOTa KOTOPHIX Jerko nokaswBaercsa ([16],
‘cTp. 35; cp. ra. 1, mpuaoxenue, ynp. 7), pes3yabTar, NOJyYeHHble Ha
‘STOM NyTH, B OCHOBHOM OTDHLATE/bHbI; BaXHEMLIMM M3 HUX Mbl OGS3aHH
Fenemo (K. Godel) [12a], koTopbi#t mokasan, uTo ecau J He mpoTuso-
peyuBa M eCaH aKCUOMHl (POPMANM3OBAHHOH ApUMETHKHM ABJIAIOTCA Teo-
pemamu Teopun J, 1o J He nonsa. OCHOBHAs uied ero u30GpPeraTebHOrO
3dMBIC/AA COCTOMT B YCTAHOB/ICHMM B3AUMHO ONHO3HAYHOTO COOTBETCTBUA
{(pasymeercs, npu NOMOWH ,PUHUTHBHIX METOL0B) Mex1y MeTamaTeMaTuyec-

') HeonnoxparHO mnomHumaicst BONPOC O HE3ABUCHMOCTH aKCHOMbL BHIGOpa
H THIOTE3H KOHTHHYYMa (OTHOCHUTENBHO JIPYTHX aKCHOM TEOPHY MHONECTB, Ha-
npuMep, B cucreme Llepmeno — Ppenxenst wan B cucteme ¢on Heftmana — Bep-

4

Haiica — 'énenq); moucku TeopeM, SKBUBAJEHTHHIX TOH WAH apyro#i, 6sliu OQHOHR

U3 M3MOGNCHHBIX TeM MOMbCKOH mwkoxw (cM W. Sierpinski, Legons sur les nom-
bres transfinis (ITapux, 1929) u L’hypothése du continu (Bapmaga, 1938), rae
uMeeTcs ofurnpras Gubanorpapus). Ppenxels [436] noctpoun Momean TEOpHM
MHOXECTB, B KOTOPOif aKCHOMa BbIOOpa He BHIMOMHAETCS, HO AKCHOMB 3TOMH TEOpHU
HE COBCEM COBMANAKT € AKCHOMAMHU NPENBIIYUIMX CHCTEM; ero padoTsl GblIH Tpo-
JRomkensl Uepuem (Trans. Amer. Math. Soc., 29 (1927), c1p. 178—208) » uu-
zen6aymoM u MocroBekum (Fund. Math., 32 (1939), ctp. 201—252). Ilpo6aema
HE32BUCUMOCTH (MIIOT 3k KOHTHHYYMA, I0-BUAAMOMY, IO CHX IO BIVIOTHYIO HE H3Y-
waxaco [cp. K. G 6 d e !, Amer. Math. Monthly, 45 (1947), cp. 515—524). [HesaBu-
CUMOCTD TUMOTE3b KOHTHHYYMA ycTaHOBuA HexaBHO KosH (Paul J. Cohen); cm. Proc.
Nat. Acad. Sci. U.S.A., 50 (1963), 1143—1148 u 51 (1964), 105—110. — I1 pus. ped.]

?) 310 uacTO BLIpamaiOT, rOBOPA, YTO €CAM A HE ecTb TeopeMa teopuu [J,
‘TO Teopua J°’, noJyueHHan nOOaBAeHMEM A K aKCHOMAM TEOpHH J , NPOTHBOpEUHBa.
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KHMH yTBEDXKICHUAMH M HEKOTOPHIMH BHICKA3BIBAHHAMH (p]opua.rmsonaﬂﬂoﬁ
apu¢MeTHKy; MBI OTpaHuduMcs HaOpPOCKOM OCHOBHBIX 4epT ). Ilpexae Bcero
KQXIOMY BHIPaXeHMIO A, fABJAIOLIEMYCSl TEPMOM MM COOTHOLIEHUEM Teo-
puu J', COOTHECEM B3aUMHO OAHO3HAYHO (METOLOM SBHOTO TNOCTPOEHHUS,
TIPMMEHAeMOr0 NMOYTH MEeXaHHYeCKH) UeNoe YuC/io £ (A). AHanoruuHo Kax-
IOMy 10KasaTeibCTBy D Teopuu J (gaccmanuBaemomy KaK nocjepoBa-
TeabHOCTh 3Hadenuit; cM. ra. 1, § 2, n°2) MOXHO B3aUMHO OLHO3HAYHO CO-
nocrtasuTh uenoe uucao £ (D). Hakonen, MOXHO AaTb MeTOJA ABHOrO NO-
cTpoenust cooTHowenus Pix, y, 23%) Teopuun J, AAA KOTOPOrO B g‘
Pix, y, 2§ Bieuer, 4TO X, y, Z — UE/Able, U BEHIIONHEHH 1Ba yCAOBUS:
1°. Ecaun D — nokasateabcTBo aJst A3A}, rae Aixi ecTb coOTHOLIEHHE
Teopun J' M A — BbISBJCHHOE LEJN0€ YHCHO (T. €. TepM Teopuu J, ABAAIO-
wimttcs ueabM yucaonm), To PiA, g (Aix}), £ (D)} ectb Teopema Teopun J -
92°, EcJu BbIABAEHHOE Liefoe 4ucJo p He uMeeT Buna i (D) uau ecau
p=h (D) u D He ecTb no(;('aaa'renbc*rso aaa A3A3, To (He PiA, g (Adx}),
ecTb TeopeMa Teopuu J.
Pg)HyCTb Toprzla S§J5§ ecTh cooTHolueHue (ve (J2)Pix, x, 23), unycts
1=g (Six} —repm Teopuu J. Ecau J He npoTUBOpeuHBa, B J He
CYIIeCTBYeT HUKaK020 00Ka3ameAsCMmea BHICKA3HIBAHUA S§1i B camom
neqe, ecau Gbl D ObIIO TakuM noKasaTenbcTBoM, P37, g (Six3), R (D)}
Gbi0 OB TeOpeMoit Teopunm J; HO 3TO COOTHOLUEHME €CTb He uTO WHOE,
kak P37, 7. 2 (D)} u, caenosatenbno, (32)Piy, 7, 2§ Takke GbLIO Gbl
TeopeMo#t TeopuH J; MOCKOAbKY 9TO INOC/JefHee COOTHOUIHHE SKBUBA-
aentHo (He Sivi), J Obua Gbl npoTusopeunBoft. C 1pyro# CTOPOHHI,
TOJbKO 4YTO CKa3aHHOe MOKasbiBaeT, 4YTO JAJf BCAKOrO BHIABJIEHHOTO le-
noro uucaa p (ve P3v, 1, p}) ectb Teopema Teopuu J. Orciona Bbi-
TeKaeT, 4To B J He CYLIECTBYeT HUKAK020 00Ka3ameabCMsa BbICKA-
suBannsa (He Siy3), ub0 STO RNOC/JeaHee COOTHOLIEHHE SKBUBANEHTHO
(32)Piy. 1. 2} ¥ cCylulecTBOBaHME LEJOrO uucaa P, AAA KOTOPOro
Piq, 7, p} BIeka0 Obl B CHIY MpEAbLAYIEro MPOTHBOPEUUBOCTL geg-
puu J3). DTta MeramareMaTHyeckas TeopeMma Féneim 6niia nosnHee 0600-
lleHa B pasiuyHbiX Hanpasaenuax ([24], ra. XDH.

1) Bosee mogpo6Ho cM. B [12a] wam ( [24], cTp. 181—258).

2; HoupoGHoeponncaﬂne g(A), h(D) u Péx, y, 2% oueHb IJMHHO U Kpor;c())g-
auBo, a Hanucamue P §x, y, 23 moTpe6oBaxo 6m TaKOro GOJBIIOTO 4HCIA 3HA o,
YTO NMPAKTHYECKH OHO HEBO3MONKHO: STO TOT BHJA TPYNHOCTEH, O KOTOPOM Mbl6 o
BOpUAX BO BBEIEHHH, HO HH OJHH MgTemamx He AYMaer, 4TO 3TO CKOAbKO-HHOY.

HUe STUX TOCTPOEHHH.

cmmg;leé 3;2;§TBHTCJIBHOCTH I;‘Ta nocjeansds YacThb PpacCyXIeHus IlpeinoJaraer
HEMHOro 60JXbllie, YEM HENPOTHBOPEYHBOCTh TEOpHH J, 4 HUMEHHO TO, UTO HA3HI-
BAIOT ,®-HENMPOTHBOPEUUBOCTHIO® TEOPHH J': STO O3HAYaET, 4TO B J HE cyme}cZ;/BlgiT-
cootHourenus R §.x$, Takoro, 4o R§x$ Baeuer x ¢ N, 1 aasi Kaxioro B;L{e o
1020 o R$p3—reOpema Teopuu J', X014 (Fx) (x €N u (ne R{x} %% Tajxl( Moexmo
Teopema Teopun J. Bmpouem, Poccep mokasan, 4TO paccyxpenye | €xe ﬂBo KHO
MOZNGHLMPOBATh TAKUM OOPa3OM, UTOOH MpELNoJararh TOMAbKO HEMPOTHBOP
BocTh Teopud J ([24], crp. 208).

4) Jlerko 3aMeTHTb aHaOTHIO paccyxnenns I'€pens ¢ copusmom mkeua: Bbl-
ckaspBaHue S§7% ecad ero MHTEpIpPeTHpOBATh B MeTaMaTeMaTHYeCKUX TEPMHHAX,
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[TpoGaema paspewmmoctu (le probléme de la décision) (,Entschei-
-dungsproblem®), Ge3 coMHeHusl, ABASETCA CAMOM 4YeCTOMOGMBOM u3 BCex
npoGeM, KOTOpbie CTaBUT nepel coGOi MeTaMaTeMaTHKa: peyb MieT O TOM,
4TOOBl L/l HEKOTOPOTrO AAHHOrO (POPMAIM3OBAHHOTO SI3bIKA y3HaTb, BO3-
MOXHO M NPUAYMATh KBa3UMEXaHHY2CKUHt ,YHUBEPCAAbHLIH MeTOn®, KOTO-
pbift, Oyayuyn NpUMEHEHHBIM K NPOU3BOJLHOMY COOTHOILEHHUIO paccmarpu-
BaeMOro (opMaiu3Ma, yKasbiBaa Gbl MOCAE KOHEYHOTO 4mciaa onepauuft,
MCTHHHO 3TO COOTHOUICHWE uau HeT!). Peluienue sTOH npo6aeMb no cy-
WECTBY BXOMJIO yke B Beaukue 3ampicanl JleHOHuua, M, mo-BuauMomy,
‘011HO BPeMs 1IKO1a I'uab0epTa CYnTana uxX OCYIIECTBACHUE COBCEM GIN3KHM.
Aas GopmanusMoB, ColepKalUX Man0 TNPUMUTHBHBIX 3HAKOB H AKCUOM,
‘TAKHE METOABl AEHCTBUTENBHO MOTYT OblTb onucannl ( [24], ctp. 136—141;
cp. ra. 1, npunoxenue, ynp. 7). Ho cTpemsenus yTousutsh npobaemy
PaspemuMoCTd, TOYHO OFPaHMYMBAt TO, YTO CAelyeT NMOHMMATh NOX ,YHH-
BEPCANbHBIM METOAOM“, 10 CHX NOP NPHBOAUIM TOABKO K OTPUUATEJIbHBIM
pesynbrataM ([24], ctp. 432—439). Bupouem, pemenne npoGiems pas-
pewnmocTn ?) 149 Teopuu J TOTUAC Ke NO3BOJAET Y3HATD, npoTUBOpe-

YTBEPHAET COGCTBEHHYIO NOKHOCTH! MOXHO TaKikKe OTMETHTD, UTO BHCKA3KBAHHE
(V2) (€ N) = (ne P iy, v, 23))

MHTYUTUBHO UCTHHHO, IOCKONBKY IJS KaXAOrO 8556A¢HHO20 UENOTO YucAa ( B T
HMeeTcs N0KasarelsCTBo Last (He Py, 7, »); u Mexny TeM 3TO BhIcKasmiBaHHe
He JIOKa3yeMo B J. ITy CHTYaumio CAEAyeT COMOCTABHTb € PE3YAbTATOM, IOy UEH-
HbIM panee Jlgsenredimom (Lowenheim) u Ckonemom (cm. [41]): mocaesnuit Merta-
MaTeMaTHYECKH OTPSACAACT COOTHOIEHHE MEKAY ABYMS HATNY PAAbH I MU LUCAAMU
KOTOPOE, €CAHN €r0 3aMMcaTh B BUAE X € ¥, YIOBAETBOPSAET akCHOMaM (OH Helimana
Juist TEOpHH MHOXeCTB. OTCI01a Ha MePBHH BIMJAL MOJYIaeTcd HOBBI »T1APanoOKC*,
TAK KaK B 3TOH ,MOneiu“ BCe GECKOHEUHBE MHOXeCTBAa ObLIM Obl CUETHBIMH, YTO

miporuBopeunT HepaseHcTsy Kantopa m < 2™. Ho B geifcTBuTebHOCTH ,COOTHO-
weHue*, onpexeaennoe CkonemMoM, e 60abITe MOXET ObITh 3amHCaHO B (GOPMATH-
30BaHHOH TEOPHUH MHOXECTB, 4eM ,TeOpeMa“, YTBepKIawou[ad, 4T0 MHOKECTBO
HOAMHOXECTB GECKOHEYHOrO MHOXKECTBA HMEET TOAbKO CUETHYIO GeCKOHEYHOCTD
,3JEMEHTOB. B cymHoCTH, 3TOT ,TapajoKC* ecThb MpOCTO Goee TOHKAs tdopma
6aHaNbHOTO 3AMEYAHHMSA, YTO HAMHMCATh MONHO JHIIb KOHEYHOE YHCIO BHPANKE-
HuH  (POpPMann3OBaHHOR TEOpHH H, CIENOBATENBHO, a6CYPAHO MPENCTABASTh Cebe
HECUETHOE MHONCCTBO TEPMOB TEODHHM; 3aMedanue, GJAM3KOE K TOMY, KOTOpOE
NDHBEJIO yXe K ,napanokcy Pumapa“. ITono6uble paccympeHuss JOKa3MBaoOT He-
06X0RHMOCTS (OPMANHU3AUUK TEOPHH MHONECTB, €CHAH KeAaTh COXDAHHTh CYII-
HOCTb KaHTOPOBCKHX NOCTPOeHHH. [10-BUIMMOMY, MaTeMaTukH NpHILIM K COTJa-
€U0 OTHOCUTENLHO TOrO BBHIBOAA, UTO MMEETCH JUIIb NOBEPXHOCTHOE COOTBETCTBHE
MEX]Y HAMUMH ,HMHTYHTHBHBIMKU® KOHUENUHAMH MOHSITHA MHOMXECTBAa WM LEJOrd
qHead 1 GOPMAIHIMAMH, KOTODPHIE ~— 10 NPEANON0KEHUI0 — HX BHPAXKAIOT, HECOTAa-
‘Cne HaUNHAETCA TOTA3, KOTAa BCTAET BONPOC O BHOOPE MEXIY TEMH WX APYTHMH.

!) Tlpo6aema nOCTPOEHHA TakOro METOAA Ha3bBaeTCA MPOGaeMoi paspewerus
A JaHHOTO HOPMANH3OBAHHOTO A3bIKA; NPOGAEMA PASPENTMMOCTH, CJELOBATEAbHO,
3AKMOUAETCH B TPeGOBAHMM y3HATh, pPa3pelldMa Ju MNpoGJeMa paspeleHus.
{B pycckoil MareMaTuueckoil Jaureparype TepMHH »TIpo6JemMa paspemuMocTu®
YUOTPEGAAACT paHbUIe Takke 1A 0GO3HaYEHHS NPOOAEMb PaSpElIeHHs, 4TO MpH=
BOJMIO K IBYCMBICACHHOCTH. — [Tpus. ped.)

%) TlpaBuabHee 6BIO G Cka3aTh — NpoGieMbl paspemenns (Bexb mpobae ma
PasPELINMOCTH MOXET HMETb U OTPHuaTeNbHBIC pelienus). — ITpum. peo.

METAMATEMATHKA AT

upBa AM J WAM HET, MOCKOAbKY NOCTATOYHO NPUMEHUTL ,yHHBEPCAAbHBIR
MeTOa* K KakOMy-HuOyab COOTHOILEHMIO TEOpUM J H ero OTPHLAHHUIO;
a MB cefluac yBUAMM, 4TO MCKJIOYEHO, 4TOObl 1/ OOBIUHBIX MaTeMaTH-
Yeckux Teopu#t BONMPOC MOXKHO OblIO Obl pelIMTh TakuM cnocoGom !).

B caMoMm gnesiie, UMEHHO B BONPOCE O HENPOTHBOPEUYUBOCTH MaTeMa-
THYECKHX TeOp#it — NepBOMCTOUHHUKE M CaMOM Cepille MareMaTuku — oOHa-
py®uauch camble oOManuuBHe pesyabTarsl. B teuenue 1920—1930 ronos
TuabbepT u ero I1IKOJa pasBUBA/JAM HOBblE METOAB AJf HACTyI/IEHMS Ha
3Ty npobaeMbl; 10Ka3aB HenPOTHBOPEUMBOCTb YACTHBIX (OpPManu3MOB,
OXBATHIBAIOILUX HEKOTOPYI0 4YacTb apudmertuxu (cm. [48], [438]), oHu
HAlesJAuch 1OCTMYD UeAd M JA0Kas3aTb HE TOAbKO HENPOTHBOPEYHBOCTD.
apuMeTHKH, HO U HENpPOTHBOPEUYMBOCTH TEOPHHM MHOXECTB, koraa ['Eaess,
OnMupasch HAa HEMOJHOTY apudMETHKH, BHIBEJA U3 ITOTO HEBO3MOXHOCTD.
HOKa3aTh NMPH NOMouM ,pUHUTHBIX MeTon0B* [uianGepra HempoOTHROpe-
4uBOCTb TIOGOR Teopuu J, COAepKAIUeH 5Ty MOCIEAHION0 2).

Teopema I'€nenss He MOAHOCTbIO, OAHAKO, 3aKpblBaeT ABEPb NONLIT-
KaM I0Ka3aTeJbCTBA HEMPOTMBOPEYMBOCTH, €CJHM OTKa3aThcs (X0Ta Obr
yacTHYHO) OT orpanuveHu#t [uabbepTa OTHOCHTEAbHO ,(PHUHMTHBIX Me-
ton0B*. Umenno tak [enuen (Gentzen) B 1936 roay {14], ucrno/b3oBaBs.
LJMHTYUTUBHO® TPAHCHUHUTHYIO MHAYKLMIO A0 CYETHOTO OPAUHAJIBHOTO:
uuciaa g (ra. HI, § 6, ynp. 14)3), cymen nokasaTb HEMPOTHBOPEUMBOCTD.
¢popmanusoBanHon apudmeruxu. Crenenb ,yBepeHHOCTH*, KOTOPYI0 MOXKHO-
npunucath NOLOGHOMY PAacCymJeHHIO, KOHEUHO, MeHee yOequtelbHa, YeM
AJ pacCyXneHuH, yAOBAETBOPSAIOMHMX TepPBOHAYAAbHBHIM TPeGOBAHUSAM.

1) Caelyer 4eTKO OTAMUATh NMPOGAEMY PA3PEIIHMOCTH OT BEPH, pasfenseMOi
MHOTOYHCAEHHHIMH MATEMaTHKaM{ M HEONHOKDATHO M ¢ GOXbmIOH CHAOH BhHIpaKaB-
meics, B 4aCTHOCTH, ['uab6epTOM, BepH B TO, 4TO AJS KaXIOrO MareMaTHYeCKoro-
BBICKA3bIBAHHS HACTYIMT HeHb, KOTAA MBI Y3HAeM, SBJASETCS JH OHO HCTHHHBIM,
JNOXHHIM MM HEpaspelMMbIM. 37ecb Mbl HMEEeM aKT YHCTOH Bephl, KPUTHKA KO-
TOPOro JEXHUT 3a TpeRelaMu Hallero OGCYKAEHHUS.

2) B o6oanaueHusxX, BBeAeHHHMX Bbllre, TOYHHHA peayabTar [éaens cocToHT
B caenywomeM. CkaszaTs, 4TO J HenpoTHBOpeYHBa, O3HAYAET, YTO B J He Cyule-
CTBYeT n0Kas3aTelXbcTBa coOTHOmeHus 0==0; 31O BJeuer 3aTeM I BCAKOTNO BRI--
ABACHHOTO LEAOT0 yncaa i, uTo (He P$0, g (x = x), 1) ecTh Teopema Teopuu J -
PaccMoTpuM T1OTAa BhickasbiBaHHe (y2)((z€N)=> ne P 0, g (x £ x), 2¢), KO-
TOpoe Mb 06O3HaunM uepes C; ,nepeBons B GOpPManu30BAHHYI0 apudpMETHKY pac-
CY¥ IeHHe (BOCUPOH3BEEHHOE Bhillle), KOTOPHIM METaMaTeMaTHYECKH MOKa3aHo, uTo-
,ECH ' HEempOTHBOPEYMBA, TO B J He CYmecTByeT IOKasareabcTBa mas S$vi*,
MOXHO yCTaHOBUTb, ut0 C=> (He (F2) (P{Y, 7, 23)) ecTb TeOpema Teopuu [,
uau, uHaue rosops, uto C=S$y¢ ectb Teopema Teopud J. Ma aTOro BHITEKAET,
yTo ecau J' HenporusopeuuBa, 10 C He ecms meopema meopuu J, NOTOMY UTO-
HpH 3THX yCJoBHAX S$73 He ecTb TeOpema teopur J'. B arom TouHas ¢opmy-
JaupoBka teopembl I'&xexs.

3) TeHIEH COMOCTABALI KaXAOMY RokasareabcTsy D dopmaiusoBanto# apuop-
METHMKH opauHaabHoe umcio & (D) < gy ¢ Ipyroil CTOPOHBI, OH OMHCHIBAX METOZ,
KOTOpHIH 10 KaxAOMy AOka3areabcTBy D, 3akaHuuBamIIEMyCf NPOTUBOPEYHEM,
JlaeT n0KasateabcTsO D/, Takke 3aKkaHuuBawIeecs NPOTUBOpPeYneM H TAKOe, YTO-
a (D) < a (D), TeOpus BHOJHE YNOPALOIEHHHIX MHOXECTB NO3BOJAET 3aKJIOUATD,
YTO TAKOrO OKA3aTeNbcTBA D He CylIecTByer (THI paccyxleHud, passuBapyit
KaaccHuecKHi ,GecKoHedHbIH CIyCK“ TEOpuu dHcen). :
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TunbGepra, u ABAAETCA, B CYLUHOCTH, HEOM JUYHOH NCUXOAOTHU KAXAOTO
MaTeMaTuKa; OT 3TOro He CTAaHOBUTCH MEHee CHPaBeNAMBLIM, YTO HOZOG-
Hble  ,10Ka3aTenbCTBA, UCMO/B3YIOIHUE ,UHTYHUTUBHYIO® TpPaHCHUHUTHYIO
HMHAYKUHIO RO 3aRaHHOTO OPAMHA/JLHOTO YMC/A, PACCMATPHBAANCH OB KaK
BayHHA nporpecc, ecau Obl onu GbiaM NPOBeNeHH, HANpUMep, AAd TeO-
Py ReACTBHTENBHBIX 4YuCeld uAM AAS CONEPMaTenbHOH yacTu Teopuu
MHOMECTB.

C zapyro#t croposm, BHYTpU CaMOM TeOpuM MHOXKECTB BO3HUKAIOT
MHOTO4AC/AeHHbHEe NPOGJEMBl ,0THOCHTENbHOR® HENPOTUBOPEYHBOCTH, CBfi-
-3aHHBIE C PA3HOOODA3HBLIMM ,TUNMOTE3aMU®, CYLIECTBYIOLIMMH B STOH Teo-
pun. CaMbift 3ameyaTesbHBIH pe3ynbTar, NOJYyYeHHBI B STOM HATNIPABACHUH,
npunaniexnt énemo: B 1940 roay ou nokasan, 4To ecau Teopus, aKcuo-
MaMu KOTOpOM HABASIOTCA aKCMOMBl cucTembl ¢on Heitmana — Bepuaitca
Ge3 axcnoMbl BHGOpPA, HEMPOTUBOPEYHBA, TO HENPOTHBOPEYUBA Teopus,
NoAy4eHHas NOGABIEHHEM K 3TUM aKCHOMaM OueHb CHAbHOR OPMbI aK-
‘CHOMb1 BHGOpa (Bpoxe TOH, KOTOPYIO A2eT HaM yNOTpeGiaeHue CHUMBOAA )
H 060CLieHHO# runoTess KouTuHyyma [126]. Ewle Gnmxe K HalIuM AHAM
Hosak-Tan (I. Novak-Gél) nokasaa, 4To HENPOTUBOPEYUBOCTL CHCTEMH
LlepMeno — ®penkenst BiedeT HeNpOTHBOPEUHBOCTb CHCTEMBI ¢don Heit-
Matia — Bepnatca — lNEnena ).
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CBOJKA PE3YJIbTATOBY)

Baenenue

YutaTenb HalneT B HACTOsWlEH CBOAKE BCe ONpelefeHAss H Pe3yib-
TaTel Teopuu MHOXECTB, HCHOAb3yeMHle Aajblle B 3TOM COYMHEHUU, OH
He HaflneT 31ecb HUKAKMX N0OKa3aTenbCTB. YTO Kacaercs MOHATUR u Tep-
MUHOB, BBOIAMMBIX HHMKe Oe3 ompelesieHus, YuTaTeJb MOXKET OTPAHUYNTLCA
UX OCBLIYHBIM CMBIC/JOM; 3TO He CO31aCT HUKAKMX Heyl10O8CTB AAf 4TeHud
OCTa/MbHBIX vYacTet STOro TPaKTaTa Y CIeAaeT NOYTH OYEBUIHBIM GOMb-
LIMHCTBO Npeaoxenud, GopmyaupyeMbix B HacTosduie#t cBoake. Yrenume
Kauru 1 (,Teopusa MHOmecTB*) HeoGXOAUMO AAA uMTaTeneHt, KeaoUuX
3HaTb, KaK MOMHO NPEONOJETh JOTHYeCKHe TPYAHOCTH, BHI3biBaeMble NpH-
CYTCTBHEM 3THX HEONpele/ifieMbiX TEePMUHOB?), a Takxe IJ1d TeX, KTO 3a-
XOueT O3HAKOMUTHCS C 10KasareabCTBamu GoJee TPyIHHIX TeopeM, cdop-
MynupoBaHHBX B § 6 u 7 aToit cBomku (Teopema lLlopHa u ee caex-
cTBus) 9).

§ 1. DaeMeHTH M YaCTH MHOXKeCTBA

1. Mroocecmso o6Gpa3oBaHo u3 d.LeMewmos, crnOCOGHLIX 06aa1aTh
HEKMMH (80fcm@amu YW HAXoAuTbCcd Meway COoGOH uaMm ¢ 3saeMeHTaMu
IPYTHX MHOXECTB B HEKHX COOMHOUeHuax*).

') Cogka pesyabratoB Teopuu MHOKECTB COCTAaBASET MEPBHIH BHNMYCK BCErO
Tpaxrtara Byp6aku. Hacrosmuit nepeBol BHIMOAHEH ¢ 3-T0 HM3JaHMA STOCO Bhi-
nycka (1958 r.). [TepeBox co BToporo usganus, ocyuectsaennsiit C. H. Kpaugopckum,
TIOMELIEH B KauecTBe MPHIOKEHHS B PYCCKOM H3IaHHH NepBuix raaB ,O6uei
tonmoqoruun (H. Byp6aku, ,O6masn romoaorus. OcHOBHBE CTPYKTYpH*“, M.,
1958, crp. 264—309). Bce cyltecTseHHble PacXOXAEHAS B TEPMHHOJAOTHH MEXLY
HactofimuM mnepeBozoM u nepesogoM C. H. KpaukoBckoro ormeueHbl Huxe
B NOACTPOUHHIX mHpuMmedaHusix. — I[Tpunm. peo.

2) Yurarear He TpeMHHET 3aMETHTh, YTO ,HaMBHAS“ TOUKA 3PEHHUs, HA KOTO-
Py Mbl BCTaau B 3TOH CBOIKE s u3JOMeEHHA OCHOB Teopuum MHOXKeECTB, mpsMO
DPOTHUBONONOKHA ,opManucTCkO#“ TOYKe 3peHus, NPUHATOX B BHIYCKAX

Hury I, pesiome KOTOpHIX mpexacraBiasger coGoff 3Ta CBOaKa; pasymeercs, 3Ta
TPOTHBOMOJOXKHOCTh NpeJHaMEpPEeHHa U COOTBETCTBYET Da3JAHYHbIM LeasdM, KOTO-
pble TpeciAefOBaAMCh TPH HANMCAHMHM STHX IBYX YacTeH HalIero COYHMHEHHS, 3a
60nee MOAPOGHBLIMH Pa3bACHEHUAMH HAa STOT CYET MBI OTCHUIAEM K BBEIEHHIO
Knuru L '

%) Heo6xoaumMo uMeTs B Bumy, 4TO B CcaMOM OPAHIY3CKOM Opurusaie
HMETCA HeGOMbIINe PaCXOXAEHUSA B TEPMHHOXOTHM U OOGO3HAUEHHAX MEX Ay rJa-
Bamu [—IV, ¢ ognoit croponsl, 1 CBoukoil pe3ynpTaToB — ¢ APYrod. ITH pacxo-
XpeHust COXpaHeHbl B nepeBOle, HO OTOBOPEHHl HHIKE B TOJCTPOYHBIX NMpHMeua-
HudX. — Ipun. ped.

4) B nepesoge C. H. Kpaukosckoro — omuouwenusx. — I pum. peo.

23 H. Byp6axu
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2. MuoxecTBa ¥ 3AeMeHTH B PacCyxIcHHAX 0003HauaoTca rpadu-
yeCKUMHM CHMBO/JaMH, KOTOPHIMH B OCHOBHOM fIBJAAIOTCA OYKBHI (PasaHyHBIX
angaBuTOB) MJaM KoMOuHauuu u3 OYKB M APYTUX 3HAKOB, COOTHOLIEHUS
Mexay 9/JeMeHTaMU OJHOTO HJIM HECKOJAbKHX MHOXECTB 3aluCHBAIOT,
BCTaBJfAf CUMBOJH, 0003HAyaiollde 3TH dJeMeHTH, B XapaKTePHCTHYECKYIO
CXeMy pPaccMaTpuBaeMOro COOTHOILeHHd !); TO e M aast CBOACTB.

BykBa MoxeT 0003Ha4aTb Kak onpedesenHbilii 3AeMEHT HEKOTOPOro
MHOXeCTBa, TaK U NPOu3BOLbHBLA ero siAeMeHT (HasbiBaeMbiit Takwe
nepementol, apzyMenmonm unu o6wyum sneMeHTOM). 3aMeHsds B COOT-

HOLIGHHH (MM CBOMCTBE) NMPOU3BOJAbLHBIA 3/IEMEHT Onpele/eHHBIM 3JEeMeH-

TOM (TOTO e MHOXeCTBAa), TFOBOPAT, YTO NEpBOMy HpUAAaH B KayecTBe
3Ha4eHu L ITOT OlpeneSeHHBIA dJeMeHT.

s ykasaHus 5/1eMEHTOB, (UIypUPYIOLlMX B HEKOTOPOM (SBHO He
BHINHCAHHOM) COOTHOIIEHHH, NOC/eqHee NPeACTaB/IsioT 0003HAYEHHEM THRA
Rix. y. 2z} (ecmu x, y, 2 — 3leMeHTH, Y4YaCTBYIOIUME B paccMaTpuBae-
MOM COOTHOLIEHUHU).

3. CooTHolueH#e uiud CBOHCTBO, B KOTODOM YYacTBYIOT MPOM3BOJb-
Hble 3JeMeHTH 2), Ha3HBAIT mMoKcOecmeom, eciu, Kakue OB 3HauYeHud
HH NpUAABATh STUM 3JEMEHTAM, OHO CTAHOBHUTCA MCTMHHBIM BBICKa3blBa-
nueM. ITyctb R u S —1Ba COOTHOLIeHHMS (MAM CBOMCTBA); roBopar, 4To R
saevem S, ecnu S MCTHMHHO BCAKMH Pas, KOrAa NPOU3BOJbHBIE S/JEMEHTHI,
BXOAfIMe B 9TH COOTHOIleHHs, BHOpaHb Tak, 4To R HcTHHHO; R u S
HA3BIBAIOT SKBUBANCHNMHBMU UIH POABHOCUABHBLMY, eCNM Kamaoe U3
3TUX COOTHOIUIEHUH BAeYeT Apyroe.

4. Ilyctb Rix, ¥, 2§ — COOTHOLIEHME MeXQY NepeMeHHbLIMH X, Y, Z;
¢pasa ,kakoBo Obl Hu Obno x, Rix, y, 23* (uau a8 BCAKOrO X
Rix, v, 23“) ecTb cooTHOLleHHe Medcdy Yy u Z, KOTOpOe cuuTaercs
MCTHHHBIM 1/ J4HHOM CHCTeMbl 3HadyeHu# NepeMeHHHX y M 2, ecaum R
MCTHHHO IASl STMX 3HAYeHuH y U 2 U 4006020 HAAHHOTO 3HAYEHUd X.
Ananoruudo ¢pasa ,CyuwecTByer Takoe x, yto Rix, y, 2} ectb coot-
HOLIEHUE MeXLy Y W 2z, CUMTaiolleecd HCTHUHHBIM AAd AaHHOH cuCTeMbl
3HaueHu#t y M 2z, ecau, QuKCHPys ITH 3HAYeHUsd, MOXKHO NPuaaTb X
no xkpaiineld mepe 0dxo 3HaueHue, And KoToporo R uctunno. To xe
M [/ COOTHOIIEHHS] MeXay MoObiM uuCAOM NepeMeHHBIX.

Ecan R o6osnauaer ompuganue cooTHomeHus R, oTpauanue coor-

HOIEeHUs ,KaKoBo Obl uH ObO X, R* ecth ,cyllecTByeT X, Takoe, 4To R*;
OTpHllaHHE COOTHOIIEHHs ,CYLIECTByeT X, Takoe, 4To R* ecTh ,kak0BO OHl

Hu ObLIO X, ﬁ“.

1) Ecam cumBoa, o6o3Hauaiomuii siement, ABIAETCA KOMOHHaUMe# HECKOJb-
KAX 3HAKOB M TpeGyerca MOCTABHTH Er0 B HEKOTOPOM CODTHONIEHWH HA MECTO OJHOH
6YKBH, TO BO mabemaHue BO3IMONKHBIX cMemeHuit ero 6epyT OGBIYHO B KpYyTJble
WM KBajpaTHble CKOOGKH.

2) Crenyer MOIUEPKHYTh, UTO KOrJa FOBOPAT O C80iiCmee 06uez0 348 MEHMA
MHOXeCTBa E, 3T0 03HawvaeT OTHIOXb HE TO, YTO 3TO CBOHCTBO HUCTHHHO IS Ka-
#0020 snemenra u3 E, a MPOCTO TO, YTO OHO UMeem CMbCA LA KA¥# 0020 sie-
Menra u3a E, aBassach, MOXeT GbiTh, HCTHHHBIM A HEKOTODBIX U3 3THX 3JeMeH-
TOB ¥ JOXHbM aas apyrux. To xe Ixa cOOTHOIEHHH.
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5. Ecim R S 00603HaualoT 1Ba COOTHOLUEHHS, YCJAOBUMCH, 9YTO
LR M S ecTb 00#O COOTHOlIeHHe, CYMTAIOLIeeCH MCTUHHBIM BCAKMH pas,
Koria o6a cooTHowenuda R ¥ S ucTuHHb; aHaaoruyno ,R uam S* ecth
COOTHOILIEHHE, CYNTAIONIEECH MCTHHHBIM BCAKHH pa3, KOrla no xkpalinelt
Mepe 00no wu3 cooTHoweHu#t R, S uCTHHHO (M, B 4acTHOCTH, BCAKMMH
pa3, koria oHu 00a MCTHHHEI, CAOBO ,uiu“ He uMeerT, TakuM 00Pa3oM,
34eCb PasfiejMTENbHOTO CMbIC/A, KOTOPHIM OHO MHOraa o6aanaeT B oObly-
HoM na3bike). OGo3snauuM 4yeped R, S oTpuuanusa coorHowenu#t R, S coor-
BETCTBEHHO; OTpuliaHue cooTHowexuss ,R u S ecTs ,,—R Hiau §"; oTpH-
nanue cootHoumenusa ,R umu S* ectb ,R u S¢,

6. 3anuchiBas ABa CUMBOJAA 1O 00e CTOPOHH OT 3HAaKa ,==* (KOTO-
pbIt uMTaeTCA: ,paBHO“, ,PABHACTCA*), MOJAyyaeM COOTHOILIEHHE, Ha3biBae-
MO€ COOTHOIUEHHEM pasencmga, O3HAYaiollee, 4TO ISTH ABAa CHMBOJA
H300paxaloT 00uKx u mom Jce dJeMEHT; OTPULAHME STOrO COOTHOIUEHHA
NOJAYYal0OT, 3aNHCHIBas Te Xe CHMBOJH M0 00e CTOPOHbI OT 3Haka ,=“
(xoTopbIt uuTaeTCA ,OTAMYHO OT“, ,HEpaBHOY).

7. Ilycts jpanbl MHoxecTBO E M HexoTopoe ceolicmso ero obuiero
afeMeHTa; »3AeMeHTH u3 E, oOaazaiouise 5TUM CBOHCTBOM, 00pasyioT
HOBOE MHOXECTBO, HA3bIBAEMOE 4aCmbi0 WIH NOOMHONCECME0M MHOXE-
ctea E. Takum o00pasoM, 1Ba IK6UBAAeHMHBLX CBOACTBA OnpeneJsior
00Ky u my #e yacTb MHOxecTBa E, u obpartHo.

[lycts A — vyacTb MHOoxecTBa E: ecim x — oOGuufl 9jeMeHT MHOXe-
ctBa E, cBOHCTBO ,x npuHaanexut A“ (T. e. ,X €CTb 3JeMEHT MHOMe-
ctBa A“) sanucniBaeTcs ,x € A“; OueBMAHO, MHOXKECTBO 3/eMeHTOB, 00na-
BalolMX STHM CBOHCTBOM, €CTb He 4TO MHOE, Kak A.

OTpulianne 3TOro CBOHCTBa 0603Hauaercs ,,xéA“ U YUTAeTCAd ,X HE
npuHaaaexutT AY; MHOXeCTBO 3jeMenToB u3 E, oOnanaiolinx sTHM CBOA-
CTBOM, Ha3bBaeTCss Oonosneruem muoxcecmsa A w obosnauaerca CA
nm E —A.

8. HekoTopble cBOHCTBAa, HaNpUMep X = X, UCTUHHbl AJAA 8Cex sie-
menToB u3 E; moGble IBa TaKUX CBOMCTBA SKBHBAJEHTHBI; ONpele’feMas
MMM 4acTb, HasblBaeMas HHOTNA no4Anxol uacmeo MHOXecTBA E, ectb
He YTO MHOe, KaKk CaMo MHOxecTso E.

Hanportus, HekoTopble CBOHCTBA, HaNpuMep X == X, HE HCTUHHBI HH
Aas Kakoro sieMeHTa u3 E; mo6ble 1Ba TAKMX CBOHCTBA TOMXE SKBUBA-
JGHTHH; ONpPeAeJr.Mast MMM 4YacTb HA3bIBAETCA AYCMOL 4ACMbIO MHOXe-
crea E u oGosnavaercs Q.

3aMetum, uto E u J 4BAAIOTCA NONMOJHEHMAMU OIHO 1Jfl APYroro.

9. llycts @ — onpexefeHHH#t 3aeMeHT MHOxecTBa E; HexoTopbie
CBOMCTBA MCTMHHB TOJLKO /i1 00H02O 3JeMeHTa 4, HanpuMep X = a;
moGue [Ba TAKUX CBONCTBA SKBUBANEHTHBI; ONpPEAENdAeMYI0 HMH 4acTb
0603Ha4al0T {@} U HA3BIBAIOT 4YACTBIO, CB00AUelHCA K COUHCMBEHHOMY
SAeMeHmMy @, WIH COCMORueli u3 eOUHCMBEHHOZ0 JLeMEHMA a.

10. Muoxwcecmsom (8cex) wacmed mMHoxecTBa E HasHBalOT M yepes
P (E) 06031a4a10T MHOKECTBO, S/AEMEHTAMH KOTOPOrO SBASIOTCH BCE %aCMU

23*
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muowectsa E. Himeem @ €P(E), E EP(E) u, kaxos 6b1 Hu Obin x €E,
{x) EPE). Ecan x oGosnauaer oOuwwmit snement muoxecrsa E, a X—
o6yt saement Muoxectsa g8 (E), cootHomrenue ,x €X“ mexny x u X
HA3LIBAIOT COOMHOUEHUEM NPUHAOAEHCHOCMU. :

11. Hycts x u y — aBa siaementa u3 E, X — obuuit seMeHT MHO-
wectsa P (E); cooTHOLIeHMe pPaBeHCTBA ,X ==V* INBUBALEHMHO COOT-
HolleHu0 L8 BcAkoro X, Takoro, uro x €X, umeer Mecto y € X“.

12, Mycts X, Y —ase uactn muoxectsa E; ecan cBo#tcto x €X
BjeyeT CBOHCTBO x €Y, MHbIMM CIOBAMH, €CAH Kawabi#t snemeHT u3 X
npuHanAexuT Takxe K Y, rosopar, uro X codepocumcs 8 Y, uad uTO
Y codepacum X, uan uto X ecms uacmes MHoXCecm8a Y; 3TO COOT-
Hourenne Mexay X u Y Ha3biBaeTCl COOTHOLUEHUEM BKA04EHUA (MHOXe-
crBa X B Y) u o6osnayaerca ,XcY* wan ,YDOX“ ero oTpuuanue
o6oanauaerca X & Y wm ,Y 5 X

KakoBa 6b Hu Oblaa uacTb X MHoxecrsa E, umeeM O X 4 XcCE.
CoOTHOLIEHHe NPUHALAEKHOCTH ,X € X* 9KBUBANEHTHO ,{x}cX*.

CootHowenne ,X<Y u YcZ“ Bieyer ,XcZ°

CoorHowenne ,XcCY* He uCKAOuUaeT BO3MOMHOCTH X ==Y*; cOOT-
somenne ,XcY u YcX* sksusajieHTHo ,X=Y*.

13. Mycts X n Y — aBe npou3BO/bHbIE 4acTH MHOxeCTBAa E; MHO-
HECTBO 3JeMeHTOB, o6aanaiowux cBocTeoM ,x €X man x €Y, o6o3na-
uaercs X UY u HasbiaeTcs o0sedunenuem muomecTs X u Y; MHOKECTBO
9/MeMeHTOB, o6aanaloiuux CcBo#cTBOM ,XxEX u x E€Y“, oGosnayaercs
XNY u nasbiBaeTca nepecederuer MHomects X u Y.

AHaJOTHYHO ONpene’sdioT OObeAMHEHHME M INepeceyeHHe HECKOJbKHX
yacteit MHomectsa E.

" Ecau x, y, z—tpH saementa us E, o6benunenue {x}U{y}U {2}
o6osnauaerca Takxke [x, ¥, 2}. Tak xe ana mo6oro yuciaa (MHAMBH-
LyanbHO NMOMMEHOBAHHHX) BJEMEHTOB.

Mycts X n Y — aBe yacTu MHOxecTBa E; cMOTPSA 1o TOMy, UMEET Au
Mecto XNY=#Q unu XY =0, rosopst, uro X u Y nepecexaomcs
AU He nepecexaromcs.

14. B ¢opmyauposke caenyiowmx npenioxenut X, Y, Z 0603Ha4aior
NpOU3BOAbHBIE YacTM OZHOTO M TOTO e MHOxecTBa E.

a) @ =CE, E=C0.

6) KakoBo Obl Hu Oniio X,

C(CX) =X, (1)
XUX=X, XnX=X )
XU@X)=E, Xn(OX)=02; 3)
XU%=X  XnE=X; @
XUE=E, Xno0=20. (5)
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8) Kakosbl 6n Hu 6bin X n Y,

XUY=YUX, XNY=YNX (KOMMyTaTHBHOCTb). (6)
- XcXyY, Xnyex; @)
CXUY)=(€X)n(EY), CXNY)=(CX)U(CY). ®

r) CooTHolueHus
XcY, CXoCY, Xyy=Y, XnyY=X

SKBUBANEHMHYL.
1) CootHolueHus

XnY=0, XcObY, YcCX
SKBUBALEHMHYL.
e) CooTHolueHHd
XUY=E; CXcY, OycX

IKBUBALEHMHBL.
#) Kakoswr 6b1 un Obiau X, Y, Z,

XUYu2)=XuYuzZ=XuYUuz,
XNYN2D)=ENY)YNZ=XNYNZ (accouuaTHBHOCTD); ®)
Xu¥n2)=XuY)nXUu2),

XAYu2)=&NY)UXNZ) (auctpuGyTUBHOCTD). 19

3) CoorHowenne XY BjedeT COOTHOILIEHHS
XUZcYUZ u XNZcYNZ.

u) Coornowenue ,ZcX u ZcY“ 9KBUBAJEHTHO COOTHOIUEHHIO
ZcXnY; coornowenue ,XcZ u YCZ 5KBUBAJNEHTHO COOTHOLIEHUIO
SXUYcZe,

15. Ha ocnoBanuu TOXnecTB (8), ecau HekoTopad 4acTb A MHOXe-
crea E noaywaerca u3 apyrux vacte#t X, Y, Z muoxectsa E npumene-
HUeM, He BAXHO B KAKOM Nopsaike, oiHux Toapko omepauust G, U, N,
to nonoanenue GA noaydaerca sameno#t dacre#t X, Y, Z ux aonojue-
HusiMu u onepaunt U, N Ha/ﬂ, U COOTBeTCTBEHHO, mpHYeM NOPAIOK
onepauuit coxpaHseTcs; 9T0 — npasuso 08olicmeennocmu. Ilycts naHo
paBeHcTBO A =B uwacTe#t yKkasaHHOTO BHIA; PACCMOTPUM SKBUBAIEHTHOe
paserctBo CA=0B; ecau CA u CB 3amenuTb BhipaxeHusMH, TNOJIyYaIo-
WMMACA NpUMEeHeHHeM NPaBHAa NBOACTBEHHOCTH, & 3aTeM B MNOJyYeHHHX
Buipaxenusx 3amennts GX, CY, CZ na X, Y, Z u oGparro, noayuum
paBeHCTBO, Ha3biBaeMoe Osodcmeennmnm K A = B; aHajoruyHO MOMXHO
onepupoBaTh C COOTHOLIEHHeM BKJMoYeHHds A B, He 3a6hBad TOABKO
3aMeHuTbh 3HaK ,C“ HAa ,DF.

Texnaectsa, sanucaHHbie Bbillle NOJA OJHAM H TeM XXe HOMEpOM, IBOH-
CTBEHHB APYT IAPYTy.
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16. B HeKoTOpHIX BOMPOCaX PacCMaTpHBAIOT ONpeNeMeHHYI0 4acTh A
MHoxectsa E; nycts X —moGas npyras uacts MHOxectBa E; HazomeM
Toraa caedor (0T) MHoxectBa X Ha A MHoxectBo A )X, Kortopoe
4acTo 0603Hauaercs Takke Xa M B ITOM C/yuae paccMaTpuBaeTcs BCeria
KaK uacTh MHOxkecTBa A. KakoBw 6hl HM Gblin yactu X, Y MHoxecTBa E,

XUY),=XaUYa (XNY),=XanYa
CaiXa= (CEX)A

(rae GeX o6o3Hauaer 1OMOJHEHHe MHOXKECTB2 X, B3ATOE OTHOCHUTEILHO E,
a BaXa — nonomuenue MHoxecTBa XA, B3ATOE OTHOCHTEMBLHO A).

Ecmn & 0603HauaeT HeKOTOPOE MHONCECMBO MOOMHONCECMSE MHONKE-
crBa E, HasoBeM aHanoTmuHO c.2edox (OT) MHOKECTBA & HaZ A MHOXKe-
cTBo &5 C/1en0B MHOXeCTB u3 & Ha A.

§ 2. dyuxkunn

1. Mycrs E u F—nBa MHOMeCTBa, He 00683aTe/bHO pPasJHuHbIX.
CoorHowenne Mexay nepeMeHHo#t x u3 E u nepemexHo#t y u3 F Hasu-
BAaeTCA COOMHOULEHUEM, PYHKYUOHAALHHM TO Y, eCau A 106oro
x €E cywecTtByer u eIuHCTBeH oMeMeHT Y u3 F, Haxozswufca ¢ x B pac-
CMaTPHBAEMOM COOTHOIUEHHH,

Onepauuio, COMOCTaBIAIOUIYI0O TaKMM CHOCOGOM BCAKOMY 9/IeMEeHTY
x €E saement y €F, Haxogawuiica ¢ x B JaHHOM COOTHOILUEHWH, HA3bi-
BAOT (pysKyueli; TOBOPAT, uTO y €CTL 3HAUeHUe QYHKUMH 1715 3Je-
MeHTa X H 4TO (QYHKuud onpedessemcs pPacCMATPUBAEMBIM QYyHKIIHO-
Ha/bHLIM COOTHOWEHHEM. [lBa 3x8uBaLeHMHbLX (DYHKIHMOHAIBHBIX COOT-
HOUIEHHS ONpeNendioT 00Ky & my e GyHKuMIO. TOBOPAT, uTO Takas
¢yHKuUMA ,NpRHUMaET CBOM 3HaueHuss B F* u uTo oHa ,ompexeneHa Ha E¥,
H/u TaK¥e, 4YTO 9TO ,DYHKUMA apryMmeHTa (W/In MepeMeHHOH), mpoleraio-
mero E“; 6olee KOPOTKO IOBOPAT TaKke, uTO 3TO 0mol pascerue MHO-
acecmga E 8 F.

2. Orobpasxenns MHOxecTBa E B MHOecTBo F siBAsIOTCH S.4eMmeH-
mamy  HOBOTO MHONKECTBAZ — MHONCeCm8a omobpaxcenuli Mmuodice-
cmga E 6 F. Ecn f — npOu3BO/LHLA 3/1€MEHT STOrO MHOXKeCTBa, Yyepe3
J(x) uacto o6o3HauawT 3HaueHWe QYHKLUU f ans asrementra x us E;
B HEKOTOPBIX CJy4asX NMPEAMOuYUTAIOT ynortpeb.iars obosHaueHue f,, Ha-
3biBaeMOe “HOeKCHuM 0GO3HaueHueM (MHOxecTBO E HaswiBaercs Toraa
MHOXeCTBOM 4HOexcos). CooTHOIIeHHE ,Y = f (X)* eCTb PYHKUHOHATbHOE
M0 y COOTHOLIEHWe, oNMpejedoliee f.

Ecan cootnomenne Buia y = (x) (rme (x) o6osuauaer koMOGUHALUIO

3HAKOB, B KOTOPOH, OBITH MOMET, QUIYDHDYET X) €cTh (DYHKLHOHANbHOE
cooTHoureHHe MO ¥, PyukuMio, KM ORpeleseHHY0, 0603HA%AT TaKKe

X ->(x)
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HIM JaXe NPOCY0 (X) —BecbMa 4YacTO BCTPEUAIOM[AfCH BOABHOCTb 060-
suaueunit. Hanpumep, ecain X » Y — npe o6mue wactu muoxectsa E, co-
ornomenue Y = GX ¢yuxponansuo no Y; orobpaxenue Muoxecrsa 8 (E)
B 8 (E), um ompenenenuoe, 06osnauawot uepes X — CX wuau npocto GX.
BmecTg T0ro utobst ckasath ,MycTh f — oToGpaxenue Muoxectsa E B Fe,
4acTo rosopsar mpoute: ,nyctb f: E—>F< Uro6u onucars cutyanuio, B ko-
TOpO# (urypupyer ueckoapko oTOOpaxeuust, ynmoTpebafioT TaKkke Oua-
2pammsl, nopobunie Takoi

rae OykBa maj cTpeixo#t 0603uauaeT OTOGPaMEHHe MHOKECTBA, CTOALIErO
¥ Mauajia sTo# CTPENKHU, B MHOXECTBO, CTOSUIEE ¥ e€ KOHMA.

CootHoweHne paBeHCTBA ,f = g* Mexay OTOGPaXEHHIMH MHOMe-
ctBa E B F 9KkBuBaNeHTHO COOTHOWIEHMIO ,KaKOBO 6bl HU GBLIO xEE,
f(x)=g (%"

3. Qynkuus, onpeneneHHas B MHOmecTBe E M npHHMMAOWIas 0HO
M TO e 3HaueHHe @ IJs BCAKOTO 9JeMeHta x u3 E, HaswBaercs no-
¢cmosnHol B E; OHa onpenenena PyHKIUHOHAILHHIM COOTHOMUICHUEM Y = g.

OroGpaxenne muoxectsa E B E, crassuiee B coorBeTcTBHE KaXIA0My
snementy x u3 E cam aror saement, HaswBaeTcs moowdecmsennsin
0TOOpakeHHeM; OHO ONpejeen0 (YHKLUHOHAALHEIM COOTHOILICHHEM Y = X.

Ilycts A —npoussoabHas wacts Muowecta E; oroGpaskenne MHO-
xkectBa A B E, KOTOpOe KaxIOMy 3/eMeHTy x U3 A CTaBHT B COOTBET-
CTBHE X, PAacCMAaTpPUBaeMBHIi KaKk 3/eMeHT MHOxecTBa E, HaswiBaercs
KaHOHU"eCcKUM OTOOpaxeHueM MHOxecTBa A B E.

ITycts f — otobpaxenne MHoxectBa E B ceBa: a/eMeHT x €E mna-
SBIBACTCA UHBAPUAHMHbM (WM HENOOBUNCHBM) 048 (MIH OMHOCU-
meapro, Win npu) f, ecm f(x)=x.

ToBopar, uro x unsapuanmen (enodsuscer) omunocumessio (045,
npu) HEKOTOPOTO MHOXECTBAa OToOpaXKeHHH MHoxecTsa E B E, eclu oOH
MHBAPUAHTEH OTHOCHTEIbHO KAXKAOTO M3 HHX.

4. Ilycts  f — oroGpaxenne MHoxectBa E B F u X — kakag-m60
YacTe MHoxectBa E. O6pasom muosxcecmsa X npu (nmm omuocu-
menbHo, WIH RO) f WM, WHAue, MHOJNCECMBOM 3HaueHul, NpURUMae-
Molx omoOpadxcenuem f na X, HaswiBaetcss yacthb Y MHOmecTBa F,
00pa3oBaHHaf TeMH S/eMeHTaMH Y, KOTOpble 0GIaZal0T CBOHCTBOM:

»cymectsyer x €E, takoe, uto x €X u y = f(x)“.

OtuM ompeneneHsl cooTHowenue Mexay X u Y, $YHKIHOHAIbHOE
no Y, u, ClreioBareqbHO, OTOOpPaXeHHE MHOXECTBA WE) 8 P(F), na-
SbIBaeMOe pacnpocmpanenues Omobpadxcerus f HQ MHONCECMBA
nodmHoXcECm8; KOMYCKas BOJbLHOCTH peun, ero oGosuaualT cHoBa f
¥ nawyt Y == f(X).
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Kakosnl 6bl HH Obin f u x,
f@=0 n flxh={f)}

Honyckast BOJbHOCTL peun, 3Hauerue f(x) orobpaxenus f ama x
HA3LIBAIOT TaKke 00 pa3om 3aeMeHma X C02AaCHO f.

Ecan y — obwufi saeMeHT MHOxecTBa F, cBoficTso ,y € f (E)* Bupa-
AT TaKke, roBops, uTo ,y uMeer Bui f(x)“.

Jonyckas BoabHOCTb peun, o6pas f (E) MHOxecTBa E OTHOCHTEIbHO f
Ha3bIBAIOT HHOTAA o6 pa3om omob paxcedusn f.

Ecmu f(E)=F, 1. e ecan aaa moboro y €F cymectsyer x CE,
Takoe, 4T0 Y = f(X), roBOpAT, 4TO f ecThb oro0paxeHne MHOxecTBa E
rna F. ToBopaT Takxe, uT0 f €CTb CIOpBeKmil8HOe oMol pajxtenie niu
CIOPBEKYUSA.

[Tycts X —NMpon3BOJbHLIHA 9JeMeHT n X — MPOH3BO/bHAS 4aCTb MHO-
xectea E. Bmecto Toro urtoGel roBopuTb, uT0 f(X) €cTh 3HAYeHWE OTO-
G6paxcenus f aas x, a f(X)— ob6pas MHoxecTBa X coriaacHo f, roso-
pat uHoraa, uto f npeo6pazyem x B f(x) m X B f(X) f(x)
u f(X) HasbiBalOTCA TOria mparcopmamany nNo (OTHOCUTENbHO,
npu) f oT x¥ u X COOTBETCTBEHHO. DTOT A3bIK OCOGEHHO YNMOTPEGUTEIEH,
Koraa f ecth oTo6paxeHme MHOXecTsa E wa F; B 3TOM Ciyyae roBopsT
TaKkxe, uTO0 f ecTb npeolpa3osanue mnoxcecmsa E 8 F.

Ecan f — oro6pamenne MHoxectBa E B ce6a, uwacts X muoxectBa E
Ha3HBAlT ycmodyugod omuocumenvrno f, ecmn f(X)c<X. Tosopsr,
110 X YCmModuusgo0 OTHOCHTEILHO HEKOTOPOTO MHOMeCTBa 0TOGpaxeHHH
muoxectea E B E, ecmu X ycrofiuMBO OTHOCHTE/NbHO KaXJAOr0 W3 3THX
oToGpaxeHutt. '

5. Mycts f — otobpaxenue MHoxectBa E B F; uMelor Mecto cie-
ayoume npepnoxedns, rie X u Y 0003Haual0T NpPOH3BOJbHbIE YaCTH
MHoOxecTBa E:

a) Coornowenne XY Birewer cootHomwenue f(X)cf (Y).

6) Ceofictso X == ¢ skBuBateHTHO CBORCTBY f(X)+ .

B) KakoBnl 6nl Hu Oblimu X, Y,

FEXUY)=FfXUsQ ). (11)
FXn)csrXns. (12)

6. Ilycts f-— oroGpakenue muoxectea E B F, a Y —npoussobHas
yacte MHOMecTBa F, IToanum npoolpa3om MHONKECTBA Y OTHOCHUTENBHO
(npu, no) f wasmiBaercss yacth X MHowectBa E, o6pasoBaHHas TeMu 3Je-
MeHTaMu X, KOTOpHe 00/31210T CBOHCTBOM

FxeyY.

DTuM onpereneHs cooTHolleHHe Mexay X n Y, @yHKuuoHaIbHOE Mo X,
W TeM caMmM oroGpaxenne MuoxectBa YO (F) u Y8 (E), HaswiBaemoe

06 pamRbM pacnpocmpanesues omolpascerus f Ha MHONCecmsa
-1 -1

wacmed w o6o3HauaeMoe f; TakuM o6GpasoM, muwyT X= f(Y).
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B yactHocTH, ec/in y— 3/1eMeHT MHOXecTBa F, f ({y}) Oyzer MHO)K&CTBOM
Tex x € E, 111 xoToprIX f (x) == y; cooTHOWeHUS , f (X) == y* u nX Ef({y})"

9KBUBaJMeHTHH. J[lomyckas BOJBHOCT peuu, BMecCTO f({y}) nuiyT
1

Takxe f(¥).
Caed Xa (or) uactu X MHoxecTBa E Ha ompeneneHHolt yacty A ecTb

He YTO WHOe, KaK NMOJHHIH# mpoo0pa3 MHOxecTBa X COTJIaCHO KaHOHHYe-
cKoMy oTo0pamenuio MHoxecTBa A B E (n° 3).

7. Nycte  f — oToGpaxkenne MuoxectBa E B F; umeoT Mecto cie-
ayome npeianoxenuss, rae X u Y 0003HaualoT NPOM3BOJABHBIE YacTH
MHOecTBa F:

-1 -1
a) CoorHowenue XY Baewer f(X)cf(Y).
6) Kakosn 6b HH Obimi X, Y,

—1 - -
' FXUD =7 UF M) (13)
-1 —1 -
FEAD=FENF ), (14)
..] —
7 €X) = G (X). (15)

OtMeTuM pasauupe MexAy dopmyiamu (12) u (14); (14) ue Gyzer
-1

ucruuuo# Aaa Mpoussoabubix X H Y, ecau B HeHl f 3ameuHMTb NPOU3BOJIb-
HbiM orToOpameunem muoxectBa F B E. Auanoruuno H coornomenune (15)
He HMeeT auajora Jifi PAacIpOCTPaneHUs MPOU3BOABLHOIO OTOOpaXenus.

-1
Kpome roro, f (&)= J; HO 31eCb U A9 HEMYCTOr0 MOAMHOMeECTBAa X
-1
MHoxkectBa F Moxer umets Mecto f(X)=@; nag toro urobn X = O

-1
Biekao f(X)=+ @, Heo0X0AUMO M IOCTaTOYHO, HYTOOHI f 6ni10 ortoGpa-
weHueM MHoxectBa E #a F.
8. Ecau otoGpawxenune f MHoxectBa E B F rakoBo, 4ro 1js BCAKOTO
y EF cywectByer xe 6osee odnozo x €E, maa xoroporo f(x)=y
-1

(unaue rosops, f({y}) mbo nycro, mu60 CBOAMTCA K eIUHCTBEHHOMY
3/eMeHTY), f Ha3HIBaeTCHd B83AUMHO OOHO3HAYHBLM OTOGPaKEHHEM MHO-
#ectsa E 8 Muomecrso F, wian unsexmusnoimw omoGpasicerHuer, wiM
unsexyueli. B stom cayuae, KakoBu Gbl Hu Obinu wactH X, Y MHOMe-
ctBa E,

FEXNN=7rXns). (16)

9. Ecau ortoGpawenue f MHowectBa E B F TakoBo, 4ro A48 BCAKOroO
YEF cywyecmsyem u eduncmsenno x €F, nas koroporo f(x)=y
1

(uHaue rosops, f({y]) cBOmMTCS K eIMHCTBEHHOMY 3/eMeHTY), f Ha3bi-
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BaeTCA B3aUMHO 00HO3HauHbM OTOGpaKeHHEM MHOxecTBa E xa MHO-
wectBo F, win Guexmusnoim omob pascenuen, nin Guexyuei. Taxoe
OTOOpaxeHne MOXHO OXapaKTEPH30BaTh KaK OTOOpawkeHHe, SBASIOLLeECS
OIHOBpEMeHHO oToOpakenuem E na F un B3auMHO onHO3HauHBIM oroGpa-
wenuem E B F.

Ecin f-—B3auMHo onHosHauHoe oToGpawenne Muoxectsa E Ha F,
COOTHOWEHUe y==f(X) He TOMbKO (YHKUHOHAJIbHO MO Yy, HO TaKxke
Pynkyuonarsio no x. Kak QyHkunoHaabHoe MO X COOTHOLUEHHE, OHO
onpenenseT B3aHMHO OAHO3HA4YHOe OToGpaxceHue MHoxectBa F Ha E, Ha-
3biBaeMoe omol padcenuem, o6 pamuvs K f.

3ametum, uto pacnpocmpanenue Omo6 pancenus, 06 pamnozo K f,
COBNAJACT C 00 pamusiM pacnpocmpanenuer otobpaxeuus f,

Ilycte g — otoGpanenue, ofpaTHoe K f; COOTHOWNEHHA ,y == f (x)*
no,x==g(y)" sxeusasenmus; orobpawenue, obparHoe K g, ecTb f.
Ecin f —B3auMHO oxHO3HauHOe oTOGpaweHnne MHoswectBa E Ha F, T0
He TOJbKO uMeeT MeCTo cooTHomweHue (16), Ho Takxke nas moGo#t yactu X

MHoxecTBa E
f (BX)=Cf (X).

Kpome Ttoro, pacnpoctpanerue oToGpaseHus f SBISETCS B3aUMHO
ONHO3HAYHLIM OToOpaweHueM MHoxectBa 8 (E) Ha B E).

T'oBOpAT, 4TO B3aUMHO 0LHO3HAUHOE OTOGpaweHMe MHOXecTBa E Ha F
u o0patHoe K HeMy ortoGpameHue ocywecmsasiom (WM peaau3yion)
83QUMHO 00HO3HauHOe coomsemcmsue mexay E u F wm uro E u F
NPUBOOAMCA WM CMABAMCSE ITHMH OTOOPAKEHUSIMH 80 83QUMHO 0OHO-
3Ha4HOe coomsemcmasie.

BsauMHO onHO3HauHOe oTobpaeHue MHOXecTBa E Ha ce6s HasbiBaeTcs
nepecmanosxoli Muoxecrsa E; ToxaecTBeHHOe oTOOpa)eHHe ecTb mepe-
craHoBka. Eciu HekoTopas mepectaHoBKa COBNAanaeT ¢ oGpaTHHIM K HeH
oTo0pajceHHeM, OHa Ha3biBAeTCH UHB0AOMUBHOL; TaKOH ABASETCH, Ha-
npumep, orobpaxenue X —»GX muoxecrsa Y8 (E) Ha cebs.

10. B nmwecsrenyowux npenjsoxenusx X o6o3Hauaer NP OH3BOJILHYIO
yactb MHOxecTB2 E, a2 Y — mpousBoabnyo uacts MuoxectBa F:

a) Ecmn f — orobpaxenne muoxkectsa E 8 F, To

-1 -1
F=rnfE)) a17)
-1
Xef(f (X)) (18)
-1
F)ey. (19)

~1
6) CeofictBa ,kakoBo 6l Hu O6b110 Y, f(f(Y))=Y* u ,f ects oro-
6pawenne Muoxectsa E #wa F“ skBuBaneHTHH.

-1
B) Caofictea ,kakoBo 6B i Obit0 X, f(f(X))=X* u ,f ectb
83QUMHO 00HO3HauH0e OoTOGpameHue MuoxectBa E 8 F* sxBuBasenTHH.
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-1
r) CpofictBa ,kakoBbl Obl Hu Obd X u Y, JUXK)=X u

~1
FUX))=Y* u ,f ectb 83aumno 00HO3RAuHOE orofpaxeHne MHO-
xectBa E #a F* skBuBadeHTHBI.

11. Mycts E, F, G —Tpn MHOXeCTBa, He 06a3aTebHO Pas3/IHYHbIX;
nyctb f— oToGpaxenne MHOxectBa E B Muoxkectso F, a &£ — oTobpa-
KeHue MHOxectBa F B MHomectso G. Orobpaxenue MHOmectBa E
B MHOXecTBO G, 3HaueHueM KOTOpPOro Ha .J060OM 3/eMente x u3 E
ssastercss g (f (X)), HasmBaerca (cocmasium) omob pascenuem, cocma-
8AeHHOLM (WIH CKOMNAHOBAHAbM) U3 & U f [wau (cmoxuoM) dyHruUel,
COCTaB/ICHHO! (CKOMNAaHOBaHHORK) W3 & u f], nIH KoMNO3uLuel otofpa-
KeHuR ¢ W f1) u o6o3HauaeTcs go f MIM Jae — KOTAZ 9TO He npu-
BOAUT K JBYCMBICJEHHOCTH — NPOCTO gf.

PaBeHcTBO k=g o f HasmBaerca gaxmopusayued oro6GpaxeHus /.

3ametuy, uro ecau G orauuno ot E, neabas TOBOPHTb O KOMOO3HIUHK
0T06pa)xenn f U g W 3anuch fog HE€ HMEeeT HHKAKOro CMBICHA, ecau G
cosnajaer ¢ E, 10 fog u gof aABaAOTCH dMEMEHTAMH OJHOTO H TOFO Ke
MHOXECTBA AUIOL B TOM ciyuae, koria F rakwe COBIIajlaeT ¢ E; U Jaxe

B 9TOM Cayuae, BOOGUIE rOBOpSH, fog == gof; TakuM 06pasoM, nopsook,
B KOTOPOM KOMIOHMDYIOTCS OTOOpawenus f U g, CyUIeCTBEH.

IlycTb ¢ — oTOGpaxeHue, coCTaBIeHHOE H3 g n S, X —npousBoabHas
uacth MHOXecTBa E, a Z — npousBo/bHOe MoaMHOMECTBO MHOxecTBa G

Toraa
XN =g (X)) (20
-] =

-1 1
?@)=f(g D). 2

Ecin f—e83aumno 0dnosnaunoe orobpaxenne muowectsa E nag F
M g — 83QUMHO 00HO3Ha4UHOe OTOGpaxenue MHoxxectBa F wa G, To
& ° [ — B3aUMHO 0JHO3HayHOe OTOGpawenue MHoxecTBa E #a G.

yctb & — oroGpaxkenue mMuoxectBa G B MHOKeCTBO H; toraa

ho(gofy=(hog)of;

)y B nogauuuuke: ,,s’aplgele Uapplication composée de g et f (ou fonction
composée de g et f)«. TPUJIOWEHHH K DYCCKOMY H3JaHMI0 HEpBHIX IJaB
»O06meii Tonosorun* H. Bypbaku (M., 1958) sTa ¢pasa nepeBoguTCA TaK: ,Ha-
BHBACTCA CYynepnosuyuel Wi KOMNO3ullel OmoGparcerui f u g, WAH TaKKe
CAONCHOU yHKYuell, COCTAaBACHHOR U3 f u g« Pasymeercs, nopsiok, B KOTO-
POM NEPEUHCARIOTCH KOMHOHHUPYEMBlE OTOOpaweHHS B CA08CHOM ONpe/efieHuu
KoMmmosulluu gof, cymectsed. B nacrosmem nepesose 3TOT mOpAIOK OCTaBaeH

. TaKUM e, Kak BO BpPaHIY3CKOM OpUrHMafe (B HaCTHOCTH, KaK B onpepesedun 7

s ra ll, § 3, n°3); ou cosmapaer Takme C mOpAAKOM, YKa3auHbHIM B CTaThe
»Kommosumpsa“ Bo 2-m mapamuu Boabmofi coserckoit aHuukAOneauu. Yuraredo,
OllHaKO, HEOGXONUMO UMETh B BUJY, UTO 3TOT MOPANOK PACXOAUTCS C MOPALKOM
JTIOMUHAHUS KOMNOHHDYEMbIX OTOOpawenuil, NMPHHATHIM B yike BHULEANINX DyC-
CKHX nepeBOJaX KHHr M [AaB Tpaktara BypGaxu [B kauectse mpumepa MOxHO
WPUBECTH TEKCT OMpejeneHHss 2 Ha CTp. 18 DPYCCKOrO M3IaHMA nMepBHIX TIiaB
» Aarebputc (M., 1962)]. — I1pun. ped.
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510 oToOpaxenne Muoxectsa E B H oGosnauaercs Takxke ko g o f; mpo
HEr0 FOBODAT, YTO OHO COCMA8AEHO (CKOMNOHOBAHO) H3 TpEX OTO-
Gpaxenntt k, g, f (B3THIX B 3TOM MNOPAIKe) MM UYTO OHO €CTb KOM-
nosuyus oroGpawenuft h, g, f (B3ATHIX B 3TOM mopsikel)). Auano-
FHYHO ONpeneJsioT KOMMO3HLUMI0O GO/bllero uucia oTo0paxeHu#t (CM.
,Aarebpa“, ra. I).

Eciu  f — otoGpaxenne MHowectBa E B cebs, umepayusmi
oto6pakenns f HasbiBalOT otoOpawenus f" (n— uenoe, n > 1) MHOXe-
crea E B cefd, onpelne/eHHble C MOMOLIBIO MHAYKUMH MO 7 COOTHO-
wenuamn L= f, f"=f"""o f; oroGpaskenne f" HaswBaOT n-I ume-

payueii otobpaxenns f. Umeem f™+"=f"o f"
1

12. Boo6we rosops, koMmosuuuss fo f o6parHOro pacnpocTpaHeHus

W pacnpocTpaHeHus OTOOpaweHus f He SABJFETCH TOKACCTBEHHHIM OTO-
-1

GpaxenneMm MHoxectBa §8 (E) Ha ce0si; aHanormuHo n fo f He sBadeTCSH
B 0OlIEM CayYae TOXIAECTBEHHHIM 0TOOpaXKeHUeM MHOXeCTBa 8 (F) Ha cels.
ONHOBpEMEHHO 3TH [Ba CBOMCTBA WUMEIOT MecTo TOJbKO TOrAa, Koria
f — 83aumHO 00HO3HGHHOE OMOOpAdcerue MHOKNECMBa E #a F.

[lycTh B 3TOM cayuae g o0o3Hauaer OTOGpaxeHwue, obpatuoe Kk f;
TOrJa, KpOMe TOro, KOMNO3HIMH go f A f o g ABIAIOTCS TOXIECTBEHHBIMHU
0TOGpaXKeHHAMH COOTBETCTBEHHO MHOMecTBa E Ha ce6a u MHoxecTtBa F
Ha cels.

O6parHo, ecau f — ortoGpaxenne MHoxectsa E B F u g — orobpa-
swenne Muoxectsa F B E, Takue, uto go f sB/IAETCH NepeCTaHOBKOH
muoxectsa E, a fog aBaserca nepecraHoBKo#f MHoxectsa F, 10 f—
B32HMHO ONHO3HAuHoe oToOpaxeHne MHoxectBa E na F, a g — B3auMHO
0@HO3HAuHOe oToGpawenne MHoxectsa F wa E. Ecau, kpome Ttoro,
g o f — ToxaecTBenHoe oToGpaenue Muoxecrsa E na E, To g ABadeTcs
oto6paxeHreM, 00paTHHM K f.

13. Mycts f — oto6pakenue Muoxecrtsa E B F u A — npoussosbHas
yact MHOXecTBa E; oroOpaskenne f, %) MHoxectsa A B F, 3nauenueM

KOTOpOro Ha moGoM 5ieMeHte x M3 A apisercs f(X), Ha3mBaeTcs Cy-
ocenuem omob padxcenus f Ha wacms A; f, eCTb He YTO HnHOE, KaK
KOMIO3HLHA 0ToGpaxXeHns f U KaHOHHYECKOTO 0TOOpaxeHus MHOXECTBA A
8 E. Ecan 18a oroGpawxenns f, ¢ Muoxecta E B F umelor onunakosoe
CyxeHme HAa A, rOBOPAT TaKike, YTO OHM cosnadarom nHa A. O6parHo,
f HasHIBAIOT npOQOAdNCEHUEM orobpaxenus f, Ha E.

14. OtoGpaxenne Muomectsa E na wmuoxectso F HasmBalor ewe
napamempuneckun npedcmasienuen miuoxecmsa F nocpeocmsom

1y B nopauuumke: ,on dit qu'elle est composée des trois applications h g f
prises dans cet ordre*; B IPHJIOKEHHH K DYCCKOMY USRAHHIO NEPBHX Iias ,O0meit
TOMOMOLHK® 8Ta (pasa mepeBeleHa Tak: ,dTO OToOpaxeuue ... Ha3HBAKLT Cynep-
nosuyuelr tpex otobpaxeunit f, g, h (B34THIX B STOM nopsike)*; CM. mpejblay-
Imee MOACTPOuMOE mpuMeuaune.— [1pur. ped.

2) B ra. II, § 3, n° 5 a10 oTOGpaxenue 0603HaUCHO uepes fIA. — ITpun. ped.
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MmHodcecmsa w wepe3 mHoxcecmso E; torna E wasviBaercs muoorce-
CM8OM napamempos ITOTO NPEACTABJEHH, 2 €r0 3IJIeMeHTH — napa-
Mempami.

Cenmelicmeo saemermos MHOxeCTBAa F ecTh, MO onpeleneHnio, 4acTsb
MHOXecTBa F, Hale/eHHas mNapaMeTPHYECKUM NPEACTaBAEHHEM; APYTHUMH
cJ10BaMu, 3alaHue ceMefcTBa 9JeMeHTOB W3 F paBHO3HauHo 3anannio
orobpaxenns Kakoro-uuOyap MHoxectBa E B F. OGpas muoxectsa E
npu 3TOM OTOGPaXKEHHH HA3HIBACTCH MHOMNCECMBOM 3.4eMEHMO8 cemeli-
cmgq; 3aMETHM, UTO JBA PA3JHUHBIX ceMeficTBa 3neMeHTOB F mMoryr umers
MHOXECTBOM CBOHX 3/eMEHTOB OIHY M Ty e 4acTb MHOxecTBa F.

JloGo#t yactH A MHOXecTBa F Bcerza MoOXHO MOCTaBHUTb B COOTRET-
CTBHe CeMeHCTBO 9/EeMEHTOB, MHOXXECTBOM 3/1eMeHTOB KOTOPOTO SBJseTcH A;
I/ 9TOr0 JIOCTaTOYHO DPACCMOTPeTb CeMeHCTBO, OmpeleseHHOE KQHOHU-
yeckum oToOpaxkeHneM MHOxectBa A B F.

Ecaun cemeficTBO 3/eMeHTOB MHOXecTBa F omnpezneneHo oToGpaweHueM
t—> x, MHOxcecTBd | B F, ero o6osHauaior (xz)¢g1 M/ TPOCTO (X,), ec/H
HeBO3MOXKHa HEACHOCTb OTHOCHTENbHO MHOXECTBA HHIEKCOB.

Ecmu J — noaMHoxecTBO MHOxectBa I, ceMe#cTBO (xl)lEJ Ha3blBaeTCA

nodcemelicmsom ceMeficTBa (xl)tEl, COOTBETCTBYIOLIUM MHOeCTBY J; OHO
onpelenseTcsl CyxeHHeM oToGparkeHus t—>x, Ha J.

§ 3. llponsBeneHHe HECKOJIbKHX MHOXECTB

1. Mlycts E u F — nBa MHOXeCTB2, e 0653amMeAbHO pa3AUYHBLX.
IMape (x, ), B KOTOPHLIX NepBHIt 3JEMEHT X €CThb NPOUIBOJbHHHN 3Jje-
MeHT MHO)kecTBa E, 2 BTOpOff y — NpOM3BOMbLHEI/ 2JIeMeHT MHOMXecTBa F,
SBJSIOTCH 3JMeMeHTaMH HOBOT'O MHOXECTB2, HA3HIBAEMOTO N pOouU38e0eHuem
muooxcecmse E wa muomcecmso F u o6GosHauaeMoro E X F; MHO-
wectBa E W F HasbIBAOTCA MHONMCUMEAAMU WM COMHONMCUMEAAMUE
muoxkectea E X F. JBe nmapwl CUMTAIOTCH TOXHECTBEHHLIME TOJbKO B TOM
cjly4ae, eCJH Y HHX OIHH K Te Xe INepBbie 3JeMEHTH H OJHH M Te Xe
BTOpDLIE 3JeMEHTH; HHaue TOBOps, COOTHOWeHHE ,(x, y)==(x’, y')*
SKBUBAACHMHO COOTHOWEHHO ,Xx=x' u y=y’“. Ecmu 2z —npous-
BOJbHLIA 3aeMedT MHoOxecTBa E X F, coorHomwenue ,x ecTh nepauift
9JEMEHT Mape 2“ ecTb (YHKUMOHATbHOE COOTHOLIEHHE MO X; OHO ompe-
penser otoOpaxenue MHuoxectBa E X F wxa E, HaswBaemoe nepsod
Koopdunamoli um nepgoli npoexyueli ') u oGo3xHauaeMoe pr,; BMeCTO
TOro 4ro0bl CKa3aThb ,X €CTb NEPBbIf 3/J1eMEHT maph 2“, rOBOPAT TaKice
»X €CTb TepBas KOOpDAMHATa nNape 2“, ,xX eCTb mepBas NpOeKLus

. ) Yuraresp 3ameTHT 34ech pacxoxjeuue ¢ tepmuuooruei ra II, B koro-
poii aTo0 otobpaxenue ObIO HAa3BaHO nepeol k00plunamuol gyuxyuei (§ 3,
u°6), a nepsoil KOOpOuraAmMOG UnM neps8Ol npOexyueil Naphl 2 M3 MUOXECTBA
E X F unasbtBanocs 3unauenue aroro orobpaxenns pas mapul 2 (§ 2, n°1). AHa-
JAOTHUHO NS 8mOpOd KOOpOuHambl, 8MOPOE npOexyul W pacuPOCTPaHEHHs
¢ynxuui pry u pry Ha MuoxecTBa uacreit (cM. umke). — ITpum. peo,
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napsl 21), ,x =pr,(2)*. AHaNOruyHO OMpeIeJAeTcs 8MOPaf KOO p-
Jurnama UMM 8MOPAs NPOeKyUg, ABIAIOUAIACT OTOOPAMEHHEM MHOXeE-
ctBa E X F na F u o6o3Hauaemas uepes pr,.
CooTHowenue ,x==pt;(2) H y==pr(2)* 9KBUBAJEHTHO COOTHO-
HIEHHIO
2 =(x, ¥)".

Pacnpoctpanenue ¢yuxuun pr; fHa MHOxecTBa uacTet 0G03HaYaeTCs
B COOTBETCTBHUM C OOILIMMH COIJalleHHAMH TeM e CHMBOJIOM H TaKie
Ha3blBaeTCd nepsol npoexyueld (3neCb TepMHH ,KOOPHMHATA* He ymo-
TpebagercA). AHAJIOTMYHO 18 pPAacnpOCTpaHeHWUs BTOPO# mpoekuuu 2).

2. CoorHowenne R Mexay ofwuM 3jeMeHTOM X MHOxecTBa E u
ofuuM 3/eMeHTOM y MHOXecTBa F ecth cBofictBo mape (x, y) u, CcJae-
noBareabHO, omnpeaenaseT uacth mpousBeneHus E X F, nasniBaemoe zpa-
¢gurom coorHowenus R; o6patHo, Bcakas uactb A MHoxectsa E X F
ectb rpapuk cooTHoweHus (x, Y)E A Mexay x u y.

Mycts A —vuvacte MHOxecTBa E u B — uvacth MuoxecTBa F; uepes
A X B o6Gosnauaior yacteh npowusseieHus E X F, onpenenenHyio coorHo-
weHueM ,x €A u yEB* Mexay x u y.

3. B creaywwnx npennoxenusx X, X’ 0603Hauai0T npoU3BOJLHBEE
yacty Muoxectsa E; Y, Y/— mpousBoabHble wuacTH MHOwecTBa F;
Z — npousBo/bHYI0 uyacTh MHOMecTB2 E X F.

a) CoorHowenue ., X XY == @¢ axsugasenmuno cooTHoweHuio ,X =0
nm Y = @°. :

6) Ecim XX Y £ @, coortnomenne XX Y <X XY'“ sxsusa-
aenmuo cootHowenuw XX u Y Y-

B) Kakosu 6o uu 6o X, X', Y,

XXNUX X)=XUX)XY. (22)
r) Kakosw 6u uu 6o X, X/, Y, Y/,
EXNNEX XY)=XnX)XyNY). (23)
) KakoBwr 6b1 HU Obltn X, Y,
() =XXF. pr()=EXY. @4
e) Ecmu Y+, 10, KakoBo 6b Hu Obl10 X,
pr (X X V) =X. (25)

) B paMkax BBejieHHO# TOJAbKO HYTO TEPMHHOJOTMH 3TH BBIpaXEHHs (IOJ-
HOCTbIO COOTBETCTBYlOIIHE TepMmuHosoruu ra. II, § 2, n°1) mpexpcraBasior coboit
BOALHOCTH peud. 6e3 JOonmyuIeuus BOALHOCTEH Hano Obio 6Bl rOBOPHTHL ,X €CTh
3MaueHHe nepBoit KOOpAMHATH (MM MePBOil MPOeKIMHU) A napH 2. — [1pun. peo.

%) Honyckas BOABHOCTb DEUH, 3HA%eHUe Tak OMpefedeMHOH mpoexkuuu (mep-
BO# MAM BTOPO#) ans kaxko#-an60 wactu nmpousBepeuus E X F HaswBaloT npocto
npoexyuern (nepsol um emopoii) stol wactH (cM. unxe n°6), uT0 cosmagaer
¢ ynotpeGaennem tepmuua .mpoekuus® B ra. I, § 3, n° 1. — ITpun. ped.
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k) Kakoso Ob Hn 6bli10 Z,
Z < pry (Z) X pra(Z). (26)

3) Ilyctb @ — anement u3 E; ortobpaxkenue (@, y)—>y MHONeCTBa
{a} X F ua F (1. e. cyxenne dynkuun pr, Ha uacte {@} X F) 83aunno
00HO3H A4 HO.

4. Orobpaxenue

(x. ¥)—=>(y, x) @7

ecTb B83auUMHO 00HO3Ha4HOoe oToOpaxeHue MHOxectBa E X F  wa
F W E, HasbBaeMoe kanoru#eckum ortobpamenHueM. B ciayuae, korza E
n F cosnanaior, orobpawxeHue (27) HaSHBaeTcd KAHOHUHECKOE cum-
Mmempuell;, OHO TOTAA UHBOAIOMUBHO. DleMeHTH (X, ¥) MHOMeCTBa -
E X E, uHBapuaHTHble OTHOCHTENbHO 3TOH CHUMMETPHMH, 3ITO 3IJEeMEHTH,
o6Gnanaiouiie CBOMCTBOM X == y; MHOXECTBO A 3THX 9JEMEHTOB Hasbl-
Baerca duazonaavio nponsseieHus E X E. OroGpamenue

x—>(x,x)

eCTb 83QAUMHO 00HO3HQ4HOe orobGpaxkeHue MHoxkecTBa E #a A, Hasbl-
BaeMoe OuazoHasvrbim omob pasicenuen Muoxectsa E B E X E.

Ecmi  Z o6Go3HauaeT TmpOU3BOJBHYIO dacTs MHOxectBa E X F,
-1 N
yepes Z o6oaHauaercd 00pa3 MHOMeCTBa Z COrJaCHO KaHOHHYECKOMY
orobpaxennio MHoxkectBa E X F na F X E. Ilycte X— npoussoabhas

yacth MHowectBa E, Y —mpousBosbHas uacts MHOwecTBa F; Toraa
-1

TN
XXY=YXX.

Ecau coorHoweHde R Mexay x um y, paccMarpuBaeMoe Kak CBOHCTBO
napu (X, y), onpeieaser uacTe A mpoussemenus E X F, To amo arce

COOTHOLUEHHE, paccMaTpHBaeMOE Kak CBOHCTBO napH (¥, x), ompeneser
-1
yacte A npoussefeHust F 3 E; coorHomenne R 3KBUBa/€HTHO KaKIOMY
—1
u3 cootHomenu#t (x, Y)EA, (y, x)EA. Ecu E u F cosnazaior, coor-

HolueHue R W COOTBETCTBYIOLIAS YaCTb A HA3BLIBAIOTCH CUMMEM PULHbBMY,
-1
Koab Cckopo A = A. [uaroHair A (ompene/nsieMas COOTHOIUEHHEM pa-
BEHCTB2) CHMMeTpHUHA; eC/qu Z — Mpou3BoJbHad yacTh MHOxecTBa E X E,
-1 -1

10 ZUZ u Z(}Z CUMMETPHYHEL.

5. Mycte A —yactb MHOXecTBa E n f — oToGpaxceHue MHOXeECTBa A
B MHOXecCTBO F; cooTHOUIeHUe Mexay ofuiuM 3JeMeHTOM X MHoxectBa E
¥ O6UIMM 3/eMEHTOM y MHOXecTBa F, BHIpa)kaeMoe 3amuchio

XEA 1 y=f(x)"

onpeneaser yacte npoussesenns E X F, nasuBaeMywo zpagurxom ¢yHk-
win f. Ecin B -—uactb Muoxectsa E, codepxamas A, n g-—npodoa-
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oicerue (§ 2, n° 13) dyukunu f Ha B, rpaduk ¢yuxuun f codepacumca
B rpajpuke ¢QyHKUHH g.

O6parno, nycts C -—wuacte npomssesenus E X F, rakaa, uro ams
Besikoro x € E cymectByer we Gosee odwo2o y€F, npas koroporo
(x, )€C; coorHowenue (x, y) € C Mexay OOIWIMM 3IIEMEHTOM X MHO-
acecmsa pt;(C) n ofuuM s1eMeHTOM y MHOwecTBa F ecth ¢yHkumo-
Ha/IbHOE COOTHOIUEHHE MO Yy, Onpejefsioliee o0ToOpaxeHHe MHOXeCTBa
pr; (C) B mHOxectBO F, rpaduxom koroporo ssastercs C.

MuoxectBo uacreft C nmpoussenenns E X F, ofnanaioiux cBoACTBOM
»KaKoB O6b Hu Owl1 x € E, cywecrtsyer He Gonee ogsoro y € F, takoro,
uto (%, y) € C* (MHOXecTBO, sBaAsIOLLeecs yacThl0 MuoxecTBa %8 (E X F)),
MoxeT ObITb, TaKUM o00pa3OoM, INOCTaB/JeHO BO B3aHMHO OJHO3HAYHOE
COOTBETCTBHE C MHOMCECMBOM Omob pasxcernuli npou3sorvHoli wacmu
muoxcecmsa E 8 F.

IMycts f — unbekTHBHOE oTOOpaweHue MHoxectBa E B F, g— or0-
6paxenne, obpaTHoe K OTOOpaxeHuid f, PACCMaTPUBAEMOMY KaK Guek-
unsg Muoxectsa E na f(E); ecau C ectb rpadux orobpaxenus f, TO

-1

rpaguk otobpaxenns g ectb C.

6. Ecnu f — oroGpaxenue MHoxectBa E B F u C-—ero rpaguk
B EXF, coorHoweHue ,y=f(x)* 5SKBUBAJEHTHO COOTHOLIEHHIO
o, y)EC“ coorHomenne ,y€ f(X)* 9KBUBAJIEHTHO COOTHOMLIEHHIO
»CyliecTByer Takoe x, uto x €X un (x, y)€C*

ITycts rtemepp K —npoussoavnas uwactb MHOwectBa E X F n
X — npousBoJbHag uactb MHOxectBa E. OG6o3nauuM uepes K (X) uacts
MHOXecTBa F, 00pa3oBaHHyl0 9/MeMeHTaMH y, YAOBJeTBOPAIOLIMMU COOT-
HOWIEeHHIO ,CYLIeCTByeT X, TakoH, 4to x EX u (¥, y) € K%, TakuM opa-
30M, 3TO COOTHOLIEHHE SKBHUBAJIEHTHO COOTHOILUEHHIO

ny E K (X)“'

Tosopar, uto oroGpaxenne X — K (X) Muoxectsa 8 (E) 8 P (F) onpede-
serno wacmero K MHoxkectBa E X F. 3amerunm, uro K (X) ectb He uto 1HOe,
Kak Bropas mnpoekuus MHoxmecTBa K [} (X X F). Koraa K ectb rpaduk

HekoToporo orobGpaweHus f MHoxecTBa E B F, oro6Gpawenne X -—»K (X

COBMAafaeT C PacHpoCTPaHeHHeM OTOOpameHus f Ha MHOMECTBA 4acTelt.

7. Ecmn x — oGwuft siaeMent MuoxectBa E, 1o x—>K({x]) ects
otobpaenne MuoxectBa E B Y8 (F); snauenne K ({x}) sroro oroGpa-
weHust (0603HaYaeMoe TaKxke, AOMycKas BOJbHOCTb peud, K(x)), Hasbl-
Baerca cpe3on 4wacmu K no x. CootHowenue (x, y) EK 3kBuBa/jeHTHO
cootHoweHulo ¥ €K (x).

O6GpatHo, 6caxoe otobpasxenue x —> @ (x) muoxmectea E B (F)
Moxer GbITb TOJAyYeHo TakuM oOpasoM, u6o cootHoweHue y € D (x)
onpenesser HexoTopyw uacth K muoxectBa EX F n @ (x) ectb He utO
uHoe, Kak cpe3 uactu K no x. Tem camumm Muoxectso P9(E X F) n
MHOXecTBO oroOpaxenu#t MHoxectsa E B Y8(F) cramarcs Bo B3aumuo
0JHO3HaUHOEe COOTBETCTBUE,
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8. Bcaxoe otobpawenne X —K (X), onpenenennoe uactbio K MHO-
xectBa E X F, o6manaer caeayomuMyu CcBOHCTBaMu, 0606MIAIOLIMMH
cBoficTBa pacnpocTpaHeHns orobpaxenus MHoxectBa E B F (§ 2, n° 4
u 5):

a) K(@)=g.

6) , X< Y Brever ,K(X) <K (Y)“

B) Kakosel Gbl Hu Obiin X, Y,

KEUY)=KX)UK®), (28)
KEnNY) = KE) nK(). (29

Ecan K u K’ — e uyactu wmuoxectsa E X F, Ttakue, uto K c K/,

10 K(X)=K'(X) ama Bcakoro X< E; B uacthoctw, K (x) < K’ (x),

kakoB Obl Hu Obln x EE. O6patho, ecmu K (x) © K/ (x), kakoB 6bl Hu
o1 x€E, To KK

9. CoorHoweHne Mex Iy OGUIHM 3JeMEHTOM MHOXeCTBA E n oGuiuM

-1

9/1eMEHTOM MHOXeCTBa F onpenenser yacts K Muowectsa E XX F u uvacts K

muokectBa F X E u, cresoareasHo, otoGpaskenne X—>K(X) mHoxe-

-1
crBa Y (E) B muoxecrBo Y (F) n orobpamenne Y —K (Y) MHOxecTBa

P (F) B MHOxecTBO P8 (E).

Korna K aBasercs rpaduxkoM orobpaxeHus f MHoxectsa E B F,
-1

orobpaxenne Y-—>K(Y) ecTh He 4T0o HMHOe, Kak oOpaTHOe pacmpocrtpa-
HeHue oToGpaieHus f.

Caeayer sameTuTb, uT0 cootuomeuus (18) u (19) ue o6obmalotcst ua
-1

orobpawenns X >K(X) u Y—>K(Y), eciu K —npousBoabras uactb
muHoxecTBa E X F.

10. Ifycts E, F, G—Tpu wMHOXecTBa, He 0053aTe/bHO pas3/qHYHBIX,
A —uacts MHO¥ecTBa E X F, B —uacts MmHoxectsa F X G. Daemen-
Th (x, 2) MuoxectBa E X G, o6nazaouue cBOHCTBOM

.cymecrsyer ¥y €F, rakoe, uro (x, y)EA u (y, 2) € B,

obpasytor uactb MHOxecTBa E X G, HasbiBaeMylo MHOXecTBOM, cocma-
81eHHOM (MIN CKOMROHOBAHHuM) n3 B m A1), wmu Komnosuyuei
MHOkecTBE B # A u oO0o3HauaeMyio BoA wmu nmpoctro BA, eciau Her
onacHoctH cMeineHus. V 3gech MOpsAOK, B KOTOPOM KOMIOHHPYIOTCS
JIBa MHOXECTBZ, CYILIECTBEH.

Oro6paxenne X —BA (X) muoxecrsa P (E) 8 P (G) ects KoMmO-
sunus orobpaxenus Y — B (Y) n oroGpamenus X — A (X); uHaue roBops,

) B noaauuuuke: ,qu'on appelle 'ensemble composé de B et A«. B mpu-
JOXEHHH K DYCCKOMY H3IaHHI0 nepBbiXx raas ,O6meid tomoaoruu* H. BypGaxu
(M., 1958) ata ¢pasa mepeBOIUTCS TaK: ,Ha3BIBAEMOE KOMNO3uYllell MAOKECTB A
H B“. Mu coxpaHseM NOpsIOK OpuUruuana (cp. MOACTPOYMOE NMpUMEYauHe Ha
crp. 363, a rakxe omnpepenenne 6 us ra. Il, § 3, n°3). — Mpun. ped.

24 H. BypGaku
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kakoBo Obl Hu 6b10 X E,
BAX)=BAX)). . 30)

IMycts H— MHOXeCTBO, He ofs3areabho orauuHoe ot E, F, G, n C—
yactb MHOxectBa G X H. Toraa Co(BoA)=(CoB)oA; 370 MHOXe-
ctBo 0Go3Hauaercd Ttakke CoBo A (umu npocto CBA) u HaswiBaercs
COCMaBAeHHOM W3, WIM CKOMNAHOBAHHBLM W3, WIN KOMNO3uyuel
muoxects C, B, A, B3ATHIX B yKa3aHHOM mnopsike !).

Ilycts f — oroGpaxenue Muoxectsa E B F, a g -— orobpaxenue
Muoxects F B G; ecam A u B-—rpaduku otoGpaxeHuft CcoOTBeT-
CTBEHHO f W g, To kommnosuuus BA ecth rpagux kommosuuun g o f.

11. Hmeem

i " -1 -1

(BoA)=—A oB. (31)

Mycte A, A’ — nge uactu mpoussefenus E X F, B, B’ — aBe uactu
npoussesenus F X G; coorHomwenne ,AcA’ u BcB'“ Biever
JBoAcB oA~

Myctb A ~-—uactb MHoxectBa E X F, A — anaroHasb MHOXeCTBa
E W E, A’ — auaronaap MHoxectBa F X F; rtoraa

AocA=A oA =A. 32)

12. Tlyctb teneps E, F, G — Tpu He 0643aTe/bHO Pa3NRUHBIX MHO-
wecTBa; UX npousgederue EX FX G ecTs MHOXeCTBO mpoek (x, ¥, Z),
rae x €E, y€F, z€G; coorHowenne (x, y, 2)==(x', ¥, 2’) sxBuBa-
JEHTHO COOTHOWIEHMIO ,x=x"u y==y",u 2=2' Tpn orobpamenus

(x, 9, 2)—=>x, (%, ¥, 2)—>y, (%, 9, 2)—>2Z

muoxectea E X F X G coorsercrBenno Ha E, F, G naswBawTca nep-
8olt, 6mopol v mpemsel Koopournamami (MM NPOEKYUAMY); aHANO-
FUYHO, HampuMep, OTOGpakeHue

(x, v, 2)—>(x, y)

muoxectsa E X F X G na E X F HasviBaercs npoexyuel undexca (1, 2;
u 0603Hauaetcs pfy, o 2.

Onpenenenuss u npeajoxerus n°2, 3, 4 jerko obobuialoTcs Ha
Npou3BeJeHHe TPeX MHOXECTB.

Kpome Ttoro, paccMorpenue npousseneruns E X F XX G Tpex MHoxecTs
MOXHO 3ameHnTb paccMoTpenueM npousselennss (E X F)X G, noayuen-
HOTO [IBYKPATHbIM MpHMeHeHHeM OflepaiuuH ,NpousBeleHne IBYX MHO-

1) B nogauunuke: ,s’appele le composé de C, B, A pris dans cet ordre<;
B NMPHAOKEHHH K DPYCCKOMY H3JaHHIO MepBHX riaas ,O0melt TOnoaorHu*: ,Hashi-
BaeTca KOMnoO3sulieii muoxects A, B, C, B3fTBIX B yKa3aHHOM nopsaxe‘.—
Ipun. peo.

2) Cm. moxcTpoyHoe mpuMedanue ua crp. 365. — [pun. peo.
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KecTB“. B camom zeue,
x, 3 2)—>((x, 9), 2)

eCTb 83aUMHO 00HO3HauHOoe oTOGpaxeHne MHoxectBa E X FX G Ha
(E X F) X G, HasbiBacMoe ellle KaHOHKUYECKUM, aAHAMOTHYHO OTpele-
JAI0TCA B3aUMHO ONHO3HAUHBle OTOGPaXKeHMs (TaKike Ha3bBaeMHE KAHO-
nuneckunu) muoxectsa E X F X G na muoxectso E X (F X G) u Bce
MHOKeCTB2, moayuawurecs u3 EX F X G, (EXF)X Gu EX(F X G)
nepecraHoBkoft Tpex 6yks E, F, G.

AHajoruyHbie onpene/seHus n CBOMCTBA HMMeIOT MeCTO A/ NMPOU3BE-
aenust 60Jee yeM TpeX MHOMKECTB.

13. Ecn ¢yHkuus f, mpmHUMaiomasdt CBOM 3HayeHHs B KAKOM-HuGYIb
muoxectse E’, ompesesnena Ha mpousseseHmu Tpex MHoxkects E, F, G,
TOBOPAT TaKXe, 4TO 3T0 GYHKUHA mpex ap2ymedmos, KaXAbH us
KOTOpHIX mpoberaer oaHo n3 MHoxects E, F, G; 3suauenne ¢yukumu f
Ha snemente (x, ¥, 2) mHoxectBa E X F X G o6o3uavaercs f(x, y, 2).

Ilycte @ — kako#i-uubyap saeMeHt muoxectsa E; (v, 2)— f(a. y. 2)
ecTb orobpaxeHde MuoxectBa F X G B E’; oHO Ha3biBaeTCsd 4acmHbim,
WL napuuasbieim, omobpadsceduen (a Takke wacmuol, win nap-
guaavnod, gyuxyuel 1), noposwcdennoin Pynryued f u COOTBETCTBYIO-
[IUM 3HAUEHRI0 @ apryMeHTa X; OHO ABASeTCA TaKXKe KOMNO3uLueH
dyukunn f u otobpaxeHuss (Y, 2)->(a, y, z) maoxectsa F X G B MHO-
skectB0 E X F X G.

AHanoruyHo ecau b ectb aneMeHT MHOXecTBa F,

z2—>f(a, b, 2)

ecTh oto6paxenue MHOxecTBa G B E’, HaswiBaeMoe eumre 4acTHeIM oTO-
OpaxeHueM, NOPOXAaeMbIM (yHKUHeH f W COOTBETCTBYIOLIHM 3Haye-
HUSM @, b apryMeHTOB X, V.

OGparHo, nyctb g — oToGpaxeHue MHoXecTRa E B E’; rtoraa

(x, ¥, 2)—>g(x)

ecTb orolpaxenue £ MHOomectBa E X F X G B E’, takoe, uto Bcakoe
uacTHoe oToGpawenue MHoxecTBa E B E’, mopoxazaemoe orobpae-
HHEM £ M COOTBeTCTByIONlee /MOGHLIM 3HaueHusAM 4J8 Y W 2, COBMajaeT
€ g; 9TOT (aKT YaCTO BHIPANKAIT, FOBOPSA, UTO (PYHKUMIO OAHOTO apry-
MEHTa X BCErla MOXHO CuMTaTh (PYHKUHeH BCeX apryMeHTOB, KOTOpHIE
HYXHO paccMaTpuBaTh B NAHHLI MOMEHT U Cpeau KOTOPHIX, pa3yMeercs,
BCTpeyaercs x.

') B npuiaoxenun k pycCKOMY H3JaHHIO NepBbiX raaB ,OO6meil TomosorHu®
H. Byp6aku (M., 1958) nonobunie orobpaweHus U GYUKUUH HA3BAHBl 4ACMuY~
HoiMu. Msl npeanounTaeM NeEpeBOIMTH 34eCh (PAHIY3CKOE NpUAAraTenbHOe
»partiel* pycckum npuiaratesbublM ,4acCTHBUE“, YCTOHYHMBO BCTPEUAIOUUMCH —
B JIaHHOM 3uaueHHU —B COYETaHWM ,4aCTHAA NPOHU3BOAMAT* (MO-(pauily3cKu —
.dérivée partielle*). Kpome TOro, wacmuunsim 0mo6pascenuesm muoxectsa A
B MHOXECTBO B yno6uo uasbiBaTe BCAKOE OTOOpaXEHHe BCAKOH UacTu MHO-
sectBa A B MHOXecTBO B.— [Tpun. ped.

24*
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14. Mycts f, g, h—rtpu oTOoOpaxeHUs COOTBETCTBEHHO MHOXe-
cr3a E B E', F B F u G s G'; orofpakenue

(x, ¥, 2)>(f(x), £(¥): £(2))

muoxectBa E X F X G B E’ X F’ X G’ o6osHavaercs (f, g, k) wum
f X g X h n HasviBaeTcs pacnpocmpanenuer omoGpaxcenuid f, g, h
Ha npousgedenus muoxcecms. Ecmu f, g, h — 8ce mpu — MHBEKTHBHBL
(COOTBETCTBEHHO CIOPBEKTHUBHH, OHEKTHBHB), f X & X A HHBEKTHBHO
(COOTBETCTBEHHO CIOPBEKTHBHO, GHEKTHBHO).

B sTOM ¥ mpexbiayllieM MYHKTaX Mbl pacCMaTpUBAa/IH C/Iyua TOJIbKO
mpex MHOXECTB eIMHCTBEHHO IJS ONpeAeTeHHOCTH HW3JO0MXKEHHS; aHaj0-
FHUHBIE pAcCMOTPEeHHs COpaBeldJuBbl Ajd JI000T0 KOHEYHOro uucia
MHOX(ECTB.

§ 4. O6benunenue, nepeceyenne, HpoH3BefeHHe
ceMeicTBa MHOXECTB

1. B arom naparpade Mbl paccMaTpuBaeM ceMeHCTBO (X-).el yacmeld

MHOxecTBa E ¢ NpOU3BOJBHLIM MHOXeCTBOM HHIEKCOB I; uepe3 @ Mbl
OyzeM 0GO3HauaTb MHONCECMBO NPUHQAOLLHCAWUX 3MOMY cemelicmay
ywacmeii muoncecmsa E (dacts mHoxectsa P (E)).

Korna | koHeuHo, paccMoTpeHue ceMefictBa (X)) cBomMTCS K pac-
CMOTPEHHIO HECKOJbKHX, He 00s3aTeJbHO OT/AMYHBIX JApPYr OT IOpyra,
yactel MHoxectBa E B uucie, paBHOM uuCJIy 3/JeMEHTOB MHOkecTBa I;
HanpuMep, TPU NPOK3BOJbHBIX NoaMHOXecTBa X;, X, X3 MHoxecTBa E
06pasyloT cemeficTBo uacted mHowectBa E, mpnuem MHoxectBo | ofpa-
30BaHO 31ecb uuciaamu 1, 2, 3.

2. Ilycts J —mnpousBoabHas yactb MHoxectBa I; paccMoTpuM MHO-
’KeCTBO 3JEMEHTOB X, 00,1aIal0lHX CBOHCTBOM

L.CylwiecTyer Takoe t€J, uro x € X%
DTO MHOXECTBO HA3HLIBAETCA 0Ovedunenuer cenelicmsa muoxcecms (X), .

1 0003Havaerca UX;-
te]

D10 ompeleneHue MOXHO CHOPMY/IMDOBaThb ellle CIeAyOUIHM 00pasoM:
oro6paxennio t—> X, MHoxecTBa | B 8 (E) cooTBercTBYyeT BmOJHE Ofpe-
genenHas vacte C muoxectBa I X E, rakas, uro X, =C() (§ 3. n°7);
uMeeM UX‘= Cc.

LEJ

B uactHoCTH,

Ux=cw=20. (33)
€g

Mpr J==1 BMecTo UXl YacTO HHIYT UXl HJIH NPOCTO UXr
el s el
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O6bennuenne | )X, sasucum moasko om mnoxcecmsa F; Apyrnmu
L

C/I0BAMH, OHO ONMHAKOBO ILI9 BCEX CeMeACTB, COOTBETCTBYIOLIMX OAHOM
n To#t xke vacth F Muoxectsa Y8 (E); B 4aCTHOCTH, OHO PaBHO OGbenuHe-
HHIO CeMeHCTBa, ONpee/I9eMOro KaHOHHYECKHM OTOGpaXeHHeM MHOXeCTBa T

B 8 (E), ¥ noroMy ero MOMXHO 3amucCaTh U X; OHO HasBIBaeTCHd TaKke
. Xe®
06Bedunentie s MHOJNCECME, NPUHAOLeHAUUX K TF.
Ecau 1 -— MHOXECTBO, 3/EMEHTH KOTOPOr'O Ha3BaHbl #BHO, HampuMep

yncaa 1, 2, 3, 10O UXt=X1UX2UX3, yeM ONMpAaBIbIBAETCS HAHMEHOBA-
€1
Hie ,00beAUHEHHE®, NaHHOe B OOlIeM C/ydyae MHOMECTBY UXL.
]

3. Kakoso 6w nn Guno JcI, mmeer mecro skmouenne | JX, <= X,
T el
B uactHocTH, KakoBO Ob HH Obl1o %€ 1, umeem X,cUXl; o6partHo,

t
‘
ecau Y —uacth MHoxectBa E, Takas, uro X Y, kakoBo Ob Hu GHlIO:
t€I, 10 UXLCY' Boaee o6wo, ecan (Y) — kakoe-1uGo apyroe cemed-
t

cTBO uacteffi MHOxkectBa E, cooTBercTByWOuIEe TOMY e MHOXKECTBY
ugexcos I, m ecqu X <Y, kKakoBo Gbl Hu GHIJIO t, TO UXth Y.

Mycte F — kakoe-to BTopoe MuoxkecTso u X —> K (X)— orobpaxenne
muoxectsa Y8 (E) B Y8 (F), ompenesnennoe uvacteio K muoxecrsa E X F;
TOrAa

K(U Xl)=UK(Xl). (34)
€3 '€J

IMyctb Temepb L — Apyroe MHOKECTBO HHAEKCOB H (J,\)lEL——ceMen—
cTBO uyacTei MHOwectBa I; Toraa

U x= yL (H}x‘) . (35)

14 U J)‘
AL

dro ofwas ¢opMyIa accoyuamusnocmu obbennHenns; koria [ u
L — MHOeCTBa SIBHO Ha3BaHHBIX 3/eMEHTOB, CHOBZ MOJYYalOTC H3BECT-
noie coorHomwenus (cM. § 1, n° 14); ecau TakuMm saBasercs ToJbKO L,
oGpasoBaHHoe, HanpuMep, yucaamn | u 2, To
U X‘=(UX|)U(UXt). (36)
!EJIUJZ t€dy 1€,
ITyctb (X:).gx " (Y,)nEK——,uBa MpOu3BOJbHEIX CeMeHCTBa uacTeft
muoxectea E; Torza mmeer Mecto

(UX.)n(U Y,)= U &nayy. (37)

el xeK t HEIXK
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— popMyaa ducmpubymusnocmy; OHa, KaK YaCTHRIA Cayyall, COAEPIKUT
BTOpyl0 ¢opumyay (10).
Ecmu (X)), — cemefictBo uacrelt MHOxecTBa E, (Y,), .« — ceMeficTBO
yacteh MHoxectBa F, TO
(U Xt)x (U Y,)= U &xvyy. (38)
€l *€K (t, W EIXK
4. CewmeficTBo (XI)LEI yacTeft MHOXectBa E oOpasyer noxpwmue

yactu A MuoxectBa E, ecau AcUX,; B 4acTHOCTH, eCaH (X,) ecTb
tgl
NOKpLITHE MHONECTBA E, TO UX1=E-

el
Pas6uenuen wmuoxectBa E HaswiBaloT takoe mnokpwitiHe (X)) MHO-

wectsa E, urto

a) X, == @, kakoBo 6bl HU Oblao L€}

6) X NX,=© 5419 BCAKO# Napbl pa34u4HbelX HHIEKCOB (t, %) u3 I
(310 nocaenHee yCJIOBME BLIPAXKAKOT ellle, T'OBOPHA, UYTO MHOXecTBa X,
NONApRO He nepeceKarmMcs WIN NORGPHO He umeom o0uux 3ae-
MEHMOB).

Hs stux ycnouit BhiTekaer, uTO t—> X — 83GUMHO O00HO3HAUHOE
otoGpaxenue MHOxectBa | #a MHOxecTBO @ uacTe#t pasGuenusi. Takum
o6pa3oM, 3aZaHne MHOXeECTBAa ¢ Onpelenser CeMeHCTBO C TOYHOCTbHIO
20 B3aMUMHO OIHO3HaYHOTO COOTBETCTBHS MEXIy MHOMXECTBAMH HHIEKCOB;
B YaCTHOCTH, Ge3pas/HYHO, TOBOPHUTb JH O Pa3GUeHHH KaK O MHOJHKe-
.cmge nJH Kak o cemelicmse vacTeft.

5. Ilycts (XL)LEI——npouanoanoe ceMefiCTBO HemyCThIX yacTel MHO-
wecrBa E; B npoussenenuun I X E paccmorpum ans kawamoro tE€1 yacrs

’ ’
X, ={t} XX,; mHoxecTBO S=UXI Ha3wniBaeTCcad cyMmmoll ceMeficTsa
. t€1
r
(X)), ¢y lcHo, uro cemeficTBo (X‘)LEI ecTb pasabueHue MHOXeCTBa S M 4TO
aas Beaxoro €1 orobpawenune x, —> (1, x) ecTb OueKuus MHOXeCTBa X,

Ha X,. Jonyckas BOJbHOCTb peud, Mbl OyzeM uacTo cyMMoft ceMeficTsa
(X)), HasbiBaTh MHOXKECTBO, HAXONAWEECH BO B3AUMHO OXHO3HAUHOM
COOTBETCTBHH C S, u OyieM MHoxecTBa X, OTOXIECTBJATb C COOTBET-
CTBYIOIIMMH MM 4YacTMH 3TOT0 MHOXeCTBa.

Yacto rosopar, 4YTO CyMMa ABYX HemycThix MHOXecTB E u F moay-
yaercss npucoedunenuem MmHoxectsa F k mHoxectBy E.

6. B oGo3HaueHusx m° 2 MHOXxeCTBO 3/71eMeHTOB x u3 E, of.1asaiomux
CBOHCTBOM

,kakoBo Obl HH Oblo tE€J, x €XS,

Ha3biBAeTCA nepecewenuen cemedcmsa unoscecms (X) ., n 0GosHa-

yaercq nXl; npu J=1 BMmecto f]Xl 4aCTO NHIUYT nX‘ HJM Tpo-
£J . el v

€T n X.
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Hmeem

c (U xl> =[] (€X). (39)
eJ €

B uactHoctn, ecim J =@,

N X =E. (40)

[Tepeceuenne nXl 3aBHCUT TOJBLKO OT MHOXeCTBA § M MOXeET GHTb.

1

3amHUCaHO B BHUIeE n X; ecau I oOpasoBaHo, HanmpuMep, uucaamu 1, 2, 3,
Xc#
TO nXl=X1nX2nX3.

7. ®opmyna (39) mospoJger o6o6wuTh npasuro d8olicmeennocmu:
ecau uyactb A MHpxectBa E moayuaercs usd apyrux uvacte#t X, Y, Z n
ceMetcTs (X)), (Y,), (Z,) vacreft MHOXecTBa E mpuMeHeHneM, Ge3pasanuHo.

B KaKOM Nopsike, 00xux moasko omepauntt G, ‘U, ), U n TO-
nononnenne GA  moayuaerca sameno#t uacret X, Y, Z, X, Y,, Z, ux
AOMOJHeHUsAMH u omepauu#t U, ), U, n Ha COOTBETCTBEHHO oOmepa-

wi N, U. n U C COXpaHeHHeM uX MOpPAIKa; pasyMeeTcs, B omnepa-
uuAX mnepeceveHuss U OODbeAUHEHHS, TPHMEHSeMHX K 4acTaM MHOXeCTB.
uHOeKc08, KOTOpHE MOTYT OKa3aThbCd MNOINMUCAHHBIMA TNOJ 3HAKaMM U

n n HHYEro MeHSTb He CJeLyerT.

CoorHomenue, 0dgolicmsennoe K cooTHolleHnio A =B unu AcB,
rne A u B —uactu MHoxectBa E BullleykazaHHOro Buaa, Ompenesiercs,.
Kak u B § 1, m° 15.

8. Kakoso Gul nu Gbito JI, umeer Mecto BK/IOueHHE nX‘cn X.

€1 €]
B wuvactHoCTH, KakoBO Ob HH Obl10 %€, uMeeM nX‘CX,; o6parxo,.
t

ecin YcX,, kakoBo 6v HH OHIO t, TO YCﬂX.-

13
Boree o6mo, ecan (Y,)—Kakoe-1u60 JIpyroe ceMefiCTBO uacTelt
MHoxecTBa E, cooTBeTcTBylOLuEe TOMY 3Ke MHOMXECTBY WHIEKCOB I, u
ecn X Y, kakoBo Onl Hu OHIIO t, TO

Nx.cNy.

O6sedunenue MHOWecTB X, eCThb nepecederue MHOXecTB Y, TaKHX,
yto X, Y, KakoBo Obl HH OHIIO t; nepecederie MHOoXecTB X, eCTb
o0vedunenue MHOXECTB Z, TakuxX, 4to X DOZ, KakoBo Obl HH OHIIO t.
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Crenylomne GopMybl ABOHCTBEHHH COOTBETCTBEHHO QopmyiaM (35)

. (37):
N x=0N (n Xl) (accoLuaTHBHOCTB), (41)
e Uy, AL \e€d,
A€L
(n Xt) U (n Y,) = ] XUY,) (aucrpubyruBHOCTS). (42)
€l x€K ¢, W) EIXK
Ecm (Xl)tE[—-CEMeﬂCTBO yactelh MHoxectsa E,.a (Yx)xEK—cemeﬂ-

«CTBO 4acred MHoxectBa F, ToO
09)x(0%)=, 0
€l *»€K (, WEIXK

Kpome Toro, ecan (X)) n (Y)— ceMeficTBa uacrtel COOTBETCTBEHHO

mHoxectBa E n MuoxectBa F, orBeualowme 00HOMY U moMmy dice MHO-
WecTBY uHAeKcoB I, To

€1 o€l e€l
dopMyna (34) He uMeeT 1BOHCTBeHHOH; B ofleM Cayyae HMeeM

“TOJBKO
K (ﬂ xl) K X). (45)
€l el :

Ias npoussoasHOro cemefictsa (X,) paBeHCTBO HMeeT MeCTO TOJbKO
B cayuae, korza X—>K(X) ectb o6pamnoe pacnpocmparenue 0t10-
GpaxeHus HeKOTOPOR uactH MHoxecTBa F B E; c/renoBarenbHO, eciu
f —omob pascenue mnoocecmsa F 8 E, 1o uMmeer MecTO

-1 -1
f (ﬂ Xl) =/ X) (46)
t€J t€J

&, XY,). (43)

— dopuMyaa, oGobwalowas (14).
9. Tycts E — mpousBo/bHOE MHOXECTBO, |— NMPOU3BOJLHOE MHO-
EeCTBO WHICKCOB; MHOXeCTBO cenmelicms (xl)”El 3nemenmos w3 E,

MMEOLMX B KaueCTBE MHOMKecTBa MHIAeKCOB I, o6o3HauaeTcs E!, a one-
pauus, mnepesoisuai E B El, Ha3bIBaeTCH 8038e0eHueM 8 CmeneHv;
‘TakuM oO6pazoM, E' naxoaurcs BO B3aMMHO OZHO3HAUHOM COOTBETCTBHH
¢ MHOxecTBOM oro0pawmenuft MHoxectBa 1 8 E (kotopoe mo aTo#t mpu-

yuHe, DONYCKas BOJAbLHOCTb PeuH, 4acTo 0603HAualoT EI), a TaKxe, ecaH
paccMoTpeTb rpaguKH 3THX 0TOOpaweHuit, C HEKOTOPBIM NMOAMHOMXECTBOM
muoxectsa P8 (I X E). MHoxecTsa E’, COOTBETCTByIOLIME YacTaM J MHoO-
wectBa I, MOXHO, TakuM 0Gpa3oM, paccMaTpuBaTh Kak YacTH OAHOTO H
TOro € MHOMXeCTBa, HaxoJlsuierocs BO B3aUMHO OIHO3HaUHOM COOTBET-
C¢TBUH ¢ HekoTopoft yacthio MuOxectBa 9 (I X E).

St o

10—I1 § 4. ONIEPAIIMU HAJ CEMEFICTBAMHU MHOXECTB 3T

Iycts Tenepsb (XL)IEI—-CEMeﬂCTBO yacte#t MHoxkectBa E, coorser-

CTByIOllee TOMY K€ MHOXeCTBY HHIeKCOB I, m mycTs J-— npoussonbHas
4acTb MHOXecTBa I; cBOHCTBO '

.kakoBo 6n Hm Obit0 t€J, X €X*

ceMeficTBa (x,),; OMpelesseT 4acTb MHOKECTBA E’, HasmiBaeMyo npous-

gedenuen cemelicmsa mnooecmsa (X),; wu o6o3HauaeMylo HX‘
ted
(mm npocto JJ X, xoraa J=I). Mnuosectsa X, Ha3bIBAIOTCH MHOMCU-
t

measmu nan comnoncumesnmni. 3amernm, uto || X, ects muokectso,
t€o
cocTosulee M3 OIHOTO 3JMeMeHTa (COOTBETCTBYIOlUee MyCTOR YacTh MHO-
wecta [ )X E). Ecain X, =E, kakoBo Gbl Hu 6bl10 t £ J, TO II x =E"
cJ

Ecnu 1 o6pasosaHo, HanpuMep, Tpems duciaamu 1, 2, 3, IIXL Haxo-
v IEI
JHTCA BO B3aHMHO OJHO3HAUHOM COOTBETCTBUHU C MHOMeCTBOM X; X Xo X X;.

10. Iycrs R}x, yi—cooTHomeHue Mexay oGmIHM 3/1eMEHTOM X
mHoxkectBa E u oburum si1eMeHTOM y MHOxectBa F. Mmeer mecto awxsu-
8a/eHMHOCMy MEeXAY CAeAYIOWUME ABYMS MpPENJOMNEHUIMH:

,KaKoBo Gbl Hu ObLIO X, CyuecTByeT Takoe y, uto Rix, yi“

L,CyllecTByeT Takoe otoOpawenue f mHoxectsa E B F,
yto a1 Beskoro x Rix, f(x):.

VreepwaeHne 00 ~3TOH 9KBHBAJEHTHOCTH HA3LIBAETCH QKCUOMOY
suGopa (wam axcuomold ILlepmeso). Mw Oydem nHOTIA OTMEuarth,
8aBHCHT /M J10Ka3arelbCTBO TFOH HWJM MHOH TeopeMbl OT 3TO#f QKCHOMBL.

Axkcuoma BHIOOpa ecTb MpeLJOXeHHE, JKBUBALEHMHOE CIENyolIeMy
HpeL/0Ke HHIO:

,Ecai aas Bcskoro t€1 X =@, 1o IIXL + @4,
el

- 11. B 9TOM m caeAyllieM NMYHKT2X DacCMaTpuBaeTCd HENycToe Mpo-
u3BeJeHHe HAl, rie (A) —npousBo/bHOE CeMeCTBO (HEMYCThIX) YacTel
el

Muoxecrsa E.
[yets J —uacte MHOxkecTBa I; oToGpamenune

(xt)LEI - (xl)|EJ

MHOXeCTBA H A nHa H A, Ha3biBaercs npoexyueld NpousBeleHus A,
el el el



378 CBOJIKA PE3YJIbTATOB 12

Ha Mpou3BeleHHe IIAL u oGosnavaerca pr;l); B yacTHOCTH, oTolpaie-
t€J
Hue (X).¢1—> X, MHOXKeCTBa I_[Al Ha A, 0003HaYalOT pr, M HA3HBAIOT

tC1
‘TaKKe Koopounamolh undexca x?).
Taxum 06pasoM, A1 9/7eMeHTa 2 NpPOU3BeJEHUd HA( HMeeM
i

2 =(pr.(2) )¢
Hycts J;, J, — 1Ba MuOxecTBa, 00pasyowux pa3duerue MHOXecTBa |;
‘TOTAa
z—(pry (2), pr; (2))

€CTb 83aUMHO 00HO3HAH4HOE OTOGpAXEHHE MHOMECTBA I_[Al Ha
tel
II Al, >< II AL'
teJy AN
Bouxee o6wo, ecau (J,\)XEL—-npouaaoanoe pasBuenue MHO¥ecTBa I,
0To6pakeHue z—»(prJ (z)) €CTb B3aHMHO OJHO3HAYHOE OTOOpaKeHHE
A AEL

(nasbiBaeMoe  Kamonuuecwum) wHowectBa JJ A, Ha npoussexenne
el

I ( 1] Al> ; 9TOT (PaKT BHPAXAIOT ellle TOBOPSA, YTO MPOU3BeLeHHE CeMeli-
reLl LEJ)\
CTBA MHOECTB @ACCO{UAMUBHO.

12. Cnenyomue mnpeanoxenns o6obuiaiT npesroxedus § 3, n° 3;
(X,). (Y o6o3navaioT cemeticTBa yacTe#t MHOxecTBa E, Takue, uto X, cA,
u Y <A, KkakoBo Ou Hu Gbi0 t€1; Z 0603HauaeT MPOM3BOJbHYIO YacThb

MHOXeCTBa H A.

13
a) Ecmu Hxﬁé@ COOTHOLIEHHE »HXLCHY(“ JKBUBANEHMHO
t t t
COOTHOIIEHUI0 ,Kak0BO Gbl i Oniio t€1I, X <Y “

-1
6) pr, (X,)=HYL, rae Y, =X, u Y,=A, a1 v x. Orcioaa

-1
I x. = pr. ). (47)
el el

B) Ecmu HX;#(Z}, TO
pr, (H XL) =X,. (48)

) Bra I, § 5, n° 4, 910 oTOGpaxeHue OHNO HA3BAHO RPOCKMUPOBAHUEH
no unoexcy J.— IlTpun. ped.

) B ra II, §5 10°3, aro orofpakenne OWi0 HasBaHO KOOPOUHAMHOL
PyHryuel nHIEKCa % HAM NPOSKTHPOBAHHEM 1O UHIEKCY *; KOODAMHATOH HHAEKCA %

srementa 2z u3 [ A, 6ma nassan tam saement pr, (2). — Hpun. peo.
¢
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r) Kakoso 6vl Hu GblI0 Z,
ZCH pr, (Z). 49)

a) Hycre (I, J;)— pasbuenue MuOxecTBa | Ha 1Ba MHOMECTBA,
(a|)t€J’——cemeﬂCTBo 3JIeMeHTOB MHOxecTBa E, a (Xl)IEJ — ceMelicTBO
2

vactefft MHoxecrsa E, Takue, uto @, €A, KakoBo 6bl HH OuAO LE J),

X, cA,, xaxoBo O uu GOm0 tE€J,; TOrza npousseneHHe HYI, rie
el

Y ={a}, ecmu 1€J;, n Y, =X, ecau t€J, MOkeT GHTb NMOCTAB.ICHO

BO B3aHMHO OJHO3HAUHOE COOTBETCTBHE C HX‘ MpH TIOMOILH TPOEKLHK

teJ;
Ha 3TO NOcCJeaHee MHOXKeCTBO.

13. Iycts (A,)L61 — CeMelcTBO 4acte#t Muoxectsa F, u nycts f — oro-

Opaxenne MHOxecTBa E B nmpousseaeHue IeII A,. Ecan nonoxurs f (x)==
v t

=pr,(f(x)), 10 f, Gyaer oTobpawenueMm MHOxectBa E B A, a f — ue

YeM MHBIM, KaK oTOOpaxenueM x — (f, (x)). OGpaTHO, ecan AN KamAOro

HHIeKca t f, ecTb oToGpaxenue MHOxecTBa E B A, To x—>(f,(x))

ecTb oTOOpaxcenue MHOxecTBa E B HAJ ero oGosuayat (f) (zomy-
)

CKas BOJbHOCTb PE€YHM, TAK KaK 9Ta 3amHCb 00603HAYaeT TaKke CeMeHCTBO
oroGpaxcennft f). Tak onpezeaseTcqa B3auMMHO OZHO3HAYHOE OTOOPANKEHHE

E
(Ha3EIBAEMOE KANKOHUYUECKUM) MHOKECTBA (H Al) Ha MHOKECTBO H (AF)
el €T

14. Nycts E, F, G—tpu Muoxectsa. [lag BCAKOrO OTOOpaeHus f
Muoxectsa F X G B E u g Beskoro y € G 0603Haunm yepes fy vacr-
Hoe otoGpaxenne (§ 3, n°13) x — f (x, y) MHOxectBa F B E; y—>f,
ectb oroGpaxenne MmHuoxectBa G B EF. O6paTHo, A4S BCAKOTO OTO-
Opaxenus g Muoxectsa G B EX CylIeCTBYeT M €IHHCTBEHHO OTOoGpaxe-
Hue f muoxectBa F XX G B E, Takoe, uto fy=g (y) ana Bcaxoro y €G.
Tak onpesenserca B3aMMHO OZHO3HAYHOE OTOGpaXeHHe (HA3blBaeMOe

Kanonuueckum) muowectsa ET*C na muomecrso (EF) .

15. Mycts (Al)‘EI—-CeMeﬂCTBO HemycTelX 4acTefi MHoxecTBa E. Haa
Beskoro t€1 mycts f, — oroOpaxeHue MHOxecTBa A, B MHOXecCTBO F,
TaKoe, 4YTO A9 BCAKOA Napel HHAEKCOB (i, x) oTtobpawxenusa f, u f,
copnagaioT Ha A NA,. [lpy 3tux ycaosusx, ecau A=UAL, Cyuie-

tel
CTBYeT M €IMHCTBEHHO oToOpaxenne f MuoxectBa A B F, Taxoe, yro
cyscenue oroOpaxenns f Ha Kawxaoe u3 A pasHo f,. B uactuocts,
ecan A N A, = @ And BCAKOH NMapu PasnauyHbiX HHAEKCOB, MHOECTBA F*

A
H H F™ oKa3blBalOTCA MOCTABJIEHHH'MH ITHM BO B3AUMHO OJIHO3HAUHOE
te1
COOTBETCTBHE (HA3LIBAEMOE KQHOHUYECKUM).
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§ 5. CooTHOmEHHA 9KBHBAJECHTHOCTH;
¢akTOpMHOXKECTBO

1. TIycro (Al);et — pasbuenue MHOxecTBa E; cooTHowenne Rix, yi
‘Mexciy ABYMA OOIIMMH 3jeMeHTaMu x, y M3 E

,CymecTyer t €1, rakoe, uto x €A, u YEA“

YAOB/ETBOPSET CAEAYIOUUM YCIOBUAM:
a) Rix, x} ectb moowdecmso (pegaexcusrocms COOTHOWEHUS R).
6) Rix, yi u R}y, x} owxsusasenmdbl (Cummempuinocms COOT-
HoureHus R),
B) CoorHomenne ,R3ix, yi u R}y, z3* sseuem Rix, 2z} (mpan-
3umusrocms cooTHouwenus R).
Eciu C o6o3nauaer uactb muoxectBa E X E, onpexeneunyio coor-
HoumenneM R, ycaosus a), 6), B) 3IKBHBAJEHTHH COOTBETCTBEHHO Clle-
1

Ayounm ycaosuam: a) AcC; 6/) C=C; 8’) CoCcC. Us ') u 8"
puTexaer CoC=C.

2. OGpatno, mycts Rix, y}— pegpaexcusnoe, cummempuiroe H
mpansumugroe cootHomenne u C —ero rpapux B E X E. O6pas &
mHOxecTBa E mpa oroGpawenun x —> C(x) muoxectsa E B 48 (E) ectp
pasbuenue wuoxectsa E, a cooTnowenue ,CymectByerT uacth X € &,
-rakas, yTo x €EX u y €X“ sxsusasenmno Rix, yi.

Bcakoe COOTHOIIEHHE R, yAOBJAeTBOpsMIOUiee yC/OBHAM a), 06), B),
HA3BIBACTCA COOMHOUEHueM IKsugarenmuocmi 8 E; onpexenseMoe uM
pasGuenne ¥, paccMarpuBaeMoe Kak uyacTb MHoxecTsa 9 (E), nasbiBaercs
paxmopunosxcecmsor muoxnecmsa E no coommowenurn R n 060-
3Havyaercs E/R; ero ajeMeHTH Ha3HBAWTCA KAGCCAMU OSKBUBQAEHM-
#ocmu no R. OroGpaxenue x—> C(x) muoxecrsa E na E/R, cono-
CTaBJAIOLIEE BCAKOMY 3JeMeHTy X M3 E kaacC 9KBUBAJEHTHOCTH, KOTO-
poMy NpUHALJEXHT X, HA3BIBAETCH KQAHOHUMECKUM OmMOOpadceruen
muoxectsa E Ha E/R.

COOTHOLIeHHE PABEHCMBA X = Y eCTb COOTHOLIEHHE IKBUBAJIEHTHOCTH;
KaHOHHYeCKkoe oToGpaxeHne Muoxectsa E ua cooTsercTByloliee ¢akrop-
MHOXECTBO €CTb HE YTO WHOe, KaKk X —> {Xx}; OHO Guexmusro.

Koraa R ecTb COOTHOLIeHHe 9KBHUBAJEHTHOCTH, HHOrZa B KauecTe
cuHonuMa 1aa Rix, y}i ynorpeGasercd 3amuchb

»X == y(mod R)*.

‘OHA YHTAGTCH ,X JKBUBAAEHMHO Y no Modyarw R (uan no R, win
cozaacro R)“.

3. B npoussenennn E X F cooruoumenne ,pr;(2)==pr,(2)* ectb
HEKOTOpOe COOTHOLIGHHE 9KBHBANEHTHOCTH R H  (PAKTOPMHONKECTBO
(E X F)/R moxer ObTb MOCTaBJEHO BO B3AHMHO OJHO3HAYHOE COOTBET-
<tBie ¢ E (4TO H JEKUT B OCHOBE HAHMEHOBAHHA QHAKMOPMHOINCECMEO).

4—6 § 5. COOTHOLIEHHS 3KBHUBAJIEHTHOCTH ) 381

Bounee o6wo, mycTb f — oToGpaxenue MHOxecTBa E B MHOxecTBO F;
coorHomeHue ,f (x)= f(y)* ecTb COOTHOLIECHHE 3KBUBA/JEHTHOCTH B E;

-1
ecau ero o6osHaynth yepes R, oToGpaxenne z — f (z) (rae f(2) pac-
CMaTPHBAeTCs Kak 3jeMeHT MHOXecTBa E/R ects 83aumno odno3Hnau-
Hoe omoO padsicernue muoxecrsa f(E) xa E/R.

OTcloga BbiTeKaeT, 4YTO f MOMHO PACCMATPHBATL KAK KOMnO3ULU0
TpeX CAaenylolIuX oTo0paxeHuft, GepylUIuXcs B YKa3aHHOM MOpsake:

1° xanonuueckozo orobpaxenus uacth f(E) Muoxecrsa F B F;

2° 83aqumno 00HO3HauH020 oTOOpamenus Muoxectsa E/R ua f (E),
©OOpaTHOr0 OMpeae/eHHOMY BhIE OTOOPAKEHHUIO;

3° kaHoHuweckozo orobpaxenus E-una E/R.

OTO pasnoxeHHe OTOGPAKEeHHS HA3bIBACTCH KAHOHUMECKUM DASAO-
Jceruem MM KaHOHU4eCKOld ¢ghaxmopusdayuel.

4. Bcakoe COOTHOIIEHHE SKBUBAJEHTHOCTH R B Muoxectse E Moxer
GHTb Ompene/eHO C MOMOWBI HEKOTOPOTO OTOGpaXkeHud KAK B NPEdb-
ayuweM n°, u6o ecan C ecTb rpaduk COOTHOIEHHS R, TO cOOTHOLIeHue
»C(x)=C(y)“ sxBuBazenTHOo cooTHowenmoO Rix, yi.

5. Ilycte R —COOTHOLIEHHE 9KBMBANEHTHOCTH B MHOXecTBe E U
A —uacts mHOxecTBa E; cooTnomenne Rix, yi Mexay apymsa oGLuMu
9/IEMEHTAMH X, Y MHOJCECM8a A ecTb COOTHOLIEHHE SKBUBAJEHTHOCTH B A;
FOBOPAT, YTO OHO UHOY{uUPOosarHo B A cooTHouweHHeM R u 0603HAUAIOT
ero RA. Ilyctb f — kaHoHuyeckoe oToGpaskeHue Muoxectsa E na E/R,
a g — KaHOHWYecKoe OTOGpaxeHHe MHOxecTBa A Ha A/Ra. ITocrasum
B COOTBeTCTBHe ApYT Apyry saemeHT u3 E/R u sneMenT uz A/Ra, ecau
OHU ABAAIOTCS 0GPa3aMH OAHOrO M TOrO Ke 3aeMeHTa u3 E orHocu-
TeJbHO f M g COOTBETCTBEHHO; TEM CAMbIM ONpelessieM 83QUMHO OOHO-
3Ha4HOe COOTBETCTBHE MexiAy o6pasoM f(A) MHOxecTBa A OTHOCH-
TedbHO f 1 axTopMHONkecTBOM A/Ra. Ecau uepes ¢ 0603HauuTh KaHO-
HHYEeCKG - oToOpaxenne MuoxectBa A B E, 3ro coorserctsue Gyzer
OCYLIECTBAATbCE OTOGPAKEHHEM

-1
z2—> f(p(g(2)))

1 OOpaTHHM K HeMy, TaKXe HA3bIBAEMBIMH KaHOHUYECKUMU.

6. Toopar, uto uacts A MHoxectBa E Hacwhuweno nna coortHoute-
HHA SKBHBAJEHTHOCTH R, ecau /s BCAKOro x € A K/aCC 3KBMBA/IeHTHOCTH
sneMeHTa X No R coxzepxurca B A; uHaue ToOBOpS, MHOMECTBA, HACH-
meHHple A48 R, ABAAIOTCA 009€0UHeHUAMU KAGCCOB IKBUBANEHMHOCMU
no R. Ecan f ectb kaHoHuueckoe orToOpaxeHue MHoXecTBa E na E/R,

MOXHO elle CKa3aTb, 4YTO MHOXECTBO HACHILIEHO, eCJH OHO HMeer
-1

B f (X), raie X — HekoTOpas Yactb MHOxkectBa E/R.

Iyctb A —uvactb MHOxecTBAa E; mepeceuenne HACHUIEHHBIX MHOKECTB,

-1
cozepxamux A, ectb MHOXeCTBO f (f (A)), KOTOpOe MOXHO ONpeseNuTh
TaK Xe, KaK 00beAHHEHHE KJ/ACCOB SKBHBAJEHTHOCTH 9JEMEHTOB H3 A,

H KOTOpOE Ha3blBAeTCHA Kacsujenuem MHoxectBa A (a1 R).
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7. Nycts Pix, y, 23 —cooTHoweHue, B KOTOpOe BXOLMT oOwiufi
aleMeHT x MHoxectBa E. Tosopar, uto P cosmecmumo!) (mo x)
€ coomHoulenuem Ixsusasewmrocmu R, ecnn cootHouenne ,Pix, v, 23
n x=x"(mod R)* srevem Pix’, y, 2}.

Iycts f — kanoHuueckoe ortoGpaxenHe Muoxectda E una E/R u
-1

t — oOuiuft aneMenT MHOXectBa E/R; cooTHomenne ,cywectsyer x € f (£),
taxkoe, 4T0 P x, y, 2}“ 9KBUBANEHTHO TOTIa COOTHOLIEHHIO ,KAKOBO Obi
1

1 OBo X € f(£), Pix, y, 23 310 ecTb COOTHOWIEHHE Mexdy £, ¥, 2,
0 KOTOPOM TOBOPAT, UTO OHO 8uBededo u3 P nepexodonm x daxmop-
MmHoocecmsy %) (mo x); ecau ero oGosuauuth ueped P’ 3£, y, 2}, TO
Pix, y, 2} Gyzer sxBuBaneHTHO cooTHolleHmlo P’'3f(x), y, z}.

Jig CcoOTHOWeHHS, B KOTOPOe BXOIMT NMPOH3BOJbHOE YHCIO apry-
MEHTOB, M IAjd CJAyuyas, KOrZa 3TO COOTHOIIeHHe COBMeCTHMO ¢ R mo wxe-
CKOAbKUM M3 3THX APTYMEHTOB, ONpeie/ieHHS aHaJOTHYHEL.

Hanpumep, ecau A — uvacte MHoxcectBa E, TO ckasarteh, 4t0 ,x € A“
COBMeCcTHMO (Mo x) ¢ R, Bce paBHO, YTO CKa3aTh, YTO A HACHILEHO
ana R; ecam ¢ —orobpaxenie MHOxkecTBa E B MHOXecTBO F, TOo cka-
3aTh, YTO (YHKUHOHAJIbHOE COOTHOLIEHHE ,¥ = ¢ (X)* COBMeCTuMO (N0 X)
¢ R, Bce paBHO, 4YTO CKas3aTh, uTO (QYHKUMA ¢ OCTaeTCs NMOCTOAHHOH
Hd KaXAOM KJj4acce 3KBHBAJEHTHOCTH MO R; mepexoloM K (pakTOPMHO-
*eCTBy MNOJyYaeM TOrZa COOTHOLIEHHe MexAy ¥y W OOIHM 3/eMeHTOM f
¢daxropmHokecTBa E/R; 3T0 cooTHOmIeHUEe (YHKLUHOHA/IBHO MO Y M Ompe-
IeJsieT, ClenoBaTenbHO, otebpaxenue ¢’ ¢axkropmuoxectsa E/R B F,
YLOBJETBOpSAIOLIEE TOXKAECTBY ¢ (x) =o' (f (X))

8. Ilycre R — cooTHOlleHue 3SKBHBRJIEHTHOCTH B MHOxecTBe E,
S — cooTHOIEeHNe SKBUBANEHTHOCTH B MHO¥ecTBe F u f — oToOpakeHue
MHoxectBa E B F. TloBopar, uto f cosmecmumo ¢ R u S, ecin
cooTHouenne x==x’(mod R) ssevem f(x)==f(x')(modS); ecru g—
KaHOHHYecKOoe oToGpaxenue MuomectBa F nHa F/S, TO xoMmosuuua g o f
MMeeT OJHO M TO )K€ 3HaYeHHe /A BCEX 9JEMEHTOB KJACCa 9KBUBAJEHT-
HOCTH 2 no R; ecau 910 3Hayenue 0603HauuTh yepe3d k(z), T0 h Gyner
oto6pawenneM Muoxectsa E/R B F/S; rosopar, uro oHo 8sgedeno us f
nepexodom Kk haxmo pmroxcecmsas d).

9. IMycts R — cootHoweHne sxBuBaneHTHOCTH B E, S — cooTHOmEHHE
9KBUBAJNECHTHOCTH B E/R; ecau f — xaHOHUYecKOe oTo0paxeHHe MHO-
xkectBa E Ha E/R, To ,f (x)==f(y)(mod S)* ecTb HEKOTOpOE COOTHO-
ureHe 9KBuBajeHTHOCTH T B E; TakuM o6pa3oM, KJacC 9KBHBA/JAEHTHOCTH
no T ects o6beauneHue B E K.aaccoB 3SKBHBa/NeHTHOCTH - MO R, 9KBuBa-

1) B mogavHHHKe ,COmpatible*; B TIpHAOXKEHHH K PYCCKOMY IMepeBoly
?Tepsux wgm ,O6uedi Tomosorun* H. Byp6aku (M., 1958) — ,cozsacyemcs*. —
puM. pedod.
?) B noanunnuke ,déduite de P par passage au quotient*; B NpHAOXKEHUH
K PYCCKOMY mepeBoiy mepBnXx raas ,O6weil Tomosoruu* ,nosy4eno us P
gaxmopusayuei*. — Ilpuns. ped.
) Cwm. mpeapiaymee npumeyanue. — [Tpum. ped.
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JeHTHBIX Mexzay cobo#t mo S, u ,x = y(mod R)“ Baever ,x =y (mod T)*.
Ecan g u ¢ — KaHoHWyeckHe oTOOpaxenusa muoxecTBa E/R na (E/R)/S
g MuoxectBa E Ha E/T coOTBeTCTBEHHO, TO, MOCTABHB B COOTBeTCTBHE
apyr apyry saement u3 (E/R)/S u snemenr us E/T, apasouuecs obpa-
3aMH OJHOTO W TOTO e 3/7eMeHTa u3 E OTHOCUTeNbHO gof U @ COOT-
BeTCTBEHHO, Mb! NOJYYUM B3aHMHO OJHO3HAYHOE COOTBETCTBHE MEXIy
(E/R)/S u E/T (uasniBaeMOe KGHOHUMECKUM).

O6patio nmyctb R u T — aBa cOOTHOLIEHNS 9KBHBA/MEHTHOCTH B E,
Takue, 4o ,x=y(mod R)* Baever ,x=y(mod T)“. Torza T cosMe-
ctuMo (B CMbicie m° 7) ¢ R OXHOBpeMeHHO MO X u 0o y, H u3 T mepe-
x0a0M K ¢akropMHOxecTBy E/R (mo x w y) noaydaercs COOTHOLIeHHE
sxsuBatentTHocTd S B E/R. Ecau uepes f cHoBa 0603HAYUTb KaHOHHYe-
cxoe oToGpaxceHHe MHoxectBa E uHa E/R, TO cooTHoueHue ,f (x)==
== f(y)(mod S)* Gyzer SKBMBA/NEHTHO COOTHOMeHHI0 ,x ==y (mod T)*.
CoorHomeHue S Ha3HBaeTcd Paxmopcoomuoulenuem COOTHOWeEHUs T
no R u oGosnauaerca T/R. Ilo npenuayuiemy, cyuiecTByeT B3aUMHO OIHO-
3HA4HOe (4 MMEeHHO KaHoHHYeckoe) cooTeTcTBHe Mexay (E/R)/(T/R) u (E/T).

10. Ilycte Teneps E, F—i1Ba 1npou3BOJbHHIX MHOXECTBA (He
o6s3artesbHO pasauuHbe), Rix, y}i-— cOOTHOLIeHHE SKBUBAJEHTHOCTH
B E, S}z, t}—coorHomenue skpuBasentHoctu B F. CooTHoweHue
JRix, vy} u S}z, £} Mexay saeMenramu (x, z) u (y, f) npoussene-
nus E X F ectb coornowenue skBuBazeHTHocTH B E X F, HasuBaemoe
npou3sederuer coomuouwerus R Ha coomnouenue S u 0003Hayae-
Moe R X S; scaku#t kanacc 3KkBHBaNeHTHOCTH MO R X S ecTh npouspeneHue
HEeKOTOPOro KJ/acCa SKBHBAJEHTHOCTH MO R Ha HeKOTOpHIt KaacC 3KBu-
BajaeHTHOCTH MO S. Ecanm 4 o6GosHavaer ofuuit saeMeHT MHOXkecTBa E/R
H v —obwui sjaeMeHT MHOXecTBa F/S, 10 (4, v)—>u X v ecTb 83a-
umHo o00HO3Haunoe omolpaxerue wMuHoxectsa (E/R) X (F/S) na
(E X F)/(R X S) (HasuBAeMOe KQHOKUUECKUM).

§ 6. Ynopsinouenusle MHOXECTBA

1. CoorHouenne w}x, y§ Mexay IByMs OOLIMMH 9/eMEeHTaMH MHO-
wecTBa E HasbiBaeTcs coomuouienuex nopsadxa B E, ecan ono yno-
B/IETBOPSET IBYM C/ERYIOUIUM YCIOBHAM:

a) CoorHouenue ,wix, y§ u wiy, 2} ssevem o}x, 2z} (Tpausu-
THBHOCTb).

6) Coornowene ,wix, Y§ W wiy, X3 IKBuUBAACHMHO ,x = Y*.

Vcaosue 6) BieueT pe@JeKCHBHOCTb COOTHOLIEHHA ®.

Iycts C—vuacts MuoxectBa E X E, onpenensemas COOTHOUIeHHeM
wix, y} Kak cBofictBoM mapd (X, y); ycaosus a) u §) 9KBUBAIEHTHBI

-1
cootsercTBenno ycaosuam: a’) Co C=C; 6”) Cn C=A. 13 atux cBO#CTS,
BnpoueM, BhiTekaer, 4To CoC=C.

Korza paccmarpuBaeTcsl KOHKPeTHOe COOTHOLUeHHe MOPAAKA B MHOXe-
cree E, rosopar, uro E ynopsaodoueno 9THM COOTHOIIEHHEM M YTO 39T0
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cooTHoLIeHue onpenenderT Ha E cmpykmypy ynopadouennozo mrodxuce-
cméa (cM. § 8) wan cmpykmypy nopadxa (Wi MpoOCTO nopAOOK) ).

Ecan w}x, yi— coorHowenne mnopsika B E, 1o u wiy, x}—co-
OTHOIIeHWe Mopaika B E; 3Th 1Ba COOTHOLIEHMd MOPANKA, KAK M ompe-
ZeadeMble MMH CTPYKTYPH NMODPAIKA, HA3LIBAIOTCH 7 POMUBONO ROICHBMU.

Mycrs w}x, y3}— cooTHouenne nopaika B E u A —mpousBoabHas
yacTb MHOxkeCTBa E; cooTHomeHHe wix, y} Mexiy AByMa o6luMu 3je-
MeHTaMH X, Y MHOXMecmsa A eCTb COOTHOLIeHHe NOPALKA B A; roBOpAT,
yTO ompejenseMulff UM HAa A NOPAIOK UHOY{upyemcs TNOPALKOM, ompe-
zenseMueM Ha E cooTHoweuweM o3x, y3i. Ilopamok, paccMaTpuBaeMblH
Ha E, HasumBaercs npodo.asicenuem TOPAAKA, MHIYUHPYeMOTO HM Ha A.

Pegprexcusnoe u mpaH3umugroe cOOTHOWeHue &ix, y§ Meway
IByMs OGLIMMHM 3JeMeHTaMH MHOXeCTBAa E Ha3mlBaeTcs coomrouleruen
npednopadxa 8 E; cooTHoumenne ,b3x, yi u diy, xi“ ectb coom-
wowenue oxsusasenmnocmu R B E, mpuuem &ix, yi COBMECTUMO
MO X H MO y C 9THM COOTHOIIEHWeM; Mepex0id K (aKTOPMHOMECTBY
(mo x u y) naer B MHoxecTBe E/R coomnowenue nopsdxa, xoropoe
HA3LIBAIOT GCCOUUUPOBAHKHM C Bi X, Vi.

2. CoorHoweHue BxMoueHus ,XCY“ eCTb COOTHOLIEHHE MOPAIKA
B MHOxecTBe 9 (E) uacTefl mpOH3BONBHOTO MHOXECTBA.

Ecam E u F—1Ba He 00693aTelbHO pasavyHBIX MHOXECTB4, COOT-
HOIIEHHE ,g €CTb MPOXO/KeHHe QYHKUMH f“ €CThb COOTHOLIeHHe NMOpAAKa
B MHOXeCTBe OTOGpa’keHMH NpPOM3BOIbHOK uactH MHOxectBa E B F.

MHoxkecTBO N NOMOMHTENBHHX LEJBIX YHCea ?) YyNopaao4YeHo COOT-
HoleHHeM ,x < y“.

3. Ilo aHanOrMH C TUM MOCJeIHUM NPHMEPOM uacTO, KOrjia MHOXe-
cTBO E ynopanoueHo COOTHOUIEHHEM  } X, Y3, yCAaBAuBAKTCA 0603HAYATH
COOTHOLIEHHE w®3}Xx, Yy} uyeped X<y HIH y_> X; ITH COOTHOLIEHHA
YHTAIOTCA COOTBETCTBEHHO ,X MUHOpupyem Y“ W ,y npesvuaem x*
(wau ,y Maocopupyem x*). B aToM cayuae cooTHouweHud ,x < y* M

) To, uto H. Byp6aku Ha3wBaeT ,NOPANKOM®, ,yNOPSAOYCHHWM MHONKE-
cTBOM* U T. I, B PYCCKOH MaTeMaTHyeckoH JaUTEpaType HasbiBaeTcsi 0OHTHO
YaACMUHHOM NOPSOKOM, HACMUHHO YNOPLIOHCHHHM MHONCECMBOM H T. I Atu
TEpMHHB MHOTZAa CHaGKAIOT eme CAOBaMU ,HECTpOruil®, ,HecTporo“ (M rosopar
LHECTPOTMil YaCTUYHHIH NOpPSAIOK®, ,HECTPOrO YacTUYHO YNOPAJOIEHHOE MHO-
KECTBO*), YTOGH OTAHYUTH OT CMPO2020 HACMUHHOZO nOPpadxka u cmpozo
YaACMU4HO YnopsO04eHHOZ0 MHONCECMEa, KOTOPHIE 33AAI0TCH COOTHOIMEHUEM
a(x, y), SBASIOUIMMCA TPAHSUTHBHLIM M aHmUpedAexcusuoim (T. €. TaKuM,
uto ,He a(x, xX)* Bumoausercs aas moGoro aaementa u3 E). Caosa ,crporuit”,
,CTporo® (kak UM ,HECTpOruit, ,HECTpOro“) 4acro OmycKaloTcs (4T0, KOHEUHO,
IpHBOJUT K ABYCMBICAeHHOCTH). — [1pun. peo.

2) B cornacud ¢ XapaKTEPOM 3TOH CBOAKH Mbl HpelnoJaraeM sjiech usBecCT-
HOil TEOpHIO LieAMX wucea. Ho He caepyer AymaTs, 4TO 3Ta TeOpUs HEOGXoluMa
AMf TIOCTPOEHHs TEOPHH MHOMECTB; HampoTHB, o6paruBmucs k Kuure 1, wuraress
YBHAMT, YTO MOMHO, HCXOIA M3 DPE3YABTATOB TEOPHH MHOMECTB, ONPEACAUTH
HeAbe YMCAA H J0Ka3aTb BCE UX H3BECTHbHIE CBOHCTBA.

B nameit Tepmunosoruu O mpHHapaexur Muoxectsy N u paccmarpuBaercs,
TakuM OGpa3oM, KaK IONOXHTEAbHOE 4UCJIO; MONOXKUTENbHHE LeJne 1qucHa, OT-
auyHbie o7 0, HA3WBAKTCA CMPOZ0 NOAOHCUMEAbHHMU. .
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oY > X“ [KOTOPHE YHTAIOTCH ,X CIMPO20 MUKOPUPYEM Y* WU ,Y CMPO20
npessiuiaem (cmpozo maxcopupyem) x“] no onpeieneHHl0 3IKBHBA-
JIEHTHH COOTHOLIEHWIO ,x <y U X == y“.

CoorHomenne ,x < y“ 9KBUBAAEHMHO COOTHOWEHHID ,X <y HJH
x = y*. CootHowenne ,x <y u y < 2" 8aevem ,x < 2, aHAIOTHYHO
Xy uyL 2 srenem x < 2%,

4. Yacrte X muoxecta E, ymopamouennoro cootHomenueM ,x < y¢,
HA3bIBAETCA COBEPULEHHO YNOPROO4erHOE 1) 3TUM COOTHOIICHUEM, eCJH,
KaKOBH Gbl HU Obi X EX U yE€EX, x Ly umn y < x (Mau ele, ecau
¥MeeT MecTO OZHO M3 TPeX B3aMMHO MCKJIOYAIOHIMX COOTHOWeHHH: x < V,
X=y um x > y).

IMycras 4acTb ymOpaAOYEHHOIO MHOXECTBA BCeria COBEPLIEHHO YIO-
pagoueHa. Moxer OblTb COBEpLIGHHO YHODALOYEHHBIM M BCE MHOXe-
cTBo E, Hanpumep MHOxecTBO N, ynopaaodyeHHOe COOTHOLIeHHEM X < V.

Bcesikas yacTe COBepILeHHO YHOPSAAOYEHHOTO MHOMXECTBA TaKXe COBep-
1IEHHO YNOPAAOYEHA HHAYUHMPOBAHHBIM TMOPALKOM.

INycTs @ w b — IBa TaKUX SJMEMEHTA CO8ePULEHNO YNO PAOOUEHHO20
muoxectsa E, uro a < b; uvactb MHOxkecTBa E, 00pasoBaHHasd 3J/eMeH-
TaMH X, 19 KOTOPHX @ < x < b, Ha3bIBAETCS 3AMKHYMBM UHMED-
8a40M € HauasOoM @ u KOR{oM b w oGosnauaercs (a, b); ecau a < b,
MHOXeCTBO 9/IEeMEHTOB X, I8 KOTOpHX a < x < & (cooTBeTCTBEHHO
a < x < b), HasuBaetcs noayomxpumum cnpasa (COOTBETCTBEHHO
C.e8a) VHTEPBAJIOM C HAYaiOM a M KouuoM & u o6osHauaerca (a, b)
(cooTBeTcTBeHHO (@, b)); HakoHel, ecan @ < b, MHOXECTBO JeMEHTOB X,
AN KOTOPHX @ < X < b, HA3HIBACTCA OMKPuiMbiM WHTEPBAIOM C Haya-
aoM a u b u oGosnauaerca )a, b(.

MuoKecTBO 3/1IeMeHTOB X, A8 KOTOPHX X < @ (COOTBETCTBEHHO X < @),
Ha3biBAeTC Ge32panuinem?) caesa 3aMKHYMbM  (COOTBETCTBEHHO
OMKPsMsl M) MHTEPBAJIOM C KOHUG. @& H oGo3Hauaercs ) <—, @) (CoOT-
BETCTBEHHO )<—, @f); aHAJNOTHYHO MHOXeCTBO 3/EeMEHTOB X, L KOTO-
peiX X >a (COOTBeTCTBEHHO X > @), Ha3uBaeTcd O6e32ParuiHblM
cnpasa 3aMKHymbsiM (COOTBETCTBEHHO OMKPbLMbLM) MUHTEPBAJNOM C HA-
yanoM a u o6osHavaercs (@, — [ (cooTBercTBeHHO )@, —> (). Haxowen,
camo E paccmarpuBaercs kak Oe3zpanuunoili ¢ o0eux cmopon (unu
B8060UX HANPABAEHUAX) OmME P bimbti unTepBan u o60o3Havaercs J<—, —>(.

5. B uactu X ynopsazoyeHHOTo MHOxecTBa E cyuiecTByeT He 0oJee
OIHOrO 3JeMeHTa @, TaKOro, uTo @ < x 117 BceX x € X; eC/u 3jeMeHT g

) CoBeplleHHO YNOPSAOYEHHBIE MHOXECTBA HEpEeAKO HA3bIBAOT UHELHO
ynopsdouenHeiMu, a COOTBETCTBYIOUIHE NOPAAKU (COBepUieHHble NOPSIOKU) ~—
AunelnsiMy nopsiokamu. B TOH TepMuHOJOrMH, B KOTOPOH ymopsiodYeHHble
(8 cmbicie Byp6aku) MHOXECTBA HA3LIBAOT 4ACMUYHO-YNOPSTO0LeHH MU, COBED-
IMIEHHO YNOPAIOUECHHbLIE MHOXECTBA Ha3LIBAIOT IPOCTO YNOPsT0O4EHAbI ML (a COBEp-
meHHble MOPSAAKU — MpOCTO nopsoxamy). CrenaHHble Bbllle 3aMe4aHHS 06 ymo-
TpeGAEHUH CAOB ,CTPOruit“, ,CTPOro* u ,HecTporui*, ,HECTPOro* ocraTCH
B cujae H B 3TOM cayuae. — [1pum. peo.

2) B OpunOKEeHUH K PYCCKOMY M3ZAHuUIO NepBux raaB ,O6mell rtomosoruu*
3jech M jJanee BMECTO ,0€32PpAHU4HbI" — ,He0zpanu4ennoit. — Ilpun. ped.

25 H. Byp6aku
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C TaKMM CEOHCTBOM CYIIECTBYeT, OH HA3HBAETCA HQUMEHLULUM BAeMeH-
mom mrooxcecmsa X. AHANOTHYHO CylleCTByeT He Gojee OIHOTO 3Je-
Menta b€ X, Takoro, uto x < b ang Bcex X € X™; ecAM TaKOH 3ieMeHT
CYULECTBYET, OH Ha3blBAeTCH KAUOOALULUM SAeMeHmoM Muodcecmsa X.

B cosepuwenno ynopadouennom wmmoxecrse E kawmnas Hemycras
KOHeYH@a 4acTb uMeeT HaubOo/JbIIMH H HAHMEHbLIMH 3/eMEHT, Ha3blBae-
MBI MAKCUMYMOM W COOTBETCTBEHHO MUHUMYMOM ITOR YACTH.

YnopsanoyeHHoe MHOXeCTBO, KaXAad HenmycTas 4acTb KOTOPOro 06.a-
[3aeT HAUMCHbIUMM 39JIEMEHTOM, HA3LIBAETCA B8NOAHE YNOPACOUEHHHM.
MuoxecTBO N M0oI0KHTEbHHX LEAHX YHCEN BNOJHE YNOPALOYEHO; YTOGH
yacTb MHOeCTBA N HMesta HauGOMbIIMHA IneMEHT, HeOGXOAMMO H LOCTa-
TOYHO, YTOOH OHAa Obizia KOHEYHOH U HemycToH. C MOMOLIBI0 AKCUOMBI
BHOOpA I0KA3bIBAETCH, YTO HA BCAKOM MHOXeECTBE CyL(eCTBYeT CTPYKTypa
BHOJHE YMOPSLOYEHHOTO MHOXeCTBA (meopema Llepmero).

Ynopanounm MuoxecTBO P9 (E) uacTefi mpou3BOIBHOTO MHOXeECTBA E
COOTHOWIeHHeM BK./oueHus. Jas Toro uyroGu vacte @ muoxecrsa 8 (E)
(T. e. HEKOTOpOe MHOeCTBO yacTeff MuoxecTBa E) 061321210 HauMeHb-
IIUM 3/IEMEHTOM, HeOGXOAMMO M JAOCTATOYHO, uTOGBI MepeceyeHHe BCeX
MHOXKECTB H3 §F NPHHALIEKANO TF; TOrAA 9TO NMepecedeHwe n GyLeT Hau-
MEHbLIUM 9JEMEHTOM B §; AaHANOTMYHO, YTOGH TF MMea0 HaHGO.bLIMMA
9/IeMEHT, HEOGXOAMMO H JOCTATOUYHO, 4TOGH OGbelHHEHHE BCEX MHOXKECTB
u3 F mpuHailekano F; TOrAA 3TO OGbeaHHeHHE H Oyler HauGoabLINM
2/1€eMEHTOM B .

l'osopar, uro uyacts X ynmopsanouenHoro Muosxectsa E xowgpunassna
(COOTBETCTBEHHO KOURULuAAbRA) MHOKECTBY E, ecau aaa Beakoro y € E
CyuiectByeT Takoe x €X, uro y <{ x (cooTBerctBenHo x < y). Ckasarb,
UTO yMOpsALOYeHHOe MHOXKeCTBO E uMeeT HauGosbiiuft (COOTBETCTBEHHO
HAUMEHbUIMA) S/1EMEHT, BCe PABHO, UTO CKa3aTh, YTO CyLIECTBYeT KOH(-
Ha/bHAg (COOTBRTCTBEHHO KOMHHIHMA/IbHAA) YaCTh MHOxecTBa E, cpoig-
Ua9cd K eIMHCTBEHHOMY 3JIEMEHTY.

6. Ilycts X —uacTb ynmopsaioueHHOro MHOxecTBa E; BCAKUf sieMent
X €X, a7 KOTOPOTO He CylleCTByeT HH 0AHOTO 2 € X, TaKoro, uro z < X,
HA3bIBAETCH MUHUMAABRBLM I/IEMEHTOM MHOXeCTBAa X; Beaku#t y € X, nas
KOTOpOro He CyWeCTByeT HH OZHOrO 2 € X, TaKOro, yTo0 Z >y, Hashl-
BACTCH MAKCUMQAbHBLM I]eMEHTOM MHOMecTBa X. MHOXeCTBO MAKCH-
Ma/JbHBIX SJEMEHTOB (MAH MHOMKECTBO MHMHHMA/bHbIX 9/EMEHTOB) MOXeT
ObiTb MYCTHIM; OHO MOXKET TaKke GhiTb GEeCKOHEUHbIM; ecau X MMeeT Hau-
MEHbLINK 3JIeMEHT @&, OH ABIAETCH EOUNCMBEHHBM MHUHUMAJNbHLIM 3ie-
MEHTOM MHOeCTBa X; aHa/OTHYHO, ecil X uMeeT HauGoabluuit saeMent b,
OH fBJIETCA EOUHCMBEHHBM MAKCHMAIBLHBIM 3/EMEHTOM MHOMecTBa X.

7. Ilyets X —uacTb ynopazoueHHoro MHoxectsa E; ecanm sgeMeHT
% CE Takos, uto z  x aaa Bcakoro z € X, roBopsT, 4to X Madxcopu-
pyem X WM UTO X eCTb MaMcopanma (WM 8epXHiul o2paHuvumens)
MHoxecTBa X; ecan y € E TakoB, 4T0 z > y 114 Beakoro z € X, rosopar,
4TO Y Muropupyem X UMM uTO Y €CTb MUHOpaHma (WM HUNCHUL
ozparuuumens) MHOxecTBa X.

7—8 § 6. YIIOPIJOUYEHHBE MHO)XECTBA 387

MHOKECTBO MaXOpPaHT (MM MHOXECTBO MHHOPAHT) 4acTH X MOMKeT
6uTh mycthM. Hactb X, MHOXKECTBO MaXXOPAHT (COOTBETCTBEHHO MHHO-
paHT) KOTOpO# He MyCTO, HA3bIBAETCH MANCOPUPOBAHHOL MM O2ZpaHU-
yeHHOU c8epxy (COOTBCTCTBEHHO MUHOPUPOBAKKOL WIM O02pPaHuYer-
HOU cHu3y). MHOXECTBO, OrpaHHYEHHOE OJHOBDEMEHHO H CBEPXY M CHU3Y,
Ha3blBAETCA 02ZpaHudernHbM. BCAkuit dieMeHT, MaXopupyloUluit HEKOTO-
PyH0 MaxkOpaHTy MHOXecTBa X, CaM ABASETCA MaKOPAHTOH MHOxecTBa X;
BCAKUA 9/MeMeHT, MHHODUPYIOLIMA HEKOTOPYI0 MHHOPAHTY MHOecTBa X,
caM ABageTC MHHODaHTOH MHOxecTsa X.

Ec/u MHOMXECTBO MamOpaHT yacTH X HMeeT HAUMEeHbLInH 3JeMeHT &,
TO a HA3HBAIOT 8epXHell 2pPAHbiO YacTH X; aHAJNOTHYHO, €CAH MHOMKe-
CTBO MHMHOpAHT MHO)ecTBa X nMeeT HauGoJbIMA 9/71eMeHT b, ero Hasu-
BAIOT HudCHel 2paHwbio YacTH X; eCAM 3ITH TPaHU CYHIeCTBYIOT, TO 1O
caMOMy MX OMNpeie/]EeHHI0 OHH eIHHCTBEHHH; 0003HAYalOT MX SUpg X Wan
sup X u coorserctBedno infg X wau infX. Ecan X umeeT HanGoubuinit
9JIeMEHT, STOT J/MEMEHT ABJAETCH ee BepXHelt rpaHplo; ecad X MMeeT Hau-
MeHbIIHH 9JEMEHT, ITOT JEMEHT fB/AeTCH ee HUkHeH rpanblo. OGpaTHO,
ec/u BepXHAf (COOTBETCTBEHHO HIMKHAS) T'PaHb MHOMeCTBa X CyLLeCTBYET
M npuHaniexurT X, OHA fB/AAETCA HauGOJbIIUM (COOTBETCTBEHHO HAMMEHb-
LINM) 2JEMEHTOM 3TOr0 MHOXeCTBa.

-Myctb f — otoGparenue Muoxectsa A B E. Tosopar, uro f ozpa-
HuyeHo c8epxy (COOTBETCTBEHHO O02PARUHEHO CHU3Y, O2PAHUYEHO),
ecad  f(A) eCTe OrpaHMYeHHas CBepXy (COOTBETCTBEHHO OTpaHMYEHHAs
CHU3y, OTpaHuyeHHas) yacTb MHOxectBa E; ecmm f(A) oGnanaer sepxnell
(cooTBETCTBEHHO KudicHel) rpanblo B E; 3Ta rpanb uasuBaercs gepxnel
(COOTBETCTBEHHO RudcKel) epansvio dyuxuun f u 06osHauaercss sup f(x)

. XCA
(coorsercreenno inf f(x)).
XCA

8. YmopazoucHHOe MHOXeCTBO E, BCf as HemyCTas KOHeuHasf 4acTb
KOTOpOro OrpaHHyeHa CBepXy (COOTBETCTBEHHO CHH3Y), HA3HIBAETCHA MHO-
KECTBOM, PUALMPYIOUUMC B8npaso }) (COOTBETCTBEHHO gPusbmpyio-
wumca 8AeBO).

YnopsaouenHoe MHOxecTBO E. BCAKag HENyCTag KOHeYHAs 4YacTs
KOTOpOro o06/aagaeT BepXHe#t rpaHblo U HIKHEH rpaHblo, HA3LIBACTCA
cemuamoig MHONCECMBOM WIU YROPAOOUERHOH cembio (Wnu peuient-
Koitf) 9.

MHOKEeCTBO uacTeit MPOM3BOJBLHOrO  MHOXECTBA, YMOPAAOYEHHOE
BKJIOYEHHEM, eCTb CeTb, BCAKOE COBEPUIEHHO YMOPALOYEHHOE MHOXKECTBO
eCTb CeTb.

9, VrnopsaaoueHHOe MHOXeCTBO E Ha3biBaeTCs UHOYKMUBHBLM, €C.1R
OHO YIOBJETBOPSAET CJEAYIOUEMY YCJIOBHIO: BCAKOE COBEpLIEHHO ymops-
JAOUEeHHOE MOAMHOXKECTBO MHOXeCTBa E uMeeT MOMXKODAaHTY.

1) B pyccioil MaTemaTH4eckoif aurepatype (bHJleé)lemMeCﬂ BIIPaBO MHOXE-

CTBa HA3BLIBAIOT TAKXKE HanpasieHHuimu.— {lpun. pe .
2) Takue yNOPAZOUEHHblE MHOXECTBA HA3HBAIOTCA B PYCCKOH MaTeMaride-
ckoll auteparype cmpyxmypamu. B 1pakrate Byp6akn, ojHaKo, TEpMHH ,CTPYK-
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‘Muoxectso 4 (E), ynopasoueHnoe BKIIOYeHHEM, ~— UHAYKTHBHOE MHO~
MECTBO; TO Xe BepHO I/ MHOMECTBA BCEBO3MOMHBIX OTOOpaeHuH ua-
creft MHOxcectBa E B MHOxecTBO F, ynopsmouensoro cootnomenuem ,g
€CTb Npono/MmKeHde OToOpaxenus f“.

IIpou3BonbHAA YaCTh MHIYKTHBHONO MHOKECTBAa, BOOGUIE roBOpA, He
AIB/AeTCA MHAYKTHBHBIM MHOXECTBOM; HO, eCJi @ ~— NMPOU3BO/IbHHIN DIEMEHT
HHAYKTHBHOTO MHOMecCTBA E, yacte MHoxecTBa E, oOpasoBannas sneMen-
TAMU X, AN KOTOPHX X > @, TaKKe ABAACTCA HHLYKTUBHBIM MHOX€ECTBOM.

10. C nmomoursio akCHOMbI BHOOPa 1OKA3bIBACTCA CJAedylOlilee npeno-
WeHue, KOTOpoe Oyner uMeHOBaThea meopemod Llopra:

Bearxoe undyxmusnoe ynopadouennoe mrnoxcecmgo o6aradaem no
KpaidHeld mepe O0OHUM MAKCUMAAbHOLM I0eMEHMOM.

11. B muoxectse P (E) uacre#f npousBoabHOro muoxecrsa E, ymopsa-
AOUYEHHOM BK/IOYEeHWEM, BepXHeHl rpaHblo M000r0 MHOXKECTBA ¥ uactedt
muoxecTsa E dpngerca o6sedunenue MHOxecTs 3 . [Ipumenenue Teo-
pembi LlopHa naer cieiymown#t pesyabTat:

Ecau § — makoe muoxcecmso wacmeli muosxcecmsa E, umo 0an
scakolt wacmu & mnoocecmsa F, cosepuenno ynopadouennol coonm-
Howenuem 8Kaw4eHus, o0sedurenue muoxecms u3 O npunad-
aexcum F, mo F o6aadaem no xpaiineli mepe 00HUM MaKCUMALb-
HboLM SaeMmeHmoM (T. €. B JAHHOM Ciayuyae HeKOTOpPOH TakoH mpuuai-
Jexatlet k g yacToblo MuOXecTBa E, KOTOpas He COZePIHTCS HU B KAKOH
Apyro#t vactu MHoxectBa E, mpuunadnemauwet ).

[oBopar, uro MHOxecTBO @ uHacreft MuOxectBa E ecTb MHOKECTBO
KOHeuHOo20 xapaxkmepa, ecan ceoficteo X € §“ sxsusarenmno cpott-
CTBY ,BCAKAS KOHe4HAs 4acTb MHOMeCTBA X MNpHHALJAEXKHT . D10
ompejeseHue TMO3BOJAET CHOPMYIUPOBATH CJACAYIOLYI0 TEOPeMy:

Besakoe mnoscecmso wacmeid muoxcecmsa B, asaswoujeecs Muo-
HCECMBOM KOHEHHOZ20 Xapaxmepa, ofiadaem no kpailneld mepe
OOHUM MAKCUMAAOHOM 3N MEHMOM.

12. Orobpaxenue f yacth A ymopaLOYEHHOrO MuOxecTBa E B ynopsa-
JOYeHHOe MHOXeCTBO F HasniBaercss 8o3pacmanuum (COOTBETCTBEHHO
Vousawuum), ecin cootHouweHne x <y MexaAy OGIIMMH DIEMEHTAMH
MHOXecTBa A BaeueT f(x) < f(y) (coorBercTBeHHO f (x) > f(V)); TakuM
006pa3oM, BCsKag (YHKUMA, MOCTOSHHAA HA A, ABJASETCH OLHOBPEMEHHO
BO3pacTaioleit & yOwawoiied; obpaTtHoe BepHO, ecan A — ghussmpyio-
lyeecs (BNPAaBO HJM BJIEBO) MHOXECTBO.

OroGpasxenue f wasbiBaeTc cmpozo 803pacmaioujum (CoOTBeT-
CTBEHHO (Mpo2o YOwugamouum), €ClIH COOTHOILEHHe X <.y BJEUET
J(x) < f(y) (coorBetctBento f(x)> f(¥)).

Ecau E — cosepuenano ynopadouennoe, BecikOe c¢mpozo 803pa-
cmaipouee (Mad cmpozo yOwgaoujee) OToOpaxKeHHe 4YacTH A MHOXe-
ctBa E B ynopsaoueHHoe mHOwecTs0 F uwsexmusuo.

Typa* (purypupywomufi B camoM HauMeHOBaHHM Bceil mepBOH wacTu TpakTara)
ynoTpebasercs B COBepIIEHHO HHOM cMbicie. — [1pun. ped.

j‘

E

&
:
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Ecau | — ynopadouennoe MHO¥KECTBO HHAEGKCOB, CeMeHCTBO (Xl)tel
yactet MHOecTBa E HasmBaeTcd 8o3pacmanu,um (COOTBETCTBEHHO
yOusaionun), ecii t—>X, ecTb BO3paCTalllee (COOTBETCTBEHHO yObi-
paloliee) orobpawenue muoxectsa 1 B Y8 (E), ynopazoueHHoe BK.IO-
YeHHEM.

13. Iycts | — ynopsaouyeHHOe MHOXECTBO, (QUALTPYIOLIEECs BIPaBo,
(Ea)a61-CeMeﬁCTBO MHOXECTB C MHOXeCTBOM HHIekcoB I. Jlas Bcixo#
napsl (x, B) uuiexcos us I, Takoft, uro a < B, mycte fg, Gyaer oroGpa-
wenueM uroxcecmsa E, B Ey. Ilpeanonoxun, uto coornomenus & < 8 <y
BACKYT 1o = Fr5° fou

Mycts F —cyMMa ceMefiCTBA MHOXKECTB (Ea)uE[; JOMycKad BOJLHOCTD

peun, M OTONIECTBIAEM MHOXeECTBA E, C COOTBETCTBYIOLIMMH YaCTAMH
muoxectBa F. Ilycte Rix, yi— caedyioliee COOTHOIIEHHE MEXLY ABYMHA
sneMeHTaMu x W y MHowecTBa F(a u $ o0003HayaloT 3dech TdKHe Je-
MenTH MHOXecTBa I, uro x €E, u y €Ep): '

cymwectyer Takoe TEIL uto 1> a, Y 2> B u f ()= f, ().

Toraa R aBaserTcss cooTHOwWeHHeM sKBuBajdeHTHOCTH HA F. Ilycts F
ecTh hakTopMuONecTBO F/R u f — Kanouuyeckoe orobpaxenue: F —>F/R.
Fopopar, uto E ectb wndykmusnwli npedes cemeicmsa (Em)mEI orn
cemeiicmsa omoG pascenud (fy,), a cyxenue f, oro6paxenus f Ha E,
HA3bIBAETCH KAHOHUYMeCKUM omol padcenuen muoxcecmsa E, 8 E. Ilna
a < B umeem fpo fo, = f,. Iumyr E=li_r)r1(Ea, fa,) WM, €cu OT 3TOrO

He MOJy4aeTcs HHKAKOro cMellenus, mpocro E=1imE_. Hdonyckas Bob-
->

HOCTb peud, Mbl GyleM TroBopHTb Takwe, uto mapa ((E,), (fp,)) ectb
UHOYKMUBKAS CUCMEME MHOXCECMS OMHOCUMEAbHO MHOdKecmsa 1.
Ecin Bce oroGpawenns f,, HHLEKTHBHb, TO BCe OTOOpaxeHus f,
TOXe WUHBEKTHBHH. B atom cayuae E, u f,(E,) BooOlie OTOXIeCTBAAIOT
M, TakuM oGpa3oM, paccMarpuBaloT E kak ofsedurenue muoxects E,.
O6paTHO, ecan HeKOoTOpoe MHOxecTBO E’ ecTb obbeauHenue cemeficTna
(E,;)uel yacTe#f, TakMX, YTO COOTHoueHHe & < B Bieuer E,,C.E(Ia H ecan
(npu @ < B) depes j;, 00603HAYHTH KaHOHWYECKYI0 HHBEKLMIO MHONE-
CTBa E; B E; TO MOXHO OToxAecTBuTh E ¢ lim(E,,, Js.), @ KaHoHHYe-

->
’ . ’ .
ckue orobpawenns wuoxects E, B 1im(E,, fs) —C KaHOHHYECKUMH
->

!
nubexuuamn Muoxects E, B E'.

Boaee obwo, mycts (E,, fp,) — HHIYKTHBHAS CHUCTEM3 MHOXECTB
otHocuteabuo 1 u aas Beskoro a €1 mycte g, — Takoe o0TOOpaeHue
muoxkecrea E, B MHoxecTso E’, uro cooTHoumenne a < Baever
83° fga= &, TOTAA CYUIECTBYET H CAMHCTBEHHO OoTOOpaKEeHHE g MHOMKe-

crea E=I1imE, B E’, takoe, ut0 g, = go f, Aaa Bcakoro a€l. Iaa
>

26 H. BypGakn
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TOro uTo0bl g OBLIO CIOPBEKTHBHLIM, HEOGX0AUMO H AOCTATOYHO, YTO6H E’
6ni10 o0benuneHneM MHoxecTB g, (E,). YTo6n g GHAO0 MHBEKTHBHBM,
HeOGX0LHUMO U L10CTATOYHO, YTo0H A1 BCAkoro « € I coortHowenus x €E,,
YEE, g,(x)=g,(¥) Baekau cymecrBoBanue § >a, Iif KOTOPOro
Jpa (¥)= fp,(¥). Ecain g GuextuBnO, HHOTAA OTOX1ECTBAAOT E’ M unayk-
THBHHHA Tpexes Muoxkects E,.

Hycts (A, ¢5) ¥ (B, §g,)— ABe WHAYKTHBHHIE CHCTEMB MHOMECTB
OTHOCUTE/JbHO OLHOTO M TOTO e MHONKECTBA WHIEKCOB I; mycTh
A=li_r)n Ay Ppa)s B=li_r)n (B,+ $p,) 4 L1a Beaxoro a €1 mycts ¢, (cOOT-

BeTCTBEHHO ¢,) — KaHOHHYeCKOe 0ToOpaxeHue MHuoxecTBa A, B A (COOT-
BETCTBEHHO MHOXecTBa B, B B). Ilng Bcakoro a €1, mycTs #, — oToGpa-
KeHue MHOXeCTBa A, B B,, Takoe, uTo 113 a < B umeeM w40 ¢p, =g, 0 Uye
ToBopaT, uTo (#,) €CTb UROYKMUBHAR cucmeMa OMOb paxceruli cucmermst
(As %) 8 (Bgs $g,)- TIpH 3THX yC/OBHAX CYLIECTBYeT M eIHHCTBEHHO
oto0paxenne u: A—>B, rakoe, uro ana Bcakoro a €l umeem
uogp,=¢,0u, Tosopar, ut0 u ecTb undyxmusuwi npedes oroGpa-
WeHHR 4, W nuyT #4==Ilimu,, eciM MOXKHO He ONacaTbCi HUKAKOTO

—)
cmemenns. Ilycts (C,, 0p,) —TpeTesi HMHIYKTHBHAS CHCTEMAa MHOMECTB
OTHOCUTENbHO I, (¥,) — MHIYKTHBHAA CuCTeMa OTOOpaMceHu#t CHCTeMbl
(B, ¥ga) B (G, B5,) w fv=li;n v,. Torna lim(v,0u)=wvou.
->

Coxpansa npeasigymne o06o3Hauenus, nonoxuM D,=A, X B, u
Wg, = Pg, X Yp,- Toria cemettcrso (D,, ®g,) ABIAETCA MHLIYKTHBHOH CHCTe-
Mot Muoxects. Ilycre D =I1im(D,, wg,), ©, —KaHOHHYecKO2 OTOGpaKe-

>

nue Muoxectsa D, 8D, D’=A X B u o, =¢, X ¢,. Torza cywecrsyer
M eluHCTBeHHA Ouekuus f: D — D’ (HaswiBaeMas KanOHuuwecxod), Takas,
4To fow,==w, a8 BCAKoro « € I. BooGue nponssenenne D’ unaykTus-
HbIX TIpele/]0B OTONIECTBJAIOT C WHAYKTMBHHM NpelenoM D npoussene-
nu#t D,.

Ilycts J — KoH(puHanbHas yacTe MHOxecTBa I. Toraa J ecTb Muoxe-
CTBO, QubTpyloLIeecs Bnpaso. ITycrs ((E¢ L’ (fﬁa)ael Bel) eCTb WHIYK-
THBHAA CHCTEMa MHOXECTB OTHOCHTeJbHO I ¢ l/IHle}(TPIB,HbIM npenenom E;
TOrAA Tpexie BCEro ((Ea)aEJ' (fﬂa)ae.l, BeJ) €CTb HHIYKTHBHAA CHCTEMA
MHOKECTB OTHOCHTEJbHO J; mycts E’ —ee unaykTuBHblf npeen u aas
aEJ mycTh f,— KAHOHMYECKOE OTOGpaXKeHHe MHOXKECTBa E, B E’. Torna
CyWIECTBYeT H' ENMHCTBEHHO orobpawenme g:E’—E, rakoe, uro
g(ﬂl (x))=fa (%) ana a€J u x €E. (rde f. 0603HAYET KAHOHMYECKOE
oroGpaxenue Muoxecrsa E, B E). 310 otoGpaxenue ectb Guekuus, npH
noMomin koTopolt E/ u E 06GHLYHO OTOMIECTBIAIOT.

14. Tlycre 1-—ynopanouenHoe MHONECTBO, QUALTPYIOLIEECS BNPABO,
(Ea)aE[—CEMeﬁCTBO MHOXECTB C MHOXECTBOM wuHAeKcOoB I. Hag Bcako#

napet (@, B) uniexcos us I, rakoft, wro « < B, mycTs fop Oyaer oro-

14 § 6. YIIOPAOOYEHHBDIE MHOXXECTBA 391

GpaxenueM mnoscecmsa E; 8 E,. TlpeamonoxuM, uto COOTHOLIEHHA
@ LBy BAKYT foy = fopo fpr

Mycte G — npousBeleHne ceMefCTBA MHOMECTB (Ea)agl' Nycts E —
yacTb MHOXecTBa G, 06pa3OBAHHAA SMEMEHTAMH X, YAOBJETBOPAIOLIMMH
KaXAOMy W3 COOTHOMIEHH# Ppr, X == f,4(Prgx) A1s BCAKOH Mapbl MHIEK-
coB (a, B), Taxoft, uro a < f. I'osopar, uro E ectb npoexmusnuii npe-
dea cemelicmsa (Ea)agt 0an cemelicmsa omoOpanienud f,q a cyxe-
nue f, oro6paxenus pr, Ha E HasuiBaerca xKawonuueckum omol pasice-
nuesm mnoscecmga 'E 8 E,. Ina a <P umeeM f,= fq0 f5 IMuumyr
E=Um(E,, f,) "4, eCim MOXKHO HE OMacarbCi HUKAKOro CMelleHud,

npocto E=I1imE,. Jlomyckas BoJbHOCTb peud, Mu OyieM FOBOPHTb TaK-
“«

xe, uro mapa ((E,), (f,g)) ectb npoexmusnasn cucmema mHOYNcecms
oOmroOCuUMessHo MHoKHcecmsa 1.

3amerum, yto E Moxer 6uTh nycrhiM, Raxke eciu Bce E, He mycThl
H BCe OTOGpaXEHUs f,g CIOPBEKTHBHBL

Haa scakoro a €&l nycte g, — OoToOpaeHHe HEKOTOPOro MHOXe-
crea E’ B E,, Takoe, uro coorHowenue a < Baeuer f,gogp=g,-
Toraa cyllecTByeT ¥ eIMHCTBEHHO oToGpaxenue g Muoxecrsa E’ B E,
Takoe, 4T0 g, = f,o £ Aas Beakoro a €L Jlns Toro urobu g Owlao
HHBEKTUBHEM, HEOBX0AHMO H JOCTaTOYHO, YTOOH 419 BCAKOH mape pas-
MuuHbIX 9aeMenToB x’, y u3 E/ cywectBoBan Takoft uniekc a €I, uro

ga (xl)#ga (y,)'
Mycts (A,. §) H (Bg $gg) — ABE NMPOEKTHBHBIE CHCTEMB MHOXNKECTB

OTHOCHTENLHO OJHOTO M TOrO e MHOXeCTBA HHIekcoB I, mycTb
A=lim(A,, ¢,), B=1im(B,, §,p) 111 Besixoro a €l nycts ¢, (coot-
<« “«
BETCTBEHHO {,) ~— KAHOHHUeCKOe OTOOpaxenue MroxecTsa A B A, (cooT-
BeTCTBeHHO MHoxecTBa B B B,). Ias Bcsakoro a €1 mycts 4, — oToGpa-
KeHue MHOXecCTBa A, B B,, Taxoe, uTo 11g a < B HMeeM g0 Uy == U, ° Xy.
ToBopar, uT0 (#,) €CTb NPOeKMUBHAA Cucmema Omol pajxCenuli cu-
cmemdi (A, 9p) 8 (Byr $op). IIpH 3THX yCNOBUAX CYWIECTBYET M ELUH-
cTBeHHO oTOOpaxenne u4: A —>B, Takoe, 4ro maa Bcakoro a €l umeeM
{0 4 ==l o¢,. TOBODAT, uTO 4 ecTb npoexmusnuili npeder oTo6pa-
Kenuit u,, W nuuyT w=1limu, ecaM MOXHO He OMACaTbCA HHKAKOrO

<
cMemrenus. Ilycts (C,, euﬂ)—’l‘pe’l‘bﬂ NPOEKTHBHAA CHCTEMAa MHOMECTB
OTHOCHTEMLHO [, (U,) — MPOEKTHBHAA CHCTeMa OTOOpaKeHHH CUCTeMbl
(B, bgp) B (C, B5p) m v:Imeva. Torxaa 11(r_n(fvaoua)=:fvo u.

Mycrs J— xoudunanbuas vactb muoxectsa I Ilycrs ((Ea)aE[,
(faa)ugl, Bel)——npoexmBHaﬁ CHCTeMd MHOeCTB OTHOCHTe/IbHO 1 ¢ mpoex-
THBHHM NpexeioM E; Toraa mpexnae BCero ((Ea)ugy (fuﬂ)ae.l, BEJ) ecThb
TIPOEKTUBHAS CHCTEMAa MHOXECTB OTHOCHTENbHO J; MycTb E’ -~ ee npoek-
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THBHBI TNpegen u Ana a€J f;—xauouuqecxoe oToOpaXKeHHe MHOMe-
crea E/' B E,. Jas x €E nycts g (x)==(f, (%)),¢; €E” (f, oGo3nauaer

KaHOHHYecKkoe oToOpaxenue muoxectsa E B E,). Toraa g ectv Guekuus
muoxectBa E na E’, npu nomomwu koropoft E’ 1 E 0664HO 0TOXAECTBAAIOT.

§ 7. Mompuoctn. CueTHbieé MHOXECTBA

1. JIpa muoxectBa E, F HasHBAaOTCA pPABHOMOWKHBLMU, €CAH OHU
MOTyT OHTb MOCTAB/IEHH BO B3aHMHO OLHO3HAYHOE COOTBETCTBHUE,

JBa MHOMECTBA, PpABHOMOUIHHE OZHOMY M TOMY e TpPeTbeMy
MHOXECTBY, PaBHOMOLIHBI.

Ecau E u F pasiomownsl, 10 Y8 (E) u P (F) Toxe paBHOMOWIHH.

Ecin E u F, E' u F’, E” u F” c0OOTBeTCTBEHHO pPaBHOMOLIHH, TO
E X E' XE” u FXF X F” paBHOMOWHH; 3T0 NpelJOmeHHe pACTIPo-
CTpaHfeTc Ha TMpPOU3BeleHHe JI0G0ro YuC/1d MHOXECTB.

2. Mycrs X u Y — aBe ofwue uacTH MHOXecTBa E; COOTHOLleHwue
»X ¥ Y paBHOMOWIHH* ecTb coomHoutente dxsusarenmuocmu B 8 (E);
KJ4CC 3KBHBAJEHTHOCTH (M0 3TOMY COOTHOLIEHHWIO), K KOTODOMY NMpHHAA-
nexutT X, HaswlBaeTcs mowrocmyuol) yactu X, a MHOKECTBO 3THX KJjac-
coB (daxTopMmHOKecTBO MHOXKecTBa Y8(E) MO yKA3AHHOMY COOTHOIIe-
HHIO) — MHOMCECMBOM MouHocmeli 4acTef MHOxecTBa E.

[Tlycte E u F — aBa pasiauunbix MHOXecTtBa; cootHoweHwe ,X u Y
PaBHOMOILHH“ Mexxny dacTblo X MHOXecTBd E u wacTbio Y MHOxectBa F
BHPaXAIOT elle, TOBOPSA, YTO MOLIHOCTb MHOXeCTBA X U MOLIUHOCTD
MHOXecCTBA Y OKBUBANEHMHb;, ITHM ONpPENe]eHO B83QUMHO OOHO3HAH-
HOe COOTHOLIEHHE MexAy HeKOTOPOfi 4YacTbl0 MHOXECTBA MOLLHOCTEH
yactefi U3 E M HeKOTOpDOH 4acTbI0 MHOXeCTBA MOMIHOCTeH uacte#t us F,

3. Ilycte E, F— 1Ba npOW3BOJIbHEIX MHOXeECTBa, He 06A34aTe/bHO
PA3/MYHBIX; NYCTb @& — 3/1eMeHT MHOXeCTBa MOUIHOCTeH uactef uz E,
b — saemenT MHOXecTBa MowHOCTeH yactelt w3 F; rosopsar, uto @ muno-
pupyem b unu uro B .npessuwaem (nan masxcopupyem) @&, ecam
CyLIeCTBYeT B3aMMHO OZHO3HAuHoe oToGpaxenne vyacth XcE MourHo-
cTH @ B uvacTh YCF Mownoctn b; rosopsar, uTo & cmpozo MuHopu-
pyem B nam b cmpozo npessiuaem (cmpozo mascopupyen) &, ecau,
KpoMe TOro, & u B He AB/AAIOTCA SKBUBAJIEHTHHMH MOLLHOCTSIMH.

'} B dopmanusoBannoit Teopuu muoxects (cu. ra. HI, § 3) onmpeseasior
HOHATHE KA POUHANbHOZO H4IICAQ HEKOTOPOTO MHOMECTBa, KOTOpOe, [OmycKas
BOJIbHOCTb PE€UH, HAa3WBAIOT TaKXKe MOujHOCmbI0 S5TOro MHOXectBa. Opuaxo sTa
BOJNBHOCTb peul He BHI3LIBACT CMEIIEHUH, UGO 1A% TOro, YTOOGH [BE YACTH HEKO-
TOPOr0 MHOJKECTBA HMENH OJHY M TY K€ MOUIHOCTL (B BHIIEYKA3AHHOM CMBICAE),
HEO6X0IUMO M JOCTATOYHO, UTOOH OHU HMEJM OIHO U TO K€ KapAuHanbHOe
4UCJO; AHAJOTHYHO, YTOGBl MOUIHOCTH 4YacTd A MHoxecTBa E mpesmimanace
MouHoCcTsI0 YacTd B muoxectBa F (n°3), Heo6X0IUMO U HOCTATOYHO, 4TOGHI
KapIMHAJIBbHOE YHCA0 MHOXECTBA A NpeBHINANOCh KAPAHHAALHHIM YHCAOM MHOXC-
cTBa B; HaKoHel, ec/ii MOUIHOCTb MHOXKeCTBa A ecTb cymma (n°5) Momuocreit
cemeiicTBa (A,) sacteid MuoxkecTBa E, TO KapAnHaAbHOE uHCIO MHOXECTBa A
€CTb CYMMa KapAHHAaJbHLIX QHCE] MHOXeCTB A
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Ecmt @ u b 9xBHBa/eHTHb, @& OZHOBPEMEHHO MAXKODHPYET M MHHO-
pupyer b; obpaTHo, ZokasuBaeTcd, uTo ecau B 00nospemenno masxo-
pupyem u munopupyem b, To @« u b sxsusasrenmns. U3 sr0TO, B
YACTHOCTH, BHITEKaeT, YTO MHOXECTBO MOIUHOCTeHt uacTe#t MHOwmecTBa E
Yynopsadoseno COOTHOIEHHEM ,& MuHOpupyeT b, korma o6 sToM MHO-
KeCTBe TOBOPAT KaK 00 ynopsAOYeHHOM MHOXKeCTBE, BCEria MMElOT B BHLY
MOPALOK, ONpeleteHHbIH YKA3aHHEM COOTHOIIEHHEM.

Krome toro, ucnoapsys teopemy LlopHa (M, cirenoBaTe/bHO, aKCHOMY
BHI6OpA), AOKA3HBAIOT, UYTO MHOJCECMBO MOULHOCMeld wacmel MHOdMcCe-
cmsa E enoane ynopadouero.

4. MowHOCTs MHOXeCTBA E c¢mpoeo Mmunopupyem  MOUIHOCTH
muoxectsa J8(E).

Ecau f — otoGpaxkenue MuoxectBa E B mHOxecTBo F, MomHOCTb 06pasa
JF(X) moGo#t vactu X MHOKecTBA E munopupyem MOUHOCTb MHOXe-
cTBa X.

5. Ilycts (Xl)tEI——cemeﬂ(:TBo yacTelt MHOxecTBa E, Takoe, 4To t == %
piaever X, NX,=O; nycrb (YL)IEI——CeMeﬁCTBO yacteft MHoOxectBa T,

COOTBETCTBYyIOLlee TOMY XK€ MHOMXecTBy uHAekcoB | u Takoe, uto Moum-
HOCTb MHOXecTBa Y, MUHOpupyem MOIHOCTb MHOMecTBa X, KAKOBO

66 HH Owao t€I; TOraa MOWHOCTb OGbeAHMHEHHS UYl MuUHOpUpyem
1€J
MOLIHOCTb MHOXECTBA UXL, KaKoBa Obl HH GuJaa yacTs J MHoxecTa I
zEJ
Ecmi, kpome Toro, t==x Baeder Y, NY,=@ u ecru X u Y, pas-

HOMOU Kb, KaKOBO Obl HH OHJIO L, TO UX‘ PABROMOUHKO UYL.
teJ tedJ
B uacrHocTH, ecau F coBnazaer ¢ E, BuaHO, uTO MOUIHOCTb 06beiu-

HeHus MHOXeCTBa yacTelt u3 E, nonapuo ne umenuux o0uux ssemen-
mo8, 3aBUCHT TOJIBKO OT MOLLHOCTEH 3THX YacTeH; ee HA3BIBAIOT CYyMMOU
9THX MOIHOCTeR (PyHKUMA, KOTOpas, TakuM OGPa3OM, OMNpeleseHa HJs
ceMefcTBa (@,) 3JieMEHTCB MHJXKECTBA MOLIHOCTe#t TOJbKO B TOM C.yuae,
KOria MOXHO Ha#TH CeMe#CTBO (X)) MOMapHO He MepeceKaloIUXCH yacTel
mHoxecTBa E, Taxkoe, uTo X, HMMeeT MOILHOCTb &,).

Ecmu (Xt);ex " (Yl)‘el—cemeﬂcma vacte#t MHOxecTB E u F coorBer-

CTBEHHO, HMeIOUIMe OLHO H TO XKE MHOXECTBO HHIEKCOB W TaKHe, 4TG
X, u Y, pasnomouyns, KakoBo O Hu GHJIO t, TO NPOH3BeIeHHSA IIXl
t

7 IIYl PaBHOMOUWYHbL.

6. MuoxecTso N mOJOXHUTE/NbHBIX LEJHX 4YHCeJH MOXET paccMaTpH-
BATbC KAK MHOMKECTBO MOLUHCCTeH KOHeuxwx uacmell HeKOTOpOTo
6ecKoHeun020 MHOXeCTBA; COOTHOLIeHHe mMOpAiKa ,xXx <L y“ B N ecTs
He YTO HHOE, KaK COOTHOlleHWe, YNOPALOYMBAIOIIEE 3TO MHOXECTBO
MOUIHOCTEH; CYMME He ABYX MOMONKHUTEIbHBHX LEAHX YHCeaH eCTb (YHK-
1us, COBMAAAOLIAd C CyMMOH ABYX MOWIHOCTEf, TaKOH, KaK OHA TOJbKO
410 OBlJIA ONpene/eHa.
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7. MHOXeCTBO HA3BIBAETCA CYemHbulM '), eCAM OHO PABHOMOLUHO YACTH
MHOXecTBA N MOJONKHUTEIbHHX ueabiX uHcen. TakuMm o6Gpa3oM, BCskoe
KOHe4YHOe MHOXEeCTBO CYETHO; eCJU 71— YUCJAO €ero 3JIeMeHTOB, OHO
pasHomowHo untepany (0, n— 1) mHoxecrBa N. Bceakoe cuemnoe
6ecKonewrnoe MHOXKECTBO pasHomouno N; B 4YaCTHOCTH, BCAKaa GeCKO-
HEeuHas 4acTb MHOXecTBa N uMeeT Ty Xe MOLIHOCTb, 4TO u N.

Eciau E — Gecxoneunoe MHOWeCTBO, CYIWIECTBYeT pa3fuerue MHO-
wectBa E, o6pasoBaHHOe cuemHbMu OGeCKOHeUHbLMU MHOXKECTBAMH; B
YACTHOCTH, MOUIHOCTb BCAKOTO OEeCKOHEYHOr'0 MHOXeCTBA MaXKOpHpyeT
MOLIHOCTb MHOXecTBa N.

Ecau E —6eckoneunoe wmuoxkectso, MHoxectBa EXE u E XN
PasHOMOUHE E; MHOXECTBO KOMeunbix 4acmeli MHOxecTBa E pasHo-
mowyno E. B uactHocT, N X N ecTb cuemnoe 6ecKoHeuroe MHOXeCTBO.

8. ITocaedosamesbrocmoro 3aemenmos MHOxecTBa E HaswBaercs
ceMeHCTBO 3JeMEHTOB MHOXeCTBa E, MHOMeCTBOM HHIEKCOB KOTOpOro
ABJNSETCA MHOXeCTBO N NMOJOWKHTENbHHX UEJbX YHCeJ HJAH Kakaf-HuOyIb
yacTb MHOxecTBa N; TakuM 06pa3oM, MOCAeLOBATE/IbHOCTb, MHOXECTBOM
MHIeKCOB KOTOpoft cayxuT N, o6o3Hauaercs (x,) neN WM npoute (x,),
KOTrlIa MOXHO He OMNAacaThCs HUKAKOro CMelleHus; ecau 7 00o3Havaer olliee
1en0e YuC/J0, X, HA3bIBACTCHA O0ujUM 44eHOM TNOCIACAOBATEABHOCTH HJH
elle 4A2eHOM C UHOEKCOM n (3TO TNOC/JejHee HAMMEHOBaHWe ymOTpel-
JFI0T TaKXe MpH 3aMeHe 7 KAKUM-JH0O Onpele/ieHHHM LeJABM YHC/IOM).
MHOXeCTBO 3/1eMeHTOB TNOC/EI0BATENLHOCTH CYETHO.

IlocnenoBaTebHOCTL Ha3blBaeTCA GeCKOHeUHOH WAM  KOHeuHol,
CMOTpS MO TOMY, $BJAETCA /M MHOMECTBO HHIAEKCOB GeCKOHEeYHOH WJH
KOHeuyHOH uacTbio MHOxecTBa N. MHOXeCTBO 3/ieMEHTOB KOHEUHOH mno-
CleA0BATENbHOCTH KOHEYHO.

Beakoe moaceMeHCTBO MOC/Aed0BATEbHOCTH €CThb NOC/AEA0BATENbHOCTD,
Ha3bnBaeMas nooOnoc.2ed08amesbHOCMb0 JLAHHOH TNOCAELOBATENbHOCTH;
BCAKas MOAMOC/AELOBATENbHOCTh KOHEYHOH NOC/AelOBaTeNbHOCTH eCTb
KOHeyHasi 1oc/elOBaTeNbHOCTD.

HAsolinodi nocaedosamesvnocmso (MMM MOCAELOBATEBHOCTBIO ¢
O0s8ymn uHOexcamu) HASHIBAETCS CEMEHCTBO 3/EMEHTOB, MHOXECTBOM
uHIexcoB koTtoporo sBasercs N X N uaum kakad-wuGyab 4acTb MHOe-
¢TBa N X N; 1BofiHags nOC/Ien0BaTeNbHOCTb, MHOMECTBOM HHIEKCOB
xoropoft cayxur N X N, o6osHauaercd (Xm, ). WAH, Npoe (X,,), €CiH
9T0 He AAeT MOBOJA K CMelleHW0. AHAJOrMYHO OMNpeieslTCHd Mocjaelo-
BATeJLHOCTH ¢ 6osee 4yeM JABYMS MHIEKCAMH.

FoBopaT, uro 1aBe mnocaexoBateabHocTH (X,), (V,) omausaomcs
MOAbKO ROPAOKOM 4H.AeHO08, eClU CYIeCTByeT MepeCTAHOBKA f MHOXe-
CTBAa MHIEKCOB, TaKasd, YTO Y, == X7(y, KAKOBO OH HU GblLIO n.

) B pyccko#t MateMaTHueCKOH JnuTEpaType CHemMHbIMU HA3WBAOTCH OGBIYHO
MHOXECTBa, pPaBHOMOUMMLIE HCeMy MHOXecTBY N; MHOMECTBA, PaBHOMOUIHHE
yacTaM MHOXecTBa N, HaswkBalOT TOria He 00.4¢¢ 4eM CHeMHuMu UNH passe
4mo cuemnbimu. — Ilpun. ped.
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C ceMefiCTBOM 3/1eMEHTOB (X,) ., HMMEIOIUUM CueTHOe GecKoHeuHoe
MHOXKECTBO MHIEKCOB I, MOKHO ClelylolluM o06pa3oM accOUMMPOBATDH
0ecKOHEUHYI0 TMOC/eI0BATEbHOCTb: CYIUECTEYET B3aUMHO OLHO3HAUHOE
otobpaxenne n—> f(n) MHoxecTBa N Ha [; mMONOXKMB Y, == X;(,, rOBO-
pAT, YTO NMOCJAEeZOBATENbHOCTb (y,) MOJYYACTCA PACNOLOMCEHUeM CeMeli-
CTBA (x) 8 nopadxe, onpedesrennorn omobpascenuen f. INocaenona-
TeJbHOCTH, TaKuM O0pasoM COOTBETCTBYIOlIMe IBYM pa3JUUHLIM B3aUMHO
ONHO3HAYHBIM OTOGpakeHHMAM MHOXecTBa N Ha I, oT/MualOTCA TOMBKO
MOPAAKOM U/IEHOB.

JleicTBYs TakuMm e O0Opa3oM B C/yyde KOHE4HO20 MHOecTBa I,
MOAYYUM KOHeUHRYI0 nocaed08amessHocms, aCCOLMHPOBAHHYIO C CeMeH-
cTBoM (x).

9. O6beauHeHue, MmepeceyeHHe UAM NpPOU3BeleHHe CeMeHCTBa (XL)LEK
yacTeft MHOxecTBa E Ha3mBAOTCA cyemHbiMu, ecin | — cueTHoe MHOKe-
CTBO, U KOHeuHuMU, ecau | KOHeYHO.

Ecau 1 cuemno u, xakoBo Gbl HH OHJIO , MOLIHOCTb MHOXeCTBa X,
MUHOPHDPYET 3a4aHHY10 GEeCKOHeYHyI0 MOIHOCTb &, TO MONIHOCTb OGbeau-

HeHust UXt MUHOpUpYem &; eCld, KPOMe TOrO, MO KpaHuéf wMepe
t .

oldHo u3 X, HMeeT MOUIHOCTb @, lJXl TaK)Ke MMeeT MOIUHOCTb M.
t

B 4acTHOCTH, BCAKOE cueTHOe OGbelHHeHHEe MHOXECTB MOIIHOCTH @ HMeer
MOILUHOCTb @) BCAKOE CueTHOe OO0beIMHEHHe CUETHBIX MHOMECTB €CTb
CYEeTHOE MHOXECTBO.

§ 8. llIkaasl MHOXKECTB H CTPYKTYpH

1. Eciu 1aHe, HanpuMep, TpuU pa3auusdsix MHowxectBa E, F, G,
M3 HHX MOKHO OOpasOBbIBATH ApYTHe MHOKecTBa, Oeps MHOMXECTBA HX
yacTefl MJIM COCTABJSIA MPOM3BELEHHEe OLHOTO M3 ITHX MHOMXECTB Ha cebs
HJM, HAKOHell, COCTaB/fA NpOH3BeleHHe IBYX H3 STHX MHOKECTB, B3AThbIX
B HEKOTOPOM mnopsaike. TakuM 0o6pasoM Mojyuaercs 08eHad{ams HOBHX
MHOKECTB; MPHCOEIMHHB HX K TpeM MHOxecTBaM E, F, G, M0oXHO BHOBb
NpUMEHNTb K 9TUM NMATHAALATY MHOXECTBAM Te e Omepanuu, oTGpac-
Bag Te, KOTOPHeE NAIOT yxe MOJXyyeHHble MHOXKeCTBa; M T. I. BooGuie
0 moG0OM U3 MHOMXKECTB, NMOJYYEHHBIX ITHM HpOLEeCCOM (MO OmpeeseH-
HOM cXeMe), TOBOPAT, YTO OHO COCTABJSET YACTb ULKQAAb MHONCECMS,
unmerowels 8 Kauecmee 6asn E, F, G.

[ycrs, wanpumep, M, N, P -—Tpu MHOxecTBA 9TOH WIKaAH M
R {x, y, 2} — cooTHolleHHe MexAy OOWIUMM 3/7eMEHTAMH, NpHHaL/e-
HKALWUMH COOTBETCTBEHHO K KaXIOMY M3 3THX MHOXeCTB; R onpexeaser
HeKOoTOpYyi0 uacTb MHOxeCTBA M X N X P, cnemosarensHo (Mpu moMouu
KAaHOHUYECKOT'0 COOTBETCTBHA), HEKOTODPYI0 YacTh MHOxecTBa (M X N) X P
M, HAKOHel, HEKOTOPBIH 3JEMEHT MHOKeCTBa

P M X N) X Py
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TakuM 00pasoM, 3aJaHHE COOMHOULEHUS MEXIY PIEMEHTAMH HECKOJbKHX
MHOMECTB OJHOH M TOH e WKaabl CBOLHUTCA K 3aAAHUI0 JLeéMeHma HEKO-
TOPOr0 IPYroro MHOXeCTBAa STOH IuKaael. AHAJOTHYHO 3aiaHue 0TOGpa-
WeHus, Hanpumep, MHoxectBa M B N cBoaurcd (eciu paccMOTpeThb
rpagux 3TOro oToGpaxenus) K 3alanHio vyacTh MHOxecTBa M XN, 1. e.
K 3agaHuio saeMenta MuoxkectBa 98 (M X N), Taxxe npuHaziexawero K
mxase. HaxoHell, 3aganue AByX 3/eMeHTOB (HanmpuMep) MHoxecTBa M cBo-
IWTCH K 3aAaHUI0 OJHOTO-eAMHCTBEHHOI'O 3JeMeHTa mpousseseHns M X M.

Takum 06pasoM, 3aiaHHe HeKOTOPOrO YHCJa 3JEMEHTOB MHOXECTB
HIKAJbl, COOTHOLIZHMH MexcLy OOLUMMH 9JeMEeHTAMH STHX MHOXECTB, OTO-
OpaxeHH#t uacTell HeKOTOPHIX M3 I9THX MHOXeCTB B JADYyrHz CBOAUTCS
B KOHEYHOM CyeTe K 3aLaHHI0 OO0KO020-e0UHCMBEHHOZ0 JAeMENMA
OZHOTO M3 MHOMECTB IIKAJH.

2. Buue 6biio ckasano (§ 6), uro 3ananme saementa C MHOxKecTBa
P (E X E) onpenenser wa E cmpyxmypy ynopaodouennozo mHoxice-
cmsa, ecid UMelOT MeCTO CBOHCTBA:

-1

a) CoCcC; 6) CnC=A.

Bosee o6u0, pacCMOTPHM HeKOTOpOe MHOXeCTBO M mKanw, 6asa ko-
Topo#t o6pasoBana, HanpuMep, Tpema MuoxectBamu E, F, G; samannm
HEKOTOPOE UMCJAO $BHO C(OPMYJIHPOBAHHEIX CBOACTE OOLIEr0 3ieMcHTA
MHOxecTBa M, u nyctb T — mepeceuenue yactefl MHOxecTBa M, ompexe-
JIeHHBIX STUMU CBOHCTBAMU; FOBOPAT, YTO 3J1eMeHT o MHOXecTBa T onpexeaser
wa E, F, G cmpyxmypy poda T; Takum o6pasom, crpykTypsl poaa T
XapaKTepu3yloTca CxeMmolt o6pasoBanus MHoxecTBa M, ucxons us E, F, G,
1 cBoficTBamu, onpexeasouwuMu T, KOTOpble Ha3HIBAITCA GKCUOMAMU
9THX CTPYKTYp; BCeM CTYKTyPaM OZHOTO H TOTO e poia Npuiaercs cre-
1MALHOEe Ha3BaHue. Beskoe npensioeHte, ABAAIOIEECS C/IEACTBHEM Npel-
noxenus ,0 €T (1. e. akcuoM, onpeensioumux T), HA3HIBAETCA NMpH-
HAAMEXKALINM K meopuy CTpyKkTyp poaa T; HanpuMep, npeanoxeHus, cdop-
MyaupoBaHHbe B § 6, NpUHALIEKAT K TEOPHH CTPYKTYP YNOPALOYEHHOrO
MHOXeCTBa.

3aMeTHM, UTO B ITOM INOC/eIHEM TNpUMepe aKCHOMB MOryT (GOpMy-
JUPOBATCA [JAA MHOXeCTBd C COBEpIIEHHO npousBoabHOR OGasoft E; mno-
STOMY CTPYKTYpaM, yIOB/ETBOPSAIOLIMM STHM AKCHOMAM, 1AI0T OJHO U TO Xe
HAMMEeHOBaHHE HE3ABHCHMO OT MHOXeCTBa, HA KOTOPDOM OHHM ONpelefeHbl;
M Mpel/OKeHus, BhIBeJeHHHE H3 THX aKCHOM, MPUMEHHUMbl K NMPOU3BOJb-
HOMY MHOeCTBY, U060 And MX (POPMYJUPOBAHMS HE HYXKHO BBOIHTH OCO-
GeHHOCTH MHOXecTBa E. Drtit 3aMevaHus NPUMEHAIOTCA Kaxabli pas, koria
$OPMyIMPYIOTCA aKCHOMBI 3TOro Tuma!l).

1) Yyrareab 3aMETHT, ITO YKa3aHuUd, JAHHHE B 3TOM ab3aue, OCTalwTCA 0~
BOJBHO HEOTpeJeNeHHBIMI; 30€Ch OHH MPHBOJATCA TONBKO B SBPHCTHIECKOM
nAaHe U, NO-BMAMMOMY, MOUTH HEBO3MOXHO COHOpMYAdpoBaTh ObuIME U TOUHbIE
onp?{l;;neunﬁ, Kacaomyecs CTpYKTYp, BHE paMok (opMaabMOH MaTeMaTuku (cM.
ra. .
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Yaute BCETO NpH HMCIOJb3OBAHMH IMIKAJAbl ¢ €a30#, COCTABJEHHOH i3
neckoabkux muowects E, F, G, oZHO u3 9THX MHOXeCTB, Hampumep E,
HFpaeT B PACCMATPUBAEMHX CTPYKTYpax npeoG.aiaouyio poJb; MOSTOMY,
IONyCKasi BOJBHOCTb peyd, TOBOPAT, UYTO 3TH CTPYKTYPH ONMpPeLeseHH
HA MHOXcecTBe E, a Muoxecrtsa F u G paccMarpuBaloTcs Kak BCIOMOra-
TeJbHEE MHOMXeCcTBa.

Hakcuen, s obneryeHHs peyd MHOMECTBY, HaleJSHHOMY CTPYKTypo#
ONpene/eHHOro pPOJd, HYacTO JAl0T CMeluanbHOe Ha3BaHHe; HMEHHO TaK
MH TOBOPUM 06 YnopadotenHoMm MHOJHceCcmee v ONpeaeadeM Jajee B 3TOM
Tpakrate NOHATUS 2pynnsl, KOAb{A, menq, MON0AOULECKO20 Npo-
CMpaHcmea, PABKOMEPRO20 NPOCMPACmMBa u T. A. ~— BCe 3TO CJIOBA,
03HAYAIOLIHE MHOXKECTB4, HAZe/eHHble ONpeieNeHHHMH CTPYKTYpaMH.

3. PaccMoTpuM CTPYKTypbl OZHOTO, u Toro xe poaa T, rae T — uacTb
MHOXecTBd M HeKOTOpDOH LIKanB MHOXeCTB; ecau B00AaBUTH HOBHE ,aKCH-
OMbI* K TeM, KOTOpHe onpelensior T, moayyeHHas CcuCTeMa aKCHOM
onpeleauT HekoTopylo uyactb U MuoxecTBa M, coxepwamyiocs B T; ro-
BOPAT, uTo CTPYKTypHl poia U 6ozaue, yeM ctpyktypst poaa T. Hanpa-
Mep, CTPYKTYDbl CO8€DULEHHO YnopAQ0UeHK020 MHOMNeCTBA Gorave, uyeM
CTPYKTYpPH YMOPAIOYEHHOr0 MHOMecTBa, uG0 snement C  MHOMKeCTBA
P (E X E), onperesiomwusi TaKyl CTPYKTypy, yAOBJIETBOPSET LOMOJHH-

-1
reavuot akcuome CUYC=E-XE.

4. Mycts M, M/ — 1Ba MHOKeCTBa OXHOH M TOH Xe LIKanbl ¢ Gasof,
nanpumep, E. F, G; nmycts T —uactb Muoxecrsa M u T’ —yacTb MHO-
kecTBa M’, oNpele/eHHble Ka}AOe HEKOTOPHIMH ABHO CHOPMYTHPOBAN-
HHIMH aKcHoMaMu. Bcsaku#i pas, korza OyaeT #BLG 3aldHO 83AUMHO
00H03Haunoe omobpasxenue mnoxecmsa T wa T/, M Oyiem
cuyuTath, uto jaeMenthi o€ T u o €T/, cooTBercTBylOWMHUe APYr APYTy
npu sTOM OTOGpaxenuu, onpefeasior Ha E. F, G oony u my oce
CTPYKTYpY, u GyleM TOBOPHTb, UTO CHCTEMbl AKCHOM, ompeleasiolime T
u T/, arsusarenmuol.

ITpuMep TaKOTO MOJOKEHHS AOCTABJACTCH MONOLO2UYECKUMU CTPYK-
Typamu, KOTOpHE MOryT GbiTh ONpeie/eHbl HeCKON>KUMH 9KBHBANEHTHBLIMH
cHCTeMaMH 4KCHOM; BE W3 3THX CHCTeM 0COGeHHO yno6uel (cM. ,Obmas
tonmoaorns“, ra. I, § 1).

5. Ilycrs E, F, G-—Tpu MHOMeCTBa; NPELNOJIONKHM, YTO NAHH 83Q-
umno 00Ho3Haunse oToOpawenus MHowects E, F, G cooTBercTBeHHO
#a tpu apyrux muoxecrsa E’, F’, G’. TlockoabKy Ml yMeeM omnpele-
ASTb  PACAPOCMPAHEHUS B3AUMHO ONHO3HAUHBIX OTOGpaMeHMA Ha
MuoxecTsa uacteft (§ 2, n° 9) u mpoussesenus Muoxecrs (§ 3, n° 14),
[War 3a 1WAroM ONpeLeNHTCS pacnpocmpanesie 3a8J2aHHBIX B3aUMHO OX-
HO3HAUHBIX OTOOpaXeHuA HA 1Ba MHOXecTBa M, M/, nocTpoentsie no 000l
4 moii sce CxeMe COOTBETCTBEHHO B IuKajze MHOxecTB ¢ Gasoft E, F, G
¥ B mKkane MuowxecTs ¢ Gasoft E/, F/, G'. IlycTh f — nmoJyyeHuoe TakuM
MyTeM B3aUMHO OLHO3HAuHOe OTOGpaxenue Muoxkectsa M Ha M’. Ecau
o —crpykrypa Ha E, F, G, mpencrasasiowas coGo# s/eMeHT HeKOTOPOH
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yacth T MHoxecTBa M, To MH 6yleM IrOBOPHTH, 4TO f (9) eCTb CTPYKTYpa,
noJyueHHas nepedocom ctpykrypet o Ha E’, F/, G’ mnocpencrsoM B3a-
MMHO 01HO3HAuHBIX oTofpawkenu#t E na E’, F na F/ u G na G’. Besakoe
npenjoxeHHe OTHOCHTeNbHO CTpykTyps! o Ha E, F, G naer onHospe-
MEHHO (TIPH HMCTI0/b30B2HMU HajAexalluX PacnpocTpaHeHHH) NpenjoxeHue
o cTpykrype f(o) na E/, F/, G'.

ObparHo, nycrTb naHbul cTpykrypa ¢ Ha E, F, G u cTpykTypa ¢ Ha
E’, F/, G’; msl 6ynem roBopHTb, YTO OHU #30MOPPHL (MM 4TO MeXny
9TUMKH CTPYKTYPaMH CYLNeCcTBYeT u#30M0pgus), ecau ¢ Moxer OBITb
NOJlyuyeHa 7ePenoCcOM G MOCPEACTBOM B3AMMHO OJHO3HAYHBIX OTOGpa-
xenu#t coorserctBeHs0 E Ha E’, F va F/ u G na G’; 8 srom cayuae
TOBOPAT, 4TO 9TU OTONPaXeHus 00PasyOT 430 M0 pguss CTPYKTYpH o Ha o,

Korza peus uger o crpykTypax Ha onHoOM MHoxecrtse E, B3a-
MMHO OHO3HayHoe JTOOpaxenue MuoxkecTBa E Ha E/, mepeHocsuee
¢ Ha ¢/, Ha3bIBAETCA TaKKe U30MOpPusmom mHoxecmsa E, naderen-
RO20 cmpykmypoia, wa Muowecnso B, nedenennoe cmpyxmypoiia’.

OToMy O0TOOpaKeHHID N30T Ha3BaHUE H3OMOP(U3MA TaKke W B CAy-
yae, xorna F u G -—pBa BcrioMorarenbHEIX MHOMECTBA, a4 B3aWMHO Ofi-
HO3HAYHBIMH OTOOPAMEHUAMH 3TUX MHOXECTB SABASIOTCA MONCOecmBeHHble
oroOpaxenust MHoxecT8s F u G Ha cebs.

Hsomopdusm muoxmectsa E, Hapes~nHOrO CTPYKTYpOR o, Ha cebs Ha-
3HIBACTCA A8MOMOPPHUIMOM.

B cayuae cymecrBoBaHus usomopgusma f MHoxectBa E, nanenennoro
' CTPYKTYPOH o, Ha MHOXecTBO E’, HageseHHoe cTpykTypo# ¢, wacTo ObiBaer
yao6Ho omoscdecmsangme E u E’, T. e. naBaTe 0080 u mo oce uma sie-
MeHTY MHOxecTBa M kans! ¢ 6asolt E u asementy, ABasiomemycs ero o6-
PAa30M Npu HapJexaneM pacnpocTpaHednu oToOpaxeHus f Ha MHOXecTBO M,

6. ‘PopMyanpyn cucreMy akcuoM, oOmpeneisioulylo 4acts T MHOxe-
crBa M HeKkOTOpOH IIKa/Mbl MHOWKECTB, Clelyer, Nepen TeM KaK TOBOPHTH
O CTPYKTYpax, YAOBAETBOPAIOMIHX STHM aKCHOMAaM, YOEeAUTHCA B TOM, 4TO
MHOXecTBO T ne ssasemcsn Heo6x00umo nycmsim; B MPOTHBHOM CJy-
yae TOBOPAT, 4TO AKCHOME N POMUBOPeHUsH.

7. Moxer caydyuTbCsl, 4TO CHCTEMA AKCHOM, OTpENesionias Ha HEeKO-
TOPOM MHOXECTBE CTPYKTYPY, MOxeT OblThb CHOpPMYyIMpOBAaHAa Anis MpPoO-
M3BOJLHOTO MHOXECTBA, HO €CAM PACCMOTPeTb ABE CTPYKTYpPH, YAOBJET-
BOPAIOIUME STHM AKCHOMAM M ONpeneieHHble HA ABYX PAa3JH4YHBIX MHOXe-
creax E, F, 10 M3 axcuoM BhbiTeKaer, uTO 3TH CTPYKTYpH (eCau OHH
CYIMECTBYIOT) HEOOXONHMO #30M0pgust (a2 9TO BJjeYeT, B UaCTHOCTH,
pashonounocms Muoxects E u F). B takom cay4ae roBopAr, uTo Teo-
pHa CTPYKTYD, YAOBJETBOPAIOLINX 3TUM AKCHOMaM, 0OHO3HAYHA; B MPO-
THBONOJIOXHOM CJyude TOBOPAT, YTO OHAa MHOZO3HAUHA.

Teopus uenbix uncen, Teopus neHCTBHTE/bHHIX YHCeN, KJACCHYeCKAS
9BK/JHI0BA TIeOMEeTPHSl — ONHO3HAYHBIE TEOPHH; TeOPHA YHOPAAOYEHHBIX
MHOXECTB, TeOpUS TPYINN, TONOJOTHS — MHOT )3HauHsle Teopuu. Hayuenue
MHOIO3HAYHBIX TeOPHH —— caMas pesKas yepTa, oTJMYAIOasds COBPEMEHHYIO
MaTeMaTHKY OT KJacCHYeCKOH.

YKA3ATEJIb OBO3HAUYUEHUN

Hudpu npu 0603HaYeHUAX U TEPMMHAX YKA3BBAIOT rjiaBy, Naparpad u MyHKT
KHUTM COOTBETCTBEHHO: TaK, 1 3 3 osHauaer ra. I, § 3, m. 3. OGosuaueHus, BBO-
numuie B CBonke pesyabraToB (Pes.), MpuBeaelint OTZeNbHO B KOHIE HACTOSAUIErO

g/xaaaTeJm
*

o w2 :

t,(4), (B]x) A, Aix} Aix, y3 A§B3 A§B, C}
ue (4), (4) vau (B), (4) > (B)
J

»A u B“

& A58

3x)R, (VX)R

Jo

(Fa¥R (VIR

=, #, T=U T+U

€ ¢, reu Tdv

o O DHxcy xDY
Coll R, §,(R)

{x. ¥}, {x}

C.A, X=A,CA O

0, (T, U), pry 2, pra2

AXB, AXBXC, AXBXCXD, (x. y, 2)

pr, {Q), pr2 (G), pr; G, pry G (G —rpaduk)

G (X), G(X), G(x) (G—rpadux, X — MHOWKeECTBO,
X — 06'beKT)

T (X), T (X), I (x) (I —coorsercTBUe, X — MHOMKECTBO,

" x—o06vext)
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_C: (G — rpadux), 1‘1(1‘ -— COOTBETCTBUE) In3 2

G'oG, G’G (G, G’ —rpaduku), IVoI, I'T (T, I — co-
OTBETCTBHUA)

Ay, I, (A — MHORECTBO)

7 (%), fr (f — dyuxuus), F (1), Fp (F — yuxnuoHanbubiit
rpaduk)

f:A—>B, A 258 11

JIA Im3s

x>T (€A, TeC), x>T (xcA), x>T, Tyca,
T (Boabuocts peuu) (T — repH)
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400 YKABATEJIb OBO3HAYEHUM
pry, pry iIr 3 -6
gf (g, f— oTobpaxenusa) (BOALHOCTh peyH) i 3 7
FO W FCL Y F ), £ f(x) 39
u X v (u, v— byukuuu), (¥, v) (BOAbHOCTb peuH) 39
Ux. Nx n4 1
t€1 €1

x, 1x mo4t
Xew Xew
AUB, AUBUC, ANB, AnBNC Ir 45
{x, y, 2} nm4s5
P (X) st
T ms 1
F (E, F), FE s 2
I x. pr. ns 3
te1
pr; 5 4
(8).c1 |pacmpoctpaHetue Ha mpou3sBelieHus ceMmelcTBa

(£).¢1 (BoabHOCTH peun) | I 57
x=y (modR) (R— cooTHolieH1e 9KBUBAJEHTHOCTH) meé 1
E/R (E — MHOMXecTBO, R — cooTHOIIEHHE 3KBUBANEHTUOCTH) me6 2
R, (R — cooTHOIEHUE 3IKBHBAJIEHTHOCTH, A — MHOKECTBO) I1 6 6
R/S (R, S— cooTHomeHHs 3KBHBAJAECHTHOCTH) 6 7
R X R’ (R, R’ — cooTHOmENHS SKBHBANEHTHOCTH) 1168
LY, y =X xFEY m1 3
x<y,y>x nm 1 3
supg X, infg X m 1 9
sup X, inf X m 1 9
sup (¥, y), inf (x, ¥)i H 19
f&'ﬁ”")’ xign!fxf(x) m 19
sup x, infx m 1 9
XEA  x€A
lim E, m 1 11
—
lim E, m 1 12
<
(a, 8), €@, 8( ) a b), )a, b( m 1 15
Y« a), )< 2t (@, >, 115
ya, >( )< > (
E m 1t VYop.
P |
Sy m 2 1
E-I, E. I (E, | — ynopsnoueHHHE MHOWKeCTBa) m 2 Yop.
Ord (T) (' — mopsinok), Ord (E) (E — ynopazouentoe muo-

WECTBO) m 2 Yuop.
A< Ay ph, gk o d A< (A p— opauHanbube

yucaa) H 2 Yop.

YKA3BATEJIb OBO3HAYEHUM
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P

19

Eq (X, Y), Card (X)

0,1,2

1 <9 (x, Y — KapaAHHaAbHbIE YHCIA)

.s(“? a ((a), (| — ceMeHCTBO KAPAMHANBHEIX HuCEx)

Sa. Pa, Ia ((a), ) —cemeiictso  kapaunansuux

1 1 13) v€1
qucen)

at+6 ab a6, a6 (a, b— xapauHanbHbHE YUCAA)

a® (a, b — xapauHaAbHEe gucaa)
3, 4
a—b (a, b— uennie uucaa, Takue, uto b < a)

Epgip Clacico
b
]]_ Xi’ II Xl
F§3 i=a
%a (A —uacTh MHOM ecTBA E)
-g-, a/b (a, b — uesble 4HCAa, TaKue, 4TO & AeauT b)

56,7,8 9
n! (n— uenoe 4ucio)

n
( p) (n, p— ueasle yucaa)

-1
N, 8,

(Xn)p snpr g Cadns p (xn)

T % 11 %

P ing n=k

w, (1)0, ‘.l)a

W ()

N!

f* (f — orobpamerue)

S(E; ..., Ep) (S —cxema KOHCTPYKLUHH CTYneHw,
E;, ..., E,-— MHOMeCTBa)

(Fir oo s f,,)s (S — cxeMa KOHCTPYKLHH CTYMEHH,
iy «ees frn— OTOOpAKEHHS)

T

SX S, P(S) (S, S’ — cxeMH KOHCTPYK LUK CTYMEHH)
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I
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I
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402 YKA3ATEJIb OBO3HAYEHUI
Rix, y, 23 Pes. 1 2
=, Pes. 1 6
€ ¢ Pes. 1 7
cA, E-A Pes. 1 7
9] Pes. 1 8
{a) Pes. 1 9
P (E) Pea. 1 10
c, D ¢, j Pes. 1 12
u.n Pes. 1 13
{x, ¥y, 2} Pes. 1 13
X, (X —uacte) Pes. 1 16
&a (& — mHOMECTBO uacTeil) Pes. 1 16
F(x) fxo x> f(x) (f —OTOOpameHue, X — sneMeuT) Pes. 2 2
f(X) (X —uacrs) Pes. 2 4
£~ (f — oTo6pasetue) Pea. 2 6
gof, gf hogof (f, & h— orobpaxeHue) Pes. 2 11
far fIA (f — otobpaxenue) Pes. 2 13
(). (x) Pes. 2 14
¥ Pes. 3 1
EXF (E, F — MHOXeCTBa) Pes. 3 1
pry, pra Pes. 3 1
A Pes. 3 4
Z~! (Z —wacTb mpousBenenHs) Pes. 3 4
K (X) (K —uacts E X F, X —uacts E) Pes. 3 6
K (x) (K —EXF, x —aaement E) Pes. 3 9
BoA, BA, CoBoA, CBA (A —uacth E X F,B—uacts F X @,

C —anement G X H) Pes. 3 10
(x, ¥, 2) Pes. 3 12
EXFXG Pea. 3 12
Pri, e Pes. 3 12
(f, & h) (f, & h— orobpaxerus) Pes. 3 12
U Xu U Xu U X Pes. 4 4
el t Xew
n Xu n Xn n X Pes. 4 9
€l t XEF )
l! X. II X Pes. 4 9
E! (E, I — mHoxecTBa) Pes. 4 9
pry, pr, Pes. 4 11
‘(f) (f.— orobpasetins) Pes. 4 13
E/R (E — MHOxecTBO, R — cOOTHOIEHHE 3KBUBAJEHTHOCTH) Pes. 5 2
x =y (modR) Pes. 5 2
Rap (R—cooTHomeHue skBuBaAeHTHOCTH, A — yacTb) Pes. 5 5

YKA3ATEJIb OBO3HAYEHHUAN
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T/R (T, R— cooTHolleHHe 3KBUBAAEHTHOCTH)
R X S (R, S — cooTnoleHHe 3KBUBAJAEHTHOCTH)
N, 0
<= < >
(2, 8), (a, 6(, }a, ), )a b(, )+, a)
Je,al, @ >0G)a > ()« > (
supg X, sup X, infg X, infX
x), inf f(x
;ggf( ) ngf( )
l—iin)(Em faa)r !i_m)Ew !i_m)ua
inl(Ew faﬁ)r E_H_I_Euu E_"_l_ua

(%), (X, n) (m, n—NOJOKHKTEAbHBE LeJbe YHCAA)

Pea.
Pea.
Pea.
Pes.

Pes.
Pes.

Pes.
Pes.
Pes.

Pea.
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YKA3ATEJ/Ib TEPMHUHOB 1)

B Hacrosilem ykasaTese B HEOGXOAMMBIX CHy4asx MOCAE PYCCKOro TepMHHA
(xoTOpHH MONET OHTb CJOBOM uIM TPYONOH CIOB), ABJSIONIErOCs HEPEBOAOM
KaKoro-au6o GpaHIy3CKOro TepMuHa (ONATH-TAKU CJOBA Wid TPYNMH CJIOB), nOMe-
1eH B yraoBHX ckoGkax aTtor ¢pauuysckuil tepmun. [Ipu 3ameHe Mo OGHIYHBIM
NpaBuaaM MOBTOPAIOUIETOCA PYCCKOFO CI0BAa HIH LEMOYKH PYCCKHX CJIOB MOCpen-
CTBOM THDE (COOTBETCTBEHHO LENMOUKH THPE) PpaHUy3CKHH mepeBOj, 9TOrO CJOBA
HIH LENOYKH He MOBTOPAETCSH; MOAPA3YMEBAETCH, YTO OH OCTACTCH TEM e CaMBIM
(B MPOTHBHOM CJyuae 3aMeHa CIOB HA THpe He Mpoussopurca). [Ipu stom dpan-
1ysckue MpunaaraTensHole, PasAvyaloUlvecs JHIIb DOJOBHIMH OKOHYAHHAMH, MH
YCNaBAHBAaEMCsl CUMTATh OFHUM M TeM Xe MEPeBOIOM; TaK 4TO Jiasi 06pasoBaHus
($paHLy3CKOrO CIOBOCOYETAHHA C YYaCTHEM APUNAraTedbHOro HEOGXOMMMO elle
ApHAATh STOMY [PHUJAraTeAbHOMY MpPABHIbHOE OKOHYaHUE.

3akmovedHnlii B JOMaHBe CKOOKW (paHUY3CKHil TepMuH CUYHTAeTCs mepe-
BOJOM BCeH INpenmecTBYOUe# rpynmsl pPYCCKHX CIOB, eCld paHee B TOil xe
CTPOKE He BCTpedaeTcs HuKakod (paHIY3CKHil TepMUH; €ClH e paHee B CTPOKe
uMeeTCs ApYroi ¢panuysckuil TepMuH (B TOM uuCle H He [peACTaBJEHHBH SBHO,
a ,nofpasyMeBaeMulii* mocae Tupe), T0 HOCAeNyloMIHii TepMHH CuUMTaeTCs Nepe-
BOJOM TOH TIpyMmsl DPYCCKUX CJOB, KOTOpasd 3akJoyeHa MeXAYy HuM U npel-
IIECTBY IOUIUM.

Kax npasuao, ¢ppasuysckue Mpeanorn NpHBOAATCA B yKasaTele, HCKIIOUYe-
HHE COCTABAAET MpeIor de, KOTOPHIH CYMTAETCs MEPEBOJOM PYCCKOrO DOAM-
TENbHOrO Majexa BO BCEX CAy4YasaX, IAe He YKas3aH HHOH mepeBoj, U MOTOMY
B 3THX CAYy4anX OOHIYHO HE MPUBOAHUTCH.

A6cypa: npusenesue k abeypay (réduction d I'absurde) I 3 3
Aptomopduam (automorphisme) v 1 5
Pes. 8 5
Axcuoma (axiome) 6eckomeunoctu (de I'infini) I 6 1
— Buiopa (de choix}) Pea. 4 10
— 1Byx3aemeHTHOoro mHomecTBa (de I'ensemble 4 deux
éléments) II 1 5
— MHoxecTBa uactedl (de l'ensemble des parties) I 5 1
— HesaBucumas oT Apyrux (indépendant des autres) I 2 Ymp.
— HesnBHas (implicite) I 2 l
— naput (du couple) It 2 1
— pona c1pyktypn (d’une espéce de structure) v 1 4

) Kak v Bo ¢paHy3cKOM OpHTrHHaje, YKa3aTelb He OXBAaTHIBAET HCTOPH-
YeCKHX OYEPKOB.

YKABATEJIb TEPMHUHOB
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AxcuoMa liepmeno (de Zermslo)

— 3KCTeHcuoHaabHocTH (d’extensionalité )

— sapdasa {(explicite)

AxcroMatuueckuit Metop (méthode axiomatique)

Axcuomsl mpotuBopeyusse {axiomes contradictores)

— poaa ctpykrypu (axiomes d’une espéce de structure)

— CTpPYKTYp OaHOTO H TOro xe poxa (des structure de
méme espéce)

— skBuBaJeHTHHe (équivalents)

AunreGpanueckas cTpykTypa (structure algébrique)

Aned utpexca o (aleph d’indice a)

AutenegeHTHHe 3HakocoueTaHus (assemblages antécé-
dents)

AntupedaekcHBHOE COOTHOUIECHHE

Apryment {argument)

AccouuatuBaoctb (associativité) o6vepuneHus u mepece-
ueHUs JBYX MHONECTB

— ofbennHeHusl CEMEHCTBA MHOMKECTB

— mepeceyeHds ceMeiicTBa MHOMXECTB

— APOM3BEJICHHS CEMEHCTBA MHOXECTB

AccounupoBaHHas peTpPaKLUsg € HEKOTOpOH HHBeKLHel
(rétraction associeé¢ 4 une imjection)

AccouunpoBaHHOe HCCEUeHHE C HEKOTOPO¥ ClopbeKnuei
(section associée 4 une suriection)

— COOTHOIIEHUE MOPAAKA ¢ HEKOTOPHM COOTHONIEHHEM
npeanopsaaka (relation d'ordre associée a une rela-
tion de préordre)

— COOTHOIIEHHE 3IKBUBAAECHTHOCTH € HEKOTOpO#H QyHK-
uueit (relation d’équivalence associée 4 une fonction)

Basa mxanas MHOwectB (base d’une échelle d’ensembles)
Basucunie MuoxectBa (ensembles de base)

— — Bcnomorareabhuie (auxiliaires)
— — ocHoBHHe (principaux)
BenHee (moins riche) {0 poae CTPYKTypbi]

Besrpauusasiii B 060ux HanpasaeHusx (uau ¢ obeux
ctopoH) usrepsa (intervalle illimité dans les deux

sens)

— CJA€Ba 3aMKHYTH (COOTBETCTBEHHO OTKDHTHH)
uurepsan (intervalle fermé (resp. ouvert) & gauche)

+ 27 H. BypGaku

Pes. 4
11 1
1 2
BBeaetue
Pes. 2
v 1
Pes. 8
Pes. 8
v 1
1K 6
[ Tlpun
Pes. 6
Pes. 1
Pes. 1
Pea. 4
Pes. 4
Pes. 4
It 3
{4 3
IH 1
Peas. 6
II 6
Pea. 8
v 1
v 1
v 1
v 1
v 1
v 1
v 1
IH 1
Pes. 6
It 1
Pes. 6
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‘ 406 YKA3ATEJIb TEPMHUHOB YKASATEJIb TEPMHHOB

g

‘ Bearpadnusslii cpaBa 3aMKHYTHIH (COOTBETCTBEHUO OTKPH-

Baaummno optosHauHoe (biumivoque) oToGpawetiue I
| 1pi#l) MHTEpBad 1 1 15 Pes.’
Pes. 6 4 Pea.
BeckoxeuHast mocaepoBareabHoCTh (suite infimie) Pes. 7 8 —— — COOTBETCTBHE i
BeckoneuHoe MuoecTBO (ensemble infini) Il 6 1 Pes.
Buekrusnoe orobpaxcenue (application bijective) I 3 7 Bux (forme) It
Pea. 2 9 Pes.
Buekuus (bijection) n 3 7 Buatouenust coersomenue (relation d'inclusion) ) Il
— kasoHudeckas {canonique) (cM. Taxie Kamounueckas I
6uexuus) it 5 2 Pes.
o Biaeub (entraimer) I
BusoMuanbauii kosddunueHt ¢ uHaexcamu n 1 p {coef- Pes
ficient binomial ’d’lndices n et p) I 5 8 Buyrpentuii TepM (terme intrinséque) v
Boraue (plus riche) [o pone cTpyxTypH] IV 1 6 v
— [o cTpyktype] Pes. 8§ .3 Bossepetue B cTenedb (exponentiation) Pea.
Boaee GepHmii (moins riche) pon cTpyKTyphl v 16 Boapacrawmee (croissante) otobpaketue I
— Gorarutit (plus riche) pon CTpyKTypH v 1 6 Pes.
— rpy6as (moins fine) crpykrypa v 2 2 — cemeiicTBO vacreii I
— rpy6oe {moins fim) moxpuTHE II 4 6 Pes.
-—— — COOTHOUIEHHE IKBUBANEHTHOCTH Il 6 7 — QUIBTPYIOUIEECH MHOKECTBO 1l
— rpy6uii (moins fin) mpexnopanox HI b4 BroaHe ynopsiioueHHOe MuoxecTBo (ensemble bien ordomné) i
— kpynHas (moins fime) cTpykTypa v 2 2 Pea.
— kpymnHoe (moins fin) mokpuTHe I 4 6 BcnomorateabHas (auxiliaire) rumoresa I
— — COOTHOIIEHHE IKBHBANEHTHOCTH I 6 7 " — KOHCTaHTa I
— KpymHHii (moins fin) mpeanopaaok It 1 4 BcnoMoratenbHbie 6a3ucHBE MHOKECTBA
- Me"“; (plluss ffii“e> cTpy KTysa . IX ? i (cM. BasucHHE MHOKECTBA BCAOMOTATeNbHHE)
_ x:zr:(ge 8:135 fi::)> :g:’;giieno I 4 6 Bropas (seconde) xoopauHata (saeMeHT) I
— — COOTHOIIEHHE SKBHUBANEHTHOCTH II 6 7 . Pes.
— cuapHas (plug forte) Teopus I 2 4 — — (byHknus) Pea.
— roukan (plus fine) cTpyxtypa 1\Y 2 2 Pea.
— roukuit {plus fin) mpexnopaoK il 1 4 — xoopauHatHas dyHxuus (fonction coordomnée) il
— toHkoe (plus fin) mokpuTHe II 4 6 ) Pea.
— — COOTHOIUEHHE SKBUBAJEHTHOCTH I 6 7 — mpoekuusa (projection) (MHOXECTBO) II
,Boabme* {,est plus grand que*) I 1 3 — — (dyHKuus) Pea.
.— unM paBHo* (,est au moins égal a*) I 1 3 Pes.
Byksa (lettre) I 1 1 — — (anemenr) I
Pes.
BepHoe cooTHomeHue (relation vraie) 1 2 2 — _ rpaduka Pea.
Bepxuuii orpasuuurens (maorant) 11 1 8 P . |
Pes. 6 7 R Pea.
Bepxusaa rpaub (borne supérieure) I 1 9 P I
Pes. 6 7 . Pes.
i — _ ceMeiicTBA KAPAMHATBHHX GHCEN I 9 1 Bropoii MHOmuTENb (COMHomme.'nb) ApOU3BENieHHs MHOWKECTB
| Bec snaxa (poids de signe) I 1 3 (second ensemble facteur d’un produit) I
| I TMpun 1 Bubopa akcuoma (axiome de choix) Pes.
| 27*
I

—
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408 YKA3ATEJb TEPMUHOB

BoiBeneHHas H3 CTPYKTYPH HEKOTOPHM CHOCOGOM BHIBOAA
crpyktyp (déduite d’une structure par un procédé de

déduction de structures) [o cTpykType]
BuseneHHoe (déduite) U3 HEKOTOPOro COOTHOIIEHHS NEPEXOAOM

k ¢axropmHowecTBy (mo x) (d'une relation par passage
au quotient (par rapport & x; pour x)) [0 cooTHOIIeHUH]

— u3 oto6paxenns nepexoaoM K daxTopMHOxecTBy no R
(déduite d’une application par passage au quotient
suivant R) {06 oToGpameHuHu])

BuiBoaa cTpyxTyp cnoco6 {procédé de déduction de structures)

Fumotesa xoHTugyyMa (hypothése du continu)

— — o6o6uiensas (généralisée)

INumoteast BemoMoraTeabHoil Meton (méthode de I'hypothése
auxiliaire) :

I'omomopduam (homomorphisme)

I'patb (borne) BepxHas (supérieure) MHOKECTsa

— — oTolpaxeHus

— — ceMeficTBa KapAHHAJBHHX YHCENR
— wuuxkHan (inférieure) MHOWKeECTBa

— — oTo6paxeHus

I'pacdux /graphe)

— ofparunil k AaHEoMy rpaduky (reciprogue d'un graphe)
— oTo6paxeHus

— CHMMETpHUHBIH (Symétrique)

— COOTBETCTBUA

— COOTHOIIEHHS

— yHKnuu

— ¢ynxumoHanstpiit (fonctionmel)

I'py6oe (moins fim) [o mokpuiTUsX]
— [o npepmopsakax]
— [o cooTHOIEHHSAX 9KBHBANCHTHOCTH]
— [o cTpykTypax]

Ipynna (groupe)

— xomnakTHas {compact)
— cBOGOZHAs TONMOXOrHUECKAs
{topologique libre)

JNBouunas cucrema (systéme dyadique)
JlBoiinas MOCAENOBATEAbHOCT (suite double)

v

Il
Pes.

I
I\

11
HI

1\Y
11
Pes.
IH
Pes.
I
I
Pes.
111
Pes.
Il
Il
Pes.
|
11
Il
Pes.
Pes.
II
I
HY
Il
v
Pes.
v

v

11
111
Pes.

o e
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YKA3BATEJIb TEPMHHOB

Apoitnoe cemeiictso (famille double)
JBojictBeHHocTn npaBuio (régle de dualité)

IBoiictBeHdbie dopmyan (formules duales)

JlByxaneMEeHTHOTO MHOXeCTBa akcuoMa (axiome de I’en-
semble & deux éléments)
Henyxrusaniit kputepuii (critére déductif)

Jenyxuun kputepuii (critére de la déductiom)
Jenurenan nenoro yucna (diviseur d'un entier)
Jenuts: ,b peaur a* (,b divise a*)

Heautncn Ha uenoe wucno (étre divisible par un entier)
JecaTuudas cuctema (systéme décimal)

JNuaronanb (diagomale) A B A XA

— B El
JmaroHanbHoe ortoGpaxcerue (application diagonale)

— — EBE
Juarpamma (diagramme)

HMusviotknua {(disjonction) gByX cooTHOeHuH

Jucnepcuoe {dispersé) MHONeCTBO

JuctpubyTusHoe (distributif) ceruatoe MHOMKecCTBO

Jucrpubytusnoctb {distributivité) o6veauHeHus u me-
peceueHus ABYX MHOMXECTB

— — — — CeMeHCTB2 MHOXECTB

Jauna (longueur) KoHeuHOiH MOCAENOBATENLHOCTH
— CcJaoBa
»Jas Beaxoro xR“ (pour tout x R)

Jokasareabanlii Texct {texte démonstratif)

JokasateabctBo (démonstration)

JomuuantHoe (dominant) KapaxHaJbHOE HHCAO

JlotiondeHne MHokecTBa {(complémentaire d’un ensem-
ble)

Huiper: MHOXecTBO 63 apip (ensemble sans trous)
BakoH BHyTpeHHe#l xoMmosumuu (loi de composition in-

terne)
3amxHyTHii uHTepBan (intervalle fermé)

I
Pes.
Pes.
Pes.
Pes.

I

BBeaeHue

I
I
I
HI
I
Il
1
Pes.
I
|
Pes.
11
11
Pea.
I
I
III

Pes.

Pes.
Pes.
I
1
I
Pes.
|
1
111

I
Pes.
I

v
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Pes.
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410 VKA3ATEJIb TEPMUHOB

3amuxanue (fermeture)
3uak (signe)

— noruueckuit (logique)

— peasuHoHHu# (relationnel}

— cnenuanbhutii (spécifique)

— cyGcrasTuBHEil (substantifique)

‘3HaKOBOe KaHOHMUECKOEe pacnpocTpaHeHue orolpaxe-
Hus, COOTBETCTBYIoHlee S
3uakoBuil THI crymeHu (type d’échelon signé)

— — -— KOBapHauTHHH (covariant)

— — — KOHTpaBapHaHTHH# (contravariant)
3uakocoueraue (assemblage)

— Broporo poaa {de seconde espéce)

— nepsoro poxa (de premiére espéce)

— pastoBecHoe (équilibré)

— coBeplueHHo paBHoBecHoe (parfaiment équilibré)
‘3uakocoueranue teopun (d’unme théorie)
3HaKocoueTaHHe, AHTEUENEHTHOe K JIpyromy ({assem-

blages antécédents a un autre)
3HaMeHaTeAbHas MocaenoBaTeabHOCTh (suite significa-
tive)
3uaMeHaTenbHOE caoBo {mot significatif)
3uauenue (valeur) nepemeHHod (d’ume variable)

— npunuMaeMoe coorsercTBHeM (une valeur d'ume.

correspondance)
— ¢yuxknuu (d'une fomction)

Buauenunit obnacts (ensemble de valeurs)

~ H3omopdusM (isomorphisme) obpathuil (résiproque)

—— OTHQCHTEJBLHO POAA CTPYKTYPH MHOMKECTBA
— ynopsioueHHHX MuokecTs (d’ensembles ordonné)
—AmB

‘Maomopdus
Maomopdurie MHOKecTBa (ensembles)

— cTpyxTypHl (structures)
SAmu* (,ou®)
UUmets Bun {&tre d’ume forme)

Umnaunuposats (impliquer)
MusapuanTunii (invariant) TepM

—

e e Rl L ]

v
v
v
v

Pes.

II
II

Pes.

|

Pes.

v
Y
I
v
Pea.
v
Y

Pea.

Pes.
Pes.

v

[pua.
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WHBapuaHTHHIl sJeMeHT

WuBepcus (inverse) neBas (4 gauche) naHuoi ciopbek-
MK

— npaBaa (a droite) naHHOH HHBEKIMH

WUuBomoTuBHas nepectadoBka (permutation involutive)

Wupexcaoe oGosnauenue (notation indicielle)

ManekcoB muomectBo (ensemble des indices)

— ceMeiicTBa MHOXecTBO (emsemble des indices d’ume
famille)

UuaykruBuan cucreMma (systéme inductif} wmHOMECTB
(d’ensembles} OTHOCHTEALHO MHOXECTBA HHIEKCOB

— — oTo6paxennit

MunykTusHoe mHowectBo (ensemble imductive)

MugyxTuBHbii Mpefien ceMeiiCTBA MHOMECTB AAs ceMeii-
ctea orobpaxeHuii (limite inductive d’une famille
d’ensembles pour ume famille d’applications)

— — — orobpamennit

Nupykuuu {de récurrence; npepnonoxetue (hypothése de)

— npuHuun (principe)

— TtpaHcuuurHoi (tramsfinie) mpumnun (principe)

Wupyxuus (récurrence) sauuHas c & (4 partir de &)

— orpaHudueHsas uurepBanoM (limitée & un intervalle)

— cnycka (descendante)

Wunynuposandas cTpykTypa (structure induite)

Wuayuuposannoe cootdHommenue (relation induite) nmopsaxa

—- — 9KBHBAJEHTHOCTH

UapyuupoBautnii mopsaok (ordre induit)

Wurepsan (imtervalle) 6esrpaumunntii (illimité) (

— saMkuyTnit (fermé)

— HeorpanuyeHssiii (illimité)

— oTKpHTHI (ouvert)

— LOJYOTKpHTHI (semi-ouvert)

11

Pes.

1l
I
I

Pes.

Pes.

Pes.

I

Pes.

I

Pes.

I

Pea.

Il

Pea.
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Pea.
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I
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I
I
v
III
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I

Pea.
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412 VKABATEJIb TEPMHHOB

Hurepsan ¢ koHuoM b (d'extrémité &)
— — HauanoMm a (d’origine a)

WurpaHsuTHBHOe (intransitive) cooTHomenue
WUnvexTuBHOe oToGpameHue (application injective)

Muveknus (injection)

— KaHoHHueckas (canonique) 4acTH
muoxecrsa E B B (d’une partie de E dans E)

- — (injection) MHOKeCTBa Jas JAHHOTO COOTHOWIEHU
skpuBaseHTHocTH (d’un ensemble pour une rela-
tion d’equivalence)

Ucceuenne (section), acCOUMHPOBAHHOE C AaHHOI

clopbexuueil (associée & une surjection)

Wctuunoe coorHomeHue (relation vrale)

McTuHHb (propre) cerMedr

Mcxoaune (initiaux) 6ykBo H TEpMBb

Wrepauus n-s oTobpaketus (n-éme itérée d’une applica-

tion)

LKakoso 6b uu 6sn0 x, R* (,pour tout x, R*)

Kanouuueckan 6uexnusn (bijection canonique)
ABXC ya (AB)°

— — ABXC g (A9)°

— — EXF na FXE

— —EXF X Gu (EXF)XG

— — FEuwa FE, F)

— — F(BXC, A)na F (B, F(C, A4))

— — F(BXC, A) va F(C, F (B, A))

-1
— — G #a G [G —rpadux]

e IIXLHaX,l

i€ {a}

— — I X naX.XXg
1€ {e, 8}

—— [ X ma XaXX XXy
e{a 8y}

—_— Hi X, Ha )!EIL (‘ngL)

I
Pes.
111
Pes.

I
11

Pes.

Il
Pes.

—

v

m

Pes.

Pea.

II

Pes.
Pes.
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Katouuseckas Guexmun [J X, wa ( 11 X,) X ( 11 XL)
teld
B

el (e,
[Je JB)—pa36neHue muomxecrsa I}

— — JJ XE ua (]] xt)F‘

L€l tel

- — (H XL\'E Ha HXF
el

1€l

U |
el
[A:UA‘; ANA, =@ mu L;&x]
3 el
— — A/R, Ha f(A)
— — (E/S)/(R/S) ua E/R
— — ER)S Ha E/T
— — (E/R)/(T/R) #€a E/T

— — (EXE)/(RXR) #a (E/R) X (E'/R')
— — (E/R) X (E’/R")  ua (EXE')/(RXR)

— umvexuus (imjection canomique)’
~— — 4acTd B MHOXeCTBO

— cumMetpus (symétrie canonique)
— ciopbekuus (surjection canonique) E sa E/R

— ¢akropusanua (factorisation canonique)

Kanonuueckoe orobpaxenne (application camonique)
(cM. Takke Kasonuueckas Guexuus, KaHoHudeckas
HHBEKIHS)

— — aaa poaosoil CTpyKTYpn (pour une structure
générique)

— — E, B limE,

—

— — limE, B E,
*—-
— paanoxenue (décomposition canonique) gyHxuuu

— pacmpoctpaHesne (extension canonique) ABYX
dynxumii Ha npoussencHus Muoxects (de deux
fonctions aux ensembles produit)

— — 3uakoBoe (signée,

— — orobpaxennii mo cxeme S (de schému S, des
applications)

i

Pes.

I

Pes.

Pea.

1
Pes.
II
Pes.
Pes.
11
Pes.
I
Pes.
I
Pes.
Pes.
Il
Pes.
Pea.

v
m

Pes.

m

Pea.
11
Pea.

i
v

v

(LN )

o WwpwhNhowota gl Ut o -

[Tpua.

G =G

—
@

—
LN ARWTWNDED O, O

13
12

14



414 . YKA3ATEJIb TEPMUHOB

KadoHuueckoe oto6GpaxeHue ceMeiictBa ¢yHxuui Ha
npousseneHus (d’'une famille de fonctions aux
ensembles produits)

— — COOTBETCTBHS Ha MHOXecTBa yacted (d’une
correspondance aux ensembles de parties)

— COOTBETCTBHE (corresgondance canonique)

MemXay FA HIIF :

tel
[A:UAL; ANA, =& npu Lqex]
tE1
— — — F(A) u AR,

— — — (E/R)/S u E/T

— — — (E/R)/(T/R) u E/T

— — (ang pONOBOH CTPYKTYpPH)
Kantopa Teopema (théoréme de Cantor)
KapnuHanbHas cymMma (somme cardinale)
KappunaasHoe npoussenedue (produit)
— ygucao {cardinal)

— — poMuHaHTHoe (domimant)

— — koHeunoe (fini)

— — HepocTHiuMoe (inaccessible)

— — peryaspHoe (régulier)

—— — CHJbHO HEJOCTHIKUMOE
(fortement inaccesible)

— — cudryaapHoe (singulier)

— — MHOXecTBa

Ksautop (quantificateur) o6msoctu (universel)
— cymectBoBaHus (existentiel)
-—— TAnOBHIl (typique)

KsauropHas Teopus (théorie quantifiée)

Knacc 06beKTOB, 9KBHBAAEGHTHBIX X (COTMIACHO COOTHO-
menuio R) (la classe d’objets équivalents a4 x
(pour la relation R))

— BKBHMBANEHTHOCTH MO cooTHolleHmio (classe
d’équivalence suivant une relatiom)

KoBapnaHTHuii (covariant) 3HaKOBHIH THI CTYNEHH
KorepentHoe (cohérente) cemeiicTBo
KounvnuanbHas uacte (partie coimitiale)

KoanexkruBusupytoniee coorHomesue (relation collecti-
visante)

Koabno (amneau)

KommyratuBHas (commutatif) muarpamma

1I

Pes.

Pes.
Pea.

Pes.
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Komnaktaoe pacmuperue Croyna — Yexa (compactifié
de Stone — Cech)

Komnaktsas rpymnma, accouuuposannas ¢ E (groupe
compact associée 4 E)

KoMmosunun sayrpensuii sakon (loi de composition
interne)

Kowmnosuuus rpadukos G’ u G (composé de G’ et de G)

— MHoxecTB B u A (composé de B et A)

— — C, B, A (composé de C, B, A)

— otobpaxenuii (composée des applications)

— — g u f (composée de g et f)

— — h, g, f (composée de h, g, f)

— npsamas {composée direct)

Konen (extrémité) uxTepBana

Koneunan nocaenosareabocts (suite finie)

— — BJIeMEHTOB HEKOTOporo MHomectBa (d’éléments
d’un ensemble)

Koneudoro xapaxtepa muoxecTBo (ensemble de carac-
tere fini)

— — cBo#cTBo (propriété de caractére fini)

Kouneusoe (fini) xapauHaasHoe YuCIO

— MHOXECTBO :

— obbenudenue

~— CeMeHCTBO

— mnepeceyeHue

-— MpOHU3BejeHHe

Koncranra teopuu (comstante d’une théorie)

Koxcrantht Bcriomorateassoii Meropn (méthode de la
constante auxiliaire)

Koncrpyxmus (construction) noruseckas {logique)

— crynenu (d’échelon) wag E, ..., E, no cxeme S
(de schéma S, sur E, ..., E,)

— ¢dopmatusHas {formative)

Konrtunyyma (du continu) rumoresa

— —— obo6uendas

— MOUIHOCTD

Ko#rtpaBapvaHTHHIi 3HaKOBHE THI CTYMEHH

Kouduuanbaas vacts (partie cofinal)

Kounesoii cermeut (segment final) caosa
Kouwplonkuus (comjonction) AByxXx COOTHOIIEHHIH
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416 YKA3ATEJIb TEPMUHOB

Koopnunara (coordonnée) [dyHknus)

— [amemenr]
— Bropas (cM. Bropas koopauHata)
— uHpexca A (d'indice A)

-— maps

— nepsas (cM. [lepsBas xoopausara)
KoopaunatHan ¢yHxnus (fonction coordonnée) sropas

— — wuajekca A (d’indice A)

-— — nepnas
Koprex (multiplet)
Kosddunuenr 6unoMuanbaniil ¢ uHaexcamu n u p (coef-
ficient binomial d'indices n et p)
Kparaas mocaepoBareasHocts (suite multiple)
Kparroe (aas) nemoro umcna (multiple d’un entier)

Kpurtepuii (critére) nenykrupHbiit (déductif)

— nenpykuun (de la déductiom)

— mnoxcraHoBku (de substitutiom)

--- hopmaTuBHuit (formatif)

Kputuueckoe pas f (critique pour f) opAMHanbHOE YHCAO
Kpynuee (moins fim)

— [o noxpwuiTHAX]

— [o nmpennmopaakax]

— [o cooTHOmeEHusX 9KBHBANCHTHOCTH]

— [o cTpykTypax])

JleBan uHBepcHs (inverse & gauche)
Jexcuxorpaduueckuii nopsagok (ordre lexicographique)
Jlexcuxorpaduueckoe mnpousseseHue (produit lexico-
graphique) wmuoxectBa E ua mmomectso I (de E
par i
— — ceMelCTBa MHOMKECTB
Jlemma (lemme)
JIuHeiHO YHOPAROYEHHOE MHOKECTBO
JIMHe#HHi NMOPAAOK
Jloruueckas koHcTpykuusa (construction logique)
— reopus (théorie)
Jloruuecku (logiquement) HempuBoaumoe (irréductible)
cOOTHOIIEHHE
— [OCTpPOEHHOEe (comstruite) CoOTHoIEHHE

Pes. 3
Pes. 3
Pes. 4
I 2
It 5
I 5
Pes. 4
Il 2
Pes. 3
I 3
Pes. 3
It 5
Pes. 4
I 3
I 2
111 5
IH 6
111 5
BeepeHue
I 2
I 3
I 1
I 1
111 6
1 4
I 1
| 6
v 2
| 3
HA 2
11 2
Il 2
I 2
Pes. 6
Pes. 6
I Tpun.
I 3
I Tpun
1 Ilpun.
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Jloruweckue cocrasasomue (composante logique)
Jloruueckuit snak (signe logique)
JloxHoe cooTHomeHue (relation fausse)

Maxopanra (majorant)

— crporas (strict)
MaxopupoBatHdasn yactb (partie majorée)
Maxopuposars wacte X (majoror ume partie X)

»Maxcopupyer MomHocTh a* (,est supérieure d a*)
»Maxopupyer anement x* (,est suprieure 4 x*)

MaxcumanbHuii snement (élément maximal)

Makcumym (maximum)
Martemaruueckas Teopus (théorie mathématique)

Meabue (plus fin) [o moxpwiTHAX]

— [o mpennopsaxax]

— [o cooTHomeHUsX 3KBUBANEHTHOCTH]
— [o ctpykrypax]

»Mengure* {,est plus petit que“) uau {,est inferieur a*)

»Menbime uau paBeH* (,est au plus égal a*)
MeravaremaTuka (métamathématique)

Meroz (methode) axcuomaruueckuit

— BCHOMOTATENbHO rHNoTe3H

— — KOHCTaHTH

— npuBeneHus k abcypay

— pasjenedus Cayuaes

MunumansHocTu ycaosue (condition mimimale)
MuHumansHuii snemedt (élément minimal)

MuHumyM (minimum)
Munopanra (minorant)

MunopupoBanHas 4acts (partie minorée)
Munopuposars yacth X (minorer une partie X)

»Munopupyer momgocts b (,est inférieure a b*)
-— agaeMeHT y {est inférieur a y)

b 3

k. MuorosHauHas TeopHs (théorie multivalente)

i Muoroo6pasue Annbadese (variété d’Albanese)
Muoxects teopus (théorie des ensembles)
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418 VKA3ATEJIb TEPMUHOB

Muoxectna (ensembles) 6asucunie (de base) Bcmomora-
reapunie (auxiliaires)

— — ocHoBube (principaux)

— H3 KOTODHX HUKaKMe JBe He MMeloT OOuUX sie-
mentos (deux d deux sans élément commun)

— usomopdusie (isomprphes)

— HafeJcHHBIE HEKOTOPOH CTpykTypo#h (munis d'une
structure)-

— He wuMelolue OOmHUX 3neMeHTOB (sans elément
commun)

— uenepecexaioixuecst (disjoints)

—- momapHO Hemepecekaomuecs (mutueilement disjoints)

— mnepecekaomnecs (qui se rencontrent)

— pasuomMoHsie (€quipotents)

Muosecrso (ensemble) (cM. Takxe HacrTs)

— 6e3 apip (sans trous) .
— Geckoneunoe (infini)
— proJHe ymopsgouennoe (bien ordonné)

— enuHCTBeHHBHi saeMent Koroporo ectb x (dont
de seul éiément est x)

— auauenudi, npunumaempx f na X (des valeurs
prises par f sur X)

— u3 n saementoB (4 n éléments)

— unnekcon (des indices)

— uunykruBHoe (inductif)

— KapAMHAJbHBLIX YHCed <& (des cardinaux < @)

—— KJNACCOB 3KBHBANEHTHBIX 0GBEKTOB AN COOTHOWEHUA R
(des classes d’objets &quinvalents suivant R)

— koHeunoro xapaktepa {de caractére fini)

— koneunoe (fini)
— JAuHeHHO ynOpsaOUEHHOE
— MaxopuposaHHoe (majoré)

~— MMHODHMPOBaHHOE (minoré)
— MouHocTeii (des puissances) wacTeH MHOMXeCTBa

— HampaBJEeHHOE
— He GoJee ueM CYETHOE

v
v
v
v

Pes.
v

v

Il

i

I1
Pes.

iI

11
Pes.

11
Pes.

I

111

11
Pes.

1l

Pes.

I
i
i

Peas.

m

I
i1

Pes.

11

i1

Pes.

i

Pes.
Pes.
Pea.
Pes.
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MuoxectBo o6bextos Bura T mas x € A (des objets d’une
forme T pour x€ A) m 1 6
orpauuyentoe (borné) m 1 8
- cBepxy (maoré) m 1 8
o Pes. 6 7
— CHu3y (minoré) m 1 8
) Pes. 6 7
OTKPHTOE B HEKOTOpoli Tomojorun (ouvert pour
une topologie) Iv 1 4
orobpaxenufi (des applications) E B F nmn 5 2
) y Pes. 2 2
napamerpos (des paramétres) mapaMeTpPHYECKOro Ipea- I 3 7
CTaBJeHHs Pes. 2 14
noamuomects (des parties) I 5 1
Pes. 1 10
npeacrasasiontee (représentatif) coornomenns mo (ortHo-
cureabHo) x¥ n y (d’une rélation par rapport 4 x et y) n 3 1
npeaynopapouenHoe mnpexnopaikom I' (ensemble préor-
donné par un ordre I') m 1 3
nycroe (vide) mn 1 7
. . Pes. 1 8
PaBHOMOIHOE APYroMy MHOMECTBY (équipotent & un autre
ensembie) Pes. 7 1
pasBe YTO CYETHOE Pea. 7 7
CBOAALKEECA K E€AMHCTBEHHOMY aneMmenty (réduit a une seul .
élément) o 1 5
ceryaroe (réticulé) m 1 13
Pes. 6 8
ckoMnoHoBanHoe #3 B u A (composé de B et A) Pes. 3 10
COBepLIeHHO ynopsnoueHHoe (totalement ordonné) o 1 14
Pes. 6 4
cocraBaenioe H3 B u A (composé de B et A) Pes. 3 10
cocrofilltee H3 eXMHCTBEHHOTO 3aemeHTa x (dont le seul
élément est x) I 1 5
cuetHoe (dénombrable) I 6 4
Pes.
— yHuBepcanbuoe (universel) . 133 ; ;I
~— ymnopsagouenuoe (ordonné) Im 1 3
IV 1 4
Pes. 6 1
Pes. 6 4
Pes. 8
— — nopsaakom I' (par un ordre T) m 1 :3
~— — CooTHOHIEHMeM MOpAAKa o (par une relation d’ordre w) Pes. 6 1
— {uabTpylomeecs (filtrant) BaeBo (& gauche) m 1 10
Pes. 6 8
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MuoxecTso GuIbTpylOImeecs Bospacrapomee (croissant)
— — snpaso (& droite)

— — NO COOTHOILIEHHIO < (COOTBETCTBeHHO =, D) (pour la
relation < (resp. =, D)) ‘

— — y6mBalomee (décroissant) .

— vqacreii (des parties)

— — koueunoro xapakrepa (de caractére fini)

— 4aCTMUHO BnOJAHe ynopanouenHoe (partiellement bien
ordonné)

— — ynopaaoyYeHHOE

— suementon cemeiictea (des éléments d’une famille)

— x, Takux, uto R (des x tels que R)

— x €A, rakux, ato P (des x € A tels que P)
Muoxureab (facteur)

— umgekca t B npoussexennu (d’indice ¢ d'un produit)
— npouapenienus (ensemble facteur d'un produit)

Mogens Teopuu (modéle d'une théorie)
MouoTouHoe otoGpamenue (application monotone)
Mop¢uam (morphisme}

Mounocrefi MHOXECTBO

— cyMMa )
MouHocT SkBuBaneHTHBe (puissances équivalentes)
Motxsocth (puissance)

— koutnuyyma (du continu)

— ,Maxopupyer* (,est supérieure )

— ,muuopupyet* {,est inférieure 4*)

— MHOM(ECTBA

— ,mpeBimaer*® (,est supérueure i*)

— ,CTporo MaxopupyeT* {(,est strictement supérieure &*)
— ,cTporo muuopupyer* (,est strictement inférieure a*)
— ,cTporo mpepntmaer® {,est strictement supérieure )
~— 4aCTH

Hapeastb crpykrypoii (munir d'une structure)
Hau6oabmuii saement (le plus grand élément) muoKecTBa
— — — 4acTH

Haumenswufi snement (le plus petit élément) MHOXeCTBa
— — — 4acTH

Hakpntue ynusepcanbhoe (revétement universel)

m
HI

Pes.

Pes.
Pes.
I
Pes.
1
Pes.
Pes.
I
Pes.
Pes.
Pes.
Pes.
Pes.

v
I
Pes.
I
Pes.
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Hanpasaennoe MHOXeCTBO Pes. 6 4
Hacnimennas gactb (partie saturée) m 6 4
Pes. 5 6
Hacnlmenue (saturation) m 6 4
Pea. 5 6
Harypaabuoe neaoe uucao {entier naturet) nr 4 1
Hauaao (origine) unreppana m 1 15
Hawaabuan crpyxrypa (structure initiale) Iv 2 3
HauaabHoe (initiale) opauuaabHoe 4ucaO Hi 6 Yop.
Hauaabustit cermMent caosa I Mpun 1
»He* (,non*) 1 I 3
— foJee "eM CHETHOE MHOMECTBO Pes. 7 7
He saBucerb (ne dependre pas) or aprymenra Im 3 9
— nepecexarbca (étre disjoints) i 4 7
Henoctwxumoe (inaccessible) xapauHaiabHOoe 4McaO m 6 Yup.
— OpAHHANbHOE YHCJIO I 6 Ymp.
He3sasucumas (independent) akcuoma I 2 Yop.
Heorpanvuennnit uHTepBan Pes. 6 4
Henonpumkuniit (invariant) saemeHt nm 3 4
Pes. 2 3
HenpeprBroe (continue) orobpaxeHue Iv 2 1
Henpusoaumstii (irreductible) saement Il 4 ¥nop.
»He paBuo* (,différent de«) I 3 1
Pes. 1 6
Hecrporu#, nectporo [o nopsiaxe, 4aCTHYHOM NMOpPKAKE H T.IL] Pes. 6 1
Pe3. 6 4
Heuetnoe nenoe aucno (entier impair) H 5 6
HesBuaa axcuoma (axiome implicite) I 2 1
Huxenexaman crpykrypa (structure sous-jacente) v 1 6
Hwxnuii orpaununrens (minorant) i 1 8
Pes. 6 7
Huwxuas rpaub (borne inférieur) i 1 9
Pes. 6 7
Hopmanbunii cumBoa (symbole normal) Im 2 Ynp.
‘O6nanatb rpagukom (admettre un graphe) (no Gyksam
HaY oTHOCUTEAbHO OykB) (par rapport aux lettres) nm 3 1
O6nacts (ensemble) suauenust (des valeurs) rpaduka mn 3 1
— -— COOTBETCTBHS n 2 1
— onpeneaenus {(de définition) rpaduxa mn 3 1
~— - COOTBETCTBUS Im 3 1
— ornpasaenus (de départ) coorsercrBus n 3 1
— mpubutua (d’arrivée) cooTBeTcTBHS I 3 1
O6o0uennas runotesa koutuyyma (hypothése de
continu généralisée) m 6 4
OGosnauenne unpekcuoe (notation indicielle) Pes. 2 2
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O6pas (image) muoxectsa (d’un ensemble) oruOCH-
teabHo (no, mpu) {par) rpaduka

O6pa3 MHOXECTBA OTHOCHTEJbHO OTOOpaMeHus

————— COOTBETCTBHUA

— obbekra (d'un objet) oruocurembno (no, npu) (par)

dyHKIUH

— nokpsitus (d’un recouverement) OTHOCHTENbHO ([0, MpH)

{par) Qyuxuun

— npsamoii (directe) nexoropoit cTpykrypnl (d’une structure)

— ¢ynxuun {d’une fonction) [BoabHOCTb peuw]

— aaementa (d’un élément) ortnocuteabno (mo, mpu) (par)

otoGpaxeHus \
O6pasoBmBath usomopduam (constituer un isomorphisme;
Oé6patnoe (réciproque) otobpakete

— pacapocTpanende (extension)

— cooTBeTCTBHe (correspondance)
O6parumii (réciproque) rpadux

— usomopduam

O6mas cTpykrypa (structure générique)
OGuee pewenne (solution générale)

O6muii uaen (terme général) mocnexoBaTeNbHOCTH
— axeMeHT (élément générique)

O6muocru kBaurop (quantificateur universel)
O6venuuenue (réunion) xoneunoe (finie)

— MHOXECTBA MHOXECTB

— HECKOJbKHX MHOXECTB
— — yacre#t
— ceMmeHcTBa

— — v4acred

— cuerHoe (dénombrable)

O6wext (objet)

O6mbextnt Buza T (objets d’une forme T)
— wmaremaruueckue (€tres mathématiques)

Orpauunuennas uuayknusa (récurrence limitée)
— cBepxy uactb (partie majorée)

— cuu3y uacth (partie minorée)
— uacTh (partie bornee)

Orpanuuentoe otopaxenne {application bornée)

I
Pesa.
11
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w
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II
v
Pes.
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Pes.
Pes.
iI
Pes. -
Pes.
11
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Pes.
Pes.
I
Pes.
I1
Pes.
II
Pes.
11
Pes.
i1
Peas.

I
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I
Pes.
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Pes.
I
Pes.
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Orpannuennoe cBepxy oroGpamenue (application majorée) m 1 8
A Pes. 6 7
Orpauudentoe cunsy orobpaxenue (application minorée) m 1 8
Pes. 6 7
Orpannuureap Bepxuuii (majorant) I 1 8
Pe3. 6 7
— HuxHui (minorant) m 1 8
Pes. 6 7
Onuosunaunan teopua (théorie univalente) Pes. 8 7
Onuosnaunoe cooTHomenue (relation univoque) I 5 3
Onnosuaunnié pox CTpykTypnt {espéce de structure univalente) IV 1 5
I 1 1
Onpenenenne {définition) 0 o0 0
Onpenenenus obnacts (ensemble de définition) rpaduka I 3 1
— — COOTBETCTBHUA n 3 1
»Onpenenennas naE* (,définie dans (ou sur) E*) [o byukuuu] Pes. 2 1
.Onpeneneno aaa obvexra x* (,est définie pour l'objet
x*) [o cootBercTBUU] Im 3 1
OnpenensieMoe COOTHOIIEHHEM COOTBETCTBHE (COTTESpoON-
dance définie par une rélation) nm 3 1
Onpeneastbea cooTHonmeHueM (étre déterminee par une
relation) [o ¢yuxnuu] Pes. 2 1
— uactblo (Etre definie par une partie) [06 oroGpaskenun] Pes. 3 6
OpauvnanbHas cymma (somme ordinale) mopsinkoBHX TUMOB Hr 2 Ymp.
— — YNOpAJOYEHHBIX MHOXECTB I 1 ¥Ynp.
Opauuansuoe npousseieHue (produit ordinat) I 2 VYuop
— 4ucao (ordinal) I 2 ¥Yup.
— — KpHuTHueCKOe 1aa f (critique pour f) m 6 ¥Yap.
- — HaudaabHoe (initial) 6 ¥np.
— — HefocTHXMMOe (inaccessible) H 6 ¥Ymp.
— — Hepasnoxumoe (indécomposable) m 2 VYnp.
— — peryaspnoe (régulier) m 6 Ymp.
— — cuHryaspHoe (singulier) I 6 VYup.
OpauHanpupii dynkuuoHanbustit cumsoa (o £) (symbole
fonctionnel ordinal (par rapport a §)) m 2 ¥Ynp.
-~ — — — HopMaJbHBi# (normal) o 2 Yup.
Ocuopanne (base) pasnomenna (d'un développement) i s 7
~— cucremst cuucaenus (d'un systéme de numération) m 5 7
OcuoBnre Gasucumie mHOMecTBa (ensembles de base
principaux) v 1 3
v 1 4
Ocratok o nenesuss uyucna @ ma & (reste de la divi-
sion de a par b) m 5 6
OcymecTBasiTs  B3aMMHO OAHO3HAYHOE COOTBETCTBHE
mexnay E u F (réaliser une correspondance biuni-
voque entre E et F) Pes. 2 9
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Orpeastb (séparer)

Orkpoitoe (ouvert) MHOMECTBO

— oro0paeHue

OrauuaThci TOAbKO MopsaakoM unenoB (ne différer que
par lordre des termes)

,Ormuuno or* (,different de*)

OtHocHTeNbHO Nepenocumbie (relativement transpor-

tables) cooTHOlEeHUsT M TEPMBI

OroGpaxenne (application)

— GuexTunHoe (bijective)

— B3auMHO ofHosmauHoe (biunivoque)

— — — B (dans)

— — — na (sur)

— Bo3pacrawuee (croissante)

— BBIBEJEHHOE H3 HEKOTOpPOro OToOpaxeHus Mepexo-
xoM k ¢axropmuomkecrBaM (déduite d’une applica-
tion par passage aux quotients)

— auaronansbhoe (diagonale) A B A X A

— —EBE
— uwbekTuBHOE (injective)

— kanouuueckoe {canonique) (cMm. KanoHuueckoe oTO-

GpaneHue)

— — gaa pomoBoll CTpykTypnt (pour une structure
générique)

— mHuoxkecrsa (d'un ensemble) B MHOMECTBO {dans un
ensemble)

— — HA MHOXeCTBO (sur un ensemble)

— mouoTOHHOE (monotone)

— nenpepniBHoe (continue)

— o6paTnoe k HexoTopoii Guexmuu (réciproque d’une
bijection)

— orpanuuennoe (bornée)

v

IV
IV

Il
Pes.

Pes.

v
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Pes.

I

Pes.

i

Pes.
Peas.
"Pea.

I

Pes.

Pes.

I1

Pes.

I
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Oro6paxteHue OrpaHMueHHOe cBepxy (majorée) I 1 8
Pes. 6 7
— — cHu3y (minorée) I 1 8
Pes. 6 7
— OTKpHTOE (Ouverte) I\ 2 1
— mapuuanbHoe (partielle) II 3 9
Pes. 3 13
— mocrosHHoe (constante) I 3 4
Pes. 2 3
— nycrtoe (vide) I 3 4
— CKOMNOHOBaHHOE u3 (composée de) Pes. 2 11
— coBMecTumoe (compatible) ¢ AByMs COOTHOImEHHAMH
skBuBajsentHoctn (avec deux relations d'équiva-
lence) I 6 5
Pes. 5 8
— — € COOTHOIIEHWEM SKBUBAJNEHTHOCTH (aVeC une re-
lation d’équivalence) I 6 5
— cocTaBieHHoe u3 (composé de) Pes. 2 11
— crporo (strictement) Boapacraiomee (croissante) Il 1 5
Pes. 6 12
— cxojsueecs I 6 ¥Ymp.
-~ — MOHOTOHHOE (momnotone) I 1 5
— — yo6nBanouee (décroissante) I 1 5
Pes. 6 12
— clopbekTuBHOE (Surjective) II 3 7
Pes. 2 4
— rtoxJaecTBeHHoe (identique) I 3 4
Pes. 2 3
— y6uBaomee (decroissante) HI 1 5
Pea. 6 12
— yuuBepcaabroe (universelle) v 3 1
— YaCTHYHOE Pes. 3 13
— uacrHoe (partielle) I 3 9
Pes. 3 13
Oto6pantenus, COBMARAIIME HA HEKOTOPOM MHOKECTBE
(applications coincidant dans un ensemble) II 3 5
OroxaectBaenue (identification) IV Ipun. 5
Pes. 8 5
Oroxaectaars (identifier) Pes. 8 5
— nocpeactsoM (au moyen de) usomopduama IV Tpun. 3
— — KaHOHMYeCKOH Ouexnuu IV pun 5
Ornpasaenus ob6aacte (ensemble de départ) 11 3 1
Otpesok (segment) 111 2 1
— OTceueHHbH aaementoM x (d'extrémité x) 1 2 1
Otpunanue coorHomenus (négation d’une relation) I 1 3

28 H. Byp6axn
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fMapa (couple)

TlapameTp (paramétre) )

[TapameTpnecKoe MPEXCTaBIEHHE NMOCPEACTBOM MHOKECTBA

" (wmm uepes MHOXecTBO) (représentation paramétrique
au moyen d'un ensemble)

Tlapamerpos muOXecTBO (ensemble des paramétres)

IMapyuansuas dyuxuus (fonction partielle)

[TapuuansHoe oTto6paxeHue, 3aiaBaeMoe ¢dyuxuuei f npu gau-
HoM 3HAaueHHH KaHHoro aprymenta (application partielle
déterminée par f, relative & une valeur d’un argument)

— — nopoxzennoe dynxuuedl f M COOTBETCTBYIOLIEE AAH-
HBIM 3HAYEHHAM JAHHHIX apryMeuTOoB (application
partielle engendrée par f, et correspondant a des
valeurs d’argument)

Maps axcuoma (axiome du couple)

Iepsas (premiére) KOOpAMHATA {coordonnée) [bynxuuaj

— — [aneMenT]

— xoopausatHas ¢ynkuus (fonction coordonnée)
— npoexugs (projection) [MuOXECTBO]

— — [pyuxuus]

— — [anemenr]

— — rpaduka

— — mapmt

Mepamit (premier) MHOXuTEIb (414 COMHONKHTENb) MPOH3-
peneHus Muowects (ensemble facteur d’'un produit)
— YjaeH MOCAeROBaTENbHOCTH

IMepemennan (variable)
epenoc CTPYKTYpPH (transport d'une structure)

‘Tlepenoca COOTHOIUICHHE (relatlon de transport)
[Tepenocumoe COOTHOIIEHHE (relation transportable)
[Tepenocumblii TepM (terme transportable) naHHOrO TMIA AN%
panno#i THnm3auuu (d’un type pour une typification)
— — tuma S oTHocHTeapno I i rtummsanun ,To u
T« (de type S relativement a pour la typification

,Tg et T%)

11
i1

Pes.
I
Pea.
i1
Pea.
Pes.

II

Pes.
1§
Pes.
Pes.
II
Pes.
III
Pes.
il
Pes.

Pea.

Pea.
iI
Pes.
11

Pes.

¢

Pes.

I
I

Pes.

IV

Pes.

v

<

v

v

2 1
3 7
2 14
3 7
2 14
3 7
2 14
2 13
3 9
1 13
2 1
3 1
3 12
2 1
3 1
3 6
3 1
3 1
3 1
3 1
3 12
2 1
3 1
3 1
3 1
2 1
3 1
2 2
5 4
-1 2
1 5
8 5
IMpua. 1
1 3
0o 1
Mpua. 4
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[Tepecekarnca (se rencontrer) I 4 7
. Pes. 1 13
Iepeceuenne (intersection) xoueunoe (finie) Pes, 7 9
— MHOMXeCTBa MHOMKECTB nm 4 1
~— HECKONbKHX MHOXECTB 4 5
~— — vyacreit Pes. 1 13
- ceMmeiicTBa n 4 1
Pes. 4 6
— — yacredi (de parties) i 4 1
— cuerHoe {(dénombrable) Pes. 7 9
[Tepecranoska (permutation) n 3 7
Pes. 2 9
~— uHBOMoTHBHas (involutive) I 3 7
[Tepexon k daxropmuomecrsam (passage aux ensembles
quotients) II 6 3
n 6 5
Pes. & 7
Pes. 5 8
MoamuoxecTBO (sous-ensemble) (cMm. takxe Yacts) n 1 2
Pes. 1 7
[ToanocnenoBaTeAbHOCTh MOCJIEXOBATEALHOCTH (suite extraite
d’une suite) a6 1
Pes. 7 8
TloacemeiictBo (sous-famille) I 3 5
Pes. 2 14
[Toacetyartas (coréticulée) wactb 1 4 ¥Ynp.
MoacraHoBku kputepuii (critére de substitution) I 1 2
TMoauunennas crpykrypa (structure subordonnée) v 1 6
MokpetTue (recouvrement) I 4 6
— Gonee rpy6oe (kpynmHoe€) (moins fin) n 4 6
— — Meakoe (toHkoe) (plus fin) I 4 6
— wmuoxectBa (d'un ensemble) n 4 6
Pes. 4 4
[Tone npoGeii xoabua (corps des fractions d’un anneau) v 3 3
Ionuasn (pleine) wactp (partie) Im 1 2
Pes. 1 8
[Tonnoe pewenne (solution) I 5 2
IMoanoe (achevé) ceTyatoe MHOXECTBO o 1 Yop.
[Toauntit (bon) mopazox m 2 1
Moauetit mpoo6pas (image reciproque) muoxecrna (d'un en-
semble) otHocuTenbHo (mo, mpu) aauwHoro rpaduxa (par
un graphe) n 3 2
——————— oTo6paxkeHHs Pes. 2 6
——————— COOTBETCTBUSA Im 3 2
Toausii mpoo6pas nokpeiths (d'un recouvrement) OTHOCH- :
TeabHO (MO, MpHu) QyHKIUH H 4 6

28*
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Toauntit npoo6pa3 CcOOTHOMIEHHA SKBHBAJEHTHOCTH (d’une
relation d’équivalence) orHOcUTEeAbHO (MO, MpH) PYHKIHH
Tonoxurenbhsle nensle yucaa {entiers positifs)

TloayoTkpHITHil Caesa
a gauche)

unrepBan (intervalle semi-ouvert

— CImpaBa WHTEpBaJ

IMoayuath mepenocoM (obtenir en transportant) [o cTpyx-
Typax]

[onapuo ne MepecekaOUUXCA MHOXECTB cemelictso (famille
d’ensembles mutuellement disjoints) wau (famille
d’ensembles deux a deux disjoints)

— — uacreit cemefictBo (famille de parties mutuellement
disjointes)

Tlonoauenue (complété) mpoctpancTsa

— (achévement) ymopsROYEHHOTO MHOKECTBA

Mopsanka (d’ordre) cootnHomenue (relation d’)

— CTPYKTYpa

[opaaxoBuii tun (type d’ordre)
Topanox (ordre)

— unayuupoBaHHubii (induit)

— aexcukorpadudeckuii (lexicographique)
—- JtuHeHHbIH
— Ha (Sur) MHOKeCTBE

— noaustit (bon)
— coBeplueHHbli (total)

— uacTduHbli (partielle)

IMocnenuuii unen koueunoil mnocaeaosateabuoctu (dernier
terme d’une suite finie)

IMocnenoBaTeNbHOCTH, OTAHYAIOUIHECT TOALKO NOPAXKOM
uneHoB (suites ne différant que par 'ordre des termes)

[TocaexoBarensnocTs (Suite)
— oOeckoneunan (infinie)
— nsoiinan (double)
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Pea.

1

Pes.
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Pes.
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Pes.
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Mocaenosareabnocts koneunan (finie)

— — ajgeMeHTOB HekorToporo muoxecrsa (d’éléments d'un
ensemble)

— Kkparuas (multiple)

— moayueHHas pacfoJOXeHHeM ceMelictBa B  fOpaAKe,
onpenenentom oroGpawkenueM f (obtenue en rangeant
une famille dans un ordre défini par une application f)

— ¢ aByMa uugexcamu (& deux indices)
- craguoHapuast (stationnaire)
— rtpoiinas (triple)

— sJeMenToB HexoToporo MuoxecrBa (d’éléments d’un
ensemble)

— n-gparnas (n-uple)

Tocrosaunoe orobpaxenue (application constante)

[ouru nepuoguueckan (presque périodique) GyHKuus

[Mpapas uusepcus (inverse & droite)

Npasuao nsoiictBennoctu (régle de dualité)

,[Ipespimaer (,est supérieur a¢)

IMpexen (limite) ungyxrususii (inductive) cemeiictBa MHO-
HECTB

— — — orobpaxenui

— npoekTuBublil (projective) cemeiicTBa MHOXECTB

— — — orobpaxenuit

Tpeaaoxeuue (proposition)

Ipenmer (objet)

Ipexnonoxenne unykaun (hypothése de récurrence)

pexnopsaika coornomenue (relation de préordre)

[peanopsaok (préordre)

— 6onee rpy6uiit (kpymuwii) (moins fin)

— — wmeaxuii (touxuil) (plus fin)

— Ha (Sur) MHOMeCTBE
Mpexncrasureneii cucrema (systéme de réprésentants)

4|
Pes.

I
I

Il
Pes.
Pes.

1

111
Pes.
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1il

1
Pes.
v
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Pes.

Pes.
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Pes.
Pes.
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Pes.
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Ilpencrasurens xaacca sxBusanenTHOCTH {représentant d’une
classe d’équivalence)

[TpeacraBaenue (réprésentation)

~— napaMeTpHueckoe (réprésentation paramétrique)

IpexcraBastoca B Buge T (se mettre sous une forme T)

lpencrasasiomee MuoxecTso (ensemble réprésentitif)

penynopagouennoe MHOKecTBO (ensemble préordonné)

[Ipenmecraennuk {prédécesseur)

[Tpeo6pasoBanue omuoro muomectsa B apyroe (transforma-
tion d’un ensembie en un autre)

IIpeo6pasosmsars (iransformer)

lpubutus obnacte (ensemble d’arrivée)

ITpusenenus k abeypay meton (méthode de réduction a I'a bsurde)
- Tpuonute A u B BO B3aMMHO OXHOBHAYHOE COOTBETCTRHE
(mettre A et B en correspondance biunivoque)

llpunasate B KkauecTBe 3uauenus ONpEeAENEHHbIH 3JeMent
NpOU3BOALHOMY 3Jementy (donner pour valeur un élé-
ment déterminé 4 un élément arbitraire)

[Tpunarats (unu npumenstb) k reopuu (appliquer dans une théorie)

»Tlpunannemur (x)* (,appartient a*)

[Tpunanaexnoctu coornomenue (relation d’appartenance)

Ilpuuumats 3uauenus B muoxectse (prendre ses valeurs dans
un ensemble) [o dyuxnuu]

Hpunnun (principe) uumyxmun (de récurrence)

— mnacryxoB (des bergers)

—— TpauchunuTHON MHAYKUMM (de récurrence fransfinie)

lpucoenuuenne (adjonction) x muomecrsy E muoxecrsa F

— HanG6OAbINEro 3/1EMeHTa K YNOPAIOUEHHOMY MHOMX eCTBY
(d’un plus grand élément i un ensemble ordonné)

[TpoGeratb MuomecTBO (parcourir un ensemble)

Ipononkenne (prolongement) coornomenus nopsaxa

— oTo6paxeHus Ha Muokectso (d’une application & un
ensemble)

— mnopsaaka (d'un ordre)
IpoekTuBHas cucrema muoxects (systéme projectii d'en-
semble) otnocuTenBHO MuOMecTBa Mugekcos (rélatif a

un ensemble d’indice)

— — oro6pamenuit

iI
v

i1
Pes.

i1
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3 TlpoexTuBubiii mpegea ceMeficTBA MHOXECTB A CeMeHCTBa

oro6paxennit (limite projective d’'une famille d’ensembles
pour une famille d’applications)

S orobpaxenui

. [lpoeKTHPOBaHUE (projéction) Ha MHOMuTeab (sur um ensemble

facteur)
~— Ha 4aCcTH4HOE MnpousBefesue (sur un produit partiel)
~— no unjexcy « (projéction d’undice a)
—_— =1

IMpoexnus (projection) [MHomecTBO]
— [oro6paxenne]

— [anemenrt]
— Bropas (cM. Bropas npoekuns)
— rpaduka

— unjexca ¢ (d’'indice t)
— wuHpexca (1, 2) (d’indice (1, 2))
— napst

— nepBad (cm. [lepBas mpoekuus)

- IMpoussenenue (produit) xapmgunanbroe (cardinal)

- KapAuHaabHbIX uMcen {de cardinaux)

— koHeynoe (fini)

— aekcukorpapuueckoe (lexicographique) mHomectsa E Ha
muoxecto | (de E par I)

~— MHOXECTB

— CeMeH(TBAa MHOXECTB
— — XuY (de X et de Y)
Ipoussenenue (ensemble produit) muomectn

, b — Muoxectsa E na muoxectso F (de E par F)
§ Ipoussencuue (produit) opaunansuoe {ordinal)

f  — MOKPHITHH
£ Ipoussencuue nopankos (ordre produit)

8 Npoussenenne (produit) csoboamoe (libre)

£ — cemefictBa Muoxects (d'une famille d’ensemble)
- — (ensemble produit) cemeiictBa MHOXeCTB

HI

Pes.

I
Pes.

I

Pes.

i1

Pes.

i1

Pes.

II

Pea.
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Peas.
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Pes.
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Pes.
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Pes.
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Pes.

I

II
Pes.

Pes.
11
I

Pea.

Pes.

Pes.
I
i1
111

v
II
Pes.

Nd WWWh b ULbHUT e O
—
—

N WW WDt W
= s
— N O MO =D
2= =N © W o  — — O W =t

<

A Ol e ) W D O W N
= ) —



432 VYKASATEJIb TEPMHUHOB

Ipouaregenne (produit) cemeiicTBa oTO6pameHuit
-— COOTHOILEHHH mopaaxa

—— — 9KBUBAJNEHTHOCTH

— —~ R u R (de R et R)

— cootHomenus R Ha coortnomenue S (de R par S)

[TponsBenenue cTpyktyp (structure produit des structures)

Npoussenenue (produit) cuernoe (dénombrable)

— Teu3opHoe (tensorielle)

— ynopsajoueHHsx Muoxecrs (d’ensembles ordonnés)

— "acTuyHoe (partiel)

[poruBonONOMHOE COOTHOIIEHHE
d’ordre opposée)

nopsaaka (relation

TMporuBopeuuBas Teopus (théorie comtradictoire)
[Tporusopeunsbie axcuoMbt (axiomes contradictoires)
Ipaman (direct) koMmosunus (COMposé)

— cymMMa (somme) .

[Ipamoli o6pas (image directe) CTPyKTyphl

[lycras (vide) ¢yuxunus

— 4acTb

ITyctoe (vide) mHOMeCTBO

PasencrBa coornomenue (relation d’égalité)
»Pasuo* (,égale*)

PaBHoBecuoe 3uakocoueraHue (assemblage equilibré)
— caoBo (mot equilibré)

Pasnomepuoe mpocrpaHcTso (espace uniforme)
Papuomomubie MuoXecTBa (ensembles équipotents)

Pasnocuabubie (équivalentes) cooTHOIIEHUS
— Teopux
.PaBuserca“ (,égal“)

Pas6uenue muoxecrsa (partition d’un ensemble)

Pa3se uTO CUETHOE MHOXECTBO

Pasgenenua cayuaeB metox (méthode de disjonction
des cas)

Pasnoxenne (décomposition) kanonuzeckoe QyHKuuu
(canonique d'une fonction)

Pasaosxeuue (développement) no ocnosauuio b (de base b)

1I
I
I

Pes.

11

Pes.

v

Pes.

v
I
1

Il
Pes.

Pes.
v
v
IV
II

Pes.
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Pes.
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Pes.
111
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Pes.
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i
‘PasHoctb ueanx uucen b u a (différence des entiers & et a) m s 2
- Pacnonarath B HeKOTOpPOM mopsike (ranger dans un ordre) I 6 1
i Pes. 7 8
' Pacnpoctpaienue (extension) aByX GyHxuuil Ha mpousBejge-
4 nua muoxectB (de deux fonctions aux ensembles
produits) Im 3 9
— kanonuyeckoe (cMm. Kanonuueckoe pacmpocrpaneuue)
% — HECKONbKHX OTOGpaWeHHH Ha MPOUBEZEHUE MHOKECTB
}f (de plusieurs applications aux emsembles produits) Pes. 3 14
| % — ofpaTioe (réciproque) oTobpakenus Pes. 2 6
l — oTOOpameHus HAa MHOKECTBA MNOAMHOXKecTB (d'une
application aux ensembles de parties) Pes. 4 4
I 1 3
— ceMelicTBa Qyuxnui na mpousBefeHus (d'une famille de
fonctions aux ensembles produits) m 3 7
— COOTBETCTBMA HAa MHOXecTBa uacT2# (d’une correspon-
dance aux ensembles de parties) I 5 1
3 Pacceaunnoe (dispersé) MHOMECTBO I 1 ¥Ynp.
é% Pacxonsumeeca (divergente) orobGpaxenue m 6 Yuop.
#/Pacmupenue 10 A Koabna omepatopoB (extension 4 A d’un
anneau d’opérateurs) Iv 3 3
Peanusauus (realisation) ua (sur) E,, ..., E, sHakoBoro tuma
CTYMeHH IV. 2 VYmp.
» — — Ei, ..., E, THna crynemn T IV. 1 ¥np
#* PeanusoBaTh B3aH MO ORHO3HAUHOE COOTRETCTBHE Mexay E u F
i (réaliser une correspondance biunivoque entre E et F) Pes. 2 9
‘& Peryaspno: (régulier) kapaunaabHoe Yucao O 6 Ymp.
- OPAUHANBHOE THCAO I 6 ¥Ynp.
3 Pensuvonnniii 3uak (signe relationnel) 0 o0 o
Perpaxkuus  (rétraction), accouMupoBaHHas ¢ AaHHOH
| ubeknuedi (associée a une injection) In o
5 PetaexcuBuoe B RaHHOM MHOKECTBe COOTHOlIeuue (relation
‘ réilexive dans un ensemble) Ir 6 1
t — COOTHOILEHHUE Pes. 5 1
Pedaexcupuocts (réflexivité) cooTHoumenus Pes. & 1
{ @iPemenue (solution) obmee (générale) I 5 2
noanoe (compléte) I 3 2
[ — npoGaeMnl yHuBepcaabuoro orobpaxends s E (d'un
probléme d’application universelle pour E) v 3 1
— coorHomeHust {d’une relation) I 2 2
@Pemerxa (lattice) m 1 13
; Pes. 6 8
A CTPYKTYpH (espéce de structure) Iv 1 4
Pes. 8 2
— abenesoii rpynmel (de groupe abélien) Iv 1 7
— Oenmnee, yeM apyroit (moins riche qu'une autre) Iv. 1 6
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Pox crpyxtypnl Goraue, uem mpyro# (plus riche q'une
autre)

— — KOMILIEKCHOTO aHAAUTHYECKOrO MHOroo6pasus
pasmeproctd n (de variéte analytique complexe
de dimension n)

— — JeBOrO BEKTOpPHOrO mpocrpaHcTa Hag k (d’es-
pace vectoriel 4 gauche sur &)

— — wumuoxecrsa (d’emsemble)

-— — oaxosHaunblii (univalente)

— — nopazgka (d’ordre)

— — ronoaoruyeckoil (topologique)

— — yuurapuoro Z-Mopyas (de Z-module unitaire)

Poposas crpyktypa (structure générique)

Poanl CTPYKTYphl, 9KBMBAJEHTHHIE uepe3 MocpeacTso P
u Q (espéces de structure équivalentes par inter-
mediaire de P et Q)

Poctkn orolpamennii (germes d’applications)

CBoGoaHAs TOMOJOTHYECKas TPYINA, MOPOXACHHAS MPO-
crpaHcTBoM (groupe topologique libre engendré
par unm espace)

— wactb (partie libre)

CsoGoanoe (libre) mpousseaenue (produit)

— 3-MHOXECTBO, MOPOMACHHOE MHOMKeCTBOM E
{Z-ensemble engendré par E)

CBoAsuasAcs K eAHHCTBEHHOMY BJEMEHTY 4acTb (partie
réduite & un seul élément)

CBoxsmeecs K €IMHCTBEHHOMY 3AEMEHTY MHOMXECTBO
(eusemble réduite a un seu! élément)

CaoitctBo (propriété)

— KoHeuHOTO xapakTepa (propriété de caractére fini)

CBsi3HBIE KOMIIOHEHTH MHOXectBa E  ormocureabro
cootromenust R (composantes conmexes de E pour
fa relation R)

Casasb (lien)

CermeHT (segment)

— 3HAKOCOYETaHHA
— MCTUHHBIE (propre)

— xoHueso# (final)

— HavaabHbii (initial)

— cnoBa

CermeHthl Hemepecekalouuecs (segment disjoints)
CewmeiictBo (famille)

— nBo#xoe (double)

— KorepeutHoe (cohérente)
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CewmelictBo koueuHoe (finle)

~— muoxects (famille d’ensembles)

—— MONAPHO HE NMEPeceKAMUXCA MHOKECTB
(d’ensembles deux & deux. disjoints) wau
(d’ensembles mutuellement disjoints)

— yacreii (des parties)
— —— Bo3pacrawollee (croissante)

— — muoxectBa (d'un ensemble)
— — y6uBalomee (décroissante)

— 3JeMEeHTOB HeKkoToporo Muomecrsa (d’éléments
d’'un ensemble)

CeruaToe MuOXecTBO (ensemble réticulé)
Cerb ymopanoueHHas (réseau ordonné)

Cunsuee (plus forte) [o Teopuu]

Cuabno (fortement) nemoctuxumoe (inaccessible) xap-
AMHANbBHOE HHCIO

— cBasaHHas (liée) uactb

Cumpoa cokpamaiouuift (symbole abréviateur)

i Cumson (symbole) dyuxumonansusnii 8 J (fonctionnel

dans J)

—— OpAMHAJbHbIH
— uucaoBofi* (numérique)

' CumMeTpHueckoe (Symétrique) COOTHOIIEHUE

® Cummerpuunas 4actb (partie symétrique)

# Cummerpuunoe cootnomenue (relatiom symétrique)
P Cummerpuunstii rpaduk (graphe symétrique)

. CuMMeTpUMYHOCTH (Symétrie) CooTHomeHus

¥ CumMmerpust kanouudeckas (symétrie canonique)

- CunryaspHoe (singulier) xappuHanbHOe YHMCIO

— OpA{HAJAbBHOE YHCAO

.; Cucrema (systéme) apouuxas (dyadique)

— pecaruuHaa (décimal)
— uHaykTuBHaA (inductif) (MHOXKECTB)

— -— (oro6paxeunuit)

t — npeacrasutened (de réprésentants)
. — npoexTuBHas (projectif) (MHOXecTB)
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CucreMa npoekTHBHas (0TOGpaXkeHuii)

— cudcaenus mno ocHoBawuwo & (de numération
de base &)

CKOMMOHOBaHHOE (COMPOSE) MHOMECTBO

-— otobpaxkenue

Caabo coBMecTHMOE (N0 X M y) € RaHHBIM COOTHOIIe-
HdeM nopsaaka (faiblement compatible (en x et y)
avec une relation d’ordre) coornomenue

Cuen (trace) (or) muoxecrsa (d'un ensemble)

— — HexoToporo muoxecrsa wacreif (d’un ensemble
de parties)

— ceMmerictBa muoxkects (d'une famille d’ensembles)

— uactu (d’une partie)

Caeacteue (corollaire)

CxoBo (mot)

— 3HaMenaTedbHoe (significatif)

— mycroe (vide)

— paBHOBeCHOe (équilbré)

Chroxuas (yukIus, CKOMIOHOBaHHas (uAu COCTaBAEH-
uan) us (fonction composé de)

CoBepiieHHO PpaBHOBECHOE 3HAKOCOYETAHHE (assem-
blage parfaitement équilibrée)

CoBeplueHHO ynopspodyenHas yactb (partie totalement
ordomnnée)

— ynopspouennoe MHoxecTBo (emsemble totalement
ordonné)

Cosepiuennbiii nopsgok (ordre total)

CoBMeCcTHMOE ¢ COOTHOIUEHHEM 3KBHBANEHTHOCTH (avec
une relation d’équivalence) oro6paxenue

— (compatible) ¢ cooTHOIIeHHEM 3KBHBANEHTHOCTH {avec

une relation d'équivalence) cooTHomenue (relation)

— ¢ COOTHOILEHWAMHM SKBMBAJNEHTHOCTH (avec une
relation d’équivalence) orolpaikeHnue

— — —— — COOTHOIUCHHE
CoBnanartb Ha mHoxecTBe (coincider dans un ensemble)

CornacoBaTbCs [0 COOTHOLIEHHSAX]

Conepatb {contenir)

Pes.
11
Pes.

1
Pes.
Pes.
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Pes.
Il

Pes.
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Pes.

Pes.
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Pes.
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,Conepxurca B* (,est contenu dans*)

Cokpamaouwuii cumMon {symbole abréviateur)
Comuoxurens (facteur) wuau (ensemble facteur) (cwm.

Muoxurean)
— wuupekca t B mpousBenenuu (facteur d'indice + d’'un
produit)

CoorsetcTBue (correspondance) B3aMMHO OAHO3HATHOE
(biunivoque), YCTaHOBJEHHOE MeXJY MHOMKCCTBAMH

—- gauonuueckoe (canonique) (cM. Kanouuueckoe
COOTBETCTBHE)

— —— a4 ponoBoii CTPYKTYpHI {pour structure générique)

— MexAy AByMs MuOxecTBamu (entre deux ensembles)

— ofpatHoe K [JaHHOMY COOTBETCTBuIO (réciproque
d’une correspondance)

— ,onpefieseno aas mpeaMera x“ (,est définie pour
I'objet x“)

— onpefeasieMoe COOTHOIIEHHEM (,est
une relation®)

— toxuectsennoe (correspondance identique)

CoorBercTBoBath  (correspondre) 1o  (NOCPCACTBOM,
oTHOCHTEAbHO) (par) rpaduky (um graphe)

— npu  (coraacHO COOTBETCTBMIO, MO, NOCPENCTBOM,
B CUNY) COOTBETCTBMH

Cootuomenue (relation)

definie par

— antupedaex cUBHOE
— BepHoe (vraie)
- Bkmouenus (d’inclusion)

— — X BY (de X dans Y)

— BBIBEIEHHOE M3 JAHHOrO COOTHOLIEHHS MEPEXOAOM
k daxropmuoxectsy (mo x) (definie d’une rela-
tion par passage au quotients (par rapport ax
uau pour x))

— uCTHHHOe (vraie)

— xoaaexruBuaupylomee (collectivisante)

— aexcukorpaduueckoro mopsuxa (d’ordre lexicogra-
phique)

— noruuecku (logiquement) uempuBogumoe (irrédu-
ctible)

— — nocrpoenroe (construite)

— aoxuoe (fausse)

— Mex/y SNE€MEHTOM MHOKECTBA A ¥ 5JEMEHTOM MHO-
wectsa B (entre un élément de A et un élément de B)

— o6nanaouiee rpadukom (admettant un graphe)

I

1

Pea. 1
Brenenune
I 1
1§ 5
i1 3
Pea. 2
IV Ipun.
I 3
II 3
II 3
II 3
Il 3
Il 3
i1 3
I 1
Pes. 1
Pes. 6
I 2
1I 1
I 1
Pes. 1
II 6
Pes. 5
I 2
1 1
I 2
I Ipun.
I [Tpua.
I 2
II 3
I1 3

DN = DD ND b =t QO
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438 VKABATEJIb TEPMHHOB

CoorHomeHHe OJHO3HAaYHOe MO x B J {univoque
en x dans J)

— OTHOCHTEJAbHO mnepeHocHMoe (relativement trans-
portable)

— — x (en x)

- mepexoca aas Tumusanuu (de transport par une
typification)

— nepenocumoe (transportable) aas THnousamuu (par
une typification)

— — ornocureabHo I (relativement 4 L) Aaa TumM-
samuu ,To u T*

— o x {en x)

— moanoro nopaxka {(de bon ordre)

— mopsanka (d'ordre)

— — accomMHpoBaHHOE (associée d) ¢ JaHHBIM COOT-
HOILIEHHEM NpeAnopaaKa

— — B MHOXecTBe (dans un ensemble)

— — uHnyuupoBanHoe (induite) B (dans uwau sur)
MHOXECTBE

— — Jekcukorpaduueckoe (lexicographique)
— — Mmexay x u y (entre x et y)
— — OTHOCHTENBHO x M y (par rapport &4 x et y)

— — mo x u y {par rapport 4 x et y)

— — TIPOTHBONOJOXHOE K JaHHOMY COOTHOIIEHHIO
nopsaka (opposée d une relation d’ordre)

— — coBepuiekHoro (total)
— npepmopaaxa (de préordre)

— — B (dans) HEKOTOPOM MHOXeCTBE

— npuHanaexuoctH (d’appartenance)

— paseHctBa (d’égalité)

— pedaexcusroe (réflexive)

— -—— B JaHHOM MHOXecTBe MO x u y (reflexive

dans un ensemble par rapport 4 x et y)
~— CHMMETpPHYECKOe HIH CHMMEeTpHuHOe (symétrique)

v

v

v

[11
II1
Pes.

111
Pes.
111
Pes.

I
I
I
11

I
1411

111
Pes.
11
11
Pea.
111
Pes.
II
Pes.

Pes.
Pes.

I
I1

Pes.
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YKABATEJIb TEPMHUHOB 439
CooTHomeHnue copepmennoro nopaska (d’ordre total) m 1 14
— coBMectuMoe (compatible) ¢ AByMa COOTHOMIEHHAMH
skBuBanenTHocTH {avec deux relations d’équivalence)
nmo x u x’ (par rapport a x et x’) I 6 8
— — C COOTHOIIEGHHEM HKBHBaJeHTHOCTH (compatible avec
une relation d’équivalence) mo x (par rapport a x) I 6 3
————— mo x (en x) Pea. 5 7
— cmpaBenauBoe {vrale) [ 2 2
— Tpan3uTHBHOE (transitive) N 6 1
Pesa. 5° 1
— ¢yuxunonaashoe mo x (fonctionnelle en x) Pes. 2 1
— — — — B (dans) KaHHOH TeOpHH I 5 3
— okpuBanentHoctH {d’équilvalence) n 6 1
~— — accomudpoBaHHOe ¢ dyHknuedt (associée a une fon-
ction) Ir 6 2
— — Goxee rpy6oe (kpymmoe) (moins fine) n 6 7
~— — — wmeaxoe (tonkoe) (plus fine) nm 6 7
— — B MHOxecrBe (dans un ensemble) Im 6 1
Pea. 5 2
— — HHAYIHPOBAaHHOE B MHOXeCTBe COoOTHOmeHHeM (indu-
ite par une rélation dans un ensemble) I 6 6
— — mo (OTHOCHTEAbHO) x H y (par rapport & x et y) II 6 1
— <« (COOTBETCTBEHHO >) m 1 -3
—c m 1 1
CootHomennil 3KBUBaieHTHOCTH mnpousseienne (produit de
relation d’équivalence) Im 6 8
Cootnommenns (relations) pasrocuabHbie (équivalentes) Pes. 1 3
— 9xBHBaleHTHble (équivalentes) I 3 5
Pes. 1 3
Cocrasasrb (constituer) cnoco6 BbBOJAA CTPYKTYpHI Iv. 1 6
CocraBHoe OTOGpameHHe, CKOMIIOHOBAHHOE (HJH COCTaBJEH-
noe) u3 (application composeée de) Pes. 2 11
Cocrosimas H3 €AMHCTBEHHOrO ojeMeHTa 4acTb (partie
réduite a un seul élément) Pes. 1 9
CocTosmee W3 €JUHCTBEHHOTO 3JeMeHTa X MHOXECTBO
{ensemble dont le seul élément est x) m 1 5
Cnenuanbhblfi 3nak (signe spécifique) I 1 1
Croco6 BoiBoga (procédé de déduction) crpyxrypst poda 6
u3 cTpykrypsl poga I (d'une structure d'espéce €
a partir d’une structure d’espéce Z) vV 1 6
Cnpasepausoe cooTHoureHue (relation vraie) I 2 2
Crycka unxykmua (récurrence descendante) nm 4 3
Cpasuumbie (comparables) cTpyxTypnl (structures) v 2 2
Cpasuumsle sjiemenTH (éléments) Im 1 14
Cpes (coupe) rpaduka I 3 1
Pea. 3 7



440 YKA3ATEJIb TEPMHHOB

Cpes mo x (suivant x)

— COOTBETCTBHA
— 4YacTH INPOH3BEIACHHUSA

CraBurbcs BO B3aMMHO OJHOSHAYHOE COOTBETCTBHE OTOOpa-
wenuamu (étre mis en correspondance biunivoque par
des applications)

Crauuonaphas nocieoBaTeabHOCTb (suite stationnaire)

Crenenb pasnenenna mokphitus (degré de disjonction d’un
recouvrement)

Crporas mamopaHTa (majorant strict)

Crporuil, cTporo [0 mopsjaxe, 4acTHYHOM HOPSAKE H T. IL]

~Crporo Goabme“ (,est strictement plus grand«)
Crporo (strictement) Bospacraiomee {croissante) oTo6paxuenue

— — ceMeHcTBO yacrei

— rpy6oe (moins fine)

— kpynHee (moins fine)

.CTporo Maxopupyer“ (,est strictement supérieur a«)

Crporo meabue (plus fine)
»Ctporo mMenbme“ (,est strictement plus petit®)

»CTporo Munopupyer“ (,est strictement inférieur a«)

Crporo (strictement) MoHoTOHHOe (monotone) oToOpaxeHHe
— TMoJMoXHTeAbHble (positifs) measie uncaa
»CTporo npesbimaer* (,est strictement supérieur 4¢)

Crporo (strictement) tonbue {plis fine)
— y6uiBawmee (décroissante) oToGpameHue

— — cemelicTBO uyacrTeit

CrpykTypa (lattice)

Crpyxtypa (structure) aareGpauueckas (algébrique)
— Ooraue, yeM gpyras (plus riche qu'une autre)
— Goaee Goratasa (plus riche)

— — rpy6as (moins fine)

— — KpynHas (moins fine)

— — Meaxkas (plus fine)

— — ToHkaa (plus fine)

II
Pes.
Il
Pes.

Pes.
Il

I

)|
Pes.
Pes.

111

11
Pes.

111

v

v

II
Pes.

Pea.

IV
I
v
I

Pea.
Pes.

m

Pea.

-1

Pea.
Pes.

v
101

Pea.

11

Pes.

IV

Pea.
Pes.

v
IV
v
v
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YKA3ATEJIb TEPMUHOB

Crpykrypa, BhiBefieHHas cnoco6oM BHBOA cTpykTyp (déduite
par un procédé de déduction de structures)

~ HMHIYIHPOBAHHAA HR 4acTH CTPYKTYPOH (induite par une
structure dans une partie)

— Kpymhee (moins fine)

— HJEMHT HHXE, ueM s (,est sous-jacente & $4)

— Meabue (plus fine)

— wmHoxecrBa (d’ensemble)

— Ha Ga3HCHBIX MHOXeCTBax (sur les ensembles de base)

— — MHOXecTBax (sur des ensembles)

— — MHOXecTBe (sur un ensemble)

— HaualpHad aas cemedcrsa (initiale pour une famille)

— HIKeJeXamas (sous-jacente)

— ofbmas (générique)

~— noxuuHenHas (subordonnée)

— mopsaka (d’ordre)

— poaa X (d’espéce %)

— ~ T (d’espéce T) (T — mHOXECTBO)

— pojoBas (générique)

— crporo (strictement) rpyGee (moins fine)

— — — KpymHee (moins fine)

— — Meabue (plus fine)

~— — rtoHbme (plus fine)

~— YnopsanodeHHoro mHoxecrsa (d’ensemble ordonne)

— tuHanbHaa Aaa cemeiicrsa (finale pour une famille)
Crpykrypa-npoussesenue (structure produit)

CTPYKTYpsl (structures) B msomopduu (en isomorphie)
— n3oMopdubie (isomorphes)

— CpaBHuMble (comparables)

CryneHb Haj Ga3MCHBIMH MHOXECTBAMH, IOCTPOEHHAS IO CXe-
Me S, HIM CTYNeHb CXeMbl S Haji Ga3HCHBIMM MHOXECT-
BaMk (€chelon de shéma S sur les ensembles de base)

Cy6cranTusnbiii snax (signe substantifique)
Cyxenne ¢ynknmun Ha gactb (restriction d'une fonction
4 une partie)

Cymma (somme) xapiuHaibHas (cardinale)

— Kapaunaabhbix yucen (de cardinaux)

— MOLIHOCTEH

~— opnuHanbHas (ordinale) MOpPAXKOBHIX THIOB
— — YNOPAMOYEHHBIX MHOMXECTB

— MOJOMKHTEJbHBIX HEJbX YHCEe]

— mnpsamas (directe)

29 H. Byp6aku

1Y

1Y
v
1Y
v
1Y
1Y
1Y

Pes.

v
1Y
IV
v

Pes.

v

Pes.

IV
IV
IV
1Y
1Y

Pes.
Pea.

IV
1Y

Pes.

v

Pes.

v

v
v

I
Pes.
1
111
Pes.
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I
Pes.
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442 YKA3ATEJIb TEPMHUHOB

CyMma cemeiCTBa MHOXECTB

Cynepnosuuus 0T06paxeHHii

Cymecmdaaﬂua kBantop (quantificateur existentiel)

,CylecTsyer eAHHCTBEHHOE X, Takoe, |TO R« (,il existe
un x et un seul tel que R*)

— M eIWHCTBEHHO X, Takoe, 410 R* (,il existe un x et
un seul tel que R*)

— caMoe Goablee oxmHo X, Taxoe, uro R (,il existe au
plus un x tel que R*)

,— Takoe x, 410 R* (,il existe un x tel que R*)

Cxema (schéma)

— xoHcTpykuuu crynenu (de construction d’échelon) Han n
TepMaMu (Sur 2 termes)

— or6opa u oObeautenus (de sélection et réunion)

Cxemnl akcHoMm (schémas d’axiomes)

Cuernoe (dénombrable) muoxecrso (ensemble)

— o6beaHHEHHe, IepeceuchHe, NpOH3BeieHHe (réunion,
intersection, produit)

Cuncaenns cucrema (systéme de numération)

CroppekTuBHOE oToGpaxenue (application surjective)

Ciopbexuus (surjection)

— kaHOHHueckas (canonique) (cM. Kanonnyeckas ClopbeKIHe)

Texct pokasareabhblit (texte démonstratif)
— ¢opmanusosanHbli (texte formalisé)
Teao (corps)

Tensopuoe mnpoussenenne (produit tensoriel )
Teopema (théoréme)

— Kanrtopa (de Cantor)

— ysaxonenns (de légitimation)

— lepmeao (de Zermelo)

— Llopna (de Zorn)

Teopun paBHOCHIABHBIE (équivalentes)
— sxBuBajeHTHbHIe (équivalentes)
Teopus (théorie)

— Goaee cuabHasa (plus forte)

I 4 8
Pes. 4 5
Pes. 2 .11

I 4 1

I 5 3

I 53

I 5 3

I 4 1
Pes. 1 4

I 2 1
v 1 1

m 1 6

I 2.1
I 6 4
Pes. 7 7
Pes. 7 9

m .5 7

nm 3 7
Pes. 2 4

nm 3 7
Pes. 2 4

I 2 2

BBegenue
Pes. 8 2

v 3 3

I 2 2

Im 3 6

I 3 3

m 2 3
Pes. 6 O
Pes. 6 10

I 2 4
I 2 4
I 1 1
I 2 1
1 2 2
I 3 1
T 4 3
I 5 2
m 1 1
I 2 4

YKA3ATEJ/Ib TEPMHWHOB

Teopua xpanTopHas (quantiflié)
— Jaoruyeckas (logique)
— Marematuyeckas (mathématique)

— MHOrossauxas (multivalente)

— umuoxectB (des ensembles)

— onHo3HauHaa (univalente)

— mnporuBopeuuBas {contradictoire)

— poaa crpykTypsl (d’une-espéce de structure)
~— cuasHee (plus forte)

— crpyktyp pona T (des structures d’espéce T)
~— sraiurapHas (égalitaire)
Tepm (terme)

—— BHyTpeHHH# nas S (intrinsdque pour S)

— JaHHOrO THHA i AaHHOH Tumd3amuu (d’un type
pour une typification)
~— uHBapHauTHbIA (invariant)
— OTHOCHTEJbHO mepeHocuMbI# (relativement trans-
portable)
— nepeHocumsifl (transportable)
~— mpeAcraBumpii B Buge T (se mettant sous la
forme T)
—— (terme), yAOBACTBOPAOMMI aHHOMY COOTHOMIEHKIO
(vérifiant une relation)
Tun nopaaxosuiii (type d’ordre)
— crynenn (type d’échelon) 3nakosniii (signé)
— — Hall Xy, ..., X, (Sur Xy, ..., xX,)
Tunusauus (typification)
TinoBas XapaKTepHCTHkA poja CTPYKTYpHI (caractérisa-
tion typique de I'espése de structure)
Tinosbi# kBaHTOP (quantificateur typique)
Toxnecrsennoe oto6paxenne (identique)

— COOTBETCTBHE
Toxnectso (identité)
Toubwe (plus fin) [0 moxpsiTHax]

— [o mpeamopsaznkax]

— [0 COOTHOMmEHHAX SKBHBANECHTHOCTH]

— [0 cTpykTypax]
TonoJornyeckoe npocTpaHCTBO (espace topologique)
Tonoxorus (topologie)

Tpanantusroe cootHomenue (relation transitive)

29*

443
[ 4 2
I 3 1
I 1 1
I 2 1
I 2 2
Pes. 8 7
IX 1 1
Pes. 8 7
I 2 2
v 1 4
[ 2 4
Pes. 8 9
I 5 1
I 1 3
v 1 6
IV Hpua. 4
v 0 1
"IV Tpua. 4
IV Ipua. 4
IV I1 1
I 5 2
I 2 2
III 2 ¥Yup,
v 2 Yup.
v 1 ¥np,
|\ 3
v 1 4
I 4 4
I 3 4
Pes, 2 3
I 3 3
Pes. 1 3
II 4 6
I 1 4
i1 6 7
1v 2 2
Pes. 8 2
IV 1 4
i 6 1
Pea. 5 1
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TpaH3uTHBHOCTD (transitivité) cOOTHOINEHHS '

TpanchuHHTHOH MHAYKIHH TIPHHUMI (principe de récurrence
transfinie) .

Tpancdopmar (transformé) uwacru (d'une partie) mo (oTHO-
CHTeabHO, TpH) {(par) GyHKI

_ saementa (d’ un élément) Mo (OTHOCHTEJbHO, MPH) (par)
dyHKIUH

Tpoitka (triplet) . .

Tpotinas MoCaef0BaTEILHOCTD (suite triple)

Vénpaomee (décroissante) oroGpaxenue (application)
— cemeficTBo uacreit (famille de parties)

—— duapTpyloueecs MHOXECTBO (ensemble filtrant dec-
roissant) ‘

V noBJaeTBOPATh COOTHOMIEHHIO (verifier une relation)

YV A0BACTBOPATD YCAOBRIO MHHHMaJbHOCTH (satisfaire 4 la
condition minimale) o

Vaaxonenns teopema (theoréme de légitimation)

Yuusepcanabhoe (universel) MHOXECTBO (ensemble)

—- naxpwiTHe (revétement)

— oroGpaxeHue (application) '

YnopagoyeHHasa CeTb (réseau ordonné)

Yopa0ueHHOr0  MHOMXECTBa cTpykTypa (structure d’en-
semble ordonné)

YnopsaaoueHHOe MHOXECTBO (ensemble ordonné¢)

— (haKTOPMHOXKECTBO (ensemble ordonné quotient)

Vpasuenne (equation)

VenoBue MumnMaabHocTu {condition minimale)

VerauaBAHBaTh B3aUMHO OJHO3HAUHOE COOTBETCTBHE MEMAY
A u B (mettre A et B en correspondance biunivoque)

VeroiiunBas wactb (partie stable)

yrBepxnehue (assertion)

daxropuan€: ,n (akropuan* {,factorielle n*)
Paxropusanus (factorisation)

— oro6paxenus
— — KAHOHHYECKas

Peas.

111

Pes.

1
II
it

I1I
Pes.
1L
Pes.

I

11

v
I\Y
I\Y
11
Pes.

Pes.
Pea.
I11
v

Pes.
" Pea.

Pes.
111

I

11

Pes.

11

Pes.
Pes.
Pea.
Pes.
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_ YKABATEJIb TEPMHHOB

PakropMHOKecTBO (ensemble quotient) MHOXeCTBa o coort-
nomenuio (d'un ensemble par une relation)

PaxropcooTHomenue (relation quotient) mo cooTHOmEeHHIo
9KBHBAJEHTHOCTH

~—— COOTHOMIECHHUS NOPAAKA 10 COOTHOMIEHHIO 3KBUBANEHTHOCTH
(d'une relation d’ordre par une relation d'équivalence)
— — P no Q (de P par Q)

daxTopcTpykTypa (structure quotient) cTpyxTyphl Ho coot-
Howenuio (d'une structure par une rélation)
®uabrpyomeecs (filtrant) Baeso (4 gauche) MHOMECTBO

-—— BO3pacTawpllee (croissant) MHOXECTBO
~— Bnpaso (& droite) muOmecTBO

— [0 COOTHOWIEHHI0 C (COOTBETCTBEHHO ) (pour la
relation < (resp. D))

— youBaomee (décroissant) MHOMeCTBO

PunanbHag cTpykTypa (structure finale)

PunanbHblfi xapaxTep MHOMectBa (caractére final d'un
ensemble)

PopmanusoBanHblil TekcT (texte formalisé)

PopmarTHBHas KOHCTPYKIMA (construction formative)

PopmaTuBHBIH KpuTepHil (critére formatif)

PYyHKIHH, COBHAAAOIHE HAa MHOMECTBE (fonctions coinci-
dent dans un ensemble)

PynxuuoHaabHOE cooTHOWeHue (relation fonctionnelle)

Pynxnuonaasubiii (fonctionnel) rpadux

— CHMBOJ

— — OpPJAHHaAbHbIH

dynxnus (fonction) (cM. Takmke OTobpaxenue)

— 1Byx aprymentoB (de deux arguments)
— xoopauHartHas (coordonnée)

— He 3aBucamad or x (ne dépendant pas de x)

~— HECKOJIbBKO apryMmentos (de plusieurs arguments)

— onHoro aprymenta (d'un argument) (cM. Oto6pakenue)

~— ompejefeHHas Ha A cO 3HaueHuamd B B (définie
dans A, a valeurs dans B)

445
11 6 2
Pes. 5 2
II 6 7
m 1 ¥Yop.
I 1 ¥Yop.
II 6 7
Pes. 5 9
Iv 2 6
m 1 10
Pes. 6 8
nm 1 10
m 1 10
Pes. 6 8
Im 1 10
m 1 10
v 2 5
I 6 ¥Yuop.
BBenenne
I 1 3
I 1 4
I 3 5
Pes. 2 13
I 5 3
Pes. 2 1
I 3 4
I 5 3
I 2 Yop.
nm 3 4
Pes. 2 1
I 3 9
I 3 6
| 3
Pes. 3 1
Pes. 4 11
m 3 9
Pes. 3 13
n 3 4




446 ¥KA3ATEJIb TEPMHUHOB

Pynkuusd, onpenetennas Ha E (définie dans (ou sur) E)

— — OYHKIHOHAJIbHBIM COOTHOIIEHHEM

(déterminée par une relation fonctionnel)
— poury nepuoanueckas Ha E (presque périodique dans E)
— npunumaer 3xaueHus B (prend ses valeurs dans)

. — XapakTepucTHuecKas (caractéristique)

Xapaxtep ~buHaabHHIR MHOXMecTBa (caractére final d'un
ensemble)

Xapaktepa KoHeunoro (de caractére fini) mHOXxecTBO moa-
MHOXECTB

— — CBOHCTBO
XapakTepHCTHKA THIOBAA pOja CTPYKTYpnl (caractérisation

typique d'une espece de structure)
Xapaxrtepucruueckan ¢yuxuus (fonction caractéristique)

1leaas yaCTb YacTHOTO OT fAeJeHHs @ Ha b (partie entiere
du quotient de a par b)
Llenoe uucao (entler)
— — mnarypaasHoe (naturel)
— — monoxHuTEAbHOE (positif)
— — cTporo moJoxureabHoe (strictement positif)
1leHa (variance)
liems (chaine) saementa a aas ¢yHkuuu f (de @ pour une
fonction f)
ilepmeno (Zermelo) axcioma (axiome de)
— reopema (théoréme de)

{lugpa (chifre)
liopua reopema (théoréme de Zorn)

Yacred muOxectBo (ensemble des parties)

‘Uactu (parties) nemepecekawomuecs (disjointes)
— nepecekamwomiecs (qui se rencontrent)
YacruuHasa PyHKnus
YacTHYHO BIOJHE YHOPAZOYEHHOE MHOXecTBo (ensemble
partiellement bien ordonné)
— YHOpALOYEHHOE MHOXECTBO
Yacruunoe oTobpaxeHue
— npousBesenue (produit partiel)
YHacTuyHblH NOPAAOK

II

Pes.

Pea.

IV
I

Pes.

I

11

It1

Pes.

111

v
11

I
I
I

Pes.
Pes.

v

11

Pes.

III

Pes.

1
il

Pea.

Pes.
Pes.
Pea.
Pes.

I

Pes.
Pes.

I

Pea.
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YKABATEJIb TEPMHHOB 44T
Yacruaa (partielle) mpouaBomnasa (dérivée) Pes. 3 13-
~— dyukuusa (fonction), nopoxnennas yukuneir f (engen-
drée par f) Pes. 3 13
YHactHoe oT genenud a Ha b (quotient de a par b) 1 5 6
— oto6paxeHue (application partielle) I 3 9 -
~— -— 3ajaBaeMoe QyHinued f IPH JAHHOM 3HAYEHHH apry-
MeHTa a (ditermineé par f, relative 4 une valeur d'un -
argument a) m 3 9
— — NOpOXJIEHHOEe (QYHKIMEH f M COOTBETCTBYIOMIEE JaH-
HbIM 3HaUeHHAM JaHHBIX apryMeHToB (engendree par f,
et correspondant & des valeurs d’arguments)
Yacth (partie) (cm. Takwe MuoxecTBO)
-— KOHHHMIHaAbHas (coinitiale) m 1 7
Pes. 6 5
—~ KOH(pHuHanbHas (cofinale) 1 7
Pes. 6 5
— MaXOpHpOBaHHas (majorée) m 1 8
Pes. 6 7
— MHHOpHpOBaHHasg (minorée) m 1 8
Pes. 6 7
— MHOXeCTBa nm 1 2
Pes. 1 7
. Pes. 1 12
— HachbllieHHas IS COOTHOINEHHS SKBHBAaJAEHTHOCTH (satu-
ree pour une relation d’équivalence) n 6 4
Pes. 5 6
— orpanuyennas (bornée) m 1 8
Pes. 6 7
— — cBepxy (majorée) m 1 8
Pes. 6 7
— — cHusy (minorée) m 1 8
] Pes. 6 7
— mnoaceryaras (coréticulée) I 4 VYop.
— noaHas (pleine) Pes. 1 8
— mycras (vide) Pea. 1 8
— (partie) cBoboxuas (libre) m 1 Yop.
— CBOAAMAACHA K €JIMHCTBEHHOMY oieMeHTy (réduite a un
seul élément) Pes. 1 9
— CHAbHO cBasanHas B E (fortement liée dans E) 1 4 Yop.
— CHMMeTpu4Has (symétrique) Pes. 3 4
— COBEpIIEHHO ynopsjoueHHas (totalement ordonnée) Pes. 6 4
— COCTOfllas H3 eIMHCTBEHHOro 3JjemeHTa (réduite a un
seul élément) Pes. 1 9
— ycroiiumpas (stable) ormocuTeabHO (par) MHOXECTBa
oTo6pameHHi Pes. 2 4
~— -—— — oTo0pa)eHus Pes. 2 4
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YacTh nenad wacTHOrO OT jedeHus @ Ha b (entiére du quo-
tient de a par b)

Yacrp (partie) E-gomyctumas (Z-permise)

YerHoe neaoe uucao (entier pair)

Yucao kapauHaabhoe (cardinal)

~— — koHeuyHoe (fini)

— 06bexroB Hekoroporo tuma (nombre des objects d'un
certain type)

— opauHaabHoe (ordinal)

- — Hepasaoxumoe (indécomposable)

— mnenoe (entier)
— — HarypaabHoe (natural)

— — MmOJOXMHTeabHOe (positif)

— — cTporo moaoxutenbuoe (strictement positif)

— 9JEMEHTOB KOHEeHHOro MHOwecTBa (nombre d’éléments
d’'un ensemble fini) .

Uycaosoit cumMBoa (symbole numérique

UaeH (terme) k-H (k-éme) mocresoBaTedbHOCTH

— 06mui (général) mocienoBaTelbHOCTH

~— TepBHIR (premier) MOCAEA0BaTEAbHOCTH

— nocaexnuit (dernlier) xKOHEYHOH MOCAEROBAaTENAbHOCTH

— ¢ uHaekcoM n mocaexosaredbHoctd (d'indice n d'une
suite)

1lixana muoxects (echelle d’ensembles), uMelomas B Ka-
qectBe Gasnl E, F, G (ayant pour base E, F, G)

Araaurapuas teopus (théorie égalitaire)

DKBUBAJEHTHO! ,X SKBHBaJAEHTHO y mo moxymo R¢ (,x est
équivalent 4 y modulo R*)

— ,X 3KBHBaJeHTHO y mo (coraacHo) R* (,x est équvalent
a y suivant R*)

AxsuBanenthoctH (d’équivalence) kaaccot (classes d’)

— coorHouenue (relation)
— — B HEKOTOpPOM MHoxecTBe (dans un ensemble)

IxBuUBaAeHTHOCTb (équivalence) Ha (dans) HEKOTOpOM MHO-
WeECTBE
DxBHBajleHTHble (equivalents) MomHocTH
~— CHCTEMBI aKCHOM
~— COOTHOILNEHHS

I11
v
111
111
Pes.
111

111
111
I

III
II1

Pes.
Pea.
Pes.

I
Il
11
Pes.
111
I

11
Pes.

Pes.

11
Pea.
11
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Il

Pes.

11
Pes.
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Pes.

Pes.
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DKBHBANEHTHbIE POABI CTPYKTYDBHI
— TeOpHH
—— 9JIEMEHTH

IKCTEHCHOHAaABHOCTH akcHOMa (axiome d'extensionalité)

daement (élément)

daement (u3) muoxecrsa (élément d'un ensemble)

~— WHBapHaHTHBHIA OTHOCHTEAbHO (A4, NpH) (invariant par)
MHOXeCTBa OTOOpaxeHul

————— oro6paxeHus

— MaxcHMaJbHbIH (maximal)
— MHHHMMaabHbIH (minimal)

— Hauboabmuiit (le plus grand)
— HauMeHbmni (le plus petit)

— HenoxBmKHMA (invariant) (cM. dneMeHT MHBapHaHTHbIH)
— HenpusopuMbiit (irréductible)

— o0umuit MuowecTBa (générique d’'un ensemble)
daemenTsl CpaBHuMble (éléments comparables)

SlBnas axcuoma (axiome explicite)

a-otobpaxenHe (a-application)
Z-nomyctHMmas (Z-permise) gacThb
Z-mHOXKecTBO (Z-ensemble)

— cBo6oaHoe (libre)
e-MoppHu3M (g-morphisme)
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(Temnaan 1964 r. usn-sa MJ1, nop. Ne 1)

Jlenuurpanekan tHnorpadus Ne 2
umeuu Enreuun CoxonoBoit
Fnaenonurpacgpupoma
FocyRapCTBEHHOrO KOMHTETA
Coereta Muuuctpor CCCP no newats.
HamailloBCcKHR npocHexT, 29




AKCHOMbBI H CXEMbI TEOPHH MHOXKECTB

Sl. Ecau A — cooTHOlIeHHe, TO COOTHOLUEHHe

(Anwm A= A
— aKcHoMa.
S2. Ecan A u B— coOTHOWEHHSA, TO COOTHOLIEHHE
A=> (A umm B)
— aKcHoOMa.

S3. Ecau A u B — COOTHOLUEHHS, TO COOTHOIIEHME
(A win B)y=(B um A)

— aKCHOMA.
S4. Ecau A, B 1 C— COOTHOLIGHHS, TO COOTHOIIEHHE

(A=B)=((C uin A)=>(C umu B))

' — aKcuOMa.
S5. Ecin R —cootnomenne, T —TepM H X — GYyKBa, TO COOTHO-
LLIeHHEe

(T|Xx)R=>Ax)R

—— aKCcHoma.
S6. Mycts x—6ykBa, T u U —TepMu u R} x}— cOOTHOLIEHHE;
TOTAa COOTHOLUIEHHE

T=U)=>(RiTi&RIUY)

— aKcHOMa.
S7. Tlycte R 1 § — cooTtHOUeHust B X — GYKBa, TOrAa COOTHOILIEHHe

(V) (RE )= (x (R) =1« (S))

— aKCHOMa.
S8. IMycrs R — cooTHOLIeHHe, X U y — pasauunbie 6ykeu, X u ¥ —
GyKBH, OT/IHYHLIE OT X H ¥ M He BCTpevawluecs B R; TOTAa COOTHOILIEHHE

(V) @EX)(VX)R= (¥ € X))=>(VY) Coll ((Fy) ((YEY) u R))

— aKcHOMa.
AL (Vo) (Vo) ((x =y u yc x)=5(x=y)).
A2. (Vx)(Vy)Coll,(z=x nam z=1y).
A3. (V) (V) (V) (VY) ((x, )=(x", Y)=(x=x" u y=}")).
A4. (VX)Colly (¥ = X).
A5. CymectByer GeCKOHEYHOE MHOXECTBO.



