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1. Ilpocrbie BOIIPOCH M OTBETHI

— UYmo maxoe cuuyc yena ¢ 1 paduan?

— Hapno B3sTe yros B 1 paguad, TO €CTb yroJj, ajst
KOTOPOI'O [UIMHA Jyr'M OKDY>KHOCTM PaBHA paaMycy. 3a- 1
TEM HY>HO ITOCTPOUTSH MPSIMOYTOJIBHBIA TPEYTOJIBHUK C Ta-
KHAM YIJIOM ¥ HAalTH OTHOIIEHHUE IIPOTUBOJIEKAIIETO KaTeTa
K TMIIOTEHY3€.

— Ymo maroe cunyc yena 8 2 paduara?

— DTOT yroj TyIo#, U CUHYC JUIS HETO OIpesie-
JseTcs uHade. [loCTpouM eIMHUYHYIO OKPYKHOCTh HA
Koop/mHaTHO# 1utockocTu. Otiioxum ot ocu OX nipo-
THB YaCOBOI CTPEJIKU YIoJ1 B ABA pajuana. KooparHatsl
TIOJTy4eHHO! TOUKH OyayT (cos 2, sin2).

JpyrumMu cioBaMu, MOBEPHEM IIJIOCKOCTh (BOKPYI HadajJa KOOPJMHAT) IIPO-
TUB 4aCOBOHM CTpEJIKM Ha yroJ B 2 pajuana. Touka (1,0) npu s1O0M HOBOPOTE
EepPERIET B TOUKY (cos2,sin 2).

— Ymo maroe cumyc yena 8 4 paduana?

— OtoT yroJ 0oJblie pa3BEPHYTOro (KOTOpPHIA cocTaBisteT m paguaH). Ho
B OCTAJILHOM BCE Tak ske. Hajo OTJIOXKUTH IPOTUB YACOBOM CTPEJIKH YIoJi B 4 pa-
JaHa (OXBATHIBAIOIINIA JIyTy OKPYKHOCTH B 4 pasa JUIMHHEE Pajinyca) WA I0-
BepHyTh Touky (1, 0) Ha ocu OX Ha 3TOT yroJj, nojaydurcs: Touxa (cos4,sin4).

A (cos 8, sin 8)
Ve JUJTAHA

(cos4,sin4)

— Ymo maxoe cunyc yena 8 8 paduan?

— O gyre JMHOI 8§ TOBOPUTH HEXOPOLIO, TIOCKOJIBKY OHA ITOJIyYaeTCsl O0JIbIIe
okpyxHoctu. Ho noBopor Ha 8 pajmaH paccMoTperb MOxHO. OH COCTOUT U3
HOJTHOTO 000poTa (27 pajuaH) U MoBopoTa Ha 8 — 2w pagua. [losTomy cumHyc
yrjla B 8 paJliaH paBcH CHHYCY yIJia B 8 — 27 pajiiaH.



— Ymo marxoe cunyc yena ¢ —8 paduan?

— To e camoe, TOJBKO TIOBOPAYMBATH HAJIO [0 YACOBOM CTpEJIKE, a He TPo-
tuB. Ilo cummerpmu sin(—8) = —ssin 8.

2. Bompocsl 0e3 0TBETOB

«UTo ke TYT MHTEPECHOT0? — CKAKET XOPOIIO 3HAKOMBI C KYpCOM MaTeMa-
THUKY IIKOJIPHUK. — Ha IpocThie BOIIPOCH /IaHbI NIPABIJIBHBIC OTBETHD.
Ho BOT HECKOJIBKO KaBEP3HBIX BOIIPOCOB.

B reomeTpun yroJs onpeznessieTcs: Kak mapa Jiydei, ucxogs-
X 3 odiero Hadasa. Hapucyem yroi B 47 /3 = 240°. JIpy-
TOIl 9eJOBEK, IS/ Ha Ty ke Mapy Jydei, MOXET cUecTh e
yriaom B 27 /3 = 120°. Bexomut, 910 Yl B 4w /3 u 27w /3 —
9TO O7IHO U TO *e. Kak e y 9THX yIJIOB MOTYT OBITh Da3HbIE
4m/3 cvHYCHI? Beab HE MOXKET ke y OJHOIO M TOTO e yrja ObITh

JIBa PasHBIX CHUHYca?

27/3

[Moxoxas mpobsremMa ¢ noBopotamu. [loopot Ha 90 rpajsycoB U MOBOPOT HA
450 = 360 + 90 rpagycoB — 3TO OAMH M TOT € IIOBOPOT WIN /IBA PA3HBIX?
Bpoae Obl ABa pasHBIX: 4TOOBI MOBEPHYTH KpaH Ha 450°, MajI0 MOBEPHYTh €r0 HA
90°, Hazmo caeath eme Leslit 0doport. Ilonpocus oTBepHyTh BeHTU/Ib HA 360° 1
O00OHApYXWB, YTO HUYETO HE CIEIaHO, MBI OyaeM yauBieHbl. C pyroit CTOpPOHH,
BpoJie OB TOBOPOT — DTO TEOMETPUIECKOE IIPeo0pa3oBaHue, [P KOTOPOM TOYKH
Mepexo/AT B Apyrue Toukd. JloGas Touka A mpu moBoportax Ha 90° u Ha 450°
TIEPEXOIUT B OJHY U Ty e TOuKy A’. BHIXOAUT, 5TO OHO W TO Ke Ipeobpaso-
BaHUe?

Hakonern1, o HanpapjieHAM BpalleHUs. 3a/iaBasl IOBOPOT, HY’KHO YKa3hlBaTh He
TOJIbKO BEJIMYMHY IIOBOPOTA, HO M HAIIPaBJICHYE BpalllcHUA (II0 YacOBOH CTpEJIKe
WK IIPOTUB), UHade OyzeT myranuiia. Ho B akcrmoMax reoMeTpUM O HallpaBJie-
HMM BpALLiCHUS (M O YaCOBBIX CTPEJIKAX) HUYEro He ropopurcs. M kak Obl Morim
BBITJIAJETh COOTBETCTBYIOIME AKCMOMBI, HEMOHATHO.

3. O OeannIx aBTOpaAxX

MareMaTrKa CJIaBUTCS TeM, UTO JAET YETKHE OMPEeACSICHHUS M CTPOTHe TOKa3a-
tespeTBa. Hepapom JloCTOEBCKUIA M €10 Tepor UCIOJIB3YIOT CI0BO «MAaTeMaTHYe-
CKUIA» JIJIS BBICIIEH CTEIEHH SICHOCTY U HEOIIPOBEPXKUMOCTH. JKestasd COOTBETCTBO-
BaTh DTOM PEIyTaIlWH, aBTOPHl YICOHMKOB UyBCTBYIOT Ce0s1 OOSI3aHHBIMU /1aBaTh



0 BOBMOXKHOCTH OTUCTIIMBBIC ONPE/IC/ICHUs BCEM MCIOJIb3YEMBIM MOHATUSM (KpO-
ME OCHOBHBIX — HE OIpe/eJIseMBbIX, HO (PUTypHpyIONNX B akcuomax). Kak ke
OHM TIOCTYIIAIOT C YIJIAMH U TPATOHOMETPHYCCKUMU (DYHKIIMSIMA DTUX YIJIOB?

Vrisl 0 IJI0CKHE MR

YT00B! Pa300paThCs C HALMM MEPBLIM HEJOPA3YMEHHUEM,
MOKHO Pa3/Myarh [BA HOHATUS: NPOCMO y2oi (11apa JiyJeir)
U njockuil yeon (Iapa Jiyde#l ¥ 4acTh IIJIOCKOCTH, ME&XIY HU- 27/3
MU 3axnouéHHasn). «[IpocTo yroj» paspesaer INIOCKOCTh Ha
JiBa TJIOCKUX YTJIa, KOTOPBIE B CYMME COCTABJISIOT TTOJIHBIIA 4w /3

YroJi (KOTOPBIif MOYKHO CHYHTATh [JIOCKUM YTJIOM CO CJIMBILH-
MuCs Kpasmu) B 360°.

Hy xoporio, a kor/ia B Kako#-1o TeopeMe pedsb WIET 00 yIjIax, MIMEIOTCS B BUTY
IIPOCTO YIJIBl YU ITOCKHE YIJIBI? OOBIMHO 9TO BCE PaBHO, HO MHOIAA CTAHOBUTCS
BaYKHBIM.

Ecym1 MBI TOBOPHIM, YTO CyMMa YIJIOB TPEYTOJILHIKA PaB-
Ha pa3BEPHYTOMY YTy, BCE HOHSTHO 0€3 JOMOJIHUTCIIBHBIX
yTourHeHMiL. Ho 9T06bI cyMMa YIJIOB HEBEITYKIIOIO YCTHIPEX-
yroieauka ABCD 6buta paBHa npuBBIUHBIM 360 rpagycam,
yrojt BCD nyxwuo 6parb 66sbimm 180°.

B
! <
D
INoxoxkad cuTyanus ¢ TeoOpeMoit 0 BIIMCAHHOM yrjie. Tpa-
JWIMOHHO OHA YWTAJIACh TaK: 6NUCAMHbIU Y20l PA6eH Nojo-
8UHE YeHMPAIbHO20, onupawe2ocst Ha my dce 0y2y. B ta-

KOi1 (DOPMYJIUPOBKE BAXKHO, YTO LICHTPAJIBHBIA YIoJl MOXET

ObITh U Oosbie 180°, TO €CTh HA/I0 PACCMATPHUBATH IUIOCKUE
YTJTBL.

VimeHHO Takast GOpPMYJIMPOBKA Obljla B y4eOHMKE IJIAHUMETPUU U3BECTHOIO FeOoMeTpa
n3 XapekoBa A. B. TToropesioa npu nepsoM m3aanuu yyebnuka B 1972 roxy. (Tounee, 310
Tor/a emg He ObUIO YIeOHMKOM, a ObLIO KHIXKKON JnemeHmapHas 2eomempusl, BHITYIIIEH-
HO U3aTeJIbCTBOM «Haykay; 10 3TOro BBIXOAMIIM OT/IEJIBHO JBe Opolmops! /Inanumempus
u Cmepeomempusi. OnpesiesieHie IEHTPAIBHOIO YIJIa U TEOPEMY O BIIMCAHHOM YIJIE MOX-
HO HalT¥ Ha C. 73 —74 >TON KHUTH.)

B usnannu 1985 rona (feomempus 6 — 10, usnarensctBo «[IpOCBEIICHUEY) HUKAKUX
LEHTPAJIbHBIX YIJIOB YK€ HeT, a JopMyJIMpoBKa Teopemsl (C. 57) 3Bydut Tak: Bnucawmolil
8 OKDYICHOCMb y2oil, CIMOPOHbI KOMOPO20 NPOXoosim yepe3 08e OaHHvle MOYKU OKPYIIC-
HOCMuU, paseH nonosuHe yena mevcoy paduycamu, npogeoeHHbIMU 6 IMu MOYKU, UIU



dononusiem €€ 00 180° («e€» — 3HAYUT HOJIOBUHY yrjia»). COOTBETCTBEHHO M3MEHEHO
1 JIOKa3aTEeJILCTBO.

B m3pannm 2003 roma (BelmequmeM yxe mocse cmeptu IloropesioBa — OH ymep
B 2002 rogy) CHOBa FOBOPUTCS O TUIOCKMX ¥ IIEHTPAJIBHBIX YIJIaX, XOTs U 00JIee PaCIUIbIB-
4aTo, YEM B IIEPBOM U3/aHUHU, U TeopeMa (POPMYJIPYETCsl II0-CTAPOMY: BNUCAHHDBLI Y2or
pasen nonogute yeHmpamnvroeo yena (c. 153). OnHako, BOCCTaHOBUB 3Ty (DOPMYJIUPOBKY,
JIOKA3aTeJILCTBO JUIS 9TOTO CJIydast (HaJlo POBEPUTH, YTO TUIOCKMIA yroJi, 6ossmmil 180°,
PaBEeH CyMMe CBOMX 4YacTeil) aBTop (a CKOpee pe/lakTOp) BOCCTaHABJIMBAThH HE CTaJl, U CJIy-
vail Tyru, OOJIbIIEN TOJyOKPYXHOCTH, TOMPOCTY TPOMYIIEH 0€3 KaKnX-JIM00 MOSCHEHMWI.
3aTo0 /I0Ka3aTEeJILCTBO TENEPh KOHYAETCA CJI0BaMH « TeopeMa /JoKazaHa IOJIHOCTBIO» BMECTO
OoJiee ckpomHoro «Teopema /0kazaHa» B m3AaHusX 1979 u 1985 romos.

MoskeT Jim yrosa ObITh 0osbme 360°?

Kcraru, o cymme yryos. Korma mbl rosopum, 4to cymma
YIVIOB TPEYIOJIbHUKA PAaBHA Pa3BEPHYTOMY yIUly, BCE O4YEHb
HasaHo. Ecim paspesaTs TpeyroJIbHYK Ha TPU YacTU U IIPU-
CTaBUTh UX JPYr K IPYry yIJIaMH, TO oOpasyercs pa3BépHy-
THINA YTOJI. 3/IeCh CJIOXKEHME YTJIOB TOHNMAETCS KaK JIEHCTRIE

V‘v Ha/l FEOMETPUYECKUMU (DUTYPAMHU, U CYMMa TOXXE €OMETPU-

yeckas (Urypa — pasBEPHYTHIN yroJ.

City4ail 9eTBIPEXYTOIPHIKA MOXKHO TOJIKOBAaTh aHAJIOTMYHBIM oOpasoM. Ho ec-
JI aBTOP y4eOHMKA HAIIMIIET, 9TO CyMMa YIJIOB, CKaXKeM, IIeCTUYTOJIbHUKA PaBHA
yriay B 720°, To OAWTENBHBIA IIKOJIFHAK (YUTA HEJJOOPOXKEJIATEIFHBIA PEIICH3EHT)
CITPOCHT: A YTO % 3TO 3a Takoit yroj B 720°? D10 yke He IJIOCKMi1 yros, a He-
M3BECTHO UTO TAKOE. . .

Yro Ha 5TO OTBeYaTh aBTOPY? MOXHO BBIKDYTHUTLCS, HCIIOJIB30BaB OoJlee ak-
KyparHyio (popMyJIMPOBKY: CyMMa geiuyuH yrijioB paBHa 720°. BesmumHa yriia —
3TO YKCJIO, DTH 9UCJIAa MOKHO CJIOKHUTD W IOJyddTh ducio 720 (a 3HaK rpamgyca
y 720 — BTO yCJIOBHOCTh, HATIOMWHAIOMIAS, UTO MBI U3MEPSIEM YIJIBI).

IlpaBaa, BHOCAEACTBUM YIJIBL OyAyT W3MEPATh B PAAUAHAX, M YEMY K€ CTa-
HET PaBHA BEJIMYUHA HpsMoro yra: /2 uin 90? Beap 310 ke, YTO HU rOBOPY,
IBa pasHbIX uncia. [Ipuxonurcst pasgesaTs epadycHyio mepy yrila U paduaHHyio
Mmepy yria. Jlydite Obl10 Ob MMETh HEKOTOPYIO €/IMHYIO aOCTPaKTHYIO @enudu-
Hy yrja, KOTOPYIO MOXHO M3MEPSATh B PA3HBIX ¢AMHMIIAX (Tpajycax, MHHYTaXx,
pajmanax). Ho kak 310 BhIpasuts?!

INoxoxas npodJieMa eCTb U ¢ JIJIMHOM OTPE3KOB. MOXKHO JI1 TOBOPUTH O [JIMHE
OTpe3Ka KaK HEKOTOPOI IMCJIOBOI XapaKTepUCTHKe oTpeska? M 1ymHa 3aBUCHT

! ABTOp-SKCTpeMMCT Hammcan OH, 9TO TPYTTIa YIJIOB W30MOpP(MHA TPYITe JeHCTBUTENEHEX HHCesT
10 CJIOXKEHUIO, HO 6€3 KAHOHUYEeCKOIO ¢ Heil m3oMopdusma.



OT BbIOOPA €AVHULL U3MEPEHHS], U CACAYET OT/SJIbHO FOBOPHUTH O JIOMMOBOI Mepe
OTpe3Ka, METPOBOI Mepe, CAHTUMETPOBOM, apIIMHHON, BEPCTOBOM U T.II.?

IToBopoThl

Ilepeiiném k moBopoTaM. XodeTcsl pazianyaTh MoBopoTsl Ha 90° u 450°. Ho
OCTaBadACh B PaMKax (MyCThb JAXE WACANM3UMPOBAHHON) MIKOJLHONH PEabHOCTH,
3TOrO C/IEJIATh HEJIb3s: KaK [IPe00pa3oBaHusl IVIOCKOCTH 3TO OJHO M TO K€, U IIpU-
XOJMTCS STO TIPU3HATD.

Korzma Mbl MHTYWTHBHO MX PasiM4aeM, TO IOIPAa3yMEBaeM, 4TO IIOBOPOT —
9TO HE TOJIBKO PE3YJIbTAT (KYAQ MBI IIONIAJIN), HO M IIPOLIECC (KaK Mbl JBUTAJINCH).
Ho kax 3T0 BBIpa3UTH?

B mkoJbHEIX yueOHMKaAX JeJ1aoTces (10 MpaB/ie TOBOPS, JOBOJIBHO OECIOMOLI-
HBIC) TIOIBITKY Pa3JIMYaTh «yIJIbD ¥ HEKOTOPHIC OCOOBIC CYIHOCTH, HAa3HIBACMBIC
«yTJIaMH TI0BOpOTa». BoT kak 00 »ToM mmumyT:

B reomerpym yros onpenes€H Kak 9acTh IUIOCKOCTH, OTPaHMYCHHAS
aByMs Jiydamd. [Ipm TakoM omnpeesicHUM IMOJIy9afoTCsl JIMIIb YIJIBI
ot 0° mo 180°. Ho yroy MOXXHO paccMaTpuBaTh U KaK MEpy IOBO-
pota. Ilpu 3ToM OH MOXeT okazaTecs U OoJiee 180°, n dosiee 360°.
Bysiem Habjojiarh, HaUpUMEpP, 32 KOJIECOM, BPAAIONIMMCS BOKPYI
HETOBIKHON ocH (. ..) [lycTh B Hayasie BpAIeHMs OHA W3 CIIHIL
KOJIeca ObLIa TOPU3OHTAIBHA. (. . .) ECIM KOJIeCO COBEPIIHT MOJTHBLA
000pOT, TO CIVIIA, 32 KOTOPOIT MBI HAO/MIOAEM, BEPHETCSI HA CTApOe
MECTO, TO €CTh CHOBA OKaXeTCsl FOpU30HTa/IbHON. Ho Mepa roBopo-
Ta Oy/IeT paBHa He HyJI0, a 360° (. ..) PacCMOTpEHHBIC HAMU YIUIbI
Ha3bBaAlOT 0000mEHHbMY yrmamu (H. S. Bunenkun u ap., Ancebpa
s 9 kmacca. M.: [Ipoceermerne, MockoBckue yueOHmkm, 1996.)

HavayibHblil pajiiyCc MOKHO OBEPHYTbh OKOJIO TOUKM O Ha CKOJIBKO
YTOHO TPaIyCoB KaK IO YacOBOW, TaK U MPOTHUB JaCOBOW CTPEJIKU.
IloBepHEM, Hampumep, €ro IPOTUB YacoBOiM cTpesiku Ha 180°, mo-
ToM em¢ Ha 180° u emé Ha 60°. B pesynpTaTe HAYAJIBHBIL pajyc
nosepHéTcss Ha 420° (...) TOBOpAT, UTO Y201 NOBOPOMA HAYAITb-
HOTo paauyca paseH 420°. YTOJI MOBOPOTA CUMTACTCS MOJONKUTCIIb-
HBEIM, €CJIM HaYaJIbHBIA PailyC BpallAeTCs IPOTHB YacOBON CTPEJIKH,
Y OTPUIIATEIIFHBIM, €CJIF BPAICHUE IIPOUCXOIUT IO YacOBOW CTpEJ-
ke. (FO. H. Makaporues u 1p., Aneebpa, 9 kinacc. Y4eOHUK IS KO
71 KJIACCOB C YTJIyOJIEHHBIM M3yUYeHreM MateMatiki. M.: MuemosnHa,
2004.)



Haruyianas kapTuHa W3 TUX OIMCAHUIA ACHA, HO CYUTAThH DTO MATEMATUYECKUM
olpefleIeHAEM «yIJla IIOBOPOTa» HUKaK Hemibss. [TefaHTH 00A3aTEJIBHO YKAXKYT
HaM Ha TO, YTO «yr'oJl II0BOPOTa» — HE YI'O0JI, IOCKOJIbKY OblBacT OoJibiie 360°,
U HE SBJIAETCA XapaKTEPUCTUKOM IIOBOPOTA, IIOCKOJIBKY OMH M TOT K€ IIOBOPOT
COOTBETCTBYET «yrJjlaM moBopoTa» B 90° u 270°. N uTO € 3TO Takoe — yroJi
1nosopota?!?

CMUpHBIIVCH ¢ HEBO3MOXXHOCTBIO JOCTHYD KEJAEMOIO, MBI MOKeM (KaK 3TO
Jesaercs B ydeOHUKax aareOpbl 1JI cTaplxX Kiaaccos o[ pefakuueii A. H. Koi-
MOropoBa) He I'OBOPUTL BOBCE 00 YIVIaX IOBOPOTa, a OIPENEUTh HOBOPOT Ha
moboe unciao paaviaH (B TOM 4ncjie OOJIBIIOE) KaK TeOMETPHUYEcKoe INpeodpa-
30BaHKe. [lj1d 5TOro HAIO BBIYECTH M3 JAHHOIO HAM UMCJIA TAKOE KpaTHoe 27,
4YTOObI OCTAJICS I'€OMETPUUECKUIL YI0JI, M BHIIOJHUTH HOBOPOT HA 3TOT yroJj. Ho
HaJo OIUTEJIBHO CJIEAUTDL 3a cOOOM, 4TOOB HE HAIUCaTh, CKaXeM, «IOBOPOT Ha
YTOJI B 37», IIOCKOJIPKY HaC MOI'YT IIOMMATh Ha CJIOBE M EXWJHO CIPOCHUTH: a 4TO
9710 32 yros? U oreetuts Oyzer Hewero. [Ipnaércst cMymEéHHO OOBSICHSTH, 4TO
«IIOBOPOT HA YIOJI B 5T» — 3TO, MOJI, Takasl MAUOMA, B KOTOPOH 00OPOT «yrout
B 57» CaMOCTOSITE/IbHOIO CMbICJIA He umeer. (Bpoxe «MuiocTuBOrO rocyjaps,
KOTOPBI OTHIONb HE «TOCYIaph, KOTOPHIA MAJIOCTHB).)

Ta sxe camas GeJa ¢ TPUTOHOMETPUYECKUMU (DYHKIMSAMU — CTPOrO I'OBOPA,
HEJIb3sl TOBOPUTh CHUHYC YIJIa B 8 paJyaH», IOCKOJIBKY TAKOro yIja (Kak Ieo-
METPHUECKOTO 00BEKTA) HET. MOXKHO JIMIIL FOBOPUTD «CHHYC 4uca 8» (3T0 op-
JMHATA TOUKM, B KOTOPYIO nepexoqut Touka (1, 0) npu nosopore Ha 8 pajauan).
IoBopoT, kak MBI BHAEH, OHpenesseTcs (pOPMaJIbHO, C MOMOIIBIO BBHIYATAHMUS
KpaTHBIX 27 . JIJIsL CHHyCa 3TO 03HA4aeT, YTO OH OIIPEAEIISIETCsl I TeoMeTpHrde-
CKHX YIJIOB, a IIOTOM (POPMaJIbHO IIPONOJIKACTCA IIEPHOAWIECKU C IICPHOZIOM 27,

Bep€BoUukH M 4acoBbIE€ CTPEJIKH

YacTo aBTOpPHI HE BBIACPXKUBAIOT ITHX MOMBITOK HABECTU U COOJIIOCTU CTPO-
TOCTh — U JEMOHCTPATHBHO TOPHIBAIOT ¢ Heil. BospmuTe BepéBOUKy yMHH 8,
TOBOPAT OHU, W HAMOTaiTe e€ Ha OKPYXXHOCTh. EE€ KOHeIl omajiéT B HEKOTOPYIO
TOUKY, 4 DTa TOYKA MMEET KoopAuHarThl (cos8,sin8). [ug —8 Hamo Hamarbl-
BaTh BEPEBOUKY B JPYryl0 CTOpoHY. IIpo BepéBOUKy y’k TOUYHO SICHO, UTO 3TO
HEMATEMATHYECKOE MOHSTHE: TPYIHO MPEJICTABUTh ce0e, YTO B MATEMATHKE €CTh
«OTIpeic/ICHNE BEPEBOUKI UJIHM «aKCHOMA O BEPEBOUKE).

Emé HeckoIbKO CJIOB MIPO HANPABJICHWE MOBOPOTA («TI0 JaCOBOIM CTPEIIKE) ).
OcTaBasch B paMKaxX aKCHOMATHYECKOI TeOMETPUM, BEIPAKEHIE (TIOBOPOT HA YIOJI

2 ABTOP-3KCTPEMHCT, HABEPHO, CKA34J1 OBl PO TOMOTOMMYECKHMIA KIacC myTeii B rpymme SO(2) win
TIpO TPYMITY, MOCTPOSHHYIO W3 JIOKAJBHOM TPYTITH MAJIEIX TIOBOPOTOB.



AOB 1o yacoBoii crpeJsike» oupe/e/iuTh HeJib3stl. Jlesio B ToM, YTo B TPaJnIMOH-
HBIX aKCHOMAX FeOMETpUY HeT HIUero, (PUKCHPYIONIEro OPUEHTAIMIO TUIOCKOCTIL
Ecimx MBI pacyeM reoMeTpudeckue GUTYpPHL Ha CTEKJIE, TO C TOYKH 3PEHMS «3acTe-
KOJIbsI» BCE aKCHOMBI BHITOJTHEHBL. Ho TO, 9TO /IS HAac MPOTHB YacOBOM CTPEJIKH,
1)1 HUX Oyzner — mo. (Bo3MOKHEI BEIXOJ COCTOMT B TOM, UTOOBI paccMaTpu-
BaTh OPUEHTHPOBAHHBIE YIJIBI M CUMTATh, UTO MOBOPOT Ha yroi AOB u nosopor
Ha yron BOA — 5To He O7HO U TO 3Ke IIPeoOpasoBaHUe, a B3aUMHO OGpaTHBIC
npeodpasoBanust. Ho 1 5To ciesaTs akkypaTHO JIOBOJIBHO CJIOXKHO.)

W13 Bcex 3TUX TPyAHOCTEN aBTOPH yUEOHMKOB MBITAIOTCS KAK-TO BBIKPYTUTHCS,
IpUUEM HE BCEra OAMHAKOBO. [eJI0 OC/I0KHAETCS TEM, YTO TPUTOHOMETPUYECKHUE
(yHKLMM eCTb U B aJIredpe, 1 B reoMeTpuy, a yueOHukY passeie. ([la u o ognomy
IIpeJMETY €CTh HECKOJIBKO Y4eOHHUKOB.)

B CIICAYIONMX pa3/ic/IaX Mbl PACCKaKEM O JPYIUX «TOHKHUX MCCTax» B IIKOJIb-
HOM KypC€ MAaTEMATHUKH U 00 nx NCTOPUH, a TAKXKE MMOCMOTPUM, UYTO O HUX HaAIIN-
CAaHO B IIKOJIBHBIX yqe6H1/11<ax.

4. AKCHOMBI CBfI3H

FCOMCTPEH KaK aKCHOMAaTHYE€CKasl HayKa

Yto Takoe mpsAMAast C TOUKH 3PEHUS aKCHOMATITICCKHU M3I0KEHHOM TCOMETPHUM,
MIOHATHO. BepHee, HEMOHSTHO, HO IOHSTHO, YTO M HE JOJDKHO OBITh HOHATHO —
IpsMas CUIUTACTCA HEONpeoesieMulM NOHAMuUeM, a HEKOTOphle € CBOMCTBA —
axcuomamu. Tlpu TakoM noaxoze, YCJAOBHO FOBOPs, HA BOIPOC «YTO TaKOE IIps-
Mag?» Mbl IMEEM IPAaBO OTBEYATH «IOTO MEHSA HE KACACTCs, g 3HAK) TOJIBKO, YTO. . .»
U EPCUnC/IATh AKCUOMBI.

Hanpumep, ecTh akcroMa O TOM, 4TO O7isl J1H00bIX i
06YX Da3NU4HbIX MOYEK UMeemcsl PO6HO O0HA Npsi- ~ A B m
Mmast, uepes Hux npoxoosiyas. V3 atoit akcnoms! (cpa-
3y e) CJEAyeT TeopeMa: 0ge npsmble umeiom He bonee 0OHOU 0Owell MouKu.
B camom jeJte, ecsu pasHble npsiMble [ 1 m uMeloT odume Touku A u B (pasHble),
TO Yepe3 A U B mpoxomur oJiee OTHON NPSAMO#, B MIPOTHBOPEUNAN C aKCUOMOIL.

B 5ToM paccykIeHHI HEBAKHO, UTO TIOHMMACTCS IOJT TOUKAMU W IIPSMBIMUL.
Ecim nmoHMMAaTh MO TOYKAMU JIIOZIEH, @ IO HPSAMBIME IOJUTHYCCKUE [IapTUM,
¥ TIPY 3TOM aKCHOMA OKKETCsI BEPHOU (/1J1s1 JIIOOBIX ABYX PA3IMUHBIX JIFOJCH €CTh
POBHO OfiHA IapTHs, B KOTOPYIO OHH BXOJST), TO HAllle PACCY’KACHUE TOKAKET,
YTO JIBE pasHble MAPTHM MOTYT MUMETh He Ooiee OJHOro ofmmero wieHa. MHorma



TOBOPAT, YTO CWJIa AKCMOMATHYECCKOT'O 1104X04a B TOM U COCTOUT, UTO MbI MOXKEM
PacCyXK/JaTh IIPABUWJIBHO, HO TaK WU HE Y3HATh, O 9EM MEI paccyxJaajin.

Ho B Kypce reomeTpry 09cHb OBICTPO PAcCyK/ICHHS CTAHOBATCS CJIOKHEE —
MOSIBJISIIOTCS HOBBIE MOHATHA. Cpasy e Tocjie TOYeK M MPSIMBIX B T€OMETPUN
paccMaTpUBAIOT OMPE3KU, O KOTOPBIX MBI HEMHOTO U TIOTOBOPHM.

Yro Takoe orpesok? 1o yacth npamoin. CkaxeM, orpesok AB cocrour u3
moyek npsmoil AB, nexcawux mexncdy A u B. Yro 3meck HenoustHoro? [psamas
AB — >t0 npsMas, npoxoasmias depes A u B. (Yke W3BeCTHAs HaM aKcHOMa
rapaHTUpyeT, YTO TaKas MpsMas €CTh U YTO UMs «rpsaMas AB» He OyJeT 1o He-
J0Pa3yMEHHUIO IIPHCBOEHO ABYM Pa3HBIM IPSIMBIM — TaKas NpsiMas ¢AMHCTBEHHA. )

Jlexkath Mexay

Ecim BBl «BCE TIOHsUIM», TO 3psl. B ompeseciieHMy OTpe3ka €CTh enieé OJHO
CJI0BO: «MeXAy». OHO HACTOJIFKO HE3aMETHO, UTO JBA THICSUEICTHS, ¢ EBkimaa
u Jo xoHua XIX Beka, MUAJUIMOHBI IKOJILHMKOB YUWJIM T€OMETPHIO 10 EBKJIMIY
(u ero nmepeckasam), rae 00 3TOM HHYETO HE CKA3aHO, M HUKTO HUYETO HE 3aMedall.
(He cka3zano 00 aToM u B KsaccuyeckoM yueOHuke Kucesésa.)

B xonme XIX Beka, ¢ pocToM TpeOOBaHMIT K MaTe-
MAaTHYECKOM CTPOTOCTH, MaTEMaTHKY HavajIM 33/1aBaTh
ceOe BOIIPOC: a 9TO 3HAYUT «MEXIy»? Bot, ckaxem,
€CTb TaKoe CBOMCTBO: ecau moyka C npsamou nexcum mexcdy moukamu A u
B, a mouka D nexcum mexncoy A u C, mo D nexcum mesxcdy A u B. Bpoae
OYEBH/IHO, HO KaK 3To jIoka3aTh? Hukak, IMoka HET OIpeAesIcHAs CJIOBA «MEX/Ty»
(711 TOYEK HA TIPSIMOIA).

BrL10 penieHo, 9To 3T0 CJIOBO 1 HE HA/I0 OIPEACIIATh — HAJI0 CIATATH ITOHS-
e A naxooumcs na npsmoi mexncoy B u C neorpenessieMbiM, a copMmysn-
POBAHHOE CBOMCTBO — akCUOMOH. EcTh M apyrue cpasy NpuxXoAsiiie B IOJIOBY
akcuoMmbl: eciu A jiesgcum mexucdy B u C, mo A nexcum mencoy C u B; u3
MPEX pa3nuyHvlx MOYeK HA NPSIMOL POBHO OOHA NENCUM MENCOY 08YyMsT Opy2u-
Mu.

Ho o1y akcroMy 3amMeTniiv He cpasy; e€ Hazpaim axcuomotli Idwa (1o imenn
3ameTHBIIero e¢ MatemaTuka ro ¢gamuanu [lanr). Ona roacur, uro ecnu npsmas
I nepecexaem 00Hy u3 CmMOpPOH MpEY20NbHUKA U He NPoXooum uepes e20 eep-
WUHbL, MO OHA nepecekaem Opy2ylo e20 CMOPOHY U He nepecexdaem mpembio.

TyT roBOpPHTCS O TPEYTOJBHMKAX W MX CTOPOHAX, HO DTO JIMIIb CHOCOO BBI-
paxenus. [logpasymeBaercs Takoe yTBepxkaeHue: eciu mouku A, B u C ne
aexcam Ha 00HOU Npsmoti u ecau Ha npsimoll I, He npoxodsiueti Hu yepes 00Hy
U3 IMuX moyeK, ecmb mouka, nexcawas Ha npsmoil AB mexncdy mouxamu A

A D C B
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u B, mo @winonneno posero 00no u3 08yx ymaepoicdenuti: (1) na npsimoii I ecmo
mouka, nexcawas Ha npamoit BC mexncdy moukamu B u C; (2) na npsamoii |
ecmb mouxa, nesicawas Ha npsmoii AC mescdy mouxkamu A u C. JlnmHHO, 3210
HUKAaKUX TPEYTOJBHUKOB, OTPE3KOB U T.II. HE YIIOMHHACTCSL.

HavBHble JTIOM YAMBWIICH OBI: a 4Yero TyT He- B
MOHATHOTO? TpsiMast | HAYMHACTCA M KOHYAETCS BHE
Tpeyroibauka ABC, 3HauMT, pa3 BOMIA B Hero (Iie-
peceKim oTpe3ok AB), OHa JOJDKHA U BBIATH (4epes
BC wm AC). Vi BoT jpyroe paccyxkjenme: ecia | C
AB nepecekaer [, To Touku A U B jiexat 1o pasHble
croponsl oT /. [lng touku C, Takum oOpa3oM, €CTb A
/IBa BapUaHTa PaclOJIOKEHUsI OTHOCUTEJILHO 1IPsIMOi [
(Ha TIPSAIMON OHA JIeKaTh He MOXET 110 Ipemonoxenno). Ecm C nexur no 1y
ke cropony or I, uro u A, To BC mepecekaer [; eciu 1o jipyryio, 1o AC
niepecekaer /.

YBHI, 3T PACCYKICHUS UCIOIB3YIOT (DOPMAIBHO HE OMNPEIC/IEHHBIC TTOHATHS
«BHYTPU TPEYTOJBHUKAY, 10 OJHY CTOPOHY OT IPSIMOI», TaK YTO B CTPOrOM
AKCHOMATHUYECKOM CMBICTIE JIOKA3aTeTbCTBAMU UX CUATATH HEJIh3s.

OcHoBanua reomerpun no Iniasdepry

AKKypaTHO aKCHOMAaTHYECKOE MOCTPOCHUE T'€OMETPUH OBLJIO BIIEPBBIEC TPOiE-
JIAHO BEJIMKMM HeMeLIKUM MaTeMaTukoM Jlasugom [unsGeprom B ero xaure OcHo-
ganus 2eomempuu, nosisuslIeics: B koHue XIX —Havasie XX Beka. Tounee cle-
JI0BaJIo OBl CKa3aTh — B IOCJICTHMX W3/IAHMSAX JTOM KHWATH, TaK KaK 9UTATEIIN
3amMe"aI Ie(PEKTH B M3JI0KEHNY, a [WIp0epT MX MCIpaBiisul. DTa KHATA IIepeBe-
aeHa Ha pycckuit (1. Tnmbdepr, Ocrnosanus 2eomempuu, epesoyi ¢ 7-ro HeMmell-
koro m3nanust WM. C. Ipamureitna, nmox pefakuuei U co BCTYNHTEJIBHOM CTAThEN
I1. K. Pamesckoro, M. —J1.: TocyapcTBeHHOE M3aTE/IbCTBO TEXHUKO-TEOPETHYE-
cKkoit smrepatyphl). [lepeBos cHAOKEH NPUMEYaHUAME (TICPEBOTUMKA U PETAKTO-
pa), B KOTOPHIX IOJAPOOHO OOBSICHSIOTCS] HEKOTOPBIC PAcCy>K/ICHII, JIMIIb KOPOTKO
HamedeHnsle y [wisbepra. Ho maxke u mocjie 9TrX KOMMEHTapHEB YUTATh KHUTY
JAJIEKO HE MPOCTO.

3ato Tam Bcé crporo. CKaKeM, aKCHOMBI /IS IOHATUST «MEXIY» (10 CyLIECTBY
y’Ke yIIOMUHABIIVECS) (DOPMYJIUPYIOTCS TaK:

II;. Ecym Touka B nexur mexay toukoit A u roukoit C, to A, B, C cy1p
TPH Pas/IMYHbIC TOUYKU NPsAMOI, U B sexut takke Mexay C u A.

I,. dast mo6wix Byx Touek A u C na npsimoit AC cyiiecTByeT 1o KpaiHeii
Mepe ofHa Touka B Ttakas, uto Touka C sexut mesxkny A u B.
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II;. Cpenu y1r00BIX TPEX TOUYEK HPSMOI CylIECTBYET HE 00Jiee OJHON TOYKH,
JIeXKaIed MeX/Ty JIByMs JIPYTHMIL.

Axcnoma Il — yxke npuseéHHas Hamu Bblle akcoMa [lanra.

3a DTUMM aKCHOMAMH CJIEJYIOT TeopeMbl. BoT meppast u3 Hux (Teopema 3,
c. 60): Jlns nobwix 08yx mouek A u C Ha npsmoil cywecmayem no xpaiinei
mepe oona mouka D, nexcawas mencoy A u C.

; E€ moka3aTesibcTBO HAYMHACTCS C TIPAMEHEHVIS
/ .- aKCHOMBI O TOYKAX W IPSMBIX, TOBOPSIIEH, UTO BHE
/"/P: JII00O# MIPSIMOIT €CTh XOTs OBI O/THA TOYKA: «COIJIac-
[ HO akchoMe I3 BHe mpsmoit AC cyluecTByeT Heko-
Ty Topas Touka E, a B cuiny akcuomsl 1l Ha mpamoit
e v AE cywecryer Takas rouka F, uto E sBuser-
A W cs Toukoil otpeska AF. B cuity Toil e akCHOMBI,
Y a takxke akcuombl I3, Ha mpsamoit FC cymiectny-
Gt er Touka G, He Jexamas Ha otpeske FC. Takum
" oOpasoM, 1o akcuome lly npsmas EG noypkna 1me-
peceus orpe3ok AC B HEKOoTOpO#t Touke Dy.

He Tak mpocro 3a stiM mpociemuts, npasaa? (Ilpy sToM momoraer pucy-
HOK, HO Ha/[0 IIOMHHTbH, 9TO STO JIVII WUTIOCTPAIHS U JIOKa3aTEIhCTBO HUKAK HE
JIOJDKHO OIIAPAThCSl Ha ATOT PUCYHOK!) A MEX/y TEM OTO caMoe IIEPBOC U CaMoe
MPOCTOE M3 cepun JoKaszaTesbeTB y [wiipbepra. CkaxkeM, Jajibliie CTPOro OIpe-
IeJIsIeTCs MOHATHE «BHYTPU MHOIOYTOJIbHHMKa». JJIs1 5TOro JOKa3blBaeTCs Takas
TEOpEMa: 8Ce MOYKU, He Jlejcaujue HAd CMOPOHAX MHO20y20nbHUKa (HecaMorie-
PpeceKaromerocs, He 0053aTeIFHO BRITYKJION0), MOJICHO pa3dums Ha 08a Kaacca
makum 06pasom, 4mo

e niobble 0ge mouKku, nedcawjue 8 O00HOM Kiadcce,
MOJICHO COeOUHUMb Opy2 C Opy2om JioMawnoll, He nepe-
CeKaoweil MHO20y20/IbHUK

® HuKaKue 08e MOUKU, Jlejcaujiie 8 PA3HLIX KIACCax,
Hemb3st COeOUHUmMb Opye ¢ OpyeoM JIOMAHOL, He nepece-
Kaioweil MHO20Y20IbHUK;

® DOBHO O0OUH U3 KAACC08 O2panuyen (cyujecmey-
em yucno, bonvulee paccmosiHust MeHCOy r00bIMU O8yMsl
MOUKAMU 3MO20 KAdcca).

HedopmanbHo roBops, 3Ta TeopeMa YTBEPXKIAeT, YTO MHOTOYTOJIBHHK JICJIAT
IUIOCKOCTh Ha JIBE YacTH, OJIHA M3 KOTOPHIX OIPaHWYeHa, a jpyras — uer. EE
00BIYHO HA3LIBAIOT meopemoll Kopoaua Onst MHO20y201bHUKOE («HACTOSIIASY,
obmas Teopema JKopaaHa yTBep:KJaeT TO K€ CaMOe AJIS MPOU3BOJIBHBIX HEIpe-
PBIBHBIX HECAMOITEPECEKAIONINXCS 3aMKHYTHIX KPUBBIX).
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Hoxkaszas Teopemy 2KopaaHa J1j1s1 MHOTOYTOJIbHUKOB, MBI MOXKEM C UHCTOIH CO-
BECTBIO [aTh ONpeJIeJIeHAe 8HYMpPeEeHHeEl moyKy MHOTOYTOJIbHUKA (JIeKAlllel B TOM
U3 JIByX KJIACCOB, KOTOPBIA OI'DAaHAYEH).

Jlaxke ecjiM He CTaBUTH LIEJIU IIPOBECTH aKKypaTHOE JI0-
Ka3aTeJIbCTBO 3TOM TEOPEMBI «M3 TICPBHIX MPUHIUIIOBY (aK-
CHOM TeOMEeTpUM), a MPOCTO CTApaThCd MPHAYMATh XOTh
KaKoe-TO PacCyX/CHHEe, KOTOpoe He CBOMIUIOCH OBl K BO3- /
IJacy «Hy Belb 5TO OYEBHIHO», TO 3TO JAJIEKO HE TaK
Jierko caenats. (OfMH W3 BO3MOXXHBIX BAPUAHTOB: BHIOC-
PeM KakOU-HMOY/b JIyY, HE MAPAJJICJBHBIA HY OTHOM U3
CTOPOH MHOTI'OYTOJIBHHKA; YTOOBI OMPEAC/UTD, SIBISICTCS JIM TOUKA BHYTPEHHEH,
BBITYCTUM W3 HEE JIyd4, MApasUIC/bHBI BLIOPAHHOMY, M IIOCUMTAECM, YETHOEC JIU
YHCIIO Pa3 OH IepeceKaeT CTOPOHBI MHOTOYTOJIBHUKA — IIPHA 3TOM IIEPECEYEHUS
B BepIMHAX TPeOYIOT OTAejbHOrO ydéta.) U Takoe B kmmre [wimbepra — Ha
KaX/IOM TIary W 0€3 0COOBIX TOSICHEHw!

i X

AKCHOMBI CBfI3H B IIKOJIE

Bceprés oTHecmch K miee CTPOTOro WM3JIOKEHHS TEOMETPHM B IIKOJIE JBA
aBTOPA YYCOHMKOB — BEJIMKHMIA pycckuit (coBeTckmit) yueHbrii A. H. Konmmoropos
u yxe ynomuHaBnmiics A. B.Iloropemos. YueOmmk Kosmoropora ceityac yske
PeaKo BCTpevaeTCsl B IIKOJIAX, TAaK YTO MHI OyJeM rosoputs o [loropesose.

Unest ero KHIWKKU IneMeHmapHas 2eomempusi, 0 KOTOPON Mbl YK€ TOBOPU-
Jiu, ObLJIA B TOM, YTOOBI U3JIOKUTh TEOMETPHIO CTPOro, HO 10x044nBO. CTporo —
YTOOB! TOTOIIHBI YUTATEIh MOT MCTOJIKOBATh TEKCT KaK MOJIHOE (FUTH JIETKO BOC-
TIOJIHSAEMOE) /IOKA3aTeJIbCTBO. JlOXOMYMBO — YTOOBI JUIS HE CTOJIb JIOTOIIHBIX
YNTATEJICH BCE ITU CKyYHBIC OOOCHOBAHWS OBLIM HE3aMCTHHI M HE OTBJICKAIN OT
TEOMETPUYECKOI CyTH. BOT Kak CpOpPMYJTHPOBAHBI AKCHOMBI CBSI3H B DTOM KHIDKKE:

II;. U3 Tpé€x TOYek Ha IpPAMOIl OJHA U TOJIBKO OJ(HA JICKUT MEXJY AByMs
JPYTUMH.

II,. Touka, Jexalast Ha MPSIMOIL, pa3OUBACT MPSMYIO HA JIBE MOJIYIpPSIMBIC.
Touky HA OAHOM HOJIYIIPAMON HE PA3/EJIAIOTCS TOUKOHN, IPOU3BOAAIIEH [€/IeHuE.
Touky pasHBIX MOJIYIIPSIMBIX Pa3fEsISIOTCA STOM TOYKOI.

II5. TIpssmMast pa3dmBaeT ITOCKOCTh HA JIBE TOJIYILIOCKOCTH. ECIN KOHITHI KaKo-
TO-HUOY/Ib OTPE3KA MPUHAJICKAT OJHOM MOIYTLIOCKOCTH, TO OTPE30K He Tepece-
KaeTcs ¢ IpaMoil. Eciii KOHIBI 0Tpe3Ka MPUHALIeKAT Pa3HBIM ITOJTYTLIOCKOCTSIM,
TO OTPE30K MEPECEKACTCs C MPSMOIL.

Hano otnars nommkHoe macrepcrBy Iloropesioba — AeHCTBUTEIBHO 3TU YTBED-
KACHUSA BBIIVIAAAT ITPOCTO M €CTECTBEHHO, a OAHOBPEMECHHO MM MOXHO IIPUAATH
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TOYHBI cMbICJl. Hanpumep, Bropoe W3 HMX O3HA4aer, 4Yro ec/v Ha upsivoi [
BBIOpaHa Touka A, TO BCe OCTAJbHBIC TOYKU NPSAMOIl | MOXHO pas/e/IATh Ha
JiBa KJIacca TakUM 00pa3oM, UTO TOYKH O/IHOTO Kiacca HE Pas/IesBIOTCS TOUKOM
A (Touka A He JISKHT MEXAYy HUMHU), a TOYKM PAsHBIX KJIACCOB PasAC/sIOTCS
TOUKO A (TOYKa A JISKUT MEX/Iy HUMH).

B kauectse rpuMepa BHIBEJIEM M3 DTHUX aKCHOM BTOPYIO aKCHOMY CBSI3U 110
Twebepty: s mooeix 1Byx Touek A m C mHa mpamoit AC cyniectByer 1o
KpaiiHell Mepe ojiHa Touka B Takas, uto Touka C jiexut Mexay A u B. B camom
neie, Touka C pasOHBaeT IPsAMYIO HA JIBe HOJIYIIPSAMBIC; TOUKA A moIajacT Ha
o/iHy 13 HUX. Bo3pMEM B KauecTBe B Touky Ha Jpyro rnoJynpsimoii. Torma Touku
A u B paznensiorcs Toukoil C (II0CKOJIBKY HOJTYTIPSIMBIE PA3HBIE).

Tperbst akcroma Iloropesiosa jijist HAUMHAIONIMX BBIIVISLIUT POCTO KaK OIMCa-
HHE PUCYHKa. A IS TeX, KTO TIOHUMACT, OHA MO3BOJIAET JIETKO /TOKA3aTh aKCHOMY
TMama (xoTopast Terepb CTAHOBUTCS, TaK CKa3aTh, «TcopeMoli [laiay): npuseaén-
HOE HAMH HaIJISTHOE OOBSICHEeHWE akcroMmsl [lama (BTopoe M3 HMX) CTAaHOBUTCS
CTPOrMM €€ JO0Ka3aTeIbCTBOM!

IloropeJioB, BUIUMO, HA/IESUICS, YTO HPU HIEPBOM UYTEHUM OOJIHIIMHCTBO IIKO-
JIBHUKOB TIPOIYCTSIT PasHBIC OOOCHOBAHMS T'€OMETPUYECKU OYECBUTHBIX BEIIEH,
a TIpY [TOBTOPHOM YTEHMM HEKOTOPBHIE W3 IMOB3POCJICBIMX M YMYIPEHHBIX IIKO-
JIBHUKOB X OLICHST.

K coxalieHHIO, HUYEro XOpOIIero Ha MPAKTHUKE U3 3TOro He MOJyYHIOCh —
loropeJsioB nepeoLeHusI 1 yunTeiei, U MKoJIbHUKOB. Hu Te, Hu ipyrue tak u He
TIPOHUKJICH TOHKOCTSIMA OOOCHOBAHWIA, B JIyUllleM CJIydae IpoImyckas ux. B pe-
3yJIPTaTe OT WBSIIHOM IIEIIM PAcCy»X/ICHMIA, KOTopas ObuIa B IIepBoil KHMKKe [To-
TOPEJIoBa, B COBPEMEHHBIX M3JAHVAX OCTAJHCh O/THA PA3BAJIAHEL.

Bot oavH w3 mprMepoB Tako# Jerpaganun. Bozemém
Al orpesiesieHue: Jiyd ¢ HadasoM B touke O [=Ttouka O u

O/IHA U3 LIOJIYNPSIMbIX, HA KoTopble Touka O jiejur He-
| KOTOpYyIo TIPSIMYIO] npoxooum medcdy CTOPOHAMU yIJia C

pepnmHOA O [=(uUrypsl U3 AByX JIyueil ¢ oOlIIMM Haya-

Jgom O], ecsm OH mepecekaeT Kakou-immbo oTpe3ok AB

| C KOHIIJAMM HAa CTOPOHAX yIJa. JTO ONpeJeJieHHe CoXpa-
B B"  munoch HeM3MEHHBIM BO BCEX W3IAHMSX. Hasepnoe, Bbl
C HUM BCTPEYAICh — HO 3aJyMBIBUINCH JIX O TOM, UTO CJIOBA «KaKOW-JIFOO»
TYT BeChbMa CyllecTBeHHB? OOpaTrTe BHIMAHKE: B ONPE/IC/ICHUN MBI He TpedyeM,
4TOOK!I JIyY IIepeceKas Bce OTPE3KU C KOHLIAMH Ha CTOPOHAx yIJia.

JT1Oro U He HyXXHO TPedOBaTh, MOCKOJIBKY 3TO MOKHO JIOKa3aTh. M3 akcuom
cuestyet, uro ecau Jiyu | nepecekaer orpe3ok AB ¢ KoHI[aMM Ha CTOpPOHAaX yIia,
OH 0013aTeJIbHO MepecedeT Juo6oi Takoii otpesok A’ B'. Kak »to moxazats? B mep-
BOM m37aHmMM [loropesioBa cHadYaja /IOKa3BIBACTCS JIEMMA: eCli Hauano ay4a m

0
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Haxodumcs: Ha npsmoil |, a nyy He qexcum Ha MO NPSMOL, MO 6ce MOUKU
Jyua m Haxo0smcsi no 00Hy cmopoxy om | (B OJTHOI U3 JBYX MOJIYIUIOCKOCTEN,
Ha KOTOpbIe | JeUT IIOCKOCTS).

[Touemy BepHa oTa jgemMMma? Bo3pMEM [Be TOUKM Ha

m
sgyde m. Ecm Obl OHM JIeKayld B PA3HBIX TOJIYIIIIOC- /
KOCTSIX, TO COGJMHSIIOIMII MX OTPE30K IepeceKay Obl I
npsmyto . Ho mipsiMasi, Ha KOTOPO#t JIGKUT M, U IPs- 0

Mast | TepeceKaloTcs B ¢UHCTBEHHON Touke (. 3HAYNT, COCAMHSIONII STH JIBC
TOYKU OTPE30K IIpoxoauT depe3 O, W IMOTOMY OHM HE MOTYT JIeXKaTh Ha OJHOM
Jyue!

Tenepb mpuMeHUM STy JeMMmy: pa3 Toukn A U A’ Jexar Ha OfHOM Jiyue
(OQHOHM M3 CTOPOH YIJIA) € HAYAJIOM HA HPsMOil /, TO IO JIeMME OHM JIEXAT 110
OJIHY CTOPOHY OT IIpsiMoii . AHamorn4so Touk B u B’ siexar 1o ofHy cTOpoHy
or npsamoit [. Ho orpesok AB nepecekaer [, tak uto A u B nesxar no pasmble
CTOPOHHI OT npsiMoit . 3Haunt, v Toukn A’ w B’ jiexar 10 pasHble CTOPOHHI
ot I, u moromy A’'B’ nepecekaer [.

Ho 5710 ewg ne BCE: Mbl JJOKa3aJid, YTO OTPE30K ST T T TN A
A’ B’ nepecekaer mpamyro | (teopema 2.3, c. 27), .
HO elé Hajo JoKasaTh, YTO OHA IepecekaeT ya [,
(3amaua 18, c. 28). PeuicHus 5TOi 3a70aud B KHUre  / A !
He TPUBOJMUTCSA, HO MOMKHO PacCy’KAaTb «OT IPO- | X
TUBHOTO». IlycTh 3TO He Tak, TO €CThb TOUKA IIe- 1 0
peceuerms Z orpeska A'B’ (mokazaHHOrO B BHAE B /B
MYHKTUPHOI JyTH Ha PUCYHKE) C IIPAMO# | JIeKUT ’

IO pYIryio cTopoHy oT Toukn O ([0 CPaBHEHUIO N .

¢ toukoit X mepecevenus Jiyda ! u orpeska AB). -

Torna orpesok XZ coupepxkur touky O, u noromy X u Z siexxar no pasHble
cropousl ot npsamoit OA. Ho X JiexuT 1o 1y e CTOpPOHY OT ITOMU IIPSMOI, 4TO
u B (mockoJpKy oTpe3ok XB He mepecekaeT YKa3aHHOM MPSIMOI); aHAJIOTUIHO /£
JISKUT TI0 TY e CTOPOHY OT HTOit IpsMOit, 9to 1 B’ . TIpUxoIuM K IPOTHBOPEUMIO
¢ TeM, uto B u B’ nexar no oxxy cropony ot npsmoit OA (siemma).

JlOBOJILHO 3aIlyTaHHbIE PacCykJIeHus®, He npapaa Ju? He yauBuTeBHO, UTO
yke B u3ganuu 1986 roga oT HOMBITOK CTPOroro 0OOCHOBAHMUS CBOWCTB B3AaMMHO-
TO PAcCIOJIOKEHIS TOUCK OCTAJINCH JIVIIL POXKKH Jla HoXKU. Crovictso 11, BooGIme
OIyIIeHo, a oT cBoiictea I3 ocranocs ymm 3aximmmanve «[Ipsvast pasouBacT

3MepByIo 9acTh PacCyKIEHIS MOKHO W3JTOKHTS HHAYE: 3AMETHTH, UTO MO akchoMe [laima mpsvast |
niepecekaet otpe3ok A B’ st mo6oit Touxkn B’ Ha styde A B, a 3aTeM MPAMEHNTD TO ke PACCYKACHAE
em@ pas u nepeiitu or AB’ x A’ B’. Takoe paccyxjeHue HamedeHo B w3ganuu 2003 roga (3ama-
9a 49 Ha ¢. 20, OTMeUCHHAST KaK «32]1a9a TIOBHILIGHHON TPYAHOCTHY), HO BTOPAst 9aCTh PAacCyKICHNUsS
(nepexo OT OpsAMO# K Jydy) BCE PaBHO HEOOXOAUMA.
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IIJIOCKOCTb HA [IBE IMOJIyIJIOCKOCTHY, 0€3 KaKOro-Ju00 YTOUHEHHS CMBICJA 3TOrO
yTBepkacHuA. Jlanee HarmcaHo: «[1oJTympssMOl T JIyYOM HA3BIBAIOT 9ACTH TIPS
MO, KOTOpast COCTOUT W3 BCEX TOUEK STON MPAMOIL, JISKAIMX 1O OHY CTOPOHY
OT JaHHOI e€ TOYKM» — CTPOro TOBOPS, 3TO ONpE/C/iCHE HE MMEeT CMBICTA,
TaK KaK MOHSATHE «OJHOM CTOPOHBED MMEET CMBIC JIMIIb B TIPEIIOI0KECHHN aKCH-
OMBI, KOTOpas Teneps BoIOpolieHa. [IpuMepHO Tak sxe OOCTOHUT AeJI0 M B W3JaHUU
2003 rona.

CI10)KHBIIASACA NMPAKTHKA U HeN30e/KHble ONACHOCTH

CkazaHHOE He CJieyeT BOCITPUHMUMATh KaK TOKEJIAHNE BEPHYThCS K UCXOJIHO-
My BapuaHTy y4yeOHUKA: BU/IMMO, IIAHCOB PACTOJIKOBATH CTPOIME U JICJMKATHBIE
PACCY’K/ICHHsI HA OCHOBE aKCMOM BCE PaBHO HET.

Ho B pesyarstate [loropesioBy, Kak ¥ IpyTuM aBTOpaM yIeOHVIKOB, MTPUXO/IHT-
cs1 (haKTHYECKY OITyCKaTh BCE PAacCyK/ICHIS, KOTOPBIC 00OCHOBHIBAIOT PACIIOIONKE-
HHE F€OMETPUIECKUX OOBEKTOB HA YEPTEXKE: MBI PHCYEM KapTHHKY, H/IESICh, UTO
OHA TMPABWJIbHA, U 3aTEM HESIBHO onmpaeMmcst Ha He€. CKakeM, €CJIM Ha PUCYHKe
Hekad Touka M Ha mpsaMoit okasajgach Meskay Toukamu K u L, To MBI 0OBIYHO
CUMTacM BO3MOKHBIM MoJTda 3armicath ypasHerne MK + ML = KL (nna nma
OTPE3KOB), XOTS BOOOIIE-TO KTO €r'0 3HACT, BCEI/IA JIH (B YCIOBHAX 33/1a9M) TOUYKA
M me BBUinET 3a mpesessl orpeska KL . JImib B pefKAX Cilydasx, KOIjia cpasy
BU/IHO HECKOJIKO BOBMOXHBIX BApPUAaHTOB PACIOJIOXKEHUs TOYEK, MBI pasOupaem
9TH BApUAHTHI 10 OYEPE/IN.

B YecTHO IOBOpsi, TAaKOE JIEIKOMBIC/ME BOBCE HE Oe30-

oumHo. CylecTByeT MHOKECTBO T€OMETPHYCCKUX IIapa-

JIOKCOB, B KOTODBIX «IOKa3BIBACTCS» KAKOE-HHUOY/b SIBHO

abcypaHoe yTBepskjieHue. BoT OJMH W3 HUX, KOTOPBIi

MOXHO HA#TH, HAlPUMEDP, B JICKLUSIX HEMELIKOro MaTe-

matuka ®enukca Kineitna, mspanneix B 1908 rogy (pyc-

ckmit miepeson: O. Kieitn, Jnemenmapras mamemamu-

Ka ¢ moyKku 3peHus evicutell, ToM 2, [eoMeTpus, mepeBos

K L J. A. Kpspkanosckoro noj peznakuuceii B. I'. bosrsHckoro,

A C BTOpoe u3jlanue, M.: Hayka, 1987) wm B Opounope

S1. C. Jly6noBa OQwiubku 8 ceomempuueckux O0oKazameb-

cmeax (M.: @Omsmarrus, 1955, cepust «[lomMyJIsipHEIC JIGKIMY 110 MAaTEMATHKE),

BomI. 11). JlokaxkeM, 9TO 8ce mpeyeoivHUKU — pasHobeopeHHbvle (ipuMep 6 Ha

c. 1417 o6pounops [lyoHoBa, pa3dop onmoOok Ha c. 30 —31; cMm. Takke c. 311
kuurn Kireima).

PaccmoTrpum npousBostbHblt TpeyrosisHuk ABC u nokaxeMm, uto AB = BC.
Juist aTOro nposeséM OGHCCEKTPUCY yrjla B u cepeUHHBIN IEPIeHIUKYIISP K CTO-
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poue AC. Ilyctb M — Touka ux nepecevyenus. Omycrum u3 Toukn M neprieH-
mukyiaspsl MK u ML wa cropount BA u BC. Touka M, iéka Ha cepeiMHHOM
HepPHEH/MKYJIsApe, OuHAKoBO oTcrout o1 A u ot C, to ecth MA = MC. Haxo-
JsIch Ha OHCCeKTpuce yIia B, oHa paBHOyJaJeHa OT CTOPOH 3TOrO YIJIa, TO €CTh
MK = ML . llo>tomy npsmoyroJisable Tpeyronbiukun MKA u MLC pasubl 1o
KareTy W runotenyse. 3uauut, yriisl KAM u LCM, nexamye IpOTUB PaBHBIX
KATEeTOB, TOKe paBHbL. CKJIAbBas 3T YIIIbl ¢ paBHbiMU yriiamua MAC u MCA
(Ipy OCHOBaHMM paBHOOEAPEHHOTo TpeyroibHuka AMC), moaydaeM, 9TO YIJIbI
BAC u BCA paBHBI, U TPEYTOJLHUK PABHOOEIPEHHBIA.

JlaBaiiTe 4eCTHO NpU3HAEMCsS camu cede, 4TO DTO PacCykICHHEe Hy HUYEM
HE XYK€ JOKa3aTeJIbCTB TEOPEM M3 IIKOJBHOIO y4eOHMKa reomerpun. Ecim Obl
pe3yabTar He ObLI aOCyp/JHBIM, TO MBI Obl HUYETO TAK M HE 3aI0I03PHIIN.

YIaioch JIM BaM IOHSATh, OTYEro IIOJyYaeTcs Takas epyHaa? Moxer ObITb,
MBI HE3aKOHHO PACCMOTPEJIH TOUKY M , KOTOPOIT He CYLIECTBYET, TOCKOJIBKY TIpsI-
MBI MTapaulesbHbI? Ho ecim GuccekTpuca U cepeJUHHBIN IepIeHNKYIISp Mapaj-
JIEJIBHBL, TO OMCCEKTPHCA SIBJISETCS BBICOTOM, TAK UTO TPEYTOJIbHHK BCE PAaBHO
paBHOOEIPEHHBIN. (DTO K€ OTHOCHTCA U K CJIy4alo, KOorja OMCCEKTpUCA U Iep-
TICH/TVKYJISIP COBIIA/IAIOT. )

MoskeT OBITH, TOI/IA JIEJIO B TOM, 9TO TOYKa M MOXKET HaxXOJUThCS BHE Tpe-
YrOJBPHUKA — 4 MBI CUUTAIM, YTO OHA BHYTpH? B

JlefiCTBUTE/IBHO, PTOT CJIydail 3acily’KMBaeT OTAC/Ib-
HOoro paccmotpenust. Hy 4ro x, pasdepém u ero. Ha-
PHCOBaB KapTHHKY, MBI BUIUM, UTO U BIPSMb CHTYAITHsI
mensiercs. Tlo-npexxuemy MK = ML u MA = MC
(Mo TeM ke NPHYMHAM, YTO W PAaHBIIE), TAK YTO Hps-
moyrosbable Tpeyroienukn MAK u MCL pasub 1o
TUnoTeHyse u katery. [lo-npeskHeMy ecTh Iaphl paBHBIX
yrioB: MAK pasen MCL, a MAC pasen MCA. Ho
CKJIAIBIBAS] WX, MBI ITOJIYUAEM BHEUHUE YIJIBI TPEYTOJIb-
mnka ABC. Yro >k, 9T0 HE CTPAIIHO — €CJIA PABHBI
BHEIIHUE YIJIbl, TO PABHBI U CMEXHbBIC C HIMU BHYTPEH-
HUE YIJIbI, U Mbl CHOBA T10JIy4aeM, YTO TPEYTOJIbHUK PaB-
HOOCIPEHHBII.

[Tpu 5TOM JTOKA3aTEIBCTBO JIaxke 0oJiee CTPOroe, 4eM NPHHATO B IIKOJIBHBIX
yYeOHMKAaX: Mbl PACCMOTPEIM PAasHBIC BO3MOXKHBIE IOJIOKEHUS Touku M, 4To
gacTo mpomyckaercsi. TeM He MeHee pesysbrar abcypie! Uto sk 3ToO Takoe BBI-
xoauT-10?! Kysa cMOTpST MUHHCTEPCTBO 0OPA30BAHUS 1 aKa/IeMHsl HayK?

MpbI He OyzieM JIMLIATH YUTATE/IS YAOBOIBCTBUS PA3rajaTh STy 3arajiKy U Haii-
TH UCTOUHUK oumoOku. Ecim 3To He OygeT MHoJlydaTbes, MONPOOYyiTe CAeaaTh
TOYHBI YepTEK, MPUYEM JUIS CIIydasd, KOIa TPEYTOJIbHUK JOCTATOYHO CIUIBHO
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OTJMYAETCSl OT paBHOOeApenHoro. (Ecjm u 3T0 He MOMOXKET, HAWAUTE KHIDKKY
JyOHOBa — OHa M3/1aBagach JIOBOJIRHO JAaBHO, HO JIOCTYITHA B DJICKTPOHHOM BHIC
B MHTEpHETE. 320/JHO Y3HACTE W JPYTHC MHTCPECCHHIC BEIM — CKaKEM, IIOUEMY
IIPSIMOIT YTOJ1 «PABEH» TYTIOMY. )

5. U3mepeHue oTpe3KoB

B mKoJIbHBIX YuyeOHMKax

ABTOPBI MHOTUX COBPECMEHHBIX YYSOHHKOB F€OMETPUM CPa3y K¢ TOBOPST O pac-
CTOAHUU MEXAY TOYKAMU (I/IJ'[I/I, 4YTO IIOYTH TO KE€ CaMO¢, O JJIMHE 0Tpe3Ka) Kak
0 HEOIPe/IeJITeMOM TIOHSTHHN, U (POPMYJIMPYIOT pa3/IMIHbIE CBOMCTBA PACCTOSHUS
B KauecTBe akcroM. [IprMep Takoil akCHOMEBL: eciiu moyka B nexcum mexncoy A
u C, mo paccmosinue AC pasno cymme paccmosmuii AB u BC.

B Takom MOAXO0AEC €CTh DJIEMEHT XKYJIbHUYECTBA. (KCTaTI/I, KTO-TO M3 BCJIMKHX
MATEMATHUKOB B LIIYTKY 3aMETHUJI, 4YTO AKCUOMATUYECKUIA METOA UMEECT TC XKE IIpeE-
MMYLIECTBA epe;l HOCTPOCHUEM UHTEPECYIOLUX HAC OOBEKTOB, YTO U BOPOBCTBO
Tiepe/] YeCTHBIM TPY/IOM. )

2KysmpHIdecTBO 3TO JIBOSIKOE — ¥ IO CYNIECTBY, W mcropudecku. Ilo cyme-
CTBY: B T€OMETPUN MBI ITHITAEMCSA q)OpMyJ'II/IPOBaTb AKCMOMBI, HO B NIKOJIBHOM
Kypce apudmeTnku 1 aaredpsl 00 akcuoMax He ropopar. Hac cHavdana yuar ckia-
AbIBATHb HATYPAJIBHBIC 4KCJ1a, 3aTEM BBOJAT Z[pO6I/I 1 OTPULIATCJIBHBIC 4nC/Ia —
7 BcE 3TO 6e30 BCSIKMX akcHoM. (Majio Toro, OTOM K HUM JIOOABJISIIOTCS KOP-
HHU ¥ BCSIKVE JIOTapudMBl, TO-IIPEKHEMY O€30 BCSIKMX aKCHOM.) ECTh Jm cMBICI
3a00THTBCSI 00 AKCHOMAax B IIKOJIPHOM Kypce I'€OMETPHM, €CJIM BCE PAaBHO 4YacTh
(1 OueHB CyLIeCTBEHHAS YACTh) MOHSATHI OCTaéTcs 03 KaKOro-imdo CTPOroro
o0ocHOBaHUA?

Y EBkimaa

HUcropuaecku (y Erkimia 1 BooOlie PeBHIX TPEKOB) OTPE3KU M IUCJIA OBLITI
pasznenensl. Yncsa y HAX OBUTH TOJIBKO IIeJIBIMA. VppaloHaIbHEIX YricesT He Obl-
JIO ¥ B IOMHHE. [0BOPUTH, UTO IMATOHAJIL KBA/IPAaTa CO CTOPOHOM 1 MMeeT MIuHYy
V/2, Ipekn He OCMEJIMBAINCH — HMKAKOIO umcaa /2 y Hux He Gbuto. Koneuno,
OHU TIOHMMAJIF, UTO O3HAYAIOT CJIoBa «Touka B eyt otpe3ok AC B OTHONICHUN
2 : 3% — 9TO 3HAYMT, YTO MOXKHO B3SITh OTPE30K (00uiyto Mepy), KoTopeii 8 AB
yKJIaJpIBaeTCs ABa pasa, a B BC tpu pasa. Ho roBoputs 006 OTHOLICHMU [THAro-
HA/IK KBAIPaTa K CTOPOHE KaK O umcie /2 B 3TOM cMbicie Hesb3s. [pexu sHam
(1 yMenu KpacuBO reOMETPUYECKH JOKA3bIBAaTh), UTO JUArOHAJIb U CTOPOHA KBa-
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Jpara He UMEIOT OOIIeil MEpbl — HET OTPE3KA, KOTOPBIN Obl YK/IAAbIBAJICS LIEJIOE
YUCJIO pa3 U TaM, U TaM.

(B COBPEMEHHEIX TEPMUHAX TO O3HAYAET, UTO UHCIIO /2 MPPAIHOHATBHO, TO
€CTb He IIPEACTABAMO KaK OTHOLICHUE m/n ¢ LeJIbIMA m U n. JpyruMu cjioBaMu,
5TO 03HAYaeT, 4TO ypaBHeHWe m> = 2n? He WMeeT PelleHuil B LEeJbX YuC/Iax,
Kkpome kak m = n = 0.)

Kcratu, 5T0 He Memasio TpekaM paccMaTpUBaTh Hporopnmo a : b = c : d
JJISL 9eTHIPEX OTPE3KOB a, b, ¢, d. MBI ceifdac MOHMMAaeM STy MPONOPIMIO TakK:
YacTHOE OT JEJICHUS [UIMHBL ¢ HA JJMHY b paBHO 9aCTHOMY OT JCJICHHS JUIVHEL
¢ Ha JyMHY d. Y IpeKoB He ObUIO HU [UIMH KaK YMCEJI, HA YaCTHHIX. TeM He MeHee
3Ty NPOINOPLMIO OHH OIpefeuTh Morii. BoT uro nanucano y Eskmpna (Hauana
Esknupa B nepesoze [. J1. Mopayxaii-boarosckoro, kauru 1- VI, M. —J1.: OI'13
TUTTII, 1948) B Komre IlaToii:

TOBOpSIT, UTO BEJIMUMHBI HAXOOSAMCS 8 MOM e OMHOWEHUU:
TiepBasi KO BTOPOW U TPEThsI K YETBEPTOH, €CIM PABHOKPATHHIE TEp-
BOI M TPETHEH OJHOBPEMECHHO OOJIBINE, OJHOBPEMEHHO PABHBI, VIIM
O/THOBPEMEHHO MEHBIIE PABHOKPATHBIX BTOPOM M YETBEPTON KaKaas
TIpA Kakoi OBl TO HM OBLJIO KPAaTHOCTH, CCJIM B3SITh UX B COOTBET-
CTBEHHOM TIOPSI/IKE.

Ha COBPEMCHHOM A3BIKC 3TO MOYKHO IICPECKa3aTh TakK: IIPOIIOpHHAL a b =
=c:d no OIPEAECJICHUIO O3HAYAECT, YTO

e ey ka > [b s HEKOTOPBIX HATYpaiibHBIX kK u [, TOo 1 ke > Id;
e ecsit ka = b nuis HexoTophix HarypasibHbiX kK u I, To u ke = Id;
e eciu ka < Ib nuist HekoTOpBIX HATYpaibHbIX k u [, To n ke < Id.

[lpu »ToM ka ompesessieTcsl KaK IPITOXKEHHBIT k pa3 caM K ceOe OTPE3oK
@, TAK YTO C YMHOXEHUEM LIeJIOTO ITOJIOKUTEJIBHOTO YMCJIA HA OTPE30K BCE B I1O-
psizke.

Ecymu 310 onpeneneHne kaxeTcs HEIOHATHBIM, BOT JIMIIHIIA ITIOBOJL IIOUBUTD-
¢Sl MyZIDOCTH JPEBHUX I'PEKOB. A eCJIU IIOHATHBIM, IIOIIPOOYITe T0Ka3aTh, YTO U3
nporiopiiun a : b = ¢ : d 4eTeIpéx OTpe3KoB clieayer nporopiusa a : ¢ = b : d
M TOXe IMOAMBUTECh MX MyJIPOCTH (2 TAaKKe CBOCH, KOIJa M eCJIM DTO YIacTCs;
BaM IMIPUTOAMUTCS AKCHOMAa ApXMMEZAA, O KOTOPOIM UAET Pedub AAJIblIE).

Emg zameruM, 4ro TaKoO! I10AXO0J K I'€OMETPUU CHJIBHO IIPEISTCTBOBAJI Pa3-
BUTHIO aJIreOpsl — B OCHOBHOM PAacCMATPHUBAJIACh JIMIIL YPAaBHEHMsSI B IIEJIbIX
uuciiax (rJe Hac MHTepecyloT TOJIBKO LieJIble PEICHUs), IIOCKOJIbKY APYTUX Yd-
cejl He OBLIO, a MEPEMHOXKATh OTPE3KH HempocTo. KBaapar oTpeska, JOMyCTuM,
MOXXHO MHTEPIIPETUPOBATh KaK ILIOAb KBAJPATa C TAKOM CTOPOHOI, a KyO —
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Kak 00bEM KyOa, HO YTO Takoe ueTBEpTas crereHs orpeska? W uro pemats, eciu
MBI XOTHM B yPaBHEHHH CJIOKHATH X € X2?

(3ameTrM B CKOOKAX, YTO U OYKBEHHBIX OO03HAYCHUIA, HE TOBOPS ykKe 00 000-
3HAYCHUU X2, y IPEKOB He ObLIO — TaKue 0003HAYEHHS MOABUIACH TOPA3/Io O3
ske. [pekut BCE 3amuCHIBAIN CJIOBAMH, | [TOJIy4YasIOCh JJOBOJIBHO JUIMHHO. BOoT ofHa
U3 eBKJIMJIOBCKUX POPMYJIMPOBOK: B mynoyeonvnom mpeyzonvHuke ksadpam Ha
cmopoHe, cmsugaloweil mynoii yeon, Gonvuie (emecme @3smblx) Keaopamoe
HA CMOPOHAX, COOEPHCAUUX MYNOU Y20, HA 08ANCObI @351MblUl NPSIMOY20TbHUK,
3aKTIOUEHHBIU Medic0y 00HOU U3 CMOPOH Npu mynom yaie, Ha KOMopyio nadaem
nepneHOUKynsip, U OMCeKAeMblM IMUM NEPREHOUKYISIPOM CHAPYIICU OMPE3KOM
npu mynom yane. He Tak mpocTo y3HaTh TeOpeMy KOCHHYCOB, IpaB/a?)

Ho YPABHCHHS B LICJIbIX YMCJIAX I'DEKU PCIIAJIN; TAKHME YyPABHCHUS TCIICPbL Ha-
3BIBAIOT OUODAHMOBHIMU TIO IMEHH I'PpedecKoro MateMaTrka Jrodanra, KoTophlit
3aHIMAJICSA HX PEllleHHeM M HaIlMCcJl IIPo 3T0 KHUIY Apughmemuxa.

COBpeMeHHaﬂ TOYKa 3pCHHA

AKCHOMbI TEOMETPUY B TOM BHJIE, KaK OHU JaHbl y [Mipbepra, Takxe He yIo-
MUHAIOT JeHCTBUTENBHBIX urices. Ho k ToMy BpemeHm, korma [winbept rmicart
cBoto kHUry (Hagaso XX Beka), ObljIa HOCTPOCHA CPaBHUTEIBHO CTPOrast TCOPUs
JeHCTBATENIBHBIX uncesl. ViMes e€, MOXKHO OIpe/eIuTh JIUIMHY OTpe3Ka (TodHee,
OTHOIIIEHUE JIJIMH JIBYX OTPE3KOB: M3MEPSEMOro M €JIMHHUIIBI U3MEPEHNsI) KaK JIei-
CTBUTEJILHOE YUCJIO.

Unero 3Toro onpeaeieHUss MOXXHO OOBSICHUTh Tak. IlycTh gaHbl aBa oTpeska
a u b. ByneM ToBOpUTh, YTO pAIMOHAJIFHOE WHCHO k/! (aucimTess W 3HaMe-
HATeJIb — IIeJIble TIOJIOKUTEJIbHbIE Yncia) MeHviue a : b, ecom kb < la (ot-
pe3ok b, ormoxkeHHBI k pa3, roMelaeTcss BHYTPU OTPE3Ka @, OTJIOKEHHOTro [
Pa3). AHAJIOIMYHO ONPEIC/ISIETCSs], YTO BHAYUT «PALIMOHANBHOE UCJI0 m/ n Gob-
me @/ by». A Tenepp YMCJI0BOE 3HAYEHUE OTHOLICHUSI OTPE3KOB @/ b onpeselisiercs
KaK mo eOuHcmeeHHoe OelicmaumesnvHoe Yucno, Komopoe bonvlue gcex opobeil
k/1, menviuux a : b, u menvue acex opobeii m/n, 6onvuux a : b.

TyT ecTh HEMaJIO TOHKOCTEH, KOTOPBIE MBI IIpoITyckaeM. [Touemy BooOIe Hait-
aércst ipods m/ n, koropas Gosbiie otHouenus a/b? Moxer ObiTh, OTPE30K b
HACTOJIBKO MaJl, 4TO CKOJIKO Pa3 ero HU OTKJIQ/bIBail, Mbl TaK U HE BbIEM 3a
peesisl oTpeska a? (JTo 3ampemaeT chopMyJIMpPOBaHHAS CIIE TPEKaMI aKCHOMaA
TeOMeTpUH, HasbiBaeMas akcuomolli Apxumeda.) TloueMy JeCTBUTEIFHOE YHCIIO
¢ TpeOYyeMBIM CBOVMICTBOM HAWAETCA M MOYEMY OHO TOJIBKO OTHO? (3TO MOKHO J0-
Ka3aTh, UCIIOJIb3YsT AKCUOMBI IT€OMETPHH, TIPe/JIoKeHHbIe [WIhbepToM, 1 CBOMCTBA
JeHCTBUTEIBHBIX yKces1.) HakoHel, BCSKOE JM MOJIOKUTEIBHOE JICHCTBUTEILHOE
YHCJIO MOXKET OBITh OTHOIICHUEM HEKOTOPBIX 0Tpe3koB? (Bcesikoe; a1 aroro Tuip-
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OepT BKJIIOUIJI B YKMCJIO AKCHOM T'€OMETPUHU CHELUAIBHYIO aKCHOMY, HA3BIBAEMYIO
aKCcUOMO1l NOAHOMML.)

6. Pasencreo ¢uryp

Yro Takoe papHbie (PUTYpbI?

C HeOoJIBIIMM TIpeyBe/ITYeHAEM MOXKHO CKa3aTb, YTO IIKOJIbHAS T€OMEeTpUI —
9TO Hayka O PaBHBIX TPEYIOJIbHUKAX: AHAJBUPYS JOKa3aTeIbCTBO KAKOU-THO0
TEOPEMBI, a TAKXKE JIOKA3aTeJIbCTBA BCEX TEOPEM, Ha KOTOPHIE OHA CCBLIAETCSI, MBI
B KOHEYHOM CUETe NMPUAEM K TIPI3HAKAM PABEHCTBA TPEyrobHNMKoB. Ho 4To Takoe
pasHvle mpey2onbHuKu?

YueOnuk Kucesi€pa, pasinuHbie BapUaHTbl KOTOPOI'O UCIOJIB30BAJIUCh B POC-
CHIICKUX LIKOJIAX UyTh JIX He IIeJIbII BeK, TOBOPUT, YTO PAGHbIMU MPey20lbHUKA-
MU HA3bI8AIOMCS] MAKUE, KOMOPble NP HANONCEHUU MOo2ym Gblmb coemeuersl.

B snamenutom (ppamiy3ckom yueGnuke JKaka Agamapa,’ HarmcaHHOM TIpH-
MEPHO B TOT K€ MEPHOJ, PABEHCTBO (UI'Yp OOBSCHSECTCS TaK:

3. Besikast purypa MoskeT OBITH TIepeMelieHa B IPOCTPaHCTBe Oec-
YHCJICHHBIM MHO>KECTBOM CIIOCOOOB 0€3 M3MEHEHHSI CBOETO BHJA CO-
BEPIICHHO TaK K€, KaK 3TO MOXET OBITh C/IEaHO C OOBIKHOBCHHBIMH
TBEPABIMU TetamMu. Pagubimu hucypamu naswieaiomes maxue oee
¢hueypui, Komopuvie MOJNHCHO COBMECMUMb OOHY C OpYy20il MaK, 4mobut
OHU 8 MOYHOCMU COBNAOANU 80 BCEX CEOUX YACMSX; OOHUM CIIOBOM,
dee pasHvie huzypel npedcmagisiiom coboil 00Hy u my e uzypy,
PAacnonodiceHnyo 8 08YX pa3NuyHbIX Mecmax.

4[TpuBeEM TIOIHOE HABBAHME KHKTH, TI0 KOTOPOM MPUBOJATCA LIUTATH (B G0JIEe TIO3IHUX H3IAHUAX
MHOTOE M3MEHEHO; IMTHPYyeMoe W3aHie MOKHO HailTm B mHTepHeTe): A.Kncenés. nemenmaphas
2eomempus Onst cpeoHux yueOnvix 3agedenuil. C MPUIOKEHHEM GOJBIIOTO KOJIMYECTBA YIPAKHEHHI
7 cTaThW: [JTaBHEHIME METONH PEIUeHHs TeOMEeTPIIECKIX 3a1ad Ha TocTpoenve. M3manme mBaxmats
Tpethe. JomymeHa Yu. Kom. M. H. Ilp. B KauecTBe pyKOBOJACTBA JAJisi CPEJAHMX Y4eOHBIX 3aBejie-
HWiA, Myxckmx n keHcknx (OKypr. M.H.II. 1913, ampess), pexomengosaHa Yqe6H. Kom. mpn Cs.
CuHozie s ynorpeGsieHus: B JlyXOBHBIX CEMUHApUsX B Kauecrse yueOuoro nocobus (Llepk. sex.,
1893, No32); omobpena [en. Topr. u MaHyd. A1 KOMMEPYECKMX YYMJIMIL B KAaYeCTBE MOCOOMS
(msemenre ot 30 mas 1898 1., Ne 14128). PekoMeH/J0BaHA Kak PYKOBOJACTBO UIS KaJETCKHUX KOp-
nycoB. U3nanue T —Ba noa ¢pupmoit ,,B. B. Jlymuo — Haca. Bp. CanaeBeix™, Mocksa. Tunorpadus
IT. T1. Psbynmmckoro, CrpacTroit OymeBap, cobcTeRHE Jom, 1914, C. 29).

SLiuTaThl JAIOTCA 1O PYCCKOMY IEPEBOY; BOT ero noJHoe Hassauue: XK. Asjamap. Jnemenmap-
Has 2eomempus. Yacts nepsad. Inanumerpus. Ilepeox ¢ 11-ro M3gaHus noJ pedakumel mpod.
. W. lepenéikuna. [locobue juist BHICIIMX 11€/ar0rMyecKux yueOHbIX 3aBeJeHUil U Ipero/iaBaTeieit
cpenneii mkosnsl. M3ganue tpetbe. C mpusioxkenueM coctabieHHbIx mpod. . Y. [lepenénkunbM pe-
MIEHNI BCEX TIOMEIEHHHX B TeKcTe 3a7ad. [ocyJapcTBEeHHOE y9eOHO-TIearoTHIecKoe W3aTeTbCTBO
Munucrepersa npocsenienuss PCOCP, Mocksa, 1948. C. 20.
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B «Hauanax» EBk/mMia noHsiTUE PaBEHCTBA JUIS OTPE3KOB U YIVIOB BCTpEYAeT-
cs1 6€3 0OBSICHEHMIL, a B TIPUMEHEHNN K (purypaM (B YaCTHOCTH, TPEYTOJIFHUKAM)
03HAYacT PaBEHCTBO ILIONIA/ICH — TO, YTO MBI Ceifdac Ha3BIM OBl Pa6HOBENUKO-
cmbio Guryp. I1o3TOMy HBIHEIIHKE (IPU3HAKA PABEHCTBA» TPEYIOJIBHUKOB Y HETO
YTBEPAKAAOT PABEHCTBO UX BJIEMEHTOB (CTOPOH U yIU10B). Harpumep, nipeasioxe-
nue 4 Knuru Ilepsoii riacur:

Ecnu dea mpeyeonvHura umerom no 0ge CmMopoHbl, PAGHbIE Ka-
HCOAst KAJNCOOU, U NO PABHOMY Y2y, COOEPICAUEMYC MENCOY Pags-
HbIMU NPAMbIMU, MO OHU OyOym umemv U OCHO8AHUE, PABHOE OCHO-
BAHUIO, U OOUH MpeYy2onvHUK Oyoem pageH Opy2omy, U OCMAIbHbIE
yenvl, cmsieugaemvle pasHuIMu CMOPOHAMU, OyOym pagHsl 0CManb-
HbLM Yenam Kasicoblil KancooMmy.

EcrecTBeHHO, 4TO IPU CTPOTrOM MOCTPOEHUM IEOMETPUM MOHSATHE PABEHCTBA
TpeOyeT yTOYHEHUs, U CJIOBA «COBEPLICHHO TAaK ¢, KaK 3TO MOXKET OBITb crie-
JIAHO ¢ OOBIKHOBEHHBIMU TBEpIBIMU Tesamiy He rogsrcd. [lostomy Impbeprt
B OcHosaHusix 2eomempuu HA9IMHACT C PaBCHCTBA OTPE3KOB M YIJIOB, KOTOpOE
OH HA3BIBAET (KOHI'PYSHTHOCTBIO», CUMTAECT HEOIPENE/IAEMbIM IIOHATHEM M IS
kotoporo ¢opmympyer akcuomsl. Ilaparpad «TpeTbst rpynma akcHoM: akCHOMBI
KOHI'PY3HTHOCTI» COJEP)KUT TAKOE PA3bsICHEHHE!

Otpesku [B HEKOTOPBIX CiIydasix] HAXOAATCS B ONPEAEIEHHOM CO-
OTHOUICHAN JPYT C JIPyroM; Ui OOO3HAYEHUS 3TOI0 COOTHOMICHUS
CJIy’KaT CJIOBA «KOH2PYIHIMEH» WIN (PA6eHy.

Hanee dopmympyrotcsa akcroMbl. Harpumep, akcroma I1l, y TunsGepra rina-
cur: Eciu ompesok A'B’ u ompesox A" B" xonepysnmuol 00HoMy U momy sice
ompesxy AB, mo ompesox A’ B’ konepysnumen maxoice u ompesky A”B"; kopo-
ye 2080psi, eCaU 084 OMPE3KA KOH2PYIHMHbL MPEnbemy, mo OHU KOHZPYIHMHDL
makaice Opy2 opyey.

KoHrpy HTHOCTE (PaBEeHCTBO) YIJIOB TAKXKE CUMTACTCS HEOIPEIC/SIEMBIM I10-
HATHEM, W (DOPMYJIMPYIOTCS COOTBETCTBYIONIHE akcuoMbl. Hampumep, akcroma
s racur: Ecnu ons dsyx mpeyeonvhuxos ABC u A'B'C' umerom mecmo
KOH2PYIHMHOCMU

AB=A'B", AC=A'C', /BAC=/BAC,
mo umeem Mecmo makiice u KOH2pyIHMHOCHb

/ABC = /A'B' (.
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(I'mie0epT MCMOJIB3YyeT 3HAK = /I KOHTPYDHTHOCTH). JTa aKCHOMA MPEACTABJIS-
eT co0O0il 9acTh TIPU3HAKA PaBEHCTBA TPEYTOJBHUKOB IO JIBYM CTOPOHAM M YIJIy
MEX/Ty HUMJ; OCTAJIBHBIC €0 YacTW MOTYT OBITH JIOKa3aHBl C MCHOJIE30BAHMEM
OTOR U APYIMX aKCHOM.)

PapHble QHTYpBI B MIKOJILHBIX Y4eOHHKAX

1 Kosmoropos, u IToropesioB B CBOMX y4eOHMKAX CUMTAIOT HOHSITUE YUCIIA
3apaHee M3BECTHBIM, 4 JUIMHY OTPEe3Ka M BEJIMUMHY YIJIA — HEOIPE/Ie/IIeMbIMI
noHsTrsMA. [T05TOMY PAaBEHCTBO OTPE3KOB M YIVIOB MOYKHO OLIPEIC/IUTh KaK pa-
BEHCTBO MX JUUIMH (BEJIMUNH), 0€30 BCSIKMX PAsTOBOPOB O HATIOKEHUSIX, IBIKCHISIX
v T. I

ITpu 5roM KosiMOropoB BMECTO «PAaBEHCTBO» FOBOPUJI «KOHIPYIHTHOCTEY, CJIC-
nyst TumsGepry. MOTHBBI €10 MOHATHBL: €CJIM TeoMeTprdeckas Gurypa — 3T0
MHOXECTBO TOYEK, TO PABEHCTBO (DUI'YP €CTh PABEHCTBO 3TUX MHOXKECTB: PaBHbIC
(bUTYpBI JTO/DKHBL OBITH COCTABJICHBL M3 OJIHHX U TeX ke Touek. [loaTomy o/nHa-
KOBBIC TPEYTOJILHUKY B PA3HBIX MECTAX IIOCKOCTU HE PaBHBI (BEAb OHU COCTOSIT
U3 PA3HBIX TOYEK), & TOJIBKO KOHIPYDHTHBL.

Ho ecnu TwmbGepT HCHOJB30BAT STOT TEPMUH B KHUIE JUIS CIICIUATICTOB,
10 KOJIMOropoB cjieasi 510 B IIKOJBHOM Y4eOHHKe — 9TO BBI3BAIO IHOHSITHOE
OTTOPKECHUE Y yunTeJieil 1 pOJUTeNIel, U Tak U He IPIWKWIoch. (310 OBLIO, BH-
AMMO, OJJHO M3 IPUUMH HernpusiTus ydeOHnka KosMoroposa, B LIEJIOM TPY/IHOTO
¥ MaJIO NPUCHIOCOOICHHOTO K PEAIbHOI IIKOJIE. )

B yuebuuke [loropesioBa oT/1e/IbHO ONMPEAEIISICTCS PABCHCTBO TPEYTOJIBHUKOB
U PABEHCTBO INPOM3BOJIBHBIX (DUIYp. A HMEHHO, TOBOPHICS, YTO MPEyOlbHU-
KU DA6Hbl, eciiu y HUX DUEHbI COOMEEMCMEEHH e CMOPOHyl u yensl. TouHee,
tpeyronsunkn ABC m A'B'C’ cunraorcs papueivu, eciim AB = A'B', AC =
=A'C’, BC = B'C',atakxe /BAC = /B'A'C’', /ABC = LA'B'C’, /BCA =
= /B'C'A’. Dro Hano, 1o 3ambicity [Toropesiosa, 4rofbl 30EKaTh JBYCMbICJIEH-
HOTO CJIOBA «COOTBETCTBCHHBIEY — BJPYT, DN HA YePTEX, yUUTETb CUMTACT
OJIHY I1apy CTOPOH COOTBETCTBCHHBIMH, & YYEHHK JPYIYIO?

PaBeHCTBO OTPESKOB U YIVIOB, KAK Mbl YK€ ['OBOPIUIH, [IOHUMACTCSI KAK PABCH-
CTBO JUIMH OTPE3KOB U BEIMUMH YIJIOB (KOTOPHIE €CTh HEONPEAC/SIEMBIC TTOHSTIS
Y JI/Is1 KOTOPBIX €CTh AKCHOMBI).

B pesysprate IoropesoB mosydaeT BOMOXHOCTH M3JIaraTh TEOMETpHIO Oe3
CCHLJIKM Ha HAIJISTHOE IOHSTHE HaJoXeHns (uryp. TIpu 5ToM M3/I0KeHHe OCTa-
€rCsl IOCTATOYHO ecTeCTBeHHBIM. CKaXKeM, JIOKA3aTeJIbCTBO IPUSHAKOB PABCHCTBA
TPEYTrOJIbHUKOB, KoTophie Y EBkimaa (a Takke Kncenésa, Amamapa n apyrux) uc-
TOJIB30BAJIO HAJIOKEHUE TPEYTOJIBHUKOB, BMECTO TOrO CCHIIACTCS HA AKCHOMY O
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CYLIECTBOBAHHU TPEYI'OJIbHUKA, PABHOTO JAHHOMY (TPEYIOJIBHHKY), HO OCTag€Tcst
TCOMETPUICCKY HATJISTHBIM.

OrperiesieHne paBeHCTBA TPEYTOJIBHUKOB B yueOHMKe [Toropesioa nMesro jo-
OonbITHBIT TOOOUHBIN hdekr. Tpeyrossauk ABC Teneph paBeH TPeyroJbHU-
Ky BAC smmib B TOM ciiyyae, Korja OH paBHOOE/APEHHBIN (IOCKOJIbKY Tpedyer-
CSl PABEHCTBO CTOPOH, HAXOJSLIMXCS HA OJAWHAKOBBIX MECTAX B HAUMEHOBAHUSX
TPEYTOJILHUKOB). K 3TOMy HENpOCTO IPUBHIKHYTH, TOCKOJBKY, 9YTO HHA TOBOPH,
tpeyrosibiukn ABC u BAC — 510 OJJMH U TOT K¢ TPEYTOJILHUK, TOJIBKO 3alli-
CaHHBII MO-pasHOMY. (3aTO TEHEPh MOXKHO BBHIBECTH TEOPEMY O PAaBEHCTBE YIJIOB
IIpY OCHOBAHWM PABHOGEAPEHHOTO TPEYrOJIbHUKA NMPSIMO U3 TPETBEro IPU3HAKA
PaBEHCTBA TPEYIOJIbHUKOB, IIPUMEHHUB ero K tpeyrojbsHukam ABC u BAC.)

Jpyroe 1ocjeACTBUE — YTO PABEHCTBO IPOM3BOJIbHBIX (UIyp (HE TPEyrosib-
HHKOB) Ha/I0 OMPE/CATh OTACIPHO. ECy paBeHCTBO YETHIPEXYTOFHIKOB (M BO-
00111e MHOTOYTOJIFHAKOB) €IIE MOYKHO OIIPE/IENINTH TI0 aHAJIOTWH, YEPE3 PaBEHCTBO
CTOPOH ¥ YIJIOB (PaBEHCTBO JMArOHAJICH, K CYACThIO, OTCIOAA CJICAYET), TO JIS
[IPOU3BOJIBHBIX (PUIYP HYXKEH JIPYTOM MOIXO/I.

A umenHo, ropoput [loropeJios, GUIypsl pasHbl, €C/U CYLIECTBYeT ABHXKEHUE,
TiepeBosIIee OHy (PUTypy B APYTYIO. A dgudiceHue — 3TO TIpeodpasoBaHue, CO-
XPAHSIIONIEe PACCTOSIHUS MESK/TY TOUKAMU: €CJTH A MepexouT Py MBIKeHun B A’,
a B B B’, 10 paccrosnus AB u A’'B’ paBHbI.6 Emeé, xoHeuHo, Ha/J0 I0KA3aTh,
YTO JJIsI CJIydasl TPEYTOJIbHMKOB 00a ompesiesieHus1 (4epe3 PaBeHCTBO JIEMEHTOB
U C IIOMOUIBIO JIBIXKEHUI) DKBUBAJICHTHbI.

B obmiem, HerpocTo BCE 3T0. A Be/lb IIOMIMO PaBEHCTBA (DUTYP OIMpe/eIsieT-
csa emé u mogodue. (B mepBoM m3naHvy moo0ue TPEYroJBHUKOB OIPE/eIsIoch
OT/ICJIPHO KaK PABEHCTBO YIJIOB U IIPOIOPIMOHATIFHOCTh CTOPOH. 3aTeM MoJ00ue
MTPOU3BOJIBHBEIX (DUTYP ONPEE/ISIOCh C MCITIOJIB30BAHUEM MPEOOPA30OBAHMI TTO0-
Ors — (urypsl nofo0HbI, €CJIM CYLIECTBYeT COOTBETCTBUE MEKIY HMX TOUKAMU,
KOTOPOE M3MEHSICT BCE PACCTOSIHUS B OJMHAKOBOE YHMCJIO pas. B ciegyromux ms-
JIAHUSIX OT/ICJIBHOE OIIpEIeIcHAE TIO/I00Ns JIJIST TPEYTOJAFHIKOB BEIOPOIICHO. )

B Gostee HOBBIX y4eOHMKAX aBTOPHI BO3BPANIAIOTCSA K HE(POPMAIBPHOMY W3JI0-
xeHmo B ayxe Agamapa m Kucenépa. «/IBa reomerpudecknx Teja, ABE TTOBEPX-
HOCTH, JIMHUU UM (DUTYDHI HA3BIBAIOTCSA PAGHBIMU, €CJIH X MOXHO COBMECTUTD

SY3 Tekcra yueGHMKA HE OueHb SCHO, MMEETCA JIM B Bujy IIPEOOPA3OBAHME, ONpEIENSHHOEe HA
BCEX TOUKAX IUIOCKOCTH, WM TOJBKO B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXKAy Toukamu (HTYp,
COXpaHSIONIEe paccTosHNE. B TepBoM clryuae BO3HWKAET TMpobiiemMa B JIOKa3aTeJIhCTBEe TOTO, 9TO eCIIH
¢urypa F pasua ¢urype F’, 1o u purypa F', B cBo0 0uepenp, papua urype F; mpeaBapuresisHo
Hajo JIOKa3aTh, YTO OTOOpa’keHWE TUTOCKOCTH B Ce0s, COXPAHSIOUICE PACCTOSHMS, TIOKPHBAET BCIO
w10cKocTh. [1py BTOPOM MOHUMAHHY CTAHOBUTCS HEOYEBU/HBIM, CKAKEM, YTO €CJIU OJUH U3 PABHBIX
MHOTOYTOJIbHIKOB MOKET OBITH BITHCAH B OKPYKHOCTB, TO M BTOPO# TOXe: BEb B3ANMHO OJXHO3HAYHOE
COOTBETCTBUE MEX/y TOYKAMU MHOIOYIOJIBHUKOB, COXPAHSIOLICE PACCTOSHUS, HE OMPEAEJICHO /is
LEHTPa OKPYKHOCTH.
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apyr ¢ gpyrom» (M. @. lllapsirun, eomempus. 7—9 xinaccel. 2-e uza. M.: Jlpo-
(a, 1998). «B reomerpun 1Be (PUTYPHI, UMEIONIIE OAVHAKOBYIO (hOpMYy U OfIHA-
KOBBIC pa3Mephl, HA3BIBAIOT PABHBIMU (. ..) JIBE TeOMETpHYCCKUe (PUIyphl HA3BI-
BAIOTCA PABHBIMH, €CJIM MX MOKHO COBMECTHTH Hajoxenuem»’ (J1. C. Artanacsm,
B. ®. Byrysos, C. b. Kagomues, 3. I'. [losusk, U. U. IOmuna, Teomempus. Yued-
HUK A 7 —9 Kj1accoB o0Leo0pa3oBaTeIbHBIX yupeskaeHui. S5-¢ m31. M.: Ilpo-
crerierrie, MockoBckue yueOHmkm. 1995).

IIpr TakoM IOJXO/E BOBHUKAET CJIOXKHOCTB, KOTJA aBTOPHI BBOJAT IIOHSATHE
JBIDKEHUS IuTockocTd. C O/THOM CTOPOHBI, BpOjie OBl DTO IOHATHC CUATAIIOCH
WHTYUTHUBHO SICHBIM, U Y€pe3 HEro orpeessuioch paBeHCTBO ¢uryp. C apyroit
CTOPOHHI, AAETCA ONpeescHe ABIKCHUS (MepeMeleHHs) Kak Mpeodpa3oBaHUs
IJIOCKOCTH, COXPAHSIOUIEIO PAacCTOSIHUME MEKJY Toukamu. U craHoBuTCs Hemo-
HATHO, UMEIOTCA JIA B BUIY T€ *ke caMble HAJIOKEHUS, 9TO C CaMOro Hadaa,
nmm Heuro Jpyroe. Hlapeirma 3To BooOIe HUKAaK HE KOMMECHTUPYET; B yIeOHH-
Ke ke ATaHacsiHa ¥ COABTOPOB MMEETCS CIeNMaJbHBI MyHKT (115), KOTOpHIf
TaK ¥ HasbiBaeTcs: «HaytoxeHust v IBKeHUs». B HEM aBTOPE! XOTAT OOBACHUTH
Pa3HUILY MeX/y HEOMPEACISEMBIM IMTOHITHEM HAJIOXEHUsSI, CBOMCTBA KOTOPOIO Me-
peUrCIIeHH B akcroMax (chopMyJIMIPOBAHHEIX B IPHJIOKEHAN 1 3TOro y4eOHIKA)
V1 OTIpE/ICIISIEMBIM TTOHSTHEM JIBIDKEHNS (IIPeoOpa3oBaHyisl, COXPAHSIONIET0 paccTo-
SIHUS), a 3aTeM J0Ka3aTh, YTO PAsHUIIBI-TO W HET: TeopeMa Ha c. 276 roBOpHT,
4yTO JII000C ABIKEHHE SIBJISICTCS HAJIOKEHMEM (a 3aMevyaHue mepes Hel — 4To
JII000¢ HAJIOKEHUE SBJISCTCS JBIKeHueM). Jlymalo, 4To Majio KTO U3 YMTaTesIeH
B COCTOSIHMM TIOHATH, YTO TYyT UMeeTCs B BUAy. S| OB He HOpydmics Jaxe M 3a
aBTOPOB, ITOCKOJIBKY HEKOTOPBIE UX (POPMYJIMPOBKU BBIIVIAAAT cTpaHHO. CM., Ha-
rpuMep, abszail Ha ¢. 276, KOTOPHIA 3ByYHT KaK OIPE/IE/ICHAE HEONPEACIIEMOro
TIOHSITHST HAJIOKCHUSI:

OnHako He BCSIKOE OTOOpaXEHME TIJIOCKOCTH Ha ceOst MBI Ha3BIBAEM
Haj1okeHueM. HajiokeHHss — 3To Takue 0TOOpasKeHHs IUIOCKOCTH Ha
ce0s1, KOTOpBIE O0JIafAI0T CBOWCTBAMM, BBHIDHXECHHBIMU B AKCHOMAX
(cM. nipwiiokenue 1, akcuomsl 7 —13).

Kopoue, BpsiT MM MOXHO HANVCATh HIKOJIBHEIN YYeOHUK TEOMETPUM, COXpa-
His (TIyCTh TSI IMTaTeJICH-3HATOKOB) MaTeMaTHYECKylo cTporocTs. Hambomee
HIpUOMBIICS K HTOMY, BUIMMO, Iloropesio, IposBHB B STOM OOJBIIYIO 30-
OpeTaTeBHOCTD U M3SLIECTBO — HO U OH DTOII LGN He JOCTUT (A B HOCJIEAHUX
M3JAHUSIX y’Ke M He 0co00 cTapascs).

7I/IHTepeCH0, YTO CKa3aJi OBl aBTOPH M WX YATATEJH TIPO JIEBYIO W MPaBYyIo TIepUaTKH: PaBHEI OHA
Wiy Het?
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7. IlponopuHoHaJIbHBIE OTPE3KH H 10400ue

Eimé ojuH JIe/IMKATHBIA MOMEHT B PA3HBIX yUeOHUKAX TOSBIISIETCS B PA3HBIX
00JINYbAIX.

HpOHOpI_II/IOHaJII)HI)Ie OTPE3KH

[lycTh TPU MAPALIEIBHBIC MPAMBIE MEPECEKAOT
, CTOpOHHI yIiIla — ofuy B Toukax A, B, C, a mpy-
ryio — B toukax A’, B’, C'. Torna coomsemcmsen-
C i
% Hble Ompes3Ku NponoPYUOHATLHYL.
AB: BC =A'B': B'C

10 cpoiictBo (AB : BC = A’B’ : B'C') MoxHO niepenmcaTs U T0-IpyroMy,

WCIIOJIB3YSI CBOFICTBA IPOIIOPITII, — CKaXKeM, Tak:
AB A'B
AC AC

(B caMoM Jiesie, MOKHO TIEPEBEPHYTH UCXOMHYIO TPOMOPIMIO U 3aKIIOYUTh, 9TO
BC/AB = B'C'/A’'B’, 3a1eM npu0aBuTh K 00EUM 9aCTAM €/IMHMITY M II0JTy4YUTh
AC/AB = A'C’/A’'B’, a 3atem niepeBepHYTH 06paTHO.)

BaskHblit yacTHHI ciydait (Toukn A n A’ coBna-

0 naot): ecan B Tpeyrossanke OCC’ mposectd Jm-
B B’ mmo BB', mapamnensuyio ocaosammo CC’, To Goko-
C C' BBI€ CTOPOHBI MEHBILIETO 1 GOJIBIIETO TPEYTOJHHUKOB

nponopiwmonaiehbi: OB : OC = OB’ : OC'.

Kak J0Ka3bIBAIOT MPOMOPIMOHAIBHOCTE OTPE3-
koB? CHauaja paccMaTpuBaeTCs CJydad, Korja
AB = BC. Toraa pasenctso A'B’ = B'C’ mox-
HO JIOKa3aTh, WCHOJIb3YS CBOVICTBA IapajuleIorpaM-
MOB M PAaBEHCTBO CEPHIX TPEYTOJBHUKOB Ha PHUCYHKE.
MOXHO Takke COCJIATbCS Ha CBOWCTBO CPEIHEN JIM-
HHMH TpAmeyu: IpsaMas, IPOBEACHHAS Yepe3 Cepe/iu-
ny Gokopoit cropoust AC tpanermm ACC’ A’ mapas-
JIEIFHO OCHOBAHWSM, SIBJISETCS € CPe/THEN JIMHACH.

Jajpie MOXKHO PacCMOTPETh CIIydai, KOrja OT-
pesku AB u BC wmnmelor ofurylo Mepy, TO €CTh
OTPE30K, KOTOPBI YKJIAJBIBAETCS LIEJIOE YUCIO pa3
uB AB, uB AC. Ilyctp, ckaxem, AB : BC =3:2
U 5Ta o0las Mepa yKiaajpBaeTcs B AB Tpu pasa,
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a B BC — spa paza. Torya Ha 0JHO¥M M3 CTOPOH yIVIa BO3HMKAET BEpPEHUIA U3
TIATH OJIMHAKOBBIX OTPE3KOB. [IpoBe/iEM depes MX KOHITHI IapaljiesTbHbIe TpsMBble
W paccCMOTPUM OTPE3KH, BHICEKAeMble MMH Ha JIpyroii cropoHe. [lo jokazaHHOMY
9TU OTPE3KU PABHBI, IIOSTOMY Ha JAPYIoOfl CTOPOHE TOXE BOSHHKACT OTHOLICHHC
3:2.

Jlasibliie HAYMHACTCS CaMasi TPYJHAS YacTh PACCy-
KJICHUS: CJTydait, korma orpeskd AB u BC He mmeroT
o0Ieit Mephl (Kak TOBOPSIT, OHU Hecousmepumut ). Pas-
JemmMm otpesok AC Ha n vacteit. KakoBo 651 HU ObUTO
YUCJIO 1, TOUKa B He mornajaer B TOYKy JeJieHus (MHa-
ye orpesku AB u BC Gbum Obl consmMepuMbl). 3HAYMT,
orpe3ok AB cocrour u3 HECKOJIbKMX I[I0JIHBIX YacTeil
Y OJTHOV HEIIOJHOM YacTh. ECi KOJIMIECTBO IOJHBIX YacTeil 0003HAIUTH 32 £,

TO MOKHO 3aITUCATh HEPABCHCTBA, JIAIOIME BEPXHIOD W HIBKHIOK OICHKU IS
otromenuss AB/AC:

k AB  k+1

- < —-—<

n AC n
(pobb k/n mosyunnach Obl, ecsu Obl HEMoJiHONM vacTu He ObUIO, a Jpo0db
(k+1)/n — ecsm Obl HeroJHasi JacTh OblIa nosiHOM). Ha kaprunke n = 5

u k = 3, orpesok AB conepxkur tpu maThix otpe3ka AC u emé HemHoro (He
JIOXOJISL 10 9ETHIPEX TISTHIX).

Bc€ »T0 mponcxoaut Ha JieBoit npsmMoii. Ho MoCKoJIbKY NapasulesIbHble JIMHAN
COXPAHAIOT TOPSIOK TOUYEK, TO U crpasa otpe3ok A'B’ Oymer cocrosts u3 k
MOJIHBIX YACTEM U OJHOM HEMOJIHOM, TaK YTO

£< A'B’ < k+1
n  AC n

3uauur, o6a unciaa AB/AC u A'B’/A’C’ waxonsrca mexnay k/n u (k +1)/n
Y [IOTOMY OTJIMYAIOTCH APYT OT JAPyra MeHee ueM Ha 1/n. A [OCKOJIbKY 11 MOKHO
B3STh CKOJIb YTOJHO OOJIBIIMM, TO 3TH YHCJIA JOJKHBI TIOIIPOCTY COBIIAZIATh.

(CJI0BO €IIOIPOCTY» IPU aKKyPATHOM WM3JIOKEHMH CJIEJOBAJIO Obl 3aMEHMTD
CCBLIKOM Ha aKCMOMY ApXUMENA IS JEHCTBATEJBHBIX YUCEI: €CIU HEKOTOPOE
HEOTPULIATE/ILHOE YUCJIO MeHbLIE 1/7 NP BCEX LIEJBIX HOJOKHUTEIBHBIX /1, TO
JTO YMCJIO PABHO HYJIO.)

IIporopuonabHBIE OTPE3KH B IIKOJIE

WznoxkeHHoe HaMU paccyKICHUE ITOYTH ITOJHOCTHIO MOBTOPSET M3JIOXKCHUC
B yucOHmKe Kucenépa (mwmm Apamapa). KoHedHo, paccyX/eHHE 3TO TOBOJIBHO
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IJIMHHOE U — YTO €I BAKHEE — HENPUBBIYHOE [JIs1 LIKOJIBHOTO Kypca reome-
TPUM: PABEHCTBO OTHOLICHMI BHIBOAUTCS W3 TOTO, YTO OHO CIIPABEJIMBO C TOY-
HocTbio 1/n 1pu Jio6oMm n. IlosToMy aBropaM y4eOHHMKOB XOYETCSl €10 KaK-TO
YIIPOCTUTD WM XOTs Obl 3aMAaCKUPOBATh, HO 110 CYIIECTBY HUYETOo HOBOIO TYT He
npuaymaenib. (Io yierenie oMH U3 BEIMKMX MATEMATHUKOB CKA3aJ1 MHTEPECYIONIEe-
MyCsl HAyKOH LIAPI0 — MPEJACTaBbTe ceOe, TAKUE BO3MOMKHBI, — UYTO B T€OMETPUU
HET «LJapCKOro IyTH» M HAlo U3ydaTh e€ ¢ HadaJla, KaK 3TO JeIal0T OOBIYHBIE JIO-
1. Hamo mymats, 910 ITaph 1ocjie 3TOr0 HEMEJICHHO YTPaTWJI MHTEpeC K Mare-
Maruke. Brpodem, k1o 3HaeT — BeAb HaroJieoH e BEIyUMJI T€OMETPHIO, IIPaB/a,
33/10JITO JI0 TOTO, KaK OOBSIBNI CEOS1 NMIIEPATOPOM. . . )

YT0 K& HAMMCAHO IO 3TOMY MOBOJY B COBPEMEHHBIX y4eOHHKax?

B nepsom usjanmm knuru Ioropesiosa (1972) npuBoanuTcs IIPUMEPHO TO Ke
paccyxjieHue, yto U 'y Kucenépa (IIoBTOpEHHOE HAMU BBIIIE), IIPaB/a, 3a9eM-TO
OTKJIQIBIBAIOTCST OTPE3KH, KOTOPHIC He YKJIABIBAIOTCS IIEI0¢ YHCIIO pa3 HU B AB,
i B AC.

B m3manmm 1985 roma Teopema 0 MpPONOPLUMOHAIBHEIX OTPE3KAX HEMHOTO 3a-
MACKAPOBAHA: PACCMATPUBACTCSI CJIyYaldl NPSMOYTOJIBHBIX TPEYTOJIBHUKOB U TEO-
peMa IJIachT, 9TO KOCHHYC YIJIa 3aBHCHUT TOJIBKO OT BEJMYHHHI yIJIa (HO HE OT
IIPSIMOYTOJIBHOTO TPEYTOJIbHUKA, B KOTOPOM MMeeTcsl Takoi yrour). Hemsoro ms-
MEHEHO M PacCyk/CHHUE, OHO IPOBOAUTCS «OT IPOTHBHOION.

Hakonen, B msgannu 2003 roga BHOBbL PaCCMAaTPUBAETC UCXOJHAs (HOPMYJIU-
POBKa TEOPEMBI O MPOHNOPLIMOHAIBHBIX OTPE3KAX, HO JI0KA3aTEIbCTBO MTPOBOAUTCS
OT NPOTHUBHOTO. YecTHO roBops, cpaBHUBAas TekcT [loropesnopa Bo BCceX BapUaHTAX
¢ TekctoM Kucenépa, Bumunib, oueMy KucesiéBa IIKOJILHAKY TTOHUMAJIA JIydlIe.
HenapoMm B nocyieaem msnanmm [Toropesiosa CThIIMBO HanMCcaHO: «JlokaxkeM Te-
opeMy B 00lIeM cJiydae (He [JIs 3AIIOMUHAHMS)».

B yueOHnke Kosmoroposa ¢ coaBTOpamu IIpOM3OILIA COBCEM 3a0aBHAsl BEIllb.
YTBEPXKICHUE TEOPEMBI O IPOIOPLMOHAIBHBIX OTPE3KAX ObLIO CIPSITAHO B JIO-
BOJIbHO HEOXMJIAHHOE MECTO: 3aKOH JUCTPUOYTUBHOCTU JJISL YMHOMKEHHS BEKTO-
poB Ha wcaa. JTOT 3aKOH TOBOPHT, UTO eclii ¢ U b — nBa BekTopa, a A —
4HCJIO, TO

A(a+b)=X-a+X-b.

(JlokazaTeJIbCTBO LIPU DTOM, €CTECTBEHHO, HE ITPOBOAMJIOCH. )

Texkcr IappruHa OX0% Ha COOTBETCTBYIOIINI TEKCT B ITOCIICTHIX M3/IAHMAX
Ioropenopa. HakoHell, ATaHacsIH C COaBTOpaMH BBIBOJWT CBOMCTBO IIPOIODLIV-
OHAJIBHBIX OTPE3KOB W3 CBOWCTB moniaaeit. COOCTBEHHO TOBOPS, aHAIOTHMIHBIM
o0pas3oM mocTynaeT U EBKJINI, U MBI 3aKOHYUM OOCYXKJICHHE 3TOH TEMbl JJIMH-
HOM Beiepykkoi 13 EBkimpaa (c. 175-176 pycckoro nepesoga). TepmunoJiorns
EBKJIMIa HEMHOTO HENPHUBEIYHA, HO MOXKHO JIOTaJaThcsl, 9TO MMEETCS B BHIY;
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HAIIOMHUM TOJIBKO, YTO PAaBHBIMM TPEYroJIbHUKaMu y EBkamga cumratorcs Tpe-
YTOJIFHUKY PaBHOW TLTOMIA/IH.

TpyaHO Aaxke mpenacTaBuTh cede, 9TO BCE 3TO (ECTECTBEHHO, HE IEPEBOI,
a OpUTMHAJ) HAIMcaHo Oosiee ABYX Thicsd JjieT Hasana. ([Ipo mpesmiolo [permo
norpsicarole pacckasaia Muxani Jleonosuu lacriapos B xHUre 3aHuMamenvHas
Ipeyus. Pacckasbl 0 gpeBHerpedeckoit Kysaprype. M., 1995. Dta kuura nonpa-
BUTCS JTaKE TEM, KTO C OTBpAICHUEM CKyYaJsl Ha YPOKAaX UCTOPUY U JIUTEPATYPHL. )

Urak, roopur EBkmar:

Ilpennoxenne 2. Eciu e mpey2oibHuke A
napannenvio 00HOU U3 CMOPOH npogedeHa
HeKomopasi npsimast, mo OHA NPONOPYUOHATb-
HO paccekaem CMopPOHbl Mpey20nbHUKd; U ec-
JIU CIMOPOHbI MPEY20NbHUKA PACcedeHsl npo-
NOPYUOHATBHO, MO NpIMaAst, COCOUHSIOWAS]
ceuenust, 6ydem napannenvHd OCMarweics
CMOpOHE Mpey20nbHUKA. B C

Ilyctp B Tpeyroabuuke ABC mnapasuiesibHo onHO¥M u3 cropon BC mposene-
Ha DE; s ytBepxaaio, uto oyaer kak BD x DA, tak u CE k EA.

HeiictBuresbHo, coequumM BE u CD.

3uauur, tpeyroiapauk BDE pasen tpeyrosibauky CDE, u00 OHE HA OJTHOM
U TOM ke ocHoBaHuM DE u Mexay OFHMMH M TeMH ke HapajulejbsHeiMu DE
u BC (npepnoxenue 38 xuury I). PaBHbIe ske K OZHOMY M TOMY € UMEIOT TO
e OTHOLICHYE (IIpe/IIoKeHne 7 KHATU V); 3HauuT, OyJeT, YTo KaK TPEeyroJIbHUK
BDE «x [tpeyroasuuky] ADE, tak u tpeyronpauk CDE « tpeyronsauky ADE.
Ho kax tpeyrossiuk BDE x ADE, 1ak u BD x DA, ubo oHM, HAXOJSIIHECS
TI0[] OJTHOM M TOM K€ BBICOTOM, TOI1, KOTOpas MPOBe/ieHa U3 £ mepreHnKyIspHO
Kk AB, <0THOCHTCH> MexkIy cOOOM Kak OCHOBaHMs (mpeiiokeHue 1). Bemenctsue
Toro sxe Bor Kak 1peyrojisiuk CDE x ADE, tak u CE x EA; u, 3uauur, xak
BD x DA, tak u CE x EA (upemioxkenune 11 xauru V).

(Jasee EBxyma mepexomuT K J0KA3aTeJABCTBY OOPATHOTO YTBEPXKACHMS: W3
IIPOHOPIIMOHAIBHOCTH OTPE3KOB CilelyeT HapasuieiasHocTs DE u BC; 3Ty 4acTb
JIOKAQ3aTeJIbCTBA MBI OIMYCKAaeM. )

8. Iliomaan

He Hy>XHO OBITb OTIMYHHKOM 110 MATEMaTHKE, 4TOOBI MOHUMATh, YTO TAaKOE
tomaah. Beskuit, KTo MEHSIeT KBapTUpY, ITOHIMAET, YTO IUIOX0, KOT/a TLIOMA b
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HOBOW KBAPTUPB! MEHBIIE ILUIOWIA/IM CTAPON: BEIM MOI'YT HE HMOMECTUThCA. (3aTo
MEHBIIIE TI0JIa JIJIST MBITBSI.)

[Lromans GuUIypsl ompejesseT, CKOJIbKO HYXHO Kpacku, 4roObl e€ IoKpa-
CUTD; ILIOWAJb YYACTKA 3¢MJIM — CKOJIDKO HY>KHO 3€pHA, YTOOLI €r0 3acesTb.
(ITocnennuit npumep OblT B y4ueOHuKe [loropesioBa 1 4acTo BBI3BIBAJI HEJOYMeE-
HME LIKOJIBHUKOB. Kak Tak, roOBOpHJIM OHHM, Y HAcC ObLIA MAaTEMATUYECKas HAyKa,
aKCHOMEI, [JOKa3aTeJIbCTBA, CTPOrOCTb — U BOT TeDe Ha, IOCEBHl 3¢PHOBBIX!)

MoskHO MB3MEpHTH IUIOIIAIb (PATYPHL C TIOMOIIBIO BECOB, BBIPE3aB €€ U3 OIHO-
poxHoro JmcTa Oymaru (a Jiydiie (paHepbl) U CPABHUB BEC C BECOM €IUHUYHOIO
KBaJlpaTa M3 TOTO K€ MaTepHaJsa.

Ho BC€ 3T0, KOHEYHO, HE TOAUTCS B KAYECTBE CTPOTOro OMPEAESICHNUS, KOTOPOE
MOYKHO OBbLJIO Obl MCIOJIL30BATH B JI0KA3aTE/ILCTBAX.

AKCHOMBI TIIJIOIIAH

EcrectBenHO monpo6oBaTh EHCTBOBATH AKCHOMATIIECKA: OOBSIBUTH, 9TO BCS-
Kasi urypa uMeer niowads. ITo — HEOINpe/essieMoe HOHSITHE, KOTOPOe y/I0-
BJICTBOPACT HEKOTOPBLIM €CTCCTBCHHBIM aKCHMOMaM:

® TIIONIA/Th JIIO0O! (PUIyphl — HEOTPHUIIATCIIBHOE YHCIO;

® ILIOLIAY PABHBIX (PUT'YP PABHHL

e ccim (urypa paspesaHa Ha JIB€ YaCcTH, TO ILIOIAAb Bceil (purypel paBHa
CyMMe IUTOMIAJICH €€ JacTel.

® IUIONIA/Ib KBaJ[para co cropoHoit 1 pasHa 1.

Ha HepBI)II‘/JI B3IJISJT TAKOM TIOJIXOJT HUYEM HE XYK€ aKCHUOM JUJIA TJIMH OTPE3KOB
wim JJid BEJNYHH YTJIOB.

CaeacTBusi aKCHOM

W13 3Trx akcHMOM MOKHO BBIBECTH PasHbIE cjieAcTusl. Hanpumep, MOXXHO f0Ka-
3aTh, 4TO ecyn (purypa paszpesaHa Ha Tpu (wim Oosiblue) yacTei, TO e€ IIomaib
paBHa cyMMe IUTomajeil >Tux vacteil. (B camoM ndesie, MOXKHO OTpe3dTh 4acTH
OJTHY 3a JPYTOIA.)

Orcrona MOKHO BBIBECTH, UTO IUIOMIAbh MPSIMOYTOJbHMKA 2 X 3 paBHa 0,

MOCKOJIBKY €r0 MOXKHO pa3pe3aTh Ha 6 KBagpaToB 1 X 1, KaXJBIM U3 KOTOPHIX
uMmeeT 1iomab 1.

HemHoro ciioxHee JI0Ka3aTh, YTO IUIONIATbh IPSIMOYTOJbHUKA CO CTOPOHAMU
1/2m1/3 paHa 1/6. 310 menaeTcs Tak: MOXHO pa3pesaTh eMHWYHBIN KBaIpatT
Ha 1eCTh TaKUX MPSMOYTOJIbHUKOB. Bce OHM PaBHBI M IOTOMY MMEIOT OJIMHAKOBYIO
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1/3
2 1/2

oA s (akcuoMal), a B CyMMe MX ILIOMAAb paBHA 1. 3HAUMT, IJIOMA/L KaXI0TO
pasHa 1/6.

[Mocsie 3TOTO SICHO, KaK HAWTH ILIONIA/IH JIHOOOTO IIPSIMOYTOJIb-
HHUKa C PalMOHAJIBHBIMA CTOpOHaMHU. Hampummep, IIpSMOYTOJIBHUK
co cTopoHaMH 4/3 1 5/2 MOKHO paspesaTh HAa NPAMOYTOJIBHUKE 5/2 |
co cropoHamu 1/3 u 1/2. ITnomwans xaxaoro Oyzxer 1/6, a Bce-
ro ux Oyzmer 4 X 5 = 20, mo3ToMy CyMMapHas IUIOLIaAb PAaBHA
20/6 = 10/3. 4/3

Takym 00pa3oM, MBI BEIBEJIN M3 aKCHOM H3BECTHYIO (hOpMYJIy: miowads npsi-
MoyeoneHUKa paeHa npoussedenuio (Onun) ezo cmopon. Ilpasaa, He coBceM —
HAlI METO/] BBHIYVCIICHUS TIOMAIN TOAUTCS TOJBKO JIJIs1 MPSMOYTOJIBHIKOB C pa-
LIUOHAJIBHBIMU CTOPOHAMH.

Kax noxaszats 31y (popMyJiy /151 IPOU3BOJIBHBEIX IIPSIMOYTOJIBHUKOB? Hauném
c obiero 3aMedanus: ecnu ¢pueypa Fy sensemcs wacmoio pueypor F,, mo nno-
wade F; He npesocxodum nnowadu F, (MOHOTOHHOCTH IUTOMIAAW). B camom
neJie, BeipeskeM qurypy Fy m3 F u 3amerum, uro ruomaas F, paBHa TuIomam
F| runioc (HeorpuuaTesibHast) TUIOMA b 0OPE3KOB.

ITosToMy npy yMeHbLIEHHN (yBEJUMUYEHNN) CTOPOH ITPAMOYTOJIHUKA TUIOMA/h
MOKET TOJIBKO YMEHBIIUTHCS (COOTBETCTBEHHO YBEJIMYUTHCS). 3HAYWT, IUTOIIA/TH
IIPOM3BOJIFHOTO IIPSIMOYTOJIBHMKA CO CTOPOHAMH & M 3 HE MEHBIIE ¥S, €CIU ¥
1 § — PAlMOHAJIBHBIC YXCJIA, MEHBIIME ¢ U 3 COOTBETCTBEHHO, M HE OOJIBIIE UV,
€CJIM U U V — PalMOHAJIbHBIE YMCJIa, OosibliiMe o U 3 COOTBETCTBEHHO.

MOKHO S 3aKJIFOUUTh OTCIOZA, YTO IJIOIIAJL HALIETO MPSIMOYTOJILHUKA PaB-
Ha af, TOCKOJbKY unciio af Kak pa3 o0/IaacT YKa3aHHBIMH CBOMCTBaMH (He
MEHBIIIE BCeX rs W He Oosblie Bcex uv)? He cpasy — Hajo crmepsa JoKas3aTh,
YTO YHCJIO C TAKWMH CBOCTBAMH €TMHCTBEHHO. JTO MOXHO C[ICJIaTh, ACIIOJIB3YS
akcroMy ApxmMmena, M 3TO pacCykaeHre (KOTOpPOe MBI TIO{POOHO MPOBOIUTH HE
OyaeM) HalOMMHAeT MPUBEIEHHOE HAMHU JIOKA3aTEJIbCTBO TEOPEMBI O TPOMOPLIMO-
HAJIBHBIX OTPE3Kax.

Hajee OT MPSMOYTOJIFHMKOB MOXXHO TIEPEHTH K MapajulesiorpaMmam (paspe-
KEM IIapauIesIorpamMM Ha 9acTd U coOepéM M3 HUX IIPSIMOYTOJIBHHK C TEMH K€
OCHOBAaHHEM W BRICOTOI), OT MapaJLICJIOTPAMMOB K TPEYTOJIHIKAM (Tapajuiesio-
TpaMM Pa3pe3aeTcs Ha JBA PABHBIX TPEYTOJIBHHKA, MOSTOMY €ro IUIOLIAAb BIBOEC

T
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00J1BLLIE TIJIOLIAN KAKIOTO U3 TPEYTOJIBHUKOB), OT TPEYTOJIBHMKOB K MHOIOYIOJ1b-
HMKaM (KOTOpPBIE MOXHO paspesaTb Ha TPEYTOJIbHUKW) U TaK Jajee.

Yem mjI0XH aKCHOMBI ILJTOIaanA?

MO3KHO JI CUMTaTh HAMEUCHHBI HAMM aKCHOMATHUYECKUI ITOJXO0/ K Ompesie-
JICHHIO TJIOAM MOJHOCTBIO yIOBIeTBOpUTEAbHBIM? He coscem.

Bo-niepBhix, uTo Takoe ¢urypa? TpeyrojibHUK WM KBaJpaT — 3TO, KOHEUHO,
(urypa. TpeyroibHUK C OBIPKOM, HABEPHOE, TOXE. A MOXKET JIM (PUIypa COCTOATH
U3 JIBYX TPEYIOJIBHUKOB, PACIIOJIOKEHHBIX B PasHBIX MecTax? M 4ro 03Hagaer
PaBEHCTBO TakKuX (puryp?

MoskHO OBLIO OBI ONpefeUTh (GUrypy Kak MPOM3BOJIBHOE MHOXECTBO TOYCK
Ha 1uiockoctu. IlpaBja, mocse 3TOro BO3HMKAET MpoOJIeMa — OOBSICHUTDH, 4TO
Takoe MHOXeCTBO. (TeopHio MHOXECTB TOK€ MOXHO CTPOUTh AaKCHOMATHYECKU,
HO Bps] JIX 3TO BO3MOXKHO B IIKOJIBHOM Kypce. K cuacTeio, HUKTO Bpoje He
mbitasics!)®

Ho gaske ecim cuMTaTh MOHATHBIM CJIOBO «MHOYKECTBOY, BOSHHUKAIOT HEMPHUSAT-
HBIE BOMPOCHL. UTO 3HAUMT «paszpe3ars (PUIypy Ha JBE YaCTU» HA STOM S3BIKE?
Buymmmo, mpenctaBuTh e€ B BUJle OOBETMHEHHS JIBYX HEIEPECEKAIOIIXCS MHO-
xectB. (Kaxkmas Touka oOBeIMHEHUS NMPUHAUICKUT JIMOO OHOMY MHOXECTBY,
Jmbo BTOPOMY, HO HE 0OOOMM Cpasy.)

K coxaseHmio, 3HATOK TEOPHM MHOXECTB HE MOKET C UVCTOI COBECTHIO pa3pe-
3aTh NPSAMOYTOJIBHHK HA B YACTH MO MPSIMOIl — OH el¢ 00sI3aH OTHECTU TOUKU
3TOM NpsIMOM K TOM nim apyroi yactu. (Koraa mMbl pexkeM TOPT HOKOM, B KaKylo
YacTh MOMAJAI0T SJIEMEHTHl TOPTA, JieKalle Ha JMHUA paspesa? Ckopee BCero,
OHH OCTAIOTCS Ha HOXKE, HO C Pa3pe3aHieM (PUIYp TaK HE CKaXKelllb.) AHAJIOTMYHO
¢ orpeskamu: paspesas [0, 2] Ha jBe nosiosunsl [0, 1] u [1, 2], MBI BUIMM, 4TO OHU
MEePECceKAIOTCs ¥ MMEIOT ODIIYI0 TOUKY 1; 4TOOBI MOJYUHMTh HEMEepPECceKaromuecs
MHOXXECTBA, HAQ/I0 HAPYIUUTh CUMMETPMIO U, CKaxkeM, B3sThb [0, 1] u (1, 2].

(Ota mpobirema 3HaKOMa IIPOrPaMMUCTaM: pa3spes3as MaccuB al[l..n] Ha j1Be
YyacTW B TOYke k, HAZA0 B3ATH JmOo Maccwshl all..k-1] u alk..n], ymbo
all..k] mwalk+1..n].)

8TTon MHOXeCTBOM, TIHIIET CO3/ATENL TEOPHH MHOXKECTB, Hemelkni MatemaTuk XIX Beka Teopr
Kaurop, «1 noHuMaio BooOLie BCSAKOE MHOrO€, KOTOPOEe MOXHO MBICJUTh KAaK €IUHOE, T.e. BCAKYIO
COBOKYITHOCTh OTMPEJETEHHHX 3JEMEHTOB, KOTOPas MOXKeT OBITh CBS3aHA B OJHO IEJO0E C TOMOIIBIO
HEKOTOPOTO 3aKOHa, W TakWM 00pa3oM s yMalo OTIPEeNWTh HedTO, POJCTBEHHOE TIATOHOBCKOMY
cwdo¢ mmm dga, a Takke TOMy, uto [lnatoH B cBoéMm mumanore ,,duiaed widm BeCOYaiiiee 6aaro
Ha3HBaeT ULxt0¢. OH TIPOTHBOTIOCTABIISAET €TO ANELPOY’Y, T.e. Oe3rpaHNIHOMY, HEOoTpele/IEHHOMY,
HA3bIBAEMOMY MHOK HECOOCTBEHHO OECKOHEYHBIM, PABHO KaK M TEpac’y, T.€. PAHMIE, U HA3bIBA-
eT ero YHopsIodeHHoH ,,cMechio” obomx mocienrmxy. (I'. Karnrop. Tpydsr no meopuu mmoscecma.
M.: Hayka, 1985. C. 101.) Hy xak, noustHo?
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Takyum 00pazoM, IPUXOAUTCS CACAUTH 3a FPAHULAMH. JTO HEe (HATAIBHO: Ha-
JI0 TOJIBKO JIOK23aTh, UTO TLIONIA/E JIOOOTO OTpPe3Ka paBHa HyJIO (B CaMOM JIeJie,
JII00OE 9HCIO0 HETIEPECEKAIONINXCS OTPE3KOB MOXKHO IIOMECTHTH BHYTPH IIPSIMO-
YTOJIBHHKA, 2 €CIM OBl IUIOMA/Ih OTPe3Ka OblIa MOJIOKUTEIIFHA, TO DTO IPHBEJIO
OBl K TIPOTUBOPEYHIO C MOHOTOHHOCTEIO).

Ectp ew€é omHa HeOOJIbIIAS TPYAHOCTD: ILIOIAJb BCEH IUIOCKOCTH, WM Ja-
€ TIOJYIUIOCKOCTH, ITOJyYaeTcsl OECKOHEYHOMN, MOATOMY JIMOO HA/0 pPa3pelvTh
OCCKOHEUHBIE IUTOIAIM (IT0 ToKe TpebyeT akKypaTHOCTH), JIMOO paccMarpu-
BaTh TOJIBKO OTPAHUYCHHbIE (PUIYPHl (IOMEIAIONIAECS BHYTPH HEKOTOPOTO IIPs-
MOYTOJIBHUKA).

A BBIIIOJHHMBI JTH AKCHOMBI?

CepbésHag mpoOsieMa Ha caMoM Jiejie Jpyras: a MOXKHO JIM BOOOLIe oIlpe-
JeJUTh IUIOWAAb Uil BCeX OrPAaHMYCHHBIX MHOMKECTB Ha IUIOCKOCTH TaK, 9TOOBI
BBIIIOJIHAJIACh YKA3aHHBIC aKCUOMBI? MoxeT ObITh, Hallld TPeGOBaHMs (AKCHOMEL)
MPOTHBOPEYAT APYT APYyry?

(BameTM, 4TO peub UAET 00 ONMpEAC/ICHUM ILIOWAAU /JIS BCEX MHOMXKECTB,
CKOJIb YTOJIHO NMPUYYJIMBBIX, IJle HAllld MHTYMIMA C 3¢PHOM MM BECOM YyXe He
paboraetr. CkaxkeM, MBI XOTHM OIIPEAEIUTH IUIONIAAb MHOKECTBA BCEX TOUEK (X, y)
B €JUHUYHOM KBaJIpaTe, y KOTOPHIX 00¢ KOOPAMHATH! PalliOHAIbHLL. Vi MHOXe-
CTBA TOYEK, Y KOTOPBIX OIHA KOOPJMHATA PAIMOHAJIBHA, & APYTas HPPALMOHAIBHA.
Bpsn JiM MHTYUTHBHOE MPEICTABJIEHUE O IVIOLAAN TYT IIOMOXKET.)

BbI1o/IHIMOCT AKCHOM IIJIOLIAAUM — CJIOKHBIN BOIPOC, M CHELIMAJIMCTHI J1a-
I0T TaKoil yJIMBUTEJIBHEIA oTBeT. OKasbBacTCs, YTO HA IUIOCKOCTA MOXHO (XOTd
9TO COBCEM HE IIPOCTO) OLPEIEIUTh IUIOMAAb JIJIS BCEX MHOXECTB TOYEK C CO-
OJmoieHreM akcioM. Ho aHayiorndnyo Teoprio 00bEMOB [JIsT IPOCTPAHCTBEHHBIX
MHOXECTB TOCTPOUTh HeJb3sl. (A XoTesoch Obl, YTOOBI TECOPHSI TUIOMIAJCH Ha
IUIOCKOCTX ObLIA Obl AHAJIONMYHA TEOPUM OOBEMOB B IIPOCTPAHCTBE. )

ITapaagokc banaxa — Tapckoro

[Touemy 5TOrO HEJB3sI CAEJATh B MpocTpaHCTBe? OKas3hIBACTCSI, MOXKHO Pas-
pes3ats map (0e3 1eHTpa, €CJiM OBITh TOYHBIM) Ha KOHEYHOE YMCJIO YacTei, u3
KOTOPBIX MOXXHO CJIOKUTD [JBA TAKHX K€ IIapa. A 3TO HEBO3MOXHO, €CJIM MBI Be-
PYM B COXpaHEHME 00bEMA ITPU JIBIDKCHUSX (PaBHBIE YACTH MMEIOT PaBHBIE 00Db-
€MBI) ¥ B TIPABIUIO CJIOXKEHVS OOBEMOB TIPU CKJIAJBIBAHAN (DUTYPHI M3 YacTeld. Ita
KOHCTPYKIIMS HaskBacTCs napadokcom banaxa — Tapckozo.

(He cienyer mymaTh, 9TO 3TO OTKPBIBAET BO3MOXKHOCTH IPAKTHMYECKOTO IIPH-
MEHEHMS MATEMATHMKUA M B TOJIOJHBIE TOABI 3HATOKM TEOPUM MHOXKECTB CMOTYT
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BBDKUTH, Pa3pe3as KapTo(eyMHy Ha 4acTH U IpeBpalast e¢ B JBE TOYHO TAKUX
xe. Ckopee Ha000POT — STO MOKA3BIBACT, YTO MATEMATHICCKOC MTOHIATHEC MHOXKE-
CTBA PaJWKAIBHO OTOPBAHO OT HAIIETO HAMJIAJHOTO IIPEICTABICHUS O (PUTypax.)

Uro xe nesaTb? MOXXHO JIM U3JI0KUTH TEOPUIO IUIOMIAEH B PaMKax DJIeMeEH-
TApHOI TEOMETPHY, HE YIJIyOJsiaCh B COMHUTEJIBHBIC AcOpU TCOPUM MHONKECTB?
HonbITaTbCst MOKHO.

Ily1oma A MHOTOYrOJIbHUKOB

Takas momsITKa cleIaHa, HallpuMep, B yaeOHuke Aqamapa. OH TOBOPUT TIpHU-
MepHO ciaeayioiiee. Kakme ¢urypsl Hac MHTEpeCyoT B IepByI0 odepean? MHoro-
yroseHMKU. Kak onpenenuts miomans MHOroyroasHuka? Paspesats ero Ha Tpe-
YI'OJIBHUKY, 2 ILIOWA/b TPEYIOJIbHAKA €CTh [10JI0BUHA [IPOM3BEIEHUSI OCHOBAHUSL
Ha BBICOTY.

Koneuno, Hy>KHO €I1I€ JJOKa3aTh KOPPEKMHOCHs DTOrO ONpe/ic/icHAsl. A UMEH-
HO — 4ro (1) oma s TpeyroJbHUKA HE 3aBUCUT OT TOT'O, KaKyl0 U3 €r0 CTOPOH
MBI BEIOEPEM 32 OCHOBaHHME, M (2) TUIONMAAb MHOTOYTOJIBHIKA HE 3aBUCHUT OT TOTO,
KaK MBI €T0 pa3spesxeM Ha TPEYroJisHUKK. [lepBoe HecI0KHO BBIBECTH M3 MO100US
TPEYTOJIbHUKOB, BTOPOE AJlaMap TOXe JOKA3bIBAET, HO OTO JIOKA3aTEILCTBO TPY/I-
HO CUMTATh BIIOJIHE CTPOTUM (JIaXKe U TOT (DAKT, YTO HEBBIILYKJIBI MHOT'OYTOJIBHUK
MOKHO pas3pe3aTh Ha TPEYTOJIbHUKM, HE TaK IIPOCTO CTPOrO J0KA3aTh).

O0BEMBI MHOTOrPDAHHHKOB

Anajiornysas TCOpUs BO3MOXHA U B IIPOCTPAHCTBE, HO BO3HUKACT OAHO ITPVH-
LUIUaIbHOE oTmare. I HaXox/IeHHs IUIOLAAU MHOTOYTOJIbHUKOB JI0CTATOYHO
OBLIO pa3spesaHHil U IepekIaJblBaHuii. MOXHO JoKa3aTh, 4TO JIOOBIE JIBa PaBHO-
BEJIMKUX MHOI'OYT'OJIbHUKA PaBHOCOCTaBJIeHHL. (PagHogenuxue — UMEIOlUe O1-
HAKOBBIE ILIOMAN; PAGHOCOCMABIECHbl — OIVH U3 HUX MOXHO pa3pe3arb Ha Tpe-
YTOJIBHBIE YaCTH, U3 KOTOPBIX COCTABUTH APYIOW.) DTO YTBEPXKIEHHE HA3BIBAIOT
meopenoil boiiau — I'epsuna. Ero He Tak CJI0XKHO JI0Ka3aTh, €CJU HE YIJ1yOJIsiTh-
cs B TOUHOE OIpEHe/ICHIe PaspesaHis U IOBEPUTD, YTO BCAKUM MHOTOYI'OJIBHUK
MOXHO paspesaTh Ha TPEYIOJIbHUKH.

B npocrpancTBe Bcé cioxHee. Ecim Bel monpo0yeTe paspesaTsb, CKaxeM, Ipa-
BWJIBHBIA TETPa3Ap Ha (MHOTOTPAHHBIC) YACTH M CJIOXKHUTb 3TU 4YacCTH B KyO, TO
9T0 He yjacrcs. W He m3-3a HeJocTaTka reoOMeTpPUYECKON M300peTaTesIbHOCT —
KaKk BBLACHWIOCH B Hadajie XX Beka Ojarofapst HeMeLKOMY MaTeMaTuky Jleny,
5T0 HeBO3MOXHO. ([lokasaresncTBo BToil meopemul Jlena — TeMa OTIEILHOIO
pacckasa.)
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IlosTromy nana BbBOZA (HOPMYJIBI 0Gnenrs mupammTsL,
06’[’éMa TeTpaal[pa HPHXOHHTCH HpI/IMC' 433.‘J'IeMMa. TpeyronbHbiA NUPaMHAL! Cb PaBHOBENHKHMM
HATh Memoo ucyepnviéarusi (W3BECT- " BeicOTamH
HBIA ené ApXuMe[Ty): OIICHMBATh OOB-
€M CBepXy M CHM3Y, BIWCHIBas B Te-
TPadAP COCTABJICHHBIE U3 TAPAJLIIETIETIN-
TI€J0B MHOTOTPAaHHWKY W OIVCHIBAsI WX
OKOJIO HETO. MBI BOCIIPOM3BOJIUM CO-
OTBETCTBYIOIVIA PUCYHOK (UEPTEK, KaK
TOT/Ia TOBOPHJIN) M3 yueOHMKa Kncené- epr. 580,

Ba (c. 329); no cyuecTBy TO *e paccy-
JKICHUE MOXHO Haiitu B yueOHuke [loropeJiosa.

Omuo Bpems, korja KosMOropoB NIBITAJICS BBECTU B HIKOJIBHBI KypC 2JIe-
MEHTBEI MATEMATUYECKOTO aHAIN3a, OOBEMBI MOKHO OBLIO BRIYKC/IATH C IOMOIIIBIO
WHTETPUPOBAHNSI, KaK MHTETPAJI OT TuIomaan ceueHmit. K coxalieHnio, mocTemneH-
HO OT MAaTEMATHUYECKOI'O QHAIMU3A B IIKOJIBHOM KypCe MaJIO YTO OCTAJIOCH (€C/u
HE CYUTATh MEXAHUYECKUX YIIPAKHEHUI HA AU(PPEPEHLIUPOBAHUE U IIOUCK MAKCU-
MyMOB ¥ MUHHUMYMOB).

S

Teopus mepsbl

B 3axmoueHme CKakeM el HECKOJIbKO CJIOB O TOM, KaK OIPEJeJIIeTcs TLI0-
agp 1 00bEM B COBPEMEHHOI MaTeMATHKe (COOTBETCTBYIOMINI PA3/IE/ HA3BIBACT-
cst meopueil mepot). Mepa (1uiowa s, 00bEM) onpenessieTcst He 1u1sl Beex uryp,
a TOJIbKO Il HEKOTODBIX (OHU Ha3BIBAIOTCS uszMepumvimu). Ho kiace msmepu-
MBIX (GUI'YP HACTOJIPKO IIMPOK, 4YTO JHoOas (pUrypa, KOTOPYI0O MOXKHO OICaTh
CJIOBAaMH, Ha TIPAKTHKE OKasbiBaeTcs mamepumoit. (IToctpouts siBHO mpumep He-
U3MEpUMOi (PUTYpHl He YHA€TCd, XOTS MOXKHO JOKa3aTh CYLICCTBOBAHUE TAKUX
(uryp.) B yacTHOCTH, BCE GUIYpHI M3 IIKOJBHOIO KYpPCa NEOMETPUM U3MEPUMBL.
JUis M3MepUMBIX (PUTYp BBHIIOJIHEHBI IIePEUNCIICHHBIE BBILIE CBOICTBA ILIOMIAIY.
Bonee toro, ecym ¢urypa A pasbuta Ha GeckoHeuHoe umciio dacteit Aq, A, . ..
(a HE TOJIBKO HA KOHEYHOE, KaK OBUIO B aKCHOMax ILIOWIAIH), TO ¢€ Mepa paBHA
cymme Mep vacteil A; (Hafo TOJIBKO OINpPEJe/UTb, YTO O3HAYACT CyMMa psfa U3
0ECKOHEYHOI'0 YMCJIA CJIAraeMbIX).

9. Jl/iMHAa OKPY»KHOCTH M ILIOWIA/Jb Kpyra

Emé onHo esmkaTHOE MECTO B IIKOJIFHOM Kypce T€OMETPUH — JIJIMHA OKPYXK-
HOCTH ¥ IUIONIA/Ih Kpyra (a B CTEPEOMETPHM — ILIONAb Chephl M 0OBEM 1I1apa).
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Jl/MHa OKpYKHOCTH

JlUmMHa oTpe3ka — 3TO PACcCTOSIHUE MEXJy ero KOHLIAMH, JJIMHA JIOMaHOH —
CyMMa JUIMH €€ 3BEHBEB, 3T0 NMOHATHO. Ho 4TO Takoe /UIMHA OKpPYKHOCTH?

MoXHO BMECTO OKPYXKHOCTM HAPHCOBAaTb BIMCAHHBIA B HEE MHOIOYT'OJIBHHK
C HACTOJILKO MAJIEHBKUMU CTOPDOHAMH, UTO Ha IJIa3 OmIMuMe OyJeT Heszamer-
HO, U U3MEPUTH NEPUMETP (CyMMY JUIMH CTOPOH) 3TOr0 MHOIOyroJibHuKa. Ecre-
CTBEHHO OHJAaTh, YTO NEPUMETP 3TOT0 MHOTOYTOJIbHMKA (CKaXKeM, IIPAaBHJIBHOTO
N-yroJIbHUKA, BIWCAHHOTO B OKPYXKHOCTD, IIPU OYEHDb OOJIbLIOM 1) Oyler I109TH
TAKOH k€, KaK y OKPYKHOCTH.

Ho kak BCE-Takm ONpeAesMTh JJIMHY OKPYKHOCTH? MOXHO JIM B3SITh Oec-
KOHEUHOE N M PACCMOTPETh JUIMHY ITPABWJILHOTO BIHMCAHHOIO A-YTOJIBHMKA IIPU
TakoM n? He crour — XOTsi MAaTEMATUKU ¥ HAYYWJIUCh PACCMATPUBATh OECKOHEU-
HBIE 11, HE TIOCTYIAsiCh CTPOTOCTBIO (9TO HA3BIBACTCA HECMAHOAPMHbIM AHAJIU-
30M), HO JIMIIb CPABHUTEJIBHO HEJABHO, U 3TO TPeOyeT DOJIBLION 0CTOPOXHOCTH
(¥ 3HAHWS MATEMATUUYECKON JIOTHUKM, AAJIEKO BHIXOIALIETO 3a TIPEIEIBI ITKOJIBHOMN
IIPOTPAMMBI) .

Kakue npyrue BapruanTsl onpeesieHust OKPY>KHOCTH MOYKHO IIPUIYMaTh? Mox-
HO CKa3aTh, YTO [JIAHA OKPY’KHOCTH — 3TO TO UHCJIO, K KOTOPOMY CmpemMumcs
LIEPAMETDP IPABIJIBHOTO BIIMCAHHOI'O N-YI'OJIBHMKA, KOIZa n cTpeMurcs K Oecko-
HeyHoCTH. KOHEe4YHO, HYXKHO OODBACHMTb, YTO 3HAUUT CJIOBO «CTPEMUTCS», WM,
KaK TOBOPAT B KypCC MAaTEMATHUCCKOTO AHAIM3A, JIaTh ONIPEe/IeHne npedena.

IIpeaennl

DTO ompeesieHNe COBCEM HE IIPOCTO JUIS ITOHUMAaHWS; JOCTATOYHO CKasaTh,
YTO OHO BIIEPBEIC OBLIIO OTIETINBO chopMympoBano Jimmib B XIX Beke (ppanirys-
cknm MaremaTrikoM O. Komm), xoTs K 9TOMy MOMEHTY MAaTE€MAaTWYECKUI aHAJIM3
CyLIECTBOBAJI HECKOJIBKO BEKOB U ObLIN JAOKa3aHbl BECbMA TPYAHBIC W BAKHBIEC TEC-
OpPEMBI. HO, AOKa3bIBAsA DTU TCOPEMbBI, MATECMATHKN YAOBJICTBOPAJIMCH MHTYUTUB-
HBIM [TOHSTVEM O TIpeJiesic ¥ CMyTHBIMU PACCy>XTCHUSMU PO OECKOHEIHO MaUThIC
BEJIMYMHBI! (11 TIOSTOMY COBPEMEHHBIC ITETAHTHL MOTYT M HE CUECTh DTH paccyX/e-
HUSI JOKA3aTEJIBCTBAME).

Hats onpexeJieHHe Ipejesa HECJIOXKHO (XOTsI MOHATh CJIOXHee). B Hamem
cilyyae OHO MokeT OblTh copmysiMpoBaHO Tak: uucino L sensemcs Onunoil
OKPYJCHOCIMU, eclu OMsl 8CIK020 NONOJNCUMENbHO20 € MOJICHO YKA3amb HANMYy-
panvroe ducno N ¢ maxkum ceoiicmeom: nepumemp npaguibHO20 8NUCAHHO20
MHO020y20MIbHUKA C N100b6IM Yuciom cmopoH, bonvwum N, omauuaemcs om L
He Donee uem Ha €.
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Pazymeercst, rocsie 3TOro ewg Hafo J0Ka3aThb, YTO TAKOE Yncao L cymecrsyer
¥ 9TO OHO €JIMHCTBEHHO; 3TO COBCEM HE TaK IIPOCTO (0COOEHHO IMepBoe).

MoKXHO 3aMEHUTH BIWCAHHBIC MHOTOYTOJIHFKH Ha ONMCAHHBIC, HO Iepedr-
CJICHHBIE CJIOKHOCTH HE IIPOIIa/IyT.

HepEMeprI BIIMCAHHBIX H ONMMCAHHBIX MHOI'OYI'OJIbHUKOB

B ompenesieHU AJIMHBL OKPY>KHOCTH MOXHO OOOUTHUCDH U 0€3 MPEeeJIoB, U 3TO
yMell JeIaTh yKe Apxumen B JpeBHenl [permm. MoHO CKasaTh Tak: OnuHa
OKDYHCHOCIU — MO YUCI0, He MeHbUiee NepuMempos ecex eNUCAHHBIX MHO-
20y201bHUKOG U He Donvluee nepumempos ecex onucanuvly. (KoHeuHo, HyXHO
(DUKCHPOBATH €/IUHUIYY M3MEPEHUs] WJIM TOBOPUTH, KaK DTO JIeJIa/IU I'PEKU, 00 oT-
Pe3ke, JUIMHA KOTOPOI'o PaBHA LIEPUMETPY OKPY>XHOCTH.)

D10 ompe/iesieHNe OYIET CTPOTHM, €CJIM MBI ¢liejlaeM Tpy Bentd. Hajo:

® [0Ka3aTh, YTO HEPUMETP JIFOOOT0 BIIMCAHHOTO MHOTOYTOJIbHUKA MEHBIIE T1e-
pUMeTpa JIOOOI0 OIUCAHHOIO;

® 3AKJIIOYUTH OTCIO/[A, YTO CYIIECTBYET pas/esisioNiee UX YHCI0 (He MEHBIIee
OJIHIX U He OJIbLIee JPYIUX);

® JI0Ka3arh, YTO TAKOE Pas/ie/isIOIIee YnC/I0 eJUHCTBEHHO.

[MepBoe coBceM HecsioxHO. Ecim MBI oTpesaeM IpSAMBI-
MU HOXHHULAMU KYCOK OT OyMa)XHOI'O MHOIOYI'OJIbHHKA, TO
ero mepumeTp yMmenbuaercs (mpsmoit paspes MN 3amens-
eT JIOMAHYIO IPAHULly IPEeXHEr0 MHOTOYIOJIBHUKA HA YYacTKe
or M 1o N). 3HauuT, NIpU BEIPE3aHUH BHYTPEHHEI0 MHOIO-
YTOJIPHUKA W3 BHENHETO C IIOMOIIBIO HECKOJIDKIX Pa3PE30B MBI
YMEHBIIIAEM €10 IepuMeTp (Ha KaxJOoM IlIare, a IOTOMY U B
11EJIOM ).

Bropoe yTBepxaeHue (CyLIECTBOBAHKE PA3IE/IAIOLIETO k-
cJla) SIBJISETCS OJHONM U3 AKCUOM IIPU CTPOIOM IIOCTPOEHUU
TEOPUH JEHCTBUTEIIBHBIX YHCEL.

Hakowell, TpeTbe yTBEp:KACHHE TOXE MOXHO JOKa3aTh, MCHOJIL3YS aKCHOMY
Apxnmeaa (JOCTATOYHO PAcCMATPUBATH IPABMIIBHBIC BIWCAHHBIC M OINHCAHHBIC
n-yroJIbHAKHU).

Kcratu, uMEHHO 3TOT MeTos (CPaBHEHHE C BIIMCAHHBIMU U OIMCAHHBIMU MHO-
TOYTOJIbHAKAMU) ADXVMe/] HCIIOJIB30Bal, YTOOL! I0Ka3aTh, YTO YUCTIO 7 3aKJIOYe-
HO MEX]Y 27—2 = 3% u 3%.
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ILl1omanp kpyra

[epeitném Teneps K mwiomaau kpyra. E€ Toxe MOKHO olpe/ieSIuTh Kak YucJIo,
pa3nensoniee IUTOMA/ BIMCAHHBIX M ONHUCAHHBIX MHOTOYTOJIFHUKOB (2 TakkKe
KaK IIpefies] IUTONaAeii BIMCAHHBIX TIPABWIBHBIX 71-YTOJBHUKOB MPH CTPEMJICHUN
n X OECKOHEYHOCTH, WM eLIE Y4TO-HUOY/b B TAKOM POJE).

Yro emw€ — noMuMo ONpeesIeHUid, KOTOpble Mbl OOCYAM/IMA, — TOBOPHUTCS
B IIIKOJIE O JUJIMHE OKPYXXHOCTU W TUTONIANA KPyra?

CsoiicTBa

Jlnuna oxpyscnocmu paduyca v pagua 27wr.

Yto 5T0 — omnpeaesieHME YHCIA T WIM TEOPEMA, KOTOPYIO MOXXHO JOKA3bI-
BaTh? Ha camom pene u 10, U apyroe — 5TO ONPEACICHUE YUACTHA T (KaK MOJIO-
BUHBI OTHOIICHUS [[JIMHBI OKPYKHOCTH K €€ paJiyCy) BMECTe C YTBEpPXKIECHHEM
0 KOPPEKTHOCTH 3TOTO Olpe/ie/ieHrs (OTHOLICHNE IJIMHBI OKPY>KHOCTH K PaflyCy
HE 3aBUCHAT OT pasMepa OKPY>KHOCTH).

OTO yTBEpP)KAEHUE O KOPPEKTHOCTH MOXHO JIOKA3bIBaTh (IIPH TOM WJIM MHOM
OIPE/IEJIEHUH [IJIMHBI); IIPU 3TOM HCIIOJIB3YETCS TOT (DAKT, YTO OTHOLICHUE IIE€PU-
METPOB HOOOHBIX MHOTOYTOJIBHUKOB PAaBHO KOX((PUIMEHTY TO/100WsI.

Inowadv xpyea paduyca v pasua wr2.

3nech nBa yTBepkIeHUA: (1) 4TO IO b KpyTra IPONOPLIK-
OHaJIPHA KBA/IPATy paguyca u (2) 4To Ko3(PPUIMEHT MPONOPLINO-
HAJIBHOCTHU HE aDbI KAKOI, a TO CAMOE YKCJIO T, KOTOPOE BO3HUKAET
B IJIMHAX OKPYKHOCTEH.

Ilepoe MOXHO JOKa3bIBaTh, UCIIOJB3YS TOT (hakT, 9TO OTHO-
IIEHUE IUTOIMIA/IEH TO/TOOHBIX MHOTOYTOJBPHIKOB PAaBHO KBaJpary
‘ Kkod(prmenTa momoows.

; BTropoe MOKHO OOBSACHUTH HAIJISIAHO Tak. byaeM cumTaTh, 4TO
; OKPY’KHOCTb — 3TO IPABMJIbHBI MHOTOYT'OJIBHUK C OECKOHEYHBIM
! 9uCcIoM CTOpoH. Toraa Kpyr pa3oObETcs Ha OECKOHEYHOE YHCIIO
Al TPEYTOJIBHMKOB. BEICOTa Kaxkgoro w3 HuUX (oOIymieHHas Ha Oec-
AS — ALr KOHEUHO MaJIyl0 CTOPOHY) PaBHA paJuycCy, a JJIMHbI OCHOBAaHUI
2 (Al) B cymMe 1aiOT JUIMHY OKPY>KHOCTH, TIO3TOMY CyMMa ILIOIIa-
aeit (AS) TpeyroJIbHUKOB paBHA MOJIOBHHE IIPOM3BECHUs BHICOTHL (pajuyca) Ha
CYMMY OCHOBaHMI! (JIIMHY OKPY>KHOCTH).

DTO ke PacCyk/IeHNE MOKHO IIPHCIIOCOOUTH K (POpMasbHBIM OIpE/C/ICHIISM
JUIAHBL OKPY>KHOCTH ¥ IIJIONIA/TM Kpyra (¢ OOIBIIMMY YT MEHBIINMY XJIOIIOTaMHU,
B 3aBUCHMOCTH OT TOTO, KAaKO€ OIPE/IE/ICHNE BBIOPAHO).
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10. Ilnomwanp NOBEPXHOCTH U 00BEM

[Tepexonst ¥ TPOCTPAHCTBY, BMECTO OKPY)KHOCTEH M KPYroB HaJ0 paccMa-
TpuBaTh CcPEpHl U IIAPHl U OIPE/EISITh IUTOMA b cepsl U o0béM mapa. Tyt
MOSIBJISIIOTCSI TOTIOJTHUTEJIBHBIE CJIOKHOCTH.

MHOI‘OFpaI{[—]IIKI[ CJIO’KHEC MHOI'OYI'OJIbHUKOB

Ha m0ckoCTH B OKPY>KHOCTb MO>KHO OBUIO BITUCHIBATH (MJIA OKOJIO HEE OIH-
CHIBaTh) IIPABWJIBHBIC 7-YTOJBHVKH IIPU IPOM3BOJIBHOM 71 (KOTOPOE 3aTEM He-
OI'PAaHMYECHHO YBEJIMUMBAIOCH). B mpocTpaHcTBe 3TOr0 HE caeiaciib. Bo-epBhIx,
MIPABUJIbHBIC MHOTOTPAHHHUKM HAJO CIIE OIMpPE/IeJINTh; BO-BTOPHIX, IIPH Pa3yMHOM
OIPEIEJIEHUH UX OKA3BIBAETCSl BCErO MATh (KyO, OKTa3Ap, TETpasap, AOAEKASAP
Y MKOCA3/IP) U HEOIPDAHUYEHHO YBEJMYMUBATH TYT HEYEIO.

Boo6ie ¢ MHOTOrpaHHVKaMM CIIOKHEE UMETH JIeJI0, YEM ¢ MHOTOYTOJIBHIKA-
mu. Bce 3Ha0T, 9TO B n-yrospHHKE 71 yIJIoB («CKOJBKO CTOMT IISITHKOIICCIHAS
Oynka?»). HetpyaHo cooOpasuth, 9TO B N-yroJIbHUKE N1 CTOPOH (XOTS W3 Ha3Ba-
HMSl 3TOTO HE BHUAHO): 00XO/Isl €ro MO KPYTy, MBI HA KaXI0M LIare oOHapyKMBaeM
HOBYIO CTOPOHY M HOBBII yroJi (BepIIuHy).

A CcKosTbKO Oy/IeT BEpPIIMH B MHOTOI'PAaHHMKE C 71 rpaHsaMu? OKa3pIBacTCs, 9TO
OJTHO3HAYHO OTBETUTH HA TOT BOIPOC HEJIB3Sl — B PAsHBIX 71-TPAaHHUKAX MOXKET
OBITh pa3HOE 4MCJIO BepumH. Hampumep, KyO nUMeeT mecTs IpaHeil M BOCEMb BEp-
umH. CTOJIBKO ke TPaHei MMeeT MMPaMU/Ia, B OCHOBAHMM KOTOPO¥ MATHYTOJIBHIK
(ocHOBaHME ¥ IATh OOKOBBIX I'PaHelt), HO BEPIIHH Yy He€ Bcero mectb. Kcratu cka-
3aTb, 11oMuMo BepumH (B) u rpaneit (I') y MHOrorpanHuka emeé MOKHO CUMTATh
péopa (P), 1 BMECTO TPUBHAIIHFHOTO COOTHOIICHNS JIJIsI MHOTOYTOJIFHIKOB (9IHCIIO
YIJIOB PaBHO YHCIY CTOPOH) JIJIs1 MHOTOI'PAHHUKOB €CTh (popmyna Finepa:

B-P+T=2.

(Ecim BB He BCTPEYAIIUCH € 3TOH (POPMYJIOH, IIPOBEPhTE €€ Ha pasHBIX IIpUMepax.
BooOure-To TyT emé Hamxo YTOYHSATh, YTO TAKOE MHOTOTPAHHWK M YTO CUMTACT-
Csl €ro BEpLIMHAMH, IpaHsIMHU U péopamn. CkaxeM, €C/iM B MHOTOIDAaHHHKE €CTb
CKBO3HOI «TyHHEJIb», TO 3Ta (OopMyJIa OyAeT HEBEpHA.)

Emé omxo omymmdue. YUToOb! BICaTh MHOT'OYT'OJIBHHK B OKPYXKHOCTD, JOCTa-
TOYHO OBLIO BHIOpPATh HA OKPY’KHOCTH HECKOJIBKO TOYEK U IIOTOM COEJMHUTH X
CTOpOHaMH (B TOM HOPSAJKE, KaK OHU CJIEYIOT BIOJIb OKpYXHOCTH). Jpyroro
MHOTOYTOJIBHMKA C TEMM K€ BEPIHIMHAMH He cyuiecTByeT. Ho ecim Mbl BO3bMEM
HECKOJILKO TOYEK Ha cepe, TO COBCEM HE TaK SICHO, KAK CJEJATh UX BEPIUMHA-
MU MHOTOT'PAHHUKA; U JICUCTBUTEIBHO, MOXET OBITh HECKOJBKO MHOI'OTPAaHHUKOB
C OJIHUMU U TEMHU XK€ BEPIIAHAMH.
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Tak uTo *e Takoe naowa s mosepxuoctu? IonpodyeM onpeesuTs €€ Kak TO
4HCIIO, K KOTOPOMY CTPEMSTCS ILIONAIY IOBEPXHOCTH BIIMCAHHBIX MHOTOTPaHHU-
KOB, KOTJIa BCE UX I'DAaHM CTAHOBSATCS OYEHb MAJIBIMU. YBBI, 3TO HE TOJUTCS, KaK
IIOKA3BIBACT CJIETYIONIMI IIPUMED.

Camnor HIsapna

B 5roM npumepe (Ha3BaHHOM IO MMEHU HEMEL-
koro Marematuka [. IlIBapia, sxwsmiero B XIX Be-
K€) BIWCAHHHI MHOTOTPAHHHUK KaK OBl CJIOKEH B
TapMOIIIKY, ¥ TIOTOMY €T0 TIOBEPXHOCTh MOXET OBITh
oueHb OOJIBIION.

OOBSACHUTL €ro MOCTPOCHUE IPOLIEC HA HPUMEPE
nwmHapa (a He cepol). PacceuéM 1mmmHAp JBYMs IUIOCKOCTSIMA Ha PaccTo-
s d  (MePHEHTUKYJIAPHO ero ocu). [loJiyunTcs JiBe OKPYKHOCTH. Brimiem
B HUAX TPABWIBHEIC 7-YTOJBHUKHM, HO CO CABATOM: BEPIIMHA OTHOTO HAXOTUTCS
OKOJIO Cepe/IMHbl CTOPOHBI Apyroro. COeMHUM 3TH H-YTOJBHUKY TPEYrOJIBHBI-
MU IPaHSMU U IOJIyYHUM MHOTOI'PAaHHHK, Y KOTOPOTO JBE IPaHM — IIPABUJIBHBIC
N-yTOJPHYKH, 2 OCTAIBHBIC — TPEYTOJBHUKA. TakKue (TUIANIKI» MOXXHO ITPHIIO-
KUTH JIPYT K JPYyry (COBMECTUB N1-yTOJIBHBIC I'PAHM) U HOJIyYUTh MHOTOI DAHHHK,
BIIMCAHHBIA B LIAJIMHAD.

B »TOM mOCTpoeHMH eCTh ABa MapaMeTpa: Un-
€JI0 CTOPOH 7 ¥ TosnmHa Iutaku d. CHavasia Mbl
BHIOMpaeM JTOCTAaTOYHO OOJIBIIOE /1. DTO TapaHTH-
pyeT, 4TO BIMCAaHHBII MHOTOTPAaHHMK Oy/eT IIpo-
XOAWTh ONM3KO OT INUIMHJpA. 3aTeM — IIpH JaH-
HOM N1 — MbI yMeHbliaeM d. TpeyroJibHble rpaHu,
KOTOpBIC TIpU G0JbLIMX ¢ OBbLAM IOYTH YTO Mapaj-
JICJbHBI OCU LIWJIMH/IPA, OTKJIOHSIOTCS BCE 0OJIBLIE U
Gospie. U ecym BRIOpaTh d MaibIM, TO TPEYroJb-
HBIC TPaHM CTAHYT MOYTH IIAPAJIICIFHBl OCHOBAHIIO
mmHApa. Tlpyn aToM Mx cymMmapHast MJIomaah CTa-
HET ropasfo 0oJble MIOMAIN IUTMHAPA (KaK 3Ha-
10T MOPTHBIE, IIJIAThE CO COOpKaMU TpeOdyeT OoJblIe
TKaHH, 9eM TJIaJIKOE).

Takoil «camor» HETPYAHO CJIOXWUTH M3 OyMarm:
HA/10 HAPHCOBATh LIAPUKOBON PYYKOM CETKY M3 IIps-
MBIX Ha JIACTE OyMmaru, a 3aTeéM CJIOXKHUTh STOT JIUCT B TapMOIIKy, CTHOas I0

40



JiuHAAM ceTKH (cM. (oTorpaduio, rae OCh LIMIMHAPA TOPU3OHTAJIBHA, & [PAHU HE
TaKue MEJIKUE, KaK Ha MPeIbIIylIeM PUCYHKE).

OmnpejesieHne MJIOIAAH OBEPXHOCTH

K cuacteio, rutomans cdepsl BCE-TaKM MOKHO OINPECIUTh C TIOMOIIBIO BITH-
CAHHBIX U OMMCAHHBIX MHOTOTPAaHHUKOB, TOJBKO HYKHO ITOTPeOOBATh, YTOOBI OHU
ObLIH BbITyKJIble. HaunEMm ¢ Takoro 3amevaHusi (aHAJOIMMYHOE YTBEPXKACHUE AJIS
MHOTOYTOJIBHAKOB HaM YK€ BCTPEYAJIOCH): €CJIM OJWH BBHITYKJIBI MHOTOIDAHHVIK
COZIEP)KUTCS B JIPYTrOM, TO IUTOIMI/(h TOBEPXHOCTH BHYTPEHHETO HE OOJIBIIE, 9EM
y BHeMHero. B camom jesie, ecimvt oTpe3ars OT MHOTOTPAHHUMKA «IIMAMOYKyY» (TUIOC-
KHAM Pa3pe3oM), TO TLUIOLIATb MOBEPXHOCTH YMEHBUINTCS: BHITYKJIAs IIAMOYKA 3a-
MEHHUTCS Ha IUIOCKOE CEUCHHE, MMEIOIIEe MEHBLIYIO IIIONIAb.

[ToaToMy MOXXHO OITpE/IeJIUTH TLIONMA b Chephl KaK JHCII0, HAXO/SIIEECS MEX-
7y IUTOMIQ/TAMH TIOBCPXHOCTCH BIWICAHHBIX M OIIMCAHHBIX GbINYKIbIX MHOI'OTIDAH-
HuKoB. (Takoe 4rciio eIMHCTBEHHO, XOTS J0KAa3aTh ATO HE TaK MIPOCTO.) A 00BEM
mapa MOKHO OIPEACIINTE KaK YHCJIO0, 3aKJIIOUCHHOE MEX/Ty 00BEMaMU BIIMCAHHBIX
U ONHCAHHBIX MHOTOIPDAHHUKOB (yXe HEe 00s3aTeJIbHO BHITYKJIBIX).

K coxarnenmio, 3T0 ompeneseHne roauTcs IS cephl, HO He TOJNUTCS, CKa-
KEM, /IS TIOBEPXHOCTH IApa CO BMSTHHOIM: B TaKylo IOBEPXHOCTH IIPU BCEM
KEJIAaHNY BBITYKJIBII MHOI'OTPAHHMK HE BIMIIENTH (2 BBIIYKJIOCTh BO)KHA, KaK MEI
BUJIEJIN).

Ho ryiaBHOE — Kak HaifTh 00BEM 1Iapa U IUJIOWAAb IOBEPXHOCTH?

11. Apxumen

Jra craenman seymkwit Apxumen. B Hauanax Epximma BerawcisieTcss o0bEM
KOHyCa, HO HET HAYETO TIPO TOBEPXHOCTh KOHYCA, a TaKKe MPo 00BEM U ITOBEpX-
HOCTB 1apa. [Ipo Hux Hammcano B counnennn Apxumena O wape u yuiuxope,
KOTOPOC HAYMHACTCS TaK:

Apxumeod Jlocudpero scenaem padogamocs!

S yxe mocian Tede 3amMCh HAIIMX OTKPHITHIT BMECTE C JIOKa-
3aTEJBCTBOM, UTO BCSKWII CETMEHT, 3aKJIIOYEHHBIA MEXAy MPSMON
¥ 11apadoJIoii, COCTAaBJIAET YETHIPE TPETU TPEYrOJIbHUKA, MMEIOLIEro
C CErMEHTOM OJTHO ¥ TO K€ OCHOBaHIWE ¥ OJTMHAKOBYIO BBICOTY; ITO3/I-
Hee, KOI'/la HaM MIpYIIUIY Ha yM JIPYTHE CTOSIINE BHUMAHUS TEOPEMBI,
MBI HOTPY/WIINCH HA/T UX JIOKA3aTEIbCTBAMA. 1€0PEMBI 3TU TaKOBBI:
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BO-IIEPBBIX, NOGEPXHOCMb BCSKO20 wapa 6 yemvipe pasa 6onvuie
€20 6omvUI020 Kpyed;

3aTeM, NOBEPXHOCL 8CSKO20 WUAPOBO20 CE2MEHMA PAGHA KPY2Y,
paouyc Komopo2o pageH npsamoil, npogedeéHHoll U3 6ePUIUHB ce2-
MEHMA K OKPYJUCHOCIMU Kpy2d, COCMABASIOUE20 OCHOBAHUE CE2MEH-
ma;

KPOME TOTO, OISl 8CAKO20 WAPA YUAUHOP, UMeOwutl OCHOBAHU-
em Domvluuil Kpye 5moe0 wapa, ¢ 6blCOMOU — NPAMYIo, PAgHyo
Juamempy wapa, u cam 6ydem & nonmopa pasa 0onvlie 3Mmo20
wapa, u no8epxXHOCMy e20 Modice 8 nomopa pasa bonvuie noeepx-
HOCmuU 3Mo20 wapa.

(lpratsr n3 Apxumena npusozasaTcs no kuure: Apxumen. Couunenus. Tlepeson,
BCTYNHTENbHAsSI cTaThd U komMeHTapuu U. H. Becenoscekoro. Ilepeson apabckux
tekcToB b. A. Po3endensaa. [ocynapcTBeHHOE M3IATENBCTBO (PUBHKO-MaTEeMaTH-
geckoit smrepatypel. Mocksa, 1962.) Hdanee y ApxuMena UaeT Takoit drutocod-
CKHUIT KOMMEHTApUIA:

Koneuno, 511 cBoiicTBa OB M paHbIIIE 10 CaMOi IIPHPO/IE TIPUCYIIA
YIOMSHYTBIM (pATypaM, HO BCE K€ OHM OCTABAJIACh HEM3BECTHBIMU
TEM, KTO JO HAC 3aHUMAJICSI FeOMeTpHeﬁ, 1 HUKOMY W3 HUX HE IIpN-
ILJI0 Ha yM, YTO BCe DTU (UIYpHl ABJISAIOTCA COU3MEPUMBIMM JPYT
C JIPyroM; MOSTOMY 51 HE HOK0Je0ajcs Obl CPABHUTb ITU TCOPEMBI
C TEMHU, KOTOPBIC OB OTKPHITH! JJPYTVIMHA T€OMETPaMI, W B 9aCTHO-
CTH C HamOoJIce BBITAIONIMMUICS TEOPEMaMU, KOTOPHIE OBLIM OTKPHI-
THL 151 Tesl EBJIOKCOM, a MIMEHHO, 4TO BCSKAsl IIMPAMKUJIA COCTABIIAET
TPETBIO YACTh MPU3MBI, UMEIOLIEN ¢ MMPAMULON OQHO U TO € OCHOBA-
HHUE 1 OJJVHAKOBYIO BBLICOTHI, 1 UTO BCSIKUN KOHYC COCTaBJISAET TPETHIO
YacTh IWIAH/PA, WMEIONIETO C KOHYCOM OJHO U TO € OCHOBaHHUE
Y OIMHAKOBYIO BBICOTY; JIEMICTBUTENHFHO, XOTS ST CBOWCTBA IIO IIPH-
posie Bcer/ia OpUIN ITPUCYIN YKA3aHHBIM TEJIaM, HO BCE %K€ OKa3asoch,
YTO OHU OCTAJIUCh HEU3BCCTHBIMHW MHOI'MM KMBIIUM 10 EB[[OKCH_ 3Ha-
MCHUTBIM I'€OMETPAaM 1 HU OAHOMY M3 HUX HE ITPUIJIN HA yM. Tenepb
KC MX MOr'yT yCMOTPCTbH BCC, UMCIOLUMC K TOMY CHJIBL.

Buaumo, nepBoHauaIbHO ApXUME HNPULIENT K 3TUM Pe3yJ/IbTaTaM, HCIOJIb3Ys
MEXaHUUYEeCKUe cooOpaxkeHus. Ho m310%urh oH nx crapaercst Crporo, 0€3 cChUIOK
HAa MEXaHWUKY, 1 (POpMyJMpyeT JOIYIIEHNUs, Ha KOTOPBIE OH CCBUIIAETCS:

[pexe Bcero M3/IaraoTCsl aKCHOMBI M HEOOXOAVIMBIE JITIS JTOKa-
3aTEJBCTBA UX JIOMYIICHUS.
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AKCHOMBI

1. Ha nnockocmu cywecmeyron Hekomopble o2paHuieHHsle Kpu-
8ble JUHUU, KOMOPble UNU YETUKOM HAXOOSIMCS N0 OOHY CHIOPOHY
Om NPsSMbIX, COCOUHSIOWUX UX KOHUbI, WIU HUYEe20 HEe umeiom no
Opy2yI0 UX CIMOPOHY.

2. Toeda evinyknoii 8 00HY U my Jice CINOPOHY 51 HA3bIBAIO MAKYIO
JIUHUI, Ol KOMOPOU npsiMvle, COeOuHsiowue 0ee Npou3sovHuie
e€¢ mouxku, 6yoym uiu 6ce HAXOOUMbCS NO OOHY CMOPOHY MOl
JIUHUU, WA Jice HeKomopbvle no 00Hy e€ CMOpOHy, Opy2ue ce Ha
camoil TUHUU, HO HUKAKAsl Makas npsamas He Oydem Haxooumocs
no opy2ywo eé cmopomy.

3. [lo0obHbIM dice 0bpazom Cywjecmayrom HeKomopble 02PaHuU-
YeHHbIe NOGEPXHOCMU, KOMOPbIE HE eJcam CaMu Ha NAOCKOCMuU, HO
UMEM HA NAOCKOCMU CE0U 2PAHUYb, NPUYEM MU NOGEPXHOCMU
6ydym unu yenukoMm HAxX00UMbCst N0 0OHY CMOPOHY Om NIOCKOCHIU,
codepxcamyedi ux 2paHuyyl, WU HUYe20 He 6y0ym umems no opyayo
CMOPOHY Om Heé.

4. Buinyknvimu @ 00Hy u my dice CMOpPOHY 51 HA3bIBAI0 MaKue no-
8epXHOCMU, ONIs1 KOMOPbIX NpsiMble, COCOUHSIIOUUE 08€ NPOU3BONb-
Hble ux mouku, Oyoym wiu ece HaxoOumucsi N0 00Hy CIMOPOHY 3moil
NOBEPXHOCIU, UNIU HCe HEKOMOopvle N0 0OHY CIMOPOHY, Opyaue Jice
Ha Camoil NOBepXHOCMU, HO HUKAKAS! U3 HUX He Oydem Haxooumocs
C Opy2oil e€ CmopoHbl.

Hayo mMeTh B BHy, 9TO «IIPSIMBIMI» 37I6Ch MIMEHYETCSI TO, YTO MBI Ha3bIBaeM
«otpeskammy. Ompe/iesicHHe BBITYKIOCTH [TOYTH COBPEMEHHOE; PAsHHIIA B TOM,
YTO ceifyac MBI Obl TOBOPUJIM O BBITYKJIOCTH TEJI, 4 HE UX MTOBEPXHOCTEN (UTOOBI
n30eXKaTh MOHATHUS (10 OAHY CTOPOHY OT HMOBEPXHOCTIN).

Hanee y Apxumeaa roBOpuTcsi:

HomymeHust

S npunuMalo caegylouiee:

1. M3 gcex nunuil, umerowux oOHU U me Jice KOHYbl, NPIMdst
seaslemcst Kkpamdatiueil.

2. Jlge Opyzue nunuu, pacnonodicenHvle HA NIOCKOCMU U UMe-
owue me dice camvie KoHybl, 6yoym ece20a HepasHvlMU, eciu obe
OHU GBINYK/IbL 8 OOHY U MY Jice CMOPOHY, U OOHA U3 HUX UAU Yenu-
Kom obvemiemcs: Opy20il TUHUEl U COeOUHsAIOWeEl ux KOHUbl nps-
MOIL, UNU Jice Yacmoy eé obvemnemcsi Opy2oi, 4acmo Jice s67semcs
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obujell obeum auHUAM; npu dmom MeHvulell Oydem obvemiemas
JIUHUSL

Jl1s. MHOIOYT'OJIbHUKOB, KAK MBI BUJEJIHM, 3TO MOXHO [OKa3aTh; JJISl KPUBBIX
DTO YTBEPXK/ICHUE MOKHO PACCMATPUBATL KaK AKCMOMY WJIM KaK OIPEJCJICHUE /111~
Hbl KPUBOIl. AHAJIOTUYHBIE YTBEPK/CHUA Apxume]] GOpMYIHMPYET U JJISL IOBEPX-
HOCTEI:

3. Ilo0obnvim dice obpazom u3 nogepxHocmeil, UMEOWUX 00-
WY 2PAHULY, PACNONIONCEHHYI0 HA NJIOCKOCMU, HaumeHviuell 6y-
dem nnockocms.

4. Jlge Opyzue nogepxnocmu, umeowue obwyno 2panuyy, pac-
nONoJICeHHyYI0 Ha naocKocmu, 0y0ym ce20a HepasHbiMu, ecau obe
OHU BLINYKJIbL 8 OOHY U MY Jic€ CMOPOHY U OOHA U3 HUX WU YETUKOM
obvemaemesi Opy2oil NOBEPXHOCMbIO U NIOCKOCMbIO, cooepicayei
UX 00UIYIO 2PAHULY, UTU Jice Yacmb e€ obvemaemcs: Opy2oil, 4acmy
Jice signsiemes: obwell obeum NOBEpXHOCMSIM; Npu HMomM MeHblell
6yoem o6vemaemas nOGEPXHOCHIb.

Z[a.nee CJICAYET Ta CaMasd «aKCHMOMa Apxmv[e,:[a», o KOTOpOfI MbI TOBOPWJIN.

5. Jlanee, Oonvuias uz 08yx HepasHuvlx JUHUL, nosepxHocmeil
U men Npesocxooum MeHbUYI0 HA MAKyIo 8ENUYUHY, KOMOopas,
6ydyuu cknadvieaema cama c coboil, Mmoxcem npegzoumu 00y
3A0aHHYI0 GENUYUHY U3 MeX, KOMOopble M0o2ym Opy2 € Opy2oM Ha-
X00UMbCsi 8 ONPEOENEHHOM OMHOWEHUU.

IIpuBens >TH akCHOMBI U JOIYIICHUSA, APXUMe] HAXOIUT CHavyaJIa ILIONIA/b
MOBEPXHOCTY LIWJIVHAPA U KOHYCA. J[JIST TOT0O OH CPAaBHUBACT WX C TIOBEPXHOCTIMU
BIIMCAHHBIX U OIWCAHHBIX IIPU3M (/11 LWUIMHAPA) U nupaMup (Juist KOHyca).

3areM ApxuMes MepexoauT K IUIONAAM MOBEPXHOCTH Inapa. [Ijasg sToro oH
CPaBHUBAET €T0 C BIWCAHHOM U OIMCAaHHON (DUTYypaMU, COCTOSIIAMY U3 YCEUEHHBIX
kxoHycoB. (IIlap mosy4aeTcs BpalleHHEM Kpyra; 3TH (PUIyphl HOJIYyYalOTCs, €CJIU
BpaIlaTh He KPYT, a BIMCAHHHIN B HETO VJIM OTIVICAHHBIF OKOJIO HETO MHOTOYTOJIb-
Huk.) CHavajga OH JOKA3BIBACT, UTO NOBEPXHOCMb GMUCAHHOI @ wap quzypel,
02PAHUYEHHOT KOHUYECKUMU NOBEPXHOCMSIMU, MEHbUIE YHemEePEHH020 DObUIO-
20 kpyea wapa (pazaen XXV). 3aTeM — 4TO HOBEPXHOCMb ONUCAHHOU OKOJIO
wapa ueypv onvie yuemeepeénHo2o bonviuoeo kpyea & wape (pasmes XXX).
HaxkoHerr, MCITOJIR3ysl IOMyIIICHNE 5, OH YCTAHABJIMBACT, UYTO NOBEPXHOCML WAPA
pasna e2o ywemaepérnnomy Gonvuiomy kpyey (pazaen XXXIII).
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AHaJIOrMuHbIe PACCysKAEHUS (C OLIEHKAMU CHU3Y U CBEPXY) IPOBOASTCS U JJIsL
00BEMOB.

B tpymax Apxmmena 3amMeyaTesIbHBL HE TOJIBKO CaMH PE3YJIbTaThl (HaliIeHHbIC
MM IUTOIAM ¥ OOBEMBI), HO M TOT yPOBEHb CTPOTOCTH, C KOTOPBHIM OHM M3JIara-
fores. C nosiBerneM B XVII Beke «aHam3a OECKOHEYHO MaJIbIx» (MHTETPATbHOTO
u audepeHIMATBHOTO UCUMCIICHYs) caMi OpPMYJIBL A1 00BEMA 1Iapa U IUIOLa-
7 cephl CTAN TIPOCTHIM YIIPaKHEHMEM B MHTETPUPOBAHNY, HO JIOTUIECKYIO OT-
9ETIIMBOCTh, C KOTOPON ApPXUME/] BEIICISICT UCIIOJIB3YEMbIE UM TIPE/IIOJIONCHIS,
Y CTPOTOCTh €r0 PAcCyK/ICHUI 110 JOCTOMHCTBY CMOIJIM OLCHUTSH jmnib B XIX Be-
ke. Bor uro on mmmet B kuure [locaanue k Fpamoceny. O mexanuueckux
meopemax:

JeficTBUTENIBHO, KOE-9TO U3 TOI'0, 4TO paHee OBLIO MHOIO yCMO-
TPEHO C TIOMOIIBIO MEXAHUKH, [I037HEE OBUIO TAKXKE TOKA3aHO U Ieo-
METPHUECKH, TAK KaK PACCMOTPEHME C IIOMOLIBIO 3TOI0 METOAA eIe
He SBJISETCS JTOKA3ATETHCTBOM; OJJHAKO TTOJIYIUTE TIPH TIOMOIIH STOTO
METO/1a IIPE/ICTaBICHYE 00 MCCIIETyeMOM, a 3aTeM HalTH U CaMo JTOKa-
3aTEJIBCTBO, [OPA3/I0 YAOOHEE, YEM IIPOU3BO/IUTH M3BICKAHHUS HIYCTO
He 3Has1. [I03TOMy ¥ OTHOCHTEJIBHO TEX TEOPEM O KOHyCE M ITMPAMU-
ae, 4151 KOTopeix EBJOKC MepBblil HAIIET JOKA3aTE/IbCTBO, d UMEHHO,
YTO BCSAKHUI KOHYC COCTABJISIET TPETHIO YaCTh LIIMH/IPA, 4 MHUPaMU-
Jla — TPETHIO 9acTh IPU3MEI C TEM XE CAaMBIM OCHOBAHVIEM U PaBHON
BBICOTOM, HEMAIYIO JIOJIO 3aCIyIH! S yAeHo U JleMOKpUTY, KOTOPBIit
IIEPBBII BEICKA3aJI 3TO IOJIOKCHUE OTHOCUTEJBHO YIIOMSHYTHIX (pu-
ryp, xoTs u 0e3 nokazaresnbcTa. M Ham goBesiock HaiiTH mMyOsMKye-
MBIC TETEPb TEOPEMBbI TEM K€ CAMBIM METOAOM, KaK M MPEAbITYILIHE;
TIOPTOMY S1 ¥ PENHAJI HAlIMCATh 00 3TOM METO/e ¥ OOHApPOIOBaTh €T0,
C OJTHON CTOPOHEL, JUIS TOTO, YTOOB HE OCTaBAIWCH ITyCTHIM 3BYKOM
IIPEKHUE MOM YIIOMUHAHVS O HEM, a C JIPYTOi, ITOCKOJIBKY S yOeXK/IEH,
YTO OH MOXKET NPUHECTU MATEMATHKE HEMATYIO TMOJIB3Y; 5 TIPEIIoJia-
raio, YTO HEKOTOPBHIE COBPEMEHHBIE HaM WU OyIyIMe MaTeMaTHKU
CMOTYT TIPY MOMOIIM YKa3aHHOTO METO/Ia HAllTA W JAPYTUE TEOPEMBI,
KOTOpBIC HaM €IIE He IPUXOAWIA B TOJIOBY.

(c. 299 pycckoro usnanust Tpyaos Apxumena). Jlasee oH u3jiaraeT BbHIYMCJICHHE
IO CETMEHTA MapaboJIbl ¢ MOMOLIBIO MOHATHS LIEHTPA TSHKECTU U 3aMevaeT:

XOTs 3TO BCEM BBIIECMIPUBEIEHHBIM PACCYKJICHHUEM HE JOKA3aHO,
HO BCE € OHO MPOU3BOAUT BICYATJICHHE, UYTO OKOHYATECJIBHBIN BbI-
BOJI IIPAaBWJIEH; [I03TOMY MBI, BAAS HETOKA3aHHOCTD BBIBE/ICHHOI'O, HO
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IIOA03pEBast €ro NpaBUJIbHOCTD, IIPEAIOXKNM HANJCHHOE HAMU U ony-
OJIMKOBaHHOE paHee reOMETPUICCKOE JTOKA3ATCIILCTBO.

B sroit pabore MexaHHKa UCIOJIL3YETCS KaK MHCTPYMEHT IIPEIBapUTEIBHOTO
AHA/IM3a MATEMaTHYECKUX BOMpPOcoB. EcTh y Apxmumesna u COOCTBEHHO MEXaHU-
yeckue pabotel. B pabGote O naasarowux menax copMyUpoOBaH 3HAMEHUTBINA
3aKOH ApxuMesna:

Tena Oonee nézkue, yem HCUOKOCMb, ONYUWEHHblE 8 IMY HCUO-
KOCMb HACWIbHO, OYOym @blMaiKU8aAmMbCs 88epX C CUNOU, PABHOl
momy eecy, Ha KOmopbwlil JCUOKOCMb, UMEIOWasi PasHulii 00vEM C
meinom, 6ydem msisicesiee 3mo20 meid.

Ho 510 — smmmmb mpocTast wacTh paboTH: B HEl Hccieayercs ropasio 0o-
Jiee CIIOXKHBIN BOIIPOC O PABHOBECHH ILIABAOIMX TeJl. [IprBe€HHbIT HAMY 3aKOH
ApxuMena 03BOJISIET BBIYMC/ANTH, KaKash YacTh IUIABAIONIEH JOCKU OyleT Norpy-
KEHA B BOJy — HaJI0 TOJILKO 3HATH €€ 1uioTHoCTh. Ho 00bsicHUTD, OUeMy JJOCKa
IUTaBaeT IUIANIMS, a IIOCTAaBJIEHHas Ha OOK — HEYCTOMYMBA, TOPA3Io CIOXKHEeE.
Apxume]T pa3GHpaeT >TOT BOIPOC IS Tejla BPAIleHUs, 0OPa3OBAHHOTO YACTHIO
1apadoJTHL.

12. A HeJb3st ja npoiue?

PaccyxneHns ApxuMena IIpU Beell CBOE CTPOTOCTH CIIMIIKOM CJIOXKHBI IS
COBPEMEHHHIX IIKOJIPHUKOB, IIO3TOMY ABTOPHl YICOHHMKOB CTAPAIOTCS 3aMEHUTH UX
4eM-HHOY/Ib 00JIee HATJISIAHBIM, ITyCTh M HE CTPOTHIM.

Hanpumep, [loropesnos B cBoéM y4eOHUKE NCXOAUT HE U3 (POPMATIBHOTO OIpe-
JeJIeHUs 110maau c(epel, a U3 HAIJISAHOIO IIPEICTABJICHUS: €CJIM [OBEPXHOCTD
ILTOMA M S BBIKPACHTD C OTHOM CTOPOHBI CJIOEM KPACKH TOJIIUHOMN A, TO OOt
00BEM M3PACXOIOBAHHOM Kpacku Oy/eT MPUMEpHO SH MpU MaJbIX A.

Ci10BO «TIpMEpHO» TYT HE CJIyYailHO: HA CAMOM [IeJIe TOYHOE KOJIMYECTBO
KPACKM 3aBUCUT HE TOJIBKO OT IUIOUIAJX, HO M OT (popmsl nosepxHoct. Ha BbI-
IyKJ/Ibl€ TOBEPXHOCTU (10 CPABHEHHIO C BOTHYTHIMHM) KDACKH YXOAMT HEMHOTO
Oostbie. YTOOB! OKPAcHTH Iap CHApPYXW, HYXXHO HEMHOTO OOJIbIIE KPAacKU, 9eM
9TOOB! OKPACHTh KPYIJIYIO MIOJIOCTH TOTO K€ pasMepa M3HyTpH (IIpU TOI e TOJI-
IIUHE CJIOST KPACKH). JTO 0COOEHHO SICHO, €CJIH IIPE/ICTaBUTh ceO€ TOJICTBIA CIIOM
Kpacku (CKaxeM, B IOJIOBUMHY pajuyca wapa). Ho 5To cylecTBeHHO TOJIBKO HIpU
GoJbIMX /5 IpH MasblXx A 3(PdEeKT nouTH HesaMeTeH, U eCJIM B XO34HCTBCHHOM
MarasiHe Bac MPeAyNpPEXIA0T, YTO PacXol KPACKU JJIs1 HAPY>KHBIX 1 BHY TPEHHUX
paboT pasHBIA, TO OTO HE W3-32 TOHKUX I'€OMETPUYECKUX D(D(PEKTOB, a TIOTOMY,

46



YTO JIJISL HAPYKHBIX paboT yrorpedJisiercst Apyrasi Kpacka 1 TOJIIMHA CJIost Oy/er
Jpyroi.
Teneps MO’KHO TIOHSATH, KaK BBHIUMACJIUTH IUTOIIR/H CPEPHL, 3Has (HOPMYJTY /IS
00BEMa 1apa
3

V=-nr.
3

JlokazaTeascTBO 3TOi (POPMYJIBI MBI e 00CYAuM, a Ceifuac OOBACHUM, KaK U3
He€ nosyvaercs (popMysia sl TUIomaau cepol.

[MokpacuMm nap pajmyca # cJI0eM KpackKu ToMImHON A. KpaieHslil map nMeeT
00BEM

V= %w(r + h)* = %W[ﬁ +3r2h+3rh® + 1),

U 4TOOBI HANTH OOBEM CJIOS KPACKHM, HAJIO BBIUECTh OOBEM HEKPAIICHOrO IIapa.
[NepBoe ciraracMoe COKpaTUTCSI, OCTAHYTCSI TPH:

ViV = gnm?h +3rh? + B

UroOpl HAfiTH IUIOLIAb, HANO PasesTh 00bEM Ha TOMIMHY CJIOS KPacKu; 110-
JIyduTCs
/
S~ u = i71'[31’2 +3rh+ k2] = 4nr® + 4nrh + i71'h2.
h 3 3

Mml yxe oOBACHSIM, 4TO 3Ta (PopMysIa HETOYHAs; IIOIPEIHOCTh YMEHDBLIACTCA
¢ yMeHbllenueM h. Ilpy Maibix A B IpaBoif YacTH OOHYJISIOTCSI BCE WIEHHI, CO-
fiepkanme MHOXUTENb A, 1 ocTaérea 4mr2, uro u TpeGOBAIOCH.

D10 0OBSICHEHNE, NIPAB/A, HE MO3BOJISIET HANTH IIOWA/AL C(PEPUUECKOIO Cer-
MEHTa U [J0Ka3aTh TaKoil 3aMeyaTesIbHBIA PesyJibTaT ApXuMesa: naowads yacmu
cehepbl, eviceueHHOll 08yMsl NAPANNENbHVIMU NIOCKOCMSIMU, NPONOPUUOHATbHA
PACCMOSIHUIO MEHCOY SMUMU NAOCKOCMSMU U He 3d6UCUM Om Mo20, Kakds
yacmob cehepvl mexncdy numu nonand.

(OTO MOXHO HA3BaTh «TEOPEMOIT 00 aNesIbCHHE B SIALIEPE3Ke» — €CJIU paspe-
3aTh TOHKOKOXUIA ChepUUEeCKUil alleIbCHH HA JIOMTUKU OJMHAKOBON TOJIIMHEL, TO
KOXYPBI BO BCEX JIOMTHKaxX OyJeT HOPOBHY.)

Ilpuanun Kasaanepu

A xax Haitt 00BEM HIApa, MyCTh M HE O4YeHb CTPOro? MOXKHO BOCHOJIB30-
BaTbCs PACCYKACHHEM Apngez[a, OCHOBAHHBIM Ha IPHUHLMWIIAX MEXAHUYCCKOIO
pasHoBecus. Ho, moxaltyit, rpolie MOHATH HAITISAHOE OOBSCHEHHE, OCHOBAHHOE
Ha npunyune Kasanvepu.
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OTOT NPHHLIMII YTBEPXkAACT, YTO €CJIM ABA TeJa, MOJOKEHHBIE HA CTOJI, Ta-
KOBHI, UTO JH00Aas TOPMBOHTAJHHAS IUIOCKOCTh PAcCeKaeT WX IO PABHOBEJIMKIM
¢durypam, To OOBEMBI TeJ OTUHAKOBHL. A €CJIM IUTOMIAIN CEYCHM OTIMIAIOTCS
B IIOCTOSIHHOE yrciao (A) pas, TO U 0OBEMBI OTJIMIAIOTCA B A pas.

Hamnprmep, eciy MOCTaBJICHHBIC HA CTOJT KOHYC U TETPad/ip UMEIOT PABHBIC BBI-
COTHI ¥ OIVHAKOBBIC MO TIJIOMIAM OCHOBAaHUS (KPYT M TPEYTOJIBHUK), TO B JIO0OM
CCUYCHWH TIOJTYYATCsl PABHOBEJIMKVIC KPYT M TPEYTOJBPHUK (OHU TIOJ00HBI OCHOBA-
HUSIM C OJIMHAKOBBHIM KO(D(UITMEHTOM MO00WSI, KOTOPHIN IPOITOPITIOHAICH BHI-
cote). Orciona — mo npuHimy Kapaneepn — ciiefiyeT, 9To OOBEMBI HX OfIMHA-
KOBBI.

('To e camoe pacCy X AeHHE MTOKA3BIBACT, YTO ABE NMUPAMU/IBI C PABHBIMU BBICO-
TAMU 1 PAaBHOBEJUKUMH OCHOBAHUSIMU MMEIOT PaBHBIC OOBEMBI — YTBEpXK/ICHUE,
KOTOPOE MHI YK€ YIIOMHHAIIH. )

VMHTYUTHBHO STOT MPHUHIWI KAXKETCSI TOCTATOYHO IPABJOMOIO0HBIM: paspe-
skeM 00a TeJjla Ha TOHKVE «IOMTHKIY, TIPOBE/IST MHOKECTBO TOPH3OHTAIRHEIX Cede-
Huit. Torma cOOTBETCTBYIONIVE JIOMTUKH JIBYX T€JI MMEIOT OJJMHAKOBYIO IIJIOIIA/b.
3Ha4uT, ¥ CyMMapHble 00BbEMBI oMHaKoBbl. (Eciu 1Ba 0aroHa MOJIOKUIM PSIOM
¥ TIOpe3aJii Ha JIOMTH, W TUTOMIA OTPE3aHHBIX BMECTE JIOMTEH OJIMHAKOBBI, TO
U UX 00BEMBI OJJUHAKOBEI, BeAh TOJIIMHA JIOMTEH OAMHAKOBA. A 3HAYUT, U OOIIME
O00BEMBI TBYX OATOHOB O/ITHAKOBHI. )

KoHeuHo, 3T0 pacCcyk/IeHue COACPKNT MOTPEIIHOCTE: O0BEM JIOMTS HE B TOU-
HOCTH PABCH MPOM3BE/ICHUIO IIJIOIATN CEUCHHMs, YMHOXKCHHOIM Ha TOJMHY. Pas-
HUITa BO3ZHUKACT IM3-32 «KPAeBHIX 2(PEKTOBY — HO JIOMTU MOXHO C/IeJIaTh OYCHb
TOHKVMU W 3TOM pPasHUIIEH IpeHeOpeds.

Bpruncienne o0béma mapa

Kak npuxumn Kasanbepu momoraer B ciiy-
qae mapa? Jl1g ynoOCcTBa MBI pa3peskeM Lap Ha
IBE€ PaBHBIE IIOJIOBUHBI U OyIeM HCKaTh OOBEM
HOJIyLIApa, IOJOKEHHOIO Ha CTOJI IUIAIIMS.

Iycrs ¥ — paguyc (rosy)uapa, a cexyuast
TUIOCKOCTh TIPOXOUT HA BhicoTe /. Torma B CCUCHHM TOJIyYaeTCs KPYT, Pauyc
KOTOPOTO MOKHO Haiiti 1o Teopeme [Mugaropa. On pasen v/ 12 — h2. Cootset-
CTBEHHO IIJIONIA/Tb CEYCHUS PaBHA

a(r? — W) =7r? — 7h’.
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Ymenbiiaemoe (7#2) He 3aBUCHUT OT BbI-
COTBI, 2 BBIUUTAEMOE TTPONIOPITMOHATILHO KBa-
JIpary BBICOTHI, HA KOTOPOW IIPOXOJUT Ce-
yeHue. Jlerko cooOpasuTh, UTO BHIYMTACMOE
€CTh IUIONaJb Kpyra pajauyca h, KOTODBIi
MOYHO PaCCMATPUBAaTh KAK CEUCHUE IIPSIMOIO
KPYTOBOT'O KOHYCA, [IOCTABJIEHHOTO OCTPUEM
BHU3, 2 YMEHBIIACMOE — CeYeHME NWIMH/PA. BHU3Y KOHyC Ta€T HyJicBoe cede-
HUe, a [Iap COBMAJaeT C IWUIMHIPOM; BBEpXy — HA00OpOT.

(I'msims Ha 3TOT BUJ COOKY, HAJO MMEThb B BHUAY, YTO MBI CKJIQ/IBIBACM ILIOL[A-
AW KPYroB, BOBHUKAIOMMX IIPY CEUCHHUH IIApa M KOHYCA, a HE JUIHMHBEI OTPE3KOB,
M300PKEHHBIX HA PUCYHKE. )

Takum o6pasom, 1o npuHIMILy Kapassepu cyMMapHbIii 00BEM KOHyCa 1 1Iapa
paBeH 00bEMy HmHApPa. OO0BEM HIIMHAPA PaBEH IIPOM3BE/ICHAI0 OCHOBAHUS HA
BBICOTY, TO €CTh T2 X 1 = wr>, 00bEM KOHyCa paBeH TPeTH 0ObEMA LIIMH/IPA.
3HaunT, 00BEM NOJTyIIApA PABEH %71'}"3, a 00BEM BCEro 1Iapa, Kak Mbl ¥ TOBOPIUIN,

pasen imr3.

00béM mupamuasl 1 npuHnUn Kasaasepn

OtmeTuM 320HO, YTO NpHUHIMI KaBagsepr MOXKHO MCTIOIB30BATh, YTOOB! Hail-
TH 00BEM NMUpaMU/IBL. MBI y’ke FOBOPWIH, YTO U3 DTOTO HMPUHLIMIA CJICAYET, 4TO
00BEM TIMPaMU/TBI OMPEIEIACTCS BRICOTOM U IUIONIAIBI0 OCHOBAHUS W HE 3aBUCHUT
oT (opMbl mmpaMusIsl. Bosiee TOro, I MMpaMu]| TAHHON BRICOTHL A OH TIPOIIOp-
IIMOHAJICH ILIOMIA/I OCHOBAHMS S, TO €CTh paBeH CAS /Ui HEKOTOPOt KOHCTAHTHI
C, KOTOPYIO OCTAaJIOCh HANTH.

YTo0bl HAUTU €, 3aMETUM, 4TO Ky0 CO CTOPOHON A MOXHO pa3pe3arb Ha 6
IMpPAMIA/I, B OCHOBAHVH KOTOPHIX JICKUT PABHOOC/IPEHHBIN MPSMOYTOIBHBIN Tpe-
YTOJIBHUK C KaTeTaMd 10 F, a BBICOTA paBHA A. DTO paspesaHuie MpOIIE BCETo
OOBSICHUTH C ITOMOIIBI0 METOJ]a KOOPAMHAT. BecnoMHM, 9TO TOuka Kyba 3a1aét-
Csl TPeMsl KOOP/IMHATAMH X, ¥, Z, KOTOpbIe 11poberaior orpesok [0, A]. s stux
KOOPAVMHAT €CTh LIECTh BOBMOXKHOCTEN B3AMMHOTO PACIIOIOKEHUS:

x<y<g y<z<yx, z <X <Y,
x<z<y, z<y <X, ysxscz
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CoOTBETCTBEHHO Ky0 AEJMTCS HA MIECTh 4acTeil (paBHBIX,
! TTOCKOJIBKY OHH OTJIMYAIOTCS JIAIIh UMEHAMU TIEPEMEHHBIX).

! A onHa Takas 9acTh IPEICTABIIACT COOOM MIPaMUY ONHCAH-
i ! Horo Buja. Hanpumep, dacte y < X < z AMEET B CEUCHUA
Ly BBICOTBI k TPEYTOJIbHMK Ha IJIOCKOCTH (X, y), 3a/aBaeMBblit
/) Hepasencreamu 0 < x < k, 0 <y < k, x < y. Ecymm uny-
)
X OOKO B3/IOXHYTH, 3aKPBHITh I71a3a U TPEICTABUTH ceDe Takue

TPEYTOJIbHUKY, IIOCTABJIEHHBIC APYT HAJ APYroM, TO Ilepel
BallIMM MBICJIEHHBIM B30POM HOsBUTCS Impamuza. (Ecim He nossurces, mopobyi-
TE B3AOXHYTh IUTyOsKe WM MOPEIIATh 33/1a4M 110 CTEPEOMETPHH. )
Bospamasick k KyOy, Mbl BUIUM, 4TO €ro oObeM h° B wecth pa3 GoJblie
00bEMa K)K/I0M U3 1ECTH IMPaMu/l, TaK YTO KOHCTaHTA ¢ B opMyJIe JjIst 00bEMa
TmpamMuEl paBHa 1/3 (TI0ma s OCHOBAHUSA h*/2, BricoTa h).

CoBpeMeHHblI 0AX0]

B 3axuroueHue paszfesia 0 reOMETPUM CKaKeM, KaK ONPEAEIISIIOTCS 00BEM Te-
JIa ¥ IUIOWA/Ib IOBEPXHOCTU «C TOYKHM 3PEHUSI COBPEMEHHOI Haykmy. OObéM, Kak
U ILUIOMAb, OIpee/IieTCss B TeOPHUU Mephl. TaM e JI0Ka3hIBAacTCs COBPEMEHHOE
yTouHeHue IpuHImia Kapaimbepu: 00vém mena pasen unmezpaiy niowaou ce-
YeHuUsl KaK (hyHKyuu om @vicomsl, HA KOmMopoil npoeedeno ceuenue. Jlanee ocrta-
€TCsl JIMIIb BBIUKCJIATE DT MHTETrpajbl. [JIs 1IApoB, KOHYCOB, MUPaMUA U T. [I.
9TO HECJIOKHO, AOCTATOYHO YMETh MHTErpUpOBaTh MHOrowieHsl. (MMeHHo Tak
aeJiaer IloropesioB — BOT TOJIBKO ONPEJE/ICHUE MHTEIPasa U BCE OOOCHOBAHMSI
OCTAIOTCA 3a KaJpPOM.)

[Lironaap NOBEPXHOCTH HAYYHO OIPEAEIUTH HEMHOTO CJIoxKHee. MoxHO Opath
00BEM €€ €-OKPECTHOCTH, TO €CTh MHOXECTBA BCEX TOYEK, JJIST KOTOPHIX PACCTO-
gHMe N0 OJIDKAMlell TOYKY MOBEPXHOCTH MEHBIIE €, 3aTeM ACJUTh STOT 00BEM
HAa € U yCTPEeMJISITb € K HyJ/IO. B mpejesie nojyunTcs yABOEHHAs IIOLIAADL IO-
BEPXHOCTH (IIOCKOJIBKY OKpallMBAIOTCSL 00e cTOpoHsl). (Boobue rosops, ne 1id
JIFOOOT0 MHOXECTBA TAaKOH IIpeie)l CYIIECTBYET, TaK YTO HaJo elE JoKas3aTb ero
CyLIECTBOBAHHE [l MHTEPECYIOIMX HAC [IOBEPXHOCTEN. )

Jlpyroii BapyaHT COCTOUT B TOM, YTOOBI «MHTEIPHPOBAaTh GOpMy 00BEMA IO
MOBEPXHOCTHY, YTO HATJISAHO COOTBETCTBYET PA30OMEHHUIO TIOBEPXHOCTH Ha OECKO-
HEYHO MaJIble YacTH, KOTOPBIE MOSKHO CUMTATh IUIOCKVMU, U CJIOKCHUIO TUIOIIAIN
OECKOHEUHOI0 4pciIa OECKOHEUHO MaJIbIX YacTell (IIOPOOHO CMBICT BTOr0 0ObsC-
HAETCS B Kypce MAaTeMATUYCCKOIO aHAJIM3a).
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13. A uro no aJjreope?

Jlo crx Top MBI TOBOPWJIA B OCHOBHOM O Kypce TeoMeTpun. IMEHHO TaM ecTb
aKCHOMBI, TEOPEMBI, JoKa3aTebCTBa. [IIKoIbHELI Kype areOpEL B 5TOM OTHOLIE-
HAM OoJiee 3ara/lodeH — TEOPEM TaM MaJIo, aKCHOMBI BOOOIIE HE YIOMUHAIOTCS,
a 33/1a44 B OCHOBHOM ITOYEMY-TO CBOJSITCSI K PELICHNIO YPABHEHUI U HEPABEHCTB,
1 OOJIBLIYI0 MX YaCTh MOXKHO PEIIATh 110 I'OTOBBLIM 0OpasLaM (Tak 4YTO 4YECTHEE
OBLIO OBI HAa3BaTh MX HE 3aJa4aMU, a YIIPAKHECHUAMH).

Kagep3Hbie Bonpocsl

Ho Bcé-Takm, Kak »ke€ OIpEeeIsIOTCS OCHOBHBIE MOHSTHS anreOps? Uro o3Ha-
yaeT HepaBeHCTBO a < b? U moueMy, CKaxeM, MBI MMeeM IIPaBO YMHOXATh 00e
YaCTU 3TOTO HEPABEHCTBA Ha IOJIOKUTEIBHOE YUCJIO €, a TIPU YMHOXKCHHUHA Ha OT-
pHIIaTeIbHOE JOJDKHBI M3MEHATDH 3HaK? W modeMy u3 HepaBeHCTB ¢ < bu b < ¢
MOKHO 3aKJIIOYHTh, 9T0 @ < c¢? Jlaxke 1 03 HEPaBEHCTB BOIIPOCOB Macca: MOYeMy
IIPY TIEPEHOCE CJIAraeMOro B APYIyI0 YacTh PABEHCTBA HAJ0 MEHSITh 3HAK? Mm
JaXe: TToYeMy IIpU MepEMEHe MECT CJIaraeMblx CyMMa He MeHseTcs? Wi coBcem
CTpaIHbIA (110 cBOeH PuI0CO(MCKON Iy1yOMHE) BOINPOC — a YTO O3HAYAET, 4TO
JIBa YMCJIa PABHBI?!

B obmiem, ecim 70OPOIIOPSTOYHBIA IIKOIBHYK, IPIUICKHO M3YYaBIIMI MaTe-
MAaTUKy, Iepe/]| BBILYCKHBIM WUIA BCTYIIMTENBHBIM SK3aMEHOM IPUIET B (prstocod-
CKO€ HACTPOEHHUE U 3aJyMAETCsl, HA YéM OCHOBAHBI BCE 3TH CTOJIb IIPUBBIYHBIE EMY
IIPY PELICHUH 3371a4 NPABWJIA U JEHCTBUSI, €My Oy/IeT HEIIPOCTO YTO-HUOY/Ib OTBE-
THTh. (BOOOIIIE TPUBHIYHAS KI3H, €CJIM HAYaTh 33 TyMBIBAThCS O HEll — CTpaHHas
mryka. O6 >ToM 3aMedaresbHO HarmcaHo B «cnoeemmy JIpBa Toscroro. Ho mer
OTBJIEKJIUCH.) Bce LIKOJIbHBIE TOABI OH YECTHO MEHsUI 3HAK (IO KpaiHel Mepe
cTapajics He 3a0BITh 3TO C/EJaTh) MPU IEPEHOCE CJIAraeMoro B JPYrylo 4acTb
paBeHCTBA, HO MoueMy? DTO 4TO, NPHUXOTh YUUTEIs? YKa3aHUE MHHHCTEPCTBA
rpocselleHrs? MUpOoBOIi 3aroBoOp BJIACTh UMYLIMX, KOTOPBIC BHYIIMJIM BCEM, 4TO
HAJIO JIEWCTBOBATH TaK, U IOABJISIIOT BCE IIOIBITKY HAPYIIATH 3TOT 3ampeT? A Mo-
JKeT, BCE-TaKu PUCKHYTh U ITOIIPoOoBaTh Hapynmrs? Bot, roBopsr, JlobaueBckmit
MOCTPOMJT HEEBKJIM/IOBY T€OMETPHIO, B KOTOPOI aKCHOMA O TIAPAJIJIEJIBHBIX HEBED-
HA ¥ MApalJIejIbHBIC NPSMBIE TIEPECEKAIOTCS — MOXKET, MOXKHO MOCTPOUTH U He-
TPAAULIMOHHYIO a1redpy, B KOTOPOIT MpaBuIa AEHCTBUIT pyrue, U MpOCJIaBUTECS
BCJIed 3a HUM?
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Otcrymiienue o Jlobauesckom

Kcratn, o JlobaueBckom. Ecim BEI mpownm mpefplaynmit ab3arl u He oOpa-
TIJIA BHAMaHHE Ha IJIYIIOCThb, B HEM COJEPXKAIIYIOCS, TO IIEPEUATANTE €l pas.
Teneps 3ametnn? Koneuno, B reomeTpry JI00aueBCKOTo MapaliIc/IbHBIC IIPSIMBIC
He MePeCceKaloTCsl — TMOCKOJIBKY 3TO IPOCTO onpeodeneHle MapalieIbBHOCTA U HU
OT KaKHMX aKCHUOM HE 3aBHCHUT.

A pasmmiia B ipyroM — B reomeTpruy Jlo6aueBCKOro 4epes JaHHYIO TOYKY
BHE JIaHHOU IIPSIMOM MOXHO IIPOBECTH HECKOJIBKO IIPSAMBIX, MAPAJIIC/IBHBIX JIaH-
noit! IaTepecHo, 9To 3To 3a0uIy/1eHue (0 TOM, B Y€M COCTOUT HOBAaTOPCKAs HAES
JloDaueBcKoro) OUeHb PACHPOCTPAHEHO, KAaK BBl MOXKETE YOCAWTHCS, MTOPACCHPO-
CHB OKPYXAIOIMX — TeX, KOTOPbIe BOOOLIE UTO-TO CJBIMIAIN 0 JloDaueBckom!

Wcropus sompoca 1yr rtakosa. Ilsreii nocryiar Eskimja (uHOrga Hasbl-
BacMplil Tarkke OJWHHAIATON akchMoMoil) (opmymapyercs Tak: M ecnu nps-
mas, naoarowas Ha 0ee npsimble, 00pasyem GHympeHHue U no 00HY CMOPOHY
Yyenvl, MeHbuue 08yX NPSIMbIX, MO NPOOONICEHHBIE DMU NPSIMbIE HEO2PAHUYEHHO
gcmpemsimcsi ¢ moil CMOPOHbI, 20€ y2ibl MeHbe 08yX RpsMblx. DTO — Iepe-
BoJ, Becenosckoro; 0osiee coBpeMeHHbIN nepeckas (PameBckoro B mpeaucsioBun
K niepeBoty OcHosanuii 2eomempuu [vmsOepTa) 3BYIUT Tak: 8CsKULl pa3, K02od
npsiMast npu nepeceyeHul ¢ 08yMst Opy2uMu npsmelMu obpasyem ¢ HUMU GHy-
mpeHHUue 00HOCMOPOHHUE Y2libl, CyMMa Komopvix menvuie 2d [to ectp 180°],
MU NPsSIMblE NEPECEKAIOMCS U NPUMOM C MOil CHOPOHbL, C KOMOPOU 35Ma CymMma
menvue 2d.

B coBpeMeHHBIX yueOHVKax 5Ty (pOPMYJMPOBKY OOBIYHO 3aMEHSIOT SKBHBA-
JICHTHOI: yepe3 Jiio0yI0 MouKy 6He OaHHOU NpSIMOU MOJCHO nposecmu He 60-
Jiee 00Holl npsiMoil, napanienvHou oanHot. (OTMETHM, KCTaTH, 9TO BO3SMOXKHOCTh
MPOBEICHIS MAPAJUIEIbHON MPSIMOI Yepe3 JII00YI0 TOUKY BHE JJAaHHON ITPSIMOIL CJie-
JyeT U3 APYTHX aKCHOM, TaK YTO B AKCHOMY O MAPAJLIEIBHBIX MOXHO BKJIIOYATh
JIMIb €AMHCTBEHHOCTh TAKOM IIPSAMOIA. )

KommenTarops! EBKMAa IBITaNnCh TOKazaTh IATHIA IOCTYJAT, HO C COBpE-
MEHHOI TOYKHU 3PEHUS STH [JOKA3aTEJILCTBA IIPOCTO 3aMEHSIIN €0 Ha DKBABAJICHT-
HOE YTBEPKCHVE (HAaIIpUMep, O CYIIeCTBOBAHMI HEPABHHBIX TOTOOHBIX TPEYTOJIb-
HUKOB). [IpeanosioxuB, 4To MSATHI MOCTY/IAT HEBEPEH, MOXKHO BBIBECTH M3 ITOTO
MIPEAINOJIOKEHUST MHOIO MAPATOKCATIBHBIX CIACACTBUIL, B OE€3YCIICIIHON HAIEK/C
HAMTU cpeJy HUX IIPsAMOE MPOTUBOpedYre (M TEM CaMBIM JOKa3aTh IIATHIA ITOCTY-
Jiat). [ocTeneHHo ctany 1mo1o3peBaTs (M IEPBEIM OITYOIMKOBAII 3TO IIPE/IOIOXKE-
nue JloOaueBCKuii), 9T0 IPOTUBOPEYNS HET BOBCE, U IOJIydeHHAsI reoMeTpus (He-
€8KAU008a, T7ie TATHI MOCTYJIAT 3aMEHEH Ha MPOTUBOIIOIOXKHOE YTBEPKACHUE!
yepe3 HEeKOMOpYIo MOYKY Npoxoosim 08e npsiMble, NapaiieibHvle HeKomopoil
npsiMoil) XOTS U BBHIIJISAUT CTPAHHO, HO JIOTMYIECKN HAYEM He XyXKe eBKIIHIOBOM.
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BriocneactBun nogo3penust JIo0a4eBCKOro MOATBEPAMINCE — OBLIHA MOCTPO-
€HBl MOJICJIA HEEBKJIMIOBOI IT'€OMETPUH, KOTOPHIE TIOKa3aJld, YTO B HEl HeET IIpo-
THBOpEUMs (€CJIM €ro HeT B €BKJIA/IOBOI TeOMETPHN).

HccneropaHns 110 HEEBKJIMIOBOW I€OMETPAM MHOTOE IIPOSCHIJIA B OCHOBAHU-
X TEOMETPUM M CIIOCOOCTBOBAIN 3AIIOJHEHHUIO JIOTMYECKUX MPo0esioB y EBkiu-
na. Kax mumer PanreBckuit B yrOMsIHyTOM IPEIVC/IOBUY, (TIOJIMHHOE Pa3BUTHE
BOIPOCAa 00 OCHOBAHMAX I'€OMETPUM IONUIO He IO IPSAMOMY ITyTH JIOTMYECKOTO
YTOUHEHNSI aKCMUOMAaTUKH W J0Ka3aTeJbCTB EBKiMa, a oCyIecTBUIOCH IPHYY/I-
JIMBBIM 0OpPa3’oM 4epes JJIMHHBINA psijl HOIBITOK MCIPaBUTh EBKIIMIA TaM, rae oH
OBLJT COBEPIICHHO TPaB. MBI MeeM B BUIy MCTOPHIO V mocTyJiata Epxumga».

CraTyc npaBuJI aaredpo

BeprémMcst x anredpe — MOXHO JIM U3MEHATH TIPaBIJIa JCUCTBUIA W IOy IUTh
apyryio teoprmo? ®@opmaabHO TOBOPS, MOKHO, HO TPH STOM IPUMEHSThH 3Ty Te-
OpHIO CJIEAYEeT C OCTOPOXHOCThIO. VI3MEHMB IpaBWiIa MepeHoca B YTyl 9acTh
B OYyXTaJTCPCKUX KHHUrax (TaM, KCTAaTH, JEHCTBUTEJBLHO OBIBAIOT BE YACTU —
IPUXOJ, U PAcXoA, AeOeT U KPeauT, NPHObIIM M YOBITKY U T.I1.), MOXHO BIIOJIHE
KOHKPETHO TIOTIACTE BITPOCAK.

Ho ¢ Touku 3peHms YmcTON MATEMATHKY ajredpa ToKe MMeeT Heorpe/eisie-
MBIC TIOHSTHSI, aKCUOMBI, IIPUHAMACMEBIC 0e3 000CHOBAHUSA, W TCOPEMEI, JOKA3bl-
BAaCMBIC HA OCHOBE aKCHOM. [Ipo 3T0 B NIKOJFHOM KypCe HE PACCKa3BIBACTCS —
WK, 9TO eIE Xy’Ke, PACCKA3BIBACTCS YPBIBKAMU.

CkakeM, B 0HOM 13 yueOHuKoB aiareopst (FO. H. Makapsrues, H. I'. Munaiok,
K. U. HeukoB, C.B. CyBopoBa, Aneebpa, Yueonnk niis 9 kiacca obiieoopaso-
BaTeNBHBIX yupexacHuii, M.: [Ipocsemenne, AO MockoBckue yueOHVKH, 1997,
c. 248) roBOpHUTCSl TaK: «4UCIO @ Oosbliie unciaa b, ecim pasHocth @ — b —
NOJIOKUATENLHOE umncion (¢. 148). Ho maBaiiTe cnipocuM y IIKOJIBHHMKA WA Y4K-
TEJIS1 MATEMATHKH, YTO TAKOE MOJIOKUTEbHOE YHCI0. CKopee BCero OHU OTBETAT,
YTO TIOJIOXKUTEIFHOE 9HCJIO — HTO UHCHO, OOJbIee HYJA. SIBHBIM «IIOPOYHBINA
Kpyr» — KOIJIa OJHO TIOHSATHE OHpeNiessdeTcs depe3 Jpyroe, a 3T0 JIpyroe —
Yyepes IepBoe.

Ha camoMm nesie akkypaTHOE M3JI0KEHVE TEOPUN ACHCTBUTEIIBHBIX YHCE MOTJIO
OBbI ITPOUCXOUTD TAK.

AKCHOMBI yNOPAX0YEHHOTO MOJIA

Cragana (OpMYJIMPYIOTCST aKCHOMBI TSI HEOIIPE/IE/ISIEMBIX TTOHATHI CJIOXKE-
HUSI ¥ yMHOKEHISI (3TH aKCHOMBI Ha3bIBAIOT akcuomamu nonst). Harprvep, cpeau
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HUX €CTh aKCUOMa accoyuamuerocmu cioxenvus a+(b+c¢) = (a+ b)+ ¢ u ax-
crioMa Jucmpudymusnocmu a(b + ¢) = ab + ac. AxkcuoM ToJIst TOCTATOYHO,
YTOOBI OIPE/ICIUTh apuMeTHIeCKue oreparuu (CKaxkem, a — b onpejensercs
KaK TO YHCIIO X, Ui KOTOPOro b + x = @; W3 akCuoM CJICIYET €TMHCTBEHHOCTh
TAKOr'0 YMCJIA) M OOOCHOBATH MPABHJIA NMPEOOPA3OBAHMIT B apH(PMETHUECKUX BBI-
paxkeHusx.

Jlajiee OT paBEeHCTB MOKHO TIEPEATH K HEPABCHCTBAM W JI0OABUTH HOBOE He-
olpesieJisieMoe TIOHATHE «OBITh MeHbINe». COOTBETCTBEHHO IMOSIBIISIOTCS W HOBHIC
akcuoMbl. CkaxkeM, OjIHa W3 HUX TOBOPUT, 4To U3 a < b cienyer a + ¢ < b+ c,
JAPYrue MO3BOJISIOT YMHOXATh HEPABEHCTBO HA YUCJIO U T.JA. Bce 5TM akCUMOMBI
BMECTE€ HA3bIBAIOTCS AKCUOMAMU YNOPSIOOYEHHO20 NOJisl, A CTPYKTYPbl, UM YJO-
BJICTBOPSIIOLINE, HA3BIBAIOTCS YNOPSIOOYEHHLIMU NOASIMU. YTOPSTOUCHHBIX ITOJIEH
OBIBACT MHOTO (¥ TIOJIe JICACTBUTEIIFHBIX YHCEIT BBIICIACTCA CPEIM HUX JTATTHHCH-
IIMMI AKCHOMAaMU).

H3BJieueHne KopHeii

AKCHOM yTIOPSIIOUYEHHOTO MOJIS JOCTATOYHO, YTOOBI PEIlaTh JUHCHHBIC YPaB-
HEHVSI ¥ HEpaBeHCTBA (2 TaKXKe CHCTEMBl JIMHEHHBIX YPABHEHMIT W HEPABEHCTB).
JUJtst KBaJIpaTHBIX YpaBHEHHI UX YK€ MaJIO, 1 JTaKe cpa3y MOHATHO, odeMy. [ero
B TOM, 4TO €CJIM MBI OI'PAHIYMMCS TOJIBKO PallMOHIBHBIMY YMCJIaMU (OTHOIICHH-
SIMU 1[€JIBIX), TO AKCHOMBI YITOPSIIOUCHHOTO TI0JIST OyYT BHITOJHSTECA. A MEXTY
TeM B PalMOHAJIBHBIX UMCJIAX KBAJAPaTHOE ypasHeHue x> — 2 = O He uMeeT pellie-
HUS, XOTA €0 AMCKPUMUHAHT ITOJIOKUTCJICH, TAK YTO OObIYHbIE IpaBuia pCIICHMS
KBa/[PaTHBIX YPAaBHEHWI HE JIEVICTBYIOT.

[TosToMy HEOOXOMMO /T0OABUTH HOBYIO aKCHOMY, KOTOpas TOBOPUT, UTO W3
JI0DOTO HEOTPUIIATEIFHOTO UNCIa @ MOXHO W3BJICYL KBA/IPATHHI KOPEHP (a Tak-
ke KyOudeckwit 1 BooOIe o000 crermeHn). Jlpyrumu cjioBamMy, 3Ta akCHOMA
yTBepXK/IaeT, uro npu a > 0 ypasuenue x" = a (npu mobom n =2,3,4,...)
umeem peuenue. ITO pelicHUE eTUHCTBEHHO (YTO CJIE/yeT M3 aKCHOM YIOPS/IO-
YEHHOT'0 IIOJIsI; U3 HUX MOXHO BBIBECTH, 4TO X' < X7 IIpU X1 < Xz, U LIOTOMY
HE MOXET OBITh /IBYX PasHBIX pelieHwii). [109ToMy MOXXHO BBECTH 00O3HAYCHHUE
Y/a — Kopenv n-ii cmenenu u3 a.

Iloka3aTesbHast Q)YHKHHH PallHOHAJILHOT'O0 aprymeEHTa

Hasee y9eOHHMK aIreOphl ONpeessIeT IMOKa3aTeabHyo (DYHKIMIO a* I TI0-
JIOXKUTEIIPHBIX 3HAYCHWIA @ ¥ JIJIST PAIMOHATIBHBIX 3HAYCHWI X, TOJIaras, CKaKeM,
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YTto0BI 5TO omnpesieseHUe OBUIO 3aKOHHO, HA0 MPOBEPHUTH, UYTO PE3YJIbTAT HE Me-
HSIETCS, €CJIU TICPEHTH K paBHOI npodu. Hampumep, Hamo yoeauThes, 910

Vas = Va.

3T0 HECJIOKHO. 3aTe€M HA/I0 PACCMOTPETDH Cilyyail OTPULIATEJIBHOIO IOKA3aTeJIsl,
JoKa3aTh CBOMCTBA ITOKa3aTeIbHOM (PyHKIMM U T. [. Bc€ 3To ckopee 3aHyHO, 9eM
TPYZHO.

(B cBs13u ¢ nokasaresipHOR (YHKUMER ecTh Hejlelas JioBylika. Kak Bbl jy-
MAeTe, CKOJIbKO DEICHUI MMEET YPABHEHUE x2¥* = 12 Otser Ha 10T BOITPOC
3aBUCUT OT TOTO, CUMTATh Ju pelieHueM umciao —1. Ha sk3amene oba oreera
JIETKO MOTYT OOBABUTh HEBEPHBIMU. B camMoM feste, ec/iM HE CUMATATh, TO DK3aMe-
HATOD MOXKET 3asBUTh, YTO BHl He 3HaeTe, 9T0 (—1)? = 1, ¥ HOCTaBUTH JBOFIKY.
A ecJid CUMTaTh, TO DK3aMEHATOP MOXKET CKasaTb, YTO BBl HE 3HAeTe, 4TO 1I0-
Ka3aresapHasl (PyHKLMS ONpese/ieHa TOJBKO NPU MOJIOKUTEIBHOM OCHOBAHMU (U
JaX€e COLUIETCS HA CTPAHMLYY Y4YeOHHKA, II€ 3TO HAMKMCAHO), M TOXKE MOCTABUTDH
JBOMKy. W moiu uyTo-HUOY/Ib KOMY-HUOY/Ib JOKAXKH!)

14. AnreOpa 1 Hayajla aHaJIM3a

AKCHOMa TOJIHOTHI

Ha sToM MecTe onpe/ieeHus TOKa3aTeIbHON (DYHKIMH KypC aJIreOphl IUIABHO
IepeTeKaeT B «HAuaJla aHAIM3A» — JAENCTBUTEJIBHO, AJIsl ONpeesIeHHs MoKasa-
TEJBbHON q)yHKL[I/II/I Ipu BCEX Z[eﬁCTBPITeJ'IbHLIX SHAQUECHUAX apryMmMeHTa HYYXXHBI HO-
BBIC AKCHOMBI. A MMEHHO, HY>KHO JOOABUTb QKCUOMY NOIHOMbI, Y KOTOPOI €CTh
PpasHBIe BapuaHTH (OPMYJIMPOBKH (SKBUBAJICHTHBIE JPYT JPYLY).

OnHa 3 (OPMYIHUPOBOK STOHM akcHMOMBI TakoBa. [lycme L u R — Osa He-
nycmouix MHOJNCECMBA OelicmeumensHulx yucen, npuueém awboe yucino I € L ue
bonvuwe nw0b020 uucna v € R. Toeda naiidémes pasdensowee yucno o, ons
Komopozco | < o < v npuuobeix | € L ur e R.

MEI y3Ke BHJIEIN HECKOJIBKO CUTYAITHI, B KOTOPBIX TAKOE YTBEPKICHUE MOTJIO
OBl OBITH TIOJIE3HO. Hanpumep, Tak GbUIO TIPH ONIPeJIe/ICHIH JIJIMHBL OTpeska (ipu
nozxofe [mipbepra) M ompeescHUN JUIMHBL OKPYKHOCTH (KaK YMCIIA, pasielisd-
IOIIETro NEPUMETPHI BITMCAHHBIX W OINMMCAHHBIX MHOFO}’FOJ’ILHI/IKOB). Ta ke camas
CUTYauMs M C ONPEJIETICHNEM TTOKA3ATENBHON (QYHKIMAM JJIS IIPOU3BOJILHOTO apry-
menTa. Crake, 2V2 MOXKHO ONPEIE/UTE KAK UMC/I0, PA3AC/SIONICE MHOKECTBO L
Beex umces1 2P/ 9 Tpu 1eJIbIX NMOJOKUTEBHBIX P U ¢, AJ15 KOTOPIX p/q < \/2,
1 MHOXeCTBO R Bcex wmces Buma 2'/° mpu memwx r,s > 0, 11 KOTOPHIX

r/s > V2.
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AKCHOMAa HOJHOTHI H aKCHOMa Apnge;[a

Emé MoXHO 3aMeTHUTh, YTO W3 aAKCHOMBI ITOJHOTHI M OOBIYHBIX CBOMCTB He-
PaBEHCTB (CTPOrO TOBOPSI, U3 AKCHMOM VIIOPSIOYCHHOI'O IIOJISI) MOKHO BBIBECTH
aKkcMoMy ApxuMmesia. A UMEHHO, MOXKHO JIOKa3ath, 4T0 ecau a, b > 0, mo 0ono
u3 yucen

a,at+a,ata+ta,at+a+a+ta....

bonvwe b.

BoT 5T0 /10Ka3aTENLCTBO (C HENMPUBBLIUKM OHO MOMKET TOKA3aThCS TPYIHBIM).
B xauecrse L paccMoTprM MHOXECTBO BCEX CyMM Buwja a, a+a,a+a-+a ur. .
Ecmmu B8 L ecth uncio, Gomsiiee b, To BCE gokazano. ITycts 510 He Tak. Torma

b>a+a+...4+a

(A1 JOOOTO KOHEYHOTO YHCJIA CJIaraeMbIX B MPABOil 4acTw). PaccMoTpiM MHO-
skecTBO K BCEX YMCesI C TAaKMM CBOWCTBOM (KOTOpPHIE OOJIBINE MM PABHBI JIOOBIX
Takux cymMm). MHokectBo K cogepskur b, modroMy o6a MHOXECTBA HEIyCTh,
Y MOXHO PAaCCMOTPETb PA3ACIIAIOIIEE YHUCIO O.

Torma a+a+ ...+ a < a (Ipr MOOOM KOJIMUECTBE CIATAEMBIX), TaK YTO
o TIpUHAJICKUT MHOXecTBY K. Boslee TOro, MOXXHO BBIYECTh MO a W3 00EHX
YacTel PTOT0 HEPABEHCTBA U 3aKMOYUTh, 9T0 @ + a + ... +a < a — a (310
TOXE BEPHO TPH JIOOOM KOJIMYECTBE CJIAraeMbIX — HAJ0 MPOCTO HM3HAYAIBHO
B3SITh OJIHO JIMIIHEE). 3HAUUT, @ — @ TOXKE NPUHAIEKNUT K, 4TO NPOTUBOPEUUT
TOMY, 9TO @ < ¥ IJIs1 moooro r € K.

JT0 paccy:KJIeHHE Ha NEPBHIA B3IVISI BRIVISIAT MECPEIMBAHUEM U3 IIyCTOTO
B [IOPOXKHEE, HEOKHU/TAHHO IIPUBO/IAIINM K 1IEJIM — HO OHO Ha CaMOM [IEJIE BIIOJIHE
CTPOroe, XOTS M HE OYEHDb HATJISTHOE.

Emé ormetum (HO y»xe Oe3 10Ka3aTeIbCTBA), YTO M3 AKCHOMBI TIOJTHOTEI MOYXHO
BBIBECTH CYLIECTBOBAHME KOPHEH, TaK 4YTO COOTBETCTBYIOUIYIO AKCMOMY MOXKHO
OILyCTUTH (€CJIM €CTh AKCMOMA IIOJIHOTHI).

beckoneuHsie ACCATUYHDBIE PO oHn

MoskHO OBITIO OBI TIBITATHCS OTIPEACIATH JCHCTBUTEIIFHBIC UMCIIA HE aKCOMa-
THYECKH, a C ITIOMOMIBI0 OECKOHEYHBIX JIECATHYHBIX /Ipodeit. Ho 510 ToXe HE Tak
TIPOCTO.

KcraTtn, kak BH JymaeTe, 4uc/Io

0,99999 . ..

(6CCKOH€"IHO€ YUCJIO OCBATOK ITOCJIC SaHSITOP'I) MCHBIIC CAVUHUIBI WX PAaBHO CIU-
HI/H_IC? 33,I[aB OTOT BOIPOC MIKOJbHUKAM, MOYXHO IIOJIYUUTh Pa3HbIC OTBCTHI. O,I[HI/I
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TOBOPAT, YTO MEHBIIE — BEJb TaM BCE-TAKU HEMHOTO HEJOCTAET A0 MOJHON eau-
HUITHL. A CKOJIBKO HemocTaéT? HasepHoe, OECKOHETHO Majio, a NMEHHO,

0,00000...1

(OeckoHEUHOE YWCIO HyJICH U MOTOM elie eIUHUIA). A MOXHO JH PacCMOTPETh
Takoe «OeckoHeuHO Masioey umciio? Ha kakom mecrte B HEM crout eauHmiia? Bu-
JIMMO, HA OECKOHEUHOM — HO €CTh JIM TAaKOE MECTO? U 3TO KAKOe-TO OJIHO MECTO
WA MOTYT OBITh B Pa3HOl CTETIeHN OECKOHEYHO yIaJCHHBIE MECTa? U UTO WAET
3a DTOU €IUHUIIEH?

MokHO HafedaThCs, YTO CHUTYallis IPOSICHUTCS, €CIM M300pakaTh YMcJia Ha
npsimoit. Ho 1 TyT He Bcé sicHo. Bo3pmém, ckaxkem, otpesok [0, 1] 1 BHOpocHM 3
Hero Touky 1. [Momyunrcs npomexyTok [0, 1). EcTb sin B HéM HanOoJIbIIEE YUCIIO?
Bpone 10/KHO OBITH — €CJIM JABUTAThCS CIIPaBa HAJICBO MO YMCJIOBOM OCH, ITOKA
MBI He yIPEMCS B 3TOTO MPOMEXKYTOK, TO JOJDKHBI K€ MBI YIIEPEThCS BO UTO-TO
KoHKpeTHOe? MoxkeT OBTh, 9T0 U ecTh gucio 0,99999 . . .2 C apyroit cTOpoHH,
Bpoe OBl MOXXHO PACCY’KJTaTh TaK: €CJii X — HanooJibliee wucio B [0, 1), To
yncsio (1 4+ x)/2 (cpennee apudmeruyeckoe uuces1 1 U X, cepeanHa OTpPe3Ka
oT x g0 1) mo 3akoHaM aiareOpsl OOJbIIC X M MEHBUIC 1, 3HAYUT, X HE OBLIO
HAUOOJIBIIIM. . .

Bcé€ 310 mokaspIBacT, 9TO Hallla MHTYMIVSL Yuce (M TOUEK Ha IPSIMOiL) JT0BOJIb-
HO cMyTHasl. COBpEeMEHHbIC MATEMATHKY I TEM JJIATE/IFHOM TPEHUPOBKH yOeIIUITH
ce0s1 B TOM, YTO UM BCE SICHO — W JICHCTBUTEJILHO, OHHU NPHILIN K HEKOTOPBIM
€IMHBIM TIPABUJIAM UM COIJIAIICHUSIM, KOTOPBIE KAXYTCS UM «uCTUHHBIMID. (Ho
«4T0 ecTh uctTuHa?) Ecim *e BCHOMHUTL UCTOPHIO, TO OBLIO MHOIO CIOPOB —
€CTb JI HETIOCPEICTBEHHO CJICYIONTAsl TOUKA? HEMOCPEACTBEHHO CJICTYFOITIIA MO-
MeHT BpeMeHu? Ilpo 1y criopsl (mapajiokchl 3eHOHA M JIP.) MOXKHO IIPOYECTh
B yX¢ YIOMIHABIICICS KHIKKE «3aHMMaTtesbHas [permsy» 3amevaressHoro (u-
sosora M. JL. lacmaposa, HemasHo ymepirero. (OH TaM HEMHOrO TOBOPUT M IPO
JPEBHEIPEUECKYI0 MATEMATHKY, IIPU 3TOM — YHUKAJIBHBIN JIJIS1 IIOMYJISIPHBIX KHU-
XKeK cirydai! — 0e3 MaTeMATHIeCKUX ONIMOOK.)

CoBpeMeHHAs TOYKA 3PEHUS HA TH BOIIPOCH TakoBa. [Ipexe Bcero, HUKa-
KX OECKOHEYHO YAAJIEHHBIX MECT B OCCKOHEUHOM JICCATHYHON JPOOH M HUKAKUX
OeckoHeuHO MaJTblx ApoOeit HeT. (PopManbHO TOBOPS, OECKOHEUHAs AeCATHYHAS
ApoOb — TOuHEE, €€ 4acTh MOCJIE 3AMATOM — €CTh MOCJ/IEI0BATEIbHOCTh LU(p,
TO €CTh OTOOpasKeHUe MHOXEeCTBa HaTypaibHbix wmcen {0,1,2,3, ...} B meca-
TIeMeHTHOE MHOKecTBO Tmdp {0,1,2,3,4,5,6,7,8,9}.)
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):[CCSITI/I‘]I-II)IC Z[pOﬁH B MHOKECTBE J€HCTBHTEILHBIX UHCEJT

Jlajiee MOXXKHO JEWICTBOBATH JIByMs cocoOamy. MoOXHO CUMTATh 3apaHee 3a-
JTAHHBIM HEKOTOPOE YIHOPSIIOYECHHOE II0JIE, I7IE BBIIOJHAETCS aKCMOMA ITOJHOTBHI.
Torga xaxmoit O€CKOHEYHON ACCATHYHON IPOOM MOXKHO IIOCTABUTh B COOTBET-
cTBUE (SIMHCTBCHHEIN) JIEMEHT DTOTO MOJIL. A MMEHHO, CKaXeM, Jpodu

0,314159265358 . ..

CTaBUTCA B COOTBCTCTBUE YUCIIO, pa3gcIdronice npuﬁmmfcemm C HedocmamKOM,
TO €CTh 4YMCJIa

0,3 0,31 0,314 0,3141 0,31415 0,314159...,
U npubnudicenust ¢ u30bIMKOM, TO eCTb UKCIa
0.4 0,32 0,315 0,3142 0,31416 0,314160. ..

Taxoe pazaesiioniee YucI0 CyLeCTBYET IO aKCHOME IOJHOTHI, A €r0 ¢ANHCTBEH-
HOCTh MOKHO JIOKa3aTh C TIOMOIIBIO aKCHOMBI ApXuMesia.

Hamee yxe MOXHO (popMabHO CIIPOCHTH, OyaeT i ipobsm 0,1999999 . . .
u 0,2000000 ... cooTBETCTBOBATh OAHO M TO K€ 4YMCJIO WM pasHble. OTBET:
MOXHO JIOKa3aTh, YTO OFHO U TO ke (& TaKKe YTO JPYIMX COBIAJICHUI — KpOME
cay4vas ApoOM C JIeBSITKaM{ B MEPUOJIE — HET).

ITO OVH TOIXO0M, B KOTOPOM JIECSITUIHBIM JPOOSM CTABATCS B COOTBETCTBHUEC
SJIEMEHTHl YIIOPSITIOYEHHOTO TIOJIS C AKCHOMOM TIOJTHOTEHL.

HeﬁCTBHTEHLI]I;Ie qucja Kak 0eCKOHeUHbIe JA€CATHYHbIC ,Z[p061/1

Jlpyroit OIX0A COCTOUT B TOM, YTOOBI BOOOIE OTKA3aThCsl OT AKCHOM U onpe-
deiisimb [IGACTBUTEJILHBIE YMC/1a KaK OECKOHEYHbIE JecsiThYHbie /podu. Pasymeer-
s, HAJIO enl¢ pa3peldTh KOHETHOE YUCIO IMGp 710 3aIITOM U 3HAK MHUHYC TIepe
BCeil po0bI0 (MHAYe TMOJIy9IrTCs JImiib oTpe3ok [0, 1], a He Bce JeHCTBUTEIIFHBIC
qucia).

Jlasnee Hy>»HO M30aBUTHCSI OT HEOJHO3HAYHOCTH, OTOX/ICCTBUB, B YACTHOCTH,
0,199999 ... 1 0,200000. . ., a Taxxe 0,000... u —0,000. .. (wmu 3anpeTus
OJTMH 13 JIByX BapUaHTOB 3alliCH).

[MocJie 3TOro MOXKHO YK€ OIPENEANTh ApUPMETUIECCKUE OIICPAITAU U JIOKA3ATh,
YTO BBIIOJIHSIOTCS BCE aKCMOMBI YIIOPSIOUEHHOTO T10JIS1 X aKCHoMa ITOJIHOTHL. (Tak
YTO 3TO OyAyT y*Ke He aKCHOMBI, a TCOpPeMbl!)
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Ho ompenenieHust u qoka3aTeabCcTBa 3TH COBCEM HE Tak IPoCTel. Hampumep,
JUTS. Hadaula Ha/l0 ONPEACHTh CJIOKEHNE APOOCi, B KOTOPHIX TOCIIE 3aIIaToN of-
HH HYJIA, TO €CTh II0 CYIIECTBY CJIOKCHHME HATypasIbHBIX umcest. [l Hac, mpas-
Jia, 3TO HE YKCJIA, A MOCACAOBATEIBHOCTY (P, TaK 9TO AJITOPUTM CJIOKCHUS
B CTOJIOVIK CTAaHOBHUTCSI onpedesieHuem cyMmbl. M Hajo, cpeiy npovero, crporo
JI0Ka3aTh, CKaXKEeM, acCOLMATUBHOCTh. (UTO COBCEM HE Tak JIETKO CleJsaTh, €CJIU
paccMarpuBaTh CYMMY KakK Pe3yJIbTaT (POpMaIFHEIX OIepaltiii Hajl 6eCCMBICJICH-
HBIMA CHMBOJIaMU.) Jlasple Xyske — YMHOXKCHHE CINE CJIOKHEE CJIOKCHUS, IS
OECKOHEUHBIX JPOOCH MOSIBJISIOTCS CBOA TPYAHOCTH, Tak KaK ITOPUTIMBI CJIO-
SKCHUST ¥ YMHOXXEHHS B CTOJIOMK HAUMHAIOT C MPABOTO KOHIIA YMCJIA, KOTOPOTO
Terephb HeT, U T.II.

B oOmeMm, ecsiu Ha4aTh U3YYCHUE MATEMATHYCCKOTO aHAJIM3a CO CTPOroro Io-
CTPOCHHS TCOPUH JICHCTBUTEIBHBIX YMCEI HAa OCHOBE OCCKOHCUHBIX JCCATUIHBIX
Jpobeit (1 TOOPOCOBECTHO CJIEC/TUTH 3a CTPOTOCTHIO), TO CKOPEE BCETO MBI 3aBsI3-
HEM TIOCEpeVHE WM Jaxe OmKe K Havamy. . .

HeMHoOro ucr opun

Boobiie co «cTporocTsion B MAaTEMAaTHIECKOM aHAJIH3E JIeJIa OOCTOSITN JIOBOJTb-
HO cyoxkHo. Ha 3ape MaTeMaTHdecKoro aHaJIM3a IIPOU3BOJHYIO YacTO «OIIpelelIs-
JIM» KaK OTHOIIECHIE OECKOHETHO MaJIOro IpupanieHust (PyHKIMY K OECKOHEYHO Ma-
JIOMY TIPHpALIEHUIO €€ apryMeHTa, a MHTErpajl — Kak CyMMY OECKOHEYHO YHCIa
OECKOHEUHO MAJIBIX CJIaraeMbIX. B TeueHHE HECKOJIBKMX BEKOB OJHU MAaTEMAaTHUKU
JOKA3bIBAJIM 3aMEYATE/IbHbIE TEOPEMBI C IOMOLLBIO OIPE/IEJIEHHBIX TAKUM 00pa3oM
TIPOM3BOTHOM M MHTETpaa, a ipyrue (BO3MOXHO, MEHee 3aMedaresbHple, HO 60-
Jiee IeaHTAYHBIE) UX CIIPABEIMBO KPUTHUKOBANIN 32 SBHYIO JIOTUYIECKYIO Iy TaHU-
11y, KOT/[a HEKOTOPBIC BEJIMYMHBI CHAYAJIa CYMTAIOTCS HE PABHBIMH HYJIIO, 4 TIOTOM
BCE-TaKy MIPUPABHUBAIOTCS K Hy/MO. (DTO Ja)Ke MCMOJIB30BAJIOCh KaK apTyMEHT B
¢mitocodekux cropax. Teostor k. bepkim counnmn namduier Ananumux, uiu
Paccyacoenue, adpecosarnoe negepyoweMy mamemamuky, 20e uccneoyemcs,
SGNSIIOMCSL U npeOMem, NPUHYUNGL U 3aKTIIOUEHUS] COBPEMEHH020 aHanu3a bonee
OMYEMAUBO NO3HABACMBIMU U C O4EB8UOHOCMbIO 8bIGOOUMBIMU, YeM DENUUOZHbIE
mauncmea u nonovcerus: gepvl. Cm. ero Couurenusi. M.: Muicib, 2000.)

Bcé 3TO «yCTakaHMIIOCHY JIMIIL HEJABHO (110 MCTOPUYECKUM MEPKaM): OIpe-
IeJIeHue Ipefea 0buio gano Konm s B niepBoil nostosuHe XIX Beka, cTporas
TEOpus JICMCTBUTEIRHAIX urcel Oputa co3faHa (HeaekmmmoMm, Beftepiirpaccom,
KantopoM — B HECKOJIPKO OTIMYAIONIMXCS BaprhaHTax) B KoHile XIX Beka, a 00-
mee (hOPMaIbHO-AKCHOMATUIECKOE TIOCTPOCHHNE MAaTEMATHKY Y*Ke OTHOCUTCS K Ha-
vasmy XX Beka. Ero ¢ pasHeIx TOYeK 3PEHMSI MHOTO KPUTMKOBAJIM, HO ITO0 KpaiiHei
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MEpe HEKOTOPasi SICHOCTb B TO, KAKUE PACCYXJICHUSI B MATEMATHKE [PUHATO Pa3-
pelaTh, a Kakye HeT, OblJla BHECEHA.

Bosspariasgch 0T HCTOpHU K LIKOJBHOMY Kypcy ajreOphl M Hadyajl aHansa,
3aMETHM B 3aKJIIOYEHHE, YTO II0CJIe HEKOTOPBIX IIOIBITOK BBECTH Ty[a XOTS OBl
DJIEMEHTEl CTPOIOIO W3JIOKEHUA (CKAXEM, OIpee/eHUe Npejesa) BCE 3TO Obl-
JIO 3a0POLIEHO, U TaM OCTAJIMCh JIMILL OOLIME Pa3roBOPhL O TOM, YTO BTO KAK-TO
MOXHO 00OCHOBATh, Jia IpocTeiiie NpaBuia AudepeHIIPOBAHNI U UHTET PU-
POBaHUS, IIPUTOJHBIE JIJI MEXAHUYECKOTO MCIOJIHEHNA.

Ho BooO1e-To 1ocjie HOCTPOEHU TEOPUX BELIECTBEHHBIX YHCE] MOXKHO CTPO-
IO ONPEIE/IUTh OKA3ATEIbHYIO (DYHKLHMIO. 3aTeM MOKHO JOKa3aTh, YTO OHA MPU-
HUMAET BCE ITOJIOKUTECJIBHBIC 3HAYCHUSA, U OIIPEAC/INTD HOFapH@MbI.

Jlasiee MOKHO CTPOro (M HE3aBUCUMO OT KypPCa I€OMETPUM) ONPEEJIATh CUHYC
U KOCHHYC, HO TaKUX IIOIBITOK B IIIKOJIBHOM Kypce, KaKeTcs, He ObLIO (M IeACTBH-
TEJIBHO, 5T0 UMEET CMBICT JIeJIaTh B XOJ€ U3YyYEHU MATEMATUYECKOTO aHAJIN3a, €
TIOMOIIBI0 OECKOHEYHBIX PSI/IOB).

15. Ot aBTOpa

He 3Hat0, MOBEPSAT JIM MHE YATATEIIN, HE 3ACTABIIME COBETCKOM BJIACTH, HO ObLI
TAKO CTPAHHBII XaHP: npu3ssisl. Ilepes npasqHuKaMu (TIepBoe Mas, CelbMOoe HO-
sI0psi, He IIOMHIO, OBUIO JIU 3TO IIepelt IPYTUMU IIPa3IHAKAMU, CKaKEM, BOCHMBIM
Mapra) oUIMAIbHO YTBEP:KAAICS U IIyOJIMKOBAJICA B raseTax TEKCT IIo7l HasBa-
nuem «Tpmswiser LIK KIICC x coserckum Tpyssmmmcsy.® JIIoGOMBITHEE MOTYT
HAHTH TOYHBIE TEKCTHI B APXUBAX, HO NPHUMEPHO OHU BBIVIAJC/IM TAK:

o Tpyxenuxu ceja! bopuTech 3a IOBLILIEHHE NPOU3BOAUTENIBHOCTH TPYa
B CEJIBCKOM XO3sIIICTBE U 3a BbINosiHeHYE [IpogososbcTeenHoit nmporpammel CCCP!

o Jlesitenn KyJibTypbll BeceMepHO yKpeIUIsIATE MHOIOHALIMOHAJIBHYIO COBET-
CKYIO KYJIbTypYy — HAIJMOHAIBHYIO 110 (hopMe M COLIUATUCTIIECKYIO TI0 CoepsKa-
HUIO!

W tak pajee — IOMHIO, UYTO TaKUX IIpU3LIBOB ObIBAJIO A0OBOJIbHO MHOI'O, 4y Tb
JI1 HEC HECKOJIBKO JIECATKOB, HO CTOJIBKO MHE IIO IIaMATU HC COUYMHUTD.

%A MOXET, «K COBETCKOMY HADOMY», 3TO OHUIO GOJiee WIM MeHee OHO W To ske. HeTpymsmme-
Csl IMEHOBAJINCh TYHESAIIAMA, W CJIOBO MyHesiOey He OBJIO HeoZOOPWTETEHHM BOPYAHNEM, 2 MMEJNIO0
opuudeckuii cmpici. OHO OBUIO B YrOJOBHOM KOJEKCE M 32 3TO (OTCYTCTBHE MCTOYHHKOB J0XO0AA,
TIPW3HAHHEIX JJOTTYCTAMEIMA COBETCKOM BJIACTBIO ) MOTJIM CYANTH. 1IMeHHO Tak OBUT CYINM W COCJIAH TI0-
5T Uocud Bpoackuit, u obauuuTe/bHas ra3eTHas CTaThs HasbiBatach « [yHes iy BO3Ja8TCs J0KHOEY .
Briocnesctevm, xorza Bpojackomy (ywke SMATPaHTy) TIPHCYAMIN HOOETEBCKYI0 MPEMWI0 TI0 JIMTEpa-
Type, Obl1 caenad 3 QeKTHHI [IaKaT-KOJUIAK: 3Ta CTaThs HOMeleHa psjaoM ¢ dororpadueii, rie
xopous [IBermm BpyqaeT BpoackoMy mouéTHEIE 3HAKM HOOEJNEBCKOTO Jlaypeata. [Ipl 3TOM 3aroJIoBok
CTaTBM CTAJ Kak OB MOATHCHIO K (oTorpadmm.
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B MOJAPAXKAHUEC — HECKOJIBKO IIPU3BIBOB K PA3HBIM KATCTOPHUAM U3YUAIOINX
" IIpEnoJaronx MaTEMaTUKY .

YBakaemble aBTOPbI YUeOHHUKOB!

B cBoém sxesaHuMM OBITH TOUHBIMH U CTPOrHMMH cobJogaiite mepy! He 3a-
OBIBAiTE, YTO MOMIMO CTPOTHX ONPEACIICHUI Y BEIeH eCTh HATJISTHBIN CMBICI,
a MOMIIMO M3YYCHHSI OIIPE/ICIICHII W TEOPEM €CTh PENICHUE CO/IEPKATEIBHBIX 3a-
naq!

VBaxaemble yuuress!

Bynpre peamictamu! He mbITaiiTech HAYYUTH CTPOTHM PACCYKICHUAM «KaK
cienyet» U «c camoro Havamay! He 3a0piBaitre, 4TO pellicHHE MOHATHBRIX 33729,
MyCTh C HCOCO3HAHHBIMU TIPOOC/IaMM, BaXKHEE 3ayUMBAHUS HETIOHSTHBIX OIpene-
JIEHWI U [IOKA3ATEJIbCTB!

VBaxaemble 3K3aMEHATOPbI!

He cyaute cTpOro mkoJIBHUKOB, MyTAIOMMXCS B TOHKOCTSX OMPEJC/ICHHH, HO
MOHMMAIOIMX HAIJISAHBIA CMBIC/ TIOHSATHI M YMEIOLIMX pemartsb 3agadu. Ilycts
TOT U3 BAC, KTO CHOCOOEH IOJHOCTBIO CTPOIO M3JIOKUTh MATEMATHKY B 0OBEME
HIKOJIBHOTO Kypca, IIEpPBBIA ITOCTABUAT ABOMKY 3allyTaBIIEMYCSl B OIIPEAEIICHUSIX
IIKOJIBHUKY!

Wi yX, eciiv BBl PENIVUIM (ITPUKOTIATHCSY K ompeneneHnsm (He fgait Bor!),
TO XOTsl Obl W3YYUTE BCE MMEIOLIMECS MOCOOUS 1JIs LWIKOJIbHUKOB M YYTHUTE, 4TO
IIKOJIbHMK MOYKET BOCIPMHMMATh [AHHBIE B HUX OIpezesieHUst (IyCTh U NPOTU-
BOpEYANIve JpyT APYyry) Kak WCTHHY B mocieaneidl uacranimu! (Bopodem, stmx
IIOCOOMIT CTOJIFKO M B HUX TaKOM pasHOOOM, UTO ATOT MPU3BIB CBOAUTCS K IIPE/IbI-
AyuieMy. )

YBakaemble IKOJIbHUKH!

Ecyu BBl He BO3BMETE B TOJIK, B UM TYT IpolJieMa W [M0YeMy IMPOCTHIX OT-
BETOB Ha IPOCTHIEC BOIIPOCH HEIOCTATOYHO, He BOHYMTeCh! CITIOKOMHO peruaiite
3agauu! (Ecsi BeI OyeTe MPOIOIKATh 3aHUMATHCST MATEMATHKOM, ITOCTEIIEHHO BCE
cTaHeT siCHO.) Ecnm BaM KaeTcsl, UTO BBI MOHSUIM, B 4éM TYyT NpobJemMa, U BU-
JIATE TIPOOENBl B PacCyK/JCHUSX CTapIINX TOBapuIeil, He 3a3HaBaiiTech! ByanTe
CHUCXOJTUTEIIFHEL ¥ TEPIUMEI K CBOMM (ITyCTh W HEJOMPOCBETIEHHBIM) KoJileram!
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16. IIpuGasjieHue: Apxume] U OafiKH 0 HEM

[Momumo TpyzioB ApxuMe[ia, COXPAHIUINCh M PAcCKasbl APYTUX aHTUYHBIX aBTO-
pos o HEM. Hagjo umeTs B BUIy, YTO 3TH paccKasbl — CKopee OaliKu, 4eM CBHIC-
TEJIbCKUE TIOKA3aHNsI, ¥ OIICHKA CTEMIEHN MX MPABAOINOA00Us — OJHA U3 CIOXKHBIX
3a7a4 UCTOPUYECKON Hayku. (3aTo MaTeMaTH4YecKue Tpydbl Apxyumesna — Bellb
OeccriopHasl, BblIyMaTh TaKOE HUKTO HE MOI' — IIPOCTO Obl HE XBATUJIO KBaJIM(U-
Karm!)

Bor uro mmmer uctopuk IlmyTapx B KM3HEOIMCAHUN 110JIKOBO/LIa MaplieJuia,
KoTOpHIiA ocaskaan Cupakyssl (ropos, rie Kw1 ApXuMe] W IpakJaHe KOTOPOTO
OBL/IM BO3MYILEHBI JIOXKHBIMH, 0O onucanuio [liytapxa, BecTsaMu):

(...) Torna MapueJui CO BCEM CBOUM BOWCKOM jiBuHYJICs K CUpaKy3am, pas-
OWJI JIareph HETOJAJIEKy W OTHPABIUI TIOCTIOB, YTOOBI T€ PacCKa3aId TPaK/TaHaM
mpapay o coonTisix B JleontnHax. Ho 3T0o okaszanock OecIiofie3HBIM — CHpPaKy-
3fHE, CPeIX KOTOPBIX HAMOOJIBIIMM BIIVSIHHEM TOJIB30BINCH CTOPOHHHUKY [Hrmo-
KpaTa, UM He Bepuid, U MapLeJl IPUCTYNUI K 0Cajie ONHOBPEMEHHO U € CYLIN
U C MODS: CYXOIyTHOE BOMCKO IMOBeJ1 ANmuii, 0o KOMaHA0I0 ¢ Mapuesia Obl-
JIV TECTHICCAT TIEHTEP, HarPY>XEHHBIX BCCBO3MOXKHBIM OPY>KVEM U METaTCIHHBIMU
cHapsaMy. Ha orpoMHSIi IIOITaBOK M3 BOCEMY CBSI3AaHHBIX JIPYT C JPYTOM CY/IOB
OH IIOCTaBUJI OCAJHYIO MAIIMHY U CTaJ HOJXOMUTh K CTCHE, TBEPAO IOJIArasch Ha
KOJIMYECTBO M IIPEBOCXO/JCTBO CBOETO CHAPSKEHHS, PABHO KAK M HA CJIaBy COO-
CTBEHHOro uMeHu. Ho BCE 3T0 OBLJIO COBEPLIEHHO OECCHIIBHO Nepea ApXUMEIOM
7 €r0 MalllFHAMH.

Cam ApxuMeq CYMTaJl COOPYKCHHIEC MalllMH 3aHATHCM, HE 32CIIY>KUBAIOIIIM
HH TPY/IOB, HM BHAMAHVSI; OOJIBIIMHCTBO MX IOSIBUJIOCH HAa CBET KaK OBI IOy THO,
B Buic 3a0aB reOMETpUH, W TO JIMIIb MOTOMY, YTO I[aph [WepoH u3 uecTomo-
Oust yOenun ApxuMeaa XOTb HEHAIOJIO OTBJACYb CBOE MCKYCCTBO OT YMO3DEHHIA
U, 00paTuB €ro Ha BELM OCHA3AEMbIC, B KAKOU-TO MEpE BOIUIOTUTb CBOIO MBICIIb,
COEJTMHUTH €€ C TIOBCETHEBHBIMU HYKJaMU ¥ TaKUM 00pPa3oM ciesiaTh bojee sc-
HOI ¥ 3pUMO#1 JIIs1 OOJIBIIMHCTBA JIO/IEH. 3HAMECHUTOMY M MHOTHIMH JIIOOMMOMY
VICKYCCTBY IIOCTPOCHHSI MEXaHWYECKHUX OPYAMI IMOJOXKUIM Havauxo EBmokc [ToT
CAMBII, KOTOPOTO YIIOMHHACT APXHUMEA B CBSI3M ¢ 00bEMOM KoHyca — A. L]
U ApXUT, CTPEMUBLIMECS CEJIATh T€OMETPUIO 00Jiee KPACUBOIM U IIPUBJICKATEJIb-
HOH, a TakKe C ITOMOINIBIO YyBCTBEHHBIX, OCS3a€MBIX IPHMEPOB Pa3pelmTh Te
BOIIPOCHI, /TOKA3aTEIbCTBO KOTOPBIX ITOCPE/ICTBOM OHHX JIMINb PACCYX/ICHUN W
YEePTEXEH 3aTPy/THUTEIPHO; TAKOBA IIPOOIEMa JIByX CPEAHHX ITPOIIOPIMOHATBHBIX
[B COBpEMEHHBIX TepMHHAax: TpeOyeTcsl [JIsl JAHHBIX OTPE3KOB @ M b HaliTH Ta-
KHC OTPE3KM X U Y, UYTO @ : X = X : ¥y = ¥ : b; 3T0 CBOAMTCA K OTBICKAHUIO
KyOMYECKOro KOPHS U He MOXKET OBITh CIEJIAHO IUPKYJIEM U JIMHEVKOM, KaK TOTO
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TpeboBala rpedeckas TpaauLus 3a4a4 Ha noctpoeHue. — A. I1L], HeoOxoaumas
COCTaBHAs 9aCTh MHOTHX 32714, /UL Pa3pelicHrs] KOTOPOil 002 IIPIMEHIIIN MeXa-
HIYECKOE MIPUCIOCOOICHNE, CTPOsI HICKOMBIC JIMHUM Ha OCHOBE JIyT' M CETMEHTOB.
Ho Tak xak Il1aToH HeromoBasd, ymnpekas MX B TOM, YTO OHHM T'yOAT JOCTOWH-
CTBO T€OMETPUH, KOTOPAsi OT OECTEIECHOIO M YMOIOCTUTAEMOTO OITyCKAaeTCsl JI0
YYBCTBEHHOTO U BHOBb COMPSTaeTCs C TeJaM{, TPeOYIOIMMH JJi CBOETO H3r0-
TOBJIEHUS JIUTUTEJIFHOTO Y TSDKEJIOTO TPy/Ja PEMECIICHHMKA, MEXaHHKa TTOJTHOCTHIO
OT/IEIIIach OT TEOMETPHUH U, C/ICJIABIIIIICH OTHOIO M3 BOCHHBIX HAYK, /T0JITOC BpeMs
BOBCC HE IIpUBJICKAIa BHUMaHUs (hrutocoun.

Mexty TeM ApxXmMe/ Kak-TO pa3 Hammcaj Hapio [repoHy, ¢ KOTOpPBIM OBUT B
Lpr)K6e U POACTBE, UTO JAHHOIO CHJIOIO MOXHO CIABUHYTb 000/ TaHHBIN rpys;
KaK COOOIIAIOT, YBJICUEHHBIN yOEIUTEIBHOCTBIO COOCTBEHHBIX JOKA3AaTEIbCTB, OH
J00aBWJI Cropstda, 910 Oy/b B €r0 PacIOpsDKEHMM JIpyrasl 3eMJIsI, Ha KOTOPYIO
MOKHO OBIJIO OBI BCTaTh, OH CABMHYJI OBl C MeCTa Hally. [MepoH u3yMmwics u 11o-
MIPOCHJI TIPETBOPUTH ATY MBICJL B JICHICTBHE W ITOKA3aTh KaKyIO-JIMOO TSXECTh,
MepeMelacMyI0 MaJIBIM YCHJIMEM, B TOTAa ApXUMe[| BeJiesl HAMOJIHUTb OOBIYHOM
KJIQJbI0 LIAPCKOE TPEXMAUTOBOE I'PY30BOE CYJHO, HEJABHO C OIPOMHBIM TPYJIOM
BBHITAIICHHOE Ha GEper 1eJI0I0 TOJIION JIIOAIEH, TTOCauiI Ha HETO OOJIBIIYIO KOMaH-
JIy MaTpocoB, a CaM CeJI TOO/TUTh U, 0€3 BCSIKOTO HAIPSDKEHUS BHITATMBAS KOHEIT
KaHaTa, IIPOIYIIEHHOTO Yepe3 COCTaBHOM OJIOK, IIPW/IBHHYJ K cebe Kopalsp Tak
MEJICHHO U POBHO, TOYHO TOT ILIBLT MO MOpIo. Llape ObuT mopaxkéH u, 0Cco3HAB
BCE MOT'YLIECTBO 3TOr0 MCKYCCTBa, yOenws1 Apxume[a MOCTPOUTb €My HECKOJIb-
KO MalllMH 7T 3allUTHl U JUTS HaIla/IeHusI, KOTOPhle MOTJI OBl IPUTOTUTHCS BO
BCSIKOM ocasie; camoMmy [wepoHy, mpoBe/nieMy OOJBIIYIO 9acTh JKU3HH B MHpPE
Y TIpa3HECTBAX, HE IPHIIIOCh BOCIOJIB30BATHCS MIMH, HO TEIEPh M MAIIMHBI U UX
M300peTaTesib COCITYKIJIN CHPAKY3sIHAM BEPHYIO CIIyKOy.

Wrtak pumsHe HaMa Iy C JBYX CTOPOH, U CUPAKY3sHE PACTEPAJINCH U IIPUTHX-
JIM OT CTpaxa, Mojaras, 4YTo MM HE4YeM CACPXKaTh CTOJIb Ipo3Hylo cwity. Ho Tyt
ApxuMe]] IyCTIJT B XOJ1 CBOM MAIlIVHEL, ¥ B HENIPHSITEIS], HACTYTIAIONIECTO C CYIIH,
TIOHEC/IVICH BCEBO3MOKHBIX PAa3sMEPOB CTPEJIBI M1 OTPOMHBIE KAMEHHBIC TJIBIOBI, Jic-
TEBIIVE C HEBEPOSITHBIM IIIyMOM M UyJOBHMIIHOM CKOPOCTBHIO, OHYM COKPYIIAJIN BCE
M BCEX HA CBOEM IYTH M NPHBOAWIN B PACCTPOIMCTBO OOEBBIE PSIIBI, & HA Bpa-
KECKHE Cy/la BAPYI CTAJIM OIYCKAThCsl YKPEIUIEHHBIE HA CTEHAX Opychsi M JIMOO
TOIMJIV MIX CJIOIO TOJTIKA, JINOO, CXBATUB YKEJIC3HHIMI PYKaMH WJTH KJIIOBAMU BPO-
JIc KYPaBJIAHBIX, BHITACKIBAIN HOCOM BBEPX M3 BOJBI, a IIOTOM, KOPMOIO BIIEpET,
IIyCKaJIA KO JIHY, JIMOO, HAKOHET, IIPUBCACHHBIC B KPYTOBOE JIBIDKEHUE CKPBITHIMU
BHYTPU OTTSKHBIMYM KaHATaMH, YBJICKAJIHM 32 CO00I0 KOPabiab UM, PACKPYTUB €ro,
IIBBLIPSIIA HA CKAJIBI U YTECHL y NMOAHOXKUS CTEHBI, 4 MOPSKM NMOTMOA/M My4u-
TEJBHON cMepThio. Hepenko B30pYy OTKPBLIBAIOCH YXKACHOE 3pEJIMINE: MOTHATHIA
BBICOKO HaJT MOPEM KOpabiIh PacKaumMBaJICsl B PasHBIC CTOPOHHI /IO TEX IIOP, IOKA
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BCE [0 MOCJIEIHETO YE€JI0BEKA HE OKA3bIBAJIMCH COPOLIEHHBIMU 33 OOPT WJIM Pa3He-
CEHHBIMU B KJIOUbs], a OIIyCTeBLIee CyJHO Pa30UBaJIOCh O CTEHY WM CHOBA MAJaJIo
Ha BOZly, KOI/la JKEJIe3HbIE YEJIOCTH Pa3KUMaJIICh.

Mammna, koTopyio Mapiiesul MOCTaBiI Ha IOIVIABOK W3 BOCBMH CY/I0B, Ha3bl-
BaJIach CaMOyKa, MOTOMY YTO OYEPTAHHMSIMH HECKOJIBKO HAMOMUHAIA STOT MY3bl-
KaJIbHBIII MTHCTPYMEHT; HE YCIIeJIa OHA NPUOJIM3HUTBCS K CTEHE, KaK B HEE MoJieTell
KaMeHb BECOM B JIECATh TAIAHTOB, 3aTeM — JPYroit u Tpetuit. C orpoMHOM CHJION
U OIVIyHITEJIBHBIM JISI3TOM OHH OOpYLIMIACH Ha MAllUHY, pas0mw ¢€ 0CHOBaHUe,
pacIIaTany CKperm. . .)

Mapresi1, He BH/Sl MHOTO BHIXOA, M CaM TIOCHEIIHO OTIUIBLI, U CYXOIMyTHBIM
BOIICKaM MPUKa3aJ1 OTCTYNUTh. Ha coBere ObLIO pelLICHO HOUBIO, €CJIM YAACTCS,
IIO/IONTU BIUIOTHYIO K CTEHE: CWJIA HATSDKCHMSI KAHATOB, KOTOPBIMHU IIOJIL3YETCS
ApxuMe[], paccyXJajld PUMJISHE, TaKOBa, Y4TO IIPUJIAET CTpeJiaM OOJIBLIYIO Jajlb-
HOCTb HOJIETA, U, CTAJIO OBITh, HEKOTOPOE IIPOCTPAHCTBO BOJIM3M IIOJIHOCTBIO 3a-
mumeno ot yaapos. Ho Apxmmern, mo-BuamMoMy, 3apaHee BCE NPEXyCMOTPEB,
MPUTOTOBIJI MAIIMHBI, PA3sIIKe HA JI000€ PACCTOSHUE, M KOPOTKHE CTPEJIb; TOJ-
Jie HeOOJIBIIMX, HO 4aCTO IPOOUTHIX OTBEPCTUIl B CTEHAX OBbLIM PACCTABJICHBI HE-
BUJMMEIE Bpary CKOPIIMOHBI C MaJIbIM HATSXKEHHEM, OBIOIIIE COBCEM OJIM3KO.

W BoT, KOrZa pUMJISIHE IOZOIUIA K CTeHe, KaK OHH IIOJIaTaJld, COBEPIICHHO
HE3aMETHO, MX CHOBAa BCTPETWJI I'Paj CTPEJI, HAa TOJIOBB MM IIOYTH OTBECHO IIO-
CHINMAJIMCh KAMHH, 4 CBEPXY OTOBCIOAY IMOJIETEJM JPOTHKU; W OHM OTCTYIIHIIM.
Korzna sxe oHM OKa3aJIMCh B HEKOTOPOM OTAAJICHUH, CHPAKY3sIHE OISITh 3aCHINAIN
UX CTpesIaMH, Iopaxkas OeryllMxX; MHOTUE IOTMOJIM, MHOTHE KOpaOJid CTOJIKHY-
JIACh, MEX TeM KaK OTIUIATUTb Bpary pUMJIsHe ObLIM He B CIUIAX: BeAb OOJIbIIAs
4acTh APXUMEIOBBIX MalIMH ObLIa CKpBITA 3a CT€HaMM, M PUMJIHAM Ka3aJIOCh,
YTO OHM OOPIOTCS C OOraMM — CTOJIBKO O€/l OOpYIIMBAJIOCh HA HUX HEBEAOMO
OTKYyZa.

Bripouem, Mapuesu1 BbILET U3 €13 HEBPEAUM M, IIOCMEMBASICH HAJ, CBOM-
MM MacTepaMl M MEXaHWKaMHd, cKasal: «He HoBOJIbHO JM HaM BOEBaTh C STUM
bprapeeM oT reoMeTpur, KOTOPBIA BHUCPIILIBACT M3 MODs Hallll CyJa, a IIOTOM
C TI030POM IIBBIPSIET WX ITPOYB, ¥ TIPEB3OIIE CKa30YHBIX CTOPYKHUX BEJIMKAHOB —
CTOJIbKO CHapsiioB oH B Hac mevetr! M B camoMm faesie, poune CrpakyssHE ObLIM
KaK Obl TeJOM ApPXUMEIOBBIX yCTPOHCTB, JYIUOKO K€, IPUBOJSILCIO BCE B JBU-
*eHue, ObUI OH OJIMH: JIMIIb €T0 MALMHBI 00OPOHSJIM TOPOT M OTPAaXKaJId HATHCK
HENpHATe)Is, TorJa Kak BCE OCTaJIbHOE OpYXKHUe Jiekaso Oe3 ABIDkeHus. B koHIe
KOHIIOB, BH/I, YTO PUMJISIHE 3aIlyTaHBl IO KpalHOCTH M 4TO, €/1Ba 3aMETHB Ha
CTEHE BEPEBKY WJIM KyCOK JIEPEBA, OHU MOTHUMAIOT OTYASHHBIN KPUK M ITyCKAIOT-
Csl HAyTEK B IIOJIHOM YBEPEHHOCTH, OyATO ApXMMEZ HABOIUT HA HUX KAaKyIO-TO
MallHy, MapLesisT OTKazajIcsl OT JaJIBHEHIIAX CTBIYEK W NPHUCTYIIOB, PElLINB IIO-
JIOXKUTHCS Ha BpeMs.
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Apxumen OBl YEJIOBEKOM TAaKOTO BO3BBIIICHHOTO 00pa3a MBICJIEH, TaKOH IJ1y-
OWHBI Ty 1 6OTaTCTBA HO3HAHMIA, 9TO O BEINax, JOCTABUBIINX €My CJIaBy yMa He
CMEPTHOTO, a OO’KECTBEHHOI'O [TO €CTh BOCHHBIX M MHBIX MexaHmsMax — A. II1.],
He MOXKEJIaJT HAITCATh HAYETO, HO, CUATASI COOPYKECHUE MAILIMH U BOOOIIE BCSIKOE
UCKYCCTBO, COINPHYACTHOE IMOBCEHEBHHIM HYKJIaM, HU3MEHHBIM U TPyOBIM, BCE
CBOE PBEHME OOpAaTW/I HA TAKME 3aHSTUSI, B KOTOPBHIX KPACOTA M COBEPLIEHCTBO
IIPeOBIBAIOT HE CMENIAHHBIMU C TIOTPEOHOCTSIMU SKM3HY, — 3aHATHS, HE CPaBHU-
MBIC HU C KaKVMW JIDYTUMH, IIPEICTABIISIONIAE COO0I0 CBOETO pojia COCTSI3aHC
MEX/Ty MaTepueil U JIOKa3aTeIbCTBOM, M B DTOM COCTSI3AHVM IIEpBast SBJISICT BEJIH-
uynre W KPacoTy, a BTOPOEC — TOUYHOCTh W HEBHIAHHYIO CHJIy: BO BCEH reOoMeTpuH
HE HaiTH OoJiee TPYJHBIX M CJOKHBIX 3a71a4, OOBICHEHHBIX MOCPEACTBOM OoJiee
MIPOCTBIX M IPO3PAYHBIX OCHOBHBIX MOJIOKEHMI. HexoTopele NMpUMUCHIBAIOT 3TO
[IPUPOJHOMY JIAPOBAaHMIO ApXWMesa, JPYyTHe K€ CUMTAIOT, YTO JIMNIG Oyaroja-
Pl OTPOMHOMY TPY/Iy BCE /T0 MaJICHINMX YAaCTHOCTEH y HEr0 KaXKETCsl BOSHVIKIIM
Jierko 1 0e3 Besikoro Tpyaa. CoOCTBEHHBIMH CHJIAMH BPSIZL JIM KTO HAi/IET TIpe/iya-
raeMoe ApXUMEJOM JIOKA3aTeIbCTBO, HO CTOUT YIJIyOUThCSI B HETO — U TOSIBJISA-
€TCsI YBEPEHHOCTb, UTO THI M CaM MOT OBl €r0 OTKPBITh: TAKUM JIETKUM U OBICTPBIM
IyTeM BeAET K nesm ApxuMen. Y Hesp3st He BEpUTh pacckasaM, OyJTO OH OBUT
TaHO 0YapOBaH HEKOEH CUPEHOH, He ITOKMJIABIICH €ro HA Ha MUT, a IIOTOMY 3a-
OBIBJI O THIIE U 00 YXOZE 3a TEJIOM, ¥ €0 HEPEJKO CHJION IIPUXO/IMIIOCH TAlllATh
MBITBCSI M YMAIAThCSI, HO ¥ B OaHe OH MPOIOJIXKAJ YePTHTh TeOMeTpUYIecKre (pu-
T'YPBL Ha 30JI€ O4Yara 1 Ja)Ke Ha COOCTBEHHOM TeJIe, HATEPTOM MAac/IOM, IIPOBOIMII
TIaJIbIIEM KaKWe-TO JIMHAM — ITIOUCTHHE BJJOXHOBJIEHHBIN My3aMu, BeCh BO BJIACTH
BEJIMKOTO Haciax/eHus. OH COBEpIIMI MHOXKECTBO 3aMEYATCJIBHBIX OTKPBITHIA,
HO IIPOCWJI JIpy3€Hl M POJICTBCHHUKOB IIOCTAaBUTh HAa €r0 MOTWJIC JIMIIb ITAIAH/IP
C IIAapOM BHYTPY U HAJINCATh PACYET COOTHONICHUS MX 0OBEMOB.

Takos Obl71 ApxuMe[; caM HEOJOIUMBIIA, OH, B TOI MepE, B KAKOH 3TO 3aBHCEJIO
OT HEro, CJIeJIaJI TAKUM K€ U CBOM IOpO/.

Ciyqutoch OTHAXK/THI, 9TO B IUICH K PUMJISTHAM TIOTAJI criapTaHen Jlamuri,
meBImMi 13 CUpakys3; CHPaKys3sHe XOTEH €T0 BRIKYINTh, ¥ B X0/ IIEPETOBOPOB,
MOTPeOOBABIIMX YaCTBIX BCTped, Mapliess1 o0paTiil BHUMAaHME HAa OJHY OallHIo,
OXPAHSBILIYIOCS HEAOCTATOYHO OIMTEBHO M CIIOCOOHYK) HE3aMETHO YKPBHITh HE-
CKOJIBKO YE€JIOBEK, TAK KAK IOJJIe He€ HETPYAHO OblIO B300paThCcs Ha creny. Ilo-
CKOJIBKY TIEPETOBOPHI BEJIUCH HEBAJIEKEe OT OalllHW, yJaJIOCh JOCTATOYHO TOYHO
OIIpE/IeJUTh ¢€ BBICOTY, W BOT, IIPUTOTOBUB JIECTHUITY U JOK/ABIIHACEH JTHS, B KO-
TOPHIIl CHPAKy3sIHE, CIIPABJIAA Mpa3THUAK JWaHbl, IPEAABAINCH MBSHCTBY M Pas-
BJICUCHUSIM, MapLiesisT He3aMEeTHO /ISl HENPUATEJIST He TOJIBKO OBJIa/Iesl OallTHel,
HO el€ JO PaccBETa 3aroJIHAI CBOMMM BOMHAMH BCIO CTEHY I10 00€¢ CTOPOHBI OT
He€ M mpoOwiicst ckBo3b ekcammipl. Korma ske crpakyssHe HakoOHeI[ 3aMeTH/IN
Bpara M Cpeiy HUX MOHSIACh TPEBOTA, OH IIPHKa3al IOBCIOY TPYOHUTH B TPYOHI
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U 3TUM OOPaTU/I NPOTHBHUKA B OECNOPSIOYHOE OErCTBO: OCAKAEHHBIC B Y)Kace
PEIIUIH, 9TO BECh FOPOJ YK€ B pyKax puMJyistH. Ho oHM emié Byrasieny caMbIM Kpa-
CHBBHIM, OONIMPHBIM U JIyIIC JIPYTHX YKPEILUICHHBIM KBapTajioM — AXpajuHOH,
[IOTOMY 9TO STOT KBapTaJl ObUT OOHECEH 0COOOI0 CTEHOM, IIPUMBIKABINCH K CTEHAM
BHEIHEHN yacTu ropoaa (0Ha 4acTh €ro HasbiBajlack HeanoJib, apyras — Tuxs).

C pacceeroM Mapliie/u1, COITPOBOXIACMBII TT03JPABJICHUSIMU CBOMX BOEGHHBIX
TpUOYHOB, 4epe3 lekcanmipl crycTwics B ropod. [oBopsT, YTO, IS CBEPXY
Ha Cupaky3bl U BT MX KPAacoTy W BEJIMYME, OH JOJITO IIaKajl, CocTpanas Ips-
Jynieil ux cyp0e: OH JyMal O TOM, KaK HEy3HABAcMO HEIPHATEIIBCKUI Tpadéx
M3MEHHUT BCKOpe nx OO/MK. Benp He OBLIIO HM OHOTO HAYAJIbHUKA, KOTOPBIA OBl
OCMEJIUJICS BO3PA3UTh COJIAATAM, TPeOOBABLIMM OTAATh UM IOPOA Ha pasrpalsie-
HME, 3 MHOTME U CaMM IIPUKA3BIBAJIM Keub M paszpywars sce noxapsg. Ho rtakue
peurt Mapriesut penmTelIbHO TIPecéK M JIMIIL C BEJIMKOI0 HEOXOTOH Jai paspelie-
HHE CBOVM JIOSIM ITOKUBHUTHCSI UMYIIECTBOM M pabaMH CHpaKy3sH, CBOOO/THBIX
5K He BEJICJI TPOTaTh M MajblieM — HU yOUBAaTh X, HM OeCYeCTHTh, H 00paIaTh
B padbctBo. U BCE ke, 0OHAPYKHB, Ka3a/10Ch OB, TAKYI0 YMEPEHHOCTb, OH CUMTAJI
cyp0y ropoja SKaJIKOH M IUIQUEBHOM M JIa’KEe B 3TOT MUI BEJIMKOH PAJOCTH HE
CMOT CKPHITh CBOEU CKOPOW M COCTpajiaHWs, MPEABU/ISA, Y9TO B CKOPOM BpPEMCHU
BECh 3TOT OJIECK M NPOIBETAHME MCUE3HYT O¢3 ciea. Toopst, uro B Cupakysax
J00BI9M HAOpaIoCch HE MEHBIIE, YeM BIIOCJIEICTBHM Iocie paspyuieHus Kapdare-
Ha, 10O COJIAATHL HACTOSJIM HA TOM, YTOOBI M OCTABIIASICS YACTh TOPO/A, KOTOPAs
BCKOPE MaJjia M0 BUHE M3MEHHUKOB, ObLIa pasrpalieHa, U JIMIIb O0raTcTBa LAPCKOIMA
COKPOBHIITHMITH TIOCTYITIUTM B Ka3HY.

Ho 6osee Bcero oropumta Mapiresuta rubesns Apxumena. B Tot yac Apxumen
BHHMMATEJIPHO PA3IIA/IbIBAT KAKOH-TO YEPTEX M, JYIIOIO M B30POM IOTPY>KCHHBINA
B CO3€pLIAHHUE, HE 3aMETWJI HM BTOPXKECHUS PUMJISH, HHM 3aXBaTa ropoja: KOrja
BAPYI HEpEl HUM BBIPOC KAKOH-TO BOMH M OOBSIBIJI €My, 4TO €ro 30BéT Map-
eI, ApXUMesl OTKA3aJICs CJIEIOBATh 33 HUM [0 TEX II0p, HOKa HE JOBEAET 10
KOHIIA 32/1a9y 1 HE OTHIIET JI0Ka3aTeIbCTBA. BOMH paccep/mics 1, BHIXBATHB MY,
yomi ero. Jlpyrue pacckasplBaioT, 9TO Ha HETO Cpa3y OpOCWICS PUMJISHUH C Me-
4oM, ApXuMes K€, BH/IS, 9TO TOT XOUET JIMHINTh €0 >KM3HW, MOJIMJI HEMHOTO
MO/IOKaTh, YTOOBI HE MPULLIOCh OPOCHTH MOCTABJICHHBI BOIPOC HEPA3PEIIEH-
HBIM M HEHMCCJICJOBAHHBIM; HO PUMJ/ISIHUH YOHJI €ro, He oOpaTuB HU MaJeHIlero
BHMMAaHWS Ha 9TU MPOCKOBI. ECTh emeé TpeTnit pacckas o cMepTH ApxuMena: 6yaTo
OH HEC K MaplieJily cBoM MaTeMaTIYCCKUE TIPHOOPHI — COJIHCYHBIC Yachl, 1IapHl,
YTOJIBHUKY, C IIOMOIIBIO KOTOPBIX M3MEPSI BEJMUMHY COJIHIIA, 2 BCTPETHUBLINCCS
€My COJIAATHI PEIIMJIM, YTO B JIAPLIE y HETO 30JI0TO, ¥ yMepTBUIM ero. Kak Owl
3TO HU NPOM3OLLIO HA CaMOM JIejIe, BCE COIVIACHBI B TOM, 4TO Mapuesia Obu1
OYEHb OIECYAJICH, OT YOWIIIBI C OMEP3eHUEM OTBEPHYJICS KAk OT IPECTYIHUKA,
a POJICTBCHHUMKOB ApPXMMe/a Pa3bICKaI M OKPYKWI TIOYETOM.
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(Iliyrapx. Cpasnumensnble srcusHeonucanust B JByX toMax, M.: Hayka,
1994. Uznanue 2-e, ucnpasieHHoe u aonoiHeHHoe. Tom . Tlepeoa C. I1. Map-
ki, odopaboTka meperoaa C. C. Apepurriena, npuMedanns M.JI. Tacnaposa. 13-
manue noaroroswsu C. C. Asepunues, M. JI. Iaciiapos, C. I1. Mapxkuiir. )

B 3ToM pacckase moyunTesibHO MHOTOE. M TO yBaskeHHe M MOHMMAHHE, C KO-
topeM [LimyTapx roBopur 0 Marematuke (XOTs BCE )K€ BKJIIOYACT Pacckas 00 Ap-
XUMeJle B KU3Heolmcanue Maplieliza, a He Hao0OpOT, Kak ObUIO OBl €CTECTBEH-
HO) — MaJlo KTO M3 COBPEMEHHBIX «I'YMaHMTAapuUeB» MOI OBl HAIUCaTh TaKoe.
W uapp Tuepon, KoTopblit He ObLI AyPAKOM U HE CTaJI IPU3bIBATH ApXUME/A B ap-
MUIO UM HPE3pUTEIbHO 003biBaTh «kudapetom».'® U «uenoseveckuii pakropy —
KOIJa B J€JIO BCTYIHAIOT «IIbSIHCTBO M DPA3BJICUCHUS», MATEMATUYECKUC MALUMHBI
He romoraroT. V1 HpaBbl apMUM II0 4acTH yOMIICTB, Ipabeskeil U pazdoeB, MaJIo
M3MEHUBIIMECS 3a [Ba ThICAUEJIETHSI.

B npenuciaosin k m3aanmio TpyaoB Apxumena BecesoBckuit IpUBOANT M /1BA
Oosiee paHHMX pacckasa o ToM ke coOntun (Ilosmous u Tura Jlusms), BuguMO,
0oJiee TOUHBIX, HO MEHEEC KPAaCOYHBIX.

Emé omma sHaMeHnTas Oaiika Ipo ApXpMeTa BOCXOIUT K pacckaszy BuTpyeus
(Uecamv kHue 06 apxumexmype. Ileperon ¢ nat. @. A. [lerpoeckoro, M.: Uszna-
TEJIbCTBO AKAJIEMHUM APXUTEKTYPEI, c. 171172, Beryruienne k Kunre eBsiToit):

9. Uro xe J0 ApXI/IMe[[a, TO W3 BCECX €r0 MHOI'OUMCJICHHBIX U 3aMCYaTCJIb-
HBIX OTKPHITHI ITPUBO/IIMOE MHOIO SIBJISIETCS, HECOMHEHHO, JTOKA3aTeIhCTBOM IIpsI-
MO-TaK{ OE3TPaHIYHOlN €r0 M300peTaTeIFHOCTUH. A WMEHHO, Korja [wepoH, o-
CTUTIIVIA ITAPCKOM Bi1acT B CHpaKy3ax, MOCIe Y/IaqHOr 0 3aBEPUICHIS CBOMX IIPe-
MIPUSATHIA, PEIIFJI TI0 00eTy OecCMEpTHBIM 0OTaM IOMECTUTh B OJHOM M3 XPaMOB
30JI0TOM BEHeLl, OH 3aKazajl CAeJaTh €ro 3a ONpPeJe/ICHHYIO IIATy U OTBECHJ
HY’KHOE KOJIMYECTBO 30/10Ta HOAPSIUMKY. B Ha3HAUEHHBIN 110 JI0I0BOPY CPOK TOT
TIOCTABWJI 11apIo TOHKO WCIIOJHEHHYIO padoTy, B TOYHOCTH, BUUMO, COOTBETCTBO-
BaBIIYIO BECY OTIIYIICHHOI'O Ha He€ 30JI0Ta.

10. Tlocae e TOro kak ciesiaH OBUI JOHOC, YTO YacTh 30JI0Ta OBIIA yTae-
Ha W IIpY M3IrOTOBJICHNN BCHIIA B HETO ObLIO MPUMENIAHO TAKOE K€ KOJIMIECTBO
cepedpa, [mepon, Heroays Ha HaHECEHHOE €My OCKOPOJIEHME U HE HAXO[s CIIO-
coba JJoKa3aTh ATy MOKpaxKy, 0OpaTwiIcs K ApXuMeny € ITPOCHOOi B3sITh Ha ceds
paspelenue 3Toro Borpoca. Cilydqmiioch Tak, 9TO B TO BpeMs Kak Apxumen Haj
STHAM /TyMaJI, OH IONIES B OAHIO M, CajsCh B BaHHY, 3aMETWJI, 9TO YEM IJIyOxXe
OH IIOTPY’XaeTcd B He€ CBOUM TeJIOM, TeM OOJIblie depe3 Kpail BHITEKAeT BOJBL.
M Kak TOJIBKO 3TO YKA3aJI0 eMy CHOCO0 pa3pelleHus ero BOIpoca, OH, He MeIs,

10Kuchapa — ApEBAMin My3HKATHHE HHCTPYMEHT, HEMHOTO TIOXOKHI Ha Hally Gajaiaiky.
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BHe ce0sl OT PajOCTH, BBICKOUMJI M3 BaHHBI M TOJIBIA Opocwica K cede JOMOiA,
I'POMKO KpH4Ya, 4TO HAIIES TO, YTO MCKAJI; MO0 Ha OEr'y OH TO U J€JI0 BOCKJIULIAI
HO-TPEYECKI: «IBPHKA, SBPUKA».

11. Toraa, UCXoas U3 3TOrO OTKPHITUSA, OH, TOBOPAT, CAeJIaJl ABa CJUTKA O/H-
HAKOBOTO BEca C BEHLIOM — OJAMH W3 30JI0Ta, JApYyroit m3 cepedpa. Caemnas 3710,
OH B351J1 OOBEMUCTHIN COCY/l, HAMOJHUJI €r0 JI0 CaMbIX KPaéB BOJIOM M OIMyCTHIJI
B HETo cepeOpsHBIA CJIUTOK, IIPY IOIPYKEeHUHA KOTOPOT'o BOZIA BEITEK/IA B KOJIIMYE-
CTBE, PaBHOM BEJIMYMHE CIATKA. BBIHYB 3aTeM CIIMTOK, OH [JOJIAI BOJBI, OTMEPUB
e€ cexcrapueM, Tak, 4ToObl OHA OILTh CPaBHSUIACH C KPasMU, Kak U paHblie. Tak
OH OIIPE/IeJINII, YTO Cepedpo IO BECY COOTBETCTBYET M3BECTHOMY KOJIMUECTBY BO-
OBl

12. TlpopesaB 3TOT OMBIT, OH MOJOOHBIM € 00pa30M OIyCTHJI B HAIIOJHCH-
HBII COCYJL 30JI0TOM CJIMTOK MM, BBIHYB €I'0, HAIIEJ HOCPEACTBOM IPEXKHETO W3-
MEpEHHUs, YTO BOJBl YOaBUJIOCH HE CTOJIBKO €, a MEHbIIE, HACKOJIBKO MEHBIIE
OBITT 0OBEM 30JI0TOTO CJIMTKA CPABHUTEJIFHO C PABHBIM €My 10 BECY CEpPEOpSHBIM.
Ilocie e 3TOro, BHOBb HAIOJIHMB COCYJ U OIMYCTUB B TO K€ KOJMYECTBO BOJIBI
CaMBIil BeHell, OH HAUIEN, YTO BOABI BBITEKJIO 0OJIBIIE, YeM IIPU HOIPYXEHUU 30-
JIOTOTO CJIUTKA TaKOT'O e Beca; M, TAaKUM 00pas’oM, HCXOId U3 TOrO, YTO BEHell
BBITECHIJI OOJIBIIEC BOJBI, 9eM CJIMTOK, OH IIOKa3aJl LIPUMECh B 30JI0Te cepebpa
1 OOHAPY>KIWI IOKPAXy NOJAPIIUMKA.

Jlpyroit epeBo MMeeTcs B KOMMEHTApHsIX BecesIOBCKOTo K M3AaHUIO TPY/IOB
Apxumena Ha ¢. 579; cTpaHHBIM 00Pa30M BMECTO MCTOPUM C JOHOCOM TaM I'OBO-
PUTCSI, 9TO «IIPY WICTIHITAHUM HA TIPOOMPHOM KaMHE OKa3aJIoch, YTO MacTep JacTh
30JI0T2 3aMeHIT cepedpomy. 1o TIOBOTY 3TOI MCTOPHH MOXKHO 3aMETHTH €IIE JIBE
BELIM:

® HIKAKOI'0 OTHOLIECHMsI K 3aKOHy Apxumena (IO KpaifHeil Mepe eciu JeJio
00CTOSJI0 UIMEHHO TaK, KaK MuuieT BUTpysuit, u ApxuMmesn He B3BCIIMBAJ IOTPY-
>KEHHBIN B BOJTY BEHEIT) OHA HE MMEET, pedb UIET IIPOCTO 00 Ompe/iesieHn 00bEMa
10 KOJIMUECTRY BBITECHCHHOI BOJIHI;

® CyJs 110 PTOMY TEKCTy, BuTpyBuit He OBLT OOJIBIIIM 3HATOKOM padboT Ap-
XHUMe/Ia, UHA4Ye OBl OH HEe BHIOpaJ OBl M3 BCEX €T0 JOCTIHKEHHH (JI0CTATOYHO TPO-
CTYIO) M/CI0 U3MEPEHHUsI 00bEMa Tesla MOrPYKEHUEM B BOAY.

Hpyrue Oaiiku 1po ApxuMea, B YaCTHOCTH HCTODHSL O TOM, KaK OH CXET
PUMCKHI (UIOT C IIOMOIIBIO 3€PKajl, OTPaKABIIMX COJIHEYHBIA CBET, €LI¢ MEHEe
JOCTOBEPHBL — BPO/IE Obl OHM MOABJISIOTCS JIAIIL B PACCKa3aX aBTOPOB, KUBILIMX
4Yepe3 MHOTO BEKOB mocjie Apxumena (B 4acTHOCTH, He ynomuHAaOTCs y [losm-
6ust, Jluust u [limyrapxa). PacckaseiBaroT Takske 0 Hacoce AJIsl BOABI («apXUMEIOB
BUHT»), 00 «apXUMETOBOM DbIUare», ¢ IOMOLIBIO KOTOPOrO ApXume SKOOBI 00e-
IMaJI MONHATH (IepeBEpHYTh, CIBHHYTH) 3€MIIIO, €CJIHM €My JaTb TOYKY OIOPEI
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(cm. nurary w3 Iliyrapxa), HO Kakue peasibHble MEXAHU3MbI IOJIOKWJIM HAYas10
STHAM PaccKaszaM, CyJUTh TPYJHO — JIa U OIMCAHKUs BOCHHBIX MEXaHIM3MOB B TEKCTE
Il1yTapxa Bpsil JIM MOXXHO CUHATATh JOCTOBEPHBIMU.

Ectb oHa coBceM 3arajjouHasl NCTOPHsl, CBsI3aHHAs ¢ APXMMEIOM — 3TO €T0
«agada o OBIKax», M3JI0KEHHAsI B BUJIE CTUXOTBOpeHus. B neperoae Becemosckoro
3TO CTUXOTBOPEHHUE 3BYUMT TaK:

3AJAYA,
KOTOpYI0 ApXUMe]] HAllE/l B SIIUTPaMMax U IMOCJIaJl Ha pa3peLicHue
3aHMMAIOIMMCSI TT0I00HBIMU BOIIPOCAMHU AJIEKCAHPUICKUM YIEHBIM
B NocslaHuM K DpatoceHy KupeHckomy

CkoJsibko y CoJiHua ObIKOB, Haii/I [UIsl MEHSI, YyXeCTpaHel|
(Tel ux, mOyMaB, CUMTAll, MyJPOCTH €CJIA HE 4yX[),

Kak na noJisix Tpunakpuiickoit CULIMJIUM OCTPOBA TYYHBIX
Vix B 4eThIpEX CTaJaX MHOTO KOTJa-TO MacjocCh.

LIBeToM CTajia pasidyayiuch: OJIUCTAJIO OJHO MJIEYHO-OEJIbIM,
TEMHOI MOPCKO#T BOJIHBI CTa/la IPYroro ObLI IIBET.

PeixuM TpeTue OblIO, TocieHee NECTPLIM. 1 B Kaxa0M
Crajie ObljIa CaMIIOB MHOXKECTBOM TsDKKasl MOLIb,

Bcé ke xpaHsi COpa3sMepHOCTb TaKylo: IPEACTaBb, Yy KECTPAHell,
BeJibix uncio ObIKOB B TOUYHOCTH OBLJIO PaBHO

TEéMHBIX OBIKOB IIOJIOBUHE U TPETH U MOJHOCTBIO PHDKUM;
TéMHBIX ObIKOB YETBEPTH OBLJIO PABHO

IMEcTphIx ¢ MPUOABJICHHOM MATON U TAKXKE MOJHOCTBIO PBIKUM;
IM&cTpoii ke mepcTh OBIKOB TaK CO3EPIAN YKUCIIO:

Yactu miecToit U cebMoit 0T cTajia ObIKOB CepeOpHCThIX
Taxke ¥ PBDKUM BCEM Thl X YUCJIO TIOPABHSIIA.

B Tex xke craziax KOpoB ObUIO CTOJIBKO: YUCJIO OesIOMEPCTHIX
B ToyHOCTH OBLIIO PABHO TEMHOIO CTaJa BCETO

Yacty 4eTBEPTOI U TPEThEl, KOJIb CJIOXKHUIIL Thl 00€ X BMECTE;
TEMHBIX YMCIIO KE KOPOB 4aCTU YETBEPTOH OIATH

[TécTporo craga paBHSIIOCH, KOJIb MATYIO JOJIO J100aBHIIb
W tyna ke OBIKOB B 00llee CTa0 NPUUTEIIb.

Te ke, ubst nécTpas WEPCTb, PABHOUMCJICHHBIM MHOXECTBOM ObLIN
Popkero crajia yactsiM OSTOM U C HEIO 1IECTOM.

PBDXMX KOPOB K€ CUMTAJIOCh KOJUYECTBO PABHBIM IIOJITPETU
bestoro craa Bcero ¢ 4acTuio B3SITOM CEAbBMOIA.

Ckosibko y CoJsiHIIa ObIKOB, 4y>KECTPaHel, KOJIb TOYHO Thl CKaXKelllb,
Ham pa3nesibHO Ha3BaB TYYHBIX OBIKOB UHCJIO,

Tak >ke pa3/iesIbHO KOPOB, CKOJIBKO KaXXJ0r0 IBETa MX ObLIO,
He Ha30BET HUKTO B ymMCJIaX HEBEXIOM Tebs,

Bcé x k MyzpenaM NpUYUcieH He Oy/elb. YUTH XKe, TOXaJIyi,
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CaoiicrBa Takoe eié CoJiHlla ObIKOB YUCJIA.
Ecym Obik0B cpeOpOIIEPCTHIX Thl C TEMHBIMUA BMECTE CMEIIACIIh
Tak, 4TOOBI TECHO OHM CTaJIX OBl B MDD U B JIJIUHY
Mepoio paBHO#, TOrAa HA OOWMPHBIX M0JIsIX CUIMIIMACKUAX
[110THBIM KBaJPATOM OHY IUIONIAAL OOJIBIIYIO 3aHMYT.
Ecym ke pbDKUX U MECTPBIX B OHO CMEIIAECIb Thl CTA10,
JleCeHKO# CTaHyT OHM, CYET C €IMHUIIBI HAYaB,

Tak uro (pUrypy OHM TPEyroJibHyl0 HaM 00pasyioT;
LIBeTa uHOro OBIKOB HET HaM HYX/bI JOOABJIATS.

Ecymm TbI 5T0 Hali€1Ib, Yy>KECTPaHELl, YMOM IIOPACKUHYB,
W cMoxens TOYHO Ha3BaTh KAXJIOT0 CTafa YUCJIO,

To yxomu, BOTOPAUBIIKCH TO0EI0, U Oy/leT CUMTAaThCS,
Y10 B 9TOH MyJpOCTH ThI BCE 0 KOHIIA IPEB30LIE.

OT1OoT TeKCT, KaK pacckaspiBaioT M. H. BecesioBckuil M cOBpeMeHHbII Mare-
MaTuk llan Vardi (American Mathematical Monthly, tom 105, ampens 1998,
c. 305—-319) omnyomikosaut B 1773 rogy HeEMEIKWIA IpaMaTypr B KpuThK Jleccrar
BMECTE C JIPYI'EM (TakXKe CTAaPUHHBIM) TEKCTOM, COZEPKAIIM HEIIPABUJIBHOE pe-
meHue. Pycckuit mepeBosl BecesioBCKOro He CIMIIKOM SICEH, TTO3TOMY IPHBEAEM
TAKKE U YPABHEHUSI, JAHHBIC M B KOMMEHTAPUSIX (IIPOIHCHBIC M CTPOYHBIC OyKBHI
COOTBETCTBYET OBIKAM U KOPOBaM):

X=0/2+1/3)Y +Z
Y=Q0/44+1/5T+Z
T=Q/6+1/1)X+Z
x=1/4+1/3)(Y +y)
y=0/4+1/5(Z + )
z=01/64+1/7)(X + x)

K »Tum ypasHeHusiM, muier BecesioBCKuiA, MprOABJISIOTCS €lIE TaKUE YCJI0-
Busa: X + Y paBHO KBagpaTHOMY uuc/1y (€CTh TOYHBIA KBaApaT), a Z + T paBHO
TpeyrosbHOMy wmciay (cymme Buma 14+2+3 4+ ...+ N).

YpaBHeHHSI caMy TI0 cebe He TaK CJIOXKHBl — OHM JAloT JIMHEHHYIO CBSI3h

MEXAY HEU3BECTHBIMHU, U PEIICHUA B LEJIBIX YUCJIaX 6y[[yT KPaTHBI MUHUMAJIBHOMY
PEHICHUTIO

(10366482, 7460514, 4149387, 7358060, 7206360, 4893246, 5439213, 3515820),

KOTOpO€ IIPUBOJUTCS — W coBIanaeT — y Becenobckoro m Bapam. Pemenue,
MPUBOJMMOE B OIyOJIMKOBAHHOM JIECCHHIOM JOTMOJIHEHNH, MOJIy9aeTCsl U3 3TOTO
Habopa yMHOXeHHeM Ha 8§0. Tak 4To aBTOPOB 3TOr0 PELICHHUs, COIVIACHO ApXuMe-
1y, HIKTO He HAa30BET HEB&XJAMH B 4ic/Iax. Ho U k MyapeliaM OHM IIPHUKCICHED
He OyZlyT: pellicHUE He YITOBJIETBOPAET OCTABIIMMCS YCJIOBUAM.
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JlaJjiblile HAYMHACTCSI COBEPLICHHO 3ara/IoYHAsi UCTOPHSL: YUET JBYX IOCJICAHUX
YCJIOBHI IIPUBOJMT K ypPABHCHHIO

k% — 472949417 = 1.

YpaBHEHUE TAKOrO BUjIA (k2 — dI?> = 1 i nenbix d) HasHBAOT ypaeHeHuem
Ilennsa (c nérroit pyku Diliepa, KoTopslit nepernyTai [lesuis ¢ gpyrum aHrmi-
ckum marematnkoM XVII Beka, xoroporo 3saam William Brouncker n xoropsiit
JECUCTBUTEIFHO 3aHMUMAJICS STAM ypaBHeHHeM). Hukakux cyiefioB Toro, 4ro Ap-
XUAMEJT WIK €T0 JIPEBHETPEYECKHE KOJUIETY YMEJIM PEIIaTh 3T0 ypaBHEHHE (IIOMUMO
3a/1aun 0 ObIkax) HeT. Bosiee Toro, Aake W 3Hass METOJ PEIICHVS TaKUX YpaBHE-
Huit (OH OBLI HaliieH BpyHKepOM, HO 3a LIECTh BEKOB /IO 3TOTO TOT K& METOJ
3HAJIM VMHAWNCKUE MATEMATHKH), HAWTU PEIICHUE STOr0 KOHKPETHOTO ypPAaBHEHUS
HEepeaJIbHO — Kak BbuMCIIIM B XIX Beke, 4uc/I0 ObIKOB 3amuceiBaeTcst 206545
1mdpamvu. [1pu TakoM KoJ9IecTBe 1WIPP, €CTECTBEHHO, TTOJHBIN OTBET MOT' OBITH
TOJTy4YeH JIVIIh C TIOMOIIBI0 KoMIbioTepa (B 1965 roay). A 10Ka3aTesIbCTBO, UTO
pElICHHE Yy TaKUX yPaBHEHMI BCEIJa €CTh, OBUIO ITOJIydeHO JlarpamkeM U OILy-
OJIMKOBaHO B TOM ke camoMm roay (1773), uro u 3amertka Jleccunral

Kak 310 BCE moHMMAaTh, OCTAETCs 3aralouHbIM. TPYIHO MPEACTaBUTE CeOe, UTO
Apxumes (MM KTO-TO JIPYTON) COCTABWJI 3a/1ady HAyTraj, He MBITasICh €€ PENIUTh,
TeM OoJiee UTO OIVICAHVE TPYJHOCTH JIBYX YacTEH 3aadu BIIOJIHE ajekBatHo. (M1
YK COBCEM CTPaHHO, YTOOBI TO OBLIO PO3BIIPHILEM CO CTOPOHHI JleccuHra; axe
€CJIM OH CMOT BHIYMC/IUTh YACTHYHO TIPABILIBHBIN OTBET — 3a4eM ero myomim-
koBaTh?!) Taxxe MaJOBEPOSATHO, YTOOB APXMMEA 3HAJT KAKOW-TO HEHM3BECTHBIN
HBIHE METO]| PELICHUsSI YPABHEHUS, K KOTOPOMY CBOJMTCS 3a]a4a, a BCE MU3BECT-
HBIE METO/BI TIPUBO/AT K CJIMIIKOM CJIOKHBIM BBIYUC/ICHUAM. MOXeT OBITh, OH
OBLI YBEPEH B CYIICCTBOBAHWM OTBETA, XOTS HE YMEJ €r0 BBHYMACIATH — 32 IIa-
Py THICSTUesIeTHIT 10 AokasaresbcTsa Jlarpamka? Emé npeamnosaraim, 4ro ciiosa
0 KBaJIpate, 0OPa30BaHHOM OBIKAMH, HE HY>KHO TIOHUMAaTh OYKBAJIBHO — JIECKATh,
IIMPUHA ObIKA MEHBIIE €r0 JJIMHBI, U IOTOMY OBIKM OOpa3syIOT KBaJpaT, HO 4UCJIO
OBIKOB TIO JIByM CTOpOHAaM KBajpaTa pasHoe. XOTS ATO U YyIIpoIIacT 3aaady, HO
JIeJIaeT MepBoe €€ yCJIOBYE HEJICHBIM: YFICIO OBIKOB JIOJDKHO Pa3jlaraThCs B IIPOM3-
BEJICHHE JIByX MHOXKHTEJIEH, OTHOCSIIMXCS IPAMEPHO KaK JIJIMHA ObIKA K IIMPHHE,
TaK YTO U B 3TO MOBEPUTH TPY/HO.
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