BBE/IEHUE

Kypc "Anrebpanmdeckass Tonoaorus' TpaaunuOHHO TPYIEH /s HOHHMA-
HUs CTYJeHTAMH. DTO O0bACHAETCS NPUHIUIHAJILHON HOBU3HOW €ro uieit,
IPOMOB/KOCTHIO W3JIOXKEHHUsST B CYMIECTBYIOIINX y4eOHUKAX (CM. CIMCOK JIH-
TEPATYPHI), 329aCTYIO MOJHOCTHIO 3ATEMHSIONIEN CYTh Jesa, TTOTHBIM OTCYT-
cTBUeM COOPHUKOB 3a/Ja4. B HacTOANUX METOIMYECKUX YKa3aHUIX pa30u-
pPaArOTCsS OCHOBHBIE THIIBI 33124 U CIIOCOOBI MX pelleHus. MeTroauueckne yKa-
3aHUsS TpeJHa3HaYeHbl CTyJAeHTaM 4 Kypca MaTeMaTHIecKoro pakyibrera,
HO MOTYT OBITh HCIOJB30BaHbI CTYJ€HTAMH 2, 3 U D KypCOB, a TaKKe Ipe-
o/IaBaTE/ISIMU, YKEeJAIOIINMHI MO3HAKOMUTHCS C dJIEMEeHTaMU aJiredbpanvecKoit
TOTIOJIOTUN.

1 Kareropunm u ¢pyHKTOPBI

OCHOBHBIM COJIEPZKAHUEM KYPCa aJredpamveckoil TOMOJIOTHH CJIYKUAT TeOPUst
rOMOJIOTHIT, KOTOpasi MpejcTaBjsgeT coboit (DyHKTOP U3 KaTeropuu TOMO/IOTH-
YECKUX TMPOCTPAHCTB B KATErOPHIO IMOC/IE/I0BATe/IbHOCTEll abe/eBbIX I'PYIII.
[TosToMy HauaTh W3ydUeHHe Kypca Jerde ¢ MOHATHSA KaTeropuu u (GpyHKTOpA.
Bce kareropuu, ecTecTBEHHO MOSB/ILIONIAECS B aJreOpanvecKoil TOMOJIOIUH,
SIBJISIOTCS KATeropusiMu MHOXKecTB. [lodTOoMy npu nepBoHadaIbHOM U3Y4de-
HUU UMEeT CMBIC] OTPAHMIUTHCS TOJBKO KATErOPUSIMU MHOYKECTB, OCTABJISISI
B CTOpPOHE ropas/io 6osee CJI0KHOE MOHATHE TTPOU3BO/IBHON KATErOPUH.

YT00BI 381aTh KATErOPUIO (MHOYKECTB) HYKHO, BO-TIEPBBIX, 33/1aTh HEKO-
TOPBIIl KJacc MHOXKeCcTB. MHOXKeCTBa U3 3TOr0 KJIacca HA3BIBAIOTCS 005ek-
mamu Kareropuu. Bo-BTOpBIX, Mg KaxKa0it mapsl X, Y 00BbEKTOB HYKHO
BBIJIE/INTH MHOXKeCTBO orobpakennii [X, Y] u3 muoxkectBa X B MHOXKECTBO
Y. Bwigenennbie orobparkenusi Ha3bIBAIOTCS MOPPUIMamu. JLOMKHBI BbI-
HOJTHATHCS CJIEIYIONIHAE aKCHOMBI:

L. Cynepnosuyusa deyx mopphusmos asaaemea MopHu3mMom, ecau ona onpe-
desena.

I1. Toostcdecmeenroe omobpastcerue a106020 obsekma 6 cebs ABAACMCA
MOPPHUMOM.

Takue curyarmun (KJIacChl OOBEKTOB, CBA3AHHBIX MODMU3MAMHU C aAKCHO-
mamu LTI T. e. Kareropmm) eCTeCTBEHHO BO3HUKAIOT B CAMBIX DA3JIUIHBIX
00J1aCTAX MaTeMAaTHKH. YKe Ha 3TOM OOINeM ypOBHE MOXKHO JOKa3bIBATh
coJiepKaTe/IbHbIe TeOPEeMbl, KOTOPbIe, B CUJIy CBOEH ODIIHOCTH, HMEIOT CaMOe
IITUPOKOE MPUMEHEHHE.



IIpumepwv. kareropmii. Kareropust Bcex MHOKeCTB 1 oToOpazkeHnit. O0b-
eKTaMI JTON KATErOpuu sIBJISIOTCS BCE MHOYKECTBA, a MOp(MU3IMaMu — BCe-
BO3MOZKHBIE OTOOpaKeHUs.

Kareropus rpynn u romomopdusmon. OObeKTb — NPOU3BOIbHBIE IPYII-
1bl, MOP(MU3MBI — TOMOMOPQU3MEL.

Kareropust abeseBbix rpymm u romomMopgusmon. O0bekTtaMu 3TOH KaTe-
ropuu Caykat adejieBbl rpynmnbl, Mopdusmamu — romoMopdusmbl. Herpy -
HO HPHUIYMATh ellle HeCKOJIbKO IIPUMEPOB MOJ0OHOI0 TUTIA: KATErOPHIO KOHETHO-
MOPOKIEHHBIX T'PYII, KATETOPHUIO KOJeI U JIp.

Kareropust TomomoruyecKux mpocTpaHCTB U HEIIPEPLIBHBIX 0TOOPaKeHHil.
OOBeKTH — TPOU3BOILHBIE TOMOJIOTHIECKHE MPOCTPAHCTBA, MOPMUIMBI —
HEIPEePBIBHBIE OTOOPAYKEHHUSI.

Onpedenenue.OobekTol X, Y KaTeropun G HA3BIBAIOTCA U30MOPHHOLMU
ecn cymiecTByoT Takue Mopdu3mbl f: X =Y ug:Y — X, uro fg = Idy
ugf =Idy, roe Idx, Idy — ToxxaecrBennbie Mopdu3Mbl 00beKTOB Y 1 X.

3adava 1.1. Kakme mHOMKecTBa m30MOPGHBI B CMBIC/IE KATETOPUU BCEX
MHOKeCTB?

3adavwa 1.2. Jlokaxkure, 910 m30MOpPGU3M B KATETOPUU TOIOIOTHIE-
CKHUX MPOCTPAHCTB €CTh TOMEOMOPMU3M, B KATETOPUH T'PYII — U30MOpPU3IM
IPYIII.

[Mycts Gy, Gy, — aBe kareropuu. Jomyctu, 910 Kaxkaomy o0bexTy X
NEePBOil KATErOpuu COTOCTAB/IEH HEKOTOPBI O0bEKT Jpyroi Kareropuu. by-
naem obosnadark ero F(X). Homycrum Takzke, 9To KarxkKI0oMy MOpGU3MY
[+ X — Y u3 xareropun G; comocrasien mopbusm f, @ F(X) — F(Y)
n3 Kareropun G,. Takoe orobOpazKeHHe HA3BIBACTCA KOBAPUAHMHBIM DYHK-
mopom u3 Kareropuun Gy B Kareropuio (o, eciu BBIMOTHEHB aKCHOMBI:

1. Ecm f — moxmectBo, TO f, — TOXKE TOXKIECTBO.

2. Ecam cynepniosunust fg onpenenena, 10 (fg)s = figs.

3adawa 1.5. IlpuBegure mpuMepsl Tpex Pa3JIUIHBIX (DYHKTOPOB.

3adava 1.4. llycts F : Gy — Gy — dyukTop u3 kareropun G; B KaTero-
puio Gy. Jlokaxkure Teopemy: eciu o0beKThl X, Y kareropun G; m3omopd-
ubl, T0 00bekThl F'(X), F(Y) xareropun G, rakzxe u3oMopdHbI.

Teopema u3 3agaun 1.4 umeer dyHIaMeHTAJIbHOE 3HAYEHUE W JIEXKUT B
OCHOBe TeopHH romosoruii. BoT cramgapTHBIH TyTh ee MpUMeHEeHHUs: JIOIy-
CTHUM, 9TO HAM HYZKHO BBISICHUTD, PA3JTUYIHbI WU HET JaHHBbIE TPOCTPAHCTBA
X n Y. BosbmeMm Kakoii-HHOYIb (DYHKTOpP U3 KATErOPUH TOMOJOTHIECKHX

IIPOCTPAHCTB B KAKYIO-HUOYIb JAPYTYI0 KATETOPHIO, HAIPUMED, B KATETOPHUIO
rpymm, u cpasanM o0bekTel F(X) u F(Y). Ecmn obvextsr F(X), F(Y)



pasyimdHbl, TO 00beKThl X u Y Takxke pasyimyHbl. B ciaydae coBmnajeHust
obbekToB F(X), F(Y) npo oobekTbl X n Y HHUEro cka3aTh HEJIb3sl.

Urak ¢ momormpio dyukropa F : Gy — Gy 3agaua pacnosunaBanus (pas-
mudenusi) o0beKTOB B Kareropun G 3aMeHsIeTCs Ha AHAJIOTHYHYIO 3219y
pacno3naBaius 00beKTOB B Kareropun (Gp. CMBICT 3aMEHBI COCTOUT B TOM,
9710 312 33a9a B Kareropuu Gy Moxker okazarhes Jjierde. Creayer OTMEeTHTh,
910 npu nepexoje ot kareropun G; k kareropuu Gy gacts wadopmanun 00
obbekTax Kareropuu G, Kak mpaBuIo, TepaeTcs.

BuumarenbHBII aHAIN3 TPUBEIEHHBIX apryMEHTOB MOKA3bIBAET, YTO ~XO-
pommit" byHKTOP (U3 KATErOPUH TOMOJOIHYECKUX TPOCTPAHCTB B KATETOPUIO
IPYIII, HAIPUMED) JOJIZKeH 00JIaIaTh CIeLyIOMNMHA CBORCTBAMU:

a). BbITh JIerkKO BBIYHCAUMBIM, T.e. Bbhraucienne rpynmbl F/(X) s gan-
HOTO HpPOCTpaHCTBa X He JIO?KHO BBI3BIBATH HMPUHIMITHAJILHBIX 3aTPY/IHE-
HUA.

6). HyKHO, 9TOOBI CyNIECTBOBAJ MPOCTOl CIOCOD BBISICHEHUS PA3IUIHO-
cru un uzomopduoctu rpynn F(X) u F(Y).

B). Ilpu mepexome or mpocrpancrBa X k rpymnme F(X) He nomkHO Te-
PATHCS MHOTO WH(OPMAIIHH.

Fomonormdeckuit byHKTOP B 3HAUYUTETBHON CTEIEHU YI0BIETBOPSAET yKa-
3aHHBIM cBoiicTBaM. [Ipu m3ydeHuu TeOpur roMoOJOTHil HA 3TU aCHeKThI CJe-
JIyer o0paTuTh 0c000e BHUMAHME.

Ha camom mee romosornveckuit (hyHKTOP COMOCTABISIET TPOCTPAHCTBY
He OJIHy I'PYIIY, & IEJIYI0 MOCIeI0BATeIbHOCTh a0eIeBbIX TPYII, T. €. SIB-
ngercss GYHKTOPOM B KATErOpHIO IMOCTeI0BaTeIbHOCTeH abeneBbIX rpymmn. C
JIPYTOil CTOPOHBI, BHIYHC/ICHUE TPYII TOMOJOTHI TPOU3BOJIHHOTO MPOCTPAH-
CTBa MOKET OKa3aThCs HEMpeICKa3yeMoO CIO0XKHBIM, IOITOMY, KaK IIpaBH-
JIO, OTPAHUYHMBAIOTCSA KAKUM-HUOY/b HE CJIUIIKOM CJIOKHBIM KJIACCOM ITPO-
crpaHcTB. Mbl B KadecTBe 00JIacTH ONpPEJIEIeHUs] TOMOTOIMYECKOTO (DYHK-
TOpa BO3bMEM KATErOpHUIO CUMILTUIUATIBHBIX KOMILTIEKCOB M TOJTBKO BCKO/Ib3b
KOCHeMCsI 00J1ee IMINPOKUX TeOPHil TOMOJIOTHIA.

2 CBeJeHHS U3 reOMeTPUHU MPOCTPAHCTBA R

Onpedenenue. JIBa ynopsamoueHHBIX 6a3nca B mpoctpancTtse RY nazpiBaioTcs
IKBUBANEHMHLMU, €CITH OIIPEIEeTUTE b MATPHUILL IIEPEX0Ia OT OJHOTO DA3UCA
K JIPYTOMY TOJOKHUTEJIEH.



3adava 2.1. Kak 6e3 Beranc/iennii y3Harh, SKBUBAJEHTHBI JIU JIBa Oa3uca
Ha npamoit? Ha mirockoctu? B mpocrpancrse?

3adava 2.2. JlokazkuTe, 9TO BBEJIEHHOE OTHOIIEHHE €CTh OTHOIIEHHE K-
BHUBAJIEHTHOCTH.

Kaxk u BcgKOe OTHOIIEeHHEe SKBHBAJEHTHOCTH, OTHOIIEHHE SKBHBAJEHTHO-
CTH Ha MHOYKeCTBe 0a31MCcOB pa3dMBAET ero Ha, KJaCChl SKBUBAJIEHTHBIX Da3u-
COB.

Onpedenenue. OpmenTamueii mpoctpancTta RY HazbiBaeTcsa Kaacc SKBU-
BaJIEHTHBIX OA3UCOB.

3adava 2.3. Jlokazkure, uTo mpocTpancTso RN myveeT poBHO 1Be pas3imd-
HbI€e OpUEHTAIlUN.

OpuenTanust OOBIYHO 33IA€TCsI C MOMOIIBIO YKa3aHus Da3uca — Mmpeacra-
BHTEJII COOTBETCTBYIOIIErO KJjacca. YI00HO JOMOBOPHUTBLCS, UTO IPOCTPAH-
crBo R® (Touka) mMeer JBe OpHEHTAIMHM — OpHEHTAIWIO "+ M OpHeHTAIHIO
»n

Onpedesernuve. Cucrema ag, @y, ..., G, cocTosmas n3 n + 1 roukn B RY,
HA3bIBACTCS HE3a68UCUMOU, €C/IU ITH TOYKH He JIeKAT B OJHON IMJIOCKOCTH
pa3MepHOCTH N — 1 WM MeHbIITe.

Crenyer mogdepKHYTb, YTO JIO0As CHCTEMa M3 7. TOYEK JIEXKHUT B OTHON
IJTIOCKOCTH pa3MepHOCTH He Oosee n — 1.

3adana 2.4. JlokaxKure, 9TO /1JIsT HE3ABUCUMOCTH TOYEK (g, A1, ..., A, HEOD-
XOJIMMO ¥ JIOCTATOYHO JUHEHHO HE3aBUCUMOCTU BEKTOPOB (oQ1, AoQ2, -.., ol -

3adawa 2.5. JJokaxkure, 9TO MOACUCTEMA HE3ABUCUMOI CUCTEMBI HE3aBH-
CHMA.

Onpedenenue.  Boimykiaasg o00T0YKA HE3aBHCHUMBIX TOYEK g, (1, ..., 0y
B RY massiBaerca n-mepnvim cumnaexcom. ToUKT ag, ai, ..., @, HA3BIBAIOTCA
ero 8ePUIUHAMU.

3adaua 2.6. Hapucyiite 0-, 1-, 2- 1 3-MepHbIE CHMILIEKCHI.

[L1ockoCTh HamMeHBIIeil pa3MepHOCTH, COAEPYKAIAsA JTAHHBI CHMILIEKC,
HA3BIBAETCA ero Hecywieti naockocmovio. Ee pa3MepHOCTH COBHAIaeT ¢ pas-
MEPHOCTBIO cUMILTeKca. Opuenmayuet, CAMILTEKCA Ha3bIBACTCS OPHEHTAIMS
ero HecyIieil miIockocTu. YI00HO JIOTOBOPUTHCs, 9TO )-MepHbBIH CUMILIEKC, T.
e. TOYKa, IO ONpeJeJeHII0 nMmeer jiBe opuentamun: +'" u 7",

Onpedenenue.['parvio CAMILTEKCA HA3LIBAETCS BBIIYKJIas 000JT0UYKA, IIOJI-
MHOKECTBa €r0 BepIInH.

3adava 2.7. JlokazkuTe, YTO IpaHb CUMILTEKCA SIBJISETCS CHMILTEKCOM.

3adava 2.8. CKOJIBKO M-MEpPHBIX TPaHeil UMeeT N-MEePHBIX CUMILIEKC?!

3adava 2.9. CKOIBKO BCEro rpaHeil mMeeT N-MepPHBIX CUMILIEKC?
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Onpedenerue. Undyyuposannan opuenmayus (n— 1)-MepHOi rpaHn opu-
eHTUPOBAHHOTO N-MEPHOI'0 CUMILIEKCA OMPEIesIsSeTCsl CAeAYIOMnuM 00pa3oMm:
OPHEHTUPYIONNH# Oa3Uuc N-MEPHOr0 CHUMILIEKCA BBIOMpAETCsS TakK, YTOOBI €ro
nepBbie 11— 1 BEKTOPOB JIeXKAJIN B TPAHH, a IOCTeIHNAA ObLT HAIIPABIeH BHYTPD
cuMILIekca. Torma mepBbie . — 1 BEKTOPOB OIPEIEISOT OPHEHTAIINIO IPAHH.

Obosnavenue. Ecaim o — opueHTAIMS CUMILIEKCA 0 W 0 — €r0 I'PaHb, TO
WH/IyIMPOBaHHAs OpHEHTANUs TpaHn § obo3nadaercs «o|d. VHaynupoBaHHast
OpueHTanus rpafeil 1-cumiiekca (0Tpe3Ka) OnpeIessiercs Mo IpaBuiy: + —

3adawa 2.10. Hapucyiite WHIYIIPOBAHHBIE OPUEHTAIIMH T'paHeil OpueH-
THPOBAHHOTO 2-CHMILIEKCA, 3-CHMILIEKCA.

3adawa 2.11. [dokaxkure meopemy o 080GHOM UHOYUUPOBAHUY: TIYCTh
(n—2)-MepHBIl CUMILIEKC Y ABJsIeTCst 001I1eil rpanbio (n — 1)-MepHBIX rpaHeii
1, 0 N-MEpPHOTO CUMILIeKCa o ¢ opuenTanueit . Torma opuentanuu (c|dy)|y
u («|ds)|y paznudHeL.

Onpedeserue. Koneunwrit mabop cummiaekcoB B RY nazpiBaercs cumniu-
YUAALHOM KOMNAEKCOM, €CJIU KayKJIble ero JIBa CHUMILIEKCA JIN00 He MMEIOT
o0IIMX TOYEK, JINOO MepecekaroTcs 1Mo obIel rpaHu.

3adava 2.12. llpuBenuTe HECKOTBKO MPUMEPOB CHMILTHIIHAJIBHBIX KOM-
IJIEKCOB Ha IJIOCKOCTH M B MPOCTPAHCTBE M IpHUMep HabOpa CHMILIEKCOB, He
SIBJISTFOTIIAXCST CUMILTHITHATBHBIM KOMILTIEKCOM.

Onpedeaenue. Opuenmayueti CAMILIAUIAAIBHONO KOMILIEKCa HA3BIBAETCS
HADOp OpUEHTAINI BCEX €r0 CUMILIEKCOB, BKJIIOYAs WX T'DAHMU.

3adava 2.13. CKOMBKO Pa3/JUYHBIX OPUEHTAIMII HMeeT TPeyTrOJIbHUK KaK
CHUMILTAIAAIbHBI KOMILTEKC?

Cxema IOCTpOEHHS T'PYII TOMOJOTHI CHMILTAHIIIAJIBHOIO KOMILIEKCA, CO-
CTOWT W3 JIBYX JTANOB: CHAYAIA CHMILIUIUAJIHHOMY KOMILIEKCY COMOCTAB/IsI-
eTCd TaK HA3bIBAEMBIN IENHOW KOMILJIEKC, TOTOM IENHOMY KOMILIEKCY COIO-
CTaBJIIETCS €ro rpynmna roMosoruii. Merogmdyeckn ymoOHee HadaTh CO BTO-
pOro STama.

3 llenHble KOMILJIEKCHI.

Onpedenenue.Beckonednass B 00e CTOPOHBI IMOCJIEI0OBATEIHHOCTD abe/TeBbIX
IPYII d TOMOMOP(U3MOB

On, On On—
R Cn-l—l —+1> Cn — Cn—l —1>



HA3bIBACTCS UENHbIM KOMNAEKCOM, €CITH JIJIs TIOOOTO N BBITIOTHSIETCS YCIOBHE
3n3n+1 - 0

Ipynna C), nazeiBaercsa 2pynnot n-meprwox yened. ['pynna Kerd, C C,
HA3BIBACTCA 2pynnoti n-MepHuLT YukA06 U obo3HadaeTcs depe3 A,. I'pymnma
Im 0,11 C C),, Ha3BIBAETCS 2pynnoti n-MeprolT 2paruy, © 0003HATAETCST Yepe3
B,.

3adava 3.1. TlpuBeaure Tpu mpuMepa HEMHBIX KOMILIEKCOB.

3adava 3.2. Haiimure rpynnel MUKJIOB U TPYMIBI TPAHUIL BO BCEX Pas-
MEPHOCTIX 718 KOMILJIEeKCa, IPYIIHI Tefeil KOTOPOTO 3a/IaAI0TCA PABEHCTBAMME
Ci=74,Co=7Z&%Z,C, =0mupun # 1,2, a romomopdusm Jy JeiCTBYeT 110
npasuity Oy(m,n) = 3m + 3n.

3adava 3.3. Jlokaxkure, 9TO st JFOOOTO IEITHOIO KOMILIEKCA TPYIINa
rpaHut B, COJEepPKUTCI B TPyIIIe IpaHut A,,.

Onpedenenue.I'pynna A, /B, uassiBaercsa n—i 2pynnoti 20mo.r02uli KOM-
mwiekca C' u oboznauaercs depes H, (C).

Tepmurorozus. DIeMEeHTHI TPYIIbl A, HA3BIBAIOTCST UYUKAGMU, TPYIIILL
B,, — epanuyamu. Tomomopdusmel 0;, @ € 7 HA3BIBAIOTCA 2pAHUNHbLMU. JIBa
HUKJIA 1,0y € A, HA3BIBAIOTCS 20MOA02UMHLLMU, €CTIUH a1 — Ay € B,,. Takum
obpa3oM, JIBa MUKJIA OMPEIeJSdi0T OJWH MU TOT YK€ JIeMEHT I'DYIITbI TOMO-
JIOTHl TOTJIA U TOJBHKO TOTJA, KOTJA OHH TOMOJOTUYHBI. DJIEMEHT TDYIIBI
TOMOJIOTHIT MOYKHO WHTEPIPETHPOBATH KAK KJIACC TOMOJOTHIHBIX ITHKJIOB.

3adayua 3.4. Beraumcaurb rpynnbel romosoruii Kommekca F(m), rpynmst
enei KOToporo TaKOBBI

0, n#m
E, =
Z, n=m.
3adaua 3.5. Berunceguts rpymnimbl romonaoruii koMmiiekca D(m, k), rpynnst
Ienei KOToporo TaKOBBI

0, n#m,m+1

Dn = Z, n=m,m+ 1,

a roMomMopdu3m Oy,,1 €CTh YMHOXKEHUe Ha, 1eioe ducio k # 0.

3adaua 3.6. aiite ompenenenne mpsaMoil CYMMBI TEMHBIX KOMILJIEKCOB H
nokazxure, uro H,(C @ C') = H,(C) & H,(C").

[Tycrs C u C' — apa nenubix Komiuiekca. CemeicTBO roMoMOpdu3MOB
0 Cp — C] (=00 < n < 00) HA3BIBACTCS UENHLLM 0MOOPANCEHUEM, €CITH
90n+lan+1 = anJrl(pn AJIA J100010 7.



3adava 3.7. Iycrs ¢ : C' — C" — nennoe orobpazkenue. Jlokaxkure, 9410
on(A,) C AL u @, (B,) C B

3adava 3.8. OO0bACHUTE, KaK MEMHOe OTOOpazKeHne OJHOIO KOMILTEKCA B
JIPYTOil HHAYIHPYET TOMOMOP(MU3MBI COOTBETCTBYOMUX T'PYIII TOMOJJIOIHIA.

3adava 3.9. OuuIImTe KATErOPHIO MEMHBIX KOMILTIEKCOB, KATErOpUIO I0-
CJIEJIOBATEILHOCTEH abe/IeBhIX TPYTI U MPOBEPHTE, 9TO COMOCTAB/ICHUE TET-
HOMY KOMILJIEKCY MOC/Ie/IOBATEILHOCTU €0 TPYII TOMOJIOTU SBJIsIeTcs (DyHK-
TOPOM U3 IEPBOii KATErOPUU BO BTOPYIO.

4 T'omogormn CIMILJIINIINAJIbHOI'O KOMIILJIEKCa

[Iyctb K — OpWeHTHPOBAHHBI CUMILIMIUAJIBHBI KOMILIEKC. DJIeMEeHTaMn
rpymibl n-MepHbix neneii Cp,(K) 10 onpeaeneHno aBiasiorcs ¢hopMaibHble
JINHeWHble KOMOMHAIMKE BUJA 1M 01 + Mo0y + ... + M0y, TAe m; — Teble
quciIa, a 0; — n-MepHble cuMIiekchl. CroyKeHne MOKOOPANHATHOE.

3adaua 4.1. TIposepbre, 4T0 OTHOCHTENBHO yKas3aHHOi omepamun C, (K)
ABJIACTCA I'PYHIION.

Aure6pandecku rpynma C,(K) ecth cBOGOHAS abesieBa TPYIIa, TOCTPO-
eHHas Ha N-CHUMILIeKcaxX, KakK Ha obpasyomux. Ee paHr paBeH YHCIy CHM-
ILJTIEKCOB Pa3MepHOCTH 1.

Hro6b1 onpeaeantsh romomopdusmbt d,, : C,(K) — C,_1(K), noctaroaso
OIIPeIeJINTh WX Ha O0pa3yloImmX, T. €. Ha cuMILIeKcax. I[lo ompeneneHuio

I10JIAraeM:
3n(0) = Z e,ﬂi,
6, EK

e CYMMEPOBaHUE BEJIETCs 110 BCeM CHMILTEKCAM Pa3MepHOCTH n— 1, a ducia
€; 3amatorcst npasuiaamu: 1) €; = 0, ecam §; — He rpanb 0; 2) ¢ = 1, ecan 0;
— IpaHb 0 W OpHEHTAIHsl §; COBIAJAET C WH/YIMPOBAHHON OpueHTaIueil; 3)
€; = 1, ecim §; — rpanb 0 ¥ OpHeHTAIMA 0; HE COBIIAJACT C MHIAYIMPOBAHHOI.

3adaua 4.2. Jokaxkure, uro rpynmbt C,(K) BMecte ¢ romoMopduzmamu
0, 00pa3yioT menHoii KoMIIeke (Mbl Oyjaem obo3navarh ero wepes C(K)).
Feomerpudeckuii cmbicyi TomomMopdusma 0, COCTOUT B TOM, UTO KaZKJIOMY
OPUEHTUPOBAHHOMY CHMILJIEKCY COIIOCTaBJIACTCA €0 OPpUEHTUPOBaHHAA I'Da-
HHUIA UK, 9TO Goslee MPaBUILHO, ero OPMEHTHPOBAHHBIN Kpail. B stux Tep-
MHHAX Pe3yJbTaT 3aJa4u 4.2, Ipu peleHnd KOTOPOi HYXKHO HCIONb30BAThH
TEOPEMY O JBORHOM WH/LYIUPOBAHKUHI, MOKHO IepedOpMYTUPOBAThH TaK: Kpai
Kkpag myct. OyHpaMeHTaabHas BaXKHOCTH 3TOro (hakTa, JerKallero B OCHOBe



7000 Teopuu roMosIoruit, Tpedyer TIHIATEJBHOIO ¥ BCECTOPOHHET'O 001y Mbl-
BAHUSIL.

Onpedeaenue.I'pynmsr romosnoruii nenuoro komimterca C'(K) Ha3bIBAIOT-
CA 2PYNNAmu 20MOA02UT CUMNAUYUAALHO020 Komnaerca K 1 obo3HaTarOTCS
H,(K).

3adaua 4.3. Jokaxkure, uro rpynnst H,(K) He 3aBHCAT OT BHIOOPA OpH-
eHTaAllnN KOMILIeKca K.

MOKHO TaKzKe JOKa3aTh, ITO TPYIIIBI TOMOIOTHIA MOMHIApa (MOIMHOKE-
crBa RY | KoTOpoe MOXKHO IpeJCTABUTD B BUJIE CUMILTAIHUATLHOTO KOMILTCK-
ca) He 3aBHCAT OT KOHKPETHOTO CIOCODA MpEJICTABIECHHs, T. €. OT TPHAHTY-
asnun. JIokazareabCTBO ITONO pe3yJsbrara CI0XKHOE U I'DOMO3JKOE, XOTs U
He COJIEPKUT IPUHIMINAJIBHBIX TPYIHOCTEI.

YT00B! BBIYHCIUTE I'PYIIBI TOMOTOTHN TOIOJOTTIECKOTO IIPOCTPAHCTBA,
HY’KHO BBIIOTHATD CJIEAYIOMYIO IPOIPAMMY:

1) TpHAHTYIHPOBATH IPOCTPAHCTBO;

\V]

) OPHEHTHPOBATH MOJYYEHHbBIII CHMILIUINATBHBIA KOMIIJIEKC;
) BerauCanTh rpymmnsl neneii C;
) onmcaTh roMOMOPMOU3MBI Oy
) HAWTH IPYNIBI TUKIOB Ay}
) HaiiTH rpynnsl rpanui By
7) waiitn dakrop rpynust H, = A,/ B,,.
3adava 4.4. Haiitu rpynmsl rOMOIOTHIT TOUKH, OTPE3KA, OKPYZKHOCTH.
Badaua 4.5. Haiitn Ho(S?), Ho(T?).
3adaua 4.6. Jloxkaxkure, uro Hy(K) ectb cBobommas abeneBa rpyiia,
paHr KOTOPOIl COBMAIAET ¢ IHCIOM KOMIOHEHT CBSI3HOCTH KOMILTeKca K.
MTak KazkKI0My CHMILTHIAAILHOMY KOMILTEKCY COMOCTABICHA MOCTEI0BA-
TeJIbHOCTh €ro I'PyIi romosiornit. YTobbl 3aBepiuTh nocTpoeHne (PyHKTOPA
U3 KaTeropuu CUMILIAIUAJBHBIX KOMILIEKCOB W HENPEPBIBHBIX 0TOOParKeHuit
B KATErOPHIO MOCIEI0BATEILHOCTENH abeIeBbIX IPYII H UX TOMOMOPMU3MOB,
HYKHO KayKJIOMY OTOOPayKeHHIO KOMILIEKCOB COIMOCTABHTH TOMOMOPMU3MBI
AX TPYII T'OMOJIOTHA.

DD Ot = W

5 CuMnanmnuaJjabHbIe OTOOPaKeHWs M TeopeMa
O CHUMILINITAAJIBLHON aIIPOKCUMAINNI

Onpedenenue.OrodbpazkeHne 0OHOIO CUMILIEKCa B APYTOil HA3bIBAETCS AUHEL-



HbLM, €CTTH OHO TIpojo/zKaercst 10 abdUHHOrO (T.e. JHHEHHOTO MPU MOIXO-
JISIIEM BBIOOpE KOODAMHAT) OTOOpazKeHHsI X HECYIIUX TLIOCKOCTE]H.

3adawa 5.1. JlokaxkuTte, 9TO JMHEHHOE OTOOpayKEHHE CUMILIEKCA B CHM-
IJIEKC TOTHOCTBIO ONpeIesseTcss 00pa30M ero BepIInH.

Onpedenenue.OTodbpazkeHne CUMILTAIHAJIBHBIX KOMILTeKcoB f : K — L
HA3bIBACTCS CUMNAULUUGAIOHOLM, €CIH 00pa3 KaryKJI0r0 CHMILIEKCAa KOMILIEK-
ca K gaBisiercss cHMILJIEKCOM KOMILTEKCa L, W ecIu Ha KaXKJIOM CHMILIEKCe
KoMmILiekca K oroOpazkenue [ JIMHEITHO.

3adava 5.2. Tlodemy mpu CUMILTHIITAJIHLHOM OTOOpPAaKEHUU BEPIIUHBI I1e-
PEeXOIAT B BEPIINHBI?

Badaua 5.3. Tycrs orobpaxenme f© @ K© — LO) nepesomur mmo-
skecrso Bepumma K9 kommiekca K B muoxkecrso sepmmu L9 kommiekca
L. Joxaxure, ato f(©) mpomomkaercs 10 CHMIUTHIIAILHOTO OTOODAZKEHHS
f: K — L Torma m TOJBKO TOTJA, KOI/A BBIMOJHIETCS CIeAYIONee YCIOBHE:
€CJTH BEPIIUHEL Vg, U1, ..., Up, JEZKAT B OJHOM CHMILTEKCEe KOMILTeKca K, TO Bep-
mmner fO) (vg), £O(v1), ..., O (v,,) nesxar B ogHOM CcUMMIEKCe KomILTekca L.

Cummmmnuaabioe orobpazkenune f : K — L umagynupyer oToOparkKeHue
¢ : C(K) — C(L) cooTBeTCTBYOMIX HEMHLIX KOMILIEKCOB, KOTOPOE 3a/13€T-
cs Ha o6pas3yomux (T.e. Ha cuMILiekcax) dhopmy.noii:

0, dimo > dim f(o)
(o) = 1, dimo =dim f(o), op(o
—1, dimo =dim f(o), op(o

SN
|
o
i
—~
-
—
Q
SN—
SN—

r7ie op(0) — OpHeHTAIUsT CUMILIEKCA 0.

3adava 5.4. Jlokaxkure, 9T0 (0 — MEMHOE OTODPAYKEHHE.

[lennoe orobpaxkenne ¢ : C(K) — C(L) nugynupyer romomMopdusu B
romosiorusix f, @ Hy(K) — H,(L).

Onpedenenue. Kommnekc K| HazbIBaeTcs nodpasdesenuem KoMmiLiekca K,
ec/TH OHM COBIAJAIOT KaK MOAMHOzKecTBa RY | 1 ecm KazKaplil CHMILTEKC KOM-
miekca K JeKUT B HEKOTOPOM CHMILIEKce KoMILiekca K.

[Tepexon kK moapas ieseHni0 0OOBIYHO OCYIIECTBJISIETCsSI C MOMOIIBIO pa30u-
eHUs KayKJI0T0 CUMILIEKCa Ha 0ojiee MeJIKHe TakK, 9To0bl 3Th pa3bueHust ObLIn
COIVIACOBAHBI HA T'PAHSIX.

3adava 5.5. JlokazkuTe, 9TO JTIOOOH KOMILIEKC HMEET CKOJIb YTOJTHO MeJI-
KOe T0JIpa3ie/IeHue.

Teopema 0 cumnisuyuarvHotl annpokcumayuu. st 11006010 HETPEPHIBHO-
ro orobpazxkenust f : K — L naiigercs takoe moapasaesenne K; KOMILIEKCa,



K un takoe cummninnua/ibHoe orobpaxkenue ¢ : K| — L, 9T0 g anmpoKcuMu-
pyer f B ciemyromeM cMbicae: Jyist aiboi toukn x € K, toukn f(x) n g(x)
JIezKaT B OJHOM CHMILITEKCe KOMILTeKca K .

Sameuarue. Tepmur “anmpokcuManus' OIpaBIBIBAETCS CJIELYFOIIIME
0BCTOSITETHCTBAME: 3aCTABUB KAXKJIYIO0 TOUKY f(2) paBHOMEPHO JBUTATHCS K
ToYKe ¢(T) 110 CONMHSIIONIEMY UX OTPE3KY, MbI MOy YUM TOMOTOIHIO MEZK LY
orobpakenusivu f u g. Takum 06pa3om, ¢ armmpokcuMupyeT f B roMoTonnde-
ckoM cMmbicie. C apyroit CTOPOHBI, /I MPeIBapUTeIbHO BHIOPATH HACTOIHKO
MeJIKOe TIo/Ipa3jeaeHne KoMIiekca L, 9ToObl JuaMeTpbl CHMILIEKCOB He IIpe-
BOCXO/IMJTH JAHHOT'O YHC/IA €, TO OTOOpaKeHne ¢ ABJSIETCS €-alIPOKCUMAaInei
orobparkenus: f B METPHUIECKOM CMBICTE.

JlokazareibCTBO TEOPEMBI O CUMILIUIUAIBHON anPOKCUMAINHA OMTPALT-
cd Ha CIeJyIolue onpeaeaeHus u (pakTHl.

°

Onpedenerue. Omrpumoti seeszdoti St (v, K) BepumHbl v B KOMILJIEKCE
K nasbiBaercs o0be/IMHEHNE BHYTPEHHOCTEN TeX CHUMILIEKCOB KOMILIeKca K,
JUUIsT KOTOPBIX TOYKA, ¥ CJYZKUT BEPIIMHOIA.

3adava 5.6. JIoKaxKuTe, 4TO OTKPHITas 3BE3/IA SABISIETCS OTKPBITHIM IT0/I-
MHOZKECTBOM KOMILTEKCA.

3adava 5.7. JlokazxKutre, 4TO ﬂ St (v;, K) # ¢ Torga m TOIBKO TOTJA,
KOT/Ia Ha BEPINUHBI ¥; HATSIHYT CHAMILIEKC.

Onpedenenue.Yucmo § > 0 Ha3BIBACTCA 4€0€206bIM “UCAOM TOKPBITHS
{uqs} Merpuueckoro mpocrpancrsa X, ecau s Jioboro Maoxkectsa A C X,
JIMaMeTp KOTOPOTO He MPEBOCXOAUT ¢, HARJETCS TAKOe Uq, YT0 A C Ug.

3adava 5.8. Jlokaxkure, 910 1151 JTFOOOTO OTKPBITOTO MOKPBITHS METPU-
YECKOI0 KOMITAKTa, JIEDErOBO YHCIIO CYIIECTBYET.

JlokazkeM Temepb T€OpeMy O CHMILTHIHAJBHON ammpokcuManuu. [lycrtsb
f : K — L — npou3BoJIbHOE HENMpEPhIBHOE 0TOOpaKeHHe CHUMILIAIUATBHBIX
KOMILIEKCOB. JIJIst KasK 10 BEPIIUHBI W KOMILIEKCAa [ OIpeeiM OTKPhITOe

°
muozxectso Uy, = f71(St (v, L)) C K.

Torga ceMeiicTBO MOIMHOKECTB {1y, } SIBISIETCS OTKPBHITHIM MOKPBITHEM
komiuiekca K. Ilycrb 6 — meGeroBo 4ucio mOKpeITHS {i,}, u nycts K; —
HACTOJIBKO MeJIKOe MoJpas3ieenne KoMiaekca K, 9To quamerp 3Be31bl KazkK-
J10i1 BepIuHbL He TPeBOCXOAUT §. COMOCTABUM KarK0i BEPITUHE U KOMILIEK-

]
ca K Takywo Bepmuny w Komitekca L, ato St (v, Ki) C U,. (Ecm raknx
BEDIIUH HECKOJIBKO, BO3HMEM OJHY U3 HUX). DTO COMOCTABJIEHHE OMPEIETISIeT
orobpazenne ¢° : K — LY pepmun xommiexkca K| B BePIIUHBI KOMILIEKCA

L.
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3adaua 5.9. okaxure, uTo oTOOparKkenue ¢° MPOTOAKACTCH 10 CHMILINILA-
aJibHOro oTobOpakenus ¢ : K; — L, u 4ro orobpazkeHue ¢ alnmnpoKCUMUPYET
f.

CrpaBeJ/TuB OTHOCUTE/IbHBIII BApHAHT TEOPEMBbl O CHMILIAIHAJIBHOMN all-
npokcuMmanuu. Ecim mcxomnoe orodopaxkenue f : K — L gBiagercs cuM-
IJINIHAJIBHBIM HA HEKOTOpPOM Tojkomiiekce M C K, To anmpokcuMaiuo ¢
MOKHO BBIOpPATh Tak, 9T00BI ¢ coBmajaJa ¢ f Ha M.

6 HWMugynupoBaHHble TOMOMOP(MU3MBI B TOMO-
JIOTUSAX

Mest TeopeMy O CUMILIAIUAILHON AIMPOKCUMAIUE U 3HAs, KAK CAMILIAIU-
aJbHOE 0TOOparKeHne MHIYIUPYeT FOMOMOP(hU3MBI B TOMOJIOTUAX, HETPYIHO
ONpEIeINTh HHAYIUpoBanHble roMoMopdusmbl f, @ H,(K) — H,(L) s
npou3BobHOTO OoToOpaxkenust f : K — L. Ilo onpenenenuto mosraraem
f+ = g, TIe g — Kakas-HUOY/ib CUMILIUIUAIbHAS AIMPOKCUMALUsT 0TOOpa-
xenns f. Heobxoaumo yoeuThcsa B KOPPEKTHOCTH 9TOIO ONPEJIe/IeHHS, T. €.
JI0KA3aTh, 9TO €CJIH § — JApyras CAMILIANHAJbLHAS AINPOKCHMANUA 0TOOpa-
xenud f, To g = g. Unes nokaszarenbcTBa TakoBa: U3 f ~ g u f ~ g ClIeyer,
9TO ¢ ~ §, T. €. 4TO CylmecTByer Takoe orobpakenme F': K X L — L, aro
F(z,0) = g(z) n F(z,1) = g(z). Ilo orHoCHTENBHOII TeOpEME O CHMILIHIH-
AJIbHOIl ATIPOKCUMAIINH, TIPUMEHEHHOTT K 0TOOparKeHu o F', MOKHO 3aMEHUTh
ero Ha CHMILTHIIHAIbHOEe orobpazkenne G : K X I — L, coBmaaiomime ¢ 0To-
OpakeHUsIMH ¢ M § HA OCHOBaHHMAX muauHIpa K X I.

Ecin rteneps a — npoussoibhblii muka B K, 1o d(a X I) = da x T U
ax 0l =ax {0} —ax {1}, anosromy 0G(a x I) = G(da x I) = G(a x
{0} —a x {1}) = g(a) — g(a). Dro o3nauaer, uro pasHoctb g(a) — g(a)
SBJISIETCsI TPAHUIIE(E, T. €. ITO MUKJIBI g(a) u g(a) OnpesessiroT OJUH U TOT JKe
S7EMEeHT B TOMOJIOTUAX. [IpuBeeHHAs MIes ITO3BOTUT JIyYIlle OHATH CTPOroe
JIOKA3aTeIbcTBO (CM. [2]), B KOTOPOM, B 4aCTHOCTH, OOBSICHSIETCS KaK MOYKHO
TPUAHTYJIUPOBATDH MpsiMoe npousse/ienue K X I u noyemy ¢ ajaredOpandeckum
00beKTOM (IUKJIOM @) MOYKHO OOPAIAThCsT KAK C FeOMETPHIECKIM OOBEKTOM,
YMHOKas ero, ckaxkeMm, Ha [.

Badawa 6.1. OkpyxHOCTH |z| = 1 orobpazkaercs Ha cebsi ¢ MOMOIIBIO
orobpazxkenus f, 3amaBaemoro dopmynoii f(z) = z". Haiinure f. Bo Beex
Pa3MEpPHOCTSIX.
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3adava 6.2. Jlokaxkure, 9TO CyHepro3uIusi OTOOPaYKeHWl WHIYIUPYeT
CyHepIo3uIi0 TOMOMOP(MU3MOB, U YTO TOXK/IECTBEHHOE O0TOOparKeHue WHLY-
UPYeT TOXKJIECTBO B FOMOJIOTHSIX.

3adava 6.3. JlokaxKuTe, YTO TOMOTOIIHBIE OTOOPaYKEHUs MPOCTPAHCTB UH-
JYIHPYIOT OJIMHAKOBBIE TOMOMOPMU3MBI B TOMOJIOTHAX.

OyHKTOP W3 KATErOPUU CUMILINIHAJIHLHBIX KOMILIEKCOB B JIIOOYIO APYTYIO
KaTeropuio, yAOBJIeTBOpstomuii ycaosuto f ~ g = f, = g¢,, Ha3bpIBaerCcs
20MOMONULECKUM.

3adava 6.4. Jlokaxkure, 9TO I JTIOOONO TOMOTOMUYECKOrO (YHKTOpA
F' n3 romoTronmyeckoil 3KBUBAJIEHTHOCTH TPOCTpaHCTB X u Y ciaeayer m3o-
mopduocrs rpynn F(X) u F(Y).

7 OTHOocuTeJbHBIE TOMOJIOIUN

[TocstegoBaTEILHOCTH TPYIIN TOMOJIOTHIT MOKHO CONIOCTABUTH HE TOJBKO MPO-
CTPAHCTBY, HO W Tape MPOCTPAHCTB, W3 KOTOPBIX OJHO SBJSETCS MOIIPO-
CTPAHCTBOM JIpyroro. ['OMOJIOrHH maphbl MPOCTPAHCTB (FOMOJIOIHU 110 MOJLY-
JIF0, OTHOCUTEIbHBIE TOMOJIOTHI) TECHO CBSI3aHBI ¢ TOMOJIOTHSIME KasKJIOTO U3
HUX M [O3TOMY CBZA3BIBAIOT UX JPYT C JAPYTOM. ONpeJe/eHne H CBOHCTBA
OTHOCHTEIbHBIX TOMOJIOIHH MaJIO OTJIMYAETCS OT abCOMIOTHBIX, II0O9TOMY JI0-
CTATOYHO OI'PAHUYUTHLCA KPATKON CXeMOIl.

ZL.H?I IMMOHUMaHHA OY€Hb ITOJIE3HO UMETH BBU/Y, YTO OTHOCHUTEJIbHbIE T'OMO-
JIOTHH TIPOCTPAHCTBA IO MOJLYJIO IMYCTOTO0 MHOZKECTBA COBHAIAIOT C aDCOJTIOT-
HBIMH.

Onpedenenue. [lodkomnaercom KoMILTeKca K HA3bIBAETCS TOIMHOKECTBO
MHOZKEeCTBa 3aMKHYTbBIX CUMIIJIEKCOB KOMILJIEKCaA K

[Iycts L C K — 1mOJIKOMILIEKC.

['pynna neneit C,,(K, L) onpeaensiercss kak cBoOOgHas abeseBa rpyria,
nopozk ienHas cumimaekcamu u3 K\ L. Oneparop 0, : Cy, (K, L) — C,—1(K, L)
3ajaerca dbopmyioii 9, (0,) = EérleK\L ;07! rie umcna €; MMEIOT TOT Ke
CMBICII, 94TO U B abcomoTHOM ciaydae. ['pynna uukiaos A, (K, L) mo ompe-
JIeJIEHUI0 eCTh s1Ipo romMomopdusma J,, rpymnna rpanun B, (K, L) — 06-
pa3 romomopdusma d, 1, rpynna orHocuTeabHbIX romoaoruii H, (K, L) ectb
A,(K,L)/B,(K,L). Kak u B abcoIIOTHOM C/Iy4ae, 0ToOpakenue (T.e. TaKoe
orobpaxenne f : K — K, uro f(L) C L;) usgynupyer roMmoMopdu3Mbl
fo: Ho(K,L) — Hy(Ki, Ly).
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st mydmrero noHMMaHNsI OTHOCHTEIBHBIX TOMOJIOTHIT OY€Hb TTOJIE3HO MTPO-
JyMaTh BOIPOC: YeM OTHOCHTeJbHBbIe roMosornu mapbl (K, L) oramgarorcs
OT abCOMOTHBIX roMostoruii pasHoctu K \ L wiu ee 3aMbIKAHUS.

8 Tounas mocjegoBaTEIbHOCTH TOMOJIOTHII

J__LHH OIINCAHUSA CBA31 a6CO.HIOTHbIX I'OMOJIOI' U1 IIPOCTPAHCTB U OTHOCUTEJ/Ib-
HBIX TOMOJIOIHil Maphl OYeHb MOJe3eH S3BIK TOYHBIX MOCTeI0BATETHHOCTEI.
Onpedenenue.llocnenoBaTebHOCTD

o A A B A —

HA3BIBACTCA MOYHOU, eCIH AP0 KazKI0TO CIeIYIONEro roMoMopdu3mMa coB-
najiaer ¢ obpasom npeabiaymiero, T. e. ecau Kerp, = Im g, | ais jgoboro
n.

3adava 8.1. UTo MOXKHO CKa3aTh PO rOMOMOPMU3M (0 B TOTHON MOCIET0-
parerpHocTH 0 — A —25 B? B rounoii mocienosarepaoctn A —— B —»
0?7 B tounoii nocienosareasaoctn 0 — A —25 B —» (7

3adaua 8.2. OObsicHUTE, MOYEMY W3 TOYHOH MOcaegoBaTeabHOCTH ) —
A — B — C' — 0 caenayer, uro C' = B/A.

AHa.HOFI/ILIHO TOYHOI ImocJIeJ0BATCJIbHOCTU T'PYIIT OIIpeae/ideTcd TOIHaA
OCJIeI0BATETHHOCTD MEIHBIX KOMILTEKCOB H IEIHBIX 0TOOparKeHuii: Tpedy-
eTcs, 9TOOBI ee OrpaHHYeHNe HA KaXKIYI0 pa3MepHOCTb JaBaJIO TOUYHYIO IIO-
CJIeIOBATEILHOCTD TPYIIIL.

Tounas nocaedosamesvHOCMb 20MOA02UL.

[Tycrs nenubie komiiekebt C, C7, C" ¢Bsi3aHbl KOPOTKOIT TOYHOM MOCIIE-
JTIOBATETbHOCTHIO

0—C 55" —o.
Torma oKa3bpIBaeTCS, YTO MMEET MECTO JINHHASI TOYHAS IMOCTeI0BATETLHOCTD
TOMOJIOTHIA:

LH,(C') =5 H,(C) 25 H(C") — Hy_1 (C') —> ...

Yro0Bl OmpeaeuTh roMOMOpGHU3M 0, HAPHCYeM KOMMYTATHBHYIO JIHa-
rpaMMmy:
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10 10 Lo
0 — Chyy — Coy = Chyy — 0

10 10 10
0o — ¢ 5 o L o — 0
10 1o 10
0 — O, s Cph — ", — 0

1o 10 10

Ha ypoBHe muk0B roMoMopdusM § onpeensgerca GpopMymoit § = i~ 10p~L.

[Monumats 31y dopMmyny HyxKHO Tak: nycte h € H,(C"). Boibepem
npescrasisonmii ero muka o € A,(C") C C). Tak kak romomopdusm p
simmopden (naabme crout 0), To Moxuo Haiitu t € p~'(a) € C,,. 13 kom-
MyTaTHBHOCTH JHArPaMMbl cireayer, ato pd(t) = Op(t) = da = 0, nosromy
ot € Kerp = Imi. Taxkum obpasom, onpesesen snement v = i '0(t). Tak
kak i0(z) = di(x) = 0*(z) = 0 m i — momomopdusm, To d(z) = 0, Te. T as-
JIIETCS UKJIOM, TOTOMY OH ONIpeJIe/iseT HeKOTOpHIi snement T € H, 1(C").
[To onpenesnennio nonaraem d(z) = .

Cureyromye 3a/1a9u PEMIAOTCA MPU MTOMOIIH JHAIPAMMHOTO MTOMCKA.

3adava 8.5. JlokaxKure, 9TO JIeMEHT T He 3aBHCUT OT BHIOOpA JIEMEHTA
t€pt(a).

3adava 8.4. JloKaxkuTe, 9TO 3JeMEHT I He 3aBHCHT OT BBIOOpa NMHKJIA «,
HPEJICTAB/ISIONIEro Kiace h.

3adaua 8.5. JlokayKure TOUHOCTH JIMHHON MOC/IE0BATEILHOCTH TOMOJIO-
TUit.

Jlerko BujeTh, 4To Jjist 000 napsl (K, L) CUMILTAIUATBHBIX KOMILTEK-
COB MMeeT MeCTO TOYHAs KOPOTKAas IMOCTeI0BATETbHOCTD MEeITHBIX KOMILIEK-
COB: _

0— C(L) = C(K) % C(K,L) — 0,

B KOTOPOii TOMOMOPMU3M ¢ HHAYIIUPOBaH BioxkenneMm L B K, a romomopduszm
P COCTOUT B OTOpACBIBAHUHU Te€X CUMILIEKCOB KOMILTeKca K, KOTOpbIe JiezKaT
B L.

[Tosromy romosmorum komiiekcoB K u L cBsi3aHbI JUIMHHON TOYHOMN MO-
CJIeJIOBATEIbHOCTHIO:

. — Hy(L) =5 Hy(K) 25 Hy(K, L) -5 Hp_y (L) —> ...
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9 AKkcuombl BbIpe3aHUd W Pa3MepPHOCTU 1 TeOo-
peMa eJMHCTBEHHOCTH

Axcnoma BbIpe3aHusi B CUMILIMIUAJBHON TEOPUU TOMOJIOTHI SIBJISIETCST TEO-
peMoii, T. e. JTOKa3bIBAETCH.

Teopema. Ilycth komiuiekchl X, Y mepecekaroTcs MO MOJAKOMILIEKCY /.
Torpa Baoxkenue i mapst (X, Z) B mapy (X UY,Y) uaaymupyer uzomopdusm
B TOMOJIOTHSIX.

3adava 9.1. Jlokaxkure 3Ty TEopemy.

Axcnoma pasMepHOCTH TaKKe SIBJISETCS TEOPEMOIA.

Teopema. T'omooruu TOYKM YCTPOEHBI TaK:

0, n#0

Hy(x) = Z, n=0.

3adava 9.2. Jlokaxkure 3Ty Teopemy.

s bopMyTHpPOBKI T€OPEMBI €INHCTBEHHOCTH FOMOJIOTHIECKOTO (hyHK-
TOpa HAM MTOHAI00ATCS CIeIYIONne OMpeIeTeHHSI.

Onpedenenue. @yuakrop H u3 KaTeropuu map CHMILTHITAILHBIX KOMILTEK-
COB B KaTErOpHWIO IMOC/IeI0BATEIHHOCTEN abe/eBbIX I'PYIIT HA3BIBAETCS 20MO-
monuveckum, ecim u3 f ~ g cieayer f, = g,.

Onpedenenue.Oyuaxrop H Ha3BIBaeTCI MOUHBLM, €CTH JIJIS JTIOO0M MapPHI
CUMILTUIUATBHBIX KOMIUIEKCOB (X, Y') mMeer MecTo TOYHAs MOC/Ie0BATE b
HOCTB:

. — H, (L) -5 H, (K) 25 H, (K, L) > H,_ (L) — ..,

rjie TOMOMOPMU3MBI 7, ¥ P, HHIYIUPOBaHBI BjOKeHusimu Y B X 1 napbl
(X, ¢) B (X,Y), a romomopdusmbr ¢ GyHKTOPHATBHBI IO OTHOIIEHHIO K OTO-
OpazKeHuio map.

Teopema eduncmeernnocmu. JI10OOH TOUHBINH TOMOTONUYECKU (DYHKTOP,
Y/IOBJIETBOPSIIOIINI AKCHOMAaM BBIPE3aHUs U Pa3MEPHOCTH COBMAIALT C (DyHK-
TOpPaMU CUMILIAIUAIBHBIX TOMOJIOTHIA.

JLnst jtydineit OpueHTUPOBKY IIPUBEJIEM IPYOYIO CXeM JI0Ka3aTeIbCTBaA Te-
opembl egnHCTBeHHOCTH. [10 akcnome pasmeproctu Hy,(x), Hy, (x). CoBmect-
HBI{i aHAJIN3 TOYHBIX TOMOJOTHYECKHUX MOCTeI0BaTebHOCTel map (D™, dD™)
u (OD™, Di™'), rne D™ — n-mepnbiit map (cuMitexc), OD™ — ero kpaii, a
Dy~' — menprmmit map By TpE D™, MO3BOMISIET OKA3ATH COBMAIEHIEe (DYHK-
topos H u H na ksrerkax (cumiurekcax) u napax (k/aerka, kpait). Cosmajenne
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H u H na Bcex cUMIIMIHAAJIBHBIX KOMILIEKCAX MOJIYyYaeTCsl ¢ MOMOIIbIO CJIe-
JIVIOIIETr0 3aMedaHus: J000i CUMILIMIUAIBHBIN KOMIIJIEKC MOYKHO IOy YATh
U3 TOYKH IIOCIeI0BATEIbHBIM IPUKICHBAHIEM KJIETKH IO UX IPAHMIIE.

10 3BakJiwuurejibHbIE 3aMeYaHUud

Pazobpannbie BbIle 331291 KACAIUCH CUMNAULUGADHOT MeoPUuL 20MOA02UL.
VmeroTcss U Ipyrue TeOPUH, HAIIPUMED KAEMOYHBLE 20MOA02UL T CUH2YAAD-
Hole 20M0A02uY. VIX OTIHYHEe OT CHMILTHIHUAJIBHBIX COCTOMT B TOM, UTO CO-
ImocCTaBJieHuEe TPOCTPAHCTBY HEIMHOT'O0 KOMIIJIEKCa IMPOU3BOAUTCA APYTI'UM CIO-
coOOM, XOTsI TPYIIIBI TOMOJIOTHH TOJIydaioTCst Takumu ke. LlermHoit komrekc
B KJIETOYHOM Teopun NMOpoOKJACH HE CUMIIJIEKCaMH, KaK B CUMIIJIMOUAJIBHOM,
a KJIeTKaMu, T.e. 0Oojiee KPYHMHBIMEH OJJOKAMH. DTO HPUBOIUT K OOJee KO-
HOMHOMY CII0COOY BBIUHCIeHHsA. LlemHoili KOMILTEKC B CHHIYISPHONR TeOpHUH
MMOpoO2KAeH CUHTYJIAPHBIMU CHUMIIJIEKCAaMHU, T.€. OTO6pa}KeHI/I5{MI/I CUMILJIEKCa
B IPOCTPAHCTBO. [IpenmMyiecTBO CHHTYISIPHBIX MOMOJIOIH COCTOUT B TOM,
9TO OHU ONpeesIeHbl JIJIsi JIFOOOTO TMPOCTpaHcTBa. MHOTHE Teopembl, CI0kK-
Hble B CHMILTAIIATHHON TEOPUH, CTAHOBATCS IPOCTHIME B CHHTYIsIpHOii. Ha-
npuMep, TeopeMa 00 H30MOPGMHOCTH TPYII TOMOJIOTHI TOMEOMOPGMHBIX MPO-
CTPAHCTB B CHHTYJISPHOIl Teopuu TpUBHAIbHA. HeZocTaToK CHHIYISpPHBIX
I'OMOJIOTUI COCTOUT B CJIO)KHOCTH HX BBIYUCJIEHUS.

Haxkomner, ciieayer cka3aTh 0 TaK HA3BIBAEMBIX IKCMPAOPOUHAPHBLL MEO-
puAr 2omonozuti. OHE OTIMIAIOTCA OT OOBITHON TeM, UTO aKCHOMa pa3Mep-
HOCTH HMeeT Apyroil Bua. MOoOKHO MOJOKHUTD, HAIIPUMED,

0, n#0

H,(x) = G, n=0

e G — dukcupoBannas abejeBa rpynna u moJy9IUTh TaK HA3BIBAEMbBIE 20-
MON02UY ¢ KoapPuyuenmamu 6 epynne G.
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