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Baenenue

1. T'omosoruueckas anarebpa cpaBHHTeJbHO MoJaoda. Ee mpen-
MeT BOCXOAHT K ABYM CepPHAM HCCJAENOBAaHMH KOHIIA IPOLLIOrO Be-
Ka, LaBLIMM HavajJo KOMOMHATODHOM TONOJOTHMHM H <COBpeMeHHOM
anrebpe» (B cmbicne BaH OAep Bapaena) coorBercTBeHHO. B Kauye-
CTBe TIJaBHBIX NOHATHH, yHACcJAeNOBaHHBIX OT 3ITOrO0 paHHEro 3Ta-
f1a, MOXKHO Ha3BaTh YHcJa DerTd TONOJOTHYECKHX HPOCTPAHCTB H
«reopemy o uensx cusurafi» [, TuapGepra (1890 ron).

Cefiyac MBI JIeTKO pasjinyaeMm OOMIYI0 KOHCTPYKIMIO, C KOTOpPOH
CBSI3aHO BO3HHKHOBEHHEe 3THX NOHATHH. TomoJorHueckoe  Ipo-
cTpaHcTBO X CKJeeHO M3 KJAETOK (HJH CHMILIEKCOB) Da3HBIX pas-
MepHOCTell i; TDaHHUa KJEeTKH eCTh JHHeHHas KOMOHWHALHA KJe-
TOK; TPaHHLA I'PaHHIBl paBHA HyJO: i-e uucao DBertn ecth KoJH-
YeCTBO HE3aBHUCHMBIX Ieneii ¢ HyJeBOi rpaHuIed (LHKIOB) C TOU-
HOCTBIO JI0 LleNeH, KOTOphle CcaMH SABJSAIOTCS TDaHHLEH, TO ecTb
panr rpynnw Ker d;/Im d;-,, d;: C;~C,_, — rpaHuusmii omeparop,
C;— i-MepHble uenu. «CH3UTHH» BO3HMUKAKT M3 APYrod 3ajauvu.
Ilycts M — rpalydpOBaHHbI# MOLYJb ¢ KOHEUHBIM uHclIoM obpa-
3yIOmHX Hal KOJAbUOM MHorouseHoB A=Fk[x,, ..., x,] nan o-
Jem k£ (rpaliyHpOBaHHBIX cTeneHbl0). I'nanbepT  paccMaTpHBaJ
cayyait, Korna M —ugean B A, nopoxnienuwi#t ¢dopmamu. Boobie
rosopsi, obpasyomue M Heabss BHOGpaTh HE3aBUCUMBIMH. DUKCH-
pOBaB CHCTeMy rp, O6pasylOIUHX, MB IoJayYaeM noamMonyar B A’
COCTOSIWHKA H3 KO3(QHUUHEHTOB BCeX COOTHOLICHHH MeX1y BHIOpaH-
HpIMU OOpasywoiuMy. OH ecTeCTBEHHO I'DaLydpOBAH ¥ HA3BIBAETCH
«NepBEIM MOAyJeM cusuruis Zo(M)  wmomyas M. Tlonoxuwm
Z;(M)=2Zy(Z;~y(M)) nns iz1 (#a KaXIOM IIare  BO3HHKAET
npousBox B BHIOOpe cHcTembl o6pasyiomux Z;-(M)). Teopema
I'uabbepra yreepxnaer, 4ro Z,—; (M) — cBOGOAHBIH MOAYJb, TO
€CTh BCETJa MOXKHO CYMTATh, uT0 Z, (M)=0.

AureGpavueckufi KOCTAK OOGMX KOHCTPYKUME—3TO KOMIJIEKC:
%

i
10C/IeJOBATENPHOCTh MOAYJIEHl B TOMOMOPGU3MOB ...~ K;— K; ;= ...
¢ ycaoBueM 0;_,0;=0. Komnsekc ueneft mpocrpancrsa X onpeje-
et ero romosormn M (X)=Ker 9,/lm 9d,,;. Kommrexc T'umbepra
coctouT w3 cBoGOmELIX MOAysied. OB aAUUKIMYEH, KPOME KOHIE:
Z;(M)—>3T0 ONHOBDEMEHHO UMKJB M TIPAaHAUBE CBOGOTHON pe30Jb-
BEHTH MOjayss M:

9, o
0 A A 5> AN A5 0L,

M=Ker d,=A""/Im 0,

O6a xoMmnJiekca — LeNnu npocrpaHcTBa X M PesosNbBEHTa MOAY-
Js M —onpelesensl Najeko He ONHO3HAYHO: OHH  3aBHCAT OT
BhI6Opa pasbueHuss X Ha KJSTKH HJH OT BHOOpa IOCJEL0BATElNb-
HbIX cHcTeM o6pasyomux Monynei cusurufi. CojepxkaHHe IepBHIX
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TEOpeM TOMOJIOTHYECKOH aare6phl COCTOMT B TOM, UTO HDH CMeHe
KOMILJIEKCa KOoe-4To OT NPOM3BOJIa He 3aBHCUT: yHcjaa berru (uau
camMH TPYNOB TOMOJIOTHH) B IIepBOM CJydde, MaKCUMaJbHas IJIH-
Ha KOMIlJekca (MECTO, 32 KOTODEIM YyXKe BCErja MOXKHO IOCTaBHTB
HyJb) — BO BTODPOM.

[TepBbifi sTam TOMOJIOrHYECKOH aare6pn OblJI CBS3aH C HAEKOI-
JleHHeM MaTepuaja. KomOGHHaTOpDHAass ¥ 3aTeM  IOMOTONHYECKas
TOIIOJIONHS] AOCTABHJIA B H300MJIKAH:

— o6pasusl 1 IpEMepE KOMIJIEKCOB;

— mnpaBusia paboThl ¢ HHMH, OTpaxaplllHe  reOMeTPHYECKHE
KOHCTPYKIHMH HaJi DDOCTPAaHCTBaMH: IIpOHM3BeleHHe  IPOCTPaHCTB
IPHBEJO K H3YYEeHHIO TEH30DHHEIX NPOH3BeLEHHH KOMILIEKCOB; H3Y-
YeHHe YMHOMKEHHA B KOTOMOJIOTHSIX — K NOHATHIO  JQHbdepeHUH-
aJbHOH IpajyHpoBaHHOH aire6pH; NOHATHE  TOMOTONHH-— K al-
re6panyeckoMy OIpEeNeJeHHIO TOMOTONHH MEXAY  MopdusMaMu
KOMILJIEKCOB; TE€OMEeTDHYeCKOoe  H3ydeHHe  DACCJOEHHHX  IIpo-
CTPAHCTB — K CHEKTPaJIbHOH IOC/He[0BaTEeNbHOCTH, CBA3AHHOA ¢
(pUIBTPOBAHHBIM KOMIJIEKCOM M T. I. B T. IL;

— aJgrefpauuecKkie KOHCTPYKUHH, MMHTHDOBaBIIHEe TOIOJIOTH-
4ecKHe: TaK BOSHHKJH ONpeJleseHHsl KOroMOJOrHiH Ipynm, ajare6p
Jli, acconuaTHBHBIX anaredp.

2. TloasuBmasica B 1956 romy (a HanucaHHas mexny 1950 u
1953 rr.) momorpadua A. Kaprama u C. Dienbepra «[omosoru-
jeckas anareGpa» [40] moasesa uwTorw STOrO NEPBOrO 3Tana H Of-
HOBDEMEHHO BBeJa HOBHIE BaXKHHBIE MAeW, ONpeASH¥BIive DA3BUTHE
3T0T0 pasnesa anre6psl Ha MHorue roinl BHepeld. Ilo-suammomy,
H CaM0 Ha3BaHHE <«TOMOJIOTHYEeCKas aJjrefpa» CcTano OOLIeNpHHS-
ThiM IOCJIe 5TOH KHHTH.

B neii, Bo-mepBhIX, ¢ Ype3BbIYafiHON NmOJHOTOH OBIN npopaboTraH
OCHOBHO} ajarefpanueckuil GopMasusM rpynn (KO)roMoJOrHH KOM-
IJEKCOB H CPeACTB PaloThl ¢ HHMH, 6e30THOCHTeNIBHO K INPOHC-
X0XIeHH10. Bo-BTOpHIX, B Hell OB faH NPHHLIMIHAJMLHO BaXHBI
OTBET Ha BONpOC, KaKoBa BOOOIIe NMPHPOZA TOMOJOTHYEeCKHX HHBA-
pHaHTOB (B OTJIHYHE OT CAMHX KOMILJIEKCOB, KOTOpble HHBApHAaHTa-
MH He SIBISIOTCSA). DTOT OTBET COCTOMT B cleAyiolleMm. BaxHefiue
onepauHH Hajy MOAYJAMH, KaK TEH30DHOe IIPOM3BEIEHHE, MOLYJb
roMOMOP(DH3MOB H T. I. IIOCJe NPHMEeHeHHS K KODOTKHM TOYHBIM
TIOCTIEJOBATEJbHOCTAM HapYINAIOT MX TOYHOCTh: eciu 0—>M'—M—-
—M""—0 touyra, T0 0—>NQ@M'—>NOM—->NQM''—0) Moxer uMeTbH
HeTPHBHANbHEE IOMOJOTMH B JeBOM uJjeHe. MoOXHO onpenenuts
«IpousBefieHse KpyueHHus» Tor;(N, M’’) rak, 4TO NOJyYHTCS aAuM-
KJIHYHHIH KOMIJEKC

Tory (N, M")—Tor (N, M)—Tor (N, M"") >N QM —~N Q@ M—
>NQM’''—0,

HO IJs NPOJOJIKEHHS €ro HajeBo clelyeT  ONpPeleJUTb  elle
Torg(N,M”’) u r. I
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Oru moayau Tor;(N, M) cyrs mpouspognble ¢bynkTOpH (mO OX-
HOMY H3 aprymeHtoB) o¢yHxropa &®. OHu ompeneJeHH 0AHO3HAY-
HO TE€M, YTO NEePEBOUAT TOYHble TPOHKH B AUHK/JIHYHBIE KOMIJIEK-
col. BEiumcnsoTcs Xe oHM ¢ nOMOUIbIO, CKaxKeM, CBOGOIHBIX pe-
30JbBEHT MOAYJsss M Kak rpynnbl FOMOJIOTHE TaKOH DPEe30JbBEHTH,
TEH30DHO YMHOXKEHHOH Ha N.

Takum o6pasom, romosoruyecknii HHBApHAHT MoAyJast N  BH-
CTYNAeT KaK 3HayeHHe HeKOTOPOTO BHICLIEr0 NPOH3BOJHOrO (yHK-
Topa Ha N, ONHO3HAYHO XAPAKTEPU3YeMO20 CIHCKOM CBOHCTB H
8bI4UCAAEMO20 ¢ TOMOIIBIO PE3OJIbBEHT.

DTa ujes, BO3HHKIIAs B adre6PaMuecKOM KOHTEKCTe, HeMel-
JEHHO BepHyJidce B TONOJOTHIO B OYeHb BaxKHO# pabore A. I'po-
TeHAHKA «O HeKOTOPHIX BONpPOCAX rOMOJIOTHUEUKOH anarebpui»
[77], ony6aukoBauuoit B 1957 roay. I'pOTEHNMK NOJHOCTBIO  me-
PeCcMOTpeN CHCTeMy OCHOBHLIX HOHATHH KOMOHHATOPHON  TONOJO-
FHHM, 4TOOB MMeTb BO3MOXKHOCTH NPOBECTH TOUKY 3peHusi Kapra-
Ha—3kaenbepra. o 3Toro 6bUI0 NMOHATHO, uTO (KO)rOMOJOTHH
IIPOCTPAHCTBa 3aBUCAT B INEPBYIO  ouepeldp OT npocrpaHcTBa X,
H HMX aKCHOMAaTHUYecKas XapaKTepH3alHs ONUCHBAAa  NOBelIeHHE
H(X) npm mnepexofe K OTKPHITOMY NOANPOCTPAHCTBY (aKCHOMA
BHIDE3aHHs), FOMOTONHH M T. n. Ho npocrpaHcrBa X He IOXOXKH
Ha MOIyJH HajJ KOJBLOM, M B 3TOM KoHTekcTe [ (X) Bosce He
BHILJISAJIENH KAaK NOPOHU3BOLHBIE GYHKTOPH. ['pPOTEeHAHK NOZUepKHYJ
podib  BTOPOTrO,  <CKPBITOrO»  IlapaMerpa KOTOMOJIOTHYECKOH
TEOPHH — rpynnel kosdduuuenToB. OKazajlock, UTO ecJd  pac-
cMaTpuBaTh Koromosornu H(X,F) ¢ koad¢uuueHTamMd B IpO-
M3BOJMbHOM Nyyke abeneswbix rpynn & Han X (370 HOHATHE K Ha-
yaJly NATHAECSTHIX TOJZOB GblJIO BHIJENEHO H AeTaJbHO M3YYeHO B
CBA3H ¢ HyXJIaMu TEeOPHH (YHKUHMA MHOTHX KOMILJIEKCHBIX Iepe-
MEHHLIX), To Ha X MOXKHO, BoOOIle, NOYTH «He o0pallaTh BHHMA-
nusi»! Umenno, H (X, ) okashBaercss i-M NPOHU3BOAHBIM (YHKTO-
pom or FI(X,#) (dbyurrop rio6anbHHX CceueHHl Iyyka) B
crune Kaprana—3inenbepra.

dta Hues 0KaszaJach HeOOBIKHOBEHHO IJICGAOTBOPHOH IS TONO-
JOrHY B IUHPOKOM cMbicjge caoBa. [loaseprHyTasi LajJexkoMy pas-
BHTHIO M 0600meHHio B paborax camoro ['pOTeHIHMKa, €ro ydeHH-
KOB M COTPYAHHKOB, OHa NpDHBeJa K BO3HHKHOBEHM0 anrebpauue-
CKOH TOMNOJOTHH aJreGpanueckHx MHoOroo6pasuii Hald NPOHU3BOJb-
HeIMH mossiMH  («nporpamma Befinsi»). Bennom mocaenuedt  6blio
JoKazarenbcTBo runores Pumana—Beiins B paborax I1. Henuss.
Heo6xonnamo elle OTMETHTh KOTOMOJIOTHYECKYIO BEDCHIO KJaccuye-
ckofi Teopun moaei xiaaccos (Iesanne, Ox. Tafir u apyrue),
coBpeMeHHYI0 Bepcuio Teopuu Xomka (Ipuddurc, Hennns...),
TEOpHI0 NpEeBPATHHIX (perverse) HYYKOoB H oOUiee NPOHHKHOBEHHE
FOMOJIOrHYECKOTO sI3BKa B pasHoobpasHple 06JacTH MAaTEMATHKH.

3. B wecTuiecsiTsie rogsl roMmojioruyeckass aiareépa oboraTu-
Jach eule OLHON CyIIeCTBEHHOH KOHCTpyKuHe#. Mbl uMmeem B BHAY
Npou3BOAHHEe ¥ oOIlHe TPHAHIYJMPOBAHHbIE KATETOPHH.
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Ecaun 1o sToro ocHoBHOH 3a6oTofi MaTeMaTHKa, paboramollero
¢ TOMOJIOTHYECKKM ammnapaToM, ObIMM TOMOJOTHYeCKHe HHBAapHaH-
TE, TO B TNOCJeIHHE [Ba [eCcATHJETHS yIop IepeMeniaercss  Ha
npsAMyio paboTy ¢ KOMILIEKCaMH, KOTOPHe paccMaTpHBaioTcs, OX-
HAKO, KaK OODBEKTH CJOXKHO YCTPOEHHOH H He CJMIIKOM  SBHO
onhchHBaeMofi Karteropuu. Yies cocToHT B TOM, UTO, CKaxeM, pe-
30/bBEHTA MOIYJS ecTb He IIPOCTO TEXHHUYECKoe cpelcTBo A
BLIUMC/IEHHS CBsSI3aHHbIx ¢ HuMm Tor’os m Ext’oB, HO B HerkoTODOM
poJde IOJHONPABHBIA 3aMeHHUTENb 9TOro MoAyJd. HyxHo  JdIUb
HAy4yuTbCs He Da3JHYATL pasHEle pe30JbBeHTH. TO4HO TaK XKe
KOMILJIeKe Leneil NPOCTPAHCTBA, CHAOKeHHHH HeOOXONMMBIM KOJU-
yecTBOM aJre0panyecKux CTPYKTYp, €CTb NOJHOLEHHHH 3aMeHH-
TeJb 3TOr0 NPOCTPAHCTBA.

X0oTa aKCHOMATHKA M TepBOHAUAJbHBIE KOHCTPYKIHH TEOPHH
TIPOM3BOJAHEIX ¥ TDHAHIYJKXPOBAHHBIX KATErOPUHA NOBOVBHO  TpoO-
MO3JXH, OKa3bIBaeTcs, YTO ITOT amfapar oyeHb IHOOK, H B IIOCJEN-
HHe T'OJBl OH CTAHOBHTCS HEOOXOAHMEIM BO MHOTHX O6JacTax TO-
TIOJIOTHH, TEOPHH INPEACTABJNEHHH, TeODHH 4HAJHMTHYECKHX  I1pO-
CTpAaHCTB, He roBops yXKe o6 anarebpanuecKoid reomerpuu, ¢ Ko-
TOPOH Bce ¥ nowJo (cemuHaps [porenpuka, auccepranus Beplee,
3amuckd XapTCcXopHaA).

OZuH H3 mapaloKCasbHBIX PE3yJbTATOB DAa3BHTHS TOMOJOTHYE-
CKOft ajre6Gpbl, KOTOPHI [OCTEINEHHO OCO3HAETCH, COCTOMT B TOM,
9TO B psifle ciyyaeB yJauyHo BHIOpaHHble TPHAHTYJIHDOBaHHHIE Ka-
TErOpHH YCTPOEeHH Tpomle, dem Te abelieBHl KaTeropHH, KOTOpEHIE
6Bl B T0Je 3DeHHs NepBOHaya/jbHO. Tak, NPOH3BOAHYIO KAaTero-
PHIO KOTEPEHTHBIX IYUIKOB Ha NIPOEGKTHBHOM NpOCTPAHCTBE MBI T0-
HEMaeM Jy4lle, YeM KaTerOpPHIO CAMHX KOTepeHTHBIX mydkor. [a-
Jiee, B OJHOH ¥ TOH Xe TPHAHTYJHDOBAHHOH KAaTerOPHH  MOXKET
OHTh MHOTO abesieBHIX «CepALEBHH», YTO CJAYKHT HCTOYHHKOM CO-
JepixareJbHBIX BEPCHil PA3JMYHBIX KJacCHYeCKHX ABOMCTBEHHOCTEN.

4. DTOT TOM INaHHON CepHH He CTaBHT CBOE# IeJbl0 Zarh IN0J-
HBI 0G30p H3BECTHHIX K HACTOAIIEMY MOMEHTY pesyJbTaToB TIO-
MoJgoruyeckod aare6pel. Takas 3alaua, BepOSTHO, H He paspellH-
Ma; KpoMe OTpaHHYeHHO} KOMIIETEHLHH aBTOPOB, 3TOMY MeLIaer
OTPOMHEIH 00beM MaTepuaJa.

Tom MOXHO rpy6o paslenuTs Ha Tpu dacTH. B BBOAHHIX TrJia-
Bax 1-—3 HanaraloTcs HauboJee KJaccHYyecKHe YacTH IpefmeTa, N0
CHX IIOp COCTABJSIOIIHE €r0o OCHOBHOW ammapar, DepHOLHYEcKH 110-
TMOJHsieMEIl HOBEIMH KOHKDETHBIMH KOHCTPYKUMSAMH. K cpaBHH-
TEJBHO CBEXeMy MaTepHaly 3Jech OTHOCHTCS, HAIpHMep, BBeje-
HHe B HUKJIHYecKue (KO)TOMOJIOTHH. ,

B rnasax 4—5 oObsicHEHH NPOH3BOJHBIE H TPHAHIYJHPOBAH-
HBElE KaTerOPHH.

HakoHen, raapsl 6—8 nocBslleHB reOMeTPHYECKHM MPHJIOKe-
HHSIM COBDEMEHHOH TOMOJOTHYECKON aareGphl K TEODHH CMellaH-
HHX CTPYKTYp XOIXa, mpeBpaTHHIX NMyYyKoB H D-monyael. B To-
TOJIOTHYECKHX H aJre6po-reoMeTpHYecKHX BBITYCKAX 3STOTO H3[a-
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HHA HYHTATENIb HaHaeT MHOrO MNapaebHOrO H JONOJHUTEJLHOro
MaTepHana; Mbl LeJaeM YIOp B 3TOM TOMEe Ha KaTeropHble M rO-
MOJIOTHYECKHE ACIIeKTHI.

CrHcox JuTepartypwl, Aakeko He MOJHbIA, MOMOXKET 3aHHTepe-
COBAHHOMY YHTaTe/0 nojpobHee O3HAKOMHTBCA ¢ 3aTPOHYTHIMH
TEMAMH,

OTmeTHM ewsd, uto CCLUIKH B TeKeTe 6ylLyT Aenarbcs C yKasa-
HHEM TJ&BBl H NyHKTa, HAOpHMep, ra. 2, m. 2.1 wam ra. 1, n. 1.5.1.

Ecau peus muer o rtexywmed raase, To HOMep rIaBhl He YKA3H-
BaeTcs.,

F'aasa 1

KOMIUJIEKCBI U KOTOMOJIOTHH

§ 1. Komnuekcs ¥ TOYHAS MOCAENOBATENBHOCTD

1.1, Komnuexcel. [[ennod KOMAAEKC — 3TO TOCAELOBATENbHOCTD

a6eAeBBIX IPYIT H rOMOMOP PUIMOB

dﬂh dy dn-1

C.:...—>C,»C, i~ ...

€0 CBOHCTBOM dypedy, =0 aas Bcex n. Fomomopdusmmr d, Ha3H-
BAKYTCH  SPUHUYRbIMU onepaTopamy uin Oupdepenyuaranuy. Ko-
YENHOL KOMAAEKC — 3TO aHAJOCHYHAS IOCJAEL0BATENBHOCTD

- ] dn1

4
c: L sonlom
co cpoiictBom d"edn-1==(), llenHOf KOMIUIEKC MOMKHO DacCMaTpH-
BATH KaK KOUCHHOMH, o6patus Hymepawuw: Cn=C_,, d"=d_,. [To-
TOMY MBI 94cTo OyjleM OrpallHUMBaThCS KOUENHBIMM KOMIJeKca-
mu. Komnaexe A-monydelt — 310 xomuaexc, B xoropom C, (coor-
sererseiiio C") SBASIOTCH MOAYJIAMH  HaL  Koaeuom A, a dn
(coorserersento d) —roMmomop@uamMaMu Moly.Ied.

1.2. Tomonorun u xoromonorud. [Tockoneky d,ed,.;-=0, umeem
Imd,,czKerd,. T'omoaoceuy uensoOro KOMIJIEKCA-—3TO TPYNIH
F,(C) «Kerd,/Ilmd,,. Kozoxorozun KOUENHOr0 KOMILJEKCA—
10 rpymst M7 (C) ~Kerd®/Imd"l. YnorpebuTe/sHas TepPMHHO-
AOTHA:  eMeHTHl  C,—n-MepHsie  uemnd; C"— r-MepHble  KOLENH;
Kerd, =Z,—n-Mepupre unkasl, Ker d”-=Z"—KOuMKael; Im dyq=

: B, —rpaunip; Im d"'==B"—xorpanuisl. Ecm C —xommiexc
A-MOyIeH, TO €0 KOroMoJorud sBasiorTes A-moxyasmd. Kommaekc
HABLIBACTCH QUUKAUYHAM (WX TOYHOR MOCKCNOBATE/NBLHOCTHIO), €C/M
H*(C) =0 nna neex n.

1.3. Mopdusmpl kKommaexcos. Mopgpusu f:C — D —3T0
cemeficTBO roMoMopduamos rpynn (Moayae) f7:C"— D", KOMMyTH-
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pylomux ¢ gubdepennpanamu: fodl =dpo f*. Mopdusm f unay-
mapyer Mopdusm koroMosoruit H (f)=(H" (f):H" (C)— H" (D))
Kaace Koyuxaa ¢ - kaacce f(¢). Ecm C', D — xommnexcs A-
Monyselt u f"-—romomopdusmel A-monynedt, To H" (f)-— roMoMop-
¢usmbr A-MonyJiedt.

Tomomonuets vexny MopdusMamu kommiekcos f, g:C — D’ Ha-
SHBAETCA TaKoe CeMeHCTBO romoMopdusmoB rpymn A”:C"— D™
40 f"—g"=h"od"+d"h". TOMOTONHBIE HYJIO MOpQU3MBI 06pa-
3yIOT «HheaN», TO €CTh YCTOWYMBBl OTHOCHTEJLHO CJIOXEHHA H KOM-
TOSHLMKY C JIOGBIM MOD(HU3IMOM.

13.1. Jlemma. Ecau f, g 2omomonner, mo H"(f)=H"(g).
([MelicTBaTe/BHO, €CIM ¢—KOLMKA, TO f (¢)=g(c)+d (k(c)), Tax
4TO KJacchi f (¢) M g(c¢) copnanaor.) M

1.4, TogHas TpOiiKa KOMIIEKCOB. [loc/ezOBATENLHOCTD KOMII-

R S - S
AekcoB ¥ mopdusmMop O-» K — L — M — 0 HasbiBaeTcsl TOUHOH (WM
TOYHOH TPOHKOH), €CMH AJf KAXAOrO 7 TNOCJAeLOBATENBHOCTh TPyNH
I n

(Monyasenr) 0— K"— L"— M"—0 Touna.

1.5. CpaspiBaromuit romomopduam. Tlycts 0— K ' L' M —>
—0—rounast Tpofika xoMmmiexcoB. [iag KaXAOro n ONpEHeJuM ro-
MoMopdmam 8 =87 (f, g): H* (M)~ H*(K). Tlycte mEM"— ua.
BuiGepem I6L" ¢ g"(l)=m; rorpa g™ (d"(l))=0, tak uro d"(l)=
= fr(k) naa Hexaroporo kEK™. Quesummno, d"t'k=0. TTosoxmm
8" (wnacc m)==xaacc k. Ilpsmas mpoBepxa IOKasbiBaeT, YTO ONpe-
JeJIeHHe He 3aBUCHT OT IPOHU3BOJBHBIX BBHIGODOB.

1.5.1, Teopewma. [locrenoBaTeibHOCTE KOTOMOJIOTHI

HTE L) G .
> HYK) > HY (L) - H*'(M) - H"(K)>...
Toukta. M

§ 2. CraHjapTHBie KOMIUIEKCH B aarefpe u reoMeTpuH

2.1. CumniaupMajgbHble MHOXecTBa. DoJbllas yacTh KOMIIJIEK-
COB, NOfIBJAIOIIHXCA B IOMOJIOTHYECKO# ajrebpe, HMeeT TONOJOTH-
9ecKoe NPOHCXOXKJeHHe HJIH CBA3aHa ¢ TOIOJOCHYECKOH HH-
Tyunuelt. Kiaccuyecknii crnoco6 H3y4eHHs TONOJOTHYECKOro IpO-
CTPAHCTBA — HEPeATH K €r0 TPHAHTYJSLHH, TO €cTh pa3buTh ero
Ha CHMILTEKCHI: OTPe3KH, TPEYrOJbHHKH, TETPasjipH. ..

Anre6panyecKuii ammapar 3TOH TEXHHKY — TEOPHA CHMIIHLHU-
aJIbHEIX MHOXKeCTB.

2.1.1, Onpenenenne. Teomerpuueckum  n-mepHovim
CUMNACKCOM HA3BIBAETCA TONOJNOTHYECKOE NPOCTPAHCTBO

i x;=1, _xi>0‘.

i==0

A,= {(xo, ...y X)ERAH
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Touka e; ¢ x;=1 Hasbipaercss ero i-i sepwurot. Kaxaomy HeyOsl-
Baouemy orobpaxenuo [:[m}+{n], rae [m}={0,..., m}, oTse-
yaer oToGpaxeHHe «f-s1 rpaHb»: :

Aj=auHelHoe oTobpaxeHHe Apm—>A,, NepeBojslliee BEPIIHHY
e:6A B €54y6A,, i=0,...,m.

2.1.2, Onpeneaenune. CuMnAuyUANbHOIM MHOXCECTBOM  Ha-
sbiBaercss ceMeiicrso MHoxecrs X= (X,), n=0,1,... u orobpa-
weruit X(f) : Xn—>Xm, no omHOMy AJf KaxKZOro HeyOBIBAXOLIETO
otob6paxeHnus [ :[m]-[n], ¢ yciaoBaamu

X (id)=id, X(g[)=X([)-X(g).

Caenyer npeacraBaiath cebe X, Kak MHOXKECTBO HHJEKCOB, KO-
TOpOe HyMepyeT CeMeHCTBO TeOMEeTPHYECKHX H-MEpHRIX CHMILJIeK-
coB. OTtobpaxenus X (f) onuceBaioT crnocof CKIEHKH BceX STHX
CHMIIJIEKCOB B OJHO TOTOJIOTHYECKOE IIPOCTPaHCTBO.

Cumnauyuanrvreim orobpascernuen «p: X—Y HaspBaercd  ce-
MEACTBO @n : Xp—Y, Takoe uro Y(f)en=0¢nX(f) Ans Bcex
f:{m}~{n]. M

2.1.3. Onpenenenue. [eomerpudeckoil pearusayueld  CAM-
NJHUHAJBHOIO MHOXecTBa X Ha3bIBAeTCsl TOMNOJIOTHYECKOoe  Mpo-
CTpaHCTBO

| X |= 1 (B X X)IR,

e R — oTHOlIeHHe SKBHBAJEHTHOCTH: (S, X) €A, XX, CKJIeH-
Baercsi ¢ (£, y)€An X Xm; ecau cymecTByer HeyGrIBaiolllee oTOOpa-
xerde f:[m]—={n] ¢ y=X(f)x, s=As(f). Tonoaorua mna |X|—
cnabefilias, B XKOTopol (akropusamus no R nenpepsisua.

2.2. ToMOJIOTHY ¥ KOrOMOJOTHM CHMINIMIMANBHOTO MHOMeCTBA.
[Tycts X — cumnumiuansHoe moxectBo. OGosnauum uepes C (X, Z)
cBoGOAHyl0 alensBy rpymny, mnopoxaerHyio X, C,=0 npu
n<0. s mo6o# aGeneBoli rpynnel F nosoxaMm C, (X, F)=
==C, (X, Z)@F . Taxum o6pasom, 3seMeHTH C, (X, F)—upean X

¢ KoapduuuenTaMu-B F — CyThb (POPMATBbHEE KOHEYHble JIMHEeHHbIe

KOMOMBAUWH BHA Z a(x) x, a(x)6F. [paduunsill onepaTtop ompe-
XGX,

Jenserca caepylomelt dopmyaonr. Ilycts 02:[n—1]-—>[n]——e1mﬂ-

CTBEHHOE BO3pacTaiomiee oToOpaxenue, B o00pase KOTODOrO He
copepxurca i. [Nonoxmm dy=0 u

d,,( ‘?_} a(x)x)= ¥ a@) D (—1)x (%) (x), n>1.

xeXn i=0

Kounenu C"(X, F) sapjaoTci  JBOACTBEHHBIM  ONpeAeJCHHEM:
C*"(X, F)=dysxuux Ha X, CO 3HaueHusmyi B F; ‘
n+1

(@) )= X (= (X (0h41) ())-

PE)
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Tlonoxum

H,(X, F)=H,(C.(X, F), H"X,F)=H"(C (X, F).

2.3. CunryaspHsiii KomnJiekc. [Iycts Y -— romojoraveckoe Mnpo-
crpaHcrBo. CuneyaapHoim n-cumniexcom Y Ha3bIBaeTcs HeNpepHIB-
Hoe oTobpaxkenue ¢ : A,—Y. Ilonoxum

X =MHOXKeCTBO CHHI'VJSPHEIX N-CHMILIEKCOB Y,
X(Nlpg=0cAys, rae [ : [m}>{n] ne y6uBaer, A : Ap—>An.
(Ko)romostoruy ¥ ¢ xoadduuuentams B aGeneBoit rpymme F onpe-
remsorea kak: H,(X, F) u  H*(X, F), wu 06Go3HavawTca

sIng
(Y F)HHsing(Y F)
2.4. Cucremnr xoadduuuenToB. B omnpefeseHud n-uends CHM-
NTHIHAJBHOIO MHOXKECTBA MOXHO 6path KO3(QQHIHEHTH H3 CBOEH
TPynubl OJs KaXJIOro CHMIJexca, HO TOTAa, yToObl BBECTH TPaHHY-

HBI oIepaTop, cjaefyeT NOTPeGoBaTh HX COTJIACOBAHMS B Cleldy-
IOLEM CMEICJIE.

24.1. Onpenemenue. A Tomonroceuseckol cucremoil Koag-
¢uyuentos S Ha CUMIUIAIMANLHOM MHOXecTBe X  HasbiBaercs
ceMeHcTBO  abeaeBnix rpynn  {$f,}, 1O ORHOH JaJsa KaxX-
OOoro cummnJjekca x€X,, H ceMefcTBO TOMOMOP(®HIMOB TpynI
.%(f x) ¢ Hx>H x5, 1O ONHOMY NI KaxJoi mapel (x€X,, f:
:[m}={n)), ¢ yenosusmu

o (id, x) =id; & (fg, x)=£(g, X () x) £}, x).

B. Kozomosozuueckoii cucremoii xoagppuyuenros & na X Ha-
3BIBAETCSI AHAJOTHYHOe ceMeicTBO abeneBrix rpymn {%.} u romo-
mMopdusmos & (f, x) : Bxipa—>Fx ¢ yCIOBUSIMHA

A (id, x)=id; Z(fg, X)=F(f, x) #(g X (f)x). W

2.5. T'omosordy m KoromMoJoruu ¢ xoadduuuesramu. B o6osna-
YEeHHNAX 1. 2.4 NOJOXKHM

Cn(X, w)={ Da@xla (x)ew,},

XGXp

dn( > a(x)x)-—— > Enm(a:;, x) (@ (X)) (— 1) X (dhx), n>1,

XGX, X@GX, i=0
1 aHaJOTHYHO
(X, $)={®ymmm FiXo> UL By f (x)e%},
XGXp
n+1

(d'if)(x)=2,(—l)’%’(0§+x, %) (f (X (0h41) (1)))s  XEX e

Ecau rpynner s£, (coorBerctBeHHO %x) He 3aBHCAT OT X, a BCe
oro6paxenus £(f, x) (coorBercTBerHO % (f, X)) TOXIECTBEHHH,
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noayyaem onpefenenus n. 2.2, (Ko)romosorun C.(X, #) "
C°(X, %) wnasbiBawoTcsi (KO)rOMOJOrMSMH CHMIUIMIHAJBHOTO MHO-
JKecTBa ¢ CHCTeMO# Ko3(DhUUHeHTOB.

2.6. Koromonornu Yexa c koadduumentamu B nyuxe. [lyctb
Y — romonornyeckoe mnpocrpanctso, U= (U,) — ero OTKpbiTOE HIH
3aMKHyTOe NOKDHITHE, HHIAEKC o mnpoGeraer MHOxectBo A. Hep-
gom TMOKpHTHS U HasHBaercs CHMIUIMUHAILHOE MHOXKECTBO X:

Xo={( .-y a)|Uq N ... ﬂUa,,'TL@}CA"H;
X ()%, -y @) =()s -y Opmy)s S i[m]—>[n]
IMycte F —nmyuoxk aGeneppix rpynn Ha Y. O onpepenser
KOrOMOJIOTHYECKYIO cucTeMy Ko3dduuueHTOB Ha Hepse Y
g.ao,...,ocn =P(Uaon . PIUan; Ty,
F(f, (@ ..., 0,)) nepesopur ceuenwe Q€L (UaqN ... nUaf(n)Sz')
B ero orpannuente Ha Ug,N ... NUq,.

Koromonoruu Y ¢ s710#t cucTeMoit KO3Q(OUIHEHTOB HA3HIBAIOTCSA KO-
romogoruamu Yexa nokpurtug U ¢ kospduumentaMun B myuxke F.

2.7. Koromomorun rpymn. Ilycre G —Hekoropas rpymma. On-
pelenuM CHMIJIHIHA/IbHOE MHOXecTBO BG:

(BG),=G"
A5 f’[m’]"’)'[n] BG(f)(gb DR | gn)z(his AR hm)a
7(1)

rre b= | g; (=e, ecm f(E—1)=f ().
J=f(=1)+1

Feomerpuyeckas peanusauus |BG| HaseiBaercs Kaaccugpuyupy-
rouyum npocrparcreom rpynnsl G.

ITycrs A— nesnii G-MoAyJsb, TO ecThb aAJMTHBHAs TpyNna, Ha
koropoii G ne#ictByer aBroMopduamamu. ITo Hemy crpoutest cie-
Iyiollag KOroMoJOrHYecKass cucrema koabhduuuentoB # na BG:

Fr=IA pas BCex X;
7(0)
B(f, x)(@=ha, h=Ilg, (=e, ecm f(0)=0)

j=1
s fifm]—=[nl, x=(g, ..., 8)EBA). aEA.

[Mo/b3ysick ONMpejefeHHsAMH, Mbl MOXEM fBHO ONWCATH KOMILIEKC
xoueneft C' (BG, %), o6osnavaembtii Tawke C (G, A):

Co(a, A)=4;
C" (G, A)=o0yuxuuu Ha G" co 3HauenusmMu B A.
Hanee, nas n-xouend f:
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d.f (81, ) gn+1)='“81f (g% sy gn+1)+
+2 (“‘ l)lf (gla «ovy BiBinls o v v gn+l)+(-l)n+1f (819 ey gn)'

i=]

Koromonorun storo Kommjekca ofosHauaiorest H™ (G, A). Ana-
JIOTHYHO, M0 A MOXHO NOCTPOHTb I'OMOJIOTHYECKYIO CHCTeMY KO3 (-
¢unuentor Ha BG:

S,=A pja BCEX X;
1)
.9¢(f x)a=h"a, h-—Hg,,

j=1

YTO IPUBOAUT K romoJorusm H, (G, A).

2.8. Komnaekc ne Pama. B npeapaymux npumepax mepexoji OT
reoMeTpHH K ajare6pe coBepllascs yepe3 IOCPEACTBO KOMOHHATO-
PHKH M CHMIJIHLIHAJbHOTO pas3bueHus. Ecau TomoJoTHYecKoe Mpo-
crpaHcTBo Y CcHaGxeHo CTPYKTypo# auddepeHUHpyeMOro MHOro-
o6pasus, TO KOJbLO IAajikux AHdepeHuHManpHbIXx GoOpM Ha HeM
aBJasercs komnuaekcom. TouHee, nycrs QF(Y) — mpocrpaHcTBO
i-bopM. BHemHmuii nuddepeHunan B JOKAJIBHBIX KoopauHaTax
(%!, ..., x") 3anaercss popmy.Jioi

0
()3 B et
(71=k

=k i

T=(y oo i), |I|=ig+ ... +ip dx/=dxhiA ... Adx'®

Koromonoruu xomnnexca (Q (X), d)  Ha3sBaiOTCA  KOTOMOJIOTHAMH

ne Pama mmorooGpasus X u oGosuauaiorcs Hpg (X).
Teopema jpe Pama ycTaHaBiMBaeT KAHOHWYECKMH wu3oMOPdH3M

Hogr (X)=Hing (X, R)

Ha yposhe ueneii aror M30MOp(H3M CTABHT B COOTBeTCTBHMe IHb-
depeHuHanbHON i-popMe ‘ee HHTErpas N0 i-MepHHIM TJaJKHM CHH-
CYJSIPHHM LENsM.

" 2.9. Koromoaoruu aare6pui JIu. Paccmorpum kommiekc fe Pa-
Ma cBssHol rpynnsl Jlu G. Ha Hem meficTByer mpaBHIMH CIABHIaMH
rpynna G. OO0osHauuM yepe3 Qmyv(() NOAKOMILIEKC, COCTOSAILMEA
3 G-uHBapHaHTHHX (opM. OH JONYCKaeT YHCTO ajre6panyecKyro
‘KoHCTpyKuMIO. Ilycts g— anre6pa Jlu G, peanusosaHmast — Kak
IPOCTPAHCTBO NpPaBOMHBAapHAHTHBIX  BEKTOPHHX  monell Ha G.
Torza QmMpv(G)=L(A"g,R) npOCTPaHCTBO KOCOCHMMETPHUHBIX
n-nuHefiEbix (opm BemecTBeHHHX ¢$opMm Ha ¢. Buemmnuit nudoe-
peHuHan or n-GopmM, paccMaTpHBaeMHil KaK NOJHJHHeHHas (yHK-
LMl H3 BEKTOPHHIX NOJSX (IPOH3BOJBHOrO IVIaIKONO MHorooﬁpa-
3us) omnpefdensiercs ¢opmysnol Kaprana:
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(d(‘)n) (§1, cen, §n+1)=

=== 2 (—1)j+1—lmn([§j’ gl]v El’ -'-1éj1 e ey él’ ] Efl-’-l)—l.—
1</ <tg<ntl
n-{;l R
+j2.1<—~1>fa,[m" (LIS PRV 3 §

(38€Cb ~ 03HAY4ET, YTO COOTBETCTBYIOLIMH UIeH Oyl eH).
IMpuvends ee K Qi (@), noaysaem Qopmyay gast d Ha C'(g) =
= L (A'g, R):

de (glv ) gn+1)::
(—' l)jﬂ—lc ([gj’ gl]? 815 -4 éj’ LR} él’ LRRCE gn+1)'

Lagj el agnp1

Koromouoruu sToro xommnekca o6Gosnauaiorcs (g, R). O6penunss
Teopemy jie Pama ¢ onepanmeii ycpeHenus N0 KOMIAKTHOR T'pyrime,
noayuwaem rcopemy Kaprana: ecam (G xommakTHa M CBfI3HA, TO

H:.;ing (G1 R) = H" (Q, R)

Koncrpyxmmst C(8)  coBepmenno He TpeGyeT CylUIeCTBOBAHUSA

rpyuint JIu, acconuupoBasHONR ¢ 8, M IPUMEHMMA K JHO6BIM abCTpaKT-
ubiM aare6pam Jlu wan nosem k.

Bosee ofimo, nycrts M—HeKOTOPb §-MOLYJb. [10J02K HM
Kaprana:

de(@ire-r Gu) = Sy (=1*e((g) gl 81re- v Bjoe- -
Vg j <<l en-f-1
71

A glvu-v gr1+1)+2(_1)/gjc(gla---v éjv-w gn+1)
Jom 1

Koromosorum »Toro xommiekca ogosnavarorcs H* (8, M).
[omonorum H (8, M) onpelensiorcs Kak TOMOJOrHM KOMO/eKca

C (8, My-=M&A's ¢ nuhdepenuuanom
d(m@(gl/\.../\gn))::z E (_1)j+l—1m®([gj, gl]Agl...Aé]A.. .

1 f<ln

G ABA B D (= D) m @A - AR -+ - N8
jfgll

2.10. Kommaexkc Xoxmuabza. Ilycts £ —KOMMYTATHBHOE KOJIBIO
¢ emmpmneli, A— accouuarupHas k-aare6pa C eIMHHLEH.
Pacemorpum nensolt xomteke T (A):
n4-2
e ety
T,,(A)mA%...%A, ny—1,
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- n
W\
d(@®. .. Oau)= 2 (—1)a®. .. 8@a)® - .. Oy,
i=0
Ero MOXHO PacCMaTPHBATbL KAK KOMIVIEKC A-MOJy/ell; KAK KOMIIEKC
A-6UMONyJIeli; HAKOHEL, KAaK KOMIUIEKC JeBbiX AC-moliyuedl, rie
Ae=AG A, Al—xkoaeuo A ¢ yMHOM(EHHEM B UPOTHBOIOEHOM
k
nopsaixe. JTOT KOMIVIEKC ANUK/IMYEH, MO0 €ro TOXJIECTHCHHOC OTO-
GpayKeHHe TOMOTOIHO HyJEBOMY: FOMOTOIMsI MMCCT BHIL
@®...0a,,~18q,®...8a,,.
[lycte M —uexoTopsiit A-GumoldyJ/ib. Torja oupefescusl KOMIVICKCDHE
Ek-vonryneit M®T (A) u Hom ,e (T (A), M). Hx romosornn olosua-
AL’ . .
yalTCa COOTBETCTBEHHO H,(A, M) m H*(A, M) H nasusaiorcs
(xo)romostorusaMy XOXMMIbAA areGpel A ¢ kosdpuuueHraMy s M.
TensopHoe yMHOXKeHME Hal A¢ MOMKHO YCTPAHHTL ¢ HOMOILBLIO H30-
Mopdusma
M@T , (A)= M AGT 5 (A) = MOT s (A).
A A

B srofi 3amucu H, (A, M) CTAHOBATCS KOFOMOJOUHAMHE CACAYIOULEr 0

xommaekca C (A, M)
n-B ujeH: M®A®";
d(m®a®...08a,)=ma,®a,®...8qa,-}
n—1
+ D (—1)im®a®...00,a,,8...8a,+(—1 a,mono ... 6a,,.

i=1
Ananormuso, H" (A, M) SBJASIOTCS  KOTOMOJIOLHSIMH  KOMILIGKCE
C' (4, M)
n-# wnen: Hom, (A®”, M);
df (ah' vy an+l)';=a1f(a‘27' vy aM1)+

-
+2 (—l)if (al, ceey Giliggs e, an+1)+("‘ l)ﬂﬂf (alv- i (1,,) IRE

Le=]

2.11. Huxanyeckue romonormu aarebp. Ilosomum &  Kol-
CTPYKUMAX mnpelblAyllero nyHkra kROQ, M=A4. Ha uwjacuax Kom-
nnexca Cn(A, 4), ompenensiomero H,(A, A), AeHCTBYIOT ILHKJH-
YeCKHE IPYIIL NepecTaHoBOK. [1010XuM

Hao® ... ®an) = (—1)"a,0a® ... @ay-,.
Oneparop ¢ ne KommyTHpyer c R depennnanom. Onuako, ecin
TMOJIOKHTh

-1
N\

d (a,®.. .®an)=2(—1)‘ao®. -.®0,0,,%...09q,,
L)

TO CIpaBeANHBa GOPMyIa
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d(l—t)=(1—8)d’.
Cresosarenbiio, o6pas 1—! ects noakomnueke Cn(A, A), u on-
pededel GaKTopKoOMILIeK:

A
Ch(A)= Cu(A, A)/Im (1—9),
A
d” ~dmodIm (1 —#).

Ero roMosiorut HasbiBaIOTCS LUMKAMIECKMME TOMOJIOFMSMH a/ireGpsl A
n obosuauatores Hi(A) wm HC, (A).

2.12. 1luxamyecKkue KOrOMOJMOrMH aaredp. Yrobrl onpenesmuThb
HX, CACAyeT B3ATH nopkommaeke Cj (A)CC (A4, A¥), cocrosuiuil U3
[-HUBAPHANTHBIX  KOLCNeH, TO eCcTh A-JMHEHHBX (YHKIMOHAJOB:
[ A® > A% co cpoficrBoM

f((l(y@ e ®a”) === ("""1)“)\((,1n®ao® N ®an_1).

Upannunuii omeparop sajaercs nocaexuedr ¢opmynoi B 1. 2.9.

Koromodsorus obosnavaiores Hn, (A) wou HCn (A).

2.13. Komnpexc (ko)ueneii Kjaetounoro pasGuenusi. BbluncJe-
Hue (KO)romoJordit ToloJorsueckoro  mnpoctpaHersa X ¢ no-
MOULBIO KOMIJICKCA  CHUPYJSIPHBIX (KO)uenell HesKOHOMHO H3-32
OeCKOUCUHOMEPHOCTH 9TOIO KOMILJIeKca. B TomoJqoruu yacro Hc-
nodabsylorest (Ko)Illely, cssizaniple ¢ peaduszauueir X B BHULE KJje-
TouHoro pastuctunst. [IpuselieM OCHOBHBIE ONpeHeNeHHs.

Kaemouwnss pastuenuenr (wm CW-KOMIJIEKCOM) HA3bIBAETCS
TONOJOPHICCKOR TIPOCTPAHCTBO X, NPEICTaBNeHHOe B BHIe 06benu-

e

pemst X = 1] U € nonapRO  NeNepeceKalomuxcs MHOXECTB ey
w0 il

(KACTOK), JUIst KOKAOH M3 KOTOPOH 3adMKCHPOBAHO OTOGpPaXKeHHe
S Bt X samknyroro wapa B" B X, Takoe, uro orpasnvyenve f7
Ha suyrpennocts wmapa Int B” npencrasiser co6oit  romMeoMopgusm
S ;‘:Int B e e ITpu 3TOM JO/DKHE! BHITOMHSITHCA CJELYIOUMINE AKCHOMBL:

a) rpaHHIa KAKIOH KICTKU e} vrmgg’\e;‘ COmepXUTCs B 00BEAM-
HEHHH KOHCHHOPO 4HCJA KJCTOK MCHBIIEH PasMEPHOCTH.

6) Muoxectso ' (CX 3aMKHYTO B TOM M TOJBKO TOM CJydae,
CeM JUBL BCEX R W Beex G/, noasmé mpoo6pas (L) (v nef
JAMKIYT B €.

Jlast napsl KACTOK €7, e;‘"" onpeneuM Kospduyuenm GHyu-
dewmuocmu ¢ (ef, €1-') cacayiomum o6pasoM. [Tycts XT— o06benu-

/ — -2 n—2
HOHHE BCCX KJACTOK ~ pasmepuoctd  «<r. Torpa X7HX"2 (X .
esyTo B TouKy B X ecth 6yker (n—1)-vepueix cdep S”
B WHCC, PABHOM MOWLHOCTH [, y, M KJeTKa €%~ dukcupyeT OAHY
cepy sTOro Bykera (ofosnaunM ce yepes S). PaccMOTPHM KOMIIO-
BHIMIO
flfllsn-x

> X1 Xn—I/Xn—-i’_i_ S,

Sl Bn



re 7—O0ToGpaxeHue IPOEKTHPOBAHUA Gyketa coep Ha OQHY HU3
KOMIOHEeHT. IloJyueHHOE OTOOpANeHHe S§* 1 B* = S"! 3zapaeT
3JEMEHT TPYNIBl Ty (S")=Z, TO eCThb ONpejesseT ICJI0e YHCH0 —
CTeleHb STOTO OTOGPANEHUT —H Mbl TOJOXKUM ¢ (€f, e’;-“) PABHBIM
3TOMY HHCJY.

Tenepsr Ompefe/MM TIPymny LEJOYHCIEHHBIX 71-MEPHBIX nene
KaK cBoOOmHyl0 abesneBy Trpymiy, NOPOXACHHYIO ¢F, itl, n 3ana-

Jum auddeperuyan GopMyaoh

del = E c (e, e;’*‘)e’j’“‘.
J€lp—y

Baupny axcuomH a), 9Ta CyMMa KOHeyHa.

Kouenn, Uend ¥ KOLENH ¢ KO3hduuuenTaMu ONpelesioTess ana-
JIOTUYHO.

2.13.1. Teopewma. (Ko)romosoruu xJetoulioro pasbuenust,
BHUHCJEHHBlE ¢ HNOMOIIBIO KJETOUHLIX  (Ko)Heneff, KaHOHHYeCKH
H30MODPQHBl CHHTYJISAPHEIM (KO)OMOJIOIHSIM.

§ 3. CnexTpasnpHas NOCAENOBATEAbHOCTD

"3.1. Oupenenende cneKTpadbHOH nocjenosarenbHocTd. Hapsany

¢ TOYHOH MOCJeN0BATENLHOCTBIO KOroMoJioruit (reopema n. 1.5.1),
CleKTpasipHasl NMOCJAeJ0BATeNbHOCTh ABJSICTCH OJHHM H3 HaubGoaece
MOUIHBIX BHIYHCIHTENbHBIX CPEACTB I'OMOJIOIHUCCKOH anreGphbl.
"~ Cnexrpasrsras nocaedogareasHocTs abeleBbiX PN — 3T0 ce-
MefictBo abenesmix rpynn E={EP? Er}, rue r=1, p, ¢, n¢Z, w
HEeKOTOpoe ceMeffCTBO FOMOMOD(PHIMOB MEXKLY HHMH CO CBOHCTBAMH,
KOTOpble MHI Cefyac ONHUIIeM.

Ho npexie ckaxxeM HeCKOJBKO CJIOB O TOM, Kak yIOGHO npeji-
CTaB/ATH cebe sanuch Beed 3TOR HHPOPMAUMH.

Uurateas MoxeT BOOGPA3nTh CTONKY JHMCTOB B KJCTOYKY; KJACTKIL
nepeHyMepoBaHsl mapamu  (p, ¢)6Z%. OOwmexTr Ef'? nomemer
B (p, 9)-% xnetke Ha r-M Jvcre. OObekTel E® pasMelneHn Ha
nocneAHeM, «TPAHCHUHUTHOM) JMCTE M 3aHMMAIOT BCIO HAHArOHAJIE
pP+g=n.

Teneps omuureM roMoMOPdHU3MBl ¥ YC/IOBHS HA HHX.

a) Ha r- aucre samaust mopouamm df?:EFP'9» EOEa-rtY
Ilpu r=1 oun AeHCTBYIOT U3 KJETKM B €€ MpaByld COCeJHION .
[lpu r=2 OHM NeHCTBYIOT BNPABO BHM3 XOAOM KOHA. [lpu ri» 3
NOJIyYaeTCs 0G0OLIEH B X0ON KOHA.

Venosue: d=0; Tounee, @2t 9™ tod? =0 pan BCeX P, ¢, r-

Tloaromy mo (E?*?, d*?) MOMXHO NOCTPOMTH IPYMbl KOFOMOJIOr ik
r-ro JmcTa:

HP""(E,)=Ker d?'!/Im qr=rarr=t,
20



Crepyomuit Habop AaHHEX BXOZUT B ompejefeHde E:

6) Visomopduamel af*?: H”?(E)) 5 E?P3%.

Yacro ynolno cuutaTs, yto Ha (r-+1)-M JucTE CTOAT NPOCTO
KOTOMOJIOTHH 7-TO JMCTA, H @?°? TOXIeCTBEHHHI.

OcHoBHOe yC/OBHE HA M30MOP(M3MBI G:P*¢ COCTOMT B CyIECTBO-
BaHuu npejeisHex rpymn EZY. Tlpocrefiee TpeGopanve, OOLMHO
BBHIIO/IHEHHOE B NDHJOXKEHHsAX, TAaKOBO:

B) An KAXJO0M Napwl (p, ¢) CyLIeCTByeT Taxkoe ry, uto df'?=0,
42 =0 npu r >

Torpa of'? oroxnecTsisier Bce EZ'Y mpu r>ry 1 Myl 0603Ha-

yaeMm 3Ty rpymny depes EZ7.

K 3TOMy MOMEHTY Ha TPaHC(UHMTHOM JHCTE (5= co) Pa3sMELIleH::
rpynmsl E2Y u rpynmet E” Bpoe auaroam p --g=n. [Tocuennni
Ha60p NAHHBIX YCTAHABJMBAET CBA3b MEMAY HUMH:

r) Ha xaxjaoi E" 3ajnana yOeBaomas peeyAapras puibmpayust

DFPEDFPHE®D .. (TO ectb ) FPE"={0}, UF”E’z E?)

p

1 usomopdusmel 77 ELY— FPEP+e | FrtIEP+a,

B 3THX ycJOBHAX TOBODAT, WYTO NOC/eROBAaTebHOCTL (E27)
cxodumes ¥ (E"), wm yro (E") spaserca npedeaom (E??).

Eme pas noguepxueM, YTO KOMIIOHEHTAMHM OTHOH CIIEKTPaJbHON
NOCAeI0BATENLHOCTH E  CUMTAI0TCA BCe TPYIIE (EﬁJ “, E*), mce
romomopdusmbl (d?°?, %, B°*%) u duabrpamum wa E”.

Mop¢usm ciexTpasipHEIX noCTe xoBatespHocTel f 1 E—~ E/ COCTOMT
u3 romomopdusmos fP'?:EP ¥ E/P*9, " E"—> E'", nepecTaHoBOu-
HbIX CO CTPYKTYDHbIMA TOMOMODDHM3MAMH M COBMECTHUMBIX C (puib-
TPALHAMH.

3.2. 3ameuannsa. a) PaGoras ¢ KOMNJEKCaMH, OTrpaHHYeH-
HBIMH C ONHOH CTODOHBI, Mbl OOBIYHO NPHXOAHM K CIEKTPaJbHHIM
1I0CJIeJOBATELHOCTAM, HEHyJeBHEe YJeHbl KOTOPHX pacloJIONKeHB!
B OJHOM KBajpaHTe (To €cTb B 06JacTH BHIA, CKaXeM, p=>Po,

4224o) -
[lycts E7'? otmmums ot myas Toasxo B [-v wmi [Il-m kBanpante.
Torza ycaosue 3B) BBINOJHEHO aBTOMATHYECKH, NOTOMYy 4TO JubO

Rauano, k6o xomey crpenok dr'?, dPTTUTTN mpu r>ry(p, )
BLIXOAMT 34 TPEeAessl 3THX Keanpamoe. Kpome ToOro, ¢uibtpanum
Ha E™ asroMaTHueckw Komeuss: FPE"={0} npu p<p_(n),
FPEr=E"™ npu p>p,(n).

6) CneKkTpa/ibHble MOC/ENOBATENLHOCTH TEM NPUATHEE B BHIYHC/M-
TEJBHOM OTHOLIEHWH, uyeM GoJbluee KOJHYeCTBO o6wekToB FEo'?
u MopdusmoB d7’? pasubl mymo. Opuy ChenHalbHBIX Caydaih HMeeT
naspanue: E BHpOX/eHa B wieHe E., eciu d7! =0 npu r’' >r am

Bcex p, q. Torpa E5?9=ED".
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B) OOGwupbe 3a7a4d, peiidempie C TMOMOMIBIO  CNCKTPA/BHON
TIOCJIe A0BATE/NBHOCTH, — NOJIyuerne HHbopMauud O E" 10 H3BCCTHBIM
Ef:q T Equ.

TTokaxeM, HAIpUMep, YTO MHBAPHAHTE THIIA 3MIEPOBOH Xapaxre-
PHCTHKY MOXHO BHMHCIATH TOUHO, NAX(€ He 3HAs HHUCro o jmpde.
penmanax d??. Tlyers C —duxcuposannast aGenesa rpynma, x--
oTOSpaxeHne, comocrasisioulee Kaxnolt afeneBoit  rpymne A
saement y (A)eC. Tlpexnonoxuy, uto ¥ (A)= x(A'), ecm A uzo-
mopdro A’, um y anxutusHO, TO ecTh ¥ (A)==y (B)-+yx(A/B) nis
moBoit rpynmsl A ¥ ee noarpynnel B. Ilis KOHEUHOro KoMitekca K-
TOJIO JKHM X(K‘)::Z(—-l)’x (K%. Teopema ODiaepa yTrepMjacT,

1
aro 1 (K)= 2 (— Vi (H (K9

i

i
[Tycte Temepp £ —CHeKTpaZbHasg —MOCACLOBATCJLHOCTH.  Pac-

emoTpuM Kommaexes! (E;, d;), vie E;‘a:rw(}? "E’,"", d; ., t(il) .,,‘lf','-

TIpeanooKyM, 4TO ¥ NPAMBIE CYMMBl, ¥ KOMIVICKCHW [, KOHCUHBI
JAJsi HEKOTOPOTO 7. TOTIa TO Xe BEPHO IJS BCCX Fi>ry HJeIKO

TIPOBEPUTD, Y4TO 2 (=1 (EM =y (E).

3.3. CmexTpanbHasi TOCHEIOBATEILHOCTb  (DUIbTPOBAHHOIO
Komintexca. [lycte K'—KOMITIEKC M OYCTh  3aJaHad  yOWBaIouLas
Jurempayus K* noaxommiexcamd FPK*. dT1o swawuT, uto s K¢
3aJaHbl MOATPYNIBL. . . DFPKPDFPHK D .. ud" (FPK™") - Frgnt.

Yxaxem cpasy 1Ba NMOJESHHX npumepa (uusrpauuu. [Tosoxum:

K" npu n< —p,
(FPKY =7c_p(K)'==1{Kerd™ npu n-- —p,
NpH 72> = p.

Ora QubTpauus HasbiBaeTca KaHOHuieckolk. OHa yGHBaCT IpyIb
KoroMoJsiorufi K no ovepenu

n . H’I(K.) npu 1< — p,
H (F”K)='-'{ 0 npua>—p
[Tonoxuv gasee
T N7 \11 0 !
(FPRY =05, (K'Y =1 gn ﬁgﬁ '2§§

Ora GuibTpauys HasHBAETCH «2AYNOIY OHA TONKE ybusaeT rpynns
koromosoruit K 1m0 Oyepend, HO NPH ITOM TNOPTHT [PAHHYHYIO
rpynny:
~ 0 mpun<p,
H" (FPK')=[KerdP NpH == P,
H™(K") mpu n> p.
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[TocTpoum Teneps no GUIBLTPOBAHHOMY KOMIVIEKCY CIEKTPa/bHYIO
NOC/e L0BATEMLHOCTD,

a) Honempyryua EF'? u d°*7. Tlonomam
Zf’(' == "! (Fp+r[(p+q+1) NFPKPte,

Jra rpynmna «MAXCOpUpyeT CBEPXY» LWMKJH B KP4 jexaluve B p-i
¢GupTpOBOUNOR noarpymne: auddepenuyan d He 06s3aTEABHO MEpe-
BOAHT WX B HyJb, BO yray6uset QuibTpPalMOHHBIE HOMED Ha .

70,4
B Z¢ €CThb TPHBHAJBHAS YaCTh, SBJAAIOLIANCH CyMMOﬁ ABYyX
TOJICPyIm:
er;f{ g1 - (1:p+1ij+q+1) N Fp-HKp-!-q,

dZEZ{H IR g (Feera K rte-y ) FoRp+a,
TMonroxcm
. , +1,0— —r 1, gepr—
EP = Z0 [(Z3 T - dZ0T TR,
Jlerko nposeputs, uro d uHpyuEpyer nuddepeHIHab!
df”':E’,)’q—>55)+q'q_r+l-

6) Koucmpyryus af'?. Ias mocrpoenus of'? caegyer mo-
CTPOMTDL TOMGMOPOUIMEL

i 1 g=I\ ;) rp pbl, g1 —rl,gdr— ,
(éfr)~§ql wilf*r q )/(fol q +dzﬂ_]’+ qtr 2)___> 7z (Eg q),
- 21 BN 1,1 — , — s
@zr T Z Y (20 T 4 dZ2 T Y > B(ET)
(cnpasa CTOSIT UMKJAR B FpaHuuB d,) H NOKa3aTb, UTO OHH SBJSIOT-

ofl H3omopdusmamMu. DTO CBOAUTCA K HECJHOKHBLIM, HO JOBOJBHO
IPOMOSJIKHM IIPOBEPKAM.

B) Konempyryus E". Tlonowum E"—=H" (K'Y u
FPE".=06pas H"(F’K’) .
NpH CCTECTBEHHOM OToGpaxeHnd FPK — K .

3.3.1. Teopewma. Tlpennojokum, uto Ha Kaxaom K" Quaerpa-
Msl KOUEUHa W peryjspHa. Torza noCTpoeHHas CHEKTpaJbHaA nocJae-
nosateasiocts (E7'7) cxopurcs x (E7). B

3.4. [IpuMepn! CHEKTPaJbHBIX TOCHEN0BaTeNbHOCTER. 31eCh Mbl

ONUUIeM CTeKTPaJblbe I0CJE40BaTeNBHOCTH, CBA3AHHBIE C IJYNOA U
KaHOHHUeC Ko GUIbTPAIMAMY KOMIIIEKea (CM. HA4aao Ir. 3).

a) Iaynas guasmpayua FrK. Viveem:
0  mpu ¢<0,
277 2 [Kerdr™ npu ¢ 20, r<g-+1,
Krre mpu ¢=0, r>g41.
0 npu ¢+0,
Ef'qw[ K?P  npu ¢=0, r=1,
HP (K npu q==0, r=>2 unpa ¢=0, r=co.
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Iuddepenupan d2'%: B2~ E2+7*! copnagaer ¢ dP:KP— KP4
npu ¢=0, r=1 u TPUBMAJRH B OCTAJMBHBIX C/IyYasiX.

Er=H"(K"); QumTpauus Ha E" TpuBHa/JbLHA:
E" mpu p<n,

FpEnz“{O Ipu p>n.

6) Kanornusecran durompayus. Vveewm

Ep,q={H"(K‘) npu g= —2p,
' 0  mpu g+ —2p,

d??=0 npu Bcex p, g.

Orcioga E?""=EY? w d,=0 paa scex r>2. JHanee, E'=
= H"(K'); urprpaups Ha E™ TpuBHaIbHA:

E£E* mpu n< —p,

FpEn={O mpH 1> — p.

3.5. CnexTpaipHasi NOCJe0BATENbHOCTh NBOAHOrO KOMILIEKCa.
Hsotinoi romnaexc L= (LY, dil, dif)—st0 HaGop  abeJie BEIX
rpymn LY u romomopdmsmos di:Li— L'tV glipu B,
YIOBAETBOPSIOIIYMX COOTHOLIEHHAM

@?=0, @uf=0, didn+dndi=0. 1)

[MonoxuM (SL)*= @ L% (B0 BCeX BCTPEUAIOUIMXCA y HAC Caydasx L
i+j=n

COCpPeZOTOYeH B KBaAPaHTe, U 3TH NpsSMbe CYMMBl KOHEUHB). YcCJo-

Bus (1) o3uavaloT, yTo OMEPATOP

d=dy+di:(SLy— (S Ly

yXOBMeTBOPAET paBeHcTBY d?=0, Tak uro ((SL)’, d) ecTh KOMIJEKC,
HAa3bBaeMbIll OUAZOHAAbRELM KOMNACKCOM.
Mopdusmel TBOAHBIX KOMILVIEKCOB ONMPENENAIOTCS OYeBHIHHIM 00pa-

som. Tlycts A’ (L)—xKoroMonorus o6sianoro xommaexca L/ ¢ pud-
depenuwanom dp'’. Scuo, uto nubdepenuuan dil wEEyuMpyeT Mop-
dusmst HY (L)— Hi't' (L), onpemensiomwme xommmexce Hi** (L).
Bymem 0G03HauaTh KOTOMOJIOTHH 3TOTO KOMIJekca uepes H{ H{ (L).
Ana/zorEaRO ompegensioTcs koroMosorun HiH{ (L) .

3.5.1. IIpeanoxenue Ilycrs L cocpeioTouen B IEpPBOM
kKBajpanTe (to ecte Li=0 npn i<<0 mam j<<0). Torma cyurecrsy-
10T ABe CHEKTpalbHhle NMochaefoBareabHocTd YE u . IIE, cxoasinuecs
K ofbiemy npefeny {H»(SL)}, unesn E; KOTOPHIX HMEIOT BHA
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B8 — HPH (L), “ES'=H{H!(L).

3.6. CnexkTtpajbHas nocaeaoBaredbHocTs Ceppa— XoXwHabaa.
Hycrte G — rpymna, Hc G — HOpMAJNBHBIE JAenuTesb, A — HEKOTO-
poiit G-monyab. Torna G/H nmefictsyer Ha xoromosorusix He(H, A).
Cnexrpanvras nocaedosaresvnocrs Ceppa—Xoxwursda wMeeT

87 =H?(G/H, He(H,A)) u cxomurca K Er=H"(G,A).

3.7. CmekTpajibHasi NOCAEOBATEJNBHOCTs paccaoeHust. [1ycTb
p: E—~B — Mopbu3M TONOJOIHYECKHX TPOCTPAHCTB, SIBJSIOILHUICS
paccnoenneM B cmbicie Ceppa. Ilpeanosoxum, yto 6asa B cesasHa
u onHocBAsHa. [lyere F — cooft paccaoenus p. Torma cymectsyer
CIIEKTPaJbHas IIOCHIeAOBATENbHOCTb (HA3bIBaeMasl CMeKTpanbHol
nocaedosaresvroctoio Ceppa) ¢

Ej'=H? (B, H1(F))

(roromosorud B ¢ kbadduuueHTaMHU B JOKaAbHOW cucreMe H1(F)),
cxonamasics k Hn (E).

Huxe (cM. ra. 2, n. 4.5.2) 6yaer onmcaH OJuH OGIIHA crocob
[IOCTPOEHHS CIEKTPaJbHBIX MOCJIEAOBATEJbHOCTEH, YACTHBIMH  CJy-
YasMH KOTOPOTO SBJSIOTCS [BAa H3JOMXKEHHBIX BhLIIlle NpHMEpa.

BUBJIMOTPAOHUUECKHE YKA3AHHS

B arofi rnaBe NpHBeneHBl DE3YJBTATH, COCTABJAIONIHE YACThb KJaCCHYECKOM
romoJoruyeckofl anrefpel, Kax OHa MOHMMaJjach B Hadalze 60-X rogos; NassHeli-
Ilee pasBHTHE H3JOXMEHHBIX 34eCh HIAEH MOXMO HafTH B JIOGOM KJACCHYECKOM
yuebuure [40], [87], [107]. Toumast mocaenOBATENBHOCTh KOTOMOJOTrHi (Teopema
m 1.5.1) ¥ chneKTpajbHas IMOCNENOBATENbHOCTh (PHALTPOBAHHOrO KOMIJeKca (Teo-
peMa 1. 3.3.1) HABJAAITCA OCHOBHHIMH BHIYHCJIHTEIbHEIMH CDEACTBAMH TOMOJO-
rhueckolt anre6pn. TOuHAas NOC/HEAOBATENLHOCTH (B TOMOJOTHYECKON CHTYaLHH)
6nia u3pectna eme Ilyadkape; cmexrpaibHas NOCHeLOBaTeNbHOCTb BIEPBEIE HO-
ABHJIACh, MO-BHAUMOMY, y Jleps. JlokaszarenpcTso Teopemst m. 1.5.1. cm. B [40]
una [8]. CrHexTpanbHEIM IIOCHELOBATENBHOCTSM TOCBSIIEHA OOWMMpHas JHTEpa-
Typa; HaubGonee moApPOGHO oOWas CXeMa M MHOrOYMCJEHHBIE NPUMEDH HCIIOIB3O-
BAHHA CHEKTPAJbHEIX IOCIELOBAaTeJLHOCTEH (B OCHOBHOM, TONIOJIOTHYECKHE) H3-
noxens B MoHOrpadum [116). doxasarenbcTBo Teopemsl n. 3.3.1 u ee oGoluwe-
HHA cm., HanpuMmep, B [40). O cnekrpanpHOH mocaenoBaTesbHOCTH JIHHgoHa—Cep-
pa—Xoxwuapaa 3 M. 3.6 cm. [34]. OxnuM H3 AYYIIUX H3NOKEHHH CHEKTPaILHOR
nocrenosarensrocTd Ceppa ocraercs opuruHadbHast craths Ceppa [130); oM. rax-
xe [16].

Kaxpas H3 TeM, H3JOXeHHHX B § 2, nmpencrasiser cobof Hayalo ONHOrO H3
NpHMEeHEHHHA roMOJOTHYecKofi aire6pH K COOTBETCTBYIOWIeHl 06JacTH MaTeMAaTHKH;
Gosee TMOXpOGHO 3TH NpHMEHEHHs H3/IOKEHH B COOTBETCTBYIOIHX mnaparpadax.
raasy 3 B B I 4, § 5. OTHOCHTE/NLHO CHMIJIMIHMAJBHBEIX MHOXECTB H HX NpH-
MeHEeHH#l B ToOmoJOrHH cM. [64], [65]. IlokasaresbcTBo Teopembl m. 2.12.1 cM.,
wanpumep, B [57]).
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F'aasa 2

AA3bIK KATEIOPHH

§ 1. Kareropuu u pyHKTOPH

I.1. Onpenenenne. Karezopus & — 510 HAGOP CAeAYIOLIHX
JaHHBIX. :

a. Knacc Ob%, sneMeHTH KOTOPOTO Ha3blBAIOTCS OObeKTaMH.

6. Ha6op muoxects Hom (X, Y), no oxHoMy nJjst Kaxuo#ft yrmo-
BHe MopQuaMm, 0603HauaeMblil Yo HIH P : X—Z H Ha3bBaeMBIH
moppusmanu (43 X B Y) u o6o3navawres @ : X—V.

B. Habop oTobpaxeHui

Hom (X, Y) XxHom(Y, Z)—~Hom(X, Z),

10 ONHOMY AJIS KaXKIO# ynopsiiouyeHHo#t TpofikH o6bekToB X, Y, Z.
Ilape @: X—=Y, ¢: Y—>Z rakoe oro6paxeHHe CTABHT B COOTBETCT-
BHE MOp(u3M, 0003HauaeMblii Yo HIA Y@ : X—Z HasbBaeMbIH
Komnosuyueld ¢ u .

DT KaHHBle JOJIKHB YIAOBJETBOPATH CJELYIOLIMM aKCHOMaM.

A. Tlo xax oMy MOpGH3MY ¢ OAHO3HAYHO ONpPERE]AIOTCS TaKHe
X, Ye0b®, uro @€Hom(X,Y). HHEIMH cJOBaMH, MHOXeCTBa
Hom (X, Y) nonapHo He nepecekainorcs.

B. Oas kaxporo o6vekra X60b% CcyliecTBYET TOXKIECTBEHHHIH
Mop ¢$usM, obosHayaembill idx : XX u 0nHO3HAYHO ONpefneseMbIH
TeM cBOHCTBOM, uTO idxe@=0q, Yoidx=1idx BCAKHE pas, koria 3TH
KOMIIO3KIHH ONpefeseHbl.

B. Komnosunusg mop®u3MoB accouuaTHBHA:

() o=x(bp)
Aast nebeix @ 1 X—Y, ¢ Y>Z, 5 Z>U.
Bmecto X60b6% mbl Gynem Tavxe nucath X6%, N YUObngom (X, 1)
YE

wHOT g 0603HauaeTcs Aor B.

1.2. Tipumepsl KaTeropuil. a. BaxXHBIA Kjacc KaTeropHi COCTAB-
JIAIOT MHOMECTBA, CHaGXKeHHBIe NONOJHHTENBHOH CTPYKTYpO#, ¢
0T00pakeHusMH, KOTOPHe ¢ 3TOH CTPYKTYypOH coraacosaHel. [Ipu-
MepHI:

Pel . KaTErOPHST MHOKECTB M OTOOparKeHH# MEXIY HHUMH;

T op : KaTeropust TONOJIOTHYECKHX INIPOCTPAHCTB ¥ HeNpPepHBHEIX
0TO6paxKeHHul;

Diff : xareropust GeckoHeyHo AuddepeHUUPYEMBIX  MHOro06-
pasui;

S2b : kaTeropus abeseBHX TPYNI H HX I'OMOMOPGH3IMOB;

A-mod : KaTeropus JeBbIX MOAyJeH Hal (PHKCHPOBAHHHWM KOJb-
oM A;

&r: xareropusl rpyni H UX roMOMOpPGH3IMOB.

26



6. Karezopus A:ObA={n]ln={0, 1, ..., n}};
Homa ([m), [n]) — mroxectBO HeyOblBAIOIIHX OTOOp asKeHHH
{0,...,m} B {0,...,n}.

Karezopusa cumnauyuansroix muoscecrs A°Pet : ObA®(Fet) =
= {cumminunaipible MHOxectBa}; Hom(X, Y) = {cumnnunaisubie
orobpaxkenns X B Y}.

Karezopus cumnauyuarsrnsix 06sextos AF, roe ¥ — abeTpakt-
Has Kareropus. Yurareso Npejaraercs ONpelesNHTb €€ CaMOCTOs-
“TeJIbHO.

B. Karezopua romnaexcos abeaesvix zpynn Kom(s£b):

Ob Kom ($£b) == {xouenssie xommekcsl K adeneBbX rpymm}
Hom (K, L) = {mopdwmsmsl xomnsexcos K — L'}.

r. HekoTtopble KaaccuueckHe BHAB CTPYKTYD TakmKe ynoBHO pac-
CMaTpHBaTh KaK KaTEropHH.

Karezopus wacruuno ynopadouennozo mnovcecrsa. Ilycte [ —
YACTHYHO YHOPAJOUeHHOE MHOXeCTBO. 3ajajguM Karteropuio & ([)
rak: Ob% (/) =f, Hom'(i,j) cocTOMT u3 OZHOrO 9JEeMEHTa, eclH
i<Kj, TycTo B NPOTHBHOM c/ayiae. KoMmnosuuus MopQgH3IMOB U TOXK-
JEeCTBEHHHIH MOPGH3M ONPEHENsIOTCH €AMHCTBEHHO  BO3MOXHBIM
cr1oco6oMm.

BaxHbiM yacTHEIM caydaem @ (/) asasercs

Karezopus T op X. Tlycts X — TONO/IOrHUECKOE NPOCTPAHCTBO.
TTonoxum

Ob T op(X) = {oTkpuiTeie nogMHOKecTBa U X}
Hom (U, V) =ecrectBeHnoe Biroxenne U—-V, ecan

U<V, nycro, ecan UV,

13. Onpenenenue. Dynxrop F us xareropuu % B KaTero-
puo D (obosHavenne F:F—%) COCTOHT H3 CIELYIOMHX LaHHHX:

a. Oro6paxenne Ob F—0b D : X—F (X).

6. Otobpaxenne Mor ¥—Mor D, ¢—F (¢), Takoe, uTo ¢ : X—
—Y nepexomut B F(¢) : F(X)—~F(Y).

OTH [aHHBlE JQOJIXKHBI OBITh NOAUHHEHH CJeAYIOLIEMY YCJOBHIO:

F (o) =F () F(@) naa Bcex ¢, pEMor %, nrs KOTOpHIX @
onpejesied (B wactHoctH, F(idx) =idpx)).-

1.4. TIpumepnl GyHKTOPOB.
a) T'eomeTpHueckas peaju3auus:

| -] : A%Pet—T op.

3HayeHue storo ¢yHKTOpa Ha obbekrax AFef omnpepmeaeno B 1.2,
1.3, a Ha mopbuamax onpelensieTcss OUEBHAHEIM 06pasoM.
6) CuneyaapHoe CUMNAULUAABHOE MHONCECTBO:

¥ Sing : T op—>A°Pet
(Sing Y) , =MHOXECTBO CHHT'YJSPHBIX 1L-CHMILIEKCOB Y,
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(em. T 1, . 2.7).

(Sing Y) (f) (@) =qoAy, rae f : [ml—n], As: Ap—Dr.
3uayenne Sing Ha MopdusMe  (HempepHBHOM OTOGDAXKEHHH)
a: Y=Y’ onpeleasiercsi ¢ mOMOIIbI0 Kommosuimu: Sing(a) nepeso-
OUT CHHIYJISIDHH# CHMIJIEKC @ : Ap,—Y B CHHIYAADHBIY CHMIIEKC
ao@ : Ap—Y".

B) -4 2pynng KozomoAao2uii:

Hn : Kom s£b—s£b;

) Kaaccupuyupyrouiee npocTPanCTBo:

B : @r—>A'Pet.
Omnpenenenne B pawo B ra. 1, m. 2.7.

1.5. 3aMmeyaHu4.

a) IlonAaTne QyHKTOpPA BO3HHKJIO Kak (QopManuzanug TOro, 4ro
B CTADHHY HAa3HBaJH «eCTECTBEHHHMH KOHCTPYKIHSAMH», H IIPHMEPHl
w3 mn. 1.3, 1.4 nator o6pasusl Takux KOHCTPYKIHM.

6) Te ¢yukropsl F:%—2D, Kotophe MHl onpeneausd B m. 3.3,
HHOTAA HA3HBAIOT KOBAPUAHTHLIMU (DYHKTOPAMU, B OUPENeNsIOT
KonTpasapuanTrbil Gyuxrop G Kak napy orobpaxkenunr G : Ob%F—-
—0b &, Mor ®—~Mor & ¢ ycnosuem, ato G nepesogut @ : X—Y
B G(9) : G(Y)—=G(X) u G(9y) =G () G(¢). Cefiuac ofUIEIPHHATO
OTHOCHTb 3T0 <OOpalleHHe CTPEeJOK» K MCXOJHOH KaTeropHH €.

QPopmainHo onpefienum AgolicTsennyro karezopuro F° crenyio-
wum obpasom: Ob F°=0b ¥ (no X&C kag o6bekT ¥ 6yAeMm 0603-
nayats X°); Homg (X9 Y% =Homc(Y,X) (mopousmy ¢:X—>Y
orseyaer @°:Y°—X%): nHakoHen, {°¢p°= (@p)°, idx.= (idx)°.

«KonTpasapuanThuil» QyHkTOp ¥~ 2D omnpelensercs Iocje 3TO-
ro kax (kKoBapHaHTHH#) dyHKTOD G : F'>D.

O6ozHauenue A°Pef, BBeIEHHOE B II. 2, HATIOMUHAET O TOM, UTO
Kax/l0e CHMILIHIHANbHOE MHOKECTBO X MOXKHO paccMaTpHBaTh Kak
dyuxrop X : A%>ZPet:

X(n)=X., X()=X()

B) @yukrop Homg ecrecTBeHHO paccMaTpHBATH KaK 3aBHCAINHEA
OJHOBDEMEHHO OT ABYX aprymeHToB. Bmecto Toro, uro6sl dopmas-
HO BBOJHTb COOTBETCTBYIOLLEE OIpeleseHHe, ceffyac NMpUHATO [OJb-
30BaTbCsl KOHCTPYKUHEHR npamozo npoussedenus karezopull.

ITycTs, craxeM, & u ¢’ — IBe kareropun. Ilonoxum

Ob(#X¥’) =0b% XOb¥”’,
Homgy g/ (X, X'), (Y, Y"))=Homg (X, Y) X Homg: (X', Y),
@ )09, V)= (@9, Pp),
idix,xy=(dx, idx').
Herpyaso mnpoeeputh, 4To ¥ X%’ ecTb xareropus. AHAJOTHYHO
onpejeaseTca MpOU3BENEHHE JOOGOro CeMefCTBA KaTeropHh H‘@i.
. iel
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DyHKTOP OT HECKOJBKMX apTyMeHTOB, IO ONpejeseHHI0, €CTh (yHK-
TOP Ha COOTBETCTBYIOLEM IPOM3BEIEHHH Kareropuit. [1pumep:

r) Teopemuro-MHONECMEEHRAS  KOMNOSUYULSL  QYREMOPOS
G

F GF
%> D~ & ectb dpyHkTOop ¥—~>&. ToxkpecTBesHOoe OTOCpaxKeHUe
Idg:Ob%— ObB, MorB— Mord ects GYHKTOP. ITO MNO3BOJAET

paccMaTrpuBaTh JI060e MHOXeCcTBO KaTeropu#l KaK KaTeropHio, C
(yHKTODAMH B KauecTBe MOp(H3MOB.

1.6. Eme npumepbl QyHKTOPOB.

a) Ilpednyuox mHosicecTs (abeJsieBBIX TPyMnu,...) Ha TONOJOTH-
gecKOM NpocTpaHcTBe X ecTh QYHKTOP

F:(TopX)'—>Fet X (20, ...)

(xateropusi 7 op X onpenenena B 1, 1.2 1).

6) Ilycts /-—dyacTtHyHO ymopsiioyeHHOe MHOXKecTBO, € (/) —
COOTBETCTBYIOINAsl KATeropusi, ompefeneHHas B 0. 2 r. OyHKTOp
G:F()~>s£b cocrour H3 cemeiicTBa afeyeBbixX rpymnmn
(G (i), i€]) u orobpaxkeHuit ¢;;: G,—G; no ofHOMY IJi KaxKJoH
nape (<j, TAKHX, YTO eCJH IJ<CK, TO @inQ:; =@k, P:i:=idgu. Ta-
KHe ceMeicTBa OGHLIYHO BO3HHKAIOT B KAUECTBe CHIPbS LJS1 B3ATHA
IPOEKTHBHBIX U MHAYKTHBHBIX [IPEIEJIOB.

B) Pynxrroper 3a0serus. Boabliodl knacc TPHBHAJBHBIX NpHMe-
poB GYHKTOPOB NOJydYaeTcs TAK: HYXKHO IeDeCTaTb YYHTHIBATH OA-
HY HJH HeCKOJBKO CTDYKTYP, HMeIOUHXcH Ha OObeKTe HCXOMHOH
KaTeropuu. Tak TOAy4arOTCE (YHKTOPH «MHOMKECTBO 3JIEMEHTOBY:

T op, Diff, s4b, Gr—>%et, X
2 Takxke (PYHKTODHI
Diff—>T op, A-mod—>s£b.

Ouepennoe ompeneseHne 5Toro maparpada— mMop@uaMbl QYHK-
TOPOB (HX HasHIBaJH TaKXe «eCTEeCTBEHHBIMH Npe06Pa3OBaHUAMHU
€CTeCTBEHHBIX KOHCTPYKUHEY).

1.7. Onpeneaerne. Ilyers F, G— nBa ¢yHkropa u3 % B D.
bynkropuoii mopgusm F B G (sanuce f:F—G) cocTour H3 Cce-
MeficTBa MOp(QU3IMOB

f(X) : F(X)—>G (X),
no OJHOMY AJst Kaxkaoro ob6vekta X€Ob®, xoropoe ymnosierso-
psieT cJelyoUeMy YCIOBHIO:
0as Beskoro Mopogusma ¢ : X—Y B xareropun ¥ Auarpamma
F{X)
F(X)-—G (X)
F@)), gy {8®
FY)-—->G(Y)
KOMMYyTaTUBHA. [} ' ‘
KoMnosunust ¢yHKTOPHBIX MOPOH3MOB ONpeNesiseTcs OuYeBHA-
HBIM 06pasoM TaK e, Kak H TOXIECTBEHHBH (YHKTOPHBHIH Mop-
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¢dusM. B pesyaprate OYHKTOPH BF—>Z CTAHOBATCS  OOBEKTAMML
KaTeropuu, KoTopas obosnauaercs Funct (¥, D).

1.8. HNpumepn. a) Ecam  cuMmiuu#anbHERle  MHOXecTBa@
X, YEA'Get paccmaTpuBate kKak oymkropn X, Y:A~>Fef, TO
gio6oe cUMIHIHaJbHOe oTob6paxenue f:X—Y omnpenensier mop-
(huaM 51UX GYHKTOPOB, H Ha0GOPOT.

6) Paccmorpuy Karteropuio &xc (exact sequences of comple-
xes), 06DBEKTaMM KOTODOH SIBJSIOTCS TOYHBle TPOHKHM S KOMIJeK-
coB abeJeBslx TPy

D AR SN
SO0-K L > M-—=0,
a MOpdUIMAMHE — KOMMYTATHBHEIE IHATPAMMEl BULA

N
0K <L —->M-=0
Vorip b
0 K —>L>M -0,
rae p, g, r —Mop(QH3MBl KOMILICKCOB. DUKCHPYEeM [eJoe Yuejo 1 ¥’
paccMoTpuM 184 QYHKTOpA:

F(S)=H"(M), G(S)=H"'(K).

CasaswiBalolline roMoMopduamu 87 (S), paccMmortpeHssle B ra. 1,
n. 1.5 (tam omu obosHauanuck 67 (f, g)) cocraBiasior  MoOpdH3IM
¢dyurTOpOB 67 : F—G.

1.9. Heckosnbko ompenenenuit. Crelyiol(He NOHSITHS TEOPHH Ka-
TEerQpHIl BeCbMa IQJe3HHI.

Kareropus % HasmBaercs nookarezopuell xateropuu D, eclw

a) Ob#<Ob D;

6) nas xaxianx X, YEOb® umeem

Home (X, Y)cHomg (X, Y);

B) KOMIIO3HUHS MOP(}H3IMOB B % COBIAAAeT ¢ HX KOMITO3HIIHET
Kak Mopduamos B D; nas X60Ob¥%, idx B ¥ coBnansaer ¢ idx B D.

[logkareropus ¥ =% HasHBAETCA NOAHOU, e€cH AN JOGHX
X, YEOb @ umeem

Homg (X, Y)=Homg (X, ¥).

dyaxrop F:%— 2 nHasnpaercs c}npoalm, ecqau IJasa  JIoBhIX
X, YeOb% orobpaxenue

F:Homg (X, ¥)-Homg (F (X), F (V)

SBJIAETCS BJIOKEHHEM, H NOAKbLIM, €CJIH OHO SIBJASETCS CIODBEKTHB-
HEIM.

B uacTHOCTH, BJIOXKEHHe NOJHOH  NOAKaTeropud €—L saB-
JisieTcss CTPOTHM M NOJHHM ¢(yEKTOpoM. OG6GpartHO, MOXHO JAOKa-

3aTh, UTO BCAKHH CTPOTHH H NOJHBI (YHKTOD IOJydYaeTcs TaKHAM
o6pa3om.
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OO6BEKT @ IPOHIBOJDBION KaTeropuu @ HasbiBaercs Ha<atb-
Hotm, ecdH aast gawboro X¢Ob ¥  wmuoxecrso Homg (o, X)  co-
CTOHT H3 OAHOro sJjemedra. Awnajorsuno, w6Ob% HasbBacTCd
KOHeuHM OOBEKTOM, ecsid s JuoBoro XtOb %  MHOMKECTBO
Homg (X, o)  cocrour us opuoro snementa. SIcHO, 4TO Kak Ha-
qyaJbiblil, Tak H KOHCUIDLT 06LekTol xareropud ¥ (ecau ouM cy-
WeCTBYIOT) OHPCACISIOTCS OJHO3HAUHO ¢ TOUHOCTHID A0 H30MOp-
pusma.

[Tpumep. B gareropuu el nauaibvlibim 06BeRTOM SIBISETCHA
OycToe MHOXECTBO, a8 KOHCUHBIM — OJHOTOYEYHOE MHOMKECTBO.

1.10. Haomopduam. MHorne maremarnyeckue  3ajaud — 31O
3a/IaUK KJacCHHKALMH: TPOCTHIX rpyni, ocobennocreil u 1. 1. Hu-
He MBI OUMINEM KaTeropnblil NoAXoj kK 3tum sanauam. Kuaccudu-
KAUHS -~ 9T0  0OLIMIO  KJAaCCHOUKAIHA ¢ TOUHOCTLIO A0 H30MOD-
(Ppusma.

L1014, Qupepeacune. a. Mopdusm ¢ : X—Y B kareropuu @
Ha3LIBACTCS USOMOPPUIMOM, eCIH CYMIeCTBYCT  Takoit  mopgusm
P Y=+ X, aro Po=idy, ep=idy.

6. Odvexrt X, Y B kareropin @ HasbiBaloTesl U3OMOP(PHOLILU,
CCJIH MOy HHMH cyllecTByeT xorst OBl 0JIHI H30MODP(HIM.

Yhrateas JCrKo HPOBEPHT, YTo oTHOWEHHe «BLITH H30MOpPd-
HBIM» SIBJASICTCS OTHOMICHHEM skpHBajdentiocts B Ob%.  Mop-
dusmbl @, P O CBOMCTBAMY, YKABAHHLIMM B OIPEACJCHHH, Hasbl-
Balwres Bsaumuo oGparubimp,. Kaxuaeiii uzoMopdusm  ojiosnauno
onpejensier oOpaTbll K HeMy H30MOPOHUIM.

Ecan npumenuts 910 ONpeleJeHHe K KaTeropuu  (PyHKTOPOB
(em. u. 1.5 1), nosayunrest Baxiuoe nolsrue usomopusma Gyrx-
ropos. Mmenno, uzomopgusm mexiy ¢yukropamu F:¢—PD u
G DG 910 Mophusm  yukropos [ =G, A KOTOPOro
ecth 0Opatubil Mopdusm g1 G-F @ gf=1id,, [g=idg.

JICTKO IPOBEPHTDL, HTO B 9TOM ONPCACJCHHH  CYLLeCTBOBAIHE
o6parnoro Mopdusma ¢yukropos g : G—I" momuo samenurn 6o-
JICE eCTCCTBEHHBIM YceJloBHEM: Jist Kaxpaoro XeOb®# wmopduam
F(X) : F(X)=>G(X) apasieress H30MOPQHIMOM.

[Ipumenenne  onpefenienust 1.1 K «KATEroOpHH  RATCrOPHA»
paer cpasHHTeNblio  fecnoJiesnoe NOHSITHE M3OMOp(dHiMa  Ka-
reropuit. Cymecrsengo Gogee noJesnoe OIPCACJHCHHE TaKOBO:

111, Qupenenenune. a Oyukrop F:@—9D nasppaercs
IRGUBUACHTHOCTOIO KATe20PUl, ecu CYILeCTBYET TAKOH (PyHKTOP
G 9%, aro ¢yukrop GF nsomopden idg, a FG nsomop-
dhen idap,

6. Kareropan @, 2D Hasusalorest IKOUBUACHTHOIMU, CCHIH  CY-
weersyer GYHKTOP, OCYWECTBSIOWHM ux sxpusagentiocts. M

®yuxrop G u3 a) HHOrJa HaswBaerTcss  KGA3UOBPATHOLM K
byukropy F.

1.12. Mpumep. Ilycrs Vect? —xaTeropus n-MepHeX BCKTOP-
HBIX IIPOCTPAHCTB HAJ TOJeM k; Vi——KATEropus C OHUM OGHEKTOM
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k" @ JUHERHHMH OTOGpaXeHMAMH B KavecTBe MOpdusMOB. Vmeercst
oueBMAHH (yHEKTOP BAOKeHus V- Vecty, KOTODHI SB/IACTCH 3KBH-
BAJEHTHOCTBIO KATErOPHH.

Aror NIpuMep THIHYEH: a) 5SKBHBAJEHTHBEE KATErOPHH HMEIOT
«OJIHHAKOBEIE» KJacCH H30MOp(dH3Ma 0OBEKTOB H <OAHHAKOBHIE»
MopdH3MBl MeXAy STHMH KJaccaMH; 6) mocTpoeHHe (YHKTOPOB,
o6GpaTHEIX K 5KBHBAJEHTHOCTH, Y4acTO HEOJHO3HayHO H Tpebyer
akCHOMBl BEIfOpa: B LaHHOM IpHMepe cielyeT BHOpaTb 6asuchl
BO BCEX N-MEpHBIX NPOCTPAHCTBAX.

®opMaJabHO INPH YCTAHOBJEHHH TOTO, YTO HEKOTOPHH 3ajaH-
HH OVHKTOp fBJsieTcsl 5KBHBAJTEHTHOCTBHIO KaTeropui, 6biBaeT
yIO6HO [OJIb30BAThCS CJIEAYIOMIHM IPOCTHIM De3YyJABTaATOM.

1.13. Teopema. dyurrop F:@—>%D sBasiercs SKBHBAJEHT-
HOCTBIO KaTEropHi, ec/H H TOJIbKO €CJH

a) F—crporuit 1 NOIHEBIH QYHKTOD; :

6) kKaxawii Y6Ob® wuszomopder obwekTy Buaa F(X) nas
"ekotoporo X€0b D.

1.14. [Tpuwmeps. ComepxkarensHyio Teopemy o0 3KBHBAJEHT-

HOCTH KAaTeropHil 4acTO MOXKHO NpencTaBJATb cefe KaK BCKpHITHE
ABYX LOMNOJIHHTEJNbHHX CIHOCOO0B OUHCAHHS OLHOTO H TOTO XKe Ma-
TemaTHdeckoro ofmbekta. Creiyoluiue KilaccHueckue  HeGospline
TEODHH, COJepXaHue KaxKJIOH H3 KOTODBIX MOXKHO pe3lOMHPOBATH
B BHIe TEODeMHl 5KBHBAJIEHTHOCTH, WJIMIOCTPHPYIOT 3TO YTBEpXKIe-
HHe.
a. Teopusa T'azya. Ilycts k-— HexoTopoe TOJe, AJISi YIPOLIEHHSI
$hOpMYTHPOBOK XaPaKTePUCTHKH HyJb. O6osHaumv uepes G rpyn-
ny 'anya aareGpanueckoro sambikaHus k/k ¢ Tomonormeit KpyJa-
5. 3HAUYHTeJbHYI0 4acTb TeOopHH [alya MOXKHO DeslOMHDPOBAThL B
cllelylollleM BHICKA3bIBAHHH: [BOHMCTBEHHAs KATEropuss KOHEyHO-
MEepHBIX KOMMYTAaTHBHEIX I[IOJyIpoCThiXx K-anre6p (k-Alg)® skeu-
BaJleHTHa KAaTEerOPDHH KOHEUHBIX TOMNOJOrugeckKdx (-MHOXKeCTB
G-Pet.

6. Teopus ¢yndamenrarvuoli epynnet Ilyankape. Tlycts X —
JIMHeflHO CBfi3Hoe XaycHop(OBO TONOJOTHYIECKOE NPOCTPAHCTBO C
oTMeueHHON Toukoi Xo€X. OO6o3Hayum uepes Fovx KaTeropHIo,
o6bekTaMu KOTODOil sIBJIAIOTCA HakphiTas p: Y—X, a mopdusma-
MH p;—>P2 — KOMMYTaTHBHBIe JHarpaMMEL

L 4
Yy Y2

PN /Pg ‘

X

C npyro#t croposl, mycts = (X) — QyHAamedTanpHas TIpyl-
na X u m;-%ef — KaTeropus JIeBHX f;-MHOXKECTB.

Teopuss ¢yHmamMeHTAaNbHOH I'PYNNH pe3lOMHpYyercs B CcJaedy-
OIIEM VTBEDXKIECHHH.

Kareropua #ovx SKBHBaJeHTHA KATeTOPHH T -Fel.
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B. Kommgrarusnoie wopmuposanwsie rxoavya. Ilycts Han —
KaTeropusi, OOBEKTH KOTOPOH KOMMYTATHBHble  HOPMHDPOBaHHBIE
KOJIbLa C HMHBOJIONHEH, a MOp(U3MBI — roMoMOp(u3MBl  KOJeL,
COXpaHsIonlHe HOPMY ¥ HHBOJIOLHIO.

C npyroit cropoHsl, o60o3nauuM yepes JBaus MHOJHYIO IOLKa-
TErOPHIO KATEropHH 7 0P, COCTOSIYIO H3 KOMNAKTHBHIX Xayclop-
¢$OBLIX TONOJNOrHYECKHX npoctpadctB. OXHO W3 OCHOBHBIX
YyTBEPXKACHHA TEOPDHH KOMMYTATHBHBIX HOPMHPOBAHHBIX  KOJeLL
MOXHO cQOPMYNIHPOBATH TaK:

Kareropuu (#an )° u 76 aus 9KBUBAJEHTHBI.

r. Teopusi dsoticrgennoctu [lontpseuna. Tlycrs & — Karero-
pHusl KOMMYTaTHBUDLIX JOKAJbHO  KOMIAKTHBIX  TONOJOIMUYECKHX
rpynn (d UenpepuiBHbIX romomopousmos). Teopema HBOHCTBEHHO-
cti [Tontpsirnua mMoxer GuiTh BBIpaXKeHa CJAELyIOWHM 06DazoM:

Kareropust % sksHBajselnTHAa INBOHCTBEHNON Kateropuum %°.

Tounee, nycrn F: @—%° u FO: #°—% — QyHKTOPH, CONOCTAB-
JSOMWHe Kax bl rpynie G ee rpynny yuuraphsix xapaxrtepos G¥.
Bosaee rtounas GopmysuposKa Teopembl ABONCTBEHHOCTH  3BYUHT
rak: ®ynkropu F, I kpazuoGpartusl Apyr Apyry.

1.15. llpencrasumble dyukrops. [lycrs ?——Ka'reropm dyHk-
TopoB (cM. 1. 1.7)

% = Funct (°, #et).
Pacemorpum  dynkrop  Ax:@V- zetf, h,(Y")=Homg (Y, X) xax
o6mexr 7.

1.15.1. Onpenencuue. dynkrop FEOD? naswsaerca nped-
cmasguastia, eca on usomopben GynskTopy BHiAa ky AJS HEKOTO-
poro X¢Ob¥. B arom cayulie rosopsr, uto ofbexkT X npedcmas-
asem dyuxkrop F. g

[ycrs @:.X -» Xy —uekoTopsit mopdusm B 6. Emy cooTBercrsyer
mMopdusMm  GyHKTOpoB  Ayihx,-> Bx,, KOTOpPHIH moGomMy 06BEKTY
YEOb% conocrasisier 0TOGpaMCHHC

ho(Y):hx, (¥)=> hx, (¥),
nepesopamee Mophusm  oEHome (Y, X)) =hx (¥) B KOMNO3HUHIO
gopEHomy (¥, Xa) =hx, (V). OueBupnO, Apy=/hohy.

1.16. Teopema. B onucauusix 0603HAYCHHAX OTOOpaAXKCHHE
@r by OUPCACIACT H3OMOP(HIM MHOXECTB

I‘-Iom«é: (X, Y):;Hom(% (hx, hy).

Bonee toro, sro H3oMOpHUIM (DYHKTOPOB COXC—%et  or
aprymenton X, Y. [losromy ¢ysrrop h:@—%, zanapacmbiit ¢op-
mydamu h(X)=hx, h(p)=h,, 3aKaer 3KBHBAJEHTIOCTb KaTeropHH
@ ¢ noamofl noikateropuet €, cocToseit M3 MpeACTABHMBIX
$YHKTOPOB.
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1.16.1. Cnencraue. Ecim ¢yukrop u3 % IpeAcTaBHM, TO
npencTaBAsoOUul ero o6bekT X ompefedeH OJHO3HAYHO C TOY-

HOCTBIO O KAaHOHHUECKOro H3oMopdHaMa.

1.17. Mpumep: npamoe m paccioeHHoe npoussefeHue. Hamom-
HHM, 4TO B TeOpHH MHOXKecTB X XY eCTb MHOXKECTBO YHOPSLOUYESH-
Hex nap {(x, y) |x€X, y€Y}. BBexem ompenesesne npsiMoro mpo-
usBenenus AByx obwexroB X, YEOb % aByms cnmocobammy.

a) Tpsmoe npoussenenns X XY «ectb» 06bekT Z, npEACTaBIsA-
ooyl ¢yurrop U~ (npsmoe mpoussesenue hx(U)Xhy(U))

(ecan 3T0T QYHKTOP UPEACTABHM).
6) IpsmMoe mnpousBenenne X XY «ecTsy 06BeKT Z, 331aHBHR
p_ P

X, ¥
BMecTe ¢ MopdH3Mamu mpoexuun X<—Z—>Y, Taxo#l, 910 naa moboi

4 14

naper mMopdusmos X <—)—(Z’—}—;Y CyLIeCTBYeT €IMHCTBEHHBN MOPQU3M
q:Z'—Z, §a KOTOpOTO py==pxq, Py=Pprq (CHOBA C OrOBOPKOMA:
ecau (Z, px,Py) C 3THMH CBOHCTBAMH CYyULeCTByeT). 3TC BTOpOe
ompeneJieHHe — PE3yJIbTAT INPeABapHTEJbHOrO ONHCAHHSI TEOPETH-
KO-MHOXKECTBeHHOH KOHCTDYKIMH Ha sI3HIKe KaTeropuu Pel.

Jlerkoe 0606IIeHHe 3TOH KOHCTPYKUMHY IO3BOJIAET BBECTH TakK-
JKe KaTerOpHHIl BapHaHT PAacCHOeHHOrs INpouseejeHus, Hamom-
HuM, 410 ecam @ ¢ X—S, ¢ : Y-S — 1Ba oro6paxeHHs MHOMKECTB,
TO paccJoeHHBIM npomsBefeHueM X u Y Hag S HashBaercsd MHO-
JKECTBO map

X}S<Y={(x, NEX XY |9 (X)=p ()X XY.

O6vextr X XY B KaTeropuu TaKxke MOMXKHO BBECTH MBYM
N

CrocoGamy.
a’) X XY npencrasnser dynxrop Uw—X (U)S%é)Y .
N

6’) X XY «ecTh» ofHuHOE NpsiMOE TIPOM3BeJeHHe B HOBOH Kare-
N
ropuu %s, o6nEeKTaMH KOTOpOR sBastoTcA Mopdusmel @: X —S B %4,

Q Y
a mopdusmamy X—>S B Y'—S —KoMMyTaTHBHEE IHATPAMMEL
x

X——=Y

v /q»
§ ’
rae yEHomg (X, Y).
IlnarpamMa 6) B Karteropun %s NpeicTaBlieHa AHarpamMmoil B

KaTeropnu ¥ BHAA Py
Xxy—>=Y

X ———§
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KoTopas of/ajaer OYEeBHAHBIM CBOHCTBOM YHHBEPCAJLHOCTH H Ha-
3BIBaeTCA «0EKAPTOBLIM KEAOPATOMS. ‘
1.18. O0pamenne cTpe’doK. [To BCAKOK KATETOPHOH KOHCTPYKUW vf
MOXKHO ONPENE/UTL NBOKCTBEHHYIO efi: MPOBECTH HCXOAHYI0 KOHCTDYK-
IO B KaTeropuu %° u MHTEPIpeTHpOBaTh Pe3y/bTaT B KaTeropun B,
WHbIMYM CJIOBaMH OGPATHTL BCE CTPEJKM B ompexesenwd. Tax moay-
YyaeTCsl KOHCTPYKIMA aMaJbIaMHPOBAHHON CYMMbI», WIH KORPOU3 gede-

@
AUS, WM KOLEKAPTOBA KBAAPATA, OTBEUAIOWEro xuarpamve X<—S y:

Xu Y
S

ILX 14'

X S

e ———
CBOJACTBO  YHMBEDCAMBHOCTHM TOrO KBajApara COCTOMT B TOM, YTO:

ly
Y ~em———
L4

JX J
1o moGoil auarpamme X —>Z<—{Y C yCJIOBHEM jx®== jy1 OJHO3HAYHO
crpoutcs Mopduam X (1Y 57 ¢ Jx=qix, jr=qiy.
s

B ocraBmefics wactd 3troro naparpada MH IpHBEeLeM JBa
BaXKHBIX IOHSITHS TEOPHH KAaTeropui, KOTOpele YAOGHO BBOIHUTL B
TepMHHAX NPEeACTABHMBIX (YHKTOPOB: IOHATHE Ipefena 4 MOHA-
THE CONpAXKeHHOro GpyHKTOpa.

1.19. Mpenenn. 3adukcupyem HekoTopylo Karteropmio J (dacro
Ha3BIBAeMYI0 KaTteropuei#i WHIEKCOB); BO MHOTHX cJy4yasgx KarTero-
pus J ABJNSETCA KOHeWHOH (MMeeT KOHeUHOE YHCAO OGBEKTOB H.
mopcduamos). Hanomnum, uyto uepes Funct(/,¥) o6GosHauaercs
Kateropus ¢pyHktopos F:J—% (cMm. m. 1.7).

Huazonarvroul ¢yukrop A :%—Funct(J,%)  onpenensercs
caelyomum o6pasom:

Ha o6pekrax: AX={nocTosHHBI} cpyﬂxrog( J—~% npuHHMa-

omuf sHavenue X}, T. e AX(j)=X nas j€ObJ,
AX (¢) =idx nas mopdusmos ¢ B J.
Ha mopdusmax: ama ¢ : X—~X" 8 €, Ap: AX—AX' 3apaerca
rak: AP (j)=¢: X=AX(j)—=>X"=AX'(j).
fcHo, uro Ay aBasierca mopdHuaMoM (GYHKTOPOB H A (Yy§')=
=Avy-AY’, Tak uro A HeHcTBHTENBHO sIBASETCS GYHKTOPOM M3 &
B Funct(/, ).

1.19.1. Onpenenenne. Ilycte F:J—@ — HeKOTOpHH (GYHK-
Top. [lpoexTusnoim npedesom ¢ysHrtopa F B Karteropum & Hasml-
Baercst o6bekr X6Ob @, npeacTaBasoUnil GYHKTOD

Y > HomFpuet(s,@) (AY, F): %% Zet.
TIpoexTuBnbil npenen F obosHavaercs X ==1im F; yHorga OH Ha3bl~
-
BaeTcAd OOPaTHEIM NpejesoM W npocro mpegesoM. M
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Cornacro atomy ompenesemmo X =IlimF xapaxktepusyercs
PaBeHCTBOM -
Homg (Y, X)=Homrurts, @) (AY, F). 0]

Teopema 1. 1.16 noxaswiBaer, uTo ecqu lim F CyuiecTsyeT, TO OH

onpejeseH OJHO3HAYHO C TOYHOCTRIO 10 € IMECTBEHHOrO nsomopduama.
1.20. YnuBepcaabhoe CBOHCTBO mpepena. JlwoGoli (QyHKTOD
F:J—~% sapaetca naGopoM oOwBekToB F (j)=X,60b% u naGopom
MOpHU3MOB F(cp):Xj—>X;.,, o OJHOMYy qag @:j— j' B J.
ITycts cymectsyer npepea X =lim F, monoxmm B (1) V=X,
<«

ToxnecrBennoMy mopousmy idx: X—X B % orseuaer MoOpdHIM
GyHKTOpOoB [ : AX—F, KOTOPBIH COCTOMT H3 ceMmelcTBa MOP(DH3MOB
f(j) : X—X; B %, no omHoMy pas Kaxjaoro j€ObJ, ymosmerBops-
OUEX YCJIOBUAM

F(@)f (j)=[(j’) mna raxporo ¢ :j—j B [ 2)

Hanee, npousBoabHbIE MOPHIM (yHKTOPOB g : AY—F cocrout u3
ceMmelictea Mopdusmos g(j) : Y—=-X; B &, j6ObJ, yroBmerBopdio-
LIHX aHAJIOTHYHEIM YCJIOBHSM

F(p)g(i)=g(j") anma xaxporo ¢ :j—j". (3)
Popmyaa (1) mokasemBaer, Yto onpeletenue lim F moxHO cdop-

MYJHDOBATh B BHIe CJASAYIOLIEro CBOHCTBA YHHBEPCAJbHOCTH:

- O6berr X60b ¥ saBasercd NPOEKTHBHEIM [pejesoM (YHKTOPA
F:J—>% B kareropuum &, ecqu 3afaHO ceMeHCTBO MOpP(DH3IMOB
f() : X—>X;=F(j) B %, no ogHoMy aas kaxporo jéOb(/), ynos-
Jersopsiominx ycaosusm (2) W Takoe, uto Aas moboro cemed-
crBa g(j) : Y—=X;, jéObJ, yaosaerBopsiomero yciosuam (3), cy-
mlecTByeT eAMHCTBeHHHH Mopdusm P:Y—X B ¥  Takol, uTO
&) =F(i)*}.

1.21. [BoiicTBeHdasi Teopus: xompenensl. [lycrs cuoBa J—
Kareropusi uHaekcos, F — dyukrop u3 J B 6. Huoyxmusreisy npe-
Oesnom (NpsIMBIM NpeJesioM, KonpeznesaoM) ¢yskTopa F B KaTeropuu
¥ uaspiBaercs 06bexT X =lim F B ¥, mpencrasimomuft QyHKTOp

—

Y'—*HOmFunct(l,%) (F, AY).%-* Fet.
Jpyramu ¢roBamu, X ==Ilim F, ecomu
Homrg (X, Y) == HomFunct(l,qg) (F, AY)

GYHRTOpPHAJMBHO TO Y.

HuayxkTHBHLIA npefes MOXer OBITh ONpeflesieH YHHUBEPCAJIbHBIM
CBOHCTBOM, ABOHCTBEHHBIM OlpeleleHH0 B mpedenax B m. 1.20.

B kiaaccHyeckux Karteropusix Pet, ¥r, T op, $#b KoneunHe
fpeleJsbtl H KONpPeXeJH BCera CyIlecTBYIOT.
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1.22. Tlpenenst mo 4acTHYHO  YNOPALOYEHHOMY  MHOXKECTBY.
Baxupili 4acTHBIH (¥ HCTODHYECKM NepBEIH) cayyalf npeResioB
BO3HHKaeT B cJyyae, KOrJa KaTeropHus HMHAEKcoB J—3TO KaTero-
pus @ ([) HeKOTOpOFO YaCTHYHO YHOPSAOUEHHOro MHOXecTBa [
(em. m. 1.5

a) HYCTI: % =Pet — xareropus MHoXectB. PyHrrop F:J/—
—Pet —s10 Habop MHOKECTB X, afl u OTOOpaKEHHH fup : Xo—>
=X, <P, TaKUX, UTO [eu=1d, forfas=Far ‘

Jlerko npoeputh, uro limF B Pef CTPOUTCH ClAeAYIOLUIUM

g
o6pasoM. HasoBem monmuOxecTBO LC/ mOJHEM, eCaH (€L, f>o)=~
=BEL, TO eCTh BMECTE€ C KaXJIbM 3JEMEHTOM B L BXOIAT H BCE
Gompmue. HaszoBeM HUTBIO HaGOp {Xu€Xa, oceL} AJs  HEKOTOpOro
NOJHOro L, Takoff, 49T0 fepXe=xp M3 a<f, a, BEL. Torza
lim F eCTb MHOXECTBO KJAaCCOB 3SKBUBAJEHTHOCTH HHTEH IO COOT-

-
HOWIEHMIO {Xq, @€L}~{xg, PEL'}, eCim U TOIBKO €C/M AJIA KaXJbiX
a€Ll, PEL’ cywecrByer Y, Y>>, y>P Takoe, UTO foayXe=
= f Bv Xy

Hanee, ecnd  [’CJ—duisTpylomee TNOIMHOXKECTBO (TO €CTh
Aaa Kaxjaoro a6l maipercs fe/7, f>a), 1O hmF s F:8(1)—
—Pet coBnajgaer ¢ HmF’/, rae F’——orpaﬂuqeﬂne F wua

—

BB (1).

AmanornyEele  yTBEpXKJEHWA  COpaBeiJuBRl AJf  KaTeropui
Yr, &b, T op.

B cnyuae, xOrja yacTHYHO YNOPSAOUEHHOE MHOXECTBO / SBJSET-
Csl HAUpaBJeHHBM (17151 JoOex o, BE/ cymectByeT Y6/, OoJbilee
MX OGOMX; KJacCHuecKui#t npumep: J[=2Z — NOJOXKHUTEJbHbE UeJbE
YuCaa) llmF nna F:% (I)—~% paubme HA3HBAICH npedeaom nps-

M020 cnexmpa, a hmF s F: 8 (I)—~ %' —npederon 06 pannozo

cnexmpa.

1.23. Conpsaxennbie ¢QyHKTOpH. [locienHee BaxkHOe NOHATHE
TEOPHH KAaTerOpPHH, KOTOPOE MBI H3JOKHM — 3TO IIOHATHE CONps-
XKEHHOTO (YHKTOpA. .

IMycty €, & — nse xareropus, F :&—D — QyHKTOP.

1.23.1. Onpeﬂeneaue——nemma ~ Ilpennouio:xkum, 4TO
pynxrop T —Homg (F(T),Y) ms ¥° B Pet nmaa Jmwboro
YeOb & npexcraBum o6bekTom X€Ob®. Orobpaxkenune Y X
NpoJoJKaeTcs A0 eNHHCTBeHHOro ¢yHktopa G :D—F, 3agamule-
ro uzomopduam 6udyurropos Homeg (T, G(Y)) u Homg (F(T), Y)
H3 F°XD B Pet. DyHrrop G HaA3EIBAEGTC NpABLIM COﬂpﬂOfceH-
noim ¥ F (a F— aesoumn conpsoicernoin k G).

1.24. Mop¢usmu conpsixkenus. [Iycte F 1 G —napa COHpﬂ}KeH-
HBX GYHKTOPOB, TaK YTO y Hac ectb (yHKTOpHaJbHHEe IO Xu ¥
H30MOPpQHU3MBI MHOXKECTB

«:Homg (X, G (V) 3Homg (F (X), Y).
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Tlonaras X==G(Y), noayuaem mopdusm
oy=ua (idg) : FG(Y)—Y.
C npyro# cropoHH, mojaras Y=F(X), noayuzaem Mop(dH3M
tx=0 ! (idpx) : X—GF(X).
Jlerko mposepuTs, 4T0 {0y} M {rx} 3aRaioT MOPOHIMH (QYHKTOPOB
v 6:FG—~1dgp, Tt:ldg—GF. @)

Ot MOpdusMBl (YHKTODOB HA3HIBAIOTCA MOPPUIMAMU  COnpAlCe-

Hus, OTBEYAOLIHMH Nape CONPSIKeHHHXx ¢yHKTOpoB F, (. Jlerko

TIPOBEPHTh, 4TO OHH YJAOBJETBOPAIOT CJENYIOIIEMY YCJOBHIO:
Komnosuuun Mop$u3sMoB GyHKTOPOB

Fot OoF TG Goo
F-FGF—-F; G-~GFG—~C )]

ABJAIOTCS TOXAECTBEHHHMH MopdusmMamu ¢yHKTopoB F u G co-
OTBETCTBEHHO.

OkasbiBaercsi, 4To CYIIecTBOBaHHe MOPQHU3MOB  CONPAXKEHHUM
JKBHBaJIeHTHO colpsikenHoctH Oyakropos F u G. Tounee, ecau
F. ¢—>9D, G. D% —aBa QyHKTOpa M 3aJaHBl . H30MOP(H3MBI
$yuxropos (4), yaosierBopsiomine yciaoBuiM (5), o F u G co-
NpsKeHH: H30MOPQHU3M o ecth «(u)=0oyoF (¢), a o6paTHu H30-
Mopduam ecTs ¢! (v) =G (V) oTs.

1.25. [Ipumepsl. a) Pan KOHCTPYKUHE anre6pel M TONOJOTHH
MOXHO HHTEpPIPETHPOBATh KAaK INpHMeHeHHe (YHKTODOB, CONps-
JeHHHX K CTaHJapTHBIM (YHKTOPaM, aHAJOTHYHBIM (YHKTODaM
3abBenus (cm. taba. 1).

6) Ilycte R, S—mBa koasua, M=pMg— (R, S)-6GHMOAYIb
(cnmeBa man R, cmpaBa Hax S). Toraa dyskrop X—>MQX:
: S-mod—-R-mod, conpsixken csaeBa QYHKTOPY Y—Hompgz (M. Y).

B) ®yakTop lim fiBJsieTCA CONPSIKEHHBIM cnpaBa, a lim comps-
— >

KePHEIM CneBa K JIMaroHajsHoMy OyHKTOpY A:%—Funct(J, 9).

r) Ilycts F—ayBKTOp M3 KaTeropun $¥Baf Ma/bIX KaTeropu
(Takux, y koropex Ob % —mMuOKecTBO) B Pef, comocraBasomul B
mHOXectBo Ob¥. Torma y F ectb JeBmit conpsxeHunit G,
CONOCTABJAOMMA MHOXeCTBY X  [JUCKpeTHyl0 KaTeropuro %Bx
(Ob Bx =X, Homqu (x, y)={1g’:’ ﬁ;Z’) PINI'IpaBbIﬁ COIlpﬁiKeHHblﬁ
@, comocraBisiomut X  xateropuio Cx ¢ ObCx=JX,
Hom,, (x, y)—onHO3/1eMeNTHOE MHOXECTBO A/ BCEX X, Y. B cBoio

ouepeab v G, ecTb JNeBHHE CONPSKEHHHH, CONOCTABASIOIHE MaJoH
KaTeropud C MHOXECTBO ee CBSI3HHIX KOMIOHEHT (TO €CTb MHOKe-
CTBO KJaccoB 3KBHBaJeHTHOCTH Ob C 1o COOTHOLIEHHIO X~ Y,
ecad H Toqpko ecau Home(x, y) Hemycro).
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Ta6nuita 1

Pyngtop 3absermua F:@:—g) JleBniit conpaxenunit G: PG

1. @r—>Pet csobojHas rpynna ¢ JaHHHM MHOXeCT-
BOM 006pasyomux

2. stb—>Pet ceo6onHast abenepa Ipynna ¢ NaHHHM
MHOXeCTBOM 06pasyolHX

3. R-mod—>sb (R — ¢urcuposarnoe | A—+R® ;A
KOJIBIO)

4. k-Alg  (accounaTsusle anre6pH | TeH3opnas aareGpa npocrparcrsa V
Hax noseMm k)—>Vect, (sextopHbie
HpoCTparcTBa Haf k)

5. T op—~Pet MHOXKECTBO C JHCKPeTHOH TOmOJOTHeH

6. Fommet (mosEvle MeTpuyecKHe HpO- | NONOJHEHHE METPHYECKOrO MpPOCTpaH-
crpaHcrBa)—Aet (Merprueckue mpo- cTBa
CTpaHCTBa)

7. k-Alg—Liex (anrebper Jlz wax k); | yHHBepcaabhasi o6epThiBamlnas anre6pa
GbyHRTOP TpeBpaimaer anreGpy A
B anrebpy Jlu c onepauumesi [a, b] =
=ab—ba

§ 2. AgpuruBHble M afeneBH KaTeropuu

2.1. Tomonornueckass aare6pa u Kareropun. C KaTeropHoH
TOYKH 3pEeHHsI, TOMOJOrHyeckass aJjre6pa mu3ydaer cBOHCTBA (yHK-
TOpPOB, NPHHHMAIOIINX 3HAYEeHHS B CleLHaJbHOM KJacce KarTero-
puii — abesieBEHIX KaTeropHsx. JT0 MNOHATHE aKCHOMAaTH3HpPyeT oOc-
HOBHBlEe CBOHCTBA CJEAyIOIHX KOHKDETHHIX KaTeropHi:

a. AGeseBnl TpyNmHL.

6. Moxyan Haj KOJBLOM.

B. Cucremn kKoadopuumentos (ra. 1, m. 2.4) u npemywxn a6e—
JIeBBIX TDYIIIL.

r. Ilyukn abejeBHx rpynim.

Mp nocaenosaresbHo chopMmymEpyem arcHombi Al—A4 a6e-
Jiepofi Karteropuu %  (onpedesHB BXOJsAliMe B HHX MOHSATHS) H
IPOKOMMEHTHPYEM, KakuMm 00pa3oM OHH HapyWaioTcs IJsS pol-
CTBEHHBIX, HO He aBeJIeBHIX KaTeropui, TAKHX KaK TOMOJIOTHUECcKHe
a6eJieBbi IPYNNEL H F}ZR’HHH ¢ ¢uapTpanuel.

2.2. AxcHoMa Kaxnoe muoxectso Home (X, Y) cuab-

KeHO CTPYKTypo# abeneBof rpynnsl (KOTOpPYIO MBI G6yAeM 3alHCHI-
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BaTh ‘aAMHTHBHO) : KOMIO3UIHUS MOPOHIMOB OHAILAMTHBHA OTHOCH-
TEJBHO 3TOH CTPYKTYPHL. :

HubiMp caosamu, Homgects dyHRTOp FOXE—£b.

23. Akcuoma A2 Cyumecrsyer uyjaesoit 06bekr 0€0b% —
Tako#, uro Homg (0, 0) —HyneBas rpynna. Mu mnossosum ceGe
obosnadaTe 0 Takke HyJeBble MOPOUIMEL.

24, Arkcuoma A3, Iiaa xaxznofi napm o6bvektos X;, X3
cyumecTByer 06bekT Y u MOPQUIMEL Py, Po, ig, lo: :

P1__ D2
X 5Y2X, (1)
iy s ' ’
CO CHAEeAYIOINHMH CBOHCTBAMU:
Piiv=idx,, pos=idx,, Ppeli=p1i2=0, ipy+irp;=idy.

CMBICS 3TOH aKCHOMBI TAKOB:

Caenymomuae ABa KBagpaTa SBJAITCS COOTBETCTBEHHO AeKapTo-
BHIM H KoAekapTopuM (nm. 1.17 u 1.18), 1o ectds Y siBAsieTcss 0JHO-
BPeMEHHO NPSMEM NpoH3BeleHHeM u UpaAMOM cymmoi X; u Xo:

P iq
ol o]
r o Xz———>0 X2———0 . :

B vacrrocrh, npd paEHHX X;, Xp moOse nBe xmarpamMbl Buaa (1)
KaHOHHYECKH H30MODOHHL.

Teneps MB OPHCTYOHM K KaTerOPHOMY aHaJH3y HaHMeHee TPH-
BHAJbLHOTO c¢Bo#HcTBa Kareropsu l.a.—r. ua 1. 2.1 — CymecTBoBaHHA
B HHX TOYHEIX IIOCJELOBaTeNbHOCTEH.

2.5. Anpo. ITycre Kareropust % yaoJaerBopser akcuomam Al n
A2 m'nyets @ : X—Y — HekoTophiii MOpbuaM. PacecMorpum ¢yHKTOD
Ker @ : €%>s£b: -

(Ker ¢) (2) =Ker (hx(2)—~>hv(2)) |
Ker @) (f)— orpannuesue Ak, (f) Ba (Kerg)(Z) (em. m. 1.15).
Broxernne (Ker@)(Z)Chy(Z) onpenenser wmopdusm dyukTopos
Ker@— %&,. IlpennonsoxuM, uro Ker @ npencrasaen o6bextom K.
10T 006BEKT onpenereH Bmecte ¢ MopdpusmoMm R: K-> X u @ok=0.
k

P
Ouarpamma K —>X-71 ob6ragaeT CAeLyOUINM YHUBEPCAALHBEIM
cpoficTBOM: aJist JiroGoro Mopdusma K/ — X ¢ @ok’=0 cymecTByer
k

eMHCTBeHABH MoptusM K/ — K, 118 KOTOPOro R’ == koh.
Mopduam k uau napa (K, k) HasmBaercs A0pom ; AONycCKas
BOJMLHOCTb peuH, MHl GyleM TakXe HashiBaTh fAApoM o6bexT K.
Jlerko npoBepHTh, yTo ecau sapo (K, k) mopbusma ¢ cymecr-
BYyeT, TO OHO OIpejeJserca OIHO3HAYHO.
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B xareropusx l.a.—r. uUMeeTC® TEOPETHKO-MHOMECTBEHHOE
nonsitue Axpa: ¢7'(0) B rpymmax u Moxysax; ceMefcTBO @7l 0}
B cucTeMax Ko3¢duuuenTos; cemefictso ¢! (0) B myuxax, rae MOp-
dmism nyuxoB ¢:F — & npencrasien Mopdusmamu 9y F (U)—~F (U)
JJ BCeX OTKDBITHIX mMoamuHOMecTB U.

2.5.1. Jlem M a. a. B Kareropusix a.—r. TEOPETHKO-MHOXKEeCTBEH-
Hoe siipo Mopbuama ¢ : X—Y sipasercs obwvextom K ToH Ke KaTe-
TOPHH.

6. Kanonnueckoe BjoxeHnue 3Toro ofbekra K B X sBJIsSETCA Ka-
TErOpHEIM SADOM B CMECJe II. 5.

2.6. Kosnpo. Hanpammnpaomeecs HaupHoe onpenenenue Coker ¢
Kak o6bexTa, npeicrabiasiomero gpyukrop Z+~Coker(X(Z)—~Y(Z)),
ABJseTcs HenpasHabHBIM. Hanpumep, yxe B kareropud abeseBhiX
IPYIN OH He H3oMopdeH (YHKTOPY, NPelNCTaBJeHHOMY TEOPeTHKO-
MHOXeCTBEHHBIM KosiipoM. B camom pene, mojoxum X=Y=Z, ¢ —
YMHOXeHHe Ha ueqoe uucao n>1, Z=Z/nZ. Toraa X(Z)=
=Y (Z)=0, 1ag uro Coker (X(Z)—Y(Z))=0, B TO BpemMs Kax
Hom(Z/nZ, Coker ¢) <0 (3zecy Coker g =Z/nZ — T€0peTHKO-MHO-
JKecTBeHHOe KOAILpo ¢). PexkoMmeHayem NIpOBepuTb, uYTO (YHKTOD
Z —~Coker (X(Z)—Y(Z)) B nameM npumepe IaxKe He IpEICTaBHN.

ITpaBuarpHOe onpenenenue Coker ¢, ecan 3ToT QYHKTOP HpEAcTa-
BHM, TpebyeT ABOHHOH Ayaslu3aluH:

Coker = (Ker ¢%?,
rae °— cHMBOJ mepexoja K [ABOHCTBEHHOH  KaTeropHu  (CM.
n. 1.56). 3To oNnpeliesieHHe PABHOCHJBHO KaiKAOMY H3 CJeLyIOLIHX
IBYX.

a. Koszpo mop¢dusma ¢ : X—Y ects mopdusm c¢: Y—-K’ rtakoi,
gyro jJs Joboro obexra Z€Ob % nochael0BATENbHOCTL IPYNI

0~ Homg (K’, Z)—Homeg (Y, Z)— Homg (X, Z)
ToyHa (3TO M O3HauaeT, uro (K')° mpeicraBaser Ker ¢9).
6. Koszpo mopdusma ¢:X—Y ectp mopdusm YV 5K’ rakof,

C1 .7
uT0 co@=0 u A1 modoro mopdusma ¥ —K; ¢ ¢;o9=0 cymecrsyer
efuHcTBeHHNA Mopdmsm £: K/— K| ¢ ¢;=FHeoc.

Tax wxe, xaxk # slpo, xosaipo YV 5K /, ecJd OHO CyllLecTsyer,
onpenensieTcss OJHO3HAYHO ¢ TOYHOCTBIO N0 KAHOHHYECKOIO H30-
Mopdu3Ma.

B kareropusix 1.a.—B. HMeeTCs TEOPETHKO-MHOXecTBeHHOe Oll-
pelencHHe KOSKpPA W COpPABELJIMB aHaJor Jemmsl m. 2.5.1.

CnoxHee O6GCTOMT AeJNO B KaTeropuu F#b nyuxos abeseBHX
rpyan. Jeno B ToM, 9TO Jaxe ecaH @ : X—Y — mopdH3IM IYUYKOB,.
{K’(U) =Coker gy} MoXKeT OKaszaTbCcs He NYyYKOM, a JHIIb IpeA-
myukoM. MoXHO NpoBepHTb Ipu atoMm, uto {K'(U)} asasercs ko-
SIIPOM B KAaTErOPHH NpeNNyYKOB.
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Huxe Gyner nmokasaHo, XaK OIpeNeNaTh KOAIpa MOp(PHU3IMOB B
KaTeropun NyukoB. Tenmepb ke cOpMyJupyeM MOCJIEAHION  aK-
CHOMY.

27. Akcuoma Ad. Jas wmobozo moppusmae @ : X—Y cyuecr-
8YyeT nocaedo8aTEAbHOCTD

k i j [4
K> X->I->Y—>K' : )
€O caelyrowumy caolicTeamnu:

a) joi=g;

6) K ecro adpo @, K’ ecro koadpo @;

B) I ecre xoalpo k u 12dpo c. :

Tarast NoC/eIOBATENBHOCTh HA3BIBACTCS KQAHOHUHECKUM PpA3AOKH e-
Huen Q.

28. Onpeneanenune. Kareropus, 0 KOTOPOHl BBEIIOJHEHH
agcuomsl Al—A3 HaswiBaercss adduTusHol; KaTeropud, AJs KOTO-
PoH BHIIOJHeHH akcuoMbl Al—A4, nasuBaerca abesesod. M

Bce xateropun a.—T. B n. 2.1 anautuBHH. Bosee Toro, Bce OHH
abeneBpl. CymiecTBOBaHHE KAHOHHUECKOIO Ppa3joxkeHus MopdHaMa
¢ : G—H B kateropuz b (1o ectb m3omopdusm Im e~ G/Ker ¢)
ofecrniedeHo TeopeMofi o romMoMopdHu3Me abesieBHX TpyIN; aHaJjo-
THYHO YCTaHaBJMBaeTcsi a0eseBOCTb KaTerOPHH MOAYJeH Hax (uK-
CHPOBAHHBIM KoJabHOM. 19 kKaTeropuit w3 m. 2.1B  KaHOHHYECKOe
pasaniKeHHe CTPOHTCA NoUleHHO. Tak, B KaTeropin Psfb mpeanyq-
KoB abeleBHIX TDYNN, KaHOHWYecKoe  pasjoxeHne MmopdH3Ma

q;:X—»Y noJiyyaeTcss ¥3 KAHOHHYECKHX Da3JIoXKeHHA Mop(du3MOB
ou: X(U)~Y(U) B .,Q¢b

K(U)—>X(U)—->](U)—>Y(U)—+K'(U), ~

KOTODHE, KaK Jerko NMpOBepHTb, COBMECTHMEH ¢ rOMOMODQH3MAaMH
OTpaHHYeHuS.

2.9. Kommentapnn X axcuome A4. a) Ecnm xaHOHHYeCKOe pas-
JioxkeHHe MopdH3Ma @ CYLIECTBYeT, TO Jio6oe NPYroe KaHOHHYECKOE
pasyoxkeHHe H30MODOHO €My, H 3TOT H30MOP(H3M ONpelesieH OX-
HO3HaYHO.

6) Ecam mocry/HpoBaThb TOMNBKO CYINECTBOBAHHE SII€P H KO-
fAaep, TO A4 Jmoboro Mopdu3Ma ¢ MOXKHO IOCTPOUTH ABE IIOJIOBH-
HH ggarpaMsl (4):

k [ i c
K>X->1I, I'>Y->K’,
rne k=Ker ¢, i=Coker ; c=Coker ¢, j=Ker c. JlonoanuTeapHoe
TpefoBanue aKcHOMH A4 cocTOHT B TOM, yTOGH [ M I’ «coBnaia-

JH», TOYHee, 4TOOHl CyllecTBOBAJN H3MOpQH3IM jANG TaKOH, uTO
@=joloi. MoXHO TpoBEPHTb, uTO MOpPGH3M [ C TAKHM CBOHCTBOM
CTPOHTCS KAHOHHUECKH, TaK UYTO B KOHEUHOM CYeTe akcHoma A4
Tpefyer ero 06paTHMOCTH I/IHOI‘Jla (I’,j) nasuBaior obpasom o,
a (I, i) — xoobpason.
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B) AkcrHoMa A4 aBTOAyasbHA B CJEAYIOUIEM CMHICJIE CJIOBA.
PaccMoTpuMm nmuarpammy (4) B ;LBoﬁcmeHHoﬁ gareropun %9

K’O Y0—>]°—>X0-—>K° 3)
Ewm (2) ects xaHoHMYeCKOe passoxendne @, 10 (3) €CTb KaHOHHYe-
CKOe pasJioxenie @O

AHAIOTUYHEIMUA CBOWCTBAMM ABTOAYANBHOCTH 0GNAAI0T ¥ AKCHOME
Al—A3. Takum o6pasoM, ecau cuuraTs, uro Homeg (X, Y)=

=Homg, (Y°, X°) xak aGenesa rpymna, TO KaTeropus, JBOACTBEH-

Had K aJJUTHBHOM, aIJMTHBHA, 4 KATeropusd, HBOACTBeHHass K abe-
JieBofi, — abenena.

r) B aGenesoft xareropuu BCAKME MOphHIM @, Y KOTOPOro
Ker9=0 u Coker 9=0, sBngerca usomoppusmom. B camom JHere,

id
xoaapo mopgusma O— X w3omophro X—X, a siapo MmopgdusMa
id
Y — 0 usomopduo ¥'—V. Axcuoma A4 mno3TOMy NOKa3HBAET, 4TO

z 7
MopdusMbl i, j siBasioTca H3omopdusMamu: X — [— Y,

L) Mopdusmu ¢, v kKotopeix Ker ¢=0, Ha3biBaloTCE MOHOMOD-
$usmamu; Mopdu3Mel @, v KoTophx Coker ¢ =0, HaskBaOTCA 3IH-
MOp(H3IMaMH.

2.10. Nyyxku u mpepnyuku. Ilycte Psfb  (cooTBETCTBEHHO
PsLb) — alJuTHBHAS KATEropusi IYUYKOB abejeBBIX Tpymnm (COOT-
BETCTBEHHO NpeJIyyKoB afesieBLHIX IPYNN) Ha TONOJOTHYECKOM IPO-
crpanctee M. KaXAbi NIy490K SBJASETCS NPeANyYKOM C JIONOJHH-
‘TeJIbHBEIMH CBOHCTBaMH;  3T0 olpelenseT  (QYHKTOpD  BJOXKEHHS
L PHEb—>Pb. B HokasaTenbcTBe aleleBOCTH Kateropuu Fbb
'QCHOBHYIO pOJIb HTPAeT CYIIEeCTBOBAHHE JIEBOTO CONPSIKEHHOTO (yH-
KTOpa, TO ecThb GYHKTOpa §: PHb—>F¢b u usomopdusma 6ucyH-
KTOPOB

Homg 5 (s X, V)SHomg 4 (X, 7).

Tlocne 3TOr0 yCTaHABIMBAETCH, YTO  KOAAPO MOpdusMa Myukos
@:X—Y wmoxuo onpelemuts kak s (K), rae K —xoaxpo ¢ B P#b,
M NpOBEpPSAETCs aKCHOMa O KAHOHMYECKOM pas/oxendn A4.

2.10.1. Tpennoxernne. Gyuxrop PHb—> PSb obnanaer
JIEBHIM COTPSIKEHHBIM.

2.11. [Ipenaoxenue. [lycte ¢:X— Y —wMmopdusM nydykoB B
98b n nycTh

3 ! j ¢
K> X—>I->Y->K'
— KAHOHHUECKOe pAa3Joxende MOpdU3Ma tp B afeneBOfl KaTeropuu

Ps¢b. Torna Iduarpamma

s(k) s@)  s(/)
sK—+X——SLX—->SI—>Y—MY—>s(K’)

ABJNACTCA KAHOHMYECKHM DPasjoXeHHeM MopdH3Ma ¢ B KATEIOPHUH
Fs¢b. B uactHocTH, KaTeropua Fsib abenena.

43



2.12. {Ipumeps annuTuBHbIX Heabenesnix Karteropuih. B omnucas-
HBIX HHXe KaTeropHSAX He BHIIOJHeHa akcHoMa Ad4.

a. Guaprposannsle abeseso. zpynnel. Hasosem O6BEKTOM Xa-
Teropun SEOF abeney rpynny X C HOCHENOBATEJbHOCTBIO IOX-
rpynn . .. cFiXcFitXc . <X, TlonoxuM

Hom g5 (X, ¥)={06Hom g (X, N|o(FX)cF'Y nna scex i}

OGo3naunm uepes Fig orpanmyenne @:F:X—FY, ,
dxpo Mopdusma ¢ B H#bF Kak rpymna CoBmagaer ¢ aIpoM @
B S¢b; hunsTpanua Ha neM ecTh Ker o, F ‘g, Koanpo Mopdusma 9B #6F

KaK TPynna COBHANAeT C KOAAPOM @ B S#b; QWILTPALUA HA HEM eCTh
FiCoker g ¢=F'Y |FY N (X).

Cnelyiomias KOHCTPYKUMA JOCTABASET MOPGH3MB C HyJIEBBIM
AAPOM M KOSLAPOM, He sBAAOmHEcs Hsomopduamamn. PaccMorpum
OfHy M Ty Xe rpymny X ¢ mByms duwmrpamuame, FIXCFIX ana
Becex I, M ee TOxZecTBednslit Mopdu3M. Ecam xors OH AAsL OZHOTG
i mvMeem FiX=£FiX, 10 310—He wusomopdusM. B cunry mn. 2.9
r) OTCIOAA cJelyeT HealeseBOCTh Kareropun b F.

Ias obmero mopdusma @: X—Y B o6o3HaveHusx mn. 2.96)
umeem: I=X/Ker ¢, I’=¢(X) kak rpynnel ¢ QUIbTPALHUIMH

Fi]=FiX[Ker Fip, FilI'=FiY(lg(X).

Kanonuueckufi mopousm I—I" HHIYIMPOBAH @; OH SBJASETCH H30-
mopdusMom B b, OnHako, ¢uabrpanun ¢(FX) u FiYlp(X) Mo-
IYT He COBNaJaTh, KaK B NpPeIBLAYIIeM NpHMepe, u Toria ¢ He Oy-
JeT UMeTh KAaHOHHYECKOTO PAa3JIOXKeHHs. '

6. Tonosoczuueckue abenegor epynnsi. QOGBEKTAMH KAaTErOpHH
#bT" aBnaoTcs abeleBH IpyNneEl ¢ xaycxopgoBo#l TomoJsorzed,
Mop@H3MaMH — HenpepuiBHEe Mopdu3MH rpynn. B asroit xarero-
PHH CYyIIecTBYIOT slpa u Kosiapa: Ker ¢, rae ¢ :X—Y, ectb Teo-
peTHKO-TPYNNOBOE sAPO @ C HHAYUMPOBAHHOH TOmOJOTHEH, a
Coker @ ectp Y/p(X), roe ¢(X) — 3aMHKaHHe TEOPETHKO-MHOKECT-
BeHHOro ofpasa OTHOCHTEAbHO TOIOJIOTHH, HHAYHHPOBaHHOH c Y.

B oGosnauenusix n. 2.96) umeem /=X/Ker ¢, I’=¢(X), ¢ TO-
noJorHed, uapyuuposanHoft ¢ Y. Orobpaxenue I—-I" we sBaserca
u3omMop hu3MoM, eclw ¢(X) He 3amMKHYyT. MoXeT 0KaszaTbCs TaKKe,
a0 @(X) saMKHYT, HO Y HHIyUHpyeT Ha HeM GoJee ClXaByid TOMNO-
goruo. Hanpumep, ToxAecTBeHHoe oToOpaxeHHe R ¢ IucKperHoX
TonoJjioruedi B R ¢ o6uIYHOf TONOJIOTHER HMeeT HyJIeBOe AP0 H KO-
AP0, HO He ABASETCA H3OMOPBOHIMOM.

2.13. Heckoabko onpepenennii. B npon3BossHOR abeneBofi Ka-
TETOPHH HMEIOT CMBICT GOJIbIIMHCTBO onpefeneHnit ra. 1. [Ipuse-
JeM HEKOTOphle H3 HHX. : '

a) (KouemmsiM) xomniexcom B aIIUTHBHOJ KaTeropHn @ Ha-
3BIBAETCS IOCIEJOBATENBHOCTE OOHEKTOB H MOP PH3IMOB o
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"1 P Pt
X, » X Xt 5

€O CBOHCTBOM d"d""'=0 pnnsa BCex .
6) Ecuau xareropus @ aleneBa, TO n-MEPHOU KO20MOA02WLH
Kommiexca X° B Heil Ha3bBaeTcss OGBEKT

H" (X")=Coker a”=Ker b**, O]
ONpee/IAeMbI U3 KOMMYTATUBHOM uATpaMMbl.

Coker dn\ 67;4.1

~N
1\\
n+
X" am™ X+ d % 2 .
~N
n
e
~
NKera™*?

(PaBencTso B (4) o3HAUaeT KaHOHMYCCKHMi M3OMOPDH3M.)

B) Komnsiexc X° B aGesiesoit KaTeropuu Ha3bIBARTCA QYUK AUA-
Heim 8 yaene X", ecan H™(X)=0

r) Komnaexc X" B abeesoi KaTeropHn Ha3LBACTCA MOYHLLM
(W MmOouKORL NOCACQOEAMEABHOCTMBIO), €CAH OH  AUMKAMYEH BO
BCEX YIeHaX.

Crosp Xe ecTecTBEHHO 0000611al0TCd Ha IPOH3BOJbHYIO abe-
JIeBy KaTeropmio M Apyrue moHaATHA T 1, § I, a Taxxke onpenere-
HHe CHEeKTpaJbHOR mociefoBarefbHocTH M3 Il 1, § 3. Ilpu stom
OCTaYoTCs CHPAaBENJIMBEIMH aHaJoOrd TeopeMm . I, m. 1.5.1 u m. 3.3.

2.14. O meronax moKa3aredbCTB B afeleBblXx KaTeropusix. Iyas-
HBI TesHc NpH pabore ¢ abeneBol KAaTeropuell COCTOMT B TOM, 4TO
B IIPOM3BOJIbHON aGeJieBOH KaTeTOPHH CIIpaBelJJHBO JI060e yTBEPXK-
JeHne, BKJIKYalOllee KOHEYHOe YHCIO OOBEKTOB H MOpPODH3MOB, H
BEepHOE B KaTeropuu Monynae# Hajy (GHUKcHpoBaHHBIM KoJsbiioMm. Oc-
HOBAaHHEM JJIs 3TOr'0 SIBJAAETCH CJHeLyIoHlas TeopeMa BJIOMKEHHS.

2.14.1. Teopema. Ilycte & — abeseBa KaTeropus, 0GBHEKTHI
KOoTOpoft 06DpasyloT MHOXeCTBO. Torza cymiecTByer KOJbIO R U
TOyHHH ©GyHKTOp F : Sf~>R-mod, KOTODHI SBJSETCsS BJIOXKEHHEM
Ha oObexrax u H3omopousmom Ha Hom’'ax.

O6niuHo sTa TeopeMma (MM KaKOH-THOO aHANOTHUHBLIE METOX,
HampyMep, CBA3AHHHIE C MOHATHEM 3JjieMeHTa 06bekra abeneBoi
KaTEeropHH) HCHOJb3yeTcsl NJsl NPOBEPKH TeX HJH HHBIX CBOHCTB
06beKToB HAH (dame) Mop(H3MOB, MOCTPOEHHEIX ¢ IIOMOIIBIO TeX
HJIH VHBIX CBOHCTB yHHBepcaJbHOCTH. Hanpumep, oOHa NO0O3BOJSET
YTBED:KAATb, YTO Kakadg-Iub0 NOCJHEAOBATENLHOCTh TOYHA HJIH YTO
HEKOTOPHIH MOPQH3M SABJASETCS H30MODPQPH3IMOM, €CJIH COOTBETCT-
BylOIllee CBOHCTBO BHIIOJHEHO B KaTeTOPHH MOAYJeH.

Cnenylomne IBa pesy/jbTaTa BeCbMa 4acTo ncnonbsyloTCﬂ B TO-
MOJIOTHYECKOH alrebpe.
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2,142, Jlemma o nsaru romomMopduamax. Ilyers
3ajiada KOMMyTaTHBHas [uarpamma

X1>Xy—=>X; Xy —>X;
I A T T

Y1~'—>Y2">Y3 —>Y4—>Y5,
B KOTODOH CTPOKH TOUHE, [} — 30HMODPOH3M, f5— MOHOMOPGHIM, &

f2, f4a — u3omopduamel. Torxa f; Takxke u3oMop pu3M.

2.143. lemma o sMmee. Ilycts 3amana KOMMyTaTHBHAs AHa-
rpamMmma

&1 &
0—>X 1= X o> X3—0
‘Lf L, ‘l'fzh Vi
0-Y =Y, =Y, —0
C TOYHBIMH CTPOKAMH.
a) TlocsenoBaTebHOCTH

0—Ker f15Ker fo—>Ker f5
Coker f 1~€§Coker fof-Coker f35—>0,

roe a;, a; (COOTBETCTBEHHO by, bs) HMHAYUHPYIOTCS MOpH3MaMH
g1, &2 (COOTBETCTBEHHO Ay, Ag) TOUHHL

6) Cywecrsyer ecrectBenHblli Mopdusm & : Ker fz—Coker fy,
COeNIHHSAIOMHEA [Be TOUHble NOCTEeJOBATEJLHOCTH B OXHY AJKHHYIO
TOUYHYIO II0CJIEJOBATENbHOCTD.

§ 3. ®ynkropn B a6eyeBLIX KaTEropusax

3.1. Onpepenenne. Ilycts @, ¥’ — anmuTHBHBEIE  KAaTErOPHH.
OyukTOp F:%—€’ HaswBaercs adduTusHelM, eClId Bce OTOGpaxKe-
HHA

F :Homg (X, Y)—>Homg: (F (X), F (¥')), X, Y€Ob%B

ABJAIOTCS roMoMopduaMaMu abeneBHX TIPYIIlL.

OcHOBHBIE XapaKTEPHUCTHKH AJJUTHBHEIX (DYHKTOPOB CBS3aHbl €
T€M, HACKOJbKO OHM COXDAHAIOT siLpa U KOSAPA,

3.2. Onpepenenue. Ilycte %, ¥’ — aGeneBnl KaTeropuw, F : F—-
—%’ — annuTuBHBIE (QyHKTODP. OH Ha3HIBAGTCS TOYHLIM, €CHH NS
n1060#1 TOYHOH MOC/ELOBATENLHOCTH B ¥

0—-X —f>Y-§>Z—>O
nocae 10BaTe/bHOCTD
0 F (X)L FmZEF (20 1y

ToyHa. DPyHKTOp F HA3BIBAETCS TOUHbIM CALBQ, €CNH IOCJ]ELO0Ba-
TenpHOCTh (1) TOuHA BcloAy, KpoMe, BO3MOXKHO, uileHa F(Z). Ha-
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KoHel, QYHKTOp F HasblBaeTcsl TOUHbIM CAPABA, €CHH TOCJel0Ba-
TeJpHOCTL (1) TOuHa BClOLY, KpoMe, BoaMoxHO, ujeHa F(X).M

Hcxonnwli mATEepec K TOYHOCTH (DYHKTOpPa OGBSCHAETCS CJeLy-
romuMH coobpaxkenusamu. Hac MoxeT wuHTepecoBaTh, — HCTOPHUE-
CKH TaK OHO M OHJIO, — 3ajlaua BHIUHCJIEHHS 3HAUCHMA F Ha KOHK-
perHex oO0bekTax. Hanpumep, BHIUHCTEHHe pa3MepHOCTEH MNPOCT-
PaHCTBa CeueHUH MyuyKa — Kjaccuueckas «3ajgaya Pumana—Poxas.
Ecnn Obl QyHKTOD «ceuedus mydxas ObLI TOYHBIM, TO 3Ta 3ajava
PE3KO YmpocTHaach Ovl: a) aas Jo060fi TogHOH Tpodku O—F  —
>F—>F >0 M uMend 6w dim I'(F) =dimI(F ) +dimI'(F.),
6) HHTepecyloUlHe Hac IyYKH, CKaxeM, Ha PHMAHOBOH IIOBEPXHO-
cTi 6e3 TPyJa NpelcTaBJSIOTCS B BHAE MOCJEHOBATENBHEIX pacllH-
PEHHHA HECJOXKHO YCTPOEHHBIX NMY4YKOB, Aas kotopelx dimI'(F) wus-
BectHBl. Ho B nmeitctBuTesibHOcTH I’ TOUEH TOJMIBKO caeBa, w crocob
BOCIIOJTHEHHA HETOYHOCTH ClIpaBa — OJHA U3 OCHOBHBIX 3a]aY roMo-
JIOTHUECKOH anredpHL.

CHauana ykaxeMm OCHOBHbIE (akThl O TOYHOCTH CAMBIX BaXKHBIX
¢yHKTOPOB.

3.3. [Ilpenunoxenne B abeneBoll xaTeropud % (QYHKTODH

% - b : X—Homg (Y, X)
(Y dukcuposan) u
B> H#b: X—Homg (X, Y)
(Y ¢ukcupoBaH) TOuHElE cieBa.
34. Ilpeannoxenune. [Ilyctre A-mod  (cOOTBETCTBEHHO

mod-A) — abenepa KaTeropust JeBHX (COOTBETCTBEHHO IIPaBHIX)
A-vopayneit, rie A — QuUKCHPOBaHHOE KOJbLO. PYHKTODH

A-mod— &b : XY@, X
Y — dpuxcupoBannblt o6vexT mod-A) u
mod-A—#b: X+ X®,Y

(Y — duxcupoBanunit o6bexT A-mod) TOUHBI crpaBa.

35. Ipenanoxenune. [Iycts X — TONOJIOIHUECKOE IPOCTPAH-
¢tBo, U X — oTRpHTOE MHOXKECTBO, P Sb— KaTEropHsa MYYKOB
abeseBrix rpynn Ha X. OyHKTOD

U, ) : Pstb—>stb : F —»F (U)
TOYEH CJIeBa. _
HoxasarensctBo. Ilycrs Pofb — xaTeropus mpeinyukos abede-

BEIX rpynn Ha X, 1:PHb>PEb — DYHKTOP BIOKEHHSA. (CM.
m. 2.10). Joxaxem cnepBa, yTo L TO4eH caesa. I1ycTs
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TOYHAsl IOCJELOBATENABHOCTh, NyYKOB.  MOXHO  cyHTaTh,  4TO
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0—+L§"—Lf>t.?";€>t$'”
TOUHA B PHD.

Slapo ¥ KOAApO B KaTeropuu PSEb OﬂpelleJIS{IO’I‘Cﬂ OT/e/IbHO Ha
KaxJ0M OTKPHTOM MHOXectBe. [losTomy QyHKTOD
Pstb—~s¢b . F—~>F (U)
ToueH, CyeloBaTes]bHO, TOUHA NOCJIEIOBATEbHOCTD
0 F (U)>F(U)y=>F'" (V).
SIcHO, uto A moGoro mydra F umeeMm F (U) = (U). INostomy
tbyHKTop F —F (U) ToueH clieBa Ha KaTeropuu F&b.

Ormerum Takxke, uto ¢yHKTOp ¥ —F (¥Y) TOUeH cjeBa Ha Ka-
Teropuy F#b ans mo6ore (He 06A3aTeNbHO OTKPHTOrQ) MOAMHO-
XKecTBa YCA.

3.6. Onpenenenue. a) O6berr Y abeneBoil KkaTeropHH Ha-
3BIBAETCSI NPOEKTUBHbIM, ecH GyHKTOp X — Hom(X, Y) toueH.

6) O6bekr Y abeleBOli KaTeropHH Ha3LIBAETCS UHBEKTUBHbIM,
ecau ¢yurrop X Hom (X, Y) Touen.

B) Jlepnit A-mopysip X (COOTBETCTBEHHO mNpaBblii A-MoAy/b V)
Ha3elBAETCA HAOCKUM, €Cai QYHKTOD Y Y ?X (cooTBETCTBEHHO

X»-»Y%X) TOUEH.

ITysKT B) 3TOro onpeneleHHsI OTHOCHTCS TaK¥Ke K mydykaM MOAY-
Jedt.

OG6cyauM pasHBIe acleKThl 3TOr0 ONpeleleHHs.

3.7. VIHDeKTHBHOCTb, NPOEKTHBHOCTL H NPOJOJIKEeHHe MOPQH3-
MOB.

PaccmoTpaM [Be AHarpaMMmbl B a6eleBOM KATErOPHH:

Y

4\ ] \

L \d ¥ | ¢

| |

XI —-— X "Q— 0 ; ——— X ”——. 0
i P

(BuazpaMma {duazpamma

unvexmuBrocmu) npoexmuBHocmu)

Venopumes UATaTh HX KaK COKPAalleHHble 3alHCH  cJeLYIOIIHX
cBOiicTB 06bekTa Y:

a) pJs Jio6oro ciopbekTHBHOro Mopdrama X—-X” u Jmo6oro
mopdusma Y—>X" cymecrsyer mopdusm Y—X, pmenaromuit nu-
arpamMmy NPOEKTHBHOCTH KOMMYTaTHBHOH.

6) Hdns moboro mHbeKTHBHOro mop¢guama X'—X u moboro
Moppusma X'—Y cymecTyer mopdusm X—Y, nenanomui 1parpam-
MY KOMMYTaTHBHOH.

Mgl yTBEpIKIdeM, YTO CIPaBEAJHBOCTh, yTBepXJAeHHHA a) (COoOT-
BeTCTBEHHO 6)) paBHOCHJBHA IPOEKTHBHOCTH  (COOTBETCTBEHHO
HH'BEKTHBHOCTH) 0OberTa Y.
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3.8. IIpoexTuBHble U cBoGoiHBble Moayau. K3 QopMyJaHPOBKH
OpeJbIAyINero MyHKTa Jerko CJAeAyeT ONHCcaHHe IPOEKTHBHHX 00b-
€KTOB B KaTeropuH MOAyJaedl (JeBHX HJH NPaBHX, BCe PABHO): MO-
[y7b NPOEKTHBEH, €CJH H TOJBKO €CJH OH SIBJsSETCS NPAMHEM cJa-
raeMbiM cBOGOJHOIO MOXLYJIS.

B KaTeropHsax Ny4KOB MOAYJEeH HaX OKOJbLOBAHHBIMH NPOCTPaH-
CTBAMH HPOEKTHBHHIX 06beKTOB OOHIUHO OKa3HBaeTcs MaJo. B He-
KOTOPHX KOHCTPYKLHSX HMX MOTYT 3aMeHHTb JOKaJdbHO CBOGOIHBIE
nyuykd (Iy4KH, CTAHOBsIIHECS CBOGOIHBIMH IIOCJe OrpaHUuYeHHs Ha
3JIEMEHTH NOAXOLALIEr0 MOKPHITHS HJAH pelleTa).

3.9. IInockoCTh M COOTHOWIEHUSI. PaccMOTpuM JieBBll A-MOLY /b

X ¥ KOHEYHOe CeMeHCTBO 3JEMEHTOB Xi,..., X,6X. CemeficTBo
(a1,.-.,a,)6A" HASHIBACTCA COOMHOWECHUEM MEXKAY Xi,...,Xp,
n
S
ecu Zaixi=0.
Bonee 06110, CeMEHCTBO 3JEMEHTOB Yy,..., Y,€Y, rac ¥ —upa-

Bmﬁ A-Mopy/sb, Ha3HBAETCA COOTHOLICHHEM MEXIY X; €CJH

2y1®x1—0 B Y®X
i=]

CooTHomeHuss ¢ KO3OHUUMEHTAME B MOJyJe MOXHO IOJyYaTh
KaK CJeICTBHSI M3 COOTHOUIeHHMHA ¢ xo3¢ddunuentamu B xossue. Tou-
Hee, NyCTh (a“ o, aflf))eA” j=1,...,m, —-—HeKOTopoe cemeCTBO
COOTHOIUIEBHA MEXILY Xp,..., Xp} y(f> Jj=1,..., m,—HexoTopoe

ceMeficTBO aseMentoB Y. Toraoa yi=2 y(’)aﬁj ) |6¥Y™ ects COOTHO-

J=1
IIeHHe:

m

n
Y, 9%, = 2 2 (”a?)@xi:

=j=

n

=1 j j==0 i=1

Tenepb MBI MOXKEM OXapaKTePH30BaTh NJIOCKHe NpaBble A-MOAY-
Ji Y ¢ DOMOIbIO CJeyIoIero cBoMcTBa: AJd Joboro Jesoro A-
monyas X u moGOro KOHEYHOro CeMeHCTBa 3JEeMEHTOB X, ..., Xn€X
BCe COOTHOIIEHHSI MEXAY X; ¢ Ko3dduuuedramu B Y sBAAOTCA
CIeNCTBHAMH H3 COOTHOLIEHHH MeXAy X; ¢ KoapduuueHTamu B A.

3.10. IlnockocTe ¥ npoexTUBHOCTb. ClleAyiOlIHe CBOMCTBA NJOC-
KHX MOAyJeH NMOYTH OYEeBHUIHEL:

a) CpoGoHEle MOLYJIH SIBJSIOTCS NJOCKHMH.

6) IIpsiMeie ciaraeMble IJIOCKMX MOJIYJeEH SIBJASIOTCH IJIOCKHMH.

B) HuaykTuBHBIE Npelesbl ceMeHCTB IUIOCKHX MOAYJeHd SBJs-
T miIockuMH. (B 1poBepke 3TOro Hcmoab3yercs TOT (akKT, UTO
nepexoj K HHIYKTHBHOMY Ipellely KOMMYTHPYET C TEH3OPHBIM
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YMHOXEHHEM M coxpaHseT TOYHOCTb. CM. HEKOTOPHIE NOAPOGHOCTH
B cJenymolleM naparpade.)

M3 a) u 6) BHTexaer, uTO NPOEKTHBHBIE MOLYJH IJIOCKHE, a U3
B) — 4TO HHAYKTHUBHBIE HpPENeJBl IPOEKTHBHHIX MOLYJeH IJIOCKHe.

Teopema, noxasannas nesasucumo B. E. Ioopoeemm [9] n
A. Jlazapom [103] yrBepxpaer, 4ro M 06paTHO: JI060H TJIOCKHE
A-mollysi» M30MOpGheEH HHIYKTHBHOMY INpeleny cBOGOIHHIX MoayJief
KOHEYHOrO THIIA [0 HalpaBJeHHOH CHCTeMe WHAEKCOB.

[Tocnennue GYHKTODH, CBOACTBAMHE TOYHOCTH KOTODHIX MBI 3ali-
MeMCHA 3lech — IIpsiMble ¥ o0paTHhle 06pa3kl MYyYKOB.

3.11. Onpeneaenue. Ilycrs f: M—N-— HenpepuBuoe OTO-
6pakeHHe TOMOJOIHYECKHX NPOCTPAHCTB, ¥ —— NYYOK MHOMKECTB Ha
M. Ero npameim o6pasom HasblBaeTcsi Ny4oK [. (F), cedyeHus Ko-
TOPOro Haj JOHM OTKPHTHIM MHOXecTBoM UcX onpenensiorcs

dopmynoft
F.(AU)=F(U)),

aorpannuenue ¢ U wa VU ungynupoBano orpanuuesuem ¢ [~ (U)
Ha f~Y{V).

To, uto f.(%) aBAsAeTcs NPEANYYKOM, OUEBHIHO; AaKCHOMA NyuKa
nposepsieTcs HEenocpeACTBEHHO.

3.12. CmoficTBa npsimoro o6pasa. a) Koncrpykuus f. coxpa-
HACT AONOJHUTEbHBIE CTPYKTYPH, KOTOPble MOTYT OHITH HA myuxe F:
My40K TPy NepPeXOAMT B Ny4oK Tpymn ¥ T. 0. Ecam O=(f, §)—
MOP(HEM OKOJBIOBAHHBIX TPOCTPAHCTB, 4 F —IyHYOK O y-monyJeit,
10 f.(¥) uMeer eCTEeCTBEHHYI0 CTPYKTypy uydka O y-Moxpyaeil.
B cdavoM jene, MEl JO/DKHEL onpenesuts ywmHOXeHHe Oy (U) na
F(EU)=F (f1(U)). Ho mopdusMm OKOIBUOBAHHBIX NPOCTPAHCTB
BKJIIOYAET CeMeHcTBO roMoMopdusmoB konen @,:0 v (U)— Onu( fHU)),

COrJACOBaHHEIX €  orpamuuenwsiMd, a F(f1(U)) sasmercy
Oum (fH(U))-MonyneMm. TlosaToMy TiepeHOC CTPYKTYpH IpeBpallaer
F(E)(U) B On(U)monyms. DTO xe pacCy:KJeHHE IOKA3BIBAET, UTO
{®,} MOXHO WHTEpIPETHDPOBATL KaK MOP(USM NydkoB kosien On—>
- f ,(U M)- :

6) Ilyere f:M-—{-}. Torma f.(F)=I(M, F) (raobarpubie
CeyeHus).

Bosee o6wmo, et f: M- N —JOKalLHO TPHBUAJIBHOE PaCcCoe-
Hue, 10 f.(F) ecTh «nyuwoKk cevyeHuit & BAOJbL CI0€B f».

ITycts i:M— N —3aukayToe Biaoxkedue. [lyuox i.(¥) uHOraa
Ha3hBAIOT «HPOXO/IKEHMEe HysJem nyuka F»: ecmm UCN\M, To
i (F)(U)—oznHoTOoUueyHoe MHOXKeCTBO (ecqu F —IyYOK MHOMKECTB)
wan I (F) (U)={0} (ecrn F—myuox aGe/ieBHX rpynm).

To xe caosoynorpelieHHe MO OTHOULIEHHIO K HE3AMKHYTOMY
BJOXKEHHIO 6e30MacHO, ecld NOMHHTb, 4TO caofl i. (¥ ) Haj TOYKaMH
rpanuusl i (M) moxeT OHTb HETPHBHAJILHBIM.

B) Jlio6ott Mophuam nyukoB @:F —~F Ha M uuayuupyer (oue-
BUIHEM 0Opasom) mopdusm nyuxos f.(9): f.(F)— f.(F) Ha N.
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TlostoMy f. siBAseTCs (DyHKTODOM H3 KaTEropud IyYKOB Ha M B
gareropuio nyukos Ha N. To e BEpHO L5 KATETOPHH MyuKOB
abejeBblX TPyII, MOAYyJeH HAA OKO/bLOBAHHBIMM MPOCTPAHCTBAMA H

T. M.
M3 cBOCTB (DYHKTOPHAILHOCTH f, MO f OTMETHM [Ba

(fg)-:f.g.v idnzld

3.13. OGpatubit 0o6pa3. Ilycrs cmosa f:M— N —mopdusu
TONOJOTHYECKUX NPOCTPaBCTB, F —INyuoK MHOXecTB HA N. OcHOp-
BEM CBOHCTBOM KOHCTPYKIHMH o06pamuozo obpasa ['(F) OKase-
Baetrca TOT (aKkT, uTo GYHKTOp f° CONPSXKEH CJeBa Q)ymeopy I.
(oM. 1. 1.23). TlosToMy KOHCTPYKTHBHOE ONpeNEJeHue F(F) Met
odopMUM KAK TeopeMy CyIlecTBOBaHMs. TaKoe H3JOMEHHe Onpas-
JAHO eIle M TEM, 4TO NpH INepexoae, CKa¥eM, K MydYKaM MOIyJed
Haj OKOJIbLIOBAHHBIMH TIPOCTPAHCTBAMH, KOHCTPYKuus f'(F) MeHseT-
Cd, a CBOHCTBO CONPSAXEHHOCTH OCTAeTCH.

3.13.1. Tlpenaoxenue—onpenenenue. Cyuecrsyer
dyuxTop f1 PPein—> FPety MCHKAY KATETOPHSAMH IYUKOB MHO-
wecTs Haa N u M u usomopdusm ABYX GHQYHKTOPOB

Hom (f (%), 9)> Hom(&, 1.(9)).

3.14. CpoiicTBa oOGpaTHOro o6pasa. a) [lywox [ (F) mMOxKHO
FBHO MOCTPOMTH TaxuMm ofpasoM: f'(F)—3To mydyox Ha M, accouu-
HPOBAHHBI C MPEANy4YKOM

U—&F (f(U)), Uc=M.

[Tockonbky MHOXKectBO f(U), BOOGWIE TOBOPs, He OTKPHTO B N,
Takoe onpejenende f(F) tpebyeT ABYX «NpeNeJbHHX NEPEXONOB>:
opHoro mjs saganus & (f(U)) u Apyroro — anas onpeunesyeHus nyd-
Ka, aCCOLHHPOBAHHOIO C MPEANYUKOM.

HecnoxHo mpoBepuTb, YTO HJasi JI0GOH Touk  xEM  nmeeM
I (F)e=F ).

6) Koncrpykuust f coxpaHser BHYTpeHHHE 3aKOHBI KOMIO3HLHH:
ecad & — nydyok abesneBHIX IPYON, KoJel H T. I., To J(¥) mpunaj-
JeXKHT TOH XKe Kateropuu. Opmako, ecnu @=(f, 0) — mopdusm
OKOJIbIIOBAHHHIX IIpOCTPaHcTB, a % —ny4oR Oy-MoxyJel, To
J (&), Boobue roBopsi, He HMEET eCTECTBEHHOH CTPYKTYpH Nyuka
On-vonyneit. B camoMm gene, Mopdusm @ ompexenser mopdusMm
nyukoB KoJqel f'(Oy)—>Cx, HO Ha 370T pas f (F) ecTb NYYOK MO-
HLyne¥ Haj HawaJoMm, a He KOHUOM 3Toi ctpeaku. M3 axre6per us-
BECTHO, YTO 3aMeHa 6a3Bl B TAKOM CJydae OCYHIECTBJISETCS C IO-
MOIIbI0O TEH3ODHOI'O IPOHU3BEIEHHS: €CTECTBEHHO IIOJOXKHThb

F3 o .
f (g)—0M®f'(0N)f (9-)’
Moxno nposepurs, uTo
Homp, (f*(F), §)=Homg (F, f.(9)),
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‘TaK 4TO f* () sBiAeTcA NPaBHIBHBIM ONPELEJeHHeM OOGpaTHOrO
'00pasa B PAacCMATPHBAEMON KATErOPHH.

B) Ecyim i: M— N Broxenue, To i (F) €CThb OrpauyeHye MyuKa
F Ha M.

r) Kak u nas npsmeix o6pa3sos, umeeMm

(fg)y=gf, id=Id.

CeolictBa ToysocTH QyHKTOPOB f., f° W f* TaxoBsl:

3.14.1. TIpexnnoxenue. a) Ha KaTeropumu mNyuyKOB aGesieBbIX
-Tpynn QyHKTOp f. TOYeH cJeBa, a f° TOUeH.

6) Ha xateropuu myuxoB MmoAysell Haj OKOJbIOBARHBIMU IIPO-
CTPaHCTBaMH (PYHKTOpP j, TOYeH CJeBa, a f* TOYEH CrpaBa.
- JloxasaTenbcTBO 3TOro NpPEefIONKEHHS HCHONb3yeT CJelylollue
CBOHCTBA TOYHOCTH COMNPSIKEHHHIX (YHKTODOB.

3.15. ConpsiXeHHOCTb H TOYHOCTh. CBOHCTBA TOYHOCTH CONPS-
KEHHBIX [ap (QYHKTOPOB ONMHCHIBAIOTCS CJACAYIOIIHM YTBEDKACHHEM.

ycte €, © — nBe abenesn  Kateropud, F : ¢—D, G: D—~
—% — nBa alJHUTHBHEIX (QYHKTOpa M 3anaH usomoptdusm OHOPYHK-
TOPOB FOX D—¢b:

Homg, (F (X), Y)= Homg (X, G (V)

Tak 4ro0 F conpsxeH caeBa Xk G, a G conpsaxed cnpasa kK F. Torza
F toueHn cnpasa, a G ToueH cieBa.

§ 4. Knaccuueckue Nnpou3BOJHBIE QYHKTOPH

4.1. BBepenne. CBOMM BO3HHKHOBEHHMEeM [OMOJIOTHYECKAs aJred-
pa o6si3aHa BO MHOTOM TOMY, 4YTO OOJBHIHHCTBO CTAHLAPTHHX
¢$yHKTOpOB, BCTpevawmuXcad B ajrefpe, TeOMETPHH H TONOJOTHH
ABJISIIOTCS TOYHLIMH JIHI C OXHOHM CTOPOHH (cpaBa HJH CJeBa).
Takum o6pasoM, L, CKaxeM, TOUHOTO cjeBa (QyHkTOopa F : S¢—%
Mexay abelleBBIMH KaTeropusMmu (raxoro, kak Hom unu I') Tounas
' TIOCJAEN0BATENBHOCTE

P
0> A5 AL 4750 (1)
B S NepexOmHT B TOYHYIO NOC/IEL0BATELHOCTD
F(o) F(b)
0 - F (A)—>F (A)——F (4") @

B %, B Kotopom MopdHusm F (), BooOume rosops, He ABJseTCs 3MH-
mopdusmom. Kaaccuueckne npomsBoisble (yHKTOpPH R:F (B maH-
HOM cJyJae IpaBHE) JO0 HEKOTOPOH CTEelleHH KOHTDPOJHPYIOT HeslH-
mopdHOCTE F(1)). A HMEHHO, OJHO H3 BaXXKHEHIHX CBOHCTB BHICIUHX
NPOH3BOJIHEX (QYHKTOPOB R'F : 94—>% COCTOHT B TOM, 9YTO JJIA
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KaxXJoH TOUHOH nocaegoBaTenbHocTH (1) crpouTes NJIHHHAS TOYHAs
TI0CJIeJOBATENIbHOCTD, SIBJASIONIAsiC NPOJOJMXKeHHeM (2) BIpaso:
F(o) F(p) 60 RF ()
0— F(A")——F (A)——F (A")—> R'F (A")——>—...
o7t R*F(9) RTF (D)

.o.~> RVIF (A")——R"F (A")——>R"F (A)—-—>R"F(A”)—+ ..
KOTOpast PYHKTOPHAJBHO 3aBHCHT OT (1).

Hacrosmu#i naparpa¢ nocBsllleH CTPOrOMy ONpEAEJEHHIO H OC-
HOBHBIM CBOHCTBAM IPOH3BOJHHIX (YHKTODOB.

42. Onpenenenue. a) HHBeKkTUBHOU pe30ab8eHTOl OOBEK-
Ta A abeseBofi KaTeropuu ¢ Ha3bBaeTCs TOUHAS IOCJeIOBAaTEb-
HOCTb B ¥

@3)

0~ A-i N>,

B KOTOpPO# Bce [%, iZ>(, HHbEKTHUBHHL.
6) IIpoexrusnoii pesorseertoi ob6bexTa A abesieBOli KaTeropHH
S Ha3LIBAETCS TOUHAS MOCJENOBATENBHOCTD B !

> P2 Pl P05 A5 (),

B kotopo#t Bce P, i >0, npoexrusus. M

e €
VHorza pesosbBeHTHI OGO3Haualorcs uepes A— 1, P'—> A; &
Ha3BIBAETCA JONOJHSIOUM MOPGHHUIMOM.
4.3. CpojicTea pe3oJbBeHT. a) Jaa Toro 4tobn y JmoGoro o6b-
eKkTa S¢ CyIecTBOBaJa HHBEKTHBHAs De30NbBEHTa, HEOOXOAUMO H
LOCTATOYHO, YTOOH! JMOGOH 06BEKT $¢ OB MOLOGBEKTOM HHBHEKTHB-

HOro o6bekTa &F.
B arom caydae rosopsaT, 4To B ¢ HMeeTcss OOCTATOYHO MHOZ0
UHBEKTUBHBLX 00BEKTO8.

e e’ )

6) Tlycte @:A— A’—wmopjusm B # u AT, A 1I1"—
MHbeKTHBHEIE pesosbBeHTsl A u A’. Torpa cyumecTByeT Mophusm
KOMIJIEKCOB  @': [~ [”', mpojomxaiomuii @ (T0 ecTh &'Q=¢%);
JIO6GHe ABa Takux MopdusMa romoTonHH. B wacTHOCTH, MoGhie ABE
HHBEKTHBHBIE PE30JbBEHTH ONHOIO H TOro ke ofbekra A roMoTo-
[IHYECKH SKBHBaJIEHTHHL.

AxaJsOrHYHble pe3yJbTaThl CIPABEJIHBH H IJS1 MPOEKTHBHHIX pe-
30JbBEHT (B a) HYXHO TpeGoBaTh, YTOOH JOGOH 06BbexT S GBI
(akTOpO6BbEKTOM NPOEKTHBHOIO 0GbEKTA).

4.4. Ilpoussoannie ¢ynkTopbl. HauHem c ompenesieHHss IPaBhIX
HPOH3BOJHEIX (PYHKTOPOB.

44.1. Oupenenenue. Ilycrp F:s¢—>% — TOuHHIE cJaeBa
®YHKTOD M B & NOCTATOYHO MHOI'O HHBEKTHBHBIX 06beKTOB. /Ipassie
npoussoonsie ¢pynxropsr RiF : sf—R, i=0, onpejensiores Ha 06b-
exkrax A€Ob o dpopmyoi

RIF (A)=H! (F (),
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: e i
rae A— I —xaxas-uubyap MHBEeKTHBHAs pesosbBenHTa A, F ([)-—
KOMILIEKC, | NOJIyYaeMbii TOUIeHHbIM UpuMeHexHeM F k [, ¥ Ha
Mopdusmax @:A— A’ B & dopmynoi
' RIF (9)=H'(F (¥)),

roe ¢ :['— ['"— xakoe-HUOyIb NPOJOMKEHHE ¢ HAa PE30JbBEHTH
(xak B 4.36) F(9):F (')~ F ({")—coorBeTcTByOmKA MOPPH3m
xomnsexcos.

44.2. Mpennoxenne a) RF(A) u RF(p) onpeleleHs
KOppPeKTHO (r1ouHee, 06bekThl RiF(A), mOCTPOeHHBe N[O PAasHHM
HHDBEKTHBHEIM pe30JibBeHTaM A, KAHOHAYECKH H30MOPGHB; MOPdHU3-
MBl R'F (@), mocTpoesHble 0 Pa3JUYIHBIM IPOJOJNKEHHAM ¢ Ha pe-
30J/IbBEHTHI, PABHEI MeXAY Co60H).

6) ‘RiF siBASIOTCS afiuTHBHBIMH (yHRTOpamu u3 &£ B £.

B) ROF RaHoHuyecku uzomopdro F.

r) Ilo kaxao¥ KOPOTKOH TOYHOM IoOcJenoBaTelNbHOCTH (1) B &
CTPOUTCS IJIMHHAS TOYHAas NOCJefOBaTesbHOCTD (3) B %, QyHKTO-
puanbHO 3aBucamas or (1).

1) Ecau F rouen, To R*F=0 npu i>0.

JLO0Ka3aTeNbCTBO BCEX 3THX YTBEPKIEHUH IO CYLLECTBY BHITEKAET
us n. 4.3. B wacrHocTH, A9 [0KA3aTeNbCTBA I') HYXHO NOCTPOHTH
o (1) TOUHYIO mOC/eNOoBATeNbHOCTh PE30JbBEHT

o b
O=I1">T'>I">0
¥ NPEMEHHTHL TeopeMy u3 . 1, m. 1.5.1. ]
4.4.3. Jlepnie npousBomapie QyHKTOpPH. Ecom B & umeerca

JOCTATOYHO MHOTO NPOEKTHBHBIX OGBEKTOB, TO JEBble NPOU3BOIHEIE
dysxropsl L;G Aas TowHoro cnpasa dyskTopa G:¥—~ % onpele-

Jstotcst (Ha ofbextax AEGObSE) qopmynoir L,G=H (G (P"), rie

g
P’ — A—muexoropast npoexTusHas pesospBenta A. [as JeBbIX mpo-
H3BOLHLIX (QYHKTOPOB CIPAaBe//IUMBbl dHAJIOTH YTBEPXIenui a)— 1)
us n. 4.4.2.

4.5. IlpoussogHble GYHKTOPH KOMNO3HUMH; CHEKTPAJbHAs IO~
caenosareabnocts Fporenauka. Ilycts F: £—%, G: B—>€ — nBa
TOUHHIX CJeBa (yHKTOpa Mexny abeneBbIMH KaTeropusiMmu. Torza,
KaK JIerko nposeputb, GoF : of—% TaKke TOUeH ciesBa. [losTomy,
npejnoJiaras, 4To B & U % JOCTATOYHO MHOTO HHBEKTHBHHIX O6B-
©KTOB, IIOJyyaeM IpaBele  IpOH3BOAHHIEe  GyHKTOPH R'F, RiG,
R'(G-F). CBsiab MeXAy HAMH BHPaxaeT CIIEKTPajbHas MOCJAENOBA-
TenbHOCTh ['poTeHAHKA. '

4.5.1. Onpenenenne. O6bekr AEObsZ HasbBaeTcs ayuk-
AU4HEIM OTHOCHTENBHO TOYHOrO caeBa OyHkTopa F:¢—~% (uim
F-anuknuunsiM), ecnd R'F(A) =0 npz i>0.0

SlcHo, 4TO s11060H HHBEKTHBHBIH O0BEKT F-alMKIHUeH NJs JIO-
©Boro F. OfHako, AJsI KOHKPETHBIX (YHKTOPOB F MOTYT CyLIECTBO-
BaTb H Apyrue F-anHK/IHYHbIE OGBEKTHl (CM. NpHMEpPH B I 4,

§ 5). .
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45.2, Teopewa. [Ipexnonoxum, aro F: %, G: B~ —
IBa TOUHBIX cJeBa GyHKTOpa, B & H % HMeeTcs AOCTaTOYHO MHO-
0 HHBEKTUBHBIX OOBEKTOB, M IJs Ji060oro uHbeKTHBHOro [E€0bsZ,
F(I) sBnserca G-aunkauuebiM. Torpa mas moGoro A€0bsf cyule-
CTByeT CHEKTpPasJbHas [ocjaejoBaTeNbHOCTs (cM. ri. 1, m 3.1) ¢

E27 = (R°G) (RYF (4)),
cxoasmasicss Kk R*(GeoF)(A). Ouna ¢ynkropnanca mo A, M
4.5.3. Tlaan nokasarteancta. O6vexktsl RF (A)—ato

KOTOMOJIOTHHA KomIulekca F (I7), rie A-— I —HEKOTOpas UHbLEKTHB-
Has pesossBeHta A. Anasormuno, R"(GoF)(A)—3TO KOroOMOJIOrHM

xommiekca (GoF)(I).

C Zpyro#t CTOPOHb, 4TOOH BhHWUCIHTE (RP(Q)(RIF (A)), HYyMmHO
NIPUMEHATE OuIeHHO (G K MHBEKTHBHBIM pe3o/bBedtaM RIF (A)—J77¢
00beKToB RIF (A).

Cosizb Mex1y (GoF) (") u G(J7%) naercs pesosmsentoit Kapra-

Ha — Ditenbepra xommaexkca K =F (I)). Ota peso/bBEeHTA COCTOHT
U3 CJIeAyIOmHUX IaHHBIX,

" a) [Jsoinolt komnaerc (LY) ¢ rpanmunbive onepatopamu &, d,
crenenn (1, 0) u (0, 1) coorsercrBesno; LY=0 npu ;<0 wm
i<l; LY uHbexTHBHH (OCHOBHHIE ONpefesneHds, OTHOCALIHecd K
IBOHHBIM KOMIJEKcam, cM. B ra 1, m 3.5).

6) Mopgusm womnaexcos &K — L°, ¢ d'"%et=0,
Urobwl copMyarpoBaTh YCIOBUS, HAKJIAJHBAEMEIC HA 3TH LaHHbie,
3aMeTHM, yTO (LY) nmopexaaeT KOMIVIEKCH

O%K‘i IR0 gt
0— BU(K")— B} (L")~ BH (L")~ ...
0> ZHK )= Zr (L")~ ZI (L")~ ... @)
0—>HI(K)—~ Hy (L%~ HE (L")~ . .. |
(3nece B, Z o6o3HauaeT COOTBETCTBEHHO IpaHMuBl H HHKIH). Ilo-

TpebyeM BBLINOJHEHHS CAeAVIOUIHX YCJOBHL.
B) Bce 3TH KOMIUIEKCHE allMKIHYHBL

r) Tounple TPOHKH
0-> B (L")= Z1 (L")~ H} (L")—0
0 ZH(L")» LU~ B (L)) 0

pacnanaorcd.
Torna Bce obvextsl B,, Z,, H, HWHBEKTHBHEl M, CTal0 OHITb,

KOMILIEKCH (4) SABAAIOTCA HHBEKTHBHRIMH pe30JbBeHTaMH Jaa K,
BY(K), Z1(K'), H*(K’) COOTBETCTBEHHO.
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B uactrocty, (RPG)(R2F (A)) MOXHO BBHCIHATE KAaK KOTrOMOJO-
THH C HOMEpPOM p Kommwiekca G(H7(L"). C ZApyroif CTOPOHH,
K =F (I') MOXHO, He MeHss KOTOMOJIOTHii, 3aMEHHTL HA JHArOHAJb-
Hbiit kommieke SL° meoBHoro xommaekca L” (eMm. ra. 1, m. 3.5) n
BouucaATh R (GoF) (A)=H" (G (F (I") xak H"(G(SL)). Kpome
TOro, KoMmmiexc S L' uveeT GUIBTpAUMIO

(FPSLY'= @ LY,
i+j=n
i>p
u uyted £?, orBevawmuii 3TOH (UABTPAUMH, OKA3bIBATCA PaBHbIM
(RPQ) (RIF (A))=HP (G (HI (L))

TakuM o6pa3oM, HCKOMasi CNEKTpaJjbHas IMOCJEL0BaTEIbHOCTb
ABJIF€TCS YaCTHBIM CJy4YaeM CHOEKTPaJbHOM MOC/ef0BaTeJbHOCTH
(HJIBTPOBAHHOTO KOMIUIEKCa H3 I 1, m. 3.3.

4.6. Yacto BCTpeyajoulMecs NPOU3BOAHble (YHKTOPH. Mmuorue
NpOH3BOAHBIE (YHKTOPH, BCTPeYalollHecss B ajre6pe W TOIOJOTHH,
HMEIOT CTaHZApPTHHE Ha3BaHHs. [lepeuHcsIHM HEKOTOpHle H3 HHX.

4.6.1. dyuxtopn Ext. Ilycts & —aGenepa kareropus. Abe-
aesy rpymny Hom (M, N) ana M, NEOb& MoxHO paccMarpu-
BaTh KAK (DYHKTOD Tpemsa Pa3IHIHBIMH CHOCOGAMH:

a) mpu ¢uxcuposanroM M —xax dynkrop Hom o (M, -): % — S4b;

G) npu ¢urcuposannom N —kax byuxkrop Hom g (-, N): 85— S£b;

B) xaKk Qyuxrop Hom (-, -): X & - &b,

Bce 3TH ¢yskTOpH TOUHH caeBa. VX mpasble mpoussoAHHE (BDYHK-
TOpH 0003HAYAIOT S Extf” (M, N); MOXHO T©OKa3aTh, YTO TIPYHIH
Extfg(M,‘ N) Be 3aBucaT OT BHIOD @HHOTO BapuHaHTa oONpeleJIeHHd
dysxropa Hom g4. Cu. Takxe ra. 3, m 3.2.

4.6.2. ®yuktopn Tor. Jaa ¢uxcrHpoBaHHOro xoapna R B Ls
aByx R-monyneft M (npasoro) 4 N (neBoro) TEH30PHOE Ipou3Bele-
wue M %N AB/AETCA a6eseBOd rpynnof. AHAJOTMYHO MPEXEYIIeMY

OYHKTY, MOXHO ONpeleiuTh TPH (dyHKTOpA:
M%- :R-mod -~ $£b; -%N:mod—R—h%;
8 :mod-R X R-mod—+ $£b.

Bce ati Tpu dyHxTOpPa TOUHH cnpaea. Vix Jesble nPOM3BOAHBIE
dyuxrops o6osnawarorca Tor® (M, N), i>0. Onn cHOBa He 3aBHCAT
OT BapHaHTa onpenenenus QyHKTOpa %.

46.3. KoroMouaoruu ¢ ko3dbHUHEHTAaMU B Oyu-
Ke. Oyukrop I : Ptb, b conocrasnsiomuil nmyuky abeneBbix

rpynn & Ha npocrpaHctBe X TPynmny ero rio0aJIbHEIX CeYeHHik
I'(X, ), touen cnesa. Ero mpaBble npoH3BoiHBle (QYHKTOPH Ha-
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SbIBAIOTCA KO2oMOA02uAmMu X ¢ koapuyuenramu B F u 0603Ha-
vaiores H'(X, &), iz0. Cm. Takxe ra. 4, n. 5.3.

464. Koromoaormu rpynm Ilyers G — rpynna, .
G-mod — xareropust G-momyneit (. rai. 1, 1. 2.7). OymKTOp
G-mod—s£b, comocrasasiomusi G-monymo A rpymny AG ero G-un-
BapHaHTHBIX 3JIEMEHTOB, TOYEH CleBa. Ero mpousBomHbe (QYHKTO-
JI‘J::I ——ZTO kozomonoeuu H*(G, A) epynnet G c kosapdpuyuenra-

usA.

4.6.5. KoroMonoruu anre6p Jlu.  AHaJOTHYHO, NMYCTh
¢ — aare6pa Jlu nan nonem k, g-mod — kareropus ¢-moxyJieir. Ko-
eomoroeuu H*(g, M) anreebpor Jlu g ¢ xosppuyuenramu B $-mody-
se M cyTb npaBble IIPOH3BOLHEIE (YHKTOPH TOYHOFO CJIeBa (DYHKTO-
pa g-mod—Vecty, M~>M¢& ={m: Xm=0 pna scex X€g}.

466. Pynkropn Llykepmana. Ilycts §— KoHeuHOMED-
Hass anrebpa JIu, b—ee mopmanreGpa, N(g), U(hH) — coorser-
CTBYIOIIHE obGepTHBalomye aareGpu. DJIeMeHT m g-Moxynas M Ha-
3biBaeTca h-KOHeuHBIM, ecau dimg U(b)m<<oco. Jlerko npoBepHT,

4TO b-KOHeyHble 3JeMeHTHl M GopasyoT ¢-NOAMOAYNb M 5 M.

dyHKTOp MM u3 karerapuu g-mod B cefa Touen caesa. Ero
npaBele NPOH3BOJAHBIE (DYHKTOPH HasBBaloTCA (yrxropamu L{yxep-
Mmara. OHH HIrpalOT BaXKHYIO DOJb B TEOPHH NpPEINCTABJAEHHH (0OCO-
6eHHO B caydae, KOrAa ¢ W h DEAYKTHBHH), sIBJIssCh anreGpamue-
CKHM aHaJoroM (yHKTOpa «TOJOMOP(HEE CeUeHHS aHAJTHTHYECKOro
BEKTOPHOro paccJjoerusi Ha G/H», rne G, H — rpynnel  Jlu ¢ anx-
re6pamu g, §.

BUBJ/IHOTPAGHUUECKHUE YKA3AHUSA

B nepBrix aByx naparpadax STOH riaBH HajioxeH HaGop craRnapTHEIX (ax-
TOB TEOPHH KaTeropuil; Sosee moxpob6Ho cM. cooTBercTBYyomue pasnenst [8], [59],
[77}, [108]. B wactHoCTH, Teopema m. 1.16 — 370 omma u3 Teopem ®peiina, mammux
O6IIYI0 XapaKTePH3ANMIO NpeCTaBMMHX (YHKTOPOB; moapobmee cuM. [108]. Otmo-
CHTEeNbHO TeopeMBbl BiaOXKenHsa m. 2.13.1 cm. [20] Jlemmur nm. 2.13.2 u 2.13.3 co-
CTABJIAIOT OCHOBY OONBIIMHCTBA JOKA3aTeJbCTB, BEAYIMHXCA C TNIOMOLLBIO Tak
HA3BIBAEMOTO «JMarpaAMMHOr0 IOHCKA»; cM. o6cyxaenne B [108]

PesyapTaThl, npuBeienHne 8 § 3, TPYNNMpPYIOTCS BOKPYT HOHATHS TOYHOCTH
bynkropa. OHE #BAAIOTCS, B OCHOBHOM, KJAaCCHYECKHMH M MX JOKa3aTesbCTBA
MOJKHO HaliTH B yYe6HHKaX mo romovioriyeckolt anreGpe [40], [107] (mm. 3.3—3.10)
R mo TeopHH nyuxos [33], [91] (mn. 3.11—3.14). Cm. Takxe [8].

B § 4 wuanaraercs TeOpPHA NPOH3BOJHHX (YHKTOPOB KaK OHAa MOHMMAaNach
B KOHle 50-x—mnauane 60-x roX0B; NMPHMEPHO B TaKOM BHIE OHA COAEPIKHTCA
B [40], [771, [107]. oxkasarenncTBa cOOPMYTHPOBAHHEIX PE3YILTATOB MOXKHO HaTH
rakxe B [8]; mpeanoxenwe m. 4.4.2 moxasamo B [85], Teopema 4.5.2—s [77]
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Trasa 3

FOMOJIOTHY B AJITEBPE M FEOMETPHH

§ 1. Mauawle pasmepHOCTH

1.1. Pasmepnocts 0. HynabmepHEe (KO)TOMOJOTHH 4YacTo SIBJA-
I0TCA OCHOBHHIM IOJJEXKAIIHM BHUYHCJAEHHI0O OOBEKTOM B  KJac-
cuyeckux 3ajgayax. C TOUKM 3PeHHS TOMOJIOTHUECKOi anire6phl
OHM YCTPOEHEI BIIOJIHE IPOCTO. :

1.2. Pasameprocts 1. OjHOMepHBIE  KJIacchl OBIBAIOT oco-
6EHHO MHTEDeCHH s CNeUHaAbHBIX Ko3hOHIHEHTOB.

1.2.1. MNyukn. a. [ycte X — KOMIJNeKcHOe MHorooGpasue (HJH

IIPOCTPAHCTBO), Ox—MYUOK TOJOMODPDHBIX dbyHRUMA Ha HeM,
Mx — NYYOK MePOMODPOHHIX (DYHKUUE, Px =M x/Cx — nyuox (ax-
IHTHBHBIX) ocobenHocrell.  Kuoaccuyeckas (aAmuTHBHAsS) TNPOG-

Jema KyseHa cocrout B OTHICKaHWH Ha X MepoMopdHO# GYHKIHH
C 3allaHHBIMH OCOGEHHOCTAMH. JTa 3ajJaya Bcerja paspeliuma,
eCIH W TONBKO ecsu oToOpaxenue HO(Mx)—~HO(Px) clopbek-
TBHO. [losTomy siaementn H!(O'x), nexauue B o6pase rpaHuy-
Horo orTo6paxeHus 6: HY(Px)—~H'(Cx) —3T0 npensTcTBHA K
paspemrmocT npobaemsl Kysena.

L *

6. B to¥i xe curyaumn nycts Ox (COOTBETCTBEHHO A x) — NYYOK

TONIOMOPGHO O00pAaTHMEIX TOJOMOP(MHBIX (MYHKHUA (COOTBETCTBEHHO

*
MepomopdHO o6paTuMeX MepoMopduEX dyExuuE). [lyuok Px=
=./I(§(/ Ox MyJbTUILIMKATHBHLIX OCOGEHHOCTEH Ha3biBaeTCsl TaKKe
nysrox dususopos Kapmee. TlpensarcTsus x mocTpoeHHio GyHKINM
C JAHHBM JMBH3OPOM JexaT B rpymme H'(Cy).

Orta rpynna Kjaccupuuupyer Takxe o6GpaTUMble MyukH Ha X,
TO ecTh nyukr Ox-MOLYyJeH, KOTOPHE JOKANLHO CBOGOIHBI ¥ MMEIOT
,panr 1. UtoGn mocTpouTh MO TakoMy Iryuky £ wouuka Yexa,
moctpouM Hakpeitae (o), Hal 3/emMeHTaMH KOTOpOro &£ mMeer
-o0paTuMple CEYeHHs fq, U TIOJOKHM Zagan="tata 6T (Uo,N U, O%).
Knacc storo xouukna 8 H'(C%) me sasucut ot (Uy) u He MeRsieTcs
OT CMeHBl fy WM £ ¢ TOYHOCTBIO A0 K3OMOPGM3MA. YMHOKEHHE

B rpymne H'(C'x) OTBeuaeT TEH3OPHOMY YMHOKEHHIO IyYKOB.
E3

Tak wyrepnperupoBanHas rpymna H'(Ox) nassieaerca zpyrnnoil
Hurxapa, oGosHavaercs Pic X u nosespa Takxe B JPYyIHX Kare-
TOpHAX, HANPHUMEDP, B KaTeropuu cxeM. Hanpumep, ecmm A —KOJBIO
UeMplX uuces moJs asgarebpamdeckux uwucea K, X=SpecA, TO

&

H'(O%) — xmaccuyeckasi TPymna KJAaccos #peanoB K.

B. IIycth @ : X—S —cy6mepcuss KOMILUIEKCHBIX MHoroo6pa-
3udl, paccMatpuBaeMas, KaK ceMeficTBO ' CBOHX cJjoeB. IlycTb
7 X, I S— KacarenpHsle Nydkd, 7 X/S—IyuoK BepTHKaJbHBIX
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BEKTODHBIX noJielt. M3 TouHol  mocaenoBaTenbHOCTH — Ha X
0T X /ST X—>n* (T S)—>0

HaxoluM CBSI3BIBAIOMIMI TrOMOMOPDHIM
T S=n,(n*T S)->RnT X/S.

OHO HaseiBaeTcs 0mob paxcenuen Kodaups. — Cnencepa. Paccmar-
puBas ero TOTOYEYHO, MBI MOXEM yOEAUTBCA, UYTO OHO CTaBUT
B COOTBETCTBHE KACATEJLHOMY BEKTOPY B TOUKE S,6S HPOCTPAHCTBO
nedopmanuii  ciost X =x"l(s)  xmacc KOIOMOJIOTHH U3
HY(Xs,, 7 X,,). Kopanpa u Crnencep moxasanu, uto ecam X, KOM-
naKTHO u H?(Xs,, J Xs5)=0, To cymecTtByeT cemeficTBO, COAEp-
wamee X, Aaa koroporo Oy, sBaAsercs usomMopdusmoMm, H Joboe
Jpyroe ceme#icTBO nedopmanuii X, HUHAYLHUPOBAHO STHM.

1.2.2. Ipymnb. Ecau M—G-MoAyab ¢ TPHBHAJbHBIM  jeficT-
BHeM, To Bl= (G, M)=0; H'(G, M)=Z'(G, M)=Hom (G, M) (ro-
momopdusmer rpynn). [lo stofi nmpuuune B ofliem cayuae 1-Ko-
HHKABL  Ha3bIBAlOTCH  TaK¥ke CKpPEelleHHBIMH ToMoMOpdH3MaMH.

B uactHoctH, ecam G —KOHeuHas p-rpynna (HJd 0po-p-rpyn-
na), ro H'(G, Z,)=Hom(G, Z,)=Hom(G/[G, G}, Z,;). Pasmep-
HOCTh 3TOr0 JHHeHHOro TpocTpaucTBa Haj Z, paBHA MHHHU-
MaabHOMy u4Hcay ofpasylomux rpynns G.

1.2.3. Anrebpa Jin. Ilycrs g— aare6pa Jlu Hax mnoJem k.
Pacecmorpum & Kak g¢-MOAyJib ¢ TpUBHaJbHEIM jeficTBueMm. Tor-
na Hy(g, k) =g/[g, g1, H' (g, k) =(s/]8, g™

Paccmotpum Temepr B KadecTBe MOAYJsl K03GGHUHEHTOB g
C TpHCOeIMHeHHbIM JHedctBueMm. Torma  H'(g,g)=Der g/Intg,
rge  Derg—npocrparctBo AucdoepeHuupoBaHui g, a Intg—
NOANPOCTPAHCTBO BHYTPEHHUX JAuddepeHIHpOBaAHHUI.

1.24. Kaaccwt  pacmupenuit. Ecaum X, ¥ — o6bekrn abene-
BOH KATErOPHH C JOCTAaTOYHHIM  KOJHUECTBOM  IPOEKTHBHHIX
HJIM HHBEKTHBHHIX o6bexkToB, T0 Ext!(X,Y) MoxHO omnucate
KaK TIpynmy KJacCoB  TOYHeXx  rtpoek O0—Y—-E-X-0 ¢
TOUHOCTBIO 0O OTHOINEHHS SKBHBAJEHTHOCTH, OIpeNeJsieMOoro
CYHIECTBOBAHHEM KOMMYTATHBHOH AMarpaMMmbl

0»>Y—>E-+X-0
Iy
0—>Y—E'-X—0.
Yro6el 1o TOUHOM TpPOUKE NOCTPOMTL 3JemeHT u3 Ext!(X,Y),
PACCMOTPHM HayaJ0 HHBEKTHBHOM De30abBeHTH 0—>Y—[0—-]!—]2,
ITo cBoiicTBY NpOMOJIKEHHS], HMeeTci KOMMYTAaTHBHAas JHAarpaM-
Ma
0-Y—>E->X->0
oy de
0—>Y— [0~ ['— ]2
Mopdusm c¢: X—~I! ompenenser kouukn B  Hom(X,I'), xmacc
KOTOPOro OTBeuaeT JaHHOH TpoMKe. :
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Cymma a’+4o” anemenros Ext!(X,Y), oTBeuaromux  Tpoi#i-
kaMm 0—>Y—E'—~>X—>0, 0-Y—>E"”/—>X—0,—s310 KIacc Tpoii-
K# 0—Y—E—X—0, onpenenseMoil 43 JHAarpaMMLl

0-Y®Y > ESE"+XBX—-0

i T [11 Ja
070y —EFE— X0
vy [8 4 f
0=Y——FE - X0,

FAe A — I¥aroHaJbHBIH Mopdusm, V —mMopdHu3M CYMMHpPOBa-
ausl, |1] 1 [2] — cooTBercTBeHHO AeKapTOB M KOAEKApTOB KBal-
pare (cm. i 2, mm. 1.17, 1.18).

1.3. PasmepHocth 2. Pajg  xJaccHUecKHMX KOHCTDYKIHH HH-
TEPIPEeTHPYETCS ¢ NOMOIbI0O JABYMEPHHX KOIOMOJIOTHAH.

1.3.1. Hyuxn. JIBymepHBle KJacCH KOTOMOJIOTHH Ny4KOB
4acTo BO3HHKAIT KaK INpendaTcTBus K 3ajadaM INpPOJOJIXKEeHHs:
CM. N0oApOGHOCTH B cllefylolleM Iaparpade.

1.3.2. I'pymunt. a. [Jas  moGoro G-monyas M sjgeMeHTH
H? (G, M) xnaccuduuupylor pacligpeHust TIpynn BHIA

1>-M->CG->G—>1,

rae peHcrBue G na M compsiKeHHeM COBI&HaeT C HCXOJAHBIM.
OTHouleHHe SKBHBAaJIEHTHOCTH paclIHPeHHH  oOmpejensercs, Kak
B I. 1.2.4. Ilo xoumkny a€Z%(G, M) rpynna G cTpoHTCA Kak
M X G ¢ 3aKOHOM KOMIIO3HIHH

(ma; g1) (ma; g2) = (Mi+-gimeta (g, g2); £182).

B uactHocTH, ecau JeficTBHe TpHBHaasHO, H2(G, M) kaaccudu-
HHEpyeT LeHTpaibHHe pacwupenus. Otcioga BHIHO, 4YTO
H%(G, M)=0, ectu G cBoGozHa.

6. Ilycts, kak B m. 1.2.2, G—goHeynasa p-rpynna. [Iycre
[ : F»G — clopbekTHBHHI romomopduam, F-—cBobomHas rpynna,
R—sanpo f. U3 cnexkTpaibHOA NOCHEI0BATENPHOCTH XOXUIHJIbAA—
Ceppa HaxOJA¥M TOUHYI0 IOCJIENOBATEJLHOCTD

0—~HY(G, Z,)—~H!(F, Z,)~H'(R, Z,) ¢~ H2(G, Z,) 0.

Pasmeprocts H!(R, Z,)® MOXHO OTOXJIECTBHTb C MUHHMaJbHHM
YHUCJOM  3JEMEHTOB, HOPOXAAMuX K KaK HODMaJbHEIH
aeautenb B G. Ecam umcso ofpasyiomux F B G coBnagaer, To
HY(R,Z,)¢ wsomopdna H2(G,Zp). Ilostomy  pasmepHOCTH
H2(G,Zp) MOXHO HHTEPIPETHPOBATh KAK MHHHMAaJbHOE YHCJO
COOTHOINEHHA MeXIy MHHHMAJbHOH CcHcTeMO# ofpasyiomux G.

B. [lyctb G —rpynna lanya pacmupedns K moas k (cena-
pabejbHoro wan k). Torma H2(G, K*) —epynna bLpayspa
Br (K/k) — xnaccuduuupyer neHTpalbHHE NPOCTHE KOHEYHOMEp-
Hble aare6pH Hapx moseM k, pacunapatomuecss Han K. Jlwo6as Takas
aiare6pa, Kak H3BecTHo, usomopdpHa M(n,A), rae A — reqo
Hanp k ¢ ueHrpoM k; Kiaacc Tago#i aare6pH  ecTb  Kaacc
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A ¢ TourHOCTBIO 10 m3oMopdmama. UToGH MOCTPOHMTH aiarebpy
no Kouukay a€Z?(G, K*), mocraTouyHo paccMOTpeTh caydyaill KOHed-

HOH (. Torxa HyXKHBIAi Kjacc peaJusyercs aJare6poit g% Kg
&

C yMHOXeHHeM
gh=a(g, k)gh; gb—=(gb)g, g hEG, bEK.
Kommosuuus B H? oTBeuaer TeH3OpHOMY NPOHM3BEIEHHIO ajre6p.

1.3.4. Aare6pbt JIu. a. das moboro g-Moayis M siemeH-
o H?(g, M) knaccuduuupyror pacmmperus aare6p Jlm BuAa

0 M—>E—>g—>0,

rae M—abeseB unean B E TaKoW, uTo aefcreue ¢ Ha M coBnanaer

¢ ucxonuem. [lo xomukny a€Z2(g, M) amreGpa “g cTpomTcs KaK
Mg co ckobkot

[ (my, X)), (mg, X3)] = (Xime—Xomi+a (X1, Xa), [X1, Xa).

[Ipr tpuBmaibHoM meiictBuu H2(g, M) xaaccubuuupyer IleH-
TpajbHBle pacLIHpeHHs.

B nocnenHue roipl  Takue uUeHTpaJbHBIE —pacluupeHus Oec-
KOHEYHOMepHBIX aareSp JIu moapo6HO H3ydanduch B CBA3H
C 3anpocaMH TeOPEeTHYECKOH (PH3UKH. OrpaHuyuMcsl IpH-
MepoM  aazebper Bupacopo: 3To paciunpeHHe aareGpel JIOpaHOB-
CKHX NOJHHOMMAJBHEIX BEKTODHHIX IOoJed Ha npAaMOH c Io-
MOLIbI0 KOLHKJIA :

A

alf &) 55 8O 2| —res( f S
6. Onementsl [2(g, g) wiaccudbmiupyioT uH(PHEHTE3UMABHEE
nedopMaupu g, T. €. Takue anre6psl Jlu g HAM KOJBUOM MyaubHBIX
ancen kle], &2=0, uTo g=g/(sg) u g cBoCoNeH Kak k [e]-MOLYb.

§ 2. NMpenarcrBus, TOPCOPHI, XapaKTEPUCTHYECKHE KJIACCHI

2.1. Ot aokajapHOro X rjao6aJbHOMY. B OueHb MHOLHX CHUTYaIllH-
X KJIacCH KOTOMOJIOTHH NOSABJISIOTCS KaK NPENATCTBHA K PeILIeHHIO
rno6anbHO 3anddH, KOTopasi JIOKAJbHO paspellnMa. JIOKaJbHYIO
PA3pEUMOCTh 4aCTO MOMKHO IIPEJICTABHTh B BHJE YCJOBHS CIOPbEK-
THBHOCTH HEKOTOpPOro MopduaMa IyYKOB F—>76 Ha TONOJOTHIECKOM
npocrpascTBe X: TakOBH 3afaud KyseHa, onucasdble B nm. 1.2.1.
MHoXecTBO JIOKaNbHEIX PelleHHH 3a4aud OTBeuaeT SIAPY 9TOr0 MOD-
dusMma, eciu ¥, 5 — myuku abeleBrHIX TPyIIL.

OGEIYHYI0 TOUHYI0 KOTOMOJOIHYECKYIO NOC/IeJ0BAaTeIbHOCTDb, CBS-
3aHHYIO ¢ TOYHOH TPOHKOM NyykKoB aGeneBux rpynn O—H—G—F6—

’ ' 8
.. HY (X, X)>H (X, 9> H (X, #B)>H(X, X)—> ...
MOXHO HHTEPNPETHPOBAThb CJAEAYIOLHM 06pasom:
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a, HpeHﬂTCTBHeM K NOIBbEMY KJacca Koromoaoruit c6Hi(X, 78)
Ao knacca ¢'6H'(X,¥) ssasiercs Kaacc — KOromoJoruii §(c)é€
EH™ (X, X)) : ¢’ cymecTByerT, ecliH H TOJBKO ecnn 6(c)=0. B yact-
HOCTH, NIOIbeM cyulecTsyer, eciin Hit (X, H) =

6. Ecin npensitcrBue ofpaiaercss p HydIb, TO MHOXKECTBO MOAB-
€MOB ABJIeTCH ONHOPOAHBIM IDOCTpaHCTBOM Hagj rpynnoi H* (X,
H’). B uwactHocTtH, nogbeMm enuHcTBeH, ecan HI(X, X)) =0.

Bo MHOTHX Ki1accHYecKux 3afayax [=0, TO ecTb Hac MHTepecyer
NoAbeM CeYeHHH; ¢ APYrof CTOPOHH, & H 6 MOTryT He OBITb MyYKaMHu
abeseBBIX TPYIMN, H 3Ta NpocTedluasi cxema MNOABEPraercs HEKOTO-
peiM usMeHeHHsAM. Pas6epeM OCHOBHBIE NPHMEDHL.

2.2. Ipono/nKeHnsa oroGpaxeHuii: TOMOJOTHYECKAs CMTyaHMUs.
Ilyery i: Y=Y’ — mapa TomoJIOrHYecKHX NpOCTpaHCTB, f: V=X —
HempepHBHOE OTOOpaxKeHHe, M Hac HHTepecyeT 3ajaya NOCTPOEHHSA
HenpepeBHOro oTo6paxkenusa f':Y —X, coBnanawoluero ¢ f Ha Y.
IMpennonoxum, uro Y — aoxanbHu nedopManuoHHEIH perpakr Y';
TOTJa 32j4aya NOCTPOeHHsi [' paspelinMa JOKAIBHO IO Y; HHBIMH
cJoBaMH, oToOpakeHue NyYKOB MHOMXKeCTB Ha Y/

Map (Y, X)—>i,Map (¥, X)
CIOPBEKTUBHO. MBI He MOXEeM NOCTPOHTb NPENsITCTBHE K HOIBEMY |,
unn [ o (€0(Y, i, Map (Y, X)) mo obpasuy n. 2.1 B obuiem cayuae,
HO Ha KaTeropHH KJETOYHHIX IPOCTPAHCTB HMeeTcs CJelyiollee ee
BHIOH3MEHEHHE.

Nycres ¥V =Y, ;, ¥’ =Y ,—nocienoBaTesbHble OCHOBH KJETOYHOTO
npocrparctea Y. Ilpeamosoxum, uyro sm6o >3, mbo n=2 u
n; (X)—abenesa  rpymma.  IloctpomM mo f kouemb ¢” (f)E
€C* (Y, m,_ (X)): 3Hauenne ¢ (f) Ha KJIeTKe €,CY ecTh rOMOTOIH-

B f
yeckuit Kaacc orobpaxenus S"'—Y — X, rme h—rpaHuia xapak-
TEPUCTHYECKOT'O0 OTOGPAKEHHA €,.

2.23. Teopema. a) ¢»=(f) ecTb KOWHKJI; OH DaBeH HYJIO,
€cJii H TOJIBKO ecyM [ Jomyckaer npomonxeHue f: Y,—X.

6) Iyers f', f/— gBa npomonxenus f; Ttorma c**(f)—
cr i (f7y 6Bt (Y, my (X)), ¥ Bce KOUHK/IB B Kjlacce KOTOMOJIO-
rufl [/ peasu3yoTCA MOAXOASAWHM [/,

CaemcTBue. a) B npexHux o603HAYeHHAX OrpaHudeHHe f Ha
Y,~; mpomosxaercs 1o oToOpaxkeHHS Y,—X, eClM U TOJABKO €CJH
knacc xoromogoruft [cn(f)]6H™ (Y, tn—; (X)) paBeH HYJIIO.

6) MHOXKecTBO TOMOTONHYECKHX  KJ1accoB  OTOOpaxkeHu#
/i Yy 1—>X, copnagawowmwux ¢ f wa Y,_p, 9BASETCA OAHOPOLHBIM
mpocTpasceTBoM Ham Br (Y, n, (X)).

Takum o6pasom, nepexoi K OCTOBAM M TOMOTOIIMYECKHM IPyI-
aM TeXHHUSCKH SKBHBAJIEHTEH <«YaCTHUHOH ajeluMaHH3aUUH» NyU-
KoB orobGpaxkenuii. B n. 2.5 MBl npuBeleM APYroH BapHAaHT, B KaTe-
FOPHH KOMIJIEKCHBIX NPOCTPaHCTB.

Temu sxe cO06parKeHUSIMH MOXKHO YCTaHOBRHTBH CIeAyIOUIHH BaK-
HHIH pesyJLTAT O IPeACTaBHMOCTH (yHKTopa koromoJioruil. [lycte
n— alenesa Tpymnmna.
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224. Teopema a. CyluecTByer Takoe K/IeTOYHOE IPOCTPAHCT-
Bo K(m, n), yto H"(X, n) =[X, K(n, n)] Kax GYHKTOp OT 0OBEKTa
X roMOTOMKYecKOH KaTerOPHH KJETOUHbIX IPOCTPAHCTB.

6. O6bekr K(m, n) 9TOH KaTeropuum ONHOSHAYHO C TOUHOCTHIO
A0 H30MOp¢u3mMa xapakrepusyercs ceolictBamu g (K(m, n)) =0
npu i#n, n, (K(n, n)) =mn.

2.3. Topcopel. Ecau G HEKOMMyTaTHBHAS rpymnna, T0 MOXHO OI-
penennts muoscecrso H' (X, G); ato — HauGosee wacro BCTpeuato-
WHACH B NPHJIOKEHHAX (ParMeHT TeOpHH HEKOMMYTATHBHEIX KOT'O-
modorui. ChopMyaHpyeM OTHOCSIHECS CIOAa KOHCTPYKIIHH.

a. Ilycts G — romosoraueckas rpynna, X — TOTOJOTHYECKOE
npocrpalcerso. Haszosem raaBHeiM  (-paccioeruneM Han X, unu G-
TOpCOpoM, HabOp CACAYIOUHMX NAHHLIX: HeNpepHBHOE OTOOpaKeHUe
n: P—X; wenpepwiBHOe nefictBue GXP—P; (g,p)—-gp, Takoe,
u4To m(p) =m(gp) u NokaibHOo no X oOToGpaxKeHHe ;m H3OMOPPHO
npoekudn GXU—U c nesmimu casuramu: g(h, p)=(gh, p). O6o3-
HauuMm depe3 T (X, G) MHOXKeCTBO KJaccoB G-TOPCOPOB C TOYHOCTBIO
o Hsomopdusma. -

6. Ilycte P — HekoTOpHIH G-TOPCOp ¢ JIOKANbHOW TPUBHAIH3AIH-~
et Hax sjgeMenTamu OTKPHTOro nokpurus X =UU; Ilycts e;: U;—~

i

—~P —o06pas {id}XU; npu BuOpaHHO# TpHBHAJH3alMH. ONpené-
JIEM HenpepriBHOe orobpaxkeHue g;;: U,NU;—>G u3z yciosus e,=
=g;e; Ha U,NU;. OueBujHo, {g;;} YIOBIETBOPAIOT ypaBHEHUAM
HEKOMMYTATUBHO20 KOYUKAQ:

giigii=1, gingrigsi=1.
O6oznauum uepes Z'((U;), G) MHOXKECTBO BCEBO3MOXKHBIX |-KOIHK-
Jop nokputua (U,). ,

[Tpu cMewe TpuBHa/M3aAUMM ;= f,€; KOLUUKI {g;;} 3amensercs Ha
KO020MOA0204HbLIL eMy

g;f == higljh}-l'

OGosnaunM uepes H'((U)), G) dakropmaoxectso Z!'((U;), G) no

3TOMY OTHOIIEHWIO 3KBHBAJEHTHOCTH. Muoxectsa Z'((U;), G) wu

H'((U,), G) oueBupHblM 00pa30oM NpeBpAINAOTCA B HHAYKTUBHYIO

CHCTEMY OTHOCHTeNBbHO H3MesbuyeHns noxperus. [osoxum H! (X, G)=

=lim A*(U,), G): 270 MHOMXECTBO 1-KOTOMOJOrHi MPOCTPAHCTBA
—

X €O 3HAaueHWsMA B TyUKE€ POCTKOB IeNpephBHBIX OTOGpaXKeHwMi
X B Q.

2.3.1. Teopewma. Ecrecrsennoe orobpaxenue T (X, G)—H'(X,
G) sBisiercs Omekuuen.

B pasnuyHEIX TOMOTONHYECKHX KAaTeropHsxX MOXHO J0Ka3aTs,
uro T(X, G), xak ¢YHKTOp OT X, NpeACTaBHM HEKOTOPHIM IIpOCT-
pancteoM BG — xnaccHOUUUPYOIMHEM  NPOCTPAHCTBOM  TPYINIBL
B coegunennrn c TeopeMoii m. 2.3.1 3T0 JaeT HEKOMMYTATHBHBIH
aHajlor TeopeMH o npeicraBEMocTH 1. 2.2.4. Hanpumep:
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G=0 (), BO (n)=limGr (1, R)
N

G=U (n), BU (m=limGr(n, cY)
N

(Cr —rpaccmasoBo MHOrooGpasme JHHEHHBIX IOATNPOCTPAHCTB B
coorBercTeyiomem npocrpanctee) u H!(X, G) =[X, BG] pas KoM-
IaKTHBIX XayclopgoBux npocrpaHcTs X.

2.4. Xapaktepuctuyeckue Kaacchl. [Iycts G-ropcop PEH'(X, G)
orBeuaer orobpaxenuo |:X—BG. VHaynupoBaHHOe oTOOpaXKEHHe
f*. H*(BG)—~H*(X) onpexeseHo OJHO3HAYHO, TO €CTb He 3aBHCHT
oT BHGOpa [ B rOMOTONHYECKOM KJacce, oTBedamem P (B Kadecr-
Be K03 }HUMEHTOB KOTOMOJIOTHE MOXHO B3iTb JnoGyio abejieBy
rpynny, o6eyHo Z wian R, wau C). Jlas kiaccHueckKux rpynn Jlu
¥ B psifie aHAJOTHYHBIX cHTyauui xoabua H* (BG) BHUHCJIEHH fB-
HO H HMEIOT OlpeliesisieMble TeOMETPHUECKH CHCTEMBl 06pasyiolliux
{c:(G), i€l}. Knacch f*c;(G)€H*(X) HaspBalOTCA B 3TOM Clydae
xapaxTepucTuiecKumy Kaaccamu Topcopa P.

2.5. AHanuTHYeCKMe npocTpaHcrBa. J[pyrofi BapuHaHT HHEOJO-
rHH I. 2.2 nojesed B  KOMIIJIEKCHO-AHAJHTHYECKOH TeOMETDPHH.
ITycts Y’ — aHanmTHYecKOe OPOCTPAHCTBO, Y Y’ — 3zaMKHyTOe
aHaJIMTHYECKOe NOANPOCTPAHCTBO, ONpelefeHHOe ITYYKOM HAEaJoB
J=Ovy. Bynem paccmarpuBath cayuad, korga Hocurteanw Y/ H Y
COBNaJawT, TO ecTh J COCTOHT M3 HHJBIOTEHTOB. B sTOoM ciydae
Y’ nasbiBaeTcs HH(QHHHTE3MMAaJbHHIM paciidpeHdeM Y. Kak u B
TONOJIOTHYIECKOM CJIydae, MH MOXKeT IOCTAaBHTh HECKOJbKO 3a1ad
IPOROJIKEHHS :

— npomoJxKeHHe Ha Y’ mop¢usMa aHAJHTHYECKHX HpPOCT-
paHcTB Y—X;

— TNpOROJIXEHHe Ha Y’ okanbHO cBOGOAHOrO myyka & (4aH
G-topcopa, rae G — KOMIUIeRCHas rpynna J1u);

— nponoaxenue Ha (Y’,&’) wnacca xoromodqorui c6HI(Y, &),
rae & — orpaHHvyende &’ Ha Y.

Tlocrenussn 3ajaya pemaercs, Kak B 1. 2.1, ¢ IOMOIBIO TOYUHOHK
I0CJIe [OBaTeIbHOCTH

oo HU(Y, J&)>H(Y, &) >~H (Y, &) >~HH*' (Y, ]&)— ...

ITepBrie aBe 3afiaud IONYCKAIOT aHAJOTHYHYI0 TPAKTOBKY C IIO-
MOIIBIO KOIrOMOJIOTHYECKHX INPENSTCTBHH, eCJH BLINOJHEHHl JBa
YCJIOBHS:

a. JI?=0;
6. TOYHa MOCJEAOBATENBHOCTb MyukoB O y-MOAyJIel
i@!
0~>J—+ QX @ Opr— Q¥ 0.
a‘rl
OrpanuynMcs cleayiomeit GopMyTHPOBKO.
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25.1. Teopema. a. B onucanubix YCIOBHAX JJIS CYLIECTBO-
BaHHA JIOKAJbHO CBOGOAHOrO MPOROJIKEeHHs &’ myuka & Ha Y He-
06XOMMMO ¥ JOCTATOYHO, YTOGBI ofpaianock B HyJb HEKOTOpOe
NpensATCTBHE

o (&)EeH?(Y, End&QJ)

(MBEL ONyCTHIIH SIBHYIO KOHCTPYKIIHIO).

6. Ecin 0 (&) =0, 10 Ha MHOXeCTBe KJACCOB NMPOJOMKEHHH &
TPaH3UTHBHO JedctByer rpynna H!(Y, End &®J). 3ro neiicTBue
30 dEKTHBHO, €CJIH CYLIECTBYeT TaKoe NPOLOJKeHHe &, 4To s060e
ceuenne End & nponosxkeno no ceuenus End &’.

HokasarenpcTBO  ucnmosbsyer  coopwekuuio  GL(n, Oy )~
—+GL (n,0y) u 0OTPe30K TOYHOH TNOCHELOBATENBHOCTH, KOTOPHIi
MOXHO IIOCTPOHThL [HJS HEKOMMYTATHBHBIX KoromoJjoruii, Teopema
o6o0maerca Ha G-TOpCOpBl A/l KOMILIEKCHRIX rpynn JId.

2.6. Knacc Atbu M XapaKTepUCTHUECKHE KNAacChi B KOTOMOJIO-
rusx Xonxa. [Ipumenum Teopemy n. 2.5.1 B caenyioulefl CHTyaLHH:
Y — xommnekcHoe mMHoroo6pasue, Y’ — mepBas OKPeCTHOCTb AHATroO-
Hanu B Y XY. MmeeTcst ecrectBenubiit naomopdusm J=Q'Y. ITycts
&' =p; (&), &'=p; (&), roe p;:Y'—Y HHAYUUPOBAHH [BYMs
npoexuusMu. Tak xak &', &'’ uMeT OXMHAKOBOE OTpaHHYEHHUe
Ha Y, B cuay n. 2.5.1 onpenesed WX PABHOCTHOLL KAGCC KO2OMOAO-

cuu
a(&)€eH! (Y, End £®Q'Y),
HasblBaeMblil Kaaccom ATbu. MOXKHO ONpeNelNuTb YMHOXKEHHE
H? (Y, End& ® Q)X H? (Y, End & ® Q" Y)—~
~H"*' (¥, End & ® Q"*7Y),

a Taxxe OTOGpaxkeHue caela
tr: H?(Y, End &#®QeY)—Hr (Y, Q9Y).
ITonoxkum
ep (&) =tra(&)PEHP (Y, QPY).
DT0 — XapPAKTePUCTHUECKYE KJACCH & CO 3HAYEHMAMH B KOJBIE KOTO-
mosoruit Xomxa © HP (Y, Q).

p’q
§ 3. Uukauyeckue (KO)roMoJOrdu

3.1. lmkauveckue o6beKTbl. HamoOMHEM, YTO CHMIIHIHAJbHBIA
06bexkT Karteropuu C — sto dynkrop A°~C, rae A — KaTeropus
muoxects [n]={0, 1,..., n} ¢ HeyOLBAOMHUMH OTOOPAKEHHSAMHU B
KauecTBE MOP(DHU3MOB.

Cnenys KomHy, BBefeM  aHAJOTHYHO MOHSTHE YUKAUHUECKOZ0
o6sexra kak dymkropa A’—-C, roe  IHKIHYECKas KaTeropus A

HMeeT OOBeKTHl
{n}=xopHU cTeneHH n-1 U3 eXHHHIEH,

51747 6 65



H MOPGH3MEI, OmUCHIBaeMEIe JIOGBIM H3 CJIEAYIOUHX TPEX 35KBHBa-
JERTHHX crocoGoB. OG03HAYUM Uepes kB KOpeHb e h/(ntl) y ppeney
Ha {n} uukawgeckudt mopsaok: 0<1<< ... <n<<0.

Bapuaut 1. Hom({n}, {m})-MHOXeCTBO  IOMOTONHYECKHX
KllaccoB HeIlpepEIBHBHIX IUKJIHYECKH HeyOHBAaIOUuX OTOGpaMeHui
¢: 8>St crenenn 1 (rme S'={z| |z|=1}) Takux, uro p({n})=
<{m} (paccmaTpHBaiOTCs JHIIF TOMOTONHH B Kjiacce TaKHX OTO-
Gpaskennii).

Bapwanrt 2 Onus mopdpusm {n}—{m} — sro napa, cocros-
lag us oroGpaxenusa f={n}—{m} u HaGopa NMOJHEIX INOPSAIAKOB G
Ha Bcex mpoo6pasax f~'(i), i€{m}. Ilpu 3TOM LHKJIHYECKH} NODSH-
A0k Ha {n}, WHAYUMPOBAHHHIH LMKJIHIECKHM NOPSZKOM Ha {m} m
0, I0MKeH cOBHNajaTh C HCXOAHBIM IHMEJIHYECKHM IODAAKOM Ha {n}.
llpasuno xommosumum: (g, t) (f, o) = (gf, 10), rhe i<j B cMbicae
0, eci aubo f(i) <<f(j) B cMmmplcae v, qmm6o f(I)=f(j) u i<<j B
CMBICTE .

3amernM, UTO JUIA CYWECTBOBAHMA  NpH JaHHOM f: {n}—-{m}
X0TS 6mI OJHOTO Habopa INOJHEIX IOPSAKOB G, YIOBIETBODSIOUIEro
ChOpMyIHPOBAHHOMY YCAOBHIO, HEOGXOAUMO U HOCTATOYHO, 4TOGH
[ 60 HEKIHTECKH HeYOBIBAIOWHM: U3 yeaoBHA i< j<k<li B {n}
creayer f(i)<<F () <<F(R)<<F (i) B {m}. KpoMe Toro, ¢ oxuosHaymo
OIpeflenslOTCA O f BO BCeX CAydadx, Korja f He IOCTOSHHOE OTO-
6paxenme. Ecam e f DOCTOSHEO, TO ¢ MOXHO BHOpaTh n--1 cro-
cobom. ‘

Bapuaurt 3. Mopdusmel B A 3a7a0Tcs 00pasyoIInMH

ufn—={n}, oh{nt+1—={n}, v, {n}—{n}
1 COOTHOIIEHHAMH:
050 1=0r0471 nam i< js
i — gt 1 2 T
olot 4_1__0”0{;1 s i< J;
Owill mm i<l j,
H . . .
050nr1=1ld o, mmi=J, j+1,
Ol 1 mma i> j4-1;
0=, i=1,...,m
-1 .
T:no':z‘—"‘o'iz Tnits i=1,...,m
1
’C;z1+ =Id.
CBfish ¢ npefBUIylMluM BAPUAHTOM: O TNPOUYCKAET i3 O ABAMMIH
IpunuMaeT 3Hauenwe iI; T,(f)=j-+ 1. [lopamox mHa mnpoobpasax
Clexyer AOMOJHHTENBHO yK¥3aTh JHMmb Aas o ato 0L 1.

3.2. ABroayaapHocte A. IlocTtaBuM B cooTBercTBHE MODP(UIMY
(f, 0) : {n}—>{m} wmopdusm (f, 6)*=(g. 1) : {m}—~>{n}, rae
g (i) ecTb 0— MHHMMaJIbHHE aaeMeHT B f~!(j), rne j—
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MAaKCHMAaJbHBI] B CMblC/e HHKIHYECKOTO MOPSiAKAa 3JAEMEHT U3
f({n}), Menbmui i.
[TopsioK 1 crienyer ROOMpeenuTs, JHIb KOTLA ¢ NOCTOSHHO, 3TO
NIPOHCXOOHUT B TOYHOCTH, Korjga f MOCTOSAHHO, ¥ T OOpelesdeTrcs
TEeM, UTO 06pas f ecTb T-HAHMEHBIIMH 37eMeHT B {n}).

3.2.2. Jlemm a. Orobpaxenune {n}—{n}°, (f,6)~ (f,0)*® ectb
QYHKTOP, omnpeneadioluii H3OMOpbu3M KaTeropufi A—-A.

3.3 Hukamyeckuit kommiekc. ITycte Temeps E — MuK/IMUeCKuU
o0bexT alenesoft xarveropun: E —(E,, d7, s7, ,), TIe MOPDHU3MEEL
d, s, t npoucxogar us 9, ¢, . IToa0muM

n
dﬂ:Eo(_l)i d%E,~FE

n—1

A= P (= d:E,~Eqy;

=0
t=(—1)yt,E,~E; N:Z £
i=0

O6osuaunm uwepes E. xommiexc (E,, d*) ¥ pacCMOTDPHM KOMILIEKC
(Enl(1—1%)E,, d*mod(l-—1%)). KoppexktHocTh ompenenenus Cie-
ayer w3 rtoro, uto d(1—%)=(1—7£)d’. Ecm ympoxeHue Ha n+41

ABAAeTCA usomopdusmom E, njaa Bcex n, NOJOXMM, Kak B Ta. 1,
m. 2.11

HM(E)=HC.(E)=H.(E|(1—%) E).

B obmem cayygae oGosHauum uyepes C.E KOMIUIEKC, &CCOLHHPO-
BAHHBEIH C OHKOMIIJIEKCOM

- .
-
.

di —d'i d},
E2-41:t——E2<-AL E21<:'t. .o

al g~ 4
E~—E, &L EXZ...
VoY 4,

E0'<—""'—'E0<— Eo*" P

u nonoxum HC, (E)=H (C.E). B ycnosusx mpeapigymero absaua
CTPOKH 3TOrO GUKOMIJIEKCA TOYHHE BO BCEX YIeHAX, KpOMe KpadHero
¥ HOBOE Ompeje/eHue CBOLUTCHA K HPeibLylleMy.

Kouuxugecknft o6bexT ompenensercs xax ¢yuxrop E:A—8.
[Tpearinyiiye KOHCTPYKIUA TNPHUBOAAT K OUKOMILIEKCY C (bopmanb.ao'
OGpAllleHHLIMA CTPEJKAMH, AacCOUMMpOBaHHOMY xommaexkcy C E
¥ LEKJIH9ecKuM KoroMosoruam HC™ (E).
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3.4. UukavuecKke KOFOMOJIOIMM KaK MNPOHM3BOAHBIH  (yHKTOP.
Ilycte @ — kateropusi aGeseBHIX IPYNI HJIH MOAYJeH Hal KOMMY-
TaTHBHRIM KoJablioM k. Torma B Hel eCTb TakKOH  o00bexT 1, 4TO
Hom(1, A)=A nas Bcex A€Ob®. Hmenno: E=s£b, 1=Z, &=
=k-mod, 1==k.

Bysem paccMaTpHBaTh KaTeropH0 A% KOLHMKIWYECKHX OGBeK-
TOB & Kak abenesy kareroputo. O6osnauum uyepes Al oGbekT AF,
BCe KOMIIOHEHTH KOTOpOro cyTh 1,a BC€ MOPOH3MHI TOXJECTBEHHH.

34.1. Teopema. [uas moboro o6bekra EEAF umeem:

HC*(E)=Exthg (Al, E).

Ha6pocox poxasarenbcrBa. O6osmauum uyepes L;,€0b% mnpsamywo
cyMMy OGBEKTOB 1, IPOHYMEPOBAHHBIX MHOXKECTBOM Hom, ({i},
{#}). TIpu ¢HKCHPOBaHHOM i MBI MOXeM paccMaTpuBaTh L; ¢ KOM-
nodenTaMu L; Kak o6bekT u3 A%: mopdusmy 1 : {k}—{l} orBeyaer
oro6paxkenne Hom,({i}, {k})~Homa({i}, {{}) Ha uugekcax mps-
MBIX chaaraemMeix Lg, Ha caMHX NPSMBIX cjaraemMelx 1 oHo Gyzer
TOXKJ€CTBEHHBIM. A

Amnasoruyno, mopdusmy ¢ : {{}~{j} B A orBeuaer oTo6paxKeHHe
L(g) : L~L; xouukauyeckux o0bexToB, 6sarojaps 4YeMy Mbl MO-
KEeM NOCTPOHUTHL ABOHHON KOMIOJEKC

s @ e @ » e s * s s e a e o o

L)), ~L(d")|,  L(d)

L(1—t) L(N)
L1-<— 1 <————L0<— oo
L{d —L{d’ L{d
¢ )¢ L(I-—t() )¢ L(!\E))i
0+ 0 4————L0<— PPN

Komrsiexe, acCONMHMPOBAHHBI C 3TUM OHUKOMILIEKCOM, €CTh pe30Jb”
BenTa o6bexTd Al B xateropud A¥. TIoCKOMBKY p#Jsi MOGOTO KO-
Hukauyeckoro o6bekra E uveeM Homag (L;, £E)=FE;, 312 pesom-
BEHT4 COCTOUT M3 NPOEKTUBHLIX OGHLEKTOB.

Brrancass Extiw(AI,E) C ee TOMOMHIBIO, MBI IPHXOIHM K
KOMIIJIEKCY, ~ KOTOMOJIOTHH  KOTODOrO, IO  OUpELEeJEeHHIO, CYTh
HCr(E).

3.4.2. 3amevanus. a. Teopemy m. 3.4.]1 MOXKHO mepeHecTH Ha
cayya#i abcTpakTHOH abeneBofl KaTeropHH, B KOTOPOI CYUIECTBYIOT
BHyTpeHHHe Hom auarpamMm u o6mekr 1.

6. Jma nuxanueckux romosorufl B k-mod HMeeTcst H30MOPGH3M
HC,(E)="Tor;"*"}(A1, E). 3nech £ [A’]—ONyKOBIO, MOPOKAEH-
Hoe mopdusmamu A max k£, a Al u E—MOZy/JM HAX 3TAM MNOJy-
KOJIbLIOM, COOTBETCTBEHHO, NPABH U JEBHIH.

3.5. Cpasp ¢ romonorusiMu Xoxmmabna. [lycte A—uexoro-
paa k-aire6pa, QCk. [MocTpouM WUK/AMUECKUH OGBEKT A° C i-fi KOM-

nonenrolr A®+D 4 vopdusmamn
dH4®. .- 00,) =4®...82:0118 - -.Q4, 0<iLn,
dl (@8- .. Q) =0nQR0 Q. » - QCp_1,
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SIHA® ... ®8)=q®...00,0190:,10. . . ©2
£2(@® -+ - 821 =0,0%8 . . . @,
Kpaituuii cronber;,  acCOUMMPOBAHHOTO ¢ HUM GHKOMILIEKCA (cm.
n. 6.3) —sr0  Kommaekc Xoxmuabia C. (4, A) (ecm. ra. i,
n. 2.10). O6osnauuM Bech GukoMmmnJexc uepes L, MOp(H3M CHBHra
Ha JIB€ €JHHHLB!I BIPaBO — uepe3 S; GHKOMNJEKC, COCTOSIIUHMHA H3

NepBLIX ABYX CTOJIOUOB L M Hysell Ha  OCTaJbHBIX MeECTax — ye-
pe3 K. Umeercsa TouHaa nocnenosaTesbHOCTD

0—K—L—L/K—0

N
u usomopdusmel H.(AK)=FH.(A, A), L~ L/K. Tlepexoas K KOMI-
JIeKCaM, TOJy4aeM CHefylOUiuii pesysbTart.
3.5.1. Teopewma. Imeercs Tounas moc/eOBaTENBHOCTD:

S ]
v H (A, A~ HC,(A)~HC, s(A)~H, (A A~ ... &
Mu numem HC,(A) Bmecto HC,(A®) B cooTBeTCTBHH C 060-
3HaYeHHsaMH B ri. 1, m. 2.10.
[as UUKJIHYECKHX KOTOMOJIOTHH aHAJOTHYHO MOJIyd4aercsi TOY-
Hasl MOCAeJ0BaTEeNbHOCTD
co.—>H" (A, A*)—>HC 1 (A)—>HCn+1 (A)—>Hn* (A, A*)— ...

3.6. OTHOCHMTeNbHbIe LUKJANYECKHe romonoruu aare6p. Ilycte
k— nose xapakrepHcTHkH Hyab. Hasosem Jugeperyuarvrod
2padyupo8annoll areebpoil (I.r.a.) k-aarebpy R=©R, ¢ R,RnC

nRZ

CRmin 1 ¢ auddepernuanom 0 : Rp—>Rn—, 0"=0, yIOBJIETBOPSIO-
wuM ToxaecTBy Jleii6uuna O(rs)=0r-s+ (—1)%**r-ds. Mopdus-
MB I, T. a.— 3TO R-rOMOMOp(H3MBI HYJEBO# CTENeHH, KOMMYTH-
pywolue ¢ 0.

I. r. a. R nasniBaetrcs c80600HOU, ectH OHA H30MOp(DHA TeH-
30pHOI aJsre6pe rpaayHpOBaHHOro k-mpoctpaHcTBa (o AudbepeH-
LMaje HHYEro He mnpennonaraercs). bosee o6uro, mycTs R;—>Rp; —
MOPGHU3M 1. T. a.; €CJH OH H30MOP(EeH KAHOHHYECKOMY MOP(PHU3MY
R\—~R,*S, rae S cBo6ojiHa, a * O3HayaeT aMajblaMHDPOBaHHE, TO
R, naswiBaercs cBob6onHON Han R;.

KaTeropus acCOUHATHBHBIX R-aare6p BKJIaJALIBaeTCHs B KaTero-
pHIO 1. I. a., COCpenoToueHHbIx B crenenu 0 ¢ d=0.

[lycts f: A—~B — romomopdusm  k-anre6p. Pesoabsentoit B
Haj A HasbiBaeTcd KOMMYTaTHBHas A¥arpaMMma BHAA

/'i ,
14

rge R — cpobonuas Hag A n. r. a., a m— CIODBEKUHd A. I. a., AB-
Jgionlasica xpasuuaomopduamMoM. PesosbBeHTa CyLIeCTBYET MJI%E
Jqio6oro MopdusMa.

A
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PaccMoTpuM pesoabBeHTY R Kak KOMILIEKC. B cuny Gopmydssl
Jle#t6uuua [R, R]+i(A) sBnsercs nmoapkommaekcoMm (sgeck [R, R} —
JHHeliHas o6osouKa CyIIePKOMMYTATODPOB {r, s]=rs—
 (—1)egr degsgr), TToNOKHM

HCy(A—>B)=H,.1(R/([R, RI+i(4))).

3.6.1. Teopema. a. OnHcaHHasT KOHCTPYKUHS He 3aBHCHT
OT BHIGOpa pe30JbBEHTH U ONpeleliieT KOBapHAHTHHE  (QyHKTOD
Ha KaTeropuu mopdusmor A-aredp.

6. Oas mo60ro KOMMYTaTHBHOINO TPEYroJbHHKA MOp(HU3MOB
A-anre6p.

o
~~c

i'IMeeTCH eCTECTBEHHAas TouHad NOocJAedOoBaTeNbHOCTD
—-HC, (A->B)—>HC, (A—~C)—~HC, (B~
->C)—>HCp (A—>B)—. ..

B. lVmeercsa  kamomuveckuit  usomopdusm  HC,(A—0)=
=HC,(A.) &
~ 3.7. Cpasp ¢ koromoxorusimu ge Pama. Tlycrs k-—mose Xa-
paxTepuctyxku 0, A —KOHEUHO NOPOXIEHHAS KOMMYTATHMBHasd kZ-aj-
redpa. A-moayas aubpdepeHnuanos QA (rounee, Q'A/E) ompene-
JIFIRTCA BMeCTe ¢ k-uHeHHbM oToOpaxxenuem d:A—Q'A, yaosier-
BODAIOLIMAM TOXIECTBY JlefiGAuua, KAk YHHBEPCANbHBE OOBLEKT.
AureGpanueckuft xommsieke ne Pava QA ects Ay (Q4); 4 mpo-
AOJ/KaeTCa HAa QA ¢ mOMOIBIO OGBLIMHBIX TOXIEeCTB.

B cayuae, xorna k=C, A — KOJbIO NOJHHOMHAABHLIX GHYHK-
UHjE Ha Heoco6om adduHHOM ajrebGpanueckoM MHorooGpasuu V,
KoroMoJiorud QA MoxHo otoxnectBHTs ¢ H*(V,C). B obuewm
caydae 5TO HeBepHO, M sl pexoHcTpykumu H*(V, C) anreGpauye-
CKHMH CPEICTBAMH clelyeT NpUBJeYh KOMIIeKe Ae Pama o6bem-
Jiouiero agpGuHHOrO NPoCcTpaHCTBa.

Touynee, nycte B-— anre6pa MHOrouwseHos Hax k, B—A—
clopbekuus, | — ee f4po, TO ecTb HAeas ypasHeHui V kax non-
cxembl B SpecB. Pacmorpum na QB ¢HIbTPALMIO CJIeAYIOIIHME
TIOJKOMIIIEKCAMH:

QB npu n< J,

Fr’B ={1"-fssz npu n> J.
Tlonoxum

: ; Hes (A; n)=H' (Q B/F""Q’'B).
Tlpu cMenc B 3TH rpymmsl HE MEHSIOTCH. |
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[porenauk noxasan, uro H (thB/F’”‘lQ B)  wsomopdHml

H' (Spec A, C). [Oas BbuKCHEHUA HC (A) ByxHB [OIpe feNbHbe
TpyIIIBL

3.7.1. Teopewma. a. Hus Bcex n, i, 0<2i<n onpesaesenst
dyHKTOpHAMBHEE OTOGPaXKEHHA

%, t HC , (A)— Hend! (A; n—1i)

TaKyue, 4TO CIACAyIONIHE KBaleam KOMMY TATHBHRBL
HC, (A)-—»Hchsz‘ (A; n—1i)
l, Xn—9,i-1 \Lpenyxul»m
HC, 2 (4)

—~H" % (A; n—1—1)
{S onpenenero B 1. 3.5).

cris
6. IlpenmonoxkuM, 4TO CyHIIecTByer Takas cROpBeknus B—A,
4TO MMeas ypaBHeHH# [ JNOKambHO 3ajaercs peryJspHoi MOCIeno-
BaTeapHOCThIO. Torma
n——?z
%, HC, (A)~> EB Hes™” (A n—1i)

02

geJjsetca usomopdusmom. M

3.7.2. Cayvaii neocoboro cnekrpa. Ecam V=Spec A — npuse-
JleHHAs TJ1ajKas cXeMa, TO

noa s |HYQA)=Hpr(V) mpu n< m,
Heris (A )#{Q"Aldﬂ”"}l npu n=rm.
Tloaromy

HC, (A)=Q"A/dQAS (8, HBERE (V)

3.8. T'oMoxoruu aareopol Jlm GeckoHeumsix MaTpuu. Has npo-
¥SBOJLHOW asrebpsl Jlu g Ham noaeM k& NPOCTPZHCTBO T'OMOJIOTHH
H.(g, k) obrajaer koyMHoxceHueM A:H. (g, k)— H. (8, R)®H. (g, k).
OHO UHIyLVPOBAHO KOYMHOMKEHUeM B nensix A (g)— A (g)®A (g): Ha
l-nemsx nocaepmee 3amaerca ¢Qopmyaolt E—1®F-E®1 u 3aTeM
OZHO3HAYHO NPOJOJIKAeTcs Lo romomopdusma k-anrebp. 1o Xo-
YMHOXeHHe KOACCOLHATHBHO H CYNEDKOMMYTATHBHO OTHOCHTEJBHO
€CcTecTBeHHOH Zo-rpalyHpOBKH. '

PaccMoTpiM Teneph accOUHATHBHyH aare6py A u 0603HauuMm
uepes gl(A) amre6py Jiu GeckoHeuHBIX (QHHHTHBRIX MaTpHL Hajx A
BHIa (ai;); i, j =21. Ha gl(A) umeercs omepaunust OpsMoro cyMMH-
POBaHHS:

Qip2, 19, CCTH i, j=0mod?2,

(@B =(ciy)s Cij={ba+y2,u+1)e BCM L, j=1mod2,
0 B OCTambHEX CJy4asiX.
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Ona uHzayuupyetr Ha H.(g, k) CymepKOMMyT4THUBHOE acCOLMATHBHOE
yMHOXEHHe, COBMECTHMOE C OMHCAHHBIM BHiIE KOYMHOXEHWEM B TOM
cMeicaie, uto /1. (g, k) npespamaerca B aaredpy Xomnda.

Hanomuum, uro anemeHt x€H.(g,2) HasblBaeTca NPUMUTUS-
HoiM, ecad A (x) =x® 14 1&x.

[lanee xapakTepHCTHKA £ paBHa HYJIO.

3.8.1. Teopewma. I'panynpoBannas aare6pa Xonda c cymep-
KOMMYTAaTHBHHM YMHOXEHHEM H KOYMHOXKEHHEeM H30MOD(HA CHM-
MeTpHYecKo#l anre6pe NpOCTPAHCTBA CBOHX NPHUMHTHBHBIX 3JEMeH-

TOB.
3.8.2. Teopema. Ilyers Prim H,(gl(4), &) — npocrpancTso
NPHMHUTHBHEIX 5JeMeHTOB CTeleHH n. Vmeercs KaHOHHUYECKHH H30-
mMopdH3IM
HC,; (A)=Prim H, (gl (4), k). _ N
Anasornudo, H 'gl(A),k) cHaGxaercs CTPYKTypoHl anreGpH
Xonda, nu gns Heé cHpaBelJHB JIBOHCTBEHHBIH (axT.
3.8.3. Teopema. Mmeercas KaHOHHUeCKHH H3OMOPPUIM
HC™ 1 (A)=Prim H" (gl (A), k). [

384. Ha6pocok mokKasaTeabcTBa TeopeMb 3.8.1.
HokasareascTBo pasbuBaeTcsl Ha TPH LIara.

a. Tomosorum nemmoro wommarekca C.(gl(n, A), 2) cosmagaior
C roMOJIOTHAMH KOMILIekca koumsapuantos C, (gl (z, A), k) orHOCH-
TeJLHO TIPHCOenuHeHHoro medcTBus gl (n, k), NOCKOJbKY mnOCTenHee
TPHBHAILHO HAa IOMOJIOTHAX, a nefictBue gl(n, ) Ha uenm BnosHe
NPHBOIUMO.

6. Beumcaenue C, (gl(r, A), £) MOXHO TPOBECTH C NOMOUIBIO
Kaaccuyeckolt Teopemsl I'. Befind. OrpasuumBasiCk IIPUMHTHBHBIMI
anemenTamu Prim C_ (gl (n, A), k), Mbl MOXEM De3IOMHUPOBATL OTBET
caenyonuM ofpasoM. PaccMorpum oTo6paxenue

(%;A)/ Im(1—#)-C.(gl(n, 4), n>m,

nepesofsinee xnace r® ... ®r, B raace Eyory AEsre/\ ... AEmifm-
OHO KOppeKTHO OlpeJeeHo M HHAYLHPYeT H30MOp(H3M

(@?A) / Im (1 —£) 5 Prim C_ (gl (1, A)).

B. OnpeneneHHsl Bhille H3OMOPGH3M KOMMYTHpYeT ¢ AHbde-
peHUHaNaM¥; B YaCTHOCTH, AUPdepeHnna IepeBOJHT NPHMHTHUB-
Hble 3JIeMEeHTH B IPHMUTHBHHE.

r. ITpavuTuBHBE Kaacce romosoruit B . (gl (4), &) npexcrasienst
npuMHTHBEEIME 1HKIaMu u3 C. (gl (72, A) 119 TOAXOASILEX 7.

3.9. JXunanpasbHble romojorud. AHajor TeopeMsl n. 3.8.2 MOXK-

HO YCTAHOBHTb AJ51 CTAOHJBHBIX ODTOrOHAJBHHIX H CHMILJEKTHUe-
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ckux anre6p Jlu, ecin 3aMEHHTb UHKJIHYECKHe TOMOJOTHH Ha [H3-
JpaJbeEele, Mpl OrpaHHypMcA MHHEMYMOM HeOOXOAHMBIX TNOHATHH.
a. [lyctb A—k-anre6pa ¢ HHBOJMIOLHEH a—a*:
a**=a; (ha)*=Aa* nmna A€k, a€A;
(ab)*=b*a*;, (a+b)*=a*40b*.
PacnpocTpanum ee AeiicTBHe Ha TeH30pHylo ajre6py A, mouaaras
h(a,® ...8a)=(—1)""0lre | 9a4i®a.

Hetictue £ 1 £ Ha ®"A nmopoxpaeT rpynny ausapa, f-WHBApHaHT-
HAsl ¥aCTh LPKJIMYECKOTO KoMmmiekca C*(A) o6padyeT MNOIKOMIIEKC,
FOMOJIOTHM KOTOpOro oGosHauatcs H D, (A).

3.10. OprorosanbHble M CHMIIeKTHYeckue aaredpw Jiu. Ilycth
¢=-+1, {— TpaHCIOHHpDOBaHHE, * — IOYJEHHOe NPHMEHEHHe HHBO-
Jioupy K Marpuiam Hax A. MeBomonus Ha gl(2n, A), onpeneneH-
Hast B TOYHOH 3amucH GopMyJoh

XYY _ [U™ e
Z U = 8Z).‘=l= Xt* ]

yaoBaersopsier toxAectBy {B, C]T=—[BT, CT]. Iloatomy
0.(n, A)y={Bégl(2n, A)|BT4+B=0}

asiaserca nogaarebpor Jlu. Ilepexonss x npeaeny mnpH n—»oo, Io-
aydaem crabuiabHble anare6ps Jlu O, (A4).
3.10.1. Teopewma. ImeloTcs KaHOHHYECKHE H30MOD PUIMEBL

HD,,_, (A)=Prim H, (0.(A)).

§ 4. HexkommyraruBHas auddepeHunanbHas reoMeTpHus

4.1, Oukan, Ilycrp X —KOMIAaKTHOE OpPHEHTHPOBaHHOe Aud-
(depeHUrpyeMoOe n-MepDHOe MHoroo6pasue, Q°(X) — ero XoMmJjeKc
e Pama, J: Qn—R — nuneliHblii oneparop uHTErpupoBaHus Gopm
obbema. Aare6panyeckne cBOJiCTBa Tpoiku (Q, d, ) xoaupywooT
3HAYHTENBHYIO YacTh TOMOJOTHYecKHx cBoHcTB X; ecau BI0OABOK
paccMaTpHBaTh €e (PYHKTODHAJbHBIE CBOMCTBA, MOXKHO IOJYYHTH
elme GoJblie HHGOPMALHH O TOMOJOTHH U TEOMETPHH.

A. KoHH HpeRJOXHJ paccMaTPHBaTh HEKOMMYTATHBHYIO Bep-
cuio (Qy d, I) kak 6a3ucHOe NOHSATHE «HEKOMMYTAaTHBHOK Mudbde-
peHLHaNbHON TeoMeTpHH» U OOHADYXKHJ BaXKHYIO POJb LUKJIHYe-
CKHX (KO)TrOMOJIOTHii B 3TOi TeopHH. HuKe u3J0XKeHa YacTe ero
PesyJIbTaToB.

4.1.1. Ounpepnenenue. n-MepHuM YUKAOM  HA3BIBACTCH

n
Tpoiika (2, d, [), rue £2=i§09f —rpanyuposansas C-aareGpa, d—ee
rpanyupoBannoe  aubdepenuupoBanne crenemn 1 ¢ d?=0
) :Q"—>C—mmuefiHpft GYHKHUOHAA CO CBOHCTBAMH
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Xdo)=0 (0€Q™),
5‘ o© =(_ l)degco-degm' 5' o'®

{T0 ecTb 3aMKHYTHIH I'PaiyHpOBaHHBIY (YHKIHOHAJ c/eia).
4.1.2. Mpumepsl. a. IMycts A — moGas C-anrepa, tr: A—>C—
nuHeHHbE QyHKmuoHan ¢ tr([a, b]) =0. IMonoxum Q0=A, Qi=
={0} npu i =1, d=0, J=tr. [Tonyunm O-MepHBI} LHKI.
6. IMycts X —n-MepHOe xoMmakTHOe puddepeHuupyeMoe MHO-
rooGpasue, C — g-MepHbI 3aMKHyTHE MOTOK HAa X, ¢<#. [10J0XHM

Q= _51_909‘ (X), §m= (C,0)Y naa o6Q4. TTomyuuM g-MepHBIA MK,

B. Ecin (R, d, J) —uuka, 1o (Q, d, —[) HasuBaercs LHK-
JI0M ¢ TPOTHBOMOJOXKHOH  opueHrauuefl. OueBHAHbIM 0Opasom
omnpenessieTcd NpsAMas cyMMa LIHKJIOB.

CrenyoILHi TNpHMED IIOKA3hIBAET BO3HMKHOBEHHE LHKJOB B
(GYHKUHOHAJBHOM aHaJHu3e.

4.2, ®pearonsmoBs Moaynau. Ilycrs H — cemapabeapHoe THIIb-
6GeproBo TpocrpaHcTBO, &£ (H) — aare6pa OrpaHMYeHHHIX OIEPATO-
po, L=(H)—upmean KOMIAakTHBX onepatopoB. IIycts wn(T)
(znaT€F=(H)) — n-e cuuryaspHoe umcio I (10 ectb n-e cob-
crBeHHoe 3Hayenue |T|=(T*T)Y2). Ilonoxmm pas 1<<p<<Coo

7 (H)= {resz’f"’ (H) | D (TP < oo }

10 — nBycTOpOHHHe mAeanw B £ (H), HasbBaemble wudeasamu
UlarTera. DKBHBAJEHTHOE ONpeeseHHE:

Zr(H)={TeZ (H)|Trace|T|? <<oo},

rae Trace T=3(TE,, End, {En}—oOproHOpMHpOBaHELH O6asuc H.
Mu GyzeMm paccmaTpHBaTh Ha ZP(H) TONONCrHIO, OIpelelieMysO
HOpMOH [IT{lp= (Spn (T)?) V2.

421.Onpenenenue. Ilycts A — HekoTopas C-anreGpa (He
00653aTeNbHO KOMMYTATHBHAS). N-CYMMUPYEMbIM (pped2osbmossoim
A-modyrem HasviBaercss  Zy-rpanydpOBaHHHE JeBnin A-MOAyIB
H=H®H, ¢ neuerusim C-auHelinsim orobpaxenunem F:H—H,
VIOBJIETBOPSIOIIHH YCIOBHAM:

a) H spnsercsi ruibGepTOBHIM IHIPOCTPAHCTBOM, H ONEpaTophl
YMHOXeHUS Ha 3JeMeHTH A OTpaHHYeHHl;

af

6) F orpanmyes, F?=1 u [F, a]=Fa—aFE6Z&"(H) nna scex
aCA. & _

4.3. Huku, cessauHbii ¢ ¢pearoabmMosbiM Moayaem. Ilycthb
‘H — n-cymmupyeMblit A-monynsb. Tlonoxum Q0=A, Qi¢—s3amkiuyras’
JiuHeliHass oBonouyka B £L"/4(H) oneparopo (a’4A-1)[F, a'] [F,
a?]...[F, ad¢], vae ai€A, A6C. Omnpeneaum d:Q°'—Q! dopmyno
da=i[F, a]. MoxHo npoBepHuTb, uto d OQHA3HAYHO NPOACIKAETCS
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Jo TpalyHpoBaHHOTo HenpepuiBHoro Add¢epeHunana Ha Q—@Q?

j.__
(c YMHOXeHHeM QIXQr—>Qith zanapaeMbiM KOMIO3HIHEH omepa-
Topog) 3T0 IPOJOJKEHHe sajaercss Toii XKe  opMyJoH
do=Ii[F, ®). Hakorel, 111 o€Q" nosoxum

Jo=(—1)%e°Traceaw.

KoHceTpykuus sToro mpumepa jponyckaer ciefyioliuii aberpak-
THO-aJre6panyecKuii BapHAHT.

4.4.YnuBepcanbHas anre6pa muddepeHIHaIbHBIX LbopM IlycTe
A —npowussosbaas accouuaTtusHas C-aare6pa, ¢ eaunuuei wim Ges.
PaccmoTpum  xarteropumio  romomopdusmoB kosen  f: A—Q% rpe
Q= ® Ql d)—rpagyupoBannas darebpa ¢ nuddepeHunanom ¥ eIUHU-

L HeH, d2~0 Mut #e npednoaceaem, uto [ TEPEBOXHT eNHHHLY B A
(ecnu ona ectb) B eqHHHIY H3 QO

B kareropuu TakHx roMoMopQu3MOB e€cTb  YHHBEDPCAJbHBHIH
(wayaabHbl) obvexT Q°(A). Bor ero mpAmas KOHCTPYKUHS.

a. QO=A=A®Cl — pesyasrar npucoeluHenns 1 x A.

6. Qr=A®A®» (TensopHsle npousBeneHus Hax C).
B. d((a° A1) Ral® ... ®an) =1Qa'Qa'® ... Qa"; B 4aCTHOCTH,
da=1Qa ansa a€A.

r. YmHoxeHnne QmRQ"—Qm™ OXHO3HAUHO OIpeAensercd yCJao-
BreM, 4ToOb BHINOJHA/ACH (opmysa JlefiGyuna (1 JieBOe yMHOXeHue

HAa QU=A Gu0 OObMHEM). [lpuvep: a%=al+ Al, b= p04-ul,
(@0 ® o) (B0 ® bY) = (2%dat) (B°dbY) =a° (da'd?) db' =
=00 [d (216Y) — @'db%| db' =aPd (a'8%) db' — (a%a) dbodb' —
= ® a0 ® b'—a%! ® 9 ® b,
Q6w as ¢opmyaa AJst NpaBoro melcTsus A:

n
@®ade... ®a")b=2 (—=D+ia®®...® d/a/ ®...®b.

4.5. HPIKJII:I (Q<? (A), d 5) HyCTb o) (A)——am‘e6pa OCTPOeH-

1

Hast B 1. 4.4. [Nosoxum Q<7 (A)= ® Qf (A). Ecom sanan swumefmei}
pynxumonan |:Q7(A)—C, npespama}om,nﬁ Q<7(A) B umkJa, omnpe-
aemm 1: A®Y A* gopmynosr

T (@' ®...0a9) (2% = [a’dat...dal.

4.5.1. Teopewm a. Onucansas KOHCprKImﬂ onpenemeT 6uek-
UHIO MeXJy 3aMKHYTBIMH TPafyMPOBAHHbHIMH ClIeIaMH Ha Qa(4)
M LHKIHYeCKHMH ¢-KOUHKJIaMd (cM. DL 1, ms 2. 11)  anre6pm A.
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Bosee ofmo, §-yuxsom Hajp anrebpoir A HasbiBaercs mNapa,
COCTOAILAsl M3 LHKJA (9 d, f) u romomopousma p: A—>QO. CDyHK—
UHOHAJI T, ONDeAeNeHHBIH q)opmynon

T (@, ... @)=Jp @) d (p@))...d @),

HaspiBaeTca xapakTepoM 3Toro umkaa. M3 yHuBepca/sibHOTO
csofictea Q°(A) caexyer, yro Jaw000H XxapakTep T HHAYLUHPOBAH
UHKIHYECKHM KOUHKJIOM.

Onunem HEKOMMYTaTHBHble BEPCHH ABYX nuddepennmaJbHO-
FeOMEeTPHYECKUX NOHATHH: KoGopIu3M4a U CBSSHOCTH.

4.6. KoGopamam. (n—+1)-yensio HasmBaercs Tpoiika (Q,dQ,[),
B KOTODOH:

n+1 »
a Q= & Qf, 0Q%= @ (0Q)' — nuddeperyaibHbe IpanydpoOBaH~-
i=0 i=0

HBle aiare6psl, CBA3aHHbIE CIOPBEKTHBHHIM MOPGHHM3MOM 7:Q-—> 0Q CTe-
nenu O.

6. E:Q"“—> C—cne1, yIOBJIETBOPAIOWIME YCIOBHIO
5 do=0, ecm r(0)=0.

T'panuyeii >TOR LeNHM HASHBACTCT N-LUKJI (09, d, S'), rae

f’m’=5‘dm, ecan 1 (0)=a’.

4.6.1. Onpenenenve. Lluxsel Q/, Q7 HasuBaOTCE KOGOPOQHM~
Hblxl, €CMd CyulecTByeT lenb C rpasuueft Q'@©Q7, rpe Q" — K
Q" ¢ o6pauierHONA OpHeHTAnKeH.

Ananoruuno onpejesnsieTcs KOGOPHAHTHOCTL LHKJIOB Hak
anrebpofi A: uenb ¥ Bce TOMOMOPGH3MHB JOJKHEL paccMaTpH-
BaThes Hapm A.

4.6.2. Jlemwm a. OTHOWeHHe KOGOPIAHTHOCTH €CTb OTHOLIEHHe
3KBHBAJIEHTHOCTH.

463. Teopema. Ilyere Q/, Q”— Ba n-mmkaa wang A, v/,
©” —nx xapakrepH.  [Iycte B:H"*'(A,A*)->HC"(A) — mop-
¢usM, onucauami B 1. 3.5. Tozda Q, Q" kOGOpAAHTHH, ecJaH H
TOJIBKO eCcdM pAa3HOCTh KJIAcCOB LHKJIHYECKHX KOTOMOJIOIHH HX
Xapakrepos JeKHT B ImB.

4.7. CBa3HOCTH. IlycTh p: A—> Q—HeKOTOPHH wuKa Han A, E —
DPOEKTHBHH{ NpAaBHl A-MOAy.jb koHeuHoro pamra. CBA3HOCTRIO H&
E nasmBaercs C-mmefinoe otobpaxenue VV:E —F ?Q‘ CO CBO#CT-

BOM
Viea)y=(Ve) a+-a®d (p(a)), e€E, a€A.
Byzem npepmonarare, uto A—asre6pa ¢ eguHuIed.
Tonoxum E = E®Q PacnpoctpammM YV ma E  dopmyaodt
V(e®w)=(Ve) m+e®dw. Pacevorpum rpagyuposaduy Enda (E)-
are6py Endg (E). Tonoxmm nna TE6Endg (E)
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§ (T) =T —(—1)¢ET Ty,

Ompenemum  dysxiposan crema ua Endg(E)® xak KOMGHHAIMIO
~Y:Qf‘»C M MATPHUHOTO Cleza. Tpoiika (Endg (E), 9, j) He HBJSA-

erca Endg (E)-uuxiom mo epunctsennof npuumme: 82=40. Tounee,

V? Ha E ecTb yMHOXEHHE HA HEKOMMYTATHBHYIO (DOPMY KPHBU3HHL
6, U MOXHO IPOBEPUTH, YTO

8T =oT —Ta

nas Bcex TEEndg (E).
Crenyromas KOHCTPYKIUS AKCHOMATH3UDYeT 3Ty CATYal|io |
TIO3BOJIAET HCIPABUTH OMMUCAHHYIO TPOMKY, NPEBPATHB €€ B LUKIL

TiycTh (E 8, 0, 51 )—-OG'BGKT, COCTOSUIMH M3 TPAaLyHpOBAHHON
n

asre6phl E=l_@081’ ¢ nuddepennuporanuem O crernedd 1, 3aMKHYTOrO

caena | u snemenra 0682 takoro, uto 86/ =0 u §T=[0,T] pasa
Bcex TEE. ‘
Ilpucoenunum Kk Z anement X cTeneHH 1 ¢ COOTHOLIEHHSIMM
X?2=0, 0, X0,=0 ans Bcex o,€6E.
ITycte Q'=E[X]. Onpenemaum d' u I'' popmynamu:
dlo=6(0)+Xo—(—1)%e°eX s wEE;
diXi=0,

5.,(0311—{' 0312X+X0321+XC022X)=5®11—(—‘ 1)deeen 5 0990,

rae dego =n=degw;+ | =deg vy -+ 1 ==deg 0+ 2.

4.7.1. Jle mma. (@', d’, [') ecTh HUKI _

INpumenum 31y xomcTpykumio X (Endg(E), &,6, (). B pesyas-
TaTe, MH TOCTABUJM B COOTBETCTBHE Nape (NPOEKTHBHEIN A-MOLYJb
E, nyxa sap A) Hexoropulit uuxsa wap Enda(E), 3aBUCALLU{ OT
cBasHocTH. OxaspiBaeTCA, YTO €ro XapakTep 3aBUCHT JHIIb OT
knacca £ B K,(A) wu xapaktepa ucxopHoro uuxia. Kpome roro,
H; (Enda (E)) xaHouuueckn usoMopduo Hj (A).

4.7.2. Teopema. OnucanHas KOHCTPyKUusA onpejesser OWamv-
THBHOE  yMmHOXeHue K, (A) X H; (A)—~ H)(4), npespamaomniee
Hy(A4) B Ky(A)-Monysb B Clyuae, KOrja A — KOMMyTaTHBHOE KOJBLO.

§ 5. (Ko)romonorua JMcKpeTHBIX Ipyni

5.1. Tonoxoruueckoe onpeleneHde KOTOMOJOr¥i{  rpyni.
Ilycte rpynma G neficTByeT Ha TONOJIOTHYECKOM IIPOCTPAHCTBE
X. O6osHauum uepe3 Y mpoctpadctBo G\X opbur G (cHaOxeH-
Hoe daxkTopromosorueit) u uepes m:X—Y — NPOEKUHIO.

5.1.1. Teopewma. IlpeanonoxuMm, uTo X CTATHBAEMO, b
spasiercss paccioenremM H G jeficteyer Ha X cBo6omHo. Toraa
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1 mo6oi abesesofi rpynnsl A HMeeM H“(G,A)=H"(Y,A)“,
H,(G, A)=H,(Y,A) (rne A paccMaTpHBaeTci Kak TPHBHAJbLHLIA
G-MORYJB) .

JloKa3aTenbcTBO OCHOBAHO HAa TOM, UTO B YCJOBHAX TEOPEMH

KOMILJIIEKC
. > S81 (X) > So (X)~Z~0

CHHTYJIApHHIX 1Uemefi npoctpaHcTBa X ABJSETCS Pe30JIbBEHTOR
Z, cocrosmell M3 cBobGoamwix  Z[G]-moiymedr H  TPYIIE
S.(X)® G-HHBAaDHAHTHHIX 3JeMeHTOB  S.(X) m3omopoHa S.(Y).

OTMeTuMm elie, 4YTo B ycioBHax TeopeMbl umeeMm m (Y)=G;
. (Y)=0 nmpr i>=2, 10 ects Y smiaserca K(G,1)-npocTpancr-
BoM. ITocKo/IbKY BCce TaKHe NPOCTPAHCTBA FOMOTONHYECKH 3KBH-
BaJIeHTHEI, H, B UaCTHOCTH, HMEIOT OJHHAKOBEe (KO)TromoJo-
rud, Teopema M. 5.1.1 gaer TOMOJOrHYeCKHH crmoco6 BBIUHCIE-
Hust H*(G, A) u H*(G, A), xonb CKOpPO MH HMeeM Kakyio-/u6o
KoHCTpYKuHio K (G, 1)-mpocrparcTBa. Hanpumep, reoMeTpryuecKas
peannsanus KJaaccauuupyiomero npocrpaictsa BG (cM. i 1,
n. 2.7) sBAsfeTcss TAKOBBIM, UYTO ONpPaBABIBAeT HAlIE HCXOTHOe
oIpejesieHue. OKOHOMHBIH ILIEMHOA KOMIJIEKC MOXKHO HHOrIa
NoJyd4aTh H3 CJAEAYIOIIeH KOHCTPYKLHH.

ITycte X — kiaeroyHoe pa3buHeHme, HA KOTOpoe  JdefiCTByer
rpynna G, mepecTaBass KJETKH (C COXpPaHEHHeM OpHEeHTa-
uun). QueBHOAHO, 5TO OeHCTBHe INPOJOJ/IKAETCS Ha LENH.

5.12. [Tpennoxenue. Ecmu AeficrBue G Ha KJIer-
kKax X cB060aHO W X CTSATMBAe€MO, TO ILENHOH KOMILJIEKC

c>Cp (X)=>Cp (X)) ... >Co(X)

ABJseTcs  cBOGOXHOM pe3sosbBeHTOd Z[Gl-Momyas Z  (orobpa-
xKenne ayrmeHramun  &: Co(X)—Z umeer BHAL e(e)=1 paa
J1060# 0-MepHOH KJeTKH e).

[Mockombky nast G-monmyas F umeem

H"(G, F)=Ext3g (Z, F), H,(G, F)=TorX% (Z, F),

5Ta pe3oJbBeHTa BhUHCAAET (kO)romonorum G-monyaef. Ilpu-
BeJleM HeKOTOphle KOHKPEeTHhIE pPe3yJbTaTH.

5.2. CpoGopnasa rpynna. Byker B(J) cemeiictBa OKpymHOCTEH,
3aHymepoBaHHOro MHoxkectBoM [, ectb K(F(I), 1) rme F(I) —
cBoGofHAas rpynna, nopoxjaenHas I. CienosaTessHo, -

Z upu n=0,
O npu n>1.

5.3. I'pynne ¢ ogauM  coorHomenHem. Ilycrs F(I) — cBo6on-
Has rpynna, r€F (I}, N— MHHHMAaJbHHE HOpMAaJbHBI JesH-
Teab, copepxawmii r, G=F(I)/N. DnemeHT r oupenenser 0T0-
6paxenue p:S>B(l), ans xortoporo r ectb kaacc p(S!) B
i (B(I))=F(l). Ilpugnenm 2-gnetky K B(I) ¢ nomompio p
u 0003HaYHM pesyabTar uepes Y.
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53.1. Teopema. Ecan rsest gng seF (] , n=2 To
Y ects K(G, 1)-npocrpancrso. @ /’

Orciofa mosyuaem, YTO NpH BHNOMHEHHH  3TOMO VCJOBHS
Z npu n=0,
H,(G, ZYy=\F (I)/[F ({), F (I)] npu n=1,
O mpu n>3

Z, ecnu r@[F (1), F (1)],
Hy(Q, Z) ={O B TlpOTHB[HOIsi c.nnge.]

B uwacTHOCTH, STOT pesy;bTAT TpHMEHMM K (yHIAMEHTAIRHOH
rpymne KOMIAKTHOA OPHEHTHPYEMOH MOBEPXHOCTH poja g > 1, aas
xotopoit /={1, ...,2g}, r=AB;AT'Bi' ... A, B A;'B;'.

54. AGenesw rpymmel. a) [Ins G=2Z" ¢ fefiCTBHeM C/JBHra-
MH Ha R'=E, nomyuaem n-top (S!)" B xauwectBe K(G,1).
Orcroga

H.(G, Z)= A3 (Z7).
6. Haa G=1Z,, peficTeyiomeli orpaxenneM Ha S = G S”, no-
n=0
ayuaem K (Zs, 1)=RP* u  Hy(Zy, L)=Z,, H,(Z,, Z)=1Z,
Hy(Zy, I)=0 mpu i>1. Paccmarpusas JefiCTBHE LHMKJIMYECKOH

rpymsl Z,={¢*} Ha OKPYXHOCTb, Pa3lHTyI0 HA # OTPE3KOB, MOMIY-
yaeM CHauaja auukavuubil kommnexc Z [Z,]-momyne

t—1
0>Z-~Z[Z,)~Z]|Z,]~Z~0,
1> N =2¢!

OTKy/Za MOJyyaeTcs: OeCKOHedHas pesoJsbBeHTa Z:

N -1
coe=>Z{Z)>Z[Z)~Z[L,]~...

Z gpas i=0,
H,(Z,,Z)=1{Z, nna i=1mod2,
0 gaa i=0mod2, i>2.

5.5. AMansraMsl M noclenoBaTelbHOCThr Mafiepa—BbeTopuca.

21 L
PaccmotpuM puarpammy roMoMopdusmos rpymn Gy < A->(G,. Ona
BKJ/IAJIBBAeTCA B KOAEKApTOB KBaJPAT B KATErOPHH IPYHIN, KOTODBIA
onpenensier avaneramy Gp#Qo.
4

5.5.1. Teopema. JIrob6oji KogekapToB KBaxpaT rpynn, B KOTO-
POM @y, Q— BJOXKEHHs, H30MOp(deH auarpaMme (QyHIaMEHTaJb-
HBEIX rpynn kajpara K (-, 1) — IpocTpaHCTB BHAA
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X0 X2 = Y ——=Xp

[

X1"——>X1 sz

5.5.2. Cnepncreue Us nocaegosarensiocty Maiiepa—DBbero-
paca nna keazpata K(-,1l)-mpocTpaHCTB caenyer TOYHasA HOCHe-
JOBATEJbHOCTD

T Ho(A,Z) " Ho(CL, Z) O H, (Gy, Z)~ Hy (G1# G, Z) —
+Hn_1(A,Z)~*..‘ :

5.5.3. TTpumep. PSL(2, Z) =ZyxZ, (061’333"0‘““3 §= (? —(1))’

0 —
t= (1 }) IMoss3ysick  moc/e 10BaTeMbHOCTHIO  Mafiépa — Brero-

puca, HaxoxuMm
Z naa i=0,

Hi (PSL (2, Z), Z)={22@Z3 A iEImOdQ,
0 naa i=0mod2, i>2.

To xe npexncrasnenne faer SL (2, Z)=Z;Z; u
Zy

Z nna i=0,

H, (SL(2, Z), Z)={Zsz maa i=1mod2,
0 nas i=0mod2; i>2.

5.6. [Iuckpersbie noarpynnst rpynn Jin. (Ko)romosoruu rpynmet
SL(2,Z) MOXHO BBIYHC/IATH APYCHM METOAOM, KOTOPHIH IOIYCKaer
Janekoe o6oGmenue. OH OCHOBAH Ha ciaexyolieM (dakre.

5.6.1. Teopewma. Ilyctb G — cesisnas rpymna Jiu. Toraa ee
MAKCHMaJ/bHEIE KOMIIAKTHHeE NOArpynnel KcC (G conpsiKeHH, u 0l-
HopoaHoe npoctpancTBo E=G/K puddeomopodro RI.

5.6.2. Cnexncreue Iyers ' G — nuckperHass nOArpynna
6e3 kpyuenus. Torma I'\NE=I'\\G/K ects K(T,!)-upocrpaHcrso
H, CJe0BaTeNbHO,

H T, Z)=H (T\E).

OTcyTcTBHe KPYYeHHS HCIOJb3YeTCs B IpoBepke Toro, uro T
neficTByeT Ha E cBOOOAHO; NPH HAJHYHH KPY4YeHHS 3T0, BooOIle ro-
BOpsi, HeBepHO. M3-3a 3TOr0 YyCJIOBHS CJEINCTBHE HENPUMEHHMO K
SL(n,Z). OgHaxo €ro MOXHO HPHUMEHHTb B TOIrPyNNe KOHEYHOrO

HHJeKca
I'(N) ={g€SL(n,Z)|g=1 modN}, N>3.

Yro6ut cHOpMYIHPOBATh KadeCTBEHHBIE DE3YJNLTATH, ONPENEeIHM
JBa CBOACTBA KOHEYHOCTH rpynnsl I'. ,

5.7. Ycuosusa koHeunoctH. a) Kozomonozuueckoi pasmepHOCTsIO
aberpakTHOH rpynnbl I' HazwiBaeTcA BeJUYHHA
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edT'=projdim,,, Z=inf{n | K, M)=0 ana Bcex i>n u M}

6) I' naseiBaercs epynnoii FL-tuna, ecna Z uMeer pe3osbBEHTY
KOHEUHON AJIHHBL, cOoCTOAllylo u3 ceo6omubix ZI[I']-mMomyieit xoHneu-
HOr'O paHra.

fcno, uro ecnu T' cBOGOZHO HeficTByeT Ha d-MEepHOM CTATHBAE-
MoM npocrpaHcrBe, TO cdl'Cd. IIpumenum 210T pesyasTar K AMC-
KpeTHo#i moarpymne 6e3 Kpyserus I'cSL(n,R). - IIpoctpaHncTBO
TeopeMbl 1. 5.6.1 umeer BHI

E=S8L(n, R)/SO (n, R)=
= {[0oJI0XUTe/bHbIe KBalpaTHuHble (opMbl parra nt/RY.
OTcroga noayuaem
cdI'Kn(n+41)/2—1.
B neficTeuTesbHOCTH, CHOpaBeAJHB §oJiee TOYHHIH pe3yJbTar.
5.7.1. Teopewma. [Iyete I'cSL (n, Z) — noarpyina KOHEYHOTrO
uHuekca 6e3 Kpyuenusi. Torga ona umeer FL-tun
cdl'=n(n—1)/2. 1

JlokasaTeabCTBO OCHOBaHO Ha ToM, 4To E/I' roMOTONHYeCKH
SKBHBAJEHTHO 7 (n—1)/2-MepHOMY KOHEYHOMY KJeTOYHOMY pasfHe-
Hu10. [TocaenHee cTpouTCH SIBHO FeOMETPHUECKHMH CPEACTBAMH.

5.8. Jipoiicteennocts. [Tycts I'— aberpaxrHas rpynma. Haso-
BeM npasuii I'-monyab D dyasusupyrousum (B pasMepHOCTH n), ec-
JI CYIIECTBYIOT H30MOpGH3MB QYHKTOPOB OT M BO BCex pasmep-
HOCTAIX [, COBMECTHMEIe C TOYHBIMH IIOCJEJ0BATEJbHOCTAMH (KO)To-
MOJIOIHH

H'(T, My=H,_; (¥, D&M),

rae g(d®m) =dg~'®gm nas geT, deD, meM.
5.8.1. Teopewma. Tlpexnonoxum, uro Z umeer Hag Z[I'] xo-

HEeUYHYI0 NPOEKTHBHYIO De30JbBEHTY H3 MOAyJedi KOHeYyHOro THIIA.
Toraa I' nomyckaer AyafdH3HPYOUHE MOAyJIb B pasmepnocm n,
ecnu W Toabko ecau Hi(T, Z[I']) =0 npu is=n u H*(T, Z[T]) —
cBOoGoJHas afenesa rpynna. B stom cayvae n=cdl' u D=
=H~(I,Z[T]). &

58.2. Teopema. Hycrs K(T, 1)-npoctpanctso - ¥ 'spaserca

KOMIaKTHEIM d-MepHBIM MHOroo6pasueM. Ilycts Y —ero yHusep-
caubHOe HakphTHE. [1yeTh £(g) =1, ecnn g€I' He MeHseT OpHEHTa-

'm0 Y u g(g)=—1 B nporusHOM caydae. Torxa I-moayas D=2Z c
nelictBueM g-1=¢(g) sABNAETCA AyaH3HPYIOIEM B PA3MEPHOCTH d.

5.9. Dnaeposa xapagTtepucTRKa. Ilycts T —rpymna 6e3 Kpyue-
wasg ¢ cdT < w u 1tk H; (T, Z)< . I'Ionommvx

x(r)“:Z(-"-*'l)l‘rsz[} @z
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Ecim I'—noArpymnna KOHeYHOTO MHAEKCa C TAKHUM CBOACTBOM B Ipyn-
ne I, mOJOXKHM

% ()= et (O

59.1. Teopema. DiinepoBa xapakrepucruka x(I'') onpepene-
Ha KOPPeKTHO, TO €CTh He 3aBHCHT OT Bhi6opa I'aI’.

5.9.2. Mlpumepnr. a. y(F(I))=1—[I|, rme F(J/) — cBoGonnas
rpyimna, NIOpPOKIeHHAs MHOXecTBOM J.

6. x(SL(2,Z))=~—1/12.

B. x(I)=1/|T|, ecan T xoneyna.

r. Ecig 1->-IV—>T—>T"/—~1 Touna u I' umMeer MOArpyNIy KOHed-
Horo mHleKca Ges kpyueHust, To ¥ (I') =y (I'")x (I').

n. Ecan I'=T%I'y u T HMeeT NOAIpyNIly KOHEYHOTrO HHAEKCA

A
6es xpyueruss, To  (I') =1 (T1) +x(T2) —x (4).

Tonosornueckuil Meron Buiunchaenns y(I') OCHOBAaH Ha clelylo-
mem pesyabrate. Ilycts X — kiaerouHoe pasbHeHHe, Ha KOTODOM
ompefeneHo nefictBue I' cO c/eAyIOMHMMH CBOACTBAMH: a) CTAIHO-
HapHHe NOATPYINH BceX KJeToK [ MMeloT 3HIepOBHI XapakTepHC-

THKY; 6) neficTBre ' Ha KJIeTKax MMeeT KOHEUHOe YHCJIO0 OPGHT. ITo-
JIOKHM

1o ()= (— D)™ (T,

rae CyMMHpORaHue OyJeT IO NpeacTaBuressiM opOuT.

5.9.3. Teopema. B onucarHolt cuTyauuu nyctb X CTArH-
BaeMO H I' HMecT HNOATPYNNY KOHeWHOro HHAeKkca 6e3 KpyYeHHs.
Toraa x (') onpeneneHa u coBmazgaer ¢ xv (X).

5.10. dineposa xapakTepMcTHka apudmernyeckux rpynn. Ilpu-
menup Teopemy 5.9.3 x cayualo, xorga I' geficreyer Ha X cBOoGOA-
Ho, moxyuuMm % (I')=y(X/T"). Ipennonoxum, uro X/T'=Y — KoM-
naxTHoe Iu¢ depernupyemoe MHoroob6pasme. M3 muddepesnmans-
HOH TeOMeTDPHH H3BECTHO, YTO IO JOOOH pPHMaHOBOH MeTpHKe Ha
Y MoxHuo noctpouts $hopmy obweMma d, Ha ¥ — dopmy Taycca—DBon-
He 3TOH METDHKH, NIOJIMHOM OT TeH30pa KPHUBH3HH, — CO CBOHCTBOM

X (Y)=§du=uaf>.

[IpsiMoMy NDHJOXKEHHIO 3TOrO PE3yabTaTa K AHUCKPETHBHIM apHpMme- |
THdeckuM noarpynnaM I'G rpynn Jlu ¢ nmomompio m. 5.6.1 mema-
eT 10 obcToATeNbcTBO, 4TO0 I'N\NG/K 06HYHO He KOMIIAKTHO, XOTS |
HMeeT KOHEYEBIH HHBapHAHTHHA ofreM. XapAep NOKasaj, 4TO |
3TOrC" JOCTATOYHO. *

5.10.1. Teopewma. Ilycts G —moaympocrass aareGpanueckas
rpynna Hap Q, 'cG(Q) — apadmernueckass moarpynma 6es kpy-
yenusi, K< G(R) — makcuManbBas KOMNakTHas NOArpynna, X= |

=G(R)/K, d,— ¢opma T'aycca—DBonne G(R)-HHBapHAHTHOX Mer- |
puku. Torga
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LD=pT\X). B

Bhiuncsienue Mephl clpaBa MOXKHO HHTEPIPETHPOBATH KaK BHI-
yHCIeHHe oObeMa byHiaMeHTaabHOR obnacth. QHO 6HUIO nHpoXe-
JIaHO, Hampumep, i Bcex rpynn Illepanse, co CleXyOIIHMH pe-
synbraramu. Huxke §(s) o3navaer nsera-bydaxuuo PamaHna.

5.10.2. MNpumepwu. a) Umeem

—1/12 ana n=2,
0 ns n>3.

xSz, 2)=ITea—r=]
p=2
6) Vmeem

% Sp @n, Zy=I1z(1—2¢).
k=1

§ 6. Koromodaorun aare6p JIn: ofmue cBelenus

6.1. Meropn Buiuncaenuit. Ilycts g — Hekoropasi ajreGpa Jlu;
A — HexoTOpHIH g-Moxyab. B aTom maparpade MH onumeMm He-
CKOJNBbKO NpHeMOB BHuHcHeHHs H (g, A) u pe3yJbTAaTOB TaKHX BHI-
YHCJeHuH N8 KOHeYHOMepHHX aare6p Jlu.

[lpex e Bcero, pacCMOTDHM CHTYAHHIO, THIIMYHYIO MJIsi NOJynpOC-
ThIX ajredp Jlu. Ilycts HCg—abenesa nomanreGpa, Taxas, uTo &
(cooTBeTCTBEHHO A) JONYyCKAIOT pAa3JoXeHHe B NPAMYIO CyMMY KOp-
HEBBIX (COOTBETCTBEHHO BECOBBIX) NOJNPOCTPAHCTB OTHOCHTEJBHO B2
8= @8, A= @ A,. Toria xommiekc kouemeit C°(8, A) Taxxe

vey* BEp*
monyckaer Taxoe pasnoxenue. Ilyete Cj, (8, A)—ero WHBApHAHT-
Has 4acTh.

6.1.1. Tlpenxnoxenue. Baoxemme Ciy(8, A)—C (g, Ay
spasercsa ksasuusomopduamom. M

AHaJOrMYHO MOXKHO BOCHOJB30BAThCS pas3JioXKeHHeM IO Xapak-
trepaM uenrpa U(g).

C nomoubio MHBAPHAHTHOrO CKANSpPHOTO NpOH3BeleHHs Ha g (a
Takxke Ha A, eCIH MOAYNbL YHATApeH) YacTo YAAeTcss BOCHOJb30-
BaTbCca caeiyiollum npuemom Xomxka. Ilyere (K°, d) — KOMILIEKC
KOHEYHOMEpPHBIX T'Hib6epToBslXx npocrpaHcT (Hanx R maum C). Ilyers
(K', d*) — nyanpHuit  xommueke, A':dd*-d*d: K*—K' —onepa-
tropul Jlannaca.

6.1.2. [lpenxaoxenne. Broxesne (KerA', 0)—(K',d) aB-
NfeTcss KBasHH3OMOp(hHIMOM KOMIJekcoB. B wactwocrn, H(K')=
=KerAt.

C ofweit napoit hcg, cocrosiumteir us aare6psl JIg u ee nopan-
re6pLl, CBsi3aHa cnexTpasvhas nocaedosaresvrocrs Ceppa—Xox-
wuavoa. ‘
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6.1.3. Teopema. CymecTByeT CneKTpabHas MOCIEA0BATE/b

HOCTL ¢ uwieHoM EP7=F7 (b, Hom (A7 (8/ b), A), cxoAAwascd K
‘H" (8, A). Ecm b—unean, To E2¢=FH? (8/%, H? (), A)).
. 6.2. Moaynpocrie anre6put. Ilycts g— nmosynpocrasi anrefpa
Hag k=R man C, A— KoHeyHOMEpHBIA ¢-MOAyJb. PaccMarpuBas
nmeiictsue nenrpa U(g), Moxuo mo obpasuy m. 6.1.1 mOXy4HTH Clie-
Ayroluii (Gaxr. .

6.2.1. Teopema. Ha(g, A)=Hi(g AS)=Ha(g k) ®AI. Anano-
ruuHo Aas Hg(g, A).

HanowmuuM, uro no reopeme Kaprana

H' (s, k) == H;op (G, k)v

rie G—ces3Has KommakTHas rpymia Jla ¢ aarefpoit 8, a Hi
O3HAuaeT KOroMoJorud G Kax TOROMOrHYeCKOro NpOCTPaHCTBA.
Bemucnenne komua He, (G, k) ocnosano ha oGwed Teopeme

Xonda: 910 KOHEUHOMEPHAsi CynepKOMMYTaTHBHas aare6pa Xondga
4 NIOTOMY OHa CBOGOZHO MNOPOXKJeHa KOHEYHBIM YHCJIOM HEYETHO-
“MepHBIX o6pasywluux. PasmeprocTr 3THX 06pasylomiux H3BEeCTHH
AJig Bcex (MOJIY) IPOCTHIX CPYIIL. '

§ 7. HenpepbiBHBIE KOroMoJoruy rpynn Jiu
‘ 7.1. HenpepriBHas romoJornyeckas aare6pa. [Ilpm paGore ¢
- TOIIOJIOrHYECKAMH IPYIIaMH, MOAYIAMH H T. II. HCIOJb3YIOTCS KOM-
IJIEKCHl H DE30JIbBEHTHl, HAa KOTODhE HAJOXKEHH JONOJHHTE/bHBIE
OrpaHHYEHHS, YYHTHBAOIIHe TomoJoruio. Kareropumii QopManinsm
. HeCKOJIBKO OTXOJIIT Ha 3aJHHH NJIaH, HO COXPaHseT cBOe 3HaYyeHHe
KaK MOJedb i OCHOBHHIX ONpejesieHHfl ¥ BHIUMCIEHHH.

7.2. G-Mopyan H Kommiekcs G-moxyned. ITycte G — cenapa-
' GesbHasl JIOKaJbHO KOMIIAKTHAS TPYIIa. '

~a) Henpepusroim G-modysem HA30BeM JIOKAJLHO BHITYKJOE
‘OTZeJHMOe TONOJIOTHYECKOe BeKTOpHOe mpocrpanctso (JIBOII) E,
CHaOXeHHOe HelpepuIBHEIM IpexcTaBiesueM G;. G-mopusmom w3
‘E B F HasmBaercsl JHHeliHOe HenpepriBHOe otoGpaxenue ¢ : E—F,
“crreraoumee geficteuas. G B E m F. MuoxectBo G-mopdH3MOB
*o6osnauaerca Homg (E, F). Henpepusrnie G-MoIynu B ¥X MOp-
¢pH3MH 06pasyoT KaTelrOpHIO, KOTOpas AJZNHTHBHA, HO He abeseBa.

6) JluHeliHoe HeNpepHBHOEe HHBEKTHBHOE OTOGpaxeHue ¢ : E—
—F neyx JIBOIT naseBaercsi CuAbHbiM, €CIE ¥ ¢ CYLIECTBYeT He-
‘TIpephiBHOE JeBoe 06paTHOoe oToGpamenue. [IpoussBosbHoe Henpe-
puiBHOE JHHEHHOe oToOpaikeHHe ¢:E-—>F HasHBaeTcsi CUALHbIM,
ec/in uHbekTHBHHE oTo6paxenus Ker o—F u E/Ker o—F sBnsior-
‘¢ _cHJIbHBIMH. B aToM ciywae Im g 3amkHyTo B F, 0TOGpameHde
"EfKer g—~Im ¢ 6unenpepusro, 1 Ker ¢, Im ¢ uMeloT TomoJjoruyec-
KHe JONOJHEHUs COTBETCTBEHHO B F u F. ‘
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B) Komnuekc (xouennoit) JIBOII
E={...ES S E,

HaSbIBaIETCSI curbrbim, ecau Bce di — cunbHbie, CHa6aum Ker d™ u
Imd"™~! ronosorne#t, wuHayumpoBamHo#t ¢ E», a Hn=Kerd"/

/Im dn-! — pakropromonorueit. Torna koromoJorus H™ GyxyT o1-
AEJUMBbIMH NPOCTPAHCTBAMH. S
Komnnekc 0-E—E%~E'->... naswBaerci pesoavsentol E,

eC/Id OH TOYEeH, T. €. BCE€ er0 KOrOMOJIOrHY paBHH 0. -

r) G-mopdusm @ : E—~F 1pyx G-mMonyJell HAa3HIBAETCS CUAbHbLM,
€CJIH @ ABJIAETCS CHJIbHBIM B cMbicie I. 6). AHAaJOTHYHO, KOMILJIEKC
G-MOLynel HasHBAETCS CUAbHLIM, €CIH OH SIBJAETCH CHJIBHHEIM B,
CMEICTIE II. B). : ‘

R) G-monmynb F HasHBAeTCHd OTHOCHTENBHO HHBHEKTHBHBIM, €CIH
OH YAOBJIETBOPSIET YCJOBHIO NPOAONKEHHs G-MOP(H3MOB: s JiO-
6oro G-moHoMOp®H3Ma (B TEODETHKO-MHOXECTBEHHOM CMBICJIE)
¢ : E\~E; u mo6oro G-vopdusma u: E;—E, cywecTByer nponoJ-
Kawlui u MopbusMm w : Es—F (Tak uTo u=woq). ;

CpoficTBa BBeNEHHBIX OGBEKTOB CYMMHDYIOTCS B CJELYIOIIEM.
NPEeAJIOXKEHHH. ,

7.2.1. lIpennoxenne. [Iycts samanw gsa G-mopyns E, F,
CHJIbHAS De30sbBeHTa '
0—+E—+E'»El— . . .,

H xoMnaeke G-mMonyaei :
0—>F—>FO0>Fl—"

rae Bce Fi oTHOcHTeNbHO MHBEKTHBHBL Torana &wo6oi G-mopdusm
¢ : E-~F npononxaercs 10 G-MoppusMa Kommaexkcos ¢ :E —F,
M o6nle ABa TaKHX NPOJOJ/IKEHHS MOXKHO cBf3aTh (-roMoTONHER
(To ecTh romoTonuelt, cocrosuielt u3 G-MoOp¢pHIMOB).

7.3. ®ynxropn Extgn. Ilyere E, F — npa G-moayus. Hasosem
CUNBHOU UNBEKTUBHOL pe30Ab8eRTON MOAYAst F CHJIBHYIO TOUHYIO
NOCJeN0BATENALHOCTh G-MOJAyNel, COCTOSILYI0 H3 OTHOCATENBHO HHB-
eKTHBHLIX (-MoXyne '

0—F—F0—Fl»F2—_ .

73.1. Onpenenenne Ext} (E,F)-—o3ro n-g rpymnma Koro-

MOJIOTHA KOMILIEKCa
0—Homg (E, F°)—~Homg (E, F)~...

73.2. llpenaoxenne. a) Jlobofi G-MOLYIb HMEET CHJIBHYIO
HHBEKTHBHYIO Pe30JbBERTY; Jo6ble JBe TaKHe PE30JbBEHTH CBf3a-
Wbl HenpephiBHOH G-romoronsefi. IToaToMy TomoJiorHyecKHe mnpo-
crpancrsa Ext} (E, F) onpejeneHs OAHO3HAYHO C TOYHOCTBIO N0
H30MOD(H3MA.

Tosoxum Hrt (G, E)=Ext (C, E), rae C—G-Moaym C TpH~
BHAJIBHBIM JTeACTBHEM. . - .

'
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7.4. Konemn. Ilycte E —JIBOIT. Jinst moGO# JIOKAJBHOH KOM-
n
TIAaKTHOM cemapa6eapHofi rpymmel G 0GO3HAYMM. uepes Ceont (@, E)
TIPOCTPAHCTBO HenpephiBHBX oToOpaxemusi G- E ¢ T?lnonomei&
PaBHOMEpHOH CXoguMOocTH Ha ~KowmnakTaX. CHaGmuM Ceont (G, E)
JeficrueM G no oGbHON (dopMyse

- ~1
€N @y - e)=8 F @78 -+ &8
onpenenum puddeperuyan GopMyoi
- n4l ~
! (df)(gﬂv KR gﬂ+1)'=2(~1')if(g0’ ICERN S TARRNE gn+1)
’ . i=0
¥ ayrmentanmo e: E - CO (G, E) Qopuynofi &(g) g =e.

Ecii G—rpymma Jlu, TO MB MOXEM aHAJOTHYHBIM obpasom
HiocrpouTts mpoctpancrsa C-xouenelt Co (G, E) n  Lise-xouened
Lf.C* (G, E). Jetictaue G, d W & KOPPeKTHO OTpeJesneHsl HA HUX.

7-4.1. Tlpexgnoxenne. Kommexest Ceont (G, E); Cw(Q, E),
ecmn E  xsasunoano; LfyC (G, E), eciu E TNOMHO, SBJISAIOTCA CHJb-
HEIMH OTHOCHTEJLHO WHBEKTHBHHIMA pesosbBeHTamu CG-moxyas E. |l

Takum 06pasom, npocrpadctBa Heont (G, £) MOXHO BBIYHCIATH
¢ MOMOLIBI0 KOMIIEKCA HENPePHBHBIX Kolenefi ¢ OGLIUHBIMH CBOH-
CTBAMH, 4 TaK¥Xe C [OMOIIBI0 KOMIJIeKCa TMIAJKHX HIH JOKATbHO-
CYMMHDYeMEIX Kollenel aas mopxonsmux G u E.

742. llpegnoxenue Jlobas caipHas  TouHas TpoOHKa
G-vmonynelt 0—E—~E;—>E;—0 unpynupyer o6bUHYIO OeCKOHEUHYIO
nocaenosatenbHocts H™ (G, E), TouHyio B anreGpaHyecKoM CMBIC-
Jle ClOoBa. :

»  7.4.3. Hexoropwie cBOIiCTBA HEMpPepHIBHEIX KOTOMOJOTHUIL.

a) H°(G, E)=ES.

6) Ecau E — mpocrpancrBo ®Ppewme u H?(G, E) oraenumo, T0
H» (G, E) — rakxe npocrpanctso ®peme,

B) Ecm E —foueyroe npOCTPAHCTBO, TO HMEETCH TONOJOrHYe-
cxuit usomopdusM mexny Extg(E, F) u Hen (G, Hom (E, F)).

r) Ecm G xommaktHa, TO Xaxmii kBasunosmeit G-monpyab F
OTHOCHTEJbHO HHBEKTHBEH, B uacTHOCTH, Extg (E, F)=0 mpun>1,

Py .
1) TTycts (0 —NPOCTPAHCTBO KJACCOB YHUTAPHBIX HENPHUBOIHMBIX
npejcTasaenuit rpynnst G. Ecau  TpuBMAALHOE NPEACTABJIEHHE W30-
N .
mpoBaHo B G, T0 Hiont(G, E)=0 g moGoro YHUTAPHOTO
G-vonyas E. » »
e) Ilycte 260G —Taxkoft ULEHTpaNbHHE 37eMeHT, uTo =2—id

ABJISETCs aBTOMOpdusMoM” G-moayas E. Torpa Heont (G, E)=0 gas
BCEX n = 0. ,

B uactHoctd, ec/ nedaTp nefictByer Ha E  HeTPHBHAJBHAIM
XapakTepoM, T0 Heont (G, E)=0, ecm uenrp neticrsyer Ha E, F
pasHeiMH xapakTepamu, To Extg(E, F)=0. '
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X) AHAJIOMMUYHO, NMYCTh W — MEPa C KOMIAKTHBM HocuteseM Ha U,
Jexamas B UewTpe aare6psl TakMx Mep c¢o ceepTkofi. Ecum
p(1)=1 u peficteue p—id Ha E o06patumo, 10 Heont (G, E)=0.
B vacrHOCTH, €Cau BCe KJacChl CONPSMEHHOCTH B (G OTHOCHTEJBHO
KOMIIAKTHE, TO AJs1 JOOOTO HeNpHUBOAMMOIO yHHTapHOro G-MOLYJ s
E=C uveeMm Heon (G, E)=0.

7.5. Hunynuposamnble Monayau. [lycte H CG— 3aMkHyTas
noarpynna, E —mnexortophit Fl-Moayae. OGoswawmm uepes Ind, E
TPOCTPAHCTBO HenpepHBHEX OTOGpaxennsi f:(G— E co CBOHCTBOM
flgh)="h"'f(g), cuaGxkennoe pneficteueM (gf)(g))=f (g7'g")-

b.1. [Ipeaanoxenne. Ecm £ xBa3UNOAHO, TO NPOCTPaH-
<182 Heont (G, IndeontE) ¥ Heont (G, E) TOmeMOrMYecKs u3oMOPQHEL.

Jaa rpynn Jli MOXHO aHAJOTWYHO oONpefequTh MOAY/IH IndeFE
u Lf.Ind E u nokasats amanor m. 7.5.1.

7.6. CnekTpanbHasi mocjenoBaTeIbHOCTh JluHmona — Ceppa —
Xoxmuabaa. [lycts H —3aMKHyTHE HODMAMBHEE pequreas B G,

npuyeMm  MopdusM (G- G/H pgornyckaeT JIOKaTbHOE HENpPEepHBHOE
C eueHye.

PaccmorpaM kBasunomusit G-monyas E. TlpexnonoxmM, aro E—
npocrpancTtBo Ppemie u Bce Heont (H, E) otnemmsl.  Onpenesmm
neficreue G/H na Heont (H, E) crenyomeli GopMyof, IpUMEHHMON
K xouvkaaM f€Zeont (H, E):

(gf) (ho, R hn)"“g‘(f (g—lhog: LRRE) g_lhng))'

7.6.1. Teopema. B oOnHCaHHBIX yCIOBHAX CYULECTBYeT CHEKT-
paibHas — TOCJAeNOBATEJBHOCTE ¢ wieHoM  E§'=H&. (G/ H,
Hiowi (H, E)), cxonswmasics Kk Hént (G, E). W
© 7.7. Teopemnt pan Icra. B atom nynkte (G 03HauaeT CBS3HYIO
rpymny Jlu, K&G — ee MakCHMalbHYIO CBSI3HYI0 KOMIAKTHYIO MOX-
rpynny, M=G/K. Tlycrs g, t — anrebput JIn G, K, peaiansoBaH-
Hble IPaBOHHBAPHAHTHEIMH BEKTODHEIMH IIOJSIMH.

ycts E— uekoTopuit G-MORyab. DieMeHT e€E HasBIBaeTcs
augpdepennupyemuM uax C*, ecin orobpaxkenue e: G—E, e(g)=
=g-e, npuHagnexut kaaccy C=. Ilycts E* — MHOXecTBO C*-371e-
MeHTOB E. 2TO Bciony nnoTHOe (-HHBapHaHTHOE NMOANPOCTPaHCTBO.
OroGpaxenne E=*—C>(G, E) : er»e UHBEKTHBHO H COBMECTHMO C
neiictenem G Ha C= (G, E) npaBuMmu cxpuramu. Bsexem Ha E~
MHIYLUHDPOBaHHYI TomoJoruio. G-mMomyar E HasHBaercs MoayJeMm
xnacca C*®, ecau Bioxenue E*—E siBIS€TCS TONONOTHIECKHM H30-
MOphHIMOM. ,

- Ha wmonyne E knacca C™ MOXHO onpejlenuTh [eHdcTBre anre6-
pe1 JIn g dopmynoii

Xe_—zlin&t"l(exp(tX)e—-e); X€g, ecE.
-
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1o peficTBHe HempepeBHO M npopomxaerca na U (g). Bam Scr
moxasad, Y0 Heent (G, E) MOXHO BHUHCIMTH ‘B TEPMHHAX Taph
anre6p Jlu (g, ).
7.7.1. (g, ¥)- -KOrOMOIOrHH. PacCMOTPHM KOMILIEKC
C’(8, t, E)=Homx (A" (/}), E), -

rae K peficrByer Ha A'(g/f) npHUCOCIMHEHHBIM TIPEACTaB/CRUEM H
zuddepernual 33148 0o6bMHON (POPMYJIOH .

(@D o )= B (DK Koo N SRR

+2(_1)l+1f ([Xi’ Xj],yil’ ey Xiv ey )?ja ey )?n)’
i<j
rae X,6g, X l—X : modf O603HAYMM KOTOMOJNOTHE 3TOrO KOMIIEKCa
depe3 H"(g, i, E).
7.7.2. Teopema. Eciu E —C™-G-M0ofy1b, TO HMEETCH KaHO-
HHYeCKUA H30MOPdH3IM

Heont(G E) H(g’f E) n

9Ta TeopeMa MOJe3Ha B COBOKYIROCTH CO CIEYIOMIMM péay.anaTom.
7.1.3. Tipenaoxenue. [lycts E— mOGOA MOHbI G-Mony b,
Torna

H::ont (G, E) = H::ont (07 Eco)- |

§ 8. Koromoaorun GecKkoHedHOMepHHIX aarebp Jiu

8.1, Bexropnnie noas ¥ anreSpm TokoB. B stom maparpatde
paccMaTpHBaroTcs anre6pu JIu Hajy oCHOBHEIM mosieM k=R uam C
CAEAYIOLIHX THIOB.

a. W, — aare6pa JIu ¢opMaJpHHX BEKTODHHX moJeil, T. e.

AuddepenunpoBannit Koabua (GopMaibHHX pPsaoB R[[X1, ..., Xa]l
Monoxum Ly=Ly (n) ={Zf0[0x)f€(x1,..., x5)**"}, Ek=—1,0,

I,.... Humeem W,=L_ i(n)DLy(n)DLi(n)>.. —-—yéhIBalomaa
(pymb'rpauaa [La,Lb]c:L.Hb, gl(n)=Ly(n)/Ly(n). |

6. Sp={X=31,0/0x|20 /Ox,=Ccx k)= W, S,={Xlcx="0}

B. 1‘1ﬂ {X= ZfialaleLlexco cx®, cx€k}cWay,
rie @=dx;\dxp 1+ ... +dx, A\dxs, (TaMHIBTOHOBH  IOJSA);
H,={X|cx=0)cH,.

r. Kn—{X":Zfza/axthleX'V gv}>Waps, The ‘V xldxn+l+

.« +XnadXgn+dxon., (KOHTaKTHHE 1OJSA).

uMT(M) — anireGpa JIn BEKTOPHHX noJedl Ha C“’-Maor006pa—
3HH
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€. gM—ruankue ¢yrkuud Ha C*=-muoroo6pasuu M co 3Have-
HHAMH B anre6pe Jlu g (anre6pa TOKOB).

Myl 6ynem paccMaTpPHBATL B OCHOBHOM caydal M= St

-Bce a1H anre6pel JIn HMEIOT €CTECTBEHHYI TONOJOTHIO: JHHEH-
Hyl0 B cay4asx a—r, C* B cayyae . Mu paccMaTpuBaeM JHIIb TO-
MOJIOTHYECKHE MOAYJIH KO3 (QHUHEHTOB ¥ KOIOMOJOI'HMH, ONpeesieH-
HLIE C IIOMOLIbIO KOMIINIEKCA HENPEpHIBHBIX KOLENEeH; He OroBapH-
Bas 3TO CHelHanbHO, Mpl o0o3Hauaem uepes H?(W, A) u 1. 0. Ta-
KHe HenpephIBHEE KOrOMOJIOTHH.

82. Teopema kouneunoMepHocTH [lycte k=R u mon-
anrebpa g W, couep:kut 3jeMeHT Xcx.0/0x;, ¢;>0. Torma ajs
Jao6oro KOHETHOMepHOro g-monyas A mpoctpanctso  H (g, A) xo-
HEYHOMEPHO.

8.2.1. Caencreue. Ecm dim A< oo, TO KOHEUHOMEPHEI KOO+
Mojorud H (8, A) nas g=W,, S, 1/-.\{,,, K, (k=R uwmu C). B

Jloxa3aTesbCTBO OCHOBAHO HA TpenJoxesuu . 6.2.1: caemyer
paccMOTpeTh  BECOBOe  pas3/ioxeHuWe  OTHOCHTEJBHO — 3aBMeHTa
n

zxia/dxi W Z X0/ 0x; -+ 2X2,,10/ 0Xgpyy (I K ).

i=1

8.3. Konbno H' (W,, k). O603HaunM vepe3 X, KJETOYHOE pade
GueHue, KOTOpoe SIBJSAETCS OrpaHHYeBHeM Ha 2n-CkeneT GecKOHeYHO-
MepHoro rpaceManuana Gr (z, C ™) IIaBHOrO pacclOeHMs Hafx —ITHM
rpaccMandaHoM co ciaoem U (7).

8.3.1. Téopewma. Mwmeercst usomoppusMm wonen H (W,, k)=x
=H'(X,, k); GpOU3BEEeHAE IEMEHTOB IONOMUTENbHONR Pa3MEPHOCTH
B 3THX KOJbUax pasxHo myawo. M

Jloxa3aTenbCTBO OCHOBAHO HAa NPSMOM YCTaHOBJIECHHH H30M0p~

¢usma unenos E; AByX CHOEKTPAJbHEIX HOCHEIOBAaTENbHOCTEH:
a. ChnekTpajbHas  mocaefoBaTensHOcTh Ceppa—XOXIIHIBIA,

oTBeyalomas noganrebpe gl(n, k) =W,.

6. CreKkrpajibHas TOCJELOBaTENbHOCTh Jleps I  pacCJOeHHs
X,~5kynGr(n, C). ‘

8.4. Koromonoruu W, ¢ apyrumu KoaHUMEHTAMHU.

8.4.1. Teopewma. [lycrs Q,—W -Moxysb BHEMHHX POPM KOJb-
na & [[xi, - .., x,]]. Burpagyrposaanas aire6pa H (W,, Q,) mopox-
eHa o6pasyIoiuMy

MEHH (W, @), 1<i<n

mEeH! (W, 0f), 1<j<n, |

KOTOpble CBA3aHbl COOTHOIUEHHAMH cynepxommyTaTuBHocm no HOJ]HOﬁ
CTCHEHH, a TaxK¥Xe COOTHOIIeHHEM

Bio ooy, =0 npu ji ... 4j>n B
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JokasatenscTBO  OcHOBaHO HA  uM3oMopdusme F (Wn, 9;):
=H (Ly, AV), rae V —upocTpaHCTBO {Z aidxila,.Ek}, L,
neficrByet Ha A’V uepes mnpoexumo Ly—L,/Li=gl(n, k). Koro-
MOJIOTHH BBIYHCJSIIOTCS C TIOMOIIBIO CHEKTDAJbHOH IIOC/JeNOBAaTENb-
HocTH Ceppa—Xoxmuabaa ajs noganre6psl gl(n, k).

AHaNOrHYHO YCTAHABJIMBAETCS CJENYIOIIHHA Pe3yJbTart.

84.2. Teopema. [lycte A — Wp-Mogyns GOpMANBHEIX  TeH-

30DHBIX MOJIeH, aCCOLMHPOBAHHBIA ¢ TeH30pHEIM gl(n)-Momymnem A.
Torna umeercs uzomoppusm

H (W, $)y=H (gl (n))®H (L, (n), k)®A)*™. M
8.4.3. Teopewma. Ilycte W, — W -MOIy/ b HeNpepHBELIX JMHEH-

BeX Qynkuuonanos Ha W, Torma uMeeTcs KAaHOHMYECKHHl M30MOp-
dusm

HO (W5 W)a (W) ® HT2 (gl (n); k). B

JokasaTenscTBO HCNOJb3YET TOCJAEROBaTeNbHOCTE Ceppa— Xox-
IWHAbAA AJs noxanare6psl gl(n, k).

Has npoussosibHOH anre6pht Jlu g uMmeercss roMoMopdu3M KO-
UENHBEIX KOMIIJIEKCOB

CH (g, k)~ C1 (3, §): [~ T,
f(xlv vy -’Cq)(x):f(xh LS ] xQ’ x)
‘O603HauuM var : Ha*!(8, k)—He(g, ¢’) UHAYUUPOBAHHLIA roOMO-
MOPGH3M KOrOMOJIOTHH.
- 8.44. Teopewma: a. var: H»*(W,, k)y—H*(W,,W’,) ss-

Jsiercss H30MOpOH3IMOM.
6. IlocnexopareabHOCTD

HO (W py)>H (W) SHE (W, W)

n
TOUHA; 34ech [ UHAYLHPOBaHO BioxkeHHueM W, W, ;.
8.5. Jpyrue aareGpsl popMasbHBIX BeKTOPHBIX moJjei. Hapecr-
HB CJeIYIOIHe aHaJord TeopeMs m. 8.3.1:
8.5.1. Teopema. a) Ilycte Y—npoobpas 2n-ckenera GecKo-
HEYHOMEPHOro rpaccmannala B rjaBHoM SU (n)-pacciioennH Haj
-auM. Meercst usomopdusM Kosewn

H' (S, b)=H' (S'XY,, k).

6) Ilycrs Z,— npoobpas (4n-+2)-ckenera 6eCKOHEUHOMEPHOIO
rpaccMmanuana B raasioM S')XSp(2n)-paccnoenuu Han HuM. Hwme-
ercst u3oMopdu3M KoJelL

H (Kny B)=H (Zn, k). B

N ..
Anagoru pna H, H, S, HeU3BeCTHH; BHUHCIEHH JUIbL
KOTOMOJIOTHH 3THX ajire6p B «CTaOHJIBbHBIX» DPa3MepHOCTAX (<<n
HIH <X THHeHHOH PYHKUHH OT n).
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8.6. Koromoaoruu anreGpni Jlu Bekropusix moneii. [Iycte M —
uexotopoe C=-mHOroo6pasue pasmepHocTd n. OGO3HAUUM uYepes
x (M) paccioenue c¢ 6asoii M, crpykrypHo#t rpymmoit U(n) u
cnoeM X,, ONMHCaHHBIM B II. 8.3, aCCOLUHHPOBAHHOE C KOMILJIEKCHPH-
Kanue xacatenbuoro paccioerus K M. Ilycte Sec x (M) — odyuk-
IIHOHANBHOE NPOCTpaHcTBO ceueHHH M., Durypupyoolnue HHXKE KO-
romoJoruy x (M) onpenensiorcs, HANPHUMED, C IIOMOMIBIO CHHTYJSP-
HEIX KOUEreH: CHHIYJADHHIA ¢-cuMmierc Sec x (M) moxuO onpene-
auth Kag mMoppusm A, XM—-x (M), koMMyTHPYIOLIUE ¢ [pOeKiIHel
Ha M.

8.6.1. Teopema. Vmeercst ecrecTBeHHBH H3oMOphU3IM TIpa-
JYHPOBAaHHBIX KOJIEL

H (T (M), k) = H (Sec x (M), k). B

CHavajla yCTaHaBIMBAETCs YACTHBIA cJydafi 3TOH TeOpeMbl, OT-
HOocamukcs kK M=R", KoTopel#i MOXHO cOPMYyJNHPOBAaTL COBCEM
TPOCTO: :

86.2. Ipennoxenue H(T(R"), B)=H- (k@W,).B

Wsomopdusm specy mHayuupoBa romoMopdusmom T (R?)—
—W,, KOTODBIA CTABAT B COOTBETCTBHE BEKTOPHOMY  HOJIIO €ro
00-CTPYIO B Hayajie KOOPIHHAT.

3arem xoromogoruu 7 (M) m x(M) Bruucasiorcs nmo Hexy ¢
TIOMOIIBIO TMOKPHITHH M u mcrnosbsyercs TeopeMa m. 8.3.1.

IlpuBenem euie GOPMYJHPOBKY aHAJOTHYHOTO pe3yJbTaTa, OT-
Hocsameroess kK T (M)-monyao raapkux dyaxumi C= (M).

ycrs w(M) — rnasuoe GL (n, C)-paccioenne, acCOUHHUPOBAH-
HOe ¢ KOMMJIEKCH(OUUHMPOBAHHLIM KacaTeNbHBIM paccioeHneM K M.
Mb mMoxeM cuutaTh, uto (M)  ABnseTcas  TWOAPACCIOEHHEM B
X(M). :
8.6.3. Teopewma. Hmeerca ecrecTBeHHBIH n3oMophu3IM

H (T (M), CT (M) = H' (Y (M), R),
Y (M)=={(y, S)EM X Sec x (M)]| s (y)€u(M)}. B

B cnyyae M=S! umeiorca TOuHHIe pesysabraThl IAas Gonee 06-
THX KO3 UIHEHTOB.

8.64. Teopema. Kompuo H- (T(S!), C~(S')) — cBoGonHas
CynepkoMMyTaTuBHas R-anre6pa, mopoxXIeHHas UUKJIaMH CTele-
Hedt 1, 1, 2 (@ — nuknHyeckas KoopAuHaTa Ha S!): .

f@dide—~f @), f(@dide~f (),
(f @ dIdo, g (@) d/dp)~ | ‘ @@ g0 m
Sl

fll (‘p) g” (q))

8.6.5. Teopema. H (T (SY, Q'(SY) ects cBoGonusitt  H (T (S,)

€™ (SY)-Mozyab ¢ omHOM OxHOMEPHOR 06pasyiorielt, MpeacTaBJIeHHOM
K OLHKJIOM

F@d/de—~f' (9)de. B
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Bosee o6uy0: :

8.6.6. Teopema. a) H (T(SH, Q(SH®)=0, ecmm s
#@rt+r)/2, r=0,1,2,... :

6) H (T (S?), Q1(SY®°) ects csoGomumit H (T (SY), C*(SY)-
MOAyJb C OXHOM ofpasyomiedt crenenu r npu s=(3r+r)/2. W

Broruncnenns, ycranasausaowmue B 0. 8.6.6, pasGuBaioTcs ua
HECKOJIBKO 1aroB. Bo-nmepsrix, koromosnorun T'(S') peryunupyiores
K koromoJorusim W, Bo-BTOpHIX, HCIONB3yeTCs TeopeMa 1. 8.4.2.
B Tperpux, npu n=1 koromosoruu L;(1) ypnaercs BBHIUHCIHTL He-
CKOJBKHUMH METOJAMH. '

8.7. Koromouoruu anre6p tokos. Ilycts G — KOMIaKTHas rpyn-
na Jlu, g — ee anre6pa Jlu. ‘

8.7.1. Teopema. Kanoungeckuit mMOMOpcbusM H @, R)~

- H(G®', R) (KOroMoJOrMH (yHKIMOHAIEHOTO IPOCTPAHCTBA TIETEb)
ABJIACTCA HM30MOPHUIMOM. ‘

Bosee 060, mycTh §— NOJYNPOCTAs BelleCTBeHHAs asrebpa Jlu
¥ nycth U — xommakrtHas rpymnna Jlu raxasd, uro g®C==Lie G®C.

8.7.2. Teopema. Wmeer wmecro wusomopdusMm FH (g5', R)=
~H (G*,R). W

B wacrrocry, A (sl (z, R)S', R)= H (SU (n)$*, R) = H (SU(n)x
XQSU (n), R) ects KOMBLO CyNEPKOMMYTATHBHHIX  MHOTOWIEHOB
ot 00pasyiomux crenered 2, ..., 2n—1.

HmMerorTca asreGpauveckue BepcuH 3axay o6 aarefpax TOKOB,
cefi3anHBE C aarebpavn Kana— Myxu. Pome  aare6p ¢S wrpaior
anmre6pa Kauma— Mynu, oTsevaomue CuMMeTpU3yeMbM 0O6O0O0IILCHHBM

ame6paM Kaprana, a sMecto rpynn G° mOSBAAIOTCA GeCKOHEWHO-
Mepable aire6pauveckne rpymns Y. P. [Iladapesnua.

BUBJHAOTPACHUYECKHE YKA3AHHS

HaTepnpeTauts pasHYHHX KOHCTPYKUHH B aire6pe, TOMOJNOTHH H FeOMETDHH
KaK KJaccOB OJHOMEDHBIX H IBYMEDHHIX (KO)TOMOJIOTHH JEXHT B OCHOBE KJjac-
CHYECKHX TpPHMEHEHHH roMoJorHdeckoil anre6pH, ‘OTmejbHHe ACIHEKTHI TAKON HH-
TeprupeTalHd MOMKHO HaHTH B CJeAYIOIIMX KHHUrax: KOCOMOJOIHH myykoB — B [10],
[33], [68), [91], [145], xoromouxormm rpymn-—sB [34], [89], xoromoaormd anreSp
Jla—s [14], [15]. Onnomepune uukanl Z!'(G, K*) B cutyamun, korxa G'— rpynna
Tanya xoneyHoro pacmmperus K nonfl k, DOSBHIMCH, IO cymectsy, ¥y ['Hibbepra
(rpynna CpelieHHEX rouomopqmamqa) B CBA3H C TAK HashHBaeMoOi «reopemoi 90»
(cm. [131]). I'pymma Kaaccop paclikpenHH, Ha coBpeMeBHoM s3pike Ext!, Gnuna
BeeacHa Bapom. Herepnperauws H(G,Zp) Kak ofpasyromux (mpe i=1) u co-
oTHOmenu#t (npu [=2) p-rpynosl G Ghiia npennoxena Tskrom, cm. [131]. I'pyn-
na Bpayspa BO3HHK/a IPH ONHCARHE CHcTeM (PaKTOPOB B KAaCCHMOHKAUHH IPOCTHIX
LeHTpaNbHBEX anrebp ¢ JefeHweM, cM., Hanpamep, [144] OtHocuTenbHO LEHTpamdb-
HBIX paclIHpeHHH GecKOHeYHOMEpHEIX anrebp (anre6pnl ‘Kama—Mynu, Bupacopo
# ux oSoGmenua) cm. [14], [15]‘:[93].

TomoTonuueckass TeopEs npenaterTHit (§ 2) H3nOXKeHa B pAfe yueGHHKOB
no ainre6pamueckoli TOMOJOrMY; cM., Hanpumep, [16]. Tam e mMOxmuo HafiTH Teo:
puio npocrpaxcrs K(I, n), passuryro A. Kapramom [38] dopmamsm TOPCOPOB
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8 TomoJsoruH Obui mpopa6oTan I'poTeHzHKOM [76]; TEOPETHKO-IPYNIOBYIO BEpCHIO
cm. B [131], roe moxHO HafiTH TakXKe JOKa3areancTBO Teopemul 1. 2.3.1. Ilo no-
sony Tteopemu m. 2.5.1 cm. I'porenauk [78]. Otmocurensuo Teopemn Komaupsi—
Crencepa cM. OpHrHHajbHOe H3JoxkenHe [102] mau yueGHuk VYamnca [145] Kuacc
Arpn 6nin BBeflen B [19], oTHOCHTENBHO [ANeKHX NOCHEAVIOUIMX OGOGUIEHHH CM.
{26], [90].

LlgkJiHUecKHe rOMOJIOTHH INOSIBHJMCh IO pasHEIM mnosoxaM y Komua [47] n
B. JI. ®efiruna—DB. JI. Llurana [13], [61]; cm. taxxe Kapy6u [95]. B uacTHOCTH,
J0Ka3aTeabcTBO Teopem mm. 3.4.1, 3.5.1 u 3.7.1 moxuo Hajdth B [61], Teopem
om. 3.8.1 u 3.8.2—38 [106]. OTHOCHTeNBHO pesyapTaToB M3 mm. 3.8, 3.9 cm. [105].
Cum. takxe 0630p Kaprbe [41]. HekommyTraTuBHYW nudbepeHIUanpHYI0 TeoMeT-
DHI0 aKTHBHO paspuBaer KoOHH; cM. [47], rZe MOXHO Ha#TH NOKa3aTeNbCTBO pe-
3yJabTaToB, cHOPMYNHPOBAHHHIX B § 4.

Pe3ynpTaTHl 0 KOTOMOJOTHAX IPYIN H, B YaCTHOCTH, NOKa3aTelbCTBO BCeX
pesyabratop M3 § 5, MoxHO HafitH B [34]. Mb onmycTrIE B Hamem o0630pe KOro-
Mostoru# Tajya, KOTOpDHE SBJSIOTCS HEOTHEMJEMOH COCTABHOH YacThi0 TEODHH
moJjiefi KJ1accoB; STH BOMPOCH OYAyT HOAPOGHO H3JOXKEHE B TOMaX 3TOH CepHH,
TOCBAIIEHHBX adre6pandeckofi Teopur umcen. C ocmoBamu koromonoruit [anya
MOXHO O3HakoMHTbesi mo [131] IlonesumiMu sBadwTcs Takke cBopHHK [89] H
pan crateil Ceppa m A. Kaprana u3 ux cofpamuii counHenu#t [39], [133].

Koromonorusam anarebp JIH (B TOM uHClie OECKOHEUHOMEDHEIX) ITOCBSLIEHA
xaara [15] u o63op [14]. B Hux npuBefeHH, B YaCTHOCTH, PE3YJbTATH BHIUHCICHHH
KOTOMOJIOTHH KOHKpDETHBIX GecKOHeYHOMepHHIX anre6p JIH, mosiyueHHHe B paboTax
WU. M. Temsdanna, . B. ®ykca u npyrux asropoB. Cm. TakXe nokiaax [66].

Henpeprsupie KoroMonorsn rpynn JIn uanoxensl B Kuure I'mmapae [80[; cum.
Takxke [14] u [31] Hpyroit momxon K HeNpephIBHHM KOTOMOJOrHSM ajreGpaude-
CKHX OOBEeKTOB, CHaO3KeHHBIX TONOJOrMed, onucad B [17]

F'aasa 4

NPOU3BOAHBIE KATETOPUH H NPOU3BOIHBIE @YHKTOPBI

§ 1. OnpepeneHre NPOU3BONHOH KATErOpUH

1.1. Onpenenenue Mopdusm kommiekcoB f:K —L'B
abeneBoil  KarTeropHd ¢ HaseBaercs K8a3UuU30MOpPHuU3mon,
eciu  H™(f) : H*(K")—~H"(L) — u3oMophu3M  Aas BCEX M.

B npenmblayuieM H3JIOXKEHHH MBI BCTPEYANHCh CO CJELYIOINHMH
KBasHH30MOpQdU3MaMH.

a) Mexny AByMS TNPOEKTHBHBIMH (HHBEKTHBHEIMH) pe3oJib-
BEHTaMM ONHOIO H TOFO e OGBeKTa CyLIecTBYeT KBA3HH30-
MODH3M. '

6) Jhiobol 06BekT X KaTeropus ¥ MOXKHO pPaCCMATPUBATH KAK
gommiexe ...—>0—->0~ X-—-+»0-0... (X crodr Ha HyJeBOM MecTe).
DTOT KOMIVIEKC AIUKJMYeH BHE HyJss, @ €r0 KOromoJioruu cremeHu O
cosnazaT ¢ X; Gynem HazpBath ero O-xomnaexcom. [lomosmsiomee

LX
otobpaxceHue e, JEBOH PE30bBEHTH P —X onpenesseT KBA3WU30-

"MOp(U3M KOMILTEKCOB :
: cee> P15 PO 00— . ..

»é*—rifi&—-r&—» e
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B atoM cwmbicaie nonsTHe Pe30JBBEHTH SABJSETCS HACTHBIM Clyuaem
KBA3HM30MOP(H3Ma.

B) Mopdusm mysesoro xommaexca 0~ K (1 K —~0) ssaserca
KBA3HU3OMOPQUBMOM, €C/IM U TOJBKO ecid K AUK/JIMYeH BCIOAY.

1.2. MUnes npousBouHoii Kareropuu. Fieosoruio romosioru-
YecKOi anre6pbl, Kak OHA INPEACTABJIETCs CErOiHfA, MOXHo
cQOpMYJIHPOBATL B BHJE HECKOJIbKHX INPHHLHMIIOB.

a. O6berr X afeqeBofi KaTeropuu CJeAyeT OTOXKIECTBIAATH
CO BCEMH €ro pe30JIbBeHTaMH.

6. OCHOBHOH MOTHB 3TOro Tpe6OBaHUS COCTOMT B TOM, 4TO
caMble BaxKHble W craHjapTHble @yHkropsl — Hom,  Tensopnoe
npousBenenre, I'—B AeACTBUTEJBHOCTH [LOJIKHBI OLITH Ompepe-
JeHn  3aHOBO. Mx «HaWBHBIe» OIpejeNeHHs CIEAYET IPHMEHATH
QUMb IJ8 CHENHAaNbHEX OOBEKTOB, AaUUKIHNYHBIX OTHOCHUTENb-
Ho srtoro (Qyerropa. Cxaxem, ecad X-— IUIOCKHH  MOny.s,
a Y—mnpousBoapHelil, To X®Y ects INpaBRJbHOE ONpeaeseHue
TeH30pHOro mnpoussenenusi. Ho B oblieM cayyae TPaBUIbHOR
samenol X®Y sapnsiercs Kommaekc P .Q®Y, rxe P —X —mio-
ckast pesonbBeHTa MOAynAst X. AHAJOrMYHO, NPABUJBHOH 3aMe-
Ho# rpymnel  I'(&F) ceuenmit myuka F ABJIseTCH KOMIIJIEKC
I'(7) ~rme & —F — uubekTHBHAs pesoJbBeHTa F.

B. [Ipunsitue 3TOH TOukM spenuss Tpebyer, 4TOOLI MH ¢
CaMOro Hayaja paccMaTpHBaJH He Npocto  06beKTH albelieBoit
K4TEerOPHH, H He TOJBKO HX pEe30JbBEHTH, 4 BCEBO3MOXKHBIE KOM-
IJekcH. Jro Heo6XOLHMO, B YacTHOCTH, IOTOMY, uYT0o P ®Y
B ['(Y) p DpeiblAyIIEX NpHMepax Kak NpaBuio OyAyT HMeTb
HeTPUBHAJbHBIE KOT'OMOJOTHH He TOJBKO B HyJE€BOM UJeHe (Ha-
IIOMHHM, 94TO 3TH KOrOMOJIOTHH HAsHBAWTCA  TPOHU3BOAHLIMH
dyurropamu Tor;(X,Y) u H'(F) coorBercrBeHHo). Caenosa-
TeJbHO, TO OTHOLIEHHe MeXJy OOBeKTOM H ero pe3oJnBeHTOl,
KOTOpO€ IO3BOJISIeT HaM OTOXKIECTBHTb MX, JNOJXKHO OBITH 0606-
IMeH0 Ha  KOMILJeKch. TakuM  OpaBHJbHEIM  0600lIeHHeM
H gBJSIETCS NOHATHE KBa3HUH30MODdHuaMa.

r. OTHOlLIEHWe JKBHBAJEHTHOCTH MeXIy KOMIIEKCAMH, IIO-
pOXIeHHOe KBaSHH3OMOD(HH3SMaMH, HMeeT CIOXKHYI0 CTPYKTy-
Py, H 3a pesysabTaTaMH  (HAKTOPH3ALUMH 0[O HEMY HeJerko yc-
JefuTh. TexHWYecKHe CpeACTBa, INO3BOJSIOLIME 3TO CHeNaTth,
COCTABJISIIOT ~ OCHOBHl TEODHH  INIPOM3BOIHBIX KaTEropui, KOTO-
PBIM TOCBsIeHa GoJbluas yacTb STOH IJIABHL.

I. HoBoe onpenenenne dyrkropor &, I' 4 1. 1., yIOMsHyTOE
B TNyHKTe 6, JOCTHraer cjelyiolled HeJd: NMOJYyTOUHble (GYHKTO-
pH  CcTaHOBATCA «TOYHHMH». (CaMO TNOHATHE TOYHOCTH B IIpO-
H3BOJHOH  KaTerOPHH, OJHAKO, He SABISETCS OYEBHIHBIM;  CP.
obcyxnenne B § 2. flzpo 9TOro MHOHATHA B  KJA4acCHYECKOH ro-
MOJIOTHYecKOo aJre6pe— 3T0 TOYHAas MNOC/JAENOBATENbHOCTh BRHIC-
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UIHX ~ NPOH3BOJHBIX (PYHKTOPOB, KOTOpAs MABJSETCS HHBAapHAH-
TOM OTHOCHTEJIbHO CMEHH De30JIbBEHTH.

1.3. Onpenenenne-treopema. Ilycrs & — abeneBa
kareropuss, Kom($£) —kareropus xommiaekcos B &f. Cyute-
ctByer Kareropust D (s£) u dymkrop Q: Kom(sf)—D(s£) co
CHENYIOIIEMHE CBOHCTBAMH:

a. Jna mo6oro ksasuusomopdmama | mopousm Q (f) aB-
JAETCS  H30MOpPDU3MOM.

6. Ecin  F: Kom(s£)—>2’ — npyroft QyHKTOp, IepeBo s
KBa3HH30MOPGH3MBl B H30MOp(H3MBE, TO OH OXHO3HAYHO IIPOBO-
JHTCH yepes (), TO ecTh CYLIECTBYET eZHHCTBeHHHIH (GYHKTOp
G: D(St)—>D’ rakoit, uro F=G-Q.

Kateropus D (s¢) HasbBaeTcs npoussodnoi karezopueri abe-
JeBOH xaTeropuu SE.

14. [IpocToe poKasaTeabcTBO CYyIlE€CTBOBAHHSIA:
JOKAaJH3aUUA KAaTEeTrOpHH.

Ilycte % — coBepileHHO NpOW3BOJBHAS — KaTeropus, S — Jio-
6ot  kaacc wmop¢musMmoB B & . MH mOKaxkeM, UTO CYLIECTBYeT
YHHBEPCAJbHHH  (QYHKTOp, [peBpaIlaoNIHil 37JeMeHTH B B
nsomopodusmel.  TouHee, Mbl mocTpouM Kareropuio & [S7!] m
byHkTOp «NOKamu3auun no S» Q: F—->-R[S~!] co crolicTBOM yHH-
BEPCAJbHOCTH, aHAJOTHYHHIM  copmyaupoBanHoMy B 1. 1.36.

C sToli uenbio TONOXKHM, mupexie Bcero, ObFE[S-']=O0b%A,
Q TOX1ecTBeH Ha OGBEKTAax.

Mopduame B #[S~!] crpositcs B HECKOJBLKO LIAroB.

a. Beemem nepemeHHHE X,, MO OZHOH AJS KaxkJA0ro Mopdu3-
Ma s€S.

6. ITocTpouM opweHTHpOBaHHBIH rpad I':

BepitHHb I'=061hexkTH %,

pebpa I'=={mopdusmer B}J{x,|s€S};

pebpo X—Y opuenrnporaro or X K Y; pe6po x, mMme-
€T Te e BepIUHHH, uTO ¥ pe6po §, HO TIPOTHBOMOJOMK-
HYIO OpHEHTAIHIO.

B. IlyreM HaspiBaeTcsi KOHeyHass  IOCHENOBATENbHOCTh D€~
6ep B rpage I, B XoTOpOj KOHeln mpennzymero pebpa coBna-
Jaer ¢ HayaJoM CJeAyIOLIero.

r. Mopgusmom B B[S~!] HasnBaeTca KaacC 3KBHBAJEHTHO-
‘ct nyteft B I' ¢ o6mumu Havajom ® KoHuoM. JIea myrtn Ha-
3HBAIOTC  9KBUBAAEHTHbIMU, €CNH OHH COeNHHEHH  HeNOUKOH
CIeLyIOUHX 3JIeMeHTapHEX 3KBHBaJeHTHOCTeH:

IBe cOocefHHe CTpeJk# u3 Mor% B IaHHOM NyTH MOXHO:
3aMeHHTh HX KOMIIO3HIHEeH;

0 Xe xs s
cocenune crpeakn X—>Y—>X u Y->X—>Y MOXKHO 3aMeHHTh H&

id 1d
X—>X n Y=Y CoOTBeTCTBEHHO;

Hakoneu, KOMOO3HUHS KJAACCOB NyTeH HMHAYIHPOBaHA KOM-
nosuunest nyreli, a ¢yErrop Q:HF->ZF[S-'] nepesomutr Mmop-
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¢usMm X—Y B Kaacc coorsercrsyromero nyTH. OueBHIHO, g
qio6oro  snementa S€S mopdusm Q(s) uMeer OOpaTHBIA: Kaace
OyTH X,

Ecna F: BB — npyroir - dyHkTOop, NpeBpaMmaOmui mop-
¢usmbl u3 S B u3omopdusme, o dyrkrop G : B[S~ ']->F
ycnoBueM F=G-Q cTpouTtcs Tak:

G(X)=F(X), XeObF=0bH[S'];
G(f)=F(f), [eMor %,
G (xnacc x,) =F (s)-!, s€S.

MBbl ocTaBifieM 4YHTAaTEeNI0 IIPOBEPKY KOPPEKTHOCTH ITOTO OIlpefe-
JIeHUsI U €IMHCTBEeHHOCTH G.

1.5. PacuienuMocTh W npoM3BOj#ble KaTeropuu. [lepsoe mpep-
CTaBJEHUE O CTPYKType TPOU3BOAHOM KATErOpDMH J[aeT CJeAyIolias
KoHcTpykuua. HaszoBem xommzexc K° yurkautHslM, €CIH BCE  ero
nuddepennuans HyJeBble (BCe LeNH ABAAIOTCA UHKAaMY). [luwaug.
Hple KOMIVIeKCBl 00pasyloT NOJHYK Tnoxkateropuio Kom, ()<
cKom ($4). Crpykrypa Kom,($#) oueBHIHA: 3TO KaTeropus

o0

IT = [n], rme S [n]—«n-it sx3emmasap» xateropun . Ilycrs i—

a)?r;:"rop Broxenus Kom, ($£)— Kom (), a h—QyBEKTOp KOroMo-
JIOTHH:

k:Kom ()~ Kom, (), & (K", d®)=(H"(K'), 0).

Mopdusiy f:K — L' crasurca B coorserctBue (H"(f)). Tlockosms-
Ky h nepeBOJHT KBa3HH30MOP(GH3MHI B H30MODP(H3MEI, OH IPOBO-
IuTCH yepe3 (PyHKTOP
k:D(st)—Komy(s#).
HasoBeM abeseBy KaTeropuio ¢ noaynpocToil, eCnH B He# Jio-
6ast TouHas Tpo¥Ka pacllenuMa, TO ecTb H30MOp(dHa TpPOHKe BHAA

1d,0
0>X——X®Y—Y—0. Hanpumep, xarTeropus JHHEHHBIX . NpO-
CTPAHCTB HaJ MOJEM HJIM KOHEYHOMEPHBIX JIHMHEHHBIX IpeNCTaBJe- .
HH¥# KOHEYHOPM TPYNNBI HajX IOJEeM HyJeBOH XapaKTEPUCTHKH IOJy-
npocta. Kareropus aéerleBmx IPYII, KOHEYHO, He NOJYIPOCTa: IO-

caenosarenbrocts 0—>Z—Z—7Z/2Z—(0 Hepacuienuma.

1.5.1. llpennoxenue. Eciu abenesa xarteropus S¢ mnoay-
npocta, T0 ¢Gyrgrop k:D(s£)—Komg(s£) siBAsfeTcss SKBHBAJIEHT-
HOCTBIO KaTeropui.

1.6. BapuaHTh. B NpHIOKEHHUAX [0JIe3HO PacCMaTPHBATL KOMI-
,JIEKCHl C PAa3HEIMH YCJIOBHSMH OrpaHHYEHHOCTH, HalpHMep,

Kom*(s£) : K'=0 nns i<ir(K');
Kom~(s£) : K'=0 nas izis(K");
Kom® (s¢) =Kom* (£) NKom~ (s£).
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Taxue KOMIUIEKCH 00pasylOT NoJiHble moakaTeropuu B Kom(sZ) u
4acTO HYXHO PaccMaTPHBATh COOTBETCTBYIOUIHE NPOHU3BOAHBIE Ka-
teropuk D ($£), D~ (s¢), D*(s¢). Hanpuumep, neBble NpOEKTHBHLLE
pesosabBeHTHl JexaT B Kom~™(s8£), a mpaBeie HHBEKTHBHbIE — B
Kom* (s£).

- 3aMeTuM Temnepb, 4TO ONpeleieHHe, CcKaxeM D*(sf), MOXKHO
chopMynHpOBaTh B ABYX BapHAHTAaX: MHE MOXeM JHO0 JIOKAaJH30-
Bate Kom*(sf) mo kBasumsaoMopdusmaM, JuHGO pPacCMOTPETh B
D(s¢) mosHyoo NOAKATErOpHIO, COCTOALIYI0 K3 OrpAaHHYEHHHIX CJle-
‘Ba KOMIIEKCOB. X0Tesnoch OB OHTH YBEPEHHEIM B COBNAJEHHH 3THX
'KOHCTPYKUHMH, OJHAKO [OJs 3TON0 HaM NOKa He XBaTaeT TEXHHUKH.

Heno B T0M, uro Mopdusme B H[S~!], nocrpoennrie B m. 1.4,
OpeACTaBAsaoTCS (OPMAaJbHEIMH BbIPAXKCHHSMH BHAA

foaesTlefoosyle.  Loslo fryy, TOE fi€ MOr&, sES, (1)

s 3ddexTHBBOA paboTH ¢ KOTOPHIMH HaM HexocTaeTr anreGpau-
YeCKHX TOXK/JECTB THIIa <«NPUBEAEHHS K OOLIEMY  3HAMEHATEeNIo».
Hanpumep, B KOHKPETHBIX cnyqaax TPYAHO RaxKe PEWHTh BOIPOC,
He SKBHBaJIeHTHA JM KaTeropusi %[S~!] xareropuu ¢ ogHHM OOBEK-
TOM H OJHHM MOPGHH3IMOM.

Heo6xoxumple TOXIECTBA MBI axcnomamsnpyem B CJefyoHeM
onpeeNeHu .

1.7. Onpenenenne. Kuacc Mopcpnsmoe ScMor# naskBaer-
CSt OKQAUBYIOWUM, €CIIH BBIIOJHEHH CJeLyOIlHe YCJIOBHS:

a) MyJbTHIVIMKATHBHAs 3aMKHYTOCTh: idx€S pasi Bcex X€ObZ;
ecnu s, t€S, To s-t€S, Korma sra KOMIO3HMIMSA ONpeneseHa

6) ycaoBHS NPOLOJIKeHHs: s Jo6bx féMord, s€S cymecrsy-
10T géMor%, (€S, pomosHsIOmHEe YroJd A0 KOMMYTATHBHOIO KBaf-
paTta B KaxJO# U3 CJIefyIOIHX ABYX AHArpaMM:

W-="—»2 ;N‘———Z

ti ls t) ts . (2)
b, Lo,
X Y X Y

B) mycts f, g—nBa Mopdpusma X—-Y; cyuectBoBanue Mopdus-
Ma, SES ¢ Sf==5g PaBHOCHJIBHO cyuiecTBoBaHuio (€S ¢ ft=gt.
'1.8. 3ameuanns. a) PaccmoTpum B JieBOM KBajpate (2) myTH
Xf u gx, or X x Z. Mpl yTBepKIaeM, 4TO OHH OIPEALISIOT OIHH
u TOoT Xe Mopdusm X—Z B H[S-!]. B camom nene, KOMMYTaTHB-
HOCTb KBaJpaTa O3HayaeT, YTo ft==Sg B Mor%#, oTKyZa ciaenyer
SKBHBAJIEHTHOCTb IIyTEH X fz‘xt H X,SgX; H 3aTEM X f H gXx;.

Tagum ob6pasoMm, B H[S~'] uMeeM, B HECKOJIbKO BOJBHOH 3allHCH,
s-f=gt-1, 4To mosBoJsieT meperHaTh B Buipaxenuu (1) Bce «3Ha-
MeHaTeNu» S;”! HanpaBo, €CJH TOJBKO S YIOBJIETBOPSAET YCJIOBUSAM
n. 1.7 a, 6.

Ananornyno, Bropoit kBagpar B (2) MO3BOJISIET NMEPEHOCHTH BCE
3HaMeHATeJH HaJleBO. DTO Upe3BBIYA#HO YOPOIAaeT HCCJIEXOBAHHE
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JIOKaJIH30BaHHON KaTeropuu. Uro KacaeTcsi yca0oBHS B), OHO obec-
NeYHBaeT 3KBHBAJIEHTHOCTb MeXJYy IEPEeHOCOM HANpPaBO M IEpeHo-
COM HaJIeBO.

6) K coxanenuwo, B xareropun Kom (s£) KBasunsaomopdHu3MBbl,
BoOOIIE TOBOPS, He 06pa3yloT JOKAJH3YIOUIEro Kaacca. DTO MpensaT-
crBHe OOXOAMTCS TaK: CHayajga cTpoutcs kareropus K (&) komm-
JIEKCOB II0 MOAYJIO TOMOTONHYECKOH 5KBHBAJEHTHOCTH, 4 3aTeM
nposepsieTcs, uTo B Hell KBAa3HH30MOD(H3IMBI yKe 06pasyioT JioKa-
JH3YIOIME Kjaacc. D10 O6yaer cAenaHo B caelyloumem mnaparpade.

Coopmyanpyem B 3aKJH0YEHHE HECKOJLKO MOJE3HBIX CBOHCTB JIO-
Kalusau¥u Ino Jokanusymollemy cemeiictBy. Crenymomas JeMMma
ABJISIETCA JHATPaMMHBIM BapHaHTOM 3aMeyaHus 1.8a.

1.9. JIemwma. Ilycry S — nokanusyowni Knacc MopPu3MOB B
kateropun %. Torma H[S-!'] nomyckaer clenyiollee ONUCaHHE:
ObZ[S-']=O0b%, u nanee

a) moppusm X—Y B H[S-!] ectb Ki1acc «AOMHKOB» — JIHArpaMm
(s, [) B & Buna

xl
y \ , 865 ,feMord , (3)
X Y

npuyeM JBa AOMHKa IpPHHAIJIEXKAT OXHOMY Kaaccy, (s, f) ~ (¢, &),
ec/M M TOJBKO €CJH HX MOXHO HOCTPOHTb [O TPEeThbero JOMHKa
(sr, gh), BXonsiIero B KOMMYTATHBHYIO JHarpamMmy

T}
X

ToxnecrBensn# MopdusMm id : X—X — knacc HOMHKOB, coxepxa-
ik foMHK (idx, idx).

6) Kommnosunus Mopdu3MOB, NpeACTaBJeHHHX XOMHKaMHu (S, f)
u (1, g), npencrasneHa noMHkoM (st’, gf’), xoTopulli nonyuaercs
M3 HHX JHOCTpOHKOH ¢ HmOMOUIBIO IepBOro kpajpata (2):

"
'/
t', \\f"

o v
X Y Z.
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1.9.1. 3amMeuwanune HasoBem auarpammy (3) S-neBHiM gO-
MHKOoM. HMiMeercst Bapuaur JemMMbl n. 1.8, B KoTOopoM BMecTO S-se-
BHIX JAOMHKOB HCIOJIB3YIOTCH S-mpaBble KOMHKH

aS

KoMmnosuuust MOppH3MOB, NMpeACcTaBIEHHBX S-NPaBHIMH JOMHKaMH,
CTPOUTCS C NOMOMIBIO BTOPOrO KBagpara (2).

B cooTBeTCTBHH ¢ 3THMH AByMs BO3MOXKHOCTSMH MOXHO BBECTH
NOHSATHSA JIeBO- H NPAaBO-JOKAJH3YIONUero Kjpacca MOpdH3IMOB, no-
Tpe6oBaB IJS HHX JHIIb NOJOBHHH ycJioBHHA 1.76 u 1.7B.

L10. MTpexnoxenune Ilycte ¥ —HekoTopass KaTeropus,.
S — nokaansywomas cHeremMa Mopbusmos ¥, #CE — nonnast moA-
KaTeropus. IlycTe BHIOJHEHH CleLyIOUIde YCJIOBHA: YCJIOBHE a) H
aubo 6,), aubo 62):

a. Sg—=3NMor $— nokanusyiouas cucrema B &.

6;. lan moGoro mopdusma s:X’'— X, rie s€S, XeOb%, cy-
mecTByer Taxoh Moppusm f:X7— X', uro sfE€S, X"€0b%&.

6.. To e, uto B 6;, HO C OOPalUEHHBIMH CTPEJKAMH.

Torna % [Sz|—nosmas moakareropus B 6 [S~1]. Tounee, xa-
nommveckuht dynkrop I: % [Sg]-~%B[S7Y] sBasercs Bnome cTpo-
rov. B

Hcnonbays 310 npenyoxkenne, MOXKHO J0Ka3aTh, YTO JHArpaMMa

/n"u) \

o) ) |

N D7 (#)
COCTOHT H3 BJIOKEHHI NOJHHX IOAKATEropHA.

§ 2. MpoussoxHas KaTeropus KaK JOKaJH3ALHA TOMOTONHYeCKOMk

2.1. Maan. CHayara MB ONpENEJNHM TaKHe AHarpaMmuel B INPoO-
H3BOXHOH KaTeropHH — 8bl0eseHHble TPEY20AbHUKY, — KOTOpHE 38-
MeHsIoT u 0606al0T TOUHHe TPOHKH B abexeBoit Kateropuu. Om-
pelelieHle TAaKHX AMarpamMm He oueBHAHO. HauaTe ¢ TOro, 4to MHL
NOKa He 3HaeM Jaxe, yto xareropus D(&f) apautuBHa:  4TOOH
CKJaJHBaTh MODP(H3MH, HYXHO CHAuaja NPHBECTH HX K ONHOMY
3HameHaTeso. Jlanee, xors kKarteropus D(s£) H okaxercs ajniu-
THBHO#, OHa NIOYTH HHKOrjaa He aGesiepa. [lostroMy B D(S¢) Hesb3s
HMHTHDOBATb O6HIUHOE OnpedesleHHe TOYHOCTH.
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Bce xe, HecMoTps Ha HeaGenesocTs D (&), BhIAeICHHLEE
TPeYTOJbHEKH B Hel 327307 3aMeqaTesbHYI0 CTPYKTYPY, KOTOpas
OTpaxaer OCHOBHBle rOMOJIOTHYECKHe CBoficTBa HCXOoAHOH abele-
BOH KaTeropHH.

2.2, ®yEKTOp cABHra, UMAMHAP M KoHyc. [Iycte ¢ — Hekoro-
pas abeJsieBa KaTeropus.

a) duxcupyem nesoe uMCJAO 7 M AJ8 JOGOro Kommiexca K=
= (K% d}) monoxmu (K [n]))=K"", dgpn=(—1)"dx- Eum

f:K = L' —mopdusm xommaexcos, To0 -f [n]:K [n]—~ L' [r] mo ompe-
JAEJNeHHI0, COBIafaeT C f ITOKOMIOHEHTHO. ‘

Oro6paxernne 77:Kom ()~ Kom (#), T*(K)=K[n], T™(f)=
= f [n] fBngeTca @yHrmMoOpom cOsuza, OCYUIECTBIAIONIUM ABTO3K-
-BUBAJIEHTHOCTb Xarteropur Kom (&£). Oqeammo, YyTO OH TaKKe
MHIyLUPYeT aBTO3KBHMBANEHTHOCTH KaTeropuit Kom* (£), Kom™(s#),
Kom? (&) n coOTBeTCTBYIOUINX NPOUSBOAHBIX KAaTeropuf.

6) Iycts f:K - L'—wmopdusm xomnaexco. Kowycorx C (f)
MopbuaMa f HasHBARTCA KOMIIEKC
CUY=KNBL, decy (B, I)=(—dxk*, f (&) +-d:l).

V06HO 3aNUCHBATH SEMEHTH C(f)=K'[1]®L B Bume CTOACUOB
JBREICOTHE 2, a MOp®b¥3aME 0603HAUATh MaTpHUAMH:
~ (dxkm O
o0 =(71 a.)
:Jlerxo mpoBepuTH, YTO dg(,)=0.
Ecm f—wmopdusm O-xomnsexcos (1. 6), to C (f)— KOMIIEKC

vo>0+ K> L0 .... B wactaacry,
0

H(C (f))=Ker f, H(C(f))=Coker f.
B) B rtex xe o6ossauenusix yuaundpom Cyl(f) mopdusma f
HA3EBaeTCAd KOMILIEKC o
Cyl(f)=K oK [1L,
dCy](f) (kl ki-l-l li)__(d kl ki+1 ‘_del+1 f(k‘H‘l)—’l"‘dLll)-
OmemM yTO ecaun 06a Komnnexca K, L orpaaneHbl" c}IeBa,

.CTIPpaBa MJH C JIBYX CTOpPOH, TO C (f) nu Cyl (f) obaanaror Tem e
-cBoficTBOM orpasuuensoctu. Kpome rtoro, ecmu XK', L'éKom (%), rae
%’cm-—ﬂexompaﬂ 4] AWTHBHAS NOJKATErOPHS, TO C (f), Cyl(f)e
€Kom (%)..

-~ OcHoBHHe caoﬁc’raa KOHyca ¥ IWIHHIPA coﬁpaﬂm B caepyouLeit
JiemMme.

- 2200, JIemma JZLJm mo6oro Mopbusma f:K — L' wmoxHO T1O-
'CTPOUTH KOMMYTaTHUBHYIO ,u.narpaMMy B Kom ($$) ¢ TOuHHMH CTPO-
KaMH, QYHKTOPHAJMBHYIO O f: -
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01 Soc (2K 10

Fe ol
0K »Cyl(f)-»C(f)—>-0 | (1)
K~ L
C0 CEAYIOMUME CBOHCTBAMU: S ; »
@, B—kBasuusomopduaMel, npuuem fa=id;., a aff romoronen
ideyi(r), Tak uro L u Cyl(f) xaHOHMUECKH M3OMOPOHH B NPOM3BOX-
HOH KaTErOpHH.
2.3. Onpene.neﬂ ue. 8) TPeyeonsHUKOM B KATErOPHAX KOMII-
aexkcos Kom, D, D*,. .. Ha3nBaeTCsd guarpamma BhIa

. u - v . - .
K—L->M-K[l] .
6) Moppusmon mpeyzorbHuK08 HABIBACTCH Komy'ramsﬂaﬁ
AvarpamMma

. u v w s

K—L->M-=K1]

Vou Vg, V2 g 411

K1—>L1->,M]——>K1 [1].
3toT MOphH3M Ha3bIBaETCHI U3OMOPPUIMOM, ecld |, g, h—usoJ
MOP(H3MHEL B COOTBETCTBYIOINEH KaTEropHH.

B) Boidenerrnoim TpeyzoabHuKom HasHBAETCS JIOGOH Tpeyronb—
an KBAa3HH30MOp GHBI CJIelIYIOIHEH YaCTH HEKOTOpO#  Jamarpam-

m(1):
kLepnicpskm

il

Crenyomee npeljoxeHHe NOKAa3biBaeT, YTO TOYHHE TPOHKH 110-
HOJHSIIOTCS A0 BBLAEJTEHHBIX TPEeyTOJbHHKOB.

24. I[Ipennoxenne. Jliobas ToyHas TPOHKa. KOMILIEKCOB B

Kom (s¢) xBasunHsoMopdHa cpenuei choxe noAxolsAmel  Aua-

rpamMmhl BHga (1). g

Hoxasareasctso. Ilyers 0K —+L M ->0-Toquaﬂ
'rpoﬁxa TpeGyemsili kBa3uu3OMOpQU3M UMEeT BHJI ‘

0+ K ——L—->M—=0
|t te
0K —Cyl(f)—C(f)—0,

rae § sasar us (1), a y (R, I')y=g (I}).

Crenyromas TeopemMa IIOKashIBAE€T, UYTO  KOTOMOJOTHUECKHE
CBOMCTBA BHIAEJNEHHHX TpPeyroasHukos B D (s#) (amu B
D*(s¢),...) NOJHOCTHIO. aHAJNOTHYHBI CBOWCTBAM TOYHHIX -~ TPOEK
KOMIIJIEKCOB. c ! : : :
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2.5. Teopewma. [Tycrs
v . W B

. K50-M 5K )
— BHELAeJIEHHBI TpeyroasHHK B D (s¢2). Torza nocieroBaTesbHOCTDL
KOroMOJIOTHH

A @) Hw) : .

oo > H{(K)—>HY (L) —>H (M)—>H (K [1)=H"(K)~>...
TOYHA. -

Teopemy pocraTouyHo AOKa3aTh A KBasHH3OMOPpdHoro  (2)
BBIAECJIEHHOTO TPEYroJIbHHKA

a n LI
K —~Cylw)~C ()~ K {11,
nocTpoeHHoro no guarpamme (1). Drto nenaercs HeNOCPEICTBEHHO.

., 26, Onpenenenne. Ilyctb & — aGeneBa Kateropus. I'omo-
Tonuueckas karezopus K(s¢) onpenensercs cJjelylowuM o06pasom:

Ob K (s£) =Ob Kom (&)

Mor K(s£) =Mor Kom () no Moaymio roMOTOIHYECKOH
3KBHBAJEHTHOCTH.

Yepes Kt(sg), K—(s£), Kb(s£) o6osmauanTcs IOJHEE MOLKATe-
ropuH K (&), cocrosiliHe H3 KOMIIJIEKCOB C COOTBETCTBYIOIIHME
VCHOBHAMH OTpaHHYE€HHOCTH.

Scno, uto K () — amautuBHAs KaTeropHsi M 4970 Ha HeHl Kop-
PexTHo ompeneneHH ¢yHkropsl M. TloatoMy Ha Hee  JOCJOBHO
TlepEeHOCHTCS oOnpelesneHHe KBasuusoMmopdusmos m. 1.1.

2.7. Teopema. a) B kareropun K(s¢#) KaIacc KBa3MH30MOp-
$HH3MOB fBJsIETCS JIOKAJIHIYIOUIHM.

6) Jlokanusaunms K (s¢) no kBasuuzomopdu3MaM KaHOHHYECKH
u3omopdrHa D().

9T0 XKe BepHO Mis Kateropui K¥(s£) m D¥(£) ¢ »=+, —, b.

JlokasareabcTBO 3TO# TeOpeMbl HECJOXKHO, HO HECKOJbKO IpO-
MO34K0. OCHOBHOH TEXHHYECKHH IpHEM — HMCIOJb3OBaHHE JEMMH
m 221

2.8. Apamtusroctes D (s2). Has ciaoxeHuss  MopdH3MOB B
D(s£) noramem, uro JM06GHe Apa mMopduaMa @, ¢’ : X—Y B D (H)
MOXHO <IpHBECTH K O6HIeMy 3HameHaTeJl0», T. €. NPEACTaBHTb
JOMUKAMH

yu\, Vu\\s' 3
X Y, X Y

¢ OJHHAKOBBIMH BepIIHHAMH H OJHHAKOBHIMH JIEBHIMH . CKATaMH.
B camoM perme, nycth @, @’ NpPeACTaBJeHH KaKHMH-TO HOMH-
KaMH
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A0 KOMMYTAaTHBHOTO KBAIDaTa B K(s¢). Tockomsky s, s’, r—
Ksasnusomopcpnsmbl r’ — Toxe KBasuH3oMOpOhu3M. [losaToMy @
#H @' MOXHO NMPEACTaBHT  JIOMHKaMuH BuEa (3) c t=sr=s'r’,
g=ir. g'=f'r.

Teneph onpenesuM Cijmy ¢+ B D ($) xax mopdusm, mpen
CTapJeHHBH IOMHKOM X U ftiY .

2.9. Mopguamul B D (s£). Tlycre S —abenesa xareropus,
f:K'—~ L wmopdusm B8 Kom &£). W3 onpenenesus  MopdusMos
B D ($#) scno, uto f=0 B D(A) TOr1a ¥ TOJBKO TOrJAa, KOTA4
CyLecTByeT KBasuudoMopdusM s:L'— M’ T1aKolt, uTO S f TOMOTONHO

O (3KBHBAJMEHTHO, CyINEeCTByeT KBasuuzomopusm £: N - K Taxo#,
ut0 ft romoronuo O).

Ecm f=0 B D($#) T0, xomeuHo, H*{f)=0 naa Bcex i.
PaccmaTpuBas MOPGH3M KOMIIJIEKCOB IJHMBH 2 (nas S = S£b).

0> Z5Z— 50 ...

b, Ja
..0— %—>Z/3Z—>%)—> ce

{b, ¢ mepesomaT o6pasyrowyid KaxAok rpynnsl B o6pasyninyo,
a, d ymHOX40T Of6pasyiollyio Ha 2), MOKaxHrte, 4YTOo obpaTHOe
HepepHO. Taxkum o6GpasoM, B  memodyke wummnaukauuit {f=0 B
Kom £}={{=0 8 K(£)}=>{=0 B D(#)}={H'(f)=0 1z
BCex i}, BCe MMIIHKAUMH SBJISIOTCA CTPOTHMH.

2.10. Cpesaomme ¢yHEKTOpEl. [in9 KAKAOro KOMILIEKCA
K'€Ob Kom & u xaXJOro LeJoro i. ompefe/uM KOMIEKCH T« K,
T5:K* (cp. ran. 1, n. 3.3). nonaras

" mpu n<i,
(K'Y = {Iéer d! npn n=1i,

npu n> 1.
o npu n<i—1,
(v>:K )= K‘“‘/Ker di npu n=i—1,
K" npu n> 1.
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Hecno, uro

H"(K') ipu n<
H*? (‘L’<1K)—{ ( HSPI ﬂ,>t,
. ~ [0 pu n <%,
H (r>zK)*{H"(K.) NN

2.10.1. lipexnoxenue. a) EcrecTBeHHEBIE MOPDHUIMEI KOMILIEK®
coB a:1K — K (coorBeTcTBeHHO f: K'->15,K’) mnpoaomkaiotcs
o ¢ynxTopa T (COOTBeTCTBe}IHO T»i) W3 kareropud Kom &
B cebs.

6) OYHKTODH Tci, T»>: NEPEBONAT KBAMM3OMOP(MSMEI B KBA3M:
M30MOpG¥SMEl M TIOSTOMY * HHIYIHDYIOT ~(yHKTODH (oﬁosnaqaeMble
CHOBA' Ty, i) M3 D(S#) B ceds.

B) Cymecreyer dyuxropuamshri o K €Ob D () suineneHnsi
TPEYTOMLHHK ‘

« B . "
T - K = t5inK > 1K [1]
B D(s£). IR : - : .

JlokasarenbeTBa BCeX 3THX YTBEDXKJAEHHH JierKO BHIBOISTCH 43

npenaoxenns o, 2.4 OTHOCHTENBHO AaJpHEHIIHX CBOHCTE H 0606~
IIEHHH cpesaiolux (QYHKTOPOB Twi, Tmi CM. INL 5, I. 3.4.

§ 3. CrpykTypa NpOH3BOJHOA KATEropuu

3.1. Kommnuekchi—o6hextol. Hasorem HO-xomnaexcom moGoh
xoMmmieke K, mns goroporo Hi(K')=0 npu i%=0. Ilpu stom sce
PaBHO, B Kakol M3 Kateropu#i paccmartpusBaerca K, u6o  H?
npeBpamlaer KBa3HM3OMOPGOH3MH B H30MODGDH3ME H TOTOMY Ol
penenen He ToabKO Ha Kom*(s#), mo m na K* () u D*(«#),
*—Q +) T b. '

3.1.1, Hpennomenue (DyHK'rop Q: —>D* () 3ajaer
SKBHBAJIEHTHOCTb KaTeropuH S ¢ NOJHOA NOJKAaTeropHe D* (.sxt)
cocrosimelt H3 HO-KoMnIeKcoB.:

3.2, Pacuupenns u QYHKTOPH Ext Bmecro 0-KOMIJIEKCOB H
HO-XoMnIeRcOB MH MOMKeM paccMaTPHBaTh TaK¥XKe i-KOMILJIEKCH H
HiskomnuekcH ¢ npon3BoJbHBIM i. CTPyKTypa MOp(H3IMOB MeXIy
TaKHMH KOMIUIeKcaMH B D*(s£) —3To caelyiomas 10 CJOXKHOCTH
BHGOpMauKsa 0 NPOH3BOAHOH KaTEeropHy.

Bynem samuchiBaTh i-KOMILTeKCc ¢ o6bekToM XE€ObSY Ha i-M
mecre Kak X[—i}; Bmecto X[0] B mpeammymmeM NyHKTe MBI IHCa-
an npocro X.

3.2.1. Onpezxenenne Ext”(X Y)= Homm(ﬂ)(X[O] YiED.

Huxe mbl nokaxem, 9To 3T0 onpeneneﬂue coBmajaer ¢ jJaH-
HEIM B I, 2, § 4.
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3.3. 3ameuanus. a) ‘BespasnnuHo, Kako# uHIeKc 0003Ha-
Y3ercs CHMBOJOM #, HGO i-KOMILIEKCH OpAHHYEHH, a- BCe BJOXKe-
HHS TIPOH3BOAHBIX xaTerop;ﬂn ZpyT B ApYyra, CyTh CTPOrHE NOJHHE
cpnyTopm

6) C nomompio - ‘dyHKTOPa T# ~Msl MONEM OTOXNECTBHTH
Ext', (X, Y) Takxe ¢ Homp( gy (X [£], Y [i+k]). Ymmoxenue mop-
¢u3MOB B NMPOM3BOAHOH KATErOPHU NIO3BOJIET ONPEAEHTh KOMIO3HUMIO

Extl, (X, V) X Ext/ (Y AL

I . B
Hompyeyy (X [£], Y [i+k] X Homp (g [Y [i+k], Zi+j+E)~
_+Exti+f (X, 2)

B : .
Ora xommosuuust Ha Ext’ ax He saBucuT OT BHGOpa £ B HIKHEH
CTpOuKe.
. B) Extf% (X, Y) saBnsoTca aGeneBME TPYNNaMi, MOCKOJBKY
kareropusi D ($#) appuruBga. YMHOXKeHue GuajnuTBHO. BoJjee To-
ro, Ext’, onpenenser Gubynxrop S£0X S S£b.
PaccmatpuBasi TOUHYIO TPOHAKY B %

0>X'—>X->X"->0 (coorBercteenHo 0—Y’' =YY" —0)

KaK BEUICJCHHEl TPEYrOJbHUK, MOJydyaeM M3 M. 2.5 TOUHYIO NOCHKe-
AOBATENLHOCTS

»Extw(X” Y)—-Extl, (X, Y)»ExtM(X’ Yy~
——>-Exti+1 (X", Y)—> .
(cooTeTcTBERHO . . . —>Exty, (X, Y/ )—Exty, (X, ¥)~Exty, (X Y ”)
—~Ext T (X, Y)—>..)) ,
r) CJIenyﬁ l/I_onene PACCMOTDHM CJIELYIOIMIYI0 KOHCTPYKIMIO 3i1e-,
MentoB 3 Ext (X, Y), i>0. PaccmoTpuMm /moGoft AUMKIMUHBIA

rkommtexe K Bupa:
. K': o> 0> Kl=Y > K | o K> X =K'=>0-... (1)
OH onpenemer JIEBBI  TOMUK

x2

s f
X[o) yivl
rae 1?‘ K! npn I5:1, Kl= 0 s°__d,(, ft=idy. O6o3Hauum ye-

pes y(K ) Mopdu3M B IPOM3BOAHOM xareropnu X [0] Y [i], orBeya~
IOIMUA STOMY JOMHKY. ‘
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[TycTh, HaKOHeL, y HAC eCTh ABA KOHEWHBIX AUWK/IMYHBIX KOMI-
Jexca K', L', npwuem xpadmuit jeswit uwier K, 10 ects Y B (1),
coBnanaer ¢ KpafmuM mpase wieHoM L'. Torma Ml Moxem 0Gpaso-
BaTh TPeTHH KOHEYHHi AUMKJIMYHBIH KOMIVIEKC, «CLENUB» L'n K 1o
HX ofLleMy 4JeHy:

ar
LK:...+0>Z—Li> ..~ L 1—+L—+K"H—>

.. K'-—>K1=X——>-0. ..
TAe f — KOMIIO3UIHS,

dr dp
fiL»>L'=Y=K"t> K

(auukmuHoCTh L'oK JIETKO NpOBepsieTcs). -

3.4. Teopewma. a) Exty, (X, ¥)=0 npu i <O0.

6) ExtS, (X, Y)=Homy (X, Y).

B) Jlio6oit azement Exty, (X, ¥) nveer Bux y (K) ama nopxons-
mero komnaexca K suxa (1) u mm 4 (K JeExty, (X, V), y(L)e
eExt ¥, Z), vimeem

Y(LK)=y(L)y(K).

3.5. Tomonoruueckas pa3mepHocts. [lpeabiaymiass TeopeMa Io-
Ka3blBaeT, 4TO CJOXKHOCTh IPOU3BOAHOH KaTteropu D(s£) MoXHO
rpy60 H3MepHTh cJelyloliell XapaKTepHCTHKOH.

Tomonrozuneckoli pasmeprocmoto dh(S#) Ha3pBaeTCss MAaKCH-
MaJbHOE YHMCJO p, AJS KOTOPOrO CyuiecTByloT 00beKTH X, Y E0b S
¢ Ext?, (X, Y)+#0, wm oo, ecim TaKoro uucia Het-

Ouesuzno, dh(A)>0. HyabmepHbie KaTeropud ycTpPOEHH Ipo-
CTO. :
35.1. Mpexaoxenune. . Crenyomut yTBEPXACHAS SKPUBA-
JIEHTHBI:

a) dh (%) =0,

6) Ext;‘ (X, Y)=0 nas Bcex X, Ye&Ob $£),

B) Kareropus & nojaymnpocra (cm. . 1.5).

3.6. Onnomepible Kateropum: a) Kareropus b oldHOMepHa.
6) Kareropua K[x]-mod, rme K — mone; ogHoMepHa.

Jlerko mOKa3aTh, UTO Pa3MEpPHOCTh 3THX KaTeropuét ==1: B HHX
€CTb HepaclleNHMble TOUHbIE TPOHKH

0>ZsZ>Z/mI>0, m>1,
0 K [x]-> K [x]> K 0.

JloKasaTepCTBO TOrO, YTO PasMepHOCTb S£b B TOYHOCTH paB-
Ha 1, cpaBHHTeJbHO HecqoXHo. [lisi JoKasaTesbcTBa OAHOMEpPHO-
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i K[x]-mod rnosesHo pa3sBUTh HEKOTOPYIO TEXHHKY, KOTOPYIO
MBI cefiuac OIMHUIIEM.

3.7. Tomonornueckue pasmepHocTd ofnekta, IlosokMM  OJst
XeObsy

dhp X =sup (n:3YE0b #, Ext", (X, Y)=0},
dhi X =sup {#:dYEOb s#, Exty, (¥, X)+0).

BykBbl p, i — COKpaIleHHs CJIOB <«IPOEKTHBHBIA» H «HHDEKTHBHBIH»
COOTBETCTBEHHO, YTO ONpPABAHIBAETCS CJELYIOLIeH JeMMOM.
3.7.1. Jlemma. Caenyoomue TpH yTBePKACHHS 3KBHBAJEHTHBHI:

ap) dhp X=0.
6,) Ext‘d (X,Y)==0 nna scex Y.
B,) X NPOEKTHBEH.
AHaNOrv4HO, SKBHBANCHTHHl YTBEDPK AECHHS:
a;) dhi X=0.
6:) Ext', (¥, X)=0 nns Bcex Y.
B;) X uebexktused. M
3.7.2. [Tpeanoxenue. a) Ilycrs KoMILIEKe
.. >0 X' >P-ts PP X 50— .

anukauyed, o6vekTs P~* npoektusHs. Toriga
dhp X’=max (dhp X—k—1, 0).
6) Ilycts KOMAIJEKC
.. >0 X[ B X (0 ..

AUMKInYed, 06berThl I’ nHbekTuBHE. Torna
dhi X’=max(dhi X—k—1, 0).

3.73. Cunencreue. a) Ecan B kateropun & JOCTATOMHO
MHOI'O IIPOEKTHBHBIX 00BEKTOB (TO €cTh 060 00BeKT H30MOpP-
den cakropy mnpoekTHBHOro), To ycnoeue dhp X<k paBHOCHIBHO
TOMy, uTo y X HMeeTcsi TPOEKTHBHAas pe3oJbBeHTa MJMHHB < R--1.

6) Ecan B xareropuu S [ROCTAaTOYHO MHOTO0 HHDBEKTHBHHIX
o6bekToB (TO ecTb JoGofi  o6bexT  u3oMOpdeH  NOAO0OBEKTY
HHBEKTHBHOro), To ychoBHe dhi X<{k paBHOCHJBHO TOMY, 4TO Y
X ¥MeeTcss WHBEKTHBHAsd pe30oNbBeHTa MJIHHE <<k--1.

3.8. Teopema I'manbGepra. B ra. 2, § 4 mu  chopmyarposanu
TeopeMy ['manbepra O nenax cH3HTHE AJA MOAYyJeid Hal KOJbLOM

MHOrouJleHoB K[y, ..., #]. B caemywomeit teopeme Gyxer coopmy-
JIHPOBAH KaTerOpHBIE BAapHaHT 3TOH TeopeMH. B npameHeHHH K
MORyJsiM Hand k[t ...,%] OH HBaer pe3yabTaT, HeMHOTHMM GoJjee

c¢nalbbifi, ueM KJaccHYecKas TeopeMa, NOCKOJbKY MBI IOJYYHM

OrpaHHYeHue JJIHH NPOEKTHBHHIX, a He CBOGOJHBIX DPe30JbBEHT.
(B neficTBHTENBHOCTH, HAL KOJBLUOM MHOTOWIEHOB C KO3(pdH-

UHEHTAMH B IIOJIe NIPOEKTHBHBIE MOJYJH KOHEYHOTo THHa cBOGOA-
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HH: Dra HeTpHBHAJbHAs TeopeMa Oblla COPMYIHPOBAHA B Ka-
yecte rumoressl Ceppom M HoKazaHa HesaBucuMO CycamHBM u

Keusnenom [12], [123].
[ycts £ — abenesa karteropus. OGosHauum uepes {T] cie-
LYYy KaTeropHio: . V '
Ob o [T']:{napw . (X, £), rne X€Ob S, t&Hom g, (X, X)).

Mopdram (X, t)—(X",t'), B S#HT]—>a10 Mmopdusm f:X—X" B &,
¢ yenobuem tef =fol.” ‘ o

3.9. Teopewma. a) Kareropus S#[T] abenesa.

6) Tlpemmomoxum, 9TO B KAaTeropHH &£ JIOCTATOYHO  MHOro
NPOEKTUBHBIX OGBEKTOB M CYIIECTBYIOT OECKOHEUHBIE MpSIMBIe CyMm-
mbl. Torga mas mo6oro o6bekta (X, t) 60bSZ(T] umeem: :

dhp 17 (X, ?) <\th.9¢ (X)+1.

B) B Tex xe ycnoBuax
dhp g1 (X, O)=dhp o (X)+1. B

SlcHo, uro yrBepXkAeHHe M. 3.66) caexyer H3 3TOH  TEOPEMH.

3.10. TpouaBoxHas KaTeropus H HHBEKTHBHBIE PE30JIbBEHTH.
[Tocnennas TeMa sTtoro maparpada— onucaHHe NPOH3BOMHOH Ka-
TETOPHM B TePMHHAX HHBHEKTHBHHIX Pe30JIbBEHT.

[lycts F —moJHas TOXKaTeropust abesieBOH KaTeropuu o,
cOCTOSINAs W3 HHDBEKTHBHBIX OGBEKTOB. PaccMOTpUM  KaTeropuw
K*(F), cocrofillyio W3 OTpaHHUYEHHHX cleBa KOMIIJIEKCOB HHbeK-
THBHHIX 00BeKTOB H MOP(H3MOB N0 MOAYJI0  TOMOTONHYECKOR
SKBHBAJEHTHOCTH, ¥ eCTecTBeHHHH ¢yukrop K* (F)—>D+(s¢).

3.10.1, Teopema. a) OuncaHubfi GYHKTOD ONpelessierT KBH-.
BajentHocTh K* () ¢ monHol moakateropuei D* (s2).

6) Eciu wHDBeKTHBHHIX 0OBEXTOB B S [NOCTATOYHO MHOrO, TO
OH AABJISleTCS SKBHBAJEHTHOCTBIO KaTeTOPHIl.

3.10.2. Ilnan nokasatenscrsa. Ilpexie Bcero, HyXKHO TpoBe-
pHTB, yTO0 K nape kateropuii Kt (F)cK*(&) u cucreme KBasu-
nmsomopdusmos S B K* () npumeHumo  npemjoxense n. 1.10.
C 5TOfi Hesbi0 HYXKHO NIPOBEPHThH CJELYIOLIHE YCIOBMS.

A. Ksasmusomoppusmer B K*(F) 06pasylor J0KaJIH3YIOWYW
cucremy S. ' ' ‘ »

b. YcaoBue 6, npennoxenns m. 1.10 prmoaHeHo.

TMocre atoro yrsepxmenue n. 1.10 6ymer osmauaTh B Hawed
caryamyd, uro K*(F) [S?] AIBAAETCA  TOJHOK moaxareropued
B K*(#)[S|=D* (). (Tlocnepsee paBeHCTBO €CTh YTBEPKIEHHE,
Teopems 1. 2.76).) - S

B. Sy cocrout u3 n3omopdusmos. Tosromy K*(7) [S7' ] =K*(7).

T. Ecim B S [OCTATOYHO MHOTO HHBEKTHBHHX OGBHEKTOB, TO
mo6oit -o6rexT #3 D*(s£) n3oMopden o6bexry us K* (7).
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OTrMeruM edle, 4TO B 3TOM ~ CJyYae  COCTaBHON  GYHKTOP
Dt () > K* (I)—>K*(S£) conpaxer cnpaBa (yHKTOPY JIOKAaJH-
samun Kt (s£)—>D*(s2).

3.11. Ext u pesoabBentsl. OTMeTHM, YTO IpPH [0Ka3aTeJbCTBE
yrBepxkieHnit B, B mpenwigymero nyHKTa ecTeCTBEHHO JOKa3HBaTh
clelyolliee yCHJAeHHe YcaoBus O, npennoxenus 1.10.

(*) nycts  s:1'—> K —xBasuusomopdusM  ob6vexta K (F)
¢ oobextToM u3 K*+(&#). Torma cyuiectByeT Takoil MopdHsM KOM-

wexcoB #:K — I, uto fos romoromeHx id;.

OTciona ¥ W3 ABONCTBEHHOLO VTBEPXKIECHHS [JS KOMIJIEKCOB,
COCTABJIEHHEIX M3 [POEKTHBHEIX OODBEKTOB, BHITEKAeT, UYTO ecTe-
CTBEHHBIH romMoMOphH3IM

HOII'IK(W) (X, Y)—> HOII]D(%) (X, Y)

ABISETC M30MOPGMH3MOM B KAXAOM W3 CACKYIONIMX C/IyYyaeB:
i) Y'e ObKom* (¥):
i) X €Ob Kom*(¥) (£ —xJacc NPOEKTHBHEX 0GBEKTOB B S¥).
Ws yrBepxpmernii i) um ii) cremyéT, 4TO onpeneneHue Trpynn
Ext"&‘l (X,Y) w3 n. 3.2.1 coemamaer c ompexeseHueM W3 I 2, § 4t
Ext};(X,Y) ecTh n-a rpynna KOroMoJOrHit KOMIIEKCa
0—Hom (P9, Y)—Hom (P-!, Y)—>Hom (P2 Y)—. ..
{COOTBETCTBEHHO KOMILIEKCA
0—Hom (X, I°)—~Hom(X, I')>Hom(X, I?)—...),

rie .. P '>P%>X >0 —npoektusHas pesoabBeHta X (cooT-
sercrBedHo (—-Y—[°—]'—  —— uwbekTHBHAS pe3oJbBeHTa V).

3.12. Cosmapenne K® u Db Ilycto & — abeneBa [KarTeropus,
XeObsg. O6o3naunm yepes add X moamyo moakareropmio S£, co-
CTOSILYI0O M3 KOHEYHBIX NPAMHIX CyMM NpSAMBIX  cjaraembx X.
flcHo, uro add X — agauTHBHas moakareropus . Mmeerca ecre-
CTBeHHBIN (QyHKTOp @x : K®(add X)—>Db(5£) (xoMmo3umus  BJIO-
xeHuss KP(add X)—K?(s£) u qokammszamun Q : Kb (s£)—Db(s2)).
- O6o6mas yrBepxkAeHHs i), ii) mNpelbAyIero NyHKTa, MOXHO
npoBepuTh, 4ro ecau Ext o *(X, X)=0 ans Bcex i>0, 10 jpx—
BJIOXeHHe IOJHOH molkareropHd. Ecuu, Kpome TOro, y KaxIoro
obbvekTa YEObSL ecTp KOHedHas pe30NbBERTZ (TO €CTh KOMILJIEKC,
KBazun3omopdHhll 0-komniekcy Y) ¢ unesamu #3 add X, 10 \@r
SIBJSETCS SKBHBAJEHTHOCTbIO KATETOPHHA.

§ 4. Nlponspoxunie GYHKTOPH OT ANTUTHBHBIX GYHKTOPOB

4.1. MoTtuBupoBkn. B 1. 1.2 MH yXe rOBOpHJIH, YTO BaXHeH-
IHe ajgauTHBHBlE GYHKTOPH F Ha abelNeBHIX KaTeropHax, Kak
Hom, ®, I', momxHuu OHThL OnpefesieHH 3aHOBO AN BOCCTAHOBJIE-
Hus ux TouHoCcTH. IlompoGHee, mycts F : f—% — TOuHBEI cJeBa
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(cOOTBETCTBEHHO cNpaBa) OYBKTOp MEXIy abeseBBIMH  KaTero-
HaMH. B stom maparpade MB ONpeAeJHM H HCCJELyeM €ero Ipo-
EIOJI}KQHHH RF : D* (s¢)—>D* (#) (coorsercrenHo LF : D~ (o)~
—D—(%)), KoTophle OYAyT HasHIBATBCA NpagbiM (COOTBETCTBEHHO
A€8bLM) NPOUBBOOHBLM BYKKTOPOM OT F.

dyikropst RF, LF Gyayr Toxbl B CHIellylolleM CMbiC/e ciloBa:
OHH TeEpEeBOAAT Bbi0eAeHNble TPEYSOAbHUKU 8 svidenenHsle,

B wacTHOCTH, ecliy ONpefeNHTh KJACCHYECKHe TPOU3BOAHHE
(hYHKTODH DaBEHCTBAMH

R'F=H'(RF), L'F=H'(LF),

T0 10 TOYHOH TPOiKe 0—>A-—>B->C—>0 00DbeKTOB H3 .sz¢o CTPOHTCH
KJacCHUeCKas ‘TOYHAs IOCJE0BaTeNbHOCTD KOIOMOJIOTHH

... ~>R'F(A)—>R'F (B)=>R'F(C)—>R*F(A)— ...
W aHaJoruu#o aas L.

Kax e NPOXOMKHUTL F Ha KOMIJIEKCH?

[lepras mpUXOAsiLIast B FOJOBY MbICAL COCTOHT B TOM, 4TO IIPO-
joaxkath F Ha KOMIJIEKCH CJAeNyeT, NpuMeHss F nougeHHo. [Ipu
3TOM BO BCSKOM clyyae TFOMOTONHblE MOD(H3MBI NEPEXOAST B Io-
MOTOIIHBle, TaK YTO Mbl Noayusaem  ¢yHkrop K*(F) : K* ()~
_*K*(g); *'=ga +7 I b.

4.2 Tlpennoxenue. a) Ecoin F touen, To K*(F) nepeso-
JAHT KBa3HH30MOD(HSME B KBa3HH30MOD(PHU3MBI M TNOITOMY HHAIY-
uupyer gyuxrop D*(F) : D* (s¢)—~D* (%).

6) D*(F) sBasercs TOYHBIM (YHKTOPOM, TO €CTb IIePEBOIHT
BHAe/ICHHbIE TPEYTOJbHHRH B BhlIeJIeHHbIE.

B camom Jene, Jerko  npoBepHTb, uyto K*(F) [IEPEBOJUT
aluKIMYHBle KoMIJekcH K (TO ecTh KBa3HH30MOD(QHLIE HyJK0) B
aLHKTHIHELE.

Hanee, ecnu f:K—L — MopdusM KOMIJEKCOB, TO HMeeTcH
KaHoHnueckup usoMopduam mexzny F(C(f)) u C(F(f)). [Tockoas-
Ky [ fBierca KBasuH3oMOpdH3MOM, eciH H Toabko ecau C(f)
anukanyen, kommyeke F(C(f))  aumkawyen u, swaumr, F(f)—
KBa3HH30MOD QU3M.

6) Ilpocmorp ompenenenn#t nm. 2.2, 2.3 moxasmsaer, uto F
MePeBONHT TaKXKe HHIHHAD Mopduama f B ummuuiap F(f) u ocuos-
Hyl0 AHArpaMmy JeMMbl n. 2.3 B aHaJOrMYHYIO AUArpaMMmy. Ir1o
yTBepXJeHHe He 3aBHCHT OT TOYHOCTH F, Tak uro mo60H aajWTHB-
HBIfi GYHKTOp NEpeBOAUT TPEYrOJbHUKH

K 5eyl (3¢ ()= K1)

B TPEYTOJNLHHKH TOro Xe BHAa. [Ipn JOMOJHHMTENBHOM  YCIOBHE
ToYHOCTH K*(F) mepeBOJWT TPEYrOJBHUKH, KBa3HH3OMODQHEE Ta-
KHM, B TDPEYrOJbHHKH, KBa3HH30MODGHLIE TaKHM Ke, TO eCTb CO-
XPaHsieT CBONCTBO BBIENEHHOCTH.

4.3. IlpucnocoGnennsle xnacce 06bekroB. Vimes KOHCTpYKIHH
RF u LF B obwem clygae COCTOHT B TOM, UTOGH NpHMeHAT F
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NOYJNEeHHO, HO He KO BCeM KOMIILJeKcaM, a TOJbKO K XOpOIIO Mo-
JLOOpaHHEIM NPEACTABHTENSAM KJACCOB KBasHH30MODGHEIX KOMIJEK-
coB. Hampumep, xax Mu yBuAuM HuxKe, RI' nmpaBuisHOo  BHUHC-
asiercss TakuMm crnoco6om Ha (OTDaHHUYEHHBIX cJeBa) KOMIJIEKCAxX
HHBEKTHBHBIX NYyuYkoB, 4 L(M®-)-—Ha (OrpaHuYeHHHIX CIpaBa)
KOMILTEKCax IJIOCKHX MOZAYJed.

Mpl akcHOMAaTH3HpyeM OOIIyI0 CHTYALHIO CJEAYIOIIHM  CIOCOo-
6om. HazoBem kiacc 06bekToB HCSE npucnocobreHHbiM X TOU-
HOMy (cnpaBa HJam cJeBa) ¢yHKTOPY F, ecld OH yCTOHYHB OTHO-
CHTeJIbHO KOHEUHHBIX NPAMBIX CYMM H BHIIOJHEHH ClefyiolmiHe ABa
YCJOBHS:

a) Ecan F ToueH caeBa, 10 F mepeBOANT AUMKIHYHBIE KOMII-
nexce u3 Kom* (%) B auukjanuHBIE,

Ecnmu F toueHn cmpaBa, 10 F NepeBOAHT aUHMKJIHYHBIE KOMILJIEK-
col w3 Kom~ (%) B auukauyHbe.

6) Ecau F Touen creBa, To MoGo# 06bekT & BR/AAIBIBAETCI B.
HeKOTOpPHH o6bekr 3 K. Ecan & ToueH chnpaBa, To  Jnobo#
06beKT gBAsSeTcs (akTopoM HekoToporo ofbekra us % (Mbl 6y-
IeM TOBODHTb B TAKHUX CJAydasix, 4o £ LOCTAaTOYHO BEAHK HJH YTO:
HMeeTCsl JOCTATOYHO MHOrO 06beKTOB Kinacca H).

3ameruM, uto ecad F ToweH, To Jaioboli kiaace %, YAOBJIETRO-
PAIOIMHA ycaoBHK 6) (B YacCTHOCTH, KJacc Bcex O0OBEKTOB &),
npucnocobaer kK F.

4.4. Tpensoxenne ITycme R —rnpucnocobneHHER K (YyBKTOPY
F:5¢— & xaacc 00beKToB, S g — KAACC KBA3HH3OMOPDH3MOB B K *(F).
3pecs u pagnee K+ Geperca nsisl TOUHBIX CieBa F, K™ — /s  TOUHBIX
cnpasa F). Torna Sg sBafeTca  JOKAMH3YIOMEH CHCTeMOH, M.
KaHOHUUECKuft QYHKTOD

K*(®[Sz]~D*(s#)
BJSIETCA 3KBHBAJEHTHOCTBIO KATETOPHiL.

4.5. KoacTpyxuus npoussomHoro ¢gyskropa. B ycaosuax mpen-
Joxcenus 4.4 onpenenuM npou3BOJHBI (YHKTOD HA OGBLEKTaX KaTe-

ropun K= (%) [S7 | nownenno:
RF (K'Y'=F (KY) nma K'€K* (%),
LF (KY=F (K" mma K'6K~(R).

Tak xaKk noweHHOe npuMeHeHHe F IepeBOIUT ALMKIMYHHE

o6bextsl u3 K* (%) B auukiuuHple, TO Xe DacCyXJIeHHe, YTO-
B TIpeAJIOKEHMH 0. 4.2 TNOKA3LBAEeT, YTO KBA3HU3OMODGHHU3ME nepe-
XOJAT B KBa3Wu3oMopdusmul. [losTomy MOXHO ckasath, ut0 RF

(cootsetctBenno LF) ssnserca dynxtopoM us K= (%) [Sz'] 8 D* (&).

Ocraerca BHGPaTh SKBHBAMEHTHOCTL Karteropuii @:D™ (s4)—
+~K*(@®)[S%], obparmyio cnesa x ecTeCTBEHHOMY BJOXEHHMIOs
u poonpeaemurs RF, LF, nonoxus
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RF(K)=RF (@(K"), LF(K)=LF @(K")

B ofHieM cJayuyae,

Dra KOHCTPYKUMS COJEPXKHT HEOXHO3BAaYHOCTHE — B BHIGOpe D,
H, yT0o GoJee cephe3Ho, B BHIGope H. JlOBOJBHO OUYeBHAHO, B Ka-
KOM CMBbIcile OHa He 3aBHcHT orT ©. PopMyaHpOBKa H KOKa3aTellb-
CTBO HesaBAcuMocTH or £ Tpebyer QopManbHOro omnpejie/eHns
OpOU3BOXHOTO GYHKTOPZ ¢ NOMOMWIBIO YHEBEPCANBHOIO CBOHCTBA.

4.6. Onpeneaenue. llpoussodnsim ¢pyrnkTOpOM pJsi annu-
TUBHOTO TOYHOro cJieBa ¢yHkropa F :s¢—>% HasmBaercs 1apa,
cocTofmias H3 TOouyHOTO (yHkRrOopa DY (F):D¥(#)—>D*(#) =
Mopdusma QyHKTOPOB e : Q g oKt (F)—D*(F)-Qy :

v’”w‘;(ﬂ
*QF) /n*(ﬁ).
ke

Sra mapa poJxHa 06/1aJaTh CAEAYIOUIHM YHHBEPCATbHHM CBOH-
crBoM. Jlas mo6oro Tounoro ¢yukropa G : D*(s)—D+(#) u mop-
dusma GyHKTOPoB £:Q  oK*(F)—>GoQ o cymecTyer enmHCTBEH-
_HBI# Mopdusm dyHKTOpOB 1) : D*(F)—G, ana KoToporo ciaeXyolas
IHarpaMMa KOMMYTaTHBHA:

K'(#)

GeQy
QoK *(F) noGy . (1)

D*(F)oQy

. - AHanoruyHo, IpOH3BOAHBE GYHKTOP AJsI TOUHOTO cnpaBa q)ynx-
xopa F: SA—>F — 310 napa D-(F) : D-(s¢)—>D- (%) u mopdusM
dyukTopoB &7 : D7(F)oQ > Q goK~(F), ob6nanawomuli yHusep-
calNbHEIM CBOACTBOM, aHaJOTHYHEIM (1) (c Mopcpnsmom $yHKTOpOB
n:G—-D"(F)).M

OrMeTHM, YTO €CJH Q)yHKTop 'F To4eH, TO BBHRY NpeNJIOXKEHUS
n. 4.26, ero mpousBoAHHH GyEKTOp D* (F ) COBIIAAAeT ¢ MOYJIEHHEIM

; npnmeHeHHeM F x xoMnmexcaM.

4.7. EXMHCTBEHHOCTb  NpPOM3BOAHOTO  ¢bysxTopa. [lycrs
(D*(F), er) # (D*(F), er)—IBa TNPOM3BOIHBIX YHKTOPA nma F.
B cuny onpelenennd CYLU,ECTBYIOT W OJHO3HAYHO OMpeeJIeHs! - MOp-

‘@namu tynxTopos D* (F )Z D* (F) c yxasaHHHMH CBOACTBAMH KOM-
‘MyTATHBHOCTH. I'Ios'romy non H 1en 6yayT asTomopdusmamu- D* (F),
D* (F) COOTBETCTBEHHO. 3HAUHT, OHM TOXNECTBEHHH B CHJIY eIHH-
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CTBEHHOCTH. TeM cambiM, 1 H 1 —B3aWMHO OOGpaTHHE H3OMOPOH3MEL
$YyHKTODOB, KOTOpPHE K TOMY e ONpeleseHb OJIHO3HAYHO.

4.8. Teopewma. Ectu ¢yakrop F nonyckaer npucnoco6jieHHbIM
K Hemy kJjacc 06bekToB #, T0 D=(F) CyWIecTBYIOT M ONpENeAI0TCS
KOHCTpyKuMel 1. 4.5 (to ects D*(F)=RF, D~ (F)=LF).

HlokasaTenbCTBO 3TOH TEOPEMH COCTOHT B AKKypaTHOH (opma-
JH3aLUHH pacCyXJeHui 1. 4.5,

B npuioxeHHsAX CYHIECTBEHHO, UTO HEKOTODHe KJAacCH OOBEK-
TOB NPHCHOCO6JeHH KO BCeM (GYHKTOPAM, TOYHBIM ¢ (DMKCHPOBAHHON
CTOPOHBL. :

49. Teopewma. Ecau B & J0CTATOUHO MHOTO HHBEKTHBHHIX
(COOTBETCTBEHHO NPOEKTHBHEIX) OOBEKTOB, TO HX KJacC NPHCIOCOG-
Jed K J11060My TOYHOMY cJeBa (COOTBETCTBEHHO TOYHOMY CIpaBa)
dyaxTopy F.

HoxasarearcTso. Ilycts, ckaxeM, F Touen caeBa, o —
K/J4CC MHBEKTHBHBIX OGBEeKTOB. [lo onpeneseHHo mpHCHocoBGI€HHOCTH
JOCTATOYHO NPOBEPHUTH, YTO [F INEPEBOJHT AIMKJHMYHBIE KOMIJIEKCH

u3 Kom* () B aumxmusste. [lycts [ —Ttakol xomnsexc. Hyaesoi

Mopdusm O:7/ — I” sBsisieTcst xkBasuuzomophusmom. B cuny yTeepx-
Jenus (x) w3 n. 3.12 oum romoronex id,. Tlostomy mysesolt Mopdusm

F (I'y romoTonen ide/-- Crneznosarensno, F (I7) auuxuues.

Jlo cux mop MBI BHIBOIAMM CYLIECTBOBAHHE NPOHU3BOIHOTO (YHK-
TOpa H3 HalwyHus npucnocobiaesHoro kiaacca. Yactuunoe obpale-
HHe 3TOT0 paccy/JeHHsS TaKOBO.

ITycte D+(F) cymecrsyer. HasoBem o6vert X F-ayuxaudnvim,
~ecan DiF(X).=0 npu Bcex i#0. B 3THX YCIOBHAX CIpaBeNIHBA

4.10. Teopema. a) [lng cymecTBOBaHHS NPHCIOCOBJIEHHOTO
K F KJacca o6beKTOB HeoGX0JHMO H LOCTAaTOYHO, YTOOB Kjace &
F-anugnnyHeix 06beKTOB GBI HOCTATOYHO GOJBIIHM, TO €cTh UTOOBI
KaXIHA 00BeKT ObLI HOJOGBEKTOM ANUKJIHYHOTO (IJIs JIeBO-TOU-
Horo F) unu (PakTopOOBEKTOM AUHUKIMYHOrO (A [PaBO-TOYHO-
ro F).

6) Ecau F mocTaTouyHO BEJHK, TO JIOG0#H Kjacc npucnocobieH-
HEIX K F 06BbekTOB JeXHT B Z 1 J060H nocTaTouHo 6oabuIof Mom-
kirace & npucrnocobier K F.

B) Ecnu F DOCTaTOYHO BeJNHK, TO BCe HHDBEKTHBHHE (LJas JeBO-
TOYHBEIX F) HJM NPOEeKTHBHHE (MJf NMPaBO-TOYHHIX F) OOBEKTIH Je-
X)ar B Z.

HorkasareabcTBo. Ilycte kamacc npucnocobaeHHBx K F
o6bexToB & cyinectByer. ITo xoHcTpykuud n. 4.5, DF(X[0]) xBa-
sunzomopeern F(X)[0] mns scex X€&. IlostoMy =X, u & Ino-
CTATOYHO OOJBLIOH.

Hao6opor, nycte & — m060# A0CTAaTOYHO OONbIIOH IOAKJIACC
Z. Urto6H YCTAHOBHTbL €ro JONYCTHMOCTb, HOCTAaTOYHO IIPOBEPHTD,
uro F NepeBOLMT ALMKJIHYHHE KoMmisekch u3 Kom*(#) B anuk-
JauyHbie. [Tycts, ckaxem, F. ToueH cneBa. Ecin auykIHYHBIH KOMII-
Jekc u3 F-auukJIHYHLIX OG'beKTOB ABJseTcs TPOHKOHA ... —0-K°—
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—~K!'>K2~0- ..., T0 TouHOoCTh O—>F (K®)—F(K')—~F(K2%)—0 cae-
nyer us D'F(K®) =0. B obuiem c/ayuae WMOXHO NOCJAEAOBATENbHO
OTUIENJISITh TOuHHe Tpoliku. ITosaras Xi=Imdi X°=K° umeeMm
TOYHBIE TPOHKH

0+ K0 Kl—>X1—-0, 0—X'—> K2Z>X2>0, . ..

HNanee X*H6Z, n6o X', K'+'€Z. Ilostomy tpoiikn O0—F(X')—
~>F (K#)—-F (X)) >0 tounwl, Tak uro F(K') TtoueH.

Haxonren, nyers & — nocratoudo 6Goasiuoft u F mo-npexHeMy
TOUEH cJeBa. BJOXHM HHBEKTHBHMH o6bekr / B auukiuudsii X.
W3 puarpaMmbl HHbEKTHBHOCTH

I

vf\d
i

crielyer, 9To ¢ BuAeaser [ npameiM ciaraembm B X. Tak kak F
apnuteBeH, D'F (I) siBasietcs npsambM  caaraemMbM B DiF (X) =
npu i5=0.

; 4.11. Knaccuyeckne npoussoansie GyHKTOPDI.

a) @yugrop H H3 NpOoW3BOXHOH (WM OMOTONHYECKOH) KaTero-
puu B abeseBy HA3bIBAETCI KOZOMOLO2UYECKUM, €CJIH OH IlepeBO-
JUT M06OH BHIIENEHHEIH TPEYroJbHHK B X—Y—Z—-X[l] Tounyio
nocIeI0BATeAbHOCTD

. ~H(TiX)~H (TiY) - H(TiZ) > H (T*'X) ~

‘Hanpumep, H=H° — goromosoraueckuit ¢yHkrop (cM. m. 2.4 &
ra. 1, n. 1.5.1). Opyro#t npumep: H=Hom(U, -) (cM. HHXKe Ia. 5,
I 13)

6) Ilycts F-—TouHBIH cioeBa (COOTBETCTBEHHO cnpaBa) (yHK-
TOD H3 OJQHON abGejeBod  KaTeropud B apyrylo. Torma R*F=
=HY(T'D*(F))== H‘(D+(F)) (cOOTBETCTBEHHO L'F=H*(D") (F))
€CThb KJNAacCHYeCKHH i-# NpOu3BOAHHE (pyHKTOp oT F (CcM. oL 2,
n. 4). Herpynuo y6enurscs, aro R'F=0 npn i<<0, ROF=F (COOT-
BeTcTBeHHO LiF=0 npu i>0, L°F=0). Ilpumeps cM. B 1. 2, § 4.

4.12. Cnabnle npowapojHbie ¢gyskTops. HajoxuMm Tteneps Apy-
roff BapHaHT KOHCTPYKUHH IPOM3BOAHEIX QyHKTOpoB. OH obecnedH-
BaeT CyIIeCTBOBaHHe, cKaxeM, RF, B Gojee O6IIHX NpeiNOJOKEHH-
AX, HO 3aTO 3HadeHHsA RF JexaT alpHOPW He B nponsso;u{oﬁ Karte-
FODHH, @ B HEKOTOPOM €€ DAaCIIHpeHHH.

4.12.1. Kareropnu KouH)exkcoB. Hazosem Kateropuio [/ kare-
2opued KouHoexcos, ecJH OHa MaJa, HeMycTa H ee CTPEeJKH YIOB-
JETBOPAIOT CAeXVIOLIUM AKCHOMAaM.

a) I cBsi3Ha, TO ecTh JioOHe IBa 00beKTra MOXHO COeJHHHUTH
HOC/EA0BATENbHOCTRIO CTPEJOK (HampaBJleHHs 6e3pasiHuHBI).

6) Jlio6yio nmapy Mopdu3MoB j/<-i—>j MOXHO BKMIOYHTH B KOM-
MYTATHBHEIH KBajipaT
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B) JlioGyio mapy mopdusmos i_u"; J MOXHO IONOJHUTH MOP(PU3MOM

2 v
J =+ W@ TaK, UTO wWel = wop.

Kareropus J mnasmBaetcs Kamezopueli urndexcos, ecom Jo0—
KaTeropUs KOUHIEKCOB.

4.12.2. I/Iﬂnyxmnﬂble npepensbl. [lycTs /—xaTeropus KOUHIEK-
COB, F:1—>%, i~>X;—nexotopwii (yixkTop. OH 3a1aeT (YHKTOD:

F:I+%=Funct (6°, 7et) pasencrsoM
F (@) (Y)=Hemg (¥, F (i), YeOb%°=0b%, icOb I.

Onpelleﬂ/}jM 06beKkT L KaTteropuu % xax HHAYKTHBHHI IIpedesn
L=111_13F (em. ro. 2, n. 1.21), tak uro maa mo6oro Y&Ob B°

L(Y)=lmF,, -

rie Fy:l- @et, Fy(i)=Home (¥, F (i)). CymecrBoBande L BHTe-

KaeT M3 CymecTBOBAHMA A9 MOGOro Y MHIAYKTHBHOrO npelena
lim Fy B xareropuu et.

—
Taxue dyuxTopsl L (Las BceBO3MOXHBX / W F) 06pasyoT moJ-

N\
uyro nogkareropuio Ind% B %, nasmBaemylo xamezopueii uHOYyK-
musHsLx npedenos B 4.

Onpellenum kaTezopur npoexTusHsix npedeasos Pro# Kak
(Ind #°)° 1o — moaxkareropus ((%9)*)°. B aToli KaTeropHu MOX-
Ho 6parb npejeds (GyHKTOpOB BHAa /%, rie J — KaTeropuas HH-
IEKCOB.

4.12.3. UnpyxTUBHbBle mpeletbl W Jgoxanusauusa. Ilycre S — Jo-
KaJnu3yloWui kiaacc mopdusmos B xareropun ¥. Hasosem ero na-
ColleHnbiM, ecal 0608 MOpOH3M, SBJIFIOIIHIACS JEBHM H HPaBhM
JleJIATeIeM HEKOTOPHIX MOp(H3MOB H3 S, nmpHHagJexHuTr S.

Has  mo6oro obvexta XEOb¥ xareropua [x MOPHHIMOB

s
X > X', s6S saBasercs KaTeropuel KOWHAEKCOB, a KaTeropus Jx

s
mopdusMoB X’ — X — xateropuefi MHAeKcoB. [10702KUM
Xt=lim X', X =lim X".
—> <«
Ix Ix
[Mycts S nackimen. Otobpaxenus X — X NPOLOIKAIOTCH A0 PYHK~
TopoB €—Ind% u €—Pro¥, xoropue npespataOT CTPEIKK U3

B u30MOp(U3MsL. [109TOMY OHH ONPEESIOT KAHOHWYECKHe (DYHKTOPHE
%[S™->1nd% u G[ST|—-Pro%.
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4.12.4. Onpenenenue. [lycts o, & — e abeseBbX Kare-
TOpuH, F —aniurtuBebli Qyaxrop u3 £ p %, Tem xe cumsoioMm F
O003HAUNM TIOYIEHHOE NpojoKenme F 1o dysktopa K* (S£)->
- K*(B). Iyers S, (COOTBETCTBEHHO S g)— KBASHM3OMOP(UIMLL
B K* () (cootBercrBenno K*(%)). HasoseMm cuabus npassin
NDOU3BOOHBLM PYRIEMOPOM R, F :K* (S¢) [S_;} ] = D* ()~
— Ind K* (%) [S z ]=Ind D* (%) dymxrop, KOTOpH AEAET KOM-
MYTATHBHOH JIMarpaMMmy

X F(X1)
—Ind K* (%)
R, F ¥
K* (#)[Sy|l——~Ind K* (%)[S7],
rre F (X% =lim F (X’).
ix

K* ()

Ecan R,F npusumaer sHaueHus B rHogkarteropuu Ind D*(F),
COCTOsIIIeH M3 NpelcTaBUMBIX O0BEKTOB, TO OH <«coBmajaer» ¢ RF.

O6bert X6K*(&f) HasmBaercs F-ayuxkiutnoim cnpasa, ecid
KaHOHHYecKHA mMopbusM F(X)—+RyF(X) aBasercas usomopdusMoM.

Caraboui aesoui npoussodrslii pynKTop onpenessercs aHaJoTHY-
HO C IOMOIIBIO JHATPAMMEL

X F(X™)
K* (3)———>Pro K* (%)

Vo
* () [S7]——=Pro K* (%) [SZ].
K*(s8)[Sy @) [S7

4.12.,5. Cssisb c npoussoaubiMu  ¢yukropamu. B curyaumuu
TIPEeABIAYINEero MYHKTa NPeANOJNOXKHM, YTO J060oH o6bexT U3 S fB-
Jisiercss QakTopoM (COOTBETCTBEHHO NOXOGBEKTOM) HEKOTOPOro 06b-
€KTa, F-al¥KJIHYHOTO cJeBa (COOTBETCTBEHHO F-auHKJIHYHOTO
cnpasa). Torga ¢yHukrop L,F Ha D~ (8¢) (COOTBETCTBEHHO (YHK-
T0p Ry,F Ha D*(s8£)) npunumaer 3HaueHuss B D- (%) (coorsercr-
BeHHO B D* (%)) u noromy «coBnazaer» ¢ LF (COOTBETCTBEHHO
RF).

4.13. Tounoctp ¢ynkropa lim. ITycry &£ — abenesa KaTeropus,

B KOTODOH CYIIECTBYIOT CYeTHHe IIpsMBle NPOH3BeleHud, & (Z%) —
KaTeropHs, OTBe€YaroNias ynopsilouyeHHOMY MHOXECTBY HATYpPaJbHHX
gucen (cM. ra. 2, m. 1.23). Torma cnpaBeiyuBH  CJieIyIOL(HE
YTBEpK NeHHSs: ‘
a) Kareropua % —Funct(8(Z4), &%) abenesa.
6) dyuxrop lim: 4% > Touen caesa.
-~

- B) Hazsosem o6bext X =(X,, p;)6#" ynosnersopsiomum yc.40-
suwo ML (Murrar— Jledsepa), e nJis KamIOTO £ CylLIECTBYeT
J > Taxoe, 4r0 p;;: X;~ X;—snumoppusm. Torma xaacc ofbek-
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108 X, YIOBJIETROPSIOMEX  VC/IOBH
3 0 ML, npucuoc -
Topy lim. y , TpHCTIOCoGaeH K (yHK
-
SF) Ecmu 0+ X+ §— Y- 0— tounan nocaesopatensuocts B SEZ
H o YNOBJeTBOpsaeT ycioBuo ML, To u Y yhoBieTBOpsieT ycJo-

Buqu ML. QTCIO,ILa CJCNYeT, YTO Npasble NPOU3BOAHBIE QYHKTOPHE
R llin Anst lim pasust O mpw i > 2.
-

4.14. Heorpanuuennbie Kommiexce. Huxe W3MaralTcs HEKOTO-
peie pesyibrarel CraateHcTefiHa [135], mossoasiomue paboTaTh ¢
HEOTPAHUYCHHBIMH KOMIJIEKCAMH B NPOH3BOJHOH KaTeropuH.

JleBofi mpoektuBHO# pesonbBenToll kKommiekca A'€Ob Kom (s£)
Ha3BIBAGTCA KBasuusoMopdusm P—A', rne Bce P! NpoeKTHUBHEL
B $. AHaIOrHulO ONpeleNsieTcs IPaBasi HELEKTHBHAS Pe30ThbBEeHTA.

Teopema 1. 3.10.1 (um ee amazor mis IPOEKTUBHHX PEe30JbBEHT)
yTBEpXKAALT, yTo KaxAHH xoMmmiekc A'60b Komt(sf£) (coorsercr-
BesHo Ob uKom—(.sz¢)) HMeEeT eJHHCTBEHHVIO C TOYHOCTBIO A0 TOMO-
TONHYECKOH 3KBHBAJIEHTHOCTH IIPABYI0 HHBEKTHBHYIO (COOTBETCTBEH-
HO JIEBYIO NIDOCKTHBHYIO) PE30JIbBEHTY.

Ecau me nmpeinosarath OrpaHMYeHHOCTH CNpaBa WJM cjeBa, TO
eIMHCTBEHHOCTb MOXeT Hapymatbes: s A= (Z/4Z)-mod xkomi-
JeKc :

. 2 2
Pl S ZAL>TL/ALTIAL—~ ...
AlMKJANYEH M COCTOMT u3 cBoGopubx Z/4Z-monyaefr. Tlostomy OH
SIBJIETCH JIEBOH UH'BEKTMBHON De30JbBEHTOf HyJeBoro komiaexca 0%

Onnaxo mopbusm P'— 0 He sBAAETCH COMOTOIMHYECKOH SKBUBAJICHT-
HOCTBIO: TIOCJE TeH30PHOro yMmHOMeHus Ha Z/2Z moJjyuaeM KOMILIEKC

0 0
P®RZ127:... >Z|2Z~Z/2Z-Z|2Z— ...,

HMEIOLLMH HeHyJeBple KOCOMOJIOTHM W 3HAUuT TOMOTONMYECKH He
aKBuBaJEHTHHIE O,

4.14.1. Onpeneaenue. Hasosem xomiexc P K -npoexmis-
HolM, ecnd ans moBGoro aUuMKAMYHOTO KOMILTEKCa A’ xommiexc abe-
aespix rpymn Hom'™ (P, A') auuk/mueH. AHAJOTHYHO ONpeJeseTC
K -unsexmususii romnsexce I (¢ momomsio Hom (A7, ).

4.14.2. CpoficTBa K -npOeKTHBHBIX KOMIUIEKCOB.

a) Mycts A —O-gommnexc (o ects A'=0 mpu i+0). Toraa
A" K-IpOEKTHBEH B TOM M TOIbKO TOM cayuae, ecan A’ mMPOEKTH-
BeH B &%

6) Ecau xBe BepmmMHb BbIEJEHHOrO TPEyroJbBMka B D (%)
ABAAIOTCS K -TIDOEKTHBHEIMH, TO 4 TPeThf TaloKe K-NPOEKTUBHA.

B) Oaa P'6€0pKom () crenyomue yeIoBHsl 3SKBUBAJICHTHEL

(i) P* K-npoexTuseH.

(ii) Odas mo6oro A'€ObKom ($#) ecrecTsenHbl roMomopdusM
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HOI’HK(%) (p, A)—-)HOITI D(s¢) (P, A)
ABJAETCT U30MOPGUIMOM.

(iil) Kawael xsasuusomopdusm s:A'—P°  o6najgaeT mnpasbiv
obpatuem :P - A" B K ().

r) K-TpOeKTHBHON pPe30NLBEHTOH (neBOf) KOMIVIEKCa A’ Haspw
BaeTca Kpasuusomopdusm P’ — A° ¢ K-mpoextuBHeM P, Taxas
K-npoexTuBHAs PE30/bBEHTA CAWHCTBEHHA (EC/M OHA CyIleCTByert)
€ TOYHOCTBIO [O  TOMOTONWYECKOH  3KBHMBANCHTHOCTH.  Ecm
A6Ob (Kom™ (%) u B & [OCTATONHO NPOSKTHBHBIX OGBEKTOB, TO
K -npoexTHBHAS pe30JbBEHTa —3TO  JieBas TPOEKTHBHAS  PE30Jb-
BeHTa A

AHaJorMuHBle Pe3yJbTATH COpPaBejJIMBH A/ K -MHBEKTHBHEX
{TpaBbIX) Pe3oJbBeHT.

~ 4.14.3. Beuay cBoficTBa ) HpejBILyLIero NyHxkTa K-lpoekTus-
Hele W K-WH'BEKTHBHBIE PpE30/bBEHTH MOXHO HCIOJB30BATh Js
BBIYHC/ICHUS] POMSBOAHHIX (PYBKTOPOB HAa HEOrPAHUUEHHHIX OOBEKTaX.

B uwactwocty, R Hom (A', B) ~ MOXHO BHUHCIATH C  TOMOIBIO
K-npoextusHO# pe3ossBeHTH A wm  K-HHBEKTHBHOM  pesoss-
BeHTH B

OrHocuTenbHO cyuwecTBoBanus K-pesospBenT B pafore Cnag-
TeHcTefiHa [135] Jokas3aHH cJeqyiollHe Pe3yJbTaThl.

a) Ilycte R — accoumudaTHBHOE KOJBLO ¢ eluHHIEH, S =R-mod.
Torpa kaxawi kommniekc A'€0b Kom(sf) obaamaer K-mpOeKTHB-
HO# M K-HHDBEKTHBHOH pe30JIbBEHTOH.

6) Ilycts O — my4oK KOJIEH Ha TOMOJOrHYECKOM INPOCTPaHCTBE
X u & — kareropusi nyykoB O-moxysel. Torga KaxABH KOMIJIEKC
A o6najpaer K-HHbeKTHBHOH Pe30JbBEHTOH.

4.14.4. AHanOTHYHO MOKHO ONpEAENHTb H J0Ka3aTh CYIIeCTBO-
BaHHe K-NJIOCKHX DPe30JbBEHT (MCHOJB3YeMBIX [JS  BBIYHCJEHHS
NPOU3BOAHBIX (YHKTODOB OT TEH30DHOIO NpousBeleHHs), K-MArkux
Pe30JIbBEHT (MCIIOJb3YeMbIX AJS BHUMCIEHHA Rf;, cM. cienyromuk
naparpad) u T. I

4.15. IpousBonHblii (PYHKTOP KOMNO3WHMM M CHEKTPaJbHas IO-
chepoBarenpHocTb. CHopMynHpoBaHHas B IMl. 2, m. 4 TeopeMa O
CHeKTPaJbHOH MOC/IEeHOBATENBHOCTH 'POTEH HKA, CBA3aHHOH ¢ KOM-
NO3HUMeR ABYX TOYHHIX cJeBa (YHKTODOB, HMEET CJIeLyIOLYID ec-
TECTBEHHYIO HHTepIpeTalHI0O B TepMHHAX NPOH3BOAHEIX KaTeropuf
H NPOU3BOJHHIX (PYHKTOPOB.

4.15.1. Teopewma. Ilycts ¢, &, B—Tpu abeseBLIX KaTErOpHH,
F:d->% n (G:F—>B—anouTuBHsle TOuHHE CJjeBa (YHKTODH.
Mycte R ,60b s (coorBercTBeEHO £ HEOD F)—Kaace O0GBEKTOB,
TIp ¥COCOG/eHHB K ¢ (cooTBeTcTBeHHO K #). [lycTh, CBEpX TOrO,
F (R )cRg. B TakoM ciyyae npousBomHmie QyHkTOpHl RF, RG u

118



F(G -F) : D* (. )>D+(-) onpenenens, u} ecrecTBernpE MOpPHIM
¢oyukTOpOB R (GoF)—>RG-RF aBnsiercs H30MOPHUIMOM.

HokasatenbcTBO. M3 ompeneleHnss NpHCIOCOOJEHHOCTH B
n. 4.3 ¥ YCJOBHE TeopeMsl 5ICHO, UTO %y NPHCIOCOONEH He TOJBKO
K F, Ho u kK GoF. Tlostomy RF, RG u R(G-F) cyumecTByioT, U HX
MOXHO BBEIYHC/ISATL C MOMOLIbIO KOHCTPYKUMH 1. 4.5.

IMockoabky RG u RF TOouHHe (YHKTOPH, KOMIO3HIHA RG-RF
TakKe TOUHa, H Mopdusm dyrkTopos E:R(G-F)—~RG-RF onpe-
JeeH 10 CBOHCTBY yHHBepcaJabHOCTH M. 4.6. )

Ecan K 60b Kom+ (% ), To no koHcrpykumu mopduamE (K*):
: R(GoF) (K)—~RGoRF(K') sBasercs nsomopdusMom. [TocKOsbKY
110608 06bekT Dt (s¢) usomopben rakomy K, E sBigercs Hso-
moppusmom dyukropos. Ml

AHaJOrHYHbIH pe3yJabTaT BepeH AJs QYHKTOPOB, TOYHBIX CIpaBa.

§ 5. Koromoaoruu nyyxos

5.1. Mlpeanoxenune IlycTe X — TOmOJIOrHYECKOE NPOCTPAH-
cTBO, & — Ny4oK KoJiel, ¢ enuHuueidl ma X. Torga mw06od nyyox
F-vonyneil BKIANEIBACTCS B HHBEKTHBHBIH NMYYOK F-MOIyJIEi.

HoxasaTenbCcTBO OCHOBAHO Ha CJHEAYIOWEM CTaHIAPTHOM MeETO-
Je Tomemana. ITyets & — myuok H-MolyJel (cKaxkem, JEBHIX).
Hast xaxpo#t Toukn x€X mocrpouM BiaoxeHue F, o I(x) H.-momy-
aedt, rae I(x) uabekTHBEH Han %, Omnpelennm jajee nydok H-mo-
nyneft I dopmyson

gW=II1x
xGU

(c ecTecTBeHHBIMH OTEPAaUHsIMH orpanuuenus). Mmeercs oueBuipoe
BIOXKeHHe F «— J M HEeCNOXKHO OPOBEPHThb, UTO J HHBEKTHBEH.

5.2. Ilpamble o6pa3bl u koromoJsorun. [Ipennoxenne m. 5.1 nos-
BOJIieT CTPOHTb MPOU3BOAHHBI (PYHKTOD IJs npsMoro ofpasa B
cnepywomeit curyaunu. Ilyers  (f, @) : (X, &x)— (Y, &y) — mop-
¢u3M OKONBUOBAaHHBIX IPOCTPAHCTB, I'Ae @ : Hy—f  (Hx) — MOD-
tusm nyuxkoB monyne#i. Torma gns mioboro FeHx-mod nyuox
[ () craGxaercs ecTeCTBEHHOH CTPYKTYpo#l Hy-MOAYAf C IIO-
Mompio @ B byErTop | @ #x-mod—Fy-mod Touen ciesa. ITosromy
MBI MO3KeM HOCTPOHTh WPOH3BOMHEIH QYHRTOD

R f .: D*(Rx-mod)~ D*Ry-mod).

B wactHocTH, Korga Y={rouka}, £y=12Z, MH M0JyYaEM TPOU3-
BoZHHH OyHKTOp RI' : D+ (Rx-mod)—D*(s#b) u RiI(F)=H!(X,
F) — rozomonozun X ¢ koaghpuyuenranu 8 F.

53. Teopema. a) Hycre © : Bx-mod—>PsLb — pyaxrop sa6-
BeHHST CTPYKTYpol Fx-monyiusa. Toraa ¢yukroper RI' 0 R (@) ec-
TECTBEHHO H3OMOpGuaMBL. HHBIMH CJIOBAMHY, BCE PABHO, BHYHCALTDH
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ad H'(X, &), cunras F Hx-MOLYIeM HJIH NPOCTO NyYKOM abene-
BEIX TPYIIL.

6) Ilycrs X=UX,—OTKpHTOEe IOKpPHTHE, M KOTOPOro
H‘I(U“ﬂ...ﬂU,-q, F)=0 mnpu sBcex ¢g>0, p=1l. Torma
Hi(X, &) coBnagaer ¢ i-MepHEIMH KOroMmoJiorusMd Uexa 3Toro
NOKPEITHA C Kosdduuuentamu B F (em. r. 1, 1. 2.6).

B) H'(X, F)=Extg mot (x, F).

r) ITycte f: XY —mnexoropoe orobpaxenne. Torpa R!f (F)
€CTeCTBEHHO u30MOpGeH NyuKy, acCOLUMPOBAFHOMY C IpenlyyYxkoM
U—HE(fY(U), F). ,

n) Ilyers X—Y —Z—1pu npoctpascTsa KW JBa OTOOPaXeHHs,
F —nyuok Ex-moayneh. K RPa(gf).(F) cxoputcd cnexrpasbHas
NOC/e10BATENbHOCTE C Ej%= RPg (RYf . (F)); .0Ha (QyHKTOpUATbHA
no #.

5.4, O noxasareabcrBe TeopeMul n. 5.3. Mu HPOKOMMEHTHpyeM
3[1eChb AOKa3aTesbCTBO yacTell a) H A).

54.1. Banbe nyuku; tokKaszateabcTBo N 5.3a. Que-
BaARO, I'=To® (xar ¢yHKTOpH Hx-Mod—>s£b). [losromy RI=
=R (I-®). Mul nmokaxem cefidac, 4TO MOKHO IPUMEHUTH TEOPeMYy
n. 415.1 ¥ nonyuuth  ecrecTBeHHBE — u3oMopdusM R(T-Q)=
=RI-R®. Orciona 6yner crefoBath TpeOyeMoe, MOCKOABKY @ To-
YyeH H, 3HauHT, RQ coBnajaer ¢ mouneHHLIM npuMeHeHHeM .

UTo6H HMETh BO3MOXKHOCTH NPHMEHHTh Teopemy I 4.15.1, Hyx-
HO IIOKa3aTb, YTO HEKOTOPHH KJjacc MyuYKOoB K r-MOAyJed, mpucro-
cobaeHHbfi K @, nocle NpuMeHeHus @ NmepexOAHT B KJaacc IyUKOB,
npucnocobaersni k I'. B KauecTBe mepBoro KJacca BEIOepeM HHB-
eKTHBHEIEe NyYKH K-MOAyJeH, B KauecTBE BTOPOro — Bsible HYYKH
abeneBplx rpynn. HanoMHEM, 4TO 8440c¢T6 ¥, N0 OIpEleNeHHIO,
O3HayaeT CIOPBEKTHBHOCTL Bcex otobpaxenui I'(X, F)—~T'(U, F),
roge U orkpmito. [Jis mpoBEpKH BCeX HYMKHBIX CBOHCTB HYXKHO JO-
Ka3atbh caefymomue HaxThl.

a) Jlio6o# nydyox & abeseBBIX IPYNN SBJASETCS NOAIYYKOM Bfi-
Joro nyuka. Ecan & — HHBEKTUBHHE ny40K Fx-MOLyIell, TO OH
BSLIL.

6) Ilycts

0—>F >G—>H—0 (1)

— TOYHAs MOCJeJ0BATeJbHOCTh MYYKOB aGeneBelx rpynm u & Bsl.
Torja nocjeoBaTeNbHOCTD

0T (X, F)-T'(X, §)-»T (X, 58)>0 (2)
TOYHA.
B) Ecau B nocaenoBatensHocTH (1) nyuru & u & Banble, TO K
76 BsiIL.
r) I' mepeBOmHT OrpaHHUYEHHBIA CleBa AUHKJIHYHHIH KOMILJIEKC
BAJIBIX NMYYKOB B AUHKJIHYHEI KOMIJeKc abeseBhX IPyI.
542, loxasartenscTBO TeopeMn 3n). [Ipexue Bcero,
COTJIaCHO YCJIOBHIO a) TeOpeMbl, YTBEPXKAEHHe MOXKHO JOKAa3HBaTh
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B KaTeropHu FSb nyuykos abesieBex rpynd. IIpuMeHnM TeopeMmy
T 2, 0. 4.5.2 x pape ¢yukTopos F=f, G=g. B0o3MOXHOCTD
NpEMeHEeHHs TeopeMH I. 2, m. 4.5.2 B aTof cHryauuu obecredu-
BaeTcs TeM, 4TO f NepPEBOIHT HHBEKTHBHble NyuYKW Ha X B HHDBEK-
THBHBE [Y4YKH Ha Y. B camoMm Hese, HHBeKTHBHHE Oy4kH F Xa-
pakrepusyores TteMm, yro Hom (¥, &#)—-Hom(¥9’', &) — snumop-
¢busM AJs Kaxaoro MoHoMmMopdusmMa ¥'—%. Ho coraacuo ra. 3,
n. 3.13.1 Hom(¥, f (¥#)=Hom(f &, &) wu cormaco ri. 3,
n. 3.14.1, a), | — ToYHHIH (QYHKTOP, TO €CTb [epeBOLUT MOHOMOP-
¢usmbl B MoHOMopduaMmel. Ilostomy f &  uHBeKTHBEH  BMeEcCTe

cF.

5.5. ®ynkrop I'(;;. Kanonnueckoe pasnoxenme. I[lycrs i:Z—-
—X — 3aMKHyTOe BJOXKeHHe, j: U—X — BloxKeHHe JONOJHUTE]b-
HOro OTKPHITOTO MHOXecTBa. Pacemorpum ¢yuHkTOp Iyz): P b x—
~Fstbx, 3anaBaeMBli  dopMyJOR Tz (F) (V) ={EeF (V),
supp EcZ}. toT QYHKTOP TOYEH CJaeBa U [Jis [POM3BOJILHOTO MMyd-
Ka & HMeeTcs TOYHAs IOCJIe0BaTeJbHOCTD

0— FlZl (F)~>F-—> j,j(g).

Ecm & —uHbexTHBHBEIN Nyyox aGeJieBHX TPYIIN, TO o — MUMOPRHUIM.
[TostoMy B D’ (P #bx) umeeM BblLeJeHHBIH TPEYTOJNbHAK

Rz} (F)—> F—~>Rj.J (F)= Rl 71 (F)[1].
DTOT TPEYTOJIbHHK HA3BLIBAETCSH KAHOHUYECKUM DA3AOKCEHUEM NY4-
xa & ornocurensHo napu (U, Z).

5.6. Tensopupie npoussenesmss W miaockue nyukw. [Iycte & —
Iy4OK KOJel ¢ eXMHHIeH Ha mpocrpaHcTee X. Jlas mo6oro myuka
neBux #-mopynedt A onpeneneH GyHKTOP

QN :mod-R—FHbx, F—Fe.
g

AHAaNOrHYHO COOTBETCTBYIOLIEMY YTBEPIKAEHHIO IS KOJIel, MOXKHO
JIOKa3aTh, YTO 3TOT QYHKTOP TOUEH CIIPaBa.

Hasosem nyuox A naockum (vag #), eciu ¢yHKTOp - QN
TOYeH. JIerko ImpoOBEPHTb, YTO NMYUYOK A° SBIASETCS NIOCKHM TOraa M
TOJIbKO TOTJa, KOTAa JJf JI060# TOUKH x€X ero cioit A, aBasercs

IVIOCKAM MOAYJeM Hal KoabuoM #,.
56.1. IIpennoxenue. a) JI060# nyyox JeBnx R-MoLyJeH

ABJsiercss GaKTOPIYyYKOM IIOCKOTO IydkKa.
6) Kuacc mIocKHX nydkoB mpHCnocobieH K GPYHKTOPY

AR : B-mod—>FLbx

TEH30PHOTO YMHOXEHHUsS! Ha NyYOK NpaBHX HA-MOLyJef.
5.7. OGpatunie o6pasnl M TeH3OpHble Npouspenenus. B cuay
OpebIAYIIero NPeNIOKeHHsT MBI MOXKeM NOCTPOUTh IPOU3BOLHBIH

dynkTOp
L
A ® - : D™ (R-mod)—~ D~ (P#bx).
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Ero xoromosorua o6o3naualorca Tor: i
Tor, (M, N)=H (M BON).
MoxHO TaxXke OIpeIe/HMTh QyHKTOD

L
H'® . : D™ (R-mod)— D~ (PH#bx)

s A 6D (mod-R).
AHanoOTHUHO OnpefensIoTcs QyHKTOPH

L
@, BN : D~ (mod-B)— D~ (PHbx),
s A ER-mod, # €D (R-mod), a Takxke GuPyHKTODP

.®.: D~ (mod-R)® D~ (R-mod)~ D~ (#5Fbx).

Tax xe, xak pAjg MOAYJEH Haj KOJBUAMHM, MOXKHO JIOKa3aTk, 9TO
nyuox Tor; (A, /") HE 3aBUCHT OT TOro, ONpeeJATh JH €ro C 1mo-
L L

L
MOMBID A ®-, -®@S ww -®.. Ecmm £ —nyyox KOMMYTaTHBHBIX
(am CynepKOMMYTATHBHEIX) KOJIeLl, TO  JeBHIE R-MOLyHM  OTOX-
JNeCTBJAIOTCA C NpaBbiMu U A @ uMEET CTPYKTYPY R-monys,

L
TaK uTO A ®- TpuHMMaeT 3uaueHus B D~ (&-mod).

Oyers, ganee, (f, @) : (X, #x)—>(Y, #y) — mopduaM  npocr-
PAaHCTB, OKOJBIOBAHHBIX IIyUYKaMu (Cymep) KOMMYTATHBHBIX KOJell.
Torpa, aas moboro nyuka Hy-monyneh F onpeneted Nyuox Fx-
MOLyJel

Y

FEF)=%x o [ (F)
(#
[Tpoussoan:lii HyHKTOD

Lf* ()= %Xf.(géy)f- (&)

onpenesseT (PyHKTOPH BHICUIHX OGPATHEIX 00pas3oB

L
Lif* (&) =H"" (%x & f'(?))-
(%y)

Mopodusm (f, ¢) HaselBaercs naockum, ecnd Fx — TNJIOCKHHA
f(%+)-Monyns. 310 cBOMCTBO MpejcTapisier cO60A OXHO M3 CaMbIX
cJabhlX U OJAHOBPEMEHHO CaMBIX MOJE3HHX aHAJIOTOB MOHSATHS «J0-
KaJbHO TPHBHAJILHOIO paccioeHHsi». OHO 0co6eHHO ynoTpebHTeNb-
HO B aa1re6panHyecKoll H aHAIUTHUECKO! reOMETPHH.

5.8. Mlpsamble 06pasbl ¢ KOMNOAKTHBIMH HOCHTedsMH. Huxe 10
KOHUA 370r0 maparpada M O6yleM paboTaTb TOJBKO C JIOKAJABHO
KOMNIAKTHBIMH OTAEMUMBIMH TOMNOJOTHYECKHMH [POCTPAHCTBAMH H
nyukamu afesneBHX Ipynnm Ha Hux. Kpome Toro, mosxe Mbl HaJjo-
XAM HEKOTOPHIE YCJOBHS KOHEYHOMEPHOCTH, KOTOPhIM, B YaCTHO-
CTH, YIOBJETBOPSIOT BCE TOIOJOrHYECKHe MHOTo06pasus. B arHX
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YCHOBHSIX MO KaXKAOMy Mmopduamy npocrpascts f: X—Y 6yayT mno-
CTPOeHBl (yHKTOPH Rfi ¥ f' Ha moAXOAAWHMX NpPOH3BOAHEIX KaTe-
TOpHSX.

58.1. Onpenenenne-nemma. Iyers f:X—Y — mopdusm
JIOKQJbHO  KOMMAKTHBIX OpocTpaHcTs. Ilyers & — nydyok Ha X.
Tlosoxkum Aas m0GOTG OTKPHTOrO MHOXKecTBa UcY:

f ((F)(U)={seT(j-2(V), F), supp(s)—i—U cobcTaeH)

(HanmoMHuM, u4TO MOp(GH3M HasHBaeTcs COGCTBEHHBIM, €CJH MPOOG-
pas moboro xomnakra komnakren). Torna

a) [ (&) ectb moanyuox f.(F).

6) Orobpaxenue F—f' (¥) npomonxkaercss 10 PyHKTOpa, TOU-
HOro cJeBa.

5.9. CeueHMs ¢ KOMNAKTHBIM HOCHTeJNeM. BaxKHBIH YacTHBIH CJy-
yai Bo3HuKaeT, Koria f:X—-pt — otob6paxeHne B TOUKY. B 3TOM
cayqae fy (¥) — aro abenepa rpymma, cOCTOSILIasi H3 TAKHX cede-
- Huf s€T(X, &), uro supp(s) — Kommnakr B X. Dra rpynna Hassl-
Baerca epynnod cederud F C KOMRAKTHbIMU HOCuTeAamu M 0603-
Havaercs I (X, &F).

Ilydox fi(¥) mas npoussobHoro f: X—Y no cymectsy Boc-
CTaHAaBJHBAETCA MO rpynnam cedeHuH ¥ C KOMNAKTHHIMH HOCHTe-
JIAMH Haj pasjuuHbHIMH noamHoXkectBamH X. TouHee, HmeeTcs

59.1. IIpexaoxerue. Cmo#t nyuka [ (F) B Touke y€Y H30-
mopden I (F (), F |;-1).-

5.10. Iyuxu, npucnocobiennne K fi. [Iyuok & Ha X HasbiBaer-
Csl mMA2KuMm, ecau Aas modoro 3amxHyToro mMHoxectsa KX oro-
O6paxenne orpamwdeHus I'(X, F)—->T (K, #) COpPBHEKTHBHO.

[Nockoabky 060 HHBEKTHBHHA NyIOK ABJAETCS BAJIHM (M.
5.4a), a n060# BAABIA NYYOK, OYEBHIHO, SIBJSETCS MATKHM, MAT-
KHX ITy4KOB HOCTATOYHO MHOIO.

5.10.1. TIpennoxenue. Kinacc MATKHX NYYKOB IPHCIOCOO-
JieH K GyHRTOPY |

JlokasarenbCTBO TO CyIIECTBY MapanJes]bHO X0Ka3aTedbCTBY a)
TeopeMs! 5.3. OCHOBHEIM 3TaloM fABJseTcd NPOBEPKA CJAENYIOIIETOo
¢axra: Has TOuHOM HOCJAEIOBATENHHOCTH MATKHMX NyukoB (1) oro-
6paxenne I'. (X, )T (X, 56) — snumopdusm.

HoxameM ero. Ilycrs s€I,(X, #6) u K —KoMmakT, copepxa~
mufi supp (s). Tlokpoem K KOHEUHHIM YHCJOM KOMNAKTOB K, ...
..., K,, Takum o06pasoM, uTO S|x, NOAHMMAETCH . A0 CeUYeHHs
tLET (K, 9T (X, 9). Tonoxum L;=K;U ... UK; n uHIyKIHeR
1O i nOKaXeM 4to cyuecTeyeT ceuenme 1,61 (L, §), npoexTupyo-
neecsd B SILi' [peanonoxuM, 4T0 r;; yXe HOCTPOEHO. TTonoxum

V=T, nk,—Lilr,_ K, VMeen P (9)=0, Tax ur0 V=@ (7’)
ans mexoroporo v'€l(L; ;NK;, F). Tlporomxum o' 10O CeyeHHs
2" nyuxa F wan K, (ucnosb3yeM MArkoctb &) d MHOJOXKMM [ =

J— 14 ’
_-ti'—}—cp(fv ). Torga £, u r;y UMEIOT OZHO W TO X OrpaHHueHHe
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Ha L; ;N K;, TaKk 4TO OHM CKJIEHBAIOTCA B HCKOMOe CEYeHue r; Nyuka
g wan L;=L,,UK;.

Takum obpasom, Mb Hamua ceuenne re€l(K, &) c ¢(r)=s.
Iycrs M — rpanuna K. Toraa §(r|x)=0, 10 €cTb 7|»=0 (&) AJA
rexoroporo u€l’ (M, ). Ilockoasky ¥ — MATKHH, M NPOAOJKAET-
ca g0 u' €r(K, &). Torna r’=r—q(4’) |x, TO €cThb 7’ MOXKHO TpO-
nokuth Hysem BHe K, moayuast s'€l.(X, ¥) c ¢(r')=s.

3aMerHM, YTO IOpPH [0OKasaTeJbCTBE MBI HCIOJb30BaJH JIHUIb,
40 &F — MATKHA NYYOK.

5.11. Bricure npsiMble 0o6pasbl ¢ KOMNAKTHHIMH  HOCHTEJSIMH.
Ilpenpinymee npeJoXeHyue NO3BOJISET ONPENENHTh NMPaBHE NPOH3-
BOJHH (QYHKTOD

Rfll D+t (y.%b_,\r)-»-D"*4 (.?Wby).

Ero xoroMosiorud HasbBAIOTCA BbLCUULMIL HNPAMbLME 00pas3amu ¢
KOMnaKmHuMi Hocumensamu u obosHavatorcs R:f(F)EPHby
o Fextby.
B uactrOCTH, mAs OTOOpaweHus B TOUKy f:X - pf noayuaem
¢ynxTop
RT,: D* (94bx)— D+ (£b)

u ero xoromonorud H. (X, F) (kozomoroeun F ¢ KOMNAKMHbLMIL
HOCUMeAMN).

TMepeaucimm pan ceofictB R f .

a) Cront Rif(¥F) B Touke yE€Y xaHOHWueckH u3oMOpden
HiF 1Y), & |r-y)- 210 crenyer u3 mpepjoxenus m. 5.9 u Toro,

YyTO OrpaHuyeHre Ha f~!(y) mepeBOAMT MATKHE NyuKH B MArKuHe.
6) [ BenpepbBHHX OTOOpaweHnmii f:X—Y, g:V—Z wnMmeeMm

R(g/)=RgeRf 3
(370 BHITEKAET M3 TOTO, YTO f| NEPeBOAMT MSArKWE NYUKH B MSAr-
Kue).

Wcnoarsys pesyJbrate . 2, § 4, paBenctso (3) MOXKHO 3amu-
CaTh B BHJE€ CHEKTPAJLHON IOCAeROBATENABHOCTH, CBASHBAIOIIEH
RPf, Rigim R*(gf)

5.12. O6patunii o6pas C KOMODAKTHHIM 'HocHreaeM. CorjacHo
obmef uaeosorud (cM. ra. 2, m. 3.13), o6patuuii o6pas [' ¢ KoM-
IaKTHHIM HocHTeJeM AJs f: X—Y HyXHO onpexe’srs Kak QyHKTOD
Ha KaTeropHH NY4KOB Ha Y, coupsixeHHmi K fi1. ORasuBaercs, ol-
HaKo, 4TO AJs obuiero orobpaxkeHus [ yHrTOp [ : PAtbx—~F kb
He HMeeT CONpSXKEHHOro, M JJA onpeleneHus f' caenyer nepeiTH
K TpousBojHO# KaTeropun. Kpome Toro, X u Y ciaenyer mpeamosa-
raTh KOHEYHOMEpPHEIMH. -

5.12.1. Teopema. Ilycts [:X—Y — nenpepriBHOE oOTOGpaxe-
HHEe JIOK3JIbHO KOMIIAKTHHX KOHEYHOMEDHEIX TOIOJOTHYECKHX NpO-
crpascerB. CymectByer QYHKTOD
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FliD* (9by)~ D* (958b)

¥ QyHxTOpuasiehb no FE(D* (P£by)), YeD*(PH4by) H30MOp-
Doy D+ () (D*( 3N GeD™( ) MOD

RHom (Rf\F', %) = RHom (&, 1'Y).

5.12.2. Cnegcrsue. Gynxrop f' compsxen cnpasa K Rf .

5.13. KommenTapun K Teopeme M miaH JAOKa3aTenbcTa. s
nydka F Ha X 4 OTEpHTOrO MyoxecTsa UcC X 0603HaumM uepes
Fu nponomxenne F uyseM BHe U (3 Tepmumax QyHKTOPOB Jji Jj/,
rae j:U — X —pnoxenve, uveem Fy=j j F). Bem VU —nsa
OTKDPHITHIX MHOXECTBA, TO Yy HAC ecTh €CTECTBEHHbI MOpdH3M NMyuKkoB
Fv—Fy, HHAYLUPYIOMAN A% KAXIOrO nydyka ¥ HA Y romomop-

usm
Hom (f Fu, 9)- Hom (F Fv, 9). 4)
cHo, uro .
U ~ Hom (F Fu, 9) )

BMeCTe C OTOOpaxeHUAMM OrpaHuueHHs (4) SBAAETCH NpeANyuKOM
abesessix rpynn Ha X. Ecim Gbl 910T npemmydok OB IyuKOM, TO
BCe Oblno Owb B mopsfke: o6osHauas nyuok Y~ Hom (fZy, 9) (tae

Z —nocTOAHELM nywox HA X) uepes f'%, Mbl Gl uMeau

Hom (f &, %)=Hom (&, 1°%)

u yxe fi obsanan Gbl mpaBbM compshxenHsM. OKasbiBaeTCs, OXHAKO,
q9T0 NPEeANydOoK (D) #BAAETCA INyUKOM JIMIIP B BeChbMa CHElMaJbHBIX
Cayyasx; 6oJiee TOYHO,

Uw-Hom (f(Fy®Z), 9)
ABJAETCA [YYKOM, ecau & — MACKHil IMIOCKHM# nydox Ha X M B 3TOM
cayuae umeeM (yHKTOpHAJBHO M0 FEOb #H#bx
Hom (f1(F@Z), §)=Hom (F, f (£, 9))

A7 HEKOTOpPOro nyuxa f ’(Q, 9) na X.
[TosTOMy HYXHO NepeiTd K NPOH3BOJHOA KATErOPHH M NOCTPOHTH
pesosbBeHTy £ nocrosmHOro nyuka Z Ha X

0>Z>L'>FPls ... >F">0

U onpexe/auth f '(59') KaK AHATOHAJBHBII KOMIJIEKC, AaCCOLUHPOBAH-
HLHI ¢ GUKOMIIIEKCOM

Ali= f1(@1, i),

rie 9 — [ —xpasuvsomopdusM ¥ ¢ KOMIIEKCOM,  COCTOSILHM
U3 UHBEKTHBHBIX Iy4KOB HA V.

5.14. TipencraBuMble (QYHKTOPH B KaTeropuH Ny4KoB. BaxHEIM
uIaroM B J0KasaTeNbcTBe TeopeMnbl I. 5.13.1 sBJsieTcs caeAyrilad
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tTeopeMa (4acTo NMpHMeHsieMas B CHTYalHAX, KOTJa Hy»KHO IOcT-
POHTH IYYOK, 06Jajawmyil ONpejeeHHBIME CBOHCTRAMH).

5.14.1. TeopeMa. Oyugrop F:P$tbx—(£b)° npelcTaBum
B TOM H TOJBKO TOM cJIydae, eCJH OH NeDEBOJMT MHAYKTHBHBIE Hpe-
Jenabl B PSLbx B IPOEKTHBHLIE Npefenst B SEb.

JdoxkasareancTso. YacTh «TOJBKO B TOM» TeopeMbl CHpa-
BejsuBa B ofmieM caydae: ¢ynxkrop X—Hom o (X, Y) a9 mpo-
WsBOJBHON abeseBoii KaTeropun ¢, VEOb &, nepepogutT HHIYKTHB-
Hple Tpejensl B 4 B NPOEKTHBHHE mpenemst B 0. s
AOKA3aTELCTBA YACTH «B TOM) 3aMETHM, YTO COOTBETCTBHE

U—F(Zy)

BMecTe ¢ OToOpaxewusivu orpanmuenus F(Zy)—>F(Zy) naa VcU,
HHAYUUPOBAHHBIMH BJOXEHUIMH OQvyy: Zy—Zy, 3ajaer npelllyyoxr
% abeneswix rpynn Ha X :T'(U, ¥) =F(Zy). locne sroro us mepe-
CTaHOBOUHOCTH F ¢ IpefenaMu BBIBOAHTCS, Y4TO ¥ — NydOK.

5.15. Cpoiicrea f!, a) Ilpexze Bcero, KOHCTpYKuHwO [' H Te€ope-
My 0. 5.14.1 MOXHO 06G0O6IUHTh, 3aMEHUB KaTeropuio Fsfb Ha Kare-
rOpHH NYyYKOB R-Monynefd, rie R — (HHKCHPOBAHHOE HETEpOBO KOJh-
[0, B Y4CTHOCTH, 0.

6) Il.im HempepeiBHBIX OToGpaxkeHull f:X -V, g:¥—Z uMmeem
(8S)'=frg"

B) Ecmu f:X—Y —BroxeHue OTKPHTOr0 HAH B3aMKHYTOI'O TOJ-
MHO}(eCTBa, TO (QYHKTOD, CONPSKEHHH CcmpaBa X f, CydLeCTByeT
Ha YpOBHE CaMOil KATeropuu NyukoB (Ge3 MepexOja X NPOHSBOJBLHOH
kaTeropuu). A uMeHHo, ecad f:U —Y —Bjokenue OTKPHITOrO
TIOAMHOXKECTBR, TO CONPSKEHHBIM cnpasa X [ 9&by—PHby Oyper
f. Py PHby.

Ecmu  f: XY —BroxeHue 3aMKHYTOrO MOIMHOXECTB3, TO
CONPMMEHHEM cnpaBa K f,=f. :PH%bx—>PHby OGyner GQOyHKTOD
I'x (cM. m. 5.5). PaccMOTpHM Temepb CHTyaluio, [POTHBONOJIOXKHYIO
B), xorpa f :X - pt—ortofpaxKeHHe B TOUKY.

5.16. Hyanusapyownit kommiaekc. JBOACTBEHHOCTh. DBynem
CYyuTaTh, 4TO Y ==pf—touka. Torga nyuku Ha Y —3TO mOPOCTO
aGeJsieBBl TPYINBL, ¥ Mbl GyzeM 0Go3Hauath uepes ZEOHD™ (¥ Sby)=
=0bD* (#b) O-xomniexkc ¢ HyseBol xomnomenTOi Z. Has  Jro6oro
TOMOJIOT HUECKOrO NPOCTPaHCTBA X (KOHEYHOMEPHOTO, JIOKAJBHO KOM-
naktHoro) mosoxum Dyx=— f'(Z), rme f:X--pt. Kommnexc Dx
HaspiBaeTCa dyasusupyrouwus romnsexcom na X. Teopema m. 5.12.1
npeBpallaeTcs Npd 3TOM B CJAEAVIOUIEe YTBEPKIeHHe

RHom (RT, (X, ), Z)~R Hom (¥, D). (6)

CymecrByer Gojee fABHAs KOHCTPYKUMS IyaNH3UPYIOILErO KOM-
nnexca Dx. Jaa xaxgoro U X obosnaunM uyepes K, (U) xommiaexc
OTHOCHTEJBHBIX nenowncaerHpx ueneli K. (U)=C, (X, X\U; Z).
Scno, uro npu U CV BaoxeHue ueneft onpejpenser MOphU3M KOM-
wiexkcoB K. (V)—=K. (U) un U~ K. (U) ecTh KOMIJIEKC OpejanyyKoB
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Ha X. Tenepsr nyamasupyowuit xommieke Dy coBmagaeT ¢ KOMIJEK-
'COM Ny4KOB, ACCOUMHPOBAHHBIM C KOMIJIEKCOM npennyuxos K ..
Jlpyras (GopMyJaMpoBKa 5TOro yTBepxKieHus Takosa. O6osHauas
yepes sBom (¥ ,9) myuox mopdusmos nyuka F B nyuwok ¢ H ue-
pes RFBom — cooTBETCTBYIONMA NPOH3BOAHEIN (YHKTOp, OIpene-
JuM (QYHKTOD ABOHCTBEHHOCTH

) ) Dy : Db (Fstby) 0D (Pstby)
opMyIoH

Dy (F')=R Hom (F', D).

Kommiexe DxF HasviBaercs Ogolicmsennvin no Bepdse ¥ F.

Hanee, nna mobbIx 18yX mydxos &, ¥ Ha X uMeeTcs ectect-
BeHHHH MOPQH3IM

FFbom (Fom (F, ), 9).

HecanoXHasi npoBepka NOKa3kHBAET, UTO 3TOT MOPGH3M NPOAOJKa-
€Tcsi Ha NPOH3BOJAHLIE KATErOpHH. B dacTHOCTH, HMeeMm MOPQH3M
byHKropoB o : [d>DxDx us DV (Pskbx) B cebsl.

Ha Bceit kareropun DP(P£bx) MopdH3M o, BOOGIIe TOBOPS, HE
ABJSIETCS M30MODPGH3MOM, TaK 4TO Dy He sBJSETCH aHTHOKBHBAJICH-
THOCTBIO. OJHAaKO a ABJISEeTCS H3OMOPOUIMOM ‘HA BaXXHOH NOJHOR
IOSKATErOPHH, COCTOALIEH M3 KOMIJIEKCOB ¢ KOHCTPYKTHBHLIMH KO-
FOMOJIOTHAMH. A uMeHHo, ecin X — cTpaTHOHUHPOBaHHOE MPOCT-
PaHCTBO, CTPATH KOTOPOTO — HEOCOGHE TONONOTHUECKHE MHOr006-
pasusi, TO KOrOMOJOTHH Dy sABJAAIOTCE KOHCTPYKTHBHBIMH OTHOCH-

TeJbHO 3TOi cTparHdHKauud, GyHKTOp Dy COXPAHAET NOAKATErO-
puto Constx—D?(Pstby), COCTOSIIYI0 43 KOMILIEKCOB C KOHCTDPYK-
THBHEIMH KOPOMOJIOTHSIMH, H Ha 3TOH NOJKATeropHH o — H3OMOp-
dusm (moxpoGuee 06 5TOM CM. I'I. 7).

B cayuae, xorna R=*Fk— noJse, ¢yHKTOD [BOHCTBEHHOCTH Dy
MOXKHO OINHKcaTh eme caeayoumuM obpasom. [lycts & — mygok. On-
peleasM npeamydyor F *maive nomaras

g—*najve([]) =FG(U, 9') *

STOT UpeANyYOK BCEra ABIfETCS Baabm (Moboe ceueHHe Haj OT-
KPHITHIM MHOXKECTBOM INPOIOJIKaeTcs A0 CeyeHHs Haj BceM X) H
sABJAsIeTCA MYYKOM, ecau F — MATKHE nydox. Pacemorpum QyHKTOP
Phy—>(Phy)°® (Ch, — KaTeropus MyuKoB k-MOLyJel), CONOCTABIAIO-
mMi nyuky & NOyYOK, ACCOLUHHPOBAHHBLIA ¢ NpeANmyyKoM F *naive
STOT (QYHKTOp TOYEH CjeBa H ero NpaBblfi NPOM3BOAHHE (QYHKTOD
cosnafaer ¢ Dy. T[oBops HECKOJbKO NO-IpyromMy, Dz (F)=
= (S°) *vaive pre S—>F—>0— MArkas pesojbbeHra F.

OcoBeHHO TPOCTOHl OKa3hIBAETCA CTPYKTYPa AyaJH3HPYIOHIEro
KOMILJIeKca, korga X Heoco6o.

5.16.1. CaencreHue. Ilycte X-—n-mMepHOE TONOJOrHUECKOE
MHOrooGpasue ¢ rpaunesi. Toraa Dx=oxn], rae o, — Myyok,

3ajlaBaeMBbIil pABEHCTBOM
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T (U, 6x)=Hom o (H: (U, Z), Z)

s mro6oro otkpertoro UcX. )

5.17. 3amevanud, 3ameHas Z Ha IPOH3BOJbHOE HETEPOBO
KOJIbLO R, MOKHO IOJIYIHTh aHAJOTH N0Ka3aHHOTO cjeAcTBUs. B ua.
CTHOCTH, eciii R=F — mone, a X — TONOJOrdYecKoe MHOroo6pasnue
6e3 Kpasi, T0 ®x=Ty-— OyYOK k-opHeHTalnii X (MOCTOAHHBIA ny.-
YOK cO CJI0eM R, ecnu X opHeHTHpyeMmo man ecam chark=2). Ecau
X — mHoroo6pasue c kpaem 90X, T0 @x==iT, Te T — OYYOK k-0pu-
enrauuft X—0X, a i : X—0X—X — BnoxeHne.

Beps xoromonorum oGeux wacreft (6), MOXKHO BHIPA3HTb JBOH-
creenHocts IlyaHkape—Bepave B Gonee mnpusbiyHOM BHAe (B —
noJe) Kak CyIleCTBOBaHHe IJsi JoGoro myyka ¥ Ha X KaHOHHue-
CKOr'0 H30MOD hH3Ma

Hom, (H: (X, &), k) = Ext™{(F, o). (7
OGo3snauas wepes X:HZ (X, ox)—>k dyngaMeHTaNBHBH KJACC, TO

X
ects mpoo6pas 16Hom (ex, @x) npun usomopdusme (7) C i=n=
wdim X, F=owx, Mo MOXeM 3amicath (7) KaK KOMIIO3HIMIO
KaHOHHYECKOr'O ClapHBAHUS

Ext™ (&, ox) X Hi (X, F)>Hz (X, 0x)
.
.

5.18. Csasbp QymkTOopo B D (Ps£b). 3necs Mp mpusejieM pe-
3yJIBTATH O CBA3H DA3JHYHBIX (GYHKTODOB B IPOU3BOLHLIX KATero-
pHSX IYYKOB abeseBBIX IPYyNN HA TONOJOTHYECKHX MPOCTPAHCTBAX.
HuXe Bce mpOCTPaHCTBa NMPEANOJIAralTcs JOKaJbHO KOMIAKTHBIMH,
MapaKOMIAKTHEIMH M HUMEIOIIUMH KOHEUHYI0 Pa3MepHOCTb, a HX
0TOGpaxKeHHsT — HenpephiBHBIMU. PaBeHCTBa 06beKTOB (IPOH3BOA-
HO#) KaTeropHH O3HAYalOT (YHKTOPHAJBHEIE H3OMOp(HIMHL.

L
a) fru® O f: XY, F, $6D (PHby) ueeM
L L
FEFRY)=FFSSY.
Jas [okasaTesbCTBA HYXHO 3aMeHuTh F W Y Ha HX IUIOCKHE pe-
30/bBEHTH (KBa3MH3OMOD(HbE KOMIUIEKCH, COCTOSIIHE U3 ILIOCKHX

NyuKOB) M WCIOAB30BATH PABEHCTBO [ (F®Y)=fFO®f'Y maa F,
$eP4by, surexaiomee u3 (¥ 0F),—=F,0Y,.
L

6) Rom u ©. IHan F, GeD (PSHbx), 6D (FH£by)
HMeeM
R#om (F' &Y, #)=R s6om (F', R Hom (I, 5)).
Il 10KasaTeNbCTBa HYXHO NPOBEPUTb COOTBETCTBYIOILEE yTBEPHK-
IeHve U OyuKOB abeseBbx TPymnm Ha X, HOCAe Yero 3aMeHHUTh
%’ Ha MJOCKYIO Pe30/bBEHTY, & I — Ha HH'BEKTHBHYIO PC30JLBEHTY.
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B) Rf. u R#om. Iaa F'eD~ (PHby), GED* (954bx) umeeMm
Rf.R%#om (f F,9)=RHom (F, Rf.9).
3aMeHsts ' Ha MHBEKTHBHYIO DE3OJBBEHTY, moJyuaeM, uro f.9

(MOYIeHHOE NpUMEHEHHE)  COCTOHT K3 WHBEKTHBHHX TIVUKOB, @

dbom (f ' F', §')—u3 Markux nyuxkos. Ilocsie 5TOro HYXHBIA 430-
MOPQHU3M ecTh CAEACTBHE u30MOpdusMa B FEby:

f.#om (f F, G)=bom (F, 1.9),

BLITEK QIOIEr0o U3 CONPSKEHHOCTH ' M f..
r) Popmyse. samens. 0asel. 1lycTh 3agaH  NEeKApTOB KBAJpaT

xX5x
I’ f
oy

NPOCTPAHCTB K HENpepHBHBX OTOOPaMXeHui, Tak uto X’/ — paccjoeH-
Hoe mpousseneHne X u Y’/ max X. Torma B D*(95£by+) umeem

RfF =Rgp'F,
Rg.P% =q'Rf\Y, F &D*(#%bx).

JJs moKasaTesbCTBA NEPBOTO  YTBEpPIKIEHMS ClefyeT NPOBEPHTh
paBeHCTBO ¢ f F=gp'F, FEPHbx, BHUUCTAL POCTKH JEBOK
¥ npaBoft yactedt B TOuke y/€Y’ ¢ momomsio npepsoxernd m. 5.9.1,

IOC/e uYero HyXHO 3aMeHMTh F HA MAFKYI0 De3osbBeHTY. Jlasm
NOKA3aTe/LCTBA BTOPOTO YTBEPKAEHUA CJCLYET NOMEHATh MECTAMH
X u Y/, IpuUMEHHUTB NepBOe yTBEPK AEHUE U UCIIOL30BATS CONMpSKeH-
HOCTB f* u Rf., g W Rg., Rqiu g', Rp u p'.

) Dopmyra npoexyuy. Las F 6D~ (PHbx), G'6D™ (#4by)
HMeeM

- L . . - L -
Rf(F ®fF)=RfF ®F.
Jasa  nokasaTeNbCTBA CleqyeT [POBEPHTh aHAJOTHUHYO (opMyay
B $Sby, nocae uero 3aMeHuTh F HA MACKYI0 PE30JLBEHTY,
a Y —Ha UHBeKTUBHYIO. ‘
e) f'u R#om. [iaa F', § €D+ (#4by) nveem
f'R#om(F', 9 )=R om (f'F', f'F).

i noxasaTessCTBA CAGNyeT 3aMeHuTh F HA MATKYIO DESOJLBEHTY,

. 1
9’ —HA UHBEKTHBHYIO M UCIOJB30BAThH SBHYIO KOHCTPYKIMIO f .
K) Dynxmops. u 0soticrmeenrocnis. Ilpexcie BCero, mMeeM

f'Dy=Dx.
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Janee,
FOorF =Qxf F, FeD (@Hby),
DyRfG =Rf.Dx%, GeD? (FHLby).

BUBJIUOIPAGHUYECKHUE YKA3AHUA

Marepuan nmeprIX ueTHpex maparpaoB 3TOH IVIaBhL COCTaBJSET TECPHA 1po-
H3BOAHHX KATETODHI W COCTBETCTBYIOHIeE H3JOMNKEHHe TEODHH IPOHU3BOAHEX (YHK-
Topos. [lepBoHcTOYHHKAaMH 3liech SIBJSIIOTCS 3aNUCKH ceMHHapa XapTcxopaa [85)
u astopedepar Bepave [141]; cm. tagxke [8], [84], [91]. ITomnrie moKasaTelbeTRa
moxkuo HafitH B [8], [85] VYcaoems snokamuzanuH B H. 1.7 — 3TO KIIACCHYECKHe
yenosHst Ope, BOSHHKAIOIIME NPH HCCIENOBAHHHW TeJa OTHOINEHHH HEKOMMYTATHB-
HBIX KoJel (cm. [86]). Ocuosnas nemma m. 2.2.1 B3sita u3 KHurk BypOGaku [32]
Pesyapratel 3 1. 3.1.2 (¥ HX najgexHe o6o6menns) cm. B [84] PesyabraTu
m. 4.12 npusagnexar [enuno (npunoxenne x [43]), pesyabrartet n 4.13 — Pyyey
[124]. CrekTpanrHas nocienoBaTesbHOCTh I'poTeHgHKa H3 N. 4.15 MOKa3blBaeT cxe-
MY BOSHHKHOBEHHS MHOTHX CIEKTpAalbHHX HOCJefOBaTelbHocTel B anrefpe, Tomo-
JIOTHE H alrebpaHueckoit reomerpud, cM. [77].

KoroMonorua nywkos, H3noxXeHHHe B § 5, MOXHO HafiTH BO MHOTHX KHHrax;
ynomsmem [10], [33], [68], [91] HoxasaTenscTBO mpejsioxennmss B I. 5.1 cMm. B
[68], Teopemn m. 5.3 —B [69] u [8]} Pesymprars mm. 5.8—5.11 cm. B [91] ¥ B
cratbax Bopeas [29] # I'pusens [75]. Teopemu m. 5.13.1 m n. 5.14.1 npHEasaexar
Bepase [140]; zmokasarenncrsa cM. B [8] u B [91]. PesyubraTh, npHBelJEHHHE B
I 5.18, co6paEn B KOMIAKTHOM BHIE B crarthe Dopens B [29].

T'arasa 5

TPUAHTYJIMPOBAHHBIE KATEIOPUH

§ 1. OcHoBHbie OHATHS

1.1. Akcuomsbl. ITycts 2 — HegoTOpast aAAUTHBHAasE KaTeropus.
CTPYKTYpa TPpUGHeYALPOBAHHOL KaTeeopuu Ha 9D oupepeisercs
3ajlaHueM CcAelyIOIHX MaHHBIX a), 6), NOAUHHEHHBIX aKCHOMaMm
TR1—TRA4.

a) AnnuruBHBIE aBTOMOpdH3M T : D—D, HASHBAEMBIH (PYHKTO-
pom cdsuza.

Bynem nucats, Kak B i 4, 2.2, X[n] smecro Tn(X) m f[n]
smecto T (f) (aas mopdusma f: X—Y). M Moxem Tenepr OyK-
BAaJBHO NOBTOPHTH YacTH a) H 6) ompegmesedus ri. 4, m. 2.3, BBels
B D Tpeyeospruxu

X5y 5z5x 1]
H UX MOpPusseL
X5y 525 x(1
VD L L Y
X'=>Y'>z'=X (1]
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Mocneanss yactb onpenenenus ra. 4, n. 2.3 BBOLMTCS 4KCHOMaTH-
YeCKH: CPEIH TPEYTOJbHHKOB B & JOMXKeH GHITh 3alaH

6) Knacc BBIAENEHHBIX TPEYTOJbHHKOB.

Caenyone akCHOMB!, KaK MBIl MOCTENEHHO y6emuMcsi, YAOBJET-
BODUTEJBLHO ONMCHIBAIOT DaGoune CBOMCTBA KOHCTPYKIHH I 4,
. 2.38).

id
TR1. a) X—>X—0- X [1] Boigesen.
6) Ect  TpeyrosbHHK BeeseH, TO JOGOH H3OMOPDHEIE eMy
TPeyrOJbHAK BHILENEH.

23
B) JlioGoit mopduamM X —Y MOXKHO JONOJHMTL JO BBIJEJCHHOIO
u v w
Tpeyrombraka X =Y —Z -~ X [1].
u v w
TR2 Tpeyronmnx X - Y > Z— X[1] Boillesies, ecid ¥ TOJBKO:

ecm ¥ > Z5> X [1]—'*Y [1] Bermenen.

TR3. Ilycts naH® JBa BHIEJEHHHX TPeyrolbHHKA H JABa MOp-
busma MexAy HMX HauaJaMH, o6pasyionie KOMMYTAaTHBHBIH KBal-
par. Dra IuarpamMma JoloJHsercs: (He 0683aTeNbHO OJHO3HAUHO)
o MopdhH3Ma TPeyroJbHHKOB:

XSvizaxq
ir le {r

tu vy ow ¢
X’-—)Y'—>Z’——>X’[l].

HOCJIC,ZI‘HHH aKCHOMAa OTHOCHTCS K JOBOJBHO 6ONbIION «auarpam-
M€ OKTaszapa». OllHH H3 crnocoboB ee H306pa}KaTb COCTOMT B 33aJa-
HHH ABYX «IUAIl0YeK» OKTasjpa ¢ O6IIHUMH «HOJSIMH»

X (1] /Z x = Z
* "\/
[12 ’(4/7' r1] *\
7 ol
{1 1]
(Bepxwan wanouxa) (HuxcHAn wanouna )

B stux anarpammax X, ¥ # 1. A. — 06BeRTH 2; CTPEJIKH BHAZ
X'~Z’ osnauaT mopdusm X'—Z’ [1]; TpeyroJpHUKH, OTMEUCHHKE
W, BhILeJeHB, a TPEYrOJbHUKH, OTMeUEHHBe ¥, KOMMYTATHBHH.
I—Iaxoneu, Tpebyercs, 4TOGH ABa BO3MOXKHHX Mopcbnsma Y—Y ue-
pes Z u Z’ coBNanaju, H ABa BO3MOXHHX mopdusma Y'—Y [1}
gepes X[1] u X’ coBnananu.

3aKOHUHB ONHCaHHe AMATPaMMBl OKTa’3]pa, MH MoxeMm chopMmy-
JHPOBATH MOCJEAHIO AKCHOMY.
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TR4. JI6as nuarpaMma THI2 «BEePXHsisl IIANoOYka» AOMOJHse-
Ma J0 JHarpaMMBl OKTa3Jpa.

1.2. 3ameuanus 0o GOpMatbHOH CTPYKTYpPe AKCHOM.

a) Us axcuoms TR2 crenyer, 4To KaXIblii BbIIEJEHHBIH Tpe-
YrOJIbHHK KAHOHHYECKH BKJA[BIBAETCd B «CHHPajdb», TAe J0G60k
BHTOK H3 TPeX CJEIVIOIIHX NOAPAL MOP(pH3MOB BBIJEJEH:

ur[V
. wl?2) .
. vri1]
. \
Zul1] .
v

u

COOTBETCTBEHHO, MODP{H3M TPEYToJbHHKOB IIOPOXKJaeT [IBE CIHpa-
JIH, CUENJIeHHBe TopH3oHTa pHbiMy cTpenkamu. M3 TR3 u TR2 cie-
HAyeT, U4TO €cJM 33JATh JBE COCENHHEe CTPEJIKH, 06pa3yroliHe KOMMY-
TATHBHBIH KBaJpaT, TO MX MOIKHO JOMNOJHHTL J0 MopdH3IMa CIH-
paJies.

6) marpaMMy <«BepXHSf LIANOYKa» MOXKHO pacCMaTPHBATh Kak
MOp(Hu3M BBIIEJEHHBIX TPEYTOJBHHKOB, ¥ KOTODOTO CPefHHH MOop-
¢HsM ToxZecTBeHHEH. BioxuB 3T0T MOpH3M B JBOHHYIO CIIHPAIb,
KaK BEIe, H IIOCMOTPEB Ha ee II0CJeJOBaTesbHble BHTKM, MOXKHO
y6enurbes, uTo B HHX OYLYT BCTPeUaThCcsl AMATPAMMEL THNA «HHX-
Has wanouka» ¥ TR4 MoxHO cHOpPMYJIHDPOBATE B 3KBHUBAJEHTHOM
Buge (mo Mofymwo TR1—3) : TR4': nomosHfeMocTs [HO OKTasjpa
HEXKHHX 1Janoyek.

u

B) B akcuome TR1 B) moGrie xBa gononseHuss X—Y Ho Bhile-
JIeHHOTO TPeyroJbHHKA H30MODPQHEL: MoOpOdH3M A, cylIecTBOBaHHE
KoToporo nocrynuposaHo B TR3 pma f=idy, g=idy, sBasercs
u3oMophH3IMOM.

ITo3ToMy «BepXHIOI WIANOUKY» MOXKHO C TOYHOCTBIO JO H30MOp-
¢H3Ma BOCCTAHOBHTL IO OJHOH ee KOMMYTATHBHON rpaHy X—Y—Z,
Xocrpous X—Y u Y—Z 10 OTMeueHHHX TPeyroJbHHKOB.

M3 axkchoMm TR1—TR3 MOXKHO BHIBECTH CJEAyIOILEE CBOHCTBO
BBIIEJIEHHBIX TPEYTOJbHHKOB (Cp. IVI. 4, 1. 2.5).

1.3. Tlpenaoxenue. Ilycts & — TpUanry/MpPOBaHHAS KATEro-

. u v w
pus, X-—>YV—>Z-— X|[l|—Bunenenssitt Tpeyrosbsux. Torma Aas
JtoGoro obvexkra U nmuarpamMet

«..>Hom U, X [i])i*—[ﬂHom U, v [i])EﬂHom W, ZI[i wd
—=Hom (U, X[i+1])>...,
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. w*[i] . v*[i]
...=Hom (X [i+ 1], U)—-Hom (Z[i], U)—~
v*[1] . u*[i] R
—-Hom (Y [i], U)—=Hom (X [i], U)~...
ABJAIOTCS TOUHBIMH IIOCJIEOBATEIbHOCTAMH.
HokasatTeabcTBO. [J91 HAMOCTPALAH METOROB PaGOTH C
TPHAHTYJIHDOBaHHLIMH KaTETOPHAMH JOKaXKeM TOYHOCTh IepBO# KO-
caelloBaTeNbHOCTH. B cuay 3ameuaHus 2a), HOCTATOYHO N0KAa3aTh
ToyHocTh B yaeHe Hom (U, Y). Ilpexae Bcero npopepum, uro vu=_.
(u 3HAYHT, KOMIIO3KIMS JIOGHX NOCAELOBATSNLHEIX CTPEJIOK B BRIIE-
JIEHHOM TDEYTOJbHHKe HyJeBas). Drto cieayer u3 TR3, npuMeHeH-

HO#t K X—~X—0~X[1] u HameMy TPeyTOJbHHKY:

d
X—>X—-0->X[1]
o al oal
4y il v iwi
XY ~»>Z-> X1
EfuHCTBEHHBIH BOSMOXKHbLIYI MOpHU3M A — HYyJEBOH, 4 U3 KOMMYTa-
THBHOCTH CJefyeT, uTo vu=0. ’
Iycty tenepy f: U—Y — rakoii mopdusm, uro vf=0. Mu xo-
THM J10Ka3aTh, 410 [=ug, rae g: U—~X. Bosbmem g u3 mopduaMa
BHIEJ€HHEIX TPEYFOJbHHKOB

1d
U-U—-0-UJ1]
!

te 1r | e

e dv dw oy

X—=Y~>Z-XI1]. ,
SToT MOpdusM jHocTpauBaeTcs ¢ nomouiplo npumenesus TR2 m TR3:
cHasana TR3 npumeHseTcs K

U~ 0-U [1]=U 1]
A dem if[ll N ,
v ¥ w i —
P23 x =l
u 3areMm no g[1] BoccramaBauBaeTcs g.

1.4. CnencrBue. a) Ecaw B nuarpamme TR3 [ u g u3omop-
¢H3MBL, TO B & H30MOp PH3M.

6) B arcuome TR B) [IONOJHAIOMHA TPEYTOJbHHK ONpeleseH
OJHO3HAYHO ¢ TOYHOCTBHIO A0 H30MOpGH3MA.

1.5. Cnegcrsue. Ecam v/gu=0, T0 g BKJAABIBaeTcsd B MOp-
¢usM Tpeyronbuukos. Ecam x Tomy xe Hom(X,Z'[—1])=0, To
STOT MOP(QU3M ONpezeleH OIHO3HAYHO.

1.6. Koromoaoruueckue d¢yukropol. PyHrgrop H:D—~¢ u3
TPHAHTYIUPOBAHHOK Kareropun £ B abelleBy KaTeropuio S Ha-
3BIBAETCS KO20MOAO2UHECKUM, eCliH IJs J000r0 BHIENEHHOrC Tpe-
YrOJBHHKA

X5¥5z5% X (1]
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9 nocaenoBaTe bHOCTD
H(u) H(v)
H(X)—H{)—~H(Z)
Touna B ¢ (cp. ra. 4, m. 4.11 a).
 Hs akcmoms TR2 BHTEKaeT, 4T0 eciH H — KOrOMOJOTHYECKH
GYHKTOD, TO Kaxnplil BBIAEJIEHHEIA TPEYyrONbHUK B %) NPHBOIHT K
JAWHHOI TOYHOH MOCNeROBATENBHOCTH B S¢:
(i) A )] L H(w i .
e HX [)—H Y iD—H (Z[i]) SH ([P 1) ...
OCHOBHBIM [IpUMEPOM KOTOMOJIOTHUECKOTO  (hyHKTOpA SBISETCH

Gyaxtop B3aTusa 0-KOrOMOJIOTHIA KOMIIeKCa, C'— H"(C"), paccmar-
pupaeMbiit kax dynkrop us K (¥) um D (4) B &£.

JIpyrAM TpUMEPOM  KOTOMOJIOTHYECKOr0  (yHKTOpA SIBJSeTCH
dyuxrop Homgy (U, -):D—Stb, Iad Kaxporo (GHKCHpPOBAHHOTO
U€EObD.

1.7. Konyc mopcduama. CoriacHo akcuoMmaM™, KakAbift MOpdH3M
u4:X ->Y B TPUAHTYJIMPOBAHHOA KATErODHM ONpEJessieT C TOUHOCTBIO
Jio msomopdusMa oGbekT C (#)—TPeThIO BepIIMHY BbIAENEHHOrO

u
TpeyroJbHuka X Srsz=cC (W)~ X [1]. Ou uasuiBaeTcss KORYCOM

moppusma u (no AHMIHACKK—a cone, no Qpaninysckd — un cone;
HeoNpeeJeHHbH apTUKJAb MOXYEPKHBAET HEOAHO3HAUHOCTh BHGO-
pa). Konyc 3anan Bmecte co crpefkamu Y—C(u)—-X[1].

[TpuunHa TaKOrO HaHMEHOBAHHS OOBSICHSETCH CJAEAYIOIHM 3ame-
qaHHeM.

OJHUMH W3 OCHOBHBIX NPHMEPOB TPHAHTYJIHPOBAHHLIX KaTErOpHA
BasiOTCs Kateropud K (%) u D($) Aaa  pasymudeix  abeseBbix
kateropuit . V3 npenjoxenus . 4, . 2.4 HECIOKHO BHIBECTH, UTO

u
Aas moGoro BbIAEJEHHOrO Tpeyrobiuka X — Y '—Z' — X [1] B aTux

KATEropusx KoMiieke Z H3oMOp(eH (XOTS W HeKAaHOHHYECKH) KOHY-
cy mopdusma u.

BepHemcs x o6IiEM TPHAHTYJHPOBAHHEIM KaTteropusm. Ecin OH
MBl roXesand caedars C GYHKTOPOM, TO MH MOIJIH GHl: a) oOfmpe-
Henuts Ha o6bektax C: Ob(Mor®)—~Ob2 ¢ noMoMmBIO aKCHOME
BriGopa (3nece Mor & — gareropuss Mopdusmos Kateropuu D);
6) oupeneants Ha Mopdusmax C:Mod(Mor D)—Mor & ¢ no-
Mmoo TR3 u agcHomsl BeIfOpa; Nocde Yero MH GH CTOJKHYJIHChH
¢ Tem, uto paseHcTBO C (uov)=C(#)oC(v) HHOTKy@a He CJeAyerT.
OTa «HeDYHKTOPHANLHOCTb KOHYCa» SIBJASETCS IHEPBHIM CHMITOMOM
HEKOTOPOTO HeBJaromoNyuus B aKCHOMAaTe TPHAHIYJIMPOBAHHEIX Ka-
Teropuf. K coxaneHuio, yIOBAETBODHTENbHOTO H3MEHEHHS 3TOH
AKCHOMATHKH NOKa HeT, OXHH H3 BOSMOXKHHIX CIOCOB0B IIOCTAPATh-
€ MCOPABHTh TOJOMKEHHe el B 9T0H H IONOGHHIX CHTYAIHAX CO-
CTOUT B TOM, YTO NPH NONKITKE KAHOHAYECKH IIPOBECTH HEKOTODPYIO
KOHCTPYKUHIO (HampuMmep, KOHYC) ClefyeT BBECTH LPYIYIO TPHAHTY-
JIHDOBAHHYIO KAaTeropHio, O0GEHEKTH KOTOPOH CyTh «TOMOTONMHYECKHE
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KJIACChl KOHCTPYKUH{» B HCXOAHOH KaTErOPHH, H CONOCTABHTbL KaXK-
AOoMYy OOBEKTy HOBOH KaTeropiH OOBEKT HCXOJHOH KaTeropuu. 3Ty
CXeMy MOXHO, HalpHMep, DeajJH30BaTh B CJAydae, KOTAa HCXOLHAs
Karteropust o6Jagaer CTpyKTypo# (pHABTPOBaHHOH NPOUSBOAHON Ka-
Teropuu (cm. [25])

Tenepr MOXHO MOCTAaBHTB CJeAYIOUIHH Bompoc. B pasHux ch-
TYalHsX BO3HHUKAIOT KaTeropuu %, cHabXeHHble KOHCTpYKUHeH «ab-
CcTpakTHoro KoHyca» C :Mor #—%. Her nu nomesnoi obieir ax-
CHOMATHKH TakKHX 0TOOpaxeHHA? AKCHOMH JO/KHB 3aTparuBaTh
II0 MeHbIIeH CTOPOHE JBe CTPYKTYPHL: a) (YHKTOpHAJbHHE CBOKCTBEA
C no orHoweHuro K MoppuamaMm B Mor &; 6) nosenenne C npH
KOMIO3HIMH MOPGH3MOB (OTHOCHTEIbHO MOP()HU3MOB B KaTETOPHH
Mor #). YacTuuHH# OTBET Ha 3TOT BOIPOC AaeT aKCHOMa OKTasl-

u

pa. A umenHo, nyers X—Y, Y—-Z — nBa MopbdHIMa B TPHAHIYJIR-
poBaHHOH kateropuu Z. JlocTpOHM HX A0 TPEYTOJBHHKOB C TPeThb-
uMH BepwmHamMu C(u), C(v). Omnpenenern wmopdusm w:C(v)—~
—C( u)[l]——KOMHOBHHHH mopduamos C(v)—Y¥[1] (us sTOpOrO
Tpeyrogphuka) u Y[1]-C(u)[1]. (#3 mepBoro TpeyroJbHHKA).
YacTe colep:XaHHs aKCHOMEl OKTas[pa MOXKHO BHDAa3HTh CJeLyo-
meld GopMyJson:

C (1) =C (C (2)> C @ [1) [~ 11,

B camom Aene, paccMOTPHM BEpXHIOI LIANOYKY OKTasfxpa, AO-
CTPOEHHYIO 110 KOMMYTATHBHOMY TPEYTOJbHHKY

Yy —2

X e

B o6o3HayeHusix m. 1.1 umeem:
Z'=C(u), X’=C(v),
=C (vou)
{npaBrifi TpeyroJbHUK HHKHel wanouku). C Apyroft CTOPOHH, H3
fleaoro. TPeyroJbHHKA HHUXKHeH MmIamouku ciaexyer, yro Y’ =C(w)
—1].
© OcraBuwiasics 4acTb COXEPIKAHHUS aKCHOME OKTa’fpa Kacaercs
onucanus sxofsmest B C(vou) u Buxoisdmeir us C(vou) crperox.

1.8. Tpuanryauposannocts K(5¢). Kak yxe ormeyanoch, OCHOB-
HBIMH [PHMEpPaMH TPUAHTYJHPOBAHHBEIX KaTeropuil ABJAAIOTCS Kare-
ropud K(s2) u D(s¢). JoxasaTeJbCTBO ClIeyoOllel TeOpeMh Ipo-
BOJMTCS IyTeM HENOCPENCTBEHHON IPOBEPKH aKCHOM.

1.8.1. Teopema. Ilycte s — abesneBa Kareropusa. Toraa ka-
teropusi K (&) co cTaHZApPTHHM GYHKTOPOM CIBMUCa H BHIAEJEHHBI-
MH TPEyroJbHHKAMH, ONHCAHHBIMH B IJL. 4, n. 2.3, ABJNAETCH TPH-
AHTYJHPOBAHHOH KaTeropHe.

" To ke BepHO Aus1 KaTeropuii K=(s¢) u Kb(s#).
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1.9. Jlokaausywomue kaaccsl MOP(U3MOB B TPHAHTYJNHPOBAHHBIX
Kareropusix. lns #okasaressCTBa TPHAHTYJHDOBAHHOCTH  KaTero-
pux D(s¢) HyXKHO YCTaHOBHTb COBMECTHMOCTb CTPYKTYDHI TPHAHTIy-
JUpOBaHHON Kateropunm B K(S£) c JoKaausalHed 1O KBAa3SHH30-
MopdHuaMaM.

Boo61ue, CTpyKTypy TPHAHTYJIHPOBAHHOH KaTerOPHH MOKHO HH-
AyUHPOBATh Ha JIOKAJH30BAaHHOHK KaTerOpHH, eCJIH Kjaacc Mopdu3Mop
S ymoBJIETBOPSAET CAEAVIOIUM CBOHCTBAM COBMECTUMOCTU ¢ TPUQH-
ayrsyuei;

a) séS<=T(s)e€S.

6) Paccmorpum amarpammy TR3 (n. 1.1). Ecau B sToft muar-
pamme f, g€S, To cymecTByeT AoHDOJNHsIOUIMH Mopdusm AES.

1.9.1. Teopewma. [Iycts 9 — TpHAHTYIHPOBaHHAs KaTEropug,
S — Nokanu3yomuil Kiacec MOpGH3MOB, COBMECTHMEIH ¢ TPHAHIYIIS-
uued. Beenem na Ds OyHKTOp capura I's TaBTosoruuecku (Ob Dg=
=0b %D, Ts=T na obvekrax). Hazosem Tpeyromsuuk B Dg gbtde-
AeHHbiM, €CAM OH H3oMopdeH 06pasy BHIAEJNEHHOrO TPeyroJbHHKa
OTHOCHTEJBHO QYHKTODA JIOKaJH3auuu D—~Dg.

Torna 2s ¢ 3TUMH CTPYKTYPaMu 6ydeT TPUAHTYJMPOBAHHOH Ka-
Teropues.

JloxasaTenbCcTBO COCTOMT B ompeieneHud s Ha Mopdu3Max
(DOMHKAX) DaBEHCTBOM

T(Z)

Z
T(s) T(u)
T /\: - \
X Y

T(X) T(Y)

H TIPOBEPKe aKCHOM.

Canencrsue. [Tponssonnnie Kareropuu D*(s£) TpuanryJupo-
BaHHI.

1.10. Toactole mopkareropud. CyniecTByeT 3KBHBAJEHTHBIH cro-
co6 onpeneNHTh JOKAaJH3aUHI0 B TPHAHTYJHDOBAaHHOH KaTeropHi,
IpH KOTOPOM 3aJaercst ceMeHCTBO OOGBEKTOB, KOTOPHIE IOCJTE JOKa-
JNH3ALMH CTAHOBATCA H3OMODQHHIMH HyJeBoMy o0ObekTy (a He
KjaacCc MOp(GH3IMOB, KOTOPHE CTaHOBATCS H30MOphH3MaMH).

1.10.1. Onpenenenune. [lonHas TPHAHIYIHPOBAaHHAs IIOJKa-
Teropusi % TPHAHIYJIHPOBAHHOA KaTeropuu %) HasblBaeTCs TO.ACTOU
(mo-anrsmfickn thick, no-¢panmyackn epaisse), ecaH BBHIIOJHEHO
cjelymlIee yCJIOBHE!

(T) Ilycte mopdusm f:X—Y B 2D dakrropusyercs depes o6b-
exT H3 @ (To ecT» mpencraBiasercs B Bule X—V—Y ¢ VE€Ob @)

f
W COLEPIKHTCS B BHJEJNEHHOM TpeyroabHuke X—Y—>Z—-X[1] ¢
ZeOb%. Torna X, YEOb @.

CranaaptHufl NpUMep TOJCTOH NOAKATETOPHH — KaTEropUsA BeexX
anuKaHIHEx 06bekToB B K(5¢2). B camoM nese, nepsoe ycJoBHe B
(T) mme osHauvaer, yto H:(f) —HyneBo# MopdusM, a BTOpOE
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ycloBue osHavaer, uto H (f) — usomMopduam, OTKyZa BHITEKAET,
10 X ¥ Y anugauynsl.

CBfi3b MeXIy TOJICTBIMH NOKATErOPHSIME B 9 H ALMKIHYHBIMH
KAaCcCaMH MopdusMoB TakoBa. Hasosem jokanusyomuii Kiaace S
B D Hacol.uennsim, eciu SES B TOM ¥ TONBKO B TOM clyuae, ecH
CYILECTBYIOT MOPGU3MEL f, f* B 2D, AJsi KOTOPHX foS€S H sof*€S.

1.10.2. Teopewma. Ilycts 9 — TpuaHTyJIMpPOBaHHAsi KaTero-
pusa. Orobpaxkenne

SEMor @, s Comepxurcs B BHIIEJEHHOM

B9 (B)={1peyromuuxe X—Y - Z-> X [1]
c s€S.

3ala€T B3aHMHO OJHO3HAYHOE COOTBETCTBHE MEXAY MHOXKECTBOM
TOJICTBIX TOJKATeropuii B & H MHOMKECTBOM HACHINEHHHIX JIOKAJH-
SYIOUIUX KJIacCOB MOPDH3MOB B 2D, COBMECTHMBIX C TPHAHTYJf~
umefl.

O6paTHoe cooTBeTcTBHe CONOCTaBAser xkiaccy ScMor £ nod-
Hy10 noaxareropuio $(S), NOPOXKIEHHYIO 06’b6I§TaMH Z60b D, co-

JEPXKAIKMHUCS B BLIIEJEHHOM TpeyroJbHuke X—Y—Z—X[1] ¢ s6S.
Bynem HaselBaTb TO4HOL TPOUKOL TpUAH2YAUPOBAHAHLIX KATE20~

P Q
puii Tpoiiky ¥—>2D—>&, roe ¥ — TONCTAs NOAKATErOPHS TPHAHIY-~
JUpOBaHHOR Kareropuu 2, &=2D[¢(¥%) ]— nokanusauus D 1no
kraccy S=¢(¥), P: 6D, Q: D—>& — QyHKTOPH BJIOKEHUSA H
JIOKaJU3al¥H COOTBETCTBEHHO.

1.11. BoigenenHbie TPeyroJbHHKH, KOHYC M OKTasgp B D(s£).
Brinenennrie TpeyronbHHKE B D (&) ONHCHBATCS  CIEAYIOIIMM
npeinoxeHdeM (IOKa3HBAIOUWIHM, YTO OHH aHAJOTHYHBEl TOUHBIM
Tpo#iKaM B abesieBHIX KATEropHiX).

1.11.1. Tlpenaoxenue. JhoGasg TOUHAS TPOIKA KOMIVIEKCOB

u v
B K(#) 0-X—Y »Z—>0 ponomHsercs OO0 BHIENEHHOrO Tpe-
yrosbHuka B D ($£) moaxopsmuM Mopdusmom Z-— X [1] u mo6oh
Bhle IeHHB TpeyroneRuk B D ($¢) usomopdern Taxomy. M
Ipennoxenuwe nm. 1.11.1 nossossieT maTe CAGAYIOILYIO HMHTEPIpE-
alMio KOHyCa W akCHOMBI OKTa’japa B D (¥).
u

Ecm mopdusm X —Y B D () npeicraejes BJOXEHHEM KOMI-
JIGKCOB, TO KOHyC IpeAcTaBiieH ¢akrTopkoMmiercom Y/u(X), a co-
oTBeTCTBYIOIEee oToOpaxeHue Y—C(u) ectb (hakropusauusd.

PaccMoTpuM Tenmeph AHArpaMMy OKTasfpa, B KOTOPOH MOpQpH3-
Ml X—Y u Y—Z (a, 3uauut, 1 X—Z) npeicTaBJeHbl BJIOKEHHUAMHK
KOMILJIEKCOB. MH yTBepxKJAaeM TOTAa, 4TO CYyTh aKCHOMBI OKTa3sipa
COCTOHT B CYIIECTBOBAHHH €CTECTBEHHOro H30MOpGH3Ma

Z)Y>(Z/X)/(Y/X).

B camoMm nene, X' =Z/Y, Z’=Y/X. Jlanee, u3 HHKHEH IIANOYKH,
Y=2Z/X un mopbuam Z’—Y’ npencrapjeH eCTECTBEHHHM BJOXKe-
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uuem Y/X—Z/X. Hakouen, TpeTbsi BepuidHa X’ JIeBOTO TPEYIoJb-
HHKA B HUKHeHl lIamouke npeiacrtaBsieHa dakropoM Y’ /Z'= (Z/X)/
/(Y/X), a ona xe B BepxHe# 1anoyke ectb Z/Y.

§ 2. Mpumepnt

2.1, I'paccmanoba aareGpa. Ilycts £-—TioJle XapaKTEPHCTHRH
2, E — nunefinoe npocrpancTBo Hax k pasmepsoct n-1. Pac-
CMOTPHM Z — rpafyHPOBaHHYIO BHELIHIOI aJjreGpy:

n+l
A=A(E)= & N (E).

‘O6o3nauuM uyepes A (A) KaTErOpHIO JEBBIX YHHTAPHHIX Z-Tpaly-
poBaHHBEIX A-MOMLyJel, MOD(MHU3MEl B KOTOPOH — roMOMOpGH3MBl HY-
aeolt crenmenu. Ilycts JM°(A) — monuas moxkareropus A (A), co-
CTOAIIAA M3 KOHEYHO MOPOXKIAEHHEIX Z-MOAyJell (3TO ycJoBHE PaB-
HOCHJIbHO KOHEYHOMEPHOCTU Hal k).

2.2, Onepaumu Hap A-moayasiMd. a) [lycts V — nekortopsit
A-vmonyne. Ilonoxum piasg meZ

Vm)y=Vim, V (m)= iéﬁBZ V (m)

‘CoxpanuM yMHOXeHve Ha A mpexHuM. OueBumHO, Oneparnys CHBHFA
rpanyuposkun Ve~V (m) npopomxaercs no (PyHKTOpa TOXKIECTBEH-
HEM OTOOpaxenueM Ha MopduaMax f— f (m)e=f.

6) Oas meyx A-monynedt V', V’/ mosoxum

VeV’ =alevy, (V®V/)t=i+e?_l(vf§vﬁ),
e (v®v')=ev®v' | (—1)279®ev’, vEV, v'6V’, eEE.

TaxuM 06pasoM, TeH30PHOE NPOU3BEJEHNE MBI BCErJa B 3TOM [apa-
rpade crpoum Had R, a He Had A.

B) Ha anwb6om neBoM A-momyie V uMeeTcss KaHOHHYeCKas
CTPYKTypa mpaBoro A-monyns V., ¢ YMHOXeHHEM

vh=(—1)eev-deedhy, o€V, AEA.

Oro6paxenue V+—V, oueBngsbiM 06pasoM - IpoOIOJIKAeTCH 1O
tyHKTOpa, YCTaHaBJHBAIOLIETO H30MOPPH3M MeXAYy KaTeropHsMH
JIEBBIX ¥ NMpaBhX (rpaaydpPOBAaHHLIX) MOAYJedl.

r) Tonoxum V*=Hom,(V, k) u cmabaum V* yMHOKeHHEM
Ha A no dopmysne (Ag) (v)==(—1)%e>%*e*p(Av). Bmecre ¢ rpa-
nyuposxoi (V*)'=Hom, (V-%, k) ato ompenensier na V* crpyxry-
Py A-momyas.

2.3. Kareropust A°(A)/F . O6osnauuM uepes F <MA°(A) moa-
HYI0 NOJKATErOpHIO CBOGOLHBIX IpajyHpoBaHHBIX A-moxyJjeii. Ha-
zoBem Mmopduam [: V-V’ B MAP(A) axe8uBAAEHTHOLIM HYAIO, €CIH
OH pasJjiaraercst B kommosuuuio V—~F—V’, rne FEObF . OueBHAHO,
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SKBHBaeHTHblE HyMO  MOpPQHIMH  006pasyloT ABYCTOPOHHHMA
uiean [ s MorA®(A). Monoxum

Ob (A?(A)/F) =0bA®(A); Mor (AE(A)/F) =Mor b (A) /1.
2.3.1. Teopewma. Ha A°(A)/F umeercs ecrecTBeRHAs CTPYK-
TYPa TPHAHIY/JHDOBAHHOH KaTerOPHH.

B srtoit ctpyxrype, koTopas Gyaer onucana HHiKe, Haubosee He-
OGHIYHO BHEIMMISAHT QYHKTOp caBura 7:

TW)=A(=ndV)i(V)(—n), n=dimE—1, (1)

rae i (V)= At (E)pV cAeV.

2.4. Mnan doKasaTenbcTsa TeopeMu. JhoGok A-voxya V' on-
perenseT CeMEHCTBO KOMIVIEKCOB JHHEHHHIX NPOCTPAHCTB, B KOTOPOM
Jiddepennyasbl NPOHYMEPOBAHE 3ACMEHTAMH eCE:

Ay e
Lo(V)eo o i nVite—o Vi S ViM, )

rie di{e)uv=ev. OueBugno, L.(V) u L(V) maa c€k  c5%0,
H30MOpGHL, TaK uto cemedictBo L.(V) ans es40, no cymecrsy,
NMPOHYMEpOBaHO TOUKAMM IPOEKTHBHOrO mpoctpaHctBa P(E) nyueit
B E. Odopmaas 3170 3aMeyanHe ajreGpo-reOMETPHYECKH, HA30BEM
HCECTKUM KOMNAEKCOM KOMIJEKC  KBAa3HKOTEPEHTHHIX IIYUKOB Ha
P(E}), usomopdunii

L: ... =»Vi®QO(j)>VHRo(ji+1)—...,
Auddepenunansl B KoTopoM — MopduaMm  (-Monynefr. Hasosem
KOMIIeKC L KOHedHbim, eCiW OH OUpaHHYeH W Bce V?/ KoHeuHo-
MEDHH.

IMocTpoum no XecTkOMy KOMNJexcy L rpaiyspoBaHEHA A-MO-
ayas V(L): .
V(D)=8r (L (— =8V (L)

Paccemorpum oro6paxenne
a:T(d(—)) : V(L)=V (L)' QE*,
TIe MBI KaHOHHYeckH otoxgectsuiu I'(0(1)) u E*. Ias moGoro
ajiemenTa e€F ¥ pas veV (L) nonoxum
ev=(—1)/(id®s.)a(v),

rie s.: E*—>k—cBeptka ¢ e. M3 paBedctBa ditlod’=0 crenyen,
qr0 e?v=0, 12K uro V(L) npempamaercds B TPaLyHPOBAHHHWE
A-MoAayJb.

Herpyaxo y6eanTbCs, YTO 3Ta KOHCTPYKUHS NMPONOIKAercs 10
GYHKTODZ H3 KAaTeropHH JKECTKHX KOMIVIeKcoB Hig B A (A).
Stor bYEKTOp ABAAETCS 3KBUBaJeHTHOCThI. OOpaTHH (PYHKTOP,
IO CYIIEeCTBY, yKe OIHMCaH: JHHEHHOE MO e CeMeHCTBO oToGpake-
muft d’(e) : V>V*+! 310 T0 Xe caMoe, YTO JHHEHHOE OTOGpaxe-
nne Vi—>Vi+1@QE* xotopoe OIHO3HAUHO ONpeneaseT MOpHU3M myd-
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KoB V'®O—-V*'®C (j+]1) va P(E). Crpyunsas ero c idyy, mno-
nygaem puddepenuuan & : VIQO (j)—~VH+ Q0 (j+1).

O6beKkTH A°(A) COOTBETCTBYIOT IPH 3TOM OIPAHHUYEHHBIM KOM-
nJeKcaM ¢ KOHeUHOMEPHBIMH KOMIIOHEHTaMH.

PaccMOTpHM Tenepb KOMNOSHIHIO GYHKTOPOB

® : AP (A)—>Rigt—>Db,

rae gepes Z° Mbl 0603HAYHIH NPOH3BOLHYIO KAaTErODHIO OrPaHH-
JeHHHX KOMIJIEKCOB KBa3HKOTE€DPEHTHHIX NYyYKoB Ha P (E).

Teopema m. 2.3.1 BrITeKaeT H3 cjedylOlIHX (PAKTOB, JOKa3aTelb-
CTBO KOTOPHIX, IO CYIIECTBY, OCHOBAHO Ha CBOKCTBax NyukoB O (i)
na P(E).

a) CymecrBeHHBIH o6pas ¢byHkTopa @ (T0 ecTh MONHAs MOAKa-
teropus &°, cocTosiuas H3 BceX 06BEKTOB, H30MOP(MHEIX 06bEKTaMm

Buza @©(V)) s3aMKHYT OTHOCHTeNBHO GyHKTOpa cZBHra I.
6) MmeeTca ecTecTBeHHEIH H30MOPQU3M

Hom g5 ,,(V, W) mod I 3Hom g (@ (V), @ (W)).

B) Koncrpykuuu, nposepsiromue akcHoMsl TR1 B) m TR4 (cM.
n. 1.1), 6yayun npHMeHeHHHIMH K AHArpaMMaM H3 CYIIeCTBEHHOIo
o6pasa (@, He BHIBOAST 3a €I'0 NpPEAEsH.

B camoM pene, mocsie 3TOrO MEI CMOXKEM HHIYLIHPOBAThH CTPYK-
TYPy TPHaHTYJIHPOBAHHOH KaTeropuu ¢ Z° Ha CyUIeCTBEHHBIH 06-
pa3 @ ¥ saTeM Ha 3KBUBaJIEHTHYIO eMy Kateropuio A°(A)/F.

(B neMcTBHTENBHOCTH CyINecTBeHHH I o6pas @ coBnanaer ¢ Db.)

OnumieM Tenepb METOH IIOCTPOEHHS TPHAHIY/JIMPOBAHHBIX KaTe-
TODH, YAaCTHHIM CJyYaeM KOTOPOIO MOMKET CUMTATbC TeopeMa
2.3.1.

2.5. Tounnte Xarteropuu. a) Ilycre &£ — aGeneBa xkareropus,
# — ee mosiHag aZAMTHBHAs noxkateropus. Ilpennonoxum, yro #
3aMKHyTa OTHOCHTEJIBHO PACIUHDEeHH{; N0 ONpEefeseHHI0, 3TC O3Ha-
waer, 9T0 B Kaxkao# TouHON Tpofike 0—X'—>X—X"'—>0 B & ¢ X,
X'60bK o6mekt X msoMopden obwekry uz H#. I[Napa (&, &), rae

i p

& — xnacc tpoek X'—>X—X’’ B &, CTaHOBAMMXCS TOYHHIMH TPOH-
KaMH B &¢, HasblBaeTCs TOYHOLU karezopuel. B YaCTHOCTH, KaxIas
afeneBa KaTeropus . sBJjsercd TOYHOH (& — Kiaacc BceX TOYHHIX
TPOEK B &¢£).

Tounnte Kateropuu (%, &) MOXKHO BBECTH TaKXKe C NOMOUIBIY
HEKOTODOH CHCTeMBl aKCHOM, He alleNHpYIHX K ofbeMJjiomen
Kateropuu (cM., Hanpumep, Keunnen [122]). CyumecrByeT K2anOHH-
qeckHi cnocof peannusosaThb % B BHIAE NONHOH Noakareropus abe-
JeBOf KaTeropuu (a HMeHHO, KaTeTOpPHH aJJUTHBHEIX (YHKTODOB
F: #%>y¢ Taxux, dto Aas mobofi Tpofikn (X—Y—>-Z)E€& mnocae-
npopareabHocts 0—>-F (Z)—>F(Y)—F(X) aGeneswx rpynm TouHa).

Kaxpayo agguTHBHYIO KaTeropuio % MOXKHO, O KpalfiHeH mepe,
OIHHM crnioco60oM TIPEeBPAaTHTL B TOYHYIO (B3fiB B KavecTBe & KJjacc
BCEX pacuienuMux Tpoerx X—-X@Y—-Y).
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6) &-unvexrusnoie u&-npoextususie ob6sexrol. [lyctb (B, &) —
ToYHas Kareropus. )0bexr [€0b& Gylem HasbiBaTh & -UHBEKTUS-
aoim, ecan mobas  Tpofika (I->Y—Z)e& pacwenaserca. Kaace
BceX & -HHBEKTHBHHX 06bekToB 6ynem 06o3paudrTh F .. AHaAJOTHY-
Ho P6Ob# HasbiBaeTcss &-npoexkTusHeim, ecam Jiobas TpoHKa
(X>Y—P)6& pacmenasiercsi. Knace &-npoekTHBHBIX OGBEKTOB
obosnauuym Ps . :

HuvekTuBHBle 06BeKTH 06/1aJal0T TAKHM CBOHCTBOM: €CJAH B
AxarpaMme O6BEKTOB H3 %

X Y 2

N

I

(X+Y—~2)¢& u I€F &, 1o cymecTByer Mopdusim g:¥ — I, meJsaro-
Uik ee KOMMyTATHBHOM.

AnRanoruyHeIM CBOHCTBOM 00JajaioT &-NPOEKTHBHBIE OOBLEKTH.

2.6. ®poGennycoBsl KaTeropum. a) Toudast wateropus (&, &)
Ha3BIBAETCA Ppoberuycosolt, ecm Jg=P g u A xkaxporo X €0Ob&
‘B & cywmecrtBylor Tpoku Y—>[—~X, X—>I'->Y’ c I, I'€J¢
{rpy60 roBops, HHBEKTHBHHE K IIPOEKTHBHHE OOGBEKTH COBNAAAKT
H HX NOCTaTOYHO MHOIO: KaXAbH 06beKT 3 % sBjadeTcsa IOA-
00BeKTOM H (PaKTOPOOBEKTOM TaKHX OOBEKTOB).

B 6)—r) npueenxeHs! mpumeps! ¢poGeHHYCOBHIX KaTeropHii.

6) AGesneBa xateropusi JA°(A) KOHEYHOMEPHBIX TpPajyHPOBAaH-
HBIX A-MOAyneil aBasgercsa GpobeHNycOBO.

B) AGeseBa KaTeropus KOHEUHOMEDHBIX MOJAYyJel Haj TIpYIINO-
Boil anre6poit £{G] koHeyno# rpyunn G aBasiercss PpoOeHHYCOBOI.
Boofie, Kareropuss KOHEUHOMEPHHIx MOAyJel Hapn Jaoboit ¢po-
GenuycoBoii k-anrebpost (cM. Ksptuc u Paifinep [49]) ssaser-
cs1 Gpo6eHnycoBOH.

r}) Ilycrs 9B’ —apputuBHAd KaTeropus C PACUISIISIIOLILMMHCS
UIeMIOTEeHTaMi (TO €CTh moBoit Mopdusm a:X—X B B’ ¢ al=a
3anaetcd  npoekuue#t Ha  npsmoe  caaraeMoe).  [losoxum
B=Kom®(%#') u ompenemm & KaK KJaCC BCEX TaKHUX TPOeK
X =Y —Z', uro nocaeposatensHocTh X! Vi Z!  pacuwenisiercs
aas xaxnporo . Torma % —dpoGenuycoBa KaTeropus, B KOTODOH
&-TIPORKTHUBHEIMH (=& -HHBHEKTUBHBIMH) KOMIIEKCAMH  SIBJSIOTCA KO-

td
HEUHble TPSAMblE CyMMBI KOMILJIEKCOB BUAA ...—>0—> X > X—>0— ...
¢ XeOb%'.

2.6.1. Onpeneanenune. a) ITycts % —dpobeHuycoBa KaTero-
pus. Has X, YEObH ob6osnauum uepes [ (X, Y) mMHOXKeCTBO MOp-
(1)!&31;9B f:X =Y B %, nponycKaioluxCcs Yepes HeKOTOPHIHl OGLEKT
3 7
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6) Onpenemm cmaburbsiyio Kameeopuo %, mnonaras Ob%F,—
=0b %, Homg (X,Y)=Homg(X,Y)/I(X,Y). Jlerko npOBEPUTS,
470 KOMIO3HHMS MopdusmoB B Ho KOPPEKTHO ompejeneHa H UTo.
F,— agaurvBHasi KaTerOpHs.

2.7. Hapcrpoiika. a) Ilycte % — ppobeHnycoBa KaTeropHs.
Mo3KHO TIpOBEpUThb, YTO B JHATpaMme

B KOTOPOH CTPOKU—TpOliKu u3 &, u [, I’67 g, CyLLeCTBYIOT MOD-
dusmer w1 —~1’, 0¥ -V, penaouue ee KOMMETETPIBHOFI B X.
Janee, 1as ABYX pasHbIX TNPOJOKeHHE (4, 0), (4, v) O0pasel U H
v B Homm (¥, Y’) copnapnaor. Orciona BHTEKaeT, UTO AJA Jo6oro
npono/IKeHns (#, v) o6pas v 8 Homg (¥, V') aBaAeTCs H30MOD-
¢usvom.  CyliecTBOBaHHE — KaHOHMYECKOrO  NPOMOMKCHUA T
B Homg (¥, Y’) nossoaser onpenemrs @yHkmop HRaOcmpolku
T:%,—~ RB, Taxkolt, uto ma xaxaoro XEObH,=O0bFH umeercs
Tposika (X~ [>T X)e& ¢ 167 &. :

6) M3 cosnagenus F =% BbITCKaeT, uto I sABIAETCA 4ABTO-
JKBHBAJEHTHOCTBIO KaTeropuu %.

2.8. Boinenennsie TpeyronabHukn. Ilycrs temepr X, YEOD &,

u: X —Y —npousBosbueit  MopdusM u (X SI>TX )6& ¢ I6F &.
TIpoBepsTe, uTO B puarpavMve B %

X—; I—>TX
Voo it w de
Y =-C-- >TX,

B KOTOPO# JIeBHH KBaAPaT — KOAEKAapTOB, CylleCTBYeT €JAUHCTBEH-
mHft MOphusM, menalomiuil ee KOMMYTaTHBHOR.

u k4 w

Tpeyromuukn X - V-~ C—TX B %, BO3HUKAOIIHE H3 TAKHX
ouarpaMM, a Takxke HX o6pasn B %, Has0BeM CTaHOQPTHbIMU.
JIr6oit TpeyronbHHK B Hp, H30MOPOHBIH CTAHZAPTHOMY, Ha30BeM
BbI0EAEHHBIM.

29. Teopewma. Ilycte % — ¢pobGennycosa xarteropusi, Fo—
COOTBETCTBYIOIlaA cTabuibHasd KaTeropus. [IpefmonoxuM, 970
(GyHKTOp HaACTPOHKH sBaseTcs aBToMopdusMom T : FBy—>H,. Torna
KaTeropust &, ¢ T B KagecTBe QYHKTOpPA COBHTA U C BHIICJCHHRIMH
TPeyrONbHUKAMH, ONpeJeNeHHHMH B NpefnAylieM NyHKTe, TPHAH-

ryaupoBaHa (3TO AaeT, KOHEWHO, JIPYroe JOKa3aTelbCTBO TeopeMH
2.3.1).
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2.9.1. Onum w3 cnocobos xoxasats TeopeMy I. 2.9 COCTOHT B
crepyiowem. Ilyere & () — xareropusi, 06beKTaMu KOTOpOH cJy-
KaT ALMKJIHYIHbBIE KOMILIEKCH 06BeKTOB 3 J (6e3 ycaoBHE oOrpa-
HHYEHHOCTH), a MOP(H3MaMH — rOMOTONMYECKHE KJACCH MOp(H3-
MOB KOMIIEKCOB. 3aMeyaTe/bHH DPEe3ylbTaT COCTOHT B TOM, HTO
KaTeropu¥ & () u By 5KBUBAJCHTHHL OcymecTBAsOIHKE IKBHBA-
JEHTHOCTb  QYHKTOD o : &(JI)—>%, crpoutca Tak. Ilycrhb
X €Ob& (J); Torna

a(X)=Ker (d": X'> X!)=1Im (@": X'+ X9)

(kax anement Ob%,=Ob%B). Ksasuospatuuit hysxrop P:By— & ()
conocraBaser o6vexTy XEOb%, xomniaexc

Lo«
e o> Pl Pl T s

- 8 * .
rpe P—>X—-0u 0—~X-/" sepas u npasass pesomBeHTH X

COCTOfIlHEe H3 INIPOEKTHBHHIX (=HHBEKTHBHHX) obGbektoB. [latee,
&(J) obnagaer ecTeCTBEHHOH CTPYKTYpO#l TPHAHTYJHPOBaHHOR
kareropud. [Tostomy, npoBepsisi, 4TO o MEpeBOAHT QYHKTOP CABHra
H BHIJCNEHHREE TPEYroNbHUKY B & (J) B (YHKTOP CHBHra U Bbije-
JIeHHBIE TDEYTOJNbHHKH B Hy, MH IoJydYaeM TeopeMmy 2.9.

2.9.2. Koromoaoruu Tafita. Ilycts G — xoneunas rpynna, k—
au6o KoHewnoe mojge F,, au6o komnpuo Z/nZ, A=K[G]— rpynmnosoe
koaso G- max K. Torma kareropus B=A-mod KoHeyHO NOPOXK-
neHHBIX A-Mopyaneit ¢ppobennycosa (cm. [49]). Ilycte By— cooTBer-
CTByIOImas cTaGHJabHas KaTeropusi. Torma aasg joforo A-Momyus
M rpymna Hom,, (K, M[i]) (rae K— TpHBHaJbHBIH OXHOMEpHKI
A-Moznyab) coBmajzaer ¢ Tpymnoil i-MepHnx Koromosorui Tafita
(cm. [18, Ta. 4]) rpynnm G ¢ xosddumuentamu B M.

§ 3. CepaneBunn

3.1. HocranoBka 3apayn. BaXHEIM OTKpHTHEM NOCAEIHHX JeT
B TOMOJIOTHYecKoil anre6pe 6HJo OOHapyXeHHe TOr0 O6CTOATENb-
CTBa, 4TO OJHA M Ta JKe TPHAHTYJHPOBAaHHAs KaTeTOpHA MOXKeT
6HTL NPOM3BOJHON OT HECKOJBKHX COBEPLIEHHO Da3HHX abeneBHX
Kareropu.

B srom maparpage wu3naraercs B aKcCHOMAaTHYeckolii dopme
TeXHHYECKH}i annapar, npeJHasHAYeHHBH HAJs BHJABJHBAHHA pa3-
HbX abeJsieBHX NOAKATEeropufi BHYTPDH o6ulefl TPHAHTYJIHPOBAaHHOH
KaTeropuu — GopMaJusm f-CTPYKTYP.

Axcuomarnka Z-cTpyKTyp QopMaJusyer CAEAYOINYId  CHTY-
anmio. Ilycte & — a6enesa kareropusi, D=2D*(A) —ee npous-
BofHas Kateropusi. OG6o3HaunM gepes 2"  (COOTBETCTBEHHO
<) nosHypo nopxareropHi B D, cocroswmylo u3 KoMmiekcos K-
¢ H'(K')=0 npu i<<n (COOTBETCTBEHHO NpH i>>n).

Torga, cornacHo npefsoxeHuio ri. 4, n. 3.1.1, nmoisas moAaxa-

143



Teropuss D>ND<® u ectp S, TOYHEE, OTOXKIAECTBJAAETCA ¢ ¢ mo-
cpencTBoM ¢yHkTOpa H¥—{KaTeropus 0-KOMIIEKCOB=PD>NPH <0},

Has nokasareabctsa abenesoctu nepeceyenns DTND<0 nyx-
HEl JIHIIb CJIeAyiomue aGCTPaKTHHE CBOMCTBA.

3.2, OnpeneneHnue. I-cTpykTypod Ha TPHAHIYIHPOBAHHO
KaTteropuu 9 HasplBaeTcsi napa CTPOro IOJHBIX MOAKAaTEropuil
(D=0, D>, ynosaerBopsomiass CJIEAYIOIHM YycJIOBHAM. I[loo-
KUM D<n=PD<—n] u DP>"=9>%—n]. Toraa:

a) D=0cD<! y D='oP>1

6) Ecau X6Ob2D<0, YeObD>!, To HomD (X, Y)=0.

B) Ina kaxaoro X€ObZ cymecrByerT BHIAGJIEHHHRHA TPEYTOMb-
HUK A—X—B—A [1] ¢ AEObD<°, BEObD>!.

Cepdyesuroid i-CcTPyKTypH HasbiBaeTcs MOJHAs NOAKATETrOpH:
SH=D>ND<C,

D10 omnpejeseHHe MOTHBHPYETCH CJELYIONIHM IPENJIOXeHHeM.

33. lpenanoxenune Ecau D=2D* () — npoussojHas Ka-
TeropHsi, TO ONHCaHHas B 0. 3.1 mapa (D=0, D>  sasagercs
{-cTpyKTYpO#t ¢ cepaueBHHON S£.

OcHOBHOe CBOHCTBO CepALEBHH TPHAHTYJHPOBAHHHX KaTeropHit
TaKOBO:

34. Teopema. CepaueBusa SZ=2D<ND>° moboit {-cTpyk-
TYPH siBJIsieTcsl a6eJieBOH KaTeropuei.

I[Tnan noxasarteabcrtBa. [lpexae Bcero  caenyer
IOCTPOHTL Cpe3aroujie (PYHKTOpoL T,  CBSI3aHHHE C I-CTPYKTYDO#
(cMm. ra. 4, m. 2.10).

3.4.1, Jlemma. a) CymecTBYyIOT (QYHKTOPH Tgn : D—P<n
(COOTBETCTBEHHO TmnD—ZD>™), CONpsKEHHHIE cnpaBa (COOTBET-
CTBeHHO cJieBa) K OYHKTOpam BiOXeHHs. D<"—>%D  (cooTBeT-
CTBEHHO DD>"— D). '

6) Has moboro X60bPD cyumecTByer BHIEJEHHHH TPeyroJb-
HHK BHIa

d
T<0X—> X - ‘I:>1X-+ T<0X [1] (1)

H mo6Gble IBa BHIEJNEHHHX  TpeyroipHuka A—>X—B—A[l] ¢
AeObD <0, B6ObZD>° xaHOHMYECKH H30MOP(HEL

HokaszateabcTBo. IIpoBeprM CYIIECTBOBaHHE Tgo H Tai,
OCTaJbHBE CJy4an pa3GHpalOTCs aHaJIOTHYHO.

Ias kaxpgoro X Boi6epeM BHIEJEHHBIH TpPeyroJbHHK A—>X—
—>B—A[1] ¢ AE60bD<0, BEObD>! u ompenenuM Ha 0OGbEKTax
T<oX=A. 121 X=B. Iyems f[:X—>Y —mopdusm, A—>Y—>B'—
~A’[1] — coorBercTByIOIHKE 0O6BeKTy Y Tpeyroibhuk. [lokaxew,
uT0 KoMnosuuusi A—-X—Y oAaHO3HayHO mponyckaercs uepes A'.
B camom nese, iMeeM TOUHYIO IOCJEL0BATENLHOCTD

f
Hom (4, B'[1])-Hom (A, A’)—Hom (4, Y)—Hom (4, B’).

B cuay nm. 3.26) u n. 3.2a), ABe KpaliiWe TIPyNOH PaBHH HYJIO.
[TostoMy mo f:X—Y oxnosHauHO BOccTaHaBJHMBaercs MOpPQH3M
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T<o(f) : A>A4’, u Habop 3THX MOP(H3MOB, OUEBHIHO, AOMOJHSET
T<o R0 $yHKTOpa. AHANOTHYHO ycTaHaBJHBAaeTCs (MYHKTOPHAJb-
HOCTb Ts) H BMECTe C TEM OJHO3HAYHOCTb TPEYrOJBHHKOB A—-X—-
—B—A [1].

ConpsixeHHOCTD Too € BAOXKeHHeM D<) ycTaHABIHBAETCS
MOCPEACTBOM H30MODPGhH3MA QYHKTOPOB

Hom ) <o (4, T<e¥)SHomgy (4, ¥), AEOb D<°,

KOTOPHIH TNOCTPOeH BHIIE; aHAJOTMYHO PACCMATPHBACTCH Twmi.

3.4.2. Ceazu mexpy cpesaiomumu ¢yHKropamu. DYHKTOPH T
06MafanT ClefylOUHMUY CBOACTBAMH (OYeBHAHEIMH B  CJydae
D=D*(s£)).

a) T<nX=0 B TOM H TOJbKO TOM CJydae, KOrAa X—>Tmn X
€CTb H30MOPU3M.

6) Ecan m<{n, 10 HUMeIOTCH  eCTecTBEHHBle  H30MOPGHH3IMB
TemX>TamTenX H TonX—>TanTamX.

B) Ecan m<n, TO CyllecTByeT ecTeCTBEHHBIH  H30MOpDH3IM

TomTen X >TanTamX (=T mX).

3.4.3. KoucTpykuus snep d kosgep B HS=D<NP>0 Ilycrb
Tenepp f:X—Y — mopduam B . OG603HauHM yepes Z KOHYC
MOp®hH3MA [ H HOJOXHM

K=T<—IZ, C=T>OZ.

Onpepenessl KOMHOO3UUHH R : Ty Z—>Z—>X[1] u c:Y—>Z—>1Z.
Hcnoneays cpoiicTBa a)—B) MHpedBIAYLIEr0 OYHKTA,  HECJOKHO
nposeputs, uro (K[—1), {—!1]) u (C,c) cyte sApo_ H XKOAAPO
mMopdusma f u uro KosApo Mmopdusma R[—I1] : K[—1}>X cosna-
naer ¢ sapom mopdusma ¢ : Y—C.

dynkropm koromonoruit. Ilycts %) — TpHAHIyJIHPOBAHHAS
Kateropus, A=2P<\P>°— cepauesrHa HEKOTOPOH I-CTPYKTYpH
B D. Tlonoxum :

HO=x,0, o) : Drst, H (X)=HO(X[i]) : D>t

Eciu D=D*(s£) c t-ctpykryposr u3 n.-3.1, To H'— obpuHHeE KO-
TOMOJIOTHH KOMIIJIEKCOB.
3.5.1. Teopema. a) H° sBasiercs KOroMOJOrHYECKHM (PYHKTO-
pom. TlpemnoJoxuyM AONOJHHTENLHO, 4To JObD=Zn=\ObD>"= {0}
n

. n
(Takas {-cTpykTypa HasmlBaercsi Heswiposxdenroi). Torma
6) Mopousm f: X—Y B & sBaserca H30MOP(DH3IMOM B TOM H
TOJIKO TOM cJydae, ecin Bce H* (f) usomopdusMul B S¢.
B) NObD=<r={X€0bD |H!(X)=0 mis Bcex i>n}.

Ananoruuso, (ObD>m= {X60bD | Hi(X) =0 nns scex i<n}. M

3.6. £-tounnie PynkTOpH. Ilycte D, 9 — e TpHAHTYMPO-
BAHHLIC KATErOpuH, Ha KaX(Iofi M3 KOTOPHX 3ajaHa ¢-CTPYyKTypa, H

F:D—> % — tounnii GyHKTOpP (TO €cTh F KOMMYTHPYET CO CHABHMIOM
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H NepeBOMUT BblIejIeHHbE TPEeyroJbHHKH B BhpeJenusie). Hasosem F
t-mounsim cacsa, ecma F (DN D>°, t-mounsin cnpasa, ecm
F(@D)cD<", u t-mouwnss, ecnmd OH £-TOYeH OIHOBPEMEHHO
crpaBa W CJeBa.

D10 ompeieseHHe MOAEJHPYeT, KOHEUHO, CHTyalu, KOrjaa
D=D(#), D=D (¥%)—npousBofHble KATEFOPHH  AGEAEBHIX
KaTeropun %, S, F —npoussofapil (GyHKTOP (yieBBMt WA DPaBbIT)
dyskTopa @:S—> & (TOUHOrO C/eBa, CHPABA WM C JBYX CTOPOH
COOTBETCTBEHHO). ‘

OTMeTHM, UTO /51 BOCCTAHOB/IEHHS @ 10 F Ha s3bKe £-CTPYK-
Typ CJIeAyeT mocTynuTh Tak: [lyets D, % —nBe TPUAHTYJIUPOBAH-
HHE KAaTeropum C #-CTpyKTypamu, ¥, &€ — CepJIeBUHEl  3THX
{-cTpyKTyp. 3anannv QyHKTOp @:S¥— ¢ dopmyaoit

Q(X)=HF (X)), XeObtcObD.

rae HO—dyrktop xoromosorufi B 2. Torma ¢—anfiHTUBHHI
GyHKTOD MeX Ly abe/eBEIMH KaTerOpHsMH, KOTODHIH TOUeH CJeBa,
CnpaBa, WM C IIBYX CTOPOH, ecad F°  Obll TOYRH CJeBa, Crpasa
MMM C ABYX CTOPOH COOTBETCTBEHHO (B HOCAefHeM Ciyuae FH®
MOXCHO HE TPHMEHSTb, MOCKOJbKY F DN D> =5).

3.7. NpousBojgHag kaTeropus cepiuesBuHsi. Ilycts 2 — Tpuas-
IyJHPOBAHHAsT KAaTeropus ¢ I-CTPYKTYpOH, S —ee cepALEBHHA.
Boobme rosops, Mpl He MOXKEM HHYErO CKasaTb O CBS3H KaTero-
pin & c npousBojHOH kateropuedn D(s£). Tak, s ofuem cayuae
He yAaercsi Aaxe CBA3aTh 9D ¢ KaTeropHe#d KOMIJIEKCOB Han S¢.
TlpuunHa 3TOrCG KpPOETCA B HEOAHO3HAUHOCTH KOHCTPYKUHHM KOHyca
C(f) mopdusma [ B D: aaa nocrpoenuss dyHkropa Kom(sf)—D
HaM HYXKHO yMEeTb CONOCTABJATb KOMILIexcaM HaJ ¥ OODbeKTH
H3 £. KoMIjexcy, COCTOSIEMY H3 OAHOTO HeHyJeBoro ofbekra X
H3 S¢, CTOfAIIEro Ha MecTe A, CONOCTABJSCTCA, KOHEYHO, OOBEKT
X[n] us PD. OnHaro yXKe IJs% KOMIJIEKCOB IJHHBL 2 BO3HHKAIOT
CJIOXKHOCTH: €AMHCTBEHHEIM pasyMHBIM KaHAHAATOM Ha pOJb
o6bexTa U3 %D, OTBEUAILIEr0 KOMILJIEKCY

... > 0>A>B>0— ...,
siBasercs Tperbs BepluwHa C=C(f) BBEIAGJEHHOro TpeyroJbHHKA
1

A->B—C—A[1] B © (HanoMrEM, 4TO & — NOJIHAsT NOLKATErOPHS
B &). OpHako Takoe COTOCTaBJIeHHe He (DYHKTOPHAJBHO, NOCKOJb-
Ky C ompefensercs JHUIb C TOYHOCTBIO L0 HEKAHOHU4ECKO20 H30-
MOD(H3MA.

CymecTByer, OQHAaKO, IIHPOKHH KJacC CHTYaUu#, KOria HaJju-
Yhe KaKHX-NH60 HAONOJHHTENBHEIX CTPYKTYpP NO3BOJSET IIOCTPOHTH
Tounblli pyHnkrop D(S£)—D (rne Sf — CeplAlEBHHA [-CTPYKTYpPH
B 2)). B crenyiomem IyHKTe MH BBISCHHM, KOTAa Takoi (yHKTOp
ABJIeTCS 9KBHRAJIEHTHOCTbLIO KaTETOPHH.
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3.7.1. Onpenenenne. f-crpykrypa (D=, £>9) nassiBaeTcs
02PAHUYEHHOIl, €CJIH OHa HeBHPOXKIeHa  (cM.  (QOPMYJHPOBKY
TeopeMbl 1. 3.5.1) mu, Kpome Toro, mna mobBoro X€ObZ nuuib
KOHeuyHoe uyuc/ao 06bektoB Hi(X)€Obst oramuro or 0.

SIcHO, uTo cTaHmapTHas f-cTpyKTypa B DP(s5¢) orpaHuuena, a
B D (&) — HeorpaHuyeHa.

3.7.2. Onpenenenue. Ilycrs (D<°, D>%—¢-cTpyKTypa

B D, A—ee cepanesuna. OmpesesuM rpynms Exty (X, V) nam X,
Y€ Ob &, nonaras

Exty (X, Y)=Homg (X, Y [x]). ®

B cryuae, xorna D =D (sF), rpymn Exty (X, Y) cosnanaior,
OYEBHIHO, C IPyNNaMu Extf% (X, Y) (cm. onpemenenwe B TuL 4,

m. 3.2.1). Scuo Takxce, yro Aad Extf@ (X, Y) onpepesesa xoMmo-
BULHA

Extly, (X, Y)X Extip(V, Z)>ExtF’ (X, Z)

(amanoryuno ra 4, n. 3.3, a). Csepywomasi TeopeMa INIOKA3bBaeT,
uto oT/Mune & o1 Db (S¥) yaasnupaercs ormmmeM Exty (X, V)
oT Ext;‘L X, ¥). '

3.73. Teopema. [lycte & —cepiauesuHa  OTPaHHYCHHON

(-CTPYKTYPHl B TPHAHTYJMPOBAHHON kareropun D u FiDb (H)—
—~ 9 — t-tounnit QyuxTop. Torma F aBafeTcAd SKBHBAIEHTHOCTHIO

KATEropyit B TOM ¥ TOJALKO TOM Cyuae, ecad Extg mopoxnaercs
Extl@ (T. e. xaxpll saement afExty (X, ¥), X, YE€Obs£, mnpen-
CTaBJAETCS B BUAE JMHEAHOH KOMOuHAmMH MOHOMOB fiffs...fH: Bi€
€Exty, (X X)) ¢ Xi=X, X, =Y). B

OTMeTHM, 4YTO WHTEpIpeTalys Extf% no Uoweme (ra. 4,

1
TeopeMa 1. 3.4, B) TNOKaskbBaeT, YTO Ext; nopoxjaerca Ext,, Tax
4YTO yCJOBHE TEOpeMbl BO BCAKOM Cayude HEOGXOZUMO.

3.8. Ckuneiika !~cTpykryp. BaXHEIM METOZOM IIOCTPOEHHS HO-
BHIX [-CTPYKTYD $IBJseTCS TeopeMa O CKJeHKe,  OO3BOJSIOIIAS
CBS3HBATh [-CTPYKTYpPHl Ha TPHAHIYJAHPOBAHHOH KaTeropun D c
t-CTPYKTypaMu Ha ee TOJICTOH NOAKAaTerOpHH & H Ha COOTBETCTBY-
ome# ¢akroprareropuu & (cum. m. 1.10).

ITycts

P Q
G>D>& @y

— TOYHag TPOHKa TPHAHTyJHPOBAHHHIX Kareropuii (cm. m. 1.10.2)
H Ha ee ulneHax ¥, &, & szanaunl [-CTPYKTYpH. Bynem roeoputs,
YTO 5TH I-CTPYKTYDH COz2Aaco8aMbi (Wim Tpofika (2) t-Touna),
ecin P u Q — t-rounble QYHKTOPHL
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SicHo, mpexXfe Bcero, uto I-CTPYKTypa Ha & OJHO3HAUHO omn-
pellesisieT COracOBaHHHe f-cTpYKTypsl Ha ¥ n & (uMeHHo
FO=FND<°, E<=QP<° u amajorwuo aasx &>°, &=’ . OG-
paTHO, IJA NAHHEIX {-CTPYKTYp Ha % u Ha & umeerca He GOlee
OJHOR COTacoBaHHON ¢ HEMH [-cTPYyKTypH Ha 2. TouHee,

P _Q
3.8.1. Teopewma. Ilycte - D & —t-Toudas TPOAKA TPHAH-
TY/MPOBAHEBIX KaTeropuii. ITosoxuM

1 (PF>%),={X60b% |Hom(X, Y) =0 aaz Bcex YEP(¥7°)},
(PE<0)L={Xe0b®D|Hom(Y, X) =0 mas Bcex YEP(F=O)}.

Torna t-cTpykrypa Ha 9D ompejensiercs no f-cTpyktrypam Ha % u
& hopmynaMu

D<= Q1 (E<YN L (PB>9),

D> =Q(E>YN(PEL. B

s paHebix £-CTPYKTYp Ha € u & MOXKer He CylIeCTBOBATh
HH OJHOR COTJACOBaHHOH ¢ HHMH [-cTpyKTypw Ha 2. Hmeercs,
OJHAaKO, BaXHBI# KJacc CHTyaulHi, KOrja CyliecTBOBaHHE NOAXONf-
miell ~CTPYKTypH Ha £ MOXKHO rapaHngOBaTb.

3.8.2. Teopema. Ilycte ¥—>2D—& — touHas  TPOKKa
TPHAHT'YJHPOBAHHBIX KaTeropufi u mnyctb P ofanajgaer JIeBHIM H
NpaBHM CONPAMXKEHHEIMH (QYHKTOPaMH (3TO SKBHBAJEHTHO TOMY,
qro Q o6Jafaer JeBEIM H IPAaBbIM CONpPSIKEHHBIMH (YHKTODPAMH).
Toraa nns moO6wx I-CTPYKTyp Ha ¥ M & CyIlecTByeT COIrJIACOBAH-
Hasi ¢ HUMH f-cTpPyKTypa Ha 9D.

3.9. Ilpnmepr. HerpuBmanbHEle NMpUMEpPHl I-CTPYKTYp B IPOH3-
BOIAHBIX KATerOpHfAX HYYKOB Ha TONOJIOTHYECKHX IIPOCTPAHCTBAX
BO3HHKAIOT B CBSI3M C TeopHedl TaK HasbiBaeMblx NpeBpPaTHHIX Iyd-
"KOB {cM. ra. 7).

3.9.1. CBsi3p KaTeropuii NY4KOB HA MNPOCTPAHCTBE H €rO IMOX-
npoctpancTBax. Huke omucelBaeTcssi aKCHOMAaTHUYeCKMH  MOAXON
'K clefyiomei caryanuu: X — tonoJiorndeckoe mpocrpaHcTBo, Uc
X —oOTKpHTOe noaMHOXKectBO, Y=X—U, i:Y=>X, j:U->X—
BIOXKeHHdA, ¥x, Hy, Sy — KaTerOPHH [IYyYKOB abeleBblX TIpynON
Ha X, Y, U; Dx, Dy, Dy — cOOTBeTCTBYOIMEe NPOU3BOLHBIE Ka-
Teropud (CKaxkeM, OTPaBHYEHHBIX KOMILJIEKCOB).

Paccmorpum ciaenyiomue 6 GyHKTOPOB:

Rj. j2Dy—~Dx; j:Dx—Dy;
i':@yﬁ@x; i., ili@x—*' @y
(em. ra1. 4, § 5; dyHKTOp i' MOMKHO ONpENENHTh Kax IPaBEIH IPO-
"H3BOJHHIA (QYHKTOP OT TOYHOIO cJeBa (YHKTOpPA «CEeYeHHS C HOCH-
TedeM B Y», oM. ra. 4, n. 5.5). dru QyHKTOPH 064afal0T CAELy-
JOLIHMH CBOHCTBaMH.

‘ a) Bce oHH — TouHBIe (YHKTODH MEXIy COOTBETCTBYIOUIHMH
TPHAHTYJIHPOBAHHEIMH KaTErOpPHSIMH.
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6) i' m i' CONPSIKEHH i COOTBETCTBEHHO CJEBA M CIpaBa.

B) jiu R J. cOmpsiKeHE! J COOTBETCTBEHHO CJeBA H clpasa.

r) Brnmosmeno pasencrso Jji=0. Tlo compsxeHHOCTH, OTCIOAA
BBITEKAET, yT0 i j1=0, i'Rj =0unna $'€Ob Dy, 36 Ob Dy; uveem

Homg, (/136', i §)=0, Homg, (%", R #)=0.
5) Cymectsyior (dyuxropuamuse no F6O0bDyx) mopdusme
Wi F —~jjfF N, @:RjjF~iilF 1],
AJIsi KOTOPHIX TPeyrOJbHAKH

u v w
JJF>F>iiF ~jjFl],
- u, .’0' . -w, -
[IF >F > RjJF -iiF [1]
BBIAEJIEHH (31€ech u, u’, v, v" — MOpGbU3MBl CONPSKEHUS, OTBEYAIO-
mHe ¢yHkropam u3 6) u B)). Beuay r) u caegcreus 1. 1.5 w u w’
Onpe/eJeHsl ONHO3HAYHO. :
€) Mop¢dusMEBl conpsiKeHHs
% >~Y—~>iig, $e0b Dy,
J'Rj 56 ~ 36~ j j 9, #60b Dy,

ABJAIOTCA U30MOD PUIMAMH.

3.9.2. Ckaeiika. Ha6op 3 Tpex TpHAHTYJHPOBAHHBIX KaTeropHA
Dx, Dy, Dy (yXKe He 0653aTeJIbHO CBAZAHHEIX C KATETODHSIMH
INYYKOB) H LIECTH TOYHHIX (YHKTOPOB MeXIy HHMH, YAOBJETBOPSIO-
KX VCJHOBHAMH a) — €) BHIIE, HazwBaercd OGHHLIMU CKAeUKU.
OnHuH H3 NPHMEPOB IAHHEIX CKJEHKH ONHCAH B NpPERBIAYIEM MyHK-
Te. MOXHO NpOBEpHTH TaKkKe, YTO AaHHbIe CKJEHKH IOJydaroTcd,
eCcJIH NOAXOJSIIHM 06pa3oM ONPENeNHTb COOTBETCTBYIOMIHE (PYHKTO-
PHl B KaTeropusax aire6pauyecKux KOTepeHTHHX myukos: (X, Y,
U — aareb6panueckue MHOroo6pasusi HJH CX€MB) HJIH B KaTeropH-
SIX NYYKOB Ha 5TaJIbHBIX TONOJOTHSAX.

[IpepnonoxuM Témepb, uYTO Y HAC eCTh fAaHHbe ckjefikn. He-
CTIOXXHO TIPOBEPUTH, UTO TPOHKA Dy S>Dx 5Dy, spasercs TouHOM

TPOHKOl TPHAHTYJHPOBAHHHIX karteropufi. [lockoaeky y i, umeloTca
JIeBHIY W TIpABHI conpsikenusle, Teopems m. 3.8.1 u n. 3.8.2 noxasi-

BAIOT, UTO Jio6as mapa f-ctpykryp (D5, DF°) va Dy u (D5, DF°) |
Ha %Dy ONHO3HAYHO ONMPEJE/seT COr/IACOBAHHYIO C HHMHM £-CTPYKTYPY

na Dx. Boaee Toro, D’ n DF° 19 TR I-CTPYKTYPH 3a4AI0TCH
paBEHCTBAMHA

DS’ = (FEObDy | j' FEODDS’, i FEODDF®},
D’ = (FEObDy | j' FEODDT’, i’ FEOLDF'},
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DTOT pe3ysbTAaT O CKJAEHKe [-CTPYKTYyp B CATyaluH, KOLAA Yy Hac
€CTb JHaHHble CcKJeHKH, Obli  pokasad A. A. DBefnuHcoHOM,
W. H. BeprwreiinomM u Heannem (cM. [25], n. 1.4) u npumeHeH uMH
JIS TIOCTPOEHHA KaTeropui npeBpaTHHX NY4YkKoB (cM. ri. 7.). C no-
MOIBIO HONOGHBIX CKJIEEK MOMKHO TaKXKe CTPOHTH PAa3JHUHBIE He-

CTaHAADTHBIE {-CTPYKTYpPH Ha Dy, CKIEUBASA CHBHHYTHIE f-CTPYKTY-
pe Ha Dy u Dvy).

BHBJIMOTPAOGHUYECKUE VKA3AHIIA

IlonaTHe TPHAHIYJIHPOBAHHOK XaTeropuH, ofcyxgaemoe B § 1, BOSHHRIO B
pesyJbTate MONEITOK aKCHOMAaTH3HPOBATh OCHOBHHIE CBOHCTBA KOMIJEKCOB, pac-
CMaTpPUBAEMBIX C TOYHOCTBIO A0 KBasHH3oMopdHama, 6e3 anmejasuHu K HCXOLHOK
abesneBolt KaTeropHH. IlepBOMCTOYHHKAMH 3JeCh SIBJSIOTCS 3anmuckH XapTCXOopHa
[85] u mpccepranus Bepawe [141]; cm. Takxe [84], [91]. [lokasaTesbcTBO pesyas-
“TaTOB, NpHBeleHHEIX B § 1, MoxHO HakTu B [85] nau B [8].

B § 2 npuBemeHH npHMepH HeCTAHNAPTHEX TPHAHTYJIHPOBAHHBIX KaTEropHi,
CBA3b KOTODBIX C HPOH3BOZHBIMH KAaTEerOpHsAMH He cpa3y scHa. [lepBuift npumep
(nn. 2.1—-2.4) paerT npencTaBlEHHE O TAK Ha3hIBAEMOH «S—A-IBONCTBEHHOCTHS,
T103BOJIAIOINEH NOMYYUTh HBOMCTBEHHOE IIO OTHOLIEHHIO K Teopeme Ceppa ONHCaHHe
KOTePeHTHEIX anrefpaHyecKUX NYYKOB HA MPOEKTUBHHIX NpocTpaHcTBax. Jlokasa-
TeJLCTBO Teopembl I. 2.3 ¥ maupHeiimine o6obwenus cm. [L], [4], [7], [8], [94], [125].

Onuo w3 mabmionenuii, Jexawux B OcHOBe S—A-xBoiicTsenHocTH H3 [4],
COCTOHT B TOM, YTO NPOH3BOLHBIE Kateropuu D*(s£), D*(%) moryT OHITb IKBH-
BaleHTHH JdXe B TOM CJIy4yae, KOTJa HCXONHBE abeneBH KaTeropuu &f, £ OwuE
HeSKBHBAJEHTHH. TaKasd CHTyalHs BO3HHMKAeT, B YaCTHOCTH, B TEOPHH TaK Ha3H-
BaeMbIx cornacyiomux (tilting) Monymell, HrpalomEX BaXXHYIO DONb B H3YYEHHH
KaTeropHi MOAyJNe#l Hax KOHeyHOMepHBIMM adrebpamH. Iloapofroe H3nOXKeHHe
‘TEOPHH COIJIACYIOWHX MOAyJje#i comepxurcs B Kuure Xanmens [84]. C sroft xe
TeOpHeH CcOrjacylolHXx MOXyJel cBf3aH H BTOpOH UpHBejeHHHHA B § 2 MeTon
TIOCTPOEHHS TPHAHTYJIMPOBAHHHX KaTeropHfi (mm. 2.5—2.9). JlokasaTesbcTBa NpH-
Befléer]mmx 30ech DPE3yNBTATOB (B UACTHOCTH, Teopemhl I. 2.9) MOXKHO HaHTH
B [84]). ’

Teopus cepaueBun, manaraemas B § 3, pemraer 3ajnaqy, B HEKOTOPOM CMBICIE
06paTHYIO TOH, KOTOpas 06CyXianack B TV 4: BHjeneHue abeserofl KaTeropHH S¢
BHYTPH TDHaHIyJHpoBaHHON kateropmd D(s£). Dra 3ajmava, BO3HHKWasA B CBA3H
€ TeopHeH npeBpaTHHX myykoB (cM. riL. .7), obcyxnanace B paGote [25], rae
MOXKHO HaHTH IOKasarenbcTBa CHOPMYJHPOBAHHHX B § 3 peaynpTaToB.

IF'rasa 6

CMEIIAHHBIE CTPYKTYPHI XOJKA

Beenenue

Jl1o6asg Teopus (KO)TOMOJIOTHH MOMKET DacCMATPHBAThCH K2k
annapar AJs JHHeapH3alHH HenwHeHHBIX 3amau. OHa oTobpakaer
HEKOTODBIHl reOMeTpHYeCKHH YHHBEDCYM — KAaTeTOPHIO TONOJOTHYE-
CKHMX HpOCTPAHCTB, cafiT, TONOC H T. 1. — B HEKOTOPHIHA aJjrebpauye-
CKHN YHHMBEPCYM — MOXYJH, MOAYJH €O CTPYKTYPaMH, KOMIIJIEKCH
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¥ T, IL,— COXPaHAIOMHKHA AOCTATOYHO MHOTO CBOHCTB KATETOPHH JIH-
HEHHBIX IIPOCTPAHCTB.

B 270#i rjaBe OCHOBHEIM TeOMETPHUECKHM VHHBEPCYMOM SBJIS-
€TCA KaTeropusi KOMHJEKCHEX airefpamyeckux MHOroo6pasui, BO3-
MOXHO, HEKOMIIAKTHBIX H ¢ OCOGEHHOCTAMH, & OCHOBHEIM ajirebpaH-
YECKHM YHHBEPCYMOM — KATEropHs CTPYKTYp XojxKa. PYHKTOP H3
nepBOH BO BTOPYIO SIBJIAETCSI COBPEMEHHOH BepCHEll KJaCCHYECKOH
TEOPHH NEePHOAOB AuddepeHnranbHux dhopM. '

IMpenmerom xJaaccuyeckolt Teopun Xonaxka GHJIM KOrOMOJOTHM
(c moCTOSHHBEIMH KO3 (HIMEHTaMH) TJIaJKHX IPOEKTHBHLIX MHOTO-
ob6pasuil. Ee ocHOBHBIe pe3y/bTaTH: KOHCTPYKUHSA (p, §)-pasioxe-
Husi, CUJbHas TeopeMma Jlebmiena (pasnoxeHHe IO NPHMHUTHBHEIM
LMKJIAM), Teopema 06 HHIeKce HOPMBI mepeceyerust (NOJSPH3ALHS
Ha NDHMHTHBHHIX IHKIax). HHerpyment: (rno6anpHasi) TeopHA
rapMOHHYECKHX dopM H (J10xanbHme) Toxpecrsa Kaxepa.

B cepeaune 60-x ronos 6biia OCO3HAHZ OueHb BAaXKHas IJ4
JajbHe#lllero pasBUTHA TEODHM AHAJOTHA MeXAYy (p, ¢)-pasjoxe-
HHEeM H npejicraBJjeHHeM rpynnel [anya Ha 3ralpHBIX KOTOMOJOTH-
Ax. PopManbHas ee 4acTh OYeHb MpOCTA: (P, g)-pPasioxKeHHe — 3T0
JedcTsde topa C* (cm. § 1), a Teopusl mose#r KNacCOB OTOXKIECT-
BJIf€T MYJbTHIJMKATHBHYIO IPynIy (HeapXHMenOBa) JOKAJBHOrO
MoJIsSl C MAKCHMaJbHBIM abeneBbiM (aktopom ero rpynmsi [aaya;
TakuM 06pasoM, (p, §)-pas3sioxKeHHe — 3T0 apXHMENOB ~ aHAJOT
npegcrasyennss [aaya. Hedopmanesas uwacte anaoOTHH 3arajoyuHa:
npenctaBJelyss ['asya BO3HHKAWOT H3 cHMMeTpuit 'aaya sragabpHO#
TOIOJIOTHH; CTPYKTYPH XOAXKa HMEIOT IDYroe, ropasjao 0oJiee TeM-
HOe [POHCXOXJeHHe: CKPHITHE «CHMMeTpHH XoIXKas, NOpOXKAA0-
e 5TH CTPYKTYPH, NO CHX IOp HEHU3BeCTHH. Bo BCAKOM cJayuae,
9Ta aHAaJOTHs 3aCTaBJsAJA NPEAIOJOXKHUTh CYIEeCTBOBAHHE ecTecT-
BEHHOH cTpyKTyphl XOXXKa Ha KOIOMOJIOTHSIX INDOH3BOJBHEIX (HE
06543aTeNbHO TJIaAKHX HJIH KOMIAKTHBIX) ajare6panyeckKMx MHOTO-
06pa3uil. Baxuoe oriuude oT o6biyHOH Teopuw XoAxa COCTOUT B
CyIeCTBOBAHHH Ha OJHOM ¥ TOH XXe rpymme KoromoJgoruit (p, g)-
KOMOOHEHT pasHoeo Beca (KaK NOKa3kBaeT NpPHUMepP KDHBHIX,
cM. § 2). CoorsercrByomas CTPYKTypa JMHeHHO) aareGphl — cMe-
1raHHas CcTpykrypa Xogxa — Ounaa npepioxesda Jeaunem (cm.
§ 1) BMecTe ¢ KOHCTPYKUHEH CMEIIaHHON CTPYKTYPH XOJXXa Ha KO-
TOMOJIOTHAX NPOH3BOJBHLIX aJjreBpaHuyeckHx MHoroo6pasumé (c mo-
CTOSIHHBIMY Ko3(pduuueHdTamMu). ITa KOHCTPYKUHS YHCTO anarebpan-
YecKasi: OHa CBOJAHT OOmiMf ciaywail X IIafKkoMy IPOEKTHBHOMY, HC-
NoJb3ys TeopeMmy XHPOHAKH O paspeuleHns ocobenHocreil. Caenyer
OTMETHTb, UTO «EeCTECTBEeHHasd» (He HCIOJb3yIOIas paspelleHHS H
KOMNaKTHOHKaUKMK) KOHCTPYKHMS He H3BeCTHa 10 CHX IOp; B HacT-
HOCTH, HEH3BEeCTHO, KaKO# aHa/lH3 CTOHT 32 CMEIHaHHBEIMH CTPYKTY-
pamu Xomxka (cM., oaHako, pa6orsl A. H. Bapuenko u zp. [5, 6] o
CMelIaHHEX  CcTpyKTypax Xoaxa, CBS3aHHEIX ¢ OCOOEHHOCTSMH
dyakuui).
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JlaJiee, mpHBeAeHHAs BHILIE aHANOTHS TPeOyeT CYILECTBOBAHHS
noaxonsimedt  QYHKTOPHAJIBHOH  KAaTerOpHH  «Ny4KOB Xonxay
(=cr1pykryp Xoixa Ha KOHCTPYKTHBHEIX TMydykax). ITombiTKm mo-
CTPOHTb TaKyl0 KaTEropuio HadaJHch € pabor I‘pu@cpmga IO BapH-
auusiM ctpykryp Xoxxka (60-e roAnl), OAHAKO JIHIUb CeHYac, NO-BH-
AHMOMY, 5Ta Teopus mocTpoena B padore Cauro [126].

MMpumep. Tycrs Xs—cemMefcTBO IIaAKHX NPOCKTUBHBIX MHOrQ-
o6pasuil, 3aBucAIMX OT napamerpa SES. Ha S BosHAKaeT JOKA/bHas

. . o e v emeene SRl gy
CHCTEMA KOTOMOJOTHE cloeB  Hy=H (X, Z); s CHaOXeHn
crpykTypamu Xojka, HENpepHBHO 3aBHCAIMMH OT Napamerpa s.
PaccMOTpUM MakCHMANBHYIO TOCTOSHHYIO JIOKAJBHYIO —IOJACHCTEMY

f
H'CH (ee ciof— uHBapuanThl MoHoxpowum). Torma ofs—mox-

cTpykrypa Xonxa B 56, He 3aBHCsINasg OT S. Ananornunbl#i daxr
B apu(MeTHUecKO# CHTyauuu ouyeBHAeH (HMEHHO H3-3a CYUIECTBO-
BaHH# cuMMmeTphit anya); B XOAKEBOH CHTYallHH 3TO JNOCTATOYHO
HeTPHBHAJBLHO.

Crefyer OTMETHTb, 4TO OOJIBINMHCTBO Pe3yJbTATOB O TOMOJOIHH
KOMIJIEKCHHX ajireGpandeckux MHOroo6pasufi (HayuHasi C TEOPEMHl
TpoTeH¥Ka 0 KBa3HYHHIOTEHTHOCTH JOKAaJbHOH MOHOZPOMHH) OHI-
JO MOKa3aHO apHOMETHIECKHMH METOJaMH; I0C/]e A0Ka3aTelbCTBa
Henvnem runores Beitna # cosfanus uMm yao6Ho#R GyHKTOpHANBHOR
TEXHHKH CMELIaHHHIX IYYKOB B KOHEUHOW XapaKTEPHCTHKE apH¢me-
THYECKHE METONH 0Kasajuch BHe KOHKypeHuuu. Cefiuac, 6naropaps
pa6ore Cauto, 3TH PE3YJbTATH MOLYT GHITH IE€PefOKa3aHHl B paM-
Kax Teopuu Xoaxka. Bmpouem, X0oTs eIHHOCYIIHOCTb TEOPHH XOAXa
H apHQMETHKH H MOXEeT CYHTAThCS SKCIEePHMEHTAJbHO YCTAHOBJEH-
HEIM (GakKToM, CerOfHs OHAa CroJb ¥Ke HeoOGbscHHMa, Kak H 20 Jjer
Haszapg.

B mHpokoM cMEIC/e OCHOBHOH BONPOC TEOPHH CIPYKTYD XOMKa
MOXHQ chOpMyJHPOBaTh TaK: HACKOJbKO KOTOMOJOIHH XOIKa
6JH3KM K YHHBEPCaJbHBIM, <MOTHBHHIM» KOTOMOJIOTHSIM, Olpelele-
HHE KOTOPHIX Ohl;I0 mpeisoxeHo I'porenauxom? B npoctefimiem Ba-
pHaHTe MOTHB eCThb O0BEKT HEKOTOPOrO pacCIIHPEHHS KaTeropHu aJj-
re6pandeckHXx MHOroOGDasH#l ¢ COOTBETCTBHSIMH B KauyecTBE MOP-
($H3MOB, KOTOPOE COCTOHT B TOM, YTO K aJjreGpaHyecKHM MHOT006-
pasusM nmo6aBieHn (QopmaibHble siipa H Kosjpa mpoekropos. Co-
OTBETCTBHSI DAaCCMATPHBAIOTCH C TOYHOCTBIO JO HEKOTOPOT'O OTHOILIe-
HHSl 3KBHBAJIeHTHOCTH (DalHOHAJIBbHOM, LEJOYHCJIEHHON M T. 1.), OT
BHGOpa KOTODOH 3aBHCHT, HACKOJBKO MOTHBHHIE KOIOMOJIOTHH Y4H-~
THBAIOT alAre6po-reOMeTpHYECKHe TOHKOCTH.

Pa3BuTHE TeODHH MOTHBOB 3aTPYAHSIETCH HEAOKAa3aHHOCTBIO TaK
Ha3bIBAEMBIX «CTAHAAPTHHX TCHNOTE3», H C 3TOH TOYKH 3PEHHS HEKO-
TOpHe OCHOBHHIE 3a1aYH H DE€3YJAbTaTH INOCJAEJHHX JET B TEODHH
cTpykTyp XOIXKa OTHOCATCS K CJENYIOIMM HalpaBJeHHsIM.

a) PexoHcTpyKuus MHOroo6pasusl IO ero KOTOMOJIOTHAM  CO
crpykrypoit Xoaxa: npobaemn tena Topemtu. Cloma xe MOXHO
OTHECTH aHaJOTHYHBIE 3a/aYyH IJs ceMeHCTB MHOroo6pasuii. B ps-
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Ze KOHKPETHBIX CJyYaeB H3 BapHauuil cTpyKTyp XoaXa YyRaercs
H3BJeyb GoJpllie HHQODMAUUH, UeM H3 3HAYeHHS B TOYKE, B CHJAY
Teopemel I'puddHTCa 0 TpaHcBepcasbHOCTH. [I03TOMYy HX MOXHO
H3y4aTb MHOUHHTE3UMAJbHEIMH METOJaMH, YyTO # ObLIO CAeJaHo B
cepuH pabor I'puddurca u ero yueHHKOB.

6) PacnosnaBanue mopdusMoB MHOroo6pasuii u, 6ojee 06O,
anre6pauyecKux COOTBETCTBHH MEXAY HUMH CPeAH OGIHX MOpPHus-
MOB cTpYKTyp XoIxa: npobJeMbl THIA Tuiore3 XoAXa O XapakTe-
pH3anuH anre6panyecKHx KJIacCOB KOIOMOJOTHEH.

O6e 5TH 33344 BMECTe MMEIOT LeJbl0 BHIACHHTH, B KaKOH Mepe
aare6po-reomerpudeckas HHGOPMaNus coxpaHsercs MPH NEpexoie
K CTPYKTypaM Xomixka. ‘

B) IIpo6nema omucaHHs BapHauuil CTPYKTYp XOHXKa, HMEIOIUIHX
ajare6po-reoMeTpHYecKoe IIPOHCXOXKJeHHe, ¥ BBENEHHS CIPYKTYP
XojxXa Ha KOTOMOJOTHSAX ¢ Kosb¢HLUHEeHTaMH B IYYKax CTPYKTYP
Xonxa.

r) KoHcrpykuusi cMemlaHHBIX CTPYKTYp XoIAxka Ha APYTHX TOMNO-
JOrHYECKHX HHBApHaHTaXx MHOroo0pasuii: TOMOTONHYECKHX [pyII-
nax, xoromoJsorusx Hemnusi—Iopecku—Maxkdepcona, Ly-Koromo-
JIOTHSIX ¥ T. II.

Cumemannbie cTpyKTypH Xoaxka 06pasylor abelieBy KaTeropio
6, ¥ BIOJHE eCTeCTBEHHO BBECTH B PAaCCMOTPEHHE COOTBETCTBYIO-
Y0 IPOH3BOAHYIO KaTeropHio. B cBsisH ¢ obumielt TeMaTHKOH 3TOH
CTaTbH MBI TIOAYEPKHUBaeM TOMOJIOrHueckde cBofictBa # u D (),
yaensiss MeHblle BHHMAaHHS IEOMETPHYECKHM CBOHCTBAM (DyHKTODa
koromosiornii Xoxka, KOTODHH ONHCaH TaKXKe B APYTrHX BBIIYCKax
3TOH cepHuH.

§ 1. Kareropus crpykryp Xonxka

’

1.1. Onpenenenune. [Tyctb ACR—rTakoe HETEPOBO KOJIBLO,
470 AQ;Q SBJISIETC  MOAEM, Ma— A-MOAY/IL KOHEUHOrO  THNA,

ucmoi cmpyxkmypoii Xodxa seca n(n€l) na M, wnasbBaercs
MOGON W3 ClefyIONIUX TpeX HaGOpOB JAHHHIX:
a) Koneunas y6emBaronias GuiTpanus Ha MC=C§M 4y oo FPMcD

DFPHMeD. .., €O CBOBCTBOM
FPMc®BFIMc= Mc¢ nna Bcex p-+g=n-1.

6) Hedcreee C* ma Mc, npouCXOJfmee H3 BEINECTBEHHOTCG
NpeACTaB/IeHHd aJreGpandeckoro GBYMEPHOrO TOpd, TaKoe, uTo Belle-
cTBeHHble wHCTa aGR*CC* meficTBYIOT yMHOXEHHEM Ha a”.

B) JiBofiHas rpanyudpoBka H4 Mc:

M= & M"?

p+q=n

co caoficteoM M”'? = M?'? (rae KOMIIEKCHOe COTPSKEHHE OCTABJSET
HHBAPHAHTHHIM MR=R§\M ). ‘
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OKBHBAJEHTHOCTD 3TUX AAHHHX YCTAHABJAMBAETCS TaK:

a)=-B): M”?=FPMc(\FiMc;:

B)=>a): FPMc= & M"/;

i>p —

O)<=>B): M”? —={meMc|26C* mepeBopur m B 2°zim}.

1.2. Onpenenenune. B TOX Xe CUTYAUMH  CMEWAHHOL
cempykmypoti Xodwa wa HerepopoMm A-Mopyae M, maseBaercs
caenywomui vabop FaHHLIX:

Koneunas y6wBaomas duasrpanua FPAMc (fuiprpanus Xonxa)
¥ KoHeuHas Bospactaromas (puabTpanua W; (M A%Q) (Beconas

GuabTpauys), KOTOphe ¥I0BIETBOPSIOT YCJIOBHIO! Gr?(M 4®2Q) BMecTe
¢ ¢uibTpauped, HHIyLUpOBaHHON F HA KOMIVIEKCH(HMKAUMH 3TOro
Monyast, o6pasyeTr WMCTYIO CTPYKTYpPY XOmXa Beca n ans Beex n6Z. W

Crpyxrypa Xomka Ha A-MOJyJe HA3bIBAETCA TaKXe A-CTPYKTY-
poii Xomixa.

1:3. Mopguambl. Mopdusmom cmemamselx A-cTpyKTyp Xomxa
(M4, W, F)=(Na, W, F) BazuBaetca Taxofi moppusm A-Mozyneh
F:iMa—~ Na, KOTOpHE HHAyuupyeT MOPQHU3MEI,  COr/iacOBaHHBE

¢ dmubTpaumsmp W, F (u TeM cameiM, F). CyecTBeHHO, uTO
OTCI0[I2 ABTOMATHUECKH CAELYeT CTpOoras COrVIACOBAHHOCTh MODdws-
MoB c dumbrpanuamu:  f (Mc)NFPNe=f (FPMc¢) u 1. 0. 310
YCTaHaBJMBACTCS IO XOAY JOKa3aTesbCTBa CJEAYIOMIETO PesyJbTa-
Ta:

14. Teopema. Cmemanuanie A-cTPYKTYpn Xoixa obpa-
3yioT abeJieBY Kareropuwo J6,. Slapa u KosApa MOpP(pH3MOB B Hel
COBNAJAIOT ¢ OOBIYHEIMH SIAPAMH H KOfApaMH, (QHJIBTPAUHMH HA KO-
TOPBEIX MHAYHUHPOBAHHEL (DUABTPAUHUAMH HCXOIHLIX OOBEKTOB.

1.5. Tensopnas anareépa. [lycre M= (M., W, F), N=(N,, W,
F) — nBe cMemaHHBe CTPYKTYpH Xozxa. ITosoxum

(MON)a= /!/IA%NA,
W, ((M®N)A®Q)=Im< D W, (Mi2Q)8W, (NA®Q)),

kA1 =i
F?((M®N)e=Im ( > Fr(Mc)®F! (Nc)).
kpl=p
Ot IaHHHE 00pa3yioT CMEIIaHHYIO CTPYKTYpy Xomxka, HasbiBae-
MYIO TEH30PHbIM NpOuU38ederlem HCXOINHHX CTPYKTYD.
Ilono6HbM ke ofpasom ompeneasiercss BHyTpeHHuii Hom:
Hom (M, N)A=H0mA (MA, NA)’
F'Hom(M, NYy={f:Ma— Na|vn, f (Mc)CF"Nc}
M aHaJOrHuHo nas W.
Koambuo A, paccMartpuBaemoe Kak A-MOAYJb, ¢ OUIAbTPALUIMH
FOC=C n FIC={0}; W_,(A®Q)={0}, W (A®Q)=A4A®Q obpa-
3yeT eJMHHYHBH OGbEKT B 3TOH TEH30DHOH KaTeropHH.
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HyanbHas cTpyktypa Xoaxka ompenensercs xak M = Hom (M,
nA).

1.6. Kareropusi BelnecTBeHHsX CTPYKTyp XOIKa Kak KaTeropus
npencrapiesnil. Mmveerca ofuuil NPHHNKI, COTIACHO KOTOPOMY JIi-
HefiHass KaTeropus ¢ TEH30pHBIMU IPOH3BE/CHHAMH SKBHBAJIEHTHA
TIOAXOJsIIIeH KaTeTOPHH IIPENCTaBAeHHH.

B ciyyae BellecTBEHHBIX CMEIIAHHBIX CTPYKTYp XOxxka 3TO By-
€T KaTeropus mpeicTaBJieHuil mpoa/areGpanuyeckoll TPynmsl, KOTO-
PYIO MBI ceHyac OnHLUeM SBHO.

PaccMoTpuM cBOGOAHYIO HUIBNOTEHTHYIO amrebpy Jlu. L, kotopas
Tiopoxpena Hay C obpasyiommm 77 (i, j<0). Bregem na L rpa-
JYMPOBKY, B KOTOpOo# 7'/ opuoponsu cremenn i-- j. O603HauMM
gepes W,L wumean [, NOPOXACHHBIA 3JeMEHTAMH CTeleHd < /1.
Tlyers  U,—opHocsisHas rpymma Jlu ¢ aare6poir L/W,L,
U=limU,. 3acrasum peficteoBats G,X (G, Ha L Tak, uTO

PR

A, W) T =A"piT"’. Do pmeficteue nepenocurca Ha U. TMoaoxum
G= (G, X G,)XT (nonynpsmoe mnpousBenerue). Onpenemm ua G
‘BELIECTBEHHYIO CTPYKTYPY, KOTOpas WHAyLMPOBAHA OmepaTopoM
KOMIIeKcHOro  compskenus (A, w)—(h, 1) Ha Go,XG, u T"/
——=T""na L.

[Tycts V —BeumiecTBeHHOE BEKTOPHOE NPOCTPAHCTBO, HA KOTO-
POM 337aHO BeulecTBeHHOe Jedcteue (. VIHbIMU C/I0BaMu, 3aJaHO
npefacrasienne (¢ Ha V¢, COBMeCTHMOE C KOMIJEKCHBIM CONPAXKEHH-
eM. Ono ompepensier Ha V¢ crenyiomue CTPYKTypHI.

a) [lsoiinyo rpaxyuposky Vc= ®V?'?—pasnoxenue o xapak-
Tepam (G, X G,. V3 pemecrBeHHOCTH JeHCTBUA CJARLYeT, YTO

Vp »q — V‘Irp .
6) AsTomopduaM f==exp (E T"S). M3 BeiecTBeHHOCTH CleLyeT,

Ty

4TO f=1£"1; KpOMe TOro,
( 1) Vﬂaqc ® Vi:]

i<p,j<q

HaoGopor, 3ajaHue TaKuX CTPYKTYP, OUEBHAHO, ONpPeAENfeT Be-
miecTeenHoe mpencrasienue G (neficteue T7°  BOCCTAaHABMMBAETCH
10 ¢ u Gurpagydposge V °'%). O6osnaulim uepes Yr KATETOPUIO Ta-
KHX CTPYKTYP-

Cnenymoliee MpelJjOXeHHe MOXKHO PACCMAaTPHBATL KaK aHaJor
]S cMELIaHHBIX BELIeCTBEHHHX CTPYKTYyp XodkKa XapakTepu3auuH
1. 1.1 6) & B) YHCTHIX cTPYKTyp XOHXa (aHAJIOTOM XapaKrepusa-
U4y a) ABJsiercs onpenenesue n. 1.2).

1.7. TIpennoxenune. Kareropus cMellaHHBX BEleCTBEHHBIX
~CTPYKTYp XOHIXKa S5KBHBAJIEHTHA KaTeropHH KOHEYHOMEpHBIX Bellie-
«CTBEHHBIX NpeICTaBJIeHHE rpynusl ¢, ONHCAHHOH BRILIE.
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Ha6pocox noxkasateancrra. dyaxkrop Ir— Fbr nepe-

somar (V, V27, t) B (V, W, F), rne '
Wi:p-i—?avg’q’ Fi=t(p6>}jVé"q).

HeTpyzHo npoeepursb, 4TO OH ONpeAe/]sieT 3KBHBAJEHTHOCTH KATero-
puil. KsasuoGpatasit ¢yHKTOp cTaBuT B cootetcTBUe (Mg, W, F)
npocTpancTBo V =Gr” (Mg); GurpasyupoBka Ha V¢ BOSHUKAET U3
ONpE&JIeIeBusl CMEIIAHHONH CTPYKTYDPH XOmXKa.

s KOHCTPYKIMK ¢ BBEJEM CJeAylolMe 0603HaueHus:

ME =W g NF?) {(Wpua NF)+ X (W g NF4),

i»0
ME* =W g NFIN W s NFP)+ (Wi NF7).
i>0

MoxHOo p0KasaTh, 4TO e p--¢g==n, TO mpoexuus W,C Mg Ha
Vi wHpyumpyer usomopdmsmst M2 = VE" w MZxVE?. OGosua-
UMM Yepe3 @, M @z CyMMel >TuX usomopdusmor. Torma #=aza;
ecTs asToMopdusm V¢, ymosrerBopsuontuit yesosmio 1.66). H

1.8. Crpykrypmt Xomxka—Toaidita. A-crpyxrypa Xooma—Tsira
A(l) no ompegeneHuio sBAsieTcsl YHCTOH CTpykTypoi Xomxka Beca
—(—211{& mopyne My=2niA, cocpefoTOuUeHHOH B  OHCTENEHH
—1, —1). ‘

Monoxum A(n)=A(1)°*", 10 ectb Ma=(2ni)™A, Bec paBeH
—2n, Gucrenenp (—n, —n). [das mwo6ofi cTpykTyphl Xoixa M
noaoxum M (n),=M®A (n).

§ 2. CMemanHbie CTPYKTYPH XOHKa
Ha KOrOMOJIOTHSIX C NOCTOSHHLIMHA K03 HIHEeHTaMH

ITepBuifi dymmaMeHTaJIbHHA pe3yabrar [leqHHS, ONpeleHBIIero
cMellaHHble cTPYKTYPH XO[XKa, COCTOHT B KOHCTPYKUHH KOTOMOJIO-
THH MPOH3BOJLHOTO (BO3MOMKHO, 0CO60T0 M HEKOMIIAKTHOrO) OTAe-
JHMOro ajre6panuyeckoro MHoroo6pasus X Haa C co 3HaUEHHAMH
B #z. MH copmynapyem TeopeMy [leNHHS W IDPOKOMMEHTHpyeM
OCHOBHEIE 3TaNHl ee J0Ka3aTeJbCTBA.

2.1. Teopewma. Jas raxnoro n Ha H"(X,Z) onpeneiresa
dyHkropuanrsas no X cMmewaHHas cTpykTypa XoJAxka cO cJexylo-
IIMMH CBOHCTBAMH:

a) Ecom X —raajikoe u MOJHOE, TO 3Ta CTPYKTYPa YHCTA Beca
n. Ounasrpanus Xomxka Ha H™ (X, C) onpeneasiercs rpynnaMu rH-
TIEpKOTOMOJIOTHH CDe3aHHOTo rOJIOMODQHOro KoMmmJjekca fAe Pawma:
H» (Q'—>Q** > )=F'Hn(X, C). 3ro—noarpynun H=»(X, C),
MOTOMY UTO CIeKTpajbHas nochenoBatenbHocts ETY =H(X, Q") =
=Hr*e¢(X, C) BHpOXKIeHA.
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6) Msomopdusm Kronnera
H (X XY, Q~H (X, Q e H' (V, Q)

AIB/AETCS H3OMOPQM3MAMY CMEIMIAHHBEIX CTPYKTYP XOMXKa.
r) YMHOXEHHe B KOrOMOJIOTHSIX

H (X,Z)® H (X, Z)~ H (X, Z)

SABJISETCST MOP(U3MOM CMEUIAHHBX CTPYKTyp Xoaxka. M

BoT HekoTOpHIe YKa3aHHS K J0KA3aTEbCTBY.

2.2. Tnapkue muorooOpasms. [Tycts raanxoe mHoroo6pasue U
peanusosano B Bufe U=X\Y, rue X — raankoe KoMIakTHOE KOM-
MJIEKCHOE MHOroo6pasue, a Y — JUBH30D ¢ HOPMaJbHLIMH Iepeceye-
HHAMH (TO ecTb AHBH30D, JIOKAJbHO YCTPOEHHHH Kak OO6beXHHEHHE
KOODAHMHATHHIX THmepnJjockocreif). ITo Teopuun paspernenus ocoGeH-
HocTeH XHMpOHaKM H TeopeMe KomnakTH®Hkauuwu Hararel, takas
peasmszanys BO3MOXHA JJs JIOGOTO TIJIaAKoro ajreGpanyecKoro
MHoroo6pasus U.

OGosnaunm uepes Q% (log V) nyuox mepomopduex p-dhopm Ha X,
JIOKAJbHO NOPOXAEHHHI TroJomMopdHEMH ¢opMavMu X opMamu BHAA
dz/z, rtne z=0-—joKaibHOEe ypaBHeAWe HeKOTOpOH BeTBH Y.
[psaMass cymma Bcex Q%(log}) ofpasyior aorapudmuueckuii KOMI-
nexc ge Pava Qx(logl). Beenenve cMemianHoil CTPyKTypH XOmxa
Ha H (U, C) MOXHO pas6uth Ha CJefyIOLie 3Talbl.

a) ViMeercss xaHOHHUECKUH H3OMOpPGHU3M

H (U, Q)3 H (X, Qx(log)))
(cripaBa CTOAT MHIIEPrOMOJIOFHH). DTO YCTAHABJMBAETCS ¢ MOMOLIBIO

CNeKTPaJIbHOH NOcJeloBaTebHoCTH Jleps mis Baoxenus j: U—X,
KoTopasi faeT H3oMopduaM

H (U, Q)3 H (X, /),

¥ TPOBEPKU TOrO, YTO BJOMNeHHe Qx (logl) <~ j4Qu ABISIETCA KBASU-
H30MOP(HU3MOM KOMIVIEKCOB IyUKOB.

6) Becosas cumrpanus Ha FH (U, C) maxynupyercs /moGo# u3
1ByX QuabTpamuit W wm v Ba Qx (logY):
W, H™ (X, C)=Hm(X, W,_.Qv (logY)=H"(X, T<r-nQx (log?)),
rae

W, (Q% (log Y') = /mHefnEe xOMOHHAUME C [OJOMOPQHLIMA

dZm
Zm’

xoadbduupentama Gopm —‘Z—’ A A
m<n, 2,—JOKaJbBHE ypaBEeHus Y.
Q% (log¥) mpu p<n,
T<n (Q% (log¥))=12"(Qx (log Y)) mpu p=n,
0 npu p>n.
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B) Gwtpauus Xogxa va A (U, C) uunyuupyercs duisTpauueir

Q% (logY) mpu p>n,
c>,,(£25’r(10gY))={0Y( ¢ )ngu §<ﬂ-

r) Tor ¢akt, uro Becopas duiptpanus wa H (U, C) uHAynu-
pyerca dumrtpawmeit wa H (U, Q), yCTaHaB/IMBaeTCs C ITOMOLIBIO
NPOBEPKU, YTO CNEeKTPabHAA MOCAEA0BATENLHOCTH TUIEPKOrOMOJIO-
ruii W-guastpoBannoro xommnexca Qx(logY) cosmajaer co Cnexr-
pPaJbHO# HOCJeNOBaTeNbHOCTHIO Jleps mas j., KOTOpaa noJjiydaercd
KOMIlJIeKcHHKauuell 3 HEKOTOPOH mocieloBaTelsHocTd  Q-Tpo-
CTPaHCTB.

OcraeTcs NPOBEPHTb AKCHOMBI CTPYKTYPbl XO0JXKa W HE3aBHCH-
MOCTb OT KOMIAaKTH()HKAIUH.

2.3. MHorooGpasus c ocoGeHHocTAMH. IDTOT cayyail Tpebyer
foJlee H3OMPEHHOH I'OMOJIOTHYECKO# TeXHUKH: [lepexofa K CHMILIU-
LHa/JbHBIM CXeMaM, C OMHOI CTOPOHBI, ¥ BBEJeHHS TEXHHYECKOrO Io-
HATHS CTPYKTYpbl X0MKa Ha KOMILJIEKCax, — C Apyrofi. Mu oNHIlem
3Ty TexHHKY B § 4 u § 5.

B zakmoueHne chopmysupyem TeopeMmy 06 OTHOCHTEIbHBIX KOTO-
MOJIOTHSIX. :

2.4. Teopewm a. Ha OTHOCHTENBHEX KOTOMOJIOTHAX aJirebpau-
yecKHX MHOroo6pasuit Haf C umeercs GYHKTOpPHAJbHAS cMeELIaHHAs
crpykrypa XoAyKa Takas, 4To TOYHas MOCJAEeNOBATEJbHOCTh OTHOCH-
TeJbHBIX KOFOMOJIOTHE SBJASETCS TOYHOH NOC/AeI0BaTebHOCThIO CMe-
HIZHHBIX CTPYKTYpP XojXKa.

2.5. Ctpykrypbl Xo0AKXa Ha KOroMoJormax kKpueoii. OnHuiem
cTpykTypy XonKa Ha rpynne koromodoruii H!(X, C), rne X — Kpu-
Basd. '

2.5.1. X — neocobasn nexomnaxtHas rpusas. Hycre j: X—+X —

nomosHenue X, D=X\X. CnekrpajbHas I10cJeI0BATEJbHOCTL Jle-
P3 AJIS j JaeT TOUHYIO IOCJAEN0BATENbHOCTD

0~ H'(X, j,Cx)~ HY (X, C)— H* (X, R'j .Cx)~ H?(X, j,Cx),
rae Cx—muocrosunnit nyyoxk Ha X co ciacem C.

Mockomky j,Cx=Cs, R'j,Cx=Cp, 3ra TOUHAT TNOCJENOBa-
TENBEHOCTb MMEET BHJ

— « —
0 H (X, C)~ H'(X, C)-»C°~ H?(X, C).
Beexem  Becomyio  ¢uastpammio W uwa H'(X,C), noaaras
WIH' (X, C)=Imea, W?H' (X, C)=H'(X, C); ¢umptpauus Xomxa
onpefessieTcss YHCTHIMH CTpyKTypamu XoIxa Beca | u 2 Ha
HY(X, C) u Ha CP (CP ecrecTBEHHO HHTEPIPETHPYETCA KakK Ipynmna

OTHOCHTEJIbHBIX JBYMepHHX KoromoJaoru#t H?(X, X; C), rax uro
eIHHCTBEHHOEe HEHyJIeBOe NIPOCTpPaHCTBO umeer (p,q)={(1,1).

2.5.2. X — xomnaxtnas xpusas. Iycts n: Y—X — Hopmanausa-
yus X. TouHas mocaenoBaTeNbHOCTh NYyYKOB Ha X
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0—Cx—>m.Cy—>F—0
(tke & — myyoK, COCPENOTOUEHHHH B 0COGHIX TOYKax X; pasmep-
HOCTb €ro Cllos Haj X€X paBHA YHCHY JOKAJbHEIX BeTBell B Xx) na-
€T TOUYHYIO NOCJeNOBATEJBHOCT: KOTOMOJIOTHH

[ ]
HY(X, &)~ H'(X, Cp)~ H'(X, 7,C,)~0.

[lonaraem WCH'(X, C)=Imés, W!H!(X,C)=H'(X,C). duibr-
panust Xonxa na H'(X, C) WHAyUMpYeTCA UHCTHIMH CTPYKTYDaMH
Xomxa Beca 0 Ha H(X, %) u Beca 1 wa H'(X, n.Cy) =H!(Y, C).

2.5.3. O6wuii cay«ad. O6osnaunm vepes Y HOpMmadnsauuio X, a
yepes Y —raaakyro komnaktaukandio Y. AHAJOTHYHO TpeabIAy-
meMy, noJayuyaem TpexuieHHylo ¢uabTpanmo B H!(X, C):

0cIm s (H! (P, C)cH' (X, C),

$akTopEl KOTOPOH HMEIOT eCTeCTBEHHBIEe YHCTHE CTPYKTYPH XOIKa
BecoB 0, 1,2 cooTBeTCTBEHHO.

§ 3. Crpyxrypst XoxKa Ha rOMOTONHYECKUX HHBAPHAHTAX

3.1. Manbuesckoe monojdenue. I1ycTh 2 —NoJe XapaKTePUCTHK H
Hyn, (G —rpymna; e:k[G]— k— dyskunodan  e(s)=1, SEG;
J=Kere. OGosnayum uepes k [G]™J-anuueckoe mnonosuenue £k [Gl.
Ono macmenyer ot k [G] xoymuoxenme A:k[G]™—E[G]"®k[G]™.
O6o3HauuM uepes g asnre6py JIu NPUMHTHBHBIX 3JEMEHTOB

g={x6J] A(x)=18 x+ x®1},

P
a yepes ( rpymny MyJbTHILINKA THBHEIX 3JEMEHTOB

/G\z{sel+7 A (8) = s®s}.

WmetoTes, ecrecTBeHHBE OTOOpaXeHHS
8 Alog
G- Gg.
exp
Oro6paxenue § ABaAeTCS YHUBEpCAIbHEIM roMomopdusmom G B mpo-
VHUNOTEHTHYIO mpoanreGpaudeckyio rpynny Hag k. Crpeaxu log u
exp SBAAOTC GuexuusaMi. I'omoMopdusM 6, HaseBaeMblli MaJIbIEBCKHM
nonoHenvem (, o6iafaer CACAyOULHME cBOiCTBaMd. HumxHu#E HeHT
A\

panbHbIf pAx rpynmmsl G COBNAajaeT C G\fa—@n(l—l—ﬁ). [ycte G=
=TSP | —umkeni vestpassHull pax G. Torga 6 MERyLH-
pyer msomopdusm GG+ u (G/T ")~ Ecm G xoHeuno mOpox-
AR N\,
nena u k=R, 10 G'/G=~g" /g™, rae g'=gNJ".
3.2. F'oMoTomuueckas aareopa Ju. [lycts (X, x)—TomoJoru-

YeCKoe NMPOCTPAHCTBO ¢ OTMEUEHHOH TOuKO#. [lonoxuM
8o (X, x)=anredpa Jlu MasIbLUEBCKOr0 MOMOJBEHUS (X, x),
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1 (X, X)®Q, ecmn (X, X) HUIBOOTEHTHOR
g (X, %) = IIPOCTPAHCTEO,
0 unaue;

g (X, x)= @ g (X, x).
k>0

Cro6ka Yafirsena ompenenser Ha g.(X, x) crpyxrypy Z-rpanyy.
poBaHHO} cynepaire6pnr Jlu  (Zo-TPadyHPOBKA  HHAYUUPOBamy
%—rpanynpoaxoﬁ), KOTOPYIO Mbl HAa30BEM 20MOTONUHECKOL aAzebpo;

7 ‘

33. Teopema. Ilyers X — anre6pauueckoe MHOroo6paspe
Han C. Torza romoronuueckas ajirebpa Jlu g.(X, x) Hag Q mmeer
cMelraHHylo Q-cTpykTypy XoJXa Takyio, YTo CKOOKa omnpelenser
cMemrangyo Q-crpyktTypy Xoaka u roMmomopduaMm I['ypesuua

g (X, x)=~H (X, x)

aBAfgeTcs MopduaMoM CcMellaHHHX CTPYKTYp Xoaxa. Bee oy
CTPYKTYpH (GyHKTOpHANBHB O (X, X).

34. 3amevarns a) IlpocrpanctBo g¢.(X, x), BoO6ue ropg-
pa, GeckoneurHomepHo. [lepeHocst onpeleseHHe CMEWIAHHOH CTpyy-
Typhl XoMXKa Ha 3TOT clydai, Mpl TpefyeMm, 4ToOH uiabTpauus W
6e1a orpanuyena csepxy (Wy=0 pas N>>0), Ho, BO3MOXHO, Gec-
KoHeyna. OuusTtpauus F Moxer 6blTh GecKOHeYHOH, HO Ha Gr?
OHA  JOJXKHA HHIYUHPOBAaTb KOHeYHYI0 (HIBTPAUMIO, NOXYHHAK-
IYIOCst YCIOBHIO onpejedienuda 1. 1.1,a.

6) He Toanko aarebpa Jlu go(X, x), HO H HOIOJHEHHOE IPyIo-
Boe Koublo Qfm (X, x) |~ umeer cMewanHyio cTpykTypy Xomxa,
OTHOCHTEJIbHO KOTODOH YMHOXEHHe H KOYMHOXKEHHe SBJIAIOTCS MOp-
ousmamu. Janee, Z[m; (X, x)]/J7 ameer cmemannywo Z-cTpykrypy
Xomxa,

B) AnaJjor teopemsl n. 3.3 cupaBeiJHB MJS OTHOCHTEJLHHX I0-
MOTONMYECKHX TPYII. ‘

Nyere f: X—Y — mopdusM aare6paddeckux MHoroo6pasmi,
OGosnauum dgepes Ey(y) roMoTONHYecKHii cJOH Han TOuKok Y6,

35. Teopewma. Ecam Ef(y) ceasen w m;(Y,y) yHHDOTEHTHo
zedcrsyer Ha H (Ef(y), Q), TO Ha KOTOMOJIOIHSIX B TOMOTONHYECKOH
anre6pe JIn E;(y) HMeOTCS TaKHe eCTEeCTBEHHBIE CTPYKTYpPH XoI-
JXa, YTO CIPaBefJIHBH CJeaylmue GhakThl.

a) EcrecTBenHne oTo6paXkeHHs

‘ H-(Ef(y)’ Q)"*H.(Xy’ Q)’
H(E, ), Q®g (Y, y)~H (E;(y), Q

ABARIOTCA MOPGHIMAMH CMellaHHBIX CTPYKTYp Xorxa.

6) Ecau X, Y oZHOCBSI3HE; TO TOYHAsl FOMOTONMYECKAs HOCJeNo-
BaTE&JbHOCTh [ ABJAETCA TOUYHON IOCAENOBATENBHOCTPI) CMeLIaHHHX
cTpyKTyp Xonxa. :
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3.6. Ilnan noxasatennctsa. [Iycts P,X — mpocTpaHCTBO meTesb
(X, x). Torna, xax u3BecTHO,

Tpy1 (X, X)=m, (P X, X),
HY (P X)y=Hom, (Z [ (X, x)], Z).

Janee, nockospKy P.X saBasercs H-mpocTpaHcTBOM, €cau X OLHO-
CBSI3HO, [IPH 5TOM IPeLNOJOXEHHE HMeeM

Hom (nip (X, x), Q)~QH*(P. X, Q),
rie  QH® — DpocTpaHCTBO  HEPA3JOXHMBIX  3JEMEHTOB  JJIfA
H2(P.X, Q) (daktop I/I?, rne I — miean ayrMeHTanuu <«3HauyeHHe
B TOUKE X»).

Agre6py xoromosiorufi H (PX, Q) MOXHO BHUYHCJAATL ¢ IO-
MOLIBIO HTEPHPOBAHHBIX HHTerpaJoB YeHa WM, aareGpandueckd, C
HOMOIIbIO Gap-KOHCTPYKUHH, IPHMEHEHHOH K KOMIUIeKcy ne Pama.

Huxe (nm. 3.7 u 3.8) MB OmuIleM COOTBETCTBYIOIIHE KOHCT-
DPYKLHH.

3.7. bap-xoucrpykuus. [Tycts A" — (cynep) koMmyTratuBHas aud-
¢depenunanpHas rpaayupoBaHHas anarebpa wHaxg C. 3rto osHauaer,

uyto ajre6pa A cHaGixkeHa rpaigyHpoBroi A= @& A! AtAIcAT,
i»0

ab=(—1)dega deedhy nua ofHOPOAMBIX a4, b, U AHdepeHuKAIOM
d:A—~A, dAicA™) d(ab) =da- b—|—(——1)deg“a db. Tlpeanojoxum
TaKXKe, YTO aJIreépa A TONOJHEHa, TO €CTb 3a/aH TOMOMOP(H3M
anre6p g:A—C, ¢(AY) =0 npu.i>0. Wneanom nomnonsenust [A
HasHBaercs s4po e. ¥ Hac A- Gynmer aarebpofi nudbepeHIHaNbHEIX
¢dopM HIH HeKOTOPOH ee mojanre6poi.

' Bap-xoncmpykyueis va A’ HasmBaetcs xommsexce B'(A"), acco-
LEMPOBAHHbBI ¢ Guxomiviexcom B (A'), onpegenseMeM CJeLyIOLLAM
06pa3oM: ITIOJIOXKHM

B—S't=[®sIA']t
(o7MeMeHTH CTemeuu £ B S-fi TGH3ODHOH cTememu). dueventst B

TPALUMIMOHHO OG03HayaroTcs [a|...|ay, @,6l/A". duddeperunas
d’, d” onpepensioTca opMyJIok
$

day]. - a] =2 (= e ... | Jaiy | day @iy . . . | &,

i=1
@ ay]...|a)= D(— D ay ... | Ja | Ja-a | gl .- las ],

rae J:[A - [ A" —junefinoe oToGpaxceHuHe, 3anasaeMoe HA OJHO-
POLHBIX 3JeMeHTax a (opmyaol

Ja=(—1)%2q.
Onpenenum puaronass A u npousseseHue A B B (A))  dopMynamu
A:B(A)> B(A)®B(A),
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N

Ala] ... al=Xla] .. |al®law] ... [ad,

=

A:B(A)®B(A)— B(A),

[al | fe lar]/\[a’rﬂ ‘ cee !ar-i-s]:
= D e(0y A - s A o) | - - - [otrte]-
O'EI'I,’S

B nocaenseli dbopMyse CyMMHpDOBAaHHe Belercs no Bcem (£, §)-
IepecTaHOBKaM, TO €CTh 1O TAKHM 3JEMEHTaM ¢ CHMMETPHUYECKOH

! ‘ .
TPYIas Spp uTo o(1)<...<<o(r) u o(rl)<<...<<o(r-+s);

3HaK & (o, Gy, ...,0rps) OHPENEASIETCS YHCIOM HHBEDCHE B ¢ MEXIy
WHIEKCAMHU i, 19 KOTODHX deg a; 4eTHa.
[Tpumeps:

a;®@as=[a; | as] 4 (— 1)degathildeees+ D g, | q,],
a,®[az| ] =[a; | ap | a5] - (—1)desait 1) (derast ) [gy | @, | as] -
4~ (— 1)(dega1+1)(dega2+degas) [42 [ Q; ] a,]],

3.74. Teopewma. Bap-xoncrpyxuuss B (A) BMecTe ¢ BBeJEH-
HEMH JMATOHAMBIO A H mpousBefeHvwem A  fAsjsercd auddepes-
OMaJbHOM TpAfyHpoBaHHOR anreGpoit Xonda.

OrmeruM, uto B3k auddepennuana dz.ay C ONepalHIMK
B B'(A) BHpaxaerca teM, 4T0 A u A  gBIOTCA  MOpdUaMaMu
Mexny xommaexcamu B (A) u B (A)®B (A) (mas A 3TO BHpa-
xaerca (Cynep)upasuioMm Jlekbuuma).

3.8. UrepupoBanunie unrerpaasl. Ilycte M — raankoe MHOT006-
pasue, PM — npocTpaHCTBO HeNpepHIBHHX KyCOUHO-TJIAJKHX HyTeH
y:[0,1]-=-M B M. DTo NPOCTPAHCTBO, KOHEYHO, He SBJsSETCS MHO-
roofpasueM, OIHAKO Ha HeM MOXKHO BBECTH MHOTHe NMOHATHS AHG-
tbeperuHaJBHON reomeTpuy (OHO sBiserca JudbepeHIUPYEMBIM
npoctpascTBoM B cmbicie Uena [46]). B uactHocTH, oToGpaxeHue
f:X—>PM (rze X — raajaxoe MHOroo6passe) HasblBaeTcs TJIaJKHM,
€CJd OHO HeNpepHIBHO W aCCOLMMPOBAaHHOE oTObpazkenue

@s 2 [0, 1] XXM, @s(t, x) =F (x) (£)

o6/afaer TeM CBONCTBOM, 4TO IJ HeKOTOpOro pasfuenuss 0=

=l<<t;<<...<<t;=1 orpaHnueHne ¢; Ha [#;, t;11] XX raagko Ais
Jo6oro j.

Hudpepernnanrioin ¢dopMoli w crenmenn n Ha PM HasHBaetcd
3ajande A8 Kaxzaoro raapkoro f:X—~PM n-¢opme [*w Ha X,
OpyyeM HOMIKHO BHIOJHATBCH YCJAOBHE COIJIACOBAHHOCTH:  €C/IH
g : Y—=X —rnagkoe oro6paxkenne MHOrooGpasui, 1o

g*(F*w) = (fg) *w
(rze g* — o6ruHbIl O6paTHHIE 06pa3 ¢opm).
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_ Buemmee npomssenemne u AnpdepenuMan Ha IpPOCTpaHCTBE
Q' (PM) Bcex dopm Ha PM ompelensioTcs eCTecTBEHHHIM 0OGpasoM
yepe3 COOTBETCTBYIOUIHE NMOHSTHS Ha X.

Jlerko Buiers, urto O-gopmel Ha PM — 370 riragkue GYHKIHH.
Hycrb Teneps oy,...,®, — Idddepennuancusie dopme Ha M.
Ux urepuposanneli unrezpan | @1 ... Oy — 370 fud PepeHuHaNbHAA

¢opma na PM crenenu Z(deg ®;—1), 3axaBaeMas IJ% KaXKAOrOo

f:X—=PM crenyomum obpasom. 3amumeMm dopmy 9,0; HA
[0, 1] X X B Buge

Q0= (¢ x)Fdi A (t, X),
rie m;., co;. He compepxut dt. Torpa
f*(j" 0 ... m,)-: j.j‘ oy (4, XIN .. A, (¢, x)dt, ... dE,.
0<l;<...<tr<1
O60snaunM uepes fQ noxnpocrpancrteo Q (PM), mopoxmeHHOE
BCEMM WTEDHDPOBAHHEIME MHTerpajaMu. HecJOMHO NpPOBEPHTH, UTO
Q VHBAPHMAHTHO OTHOCHTC/LHO BHeIIHErO TpOU3BeaeHHs U pud-

depennnana B Q (PM) u obpasyer nuddepeHUHaNbHYI0 TPALYHPO-
BAHHYIO auredpy.

IMyets  x6M—dukcuposansas Touxka. OrpaHwdguM  KaXIbi
VTEPUPOBAHHEI HHTErpan Ba mnommpocrpaicTBo P MCPM n

0603HaYuM TIOJyueHHYI0 aareGpy uepes SQ Komnozuius nerens
X

TIO3BOJIIET ONpefeauTh KOYMHOXeHMe B XQ ¥ MOXHO TNPOBEDHTh,
X

4To SQ npespamaercd B guddepeHnHaNbHYI0 TPAAYHPOBAHHYIO

axare6py Xonda.

3.8.1. Teopewma. Ilycre x6M u nomoasenue &,:QM—>C
sajaercs dQopmyaoi e(f)=f(x) amx fEQM. Ilycte Bi=
== B, (Q M)— 6ap-KOHCTPYKIHXs, OTBEYAIONIAs 3TOMY MOMOJHEHHMIO.
Torpa smuee#iHOe OTOGpAKEHHE

B}—>‘S‘9.', 09, ..®(n,n—>5m1 ce. @
X

sBJseTcs  romomopdusmom  nuddepeHIMaEHEX  TPALYHPOBAHHEIX
anre6p Xomda, KOTOpHE 3azaer wu30MOpQU3M HA KOTOMOJOTHIX.

Casi3p j Q u H (P.M, Q) 3anaetcs téopemoir Yena — Anamca:

3.8.2. ’I{eopeMa. Ecmi M opHOCBA3HO, TO OTOGpaxeHue:
uHTerpupoBanusd H (5' Q) - H (P.M, R) sBrserca u3oMOpdusMoMm
X

amre6p Xonda.
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3.9. [Tpumep. Ilycte X —raaaxkoe anreGpanyeckoe MHOT00Gpa-

sue, X —ero rJagxoe NONOJHEHWe UBM30POM C HOPMAJBHBIMU liepe-
v 1

cevenuavu. [IpexnonoxuM, uto HO(X, Qf)=0. Toraa cmewlawnag

’CprKTypa Xonxa na Ilg=Q[mn; (X, x)|/J” nomyckaeT Cjefyiomee
ONHCAHHKE.

a) Koxsyo nad C. BuibepeM 06asucHl @, ..., Wy npoc;.Tpa‘HcTBa
W=H(Qz(logD)) ¥ 2, ..., 2, upocrpancrea [H°(Qx (log D)).
Tlycrs

n
R
‘wl/\w.’:E aijzk.
k=1

Tlycts {w/}— nyansueit Gasuc npocrpaucTsa W*. PaccMOTpHM 3ie-
MeHTHI

Re= D af; (0! ® vl —w! ® w)T (W¥),
rae T (W*)—rensopras anre6pa W* max C, ¥ NOJOXHM

He=T (W*)/[(R*)4J7], ,
rie J—sagpo ayrmentamuu B 7 (W*). Torma cymecTsyeT CeMEACTBO
ecTecTBeHHBIX H30MopdusmoB kosen [lga~Ilg ® C (oHu ompeaeasor-
€ C TIOMOLIBIO HTEPHUDPOBAHHBEIX HHTErpajoB).

6) Purvmpayus wad C. Vimeem xanoHmecku H'(X, C)=W,
nostomy W sBasercs C-KOMIOHEHTOH YWCTOH CTPYKTYpPH XoOmxka
Beca 2 u muma (1, 1), a W*—coorsercreenno tuma (—1, —1).
CootHowenust R* onnopoansl. [losromy Ha Ilg umeercs Gurpamya-
POBK4, B TepMMHAX KOTOPOH M ompexeasiorcs duipTpanuu Hax C:

Fr(fle)= o @y, W, () = 0 (.

_ B) Q-cmpyxmypa. Oua onpenesetca obpasom Q[m (X, x)] B
IIc. HerpyaHo nposeputs, uto W-duasTpanus onpegeseHa Hax Q

§ 4. Komnuaekcot Xoxxa — Jleauns

4.1. Kax BBOOMTHL CTPYKTYpPH XOJKa HAa KOrOMOJOTMSX OCOGBHIX
muorooOpasuii. Cornacro Henunio [52], 3Ta KOHCTPYKUMS COCTOHT
‘M3 CJeLyIOUIHX LIaroB.

a) OOwee (BO3MOXHO, 0cOGOe M HEKOMMAKTHOE) MHOroo6pasue S
3aMEHsIeTCA Ha €ero «CUMIVMUMAJTBHYIO pesoJkBenTy» (.. dT0o—
CHMIUMUHANbHAS CXeMa, COCTOAWIAA u3 IVIAAKHX MHOroo6pasuii M
cHaOxenHas ayrmeHranue#t a:U,— S, xoropas of6ranaet 1o OTHO-
INEHHI0 K KATErOpHd INyYyKOB AaGeseBBHIX Tpymnm Ha S TaxkuM Ke
CBOACTBAMY, K&K AUMKJMYECKOE NOKpHTHe. CBEPX TOro, mpemnoJa-
raercd, yto U, MOXKHO BAOXKHTE B TMAAKYI0 COGCTBEHHYIO CHMILIH-
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nHanbHyIo cxemy X, Tak, yro X\ U, Gyner muBM3OpOM C HOPMAJb~
HBEMU TIePECEUEHUSIMU. '

6) Koromonoruu H'(S, C) seuncasioTcst ¢ noMOIIbo 0606 eHHOM
YeXOBCKOH DEe30JIbBEHTH, NOCTPOEHHOH M3 H'(U . C), Ha amemeHTaX
KOTOPO# cTpykTypa XO/Ka CTPOMTCH, KaK B § 2.

B) B KauectBe NMpOMERKYTOUHHIX O6BEKTOB TaKOH KOHCTPYKLHH
NOABJAOTCA KOMIIJIEKCHI MOAyJleli ¢ GuAbTpanued, cBOACTBA KOTO-
pux o6061aloT cBofcTBa CTPYRTYp XOAKA.

B stom naparpade MB OnpefenuM Takue KOMIUIEKCHI, CJAEAYS
Henunio [52], u HasoBeM uX KoMmIlJekcamMH Xoaxa — JesuHs.
B § 5 MB onmuueMm C MX NOMOWBIO CMELIAHHBIE CTPYKTYPH Xodxa
Ha KOTOMOJIOTHMSAX CHUMIUIMUHAJbHBIX cxeM. B § 6 MH nagum Mo-
JHQUUMPOBANHOE ONpejeseHHe KoMmiekcos Xoaxa mo BefruHco-
Hy 4 ONHMILIEM HX CBf3b C IPOM3BOAHON  KaTeropue  CTPYKIYyp
Xopxa. .

Cnepyer npelynpeinTb UYHTATeNs, YTO ¢ aJjreGpo-reoMeTpuyec-
KOH TOUKH 3DeHMs 5TH JIOHATHS HIPaiT CKODee TEXHHYECKYI0 H
BCIOMOraTeNbHYIO POJb. MBI COYJH TOJE3HHM HX BBAEJNHTH, HOGO
OHH BecbMa XapaKTePHBl C KaTeropHOH H TOMOJOTHYECKOH TOUEK
3peHHsl.

4.2. dugprpoBaHHas npoussopHas Kareropus. [lyers & —
abeneBa xarteropusi. O6o3Hauum vepes K*FSf KaTeropuio OrpaHH-
YeHHBX CHHM3y (HJbTPOBAHHHIX KOMIJIEKCOB Hag & ¢ TOYHOCTBIO
JO TOMOTOINHH, COTMACOBAHHBIX ¢ (uJbTpanned. PHIBTPOBAHHBIM
kBasuusomopdusmom f: (K, F)—(K’, F’) HaspiBaeTcsi Tako#l MOp-
GU3M KOMIJIEKCOB, COTJIAcOBaHHBIE ¢ ¢uabTpauued, yro Gre(f)’
sABAseTCst KBasuusaomopousmoMm. Uepes DTFof oboszHavaercsd Ka-
Teropus, nonayyenuast u3 K*Fsf obpamenneM Bcex QHJILTPOBAHHEBIX
KBa3HH30MODPH3MOB.

Kareropueit K*Fsf yno6Ho mnoab3oBaThes MAJS BBEAEHHS YH-
CTBIX CTPYKTyp Xo0Mka Ha koromoJjoruax. CMeIlaHHBE CTPYKTYPHI
XoaXa noJyyarTcs aHaJOTHYHbM OOpasoM M3 Kareropuu K*Fost.
G6udunbrposannbix kommiekcoB (K, F, W) wu cooTsercTByromiel
GuUILTPOBaHHOR NPOM3BOJHOH xarteropun DTFosf (6udpuabTpo-
BaHHbI  KBasHU3OoMOpQH3M [ HHAyUHpYeT  KBAa3HH30MOP(H3M
GI'FGTW (f) ) .

4.3. Ynctole xomnaekcn Xomxa—Jeamns. B curyaumu m. 1.1
gHcThiM A-KoMmiekcoM Xomxka—JleMHHs Beca n HasbiBaercs KOM-
naekc K,60bD+(A=mod) ¢ HéreposbiMu koromosoruamu H'(Ka)
H CO CJEAYIOIHMH CTPYKTYPaMHu:

a) ®uabrpauua F Ha K4 ® C, nonnvaemaa xak (K¢, F, a), rie
(K¢, F)EOb D*F (C-mod), a o:Kc¢3Ka® C—xsasuusomopdusu.
Tlpu sTom nuddepennuan K¢ LOLKEH OGTH CTPOro COraacosad ¢ F..

6) Jaa  xawmoro k&  uHAyuupoBaHHas  ¢uibTpalus  Ha
H*(K ) ® C=H*(K¢) nomxHa ObTh wuMCTOR CTPyKTypoil Xomxa
Beca nt k.
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O6o6uieHreM 3TOr0 MOHATHS SIBJASIOTCS YHCTHE A-KOMIIJIEKCH
Xomxa—JlenHHsi Beca A Hal TONOJOrHYECKHM MPOCTPaHCTBOM X,
B onpeneneHny Bbllle HyXHO 3ameHHT: A-Moaysan u C-MOAyJM Ha
nyuku A-mopyaeit w C-mofyJeir Han X W HaJOXHTh CJeAyHOllee
ycaoBHe:

a’) Hannne (RT (Ka), RT (K¢, F)), RT (2) 00pasyloT HHCTH
A-gommiexc Xozmxa seca n.

B xauectBe Gasucsoro npumepa nepedopMyJHpyeM Ha 3TOM sA3bKe
Teopemy Xomka. Ilycte X —rJanxoe mpOeKTHBHOe MHOrooGpasue,
Kz-nyuox Z (Kax KOMILIEKC, COCPeIOTOYEHHHNI B HYJEBOM UJEHE),
K ¢— roaoMopduHit Kommnexce nyuxoB jge Pama, F — raynas ¢uibTpa-
s, a:Kz®C— K¢—kBasunsomopdusm no semve pne Pama. Toraa
Kz, (K¢, F), @) —uncruit Z-kommiexc Hax X Beca HyJb.

4.4. CMemanubie xommiexchl Xomwa— denuusa. CumerlaHHB
A-xomnnexc Xoxxa— esuHs COCTOUT M3 KOMIJIEKCOB

K460bD* (A-mod) ¢ HETEPOBHIMH KOT'OMOJIOTHAMH,
(Kaga, W.)6 ObD*F (A®Q-mod),

(K¢, W., F)6 ObD*F4(C-mod)
3 H30MOP(M3MOB
%y Kaga Ka®Q B D*(A®Q-mod),

a:(Ke, W) (Kaga W)®C B D*F (C-mod).

OTH JaHHBE JOIKHH YIOBJETBOPATL CAEAYIOLLEMY YCJOBHIO.
Jlas xaXaoro n cucTeMa

(Gr;‘,’/ KA@Q , (GT;Y (KC), F)’ GYE/ (Ct))
(Kaga)

sABAsieTcs uncThiM A ® Q-romnaekcom Xoaxa Beca fi.

Ha 3TOM s13BIKe KOHCTPYKLHSI CMELIaHHOM CTPYKTYpH XolXKa
u3 § 2 BHIVIAIHT TakK.

ITycts X —raazkoe coGcTBeHHoe MHorooGpasme, YcX — am-.
BM30p ¢ HOpMaJbHHMH nepeceyeHusmu, U=X\Y, j: U—X— Bio-
xenue. [lomoxum

KZ:Rj*Z;
Ko=R;Q, W,(Kao)="1<r(R/.Q);
KC=ij(10gY), Wn=t<n(')’ Fp=c>ﬂ(')‘

O KOHCTDYKUHH H30MOp($H3Ma o ObJIO BKpaTie cKaszaHo B § 2.
Otu naHHbe 0o6pa3yiorT cMeluaHHHR Z-koMmIuieKe Xoaxa—[lenuHs
Hay X. ITpumenuB K HeMy ¢yHKTOp RT, MH NMOJNYYHM CMeIIaHHbBIH
Z-xomnnere Xonxa—Jlenunsi, KOrOMOJNOTHH KOTOPOTO CYTb CMé-
inaHHble cTpyKTypH Xomxa H'(U, Z).
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§ 5. Komnaexcet Xopxa — Jlenuns MaorooGpasui
C OCOGEHHOCTSIMM M CHMILIMIMAJbHEX MHOT006pa3nil

5.1. CumnauumanbHas pe3osbBeHTa MHOrooGpasua. [lycTh S—
MpOH3BOIbHOE KOMILJIEKCHOe anre6panueckoe MHorooGpasue. Ero
CUMNAUYUALLHOL Pe30AbB8eHTOoll HashiBaeTcsa CJefylomuit Ha6op
JaHHBIX:

a) Cummmupancaoe Muoroobpasue X, mapy C, Bce 06BeKTH X,
KOTOPOTO ABNAIOTCA TMOJHBIMM ¥ IJIATKAMU.

6) CuMmmupansHoe nopMuorooGpasue [, X, Takoe, YTO BCE
D,C X, ABIAIOTCA IUBA30DAMH C HOPMAJLHEIME TIEpECEHeHHSMH.

a

B) Mopdusm ayrmenranvn U, =X \D.—-S, KorTophii mnpeBpa-
maeT U, B cOGCTBEHHOE THIEPNOKPHITHE S B KATErOpHM TOMOJOTH-
YecKHUX npocTpaucTs (¢ obbluHOMK C-ronmonorued).

dopmasibHOe ONpene/eHne THIepPIOKPHTHS OYAeT HAHO B CJAENYIO-
meM myHKTe. CBOHCTBA TI'UIEPNOKPHTHA 0600m1a0T CBOACTBA OOBY-
HOro MOKpHTHt S = JS;, ecsm GOPMYyIMPOBATH WX HA FA3BIKE CUMII-
suuuansioro npoctpanctea U, rae Up==[S; u U,=U;X ... >§U0

s

(n+1 pas). B uacrHoctH, ¢ynrrop RI' or myuka Ha S MOXKHO
BHIYHCJHTH N0 RI' ot ero npoo6pasa Ha U.

OcHOBHas aare6po-reomerpHyeckasl  Teopema, CyIIecTBEHHO
onupalomasics Ha paspewleHHe ocobGenHocTefi (1m0 XupoHaKe),
yTBEpXKAaer, yro NI JoGoro S CHMIJHMUHAJNbHBIE Pe30JbBEHTHI
CYWECTBYIOT, JB€ pasHEle CHMIJHLHaJbHble PE30JbBEHTH MOXKHO
HaKPHIThb ¢ HOMOMIBIO TpeTbelt; ¥ MOpduaM MHoroo6pasuit S—>T
MOKHO INDOJOJKHTL 10 MOD(H3Ma NOAXOAANIHX CHMIJIHIHAJbHBIX
pesonbBeHT. DT0 OOecleddT CyLiecTBOBAHHE, e€IHHCTBEHHOCTh M
GYHKTODHAJBHOCTL CTPYKTYp XOAXa, KOTOphle  MHB  IIOCTPOHM
HHXe.

5.2. I'mnepnokpeitus. a) Ilycts f: X—Y-—mMopdusm TOmOJIOrH-
yeckux mnpoctpaHers, & —nyuox Ha X, ¥ —nyuyok Ha Y. Torzma
f-mopdusmanuy G§—F HaspBawTCA 3JMeMEHTH MHOXKECTBA

Hom (¥, F)=Hom (f'9, ) =Hom (4, f.F).

Moxno ompepemats maa X Ly5Z urpolixn nywos &, Y, 3
KOMIIO3MIMIO g-MOpdu3Ma W f-mMopdmsMma, xoTopas Gymer gof-MOp-
dusmom 6~ &F.

6) Iycts U.—CUMIUMIMABLHOE TOMOJOIHYECKOe  NPOCTPAHCTBO.
Torna nysox F Ba U, ecTs cemefictBo nyukop F” Ha U,, cBsi3aH-
nex U, (f)-Mopduamamu F-(f) ana moGoro neyGhisaontero f [m]—
- [#i], KoToprle moxukHeHsl yeaopuM F'(fog) = (f)F (g)-

OueBuxHbIM 06pa3oM ompenessietcss Mopdusm myukos F - &

Ecmi S, —nocTosHHOe CHMILMIMAJLHOE IIPOCTPAHCTBO, TO €CTh
S,=S, S(f)=Iid naa scex f:[m]—>[n], TO mysox F Ha S —3TO
TO e, YTO KOCHMILIMUMAJBHEH MydoK Ha S.
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B) Ilycts @:U.— S —ayrMeHTHDOBaHHOE CHMIVMUHMAJBHOE MpO-
CTPAHCTBO, MPEJCTaBJEHHOE MOp(U3MaMK a,:U,~S, KOTOpHE
ypasmusator Bce U.(f). Has mo6oro mydika & Ha S cemeficTBO
@ (F)={a, (F)} ssaserca nyaxom Ha U.. PyHKTOP FroaF umeer
TpaBelfi CONpsKEHHsE (PyHKTOP:

7/ a°

1
a9 —Ker| 20930, 9" |,
. .
¥ CymiecTByer (yHkTOpHaibHbE Mopdusu Id —a.a’.

AyrMeHTauMs @ HASHBAETCH MO PPUIMOM KOZOMONOULECKOZO
cnycka, ecm aas moGoro nyuka abenessx rpynn F Ha S umeeMm
FxaaF, RaagF=0 npu i >0.

Henpeprisroe oto6paxenue a@:U —»S TOMONOTHYECKUX NPOCT-
PAHCTB HA3HIBACTCH MOPPUSMOM KOOMOAOULECKO20 CRYCKQ, €CM
3THM CBOfiCTBOM o6aanaeT ayrmenrtamus a:U.—S, rme U,=
==U>§...><U(n+lpa3). '

N

Henpepesroe otobpaxenne a:U —S HaspBaeTC M0 phusmon
YHUBEPCAABHO2Z0 KO20MOAOULECKO20 CHYCKQ, €Cad AJs Jjobore
U:S’> S orobpaxenne U X S'— 8’ sBaseTca MOPHU3MOM KOro-

N
MOJIOTHECKOTO CIyCKd. ODTHM CBOHCTBOM 006/1a1al0T COOCTBEHHBIE
MOp(HSMBI, U B HHTeDeCyOIIUX HaC MNPUIOXKEHHAX HX [AO0CTATOYHO.
r) ITyers croBa a:U.— S —ayrMeHTHPOBAHHOE —CUMILIHUMAJBLHOE
npoctpascteo. OHO HasplBaeTCa eunepnokpeimuesm S, ecm  Bce
KaHOHMYECKHUE OTOOPaXeHust

(@)t :Ua-g-l‘—* (cosk sk, U-)ﬂ+1

ABAAIOTCA MOpPOHIMAMH YHHBEDCAJbHOTO KOTOMOJIOTHYECKOrO CIy-
CKa (B OCHOBHEIX KOHCTPYKLHSIX 3TO COOCTBEHHEIE MODQH3IMEI).

BcsikOe THIEPIOKDBHITHE €aMO sSBJseTcss MOP(H3MOM KOrOMOJO-
IMYECKOro chnycka. B uactHoctd, Mjas  Jmo60oro  KOMILIeKca
KeObD*(S) xaHOHHYeCcKOe OTOGDaKeHHe

RT (S, K)-RT(S, RaaK)~RT (U., ¢K)
apasercs  usomopdusmom (dpynxrop I'(U., F7) onpenensercas Xak
Ker (T'(U., F)3T U, F)).

IT1oT H30MOPGH3M H HCHOJIB3YETCH [Js NOCTPOEHHS KOMILJIeK-
ca Xomgxa—/Jleauns, BeIUKCJSIOMEro Koromojorud S. [leno B ToM,
9TO Ha KOMIOHEHTax pe3oJbBeHTH U, TakKHe KOMILJIEKCH HaM H3-
BeCTHH B cuay § 2.

5.3. Kogctpykuus xommiekca Xomxa— denmus B oGosnaye-
BuAX 1. 4.4 cmewannnli Komnrexe Xooswa — JJeAurs, BHYUCISIIO-

J a
IMf KOroMosioTul S MO CHMIVIMIMAJBHOR pesoasBenre X, -~U —S’,
COCTOMT M3 C/eyIOWMX NAHHBIX:

KZ"""""RP((Una Z), KQ:RP (U.’ Q), KC=RP (Uu C)'
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BecoBast Quiprpamms u dwmrTpanus Xomka #a K¢ BBOIATCA, KAK
¥ IPeX[Ie, C HOMOLIBIO OTOXJeCTBIEHHs :

RT (U., C)=RTR; ,C==sRT"Qk (log D).

3nech I —dynKTOD, KOTOPBI CTABUT B COOTBETCTBYE MyUKy 46€/MeBHX
rpymn F ma U, gocummmuumambiyio rpymy {T (U, 7)), a xomn-
JeKCYy  NyYKOB-— COOTBETCTBYIOIMHA KOMIMEKC KOCHMIIMIUAJIBHBIX

rpynn. Torna RT™ npeppamiaer KOMIIeXC NYYKOB B KOMIUIEKC KO-
CHMIVMLMA/ILHEIX [DYIM; aJbTePBHPOBAHHAS CyMMa TpaHEeH jenaeTr

U3 Hero OuKkoMImaeKc, a SRIV-—COOTBeTCTBYIOWIMHA AHATOHAJBHBIA
KOMIIJIE KC.

OKOHYATENBHO:
W, [sRT" (Qx (log D))= Wn[p 9 (RTQx , (log D )7 =

q=m

= & W, [(RI‘Q'XP (log D)),

p+g=m

F" [SRT" (Qx (log D))=, @ F"[RIQ, (log D))

g=m

[poucxoncnenve W us dumstpaunpn Ha Ko NPOBEPSAETCS C HOMOIIBIO
TEX Xe COOOpaXeHH#, YTO M B [VIAAKOM CJydae.

§ 6. Komnuaexcs Xopxa — Beitnuncona
¥ NPOM3BOJHbIE KATETOPHH CTPYKTYp XOA:Ka

6.1. IlpowsBoxmaa Kateropusi. B curyamun § 1 oBo3naunm
yepes # aGesneBy KAaTeropwio CMeladHHelX A-CTPyKTyp Xojxa.
O6osnaunm  uepes  [g:d6— A-mod  dyHKTOD Ly (M)=

=Hom g (A(0), M). Herpyano yGemuthcs, 4TO 3TO JEBO-TOUHBIY
byakrop u Homgy (M, N)=TzHom (M, N). M wmoxeM onpe ae-
JIUTH COOTBETCTBYIOULHE MPOM3BOAHBIE (DYyHKTODH

RHom: D™ ()" X D* (#)—~ D*(56),

& D~ (96) X D~ (6)~ D~ (36)-

6.2. Mlpegnoxenue. [lycte M, N — KOMIJIEKCH ~CTPYK»
typ Xomxa. Toria KaHOHHYECKHe CTPEIKH

(R Hom (M', N.))A"')' R HomA-mOd (M-9 N.):
. (M.éN')A—>MA§NA
ABAMOTCA  (KBa3u)130MOPPA3MA M. B uacruoctu, gmna M,
NeOb s, i >0 umeem
(R*Hom (M, N)a=Exta.moa(Ma, Na)
ABJACTCA TepUOfuIecKuM A-MOLY/IEM.
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6.3. Meron Bbruciaenuss R Homg. Pacemorpu Juarpamuy
KOMILIEKCOB A-MOnyJell Bumpa:

B4 . Bn
D V \91 V fV \911.
Aq Az e An Ansi
TTlonoxum
=2 fi— Y& ®A,=T(D)> 0B, =T (D).
Tomoxum panee

['(D)=Ker f, I'(D)=Coker f, T (f)=Cone(f).

[lycts M —mexoroprii xoMmaexe crpykryp Xomxa. OH moposx-
J2ET JHArpaMMy OTUCAHHOTO BUAA:

Ma We,o (M)
Dy (M): / \ / \
M; Wa,o (M) (FENWe,o) (M),

Tlonosum Tgg (M)=T (Dgg (M), Tog(M)=T(Dgg(M) n 1.1
Hosoe ompepencuue Iy (M) coBnasaer co crapeM, xorna M

ecty obwekt. DynxTop f% (M) nepeBOLMT  KBA3UU3OMOP(DHU3IMBL

B KBasMW30OMOPOHM3MBI U MOTOMy HHAYIHDPYET COOTBETCTBYIOLUH
(PYHKTOp HA TPOM3BOIHEIX KATErOPUAX.
6.3.1. Illpegnoxenue. a) KanoHHueckas  CTpeaxa

RHom (M, N)>T4RHom (M', N) sBiserca  H30MOPQU3MOM.

6) [Haa moGux crpyxtyp Xomxa M, N u i>1 wumeem
Extyy (M, NY=Exty(Ma, N4). B uactaocrn, ecm A—moGoe
peryaspHOe KOmbLO pasmepHoctn <1 (uanpumep, Z, Q wumu R),
10 Extyy =0 npu i>1, Tak uTo M0GOH KOMILIeXC M KBA3MU3OMOp-
den ®H!(M)[—i] nocpencTBoM KBa3UM3OMOPPH3MA, HHAYIUPYIO-
IIero TOXAECTBeHHH MOPGHU3M HA KOrOMOJIOTHSIX.

6.4. Komnnexcn Xomwka—bejumacona. Houn.iexcoxw Xo0-
ona— BeiAuHcORa HashBaeTCs HEeKOTOpoe O0O0IeHHe auarpaMMel
Dz (M), a UMEHHO, IMAarpaMMa BHIA:

fa (e , We,)
o a/ &z ag NG
M; (Mg, Wa.) (Mcy We-s F)
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B_sToit juarpamve My, Mq u T. m. CYyTh KOMILIEKCHI A-MOay-
Jielt, Q-Moxyzen u T. m.; W u F—ux QuibTpamuy, CTPEIKH

% o' Ma®Q> Mo, o2 Mo M,
%,c: (Ma, Wa.)9C— (Me, W),

a43(Mc, Wc)—* (MC, “?/C)

sBsOTCA  (PUIBTPOBAHEEN) KBasuusoMopduamamu. Jlanee, MOMKHBI
-OBITHL BBIIOJHEHB! CJIEAYIOIME YCIOBHS.

a) Ma umeeT HETEPOBH KOTOMOJOMHM.

6) Huas kammoro n€Z nuddeperiuan GUALTPOBAHHOIO KOMILIEKCA

. W gms

(Gt (Mc), Gry F") crporo comecTuM ¢ duabTpamMe.

B) dra Quibtpauns cnyckaerca Ha H (Gr, Mg) u onpeneiser
Ha 3THX KOTOMOJIOTHAX wicTylo A®Q-cTpykTypy Xoaxa Beca I.

MOXHO IPOBEPUThH, YTO [PH 3THX YCJOBHAX CNEKTpaJsibHBE IIO-
C/Ie [0BAaTEILHOCTH KOMIIEKCOB Mg ¥ M¢ TO OTHOLICHMIO K (UILT-
pamaM W u F Bepoxjaiorcs B wieHe E, 4TO mO3BOJSIET ONpeje-
mts Ha H (M3) A-ctpykrypy Xoaxa. OGosHauuM €e uepe3
H (M). :

Mopdmam f: Mi— My xommiexcoB Xojama— Bef/MHCOHA oOnpe-
JesseTcsl KaK MOpgu3M COOTBETCTBYIOIIMX AuarpamMm. MOXKHO ompe-
JeMuTh TOMOTOMMIO M KOHyC B 3ToH xareropmm. [lycts K7 (rIe

#=§, +, —, J)—COOTBETCTBYIOIAS TPHAHTYJMPOBAHHASA KAaTEro-
pust. Mmeerca ¢ynxrop woromosormit H: K P mopdusm B K,

‘Ha3bIBACTCA KEA3UUS0MOPPUIMOM, €C/d OH HHIYUHPYET H30MOPQusM
i & ___ ITH s a—1
na Beex H. [yers D%, =K%, [Qis~T].
HOas moGoro kommaexca CTpykTyp Xomka M nmarpamma
D%(M') fBasgeTcs xoMmmiekcoM Xoxka—bBefsmHcoHa. IDTO Onpe-
Jensier Qynxrop D* (36)~ D,.

6.4.1. Teopema. ®yuxrop D® ()~ D% sBASETCA IKBUBA-
JIEHTHOCTBIO KaTeropufl.

W3 sroft TeopeMsl u xoHcTpykumit [esmHst BHTEKaeT cJepyolui
pe3yJbTar.

6.5. Teopewma. CymecrByer ¢yukrop RT (-, A) u3 xareropuu
anre6panveckux MHOrooGpasufi Hajx C B NPOM3BOAHYIO KAaTEropHio
Db (38,4) raxoit, uto RI (X, A)a eCTb KOMEJEKC CHHIYJSPHBIX KO -
nernefi ¢ kosdduurenTamMy B MOCTOAHHOM nyuxe Ax. Bl

[TpsiMast xoHCTPyKuust 3TOr0 QyHKTOPAa CTABAT B COOTBETCTBHE
MHOT00Gpasuio X mnogxonsmuli goMmiaexe Xomxa — Belmuucona xax

06bexT D.
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§ 7. Bapmanuu crpykryp Xofixa

7.1. OcHosHme 3apaun. Ilycte f: X—S—wmopousm anrebpa-
HYECKHX MHOroo6pasuii, KOTODPHIf eCTeCTBEHHO paccMaTpHBaTh Kax
ceMefictBo cnoes X,=["!(s), mapamerpu3oBaHHOe TOYKAMH SES
(#a [ moryr ObTh HAJOXEHb pasHBle YCIOBHS  PeryJ/spHOCTH).
Torma BosHHKaer cemeiicTBOo cTPYKTyp Xoaxa H'(X,), HasbciBaemoe
ceomerpudeckum (WM TEOMETPUUECKH peajH3yeMbiM). YKe B Ilep-
Bble TOLB PA3BHTHS TEODHH OBITH YCTAaHOBJEHB OCHOBHBIE CBOH-
cTBa Takux ceMeficts. OTMerAM cpeinm HHX caepylomue (CM. 06-
sop I'puddurca [72]). :

a) Teopema I'pugurca o TpanceepcarbrHocTu: KoBapHaHTHas
MPOH3BOJHAs OTHOCHTEJNbHO. KAHOHHUECKOH IJOCKOH CBSI3HOCTH Ha
H(X,) BIONb TOJOMOPOHOro BEKTODHOrO IOJsS TNepeBOAHT FP
B Fr-i

6) Teopema o moHOOpOMuL: TyCTh cemelictBo f: X —~ S Bria-
JbBaeTCss B cemeiicTBo f:X— S, rae X\ X u S\ S— auBu30pH C
HOPMaJbHBIM nepeceuenveM. Torpa omnepatop MoHOApPOMHH T TIpu
06x01e BOKPYr onHOf u3 BeTBell S kpasuymunorenter: (77—1)7=0
A1 TMOAXOJAIIHX 7 U ¢.

B) Teopema o nosynpocmome 2£06Q4bH020 — Oelcmeus
(S, sp) Ra H* (X, C). o

r) Teopema o pezynspHocTu: 0COGBIe TOUKM  KAHOHHYECKOH
CBASHOCTH HaJ OJHOMEDHOH 6aszol peryisipHsl B cMbicle Pykca.

1) SLy-Teopema HImudra. Drta Teopema jaer TOYHble CBe-
lieHHsT o6 aCHMITOTHYECKOM NOBeIeHUH CTPYKTyp XoAXKa  NpH
IPHGJIHKEHNH K 0CoO0¥ TOUKe.

B nmaspmefiilleM 6BLIO TPENJIONKEHO HECKOJbKO YTOYHEHHH TO-
HATUA «BapHauus crpykryp Xoaxa». Yacts uEGOpMALUH O TIeo-
METPHUECKHX CTPYKTypax XoJXKa IpPH 3TOM BKJOYajach B oOmpe-
nenenne. OfHa u3 LeJell TEODHH — HalTH Takoe oOlpelesieHHe Ba-
paaunu CTpykTyp XoAXa, KOTOpOoe G6blI0 GH 3aMKHYTO OTHOCH-
TeJbHO BCEX ECTeCTBEHHBIX TeOMeTPHYECKHX M KOrOMOJIOTHYECKHX
KOHCTPYKUHH; B YAaCTHOCTH, KOTOMOJOTHH ¢ Ko3dh(dHuueHTaMH B
cTpykTypax XoJAXa CaMH HNOJMXKHE 06JaiaTh  eCTECTBEHHBHIMH
cTpykTypaMu XoIxa. :

He nperenjyst Ha NOJHOTY, MH HPHBENEM HECKOJbKO COBpEMEH-
HBIX DPe3yJbTAaTOB O BapHALHUAX CTPYKTYp XoIxKa.

72. Onpenenenne. Bapuayued (aucroir) A-crpyxTypor
Xodama Beca n Haj KOMIUVIEKCHEIM MHOroob6pasueM S HaseBaeTcs
cleayromui Habop NaHHBIX. :

a) JloKaJbHO NOCTOSIHHBIA INy4OK HETepOBHX A-MoAylelt A a
Hazg S.

6) Koneunass y6mbiBaomasi (HJILTPAUHSA JOKAJbHO CBOGONHOTO
nyuka H=OCsQ® aM 4, uleHH KOTOPOH FPA SBASIOTCA JOKAJIBHO
CBOOOIHBIMH JIOKAJBHO NPSIMBIMH NOANYYKaMH B A, Takas, 4TO
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Ha ciaosix J(S) Han BceMu ToukaMu SES sra QuibTpauus HHAY-

LEPYET YHCTYIO CTPYKTYPY XOAXKa Beca f.

'~ B) FP [OMmKHa TakXe VYIOBJETBOPATH CJENYIOUIEMy YCJAOBHIO

TPAHCBEPCAJBHOCTH: MyCTh Y/ — rosoMopdHas cBA3HOCTh Ha A, OT-

HOCHTEJILHO KOTOpPOft A 4 ropuscHTaseH. Torma Vv FP A C.Qég Frig
S

JJA BCEX p.

73. Onpeneanenune. [loaspusayued  Bapuauupm  YUCTOH
A-ctpykrypst XolKa Beca n Ham S, OUNpPeNesIeHHOH B 1. 7.2, Ha3H-
BaeTcss  HeBBIDOXKJEHHOe  ILIOCKoe  OHJAHHeHHOe CHapuBaHHe
B: A XMHa—A, KOTOPOE HEBHPOXKIALHO, (—1)”— cUMMETPHYHO
H LJa Kotoporo spmuToBa ¢opma B,(C,m, n) NOJOKHTEIBHO OII-
pellenena, rie C;— yMHOXKeHUe Ha iP~¢ Ha A PI(s).

Bapuanusi HaselBaeTcss noAapusyemod, eclw OHa  HONYCKAaeT
NONAPH3ALMI. B reoMerpHueckol CHTyaUdH NOJSPU3ALKH NPOHC-
XOAST H3 K9JePOBOH METPHKH W IPHMHTUBHOTO Pa3JOKEHHS.

74. Onpenenenue. Bapuayuei cmewannoil A-cTpyxrypoi
XoOowca Hajx KOMIJIEKCHBIM MHOrooGpasueM S Ha3BBaeTcs CJeLy-
oui Habop NaHHHX.

a) JIoka/JbHO TNOCTOSHHBIH Myyok HerepoBbix A-Monyneii JMa
"an S.

6) ®nmrpanus W nyuxa HAq=Q@K 4 JOKAIBHO NOCTOSHHBIMH

A

TOANYYIKAMH.
B) Koneunasa yObiBaouras ¢uaetpanus F J0KaIbHO CBOGOZHOrO
nyuka JH =OCs@. A 4, WIEHH KOTOPOH ABAAIOTCA JOKAJBHO CBOGOLI-
A

HBIMM JIOK@JbHO TPAMBIMHM NOANyukamu B A ¥ KOTOpas yLOBJET-
BOpSieT YCJIOBMIO TPAHCBEPCAJNBHOCTH, Kak B M. 7.2B).

© OTH paHHble MO/MKHE! OUPEAesATh HA KAXKIOM CI0e CMEeMIaHHYIO
crpykTypy Xomxka. Torma GrZ./I{ 4 Oypmer Bapuanuefi uucroi
CTPYKTYyphl XOMX8 JAJS BCEX m.

Bapuanua cmemanno#t crpyxtyphl XOAXK4 HA3BIBACTCA HOAAPU-
syesmoil, ecqu BCe BapHan Uy Gro A 4 TOJIAPH3YEMEL.

75. Ilpumep. Ilycte f:X -8 —TONOJOrAYECKH JOKAJBHO
TIOCTOSIHHOe CeMeHCTBO aareGpandyecKux MHOrooOpasufi. Torma mywox
Mz=Rf,I KaHOHHYECKH SIBJIACTCS BapHauuell CTPYKTYps Xomxa.

7.6. [Ipumep. Ilyctb S—nmpoussosbHoe TIIafKoe agrebpa-
HYecKoe MHoroo6pasme. PaccMOTPHM Ha HeM JIOKaJbHYX CHCTEMY
II" co cmoem Z[n;(S,s)]/J" B Touke s. Cornacro § 3, oHa obaa-
Jaer mocJofiHoi cMemaHHo#i Z-ctpykrypo# Xoaxa. Cyuiectsyer
€[HHCTBeHHAs BapHAUMs CTPYKTYp XOIXKa, HHAYUUpYOIlas 3TH
NOCJAOHHBIE CTPKTYpHL. ODTa Bapuauus HA3HIBAETCS TaBTOJOTHYe-
CKOH.

BaxHocTs 3sTOrO mpHMepa cBsizaHa C TeM, U4TO ero oGoflieHHe
NI03BOJISIeT JaTh TEOPETHKO-IPEeACTABJEHUECKOe ONHCAHHE BaXKHOM
MOAKaTeropHu BapHauui CTPyKTyp XoAXa.
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C 3Toll mesbi0 3aMeTHM cHayaJJa, UYTO JOKAaJbHO MNOCTOSHHHIT
nyyox J 4 Ha cBs3HOH Oase S OAHOSHAYHO OmNpelessiercsd Open-
cTaBileHHeM TPynOe m; (S, s) mHa c/10e Ha,s (Ple s— mobas duk-
CHDOBaHHas Touka S).

77. OrmnpeneneHue. Bapnanus CTPYKTYPH  XoIXKa
(A4, F, W) HasbiBaeTcs YHUNOTEHTHOU, €CJH BBINOJHEHH CACLY-
I0IIHe 3KBHBAJEHTHbIE YCJIOBHS:

a) Ilpexcrasienne m; (S, s) Ha Ha,s YHUIIOTEHTHO.

6) DTO Npe]CTABJEHME WHIYLUPOBAHO HEKOTODBHIM MHPENCTaB/e-
mueM Z [m, (S, §)]/J7 (vsl roBopuM, UYTO HHIEKC VHHNOTEHTHOCTH
<r—1).

B) Bapuanuu GrY nocrosHEsl AJA BCEX M. B _

7.8. lloBenenne Ha GeCKOHeYHOCTH. [IycTe S=S8S\ D, rge §
KOMIIAKTHO, [D — RUBM30p C HOPMAJBHEIMH IlepeceueHuamy, N —Jo-
KaJbHO  TOCTOSHHBI  nyuoxk C-JMHEHHBIX TNPOCTPaHcTB HA S,
N =Cs gpN . Ompenemm mo [lesquHI0 KaHOHHYECKOE NPOAOIKEHUe

Nyuxa 4 KaK MOAmywoK j, (A7), rhe j:S—S. Bubepem oxpecr-
HOCTh TOukM D Buga (A*) X A®7, rae. A—eIuHVUHBIA JHCK,
A*=AN{0}. TIlycre (24, ..., 2,)—KOOpHMHATE Ha (A*), N,;=
=r"tlog T}, rne T;—wmoHonpoMust 006X0Aa B Aj, VHUTOTEHTHO.
Tycte 2;=exp (2nit;), Im t;>0. B xawecrse o6pasyoimux N mBt

GepeM ceyeHHs 1 =eXp (—2 ;N j) n, TIe 1 npoderaer (MHOTO3HaY~
Hble) JIOKAMbHbE CeueHus A .

7.9. Onpepgenenue. YHUNOTEHTHAA BAapHaNMa CTPYKTYpH
Xonxa (M 4, F, W) nassBaerca xopoweli, ecnu

4) wienn Qumbrpanun Xomxa FPA  TIPOAO/KAIOTCA A0 MOA-
Ny4KoB FP=FP 47 KAHOHHWYECKOrO TPOAOMKEHHS TakuM 00pasoM,
yro nyukd Gr¥Grr JoxambHO CBOGOIHEL

6) Jlw6oi HuAbNOTEHTHHIR JorapudM N; JoKaJpHOro onepa-
TOpa MOHOApoMHM YHoBjaeTsBopsier ycaosHio N, WpcW, .. nasa
BCEX 7M.

7.10. XoaikeBsl NpPeNCTaBJeHHA ;. YHHIIOTEHTHOe IpeACTaBJe-
e m(S, s) Ha A-monzyiae M,, cHabXeHHOM CTPyKTypoi Xoaxa,
Ha3bIBAeTCst XOONCeBbiM, eCJH COOTBETCTBYIOUlee OToOpazkeHHe

Alnui (S, $)1/J™—>End M4
ABJsIeTCA MOPGH3MOM CTPYKTYp XOAXKa.

7.11. Teopema. Ecim (A4, F, W) —xopoimas yHuDOTEHTHAS
BapHallHst CTPYKTYphl XoJxkKa, To IpelcraBiaeHHe m;(S,s) Ha ee
_CJI0e XOJKEBO.

7.12. Teopema. DyHKTOp MOHOIDOMHH OlpefejseT SKBUBA-
JeHTHOCTh KaTeropui:

XOpoulue yHHIOTEHTHHE BapHAUUu XOJKEeBbl TIPeJCTAB/ICHHS
CMemanHoi cTpyktTypsl Xomka S 7, (S, s) uHIeKca
WHAEKCA YHUIOTEHTHOCTH <7 —1 YHHIOTEHTHOCTH <1 —1
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7.13. CeoiicTBO mpojoiKeHHs papuanuii, Yciaosus m. 7.9 Ha
BAPHALUIO CTPYKTYp XOAXa MOTYT OHTH cHOPMYTHpOBaHH Ge3
TpeGOBaRHA yHHMOTeHTHOCTH. Hasomem Bapuammio npeddonycru-
MOU, €CJIH OHa YAOBJETBOPAeT 5TOMY YCJOBHI U BHOOABOK  siB-
AAeTcs MoJsipusyeMol. Hasoeem Bapuaumio donycTumod, ecad Lis
moGoro Mopdusma emmHHyHOro nucka D B S MHAynHpoOBaHHas
BapHauus cTpykryp Xoaxa Ha D mpepmonycruma.

KamuBapa [995’ Jl0KasaJjl, 4yTo €CJH BapHauHs CTPYKTYpH XOA-
XKa JONyCTHMa Ha JOIOJHEHHH K MHOXECTBY KOpasMepHOCTH HBa,
TO OHa JOIYyCTHMA BCIOLY, IPH YCJIOBHH, U4TO 6asa JONYCKAaeT KOM-
nakTHQUKALMIO AMBH30POM C HOPMAJBHEIMH HEepeceyeHHSMH.

BUBJTHMOTPAOGHYECKHUE YKA3AHUA

Knacchyeckass teopuss Xomma xopowo uanoxena B o6sopax [48], [72], [741.
Teopnst cmewannnix cTpykTyp Xoixa 6wuia passura Heaumem [52], [53]; cm.
Takke ero poxmaam [51], [56) Ilpumenenue cmemanHnix cTpyKTyp XoaXa K Hc-
CIIeI0BAHUIO O0cOGeHHOCTeH AHOdEpeHUHPYeMBX MHOrOO6pasHil H  NOBEHEHHS
OCUHANHEPYIOIHX HHTerpanoB cM. [5], [6]. Teopemsl Tuna Topeniu B pasHEIX KOH-
TEKCTAaX H3YYaJHCb BO MHOTHX paforaX 10 aiare6pauyecKod reOMETpHH; CM. 08
srtoM, Hampumep, [139), a Takxke xpyrue Toma 3TOH cepun. O630p pe3yILTATOB
0 XapaxkTepH3aluu aJreSpanyecKHX KJaccOB KOTOMOJOTHA (rumotesn Xomxa)
comepxurcad B [134]; cM. Takxe [79]. Asre6poreoMeTpHueCKHe acHEeKTH TEOPHH
BapHauu#t cTPYKTyp XOm¥a cM. B cepHH pafoT [365’, a Takxke B [129]. Us
yMcJaa BONPOCOB, He 3aTParMBaeMBIX B OCHOBHOM TEKCTe, OTMETHM TaKXe PaGOTH:
no p-agMueckAM crpykrypam Xomxka [28], [60], [62], [138].

INepedinem x copepxauuio OTAeNbHHX Naparpados 3Tod rnasH. KareropHei
NOJX0J K TEOPHH CMeLIaHHHX CTPYKTYp XOA¥Ka M, B YaCTHOCTH, TeopeMa m. 14,
conepxares B [52] OTnocurTensuo npepnoxends u. 1.7 cum. nmpuaoxenue Hemuns
k cratbe [43] Teopema n. 2.1 nokasama B [52];, oTHOcHTenBHO npHMepa m. 2.5
em. [53, . 10.3]. Teopust cmemanHEX CTPYKTYp XOIXa Ha TOMOTONHYECKHX HH-
BapHaHTaX ajire6paHyeckux wmHoroobpasmit passura Mopranom [119] ¥ mponosn-
XKeHa, B uactHoctH, Xahuom [81], [82]. Hawe usnoxense B § 3 caexyer, B oc-
HOBHOM, pabore [81], rme MmoxHo HafiTH noKasaTenscrBa Teopem mm. 3.3, 3.5,
3.7.1, 38.1, 3.8.2, TeopHs HTepHpOBaHHLIX HHTerpaNoB Gblra pasputa UeHom
[46] B, mesamucumo, A. H. [Mapumunny [11]. Conepxanne §§ 4, 5 cnenyer pabore
Hemuns [53], comepxanme § 6 —pabore A. A. beiurmncona [21]. CospemenHHH
noxX0A K BapHauuaMm cTpykryp Xomxa cm. [42], [44], [83], [98], [99].

F'aasa 7

NPEBPATHBIE NYYKH

§ 1. MpeBpaTHble NY4YKH

1.1. Crpatuduxaump. Ilycte X — TONOJOrHYECKOe NPOCTPAHCT-
Bo. Koneynoe pas6uenue X Ha HemycThE JOKaJIbHO 3aMKHYTHE NOA-
MHOXecTBa (CTpPaTH) HasblBaeTCHd CTpaTupurayuet, eCld 3aMbIKa-
HHe KaXJOro cTpara siBisercs 00beNHHEHHEM CTPaTOB.
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KomIliekcHOe aHAJHTHYECKOEe MM alreOGpanyeckoe MPOCTPAHCT-
B0 X gomyckaer cTpaTH(HKaUMIO, BCe CTPAThl KOTOPOH fABJIAIOTCH
HeocoOHhMHE MHOTOOGDA3HAMH ¥ KOTOPHE YAOBJETBOPAT YCJIOBHIO
SKBHCHHTYJNSPHOCTH: AJsi MOGHX ABYX TOYeK p, g OJHOrO CTpara
umeercs: nuddeomopdusM X, mepeBoAsiiMA p B ¢ M KaXKAHH CTpar
B cebs.

ITycrs & — Hexoropas crpatudukanus. [IpeBpaTHOCTBIO HA3H-
paercst ¢ysxuus p: F—~ZL.

1.2. {-cTpyxkrtypa, omnpenedesHas mo p M &¥. Ilycrs D(X) —
TIpOM3BOJHAA KaTeropHs NOyukoB abeneBbix rpynm Ha X. a9 Kax-
Ioro crpata S€% 0603Ha4uM uyepes ig ero BioxkeHue B X.

THousoxum

PD<0(X) =nonmas noakarteropus kKommiekcos K€0b D(X) co

cBofictBoM H"ig{K) =0 mpu n>p(S) pas Bcex S;
(1) ?D>°(X) =noanas mnomxkareropust Kommjekcos K€Ob D (X)
co croiictBom H7ig (K)=0 mpu n<<p(S) mus

Bcex S.

1.21. llpeanoxenne. (?D<(X),»D>(X)) ecro t-cTpyxry-
pa na D(X), undyyupyrowasn t-ctpycrype. na DE(X) u Db(X).

JloKa3aTeqbCTBO NPOBOAMTCA HHAYKUHeH IO YHCIYy CTPaToBR ¢
HCIOJb30BaHUEM TeOpeMHl 0 ckiaefire (cM. ra. 5, m. 3.7.3).

1.3. Onpexeaernue. CeplueBdHa ONHCAHHOH (-CTPYKTYDH,

To ecth Kateropus J (p,X)="D<(X)N°D>°(X), naswiBaercsa Ka-
TErOpHell {-npespaTHsly NYuKos.

W2 o6mefi Teopun ceplUeBHH (TeopeMa Ia. 5, m. 3.4) sicHO, uTo
aTo — abeseBa kareropusi. BmMecTo myuyxkoB abeleBHX Ipynn MOXKHO
paccMoTperh KaTeropmio nyukoB O-moxpyneit Ha X, rae O — ¢ux-
CHDOBAHHEIH IYYOK KOJIEll; COOTBETCTBYIOIUHE p-IpeBpaTHBe NyY-
Ku obosuauarorca J (p, X, O) nau npocro A (p, X).

Ilpu p=0 MH noJyiaeM OOGHYHYIO KaTETOPHIO IYYKOB.

1.4, TIpumep. [Ilycte X —n-MepHOoe KOMILIEKCHOE NPOCTPAH-
CTBO €O CTpaTudUKanMel KOMIVIEKCHBIME NOAMHOrooGpasusMu S.
IMyete G (X) —KoOMIIEKC KyCOYHO-MHEHHBIX Leneit (B Kakoi-HuGyab
KyCOYHO-JMHEeRHON CTpykType X) ¢ xosdduuuenTamu B mOJe.
OGo3gauum uepes [C.(X) moaxommiexc C,(X), cocrosiuiufi us
nenefi ¢ CoO CJAeAYIOLIMMHA YCJIOBUSMHU

dim (supp ¢ N S) < dim supp ¢ —codime S,
dim (supp d¢ N S) < dim supp ¢ — 1 —codimc S
IJs BCeX cTpaToB S xopasmeprHocTH > 0.

Onpenemm anagorwdno /C.(U) ang  OTKPHITHIX NOJAMHOXECTB
UcX c uapynupoBaHHo#t crpatuduxanuedi u 00603HAYUM uepes
ct (U) noprpynny uene# C 3aMKHYTEIM HOCHTEJIEM.

Tonoxm 1CH (U)=[1C5,_; (U)]*. Torma IC — p-npesparssii
nyuox B kateropuu A (pi2, X, 4), rae A—IOCTOSHEHI INy4OK,
OTBeyalorufl rpynne Ko3Q@UIUCHTOB, a aBTONBONCTBEHHAS IPEBPAT-
HOCTL pi2 3amaerca GopMyaoft pijp(S)= —dimc S.
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VHTyuTHBHO rOBOPS, mpespaTHHA myuox IC caeyer  pacemar-
pHBaTk KakK NpaBHJ/IbHBIH aHAJIOr MOCTOSHHOTO My4Ka A Ha OCOGHX
MHOTrOOG6pasuax. MOKHO 0Ka3aTh, YTO KaK OOBEKT TIPOH3BOJHON
KaTErOPHH OH NOJYYaeTcsi ¢ NOMOWIBIO HEKOTOPOH eCTEeCTBEHHOMH

KOHCTPYKUHH NPONOJ/KEHHS] NOCTOSHHOTO MyYKa ¢ OTKPHITOTO IJIOT-
HOro crTpara.

9Ty KOHCTPYKUHIO MOXHO NPHMEHATh TaKKe K HENOCTOSHHBIM
JOKa/JbHBIM CHCTEMaM W Jio6of npeBparHocTdH. OnuumeM ee IOI-
pobuee.

1.5. Koncrpykuus npononKenus. Bynem cuurath, 4TO mpespat-

HOCTe p MoHoTOHHA: ecim SCT, 10 p(S)>p(T). Tlosomuu
Foe=U S, U,=US, j,U, ,<U,. Ouesugro, U, oTkpeTs, F,

p(Sysn p(S)<n
3aMKHY THL

ITycte A — p-npespatHeit nyuok Ha U,, a>k-—Taxkoe uemoe
YuCa0, uTo p(S)<a@ ana Beex S, U j= j,.

jI*A=T<a__.1Rja. .. 'TQR}-IH-I,. (A)a

rae T _,—oCbmHBE Cpesaiomiuit  gyexktop B D (X) (v ra. 4,
n. 2.10), Rj —dyuxTop npsnoro ofpaza (cM. ru. 4, m. 5.2).

1.5.1. Tlpexunoxenue. Ilponomxenwe j A p-npeBpPaTHOro
nyuka A ¢ U, #Ha X #BIfeTCA eNMHCTBEHHBIM NpPORO/IKEHMeM A
1o o6brexTa PEObD (X) o crenyomumMu CBOACTBAMHU:

H"iy,(P)=0 mpa n>p(S),
H"i (p)=0 npu n< p(S)

g Bcex S X\ Us.

Bonee o6wo, Teopema CyulecTBOBaHHMS H EAHHCTBEHHOCTH IIPO-
AONXKEHHs ¢ TAKHMH CBOHCTBAMH BePHa B CJEAYIOUIeH CHTYaLHH:
BMecTo Up MOXHO B3fiTh JI0G0e OTKPHTOe 06beIHHEHHe CTPATOB, a
Ha p MOXKHO He HaJjaraTh YCJIOBHE MOHOTOHHOCTH. OJHAKO H3JIO-
JKeHHas Bhe NpsMas KOHCTPYKUHS MOXKET 0Kas3aTbhCsl HelpHMe-
HHMOI1.

Urto6hs OnmMcaTh ee B O0lleM BHAe, BBexeM (QYHKTOpH MPAMOTO
o6pasa ?j , Pj, cpA3aHHbe C JAHHO! NPEBPATHOCTHIO .

O6o3rauum yepes UJ mpoH3BOMBHOE JOKAMBHO 3aMKHYTOE OGBENH-
Henue crparos ¥ yepes j:U—X Baoxenue. Torpa onpenesensl
dyuxropst Rj, j, w8 D(U) 8 D(X) (™. ra. §, m. 3.7.1). Moxuo
NIPOBEPHTB, UTO OTHOCHTENHHO f-CTPYKTYDH, onucamsoi B m. 1.2,
Rj ToueH cneBa, a j, TOuEeH cmpasa. OTO O03HAUaeT, HuTO A

PeA (p, U) uvcew: Rj (P) nexur 8 °D>°(X), j(P) aexur B
PD<°(X). Onpememum ¢yHxTOpH ?j u ?j: A (p, U)K (p, X)
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YCJIOBHSMH
) (P)=" 4R].(P)
p] (P) pr>o/;(p)a

The T osHauaeT Cpesaolinéi (GyHKTOP OTHOCHUTE/BHO ¢-CTPYKTYpHL
1.2 (M. nemmy B ro 5, m. 3.4.1).

EcTecTennb MomeSM byHEKTOPOB  J,—> J, TPONAOJIKALTCY ¢
NyuKOB Ha IPOM3BOJHBE KATErOPWH M 3aTeM KO Pj —Pj. Oxonya-
TEJ/LHO, MOJOXHM

Jj o P)=Im (] (P)~"] (P))-

1.5.2. ITpennoxenue. Ecmn BeA(p, U,0), rae U~—or
KpHTOe O0benHHEHHe CTPaToB, T0 P=jn (P) SBJSAETCS eJHHCTBEH-
HEIM Tnpomoykenuem B B D(X,0) co cBoficTBOM, YKa3aHHEM B
npeasoxeHun n. 1.5.1.

1.6. KoncTpykruBHbE KOMIJeKchl. HauuHas ¢ 3TOr0 MeCTa, MH
6yfeM CYHTAThb BHIIOJHEHHEIMH CJIEIYIOUIHE YCJIOBHS.

a) O ecTb NOCTOSHHBIH MYYOK, €JIOH KoToporo — (GHKCHPOBaHHoe
HeTepoBO KoJabLO R (waile Bcero Z uiH I0JE).

6) X nomyckaer JIOKAJbHO KOHEYHYIO TPHAHTYJIANHIO; KaXMIbik
cTpar crpatd¢uKauun & spisiercs PAaBHOpA3MepHHIM TONOJOTHYec-
KHM MHOroo6pasueM H NOJydaercs OObeAHHEHHEM OTKPLITHX CHM-
niekcos, npuuem dim S<<dim T npu ST, S+T.

B) Jlag mob6oro S QyHKTOp is- HMeeT KOHEUHYIO KOIOMOJOTH-
YeCKYyI0 pPasMepHOCTb.

CraHJapTHBHM IPHMepPOM SBJAAETCS CTaTH(HUKALHS YHUTHH Be-
IIECTBEHHOI0 aJjreGpauvyeckoro MHOrooOpasusl, H, B YACTHOCTH,
cTpaTH(HKAUHA KOMIJIEKCHOTO MHOroo6pasus HeocoOhIMH  KOMI-
JIeKCHBIMH NOAMHOr006pa3sHsAMH (B 5TOM BaXXHOM cJlydae Bce CTpa-
THl YETHOMEDHH).

1.6.1. Onpenenenue. a) [lysox F Ha X HA3BIBAETCA KO-
CMPYKMUSHeLM OTHOCHTEMEHO &, ecan aja moGoro SEF mnyyok
i,F JOKaIbHO TOCTOSHEH Ha S.

6) Kommnexc nyuxkoB & HasbBaeTCl KO2OMOAOULECKI KOHCM-
pykmughsii, ecia Bce H*(F') KOHCTPYKTHBHHL M HUMEIOT KOHEYHO
TOpOX AeHHEle (Hax R) ciom.

O6Goswaunm yepe3 Dg (X, R) NOMHYIO NMOIKATErOPUIO KATETOPUH
D (# (R-mod)), COCTOSAULY!0 M3 KOrOMOJOTMYECKH KOHCTPYKT HBHBIX
OTHOCHMTGJBHO & KOMINIEKCOB NMYy4YKOB R-MoAy./ell, u uepes D, (X, R)
obbegunedne Dy (X, R) A7 BCeX &, yOOBNETBOPSIOULAX yCJIOBHAM
a)—s) Bhlmle. Jlerko nposeputs, ut0 Dg (X, R), D (X, R)—
TPHAHTYJIHPOBaHHbe MoxkaTeropuu D (2 (R-mod)).

OtMeTHM, YTO NPU BHIDOMHEHWH ycIOBAX 6), B) aas  Jo6oro
cTpaTa SE€¥ 1 JIOGOro JIOKANBHO MOCTOSHHOrO nyuka F Ha S Iy4oK
is. (F) KOHCTPYKTHBEH OTHOCUTEJBbHO &.
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OCHOBHAfl NPHYHHA, MO KOTOPOH HYXKHO BBOAHTD KATEFOPHIO
D.(X, R), saxmoyaercs B clefyomem HpeRJOKEHHH, '

1.6.2. TIpennoxenue. a) Jlyamsupyomuit xoMmmiexc Dx
(em. ra. 4, m. 5.16) snexur B D,(X, R) (B neHCTBHTEJBHOCTH, B
Dg (X, R) nna moGot cTpatuduKauMy, yAOBJETBOpsONLefl G), B))-

6) Hpoitcrsennocrs Ilynkape —Bepare. Ilycts R =k —mnode.
Oyuxrop D F =R Iom (F', D,) safaer 3KBHBAJICHTHOCTb KATero-
putt D (X, k)= D (X, k).

1.7. JIBOHCTBEHHOCTh JJSl MPeBPATHBIX NMYyuKoB. [lycTs p — mpe-~

BPATHOCTb Ha cTpaTHukauun P mpocrpascrsa X. Omnpenennm
INBOHCTBEHHYIO NPEBPATHOCTL p* dopmyaon

p*(S) = —p(S)—dim S.

Ecnu Bce CTPaTHl YETHOMEDHK, aBTOOBOLCTEEHHAS TPEBPATHOCTD.
pi,2 3ajaercs gopmyJod -

p1,2(S) = —(1/2)dim S.

Hcnonbaysa ¢opMmyas us ra. 4, n. 5.18%, ycaosus (1), (2), ompe-
JeJA0LUIHE p-IIPEBPATHBIE IIYYKH, MOXKHO IepelnHcaTth CJIeTyIOImiuM
obpasoM: Mis moboro crpata SEF uMeeM

H"is(F)=0 npu i>p(S), @3y
H'i5 (D, F )=0 npu i>p*(S). 4>

Mapa ycnosuit (3), (4), ouesuiHO, ABOHCTBEHHA ApYr IPYry.
[Tostomy ¢yHKTOP HROMCTBeHHOCTH Dx mnepeBoant A (p,X) B
A (p*, X)°. Kpome roro, nanarass na F° Tpe60BaHHe CaMOABOHCT-
BEHHOCTH OTHOCHTENBHO Dy, MOXKHO, OYEBHIHO, OTPAHHYATHCS JHIIb.
ofHuM u3 ycnosuit (3) wau (4). ITosromy mpemsoxende 1. 1.5.2
MOXKHO IEpeNHCcaTh CJAeXYIoIHM o6pasom.

1.7.1. Tpenaoxenue. Ilycte Bce cTpathh SEF umeroT
UETHYIO PasMepHOCTb M P == pyj2— ABTOABOACTBEHHAA INPEBPATHOCTh.
Iycte j:U — X —Broxenue 0OveIMHEHHS CTPATOB H & — p-PeB-
paTHEI camMoBOACTBeHHEH (OTHOCHTENBHO Dy) myuoxk Ha U. Torma
J s — €IMHCTBEHHOE CaMOJBOACTBEHHOE (OTHOCHTENsHO Dx) mnpo-
nomxenue P xommiaexca ¢ B D (X, k), Takog, uTo AJsf MOGOro:
crpata  ScXN\U  mveem Hi(isP)=0 1mpu i> piy;(S)=
=—(1/2)dim S. A

1.8. Uamenpyenne crpatuduxammu. Ilycts crpatuduxamvs 7
SBJSCTCS M3MeJbueHueM crpatuduxauud ¥ (TO €CThb KaXJHi CTpaT
P eCcTb OOBEIUHEHWE HECKOJBbKHX CTPATOB 7.), TaK 4YTO HMEEeTCH
Broxenue xateropuit /:Dg (X, R)» Dg (X, R). Tlycte p, ¢—
NPEBPATHOCTH Ha ¥, J, yAOBJAETBOPSIOUINE YCJIOBHIO

p(S)<g(T)<pS)+dimS—dimT
s mobwx Se#, TET ¢ TcS.
12% 7%



1.8.1. llpeanoxenue. B aTux yCroBusax F-CTPYKTYpa mpes.
parHoctu ¢ Ha Dg (X, R) umaxyumupyer (-CTPYKTYPY IND@BPaTHOCTH
p Ba Dy (X, R) (npu Baoxenuu xareropuit /). B wacTtHOCTH, Kax-
Jbiil p-TIDEBPATHBIY INyYOK ABJACTCA ¢-NPEBPATHBIM, [ MHAyUUpyer
TOYHOE BJIOXKeHHe abeneBblx Kateropu#t /,.q: (P, X)— U (g9, X),
¥ 79 mo6oro Bioxenus j:U-»X oGbeiMHEHHd CTPATOB & Orpa-
Huuenust QyHKTOPOB 9j., 4, 9J, “lj!, 7j. HA A (p, U) u
A (p, X) CcOBNAanaT C COOTBETCTBYIOMUMA QYHKTODAMH, HMEIOLIHMH
uegexc p. W

1.9. KoMmekcHele MHOrooGpasus. PaccMmoTpuM cCayualf, Korpa
X — xommiexcHoe MHOrOoGpasue, ¥ —ctpatudukanus X HeocoOsmMu
KOMILIEKCHBIMU [IOAMHOr006pasusiMy, ¥ OPEBPATHOCTh P TAKOBa, YTO
p(S) saBucur B OT pasMepHocTH S€¥, (TO ecTh p(S)=
=p(dimg S)=p (2dim¢ S)). Bymem cuuarath TaKXe, uTO p(n)
YAOBAETBOPAET YCJIOBHIO

0<p (n) —p (m) <m—n mpr n<m. (5)

B stom caydae, corstacHo mpejsioxedmio n. 1.8.1, u3amesbuenpe
CcTpaTHOHKaUMi cOraacoBaHo ¢ (-CTPYKTYpPaMH, TaK 4YTO Hepexoj
K HHAYKTHBHOMY IMpeNeay MO3BOJseT  ONPEeNE]NTb  £-CTPYKTYpy
IIPeBPATHOCTH P:
: b, < b,>p

(Ds<P(X, C), D;7°(X, C)

HA TPHAHIyJMPOBaHHOK Kareropuu Do (X, C) OrpAHMYEHHHX KOMI-
JIGKCOB MyYKOB KOMILIEKCHBIX BEKTODHBIX IPOCTPaHCTB HAa X ¢

KOHCTPYKTHBHEIMH (OTHOCHTEJNBHO KakOi-mb0 crpatudukaunuy X
KOMILTeKCHEIMH MHOTOOGPA3UsMH) KOrOMOJIOTHSIMIL.

1.9.1. [peaaoxenue. Jax FED(X, C) caenyomue
YCJIOBuUS 3KBUBAJIEHTHEL

a) X—p-nmpeBpaTHHI NYYOK.

6) Kaxpoe HenpuBoAuMOe moiMHOroo6pasue Sc—X conaepxur
- OTKpHITOe no 3aprcckomy UcS Ttakoe, 4ro oGosHauast  uepes
j: U—X BnoxeHue, umeeM

HY (R F)=0 mnpu i>p(dimgS);

H (j'F)=0 npu i< p(dimg S).-
1.10. IlpocTeie 06bexTh. B cayuae, xorga R =Fk-—noJe, a
TIPEBPATHOCTh P 3aBUCHT JMub OT dim S ¥ yxoBIETBOPSET YC/IOBHIO
. (D), MOXKHO N4Th CileAyloLlee ONHMCAHME NPOCTHX OGHLEKTOB B adele-
-Bo#t kareropun Mg (p, X)=M (p, X)\Dg (X, k).
1.10.1. Tlpenaoxenue. Kareropus My (p, X) apTuHOBA.
Ee mpocrsie o6pexth uMMeroT BHL L (S, &)="(is).«[p(S)]. S€7,
& — HeNpUBOJUMSIl JIOKATILHO NMOCTOSHHBIA NyYOK BEKTOPHHIX TPOCT-
pancrB Ha S. B uacTHOCTH, eCii BCE CTPAThl OJHOCBSI3HBI, NPOCTHE
0o6pexTh A g (p, X) B3aUMHO OTHO3HAUHO OTBevaloT ctparaM SEZ. B
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Ecan ne ¢uxcnposats crpartudmkaummio, To KaTeropus p-IpeB-.
paTHblx NYYKOB 3aaHHOH NPEBPAaTHOCTH p OyAer, BOOGIIe I'OBODH,
Jmluob HETEpPOBOoH, HO He apTHHOBOH. OAHAKO eCJH pP=Pp1,2— caMo-
ABOHCTBEHHAsT (QHJIBTPALHMsA, TO BBHAY ABOHCTBEHHOCTH  Bepibe,
HETEPOBOCTH BJEUEeT dPTHHOBOCTD. B JacTHOCTH, €CJH X — KOM-
IJIEKCHOE MHOroofpasue, MOJyuaeM CAEAYIOLlee YTBEpPKIEHHE.

1.10.2 Tlpennoxenue. Karveropus J (pij2, X) D1je-TIpeBpaT-
HbIX MYYKOB Ha X C KOrOMOJIOTHSMU, KOHCTPYKTHBHLIMH OTHOCHTE]b"
HO KaKOh-MH60  crpatuduxauyd X  KOMIVIEKCHBME — HEOCOOHIME
noAMHOrooGpasusamu  (em. m. 1.9) aprumosa. Ee npocTsle 00BEKTH
uMeloT Bux L (S, &), (. nm. 1.10.1), rae S X —Heocoboe Henpwu-
BOJMMOe NOAMHOro00pasye, €—HeNPHBOXUME JIOKAALHO TOCTOSIHHBIR
nyuox Ha S. Tlpu atom L(S, &)= L(S',&'),ecim 1 TOIbKO ecim’
SNS’ moteo B S u $' u & |sps =& [sns- B

§ 2. Ckuaeiika

2.1. Yro rakoe ckneitka. B arom maparpade ofcyxaaercs cJae-
aywowas sagayza. Ilycte X — ronmosioruueckoe  MPOCTPAHCTBO,.
UcX — oTkpeitoe TnoamHoXecrBo, Y=X\U—ero pomnosHeHue,
j:U~X, i:Y—X—coorBercTsyoluine BJIOXKEHHA. Mbl  uHTepe-
CyeMCsi TeM, Kak CBf3aHpl IpeBpaTHHe Nyyk# Ha X ¢ npeBpar-
HbiMH nmyukamMud Ha U u Ha Y. Bce usBecTHBle HaM pe3yJabTaThi O
CKNeHKe MOXKHO OOBEeJHHHTb B 1Be GOJbLIME TPYNOB,,  KOTODbIE
YCAOBHO HA3BIBAIOTCH CKJAeHKaMH CTPYKTYD H CKIeHKaMu ceprie-
BHH., THIHYHBLIMH NPEICTABUTENSMH OSTHX TPYNN ABJIAIOTCA COOT-
BeTCTBEHHO TeopeMa H. 2.2.1 u Teopema m. 2.5.1, )

2.2. Cknaefika f-ctpykryp. Ilpennonoxem, 4To Ha TPOCTPAH-
crBe X 3amada crpatudukauus ¥, u U ABnsercs  OTKPBITHIM
obbenuHennem ctpartoB (rtak yro Y=X\U rakxe ob6bpeldHeHHe
ctparoB). [Iycte p-— npeepatHocts Ha &, oBosHayum  TOH Xe
6YKBOji HHAYLHPOBaHHBIE IpeBpaTHOCTH Ha U nHa Y. Hanomuuwm, uro
BIML. 5, n. 3.7.3 MBpl ONHCanM, KAK IO HDOM3BOJBHBEIM I-CTPYKTYDaM

Ha D (PSby) u D (9#84by) MOXKHO NOCTPOHTL {-CTPYKTYPY Ha
D F (S#bx), vcnosb3ysl gag 3TOro mects gyaxTopos i, I, i, Rj.,
Ju J', YIMOBJIETBODAIOUIHX HEKOTOPHIM YC/IOBHAM COTVIACOBAHHOCTH
(em. T 5, m. 3.7.1.).

22,1, TeopeMma. I-CTPYKTypH  NpPEBPAaTHOCTH P  Ha
D (Pstbx), D(Pstby), D(Pstby) cBasaHnl MexAy CcOB60H KOH-
CTpyKumued u3 ra. 5, m. 3.7.3.

Dra Teopema I03BOJAET NPHMEHHTb K HCCJENOBAHHIO IIpeBpart-
HBIX Ny4YykoB OGHIYI0O TeXHHKY {-CTPYKTyp. B dwacTHOCTH, omucaHue
IPOCTHIX NPEBPATHRIX NyYKoB u3 . 1.10 MOxHO 0600WUTL Ciaely-
oiuy o6pasoM. Ilpumenss ¢ynkrop H® (orHocuTelbHO (-CTPYXK-
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‘TYPHL IPEBPATHOCTH p) K j 1, NOJNydaeM (HyHKTOPH
pj.s pj!:'ﬂ (P, U’ O)Q'ﬂ(}L X’ 0)
u MopdusM GyHKTOPOB
Fipj—>?j.
Tocae storo ?j..:M (p, U, O)—~ A (p, X, O) oupenensiercs Kax
dynkrop, conocrasasmomuit F 64 (p, U, 0) obvext Im Fp Kate-
ropuud A (p, X, O).

2.2.2. Tipegnoxenue. JloGok npoctoit 00bekT A (p, X, O)
usomopper Jubo  obvekry PiF:, rae F —NpocToit OOBEKT
H(p,Y,O), mbo obvexry ?j . F, rae F.-—npoctoii 06bexT
M (p, U, O). ;

. OTMeTHM ClefyOlIMe 1BE XapakTepusauuu Oo6wbexTa §'=7¢j  F"
s FeM (p, U, 0). C omHOt cTOpOHB, G —3TO €XUHCTBEHHBIA
00bekT DY (PHby), asasiouiuiics npoxomkennem F' Ha X (TO eCThb
J& =g), paa xotoporo

i9eD<"'(p, ¥V, 0), i9eD> (p.Y,O0).

C npyrofi croposs, ¥ —enuncTBeHHEl oObexT M (p, X, O)
ABIAIOWLMACS npofomKkenneM F* Ha X, y KOTOPOro HeT NOxOGBEK-
TOB U (aKTOpOOLEKTOB, COCPEAOTOYEHHBIX Ha Y (TO €CTh HUMEIOHX
BUL PLA nna FEM (p,Y, D). B arom cwmbicie ?j.F MOKHO
PACCMATPUBATL KAK MUKUMA AbKOe TpomomxeHve F Ha X.

2.3. Ckrefika npespaTHbIX Ny4KoB. Bropas rpynna pesyabTa-
TOB O CkJeiKe HMeeT AeJ0 €O caepyowedl curyauues. [lycrs &
U 36 —mnpespatHele nyuxy Ha U u ¥ coorsercrseHHo. KaxoBel Te
JOUNONHUTE bHEIE — A@HfiEle, KOTOpble  NO3BOJSIOT  OJAHOSHAYHO

- TOCTPOUTL N0 ¥° W 6" npespatHwil nyuoxk Ha X? OTBEeTH HA 3TOT
BONpOC (BbIpazKeHHBle HAa Pa3HBIX s3blKax, HO, IO CYLIECTBY, 9K-
BUBaJIeHTHBle) OblAM NOJMYYEHBl HECKOJbKHMH aBTOpaMH. B 4HCTO
TOINOJIOTHYECKOH CHTyaluu HauboJee o6uIiuii pe3yJbTaT NpHHALJIE-
xut Maxkdepcony u Buaoneny [110]. Mul H3/n0XKHM 31ech IOK-
xox, npuHaanexamui A. A. Be#muucomy u Bepape [23], [142].

23.1. llpennonoxenus. 3adukcupyeM  06O3HauYeHHd H
TIPEANOJOKEeHHs, KOTophie OYyAyT HCIOJNb30OBATHCS RO KOHUIA 3TO-
ro naparpada. Bynem cuntars, yro X — xoMmmyekcHoe MHOT006Gpa-
ahe, Yo X —nogMHoroo6pa3sune, KOTOpoe  3afaercd B X OAHHM
ypaBHeHHeM [=0 Aas Hekoropo#r ¢yHxuua [6I'(X,Cx). Mu By-
JleM paccMaTpHBaTh  JHIIb  CaMOXBOMCTBEHHYIO IPEBPATHOCTH
P12(S)=—(1/2)dim = S; xarteropun D’ (X,C) (cm. m. 19) w
M (P12, X, C) (cm. m 1.10.2) mb Gymem obosnauats Dx u M x;
06bekTel M x OyleM HasHBaTh INPOCTO  NPEBPATHHIMH INyYKaMH
Ha X. AnajorHuHbe 0603HauYeHHs OyAeM HCIOJb30BATh AJS Iy4Y-
KoB Ha ¥ u U=X-Y.

2.4. PyHKTOPHI MCYE3AIOIMX MUKIOB U uX cBO#cTBa. Ompe-
Jemnm, caexys Heaumio [55], nBa (yHKTOpa HCYe3AOIIMX IUKJ/IOB,
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EB;IB&HHHX ¢ byuxuuest f. OGosmaumm B=Cl B* =CI\ {0
B* —ynuBepcamuan maxpesaowas 8%, p:B*-> B* — pakputy’
(MOXHO CHMTaTh, YTO B*=C, P (2)=¢?). Vveem crenyouryio xom-
MyTaTHBHYIO IHaTrPaMMy NPOCTPAHCTB M OTOOpaKeHHi:

Y‘L X 4 u

(O

{0} B — 8" .

OGosHauum uyepes X* paccioenHoe npousBgnenne X U B* wan B

T KeH epe3 It l( > < (

2.4.1. Onpencaenue HEMOp 04 X
FeDx mnonoxnm @y F usKx 4uiaos). Jlaa
Y (F)=i'Rnud. 1y
2.4.2. Tlpepnoxenne. a) ®opuyra (1) 3amaer (yHKTOP
’lpf:DX—">' Dy.
6) Ecom FE€Ax, 0 ¢, F €Ay B
MNockomiy m (X*)=UcX, ¢,&F sasucur mws 0T j'F. Core-
JOBATEJBHO, P, TO3BOISAET onpege/mTh (yHKTOp (Takxe o0G03Ha-
vaemslt ;) n3 Dy B Dy.
Hanee, ecrecrennpi Mopdusm F— Run'F (COMPsKeHHOCTH
Rm. u 7') 3ajact MOpGusM yHKTOPOB 6:'~ .
2.43. Onpepecnenue (pynkmop uCHE3AOUUX HUKAOB).
[Toaoxum
@ (F)=cone (9g. : i F—p,F) (2)

(to ecth ¢, (F)—TpeTHii uYMeH BBICACHHOrO TPEYrOMbHUKE, CO-
Jepxauero Yg).

2.4.4. [Ipeanoxenune. a) Popmyaa (2) sapaer  yHKTOp
‘pfiDX"" Dy.

6) Ecau FE€Mx, mo QEMy.

Jast nokasatessCTBa a) HYXHO fBHO peamu3oBaTh @,F Kax
NPOCTOR KOMILICKC, 4CCONMUPOBAHHBIA C JBOAHBIM KOMIVIEKCOM

Ogr 20 F =, F.

2.4.5. Mononpomusi. Oro0paxenue «CaBura Ha OMH  BUTOK»

f: B*— B*, t(2)==2-2%i KOMMyTMPyeT C p, pet==p, H, BHAYHT,
safaeT  OTOOPaXKEHHE . X*>X* ¢ mr=mn. CreroBare/bHo,
MopduaM ynkropos A:ld—- Rt v 3agact MOPU3M Rrohenw: Ruw—
> Rnm, v, 3nauar, MOpOUM GyHKTOPOB T iy,= Py Ha3biBaeMbIi
monodpomuei. Slcuo, uro T xommyrupyer c¢ 0, Te6=6, rax uro
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noiyyaeM MOp(QE3M (HaseBaeMblff H ofo3HayaeMbld  TAK  XKe)
T @/>¢;. Hockoneky ¢— usomopduam, T aBasercs aBTOMOPOu3-
MOM.

2.4.6. Mopdusmpr can m var. Uepes can u var 0603HauanTcs
JnBa Mopdusma QyHKTOpOB:

can : @Yy,

BO3HUKAILUI K3 BHAEJEHHOIO TPeyrojbHHKA, ONpeAediollero gy,
H

- . ovar: $r-ef,
BOSHHKAIOWIUA H3 MOP(H3Ma BBHILEJEHHBIX TPEYroJbHHKOB

cang- .
FF =Y (F)——¢, ()i F [1]
‘LTSZ"—'M \Lvarg-'
Oy, (F)——; (F)——0,
TaK yTo varccan=7 —id.

2.5. Jlaunbie cxaefigu. Beegem xareropumio Glue (Y, U), of6bexra-
MA KOTOpOfi siBasioTCa uersepxu (97, #, a, b), rme F€ObAy,
HEObMy, a9, (F) >, b:6 > ;(F)—Mopdwmsmel B A v Takue,
uT0 bog=Tg.—id. Mopdpusmel B .Glue (¥, U) onpegensiorcs ecrecr-
BEHHBIM 00pa30M.

2.5.1. Teopewma. Kareropun A x u Glue (Y, U) >sKBUBAJCHTHH.

®ynxTop A x> Glue (¥, U), ocymiecTsasiomuit 3Ty 3IKBUBAJICHT-
HOCTB, nepesogur F 6ObA x B UeTBEPKY

(J'F, 9,F, cang., varg.).

2.6, [Ipumep. Ilpocrefiinii npuMep  oTsewaer  CHTyalHH
X=B, Y={0}, U=B*, {(2) =z. B sroM cayyae My, $— 3T0 KaTe-
TOPHs JOKaJNbHO MOCTOSAHHBIX NydKoB F (JOKAAbHEIX CHCTEM)
Ha B* Iockoabky m(B*)=Z, My, ¥ sKkBHBaJIeHTHA KATErODHH,
cocrosimtetr w3 nap (V, A), roe V-— KoHeuHOMepHOe BEKTOPHOE
npocrpaHcTBo (caoii &  Ham  KaxkoH-HHOYyHLL  Toukoii  B¥),
A: V-V —o6paruMmblli JuHEAHBIH  omepaTop  (reoMeTpHYECKHi
OTlepaTOp MOHOLPOMHHM, OTBeYAOMUH 06X0AYy BOKPYr HyAs B MO-
JOXHTeJbHOM HampasJseHHH). [laJjee, xateropus Ay 3KBHBAJEHT-
Ha KaTeropuu BEKTOPDHHX TnpoctpaHcTs. DynkTOop s : Auv—>HAy
nepesonut (V, A) B V, u omepatop MoHogpoMuu 1 coBIajaer ¢

—Id. Tlosromy xarteropus A x SKBHBaJieHTHa cJjefyiomed Ka-
TEropuy S «JaHHLIX JHHEHHOH aareGphi»:

Ob s£={(V, W, E, F)},

rge V, W— KoHeuHOMepHBie JuHeHHble TnpocTpaHcrea, E : V—W,
F: W—V — nunefinele omepaTopel, npudem I1d-+FeE  o6partum
(MOpQHU3MEI B S ONpENeNAIOTCA ECTeCTBEHHHM 06pasom).

2.7. Ewe npumep: KoopauHaTHas crparudukauus. Ilpumenss
- TeopeMy 1. 2.5.1 HecKOJbKO pas, MOXKHO HOJYYHTb ONHCAHHE Ka-
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Teropun My, ¥ B TEDMHHAX LAHHBIX JHHEHHOH aureCpsl M AJA
~0oJlee CHOXKHHIX CTpaTHuKauui &. Caenyomuii npumep NOKashl-
BAeT, 4To npu rtoM noayuaerca. Ilycrs X=Cn, & — crparuduxa-
LHpsA, CTpaTaMH  KOTODO#l  SBASIOTCA  NOAMHOXKecTBa X=X,
Ic{l,...,n}, 3anaBaemse rtak: X;={(X,..., %) : ;=0 jas
i€l, x;%0 pas i6]). Kareropus npespaTHEHIX nyukos Ha X, KOTO-
MOJIOTHH KOTOPBIX KOHCTDYKTHBHBI OTHOCHTEJIBHO  CTpaTHdHKa-
LuH &, 3KBHBAJEHTHA CJEAYIOUIEH KATErODHHE S (ny:

OIMH 00beKT H(;)—3TO HAGOD W3 2" KOHEUHOMEPHBIX JIMHEHHBIX
npoctpancts Vy, /C{l,...,n} u orobpaxenutt Er:Vi=Viguy

Fra:Viguy>Vr, i€l, yrOBICTBODSIOMMX CAELYIOMAM YCJOBHAM
ErgpyiEni=ErygypiEns
FI»J'FIU{j}.i==F1,1Fju{i},j npu Z, j&I, i< J,
EI\{j},iF]\{j},j=Fju{i}\{j}E1,i npu i€l, jEI.
FriE;:+1d obparam.

Mopdusmer B () — 310 HaGops orToGpaxenuii f;:V;—V, nepe-

CTaHOBOYHBIE CO Bcemd E;,;, Fy ;.
27.1. Tlpeannoxenue. Kareropus Kx,y OSKBUBAJIEHTHA

KaTeropuu .

BUBJHOTPAGHYECKUE YKA3AHUSA

[Monsitue npeBpaTHOro Iyuyka B TOM BHIE, KK OHO H3JOMEHO B STOM Iapa-
rpage, Bnepene mosemiaock ¥ A. A. Besumncoma, Y. H. Bepumrefina, [lenuns
u Tab66epa (cm. [25]). lepBomavaibHas uedb uX paboTHl COCTOSANZ B TOM, YTOSH
YCT4HOBHUTb COOTBETCTBHE MEXAY MORYJIAMH Haj XOJbUaMy ajre6paHuyecKux
nuddepeHnnasbHbX  ONEPaTOPOB M KOMIVIEKCAMH KOHCTPYKTHBHBIX INYYKOB B
paMkax cooTBeTcTBHA Pumasa—IuiabGepra (cM. caenylomywo raasy). Kaace
BeCbMa BaXKHLIX NDHMEPOB H3BPAIUEHHHIX IHYYKOB JOCTABJIAIT TAK HA3LIBAEMHE
nyuxkHd (xo)romoJoriit nepeceyenns (intersection homology), BBedennke (1o npex-
naxennio Henura) Topeckn u Maxdepconom [70] B paseutee Hx pabor mno
Asoficteensoctd Ilyankape pas ocobeix muoroobpasmi. IloapofHoe H3sOXeHHE
pabotw [70], BMecTe ¢ HeOOGXOAMMBIME IOHATHAMH TEODMH IYYKOB, cm. B [29]

B nmanpHefimieM oKasanocb, YTO NpeBPATHHE NYYKH BO MHOTHX OTHOIIGHHAX
He Xyxe (a HHOrZA K Jydmle) OGHYHEIX NYYKOB IIPHCHOCOG/IEHH K HCIOJL30BA-
HHIO B 3a7ayaX TONOJOTHH M aHanusa Ha ocoGeIX MHOroo6pasusx. B arom o630pe
MBE OCTaBJISIEM B crogone BOJBIUMHCTBO CBSi3efl TEOpPHH NPEBPAaTHHX NYYKOB C
3agavyamu apamusa (L2-goromosoruu, cm. [45]), Teoprn mpexcraBienu#i (cm. [67],
[92], [136], [143]), Teopum crpyxryp Xoixa [126], Tonomor:d ocofux MHOrooG-
pasuil [29], CKOHUEHTPHPOBAB Hallle BHHMaHHe B OCHOBHOM Ha TOMOJOTHYECKOH
cTOpOHe TeopHH. XOpoumHM 0630pOM BceX YKA3aHHBIX BHILE CBf3eH TEODHH mpe-
BPATHLIX OYYKOB MOXKeT cAyxuth pokaax [109]. Ilozpo6uas Gubarmorpacdus co-
mepxwures B [71].

JlokasaTenbcTBO GOMNBUIMHCTBA PE3YJILTATOB, CHOPMYJHPOBAHABX B § 1, MOXK-
HO HafitH B [25]. Ipennoxenne n. 1.6.2 goxasano B [70] # B [29] Teopema n. 2.2.1
M npensoxenue m. 2.2.2 nokasaEn B [25]. ®yEkTopH GAH3KHX M HCYe3aOIHX
LHKJIOB B KOHTEKCTE NPOH3BOAHMX KaTeropuii Gninu sResens Heaunem [55], 06o6-
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N[EBIIMM TONOJIOIAYECKY0 KOHCTPYKUMIO Munnopa. Vnes ucnoap3oBath 5TH Qyuk.
TOPH AJIfl CKJEHKH [PEBPATHHX NYYKOB IPHHALICKHT HECKOJbKHEM aBTODam:
TOMHMO TONOJIOTHUECKHX mOxxomos Maxdepcona—Bunonena [110],  Hemmng—
Bepmbe [142], A. A. Befurmacowa [22], [23] mmeercs (skBHBaJeHTHHH) NOxXox
Kamusaps [96], ucnomssyiomui sissik D-mopyieit m cootsercrBae PHMana—
Yunpbepra (cm. cnes, raasy). OnucaHHe KOHKPETHBIX XaTeropuM TNPEBDATHHIX
MyYKOB, MOJVIEHHHX ¢ NOMOINBIO 5THX mMomxomos, cm. s [112], [111], [120],
B uacrrocTH, npumepn nn. 2.6 u 2.7 saumcrsomaHu H3 [112].

IF'aragsa 8
D-MONYIH
§ 0. Breaenne

0.1. Jlusefinsie auddepenumanbhbie ypaBHeHus H ZD-MOLYJH.
PaccmoTpum creteMmy JHHEAHBIX ypaBHeHHH E:

14
zRi]u]::O’ i':l, . ey q, (1)
=t

Tle 4;— HEH3BeCTHBle (GYHKUHH OT MEePeMeHHBIX Xi, ..., Xn, Ri;—

JuHedHble IuddepeHUHaNTbHEE ONepaTophl (BO3MOXKHO, ¢  Ilepe-
MeHHBIMH Kodddunmentamu). B xnaccuueckodr Teopuu Mbl HHTe-
pecyeMmcs pelIeHHSAMH TaKOH CHCTEMH.

Uro6sl omucats 3Ty 3a/auy Ha ajreGpandyeckoM si3bIKe, 06o0-
BHAYHM KOJIbUO GYHKUHE OT Xi,...,Xn, B KOTODOM J€XKaT Ko3d-
GuIMeHTH cHcTeMbl, depe3 A: 370 MOryT OHIThb TJIaJKHe, Belle-
CTBEHHO-aHAJNHTHYECKHE, KOMIJIEKCHO-aHANUTHYECKHE WMJIH  IOJH-
HOMHaJbHBle GYHKUMH B HekoTopoi obmacru U. Hanee, o6o3Ha-
yuM yepes 2 KoJbLo ABddepeHnHanbHEX ONepaTopoB ¢ K03 bH-
umeHtaMu B A. Ilo cucreme (1) mocrpoum aessift D-monyis M
Kag KOfJApO OTOOpaxkeHHs jeBhx Z-Moxynelr R : DP—PD9, 3ana-
BaeMOro YMHOXKeHHeM cIpaBa Ha MaTpPHUHHIE omepartop (Ri;):

Dr—~Di—~M—0. (2)

Pewenus cucremsl (1) Heo6si3aTenbHO HCKAaTh B A: MH MOXeM
HHTEepecoBaTbes, HampHMep, OO00ONIEHHBIMH DeUIeHHSMH, KOTOpbIe
He o6pasywr xoabua. CyIIecTBeHHO JHUIIb, YTO HX MOXKHO audde-
pPeHUUpOBAaTh M YMHOXAaTh Ha (QyHKUMH. [I03TOMY HMeer  cMBHCJH
paccMOTpeTh ApYyroi JeBrii ZD-moxyip N u onpelelnth MHOKeE-
ctBo Sol(E, N) kak MHOXKecTBO pemenuit E co 3HaueHusmu B N.
‘OueBUIHO, HMeeM:

Sol (E, N)==Homg (M, N). 3
D10 paBeHCTBO IOKA3HIBAET, YTO H3yYeHHe  KATETOPHH  JEBBIX
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D-vonyneli asasercs anre6pavyeckoll Bepcuell TEOPHH ypaBHe-
Hug (1).

0.2, Xapakrtepuctnueckoe  mHoroo6pasme. Ilycts p=g=1,
r(x, §) —crapmui cumBOX omeparopa R. YpasHemnme r(x,E)=0
Onpeaensier MHOroo0pasue B KOKacaTeJbHOM PAacCJOGHHH K 06Ja-
ctr U, koTOpOe HasbiBaeTcst XapaKTePUCTHYECKHM MHOr00GpasieM
ypasHennsa Ru=0. Poab xapakrepucrHueckux Hampas/ieHHil X0po-
LIO H3BEeCTHA B KJACCHYECKOH TEODHH: COOTBETCTBYIOIIHE MM TIH-
NEPIIOBEPXHOCTH ABJISIIOTCS NOBEPXHOCTAMH MOCTOSHHOH (aswl Ko-
POTKOBOJIHOBbIX peLIeHHH, a UPOeKUHS XapaKTepHCTHYECKOTO MHO-
roo6pasus ma U ABJasieTcs HOCHTeNEM BO3MOXHBIX CHHIYJASpHOCTEH
pelllenH.

B cayvae o6meii cucremn (1) Ans onpefefeHus XapakTepHC-
‘THYECKOT0 MHOro06pasusi clelyeT paccMOTperb TOuKH (x, E), B Ko-
TOPBIX DAHT MATPHIK CTAPUIHX CHMBOJOB Kosdoduuuentos (1) cra-
HOBUTCA MeHbUIE UYHCJIA HEH3BECTHBIX (QYHKUHH. B peflcTBHTeJb-
HOCTH, 3T0 HaHBHOE OIpeJeNeHHe CTAHOBHTCS NPAaBHIbHBEIM JHIIb
nocJje npoGasaeHus K cHcTeMe (1) Bcex ee nuddepeHNHaNbHEX
CJIeACTBHH, M TOpa3jo YAoOHee IOJB30BATHCT SKBUBANEHTHHIM aJ-
re6paHyeckiM OmpeneJeHueM B TepmuHax D-mouyas M (2). Ouo
coctour B caelyoumeM. Ilycts 9;c%D — npocTpaHCTBO ONEPAaTO-
pos crenenn <<i, M;=2:M,, rie My— A-n10aMONyJb ¢ KOHEUHBIM
yucjaom o6pasyomux 8 M, nopoxpawomuis M wan 9. Torza

o0
Gr M= 1@0 M;/M;_, siBnseTcs rpagyHpOBaHHEIM MOLYJNEeM Hal KOM-

o
MYTATHBHHM KoJblioM Gré = o, Di/D;,. D10 NocheHee KOJbIO

npeacrasiser coO0f KOJBIO NOCJOUHO-NONMHOMUANLHBIX (QYHKUHE
Ha KokacateabHoM paccaoeHuy T*U k obnacrn U, a monyns Gr M
ABJISleTCA MOALyJeM cedeHHI Hekoroporo myuka Ha T*U. Hocurenn
3TOro mnyuka M eCTb XapaKTePHCTHYECKOe MHOroo6pasue CHCTe-
Mel (1).

Onud u3 nepsbiX pesysbTaToB TIOMOJOTHYeCKOH Teopms D-Mony -
J1efl CBSI3HIBAET PA3MEPHOCTh XapaKTEePHCTHYECKOro Muoroodpasua M
. C HAMMeHbmMM j, 443 KOToporo Extl, (M, A)=0 (em. ra. 1, m. 6.1

u n. 2.7).

0.3. Jloxanusauus, Mensas obnacts U B mHOoroobpasusm X, Mbi
JIDHXOJHM K HeOBOXOJUMOCTH CTaTh Ha TOYKY 3PEHHs TEeODHH Myd-
KOB: KOJbUo A 3aMeHseTcss CTPYKTYpHbIM nyukoMm Ox, xoiabuo D
CTAHOBHTC NyukoM Kojen Dx audoepeRuHalbHbBIX O0NEpaTOpPOB
Ha X, M samensercs Ha nydok Dx-monyJsei. IIpr sToM BO3HHKaeT
HOBBIH aCHeKT TEOPHH — IOMOJIOTHYECKHE HHBApPHaHTH Dx-MOLY-
el Ha MHOroo6pasuH.

Dra riaBa INOCBALIEH2 NPEHMYUIECTBEHHO  CJydYaw,  KOria
(X, Ox)— komnyekcHoe ajreGpauueckoe MHOroo6pasue. B §§3—5
usjoxen ¢opMmannsm nyykos Dx-moxynedi. B neobxomumeix Me-
€Tax MH BBOAMM COOTBETCTBYIOILYIO NPOH3BOAHYIO  KaTEropHio.
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OnpapHaHueM 5TOTO C KJIACCHYECKOH TOYKA 3PEHHA  CJIYXKHT BO3-
MOXKHOCTE c(OPMYJIMPOBATh Aajieko HAymee oCoOmleHHEe  MpO-
rpaMMbl Pumana—TIuab6epra 06 ONHMCaHHH CHCTeMB YpaBHEHHH
0COBEHHOCTAMHK ee pelleHul (cM. HEXKe, 0. 6.5).

0.4. ToAOHOMHOCTL M PEryaspHOCTb. XapaKTEPHCTHUECKOe MHO-
roo6pasue cucrembl (1) B rn-MepHOH 00JacTH HMeET Pa3MEpHOCTb
He meHblle n. Ecan oHa paBHa 7, cucTema H ee Moayab M Haswl-
BAIOTCH 20A0HOMHbiMu. PaHee TaKHe CHCTEMB HA3BIBAJHCH MaK-
CHMaJbHO TepeonpefeneHnbimu. Takue cHCTeMBl HauGoJee 6311431@1
K cucreMaM OOLIKHOBeHHBIX AHbdepeHUHANbHBIX YpPaBHEHHM: HX
pellieHHs 3aBHCAT OT KOHEYHOro uMcia KoHCTaHT. [loaromMy oHm
HakGoJlee MOLNAIOTCH H3YUeHHIO ajre6panyecKHMH  CPEACTBAMH.
Knaccuueckne ypaBHeHHS — BOJHOBOe, Jlamiaca ¥ T. H.-— OTHIOIb
He SIBJSIOTCS T'OJIOHOMHBIMH.

O6umyM cBOfCTBAM TOJGHOMHBIX MOAyJel mocBsmeH § 5.

B Teopuu OOBIKHOBEHHBIX AuddepeHIHaIbHbBIX YPaBHEHHH ¢
aHaJHTHYECKAMH KO3((HIHEHTaMH XODOLIO H3BECTHa  BAaXXHOCTb
ycaosus peryasprocty no ®Pykcy ypasHeHus BOJH3H 0c060# TOU-
ki. OHa ofecneunBaeT XOpollee [OBeJeHHe PeLIeHHH Npu NpHO.IH-
JKeHHu K oco0oji TOUKe Xp, B YaCTHOCTH, BO3SMOXKHOCTBE Pa3J/IOXKHTb
pellleHHe N0 MOHOMaM  (x—xg)*log (¥—xo)® ¥ BO3MOXKHOCTb  JIO-
KallbHO BOCCTAHOBHTb yDaBHeHHe BOJHM3H 0CO60H TOYKH O MOHO-
HPOMHH —— CBOHCTBAM BETBJIEHUA pELIEHHI.

JJis TONMOHOMHBIX MOZRYJIEH TaK:Ke MOXKHO BBECTH ONpeleseHue
PeryaapHeix ocoOeHHOCTel u O0OOGHIUTL Ha HHX STH CBOHCTBA, ye-
My nocssamens §§ 6, 7. ’

0.5, Mporpamma Pumana—TuanlGepra. [Ipocrefimras roaoHOM-
Has CHCTeMa HMeeT BHI

;—J‘:~i’—=0; i=1,...,n Jj=1,...,p.
Ee pewennaMu SBJSIOTCH IIOCTOSIHHBlE BEKTOPH #;=¢;. Ecaa ro-
JIOHOMHAsT CHCTEMa B OKPeCcTHOCTH TOYkKH U NpPHBOAMTCS K TaKo-
My BHAy JHHeHHO#i ofpaTUMof 3aMeHol (4;) ¢ aHAJUTHYECKHMH
K03 PHUHEHTaMM, TO OHAa Ha3bIBAaeTCA IJIaJKO# B 5TOH OKpeCcTHO-
cru. Ta ke TepMHHOJIOrHS NpumeHserca K 9D x-Monyio M.

Kareropus roOHOMHHX TIalkuX Dx-MOLyNel HAa Xan aHTHIK-
BHBaJIeHTHA KaTETODHH JOKAJbHLIX CHCTeM KOHEUHOMEpHBIX IIpo-
CTpaHCTB Ha Xay, KOTODas 3anaercs ¢pyakropoM Sol:

M~36omg (M, Ox) (ny10x romomopdrsvos)

Eciy onycruTh ycaoBHE IIaIKOCTH, TO 3Ta TeOpeMa JOMyCKaeT
crefyomee  rAayGoxkoe  0606iieHMe, NpHHAAJMEKALLEE K YUCAY
UEHTPAJBHLX Pe3yNbTATOB TOMOJIOTHYECKOH Teopunt Dx-MomyJed.

Iycrs Di, (Dx-mod) —poM3BOLHAA ~ KATETOPHUA  TOJOHOMHBIX
peryaspupix Dx-Momymaelt, a D2 (X)—Tpuanry/MpoOBaHHas  KaTero-
pusi  KOMIIEKCOB TYYKOB  BEKTOPHbIX MPOCTPAHCTB, MMEIOLIHX
KOHCTDYKTHBHHIE KOroMosiorun (em. ra. 7, m. 1.6.1). Torga ¢yuxrop
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Rdom (-, Ox) onpenenseT aHTHOKBUBAJCHTHOCTh
D}, (Dx-mod) D7 (X).

§ 1. AareGpa Beiian

I.1. Onpenenenune. Aszebpoi Beiirs A,(C)=A, Hasw-
BaeTcss aJqarebpa ¢ 27 06pasSyWIHMH  Xi,...,%n, Of,...,0n,
YAOBJIETBOPAIOIIUME  COOTHOIIEHHSM [x:, x;1=0, [9:, 0;]=0,
[0:, %;1=0 mpu i#j, [, x:]=1.

SlcHo, uto MOGOH 3MemeHt PEA, 0QHO3HAYHO 3amMCHIBAETCS B
BHE

P — Y aapxadF, 0

o,
rae o=(0y, ..., %), P=@F, ..., fl—MyIbTUUHIEKCH, X%=
=X, xm GB=08 ... 0% aq,6C, cywma B (1) KOHeuna.

Taxum obpasoMm, A, ecrecTBeHHO mnpeicraBasith cefe Kak aareGpy
IuddepeHnuasbHBIX  ONEPATOPOB C HOCTOSHHBIMH KO3 (dHLHEH-
TaMH.

[Tox A,-Monynem M wmEl, eciu He OTOBOpeHO, 6yAeM MOHHMAThb
JEBHY Ap-MOIYJIb C KOHEUHEIM YMCJIOM OGDa3yIOIIHX.

JlBa BaxHEX IpuMmepa:

a) M=A,/A,(0, ..., 0,)- Jlerxko BHZeTb, 4TO M MOXHO
npexcrasuts B Buge M=Clx;, ..., X,], 0, (F)=(%FT (dopmab-
Hasg OpOM3BOAHAaf), X;(F)=x;F (yMmroxeHnue).

6) M=A,/An(x1,...,%n). Takoii moxyms M ymoGHo mnpea-

CTaBJATL cefe Kak MOAYJIb 0GOGIieHHBx ¢GYVHKUHA (DyHKUHOHAE-
JIOB Ha HpPOCTpPaHCTBe MHOrOYJNEHOB) ¢ Hocutedem B Touke 0.
1.2. CeoiictBa A,. a) A,—upocras anarebpa; 6) A, JeBo- H
NpaBOHETEPOBA; B) KaXABIH A,-MOAYJIb KOHEUHOH NJHMHBl LHMKJIH-
ueH (mopoxkiaercs OZHOH  ofpasyiomei); r)  oToOpameHue
x;+0;, 0;~—x; sagaer astomopdusm A, (bopmalpHOoE mpeobpa-
soBanHe Pypee). .
Horaxem ceodicto a). Ilyers /<A, — HeHyJeBOH JBYCTODOH-
Hufi Hieas, 07 P=3a,x*0*€¢]. Ecain m>0— makcumanpHasa cre-
neHp BxOxAeHHs x; B P, 1o {9;, P]#0 u MaxcumanbHas CTeneHb
BXOXZAeHHs x; B [;, P] pasHa m—1. Kommyrupys d; ¢ P m pas,
Mbl IOJIy4dM HeHyJeBOf sJeMeHT I, B KOTODHI He BXOIHT X;. Kom-
MYTHDPYsl Hy3XHOe YHCJO pa3 cO BCEMH O; M X;, MBI IOJYy4YHM, 4YTO
161, tax yro /=A4A,.
CsofictBo 6) BBITEKaeT H3 HETEPOBOCTH KOJbIA MHOrOUJNEHOB
OT 27 nepeMeHHBIX, KOTOPOE ABJSETCS [NDHCOeIHHEHHBEIM Ipaiyupo-
BaHHHM KOJBLOM IJsi HEKOTOpoH ¢uiabtpaumuu B A, (cM. HuXeE).
CBoiicTBO B) BBINOJHEHO AJs M0G0l aare6pel A, uMeroule#
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GeckOHeynylo Aauny kKak JeBwlit A-monyap (reopema Craddopna,
cm. [27]).

CgofictBo r) oueBunHo. OTMETHM, YTO NPH (OPMAJBHOM Ipe-
o6pasosanun Qypre Moiyau u3 a) # 6) B m. 1.1 mepexoaar apyr
B Lpyra.

1.3. TomonorudeckMe cBoiictBa. OJHHM M3 OCHOBHBIX CBOHCTE
anre6pel A, ¢ TOUKH 3DEHHS TOMOJOTHYECKOH aarebpel sBlsercs
CJAeLYIOIUHH pe3yJ/bTar:

1.3.1. Teopewma. [oMmosoruyeckas pasMepHOCTb A, paBHa n;
IPYTHMU CJoBaMH, AJs mobuix An-monyies M, N umeem

Ext?(M, N)=0 npu j>n.

B crnepyromux HecKOJBKHX IIYHKTaxX Mbl IpHBedeM HabpocoK pno-
Ka3aTeJIbCTBA 3TOH TeOpeMbl M PAla ee YTOUHEHHH.

1.4. ®dumprpanuu. Mbi Gyiem paccMaTpuBaTh Ha A, cieny-
IOIlHe [Be BO3pacrawmollue (QUAbTPAlUHH JHHEHHBIMH IOANPOCTpaH-
CTBaMH:

a) uasrpayus Beprwirelina:

Bi={asx*0" : || +|8|<j}

6) crandaprHas QuarsTpayua (creneHsaMu IZuddepeHuyaIbHOTe

oneparopa)
Zy={a.x"0" : |B|<j}-
O6osnauas uepes {F;} mobywo H3 5THX GHIBTPALHKE, HMeEEM, Oue-
BHIHO,
g-ig-jcg-i_;.j, Ug-,=An

Ilycts

gl'g.Aﬂ =j§0§.j/ g.j—l
(mel cuuraeMm, aro F_;={0}). Jlerko mpoBepuTh, YTO MJA KAXIOK
u3 Qumsrpauni {Bj}, {£;} gr¥ A, sBaserca anreGpoli MHOrOUYICHOB

oT 2n mepeMeRHEIX Xx; 0;6F:/F,.

Duabrpayuels A,-monyna M, coeaacosanrnoti ¢ %, Hash-
BaeTcd  BO3pacrapilias  II0CJIeJ0BaTelbHOCTb {0}=T_,cTc
<l ... cM auHe#HEIX TOANPOCTPAHCTE TaKasi, UTO

F.Iicliyy, UT=M,
Fo-Mopyau I'; HMeIOT KOHeuHOe YMCI0 06pasymoIux.
CooTBercTByOILEE IPASYHPOBAHHOE IPOCTPAHCTBO!
T oo
gr M=——j€20rj/rj_1

€CTECTBeHHO CHaGxkaeTcst cTpyxrypoit gr¥ A -momyas.

Ecnn v€l;, vél;.,, o6pas veI';/T';—, HaseIBaeTCs CUMBOAOM U
(o6o3nauenue: a(v)).
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QuabTpauus {I‘.,-} Monyas M wasbiBaerca xopowed, ecnud
CYIECTBYET TaKoe jj, 4To

F.I';=T.,; nas Bcex i=0, j=jo.

14.1. Mlpennoxenne. a) Kaxawit xouewno NOPOK IeHHbI
An-Monyne M o6nanaer xopourei buasTpanuei.

6) Pumerpauus {T'} monyms M seasercs Xopowedl, ecau u
TOMBKO ec gr" M komeuno nopoxaen man gr¥ A,. B stom ciyuae
M 06s3aTeNHO KOHEUHO NOpOXJeH Hax A,

B) Ilyers (T}, {I}—uise xopomme dumrpauuu M. Toraa
CYyIeCTBYeT Takoe jy, uro I';_;,CT; Ty, A% BCEX .

1.5. XapaxTepucTHyeckoe MHOrooGpasue A,-Mopyas. [IycTs
M —KOHeUHO TIOPONJEHHH A,-MOLYJb, {T';}—xopomwas pumbTpanus
M oTHOCHTeNBHO CcraHZapTHOH OuabTparimu {2} Ha A, Ilycts
I=anngr'*Mcgr®d, (1o ects I ectv unean tex PEgrA,, uro
Pu=0 nns wexoroporo 0==uegt™M), J(M)=V I —pagukan [I.
Paccmatprsas gr*A, KaK KOJMBUO MHOTOWIEHOB OT 27 IepeMeHHBIX
Xj 0, o6osuauuM uepes ch M C* noxmHoroo6pasue Hy.ell ureana

J(M). Wz n. 1.4.1 B) surteraer, uto J(M) u chM (3 orauume
or I) saBucsar auuwp ot M, uo ue or {I';}. Mroroo6passe chM
Ha3BIBAETCS XQPAKTEePUCTULECKUM MHO2000pasuen An-monyns M.

1.6. Ceasn ch M u xoromouoruyeckux csoicts M. ComocraBum
An-Monymo M gBa caedylolIux 4ACHa:

§ (M) =dim ch M(=pasmeprocts Kpymas gr*A,/J(M)),
j (M)=min {j:Ext} (M, A,)#0}.

1.6.1. Teopema. j(M)+48(M)=2n.

1.7. Nlaan poxasareabcrsa Teopems 0. 1.6.1.

a) Ionoxum aas xpatocth S=gr*A,. Ilycrs T — xopowas
(orHOCcHTENBHO XZ) ¢uabtpaumus Ha M. Teopus pasMepHOCTH AJA
rpajyupOBaHHBIX KOHEUHO MODOXKJIEHHHX MOAyJeH Hal KOMMYyTa-
THBHBIMH peryJspHbLIMH aJre6paMu IIOKasblBaeT IMpeXJe BCETO,
UTO yTBepXKJeHue, aHAJOrHyHoe Teopeme I. 1.6.1, crpaBelsHBO AJs
S-monyast gr M=N. A uMmeHHO, nojaras

8’ (N)=Kr dim (S/AnnsN),
j/ (N)=min{j:Ext{ (N, §)+0}

(Ext Gepercs B KaTeropud IDAaiyHPOBaHHHX S-MoayJell), HMeeM
i (N)-+8" (N)=2n. ,

6) HemocpencTseHHo u3 ompejeserus fcHo, uro &' (gr M)=
=§ (M). [losroMy ans AOK23aTes]bCTBA TEOPEMEl AOCTATOYHO yCTa-
HOBHTB, 4To j’(grM)=j(M). Jlaa 3TOTO CTPOHTCS CHEKTPajbHas
II0CJIe0BaTeIbHOCTD, cXofAMmasicsa K Ext! (M, Ay).
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B) Cnexrpaasuas nocaedosaresbrocTs. Mbl yTBepxKiaeM, urg
CyLEeCTBYeT CHEKTPaJibHasd TOCJeJ0BATENbHOCTS C

E{* =Exti ¥ (gr M, S[—p))

(rme S[—p]-—cBoGoaumit S-moayap ¢ OXHOH oGpasymomiell crene-
HH p), cxojsIasca K

ELr=Ext (M, Ay

W3 cymecrBoBaHHS Takoll CIEKTPaJbHO#l MOCAEIOBATENBHOCTH pa-
BeHcTBO |’ (gr M)=j (M) BBITeKaer Aocratouno mpocrto. Cama ke
CHEKTPAJbHAsSL MOC/eJ0BaTebHOCTh CTPOHTCSA CJEAyoIHM o6pa-
30M.
Cymectsyer cBoGoaHas pezonbseHtra M (QHIBTPOBaHHHMHE
Apn-MOAYyJIIMHU

L2 L1 O M0

TaKas, 4to
...—gr L-2»gr L-'—»gr L%>gr M—0
— pe3osbBeHTa gr M CBOGOAHBIMH TPajyHPOBAHHEIMH  S-MOAyAsi-
MH, ¥ S-panr gr L~* pasen A,-panry L.
Monoxum renepp Ki=Homyu ,(L7% A,) u seegem B K y6u-

BaOUIYO ¢uiabrpauuo, nonarasa FK'={g: L *>A,, ¢(Tr(L)) <
<F r-p}. Jlerko nposepurb, yto Auddepenummans d: L-'—-L-tH
HHAyuupyoT Ha {K°‘} cTpykTypy OHJIBTPOBAHHOrO KOMILIEKC3, K
Tpebyemas cIeKTpaJbHas MOCJEN0OBATENBHOCTh  ABJSAETCS CIeK-
TPaJbHOH IOCJEJOBATEJbHOCTHIO 3TOro (QHABTPOBAHHOTO  KOM-
HJeKca.

r) B neficTBHTENBHOCTH, aHAJNH3 CIEKTPAJbHOH HOC/eJOBaTeb-
HOCTH H3 IPeABLIAYINEro OyHKTa IIO3BOJISET He TOJLKO YCTAHOBHTH
paeeHcTBO j/(gr M)=j(M), HO U XOKa3aTb cJeAyOUIee yTBepK-
JeHHe (HCIOJB3YsE COOTBETCTBYIOLlEe YTBepXKIeHHMe IJas S-Mony-
Jneft):

8 (Exth (M, A,))<2n—j ama Beex j
C PpaBeHCTBOM maf j= j/(gr M)=j(M) (3mecsp Extfqn (M, A

paccMaTpuBaercs Kak npaBblii A,-MOAYJIb, CO CTPYKTYPOH, HHAY-
LMpOBaHHOM NMpaBHIM OelicTBHEM A, Ha cebs).

1.8. 3ameuanne Teopema n. 1.6.1 u yreepxaeHHe . 1.7T)
BepHB B OoJiee oOuiefi cHTyaluH, Korja BMecto A, paccmarpi-
Baercsi KoabLo R c¢ duabrpaunmeil, aas koropoi gr R sasiasercd
peryJIsIpHBIM KOMMYTATHBHBIM HETEPOBLIM KOJBLOM YHCTOH pas-
MEpPHOCTH S, a BMecTo M — KOHeuHO IOpPOXKIeHHBIH R-MoAyls ¢
xopowiel GHALTPAUHEH (B 3TOM Caydae 2 HYXHO 3aMEHHTb HA S).

B gacTHocTH, OHa BepHa B cJydae, KOTZa pacCMaTpHBAETCH
koapuo A, ¢ ¢uabrpamueii {B;} Bmecto {Z;}. O6o3nauas B 3TOM
cllyyae COOTBETCTBYIONIyI0 pasMepHocts  Kpyaas uepes d (M),
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noayuaem, uro d(M)4j(M)=2n (mockoasky j(M), oueBHAHO, He
3dBHCHT HHM OT KakO# GHJAbTPAUMH), TAK YTO, B  YACTHOCTH,
d(M)=8(M). C npyroi cropous, s d(M) MmomHO NOKasaTh
BaXHO€ HEDaBeHCTBO, Ha3blBaeMoe HepaseHcTsom bepruwurelina
(cm. m. 1.10).

1.9. Moannom luabGepra. B caefyiomex ABYX MYHKTaX MEL 6y-
AeM paccmarpuBarth QuibTpanuio BepHureiina {B;} Ha A,. Hada
Hee

dim B;=j?" /(2n)!4-ujeHs MeHblIeH CTENEHH 1O |.

[Tycts M —xoneuno nopoxpenssit A,-MOayb ¢ Xopoued (u/b-
Tpamue#t {I';}, Tak uyro gri'Al—KOHEYHO NOPOXKIEHHHH TPayyHpo-
BaHHBE  Mmoayms  mHap @ S=gr’A,=C[x;, ..., Xp Op, ..., O]
(c deg x;=deg0;=1). Corsiacio Teopuu pasmMepHOCTH, AL KOMMY-
TATHBHBIX KOJEl, CYLIeCTByeT MHOrOUIEH

UM, T, 8)=Z-14 40 (7, m, deL,,

AJsl KOTODPOTO
J
dim ;= X, dim T;/T; ;=% (M, T, /) mpu j 0.
i=0 '

Ilpu sTom roucraure d=d (M) (pasmeprocts Kpyans S-mopyns
S=Ann,gr"M) u m He 3aBucar or {I';} (oHH HasmBaOTCH pas-

MEepHOCTBIO H KpaTHoCThIoO M),

1.10. HepasenctBo BepHureiiHa. D10 yIHBUTENIbHOE CBOHCTBO
An, ycranoBaenHoe M. H. Beprwrteiinom B 1971 romy [2], co-
CTOHT B CJeAyIOmeM:

ITycre M#{0} — koneuno nopoocdennei An-modyss. Tozda
d(M)z=n.

B uacTHOCTH, Majseko He Mo60# S-Moxyas umeer BHR gri'M
It HeKOTOPoTo A,-monynas M.

[IpuBenem HOKa3aTeJbCTBO HepaBeHCTBA DepHiuTefiHa,  IpH-
Hajaexaumee [xKosedy.

ycts {I';} — xopowass ¢uabrpayus M. MoxHO, OYEBHIHO,
cunraTh, uro [o+*{0}. Hokaxem npexpe Bcero, yro C-imHeiiHoe
orobpaxeHue

B;—Homc (T, Ty), P—(f—Pf), PEA, [fEM,

ABJAsieTcs BJOXeHueMm. Mcmoabsyem uHAyKumio mo i. Ilpu i=0
yTBEPKAEHHe BHITeKaeT U3 1oro, yro [o7{0}.

[lycte 0+ P€B,. Ham nyxHo n0Kaszath, uto PT';#{0}. Ilpex-
nonoxum Hamporus, uro PI';={0}. Torna P He Moxer OHTb KOH-
CTAHTOM, TaK YTO B BhHIpaXKeHHE

P=Zaaﬁx“6"
BXOXHT Ju60 Kakod-ro X; Jau60 xakof-ro 0;. B mepsom caydae
[P, 8;]%0, [P, 0;]6B:—y u [P,d;]M={0}, uro npOTHBOpEYHT Ipe.-
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IONIOKEHUI0 HHAYKuMH Aas i—1. Bo BTOpoM ciayuae HYXKHO B3sith

X; BMecTo 0.
[ycre Temeps % (1) =x(M, T, t) —mHorounes I'mipbepra, Tax

410
v(M, T, i)y=dim I'; npu i>>0.

Torpa npu (>0 uMeem
i 40 (i )=dim B, <dim Homc (T';, Ty))=y (£) % (20),

1
@n)!
orkyzna deg x==>n, to ectb d(M)=n.
1.10.1. HaBoarorusHocTh, [lockouapky, coraacuo m. 1.8, d(M)=
=§ (M), u3 HepaBeHcTBa Bepuurefina nosyyaem, yro

8(M)=dim ch M=n, ecniu M+{0}.

D10 HMeeT caelyKllee Jajeko uiayuiee (1 ropasigo Gosee TPyn-
Ho pokaspBaemoe) obo6uenve (CrepHGepr—Iufiemun—Mang-
rpanxk—Ia66ep, cm. [63], [113], [27]):

ch Mcspec CXy, v uy Xp, Oty - .y 0,] =C27
AB/MSETCS WHBOJIOTHBHEIM IIOJMHOrOOGpasueM OTHOCHTENBHO CHMILICK-

THYECKO# CTPYKTYPHl, OmpejgenseMoit dopmok m=2da—cj/\d5,-.

1.11. FoMonoruueckass pa3MepHocTb A, paBHa n. Bce wusJjo-
’KeHHOe BHILEe B DABHOIl CTENeHH NMPUMEHMMO W K IIpaBbIM A, -MOLy-
asM. s kaxporo Jesoro A,-Momyas M TakuMu mpaBbIMM A,
MonyisiMu Oy LyT ExtjAn(M, A,). U3 dopmy/m (1) u u3 mepaBeHCTBa
Bepuurtefina naa mpasbix A,-MOLyJe#l moJyuaem, 4To

Ext,{n(M, A)=0 npu j>n.

[anee, WCOAbL3ys CBOOOKHYIO PE30JBHBEHTY NPOM3BOILHOIO A ,-
monyas N, MOXHO [JOKa3aTh, 4TO

Exth (M, N)=0 mpu j>n

AN mOOGHIX ABYX JEBHX (HJAH NpaBbx) An-MoOnyJeH, ¢ KOHEUHO
nopoxAeHHEM M. OKOHYATENBHO NOJYYaeM, YTO

dh A,<n.

W3 pesyabraToB clenyiollero IyHKTa OyAer  cJel0oBaTb,  4YTO
dh A, B TOYHOCTH PaBHO n.

1.12, Tononomunie mopyau. M3 n. 1.6.1 u m. 1.11 BuITekaer, uTo
nns mo6oro Ap-momyns M rpynnst Exts,’(M, A,) moryr  GHITBH
ornuyre or 0 aHmp gas 2n—d (M)<j<<n. Moayau, 143 KOTOPHIX
5TOT HHTePBaJ CBOIHUTCS K ONHOMY 3HAYEHHIO j=n, Ha3bIBAWOTCS
eoronomneimy. Tagum obpasom, A,-Moaynab M HaswIBaeTcst TOJO-
HOMHBIM, ecan au6o M={0}, mbo d(M)=n.

Monynn u3 npumepos a), 6) B 1. 1.1 OYEBHIHO TOJOHOMHEIL.

IIpuBesieM DAL CBOACTB M NPHMEPOB T'OJOHOMHEIX MOIYJEH.
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a) IlomMomyan ¥ (aKTOPMOZYNH TONOHOMHEIX MOAYJeH TOJO-
HOMHBI.

6) Iycrs M —npousBosmbhsit A,-Moxym u {T';}— corsiacosaHHas
¢ {B} cdwmwrpanua AN, nmag koropolrt dim I‘,<—;T jre j7

Torna M rononomen m m=m(M)<c. B wactHOocTH, M KOHeuHO
MOPOXKAEH (AJs AOKa3aTeJNbCTBA HYXKHO IPOBEPHTH, YTO MJHHA
CTPOTO BO3pacTarollefi UENOYKH KOHEYHO MOPOKIEHHBIX HNOAMCLY-
neit M He npeBOCXOIHUT C).

B) Ecnmu M ronosomen, To ero niuHa He mpesocxout m (M)
(B yacrHocTH, M HHKIHUEH).

HanbHefimpe nmpuMepel FONOHOMHBIX — MOAyJelt cM. HHXe B
n. 1.14.

1.13. IBOMCTBEHHOCTL AJiAl TOJOHOMHBIX Momyned. s Kaxao-

ro JIEBOro (COOTBETCTBEHHO, NPABOr0) TOJOHOMHOTO A,-monyas M
NOJIOKHM

s

M*=Ext} (M, A,).

OT0 NpaBHi (COOTBETCTBEHHO JeBH#) A,-MOAYJ b, KOTOPHE Ha-
3piBaeTcs dgoucraennvim x M. Ero csoiicTBa:

a) M* gpasiercsi TOJIOHOMHBIM A ,-MOLYJIEM.

6) M—M* gBisieTcst TOUHBIM (PYHKTOPOM H3 KATErOPHM JEBHX
(cOOTBeTCTBEHHO MpPABBIX) [OJOHOMHBIX A,-MOAyJe#l B KAaTErOpHIO
OPaBBIX (COOTBETCTBEHHO JIEBBIX) TOJOHOMHHIX MOAyJeH, 3ana-
JOIUHM aHTHIKBHBAJEHTHOCTb 3THX KaTerODHIL

YrBepxienne a) caedyer, no cyumectsy, us (1), yrBepxieHue
6) — U3 TouHO# mocJyenoBaTeabHocTH Ext’oB.

1.14. Eume npumepnl M CBOHCTBA TOJOHOMHBIX MOAYJeEH.

a) Tlyers fEC[xy, ..., x,] ¥ M=Clxy, ..., X, f1] ¢ meficT~
BueM A,, onpenenseMeim dopMaibEEM au(QGepeHIUPOBAHMEM DPAIHO-
sambHbX yHKuufi. Torma M TONOHOMeH (A JOKa3aTebCTBa.
HYXHO NOJOXHTh T';=={q (x) f (x)7, degq<j(deg f-+1)} u npu-
meHuTh 06)). Ilpu arom UT;=AM BHTEKaeT U3 TOrO, YTO ¢ fle
6r1+degq)- def

e
6) Boaee o6mo, nycrs M romosomed. Torma M[f=

def
=M & Clxy, ..., X, /7] TakKe roJOHOMEH.
Clxyseearxyl

B) OrTMeTuM, YTO XOTSl TOJIOHOMHbBle A,-MOAYJAH SBJISIOTCH, B
HEKOTODOM CMBICJE, «CaMbIMH MaJeHbKHMH» MOZIYJSMH,  Cylle-
CTBYIOT NpOCTHie HerosoHoMHble A,-monyau M. JIsa tuna npume-
pos nocrpoenn Craddoprom [1.3.7] u M. H. Bepnmrefinom u
B. Jlyuuem. B o6oux cayuasix n=2 u M=A;/AP (rax uro
d(M)=3). B nepsoii pa6ore P=x,+xy-+0:+x,010;, BO BTOPOH —
P — oanopomunift (o Xj, Xg, 01, O2) 3JeMeHT cremeHH k=4 obme-
ro NOJIOXKeHHS.
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1.15. Noawmom Beprmrefina. [lycts fEC[x;, ..., X, ¥ A—
TpaHneHjenTHas mnepemennas Haxy Clxg, ..., x,|. PaccmoTpum
ameGpy Beftma A, (C (M) Hax nmosieM DalMOHAMBHBIX (YHKUHME OT A.
Tloctpoum  Mopyas N =C (M) [x1, .., X f7] f* man A,,(C()»)})h,
nopoxenssfi #ax C (M [xy, ..., X, f7'] omHol oGpasylomesn f=,
Ha KOTOPYIO 3JeMEHTH 0; NEHCTBYIOT (HOpPMABbHbIM nuddepernupo-
BaHHEM: 0; Fr=A f‘la—‘chf f* Bpoma B N (uibTpaUMIO aHAJOTHYHO

1
m. 1.14.r, moxzo y6enurbesi, uro N — ronoHomusft An(C(A))-mo-
IyJb. . .
[Iycts N;=N, j=0,1,2,...—A,(C(A))-n0oAMONyJb, TOPOXK-
nennwfi- fif*. lockoibky N mMeeT KoHeuHyo INauny, Np=Np,1 Aas
HEKOTOpOro k, To ecTh

frfr=P (M) [FH1f, Pi(A) €A (C(R)).
3amensas A Ha A—k (A TpaHUEHAEHTHO!), MOy UM
fr==P(A—k) 1.

Ilycts B (M) €C[A] —o6mui smameHareap Bcex KO03(Q(OUUHEHTOB
(nexauux B C(A)) omeparopa Pi(A—k) u P(A)=B (k)P (A—Fk).
Torna

P()f*'=BM)f* PH)€An(C[A]), B(r)€ECA]. (2)

CymiectBoBande Takux P(A) u B()A) HasnBaeTcd TEOPEMOH
Bepumrreiina. flcHo, uto BceBosMoXHBle B(A) (mas  maHHOro f)
obpasyror uleanx B C[A]. O6pasyomas b(A) sToro uueanxa, HMe-
omas crapmui ko3@ounuedr 1,  HasplBaercs — NOAUHOMOM
Bepuwreiina gas f.

Otmernm, uro u3 (2) BeITEKaer, yro N=N,, 10 ectp N mo-
poxnaercs f* man A, (C).

1.15.1. Teopewma. [ycrs f6C[xy, ..., x,]. Torna

M= Ay, (CY[AJF/An (CY[A]F-F*

siBJIFeTCs TOJNOHOMHBIM An(C)-MOAyNeM, W MUHUMANBHBIA IOJH-
HOM OIlepaTopa YMHOXeHHS Ha A ecTh b.

§ 2. Aurebpanueckue D-Moxyau

B nanpmeiimiem B 3TO# rsiaBe (ec/H He OTOBOPEHO IPOTHBHOIO)
nox mMHoroo6pasuem X 6yJer NMOHHMATHCH TVIALKOe aareGpanvecKoe
KOMIIJIEKCHOe MHOroobpasHue.

2.1. Mlywox Dx. Ilycte UcX — oTKpHTOe MHOXecTBO. Judde-
peHUMaJbHBIM ollepaTopoM Iopsiaka <In Ha U HasmBaerca JuHef-
Hoe oTtobpaxende P :Ox(U)—>Ox(U), yaosnetsopsioiliee yCIOBHIO

[\[[P’ fll f2]i o ,f‘n-H]:o

LA9 MO6HX fi, .oy fn€Cx (U).
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O6osnaunM MHOXKecTBO fUQQepeHIHANHEX ONEepaTOPOB MOPAX-
ka <<n Ha U uwepes Dx(U)(n). O6vesunenne Dx(U)=
=UDx(U) (n) sBNsieTc KOJABLOM, KOTOPOE HA3HIBAETCA KOAOHOM

n

anzebpauneckux Ougppepenyuarsnoix oneparopos ua U. Bospac-
Talolee ceMefiCTBO MOANPOCTPAHCTB

{0}=Dx(U) (=) =Dx (V) (0)=.....

sagaiT Ha Dx(U) cTpykTypy QHIABTPOBAHHOTO KOJbLA.

Hmeem Dy (U) (0)=0x(U) (omepatopw yMHOXKeHHA HA (YHK-
uu0). Hanee, mo6oi snement Dx(U) (1) npencrasasercs (OAHO-
sHayHo) B Bule P=0-f, roe f€Dx(U) (0), 6 — BekropHOE mHOJE
Ha U, 1o ects C-muddepennuposanne xompua Cx(U). ‘

Ecau U addunno, o Dx(U) nopoxpaercs Dx(U) (1). Ecau
VU — o6a agpdunns, To

Dx(V)=0x(V) ® DxU).
Oy

OTcioga BHITeKaeT, yTo Ha X CYIIECTBYeT eAHHCTBeHHbA O x-
KBA3HKOTEDEHTHLIH MYy4oK KoJel &), cedueHHsi KOTOPOTO Hajl Kax-
nbiM abdunusM oTKpeithiM UcX cosnapaior ¢ Dx(U). dror ny-
YOK Has3bIBaeTcsl RYy4Kom pOCTKos aszebpauseckux Ougdeperyu-
aabHoLx oneparopos Ha X. AHAJOTHUHO ONpEeNeNfIoTCS NOLIYUKH
Dx(n), zapaomue Ha Dx CTPYKTYPY Nyuka QUIBTPOBAHHBIX KO-
aen. Ilpu stom PDx(0)=Cx u Kaxiasii Dx(n) fABAgeTcs KOre-
peHTHBIM O x-MOLYJIeM.

Ecnu X=C" — n-mepHoe ad¢duHHOEe mpocTpaHcTBO, T0 D) (X)
coBnagaer ¢ anrebpoil Beiast A,(C) (J: ectb BekTOpHOE mOJe
0/dx;). B uacrnocta, Dx(X) nopoxnaercs Cx(X) u mnomapHo
KOMMYTHPYIOIUHMH BCIOLY JHHEHHO HEe3aBHCHMBIMH BEKTODHBIMH
nonsiMu. MOXKHO TOKasaTth, YTO NMOC/ElHee YTBepPIKAeHHE cIpaBel-
JIMBO JIOKAJBHO B TOMNOJOTHH 3apHCCKOro mJisi J0Goro riagxoro X,

2.2. Dx-mopyau. O6o3Hauum uepes A x abeseBy KaTeropHIo
ny4koB (JIeBHIX) MOAYyJeH Hal OYYKOM Kosel PDx.

Mpumeps D x-monyaeh: a) M=Cx.

6) M=%x (n1eBoe YMHOXEHHE).

B) [laockue cessnocTu. CBASHOCTbI0 V Ha KBA3HKOTePEHTHOM
Ox-monyie M HasmBaercss neficTBHe Ha M nyuka ©x BEKTODHHIX
nosxed, g~ Vi, koropoe Cx-nuHeiiHO

Viesgn=[Vi+8Vo, [, 8€0x, €, 1€0x
H YIOBJIETBODsieT Npapuiy Jlelhbuuna )
V: (fm) = (Ef)m_i—fvﬁm: meM, £€0x, fedx.
CesszHoCTs V Ha3BIBAGTCS NAOCKOL, €CJH
[V, Val =V, u.

Jlerko BuIeTh, uTO 3ajaHuMe Ha M CTPYKTYpH Dx-MOAYJIS 3K-
BHBaJEHTHO 3aLaHuio Ha M miockoi cBfsHocTH V.
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OG6HUHO TIOCKHE CBSA3HOCTH 3aJalOTCSl Ha JIOKAJMbHO CBOGOIHBIX
O x-MOIyJIsSiX KOHEYHOro paHra (TO ecTb Ha IyYyKax POCTKOB cede-
HHE anrefpaHuecKuX BeKTOPHBIX paccioeHuit). Cieayiomee npep-
JIOXKEeHHe XapaKTepusyer Takue MyukKH.

23.MlpennoxeHue Dx-MOLYIb ABIAETCH O x-KOTepEHTHEIM
TOrIAa H TOJBKO TOTJAAa, KOTAa OH JOKaJbHO CBOOOAEH KOHEYHOro
panra naj Ox. '

JokaszaTeabcTBoO. 10— NoKadbHbE Bonmpoc. Ilycts x€X
H S),...,S5p — TakHe cedeHHss M B HEKOTOPOH OKPECTHOCTH X, UTo
HX 06pasbl B KOHEYHOMEDHOM BEKTODHOM NpOCTpaHcTBEe M =
=M,/m.M, (rie m,— MaKCHMAaJbHHH HXeaJ] TOYKH X) 3axawT Oa-
suc B M,. TTo nemme Hakaswmul, s; nopoxinaior M Hax Ox B He-
KOTODOH OKDPECTHOCTH TOUYKH x. HYXHO JIHIIL NMPOBEPHTh, YTO S; JIH-
HeliHO HesaBHcHMB Hal Ox. Ecan

B(Pi5i=0, (Pieax (1)

— JIMHeHHOe COOTHOUIEHHE MeXIy S; To ¢;(x)=0 Jnaas Bcex i

Bri6epem cpeam Bcex coorHowmieHHH (1) Takoe, y KOTOpPOro v=

=min{nopsAL0oK HyJs ¢; B TOUKE X} MHHMMajeH. [lycTs B 5TOM cCo-
i

OTHOUIeHHH, cKaxeM, v=ord ¢;. JIerko BHIETh, UTO CYIIECTBYET JIO-
KalbHOe BeKTOpHOe moje 0 Ha X, mias Koroporo ord(d¢i) =v—I.
Torna

0=29 (2%51)=(5‘PI) S‘i—l'" i 09;-S;.

1=2

Pasnaras 0s; mo s;, moOJyuMM COOTHOUICHHE

2‘1’15}’—‘-0

€ ordy; =v—1, YTO NPOTUBOPEUHT BHIGODPY V.
2.4. Tlyyox Q. JleBble ¥ mpaBble D-monyad. OGo3HauuM uepes
MY xaTeropuio npaBX Dx-Monysel, KBASUKOTEPEHTHBIX KAaK

Ox-vonymu. EctecTBensuit cnoco6 nepexoga ot Hx X A 5} "
O0paTHO COCTOMT B CJeNVIOLIEM.

ITycte Qx — ny4ok pocTKOB anrebpanuyeckux AuddepeHunans-
HuX dopwm crapmelr (=dim X) crenenu va X. OH JOKalNbHO CBOGO-
nen panra 1 Hax Ox. Bexropuoe mose & Ha X pefictByer Ha Qx
npoussofHo# JIu L;. HMmeem

[LE: Ln]‘=L[E’ L E)
(2)
Lpo=fLio—L;(fo).

O1i GOpPMYJE [OKA3HIBAOT, 4T0 Qx ABAAETCS NpaBbiM D x-MOIY-
-JleM OTHOCHTEJIbHO NeficTBHS: ’

0-E=—Lio, oof=fo.
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Teneps aas m06oro FEM x NONOKHM
QIF)=F @ Qx
Ox
¥ 3ajanuM npasoe neficteue Dy rva Q(F), noaaras
(#®0) f= fuBo=u® fo, [feOx,
(B0 )t = —EuB®0—u®Lio, EEO.

DopMyJl (2) mOKaskBaIOT, uTo Q (F)EA K.
.HverxoRnposepmb, 4TO Q 3a1aeT SKBHBAJEHTHOCTb KaTerOpui
Hx B Ak KpasuoGpatabiit GyHKTOp HMEET BHX

—1
Ir-dbom e, (Qx, 9)=9ée;{9x .

2.5. Korepeutnsie 2 x-monyan. HanomuuM, uTo, coraacHo obuie-
My onpenencHuio, Px-MoAyas M Ha3sBaeTcd KOPePEHTHHIM, €CJaH
OH JOKaJbHO INPEICTABASETCsl KaK KOAAPO MOppu3Ma CcBOOGOAHBIX
D x-Monynell KoHeyHoro panra. O603Ha4YuM MOJHYIO NMOAKATETOPHIQ
M x, COCTOALLYIO U3 KOTEPEHTHBIX MOAyJel, yepes Cohx.

2.5.1. Teopewma. a) [Tyyok Kojer Dy KOTeDEHTEH U JIOKAJb-
HO HETepoB.

6) Tomosoruyeckas pasmepHocTb cia0i Dx,. B KaxA0H TOUKe
x6X pasua dim X; romonoraueckas pasmepHocts Dx He Npesoc-
xonut 2 dim X.

YrBepxaenne (i) caeayer u3 oOIMHX CBOACTB (HJIBTPOBAHHBIX
Kosen, (M nyuxoB KoJen). ITepas wacre (ii) BHTekaer uz aHaJo-
THYHOTO pesysbrarta aJjs ajre6psl Beias A, (cM. n. 1.11), sropas
yacTh cJenyer u3 neppoi teopeMsl Ceppa—Iporenarka o xoromo-
JOruax X ¥ CHeKTPaJbHOH NMOCTENOBATEJBHOCTH, OTBEUAIOUNEH KOM-
nosuuuu ¢yHkropos Hom=T'cs6om.

2.6. XapaxkTepucTHyeckoe MHOrooGpasue. [pagyupopaumbit
nyqox xoJeu gr Dy, cessaHusft ¢ dumrpaupess {Dy (1)} na Dx,
usomopden, ouesunno, nyuky . (Ofux), rae T*X —xoxacateapHoe
paccioenne Kk X, m:T*X—> X —npoexuns, Ofax — mydox pery.Jsip-
Heix GyHkuui wva T%X, NOMMHOMHAJBHEIX BAOJL CIOEB .

[Tycte MeCohxy u x—Ttouka X. Auanoruuno m. 1.4.1, a), MOXKHO
YTBEPX AaTh, YTO B HeKOTOPOR adduunoft oxpectroctd U Touku x
y M(U) cymectsyer xopomas QHILTPALHUA OTHOCHTEABHO GHILTDA-
wi {Dx (n)(U)} ra D(U). CoOTBeTCTBYOWMA CpaiydPOBAHHLIA
MOLY /b gr M(U) «xowveuso mopoxner wan gr9PxU)=
=, {0%%) (U). Monmuorod6pasue (ch M) |y i(U), onpenensemoe
ugeanom J=} anngr M(U), He 3aBucuT OT BhIGOpa Xopourei
duasrpauun (asaxoraano 1.5). ITlostomy (ch M)|y Haz pasimuseMu
Uc X ckaeusaroTced B noaMuoroo6pasue ch Mc7*X, HaswsaeMmoe
XapaKmepucmuiecKum Mr0z000pasuesm KorepeHTHOro Dx-Mo-
nyas M. '
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Jas x6X o6osnauuM uepe3 d, (M) BeJHUHHY (ijrgfxdim(ch Mp

Nai(U)), u vuepes j,(M)—HauveHbluee Js A KOTOpOro
Extjg)X x(an @X:X)#O

27. Teopema. (a) chM—xonuyeckoe TNOAMHOrooGpasue
T*X (to ects ch M uHBapHAHTHO OTHOCHTENPHO PAaCTSKEHUE B
cnoax -l {x), x6X).

6) jx(M)-+d,(M)=2dim X.

8) Ecan M,%{0}, To d (M) =dim X. _

r) ch M pHBOMIOTHBHO (TO €CTh KaCaTejlbHOe IIPOCTPAHCTBO K
chM B kaxJofi TJIalKOii TOYKe COLEPKHT CBO€ ODPTOTOHAJBHOE
JONOJHEHHe OTHOCHTENbHO CTaHZAapTHOH CHMMIJIEKTHYECKOH CTPYK-
TypH B T*X).

Yacts (a) oueBuiHa, yactu 6), B) CJAEAYIOT H3 COOTBETCTBY-
OIEX yTBepXKAeHu# Ans anrebpu Befas. Hacts (r) —3T0 Tpya-
Hasg Teopema CrepuGepra—TIuitemuna—Manprpanxka—Ia66epa—
Caro—Kasar—Kamupape. B Hacrodmiee BpeMsi H3BECTHBHI JOKa-
sareasctBo  Caro—Kammusape—Kasau [127], nKokasarensctso
Manbrpanxka [113] (cm. [27]), B RoTOpOM HCCHEAyeTCs OeficTBHE
Ha 0Oyyog Kojeu Py o0WUX CHMIJIEKTHUYECKHX NpeobpasoBanuil
T*X, u ero mepeBoj Ha ajarebpauyeckuil s3blK, HaHHBIE I'ab6epom
63].

[ ]B) Ecan My#{0}, 0 d.(M)>=dim X.

28. [Tpumepsn. a) M=Dyx, ch M=T*X

6) M=Cx%, ch M=XcT*X (uynresoe ceueHHEe);

B) M —jokanbHO cBoGoaHBIl Ox-MOAYAb & KOHEUHOrO paH-
ra, cHaGxeHHHH miocko# cessHocThlo, chMcX -—unocureny &
(copmapaomui ¢ G, ecin X HEIPHBOAUMO);

r) M=Dx/m. Dy, x6X (0606meHHEEe QYHKUHY, COCPEAOTOYEH-
HEBIe B TOYKe X, ¢p. 1.16) ch M=nr"'(x) — c0i Han .

2.9. NponsBoanple Kareropuu. DOJBIIHHCTBO KOHCTPYKUHHA H
pesynbraTtoB Teopuu PDx-MoAyiell Haubojee eCTECTBEHHO Gopmy-
JHPYIOTCS. U LOKa3bIBAIOTCA B KOHTEKCTe IPOH3BOAHBIX KaTErOpHi.
O6osnayum uepes Db (Dx-mod), D?(AHx),D?(Cohx) coorser-
CTBEHH(O OrpaHHYeHHble NPOH3BOJAHHE KaTeropHH abelleBHIX KaTe-
ropui Bcex (neBHXx) Dx-monyied, Ox-KBa3UKOTepPeHTHHX D x-
moayneit u ZDx-KOTePEHTHHIX MOAyJelr. SICHO, 4TO  BJOKEHHS
Cohx—AM x—>D x-mod 3ananT QyHKTOPH

D? (Cohy)—= D? (A ) D® (D ,-mod). (3)

OGosunauum uepes D! (D,-mod) u DL (Dy-mod)—nosnre mox-
xateropun B D, (Dy-mod), cocTosimume H3 KOMIIEKCOB, KOIOMOJO-
THU KOTOPHIX NpHHALJEXaT cooTBercTBeHHO A , u Coh,.

2.10. Teopema. dynkropsl o:D?(Cohy)— Db (Dy-mod) u
p: Do (M x)~ D®(D,-mod) 3anal0T 3KBUBANEHTHOCTH TPHAHIYAHPO-
BaHHLIX KaTEropui
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Db (COhX) g D(b:oh (@X‘mOd)y
D? (My) ~ D (D,-mod).

JlOKasaTe/sCTBO  BTOPOTO  yTBepMIEHMS  OBUIO  MOJYYCHO
WM. H. BepnuwrreiinoMm. Ero ocHOBHBE 3Tams! TAKOBHL.

Jlerko Bunetsb, uto O ,-xBasuKorepenTHbe D ,-MOTYIH TOPOKAAIOT
D!, (Dy-mod), TaK 4TO HyKHO JMIIL NPOBEPHTH, YTO P— CTPOrO
HOJHEI QYHKTOP, TO ecTb

Homps( g (%, ) =Hompyg, ) (F, &)

X-m
s mobbix F, ¥ 60bD? (A ). Ha camom nene, aHanormymoe pa-
BEHCTBO CripaBennuBo i R Hom Bmecto Hom. Tlposepka cnepsa
CBOAMTCA K Caydaio, xorpa X adpdunao. 3arteM, HCNOMBL3ys IOAXO-
AAULHe pe3oabBeHTH aaa F u ¥, BCe CBOAWTCA K CAyuaw, KOTAa
F u § —KOMILIEKCH, COCPELOTOUCHHBE B OJHOH CTEleHH, TpHYEM
F cBoGoneH, a & umbektHBeH. [locse 3Toro yTBepXKIeHue cJe-
ayer u3 TeopeMbl Ceppa 0 KOrOMOJIOrHSiX KBA3HKOTEPEHTHBIX Iy4-
KOB Ha a(pQUHHBIX MHOr0OGpasusix.

JoxazaTe/spCTBO MEepBOro YTBEPIKIEHHA CJAEAYeT M3 TOrO, YTO
Kax el 06beKT H3 A x SBJSAErTcs HHAYKTHBHEIM IIPeIesOM CBOHX
mono6bekToB, Jexamux B Cohy.

2.11. PesoabpenTbl. [lJ1s1 BHYHC/JEHHS Pas3JHUHBIX  (YHKTOPOB
MeXJy NPOM3BORHBIMH KaTeropusaMu %D x-MOIyJeH INOJEe3HO 3HATh
YCJOBHS, rapaHTHpylOUlde HaJHYHe  NOAXOIAIKAX  pPe30JbBeHT.
Hy:xHele peaynbraThl 3iech TaKOBHI: ,

a) Kaxanit o6vexkr F 64 x uMeeT IpPaByl0 HHBEKTHBHYIO pe-
30JbBEHTY

0>F > '>J'— ... —>I "0
¢ m<2dim X-+41.
6) Ilpenmonoxum, uro X KBasHmpoekTHBHo u  mz=dim X.
Kax ot 06bekT F €4 x HMeeT JeBYI Pe30JbBEHTY
0 Pm—sFPrmtls | PO F >0,

B KOTOpojfi #~' JoKaspHO CBOGOAHH Ajs 0<{is<m—I1, a ™ no-
KaJbHO MPOEKTHBEH.

CraHzapTHHe DacCyXAeHHS C TPOH3BOJHEIMH KaTerOPHAMH
TIOKa3bIBaOT, 410 y Jioboro ¥ €0ObDY(Ax) cymecTByioT OrpaHH-
YeHHas NpaBas HHbEKTHUBHAs De30JIbBEHTA, OTPAHHYEHHAs JeBas
TIPOEKTUBHAsl Pe30JbBEHTa M OrpaHHueHHas JeBasi MJockas (Hax

ZDx) pe3oJIbBeHTA.
2.11.1. Komnnekc ne Pama. [das  mw6oro Dx-monyas M
xomnaexc Oe Pama Q (M), casaHHHH ¢ M, ecTh KOMIJEKC

40
g(M):O-—» M—>Q(X)ye M— ... »gﬁ‘}“‘x @ M—0,
Ox Ox
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rae Qi —myuox POCTKOB anreGpamueckux i-dopm Ha X. uddepen-
nman df 3amaeTcs B JIOKAJBHBIX KOOPAMHATAX (hopMyJIoH

' (0gm)=dogm -+ X ([dX,N\O)gs 1.
! 1

Jlerko mposepuThb, 4T0 d’ He 3aBHCHT OT BHIOOpPA JOKAMBLHBIX KOOp-
AauHat u yro ditldi=0.

B uacTHOCTH, paccMaTpuBas KOMIeKC ne Pama Q (D), noay-
uaem (mocre casura ma dim X) JeByio Pe3OJbBEHTY Q= Q¥mX, co-

CTOSLILYI0 U3  JIOKAJbHO  CBOOONHHIX  mpaBblx D -Monyaei:
Q (D) [dim X7:

Sra pesoJbBeHTa HasbiBaercs pe3oavsentoll de Pama.

B 3akmmouende sToro -maparpada Mbl ONHIIEM aHAJOr NMOHATHS
adounHOro MHOroo6pasusi B KOHTEKCTe KaTeropun D-Moiyuei.

2.12. Onpenenenue MHoroo6pasue X HaswBaeTcs D-ag-
Gunnoin, ecnin ¢yrrrop F—T(X, F) toyen Ha Kareropuu A x.

dopmanbHble paccyXIeHHsi (aHAJOTHUHBIE HCIOJb3YIOIHMCS
B aire6paHyecKofi reoMeTpPHH UpH OmHcaHuW Cx-MOAyJledl Ha
adpHHHEIX cxeMax) [0Ka3blBaoT, 4T0 A Z-adpPUHHOrO MHOTO-
06pasust X umeem:

(i) JloGoi nyuor F €M x NMOPOKIAETCA CBOMMH TJI00aJbHBIMH
CEYEHHSIMH.

(i) Dx siBasiercss nNpoeKTHBHOH obpasywoei A x.

SlcHo, uro mo6oe addunHOe MmHoroobpasue D-adounro. Cy-
UIeCTBYIOT, OAHAKO, BaxKHble npuMmepbl D-adHHHBIX MHOroo6pa-
3HH, KoToprle He adPUHHEL.

2.12.1. Teopewma. Ilycts Y —wMmHoroo6pasue ¢anaros KoMm-
nJeKcHO# moaynpocrofi rpynnel Jlu G (1o ects Y=G/P, rae
PG — napaGoauueckasi noarpynna) u Z-— ap¢uHHOE MHOroo6-
pasne. Torga X=ZXY — D-adounno.

B uwacrHoctu, D-ahduHubM SBJISETCS MPOEKTHBHOE INPOCTPaH-
ctBOo P (C).

2.12.2. Ceasp c Teopmeit mpeacraBaenufi. Ilycte cHoBa Y=
=(G/P — npocTpaHCcTBO (JaroB IOJYNPOCTOH KOMILIEKCHO! rpyn-
net Jlu G. I'pynna G neictsyer Ha Y, Tak 4TO MH NOJyYaeM ro-
momopduam T anarebpu Jlu g rpynnel G B ajrebpy Jlu ©® rao-
OaJbHBIX BEKTOPHBIX NOJIeH Ha Y, npoposxkarmomuiics A0 T'OMO-
MopdH3Ma T:U(g)—>Dv(Y) obGeprhiBaroulei anre6pol
U(g) B aare6py raoGanpHbix AuddepeHIHAIbHBIX  ONEPaTopoB
Ha Y. Hecnoxno poxasate (w60 opHoBpemenHo ¢ m. 2.12.1, Ju-
60 HEMOCPeACTBEHHO), YTO T SMHUMOPPHO, TAK 4TO JIOGOH II06aJb-
HBl{l QH(depeHunatbHbl onepaTop Ha Y IOpOXJAaercs KOHCTaH-
TamMu H t(g). Kpome TOro, HeclOXHO OMHCATb ALPO T.

Bmecre ¢ Teopemoii m. 2.12.1 370 JaeT BO3MOXKHOCTb CBECTH
uccaenosanue U(g)-monyaedt (To ecrs mpexpcrasienui G), ssapo Ko-
TOPHX COJEPKHT SIAPO T, K HCCJAeAOoBaHHIO Dy-MOLYIEH.
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§ 3. O6parumii o6pas

3.1. 06 oGosnauenusx. B nanpHefimiem Ham HYXHO Gynder pa-
6orath ¢ NPAMBIME W OGDATHBIMH O6pasaMu B Pa3JHYHBIX KaTero-
puAx nyukos (abesesbix rpymn, O-monynes, ZD-Monyje#).

[Mycts f:X—Y —wmopdusm anreSpandueckux MHOroo6pasui.
Kareropuu nyukos Ha X u Y cBA3aHbl MexAy oGOl CAeIyIOLIHMH
dhyHKTOpaMHU:

a) Ilyukn abeneBbix Tpynn (B KOMIVIEKCHO-aHaJHTHYECKOH)
“TONOJIOTHH:

[ PHbyx~ 94by (upsmoli 06pas),
[ PHby—~ PHbx (06paTHBE 06pa3),
P HEby— PHLby (NIpAMOB 06pa3 C KOMIAKTHEIM HOCHTEJEM),

S: DY (984by)— Db (PS£bx) (SKCTPaOpAMHAPHEE OGPATHEE 06pPas),

YUepes Rf., Rf\, f° 0003HAUAIOTCA COOTBETCTBYIOUIME (PYHKTOPSI
MEXIY NPOUIBOAHEIMYA KATETOPUAMK (HATIOMHHM, 4TO f., fi TOUHHL

cneBa, a f ToueH). Bce deThHipe (PYHKTOPA COXPAHSIOT NOAKATETOPHH

KOHCTPYKTHBHBIX IIyUKOB.
6) [lyuku O-monysei

f.: Ox-mod—Cy-mod (upsimo#it 06pas),
f*: Oy-mod—>0x-mod (o6parusifi o6pas).

3necy f.=f. ToueH cieBa, f* TOYeH cmpaBa, COOTBETCTBYIOULHE
NPOH3BOAHEIE QYHKTOPH 06osnayarwres Rf,, Lf*.

3.2. JHeilicrBue BexkTopHblx mnogeii Ha [*(M). Iycte MEAy.
Paccmarpusas M xax Oy-MOAyJb, Mb MOXKem onpenenuts f* (M).
Hawa ueapr B stom mnyHrre— npespatuts [* (M) B Dx-MOLYJb.
Las satoro mocratouno sagate Ha f* (M) mefdicTBHe BEKTODHBIX IO-
Jeif Ha X. Mu chesaem 3to JokaasHo no Y. Ilyers x6X, y=f(x).
B HekoTOpoi#i OKPecTHOCTH y MOXKHO HalTu cucremy u3 dy=dim Y
OVHKIHH y; W dy TONApHO KOMMYTHDYIOIIHX BEKTOPHBIX moJed O
TaKHX, yro AHQQepeHUHAJBl Yy; B y JHHeHHO He3aBHCHMHI (TaK
4TO Y; SABJSIOTCS JIOKAJBHBIMH KOODAMHATAMH B HEKOTOPOH aHa-
JHTHYECKOH OKPECTHOCTH ¥), u [0y, ¥;]=38:; (raK uro 4,= 307 )

Tenmepy ana BexkTOpHOrO mNoMt & Ha Y u ceveHusa Yy=0Q® f'm
myuka f* (M)=0Ox ® f'M nonoxum

FOy

§x=gcp®f-m+; OE (1,0 1)@ f* (8:mm). (1

Jlerko mposepuTh, YTO 3TO ONMpenesneHue KOPPeKTHO: & (9f (P)®
® fr(m)) =Lt (@® f* (Ym)), YEOy, u He 3aBACUT OT BHOOPA CHCTEMSBI

{Y:, 0:). Urobhl yGeAuTbCS B COPABELJHBOCTH UOCHEAHETO yTBEp-
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XIeHUs, HYXKHO BBHIPAa3HThb B HEKOTOPOH AHAJHTHYECKOH OKpecT-
HOCTH TOYKH y OAHY CHCTeMy JIOKAJbHBIX KOODIAMHAT dYepe3 Jpy-

TyI0, H HCIOJb30BaTh Gopmyny JlefbHHLA.

OTmernM, ur0 ¢opmyna (1) abCOMIOTHO ecTECTBEHHA: oOHa
BHpaxkaer TOT (aKT, uTO eciu £ KacaTeJdbHO K  clI0AM [, TO
E(1®@fm)=0.

3.3. Jlemma. (i) OmucanHoe nefiCTBUE BEKTOPHHIX TO/EH TpeBpa-
maet f* (M) B Dx-Monyay; 06osauum ero f (M).

(i) Me V(M) samaer dyuaxtop S :My—>Mx, KOTODBIX
TOYeH CIIPaBa.

(iii) Ecm g:¥ —> Z — npyroit mopdusm, 10 (g 7)Y = fVg"; xpome
toro, idV =Id.

JlokazaTenbCTBO BCEX STUX YTBEPKAEHHH CBOLHTCH K HECJOMK-
HEIM [IPOBEpPKaM.

3.4. Ilydox Dyx..y. TTonowum

Dxor=f" (Dy)=0x & [ (Dy).
(Op)

ITOT MyuoK ABASETCS JeBbM D x-MOAy/AeM u npaseM f' (Dy)-MOLY/IEM

C ero nomomsio 1V (M), MEAy, MOXHO ONPELEJUTH CJIEAYIOLLNM
o6pasom:

Y (My=Dxar ® f(M).
(Dy)

CroiicTBo (iil) OPH 3TOM 3KBUBAJCHTHO YTBEPXK AECHHIO

Dxz=Dx.y @ f (Dyoz). @
(Dy)

Y

3.5. ®yuxrtop [P. Ilepexoas K NPOM3BOAHON KATETODHH, MBI
noxyuam dymkrop LfY:D?(My)—>D? (Mx), KOTOPHH, OUeBHAHO,
3anaercs GopMyJsIoi

L
L v Y " . .
FY (M) =Dy yf_(gy) £ (o)

(nocKOMLKY f* TOYen). Ilo MHOTMM mpHuMHAM OKasHBAeTC, OXHAKO
Gosee yNOOHBIM CHABHHYTb CTeNeHb (M M3MEHUTh 0GO3HAYeHHe) H pac-

cMaTpusath PyHKTOp fD :D? (M y)— D® (A x), 3anaBaemuit hopMynoit
L
P =Dxor @ f(M)[dx,]
, F(Dy)
(dx,y=dim X—dim Y). Ecau MéAy, To IJ51 KOrOMOJOTHI KOMIL-
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Jnekca fP(M) umeem nBe hopmyin

H! (77 (M) =Tor. 57, Dy, £-(M),

(o
HEGFP (M) =Tor, & ;’.),, (Cx, f*(M)).

3.6. [Tpennoxenne B curyauunm memmul m. 3.3 (iii) umeem
(gf)P=fPgp, idP=1d.

HoxkareabctBo Henmoassyer n. 3.3 (iii) u ompefeneHne mPOH3-
-BOJHBIX (PYHKTOPOB 4epes IJIOCKHE Pe30JbBEeHThL

3.7. Tlpumepr. a) f:X—~Y—orkpHroe BAOKEHHE. B 3TOM
C/Iyuae JIErKO NpoBeputh, 4t0 JV (M)= f*(M)=Mx (kaK MOLYJb
Hag Dy =Dylx), 1ak uto f' —rtounmit QyrxTop # fl==L f¥ =
= fV. ®yugrop f° NEPeBOJUT KOTePeHTHBEe 2)-MONYJ/ B KOTEépeHT-
HBle U TOJOHOMHBIE ZD-MOLY/M B IOJIOHOMHBIE.

6) Mlycts X=Y X Z, f:X-Y —npoexuus Ha TEPBHH COMHO-
wureap. O6o3HauMM yepes g:X -7 NpPOEKUMI0O Ha BTOPOH COMHO-
wurenb. Mveem

@X;‘ f'@y%g‘@z. (3)

Jlerko npoBepuTh, YTO fv(M)=Ml%g'0‘z co CTpykTypoir D x-Mo-

Lyast, omnpenensemMoro pasnoxennem (3). I[losTomy YV Touen.

Orciona fD coBnamaeT ¢ f° C TOHOCTHIO [0 CHBHIE HA dz=dim Z,
TO €CTb

D r i+d : .

H (fT (M= fY(H 5(M), MED® (Ax).

CHoBa JierkKo NPOBEPHTH, 4TO f¥ COXpaHsSeT KOTePeHTHOCTb H TOJO-

HOMHOCTb.

B) HaubGosee uHTepecHHH cayyait 3aMKHYTOro BJIOXKeHHs OyLeT

paccMOTpeH B KOHIe claexyroulero naparpada (reopema Kamu-
Baphl).

§ 4. Illpamoii o6pas

4.1. Ipsamoit o6pas npaBbix D-mopynei. Ilycte [: XY —
Mopduam anre6panyeckux mMHoroo6pasuii. OCHOBHASL TPYAHOCTb IPH
onpejeJsieHHH NpsMoro obpasa Z-Monyiell BHI3BaHa TeM, 4TO f, BO-
obume roBops, He 3a4aeT MOPPH3Ma OKOJBUOBAHHBIX NPOCTPAHCTB
(X, Dx)~ (Y,Dy) (B NPOTHBONMOJIONKHOCTb CHTYaUHH ¢ (F-MOLYIsi-
MH). OnHaKo, KaK AJs JoOOro Iyyka Kojew Ha Y, f 3ajmaer mop-
($H3M OKOJLUOBAHHBIX IPOCTPAHCTB

. F:(X, fDy)y~> (¥, Dy),
KOTOPEBIH MBI H OyZeM HCIOJB30BATh AJR ONDPENECNEHHR [PAMOrQ
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o6paza %D-moxyieit. Cnepsa MH HaiuM Gojiee eCTECTBEHHOE onpe-
JeneHHe NPAMOTO o6pasa AJs NMpaBbix Z-MOAyJeH (OTHOCHTENBLHO
NeBHIX Moxyael cM. 1. 4.5). IIpx aTOM C Camoro Havaja HYXHO pa-
6oTaTh B MPOH3BOAHHEIX KaTeropHsX.

4.2. Onpenenenne. [Oas N ED?(AE) nonoxam
. - <L
FON =Rf (N g Dx-y)-
Dy

3neck Dyoy —(Dx — f Dy )-GuMoLy b, ONPEEseHHBH B 1. 3.5.

4.3. Cposictea f(R. a) f %) 3ajnaer TOUHBI $yHKTOp TPHaH-
PY/MPOBAHHEX KaTeropuit D? (A %)— D° (AB). das noxasatenbCTBA-
HYXHO NPOHEPHUTH, UTO f Sf) (M) umeer O-KBa3UKOTEDEHTHEE KOTO

mosiorus. 1O crepsa Aenaercs B caydae, xoraa X u Y abdunnn

(uCnoL3ys CBOGOAHYIO JIeBYIO Pe3osibBeHTy N ); Iepexoi K obuemy

CAYYRAI0 OCYUIECTBJAETCA C NMOMOWIBIO CIEKTPAJNLHOHA MocjaenoBaTe/Ib-

nocTH Yexa pas adumsoro nokpeitus fHU), UcCY addunno.
OcTa/bhble yTBEPKIEHUA B a) OYEBH/IHBL

f g
6) B curyauuu X—>Y —>Z umeeMm
(g )R =gPe P

JloKasaTe/bCTBO HCHOB3yeT GOpMyay TURA QOPMyIbl MPOEKIUH,
cBaspBaoiyio Ry, u f, wusomopdbusm (2) us §3, u cdopmyay

S - ~
R(gof).=RgeRf:
4.4. 3ameuannsa. Oyagrop f () sBMETCA KOMMO3MIMEH JeBO~

ro NMpOoM3BOJLHOTO cbynmopa-é@;g_,y ¥ nPaBoro npousBoABOro GyHK-
Topa R f. VIMEHHO MO STO NpHUMHE ero HeAb3s XOPOWO Onpeje-
JMTb BHE KOHTEKCTA NPOH3BOAHHIX KaTeropuit. B wacrnoctu, f (%) me
ABJIAETCA, BOOOILE TrOBODH, NPOU3BOIZHEIM (PYHKTOPDOM HH OT CBOef
Hyaesoft Koromosoruk FH°(f ), nu or dpynxkropa N F.(IN®Dxy
(1 3TH xBa QyHKTOPA, BOOOILE rOBODs, pasmuuHs). Kpome Toro, Hu
OHH M3 3TUX ABYX (YEKTODOB He O6jamaeT CBOKCTBOM, AaHAJOTHY -
gpM 1. 4.3 6). )

4.5. IlpsiMoft 06pa3 AeBbix D-moayaei. [lepexon x JaesbiM D-
MOJYJIsSIM OCYLIECTBASETCH C NOMOUWIBIO KOHCTPYKmuH n. 2.5. aa
3TOrO0 ymo6HO BBecTH TyYoK Dxy.y HAa X, SBHIOMMACE JeBBM
f Dy-monyneM u npassM Dy-MOAyIeM. A HMEHHO, NONOKUM Dy ==
=Dr®p, 0", Tie Dy —nywox Dy, PACCMATPUBAEMbIH KAK TP ABHIE
Dy-MOJyMb OTHOCHTENLHO NPUCOENMHEHWOro neficteus. COriacHo
n. 2.5, Dy ¥MEET [1Ba KOMMYTHPYIOWIMX CTPYKTYPH JeBoro Dy -MOLY-
J: BOHMKAOWMYW M3 M. 2.5 (cTpykTypa 1) W BOSHMKaOWIAS M3
JIEBOT0 MpUcoefuHennoro Aeficteust na Dy (cTpyxkrypa 2). asee,
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nyCTh

@Y«X=£2X® f'@Y‘l
7o,
Yy
rue TEH30PHOE NPOU3BeIEHUEe GEpeTCﬂ o chyKType 2.

Crpykrypa neBoro f Dy-vonyas Ha Dy.x BOHUKAET U3 CTPYK-
Typhl 1 Ha Dy. Crpykrypa npasoro Dx-MOLYJIA BO3HHAKAET W3
CTPYKTYpH! JI€BOro PDx-MOAYAA HA

SV (Dy) =0)xf%yf.@r,

OTBeYaiolwell CTPYKType 2, H MOCJeAYIOWEr0 HPUMEHEHUsa m. 2.5.
Teneps monoxum mast M'E€D? (A x)

fill=RT. ( Dy x é M').
\ X

Jlerko nposepuTk, YTO ITO ONpenesenHue NPAMOro oGpasa AJs Je-
BEIX 2-MOLyJEH COrJIacyeTcs € OnpefesieHueM I. 4.2 Iad  TPaBeIX
D-vonyne. Kpome tOro, sicHo, yto f, SBASETCA (YHKTOPOM

DO (A )~ D" (My) u nasa X—; Y—iZ nMeeM
€ f)i=gs S+ )

4.6. IpsMofi o6pa3 NAS OTKPBITHIX BJIOWEHHHA. [Iycts f: X —
~ Y — oTKpHTOE BAOKEHHE. Torna Qx =Qyix, Dx=Dyix U Dy x=
=Dy xax (Dy, Dx)-MOLy b, TAK YTO f 3a1aeT MOPGHU3M OKOJBIO-
BaHHBIX npocTpadcTB f (X, Dx)— (¥, Dy). [ostomy f, 3amaercs
dopmysoi

f +=Rf =Rf *?
TO €CTb [ SIBJISETCA IPaBBIM NPOM3BOAHBIM TOYHOIO cleBa (QyHKTO-
pa f.. Orciona u u3 n. 3.6 BHTEKaeT, uTo fi CONpPSKeH cjeBa K [P,
TaK, YTO CylIlecTBYeT  KaHOHHYeCKHH MOpOH3M  (QYHKTODOB

Id: f.f°
Hadaee, pass MEA x nmeeMm

H'f..(M)=0 npu i <0,
Hf, (M,=limHXnU, M), x6X npn i>0,
ng
rae U mpoberaer cucremy adbOHHHHEX OKPECTHOCTEH TOUKH X.

Ecan X apduuno, 10 f. — TOUHBIH QYHKTOP, TAaK 4TO fr+=Rf.=
=f. 41

M npu =0,
Hif*(M)={0 npu i+0.

OrmeTuM, uTO f4+ AJST OTKPHITHIX BJOXKeHHH, BOOGLIe roBops, HE CO-
XpaHsieT KOorepeHTHoOCTh Haj 2 (npumep: X — JONOJHEHHe K runep-
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moBepxHoct# B Y); cM. ofHako, m. 4.10B) u 1. 5.6.1.
4.7. TlpsiMoft oGpa3 aas rixagkoro Moptusma. [as raaxkoro

d
0
MHOroo6pasus X oGo3Hauum uyepes DRy xomiexc jne Pama Qy—

S0k ... > QURX 1o Qk—myuox arreSpamieckux i-opM Ha X,

Ecmu M —npousposbtnii Dx-MOxyb, TO uepe3 DRx (M) ogo-
3gauaM Komnaexe ne Pama M, DRy (M)=DRx® M.

Hanee, ecm f:X—Y —raankuii MopdusM, 170 0003HAUMM Y€pe3
Ok, 0<i<dx,y=dim X —dimY nyuox OTHOCHTEJBHBIX i-(hOpy,
yepes DRx/y—OTHOCHTE/JBHH{l KOMIJEKC ne PaMa H  uyepes
DRy (M), MED x-mod— KOMILIEKC

Xy © M.
DRX/YOXM

SIcHO, B 4acTHOCTH, UTO0 DRx v (Dx) ABIACTCA KOMIJEKCOM JIOKAILHO
cBOGORHBIX TpaBeX Dx-MOLyIeH.

d Y
TMockoibky Dyx=Dxv g? Q%" onpenesnen ecrecTBeHHbIA MOp-
X
d 8%
Pusm GZQX)/(Y g@x—> Dy.x, KOTODHI, KK JErKO NPOBEPHUTE, KOM~
X
MyTHPYeT C mpaBeiM neficTBueM Dx.
4.8. JlemMa. & 3amaeT /1By pPe3OJbBEHTY

DRx)y Dx)[dx,v]> Pyrex
Mony a1 Dy. x JOKAJIBHO CBOGOLHBIMY NpaBbiME D x-MOLYISAMH.

Ora JeMMa JerkKo HAOKa3blBAETCS BBIYHCJEHHAMH B JIOKAJbHBIX
KOODAHHATaX Ha X, B KOTOPHX [ sBJseTca INpoeKuHell IPAMOro
NPOH3BefeHUsl HAa ONUH H3 COMHOXKHTENeH.

H3 stoft nemmMul BHTEKaer, 410 Ai%  Taajaxoro  mopdusma
f:X—Y npamo#i obpas f:M, ME€A x samaercs ¢popmyaoH

FeM=RF(DRxy (M) [dx,v].

OTmeruM, ogHako, 4yr0 5Ta dopmysa 3axaer f+M Kak KOMILIEKC
Oy-monyineii. JleficTBHe BeKTOPHHX moaeft Ha .M ompepensiercs
ROBOJIBHO CJOXKHHMH (opmydaMH. dti GOPMYJH YOPOLIAOTC B
cayvae, KOrAa f-— NpOeKHHs Ha IOPAMOE cJaraeMoe (HcloJb3ys
IefcTBHe NOIHATHIX BEKTOPHHX HoJe#l Ha M).

4.9. Iipamoii u o6parthbiit 06pa3 AJaA 32MKHYTRIX  BJOXEHHH.
IIycte f:X—Y — samrHyTOe BilOXKeHHe. OnpeneinM cJeLyionlHe
$yHKTOPH

Jordx> My, folMD)=F. (Drox® M),
X

fO:My—> My, [f'(M)y=Homrgp, (Drex, f'M).

Cesisp 3THX (YHKTOPOB JDYT C IPYTOM H CO BBENEHHHIMH paHee
byHkTOpamu npsMoro H ob6patHoro ofpasa Takosa.
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a) fo ToueH, fO ToueH creBa, fo compAKeH cieBa K fO.

6) Rfo=f+, Rf°=fP.

Becbma Baxnas Teopema Kammsaps nokasmiBaer, uto fo # [
OCYIIECTBJIsIeT SKBHBAJIEHTHOCTD MeXAY A x H HeKOTOpOH moJkare-
ropue# .Ay. A MMeHHO, IJs 3aMKHYTOr0 HOAMHOToo6pasus ZcY
0603HauUM uepes Ay (Z) NOJHYIO MOAKATErODHIO 'y, COCTOSLLYIO
'U3 MOAYJEH, HOCHTE]M KOTOPHIX COfepxKares B Z.

4.9.1. Teopewma. Ilycrs f: X~Y — samkayroe Baoxenne. Tor-
na OyBKTOpH fo: Mx—>My(X) u [O: My (X)—>Mx KBa3HOGPATHEL
H 33Jal0T 3KBHBAJIEHTHOCTb KATErOPHIl. '

HabGpocok RxokasarteabcTBa YTBepk/eHHe J0CTa-
TOYHO IIPOBEPHTb JIOKAJNbHO, TaK 4TO OGyAeM CUHTaThb, uro Y adduH-
HO, a X 3ajaeTcs YpPaBHEHHSIMH ¢ = ...=q@g=0. HHaykuus no d
CBOAMT TIPOBEPKY K CJaydalo, Korga X — rHIeprnoBepXxHOCTb B Y, 3a-
lawnasics ypaBHeruem @=0.

BeiGepem ekTopHOe mosie § Ha Y, mas kotoporo [0, ¢]=1 (Jo-
KaJbHO 3TO MOXHO CAeJaTb), u NoJoXuM [=¢-0.

Mycrs F ey (X). Tlockonsky & KBa3HKOTEPeHTEH, AJs JHO60r0
ero ceyenus g umeeMm @FE=0 aasi LOCTATOYHO 60OJBUIOTO A.

[Tonoxum &F;=(E, [E=it}. Torma @:F,—>F.., 6:.F > F;
W JIETKO NPOBEPUTh, YTO 3TH OTCOPAKEHMS SBJAIOTCA H30OMOpdus-
mMamu npu I < — 1. Hanee, uunyxkunst no k2 u dopmyaa 69— @p=1
NOKA3LIBAIOT, 4TO eCId @t =0, 10 OQEF_D...0F_, IlosTomy

F= él.@? 1=C[0]®F_, u ker9@|gy=%_,. Caenosareasso, oTo6pa-

wenug F—F , u G—C[p]®Y—ss3aumeo o6paTHEe MOPHH3MEL
mMexay Ay (X) u Ax. Jlerko mnpoBeputTh, YTO OHH COBNALAIOT
c fou fo.

4.10. KommednTapuu K Teopeme Kammusapni.

a) Teopema KammuBapsl JeMOHCTPHPYeT CaAeAylollee CyIeCTBEH-
HOe OoTJauune £D-MOAyJEH OT 0-M011yJ1e1'7I. B xareropum O-monysei
st yuka &, COCPEROTOYCHHOrO HA 3aMKHYTOM IIOAMHOroO0Gpasuu
XY wuMmeercs BaxXHAS XaDaKTEPHCTHKA: CTeneHb wujeana Jx
noaMuoroo6pasus X CY, auHymupyiomas F (Tak, BCe DNyuKH
Oy/Jﬁg, k=1,2, ... pasauyHe, XOTd ¥ HMEIOT OJHO U TO XK€
nosegenve spoas X). B xareropun D-moxynaeit puddepesnupoBaHus
B TpaHCBepcaanmX K X HanpaBJIeHHﬂX II.pPIBO,ELHT K TOMY, yTrTo 3Ta
CTeNneHsr paBHa oo (U3 IMYUKOB Oy|J% wMoxHO COCTABHTH IO cy-
ULeCTBY CAMHCTBEHHBIA MyuyOK, HA& KOTOPOM JENCTBYeT Dy: 3TO
nysox lim Oy/J4).

—_

6) Teopema KamuBapel AaerT IPOCThie N0KAa3aTe/NbCTBA yTBEPHK-
Denuit nn. 2.4 u 2.15.

B) Ilycts  f:X—Y — co6CTBeHHBIH ~ MOPOHUIM. Toraa
f+(D?(Coh X))=D®(Coh Y). Jlwo6o#t co6CcTBEHHBII MOPQHU3M pas-
JaraeTcss B KOMIO3HIMIO 3aMKHYTOTO BJIOXKeHHS H COOCTBEHHOrO
raazkoro mopdusma. ITostoMy Haule yTepxieHne caelyer us (1),
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TeopeMb Kammpaphl, # oNHCaHHS fi ANA COOCTBEHHOIO IJIajAKOro
mMop¢usma B 1. 4.7.
r) Mycts f: XY —3amkayToe BJOXKeHHe. Torna

ch (f,M)={(y, M) | ¥€X; (Y, Prrsyrsxn)€ch M}.

B uacTHOCTH, f,M TOJOHOMEH, €Cld M TOIBKO €Cad M TOJIOHOMeH.
T[lockoMmbKy f, TOYeH, U f,= fo KOMIIBKC f,M TIOJOHOMEH, eCH,
H TOJBKO ecad M rOJIOHOMeH. ]

4.11. dynktop I';z;. Kanonuueckoe pasyoxenne. [lycts i:Z—
—Y — saMRuHyTO¢ BJAOKeHHe, j:U--Y — BIOXeHHe XONOJHHTENb-
HOro X Z OTKphitoro  MHOkectBa. HanomHum  dyHKTOp
Tizy: Pstby—>Pstby us rta. 4, n. 5.5. Ilockoubky NpuMEHeHHe
- IuddepeHUHaNbHOrO ONepaTopa He YBeJMYHBACT HOCHTENb CEYEHHd,
Tiz)(Ay)—~>Hy. Bcnomunas n. 3.7 a, noayyaem (QyHKTOPHAJBHHI
no M 6€D?(#y) BHeaeHHBIH TpeyroannKD

R zgM—>M—>j+j"M, 2

KOTOpHfl Mbl HAa30BEM KQAHOHU4eCKUM pasiosxceruesm M or-
HocurensHo (Z, U).

4.11.1. Jlemma. Vmeem

RT(z) =iPi,

u Mopbusm RTzy M — M copnagaer ¢ MOPGHH3MOM CONPSXEHHs
i, —1d (em. 1. 4.6).

JloKazarenbcTBO cmepBa COCTOHT B NpoBepKe dopmynn ['jz=

=iDi+, AJs1 4ero NpoBOAATCA HECJOXHBE, HO HECKOJBKO I'DPOMO3AKHE
BbBIYHUCJ/IEHHS.

4.12. Teopema 0 3amene 6a3m. Ilycts

q ”

LY

gl oy

XS
-— KOMMYTATHBHAs AuarpamMma aireGpamyecKHX MHOrooOpasuil H
ux mopdusmos. Torna byBrTOpH ' f4# g.q" u3 D (My) B DO (Mx)
ecTecTBEHHO m3omMopdHH. B wacrHoctd, ecan Z=, To ecm
p(X)NF(Y) =4, 10 p¥fy=0. '

JloKasaTesbCTBO CBOJHTCH K DACCMOTPEHHIO JABYX  CJIydaes:

a) f:TXS8—+S—npoekuus, 6) f— 3amkHyTOe BJOKeHHe., IleppHil
ciyuyait pas6HpaeTcs HENOCPeACTBEHHO; BO BTOPOM CHy4ae CJELyeT
HCIIOJb30BATb TEOPEMY O 3aMeHe 6asHl B Kareropuu Fs£b u reope-
my Kammusapwl.

§ 5. Toxonomnsie MOLYJIH

51. Onpenenenune. a) Moxyms MEAx HasnmBaeTcs 2040-
HomHbLM, eciH 60 M= {0}, mm6o dimch M=dim X (cp. m. 1.12).

0) Kommnexc M'ED? (Dx-mod) HALBACTCH 20.L0HOMHKbLM, ECTH
Bce H'(M’)—rOJOHOMHEE MOLYIH.
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Kareropus roJIOHOMHBIX MOAyJell 0603Hauaercss Holx; Ka TerOPUST
TOJIOHOMHBIX KOMILIEKCOB (moHAs  mopkateropua Do (Dx-mod)y
o6osuauaercs Dig,; (Dx).

5.2. Cpo#CTBa roJOHOMHBIX MOJVJel M KOMIIEKCOB. a) B Tou-
HOH motnenoBatensHocTH O0-> M'— M— M"—0 wmoayas A rogo-

HOMEH B TOM H TOJMBKO TOM cayuae, ecamm M’/ u M’ rOJOHOMHBL.
TTosromy xateropus s6olx aGenepa.

6) D.’:%OIX(@X)——-Tpnam‘ynnpoaéﬂﬁaﬂ nonkareropust D?(D x-mody
(C MHAYUMPOBAHHBIMH (GYHKTOPOM CHBUrd W TPEYTOJbHHKAMH).

B) Baoxenue #olx—~ Dx-mod 3anaer @yuxrop D?(560lx)—~
»D%Ol (Dx). Tpynuas Tteopema Beiumucona [23] yreepxpaer,

YTO 3TOT (QYHKTOP 3844€T 3KBUBANEHTHOCTh KAaTeropufi (noxasa-
TeJLCTBO UCMOJB3yeT pe3yabTaTh ra. 7, § 2).
5.3. JIBOACTBEHHOCTb. DYHKTOD MBOKCTBEHHOCTH €CTECTBEHHO:

onpenensercs HA KaTeropuu Déon(Dx) KOMINEKCOB € KOTEPEHT-
HEIMM KOrOMOJOrMaMM. HanoMmHuM, uTO B 1. 4.5 Ob1 onpenesien

nydox Dy C ABYMA KOMMYTHDYIOULUMH CTPYKTYDAMH JeBOr0 2D x-MO-
LyJast.

5.3.1. Onpenenenue. Jas MED?(Dx-mod) nomoxum
AxM =R H#omg (M, Bx) [dim X],

.rae R%om_@x fepeTcs OTHOCHTENBHO CTPYKTyps 1 Ha Di.

Crpyxrypa 2 mnospojser paccMaTpuBaTh AxM'  kaKk  0OBeKT
DY (Dx-mod). Taxum 06pasomM, /s BEMHUCAEHHS AxM' HY)XHO 3aMe-
HUTH M° HA KBa3mu3oMOpOHH xoMmiaeke P ={... =P _;— Py~
— P,;— ...} U3 JIOKAJbHO NPOEKTHBHBIX (WJIH JOKAJBHO CBOGOIHBIX)
Dy-Mmoayaedt u noaoxure AxM ={... = Q_ 1= Q> Q—~ ...}, rae

Q: =%0mg)x (P—i—dtmx, Dy).
dcuo, uro Ax M npopomxaercs 10 QyHKTODa

Ax:D? (Dx-mod)— D? (D x-mod).

Tlpu atom AxeAx=<Id.
5.4. JIBOMCTBEHHOCTh JHIS KOTepeHTHnIX Mojayae#l. Ecam
MeCohy paccmaTpuBaercs xaxk 0-KOMIIRKC, TO

H (AxM) =& xt g™ (M, Dx).

OCHOBOH IJ HCCJAENOBaHHS ABOHCTBEHHOCTH IJsl IOJOHOMHEIX MO-
Iynel sBasercs caenywoumas teopeMa Pyyca.

5.4.1. Teopema. ITycmb MECohx. Toz20a
. a) dimch (&xtp (M, Dx) <2dim X —i.

6) Extyp, (M, Dx)=0 dsa i <2dim X —dim ch M.
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[TockoMbKy yTBepHKIAECHUS TeOpeMbl JOKaAbHel M0 X, MOXHO
cuurath, 4t0 X appummo, a Ha Al cywecrByer xopowmas (-
Tpanua. C ee NOMOLILIO YTBEPXAEHHS TeOpeMsl CBOAATCA K 4HANO-
THYHBIM yTBEPMCEHMAM JIAA TPagyHpOBAHHOrO Momynas gr M Hag
TPAyUPOBAHHLM KOMbUOM gf Dx=0%y (cM. 1. 2.8), riae OHu
SBJIIOTCH YaCTHIO CTAHAAPTHON TEOPUM Pa3MEPHOCTH.

5.5. Crencroue. 8) Ag(Dhon (M x))C Deon (Hx).

6) Ilycts MeCohx. Torpa xommmexc AxM cocpenoroyeH B pas-
MEPHOCTAX Mexay —dimX u 0, 1o ects H!(AxM)=0 mpu
i<dim X wm i >0.

B) M rOJIOHOMEH B TOM H TOJBKO TOM Cayuae, ecau H4(AxM)=0
ana i #0. '

r) Ax safaeT gBTONBONCTBEHHOCTH Ax:dBol%x— S6oly, TO ecTb
AxeAx==ldzg,;, - B uactrocTH, QyHKTOp Ax TOUeH Ha ol

[Tepsoe yTBepk ieHNEe BHTEKAET H3 CTAHLAPTHHIX CBOACTB & xt@X.

OrtmernM, uto ecan M HekorepeHTeH Hag Dy, TO KOTOMOJOTHH
AxM paxe He KBa3HKOTEPEHTHEL

Bropoe u Tperbe yTBepKjAeHHe BHITEKalOT u3 Teopembl Pyyca
n. 54.1.

YersepToe yTBepKAEHHEe cpa3dy CJelyer H3 TPeThero H 3ameua-
HHSA B KOHUe NpefblLyINero NMyHKTa.

OTMeTHM, 4TO W3 yTBepXKAeHHS 0) BHTEKaeT, 4ro Jio6o#l Kore-
PeHTHHI 9D x-MOAYJb 06JafaeT JOKAJIbHO NPOEKTHBHOH pe30JbBEH-
To#l AauHb << dim X.

5.6. TonoHomHBble mMopynn M dynxkropb. Ciepylouiass TeopeMma
yTBEPXKIaeT, YTO CBOHCTBO I'OJOHOMHOCTH COXPaHsercs NpH NPHME-
HeHHH ¢yHKTOpOB IpsmMoro H obparHoro o6pasa (§ 3, § 4).
A HMeHHO:

56.1. Teopema. Jua f: X—Y umeem
a) f° (Dot (Dr))c Dot (Dx),

6) f+(Dao1 (D) =Dgo1 (D)

JoKa3aTe/CTBO TEOPeMsl OCHOBAHO HA  CJHeAylouled  KJio4eBoH
JemMMe.

. 5.6.2. Jlemma. Tlycrp i: X —Y —JoKkaneHO 3aMxHyTOE BIOXKE-
rue. Torna iy (Digor (Dx)) CDoor (D).

Hrxe MH H3JI03HM OCHOBHBlE INAarH [0OKa3aTelbCTBAa TEOPEeMEl
n. 5.6.1, oTa0XKuUB O6CYyXJIeHHe OCHOBHOM JEMMBI M CBS3AQHHOIO C
3THM noHaATHs b-PyHKUME mo 1. 5.10.

5.7. lokasateabCrBo 0. 5.6.1, a. Kaxpwit mopdusM anre6pau”
YyeCKMX MHOrooGpasuit J paszaraeTCsi B KOMIO3HLMIO NPOEKLMH H
3aMKHYTOrO BJOKEHHS, TaK YTO AOCTATOYHO PACCMOTPETH OTJEJALHO
3td n;Ba ciydas. Ecnu  f —unpoexuws, TO, cornacHo 1. 3.6 ),

I V — TOuHRf GbyHkTOp, NEpeBOAAINUA rOJOHOMHBIE MOXYJH B TOJO-
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D
HOMHple. [Tlockospky f ~ OTJMYACTCH OT  fV rompko cpsurow,
D 4 [4
S (Dot (Dy)) Dot (Dx)
Iycts Temepy f: X X 7T 38MKHYTO®  BaOmeHue. PacemoTpuM
xanonuueckoe pasnoxenue M €Dy (Dr)
D pg- - . Do
faf M=M= j j M,
rae j:U—Y —Baoxenue AONOMHUTEMLHOMO K X OTKpPHITOTO MHO.
xkectsa. [lockoseky KOMIVIEKC j M'=M'ly rononomen, j, j°M-
TOJIOHOMEH BBHIY K/IOUEBOH JIEMMBl I 05.5.2. Tostomy f. f°m*
Takxke rojoomer, ¥ sBuny . 4.10 v, /M rononomen.

5.8. KpuTepuii rOTOHOMHOCTH. 3ITOT KpuTepu#t yTBEpKAaerT,

uTO KoMnekC MED&on (A x) TOJOHOMEH B TOM H TOJBKO TOM CJy-
D .

yae, eClM jaas mo6oft TOYKH XEX ero caolr iyM B x (Tme i:x—>

— X —BlOXeHHe) uMeeT KOHEHYHOMEDHSIE KOrOMOIOTHUH.

Heo6xomuMocTs 3TOr0 YCJIOBHS CJ€NYeT H3 m. 5.6.1 a, TOCKOABLKY
Lt D-MopyJell Hajg TOUKOM TONOHOMHOCTL 3KBMBAaJieHTHAa KOHeY-
HOMEDHOCTH.

s poxasaTenbecTBA JAOCTATOYHOCTH HYXKHO HCNONb30BATh CJe-
AYIOLLYIO JeMMY.

5.8.1. Jlemm a. [Tycte M€Cohy. Tora cymecryer orkpsitoe
naoTHoe nmoaMHoxkecrso U« X, s kotoporo M|y — JoKanbHO
CBOGOIHEI ZD-MOAYJb.

[TpoBsepka JeMMBl CBOIAHTCS (BBHAY JOKAJbHOCTH YTBEPKIEHHA)
K cJayual, Korza Ha M cyuiecTBYyeT Xx0pollas (uabTpaunMs. B stom
cryyae gr M=@M;/M;_, sABJAETCA KOHEYHO NOPOXKIEHHHIM MOAY-
JleM Haj) KOHeuHo NopoxKAeHHo# Ox-anrebpoit gr Dx. I[lostomy
gr M cso6oneH Han Oy AJAsi HEKOTOPOro OTKpHTOro mnorroro UcX.
Otcrona Bce M/M,_; npoerTHBHBH Hax Oy, Tak 4ro Ma~gr M xak
Cy-moayib, T0 ecTh cBOGOAeH Han Op.

Bo3Bpamasick k TNPOBepPKe KOCTATOYHOCTH KpHUTepHd, Oy aem
HCTOJB30BaTh MHAyKUMIO no dim S, rae S=supp M. [lo aemve
n. 5.8.1 MOXHO HalTH Takoe oOTKpuToe Y CS§, uyro dim(S\V)<
<dimS u Bce xoromosoruu M |y cBoGogusl Hax Oy. [TockoubKy
CJIOH KOTOMOJIOTHH HAX TOYKAMHM Y KOHEYHOMEDHbI, CaMH KOrOMOJOrHU

. - 14
M |y Oy-xorepenTnbl, Tak 9TO M’ |[pEDne (Dy). Tlo KimoueBokt semve
n. 5.6.2, j M|y Takke rosoHomeH (rxe j:Y'—S). Tenepn xano-
Huueckoe pasnoxedue M |¢  ornocuremsHo (Y, S\Y) cBomur
yTBEPKIEHHE O TOJOHOMHOCTH M K KOMIJexcaM C HOCHTesem
S\Y, pasmepHocTs KOTOpPOro Mexsuie pasmeproctd S. M

OTMeTHM, 4YTO OILHOBPEMEHHO C J[OKA3aTeJbCTBOM KPUTCPHS
JNOKA33aHO TaKXKe CJAefyIOllee yTBepXKICHHUE.

Komnnexc Dx-monyseis M’ rosoHOMEH TOTJa M TOJBKO TOTAA,
KOTJa CyIlecTByeT raankasi crparuduxaunsa X = (JS. MHOroo6pasus
X, nnm KoTOpol BCE KOMMIEKCeH My=jaM (the jo:Sa>X—
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BiOXeHue) iBasgioTe O -KOTePEHTHHMH (TO €CThb X KOroMOJOruu
O ,-KOTePEeHTHSI). )

5.9. NlokasareancTBo 1. 5.6.16. ITocKoabKYy ciaydali 3aMKHYTOro
BJOKEHHS COLEPXKUTCA B KJIOUEBOH JeMMe, QOCTATOYHO PaccMmor-
perb chyyal, xorga [ -—— mpoekuus. B sToM cilyyae NpOBEpKa CBo-
JUTCA K NPHMEHEHUIO KpHTEpHS I. 5.8 H TeopeMbl o 3ameHe Gasm
n. 4.12 gna pgRarpaMMel

Ty TxY

b

g(————.Y

5.10. Jlemma o nopopoaxenuu. IIpm dokasartenbcTBe KJOUYEBOH
JieMMBI I. 5.6.2 mcnogabsyeTcs clefyrumas JeMMma O NDOJOJKEHHH:

[yctse UcX orkpuito, N6Dx-mod u M — rosoHoMHbE  Dy-
noaMoRyas N|y. Torma y N cyuiecTByeT TakO# TOJOHOMHBIE NOZ-
monyab N’, uro N'|y=M. Ilpu poxasaTeJbCTBE MOXKHO CUHMTATEH,
uro M=N|y. Tlocae atoro HyxHO nojoxuts N'=Ax(H°(AxN))
¥ HUCNIOJIB30BaTh Teopemy Pyyca m. 5.4.1.

5.11. JokasareabcTBo XJwueBoit Jemmbl. Ciyuail 3aMKHYTOro
BJIOKeHHs paccmoTtped B 1. 4.10r. ITo3TOoMYy MBI MOMXKEM CUHTATh, HTOQ
[: X—Y — orkpuiToe Baoxenue. [lajee, MOXKHO cuuTaTh, uTo Y ad-
¢unHo, a M — ronoHoMEHH D x-MOIyJb, NOPOXKAEHHEIH OJHHM ce-
yeHneM . Mcmosb3ys ueXOBCKYIO pe3oJbBEHTY, OTBEYaIOINYyo ad-
tuHHOMy mokpmTui0 {X,} mpocTpaHcTBa X, MBI IDHXQIHM K CJe-
Jyolled CHTYaldH:

Y — adounno, ¢ —dynxuua va Y, X={y, ¢(y)#0}, i:X—
—Y — BaoxeHnne, M — roJoHOMHBE 2D x-MOAYJb, NOPOXKIAECHHARHN
ofHuM ceveHuem E. TpeGyerca gokasats, 410 iyM rojoHomen (3a-
METHM, 4TO B 3TOM cCJydae iy=i, — TOYHHN (GYHKTOpP).

CymiecTBeHHass 4acTh JOKA3aTeNbCTBA COCTOHT B NMPOBEPKE TOTO,
ut0 i1 M xorepeHreH. $lcHo, uTo i.M nopoxpaercs, Kak £ y-MOAYJb,
ceueHussMH @ "E, n>=0. IlosToMy KorepentHocth i, M BHITEKaer H3
CelyIOIero yTBEDKAEHHS: CYIIECTBYEeT TAKOe Mg, 4YTO [AJIsi BCEX
n>=ny

9IEED (V)(@7%E)
(D (Y)—raobaisasie cevenus Dy Ha Y). :

OT0 yTBepMJEHHE aHaJOrHYHO Teopeme 1. 1.9 M wWMeer anaso-
THYHOE JOKA3aTeNbCTBO: HYXKHO DACHIMPUTH NOJIe CKAASpOB J0 MOJS
pauuoHabrex  Qysxmuit C(A) OT OXHOM MepeMCHHOH, paccMOTp eTh

N
paciuupennsle moxymw M=M®C(A) nrag D(X)®C(A) u N=
= (i, M)[9*] nan D (Y) ®C (M) H UCOAB30BATH JIEMMY O MNPOLOIKe-
Huu n. 5.10. ‘
AnanornyHo TeopeMe M. 1.9, mpH nokasaTesbCTBE KOrepeHTHOCTH
) N

ABTOMATHYECKH noJaydaeM, 4To N TronoHOMEH ¥ opoX ndeTcqd Ha X
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D(X)® C (M) onnum ceuennem @AE, a i,M nopoxpaercs ¢7"E AJs

AN
JMOGOT0 7> n,. Nanee, sBumy romomommocty N max D (X)® C(h)
MBl MOXEM (MOACTABMAA Ae=—n ana n>ng) Haittu Juddepes-
LHaJbHee onepatoph P{", takme, uto P (@7)=0 W MHONECTBO
OOULMX Hy/ell WX CHMBOJIOB MMEET pasvepHOCTh < dim X. [TosTomy
i, M roaonomen.
5.12. PYHKTOPH fp, F* W UX cBOACTBA. Jlasi MPOM3BOMLHOTO

MOP@:‘SMa f:X~Y onmpexemmm ynxtops  fp:Dior(Dx)—>
Dot (Dy), [+:Digor (D)~ Digor (D), GopMytami:

fo=AxftAx, [t=AxPAy.

OTH OnpelesieHdsi MMEIOT CMBICH BBHAY Teopembl M. 5.6.1.

Takum o6pasom, kaxgomy f:X—Y mbl comocraBain 4 dyHK-
TOPa MeX/y KaTerOpHAMH T'OJIOHOMHBIX KOMIJIEKCOB DD-MOAyJIeh:
2 npsimblx o6pasa f, u fp u nBa o6patHbix o6pasa f* u fP.

Crenywomas rteopeMa ONUCHIBAET HEKOTOPHE CBOHCTBA  3THX
GHYHKTOPOB.

5.12.1. Teopema. a) Cymecrsyer KaHOHHYecKuHl MOpGhH3M
fbynxfropoa fo—>f+, ABASIOIHHACA HM30MOP(PHSMOM A1 COGCTBEH-
HEIX f.

6) Ecam f—raagknii Mopousm, 1o fP=f*2(dim X—dim Y)].

B) fp conpsixen caesa fP, f* conpsaxen ciesa f,.

Chnenaem HeCKOJBKO 3aMeYaHull O JOKa3aTelbCcTBE 5TOH Teo-
PEMHI,

ITpeanonoxum crmepsa, uyto  f=j-—OTKpHITOE  BJOMXKEHHE.
B 3ToM cayuae jP=j* ecTp OrpaHHYeHHe Ha OTKPHITOE MHOXKECTBO
XcY. Iosromy j*=jP conpsixen cnesa j, (cm. m. 4.6), Tagk uto
jp=Ayj-+Ax conpsizken ciepa jP=Ayj*Ax.

Hanee, j*oj, =Id, otkynma <¢opmaibHO TONyuaeM (WCNONB3YS
AxoAx ==1d), uro j*tojp=1d, 10 ecTb orpanmuenne jpM wa X
copnagaer ¢ M. 910 naer ecreCtBemEME Mmopdusm jpM — j M,
TOMCeCTBeHHBN Ha X.

Takum o6pasom, OCTaeTcsi AOKA3aTh YTBEPKAEHHT a) M B) IS
COGCTBEHHbIX [ W yTBepXKIeHHe 6) M TIafKHX COGCTBEHHEIX f.
(OTMeTHMm ellle, YTO BTOPOE YTBEepXKIeHHe B B) CJELyeT M3 Iep-
Boro.) Onuako Bce 3TH YTBepXKJeHHs BepHH B Oojee obmledt cu-
TYalHH KOTepeHTHBIX (a He TOJbKO TOJOHOMHBIX)  KOMILJIEKCOB,
NOCKOJIbKY f, Zas cobcrBeHmbix [ u f° aas raankux f mepeBOAsT
KorepenTHble KOMIJIEKCH B Korepethnle (cM. m. 4.10 B, m. 3.76).

Yreepxaeune 6) cienyer u3 GopMyasl (&as  cOGCTBEHHOTO
f: X=Y)

R#om 4 (Dx-y, Dx)=Dyx[dimY —dim X1
X

VrBepxienus a) M B) AA% COGCTBEHHBIX MODP(PU3SMOB BHITe-
KAIOT H3 CJelyioueil TeopeMbl IBOHCTBEHHOCTH. ‘
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5.13. Teopewma. Ilyers f: X—>Y — coOCTBEHHBII MOp dU3M.
Torna

a) Avf.=f,Ax;

6) f. conpsixen caesa fP.

JlokasarebCTBO 3TOft TeOpeMbl OCHOBAHO Ha CJIAYIOLEM Npen-
JIOIKEHHH.

5.13.1. [lpe xioxenue. [lycte p—npoexuus X B TOUKY-

Torza aas MEDEw (M x), N'€D? (A x) umeeM
L - . ’d
P (AxM'gi N'):R%om_@x (M, N')[dim X]|
x

(neficteue Dy ma TeHsopHoM TmpomsBencHnd Han Ox  3alaercst
npasusoM Jlefibuuria. :

5.14. Buytpennuit Hom u Tensopuoe mnpoussenenue 2D-MOAY-
aeftl. OnpenemuM GYHKTOPE «D-TEH30PHOE NPOU3BEACHHUEY

®:DP (M x) X D? (Ax)—> D® (A x)
v «D-BHyTpenHult FGom>
I HomP: Déon (M x)° X Dion (M x)—> D? (A x)
dopmynamu '

D
M® N = (diag)? (MK N)

D -
[ Hom? (M, N)=AxM®N,
rae diag: X — X X X — puaroHajssHoe BlOeBue. Toraa npensioxe”
Hue 1. 5.13.1 MoxkHO (BBuny paBeHCTBA

D L
MEN =M & N'[dim X])
OX
MHTepNpeTHpOBaTh Kak (Gopmyay
RHomg (M, N)=p, (I Hom® (M, N')),

rae p: X—point.

5.15. HenpuBonumeie rosoHomunie Z-monyan. Ilycre f: X—Y—
JOKaJbHO  3aMKHYTOe  BJIOXKeHHe. 3ajafuM  OTOOpaXeHue
fps : FBolx—>Foly bopmynol

for (M)=1Im (H(fp (M))—~>HC(f, (M))).

Ecnu f apdunno (B wacrHoctd, ecan X addunno), to f. (a

3HauuT, ¥ [p Ha JBolx) — TOUHMIH PYHKTOD, TAK 4TO
fos (M) = Im (fp (M)—F, (M)}).

5.15.1. Teopema. a) Ilycrb f: X—Y—adounnoe Baoxenne,
npuyem X HempupoauMo H E —HenpuBoaumuiit O x-KOrepeHTHBI
Dx-voryab. Toria fp,(E) — HENPHBOLUMBIH TOJIOHOMHBIE  MO-
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Ayab. Ero MOXHO OXapaKTePH30BATh KAK eNHHCTBEHHBIH HENpH-
BOAHMBI NOAMOAYIb [, (E) WIAH Kak eNHHCTBEHHBIi HenpHBOIU-
MBI GakTopMOAyab fp(E) Miu KAaK eIMHCTBEHHBI HENPHBOAHMBIL
noadaxrop f,(E) (uau [p(E)), orpanwuenne koroporo Ha X or-
JryHo ot 0.

6) Jlo6oit HenpHBOAMMBIX TOJOHOMHEE Dy-moayas M umeer
BUL fp,(E) ans HekoToporo adduuHOro BAOKeHHs [:X-—>Y ¢
HenpuBoAMMBIM X H HEKOTOPOro HenpHBOAMMOTO (F x-KOrepeHTHO-
ro D x-vonyas E.

O603Hauum Tako#t MonyJs yepes L (X, E).

B) L(X,E)=L(X',E’) ecad ® TONBKO €CIAH 3aMblKahuag X ©

B Y cosnajawor u E|y=E’|y n#As HEKOTOPOro  OTKPHITOTO
UczXnx”.

Hameruam pokasatensctBo uacTm a) rteopemsl. [Ipexie Bcero,
[+(E) u fp(E) rosOHOMHEL, TaK 4TO HX AJHHA KOHeuHa. Ilycth
N — HenpusoguMbli noamonyas f+(E). Toraa

Homg,, (N, ., (E))=Hom (f2 (N), E)+0,

H oba Dx-moayas fP(N), E nenpusofumsl, rtak uto [P(N)=E.
Hanee, fof (E)=E, tak uto y [,(E) cyllecTByeT TOJbKO  OJUH
Henpusoaumblil nogdakrop N, Aas kKotoporo fP(N)==0, u, 3Ha-
YHT, POBHO OAHH HENDHBOAHMEIA NOAMORYIb N.

Anausoruuno, y fp(E) cyluectByer pPOBHO OJHH HENPHBOMMMBIH
pakropmoayap N’.

Hakoner,

Hom (fp(E), f.(E))=Hom(E, [P}, (E))=C

Hom(‘fD(E), N)=C.

Orciona N=Im(fp(E)—f.(E)). AHanoruyso  JOKa3LIBaeTCH
yTBepx)aeHue npo N’,

Bropoe u Tpethe yTBEpKIeHHS TeopeMbl AOKA3BIBAIOTCA C I0-
MOIIbIO JeMMHB 1. 5.8.1.

§ 6. CBSI3HOCTH C peryisipHLIMH 0COGEHHOCTAMH

6.1. HUnterpnpyemble cBsasnocTH. HauGosee mnpocThIMH C TIeo-
METDHYECKOH TOUKH 3peHHs D x-MOAyJNaAMH sBasiorcs O x-KOre-
PEeHTHble MOAYJH, TO ecTh (2.2B), HHTerpupyemble cpasHocTH. Ha-
NOMHHM, YTO CBS3HOCTh V B JIOKa/JbHO cBOGOAHOM nyuke ('x-MO-
aynei & (nydke pOCTKOB aire6paMyeckoro BEKTOPHOrO paccJo-
enus F na X) — ato C-nuHe#iHOe oToOpakenHe

V:F>Qk o F,
Ox
yaosJersopsiomee yciaosuwo V (¢f) =de@f+eV[ ana ceueHunit
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@60 x (U), f6F (U). Tlo V ecTecTBEHHO CTPOATCA OTOOpaMKeHd

V.0t e Fr% 0 2, VO=v,
Ox Ox

YAOBJETBOPAIOLIAE  YCJOBHIO Ve (o®f) =do®f+(—1)Po/
AV©Of. Ca3HOCTs HA3HBAETCS HHTErPHPYEMOH, ecn VP+HVP=(
AJst Bcex p. Hurtepnperupys V Kag ceMelcTBO OTOOPaXKeHHH
Vao:F->F, OcVecty, sanapaemux @opmydamu V of =<V}, 0,
Jerko yGeAHThCs, YTO NpHBENEHHOe ONpeleseHHe HHTErPHPYEMo-
CTH 3KBHBaJEHTHO YCA0BHIO Vg v1=VoVe— VeV o.

6.2. AHanuTHYecKMe MHOrooGpasus. AHAJOTHYHO MOXKHO OI-
peleJuTh AHAJUTHUECKHe HHTErpHpyeMble CBSI3HOCTH B JIOKAJbHO
cBOGOIHBIX NyYKax Ha aHaJMTHYecKux MHorooGpasusx. as ra-
KHX CBSI3HOCTEH HMeeTcs Cielylolllee ONHCAHHUE.

6.2.1. Teopewma. Tlycrs X —cBs3HOe aHAIATHYECKOE HEOCOG0E
MHOFOOGpaSYIE. Cnenyxoume KaTeropru >KBHBAJICHTHLI.

a) Kareropust Conn (X) uHTerpuUpyeMbX CBS3HOCTEH B JIOKAMBLHO
CBOGOIHEIX TyuKaxX Oz-MOAyJefi KOHEYHOrO PAHra.

6) Kateropuss LC (X) JOKAIbHO-NOCTOSHHHX ITydKOB KOHEUHO-
MEpHEIX BEKTOPHHIX NMPOCTPAHCTB HA X .

B) Karteropus m; (X)-mod xoneunoMepHHIX npencrasaeHuit dysna-
MEHTAJbHOH TPYINEl Ity (7(' ) MHOroo6pa3us X.

YcraHaBAHBAIOUIHE SKBHBAJEHTHOCTH  (YHKTOPH  TAKOBHL
(V,%) nepexolsr B nyuok & maockux cedeHsis V :& (U)=
={feF (U) : Vf=0}; yrBepxIeHHe O JOKAJIbHOH NOCTOSHHOCTH
& —3T0o TeopeMa CyMIecTBOBAHHA M €NHHCTBEHHOCTH IJs aHaJH-
THYECKHX DEUIeHHH AHAJHTHUECKHX JHHEHHHX AHQdepeHUHalbHbIX
ypaBHeHU# TepBoro mnopsaka. Ilasnee, & NepexoduT B TPEACTaB-
JeHue g3 (X) B cloe & Han xakoi-HHOYIb TOuko# x€X, 3akasa-
eMoe MOHOIPOMHEH, TO ecTb NPOJOJIKEHHEM CeYeHHH & Bponab my-
Teft B X.

6.3. Auare6pauueckue cBa3HocTH. [lJas Kaxioro anreGpanue-
CKOro KOMILJIEKCHOro MHoroo6pasus X uepes X# 6ymem oGosHa-
YaTh COOTBETCTBYIOINEe aHalHTHYecKoe MHorooGpasue. [lo cass-
Hocty V B JIOKandbHO cBoGoigHoM nyuke Ox-momyiedr F  ecre-
CTBEHHO CTPOHMTCSI CBASHOCTh V2% B COOTBETCTBYIOUIEM JIOKAJBHO
-cBOGOIHOM mNyUKe OXan-MOII}’JIeﬁ &an Ecau X — NpOEKTHBHOE

MHOroo6pasue, To TeopeMbl THna GAGA yrBepxiaior, uro orobpa-
xerye (V,F ) (Van Fan) zajnaer 9KBHBAJEHTHOCTh MEXKIY Ka-
TErOPHSIMH aJre6panueckKux CBs3HocTel Ha X M aHAIHTHYECKHAX
cBsisHocTel Ha X20, Mcrnoabsyst reopemy 1. 6.2.1, moayuaem cie-
LyIOIKH pe3yabrar:

6.3.1. Teopema. [lng TNPOEKTHBHOrO anre6pamyeckoro MHO-
roo6pasus X KaTeropus HHTETPHPYeMBIX cBsi3HOCTeli Ha X 3KBH-
BaJleHTHA Kax[Io# u3 kareropuit LC(X2®) u q(Xa*m)-mod wus
Teopemsl II. 6.2.1.
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Bonpoc o TOM, Kak pacmpocTpamHTL 3TOT pesyabTAaT Ha He-
KOMIaKTHble aJreGpauyeckue MHOrooGpasHsi, BOCXOAMT K Pumany
(pacecmartpuBaBlleMy KOMIJIEKCHBle KPHBBlE ¢ HeCKOJbKHMH
BBIGDOWEHHBIMH TOYKaMK) M [uib6epTy, cocTaBiss colepKaHue
21-# nmpoGaemer I'man6epra. IMoapoGHoe OoOCyXJIeHHe pa3JIHYHBIX
ACHerToB To# npobsemsl cm. B [101] u (114]. 3xecs mbl npuse-
JeM JMmb NpocTeAHA NpuMep, NOKA3HBAIOIIMA, YTO B TOM BHIE,
KaK oHa chopMy.impoBaHa Bhille, Teopema 6.3.1 HesepHa  AaA
HEKOMNAKTHHX X.

BoseMem B kauectBe X mpoexTtuBHyno mpsMyio P!, u3 xoTopofi
BBIKMHyTa OnHa TOuYka. Beegem xoopmuuaty z Ha X Tax, 4YTOOH
BBIKMHYyTAs TOYKA OTBeYama 2=0. HOag mo6oro wmHorounexa P
CBSIBHOCTh /, B TPMBHAJLHOM OJHOMEPHOM pacClOeHHH Ha X,

B3anasaemass (POpMyJIOR N p@= dz@%g + dz®;12~ pP ( %) @, Heoco0a Ha

X (BKJIOUAs TOUKY Ze= co). Bce 3TH CBASHOCTH MMEIOT HETPUBHAJL-
HYyI0 MOHOAPOMHIO (H6o T, (X?")={0}). OnHako scHO, uro ¢ anre6-
PANYECKO TOUKM 3DCHHA BCE OHH HE3KBUBAJCHTHH! (IVIOCKOE CeueHue

z
‘CBABHOCTH Y/, VMEeT BHI @, (z)=exp{-g %P(%)d@} U npu pas-
HBIX P uMeloT anre6paHuecK#s HeSKBHBAJEHTHBIE OCOOEHHOCTH B
TouKe 2=0. )
Hnst toro, ¥T06H HCOPABHTH CHTYAUHMIO, HYXHO HAJOKHUTH HA
paccmaTpuBaeMbie ajre6panuecKHe CBS3HOCTH TaK  HasblBaeMble
YCJIOBHSI PeryJSpHOCTH Ha GeCKOHEYHOCTH.

6.4. CBA3HOCTH C peryisipHbIMH OCOGEHHOCTSIMM Ha KpPHBOM.
PaccMoTpuM criepBa CBASHOCTH Ha OfHOMePHBIX MEOroo6pasusx. Ilycts

C —Heocobas xpusad, i:C—C —ee BaIOXKEHHE B HEOCOOYIO NOJHYIO
kpusylo C B BHAE MIOTHOrO moaMHoxecrsa. Jas Ttouku pEC\C

4
BEHIGEPEM JIOKAJbHBI TapamMeTp z B p ¥ 0GO3HaumM uepe3 Dy Nox-
ny4ok nyuka Dy, NOPOKAEHHHA (KK NMyyox aarecp) Oz u onepa-

TOpOoM d _—_z;—iz. $lcHo, uro @2: HE 3aBHCHT OT BHIOOpA JOKAJLHOrO

TniapamMeTpa B p.
6.4.1. Onpeneaenue. [lyctb T -—CBA3HOCTL B JOKAIbHO
cBoGonunom nyuke O.-amre6p F, 10 ecTh O -KorepeHTHEA D -MO-

Zyab. ByneM roBopuTh, YTO \/ HMCET pe2YyASLPHYIO OCOBEHHOCMb 8
P, ecnu npaMoil 06pa3 i F B OKPECTHOCTH p SB/SETCH OObeIMHEHH-
eM Op -xoreperTHbx DE-noamonyael. ByjeM rOBOPHTB, HTO ¥
uMeeT pezyaspusie ocobennocmu va C, e V uMeeT pPeryJsp-

‘HBlE 0COGeHHOCTH BO BceX Toukax pEC\C. M
HecoHO npoBepUTh, YTO CBOACTBO HMETh Pery/spHbe ocobeH-

HOCTH HE 3aBUCHT OT BhGopa momosHenus C kpusoi C. B mpuse-
JleRHOM B I. 6.3 TpHMepe peryaapHyio ocoGernocts B Touke 06C\C
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AMeeT JHIb CBA3HOCTb Y p, OTBEYaIoIas P=0. B camom pene,
ceucuns { F B okpecrnoctd U toukn 2z=0 cyrb MepoMopdHbe

dyskuun ot z u jgefictere d=2 ;z Ha Q (2)6i F (U) samaerca pop-

MyAOF
dQ=2R11P(1)Q ).

TTostomy npu P=~0 mo60H HEeHyJeBOA @Z—*O-Hﬂsapnaﬁ'muﬁ 0AMO-
Ay/b CONEPIKUT MepoMOp(FHEe QYHKUMH C MOJIOCAMH CKOJMb YIOAHO
BHICOKOTO nopsaaxa npu z=0 u 1NO3TOMy He TNOPOXAaeTcd Haj
Oz (U)=C|z] xoseuHbIM YMC/IOM 00Pa3yIOULUX.

O6uiuii KpUTEpHil PEryISPHOCTH CBASHOCTH V B TOuke pECN\C
COCTOMT B C/eAyloUleM. BhIGpaB B A0CTATOYHO MAJOH OKPECTHOCTH

UcC touku p 6asuc (y,..., €,) CEYEHHHA BEKTOPHOIO DaCC/O0CHHSA
F, otBeuaiomiero &, MOXKHO 3amucaTh JeficTBHe Y/ Ha CeyeHHe

2 Q; () e; B BUIE
vcp:dwgg-l-dz@A(z) @,

rae @=(Qi,-..,Pn), A(2) —MaTpHUa CBASHOCTH V, cocTosmas
u3 mepomopoHbix B U oymkuuii ¢ nomocom B p={z=0}. [Ipu ra-
Ko#t 3anuch V pMeeT DPeryJspHylo ocOGEHHOCTb B P, €CJH H TOJbKO
ecan A(z) umeer npu 2=0 noJioc He BHIUe NEPBOrO MNOPAJKE.

Eue ogHa xapaKrepusallHs cBs3HOCTEH ¢ peryJspHofi ocobeH-
HOCTBIO B Touke z=0 (ynoGHas B aHAJHTHYECKOH CHTyaUHH) CO-
CTOHT B TOM, YTO AJS TAKHX CBSIBHOCTEH M TOJBKO JJIsI HHX BCE
IJIOCKHE CeYeHHs B OKPECTHOCTH TOYKH 2=( 32XaloTCs MHOro3Hau-
HBIMHM aHAJUTHYECKUMH (YHKIHUAMHA co cremeHHmM (mo 1/{z|) poc-
ToM npH z—0.

6.5. CBA3HOCTH C peryJasipHbIMH OCOOEHHOCTAMH — OOLMA Ccay-
yaf. [Tycte Tenmepp X — nmpouaBoJbHOe HeocoOoe aJjreGpanyeckoe
MHoOroo6pasne, V — HHTerpHpyeMas CB3HOCTh B JIOKAJbHO CBOGOS-
HoM mydke O x-MoAyJelt F. st mo6oro Baoxenus j: Y—X raan-
Koro noaMHoroo6pasus obpaTtHB o6paz jV (B cMbiciae D-MOLy-
Je#) salaercsl, OYeBHIHO, CBSI3HOCTBIO V |y Ha JOKaJbHO CBOGOA-
HoM nyyke Oy-mMoaynei & |y.

65.1. Onpenenenne. ByaeM roBoputs, uto V HMeeT pezy-
A8pHble ocobenrocTu wa X, ecnH Qs mo6oro BaoxeHust j: C—+X
Heoco60# kpuBoi C B X cBASHOCTD [V uMeET peryispHble 0cO-
6erHocTd Ha C.

CTaHAapTHHE cNOCO6 H3YYeHHA CB3HOCTEH C PEryJNsipHBIMH 0CO-
GeHHOCTAMH Ha X COCTOHT B TOM, 4TOGH BJOXKHTL X B IOJHOE He-
oco6oe MHOroo6pasue X B BHMe NONOJHEHHS K NHBH30DY ¢ HOP-
MalbHEMY NepeceyenusaMu D, X=X\ D. Ucnoab3ys Takoe BIOXEHHE,,
MOXHO 1aTb ONpPeJleJIeHHE CBSI3HOCTH C peryisipHBIMH  0cO8eH-
HOCTSIMH, He aNmeJHpylollee K KPHBHM (Zaxe JBa TaKHX onpeje-
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Jeitust: 0AHo — obobuwaromee onpejenerne n. 6.4.1, 1pyroe — ocHo-
BaHHOE Ha KOHTPOJIe DPOCTAa M BeTBJAeHUS V-ILIOCKUX CeYeHHH F
B6ansu D).

OrmeTHM ellle, uTO B onpejenenuy 0. 6.5.1 MoXHO Gpath He BCe
kpusbie CCCX, a JMWb NIOTHOE NMOAMHOXKECTBO (B NMPOCTPAHCTRE
KpuBbIX Ha X). B uacrtuocry, npencrasass X B Buge X=X\D Kak
BLILUIC, JOCTATOUHO OIPAHHYMTBLCS JIHIID KDPHBBIMH, IIPOXOASLIMMHU
uepes HeocoOwe Touku D (ro ects Takam CcX, uto 3aMBIKaHHE
C xpunoit C B X nepecekaer D B HeocoOBIX TOuKax).

6.6. Teopema Jlenmns. O6o3HauMM KATErOPHIO CBA3HOCTEH ¢ pe-
ryaspibiMp ocobennoctsivue Ha X wepes  Conm,(X) (o6bekramy
Conn,(X) cayxar napel (¥,V), rie F — J0KaJbHO CBOGOHBLI
nyuok y-MoOAyneli, V — CBASHOCTb C peryJsipHBIMH OCOGEHHOCTS-
mu B F; mophusmbl B Conn, (F) — 0T06paxKeHHs MyYKOB CO CBA3-
HoCTsIMH, Tak uto Conn,(X) — no/Has [ONKATErOPHS KAaTErOPUH
HAx).

6.6.1. Tecopewma. I'lyerv X — Heocoboe cBsi3HOe aareGpanyec-
Koe Muoroofpasue, X4 — coOTBETCTBYOLLEE aHAJIHTHUECKOE MHOTO-
obpasie. Kareropuss Conn,(X) skBuBajeHTHa Kaxa0#l H3
kareropuit LC(Xe"), my(Xe")-mod w3 rteopemm m. 6. 2. 1.

OrMeTHM CJQJLyIOIIEe BaXKHOE CIEJCTBHE 3TON TEOpEeMb: KaTe-
ropun Conn X** u Conn, (X) 9KBUBAJEHTHb, TO €CTh KaXJas CBA 3-
HOCTH %/ Ha X" 3KBUBAJEHTHA eJMHCTBEHHOH CBA3HOCTH BHAA AR
rae Ny CBH3HOCTL C PEryJspHbIME OCOGEHHOCTAMH Ha X.

6.7. ®yukTop ne Pama. PaccvmarpuBas casHOCTh Y/ Ha X Kak
D y-MOLY b, onpenesM ¢ynxrop ne Pama  DR(V)=
2 HOM g an ( O yan, 7*"). Jlerko nposeputs, 410 DR (V) — JOKa/b-

HO nocTosiHubE nywok wa X** u DR:Conn, (X*")— LC (X*) ocy-
ULECTBASCT  SKBUBAJCHTHOCTL KATErOpMit M3 Teopemsl n. 6.6.1 (uan
n. 6.2.1) 06pa3 160 yan ecTh V*™-T70CKOR Ceyenue Fo0.

Lleas teopuu coorsetcTust Puvana— I uasbepra, xoropas OynaeT
M3J0XCHA B Cae iyiouieM naparpade — 0600KTh 3TOT Pe3yJ/bTAT C TeM,
yToOL  OIMCATL B ICOMCTPHMUECKHX TEPMMHAX TPOM3BOJBHBIE (4 He
ToabKk0 C g-korepentine) D, -moayau. ['0Bops OueHb NPHOIUSHTEB-
10, JLIM BTOTO CHOBA HYXHO HCNOJB30BATH QYHKTOP THHA QyHKTOpA
ne Pava. TIo TexHHueCKHM TpHUMHaM, BVECTO (YRKTOPA FH0MgD an

yaofuee paccva1puBaTh TEH3OPHCE NPOM3BEJEHKE C Qyan (ITYHKOM

dopm crapuicit crenenu pa X*%). Baxsoe ormaMyse OT uaCTHOro
cayuast O, -KOTePEHTHBX MOJJIell COCTOAT B TOM, YTO HYXHO TIepel-

4 b
TH K NPOUIBOMUON KATErOPHH, nosyvas iaa xaxnoro MeD %601 Dx)

L
xoMmiieke DR (M) =Qpan ® M. Tlpu aTOM, B OTJIHYKE OT CHUTYa-
Xan .

uKK Teopembl 1. 6.6.1, MBIl MOTYYHM KOMILJIEKC NYYKOB, KOrOMOJIOTHH
KoToporo 6yAyr, Boobuie roBopsi, yxKe He JOKaJbHO [OCTOAHHBIMH,
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a JMUMUIL KOHCTPYKTHBHBIMHM NyYKaMH BeKTOPHBIX NPOCTPAHCTB. OI‘;:I‘
HOBHOH pe3yabTaT, NOKA3aHHbIf HE3aBHCHMO Me6xy u KamuapoH,
[97], [117], {118] cocTORT B TOM, 4TO:

L
a) QyHXTOp Quan®- 3872€T SKBMBAJEHTHOCTb HEKOTOPOH TPOUS-=

BOLHOH KaTeropuii Px-Mopysell (ronoHOMHBIX MOJI.}’jleFI ¢ peryasip-
HHIMH OCOGEHHOCTAMH) C IIDOM3BOJHOH KaTerOpPHEH KOMIJIEKCOB
NyYKOB BEKTOPHHIX HPOCTPAHCTB Ha X%, KOrOMOJIOTHH uKOTOprX
KOHCTPYKTHBHBI OTHOCHTEJBHO HEKOTOpOH anref6panyeckoi cTpaTH-
¢ukauuy,

6) npH 3TOH 3KBUBAJEHTHOCTH FOJOHOMHBIE MOAYJH C peryisp -
HBIME OCOBeHHOCTAMHE (To ecThb HO-koMmmiekchl B NPOH3BOXHOX
KaTeropHH) OTBEYAaloT IpeBpaTHBHIM nyykaMm Ha X (cpepne¥L
NIPEeBPATHOCTH) .

§ 7. D-MonyIH C PeryJApHLIMH 0COGEHHOCTAMU

7.1. D-mopyad Ha xpusoi. [lycrs C—ruankas Kpusasd u M -—
ronoHoMHbllt De-Moxyae. Torma, cormacro 1. 5.8.1, cymecrsyeT
N70THOE OTKpHITOe mo 3apucckomy noamuoxkectso C/CC, orpany-
genue M 8a KOTOpOe 3ajaeTCs HHTErpHpyeMoll CBASHOCTBIO (TO eCTh
sBasercsi Oc-korepedTHEM D¢ -MonyneM). Mpl 6y1€M rOBOPUTL, UTO
M— pezyanapneti z2o0n080Mubl (1. B.) De-m00ynb, ecm Mer—
CBA3HOCTb C DeryJapHEMH OCOGEHHOCTAMH. DyXeM TOBOPMTh, YTO
M€0bDy (Dc) ABNACTCA DY AAPRBM 2000 HOMKBLI KOMILLCKCOME ,
ecm Bce FTY(M) cyte r. k. momysm. OGo3HauMM TOJHYIO TOJKATE~
ropuio Dc-mod, cocTosulyro u3 r. k. Monyseit wepes RH (Dc), H
nosHyo noaxareropuio D?(Dc-mod), cocToAmiyio M3 r. A. KOMIX-
neKcoB, uepes D2 (De).

7.1.1. OcHoBHBle CBOACTBa. a) JIi060f TOJOHOMEBIE Dc-MOLYIE,
HOCHTE/L KOTOPOTrO HyJbMepeH, Jexut B RH (De).

6) Kareropus RH (£c) 3aMKHyT4 OTHOCHTE/JBHO DACIIMPEHHH M
nepexojga X noadakTopaMm M, B YACTHOCTH, AB/feTcs abeseBOM kare-
ropuei.

B) Ec/m 1Be Be PIUMHHI BEIEJIEHHOrO TPeyroasHuka B D (D -mod)

zexar B D2y (Dc), TO ¥ TpeThs ero Bepumna Jexut B Dy (Dc)-
B wactmocty, D2, (D c) — TpuaHryMpoBaHHAS NOZKATETOPHSL
D¥D-mod).

7.2. O6wmix caydaft. Onpelesenne MOAYy/ell M KOMIJIKCOB
C PeryJApHbIME OCOGRHHOCTSIMM HAa TPOU3BOJBLHOM MHOroobpasuu X
CBOAMTCA K CJAyual) KPHUBOH TaK Xe, KaK B 1. 6.5,

7.2.1. Onpepenenune. Kommrexc MED? (Dx-mod) nasppaeT-
C pe2y AAPHBLM 20 L0OHOMRBM (r. B.), ecom

. b
a) M EObHo (Dx).

()
]
[\



6) HOaa moGoro mopdurama ¢:C—~ X raanxo# meocoGoi: xpuBoit C
B X xommexkc ¢° M umeeT peryisipuse ocobennocty ma C. W

ITpumensis, B waCTHOCTH, 3TO onpenesnenue x 0-xommaexcy Dx-
MO ynefl, nonyuaem NMOHSITHE Dx-m00YArs ¢ peey AADKbLML 0COOEH-
Hocmamu.

OGosnaunum kaTeropuio 7. f. MOLyJel Ha X wepes RH (Dx) u
KaTEropuio (OrpasnyeHHbIX) r. /. KOMIVEKCOB Ha X uepes D?, (Dx)-.

7.3. CpojicTBa peryJsipHbIX TrOJOHOMHBIX KOMIIeKCOB. 4) Ecum
B 1. 7.2.1 6) wmopdusM ¢ TIOCTOSHEH (OTOGpaxemwe B TOYKY) H
M EObDL, (Dy), T0 M umeer Oc-cBoGomuse Oc-xorepeHTHHE
KOromoJsoray ¥, 3Hayur, pPeryJaspeH.

6) Ecim X —xpusasi, TO y Hac ecTh j1sa onpenenenus D’ (Dx)r
BHYTpeHHee, Kax B n. 7.1, u BHemHee, xak B n. 7.2.1. Jlerxo npo-
BEDHTL, YTO OHH SKBUBAJICHTHBL [ 3TOT0 HYXHO HCHOJH30BATH.
CBOMCTBO a) U3 3TOr0 MyHKTA M CIEAyollee yTeepxmeHue. L[IyCTh
®: C— C — [OMUHAHTHBIA MoOpguaM kpusbiX. Torpa AM'E€Db(Dc’) eCthb
r. 2. xomniexc wa C’ B TOM M TOJLKO TOM Cayyae, ecad o°M"
ecTb r. k. xommiexc Ha C.

B) Ecau aBe BepiuuHbl BBIAEJIEHHOIO TPEYroJbHUKA B Db (D x-mody
nexxat B D’y (Dx), T0 U TPeThs BeplimHa Takke jexur B D/a(Dx)

7.4. Coxpanenve peryJsipHOCTH NpPH onepauusx Hap D-MOAYIs~
MH. B stom nyurre MBl cOPMYIHPYEM YTBepKIEeHHs, NMOKa3bIBAIO-
IUMe, YTO cBOHCTBO r.ii. COXpaHseTcs NPH OCHOBHEIX omepaldsix Hal

-monyasamu. Ilyers f: X—-Y wmopdusm anreGpamyeckux MHOTO-
o6pa3sni.

a) Ecm MED2, (Dy), 10 fPMED (Dx). 10 cpasy CAERYeT
uaD onpepenenud f1. 7.2.1, nockoasky f~ COXpaHseT roJioHOMHOCTDH H.
@70 f2 =(fo0)’. L,

6) Ecau MED!(Dx), mo f,MED(Dy). Mockonpky moGOR

MOp ¢usM f pasnaraercss B KOMIO3HIHIO BJIOXKEHHs ¥ IpOEKUHH, 1O~
CTATOYHO PAaccMOTPeTb 3TH ABa ciaydas. Cayvai, korga f— BJIOXKeE-
HHe, pasbupaercs aoctaTouHo Jerko. Cuayual, xorpa f— IPOCK-
LHsi, Goaee ciaoxed. OCHOBHEE TeXHHUECKHE CJIOXKHOCTH NPHXOLHT-
Cs1 TIpeojo/ieBaTh B WACTHOM cJyuyae, kxorga f: CXAl—-C — MPOCK-
IMsT npoHsBeleHHs apuHHON raagxoii xpusok C n ap@uHBOR
npsimoft A! Ha nmepBHE COMHOXKuTeNb. [lokasartenpcTBO yTBEPXKIE-
HHs1 6) B 3TOM cayyae CBOJHTCS X SIBHOMY BBIYHCJIEHHIO f+M pas
TaK HasbBaeMBX CTAaHAADTHBIX MOjJyJaeH, KoTopse GyayT ONpene-
JIeHBI B IYHKTe 7.4 B) HHXKe.

B) Iycrs i:Y - X — BJIOXEHHe TaAKOTO HEOCoGoro adPUHHOTO:
JIOKAJILHO 3aMKHYTOrO MOIMHOroofpasus u & — CBASHOCTH C PEry/sp-
HBIMHE OcobeHHOCTAMM Ha Y. Moaym suga i, F Ha X pa3bBBaeTCH
crmarndapmuss Dx-»0dysex (3aveTam, uT0 nockomby ¥ addum-
5O, L, cocpesoToueH B ctenend 0). Beuny yreepxienus . 7-46)
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AJa BAGKeHuM, JMo6o# CTaHAapTHHEI MOAYJbL T'OJIOHOMEH W perydd-
peH. BoJaee TOTO, OKa3BBAeTCH, UTO CMAHOApMHbE MOOYAU HO-

poscdawm D2 (Dx) (To ecTh HauMEHbLIAs TPHAHIYJIHDOBAHHAA HOA-
kareropus D!y (Dx), comepKaiias Bee CTAHAAPTHbE P x-MOLYH, CO-
Buagaet ¢ D (Dx)). TlosToMy MHOTHE YTBEPXKJIEHHsH 06 OO0BEKTax

D! (Dx) (e wactrOCTM, yTBepKAeHue u3 7.4 6) Has NPOEKIHH
f:CX Al C) ROCTATOURO NPOBEPHTH AN CTAUABPTHHK MOAYJIRH.

r) Kareropua D7, (Dx) 3aMKaHyTa OTHOCHTEIBHO (PYyHKTOpA ABOH-
CTBEHHOCTH Ax.

n) Ilyete M eObD?, (@x). Torpa moboit HENPUBOZMMBIY MOA-
daxrop moboro mopyas HI(M) nexur B RH (Dx).

O6a sTu yTBEPKACHHs LOKA3BIBAKTCA NOCTATOYHO (HOpMaJbHO C
NOMOINBI0 HHAYKLHH IO pasMepHOCTH HocHTeas M° u yTeepikIeHHS
7.48).

e) Kareropun r.h. KOMILJIEKCOB COXPaHAITCA NPH NpHUMeHEeHHH
¢dyurTOpOB fp H f*. ITO CcaMepyer u3 7.4 a), 6), r).

7.5. 3aMmeuaHHde [pyrofi NoAXox K omnpeneneHHIo r.h. KOMI-
JIEKCOB COCTOHT B TOM, YTOOHL clepBa ONPeJeJHTb HEIPHBOAHMBIE
(nnu cranpaprTHhie) r.h. MOAYJH Yepe3 CBS3HOCTH C peryJspHbIMA
0cOBeHHOCTAMH NPHMEPHO TaK, Kak B I. 7.4 B), M 3aTeM NpHHATH
o. 7.4 1) B KauecTse OonpejefeHus obmero r.i. kommjaekca. IIpu ta-
KOM Ioaxo[e NMpuieTcss ROKa3eBaTh nn. 7.4 a), 6), r) u BO3HHKAIO-
HIMe OpH 3TOM TeXHHYECKHe CJOMKHOCTH GyAyT NpPHMEpPHO 3KBHBA-
JIEHTHBIMH T€M, KOTOPble BO3HHKAIOT IIPH ONHCAHHOM 3/JeCh IOA-
XOJe.

7.6. G-akBuBapHaHnTHble ZD-moayau. Ilycte aJare6panyeckas
KoMrsiekcHad rpynna G meéicTByeT Ha aire6paHueckoM mHoOroo6pa-
sun X. Takoe jefictBHe 3ajaercs MopduaMom v : GXX—~>X
(v(g, x) =gx), yA0BJAETBOPAIOIHKM OGLIUHBIM YCJOBHUSIM acCOLHa-
tTuBHOCTH. O603Ha4YuM Takxe uepes p: GXX—X npoekuuo.

76.1. Onpenenenue. (-axsusapuantHoim D x-modysem
HasbiBaeTcd napa (M, s), cocrosiwiast us Z-mMoAyJds M u H30MOD-
¢usma Dexx-Mofyneln s:vPM-spPM. Moppusm O : (M, s1)—
~ (Mg, 53) — 210 Mopduam Dx-moxmyneir ¢ : M;—M,; Takod, 410
P2 (@) s1=5v"(9).

O6o3nauum uepe3 Mg, con(Dx) xateropuio D x-KorepeHTHBIX
G-skBuBapHaHTHBIX D x-moAyJjeli. OCHOBHOH pe3yJbTaT, KOTOpHIH
BMecTe ¢ TeopeMoli m. 2.12.1 mosBoJser ucnoas3oBaTh Teopuio D-
MOAyJell B TEODHH INpeACTaBJEHHH IPYIN, COCTOHT B CJAELYIOLIEM.

7.6.2. TeopewMa. [lycty neftcrBue G ma X Takoso, yro X co-
CTOMT M3 KOHeuHOro uhcia (G-opbur. Torma Kaxnaelii MOAyJb H3
M, con(Dx) sABAAETCA PErYAIPHBIM TOJOHOMHEIM 2D x-MOAYJIEM.

Hoka3aTeJbCTBO 3TOH TeOpeMbl OCHOBAHO Ha clJEAYIOWEM CBOH-
cTBe o6paTHOro obpasa aas £-moayneél (xoropoe yacTuyno obpa-
IIaeT CBOMCTBO II. 7.4 a).
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763. IIpexnoxenue. Ilyets f:X—Y —rnagknit  ClOpbeK-
THBHBIH MOpPOusM u M — KorepeHTHEI P y-MOAYJb, AN KOTOPOTO
fPM ectv r.h. rxommuekc. Torna M ects r.h. MOIyb.

7.64. 3amevanue. OTMerTHM, 4To B onpenedeHun 1. 7.6.1
pedb maa o G-3KBHBApPHAHTHEIX D x-MOAYMsAX, a He o G-3KBHBa-
PHAHTHBIX OOGBEKTAX COOTBETCTBYIOLLEH NPOM3BOAHON  KaTEropHH.
[TonbiTKH mpsiMO mepeHecTH onpelefeHune 1. 7.6.1 Ha NPOUSBOLHYIO
KaTeropHiO OKa3hIBAIOTCS HEOXHJAHHO Oe3ycHeluHEIMH, H [4aTh
pasyMHOe (C TOYKH 3peHHsl TeODHH NpelCTaBJeHHE) ONpeLe/eHHe

G-3KBUBADHAHTHBIX KOMIJIEeKcOB Dx-MOLyJell CpPaBHHTENBHO He-
JIETKO.

§ 8. DKBHBaJNEHTHOCTb KATErOpHit
(coorsercTBMe Pumana — I'manGepra)

f|4 8.1. dyuxTop ne Pama. Hanomuum, uto nas xaxporo aare6pau-
YeCKOro KOMIJIEKCHOI'O MHOroo6pasus X uepes X327 ofogHadaercs
COOTBETCTBYIOlLEE AHAMMTHICCKOE MHOr0OGpasue u yeped Oyan, Qhan,
DD yan — €CTECTBEHBHE NYYKH HA HEeM (QHANUTHYECKHX (YHKIMH, TIoJ0-
MopdwEIX  i-popM, TrONOMOPORHEIX AH(pbepeHUUaTbHEX — ONepaToOpos
¥ T. A.). B vacTHOCTH, Qyen=Q%m”" €CTb (aHajormumo m. 2.4) myuox
npaBeX  Dyan-Monyaell. [lycts Takmke Fhyan—KATETOPHA IMyUKOB
BEKTOPHHIX TIPOCTPAHCTB Ha XM ‘

8.1.1. Onpenenenue. Pyuxmop oe Pama DR: D(Dx-mod)—
— D? (Ph yan) onpenensiercs GopMy.IOH

L
DR (M)=Quw ® M- [dim X].
@Xan
L

ILJIS{ BBLIUHCJIEHHA & MOXHO HCIOJ/B30BATH JEBYIQ JOKA4JBHO CBO-
GONHYIO PE3ONBBEHTY Qyan, aHasormunyo 2.11.1:

0——>@Xan—>gfxan ® @Xan-—> ...—->QXan ® @Xan—*QXan—>'0
OXan ’ OXan
(npasoe neficTBre D yan HA 3JMEMEHTAX KOMIJEKCA 33[aeTCH YMHOME

HueM B D,yan). Taxum 06pasoM, DR (M)—3TO KOMIJEKC IyuKOB,
ACCOLMUPOBAHHMIA ¢ CUKOMILIEKCOM

Ci=Qa"* @ M.
O an

8.2. Teopema. a) PyaxTop DR yCTAaHABIMBACT 3SKBUBAJICHT-

b b
HocTe Mexny kareropusmd Drp(Dx) u D (X?*", C) (moaxareropus
Db (Jhxen), cocTosimas H3 KOMIIEKCOB C KOTOMOJIOTHSIMH, KOH-
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CTPYKTHBHBIMH OTHOCHTEJBHO HEKOTOpOii cTpatHdukaumuum X" an-
re6panyecKuMyd MOAMHOro06pasusiMu, cM. . 7, § 1).

6) dynkTop DR KOMMYTHPYET C MPSIMBIMH H OOpAaTHBIMH 00pa-
3aMH, ¢ JBOHCTBEHHOCTBIO M C TEH30PHBIMH IPOH3BEJECHHIMH.

B) DR 3ajaer 5KBHBAJIeHTHOCTb Mexny kKareropueit RH (Dx) <
Db, (Dx) peryisipHEX TOJOHMHBIX MAyJdeir H  KaTErODHeR
M (p1j2, X2, C) npeppaTHbix (CpelHefl NPeBPATHOCTH) MYYKOB Ha
Xan, :

8.3. MNaan nokasareabcrsa. Teopema n. 8.2 BhTeKaer H3 psila
CIELYIOIIHX HHXKEe YTBEPKAEHHH a)—J), HEKOTOphe H3 KOTOPBIX
COpAaBEINHBH He TOJNBKO AJs r.A. KOMIUIEKCOB, HO H A JIOGBIX
TOJIOHOMHEIX KOMILIEKCOB. 3aMeTHM KCTaTH, 4YTO YTBEPKAECHHs
a), 6), r), 1) yTO4HSIOT NyHKT 6) Teopemst 1. 8.2. Ilycrs f: X—Y —
MOpGH3M anre6paHyecKHX MHOroobpasui, fan : Xan— Yan — cooTser-
CTBYIOIIHH MOPGH3M aHAJHTHIECKHX MHOroo6pasHii:

a) DRof,=RfDR.

6) DR (MXIN)=DR (M)x**"DR(N"), rne M’, N — KOMILJIEKCH
PD-vopyaei wa MHOroobpasusx X;, X, AMBEN —uX BHEllHee
TEH30pPHOE INPOM3BEeJIeHHe — KOMIIEKC Ha X, X X,, IX[*"— BHEIIHee
NPOM3BEIEHHE KOMIJIEKCOB IIYYKOB BEKTOPHBIX IIPOCTPAHCTB; KOM-
naexc M ronouoMeH, xommiexc N°—xorepeHTted (Hap Dx,).

B) Ecm M€D%,; (Dx), 10 DR (M)IED? (X2, C).

r) DRef®=(f*")eDR.

1) DRAx=2D acDR (316Ch Ax— 1BOHCTBEHHOCTh D-MOAyJER,
eM. 1. 5.3.1, Dyan— nBOACTBEHHOCTE Beppse, oM. ra. 4, m. 5.16).

e) DR — cTporuii moJHBIHE GYHKTOp (T. €. 3amaer u3oMOpGhH3M
Hom’og).

X)) DR clopbeKTHBEH Ha KJaccax H30MOP(H3MOB OGBEKTOB.

3) M ectp HP-xomMniekc B TOM H TOJBKO B TOM CJydae, ecau
DR(M’) — p, o-nIpeBpaTHEI NYUOK.

Mu He 6yfeM NPUBOJHTbL 31eCh IOJHBIX 10KA3aTEJbCTB YTBEPK-
Renuit a)—as). IIpu nokasarenscTBe a), 6), r), A) cnepBa cTPOUTCH
GyHKTOpHANBHE MOPhH3M JIeBOJ YacTu TPeGyeMoro paBeHCTBA B
IIpaBylo, a 3aTeM J0Ka3blBaeTcs, 4TO OH sIBJsiercss H30MOpHH3MOM.
OT0 I0CTaTOYHO NPOBEPHTH HAa KAKOM-HUGYAL MHOXKecTBe 06pasylo-
mux kareropud DY, (HanmpuMep, AJs CTABAApTHHIX MOAYyJeH, CM.
I. 7.4B). YTBePXAEHHS B), €) TaKKe NPOBEPSIOTCS Ha CTAHLAPT-
HbIX 00pasyloMiuX. YTBEPKAEHHE XK) DPOBepsieTcss Ha NPOCTHX 06b-
exrax Kareropuun RH(PDx), rie oHO cBoZuTCA K TeopeMe JleluHs
n. 6.6.1. Jlas  HOKasaTeJbcTBA YTBEPXKIEHHS 3) HCIIOJIb-
8yerTcs  Clelyiomas  XapaKTePH3AUUA  TOJOHOMHEIX  MOAyJnelt:
o6bekT MEDL, (Dx) sBrsercs HO-KOMIIEKCOM, €CIH M TOMbKO
ecmn M* u AxM' ynoBieTBOPSIOT CAeAYIOLLEMY YCJAOBHIO:

® Kaxnoe nokampHO 3aMkEyTOe mnoaMHOrooGpasue Z B X
(c BrOXenueM iz:Z —X) CONEPXKHUT IUIOTHOE OTKpPHTOE NO 3apuc-
ckoMy moaMHOXecTBo UCZ, i KOTOPOro  KOrOMOJIOTMH
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H%((i2/)]y) papsn O npn k<0 u seasoTes O z-xorepe HTHHIMH
npu £>0.

8.4. Bameuanusa. a) Pywxkmop pewennir. Oupenenuve
dynxrop Sol: Db (Dx-mod)°— D (Phyan) dopmynor  Sol (M) =
=R Hom D gan (M, Oyan).  Jlerko  Bugets, uro Sol=DReAx,

TaK 4ro SOl 3ajaeT AHTHIKBUBANEHTHOCTh MeXIY KATErOpUAMH

D% (Dx) v D; (X", C). Kammsapa [97] wucmoas3osan HMEHHO
dyskTop Sol.

6) Y3 yreepxnenuit n. 8.3 a), 6), n)BeTexaer, uto DR nepecras-

aseT naphl GyskTopoB f* m (f*"), a Takxe fp W Rfi.
B) Vs 8.3 B) ciexyeT, uYTO AJA KAXIOTO TOJOHOMHOTO KOMII-
Jexkca M CymlecTByeT €IMHCTBEHHBI pEryJspHH TOJOHOMHBIL

xommrexe M, g xoroporo DR (M)=DR(M) (u suauur
Sol (M) =Sol (M")).

BUBJTHUOTPAPUYECKHUE YKA3AHUS

Teopust D-MORYJNeH M3JI0KEHA C TOH HJIH MHOR CTENEHbIO MOJHOTH H OGLIHOCTH
B KHHrax Brepka [27] u ®Pama [2]] u B Tpex cratbsix Bopens B [30], ocHOBaHHNX
Ha Heomy6aukoBanmbix Jexuusx M. H. Bepumrefina. K 310fl Teopuu npumbiraer
TEOpHS MOAyJeil Hax KOJBbIAMH MHKpOAM((dEpeHUHaNbHHX ONepaTopoB; ¢ Hed
MOXKHO no3naxoMu1scst no xuure lamupa [129] u mo 0630pxoii crathe Kawmsaphbe
n Kasau [100}, rme cogepxarcs Takke jaJbHeHIUHe CCHUIKH.

Coopmymuposanrse B § 1 ¢arrsi 06 anre6pax Beftyism gokasamet B [27F
u B [58]. BoasmnnctBo pesyianraTos § 2—5 conmepxarca B [30]. [Nonatue D-ad-
¢unHOrO MHOTOO6pasHs u3 2,12 u Teopema 2.12.1, mexxamue B OCHOBE MpHMEHEHHS
D-Monyme#t X TeOpMH Dpe[cTaBJeHHE NOAYNpocTHX rpymn JIu, npHHanJIEKAT
A. A. Besimnncony u U. H. Bepuwre#iny [24]. CBa3b Teopun D-monyieli H TEOpHH
TpPeBPATHEIX NYYKOB C TeOpHEH MNpEACTABJEHHH, O KOTOPOH MH 3Hech NOYTH HH-
Yero He TOBOPHM, Pe3KO H3MEHH/IH B HAacTOsIiee BpeMs JHUO TEODHH INIpenCcTaB-
Jeuii; 0630p HEKOTOPHIX pe3yJbTaTOB B 3TOM Hampasienud cm. [67], [92],.
a TakXe B COOTBETCTBYIOIHX TOMax 3TOM CepHH.

CBSASHOCTE C pPeryaspHHMH OcOGEHHOCTSMH Ha OOIeM MHOroo0pasMH ORIIH
penennt Hemunem [560}, o6GoGuwmBlunM noHsATHE (YKCOBRIX OCOGHIX TOYEK AN
OGRIKHOBeHHHX IH(depeHunanbHex ypasHenuii. Cm. o63opn Karua [101] =
Manprparmxka [114], B KOTODHX MOXHO HafTH XOKa3aTeJbCTBAa OOJBIIHHCTBA pe=
3yabTaToOB H3 § 6.

JlokasaTensctBa cBolicts D-MORYJeEH C peryispEHMH ocobGenHocTsIMHM H3 § 7
copepxarcs B [30]. CoorserctBre Pumana—Inian6epra (reopema 8.12) noxasanbe
(8 meckombko Apyroil dopme) Kawmsapoi [97] # Me6xy [117], [118]. Hame wmamo-
xenue caepyer [30].
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