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Kuura npencrasnser coGofi nepeBol ABYX BLINYCKOB TPaKTaTta
H. Byp6aku n coiepKuT u3iokKeHre pe3yiuLTaTtoB BaskHoW obnacTu co-
BPeMeHHOM MaTeMaTi Ky — TeOPHH KOHEUHOMEPHKIX H GeCKOHeYHOMED IIBIX
MHoroo6pasuil. OcobeHiiocTb KItHIY, A1310ULas ee YIIHKaAbHbM COObITH-
€M B MaTeMaTHueckoll MuTepaType,— 3ITO eHHOOOPa3Noe H3T0KeH e Teo-
PHH /ISt MPOU3BOJBIILIX OCHOBIBIX 11oJed.

Ha 31y kuury useercst 60blloe UHCJAO CCLIIOK B APYTHX 4acTaX
tpaktata 1. Byp6aku, B 4aCTHOCTH B BBIITYCK3eMOH B 3TOM Xe roiy KHHre
«Cpyninet 1 aare6pur Jlu» (. 1—111). Ona upeanasuauena als camoro
LIEPOKOr0 KPyra MaTteMaTHKOB Pa3iIMUuiblX cllelualbHocTed — OT cTy-
JENHTOB [0 HAYYHBIX PaGOTHUKOB.

Pedakyus aumepamypel 10 MAMEMAMUYECKUM HAYKAM

@ [lepesog na pycckuil s3wlk, «Mup», 1975

475 _ .



NPEIUCJIOBUE PEJNAKTOPA NMEPEBOJA

Tpensaraevas untatedo uacTb TpakTata H. BypGaku npeacrasnsier
co6oii CBOAKY DE3y/bTaToB ellle He HamMCaHHOH KHHTH «[ludxpepeniiu-
pyeMmble H aHAIHTHYECKHE MHOTOOOPasHsi».

TMousTe MHorTOOGPasuUsi UIpaerT oueHb OOJBIIYIO POJb BO MHOTHX
pasjenax maTeMaTHKH M ee npuioxenuii. B nocnepnne ronbl 310 MOHS-
THe CYIIECTBEHIIO PACIIMPHJIOCH B ABYX HalpaBieHHsnX. Bo-nepsbix,
HayaTO MaTeMaTHUeCKoe H3yueHHe OeCKOHEYHOMEPHhIX MHOTooOpasuil
(KoTopble yKe JaBHO MHOSBJSJHCH B (PyHKLUONAJBHOM aHajuse, reo-
MeTpHH, McXaHuke U ¢H3uKe). Bo-BTODPbIX, pasBHTHE ajreGpanyeckoi
reoMeTpHil 0 TEOPHH YHCEeJ eCTECTBEHHO NPHBEJIO K DPAacCMOTpPEHHIO
Mioroofpait nal 1IPOH3BOJIBHLIM  TIOJIEM.,

I3 srepatype Ha PYCCKOM A3bIKE HMEETCS! JOBOJBHO MHOTOG H3JI0-
Kenni kaaccHueckol TeopHH MHorooOpasuil. BbeckoHeunoMepHblE MHO-
rooGpasus paccmartpusatotresi B kuure C. Jlenra «BBegenue B TeOpHIO
AHxpepenuupyemMbx MHoroobpasuiiy, «Mup», 1967, a nekoropbie aje-
MCIHTApHble CBEAEHHS O p-aJMuYeCKHX MHOroo0pasHsaX COJEpPXKarcsi B
Kitnre JK.-IT. Ceppa «[pynnet v anreGpwl Jlu», «Mups, 1970.

OJaxo -eAINoro H3JMoMXKeHHs! TeopuH MHorooGpasuil B A0CTaTOYHOH
OGULIOCTH TIOKA HET; KPoMe TOTO, YKa3aHHbIE BbILIE KHHTH AaBHO paso-
wuck. TlosTomy nepeson cBogku peayasTatoB H. BypOaku, paxke jo
BbIXO/Ja CaMOH KHHIM, MHE KaXKeTCsl BCCbMa CBOGBPEMEHHbLIM, .

@pannysckoe HsfaHue «CBOJKH pe3yJbTaToB» HOSBHJIOCL B ABYX
BLIMYCKAX C MHTepBaJOM B 4eThipe rofa. IIpu nepesoge o6a BhINYCKa
COeIMHEHB! B OJHY KHHTY ¢ OOILMM BBEJIEHHeM, yKasareasMH o6o3Ha-
YeHUH U TEePMHUHOB H JONOJNHeHHsMH. McnpaBienwr olledaTKn mepsBoro
BbINYCKA, YKA3aHHblE aBTOPOM B TNpPHJIOKEHHH KO BTOPOMY BHINYCKY.

Yuratendb HaBeplisfika yke 3HaKoM co cTuaeM TpakTara H. Byp6aku,
KOTOPBIil COXPAHAETCss U B AaHHOM H3JaHHH,

Kax npasuso, MBI IPUAEPKUBANCD TTIEPEBOAA TEDMHHOB, YXKe BCTpe-
JaBLUMXCSI B paHee MEpeBeJeHHBIX BuIMycKax. [IBa cayuasi 3aciyKH-
BalOT 0Co00ro YMOMHHAHHSA.

Tepmun «application propre» B mepsoMm pycckoM Hzfauuu «OOiueh
TONOJIOTHH» OBl MepeBeieH Kak «CBOHCTBellHoe OTOOpaXKeHHe», a BO
BTOPOM — KaK «CoBeplieHHoe oToOpaKeHHe». Mbl Npearousnd TepMHH
«coGeTBenloe OTOOPaXXKeHHe», KOTOPbIH yamie BCero ymorpeGisercss B
coBpeMeHHOH JHTepatype.f



6 fIPEJIUCJIOBHE PEJAKTOPA TIEPEBOJA

[MpunaratesnbHoe «sous-jacent» TouHee Bcero Obiio Gl nepeBecTH
KaK «Ioji/Iexalnees, Ho 3To CJI0BO B PYCCKOM si3blKe AaBHO yXKe npeBpa-
THJIOCH B CyllecTBHTeNbHOEe. [lo3ToMy Mbl GbIIM BLIHYXKAEHB! HCHOJbe
30BaTb (Kak U B nepeBoje «TeopHH MHOXKECTB») TEPMUH «HILKeJexa-
wee». BBegeHHe 3TOTO TepMHHA 3aMEHsET 4aCTo BCTpevarollliecs B Ha-
el MaTeMaTHUCCKOH JiMTepaType o6opoThl, Bpoje caepyomux: «3ady-
JeM BpeMenuHo, 4To G eCTb TONOJOTHYECKas TPyNna, H pacCMOTPHM ee
Kak albcTpakTuylo rpynnys uau «MHoroo6pasme X, paccMarpuBaeMoe
KaK TONOJIOTHUECKOe NPOCTPAHCTBOY, ... .

OTMeTHM, 9TO BMECTO NOHATHA HUXKCJEKamie#d CTPYKTYpbl HHOTAA
BBOAAT TaK HasbIBaeMblll «CTHpalOLUG QyNKTOp» (Cp. y4eOHUK anreGpbl
C. Jlenra).

B 3akJiouenHe yKameM, YTO CCBUIKH Ha ywe NepeBefeHHBie YacTH
TpakTata H. BypOaku 3aMeHensl CChIKaMHM Ha COOTBETCTBYIOLLHE pycC-
CKHe nepeBoAbl. B oCTaIbHBEIX CYyYasix CoXpalleilbl CChUIKH Ha hpaHLys-
CKHE H3JaHud,

"A. Kupuanos



BBEJEHHE -

B amoil KkHuze cobpanbt hynOameHmasbHole onpedeseHUs U 2Aa6Hble
pesyasmame: meopuu AuddepeHuUHpyemMblXx MHorooGpasuil (nad nosem
BelL4eCMBEHHbIX Ylces) U AHANHTHYECKHX MHoToOGpasuil (Had noawnbum
Hopmuposarubim  HeOuckpemuoim nosem). Ona He colepscum Ooxasa-
meascme. ‘ '

Onpederenun U pesyrvmamel Nepevix Wecmu KHue npednoaaearomes
U3BECTMHbIMU,



OBO3HAYEHHUA W COTJIALIEHHA

\

Ocnosrnoe noae

Bo Bceil stofi kHure G6ykBa K osHauaeT JuG0 HopMupoBaHHOe mnoje R
BElleCTBeHHbIX yHces, JH60 HOpMEpoBaHHOe mnoje C KOMIJIEKCHBIX
yuces, Au60 TOJHOE HOPMHPOBAHHOE HENHCKPETHOE KOMMYTAaTHBHOE
‘TioJIe ¢ yJAbTpaMeTpryeckuM abcontoTHEIM 3HadenueM (Top. gen., chap.
1X, 3% éd., §3). Ecau He orosopeHo MpOTHBHOE, Bce 6aHAaXOBbI MPOCT-
paHcTBa, BCe MHOroo6pasus, Bce MOP(pU3MbL, BCE paCClOeHHst H T. [,
paccmaTpuBawoTest Haa K.

Creunanplible COTJIALIEHHA A/ HEKOTOPBIX maparpadoB ykasbiBa-
I0TCSl B HX Hadale. ‘

Tonoaozuueckue 8exmopHoie nPOCMPAHCINER

Koraa nose K oranuno or R uau C, MBI Ha3plBaeM ROAYHOPMOL
(cooTB. HOpmoOi) Ha BekTOpHOM npoctpaHciBe F Hap K yasmpanoay-
HOpmy (COOTB. YAbMPAROAYHOPMY, ABJIsOUYIOCs HopMo#) Ha F (Esp.
vect. top., chap. 1, 2° éd., § 1). Eciu y — noaysopma Ha F u ecan
x € F, wpl wacto Oyaem nucathb | x [y BMecTo ¥ (X).

Hopmupyemoim npocmparcmeom HasbBaeTcsl TOMOJOTHYECKOE BEK-
TOpPHOE MPOCTPAHCTBO Haf K, TONOJOTHS KOTOPOrO MOXKET GhbiTh Ofpe-
JleJieHa OJHOH HOPMOH, U OaHAX08b6iM RPOCMPAHCMEOM — NOJHOE HOp-
MHpPYeMOoe TIPOCTPaHCTBO 1), [104unOpMUPOBaHHoIM TIPOCTPANCTBOM Hasbl-
BaeTCs TOMOJIOTHYECKOE BEKTOPHOE IPOCTPAHCTBO Hax K, TOMOJOTHSA
KOTOPOTO MOXKeT ObTb ompejelieHa ceMefiCTBOM MOJYHOPM; Korja K ==
= R unau C, 3T0 NOHATHE COBIAjAaeT ¢ MOHATHEM JOKAaJbHO BBIYKJOIO
IpPOCTPAHCTBA. :

Ecom E u  F — noNMHOPMHPOBaHHLIE INPOCTPAHCTBA,  Hepes
&%, (E; F) o6o3aHayaeTcs NpPOCTPAHCTBO m-JIMHEHAHBIX HEMPEphIBHBIX
oto6paxenuii u3 E" B F, Haje/eHHOe TOMNOJOTHeH paBHOMEPHOH CXO-
LUMOCTH Ha OTPaHHYEHHBLIX TOAMHOKeCTBaX B E™ 3T0 NOJHHOPMHPO-
BaHHoe npoctpancreo. Ecau, kpome Toro, E HOPMHPOBaHO H ec/d
v — HenpepoiBHasi nonyHopMma Ha F, a u € &, (E; F), To uepes

1y D10 onpenesenne oTInyaerca OT ONpexenenus, lannoro B Esp. vect. top., chap,
I, § 1, rae GanaxoBbiM NPOCTPAHCTBOM Ha3LIBAeTcs IOJHOE HOPMHPOBAHHOE HpocTpal-
CTBO, .
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| ull, oGosHayaercs HaHMeHbllee HEOTPHLATENbHOE WYHCJO, TaKOe,
uTO

ba (e, oovs xRy <Tuly 120l oor [ 2l
KakoBH! 6bl HU GBIH 3/1eMeHTH x; € E,

Myasmunnoercoi

Iycrs [ — muoxectso, Ins @ = (o) ¥ B = (B,), IpHHaAIEKALHX
N, nonmaraem (cm. Alg., chap. 111, 8° éd., nauano raaek)

lal= Zah
iel
OLl=nOLt!,»

tel

o+ B = (o +Bres,
(o, By = [T LetPal

T B; 1

tel o ! B
Monowun & & B, ecan a; < B, aaa Beskoro § € I, 9TO 5KBHBAJIEHTHO
eyttecThonAIIo TAKOTO ¥y € N(“, 90 B = a - y; 9TOT 3JaeMeHT ¥

TOPJIA canueTed B 06o3HavaeTcd qepes [3— a.

Eean x = (x);e; — cemeficTBO NMONApHO KOMMYTHD YIOUHX SJeMeH-
TOB B KoJsiblle A ¢ eNUHHUHBIM 3JMeMeHToM 1, To moJaraem
x% = [l ¥  (ycnosich, uto x° = I).
iel
Imeem x™10 = x* . xP. |

I
Ilnn it € I uepes e, obosmauaercs snement us N, Bce koopaunath
KOTOPOTO HYyJIEBbie, 33 HCKJIOYEHHEM KOOPAMHATHI C HHAGKCOM i, PaB-

1
noft 1, Mueem o = % o8, AR BCAKOTO snementa o = () uz N,
11

Ozpanuuenune omoGpadicenus

Ecin f — oro6paxenue MuoxkectBa A B MHOXecTBO B u ecnu € —

nojmiioxectso B 4, uepes f | C oGosHauaercss orpaHudeHHe otobpaxe-
unsn f #a C.

JareMenmbr oo 1 ®

K MHOXecTBY wue/biX yHce] MPHCOGAMHHM [Ba sJeMeHTa, ofo3na-
yaemble 4epes oo H . OTHoLIEHHEe MOPAAKA MEXKAY UeJIbIMH YHC/1aMH
NPOJOJIKACTCST ¢ HOMOLIBIO COTVIAlIeHHS

n << oo < o AJS BCAKOLO 1Heaoro .
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[lonaraem
wtn=n+0o=0Hot+n=n+to=0 n€Z
Byxea r osnauaem aubo yesoe aucao > 1, aubo ofun U3 saemenmog oo

uau o. Eoau K = R, 6yxea r osnauaem éceeda sremenm o, Ecaur = oo
(coome. r = ), nosazaem r — k = r 045 6caxoeo yerozo uucsa k > 1.

Breaem niasa noas K caepymolilee MHOXKECTBO Nkt

a) Ecmu K = R, To Nk 00pa3oBaHO LEJbIMH YHCJAEMH > | H CHM-
BOJIGMH 00 H O.

b) Eciit K 5 R, 10 Nk CBOIHTCA K EIHHCTBEHHOMY 3JEMEHTY .

Berony B nanbHefliueM BBIpa)KeHHEe BHAA «ycTb X — MHOroo6pa-
sue kaacca C'» mogpasymeBaer, 4To r NpuHagnexuT Nk; OHO SKBHBA-
JIEHTHO BbIPaXeHHuio «nycrb 7 € Nx, ¥ nyctb X ectb K-mHOrooGpasue
knacca C'».

Takum o6pasom, eca K = R, mbl paccmarpuBaeM nuGo Suggeper-
yupyemsie MHOTOOOpasua knacca C' (1 < r € o0), nubo awasumuue-
cKue MHOTOOGpasus, T. e, MHorooGpasus Kiacca C”, Ecan xe K = R,
MBIl pacCMaTpHUBaeM aHANUTHYECKHMe MHOT00Gpasus.

N



§ 1. Auddeperupyembie hyHKUNU

B stom maparpade GykBa E 03HauaeT HopMmupyemoe TONOJOTHUECKOE
BexTopHOe mpocTpancTBo Hai K, OykBa F — omdeaumoe NOAHHOPMH-
poBaHHOe NpocTpaHcTBo Haj K.

1.1. Mopsadox Konmaxma 08YX PYHKHUEL 8 MmoUKe

I.1.1. Myere X — tononorndeckoe IpocTpaHcTBO M O — gucsoBas
(pyuKiu, onpeleneHHas B OKPECTHOCTH ToukH X, 3 X. [oBopar, gro
(yuxuns [, onpefenenHasi B OKPeCTHOCTH TOUKH X, H NPHHHMAaOLIAsA
anaveunn n I, npenclipescuma no cpasrenuio ¢ 0 8 x,, €Cnu BHINONHEHO
CACAYIONLE yeaoBIe: .

Jln sennoeo € > 0 u ecsixoll noaynopmor y, Henpepowsrotl na F, cy-
tgecmayem okpecmruocme Vo mouku Xy, 8 komopoli onpedesenst ynxyuu f
1 0, maxas, umo

If () ]y < €8 (x) 0aa scaroid mouxu x €V,

JLas Toro utoOet f Gela npeHeGpexkuMa o CpaBHeHHIO ¢ 0, Heob6Xo-
AHMO, 100K 9F0 yCJI0BHE BBITIONHSNO0CH /151 HEKOTOPOTO CeMelCTBa noay-
HOPM, onpejledsiioniero Tonoaoriio 8 F, @akT npenefpexxUMOCTH HiH
nenpeneGpexxumoctn pynxknuu f no cpasnenuto ¢ 0 B x, 3aBUCHT Jullb
or pocTkos Gyukuuid fu 0- B Touke x,. Uepes or, (0) (mam o (0),
KOI'/A® 910 He NoBJeueT 3a COOOH HESICHOCTH OTHOCHTENBHO X,) 060-
AUAYNCTCSE MHOXKECTBO POCTKOB B Touke X, (yHxuuil, npeneGpe-
HIUMBIX 10 cpaBlueHuio ¢ O B X0 3TO BEKTOPHOE NOANPOCTPAHCTBO
HPOCTPANCTBA POCTKOB B X, OTOOpaeHui, NPHHUMAIOUIHMX 3HAUCHHSA B
npocrpancrse F. Ecau f npenebpexkuma mo cpaBHenuio ¢ 6, Gymem
IHICATh, JONMYCKas BOJbHOCTb B 06031aueHHAX, f € oy, (0), HaH Takxke
[ (x) € 0 (8 (x)), KOrRA X CTPEMHTCS X X,. .

Ecan f u g — nBa otoGpaxenus HeKOTOPOH OKPECTHOCTH TOUKH X,
B F, Oyrem nucate Takxke f=g mod o (0), ecan f— g npeuneGpe-
XKIMO HO CpaBHeHHIO ¢ 0.

[Mpeanonoxum, yto K pasHo R uau C H 4TO X, JEXKUT B 3aMBIKaHHH
MHOXecTBa Y Tex Touek B X, rie O ompesenena M He obpamaer-
cs B Hyab. Torna f € o(b) oGosnauacr, uto f (x)/6(x) crpemutcst K
0, xorna x crpemutca K X, ocraadcb B Y, u uto 8(x) = O Baeuer
3a coboil { (x) = 0.



12 IHOSEPEHUMPYEMBIE &YHKIUN §1

1.1.2. Ilycre f 1 g — ABe dynkuuu co snaveHusiMH B F, onpejie/eHHbIC
B OKDEeCTHOCTH TOUKH X, B E. Ecan m — 1enoe nosoxuTenpHoe 9ucio,
TOBOPAT, YTO f M g UMEIOT KOHMAKkm nopsadka 2> m B X,, €ClH

F(x) —gx€eo(lx—x,I™" nasa x, crpemsweiics K x,,

KakoBa Gbl HM Obl1a HopMa, BrIGpaHHAf [ ONpefeseHHs TONONOTHH
B E. asa 3T0ro HeOOXOAMMO H JOCTaTOYHO, YTOOR! MpPEeABIAYILEE COOT-
HOIIIEHHE BBIOJHAAOCH /18 ORHOH HOPMBI, ONpeesioulell TONoJIOTHIO
B E. Ecau 310 Tak, 10 [ (X5) = g (%p).

Ecau f u g npHHUMAIOT OJHO H TO Ke 3HayeHHe B TOUKE Xx,, nopsaod-
KoM Konmakma GyukuMi f u g B X, Ha3bIBaeTCs BepXHAS TPaHb (KOHey-
Hasi MU paBHaf -+ co) umelblX YuCesa m, TaKHX, YTO f M g HMEIOT KOH-
TaKT NOPSAKA > m B X,.

1.1.3. I'lopaaok KoHTaKTa GYHKUMI f H g B X, 3aBHCHT JHIUbL OT pocm-
K08 3THX (PYHKUMH B TOuKe Xo. MOXKHO, cTano OblTb, FOBOPUTb O MOPSiA-
Ke KONTaKTa JIByX POCTKOB @ H P oToGpaxeuuit npoctpancrsa E B F B
Touke X,. OTHOLIEHME « M P HMEIOT KOHTAKT NOPSLKa > m» €CThb
OTHOHIEHNE 5KBUBAJICHTHOCTH, COTJIaCOBAHHOE C BEKTOPHOH CTPYKTYpPOIl.

1.2. dynrunu, augﬁgﬁepem;upyeﬂite 8 mouxe

1.2.1. Tlycte f— ¢ynruma, onpejpeneHHasg B OKPECTHOCTH TOYKH X,
npoctpaucTea E, co 3uauenuamu B F., Dosopsit, uTo f Ougpbgpepenyu-
pyema B X,, €CIH CyllecTByeT abuHHAs HenpepoiBias (QYHKUHS U U3
E B F, umeouias B x, KOHTakT nopsgaka = 1 ¢ . 310 oroGpaxenue v
eMHCTBEHHO; CYLIECTBYET eJHHCTBEHHOe HENpephiBlioe JHHeHAHOe 0TOG-
paxenue, ofosHayaemoe uepes Df (x,), u3 E B F, Taxoe, yTO

v (%) = v (%) -+ Df (x5) . (x — x,).
Ecau Bni6pana uopMa Ha E, 3TO 9KBHBA/JIEHTHO TOMY, UTO
fx, +hy==f(x)) +Df(xy) . h modo(|h|) ana h, cTpemsawerocs k 0,
YTO MOZKHO TaKKe 3anucarb B BHAE

. I (%04 A1) —F (x5) — Df (%) -hﬂv
lim
Hr0, 0 A
IS BCAKOH 1101 YHOPMBI P, HellpepuiBHOH Ha F.
Anement Df (xo) w3 % (E; F) HasbiBaercss npousgodnoll (GyHKuuH

[ B Touke x,. Yacro nuwyt D,f (xo) BMecTo Df (x,) . h; 3TO snemeHT
us F, onpejeneHHblil COOTHOLLEHHEM

Co. th) —
th (xo) - t_gn}#:o f (%0t t) f (x0)

1.2.2. Toopst, uto ¢yHRUUA [ cmpozo Ougpgepenyupyema 6 x,, €cau
OHa AH(pepeHmMpyeMa B X, H €C/IH JJ1sl BCAKOH HOPMEI, onpenensiomes




1.3 KOMMO3HUUSA AHGPEPERIUPYEMBIX &YHKUUHA 13

TONOJIOTHIO B £, UMEET MeCTO COOTHONIEHHe
[ —F@=Df(x).y—2) mod o (ly — z)

st (y, 2), cTpevsierocst K (xo, X)) B £ X E. JlAsi 3TOoro n0CTaTo4yHO
BBHIMOJIHGHHS TIPHBEIEHHOTO YCJOBHSE A OLHOH HOPMBI, OnNpeessio-
uiel Tonoaornio B E. [Ipeanonoxum pgonoanutensto, uto £ u F HOpMH-
poBabl, Ana Bcskoro uucaa ¢ > | Df (x,) | cyuwecTsyeT Toraa Takas
OKpecTHOCTh V TOUKH X, 4TO | f () — [ @) | < ¢c.|y— 2] nas y, 2
u3 V; orciofa caeayeT, uto GyHKuus [ paBHOMepHO HenpepoisHa B V.

1.2.3. udxbepennupyevocts uan crporas guddepeHunpyeMocTs Gynx-
UMK [ B X, 3aBHCUT JHLIbL OT pocTKa pyukuuu [ B x,. PocTku pyHkuui,
JHddepenEpyeMblX B X,, 06pa3yloT BeKTODHOe NOANpoOCTPaHCTBO 7°
HPOCTPAHCTBa BCEX POCTKOB, U oToGpaxende [f-» Df (x)) us 7" B
J(E; F) auneiino. Pocrxku ¢yHKuuM#, ctporo auddepeHuupyeMslx B Xg,
06pasyIoT BEKTOPHOE IOANpPOCTPaNCcTBO B 77

1.2.4. ®ynxkuus, Auddepenunpyemas B TOYKe X,, HENpPepblBHA B Hell,

1.2.5. Korna E = K, oroGpamenne u == u (1) ecTe u3oMopdusM H3
€ (E; F) na F; ecan dyuxuns f nuddepennupyeMa B Xo, TO 3JeMEHT
[ (xp) = Df (xo) - 1
eCIL HE YTO HII0R, KAaK TPOH3BOAHANA (GYHKIINH [ B TOUKE X, B CMbIC/IE, YKa-

satinoM B DPynky, Oeticme. nep., va, 1, § 1, n° 6, sameuanue 2,

1.8, Komnosuuus dughpepenuyupyemorx pynruui

131, Tpeanonoxum, uro npocrpancteo F Hopmupyemo. [yete x, €
€ L, 1y €F, U— OKpecTHOCTb TOYKH X;, V — OKPECTHOCTb TOYKH
Yoy NyCTb, nakoueu, f — oto6paxenue okpectuoctd U B V, nuddepen-
tHpyeMoe B xo, pHueM [ (x,) = y,. Ecan g — orobGpaxenue oxpecr-
NOCTH V' B NOJMHOPMHPOBAHHOE OTAEJNHMOE BEKTOPHOE MPOCTPAHCTBO
G, mdepeniipyemoe B y,, To oToGpaxenue g o f u3 U B G auddepen-
IWHPYeNO B X, H MBI HMeeM ' '

“) D(g-o f (xo) = Dg (!/0) ° Df (xo)-

licnu f u g ctporo nuddepernupyeMel, T0 U g © f cTporo auddepenun-
Jryeno.

1.3.2. Ilycts | — otoGpaxenue, onpeneseHHoe B OKPECTHOCTH TOYKH
X, npocrpadctea E, co 3HadeHMsMH B F; ecad 4 — JauHelHOe Helpe-
phiBiioe oToGpax<eHue MpocTpatcTea F B NOMHHOPMUPOBAHHOE OT/e/H-
MOe mpocTpaHcTBO (G, To ¢yHKuua u°f auddpepeHuupyema B X, H
) D (usf) (xp) = u°Df (x,).

1.3.3. [llpennonoxum, urto F — npouspegenne cemefictsa (F,)er
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NOJHHODPMHPOBAHIIBIX OT/€/AUMbIX BEKTOPHBIX NPOCTPAHCTB, AN BCA-
Koro i M3 [ nmyctb f;, — orobpaxeHHe, onpeneseHHoe B oKpecTHOCTH U
TOUKH X, B E, cO 3HaucHusiMM B F;, ¥ nyctb f = (f,)ie;. Hag Toro
yToGbl f Obl10 AuddepeHuHpyeMbIM (COOTB. CTPOTO AHtdepeniipyeMEIM)
B X,, He0GX0JUMO H JOCTAaTOUHO, 4TOOB 3THM cBO#icTBOM o6aajanu oTob-
paxenusa f;; uMeeM

3) Dyf (x0) = (Dyf; (x0))ics Ana Beakoro h B E.

1.3.4. Ecan E = K, moxno B ¢popmyaax (1) u (3) samenuts Df (x;) Ha
" (xo) 1 Dyf; (xo) Ha fi (x).

1.4. ITpou3ssedenue dughghepenuyupyemvix HyHKyULY

1.4.1. Ilyers Fy, ..., F, — UNONMHOPMUPOBAHHBIE OTACJHMBIE NpPO- -
CTPAHCTBA H 4 — lleNpephiBlOe m-AuHeldHoe oToOpaxenue U3 F; X ..
we. X F, B F. Ilyctb U — OKpeCTHOCTb TOYKH X, B E, u nyctb f, —
otobpaxenne okpectuocty U B mpocrpancteo F, (ana 1 < i < m).
Ecau otoGpaxenua f, aubdepeHuupyempt (COOTB. CTporo Auddeperuu-
pyeMel) B X,, TO TaKOBO ¥®e M u (fy, ..., [,) = &, U Mbl HiMeeM

m

(9 Do (x0) = X u (i (W), s Difi (5, o fn (30)

s h us E,
YTO 3alHCbiBaeTcs Gojee KPaTKO B TaKOM BHJe:

m

(5) ' Dg:zu(fb'-°!Dfi"°'sfn.z)‘

j=l
B uwactHocTH, Aaa m = 2 .

(6) Du (fy, f) = u (D, f2) + 4 (D).

Hua m = 1 BHOBb nmoayuaem 1.3.2.

1.4.2. Korna E = K, B ¢opmynax (4) — (6) MoxHO 3aMeHuTb Dg Ha
g' H Df] Ha fI"

1.5. Ilepebie sapuanmosr meopemot 0 HeABHbIX PYHKUUAX

[Tpeanonoxum, yto E ¥ F — GanaXxoBbl NPOCTPAHCTBA, H MYCTh Xo—
tTouka B E, U — OKpeCTHOCTb TOYKH x, M [-— oTOOpaxeHHe OKpecT-
noctu U B F. Ipeanonokum foNMOJHHTENBHO, YTO GYHKuHA f cmpozo
Oughgheperyupyema B - x,.

1.5.1. Ecau Df (%) — usomopgpusm npocrpanctsa E ua F, cymectBytor
OTKPEITasg OKPecTHOCTb Uy TOUKHU X,, copepkauasica B U, H OTKpbITas
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OKPECTHOCTh Vo TOUKH [ (Xo), Takue, yto f | U, ecTb roMeoMop(hH3M OKpecT-
noctu U, na V,. OroGpaxenne g: Vo, — U, obpatnoe K | | U,, cTporo
audpepeHIpyeMo B TouKe f (xo) H

Dg (f (%)) = Df (x)".

1.5.2. Ecau Df (x,) — clopvexmuenoe otobpaxeHHe npocTpaHcTBa E
Ha F, To cyuecTByeT Takas OTKpPbITasl OKpecTHOCTh U, TOUKU Xy, CO-
Zepxawasca B U, uto f| U, ecTb OTKPHITOE OTOGpaeHue. .

1.5.3. Ecau otoGpamenne Df (x,) unvexmusHo u ezo obpas samruym,
TO CyIeCTBYeT Takasl 3aMKHyTas okpecTHocTb Uy TOUKH x,, ColepiKa-
wasca B U, yto [ | U, ecTb ee roveoMopdu3m Ha 3aMKHYTOe IOAMHOXe-
cTBo npoctpanctea F. :

1.6. Yacmnste npou3sodnsie

1.6.1, Nycern f — dyuxuns, onpenenendas B oxkpectHoctd U TOuxH
X, Wa B, co snancuusamu B F. [1ycTh X — BeKTOpHOE NOANPOCTPAHCTBO
nln Ve Mitoeetso tTaknx touek x u3 X, 4to x, + x € U; nojoxum
g (% ~.-..{ (% | x) st x € V. FoBopsaT, yto [ ponyckaer uacmmuyro
npopanodugo o xy 60oae X, ecad g JoNyckaeT MPOH3BOIHYIO B Touke O;
ona ofBostianacrcs wepes Dy f (x,); 3To JHHeliHOe HenpephiBHOe 0TOG-
pamenne nojgnpoctpanctsa X B F. Ecnu f auddeperHunpyema B X,
OUA AONYCKACT HACTNYIO POH3BOAHYIO B X, BAOJb X, H 3Ta 4YacTHad
HPORAROAIIAN cCTL orpaHHuenHe otobpaxenns Df (x,) Ha X.

1.6.2, Hpegnosoxnm, uro E -— nponsBeleHHe KOHEYHOro ceMelCTBa
HOpMHpoBaNILIX BekTopubx npoctpancts E; (I < ¢ < n), KaHOHHYe-
CKHI OTOMXECTB/ISIEMbIX C MOANPOCTPAHCTBAMH NpocTpancTsa E; mycTh
Xy = (x([), vvey Xg) 1€XKHT B E u U — oXpecTHOCTH TOUKH X, B E; nmycth,
naxonen, f— oro6paxenne oxpectHoctu U B F. O6osHauum uepes
D ] (xy) HPOH3BOANYIO B TOYKE Xj, €CJH OHA CYWECTBYET, 0TOGParKeHus
i (xbs oo Z;y .vvy X0), OTIPENENCHHOTO B OKPECTHOCTH TOYKH Xh NPO-
erpaiictsa E,;, co 3HaueHusmu B F. D10 snementT us £ (E;; F), Kotopeiil
naanBacTes i-i wacmuotl npoussoOHol omobpascenus [ 8 mouxe X,.
Eean dyukuua f auddepenunpyema B x,, CYHUIECTBYeT # YacTHBHIX
HPOHBBOJUILIX, ¥ OHH onpenensioT Df (x,) dopmynoi

Df(xo)-h=i§l Dif (%) by mna h = (hy, ..., hy) B E.

1.6.3. B wacrnoctn, nycte E = K". Ecsau yacTHble NpPOU3BOAHBIE
oTobpaxkeHHs [ B X, CYWeECTBYIOT, TO yepes 0,f (x,) 0Go3HayaeTca sie-
menT D, f(x) .1 us F. Yacto Hcnonbsyercsi Cieiylowas 3amuch:
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IPeAnoNoKuM, 4To BhiGpaHbl 0603HaueHus Ans QYHKUHH, ABAAIOWUXCA
KoopAHHaTaMH Ha K", HampuMep g; 03HayaeT (-0 NPOEKUHUIO NpPOCT-
paictea K" ma K; Toraa mumyT

ot of
o (%) HM

-

]
X=X,

BMecto 0,f (xo).

1.6.4. INlyere E = K" u F = K™, npeanojoXuM, uTo GyHKUHA [ =
= (fy, ..., [y} cO 3HauenusiMu B F gudppepeHuupyema B Touke x, u3 E.
YacTHee TPOH3BOHBIE @y = O,f; (X,) TOrla CyuleCcTBYIOT (3TO 3/eMeHThI
us K). Matpuna ¢ m CTpokamH u n ctonbuami, o6pasopalliias sjaeMeH-
TaMH d; (3J€MEHT CTPOKHM HHJIEKca §{ u croanllia HHIEKCa [), Ha3bBaeT o
arkobuesod mampuyel GyHKUKH [ B Xx,; 3TO MaTpHUa JHHefiHOro oTo6pa--
weunst Df (x,) npoctpanctea K* B K™ 10 OTHOLIEHHIO K KAHOHHYECKUM
6asvcaM 3THX NPOCTPAHCTB.

1.7. Hmepuposannsie npou3soorsie

1.7.1, Ilycetp f — ¢yHKuKA, ONpejenentas B OKPECTHOCTH TOUKH X, U3
E, co 3Hauenuamu B F. Ecau f quddepenuupyema B OKPeCTUOCTH TOUKH
Xo, €€ Tpou3BoiHast Df ecTb 0TOGpaXKeHHe OKPECTHOCTH TOYKH X, B MIOJIH-
HOpMUpOBaHIoe npocTpanctBo £ (E; F) MiHefHbIX HEMpPephIBHBIX OTOG-
paxkenuii mpoctpancrsa E B F. [Tycts p — uesoe uueao 2> 2; ropopsr,
uTo PyHRUHA [ ABAAETCA p pa3s Ougpepenyupyemod 8 x,, ecau [ nudie-
peHuHpyeMa B OKPECTHOCTH TOUKH X, U eCau ee npousBontas Df p—I
pa3 nuddepenunpyema B x,. Onpenenum Toraa p-10 nPoussoOHYo (pyHK-
yuu f B X, 3T0 HENpepuBHOE p-iHHeliHoe oTobpaxenue D’f (x,) us L
B F, omnpenenennoe ¢opMynoh

D" f(x) . (hyy vy o) = (D (D" (%) he) . (hey +e vy B
[Monaraem Takxke D% = fu DYf = Df, Ecau dyukuus f asaserca p pas
JudbepeHnupyeMoll B x, H €CJH ¢ U $ — JBA LieJbIX Yyucaa, TakKHX, 4TO
g+s=p,res>0,10] ¢ pas aupdepenurpyema B OKPeCTHOCTH
TOUKH X, Gyukuns Df (co sHauenusmu B &, (E; F)) s pas pudde-
peHuupyeMa B TOUKE Xy H HMEeT MeCTO COOTHOLIEHHE
D‘H‘Sf (xo) J (hb ceny hq+s) =

=(DS (qu) (xo) . (hla sy hs)) . (hs+l»- OK) _hq+s),

KOTOpOe, ecaH AONMYCTHTb BOJBHOCTE B 00O3HAUEHHAX, 3alHUCHIBAETCA
. B BHJe

Dq—i—s’c = D'D}.

1.7.2. Tlyetb (E,)1s1<n — TaKHe 3aMKHYThle BEKTOPHbLIC NOANPOCTPAH-
ctBa B E, uto E ecTb MX ToNosoruyeckas npamas cymma, Toraa ompe-
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IensieTcsl, €CNH OHA CYWeCTBYeT, WMEePUPOBAHHAS 4ACMHAA Npous-

- 800nas Dy, ... D;,f oToGpaxenus f OKpeCTHOCTH TOYKH X, € E B F;
3TO HellpephIBHOe NMOJUJHHENHOe 0ToOpaXkeHHe NPOCTPAHCTBA
E;, x «++ X Ei,

B F, onpenensdeMoe PeKyPPeHTHO QA LEJNOro YHCAa M ChefyIOmHy
ofpasom: ecau Dy, ... D; f (x) cymlecTByeT B OKPECTHOCTH TOUKH X, H

o6najaeT 4acTHOH NMPOM3BORHOK BAOJD E;, TO Dy, ... D; [ (x,) 3anaercs
copmyJi0#
Dy - D, f(x)).(hy o'y b)) =

) . = (Di, (Dt‘, Dimf) (xo)-hl) ~(h2, ey hm\
ans h, € Ey.

Ins m pa3 anddepeRuupyemoit B X, GYHKUMH [ YacTHasi NPOU3BOL-
Haa Dy, ... D, [ (%) CywecTByeT H DaBHa OrDaHHYEHHIO OTOGpaXEHH:
D"f (x,) na noanpocrpaucteo E;, X ... X E;, B E". Cnegosatensho,

D™f (x,) MOMHOCTBIO ONpefeNsieTCs HTePHPOBAHUBIMH UACTHBIMH TIPO-
H3BOJAHBIMH NOPSIAKA M B TOUKE X,.

1.7.3. Npeanonoxum, 4yro OpocTpanctso £ KOHEYHOMEPHO, U MYCThH
(e1s .-, €,) — Oasuc B HeM. [lonoxkum E; = Ke;, ¥ nycTb [ — oT0Gpa-
JKEHUE OKPECTHOCTH TOYKH X,, IPHHUMaIOLee 3HaueHue B F. Ecau yacr-
‘nas npoussoanadn Dy, ... Dy, f (x,) (B o6o3Havenuax us 1.7.2) cymecrBy-
€T, MoJ1araem

a[x e a[mf(xo) = l)i1 e Dl'mf (xo)'(ela re em)-



§ 2. BemecTsennnie auddepeHuupyemole GyHKUUH

B sTom naparpade npeanonaraercs, uto K = R. Byksa E o6osnauaer
HOpMUpoBanHoe BeKTOpHOe mpoctpaHcTBo naa R; Gyxksoit F o6osnaya-
€TCs1 TOMOMOTHYeCKoe JIOKAIbHO BhINYKJI0€ 0mdeaumoe BeKTOPHOE Mpo-
cTpaHcTBo Haj R.

2.1. Dyurunn, oudgigpepenyupyemoie 8 mouxe

2.1.1. INycte f — ¢yHKUMA, onpeneleHHas B OKPECTHOCTH TOYKH X,
B E, co 3nauenusmu B F. [lycth w — snement npocrpauctBa £ (E; F)
HenpepuiBHBIX JHHellbIX oToOpaKeHHult npocTpancTea E B F. Jlns Toro
yToGh! [ Oblna AHdxbepeHLpYeMa B X, H JonycKala u B KayecTse Npo-
H3BOAHOH, HEOOXOAUMO H JOCTATOUHO BBINOJHEHHE DABEHCTBA

lim fGo+h)—Fx)—ulh) . g
70 hk0 Al

2.1.2. Ina toro utoGul f Gbtaa cTporo audepeHuupyeMa B x,, HeOGXO-
JHMO H JOCTATOYHO CIEeAYIOliee YCIOBHe:

im Gt M) —f R —Dix) (=8 _ 4
(1,k)+(0,0) Ih— k|
hkk

2.1.3. Ilyers F; u F, — mBa JNOKanbHO BHINYKJABIX OTAEAHMBIX NPO--
CTpaHcTBa M 1 — OuauHelinoe oto6paxeHue H3 F; X F, B F, yn0B/eTBO-
pAlollee CAeIYIOEeMY YCIOBHIO HEellPePEIBHOCTH:

(SC) Ecau ((an, b)) — nocaedosameavrocme siemenmos uz Fy X
X Fy, cxo0awancs k asemenmy (a, b) € Fy X Fy, mo nocaedosamens-
noemo (u (a,, b,)) cxodumesn k u{(a, b) ¢ F.

Nyers f; (ang § = 1, 2) -— oToOpaeHHe OKPECTHOCTH TOYKH X,
npoctpanctsa E B F;. Ecau f; u f, nudipepeunnpyemst B x,, 10 1 (fy, fo)
nuddepennupyeMo B Xy H

D(u (fuy o)) (%) - o= (Dfy (xg) - By [ (x0)) + & (Fy (%o)s Dfa (%) . h)
Jist sesikoro b € E.
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2.2, Teopema 0 KOHEUHbHILX NPUPAULCHUAX

2.2.1. Mycrs x, y npunagnexar E u [x, yl — 3aMKHYTBIH OTpe3oK,
coenuHAoWUA 3TH e touku. [lycts, xpome Ttoro, f— orobpazkeHHe
OKpecTHOCTH MHOXecTsa [x, yl B npoctpancTBo F, nudiepenuupyemoe
B Kax1o# Touke u3 lx, yl. Toraa [ (x) — f (y) DpHHAANENUT 3aMKHYTOR
BBINYKJO# 060,104Ke MHOXKECTBA Touek Df (2) . (x — y) aas z us lx, yl.

2.2.2, Ilycts U — céa310e OTKPHITOE TOAMHOXKECTBO B E U f — 0T0G-
paxenue u3 U B F, HMelollee HY/IEBYIO IPOU3BOIHYIO B KaXKAOH TOUKe
u3 U; rorpa f nocrosiiuo B U.

2.2.3. TIyets U — svinyk.a0e oTKpeITOE MOAMHOXKeCTBO B E ¥ f — oToGpa-
»KeHHe MHOXectBa U B F, nudpepennupyemMoe B Kaxaoil Touke u3 U,
Ecan 3ajanel HenpepslBHAS N1OJYHOPMa Y Ha F M BeleCTBeHHOE YHCJIO0
M > 0, creaywomye yCIOBHSI IKBHBAJEHTHBL:

(i) ans Beaxol Touku x u3 U umeem | Df (x) |, < M;
(if) A1A BCAKOM TOYKH X M BeAKOH Touku y u3 U umeem | f (x) —
—f@h<M.|x—y]|.

2.2.4. Tlycts U — oOKpecTHOCTb TOUKH X U3 F M f — dyHKuus, onpe-
JlejleHHast Ha JonoJHeHuH K X, B U, co 3Hauenusivu B F. [lpeanonoxiun,
yto f ponyckaeT mnpoussoanyi Df (x) Bo Bcsikol Touke x w3 U,
X == Xy, H ut0 QyHKUHS x ~» Df (x) umeer npegen D,, xorza x crpe-
MHTCS K X, Torna, ecau dim E > 2, 10 f HMeer npenen B x, U yHK-
uKg f, Npojo/keHHas MO LENPEPBIBHOCTH 1A BCIO OKPeCTHOCTh U,
AndxpepeHUMpyemMa, IPUYEM ee NIPOH3BOjJHAS B X, paBHa Dg, 310 XKe
cupanepaueo, ecan dim E = 1 u f uMeer npegen B Touxe Xx,.

2.3. dyurxyun kracca C (r + o)

4 .
2.3.1. Ilyets U — otkphiToe noamuoxectso B E u f — otoGpaxenue
mHoxectBa U B F. OtHowenue «f npunadarexcum kaaccy C'» (nas r €
€ N) onpenensiercss pekyppenTHO 1O r CaefylomuM oGpasoM;
1) dyukuusa f npuHagnexut kaaccy C° Toraa u ToabKO TOrna, KOraa
OHa HeNpepbIBHA;

2) ecu r—1uesoe 4ucsa0 > 1, To GyHrnus f npuHasiekut kaacey C
TOTJAa U TOJNBKO TOTAA, KOTAA OHa AH(xpepeHLEpyeMa B KaxKADH TouKe H3
U u npoussogtoe otoGpaxenve Df us U B £ (E; F) npunagiexur
kaacey C

Dynkuuu Knacca C' 1asbIBAIOTCS TaKXKe 7 pas3 Henpepuiero Ougge-
PeHYLipYeMbiMU PYHKYUAMU.

FoBopar, uto fnpunagnexut kaaccy C (WH beckoneurno duggpeper-
yupyema), eCII OHA IPUHALIEKHT Kaccy C 1J1s1 BCAKOTO /100 YHCA 1.
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Ecau f npunannexut kiaaccy C' B okpectHocth U, To ona p pas
madggepeHuEpyeMa s BCAKOTO 1eoro yucaa p < r, 1 gyuxuus D'f
npHHagnexRuT Kaaccy C 7,

2.3.2. OroGpaxenus kjaacca C' orkpeitoro B E noamuoxectsa U B F
oGpasyioT BekTOopHOe mnpocTpanctBo G (U; F) npocrpaHcTBa Bcex

otoGpaxenuii Muoxectsa U B F. Mmeem G° (U; Fy < 67 (U, F) aaa
s>,

2.3.3. Lns Toro uto0bl hyukuns f npunanexana kaaccy C! B OTKpHI-
ToM noagMHoxecTBe U npoctpanctBa E, Heo0X0/MMO H JOCTATOUHO, UTO-
Obl OHa Obl1a CTPOro AuddepeHnHpyeMa B Kax /10 Touke H3 U.

Ecan E — npousBejeHHe HOPMHPOBAHUBIX MPOCTPaHCTB E;, ToO
otobparkenre f otkperroro B E nopyiHokectBa V B F  NDHHALMEKHT
kJaaccy €' TOrAa W TOJBKO TOrAa, Koraa f oGnajaer HenpephIBHBIMH
WTEeDUPOBAHHBIMH YaCTHBIMH TNpoM3BOAHbIMH D;, ... D, f aas BCsikOro
LeJIoro uHesa m < r

2.3.4. Iyctb G — HOPMHPOBaHHOE NPOCTpaHCTBO H U — OTKPBITOE
noaMuoxectso B E. Ilyers V — oTkpbiToe noaMuoxectso B G, g€
€6 (U, G u feCG (V, F). Ecau g (U) < V, To oroGpaxente
f gus U B F npunagnexur kaaccy C'. N
ITycts F; U F, — ABa OTACTHMBIX JOKAJBHO BBITYKJABIX HpOCTpaH~
CTBa U u — GHAHHeliHOe oTOoGpaxeHNe npousselenusn F, X Fy, B F, ru-
MOHeNpepLIBHOe OTHOCUTENBHO COBOKYIHOCTH O2PaHUHeHHbIX TOLMHO-
xecTB B F; (cootB. F,) (Ton. eekm. np., ra. I, § 4, n° 2). Ilycts
U — otkpuiToe nogmuoxkecto 8 E u f, € 6" (U; F) (ana i =1, 2).
Torna ¢yuruus u (f,, f,) npunapnexur G (U; F). Ecau E nmeer ko-

HEUHYIO PABMEPHOCNb, JOCTATOYHO MPEANIONAraTh, YTO i YNOBACTBODSET
yeaosuio (SC) us n° 2.1.3.

2.3.5. Ecau E — npoH3BeneHHe HOPMHPOBAHHbBIX npoc:Tpchm E (1L
<L i< n) u ecan f— HempepniBHOe m-JHHeliHoe oToGpaxeHHe H3 E
B F, 1o f npunagnexut kaaccy C*u D°f = 0 qaa p > n 4 L.

2.3.6. Ilpennonoxuwm, yto E u F — GanaXoBH npoctrpaHcTsa. [lycTs
f — dyuxuus kaacca C (¢ r > 1), OHpejIEJIEHHaﬂ B OKPECTHOCTH TOY-
KM Xy U3 E, co 3navyenusiMu B F. [1ycts y, = [ (x,), H NIPeANonoxRuM, 4To
DJ (xo) ectb usomopgpusm npoctpanctea E na F. Torpa f unaynupyer
roMeoMop(hH3M g HEKOTOPOH OKPECTHOCTH TOUKH X, Ha IEKOTOPYIO OKPeCT-
1OCTb TOUKH Y, (n° 1.5) u omobpascerue, obpamnoe k g, npuradsexcum
© Kkaaccy C 6 okpecmHocmu MoKy Yo.
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2.4. llpoussodnste hpyurxuui Karacca C’

2.4.1. Tlycts f — oto6paxenue Kaacca C° oTKpuITOro B E MOJAMHOXKe-
crBa U B F. llasa Beakoro x € U n Besikoro nenoro gkena s, rae 2 < s <
< r, nommanneinoe oto6paxenne Df (x) cummempuuno.

2.4.2. IlpeanonoxuM JONONHUTEBHO, 4TO E KOHEYHOMepllo, M NyCThb
(e1s --., €4) — Oasuc B E. Hacrupie npoussopusie 0, ... d; f cummempus-

HO 3aBUCAT OT UHAGKCOB iy, ..., i;. [lycTb @, — 4HCJA0 BXOXKAGHHIA HH-
neKca k B l’lOCJle}IOBaTenbllOCTb [1y eeey bgy M IYCTh O == (O3, ...y Oy).
[NMonaraem Torzxa

Ff=0of ... fnf=0; -+ O0if.
Ecim koopauuathl oTHOCHTENbHO 6asuca (eq, ..., e,) 0603HAYAIOTCS Ye-
PE3 X1, very Xq, TO O°f 3amUCHIBAIOT TaKXKe B GOPME
a‘{alf

axi«" e ax?,f”

2.5. dopmyara Teliropa

2.5.1. Ilycrb r — nesoe uucso > I, unyers f — oro6paketne KJ1ac-
ca C" orkpuitoro B E nogmuoskectsa U B F. g x € U, h€ En
p < r ycaosumesi Bmecto D'f (xo) . (A, ..., h) mmucate DPf (x,) . h°.
Ecau otpesox [x, x 4 Al comepxurcs B U TO HMeeT MecTo dopMyaa
(popmyra Tetiropa)
—1
1
fatn =3 D1 4o (5 h),

p=0
FJle <OCTaToOK» U, (x; h) 3anaercs ¢popMyJoi

1

r—1
v, (4; ) =S_<%;—:‘>]T_D'f(x+th).h'dt.
0 .

~

Fimeem
v, (x; h)y= —rl-l-—D’f(x).h' mod o (|#|"), xorpad h crpemurcs K 0
"

flx+h)= 2 —l[— x) K" mod o (|h ]l }, KOrja ki CTpeMHTCS K HYJTIO,

2.5.2. Tlycts, KpoMme Toro, y — HeNpepLIBHAA NOJyHOPMa Ha F; ecau
LI Kaxjaolh Toukd 2z otpeska [x, x + Al nveem | D'f (2) |y < M, 10

o, (6 )y < = A



22 BEUIECTBEHHHIE JHO®PEPEHIUPYEMBIE &YHKIHMH §2

2.5.3. Ipeanoaoxum ponoauutensho, uto E = R", Torxa
fx+h) = 2 A*f(x)h* mod o (|h[), korpa h cTpemutcs K 0,
‘ laigr
€CJIM NOJIOKHTH -

A*F () = 51 FF ().

2.5.4. Tlycrs f u g — nBe gyHkuun knacca C' Ha OTKpuITOM B E mop-
miozkectse {J co sHauenuaMu B F. [li1s Toro 4tobu f U g nMenH B Touke
x u3 U KOHTaAKT nopsajpka > r, Heo6XOAUMO U AOCTATOYHO, UTOOLI A5
BesiKOro mesioro yucaa p, rae 0 < p < r, BHINOJHAJOCH COOTHOLIEHUE
D?f (x) = D”g (x). Koraa E KoueyHOMEPHO, 3TO CBOAUTCS K YCJAOBHIO,
YTO WUTePUPOBAHHBLIE YaCTHBLIE NPOU3BOIHbiE nopsaka < r (yHKou#
f 1 g (mo oTHOLUENHIO K HEeKOTOpOMY 0asucy B E) COBMaJaioT B TOUKE X,

2.5.5. Mycrs U — otkpuitoe noamuoxkectso B E X R" Bupa V X

X1y X «-+« x1I,, rpeV opwto B Enly, ..., I, — ompmbxe
uHTepBadbl B R, conepxamue 0. TTonoxkum Uy =V ulU;=V X [, X -
X 1 11Jm | <jn Ecan sapana dyukuma f€ 6" U; F)

(¢ I € r o), TO CyleCTBYET OJHA M TONBLKO OAllAa TaKasi MOCJEL0-
BaTesIbHOCTD PyuKUHA f; € ¢! Uy F) (na 0 L j < n), uro

fwunq»mnw+2mumn”m

j=l1

aax e Vnt €. Torna
fo(x)=f(x 0, 3 0),

Bt by ens £) = SwwhquHJ%anmw

ana 1 < j < n. B atoit nocnennest gopmyse d;f o3Havaer j-10 4acTHYIO
NPOU3BOAHYIO DYHKIMHU (f1, ..., L) == [ (X, f1y oory £p).

2.6. Kpumepuu oudpghepenyupyemocmun

2.6.1. Ipeanonoxum, yto F, NOMHMO CBOeH TOMNOJOrHH ¥, HalesneHO
MeHee TOUKOH Tonosoruefl 9 ', OTHOCHTENbHO KOTOPo# F Takwke ABJf-
€TCs1 OTACNUMBIM JIOKAJIBHO BBIMYKJBIM NpocTpanctsoM. [lpeanonoxum,
KpoMe TOro, 4To J n J' yJOBNETBOPSIOT CJAEAYIOWCMY YCJOBHIO:

S) IIJm BCSIKOH ‘OKPeCTHOCTH V TOUYKH O OTHOCHTE/IBLHO TOMOJIOTHH
g cylecTBYeT Takas OKpecTiocTb W Touku O OTHOCHMTENbHO &, 4TO
Buinykaas 7 '-3aMKHyTasi 006004Ka BCAKOIO J -KOMIAKTHOIO NOA-
muoxkeersa B W copepxxutest B V.
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[lycts [ — oTOGpaxenne orkpmtoro B E noavHoxectsa U B F.
Mpenronoxum, aro f npunapiexut kaaccy C (1 < r € 00), KOIb CKO-
po F naneneno tonoJorvedt 7', 4o A151 BCaKOH ToukM x U3 U ¥ Besikoro
nenoro uncia m < r npoussoanas D™ f (x) ecTb nosuJHHEAHOE Hempe-
pEIBHOE oToGparkeHnue npousseneHdss £ B NpocTpaHcTBo F, HajeseH-
Hoe Tonosorneli 7, U yto oTo6paxenue x +-» D"f (x) us U 8 £, (E; F)
HenpepoiBHO (F nageneno tonosornelt 7). Toraa ¢pynkuua f npunan
aexuT Knaccy C', eciy nageants F Tononorned 7', u ee NPOU3BOLHBIE
D"f onnnakosw gas g u T, )

' Yenosre (S), B 4aCTHOCTH, peasnn3oBaHo, ecld CyllecTByeT dyHia-
MeHTa/lbHas CUCTEMa OKPEeCTHOCTEH TOuKH () OTHOCHTE/IbHO TONOJOIHHU
T , 3aMKHYTBIX OTHOCHTENBHO TONOJIOTHH T ': TaKko# cayyalh umeer Mec-
TO, €CJ/Ii CONpSKEHHOe MPOCTPAHCTBO K MPOCTPAHcTBY F, HaleNeHHOMY
TonoJsioruell 4, COBMaAAET C CONPsKEHHBIM NMPOCTPAHCTBOM K F, Hajgeen-
HoMy Tonosorueft 7', YcnoBue (S) Takke BINOJHEHO, ecau F, Haze-
Jerdoe Tonosoruell 7, keasunoano (Ton. éekm. np., ra. 111, §2, n° 5).

2.6.2. [lycts f — oToGpaxenue OTKpblTO.I‘O B E noamuoxectBa U B F.
Eciu f npunagnexut riaccy C (rae 0 < r < 00), TO cKasipHble QyHK-

mMn ue f npunaptexat kaaccy C aas Jo6ofi JnHeAHOH HenpepeiB-
Ho# dopmel u Ha F. O6patho, ecn F k6azunoaqo 1 GyHKUUK 4 ° f npu-

naanexar knaccy C'1' ais pesikoro u € F', To [ MPHHAATERKNT Kaac-

cy C.



§ 3. BeuecTBeHHbIE HJH KOMITEKCHBIE
aHaJMTHYECKHE (DYHKLMH

B stom naparpage npeamonaraercs, ato K = R uaum C. UYepes
(Ey), 1 < i< n, ofo3HayaeTcsl KOHEYHO® CEMEHCTBO HOPMUPOBAHHbIX
npocTpaHcTB 1aa K, yepes E — npoussefeHne npocTpaucTs E, u uepes
F — J0KanbHO BBIUTYKJIOE OTAENHMOE TONMOJIOTHYECKOE BEKTOPHOE MpOo-
CTpaHcTBO HaA K.

3.1. Cxo0sawuecsa paoot

3.1.1. Tlycts | =Zf, — dopmanbublil pag, npunamiexawni P (Ey, ...
wa Epy F) (ITpua., n° A.5). Ecin y — HenpepuiBHas nosiyHopma na F
u R = (R, ..., R;) — nocaenoBaTeJbHOCTL CTPOFO MOJOKUTEIbHBIX
BEIIleCTBEHHBIX YHCENT, Il10Jaraem

l!fl!v.R = % R* “fa“v

Ecan F — uopmupoBaHHOE NPOCTPAHCTBO H Yy — HOPMAa B F, BMECTO
[ Fh.e namyt [ [e. : o
Muoxecrso Hr(Ey, ..., En F) Takux saementos f¢€ P(E,,...

ooy Ep; F),uro | fly r KOHEUNO 1J151 BCAKOH HenpepblBHON Ha F mosyHop-
MBI Yy, €CTb BekToplioe Nopnpocrpauctso B P (Ey, ..., E,i F). Beskuit
pas, Korga R, > R, Ana 1 i £ n, nveeM

%R(Eh ey En;F)C*IJ‘teR' (Els sy En;F)'
O6bennpenre seex

%R (Eh tesy En;F)
€CTb BEKTOPHOE MOANPOCTPAHCTBO, 06osnauaemoe yepes F (E;, ..., E,;
~
F), npoctpanctea P (Ey, ..., Ep; F); ero sieMeHTbl Ha3bIBAWOTCS CX005-

wumuca padamu Ha NPOU3BEAEHUM NPOCTPAHCTB E; CO sHayeHUAMH B F,
OHO 3aBHCHT JHIUbL OT TONOJOTHH NPOCTpaHcTB E;, a He OT HOPM B HUX,
Takum 06pasom, MOXKHO TOBOPHUTL O mpoctpanctse J (Hy, ..., En F),
KOJb CKOpO E; CyTb HOpDMHpyeMbie MPOCTPaHCTBa, He Bbi6Mpas HOpMY
B Kaxjaom E,.

3.1.2. Orobpaxenne fe» | fly,r ecTo noaynmopma na Jr (Ey, ...
ey Eqy F). Tononorus, KoTopylo onpefensior 5TH NOJyHOPMBI, KOTja ¢



CXOASIULHECH PSR 25

NpoGEeraeT MHOXKeCTBO HeMPEPLIBHbIX OJYHOPM Ha F (HJIM IPOCTO KaKoe-

JIM60 MHOXKECTBO MOJYHOPM, Ofipeje/siioliee TonoJaoruwo F), oTaennMa.

Eciu F nopmupyeMo (CooTB. 10/10), TakoBo xe u Jr (Ey, ..., En; F).

[Tonynopmur- na J (Ey, ..., E,; F), orpaHnyeHnst KOTOPLIX Ha Kamjoe
R HENpPEepHIBHBI, ONpeJensiorT oTAenuMyio TonoJoruio Ha K (E,,

ey Eny F), saBucawmylo auiup 0T Tomosorn# Ha E,, Mupekuus wuz

K (Esy e, Eny F) B P (Eyy o, E,; F) BeNpepuiBHa.

3.1.3. Kanonuyeckufi usomopduam u3 P (E; F) na P (E4y oy, Epi F)
MOCPEeACTBOM OFPAaHHUEHHS OnpejenseT H30MOP(pH3M TOMOJOTHYECKHX
BeKTOpHLIX npocrpancts us ¥ (E; F) na J# (Eyy ..., En; F).

3.1.4. Nyers f€ H(Ey, ..., Ent F), m nyets J(f) — MuoxecTso
takux RE (R4, uto f € Hr(Ey, ..., Euy F). Bnympennocme 1 (f)
MHOKeCTBa J (f) HasuiBaeTes undukampucol cmpoeol cxodumocmuy psja f.
OHa ecTb MHOXECTBO TaKHX R, AJ51 KOTOPHIX CYLLECTBYET HEKOTOPHI
R € J (f), Takoii, uT0 0 < R, < R, a1a 1< i< n Yepes Q (f)
oGo3HauaeTCs1 MHOMeCTBO Touek BuAa (log Ry, ..., log R,) B R", rue
R € I (f); 310 6binyxaoe MHOXKeCTBO B R”,

Korpa n == 1, muHoxecrso [ (f) ecte uuTeprasn )0, p (N B R,
u o (f) nasmBaercs paduycom cmpoeoi cxoOumocmu pspa f. 1o TaKxke
BepXHfAA rpadb (KOHeYHas MJM paBHAaf -+oo) MHOXKeCTBA BELIECTBEH-
HBIX yucen R > 0, Takux, 4To AJ1A BCAKON HenpephliBHOMA MOJYHOPMBI
Ha F cywecTByeT Takas KOHCTaHTa M, 4To : :

[fm by < MR™" (rae f = Zfp, fn € P (Ey F))
AJsi BCAKOTO uenaoro ducaa m > 0.

MHOXKeCTBO 'TakuX Towek x == (x,) € E; X ... X E,, u4r0 cyuue
cteyer R € [ (f), ans xoroporo | x, | < R, npH BCAKOM i, HasbBaeTcs
obaacmeto cmpoeold exodumocrmu papa f u obosHauaerca uepes C (f).
3T0 TakKe MHOXECTBO TOUEK X ANS1 KOTODHIX cyliectsyer R € J (f), .
Takoil, uro | x, | < R, nis Besikoro i.

3.1'5. Ilast fo € Pq (Ey, ..., Ey F) n BcAkoM HeNpepulBHOH MoJy-
HOpMBEI Y HA F NOJOXKHM

Wi il = sup [fa vy, «oey o

EAISS
TOI‘}IH HMEIOT MeCTO HepaBeHCTBa

Ve

o Do v < ik € 2 Wa Ml v
ot f =D fa € fJ(El, ceey Eng F) n RE(R:.)" 10JI0KHM
| AT o
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n oGosnaunm uepes Jr (Ey, ..., En; F) BEKTOPHOE MOANPOCTPAHCTBO B
P(El’ LELER A | En:F)’

06pa3soBaHHO® TaKUMH QyHKUMAMH f, 4TO e y,R KOHEUHO AN BCA-

KOTO y, M Hajle/ileHHO® TONOJIOTHeEH, onpenesemMoll nomyHopMamu fre

o Ul f Il v Hmeem Hgr < 0w, 1 unbekuns ns Yz B J0r senpepbis-
na. Ilpoctpancteo # (E,, ..., En; F) ecTb ofbeiulienne npocTPaHCTB

Hr (Eyy ooy E,; F), B ero Tonosorus — Haubonee TOHKas JOKAJbHO

BbIMyKJIasl TONOJOIHS, Lealolias HelpePbIBHBIMH HHbeKnMH H3 Fr
B L.

Ecm fc H(Ey, ..., Eg F), TO €ro uu@urcampucou cxodumoc-
mu waswiBaetcs BHyTpennocTs 1 (f) mioxectsa J (f) Tex R € (R})",

AIs KoTopslx € ¥z . Torna

e ThHcipal @
(rme e — ocHoBanue HaTypaJdbHBIX Jorapugmos). OTnpaBafifch oOT

7 (f), onpenensem, Kak B n° 3 1.4., obaacme cxodumocmu c (f) u, gorza
= |, pa@uyc cxodumocmu p (f). Tlonyuaem, B yacTHOCTH, yTO

o (h < p(f)<p(f)

3.1.6. Ina R € (Ry)" (3aMKHyTbIM) noauwapon 8 E ¢ ueHtpoM 0
M pafuycoM R HasbIBaeTcsl MHOXKeCTBO B (R) Takux x € E, uTo | x, | <
< R, ana Besikoro i. Ecau dim E; = 1, roBopAT Takxe o noauducke,
ECJm fe H(E, .., Ep; F), 10 o6ﬂacn> CXOJMMOCTH (COOTB. CTpOI‘Ol/I

CXOAHMMOCTH) pﬂna f ecTb OfbeIMHEHHE noauiwapos B (R) ana R € I "

{coots. R € I (f)).

3.1.7. Nyets f € H (Eyy ooy Ey; F). Tpeanonoxum, 9T0 [pOCTPAHCTBO
F keasunoano. Jlna BCSKOA ToukH x € C (f) cemeiicTBO 3JeMeHTOB
fa (x) cymmmupyemo B F. Ero cymma, ofosnauaemas uepes ;(x) Had
npocTo f (x), ecTb HellpepbiBHAsA QYHKUMA Ha C (). Bouiee TouHo, pna
'BCsIKOTO R, Takoro, 4To f € }?R, cemeficTBo gyHkuui f, (x) paBHOMep-
HO CymMMHpYyeMo 1o x € B (R). Orobpaxenue f ~» f €CTh HellpephiBHOE

JuHefinoe oto6paxenue npocTpanctsa Jfr B NPOCTPAHCTBO OTPaHHYEH-

HBIX HenpepuiBubIX GYHKUKHA Ha B (R), HajenesHoe TOMOJOTHEH paBHO-
MEPHOH CXOAMMOCTH,
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1.8, Ilyers Fy, ..., F,, — OTAennMble NOJHHOPMHUDOBAHHBIE TPOCTPaH-
‘TBa, ¥ TYCTb 4 ~— HENDEePHIBHOe m-IHHE[HOe OToOpaxKellHe NpoU3Be-
tenst Fy X ... X F,, B F. Tlyers f, € H(Ey, .., E Fpoam 1L
~ [ < n. Dopmaishblit psn U (fq, ..., [,,) npusagaexkut K (Eq, ..., Eg;
=). Torna

Cy ..., In) D O C (fy),
é(u(fl’ e ey fm))D O 50{):

ecad x € ) C (f;), npuueM F u F, KBAsuMoJHbl, TO
{

’u(/:l’ ceey fm)(x)=u(fl(x)’ sy fm(x))

3.1.9. Ilyers Fy, ..., F, — NonHble HODMHDOBAHHBIE MPOCTPAHCTBA,
U NpennoJyoXkuM, yto F ksasunoaso. [lyete | = (f)icicm, THE f; €
€ H(Ey, ..., E;; F),ug € H (Fy, ..., Fo; F) TaxoBs1, 410 (f; (0))1<igm
NPUHAANEKHT 06J1aCTH CTPOroi cXoauMocTH psiga g. Torna pas Besiko-
ro o € N™ gopmannubulil paf g, © f npunagnexut J (Eq, ..., E,; F)
¥ CEeMeACTBO PsAoB gy © f cymmmupyemo 8 ¥ (Ey, ..., Eu; F) u a for-
tiori 8 P (E,, ..., E,; F). Ero cymma 6yzer o6osHayatbeil yepes g o f.

Bosnee TouHo, cywectBylor Takue R€ () [ (f) u R' €1 (g), uro

-

||f¢\1R<RE s 1 iKm. Tlpu sTux ycioBusax (GoOpMaibHBIl psj

g0 o npunagyexxut Hr(Ey, ..., EnF) W CeMeliCTBO PSIIOB ggof
cymmnpyemo B Hr (Ey, ..., E,; F). Haxoneu, eciu x€ B (R), 10
t(x) = (f, (x)) npmapnrexur B(RYC F, X -+ X F, u

g () = (goh) (v

3.1.10. IMpeanonoxnmM, uto E, = K pna 1 < i < n. Tlpocrpancrso

P (K", F) oTOmxzecTBAsieTCsl TOrjga C NPOCTPAHCTBOM  (JOPMANBHBIX -
PAIOB OT 7 nepeMeHHLIX X, ..., X, ¢ KoadxpuuuentTamy U3 F, 1 si1eMeHT

uz P (K"; F) sanucniBaeTcsi B BUjie
f= 2 X%, rne cy€F.
. [e2
,":’cml R € RY" U y.— HenpepoiBHas nosysopma na F, 10

WPl ve=1F I pr = Ea] R*|caly.

Umeem I (f) =] o, CE = C (f) u, ecant n =1, 10 9o (f) = :5 @
Mpocrpanctso H (K"; K) cxoaswuxcsi psajos ¢ KoadduuuentaMu
u3 K ofosuauaetcss takxke sepes K {{X;, ..., X,}}; 510 nopanre6pa
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B Klle, ..., XJ). TNpocrpanctso H (K"; F) ectb MoayJsb Hap
K {{Xy ..., Xu}}, u, ecan F KOHeUHOMEpIO, 5TOT MOAY/Ib OTOMK[e-
CTBJISIETCS K {{Xy ..y Xo}) @k F.

3.1.11. Myers f € J (K" K™) npeacrasisietcst cucTeMoit m cxons-
umxcs panoB f; (Xy, ..., X,) ¢ koaddunuentamu u3 K. [lycrs, anano-
rMYHO, g € 3‘6(1{ K") npe}lCTaBJlﬂe’l‘CH cUCTeMOH p cxopfwmxcs
psanoB gy (Y, ..., ¥,) = Sgep¥®. Onement h =g o f us % (K% K)

(cM. 3.1.9) npexacrasasiercs cucremMoil p GopmabHBEIX PAIOB A, (X Iy ves
vy Xp), ONpenessiembix caeaytomum obpasom: nias o € N* u p ¢ N
MyCcTb  Cop — koshduunent npu X* B dopmanbuom psige 0 = Hfﬁ/
TOI/12 CeMEHCTBO 3JEeMEHTOB (gk,ﬁca,ﬁ)ﬁ@lm cymMmmHpyeMo B K U ero

cymMoil siBasiercst Koahduunent npu X“ B A,

3.1.12. INpeanonoxuym, yto F KBasunoawo, u nycre E; — nonoaienue
npocTpanctsa E;. Beakuil nenpepuBHBIA MHOrOUIEE Ha By X ... X E,
€O 3HaYeHHAMH B F MPOJOJI a€TCS MO HENPEPLIBHOCTH J10 HEMPEPLIBHOTO

MHOTO4/IeHa Ha E1 o X E €O 3HAUEHHAMHU B F. OTcona noJjyyaercs
GueKuMs j npocTpascTBa P (Eyy ooy En, F) ua P (El, ooy En, F). Ecan

feFE,.. En; F)o1oj () € ¥4 (El, vy B3 F), 1 oBpatno. Mumi-
KaTpUChl CTPOro# cxoaumMocTa pazoB f H j (f) onnHakoBEL.

3.1.13. Mpennoaaraercs, uro K = R, HO 4TO F HajeNeNo CTPYKTypoil
KOMNAEKCHO20 BEKTOPHOTO NPOCTPAHCTBA, COTJ1aCOBAHHOMN €O CTPYKTYPO#

BEILIECTBEHHOIO BEKTOPHOTo npocTpanctsa. [lyets Ef = E; ®xC. Ecm
y € Ef, nonoxum

[y = inf% la,| - | xl,

[J€ HHXKUSIST TpaHb PACHPOCTPAHSICICA [fa BCE KOHEYHbIE CceMeficTBa
nap (x,, a,) € E; X C, rakne, yt0 y = Dk, R a. [Mosyuaem, Takum
k

06pasoM, HOpMYy HA KOMIJEKCHOM BEKTOPHOM npocTpancTse Ef; sTa
HOpMa NpPOJO.IKAeT NaHHYIO HOPMY Ha E;, eCaH yCJIOBUTBCSA OTOXJCCT-
Biate x € E; ¢ x @ 1. Tlycts h — HenpepoiBubi R-MHOrOY/IeH Ha
E; X ... X E, co 3HaueHusMU B F, OJHOPOAHBLIA MY/bTHCTENEHH Q;

CYIICCTBYET Toma OJMH H TOJNBKO OiMH HenpepuiBHbiil C-MHOrOWIEH £ Ha

ES x ... x E CO 3HaAYeHUsIMH B F, npononmaxoumn h v apaswowyiica
O}IHOpO}IHbIVl MyJLTHCTENEHH d. Toma

' _ Valy =y
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Al BCAKOM HEnpephiBHOH NONYHOPMBL y Ha KOMILIEKCHOM BEKTOPHOM
npocTpaHcTBe F.

Ecau fr—%]faé H(E, ..., E,; F), TO;ZE}aE%(E?,

wery ES F). Pansl f u | umelor OJHY U Ty K€ UHIMKATPUCY CTPOTOH CXO-
IMMOCTH (M OAMHAKOBBIH DaaHyC CTPOTOH CXOAHUMOCTH, ecau n = l),

O6patuo, npexnosnoxum, uro K = C. [lyets E{ n F® — npoctpas-
ctBa Hal R, IOJyuYeHHBHI® CyKEHHEeM I0Js CKaJapos. Ecan fo €
€Py(Ey ..., Ey F), 10 fo€ Po(EY, ..., Ex; FY. Ecm f[=

= Nfa€H(Ey ..., E;F), 1o Qopvanbipifi pax f° = Xfy €

~ 0 .
- P(E?, eo., Eq; F% saBasierca  cxopsiuumcs.  HMugukatpuenr  cxo-
AUMOCTH (COOTB. MHAHKATPUCH CTPOFOH CXOAMMOCTH) psiioB f u [0

wieHTHunbl, U f (x) = f° (x) Aas Beskoro x € C (f) = c (9.

3.2. Anaanmuueckue pyHKuul

3.2.1. Tycte U otkpuito B E M f — oToGpaxenue MHOxecTBa U B F.
Toopsit, uto [ mpunapiexut kaaccy C®, win K-anasumuuro (Wiu
NpoCTO araiumuyno) B U, ecan s BCSKON TOUKH @ n3 U cyiectByeT
TakoH cxomsiuuiics psia f, € K (Ey F), 910 f (@ + x) = [, (x) nas
Besikoro x M3 E, poctatouno 6M3koro K Hydo. Ecan K = R (coots. C),
TOBOPSIT TAKIKE, UTO [ — @eLyecmeenHO-QHAAUMUYECKOe (COOTB. KOMRACKC
HO UHAALIMIYECKee UIH 20A0MOPgHOe) OTOOpakeHHe, AHaIMTHYeCKHE OTO-
Opanceiist u3 U B I o06paayioT BeKTOpHOE IOANPOCTPAHCTBO, 060311a4aeMoe
yepes G'° (U; F), B npocTpanctse Bcex otobpaxenuii us U B F.

Haa a ¢ U dopmansiibiii psall f, efMHCTBEH: OH HA3LIBAeTCS pasAo-

sceruem GyHKUMM [ B cmenennod pad B Touke a. Eemn fo =2 (fo)a |
[e2
(rze (f)o € Po(Ey «.., E,; F)), To nonaraem

A% f(@ = (da-

3.2.2. Eciu f € G° (U; F), To orobpaxenne A*f: ars A*f (a) u3

Us :
PG(Els--'iEn; F)

aHasmTuuHo, Oro6pamenne A% fre A% ectb K-iunefiHoe otofpaze-

nue u3 G U; F) B G® U;Pu(E,, ..., Ei;F). IHDna a€U wu

a, P EN" umeem, Takam obpasom, AP (A%}) (a)€ Pg(Ey ..., Eg

Py (Ey, ..., E,; F). Ecm x=(x)€E, unmeem, ctano O6biTs,

AP (A% ) @) () €Pa(Ey, +.., EF) 1 (A" (A"D (@) (¥) (1) €F.
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DroT saemeHT u3 F paseH ((«, P)) (A*TP [ (@) (x). 310 BHIpaxaercs
3anuchio

AP o A = ((a, B)) A*TP.

3.2.3. MngukaTpucel CTpOrofi CXOAMMOCTH (M PaJHyChi CTPOrOH CXOAH-
MOCTH, eclM 7 == 1) pasyoxeHHUl B cTenelHOH psp orofpaxenud [ H
A%f B oniHO# 1 TOH e TouKe g U3 U NAEHTHYHDI.

3.2.4. TNlyets f € 6° (U; F). Toraa [ cmpoeo Ougpghepenytipyemo w
Geckoneuno auddepenunpyemo B U (ecnn K = R, To f npHuaanexur
gaaccy C% B U). UrepupoBannble 11pOU3BOjHbIE OTOGpaxkeHus f anajiu-
THUiIbl, ¥ UX 3HAYEHUS B TOYKE @ CYTb NOJIMIMHENbBle CHMMeTPHUECKHe

oto6paxenus, MOxHO Torja BBecTH oBostauenus D% ans utepuposan-
HBIX YacTHbIX MPOUSBOAHLIX, KaKk B n° 2.4.2. Mmeem

al A%*f @) (h) = D*f ()., ..., h),

KakoBbl 6bl HU Obin ¢ € U u b € E, uTO 3anuchiBaeTCs B BHAe

a! A*f = D%.

3.2.5. Ilycts MHOX)ecTBo U oTkpLITO B E 1 f, g — JBa aHaNMTHYECKHX
oto6paxenus us U B F. [lyets a € U. Iad toro utobel f 1 g umenn
KOHTaKT nopsiika > & B TOYKe @, Heo6XOAMMO M JOCTATOYHO, YTOGH!
A% (a) = A%g (a) ais Besikoro o ¢ | o | < k. Ecom f u g umeroT  KoH-
TAKT GECKOHEYHGTO MOP LKA B @, TO OHM PaBHBI B OKPECTHOCTH TOUKH a.
MHoxkecTBO ToueK U3 U, B KOTODBIX f U g HMEIOT KOHTAaKT GeCKOHEUHOro
nopsajKa, OmKpsimo 1 3AMKRYMO.

B uwacruocTH, eciu U ¢843H0 ¥ €CJIM CYIIECTBYET HEMyCTOe OTKPHITOE
NOAMHOKeCTBO B U/, Ha KOTOpOM f U g paBiibl, To f = g (npunyun ana-
AUMUHECK020 NPOCOANCEHUS).

3.2.6. Tlyets U oTkpwTo B E W f — aHaAnTHYeCKOe OTOGpaKeHue
us U B F. Ecau ero npoussoinas Df paBHa HYJO, TO f JIOKa/lbHO IO-
CTOSIHHO.

3.2.7. MpennonoxuM, uto F KBAasuNoOJNHO, ¥ NMyCTh G — MOJHOE HOP-
MupoBaHnoe npocTpaHcTBo. [lycth g — aHanHTHUYECKoe OTOOpakKeHue
oTKpriToro B E noamuoxectsa U B G, u yCThb f — aHaJMTHYECKOe 0TOG-
paxenne OTKPHITOro B G noaMHoxecta V, copepxawero g (U), B F.
CxBosnoe otobpaxetnine fo g asmanutnuno B U. Tlpennonoxum, Kpome
toro, uro 0 € U u g (0) = 0. Paznoxenne QyHKUMY [ © g B CTENEHHOH
psl B Touke O mosyuaercst Torga PH MOACTaHOBKE B pasfioxkeHue QyHK-
nuu f B 0 passoxeHus B crenesHol psax dyHkuun g B 0 (3.1.9).



.3 TONOMOPOULIE DYHKUUH 31

3.2.8. Ilycrs Fy, ..., F,, — oTIeJHMBIE NOJMHOPMHEPOBAHHLIE IPOCTPAaH-
CTBAa H u — HENpPEPLIBHOE noju/uHeliHoe orobpaxeHue Uz F; X

.XF, B F.Iycts Uotkpuito s Eu f, € 6° (U; F;). @yukuus u (fy, ...
ooy [m) @lIAJINTHYHA, U ee PA3JI0KEHHE B CTEIEHHOH PAA B Touke a € U
€CThb pﬂl[ u ((fl)a, sy (fm)a) (318)'

3.2.9. TIpeanosoxum, ato F ksasunoauo. [lycts f € K (Ey, ..., En; F);
dynkus x - f (x) (3.1.7) ananuTyna B oTKpbiTOM MHOXKecTBe C (f) —
o6aactu cTporoit cxopumoctd pana f. Ecaim n =1 u|a| < p (f), 10
pajHyc CTPOrofi CXOAUMOCTH passioKeHHst PyHKIHUH [ B CTeneHHOH psij
B Touke a Gousbiue uau paset p (f) — | a|. Ecim p (f) = + oo, roBo-
pAaT, 410 f ecTb uenas GyHKUUSA,

3.2.10. Coxpamuy npegnosioxkenus 13 3.2.9. Ecau K = C, pesysibTaThI
u3 3.2.9 ocraiorcs B cHJje, ecan 3amenuThb C (f) na C Hup () na P 1))
(mas n = 1), Ecan K = R, 10 ¢pyHkuus x ~» f (x) anaJuTHYHA B C .

3.2.11. Tlpemnonoxum, uto E, = K maa 1 i < n. Ilyers U of-
kpoito B K" u f€GY (K" F). Ecam 0€U u ecomu fy =2 X% co—
o

pas/oxeHue B crerennodt pax ¢yskuun f B 0, To pasnoxeHde B
crenendoil psx ¢yukunn A% f B O samuchiBaetca (IOC/E OTOMXJeCTBJIE-
uusa Py (K" F) ¢ F) Tak:

(A% o= 2% (e B XPeqip.
B qacmoém, Ml L i nupas x €C(fy)
of (x) = ; (@ +1) xaca-ker

3.3. F'oaomopghroie hynruyun

B aToM nyHkTe MBI npeanonaraem, uro K = C.

3.3.1. Tlyctb F kBasunoano. [Ipepnonoxum, 4to MHOKecTBO U OT-
KpoiTOo B E u f — oTo6paxenne us U B F. Caepyioiue yC/oBUs 5KBH-
BaJIeHTHBIL:

(i) f ronomopdHo;

(ii) f nnddepenunpyemo;

(iii) f moxanbHO OrpaHHyYeHO H, KAKOBbI Obl HU Gblii a € U u h € E,
pysruus ¢+ f (a 4 th), onpejeneHHasi B OTKPHITOA OKPECTHOCTH TOYKH
0 B C, ronoMopodHa;

(1v) [ JIoOKanbHO orpaHHYeHo UM AJis1 J0GOH HenpepLBHOM JHHeHHOH
¢opmbl 4 Ha F ynkuus w e f co snaveHnuamu B C rosomopgua;
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(v) f HerpepHIBHO 1 JIOKaJIbHO OTPaHUYECHO, H CYINECTBYeT TOTa/bHoe
MHOXKeCTBO [ B conpsikeHHOM OpocTpaHcTBe K F, Takoe, 9To u °© f rodlo-
Mopduo ans Bcex u € H.

Korpa E — KoHeunoMepHoe mMpOCTPAHCTBO (COOTB. KOTAa F — OGaHa-
XOBO MPOCTPAHCTBO), 3TH YCJAOBHS 3KBHBAICHTHR TaKxkKe YCJOBHAM
(iii"), (iv’) mau (v') (coots. (iv') uau (v’)), KOTOpble MOyYAlOTCH H3
yeaoBri (iii), (iv) mm (v) (cootn. (iv) uau (v)), ecau onycme Tpebo-
Baite, yToObl f ObLIO JIOKaJbHO OrPaHHYEHO.

3.3.2. Tlpexnonoxum, uto F KBasunonso. I[lycts U orkpeiTo B E ¥
(f,) — nocsenoBaTeNbHOCTL roJoMopgHBIX OoTOGpaxKenuit usz U B F,
ofnapaiouias CchAeIyoWUM CBONCTBOM:

(W) Kaxnas Touka u3 U o6s1ajjaeT OKpecTHOCTBIO, B KOTOpOH 1O
c/JejJoBaTeIbHocTh (f,) paBIIOMEPHO CXOAMTCS.

Torna npegen f nocaenoBarenbLHOCTH (f,) eCTh ronomopd)ﬂoe oTo0Opa-
JKelue, [0CJe10BaTe/blioCTb NPOH3BoAHbIX (Df,) (co 3HaueHmaMH B
KBasunoJHoM npocrpascrde € (E; F)) obaanaer coiictsoMm (W) u D
ecTb npejes nocaejgoBatensvHocTd (Df,).

3.3.3. Ilyers U otkpriTo B E U f — ronomopdroe otobpaxenne u3 U
B npocTpaucTro F, npeanosnaraemoe kpasunoanem. [lycts R = (R)) €

€ (R;)”, W TpeanoJoXuM, yto noauwap B (R) cogmepxurcs B U n
yto f orpanuueHo Ha B (R). Torga mas Beakoro o € N' u Beakoro
x=(x) € B(R)

1

1
A“f<0)(x)=05~- OSf(e(e,)xl, oy €(8) Xy) € (— By — ...

—a,0,)do, ... do,

(rze e (8) = exp 2mi0).
[lycTb JMONMO/MIIHTENBHO Y — HempephiBHas MogywopMa Ha F, u
nycte M ~— Bepxmas rpawb ugucea |f(x)|, ma {x;| = R, Hmeem

1A% F(0) (%) |y < M anist Besiworo x € B(Ryu || A® f (0) || v < MR™®. Ha-
KOHell, 06/1aCTh CXOAHMOCTH pa3foxKeHHsl B paAj QyHKuuu f B Touke 0
COJEPKUT BHYTPeHHOCTbL ToJjullapa B (R).

3.3.4. CoxpaHuM NpeAnosioKenus U3 3.3.3 H IPEANOI0KUM, KPOME TOTO, .
gro E; = C. Tlycts X, X%, — pasnoxenne B psig GyHKuuu f B O,
-~ .

Torga
1

1
= R[ oo [[e®) Ry, @) R)e(— o~ ..
0

0

.. — @ 0)d0y ... db,
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lealy < R™ sup fit () o
x€ B(R)

(repasencmsa Kowu). O6nacTo crporofi cxomumoctn paga > X%
21
COJePKUT BHYTPEHHOCTb mnoJuilapa B (R).

3.3.5. [Npeanonoxum, uto E KoHeynomepHo ¥ F kBasunosHo. [lycts
{ — ronomopgHoe orobpaxenue us £ B F. Toraas J (E; F) cywectBy-
€T OJUH H TOJbKO OAHH PAA f, ¢ GECKOHEYlbIM PajHyCcOM CXOAHMOCTH

(u1s Bcsikof HopMbl Ha E), Tako#i, 4uto f (x) = }, (x) a7 Besikoro x €
€ E.

3.3.6. Ecau f — Takoe rosomopgunoe otobpaxenue u3 E B F, uto } (E)
oeparuveno, To GYHKUHA f IOCTOSIHHA (meopema JIuysurs).

3.3.7. llpeanonaraem, uto E 5= 0. [lycth f — ronomopduoe otobpa-
:#eHUe OTKphiToro B E noamuoxectBa U B F. [lycTb a — Touka u3 U
U Y — HempepbiBHAst NosiyHopMa Ha F. [yt BCSIKOH OKPeCTHOCTH V Toy-
KB a, cojepxauwefica 8 U, cylecTbyeT Takas Todka x € V, x % aq,

4qTo
1 @y < IF ()]s

Ecau pononuntensho F = C u ecaiu f He NOCTOAHHO B OKPECTHOCTH
TOukH a, To | f (a) | << sup |/ (x)| u oroGpaxenue f omkpewno B He-
x€V xzfa

KOTOpOR OKpecTHOCTH TOYKH a. Hakowen, nyctb B — oTKpblToe 0OA-

MIMUCTBO C 3aMLIKaHdem, copepxawmumcs B U, v nycrb B’ — ero
rpannus, Torga

sup |f (%) = sup |f (x)]
xgB

x€EB

(npunyun marxcumyma)y.

3.3.8. Ilpeanooxum, uto E xoHeuHomepho. [TycTb MHOXKecTBO U OT-:
KpbiTO B E, S — BeKTOpHOE NMOANPOCTPAHCTBO B E KopasmepHOCTH > 2
u [ — ronomopgHoe orobpaxenne us U () (E— 8) B F. Torpa f

NPOJOMKAETCS 110 HENPEePLIBHOCTH [0 TFOJOMOP(HHOro OTOOparkeHHs
MHOXecTBa U B F.

3.3.9. lpeanonoxuM, 910 £=C, u myctb 0L A<<p < + oo,
[lycts f — rosiomopdroe oTo6GpakeHue OTKPHLITOTO MHOXkeCTBa U =
={2€eC|A<]|z|<p} B F. CyiecTByer OHO H TOJbKO OJHO Ta-
Koe ceMefcTBO (@, (f))necz 371eMeHTOB U3 F, 4TO J/isl BCAKOrO KOMIIAKTa
H B U cemefictBo (a, (f) 2")ncz paBHOMepHO cyMMHpYeMo, Korga 2z
npoGeraer H, u ero Cymma pasHa f (2) (pasaosiceriue Jlopana).

9 H, Byp6akn
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[Tpeanonoxun ponosuuTebliv, 910 A = 0, [lopsdkom ¢yuknuy |}

B TOuKe x¥ == ( Ha3bIBAeTCA HUXKHSS FPaHb (KOHEUHAs! WK GeCKoHeuHas)

- MHOXKECTBA TAaKHX UEJbIX uHcesa n, 4To a, (f) #= 0. Ecau cyuwectsyer
Takas oKpecTHocTb V 1ouku 0, uto f orpanugena B V — {0}, To f umeer

nopsajok > 0 B Touke x=0 1 IPOAO/MKACTCS N0 HENPEPHBHOCTH [0 TOJO-

MOpHOH (QYHKIMH Ha OTKPHITOM MHOXeCTBe |z | << p. [TycTb p — ue-

Joe ynuesno > 0; ecad [ umeer nopsRok —p B Touke x = 0, roBopAT,

yto 0 ecTs nostoc nopadka p GyHRuMY f.-

3.3.10. Tlpepnonoxum, 910 E = C 1 uto F HopmupoBano. [TycTh f —

TaKoe TOJOMOPGHOE OTOOpaXKeHHe OTKPHLITOrO ELMHHYHOro Jucka U

apoctpancta £ B F, uto f (0) = 0, u aycte M = sup | (2) |. Torna
WU

f@] < M.|z| ana scaroro z € U (remna sapya).

3.4. Bewecmgenrno-anarnmuuecxue pyrKyuu

Npeanonoxnm, uto K =R.

3.4.1. [lycts U orkpeito B E # f — oTtoGpaxenue us U B F, npeuncJa-
raeMoe KBA3UTOJIHBIM,

Cresywoouiie yCJAOBHS SKBUBAJEHTHBL

(i) f aHanuTHYHO;

(iiy / npunagnexut kaaccy C* u i Kaxporo a € U cyluecTByior
TaKHe OKPeCTHOCTb V, TOUKH @ M BelleCcTBeHHoe uncao M, 4to A
BCAAKON HenpepoiBHOR Ha F MONYHOPMBE Y CyLieCTBYeT Takas KOHCTAH-
ta Ay, 4TO.

IAY [ (x) s < ApM™ nas sesikoro x € V, u Beskoro o € N°,

3.4.2. Ilycts U oTkpuito B E 1 f — oToGpakenue n3 U B F. Ecan F
KBA3HMIIOJIHO U eCJIH COMpsiKeHHOe K HeMy MpOCTPaHCTBO F' eCcTb npocT-
paHcTBO Bapa, TO f aHANHMTHYAHO TOrfa M TOABLKO TOrja, Korpa u e f
aHaJUW THYHO A9 BCAKoro u € F7,



§ 4. AdHaantHueckue (yHKUMH
(yabTpameTpUueckHil cay4aii)

B stom naparpade npennosiaraercs, yto aGcosioTHOE 3HaueHue nosst K
yasmpamempuueckoe. Yepes (E,)1<;<n 0603HAUAGTCS KOHeuHoe ceMei-
CTBO HOPMUPOBAHHLIX N1POCTpANCTB Hag K U uepes E — NpoM3BeJeHHE
npocTpanctB E;, HajeneHuoe HOpMOH

x| = sup | x|, ecin x = (x,).

Uepes F o6GosHauaercsi omdeaumoe 110JHHOPMUPOBAHHOE NPOCTPAHCTBO
Hag K.

4.1. Cxo0sausuecs paodst

4.1.1. Mycts f = 3 fo — dopManbhbiii psg, npmxazx,ﬂemamuﬁﬁ (Eyy o

o
oy Eyy F) (cM. npusioxenue), Ecam y — HenpepriBHas nosyHOpMa Ha
F u R = (R,) — cucrema u3 n BellecTBeHHbIX yHcea >0, moJaraem

1l = sup Vfaly R .

Oupenenennn 1 pesyabratsl U3 n° 3.1.1 (Bropoit a6san) u us n° 3.1.2
MCHIONL3YIOTC s Ged N3Menelnil; Mbl onpenenseM, B YaCTHOCTH, NPOCTPAH-
cTBa

%R(Eh ey Etz;F) 1 %(Ely seey EmF)

" ”~
4.1.2. Kanonnueckuit usomoppusm j us P (E;F)na P(Ey, ..., E; F)
ofnpejiessieT [OCPEACTBOM  OrpPaHMYeHHs] M30MOP(U3M  TOMOJOTHYe-
CKHX BeKTOpHbIX nHpoctpauctB u3 Hr (E; F) wa Hir. .. r(E,
*

vovy Eg F) ans Besikoro R € Ry; OH J0CTaBAsieT TaKXKe H30MOp-
¢usm us J (E; F) wa J(E,, ..., E,; F). Bonee Toyno, ecau f=

=2 f, €P(E;F) n ecan j (f) = X\ fa, TO AMS BCAKOH HETpepbiB-
m o
HO# TNOJYHOPMbI y Ha F BBIOJHAIOTCS paBeHCTBA

Uy = sup_ Dby

Iflvr = i () Iz ..., -
2‘
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4.1.3. [lycts | = D))o — snement uz ¥ (E,, ..., E,; F); nycts 1 (f) —
24

® 1] - [
MHO3KeCTBO TakHx R € (R4)", 4TO Ans BCAKOI HempepbiBHOMH 0O/IYHOP-
Mbl y Ha F npoussesenie | fo b R® cTpemuTes K, Hy/mo, korjda | a | cTpe-
MuTCA K GeckoneunocTd. MuosxkecTBo / (f) ‘HEYCTO, OHO Ha3LIBAETCSH
unOukampucoli cmpozoil cxodumocmy psifa f. Muoxecrso Q (f) Touek

(log Ry, ..., log R)) nnmn RE/ ()

eCTb GbinyKa0e MIIOXKecTBO B R".

Korga n = 1, MHOXECTBO I(f) ecTb “HTepBan B R, OTKDHITHIH
CJ1eBA U OTK[BITHII MY 3aMKHYTHIH CIpaBa; ero BepxHss rpaib (KOHeu-
Has U4 pasHas -Foo) of03Hadaercs uepes p (f) u nasmiBaercs paduy-
com cmpoeoti cxodumocmu psana f.

B o6osnauenunax u3 4.1.2 umeeM R € ] (f) Toraa u TOJLKO Torpa,

Korja -
(R, ..., Rye (.

MHoxecTBO TOYEK X = (x;), AJA KOTOPHIX cyiiecTByeT R = (R;) €
€El(NHc)x) <R mpu | i< n, HasbIBaeTCs 06aacmbl0  CMPoOLi
cxodumocmu pana f u oGosHauaercsi uepes C (f). DTO OTKPHITOE MHO-
KecTBO B E, siBAdomeecs oObeHHEHHEeM NOJHIIAPOB

BRYy={x€E||x|< R ns 1 i gn}
npu R € I (f).

4.1.4. Pesy.anam us 3.1.7 u 3.1.8 ocraiotcsa B cujle, eCli 3aMEHHTh
Beiony C (f) Ha C (f) n Hr Ha Hr.

4.1.5. Ilycty F,, ..., F,, — 0OJHble HOPMHPOBAHHBIE MPOCTPAHCTBA,
U [peAnooxuM, uto F kBasunodano. [lycts f = (fhicicm, TRE [; €
€ H(Eyy oy Ens F) m ge H(Fyy ..., Fps F) TAKOBBI, 4TO TOYKA
(f, Oisism us E IPHHAAEHKHUT oénacm CTPOTof CXOAUMOCTH pPsifia g.
Torga ans Bcakoro a € N QopManbHBifi pan g, © | OpUHapIexKuT
H(Ey, ..., E;; F), n ceMeliCTBO 3/71eMeHTOB g, ¢ f cymmupyemo B
H (Ey, v..y Eq; F) (cTano 6uith, a fortiori B P (Ey, ..., E,; F)). Erocym-
Ma OyjeT o603Hauarbcs uepes g © f. "

Tounee, cyiectBylor Takue R € n I (fp w R €1(g), vuro

sup 1fia ]l R* << Ri (a1 i m). IMpu 3Tux yc/ioBusx Gopmaib-

HbIH P gaof npunasgexul j(’R (Ey, ...y E,; F), u cemeficTBO
DJIEMEHTOB gy of cymmupyemo B Hr (Eq, ..., En; F). Hakonewn, ecan
x€B(R), 10 () = (f,(x)) npunapaexnr C (g)

g () =(goh)(x)
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[IpeanosioxuM ZOMOJHUTENBHO, YTO [JIf KAXKAOTO [ CyLIeCTBYeT
TaKoe CeMeficTRO (¢}) 3/1eMeHTOoB U3 E;, 4To BCAKHI 3/1eMeHT X u3 E; ecTb

cymma TAKOro CyMMHpYeMoro cemefictsa (A,¢}) (rae A; € K), uto | x| =
sup | A;|. Torna B npexbiayuieM a63ane MOXKHO 3aMEHHTb YC/IOBUE

Sup H fial R* < R; yenoue | f; | g < Ri.

4.1.6. llpennonoxum, 4to E; == K s 1 £ i < n. TlpoctpancTso

P (K"; F) 0TOx1eCTB/ISIETCS! TOTAA C NPOCTPANCTBOM (popmanbnblx pI0B
OT 71 HeusBecTHHX Xy, ..., X, ¢ Koauuuenramu B F, U asiemeHT [ U3

P (K"; F) sauucbiBaercst B Buje
= 2 Xaca C Cqy E F.
o

Ecau R € (RL)" n ecan y — menpepsisnas noiyHopMma Ha F, To
1fly.r = sup [ Caly. R™.

| Tocaennuit absan u3 3.1.10 ocTaeTcs cnpaBeasuBLIM, PABHO Kak M
3.1.1L.

4.1.7. Tlpennonoxum, uTo K — 3aMKHYTOe NORNOJIE MOJHOFO HOPMHPO-
BAHHOTO [OJs L (KOTOpOE TOrja TakkKe SIB/ISeTCS YJ/bTDPaMETPUUECKHM).
Hnsa y € E; QxL nonoxum

lyll = inf (sgpl a | | xe D,

e HHXKHSs TpaHb GepeTcs Mo BCeM TaKHM KOHEeUHBIM CeMeHcTBaMm map
(X0, @) € E; X L, uto y = 2 X, @ ag. Nonyuaem, Takum obpasoM,

HOpPMY Ha BeKTOpHOM L- npOCTpaHCTBe E;, @k L, goTopasi uiigynupyer
Ha E; nanHyio HOpMYy. erea Ef o603nagnyM NOMO/HEHHE [pOCTpaH-
cTBa E Qx L mo sToil HopwMe.

nyCTb Tenepb ' — nOJHOE OTACNNMOE BeKTOpHOe L-0pOCTpaHCTRO.
Jlaisi BCAKOrO OAHOPOILHOTO MYJ/BTHCTENEHH o HelnpephiBHOrO K-MHO-
rouncHa fo Ha E; X ... X E, cO 3HaUCHHAIMH B MOJHUHOPMUPOBAHHOM
BEKTOPHOM K-lpOCTPaHCTBe Fg, JexalieM Huxke npocTpaHcrea F, cy-

IECTBYeT OIWH H TOJIbKO OJMH HellpepbiBHbI L-MHOIOUMEH fq, 0O1HOpOI-

o o o L
Hpli TOH »Ke MyJbTHCTeNeHH, onpejeseHHbii Ha Ey X ... X E,f;
M CO 3HA4YeHHsAMY B F, KOTODBI nponoyKaeT f,. las BCsako#l Henpepwis-
HOH TOJIYHOPMbI Ha BEKTOpHOM L-nmpocTpanctse F cHpaBeiInBO pa-
BEHCTBO

1 Falo = by«
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EC'HHf:;fCZE %(Elv vy En’FK)’TOf=§Ifa€%(ElLs see

L s o

o Eny F). Pagei f u [ uMeloT O0AMHAKOBYIO HHAMKATPHCY CTPOTOH

CXOAUMOCTH (M Jaxe OAMHAKOBBI DajuyC CTPOTOH CXOAMMOCTH, €C]U
n = 1),

OGpaTno, nycts L — 3aMKHYTOe HelHCKperHoe mojanone B K, W

nycts E{ u Fi — mpoctpasctsa map L, nodyuwemmte u3 E, u F

Cy’KeHueM ToJis cKajspoB, Ecm f = 2 fa € H(Ey ..., Eg; F),
fu€ Po(ES, ..., En; F%; ecan nonoxuth [0 = 2 f.€ P (E,

vy EN; FY, 10 f'€ H(EY, ..., En; FO). Torzla CHCE")u
f (x) = f° (x) mas Beskoro x € C (f).

4.2. Anasrumuaveckue (hyrHruyun

4.2.1. OHPGILEJ'IEHI/IH u pesyapTatel u3 3.2.1 u 3.2.2 ocraiorcs B cuae
6e3 H3MeHeHH . .

4.2.2. B obo3nauenusx u3 3.2.2 MHAMKaATpHca CTPOro#l CXOAMMOCTH
pasnoxenus B crenenof pag pyrkuuu A% B Toure a us U cozmeput
MHJHKaTPUCY CTPOrofl CXOAMMOCTH Pa3J/ioKeHHs B CTeNneHHOH psj pyHK-
14 f B Touke a.

4.2.3. Pesyabrath u3 3.2.4, 3.2.5, 3.2.7, 3.2.8 u 3.2.11 ocraiorcs B cu-
qe. Pesyabratht M3 3.2.6 — Takxe npH JAOHOJHHTENLHOM YCJOBHH
pasencmsa Hyato xapaxmepucmuxy noas K.

4.2.4. TlpesnonoxkuM, 49T0 F KBasHIOOJHO, H nyéTb fe H(E,

, Ep; F). @yHRuus x — f (x) anaantvusa B C (f). las Bcsiroro a €
€ C (f) uraMKaTpHCca CXOAUMOCTH Pa3/IOKeHHs B CTeNeHHO! psl QyHK-
uMM f B TOYKE @ PaBHA MHAMKATPHCe CXOZMMOCTH psaza f.

4.3. Hexomopeie HepaseHcmea

4.3.1. Ilpexnonaraercs, uto K yAoBJeTBOpsieT O KpaiiHeH Mepe ORHOMY
M3 CJAEIYIOUUX YCA0BHM:

(a) mosie KaccoB BLIYETOB N0Ms1 K GECKOHEUHO;

(b) o6pas nosis K npu otoGpaxenun a — | a| naoren B Ry. (Ipy-
FHMH CJIOBAMH, MpeAnosaraercsi, uto K He A0KAABHO KOMNAKMHO.)

Nycrs f= D fu€ H(Ey ..., E;F), u nycts R €1 (f). Vmeem

by V) ly= sup sup 1o () v
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JJ11 BCAIKOH HempepblBHOH MOJYHOPMbL y Ha F (nepasencmea Kowiu).

4.3.2. CymecTByer Takas KoHCTauTa @ > 0, 4TO JJisi BCAKOIO OLHOPOJ-
HOTO HenpepbiBHOrO MHOrowleHd fq € Py (Ey, ..., E,; F) u Bcakoro
R € (R})" BHINOMHSETCS HEpAaBEHCTBO

a“R* |t [|faly < sup [ fa(®)ly < lfoly R*
x€B(R)

AN BCAKOH HempephiBHO! nosysopMet y Ha F. Ecan K ynposnerBops-
et ycaopuio (b) uz 4.3.1 wim ecau obpa3 npocTpaHcTBa E; OTHOCH-
TeJIbHO OTOGpaXkeHHs1 x ~» || x | comepxuTcst B oOpase noJs K OTHOCH-

TeJIbHO oToGpaxeHust a +» | a |u copepxut R, (ans 1 < i < n), To MOXKHO
B3ATb a = |,

4.3.3. Ecim K HMeeT XapakTepHCTHRY HyJb, TO (opManbubiii paa
f= D\ fo npunapnexur FH (E,, ..., E,; F) Torna u TONbKO Torja,
~ o
Korja cymecTByer Takoii R € (Ri)", uro

sup sup [fo (%) y <+ o0

a  x€B(R)

AJA BCAKOH HenpephiBHOM MOJYHOpMBl p Ha F.
3



§ 5. MHoroo0pa3us

8.1. Kapmot u amaaco:. Muozoo6pa3sus

o.1.1. Ilyers X — munoxkectBo. Kapmofi #a X HaseiBaetcst Tpoiika
c= (U, ¢, E), rge U — noamnoxectso B X, E — 6aHax0BO NpOCTpaH-
CTBO H ¢ — Ouexuns us U/ Ha OTkpbIToe noAMHOXKecTBo B E. oBopHrT,
yto U ecTb 06aacme onpedesenus KapTol ¢. Ecan E umeer xoueunyto

pasMepHOCTb 7, TOBOPAT, Y4TO ¢ MMeeT pa3MepHOCTb n. B npotuBiom
cnyyac nonaraem dim ¢ = - oco. .

5.1.2. Toopsit, ut0 ABe KapThic = (U, ¢, Eyuc' = (U', ¢', E'Yna X
C’-cornacoBalbl (WIH POCTO COMIACOBAHBI, €CJH HE MOXKET GbiTh HESIC-
HOCTH OTHOCHTEJNBbHO 7), KOTAa BLINONHSIOTCS CJEAyIolHe YCJAOBHS:
(@ ¢ U N U (cootB. ¢" (U ) U") otkpbito B E (cootB. E’);
(b) otobpaxenue @o @' (cOOTB. ¢’ o) u3 ¢ (U () U') wa
U NU) (cootB. u3 U NU)na ¢ U () U") npunagnexur
kaaccy C° (em. 2.3.1, 3.2.1 u 4.2.1).

5,1.3. C'-atnacom (MM NPOCTO AaT/acoM) MHOXKecTBa X HasbiBaeTcs

MHOXKECTBO NonapHo C'-corsacoBanubix KapT na X, oOvenunente 06-
JacTeli onipesieieHn st KOTOpbIX ecTb Bee X. [IBa atnaca A U % MHOXKe-

ctBa X HaspiBawTca C'-5KBHUBANEHTHBIMH, eciu A |] B Apasiercs ar-

Jacom. Otxolenne C'-3KBUBANEHTHOCTH MEXJYy aTJacaMH ecTb OTHO-
ILIEHHE 3KBUBAJIEHTHOCTH.

5.1.4. Tlyctb © — MHOXKecTBO GaHAaXOBbIX MPOCTPaHCTB. [0BOPAT, 4TO
arnac A umeer mun &, ecan E € & ana sesaroit kaptol ¢ = (U, ¢, E)
13 A . AHanornuneiM 06pasom, TOBODST, 4TO atiac A HMEET 2uabbeprnios
mun (COOTB. euasbepmios8 mun cuemuoil pasmeprocmu), ecan E ecTs
ru/bGEPTOBO NPOCTPAHCTBO (COOTB, CYETHOMEPHOE TH/AbOepTOBO NpPO-
CTPaHCTBO) AJa Besikoi KapTel (U, ¢, E) u3 A,

5.1.5. K-muozoobpasuem kaacca C' (umu MuorooGpasuem kaacca C”
Haa K, WAH [pocTo MHOrooGpasveM, KOTAa He MOXeT ObiTb HesICHOCTH
OTHOCHTeJNbHO K H r) HasbIBAaeTCsl MHOXKeCTBO X, Haje/eHHoe KJacCoM
skBUBAJeHTHOCTH atyacos (Teop. mrox., ta. ll, § 6, n° 9) ornocu-

TeJIbHO OTHOIUEHH A ('’ -3KkBUBAJIEHTHOCTH. ATJIAC 5TOTO KJACCa Ha3blBAET-
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cs atTsaacoM MHoroob6pasua X. Kapra, npuHaaiexamas ariacy MHOIO-
obpasus X, nasplBaetcs Kaptoil Ha MuorooGpasun X. Kaprta wma X,
o6aacTb onpenesieHus KOTOPOH COJEPXKUT TOuKy a € X, nasbiBaercs
kapmoil va X 6 a. Kapra, yewmpuposannaa 6 a, ecTb Takas KapTa
(U, ¢, EyYna X B a, uto ¢ (a) = 0.

Ecau X — mHoxecTBo v A — aT/1ac MHoXecTBa X, TO MHOXKECTBO X,
Hale/IeHHOe  KJ4acCcoM  9KBUBAJIEHTHOCTH, Cojepykaium A, HasbiBa-
eTc MHOrooGpasuem, OnpeieseliHbiM aTaacoMm A

Ecii r == o (cTano 6uitb, K = R), muorooGpasue knacca C' uHoT-
na HasbiBaetca Jugipepenyupyemon mroeoobpasuem. MuorooGpasue
knacca C® HA3bIBACTCSI TAKKE AHAAUMUYECKUM MHo2000pasuem Haj K
(nm K-anaaumuueckum mporoobpasuem). Ecam k Tomy xe K =R
(cootn. C, Q,), TOBOPAT TAKXKE O BEUYECMBEHHO-QHAAUMUYECKOM (COOTB.
KOMINCKCHO-QHAAUMUYECKOM, QHAAUMUYECKOM DP-a0udeckom) MHOTOO0-
pasuy. '

5.1.6. [lyctb X — wmuoroo6pasue. [loamuoxkectsa B X, ABAsouMecs
o6beHeRu AMY 061acTell onpeaeaelta KapT Ha X, o6pa3ytoT ceMeficTBo
OTKPBITHIX MIIGXKECTB B TOIOJAOTHH, NP0 KOTOPYIO TOBOPSIT, Y4TO OHA Jie-
KUT HUXKe CTPYKTYpbt MHOTOOGpasust Ha X.ILaa Beskoll kapTel ¢ =
= (U, ¢, E) na X oto6paxciine ¢ ectb 20#eoMOpphu3m OTKPLITOTY MHO-
®ecTBa U/, uanejelHoro HHJAYLHPOBAHHON H3 X TONO/OTHeH, Ha OTKPHI-
toe B E noamuoxectso ¢ (U).

TonoJsornyeckoe NPOCTPANCTBO, Jexallee Hixke X, ecTb npocmpan-
cmso Bapa. Korna K pasro R wau C, o110 JIOKaAbHO CBA3HO.

[lycts X — wmuorooGpasue u A — aTaac MHoroofpasus X. Jlus
TOro, 4ToObl TOMOJIOrHYECKoe NpocTpaiicTBo X OBbLIO 0mdesumo, HeoO-
XOAMMO I JOCTaTOYHO, YTOOBI BHIIOJIAIOCH CJAEAyioulee yCJOBUE : Ka-
KoBbl Obl 1y Obliv Kaptsl (U, @, E) u (V, ¢, F), npunagnexauine
ataacy A, rpabruk otobpaxenus Yo u3 ¢ U N V) B ¢ (U nv
samrnym 8 ¢ (U) X ¢ (V).

[Tyets X — MHOrooGpasye; npeanodioxuM, 4TO TONOJIOTHYECKOE NPO-
ctpanctBo X peeyasapro. Torga ana Besiko#l Toukn a € X cyliectsyer
kapra (U, ¢, E) va X B a, obaanawomas cjlelyiomuamM cBOHCTBOM: A5
TOTO 4TOOH NOAMHOXKeCTBO Y B U Obl10 3amkHymo B X, HEOOGXOIUMO H
AOCTaTOYHO, 4To0K! €ro o6pas ¢ (Y) 6uin samknym B E. Ecay npocTpan-
cTBO X NapakoOMNakTHO, Ha X CYUIECTBYeT PaccTOsHHe, COTJIACOBAH-

Hoe ¢ Tonosorvedt 8 X u npespamawouiee X B NOJHOE MeTpUUECKoe
MpPOCTPAHCTBO.

5.1.7. Tlycte S— MHOXkecTBO 6GaHaXOBHLIX NPOCTpaHcTB. [0BOPAT, 4TO
HeKoTopoe Mroroo6pasne HMmeeT mun S (COOTB. euavbepmos mun,
COOTB. 2uabbepmos mun cuemHoud pasmepHocmu), eCau OHo ob.anaer
aTnacoM tTHna S (COOTB. rHJb6EpPTOBA THOA, COOTB. THILGEPTOBA THNA
cqeTHoil pasmepHocTy). Ecam & cBoanTCs K eanHCTBElHOMY yileMenty E,
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s

MHOrooGpasve Ttuna © HasbiBaeTCs Takxke 4ucmbim MHOTOOGpasneM
tuna E.

Yucmem muo2o00pasuem pasmepHrocmil n HA3BIBAETCA YUCTOE MHOTO-
obpasue Tuna K. Fosopm qTo MHorooﬁpasue AOKAADHO KOHEUHOMED-
#o, ecan ono umeer tun &, rae & = (K"; n € N}.

5.1.8. Ilycts X — MHoroo6pasuie v x € X. PasmepHocTb (KOHedHas
HJIYM paBHasi--oo) KapTel Ha X B x 3aBHCHT JHIUb OT x. OHa Ha3wiBaerTcs
pasmeprocmoio mHo2006pasus X 6 x v obo3nauaerca uvepes dim, X.
Pasmeprocmero MHOTOOGpasus X, o6osnagaemoii uepes dim X, nasniBaer-
¢ BepxHsis rpanb uucesa dim, X gna x € X.

®ynkuua x — dim, X JokaqpHO nocTOSAHHA. MHorooGpasue X
JIOKAJIbHO KOHEYHOMEPHO (COOTB. YHCTO H HMeeT pasMepHOCTb n) Toraa
¥ TosbKo Torpa, korpa dim, X << 4+ oo (cootB. dim, X = n) aas
BcsAkoro x € X.

5.1.9. llpeanonoxum, uto K JOKAJIbHO KOMOAKTHO, ToToJjordyecKoe
MPOCTPAHCTBO, Jexallee HHXKe JOKaJbHO KOHEYHOMEPHOro MHOT00G-
pasusa, JIOKaJbHO KOMNAKTHO TOTA4 H TOJbKO TOTA4, KOTAd OHO OThe-
JIIMO,

5.1.10. IMycts X — muorooGpasue, u nycts E, ..., £' — orobpa-
skeHust mHoxectBa U,  nexawero B X, B K. [oBopsat, u¥10 § =

= (&, ..., &) ectb cucmema koopdunam wa X B U, ecan Tpoiika
U, & K) eCcTb KapTa Ha X; 3Ta KapTa 0003HauaeTcs TakxkKe uepes
U; ® nm U; &, t"). Ecoin a €U, rosopsT -Takke, 4to §
€CTb cucmema rcoop@unam Ha X 6 a; eciH, KpoMe TOTO, g" (@ =0

ans i=1, 2, ..., n, TO roBopsT, 4TO CHCTEMa KOOpAYHAT & yenm-
puposana B a.

5.2, Mpumepor mro2000pa3unii

5.2.1. Ilyctb X — MHOXKecTBO; Ha X CYyUIeCTBYeT eIHHCTBEHHAsH CTPYK-
Typa MHOTO06pa3us, A1 KOTOPOH HiXKesexkaliee TONoJOrHIECKOe npo-
CTPAHCTBO JHCKDPETHO; 3Ta CTPYKTYPa €CTb CTPYKTypa UHCTOTO MHOTO-
o6pasua pasmepHoctH 0.

5.2.2. Ilycts E — Ganaxoso mnpocTpatctso. Tpoiika ¢ = (E, 1dg, E)
eCTb KapTa Ha E, u A = {c) ects atnac muoxectsa E. Crano GuiTs,
nocnepHuit onpenenser na E cTpykTypy unctoro muorooGpasus tuna E
HHKeJlexalllas TonoJMoTus ecTb AdaHuas tononorus Ha E. Korxa B gane
HefimeM OyeT TOBOPUTLCS O CTPYKType MHOrooGpasus Ha E, 3To Bceraa
OyJleT OTHOCHTBbCH K NpPEAbAYIIEH CTPYKType.

B 44acTHOCTH, 3TO NPUJIOKHMO KO BCSAKOMY KOHEYHOMEDHOMY BCK-
TOPHOMY NPOCTpalCTBY Haj K, najgenenHoMy eaHHCTBEHHO! OTAENHMOH

i
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TOTIOJIOTHEH, COTJIaCOBAHHOM C BEKTOPHOH " CTPYKTYpo#l (7Ton. sekm.
np., tn. 1, § 2, n° 3).

.2.3. Tlyetb X — mHorooGpasue u U — omkpeunoe NOAMHOMKECTBO

X. Ha U cymecTtByer cTpykTypa MHOrooGpasus, KapThl KOTOPOH CyTh
KapTsl Ha MHOTO0Opasuyl X, ¢ obnacTblo onpenesenius, CopepKallencs
B U. Ilpo 3Ty cTpYKTypy rOBOpSAT, UTO OHa uKOYyyuposara CTPyKTypoit
MHOrooGpasus X (cM. n° 5.3.4); HagenenHoe sTol cTpykTypoii U Hasbi-
BAETCS OMKpsUmbiM nHOOMHOc000pasuem B X,

B yacTHOCTH, BCAKOE OTKDbLITOE NOAMHOKECTBO GaHaXoBa MPOCTpaH-
cTBa E HajeNeHO KaHOHHYECKOH CTPYKTYPOH YHCTOr0 MHOrooGpasus
rana E. [lycts X — mHOrooGpasue; ans Toro urobut Tpoiika (U, ¢, E) -
Oblia KapToit Ha X, 11e06X0AMMO M JOCTATOYHO, uTobul {/ GBbUIO OT-
KpHITo B X 9 ¢ ObIO H30MOp$hH3MOM OTKPbITore B X MHoroo6pasus U
Ha OTKpHITOEe NoAMHOroo6pasue B E.

5.2.4. Tlycts X — MHOXKecTBO U (X,);er — NOKPBITHE MHOMXKeCTBa X
IpeanonoxuM, uTo na Kaxaom X, 3ajaHa Takasi CTPYKTypda MHOroob-
pAa3sus, UTO BBINOJIEHO CEIYIOIIEE yCAOBHE:

KakoBbt Obt 111 GblTH § 4 § H3 [, MHOXKecTBO X; [| X; oTKpHTO B X; u
B X; 1 CTpYKTYypbl MHOroo6pasuii Ha X; (| X;, HHAIyUHPOBaHHBIE COOT-
BETCTBYIOIMMH CTPYKTypamu Ha X, u X, COBNAfaIoT.

Torma Ha X cyuiecTByeT OfHa U TOJAbKO OfHA TaKkas CTPYKTypa
MHOroo6pasuf, uto X, ecTb OTKDLITOE NogMuoroobpasie B X IJ1a Kaxk-
Joro [ u3 I. T'oBopar, uto MHOrooOpasne X MOJNYUYEHO CKAEUBAHUEM
muoroobpasuii X,.

5.2.5. Tlycts X — mnuoroo6pasue. MuoxectBo X, Takux Touek x u3 X,
uyro dim, X = n (n — venoe unucao >0), ecTb OTKPHITOE NOAMHOIO-
obpasue B X, KOTOpOE YHCTO H UMeEET Pa3MepHOCTD /2.

5.2.6. [lycts E — Ganaxoso npoctpaHcTBo. MuoxkectBo G (E) BeKTop-
HbIX MOANPOCTPAHCTB B £, HONYCKAOUHX TONOJOrHYECKOe OOMOJIHE-
1I1€, MOXKHO ‘C/eAylouiM o0pa3oM HaJeJUTb CTPYKTYPOH aHaiuTHye-
CKOro Muoroo0pasus: Aasa Beskolt napm (F,, Gg) €G (E) X G (E), Ta-
KO#, uyt0 E == F) @ U,, uepe3 Ug, 0603HAYAETCHA MHOXKECTBO TeX F €
€ G( ), KOTOpble Jonyckalor G, B KauecTBe jonogHenus. Onpegenum
buekuno ¢r,q "3 Ug, Ha 6aHaxoso npoctpauctso £ (Fy; Gy)
nyTem conocTasnenus BcAkomy F € Ug, otobpaxenuss u3 Fy B G,
rpadiK KOTOPOro ecTh NOANPOCTPAHCTBO FBE= =F, X Gy. Kapthi (UG
PFo.Gor £ (Fo; Gy)) oBpasyior atnac muoxectsa G (E). Haneneﬂuoe
CTPYKTYPO# MHOroobpasus, onpelensemoil aTum amacoM, G (E) Hasw-
BAETCA 2paccManosoim MHo2006pasuem npoctpancrsa E.
Tononoruyeckoe npocrpancteo G (E) wmertpusyemo. Ecam K
JIOKaNbHO KOMNAakTHO # E KoHewHomepuno, To G (E) KoMmmakTHo.
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Ins Besxoro nedoro uuena n 2> 0 muoxkectso G, (E) (coots. G* (E))
snemenToB F u3 G (E) pasamepHoCcTd (COOTB. KOPa3MEPHOCTH) 1 OTKPHITO
1 3aMKHYTO B G (E) 1 ABASETCH OTKPHITHIM YUCTHIM NOAMHOIOOGpa3ueM
B G (E). Ecnn K = R uau C, G, (E) cBA310 ANs BCSIKOIO 71,

Oto6paxkenne, conocrasasiouiee snementy F € G (E) ero opToro-
HaJIbHOE IoTI0J HeH e B conpsikeliHoM K E npocTpaHcTge £, ecTb MOphH3M
uz G (E) 8 G (E'), nupyunpyomuit usomopdusm uz G" (Ey na G, (E')
LJsl BCAKOTO 1€10r0 uucaa n. .

Ecin K = R uan € nau ecan E xoneunomepuo, 1o G, (E) ects 11
YTQ HHOE, KaK NPOeKMUGHOE NPOCMPAHCMBO, ONPEICAsieMoe MpoCTpat-
ctBoM E, KoTopoe, Takum 0Bpa3oM, HAAeasieTcss CTPYKTYPOH aHalUTH-
4CCKOI'0 MIOFoo6pasus.

5.3. dynxyuu kracca C' u mopghu3mer mHo20006pa3nii

5.3.1. [lycte X — muorooGpasue kaacca C', F — oTpe umMoe MOJH-
HOPMUPOBAHIOE IIPOCTPaHCTBO H [ — oToOpaxkenue u3 X B F. ['oBoparT,
yto [ npunaaaexur Kaacey C', ecau st seakon kaptot (V, ¢, E) ua

X oro6paxenne fo ¢~ uz ¢ (V) B F npuHaanexuT kaaccy C'. Ha ca-
MOM J€e/1€ IOCTaTOUlI0 BLINO/ HEIIH St TOrO YCJAOBU A 145 KapT OJIHOTO aT/ia-
ca Muoroo6pasus X. Mioxecetso oToGpamxenuit knacca C" us X B F
o0pa3yeT BEKTOPHOE MOANPOCTPAHCTBO B HPOCTPAHCTBE BCEX OTOGpa-
“wennii u3 X B F. Ouo oBo3nauaercs yepes 6 (X; F).

Korza F = K, noaaraem G'(X; K) = G'(X); s10 K-nopanrebpa
anreGpbl otobGpaxenuit us X b K. dnementsl us G (X) naswiBaoTcs
TaKKe MOPPUUECKUMU PYHKLUAMU.

Korza X ecTb oTkphiToe noaMHOKecTBO OaHaxoBa NPOCTPAHCTBA,

3Ta TepMHHOJIOTHS coTiacyeTcss ¢ Tepmuuosorwein n°n® 2.3.1, 3.2.1
u4.2.1, : .

5.3.2. Ilycts X n Y — pgBa mHOroo6pasus kaacca C', u nycts f —
otobpaxenune 13 X B Y. [oBopart, yto [ npuHagnexut kaaccy C', uwan
SIBIACTCS MOpPusMOM mHO2000pasutl (knacca C'), ecli OHO HenpepbiB-
HO ¥ ecau ans Besaxoil xkaptel (V, ¢, F) Ha Y orobpaxenue Yo f.
OTKPLITOrO MOAMHOFO00pa3us i (V) B Ganaxoso mnpoctpauctso F

npuuagnexut kaaccy C'. Ias 3toro goctatouno, 4tolbi CyHecTBOBaJ
Takoi aTnac A MHoroo6pasusa Y, uto gas Beako# kapTel (V, ¢, F) € A

-1
muoxkectso [ (V) oTkpuiTo B X ¥ uTo OTOGpakeHue P © f OTKPLITOro
B X nogMuoroo6pasus [~ (V) B F npunagnexut kaaccy C'. MuoxecTso

Mopdusmos u3 X B Y oBosnauaerca uepes G (X; Y). Koraa Y ects
6aHaxoBO OPOCTPAIICTBO, HAAETEHHOE KAHOHHYCCKOH CTP YKTYPOI MHOTO-
obpa3usi, onpefenenns B 5.3.1 u 5.3.2 cornacoanbl. OtoGpamxenue
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kiaacea C° HaspiBaercs Takke K-anaaumudeckum (MM npoCTO aHaTH-
THYECKHUM) 0moGpadceruem. Korna K = C, roBopsT Takxe 0 rosoMopod-
HOM OTOOpaKeHUH.

Mycts (U, @, E) — kapraua X u (V, ¢, F) — kapra Ha Y, Takue,
uto f (U) = V. Orobpaxenue $ofo ¢~ orkputoro B E noamuo-
:kectBa ¢ (U) B otkpuiToe B F nmoamuoxkectso P (V) HaswiBaeTcs nped-
cmagaeHuem otobpaxenns [ B AaHHBIX KapTax.

5.3.3. Tpennonoxum, uto X u Y xoueuHomepusl; nyctba € X, 0 €Y
uf — orobpaxenne us X B Y ¢f (@) = b. [Ipeanonoxum cHauana, uro f

npuHagnexut knaccy C, u paccMoTpuM cuctemsl koopausar (U; &, ...
v EnaXsau (V;n, ..., n°) Ha Y B b COOTBETCTBEHHO, TPHUEM
f(U) c V. Iyers § — 0T06pame}me (€ ..., &) u3 U B K". Cymectny-
10T Torna Takue pyuxuun 4’ knacca C” na otkpmtoM B K™ noAMHOXKe-

ctBe & (U) co 3naueHusiMu B K, UTO KOODAWHATH TOUKH Y == f (x)usY
(ana x u3 U) sapatorcs Gopmynamu

(1) N =d @, ..., aml<jgn,
9TO 3KBUBAJMENTHLIM 06PA30M 34MHCHIBAETCA B BHJIEC
2 Wof =u' (&, ..., & nﬂﬂ~l<i<n.

[oBopsaT, uTo mpeaviaymie ¢GOpPMyab OCYUIECTBAAIOT npedcmasienue
oToOpaxeuus [ B BLIODAHHBIX CHCTEMdX KOODAMIIAT.

OGpaTHo, cciiu A7a BCAKOH TOUKH @ U3 X MOXIIO HAUTH HEKOMOpYIo
CUCTEMY KOOPAHIIAT Ha X B a U HEKOMopYyto CUCTEMY KOopA#laT Ha
Y B b = f (a), yrosnersopsiollne NpeALIAyMIHM yCJAOBHAM, TO [ npu-
HaptewuT Kaaccy C'.

5.3.4. Mopdusmet MHOrooGpasuii yIOBJETBOPSIOT akcuomaMm u3 Teop.
muoxc., rn. 1V, § 2:

. a) Komnomunﬂ ABYX MOD(}H3MOB €cTb MOPhH3M.

b) Ias 7toro utobu! Gueknusg f = X — Y Ovina usomopdH3MOM,

HeoGXOMMMO ¢ AOCTA4TOUHO, uToGHt f 1 [~ Gbian Mopdm3Mamu.

5.3.5. [lpeanonoxum, uto r = . [lycTs X — MHorooGpasue u f, g —
ABa aHaNuTHyecKHX oTobpakeHnus u3 X B OTAeNNMOE NOJIHMHOPMHPOBAH-
o€ NPOCTPAHCTBO HAM B OmOeAUMoe aHANHTHUECKOE MHOroobpasue.
Mi10KeCTBO Touek, B HEKOTOPOH OKPECTHOCTH KOTOPHIX f M g COBMAJAIoT,
omKpeImo U 3amkHymo 8 X.

5.3.6. lpenrnonoxum, yto K = R u r & o, ['oBopsT, uTo MHOTrOOGpa-
sue X Jonyckaem pasbuenus eOunuyn kaacca C', ecnv sl BCAKOTO
JIOK4JbHO KOHEUHOTO OTKPBITOrO MOKpHITHS HpOCTpaHcTBa X Cyuie-
CTBYET HenpepuiBHoe pa3buenne eguuuub (Top. gén., chap. 1X, § 4,
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n° 3), moguuHEeHHOE 3TOMY NOKPHITHIO U 06pa3oBaniice QylKLUAAMH K1dc-
ca C'. _ '

ITycts E — 6anaxoBo npoCTPaHCTBO; PacCMOTPUM CJIeAyIOLIee CBOit-
CTBO:

(PU) Kaxoser 661 Hu Obau Henepecekaioujuecs 3amxuymoe NOOMHO-
acecmea A u B e E, cyujecmeyem maras gpynryua kaacca C" na E co 3na-
ueHuAMU 6 R, amof (x) = 002ax € A,f () =10aax € Bu0 L f (0 <
< 1 Oag searceo x € E.

Ecin & — MHOKeCTBO 6a1aX0BbIX MPOCTPAHCTB, 06/1aa10MHX CBOH-
creoMm (PU), To Besikoe napakoMmnakTHoe MHoroo6pasue tuna & nony-
CKaeT pasbueHus eluHuub Kaacca C.

Bcskoe KoHeunomepuoe npoCTPaHCTBO ¥ BCAKOE THAbOEpTOBO mpo-
CTPalCTBO CUETHOH pa3MeprocTd o6snamator cBoictBoM (PU).

5.3.7. TlpegnonoxkumM, uro K — yabTpameTpuucckoe mose. [Ilycts
X — napakomnakTtHoe MHoroobpasue. Ll BCAKOro OTKPHITOrO MOKPBI-
tia W npoctpancTsa X cyumecTsyeT pasbueryie 5TOro mpocTparcTsa Ha
OJHOBPEMEHHO OTKPBITBIE M 3aMKIIyThie NOAMHOXKCCTBA, MOAYHHENHOoe
nokpbitHio .

5.3.8. llpeanonoxum, uto K nmokanbuo kommakrio. [yete X u ¥V —
ABa YHCTHLIX MHOTOOOPasusl Koledloil pa3MepHocTH #u [ — mMopdusm
us X B Y. Eciw dim X < dim Y u ccaun tonosorust B X jouyckaer

CueTHbIH Ga3HMC OTKPHITHIX MHOMKECTB, T0 [ (X) ecThb moujee MIIOKECTBO
B Y. :

5.4. Xapaxmepu3zauyns MH02000pa3uil ux ny4xamu
PYHKyuiL

5.4.1. [Tycts X — Tonmonoruueckoe MPOCTPAHCTBO M Y — MHOXKECTBO.
[IpeanoaoxuM, uTo AJs KakAOrO OTKPHITOro noamiioxectsa U npo-
crpanctea X 3agaHo Mmuomectso £ (U) otobpaxenuit w3z U B Y.
Mui ckaxenm, uto cemeitetBo & = (&£ (U)} ecTb nyuok ghynkyuti co sHade-
Husamy ¢ Y, ecjiy OHO yJOBJIETBOpPSIeT CAELYIOMEMY YCIOBHIO:

Mycme (U))ic1 — Cemedicmeo ompoimotx NOOMHONCECME NPOCPAH-
cmea X, o6vedunenue komopeix ecmo U, u nycmo f — omobpadicenue u3
U 6 Y; 022 mozo umobor [ npunadaexcaro & (U), neobxodumo u docma-
mouno, umobbt flU; npunadaexncaro £ (U,) daa kaxdoeo i u3 1.

5.4.2. Tlyetb X u Y — paBa muorooOpasusa; s BCAKOrO OTKPHITOTO
noamuoxectsa U < X nycts & (U) — mHoxecTBo Mopdu3mos U3 U
BY; torna & ectb nyyoK ¢yHKuMil €O 3HAUYEHHSAMH B Y,

Korga Y = K, onpenenentslit TakuM 00pas3oM myyok 0603HauaeTcs
yepes C%.
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54.3. lyetb X — Tomosoruyeckoe NpOCTPaHCTBO B & — MHOKECTBO
VaHaXoBbiX npocTpaHcTB. s seakoro E € © nyerts & 4 — HeKoTOphli
nyuok ¢yukuufi Ha X co 3Hayenusmu B E. [Ipennonoxum, uto cemeii-
cTBO nyukoB &z ana E € © ynoBjeTBopaeT CleAyiOweMy YCI0BHIO:

Hns Beakoi TourM X € X CYWECTBYIOT Takue OTKPHTas OKpecT-
HOCTb U 3Tofi Touxu, npoctpancTtBo E, € & u roMeoMopduam ¢ u3 U Ha
OTKPBITO® MOIAMHOXECTBO B E,, 4TO 2151 BCAKOTO OTKPHITONO NOAMHOKE-
ctea V < U u seskoro E € © muoxectBo g (V) coctont H3 dytk-
wiit g o @, rae g npoberaer npoctpanctso G (¢ (V) E).

Torna na X cyuecTByeT 0fiHa ¢ TOILKO OJHA CTPYKTYpa MHOIroOGp a-
sus kjaacca G’ tTuna ©, cornacoBaHHas ¢ fgaHHoR Tonosoruelt Ha X,

wis kotopoil F £ ecTb nywoxr dyHkuuit kaacca C na X co 3HaueHH MY
B E,

]5.4.4. [Tycte X — Tonosornueckoe MPoCTPaHCTBO U F ~— nyuok GyHK-
unii co 3HaueHuAMH B K, yIOB/IETBOPSIOLHE CJeAyIOUEMY YCJIOBHIO:
0715 BeAKOM Touky x € X CyulecTByloT Takue 1esioe UHCA0 A, OTKDhi-
ras okpecTHocTs {/ Toukun x u romeomopdusm ¢ uz U Ha OTKPHITOe
1onMHOXecTBo B K", uTo a/a Beakoro oTkpwitoro V < U MHOXeCTBo
¥ (V) cocTouT u3 QyHKUHil g o ¢, [e g§ NpoBeraeT MHOKECTBO (yHK-
it knacca C ua otkpuitom B K" noamuoxectse ¢ (V).

Toraa ua X cyiecTByer ofHa ¥ TOJbKO OJIHA Takas CTPYKTypa Jo-
KalbHO KOHEUHOMEDPHOro MHorooGpasus, uto ¥ = (k.

5.4.5, Tlyets X u X’ — 1Ba JOKaNbHO KOHEUHOMEPHBIX MHOrooGpasus
ka1acca C" v [ — menpepuisHoe orobpaxkenne us X 8 X'. Ins Toro
uTo0bt f GEWIO MOphH3MOM, HeoGX0AHMO H AOCTATOYHO, UTOOH! A BCS-
Koro oTKpbIToro B X’ noamuoxectsa U’ u Besikoit pynkumny g6 (U’ K)
bynkuna gof npudamiexara 6 (UyK), e U= =,

8.5. Kacameasnsienpocmpancmsa, xacamenrsnore Lunelinste
:OMmoGpaxiceHus.

] 5.5.1. Tlycte X — muorooGpasue, u nycth a € -X. PaccMoTpum mapw
(c, h), rrec = (U, 9, E) — xapta Ha MHorooGpasuu X u rueh — sie-
MeHT u3 E. IlBe Takue napwl (¢, k) u (¢’, A’) HAa3LIBAIOTCA S5KBHBANECHT-
HBIMH, €C/IM TIPOM3BOAHAA B @ (a) oToGpaxeHust ¢ o ¢~  (KOTOpoe
ONpeJeneno B OKPECTHOCTH 3JjeMenTa ¢ (a)) npeobpasyer h B A’,
[Tonyuaem, Takum 06pa3oM, OTHOLUEHHE SKBUBATEHTHOCTH MEXKIY l1apa-
MH (¢, h), u xacamenvHom sexmopom & X 6 Mouke a@ Ha3biBaeTCA KJace
3KBUBaNeHTHHIX nap (¢, A) (Teop. muoxc., ra. 11, § 6, n° 9).

Kacaresbiible BeKTOpLl K X B TOUKE @ 06Pa3yIOT MHOKECTBO, 0603Ha-
uaemoe uepes T, (X). Ecan ¢ = (U, ¢, E) — Kapra na MmuorooGpasun
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X 8 a, oroOpaxenne 9, us £ B T,(X), crassiiiec B COOTBCTCTBHE
ssieMeHTy A u3 E kacaTenbHBIA BeKTOp, NpeLcTaBAseMbli napoh (¢, h),
-.ecTb Guekyus. Ecnu nepenectu #a T, (X) ¢ momomsio 9, crpykTypy

TONOJIOTHYECKOI0 BeKTopHoro K-npocTpaHcTsa E, ro nosyyaemas Ta-
K¥M 06pa3oM CTPYKTypa He 3aBHCHT oT BeiOopa ¢ u upeBpautaer T, (X)
8 6anaxoBO NPOCTPAHCTBO, HA3LIBAEMOE KACAMEALHHIM MPOCIMPAHCIMBOM
k X ¢ mouxe a. PasmepHoCTb (KOHeyHas ui -+ oo) npoctpadersa T, (X)
paBHa pa3sMepHOCTH MHorooOpasusa X B a.

5.5.2. Ilyers X, Y — aBa wmuorooGpasus, f — mopdusm us X B Y
ma— 1ouka B X. Paccmorpum kapty ¢ = (U, v, EYuma X Ba u
kapty ¢ = (V, {, Fy na Y 8 b, rae [ (U) <= V; orobpaxkenue M =
= pofoqg w3 ¢ (U) B F npunamnexut kaaccy C', H ern apous-
soauas D@ (¢ (a)) B Touke ¢ (a) eCTb HENpephLIBHOE JIHHEHNOE OTOo-
Opaxenne npoctpancTea £ B F. HenpepriBroe /unefiioe otoGpaxerine

8, o DD (p(a))20;'us T,(X) B T, (V) He 3aBHCHT OT BHGPAUNBIX KapT
¢ ¥ ¢'; ono obosnayaercs uepes T, (f) ¥ HasblBaeTCs KacamebHoiM
AuHelinoem omobpamenuem K f 6 a. Ecom g — wmopdusm u3 Y B
mHorooOpasue Z, 10

T,gel) =Tia (@) oT, ()

5.5.3. Mycts [ X — Y — Moppusv muoroobpasnii. Ecau f nokanb-
go noctosied, 10 T, (f) = 0 ans scakoro a u3 X. OOpatHo, ecan
T, () = 0 ana Beakoroa € X u ecau none K UMeeT xapakmepucmuky
0, To [ TOKaNbHO NOCTOSHEH.

5.5.4. Tlycts U — oTKpbITOE HOAMHOXKECTBO MHOrooOpasus X W f—
KaHnouHueckas uHbekiHa u3 U B X; ans BCaAKo# touyky a 43 U ortobpa-
wenupe T, () us T, (U) B T, (X) ecTb 430MOPDH3M TONONOTHYECKHX
BEKTOPHBIX HPOCTPAHCTB, C MOMOMbBIO KOTOPOrO Mbl OylleM B HajlbHEH-
wem omoxclecmaeAasime 3TH ABa IPOCTPAHCTBA.

5.5.5. [lycts U ~ oTKpHITOE MOAMHOXKECTBO OaHax0Ba MPOCTPAHCTBA
E; ecniny — KaHoHuuecKas unbeklns u3 U B E, 1o tpofika ¢ = (U, , E)
ecTs kapta Ha U, v atnac {c¢} onpeneaset #a U CTpyKTypy MHOfO-
o6pasus. Eciu 3anana Touka a B U, oToGpaxenne 0, ecTb n3oMopdn3m
TOMOJIOFHYECKOTO BEKTOPHOrO mnpocTpaucTBa £ Ha Tonosorvueckoe
BektopHoe npoctpanctso T, (U); obparubiit usomopdusm Oyzner obo-
3nauaThcs uepes Lg (a).

Mycts } — orobpaxenye knacca C' u3 U B OTKPHITOE TOAMHOMeE-
¢rBo V 6anaxoBa npocTpancTBa F; 15 BCAKoH Touku @ u3 U umeem

Di(a)ele (@ =Gk (f (@) < T (),
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rae Df (a) — npoussoguasn yukuuu f B a (1.2.1). Dpyrumu croBamu,
aparpamma :

Tah

T,y = Tw®)
¢ g @ l Lr il
E b, F

KOMMYyTaTHBHaA.

5.5.6. Kokacameavrom sexmopom k X 8 a, WY KACAMEAbHbIM KOGEKIMU-
POM, WAM [IPOCTO KOGeKMOpOM 8 a Ha3biBaeTcsl BCAKAas HeNpepuiBHAA
JHelHasa (opMa Ha TOTOJIOTHYECKOM BeKTOpHOM mpoctpaHeTse T, (X);
5TH KOBEKTOPH, CTajdo OulTb, CYTb 3jeMeHTH npoctpanctea 7T, (X)',
TOTMOJIOTHYECKH COTIPAKENHOTO K KacaTeNbHOMY NPOCTPAHCTBY K X B a.
OTo NPOCTPAHCTBO HAAENAETCS TONOJNOTHeH paBHOMEPHOH CXOAMMOCTH Ha
orpaHuyeduslx noamuoectBax B 7, (X); HajeseHHOe 3TOf ToNoOsNOrNeEH,
T, (X)' crasoBuTCcs GaHaXOBBHIM IPOCTPAHCTBOM, KOTOPOE Ha3bIBaeTCs Ko-
KacamenoHom npocmparemeom K X 8 a. OHo 0603navaeTcs Takxe uepes
T, (X). - :

[Tyctb | — mopdusm u3s X B 0GanaxoBo npoctpaiicteo  E.
Hugpepenyuarom  moppusma [ 6 mouke a, o603HagaeMbiM  yepe3
d,f wuan df, uasbisaerca wuenpepoiBlOE JH(EHHOe oOToOpaxeHue
Ce (f@)eT,(f) us T,(X) B E. Hna t € T, (X) uepes ((f), um L.,
o6o3nauaercs 1HOrAa 3uaueHue d, f(f) nunefnoro oro”paxkenus df 8
touke {. OroGpaxenne [~» d,f muefino.

Ecnu E = K, andoepeiunan d,f Mmoppusma | B a ecTb KoBekTop K X
B a,

[lycrs E, F, G — tpu GanaxoBbIX MpOCTPAHCTBA, W OYCThb (4, U) =
e 4, U — HenpepoiBioe Guauneiinoe otodpaxende w3 Fx G B E.
[Tycrs [ (cootB. g) ~ mopdusm u3 X B F (coots. G). Toraa oto-
Opaxenne f.g: x—[ (x).g (x) ecto Mophusm u3 X B E u 417 Kax-
moro £ €T, (X)

d, (F - g) () =T la).d, g (©) +dif (1). g (a).

Bosbumewm, B uactHocty, G = E u F = K, npuuem paccmMaTpHBaeMoe
GusvHeiiHoe oToGpaxeHie ecTb YMHOXKeHue, Torha

d, fg) = (a) d,g + g (a) dof.

5.5,7. Tyctb X — noKanbLbHO KOHEYHOMEpHOE MII0roobpasue, U MyCTb
g, ..., &" — mopduueckune GyHKUMHU, ONPEeIeHHble B OTKPHITOH OKPeCT-
noctd U touku a B X. Crenytouye yci0Bi A 5KBUBAJICHTHI!

(i) cyulecTByeT Takas OTKpPBITAast OKPECTHOCTb V Touku a, cofepxa-

wasics B U, uto dyukunn E|V (mia 1 < i < m) o6pasyior cHCTeMy
KoopavHaT Ha X B V;
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(i) muddepenunans d,8 sl < i £ mobpasyior 6asuc 8 T, (X)';

(iii) oToGpamenue & = (§!, ..., &™) u3 U B K" sTanvHo B a (CM. n’
5.7.6). :

Has toro urobsl audpdepenunanst d, &', ..., d,&” Gblin nuuefino
He3aBHCHMbI, HEOOXOAMMO H JOCTATOYHO, uToOLI CyIeCTBOBA/ia TaKas

oKpecTHoCTb V ToukH a, cogepxautasca 8 U, uto ¢pyukuuu &|V obpa-
3YIOT 4acTb CHCTeMbl KoopaHaT Ha X B V.

5.5.8. llycte X — J/OKa/AbLHO KOHeYHOMEpHOe Muoroobpasue H E =

=(E, ..., E") — cucTeMa KOOpAMHAT HA X B OTKPLITOM NOAMHOMECT-
e U. [lycte a € U; uepes (G4, ..., Ona) OOO3HAuaercs Oasuc xa-
caTesbHoro mnpocrpaicetBa 7, (X), AyanbHuil & Gasucy (d g%,

cery 48" B T, (X)'. Crano 6biTh,

;. (&) = 6, (cumsosn Kpowekepa).

Kacatenbubiit BEKTOp 0;, 0003nauaercs Takxe yepes (6/0&
[Mycrs f — dyukuns knacca C' va U co 3Havenusmu B 6anaxosov|
npoctpancrse E. Uepes d,f unu Of/di': o6o3hauaeTcss QyHKUUS a >

r» 0;4 (f)} 510 dyskumMa kaacca ' nHa U co 3naueHusmu B E (Hempe-
peiBHas ¢yHKuus, ecnu r = 1). Ee snauenne B Touke a u3 U oGo3na-

uaerca wHOrAa uepes (8f/0E),. s seaxoro £ € T, (X) umeem

dof (&) = Z dE () = (a),

YTO MOZKHO €Ilje 3allHCaTb B BHJE

m

df =¥ <-@ df .

i==l

D1 o0o3Haueny 1 cornacyiores ¢ 06o3uaueny svu B 1.6.3.

5.5.9. Iycts X u Y — nBa mHoroo6pasus u f — mMopgusm u3 X 8 Y,
Paneom mopdusma f B touke a u3 X, o6o3nauaeMbIM uepes rg, f, Hasbl-
BaeTCs palr (KOHEUHHIH MJAY PaBHbIH -F00) JUHEHHOIo oTOOpaxKenus
T, (f). Otobpaxenue a —» rg, f NosyHeNnpepLIBHO CHU3Y.

5.6. ITpou3sedenns muoz006pa3ui
5.6.1. [lycte X u X' — pBa MuoxecTBa, U nycts ¢ = (U, @, E) (cooTs,
= (U, ¢', E")) — kapta na X (coots. ua X'). Tpoiika
UxU,oxq, ExE)
ecTb KapTa Ha MHoxecTBe X X X', obo3nauaemas uepesc X ¢,
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5.6.2. [ycts X u X' — xBa mHorooGpasus kiaacca C'. Ha muoxectse
X X X' cymecTByeT ofiHa M TOJbKO OJHA TaKasi CTpyKTypa MHoroo6pa-
sus kaacca C', uto ¢ X ¢’ ecTb kapta Ha X X X' ;s BCsSIKOR KapThl
¢ na X u Bcgkol kapThl ¢ na X', Hagenennoe stoit crpyktypost, X X
X X' nasmBaercsi npoussederuem muo2000pasuii X n X'. Auanoruu-
HO ONpeJiesgeTcs: NPou3BeleHte KoleyHoro yucaa mMioroo6pasuii. Tono-
Jorust maorooBpasus X X X' ecth npouspenenye tonojorus Ha X u X'
Ias a € X u bEX' umeer MeCTo PaBeHCTBO

dimg,s (X x X') = dim X + dim,X’.

5.6.3. Tlycts X u X' — naBa mHoroo6pasust © X X X' — ux npous-
Benenue. Ilycth @ € X n o' € X’'. KaHOoHuyeckne npoekuHH

pri: X X X' =X unpry: X x X' — X'

cyts Mopduambl. Ilyers x, (i = 1, 2) — ux KacarejbHble JUHEHAHBIC
oTobpaxicuusi B Touke (@, a’). Otobpaxenue

(7, ) Tiaay (X X Xy = T, (X) X T (X')
€CTb U30OMOPGL3M, UTO TIO3BOJISIET omox0ecmeums KacameabHoe Npocm:-
pancmeo k X X X' 6 (a, a') ¢ npoussedenuem T, (X) X Ty (X').
Naveruns u3 T, (X) B Tigey (X X X'), nonyuwaiolnascsi BCJACACT-
BHE 3TOr0 OTOMKJAECTBJEHHS, €CThb KacaTeJbHOoe JuHelHoe oTobpaxe-
HHE B TOYKe a K Mop¢uamy x —» (x, a’) u3 X B X x X'; aHamo-

THYHBIA pe3y/nbraT HMeeT MecTo aas Hubekuun u3 To (X') B
Twar (X X X,

5.6.4. Mlyets W, X u X’ — Tpu Muoroo6pasusi, 1 nycts f: W — X,
@ W —> X' — nsa otobpaxenus. [as Toro uro6el oTobpaxeHue
¢, IW->XxX

6610 MOPGPH3MOM, HeOGX0AUMO M JOCTaTOYHO, YToGw f u f' Gbutk Mop-
¢u3MaMu (3TO onpaBibiBaeT ynoTpebjeHue TepMHHA «IPOU3BEICHHUEY,
cm. Teop. muoxc., r. 1V, § 2, n® 4). B stom cayuae, ecny @ — Touka
u3 W, 1o nonyuaem

Ta (fv f,) = (Ta (f)v Ta (]U))’

YUuThIBasi CA€MaHHOE Bbllle OTOXKIECTBJIEHHE.

5.6.5. Mycts f: X —>Y u f': X' —>Y' — Mopduambl MHOrOOGpa3uii,
Torma f X [': X x X' - Y x Y’ ectp MoppusaMm. Ecau a€ X n
a' €X', To

Ty F X ) =T, () X To (')

T8(a,a) (X)) =r18f + g [

5.6.6. HyCTb‘Xl, X, n Z — 1pu MmHoroobpasuss U [ — ‘MOp(bl/IBM
3 X; X X, B Z. Tlyctb a € X; n b€ X, KacarelpHoe auHeHHOe
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oToOpakeHHe K dacTHUHOMY oTOOpaKeHuo x - [ (x, b) (CooTB. y ~»
+»f(a, y)) n3 X, (cootB. X;) B Z ofo3Hauaercs yepes T('a,b)(f) (cooTB.

Tius (7). Ecam otommectsuts Tias (X3 X Xg) ¢ T, (X)) X Ty (Xo)
TO noJiyyaeM, 4To

Tty () - (@ W = Tty ()4 + Tlap (). 0
Anst Besikoro u € T, (X)) u Beakoro v € Ty (Xy).

5.6.7. (Teopema o HessHoX (ynKkyusax.) B npeanonoxenusx u o6o3na-
UCHHUSIX MpeAblYIero [yHKTa HPEANOJI0KUM JONOIHHTENbHO, UTO
Tfa_b) (f) Ouexmueno. Toraa CymecTBYIOT OTKpHITas OKpecTHocTh U
TOYKU a B X, U OTKpbITas OKPECTHOCTb V Touku b B X,, oGnanawine
CRCAYIOWUM CBOHCTBOM: 041 geaxoid mouku x € U cywyecmeyem o0na u
moavko 00Ha maxas mouka g (x) e V, umo [ (x, g (x)) = f(a, b) u omo6pa-
scerue g ecmo moppusm us U e V. Oas sesikoht Toukn x € U cnpasennu-
Ba (opmy.ia

T,(g) = — (T?x,g(x)) (f))_l ° T(lx,g(x)) -

5.7. Hmmepcdu, amaavrvie mopPu3mot

5.7.1, Tlyets X u Y — xBa mHoroo6pasusi, f — mopdusm us X B Y
¥ a — touka u3 X. [lonoxum b = f (a). Cnegyromue ycioBus 3KBHBa-
JIEHTHBL

(i) Jlnuelinoe otobpaxkeunc T, (f) unvekTuBHO M ero ofpas ecTh
3aMKHyTOe BeKTOpHoe mnoanpocTpancTso B T (Y), AonycKaioiiee Torno-
JIOrHYeCcKoe Jomnoatienue '), '

(ii) CymectByloT Takve GaHaXoBO MPOCTPAHCTBO F, 3aMKHYTOE BeK--
Toptioe noanpoctpadctso E B F, nomyckalomee TOMOJIOTHYECKOE A0M0JI-
uenne, u Kaptet (U, ¢, E) va X Bau (V, ¢y, F) na Y B b, uro
FUO Vi o=1pe(U).

(iii) CymecTByIOT TakHe OTKPbITasi OKpecTHOCTh U TOYKM @, OTKpHI-
Tasi okpectHocth V Touku b, cozepxawgas f (U), mHoroo6pasue Z,
TOuKa ¢ B Z 1 n3oMopdi3M Miioroobpasuit gus U X Zua V,utof (x) =
= g (x, ¢} ans Besikoro x € U. '

(iv) CymecTBYIOT OTKpbiTasi OKpecTHOcTh U TOYKHM @, OTKpHITas
okpectnocTh V Touku b u mopdusm g us V B X, taxo#i, uto f (U) = V
1 ¢ (f (x)) = x nns1 Besikoro x € U.

Korga X u Y koHeuHoMepHbl, Npeabllyliikne yCAOBHsI 9K BHBATEHTHbI
TaKKe CJeyIoemy:

~

(v) CyuiecTBYIOT OTKpbITasi OKpecTHOCTh U TOUKH @, CHCTeMa Koop-

‘1) Besikoe 3aMKHYTOE BEXKTOPHOE MOANPOCTPAHCTBO 6aHAX0BA NPOCTPAHCTBA KOHeY-
HON KOPa3MepHOCTH JNOMYyCKAeT TONOJOTHYECKOe fonoiHenue; ecad K = R uiu C,
3TO K€ cpaBeyiMBO A5 BCSKOTO KOHEYNIOMEPHOro BEKTOPHOIO HOANPOCTPaHCTBA
(0053aTeILHO 3aMKHYTOrO).
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mat (', ..., v) va Y B orkpuitofi okpectHoctH V TOYKM b, co-
nepxawed f (U), u uenoe uncao m  n, 1akue, 4ro 1 of =0 ansa
m<j<n uuto yukuud n'of, ..., n" of 06pa3yloT CHCTEMY Ko-

opAndaTt na X 8 U

Eciu cBofictsa (i) — (iv) BbinosiHeHbl, rOBOpST, 4To [ ecTb ummep-
cus 6 TOuKe a.

MHokec¢TBO Touek, B KOTOPLIX [ sIBAsieTCSl UMMepCHell, OTKPHTO B
X; ccii 3TO OTKPHITOC MHOXKECTBO COBMajaeT co BceM X, roBOPST, 4TO
[ ects ummepcus.

st Toro uTobsi f Gui1 MMMepcueit, 1eoBX04IMO | A0CTATO YHO, YTOGH!
MOXKHO Obl10 MOKPHIT X TaKuUMH OTKDHITHIME MHOXKecTBaMu U, 4TO
f| U; anst Besikoro i ceTb n3omopdusm us U, ua nogmuoroo6pasue B .
Y (em. n° 5.8.3).

5.7.2. lpunepe

(a) Ecim X — orxpbiToe noamHoxkecTBo MuOroo6pasusi Y, To Ka-
HOHHuecKasi HHbeKuns u3 X B Y ecTb uMmepcusi.

(b) Myers E u F — nBa BauaxoBsix NPOCTPAHCTBA U U — HEmpe-
pelBloe JuHCHHoe oToOpaxeniic u3 L B F. Ortobpaxenue u sBasiercs
uMMepcuell Toraa ¥ TOJAbKO TOrja, KOrjga u ectb usoMopdusm u3 E Ha
3aMKHYTOe BCKTOPHOE MNOANPOCTPAHCTBO B [, AONYCKAaIOUEe TOMOJO-
ru4eckoe JOMOJHeHHe,

5.7.3. Iyets f: X -Y u g:Y —Z — nBa mopdusva. Ecmifu g—
HMMepcHd, To gof ects umvepcus. O6partho, ecan gof — ummvep-
cust, T0 f ecrb mmvepeust. Ecmu f: X — YV u f: X' — Y’ = nvmep-
cud, 10 f X [' ccTb umvepcust.

5.7.4. Tlpeanodnoxum, 4t0 X B Y — KoueurnoMepHole MHOrooOpasus nal
noasem K xapaxmepucmurku 0. Ecnu f 1 X - Y — unbekTUBHBIE MOD-
(br3M, TO MHOKECTBO Tex Todek u3 X, B KOTOPHIX [ siBAsIeTCs: UMMepCHed,
SIBJSIETCS] NAOMHbIM OTKPBIThIM noAmnoskectBoM B X, [Ipu K = R miu
C 3TOT pe3yabTaT OCTaeTCs CNpaBeAHBbIM, €C/IH NMPeanoaaraT ToAbKO,
yto X KOHeuloMepHo.

5.7.5. llyets f: X — Y — ummepeust u g — HenpepbisHoe oToGpaxe-
nue Muoroobpasust Z B X. Jlast Toro uto6l g G0 Mopdu3MoM, Heob-
XOJHMO M JOCTAaTOYHO, 4Tobul f © g Bbo Mopdu3MOM.

5.7.6. Ilycts f : X — Y — mopdusm, u nycts a aexut B X. Crenyro-
ke JBa CBOMCTBA SKBHBAJIEHTHHI:

(i) T, (f) Guexmusro. :

(if) CywecTByIOT Takie OTKpBITAast OKPECTHOCTh U TOYKH @ U OTKPbI-
Tasi OKpecTHoc¥s V' Toukn f (@), 4To f mugyuupyer usomopdusm us U
Ha V.
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Korpa 3Ty cBoficTBa BbINMOMHEHB, TOBOPST, 4TO [ — 40KabHbL
U30MOphusm ¢ mouxe a uny uTo f 3maser 6 a. ECAM 3TO yMeeT MecTo
Als1 BCSIKOro a € X, roBopsit, uTo f amasen, unn uto X smasono vad Y -
(otHocuTenbHo f) 1. dast Toro uto661 MOpGH3M ObLT 3TaNeH, HeoOX0ANMO
U J0CTATOuHO, 4ToGhl OH Obl1 OfHOBpemenno ummepcueii (n° 5.7.1) u
cybumepcneii (n° 5.9.1).

5.7.7. Nycts f : X — Y — umMmepcusi; npeanonoxuM, yto X — 4pcroe
MHOTOOOpa3ue KOHeuHoH pasmepHocTd. Toraa mopgusM f atanel B Kax-
JIOM H3 CJeAyIOmHKX ABYX CAy4aeB:

(i) dim ¥ = dim X;

(ii) { ciopwekTuBeH u Tonojorust B X JAONycKaeT cueTHyio Gasy
OTKPbITBIX MHOXKEeCTB.

5.7.8. Has toro uto6si Mopdu3sM [ Oblm H30MOPHU3MOM HA OTKPHITOE
noamuoroo6pasue (cooTs. usoMopdusMoM), HeoOXoAUMO H OCTATOHNO,
yTOOHE f ObLT 3TaJeH M UUBEKTHBEH (COOTB. 3TajeH u OueKTHBeH).

5.8. O6pamnvie o6Gpa3vr cmpykmyp MHO2006pa3us,
ROOMHOZ006pa3us

5.8.1. Tlycte X — Tonosoruueckoe npocrpaHcTBo, Y — MHOroo6pa-
sve u f — oToGpaxenune u3z X B Y, PaccMoTpum crefyomue ycaoBus:

(QR) (cootB. (R)). [laa ecaxoeo a € X cywecmsyiom maxue om-
xpvumas oxpecmrocms U mouxy a 8 X u kapma (V, @, E) na muozoobpa-
suu Y ef (a), umo f (U) = Vu umo @ o [ undyyupyem eomeomopgdusn
u3 U na nepecevernue muosecmsa ¢ (V) ¢ 3amknymoem (COOTB. 3aMKHYMbIM
U QONYCKAIOUM MONOADSUHECKOE OONOAHERIE) BEKINOPHBIMN NOORPOCIPAH-
cemeom F npocmparncmea E.

Ecan yciosue (QR) BbimomHeno, Ha X CyIiecTBYeT OfHA W TOJBKO
0j(Ha CTPYKTypa MHoroo6pasusi, 1151 Kotopoit Tpoiike (U, ¢ o f, F) (B 06o-
suavenusix ycnosua (QR)) cyTe kapTet Ha X. DT1a CTpyKTypa Ha3biBaeT-
cst 06pammeim 06pa3oM CTPYKTYPbl MHOr0o6pasust Ha ¥ OTHOCHTENBHO f.
Ee tonosorust ecTo Tonogorusi npocTpanctsa X.

Hns toro uytobut Ha X cymecTBoBala CTPyKTypa MHOToo6pasusi,
COIIacOBAaHHAA C JAaHHO# TonoJjorueil U Asi KOTOPoH f 6blio Gbl ummep-
cued, HeoGXOAMMO M JOCTAaTOYHO, UTOOB! BEINOMHSIOCH ycaoBHe (R).
Jta cTpykTypa Toraa eIMHCTBEHHA; oHa ecTk oOpaTHbifi ofpa3 CTpyk-
TYpbI MHOr000pasusi Ha ¥ OTHOCHTEJNBLHO f.

5.8.2. IlpusegenHoe Bhiule ycnoBue (R) 3aBejoMo BhIMOALEHO, €CAH
IJ1s1 BCsIKOft TOYKH @ € X cyliecTByeT Takas OTKPhITasi OKpecTHOCTh U
3Toll Toukw, uTof | U ecth roveoMopdu3m oKpecTHoCTH U Ha OTKpHITOE

1) B opurusa’e umeercsl elile OAWH BapHaHT: fecTs «un élalement», past xoToporo
MBI He HALLIM PYCCKOTO 3KBHBaMeHTa NPH [PHHATOM clocofe nepeBoja TepPMUHA
«étaler.— ITpum. nepes.
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noAmHoxecTBo B Y. B atoM cayuae mosyuaemoe mHoroo6pasue X aTanib-
Ho Hag Y (5.7.6).

5.8.3. Tpeanonoxum Teneps, uro X — TONOJOTHYECKOE NOANDPOCTPAH-
cTBO B Y, npuuem [ — KaHoHuueckasi nusekuus. Ecau f yrosnersopsier
ycosuio (R) (coots. (QR)) us n° 5.8.1, roeopar, uro X, HajgenenHoe
o6patibiM 06pa3oM OTHOCHTENbHO [ CTPYKTYpbl MHOroo6pasus Ha Y,
€CTb Nn0OMHO2006pa3ue (COOTB. Kea3unodmnoeoobpasue) B Y. Besikoe mog-
MHOrooGpasie ecTh KBasuNoJAMHOTo0Opasme,

Beakoe kBasunoaMHorooGpasue A0KaAbHO 3aMKHYMO; BCAKOE OTKPHI-
TOE MOJAMHOMKECTBO €CTh MNOAMHOrooGpasHe OTHOCHTEABHO CTPYKTYDHI,
onpenenensoi B n° 5.2.3.

Koraa Y sokanblio kKoHedHOMEpPHO, TOMOJIOTHYECKOE MOANPOCTPaH-
cteo X npocrpauctsa Y ecth noAmuoroofpasue B Y Toraa u TOBKO
TOTJa, KorAa Jyisl BCAKOH ToukM @ € X CYUWECTBYIOT TaKHE OTKphiTas
okpectHocTs U/ 3T0# ToukH B Y, cuctema xoopamuat (&, ..., £”) Ha
Y B U u nenoe uncno & < m, uto U () X ecThb MHOXKECTBO TOUEK M3
U, B KOTOpBIX OZHOBPeMeHHO 00pallaloTca B HyAb QYyHKIUH Bl
i<k

Iyets f: X — Y — mopdusm muorooOpasuit. Ilpennonoxum, urto
[ — ummepcus u 4TO ona MHAyUHpyeT eomeomopdusm us X ua f (X).
Torma f (X) ects noamuoroo6pasue B Y H f HHAyHHPyeT H30MOPH3M

u3 X na f (X); B 9TOM ciiyuae roBopsrT, 4T0 f eCTh noepyxcerue MHOroo6-
pasusi X B Y.

5.8.4. [lycte Y u W — nBa mHoroobpasusi, X — nogMmHoroo6pasue B
Y u f — otobpaxenune u3 X 8 W. Ias toro utobsl f 6bu10 Mopdu3MoM,
HeoOX0AUMO M J0CTaTouHO, YTOOB JJIst BCSIKOH TOUKH a € X CyIlecTBo-
BaiM Takue okpectHocth U 3Toit Toukn B Y u mopdusm g : U— W,
uto g copnajaer ¢ fua U [} X.

5.8.5. Tlycte X — KkBasunogmuoroo6pasue muorobpasuss Y u g —
otobpaenue muoroo6pasus Z B X. [Ipeanonoxum, uto K uMeeT xapax-
tepucTuky O mau yto X ecth moamuoroo6pasue B Y. st Toro utoGer g
Ouli0 MopdusmoM u3 Z B X, HEOHXOguUMO H JOCTATOYHO, 4TOGBI OHO
6b110 Mopduamom U3 Z B Y; ApYTHMH Cl0BaMH, CTPYKTypa MHOrooGpa-

3uss Ha X wuHOyyuposana CTPYKTypoil MHoroobpasus Ha Y (Teop.
mroxe., ra. IV, § 2, n° 4).

5.8.6. Ecin X — noamuoroo6pasne (COOTB. KBa3WTOAMHOT00Opasue)
B Y u ecin ¥ — noamuoroo6pasne Muoroobpasus Z, 10 X eCTb NOA-
MmHOrooGpasie (COoTB. KBasumoAmHoroobpasue) B Z.

5.8.7. Ilycrs X, (gas i = 1, 2) — mnoroobpasue, u nycrs Y, — nog-
MHorooGpasue (cooTB. KBasumogmHorooGpasue) B X, (mas i = 1, 2).
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Torga-Y, X Y, ects nogmuorooGpasue (COOTB. KBa3uMoAMHOroo6pasue)
B X; X X,

5.8.8. Ilycts X — KBasunoaMmuorooGpasne mHoroobpasust Y; nyctsb
x — 104Kka B X, u 0603Hauuv 4epes f KAHOHUYECKYIO MHDBbeKLHIO H3 X
B Y. Orobpaxeune T, (f) : T, (X) - T, (Y) unbeKTHBIIO, 1 OHO NO3BO-
asiet omoxcdecmsumes npocmpancmso T, (X) ¢ 3aMEHYMbBIM BEKMOPHBIM
noonpocmparncmeom ¢ T, (Y). Tonomornueckoe BekTopHOE (hakTop-
npoctpauctso T, (Y)/T, (X) ectr BanaxoBo npocTpaHcTBO; ero Hasbl-
BAIOT MPAHCBEpCarvoim npocmparcmson B Touke x k X (8 Y). Ero pas-
MEpHOCTb (KOHeUHasi WM --oo) Ha3biBaeTCsl KOPA3MEepHOCHbIO KBa3H-
noamuoroo6pasust X B Y B Touxe x.

Ecan, Goace toro, X ccth nodmuocoobpasue B Y, T0 npoCTpaHCTBO
T,(X) zlonycxaeT tonosorudeckoe aononsenne B T, (V).

5.8.9. [lyetb f — otoBpaxenue muoroobpasus X B Muoroobpazue Y,
u nycts ' — ero rpadux. dus Toro utobsl f Guk10 MOpdH3MOM, HEOO-
XOAHMO H JOCTaTOYHO, YTOOBI BLIMOJHSIMCE CAEAYIOLMe ABA YCJIOBUS:

(i) T' ects noamuorooGpasue 8 X X Y.
(ii) dnst Besikoro (x, y) €T nmeem

Tup (X X Y)=Tuy@ @ T, (Y).

Ecau 9To Tak, To oToOpaxerue pr; MHAyuupyeT usomopgusm us I' na
X u Ty () oroxnectBasiercss ¢ rpaduxov ortobpaxkenust T, (f).
B uvactHocth, auaronans B X X X ecth noamuoroofpasue B X X X.

5.8.10. Ilycts Y — wmHorooGpasve M (f))ic; — KOHEUHOE CeMeficTBo
Mopouueckux ¢ynxunii ma Y. Ilycte X — mHOoXkecTBO Takux x €Y,
uto f; (x) = 0 4nas Beskoro i. Clesaem Cleayioilce  INpeirosoxKenne:

(J) Has Besirkoro x € X auddepenuuanst d,f, JunefiHO He3aBUCHMbI
B T, (V).

Toraa X ectb 3amMknyToe noamuorooGpasue B ¥ u KacaTesnbHoe npo-
ctpauctBo T, (X) ects noxmpoctpanctso B T, (Y), ofpasoBanHoe Ta-
KUMH o, uTo & . f; = 0 aas Besikoro { u3 /. Bosee Toro, KopasmMepHOCTh
noamuoroo6pasust X B Y pasua Card (/) B kax/0il ero Touke.

5.8.11. ([Tpocmoe mouxu udeaaa.) Tlyctb a — Hjacan ajarebpbl MHOrO-

unenoB K |X,, ..., X,]. Touka x = (x,, ..., x,) B K" nasbiBaercs
Hysem vjeana a, ecam f(x) = 0 ang Beskoro f € a. Ecaw x € K7,
ofosnaunm uepes S, nomaare6py B K (X,, ..., X,), o6pasopamiyio

apobsivu /g, rae f, g € KX, ..., X,]ng (x) % 0; 0603Hauum yepes
a,uzean B S,, nopoxaeHnbii B S, uaeanom a. Touka x HaswiBacTCs 1p0-
CMbIM Kyem ujeana a, ecly OHa ecThb HYJb ujieada a U CCAM BLITOJIe-
HO CJIGAyIOIee yCaoBHe:

(S) CyecTByeT KoneuHast 11oc1e0BaTeAbHOCTb (fy, ..., f,) 31CMCHTOB
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U3 @, Hopoxjalwux uiecatr a,, JuddepeHurantl KOTOPHX B TOYKE X
JUHEHHO He3aBUCUMbI. (JTO YCAOBHC 3KBUBANCHTHO TOMY, 4TO JIOKATIb-
Hoe Koablo S, /a, peeyaapro (Alg. comm., & paraitre).)

[lycte Z (cootB. Z,) — MHOMECTBO HyJel (COOTB. HPOCTHIX HYJeH)
uneana a. Muoxectso Z 3amkuyTo B K", Z oTKpHTO B Z U Z; ecTb
noomuoeoobpasue 8 K". Ecam x € Z, upean K I[X, ..., X,0 N «q,
ofpasoBaH Muoroynenamy f, 06pallaoNMACs B HY/Ib B OKPECTHOCTH TOY-
KHX B Z,.

[lycts @ — njean MHorouncHos, paBubix Hyaio Ha Z. Ecau K anre6-

panuecku 3aMKHYTO, MHOXECTBO nNpOCTBIX Hy/aCH HAeala a IWIOTHO
B Z.

5.8.12. Tlycts X — muorooGpasue u L — mHoxkecTBO nap (x, Z), rae
X — Touka u3z X u Z — noamuoroobpasue B X, coxepxkaiee x. Ecan
3ajausl gBe mapnl @ = (x, Z)un’ = (x’, Z"), Mel oGo3HauaeM uepes -
Rﬁn, n’§ OTHOLLEHH ! :

«FImeet MecTo paReHCTBO ¥ = X' M CyIleCTBYeT TaKas
okpectHocTs Utoukn x,uto U | Z=U | Z'».

Torga R ecTs oTHOLUeHUE 9KBHBasenTHOCTH B L; depe3 vy, (Z) obosua-
yaercsl KJacC 3KBHBaJEHTHOCTH napwt (x, Z) € L. Ha wuoxecTBe
J = L/R cymecTByeT ojHa U TOJbKO OJfHA CTPYKTypa miioroofpassi,
YIOBIETBOPSIOMAs CASLYIOWEMY YCOBIIO:

Ins Besikoro nogmuoroo6pasus Z B X otobpaxeHnune x ~» y, (Z) u3
Z B J ecTb n30MOpGdM3M K3 Z Ha OTKpHITOe nopMuoroobpasue B J.

[oBopAT, uTo J ecTb MHO2000pa3ue pocmKo8 nOOMHO2000pastll MHO20-
o6pasusn X (cm. O6uwy. mon., 1968, in. 1, § 6, n° 10).

Otobpaxenne p: J — X, onpexenennoe dopmynoii p (y, (Z)) =
= X, €CTh HMMEpCHSI; OHA HA3LIBAeTCsI KAHOHMYECKOH HMMepCHell MHOTO-
obpasust J B X.

Ecnu X — omdeaumoe anarumuyeckoe MHOFOOOpasye KOHEUHO! pas-
MepHOCTH, TAKOBO ke U J. '

5.9. Cybmepcun u ¢haKmopmrozo006pa3usn

5.9.1. Ilyets f: X — Y — wmopcdusm Muoroobpasuii, a — Touka B X, #
nosoxuM b = f (a). Cnegyomue yca0BHSI 3KBHBAJEHTHBL

(i) Jluneitnoe otobpaxenne T, (f) clopvekmuero, u ero sAPoO AOMy-
CKaeT TonoJoruyeckoe jgononseune B T, (X).

(iiy CywecrBytoT Takue kapta (U, 9, E) ua X B a, xapra (V, ¢, F)
Ha Y B b M ClOpBEKTHBHOE HeNnpephiBHOE JuHeliHoe oTobpakenue i u3
E B F, ut0

FU)CV, bof=uop -

U 4TO sApo oToOpaxkeHusl ¢ JAOMYCKaeT TONOMOIMYECKOe MAOMOMHEHHE
B E.
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(iii) CymmecTByiOoT Takue OTKpbITast oxpecmocm U ToukHu a, OTKpHI-
Tasi OKpecTtHocTs V Toukm b, cogepxamas f (U), u wmopduswm, g
n3 U B MHorooGpasue Z, uTo 0T06pax<em4e (f, @ us U B VX Zectn
H30MOpPH3M.

(iv) CyumecTBylOT TakHe OTKPHITast OKpecTHoCTs V Touxku b u Mop-
duamsu3z VB X, utos(b) =auf (s(y)) =y ans scskoro y us V (aoxaas-
HOE CeveHue).

Korna X n Y xoweuromepre:, npesbiiyline ycaoBHsl S5KBHBaJEHTHb!
TaKkxke CJefyollleMy YCJIOBHIO:

(v) CymecTBYIOT TaKue OTKPHITasi OKPeCTHOCTb U/ TOUKH a, OTKPhITasi
OKpecTHOCTh V Toukw b, coaepmamaﬂf(U) ¥ cucrema KoopauHaT (nl, ...

. N Ha V, uto pyHKmmMu ¥ o f Ha U cocTaBasitoT 4acTb HEKOTOPOH -
cuCTeMBl KoopAuHarT Ha U,

Ecnn ceoiictea (i) — (iv) BbilOJIHEHB!, TOBOPAT, 4To [ ecThb cybmep-
cus 6 mouxe a. MHOXKeCcTBO Touek, B KOTOPHIX f siB/IsieTcsi cyOmepcuet,
OTKPHITO B X; ec/H 3TO OTKPHITOE MHOXKECTBO cOBnafgaeT co BceM X,
TOBOPSIT, 4TO [ ecTh cybmepcus.

59.2. Nyets f: X > Y ug: Y - Z — gga wmopdmama. Ecin fug—
cyGMepCcHH, TaKOB ke H g o f; oBpaTHO, ecii g o f — cyOmepcusa u
ecd f CIODBEKTHBEH, TO g €CThb CyOmepcus.

593. Ecin f: X > Y u f': X' = Y’ — cybmepcun, 10 f X f: X X
X X' =Y XY’ ects cybmepcus.

5.9.4. Cy6mepcust f: X — Y ecTb omxpeimoe otobpaxkenue (cm. 06y,
mon., 1968, ra. I, § 5, n° 1); B yacTHOCTH, OTHOILEHHE SKBHBANIEHTHOCTH
R, onpejeseHHoe oToGpaxeHueM f, omxpomo, f onpefiensieT npu nepe-
xojie K (pakTopy eomeomopgpusm uz X/Rua f (X} u f (X) omgporno B Y.

5.9.5. Ilycts R — OTHOLIEHHE SKBHBANEHTHOCTH Ha MHorooGpasunm X.
ToBopar, uto R peeyaapro, ecan Ha ¢axTtopnpocTpanctse X/R cyuie-
CTBYeT TaKasi CTPYKTypa MHOToo6pasus, 4TO KaHOHH4ecKasl NPOEKUHs
p: X —> X/R ectb cybmepcusi; 31a CTPyKTypa MHOToOOpasusi Toraa
ennncteenHa, Oua ecTp paxmopcempyxmypa ctpyktypel na X (Teop.
muox., ta. 1V, § 2, n° 6); apyrumu cioBamu, A5t Toro 4toObi 0TOGpa-
xeune g u3 X/R B mHorooGpasue Y 6buio MophuaMoMm, HE0OXO0JAUMO K
JOCTaTo4HO, 4TOOHI g o p Gbl0 MOpdH3MoM U3 X B Y.

[Tyets € <= X X X — rpaduk otnowenust R. Jast Toro uto6s R
ObUIO  peryasipHo, HeoOXOZUMO M AOCTATOYO, 4TOOBI BBITOJHSMHCH
cleflyiouine JBa YCJIOBHA:

(i) C ecrmv noomnoeoobpasue ¢ X X X.

(i1) OmobGpascernue pry uz C na X ecmo cybmepcus.

Ycnopue (ii) o3mauaeT Taxke, 4TO0, €CIH @ M b KOHTPYSHTHBI MO
MOAYNIO R, CYIeCTBYIOT TaKHe OTKDhiTas OKPecTHocTh U TOUKHM a M
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mopduaM s us U B X, uto s (@) = b ¥ 4TO S (¥) KOHPYIHTEH X MO MOAY-
A R jpag Besikoro x € U.

[Ipexnonoxum, uto R peryasipuo. s Toro uto6hl GaxTopMHOTO*
obpasue X/R Obuto oTaennmo, HeoOXOAMMO M JOCTATOUHO, 4YTOOHE rpa-
¢uK oTHOowWweHuss R 6bl1 3amMkHYT B X X X.

5.9.6. Tlycts X u X' — gBa mHorooGpasusi, R u R’ — peryasipubie
OTHOUIeHH ST 3KBHBateHTHocTH Ha X U X', u nyets f: X — X' — mop-
¢u3M, cornacoBaHHbli ¢ oTHowenusiMda R m  R'. Qro6Gpaxkenune
[ :X/R— X'/R’, nonyuatouieecs u3 f nepexoloM K axTopam, siBjsieTcs
TOTAa MOPQU3MOM.

5.9.7. (Tpansumuerocmy axmopos.) Ilyctb R 1 S — Takue pnBa oT-
HOLIEHHS] SKBUBAJIEHTHOCTH Ha X, uTo R Baeuer 3a coGofi S, u nycTs
S/R — dakrtopoTiouleHne 3axkBuBanenTHoct Ha X/R. [lpeanonoxum,
yto R peryasipHo.Toraa, anst Toro uro6st S Gbi10 peryJsipHo, 1eo6xo-
JHMO H JOCTaTOUHO, YTOORl TakoBO OblI0 S/R; €CaM 3TO Tak, KaHOHHUe-
ckas Oumexuus

(X/R)/(SIR) — XIS

€cTb H30MOpGH3M MHOro0Op asui.

5.9.8. (I1poussedenusn gaxmopos:) Tlycte (X;)ie; — KOHEUHOE ceMmeii-
CTBO MHOTro0Gpasmil, Kakioe U3 KOTOPHX HAJeNEHO PeryJasipHbIM OTHO-

wwenneM skpuBateutHoctn R,. [lyete X = Il X, n nycts R — o1-
i€l

HOlLEHHE SKBHUBANEHTHOCTH Ha X, SIBJSIONeecs] NPOM3BEJEHHEM OTHO-
wenuf R, (cMm. O6wy. mon., 1968, ra. 1, § 5, n° 3, cienctBue mnpepio-
xkeuus 8). Torna R perynspHo, u KanoHuuyeckas Guekuusi u3 X/R Ha

IT(X,/R)) ectb usomopduam MHorooGpazuii.
3,

5.10. Cy6ummepcun

5.10.1. Tlyets  f: X — Y — Mopdusm Muoroo6pasuit, u nycts I' —
rpadux mopgusMa f. OrobpaxkeHue j: x — (x, f (X)) ecTb HMMepCHA U3
X B X XY, ofpazom KoTopo#t siBnsieTcs noamHoroo6pasue I', u f =
= DIy o j €CTb KOMIIO3HIHS ummepcuu j ¢ mnocaeaywoueit cybmepcuel
pr,.
[Tycte a € X. ToBopsiT, uto f — cybummepcus 6 a, eciu CyumecTsy-
IOT OTKPbITasi OKPecTHOCTh U Touku a, MHOroo6pasue Z, cyomepcust s usU
BZ numMepcHs { u3 Z B Y, rakne, uto flU = i o s. MHoxkecTBO Touek
B X, B KOTopblX [ — cyGHMMepCHSsI, OTKPBITO B X; €CIH 3TO OTKPhIToe
MHO>KE€CTBO COBNaAaeT co BceM X, roBopsT, 4To f ecTh cybummepcus.

5.10.2. Hwmmepcun u cyGmepcun cyTh cyGummepcun. Ecam fi X —
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- Y — cybumvepcusi, g: Y — Z — ummepcust 1 At W — X — cy6-
mepcus, To gof o h ecTh cybummepcust.
Ecan [ u [ — cybummepcun, 10 [ X [ — cybummepcusi.

5.10.3. las toro. utober f: X — Y Obin  cybummepcuefi B Touke a
n3 X, neo0xoAuMO M JOCTaTOYHO, yToObLI CYLLECTBOBAJdM TaKue KapTa
(U, ¢, E) na X B a, kaprta (V, P, F) nua Y B Touke f (a) n HenpepbiBHOE
auuefinoe otobpaxenue g n3 E B F uTo

Of UV, geU)cw V) n flU=1v"ogop
(ii) sigpo (cootB. obpas) oroépamennﬂ g ecTb 3aMKHyTO€ IMOJAMNpo-

crpaicTeo B E (cootB. B F), Aonyckaiolice TOMOJOTHYECKOE IOTOJHe-
HHe.

5.10.4. Mlyets X n YV ~— nBa MHorooGpasisi KOHEYHOH pa3MepHOCTH.
Hns foro ytobul Mopdusm f uz X B Y Obun cyGummepcuell B Touke a
13 X, UeoGXOAUMO M A0CTaTOYHO, YTOGhI CYIULECTBOBA/IH TaKHe CHCTeMa

xoopauuar (Y, ..., £”) na X B a, cucrema koopAunart (v}, ..., n") ua Y
B [ (a) u uenoe uucno k < inf (m, n), uto

iof=§i i 1 i Kk,
Nof=0 11 k<<i K
5.10.5. HyCTb f: X - Y — cybummepcus. I[Jm BCSIKOfi TOUKH b E Y

f—} (b) ecTb nogMHOT006pa3ne B X; noanpoctpanctso B T, (X), KacaTe/b-

Hoe K roaMHOrooGpasuio f~' (b) B Toukea € [~ (b), ecTh sapo oToGpae-
nust T, (f)-

5.10.6. (Teopema o nocmosucmee panea.) Ilyets f: X — Y — mop-
¢u3m mHoroo6pasuii, 1 nycts a € X. Ecin f — cybummepcus B g,
To 18, f = rg, [ ans moboit TouxkH x, 6U3KOH K a.

Q6paTifo, npeanoaokuM, uTo nosie K UMCCT XQpaKmepucmuKy HYyab.
Iycrs (U, ¢, E) — kapra na X B a, u nycts (V, P, F) — Kaprana Y
Bf(a)cf(U) < V. lonoxum g = ¢ o f o ¢~l. Eciim  cymecTsyior
Takue 3aMKHYTOe BekTopHoe noxmpocTpaHctBo E; B E M 3amkuyToe
BEKTOpHOe noAnpoctpauctso F, B F, uto ans Besikoro x € U noanpo-
ctpauctBo E; (cooTB. F;) ecTh Tomonormyeckoe JONOMHEHHE K SAPY
(cooTs. o6pasy) npoussoanoit Dg (¢ (x)) Mopdusma g B Touke @ (x), TO
{ ects cybuMmepcus B a.

Ecan K umeer xapakmepucmury Hyae (coots. K = R uau C) n ecan
Y xoneqrnomepro (coots. rg,f << -+ o), 10 f €cTb cyGuMvepcHus B a Tor-
Ja u TOJILKO TOTAa, Koraa rg,f = rg,f Ans Bcex x, focTatodno OaH3KHX
K a.

Ecnn K umeeT xapaxmepucmury Hyap (cootB. K =Rumi C) n Y
(cooTB. X) KOHeuHOMEPHO, TO MHOXKECTBO TOUeK X U3 X, B KOTOPbIX [ €cTh
cyGummepcusi, OTKPBITO B nA0MHO B X.°
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5.10.7. (Karnoruueckas axmopusayusa cybummepcuu.) Besras cy6-
uMMepcusi ecTb KoMmmosuuusi cyO6mepcuu 4 ummepcuu. Bosee Touho,
nycts f: X — Y — cybummepcuss u J — MHoroofpasie poCTKOB MoOJ-
MHOrooGpasuii MHorooOpasus Y (5.8.12). [lycte x npunagmexut X
U y = [ (x); cyliecTBYIOT TaKue OTKPHITHIe OKpecTHoCTH U Touku X,
uto flU ectb cyOmepcus u3 U Ha noamHoroofpasue Z B Y; 3/1eMeHT
¥, (Z) u3 J 3aBUCHT TOJILKO OT X,HO He oT Bbifopa okpecTiocTy U, v ecin
0603HaunTL ero uepe3 A (x), To otobpaxeHue A OyneT cyOmepcueil us
X B J; ecin 0603HauuTL yepes p KAHOHWUECKylo umMMepcHio u3 J B Y,
T0 f =p o A Ecau f— ummepcus, To Mopdusm A u3 X B J sTaleH.

Ecnn g (ctopbekTHBHAs uMMepcksi H3 X B MHoroo6pasue Z) u h (Mop-+
¢u3m u3 Z B Y) TakosH, uto f = hog; TO cyliecTByeT OfHA H TOJABKO
ofHa Takas cybmepcua p U3 ZB J, uToA == p o g.

85.11. Paccaoernnbte npousgedenuss u 06pamusie 00paso:

5.11.1. Ilyctb F — GanaxoBo npoctpaHctBo, (E;)ic; — KoHeuHoe ce-
melicTBo GaHaxoBblx npoctpaHcTB U f = (f):c; — cemeficTBO Herpe-
PBIBHBIX JuHeHHbIX oToOpaxenufi f; us E; B F. [lyctb E — npoussepe-
HHe npocTpaucTB E, U f — HenpepuiBHOe JWHelHOe oToOpakeHue u3 E
B F!, aBasiomeecs: npousBefieHneM oToGpaxenuii f;. [Tycts, nakoren,
D — 3aMKHyTO€ MOANPOCTPAHCTBO B F!, o6pasoBannoe TakuMmu (yics,
4To y, He 3aBUCHT ot i («inaronans» B F'). ToBopar, uTo cemeiicTpo f
Mpanceepcatbio, €CNH HerpepbiBHOE JHHefiHoe oToOpaKeHHe, COCTaB-
JNeHHoe u3 f U KaHOHMUecKoll npoekunH u3 F' Ha daKTop mpocTpaHCTBO
F!ID, ciopwexmusno ® ecau ero sigpo f"l (D) momyckaeT TONOJOIH-
yeckoe JOTOJIHeHHe.

Ecniu npoctpanctBa E; u F Bce KoHeuHOMepHBI, To ceMefictBo f
TPaHCBePCaNbHO B TOM U TOMBLKO TOM Cayuae, KOTAa

codim () Im f) = > codim (Im f)).
Ecnu I = {1, 2}, 10 napa (f;, f,) TpancBepcanbpHa Toraa u TONBKO
TOoraa, Koraa oToBpameHue
fr+ Tl EE®@E, > F

CIODBEKTHBHO H €ro SIpO JONYCKaeT TONOJOTHUeCKoe AOTONHEHHE (ecu
E, u E, KoHeUHOMEpHB!, 3TO CBOAMTCA K TOMY, 4TO

Imf, + Im f, = F).

5.11.2. Tlycts S — MHorooGpasue, (X;)ie; — KOHeUHOe CeMEHCTBO
. MHorooOpasuil u T = (f;)ie; — cemefictBO MopdusmoB f; us X; B S,
[Tycts P — moaMHOXKECTBO B nipou3ssefeHud X MHoroobpasuit X; obpa-
30BaHHO€ TAKHMH TOUKaMH (X;)ics, uTo f, (x;) He 3aBHCHT oT i. [lycThb
¥€ P, nmnyets y=f (x) €S. Tosopar, uto cemeiicto § mparc-
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gepcanbro 13 Touke x u3 P, ecan oroGpaxenus T (f;) o6pasyior Tpanc-
Bepcaniioe CeMeitcTBO HenpepbIBHLIX JUHEHHbIX 0TOOpa)eHul co 3Ha-
yeHusivi B OGanaxoom npoctpamctse T, (S). ToBopat, uto f mpanc-
8epcaivKo, ecny OHO TPaHCBepCalbHO B KaxIOH Touke u3 P, '

Ecau f TpancsepcantHo, 10 P ecTh nogmuoroo6pasue B X, HasbiBa-
eMO€ paCCAOeHHbIM npoussederuem cemelicmea muoeoobpasuii X, Had

S (no oThowenuio K cemeiictBy f), u o6o3HauacMmoe uyepes I, X,

(nu, npoue, Hanpumep, uepes X; XsX,, korpa [ == {l, 2}).1 Hns
BCSIKOM TOUKM ¥ = (x;) u3 P kacarenvhoe npoctpauctso T, (I1sX))
ecTh moAnpoctpanctso B [17T,. . (X,), obpasoBannoe Takumu KacaTe/b-
HBIMH BekTOpamu [ = (f,), 4TO Ty, (f;). t; He 3aBHCHT OT uHAeKca I.

Ecnu  fi: Xy = Y — cybmepcua v fy: X - Y — mopdusm, T0
napa (fy, f,) TpaHCBepcaabHa.

5.11.3. (Csoticmeo yrusepcarorocmu paccaoertoLx npousaeaeﬂuﬁ.) [Tycte
f = (f;)ic1 — TpancBepcanbHoe ceMeiicTBO Mopdu3amoB f,: X, — S,
M mycTb P — paccioeHHOe rpou3BelleHUe MHoroobpasuil X, Haa S;
L5 Besikoro § € [ oGo3Hauum uepes m; mopdusm us P B X, nonyqen-
Hblil orpaHHuenyueM na P npoexluu Mnorooépasuﬂ X Ha X, Torma
fyom; ecte Mopdusm u3 P B S, ue 3aBucawmii ot i. [lycts T — MHoro-
obpasue u g; T - X, — takue MopdusMbl MHorooGpasuii, uTO
fio g, ectb mopdusm u3 T B S, He 3aBucamniit ot { € [; Toraa cyuie-
CTBYET OJIMH U TOJIbKO OJMH Takol MopdusmM hu3 TB P uto g, =m, o h
g Kaxjoro { € 1.

5.11.4. (Accoyuamusrocme paccacetnoeo npoussederus.) Ilycts f ==
= (f;)ic1 — KOHeuHoe ceMefcTBO Mopdu3MoB MHorooGpasuil, f;: X, —

— S, n nyctb (S )rea — paséuenne mHoxkectBa /. Tlpeanonoxum,
yto i Kaxjoro A u3 A cemeiictBo f) =(f)ics, TpaHcBepcanbHo, u
ofo3HauuM uepes P, paccioenHoe NPOH3BeNEHHE 3TOTO CEMEHCTBA;
VISt BCAKOM TOUKH X = (X)icj, M3 Py anement f; (x,) B S He 3aBHCHMT
oT [ € Ja 1 o603HauaeTcs yepes Uy (x); TOraa Uy ecTb Mop pusM us Py B S,
Ina toro utoObt ~ cemeHicTBO U = (43) OblIO TpaHCBepcalbHO, HeoO-
XOAHMO M JOCTaToYHO, 4ToOBI TaKuM Gblio cemelicTBo f. KaHonnueckas

6uexmus us [1 I1X, na H X; JaeTTOrAa PH OrpaHHYEHHH U30MOp-
ACA 1€y, ic

¢u3M paccioenHoro mpoussefenns 1IgP, Ha paccrioennoe mpomsse-
reA
nenne [ToX,.
i€l
5.11.5. Tlyets S — muoroo6pasue. Muoeoobpasuem Had ‘S Ha3biBaeT-

csi  MHoroobpasuye X, HajeneHHoe mopdusmom A: X — S. Ilycts
(X, A)—wmHorooGpasue Hag S u f: 8'—=S—rako#i MopdnaM MHOrooGpa-
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3ufi, uyro napa (/, A) rpanceepcanbHa. OGo3HauuM Toraa uepes /* (X)
muoroobpasne S’ X sX, uagenennoe mopdpusmoM [* (A): §' Xs X —
- §’, onpepenennem popmydoi f* (A) (s, x) = s'. ToBopsr, uto f* (X)
nojyuaercs us X samenofi 6aset S Ha S’, caenysa f. Ecin A — cyGmep-
CH$ (COOTB. UMMepcus, cybuMMepcus, 3TalkHbIl MOPU3M), TAKOB Ke H

* ().

5.11.6. Mycts f: X » Y — mopdusm MHoroobpasuit n W — mop-
MHOrooGpasue B Y; nycTb { — KaHOHuWYecKast HHbekiusa n3 W B Y.
ToBopsit, uto [ mpanceepcaren k W 6 mouke x € = (W), ecau napa
(f, i) TpancBepcanbHa B Touke (x, f (x)) u3 X X W. Has storo neoBxo-
JUMO ¥ JIOCTaTOYHO, uTOOb! BLIMOJHSJIHCH CHELYIOMUe YCIOBUSA:

(i) kacarenbHoe mpoctpaHcTBO Ty (Y) €cTb cymMMa OpocTpaHCTBa
Tz (W) u obpasa otobpaxenus T, ();

(i) apoobpas T, ()~ (Tyw (W) KacaTelTbHOTO mpOCTPAHCTBA K
W B Touxe f (x) monycKaeT TONOJOrHUECKOE JAONONHEHHE,

ToBopsit, uto | mparceepcasen k W, eciu oH Tpauceepcaned Kk W
B KaxIof Touke u3 [ (W).

Has Toro utobel Mopdusm f us X B Y 6 cyGmepcueit, 10CTaTOUHO,
yTo0bl OH ObLT TpaHCBEpCAaNeH K KaKAOH Touke u3 Y, u HeoGxoauMmo,
41006l OH Obly1 TpancBepcaled KO BCIKOMY NOAMHOTOOGPa3sHio MHOF0OG-
pasusa Y. Llns Toro uto6el KoHeuHoe cemelcTBO Mopduamon fi X, - S
Obio TpaHcBepcanbHO, HEOOXOAMMO K AOCTATOYHO, 4TOGBH MOpPdU3M g

us I1 X, o S/, onpenenennwi dopmynoit g ((x)ic)) = (f, (x))ies, Gbl1
gl

TpalcBepcanen K AuaroHann 8 S'.

5.11.7. Tpeanonoxum, uto mMopdpusm fi X — Y TpaHcsepcasneH K moj-
MHorooGpasuio W mHoroo6pasus Y. Toraa f™ (W) ectn noJAMHoroo6pa-
sue B X, 1 4jisi Touku x u3 /™ (W) noAnpoctpanctBo B T, (X), Kaca-
Teaboe K T (W), ecTh npoobpas MOAIPOCTPAHCTBA Ty (W)
ornocuteabHo T, (f). Jluneiinoe orobpaxenue T, (f) ompesenser mpn
nepexofe K (akTopy H30MOPGH3M TONOJOTHYECKUX BEKTOPHEIX MpO-
CTPAHCTB — NPOCTPAHCTBA, TPaHCBEPCANBHOMO K /‘"1 (W) B x, Ha npo-
CTpaHCcTBO, TpaHcBepcanbHoe K W B y = f (x). Ecnu ropasmepuocts
noamuoroo6pasus W paBHa d B Touke y u3 Y, To moamuorooGpasue
f=' (W) muorooGpasuss X nmeer KopasMepHOCTb d BO BCAKOH TOUKe
H3 f““1 (W). Hakonen, orobpaxenne x ~» (x, f (x)) ecTb uomopdusm
MHorooOpasuil u3s f”’] (W) na paccrnoennoe mnpouspegenne X Xy W.

5.11.8. Mlycts Y; u Y, — nBa noamuorooGpasus MuorooGpasua X,
M mycTh ) — unbekuus w3 Y; 8 X. [osopsart, uto Y, u Y, Tpancsep-
CanpHbl, €CNH mapa (i, \g) TPAHCBEPCANbHA; K STOMY K€ CBOJHUTCS
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MPEATNoA0MenHe, uTo AJis BCAKOH Touku X u3 Y [} Y, cymmofi noanpo-
crpancts T, (V) n T, (V) mnpoctpanctBa Ty (X) sasasetca T, (X),
a uMxX nepeceueHHe JonyckaeT Tomojoruueckoe gonosuenne B T, (X).

[pu atux ycaosusx Y, [} Y, ecth nojamHoroo6pasue B X, u 404 Kax-
jgoro x u3 Y, N Y, '

T, Y, N Y)=T,Y) )T, (Y

ecsiy, Kpome Toro, Y, uMeer B x KopasmepHocTb d, To ¥, ) Y, umeer
KOpasMepHOCTb dy + d, B X,

5.11.9. [lycts f u g — ABa Mopdu3ma mitoroobpasna X B MHorooGpasue V.,
Eciu mopdusm (f, g): X — Y X Y rtpauceepcalen K AuaroHain B
-Y X Y, 10 noamuoxectBo N B X, o6pa3oBaHHOE TaKUMH TOUKAMM X,
yto f (x) = g (x), ecTb nopMuorooGpasue B X; OHO Ha3LBAeTCS -A0pOM
JBOHNON CTpeaky

b g XY,

5.12. I'pynnossie MH02000pa3us

5.12.1. Tycts G — rpynna. CTpyKTypa MHorooOpasusi Ha G HasbIBaeTcsl
C02AQCOBAHHOL €O CTPYKTYPOH rpynnsl Ha G, eciu oToOpaxenue (x, y)+—»
+ xy 13 G X G B G ectb Mopdu3sM. Otobpaxkenue x —» x~! ecTb TOraa
Mopdusm rpynnet G B cefs. MuoxkecTBo U, HaJgneHHOe €ro rpYINoBoH
CTPYKTYPOH U ero CTPyKTypoi#l MHOrooGpasusi, HasblBaeTCs epYyrnnosoLm
mioz006pasuen («kaacca C'», ecly HyXKHO YTOUHHTb) WIH 2pynnotl
JIi. Eciu r = o, roBopaT Takxke o6 amasunmuueckol epynne. Ecan
K = R (coots. C, Q,), roBopaT TakXke o 6euyecmeertol (COOTB, KOMN-
AeKcHol, p-aduueckori) epynne Jlu. Besakoe rpynnosoe MHoroo6pasue
yHcToe. [OMOMOPOUIMOM 2pynnoseix MHO2006pa3ull (WY TIPOCTO 20MO-
MOphu3moM) HA3LIBAETCS BCSIKOE OTOOpaXKeHHE OJHOro rpyInoBOTO MHO-
roof6pasusl B Apyroe, fBAsIOLlEeCT OJHOBPEMEHHO [OMOMOpGH3MOM
rpynn v mMopgussmom Muoroobpasuii.

Ecnu G — rpynnoBoe MHoroo6pasue, TO Tolojioruueckas CTpykK-
TYypa, Jexalas HuXe CTpYKTypsl MHorooOpasus Ha G, npespamaeT G
B NOJAHYIO MEmpu3yemyio monoadeueckyio epynny; mnpocTpaHcTeo G
JIOKaJIbHO KOMIAKTHO, ecy K JIOKaJlbHO KOMIIAKTHO U G KOHEUHOMEpIo,

©5.12,2, Hpunepor

(i) Ecau V — GanaxoBo MpocTpaHCTBO, TO KAHOHWUECKAst CTPYKTY»
pa MuorooOpasus Ha V corviacoBaHa ¢ ero CTpyKTypo#l KOMMYyTaTHBHOH
rPyRMbL

(ii) Ilycte A — nosnHaa HopmupoBaHHasi K-anrebpa c eAuHuued,
1 nyctb A* — rpynna o6patuMbix 3jemenToB H3 A. DTo OTKpBITOE B A
NOANPOCTPAHCTBO, U CTPYKTypa Muoroobpasysi Ha HeM, MHIYUMPOBaH-
Hasi KAaHOHUYECKOH CTPYKTYypOH MHOrooOpasus Ha BekTOpHOM K-mpo-
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cTpancTBe A, corsacoBatia co cTpyKTypoi rpynnsi na A*. B uacTiocTy,
BosbMeM B KauectBe A anre6py £ (E) HenpepbiBHBIX 3HAOMOP(HU3MOB
GanaxoBa mnpoctpanctBa E (rpynna A* coctouT u3 aBTOMOp¢u3MOB
. TOMOJIOTHYECKOTO BeKTOPHOTo mnpoctpanctBa E) u o0o3HauMMm uepes
GL (E) onpenenenHoe TakuM crnocofoM rpynnoBoe mHoroo6pasue. Kor-
za A = M, (K), noayuaeM CTPYKTypy rPYINOBOro MHoroofpasus Ha
GL (n, K).

(iif) Ecnu Gy, ..., G, — rpynnossle Muoroo6pasus, To NpousBeje-
nue rpynn G = G; X ... X (G, ecTb rpynnoBoe MuorooGpasue, Koib
CKOpO Ol0 HaJeJeHO CTPYKTYPOH MHOroobpasus, sBASIOmEHACs Npous-
BelleHHeM CTpPYKTyp iia G,

5.12.3. Ilyers G — rpynnoBoe MHoroo6pasue, H — Tomnosnoruueckas
rpynna, y nyctsb f: H - G — HenpepbIBHLIA roMoMOp(H3M, YAOBAETBO-
patouit yeaosuo (QR) u3 n° 5.8.1. CrpykTtypa MHoroobpasus ua H,
SBASIOWANACT 06pamHbiM 06pa30M OTHOCUTENLHO [ CTPYKTYPbl MHOroob-
pasus Ha G, npeBpatiaer H B rpynnoBoe MHoroofpasne. D10 KakK pas
npumeliuMos cyuae, koraa H ectb nodepynna B G, s84a0uasca nodmro-
eoobpasuem (COOTB. KBasUNOAMHOrooOpasuem); mojobHas NOArpynna
HA3bIBAETCA 2pYnnogoim noOMHOe006pasuem (COOTB. KBa3HTIOAMHOT0006-
pasueMm) B.G; ona ofsizaTenbho 3amkuyma B G.

Ecan H,{(i =1, ..., n) — rpynnosoe noamuoroo6pasue B G, TO
H, X ... X H, cctb rpynioBoe noaMHoroo6pasue B G, X ... X G,.

5.12.4. Mycts G — rpynnoBoe MHoroof6pasue, W nycTs H — rpymro-
Boe moaMnorooGpasue B (. OTuoeHue SKBHBajeHTHOCTH x—'y € H
perynsipiio, 4to No3BojdseT HaaeauTs npocrpatctso G/H JeBelX kiaac-
coB cMeikiiocTd xH cTpyKTypo#l mMHoroobpasusi, Ha3wiBaeMoH haxmop-
cmpykmypoti cTpyKTypsl Miioroobpasusi Ha G. Kanonuueckoe otobpa-
xenue (g, x) = g.xu3 G X (G/H} B G/H ectb mopdusM. Mmeem ana-
JIOTHUHblE pe3yabTaThl A OJHOPOAHOTrOo mpocTpaHcTBa H/G mpaBbix
KJaccoB cMexcnocty Hx. Ecau H — HopmanbHasi HOArpynna, CTpyk-
Typa mHoroo6pasus Ha MHoxXecTBe G/H cormacoBaHa ¢ ero rpyImnoBoi
CTPYKTYPOH. '

5.12.5. Tlycts G — rpynnoBoe wmHOrooGpasue, M nycTb X — MHO-
roobpasue. 3akonom aesoz0 Oeiicrmeus epynnei G Ma mHO2006pasuu X
Ha3bIBAeTCA BCAKUE Takoll MopdusM (s, x) = sx u3 G X X B X, uto
s(ix) =(sl) x, ecu s, { €0, x€ X,
ex = x, ccan x € X (e — emunMunuil snement B ().

[oBopsiT Takxke, uTo rpynnoBoe Muoroobpasue G deiicmsyem caesa
Ha X; ananoru4so onpeAcsioTCs 3aKOHbI NPaBoro AeHCTBUS.

[lyets x € X, u nycts G, — crabunusatop touku x B G. [lpen-
NOJOXKUM, YTo oToOpakeHHe g—» g . X ecTh cybummepcus (310 Npen-
NOJIOKEHI1e aBTOMAaTHYECKH BLINOJHEHO, €CJIH XapaKTepHCTUKA monst K

3 H bypbGaxn
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pasna 0 u X xoneyHomepho). Toraa G, ecTs rpynnosoe noamiiorooGpa-
suc B G, u oTobpakenue u3 G/G, B X, nonyueHHoe u3 g ~» g.x nepe-
X0JloM K GhakTopy, ecTb ummepcusi. Eciu kK ToMy xe opbuta . x TOUKH
X JIOKaJlIbHO 3aMKHYTa M ec/M TonoJorus B G nomyckaer cueTHsi 6asuc,
To G.x ccTh noamioroobpasue B X u otobpaxenue G/G,— G. x ecTb
n3omMopdu3M MilorooGpasuil,

5.13. Ocaabaenne cmpyxmypeot

Bo BceM sToM nyHKkTe OyKBbi 7, 8, ', 8" 0603Haua0T ubo Hesble yucaa
> 1, nubo oauH n3 cuMBOJOB oo ¥ o, [lpeanonaraercs, uto K = R.

5.13.1. Tlycts r < s u X — muorooBpasue kiaacca C°. Ha tomonoru-
uecKOM NPOCTPaHCTBe X CYUICCTBYET OAla U TOJLKO OJHA TakKas CTPYK-
Typa mHoroo6pasus kaacca C', uto BcsAKas KapTa na X OTHOCHTEbHO
JaiHol CTPYKTYPHI ecTb KapTa Ha X OTHOCHTENILHO 3TOH HOBOH CTPYK-
Typhl. ITycte X, — noayueiHoe TakuMm crnocofom MHorooGpasue KJaac-
ca C". ToBopT, uTo Olo NoNyueuo u3 X ociabieHuem CTPYKTYPbi MHOTO-
ofpasua Ha X WM uTO ero CTPYKTypa MHOrooGpasusa Aexumm Huxce
CTpYKTYypbl MHOroo6pasus Ha X. [lonsiTue ocnabsenust TpaH3WTHBHO:
ecan r’ < r, 10 X, = (X/);; Oll0  NIEPECTAIOBOYIIO € IPOU3BEAELIHU MU
ecin Y npunagnexut kaaccy C° 10 (X X Y), = X, X Y,; asano-
TUYHbIE Pe3yabTaT uMeeT MecTo A1 X XsY B IpelrioNoxKeHusx,
ykasanuslx B n° 5.11.2. .

IMyctb a € X, u nycth ¢ — kapta Ha X B @, 9TO TakKe KapTa aX,
B a. Orcrona noanyuaem (5.5.1) u3omoppusmsl

0,:E — T, (X), 0:E — T, (X)),

OTKyla ciieayeT uzomopdusm 0, o 07': T, (X) — T, (X,). Sror uso-
Mop(u3M He 3aBUCHT OT BbI6opa ¢; On TO3BONSIET 0moxcdecmeums Kaca-
meabHele npocmparcmsa B a K X 1 K X,.

5.13.2. TTycTb X (cooTs. X') — MHoroo6pasue kaacca C° (coors. C),
¥ TycTh r TakoBo, uto r < inf (s, s’). ToBopsT, uto oTOGpaxeuue f:

X — X' npunapnexur kaaccy C', eciiy oHO ecThb MopdusM u3 X, B
X,; Takoe oTo6paxeHue npuhagackut knaccy C ana  Besakoro ' <K r.

Bonee Toro, kacarennHoe JuHefiHoe otoBpaxkenne K f: X, — X, B
Touke @ € X COBNajdeT C KacaTeNLHLIM JHHCAHBIM CTOGpaXKenneM K

otobpaxeinio f, paccMaTpuBaeMoMy Kak MopdusM u3 X, B X,
Kak npasuio, X u X, 6yayT o603HauatbCcsi OJAHUM CHMBOJIOM;

TaK, ecau X mnpunafickuT kaaccy C°, Bhipaxenue «moaMnorooGpa-
sue B X kaacca C'» (r < S) 03HauaeT «noiMHoroobpasue B X, ».
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5.14. Cyscenne 0CHOBHO20 N0AS

B sTom nyHKTe Mbl 3aaeMcst JBYMsl KOMMYTaTHBHBIMH MOJHBLIMH HOP-
MHPOBaKIIbIMY HERUCKPeTHbIMY noJsmu K ¥ L, a Takxe ugomoppuamomn o
HopMmupoBanuoro oas K Ha nognode B L. Ecnu E — BaHaxoBo npo-
CTPaHCTBO Hal L, uepes o, (E) obo3nauacTcsi BEKTOPHOE IPOCTPAHCTRO
naj K, nomyueHHoe cyxeHueM nojds ckaasapoB (em. Alg., chap. II,
3° éd., § 8')); nannas Tonoaorns 1a E coracoBaHa co cTpyKTypoil BeK-
TopHOro K-npocTpaHcTBa, u o, (E)ects 6aHaxoBo npocTpancTBo Haf K.

5.14.1, Tlyets X — anasumuueckoe mro2006pasue Had L, u nycts ¢ ==
= (U, ¢, E) — kapta na X. Ortobpaxenue ¢ ecTb Ouexuusa u3z U ua
OTKpbIToe MoAMHOXECTBO B 0, (E), u Tpoitka ¢; = (U, @, o, (E)) ectp
kapta Ha X. Ha X cyuecTByeT oftla u TONbKO o4lla CTPYKTypa aHamlu-
THUecKoro mioroo6pasusa Hal K, OTHOCHTENLHO KOTOPO#H Cg ABASIETCS
KapToil aas aoboit KapTeic L-aHanutHueckoro MHoroobpasusa X. [lony-
yeHHoe TakuM crnocoboM aHanuTHuecKoe MHorooOpasne Hag K obozua-
yaeTcsl uepe3 Xg, U TOBOPAT, uTo X, nonyuaeTcsa U3 X cyowenuem nois
ckaaapos (¢ L po K npu nomomu o). Tonosoruueckoe NpocTpaHCTBO,
Jexaliee HUxke Mioroobpasusi Xg, TO 2Ke, UTO U JIexalllee HUXKE MHOTO-
obpasus X.

5.14.2. Hpumepot

(a) Bepem K = R, L = C,u 0 — KaHOHWUecKaa WHbeKuMs 43 RB L.
Tem cambiM 8CAKOE KOMMAEKCHO-QHAAUMUYECKOE MHO20006pa3UE KAHOHU-
HeCKU HQAOeasiemcs CMpyKmypoll BeulecmseeHHo-QHAMLMUYECKO20 MHO20-
o6pa3us; 9Ta BEUICCTBEHHO-aHAJUTHYECKAsI CTPYKTYPa caMa onpepess-
er audrpepenuipyembic cTpyKTyphl Ki1acca C' auist BCSIKOTO 7.

(b) bLepem K = C, L = C, 0 — conpsxenue x — x. TeM cambiM co
BCAKUM KOMIIEKCHO-aHaIuTH4YeCKUM MuoroobpasucM X cBa3blBaeTcd
KOMILICKCHO-aHa UTHUeCcKoe Miloroobpasue X, 11a3biBaeMoe COnpsiceH-
Hom X X. Ecnu f — xomnsrekcHo3uaurnas ¢yHKUMS, onpefeseHHas Ha
OTKpbITOM B X 1oAMHOxKecTBe U, TO [ allajIMTHUHA OTHOCUTEJBLHO CTPYK-

Typbl Muoroo6pasusi X Torga 4 TOJbKO TOr[a, KOTAa COmpsiKeluas
dyHkuua [ ananuTyuia OTHOCUTENBLHO CTPYKTYpPsl MHorooOpasus X,

Muoroo6pasus X u X onpefessitoT rpy CyKeHUH N[OJsl CKaNSPOB OJHO
H TO K¢ BELIeCTBEHHO-aHaJMTHUCCKOC MHOroolpasmue.

5.14.3. TNycts X — ananuTuueckoe MHoroofpasue Hag K, Y — ana-
JuTHueckoe MHoroo6pasue Hag L. OtoBpaxenue f: X — Y HasbiBaet-
Cs1 G-aHANAHTHYECKUM, ecau oo siBiasercs MopguaMoM uz X B Y. Ecan
K < L, npuueM 0 ecTb unbekius u3 KB L, u X — aHanuTHueckoe MHO-
roo6pasue Hapg L, To K-aHaquTuueckKUM OTOOpa)KeHHeM Ha3biBAeTcs
o-ananauTHyeckoe ortoBpaxkenHe u3 X, B Y.

1) Cum. rakxe Aze., va. 11, § 5.— [Ipun. nepes.

3*
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5.14.4. Tlycte V — 6aunaxoBo L-npoctpanctBo. Torga Ve = o, (V)
KaHOHUYecKasi CTPYKTyPa aHaJuTHUecKOro MHorooGpasis Hag K Ha
o, (V) nonyuaercs U3 KauOHHYeCKOH CTPYKTYpPLl aHAJIUWTHUECKOTO MHO-
roo6pasust nag L Ha V cyxeHueMm nonsi CKansipos.

5.14.5. [lycte X — ananuTHyeckoe wmiloroobpasue Hajg L, u nycTh
a € X. Ilyctb ¢ — kaprta Ha X B a; TOrla ¢; ¢cTh KapTa Ha X¢ B 4,
yTo BJjleyeT 3a coboil u3oMopdH3MBl
ec:E g Ta (X), Gco 10y (E) - Ta (Xc)y

. —1
OTKysa nosmyyaem usomopduamsl 0. oo, (0) u3 o, (T, (X)) Ha
T, (Xs); 10T u30MOPGH3M He 3aBUCUT OT Bhifopa ¢; OH TO3BOJSIET
oroxnectBuTh T, (X4) ¢ 0, (T, (X)) u paxe, eciu JONYCTHTb BOJIb-
HOCTb B 3amucH, ¢ T, (X).

Ecau f ects L-aHanuTuueckoe ortoBpakenue Muoroobpasusi X B
HeKoTopoe MHoroo6pazue Y, To KacaTte/abHOE JuneiHoe oToOp axelue K
f B a (f paccmaTpuBaeTcss npy 3ToM Kak MopdusMm u3 Xy B Yy) pasno

0, (T4 ()-

5.14.6. Tlycte X u Y — ABa anasumuueckux miuorooGpasusa Hap L #
fi:Xe— Y ectb c-anamutHueckoe otobOpakenue, [IpeimonoKuM, yTo
xapakTepuctika nons K pasua 0. Torpa nasa toro, utobut f Oblio aHa-
JUTHYHO Haj L, HeoOX0oAuMO U JOCTaTouHO, uToOut AM19 Besikoro @ € X
otobpaxenne T, (f) Oblio L-nuHeiiHo.

Korga K = R L = C (cayuai (a) B n° 5.14.2), umeem Bosiee TouHbI:
pe3ynbTat: eciv X u Y xoneuHoMepHst H ecau f : X — Y ectb otoGpa-
xenue knacca C!, KacatenbHoe oToOpa)keHHe K KOTOPOMY B Kaofl
touke @ € X C-nuHefiHO, TO [ KOMILIEKCHO-aHANTUTHYHO.

5.14.7, Tlyets X — Komnaexcro-anasumu4eckoe MHoroobpasye H g —
0To6pa>xe1me U3 X B cebs, yAOBIETBOPAIOLIEE YCIOBHAM

(i g - g = ldx.
(i1) OToépax&eHue g €CTb H30MOP(U3M aHAJMTHYECKOTO MHOrooGpa-

sust X Ha conpsukentoe Mroroobpasue X (5.14.2).

MuozkectBo X, TakuX Touek x € X, uTo g (X) = X, eCTb 3aMKHYyTO€
aHaJIHTHYECKOE MOAMHOroo0pa3sue BellleCTBEHNO-aHAMUTHUECKOrO MHO-
rooOpa3us, nexamero Huxe X. Haa x € X, umeem T, (X) =
=T, (Xo) @ iT, (X,). :

[Tyerb U — c6A3H0e OTKPBITOE MOAMHOKECTBO B X, W MycTb f M
g — IBa KOMILJIEKCHO-aHaMUTHUecKuX oToOpakeuus us U B oTaennmoe
JIOK2JALHO BBIMYKJIOE KOMILIEKCIIOE MPOCTPAHCTBO WM B OTIAETHMOE
KOMILJIEKCHO-aHaluTHUeCKoe MHorooOpasue. Ecau f u g coBnajaior Ha
HenycToM noaMHuoxectBe B U [} X, oTkpuiToM B X,, TO f = g.

[Tpeanonoxum, uro X, napakomnaxtio. Ecnu f — BeuiecTBeHHO-

-.aHaluTHYeCcKoe oToOpameHHe U3 X, B OTAeIHMOE JIOKanblO BLITYKJAOE
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- IPOCTPAHCTBO MJIK B OTAENUMOE KOMILJIEKCHO-aHaNuTHIeCKOe MHOToo0pa-
3H€, TO CYyILLECTBYIOT OTKpbITasi okpecTHocTe U MHoxkecTBa Xy B X o
KOMILJIEKCHO-aHauTHYecKoe oTofpaxeHue W3 U B NPOCTPaHCTBO 3Ha-
yeHnit otobpaxkenus f, npononxkatouiee f. JIpa TakMX NpoJOJIKEHUS COB-
NnajaloT B HEKOTOPOH OKPEeCcTHOCTH MHOXxecTBa Xy B X.

[pennonoxkum, uto X KoHeunomepHo. sl Bcsakol Touku a € X,
CYyLLECTBYET TaKas cucTeMa (KOMIJIEKCHbIX) KOOPAMHAT (TR
OTKPBITOH OKpecTHOCTH U TOuKu @, uTo I og= ; ans 1 < i n
orpanuuenue E' KoopzmnaTblC Ha U [} X, npuHuMmaer Torja BeliecT-

BeHHble 3Hauenusd, u (£, ..., £") ecTh cHCTeMa KOOPJAMHAT B TOUKE @ Ha
BEIECTBEHHO-AHANUTHYECKOM MHOTooGpasuu  X,.

5.14.8. Ilng BCSIKOTO nQpaKomMnakmuoe0 BellleCTBEHHO-aHATHTHUECKOro
MHoroo6pasus Y cyuectBytoT napa (X, g), cocrosimasi U3 KOMILIEKC-
Ho-aHanuTyueckoro MHoroo6pasus X ¥ orobpaxenus H3 X B celd,
yaosacrBop siiolero yenouam (i) u (ii) us 5.14.7, u usomopdusm f us
Y na X,. Topopart, uto X (HajenenHoe 0T06pa}KeHHﬂM[/I fu g ecmn
Komnaexcugpukayua MHoroobpasus Y.



§ 6. Paccaoennus ')

6.1. Paccaoenns

6.1.1. Paccaceruem xaacca C', wiy TPOCTO PAacCHOCHHEM, HA3bIBACTCHA

Tpoiika (X, B, m), rae B u X cyTb mHOroo6pasus knacca C' u it — mop-
¢usm u3 X B B, obnapaomiuii caeayomiM CBOHCTBOM:

(F) Ons Bcaxkoro x € B cyllecTBYIOT OTKPLITasi OKpecTHOCTh U
TOUYKY X, MHOrooBpasue F u Takoil usomopgiuam ¢ uz n—! (U)yna U X F,
uto 7 (¢~ (x, y¥)) == x ang Bcsiroro x € U u Besikofo y € F.

Ecnu A = (X, B, ) — paccaoenune, To X Has3biBaCTCs npoCmpaH-
cmgom paccioenus A, B — 6a30ii paccioenu s A 1 1 —~ npoexyueri paceoe-
uua A. Oro6paxkeHue 1 ecTb cybmepcusa; B 4acTHOCTH, i (X) OTKphI-
To B B, u eciy R 03HauaeT OTHOLUIEHHE 3KBUBANE€HTHOCTH B X, ompe-
IeselHoe MNpoOekuMeii 7, To KaHoHWyeckoe oTobpaxkenne 3 X/R B
7t (X) ects uszomopdusm. asi Beaxkoro x € B npoobpas z—! (x) ecTh
3aMKHYToe NoJMHorooGpasue B X, Ha3bIBaeMoe CA0eM B TOuKe x u obo-
3nauaeMoe gepes X,.

6.1.2. Hpumepsi

(a) Ecnu B u F — gBa wmHoroobGpasusi, Tpoitka (B X F, B, pry)
€cTb PaccyIoeHue, CJIoW KOTOPOro KaHOHHUeCKH H3oMopdHbl F.

(b) Eciu A = (X, B, ) u ' = (X', B', n') — paccioenus, To

AXM=XxX, Bx B, nxa)

€CTb PaccNOEHHE; OHO HAa3bIBaeTcsl npoussederuem paccioenuit A u A,
(c) Eciu A= (X, B, m) u M = (X', B’, a') — paccnoenus ¢
00HOi u moti ace 6as0tf, To A XA == (X Xz X', B, n Xpn')ectb

1) Onpezenenus i GosbLiasi 4acTb pe3yabTaToB § 6 u 7 uPUAOKUME! TAKKE K KaTe-
TOPUY MONOACUMECKUX NPOCMPAHCME; HYKHO TOL/Ia 3aMEHHThb CJ10BAa MHOT000pasHsy,
«IMOAMHOT006pasusi», «<MOPGU3MbI» U «TPYTNNOBLIE MHOr0OGPa3ns» Ha «TONOJOTHYECKHe
NIPOCTP AaHCTBAY, «TONOJOrMUECKHE NIOANPOCTP AHCTBAY, «HENPePhiBHbie OTOGpaKeHnsy u
¢TOTIOJIOTHYECKUE [PyNNu», KlckntoueHue cOCTaBAAOT De3yabTaThl, OTHOCSILIMECH K
HUMMEpPCHAM, CYOMEPCUAM M PeryJaspHbIM OTHOUIEHHAM SKBIBAJEHTHOCTH, PABHO Kak U
pesyastath ¥3 n1°n° 6.2.3 n 6.2.4 (a).

YcnoBUMCS TakXe HasniBaTh MHo2o00pasuem kaacca CO (WIN  mONOAOUYECKUM
MHOo2000pa3uem) BCSIKOE TONMOJOTHUECKOE HPOCTPAlCTBO X €O CaAedyOluM CBOHCTBOM:
A5l BCHKON TOUKM x € X CyLIeCTBYeT ee OTKPhiTas OKPECTHOCTh, FoMeoMopdHas of-
KPLITOMY [OJIMHOXECTBY BelllecTBEHHOrO GallaxoBa HPOCTPAHCTBA; TEPMHH «MOpQH3M
Kaacca (% ucnonb3yeTest Kak CUHONHM TEPMUHA «HenpepbiBiloe oToOpaKeHnuey; alajao-
rYYHble cornawientys NPUMMAaIOTCes aas ceuenuil, pacesoelnl, BeKTOPHBIX paccAoeHU i
H T L
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paccJ/oenne; OHO HasblBaeTcs npouseederuem paccaoerudi h u ' nHad B
WM TaKKe paccAoeHHoLm npousseoeruem pacceaoenuit A u A'.

6.1.3. [lycts A = (X, B, m)u M = (X', B, n') — nBa paccjoeHus.
Moquusmom u3 A B A’ paseiBaercs Bcsakas napa (f, g), rae f — mopdusm
us B s B'u g——TaKon mopgusm U3 X B X', uto n' o g=f o m,
Korga B = B’ u f = Ids, rosopsr, uto g ecth B- -Mopghu3M PacCAOCHNS
A B A ecan g — usomopdusm n3 X na X', 1o g—t ectn B-mopdusMm
u3 A’ B A, U rOBOpPAT, UTO g €CTh B- u3omopq‘;u3m u3 A Ha A’; L 3T0r0 He-
o6xo,zmM0 M JOCTATOUHO, UTOOBI JAJds BCAKOro X € B ortobpaxetnue

g X, — X, uHIyunpoBaHHoe MOpdu3MOM g, ObiIO H30MOPHH3IMOM.

6.1.4. Paccnoenue (B X F, - B, pr;) HasblBaeTc mpusuasbHbim pac-
caoedueM ¢ 6a3oit B u co caoeM F. M3omopdusM paccaoeHus A Ha Tpu-
BHA/JbHOE DAacC/OEHUE HasbiBaeTcs mpusuaaudayueli paccjaoeHus A.

6.1.5. Iycte M = (X, B, n) — paccnoenue u [ B — B — mopdusm.
[Tycts nn' — KaHoHuueckuii Mopdusm u3 B’ Xz X B B'. Tpoiika
(B Xp X, B’, @) ectb paccioenue, iasbiBacMoe obpamHoim 006pasom
paccaoerus h OMHOCUMEAbHO f, WM paccJOeHueM, TOoJydyelHbM U3 A
3ameHoii 6asel B na B’, caegys f, u o6osuauaercs uepes B’ XpA,
nay uepes [*A. Ecau [* o3nauaet kaHoHnueckoe otoOpaxenuic u3 B’ X
X X B X, 10 napa (f, f') ectb mopgpusm u3 B’ X g A B A; oH o6nanaer
CJEYIOHM CBOACTBOM yHHBEpCadbHOCTH: ecad (f, g) — MOpbU3M pac-
cmoedns A’ ¢ Gasoii B’ B paccjioenve A, TO CYIIECTBYET OAHH H TOJbKO
omuH Takoii B’-mopdusm ¢: A" — B’ Xgk, uto (f, @) = (f, [)

Korpa B’ — noamuoroo6pasue B B u f — KaHOHUUECKad HHDbEKUUS
us B’ 8 B, 10 B" X X OTOXKJAECTB/AsACTCA ¢ NMOAMHOroo6pasuem n—! (B’)
B X u o’ — c orpatuuennem npoekuuu w Ha n—! (B’); o6paTtHbiii 06pa3
paccIocHH A1 A OTHOCUTGILHO [ Ha3biBaeTcsi TOTAA paccAceHuem Hao B’
UHOYUUPOBAHHbIM  PACCAOEHUEM A,

6.1.6. Eciu A = (X, B, m) — paccioeHue, mopghuseckum cederuem (Uin
NIPOCTO cedeHuem) PaccjOenus A Ha3biBaeTcs BCAKUN MopdusMm s: B —
— X, takofi, uto o s = ldp. (B nansHefiiuem 31a TepMuHONOrHA 0606~
LldeTCs, U CJIOBY «CCUCHMC» lipupiaetcs 6ojiee WHPOKUH CMBICI: CM. Ha-
yago § 8.) :

6.2. I'rasnble paccaoenus

6.2.1. [lycte B — muoroo6pasue n G — rpynnosoe MHorooGpasué,
Taasrom paccaoeruem ¢ 6asod B u cmpyxkmyprodl epynnodi G HassiBaetcs
yetBepka A = (P, G, B, m), rae P — MuorooGpasue, Ha KoTopom G
JeHcTByeT cnpasa no 3akoHy (x, g)~»x.g (cm. n° 5.12.5), n rae n —
mMopdusm u3 P B B, npuuem BLINOJHAETCA CAefylollas akCHOMa:
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(P) Ons Beakoro b € B CymecTBylOT Takue OTKDHITass OKpeCT-
HocTb U ToukM b u usoMopdusM f: U X G — n—! (U), uto

n(fu Q)=unfu gg)=>Ffw g.¢, ecmucluggecd

6.2.2. [lycte A = (P, G, B, n) — rynaBHoe paccaoeHue. Tpoiika (P, B, n)
ecTb paccaoenne; umeeM it (P) = B, OTHolleHHE 3KBHBaJEHTHOCTH
R B P, 3apaBaeMoe nmpoekuuel 5, COBNagaeT ¢ TeM, KOTOPOe ONPEAeeHO
neficTBHeM rpyMbI G; ero rpaduk eCTb He YTO HHOe, KAK NMPOH3BeeHHE
P Xpg P (cm. n° 5.11.2), a0 moamuorooGpasue B P X P. Oto6pake-
nue (x, g) = (x, X . g) ecTb usomopusm us P X G ua P X P; ot06-
paxkeHue, COMOCTaBJfIlee KaxaoMy (¥, y) € P X P eguncrtBeH-
Hblf 3seMeHT g € G, TaKoi, uTo y = X . g, ecTb Moppusm u3 PX g PRrG.

Ipynna G peiictByer Ha P cobcmsenno u c80600H0 (cM. O6uy.

n., 1969, ra. 111, § 4). Ecau x € P u eciu b = a1 (x), T0 oToGpaxe-
HHE g > X . g eCTb uU30Moppuam mHoeoobpasus G Ha caoid @ mouke b,

6.2.3. O6patHo, mycts G — rpynnoBoe MHorooGpasue u P — MHOTO-
oGpasue, Ha KOTopoM G JeHCTBYeT CIpaBa TaK, uUTO BHINOJHAKTCS ce-
LyloLlge yCJI0BHS:

(a) G Oeiicmsyem Ha P cobcmeerHo u c60600HO.

(b) Has scaroceo x E P -omobpancerue gvw» x g ecmy ummepcus
us G s P.

Torna otHouenue akBuBaseHTHOCTH B P, onpepesenHoe rpynmnoi G,
perynapHo; ecau ofosnauuTh yepes P/G (;oaKTopMHoroo6pa3ne U yepes
7T — KaHOHHYeckylo npoekuunio us P ua P/G, to uersepka (P, G, P/G, )
€CTb TVIaBHOE DAacCJOCHHE.

Korza K umeet xapaktepuctuky 0 u P KolueuHOMepHO, MpUBeAEHHOE
Bolle yesoBue (b) ecTh caepctBue ycaoBus (a).

6.2.4. YcaoBus npeiblAyinero NyHKTa BHITOJNHEHH! B ABYX CJefyHOUUX
cayvasx:

(a) P — epynnosoe mroeoobpasue u G — epynnosoe noOmHoco00pa-
3ue, peficTByoiee Ha P npabbiMu caBuramu; 6a3oi MoJy4eHHOTO TAKUM
€rnoco60M TJIaBHOTO pAacClOeHHs CAYKHUT ORHOPOAHOE NPOCTPAaHCTBO
P/G.

(b) G — duckpemnas rpynna, RelicTBylomias Ha P cob6cmseHHo u
c60000r0. Tlpoekuus = P — P/G ectb Torma 3TaibHLIE MOp(M3M
(n° 5.7.6).

6.2.5. ITpumepei

(a) [lycts B — muoroo6pasue, u nycts G — rpynnosoe MHOI‘OO6
pasue. 3actaBuMm G gzefictBoBate Ha B XG mo 3akony (b, g) . g =
= (b, gg’). UerBepka (B X G, G, B, pr;) ecTb IMIaBHOEe paccJOeHue.

(b) [Myers A = (P, G, B, m) u ' = (P’, G’, B’, a’) — JABa IaBHbIX
paccnoeuus. 3actaBum G X G’ neiictoBath Ha P X P’ o dopmyne

®, ¥).(g &) =(x.g, ¥ &), xeP, x'€PF, geG, ged.
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Uersepka A X ' = (P X P, G X G', B X B’, n X ') ecThb rmaBHOE
pacc/ioeHue; OHO Has3bIBAeTCs npoussederuem PaccyaoeHuit A u A

(¢) Mycte A = (P, G; B, ) u &' = (P’, G’, B, n') — 1Ba rnaBHBIX
‘paccaoenus ¢ ofHo# Gasoit. [logmuorooGpasue P Xz P' B P X P’
:UIHBapHaHTHO OTHOCHTEJIbHO JAEHCTBUSA rpynmbl G X G', u ueTBepka

AXph =P xgP,Gx G, B ann)

£CTb [MaBHOE PACCAOEHHE; OHO HAasblBaeTCs npoussederuem paccaoenull
hu A mad B uan paccacenneim npoussedenuem paccioenuii A u A

6.3. Mopghuams. 2nasrbLx paccroenuii

631 [ycts & = (P, G, B, n)n?»' = (P', G, B, n)—-,uBa IJIaBHBIX
paccsIoeHus. Moquuazvzom 3 B A’ HasuBaercs BeAKas TpOiKa (f, o, h),
rpe [+ P—-P u h: B—> B — Mop(pmeI ¢: G — G' — romomop-
GU3M rpyNnoBLIX MHOTOOOpasuit U rie o' o f=homu f(x.g) =
=fKx).e(g maxeP, g €q. Omemm yto [ omnpenenser h;
4acTo OymeM roBopuTth, uTo (f, @), WM Jaxe npocTo f, ecTb MOpPU3M.
i Korma B= B’ u h = 1dg (cootB. xorma G =G n ¢ = ldg),
Tako# mMop(u3M HasbiBaercs B-mopgusmom, cOTJAaCOBAHHBIM ¢ ¢ (COOTB.
G-mopguamom, cornacoBaHHeiM ¢ h), Mopdusm, asasiomuiics ogHoBpe-
MeHiio B-mopdusmom 1 G-mopdusmoM, HaswiBaetcsa G-B-mopgusamom
(B 9TOM cayvac Tak:Ke roBOpPAT MPOCTO O «Mop(;omme» eC/Id He MOXKET
Obith myTaHuusl). Beskunit G-B-mopgusm f: P —> P’ ectn nsoMOp(puaM
MHOroo6pasua P na MHorooGpasue P’, oSpathbiii u3omMopdusm f~' ecTb
G-B-mopdusm: f ectb G-B-usomopgpusm us P na P'..

[Ba rnaBHHX paccaoeHus P u P’ ¢ opuolt 6a30o8i B u OfHOH CTPYyK-
Typuoii rpynno#i G HaseiBalotcs G-B-usomopguemu (MU MPOCTO ¢30-
MopHoMu), ecad cyulectByet G-B-uzomopdusm u3 P una P’

6.3.2. ['naBHoe paccioenue (B X G, G, pry) HasbIBaeTCs MPUBLALLHBIM
IJ1aBHbIM paccaoeHueM ¢ 6asoit B u ctpykrypHo# rpynnoi G. Msomop-
¢usMm raaBHoro paccaoenus A (P, G, B, m) Ha TpUBHAJbLHOE [JaBHOE
paccaoeHye ¢ 6a30fi B u ctpykrypHOH rpynmo#i G HasbiBaetcss mpu-
suausayuer pacciioenns A. Beskoe ceueHue s paccaoenus A onpepessi-
eT TPUBHANIM3ALHUIO f, paccnoenus A no dopmyse.

—1

fs (b, @ =s(b).g nma beB u geQ.
Tonyuaem TakuM enocoOOM GUeKyur0 MHONECMBa cederuli paccioenus A
Ha MHOMcecmso mpusuaiudayuti paccaoerus h. Bosee Ttoro, ecau s, —

CeUeHHe pacc/JOoCHUA )\,, BCAKOE CeYyeHHe S pacCC/IOeHHU s A €M HCTBEHHbBIM

o6pa3oM sanuchiBaetcs B Buge s (b) = 8y (b) . r (b), rae rt. B — G ecthb
MOp(H3M.

6.3.3. Ilycte A = (P, G, B, m) — riaBHOe pacciaoeHHe, 4 NMycTh A:
B - B — MOpq)H3M. HyCTb i’ (cooTB. h') — KaHOHHYeCKHi Mop¢u3sm



" ' PACC/OEHNS ‘ §6

u3 B’ X P B B’ (cootB. B P). 3acraum G fefictBoBath Ha B’ Xz P
no dopmyne
', x).g =", x.g, (b, )EB XsP, g€q.

Yersepra (B” X P, G, B, n’) ectb ryiaBHOE paccyoenue, Has3biBaemoe
o6pammoim 006pasom PAcCJIOEHUS A OTHOCHTELHO A M 0603HavaeMoe
yepes B’ X gA wm uepes h*A. OtobGpaxenue h': B' Xg P — P
ectb G-mopghusm, cornacoBanHelfi- ¢ /i; oH ofiagacT CACLYROUM
CBOMCTBOM YHUBEPCAJbHOCTU: ec/H f —coryacoBaHibiii ¢ i G-MOphU3M
rnaBnoro paccaoedusa A’ ¢ 6asoii B’ B paccaoerre A, cymectyeT
OJMH U TOJLKO OAuH Takol G-B'-usomopdusm k: A — B’ XA, uto
f="Hh ok ‘

Korna B’ — noamHoroo6pasue B B u A — KaHOHMYECKass UHBEKIUSA
us B’ B B, B’ Xp P 0TOMIeCTBAseTCs C nogMHorooGpasuem nv ' (B')
B P; OHO HAasblBaeTCs 24a8HuM paccioeruem Had B, urdyyuposantoin
paccaoeruem P, u oGosuauaetca uepes s (B') uau P | B’. Besakas
Touka x € B obnagaer TakoH OTKpHITCH okpecTHocTbio U, uto P|U
TPHBHAJBHO, :

»

6.4. ITocmpoenune 221A8HHLX PACCAOEHUIL C NOMOUDIO
KOUuKa08

Ilycts B — muorooGpasue, G — rpynnosoe MuorooGpasue u U =
= (U,);c1 — OTKpbITOE TOKpLITHe MHOrooGpasus B.

6.4.1. Koyuxaom xnacca C" na B co 3HaucHusaMu B G, MOAYMHCHHBIM
nokpuitnio ‘W, HasbiBaeTcs ceMefCTBO (g1, jyex s, OOJafaIOLIeE ABYMA
CJAeAyIOMUMU CBOACTBAMM:

(1) nnsa Beakoi napdl (i, j) € / X I g;,; ecTh oToOpaxkeHne KJjacca
C" n3 otkphiToro B B woanuoxecrsa U, (} U; B G;
" (2) nns Besiko# Tpoiku (i, f, k) € I umeem

ik (X) == gi; (%) . gk (¥) Ana Begxoro x €U, Uy () Up

loBopsiT,” 4TO ABa TaKIX KOUMKAA (gi;) H (g;) Kocomoa02uUHeL,
ecaH CylecTByerT ceMeHcTBO (f,)ics, B KOTOpOM h; Afs Beskoro i g /

ecTh oToGpakenne Kiaacca C" u3 U; B G, Takoe, uto

3) g},,- (x) = h, (x)_1 . &i; (¥). h; (x) ana seaxkoro x € U, | U;.

6.4.2. Tlycts A = (P, G, B, n) — riaBHoe paccioenue. 3afaluMCcs s
Kaxaoro i. € I cedenuem s; paccaoenus A wag U, (6.3.3). daa Bcakon
napst (i, j) € I* cymecTByeT TOTAA OJMH U TONLKO OLUH TAKOH MOPGHU3M
g, u U N U B G, uro

() si(b) =s,(0). gi;(b) nas BCSIKOTO beU, nU;.
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CemeiicTBo oTOGpaxennii (g; ;) ecTb KOLUUKA Ha B co 3Havennsamu B G,
TNOAYHHEHHbIH OTKphiToMy nokpuitnio U. TOBOPAT, UTO 3TOT KOWMKJ
accouuupoBan ¢ o6bekToM (A, U, (S))icr), U oTOOpaMceHUs g;; HA3bI-
BAIOTCA nepexoonoimi (yHKyUAMU LN 3TOro oObeKTa.

HOnai € I nycrs x — (1 (x), f; (x)) — TpuBMann3amus, onpelesnse-
Mas ceyenueM s; paccaoerus MU, (6.3.2). Ina x € (U, N U)

(©) fo(x) = gij (). [y (x).

6.4.3. OGpaTtHo, mycTs g = (g; ) — Kounka Ha B co 3Hauerusimu B G,
noguunenubit nokpeitiio U. CyiecTByloT Toraa riaBHoe paccjoeHHe
A= (P, G, B, m} u cemeiicTBO ceueHuit (5;)ic; paccmoenms A wag U,
TaKoe, YTO BHIMOJHAETCA cooTHOWeHHe (4). Bruinonusercs toraa u (5).
Ecan, kpome 1oro, (A, (5;)) yAOBIETBOPAET TeM e yCAOBHAM, Cylle-
_ CTByeT OAUH M TOJbKO OAMH Takol G-B-u3omop¢usm f uz A na A’, uro
s = [ os, s Besikoro [ € /. DTOT pe3y/bTaT BHIPaAXKaeTCs CIOBAMH:
¢ mouHOoCmbio 00 00HO3HAUHO onpedesenroeo usomopgusma (A, (s))) onpe-
Oeneno KoyuKaom g.

6.4.4. [Tycts L = (P, G, B, n) n A" = (P’, G, B, n') — nBa riaaBHbIX
paccoerns. TlycTs (s;) (COOTB. (5;)) — CeMeiCcTBO CeueHHil pacc/aoeHHs
A (cootB. A') Hax mHoxecTBamu U,, u mycts g (COOTB. g') — KOIMKJA,
accounupoanusiii ¢ (A, U, (s,)) (coots. ¢ A, U, (57))). Hdas moeo umobi
paccaroerus h u N Ooraw G-B-usomopiprot, Heobx00umo u docmamouto,
ymobol Koyukael g u g Obua kocomoaocuyHs:. Tounee, Aad BCAKOro
‘G-B-uszomopdusma f paccnoenus A 1a A’ cyIecTBYeT 0JIHO U TOJAbKO OJHO
Takoe cemeilcTBO (h,);c; MopduaMos mHoxkectB U, B G, uto BbINOJ-
Hsetcs cooThomenie (3) u uto fo (s (1)) = S, (x). h; (x) AaA BeAKOro
i€l u Beskoro x ¢ U;; takum <mocoGoM mnosyuvaetrcs Ouexyus
MHOXKecTBa (-B-usomopdusMoB u3 A iia A’ Ha MHOMKECTBO CCMEHCTB
(R,)ic1, YIOBIETBOPAOIMX YCAOBUIO (3).

6.4.5. Bepuemcs k obosHauennsm u3 6.4.2, u nyets 7 = (Vo)aca —
OTKPBITOE MOKPHITHE, Boslee TOHKOe, ueM OTKpuIToe nokphitue . [Tycts
1 A - | — takoe otobpaxennc, U0 Vo & Uygy AN BCAKOTO & €
€'4. Mlycts sy — Orpauuuenue Ha Vi CceYeHUA Syq H g =
= (Qop) — KOWUKJ, NOAYMHEHHBI OTKPLITOMY MOKPHLITHIO ¥, acCOMUH-
poBaitubiii ¢ (A, 77, (S)). Ilepexoguas yHKIMA g{w ecTs TOTAA orpa-
uuuenne Ha Vo (| Vp nepexonuoil GyHKUUN Gy(a), wp)

6.5. Paccaoenrsie npocmpancmsa, accounupo8awnHsLe
C 21QABHBIM PACCAOCHUELM. .

6.5.1. Ilycte A = (P, G, B, =) — raaeHoe pacchoenne, Ilyers F —
MHOTOOOpasue, Ha KoTopom rpynna G neficTeyer cjeBa; 4epes (g, y) ~»
~ g . y oBocHayaeTcss 3aKOH AebictBusi rpyansl G Ha F, [pynna G
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peiicteyet cnpasa nHa P X F no ¢opmysae (x, f) . g =-(x . g, g . s
OTIIOLIeHHe 3KBUBaJeHTHocTH B P X F, onpepenennoe rpymno#t G,
peryaspHo; daktop P X6 F = (P X F)/G HageneH CTpyKTYpOH MHO-
rooGpa3sus.

[Tycts E — mHoroo6pasue. [osopsit, uro E HajgeneHo cTpyKTypoH
PACCAOBHHO20 RPOCMPAHCMBA, ACCOYULPOBARHO20 ¢ A, co caoem muna F,
ecau 3agaH moppusm pi P X F — E, objagamomuil cjepytonium CBoi-
CTBOM:!

(As) Mpn x € P, f € F, g € G BuimosHsAeTCT pPaBeHCTBO 0 (X . g,
g ') =o(x, ), u orobpaxenne p: P XG0 F — E, ronyuyeHHoe u3 o
nepexojoM K (PaKTODY, €cTh M30MOpdH3M MHOrooGpasuii.

To ke cavioe MOXKHO BhIpa3uThb, CKasas, 4ro (P X F, G, E, p) ectb
rsaBHoe paccaoeHve. Ortobpaxenue p (Maw MHOTAA OTOOpAXMEeHHE p)

HaswlBaeTca penepHulm omobpaxcenuem i E n oGo3Hauaerca uepes.
(x, f) = x . f; nmeem .

(x.8.f=x.(g./) ma xeP, geGufeF.

3aganne A n F onpepedsier E ¢ TOYHOCTBIO 10 €MHCTBEHHOINO H30-
mopdH3Ma; B YACTHOCTH, MOXKHO B3ATh B Kadectee E camo MHOroo6pa-
3ne P XG F;, roBOPAT, UTO 3T0 PALCAOEHHOE NPOCIPAHCMBO, ACCOYUUPO-
sanroe ¢ M, co cacem muna F, v oHO oGo3Havaetcs uepes A (F).

6.5.2. Tlyctb E — pacc/ioeHHOe MPOCTPAHCTBO, aCCOLMUPOBAHHOE C A,
co caoev tina F. CyuectsyeT enuHCTBeHHBH Mopdusm ng 13 E B B,
Tako#, uto g (X . f) = xn (x), eciu x € P, f € F; tpoiika (E, B, mg)
ecTb paccaoeHue; ecau B u F otresnvs, 10 E oT1eanvo. ‘

Mycts b € Bu Fy == nE' (b); aTo0 3aMKHyTOe mnoAMHoroobpasue B
E. Ecan x € P rtakos, uto it (x) = b, To nyets 0,2 F — F, — 071006-
paxeHue, omnpeneseHHoe d¢opmyaol 0, (f) = x . f; 370 usomopdusm
mHoroo6pasuii. Bosee” toro, s Beakoro g € G umeem 6, , =
= 0,0 pg, [1I€ p, O3HAU aeT aBTOMOPOHU3M fi+g . f Mmioroo6pasus F. [1pexn-
NoaoKuM, uTo F HajeJeHO CTPYKTypoil s Kakoro-nmu6o- poaa I
(ecm. Teop. mrooc., va. IV, § 1, n° 4), H NpeanosoXKuM, 4To s UHEAPU-
aHmHa OTHOCHTEBHO G, Toria Ha F, cylmecTByeT ofHa U TOJLKO OfHa
TaKas CTPYKTypa s, poja 3, uto otoGpaxenus 0,: F — F, cyTs wuso-
MopdH3MBbl; OHA MOJydaeTcs MyTeM MepeHoca s NP MOMOIIH OHOTO u3
0, (loc. cit., n° 5).

Ecau s — ceueHue pacc/oeHHst P Haj OTKPHTHIM B B MOIMHOXe-
creoM U, To oToGpaxenue (b, f) +» s (b) . f ecte usomopdusm w3 U X
X F Ha ap' ).

6.5.3. I1pumepor
(@) Mycts A= (B X G, B, pry), E =B X F, u nycts
p:(BXG x F~E
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— orobpaxenue (b, g, f) — (b, g . f). [lonyuaem, Takum o6pasoM, Ha
B X F cTpyKTypy pacc/oeHHOro MpOCTPaHCTBA, acCOLMHPOBAHHOTO ¢
A, co caoem tHna F, koTopas 1asniBaeTCst mpueUaibHoil.

(b) Iyers A = (P, G, B, m) n M = (P’, G', B, n’) —1Ba raaBHbIX
paccaoenns. ITycte F (cootB. F’) — MHorooGpasue, Ha KoTopom G
(cootB. G') peficTByer cieBa, u E (cooTs. E') — paccioeHHOe NpocTpan-
CTBO, accoUMHPOBaHMoe ¢ A (CooTB. ¢ A'), co c/oeM tuna F (coots. F').
[pynna G X G’ ne#icteyer na F X F' mo ¢opmyse (g, g'). (f, [)=
=(g.f, & .[). Oro6paxenne (P X P’y X (F X F') -~ E X E’, sp-
Jdpomeecs INpousBeqeHueM penepHuix ortoGpawmennii P X F—E u
P’ X F' — E', nageasier E X E' CTpPYKTYpPOH paccaoenroeo npocmpan-
cmsa, accoyuuposartozo ¢ h X A, co caoem muna F X F'.

(c) B obosnavennsax us (b) u B npeanosoxenuu, uto B’ = B, aua-
JoruuHo onpeseasieM Ha E X g E' cTpyKTypy paccioennoeo npocmpan-
cmea, accoyuuposarrozo ¢ h X g A, co cacem muna F X F'.

6.5.4. B oGosnauennsax n° 6.5.1 nycts h: B — B — Mopdusm, A" =
= B XgpAuE =B XgE.Ecan P’ = B’ X P, onpegenuM 0106-
paxenne P’ X F -» E’, moaoxus (b, x).f = (b', x. [); Mbl, Takum
o6pasom, Hazeaum £’ CTPYKTYPOH paccaoeHHo20 npocmparncmsa, ac-
coyuuposarrozo ¢ ), co caoem muna F; oHa HaswiBaercs oOpaTHLIM o0pa-
30M JIaHHOM CTPYKTYypbl HAa £ OTHOCHTENBHO .

6.5.5. Ilycte A = (P, G, B, m)— rnasuoe paccaoenue u E (coors.
E'") — pacc/ioeHHOe NpoCTPaHCTBO, aCCOLUUPOBAHHOE C A, CO C/I0eM THIa
F (coots. F'). Iycth u: F —> F’ — Mopdu3M, COrJIacOBaHHbLI € AelicT-
BueM rpynnel G (1. e. Takoit, uto u(g.f)=g.u(f) maf e F,
gcaG. CyuwecTeyer Toria OMH H TOILKO OAMH TaKoH Mopdnsm u: £ —
—>E utou(x.fl=x.u(f) na x€ P, f€ F. Eciu u — ummep-
cus (cooTB. cyGmepcusi, CyGUMMEPCHs), TAKOB ke U MOPOHU3M U,

B wactHoctn, npeanosioxum, uto Tpynmnosoe MHorooGpasue H nefi-
cTByer cnpasa Ha F 1ak, wro g.(f. W)= (g.f) .h wa g €G, f¢€
€ F, h € H. Beaxnil aneveHTr h € H onpejenser Torja aBTOMOD-
dusm u, MuHoroobpasusi F, corviacoBaHHBI ¢ AeficTBHeM Tpynnbl G,
a TeM CambIM aBTOMODP(H3M U, PacCaOeHHOTo 1pocTpaHcTsa E; rpynna H
neficteyer cnpasa Ha E no dopmy.e (y, k) = u, ().

6.5.6. [Iycts A = (P, G, B, n) — raasHoe paccjoenue, u nycrs £ —
paccJoeHHOe MPOCTPAaHCTBO, aCCOMMHMPOBaHHOE C A, o cjoeM THna F.
ITycts st B> E — ceuedne paccnoenus E. Jaa scAakoro x € P
CYUIECTBYET eJMHCTBEHHBIN 3eMedT 0 (x) € F, TakoH, 4T0 § (7 (x)) =
= x. 0 (x). OnpejenellHoe TakuM mnyTeM oToGpaxeHue 0: P —
‘ABJAeTCA MOP(H3IMOM MHOrooOGpasuil M ynoBJETBOpSIET TOXIECTBY

® o(x.8)=g".o(x.
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Otobpaxenne s-» 0 ecTb OMEKLHSI MHOXKECTBA ceueHlil paccioeHus E
Ha MHOXEeCTBO MOP(U3MOB 3 P B F, yIOB/CTBOPSIOMUX TOXKICCTRY  (#).

6.5 7. Ilycts )»—(P G, B,y u &= (P’ G, B, n')—u,Ba TJIaBHBIX
pacc/IoeHus ¢ OMHOM Gasoli B u omHoii crpykrypuoit rpynnoi G.
CTpyKTypHO#H rpynnon raaBHoro pacciaoenuss A X s A = (P X p P', G X
X G, B, (m, n')p) Oyper G x G. 3acraBum G X G JeficTBOBaTh CJeBa
1a G 1o dopmy.ae
@g) a=g &g,

v nycth E — paccioetiioe npocTpaHCTBO, acCOMHUPOBaHHoe ¢ A Xp'A,
co caoem THna G (HajeseHHbIM 3aKOHOM NeHCTBUsA, OnpejeselHbiM Bhl-
we), Torna ceuenus paccnoennss E OHEKTHBHO COOTBETCTBYIOT u30-
mopguamam uz P na P’. BoJece Touno, ecin s — ceueHHe paccaoeHus £,
orBeyarouiee (cM. n° 6.5.6) Moppusmy o: P X8 P’ — G, TO cyllecTBy-
eT ONMIi U TOJNbKO OmuH TakoH G-B-usomopdusm fi: P — P’, uto
o (x, [ (x)) = e naa Besxoro x € P; otobpaxceine s~ fo ecTh Ouek-
Mt MHOXKecTBa ceueHuil paccjoenus £ Ha MHOxecTBO G-B-u3oMopdus-
mMoB u3 P Ha P’, '

6.6. Pacwuperue u cyoscenue cmpyxkmypPHOE 2pynnot

6.6.1. Ilycts A = (P, G, B, ) — r.1aBHOe paccjiOeHHE H ¢ — TOMO-
mopthusM 43 G B rpynropoe muoroo6pasue H. 3actasuv G neficTsoBaTh
cnesa Ha H no dopmysde g. h==¢ (g) . h, v nycts P x%H —pac-
CJIOEHHOE MpPOCTPAaHCTBO, ACCOUMHMPOBAHHOe C A, co cjoeM Tuna H.
[MockoabKy mpasbie cipurii B H corgdacosanni ¢ efictuem rpynmsl G,
rpynna H geiictyer cnpasa Ha P X% H (em. n° 6.5.5); ecan my
osnauaet npoekuuo u3 P X°H na B, aersepka (P X% H, H, B, my)
ecThb IJ1aBHOe paccsaoelne, o6o3HauaeMoe uepes ¢ (A); TOBOPSIT, YTO OHO
NOAYHQeMCs U3 & npu ROMOWLL 20MOMOPPHUIMA §.

OroGpasetne f us P8 P X °H, conocrasasionee saementy x € P
KJacc ajeMeHTa (x, e), ectb B-mopgpusn us Ps P X CH, coeracosantoidi
¢ @ (cM. n® 6.3.1). Boaee toro, ecau f ects B-vopdusm u3 P B raasHoe
paccJIoeHHoe MpocTpaHcTBo P’ co CTPYKTYpHOIf rpynnoﬁ H u econ f
COTJIaCOBaH € ¢, TO CYIIECTBYET eAHHCTBEHHbIH TakoH H-B- H30MOPDU3M
Ous P x°H ma P, uro f =0 o /.

6.6.2. TlpéanoioxuM, uTo A onpegenenc ¢ MOMOMILIO OTKPBHITOLO Mo-
Kphitus 77 = (U,) MHorooGpasua B n kouukaa (g;) (6.4.2). Torna
¢ (A) MoxeT GbITb ONpejejeH0 NpPH MOMOLIY TOTO K€ MOKPHITHA H KO-
nukaa (), rae hy; = @ o gi;.

6.6.3. Ilycte F — mHoroo6pasue, Ha KoTopoM rpymna H jeficteyer
cnesa; uepes (h, y) —= h . y oBo3navaercs 3akoH aeficteusa rpynnel H -
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na F. ['pynna G neficteyer na F 1o gopmyae (g, y) = ¢ () . y. ITyctb
E — paccJioeiiHoe npoOCTPaHCTBO, aCCOUHUPOBAHHOE ¢ ¢ (A), co cJoeMm
tnna F. Oro6paxenue (x, y) —» f (x) .y u3 P X F B E (rne orobpaxe-
Hue f omnpeneneno B n° 6.6.1) nanesaser E CTpyKTypoH DacCiO€HHOro
NPOCTPAHCTBA, ACCOUHHPOBANHOTO ¢ A, co cjoem Tuma F. B yactHoctH,

(P x° Hy x"'F omomdecmsasemes ¢ P x%F.

6.6.4, TpennonoxuM, yro G — rpynnosoe HnoaMHorooGpasue B H u
uyto @: G — H — kaHoHuueckaa uHvekuusa M3 G B H. losopsar tor-
13, 4To ¢ (A) MoMyuaeTCs M3 A pacruperuem CMpYKmypHoil epynnet

do H. Mopgusv f: P — P x% H u3 n° 6.6.1 ectb usomopdmam uz P

G
Ha 3aMKHyTOe moamiioroobpasue B P X% H (pasHoe P X% H, ecan
G = H); 370T H30MOp(}HU3M CcOT/IACOBAH c feHcTBHeM rpynmel G (OTMe-

iy, uTo G neficteyer ta P X ¢ H Kak nogrpynna rpynmul H).

6.6.5. pexnoJoxuM onsats, 4T0 (G — rpynnosoe noaMmHoroobpasue
B H, nnyete u = (Q, A, B, n) — riaBHOe paccjaoeHue CO CTPYKTYPHON
rpynnoit  n 6asoil B, a £ — paccJjoellHoe NPOCTPAHCTBO, acCOLMHPO-
BaHHOE € W, co ciaoem tnna H/G. Ecan y 0003HauaeT KaHOHHYECKYIO
npoekiMio mMHOroo6pasus H Ha H/G, nojsoxum 6 () =y . v (e) nasa
Yy € Q (rme uepes e oGo3HaueH eAWHMUHbIA 3JemenT B H); noayuaem
Takuv obpasom wmopousv 8: Q — E, n uersepka (Q, G, E, §) ectb
raagHoe paccaoenue. B uactioctH, Q/G kanoruuecky omoscdecmensemcs
¢ E, kotopoe usomopdro Q X7 H/GY).

[Tycte Teneps s: B — E — ceuenne pacciaoeHuss E u A, — o6pat-
Hbii 06pas OTHOCHTEALHO § TOMBKO YTO ONpeNeJeHHOro pacc/oeHus
(@, G, E, §). D10 raasHoe paccioerue ¢ 6a3oft B M cTpYKTypHOH rpym-
nofi G, u ero pacmupenue 10 H wsomopduo p; ecsakoe paccicenue, 0baa-
daiotjee amumu ceolicmeamu, moxcem Oblmb NOAYHEHO MAKUM CROCOGOM
‘¢ mouHocmbio 00 U3oMOpu3Ma; 1BA CEUeHNs §, U s, paccaoerust E onpe-
NS0T U30MOP(RHEIE PACCAOEHU TOT A4 ¥ TOMBKO TOTAA, KOTja OHM Tpe-
00pasyioTca ApPYr B Apyra HexkoTopuiM H-B-asromopgH3MoM paccioe-
HHUA [,

6.7. 3amenvt cmpyrkmypol

~ CrpyKTypsl H LeficTBHs, ONMHCAHHBIE B 9TOM Naparpade, cor/acopa-
HbI ¢ 3aMeHaMH CTPYKTYpHI, onucanHeiMy B n°n° 5.13 u 5.14.

1) B monoaoeuueckom ciiydae (cM. npumevanue ua ctp. 70) Heo6XOAMMO Npeamnono-
WKHUTh, UTO NpaBble CABUTH iemeltamu Tpynnbl G npespamawot [ B esqsroe paccao-
eHHOe npocmparcmeo co CTpyKTypHol rpynnolt G u 6asolt H/G; 10 e camoe MOKHO Bh-
pasuTh, CKa3aB, YTO CYIIECTBYET HeNyCTOe OTKPHTOE MOjMHOMKecTBO B H/G, Haja KOTO-
puiv npoekunss H > H/G ponyckaer Henpepbistioe cederitie. B xateropuu muorooGpa-
3l ana’oruuHoe ycJIoBHe Beerja Beinoaueno (cM. n° 6.2.4),



§ 7. BekTopHbie pacciioeHus

Bo Bcem atom maparpade 6ykBofi B o6o3navaetcs MHoroo6pasue KJjac-

ca C' (r > 1) u 6ykBoli M — MHOXeCTBO, HajCJIEHHOE oToOparkeHHem
n u3 M B B. T'oBopaT, uto B ectb 6asa a1 M, u ansa Beakoro b € B

-1
uepes M, o6osnayaerca noAvHoxecTso N (b) B M, HaswiBaemoe Cjoem
MHOXKectBa M B b.

7.1. Onpeodesernne sexmopPHbIX PACCAOCHUN

7.1.1. Bexmopuas xapma 1a M ectb Tpoiika ¢t == (U, ¢, F), rne U —
OTKphiToe B B nogMHOXxecTBO, FF — GaHaXoBO MpOCTPaHCTBO H ¢ — Ta-
Kan Guekuua u3 n (U)na U X F, uto 1t (¢~ (b, h)) = b A Besko-
rob € Bu Bcakoro i € F. TosopsT, uto U ec1b 06aacme onpedesenus
BEKTOpPHOH KapThi [ W 4TO { — BekTopHasd Kapta Ha M B b € B, ecau
b € U. Ilna Bcakoro b € U uepe3 £, oGosHayaeTca Gueknusa u3 F 1a

M,, onpenensemas dopMynod f, (h) = ¢ (b, h) ana h € F.

7.1.2. ToBopsaT, uto nBe BeKTOpHbe KapTthl ¢ = (U, ¢, F) u t' = (U’
@', F') na M ssastorcss C’-CoryIacoBaHHBIMU (MJIM TIPOCTO COTIACOBA-

HBIMH), €C/TH CYLIeCTBYeT Takoe oTo6paxeHue A kaacca C' MHOroo6pa-
sus U ) U’ B 6anaxoso npoctpanctso £ (F; F'), uto

t, =ty o A(b) naa sesakoro be U N U'. _

7.1.3. ToBopAT, 4TO HEKOTOPOE MHOKECTBO BEKTOPHBIX KapT Ha M ecTb
BekTopHEI C’-aT/ac (MM MPOCTO BEKTOPHHIA aTnac) na M, eciu OHO
cocTout M3 nomnapHo C'-COracoBaHHbIX BEKTOPHKIX KapT, 06.1aCTH onpe-
JeNeHus KOTOPHIX ITOKPHIBaOT Bee B. ['oBOpAT, UTO 1BA BEKTOPHLIX at/aca
AuPB ua M C -3KkBUBaJEHTHH (WIH 5KBUBANEHTHBI), ecau A | B Tak-

e eCThb BEKTOPHHI aTiac Ha M. D10 OTHOIIEHHe eCTb OTHOLUeHHE
5KBHBAJIEHTHOCTH.

7.1.4. CrpyxTypa gekmopHoeo paccroenus knacca C' (¢ 6asoii B) ua M
eCThb 3aJlaHHe KJ1acca SKBUBAJNEHTHLIX BeKTOPHBIX atsacos (Teop. muox.,
ra. II, § 6, n° 9). Bekropuaa kapra, npuHajexamas BEKTOPHOMY
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aTyIacy 3TOro K/acca, Ha3plBaeTCs BEKTOPHOH KapToH Ha BEKTOpHOM
paccioeHun M.

[Tycts M — BeKTopHoe paccnoeHue ¢ 6asoit B. [las Bcakoro b € B
Ha cloe M, CyLIeCTBYeT 0jiHa H TOJbKO ONA Takas CTPyKTypa GaHaxosa
NpOCTPaAHCTBA, 4TO N BCAKOH BeKTOpHOH Kaptul = (U, ¢, F) B b
Ha BeKTOPHOM pacc/oeHun M oroGpaeHue ¢, eCTb uzoMopdusm u3z F
Ha M,.

Nycts ¢ = (U, ), E) — kapta na muoroo6pasun B u ¢ = (U, ¢,
F) — BekTopHas Kapra Ha BeKTOpHOM paccioeHud M c Toil ke 0651acTbio

onpenenenus U, as x € a™ (U) nonoxum
—1
20 = (), taxy (%))
Torna tpofixa (n~ (U), a, £ X F) ectb Kapta Ha mHoxecTBe M.
Ha M cymectsyer oaHa ¥ ToIbKO OiHa TAKas CTPYKTypa MHOTOOGpasus
knacca C' (TOBOPAT, 4TO OHa JEKHT Huxke M), 1a KOTOpOil BCe NoJy-

YeHHple TAKUM CNOCOGOM KapTH CYyTh KapThl HAa MHOrootpasuu M. Tpoii-
Ka (M, B, @) ecth Torma paccaoerue (6.1.1).

7.1.5. Ilyets F — GaHaxoBo mnpoctpancTtso. [lomoxum M = B X F,
npudyeM OTOOPAMEHHEM CAYyXKUT NPOCKUUS HA NepBblll COMHOKHUTENB.
Ha M cyuectByeT onHa U ToNBKO OIHA CTPYKTYpa BEKTOPHOTO paccJioe-
HusA (c 6azoft B), m1a woropo#t (B, Idm, F) ectb BexTOopHhas Kapra.
FoBopsar, uto B X F, HaneneHHoe 3TOA CTPYKTYpoH, eCTb mpusu-
anbHoe gexmopHoe paccacerue ¢ 6a3ofl B u cnoem F, v nHorna ofo3Ha-
qaior ero uepe3 Fz. CTpyrTypa MHorooGpasus Ha Fg ecTh CTPYKTypa
npousBeneHUs MHOrooGpasuH, W 447 Kaxaoro b € B orobpaxeHue
h — (b, h) ecTe u30MOpdhU3M GaHAXOBEIX npocTpaHeTs U3 F Ha cJlof
paccnoenus Fg B Touke b € B. Uepes 0 uacto o6o3nayaercs TpUBHAML-
HOE BEKTOPHOE Pacc/I0CHHe CO cJ1oeM, cpoasauumest K 0.

7.1.6. Tlycte M — BekTOpHOe paccaoenue ¢ Gasoft B. Has b € B
pareom paccnoenus M, oGo3HadaemwM uepes rg, M, HaswiBaeTcs pas-
MepHocThb (KoHedilas WU paBHas +oo) 6aHaxoBa npocrpaHcTsa M,.
Mmveem dim, M = dim, B +rg, M, rae b=an (x). DyHruusg b r»
~ rg, M 10KaabHo  nocroshna, [ oBOpAT, 4TO M umeeT KoHeuHbil]
paue, ecau rg, M << oo pna Besikoro b € B.

7.2. Mopgpu3mor 8eKMOPHBIX PACCAOCHLE

7.2.1. Mlycts B n B’ — nBa mHoroo6pasus u f — mopdusv u3s B s B'.
Ilycte M — BexTopHOe paccioenue ¢ Gazolt B u M’ — BekTOpHOe
paccnoenne ¢ 6asoit B’. [opopsit, uTo oto6paxkenue g us M 8 M’ ectpb
f-mopusm BEKTOPHBLIX pacCiOeHHi, CCIAH BHIIOAHEHO CJAEyioUiee
ycaosue:

Lnrsa ecakoii mouku b, € B cywecmeyiom makue eekmopHas Kap-
ma t = (U, ¢, F) na M ¢ by, eexmopnas kapma t' = U’, ¢', F') na
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1

6 f (b)) u omobpascenue A kaacca C uz U ¢ % (F; F'), umo
fU)YcU u amo g,oty, =tieyoh(b) Oaa acakoeo bEU, 20e g, —
oepannudenue omobpaxcenus g Ha M,

[Tpu aTHX npepnonoxkeHuax g ectb MopduaM MHOroobpasuii, u nds
BCAKOro b € B OoH HMHAyLMDYeT HenpepoiBHOE NuHelHoe oTobparkeHue

us M, B M. Bexmopuoin pareom mopdusva g B b € B, o6osHauae-
MBIM 4epes rg, (g), Ha3biBaeTca paHr (KOHEYHRIH UMW paBHBIE --oo)
JIMHEHHOTOo OTOOpAKEHHS Gy,

OGpatho, ecld r > oo wiu ecnd M HMeeT KOHEYHHIA paHT, TO
f-Mopduam paccaoenns (M, B, m) B paccnoenne (M, B', nt'), HHAYILH-

pylouiii Ha xaxioMm cinoe M, auuelrnoe orobpaxenne U3 M, B My,
(nns scakoro b € B), ectb f-Mopdu3M BEKTOPHEIX DPacC/JOeHHUH,

7.2.2. Tlycts nonosHutesabHo f — mopbusm us B’ B muHorcoSpasue
B”. Ecin g ectb f-vopdusn n3 M 8 M’ 1 ecnu g° ectb [’ -Mopduam us M’
B BeKTOpHOE paccaoeHue M” ¢ 6asoft B”, To oroGpamenue g’ o g AB-

ngerca  (f' o f)-mopdusmom uz3 M B M”. Hwveem (g' o 8)p = Zitby o &b
2151 BCAKOTO b us B.

7.2.3. nyCTb M u M’ — 1Ba BeXTOpPHHIX paccjioeHHs ¢ onHo# Ga3oi B.

Byznewl Ha3bLIBaTh B-mopusmom wWin npocto mopguamom s M 8 M’

Besikuit 1dg-mMopdusm. Komnmosuuus asyx MopdusMoB ecTb Mop(buavl
[Tycte g — Mopduam BekTopHOro pacchaoetis M B BekTOpHOE pac-

cnoeHne M'; ecnu g GHeKTHBeH, OH ecThb H3oMopdu3M mMHOrooGpasus

—1
M wua wHoroo6pasue M’, ofpariioe otoGpaxkeHue g = fABJAAETCA MOp-
¢u3Mom BekTOpHOTO paccioeHnss M’ B BektopHoe paccnoedne M u Hme-
—1 —
eM (87), = g5 ana Besikoro b ua B. OtoGpaxkeHne g ecTh TOTAa 430-
MOpghu3m BEKTOPHRIX pacc/ioeHufl.

7.2.4, Ilycts f — mopdusm mitoroo6pasus B’ 8 B, u nycte M — Bek-
TopHoe paccioenne ¢ 6asoft B. Tlonoxum M’ = B’ Xp-M u o6o3ua-
uuM uepes n’ (CooTB. g) orpanuuenne Ha M’ npoekuun us B’ X M Ha
B’ (coots. M). Ha M’ cymecTByeT 01Ha U TOIBKO OHA CTPYKTYpa BeK-
TOpHOro paccnoeHus ¢ 6asoil B’ (oTHOCUTEIBHO T'), IPH KOTOPOH g €CTh
f-Mopduam. ['oBopaT, uTo M’ ectb BekTopHOe paccnoenue ¢ 6asof B',
aBasioleecs o6pamuoim ob6pasom paccnoennss M orHocutensHo [ ow
o6osHauaemoe uepe3s f* M; f-Mopduam g HasbBaeTcss KaHOHUYECKUM
f-mopduamom uz f*M s M

CrpykTypa MHoroo6pasuda Ha f*M ecTs CTPyKTypa paccloeHHoro
npoussenenns muoroobpasuit B° uw M nan B (5.11.2); mna Bcaxoro
b € B’ oto6paxenue x = (b, x) ecTb uzomMopdhn3v 6aHaxoBa NpoCTpaH-
ctBa M;s, Ha GaHaxoBo npocrpaHerso (f*M),

[TocTpoenHe o6paTHEIX OOpPa3oB BEKTOPHLIX PaCC/aOeHHH TpaH3u-
THBHO,
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[Tycrs N' — BexTopHoe paccioeHite ¢ 6asoii B, u mycTh h eCbe Mop-
(pnsvl us N' 8 M. CymeCTByeT OAHH 1 TOMbKO OAMH Takoi B’-mopdusm
hus N’ Bf*M,utoh=go h.

[Tycts N — BekTOpHOe paccaoenne ¢ 6asoll B, u nycTh v ecTh B-Mop-
busv u3 N 8 M. CyuiecTByer oauH U TOAbKO OfHI TakoH B’-mopduam us

“f*N B f*M, ofGosHauaemblil 4epe3 f*p, uto AHarpamma

[*N *v - f*M

!,
N—uM

KOMMYyTaTHuBHA.

7.2.5. Tlycte B’ ectb nodmnozoob6pasue ¢ B w { — KaloHuueckas uHBEK-
uusa u3 B’ B B. Ecin M — BekropHoe paccaoenne ¢ 6asol B, To o6par-
Huifl o6pas i*M HasnBaeTcsl BEKTOPHLIM paccaoeHueM 1ta B', unlyyu-
posarHuim pacciaoeHneM M, u o6osliayaetcs l1epe:-; M| B'. Ecau t =
)
= (U, ¢, F) — sexropHaa kapra na M, o (U N B, | n (U
(| B'), F) — BekropHas kapta Ha M | B KaHOHuquKnn fwopdmsM
us M | B’ B8 M ectb usomopdusm mMuoroobpasiii us M | B’ na noamHoro-
—1
obpasue m (B') B M.

7.2.6. Tlycts f — vopduam Muoroo6pasus B” 8 B, u mycte M (coots.
M’) — BekTOpHOE paccJioeHHe ¢ 6a3oit B (coots. B’ ). Hazosem f-xomop-
usmon u3 M8 M’ B’-vopbusv u3 f*M 8 M'. Korna B=B" u f=
= Idp, 3anaune f-kovmopduama uz M B M’ >KBUBANEHTHO 3a1aHHUIO
B-mopdusma us M M'.

[Tycte g — ueroropwiit f-komopduam s M s M'. Has b € B
orobpamenue g,: x - g (b, x) us Mye B Mp ecTb HempephBIOE JIH-
HeliHoe oOTOGpaKeHUE,

[Tycte nomonuutensho f' — mopdusv mHoroo6pasua B” B B', u
nyctb h— tiekotopeifl f'-komopduam u3 M’ B BeKTOpIIOE paccroeHue
M" ¢ 6a3oii B". Oto6pamenue h o f*gusf'* (F*M)= (f-f)*M s M"
ecTb Tora (f f')-komopduam us M B M”, obosnauaemnlft yepes h ° g,
Las b € B" umeem

(hog)y = hyo grioy.
7.3. MTorusruneiinote MOpghu3Mmol

7.3.1. Ilyete My, ..., My u N — BekTopHrle paccroenus ¢ Gasoi
Buu— 0T06pa>xe1me MHoxectBa M, Xp ... X3 M; B N. Cosopsr,
UTO U €CTh NOAUAUHEIHbIL MOphusm (1au, uTo U d-JvHeeH), e Bbl-
TONHCHO CIefyiollee YCI0BHE: :

s ecakozo by € B cywecmeyrom makue omtcpbzmaﬂ oK pecrn~
Hocme U mouxu by 6 B, eexmopnwie kapmer t = (U, ¢/, F') na M,
O 1KjKd) u t—(U 9, F) na N, a makwe omobpascerue A
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kaacca C uz U g Ganaxoso npocmpancmeo & (FY, . ., F% F)
Henpepoignbix d-aunednsly omoGpaxcenutt uz F X ... X F* ¢ F, umo
(tpo M O) (hy ooy o) =t (to (), -y B5(x)

Oas 6caxoeo b € U u ecex x; € F'.

Besakuil nonunuselinsiit Mmopdusm 4 ecth MophuamM MHOroo6pasuil u3
paccnoeHsoro npoussemeHuss M; Xp ... Xy M, B N u unpyuupyer
s BcAkoro b € B HenpepeiBHOe d-ivHeifiHoe oTo6GpaeHue u, ‘U3
(My), X ... X (M), B N,.

Ecau f — mopdusm u3 B B wmioroopasne B’, To No onpeneleHuio
nonu/iHHeAHbIA Mopdusy 3 My Xz ... X M, B BekrtopHOe paccaoe-
Hiue M’ c Gasofi B’ ecTb KomMnosuuus nofduauHediHoro mopdusma u3
M, Xp.. XgM,; B [*M' u xanoundeckoro f-mopdusma us f*M’
B M.

Bununefinplit MmopdusM HaswiBaercsa Takxke chapusaruenm. Ias d = 1
NyHeA sl Mmopduam asasercs mopusmMom B cvbicne 7.2.1. Has d =0

O-nuHefinpli MOpGUIM OTOKAECTBASETCS C Cewenues paccaoenus N
(7.4).

7.3.2. Paccaoenuem Ha ancebput ¢ Gasofi B HasbiBaeTcs BEKTOPHOE pac-
cnoenue A c 6asoit B, napeneHHoe cmapuBativem W3 A Xg A B A.
Kaxpeii coft A, nagenen roraa crpykrypoit K-anreGpu. Ecnu ms
b € B anreGpa A, umeer enuHHYHBI 3emelT, 0603HAYAEMBI yepes e,
TO oTo6paxeHue b —» ¢, ecTh ceuenre paccrnoenus A (7.4). osopsr,
4TO paccaoenue Ha aarebpnl A 20KaabHO MpUBULALbHO, €CIN 1IN KaX-
Ro# To4KY by € B cymectsyioT Takie BekropHas kapra ¢t = (U, ¢, E)
Ha A B TOuKe by u cTpyKTYpa K-anre6psi Ha E, 4To.#, ecTb n30MOphU3M
anre6bput £ Ha anre6py A, nns scakoro b € U.

7.3.3. Ilycte A — paccnoenne ¢ 6a3offl B 11a accouuaTHBHble aareGps ¢
€MITHYHBIM 3NeMenToM. Paccaoceruem Ha A-modyau ¢ G6asoli B nasmBa-
ercs BeKTOpHOe paccnoeHue M ¢ 6asoft B, HajeseHHOe TAKUM ClapuBa-
HaeM m: A Xp M —~ M, uro pas Beskoro b € B oroGpaxeHue
m,: A, X M, - M, onpenenser ua cioe M, cTpyKTypy A,-M0O1y.s.

[Tyets M u M’ — ppa paccnoenns va A-monyau. Hasosem A-zomo-
mopusmon w3 M 8 M’ Besikuil mopousm g: M — M’ Bekropiisix pac-
cnoeHudl ¢ 6asofl B, wuayuupyouiit nas moboro b € B A,-anHefinoe
orobpaxetue 13 M, B M.

[Npeanonoxum, uto A NoKanbHO TpUsHaALHO, ['0BOPAT, UTO paccaoe-
Hue M Ha A-MOnyJau A0KQAbHO MPUBLAIbHO, €CNU IS BCAKOH TOUKH
by, u3 B cyuwecTyioT Takas ke, K&k B 7.3.2, BeKTOpHas Kapra /==
= (U, @, E)y na A B b,, BekTopuas kapra ¢ = (U, ¢', L) va M B b,
u cTpykTypa E-monyns ua L, takue, uto s Beskoro beU 1, apns-
et fy-usomopdhusmom A,-monyas M, Ha E-voxyns L.
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7.3.4. Mlycts A — GanaxoBa aare6pa uan K (Hanpuvep, node, cHab-
JKEeHHOe CTPYKTYpoH KoleuHomepHoill K-aare6pei). TpusuagsHoe pac-
cioeHHe Ap ecTh TOTJa JIOKANBHO TPHBHAMLHOE paccioeHue Ha ajared-
pel. JlokanbHO TpuBHanbHoe paccioenne M ua Ag-Moayiu Has3biBaercs
TaK:Ke BEKTOPHBIM paccnoeHuem an A (c 6asoft B). Cnou M, cyTh TOr- -
1a tonosnorudeckue A-monynu. Hazosew f-mopdusm u w3 M 8 apyroe
BEKTOpHOe paccioeHue Hajy A A-antiefiHpiM, ecau oToGpaweHus i,
apJsiorcst A-1uHeliHpIME I BCskoro b € B.

7.4. Ceuenusn

’

7.4.1. Tlycte M — BektopnOe paccnioeHue ¢ Gasoft B. [Ina BCAKOro
oTKpeIToro B B nonMHoxkectsa U uepes fy (U) o6osznadaercs MHOXKe-
cTBO ceueHuil knacca C” paccnoenus M uag U, 1. e. Takux MopdusMoB
sknaccaC’ u3 U B M, uto s (b) € M, nn1a Beakoro b € U. D10 mHo-

KECTBO HaNeNsercss CTPpyKTypoll moayas Haj koawuom G (U) Mopdu-
yeCKHX (QYHKIHA C OMOIIBIO IPaBHJ

(1) s+ ) (0) = s (b) = 5’ (b),
@) ©.9 () =@ (®).s®

ma s, s us oy (U) u o us 6 (U). Korna otkpeitoe MuoxkectBo U Me-

HSIeTCsl, MOJydaeM NMy4oK oy oToOpaxeHuil u3 B 8 M (cM. n° 5.4.1),
HasbIBAEMbIH nyukom cedeHull paccinoeHus M.

7.4.2. Ilyets My, ..., M, u N — BekTopHile paccnoeHus ¢ 6asoil B u
4 — nonanauHedHs Mopdusm uz M; Xg ... Xg My; B N, Ias 1 K
< j < d 3ananumesa ceuenueM s; paccaoeHus M; nan OTKphITHIM B B
noaMHoxectsom U; ompenenuv ceueHue u (s, ..., Sg) paccioeHusa N
Hag U dopmysnioh

Usy, -.., SO =uy (s (), ..., s;() na beU.

OroBpaxkeHue (s;, ..., S;) > u (S, ..., 85 saBaserca G’ (U)-no-
aunuuefiieiv, OHo oGo3HauaeTcst uuorja uepes o (u).

7.4.3. Ilycts f — mopduam MHorooGpasns B’ s B, n nycts M — Bek-
TopHOe paccjoeHue ¢ 6asoit B. Ilns BcAKoro oTrkpbiToro B B noamHo-

xectea U n Besakoro s € fyu (U) orobpaxkenue x = (x, s (f (x)))
ecTb ceveHne kiaacca C' paccnoeHust f*M Hal OTKPHITHIM MHOMKECTBOM
f—’ (1), roTopoe o6o3Hauaercs yepes f*s u Ha3bBaeTCs oOpaTHLIM ofpa-
30M ceuetins s oTillocHtennHo f. OroGpaxeinue s~» f*s w3z Py (U) B
Fiem (7' (U)) moayivHefino MO OTHOWIEHHIO K TOMOMOpDHIMY g ~»

mgo (FLF(U)) w3 6 (U) B 6 (7 (U)).
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Ecnu, kpove toro, N — Bekropioe paccioenne c 6asoit B’ u g
ecThb f-komopduam uz M B N, 10 uepes o (g) o6o3Hauaercs HHOr1a oTo6-

paxeHue s -» g o f*s u3 Fu (U) 8 Fu (f"l (U)).

o <

7.4.4. Tlycte M — BekTOpHOe paccaoenue ¢ 6a3oft B, nmvetoiliee xkoHeu-
Hotil pate. Penepom paccioenns M HaR OTKPHITHIN B B noavHoxecTBoM
U uasbiBaercd Takasi KOHeuHas nocnaefoBaTeaAbHOCTh {Sy, ..., §,) cede-
nuii paccroenua M uan U, uto (s, (b), ..., s, (b)) ecTb 6asuc BeKTOpHOTO
npocrpancrea M, naa seakoro b € B. [locaenosarensioctb (s, ...
..y S,) €cTh TOrga Gasuc G (U)-vonyas oy (U). Ecan f— mopdusm
MHorooGpasus B’ B B, To cedennst f*s;, o6pasyioT penep paccroenus
F*M wan f~ (V).

7.4.5. Ilycte L — mone, HaneleHIoe CTPYKTYpPOH KOHeYHOMepHOI
K-anre6pel, u nycts (M, B, ») — paccaoenue. [Ipeanonoxum, uro Ha
KaxKaI0M chaoe M, 3amaHa CTPYKTYpa KOHeuHoMepHO20 BEKTOPHOTO Mpo-
crpaticrea Han L. Torna Ha M cywectsyer He §o/1ee ueM OIHA CTPYKTYpa
BEKTOPHOrO pacchaocHua Haj L ¢ 6asoift B, corgacopaitHas ¢ oroGpa-
KeHHeM N, CTPYKTYpoH MHorooOpaszus Ha M u BeKTOpHBIMH L-CTpYK-
TypaMu Ha caosx (7.3.4). Ias toro 4ytobul Takas CTPYKTYpa CyIIeCTBO-
Ba/la, HEOGXOAMMO H JOCTAaTOYHO, UTOGH BHIOAHAJIOCH CJlAEAYIOHIEe
ycjoBue: :

(FV) as scakoeo by € B cywecmsyom omkpvimas okpecmuocms U
mouku by 6 B u maxodi uzosnopgpuzm muoeoobpasuii ¢ -u3 7 (U) ma
npoussederue U X F oxpecmrocmu U u HeKomMopozo KOHEULHOMEPHO20 6eK-
mopHoeo npocmparcmea F nad L, umo 0aa ecakoeo b € U buekyu s ¢,
us M, na F, undyyuposannas usomoppuamos ®, ecms U30Mopghusm
8eKMOpHbIX npocmpatcms HaAd nosem L.

Tpofikn (U, ¢, F), yiosaersopsiwimue yciosuwio (FV), asasiorcs
TOT@ BEKTOPHHIMHM KapTaMu Ha BeKTOpHOM paccaoenun M.

Yceaosue (FV) 3KBHBANIEHTHO YCJI0BHIO

(FV") das ecaxoeo by € B cyuecmsyrom maxue yeaoe 4ucao n u n
ceqeHull 8y, ..., 8, paccroesus M Had omxpoimoii okpecmruocmoeio U mou-
Kku by, umo omobpadcerue

b, a, ..., a)»as ® +...4+a;s,(0)
ecmb  usomopusm mHozoobpasus U X L" na mHozoobpasue ! ().

7.4.6. Iyets My, ..., M, u N — BekTopHble paccioeHus ¢ Gazofl B,
npudeM M, umeior xoHeuHoid pare. [TpenmonoxkuM, 4910 L18 KaxKIOro

otkpwToro B B nonmuoxkectsa U 3anavo takoe G’ (U)-nomununeiinoe
orobpaxenue gy #3 Fu, (U) X ... X Fu, (U) B Ly (U), aro pas
V < U umeem

PuSy -vvs SHVI=ov(s]V, ..y s4lV).
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CyuectByeT TOrAa OfHII § TOABKO OAMH Takod noausinHeAHsH Mopdu3m
uus M, Xg... XgM;B N,uto @u (s, ..., $5)(b)==u (5:(b), ..., s4(b)),
KakoBH O HH OBlIM ceueniud s, paccaoeHuil M; Hap oTkpuiTelv B B
noavHoxectsom U u Touxa b€ U.

7.4.7. Tlycts f — Mopdusnm Muoroo6pasns B B B, n nycre M (co-

otB. M') — BekTopHoe paccioeHHe ¢ Gasofi B (coots. B'), mverouiee

Koueunulf paHr, I1pe1nosoxuM, 4TO A1 KaXKI0TO OTKpHLITOro B B nox-

mHoxectsa U 3azano 6'(U)-nonyiuHeiiHoe oToGpameHne ¢y u3
—1

Fu (U) 8 Lu (- (U)), takoe, uro

¢o ()| V) = qv (s]V)

s scaxoro orkpeitore V <& U, Toraa cyuiecTByer OAMH U TOABKO
I1H Tako# f-koMopdusm g us M 8 M', uto pu (s) = < (g) (s) nas Bea-
oro s € £u (V).

7.4.8. Tlyete § — nyuok Mopy.eit 11ag nydkoM Kodjen . ToopsrT,

To & A0karbHo c60600eH, eciIu s Kaxaoro b € B cymecTsyior Takue

OTKpHITas okpecTHOCTL U ToukH b 1 1eoe yucio 7, uto & | U usomop-
deu (kak nydok Gy -vMoayaed) nyuxky (Gr)".

Ecan M — BekTopHOe paccioeHHe KoHeuHoro paHra ¢ 6asofl B,
My4oK oy JNoKaabHO cBoGoncH. O6paTHo, IJIs BCAKOTO JIOKAJIBHO CBO-
Gonnoro nyuka & Ha B cyulecTBYioT BeKTOpHoe paccroeHne M u uso-
mopduam nyukos u3 Fy Ha F . Eciu M’ — papyroe BekTopHoe paccioe-
Hyle KolicuHoro paHra ¢ 6azoff B, To orofpaxeHue g —» o (g) ecth
Gueknust MHOKecTBa B-Mopduavos u3 M B M’ Ha MHOXecTBO MOPOH3-
MOB NyuKoB G p-MOnyaell u3 Fy B Fir. 4

7.5. Bekmopnsie nroopaccaoerust, 8eKmopHsie pHaxkmop-
paccaoenus, mo4rsie nOCLe008aMmeNbHOCU

B 3aToMm NYHKTE BEKTOPHBIM pacCjoeHneM Ha3snBaeTCd BEKTOpHOe

paccnoeHue ¢ Gasofi B u MopdH3M BEKTODIiBIX PacC/IOeHHi sBJAsAETCS
" [dg-Mopduzmonm. .

7.5.1, Ilycre M — BekTopHoe paccloeHde. [MogvHoxectso M’ B M
HAa3bIBAETCA BeKMOpPHuM nodpaccaoeHuem ¢ M, ecaw 118 BCAKOH TOUKH
b € B cywecryior BektopHaa kapta { = (U, ¢, E) va M B b u 3avk-
HyToe BekTOplloe MoAnpocTpanctso F B E, NONYyCKAOWEE TOMOMOrH-
yecKoe JIONOJHenye, Takie, 4To

@ Uy N M)=U xF.

[Tpu aTux ycnopusax Ha M’ cyuiecTByeT onHa # TOJIBKO ONHA CTPYKTYpa
BEKTOPHOTQ paccJioellna, ANl KOTOPOH KaHOHWYecKas uHbeKuus u3 M’
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B M ects Mopduam. [ns Beakoro b € B cnoit My paccaoenus M’ ectb
3aMKHyTOe BeKTOpHoe noampoctpanctso M’ ) M, B M,; M’ ectb
3aMKHyTOe noaMHoroo6pasue B M u cTpykTypa MHOrooGpasus, Jexa-
1asi HWXKe CTPYKTYphl BEKTOPHOTO paccioeHns Ha M', cosmagaer co
CTPYKTYpPOH, HHAYUUPOBAHHOU CTPYKTypo# MHorootpasus Ha M.

7.5.2, Tlycts M" — BekTopHOe noppaccnoenne B M. OGo3HauuM uepes
Rix, y} clenyouee OTHONEHWE SKBUBANCHTHOCTH MEXKAY TOUKAMH
x, y B M: «cymecTByer tako#t anemedT b8 B, utox € M,, y € M, u
x— y € My». Torna R ecth perynspHoe oTHOLIEHHe KBUBA/IEHTHOCTH
Ha M (cv. n° 5.9.7). Ha mHoxkectBe M/R cyuwecTByeT ofnHa ¥ TOJBKO
O[HA TaKas CTPYKTypa BEKTOPHOTO PACC/AOEHHS, UYTO KaHOHHUECKOe
otobpameHne u3 M na M/R ectb mopdusm. IlosyueHHoe takum o6pa-
30M BEKTOpHOE paccloeHde ofosnauaercss uepes M/M’ u HaswiBaercs
dakropom paccaoenns M no M'; ana seako# Touku b B B cnoit (M/M'),
ecTb TOMOJIOTHYECKOe BekTopHoe dakTopnpocrtpanctso M/ My, n

cTpyKTypa MHoroo6pasust Ha M/M’ ecTb (aKTOpPCTPYKTYpa CTPYKTYph
MHoroo6pasus Ha M.

7.5.8. Coxpamm npeanoJaoxeHns u3 7.5.2. [lna scakol Touru b, u3 B
MOXXHO HAHTH €€ OTKDBITYIO OKPECTHOCTb U, 6anaxoso NPOCTPAHCTBO F,
sB/isiolleecs MPSAMOA CymMMO#i IBYX 3aMKHYTHIX MOAMPOCTPAHCTB F' u
F' u H30MOPQH3M BCKTOPHHIX paccsioenuil L u3 Fy Ha M| U co cae-
LYIOmIUMY csoncma\m

(i) Orpanuuenne ' usomopdusva « Ha U X F' ectb H3oMopdHu3M
us FynaM’' | U.

(ii) Ecan p — rasoHuyeckoe otoGpaxenne us M va M" = M/M’
u ecad " — orpanndeHne usoMopdusma v Ha U X F”,To orobpaxe-
Hue p o \” ecTb H3oMopduam u3 Fy wa M" | U.

7.5.4, Ecau o6pas mopdusva BeKTOPHEIX paccnoeHnét g: L — M co-
nepxutca 8 M', stor Mopdu3M ectb MOPDHU3M BEKTOPHBIX PACCIOCHU
us.L 8 M'.

Paccmorpum Teneph MOpdH3M BEKTOPHHIX paccaoenuit h: M — N
W NpeanosokuM, 4To Aad BcAkoro b € B orpaHudeHue mopdusma h,

Ha M), uyaesoe. Ecnu p — xaHoHnueckuii Mopdusm uz M wa M/M’,
TO CYHMIECTBYET OAHH M TOJIbKO ONUH Tako# Mopdusm b uz M/M' B N,
uro h="h o p.

7.5.5. Mlyers P u Q — B2 BEKTOPHBIX paccjoeHuss U g — MOpdH3M
13 P B Q; 119 ncsikoll toukn b u3 B ofozHaunv uepes N, u [, coorper-

_CTBEHHO #1po U ofpas sutiefinoro otobpaxenus g,: P, — Q,. [lomo-

wxum N= | N,ul= | [, Tosopar, UTO g— 10KAILHO RPAMOL
b B beB

Mop¢usM, ecan N — BekTopHoe nogpaccioenie B P o [ — BeKTopHoe
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1olpacciioenue B Q. Mopdnsm g onpenensier Torja npu nepexone K
pakTopy uzomopdusm uz P/N Ha I, Tosopar, uro N ectb 20po Mopduama
3, oHO obo3Hauaercs uepes Ker g. Ananoruuno, noappaccnoeuue /[
1aspiBaeTcs obpazom Mopdusma g u ofo3Hauaercs uepes Im g.

Ecau r 2> oo, Mopdu3M g SIBASETCH A0KAALHO APAMBIM TOTIAA U
~ONbKO TOTJa, Koriga g ecth cyOummepcus. Ecau P uveer Koweuroi
JaHe, TO MOpdU3M g SIBNAETCA NOKANBHO NMPSMbIM TOFAA U TONBKO TOT 14,
iOrJa €ro BEKTOPHBIl paHr JNOKAaNAbHO NOCTOSIHEH, HJn TAKXKE TOra H
roILKO TOTJa, KOrAa g eCTb cyGuMmMmepcus,

5.6, Ilycts M LM% M” — gea MopdH3Ma BEKTOPHBIX paccoe-
i, FoBopsaT, 4TO noC/aenoBaTeNbHOCTE (f, g) A0KQALHO NPAMAS U M0~
tas, ecnn oba mopdusMa f u g snokanabHo npamble M Im f= Ker g.
e gef=0, 10 MHO)KECTBO D takux touex b € B, uro nocsenosa-

A
sIbHOCTL M, £ M, % M, npamas u Touuas (r. e. Ker fou Img,
JNYCKAIOT TOMOMOTHYECKHE nonom{eﬂnﬂ u Im f, = Ker g,), oTkpbitO

k nocneposatensuocts M| D = S oM [D-% M”| D nokanpuo mps-
vas W TOYHas,

Ananorudyso onpegensiorcs JOKANbHO IpsiMble TOUHbE NOC/IENOBA-
MbHOCTH NPOH3BOABHOA AnHEL Jlonyckas BONBHOCTb pedH, FOBOPST
Horza O NMPAMOt TOUHON NOC/ENOBATENBHOCTH BMECTO JIOKAIbHO Nps-
Off TOYHOH NOC/TENOBATENBHOCTH,

7.5.7. Ilyets 0 - M - M* 5 M” - 0 — nocienoateabHOCTS Mop-
(dusMoB BeKTOpHHX paccaoeHuil. [la1s Toro utofw 3Ta NoCaenoBaTENb-
HOCTb Obi1a JMIOKANBLHO NMpPAMOA UM TOYHOM, HeoGXOLUMO H )lOCTaTO‘-lHO,
yToOH f 6Bl n3oMopdusMom u3 M Ha BekTopHOe noapaccioerue f (M

B M’ u uToGHl g onpenensia npu nepexosie ¥ GakTopy n3oMopdusmM BeK-
TopHOro (aktoppaccnoenns M'/f (M) va MY,

7.6. BexmopHnote ¢pyrKmopsl

B 3tom nyukre u B Tpex nocaenywomwux n'n° 7.7—7.9 6yksoi [ 0603-
HayeHO KOHEUHOe MHOXKECTBO, BJsIoneecs obbennHeHueM Helepecekar-
muxcsd moamHoxkects [4 u [, 1lepea V" = (V)i (1 ananoruvHo
uepes 7™, 7°", ...) obosHauaercs cemelicTBO GAHAXOBBLIX MpPOCTPAIICTB,
I/IHILEKCHPOB&HHOG MHOKecTBOM [, 1lepes; Hom (77, 7"') o6osHauaercs

6aHAX0BO MNPOCTPAHCTBO I] gV, V) x U £ (Vi; V) u depes

f = (f) — snemeHT H3 Hom 7", 7). Hepes Id ‘7/' o6osHayaercs sJe-
ment (Idy )ie; u3 Hom (77, 77). na i € Hom (77, 7”) u ¥ € Hom (77,

7°") o603HaTMM yepes ' ¢ f anement 13 Hom (77, 7°"), KoMnonenTu Ko-
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TOporo 3ajaiorcs Qopyy.aaru

(Fof), =fiof, ecu i €1y,
(F'of), =/, oﬁ, ecan € T_.

7.6.1. CkaxeM, uTO 3a1aH GeKMOpHLIL (HYHKMOP (COOTB. BEKMOPHbLL
yHkmop 6 kowedrot pasmeprocmu) muna I u kaacca C', ecau ecakomy
cemeiicmsy V" = (V,)ic; 6aHAXOBBIX NPOCTPAHCTB (COOTB. GAHAXOBLIX
NPOCTPAHCTB KOHEYHOH pa3mepHoCTH Hal K) 10CTaBleHo B COOTBETCT-
BHe 6aHAaXOBO JIPOCTPAHCTBO T (7") neesikomy f € Hom (7°,77') — aae-

meut T () € & (v (¥); t(7')), npuucM BHINOJAHAITCA CJEAyIOUIUEe
YCJAOBHS:

(@) T(dy) =Tduvy u T(F'of) =t (F)o(f)
(b) Orobpaxenue v Hom (77, 7*') — &£ (v(7°); T (7"')) npuHapJexutT
kmaccy C'.

7.6.2. Tlycte M = (M")ic; — cemelicTBO BEKTOPIBIX paccioeHufi ¢
Gasoft B. Ina b € B notoxum M, = (Mp);c;. Ilycth T — BexTop-
sl QyHKTOP, M NyeTh T (A{) — MHOXKECTBO, SBSIONICECS CYMMOH
MHOXecTB T (A,) a8 b € B; na tv (M) cywyecmsyem 00Ha U moAbKO
o00Ha cmpykmypa eekmoproeo paccaoerus (¢ 6asofi B OTHOCHTENbHO
TaKoro orobpaxeuns ® w3 1 (M) B B, uto A1 Bchikoro b € B umeem
T (M,) = [b}), obnagaouias cAeayOUIMM CBOHCTBOM:!

Ilycre U — oTkpbitoe B B NOAMHOMKECTBO, H AJIs BCAKOTO { 1YCTh
t = (U, Py, | F,) — Bektopuass kapra 11a M' ¢ 061actbio onpenenemm U;
nonoxur & = (F));e;, n uycts ¥, — snemenr u3 Hom (M, S &), onpe-
AelieHnbil opmyaolt (¢,), = (t;,)”' maicly v (), =1t nnd i € 1
s x € (U) unodoxkum (x) = (s (x), T (Yner) {x)). Torma tpoiika
(U, ¥, T(F)) ecTb BekTOpHAsA KAOTA HA BEKTOPHOM paccJoeid T ().

Hapneaennoe atoft cTpykTypo#t, T (Al) HasniBacTcs gekmopHolm pace

CAOEHUEM, BbIBEOCHHbIM U3 cemericmea M ¢ nomoubio 6eKmopHoeo (yHK-
mopa .

7.6.3. [lyers f— Mopdusm u3 B B mHorooGpasue B'. Tlycrs M =
= (M%) (cootB. M’ = (M")) — ceMeHicTBO BEKTOPHBIX paccocHHUil ¢
6asofi B (coors. B’), uHaekcupoBaHuoe muoxectsom /. [as Bcsikoro
i€l nyctb g, ectb f-mophusm uz M' b M’ w mam Beakoro
ic I_nycts g ectb f-komopdpuam us M’ s M’. Tlonomum g = (g,)c1,
uaa b € B nyerb g, = ((8),)icr (oM. 7.2.1 v 7.2.6). Cywecmasyem
00un 1w moAavko o0ur makodi f-mopgusm, obosHauaemotil depes T (g), u3
T (M) 6 T (M), umo T (g), =1 (8 0as geakoeo b € B.

Ecan, B yactHoetd, M’ = f*M’', a g, — kaHoHHYecKHe Mopqmsvlbl
WM KOMOPGU3MbI, TO B-mopduau us 1 (M) b f*t (M), onpenetcutbrit
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mMopduamom T (g) (7.2.4), ectb H30MOPGhH3M: STOT HAKT MOXKHO BHIPaA3UTh,
CKaszaB, 4TO T Kommymupyem ¢ obpamHeimy obpasamu.

B uacrdocTH, nycte B’ — noamuorooGpazve B B, W NOJOXKUM
M| B = (M'| B').,. Bekropsue paccnoenunt (M) | B nt (M| B')
Torja KaHonuyecku B'-naoMmopdHbL.

7.6.4. Nyetb T, T, ..., T, — BEKTOPHBIE QYHKTOPH (THHIA [ U Kjacca

C’). CkaxeM, 4To 381aH d-auneiineul moppusm 0 u3 (1), ..., T,) B T,
ecJy BCSIKOMY cemeficTBYy 77 6anaxoBbiX NPOCTPAHCTB, M HIEKCHPOBAH-
HOMY MHOXeCTBOM /, MOCTaB/A€NO B COOTBETCTBHE HerpepbiBiioe d-/u-
HeiiHoe oto0paxenie 67- s 1y (7)) X ... X1, (7") B t(¥), npHuem

BBINOJIHAETCS Ccaelyiollee ycaoBue: als Besikoro f € Hom (77, 77')
nMeeM

t(f)oﬁ,yz=97/=ro('c] B x ..o % 1, ().

Hast d == 1 roBopsiT NpocTO O MOpGhuaMe U3 T, B T. ,

[Tyets torpa M — ceMeACTBO BEKTODHBIX NPOCTPAHCTB ¢ Gasol
B, uupexkcuposaHHog MHOXectBOM [. Cyuecmeyem 00UH 1 mMoabko 00uH
maroti d-aunednnil B-sopgusm 0 g us v (M) Xs .. X5 7y (M) 6

T (M), 0 = 0 0 bgB.
(M), umo ( A/l)b Mb 18 ecakoeo b €
B o6osHayetiunx u3 7.6.3
T(@) o0 =10 (T (8 X ... X 14(g)).

Ecnn d =1 n 0 ectp n3omopdusm (370 03HagaeT, 4TO 67/- — H30MOp-
dusm a5 Beskoro cemedictsa 77), 10 8 44 ecTh H3OMOpPOH3M,

7.6.5. Onpenenenus u pesyaptatht n°n°7.6.2—7.6.4 pacrpocTpansior-
csl Ha cJayyall BeKTOPHLIX (DYHKTOPOB B KOHEUHOH pa3MEPHOCTH [PH
YCJOBHM, YTO BCE JAHHBIE BEKTOPHBIE DACCAOCHHS HMEIOT KOHEUHEIf
paHr. .

OHY TaK)Ke pacnpoCTpaHAIOTCS Ha cjaelyiowuit caygait: nycts L —
noJe, HafeJeHHOe CTPYKTYpoH KoHeyHoMepHo# K-anreGpe; OepeM B
KayecTBe T BEKTOPHBI QyukTop Han L (T. e, hyHKTOp, YAOBJETBOPSIIO-
mui npeanonoxennsm 7.6.1, rie K 3ameHeHo Ha L) u paccMaTpuBaeM
TOJILKO BEKTOpHble paccoeHHs Hax L B cmulchae 7.3.4,

7.6.6. CkaxeM, 4TO 3ajlaH BeKMOPHulil (hyHkmop (COOTB. BeKMOPHbLL
(DYHKMOP 6 KOHeuHofl pasmepHocHiL) 04 U30MOPMUIMO08, €CU BCAKOMY
GanaxoBy MpocTpaHcTBy V (COOTB. BCSIKOMY KOHEYHOMEPHOMY BEKTOD-
HOMYy npocTpaHCcTBY Haa K) mocTaBieHO B COOTBETCTBUE GAHAXOBO IMpO-
ctpaHetBo T (V) # BesaikoMY u3omopdusmy f us V nHa GaHaxoBo npo-
crpanctBo V' — nzomopduam T (f) u3 t (V) va t (V'), npryeM BbinoJHs-
eTcs ycaosue (a) u3 7.6.1 u caeayiwowee ycaosue:
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(b") OmobGpancerue f — t (f) omxpumozo e £ (V; V') nodmroxcecmea,
06pasosarroeo usomoppusmanu uz V ua V', 6 € (v (V); tv (V")) npunad-
aexcum Kaaccy C. '

OnpeneneHys W pe3y/bTaThl MPeABAYMUX NYHKTOB pacnpoCTpaHsi-
I0TCS Ha cJlyyadl BEKTODHHX (DYHKTOPOB 1J/s M30MOPGOH3MOB (PH 3TOM
I.={l}nl.= (), sauckmouenuen nepsoro ab3aua usz n° 7.6.3.

7.7. Hp;mue CYMMbL, DACCAOERUS nonuﬁuneunwx omobpa-
ocenuli, 0YairbHoe PaACCcAOEHUe

7.7.1. TlpeanoaoxuM, yto /_ = . OnpenennMm BEKTOPHHIN dyHKTOP
O, Ha3BIBAEMBIH (hyHKmopom npamoil cymmol, nosazas o (¥°) = i
i i€l
ua()= & f. Ecin M = (M')ic; — cexelicTBO BEKTOPHHIX pac-
icl

caoenuii ¢ 6asoit B, T0 BekTOpHOE paccsioenne ¢ (A1) HasbiBaeTCs npamod
cymmodi paccioennii M' u ofo3HauaeTcs uepes 6} M. Ins Besikoro

b € B cnoit B b paccnoenns @ M’ ects npm«as cymMMa CJoeB pac-
icl

cnoennit M° B b.
I[lyets U — otkpritoe B B moaMHOXKeCTBO, W mycTh §; € &y (U)
(nasi i € 1. OTo6pa>KeHne bre ¥\s; (b) siBAsieTCA TOT/A CeueHUEM K.Jac-
1€l

ca C" paccaoenns M = @ M’, 0603HaUAEMEIM qepesZs 1 otobpa-
iel

XKene (S)ics > 2, ectb usomopdusm G (U)-Monyneii us @ & (U)
i iel

Ha & (U). _
MHuoroo6pasue, Jexaiee HiKe @ M', otoxiaecTBaseTcs ¢ pac-
icl .

cnoeHHpIM mpousseneunem [1gM'.

Uepes pr; o6o3Hauaercs MOPHH3M BEKTOPHBIX pacc/oeHudt us @ M’
Liel

B M', KOTOpHII Ha KaXnoM caoe @ M’ ectb i-n npoekuus. Amna-

i€l

JIOTHYHO ONpese/sieM KaHOHMYECKYI0 MHBEKUuio f; 3 M' B @ M.
el

[lycte f— mopdmuam u3 B B MuorooGpasue B'; nycts H — Bropoe

h .
KOHeYyHoe MHOXKeCTBO, U mycTb N = (N")4¢y — CEMEHCTBO BEKTOPHHIX
paccaoelinit ¢ Gaszoit B'. OtoOpaxenre ur» @ (Pry o o j)niyerixs €CTH

6nexunﬂ MHOXKecTBa f-MopdH3MOB H3 @ M‘ B @ N" Ha MmHOXKeCTBO
iel heH

A
MaTPULL (Uhi)nneHxi, TAE Un; €CTh f-Mopdusm u3 M' 8 N,
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Ecan [ = {1, 2}, 10 HOC./I(’;LOBaTeJIbHOCTb
0~ Mo Mt @ M2 220 M2 0
fIBJSIeTCH TOYHOI.

Q6patHo, nyctb M — BEKTOpHOE paccjoeHHe ¢ 6a3ol B, # nycrh
M' — BekTopHoe noapaccioenne B M. [lpeanoaoxum, ato MuorooGpa-
3ue B napakoMnakTHO U 4TO BLINOJHSETCA OJHO M3 ABYX CJENYIOUHX
yCOBHE:

(i) K otiugno ot R niau C;

(ii) K =R, r = @ u MHorooGpasue B ponyckaer pasGHeHUs enH-
Hunw Kaacca C' (5.3.6).

Torna cymecTByeT Takoe BeKTOpHOe moapaccaoenne M” B M, gro
M oroxnectBasiercs ¢ npsmoit cymmoir M" @ M”.
7.7.2. Npennoaoxuy, gto I == |0} nuro I = {1, 2, ..., d}. Onpe-
JEJHM BEKTODHEH dynktop n, tvna [ u kaacca C', nofoxus 1, (77) =
=2V, .. VaVdun,®@=foouo(f, X ... X[) n1a u¢€
€y (7). Ecin M = (M)ic; — ceMelicTBO BEKTODHBIX Dacc/loeHUH
¢ Gasofi B, TO BekTOpHOE paccioeHHe m, (A4) obo3nayaeTcs uyepes
£ My, ..., My; M).

[Myctb u — nonununeinotfi MopduaM H3 M; Xp ... X My B M,

ra)
OtoGpaskenue u: b - u, TOr1a 6y‘I_LElT cegenneM paccioedns £ (My, ..
s My, M), 1 otobpaxkeHue u ~» u OGHEKTHBHO.

7.7.3. Coxpanum obGoznauerusi u3 7.7.2 1 NPEANONOKHM JOMNOIHUTENb-
Ho, uto d == 1. Bektopuoe paccnoenne £ (M,; M,) HasbBaercsi toraa
paccaoeruen eomomoppusmos us M, 8 M,. Ero ceuenns CooTBeTCTBYIOT
B-mopdusmam us M; B M,.

Ecan, xpove toro, M, ecth TpHUBHAJbHOE pacciioeHHe K, TO BEK-
TopHoe paccrnoedue &£ (M,; Kp) HasuBaercs OyasvHoim K M = M,
paccaoeniem H ofo3Hayaetcs yepes M': caoit (M'), ecTb NpocTpaHCTBO
Henpepbisubix JTUHeAHBIX GopM Ha cjaoe M, paccioeHuss M B Touke
b € B.

Ecau s (coots. t) — cegeHde paccaoenuss M (coots. M’) Han OTKpHI-
ToiM B B MHOoxectBom U, TO oTOGpaxkenue b~ (b, (s (b), (b))
ecTb obo3HayaeMoe uyepe3 (s, f) CeUeHHe TPUBHAIBLHOIO pPacC/IoeHHUA

Kgl).

7.8. Paccaoenuss noausuHelinslx 3HAKONEPEMEHHbLY
omoGpascenui?).

7.8.1. Bospmem [ = {0}, I_ = {1}, u nycts d — uenoe yucao > I,

Mg onpepesnM BeKTOpHBIH QYHKTOpP &;, yKasaB B KauectBe ooy (77)

6aHaxo0BO NPOCTPAHCTBO HENPEPRIBHHIX d-IMHEHHBIX 3HAKONEpeMEH-
1)}Korna M mnMeeT KoHeunwil paur, smecto M’ muwyt M *.

2} B n°n® 7.8.1 — 7.8.5 Hano yueCTh OrpaHUuenusi, yKa3aHHbe B NpuMedanus | 4a
ctp. 94.— IIpum. nepes.
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o d
HpIX otobpaxennii u3 Vi B V, u nonaras o, () (u) = f,0 4o ff
118 u € oy (7°) ). Bexktophoe paccioenue o, (M,, M,)) o6o3uauaercs
d
gepes  Alt" (My; M,) 1 ua3bIBaeTCS geKkmopHuiM paccaceruenm d-au-
HeliHbix 3HAKOnepemennbly omobpasicerudt us M, 8 M,.

Kanounueckas unbekuua uz Alt’ (My; Mo) 8 £ (M, ..., My; M,)
€CcTh MOP(HM3M BEKTOPHBLIX paccioexyd. Ecin M, nveeT KOHeyHu#l paHr
WIH €CJH XapakTepucTHKa moas K pasna 0, 1o Alt’ (My; M)
ecTh BeKToplioe noapaccioesue B £ (My, ..., M; M,).

Umeem Alt ' (My; M) = £ (My; M,). Tlonaraem Alt® (M,; M,) =
= MO- - )

Ecnn @ — ceuenue ?) paccnoenns AltY (My; M,) u ecan 81y ees
.oty S; — CCYEHHA paccaoeHHss M,, TO CYILECTBYET OJHO H TOJNbLKO OFHO
TaKOe CeueHHe pacc/oeHus M,, obosnagaemoe uepes @ (Sy, ..., S;),
4TO

OBy vy SHBY=0(B)(s;(b), ..., s4(b)) nna BCakoro b€ B,

7.8.2. ITycto @ — cnapupanne us3 N Xz N' B N” (em. n° 7.3.1); maa
KaXI0ro b Hueenm GHiHHeRHOe otoOpaxenne @, u3 N, X N, B N,
onpenensiomee (em. Alg., chap. III, 3° éd., § 10, n° 2) GunuHeliHoe
otoGpaxkenue us Alt'(M; N), X Alt*(M; N'), B At (M; N"),.
CoBOKYNHOCTb 3THX OH/IMHERHbIX OTOGpaxkKeHHH onpejensier crnapi-
BallME U U3

AltY (M; Ny x 5 AIt® (M; N

B AT (M; N”); ecd © H ® — COOTBETCTBEHHO CEUeHHsl paccoe-
nuit  AltY (M; N) n Ait® (M; N’) uan OTKPBLITHIM MHOXKecTBOM I/, TO

cegenve u (o, ®') paccaoenns AltY™ (M; N”) wan U Gyner 0603nayats-
cs yepes ® /\¢® ¥ Ha3bIBAGTCS GHelUHUM NpPOU3Ge0eHUueM CedeHui
oHo.

CnpagenauBa (opmy.la

(1) (@ Ae0) (S -+, Sage) =
= Y 8P (@ (So(t), - ., Sotd))y O (Sota+1ys +++ s Sota+te))s
[

1) B ucnpasneuns astopa (Errata numero 14, p. 5) no nosoay nocJenuei dpass ro-
BOpHUTCsL: «Mbl e 3HaeM, BEPHO JIK 3T0 yTBepkAeHue. OnHAaKo, ¢ OJHOR CTOPOHBI, OHO
CTpaBeUINBO, €C/M XapakTepHCcTHKa nodst K paBiia nymo uin > d; ¢ APyroil cTOpoHH,
Te e QOpMYJIbl BO BCEX CAYUafX ONPEILNNIOT BeKMOPHLIL PYHKMOD 8 KOHEUHOU pas-
meprocmu (7.6.1). B n“n® 7.8.1 — 7.8.5 nago npeanosarats, uto K }meer Xapaktepuc-
THKY HYJb Ju60 uTO paccMaTpyBaeMble BEKTOPilbie pAacC/OeHHS] HMEIOT KoneulibiH
paur».— lpun. nepes.

2) Ypratenb He JOJKEH CIyTaTh 3T0 ynoTpebieline OyKBH ® ¢ yNoTpeOeHueM ee. B
cMblcile, yKasanHom na ctp. 9-—10.
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“ne s, — ceueHHs paccioennst M Hap U w rie cymmupoBanue pacnpo-
TpAHEHO Ha TakWe nepecTaHOBKH ¢ Muoxectsa (1, 2, ..., d - e}, gro

o< - <o(@uo(d+ )< .- <a(d+e).

.8.3. Nycts M — BeKTOpHOE paccioenne u A — pacciaoeHde Ha an-
rebput ¢ 6azoit B. [lpeanoaoxum, grto cioun A, paccnoeHns A cyTh
ACCOIIMATHBHBEIE KOMMYTAaTHBHBIE anareGphl ¢ exuHHieH, o003HagaeMoil
depes e,. Jlas Bcakoro oTkpeToro B B nogMHOxecTBa U gepes Q7 (V)
Mbl 0603HagaeM G (U)-Monynb, 0Opa30BAHHLI CEYEHHSIMH DACCIOEHH
At (M; A), u uepes Q* (U)— npamywo, cymmy monyaeii Q7 (U)
s d > 0. YMHOXKEHHS! Ha KaXK/I0oM CJIOE ONpPEEeNsioT CIApHBAHHE H3
A X A B A, uto 3anaer (7.8.2) cTpYKTYypy rpanyHpoOBaHHON anre6psl
Ha Q* (U), apasowieficss accoyuamusHod U KOCOKOMMYMAmusHoU,
[Topanre6pa Q° (U) ecto aarebpa cesennii paccioenns A, DieMeHT @
us Q' (U) oroxpectsasercs ¢ U-mopdusmom us M | Us A | U (7.7.3):
eciu s € Fy (U), mbt o6o3Hauum yepes (o, s) ceyeHHe o (s) paccmoe-
nua A (7,4.2). Nlyets s; € Fu (U) v 0, € 2 (U) (a9 1 < j < d);
TOorja

(2) @ (Sls cesy sd) = det (<(‘OL" Si)) i o = @ /\ o /\ (‘Od'

7.8.4. Ilycts d > 1. CyméCTByeT cniapusanne { 13 M X5 Alt? (M; A)
B Alt™ (M; A), orpannueHne KOTOpOro Ha Kakauil cjoli 3aja-

€TCsl NPABLIM BHYTPEHHUM NPOH3BENCHNEM (em. Alg., chap. III, 3° éd.,
§ 10, n° 6'). Ecnu s — ceyeHue paccioeHHsi M Haj OTKPLITHIM MHOXe-

cteom U u ecan o € Q° (U) TO 4epes i (s) ® o603HayaeTcs ceyeHHe
i (s, ) paccaoeHus At (M; A) nan U nonaraem I (s) o = 0' 14
o u3 Q).

TeM caMbim cO BCIKHM cedeHHeM s paccyioenus M Han U accounupy-
etcsi sHpomopduam G~ (U)-MOleJ]ﬂ Q* (1), l'Ipn 9TOM CHpaBeNBb
topmyant

() () ®)(Syy +vey Sim1) = ®(S, 81, .oy Sa—t) A7 @ € Q4 (U), d > 1,

(4) i(s)oi(s) =0, .
) i(s)o = {w, s) s o € QY (U).
6) i) @ A)=i(o Ao +(— Yo Ni@s)o s o Q)

() i(s) (@, A\ ... A\ ®p) _E( ' (@, syo, A .- Ao A . Nop.

~

B mocnenneit dopmyse snementnt o, Jexat B Q' (U), # 3Hak
TIOKA3bIBAET, YTO CHMBOJ, HaJ KOTOPLIM OH CTOHT, HOJKEH OLITh ONYIUEH,

1) Cm. Takwe Aaze., ra. 11, §8, n° 4.— [pum. nepes.
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Bce onucaHHbie Bhime onepauMM Hajg CEYEHHAMH MOJMJKHEHHEI
Han koJsuoM 67 (U; K).

7.8.5. HyCTb L — 6anaxoBa aarc6pa Hag K. Onpeﬂeneﬂnﬂ W pesyb-
Tatsl n°n° 7.7, u 7.8 pacmpocTpaHsiioTcs Ha CJydai L-noanaunednbx
MM 3L1aKOIIEPEMEeHHBIX L-noausniieliHuix oTobpaxetii.

7.9. Ten3opHusie npou3sedenus, meL30pHole RPOCMPAHCMEA,
8Hew A aszebpa.

O6o3nauenns 13 7.6 coxpansiorcs. Kpome toro, uepes L o6osnauaercs
KOMMYTaTHBHOE NOJe, Hajeseiiioe CTPYKTYpo# KoHeuHomepiioit K-aij-
re6pbl, ¥ BEKTODHbIM paccaoeHieM OyeT Has3blBATbCA BEKTOpPHOE pac-
ciroeHHe Haa L ¢ Gazoil B, nmeiomiee J0KaJbHO KOHEUHBIA paHr.

7.9.1. Ipepnonoxuy, yto I_ = . Ecan 7" n 7' — nBa cemeicTBa
KOHEUHOMEDPHbIX BEKTOPHBIX ilpOCTpaHCTB Haj L, MHACKCHPOBAaHHBIX
MHOKecTBOM /, TO yepe3 t {}') ofo3HayaeTcs TEH30pHOE NPOM3BEICHHE
npoctpancts V,;, rae i € / (Alg., chap 11, 3 &d, § 3Y), u, ecan f €
€ Hom (7°,7°"), nonaraemt (f) = @ f,. DM onpenensieTcsi gekmopHoLil
pynkmop wad L 6 koweurnod pasmeprocmu, w ecan M = (M1 —
CEMEHCTBO BEKTODHBIX pacc.oeHH#, TO BEKTOpHOe paccjoeHue T ()
oboznagaeTcss yepe3 Y M; ¥ 1A3LIBACTCA MEHIOPHbIM NPOU3seOeHUCM
icl

(nap L) paccnoennit M;.

Ecan s; — ceuenne pacciioeHns M, Hajp OTKPHITHIM B B N0AMHOMXKe-
cteoM U (I‘lle i ® D), To mo6pa>xerme b— @ s; (b) ecTb ceuenve pac-

C/I0eHNS ® ML, 0603Haqae\xoe yepe3s ® S;e OTo6pa>KeHue ()it = ® S;
el

noauausedno Hag koawnuom G (U, L).

7.9.2. Kanonnueckue wusomopdhusmbl, onpenesennsie B Auze., ra. II,
JOCTABJISIIOT H30MOPGH3MBI BeKTOpUbIX QyHKTOpoB. B cnay 7.6.4 or-
CIoZa BO3HHMKAIOT H30MOPQH3MbI BCKTOpHLIX paccjoenuit. Hampumep,
MMeeM KaHOHHYeCKHE H30MOphH3MBI

M, & Mz) @ My~ (M, Q My) @ (M, @ My),

Mi @ My— % (My; My)
H T A

7.9.3. Ilycts M — BekTOpHOE pacchaoeHHe, W nycts | u J -— ABa KO-

!

HeyHbIX HelepeceKamuxcsl muoxectsa. Tewgoproe paccaoerue Ty (M)

ONpenensieTcsl Kak TEH30ploe Npoli3BefieHHe K My, rae M=
aclyJ

=M, ecau o € I, u My = M*, ecain o € J, tne M* — ayaanHoe K

1) Cm. takike Aae., nputoxeune | k ra. H1l.— [Tpum. nepes.
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= paccaoenue (cM. Alg., chap. 11 3° éd, § 5, n° 6). Coit Ty (M),
STOTO PacCNOCHHsl B TOYKE b COBNANAET C TEH30DHBIM MPOCTPAHCTBOM
T; (M,), onpepenennniM B Alg., loc. cit. Korpa I = {1, ..., p} u
J={p-+1,., p-+gq), euecro Tj (M) numyr T5 (M); noayaaewm,

qTOo
T (M) = (@" M) Q@ (@ M*¥).

Bapanue noanoil ynopsdouennocmu na I w Ha J onpelensieT KanOHH-
o 1
yeckuil Huzomopduam u3z Ty (M) ua T§ (M),

7.9.4. Ecan I (cootB. J) ecTb oGbepMHEHHE JBYX HelepeceKaromuxces
noamuoxects I’ u I” (coots. J' u J”), 10 T (M) KaHOHHUECKH OTOX-
JeCTBJISIETCS ¢ TEH30PHHIM  MPOH3BeNECHHEM T4 (M) ®TJ" (M).
B yactHocTH, -ecii §° (cooTB. S") — ceueHHe paccnoemm T (M)
(coots. T (M)), To TeH3opHOe mpousBeneHHe s’ X s”  OTOKAECTBJIs-
eTcsl ¢ CeueHHEM paccyoeHus T, (M).

7.9.5. Ayamsnoe x Tj (M) paceroenne otoxuectsasercs ¢ T7 (M).

7.9.6. Hycrb €lujgJ. dna sesakorob € B onpeneneﬂ roMOMOp-
¢dusm csefpmbtsauuﬂ MHIEKCOB i U j. DTO TOMOMOP(H3M )y T (M) —
—>Tl“§ }( »). COBOKYIMHOCTL TOMOMOPHH3MOB (c}), oupenensier Mop-
($u3M BEKTODHBIX PAacCJOCHHBIX NPOCTPAHCTB

i To (M) > T,Z{1(m),

Ha3bIBaeMBIH TaKXKe ceepmbisaHuem WHIEKCOB [ M j. AHanoruyHo ompe-
NeJAAeTCS CBEPTHIBAHHE HHAEKCOB iy, ..., b U3 | C HHICKCAMH fi, w1vy Jp
us J.

7.9.7. Mycts d — neioe uncao > 0; nyets V u V' — 1Ba KoHeuHo-
MEPHBIX BEKTODHBIX mpoctpaHctsa Hag L u f € Homg (V, V'); noso-

xum Ay (V)= A (V) ud, ()= /\d (). OTuM onpeneasieTcss BEKTOP-
Hull QyHKTOp Haj L B KOHEeYHOH pasMepHOCTH, U ecin M — BeKTOpHOE
pacc/oeHHe, TO BEKTOpHOe paccioeHHe A, (M) obGosHagyaercs yepes

A? (M) u naswBaetcs d-i enewined cmeneﬂblo paCC/lOCHLl}Z M (nan L).
KaHoHHueckoe oToOpaxkeHne H3 RV s A’ (V) onpeneaser Mop-
¢u3M BEKTOPHHIX (YHKTOPOB, OTKYJd BO3HHKAET Mop(hns'vl U3 ® M

8 AY (M), HasblBaeMBI KaHOHMUECKHM. DTOT MOPHHU3M CIOPDEKMUBEH,
Kanounueckne u3oMopdusMe! NPOCTPAHCTBA d-MOAHNMHEHHBIX 3Ha-

- d
KOMepeMEHHBIX oTobpakeHu#t Ha mnpoctpanctBo A° (V*) uau Ha
(AYV)* mawor u30MOPQU3MEI, HA3bIBAEMbIE KAHOHHUECKHMH, BEKTOP-

4 11. BypGaku
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Horo paccaoerust At (M; L)  d-MOAMIMHEAHEIX 3HAKONEPEMEHHEIX
oto6paxennii Hax L Ha BekTopuoe paccaoerne A? (M*) uan na
d
(A" (M))*,
7.9.8. Tlonoxum teneps A (V) = A (V) u A (f) = A (f); atum onate
onpefiesaeTcs BEKTOPHEIH QyHKTOp Hajg L B KOHEUHOM pasMepHOCTH.
BektopHoe paccioenne A (M) o6osHavaercsa uepes A (M). Ero cioi
A(M), B Touke b € B ectb BHewmHsisi aarefpa (u1an L) caos M,.
BekropHoe pacciioenne A (M) ecTb JOKaqbHO TPUBHANBHOE paccsioe-
HHe Ha anreGpel.
Onpenenenns u cBoficTBa BHYTPEHHUX NPOU3BEACHHUM, NpUBELEHHbIE
B Alg., chap. 1II, 3° éd., § 10 1), HeMeaeHHO PacMPOCTPAHSOTCS Ha
ceqeHHs BEKTOPHBEIX paccaoeHu#t A (M) u A (M*) (cM. Takxke dopmy-
asl (1) — (7) u3 n°n° 7.8.2—7.8.4).

7.9.9. ITycts M — BektopHoe paccioenue, JI1s BCAKOTO HEJAOTO YHCAa
n nyctb B, — (OTKPHITOE) MHOXKECTBO TaKHX Touek b € B, uto pas-
MepHocTb (Hap L) caos M, pasna n. Jas b € B, monoxum N, =
= A" (M), u nyctb N — MHOXecTBO, aBJsAMmEecs 00bEAUHEHUEM
mMHOXectB N, ans b € B. Ha N cymectByeT onHa W TOJIbKO OfHA Ta-
Kast CTPYKTypa BEKTODHOTO pacc/I0eHHs!, yTO OY4eBUAHOE OTOOpakeHHe
us N|B,8 A" (M)| B, ectb usovmopdusm ais sesikoro n. HaneneH-

HOe 3TOH CTPYKTYpOH BEKTOpHOE pacc/ioeHHe N, HMEIollee paHr OofiuH,
oGoszHauaetcsi uepes det (M).

7.10. Bexmopmnsie paccaoerns w 24a8rsle PACCAOCHUS

7.10.1. ITycts F — GanaxoBo npocTpaHctBo. [oBOpAT, 4TO BeKTOpHOE
paccsioenne M ¢ 6asoit B uucmoe muna F, eciu Bee caou M, pacciioe-
uug M (mas b € B) usomopdHH (KaK 6aHaXOBHl MPOCTPAHCTBA) IIPO-
ctpaHctBy F.

[Mycte M — unctoe BekTOpHOe paccioeHue thma F c Gasod B,
U nycTh P — OTKphiTO€ NOAMHOroOGpasueé BEKTOPHOTO pPacc/oeHHs
% (Fp; M), cocraBiennoe u3 nmap (b, u), tae b € B v rae u ectb uso-
mopgpusm w3 F, = F na M,. I'pynna GL (F) aBTomMophu3MOB npocTpaH-
ctBa F peiictByer cnpaBa Ha P, ecau nojoxuts (b, u).g= (b, u°
og) nas (b, u) € Pu g € GL (F). O6oznauuu uepes np oTobpaxKeHye
(b, u) » b uz P B B. Yemsepka h = (P, GL (F), B, np) (rne GL (F)
Hajie/JeHo CBOell KAHOHWYECKOH CTPYKTYPOH I'PynnoBOro MHOrooGpasus
(5.12.2)) ecme 2aasnoe paccaoenue (6.2.1); 0HO HA3LIBACTCH PACCAOCHUECM
penepos paccioenns M. OroGpaxkenue ((b, u), h) = u (h) us P X F
B M nazeiasier M CTPYKTYPOH paccroenus, accoyuuposannozo c¢ h, co
caoem tHna F (6.5.1).

. Korma F = K", MOXHO OTOXKIECTBUTh H30MOpHU3M u u3 F Ha M,
¢ 6asucoM B M,, aBJasiomuMcs o6pa3oM OTHOCHTENBHO 1 KaHOHHYECKO-

1y Cu. rakxe Aze., o II; § 8, n° 4.— ITpun. nepes.
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ro 6asuca B K". PacciloeHHOe NpOCTPAHCTBO penepoB paccaoeHus M
OTOXJIECTBJISIETCA TOTAA C OTKDPHITHIM NOAMHoroo6pasueM B M Xgp ..,
... X 8M, obpazoBanHmM Gasucamu (e;, ..., €,) PasJH4YHLIX CJIOEB pac-
caoeHus M,.

[Tycts U — oTKphiTOE B B noaMHOXKecTBO, ¥ nycTs ¢ = (U, ¢, E) —
BEKTOpHas Kapta Ha M c obnaacteio onpenesenust U, npuuem E = F,
Oro6paxenne b — (b, ¢,) ecTb TOrza ceverte paccioenns P, o6o3nagae-

‘Moe uyepes Z, H otobpaxeHHe [ +» [ ABJseTCs] GHeKIHell MHOKECTBA BeK-
i

‘TopubiX KapT Ha M Bugaa (U, ¢, F) Ha MHO)KeCTBO ceyeHHi pacc/0eHHs
~ P uan U.

7.10.2. O6patHo, nycte A = (Q, G, B, my) — rnasHoe paccnioeHHe,
U NycTh ¢ — roMoMop¢H3M CPYNHOBLIX MHorooGpasuit w3 G B rpynny
GL (F) aBtomopduamoB Ganaxosa mpoctpaHctBa F. 3actasum G gelt-
cTBOBaTH cAepa Ha F, mojoxmB g.h=¢(g) (h) (hec F, g€ QG),
[Myctse M — accounupoBaHHOE ¢ A pacClOEHHOE IPOCTPAHCTBO CO CJIO-
eMm tvna F u p: Q X F — M — ero penepHoe otoGpaxetine (6.5.1),
Tlyctb o — oToGpaxkenune us M B B, onpenenennoe dopmysioit

7 (p (g, b)) = nq(q) (g€Q u hE F).

[Tyctb s — cedeHne pacc/oeHHsi Q Haf OTKPHITHIM B B MOIMHOXKECTBOM
U; otobpaxeHnue

$: (b, h) > (s (), h)

ecth Torna 6uekuus u3 U X F na a™ (U). Ha nape (M, ) cyuecmeyem
00HA U MOALKO 00HA CIPYKMYPA 8eKMOpPHO20 paccioerus ¢ 6asoll B,

dan komopoti mpodru t,== (U, SR cymbo gexmopruie Kapmol (15
BCAKOTO ceueHna s paccaoenun Q). Crpyktypa MHorooGpaswsi, Jexa-
1asg HUXKE 3TOH CTPYKTYpHI, €CTh CTPYKTypa MHOroofpasusi paccno-
€HHOTO NMPOCTPAHCTBA, aCCOUUHPOBAHHOTO C A,

[Mycts g € Q; nONOKUM b == mg (g), W NycTb 4 ~— U3OMOPYH3M H3
F na M,, onpenenennuii ¢opmynolt u (h) =p (g, h) (m1a h € F),
Orobpaxenne f: g~ (b, u) ectb B-mopdusM TJIAaBHLHIX pacc/oeHHH,
cornacosaunbit ¢ @, us (Q, G, B, mg) B paccioeHne pemepos
(P, GL (F), B, np) BeKTOpHOTO paccsoenus: M, -

7.10.3. Buosp npumem o6osHauenuss u3 n° 7,6, Jna Bcakoro [ € I
nycTh

A, = (P, G, B, m)
_+— rJIaBHOE paccjioeHue ¢ 6azolt B, u npeanonoxuM, yto G; nedicTByer
. cneBa Ha 6aHaxOBOM NpocTpaHCTBe V; mpu moMomu romomopgusma

@ G, —GL (V).

[Tycte M; — paccioeHHOe NDPOCTPAHCTBO, acCOLMHUPOBAHHOE ¢ A, CO
cnoem Ttuna V,, [Tonoxkum M = (M))ici u 7" = (V))ic1, U UyCThb

4*
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A — rJIaBHOE pacc/oeHNe, fBASOEeCH NPOH3BEACHHEM PacCJaOCHHUMH
A; Hax B (6.2.5). ITonoxkum A = (P, G, B, np) ¢ G = IIG

[Tycte Tenepp T — BeKTOpHHIR dyHKTOD. [l19 g = (g;) € G nycTb
@ (g) — anement u3 Hom (77, 7°), onpeneneHnuil ¢opmynamu

Q(g);, = o (g;), ecm i€/,

9 (@)= (g)”, ecm i€l
Fpynna G pefictByer Torma Ha t (7°) npu noMmolu MopusMa g +—»
~ 1 (¢ (g)) us G B GL (v (7).

Tlycts, ¢ ApYroit CTOPOHBI, X = (x;) — TOYKa U3 P, W Oycth b =
= qp (x). [lns kaxnoro i oro6paxenue 6., onpenenennoe B n° 6.5.2,
ectp usomophmam w3 V, wa (M,),. Ilyctb 0O, — snemeHT wu3
Hom (77, ((M;))ici), onpenefeHHuIH dopMyaamu

(0, =0x, ecmm i€l
0, =07, ecm i€l

[Tyctb p =~ oToGpaxkenue (x, h) = (b, T (8,) (1)) u3 P X 1 (7°) B Bek-
TopHOe paccaoenye t (A); omob pascenue p Hadeasem T (M) cmpyrmypods
PACCAOEHHO20 NPOCMPAHCINGA, ACCOYLUPOBAHHO20 C A, CO CA0eM MUNA
T (7).

Dt paccmoTpenus o6GobmiaioTest Ha CAyuaii BeKTOPHBIX QYHKTOPOB
B KOHEUHOH pAa3MepHOCTH MKW BEKTOPHHIX ()YHKTOPOB Hajx monem L,
HaJieeHHEIM CTPYKTYpol KoHeyHoMepHO# K-ajreGpel.

7.11. Bamena cmpyxmypbe

CTpyKTypHl H Ollepalnuy, olMcaHMHbe B 3ToM maparpade, corjacy-
I0TCA ¢ 3aMEHaMK CTPYKTYpHI, onmucaBubiMK B n°n° 5,13 u 5,14,



§ 8. MuddepenunanbHoe HcuHCIeHHE
nopsagka 1

Hauunas ¢ sToro maparpaca, Mbl cieayomuM o6pasom oGobiiaem
TepMHHOJMOTHIO, BBeZelHyio B 6.1.6: Ilyers A = (X, B, m) — paccaoe-
nue (6.1.1) knacca C'. Ceuernuem paccacenus \ (uiu X, eciy 310 He 1o-
BJIEYeT MyTaHHIbI) HAZ OTKPBHITEIM B B noamMHoxkecTBoM U MBI HasbiBaeM
otobpaxenue s: U — X, Takoe, uTo 1t (s (x)} = x N5 BCAKOrO x ¢ X.
Korzaa U/ otkpuiTo B B, Mbl rOBOpHM, 4TO § €CTb CeueHue rc/tacca c" 0«

< k < r), ecam, KpoMe TOTO, s eCTh OTOOpaXKeHHE KJacca C*us U s X,
B naparpadax 6 w 7 cJ0BO «ceueHlie» 03HAYaJ0, TaKUM o6pasom, To,
YTO MBI C 3TOFO MECTA HasbiBaeM ceuenuem kjacca C,

Hauunas ¢ n° 8.3, npeanoaaraercs, 4To

mi6o K umeenm xapakmepucmury 0,

Ju6o paccMaTpuBaeMble MHOTOOOpA3US A0KAALHO KOHEYHOMEPHSL.

B stom nocnentiem ciyuae BblpameHusi «6aHaxXoBO IPOCTPaHCTBO®,
«BEKTOpPHOE pacc/ioeHHe», «BEKTOPHEIH QYHKTOP» 03HAYalOT COOTBETCT-
BEeHHO «KOHEYHOMEPHOe BEKTOPHOe MPOCTPaHCTBO», «BEKTOPHOE paccioe-

HHC KOHEYHOTO paHrar, «BeKTOPHbIA GYHKTOP B KOHeUHOH PasMepHOCTH C
KOHEUHOMEPHBIMH 3HAUEHHAMUY,

8.1. Kacameabnoe paccaoenue

8.1.1. Ilyetb r € N u X ectb K-mHoroo6pasue kiacca C'. Uepes
T (X) o6o3HayaeTCsl MHOXECTBO, ABJsIOUEECs OOBeAHHEHHeM Kaca-
TeabHBIX npoctpancts 7, (X) (5.5.1) ana x € X, v uepe3s m—KaHOHuuYe-
ckoe otoGpaxenue u3 T (X) ua X. Ilycte ¢ = (U, ¢, E)— kapra
Ha MHoroobpazuy X; a1a x € U u ¢t € T, (X) momoxum §, (x, f) =

= (%, 6:‘ (#)), rae orob6paxenue 0, ompeneseno B 5.5.1. Tpoiika
¢ = (U, {, E) ectb Bextopuas kapra (7.1.1) va T (X) (HaneneHHoM
otobpaxenvem =: T (X) — X). Ha T (X) cymecrsyer 0gHa H TOJIbKO
OJIHA CTPYKTYpa BEKTOPHOTO DaCC/IOCHHS C Gasoit X u kaacca C',
TaKas, yTo s BLﬂKOH KapTel ¢ Ha MHOroo6pasuu X COOTBETCTBYIOIlLAA
BEKTOpHas Kapta ¢’ ecTb BekTOpHasi kapta Ha T (X)!). Mmuoxectso

1y Korga K= Rur=1, T (X) ecTb monoaoeuueckoe 6exmoproe paccioesue (cM.
puMeyanne B Hauajde § 6).
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T (X), HajeneHHOe 3TOH CTPYKTYPOH, Ha3bIBAETCS KACQAMEAbHOIM pPace
caoenvenm K X. B uactHoctH, T (X) HazeneHo cTpyKTypo# muoz006pa-
sus kaacca C', u 1poiika (T (X), X, m) ects paccioerue (7.1.4).

[Tycte U -— oTKpHITOE NOAMHOKECTBO GaHaxoBa npocTpaHcTBa E,
M NyCTb i — KaHOHU4ecKass HHbekuMs W3 U B E. BekrtopHas Kkapra
¢ = (U, ¢, E), accounuposannas ¢ Kapto#i ¢ = (U, i, E) Ha U, onpe-
nensier usoMopdusm u3 T (U) Ha mpusuaretoe paccaoenue Ey (7.1.95);
3TH [Ba pacc/JOeHHfl OTOXKIECTBJASIOTCS C IOMOINBIO 3TOrO H30MOp-
¢dusma,

Ecan X — yucroe mHoroo6pasue tuna E (5.1.7), 1o T (X) ecTb unc-
Toe MHoroo6pasue Thna £ X £,

8.1.2. Tlyets ft X > Y — Moptbﬁsm MHOTOOGpasuil kiacca C'. Ompe-
penum f-mopdusm T (f): T (X) — T (Y) BeKTOpHBIX pacc/aoeHHH Kaacca
C ', nonaras T (f) (x, ) = (F (x), T, () (1)) m1a x € Xu t € T, (X).

Ecin f=1Idx, 1o T(fl=Idrx. s f: X—>Y nu g1 Y > 2
uveet Mecto paseHcTBO T (o /) =T (@) o T (f).

8.1.3. HyCTb f: X - Y — mopduam MHoroo6paam"4 knacca C’, u

nycte f: T (X) = f* T (Y) — enunHcTBeHHHIH X-MOPQHU3M, TaKOH, UTO
T()=gof, rae g— xaHoHuueckuit wmopdusm f*7 (¥) — T (Y)
(eM. 7.2.4).

Ias Toro utoful f Obin uMMepcuedl (cooTs. cyOmepcueli), HeoGxo-
[i¢
IHMO U nocraTquo yTo6b! NMocaenosartensiocts 0 =T (X) = f*T (Y)

{cootB. T (X) % f¥*T (Y) > 0) 6biia JnoxkanbHo NpAvMod TouHOH Iio-
cneposatesbHocTbO (7.5.6). Ecau f— umMepcus, To paccioenue Ko-
agep mopdusMa [ HA3LIBAETCS HOPMAAbHOLM WIAH MPAHCBEPCANLHOLM
K [ paccioennem. Ecnu f — cyGMepcust, To paccioeHue saep MopgHusma
f' HasblBaeTCsl pacclOeHHeM, KAcameAbHbiM K caosm MopdusMa f uaH
OMHOCUMEAbHbIM KACAMEAbHOIM PACCAOeHUeM MHOTOOGpasusa X Hal Y.
Ero caoft T, (X/Y) B x € X ecTb KacaTeJbHOe MPOCTPAHCTBO B X K

NOAMHOIr006pasuio f“l f (x) B X. HOCJIEILOB&TEJI!:HOCT]:
T.(f)
0T, (X/Y) —=> T, (X)—> T (Y)—0,

rae i — KaHOHHYeCKas HHBEKLHS, TOYyHA,

JI1s Toro uToGH [ 6bl1 dmasex, HEOGXOAUMO U JOCTATOUHO, YTOGH f’
Gl H30MOpQHU3MOM.

Korga K umeer xapakTepHCTHKY 0, /151 TOTO uTOGH! f GbLI cybummep-
cuell, HEOGXOAMMO H JOCTATOYHO, UTOOH [’ GblA JIOKANLHO MPSMbIM
MODP(pH3IMOM. :

8.1.4. Ilycts X1 v X, — nsa muoroobpasus. Toraa T (X; X X,) =

?E; pﬂ)‘ (X)) @ p2 T (X,), . TIe p; H py CyTb KAHOHMYECKHE TPOEKUHH
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8.1.5. [lycth n — ueaoe uncao > 0; KacateapHoe paccioenne T (K")
K K" oTOxIecTBNseTCS C TPHBHAAbHBIM paccioeHHem co cioem K"
(8.1.1). IToctosnnble ceuenus, omnpejeseHHble 3AeMEHTaMH KaHOHHue-
ckoro 6asuca B K", o6pasywr penep 8 T (K"). _

Ecnu X — mHoroo6pasue u (4!, ..., u") — cHcTeMa KOOpIHHAT Ha
X B oTKpbiTOM noaMHOKecTBe U MHOroo6pasua X (5.1.10), To npeapiny-
uHil pernep ompelensieT MOCPeACTBOM NepeHoca CTPYKTYPH pernep pac-
_cnoennst T (X) na U; oH Ha3blBaeTCs KacamesbHbLM penepozn, onpene-

JIEHHbIM C TOMOLLbIO (u » veny "), H 0603HAUAETCS YEPE3 (a/au s 100, 0/0UT)
(CM. 5.5.8).

8.2. Bexmopnote noas

[Tycte X — MHorooGpasue knacca C' # U — OTKpHITOE NOAMHOMKE-
ctBo B X.

8.2.1. Ceuenne (ne ofa3aTe]bHO HempepbiBHOe, cM. Hatano § 8) ka-

catesbnoro paccnoenusi 7 (X) Han U HasuiBaeTcsi 8exmopHbM No-
sem Ha U,

8.2.2. llyanvnoe k T (X) pacciaoenue T (X) (7.7.3) HasviBaercs Ko-
KacameAbHoim paccaoesuems Muoroo6pasua X. Ero ceueHusa Ha3bBawTCA
Kosexmopromy noaamu. Ecnm f— dyukuus kaacca C° wa X (rne
I < k< r)co3navennsmu B K, ee Qugpgpepenyuan df. x ~» d.f ectb
KOBEKTOpHOE mosie kaacca C*~'. Bosee ofumo, ecan f — byrkous
knacca C* na X (1 < k < r) co 3sHaueHnsAMH B 6AHAXOBOM NPOCTPAHCTBE

E, ee tudbepennnan df ects cevenne knacca C*' paccoenns £ (T (X);
Ex). )

8.2.3. INycts & — pekTopHOe mone Kaacea C~' wa X uf € 6'(X; F)—
bynkuna kaacca C' co 3HaueHHsAMH B 6aHaXoBOM npocTpaHcTse F.
Yepes (E, df), unn D (f), unan ewme E () obGosnauaercss ¢yHKUHA
x> d f(E (x)); 310 snement us 6" (X; F). Ecau f dpukcuposana,
10 otoBpaxenue E&r» D: (f) sBaserca G (X)-nuHeiinniM. Ecau

Dz (f) = 0 nns scsikoft gyukumu f Knacca C” co 3HaueHusiMH B 6aHaxo-

BOM IPOCTPAHCTBE, ONpEAENEeHHOH B OTKPLITOM MOAMHOMKECTBE MHOTLO-
obpasus X, 1o §=0.

[lycrs E, F, G— GanaxoBbl MpocTpaHcTBA H (4, U) P> 4. U—
GunuHeiiHoe HenpepbiBHOe oToGpaxenue us E X F B G. Ilycrs f €

€6 (X, E), geG (X;F) uf.ge 6 (X, G)— ux npoussege-
Hue, Ecan § — BektopHoe moae Kaacca C ' ua X, 10

D;(f.g)=D:(fy.g+f.De(g
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B uactHocTH, oToGparenne D:: G1(X) € '(X) ects mudde-
pennuposatue anrebpst G'(X) B 67 (X)-monyab — 67'(X).

8.2.4, Ilpeanonoxum, yTo X JOKaAbIO KOHELHOMEPHO Y UTO BHITONHEHO
OJHO U3 ABYX CJEAYIOWHX NPeANoJoKeHHH:

() r=o00 u X OTHENHMO;

(ii) r = © 1 X usomMopdHO OTKpuiTOMy noauaucky B K",

Torna aas sesxoro auddepenurposanus D anrebput 67 (X) cy-

HIeCTBYeT OLHO H TOJMBKO OAHO BEKTOpPHOE MOJI€ E KJjacca C Takoe,
uro D = Ds:.

8.2 5. Ilyets (4!, ...,u") — cucTema koopauHat Ha X B U u § — Bek-
TopHoe none Ha U. Toraa i-1 koopauHaTa noas §B KacatelbHOM pelle-
pe (8.1.5), onpenenennom ¢ nomouio (u}, ..., «"), ectb D (u'). Ipy-
THMH CJIOBaMH,

= > D). o/ou'.

1<t<ﬂ

8.2.6. ITyctp ¢: X — Y — mopdusm mHorooGpasuii kaacca C', & —
BEKTOpHOe nose Ha X H 1) — BeKropHoe noqe Ha Y. [oBopaT, uTo §
@-c8a3aH0 € Y}, ecau ada Besikoro x € X (v () = T, (9) (€ (x)).
Tlpeanonoxum, 410 310 TaK, M MNYCTh & H 1) NPHHALIENKAT KJAaccy

c. Torzaa ana sesikoro 6aHaxosa npoctpaHcTsa E jguarpamma

¢’ (Y; E)X<a €' (X; E)
ny Dy
¢ B XL (X; E)

rae ¢* (f) = [ o ¢, KoMmyTaTHBHa. :

Korzma ¢ staneH, Aas BCSIKOTO BEKTOPHOro MoJia 1 Ha Y cyuiecTsy-
eT O[IHO M TONbKO OJHO BeKTOpHoe noJe Ha X, KOTOpoe @-CBA3aHO C n);
OHO ofo3Hauaercss uepes @*n.

8.2.7. Tlyctb @1 X — Y — mopdu3sM MHOrooGpasuit Knacca C’.Ecau
® — KoBeKTopHOoe nose!) Ha Y, 1O KoBekTOpHOEe mone @*w Ha X
onpezenserca dopmynoit

@) () =T, (@) (@@x)  @eX)

Bonee o6imo, mycTh T-— BeKTOpNbIH QyHKTOp (7.6) Kaacca C
tuna (I, 1-), rae 1. = @ u I_ cBOQUTCS K €JMACTBEHHOMY JIEMEHTY
(taxoft dyHKTOp HasmbBaeTcfl Kowmpasapuanmuoeim), Ecnu @ — ceye-

1)UuTaTens He J0MMeH CMELIHBATh 3TO ynoTpebnenne OyKBhHl @ C TeM, KOTOpoe
yKa3aHo B 0603HaYeHUAX H COIVIALIEHHAK.
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une Knacca ' BekTopioro paccaoenust v (7 (Y)) ¢ Gasofi Y, 1o ceue-
HHe ¢*w paccnoenust v (T (X)) onpeneasierca dopmynoi (p*w) (x) =

=1 (T, () (0 ( (1)) (x € X).

8.3. Nudpdpepenyuanvroie ghopmol, 8Heutnee oughghepenyu-
posanue

HanoMHuM, 4TO B 3TOM M B CJEAyIOIIMX MYHKTax Npeinosaraercs,
yto 160 K uveeT xapakTepHcTuKy 0, 1H60 paccMaTpuBaemble MHOTO-
o6pasng JOKabHO KOHeyHOMEpIHLI.

8.3.1. Iycts X — muoroo6pasue kaacca C° u F — Bektopnoe pac-
cnoenue Kaacca Cf ¢ 6asolt X, rne B+ 1 € Nk n kb + 1 < 7. [Tyctn
p — uenoe uucao > 0, u nycts Alt” (T (X); F) — sexTtoptioe pac-
ciioenye Kaacca C* p-aulciHBIX 3HAKONEPEMEHHBIX OTOGPAKEHHH U3
T (X)8 F (7.8.1 unpumeuanne | Hacrp. 94). CeueHune stero paccioeHus
HaJ, OTKPHITHIM NoaMHOKecTBOM U B X HasulBaeTcs 3Haxonepeme-
Hoil  Oughhepenyuarvrodi popmoil (Mau npocto Jugheperyuarorol gop-
moif) Ha U crenenu p co sHayenusimu B F. Te U3 ceuenuii, KoTopeie npH-
Hajaexar Kjaaccy Ck, o6pa3yioT c* (U)-vopynb, o6o3Hauaemblil yepes
*QP (U; F). Ecan E — 6aHaxoBo OpocTpancTso, To Byecto 'Q” (U; Ex)
MHILYT QP (U; E) wu rosopsatr o puddepeHunadshpix dopMax co
3HaueHHsIMH B E. B aTux 0603Hauennax Hiloraa onyckaercs & (coots. E),
ecJii OHO pasHO 7 — | (coots. K).

Tuddepenuuansnas dopma crenenu 0 (cootB. 1) Co CKanspHbIMH
3HaYCHUAMHU eCTb QVIKIiMS (COOTB. KOBEKTOpHOE MOJe).

MMycrs @ ¥V — X — Mopdusv MHoroo6pasuii kiaacca C', M mycThb
o € *Q” (X; F). CyuecTsyer TOra 0aHa # TOIbKO 01Ha dopma @*w €
€ QP (Y; @*F), Takas, ut0

A1) @)y (01, -- ., V) = Ot (T (@) .01, -y Tyl9) . vp)
AJ151 BCAKOTO y € Y 1 BCAKOro cemeficTBa vy, ..., v, 31emetoB u3 T, (Y).
Ecnn ¢: Z — Y — mopdusm mHorooGpasut Knacca C’, To
(2) _ (@ 1)* © = P* (¢*0).

Koraa Y ectb no;muorooﬁpasue B X M ¢ -— KaHOHHYECKasi HHbeK-
uusl, MHOTAa MUmyT o |Y BumecTo ¢*® H roBopsT, uto ®|Y undyyu-
posana na Y. opumoii o.

.

8.3.2. Onpeneneuns u pesybTatsl n° 7.8 NPUMERHMBI K nuq)qnepeﬂun-
a’bHbly  dopmaM. B wactHocTH, cnapuBaime BEKTODHbIX paccioeHsH

F' X x F" — F ‘nopoxnaer enewnee npousgedenue “QF (U; F') X
x 5P U; F'y QP (U, F), rae p =p' + p”; ero obosnauaor uepes
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(@, 0")»0" A 0", Tlpamas cyMmma Bcex ‘P (U; K) pas p >0 wuape-
JleHa, TakUM 00pa3oM, CTPYKTYpPOH acCOLMATHBHOH M KOCOKOMMYTATHB-
HOI rpapyHpoBannoii anrebpwer (Alg., chap. III, p. 53).
ITycte § — BekTOpHOE Nose Ha X H © — puddepennnanvyan popma
Ha X cremeHd p > 1 €O 3HAYEHHSMH B BEKTOPHOM paccioenuu F;
sHympenree npoussederiie noaa & u GopMbl @ ecTb AuddbepeHnyabHasn
dopma i (, o) Ha X crenenu p — | co 3HayeHuamu B F, onpenesneHHasi
dopMmy.iof '
3) i 0), vy ooy Vo) =0, E(X), vy «ovy Up—l)
IJif BCSAKOTO x € X M BCAKOro cemeficTa vy, ..., Up—1 3JEMEHTOB U3
T, (X). Ecan o — puddepeHunanvhas dopma crenenu 0, To nosaraem
i (€ ) = 0. Byecto i (§, ) mumyr Takxke [ (E)o unu ;0. Korna F =
= K, naHHOe Bblllle ONpeJieTeHHe COBNANAET C OnpeleneHHeM u3 7.8 4.
Iycts F' X x F" — F — crnapuBanie BEKTOpHBIX paccioendit. [nsi
o € (U; F') n o € Q% (U; F") umeem
(4 i@ A)=(@NA"+ (=1 ANiFo

8.3.3. Ilyetb (u!, ..., u™) — cHCTeMa KOOPAMHAT B OTKPHITOM IOJAMHO-

xectse U B X. Besikuit ajeMenT @ n3 *Q” (U; F) eQUHCTBEHHBIM 06-
PasoM 3aMHUCHIBARTCA B BHAE

; .
0= f,i,,,.,i cdut A L. A du'e,
(1<,
rne fih,_"ip CYyTb CceyeHHd Knacca C* paccnoennss F map U; B stoit

¢dopmyse 3HAK /\ OTHOCHTCS K KAHOHHUECKOMYy cmapHsaHuio Kx X
X x Kx = Kx, a Ttouka, o603Hauawmasi npouspeleHne, OTHOCUTCA K
KaHoHHuecKoMy crapusanuio F Xx Kx — F.

8.3.4. Ilycth p — uenoe yucao > 0 u r — saement us Nk, [lycts E u
F — Ganaxoswl npoctpaHctea, U — oTKpriToe mopMmHOKectBO B E H

@ € (U; F). Tyets & € 6 (U; Al (E; F)) — snewenr, cootaer-
crBytomuit o6, Ecan x € U, 1o puddepenunan d,os s71emenTa o B TOuke
x (5.5.6) qemnt B % (E; AWP(E; F)); ecn t € E, 10 (dyov) (f) €
€ A’ (E; F), necan ty, ..., t, texatr 8 E, 10 (d,&) () (4, ..., 1,) €F.

CywecTByeT OIWH H TOMLKO ONHH sieMenT dos us Q7Y (U F),
TaKkoi, uTo

p .~ ~
6) (d)xlly s fo) =B (= D @AD) C) lor +ovs by es ),
KaKoBbI Gl HH 6blIH X € U u 4y, .o, £, B E.

1) 3uax "~ nokasuiBaeT, yTO CHMBOJ, Haj KOTOPEIM OH CTOHT, JOJKEH GbITh onyled
(cM. 7.8.4).
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8.3.5. ITyctb p— nesioe unciao > 0 u r — snemedt u3 Nk. ITycte X.—
MHOrooGpasue kaacca C'', F — 6aHaxoBo HpOCTPaHCTBO H @ €
€’Q" (X; F). CywecTsyeT 0/iHa H TOJbKO 01Ha AxddepeHHanbaas dopma
n ¢ Qe (X; F), Takas, uto ans Bcako#t kaptel ¢ = (U, ¢, E)
BLINOJIHEHO Cllefylolllee YCIOBHE: eClid @, — Takas AndpbepeHnHa bHas
dopma Ha ¢ (U); uto o | U = ¢* (0., 10 uveeM 7, = do,, rie dwo,
pnpenenena popmy.oi (5) us 8.3.4.

| [uddepenunanpuas dopma s HA3BIBACTCS BHEWHUM Oubheperyua-.

nom dopubl ©; ee o6o3HayaoT vepes do. OHa 06JaJaeT C/eLYIOUIHMH
tBoficTBaMu:

(6) Ecan §: ¥V — X — Moqusm MHOroo6pasufi kmacca C'' u ecan
o € 'Q°(X; F), 10 ¥*(do) =d (Y*®); B yacTHOCTH, d KOMMYTH-
PyeT c onepaiydell orpaHuueHUs Ha NOJAMHOrooGpasye.

(7) Oas p = 0 orobpaxenne d: 'Q° (X; F) - "~'Q" (X; F) cosnaga-
eT ¢ 0OTo0paxkeHHeM, OnpejeneHHbM B 8.2.2,

(8) Ecur > 2uecmn @ € 'Q° (X;F), 10 d (do) =0".

(9) J.1a BcAKOro JIMHEHHOTO HeNpephIBHOrO otobpaxkeHust u: F — F'
6anaxoBbiX nmpoctpaets d (4 (@) == u (d (w)), rae o € 'Q° (U; F).

(10) Ona BcAxkoro  GUAMHEHHOro  HENPEpHIBHOTO  OTOGPAMKEHHS .
F’ X F" — F 6anaxoBbiX NPOCTPAHCTB

d@ A 0") =(do") Ao+ (—1)" e A do"
g o € (X; F') n o €77 (X; F").
8.3.6. ITycte (4, ..., u™) — cucrema koopauuar Ha X B U. ITycth
0= X fi . ddt N Lo N\ dER
£ <<y P
— mnpdepenunancras dopma na U (e fi,.i € G" (U, F)). Torna

(11 do= 2 dfi. ... Ndu'* N\ . A dde.

[1<..,<[p p
8.3.7. Ilpeanonoxum, uto K wnmeeT xapaxmepucmuxy Hyas. Ilyctb
o € Q7 (X, F) — nuddepennuansuas dopma ctenenu p > |, takas,
uto dev = 0. JIn151 BCIKOK TOUKH x € X HaHpyTCA ee OTKpLITANA OKPECT-

Hocte U ¥ Iuddepennuansias dopma n € 'Q°~' (U; F), takue, uto
dn = @ Ha U,

1) Eatn o €19° (X; F)u eciin d 0E1QPTY (X; F), Takme nmeem d (dw) = 0.



108 IHSSEPFHUMAJNLHOE HCUMCNEHKE TOPAAKA 1 §s

8.4. Hngpunumesumaivroie npeoopa3neéanns

Ilycts 7 € Nk u X — mHoroo6pasue kiacca G,

8.4.1. Tlycte v — BexTOpHHI (yHKTOp m1s M30Mopdu3mMoB (7.6.6)
ki1acca C'. Ecau E — 6anaxoBo npoctpascrtso, To uepes GL(E)
0603HayaeTcss OTKpHITOE mogmioxectso 8 £ (E; E), obpazoBaHHOe aB-
toMopdusmamy npoctpascrea E. Yepes T o6osnayaercsi JHHeiiHoe
- oTOOpa)KeHwe, KacareqbHoe B eIHHMYHOM 3jemeHTe ldg K mopdusmy

v. GL (E) - GL (1 (E)); 510 JMIefiHoe HenpepnBlioe OTOGpaerye
us3 £ (E; E) 8 € (v (E); © (E)).

8.4.2. IMycte E — 6aHaxoBo NpoCTpaHcTBO, H NodoxuM F = 1 (E).

[ycts U otkpuito B E, E— pektopHoe noje na U kaacca C, E:
U — E — cooTsercTByiollee oTOGpaXKeHHe (royuaemMoe OpPH  OTO-
xaectsiaedun 7T (U) ¢ U X E (8.1.1)) u f: U — F — oto6pakeHne

_Knacca C'. Inst x € U onmpegennm saement  (8: . f) (x) u3 F dopmynoit
t) (05N (0) = df € () — 72 @5 ¢ (x).

(3aveTHM, 4YTO, C ONHOH CTOPOHBI, ECEmn df¢ %(E;NF), OTKyja
df(E(x) € F, a ¢ apyroit cropourt, d,& € £ (E; E), Te(df) € £ (F; F)

H f(v) € F, otkyna 1z (2 (f () € F)
@yuxunsg Oz . f: x - (0 . f) (x) npuHagnexuT Kiaccy ¢ B U.

8.4.3. O6o3nauum yepes F BekTopHOe paccioedue T (T (X)) (7.6.2 u
7.6.6). Ilycth £ — BeKTOpHOe noJie Ha X u f — ceueHHe paccaoeHus F,
npuueM o6a npuHagiexar Kaaccy C'. Ilyets x— touka B X ¥ ¢ ==
= (U, ¢, E) — kapta Ha X 8 x. [lycts ¢ = (U, {,, E)— coortBer-
cTeYyiouas BekropHas kaprasa T (X) (8.1.1) u v (¢') = (U, ¥,, 7 (E)) —
COOTBETCTBYIOIIAS BeKTOpHas Kapta na F (7.6.2). Iloaoxum x, =
= ¢ (x); nycTb &, — oTobpaxenve u3 p (U) B £, Takoe, uto {, (& (v)) ==
= (u, & (p (®)) u f,— otobpaxkenue wu3s ¢ (V) B v (£), Takoe, uTO
Yo (F (u) == (4, f.(p{(w)) nas Bcskoro u € U. O6osHauum uepes
a, saement (0 .f,) (x,) u3 v (E), onpererennniii B 8.4.2. Cyuectsyer
OJMH U TONBKO ONMH sjeMmeHT a u3 F,, Takoll, uto P, (a) = (x, a,)
Has Beakol KapThl ¢ Ha X B x. On obosHauaercst uepes (Os. f) (x) u
3aBHCHT TOMBKO OT POCTKOB MOAS £ U CeueHHs f B TOUKe x (M Jaxe JIHIIb
oT ux crpy#l nopazka 1 (12.1.2)).

Orobpaxenune O . f: x = (0z.[) (x) ectb ceuenne KJjacca c!
paccioenust F; oHo K-GuniHeHbIM 06pa3oM 3aBHCHT OT naphl (§, f).

8.4.4. Coxpauum mnpexpliyuide INpeanojoxeHnss M cornawenus. Cy-
mectyeT (7.6.4) OfMH M TOJBKO OMH-MOP(H3M BEKTOPHBIX paccJoe-
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wuil v us £ (T (X); T (X)) B £ (F; F), Tako#, 4to Ansi BCAKOro x €
€ X orpanuvenne mopdusma v wa caot £ (T (X), T (X)), =
=& (T, (X); T, (X)) paBHO Trx, (8.4.1). Ecain g — ¢pyHKuus knacca

2" na X co 3nauenusamu B K, T0

B .f=g0:.] — v (dg QY ()
(B 1Ol dopry.ie ceuenne dg Q@ & paccnoenusn 77 (X) @ T (X) oroxne-
ctBasiercs ¢ ceyeHuenm paccaoenus & (T (X); T (X)); ero obpas 1’ (dg@ .
Q &) ectb ceuenue paccnoenuss £ (F; F) u npeo6pasyer f B ceyenue pac-
cnoenus: F),

8.4.5. Ilycte | — oTkphiToe noamuoxkectso B K, cozjepxaumee O,
U otkpuito B X u ¢ — oto6paxkenue knacca C' u3 [ X U 8 X, lna
(¢, x) € I X U uepes &, o6o3HaunM BekTop (1, 0) € K X T, (X) =
=T (I X U). Ona ¢t €I uepes @, o6o3nauyaercs OToGparKeHHE
u3 U B X, onpenenennoe gopmynaoit ¢, (x) = ¢ (¢, x) (x € U). Ilpex-
[10J1aTaeTCs, YTO BBIMIOMHSIOTCA CJEAYIOUIHe TPH YCJOBHA:

a) @, eCTh KaHOHHyecKasd HHbeKuua u3 U B X;

b) ans Beskoro ¢ € T oroGpaxeHHe ¢, €CTb H30MOpGH3M MHOIO-
o6pa3uii knacca C' u3 U Ha OTKpPLITOE NOJAMHOXKECTBO B X;

c) ceuenne (f, x) == Tux) (9) (€2x) paccnoenus ¢*T (X) npuHan-
Jexut kaaccy C'

Bosee Toro, nonaraem

d) E(x) = T(o.x) (@) (g0,x) 111 Bcsroro x ¢ U.

OtoGpaxenre & x+»E(x) ecTb BekTOpHOE mose kJaacca C' wa U.
Ero naswBator Hauasonoim (MAM ucxoOHoiM) TIONEM AJS .

[lycts v — BekTopHbIA QyHKTOp M1a H3oMopdusmoB kiacca C;
nosioxum F = 1 (T (X)), u nycts f — ceuenre knacca C' paccioeHus
Fuan XMnax € Unt ¢ Inonomum 7 f (x) = 7 (T, (9)7) ( (@ (£)));
570 snemeHT u3 F,. OtoGpaxenne ¢ — ¢ f (x) u3 I B F, NpHHALJIEKHT
knaccy C'' n1s Kaxno# Toukn x € U, u

2 ":T ((p:f (*))e—0 = (0 . f) (x) Ans Besiko#t Toukk x € U.

8.4.6. Ecnn 3apanel BekTOopHOE modie & knacca C' Ha X M TouKa X, B
X, TO CymecTByiOT  OTKphIToe nogMHoxectso | B K, cozepxkamee 0,
OTKpHTOE moamHOoXxectBo U B X, comepxauiee x,, H OTOOpaxeHHe
@: ] X U - X kaacca C', yjosjeTsopsioude ycJoBHsM a), b), €)

u3 8.4.5 u Takue, 4TO HayasNpHOE NOJE A5 @ eCTh cyxkeHHe § | U noust §
Ha U.

8.4.7. Mpumep. IlycTb F — GaHAaxoBO NpPOCTPAHCTBO U p — LleyOe
yncao > 0. Ecnu V — GaHaxoBo mpocTpaHcTBo, HONOXKHM o, (V) =
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= AIt’ (V; F); ecau u — nsoMopdusM us ¥V Ha 6aHAXOBO NPOCTpaH-
ctBo V', o6o3naunm uepes o, (u) n3omopduam npoctpaHcTa o, (V) Ha
%, (V’), NOJAYYeHHBI U3 u MOCPeJCTBOM HepeHoca CprKTypr Tem
CaMBIM 0JyyaeyM BeKTOPHBIA dyHKTOD AJIsT uzoMopduamon, 0603HaUae-
MbIA uepes o, (7.8.1 n mpumeuanue 1 Ha cTp. 94). K nemy MOxHO mpume-
HUTB BLILICH3A0KEIHOE; HMEeM -

‘o, (T'(X)) = Al (T'(X); F).

Ceuenust paccaoenust o, (T (X)) cyts auddepennuaibure Gopmsl
cTeneHy p Ha X co 3HaueHUAMH B F; ecin @ — Ttakas dopma u § —

BeKTOpHoe nosie Ha X, o6a — kaacca C', 10 0t . © ecTb nudrbepeHuH-

—1
anbHast dopma creneun p Ha X co 3uaueHusamu B F u kmacca C',
Hveem

3) 8.0 =d(i (o) +iE)do
H, eCJH r > 2,
(4 0: . do = d(0;. 0).

Korpa p = 0, yHKTOp 0, €CTb NOCTOAHHBIA BEKTOPHHIH GYHKTOP,
onpenesedHslli npoctpaHcTBoM F; paccnoenue o, (T (X)) ortoxpects-
JII€TCH C TPHUBHANBHBIM paccioeHHeM Fx, W CeUeHHS 3TOrO PacCIOeHHS
OTOXACCTBASAOTCA ¢ (yHKuusMH Ha X co sHauenusmu B F, Ecau E—

BekTOpHOe movie Knacca C" wa X wecan f € 6" (X; F), 10

® 8. [ = (& df) = D¢ (f) (8.2.3);

570 5MemenT us 6" (X; F).

8.4.8. TlycTb T ¥ T, — 1BA BEeKTOPHHIX (yHKTOpA AAA H30MODPHU3IMOB.
Mopduam BeKTOpHBIX GYHKTOPOB hA: T, — T onpeneasier MOphH3M Bek-
TODHEIX pacC/oeHHH, O0OGO3HayaeMbIfi MO-TIpeXHeMy 4Yepe3 A, U3
7 (T (X)) B © (T (X)) (7.6.4) u comocTaBsisieT ceueliio f paccraoeHHs
7, (T (X)) ceuenue h (f) paccioenus t (7 (X)). Ecau § — BektopHOe

nose Ha X u eca f u § npuHagiexar kaaccy C, 10 0z. A (fy = h (8. f).

Bosaee obwo, nycte T, Ty, ..., T, — BEKTOPHHE GYHKTOPLI A5
H30MOpdH3MOB, M TYCTb A: (Ty, ..., Tg)—>T eCTb d-JMHEHAHBIH MOp-
dusm (7.6.4). TIyets f; € Fryrxy(X) (aas i=1, ..., d), 1 mycrp

£ — BekTopHoe mnoJe kiaacca C Ha X. Hwmeem
0 O hFy s fd= X A ey fin Ol Firn ooy fO)
) ISisd

Hanpumep, ecnu  f — ceuenne paccaoenus v (T (X)) u ¢ — dyHK-
nns Ha X co sHauenusmu B K, o6a — kaacca C', To

(7 0:. (g)) = (0. 8)f + & (O . f).
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Ecan o, 1 0, — auddeperunansHbe Gopusl Kaacca C' co 3HaueHH-
AMH B 6aHaXOBHIX NpoCTPpaHCTBAX Fl u Fz COOTBETCTBEHHO, TO
(8) Bz, (o A @) = (8z.0) A o, +0, A (0. @),

T7e BHelHee NpOW3BeleHHe Gepercs MO OTHOLEHHIO K OGHJIHHeliHOMY

HernpepuIBHOMY OToGpaxkeHHio u3 F; X F, B 6aHaxoBo MPOCTPaHCT-
go F. :

4.9. Tlyctb T — BeKTOPHHIT (QyHKTOD MIA H30MOP(H3MOB, KOHTpa-
apuanTHulit (8.2.7) kmacca C', ¢: X — Y — mopdusm mHorooGpa-

suit kiacca C'', & (cootB. 1) — BexTopHoe mose kiacca C' Ha X
cootB. Y), Takue, uto § ¢-cBasaHo ¢ v (8.2.6). [Iaa Bcakoro ceyenus f
paccnoenns t (T (Y)) kaacca C

©* On . f) = 0 - *f.

8.5. Kommymamop

IMycts r € Nk 1 X — mHOroo6pasue KJjacca crtt,

2 5.1. TpumeHnM onpefedenun u3 n° 8.4, 6epa B KauecTBe T TOXKIECT-

~ ot dyskrop: T (V) =V a1 BecAKoro 6aHaxoBa MpPOCTPAHCTBA
'V u v (4) = u nI7 BCAKOro M3oMopdusMa u 6aHAXOBBIX MPOCTPANCTB,
Torga v (T (X)) = T (X). Ecaun § u 1 — jBa BEKTOPUBIX IOJA KJaacca
C" Ha X, nonaraem

(1 (€, nl=0g.m;

5TO BEKTOPHOE MoJIe KJacca C'naX, uMenyemoe Kommymamopom (MIu
cKkobKkoli) nomelt & U m. .

8.5.2. Otobpasxkenue (&, 1) ~ [E, n] K-GumuHeliHO U KOCOCHMMMETPHYHO,
Ecan f n g — dyukund knacca C° ua X co 3HaueHusamu B K, 10

(2) [fE, gnl = [g [&, n] + (fD:g) n — (gDnf) &

8.5.3. Ilycts F — Ganaxoso npoctrpaHcTso. B mpocrpaHctse otoGpa-
wxenuit us O (X; F)s 6™ (X F) ‘
(3) D[g_n] = Dg ° DT) —_ DT] ° Dg.

Ecau r > 2 u ecnu { — Tpetbe BekTopHoe mnoJe KJiacca C ua X,
TO

(4) (& ), & =& [n, Q1 — & 2N
HJAN ele

1) ®opuyna (4) Bepna Takike, ecsiu NPeANOJAOKHTL TONBKO, YTO BEKTOPHbIE Nons
£, n, &, & ml, I, &1, 14, §] Bce npunaaaexar kaaccy Ch
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Bonee o6uio, eciu r > 2 U eclin T — BEKTOPHBIA QYHKTOP ANA H30-
MOp(HU3MOB, TO
(5) Oz my = 0500y —0Bnob; :
B mpocTpaHcTee oToGpaxeHult u3 o (X) B S (X) (rme F= "~
=1 (T (X))).

Ecan r > oo, 1O BexrtopHsle moas kiaacca C' Ha X ofpasyiot
K-anrzebpy JIu OTHOCHTe.}IbHO onepaunu KoMMmyTupoBanus (I'pynnot Jlu,
. I, § 1, n°2).

8.5.4. [Tycrp E — Ganaxoso npocrpaHctso, U otkpuito B E, & u 1 —
B2 BEKTOPHBIX nods knacca C' Ha U, oTOXECTBACHHbIE C 3/1eMEHTaMH
us 6" (U; E). Ux Kommyratop 3ajaercsi hopMyJioil

(6) & nl = Den— Dnk.
8.5.5. Iyers (uf, ..., u”)—cuue\ia KOODAMHAT Ha X B OTKpBITOM
noamuoxecrse U. Tycts & = Za —é-‘?;r— H 1= Zb — JiBa BeK-
TopHeIX noJst kaacca C° wa U. Tlosoxkum [, y] = Zc v . Mmeem
. obt dat
{ = L
Y ¢ 1§sn (a o out )

8.5.6. Iycts ¢: X - Y — mopdusm MHorooGpasuit kaacca C'H,
g, U E, — 1Ba BEKTOPHHIX Mosist HA X, 1, H 1)y — [BA BEKTOPHHIX MOJIS

Ha Y, o6a — kuacca C'. Ecan & u & Q-CBA3AHDI C 1)y H 1), COOTBETCT-
BeHHo, 10 (g, &l @-cBasauo ¢ Iny, m,l.

8.5.7. Iycts @ — muddepeHuranbias gopMa creneHy p na X Co 3Ha-
yeHHAMH B 6aHaxosoMm npocrpaHctse F u knacca C', u HyCTb Eo»
., E, — BeKTOpHbIe Mosis Kiacca C' Ha X, Mveem

(8) (ego‘m)(gli sy gp)—ng (gly ;)'" ~p)_
'-EI;O (Ep sy [Eo’gi‘) ey §p}

U
®) oy ..s B)=3(— 1 Do Egr vvvs Eo vevy B F
+§j(—1)‘+’wq§i,zﬂ, NN N AU 3 §

Ecan & u | — BekropHule mons knacca C', 1o
(10) Oz0i(m) —i(n) 0 = L((E nl)
B npocTpaHcTee oToGpamenuil u3 'Q” (X; F) 8 "' (X; F).
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[Tpu p = 1 dopmyaa (9) sanucuiBaeTCs Tak:
Il) dm(g, n):D'é(ny m)'—'Dn<§y 03)"([&, 7\], 0)),

6. Moonamusn

[Mycts r € Nk, u nyerbg: X — Y — mopdusM MHOTooOpasuit Kaac-
ca €1,

8.6.1. [Toduamue Mopdusma g B T (Y) ectb oToGpaxkenue P: X — T (Y),
TaKoe, YTo AHarpamma

T (Y)
b/ in
X->Y

8

KOMMYTaTHBNA, Iae 1 o603HAyaeT KAHOHHYECKYIO HPOEKUMIO MHOTO-
obpasua T (Y) Ha Y. 3ajanue p 3KBHBANEHTHO 3aJaHHIO CeYeHHs BEK-
topHoro paccnoennn g*T (Y), apaswomerocs ofpaTHbM o6pasoM oOT-
HocHTe1bHO g paccaoenns T (Y).

[ToHaTHe NOAHATHA o6OGWAeT MOUSITHE BEKTODHOTO NoJjsa (K KoTo-
poMy oHO cBoauTCA, Korja g == ldx). BaxHaa yacre onpejenennit u
pe3yJabTaroB, oTHocAunxcsd K B u i (8), pacmpocrpaHsercs Ha NOgHA-
THA; Mbl OTPAHNYHMCA KPATKHM YKa3aHHEM HEKOTOphIX M3 HUX.

8.6.2. Ilycte P: X — T (V) — noaHsatue Mopdusma g: X — Y, wu
nycrs @ — auddepenunanbias (popMa cTeneHd p Ha Y co 3HaYEHHSIMH
B BekTOpHOM pacciaoenun F ¢ 6asoft V. Tlpu p > 1 uepes i (, o)
um i () o, naun iy (o) obosHauaerca auddepeHnuanbHas dopma Ha
X crenenu p — 1 co sunavenusaMu B g*F, Takas, 4To

(1) l’(lpy m)x (Uh T Uﬂ—-l) == (Dg(X) (Ip (X), Tx (g) . 011 AR | Tx (g) . UD—I)
0151 BCAKOTO x € X W BCAKOTO CeMeHCTBA Uy, ..., Up—1 3JEMEHTOB W3
T, (X). IIpu p = 0 nonaraem ¢ (Y, o) = 0. FoBopar, uto i (P, ®) ecTs.
gHYympeHnee npoussederue YU @y €cln P U o NpuHammexar kaaccy C',
TO e BepHO A i (P, o). [Tyers F' Xy F" — F — cnapusanue sex-
TOpHBIX paccaoednit ¢ 6asoft V. Has o € Q" (Y, F') n "€
€ Q" (Y; F") cnpasesausa dopmyaa '

@ W A=) Ag +(— 1) g’ Ao

8.6.3. IIpumepot

a) BekropHoe nove  Ha X onpenensier nopuarue T (g) ok Mopcpnsma
gsT (Y)u

6) i(T(@ef=i@)e
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b) BekropHoe nosde v Ha Y omnpefenser noaHATHE 1o g MOpPdHU3MA
g T (Y)u )
4) iMog) = g*oin)

¢) Bouaee ofuio, nycts bt Y — Z — mopdusm MHOrooGpasuil Kiaac-

ca C'*'. Ecan ) — noguarue mopbusma g8 T (Y), 10 T (1) o 1 ecTh
nojastHe Mopdusma ko gB T (Z) M

() i(T(h)op) =1i(p)oh*

Ecau ¢ — noguarue mopdusma h 8 7 (Z), 10 o g eCTb MNOAHSATHE MOP-
dusmah o g T (Z) u

6) i(pog)=g%i(9)

8.6.4. (Hupunumesumarvroie npeobpasosarus.) Iycts P — nogHatue

kaacca C' mopduaMa g, u nyctb o — auddepenuuaioias dopma cre-
neHy p Ha Y co 3HaueHusiMM B OAHAXOBOM npocTpanctee F u kjacca

C'. Nuddepenunannuas dopma na X

™ d(i(p) o) + i(f)do

UMeeT CTemeHb p M MpPHHANIEKHT Kaaccy C'; oHa o6o3Hayaercs ue-
pes Oy . ©.

=~ Ecau f — dyukuusa kaacca C Ha X, To

(®) Oyp.o=d Ai(})o+0y.o.

8.6.5. (Xapaxmepusayus Oy « o kax npoussodror.) Coxpanum mpepmno-
noxenua u3 8.6.4. Ilyers x € X, CywecTByloT TOTJa OTKpBITAas OK-
pecTHocTb U TOYKM x, OTKpHITasA OKpecTiiocTh / aaeMenta O 8 K n mop-
gusm G: [ X U Y xkmnacca C', umeoude ciaeayomue jAsa CBoi-
cTBa:

a) Jlna seakoro x € U umeem G (0, x) = g (x). "
b) Ins Besikoro x € U o6pa3 xacarensHoro sekrtopa (1, 0) OTHO-
curennHo T, (G) paBeH ¢ (x).

[MpeanonoxnM, uro (U, I, G) ynoBTeTBOpSET ITHM YCJIOBUAM;
Aas BcsAKoro f € [ 06o3HatmM yepes G, orobpaxeHune x ~» G (¢, x)

13 X B Y; MoJoXuM 0, = G: (0). Ins seakoro x € X oTobpakenue

t» o, (x)u3 I B Alt’ (T (X), F) npunannexut kaaccy C', u ero npo-
u3BOJHAA B Hauajle KOOpAMHAT 3afaercs (opMyJoi

(9) (@ (D)o = (0. 0) (x).

8.7. Ocrabarenue cmpyxmypot .
B atom mnyHkre npeanonaraercs, uro K =R,

8.7.1. Tyets X — zxmoroo6pa3ne kaacca C' u F — BextopHOe paccJio-
emmie Ha X kaacca C*, rae 0 < k <s, Eamu 0 < ¥ < k, To Ha F cy-
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LECTBYET OAHA H TOABKO OJHA CTPYKTYPA Fj BEKTOPHOTO pacc/oeHHs

- Gasoll X u kaacca C, Takas, uTo BCAKAA BEKTOpHAas Kapra Ha F
°CTb BEKTOpHAdA KapTta Ha Fp. FOBopﬂT, yto Fp modyuaercs H3 F
JcaabaeHuem CTPYKTYphl paccaoeHns Ha F.

7.2, Tlycts r € Ng, rae r < s, u nyctb X, — MHOroo6pasue k.1acca
Y, aexamee mmxe X (5.13.1). Kacareannoe paccmoerue T (X,)

IPUHALMNEKUT Kjaccy " a0 paccioeHue noJdyqaercs ocaabaeHHeM
TPYKTYpPbl H3 KacaTelbHOro paccaoedus 77 (X), NpHHAANeXAULETO

aacey C .
[Mycts F — BeKTOpHOE pacc/oeHne Ha X K/1acea Ct,rre 0 < b K

r — 1. [Iuddepennnanninie GOPMBI Kaacca C" na X co 3Hauennsmu
F KaHOHHYECKN OTOXKAECTBJIAIOTCA C COOTBETCTBYIOWHMH Juddepen-
uajbibiMi opvamu Ha X,. PasnnuHeie omepauuu naj stHMu dopwma-
M, OMHCAHHbIE B OCTaBIUECA YacTH 3TOro maparpada, corsacyrorcs
: 3THM OTOMKJECTBJIECHHEM.
B panbHeifimieM Mbl yacto OyaeM OCTaBJATL YHTaATeN0 3a60oTy 00
JTOUHEHHH PEe3yJabTaToB MOZOOHOrO POAa.

3.8. Toumnu KomMnrexcHsie 11 KOMNAEKCHbIE MHO2000pa3ns

B sTom nyuxre npeanosaraercs, uto K =R, 1 uepe3 X o6o3Hazaercs
‘BellecTBEHHOE) MHoroo6pasue kaacca C', rae r € Ng.

8.8.1. (Komnaexcroie sexmopHoie paccaoerusn.) BektopHoe pacciaoenne
Hajp C ¢ 6asoil X (7.3.4) HasbIBaeTCA TAKIKE KOMNAEKCHBIM BEKMOPHbIM
paccaoeruem ¢ 6azoit X. Ecnn M — rakoe BeKTOpHOE DacC/oeHHe, To
KomnaekcHo (i eekmoproti kapmod Ha M HaswmiBaercs Tpoitka (U, ¢,
E), rae U — otkpuitoe moxmuoxecTBO B X, £ — koMmgexkcHoe Gana-
XOBO NPOCTPAHCTBO U ¢ — H30MOP(PH3M KOMIIJIEKCHBIX BEKTODHBIX pac-
croennit u3 M| U Ha tpuBuanbHoe paccioeHne Ey = U X E. Ce-
meitcto (U,, ¢, E;) KOMIJEKCHHX BEKTOPHBIX Kapt Ha M, ob.aacru
onpeneneHus U; KOTOPbIX TMOKpPLIBAlOT X, HA3BIBAGTCH KOMAACKCHOIM
BEKMOpPHbIM amaacom Ha M; BCSKOe KOMIJIEKCHOE BEKTOPHOE paccJioe-
HHe 00/1a7aeT KOMILUIEKCHBIM BEKTOpHbBIM aTaacoM (7.3.3).

BMecTo «KOMIJIEKCHRIR BEKTOPHLIf» roBopsaT nHOraa «C-BeKTOpHLI»,
Ananornunerv 06pasom, Korja XOoTAT CKa3aTb O BEKTODPHOM paccnoeunn
Hazx R, o6 oObyHOMH BEKTOPHOH KapTe Ha 5TOM paccIoeHut u T. 1.,
BOPSAT «BelECTBEHHbIH BeKTOprIH» M «R-BEKTOPHBI» BMECTO «Bex-
TOP LIy,

[Tyets M — KommjieKCHOe BEKTOpHOE pacciaoeHne ¢ Gasoft X.
CyuiecTByeT oJUH U TONBKO OfnH asroMopdhusM j (BewecTBEHHOr0) BeK-
TOPHOTO paccaoeHus, Jexauwero Huxe M (7.3.3), orpaHuuerne Ko-
TOPOTO HA KaxJuiH CJIOH ABJsSETCA yMHOXeHueM Ha agneMeHT [ u3 C;
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KBazapar asTomopdusma j pased — 1. O6parHo, ecan M ecTb (BeulecTseH-
HOe) BeKTOploe paccaoenue ¢ 6asoit X U j — Takoil aBToMopdusm pac-
cnoenua M, uro j*==—1, To Ha M cyuecTByeT e1MHCTBEHHAA CTPYyK-
Typa KOMILJIEKCHOrO BEKTODHOro pacc/oeHus, nonycKawomasa M kax
HEXeexaulee (BeUeCTBEHHOe) BEKTOpHOE pacc/oeliHe W A1A KOTOpOH
j ABJACTCA YMHOXEHHeM Ha [.

8.8.2. (Komnaexcugurkayus eexmoprozo paccaoerus.) OnpegeauMm Bek-
TopHb dyHKTOP T, mosaras t (E) = E @ C a4 Bcakoro (seuecTneH-
Horo) 6aHaxosa npocrpadersa E u T (4) = u ® Idc ana Bcskoro mop-
dusma u: E — E' (BemleCTBeHHBIX) GAHAXOBBIX MPOCTPAHCTB.

Ecan F — BekTopHOe paccioerue ¢ 6asoit X u knacca C* (0 < k <
< r), T0 pesyabTar npeoOpas3oBaHusa ero (PpylnKTOpoM T 0303Hagaercs
uepes F @ C. Ha F @ C cymecTByer eAHHCTBEnHasd CTPYKTYypa KOM-
NJIEKCHOTO BEKTOPHOTO paccjoeHua ¢ 6asod X n kiacca C*, coraaco-
BAHHAA CO CTPYKTYPOH (BELIECTBEHHOTO) BEKTOPHOTO pACC/IOEHUA B
HHAyuHpyoomasa Ha kaxaoM ciaoe (F Q C), = F, & € ero kaHoHHue-
CKYI0 CTPYKTYPY KOMMJIEKCHOrO HaHaxona MPOCTPaHCTBA (Esp. vect.
top., chap. 1l, § 8, n° 1, Exemple). Bynyuu Hageneno 3Tof crpymypoy"x
F ® C HasniBaercq /comn/ze/ccuqbufcaqueu paccsoenus F.

ITycte U — oTKpbiTOE MOAMHOXKECTBO B X; KaHOHHYECKoe OTOGpa-
KeHHe

k k
Fr (U) R C— Frgc (U)
AIBJASETC H30MOP(H3MOM, C MOMOILBIO KOTOPOTO OTOXKICCTBIAAIOTCS 3TH
* k k
npoctpaHctBa. Ecnn s € Frge (U), 10 anementsl o, T us &Fr (U),
TaKne, 410 § = O - {T, Ha3bIBAIOTCS BEIIECTBERIION U MHMMOfl yacTs-
MH 3JeMeNTa s, CeueHue §== ¢ — (T Ha3LIBAETCH CONPANCEHHbIM K S.

B uacrHoctH, ceyenune paccaoenust T (X) @ C Ha3bIBaeTCH Komn-
NEKCHbIM BEKMOPHbIM nosem Ha X.

[Tyets H — xkoMmsieKcHoe BeKTOpHOe paccaoeHue ¢ Gasofi X. Ka-
Holinueckde uzomopbusmel Altk (T, (X); H) - Al (T, (X) ® C; H)
OMpeJIesIAIOT H30MOP(HHU3M BEKTOPHBIX paccaoeHnii, UMeHyeMbll KaHOHH-
yeckuM, U3 AltR (T (X); H) na AIt2 (T (X) ® C; H) (7.8.5); ¢ ero mo-
MOIIbIO MH OTOXJIECTBJISEM 3TH ABa paccroeHus. I[1ycth o — ceyenue
9TOr0 pacc/oeHus, APYTHUMH caoBamu, InddepeHnuansras dopma cre-
neHu p Ha X co 3HaueHWsAMH B H, u nycTb { — KOMIIJIEKCHOE BEKTOPHOE
nosie ¢ BemecTBeHHOH yactbio £ U MHUMOH uacTeio 1. Ilosnaraem roraa

i€ o) =i 0) +i.iM, o).

Ecnu H — tpuBHAnbHOE pacc/ioenne, noaaraeM

0 0=0:.0+i0h.0

Taxum e 00pasoM Ha KOMILIEKCIbe BEKTOPHEIE NOJI PACnpocTpa-
HAIOT MO JIMHEHHOCTH OMepauMio Kommymuposarus. PopMyJIH mpe-
JBIAYLWHX TTYHKTOB OCTAlOTCS! CNPaBEeNJIHBBIMH,
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b o o k

1.8.3. Toumu «komnaexcrod cmpyxkmypoid xnacca C (R Lr— 1)

4a X HaswiBaercs 3ajanue Ha T (X) CTPYKTYPHI KOMNAEKCHO20 8eKmOp-
k . .

1020 paccaoeru s kaacca C, nMeomell B KauecTee HuKesexaued Belie-

"TBeHHOH CTPYKTYpL! ecrecTBeHHYI0 cTpYKTYypy Ha T (X). Takasa cTpyk-

"vpa 3KBHBAJIEHTIA 3a11aHmo aproMopdusMa j kaacca C° paccsioenus
™ (X), Takoro, uto j? = —1.
SaAanwcs{ Takol crpykrypo#. Ilpogomxknm j no C-aBroMopduama
accaoenus T (X) @ C. CymecTsyer 0JHO H TOMbKO OJHO Pas/oxKeHHe

saccsaoenusa T (X) @ C B npamMyio CyMMy KOMIMJEKCHBIX MOgpaccioe-
init,

1) TX)QC=T(X)®T" (X),
raKoe, YTO j coBnajaer ¢ yMHoxeHHeM Ha [ B 7 (X) H yMIlio:KeHHEM
1a — B T" (X). Ipoekrop p' us T (X) ® C ua T’ (X) pasen —;— (1—

— ij); mpoekrop p”" = 1— p' u3 T (X) @ C ua 7" (X) pasen %(1 +
+ ijf). CKBOSHble oroOpaxenus

& T (X) T (X) Q C 2o T (X),
2" T (X) T (X) Q€L T (X)

cyTb R-u30MOpdH3MEL nmepBbiff MpeoGpasyer j B yMHOKEeHHe Ha i, BTO-
poft — B YMHOMKEHHE Ha —i,

8.8.4. (DPopmer muna (p, q).) CoxpaHuM npenookeHnsl 1 0603HAYEHHS
npepsiaymero nyHkra, ITycTs F — KommiekcHoe BEKTOPHOE paccoe-
Hue ¢ 6asoil X, nycTb p u g — 1Ba ueablx uncaa >0 u n = p 4 g,
Ilycts o — mnddepernuansian dopma creneHd /4 Ha OTKPHITOM MOJ-
mHoxectBe U MHOrooGpasus X cosHaueHusMu B F; oroxkaecTsum (8.8.2)

o ¢ ceyeHuem paccaoerus AltZ (T (X) @ C; F), Fosopar, uto @ uMeer
mun (p, g), ecau gaa Beakoro x € U

0, (v, .., ) =0,
KaK TOJbKO p -+ | BeKTopoB v, npuHamtexar Ty (X) u.}m g -+ 1 Bek-
TOPOB U, MPHHALIEKAT T, (X). Ec;m OTO)KILeCTBP]Tb /\T (XY®C

C npAMOH CyMMOH MDPOCTPAHCTB /\ T, (X Y Q /\ T, (X) ana m' +
-}— m"=n (Alg., chap. IlI, p. 85) u », ¢ C-nuneitnoit dopmo#i Ha

/\T (X), TO xe ycnosue MOXHO BHIPA3HTb, CKa3aBs, YTO O, Obpauiaercs

B HyJb Ha /\Tx (X)® /\ T, (X) past (m', m") = (p, g).
Has Beakoit napet (p, ¢) ueanx uucea >0, rre p -+ ¢ = n, cyume-
CTByeT OJHG M TOJbKO OJHO TAKOE KOMIJIEKCHOE BEKTOPHOE MOApacc/o-
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enne AR™ (T (X); F) B AR" (T (X); F), 4To ero ceuelnus Hag OTKPLITHIM
noaMHoxkectsoM U MHorooOpasus X cyte anddepennnanbhbie Gopmbl
tHna (p, q) Ha U co 3nauennsAmu B paccaoenn F. BekTopHoe paccioe-
nae Alt" (T (X); F) ecTb npamas CyMma BCKTOPHBIX pacc/oeHHil
A" (T (X); F) nasa p >0, ¢ > 0 u p + g =n. Beskas audbepen-
nMajabiasn HopMa o CTeneHd 7 Co 3HAYEHUAMHU B F CIITHCTBCHHLIM ofpa-
30M pasfaraercs B CyMMy
' o = 2 Wp,gy

pt+q=n

rae o, ,— dopva Tuna (p, g), HasbiBaemas Komnonenmoii muna (p, q)

dopumbet ©. Ecau o npuUHALICKNT KJaccy C”, rie 0 < h < k&, 310 XKe
HMeeT MECTO /I ee KOMITOHEHT.

H pumepot

a) Inpdepennnanbuas dopMa CTeneHH £ MPUHALJIEKAT TUIY
(n, 0) Toraa u TonLKo Torza, xoraa ona C-monusuHedHa.

b) Ilycte F', F" u F — Tpy KOMIIJIEKCHBIX BEKTOPHBIX paccJoelind,
nnycets F X x F” — F ectb C-6ununeiinoe cnapusadue. Ecin o’ (coots.
") — auddepenunansuan popma tuna (p’, ¢') (coots. (p”, ¢") co

3HAUCHUAMH B F’ (coom F"), 1o andpdeperupansuas gopma o° A o’
umeer tan {(p" + p’, ¢ + ¢"). '

¢) Ilpeanonoxum, uro F ectb KOMIJeKCHUKALUS (Bemecmeﬂ-
HOTO) BeKTopHoro paccioenns (8.8.2). Ecin o — puddepennuansHas

dopva Tuna (p, ¢g) co sHaueHuaAMH B F, TO ee compsizkeHHas dopMa o
(8.8.2) umeer Tun (g, p).

8.8.5. Kpome mnpegniaymux mnpeanosokeHul, Npeanoiaraercsi, 4To
k> 1. Torga Tpu clegyoUMX yCAOBHA SKBHBAJIEHTHBL:

(i) Ona seakoro U, otkpeiroro B X, n BcAKOW maprt (E, M) KOMO-
JIeKCHBIX BEKTOPHBIX moaeit Ha U kiacca C*, takux, uto & (x) 1 1 (x)
NpUHHALIeKAT T (X) nnsa Bearoro x € U, umeer ™ecTo BKJoueHHe
Ig, n] (x) € T% (X) a7 Beskoro x € U.

(ii) Ina Bcakoro U, otkpoiroro B X, H Besakol napel (&, 1) (Bemecr-
BeHHBbIX) BEKTOPHLIX nojsed Ha U kaacca C* umeem

(& al + 7 1/& 0l + J[E jul —[j& ml = 0.
(iii) das Beakoro U, oTkperoro B X, ¥ BCAKON KOMIJIEKCHOH gud-

¢epennnaanHoil dopmel @ Ha U tuna (1, 0) u kaacca C* xommonenta
tuna (0, 2) popmbt d® paBHa HYJIO.

Ilpenronoxum, 4To 3TH yCI0BHS BuNOAHEHEL [TycTh o — nudipepen-
nuansbHas gopma tHna (p, g) Ha otkpbiton B X mogvHoxectse U, npu-
HapIeKAIAA Kaaccy Ch, rie 1 < h < k, co 3HAYCHHAMH B KOMIJIEKC~
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HoM GamaxosoM npoctpancrse F. Uepes d'w (coots. d”"w) oBosnagaercs
koMnoneHra tuna (p -+ 1, g) (coots. {(p, ¢ + 1)) dopmsl dw; apyrue
KOMMOHEHTHE (HOpMbl d© TOrAA PABHEI HYJMIO H
(2) do =do+ d'o.
Ecmu k> 2, T0 )
&) d'(d'w)y=0, d"(d0)=0, d (do0) 4 d" (do) =0.
B 0003HaueHHsAX H3 8.8.4, npumep b),
(4) & @ Ao)=d ) A"+ (— 1o Ad @),
B A A)=d ) AN+ (=10 A (0
B oGo3Hauennsx 8.8.4, npumep c),
(6) & (@) = d' (o).

B tdopmynax (4) u (5) (coorB. (6)) nudbdepeHnunansHee Gopvel o
H ©” (cootB, ®) mpexnonaarawotca dopmamu Knacca Cl.

8.8.6. (IToumu KOMRAEKCHAA CMPYKMYPa KOMNACKCHO20 MH02000pasis.)
IMycte X° — KOMIJIEKCHO-aHAJMTHUECKOE MHOroo6pasie, JOfycKaio-
mee X B KaueCTBe HHXKeNEKAUIero BEeleCTBEHHO-aHATUTHUECKOTO MHO-
roo6pasust (5.14.2,-a)). Paccnoenue T (X) oroxkaectsasierca ¢ (Béme-
CTBEHHRIM) BEKTOPHLIM DAacC/IOeHHeM, JEeXAIHM HHKE KOMILIEKCHOro

BekTopHOro paccaoenust T (X¢), uto Hagensier X MOYTH KOMILIEKCHO#

CTPYKTypoO#i Knacca C”; ToBOPST, YTO OHA HHAYIUPOBAHA NaHHOM CTPYK-
TYpOHl KOMIJIEKCHO-aHAMIHTHYECKOT0 MHOroo6pasus Ha X. Dta nouTtH
KOMIJIeKCHAasl CTPYKTypa ynoBiaersopser ycioHaMm (i) — (iii) us 8.8.5;

B gacTHocTH, onepatopel d' u d” u3 8.8.5 onpenesesst. Ecou f: X° —

— Y’ — MophusM KOMIJIEKCHO-aHAMHTHUECKHX MHOrooGpasuii, to f*
KOMMYyTHpYeT ¢ oneparopamu d’ n d”.

~ 8.8.7. CoxpaHuM npeanoJoxenna u obo3nauenus us 8.8.6. [Tycts X° —

conpsixkeHHoe K X° MHoroo6pasue (5.14.2, b)). [Torpysum X ¢ fomolbio
JHaroHaNLHOro OTOGpaXKenus x —» (x, x) B KOMILIEKCHOe MHorooGpa-

ane X° X X°, v nycts g — AHTHABTOMOPGHH3M (x, ¥) = (y, x) MHOrO-

obpazua X° X X°. Mapa (X° X X, g) ectb xomniexcupuxayus Mio-
roo6pasua X (5.14.8). B uacrHocrn, naa Beakoro x € X KacarennHoe

npocrpancteo T, (X° X X°) oroxpectaserca ¢ T, (X) ® C; npn
5TOM OTOXKJeCTBJICHHH T (X° X {x}) orewaer Ty (X), a T, ({x)x
X X°) orBeuaer Ty (X). '

8.8.8. Ilpeanonoxum, 410 r = @, BCSAKAA MOYTH KOMILJIEKCHAT CTPYK-
Typa kJaacca C® Ha X, yIoBJersopsiiomasl SKBUBANEHTHbIM APYT ApYTY
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yeaoBusaM (i) — (ii) u3 8.8.5, ectb mourd KOMI/IEKCHAas CTPYKTyDa,
HHyLUPOBAHHAS OAHOH W TOJbKO OIHOH CTPYKTYPOH KOMIJIEKCHO-
AHAANTHYECKOTO MHOrooOpasus Ha X Y.

8.8.9. (loaomopehusie hopmor.) TIprmeM BHOBL NpeanoJioxKeHns U 0603-
Hauenua u3 8.8.6, u nyctb F — KommnjekcHoe GaHaxoBO TNPOCTpaH-
cTB0. Mopduueckue (IpyruMu C/10BaMH, KOMIIJEKCHO-aHAJIUTHYECKNE)
nudpepeHuHanbHbe GopMbl Ha X© co 3HayenusaMu B F HaspiBalOTCA TaK-
®e 20a0moppHeimu  auddepeHnyanbivivu  GopMaMH; OTOXK/JCCTBJEHHE
T (X°) ¢ T (X) oroxzectsisier uxX ¢ (BemecTBEHHO-aHAMHTHUCCKUMH)
nubbepennnanbaniMu gopmavu Ha X. [as Toro ytobsl auddepeninans-
nas gopma @ Ha X cTenenu p co 3HauenusaMy B F U KJjacca C* raek >

> 1, 6bl1a rosoMOPQHOH, 1e06XOANMO M JOCTATOUHO, UTOOH OHA HMeNna
tan {p, 0) 1 yTo6H d"0 = 0.

[Tycte & — BekropHOoe mojse Ha X. [oBopdar, uro & eosomoppHo,
€C/IH OHO SABJSIETCS1 KOMIMJIEKCHO-aHAJHTHUECKUM OTOGpaKeHueM us3
X°B T (X°) = T (X), ApyrumH C0BAMH, KOMM/IEKCHO-aHATHTHUECKHM
BeKTOPHbIM mojeM Ha X°. Ecanm 3TO TaK U ecau © — roJoMopdHas
auddepeHunansHaa dopma Ha X co 3HayeHuamu B F, 1o dopma 03 . @
(coots. i (¢) ®) oaHa d TA XKe, pACCMATPHBAETCA JIM E KAK KOMIIIEKCHO-
aHAJANTHYECKOe BeKTOpHOe noJe na X° u o kax sjaement u3 9 (X5
F) uau Xe § KaKk BeKTopHoe moJe Ha X U o Kak agevent us  Q° (X; F).

Bosee toro, nycts &' = n’ () ¥ £"== n” (E) — KOMIIOHEHTH MOJA & B
T' (X) u T" (X) coorserctBenno (8.8.3); mveem ”

(7N 0:.0=0¢.0, 0. 0=0,
®) iBo=iE)o, iE)o=0.

8.8.10. ITpumep. Ipeanonoxum, uto X° eCTb OTKPHITOE TNOJAMHOMKECTBO
B C', n obo3Hauum uepes 2!, ..., Z' KoopinHaTHble GyHKunu Ha X°.
Ona 1 < k< nononoxum 28 = xk 4 iy, rme x¥* u y* npuHUMaloT
BeLIeCTBeHHbIe 3HaueHusi. PaccmoTpum KacarenpHbll- penep (0/0zF) B
T (X°), onpefeneHHbI CHCTeMOiT KOODAMHAT (2¢), M KacaTe/bHbiil penep
(0/0x, 9/0y*¥) B T (X), onpenenenubiit cucremoil KoopauHat (%, y*)
(8.1.5). Wwmeem j (0/0x*) = 8/dy", u o6pas saemeHTta 0/02* mpu oto-
Gpaxkennn ;T (X) = T (XY - T' (X) (8.8.3) pasen

1 noa ke saak
—- (9/10x" — i0/dy’); _
1) Ecain x KoHeuHOMepHO, 3To. BEPHO 1A BCAKON MOUTH KOMINEKCHOH CTPYKTYPLI
kaacca C* ¢ > dimX (cm. Newlander A., Nirenberg L., Complex analytic coor-
dinates in almost complex manifolds, Ann. of Math., LXV (1957), 391—404).

~
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oH 00603Hauaercs, Kak MpaBuio, Takxke uepes 0/0z" Y. Komm.ekcHoe
BEKTOPHOE F0J1e, CONpPsiKEHHOe K nomo 0/0z%, o6o3Hauaetcs yepes 0/dz%;
HMeeM

w3 1 k . k
9) 0/0z" = 5 (0/0x" + i0/dy’).

Ecau f — ¢oyukumus knacca C' Ha X co 31aueHHAMH B KOMIJIEKCHOM

6anaxosom npoctpaHctBe F, To Auddepenunanbuoie gopmel d'f u d'f
(8.8.5) sapaiotca dopmynamu

(10) df= Y Aat ap= Y L
) Igksn 0z ISkgn 0z
HanomuumM, uto
df = d'f + d'f,
dZ* =dx* + i dyf’, dz* = dx" — i dy.
Ecin A = ({4, ..., ip) — NOCJIENOBATENLHOCTb CTPOTO BO3PACTAIO-

IMX L€IBIX yucesa us uuTeppana (1, n), To nonaraem
; .
df =dd" \ - N\ dep

u yepes dzd oGosHauaeMm compskelinyio K dz? pubdepeHuuanbuyio
dopmy. Beakas nuddepenunanbuas dopma ® thna (p, g) co sHaueHud-
Mu B F epuHcTBeHIIbM 00pasoM 3alUCHBAETCS B BHJE

(11) o= fapd’ \ dz°,
A.B

rae A (coor. B) npoGeraer MHOXECTBO CTPOTO BO3DPACTAMIIMX NOCIE-
JoBaTebHOCTElR ¢ p (COOTB. g) 3JemeHTamu s (1, n), npuueM fa5 ectb
dyHknus co sHavenuamu B F. Ecan o npunapiexur kaaccy C*, rue
k > 1, 10 TakoBul ke U GYHKUMY fap U CpaBelIMBH (OPMYJIEL

(12) d'o= AZB d'fas N\ d2* N\ dz®,
13 . d'o = 3 d'fan \det &2
B

.

1) Heo6xoayMo MPHHSITL BO BHHMAHUe, UTO KaHOHHUECKoe oToXecTeaenve T (X6)
¢ T (X) He npeoGpasyem BexTopuoe node 8/02F na X° 8 pekTOpHOE moie d/02° Ha X,
a npeoGpasyeT ero B BeKTopHoe noje 0/92° + 0/02%. Onnako 06a obosnauaemvie yepes

0/02¢ BEXTOPHBLIX MO NPHHUMAIOT OJAMHAKOBLIE 3HAYeHHs1 1a rojomophubix  andde-
perunanbueix dopmax (8.8.9), K KOTOPHM, BMpOUeM, JHIIL H MOXKHO IDUMEHHTL Bek-
Topuoe nojte wa X°.



§ 9. MuddepenumanbHbie ypaBHeHus
M CJ0oeHHs

B n°n® 9.1—9.3 npemnonaraercsi, uro K umeer xapakrtepucTHKy O,
B n° 9.4 npennonaraetcs, uto K umeer xapakTepucTHKY p 5= 0,

9.1. Humezpanavnote Kpusste

B sTom nynKre X o3HauaeT MHOrooGpasue Kiacca C', a B—BeKTopHoe
niosie Ha X kaacca C’, rae r, s npuHapiexar Nk, s < r — 1. !

9.1.1. Nyers I — otkphitoe noamHoxectBo B K u fi I = X — 07106-

pakeHHe KJacca c* (k€ Nk, k<) usa I B X. llna € ] uepes
f' (f) obosnauaerca Bektop T, (f) (1) € Ty (X); 3TOT BeKTOp MHOTIA
HaspiBaeTcsl cxkopocmoero oTobpaxenus: f B mMoment {. Korga X ecto 6a-
HaXOBO NpOCTPaHcTBO, [ (f) sBAsiercss mpousBonHoH Qyukumu [ B 4

ToBopAT, 4T0 f — uHmeeparvras Kpusas eeKmopHoeo noas g, eciu
1 ['@&)=%8¢ @)
aas Beskoro ¢ € /. Takas KpuBasa npunaiexur xaaccy C.

Ecan x — Touka B X, TO uHme2parvHOl Kpugol 8eKmopHO20 noAs
E ¢ Hauaaom 6 x HasLIBaeTCst Takas HHTerpadbHas kpusas fi [ — X
sroro noas, yto 0 € I u f (0) = x; ans1 Besakoro x € X cyuiecTsyer
UHTerpalbHas KpuBas MoJs E ¢ HayaloM B X, ONpeje/eHnas B NOAXO-
JsIeii oKpecTHOCTH ToukH O 8 K.

Ecmu f: I - X — unTerpanbHas Kpusas noaa & u ecan a € K,
TO oToOpaxcenue f~» f (f— a) n3 I +- a B X ecTb WHTErpasbHas KpH-
pas nojas &.

Myers fi: I, > X u f: I, > X — fBe uHTErpanbHLIE KPHBBIE

noas £ u i€ Iy () I, Eciu f, (f) =, (f), To orobpaxenus f, u f,
COBIIAJIAIOT B OKPECTHOCTH TOUKH f,

9.1.2. (lTomoku.) Tlycte W — otkpuitoe noamuoxkectsBo B X X K.
s Besgoro x € X oGosnauum uepes W, mHOxecTBO Takux f € K,
uto (x, f) € W. Hnmeepasonoim nomokom noas & ¢ obaacmoto onpede-
senus W HaspiBaercs TaKoe otoGpaxkenne f Kiacca CF (k < 1) us W
B X, uTo Jy19 BcsiKoro x € X oro6paxenue f.: W, — X, onpelenentoe
dopmyaodt f, (f) =f (x, #), ecTb uHTerpanbHas Kpupas I0JH E ¥ 4TO
a5 pesikoro (x, 0) € W umeem f (x, 0) = x.
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Ians Beaxofl ToukH x € X CYUIECTBYET MHTErpajbHHA MOTOK NOJif
E kaacca C°, 06/1acTb onpeieSieHHs KOTOPOro €CTb OKPECTHOCTh TOUKH
(x, 0) B X X K. JIBa uurterpa/bHbX [IOTOKA nMoJd E, ONpeneJeHHble B
OKpecTHOCTH TOYKH (x, (), COBNajayT B HEKOTOPOH OKPECTHOCTH 3TOH
TOUKH.

[Myets x € X, ¥ nycTb f — uHTErpadbHblil MoTOK noas &, objactsb
onpefenenda W KOTOpOro ectb OKpecTHOCTh ToukH (x, 0). Cymlectsyer
Takas OKpecTHocTh V Touku (X, 0,0)8 X X K X K, uto ecan (x, ¢,
t) €V, 10

(x’ tl) E Wr (f (x: tl)v t2) E W) (x’ tl + tz) E W
154

(@ FG @ b b =Fx, &+ &),

Ecnu X napakomnakthHo Wi ecin X oraenumo, a K = R uan
C, To cylilecTByeT MHTErpaJbHHIA MOTOK No/a £, 06/acTh onpeleneHus
KOTOPOI'0 €CThb OKPecTHocTh MHOXKecTBa X X {0},

9.1.3. (Bewecmsernpii cayqad.) Tlpennonaraercs, 9to K =R u 4ro
X ortnenumo. Humeepanrerotl Oyeoi mons E Ha3blBaeTcs BCAKAs HH-
TerpajpHas Kpupad noas £, ofsacTb onpeneneHus KOTOPOil eCThb OT-
KpuITLl MHTepBad B R. [IBe unTerpanbeble Ayru f; u f, nons g, onpe-
JeseHHble B vHTepBanax I, m /, u coBnajapllne B HEKOTOPOH TOYKe
us I, | Iy, cosnapawor B I, ) I,.

Il1s BcAiKOH TOUKM x € X CyIECTBYeT 0jHa H TOJBKO OJHA Takas
vuterpanpuas ayra f,: I, — X c HauanoM B X, 4TO I8 BCAKOH MH-
terpajibHof Ayru fi [ - X c Hauamom B x umeem [ <= [, uf=f, |1
Ilyra f, Ha3bIBAETCH MAKCUMANLHOL UHME2PAALHOLL OYy20ii BEKTOPHOTO 110~
Js £ c HadajoM B X, U ee ofJacTk onpeleNenus /, HasbBaeTcs HHOrZA
UHMEPBAAOM JcU3HU TOUKH X OTHOCHTE/IBHO NoJs E.

Eciu [, =)—a_, ay( ¥ ecnu ay KOHeuHO, TO OrpaHHYEHHE JyrH
f. Ha untepsan (0, a4( ectb coGctBeHHoe oToGpaxkenue u3 (0, ay(
B X, B uactHocTH, [ (f) He umeer npenena, Kodb CKOpO [ CTPEMHTCH K
ay.

9.1.4, B ofosnauenuax u npepmonoxenunx u3. 9.1.3 muoxecrso 9
Takux nap (x, f) € X X R, uro ¢ € I, orkputo B X X R 4 otobpa-
xeHHe f: Q — X, onpenenennoe gopmynot f (x, ) = f, (f), npunan-
nexuT Kaaccy C°; 3T0 MHTErpalpHBIA NOTOK Moas & ¢ 06nacTbio onpe-
nenenns Q.

®yskuud oy H o1 X — )0, + oo), onpenenenisie Gopmysaol /[, =

= )— 0o (x), a4 (x)(, noaynenpepsisibl cHusy. Has (x, ) € Q u y
= f (x, {) umeem oc+(y)_oc+(x)——t H a_ (y =o_ (x) 4-L.

Ecom ¢, €1, n 8, € Ijuey, To L+ 6,61, 0

C) FU G b)), b)) =[(x, t, + 1),
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Ecnu dyuxuus oy (COOTB. o) orpaHudyena Ha X CHH3Yy KolicTaH-
ToH > 0, TO OHA NIOCTOSIHHA W paBHa —+oo.

PapeHctBO oty == ®_ = -+ co (APYrHMH CJIOBaMH, paBeHCTBO Q =
= X X R) umeeT mecTo B KaX[0M M3 CAEAYIOWHX CJ1y4aeB:

(i) mone & umeeT KOMNAKTHBIN HOCUTENb (HanpHMep, ecTd X KoMOaKT-
HO);

(ii) cyuwlecTByer TpaH3MTHBHAs rpynmna aBTOMOpP(H3MOB MHOroo6-
pasusa X, coxpansomas nonae g;
* (iii) Ha X cymiecTByeT DHMaHOBa CTPYKTypa, OTHOCHTENBHO KOTO-
po#l X NOMHO M E OrpaHHUUEHO.

Ecin Q = X X R, 1o otobpaxenue f: X X R — X ectb 3aKkoH

npaporo feficTBHs Kaacca C° TpynmoBoro MHorooGpasus R na muoro-
o6pasuu X; cM. 5.12.5,

9.1.5. (Komnaexcrniii cayuaii.) Mpennonaraerca, uto K =€ u uto X
otaenumo, s Beskoro a € J0, ~-o0) o6o3HauuM yepe3s D, OTKPHITHI
nuck B C panuyca a'c nedtpom B 0. [ns Bcakoro x € X CywlecTByeT
OJIHO M TOJIbKO OZIHO TaKoe unciio o (x) € )0, 4-o0), o1na d TOIbKO ofHa
TaKas MHTerpaipHas Kpupas f,: Dy — X C HayajioMm B x, 4TO 5
BcAKoro a € )0, + oo} u BcAKOH MHTerpambHOf Kpusol f: D, — X
c HayasioM B x uMeem a L p (X) uf=f,| D,.

Has sesakoro A € C mycts o, (x) — BepXHAA TpaHp HHTEpBaNa
SKM3HHM TOUKH X OTHOCHTEJIBLHO BEKTODHOrO NOJA AL Ha BelneCTBEHHOM
MHOroo6pasuH, nogydaeMom M3 X cyxKeHueMm ToJsl cKalspos, Kimeem
p (x) = ‘i}‘nf 100}” (x).

l::

MuoxectBo A Takux nap (x, f) € X X C, ut0 £ € Dy(xy, OTKPBITO
B X X C, u orob6paxenve f us A B X, onpenelennoe dopmyJ/Ioi
fx, fy=Ff,(f), ectb wuurerpadpHbli norok mnoas E PyHKUHA
p: X = )0, 4-00) nosyHenpepniBHa CHH3Y.

Ons (x, &) €A uwyg=f(x, f) umeem p(y) > p (x) —|¢|. Ecan
o orpaHuueHo cHu3y Ha X xoHcrantofl >0, 70 p=+ co H A= X X
X C.

Eciu A = X X C, oto6paxenne [: X X C— X ecTe 3aKoH Npa-
BOr0 JIeCTBHUSI rpynmnoBoro MHoroo6pasusi C Ha MHorooGpasuu X.

9.1.6. Iycte @1 X — Y — mopdu3m MHOrooGpasuit H n — BeKTOploe
none Ha Y, Takue, uto £ ¢-cesizaHo ¢ ) (cM. 8.2.6). Ecau f: | - X —
MHTerpasbHas KpuBas nojs g, 1o orobpaxkenue @of: ] — Y ectb un-
TerpajbHas Kpupas nonas 1. Ecan K =R u ecin X u Y oTaenumsl, To
MHTEPBAJ KH3HU BCAKOH TOUKM ¥ € X OTHOCHTENbHO INOJS E conmep-
JKUTCA B MHTEpBaJe XXM3HH TOUKHM ¢ (x) OTHOCHTENBHO moJs 1. Eciu,
KpOMe TOro, ¢ COGCTBEHHO, 3TH WHTEDBAJ/bl PABHHL

9.1.7. (Vpasrenus, sasucsyue om spemenu.) llycts W — oTKpbiTOE
noamuoxkectso B X X K, nnyete 8: W — T (X) — noauatue kjaac-
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ca C° orobpaxenus pr;: W — X, T. e. Takoe oTofpaxeHue KJacca
C°us W B T(X), uto B (x, ) npunamyiexur T, (X) a1s BcAKoro
(x, ) € W. Hnmeepasonoti kpusoii s E HasbiBaeTcs TaKoe 0To6pa-
eHue f kaacca C* (rrek € Nkuk <7 oTKphiToro B K nopMHoXe-
ctBa I B X, uro nis Bcakoro f € [ nmeem

F@,HeWwunfO)=E¢®,9.

ITycth 1 — BexTopHoe note kjaacca C na W, onpepenentoe hop-
myJaoit 1 (x, ) = (B (x, ?), (¢, 1)). Hdas toro utobnl orobpaxenue f
oTKpriToro B K noxmuosxecrsa I B X 6bl/10 HHTErpalbHON KpUBOH A8 E,
Heo0xXoauMo ¥ JocTaToyHo, uTobe £+~ (f (f), ) ObUO HHTErpasbHOM
Kpupoil noas n B cveicse n° 9.1.1.

[lycte g: I - W — unrerpansHas KDUBas MNoJs M H fo— Takas
Touka B I, uto pry (g (¢,)) = f,. MHoxecTBO 3/MemenToB ¢ € [, Takux,
4TO pry (g (f)) == £, eCTb OKpeCTHOCTb TOUKH ¥;,, KOTOpas COBMANAET C
I, ecnu I cBsi3HO.

9.1.8. (Ilapamempor u Hauasvhole ycaosus.) Tlyerb Z — muHOroo6pa-
3ue kaacca C', W — orkpoitoe B X X K X Z moxMHoxecTso B B —
nopuaTHe Kaacca C° orobpamxenus pr,: W — X (8.6.1). Ecau z ¢
€ Z, o6osiaunm yepes W, mHOxectBO Takux (x, f) € X X K, gro
(x, t, &) € W, u uepes &, — orobpaxenue (x, ) E(x, ¢, 2) us
W, 8 T (X). '

Ilycts (%, ¢, 2) — Touka us W, CyllecTBYIOT TOraa OTKphHITas
OKPecTHOCTb X1 X I X Z TOUKH (¥g, £y, 20) B W H oTOOpaxkenHe xkJjac-
ca C’ ~

f X1><11><l XZl—>X
TakHe, 4T0, Kakosa Onb HHM Oblia Touka (X, f;, 2;) € X; X 1 X Zl,
orobpaxenue fr» f (x,, t;, {, z;) €CTb HHTErpanbHasl KpuBas jas Hg,
(B cmeicae 9.1.7), ynoBnersopsioiiast COOTHoweHuo f (xy, #y, &, 2) =
= xl.
Ipa otobpaxenusn

frXoxhixlixZi=>XnfyXyxlxlyxZ,—~X,

YIOBJETBOPAIOIME NPHUBEIEHHEIM BhIILE YCJIOBMSIM, COBMANAIOT B HEKO-
TOPOI OKPECTHOCTH TOUKU (X, Lo, Lo, 2p)-

9.2. Ca0eHusn

B stom nyukte X osnayaer Muoroo6pasue kjaacca C', rae r € Ng.
Ecnu He orosopeHo NpoTHBHOE, BCe paccMaTpHBaeMbie MHOT0OGpasus

1 MophH3MBI IPeANoJIarajoTcs npuHaexamumMu kaaccy C',

9.2.1. Ilycte S — mHoroobpasue u p: X — S — cybmepcusa. s
BCsAKO# TOuKH s € S Hagenum X; == p—! (s) cTpyKTypoii MHOrooGpasus,
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HHAYyLHPOBaHHOA CTPYKTYpoH Muoroo6pasus ua X (5.10.5); mHo-
xecTBo X eCcTb oObeJHHEHMe Henepecekammwuxca mMuoxects X, O6o-
3Haqum uepes X, CTPYKTypy MHorooGpasus Ha X, NOJydaemyi B
pe3y/bTaTe CKjAeuBanust MHoroo6pasuit X, naa s € S (5.2.4); 310
e/HHCTBeHHAA CTPYKTYypa MHOroo6pasus Ha X, OTHOCHTENBHO KOTOPOH
MoAMHOXecTBa X, CyTb OTKpBITHIE NMoaMHOroo6pasus. Tonosoruueckoe
NPOCTPAHCTBO X, €CTb CyMMa NpPOCTpaHCTB X,.

Iycts V — muoroo6pasue u f— otobpaxenne us V B X. [as
Toro 4tobnl f G6el10 Mopdusmom u3 V B X,, HeoGX0oQUMO M JOCTATOYHO,
yT06b! f GEIO MOpduamMoM u3 V B X M uToGHI pof OBLIO JOKAMLHO IO-
CTOSIHHO.

9.2.2. Croenuen na X nadmBaercs MHorooGpasue Y, umeolnee 1o ke
HIKeJeXKallee MHOXKECTBO, 4To 1 X, H YJOBNETBOPSIOUIEe CAEAYIONEMY
YCJIOBHIO!

(F) Has Bcakoro x € X CYUWECTBYIOT TaKHE OTKDPHITOE MOIMHOTO-
obpasue U B X, colep:Kawee x, MHorooGpasue S u cybmepcus
p: U — S, uto muoroobpasue U, ecTb OTKpHITOE HOAMHOroofpasue
B Y.

T'oBopsaT Takxke, uto napa (X, Y) ecte uHoeoo6pasue co caoeruen. Ec-
an (X, Yy u (X', Y') — npa mHorooGpasus co c/ioeHueM, TO MOpHUIMOM
u3 (X, Y) B (X', Y') nasniBaercs Bcsikoe otrobpaxenune f: X — X', sB-
JIfiIoleecs OJHOBpEMEHHO MopdusMoM MHOroo6pasus X B MHorooGpasue
X' v mopusmom mHOTOOGpas3us Y B MHoroo6pasue Y.

Iycts (X, Y)— mHoroo6pasue co chaoenneM. ToxnecTBeHHOE
otobpaxenue Y — X ecTb GuextusHas umvepcus. [loamuoxecrso U
MHOT000pasus X Ha3biBAeTCs AUCHOM, €CJH OHO OTKPHTO B Y B 3TOM
caydae U HajensioT TOMOJOTHYECKOH CTPYKTYPOH M CTPYKTYpOH
MHorooGpasusi, HHALYLHPOBaHHBIMH COOTBETCTBYIOUMMH CTPYKTYpamy Ha
Y, nanpumep, rosopsT, uto U ecTb c843Hbill Aucm, €CIM OHO €CTb
CBAI3HOE OTKPHITOE * NIOAMHOXKECTBO B Y. JIMCTHI, siBJASioWMEcs] NOJ-
MHoroo6pasusavu B X, ofpasyior Gasuc Tonodoruu B Y. Koab ckopo
K =R nau C, cBa3Hble KOMIOHEHTH [1POCTPAHCTBA Y CYTh JIHCTHI, Ha-
3bIBABMBIE MAKCUMAAbHbIMY c8s3Hbimu aucmamu B (X, V).

9.2.3. Eciu s € Nk, s < r, To cloennem kaacca C’ Ha X HasbiBaeTcs
clIoeHHe Ha MHoroo6pasud Kjacca C°, Jexamem Huxe X,

9.2.4. Hpumepot

a)- MHorooGpasue X ectb clloeHue Ha X, HasblBaemoe 2pyObim cA0e-
Huem Ha X.

b) Ecin p: X - § — cybmepcus, to X, ecTb cjoenue Ha X, Ha-
3biBaeMoe ca0eHuem Ha X, onpederernvin cybmepcueti p, Cnoenue Ha X,
olpeneNeHHOe TOXKIECTBEHHBIM OTOOpaXKeHHeM, €CTh MHOXKeCTBO X



9.2 CNOEHHNS 127

Haje/eHiloe CTPYKTYpoll uHCTOoro muoroodpasus pasmeproctu 0 (5.2.1);
OHO HasblBaeTca uckpemHuim croenuem Ha X.

c) [lycts E — 6anaxoBo NpocTpaHcTBo, F — 3aMKHYTOE BEKTODHOE
noAnpocTpaHcTBo B E, JONYycKaiolilee TONOJOTHUECKOE JONOJHEHHUE,
M p — KaHoHudeckas npoekuus E — E/F, Cnoenue E, na E.-Ha3biBaer-
ca caoeHueM Ha E, onpelieneHHbIM NOANPOCTPaHCTBOM F,

d) Mycrs I' — puckperHas rpynna, AeficTByiomas coGCTBEHHO H
cBobofHO Ha TomojgorHueckKoM npocrpanctse X (O6uwy. mon,, 1969,
ra. I, § 4, n°4). Iycrs Y — cioeHne Ha X, ¥ NPeNnoJiOKHMM, UYTO
18 Beakoro s € I' oTo6paxkenue x —» sx €CTb aBTOMOP(HH3M MHOroo6-
pasus co cnoenueM (X, Y). OrHolienue 3KBuBajeHTHOCTH HAa X (COOTB,
Y), kJaccel Kotoporo cyTb opGutkl rpynnwl I', peryisprHo (5.9.5).
Ecau ofosnaunts yepes X/I' (coor. Y/I') coorBercrayiouiee ¢arTop-
MHorooGpasue, To napa (X/I', Y/I') ecTb MHOrooGpasne co CJIOEHHEM,
HasweiBaemoe ghakmopon napel (X, Y) no rpynne I, ' .

9.2.5. Ilycte Y — cnoenne Ha X u U — oTKphiToe B X MOAMHOXKECTBO,
Torna U otkpwito B Y, u U, HaneneHHoe CTPYKTYypoll MHOrooGpasus,
HHIYIUPOBAHHON CTPYKTYpONl MHOTO06pasus Ha Y, ecTb CloeHue HA
U, naspiBaeMoe croeruem, UHOYyUposaAHHbIM Cloeltem Y,

Boasee obuwo, nycts f: X' — X — Takolt Mopdu3m, uTO [ M TOXKIE-
cTBeHHoe cToOpaxenue Y —» X ofpasyloT TpaHcBepcalbHyi0 napy
(6.11.1). Paccnoennoe mnpousBeieHne Y' = X' Xx Y KaHoHMuecKu
OTOXJIECTBJISAETCA CO CjoeHMeM Ha X', HasbiBaeMblM 00parmHuim 06+
pasom cloeHus Y OTHOCHUTENBHO [,

9.2.6. Ilycte p: X —> S u p't X' — S’ — pxBe cy6mepcuu, u nycrs
f— mopdusm u3 X 8 X'. laa toro utoGul f Gul1 MOpdU3MOM MHOT006-
pasua X, B X,, Heo0X0o1MMO H JOCTAaTOUHO, 4TOGH! 18 BCAKOro x € X
CYyWIECTBOBA/IM TAKHE OTKpbITas OKpecTHocTb U Touku x B X M Mop-
dusmguz p (U)B S',ut0g o p=p'ofual, '

9.2.7. Ilycts Y — caoenue na X. Paccaausaiowyeti kapmoii Ha (X, Y)
HasbiBaeTcsl Takas uerBepka (U, ¢, E, F), uto (U, ¢, E) — kapra Ha
X, F — 3aMKayTOe BEKTOpHOE MOINpPOCTPAHCTBO 6allax0Ba MpPOCTPaH-
cTBa E, JonycKaiollee Tonoaoruyeckoe I0noaHeHue, a ¢ — H3oMophu3M
cnoenns Ha U, MHAyOUPOBAHHOTO coeHHeM Y, Ha cioenue Ha ¢ (U),
olpefe/eHHOE KaHOHMUYECKMM oToOpaxkeHuem us E na E/F. Jlaa Bes-
KON TOYKHM x € X cyllecTBYeT Takas paccjausamoias kaprta (U, ¢,
E, Fyna(X,Y),utox € U. Ilyctbn = dim, X, u nyctb m = dim, Y.
Ecan  n Koneuno, TO CylIeCTBYIOT OTKPHITas OKPECTHOCTb TOUKH X M.
TaKas CUCTeMa KoopAMHAT &Y, ..., " Ha X B U, uto ciioenue Ha U, uH-
LyUMPOBAaHHOE CJIOEHHEM Y, COBNAJaeT CO CloeHHEeM, OMNpeje/eHHbIM
orobpaxennem ({", ..., ¢") us U B K™,
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9.2.8. [Tyerb Y — caoenne Ha X. Korja x npoGeraer X, npocTpaHcTsa
T, (Y) cocTaBsioT cjlon HEKOTOPOTO BEKTOPHOrO MOAPACC/IOCHUS KJac-

ca C™' 8 T (X), Kotopoe HasmiBaeTcs nodpaccroenuem 8 T (X), ka-

camenvrsim K Caoeturo Y, v obosnauaercs uepes T (X, Y). Ecau coenne

Y onpepeasercs cybmepcuedt p: X — S, to T (X, V)= Ker T (p)

€cTb OTHOCHTEJNbHOE KacaTesbHoe pacciioenue T (X/S) mHorooGpasus

X nan S (8.1.3).

Iycts (X, V) u (X', Y') — npa MHOrOOGpAasus CO CJOEHHEM, H YCTh
f— mopdusm u3 X B X'. JIas toro yrobul f Gula MOPGHU3MOM MHOTOOG-
pasuil co cjoeHHeM, HeOOXOAMMO U JlocTaTouHo, utobnl T (f) orobpaxa-
a0 T (X, Y)s T(X', Y'). B uactnoctd, nycts f: Z — X — Mop-
¢du3mM MHorooGpasuil; A Toro utobbl f 6u11 MopduaMom H3 Z B Y, He-
obxonumo K pocratouro, ytoOwl T (f) otobpaxano T (Z) 8 T (X, Y).
Has toro 4to6sl nojMHoroo6pasue Z 8 X 6buio aucrom B (X, Y), He-
00X0AYMO U JOCTaTOYHO, YTOOKE

T,(Z)y=T,(X,Y) ana scaroro z ¢ Z,

[Mycts ¥ — cioenve Ha X, u nycth U — aucr 8 Y, nonyckatouuit
cueTHBIfi 6asuc OTKPBITHIX MHOXecTB. Ilycth Z — muoroofpasue u
| — otob6paxenue us Z B U. Jas Toro utobul f Obl10 MOpdH3IMOM MHO-
roo6pasusi Z B MHorooGpasue U, Heo6XoAuMO U IOCTATOYHO, UYTOOHI KOM-
HO3uLHUSA O0TOOpakeHus f ¥ KaHouHyecKol nHbeKIH u3 U B X Oblia Mop-
¢uamom mHoroo6pasuit us Z B X. Eciu X JoKaJbHO KOMNAKTHO H CYeT-
HO B GeCKOHEUHOCTH, BCAKHH cBsa3HHE qucT B (X, Y) nonyckaer cyer-
Hblfl 6asuc OTKPHITHIX MHOXKeCTB (cM. O6wy. mon., 1968, ra, I, § 11,
n° 7, caencteue 2 K teopeme 1).

9.2.9. MpeanonoxuM, yto K = R uau C. Ilycts ¥ — cioeHne wa X.
Cnepnyiotiue yc/0BUS SKBHBAJEHTHBL:

a) CymecTByiOT Takue MHoroo6pasue S u cybmepcua p: X — S,
yto Y = X,,.

b) Ins Beagoro x € X cymecrsyeT moimioroo6pasue S, B X,
obJajasouiee CAeNYIOmUMH ABYMSI CBOMCTBAMH:

b;) Kacareabnoe npocrpauctso T, (S,) K S, B X ecTb TONOJOTH-
yeckoe ponoanienue K T, (X, Y) B T, (X).

b,) Beaxuit cesasubiit auct B (X, Y) nepecekaercs ¢ S, ue Gosee uem
B OLHOH TOUKe,

) ‘
[1pennonoxuM, 4T0 3TH YCJIOBUS BLITOAHEHEL, H TYCTh R § X, 48—
OTHOILEHHE YKBUBAJEHTHOCTH Ha X «x M y NMpUIIAJIeKaT OHOMY CBf3-
HOMY JIMCTY»; Torja R ecTb peryasapHoe (5.9.5) oTHOLIEHHE 3KBUBA-

JIEHTHOCTH Ha X, W ecl¥ p 0311a4aeT KaHOHHUECKYIo NpoeKuuio X —
— X/R, 0 Y = X,. .

Ipumep. Bospmem K = R u X = R%. IlycTb IuckperHas rpynna
I' = 72 peficteyer caguramu va X. [lyete m € R n (X, Y,) — caoe-
HHe, ompejenieHHoe cyOmepcuedt p: (xy, X;) +» x; — mx; u3 X Ha R,
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Monosxum X' = X/T u Yy = Y, /T, torna Y €CTb CJOCHHE HA TOpE
X' (cm. 9.2.4, npuvep d)). Ecin m paunonasbHO, CyHIECTBYET Takas

cybmepcusi p’ us X' ua R/Z, uro Y,, = X,. Ecin m uppauuonanbHo,
BCSIKMIT CBA3HBIA Makcumanbhbill auct B (X', Y,) naoren B X' u ue cy-
mecTByeT TaKol cy6mepcuu p’ us X' B muoroobpasue S, 410 Y = Xpr.

9.2.10, Ilyets Y — cacenne va X u n: X — S — raxolt mopdusm

MHoroo6pasuii, 4ro Komnosuuus Y — X =5 S staabua. Eciu S'—or-
KPBITOE NOIMHOXeECTBO B S, TO ceuenue o: S’ — X orobpaeHus
Han S’ HasbiBaercs 20pusoHmManbHuim (O OTHOIIEHHMIO K C/I0eHHIo Y),
€CJIH OHO ecTb Mopdu3M U3 S’ B Y} 3T0 :Xe MOKHO BHIPA3uThb, CKA34B, UTO
v (S") ectb et B (X, Y) naun takxke uyro T (o) orobpaxaer T (S') B
(X, Y). dan scagoro s, € S M 119 BCSKOro x, € ni~! (so) cymee-
CTByeT TOpPH30lLTAaJbHOE CeyeHue, ONpeleNeHHOe B HEKOTOPOH OKpecT-
HOCTH TOYKH S, M NPHHHMAIOIIEE 3HAUEHHE X, B S,; IBa TAKMX Ceue-
HHSl COBNAJAIOT B HEKOTOPOH OKPECTHOCTH TOUKH S,.

Bosaee obmo, nycte s, € S, T — MHoroo6pasue, f — mopthusm u3
T B mnonmHorooGpasue nt—' (s,) 8 X u £, € T. CyiiecTByioT Torga ot
KpuiTas okpectHocTb 17 (cootB. S') Touku #, B T (COOTB. TOUKH §, B
S) u mopdHam

F:§8"x T X,

YIOBJETBOPSIIONINE CJARYIONIEMY YCJOBHIO: AJs Besikoro [ € T oro-
Gpaxenue s = F (s, {) ecTb Fopu3oHTAIbHOE CEYEHHE OTOGPAKEHHUS T HAJ,
S’, npunumaloulee 3nauenue f (f) B touke s,. JlBa TaKux otobpaxkenus
F coBnanaoT B OKPECTHOCTH TOUKH (Sg, Zy).

9.3. Humezpupyemoie noopaccroenus

B sTom nyskte X o3Hauaer MHoroo6pasue kaacca C’, a F — pek-

TopHoe Nojxpaccioenne kaacca C° '8 T (X), rne r, s npunagnexar Ng,
sLr— 1.

9.3.1. Iycts V — muorooGpasue knacca C* (k € N, k < r), u mycTh

f — mopdusm knacca C* us V B X. Cosopart, uto f ecTb uHmezpas pis
F, ecnu T (f) oro6paxaer T (V) B F.. - _

Tloxmuoroobpase Z B X kaacca C° HasbiBAaeTCs UHME2PAAbHOIM
nodmuozoo6pasuen pas F, ecan unbekuus Z — X ecTb MHTErpan pis
F B yKasaHHOM Bbllle cMmbicie, T. €, ecnd T, (Z) < F, 1as BCAKOTO
X € Z.

IMycre x € X. Ecin Z; u Z,— 7Apa HHTETpaNbHBIX MOIMHOT006-
pasua B X, comepxkamue x, u eciu T, (Z;) = F,, TO cyuecrTsyer ra-
Kasi okpectHocte U Toukd x, yto U (| Z, — Z,. Ecin gononHuTe BbHO
T, (Zy) = F,, To pocTkH noamuorooGpasuit Z, u Z, B TOuKe x COBma-
Jalor,

5 11. BypGaku
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9.3.2. TosopsaT, 4TC BEKTOplioe HOApaccaceHue F  uHmezpupyemo,
ecau  cymectByer Takoe csaoende Y Ha X kaacca C, uto F =
=T (X, Y) (9.2.8). Takoe c0eHne TOria €IMHCTBEHHO; OHO Ha3bIBAETCH
uHmezpatoHoim croeduen aus F. Ilna toro yto6ul mopdusm f: V — X
Kaacca C° 6wt muterpaioM mist F, HEoGXOAMMO M 10CTAaTodlio, YTOGH!
[ 6bl1 Mopdussom u3 Ve Y.

Hpumep. Ecan F umeert panr | B Kax10l TOUKe, TO OHO HHTErPHpY-
eMo u onpejensier Ha X yucroe cioenue pasmepuocTy |. TIpeanonoxum
Jononuutensto, uro K =R, uro X ormenumo u uto F jonyckaer B
KayccTBe perepa BEKTOPHOE modle £, HUrfe He ofpallaiolieecs B HYJb,
Toraa nas Besgoro x € X MakcumanbHblil CBA3HHHN JKCT, coaepalini
X, ecTb o6pas MaKCHMaJbHOH CBSAI3HON Ayru moJs & ¢ HadajJoM B TOYKe
x (9.1.3).

9.3.3. (Kpumepuu unmeepupyemocmu.) Chenyomue yClIOBHA 3KBH*
BaJIEHTHLI:

(i) BekropHoe noApacciioenne F B T (X) unterpupyemo,
(if) 13 Bcakoro x € X CYIeCTBYeT TAKOe MHTerpajbHOE MOJIMHO-

roo6pasue Z nasa F knacca C',utox € Zu T, (Z)=F,.
(iti) KakoBnl 651 HH GbUTH OTKpHITOE NoaMHOXecTBo U B X M Bek-

TopHbie nos E u n, npunafiexamue I (U) (7.4.1), cnpaBe;muBo BKJIIO*
uenue [g, ] € F5 (V).

[ycts  (§)ics — Takoe cemefictBo ceueHuit paccroenns F - Kiace

ca C°, uTo W51 BCAKOTO x € X MHOMXKECTBO §; (X) €CTb momaabHoe Noj-
MHOJECTBO GanaxoBa npocipaucrsa F, (Ton, gekm. np., 1, I, § 2
n° 1), YcnoBus (i) — (iii) 5KBUBaNeHTHBI TOT12 YCIOBHIO:

(iv) Ons Beaxolt napwl (i, j) anemenTtoB u3 [ u BcsAKoro x € X ume-

€M [gh E]] (x) € Fx'

Korna / xoHeuHo H ceMeiicTBo () sIBAsIETCS penepom paccnoemm
F, npenpiayuiye yc/aoBUSI S9KBUBANEHTHBE TAKXKE YCJIOBUIO

(v) cyuiecTByeT CeMeHCTBO (c,-j)(,-,-,k,elx,x, Takux ¢yuruMi Ha X co
snavenusivd B K, uto [§, §] = Dicity, KakoBbl Obl HH Obim f, j 3 I,
%

(Ecam 370 Tax, To ¢f; — dhynkuun Kaacca C)

9.3.4. yctb 8" € Nk, raes’ < s, u F' — BekTOpHOE paccioeHHe KJjac-
ca C”, monyuennoe us F ocnaGnennem ctpykrypu (8.7,1). Has Toro
yT06H F Ob10 MHTETPHPyeMO, HEOGXONUMO H JOCTATOYHO, YTOOH TaKo-
BbiM 6bi10 F', B atom cayuae HHTErpabHoe caoenue gas F' nojyya-
€TCs1 U3 COOTBETCTBYIOULErO CloeHus “Iis F ocalieHueM CTp yKTYpHI,
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9.3.5. Ilycts £ — GanHaxoBO MpocTpaHcTBO H p— uenoe gucao z 0,
Hns sesigoro x € X o6o3Hagum uepes N (p, E), BeKTOpHOE moanpo-

crpatcteo B Alt” (T, (X); E), o6pa3oBaHHOe TAKHMH 3JeMEHTaMH «,
ut0 4 (vy, ..., Up) =0 mas vy, ..., v, u3 F,. Ilpoctpanctea N (p, E),
npu x € X cytb cjiou BektopHoro mnoxpaccaoenuss B Alt’ (T (X); E)
knacca C°. O6osnauum ero uepes N (p, £). Ecaum nonpaccioesne F
HHTET PHPYEMO, TO '

(vi) mns Besikoro oTKpEITOro noaMHoxkectsa U B X ¥ BcsiKol hopMel
o € PN (U) nveer MecTo BKatouenne do € Frisre (U).

O6partHo, ecnu (vi) Buimosmueno jAasi p = 1 u Beskoro GanaxoBa
npoctpauctsa E, 1o noxpaccnoenne F unrterpupyemo; korsa K = R
uiy C, focTaTouHo Jaxe npoeeputb (vi) s p = lu E = K.

IMpeanonoxum, uto ayansHoe K T (X)/F paccnoenue pomyckaer

penep (®,, ..., ®,). VIHTerpupyemocts noapaccnoenuss F 3KBuBajeHTHA
TOrAa ClleyIomeMy yCa0BHIO:
(vii) doy, Nog A s No, =0 ama 1 <i<n.

Ecnu, xpome Toro, CymectByeT Takoe BEKTOpHOe nojpaccioenue G

B T (X) knacca C°, uro T (X) ecTs mpsMas cymma nojpaccioenuii F
u G, To ycnoBue (v11) 9KBHBAJIEHTHO YCJIOBHIO

(viii) cywecrBytor Takue nnd@epeuunamaue dopmer af (i, | npu-
napnexar I) cremem 1 u knacca C' ma X, uro do, = Zoc, N o

I Besikoro 1€ .

9.3.6. Ilycte L — GaHaxoBO NpoCTPaHCTBO, W NycTb ® ~— authpepen-
unanpHas ¢opma na X crenenn 1 u knacca C° co 3Hauenusimu B L.
[Tpumem caenyiomue NpeanoOKeHU:

a) sHauenue o, GopMbl © B J11000i Touke ¥ € X €CTb CIOPBHEKTUB-
HBIfl rOMOMOpq)mM us T, (X) B L v saxpo romomopdusma o, ectb F;

b) cymecTByer Takoe BekTopHoe mHogpaccnoesue G B T (X), uto
T (X) ectb npsivasi cymma nogpaccioenuii £ u G.

Hnrerpupyemocts noxpaccioennss F 3KBUBaJe€HTHa Torxa ycio-
BHIO

(ix) cyutectsyer Takas zuddepennuanbias ¢opMa o Ha X CTeneHu
1 u co 3nauennsamu B End (L), uto do = @ A\ o, rie BHeluHee Npous-
BeJlenHe onpefelsercs KaHoHHYecKHM cnapuBanuem End (L) X L —
— L (7.8.2 u 8.3.2).

9.3.7. (¥Ypasuenus 6 nosnwix Oupgepenyuanax.) Tlpepmonaraercs,
470 X €CTb NPoH3BeieHHe AByX MHorooOpasuit A u B knacca C'; uepes
pi: X —>A u py: X — B o6o3nauaiorcs npoeKLyH. Hycrb [—

5*
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Mopduam knacca C*us py T (A) B py T (B). Tpacuku otoGpazkernil fa s:
T, (A)— T, (B) cyts caou BextopHoro noapacciaoenysi B T (X) kaacca
C’; 0603naumny ero uepes F',

[Tycts A" — oTKphITOE MOAMHOXKecTBO B A, 1 nycts ¢ : A" — B —
mopduav knacca C* (£ € Nk, k < r). ToBopsT, uto @ ecTb uHmezpan
ana f, ecan ana Besxoro a € A’ uveeM T, (9) = fag(q) 3TO 3K-
BUBANEHTHO TOMY, uTO oToOpaxenue a - (@, ¢ (@)) 3 A’ B X ecTb un-
meepas pis F' (9.3.1). Taxoe oToOpaXkeHHe INPUHANJIEKNT KJaccy
Ct'. Ecan ¢, u @, — 1a unTErpana 415 f, IPHHUMAIOLHE OLHHAKO-
Bble 3HAUEHHsl B HEKOTOPOil ToUKe @ € A, TO OHHU COBIZJIAl0T B HEKOTOPOH
OKPECTHOCTH TOUKH Q.

Boutee o6mo, nycTs Z — MHOroo6pasue kiacca C*, A’ — oTkphiToe
nogvuoxkecTBo B A, a € A’ u @,, ®, — Mopdusmbl knacca C* u3 Z X
X A" B B.IlIpeanonoxum, uto @, u @O, coBnamator ua Z X {a} u uro
1151 BCAKOrO 2 € Z Mophu3MHl

a—»®(z,0) u a» Dy (2, a)

cyte unterpaan aasa f. Torma @®; u @, coBmajgaoT B HEKOTOPOH
OKPeCTHOCTH MHOXKecTBa Z X {a}.

Ipennonoxum, uto F! unmeepupyemo. Tlyets Z — MmuorooGpasue
knacca C* (b € N, b < 8), (20, @) — Touka BZ X Aup — MopHu3M ‘
knacca C* u3 Z B B. CyimecTByIOT TaKue OTKpLITas OKPECTHOCT Z' X
X A" Touru (2, @) B Z X A u mopdusm d: Z' X A" — B xkiaacca
C*, uro gust Besikoro 2z € Z' otoGpawenue o+ @ (2, a) uz A’ B B nmeer

[ kacaTenpHBM OTOOparkeHueM W NPUHUMaeT 3HaueHue P (2) B TOuKe
Q.

9.3.8. Coxpanum npennonoxenns u obosnauenuss us 9.3.7 u npenno-
JIOXKHM, uTo A (CooTB. B) ecTb 0TKpHITOE NMoAMHOroo6pa3ue B GanaxoBom
npoctpanctBe E (cootB. M). OtobOpaxkenue f oToxKaecTBiseTCs TOrKa €
MopgusMom Kaacca C' u3 X = A X B B 06GaHaxoBo NPOCTPaHCTBO
& (E; M). O6osnauum uepes D,f (cootB. D,f) nepByio (COOTB. BTOPYIO)
ACTHYIO NMpou3Bofnyio mopduaMma f (1.6.2); a1o Mopduam knacca C*'
us X B % (E; & (E; M)) (coots. B £ (M; &£ (E; M))) — npocTpascrso,
KOTOpoe OueBHAHEM 00pasoM oToxpecTBiasercss ¢ £, (E; M) (coots.
¢ & (M, E; M)). Oqnsa toro uto6ul F 6bi10 HHTETPHPyeMO, HEOOXOAUMO
¥ JocTaTouHo, 4ToGHl MJsi Besikoro x € X OunuHeiiHoe oToOpaykeHue

Ay (hy, o) == Dif (x) (hy, ho) -+ Dif (x) (F (%) by, h)
u3 E X E B M Ouisio cummerpuurto. [Ipu 3ToM yCn0BUH €cliM @ €cTh HH-
Terpai Ans f; ONPeJC/ACHHBIA B OTKpHITOM MopMHOKecTBe A’ MHOroo6-

pasust A, TO BTOpasi yacTuasi Npou3BogHast oToOpaXkeHUs ¢ B TOUKE a
u3 A’ ectb A(a,rp(a)r
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Ecan E = K" u uepes (¥, ..., x") o603naueHsl KoopavHaTHBE (QyHK-

uuu Ha K", 10 otoOpaxenue f onpenensiercs cemeiictBoM (fy, ..., fn)

oro6pax<emm u3 A X B B M, u ycioBue HHTerpupyeMocTd 3amHchiBa-
jeTcs B TakoMm BUJe:

o, of;
L+ D). =3+ O -Fi

KaKoBEL Obl HU Oblnu uesvle uucaa i, j uz (1, n). OroBpaxenye ¢ OT-
Kpbitoro B A noamuoskecrsa A’ B B ecTb unTerpan Ans f Toraa B ToJibKO
TOTAA, KOrja

—g% =f,(x, ¢ (x)) ana sesxoro x € A" u Beskoro i€ (1, n),

JPYTUMH cJj0BaMH, Korja

dp= 3,0t 0 () drt.

Igign

9.4. Hnmeepapyeﬂbte paccroenns 8 xapaxmepucmurce
p+0

B sToMm nyHKTe npefnonaraercs, 4To xapakTepHCTHKa nons K pasna
p 5= 0. Uepes X o6o3nauaercss K-aHaIHTHYECKOE JIOKATbHO KOHEUHO-
Meplioe Mioroodpasue.

9.4.1. (p-e cmenenu.) Ilyctb & ~— BeKTOpHOE MoOJe Ha OTKPHITOM TIOX-
mHoxkecTBe U B X, CylecTByeT o/IHO M TOJIBKO OJHO TaKOe BEKTOPHOE
nose & na U, uto

(1) Do (f) = (D& () = Ds (De( ... (D: () ... )
p pas

AN BCSAKOM aHAJIMTHUECKOH (yHKUMH [, onpele/leHHOH Ha OTKpHI-
TOM NOIMHOXKECTBe B U,

Ecnu ¢ — ananutuveckas ¢yukuus na U, To

2) (@8 = "¢ + (Do)’ (9) . &
1 ec/id 1] — BexTopHoe noJje ua U, 10 i
(3) 87, nl=ad @ @) = & [& ..., &l ... 1]

9.4.2. (Toocdecmso acexobeona.) Tlyets L — cBoBopnas Fp-anrebpa
Jlu (Fpynnet u aszebper JIu, ra. 11, § 2, n° 2) nag mHOXKecTBOM {X, y}
u3 AByX 31eMenToB. CyllecTByeT ofUH ¥ TOABKO OJHH TakoH 3/1eMeHT

A, (x,y) B L, uto
@ (6 +9)" ="+ + A, (x, 9)

~
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B 00epTHIBatoLLeil anrebpe anreGpu Jlu L. Mpumepr:

A =1x, 4l Ag(x, ) =Ix, [x, yll — 1y, £, Yl
Ecau & u 1y — BekTOpHHE nojisg Ha X, TO

(5) . E+n’ =844+ A, E ).

9.4.3. Hpumep. Bospmem X = K (cootB. K*) u oO6o3nauuM uepe3s
X Kadonuueckoe otobpaxenue X — K. Ilycts & (cooTB. 1) — BekTOp-
Hoe ronie 0/0x (COOTB. X . 0/0x); OHO UHBAPHAHTHO OTHOCHTENBHO CJIBU-
roB aJAMTHBHOH (COOTB. MyJAbTHIIHKaTHBHOH) rpynmel X. Hveem

(6) E=0un=n

9.4.4. (Humeepupyemvie paccaoerus.) Ilycte F — BekTOpHOE TMOA-
pacciioenue B T (X). T'osopat, uTo F unmeepupyemo, ecnu st BCSKOIO

X € X cyulecTByioT Takue cucTeMa Koopauuar (£, ..., ") ma X B x

u uenoe yncao m < n, 4o (0/0¢, ..., 8/97") ecto penep paccinoenus F
B OKPECTHOCTH TOUKH X.

s Toro yto6st F ObLI0 HHTErpHpyeMo, HeoOXOAMMO U JOCTATOYHO,
uToGB! BHIMTOJIHSIOCH CJEAYIollee yC/loBHe:

L s ecakoeo omkpeimoeo noomroscecmsa U 6 X npocmpancmeo ¢ (U)
ecms nodaseebpa Jlu 8 q&”‘}’(x) (U), ycmoduusan omuocumesvto one-
payuu & > &



§ 10. Mepbl, onpegensemsie
nugpepeHupanbHbiMe  gopmamu

B stom naparpabe npemmonaraetcsi, uto K .0xkaaeHO KOMRAKmHO,
Haunnas ¢ n° 10.2, mol npegmosnaraeM, uto K = R. B n°n® 10.1 u
10.4 Bce paccmaTpuBaemble MHOrooOpasusi MpEANoNAraloTes JOKANLHO
KOHEUHOMEPHBLIMH,; €C/li OHE OTAEAMMBI, TO OHH JIOKATbHO KOMIIAKTHEL

10.1. Mepa, ssrsarowasncs M00yaem Ougbghep eHUUANOHOL
Ppopmae

Obosnauenus. Yepes p oGo3uauaetcs mepa Xaapa (Humeep., tan. VI,
§ 1, n° 2) na apumusnoit rpynne noas K. Uepes p®” o6osnauaetcs me-
pau Q.. QuuaK® u uepes uf" — ee orpaunuenne na oTkphITOR
noamuoxkecto U B K®, nsi a € K uepes mod (a) o6o3nauaercsi modyab
anemenTa a (Humeep., ra. VII, § 1, n° 10,u Komm. aze., rn. VI, § 9,
n°1). Eciu K =R, 10 mod (a) = |a}; ecmu K = C, 10 mod (a) =
= |a | ecau K yasrpamerpuuno, 10 mod (@) = ¢~ %, rie g osnaua-
€T UHCJIO0 37IEMEHTOB 107151 KJ1acCOB BbIYETOB NMoJst K ¥ ¥ — HOpMHPOBaH-

Hoe JMCKpeTHoe HopmupoBanue nons K (Komm. aze., ra. VI, § 9,
n° 1, npenn. D).

10.1.1. Tlycts U u V — otkpuiTHie nopmuoxectsa B K u f: U — V —
otobpakenue knacca C', rae r € Ng. Ilycte x € U} axobuarom oto- -
Gpakenusi f B x, KoTophlii oGo3nauaercsi uepe3 Jac, (f), HasbiBaetcs
onpefeauTel]b JuHelHOro otobpaxkenus Df (x), saBnsiomerocs npous-
BOfHOI oToOpaxenus f B x. Uepes Jac (f) obosnauaercs bynKuusa x

= Jac, (f); dynkuus mod (Jac (f)) siBnsiercss nenpepuiBHOM (yHKIMeN
Ha U ¢ NoJ0XKHTENBHBIMY BEIeCTBEHHBIMU 3HAUEHH IMH.

10.1.2. (3amena nepemenrozo 6 unmezparax.) CoxpaHsisi npeanonoxe-

nus u3 10.1.1, npeanonoxum, uto f ecTb usomopduam knaacca C’
"MHorooGpasusi U ua wmHorooGpasue V. Toraa obpas mepor

mod (Jac (f)) . u¥" ommocumensro f ecmo u§"; pna BesKkolt Hempe-
pHIBHOH (YHKIOMH ¢ KOMNAKTHBM Hocutedem ¢@: V — C umeeM

(1) § @ (5) p®" () = 5 ¢ (f (%) - mod (Jac, () k=" ().
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10.1.3. Ilycts X — muoroo6pasue xnaacca C' ¥ A — [OIMHOXKECTBO
-B X. ToBopsr, uro A aokaisno nperebpescumo, ecnn Ansl BCAKOH KapThl
(U, 9, K"} na wmuorooGpazuu X wmuoxectso ¢ (A [} U) sasasercs
u ®"-npenebpexxumum (Humezp., ra. IV, §2, n°2); 310 ycoBue He 3aBu-
CHT OT BeIOOpa W, ¥ JOCTATOUHO TPOBEPHTD €r0 AJ151 HEKOTOPOIo CeMeiicTBa
KapT, o0JlacTu ofpefesieHHst KOTOPHX NoxphuiBaloT A. Bceakoe MuoXKe-
CTBO, COZ€prKalleecsi B OGDEAUHEHMH CUETHOTO CeMEiCTBA JIOKalbHO
npene6pe>Kanx MHOKECTB, JIOKAJbHO IpereOpexuMo.

I pumepot.

a) Beskoe noamuorooGpasue B X, HMelomiee KOpa3MepHOCTb >
B KaxJI0OH Touke (T. e, uMeloliee NYCTYIO BHYTPEHHOCTL), JIOKAJIbHO
nperebpeRuMO.

b) Ilycts g — q)ynKunﬂ knacca C" Ha X, u nycts A, — MHOXKeCTBO
TaKUX Touek x € X, uro g (x) = 0; npeanonoxuM, qTo BHYTPEHHOCTD
MuoxecTsa A, nycTa H 4To r = ; Toraa A, JokaabHO npenedbpeKuMo.

¢) Mycrs f:Y — X — mopduam MHorooGpasuit knacca C’, npu-
yem MHorooGpasye Y ecTb oObeuHEHHE CYETHOIO MHOKECTBA KOMIMaK-
1oB. [Ipennonaraercs, uto dim, Y < dimy,X ans Becakoro y € Y.
O6pas npu Moptusme [ Besikoro J10KATBIO npeHeOpeKUMOro NoJAMHOXKe-
CTBa B Y ecTh JIOKa/lbHO npeneOpexumoe nojamuoxkectso B X. To xe
cripaBefinBo Ansi obpasa npu mopduaMe f MHOXKeECTBA TOUe€K, B KOTO-
pbix f He 3TaneH (nepsas meopema Capda); B yacTHocTH, ecu dim, ¥V <<
< dimyyX ans Besikworo y € Y, 10 f(Y) ectb noKanbHO npere-
OperkuMoe MOAMHOXKeCTBO B X.

d) lNpennonoxum, uto K umeem xapaxmepucrmuky xyab. Ilycts
f: Y - X — mopduam Mmuoroobpasuit kiaacca C' (r € Nk, r > oo),
npuueM Y ecThb o0beanHenue CUETHOrO MHOMXKECTBAa KOMMaKToB. [TycTb
C — mHO:ecTBO ToueK B Y, B KOTOpBIX [ He siBisieTcst cyOmepeueit (kpu-
muueckue mouxu). Torpa f(C) ecTb noxanviio npenebpexumoe MoA-
MHOXKecTBO B X (smopas meopema Capdd) ).

10.1.4. Tlycts X — napakomnaxmroe wmuoroobpasue kmaacca C'.
Ha X cymecTByer ofuH U TOJNBKO O TaKo# Knacc M SKBUBaJIEHT-
HbiX Mep (Mumeep., rn. V, § 5, n° 6), uto, KakoBa O 1u Owiia Mepa
v € M u Kakosa Obl Hu Obuia kapta ¢ = (U, ¢, K*) ua X, ofpas
npu @ orpaunuenus Meps v Ha U SKBUBAJeHTel Mepe UGy
ToBopsar, uto- M ects ranonudeckuli xaacc mep 1a X. Hasa toro utoGrl
noxMHoxkectBo A B X Obuto sokansHo mnpenebpexuvo (10.1.3), neo6-
XOJIUMO ¥ [I0CTATOYHO, YTOOLI OHO OHLIO JIOKAAbLHO mpehebpexumo (HMH-
meep., 1. IV, § 2, n° 2) ajs HeKOTOPO# (COOTB. BCsKOM) Meput v € M.

1) Korna K= R, poctaTouno npegnonaratk, 410 £ > su% (dimf(y) X — dimy Y);
cM., nanpumep, A.Sard, Bull. Am. Math. Soc., XLVIII (1943), 883—890.
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Eciu K = Rur = @ (cooTB. K =R wnut Cu r = o, COOTB. Ky.anpa-
MeTpnuHo), TO CYLIECTBYET Takasa Mepa v € M, uTo jnsi BCAKOH Kapm
= (U, ¢, K") na X mioTHOCTb MepHl cp (vy) MO OTHOLIEHHIO K uw(u,
)cioy > O # npuHasaexkuT kaaccy C' (COOTB. NpHHAICHKHT Knac-
'y C*°, cooTB. nokanbio nocrosuua). Eciu v u v/ — j1Be Takne MepHl,
"0 IJIOTHOCTb MePH v’ M0 OTHOIIEHHK K V BCIORY = 0 U NpHHALJIEKHT

tnaccy C™' (cooTB. npuHapnexut kaaccy C*, COOTB. NOKaALHO MMO-
‘TOSIHHA).

+0.1.5. Iycts X — muoroo6pasue waacca C', myets T' (X) — ko-
kacaTeJIbem nywox Ha X (8.2.2), u monoxum Q = det (T’ (X))
(7.9.9). Bexrtopuoe pacciocuue Q umeeT paur 1 B KaxIol Touke; ecau
X — uncroe muorooOpasue pasMepHOCTH H, OHO OTOXKACCTBJSEICH €
BekTopHEIM pacciaoerdem Alt" (T (X); Kx). [lycte @ — ceueHue pac-
caoenrss Q Hag X; JOMycKasi BOJBHOCTb pPeyd, roBopsT, 4TO ® €CTh
Ougpgpeperyuarvnan opma maxcumasoroli cmenedu na X. Ilyete ¢ =
= (U, @, K") — kapta na X; o6o3naunm uepes ut, ..., u" KoopuuHar-
Hele ¢pynkuny Ha K". CylllecTByeT oflHa U TOJILKO OfiHA Takas QyHKUUS
f, na o (U), uro o|U = ¢* (f,. dut A\ ... A du"). Topopst, urto
® HMEET AOKAAbHO UHmezpupyemoli moOyab, ecid LJs BCAKOR KapTel

= (U, ¢, K") na X BeiectBennas (byHKunﬂ mod (f,) : ¢ (U) - R
JIOXa/IbHO HHTETPHPYCMA OTHOCHTENLHO p,w(u) (Humeep., rta. IV,
§ 4, n° 11)); nocTaTo4HO NPOBEPHUTH 3TO CBOKCTBO VIl KapT HEKOTOPOTO
atyiaca MuorooOpasusa X. Ecnu o Henpepeisna 4, B 4aCTHOCTH, €CJIH ©

NpuHanIexuT kiacey C°, rae s € Nk, s < r — |, T0 © HMeeT JIoKalbiio
UHTErpUPYEMBIIT MOAYb.

16.1.6. (Honoowume/zbuaﬂ Mmepa, onpedessiemas Ouppeperyuarvroll gop-
moii marxcumaavroti cmenenu.) Coxpaunum obo3nauenusi uz 10.1.5 u
MPEATIONONKHM JOTIOTHHTRILHO, YTO X omdeaumo v uTO ® HMeeT Ao0-
KaabHo uHmezpupyemois modyass. Ecawm ¢ = (U, @, K ) — KapTa Ha
X, 0603Hatm'\4 yepes v, Mepy Ha @ (U), SBASIOMLYIOCS NPOM3BENEHHEM
mepol pd7, wa dyuxmmio mod (f) (Mumeep., tn. V, § 5, n°2, onpe-
JencHie 2), W NycTb @, — 06pa3 Mepsl v, oTHocuTeapHO ¢ . Ha X
CyLecTBYeT ORHA H TOJLKO Oflia Takas Mepa o, 4To JJsi BCSKOH KapThl
¢ = (U, 9, K") na X orpanuuenue Meps  na U paBHo a,. [oBopsrt, uto
Mepa o ecTb mModyab ¢opmbl ®, u o6o3HauaT ee uepe3 mod (w),. dTo
nonoxurtenpnas Mepa. Korma K = R u p — mepa JleGera, BmecTo
mod (o), nuwyT | o |.

-.Ecnin X — uncroe muoroobpasue pasMepHOCTH 7 U €CliM @ — Be-
mecTBeHHoe yucao > 0, To mod (w)yy = " mod ().

. 1) Cm. Takxe Humeep., tn. V, § 5, n° 1.— Ipun. nepes.
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[Tycte A — nonmuoxkecto B X. a5 Toro uto6u A GuLIO MOKANBHO
npenebpexumbiM (10.1.3), Heo6XoauMo H KOCTaTOYHO, 4TOGH AsI BCsi-
Koro oTkpuToro B X nopgmuoxectsa U U Beaxod muddepennnanvHoi
dopMel  ® MaxkcuMalbHOH cTenend Ha U, nMelollell JIOKalbHO HHTe-
rpupyeMslii Mofynb, MHOXKecTBo A () U Oblno JokalbHo npeHeOpexu-
MEM IJ1s Mepbl mod (o). )

[MpenrnonoxuM ARONOMHUTENbHO, YTO X MapakOMMaKTHO, U MyCTb
v — Mepa Ha X, MOpuuajnexalias KaHOHMYECKOMY KJacCy 3KBHBa-
aeutHocty M (10.1.4). Mepa mod (o), ecTb Mepa c 6asucom v (Humeep.,
ri. V, § 5, n° 2, onpenenenue 2). Ins Toro ytoOb OHA mpuHad/eXKasna
M, ncobXomMMo M JOCTATOYHO, YTOOBI MHOMKECTBO TakKHXx ¥ € X, uTo
o (x¥) = 0, Ge10 JIOKANbHO npetie0peRuMEIM.

10.1.7. IMpunmep. Tycts G — rpynna Jlu Hal K KOHEUHOH pa3MepHOCTH
nu o — aupbepeHnranbhas dopma crenend n Ha G, WHBapHAHTHas
OTHOCHTEJILHO JIEBBIX CIBHULOB U HeHyJseBasi. CooTBeTcTByOlLlasi mepa
mod (), ecTb TorAa JeBas Mmepa Xaapa Ha JOKANbLHO KOMITAKTHOH
rpynne G.

Ecin G — mynptuniukaTtiBHas rpynna K*, B KauecTBe © MOXKHO
B3aTh GopMy dx/x, u Torga mod (o), = (mo,d)”l. w; cM. Humeep.,
ra. VII, § 1, n° 10, npernoxenue 14,

10.2. Opuenmauun

" HanoMHuuM, 4To B 9TOM W NOCAefyIOUMX MyHKTax Npearnonaraercs,
uto K = R.

10.2.1. (Opuenmayus 6eujeCmeeHH0oe0  8EKMOPHO20 NPOCILPAHCMEA.)
[Tycte E — BelllecTBeHHOE BEKTOpHOE IPOCTPAHCTBO KOHEUYHOH pas-
meproctd n. Uepes Or (E) o603HauaeTcss MHOXKeCTBO OpHEHTauu# npo-
ctpanctBa E (Alg., chap. VI, § 2, n° 7); saementst u3 Or (E) cyTb A€

n
3aMKHYyTHE [OJynpsiMble BeKTOpHOro npocrtpanctsa det (E) = AE.
Ecau & € Or (E), To apyroii sa1ement u3 Or (E) HasbiBaeTCsi OpHEHTa-
uueft, npomusonosodxcHol K §, u obo3nauaercs yepes —E.

" Iyere 0 — E' S E LY E” - 0 — TouHas MOCJAENOBATELHOCTh
(BelecTBEHHBIX) BEKTOPHBIX MPOCTPAHCTB KOHEUHOH PasMEpPHOCTH;
nojoxum p’ = dim E’, p” = dim ,E’, u nycts & (coots. §&') —
opuenTauus npocrparcta E’ (coots. E”). OGosnauum uepes E'E”
(coot. E'E’) opuenranuio mnpocTpancTBa E, COHEpKallyld HEHy-
nesoii (p’ + p”)-Bektop u’ A u” (cootB. u” A u’), rme u’ ecTb 06pa3

N

OTHOCHTENIbHO /\ @ .HeKoToporo p’-BekTopa B E', npunamiexaiero &,
g

au”ecThb p”-BexTop B E, 00pa3 KoToporo oTHOCHTeNbHO /\ B IpUHALIEKHT
& (Alg., chap. V1, § 2, 0° 7). Ecan E = E’ X E”, npuuem o 1 B cyTp
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KaHonuueckue oroOpaxenus, rosopsat, uto E'E’ ectb npoussederue
opuenrtanuu &' u opuentanuu &’

10.2.2. ([lpocmpancmeo  opuenmayud.) Ilycte B — tononoruueckoe
npocTpalcTBO U M — BelecTBeHHOE BEKTOpHOE paccloeHne ¢ 0asoit
B (B TolONOTHUECKOM cMHCae — cM. § 6, npumeuanue Ha cTp. 70),
umeiollee KoHeuuslil panr (7.1.6). Iycts Ory — MHOXKeECTBO, fBJSIO-
meecss cymmoil miioxkects Or (M,) ans b € B, n nycts i Oty — B —
Takoe oTobpawxenue, uto = (Or (M,)) = {b}. Ha Ory cymectByer
OIHA U TOJMbLKO OJHA TaKas CTPYKTypa TOMOJOIHUECKOro NpOCTPaHCTBa,
yTO"

a) U HENpepHBHO.,

b) Eciin s — HenpepriBHOe ceuenue paccioenus det (M) nazg ot-
KpHITeiM B B mogmuoxkectBoM U, Hurie He obpaliaioiieecs B Hylb, H
ecan & (s (b)) — opuenrtauusi npoctpancTea M,, omnpenensiemass age-
MedToM § (b) us det (M,), To otobpamkenue b= E (s (b)) us U B Orn
HelpepHBHO. ’

IpoctpanctBo Ory  Ha3bIBaeTCst  nPOCMPAHCIGOM — Opuenmayuil
paccacerus M. Tpynna {1} neiictByer na Ory no gopmyse g —» == §
(10.2.1). Uerepka (Oru, {=£1}, B, m) ecTh eaasnoe paccaoenue (6. 2.1)
¢ Gasoit B u cTpykTypHO#l rpymnoit {%1}; npoekuusi = :Ory — B
onpegensieT usomopduam us Ory /{£1} Ha B; ecm. n° 6.2,

Korma B naneneno cTpykTypoit MHorooOpasus, Ory Hagenasior
CTpYKTypo#i MHOrooGpasus, siBasioulefics oOparubiM o6pasoM OTHOCH-
TeJBHO Tt CTPYKTYpHE MHOrooOpasust Ha B (5.8.1); onpenenenHoe Brile
pacciloeHite ecTb TOrja paccaoeHHe MHoroo6pasuii, u MopdusM n sTa-
JIeH.

10.2.3. Coxpanum npegnonoxetns u3 10.2.2. Opuenmayued BeKTOPIOro
paccioennsi M HasbBaeTca HenpephiBHoe ceuenue & B — Ory mpo-
ekuun n: Ory — B. ToBopst, uto M opuenmupyemo, ecau olo 00-
JlajiaeT OpHeHTAUHEH; K 3TOMY e CBOAMTCH YTBEPHKJIEHHE, UTO PaccJo-
enue Ory TpuBHanusyemo, T. e. usomopduo B X {=x1}. Ecau B cpss-
HO H HeMycTo, BCSIKOE OPUEHTHPYEMOe BEKTOPHOE pacCioeHHe HMeeT
JIBe NIPOTHBOTIONOXKHDBIE APYT APYLY OPHEHTANHUH.

Korna M cBoguTesi k O, paccnoenue det (M) ects TpuBuanbHoe pac-
cnoenue Rp, u Ory otoxpectBnserca ¢ Or (R) X B; pacchioenne M
o6JafiaeT KAHOHHYECKOH OpHEHTalMefl, OTBEUAIOLied MONOXKHUTENbHONH
noaynpsamoii B R.

*

10.2.4. (Opuenmayus muocoobpasus.) Tlyctb X — JNOKaAbHO KOHeU-
HOMepHoe MHorooOpasue Hax R kaacca C', u nycts T (X) — ero Kaca-

TelbHoe paccioenye. Uepes X obGosnadaercss muoroobpasue Orrix);
rpynna {=£1} nefictByer coGctBenHo u cBoGopHo Ha X, u X/{=l1}
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otoxjecTBasiercss ¢ X; caon mpoekuud m: X — X CyThb MHOXKECTBa
Or (T (X)), rne x € X. Opuenmayueti mporoo6pasus X HasblBaeTcsi OpH-
entauus paccaoenuss T (X), APyrvMH CJIOBaMH, HempepbIBHOE CeyeHHe

pacciioenus X; Takoe ceuenve npuHamiexut kaaccy C'. Tosopar, uto
X opuenmupyemo, ecnn oHo obnamaer opuenTaumeii. Besakoe muoro-

ofpasie pasMepHOCTH Hylb OpHEHTHDYEMO U obnagaeT KanoHMYeCKoN
OpueHTauuel (10 2.3).

Iycts € € Xux=n (§)—ero obpas B X; otoOpaxeniue Tg(m): Tg(f()»
-~ T, (X) €CcTb nsomop(pnsM OHO TIO3BOMSAET OTOXKAECTBUTD E ¢ ane-

menToM E u3 Or (TE(X)) Ortobpaxenue § — F;-, €CTh OpUeHMAayUs MRO-

roo6pn3mxX HasblBaeMmas KaHOHH'-leCKOH B acTHocTH, X OpHEHTUD Y-
emo.

10.2.5. (Opuenmayus mopgusma.) Tlycte X u Y — gBa J0KanbHO
KOleUHOMEePHBIX MHorooOpasus, u nycts 1 X — Y—Mopqmw MHOTO-~

o6pa3md. Opuenmayuesd mopdusMa [ HasbiBaeTcs Mopdu3m /‘ X —
— Y, Jenaiomuii KoMMyTaTHBHO Juarpammy

X7
v d
X LY

H COINIaCOBAHHEIH ¢ jeficTBueM rpynns {1},

Ecan f— opuenTaudst Mopdusma f M ecsu M — opHeHTauus MHO-
roobpasusi Y, To cymiecTByeT oAHa U TOJbKO OfHA TaKas OpHeHTauus §
MHorooOpasus X, 4To Auarpamma
[

-

<TG
=<

f n

KoMMyTaTuBHa, ['opopar, uto opuenTauwms & acconpmpoBana ¢ 1) noc-
penctsoM f.
[ pumepst

a) Ecau Y cBoguTcs K TOuKe, TO 3ajaHue opueHTauuu MopdusMa
f 5KBUBAJIEHTHO 3aJaHUI0 OpHEHTauuH MHOrooOpasus X.

b) [pennonoxum, uto f sTanen. Jdas Beakoro x € X oroOpaxenue
T, (f) ects usomopdusm us T, (X) na Ty (Y) u onpenensier (nocpen-
CTBOM IlepeHoca CTPYKTYpbl) GHexuo

2 Or (T, (X)) > Or (T (Y).

CemeiicTB0  oToGpaxkenuit [, -ompepensieT opuentauuio f: X —Y
Mop¢u3Ma f, HaspiBaeMyl0 KaHOHHYECKOH.
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c) Bonee ofwo, npeanoiaoxum, uto f — cybmepcus, w MycTb o —
opuenrauust paccioenuss T (X/Y) (8.1.3). Ilyets x € X u § — opu-
eHtauust npoctpancrea T, (X). [Tonoxum y = [ (x); umeer Mecto TOU-
Hasi nocsiefoBarenpHocTs (8.1.3)

0o T, (X/Y) > T, (X) 2% T, (¥) =0,
#, CTano OBbITh, CYIIECTBYET OAHA M TOJAbKO OAHA Takas OpHeHTauus
7(1 (€) mpoctpancrtea T, (¥), uto § = fa (& a (x) (10.2.1). Ortobpaxenue
}a: X >V ecm opueHTalusl Mopdusma f; ropopsT, YTO OHAa acco-

uuupoBaHa ¢ a. Otobpaxenue o.~» f, ecTh OHUEKUUST MHOMKECTBA
opuentaiuil paccaoenust T (X/Y) Ha MHOXKeCTBO opueHTauud Mophu-
3Ma f.

d) Ecan f: X — Y — ummepcus;, T0 opuenrtauuy Mopgusma f
COOTBETCTBYIOT OPHEHTAlHsIM HOPMaJbHOrO paccioenust K f.

10.2.6. {Opuenmayus npouseedenus.) Ilycts X; (coots. X,;) — no-
KaJibHO KOHEYHOMepHOe MHorooGpasue u & (CooTB. E,) — opuenTauus
MHoroo6pasust X; (cootB. X,). Ilycte X = X; X X,. Orobpaxenue
(1, X) = & (%) & (x5) (10.2.1) ecTb opuenranust MHoroo6pasus X; X
X X,, HasblBaeMas npousseOeHuem opuentauuit & u & u oGo3Hauae-
mast yepe3 & uam & Q &,

Mpexpnonoxum, uto X; (i = 1,-2) — uyucroe MHorooGpasue pasmep-
HoctH n;. Kauonuueckuii wusomopgusm X; X X, - X, X X; ape-
obpasyer §; @ & B E, @ & (cootB. B —§, @ &), ecau ofHO U3 uHCen
n; 4ETHO (COOTB. €CJIU Ny U 1y HEUETHD).

10.2.7. (Komnaexcroui cayuaii.) Ilycth F —— KOMIUIEKCHOE BEKTOPHOE .

TPOCTPAHCTBO KOHeYHOH pasMeplocTH U Fgr — HikCjexkalllee BelllecTt-
BeHHoe mpoctpaHctso. Ilycts (e, ..., e,}] — Gasuc B F; Toraa {e,
iey, €y, i€y ..., €y, i€,} €CTb 6a3uc B Fr, H OpPHEHTALUs NPOCTPAHCTBA
Fg, onpenensieMasi 2m-BeKTOpOM

es Nies Nes Nies \ oo New N ley,
1ie 3aBUCHT OT BHIGOpa 6asuca {ey, ..., €,} B F; ToBOPST, 4TO 3T0 OpueH-
mayus npocmparcmsea Fgr, onpedeiseman Oannoll KomniaexcHot cmpyk-
mypod, Ecnmu F ects npsiMas cymma ABYX mognpocTpancts G u H, To
opueHTanus npocrpaucTea Fr = Gr @ Hg €cTb NpOU3BejeHHE OPHEH-
Tanui npoctpancts Gr u Hpg.

[Tycte X — BellecTBeHHOE JIOKANBHO KOHEUHOMEpHOe MHorooOpa-
3ie, HaJlelIeHHOE TIOUTH KOMINIeKCHOH cTpyKTypoil (8.8.3). Inst Besikoro
x € X nyctb § (x) — opueHtamus npocrpanctBa 7T, (X), ompepednsie-
Masi ero KOMIUIEKCHOH CcTpykrypod. OrtoGpaxenue xe»§ (v) ecTh
opueHTauusi MHorooGpasusi X; TOBOpSIT, YTO OHa OIlpefeseHa IOYTH
KOMIIJIEKCHOH CTPpYKTypoil. B wacTHOCTH, MBI HAaje€/sieM BeIECTBEHHO-
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dHaluTHUeCKoe Muoroo6pa3né X, JiexKallee HHXKe JIOKAJAbHO KOHeullo-

MEpPHOTO KOMIJIeKCHO-aHaNUTHUecKoro MHoroo6pasusi X°, opueHTa-
uKef, onpegensieMoll acCOUMMPOBAHHOH IOYTH KOMIJIEKCHOH CTPYKTY-
poit (8.8.6). Ecnu saMCHUTH Jalilyl0 CTPYKTYPY KOMIIEKCHO-aHAIHTH-
yeckoro MHorootpasusi Ha X ee conpskeHnol (5.4.12.b)), sra opuen-

TalUs YMHOKHTCS A QYHKUMIO x — (~1)dimeXC,

10.2.8. pumepot

a) Ilycte E — KOHeyHOMEpPHOE BEllIECTBEHHOE BEKTOPHOE IIPOCTPAH-
c1B0. BemecTBenHo-anannTHueckoe MHoroo6pasue, ONpefesNeHHoe Ipo-
crpaucTeoM E (5.2.2), opueutnpyemo. Tounée, otobpaxenue &+ & (0)
ecTb CHeKIMsI MHOXKEeCTBa OpHeHTaluil sToro Muoroobpasust ua Or (E).

B uwactHocTH, MHOrooGpasme R" uMeer KaHOHHUECKYIO OpHEHTa-
o £', ompeaensiemyo noaympsimoit Rie; A ... A e, B Or (R%).

b) Mycrs X — cgpepa ¢ uentpom B 0 u paguyca >0 8 R"; 310 mOA-
Muoroo6pasue B8 R"”. Hast esixoro x € X mpocrpancteo T, (R”) =
= R" ectb npsmas cymma mnpsmoit Rx u rumepmmockoctn T, (X).
ITyctb 1, — opuentawust Ryx npsamoii Rx («BHeIUHsisT HOPMa/b») U
§, — eAMHCTBEHHAS Takas opueHTauus npocrpanctsa T, (X), uyro mpo-
u3BelleHHe .opueTamyit 1, u &, ectb opuentammsi ' mpoctpanctsa R”.
Ortobpaxenne x+~ £, eCThb OpHeHTauusi MHorooGpasusi X, HasbiBae-
Mast KaHOHHYCCKOM.

¢) Ilycts X — cBsasnoe muoroo6pasue u G — JQuCKpeTHasr rpynna,
cobcTBeHHO U cBoOoAHO Aefictylomast #a X. Insa toro utober X/G
Obl10 OpHENTHPYeMO, HeOOXOAUMO H AOCTATOUHO, YToOb X OBUIO OPHEH-
THpPYeMO ¥ 4ToOL! JeficTBHE TPkl G HA MHOMKECTBE OPUEHTALMH MHO-
rooGpa3usi X ObLIO TPHBHANBHLIM,

d) Bewecmsenroe npoexmusHoe npocmparcmeo P, (R) oToxje-
cTBAsieTcst ¢ (axkropoM cepbl S, no rpymme {-£1}, neficTByroweit
1o opmysie X ~» 4=X; 0110 OPHEHTHPYEMO, €CJAM /1 UeTHO, U HC OPHEeHTH-
PYEMO, €eCilH 71 HeuyeTHO.

¢) Besikuit paxtop rpynmet JIu no cssuoil noarpymnme JIu opuentu-
pyem.

10.3. M-ckpyuennsie ougbgbeperuynarovroie hopmol

10.3.1. Ilycts X — BemecTBenHoe MHorooGpasue kiaacca C' u M —
BEKTODHOE pacc/ioeHHe KOHeunoro padra ¢ 6asoif X M Kjaacca Ck, rie
0 Lk <r Ilyers Ay = (Ory, {1}, X, @) — rsaBHOe paccioeHue,
acconMupoBaHHoe ¢ MHoroo0pasues oOpHenTauui paccaoenuss M
(10.2.2). 3acraBum cTpyKTypHylo rpynmy {1} ZefictBoBath Ha R

ymHoxeHrHeM. UYepes Ry ofo3Hauaercsi pacc/ioeHHOE€ TIPOCTPAHCTEO,
accOMHPOBAHHOE C Ay, CO cioeM THNA R (HajeneHHBIM ONpeseseHHbIM
BBl 3aKOHOM JeiicTBus) (6.5.1); ono Hageneno (7.10.2) crpyxTypoit
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, k
BeKTOpHOro paccsoeHust palira | ¢ 6asoit X u knacca C° u HaskiBaeTcst
paccaoeruem M-ckpydentoie ckainpos.

10.3.2. Mmeem KOMMyTaTH'BHle JuarpamMmmy

‘ Ory x REZ- Ry
. A I 7
- pr,J, /: ip
OI'M — X

rje p 03HayaeT KaHOHHYECKYIO MPOEKLHIO U3 Ry na X, p — penepuoe
oroGpaxenne (6.5.1) anst Ruu @ (§) = p (€, 1) ansi& € Ory. B uacruocrH,

obpaTublii 06pa3 paccaoeHnst R OTHOCHTENBHO 5T OTOXKIECTBISIETCS ¢
TpuBHaabHEM pacciocHueM Ory X R. Touno Tax xe 0TOXACCTBASICTCS

amemenT £ u3 Ory co cBoum ofpasoM B Ry npH @; mpu 3TOM corva-
wennn p-(&, @) = at ana  Beaxoro (8, a) € Ory X R; Torma af =
= b1, €C/IM M TONBKO CCJH CYLLeCTBYeT TaKoi aneMenT e € {1}, uro
b=-eaun =€ Opuenmayus E paccioenust M omnpepensier Tem

cambIM ceuenre x +» & (¥) paccioenust Ry.
CyluiecTByeT OfMH U TOJBKO OJAMH Takoi u3oMopdusM j us Ry @

@ Ry Ha TpuBHaibHoe paccioenne Ry = X X R, uto fEQE) =
= (n'(§), 1) ans Besikoro § € Ory; 370 MO3BOMISIET OTOMAECTBHTH BeK-

TopHOE paccjioenre Ry ¢ AyanbHBIM K HEMY PacC/lOCHHEM. -

10.3.3. Ilycts pmonosuutensHo F — BeKTOpHOE pacciioeHue ¢ 6asof
—1
X n xracca C'. Hudeperuuanbuast popma Ha X €O 3HAYENHSIMH

B Ry @ F nassiBaetcsi M-ckpytiennotd dugbpeperyuarohoti  gpopmoii
co naterusamu 6 F. Takas dopma cTeneHn p ecTb CceueHHE PacCNOeHHs

At (T(X); Ru Q@ F), kotopoe oueBHIHBIM 06Pa3’oM OTOMKAECTBISIIOT C

Ry @ Alt” (T (X); F). Ecin F — TpuBHaibHOE pacciioeline, onpefesie-
Moe 0aHaxoBbIM TNPOCTpaHCTBOM E, roBopsaT mpocto o M-CKpyuenHoi
¢dopme co snauenusimu B E; ecau E = C (cootB. R), roeopsar o
M-ckpyueHHOH KOMIIeKCHOI (opmMe (COOTB. M-CKpPYUCHHOH BelllecTBeH-
woit opme, unu M-cxkpyueHnoi Gopme).

ITyctb © ectb M-ckpyueHHasi ¢opMa CTemeHH p CO 3HAUYCHHSIMH

B F. To obcrositennetso, uto m: Ory — X staibpHo M uTo m* (ﬁM) =
= Ory X R, mosBossier oToxpectBuTs n* (Ry X A’ (T (X); F)) ¢
Alt’ (T (Ory); n* (F)), u & ompenessier cedeHHe @ PAaCCIOEHHST

AIt? (T (Ory); n* (F)) (7.4.3); ApyruMu cjloBamu, © onpefenser audde-
penunanphyo gopmy crenenu p Ha Ory co 3navenusimu B ¥ (F), Takum
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myTeM monydaem Ouekumio mpocTpaHcTBa M-cKpyueHHBIX Qopm cTe-

neHu p Ha X co 3HaveHusiMM B F Ha NPOCTPaAHCTBO TakuX GopM @ cTe-
neny p Ha Ory co 3nauenusimu B nn* (F), uto

® (8 =— ® (8) mas Besikoro E € Orp.
Ecnmu M wHageneHo opuenmayued &, oToGpaxenue o —=»EQ o

TI03BOJISIET OTOKAECTBUTL ceueHust paccaoenust Alt” (T (X); F) (apy-
THMH CJ0BaMH, OObuyHBe jauddpepeHuranbHbie (GOpMBL CTemeHH p) ¢
M-cxpyuenubivu GopMaMy CTENneHH p €O 3HaueHUsiMU B F,

10.3.4. Tlycts ® ectr M-ckpyucHHasi AuddepenunasnnHas gopma cre-
nenu p Ha X cO 3HauenusiMu B GanaxoBoM npocrpaHctee E, mpuHauie-

xamas knaccy C° (1 € s L inf (B, r — 1)). Ha X cymectByer onna u
TONBKO OfHA Takas M-ckpyueHHast auddepeHlnanbHast ¢opMma do
crermeHd p - 1 co 3HayeHusiMi B E, 4To KakoBH Obf Hy OBUIH OTKPBITOE
B X mopMmHoxkecTBo U, opuenrauusi § paccaocHuss M [ U u audde-
pennuanbHas dopMa a Ha U, takueyroo | U = § Q a, cnpaBelTuBO

paseHcTBO do | U = EQ da. Popma do npuHamiexutr Kiaccy c Y
OHa Ha3BIBAETCS BHEUIHUM auqbqbepeﬂqua/zom ¢GopMBL .

Ecau o06031auuth uepes o (CooTB. dco) nuddepeHnuanbHyo qoopmy Ha

Orum, oTBevaloniyio gopme ® (coots. do), kak B 10.3.3, 1o d (® ) do

Ecau & — BexTOpHOE moste Kiiacca C* Ha X, aHaloruuno onpenessi-
ercsi. M-ckpyucnsas gopma 0 . 0. Hwmeem

b;. 0 =d (i Qo)+ i@ do,

u O, © NpUHALIEKHUT KiIaccy c

10.4. Mepa, accouynuposannas co CKPY4EHHOR
ougpgbepenuynarvrot hopmoi

HanomiuMm, 4TO B 3TOM NyHKTE MBI TIpeAnonaraeM, uto K = R u Bce
paccMaTpuBaeMble MHOroo0pasust JIOKaJbHO KOHEUHOMEPHHL.

10.4.1. Tlycts X — muoroo6pasue knacca C'. MoxHO NpUMEHHTH
onpefeieHust U pesyabrarhl u3 n° 10.3, B3sB B KauectBe M Kacamenvroe

paccroerue T (X). Torna Ory = X (10.2.4); uepe3 ﬁx o6o3nauacTcs

paccioenne Rr(x), KOTopoe Ha3bIBAIOT NMPOCTO PACCAOCHULM CKPYHEHHLIX

craanpoe. (10.3.1) 1); T (X)-ckpyuennas puddepenunansuass ¢opma
CO 3HAUEHHSIMH B BEKTOPHOM paccioeHuu F HasblBaeTCsi TPOCTO CKpy-

1) TIpenocreperaem, yto 310 0603HAUEHHE HAXORUTCA B TIPOTHBOPEUHH ¢ ofo3naue~

HHeM RM, ecan X CYHTaeTCs! Ha}.'Le.HeHHbIM crpymypou BEKTOPHOIO PacC/loEHHs PaHra
0 Hag camum coOoit,
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yeHHoti (WK HewemHol) Ougbeperyuarvrol Gopmoil cO 3HAUEHHSIMH
B F. Ecnu X wuajeneno opuedmayueti, otobpaxketue o —» @ o mno-
3BOJISIET OTOXKIECTBUTh OObluHBIE IudbepeHnmuasbHble GOPMBb (HHOIAA
HA3bIBAEMbIE «UYETHHIMH») CO CKPy4eHHBIMH opmamu.

10.4.2. Tlyers f: X -» ¥ — mopgusm muorooGpasmit knacca C', u
TyCTh f XY — opuenTanus Mopdusma f (10 2.5), CymeCTByeT'
OIIMH M TOJBKO OJHII TaKOH usoMop(busM j us f* (Ry) Ha Rx, 4T X ==

=j(n x) f (x)) AJqs1 BCSIKOTo X € X. dtu 18a paccioeHu sl OTOXKAECT-
BAstioTcst ¢ momoileto j. Ecam @ — ckpyuennast ¢opMa cTeneHu p Ha
Y co 3navennsiMu B BeKTOpHOM pacciaoenun F, 1o o6patHbli o6paz [f*w
OTOMKJECTBJSIETCST CO CKPYyueHHOH audpepeniannbHoi qoopmoﬁ CTeTleHH

p Ha X co suauenusiMu B f* (F). Ecnn o6o3nauuts uepes (coors.
f* (®)) IuddepeHyanibnyo Gopmy Ha Y (COOTB X) OTBeyalIlLylo,
kak B 10.3.3, dopme o (cooTs. f* (®)), TO f* (0)) = f* (0))

Eciu F——TPHBHaJ{bHOe paccioeHye, OIpelesIeHHOe HEKOTOPhIM

GanaxoBbIM MPOCTPAHCTBOM, TO Omepalus f* KOMMYTHPyeT C BHEIUHUM
auddepenunponanuem (10.3.4).

10.4.3. Ilycrs X — 4ucmoe mH02006pasue pasmeprocmu nu ® — CKpy-
uenHast augpdepennuanbHas dopMa crenedun n Ha X CO 3HAYEHHUSMH B
6anaxoBoM npoctpanctse E. Ilyctb ¢ = (U, ¢, R") — kapra na X u
¢" — kadonuyeckasi OopueHTtauus mpoctpanctea R"; oGosnauuM uepes

u', ..., u" xoopaunaruste pynkuuu Ha R". Ha ¢ (U) cymecrByer ofxa
M TOJBKO OAHAa Takast GyHKUHS f, CO 3HaucHHsIMM B E, uTo

o|U=¢* " Qf.du* \ ... \du").
ToBopsIT, UTO ® A0KAAGHO UHMezpupyema, €CIH AJsl BCSIKOH KapThl
c= (U, ¢, R*) na X COOTBeTCTBylow.a;l ¢yHRUMA f, JoKanbHO HH-
TerpupyeMa 1o oTrowenHo K AS; oy (rae A osnayaer JieGeroBy Mepy Ha
R). IlpenmnonoxuM, yto 310 Tak U uro X omdesumo. Ha X cymectByer
OJiHa ¥ TOJBKO OAHA BEKTOpHas Mepa o (®) co 3HaueHusMu B E, obnaja-
omas  CJIeyIomKMM CBORCTBOM: st BCsikoH KapTel ¢ = (U, ¢, R")
Ha X ofpa3 mnpu ¢ orpaHuuenuss Mepnl o (o) Ha U ecthb Mepa

fo A (p(u) (Humeep., rva. VI, § 2, n°4). Tosopsit, uto @ (®) ecTb Me-
pa, onpedenenHas ¢opmoli ®, U ee yalle Bcero o603HAYAIOT MPOCTO
uepe3 . Hocurens meph o (0)) COJIEP2KUTCS B HocHTesle Supp « GopMsbl
o (ecnu HasBaTb Hocumesem RuddepennuanbHoi GoOpMB  3aMbIKaHHE
MHOXKeCTBa Takux x € X, uto o (x) = 0).

Ecnu f — Bemecrsennas ¢yukuus Ha X, JIOKalbHO HHTErpupye-

Masi 0 Mepe o (®), To Auddepennuanbras dopma fo NOKaIbHO HH-
TerpupyeMa 4 ¢ (fo) = [ . a (o).
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Ecan g — BelecTBenHasi GyHKuusi Ha X, CyLIeCTBEHHO HHTEIpH-
pyeMasi mo Mepe @ (®), TO ee MHTerpaj, KakK NpaBuso, o603Hayaercst

" uepes | go, uam fgm, HITH Ig (%) ® (x); om obosHauerus wnurerpaia
X

cumBosiom {gd® Mbl 6030epacucaemcs BBHLY OTACHOCTH MyTaHWUB C
BiieluHuM AuddepentuanoM do GOpMBl », KOTOPHIA onpeseseH (H, BIpo-
uem, pasen 0), ecau @ npuHagiexut kaaccy C'. Ecan A — noamuoxe-
cTBO B X, XapaxkTepucTuyeckasi QyHKIUS (P4 KOTOPOTO CYIIECTBEHHO HH-
Terpupyema no mMepe o (®), To HHTErpan GyHKIHHN @4 0603HAUAETCS Ue-

pes S o. Ecan koticraHta | CyIiecTBeHHO HHTErpupyeMa 10 Mepe
A
o (®), TOBOPSIT, YTO O UHmMeEpupyema.

[Tyctp Tenepnb -p — uenoe uuchao, npyyeM 0 < p < n, 4 ® — CKpPy-
yenHast audpepennyanbuas gopMa crerneHd p Ha X CO 3HAUGHHSIMH B
GanaxosoMm mnpocrpanctee E. Ilycts, kpoMe Toro, Y — uucrtoe moa-
MHOroo6Gpasue pasmMepHocTH p B X; MPEATNOJNOXKHM, UTO KAHOHHUECKast
unvekuus it Y — X nagenena opuenmayueii. O6patiblii o6pas i*(o)
(10.4.2) o6o3nauaercst uHorga uepes ® | Y. Ecan o | Y unrerpupyema,

rnosaraeM
S o= S o|Y.
1 v

10.4.4. ITycts X -— uiicToe MHOTOOOpa3ue pasMepHOCTH 71, HauelenHoe
HekoTopoit opuenmayueii . OtoxjectBieHue o — £ Q © 0OObIUHBIX
auddepenunanbabix opM U CKpyucHHBIX AuddepennnanbHbIX Gopm
TO3BO/IsIeT NPUMEHUTh BLIUEH3NO0XKEHHOE K (dopmaM cTerleHn n Ha X
TakuM 06pasoM, co BCSIKOH JIOKATbHO ulTerpupyemoin dopmoii o cre-
TeHH 7 accoliupyercst Mepa Ha X, ofo3HauaeMast TakKe Yepes .
Eciu E = R, Takas ¢opMa « uMeeT JIOKaJAbHO HHTETPUPYEMBIH
mopyab (10.1.5), u cooreercTBylomas Mepa mod (o), (10.1.6) ecTs He
YTO HHOE, KaK Hopma | ® | Mepl o (Humeep., ra. 111, § 1, n° 6).

10.4.5. Tpumep. Tlycts X — uncToe BelecTBeHHOE MiIOroo6pasue pas-
MepHOCTH |, OpHEHTHPOBAHHOE M OTHAENMMOE, M NycTh z: X — C —
uddepennupyemoe otobpaxenre u3 X B €. Komnnekcunas mudepepen-
nuankHas ¢opma dz onpenensier Ha X KOMNAeKCHYIO mepy, TakxKe o6o-
3Hauaemylo uepe3 dz. DT0 NMPUMEHMMO, B YACTHOCTH, B Cjydae, KOrja
X ecTb yucToe moAMHoroo6pasue pasmepnocty 1 B C, TAe 2 — uirbeKuus
u3 X B C.

Bosiee yactHelM o6pasoM, Bo3bMeM B KauectBe X OKpPYHHOCHD
c nertpoM B 0 u paguyca p > 0; opuentHpyem X Kak YyKasaHo B
10.2.8, b), npunsie Bo BHMUMaHHe OOHuEOe oToxuecTeienue C ¢ RZ;
ecin x € X, To Kacarenblioe mpoctpaHcTBo 7', (X) OTOXKIECTBISIETCSI
c npsamoit Rix B 7, (C) = C, u BeiGpaHHAast opHeHTalUsl €CTh HOMYTIps-
Mast Ryix. Ecau f — nenpepriBHast dyuknust Ha X co 3HaueHHSIMH B
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KOMILTEKCHOM OaHaXOBOM IpOCTpAalicTBe, TO HuTeTpai (YHKUMH [ IO
mepe dz 3afaercst’ Gopmyoi

2n
(f@dz=ip [ f(pe do.
X 0
Hanpumep, ecan n — uenoe uuciao, 10

2a
X

§ 2in, ecm n = — 1,

10.4.6. (Komnaexcubtii caguadi.) Tlycts X° — oTae/MMoOe UHMCTOE KOMII-
JIEKCHO-aHaNMTHUeCKOe MHOTooOpasHe pasMepHOCTH M H o — ToJOo-

Mopduas nuddepennuanbuast popMa crenend m ua X°. IMyets X —
BeIeCTBEIIHO-aHANM THUEeCKOe MHOTooGpasue, nexamee ke X°; op-
Ma o OTOKAECTBJsieTCs ¢ (opMofi THTIa (1, O) Ha X (8.8.9); myctp 0 —

- compsikenHast kK Hefi popma (8.8.2). Popma i"® A ® ecTh seuiecmaen-
Hasa nuddepennmanvuas gopma crenenu 2m Ha X; ¢ yueTOM KaHOHH-
ueckod opuentauun Mmuoroo6pasust X (10.2.7) sta dopma OToxKmECTB-
JsieTcst ¢ Mepoit Ha X, KOTopasi ecThb lie UTO MHO€, KaK NOA0MCUMEeAbHAS
mepa mod (), onpenencunas 8 10.1.6, rie p — Mepa, onpesenennast
JauddepennranbHoi dopmoit i dz A dz, JPYTHMH CJIOBaMH, yABOEHHE Jie-

6erosoii Mepni A®? Ha C (0TOMKAECTBIEHHOM ¢ R? OGBIYHBIM obpasom).
[Tycts H — npocTpaHcTBO Takux rofoMophHHIX GopM o CcTeneiu

m ua X°, yTo Mepa ® A\ o orpauuuena. s @, B us H xommnexcias
mepa o A P orpannuesa; nonaras

alB)=i’“”Sa/\B,

nofyyaem spmuToBy opMy uia H, npespamawomyio H B euﬂb6epmoeo
npocmpaKncmeo.



§ 11. ®opmysa Crokca

B srom naparpade npegnonaraercs, uro K = R.
11.1. Kycxku

11.1.1. Tlycte E — 6anaxoeo mnpocTpaHcTso. IloamHoXectBo S B
E Ha3blBaeTcst BAMKHYMbIM NOAYRPOCMPAHCMBOM, €CY CYLIECTBYIOT
TakHe HenpepbiBHast auHednas ¢opMa A 5= 0 U BCIECTBEHHOE YHC/IO &,
uto S = {x|h (x) < k} (cM. Esp. vect. fop., chap., § 2, n° 6);
TpaHulla TOMYNPOCTPAHCTBA S eCTh TOTAA 3aMKHYTasi HTIEPIIOCKOCTh
(x| h (x) = k); ee TakxKe Ha3bIBAOT Kpaem TNOJYTIPOCTPAHCTB

S u ob6o3uauaior yepes 0S. o

11.1.2, Tlyets X -— mHorooGpasue xnacca C" u A — MOAMHOXKECTBO
B X. ToBopsr, uto A ectb xycok muoroobpasmst X, eciau JAs1 BCSAKOTO
a € A cymectByer Takas kapta ¢ = (U, @, E) Ha X B a, ut0o ¢ (A )
( U) ecTb OTKPHITOE MOAMHOXKECTBO HEKOTOPOTO 3aMKHYTOrO TOJYIpPO-
crpanctea B E. Ilosmoxum 04 = A — A (MHOMKeCTBO HEBHYTPEHHHX
Touek B A). D10 nodmroeoo6pasue B A, KOTopoe HasbiBaeTCsl Kpaem

kycka A ). Eciu a € A, CyllecTBYIOT HEHTPUpOBAHHAs B @ KapTta
(U,9, E) Ha X u 3amMkHyTas runepmiockocts H B E, Taxue, uto ¢ (A )
(1 U) ecTb OTKpBITasi OKPECTHOCTb HYJIsI B OXHOM M3 3aMKHYTHIX TONY-
npocTpancTs S, mnpoctpancTBa E, ONpefeNeHHBIX THIEPIIIOCKOCTHIO
H (Esp. vect. top. chap. 11, § 2, n°6%), u uto ¢ A N U) = H ()
N ¢ (A ) U). Takas xapra HasbiBaeTCst npuchocobreHHol K A B a. 3aMK-
HYTOE NOJIYTPOCTPAHCTBO S, €CTh TOINA eAUHCTBEHHOE 3aMKHYTOE Mo-
aynpocTpascTBo B E, B kKoTopoMm ¢ (A (| U) oTkpnito.

1) Cm. tagxe Ton. eexm. np., tn. 11, § 1, n° 6.— I[Ipun. nepes.

2) Dra TepMUHONOTHs BO3HHKAaeT 6Gjarogapst ToMmy, uTo A ecTecTS€HHO Haje/eHo
CTPyXTYpO#l «mHOroo6pasus ¢ Kpaem» ¢ kpaem 0A. TIo noBoxy OlpeneseHus KaTeropHH
TAKHX MHOTOOGpa3uii, PaBHO Kak U Gojiee o6UleH KaTeropuu «MHOTrooGpasuil ¢ yraamu»
(«variélés & bord anguleux»), yutatesr Moxer obparuthess k H. Cartan, Séminaire
1961/1962, Topologie Différentielle, exposés 1-—2—3 (par A. Douady), Benjamin,
New York, 1969. OtMeTnM, uTO, KaK MOKHO NMOKa3aTh, BCAKOE KMHOTOOGPa3ne ¢ KPaeMm»,
Kpaifl KOTOpOro mapakoMmrakTeH, H30MOP(HO 3aMKHYTOMY KYyCKYy HEKOTOPOTO MHOTO-
obpasns.

3) Cm. taxxe Ton. eekm. np., ea. 11, § 1, n° 6.— IIpumn. nepes.
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Has toro urtofel 3amkuyToe noamiioxkecto A B X ObIO KycKOM,
HeoOXoZuMo M jocratoulio, uTo6el A Gbuto maoTHO B A ¥ ytoOH A — A
6ow10 noaMHOrooGpasueM B X kopasmepHoctd | B KaxKJOH CBOeil TOuKe,

11.1.3. Hpumepst

a) B R" samkuythii wap pammyca >0 sBISIETCS KYCKOM; €ro
Kpail eCTb COOTBeTCTBYIomas cgepa.

b) Eciu A — KYCOK MHorooGpasusi X u B — 3amkrymoe ton-
MHOxecTBO B 04, To A — B ectb KycoK MHOTOOOpasust X.

¢) Ilyctn @ XX ——Mop§0u3M MHOoroo6pasmii KJjacca C’
A — Kycox muoroo6pasust X’'. Eciu ¢ tpancsepcanen ¥ 04° (5.11 6)
T0 ¢ (A') sBasercs KyCKOM MHorooGpasusi X, Kpan KOTOpOTO €CTb

o~ (04)).

B wactHoctH, nycts A: X —> R — dynkuus kiaacca C' u a € R;
" IPEeANONIOKHM, UYTO HE CyIlecTBYeT Takoro x & X, 4to A (x) =a u
v dh = 0. MuoxecTBO {xlh x) < a} ecThb 3aMKHYTHIl KYCOK
muoroo6pasust X ¢ kpaem A (a).

d) Ecau r = co u ecam X J0KaTbHO KOMIAKTHO, TO BCSIKHI KOM-

nakt B X jomyckaer (yHIaMeHTajibHYIO CHCTEMY OKpecTHOcTed, 06-
Pa30BaHHYIO KOMIAKTHBIMH KYCKaMH.

11.1.4. Ilycts X — mHoroo6pasue kmacca C° u A — KycOK MHOTO-
obpasus X. Ilycrb, nanee, a € 04, ve€ 7, (X), ¢= (U, ¢, E) —
xapTa Ha X, npucrnocoGnennast k A B a (11.1.2), u b = ;" (v) — sne-
menrt u3 E, ortevaromuit v (5.5.1). PaccmorpuM B E 3aMkHyTOE mony-
npocrpascteo S,, B koropoMm ¢ (A [} U) orxpuito (11.1.2). Tosopsar,
. UTO v ecTb exodauyuti (COOTB. ¢mpoco 6x00awjuil, COOTB. 6ulx00auull,
COOTB. ¢mpoeco sulxo0auutl) eexmop ans A B a, eciu b npuHapIeXuT S,

(cootB. S, —S,, -—S,); .3T0 yC/JOBHE HE 3aBHCHT OT BbIOOpa IpHCIO-

cobnennoit KapTsl ¢. Yepes T3 (A) (coots. T3 (A)) o6o3nauaercs MHO-
JKECTBO BBIXOMSIIIKX (COOTB. BXOASAIIMX) BekTopoB u3 T, (X) /s Kyc-
ka A. Oro 3amxuyTele mosnynpoctpancrsa B T, (X), xpa#l KOTOpbIX
cozepxut 0. Hmeem

T,04) = TF (4) N Tx (A).

11.2. dopruyra Cmorca 048 KYCKO8

B srom nyuxre yepe3 X ofo3Hauaercsy oTAENMMOE YHCTOE KOHEYHO-
MepHoe MiorooGpasue pasMepHocTH n  Kiacca C™ (r > 2). Uepes A
o603Hayaercst KycoK MHoroo6pasust X # yepes3 { — KaHOHHYECKAs! HHb-

ekuus kpast 04 B X. Uepe3 E oGosnauaercst HeKoTopoe 6aHaxoBO MPo-
CTPaHCTBO. ’
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11.2.1. Mycts x € dA u § — opuentauus npocrpaucrea 7, (04);

uepes i, (§) obosmauaercs opuenranusi npocrpancrea T, (X), coxep-
)Kalasi sJeMeHThl Buja U /\ u, TAe ¥ — CTPOTO BLIXOASIUHH BEKTOp

n—1
aast A B x (11.1.4), a u — uenyneso#t anement us A T, (0A), npunag-
aexauiropuenrtamuu & Orobpaxenue i, ecTb 6uexunn usz Or (T, (04))
na Or (T, (X)) COBOKyHHOCTb 0TOGp aXKeHH i z npu x €.0A ompeze-

asier MODOH3M i 04 - X, KOTOpBIfi SIBJISIETC opuenmayuet: Mopdu3aMa
i (10.2.5). Ecnu ¢ — opuenrauuns MuorooGpasus X, FOBOPSIT, UTO OPH-

entauus Kpas 04, KOTOpast aCCONUHPOBaHA C & nocpencteom i (10.2.5),
onpedereHa opuenmaqueu E.

Hpumep. Ecin X ="R", & — ofblunas opweHTalysi NPOCTPaHCTBA
R" u A — samMkuyTeii wap pamuyca >0, To opuentauusi chepnt 04,

onpeAc/eHHast OpHeHTaHHCﬁ E, eCThb KaHOHHYeCKast opuelitalus
(10.2.8, b)).

11.2.2, Tlyetb ® — ckpyuenHas audppepenuuanbHas ¢opMa cTeneny
p ua X co sunauenusmu B E (10.4.1); o6patunii o6pas i* (w) $opMul
® OTHOCHTE/IBHO OpHeHTHpoOBaHHOro mopgusma i: 04 — X ofo3Hauaer-
cst uepes o | 0A u uasbiBaercst popmotl, uHOYYUPOBAHHOL POpMOL ®
Ha 0A (cm. 10.4.3).

11.2.3. CnenaeM ofiHO M3 CHeAyWOUMX ABYX TPEANOJOMKEHHH!

(i) ® ectb ckpyuenHas muddpepennuasbHas gopma crenenu 7 — 1
Ha X co sHauenusmu B E;

(ii) X opuentupoBano, 0A HajeneH COOTBETCTBYIOIIEH OpHeHTalHel
(11.2.1) 1 ® ectp auddepennuanbuas dopma crenenu n— 1 Ha X co
3HaueHUsIMH B £,

IMpeanonokuM JOTMONHUTENLHO, YTO  TNpUHAIIEXUT kaaccy C1
H uTO TepeceyeHue Kycka A c Hocutesem (opMbl @ KoMmakTHo. BHelu-
uui guddepentuan do dopmsl o HemnpepsiseH (8.3.5 u 10.3.4). Xapak-
TepucTHYecKasi (GyHKUHST MHOkKecTBa A CYIUECTBEHHO MHTerpHpycMa
0 BeKTOPlION Mepe, omnpefenennoi ¢opmoi do Ha X, n AuddepeHnu-
anbuasi gopma o |0A crenenu n — 1 na 0A unrerpupyema (10.4.3 u
10.4.4). Torma

Sdm = S‘ o (popmyara Cmoxkca).
A o4

11.2.4. Tlyets o — cxpyuenHas audoepenunanbHas ¢opma creneHy
n Ha X co 3HaueHusiMu B E C KOMIakTHBIM HOCHTeJeM M kiacca CP,
st toro, yToObl CylecTBoBajda CKpyueHHast Auddepenianbias gopma
o creneny n — | na X co 3HaueHusiMH B E C KOMIAKTHBIM HOCHTE/IEM
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u kaacca C!, takas, uto o0 = dw, He06X0AUMO, UTOOH! Sa = (); ecau
X

X CBfI3HO, 3TO yC/IOBHE ABAAECTCA JAOCTATOYHBIM; €CJIH K TOMY XKe O

NpHHAATEKHT KJaccy ct (k< r— 1, k5= 0), MoxHO BbIGpaTh HopMy
o knacca CF,

11.2.5. Tlpegnonoxum, uro X — BeliecTBEHHOE MHOrooGpasue, Jne-
xamee nuxe C, uto E — KOMIIeKCHOe GaHAXOBO MPOCTPAHCTBO H 4TO
A — xomnarxmmuoeii xycok muoroo6pasusa X. Hagenum X opuenraunefs,
joripeiesiieMofi ero KommaekcHol crpyktypoit (10.2.7). Tlyetb [ — ne-
npepuisroe orobpaxenne u3 A B E, orpaHnueHse KOTOPOro Ha BHYTpeH-
'Hocth A Kycka A ronomopduo. OGo3nauiM uepes dz audpepeHumnan
uubekuun 2: 04 — C. Qopma [ . dz, npoussenenune f u dz, ectb aug-
¢epenunansias popma crenenu 1 Ha A co 3HauenusmMu B E kanacca C° u

S f.dz=0 (opmyara Kowst).
o4

Ecnu f npononxkaercst 10 ronoMopdHoro orobp axeHus, Taxxe 000-
3HauaeMoro uepes f, HeKOTOpoH OTKpBITOfl ORpecTHoctn U Kycka A
co snauennamu B E, To nuddepenunanvrasn gop™a f. dz (rae z o3uaua-
€T Ha 3TOT pa3 KAHOHHYECKYI0 HHbeKIHI0 MHOXecTBa U B C) mpuHag-

nexut knaccy C° na U, W ee BHEWNHE AuddepeHuuan papen HyJio.

11.2.6. (I1poussodnas om unmeepasa.) TlpenmnonoxumM, uto X OpUEHTH-
posaHo. Ilycts ¥ — MuorooGpasue knacca C" u @ — auddepenuualip-
Hag ¢opma cremenn n Ha Y co 3HaveunsMu B E Kmacca C' u ¢ kom-
nakTHHIM nocuteneMm. Ilyete I — orxkpsitoe moaMHOKectso B R, co-
nepxamee 0, u g [ X X — Y — mopduam rnacca C'; mns £ € [
o6o3HaunM uepes g; orobpaxenue x ~» g (f, x) u3 X B Y. O6o3nauum
yepes mopousm u3 X B T (Y), onpenenennsisi dopmynoir ¢ (x) =
= Tox(g) (1, 0); 310 noduamue mopduava g, (8.6.5). [Tpexnonoxkum, uro
orpanuuenne npoekuuu pri: I X A -»> | Ha mepeceueHne MHOXKECTBA
I X A c HocutesieM GpopMBl g* () sBNsieTCss cOOCmBeHHoIM OTOOP 2K eHH-
eM (O6w. mon., 1968, ra. 1, § 10). Ona Bcaroro ¢ € I nepeceuyenie

*
MuoxkectBa A ¢ HocuTeneM QopMbl g; () TOTAa KOMITAKTHO; OTOOp axeHue
t > Sg; (@) npunagaexut knaccy C!' ma [, W ero mpoussogHas B
A A

HyJe sagaercs (QopMyJaoH
— <§g7(a)) —(op.a=(imaat imwye,

t=0 24 4 94
cp.cn’ 8.6.



152 - HOPMYJIA CTOKCA § 1

11.3. ®opmuysra Cmokca 048 A0KAAGHO NOAUIOPANbHELY
MHONCECmE )

B asroM nyHkTe X O3HauaeT YHCTOE BeuiecTBEHHOE MHOT000pasue
pasmeprocTn n kaacca C (r 2> 2); OHO Npeanmonaraercs OTACTHMBIM.

11.3.1. Ilycth A — NMOAMHOXKECTBO KOHEYHOMEPHOTO BEIECTBEHHOTO |

BEKTOPHOTO TpocTpaHcTsa. [oBopsar, uto A noausdpasvro, eciy OHO
€CTh KOHEYHOE OOBEAMHEHHEe KOHEUHbIX MepeceyeHuii 3aMKHYTHIX MOJy-
MpOCTPaHCTB.

[Moamuoxkectso A B X HA3BIBAETCH JAOKAABHO NOAUIOPANBHOIM,
ecnn Ans Beskoro x € X cymecTBytoT kapra ¢ = (U, @, E) uHa X
B X U ToNu3ApanbHoe noaMHOXKecTBo A, B E, Takue, uto ¢ (A (| U) =
= @ (U) | A.. Kycok wmHOroob6pasus X eCTb JIOKalbHO MOMH3A-
panbHOe NOAMIOKECTBO.

11.3.2. Tlycrb, A — 3aMKHyTO® MOAMHOXKECTBO B X, M TyCTb
Fr (A) = A — A —ero rpaunna. Touka x € Fr (A) uasviBaercs
pe2yAsapHoll, €Ci CYIeCTBYET Takasi OTKpbTash OokpecTHocts U, uro
A ) U ectb Kycok MuorooGpasus U (B 3ToM caydyae X NPHHALIEKHT
kpato kycka A () U). Uepes 04 o6o3nauaercs MHOMKECTBO peryJsp-
HBIX Touek B Fr (A); 0110 Ha3bIBACTCS peayaapHoim Kpaem (WIH TMPOCTO
kpaem) MuoxkectBa A. MuoxkectBo A’ = A |J 0A ecTb KyCOK MHOTO-
obpasus X, u kpail ero ectb 0A.

11.3.3.* ITpumep. Iycts J — NOKANBHO KOHEUHOE CEMEHCTBO U MepTo-
BepxHocTell adxpHHHOrO BemecTBEHHOTo MpocTpaHcTBa E KoHeuHo# pas-
MepHoctd n u C — kamepa B E ortnocutensuo F (I'p. u aze. Ju,
ra. V, §1,n°3), 3ameikaune C kamepbt G eCTh JIOKANBHO TOJH3AP ATHHOE
MOAMHOXKECTBO MHoOroo6pasus E; peryasipublii kpail MuoxkectBa C
ecTb obbeuneHne epanet kamepsl C (loc. cit., n° 4). B yactiocTy, ecu

C ects omkpoumoiti cumnaexc (loc. cit., n° 6) ¢ BepuMIaMU g, ..., Ay,
T0 Kpail MHOxecTBa C ecTh obbepunenne muoxects Cyy (0 < [ < n),
rae Cyy — OTKPBITHIl CUMAJIEKC C BEPIIHHAME Qg, -»vy Qieely Qils ooy Oy

B abbHHHOM TPOCTPAHCTBE, NMOPOKACHHOM 3TUMH BEpHIMHAMH. ,

11.3.4. Tlycte A — JOKaNbHO TOMK3APANLHOE TOAMHOKECTBO B X
H ® — CKpyueHHas aubdepennunansias ¢opma cremennd n — 1 na X
CO 3HaueHUAMM B 0aHaXOBOM MpocTpaHCcTBe E; mpeanomoxuM, uto ¢op-
Ma @ TPHHAMIEKUT Kaaccy C' W uTo mepeceyeHue ee Hocurens ¢ A

1) Yyrartens, uuTepecywomuiics Gonee oOIMME CAyYasMi, MOKET OODaTHTbCA K

mgigre X. Yurnuu, Teomempuueckas meopus unmeepuposanus, ra. 111, §18, W, M.,
1960.

1S
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komnaxmup. Torga xapakrepucrnueckasi QyHKIUs MHOKecTBa A (co-
orB. A’, A) CyILLeCTBEIHO MHTErpHpyeMa OTHOCHTENLHO BEKTOPHOH Me-
pBl, onpenenenHol Gopmoll do Ha X, U

i §dm=§’dm=%dm. '

5ﬂuq)¢epeﬂuﬁanbnaﬂ dopMa ®|JA (OTHOCHTENBHO KAaHOHMUYECKOH OpH-
eHTAlMH KAHOHWUECKOH WHDBEKUUH ToaMmHoroobpasust 0A, paccMartpu-
BaeMoro Kak kpaii kycka A’, B X) uHrerpupyema B 0A u

Sdm =§ o (qbopmﬁa Cmoxkca).
a

A -

Ecan X wajeneno opuexmayued W €CNH HAJENHUTL COOTBETCTBYIO-
weit opuentaunesr 04 (11.2.1), To 3ra ¢opMyna CnpaBeniuBa TaKiKe,
e © — obbluHas AuddepennnanbHas Gopma cTenend n — 1 co 3Ha-
yeHusimu B E kiacca C! u Takas, yto A ()] Supp @ KOMIaKTHO.

11.4. Omnocumeansnasn gpopryra Cmoxca (unmezpuposarue
800406 ca0e8)

B strom nyukre uepes X u S o6o3naualorcs ABa (BeleCTBEHHbIX) MHO-
roobpasusi knacca C' u wuepes m: X — S —'cybmepcus. YUepes n
o603HayaeTcst Hesoe YHCIO0, U MBI IPEANoaaraeM, 4To Asl BCAKOTO § €8

cnoit X, = n”' (s) oToBpaxenus ;B S (SBMSIOMWMACT TOAMHOrO06pa-
sueM B X (5.10.5)) ectb 4ucmoe nommHorooOGpasue pasmepHocmu n.

11.4.1. Tlycte E 1 H — pBa BEKTOpPHBIX HpocTpaicrsa, U nycrb F —
BEKTOp10¢ MOANPOCTpaHCTBO B [ KoHeuHO# pasmepHoctH n. [lycTb p —
nenoe uueno >0, u — HekoTopoe (n -+ p)-nMHEHOE 3HaKoIepe-

MeH10e oToOpaXkeHue M3 H'" 5 Eu ty ..., t, — 3nementsl u3 H/F;
nyctb 4, ..., fp — NPEACTABUTENN 3/EMEHTOB 4y, ..., t, B H. Orobpa-
KEeHHe

(X1, couy XD u(ly, cuuy Iy Xy ooy X)

ecTb n-uHefinoe sHakonepemenHoe otobpaxenue us F' B E, kotopoe
3aBHCUT JIMWb OT & W OT 3AEMEHTOB ¢;; OHO o0o3HauaeTcss uepes

UL (¢, ..., t,) (em. Alg., chap. III, p. 158'), aas uacrHoro ciyuas
E = K). Orobpaxenue

(T tp)"’ul_(tp veey Bp)
p-THHEAHO N 3HAKOMEpeMeHHO,

1) Cm. Takxe Aze., v 11, § 8, n° 4.— [Tpum. nepes.
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11.4.2, (n-kpyuenue.) Paccum‘pum BEKTOPHOE pacc/0enue (X/S)
Ka X (8.1.3); ono umeer paurn s Kam 0l Touke x 13 X. Ilonoxum RﬂE

= RT(X/S) (1031) H X“ = OI'T()(/S) (1022). Hyc’rb sE S, ¢ yue-
TOM €CTCCTBEIHOTO OTOXAecTBaeHUs paccaoerns T (X/S) | X, ¢ T (X))

(8.1.3) noayuaeM, uto ¢/0fl B s otobpaxenus m: Xg— S, spasolie-
rocsi KOMMO3HIHEH OTOOpaXKEHHs & U KAHOHHUECKOIO OTOOpaMeHus

Xy — X, ecTb )N( (10.2.4). Hasosem mn-ckpy4ernoti Ougghepenyuanrsro
d)opmou Ha X mo6ylo T (X/S) -CKpyueHHyI0 auddepeHunansuyw gopMy
(10.3.3).

11.4.3. (S-opuenmayus S-mopgusma.) Tlycte X' — muorooGpasie,
HageneHnoe cybmepcueit n': X' — S, ciou kotopoit X CyTb UnHCTBIE OJ-
MHOTo06pasus KOHe‘JHoﬁ paamepHoctu n’, U nycts @ X' — X — Ta-
KO Mopq)nam uro ' = n o ¢. HasoeM S-opuenmayueid mopduama

) Mopcpua'vx @: Xy — X, KOMMYTHP YW ¢ ZeficTBUeM Irpynmsl {1}
U Takof, UTO AuarpaMmma

)2;-5'&-' X~n :

S
KOMMyTaTHBHA. 3afaHue S-opuHeHTaluH Mop@gsMa ¢ MO3BOJSET, KaK

B 10.4.2, oTOXKIECTBHTD paccioeHusi Ry u ¢* (Ry) 1 onpenenuts obpar-
Helfl 00pa3 m-ckpyueHHOH AuddepeHunanbHoll GOPMBI OTHOCHUTENBHO
S-opueHTHPOBAHHOTO MOp(U3Ma @: OH SABSETCH U -CKpYUEHHOH Aud-
(epeHnmanbHoi popmoit Ha X'.

11:4.4. Ilyctp A — Takoii Kycok MHorooGpasusi X, uro OrpaHuueHHe
orobpaxkeHus m Ha 0A ectb cybmepcus. Ins Besikoro s € S caoft X =
= (s) ectb mogmuoroobpasue B X, Tpanceepcanbloe Kk 04, u 4 ()
(] X, ectb Kycok Muoroo6pasus X,, ofo3nauaembiii uepes A, ¢ KpaeMm
0A [} X,.

Ilycts { — xaHoHuueckas uubeknus kpas 04 B X. CymectByer

OJlHA U TONBKO OJHA Takas S-opueHTanus i Moppusma i, 4To AN BCd-
Koro s € S orpaHuuenue Mopdusma i ua Houwr{orooépaaue (A~

(koTOpOE OTOXKIECTB/ISIETCA CO CJOeM B § CcyOMepcuu aAmaA - §)
€CTb OpHEHTAlMsl KAHOHMUECKON MHBEKUMH TOAMHOroobpasusi 0A; B
X,, ompenenennas B 11.2.1. Ecnn o ectb m-CKpyuennas uuqxbepenuu-
anbnast opMa Ha X, To oBpaTHbiil 06pa3 GopMbl @ OTHOCHTENBHO TaK
OpHEHTHPOBAHHOTO Mopdu3Ma { oBo3anauaercs uepes @ | dA (cp. ¢ 11.2.2).

11.4.5. (Brympennee npoussederue.) Ilycts p — uenoe yucao > 0 u
® — HeKOTOpas fN-CKpyueHHas JAuddepeHuHanpHasg ¢opMa CTernelH
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n -+ p ua X co 3HayeHHsIMH B BEKTOpHOM paccioenun E u ¢ Gasoft X.
IMycte s€ S ux € X; Torna o (x) = & Q@ u, rae § — opueHrauus
npocrpanctBa T, (X)) = T (X/S),, oToxpaecTBAsieMass C 3/71€MEHTOM

u3 (Rx), = (ﬁn),, (10.3.2), u rme u ectb (n -} p)-nuHEfiHOE 3HaKoMNe-

pemennoe orobpaxenne u3 T, (X) B E,. [Iycms 4, ..., {, — Kaca-
TeNMbHble BeKTopa K S B 8. [Tosoxkum

0 =EQEL Uy ... 1) € Rx), @ A" (T (X); E),")

(cm. 11.4.1), DM onpenensieTca ckpyuennas Auddeperunanpuas ¢op-
Ma 0: x +» 0 (x) cremenu n Ha X, co 3naueHusamu B E | X,. Ee o6o3na-
yator uepe3 ® | (fy, ..., 1), '

B uactHocTH, mycTh M — BEKTOpHOE pacC/loeHHEe Kiaacca c!
¢ 6asoit S, u momoxkum E = m* (M). Paccnoenue E | X, ecrecTBeHHO
OTOXKJECTBJISIETCS C TPUBHANBHBIM paccioeHueM ¢ Gasoft X, ompeneneH-
HblM 0aHaxoBBIM mpocTpancTBoM M,, u dopma o | (¢4, ..., ¢,) oTO-
HJAECTBASETCSH CO CKpyueHHOH AHddepeHunanbuoii dopmofi na X, co
3HaueHusMH B M,.

11.4.6. Coxpanum npeppiaymiue obo3Hauenuss (B uwacTHoctH, E =
= n* (M)) 1 IIpeANOJIOKUM AOTOMHUTENbHO, 4TO X omleiumo W 4TO
o Henpepoisra. [lycth A — Tako#i Kycok MHorooOpasus X, uro
orpannuerne otobpaxenus 5 Ha 0A sBAsieTcs cybMepcuedl u orpaHuueHne
oToGpaxeHus i Ha mepeceueHue kycka A ¢ Hocutenem GopMb ® C06-
crBeHHo. s € SuaneMeHToB &y, ..., {p, u3 T (S) popMa w |_ (¢4, ...
wer 1p) (11.4.5) ectb ckpyuenuas auddepeHunanpHas ¢opma CTEneHH
n Ha X,, HempepblBHAS W CO 3HAUYCHHSIMH B 0aHAXOBOM MPOCTPAHCTBE
M, u ee HocuTenb mepecekaercs ¢ A, MO KOMMAKTHOMy MHOXKECTBY.
CyuiecTByer ofiHa u TOJBKO OJHA Takas audpepeHnuanbuast Qopma o
CTENEeHH p Ha S €O 3HAYEHHSIMH B BEKTOPHOM paccjoenun M, uto

a@¢b~”1»=§wL«nn.Jﬂ

KaKoBBI Obl HE ObIIU S € S U &, ..., & B T (S). Popma o obo3Hauaer-

csl yepes g o (11u mpocTo uepes |\ o, ecin A = X); roBopsT, yTO
njA 1 ’
OHa TIOJIyYaeTCst B PE3yabTaTe UHmeepuposanus gopmer o no A sedoas

caoes omobparxerus n. Ecmn @ npunamiexut Kiaaccy Cc* OKEkL

g r—1, k€ o), TakoBa xe U ¢opma ®.
| A

Ecnn o — dopma cremenu << 1, yCIOBHMCS, 4TO S o = 0.
ny A

1) Dra sanuce HekoppekTna. Crenyet samennts Alt" (T (X ); E), na Alt™ (T (X,);
E | X)x-— Hpun. nepes.
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11.4.7. CoxpanuM TpemblAyUIHe . TMPEANONOKEHHs M  06o3Haue-
HU A,

a) Jlast BCAKOH HempephlBHOH CKansfpHOi fuddepeHurnansuoi dop-

Mel B Ha S uMeeM
[ @B Ao=BA [ o

nlA ni4

b) ITycts n — HempepbiBHO® BeKTOpHOe mosie HAa X W { — uempe-
PBIBHO® BEKTOpDHOE MOJE Ha S, TakHe, uTo v  m-cBsidaHO ¢ { (8.2.6).
Torpa

i@ o= ime.
nl 4 T A
¢) [lpennonoxum JONOMHUTENBHO, UTO ¥, { M @ NpHHAAIEKAT KJac-
cy C', uto q (x) € T, (OA) pns Besikoro x € A u uro M ecTh TpHBHU-
anbHOE paccrioenue, OmpeseneHHoe GaHaxoBbM mpoctpancteoM E. Torna

I3

(cM. 8.4.2 1 10.3.4). :
d) Ecnin o umeer crenewb n 4 p u npuHapiexuT kaaccy CY, To

d(S m)z S do 4 (— P S o |0A.
nl A4 alA T mlea

e) [Ipeanonoxum, uto S cBoguTcs K omuoél Touke. Torga m-ckpy-
ueHHble PopMbl Ha X CyTh OOBIuHBIE CKpyueHHble opmbl (10.4.1), Ecau

® UMEeT CTeneHb 7, To dopma o creneny 0 Ha S eCTb KOHCTaHTa
nl A

fo(10.43),
A

11.4.8. Tlyete n": S — 8" — Takas cybmepcus, yto ciou oTobpaxe-
HUA 7' CyThb YMCTHie MOAMHOrOOGpasKsi KOHEUHOM pasMeplocTH n'.
[Tonoxkum " = n' o m; 310 — cybMepcust u3 X Ha S’, /oM KOTOPOH
CyThb YHCTBIE MOAMHOrooGpasusi pasMepHoCTH m = n -+ n',

flyete x € X. IMocnenoBaTenbHOCT

0T (X/S), 2o T (X/S"), 2220 T (818" )y — 0

touna. CyllecTByeT OfMH M TOJNBKO OJMH TaKOi H30MOPODH3M j BEKTOp-

HOro paccioenuss Ry @ n* (Ry) Ha Ry, uro, ecam § (cooTB. M)
ecTb oOpHeHTanus mnpocrpanctea T (X/S), (cooTB. mpocTpaHCTBa
(*T (S/S")),, oroxpecrsisemoro ¢ T (S/S)nw), T jEQ M) = ng-
(rie mpousBeeHKE OTIPENENEHO TIPEABIAYLIEH TOUHON MOCTEN0BATENLHOC
toio (10.2.1)).

[Tycts M’ — BekTOpHOE paccioenne ¢ Gasolt S’y momoxum M =
=qa'*M) n E=a*M)=na"*M). Ewum o — HekoTOpas
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at”-ckpyueHHas auddepennnanbHas gopMa Ha X co sHaueHusiMu B E, TO
H30MOp(H3M | MO3BOJSIET OTOXKACCTBUTL €€ C T-CKpyYeHHOH ¢opMoi

co sHaueHusmMu B n* (Ry) @ E, unH, yTO TO XKe caMoe, CO 3HAUEHH IMH
B n* Ry @ M).

[Tycts nomonnurenpHo A — TakoH Kycok Muoroobpasus X, yro
| 0A: 0A - S ectb cyOmepcus; Torfa cyOMepcHedl sIBAsieTCS TaKKe
n”|0A: 0A — S’. Ilpennonokum, KpoMe TOTO, UTO © HenpepuisHad U
uTo orpanuuecHue oTobpaxenus n” Ha A () Supp @ cobcmserno; TakoBO
XKe Torga ¥ orpanuuende orobpaxkenus ® Ha A (] Supp ®. MoxHo

paccMmarpuBaTh, ¢ OZHOH CTOPOHBI, AuddepeHLUHanbHYW GopMy S ®
wia
Ha S’, KoTopas mpuHAMaeT 3HayeHusi B M', a ¢ apyrofi cropoHsl, nudipe-
peHIManbHyl0 dopmy S ® Ha S, KoTopas gBAsieTCs QOPMOH CO 3Ha-
. njA
yenusiMi B Ry @ M, a Takxke nt'-ckpyueHHolt ¢opMoii CO 3HAUEHH IMH
BM = n'* (M’). Bonee toro, n (A) ecTb OTKpBITOE NMOAMHOTOOGpa3He

B S, norpannuenneorobpaxenus n’ Ha n (A) () Supp S ® cobCcTBeH-
n|Aa

Ho. [ludpdepenunanphas popma S S ® ompejeneHa; 310 pudie-
, minayn| A ,
peHnuanbias gopma Ha S’ co snauenusmu B M’. Toraa

o= [ [ o
won| A w4y A

a{ o

won RN

Eciu A = X, 10



§ 12. Crpyn

B stom naparpape X u Y o3nauaorT gBa MHoroo6pasus kmacca C,
rner € Nk, u k — takoe nenoe uneno, yto 0 < kb K r.

Haunnas c n° 12.3, npexnonaraercs, 4To:

n160 K nMeeT XapakTepUCTHKY HYJb;

nubo Bce paccmarpuBaeMble Muoroo0pasus, OaHaxoBbl MpOCTpaH-
CTBAa U BEKTOPHBIC PACCTOCHHS JIOKATbIO KOHCUHOMEpHbL.

12.1. Cmpyu omolOpasicenuii

12.1.1. Tlyetb x € X u f, g— nBa mneripepbiBubx OTOOpaenus,
ONpefc/IeHHBIX B HEKOTOPOH OKPECTHOCTH TOUKH X M NPHHUMAIOWKX 3HA-
ueHus B Y. ToBopsar, uTo f ¥ g MMEGIOT B X KOHmaxkm nopsadka > k,
ecnu f (x) = g (x) u cywecrByloT Takue Kapthl (U, ¢, E) na X B x u
(V,y, Fyua Y B (x), uro otoBpakenus o fo cp"' uyogo g
ompeesenHble B HEKOTOPOH OKPECTHOCTH TOUKH @ (x) B E u npuanmaro-
mue suaueHuss B F, HMeOT B @ (¥) KOHTAKT Topsagka >k (1.1.2),
10 ye/IoBie BBIMOJHEHO TOTAA /s BCeX KapT Ha X B x M Ha Y B f (x).

12.1.2. Tlyerp x € X, y € Y. B wmHOXecTBe orofpakeHHil Kjacca

C’, onpefeneHHbIX B OKPECTHQCTH TOUKH X, NPUHHMAIOMUX 3HAUEHUS B
Y u nmepeBoistuiux ¥ B y, OTHOWIEHHE «f H g UMEIOT KOHTAKT NOP IAKA 2> k»
€CTh OTHOLIEHHE SKBHBAJNEHTHOCTH; K/acC OTOOpaKeHus f OTHOCHTeNb-

HO Hero o0o3HauaeTcs uepes j’j (/) v HasbiBaeTcsi cmpyeli nopadka k
orobpaxenus f ¢ Havarom x u konyos y. Hauano crpyn j oBosnavaer-
cs yepes § (j), U ee KoHell — uepes b (f).

MtuokecTBO CTpyit nopsiika 2 u3 X B Y (COOTB. ¢ HawaloM X, COOTB.

C KOHUOM y) o0o3HayaeTcs yepes J¥ (X, Y) (coots. Ji (X, Y), coots.
J* (X, Y),), u nonaraem

X, V), =J8X, V)0 JHX, V),

12.1.3. Ecng U u V — oTKpBITBIE MTOAMHOXKECTBA B X 1 Y COOTBETCTBEH-

k
Ho, To J° (U, -V) oueBniHBIM 0Opa30M OTOKAECTRAETCS ¢ Mpoobpasom
noaMHoxkectBa U X V npu otoBpakeHuu

(s, b): J'(X, V)X x Y,
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12.1.4, ITycte Z — muorooGpasue kiacca C'u (x,y,2) € X X Y X
X Z. Tlyets [ € JE (X, Y), uje¢ Ji (Y, Z),. Orobpamenns [ °f,
rie f € juf € j', uMeioT OfHY U Ty XKe CTpyio MopsaKa k B x; 3Ta CTpys
Na3biBaeTCs Komnosuyuell crpyﬁ ju j m obosmauaercss uepes j' o j;
uMeeM § (j e j) =8 (]) Hb (G oj)=0>b() Ecmm T — muoroobpa-
ane xnacca C u j" € Ji (Z, T), 10

fe(i'e)=("°f)e°j.

12.1.5. Tyets j.€ J5 (X, Y) rie x € X, u k' — rakoe uenoe 4YHCIO,
yro 0 < &' < k. Crpyn ],, (f) nns Bcex f € j ofUHAKOBBI; ONpene/eH-
Hast TAKUM crnoco6oM CTpys o6o3HauaeTcs uepes 7~ (f); orobpaxenue
A IR (X, V) > J¥ (X, Y) ClopbeKTHBHO.

12.1.6. IMpexnosioxuM, 4To r paBHO oo wJIH . [Tycrs f u ¢ — aBa o106~

paxenns kjacca G, ONpeNeNEHHbIX B OKDPECTHOCTH TOYKH X € X u
npunuMaomux 3uauenuss B Y, Ecan fi (f) = jx (g) Ans Besikoro ue-
Joro m > 0, roBopsIT, UTG [ U g UMEIOT KoHmakm GeckoHeuH020 nopadka
B x. [Tonysaem rtakuM 06pasoM OTHOIIEHHE 3KBHBAAEHTHOCTH, KJIacChl
KOTOPOTrO Ha3bIBATCS cmpyamu beCKoHedH020 nopadka B x; CTpys Oece
KOHEUHOTO Nop K a oToBpaxenns f o6o3nauaercs uepes jy () und j5% (f).
[Tpenbinymue onpepeneHuss U pesynbTaThl 0e3 H3MEHEHHH pacmpo-
CTpaHsOTCS Ha CTPyH OCCKOHQUHOrO MOpSIAKA.

12.2. Cmpyu omobpadcenuli 6AHAX086IX RPOCMPAHCIE

B stom nyukre E u F ofo3navator GanaxoBbl npocTpancTsa. Ecnu
m — uenoe uucno >0, TO uepes P,, (E; F) obosnauactcs 6anaxoBo
TPOCTPAHCTBO OOHOPOOHbIX HENPEPLIBHLIX MHO2044erH08 cmeneny m Ha E
€O 3HaueHUsIMH B F (mpunoxenue A.2).

12.2.1, Tlyets U — otxpriToe noamuoxectso B E, f: U — F — 0106-

paxenue kracca C" u a € U. Cymectsyer OAHI H TONBKO ORHH HeTpe-
PBIBHEIl MHOFOWIEH

F=tfo+ oo +fo (v2e [ € Po(E; F)),

KOTOpbI# HMEET CTenenb <R U Ty ke CTPyo Topsiaka R B HyJse, 4TO U
x [ (x—a). Ectn 0 < m < k, To m-7 xoMnonenra f, MHOrousneHa
f oGosnauaerca uepes A™f (a) unu A7 (f). Ecmu r = o, 370 0603Haue-
I11e copmajnaer ¢ o003HaUEHHEM B 3.2.1 H 4.2.1; ecin r < o0, TO

m1A"f(a) (h) = D"f (a) (b, ..., h)=D"f(a). A"
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OToGpameHne f»—»f ompefensicT MpH mnepexole K Qaktopam Ou-
exumio u3 Ji (E, Fyua Il P_ (E; F), c momompto KoTOpoii 3TH ABa
osmsk

IPOCTPAHCTBA OTOXKJECTB/AAIOTCSA; B YACTHOCTH, JE (E, F) unapensercs:
o . kR
cTpykTypoit GanaxoBa npocrpancra Hag K. Ecam € Jq (E, F),

yepes Ag (j) 0603HauaeTCs M- KOMINOHEHTA CTPYH j; TOTAA

Az () € Pp(E; Fy mpn 0 < m <k Aalj) = b (j) € F.

12.2.2. Ilycte U (cootB. V) — 0TKpBITOE MOAMIOXKECTBO B E (coots. F).

OGo3naunM uepes Q" (E, F) 6anaxoBO mNpOCTPaHCTBO, ABSAIOLIEECS
TPOH3BECHHEM NPOCTPaHCTB Py, (E; F) nnst 1 < m < k. Otobpaxenue

jre(s (), b)), Asipy (), vy By (7))
ectb Guekuns uz J*(U, V) na U X V >< Qk (E, F), ¢ nomommo KO-
TOpOH 3TH ABA MIIO}KeCTBa oToxxecTBAsIoTCs. B wacriocry, Jo (E, F),
oroxaectaasiercs ¢ Q° (E, F).

12.3. Muoeoobpasusn cmpyi

12.3.1. Tlyets ¢ = (U, @, E) u ¢’ = (V,§, F) —gapteinaXu Y coor-
BercTBeHHO., OtoOpaxeHdss @ M P ONpeAeNsIOT IOCPEACTBOM MEPEHOCa

CTpYKTypHt Guexuuio s u3 J* (U, V) ua

W) $W) =) x v (V) x Q(E; F);
em. 12.2.2. Ecau nonoxuts W = J* (U, V)u G = E X F X Q" (E, F),
To Tpofixa (W, m, G) Oyger KapTOH Ha J* (X, Y). ITonyueHnsie
TaKHM TyTeM KapTo obpasylor C'"-ammac, M STOT amIac Hajensier
J5(X, Y) empykmypoil K-muoeoobpasus kaacea kY,
ECJIH (, Y)€X X Y, mHokecTBa Jf (X, v, J* X, Y),
n Jk (X, Y), cyTs 3aMKHyTble NOAMHOrooGpasust B J* (X, Y).

12.3.2, Eciu X v Y cyTb uncrble (COOTB. KOIEUHOMEpHbIE, COOTB.

OTZENHMbIE, COOTB. CBSI3HEIE) MHOr00OBPAsHsi, TO TaKOBO ke U J* (X, Y).
Ecnu U (coots, V) orkpeiro B X (coots. B Y), 1o J* (U, V) ectb

oTKpHITOE IoAMHOT00Gpasue B J* (X, Y); em. 12.1.3. o

12.3.3. Oropaxcenus s: FX V)X, 8:J0" (X, V)Y u

(s, b): J*(X, Y)> X X Y cym paccioenus (6.1.1) wmacca C™%
Ecnu k£ = 0, 10 (8, b) ecTb usomopusam.

1) Ecntu k = r (uto BoamMoxHo suuib npu K = R), J* (X, Y) nageneuo cTpyKTYypo#t
monoaoeuieck020 MHo2o000pasua (CM. mpuMeuaHue B Havasle § 6), B paccmaTpuUBaeMue
{HKe MOPGhH3MEL H PACCIOEHHS JONKHEL MOHKEMATBES B UHCTO TONOJOTHUECKOM CMBIC/Ie
(cM. npumeuatiue B Havane § 6).
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2.3. 4 OGosnauum usepes Tx u Ty BekTopHble paccaoenus pri T (X)

1pro T (Y) Ha X X Y, u nycts £ (Tx; Ty) — paccioeHre roMoMop-
pusmoB u3 Tx B Ty (7.7.3); ecan (v, y) € X XY, 10

L(Tx; Ty = %(T X} Ty (¥)).
Tyers j € J5(X, V), B> 1, u nycte f € j. Kacarenbnoe orto-
ipakeHne K f B x = § (j) 3aBUCHT TONBKO OT j; OHO 0603HAYACTCH YEPes

[ (j); 310 anement us & (T, (X); T, (Y)), tney = b (]) Ecin k= 1,
'0 OIIpe/C/ICHHOE TAKHM NyTeM OToGpaerHe

T:JU(X, Y)>% (Tx; Ty)

beTb H30MOpGH3M MHOTOOGpa3Kit K1acca C'F,

HOna X = K 310T M30MOP(U3M OTOKIECTBIAET Iy (K, Y)Y c T(Y);
ana Y = K onoroxpaecrsaser J! (X, K), ¢ AyanbHbiM K T (X) paccno-
envem T’ (X).

12.3.5. IMyets &' — Takoe uenoe uncao, uro 0 < £ < k. Oto6p axxenne
IR X, VY- I¥ (X, Y) (em. 12.1.5.)
ecTh pacciloeHue Knacca C

12.3.6. ITycts Z — Muoroo6pasue kiacca C' u T — MHOXECTBO TaKuX
nap

(o 1Y EIX, Y) x IV, Z),
UTO b () = s (j'). Torma T ectb nonMHomoGpaaue B J* (X, Y) X
x J* (Y Z), n orobpaxenue (j, j') == j' o j ectb MOppusM kaacca C' —*
us T J" (X, Z).

12. 3 7.Eamm 1 X — Y — mop¢u3aMm Knacca C', TO oToOpaKeHue x -+
> jx (f) ectb Mopcuam [ (f) knacca € us X B J* (X, Y).

12.3.8. [Myctb £’ 1 k" — monoxuTenbHbiE HeMbLIE UMeIa, CYMMa KOTOPBIX
paBna k. Ilyctb x € X, U — oTKpHITAn OKPECTHOCTb TOYKH X € X

uf U—>Y —vopdpusm kaacca C”, OroGpaxenue
x»,’i’ ¢): U—~J¥ (X, V)

npuﬂajmex(m knaccy C", u ero CTPys B X mopsjka k" 3aBUCHT TOJ/b-
KO OT /x (). Takum 06pa30M noJiyyaeM KaHouHueckoe oToOpakeHue

a: 5 (X, V) > IV (X, J¥ (X, V)

—Fk
Kaacca C'"; ecin K HMeET XapaKTEPHCTHKY HyJb, 3TO NOCPYMKEHHE.

12.3.9. Iycte X', Y’ — muoroobpasus kaacca C', f: X - X' u

6 1. BypGaxu

\
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g Y > Y —wvophusvbl u (x, y) EX XY, X' =[x, y=g)
Ecnuu € Ji (X', Y')y, 1n0M102KHM

Te (f, @)y @) = iy (@) ou ° 5 ().
ITonyyaem takum cnocoGom oToGpaskeHue

JE ogr X, YY) xeX > TR X, Y),
KOTOpOe MpHHALIEKHT Kiaccy CTF,

12.3.10. ITycts A — KOMMaKTHOE HO}IMHO}KeCTBO B X. Iyets C* (X;Y)
— MHOKECTBO 0T06pa>KeHm1 xaacca C*us X B Y. Jlas BcsiKoro f €
E C'k(X Y) 0T06pa>KeH14e] ()] A npunapnexur MHO}KeCTBy G (4;
J* (X, Y)) nenpepriBHBIX oTOOpaxkenuii u3 A B J* (X, Y). dtum ca-
MbIM ompesieisieTcs otobpaxenue A us G (X; Y) B G (A; J* (X, Y)).
[Tpoo6pas oOTHOCHTENBHO A TOMOJOTHM KOMMAKTHOH CXOJAHMOCTH
Ha G(A J¥ (X, Y)) (Top. gen., chap. X, § 3, déf. 1) ects TONON0rHA

na G* (X; Y); oua HasbiBaeTCs monoaoeueti pasHoMepHoL C*-cxodu-
mocmu Ha A.

12.4. Penepot n 2nrasnble paccroerust

12.4.1. Tlyers j € X, V) u x =8 (j), y—b(]) FOBOpHT uTo |
06pamuMa ecu CyLLL(.CTByeTTaKaH cTpys ] e Ji(, X),,ut0 j oj =
~1x (Idx) n jey "= ¥ (Idy); ctpya j Toria omnpejeseHa eauH-
CTBEHHBIM 06pasoM; oila 0603HauaeTcsi uepes j_l. Ecan & = 0, Bca-

Kasi cTpys obpatuma. Ecnu & > 1, cienyiompe ycaoBUS SKBHBAJIEHT-
HBI:

a) j obpartuma;

b) orobpaxeune T (j): T, (X)—» T, (Y) (em. 12.3.4) ecth uso-
MopGu3M;

¢) cymecTByeT Takoit M30Mopdu3M g Kiaacca C OTKPBITO# OKpect-
HOCTH TOUKH X Ha OTKPHITYIO OKPECTHOCTb TOYKH Y, UTO jﬁ (g) =j.

. 12.4.2. Nycte E — GaHaxoBO npocTpaHcTBO. Yepes GL* (E) o6o3naua-
eTcs MHOXKECTBo CTpyil nopsiazka kB us E B E, KoTopbie 00paTHMBI
U uMeioT O CBOMM HAYAJI0M H KOHIIOM; 5TO MIIOXKECTBO OTKPHITO B J§ (E,
E),. Dyamyuu uajgeseno 3akOHOM KOMMO3HUHMHM CTPYH W CTPYK-
TypoHl  MHOrooGpasus, HHAYLHPOBAHIION CTPYKTYypoH MHOTOOOpasHs
GaHaxoBa MNPOCTPAHCTBA . Jt (E, E)y =@ (E, E), oHno cranoBurcs
rpynnoBbiM MHorooBpasuem kmacca C°.

Hmeem GL® (E) = {e}. I'pynna GL! (E) oto:kaecTBAsieTcs ¢ MOMO-
mpio T ¢ rpynnoit GL (E) aBromopdmsmos npoctpaHcTsa E.
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Ecau k' € k, otobpaxenne #*: GLY (E) - GLk'(E) €CTh
roMomopduaM kaacca C° W ciopbekTHBHasi cyOmepcus. Otobpaxenue
fre 1dg -+ [ ectb u30Mopdu3M rpymnmoBnx MHoroot6pasuit us P, (E,
E) Ha appo romoMmopdusMa r k=

12.4.3. [lycts E — GanaxoBo npoctpaHctBo. Has Bcsgoro x € X
HasoBeM E- penepom nopsadka k mHoroobpasua X B x BCAKUE o6paTuMbti

snemeHt B J§ (E, X),. Muoxecrso E- penepOB nopanKa k MHOrooGpasus
X ecTb OTKpHITOE MoMHOroo6pasue R* (E, X) B J§ (E, X); orpa-
HiYeHue oToGpaxenus b ecTb MOPGU3M U3 R (E, X) B X, Takxke 06o-
3HaqaeMbm yepes b; aHanoruyHo, eciu k' Lk, T0o MOpPU3M U3 R (E X)
B R¥ (E, X), apnsomuiics orpaHquHueM 0TOOpaXKeHUs ™ us
12,1.5, Tak:xke oGo3HayaeTcs yepes r*

12.4.4. ['IpennonaraeM yTo X — 4YHcTOe Muor006pa3ne tuna E (5.1.7).
Tpynna GL" (E) JeHCTBYeT cnpaBa Ha R (E, X) mo saxony (p, u)+»
> 0oy, 1 YeTBEPKa hx == (R"’ (E, X), GL"* (£), X, b) ectb e/zaeﬂoepacmoe
Hue (6.2.1) knacca € co ctpykTypHOH rpynnou GL" (E) u 6asoir X.

IycTs &' Sk H— Apo roMOMopcpuaMa P GLE (E) - GLY (E);
ueTBepKa (R (E, X), H, R* (E, X), r*) ectb rmaBuoe paccioehue
gnacca C™,

Muoroo6pasue  J* (X, Y) Haueneo CTPYKTYpPOH paccJOeHHOTo
HpOCTpaHCTBa, aCCOLlHHpOBaHHOI‘O ¢ My (6.5.1): THNOBOH cJOH ecThb
JE (E, Y), Ha xoTopoM GL* (E) [leI/ICTByET cneBa no 3aKOHY (u, j) -

-jeu ~'s penepuoe orobpaxenue R (E, X) X JE(E, V)= J* (X, Y)
npeobpasyer (©, j) B je p~!. Tlpoexuns J* (X, Y) > X, orBeuaio-
1ias 5TOH CTPyKType Pacc/ioOeHHOro NPOCTPAKCTBA, eCTh §.

12.4.5. Tlycte  F — 6aHaxOBO TNpPOCTPAHCIBO, ¢ MNpPENNONOKHM, YUTO

k
Y — uncroe muorooGpasue tuna F. Torga J° (X, Y) naneneso crpyk-
Typoi PACC/IOEHHOTO NPOCTPAHCTBA, ACCOLUHPOBAHROIO C Ay: TUIIOBO#H

ol ectb J* (X, F)q, Ha KOoTOPOM GL* (F) neiicTByerT cncBa no 3aKOHy
(v, j) = v e ji penepuoe otoGpaxkeHue ectb (0, j) +—» O ° j; npoekiHel
JF (X, Y) > Y sBnserca b.

12.4.6. Coxpanum npeanonoxeuus u3 12.4.4 u 12.4.5, u nyctb p —
INIaBHOE Pacc/oeHue

(R*(E, X) x R*(F, V), GL* (E) x GL* (F), X x Y, b X b),

SABJISIOLLeECS NPOM3BEJeHneM paccoennii Ay u Ay. Torma J® (X, Y) na-
JeJIeHO CTPYKTYpO!H pAacCI0eHHOro NPOCTPAHCTBA, aCCOLMHPOBAHHOIO

6*
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¢ ! TUMOBO c1ofi ecth J§ (E, F)y, Ha koTOpoM GL* (E) X GL" (F) neit-
CTBYyeT ceBa Mo 3akoHy ((u, v), j)~w vejeo u"l; penepHbiM OToOpa-

xelueM sBasercss ((p, 0), j) > Gojo p—l; NpoeKuu s J* (X, YY)~
— X X Y ectb (8, D).

12.5. Cmpyu cewenuii

12.5.1. Ilyets m:Y — X — cybmepeus, € X u s€ Ji (X, Y).
[oBopat, uto s ecTb empys cevenus (nopsiika k) otobparkeHUs m, eclu
S ¥MeeT BHJA ]x (f), rae f ectb ceuenue knacca C' 0TOGpaKEHHH T HAZ
OTKPBITOl OKPeCTHOCTHIO TOUKHM X; 3TO YCJIOBHE 3KBHBAJEHTHO TOMY,
YTO
o () ° s = ji (1d).

Uepes PE (It) (cooTs. Pt (m)) oGo3HaYaeTCsi MHOXKECTBO CTPYEH § € Jh (X,Y)
{cooTB. JE (X, Y)), KoTopble CyTh CTpyH ceueHHil oTobOpaxkeuus m;
370 moAMHorooBpasue Kjaacca s Jt (X, Y). Orobpaxenus

s PPy~ X u b: PPy—>Y

CyTb cyOMepcHH; €cllu T SIBJASeTCs pacClIOeHHeM, OHH ABJAIOTCA pac-
crnoennamu, Ecau kB = 0, b ecTb u30oMopdu3M, ¢ MOMOLIbIO KOTOPOTrO
P (%) otoxxnectBasercsi ¢ Y.

Ecnu k’ < &, 0T06pa>1<em1e 7 g (X, Y),—> J¥ (X, Y) oro6-
paxaer pP* (n)BP (n) oToBp aXxkeHue us P* (n) B P (m), onpenensemoe
oTo6pakeHneM * | ects pacc/ioeHHe KJaacca c*

12.5.2. Tlycts Z — MuorooGpasue kaacca C'; NpeinofioXkuM, uto Y =
=X xZ, u nyctb n = pry; Y — X. Orpaunyenne 0T06pa>xenmi
J (Idx, pry) (cM. 12.3.9) na P (n) ecTb m3omopdusM u3 P* (n) Ha

J* (X, Z), c nomowbio KOTOpOl‘O 5TH XBa MIoroo6pasus OTOXK/AECTBI -
10TCH,

12.5.3. Tlycrs ¥’ — mMHOrooGpaske kiacca o, Y>Xun:Y —
— X — cybmepcun u g Y — Y’ — Tako#i mop¢usM, uro m'eo g =

= gt. OroGpaxenue Jt (Idx, g) ompeaensieT mpH OrpaHHUEHHH OTO-
OpaxeHue

P*(g): P* (@) —P* (),
npuHajaexamee kaaccy C .
[Mycms X' — Mnor006pa3ue gknacca C" ufi X' - X — Mopq)usm;
nonoxum (Y', =) = f* (Y, m); em. 5.11.5. OToGpameHue Jk (f Idy)

(CM 12.3.9.) onpenensieT oToGpaxkeHue KJaacca C* us f* P (n) B
P" ().
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12.6. Cmpyu cewenuii sexmoproz20 paccroenus

12.6.1. Ilycts E — BekTopHOe pacciioenne kaacca C' ¢ Gasoit X u
1t — ero npoekuus. Ilyerb ¢, = (U, ¢, F,) — BekTopHas kxapta Ha L
ne,= (U, ¢, Fy) — kapta Ha MHoroobpasuu X ¢ Toi ke 006/1aCThiO
mpenenennss U. Tu KapTH ONPEAeIsioT Guekuuio 0 n3 P @) |U
da J¥ (p (U), Fo) = ¢ (U) X Fy X Q“ (Fy, Fo) (cm. 12.2.2 1 12.3.1),
OTKYJa NOJyuyaeM BEKTOPHYIO KapTy

k .
d=U, 0, G),rne G=F, X Q*(Fy, Fy =TI P,(Fu Fy)
m==0
na P* (). Tlonyuaemble TakMM nyTeM KapThl O6pas’yiOT BEKTOPHHIH
C*.arnac, KOTOpHIH HajensteT P (n) CTPYKTY POl GexmopHoeo pac-
caoenun kaacca C'F ¢ Gasoir X. 3ro BEKTOPHOE paccioenne 06o-

k
3Hayaercs uyepes P (E); Humxenexaias CTpyKTypa MHOroo6pasus cob-
najaeT c onpefiesenyHol B 12.5.1.

[Mycte U — oTkphITOe MoaMHOXecTBO B X H [ € ¢ (U) — ceue-
e knacca C” paccnoenns E wag U. Otobpaxenne j° (f): x = f; (f)
ectb ceuenne kmacca C'F paccioenus Pt (E) nap U. Orobpaxenne
i 5 (U) - ;;(’;) (U) siBnsetcss K-nuHeiHbM.

12.6.2. Ecnn F — 6aHaXx0BO TNPOCTPAHCTBO, TO OTOMKJECTBAEHHE
(12.5.2) muoroobpasus P* (Fyx) c J* (X, F) nanenser s1o mocaenuee
MHOroo6pasue CTPYKTypOil BeKTOpHOro paccnoenus knacca C” —* ¢
6asoit X. Ecain F = K, BMecto P* (Ky) MUIYT P* (X).

Mpunep. Bosbmem X = K" 1 060311auuM uepes uy, ..., 4, KOOPAMHAT-

. pk K
Hole ¢yukuun na K*; torga cioin Py (X) paccinoenus P (X) B 0 jo-
nyckaeT B KauecTBe Gasuca ceMeficTBO CTPy#l mopsiika £ OJHOUIEHOB

n
ul* ... upn, tie m; > 0, 2 m, < k.

=0

12.6.3. Tlycte d — uenoe uucao >0, E;, ..., E;, F — BekTOpHBIE
paccioenus knacca € ¢ 6asoit X, u nyctb u: Ey X x ... X xEg—
~ F — noannuneiinstit mopdmsm (7.3.1) knacca C'. Toraa cymect-
ByeT OAHII U TOJbKO OJIHH TaKOH NOAWJIHHEHHBIA MOp(H3M

P () P*(E) xx +-» xxP*(E)— P*(F),
4To
PR G (s oy J 2D = @51, - 80)

AJ1s BCAKOTO OTKPBITOTO B X MOAMHOXKecTBa U 1 BCAKOH NOCAEA0BaTelN b

Hoctw cevennit s; € g, (U) a1 < i < d.
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Ecau A — paccaoenne Ha anrebpu (7.3.2) ¢ 6ason X, 10 Mopdusm
us P (A)y X x p* (4) B p* (A), onpenenenupiii yMHOKeHHEM A X x A —
— A, npeBpamaer P*(A) B paccnoenne Ha  anreGpH;

k
ecin A — paccioenue Ha accouuatuBHbie anre6pel, 0 P (A) ecTh
paccioeHHe Ha accouuaTHBHbIe anareGpbl; ecin, Kpome Toro, M ecTb

paccioenne Ha A-mopynm (7.3.3), To P* (M) aBaseTcs paccioeHueM

k
na P* (A)-moaynu. B uwactHoctH, P" (X) — paccaoenue na aizebpoL,
KOTOpbIE aCCOMMATHBHBEl, KOMMYTATHBHBI U 00/aJlaloT eluHuiel; ecan

E — BextopHOe pacc/ioeHHe, To P" (E) Gymer paccroenuem Ha
Pk(X)-Moay/zu. Ecmnu: E — F — Mop¢u3sM BEeKTOPHBIX PacCloeHHH, TO
P* (u): P*(E) -~ P* (F) ecms P* (X)-romomopduam.

u v
12.6.4. Ecap E > F — ( — TouHAas JIOKa/JbHO NpsAMas 110C1e0BaTeb-

HOCTb BEKTOPHBIX pacciaoeHuit kaacca C ¢ Gaszod X, To Tako#l Xe sB-
JISIETCA  TOC/1€I0BATENBHOCTD

P*(E)— P*(F)— P*(G),
rfie paccMaTrpHBaeMble FOMOMOPGU3MBI CyTh pr* (W) u P* ).

12.6.5. Ilycts &' 1 k" — 1Ba NONOKUTeNbHBIX UEBIX YHCA, CyMMa KO-

TOpHX paBHa R, 0 E — BekTopHoe paccioenue kaacca C' ¢ Gasol X.
Mopdusm

w J5(X, E)~J¥ (X, J¥ (X, E)) (eM. 12.3.8)
HHAyLUpYyeT ‘MOPQH3M BEKTOPHBIX PacC/lOeHHH
B: P*(E)—P* (P¥ (E)),

KOTOPBIA NMPHHALIERUT KIAacCy C™*. Ecan U — oTkpHITOR B X rox-
MHOXecTBO ¥ f € FE (U), 1o

B¢ =" (" ().

Ecnu K uMeer XapakTepucTuKy Hy/ib, To P — usoMoppusm us

P* (E) na BexTOpHOe mojppaccioeHue B P (P (E)).
12.6.6. Tlycts &' — Takoe nenoe uucao, uro 0 < &' < &k, u E — Bex-
TopHoe paccioenne kaacca C ¢ 6asoit X. Orobpaxenue -

. P*(E)—> P¥ (E) _
SIBNACTCS CIOPBEKTHBHBIM JIOKAIBHO IPSMBIM MOpm3MoM Kaacca €,

Rkt .
Ero sizpo N™° (E) o6pa3soBaHo cTpysiMH ceueHHil paccnoeuns E, umero-
KX KOHTaKT NOPAAKa >»&' C HyJeBHM CeYeHHEM.
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12.6.7. (Bexmopnueii ¢pyuxmop P,.) B oGosnauenusx u3 n’n’ 7.6 —
7.8 nonoxum Iy = {0}, /—= {1}, u nycte m — uejoe uucio > 0.
Ecnu 7" = (V,, Vy) — napa 6aHaxoBBIX MPOCTPaHCTB, 0603HAUHM yepes
1,, (") 6anaxoBo npocrpanctso P, (V;; V) OJHODPOAHLIX HenpepoisHblx
MHo204AeHog CTellenH m Ha V| co 3uaueHnsmMu B Vy (A. 2). AnHasoruuso,
ecnu = (fy, fu), tne for Vo= Vou fii Vi— Vy, — mopdusmer 6ana-
XOBBIX TMPOCTPaHCTB, TO mycth T, (f) — Moppuam pesfoopof,
us P, (Vy; Vo) B P, (Vi; Vo). Tonyuaem takuM nytem sexmopusitl pyrx-
mop <, knacca C®. Ecau Ey u E; — /jBa BeKTOpHBIX paccioeHus ¢ Ga-
30t X, 1o uepes P, (Ey; E,) o6o3HayaeTcs BEKTOPHOE Pacc/ioeHHe, T0-
ayuvatomeecs u3 (E,, E;) npuMenenuem T, (7.6.2).

12.6.8. [1pumem BHOBb OoGo3HaueHus W npeanosoxenus u3 12.6.1. Cy-
IECTBYET OJIMH M TOJBKO OJMH TaKOf MOP(H3M BEKTOPHBIX Pacci0eHHi

v P, (T (X); E)—~ P*(E) (cM. 12.6.6),

4TO, KakoBbl Gl Hu Oblnu BekTOopHas Kapta ¢, = (U, @, Fy) Ha E u Kap-
Ta ¢ = (U, ¢, Fy) Ha X, cnenyioma;i JuarpaMma KOMMYyTaTHBHa:

P, (T (X); E)]U—»P(E)IU
o
UX P,(Fy; Fy > U X TT Pn(Fy; Fy)

m==0
31ech
1) v| U — orpanuuenne mopdusma v Ha P, (T (X); E)| U;
2) 8 — Ounexkuuns, onpefenedHast B 12.6.1;
3) z——0T06pa>KeH14e (u, p) = (u, 0, 0 P
4) v monywaeTcs ¢ NOMOLILBIO BeKTopHOI‘O ¢yHKTODA T, U3 BEKTOpHOM
kapTeic; Ha T (X) (cu. 8.1.1) 1 BekTOpHO} KapTH ¢y Ha E.

Mopousm v ectb  usomoppusm paccioenus P, (T (X); E) Ha Bek-
TopHoe nogpaccaoenne N7 (E) B P* (E) (cm. 12.6.6); mocaeno-
BaTeIbHOCTD "

v el
0—> P, (T (X); E) - P*(E) ——> P (E)—>0
ABJSIETCS JIOKATBHO NPAMOH MO4HOL NOCAeD08AMEAbHOCTIbI0 BEKTOPHBIX
paccyioeHul,

Bonee ofuo, nonoxum Ny = P* (E), N,, =N*"""(E) mnsim 3 1,
Tak uro N, 06pa3yroT beiBaiomyso TOC/IE/l0BATENLHOCTL  BEKTOP HBIX
NI0JIPAcCNOeHUH B P* (E):

PPEY=NyDN; > «+« DN, Npp =0.

Jns 0 <m < k npoekusa ™ P* (E) — P™ (E) onpejiensier 13o-
Mopdu3Mm paccnoeﬂuﬂ N, /Ny Ha paccnoenne N™ =l (E); B cuny
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H3J02KEHHOI'0 BbINIE ﬂOle‘lﬂEM TEM CaMbiM uSOMOP(puSMbL
t! Np/Nemat > P (T (X); E) (0 < m < B
B uactHocti, Ny/Ny o~ E u Ny/N, o~ & (T (X); E). Hns k=1 s10 -
AaeT TOYHYIO NOCAEeA0BaATE/IbLHOCTD
0% (T (X); Ey— P (E)—E —0.

12.7. Ocarabrenue cmpyrxmypol

ITpeanonaraercs, uto K = R. [lyctb r’ € NK, nmpuuem k£ L r' L r,

u nyctb X' u Y’ — mHoroofpasus xaacca C”, monyuaeMbre ocna6-
JieHHeM CTpyKTypbi MHoroobpasuii X u Y cootBerctBenHo (5.13.1).

Myctbx € X n j¢€ JE (X, Y); nycte U — oTkpriToe B X NOAMHOXKeE-
CTEBO, conepmamee x, 1 f — orobpamxenue kaacca C* us U B 'Y, Takoc, .
4YTO ]x (f) = ] Paccmorpum f kak poctok MopgusMa u3 X' B Y'; ero
ctpya j € JE (X', Y') saBucut Jmmb OT j. OToGpameHue i
ecTb M30MOpdH3M Kiacca C’“k us J* (X, Y) na J* (X', Y'); oro
M03BOMSET OTOKAECTBUTh J* X', Y) ¢ MHorooBpasneM knacca C'~ —*

noJlyuaeMsiM M3 MHOrooGpasus J® (X, Y) wmacca € ocnaGJleﬂueM
CTPYKTYpbl. AHanornunblii pesyiabpTaT CripaBeJJiMB A/ MHOrooOpasuii

P* (w) u P* (E) us °n° 12.5 u 12.6.



§ 13. Toueunble pacnpeiesieHus

13.1. Cummempuueckue men3opo. 4 6aHaxossl
npocmpancmaa ')

13.1.1. TMycts E — Moayab Haj KOMMyTaTWBHBIM KoabloM A. Ecau

n — uenoe uucao >0, uepes TS" (E) o6osmauaercs MOAYJab CUM-
mempuseckux mensopos crtenenu n Ha E. (Alg., chap. III, p. 71, u
Alg., chap. IV, § 5, n° 2); npamas cymma Moayneli TS" (E) ofo3Ha-
uaercs uyepe3d 1S (E). Ecam r ecTs 6o uesioe uHco, JubGO OJIMH H3
CHMBOJIOB 00, ®, TO MOJiaraem )

TS (E) = @ TSY(E) u TSV (E) = @ TS" (E);

ngr isnsr

cJ1efioBaTenbHo, ecau r 3> 0, 10 TSY (E) ecth mpsMas cyMMa Mopy.aeit
1S9 (E)= A u TSV (E). Umeem TSVT(E) =E u TS (E) =
= TS“/(E) = TS (B).

Ecmu n—uenoe uncao >0 u ecam x € E, uepes vy, (x) ob6osHa-
yaercs: 1eMeHT x @ ... @ x B TS" (E); msin = 0 nosnaraem vy, (x) =

13.1.2.  (Moaunomuaronwe. omobpascenus.) Tlpeamonaraercs, yro
A — GeckoneuHoe KOJIbIO 1EJOCTHOCTH M uTo E ecTh cBoGOJHLIA A-Mo-
ayab. [lycte F ectb A-moayab. Orobpaxenne f: E — F HasbiBaercs

1) Bot HeckoJIbKO 3aMeuanil 10 NOBOAY CHMMETPHYECKHX TEH30POB, Marepual o
KOTOPHIX OTCYTCTBYET B NiepeBeeHHOM n3janun Aze6pst. Mel 6y aeM no/1b30BaTsCA 060~
3naueHusMy ¢ onpegeiedusivid u3 mi. 13.1.1—13.1.3. ITycre £ — GeckoHeunoe none y
E — sekTtopuoe k-npoctpatictso. Ipoctpanctao TS” (F) cHMMETPHUECKHX TEH30DOB
-t CTENEHH MOXHO onpejeants Kak nonpoctpanctso B Q" E, natsnyToe Ha Tensopsi
BHAA Y, (X), TAe X € L, uau, 4T0 TO Xe caMoe, KaK NOABPOCTPAHCTBO TEH3ODOB, HH-
BAPHAHTHKIX OTHOCHTENBHO eCTECTBEHHOTO nedicteus va Q" E cummerpuueckoit rpynist
‘bn

Cummempuseckoe npoussedenue ' asnementor £, ¢ ua 1S (F) = &5 TS" (F)
O/IHO3HAYHO OTpejessieTcss U3 CIefylowWwero ycuosusa: ecnd f:x — f{x) — noauno-
MuanbHoe oToGpaxenye (T. e. CyMMa HECKOJNBKHX OAHOPOAHBIX NMOJTHHOMHAJNbUBIX OTOO-
paxeunit) u3 £ B HeKOTOPOe BEKTOPHOE A-IPOCTPAHCTBA, TO

(o Y = (&' o e f (x4 &), 1), £ =
=(xm (X' f(xt+x), t'), H.

Otobpamenne (¢, #) > t' nepesogur TS™ (E) x TS (E) 8 TS" " (E) u nage-
nster TS (E) CTPYKTYPOi KOMMYTATHBHOH accouuarusHofl anreGpsi.— Mpun. nepeg.
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GOHOPOOHBIM NOAUHOMUAAbHBIM OMOOPANCEHUEM CMeneHy N, ecly OHO
YEOBJICTBOPSieT CJAENYIOMMM 3KBUBAJCHTHBIM ycioBusiM (cm. Alg.,
chap. IV, § 5, n° 9):

a) CymectByer Takoe JyuHefiHoe oToOparkeHue "}: TS" (E) - F,
uto f (x) = fN(yn (x)) nns sesikoro x € E.

b) CywectByer Takoe nomuiunHeHoe oToGpaxenne u: E" — F,
uto f (¥) = u (%, ..., xX) &n1s Bcsikoro x € E. _

[Mpeanonoxkum, uro ato Ttak. OtobpaxeHnune 7, yJIOBIETBOP AI0LIee
YC/IOBHIO a), TOTAa elMHCTBeHHO; ecin ¢ € TS™(E), To uepes (f, f)
0Go3HauaeTcst :~>J1e_1vlem"f~ (#). Ecin u: E™ — F ynoBneTBOPSET yCAOBUIO
b), To cooTBeTCTBYIOIIEE AnHefiHoe oToGpaxkenne u3 Q" E B F cobnaja-

er ¢ f na nogmoayae TS" (E). Eciu n! o6patuM B.A, MOXKHO BHIGpPaTh U
CHUMMETPHUECKHM, TpHYEM 3TO JesaeTcsi eJMHCTBEHHbIM 0OpasoM.

13.1.3. ITycte E — GaHaxoBo npoctpanctso Hag K u F — orjaennmoe
. TlonMHOpMUpOBaHHoe npoctpanctBo Hap K. Ilyete U — oTkpoiTas

okpectHocTs Toukd 0 B E, f: U — F — oro6paxenue kaacca C (r €

€ Nk) u t—snement u3 TS (E); cm. 13.1.]1 (nIpuMenHTeIbHO K
konbiyy A = K). [Ilyctb k — Takoe uenoe uucano <r, uro ¢ €

€ T5® (E). MoXHO pa3noxuTh f 1 f €IMHCTBEHHBIM 06pa3oM Tak, yTO

t=ty+ Aty LETS(E)
f=i0+ v +fk+hy

rne f; — ONHOpOJHKIl HempepblBHBIN MHOrou/eH creneHu i (0 < i < &)
U rae h uMeeT KOHTAKT nopsijka >k ¢ 0 B Touyke 0. [fomaraem Torga

k
(F, ty =3 (F., &)
i=o

3To 3JeMeHT u3 F, KOTOpHIH He 3aBHCHT OT Beibopa K.

U

13.1.4. Iyers E u E' — ngBa GaHaxoBbix npoctpanctsa, U — OTKpHI-
Tasi okpecTHocTh Toukn O B E u ¢: U-— E' — Takoe oToOparkeHue
kiaacca €', uto ¢ (0) = 0. [Tyets £ € TS (E). CymiecTByeT 0111 X TOMb-
KO OJIMH Takoil ajnemeHt ¢ € TS? (E'), yt0, KakoBbl Gbl HH ObLTH OT-
JeJEMOe MOJMHODMHPOBAaWHOe TNpOCTpaHcTBo F, OTKpLITas OKpect-

Hoets U’ Touku 0 B E' u oto6paxenne f: U’ — F xaacca C', Bbinoa-
HseTCs

() (F, ty=(f-0, t).

drort aneMeHT " ofo3Hauaetcs uepes @, (f). OTo6pakeHue
¢ TS (E) > TSV (E),

OTIPENIEJIEHHOE TaKHM CNOCOBOM, JHHEAHO.
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13.2. Toueynsie pacnpedesenusn

B atom nyukTe X o3uanaer muorooGpasue kaaccaC’, a x — TOUKY
B X.

13.2.1. Tlyets A — muokecTBO nap (¢, #), rae ¢ = (U, ¢, E) — xapTa
Ha X, uentpuposauuast B x, u rae { € TS (E). Isa snementa (U,
p, E), Hu (U', ¢, E"), t') us A nasblaiorcs 3KBUBaTEHTHBIME, €C/IH
t' =7, (), ey = ¢ o ¢ . [NonyuaeM, Takum 06Pa3oM, OTHOLIEHUE
SKBUBATEHTHOCTH Ha A ; KNacC 5KBHBANEHTHOCTH TOTO OTHOLIEHHS Ha-
3bIBAETCS movedtsin pacnpedeseruem B x Ha X.

Mycts TV (X) — MHOXKECTBO TOUEUHBIX pacrpefesennii B X Ha
X. Ecnu ¢ — xaprta na X, ueHTpupoBaiiHas B X, To oToOpaxeHue

0; TS (E)y—TY (X),

KOTOpOE 3/IeMeHTy { CTaBHT B COOTBETCTBUE KJacc mapdl (¢, f), ecTb 6u-
exuus. Bcioony B danbheliiem TV (X) Hamensercs CTPYKTypol BeK-
TopHOro K-NpocTpaHCTBa, MOAYUEHHOH TIePEHOCOM 3TOH CTPYKTYPH Ha
TS® (E) nocpenctsoM 0,; 3Ta CTpyKTypa He 3aBUCHT OT BhIfOpa C.
Auanoruuno, ecmu k& < r, uepes Tﬁ,k) (X) u Tf,kH' (X) obosnauaioTcs
ofpase!l oTHOCHTENLHO 0, NMpoOCTpaHCTB TS® (E) m TSk (E); onm
He 3aBUcAT OT BbIGopa ¢. ['oBopAT, UTO 37€MEHT U3 T (X) umeem no-
padox <k, ecnu OH NMPUHAAJIEKUT T,(f) (X). Torpa

T (X) = TO (X) @ TET (X).
CyntecTByeT OAUH M TONBKO OfHH TaKOH 3JEMEHT &, B T (X), uto
0, (1) = e, n1s Bcakol KapTl ¢ Ha X, ueHTpupoBannoll B x. Ecin
{ — ToueuHoe pacrpeenetine B x, TO C60600HbIM UAeHOM PaCTIpelesIeHH s
{ HasbiBaeTcs Takoi anevenT A B K, uto {— Ae, € Tf,’H' (X); roso-

PAT, uTO { He umeem c60600HO20 HAeHA, ecny ero CBOCOAHbI uleH paBseH
HYJIO.

13.2.2, Ilycte F — otpenauMoe MOJHBOPMHPOBAaHHOE MPOCTPAHCTBO H

f — dynruus kaacca C" co sHauenusmy B F, onpenenenasi B OKpect-
HocTH TOuKH x. [TycTh { — ToueuHoe pacnpesenenue B x Ha X. Paccmot-
pum kapty ¢ = (U, ¢, E) na X, ueHTPUPOBAHHYIO B X, U NOJOXKHUM f, =

=fog™ u £ =0;"(f); saement (f,, t;) us F, onpenenennuifi B
13.1.3, ne 3aBucHuT ot BHGOpa ¢; oH obo3Hauaercs uepes (f, {). Mmeem
e, () =f (©)Y). CeoGouubtii unen pacnpenenenuss { paseH (1, f).

1) Ecan K = R unn Cu X nokanbHo KOMIaKTHO, Npeablnymas dopmyna npuBosuT
K OTOM/ECTBJIEHUIO TOYEUHOTO paclpenenenus &, ¢ mepoil Qupaxa ex, onpenejentol B
Int., chap. 111, § 1, n° 3. [Cm. Takxe Humeep.,ra. 111, §1, n° 2.— Ilepes.] Bonee
0610, BCAKAs MePa ¢ KOHEUHbM HocuTesem Ha X OTOXKAECTB/SIETCS ¢ pacipesiesieHHEM ¢
KOHeUHLIM HOCHTENeM B CMbicsie 1° 13.6.
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Ecmn F' — oTneuMoe  MONHMHOPMHPOBAHHOE NPOCTPAHCTBO M
u: F — F' nunefino u nernpepwuiBHO, TO (U»f, ) = u ({f, 1)).

TNpennonoxum, uto F — GaHaxoso npOCTpaHCTBo U uTo ¢ HMMeer
nopslok <k, rpe k koneuno. Ilycts j € JE(X, F) (em. 12.1. 2)
nyctb f € j. Toraa snement (f, £) 3aBHCHT TOJBKO OT cmpyu I OH
oGo3HavaeTcss uepes (f, ). OrtoOpaxeHnue us TP (X) % Je (X, F)
B F, onpefenenHoe TakuMm cnocoboM, Ounpuefito. Eciu F = K, wmbl
nonaraem J5 (X, F) = P¥ (X) (cm. 12.6.2) u monyuaem Guaumedryw
dopmy wa TE (X) x Pi (X). -

13.2.3. Iyes ¢: X - Y — Mopq)ld3M' MHorooGpasuit kmacca C', u
nycTs y = @ (x). [lyets ¢ = (U, v, E) — kapta Ha X, UEHTPUPOBaH-
Has B X, M ¢ = (U', ¢, E') — xapta Ha Y, uenTpupoBanHas B y;

nycTb (p — TpejcTaBieHne oTo0paxeHds @ B 3THX KapTax (5.3.2)
H MyCTh G, — COOTBETCTBYIOMee oToGpamenne us TS (E) 8 TSY (E')
(em. 13.1.4). CymecTByeT oHO U TONBKO OJHO JHHeiiHOe oTOOpaxKeHHe,

oBosnauaemoe uepes T (¢) umn ¢, u3 T¢ (X) B TY (Y), menawo-
llee KOMMYTaTUBHOH AyarpamMy

(r) % " e
TSV (E) — TSV (E")
. 8, ’L ’L 0,0
TOX) — T (V).
* O10 oTOGpakeHHe HE 3aBUCHT OT Bblﬁopa cuc. Ea t €TV (X),

roBopaT, uTo @, (f) €cTb 006pa3 snemeHTa ! OTHOCHUTENbHO ©. FMeem
Py (e;) = &, Ectn £ r, 10

0 (TP (XN TP (V) 1 9, (THH (X)) S TP (¥).

Ecnu o' X—»Y—Mop(})uam knacca C, omﬁpamaromuﬁ X

By, TO @, = ¢, TOTAa H TOJLKO TOTAa, KofAa jy (9) = jr (¢”) (cm.
12.1).

Ecan ¢ — ummepcus (coots. cyOmepcus) B X, TO ¢, HHBEKTHBHO
{(cooTB. CIODBEKTHBHO); oOpaTHoe cripaseiiuso, ecnn  dim,Y << oo,

Ecmu ¢ Y — Z — mopdusm MHorooGpasuii kmacca C' u tE
€T (X), 10 (9 o)y () =g, (@ ().

ITycts F — oTaeauMoe MONHHOPMHPOBAHHOE MPOCTPAHCTBO H [ —
dyHkuus Knacca C co 3HauenusiMu B F, onpesejennas B OKPECTHOCTH
ToukHn y. Torza .

(1) ¢, )= (fog, ) am nesworo ¢ € T (X).

I panHoro ¢ cootHotuenns (1) (npu nepemennbix f u F) xapaxmepu-
syom @, (f); ecmu dim, Y << - 0o, MOXKHO OrPaHHYHTBCH CIYyuaeMm
F . :
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13.2.4, [peanoaoxum, uto X — oTKpHITQE NoAMHOTO0Opa3ue Ganaxosa
npocmpancmsea E. O6o3naunm uepes ¢, oTobpaxeHue yrs y — X

us X B E; kapra ¢ = (X, ¢,, E) uentpuposana B x. Toraa T (X)
u TS (E) omosdecmssomes ¢ nomowpio 075 B wactroctn, TL™ (X) =
=TS (E).

[Tyets F — GanaxoBo mnpocTpaHcTBO, u#: E — F — HenpepbiBHOE
Jauneiinoe ortofpaxkenne W x € E, y € F Takoe, 4t0 u (x) = y.

Oroxzectsum, Kax u Bhime, T%" (E) ¢ TS (E) u TS (F) ¢ TS (F).
OTtobpaxkenne
4 TS(E)—>TS(F)  (cm. 13.2.3)

coBnajaer ¢ ortobpaxenueM TS (4), HHAYUUPOBAHHBIM KaHOHHUECKHM
NpoJoKeHNeM OTOOpaXKeHHs ¥ Ha TEH30DHYIO anredpy.

13.2.5. Ecu b < r, uepes T® (X) (coots. T®T (X)) o6o3nauaerca
MHOJKECTBO, AB/IsIOMeecs CymMMoli MHoxkectB T4 (X) (cooTs. MHOXKeCTB
T (X)) aas a € X. Orobpaxkenne ¢ X — T (X), takoe, uto

t@ €T ,‘,") (X) nnst Besikoro a € X, HA3bIBAeTCA MOAEM MOYE4HbIX
pacnpederenuti nopaoka <Lk.

[Tpearnonoxum, uto R koHeuHo B 4TO X JIOKAIBHO KOHEHHOMEPHO.
Has Besikoro a € X Oununeitnas dopma (j, #) = (j, ) (em. 13.2.2)

onpejeser usomop(bus’w i, U3 T (X) na CONpSKEHHOE K Pt (X)
npoctpancTeo Pt (X)*. I/IsoMopq)mex i, haioT 614e1<u14}0 it T® (X) -

- P" (X)*, rae P (X) * o6osHauaer conpsikerroe K P* (X) BekTop-.
HOe Pacc/Oenue; C TOMONIbIO TNEepeHoca CTPYKTYPH NOCPEACTBOM G-

exuun i~ Muoxecrso T® (X) napgensercs cmpyxmypoil eexmopHo2o
paccroenus kaacca C"" ¢ 6asoii X. ToBopsit, uTO [MoMe TOUeUIbIX
pacnpenenesul nopsigka <k NpUHAWTEKHUT Kiaccy C, rres<<r—
— k, ecoiu OHO ecThb ceuenne Kiaacca C° paccioenus T,,) (X).

. Mycrv ¢ X - Y — Mopduam muorooGpasuii kmacca C', u mpen-
nojoxuM, yro Y, nogo6uo X, JOKalbHO KOHeuHOMepHO. Torga @,

k o —
T® (X) - T% (Y) ecTb -MOPDH3M BEKTOPHBIX paccioesuii kiaacca C .

13.2.6. Ilycts k& — taxoe nenoe uucao, uto 0 < k< r. Ecmn U —
OTKPBITOE TMOAMHOMXECTBO KolleuHomepHoro OaHaxosa npoctpanctsa E,

TO BeKTOpHOe paccioelue TR (U) otoxpecTBasieTcs, coraacHo
13.2.4, ¢ mpusuarenom paccaoetiwem co cioem TS™ (E).

Bosbyem, B uactnoctd, E = K", rae n > 0, u nycth (e, ..., €,) —
KaHoHuueckuii Gasuc B E. Ecnu o = (24, ..., o,) — snement 8 N",
oBo3naunM uepes A% seMeHT Yq, (&y)... Yo, (¢,) B TS (E) (ucmonbaye-
MOE€ TpOHU3BElCHHE eCTb CUMMempu4ecKoe npoussedenue cuMMeTpuue-
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CKUX Teﬂsopos; em. Alg., chap. IV, § 5, n° 3) ). dnementsl A” ans
[o | < k obpasyioT Gasuc B TS™ (E); econ a € K", uepes A7 ofo-
3HAYAIOTCH COOTBETCTRYIOUIHE NIeMEHTH B T ) (E). Ilyets F — otpenu-

MOe NOJHIOPMHDOBAHHOE MPOCTPAHCTBO M [ — dynkuus kaacca C
co 3uauenusiMu B F, onpeneneﬂﬂaﬂ B OKPECTHOCTH TOUKH &; ecii o €

€ N, To snement (f, AY) coBragaeT C 31eMEHTOM (A“ f) (a), onpenenen-
HbIM8253 3.2.1u42.1l.

Hpennonox{um, yto X JOKaJlbHO KOMIIAKTHO - KOHEUHOMEpPHO, H

nyctb E = (&, ..., £") — cucrema KOOpAMHAT Ha X B OTKpHITOM NOJ-
MHOXKecTBe U. Ecnu a € Uu ecan o — TakoH My/abTHHHAGKC,UTO |t | <

& k, uepes (AZ ). 0003HAUAETCs TOUEUHOe pacnpefesenue B @, obpas
KOTOPOro OTHOCUTENIBLHO § ecTb ToueyHoe pacnpelenenue At(a) Ha
K"; nona pacnpegenenuii

Aham (A9,  (a|<h) |
ofpasyioT penep sextoproro paccioenus T (X) wap U. Ecanf:V —F

TIPUHAJIERUT Knaccy C’, nonarawrt (f, (Af),) = AT f (a) u oBosHa-

qator uepes AZf dyukumio aw» AF f( ); To dyHKuMs Kaacca C'F
Ha U.

13.3. Toueunste pacnpedesenus U Kacamesbrble
npocmpancmaa .

B stom nyHkTe X o3nauaeT MuorooGpasue kKiacca C .

13.3.1. Hych x € X, u nyctb k — uenoe uucao L. I[yems ¢ = (U,
@, E) — xapra na X, uentpuposansas s x; usomoppusm 0,: TS (E) -

- T (X), onpenenennbii B 13.2.1, otobpaxkaer TS® (E) na TP (X)
MTS(""” (E) na T~ (X); B pesyabTaTe orpampuenus U nepexosa
K (hakTopy OH HHAYLUpYeT H30MOPHU3M

6t TS*(E) = TS™ (E)/TS"™" (B) - T (XN T4 " (X).
C npyroil CTOPOHBL, ¢ HHAYLUMPYET H30MOPDU3M, yKe 0603HaUABLIHHCS
uepes 0,, us E ua kacarenbtoe npocrpanctBo T, (X); eM. 5.5.1. O6o-
SHAUMM 'uepes i, KOMIO3HLHUIO
074 TSke,
T (XTI (X) —> TS* (B) —— TS* (T (X)),

1) Ecan m = | o | 1 ecain T ecTb MHOXKECTBO TaKHX oto6paxenuit ¢ us {1, ..., m)
B {l,..., n}, uro Card 6™ (i) = ay, T0

Aa = qu (e\) L an (en) == E 30(1) ® e ® eo(m)
_ _ o€Z
(cm. Alg., chap. 1V, § 5, n°4).
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Hsomopdusm i, ne sasucum om 6vibopa c; npu k = | ero ucrnoasbsyior
ats otoxgectenenust TRT(X) = TOX)YTO(X) ¢ KacarenbhbiM
npoctpatctBoM T, (X). Ecau £ € Ty (X (X), wmbt mosposum ceBe oGo-
HauuTb uepe3 i, (f) obpas mpu f, Kjaacca 3JeMeHTa { IO MOAYy-
o TE D (X).

[Tonmoknm

gr, T (X) = T (X)TE™ (X) u gr T (X ) =@ gr, TV (X).
O0gkgr
ToBop AT, 4TO gr TD(X) ectb 2padyuposantoe eetcmopﬂoe 'npocmparcmeo,
1ccoyuU posarKoe ¢ BospacTatomeil huabTpauyeh (T( (X))e<r mpOCTpaH-

crBa TV (X). V30MOPDH3MEL i, ONIPENENsIOT u30MOpGusM rpaxyHpoBax-
HBIX BEKTOPHBIX NIPOCTPAHCTB

ir gr TS (X) - TSY(T, (X))

Ecan r = oo i o, T0 i ecTb usomopdusm us gr T¢ (X) va TS (T (X))
Ecau xoraT ykasath x (uau X, unn u x4 X), BMecTo [ MHWYT £,
(unu ix, WIH ix,s).

13.3.2. TloMuMo yKasaHHBIX Bbille JONYIICHHUE, NPEANIONOKHM, UTO
X nokanrvHo Koneuromepro. V3oMopdu3MBl [, OTHOCSIIMECS K pasauu-
HBIM TOUKaM U3 X, ONpeiensioT US0MOPHUIM GEKMOPHOIX PACCAOCHUL

i T® (X)TE (X) > T8" (T (X)),

—1
rae TS* (T (X)) osnauaer BeKTOpHOE paccioeHue Kiacca C™ , nomy-
yaemoe u3 T (X) NOCpelCcTBOM BEKTOPHOro (hyHKTOPa B KOHEUHOH pas-

Mep HOCTH TS (cM. 7.6.5). st k& 2> | usomopdusM iy, ecTb H30MOPQH3M

kaacca C' ™" ; qs k == 0 3To ToxAeCTBEHHOE OTOOP aXKeHHEe TPHBHANbHO-
ro paccnoeHust Kx.

13.3.3. Mpumep. Tlpu Tex ke MPEANONONKEHUSAX, YTO H BbILLE, MYCTh
E= (&, ..., &) — cucreMa koopaunar Ha X B x. OGo3unauuM uepes
(©:, x)[g[<n Gasuc B T, (X), onpejeseHHblll cHCTeMOH KOOPAMHaT &

(em. 5.5. %) u obosnaunm uepes ((Af),)q < Gasuc s TH(X), ompe-
nenenubtii B 13.2.6. Toraa

iy (( %)x) =0, ecm lOL\ <k,
ix (AD)) = Yo, (O1y) ... y“n»(an_,,), ecu (o) = k).

1) 3pech Tak¥Ke Tpou3BeneHHe JIEMeHTOB ya (0i,x) €CTh cummempudecroe npoys-
gederue B TS (T (X))
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13.3.4. Hpeanonoxum, uto ubo K umeeT xapakTepHCTHKY HYJb, A160
X nokanbHo KoHeuHomepwo. [TycTb & — Takoe uesoc uncxo, yto 0 <
<k Lr,ux € X; nycts F — GanaxoBo npocTpancTso. B cmy 12.6.8
NIOTy4aeM TOUHYIO MOC/e0BATENbHOCTD

(i o»PHTA);aeJuwmipfwﬁy+a

k—1 .
re o = 1 C Apyrof#i ctopossl, B cuy 13.3.1 mosyvaem tounyio no-
CJIe0BATENLHOCTD

(it 0= TSH (T, (X)) < T® (X) <= T4 (X) <~ 0,

f—1 k . .
rge s — Baoxenue npoctpakctea Ty 0 (X) B T (X) u i = iy
HOas 3TMX TOYHBIX NOCAeNOBaTeJbLHOCTeHl CyllecTBYeT «clapuBaHHe
co spaueHusamu B F». Donee Touno, 3anuiueM ux B BHAE

0 0> A B>C-0,

(ii) 0« A’ « B' < C' 0. |
Ecina € Aua € A', 10 anement (a, @’y  u3 F onpegenen s 13.1.2;
eciu b € Bu b" € B' (cootB. ¢ € Cu ¢’ € C'), To anemeHt (b, b’)
(cootB. (¢, ¢"y) u3 F onpenenen B 13.2.2; Torna
(ua, b’) = (a, ib’) u (ab, ¢’y = (b, sc'),

ecqd aE A, bEB, VEB, ¢'€C.

13.3.5. Ilycte Y — muoroo6pasue kmaacca C’, nyetb, ¢: X — Y —
moppuaM kmacca C" u x € X, y € Y Takoswl, uto y = ¢ (r). Or06-

paxenne ¢, TV (X)—> TV (Y), onpenenennoe B 13.2.3, cornaco-
BaHo ¢ QuabTpauMeil 3THX MPOCTPAHCTB; MPU nepexoje K CBsI3aHHOM
¢ 3Toil dUNbTpallUeli rpalyHpoBKe OHO onpefensieT JHHeiHOe 0ToOpa-
KeHue

gr (@) gr 75 (X) > gr T ().
OGo3nauuM, ¢ APYro#i CTOPOHHI, Hepes Ts? (T, (p)) orobpaxeHue

us TS (TAX) 8 TS" (T, (Y)), MHAyUMpOBAaHHOE KAHOHHYECKHM
npoponxkenrem TS (T, (9)) orobpaxenns T, (¢). Juarpamma

r{Py)
gr T (X) ——— s gr T4 (V)
¥ ix. }ivy

TSINT (o0
TS(T, (X)) "> TS(T, (YY)
KOMMyTaTI/lBHa.

13.3.6. Tlpennonoxum, '-ITO K unmeer xaparcmepucmu/{ y Hyas, Hcnoas-
3ys U30MOPGOHU3MBI @pr: S (M)—»TS (M), onpemeneunee B Alg.,
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chap IV, §5 n° 8§ 8 npenbmymem H3/I0XKEHHU MOXKHO BCIOAY 3a-
Imex{mb NpOCTpaHCTBa TS (T, (X)) uva k-e cummempuueckue cmenexu
(X)) xacameavrnoco npocmpancmea T, (X).

13.4. Ten30proe npoussedenue movednsix pacnpederenni

13.4.1. Mycts X; u X, —-1Ba MHorooGpasus kmacca C', mycTe X, €
€ Xy, 5 € Xom b € T (X)), fh € T (Xy), 1ae ky+hy < 1,
[Tomoxknum X = X; X X,, x = (xy, Xo) u b =Fk, -+ k. Dnai=1,2
nycte ¢; = (U, @, E;)— kapra Ha X;, uentpuposaHias B x,
u ofo3naunm ucpes ~t Takoil anemedT B 1S (E,), uro 6, (t) =1
(em, 13.2. 1) [lyeTe 0 — kallOHHUCCKHEA H30MOPHU3M M3 TS (Ey) @
R TS (E,) na TS(E1 % E,) (cm. Alg., chap. 1V, § 5, n° 5). dnemerT

r(t,@ tz) €CTh CUMMEMPUUECKOE NpPou36edeHle J1EMEIITOB t1 | t
OTOXK/ECTB/sIeMbIX ¢ 3jeMeHTaMu U3 1S (E; X E,)) cormacHo KaHOHH-
teckuM uubexuuaMm 1S (E)) — TS (E, X E,); ou IPHHALIOKHT

J'S(k’(ELXEz'). [Tosmoum c=c¢, X ¢,; 3TO KapTa Ha X, UCHTPUpPOBaHHag

t x. OBpas anementa o ({, @ t,) OTHOCHTENLHO 0, €CTb 1EMEHT U3 T (X)),
{0OTOpHIl He 3aBHCUT OT BeiGopa KapT ¢;. OH Ha3biBaeTcs npamoim
1poussederiem WIN CUMMEMPUYECKUM MER30PHOIM npoussederem (Au
IPOCTO MEH30pHBIM Npou3seleriiem) dneMenToB I, U I, 1 oGo3Hauaercs
qepes f; X &, niau £ Q 1y,

Hveem e, @ ey, = e,. CpoBoaublii uleH 3iacMeHTa £ & i,
paBeH POH3BEACHHIO csoéo;mmx UJIEHOB 3JIEMEHTOB | U {,.

Usomopdusm (yy, Ys) = s, 1) U3 X; X X, Ha X, X X, npco6-

pasyer £, Q ¢, B {,

13.4.2. (Accoyuamustocms u  pynxkmopuassrocms.) [lyets X, (i =
= 1, 2, 3) — muoroo6pasus kmacca C" u x; € X 4 € Ty ’)(X[),
irne by -+ ky -+ ky < r. FMeem

! QL) =1Q (t, D)

5T0 TOueYHOe pacnpenenenue oGosnauaercs uepes 4 Q ¢, Q f,. Ana-
JIOTHUHO ONPEAE/ISIIOTCS POU3BOMbIIbIE KONHEUHble Tel30pHble NpousBe-
JIEHHS1.

[Tyets @0 X, =Y, u 9,0 X, - Y, — Mopdu3Mel MHOTOOGp A3
knacca C', v nycTh 4, € TW (Xy), € TS (X,), rae by + ky < 1.

Hmeem
(@1 X @) (1 Q1) = 1. (8) @ P24 (t,).

13.4.3. B o6osuauennnx us 13.4.1 nyers Fy, F, u F — otaenumMsle noJu-
HODMHPOBAHHBIE TIPOCTPAHCTBA W (U, Ug) +» Uy . Uy — HENPEPHIBHOE
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GunnHeiinoe otobpaxenue us F, X F, 8 F. [lycts
o X,~F, (=12
— oToSpaxenue kracca C', u onpeneaum f, @ f,: X — F dopmynol
(L1 @ F2) Wi Y2) = F1 (90 - 2 (%)

Orobpaxense f; @ f, npuHagnexut knaccy C u

<f1®f2’ t1®t2) =(f1, tl)-(fz, ty).

13.4.4. B o6osnauenusix us 13.4.1 nyctp f — oroGpaxkeHue kmacca

C" u3 X B OTAENHMOE TIOJIHHOPMHEpPOBaKHOe npocTpanctBo F. Ecin y; €
€ X,, obo3nauum uepes f, otobpakeHue y, —» f (4, y,) u3 X, B F u
nonoxuMm g (1) = (fy,, t). Pysxumua g X, - F, onpenenennas
TaKuM crnoco6oM, MpHHAAIEKHT Kaaccy C ™ n

(f: tl ® t2> = (g’ tl);
llpyFHMl/I cJI0BaMy,

(fs L@ L) = (1= (Yor> [ Y1y Ya) &), 1).
Amnanoruuno

(f, b @) = (Yo (Y1 f (1, Ha)s i)y B).

13.4.5. B ofo3nauenusx u3 13.4.1 nycts
wt T8 (X)) @ T4 (Xa) > T (X)

— JInHeiiHoe oToﬁpameHue, onpeneseHHoe GHJIMHEHHLIM OTOOpaKeHy eM
(ty, ) 1, Q 1y; 370 oTOOparKenue UHBEKMUBHO, OHO OHEKTHBHO,
ecnu ky u k, GeCKOHEUHDL.

Ecan n < r, oBo3saunm uepes T (X, X,) BeKTOpHOe MOAIpO-
ctpanetso B TV (X)) @ TV (") (X,), nopoxieHHOe MOATPOCTPAHCTBAMH
T (X) & T( ) (X,) mm ky, + ky < n. CymecTsyeT oJHO # TOMb-
KO OJIHO JinHeiiHoe oToOpa)keHue

a,: T8 Xy, Xp)— TS (X),
KOTOpPOE IPOJOJIKAET ONpefle/ieHHble Bblille OTOOpaXKeHHs Oy ks 3TO
oToBpaxkenne aBAsercs usomopdusmoM. B panbueiimem TY (X) oro-

KAecTBAsgeTca MNpu moMmomu & 2Lc BEKTOPI1bIM HOllﬂpOCTpaHCTBOM
T™M (X, Xp B T (X)) @ T‘"’( 2)-

13.4.6. CoxpauuM ofo3uauenus u3z 13.4.5 u 13.3.1. Ilpu nepexoze K
aKTOpy Gk, %, OIPEENSIET JTHHENHO® 0TOOpaxkenue

ehty G0, T (X)) @ gre, TS (Xo) > g, T (X),
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Ortobpaxenust ek, (R, 4 R, < r) CyTb KOMIIOHEHTB! rpajynpoBaH-
HOro creneln Hyab Jutef HoTo omﬁpamemm

® (arTH) (X) @ ere,T5) (X2) > @ gri T3 (X),

1+k25’

aBasolerocs usomopgpusmom. Nuarpavma

O (@ T8 (X) @ ereTH (Xa)>er TV (X)
RS .
L iy J' [X
® _(TS" (T4, (X)) @ TS" (Tu, (X)) > @ TS" (T, (X1) X T, (X)

RyFky S

KOMMYTaTHBHa (B 3100 Auarpamme 112 03HauaeT roMomoptusM, HHAY-
unpOBaHHbm otoOpaxkeHuem Ix, @ ix,, W O — H30MODGH3M, oflpe-
ejentbiit B Alg., chap. 1V, § 5, n° 5). Ecau r Geckoneuno, 10 312 ana-
paMma 3anuchiBaeTcd MpocTo B TaKoM BHJE:

gr T (X) @ gr TS (X)) — gr T (X)
}ix,®ix, ¥ ix

TS (Te, (X)) & TS (T, (Xa)) — TS (T, (X))

13.5. Konpoussedenus

;B sr1oM nyuxTte X o3nauaer Muoroo6pasue Kaacca C’, a x — Touky
B X.

13.5.1. Iycts k& & r. Ecniu A — puaronanbHoe oTo8paxeHue y w (y,

y)u3 X B X X X, 10 A, otobpaaer TE (X) B Ty (X X X),

jﬂBﬂﬂ}omeeCﬂ BEKTOPHBIM mognpoctpancTeoM 8 TS (X) & T (X)

(cm. 13.4.5). Taxkum ofpasoM MoJayyaeM JHHEHHOE 0T06pa>xe1me TaK-
})Ke o6o3Hauaemoe uepes A, (u1u ),
k k k

| T (X) > T (X) @ T (X);
OHO HashiBaeTcsi Konpousederuem, cpasauubiM ¢ T (X). Bynyuu
HaJleJIEHO STUM KOTPOU3BEJIEHUEM, Tﬁ,’” (X) cranoBuTCR KoaccouuaTHB-
HOH M KOKOMMYyTaTHBHOH KoasreGpoil (Alg., chap. III, p. 144—145);
'3Ta Koanrebpa J0MyCKaeT B Ka4eCTBe KOGAMHHLB! JHUlleiiHy0 dopMy, co-
{TIOCTABJISIONIYI0  TOUEUHOMY pacnpeneneﬂum ero cBoGoAIBI uTeH
(13.2.1). Eciu &' < k, Broxenne u3 TS (X) B TV (X) ecTs Mopdusm
Koanreop.

Ecmu ¢ = (U, ¢, E) — kapTa na X, UeHTpPHUpOBaHHas B X, TO H30-
Mopdu3M

8,: T (E) - TP (X)
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ecTb u3omopdu3aM Koanredp, eciau T (E) uHazesieHO KONpOU3BEALIHEM,
HHAyUMpPOBaHHLIM KonpousseseHueM B 1S (E) (cm. Alg., chap. IV,
§ 5, n°7).

Ecmn ¢t X > Y — Mop(busw mHoroo6pasuit knacca C’', 10 0T0G-

paxeHune u3 T™ (X) B T (3,) (Y), unayuupoansoe oToOpaxeHunem
(4, CCTb MOPGhH3M Koanaredp.

13.5.2. Ilyets Fy, Fy, u F — oTAenuMbie MONMHOPMUPOBaHHbIE TpPO-
CTPaHCTBA H (Uy, Uy) > Uy . U, — HenpephiBHOE GuinHeiiHoe oTOGpPA-

senue us F, X F, B F. Myets £ € T (X), u nycthb ¢ (f) = Eu; &K

® v; (u;, v; nexatr 8 Ty (X)) — ero o6pa3 OTHOCHTENbHO Konpons-
pefenns. Ilycts f: X — F, ({ = 1, 2) — oToBpaxkenus knacca C'.
Vimeem

(fl'fz’ t) :‘Z(fl’ up) - (far iy
i

4TO 3allMChIBAIOT, AOMYyCKaa BOJBLHOCTL B O603H8‘-IEHHHX, Taxk:

(fr.far ) =L ®f2 €(¥)
13.5.3. Tlyets £ € T (X), tae k < r.

a) Has Toro utobet ¢ (f) = ¢ @ ¢, HeoOXOAMMO U NOCTATOUHO, UTOOH!
t pasusica 0 ui e,

b) Ons toro utobei ¢ (f) =t Q e, + ¢, Q ¢, HeoOxomuMO H JO-
cTatouno, uto6el ¢ GBI KacaTeqbibiM BEKTOPOM, T. €. utoln f €

€ TV (X).

13.6. Pacnpelenenus ¢ KOHeu4HbIM HOCUMEAEM

13.6.1. Myctb X — mHoroo6pasue xaacca C', u nycts k& < r. Uepes
F® (X) obosnauaerca npamas cyuma npoctpancts TP (X) mna x €

€ X. dnement us g® (X) uasbiBaetcs pacnpederertier ¢ KOHEUHbIM
Hocumensem Ha X nopsiaka < k. Ecan f: X - F — QyHKuusa Kiacca

C’ co 3HaYeHHAMH B OTAETHMOM TMOJHHOPMHPOBAHIOM MPOCTPAHCTBE
k
Fu ecnu f = 2, t, rie t, € T (X) ans Beskoro x € X ccTs

pacrpesencnue ¢ KOHE'-IHI:IM HOCHTe/IeM, flogaraeM

F, 1y =3 (F, t,).

xCX
Auanoruudo, nonaraeM ¢ (f) = X ¢ ({,), uTO Hapeaser g (X)
XX

CTPYKTYpPOl KOaccoUMaTHBHOA KOKOMMYTAaTHBHO KoanreOpsl, o6nana-

romell koemunuueir fw» (1, £). Baoxenus gk x _, glh (X), rne
k' < k, cyTb mopdu3mbl koanrep. :
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Ecan ¢: X — Y — mopdmamnl MHoroobpasuit kiacca C', 1o 0T106-

k k k
saermus TV () T® (X) > T, (Y), oTHocsmpecs K BeeBos-
JOXKHBIM TOUKaM X MHOrooOpasus X, oOlpefefsiloT JNHHEHHOe OTOoD-

k
saxenne @, u3a T (X) 8 T™ (Y), apnsiomeecs MopdH3MOM Koanresp.
Ecnu X, u X, — 1Ba Muoroo6pasusi knacca C', 10 oto6paeHHs

%" (cm. 13.4.5) onpenessiioT MHHeliHoe 0TOGp axetine
T (X X X) =TV (XN QT (X,),

{0TOpOe HHDBEKTHBHO; 3T0 Mopdu3m koanrebp. Eciau B = oo unn o, 310
130MopdusM Koanredp.

3.6.2. Ilyctb X — wmuorooBpasue kmacca C' u V — pektopHoe K-

TDOCTPAHCTBO KOHeUHOH pasMepHocTH. ement u3 0 (X)Q V
1a3bIBAETCSl pacnpese/eHHeM C KOHEeUHbIM HOCHTeNeM Ha X €O 3HaueHu-
wmu ¢ V. Ectn K = R, V = C, nonoBuoe pacnpeiesenne HasbBaETCS
“aKKe KOMMACKCHbIM pacnpedencHuem ¢ KOHCUHBIM HocuTeneM Ha X.
JipefeneHHs H pe3yabTaThl MPeAbAYILHX MYHKTOB CPasy pacmpocrpa-
110TCA O JIHHEHHOCTH Ha pacrpelie/eHns CO 3HaueHusMH B V.

.3.7. Ocaabaenue cmpyrKmsy pol

Tpennonaraerca, uro K = R. Ilycrs r' € N, TakoBo, uro r' < r.
Tvers X — muorooGpasue knacca C° u X' — MHorooGpasue xjacca
27, moiyuenHoe ocaGneHneM crpykrypul (5.13.1). Ilyete ¥ € X m
€T (X), rre k < 1. BblﬁepeM kapry ¢ = (U, ¢, E) na X, LeH-
“PHPOBAHHYIO B X, U MYyCThb 't — takoii saement n3 TS™® (E), ut0 8, (t) =
={, Hocxonbxy ¢ ecTb Kapta Ha X', UeHTpHpOBalHag B X, aMTeMeHT

=0, (t) us T (X") omnpeneneH; oH 1e 3aBHCHUT OT Beibopa ¢, OT0O-

yaenue f = I ectb Guekunst n3 T (X) va T (X'), mocpenctso
{0TOpO# 3TH ABa MPOCTpaHCTBa omoxcOecmaasiomes. [lonyuaeMsie Tak M
mocoGoM OTOMKIECTBIEHHs coryacyloresi ¢ onepaunsamu (f, ), @, (f),
. @1y, c(f), ... U3 IPEALIAYIIMX NIYHKTOB,



§ 14. JuddepeHumnansubie onepaTopsi

' KA YK -
B stom maparpade X o3Hauyaer 10ka16HO KOHeunOMepHOe MHOTO0G
pasue knacca C', rie 7 € Nk; uepes E u F ofo3nauaiorcs BeKTOprIe
pacc/ioeHHsl KOHEYHoro paHra, kiaacca C u ¢ Gasolt X.

Bce paccMaTtpuBaeMble MHOFOO6p33Ilﬁ U BEKTOPHBEIe paccjioenuda npei-
roJsiararoTcda JIOKaJIbHO KOHeYHOMEepHLIMH,

14.1. ﬂucﬁcﬁépeuuua/zbume onepamopol

14.1.1. TTycts £ — Takoe uesioe 4ucio, uto 0 < k < r, 1 MycTh Pt (E) —
paccnoeHue CTpy# cedeHHmit nopﬁm(a k paccnoenus E (12.6.1). Tlo-
JIOKHM

D*(E, F) =< (P*(E); F).

1o BeKTOpHOE paccioeHHe ¢ 6asoif X u kmacca C"*. Ceuenne atoro
paccsoeHHd Hal OTKPBITEIM B X moaMHoxKecTBOM U 0TOXIECTB/IAETCA C
oTobpaxeHHueM

D:P*(E)\U~F|U,
KOMMYTHDYIOUUM ¢ mpoekunell Ha U u JnHefiHBIM Ha KaxKJIOM CJIOe;
TaKoe cevyeHue HaswiBaerca OJughpepenyuaroroin onepamopor Ha U
muna E - F u nopﬂdrca Lk Ilyete h € Nkl (O}, e O < B L r—
— k. Hepes Y (E, F) obosnayaerca MHOXecTBO nudpepeHnHatblbX
onepaTopos HaU tuma E — F u nopﬂaxa < k, KoTopble npuradiexcam
rc/zaccy C" (kak cewenns paccoenns D* (E, F) nau Kaxk MOpHH3MbI
us P* (E)| U B F|U, uto cogutcs k Tomy xke). Ecin M = D (E,
F), to D§" (E, F) = &% (U); 310 MOzY L, Haa 6" (U) (o, 74.1).
" Ecmu 0 < & < k, 0 Mopuam r P (E) — P* (E) (cM. 12.6.6)
OTpefessieT WUHBEKYWIo PaccJoeHus D¥ (E, F) B D" (E, F); scskuit
nvdpepeHlHaNbHBIE onepaTop nopanka < k', Takum 00pa3oM, oToXKIe-
creasercst ¢ auddepeHunanbHbIM onepaTtopom nopaaka-<k.IIpo nud-
tepeHUHa/IBHBIN OriepaTop nopAnka <k, KoTophlll He sBASeTCHd omepa-
TOpOM TOPAAKa <k — 1, TOBOPAT MHOTja, YTO OH HMeeT nopAadox k,
Ecniu h € Nk U {0} uh <r—kuecmu U otkpuito B X, TO

0 DY (E, ) DV (E, < -+ < D" (E, F).
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3
Ecnn r = oo wan o, yepes D" (E, F) oGo3navaercs o6beAnHEHHe

Ik
muoxkects Dy (E, F) nas k > 0; 3eMeHT 310r0 06beHHEHUS HA3bI-
Baercsl AudibepennyaibieiM onepatopoM Ha U orpaHHYeHHOro mopsaka

f1 \
(runa E — F, kaacca C") unu pHOTA TIpoCTO AndipepeHIHaNbHbIM Olie-
patopom Ha U.

14.1.2. (Onepamopor Hyaesozo nopsadka.) Hmeem P° (E) = E (12.5.1)
uD(E, F) = % (E; F). Ecu U — oTKphITOR B X TOAMHOMXKeCTBO

nectn h € Ng |J (0} uh < r, To aiement u3 Y (E, F) ects Mop-
tuam knacca C"ws E | U F | U.

14.1.3. (Ocarabaerue cmpyxmyper.) Tlpeanomoxum, yro K = R, wu
nycts r' € Ng, rne r' < r. llyets X', E' u F' — mHorooGpasue u
BEKTOpPHbIE pacc/ioeHus knacca C', MoJydeHHble OCTAGieHueM CTPYK-
Typel u3 X, Eu F COOTBETCTBeHHO [Tyctb k& — Takoe uenee dncio,

uro 0 K R K r . Torza P* (E’') ectb paccmoenne knaacca C’—F, mo-
JIy4eHHoe I/IBP (E) ocnabneHveM CTpYKTYpbl, U aHAJOTHYHBIH peaym,-'
taT cnpaseanus ans D* (E’, F'). B wactuoct, ecau U OTKPBITO B
Xuem 0Kh<r —k 10 DY (E', F)= D (E, F).

14.1.4, Tlycte D — nuddepenuuaneHulii onepatop H2 X tuma E — F
u nopsaaka <k (rae 0 < & < r). Tlyers U otkpHTO B X M § — ceyenne

knacca C™ paccnoenuss E wag U, rae m € Nk |J 0 ukL<mKr

Torna jk (s) ecTb ceueHue KJjacca crt paccJjioeHHq Pt (E) Hag U

(12.6.1); ero of6pas orHocutenrHo D oGosHayaercs uyepes Dy (s) unu

D (s). 910 ceyenue pacciioenns F | U. Tlpeanonoxkum, uro D mpuHazn-

aexut Kaaccy C°, rae h = m — k. Torna Dy (s) IpUHaJIeKHT Kaaccy

C*, w noaydyenHme TaxmM crocoGoM OTOGpaKeHHs
Dy:F%(U)—>FEU)

o6/afaoT CleXyomHMH CBOACTBAMHU:

(1) Dy ectb K-nuHeiilioe oro6GpaxeHue.

(2) Jas Besikoro s € ¢ (U) 1 BCcAKOro oTKpuITOro B U MoAMHOKeCTBa

V umeem Dy (s|{ V) = Du (s)| V.

(3) Haus Besixoro s € QY’E (U) W BCsKOTO X € U, Takux, 4to ]x (s) =

= 0, umeeM Dy (s) (x) ==

(3") dna Beaxodt cucteMsl KOOpllI/IHaT E= (&, .., &)naUu Bcaxoro

pemepa § = (s, ..., 8;) paccioenns E Hap U (7.4.4) cywecTByoT Takue

ceueHHs Nig (1 < i< d, a €N, |a| < k) n1a F nan U knacca

C", uto ana Beskoro cemeticrsa (f)igice 7ementos us G™ (U) B
MONHSAETCS PABEHCTBO

Du( > i sf)= S AF(F).ma (oM. 13.2.6).

157s4 Isisdial<k
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(4) IOna scaxolt ¢yurkunu f € 6" (U) u Beaxoro otobpaxenus 0
w3 4 (E) B i (F) obosnauum yepes ad (f) 0 oroGpaxenne

' s—»f.0()—0(f.53)

us FY (E) B 4 (F). Toraa ana seakoit pyuxunu f € 6™ (U) cymectsy-
eT Takol Audepenuunansuelil oneparop L ua U tuna E — F, nopsajka
<k — 1 v xaacca C*, uro

(ad (f) Dy) (s) = Ly (s) ansa Beskoro s € & (E).
(5) Vimeem

ad(fy) ... ad (fk)ADu=0, KaKkoBbl Gbl HH GbUM fy, ..., f, B 6" (U).
‘Ecnn nonoxuts [ = {0, ..., &} u fg = Il [, 113 Bcaxoro noaMHo)ect-
i€H

Ba H B [, ToO Tpembiayllee COOTHOLIGHHE IKBHUBAJEHTHO TOMY, YTO
Card(H
> (=1 Y1 . Dy (fr—mi . s) = 0,

Hcl
KAaKOBbI 6bl HU GBI fy, ..., fou3 C"(U) us .us &% (U).

14.1.5. (Xapaxmepusayus OJuggpepenyuanorvix onepamopos.) Ilycts
k, m u h = m— k 1e xe, uro B 14.1.4. Ilns BCAKOro OTKPBHITOrO B
X mogmuoxectsa U mycts Dy — otobpaxkenue u3 ¢ (U) B F'x ).
[Ipeanonoxum, yto yenosns 1, 2, 3 (coots. 1, 2, 3') u3 14.1.4 suinoa-
HeHbl 715 BCAKOro oTKphiToro B X moamuoxectsa U. Toraa cyuiectny-
eT OJMH W TOJNBbKO OfUH Tako# 3jeveHT D B ,Q)’}'gh (E, F), uto otobpa-
xenud Dy CyTb COOTBeTCTBYMOIIMe eMy oToGpaxkeHus ). B nocienyio-
meM u3JoxeHuH D oToxJecTBJsieTcA ¢ ceMeficTBoM ortobpaxeHudl Dy.

Ecnium = oo unu @, 10 h = m u ycnosua (3) u (3') MOXKHO 3aMEHHTh
OAHWM M3 ycoBHE (4), (B).

14.1.6. {Craaapree: onepamopet.) [pemnonoxum, yro E u F paBHu
TpPHBHAJBHOMY paccrioendio Kx. HuddepeHunannieii oneparop Tuna
E — F HasbiBaercs TOraa ckaaaprom nHOOEpeHIHaibHbM OTIepaTopoM
WM mpocto IudxbepeHIUadbHBIM OTIepaToOPOM; eClH ero Nopaiok L&,

3TO ceuyeHHe paccioeHus &£ (Pk (X); Kx) = P* (X)*, OJyaasnozo
K pacc/oeHHo P* (X); ucronb3ysa uzoMopdu3M

i~ PR (X T (X) (cm. 13.2.5),

BUAUM, UTO cKaJfApHbE AuddepeHuuadbHblli omepatop mopaika <k

k
OTOXIeCTBJIACTCA C cedeHuesm BeKTopHoro paccioenus T® (X), 1. e.
C nosem moveursx pacnpedeneniii nopara < k.

1) Iloctatouno, enpouem, 4Tobul yeaoBue (3') Buimodusioch Al ceveHcTsa (-§h)
CHCTEM KOOPMMHAT U ceMefCTBa perepos (§,), o0acTy olpesesnelns KOTOPLIX NOKDBI-
paioT Bee X.
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B uwacrHoctH, BO3bMeM B KadecTBe X OTKPHITOE MOAMHOXECTBO
B K", rne n— nenoe yncao >0. [Tonsg ToueyHblX pacrpenesieHutt

A% x A% (cMm. 13.2.6.)
CyThb CKaJisApHbIe * auddepeHuuanbuse omepatops Kiacca C°. s
cakoro h € Nk snementnt A* (a1a |a| < k) ofpasywr 6asuc
6* (X)-monyas D% (Kx, Kx).

14.1.7. (Komnaexcrole dudipeperyuarsroie onepamopel Ha 8eujeCmseHHOM
mHo2000pasuu.) Tpeanonoxum, uto K = R 1 4TO BEKTOpHBIE pacciaoe-
Husa E w F HajeneHnl komnaexcHoimu cmpykmypamy (8.8.1); nyctb k —
TaKoe mesioe yncno, uto 0 < k£ < r. Paccioenne P*(E) naneneno Toraa
KOMILIEKCHOH cTpyKTypoit (12.6.3); paccnoenue £¢ (Pk (E); Fy (7.8.5)
KOMRAEKCHbLX JTUHEHHBIX OTOGpaXKeHUl W3 P* (E) B F ecTh BexTOpHOE
nogpaccioenue B £ (Pk (E); F) = D" (E, F); oHo o603Hayaercs uyepes
D¢ (E, F). Ero ceueHue HashIBAETCS KOMHACKCHbIM AUGxpepeHIIHAbHEIM
oneparopom tuna E — F unopsaaka <k Ecmu h € Nk v hLr— k'
u ecnu U otkpeito B X, TO yepes ,Q)'fih (E, F)c aHasoruuHoiM ofpasom
0603HauaeTcs MPOCTPAHCTBO ceyeHuit KJaacca C" paccioenus D¢ (E,
F) man U; ato BekTopHOe C-npoctpanctso. [Ipoune onpegeneHusa u pe-
3yJbTaTHl 9TOrO Naparpada pacnpocTpaHsdlTCd Ha KoMIJeKCHble aud-
(pepeHUMANbHLIE ONEpPaTOphl aHAJOTHYHBIM 06pa3soM; uX (opMyJTHpOB-
KY MBI OCTaBJIfieM YHTATEIO.

14.1.8. (Komnosuyua.) Ilycte G — BeKTOpHOE paccioenue Kiacca C'
c 6a3oft X. Ilycts &' 1 k" — nonoxuTeNbHbIE LeJble YHCTIa C CyMMOl & <
< ru D’ (coot. D") — nuddeperuuansusiii oneparop Ha X rtuna E —
- — F (coots. tuna F — G) u nopsigka <k’ (coots. <k"). [lpearnoso-
x®uM, uto D': P* (E) = F npuHanjexuT Kiaaccy C",rne W € Nx U
U {0) u " h' < r— k'; otobpaxenne :

D, = P¥ (D'): P¥ (P¥ (E)) - P¥ (F)
npuHamexut kaaccy C' % (12.6.3). Ilycts B — RanoHHueckuil

u3oMopdusm u3 P*(E) B P¥ (P¥ (E)) (cm. 12.6.5). Bass xoMIo3Huuio
otoBpaxkeHuit :

B B pk P e D
P (E)—P" (P (E) > P" (F)— G,
nonyuaeM audeperumaibHuil onepatop tvna E — G u nopsaika k.
3SroT onepartop HaswbBaeTcs Komnoduyuell onepatopos D” u D'; o 0603-
Hauaetcs yepes D" o D',

Ecan U o1kpuTo B X U ecin s € FF (U), 10
(D" *D')(8) = D" (D' (9))
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(r1e oGa ujeHa cyTh ceueHus paccnoenus G Hap U); aTo ompapapiBaeT
MPUHSTLIE TEPMUHOJIOTHIO U 0603HaYeHHe,

Ipexnosoxum Temepb, yto D” mpunagnexur kiaccy C', rae h” €
€ Nk U {0} uw h" < r—Fk". Toraa D" o D’ mnpunagiexuat Kjaaccy
C" raeh = inf (W' — K", h").

[TpeanonoxuM, 4T0 E = F = Guuto k' < h";B3ToM cnyqae D’ o D”
onpeneseH. Torma D’ o D"— D" o D' ectp auddepenuuanbHeiii ore-

patop tuna E — E u mopsagka <k — 1; oH oGosHauaercs yepes [D’,
D”].

14.1.9. (Accoyuamusnocme.) CoxpannuM o6o3HadeHUs U Tpefrnosioxe-
Hus w3 14.1.8; nycts H — BekTopHOoe paccioerue kaacca C' ¢ 6asoit
X u D' — nuddepeHunanbhelii onepatop Ha X tuna G — H ¥ no-
psaka <R, rme k' + k" + k" < r. [peanonaraercs, yro D' npu-
HaJJIeXKHT Kaaccy C", vme W € Nk U 0} u B" 4+ kK" <HW Lr—
— &', u uto D" npunagnexut knaccy C*, raeh” € Nx U {0nk"” <
L W r— k', Torga KoMmosuuuu

D" o(DreD’) u (D" °D")yo D’
OonpejeaeHbl U paBHBIL.

14.1.10. Hpumepor

a) ITycts U — oTKpbiTOe B X nonMHb)KeCTBo, D¢ Dy (E, F) ¢
heNg U0 u h<r—Fk u f€C"™™ (U) (coots. f€E" (V).
Yumuoxenue Ha f B E (coot. F) ecTh AnddepeHunanpHblil onepatop Ha
U nopsagka <0 urtnna E — E (coots. F — F) (cm. 14.1.2). Kovnosu-

" nud DofufoD onpeneneHs U npuHamiexar D (E, F); monaraem

ad () D =feD—Defc D5 " (E, F)

(cm. 14.1.4, (4)). Taknm o6pasom, D" (E, F) Hagensercs éprK-
Typol TpaBoro Gh+k(U)-M011me (COOTB.  CTPYKTypoH  JeBoro

6" (U)-monyns). CTPYKTypa NIeBOro MOAYJIf COBNAJAET C COOTBETCTBYIO-
el crpykrypoit us 14.1.1.
b) IlpeanoaoxuM, yTo r = oo UM ®. dnddepenuuanptoe onepa-

topul THna E — E v kaacca C' o6pasyior accoyuamushyn K-aizebpy
C eIUHHUYHBIM 3JIEMEHTOM.

¢) BosbMem B KauectBe X OTKpHITOE moamioxectso B K. Ckaasp-
Hbie Iuddepernuanbhse onepatopsl A* (14.1.6) ymosaeTsopsior dop-
mMyJiam

A% AP = (@, B)) A",
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ODHU KOMMYTHPYIOT MeX1y cofoii. OGo3Haunm yepes D, omepatop A%
(i-a wacmnas npoussodnas). Ecan K umeer xapakrepucruky 0, To

A* =L pm | D%

al n

Ecin K umeer xapakrepuctuky p =0, to D = 0 mia scsakoro f,

. 1.11. ([Toauduppepenyuaronoe onepamoper.) Ilyets Ey, o1y 4 E, —

BEKTOPHBbIe paccioeHHsi xaacca C' ¢ 6asoft X, MnycTb &, By, vuuy B, —
uesnle yucsaa, npunagnexauue (0, r), Ilonoxum

Lty ..., k) =4 (P"(E)Q -+ @ P*»(E); F).
Ecnn k < & ans BeAkoro I, mnpoeruuu i p (E,)—+Pki (E)
TMO3BOJISIOT OTOXK1ECTBUTh paccioeHne L (ky, ..., k) ¢ molpaccioennem
paccioennsa L (k) = L (R, ..., k). CyulectByeT HauMeHbliee foapaccio-
enue M (k) B L (k), comepxamee Bce moapaccnoenus L (ky, ..., k)

ma Rk + ... + k, = k. Ceuenue H paccnoenuss M (k) HasbiBaeTcd
n-Oudhpeperyuansrom (1IN noALOUPPepeH LA HELM) OnepamopoM muna
(E\, ..., E,)) > F u nopsdka < k. Ecmu s, (1 <i< n) ects ceye-

Hue kyaacca C" (m € Ny, m > k) pacciioenus E; HaA OTKPBITHM B X
noamuoxectsom U, T0 onpenendeM Hu (S, s, S)i= H (Sy, vuvy Sp)

Kak o6pas oTHocuTenblo H ceyenus ]k ) ® v RFF (s,) paccrnoenus
k
PYE)® -+ @ P'(Ey.
10 ceyenne paccioerus F | U, Ectu H npumagnexur Knaccy CF,
3TO CeueHHe TMpuHagNexuT kaaccy C’, rfie p = inf (m — &, h).

Ecim E,, ..., E, u F pasunl Kx, ropopsat, uto H — cxarapueul
n-guddepeHuHanbEbl (11 monuauddepeHIHaNbHBIE) OMepaTop,

Hpumep. Yycts J — KOHEYHOE MHOMKECTBO, @ X — OTKPHITOE MOJ-

mHoxectso B K’ ITyets H — CKaNapHbll n-auddepeHnranbiblil ome-
patop mopsaaka < kHa X, CyiecTsyer eIUHCTBEHHOE CeMefCTBO TaKHX
CKaMApHbIX GyHKIUH

¢ (OL (1)’ ey G (n))(a(l)....; aln)ENYs 2 \OL (l) l < kt
=1
Ha X, 4yTO

Helly -onfd= e@), ooy @@ () .. A ()

D er, i)

o o k
s Beakoro cemebictsa (fy, ..., f,) dyHRuMi kinacca C° na X, ng toro
uTo6s H npunagnexan knaccy C", HeOGXOMMMO U NOCTATOYHO, HTOGEI
f
byukuu ¢ (e (1), ..., o (1)) opunagrexanu xiaaccy C,
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14.2. Cumeonrst

14.2.1. Ilycrs & — nojoxuTeNbHOe 1e0€ ynuchao < 7. Pacemorpum toy-
HYIO TI0C/1€J0BATeNTbHOCTDb

0— P, (T (X); E)L~P"(E)Ls PPV (Ey>0

. kyk— : .
u3 n° 12.6.8, rae nonoxeno j = r*7', IIpuMeHss BeKTOPHEIH bylk-

top M - & (M; F) K 3T0#l noc/nefoBaTeNLHOCTH, MOJy4YaeM TOUHYIO
noc/1e10BaTe1bHOCTh

0— & (P (E); F)L- & (P*(E); F) 2% (P, (T (X); E); F)—0,
KOTOpyIO MO2KHQO 3anyucarp TdkK.

0—D*"(E, Fy L. D*(E, F) 2. S" (E, F) > 0,
BBOJA oDO3HAyeHHE

S*(E, F) = 4 (P, (T (X); E); P).

Tomomopdusy j' = £ (j, Idr) ecTb kaHOHUYeCKOe BJIOXKEHHE paccJioe-
k— k

uust D*' (E, F) B D" (E, F); roMoMOphH3M 0, TIO OTIpeieIeHAI0 paBeH

£ (; Idp). Ecam D — pudepenunanbublii onepatop tuna E — F

u nopaika <k, To ero o6pa3 OTHOCHTENbHO O, eCTb cedyeHue g, (D)

k
paccnoenust S° (E, F), koropoe HaspiBaercs k-cumgoaom (WIv TIPOCTO
cumBoJiom) omnepartopa D; 0, (D) = 0 Torga u Toabko TOrja, Koria D

umeeT opagok < k — 1. Ecau D npunaanexut kaaccy C*, To xe cripa-
BEJJINBO U 1JIs1 €ro CHMBOJA.

14.2.2. (Pasauurele unmepnpemayuy paccaoeHus cumesonos.) Paccioe-
ane S (E, F)y =% (P, (T (X); E); F) MoXHO 3amucaTh pas/IH4HbIMHU
cmoco6avu. [1pex:e Bcero, ecan x-€ X, to a’1ement u3 P, (T, (X); E,)

otoxaectsaserca (13.1.2) ¢ aaementom u3z & (TSMT. (X)); E,).
TakuMm o6paszoM MoTy4aeM OTOXKAECTB/ICHHS BEKTOPHBIX pacc/oeHHH

Py (T (X); Ey=% (TS" (T (X); E)=(TS" (T (X)*QE
U, TIpUMeHAs BeKTOpHbl dyHKTOp M > & (M; F) = M* ® F, no-
Jiyyaem

SHE F)=TS"T(X)RE*Q F =TS (T (X) 4 (E; F).

MoxH0 Takxke mpeofpasoparhb npeipiayitee Bupaxenue. Ecin M u
N — JaBa BEKTOpHHIX paccioedus, 0003HAYUM uepes Symk (M; N)
nonpaccioenue B £ (M, ..., M; N), o6pasoBanHOe k-NHHEHHBIMH CuM-
memputeckumy otoGpaxkeHusamu. Mmeer mecto KaHOHHYECKHIT H30OMOp-
¢hu3sm

Sym# (M; N)— Sym*(M; Kx) @ Nj
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o o k k
C IpYyrofl CTOpOHLl, ABOHCTBEHHOCTb MeXxAY & M n & M* oroxie

k k
crerfer Sym” (M; Kx) ¢ TS" (M*), Tem caMblM BO3HUKAeT OTOXKIECT-
BJEHHE

Sym*(M; N)=TS" (M QN.
[Mpumensin sty ¢opmyny k M =T (X)* u N = £ (E; F), no-
JyuaeMm
SME, F) = TSHT (X)) Q £ (E; F) = Sym* (T (X)*; ¥ (E; F)).

[Tpeanonoxum, 410 K umeeTr Xapakrtepuctuky O unu >k, Eciu u —
CHMMeTpHYecKoe R-JiHefiHoe oToOpa)keHHe, 0GO3HAYUM 4epe3 .4 CoOoT-
BETCTBYIOILEE TOJNMHOMHANBHOE OTOGpaXKeHue

1
x> —k!—u(x, ceey X)

OTo6parkeHHe u ~» & ONpeleseT H3OMOPDHaM
S"(E, F) = Sym* (T (X)*, % (E; F)— P, (T (X)*; £ (E, F)).

- o k
Takum obpasom, Beakuil anement o us S (E, F),, rre x € X, mo-
JKeT GBITb OTOXKIECTBJEH C OOHOPOOHBIM NOAULHOMUGAbHOIM omobpase-

tuem o cmenenu kus T, (X)* 6 % (E; F)).

14.2.3. (Bewucaetue cumsoara dugppeperyuarsrozo onepamopa.) Ilyctsb
x € X u D — pubdepenunanpHulli onepatop Tuna E — F u nopajka
<k, omnpelle/leHHbIH B OTKPHITOH OKPECTHOCTH TOUKH X M HpHHALJekKa-
mudt knaccy C*, Cefivac M1 Goslee ABHO oNHIIEM SHAYeHHE ), D) &)
cumsora onepatopa D B Touke x, PaccMOTpUM ero Kak 3J1eMeHT H3
Symk (T, (X)*, £ (E,; F,)) (cv. 14.2.2), TlycTs @y, ..., @, — KOBEKTO-

pbl B X, U BbGepeM Tak#e (GYHKUHH fi, ..., fr knacca G' B OTKPHITOH
okpectHocTH U TouKH X, 410 d, f, = o; and i = 1, ,.., k. [Tonoxum

D' =(—1)fad(f,) ... ad(f) D (cm. 14.1.10, a)).
Onepatop D' wumeer mnopsagok < 0; 3To ceyeHHe PACCIAOCHHUSA
&% (E; F)| U, 3uauenne omepatopa D' B x ecTb A (&, ..., ©) U3
£ (E, F,), sasucamuéi janme oT (@, .., ). Otobpaxenue A,
olpeiesieHHOe TAKUM CIIocoGoM, cuMmeTpuuHo, ORo cognadaerm ¢ CumBoIOM
o, (D) (x) onepamopa D s x.

[Tpeanonoxum, uro K == R unu C, u Gosee ABHO ONHIIEM CHMBOJ
o, (D) (x), paccmaTpuBaeMblii KaK OfHOPOAHOE CTefleHH & IOJMHOMHAb-
Hoe oto6paxenne u3 T, (X)* B &£ (E,; F,) (cm. 14.2.2), Tlvets o €
€T, (X)* nv ¢ E_; suiGepem Takyio ¢yHxkuuwo f ka1acca C' B OTKpHI-
To# oKpecTHocTu U TOukH x, 4To d,f = o, ¥ Takoe ceueHHe § Kjiacca
C’ paccioenuss E map U, uros (x) = v, CylIeCTBYeT ONHO U TOJBKO

LA
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OJIHO TaKoe CeMeHCTBO (Py, @1, +.-, Pi) CEUCHHUE pacciaoeHus F Hag U, 4to

k
¢™D (e"s) = 3 t'g; ann Beskoro L€ K.

j=0
Toraa ¢, (x) He 3aBUCHT OT BpI6OpA f U s, TaKuX, 410 -d.f = 0, v (x) =
= §; oToGpaxeHHe U~ @, (x) ecTb sueMeHt A () us £ (E,; F)),
¥ A ecTb OJHOPOIHOE CTeleHH R NOJHHOMHAJNbHOE OTOOpaxeHue H3
T, (X)*8 & (E,; F,). 3mo omobpaxcenue cosnadaem c CuUMBOIOM
o, (D) (x) onepamopa D B x.

14.2.4, (Crarsnphoiti cayuai.) Bosemem E = F = Kx; B 3TOM Clyuae

D* (E, F) OTOMIeCTBJSIETCA C DACCIOCHHEM T® (X) Toueunnx pac-
npenenennit nopaaxka <k (cM. 14.1.6), Mmeem

S*(E, F) =TS"(T (X)),
¥ CHMBOJI
' o, T® (X) = TS (T (X))
ecTh He YTO HHOe, KaKk KOMIO3HLHA _
T (X) > T (XYT*D (X) £+ TSH(T (X)),
rie i, — usomopduamM, onpeseneHHsld 8 13.3.2,

Bosbmem, Hampumep, B KadecTBe X OTKPHITOE HOAMHOXKECTBO B
K", u nyctb {e;, .., €,} — KaHOHMYeckMH 6asuc B HPOCTpAHCTBE
K" (oTOXIecTBJEHHOM C KacaTeNbHbIMM mnpocTrpaHcTBamMu T, (X)),
Ecan o € N* TakoBo, uto | & | < k, 10 cumBon omepartopa A™ sanaer-
ca gopmynamu (cm. 13,3.3): .

o, (A%) (x) =0, ec |a| <k,
0, (A") (¥) = Vo, (€1) o+ Vo, (€,), €caH |a]|=Fk,

puYeM NPOU3BEJEHHE SNEMEHTOB Yo (¢) €CTb cummempuueckoe npo-
useederue (cm. 13,2.6 u 13.3.3).

14.2.5. (Cumsonr komnosuyuu.) OGO3HAueHHs M INPEANOJNOKEHHS Te
xe, gro B 14,1,8, Komnosuuysa JjuneliHbix oTo6paeHull onpenenser

criapusaHue
&% (F; G) x £ (Ey F)—~>¥% (E; G).

C npyroii CTOpOHBl, ONepalus CUMMEMPULECKO20 npOUssedeHUs
orpejensieT cliapuBaHue -

TSY (T (X)) x TS" (T (X))~ TS* (T (X))
HOCKOJle¥ )
S*(F, G) = TS" T (X)) QL (F; G),
S¥(E, F)=TS" (T(X)® % (E; F), | oM. 14.2.2,

S*(E, G) = TS" (T (X)) @ £ (E; G);
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OTCI0J]a C TOMOLLbIO TEH30PHOTO NPOHU3BEICHHS MOJydaeM clapuBaHue
(+) S¥(F, G) x S (E, F)— S* (E, G).
Torza noiyyaem Gopmy.y

6, (D" o D'} = o4 (D") . 0w (D),

rie mnpousselenye, GUIypUpYIOUEE B MPABOH YaCTH, ONpPENENSiETCs
YKa3aHHbLIM BbIIIE CIIaPUBAHUEM (*),

[Mpexnonoxum Tenepsb, uto K uMeeT xapakTepuCTHKY HyJb, H MYCTh
x € X. OGo3Hauum yepe3 o (cooTB. 6°, 0") k-CMBOJ (COOTB. R’ -CHMBOJ,
k”-cumBon) onepatopa D” ¢ D' (cootB. D', D") B x. [lna BcsaiKoro o €
€ T, (X)* umeem Toria (B oGo3Hauenusx KoHua n° 14.2.2)

0@ EL(Ey G), o () EcLEGF,), o ©)c%Fy,G)
o (©) = 6" (©) ° o ().

14.3. Tpancnonuposanue

B sTOoM myHKTe mpeanonaraercs, yto X — 4HCTOE MHOrooGpasue pas-
MEPHOCTH 1.

14.3.1. Iyetp Q = det (T (X)*) (cM. 7.9.9); 3To BekTOpHOE paccioe-
uue panra 1 B Kaxjoit Touke, ¢ 6asoii X u xaacca C~'. Torza
Q= A"T(X)* = At"(T (X); Kx). '
ITycte M — BekTOpHOE paccaoenue ¢ 6asoft X. [Nogaraem

M=% M; Q =M QQ. _
Ecin M npunamiexur xaaccy C* rreh e N¢ U { } nhr—1,

TakoBo xe u M. Kanounueckoe oTobpaxenue 13 M B M Z %M
Q); Q) ecTb H30MOphHU3M; OHO HCIONB3YETCA A1S OTOXAECTBJICHHS M

¢ M.

14.3.2. (Onpedesenue mpancnonuposanus.) TYlycrtb. k — uedaoe modo-
XKuTeNbHOe uHeao <r— 1, ¥ nyetb D — nn@o;)epeﬂunanbﬂmﬁ onepa-
Top Tvna E — F, mopanka <k u knacca C', rae h € Ng |J {0 } u

k< hr—k Torma cymecrByer AHQ)Q)epeHunanbnbm oneparop

‘D wa X tuna F — E u nopajika <k, obnajawuuil CAeyIOmuM CBOf-
CTBOM:!

~
1) Cneayer ne cmeumBate M ¢ naxkpuithem aast M, onpesenernsiv 8 10.2.4 1 o6o3nas
yaeMblM TAKMM Ke 0GpasoM.
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[Mycts & = (¢!, ..., &") — cucreMa KoOpAHHAT B OTKPHTOM B X
noiMHoxectse U, H mycTb s == (;)1gi<e (cootB. ¢ = (¢;) 1<,g;)

penep paccJioerins E (coots. paccioenus F) nax U. Ilyers (si) (coots.
(t,)) — penep paccioenua E*  (coorB. paccioedns F*), takoH, uTo
(s;, s/) = 6” (coots. (tl, t) = §;;), u nycrb (E) (cooTs. (E)) — penep
paccaoeHud E {cooTs. F) nag U, HOJIy'-IeHHbIH MpH B3STHH Teﬂaopuoro
TMPOU3BEJEHHA penepa (si) (coots. (£})) ¢ penmepom @ =dE! A ... AdE"

paccioenus Q. Tlyets o (1 < i< e 1 <j<f, |a] < k) — rakue
dyukuun knacca C" wa U, uro

D (2 fisi) = 2/ CZA% )t
{ L,/
KaKoBb! 661 HU 6bitu dyukuun f; 8 67 (U) (cm. 14.1.4 (3')). Torza
D(Dait)= 2 (—1)*¢ el s,

KaxoBbl Ou1 11H Obl1H $yHKuuH g; B 6 (). _

Ilpenpinyuwee cBoficTBO (Koropoe IOMKHO BhINOAHATHCH, KAKOBH Obi
U ObM §, § u f) omnpegeaser 'D onHo3HauHO 1), Onepatop ‘D Ha-
3LIBACTCH MPAHCNOKUPOBAHKLIM K D) oH npuﬂamex{m KJaccy c*,
Ecan  h > 2k, TpaHcnoHHpoBaHHbIf onepatop }1.115{ ‘D onpegenen u
paBeH D (BBHAY OTOMAECTBAEHUH paccaoeHui Eu FcEuF COOTBET-
CTBEHHO).

OtoGpasenne D = ‘D spasercs K-nunefinom, Ecau k=0, T. €.
ecau D ectb mopdusam u3 E B F, 10 ‘D ecto mopdusm £ (D; 1dg) u3
FsE.

Cumsoa onepatopa ‘D nonyuaercsi U3 CHMBOJA onepaTopa D ¢ no-
MolLbl0 H30MopdH3Ma

TS (T (X))@ L(E; F)—>TS" (T (X) QL (F; E),
AB/ISUOIETOCH TEHIOPHBIM NPOH3BENEHHEN aBTovoppusma (—1)* pac-
CJI0eHH S TS (T (X)) u usomopdusma u =& (u; lde) us £ (E; F)
na £ (F; E). '

14.3.3. (T'paucnonuposanuoii onepamop k romnosuyuu.) [lpumem
ofosliaueduss ¥ npexnnonoxedns w3 14.1.8; npeanoaoxum, uyro D’
npuHaaaexuT knacey C* u D" — knaccy C¥', rae W', h” nexat B N {J
U{OLKW >k +28"ub" >k 4 2k.

1) Ha camoM jefe A0CTATOMHO NPOBEpHTb TpefyeMoe CBONCTBO AJsl TAKUX TPOEK
(E, st t ), uTO o6aacTu onpe}xene;mﬁ KapT & g noxpiBaior sce X.
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Torma onpenenens TpakcnmoHupoBaHHbe omepatopsl kK D', D" u
D" e D', paBHO Kax KoMnosuuus onepatopos ‘D’ u ‘D", u

/(D// ODI) — tDlo /D//

B uwacTHoCTH, eclly NpHHATHL NPEINOJNONKEHHS H O00O3HAUEHHS U3
14.3.2 u f— yuxuus knacca C* wa X ¢ 2% <A, 10 (D)) =
= fo'D.

[pumep. BosbMem B KauectBe X OTKpLITOE MoAMHoxecTBO B K.

O6osuaunm uepes El, ..., £' Koopaunathbie yHKuuu Ha X H OoTOXKAe-

cBuM Q ¢ Kx mocpenctsom penepa @ =d&* A ... A d&", Ecan E ==
=F = f(x, TO

E=F=%Kx; Q=% (Kx; Kx) = Kx,

u onepauua D — ‘D mpeobpasyer ckansgpHele RuddepeHnUAIbHEIR
orepaTopsl B CKajsipHble AuddepeHunanvueie onepartopsl, Hanpumep,

“A%) = (— 1) *'A* ans Besxoro a € N”,

Ecnu r GeckoHneuHO, TO TPaHCIOHHPOBAHHE €CTb QHMUASOMOPPHUIM
anre6put Dx” (Kx, Kx).

14.3.4. Ilycts k — Takoe NOJOXKUTENBHOE LENOE YHCA0, uTO K MMeer
xapakrepuctuky 0 wmin >k. Ilyets €, — BekTOopHOe pacclioeHue
AT (X)*= At (T (X); K x). TIpuMeM 0603HaYeHHS 1 IPEATOI0NKE
Hus u3 14.3.2; nyctb, KpoMe Toro, D’ — nudbepeHuuaabHbI oepaTop
Ha X tuna F — E n nopanxa <k; onepamopoi I'puna pna (D, D')
Ha3plBaeTcA BCAKUHA Takod nonuiuddepeHunanbHuili onepatop G (oM.

14.1.11) rtuna (E, 1:') -~ Q,, nopagka <k— 1Y) u kmacca C" (ch >
> 1), uTO HMeeT MECTO TOXKAECTBO

(1) (D (u), vy — (4, D' (v)) = d (G (4, v)),

KaKOBHI Obl HY ObLIM OTKpbIToe B X MoAMHOKecTBO U u sneMeHTh u €
€ P Uy, ve é’% (U). YT1ounuM, uto B 310N dopmyae d o3HauaerT
BHelnee auddepeHunposanue (8.3.5) u (D (i), v) (coots. (1, D' (v)))
O3HayaeT ceuenue paccioenusd Q Hapg U, nonyyenHoe us mapsl (D (1),
v) (coots. u3 mapet (1, D' (v))) mocpeacTBOM KaHOHHYECKOrO CrapHBa-
nua U3 F X F (cootms. u3 E X E) B Q. CymectBoBanue onepatopa G

BJIeueT 3a co6oil D’ = ‘D; rosopaT Takxe, uto G ecTh onepatop [puua
1a D,

1) Ecan & = 0, ycaoBumes, uto 9To o3nauaer G == 0.

f1. BypGaku
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14.3.5. Ilycte D — puddpepenunansubiii onepatop va X rina E — F,
nopsiaka <k u kinacca C' ch€ Nk u k< h < r— k. Ina D cy-
wectyer onepatop I'puxa kaacca C* ' 5 kammom us CleIyoMuX
C/yyaeB:

a) K =R, r = co u X mapakommnakTHo.

b) K mumeer xapaxTtepucTHky O Hiu >k, X U30MOPGHHO OTKDHITOMY

noamuoxkectsy B K" u paccaoennst E u F n30MOpdHb TPHBHAJIBHBIM pac-
CIOCHHUSIM.

¢) Oneparop D uweer nopsigox <1 (em. 14.3.7).

14.3.6. ngpaﬂum IpeanonoxeHna ¥ obosHaueHus u3 14.3.3. Ecaun @
(coots. G") ectb onepaTop I'puna misi D' (coots. D"), To cymecTsyer
OMMH H TOJbKO OAMH TaKoi onepatop ['puna H mia D" D', gro

H (u, v) = G" (D' (), v) + G’ (u, D" (v)),

KaKoBbI Obl HH ObUIH OTKphITOE B X MogMHOkecTBO U W 3/eMeHTH U €
k R
cFeU)nve c?'a 0.

14.3.7. meem S'(E, F) =T (X) Q E* @ F (cm, 14.2.2). C ppyroit
CTOPOHBI, MpaBoe BHyTPeHHee IpousBefeHue (£, o)~ [ (§) o (cm.
Alg., chap. III, p. 1581") ompenenser usomopdusm us 7 (X) @ L Ha
Q,; mocpesCTBOM TEH3OPHOTO NMPOM3BEAEHHS € Aya/bHbIM K @ paccoe-
HueMm Q* mosyyaem, TakuM ofpasoM, usomopdusm u3 T (X) Ha Q* Q
Q@ €4, a u3 Hero U30MOPPHU3MbI BEKTOPHBIX PACCJAOCHHI

SUE,F)= QU QE*QF=(EQF*QQ* @ =
—EQRN'QU=LEQRF; Q).

B Ttakom caywae, mycts D — nuddepernvanbHblfi omepaTop Ha
X tuna E — F, nopanka <1 uknaccaC'c h¢ Ng | (O} u hCr —
— 1. CywectByer enuHcTBeHHbH onepatop I'puna ana D, ou umeer

nopsgok 0; 5To Mopduam knacca C' us E Q F B Q,, ¥ on noayuaercs
U3 cuMBOJa onepatopa D mocpeicTBoM Npelbliylero OTOXKICCTBACHHUS.

14.3.8. IIpeanonoxum, uto K = R 4 4yro X OTHENHMO H OpUEHMUDOBAHO
(10.2.4), u nyctb A — 3aMkuyTol Kycok (11.1.2) mHoroo6pasus X.
Hapnennm A opuentapvell, MHAyUHPOBAaHHOH opueHTauuell MHOroo0G-
pasua X, u 0A — coorerctBylomelt opuentanuenn (11.2.1). ITycrs
k — Taxoe nenoe uucno, uto 2k < r, a D — nudpepesunanbHul one-
patop Ha X Tunma E — F, mopagka <k u Kaacca C*. Tlyers G — ore-
patop I'puna ansa D, Ilycte U — otkpbiToe B X NOIMHOXKECTBO, U €

1) Cu. takxe Aase., ra. 111, § 8, n° 4.— [Tpum. nepes.
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& k
€eFe (U), v € J’F (U), ¥ npeanonoxum, 4TO HOCHTENH CEYEHHH
# 4 v nepecekatT A no komnakTty. Toraa

[ Do~ wDoy= 6w
A A 84
(¢popmysa I'puna). B uacrioctH, ecau 04 = ¢, To

: § (D, vy=1{ Dy
A A

14.4. IMTpumepot

INlpennonaraercs, -yto X — yicToe MHOrooGpas3ve KOHEUHOH pa3mep-
HoctH n. [lpennonaraercs Takxe, YTO OHO HAZENEHO CTPYKTYPOH MHO-

rooSpasus xnacca C'*', cornmacoBanHoft ¢ maHHON CTPYKTYpoO# KJjacca
of '
14.4.1. (Hupunumesumarotoe npeobpasosanus.) TlycTs T -— 8exmop-

Holll (PYHKMOpP 6 KOHeuHotl pasmepHocmu 1aa u3oMopdusMos kaacca C;
IOMYCTHM, YTO VI BCAKOTO KOHEUHOMEDHOIO BEKTOPHOrO MpOCTpaH-
ctea V mpocrpanctso T (V) koueunomepHo. Yepes E. ofo3Hauaercd

BextopHoe paccioenue T (T (X)); ono mpuuapnexur kaacey C'.

ITycts & — BekTopHoe nosie kaacca C' Ha X. CyuiecTsyer Takoit Aud-
¢epennnanpHefl onepatop D rtuna Et — E; n nopsagxka <1, uro

DU ( ) . 8
IS BCIKOro OTKPHITOro B X nozlmﬂomecma U u Bcsikoro s € &g (U)
(cM. 8,4.3). Taxkoli omepatop D eguucTBe; €ro 06031ayaloT yepes
(8)« unn npocto O, Ero cumBon ectn ceuenue § @ Idg, BekTOpHOroO

paccJoeHus
(Er, E)=T(X )®££(ET; Es).
Ecnn V — xoueunoMeproe BEKTOpHOE K-NPOCTPAHCTBO, MOJOMKHM

TV =L (V) A" (V; K) =Tt()*@ A"V,
u ecan u: Vi — V, — usomopdusmM, omnpeienum T (u):% (V) —
— 7 (V) ¢ nomomwmpio nepetoca crpyxTypr. Tem CaMBIM T0J1y4aeM BeK-

TOPHEIA  QYHKTOp B KOHEUHOH pPa3MEpHOCTH 1. Paccaoente E =
= 1 (T (X)) oueBuAHbIM 06pa30M OTOKIECTBIAETCA ¢ paccaoetneM (E t)
TpaHcnonuposatiiefi onepatop Als (8:); €cTh — (Gg);, u ¢opmyaa (1)
u3 n° 14.3.4 npuHKMaeT BUI

(Og.u, 0) +(u, 0. v) = d (i (8) (u. ).
7#
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14.4.2. (Brewnuii Ouppepenyuan.) [Ina scsaxoro menoro uucaa p > 0

nosiaraem
Q' = AItP (T (X); Kx).

CymectByer Takol audxpepeHmUabHEIH onepatop D tuna Q° - Q°H
¥ nopfagxa <1, uro
DU ((1)) =

/I BCAKOTO OTKpPHITOr0o B X mnoaMHokectBa [/ W BCAKOIO ® €
€ oo (U). Taxofi onepatop D exnuHcTBeH; OH of03HAayaeTcs 4epes
d (u1u d,, ecsH XOTAT yKa3aTh ABHO YHCIO p).

-4 -
Ero cuMBon ecth snevent w3 S!(Q7, Q°7'), nonyuaemsii caenyro-
MM 00pa3oM: MPeXkIe BCero <

SHQ, QY =T (X)Q % (Q°; Q) =
= 2@ £@; @) = 2@, 2 o),

rre & (@, @ @Y osnauaer pacciioenue GUAMHEHHBIX OTOGpaxe-

nuft u3 Q! X @ B Q7' Ho BHemmee npoussenenve (@, f) = a A P
ompesensneT KAHOHHYECKOE CEUYEHHE STOr0 MOC/JEIHEr0 pacc/OeHHS;
510 Cederue ecnio CUMBoA onepamopa d,.

YTo6bl OnmpeleuTh MPAHCNOHUpPusantbitl K d, omepaTop, 3aMETHM
cHayana, 4TO BHELIHee NpOHM3BeleHHe onpefenser cnapupanue & X
X Q"7 > Q" =Q, xoTopoe nospoaseT oTOKAECTBHTL ()~ ¢ Q7.
AHaJIOI‘PIlIHO (@)~ oToxknectBasetcs ¢ Q"7 Tlpu 3Tux cornare-
HHSIX TPAHCMOHMpPOBaHHBIA K d, omepaTop €cTb (— 1+ dn_,,._p

—_—p—1 —1
H COOTBETCTBYIOIIUH OnepaTop Fpnﬂa tuma (, Q"7 )=»Q, ="
ABJISETCS MPOCTO BHEIINUM MPOU3BENCHHEM (HA KaXKIOM CJoe).

14.4.3. (lanasacuan.) Tlyete K =R, r = o0, X =R", E =F = Kx;

wepes & (1 < i < n) o6osHayawTcs KoopauHaTHbe QyHKUHHM Ha X
n

nonaraem D, = d/dt’ u L = Y, Di. Onepatop L ecTh cKaaspHbiil
i=1

audepepennyanbibifi omepatop mopsara <2. Ecam oTOXIeCTBHTDH

Q ¢ Kx nocpeictsoM pemepa ® = dEt A ... A d&", To noayunu E =
"=F = Kyx (cm. 14.3.3, mpumep) u 'L = L.

Ins 1<i<n nonoxknm o = (—17" dg* A ... A dE A

A dETT A ... A dE". dnementbl ®, 0o6pasyioT pPenep paccioe HHs

Q =Q"". Ecau f ¢ G (X), o6osmauum uepes grad (f) ceuenne

> D, (f) o, paccaoenus Q. Cymectsyet Takoil onepatop ['puHa G
i=1

Bas L, uto G (1, v) = v. grad (4) — u . grad (v)
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IS BCAKOTO oTKpbiToro B X noamuoxectsa U #u, v uz G* (U). B uact-

HOCTH, MycTb A — KOMIAaKTHbI KyCOK mpoctpanctsa R”. OpueHTHpYy-

em R", magenum A opuentanuel, MHAYUMPOBAHION opHeHTanuel mpo-

%Tpaﬁcma R", u 0A — coorserctBywomeli opuenranuedi (11.2,1),
orza

[ (Lw).vo—{ u. Loyo= { (. grad @) —u.grad ¥)
A A 44

s u, v us Gt (X).



§ 15. MHoroo6pasusi oToGpameHuii ')

B stom naparpade mpemnonaraercs, 4ro K = R wiu C, Byksa r 03-
HayaeT menoe uuca0 >1, n 6ykBa s — Taxoi sjeMeHT B Nk, 4TO § >
> r; uMeeM § = ®, ecau K == C,

15.1. dyuruynu kracca C™*

B 3ToM nyHkTe E 03HauaeT gewjecmsentoe 6aHAXOBO MPOCTPAHCTBO,
F; u F, — 6Ganaxosw npocrpancrsa Haj K, V — oTKpHIToe MOAMIOMKE-
ctBo B E X F; u f— oto6paxenue us V B F,. [Ipoctpancrsa E, F,
F, HazeJa101ca HopMaMH, COIVIaCOBAHHBIMH C HX CTPYKTypamu GaHaxo-
BBIX IIPOCTPAHCTB.

15.1.1. (dugpepenyupyemaits cayuaii.) Mpennonaraerca, uto K =R
u s 5= @. [oBopsar, uto f npunagnexnur kaaccy Cg' (uau mpocto C™),
ec/i oHO 06J1aJlaeT HenpepeIBHLIMH HTEPHPOBAHHBLIMH YAaCTHBIMH TIPO-
usBogueMd DEDE f (1.7.2) mnsi Besiko#i napet (p, ) TakHX MOJNOXKH-
TEJbHBIX HENBIX YHCEN, yTo p L r U p + ¢ < 5. To :Ke MOXHO BLIPA3UTD,
CKa3aB, YTO HTEPHPOBaHHBbIE YaCTHHIE npoussoiubie D% [ cyectByioT

v npunaniexar Knaccy C' i BCAKOTO TAKOTO HEJIOTO YMCAA ¢, 4TO
0< g s—r. Ecau s=r, 5T0 3KBUBAJEHTHO YTBEPKIEHHIO, YTO

f npunagnexur xnaccy C'; ecnu s > r + 1, 970 5KBHBANEHTHO yTBEP-
JKIEHH0, uTo [ mpHHamIexuT kKaaccy C u Dp, f— xnacey C7,

1) Onpenenennst u pesyabpTaThl 3TOr0 naparpada pacnpocTpansiotes Ge3 cyuiect-
BEHHLIX W3MeHeHHH Ha coyuafl, Korja 6aHaxoBo npoctpaucetso E w3 n° 15.1 3ameneno
BAMKHYMBLM NOAYNDOCMPAHCMEOM, W HA Cydall, KorAa MHoroo6pasue B u3 n°n°® 15.1.6—
15.3.2 (cootB. mHoroo6pa3ue X us n° 15.3.3) 3ameneno xkyckom miorooGpasus (11.1.2).
B uactiiocT#, npocTpanctso oto6pakenuil knacca C” orpeska (0, 1) 8 K-muoroo6pasue
Y xnacca C* (s > r) nMeeT ecTeCTBEHHYIO cTPYKTypy K-mHorooGpasus kmacca C5—7,

Ipyroe Bo3moxKuoe 0Go6LUIEHNHE COCTOUT B TOM, UTOGk! 3aMenuTs £ u B (coots. X)
TONOAOTHYECKUMH NPOCTPAHCTBAMH (COOTB. KOMIAKTHBIM TOINOJOFUYECKUM MPCCTPaH-
ctBoM) ¥ B35tk r = (. Takum obpasoM, ecnn X — koMnakTioe npoctpancTeo # Y
ecTb K-miioroo6pasue kJaacca Cs , To MHOXecTBO (G0 (X; V) HenpepuBHLIX oToGpaKeHHil
u3 X B Y uMeeT ecTecTBeHHyIO CTPYKTYPY K-MHOroo6pasus kaacca C* (nmxenexamag
TONONOTHS €CTh TONOJOIHS PABHOMEPHOH CXOZUMOCTH).

Mut ocTapsieM YuTaTeNO TPYA N0 PA3BHTHIO 9THX KPATKHX YKa3aHHH.
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Ecan f npuHagnexut xjaaccy C° u pLr, p+qg+1<s 10

¢yuknus DED} [ uMeer uwacTHyl0 TPOM3BOAHYIO OTHOCHTENbHO Fi,
3afaBaeMyto bopMysIoi

(1) Dy, (DD%,f) = DED#!'f.

15.1.2. (Anasumuneckuii caysaid.) Ilpenmonoxum, yto s= o. g
BCAKOTrO uesioro uucaa k > 0 ob6osHauum uepes P, (Fy; F,) npoctpau-
CTBO OJHOPOAHLIX HEMPEPLIBHLIX MHOTOU/IEHOB CTENEHU k Ha, F; €O 3Ha-
yenusiMu B F,, HaJeleHHOe HOPMOH, onpefeneHHol B puoxkeHun A.2,
cTp. 206.

ToBopsrt, uto f npuHaAnexuT Kaaccy CK® (unu mpocro C°, ecau
HET COMHeIHS OTHOCHTeNbHO K), eC/i AN BCAKOH TOUKH (Xg, Y,) € V Cy-
ECTBYIOT okpecthocts U Touku x, B E, BeuecTeHHHe yucia R >0
uM>0u bynknun hy: U — P, (Fy; Fy) (k€ N) knacca C (o1-
HOCHTE/IbHO CTPYKTYpPH! AudepeHiupyeMoro MHOroobpasus, Jexamen
HUXKe CTpYKTYpbl K -MHoroo6pasusi Ha P, (Fy; F,)), Takue, uto
() U x (yo + B (R)) <V, rae B (R)— oTkpHITHIA 1ap paaxyca R
B Fy;

(iiyectux e Uup < r, 10 kZ ID” h, (x) ] Rk. < M;
={

(iii) emu x€U u t€B(R), 10 kE hy (X) (&) = (0,
=0

Yo + ). '
Dru cBoHCcTBa BJEKYT 3a coboii CBOHCTBO

(iv) Has scskoro ¢ € B (R) dyskuusi x # f (x, y, + £) npuHaz-
Jexut kaaccy C' 8 U n
@ DB (x, 95+ 8= Dy (x)(t), ecnu p<ruxcU,

k=0

Onpenenene Gyskuuil knacca C™° He MeHsieTcs, eC/M INpUBEJEH-

Hoe Bbillle yc/oBHe (ii) 3aMeHseTca OJHUM H3 CAELYIOMUX ABYX YC/IOBHH:

(ii') ©yukuuu h, onpeneasoT mopdusm knacca C us U B Beme-
cTBEHHOe (GaHaXoBO MPOCTPAHCTBO, Jexaiee Hike OaHaxosa K-mpo-
crpauctea Jr (Fy; Fp) (3.1.1 u 3.1.2).

(ii") Oyuxuuu h, onpeneasior mopdusm Kjaacca C us U B Bele-
cTBeHHOe 6aHAXOBO NPOCTPAHCTBO, JexkKallee Huke OaHaxosa K-Tpo-

CTpaHCTBA 37€R (Fy; Fy) (3.1.5),

15.1.3. Tpeanonoxum, uto K = R. [1as Toro, yTo6Hl f npHHaAN€KaIO0
kaaccy Cr”, HEOGXOAUMO M JOCTAaTOYHO, YTOOB! [ MPUHAIEKANO KJac-

cy C"% (15.1.1) u uTo6b1 A1 BCSKOTO (%, Yo) € V cyiiecTBOBaNHM OKpe-
cTHOCTb Vi TOuKH (Xg, y) B V H mNOJOKHTeNbHblE BEUIECTBEHHbBIC

\
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uyucaa A u M, Takue, uTo
) —ll DeDEf(x, p)| < A. M°
IJIs BCAKOro p < r, Besikoro ¢ >» 0 v Besxkoro (x, y) € V.

15.1.4. TNpennonoxum, yto K = C. as Toro 4ToGhl f mpuHALNERANO

kaaccy Cc®, HeoGXoAuMO M JOCTATOUHO, YTOGH! BBLITOMHSINCH CAELy-
JOlIHE ABA YCAOBHUS:

) [ npunamiexutr xJaccy CR® OTHOCHUTENBHO BElIECTBEHHBIX
CTPYKTYPp, JNEXAUIUX HUXKE KOMILIEKCHBIX CTPYKTYp Ha F, u F,.

b) Ins Beskoro (x, ) € V  Dpr, f (x, y) ectb C-nuneiinoe o0t106-
paxeuue u3 F, B F,. Ecau F, KOHEUHOMEpHO, yCJOBHE a) MOXKHO
3aMEHUTb YCJOBHEM

a’) f npunagnexur kaaccy C',

15.1.5, MHoxecTBO oTOGpaxkennt kaacca C * u3 V 8 F, e 3aBUCHT OT
Beiopa HopM Ha E, F;, F,.

15.1.6. Tlycte B — nuddepedunupyemoe wmHoroo6pasue kJjacca C,
W — oTkpbiToe noiMHOXKeCTBO B B X F; U p - oToOpaxeHHe us
Ws F,. Ilyetb ¢ = (U, 9, E) — xap1a Ha MHOrooGpasuu B.
OGo3nauum uepes W, otk puitoe B E, X F; MOAMHOKECTBO, ABASAIOLIEECS
o6pasom orHocuTeabHo ¢ X Idr, monmuoxkectsa W () (U X Fy),
Y yepes p, — TaKoe otobpaxenue us W, B F,, 410

P (@ (%), v) =p(x,9), ecm (x,9) €W [} (U X Fy).

[oBopsar, uto otobpaxkeune p: W — F, nprHajiexutT Kaaccy
C'*, eciiu 1A BCAKOH KapThl ¢ Ha MHOrooGpasuu B oToGpaxeHnde p,:
:W, — F, npunagnexur kaaccy C° B cmbicne 15.1.1 u 15.1.2; go-
CTAaTOYHO, 4TOOb! 3TO ycaoBUe ObLIO BBHINOJHENO AT HCKOTODOTo CeMel-
crBa kapT, 00acTH onpefenenus KoTopbix mokpeiBaloT Bee B. Tlo-
Lo6Hoe oToGpa¥enue p MPUHALICKUT K1acCy C' (OTHOCHTENILHO HHKe-
JexKalUX BEMECTBEHHbIX CTPYKTYD Ha B X F; u F,); ero orpanuuenue
Ha muoxecrso W () ({b) X F,) ectb K-mopguam xnacca C° s Bes-
Koro b ¢ B.

15.1.7. Tlyetb By u B, — mudpdepenuupyemble  MHOrooGpasus

. Knacca C7 v g:B,— B, — mopbusm knacca C7,

W,=-W, [Tycrs W, (cootB. W,) — oTkphiToe B B; X F, (cooTB.

prs| Ipra B B, X F,) nogMuoxectBo M kI — oTOGpaxeHue
B, £+ B, uz W, 8 W,.

ToBopsiT, uro h ectb g-mopgusm xaacca C™*°,
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€CJIH Pry o A = g o Pry W €CJM Pry o A siBAsSETCA OTOOpaxKeHueM kJjacca
C™* (15.1.6) u3 W, B F,.

[Tycts Takke By — MHOrooGpasue kijacca C-, W3 — OTKpHITOE
NOAMHOXKecTBO B By X F3, rie F; — 6aHaxoBo K NPOCTPAHCTBO, U
g’ — mopousm kiacca C" us B, B By. Eciiu A (cooTB. h') ecTb g-Mopdusm
(cooTn. g’-mopdusm) kiaacca C° us W, B W, (coots. uz W, 8 W),

To KoMnosuuus i’ o i ecTh (g’ o g)-Mopdusm kaacca C*° us W,
B W,

15.2. Muozoo6pasue karacca C™°
nad muozoobpasuem xKaacca C

Ha npotsi:kennu Bcero 31oro nyskra yepes B obosnauaercs nudige-
peHiipyemoe MHorooGpasue kiaacca C'.

15.2.1. Tlycts X — MHOXKeCTBO, HaJeJeHHOe oToOpamenuem p: X — B.
Kapmoii na X nad B naswiBacTcs Tpoiika 0 = (V, ¢, F), rne V — noa-
MHOXKecTBO B X, F — GanaxoBo K-mpocTpaHCTBO W P — OHEKIU S MHO-
)ecTtBa V Ha Takoe OTKpPBIToe B B X F MOIMHOKECTBO, 4TO Pry o P ==

HyCTb Oicr = (Vi by F))ig —CeMeHCTBO KapT Ha X Haj
B. FOBopHT uTo KapTel B, sBafIOTCS C"*-coenacosannoimu, ecnn Lis
BCSIKO[ Maphl J1eMEeHTOB i, j U3 | BEINOJHEHHI Clefyiollue IBa YCJIOBHUs:

a) ¢, (V; 1 V;) otkpeito B B X F, u ¥; (V, | V;) OTKpHTO B
B X F,';

b) otoGpamenue ¥, o Wi u3 P (V, N V) B % (V: | V) ectn
Idp -mopuav kmacca C° (15.1.7).

Cemeitcto  ((V;, 1, F)), ; Kapt Ha X wuajg B, saBraomuxcs
C’*-cornacoBanHEIMU U TAKUX, 4TO HX 06J1acTy onpenesenns V,; NoKpbBa-
10T Bce X, HaseiBaeTcst C*-amaacom va X (nax B). Isa C”s-amaca Ha-
3LIBAIOTCS 3KBUBANEHTHBIMHM, €ClIH HX - OObeuHenue ecth C’*-aTnac;
oTHoweHue C'°-5KBUBANEHTHOCTH MeXKIy aTiacaMh ecTb OTHOIIEHHE
skBuBajenTHOcTH. Kiace 3kBuBaiiedTHocTd C°-aT/iacoB HasblBaeTcs
empykmypotll mHo2006pasus xracca C™° nad B Ha Muoxectse X;
KOIJia XOTAT sBHO yKasaTh K, BMecto C™° mumyr Cy’. Ecin X —
MHoroobpasue kiacca C™° nag B, roopsaT, uTo p: X — B ecTs
npoexyus MHorooGpasus X; ccin 6 — kapta Ha X Han B, To rosopsr,
yto 6 ecTb xapma wa C'*°-muorooGpasuu X, ecniu 6 npuHaLTEXRUT
HEKOTOPOMY aTlacy U3 KJacca S3KBUBANEHTHOCTH, ONPEe/ISIIOIIEro CTP YK-
Typy Ha X.
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15.2.2. Tlycts X — muoroo6pasue kaacca C'*° naa B ¢ npockuueit p.
Ha X cyuwectsyer ofna u TONLKO OfHAa TaKas CTpyKTypa Auddeper-

uMpyemMoro MHoroobpasust knacca C’, yto ans Besikoit kaptel (V, 1,
F) na C"*-MHOroo6pasun X MHOXKecTBO V OTKPHITO B X H 4TO ¥ €CcTh

C’-n3oMOpGU3M M3 OTKPHITOTO B X NOAMHOroo6pasusi V Ha OTKpBITOE
noamuoroodpasue P (V) B B X F. Ecau X Hapeneno 3710#t CTPYKTYpO#,
oToGpaxcHue p: X — B ectb cyGmepcust kaacca C'.

Myct b € Bu X, = p~' (b). Ha X, cyumecTByeT ofHa i TOJbKO
olna Takasi CTpykTypa K-muoroo6pasus kiacca C°, uTo A/ist BCSKOM
kapTel 0 = (V, ¢, F) na C"*-muoroo6pasun X tpoiika 0, = (V | X,,
prae P | (V ] X,), F) ectb kapta Ha MHoroobpasuu X,. CTpykTypa
IndepeHiupyeMoro MHoroobpasust kiacca C', Jexamas Hume 3Tol
CTPYKTYPH, HMHAYUHDOBaHa CTPyKTypoll AuddepeHIpyeMoro MHOTO-
obpasus kaacca C" Ha X, onpejlenenHolt Bhile,

15.2.3. IMpumeper

(i) Eciu B cBoauTcs K OfHOH Touke, noHsTue Cx'-MHOrooGpasus
Hall B 3KBUBaJeHTHO MoHATHIO K-MHOrooGpasus kaacca C°.

(if) ITycts Z ects K-MHorooGpasue kiacca C°; Bosbmem X = B X
X Zu p = pr;. Ha X cymecTByeT ofua u TOJALKO OJHa Takas CTPYK-
Typa MHOoroo6pasusi kinacca C™° wag B, uro aas Besiko#l kaptet (U,
P, L) Ha Z Tpoiika (B X U, Idp X ¥, L) ects kapra na C"’-muoro-
obpasun X. '

(iif) Tlycte X — muorooGpasue kiacca C° Hag B u Y — OTKpH-
Toe moAmHOXKecTBo B X. CTpykTypa MHorooGpasus kiacca C'*° Ha Y,
UHOYYU POBAKHAS coomeemcmayowell CTPYKTYpoll Ha X, ompefensiercs
TaK xKe, Kak B cjydae MHorooOpasuit (cMm. 5.2.3).

(iv) [Tycte M — BekTOpHOE paccioeHue Hax K ¢ Gasolt B u Knacca

C" (7.3.4) u m — ero npoekuus Ha B. Ha M cyiecTByeT ofHa 1 TOMb-
KO OjflHa Takas CTPyKTypa MHoroo6pasus kaacca Ck® nap B, uTo ecau
(U, ¥, F) ectp K-BekTOpHas KapTa Ha M (8.8.1), To Tpoiika @ (),
W, F) ectb KapTa Ha CK”-MHOroOGpasuu M.

15.2.4. Tycts X — MHorooGpasve Kaacca C™° mag B, p — ero mpo-
ekuusi, L — GanaxoBo K-mpocTpaHcTBO M f — oToOpaxeHue U3 X B

L. Toopsr, yto f npunagnexut kaaccy C°, eciu i BCAKOH KapTH
(V, ¥, F) na C"*-MHorooBpasun X otoGpaxenue (f| V) e v uz (V)
B L npunagnexut kaaccy C° (15.1.6). Takoe otoGpaxenue npuiiaj-
nexuT knaccy C', u ero orpannuenne Ha X, npu b € B NpuHainexuT
kaaccy C°. .
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15.2.5. Ilyets g B—> B’ — MopousM auddepeHilupyeMbix MHOTo-
o6pasuit knacca C', X (coots. X’) — muoroo6pasue knacca C'* Hal
X2.X" B (coors. B') u h— orobpaxeme uz X 8 X' [o-
”l " _ BopAar, uto h ectb g-mopgusm Kaacca €7, eCn BH-
B £, B’ NOJHEHH CJIEAYIOIIHE TPH YCJOBHS!
a) p'eh=gop
b) A HempepwIBHO;
¢) Ans Besikoit Kapthl (V', ¢, F') na C"*-mHorooGpasuu X' oTo6-
paxenue proc ' ok uz V=~h" (V) B F upHHagiexuT KJaaccy
C™* (B cmblcaie 15.2.4), Xoab CKOPO OTKPHITOE MOAMHOXecTBO V Haje-

~ JICIIO CTPYKTYPOH, MHAYUMPOBaHHOH cTpyKTypod Ha X (15.2.3, (iii)).
Eciu B = B’ u g = 1ds, roBopsaTr Takxe, 4T0 h ectb B-mopgusm

kaacca C™*. Inst Toro utobul B-Mopdusm kiacca C™° 6pu1 B-usomop-
duamom kinacca C*°, noctaToyHo, uTOGH OH Gb1 M30MOP(U3MOM Kiac-
ca Ct.

IMTycte g': B’ - B” — mopdusM MHoroobpasuit knacca C', u
nycts X" — muoroo6pasue kaacca C™° uwan B”. Ecim h: X — X'
ecTb g-MopouaM kaacca C™°u A"t X' — X" ectp g'-Mopdusm Kiaacca
C™*, 10 b’ ° h ects (g’ © g)-MopdusM kaacca C°,

15.2.6. ITycts X — Muoroo6pasue knacca Cg° Hag B u p — ero npo-
eKUHS; NPeAnonaraeTcs, yto § 5= ®, 4To X OTAENUMO U UTO p COBCTBEHHO
(06uy. mon., 1968, ra. I, § 10, n° 1). Toraa ans Bcsikoro b € B cy-
IIecTByeT OTKpbITasi okpectHocTs U toukn b u C™*-usomopdusm us
p~ (U) va U X X,, tie X, = p~" (b).

15.2.7. Tlyete X — muorooGpasue kaacca Cx' Hag B, p — ero mpo-
ek 0 01 B - X — ceuenue knacca C'. Tpy6uamod oxpecmuocmoio
knacca Cg’ ceueHust ¢ uasuBaerca Tpoitka (M, N, ¢), rae M ects
K-BexTopHoe paccioesne ¢ Gasofi B u kmacca C', N — oTkpuiTas
OKpeCTHOCTb MHOXKecTBa ¢ (B) B X 1 ¢ ectb B-usomopdusm kiaacca C’
13 N Ha oTkpbiToe noamuoxectso B M (em. 15.2.3, (iv)), nepesoasimee
ceyeHie ¢ B HyJeBOe cedeHue paccioeHus M.

TNpeanonoxuM, yto s > r + 1 u uyto MHoroob6pasue B mapakoM-
NakTHO W JomycKaeT pasbuenusi efuHuubl kaacca C” (5.3.6); Toraa
0 umeeT TpyGuaTble OKpecTHOCTH Kiaacca Cg.

15.3. Q'Iuoaoo()'pamm ceenuli u mrozoo6pasus omoGpa-
orcenul

15.3.1. (Cmpyxmypa OGanaxosa npocmpawcmea Ha npocmpaxcmee
cewerud.) Tlycte B — xomnaxmroe nuddepeHmupyemoe MHOrooGpasue
kiacca C', u mycts M — BekTOpHOE paccioenne Hap K (7.3.4) c 6asoii

i



e

204 MHOFOOGPA3HS OTOBPANKENHH §13

B u knacca C'; oBosnauum uepes M, nuddeperuupyemoe MHOrooOpa-
sue Kiaacca C', nexawmee Huxke M (7.4.1). Tomonorus Ha ' (B),
WHIYUNPOBAaHHAsl TOMOJOTHelt  paBHoMepHOi#l  C'-CXORMMOCTH — u3
6" (B; M,) (12.3.10), npespamaer ¢y (B) B Ganaxoso K-npocmpatcmso.

ITyete  (U;)ic; — KOHeuHOE OTKpbITOE TMOKPbITHE MHOTo06pasus
B w ans kaxporo i € I nycte ¢, = (U,, @, E)) — KapTa Ha Bu {; =
= (U,, ¥, F,) — K-BektopHas kapta Ha M (8.8.1). Hagenum kaxnoc
us E, (coorB. F,) HOpMOil, COr/1acOBaHHOH €O CTPYKTypoH GaHaxoBa
npocrpakctBa Hal R (coots. K), u myctk (V,)ics — Takoe 3aMKHyTOe
TIOKpBITHE MHOTOOOpasust B, uto V, < U, ans Beskoro i, Has f €

€ #u (B) ni € I obosnauum uepes f, orobpaxetine us ¢; (U;) B F,, no-
JIy4eHHOe B pesyJIbTaTe KOMIIO3KU MU OTOOP a*KeHn

o, U i)—"Ui“"’MIUt—”Ui X Fi2+ F,
[Monoxum

Il = supigrpsrrey; 1D"F, (@, (xD)].

Ortobpaxenne fr» | f| ects nopma Ha )y (B), kKoTopas ompejenser

Ha 4 (B) cTpykTypy GaHaxoBa mpocTpascTBa Haj K.
Eciu N — oTKpBITOE NOAMHOXKECTBO B mpocTpaHcTBe M, TO MHOXe-

ctBo " (B; N) ceuennit f € &y (B), Takux, uro f (B) < N, oTkpbI-
10 B ) (B)-

15.3.2. Tlycte B — komnaktHoe addpepeHmpyemoe MHorootpasue
knacca C" u X — muoroobpasue knacca Cg° (s > r + 1) nan B.
Eciu N — oTkpuiToe nmoaMHOKecTBO B X, o6o3HauuMm uepes o (B;
N) MmHOxecTBO ceueHuit k/acca C” mpoekuuu p, 06pas KOTOPHIX CO-
nepxutcst B N. Ha " (B; X) cymecTByer oHa ¥ TOJNBLKO OAHA TaKas
cTpykTypa K-muorooGpasus knacca C*', uTo AJasi BCAKOTO CEUEHHs
o € & (B; X) u BcaKoh TpyGuatoli okpectHoctTn (M, N, @) knacca
C¥ ceuenns o (15.2.7) tpoiika (& (B; N), ¢*, &u (B)), rae ¢*
ecTb ortoOpameHne fr» @ o f, aBaserca kapTol Ha K-MHOrooGpasuu
F" (B; X).
B panvueiimem " (B; X) najensietcs 3TO#H CTpPYKTYpoOil.

156.3.3. Ilycte X — koMmnaktioe au¢depeHnupyemoe MHOroo0pasue
knacca C" u Y ects K-muorooGpasue kaacca C° (s > r -+ 1). [lycts
6" (X; Y) — muoxectBo oToBpaxenuil kiacca C" u3 X B Y (apyrumu
CJIOBaMH, CO 3HAaUeHHsIMU B MHOrooGpasuu Kiacca C', JexaliueMm HHXe
Y (em. 5.13.1 u 5.14.2)). Hagenum 67 (X; Y) crpykrypoit K-mHOro-
obpasust knacca C*™', mojyuaemoil B pesyJbTaTe OTOXKNECTBICHAS C
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S (X; X X Y) (eMm. 15.2.3 (ii) u 15.3.2). Ero nassiBalOT MHO02006pa-
3uem omobpancenut kiacca C" u3 X ¢ Y. Ero ToNnosorus ecTs TONOAOTU S
pasromeptoit € -cxomumoctn (12.3.10). ‘

[peanonoxuM, uto Y omdeiumo; 3TuM xe cBOicTBOM 00j1a1aeT TOT Aa

u 6 (X;Y). Boice TOro, MHOXECTBO MMMEPCHit (COOTB. MOTPYyKenuii,
cyOmepcHii, CIOPBEKTHBHBIX CcyOMepcHil, 3TalbHbIX MOP(H3MOB, H30-
MopduaMoB) kiacca C' u3 X B Y ecTh omkpeumoe NMOIMHOMKECTBO B
¢’ (X; V). .

IMycte X' — komnakTHoe AudrbepeHIppyemoe MHOrooGpasue Kiaac-
ca C', @ X - X — moppusm auddepeHuupyeMblx MHOrooGpasuit
knacca C" u P: Y = Y’ — mopdusm K-muoroobpasuii kiacca C°.

Orobpaxenue f = P o fo ¢ ecTh mopdusm kaacca C~ us 67 (X; Y)
BG (X'; Y.

15.3.4. (Ocaabarenue cmpyxmyper.) CoxpaHuM NMPenoNoReHUs U 0603+
‘Havyenus u3 15.3.3. Tlycth gononuutenvHo s' € Ng, rae r<<s' s,

u nyctk Yy — BeliecTBeHHOe MHorooGpasue KkJaacca C¥, nexaiee
Huxke Y (5.13 n 5.14.2). CrpykTypa BeliecTBeHHOTO MHOrooGpasus
knacca C' " na G (X; Yy) MeXKUT Huxke cTPYKTypH K-MHOrOOGpasust
kiaacca C7 na 6" (X; Y).

- 15.3.5. Ilycts X u X' — xomnakTHele audibepeHimupyemMeie MHOIO-
obpasus kaacca C' u C’ cOOTBETCTBEHHO, Tpuuem r’ << r, u mycTh Y
ecth K-mHorooGpasue kiacca C° ¢ s> r -+ 1. Tlonoxum =
= Inf (r — r’, s — r). OtoGpaxenue (f, g) -» g ° f ecTb MOPGDHU3M KJ1acca
C'uzC” (X', X)X G (X;Y)BC(X;Y).

15.3.6. (Kacameasroe npocmparcmeo & 6" (X; Y).) Ilpumem npenno-
noxenus us 15.3.3; nycts f € G (X; Y) u & — xacaTenbHbIH BeKTOP
B f kK MHOTooGpasuio G (X; Y). Ecin x € X, o6o3HayuM uepes g, OTO-
Gpaxenue g-» g (x) us 6" (X; Y) B Y; 310 mopdusm kmacca C°'.
O6pas otnocutensuo T; (e,) anementa § ecth aaemedT &, u3 Ty (Y),

oToOpaxeHne x+»E, ecTb noaustde knacca C' orobpaxenus f
B T (Y) (cm. 8.6.1), u ero MOXHO OTOXKJECTBUTL C CEUYEHHEM KJjacca

C" Bektopuoro paccioeHuss f*T (Y) c¢ 6Gasoit X. Takum cmocoGou
Tnonyuaercs usomopusm u3 kacartenpnoro npoctpatctsa T (G (X; Y))
Ha 6aHaXOBO MPOCTPaHCTBO Fir(y) (X).

"15.3.7. (Humepnpemayus mnozoobpasus G° (X; G° (Y; Z)).) Tlyerb
X u Y — koMmnakTtHbe AudipepeHuupyembie MHOroobpasus kinacca C”
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u C? cootsercrerto (1 < p <+ 00,1 £ ¢ << +00) u Z ectp K-mioro-
obpasue knacca C° ¢ s > p +q. HyCTb f: X X Y - Z — Henpepbis-
Hoe otofpaKeHue; A5 Beskoro x € X obosHauum uepes f, oToGpake-
e y+~— f (¢, y) u3 Y B Z. Crnenylomue JBa CBOHCTBZ SKBUBAJEHTHBL:

a) Kakosul 65l nn 6pin kapthl ¢ = (U, @, E) na X, d = (V, 1,
FynaYne= (W, 0,0) Ha Z, takue, uto f (U X V) < W, uacthbie
npoussoansle DEDEf’ oTobpaxkenus f’, sBasiomerocst npeicraegie-
uneM otobpaxenns f B kaprax ¢ X d u e (5.3.2), cyllleCTBYIOT U Hempe-
puBHH A1 p' L pu ¢ < q.

b) dns Bcakoro x € X orTobOpaxenue f, MNPHHALIEKUT KJjaaccy
C? u oroBpaxerue X ~ f, ecTb MOPPU3M KJacca C? us X B MHOro0G-
pasue G? (Y; Z). -

15.3.8. fIyéTb Y — xomnaktHoe K-Muoroo6pasue Knacca C¥ cs > r -+
+ 1, u nyers Diff” (Y) — rpynna asromopdusmoB kiacca C' Beute-
CTBeHHOTo MHorooGpasusi Y, knacca C', nexauero nuxe Y. Muoxe
creo Diff” (V) orkpuito 8 67 (Y; Y) = 6" (V,; Y); ono nagensiercs
cTpykTypoii K-MuorooGpasusi kaacca C7, MHAyWMPOBaHHOM COOT-
BercTBylomeH cTpykTypoit Ha G (Y Y). 3akon xomnosuuun (f, )+ g o f
npespauaer Diff” (V) B monosoeuueckyio epynny. Hanpotus, ctpyxTypa
MHorooGpasus Kiacca C', BooOIie . roBopsi, He corjacoBaHa ¢ rpyf-
noBoit ctpykTypoit Ha Diff” (Y). Has f ¢ Diff’ (Y) orobpaxenue

Zg»—» g o f us Diff, (Y) B cebs npunagnexut knaccy C*~', no otobpa-
XKeHue g —» f ° g He NPUHALNEXKHUT, Booblle rosops, kjaaccy C*. B vacr-
Hoctu, Difl” (Y) ne sersemes, 6006uwe 2060ps, epynnod Jlu*.)

1 [Mpeanonoxum, 410 § == oo, [lycts Diff*® (Y) — rpynna astomopdravos xnac-
" ca C* wmHoroo6pasus- Y; HajesnM ee Hauveree TOHKoOH Tomomorueil, B KOTOPoOH kaHo-
nuueckue uHveruun DIif{™ (V) - Diff" (V) nenpepwisust aas J11060T0 UegIOTO YucIa
r > 1. [lycts, ¢ npyro# CTOPOHE, Diffo (Y) — rpynna foveoMopdu3sMoB MpoCTpan-
cTBa Y, Hajesentast Tonojorued paanowepnon cxoaumoctn (Top. gen., chap. X, §3,n° 5,
_prop. 11). Ecnu dim Y > 1, ueBosuoxkuo Haittu rpynny Jlu G u uenpepbiBHble roMo-
mopdusmb us Diff™ (Y) 8 Guus G Diff® (Y), xoMnoanuums KoTopbix Gei1a Gbl KaHo-
HUuecKo# uubexuueit (em. Ipynnet u areebpor Ju, tn. 111, § 4, ynpaxneuue 7).
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HenpepbiBHble MHOTOWJeHb H (hOPMANbLHBIE PAXLI

B stoM npunoxennn depes F oGo3HayaeTcs OTIENNMOE MOJHHOPMH-
poBatiHoe mpocTpaincTBo Had K, uepes E; (ana 1 € i < n) — Hopmu-
poBaHHOe npocTpaHCcTBO Haj K W uepes E — TOMOJOrHUECKOE BEKTOp-
HOe TPOCTPAaHCTBO, SBAfIOUWEECT MPOU3BeJeHHeM mnpocrpancTte E,,

Has o € N nl <j<|o| nonaraem
a()=inflkeN|{l<hk<nu j>a 4 -+ 4 o)
(mocnenoBaTeNLHOCTL yncen o (f), TeM cCaMbIM, MOJydaeTcsi, eclu 3a-

nucatb @, pas 1, ..., a, pas n).

Uepes E, o003HayaeTcs TOMOJIOTHYeCKOe BEKTOPHOE MpOCTPaHCTBO,
SIBJISIIOIICECS MPON3BENeHNeM cemelicTBa MpocTpaHcTB Eqp Ana 1

< j < |a|. Uepes Homy (Ey, ..., E,; F) ofo3nauaercss npocTpaHCTBO
| o |-nomununeiinbIx oToGpaxkennit u3 Eq B F u uepes £, (Ey, ..., E,;
F) — nopmpocrpanctBe B Homg (E,, ..., E,; F), ofpa3oBanHoe He-

npepeisHoMy  TIONUIUHERHBIMU OTOOpaXKeHUsIMU M HaJeJNeHHoe TOIMo-
JIOTHei PaBHOMCPHOH CXOAUMOCTH Ha OFPaHUYEHHLIX TMOJAMHONKEeCTBax
B E,; 3To oTaenHuMoe NOAMHOPMHpPOBaHHOE npocTpatictBo. s BCAKoi
HeTpepHBHOM nonyHOpMBI y Ha F u Besikoro u € & (Ey, ..., E; F) o6o-
suauyuM vepes | « |, Haummenbluee yuciao >0, Takoe, yTO

ba (e ooy M)l <Huly Aol - %@l

KaKOBHl OW HUM OBWIM 37MeMeHTH X; € Equ). OtoOpaxkenue u | ul,
eCTh HermpepbiBHas NoAyHopMa Ha mpoctpanctse £, (Ey, ..., E,; F);
KOTJa y mpoferaer MHOMECTBO HEMPepPHIBHBIX MOJyHOPM Ha F, ceMeii-
CTBO TOJNYHOPM u +»|uf, ONpeneJasieT TOMOJOTUIO MPOCTPAaHCTBa
Lo (Eyy .. Ey

n’

Uepes p; ofosnauaeTcs KaHOHWYeckad nOpoekuus us E Ha E,.

Onsio € N* ¢ 5% 0 uepes p, oGo3HauaeTcst OTOOpaKeHHe X
F (pagj (¥)) 13 E B Eq.

A.1l. Otobpaxenue f us E B F HasuBaeTCs MYya6muoOHOPOOHBIM MHO20-

yrenom mysvmucmenery o (¢ oo € N") na E co sHaueHusmu B F, ecau
CYLIECTBYeT TakOH 3JIeMEeHT

u€ Homy (Ey, ..., E,; F),
yro f = u ° pq. .
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A.2. Yepes P, (E,, ..., E,; F) obosHauaercs ofpa3 mpocTpaHcTBa
%o (Ey, ..., E,; F) OTHOCHTENBUO JUHEHHOTO OTOBPaKERUSA U — U © Pq,
u3 Homgy (Ey, ..., E,;; F) B npoctpaHcTBO oToOpaxeHnuii us E B F,
HaJeJeHHbl TOMOJOrKUEH, aBafwowelics (akTopoM TOMONOTHH MPOCT-
paictBa %o (Ey, ..., E,; F). dnement u3 Py (Ey, ..., E,; F) naswiBa-
« €TCA MYALMUOOHOPOOHBLM MYAGIMUCITIENEHU O HENPEPLIBHIM MHOZO4AEHOM

Ha E co 3nauchHusmu B F. Tononorus va Py (Ey, ..., E,; F) onpenenser-
Cs ceMeiCTBOM  NOMYHOPM
1l = inf ey,

u€£€a(5p wor Eps F)f=uopg

rfe y OIUCHIBAET MHOXKECTBO HeNpEpPHIBHHX moniyHopM Ha F. Eciau
F — HopMHpOBaHHOE MPOCTPaHCTBO C HOPMOH y, To BMecto | fl, mu-
wyt || f]. TTpoctpanctBo Py (Ey, ..., E,; F) 1 ero TONOMOTHSA HE MCHSIOT-
cfl, CCAM 3aMEHUTh JaHHYIO HOpPMYy Ha KaxJoM E; Ha 3KBHBaJeHTHYIO.
HIx MoKHO onpeenuTh, cTano OHTh, KOTAa E; CyTh HOPMHP yeMble TOTO-
JIOTHYECKHEe BEKTOpIble IPOCTPaHCTBa.

B yactHocTH, neMeHT u3 P, (E; F) Ha3biBaeTcss 00HOpOOHbIM NOAHOL
cmenenu k nenpeposrom mroeouserom na E co snavenusmu B F. Ilpo-
ctpanctBo Py, (E; F) ecTb mpaMas TONOJOTHYECKash CYyMMa MPOCTPAalCTB
Py (Ey, ..., E;; F) ansa |a| = k. Tlpoctpanctso Py (E; F) ectb mpo-
CTPANCTBO HOCTOSIHHHX OTOOpaxeHud U3 E B F, 1 OHO OTOXKJAeCTBIsIeTCS
cF.

A.3. Uepes P (E; F) wm P (E,, ..., E,; F) ofo3nauaercst BCKTOpIOe
TIOANPOCTPAHCTBO BEKTOPHOrO MpPOCTPAlCTBa Bcex OToOpameHult w3 E
B F, nopoxkienHoe noAnpocrpadctBamu P, (E; F). Ono ects npsaMas
cymma noanpoctpaHets Pq (Ey, ..., E,; F) a1 a € N", a Takxe nog-
npocrpanetB P, (E; F) ans k € N. Daemenr u3 P (E; F) uHasniBaercs
HenpepbisHolM MHO204AeHOM Ha E co 3HaueHusMu B F,

A.4. Tlyete G; — HOpMMpOBaHHBEIe mpocTpaHeTBa (11s 1 < j < m).
Iycrs f; € P(Ey, ..., E; G) (s 1 < j < m), unyerbg € P (G, ...
vy Gy F). O1oGp akenue

h:x»g(fl(x)’ ety fm(x))

npunagnexur P (E,, ..., E, F). Ecan uonoanTehbHO fi €
€Py(Ey, .., E;;Glanal < j<m(ca€N) u g € Pg (G, ..., Gps

F) (cB € N™), 10 umeem A € Ppgo (Eqy .., E;; F) 1
' Irly <lgly 17 1P

IS BCAKOH lenpepeBHONH NOMYHOPMBI Y Ha F (rae moNoMeHo ﬂfﬂﬁ =
= I 7). '

Isjs



HEMPE PHIBHLIE MHOFOWIEHBI B ®GOPMAJIBHHIE PANL 209

A.5. Uepes P (E,, ..., E,; F) ofo3HauaeTcsi BeKTOPHOE MPOCTPAHCTBO,
ABJIsOlIeecs  TpousBefeHdeM mpocTpaHcTB Py (Ey, ..., E,; F) ais

o € N", HameseHHOe TOMOJOTMEH MPOH3BEAEHUS OUCKpermHbLx TOMOMO-
N

TMl Ha KaxXkJOM MiioxuTene. DTa Tomojords mnpespauaer P (Ey, ...
, E,; F) B omOeaumyio u noanyro Tonojsornyeckyio rpynny. Jluneiinoe

~
orobpaxenue us P (Ey, ..., E,; FyB P (E,, ..., E,; F), npogonxatouee
KaHOHUYeCKHe UHBeKUMH mpocTpancTs Py (Ey, ..., E,; F), UHbEKTUBHO,

A
u ero obpas mnoten B P (E,, ..., E,; F): HenpepbIBHBI NONMHOM Ha E

~
Co 3HayeHHsiIMU B F OOBIYHO OTOXACCTBASAIOT C ero ofpasom B P (Ey, ...
s Eqi F).
ToxpectBeHHoe oToOpaxkeHue npocrpanctsa P (Ey, ..., E,; F) =
= P (E; F) mnpojonaeTcsi MO HenpepbIBHOCTH A0 M30MOpdU3Ma U3

~ ~ ~
P (E,y, ..., E;; Fyna P (E; F). 9nement us P (Ey, ..., E,; F) HasnBaeTcs
gopmaroroim padom ¢ HenpepoisHemu cocmagasiouumy (A4, JOTycKas
BOJILHOCTL Peud, (opMarsHoim psdom) Ha TPOU3BEAEHHH TPOCTPAHCTB
E, co sntaueHusimu B F.

A.6. Tlyere G; (ans | < j < m) — HOpPMHPOBaHHble MPOCTPAHCTBA,
unycts g € P (Gy, ..., G,,; F). OroGpaxennef s g o fus II P (E,..

Igjsm

.., Eq; Gy) B P (Ey, ..., E;; F) npogoyxaercs no HempepLIBIOCTH JI0
otobpaxenus (oGosnauaemoro Takxkeuyepes f+» gof) us I P (E,, ..
. Igjsm

s Ei G) B B (B ooy Epi F).

ITycte f; = (Fiadaene € P (Ey, ..., E,; Gj) ¢ fio = 0. Ilono-
xum f = (f}): orobpaxenne gr»geof us P (G, .., G,; F) B
P (E,, ..., E,; F) nponosnxaercsi Mo HenpepuBHOCTH A0 OTOOpaXKeHus

(Takxe ofosnauaemorouepesg~» go f) us P Gy .., G, F) B )2 (Eys...
, E; F).
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— — C" 515

— oTo6paxenuit knacca G 15.3.3
— co cjoennem 9.2.2

MHorouses MynsTHORHOpOAubH  A.l

—- HenpepsiBupii A.3

— — MyJAbTHOAHOPOAHBIT A.2

Moayab nuddepesuansuofi Gopmbt
10.1.6

— JNoxkanbHo uuterpupyemsiit 10.1.5
Mopdu3m BexTopHbIX paccioenuit 7.2.1
— TIjaBHeIX paccioenuit 6.3.1

— MHoroo6pasuit 5.3.2

— nonnauHedHu#t 7.3.1

— paccaoeuuit 6.1.3

Hayano ctpyn 12.1.2

Hepapencrea Koum 3.3.4, 4.3.1

Heqlemaﬂ InddepeHunansHag gopma
0.4.1

Hesasubie Gynkuun (reopema 0 HesIBHBIX
byukunax) 1.5, 5.6.7

Hopma O6o3H. u con.

Hopmupyevoe mpocrpatcteo  O6osiu. #
conit,

Hocurens  anddepemuanbnoft  dopmsl
10.4.3

O6nacts onpegeneruss kaptsl 5.1.1,
7.1.1 :

— cTporo#t cxoaumocta 3.1.4, 4.1.3

— cxopumocTd 3.1.5

O6paz mMopdM3Ma BEeKTOPHBIX paccioe-
Huit 7.5.5

O6pardniit 06pa3 IIaBHOrO pPaccaOeHHs
6.3.3

— — BEKTOpHOro  paccioeuds 7.2.4
— — paccioenus 6.1.5
— — CTPYKTYpPH MilorooGpasus 5.8.1

OxpecTHocTs Tpy6uatas 15.2.7

Onepartop I'puna 14.3.4

— auddepeHunaIbHEl OrpaHHYeHHOTO
nopazka 14.1.7

— — tana E - F, nopagxa < & 14.1.1

— Kowinﬂexcr{blﬁ Inddepenunans bl
14.1.7

— nonupuddeperunanvunit 14.1.11

Opuentauu#t npoctpancrso 10.2.2
OpueHTauusi BeKTOPHOrO  paccJoeHus
10.2.3

— MHoroo6pasus 10.2.4

— mopdu3ma 10.2.5

— olpejienaeMasi KOMIIEKCHOH CTPyK-
Typoii 10.2.7

Opyieggng)yemoe BEKTOPHOE pacc/oeHue

— MHoroo6pa3ue 10.2.4

Ocnabnenve cTpykTyph 5.13.1

— — BeKTopHoro paccioenns 8.7.1

OTog%ameHne KacatelbHOe  JiMnelHoe
5.2
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MNorpy:xketne 5.8.3 _
INosMuorooGpasune 5.8.3

— rpynnosoe 5.12.3

— oTKpuiToe 5.2.3

TNoansitue 8.6.1

TMoapaccnoenne BekropHoe 7.5.1
TTone sexTopHoe 8.2.1

— KoBexTopHoe 8.2.2

— KOMILIeKCHOe BekTopHoe 8.8.2
— HayadbHoe 8.4.5

— ocioBHoe (OG6GO3H. ¥ cora.

— ToueuHmx pacnpepenenuit 13.2.5

— — — Kjaacca C513.2.5

TMosunomuansHoe orobpaxeHue
poatioe) 13.1.2

TNonnnopmupoBantoe TPOCTPAHCTBO
O6o3H, u cor.

Tonnauck 3.1.6

Tomvwap 3.1.6

Tosuaapanptioe  NOAMHOXECTBO

— — (xoxamsuo) 11.3.1

IMonyHopva OGo3n. # cord.

TlonynpocrparctBo 3amkdytoe 11.1.1

Tlopanok zuepennnalbEOro ONeparo-
pa 14.1.1

— Kourtakra 1.1.2

IMotox unTerpansubiit 9.1.2

INoutn KommiekcHas cTpykTypa 8.8.3

Ilpeacrannenne mopdmusva 5.3.2

Ipenebpexxumas gynxuus 1.1.1

Hpelxz)e?pgmumoe MHOMKECTBO (JIOKANHHO)

Ilpununn makcumyma 3.3.7

INpucnocobientasn K Kycky xapra 11.1.2

Tlpoeknus wmHoroo6pasus knacca C™°
Hag B 15.2.1 ’ '

[Ipoussenenne BHewHee 8.3.2

— — ceuennit 7.8.2

— BHyTpeniHee 8.3.2, 8.6.2

— IJaBHbIX paccrioenuit 6.2.5

— muoroo6pasuit 5.6.2

— opuenrtamunit 10.2.6

— paccioennit 6.1.2

— Ppacc/IoeHHOe TJIABHBIX pAcC/OeHHH
6.2.5

— — wmHoroo6pasuit 5.11.2

— — paccsioennit 6.1.2

(omHO-

11.3.1

— ;eﬂsopuoe BEKTOPHBIX  Pacc/loeHu
9.1

[Tpouseoanas 1.6.1

— pal.7.1

— yactnag 1.6.1

— — HATepupoBauHas 1.7.2

ITpocroft Hynb 5.8.11 :
Ilpoctpancteo 6anaxoBo OGoaH. H COTN
— KacateqbHoe 5.5.] )

— KoKacaTesbHoe 5.5.6

— Hopvupyemoe OGO3H. H CONI.

— nonnHopmupoBanHoe O603H. H COIM.

—— pacciioensoe accouxnposastoe 6.5.1

-— TpaHcsepcanbHoe 5.8 8

[Tpsimast Tounas nocJeA0BaTeALHOCTS (J10-
KanbHo) 7.5.6

Hpamoit mopdusm (mokambuo) 7.5.5

IMygox Jokansiio cBoGoaumi 7.4.8

— ¢yuxuuii 5.4.1

Paguyc crporoft cxomuvocti 3.1.4,
4.1.3

— cxonuMoctd 3.1.5

Pa3Guenne eauiniisl

Pasmepuocts mHoroofpasus

knacca C' 5.3.6
5.1.8

" — — B TOYKe 5.1.8

Panr sexrtopuoro paccioedns 7.1.6

— BeKTOpPHm 7.2.1

— vopbuama muoroobpasuit 5.5.9

Pacnpepenenne Gea cBoGofHOro u/eHa
13.2.1

— ¢ KoHeynhM Hocutenem 13.6.1, 13.6.2

- — — — gomitTexcHoe 13.6.2

— royeyiioe 13.2.1

— — nopsifka < k 13.2.1

Paccaansawomas kapra 9.2.7

Paccnoenne 6.1.1

—- BexToproe 7.8.1

— — romovopduamos 7.7.3 .

—- — 3HAKOMEpeveHHbX MOJARATHEHHBIX
otob6paxenuit 7.8.1

- C-ekrtopHoe 8.8.1

— BeurecTBentoe ektopHoe 8.8.1

— raasnoe 6.2.1

— gacarenbtoe 8.1.1

— — K cjosm 8.1.3

— — otHocuTelsHoe 8.1.3

— KoKacartensHoe 8.2.2

— KoMmiekcnoe BektopHoe 8.8.1

— ua anre6ps 7.3.2

— — A-vopyau 7.3.3

— HopMaifbHoe 8.1.3

— penepos 7.10.1

— TrensopHoe 7.9.3

— tpaiicsepeansoe 8.1.3

Paccnoesiioe  mpocTpasctTBo,  ACCOLK-
HPOBAHHOE C IJaBHBIM pacCloeHHeM
6.5.1

Pacwmpenne crpykrypHolt rpynmst 6.6.4

Perynapuas Touka, pery/ispruiil Kpah
11.3.2

Perynsapuoe oTHoOwenue 3KBHBAlEHTHOC:
™ 595

Penep mexropHoro pacc/ioenus 7.4.4

PenepHoe oroSpaxenue 6.5.]
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Penepos paccioenne 7.10.1

‘Penep kacarensustit 8.1.5

— nopanka k 12.4.3

Poctok noavHoroo6pasua 5.8.12
-Pap crenennofi (pasnoxenue B) 3.2.1
— cxofdwuiica 3.1.1, 4.1.1

— dopmancupit A.5

Cappa teopevst 10.1.3
Ceuenne paccioenns 6.1.6, cormamenue
B Hauane § 8
— BEKTOpHOro paccioenns 7.4.2,
raaweiine B Havajie § 8
CHM1B40J2I auddepeHurassHoro oneparopa
2.1

co-

Cranspueil auddepenunasbusil onepa-
Top 14.1.6

— nonupnddepenunanbHbi
14.1.11

Crnensanye wsuoroofpasuit 5.2.4

. Cxopocts 9.1.1

Ckpyueniioe paccyoenue ckansipos 10.4.1

Cxpyoqiﬂime Auddepernuanbyse Gopmb

Cnoenue 9.2.2

— JHCKpeTHoe 9.2.4

— rpy6oe 9.2.4

— HIAYUMPOBAIIHOE,
9.2.5

Caoit 6.1.1

Coraacosaniipie KapTs 5.1.2

— BEKTOpHble KapThi 7.1.2

Conpsxennoe wmuoroobpasue 5.14.2

— ceyeHHe 8.8.2

Cuapupanne 7.3.1

Crenent BHElUHsin BEKTOPHOrO pacciioe-
ung 7.9.7

Croxca dopmyaa 11.2.3, 11.3.4

Crporo Bxogsuuit Bektop 11.1.4

— Boixoasgwui pexrop 11.1.4

— andpdeperunpyemas ¢yHruua 1.2.2

CrpyKkrypHas rpynna 6.2.1

Crpys 12.1.2

- GeckoHeyHoro mopaaka 12.1.6

— ceyenus 12.5.1

Cy6ummepcust  5.10.1

Cy6mepcus 5.9.1

Cy:xenne mons ckanspos 5.14.1

g)f?Mi\na upsaMas BEKTOPHHIX paccioerutt

Cxopamuecs paast 3.1.1, 4.1.1

oneparop

obpatHHil  o6pa3

Teiisiopa dopmyaa 2.5.1
Tuna (p, q) andbdepennuanpnad dopma
8.8

— & arnac 5.1.4

— & mHoroo6pasne 5.1.5

Tonosorus pasHomepHoit C*-cxommmoc-
™ 12.3.10

Tpauceepcansioe nmpocTpaHcTso 5.8.8

— cewmefictso 5.11.1, 5.11.2

Tpancsepcansueit mMoppuam 5.11.6

Tpascnonnposanuslit indepenyanbHbi
oneparop 14.3.2

Tpnﬁaga;nsaunﬂ [1aBHOFO PacCIOCHUSA

— paccaoeuns 6.1. 4

Tpn7Bx;agleoe BEKTOPHOE PacclioeHne

— rJaBHoe paccaoenue 6.3.2

— pacciioenne 6.1.4

Yavrpanonyuopma O6Gosu. u cori.

PakropmHoroo6pasne 5.9.5
dakToppacciaoenne Bektoplioe 7.5.2
®opma auddepenunansuas 8.3.1
-- — 3HakoflepevenHas 8.3.1

— — MakchMa/dpHoll creftenn 10.1.5
DyHKTOp BeKTOpHEH 7.6.1

— — 135 wsomopduamos 7.6.6
DyHKIKY nepexoaHue 6.4.2

Henas pyuruus 3.2.9
lleuTpupopannas kapta 5.1.5

Hernas qupdepenunansuas gopma 10.4.1

Uucroe muoroobpasue 5.1.7 :

Unen cpoGopnsiit TOYeYHOTO pacrpeje-
nenus 13.2.1

Wisapua nemma 3.3.10

kBuBaNeHTHLE atack 5.1.3
— BeKTopHble atiach 7.1.3
AransAni mopdusm 5.7.6

Siapo neoitnoit crpenku 5.11.9

— MOEFQ)HSMH BEKTOPHBIX paccioeHuit
7

SIxo6uan 10.1.1

SIkoGuena marpuua 1.6.4

B-Mopduam BeKTOpHEIX paccioenuit 7.2.3
— — TJaBHHIX pacciloenuft 6.3.1
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— — gnacca C™* 15.2.5 .
- — paccioennit 6.1.3

C™S-ataac 15.2.1

C-pektopHuii (ariac, Kapra, pacclioe-

nue) 8.8.1
C'S-cornacoBanHple  KapThl  Hap
w4 15.2.1
f-komopduam 7.2.6
G-B-mopdusu 6.3.1
K-ananutuueckoe muoroo6pasue 5.1.5

B

— — oToOpaxenne 3.2.1, 4.2.1

K-mHoroo6pasue 5.1.5

M-cxpyueltHoe pacc/oeHHe CKalsapoB
10.3.1

M-cxpyuennsle gruddeperunanbybie gop-
MBI

S-opuentauus S-mopdnava 11.4.3

ﬂ-CK]fyll(;Hllaﬁ Anddepenuuaiibiag opMa
11.4.

¢-cBsisanunit 8.2.6
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