Tononorusa 9: HakpeiTua 'anxya Muma Bep6unkmit

Jl1s1 3adeTa O KaykIOMY JIMCTKY AOCTATOYHO CAATh BCE 3aJa9M CO 3BE3I0YKAMU, OO BCe 33, 1a9K
0e3 3Be31049eK. 3a/1a4u ¢ ABYMS 3Be309YKaMU MOXKHO He ¢1aBaTh. CIaBIIuM k 3a/1a4 C JIByMs 3B€3/104-
KaMH pa3peliaercs He ¢1aBarh 2k 3a/1a9 cOo 3Be3109YKaMU U3 TOTO Ke JTUCTOYKA. 3aJa49d, 0003HAYEHHbIE
(), cemyer caaBaTh BeeM.

TonoJsioruga 9: HakpeiTua lI'aaya

Hayka o makpbitugax [amgya, mpo KOTOPYIO pacCcKa3blBA€TCS B 9TOM JUCTKE, BECbMa MOXO0XKa Ha TeOo-
puto layya asrebpamveckux pacumpeHuii moJeit. 91o He caydaitno. B anrebpamveckoit reomerpun
MEeTO/IbI TOIOJIOrHH U jud bepeHInanbHOil reoMeTpUE IPUMEHAITCA K 00beKTaM aaredpamdeckoil u
TeOPEeTUKO-IUCTIOBOH MPUPOJIHI.

['porenjiuk oupejesni pyHJIaMEHTAJIbHYIO I'PYLILY aJredpaniecKoro MHOOOOpa3us TakuM o0pa-
30M, 4TO rpyna [axya u dyngamenTaabHas rpynina TONOJI0TMYecKOro MpOCTPAHCTBA OKA3AIUCH YacT-
HBIMH cJIydasgMu 0oJiee o01eit koncrpykiuu. [Ipun n3ydennn HakpuITHil 1 pacIupenunii moJjiei, a Takzxxe
dyHIaMeHTaIbHON Ipynnbl U rpynnsl ['anya, oueHb Moae3Ho 1epKaTh B TOJ0BE, YTO ITO MOXOKHUE Be-
TITH.

Bce Tomonornyueckue mpocTpaHCTBA B 9TOM JIUCTKE TPEIIOIATAIOTCS XaycI0P(OBBIMI U JTOKAIHHO
CBSI3HBIMU.

- -
Bapaua 9.1. Ilycte M — M — nakpsitue, a M; — cBas3nas kommnonenta M. Jlokazkure, ato 7(M;)
— CBg3Had KOMIIOHeHTa B M.

Samaga 9.2 (!). Ilycrs M = M- HAKPbITHE, IPTIEM M u M cBsi3ub 1 HEITYCTHI, & T UHbEKTUBHO.
Jlokaxkure, 9TO T — TOMEOMOPQU3M.

Onpenenenune 9.1. Ilycrb M = M, MO M- nakpbiTusi. Mopduzmom HaKpPBITHIT Ha3bI-
BaeTcs HereprBHOG oTobpazkeHue ¢ : M — M ', cornacoBanHoe ¢ npoekuueii B M — unaue roBOD#,
Takoe, 910 ¢ o ' = w. MHOXKecTBO MOpCbI/ISMOB MEXKJTy HAKPBITHAMHU 0003HAYACTCS Mor(]\/[, M’).
Mzomopdusmom HAKPHITHI Ha3biBaeTCss MOPGU3M, KOTOPBIH 00paThM, IpUIeM TaKUM 00pa3oM, 9TO

b lod=1d, doot =Id.

Bamaua 9.3 (!). Hycrs ¢ : M — M’ — mopdusm makperruit. Jokaxute, aro ¢ : M — M —
HAKPBITHE.

3amaua 9.4. Ilyctp M = M — HenpepbiBHOE OTOGPAZKEHHE.

a. Ilycrs m — nakpoiTue Jokaxkure, 4ro y Kax/10it Touku x € M ectb okpectHocTh U Takas, 4To
npoexiust 7@ U — 7(U) — romeomopduam.

['] [Tycrs y ®kaxmoit Toukn © € M ects okpectHOCTh U Takas, uro npoekuus 7 : U — w(U) —
romeomopdusm. Beerna am m — HakpbiTHE?

- -
3amaua 9.5. Ilycrs M nokanbno ceasno, a M —— M — nakpwitue. Jlokaxkure, uro M JIOKaJIbHO
CBSI3HO.

~ T ~ Tl_/ ~ ~
Samaga 9.6. [lycto M — M, M’ — M — nakpwuitus, a M'[[ M — nx necsasmas cymma. Jloka-
JKUTE, 9TO 3TO TOXKe Hakpbitue M.
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Tononorusa 9: HakpeiTua 'anxya Muma Bep6unkmit

Bamaga 9.7. Ilycrs M csssuo, a M —— M — naxpsirue. Jokaxure, uro M = | M., tae {M,}

— MHOXKEeCTBO KOMIIOHEHT CBA3HOCTH M, paccMOTpPeHHBIX KakK HakpeiTug M.

-~ -
Onpenenenne 9.2. PacimengenneMm Hakpeitusd M —— M HaswpiBaerca uzomopdusMm M 1 HAKpHI-
tug Buga M =V x M, roe V — MHOXKECTBO ¢ TUCKPETHOM TOIIOJIOTHEI].

~ ™
3amaga 9.8. Ilyctb M —— M — HakpbITHEe CBA3HOTO TpocTpancTsa M. JlokazuTe, 9TO T pacien-
JIIeTCd TOTJIa U TOJBKO TOT/Ia, KOrja Bee cBa3uble KoMnonenTol M unzomopdunr M.

HakpoiTug I'aaya

Bamaua 9.9 (!). Ilycrs M, L M, My, = — HaKphITUd. PaccMOTpuM cieyroliee moIMHOMKe-
ctBO B M X M,
Ml XM MQ = {(ml,mg) € M1 X M2 | 7r1(m1) = Wg(mg)}

Mpur pacemarpuBaem M X py My Kak TOHOJTOTHYECKOE IPOCTPAHCTBO (€ TOMOIOTHEH, WHIY M POBAHHOI
w3 My x Ms). Jlokaxure, 910 ectecTBeHHOE oTOOpaskenne My Xy My — M — 310 HaKpBITHE.

Omnpenenenne 9.3. [IpocrpancrBo M; X, My BMecTe ¢ ecTecTBeHHBIM oTOOpazkenueM B N Ha3bI-
BaeTcd ImpomusBeaeHneM HakpwiTuii Mq, M,. AHAJIOrHYHBIM 00pa30M ONPEIeIIeTCs IIPOU3BEIeHIe
JII0O60T0 KOHEYHOT'O YHCJIa HAKPBITHUIA.

3ameuanme. Eciau moab30BaThCd aHAJOTHEH MeXKy PACIIUPEHUSIMU MOJIel U HAKPBITUSMY, HECBI3-
Hble 00'beIMHEHNS HAKPBITUI COOTBETCTBYIOT HPAMOIl CyMMe IOJIyHPOCTbIX apTUHOBBIX KOJIEll, a IIPOo-
U3BeJIEHUS] - TEH30PHBIM IIPOU3BEIeHUSIM.

3amaua 9.10. Ilycrs My, M,, M3 — nakpwuitusa M. Jlokaxkure, yro mopdusmbl uz Mz B My X M,
B3aUMHO OJIHO3HAYHO COOTBETCTBYIOT mapam mopdusmon ¢y : Mz — My, ¢o @ My — M.

Bamaua 9.11. Paccmorpnv R kax maxpoitae S'. CKOIBKO CBAZHBIX KOMIOHEHT y R X g1 R?

Onpenenenne 9.4. Ilycrs M, 2, My — mopdusm mexty aByMs HakpeiTusamu . OnupeneinM Tpa-
duk ¢ Kak noaMuOKecTBO B M X3 Mo, cocrosiinee u3 nap suga (m, ¢p(m)) mis secex m € M.

Bamaga 9.12 (!). Tlycrs M, N My — mopdusm Mex Iy AByMda HaKpBITHAMA , a ['y — ero rpaduk.

¢
Hoxazxure, 9To I'y OTKpBITO 1 3aMKHYTO B M —— M.

3anaga 9.13. Ilycts [M - M - _HakpbITHE, pudem M u M cBs3HbBI (Takoe HAKPBITHE HA3BIBAETCS
cBa3ubIM). [Iycts X C M x M M - ¢BA3HAA KOMIIOHEHTA. Hokazkure, uro X TOrJga U TOJILKO TOTLIA
apjigeTcd rpadukoM aBromopdusMa v : M— M KOT/Ia MPOEKITNS Ha MEPBYIO KOMIIOHEHTY 33/1aeT
mzomopdusm X = M.

Bagaga 9.14 (1). Ilycrs [M : M] — cBasroe HakpoiTie. PaceMoTpuy npoexmmio (1o mepBoMy apry-
MEHTY ) M Xy M — M xax naxpoitue M. llocrpoiite B3aNMHO OJHO3HAYHOE COOTBETCTBUE MEXKLY
Mor (M, M x5y M) u muOkecTBOM aBroMopdmamos M max M.
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YkazaHue. Bocrnoab3yiiTech npegabiayineii 3aaaqeii.

Omupenenenne 9.5. [lycrs [M : M| — makpsrrue, mpuaem M u M cpsasabi. Torna [M : M| ua3wbi-
Baercs HakpbiTHeM lagya, ecoin makpoerrne M X M — M pacmemisiercs. B rakoit curyammun
rpymma asromopdusmos M mag M massiBaercss rpynnoii Tamya makperrus [M : M| (0603ma-
qaercss Gal([M : M])). Unorma rpynma [agya HAKDHITHS HA3KBACTCS TPYIIION MOHOIPOMEM, a
no-auruiicku — deck transform group (rpymnma mepeaucThIBAHUST KOJObI ).

Bapaua 9.15 (!). Ilycte M cBasuo, a [M : M| — takoe HakpbiThe [amya, 9ro y Kaxkaoii Touku M
eCTh POBHO 1 IPOOOPA30B (TAKOEe HAKPBITHE HA3BIBAETCSI N-TUCTHBIM). JloKaxkuTe, 9T0 y Tpynms! Laxya
[M : M| pOBHO M 3JIEMEHTOB.

Vkazanme. Jlokaxure, aro [M Xy, M : M| To3Ke n-IUCTHOE, U BOCHOJIB3YHTECH TPeJbLIAYIIEH 3a1a-
qei.

Omnpenenenne 9.6. [lycth rpynma G nefictByer Ha MHOXKecTBe S. leiicTBre Ha3zbiBaeTcss cBOOOMI-
HBIM, ec/iu Jijis Jioobix g € G, s € S, s # gs, eciiu g # 1. JlefictBue Ha3bIBAETC TPAH3UTUBHBIM,
ecan 171 JIOOBIX BYX S1, So € S, Haiigercs g € G Takoii, 9410 g($1) = So.

Bamaua 9.16. Ilycre M —— M — makpsitue, a G = Auty (M) — ero rpyuna asroMopdu3mos.

[peamosoxkum, aro M cBazuo. Jlokaxkure, aro s qawboro r € M rpynma G aeifictByer ¢BOOOIHO
-1

Ha 7' (2).

Bagaga 9.17 (1). Ilycrs M = M - naxpoitue Tanya, a © € M — moGas Touka. JJokazkure, 410
Gal([M : M]) neficryer na 7 !(z) cBO6OJHO U TPAHUTHBHO.

Vkazaame. YcraHOBHTE B3aUMHO OJIHO3HAYHOE COOTBETCTBHE MKy (X ) 1 MHOMKECTBOM CBSA3HBIX
komnoneHT M X ,; M w npumenute 3aaaqy 9.14.

Bamaua 9.18 (1). Mycrs M —— M — maxpoiTe, a x € M — mobas Touxa. JTokaxure, 4ro Aut (M)
TOrJa M TOJBKO TOTJa TPAH3UTHBHO jeiicTyer Ha 7 ' (z), korma [M : M| — nakpeirue Camya.

Bagaua 9.19. Paccmorpum nakpbitue R” — R™/Z" = (S1)". JTokaxkure, 4ro 310 HakpbiTHe [asya.

Banauaa 9.20. 3adurcupyem n € Z PacemorpuMm n-macTHOe HakpeiTue ST —— St nt. Tokaxure,
4TO 9TO HAKpbITHE [asya.

Onpenenenne 9.7. [Iycte M — Tomosorudeckoe mpocTpaHcTBO, a (G — Tpylma, JeHCTBYIONAs Ha
M nenpepsiBHBIME Tpeobpa3oBanusymu. Pacemorpum npocrpancrso G-opbut M/G. Hanmomuum (cm.
mucrok Tonosorns 10), aro wa M /G crenyomum 06pa3oM BBOIUTCH TOLMOJOTHs: oaMHOXkecTBO M /G
OTKPBITO TOTJA U TOJBKO TOTJA, KOrJa eciau ero mpoobpas B M orkpwiT. MuoxkectBo M /G ¢ sroit
TonoJorueil HaspiBaeTcs pakToprmpocrpancTeoM M 1o jgeiicteuio G.

Bamaua 9.21 (!). Ilycrs [M : M] - makpsitie, a G C Auty (M) aeiicrsyer HAa [M : M] asromop-
dbumsmamu. lokaxkure, aro 9T0 mefictBue cBoboaHO, a daxTopupoctpancrso M /G xaycaopdoso u
HakpbeiBaer M.

3ameganme. Pakrop 1o G Urpaer B TEOPUU HAKPBITHH ['ajaya Ty xKe poJib, 4T0 G-UHBAPHAHTHI B
Teopuu paciupenuit [amya.
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Tononorusa 9: HakpeiTua 'anxya Muma Bep6unkmit

Bagaga 9.22 (!). Ilycrs [M : M] — makpwitue, a G — ero rpymma aproMopdusMos. JJoKazkuTe, 9T0
M /G uzomopduo M torma u Toapko Torma, xoraa [M : M| — maxkperrue Taya.

Ykazanme. Bocnoab3yiiTech 3agaqeit 9.18.
é1 P2

3amaua 9.23. Ilycto My — My —— M3 — nocaeoBaTe/IbHOCTh HAKPLITH, IPUYEM ¢; CIOPHEK-
THBHBI, & UX KOMIIO3UIMS paciiersgercsd. Jlokaxkure, 94T0 ¢; PaculerIsgioTCs.

.- ~ s .
B pasButne anasorun ¢ Teopueit ['anya, Hakpoitusg uga M —— M OynyT B gaibHeiineMm 000-
snadarecs [M : M.

Bapmaua 9.24 (!). Ilycre M; — My — M3 — nocJie10BaTeIbHOCTh HAKPBITHIL, TpudeM Bee M; cBsi3-
ubl, a [M; : Ms] — nakpeitue Fanya. Tokaxure, aro My Xy, Ms pacuierisiercst Kak paccJoeHre Hal
M;.

Ykazanme. Bocnonb3yiitech 3aga4eit 9.23, npuMeHuB ee K 1MOC/I€0BATE/THHOCTH
M1 X]\/[3 M1 — Ml X]V[3 M2 — Ml X]\/[3 Mg.

Bapaua 9.25 (!). Ilycre M; — My — M3 — mocsieIoBaTeIbHOCTh HAKPBITHIL, puaeM [M; : M| —
nakpoitue Lanya. lokaxkure, uro [M : Ms| — nakpberrue Fasya.

Ykazanue. Bocrnoab3yiitech 3agaqeit 9.23.

3amaua 9.26. llycts M| — My — M3 — nocjie10BaTeIbHOCTh HAKPBHITHA. JloKakuTe, 4TO
M1 X Ms M1 = M1 X My (M2 X Ms Mg) X My Ml.

Samaga 9.27. Bripeaute u3 3roro ciaenyiomiee: ecaun My — My — M3 — nocienoBaTeIbHOCTh Ha-
KpbiTuit, npuaem [M; @ Ms] u [My : Mj| — nakpbitus Lasya, 1o [M; : M3] — Toxe HakpbiTe [amnya.

Samaua 9.28. IlycTb ~[]\Z : M| — makpoitne, G — ero rpymnna lamya, a G' C G — ee moarpymma.

Pacemorpum daxrop M /G'. Hokaxwure, aro [M : ]\;[/G’} — HakpbiTue Lanya, ¢ rpynnoit Tanya G'.

Omnpenenenne 9.8. Ilycrs M — M — maxpsITHe. P aKTOpHAKPBITHEM [M M| wasbiBaercsi Ha-

kpbitne M’ — M, 3a1aHHOE BMECTe ¢ IIOCTIeI0BATETbHOCTBIO HAKpbiTHit M — M’ — M, tne M — M’

CIOPbEKTHUBHO.

Bamaga 9.29 (!). (ocuosnasi Teopema teopun [amya) [lycts [M : M| — makpsitue [anya ¢ rpynmoit
lanya G. Paccmorpum coorBercTBre, conocrapsioniee noarpynmne G C G dbakropuakpwitue [M /G’ :
M]. [Jokazkure, 9T0 9TO COOTBETCTBHE YCTAHABIUBAET OMEKIIHIO MeXKJIy MHOXKEeCTBOM MOJATPYII U
MHOXKeCTBOM KJIACCOB H30MOPdu3Ma, (paKTOPHAKPBITHIA.

Bamaga 9.30. Ilycre M; — My — M3 — nociaeqoBaTesbHOCTh HakpbiTuii, npudem [M; : Mj] —
nakpoiTre [anaya. PaccMOTpUM eCTeCTBEHHYIO MPOEKITUIO

4
My X Ms M, — M, X Ms M.

[Iycrs g € Gal([M; : Ms]), a e; C My X, My — xomnonenTa csizHocTu {(m, g(m))} B My X M.
Hoxkaxute, ato g € Gal([M; : Ms]) C Gal([M; : Ms]) Torna u TOIbKO TOrIa, KOT/IA TP TPOCKIINE B
My X pr, My KOMIOHEHTA €, HEPEXOIUT B THATOHATBHYIO KOMIOHEHTY.
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3amaua 9.31. Ilycts M; — My — M3 — nocaenoBaTebHOCTL HakpbiTuit Lajya. /lokazxkure, 910
eCTeCTBeHHAas MPOEKITH

v
My X My —5 My %, M.

3aJlaeT CIOPbeKTUBHBIH roMomopdusm Gal([M; : Ms)) 2, Gal([M; : Ms)). Hdokaxkure, uro kerv) =
Gal([Ml : Mg])

Vkazanume. Bocnosbsyiitech Tem, uto rpymmna Laxya Gal([M; : M3]) 0TOXKIeCTBISETCS ¢ MHOKECTBOM
CBA3HBIX KOMIIOHEHT N; X pp, M;, u upuMenuTe UPeAbAyLIyIO 3/1a4y.

Banmaua 9.32 (!). I[Iycte M — M — nakpeitne lanya, a G' — M /G’ — GueKTUBHOE COOTBETCTBHE
Mezk1y (haKTOPHAKPBITHIME U HOArpyHaMu B rpyuie [ajya, nocrpoennoe soie. Jlokaxkure, aro G’
SBJISIETCST HOPMAIBHON MOATPYION TOrIa U TOJBKO Torda, Korma [M /G’ : M| — nakpbitue Fanya.

HakpbiTus JTMHETHO CBA3HBIX IIPOCTPAHCTB

Onpenenenne 9.9. [lycte M — meTrpudeckoe npoctpanctso. Hamomuum, uro reoge3myueckoit B M
HA3BIBACTCS TAKO# myTh [a,b] —— M, aro d(vy(x),v(y)) = |z — y|. JauHA reogesnuecKoi — 910 pac-
crostHue MexK1y ee KoHrnamu. [IyTh Ha3biBaeTcsi KyCOYHO T'e€0Je3MYIECKHUM, €CJIH eI'0 MOXKHO Pa3duTh
B O6T)€ﬂHH€HH€ KOHCYHOT'O YHUCJa I'€eOJEe3NICCKUX CEeIrMeHTOB. ZL.TII/IHa KYCOYHO TeO0Ae3n1IeCKOro nmyTHu
orpeesaeTcs KaK CyMMa JITUH COCTABJILAIONIMX STOT MYTh I'e0Ie3nIeCKUX OTpe3KoB. Mbl ob6o3HadaeM
JUTAHY TIYTH 7y 9epes |v|.

Onpeaenenne 9.10. Ilycts I' — rpad, a Mpr — ero TomnoJsiorudeckoe HpOCTPaHCTBO. MBI rOBOpPHUM,
uro [' cBg3€H, ec/ii ero TOMOJOTHIECKOe IMPOCTPAHCTBO CBIA3HO.

Samaua 9.33 (!). [okaxure, 4o rpad CBsI3eH TOTIAa U TOJBKO TOIJIA, KOTJa JIOObEe TBe BepIITHbI
COEIMHSIOTCS KOHETHOM ITOC/Ie 10BATEIbHOCTBIO pedep. JoKaxKuTe, 9T0 CBA3HBI rpad JUHEHHO CBA3€EH.

Banmaga 9.34 (!). Ilycrs I' — casusiit rpad. Ilo mocrpoennio, Ha KaxkaoM pebpe r, C M, rpada

BBEJIEHBI KOODAMHATHI, oroxkaecrsisionue ero ¢ [0,1]. ITycrs v — kycouno suneiinsiit myrts B 'y,

" @i
TO €CTh MyTh, COCTABJICHHDI M3 KOHEYHOrO UHUCIA OTPE3KOB BHIA [a;, b —— [N\, is] C 1o, TOE @;

muneiina. Onpegeaum |7y| := > |\, it;|, Kak cyMMy JITHH BCEX OTPE3KOB, COCTABJISIONIMX 3TOT IYTh.
Omupeaennm d(z,y) := inf|y|, nme v mpoberaer BCe KyCOYHO JHHEHHBIE MyTH, BEAYIIHE U3 T B Y.
Hokazkure, ato d(x,y) 3amaer MeTpuky, u M reoje3udecKu CBs3eH.

Omnpenenenne 9.11. Dra MeTpuKa HA3BIBAETCS CTAHJAAPTHONH METPUKOI Ha TOMOJIOTUYECKOM
npocrpancTee rpada.

Omnpenenenne 9.12. ['eonesndecku cBA3HOe MHOrooOpa3ue M Ha3bIBaeTCd 3BE39ATBIM, €CJIH JIIO-
Oble aBe TOUYKM M COeIMHAIOTCS eIUHCTBEHHOH reoIe3nIecKoil.

Bapaua 9.35. Jlokaxkure, 4ro J11060€ BBIIYKIOE TOMHOXKECTBO B R™ (CO cTaHIAPTHONW METPUKOIL)
3BE319ATOE.

Banaua 9.36 (*). Haiinure na M = R? Takyio MeTpHKY, UTO Teo/le3UUeCKH CBA3HO, a M3 JI00OM
TOYKH B JIIOOYIO HJIeT O€CKOHEYHO MHOT'O T'€0Je3UIECKUX.
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Bamaga 9.37 (*). Ilycte I' — mepeBo, To ecTh KOHEUHBIH CBsA3HBIN rpad, y KOTOPOro 1 BEPIIWH U
n — 1 pebpo. Hokaxkute, uro M co ctanaapTHOl METPUKON 3Be314aToe.

Bamaga 9.38 (*). Ilycrs I' - rakoii koneunsiii rpad, aro I'y, 3Be3nuaroe. lokaxkure, aro I' — nepeso.

~ ™
Samauda 9.39 (!). Ilycre M — 0KaJIbHO KOMIAKTHOE, Ne0Ie3UYeCKH CBSI3HOE MpocTpancTBo, M —
M — cBA3HOe HakpbITHE, a T H Yy — JIBe Toukd B M. PaccMoTpuM MHOMKECTBO S, BceX IyTeil Ha
M, coepuusaonux x u y, npoeknus KOTopbix B M KycouHo reojesudna. Paccmorpum caeayontyio
dbyuxiuio va M x M

d(z,y) = inf |7(v)]

VESz,y

Jokazmure, 4T0 510 Merprka. [Tokaxute, uro d(z,y) > d(r(x), 7(y)).
Bapaua 9.40 (*). B ycsoBusx npeapiayiieil 3a1a4u, J0KaxKUTe, IT0 M Teone3uuecKn CBA3HO.

3amaua 9.41. Ilyctb M — reojie3mdecKku CBA3HOE METPHUYECKOE MpocTpaHcTBO, a M — M — ero
HakpbITHe. JIOKaKUTE, YTO CBI3HAS KOMIIOHEHTa IPpooOpasa reojie3nveckoii — reogesndeckas B (M, d).

Ykazanue. Jlokaxkure, 9T0 1poobpas3 reo/ie3M4ecKoil sBIsSIeTCs reo/ie3ndeckoil B OKPECTHOCTH KayK-
noit Toukn. 3areM BOCIOAb3yiTech HepaBercTBoM d(x,y) = d(m(z), 7(y)).

Bamaua 9.42 (1). Iycrs (M, d) - 3Be3;19aT0C METPHYECKOE TIPOCTPAHCTBO, a M —— M — ero cBsis-
Hoe HakpwiTHe. [IycThb, KpoMme TOrO, T € M — mobas Touka, a U, — MHOXKecTBO To4eK y € M, KoTopbie
MOYKHO COeJIMHUTH C X Teoje3ndeckoit. /lokaxkute, aro U, OTKPHITO U 3aMKHYTO B M, u uaro (U, CZ)
3Be3uaroe. BolBeauTe U3 5TOr0, 4TO ecrecrBenHas npoekuus M —— M — H30MeTpUs H FOMEOMOp-

du3M.
Ykazanue. Bocrnonb3yiiTech npebiayieii 3a1aqeii.

Bamaua 9.43. Ilyctes M = [0,1] x [0,1] — kBagpar, a M — M — ero casuoe HakpbiTHe. [JoKazKuTe,
YTO 3TO TOMEOMOPGU3M.

. = s
3amaua 9.44. llycts M — JuHEHHO CBSI3HOE U OJIHOCBS3HOE MpOCTpaHcTBO, a M —— M — cBga3noe
HakpbeITHE. [[OKaXKuTe, 4TO 3TO TOMEOMOPQMHU3M.

Vxazanne. Jlokaxure, uro M nuneiino cessuo. Iycrs x,y € n () — ABe TOUKH, a 7 — TMyTh,
KOTOpBIH ux coenunsier. Torma v := (%) aro merns. I[lockonbky M OJHOCBSI3HO, 7y MPOIOIZKAETCS 10
orobpaxkenus u3 kpajpara B X C M (gokaxure 310). PaccMorpuM mpoofpas 3Toro KBapara B M,
¥ IycTh X KOMIIOHEHTA IPoobpasa, KOTOPast COMEPIKAT 7. BoCIOIb30BABIINCS IpeIbLIyIIel 3a1atel,
nokaxure, 910 X —— X 570 roMeoMopdu3M, I BBIBEAUTE U3 YTOTO, UTO T = 1.

3amaua 9.45. B ycioBusx mpeapiayinei 3aaun, J0KaxKuTe, 4To Ji0boe HakpbiTHe M pacileriseTcs.

Omnpenenenune 9.13. Ilycte M — m060e (He 00s13aT€IHHO JINHEHHO CBSI3HOE) CBA3HOE TOMOJOTTIECKOE
npectpancTBo. M Ha3zbIiBaeTCs OMHOCBI3HBIM, ecii Jjitoboe HakpbiTue M paciierisgercs.

3ameuanne. B cuiy npeapiayiieii 3a1a9u, 3TO ONPe/IeIeHIE COTJIACOBAHO C OMpeJIeeHIHEeM OTHOCBI3-
HOCTH AJId JMHENHO CBA3HBIX TONOJIOTUYECKUX IPpOCTPaHCTB, JaHHBIM B JINCTKE TOHOJ'IOI‘I/IH 8
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Onpenenenne 9.14. Ilycrs M caszno. Hakpeitue M — M Ha3biBaeTcsi YHUBEPCAJIBHBIM, €C/IU
OHO OJTHOCBHA3HO.

Samaga 9.46 (!). a. Jlokaxkure, 4TO YHHBEpCAJIbHOE HAKPBITHE €CTh HAKpbITHE [asya.

0. lokaxkuTe, 4TO YHUBEPCAJIbHOE HAKPBITHE €IUHCTBEHHO ¢ TOYHOCTHIO JIO0 H30MOPGU3MA.

Ykazanmne. llycrn M, M' — nga yHUBEpCATbHBIX HakpbiTusa M. Tlockoabky M Xy M’ siasiercs
HAKPBITHEM M M ', OHO paCIIeILIIeTCs HaT M M'. d1o 3HAYHT, YTO JI00asd CBA3HAS KOMIIOHEHTA
M X M’ H30Mop(1)H0 npoextupyercst 8 M, M.

3amaua 9.47. Ilycrs My — My uw My — M3 — HakpbITHS,
a. [**] Bepuo Ju, uro kommosurnusa M; — Mz — Toxke HaKpbITHE?

|'] Tlycrb y KaxK/a0#t TOYKH 3 €cTh OJHOCBHA3HAsE OKpeCTHOCTH. Jlokaxkure, aro M; — Mz —
HAKPBITHE.

Cy1ecTBOBaHME YHUBEPCAJIBHOTO HAKPBITUSA

o "~ m
3amaua 9.48. Ilycrs M nuneiino csazno, M — M — cBa3Hoe HakpbiTue, a r € M — mobasg To4YKa.
JToKazKuTe, 9TO MOMIHOCTH MHOKeCTBa 7' () He Gosbire, deM MomtaocTh 1 (M ).

Bagaua 9.49. TokaxuTe, 4TO MOUIHOCTH 71 () He GOJIbIIE, YeM MOIIHOCTH MHOYKECTBA M1 o106-
paxkennii u3 [0, 1] B M.

Bamaga 9.50 (*). Ilycrs M —= M — cBsasHoe nakpbiTue cssnoro M, a © € M mobast rouka. o-

KaszKuTe, 4T0 MONHOCTH 7 () He Gosbie, yem |229) rae [229] - MonHOCTH MHOMKECTBA TIOIMHOKECTB

S x S.

VYkazaHue. BbI6€p€M 11,1y € © H(z). JTokaxure, uTo Hafijercss HaOOP TAKUX CBA3HBIX OTKPBITHIX
muozects {U,} € m71(S), aro U,, nepecekaercs ¢ obwbeaumennen Beex Uy, He paBHBIX U,,, HpIdeM

{or, 22} =7 (@) 0 (JTa)

Cyxast 6a3y S, ecim HeOBXOAMMO, MOKHO HPEJIIOI0KATH, 4T0 7 paciieruisercs van m(U,) ast Becex
a. JlokazkuTe, 9TO Ty 33JaeTCs OMHO3HAYHO, ecau 3amano 1, {m(U,)}, m ormedeno, kakne u3 U,
IIEPECEKAIOTCSI.

3amaua 9.51. Ilycrs M cBasHoe, a V' — MHOXKeCTBO 3aJaHHOI HuzKe MontHocTr. O0o3HaImM depe3 R
MHO>KECTBO BCEX TOMOJIOTHH, 3aJaHHBIX HA KaKOM-TO noamuoxkectBe X C M X V takuwm obpazom, 94T0
ecrecTBeHHas npoekiusa X — M gBidgercd HakpbiTHeM. /lokazxKure, 9T0 J1000€ CBA3HOE HAKPBITHE
M u3oMOpdHO KAKOMY-TO 3JI€MEHTY R, eC/Iu

a. M nmmeitno cBa3HO, a MomuocTh V pasra | M)

6. (*) Mommocts V pasna [22°|, rae S - 6a3a Tomosornu B M.
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bh)

Sameuanme. Jrta 3aja4a M03BOJISIET TOBOPUTH O “MHOZKECTBE KJIACCOB M30MODMU3MA HAKPBHITHIT .
HamoMHmM, 9TO He Bce MaTeMaTmdecKue OOBEKTHI ABISIOTCS MHOXKECTBAMHU; TaK, MHOYKECTBOM He
SABJIeTCd KJIACC BCeX MHOYXKeCTB. YToOB JOKAa3aTh, UTO KAKONH-TO KJIACC SIBISIETCS MHOXKECTBOM, HAJIO
OTPAHUYUTH €TI0 MOIITHOCTD.

Omnpegenenne 9.15. Ilyctn {M, —% } — mabop orobparkenuit wa M, MpPOWHIEKCUPOBAHHBIN
Ha0OPOM MHIEKCOB | (BO3MOKHO, OECKOHETHBIM, HJIH JaKe HeCUeTHBIM ). PaccMOTpIM MHOKECTBO BCEX
TaKUX (Meay, May,---) € [ [ Ma, 910 T (Me) = m ayst Kakoro-1o m € M. 9T0 MHOKECTBO HA3bIBAETCS
pacciaoeHHbIM npou3ssBeneruneM { M, } u oboznagaerca [ [,, M,

Bapaua 9.52. Ilycre M — Tonosorudeckoe npocTpancTso, a { M, —> M} — Habop ero HAKPHITHIA.
Benem ua [[,, M, Tononoruio ciexyomunm obpaszom. [lycrs U C M oTkpbITO, a {U, C M,} — Habop
OTKPBITBIX MHOKeCTB, HakpbiBatomux U. Jokazxure, ato MuOKecTBa Buna | [ Uy C [[,; M, 3azat0T
6a3y rouosorun Ha | [,, M,. Joxkaxure, aro [[,, M, xayczopdoso

HO JIM, YTO €CTeCTBeHHAas MPOEKIUs — M — naxkpbiTne’
*| Bepno Jsin, 4TO ecTecTBeHHA. oe v M M a e?

6. [!| Ilpeanosozkum, 910 y KaxKI0ii TOYKH HAHIETCs OJHOCBSI3HASA OKPECTHOCTh. JloKaxKuTe, 4To
ecrectBeHHas npoekuus | [,, M, — M — HaKkpbITHE.

Onpenenenne 9.16. B taxoit curyannu [[,, M, Ha3biBaeTcs pacC/O€HHBIM poun3BeaennemM M,
“ T
Ham M, nubo mpocTo mpousBegenneM HaxkpeiTuit M, —— M.

e
Bagadga 9.53. Ilycrs Bee makpoitus {M, —> M} pacmensgorcs. Jokaxkure, uro [[,, M, Toxe
pacCIeIIsieTcs.

T
Bamaga 9.54 (!). Ilycre {M, —> M} — makpseitus lanya. Jokaxure, 9o J106asi KOMIIOHEHTa,
CBA3HOCTH X upousseenus naa M — toxe nakpoitue [anya.

Ykazanue. Bocrnonb3yiitech 3aga4eit 9.53.

3aza4a 9.55. Ilycrs M - nakpbrrne M. IlocTpoiiTe ecTeCTBEHHYIO GHEKIMIO MeKIy MHOKECTBAMH
Mor([[,; Mo, M) n [ Mor(M,, M)

T .
Bagaua 9.56 (*). Ilycrs {M, —> M} — muOxkecTBO Beex HakpwiTmii ST — St — nt, npownn-
JEeKCHPOBAHHBIX N € Z. Jokaxkure, 4o m06as cBsa3Has koMmmnonenra | [, M, uzomopdbna R — R/Z =

St

Bagaga 9.57. IIycrs M —— M — naxpoitue, npuaem M u M csiuble, x € M, 21,29 € T g x), W —

KOMIIOHEHTa CBA3HOCTH M X v M, conepxaiiasi x1 X To, a Wi — KOMIIOHEHTa CBI3HOCTHU M x M x MM
cofiepzKaIias rq X Ta X Ta. Jlokaxkunre, aro ecrecTBeHHas npoeknus W, — W (3abbiBanne TpeThero
apryMenTa) 310 u30oMopbusm.

Bagaua 9.58. B rakoii ke curyanuu, nycth {r,} — Habop Touek B m1(x), NPOUHIEKCHPOBAHHBIX
a € I, W — coorBercTByOIas KOMIOHEHTa B PACCIOHHOM mpomssenenun |[,,, M I xommit M, a

W1 - KOMIIOHeHTa, B <HM,1 M) Xy M, conepxamast {x,} u xg, npudem zo € {z,}. Jokaxkure, 4ro

ecTtecTBeHHas npoexnus Wi, — W sto uzomopdusm.
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. ™
Bamaga 9.59 (!). Ilycte M — M — cBsasuoe HakpwiTue, a x € M. Paccmorpum npounssejieHne
I1 M, {r=1(2)} M M ¢ coboii, TpOUHIEKCUPOBAHHOE MHOZKECTBOM 7 (), n mycTh Mg — CBA3HAA KOMIIO-

HEHTa B HM,{Tr—l(m)} M, conepsalas npoussejienue Beex r, € {m'(z)}. Jokaxure, 4o Mg Xy M

pacmergercsa Haa Mq. Hdokaxkure, ato Mg — M — nakpsiTne [amya.
3ameuanme. Mpbl joKa3an, 9T0 J1I000e HAKPBITHE ABIseTCs (paKTOp-HAKPBITHEM HaKpBITHS [asya.

3amaua 9.60. Ilycte M — cBga3HOE TONOJOTHYECKOE HTPOCTPAHCTBO, R — MHOYKECTBO BCEX KJIACCOB

o s o o "~
uzoMopdusma cBsi3ubiX Hakpbituit M, {M, —= M} — coorBercrByiomuii Habop HakpbiTHil, a M C
[1, Mo — xoMHOHEHTa CBA3ZHOCTH WX TpoW3BeeHus. JIokaKuTe, 9TO /7 KasKI0TO CBA3HOTO HAKPHI-
tust M' — M waiinercs cropbeKTuBHBI MopdusM HakpouiTuii M — M.

YkazaHue. Bocrnoab3yiiTech npegabiayineii 3aaaqgeii.
3amaua 9.61. B ycioBusgx npegablayineii 3a1a4uu, J0KaKUTe, 9TO M - nakpeite [arya.

Bamaua 9.62 (!). Beemure u3 310ro, ato as moGoro M —s M, waxperrie M Xy M’ — M pac-
eI T .

Ykazanme. Bocnonp3yiiTech 9.24.

Bamaua 9.63 (!). Ilycre M — si060e ¢BI3HOE TOMOJOIHIECKOe MPOCTPAHCTBO, a M — M — HakpbI-
Tue ['asya, mocTpoeHHoe Bhilie. /lokaxkunute, 9T0 M OITHOCBAZHO.

3ameuanne. Mol IIOJIy49uJId, 9TO ¥ JIIOOOTO CBS3HOT'O TOIMOJOTHIECKOTO IIPOCTPpaHCTBa HaIL/i,ZLeTCH YHH-
BEPCaJIbHOEC HaKPbITHUE. Kak ObLj10 BbILIE A0Ka3aHO, YHUBEPCAJIbHOEC HAKPbLITHUE €JIUHCTBCHHO.

Samaga 9.64 (!). Ilycre M suueiino cBssHo, M — ero YHUBEPCAJILHOE HAKPBLITHE, & Gal([M : M)
— coorBercrByfomas rpynna [anya. Jokaxure, aro Gal([M : M]) uzomopduo dyHmaMenTambHOR
rpynme M.

Ompenenenne 9.17. @yHAaMeHTATBLHON IPYIIIOH TONOIOIHYECKOIO TPOCTPAHCTBA HA3HIBACTCH
rpyuna m (M) := Gal([M : M]), tae M - yauBepcajgbHOe HAKPBITHE.

Omnpenenenne 9.18. [loarpynnst G, Go C GG Ha3BIBAIOTCS COMPAXKEHHBIMU, €CJIM HANITCS TaKOi
g € G, aro (G nepesogutcs B G5 apromopdusmom r — 9.

3amaua 9.65 (*). Ilycrs M; — M — HekoTopoe HakpbitHe, a M — My — M — yHEHBepcaIbHOe
HakpeTHe. Pacemorpum moarpymry Gy C Gal([M : M]) = my (M), moTyYeHnyio B pe3y/IbTaTe IpiMe-
HeHUsI OCHOBHOMN Teopembl Teopuu [asya. /JoKazkuTe, 4TO 9TO COOTBETCTBHE 3a/13eT OUEKITHIO MEKIY
KJtaccaMu m3oMopdusMa HakpbITHil M u Kiaaccamu conpsizkeHHocTH moArpymn B mp (M).

Bamada 9.66 (!). Haiiaure BCe HAKPBHITHS OKPYKHOCTH, C TOYHOCTHIO 10 n3oMopdu3ma. [TocTpoiite
UX {BHO.

Bapaua 9.67 (*). Ilycte M — cBs3HOE TONOJOIHYECKOE TPOCTPAHCTBO, BCe KOMIIOHEHTHI JIMHEHHOI
CBA3HOCTH KOTOPOTO OJHOCBA3HBL. MOKeT JIn OHO IMeTh HeTPUBHAJILHYIO (DYHIAMEHTAILHYIO IPYIILy !
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Bagaua 9.68 (*). Ilycrs B — MuO)KecTBO m0JMHOMOB P(t) = " + a, 11" ' + a, ot "2 + - - - + ag naj

C, y KOTOpBIX BCe KOPHH pa3Hble, a B — MHOXKeCTBO BeeX HABOPOB (1, . . ., x,) € C" nonapHo pazimd-

upix yucen r; € C. Beegem Ha B u By ectecTtBennyio Tomnosoruio noamuoxkectsa B C”. Pacemorpum
™ '

orobpaxkenne By — B, (zy1,...,x,) — [[(t — x;). Jokaxmure, uro m — nHakpeitue [anxya. Haiinure

ero rpyuny lajya.

Bamaga 9.69 (*). Ilocrpoiire cBsi3HOE HAKpBITHE, KOTOpPOE HE GyeT HaKpbiTHeM LaJya.

Tomonorusz, HMY, nmepssiii kypc - 10 - Becna 2008, nuctoxk 9, VERSION 2.0, 19.04.2008



