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Beepenue

| ToMouorHuecKas aareépa cpapunTenbo Monoia. Ee mper-
MeT BOCKOAHT K ABYM CEPHAM HCCIe10BaHHH KOHUA NPOINIOro Be-
Ka, JaBllMM Ha4aJjo KOMOHHATOPHON TOMOJOTHH H «COBPEMEHHOH
anre6pe» (B CMBIC/]e BaH [€p BapaeHa) COOTBETCTBEHHO. B kaue-
cTBe TJABHBIX TOHSTHI, yHACJEJOBAHHBIX OT ITOro paHHero sta-
ma, MOXKHO HasBaTh uHcJa DeTTd TONOJOTHIECKHX NPOCTPAHCTB H
«TeopeMy O UeMNsX CHU3HTHI» II. Tunb6epra (1890 ron).

Ceiiuac Mbl JIETKO pasjiHuaem OOILIYI0 KOHCTPYKIHIO, C KOTOPOH#
cBA3aHO BO3HMKHOBeHHe 3THX moHaTHi. TomoJordyeckoe — Ipo-
cTpaHcTBo X CKJIEEHO H3 KJIETOX (Ma¥ CHMIIEKCOB) pasHBIX pas-
MepHocTelt i, TPaHuua KIETKH €CTb JuHefHass KoMOWHAIMs KJe-
TOK; rpaHula CPaHHUbl paBHa HYJIO: i-e yHcgo DeTTH ecThb KOJH-
4yecTBO HE3aBHCHMBIX Leneli ¢ HYJeBOH rpanuued (LHKJAOB) ¢ TOY-
HOCTBIO O Lened, KOTOphle camH SBJSIOTCA rpaHunest, TO €CTh
panr rpynnst Ker 0;/Im 31, 0;: C~C;_y —TpPaHAYHBIA Omeparop,
C; —i-MepHBle LENH. «Cusurgu» BO3HUKAIOT H3 Ipyro 3ajiauu.
Mycts M — rpaiyHpOBaHHbIE MOAyJb C KOHEYHBIM YHcJaoM obpa-
3YIOIIMX Haj KOJbUOM MHOTOUYJIEHOB A=Hx,, ..., %s] HAL  TO-
Jem k (rpajyHpOBaHHBIX cremenbio). [uapbepr  paccMaTpuball
caydai, Korna M —unean B A, nopoxnenHslfi dopmamu. Boobute
rosopsi, o6pasyiomue M Heabss BHIGpPATh He3aBHCHMbIMH. PUKCH-
pOBaB CHCTEMy ro OOpA3YIOIUX, Mbl MOJNY1aeM noamoayas B A’
cocrTosimuil 3 KO3 PHUHEHTOB BCEX COOTHOIIEHHH MeXAy BHOpaH-
geiMu o6pasyromumu. OH ecTeCTBEHHO rpadyupoBat H Ha3BIBAETCS
«IepBHIM MOAYJIeM CH3HTHIT» Zo(M)  wmomyas M.  Tlosoxum
Z,(M)=2Z(Z:- (M) npas izl (#a KaxAoM 1are  BO3SHHKAET
IPOH3BOJ B BbIOOpE CHCTEMBI o6pasyomux Z;-1(M)). Teopema
Tuanbepra yTBEpPKIAeT, HTO Zn-1 (M) — cBOGOAHBIA MOLYJb, TO
ecTh BCETa MOXKHO CUHTaTh, 4T0 Zy (M) =0.

AJreGpanueckuii KOCTAK 00enx KOHCTPYKURH —3TO  KOMILJIEKC:
: )

i
110C/Ie10BATELHOCTE MOLY/eH H rOMOMOPH3MOB ...~ K;—> K 1= ...
¢ ycaosueM 0;_10; =0. Komnzexc yenefi mpoctpanctea X omnpene-
gsier ero romosiornn H; (X)=Ker 9,/1m 0y, Komnseke TumOepra
cocTONT M3 CBOGOAHBX MoayJeil. OH auMK/MueH, KpOME KOHua:
Z,(M)—3TO OAHOBPEMEHHO IMKJbL ¥ TPAHHILL cBOGOAHON PEe30Jb-
BenTHl MopyJsa M:

o a6
0> AT A > AT AP0,

M=~Ker 9,=A""/Im 0,

O6a KoMIJieKca — llenH NMPOCTPaHCcTBa X u pe3onbBeHTa MOAY-
asi M — onpeiesiensl Jajeko He OAHO3HAYHO: ~OHHU 3aBHCAT OT
BHGopa pasbuenus X Ha KJETKH HJH OT BH6Opa NOCJENOBATENb-
HBIX cHCTeM OOpasylollHX MOLyJeid cusuruii. Cojxepxanue NepBHX
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Te€OpeM TOMOJIOTHYECKOH aJre6phl COCTOHT B TOM, YTO NPH CMeHe
KOMIJIEKCA KO€-4TO OT NPOH3BOJAa He 3aBUCHT: uucaa Derru (uau
CaMH TPyNnbl FOMOJIOTHH) B IepBOM cCJaydyae, MAKCHMMaJbHas JJH-
Ha KOMIIEKca (MECTO, 32 KOTOPHM YiKe BCErfa MOXHO IOCTaBHTb
HyJlb) — BO BTOPOM.

IlepBbifi aTan romosiornueckoii anre6pbl GHJ CBS3aH ¢ HAKOM-
JeHHem MarepHaja. KomGuHaTopHass W saTeM  roMOTONHYecKas
TOMOJIOTHS. AOCTABHJIA B H30GHJIHH:

— 06pasubl H NIPHMEPHl KOMIJIEKCOB;

— TOpaBusa paboTH c HHMH, OTpaXaBlMe  TeOMeTPHUECKHEe
KOHCTPYKUHH HajJ NPOCTPAHCTBAMH: NMPOH3BeJeHHE  MPOCTPAHCTB
IIpHBEJIO K H3YYCHHIO TEH30PHBIX MPOU3BEAEHHH KOMILJIEKCOB; H3Y-
UeHHe YMHOXEHHS B KOTOMOJIOTHSIX — K TOHATHIO  JAH(depeHun-
aJIbHOK I'PAaAyHPOBaAHHOH aJjre6phHl; MOHSTHE  TOMOTOMHH — K aJ-
reGpaHyecKoMy ONpeje/leHHIO FOMOTONHH MeXAy  MOpP()HIMAMH
KOMIIIEKCOB; Te€OMETPHYECKOE  H3yYeHHe  pAacC/JOeHHBHX  Npo-
CTPAHCTB — K CHEKTPa/IbHOH I0CJeI0BATENbHOCTH, CBS3aHHOH ¢
GHIBTPOBAHHBIM KOMIIJIEKCOM H T. J. H T. IL.;

— aJurebpaunyeckue KOHCTPYKUHH, HMHTHPOBABIIHE TONOJOTH-
YeCKHe: TaK BOSHHK/IHM OIPELEJEHHS KOFOMOJIOTHH TPyII, aJare6p
JIu, accounaTHBHBIX ajre6p.

2. MosiBuBwrasics B 1956 ropy (a HanHcaHHas mexay 1950 u
1953 rr.) moHorpadus A. Kaprana u C. Diien6epra «loMoJOrH-
yeckasi aareGpa» [40] mosisesa wTOrM 3TOrO MEpBOrO 5Tama U OA-
HOBPEMEHHO BBeJa HOBble BaXKHEle HJeH, ONpPeleJUBLIHE DA3BHTHe
STOro pasaena ajreGpel Ha MHOTHe ToAnl Breped. [lo-Buaumomy,
H CaMo Ha3BaHHe <«roMOJIOrMYecKas ajre6pa» cTano OBIIENpHHs-
ThIM TOCJe 3TOH KHMIH.

B He}:&, BO-IIEPBHIX, ¢ YPE3BHIYARHOH NOJHOTOH OBl npopaBoTaH
OCHOBHOH aJreGpanyeckuii GopMaJnaM rpynn (KO)TOMOJOTHH KOM-
/IEKCOB H CPelcTB PabOTH ¢ HHMH, Ge30THOCHTEJbHO K IPOHC-
XOXK/JeHHI0. BO-BTOpHIX, B Hefl OblA MaH NPHHLUNHAJILHO BasKHBIH
OTBET Ha BONpPOC, KaKOBa BooOIie NPHPOAa TOMOJOTHYECKHX HHBA-
PHAHTOB (B OTJIMYME OT CAMHX KOMILIEKCOB, KOTODHE HHBADHAHTA-
MH He SBJSIOTCA). DTOT OTBET COCTOMT B cliedyiomieM. BaxHeimue
onepaund Hal MOAYJSMH, KaK TEH3OPHOe NPOH3BEleHHE, MOAYJb
TOMOMOP(GH3MOB H T. W. TOCJe NPUMEHEHHS K KOPOTKHM TOUYHBIM
HOCJIe0BATEJbHOCTAM HAPYIIAOT HX TOYHOCTB: ecan O—>M'—>M—
—~+M""—>0 Touna, T0 O0—>NQ@M'>NOM—>NRM'’'—0 MOKET HMETD
HeTpHBHAJ/bHble TOMOJIOTHH B JIEBOM uJeHe. MOXHO ompejeJHTb
«npoH3BeaeHHe KpydeHus» Tor, (N, M'’) rak, uto nosyumrcs auu-
KJIHYHBIH KOMILIEKC

Tor; (N, M")—Tor, (N, M)—Tor, (N, M’'}—>N @ M’—~N @ M—
- NQM' -,

HO a4 NpoaoJIXKeHHs ero HaJieso cjaenyer onpene
JIULTb elie
Tory (N, M') 4 7. . P B
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tu moayau Tor;(N, M) cyrts mpousBoinbie QyHKTOph (10 OA-
HOMy M3 aprymeHtoB) ¢yHKTopa ®. OHH ompeje/ieHbl OJAHO3HAY-
HO TeM, 4YTO IePeBOJASAT TOYHBIE TPOHKH B ALHMK/IHYHBIE KOMIJIEK-
chl. BBIUMCJSIIOTCS e OHH C NOMOINBIO, CKaxkeM, CBOGOJHBIX pe-
30JbBEHT MOAYJ M Kak Ipynnbl TOMOJIOTHH TaKOH DPe30JbBEHTH,
TEH30pHO YMHOXKeHHOH Ha N.

TakuM 06pasoM, OMOJIOTHUECKHH HHBAapHAHT MORyast N  BhI-
CTymaer Kak 3HaueHHe HEKOTOPOTO BHICIIEro NMPOH3BOAHOTO (YHK-
Topa Ha N, OQHO3HAYHO XAPAKTEPU3YEMO20 CIHCKOM CBOACTB H
8bI4UCAAEM020 ¢ TIOMOIUBIO PE3OJIBBEHT.

dra upaes, BO3HHKLIAA B ajre6paHyeckoM KOHTEKCTe, HeMel-
NeHHo BepHYJach B TONOJOTHIO B OYeHb BaxHOH pabore A. I'po-
teHAMKa «O HEKOTOPHX BONpPOCAX  OMOJIOTHUECKOH  ajreGphi»
[77], ony6aukoBarHoi B 1957 romy. I'poreHAMK MOJNHOCTRIO — IIe-
PECMOTpEJ CHCTeMY OCHOBHBLIX TOHATHA KOMOHHATOPHOH —TOMNOJO-
THH, 4TOOB HMETb BO3MOXHOCTb NPOBecTH TOUKy 3penus Kapra-
Ha—Dien6epra. o 3Toro GO MOHATHO, UYTO (KO)rOMOJIOTHH
MPOCTPAaHCTBA 3aBHCAT B MEPBYIO  Ouepelb OT NpocTpaHcTsa X,
H HX AaKCHOMAaTHueckKas XapaKTepH3alud ONHChiBana  TNOBeJeHHe
H(X) npu mepexole K OTKPHITOMY MOANPOCTPAHCTBY  (aKcHOMa
BHIpe3anus), romoronuu u T. n. Ho mpoctpancrBa X He NMOXOXKH
Ha MOAYJNH Hajl KOJbLOM, H B 3ToM Kourtekcte H(X) Bosce He
BHIMJISIAENIH Kak INpPOoM3BOJAHble (QYHKTODPH. [pOTEHIUK IOAUEPKHYJI
pOJIb  BTOPOTO,  «CKPHITOrO»  MapaMerpa  KOTOMOJIOTHYECKOM
TeopHM — Tpynusl  Ko3dpduunentop. OKasajochb, YTO €CJOH  pac-
cmatpusat, koromoJgoruu H'(X,¥) c kospouuueHTamu B MpO-
M3BOJIbHOM Nyuke aGeseBrix rpynn & Haa X (310 NoOHsiTHE K Ha-
yajy OATHAECATHIX TOJOB OHIJIO BBHAENEHO H JETaJbHO H3YyYeHO B
CBSI3H ¢ HyXJaMu TeopuH (YHKUHA MHOIHX KOMIUJIEKCHBIX THepe-
MEHHBIX), To Ha X MOXHO, BooGule, MOYTH «He obpallaTh BHHMAa-
Hust»>! Umenno, H' (X, ¥ ) okasmiBaercs i-M MNPOM3BOAHBIM (YHKTO-
pom ot FT(X,F) (byHKTOp ri0GalpHEIX CcedyeHHA Tmyuka) B
ctuie Kaprana—D2iinenbepra.

Ata uaes OKaszadach HeOOGHIKHOBEHHO IJIOJOTBODHOH HJst TOMNO-
JIOTHH B IUHPOKOM cMBicje cJoBa. IloaBepruyras nanekomy pas-
BUTHIO i 0600ueHHI0 B paGorax camoro ['poTeHiHKa, ero yveHH-
KOB H COTPYAHHKOB, OHa NpHBeJa K BO3HHKHOBeHHI0 ajreGpaude-
CKOH TONOJOTHHM aJre6panuecKHx MHOroo6pasuii Hal TPOU3BOJIb-

HBIMH noJsaMu («nporpamma Be#ina»). Bennom mnocaenneii  6vlio

IoKasaTeJbcTBo runores Pumana—Beisnisi B paborax I1. Heauns.
Heo6xoauMo ellle OTMETHTb KOTOMOJIOTHMYECKYIO BEPCHIO KJjaccHue-
ckoii Teopun moJaeit xknaccos (Uleanne, JIx. Tsfir u apyrue),
coBpeMeHHyl0 Bepcuio Teopudn Xoaxa (Ipuddure, Henuss...),
TeOpHI0 TNpeBpaTHHX (perverse) NyykoB H oblliee NPOHHKHOBEHHE
rOMOJIOTHUECKOro si3blka B pa3HooOpasHbie 06/1acTH MaTeMaTHKH.
3. B mecramecsTHe Tojbl roMmoJjoruyeckass ajrebpa oboratH-
Jach ellle OAHOH CYIMIECTBEHHO# KOHCTpyKuUHeH. Mbl HMmeeM B BHAY
NpoM3BOAHBE M OOINHe TPHAHTYJMPOBAHHEIE KAaTeropHH.
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Ecau no 3toro ocHOBHOH 3a60TOH MartemMarHka, paboTaioliero
C TOMOJIOTHYECKHM annapartoM, Oblid TOMOJIOTHYeCKHe HHBapHaH-
TH, TO B IOcJeJHHe JABa JAeCATHJETHsa YIOp Nepememiaerca  Ha
npsamyo paboTy ¢ KOMIJIEKCAMH, KOTOpHIE paccMaTpuBaroTcs, oOA-
HaKO, K4K OOBeKThl CJOXKHO YCTPOEHHOH M He CJHIIKOM  SBHO
onuchiBaeMoi Kateropuu. Wmes cocTrout B TOM, UTO, CKaxkem, pe-
30J/IbBEHTa MOJAYJs €CTh He IPOCTO TEeXHHYECKOoe CpPEedCTBC IS
BLIYHCJ/IEHHs] CBSI3aHHBIX ¢ HuM Tor’os u Ext’oB, Ho B HekoTopoM
pojJe NOJHOUPABHBIH 3ameHHTeNL 3TOr0 MOoAyas. HyxHo  jHIib
Hay4dTbCcsi He Pa3/JH4YaThb pas3Hble pe3osbBeHTH. TouHO TAK XKe
KOMIIJIeKC Ileflefi NMPOCTPAHCTBA, CHAOXKeHHBIA HeOOXOAHMBIM KOJIH-
YeCcTBOM aJre6panyecKux CTPYKTYpD, €CThb NOJHOLEHHBIH 3aMeHH-
TeJb HTOr0 NMPOCTPaAHCTBA.

XoTa akcuoMaTHKa W TepBOHauyajJbHble KOHCTPYKIUHH TEOPHH
IIPOM3BOJAHBIX M TPHAHTYJHPOBAHHHIX KaTeropuii AOBOJBHO  IpoO-
MO3JKH, OKa3blBaeTcs, YTO 3TOT aNNapar oueHb rHGOK, U B nocJel-
HHe ToJbl OH CT@HOBHTCA HEOOXOAMMBIM BO MHOTHX o0Jactiax To-
TOJIOTHH, TEOpUH [PeNCTaBJeHHH, TEOPHH AaHAJHTHYECKHX  IpO-
CTPAHCTB, He TOBOpS VXKe 00 ajrefpauueckoil TeoMeTpHH, C KO-
TOPOH Bce H mowyo (cemuHapwl I'poTenimnka, IHcceprauus Bepave,
3anuckH XapTcxopHa).

OnuH u3 nmapajoKCcaJbHHX Pe3yJbTATOB PA3BHTHA T[OMOJOTHYe-
CKOl aJare6pbl, KOTODHI# IIOCTENEHHO OCO3HAETCs, COCTOHT B TOM,
4TO B psAje cJy4YyaeB yAAayHO BHIOpaHHBIE TPHAHIYJHpPOBaHHLIE Ka-
TErOPHH YCTPOEHBl Hpolle, 4yeM Te abeseBbl KATErOPHH, KOTOPHIE
6blIu B NOJle 3pEHHS TepBOHAYaJabHO. Tak, NPOU3BOJHYIO KaTero-
PHIO KOFepeHTHEIX NyYKOB Ha MPOEKTHBHOM NPOCTPAHCTBE MBI MO-
HHMAaeM Jiyullle, 4eM KaTeropUid caMHX KOTepPeHTHbIX NyukoB. [la-
Jiee, B OAHOH H TOH Ke TPHAHIY/JIHPDOBAHHOH KAaTerOPDHH  MOXKeT
O6bITb MHOTO a6eJsIeBBIX «CEPILEBHH», UTO CJAYKHT HCTOUHHKOM CO-
AepxaTeJbHbIX BePCHH Pa3JHYHBIX KJacCHUECKHX ABOHCTBEHHOCTEH,

4. dror TOM NaHHOH CepHH He CTABHT CBOe#l IeJbl0 JAaTh NOJ-
HBIi 0030p H3BECTHBIX K HACTOALIEMY MOMEHTY pe3yJbTaToB TIo-
MOJIOTHYECKOH aare6pel. Takas 3ajdada, BepPOATHO, H He paspeLlH-
Ma; KpoMe OrpaHHUYeHHOH KOMMETEHUHMH aBTOPOB, 3TOMY Mellaer
OrpOMHbII 06beM MaTepuaJa.

Tom MoxHo rpy6o paspesutb Ha TPH YyacTH. B BBOAHBIX rJa-
Bax 1-—3 HW3zaraiorcst HauboJiee KJIacCCHUeCKHEe YAacTH NpeaMera, 10
CHX MOp COCTABJSIIOILNE €r0 OCHOBHOM annapar, NepHOAHYECKH Io-
NOJIHAEMbIH HOBBHIMH KOHKDETHBIMH KOHCTpyKuUuAMH. - K cpasHH-
TEJAbHO cBeXeMy MaTepHaJsy 3JAech OTHOCHTCS, HANpHMep, BBefe-
HHe B IUKJIHYECKHEe (KO)IOMOJIOTHH.

B rnaBax 4—5 oO%bsicHeHBl NPOM3BOAHBIE W TPHAHTYJIHDOBAH-
Hble KaTeropuH. :

Hakonen, raasel 6—8 MNOCBslEHb TeOMETPHYECKHM MPHJIONKE-
HHSIM COBDEMEHHOH TOMOJIOTHYeCKOH anare6pbl K TEOPHH CMeHIaH-
HBIX CTPYKTYp XO[Xa, NMpeBPATHHIX NyYykKoB W ZD-monmyaell. B. To-
NOJIOTHYECKHX H aare0po-reOMeTpHYecKHX BBIIYCKAxX 3TOTO H3Ma-
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HHS uMTaTe b Hafiler MHOTO MapaJJieibHOrO ¥ JOTOJHHTEJBHOTO
maTepuaja; Mb AejJaeM YIOp B 3TOM TOMe HA Kareropunle M TO-

MOJIOTHUECKHE aACIIEKTHL. . -
Cnucok JHTEpaTypbl, AaJieKo He TOJIHBIH, NNOMOXET 3auHTepe-

COBAHHOMY UHTAaTeNo NoApoGHee O3HAKOMHTBCS € 3aTPOHYTHIMHU

TeMaMH.
OTMmeTuM ellé, 4TO CCHUIKM B TeKcTe OyAyT Aenartbhes C yKasa-

HHeM TJaBbi H MyHKTa, HAalpuMep, T 2, n. 2.1 mau ra. 1, m. 1.5.1.
Ecau peub HaeT o TeKyHled rJaBe, TO HOMep TJaBbl He yKashl-
BaeTcs.

F'aasa 1

KOMNJEKCbHl U KOTOMOJIOTHN

§ 1. Komnaexcn ¥ To4Hasi NMOC/AEA0BATEAbHOCTD

1.1. Komnaekcol. I[ennoti Komniekc — 3T0 IOCJAEAOBATEIbHOCTD
a6eJieBLIX TPYNI U TOMOMOPPH3MOB
dn-H dﬂ drl—l
C.....C,»C,; = ...
co CBOHCTBOM dnodn.i=0 ams Bcex n. Iomomopduamel dn Ha3H-
BAIOTCH 2PAMUYHBIMU Oneparopamu uad Ouppeperyuairani. Ko-
yennoi KoMnAeKc — 3TO aHaJIOrHYHas NOCJeL0BATeAbHOCTD
41 a® dn+1
C:...>C"'-C"*l— ..

co cBoictBoM dmredn—!=0. llenHOH KOMINJEKC MOXHO paccMaTpH-
BaTh KAK KOLNHOH, o6paTHB HYMepalHio: Cr=C_,, d*=d-,. Ilo-
3TOMY MBI Jacro GYIL‘EM OTrpaHHUYUuBATbLCS KOLEeTMHEIMU KOMIIJIeKCa-
mu. Komnaeke A-moayJ/elt — 3T0 KOMMJEKC, B KOTODOM C, (coot-
BeTcTBeHHo (™) sIBJSIOTCS MOAYJIAMH  Haj  KOJBIOM A, a dy
(cooTBeTCTBEHHO d™) — roMOMOp(HU3MaMH MOAYJIEH.

1.2. TOMOJOTHH ¥ KOrOMOJOTHH. TIOCKOMBKY dpodny =0, nmeem
Imd,, cKerd, Tloimoso2uu LENHOTO KOMIVIEKCA—3TO TDYIIb
H,(C)=Kerd,/Imd,,. Koz20s0r02u1 KOUENHOr0 KOMI/IEKCd—
sto rpymmei A" (C)=Kerd"/lm d""'. YnorpeGure/bHAs TEPMUHO-
Jorus: aneMentsl C,—n-vepupie unemu; C"-—rn-MepHbe  KOLEMH;
Kerd,—=Z,—n-vepube 1uxiel, Kerd"=Z"—KOWHUK/bL Imd, =
— B,—rpanuus;; Im d”'=B"—korpanuusl. Ecm C — KOMIJIRKC
A-MOJlyJI€H, TO €r0 KOTOMOJIOTHH SBJAIOTCA A-mopynamu. Komniekc
HASHBACTCA QYUKAU4KbLAM (WA TOYHOM MOC/e/08ATe/IBHOCThIO), €C/H

H*(C')=0 nas Bcex n. . .
1.3. Mopduamst xommiexkcoB. Moppuss f:C — D —3T0
cemelicTBO roMoMopduamoB rpymn (Moayae#) f":C"— D", KOMMYyTH-
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pyomux ¢ audepenupanamu: f *odé=dpof*. MopdusMm [ uEIy-
uupyer MopdusMm koromosoruit H'(f)=(H" (f):H"(C)—~ H" (D)):
Kaace Koyukara ¢ — Kaacc f(c). Ecim C°, D' — xomniexcs A-
Moaysedt u f"—romomopdusmel A-Moxynelt, T0 H™ (f)— romomop-
dusMer A-Monyaed.

Foromonued mexny mopdusmams xomnaexcos f, g:C — D na-
3bIBAETCS  TAKOE CEMEHCTBO romoMopdmusmoB rpynn A%:C"— D™l
410 f"—g"=h""lod" + d""loh". TOoMOTONHBE Hy/MO MOpPGhH3MEI OGpa-
3yI0T «MACa/>, TO €CThb YCTOHYMBBI OTHOCHMTENBHO CJAOMEHHS U KOM-
NO3ULKK C JIOGHIM MOPdHu3MOM.

1.3.1. Jlemma. Ecau f,g zomomonne, mo H"(f)=H"(g).
(IeficTBUTE/BHO, €C/M € —KOUMKI, TO f (c)=g(c)+d (% (c)), Tax
uTO KJacCH f (¢) u g(c) cosnanator.) M

1.4. Tounast Tpoiika KOMILIEKCOB. [loc/efOBATE/ILHOCTE KOMI-

5 A S
7ieKCOB U MOp¢uamoB 0—s K'— L' — M — 0 HasbiBaeTCs TOYHOH (/i
TOYHOH TPOMKOH), €C/ IJiA KaXAOr0 A NOCAeNOBATEJLHOCTb Py
i n

(Monyae#t) 0— K*— L" > M"—0 Touna.

1.5. CessbiBaomui romomopdusm. Ilycts 0— K — L'—> M —
—0-—Touynas TpOHKA KOMIJEKCOB. [ KaXIOro 7 ONpEnesuM ro-
MoMopdusm 8" =8"(f, g): H* (M) — H**(K). Tlycts mEM" — 1uka.
BeiGepenm I6L" ¢ g"(l)=m; Torpa g"*(d" (1))=0, rax uro 4" ()=
= f"™1(k) pas Hexoroporo kREK™. OueBugno, d"k—=0. [TosoxuM
6" (knacc m)=xuaacc k. [IpAMas npoBepka NOKA3HIBAET, YTO OMNpe-
J€JEHUE HE 3aBUCHT OT TMPOM3BOJILHBIX BHIGODOB.

1.5.1. Teopewma. [locaenoBaTeNLHOCTL KOMOMOJIOTHi

R . 1"8) 05,8 .
.= HY(K) > H*(L) - H*'(M) - H""(K)—.
touna.

§ 2. CranpapTHBe KOMIVIEKCH B aareGpe U reoMeTpuu

2.1. CHuMnannMaabHble MHOXKeCTBA. DoJblIas YacTh KOMILJIEK-
COB, MNOSIBJISIIOUHXCS B FOMOJIOTHUECKOH aJarebpe, HMEET TOMOJOTH-
yeckoe INPOHCXOXKJAEHHe HJH CBsi3aHa ¢ TONOJOCHYECKOH HH-
TyHuuel. Kiaccuueckuii cnoco6 H3ydeHHs TONOJIOTHYECKOTO INpO-
CTPAHCTBA — MEPEHTH K €ro TPHAHTYJSLHH, TO €CTb Pas3buTb €ro
Ha CHMIJIEKCHl: OTPe3KH, TPEyrOJbHHKH, TE€TPasjpHl. .. ‘

Asre6panyeckuii annapat 3TOH TEXHMKH — T€ODHs CHMIIHLH-
aJibHbIX MHOXKECTB. , ‘

21.1.  OnpeneneHue. T'eomerpuseckum
CUMNAEKCOM HAa3bIBAETCS TOMOJIOTHYECKOE MPOCTPAHCTBO

i xi=1, x,>0].
i==0

n-mepHoim

A,,:{(xo, ...y Xn)ER™
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- Touka e; c x;=1 HasbBaercsi ero i-d sepuiurod. Kaxiaomy HeyGbI-

Bawoiemy otob6paxenuwo [:{m}—>[n], rae [m]={0,...,m}, orBe-
yaer OTOOpa¥eHHe «f-51 TPaHb»:

Aj=auHeiiHoe oTo6paxkeHHe Ap—A,, IepeBOAsllee BepIIHHY
e,-GAm B ef(i)eA{L, i=0, veey mi

21.2, Onpenenenune. CumMniuyuarbHolm MHOXCECTBOM Ha-
sbiBaercst cemefictBo MHoxectB X= (X,), n=0,1,... u orobpa-

- xenuiit X(f) : Xp—>Xm, no ogHOMy MJS KaxKAOro HeyGBIBAIOLIETO

orobpaxetus f : [m}>[n], ¢ ycaosusmu
X(id)=id, X(gof)=X(f)-X(g).

Crenyer npeacraBaaTh cebe X, Kak MHOMKECTBO HHJIEKCOB, KO-
TOpoe HyMepyeT CeMefiCTBO TIeOMEeTPHUECKHX M-MepPHBIX CHMIJEK-
coB. OroGpaxenust X(f) onucwiBawoT cnoco6 ckaeHKH Bcex 3ITHX
CHMILJIEKCOB B OJHO TOMOJIOTHYECKOE NPOCTPAHCTBO.

Cumnauyuarvroim orobpasceruem wp : X—~Y HasbiBaeTcss — ce-
MEHCTBO @n : Xp—>Y, Takoe uro Y(f)on=¢mX(f) mas Bcex
f:iml>[n]. B

21.3. Onpenenenue. [eomerpuueckol peasusayued cuAM-
IJIHNHAMbHOIO MHOXecTBa X Ha3bIBAeTcsi TOMNOJIOTHYECKOe  IIPo-
CTPaHCTBO

| X |= LA X X)IR,

rie R—otHOolleHHe  3KBHBaJeHTHOCTH: (S, X)€A, XX,  ckJjeu-
Baercsi ¢ (% y) €AnX Xym; ecln cyliecTByeT HeyGHBaollee oToGpa-
xetue f:[m]+[n] ¢ y=X(f)x, s=A;s(¢t). Tonosorna mna |X|—
ciabefimias, B KOTopoi ¢akropusauusi no R HenpepsipHa, B

. 2.2. TOMOJOrHM # KOTOMOJIOrMH CHMILTHIHAJIBHOTO MHOXeCTBA.
[Tycts X — cammmuuansioe MuoxectBo. OGo3naunM uepes C (X, Z)
CBOOOAHYI0 aleseBy rpymny, mnopoxkjierHylo X, C,=0 npu
n<0. [iaa moGoi abeneBoii rpymnel F  nosoxuM C, (X, F)=
=C, (X, Z)<§F . Takum o6pasom, 3aeMments C,(X, F)—uems X

¢ Koapduuuentam B F — cyTh ¢opMajbHble KOHEUHBIE JMHeHHBIC

KOMOMHAIuK Buna a(x) x, a(x)€F. I'pannudblil oneparop omnpe-
xeXn

JAenserci  caepyiowet  dopmyaoi.  ITycts dﬁl:[n—l]—>[n]——enun-

CTBeHHOE BoO3pacTawllee OToOpaxeHwe, B o00pase KOTOPOro He

copepxkutca i. [lomoxnM dy=0 u

dn< bl a(x)x) = 2a@ (=X ()@, n>1.

xEXn XGX,

Kouemu C"(X, F) 3a1aI0TCA. J(BOHCTBEHHBIM onpeaeJeHueM:
C*(X, F)=c¢ynaxunn Ha X, €O 3HaveHuamMd B F; R
n41 )
(@) (@)= X (= 1) (X (0h41) ().
e i =0 S



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

2.3. CunryaspHbiii Komnaekc, Ilycte Y — Tonosornueckoe mnpo-
crpaHctBo. Cuneyrapuoim n-cumniexcom Y HaswviBaeTcss Henpephis-
Hoe orobpaxenue @ : Ap—-Y. TlosoxuM

X, =MHOXKeCTBO CHHTYJIIPHBIX N-CHMIIJIEKCOB Y}

X (lo=q°As, rre | : [m]>{n} e y6niBaer, A; : Ap—>An. -+
(Ko)romosorsu ¥ ¢ xosddunuentamu B abesesoii rpynne F ompe-
pemsiorest kak: H,(X, F) un H"'(X, F), wu 00603Ha4ai0TCs

sin, n
Hn g(Y, F) H Hs[n.g(Y, F).

2.4, Cucrembl KoadduuuentoB. B onpeneseHun n-nenn CHM-
NJHHHAJBHOTO MHOMKECTBa MOXKHO 6paTh KO3(QOHUHEHTH H3 CBOEH
IPYNOB JJISt KaXKAOro CHMIJIEKCca, HO TOTr/a, 4ToObl BBECTH I'DaHMy-
HBIE omepaTop, chaedyer NOTpeGOBaTb HX COIVIACOBAHHA B CJedy-
I0IleM CMBICJIeE.

241, Oupenenenne. A Tomorozuueckoli cuctemol Ko3agp-
Guyuentos S Ha CHMIIMLMAJILHOM MHOXKecTBe X  HasbiBaeTcs
cemeficTBo  aGeseBbix rpynn  {$f.}, 1O OAHOH AAA KaX-
Joro cuMmmJekca x€X,, H ceMeldcTBO TOMOMODP®H3MOB TPyl
S(f, x) : Ex>Hxpx, [0 OLHOMY LA Kaxao# mapet (x€X,, f:
: [m}>n]), ¢ ycnoBusimu

S (id, x) =id; £ (fg, x)=s£(g. X(Nx)£ (}. x).

B. Kocomonrozuneckoii cucremod xoagppuyuenros B na X Ha-
3bIBaeTcs 4aHAJOrHUHOe ceMeHcTBO abeseBblx rpynn {%:} H romo-
mMopdu3mMoB & (f, X) : Bxpu—>RBx C YCIOBHIMH

% (id, x)=id; B(fg, X)=F(f, x) B(g X (f)x). W

2.5. ToMoJIOrHH U KOTOMOJOTHH ¢ Ko3adduuuentamu, B o60osHa-
YeHHSX N. 2.4 NOJOXKUM

C.(X, -9¢)={ 2 a(x)x|a(x)e.9¢x},

xGXn
d,,( > a(x)x)= 2 2 5 (0 X) @(N (=1 X (dnx), n>1,
XGXp XGX, i=0 '
1 aHaJOrHyHoO
Cc* (X, $)={q)yuxu.m1 f:X,,—+xé_)L( B rs f(x)E-%x},

n41
@) (=3 (— 0! & (0h41, %) (f (X (0541) (1)), XEX pyse

1=m0

Eciau rpynnel &, (coorBercTBeHHO %) He 3aBUCAT OT X, a BCe
oro6paxenuss S (f, x) (coorsercrBeHHo H(f, X)) TOXKAECTBEHHH,
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noayuaem ompefenenns n. 2.2. (Ko)romomorun C.(X, ) u
C° (X, %) HasbBalOTCA (KO)rOMOJIOTHAMH CHMILIHIHAJBHOIO MHO-
JKECTBa C CHCTEMOI K03(pOHIHEeHTOB.

2.6. Koromoaoruu Yexa ¢ kKoapduuuenramu B nyuke. I[lyctb
Y — ronoJsoruueckoe mnpoctpanctso, U= (U,) —ero OTKpHITOE HJIH
3aMKHyTOe NOKpHITHE, HHAEKc o npoGeraer MHoxectBo A. Hep-
gom mokpuTus U HaswbiBaercss CHMINIHLIHAJIbHOE MHOXKECTBO X:

Xnp={(@p ..., o) | Ug, N ... ﬂUanqé @}CAﬂ+i;
X ()@, - os @) =(@r0)s -+ -» Opm)s S :[m]—>[n]-

IMycte &F—nyuox abesesbix rpynn Ha Y. Ou  onpenenser
KOTOMOJIOTHYECKYIO CHCTeMy Ko3(hduuyenToB Ha Hepse !

gao,...,an :F(Uaon cee nUan; 7);

., @,)) nepesoaut ceuenne Q€T (Ua, N ... NV as,,F)
B ero orpanuvense Ha Ug, N ... NUa

F(f, (@ ..
"

Koromosoriu Y ¢ 310l cHcreMoli k03¢ dHIHEHTOB HA3BIBAIOTCH KO-
romosiorusimu Uexa nokpuitus U ¢ kosdouuueHTamu B nyuke F.

2.7. Koromoaoruu rpymn. Ilycte G —Hekoropasi rpymma. On-
peleJHM CHMIJIHIHMAJbHOEe MHOXecTBO BG:

(BG),=a"

ans fi[m]—[n]: BG(f) (& ---s 8)=(F1, + - s him),
f(i)

[T & (=e ecm f(E—1)=f ().

j=fli—1)+1
Feomerpuueckas peanusauuss |BG| HaswBaercsa kaaccuguyupy-
rowgum npocrparcrsom rpynns G
Ilyctb A— neBui#t G-mMonysb, TO ecThb aAAHTHBHAs rpynna, Ha

Kotopoii G JneifictByer aBroMopdusmamu. [lo Hemy cTpouTcs cie-
Aylolllast KOTOMOJIOTHUecKasi cucremMa Koadpouuuenro # Ha BG:

Fr=A nas scex x;
£(0)
B(f, ) @=ha, h=Ilg, (=e, ecm f(0)=0)
j=t

I‘B,e hi =

aa f:ml—=[n], x=(, --., 8)6(BA),, aEA.

.HOJIBByHCb onpeneJeHus MM, Mbl MOXEM S§BHO ONHCaTh KOMILJIEKC

xouene#t C (BG, %), obosnauaemuiit Takke C (G, A):
C%(@, A)= A;
C*(G, A)=odyuxkuun Ha G" co 3HaueHusMH B A.

Nanee, 11 n-xouenu f:
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df (gh ey gn+1):g1f(g2’ s gn+1)+

+E (— l)if &1 «noy BiBinly o gn+1)+(""1)n+1f @ .- gn)'

i=1

KoromoJorau 3toro KoMmiaekca o6osHauatorcsi H™(G, A). Ana-
JIOTHUHO, 10 A MOXHO NMOCTPOHTb T'OMOJIOTHUECKYIO CHCTEMY KO3(-
¢uuuenros Ha BG:

S,=A naa BCeX X;
£(0)
S (f, x)a="h"a, h=Hg,~,

j=l

yTo npuBoiuT kK romoJjorusm Hn (G, A).

2.8. Komnaekc ne Pama. B npeasiaymux npuMepax nepexoj Or
reoMeTpHH K ajre6pe coBepllajcs 4epe3 NOCPEACTBO KOMOHHATO-
PHKH H CHMIUIMIMaJbHOro pasbuenns. Eciam rtomosoruyeckoe mpo-
crpaicTBo Y cHabxXeHo CTPYyKTypoii An(depeHLEpyeMOro MHOro-
o6pasHsi, To KOJbLO TJIaJKHX AH(pepeHUHaNbHBIX (OpM Ha HeM
aBJsiercst KommiekcoM. Tounee, nycte Q°(Y) — npocrpaHcTBO

i-¢popM. BHemnnit audpgepeHunans B JOKAJIbHBIX KoopJauHarax
(x!,...,x") 3anaercsi GopmyJok
of
d( E:fldx'),: EI 2 5 f dx'ndx',
I17]=k ifl=k i x

T=Gay oooria)y || =014 ove +ie dxl=dxiA ... NdX'E,

Koromosoruu kommiekca (Q (X), d)  Ha3bBAOTCS
ne Pama muoroo6pasusi X u obosHauaorcs Hpg (X).
Teopema ne Pama yCTaHaB/IMBAET —KAHOHMYECKHH 130MOpdu3M

Hpor(X)=Hi:ng (X, R)

KoromoJiorusMm

Ha ypoBHe ueneii 3TOT H30MOP(H3M CTaBHT B COOTBETCTBHE aud-
depeHuHabHON i-QOpMe ee HHTErpas MO [-MePHHIM TJIAIKHM CHH-
TYJSIPHBIM LIEMsiM.

2.9. Koromoaoruu aare6per Jlu. Paccmorpum kommaekc e Pa-
Ma cBssHol rpymnel Jlu G. Ha Hem xefcTByer MpaBbIMH CABHTaMH
rpynmna G. OGosHauum 4Yepe3 Qiny(G) NOAKOMILIEKC, COCTOALIKH
#3 G-unBapuaHTHBEX ¢opM. OH JOMycKaeT YHCTO aJre6panveckyio
‘koHCTpyKuHMio. Ilycth ¢ — aareb6pa Jlu. G, peannsoBaHHas: . Kak
IPOCTPAHCTBO NIPABOMHBADHAHTHBIX - BEKTOPHBHIX | “MOJei Ha G.
Torza QPmv(G)=L(A"g,R) M[pOCTPAHCTBO KOCOCHMMETDHUHBIX
n-JHHefHBIX (QOpM BElIeCTBEHHBIX GopM Ha §. BHewnud audde-
peHuHam oT n-$opM, -paccMATPHBAEMBIN Kak_ NOJHIHHeAHAS (YHK-
LM Ha BeKTOPHHX MOJsX (NPOH3BOJBHOIO IJaikoro MHorooGpa-
3us1) onpeneusiercs Gopmyaon Kaprana: R B

‘16

P ,«@M

(dmn) (El’ X §n+l)::

(;1)j+[_lmn ([Ej’ gl]s El’ RS Ejv R glv .

n+1 .

‘{‘zl(ml)jgj [mn (gla ey éﬁ e ey gn-}-l)]'
j=

- (3mecb ~ 0O3HAayaeT, YTO COOTBETCTBYIOIIMHA WIEH OMYILILEH).
[pumensisi ee K Qv (G), noayuaem dopmyay nas d Ha C(g)=

-3

I<j<i<nt1

i) §n+1) "11.'

=L (Ag, R):
dc (gh EERE] gn+1):
= 2 (— 1Y (g) gl B1r -2 &p v o0 81r -+ But)-
I<j<ign41

Koromosaoruu storo kommaexca ofosnauatorcs /7 (g, R). O0penunss
TeopeMy ae Pama c onepauuéil ycpejHeHus [0 KOMIIAKTHOH rpymmne,
nojydaeM TteopeMmy Kaprana: ecoim ( KOMIAaKTHAa M CBSI3HA, TO

Hging (G, R)=H" (g, R).

Koncrpykuust C™(8) coBepmenHo He TpeGyeT CyliecTBOBAaHUS
rpymisl Jiu, acconuupoBaHHO# ¢ 4, U NpHUMEeHHMa K JmoObiM a6CcTpaKT-
HbiM aJjre6pam Jlu nax mosem k.

Bosee o6uio, 1ycts M -—HeKoTOPHII 8-MOAyJn. [losoxum
Cm(8, My=L,(A"8, M) u onpeneanM Auddepenuyan dopmy/iok
Kaprana:

dc(gl,---a gn+1): E

1<j<l<n+1
n+1 .
N\ . N
vy By ey gﬂr}—l)—l—z (——l)lgjc(gl,. . ey gj" vy gﬂ'-l-l)
i=1
Koromosoruu storo xommiekca oGosnauatores F17(8, M).
[omonorun H (8, M) onpelensioTcsi Kak TFOMOJIOTMH KOMILIEKCA

C (8, M)y=M®A'¢ ¢ nudbdepenuaiom
d(mBGA. .. N\ga))= 2 (=" ime(g; gdAg .- AgA- -

I<j<i<n

(— 1" e (g &l 815--» éj,...

NG 8+ D (= )M A AR - A
j=1

2.10. Kommaexc Xoxmmabaa. Ilycts k2 — KOMMYTaTHBHOE KOJBIIO
C elvHuIell, A— acCOUMaTHBHAS A-aarebpa ¢ eIuHULef.
Paccmorpum nennoit xomnaeke T° (A):

n+-2
T,(A)=48...04, n>—1,
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n
d(@® . . Buy)= Do (—1)0®. .. O(@:8141)® - - - 8.
i=0

Ero MOXHO PacCcMaTpUBATL KAK KOMILIEKC R-MOLYJeid; KaK KOMILIEKC

A-GuMOJlyJiell; HaxoHel, KakK KOMILIEKC JIeBbIX Ae-moayneh, rie

Ae—=ABA!, At —xomplo A C yMHOXEHMEM B MPOTHBONOJOMHOM
k

nopsiake. DTOT KOMIVIEKC alHK/JIWyeH, MO0 ero TOXJIeCTBEHHOe OTO-
6pa>1<emde FOMOTOIIHO HYJIEBOMY: COMOTOTHA HMeeT BHI

Q®...00,1—19a,®...8aq,,,.
Mycts M —nexoTopsifi A-6Gumofyss. Toria onpelesienbl KOMILIEKCHE
k-wonyneii M®T (A) n Hom e (T (A), M). Vx romonoruu o06o3Ha-
b .

yaloTC CooTBeTCTBeHHO K, (A, M) m H"(A, M) 4 HasbBawoTCA
(ko)romosiorusivi XOXIIKIBAa anre6psl A ¢ K0Id(HUHERTAMH B M.
TensopHoe yMHOXKeHHE Hal A® MOXKHO YCTPAHWTB C IOMOIILBIO H30-

Mopdu3Ma ,
M@T , (A)= M AQT ,_5(A)=M8T , (A).
A€ A k k
B aToit 3amucu H, (A, M) CTaHOBATCA KOTOMOJOTHAMHU C/AEAYIOLLEro
kommexca C (A, M):
n-it wnen: M®A®";
d(m®q®...8a,)=ma;®a®...%a,+

-1 .
—{—2 (—1)¥m®a,®...%0,0,,9...0a,+(—1)e,mn®a®...9a, ;.

i=1

Anasiormuno, H" (A, M) ABISIOTCS  KOTOMOJOTHAMH — KOMILIeKca
C (A, M)
n-it urem: Hom, (A®", M); ,
df (ah "oy an+1):a1f (a2a- .y a’M-l)+
+2 (_l)if (al,- cos Ai@iggse s an+1)'|‘("— 1)n+lf (alv s an) Qny1-

i=1
2.11. Llukanveckde romoJoruu aare6p. [lojoxkum B KOH-
CTpyKuMAX mpeAsayiiero nyHikra k5Q, M=A. Ha ujienax KoM-
miaekca C,(A, A), onpenensiomero H,(A, A), HeHCTBYIOT LHKJIH-
yecKHe TPy NepecTaHOBOK. [lonoxum
Hao® ... ®an)=(—1)"a, Q@ ... @an-1.
Onepatop ¢ He XKOMMyTHpyeT ¢ AHbdepenunuasom. OAHAKO, €CIH
HOJIOXKHTD
n—1
- i o
d’(a0®...®a,,):2(—1)a0®...®aiam®... Qpy
i=0
To crnpaBefauBa (opMyJaa
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d(1—Hy=(1—-Hd'.
Cuenoparenbro, 06pas 1—¢ ectb moakomnaeke Cp(A, A), u on-
pedesrel GaKTOPKOMIJIEKC

A
Cr(A)=C,(4, A)/Im (1—1),
d*--=d modIm (1— #).
Ero roMosiornn HaspBalOTCA HUK/JIWYECKUMY T'OMOJIOTHSIMU aarefpst A
u o6o3navawtcs Hi(A) mm HC,(A).

2.12. Hukauueckye xoroMojorum aaredp. Urobn onpepemtsb
WX, caefyer B3aTh nopkommiexce Ch (A)cC'(A, A*), cocrosimuit U3
{-MHBADHAHTHEIX  KONeNeH, TO eCThb A-MHEAHBX (YHKLIHOHAJOB
f:A®" > A* co cBoiicTBOM

fl@® ... ®a,)=(—1)"f(a,®a® ... Qan-1).

I'pannunblfi onepatop 3alaercss mocaeiHelr ¢opmyJaol B . 2.9.

KoromoJiorun o6osnauarorcs H™, (A) wau HC™(A).

2.13. Komnijekc (ko)ueneii KieTousoro pasGueHus. BoiuncJe-
HHe (KO)TOMOJIOTHH TONOJOTHYECKOTo mpocTpaHetBa X ¢ mo-
MOIIBIO KOMIIIEKCA CHHIYJSIPHBIX (KO)Liemeldl HEIKOHOMHO H3-3a
6ecKOHEYHOMEDHOCTH 3TOT0 KOMILIeKca. B Tomosoruu dyacto Hc-
NOJb3YIOTCsl (KO) LlellH, CBs3aHHble ¢ peajusauueit X B BHIE KJe-
TOYHOro pasbueHus. [IpuBefem OCHOBHBIE ONpeNeseHHS.

Kaemounum pasbuenuesr (um CW-KOMIJIEKCOM) Ha3bIBAETCH
TOMNOJIOTHYECKOe NPOCTPaHCTBO X, NMpejcTaBleHHOe B BuAe O0beau-

[e.o]
HéHUA X = Uo _U[ e TONAPHO HenepeCeKawluuxcsi MHOXeCTB er
n=40
(kJeToK), aas Kgxnnoﬁ U3 KOTOPO#l 3aduKCHPOBAHO OTOGpaXKeHUe
S?:B"— X samknyToro mwapa B” B X, Takoe, 4TO OrpaHuueHHE Vi
Ha BHyTpeHHOCTh mapa Int B” mpexpcrasaser coGoit romeoMopdusm.
S:Int B" 3e?. Tlpu 3TOM JOMKHBI BHIONHATHCS CJIELyIOlLHE aKCHOMBI:

a) paHhUa KaXIO# KJETKH é’;:E;’\e;’ CONEPXUTCA B OObBEIH-
HEHMM KOHEYHOr0 YMCJA KJETOK MEHbileHd pasMepHOCTH.

6) MuoxectBo V' X 3aMKHYTO B TOM M TOJBKO TOM CJayuae,
ecId A BCeX 1 M BCeX i€/, mosmslii mpoo6pas (fL)7H(y ner)
3AMKHYT B €. .

Jlis mapsl KJAETOK e, e;.l—l onpepe/uM Koagduyuenm fOryu-
denmuocmu ¢ (e}, e’;—l) crepyomuM o6pasoM. Ilyets X — o6be qu-
HeHHE BCeX KJETOK pasMmepHoctu <Cr. Torma XY X#2 (X*%
cTaHyTO B Touky B X") ects Gyker (n—1)-Mepubix cdep S*1
B uuCJie, PABHOM MOULHOCTH [, ;, U KJIeTKa e’;—l dukcupyer OnHY

chepy 3atoro Oykera (06o3HauuMm ee uyepe3 S). PaccmorpuM xommo-
3HLMIO ‘ ‘
fin/S“_l =

Sn-1_ pn > Xnly Xl Xn-2_ L 8
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rae m—oroGpaneHue NPOEKTUPOBAHUA Gykera Cep HAa OLHY W3
KOMMOHEHT. IloyueHHOe OTOGpaXeHue Sl B"==S8""! 3ajpaer
sjeMeHT rpymmsl ft,_y (S*)=Z, TO ecTh Onpeje/set UCI0e YUCIO —
CTeneHb TOr0 OTOGpaXeHust —u Mol TIONOXKUM € (ef, e’}*l) paBHbIM
3TOMY UHCJY.

Teneps onpepe/uM rpynmy LeJOYHC/CHHbIX n-MepHbIX  ilenei
KaK CBOGOZHYIO abesjeBy rpymiy, TOPOXACHHYIO er, i€l, n sana-

auM auddepentnan Gopmyaon

n_— n pn—1 n—1
dei_'z c(el.,ej )ej .
J6n—y

BBH/Iy aKCHOMH a), 3Ta CyMMa KOHEJHa.

Kolieny, Hend ¥ Kouenu ¢ KoddpuuueHTamu onpeneadaICs aHa-
JIOTHYHO.

2.13.1. Teopema. (Ko)romosoruu KJIeTOUHOTO pas3buenusd,
BBIUKMCJEHHbBle ¢ MOMOIIbIO KJCTOUHBIX (ko) 1emeld, KaHOHHYECKH
H30MOPhHBl CHHTYJIAPHBIM (KO) TOMOJOrHAM.

§ 3. CnekrpajbHas NOCJeN0BATENbHOCTD

3.1. OmpejeJierde CREKTPAJIbHOM MOCHENOBATE]LHOCTH. Hapsny
¢ TOUHOH MOCJeA0BATEJbHOCTHIO KOroMoJIOrHil (Teopema IL 1.5.1),
CIIeKTpasbias NOC/Ie0BaTeNPHOCTD SBAACTCA OMNAM u3 HauboJiee
MOIIHBIX BHUMCJHTENBHBIX CPEACTB roMOJIOrHUeCKOH anreGphi.

CnekTpanbHas nocAed08ATEAbHOCTb aGeseBblX I'pynm — 3TO ce-
veiicrso abenessix rpynn E={E? "’ E"}, rae r=21, p, 4, ne€Z, u
HEKOTOpOE CeMeHCTBO ToMOMOPQH3MOB MEXKAY HMMH CO CBONCTBaMH,
KOTOpbie Mbi cefiuac ONHIIEM.

Ho npexje CKaxeM HECKOJbBKO CJIOB O TOM, Kak ynobHO mpen-
cTaBsiTh cebe 3amuch Beel 3TOH HHpOpMaUKH.

Uyrareas MOXeT BOOGPasUTh CTONKY JHMCTOB B KJCTOUKY; KJETKH
nepeHyMeposansl  mapamy (P, g)6Z:. O6vekt E 24 nomemiex
B (p, q)-% KNeTKE Ha r-M JHCTE. O6bexkTsl E" pasmeriensl Ha
TOC/e IHEM, «TPAHCUHATHOM» JACTE W 3aHAMAIOT BCIO AUaroHaJb
p+g=n.

Tenepb onuuieM roMoMopdH3Mbl U yCAOBUA Ha HUX.

a) Ha r- mucTe 3aiaHbl MODUIMbI 409 EPrd s EPFTOTIHL
[lpu r=1 onu AeficTBYIOT M3 KJICTKH B €€ npaByio  COCEHIOK.
Tlpu r—=2 OHHM NeHACTBYIOT BHpPABO BHH3 xomoM koua. Ilpu r>3
nosiyuaeTcss OOGOOILeHHBIA XOX KOH:.

Yenoue: di=0; TouHee, qerrartlgf? =0 pas BCex p, 4, T-
Tlostomy 10 (E2*?, d?*") MOXHO TIOCTPOUTE TPyMIb KOTOMOJIOTHlt
r-ro JHCTa:
) , — —1
H”?(E,)=Kerd;"*/lmd; T,
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Caepywouiuft Ha60p AAHHLIX BXOIUT B onpenenenne E:

6) Usomopduamsi ol :H”*(E;) 5 EPH.

UacTo yA00OHO CUXTaTh, UTO Ha (r+1)-M Jmcre CTOAT MPOCTO
KOTOMOJIOPHH 7-TO JHCTA, H 027 TOXAECTBEHHBI.

QOcHoBHO€e yC/0oBHE HA usomopdusmpl  @?:? COCTOUT B CyilleCTBO-

BaHWM [NpejeJibHeIX TPy E?7. TlpocTeiiiee TpeGoBaHke, o0BMHO

BBIIOJIHEHHOE B TNPUJIOXKEHHAX, TAKOBO:
B) /8 KaXOH mapbl (P, g) CyUleCTBYeT TaKOE Ty yro d?'?=0,
d° " =0 npu r>ry

Torpa @?'? OTOXJECTBJAET BCE E?% pu r>rg, ¥ Msl 0003Has

yaeM 3Ty rpymny uepes EZ%°.

K 3TOMy MOMEHTY Ha TpaHCcGUHUTHOM JIMCTE (r = co) pasMeineHsl
rpynns E?? u rpynnel E” O/ AHAroHaM p -+ q=n. Tlocnenuit
§a6op NAHHBIX YCTAHAaBIMBAET CBA3D MEX Y HUMH:

r) Ha Kaxjaok E" 3anaua yOblBalOLLAs peey AAPHAL Ppurompayust

.OFPE"OFPHE®D ... (TO eCTh [] FPE"={0), UFPE"=E")
]

14
1 usomopduavsl §77: EL— FPEPH|F PHIEPY,

B 5rHx YC/AOBUSX TFOBOPAT, 4TO TOC/EJO0BATE/BHOCTD (E?*?)
cxodumea ¥ (E7), wm uto (E") ABAseTCA npeoeton (E£).

Eule pas noadyepxHeM, HTO KOMIIOHEHTAMH OJHO# CNeKTPaJbHOK
nociegosatepiocty E - cudraioTcs BCe rpynmH (E??, E), Bce
romomopduame (d2'%, af*?, §7°7) u QuanTpamm Ha E™.

MopdusM cneKTpanbHbiX nocse nopareJpHocTedl f: E— E’ COCTOAT
us romomopduamos f2'7 EP—~E P, friE"~ E’", mepecTaHOBOY-
HBX CO CTPYKTyDHBMH FOMOMOP(QM3MAMH M COBMECTHMBIX ¢ Gub-
TP ALUAMH. :

32 3ameuaHnd a) Paboras ¢ KOMIJCKCAMH, orpaHu4eH-
HbM# C OAHOM CTOPOHBI, MBl OOBIUHO NMPHXOAMM K CIEKTDaJbHEIM
OCJIeLOBATENbHOCTAM, HEHyJIeBble uYJIeHbl KOTOPBIX PACIIOJIOKEHEl
B OZHOM KBajpaHTe (To €cTb B 00JacTH BHAZ, CKAKEM, p=pos
4=>490) .

TMycts E?*? OT/MuHb OT HyJA TOABKO B I-v wm lll-M xBagpante.
Torxa ycaosue 3B) BBIIOJTHEHO ABTOMATHUECKH, INOTOMYy uTO JmGo
nauano, 6o xomen crpenox d7’, P9t mpu r>re(ps 9)
BHLIXOJAMT 3a TMpEeAe/bl 3THX KBajpaHTOB. Kpome ToOro, (uapTpanun
ga [E® aBTOMATHYECKH KOHEHHbL FPE"={0} mnpu p<p- (n),
FpPE"—E"™ nupu p> p. (1) T

6) CreXTpasbHbie MOC/EI0BATENbHOCTH TEM NpUATHEE B BBMHC/H<
reMLHOM OTHOLIEHHH, deM GoJpllee  KOJHICCTBO obvextoB E%?
u MopduamoB d7'? PaBHBI HYJO. OnuH Clelua/ibHbil Caydad uMeeT
naspanue: F BHpOXZeHa B wieme E,, eca dP =0 npu r’' >r A
Bcex p, . Torma E2?—=FEDlY.
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B) OGbmuble 3amaud, pemaeMple C  MOMOLIBIO CreK TpavIbHOM
TOC/Ie10BATE/IBHOCTH, -—MOJy4YeHHe MHDOpManud 0 E” no U3BeCTHBIM
ﬁf’q wm EJY.

[lokaxem, Hanpumep, YTO WHBAPHAHTH THNA JHIEPOBOH XapaKTe-
PHCTHKH MOXHO BBMMCJATL TOYHO, HaXKe He 3Has HUYero o audde.-
permanax  d7*?. Tlycrs C — QukcupoBanHas aGesiepa rpynna, x—
OTOSpaiKeHHe, CONOCTABJAIONIEe KAXIof aGeseBofi rpymne A
aseMenT y (A)EC. IlpennonoxuM, uTo % (A)=y(A), ecm A wuso-
mopduo A’, w x annutuBHO, TO ecTb x (A)=y (B)+ % (A/B) wm
J1000# rpynnbl A u ee moarpynnsl B. 18 KOHEUHOTO KOMIJiEKca K-
TIOJIOKHM X(A"):Z(—l)ix(l( ). Teopema Diiepa yTBepxjaer,

10 % (K*)= X (— 1) (H (KY).

L
[lycte Tenepr FE —cHeKTpajbHa® IOCJAeLOBATELHOCTH. Pac-

cMoTpuM Kommiekcs (E;, d;), tae Ef—= & E?9 "= & g
p+g=n p+q=n

[lpeanonoxnm, 4To U OpsAMbIE CyMMBl, H KOMIUIEKCH FE sy KOHEUHBI
ZJIsE HEKOTOpOro 7. Torxa TO e BepHO 1A Bcex r>>r, U Jerko

TLPOBEPHUTH, YTO 2(—1)”x (EM=y(E").

3.3. CpexTpaibHasi TNOCJHENOBATENbHOCTb  (DUIbTPOBAHHOTO
HoMmiaekca. [lycte K'—KOMIZIGKC M NycTh 3ajaHa yGwiBaiolnas
Qursmpayus K° noakommnekcamu FPK'. 3to 3uauut, yto B K"
3a/aHel NOArpynnel. .. DFPK"DFPHK S .. ud* (FPK®)C FPK,

YKaxeMm cpasy nBa DOJE3HBX mpuMepa (UALTPANHU. [10JI0MHM:

K" npu n< —p,
(FPRY =T« (K ')”=[Ker d™P mpu n=—p,
0 nmpun>-—p.

Sra duabTpanys HasbBaeTCA KaHOHuweckol. OHa y6usaer TPyNIbl
KoromoJsioruit K* 1o ouepenu

" . Hn K' IIDK I’L<— )
HYFPK) = é ) ngu n> —f’-
[Tonoxum nanee
e o ' .n’ 0 npu 72 < p,
(FPKY =05, (K'Y= K" upu n>p.

Ita QUIbTPAUKMA HA3LIBACTCS «2AYMO»: OHA TOXE y6uBaeT rpynisl
KoroMosoruii K mHo ouepenu, HO IPU 3TOM TMOPTHT TPAHHUHYIO
rpynny:
’ - Q npu n< p,
H* (FPK")= {Ker d? npu n=p,

H" (K°) npu n> p.
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TocTponM Temeph TO (ULTPOBAHHOMY KOMILIEKCY CHEKTPAJBHYIO
NIOCJIe LOBATEIBHOCTD. e ‘
a) Koncmpyrkyus E7*? u d7*". Tlojoxum

Z810— gL (FPHPHa) (| FPKPH,

Dra rpynna «MaxOpuUpyeT CBepXy» WWKAH B KPTY, Jlexcaumg !IBIep-ei’f
dubTpoBOUHOH Moxrpynmne: aupdepenuyan d He OﬁﬂsaTEJIbHr p
BOJUT MX B HyJb, HO yrayGaseT (ubTPAUMOHHBIA HOMEP HA 7.

B Z?7 ecrty TpuBUaibHas YacTh, fBJAIOLIAACH CYMMOR JIBYX
oArpymniL:
erri-%,q—l —=d (Fp+le+q+1) N J o) Cax
de—lr+1-q+f—2 =d (Fp—r+1Kp+q—1) N FPKo¥a,
V4
TlooxuM . ‘ . itasrs
EPI =720 T a2 ),
Jlerko npopepuTh, 4TO d MHAyLHPYeT auddepeHiHab
—r41
df'q:Ef’q—* Ezrz-l-q,q r+ .
6) Koncmpyryua op’. i moctpoenus a?? ciaepyer TO-
CTPOUTH FOMOMOP(H3MEI

(20284 20X N (22T 4 d 22 T T > Z (BT,

r—1
_ —r+l1, r—2 P14
(@ze~r T g Z2 Ty (28T 1 d 202 T > BERT)
(cnpaBa cTOAT MHKJL U I'DAHAIH d,) u 1okas3athb, 4TO OHH HBJI?‘bIOI;r(;
cH usomop_@uamamu. STO CBOOHUTCS K HecJO¥XHBIM, HO JOBO
I'POMO3JKHM TPOBEPKaM. .
B) Kouncmpyryus E". TloJoxum E*=H"'(K) u

FPE"=o6pas H"(F?K') |

’K'~K'.
NpH eCTeCTBeHHOM OTOGpaxeHnu F )
> 3.3.1. Teopewma. [lpeanosoxuM, 4TO Ha KaMKJOM K" ¢witpa

LS KOHEuHa W peryjapHa. TOrja MOCTPOeHHas CMeKTpajbHad noce-
D.q E"). -
opatespHOCTh (E77) cxonutest K (
8 3.4. IlpuMepHl CHEK TPAAbHbBIX N0CJe l0BATENbHOC TEH. 311ec1; ﬁm;]x
OmUILIEeM CHEKTpa/bHBE NOC/e0BATE/BHOCTH, CBﬁSaHHble3C Tayn
KaHOHHUECKOH (PM/bTPAIMAMY KOMILIeKCa (CM. HAuaso Il. ).
a) Faynas guasmpayus FPK . Viveem:
0 mpu ¢<0,
707 —|Kerde+? npu ¢ =0, r<g-+1,
Kete mpu ¢=>0, r>q+1.

Kn npu q==0, r=1,

0 mpu ¢+0,
Epvq
{H” (K" npu ¢=0, r>2 n npu qg=0, r=oo.
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Huddepenunan d?'?: E??— EIT79"+ copnagger ¢ dP:KpP—> Ko+
mpu ¢==0, r=1 u TPHBHA/RH B OCTQIbHBIX CJyuasX.

E"=H"(K); ¢umrpauus Ha E" TpuBHa/bHA:

E" npn p<n,
FpEn:{O npu p>n.

6) Kanonusecrkan gurempayusn. Viveem

Ep,q:{H”(K') npu g=—2p,
! 0 mpu g —2p,

df**=0 npu BCex p, q.

Orciopga E7"=E?? w d,=0 paa Bcex r>2. Jlanee, E'—
=H"(K'); ¢uaptpanusa Ha E" TpuBHaJbHa:

E™ npu n< —p,

PEN —
FrE {0 opy 1> — p.

3.5. Criex TpajibHasi OC.IELOBATELHOCTh ABOAHOrO KOMIIEKCa.
Hsounoi womnasexc L—(LY,dY,dif)—st0 HaCop aGeresux
rpymn LY u romomopdmamo dy:Lé— YN gifipios [Pt
Y/I0BJI TBOPSIOLINX COOTHOMIEHHAM

d)?=0, (@uy=0, didn+dndi=0. (D
Tonoxum (SL)"= ® L% (B0 BCeX BCTPEUAIOMIUXCS y HAC CJydasx L
i+j=n

COCPEAOTOYEH B KBaJPAHTE, W 3TH IPsAMble CyMMbl KOHEYHHI). ¥CJ0-
Bust (1) o3HaualoT, uTO omepaTop

d=d;+dn:(SLY'— (SL)*!

yAOBIETBOPSIET paBeHCTBY d*-=0, Ttak uto ((SL)’, d) ecTp kommiexc,
Ha3bIBaeMBIl OUAZOHAAbHLLM HKOMNACKCOM.

Mopduambl i};Boﬁbex KOMILVIEKCOB OIpPeIeIOTCS OYeBHAHBIM O6pa-
som. Tlycts Hy'(L)—xoromosornu o6pnoro Kommiekca L7/ ¢ gud-
Q)epeﬂuﬂa.irlom di’. Slcno, uro muddepenunan dif uHAyLHMpyeT Mop-

. St .
dusmpt Hy' (L)~ Hy/"' (L), onpepensiowne xommaekcs i (L).
Bynem 0Go3HauaTh KOrOMOJIOTMHM 3TOrO KOMIJekca uepes H{jHi (L).
Ananoruuno onpeaeasioTcs koromoJornd HiH 1 (L).

3.5.1. Ilpennoxenue Ilycte L cocpeporouen B mepsom
kBazpanre (To ecthb L =0 npu i<<0 uau j<<0). Torma cyuiectBy-
I0T JBe ClleKTpaJbHble MoclefoBaTesbHocTH E u IE, cxopsammecs
K obulemy npefieny {H"(SL)}, unenb E; KOTOPBIX HMEIOT BHJ
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VES"—=HIHL(L), “E3'—=HUH] (L)

3.6. CnextpaanHas nocaenosateabnocts Ceppa— XoxuiHniabaa.
Mycts G — rpynna, H—G — HOpMalbHBI JeiHTeNb, A — HEKOTO-
peiiit G-monyab. Torna G/H neiictByer Ha koromonorusax H1(H, A).
CnexTpaasnas nociedosatesvnocts Ceppa—Xoxwunrsda — umeer
E3? =H?(G/H, Hi(H,A)) u cxomutcsi k En=H"(G,A).

3.7. CnektpajbHasi M0OCJ€10BATEJbHOCTh paccaoenus. Ilyctb
p: E->B — Mop®u3M TONOJOTHUECKHX IIPOCTPAHCTB, fABJSIOLLKACS
paccaoennem B cmbicae Ceppa. Ilpeanosoxum, uto 6asa B cBsizHa
# oxHocpssHa. Ilycts F — caoii paccioenns p. Toraa cyuectsyer
CIeKTpasibHasi MOCJe/0BaTeNbHOCTb (Ha3blBaeMas CHeKTPaAbHOU
nocaedosateasnoctoio Ceppa) ¢

E3"=HP (B, H'(F))

(xoromosoruu B ¢ kosd¢ulMeHTaMH B JOKaabHOH cucreme HI(F)),
cxonsinasica Kk H (E).

Huxe (cm. rai. 2, n. 4.5.2) Gyzer omHcan OAHH ofuwuit cnoco®
MOCTPOEHHS CNEKTPaJbHEIX MOCJEAOBATEJbHOCTEH, YAaCTHBIMH  CJy-
yasMu KOTOPOro fIBJISIOTCS [Ba H3JIOXKEHHBIX Bhillle HpuUMepa.

BUBJIMOTPAGHUYECKHE YKA3AHMS

B 3Toit riaBe NpHBEAEHH DPE3YJBTATH, COCTABJAIIIHE YacTb KJACCHYECKOR
romoJsioriyeckofi aare6phl, Kak OHa TMOHHMajach B HauaJe 60-X rofoB; jajibHeil-
Iiee Da3BHTHE H3J0KEHHBIX 37eCh HAeH MOXMOo HafTH B JIO0OM K/1aCCHYECKOM
yueGuuke [40], [87], [107). Tousas moOC/eA0BATENLHOCTD KOTOMOJIOTHHA (Teopema
n. 1.5.1) H cTekTpanbHas TMOCHEAOBATENLHOCTh (GHALTPOBAHHOTO KOMILIeKea (Teo-
peMa n. 3.3.1) SBAAIOTCA OCHOBHBIMH BHIUHCJHTE/NbHBIMH CPeACTBAMH TOMOJO-
rHueckofl anre6pul. TouHas MOCIEXOBATENbHOCTh (B TOMOJOTHUECKOH CHTYAalHH)
6mnia u3BecTHa eme Ilyadkape; cHeKTpalibHas MNOCTEJOBATE]NbHOCTh BIEPBHIE NO-
fBU/ach, MO-BHAHMOMY, Y Jleps. JlokasarenbctBo Teopemul 1. 1.5.1. cm. B [40}
uan [8]. CnekrpajibHHIM HOCAEAOBATEJABHOCTAM MOCBAHieHA OOCUIMDPHAs JHTEPa-
Typa; Haubosee moApoGHO o6was cxema H MHOTOUYMC/ICHHBlE NPHMEpPH HCIOJB30-
BaHHA CIEKTPaAbHHX MNOCACAOBATENLHOCTEH (B OCHOBHOM, TONOJOTMYECKHe) H3-
noxeHH B MoHorpaduu [116] IlokasarteancrBo Teopemsl m. 3.3.1 u ee ofoCute-
HHft cM., HanpHMep, B [40]. O cnexkTpaibHoll nociedoBatensrocTH Jlunpona—Cep-
pa—XoxuuabAa 43 1. 3.6 cm. [34] OnHMM H3 JNYUIIMX M3J0XKeHHA CUEKTpaJbHON
pocaerosatenbHoctd Ceppa ocraercsi opurHHanbeast crathsi Ceppa [130]; cm. Tak-
xe [16].

Kaxpnas H3 Tem, M3JOXeHHHX B § 2, mpeiacrasaser cof0H Hayajio OAHOro H3
npHMeHeHHA TOMOJIOrHYecKOf aare6pbl K COOTBETCTBYIOLLeH 06JacTH MaTeMaTHKH;
Goaee noZpo6HO 3TH NPHUMEHEHHs H3JO0XKEHH B COOTBETCTBYIOMHUX maparpadax
raaBsl 3 H B I 4, § 5. OTHOCHTE/NBHO CHMIJIHIHAJbHBIX MHOXECTB H HX NpH-
MeHeHHE B TomojoruH cM. [64], [65]. JdokasartemscTBo Teopemn m. 2.12.1 cm.,
HanpHmep, B [57]
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IF'aasa 2

AI3bIK KATEFOPHUA

§ 1. Kareropuun u GpyHKTOPH

1.1. Onpenenenue. Karecopus & — 310 Hab0p cJEAYIOIIHX
JaHHBIX.

a. Knacc Ob%, 3/ieMeHTH KOTOPOTO Ha3HIBAIOTCS OOBEKTaMH.

6. HaGop mMHoxects Hom(X, Y), mo oaHoMy pjst Kaxmo# ymo-
BHe Mop(u3M, OGo3HauaeMblii Yop HIH Y@ : X—Z H HasbiBaeMblil
moppusmanu (a3 X s Y) u o6o3nauvaorea ¢ : X—Y.

B. HaGop orobpaxenuit

Hom (X, Y) X Hom(Y, Z)—~Hom(X, Z),

10 ONHOMY A/ KaxIOH ymopsaoueHHoH TpoikH o6bekToB X, Y, Z.
IMape ¢ : X—Y, ¢: Y—Z rtaxoe orob6paxkeHHe CTaBHT B COOTBETCT-
BHE MOp(u3M, 0603HAuaeMblii Yo HJIH P : X—Z HasbIBaeMbId
romnosuyueld ¢ 1 Y.

DTH JaHHBE JOJIKHBl YIOBJETBOPATb CJACAYIOUIHM aKCHOMaM.

A. Tlo xaxaoMy MOP(QH3MY ¢ OJHO3HAYHO ONPEAESIOTCS TaKHe
X, YEOb¥, uto @€Hom(X,Y). HHBIMH cJOBaMH, MHOXeCTBa
Hom(X, Y) nonapHO He nepecekalmoTcs.

B. Iaa kaxiaoro o6bekta X€0b% CylLeCTBYeT TOX/AECTBEHHHH
mopdusm, obosHayaemblii idx : X—X u ORHO3HAYHO ONpeleAseMbA
TeM cBolicTBOM, YTO idxop=@, Poidx=idx BcAKHH pa3, KOria 3TH
KOMIIO3HUHH ONpeleJieHHl.

B. Komnosuuus mMop¢hH3MOB accoUHaTHBHA:

(xp) o =% (bo)
ansg mobuix ¢ : X—Y, ¢ Y—>Z, x: Z>U.
Bumecto XGOb% mot GyneM Tavxe nucath X646, U Hom(X,Y)
X,YGObg
uHorja o6GosHauaetcs: Aor 8. )

1.2. Tlpumepsl Kateropuii. a. BaxKHBIl KJacc KaTerOpHHA COCTaB-
JAIOT MHOMXKECTBa, cHaOKeHHBle JAOMNOJIHHTEJIbHOH CTPYKTYpPOH, C
oToGpazkeHHsIMH, KOTOPBlEe C 3TOH CTPYKTypoll coraacoBaHul. Ilpu-
MepHI;

Pet : KaTeropuss MHOXKECTB H OTOOpaKeHMH MEXAY HHMH;

F op : KaTeropus TONOJOTHYECKHX IIPOCTPAHCTB H HENpPepPHIBHHIX
OTOOpaKeHHH;

Diff : kateropusi 6eCKOHeuUHO AHPDEpPEeHIHPYEMBIX
Pasuii;

S£b : kareropusi abesieBBIX IPYNII H KX TOMOMOP(H3IMOB;

A-mod : kaTeropus JeBbiXx MOAyJeH Hax (QHKCHPOBAHHLIM KOJb-
uoMm A4;

%r : gaTeropusi rpymnit 4 HX roMOMOpPdH3MOB.
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MHOro000-

6. Karecopus
Hom, ([m], [n]) — MHOosKecTBO
{0,...,m} B {0,...,n}.

Karezopus cumnauyuanronoix muoscecre A°Pet : ObA® (Pet) =
= {cumn/uunaabEHe MHOXKecTBa}; Hom(X, Y) = {cuMminuuaspHble
oro6pazkeHus X B Y}.

Karezopus cumnauyuaroneix 06vexto8 A, rie ¥ — abeTpakr-
Hasi kateropusi. UutaTesio npeaJaraercs ONpelesNUTh ee CAMOCTOS -
TEJIbHO.

B. Karezopus xomnaexcos abGenesovix epynn Kom(s£b):

A :ObA={[n]|n=1{0, 1,
HeyORIBAIOIIHX

., n}};

oToOpaxeHu

Ob Kom ($#b) ={xouensble xomniekcsl K~ abesieBbX rpym}
Hom (K, L) ={mopdmsmsl kommiiekcop K — L'}

r. HexoTtopble KJaccHyeckHe BHAH CTPYKTYP TaKkKe yAo6HO pac-
CMAaTPHBATh KaK KaTETOPHH.

Karezopus uwacruuno ynopsdouennozo muoocecrsa. Ilycts I —
4aCTHYHO YNOPAJAOYEHHOe MHOXKecTBO. 3ajajuMm kKarteropuio € ([)
tak: Ob® (/) =I; Hom(i,j) cocrouT u3 OAHOro 3/jeMeHTa, eC/H
i<j, mycTo B IPOTHBHOM cJydae. KoMmo3Huusi MOp(H3MOB H TOXK-

JeCTBEHHBH MOpP(QHU3M ONPENENSIOTCs eIUHCTBEHHO BO3MOMKHBIM
cnocoboMm.

BaxHbiM uactabim cayuaem @ () spasercs

Karezopus Fop X. Tlycrte X — TONOJOrHYECKOE NPOCTPAHCTBO.
Tonoxum

Ob 7 op (X) = {oTKpbIThe MoamHO)kecTBa U X}
Hom (U, V) =ecrectBennoe siaoxenne U—V, ecau

UcV; nyero, ecoin UZV.

1.3. OnpeneneHdue Dyukrop F u3 xateropun % B KaTero-
puo & (o6Go3naueHHe F : F—ZD) COCTOMT H3 CJEAYIOLIHX AAHHHX:

a. Oro6paxenne Ob ¥#—0b D : X—F (X).

6. Oto6paxenue Mor ¥—Mor D, ¢—F(9), Takoe, yto @ : X—
—Y nepexoaur B F(g) : F(X)—~F(Y).

OTH JaHHHe JOJIKHBI GHITh MOJYHHEHH CJEAYIOIEMY YCJOBHIO:

F(yg) =F(¢)F(9) mas Bcex ¢, p€Mor ¥, mIs KOTOPHX Y@
onpejesied (B yactHoctH, F(idx) =idrx)).

1.4. Ipumepu dpyHKTOpOB.

a) I'eomeTprueckas peasusauus:

| «| : A'Pet—~T op.

3HaueHue 3Toro ¢yHKTopa Ha o6wvexktax A%Pet ompepeneHo B 1.2,
1.3, a Ha Mop¢H3Max onpefessieTcs OYEBHAHBIM OGPa3oM.
6) CuHeyaaproe CUMNAULUGALHOE MHOMCECTBO:

Sing : T op—~>A°Pet
(Sing Y) , =MHOXeCTBO CHHIYJISIPHBIX f-CHMILJIEKCOB Y,
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(em. ra. 1, m. 2.7).

(Sing ¥) (1) (¢) =goAy, tae f : [m]~>[n], Ay: Am—>An.
3nauenne Sing Ha Mopdusme  (HempepLHIBHOM OTOOpaXeHHH)
a: Y=Y’ onpepessiercsi ¢ NOMOLbI0 KOMIO3HIHHK: Sing(a) nepeso-
AHT CHHTYJSIPHBIE CHMIIEKC ¢ :Ap,—Y B CHHIYJSIDHBIH CHMILIEKC
Qo : Ap—Y’.

B) n-1 epynna KO2OMOAO2ULL:

H» : Kom s£b—s¢b;

) Kaaccuuyupyrouiee npocTPancTso:

. B : Gr—>A'Pet.
Onpenenenue B pano B ra. 1, m. 2.7.

1.5. 3amevaHnsd.

a) Tonsitue ¢GyHKTOpa BO3HHKJIO KaK (OpMaJH3alUs TOro, 4To
B CTapHHY Ha3BHIBAJIH «€CTECTBEHHBIMH KOHCTPYKIHSIMH», H IPHMEPBL
3 nn. 1.3, 1.4 maior obpa3ubl TaKHX KOHCTPYKHUHH.

6) Te ¢yHukropsl F :%—%, KOTOpHe MH OnpefeNujs B 1. 3.3,
HHOrJa HAa3HBAaIOT KOBQPUAHTHOLIMU (QYHKTOpaMU, B ONPEIeISIoT
KonTpasapuanTHoui gyukrop G kKak napy orobpaxkenuit G : Ob%—
—0b &, Mor #—Mor D ¢ ycaoBuem, uto G mepeBoiut ¢: X—Y
B G(g) : G(Y)—>G(X) u G(9p) =G (¢) G(¢). Ceiiuac 061WENpHHATO:
OTHOCHTb 3T0 «oOpallleHHe CTPeJOK» K HCXOJAHOH Kareropuu €.

dopMajibHO ONpeleNdM 0804CT8eRHYI0 KaTezopuro €° caenyiwo-
muM o6pasoM: Ob #°=0b % (1o X€C kak o0bekT ¥° Gyaem 0603-
Hagath X9); Homg (X9 Y°) =Homc(Y,X) (mopdusmy ¢:X—>Y
orBeuaer ¢°: Y'—>X°); nakoHnen, o= (@¢)°, idx.=(idx)"

«KoHTpaBsapuaHTHHIH» (yHKTOp ¥~ onpejedsercs Iocje 3TO-
ro kak (KoBapHaHTHHIH) ¢yHKTOp G : F'—>D.

O6o3davedne A°Pef, BBeieHHOEe B II. 2, HAalIOMHHAET O TOM, UTO
KaXJA0e CHMIJIHIMAJbHOe MHOXKeCTBO X MOXKHO paccMaTpPUBaTh Kak

dyuxrop X : A0>Pet:
X(n)=X. X(f)=X(f)-
B) ®ynkrop Homc ecrecTBeHHO paccMaTpHBaTh KaK 3aBHUCALIUHA
OXHOBPEMEHHO OT ABYX aprymeHToB. BmecTo Toro, 4rtofnl (opmalb-
HO BBOJHTb COOTBETCTBYIOLLEe ONpejeseHHe, cedyac MPUHATO MOJIb-

30BaThCsl KOHCTPYKIHEH npamoezo npoussederus KaTezopulil.
ITycTs, ckaxeMm, ¥ u €’ — 1Be kareropuu. [losoxuwm

Ob(#X¥’) =0bF XOb¥%’,
Hom‘gx(é’ ((Xv X'), (Y’ Y’))=H0m% (Xs Y) X HOm(g/ (X’, Y’),
(@, 9)o(p, V)= (@}, ¢"op’),
id(x,X') = (idx, idxr).

Hetpyauo nposeputh, uTo B X @’ ecTh KaTeropus. AHANOTHUHO

onpesefiseTcss NPOM3BEACHHME JIOGOro CeMelcTBa KaTeropui [1%:-
ie[
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DYHKTOP OT HECKOJIBKMX apryMEHTOB, MO OMpe/eseHHio, ecTh GyHK-
TOp Ha COOTBETCTBYIOULEM NPOW3BENCHUM KaTeropui. [pumep:

r) Teopemuro-mHONECMBEHHAL . KOMNOBUYUAL  PYHKMOPOS
G

GF
‘6—F> D> & ects dyuxrop G—&. ToxaecTBEHHOE OTOGpaXeHHe
Idg:Ob%—Ob%, Moré—~ Morf ectb GYyHKTOD. 910 no3BOJAET

paccMaTpHBAaTh JI060Oe MHOXKECTBO KaTeropHil Kak Kareropuio, ¢
¢yHKTOpaMH B KauecTBe MOP(U3MOB. '

1.6. Eme npumepsl @yHKTOPOB.

a) [lIpednyuox muoxecrs (abeseBBIX TPyM, . . .} Ha TOMOJIOTH-
yeckoM npocTpaHcTBe X ecTb QyHKTOP ’

F : (TopX)'—Fet X (s4b, ...)

(kateropust 7 op X onpejenexa B I. 1.2 ).

6) Ilyctb /— yacTuuHO YNOPsIAOYEHHOe MHOXKECTBO, &) —
COOTBETCTBYIOLlAs KATEropus, ofmpefe/eHHas B M. 2 r. @yHkrop
G:%(I)—>sLb COCTOHT U3 CeMeicTBa afeneBblx TPy
(G(i), i€l) n oro6paxenuii @;;: G,—0G;, 1m0 olHOMY a4 Kam 101
napel (<(j, TaKHX, YTO €CJH IR, TO QirQi;=Qin, @:=1dg(y. Ta-
KHe ceMeHCTBa OOBIUHO BO3HHKAIOT B KAayecTBe Chipbsl A/ B3ATUS
NPOEKTHBHBIX ¥ HHyKTHBHBIX HPeEAEJIOB.

B) Dyrkropel 3ab6enus. HBoablIOH Kaacc TPUBHAJBHBIX [pUME-
poB (DYHKTOPOB IOJyuaercd Tak: HYXKHO IepecTaTh y4YHTHIBATH Ol-
Hy HJIH HECKOJbKO CTPYKTYD, HMEIOLLMXCs Ha OOBeKTe HCXOMHOH
Kareropun. Tak HOJydaloTCs (QYHKTOPHI "«MHOXKECTBO 3JIEMEHTOBY!

T op, Diff, b, Gr—Fel, X
a TakxkKe QYHKTODHI
Diff—>T op, A-mod—>s£b.

OuepejHoe OIpejeleHue 3TOro naparpapa — MopdH3Mbl PYHK-
TOPOB (HX Ha3biBaJH TAKXKe «eCTeCTBEHHBIMH Mpeo6pasoBaHHAMH
eCTeCTBEHHBIX KOHCTPYKIHHY).

1.7. Onpenenenue. Ilycts F, G— nsa dynkropa us €8 D.
Pynxroproui moppusm F 8 G (samuce f: F—~G) cocrout u3 ce-
MmeiicTBa MOPGHU3IMOB

f(X) : F(X)—>G (X),

Mo OJHOMY AJsi KaXI0ro oGbeKTa XcOb®%, xoropoe ylOBJETBO-
psier cJeAyioleMy YCJAOBHIO!
AJs BCsiKoro Mopdusma ¢ : X—Y B kateropun & auarpamma
F(X)
F (X)-—G(X)
F@) )9
FY)--a(Y)
KOMMYTaTHBHA. i
Komnosuuusi (yHKTOPHBIX MOP(H3MOB ONpeAesiercs OUYEBHA:
HHIM 06pasoM TaK e, KaK H TOXAECTBEHHLIH (PYHKTODHBIH MoOp-
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¢usm. B pesyaprate ¢dyHKTOPH F—ZD cCcTaHOBATCA ~ OOBEKTAMM
KaTeropuu, koropasi o6osnauaerca Funct (%, D). ‘
1.8. [Ipamepn. a) Ecau cuMminumajgbHble  MHOXECTBA

X, YéA%Get paccmatpuBath Kak  ¢ymktopn X, Y :A%->%et, rtO
J6oe cUMILIMIHANbHOE oTo6paxenue f:X—Y onpenensier mop-
¢u3M 3THX GYHKTOPOB, H HAOOOPOT.

6) Paccmotpum xareropuio &xc (exact sequences of comple-
xes), 06beKTaMu KOTOPO# SIBJSIIOTCS TOUHblE TPOHKH S KOMIJIEK-
coB abeJieBbIX TPy

oo g8
SO0->K—~L —->M-0,
a MOp(bI/ISMaMH—KOMMyTHTHBHble. AuarpamMmbl Bljaa

A S
0K =L >M=0
ipF J,qz; Ir
0— K'>L —->M -0,
rae p, g, r—mopdusmbl KOMIIeKcoB. DUKCHpyeM HEAOe UYMCJAO 7 K
paccMoTpuM aBa (yHKTOpaE:

F(S)=H"(M"), G(S)=H"™(K).

CesisbiBatoliie roMomMopousmsl 87 (S), paccmorpenHble B 1. 1,
n. 1.5 (ram omu o6osnavanuce 6”(f, g)) cocrapasior  Mopdusm
¢yHkTOpOB 6" : F—>G.
1.9.0Hecxonbx,o onpenenenuid. ClelyoliHe NMOHATHS TEOPHH Ka-
TETOPHH BechbMa II0JIE3HHI,
Kareropus % naswiBaercs nodkareeopueil xateropuu 2, eciu

a) Ob#=0Ob D,
6) aas kaxipix X, YEOb% umeem

Homg (X, Y'YcHomg (X, Y);

B) KOMIIO3HIMS MOp(H3MOB B @ coBHAfaeT ¢ HX KOMITO3HLHEH
Kak Mopgusmos B &D; mjas X€Ob¥%, idx B ¥ coBnanaer ¢ idx B 9D.

[lonkareropus ¥ 2 HasbiBaeTcs NOAHOU, ecad LJsi JHOGBIX
X, YEOb ¥ umeem

Homg (X, Y)=Homg (X, Y).

®yHKTOD F:B—>9) Ha3nBaeTCs CM poUM, eCaH GBIX
X, YEOb% orobpaxenue P ) Aas JoOHIX

F:Homg (X, ¥)— Homg, (F (X), F (¥))
SABJIAETCA BJIO2KCHHEM, H NOAHbBIM, eCcJUd OHO SABJsIeTcCS CIODDBECKTHB~
HEIM. .

B uactHocTH, BMOXKeHHe NOJHOH  NOAKaTeropHu %—%  sb-
JAS€TCst CTPOTUM M HOJHHIM (yHKTOpOM. OG6GpaTHO, MOXHO J0Ka-

3%1'5, UTO BCSKHH CTPOTHH M TOJHBIA (GYHKTOD MOJyYaeTcs TaKUM
obpazom. :
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O6beKT o TPOH3BOJBHOK Kareropuu % HasbiBaercs Ha#aab-
Houm, ecnd mist moGoro X6Ob® wmHoxecto Homg (e, X) co-
CTOHT M3 OJHOro 3JemeHTa. AHajorauHo, ©€¢Ob® HasbBaercs
KOHEeuHbiM OODBEKTOM, ecyu anas Jwoboro X€Ob®  MHOXeCTBO
Homg (X, ®) COCTOMT M3 OJHOro 3JeMeHTa. SICHO, 4TO Kak Ha-
yaJbHblf, TAK H KOHEUHH{i OObEeKTh Kateropuud & (eciu OHH CY-
IMeCTBYIOT) ONPEAEJSIOTCS OJHO3HAYHO C TOUHOCTBIO 10 H30MOpP-
¢dusma.

Mpumep. B xareropun et HaualpHbiM OGBEKTOM sABJSETCH
MycTOe MHOXECTBO, a4 KOHEYHBIM — OJIHOTOYEUHOE MHOKECTBO.

1.10. H3omoppuam. MHorne MaTemMarHyeckde  3ajaud — 310
3ajaud KJaaccHQHKALKM: NPOCTHX IPpynm, ocobenHocreli u T. m. Hu-
e MBI ONMMLIEM KATEeTOPHHI NMOAXOX K 3TuM 3ajauam. Kaaccudu-
Kanus — 3To OOBIYHO KJaaccuduKalHsi ¢ TOUHOCTBRIO AC H3OMOP-
dbusma.

1.10.1. Onpenenenue. a. Moppusm ¢ : X—Y B KaTeropuu 7
HA3BIBAETCH UBOMOPPUIMOM, €CH CYIECTBYeT Takoli — Mopdu3M
g : Y=>X, uro po=idx, ep=idy.

6. O6bekThl X, Y B Kateropuu % Ha3bBAIOTCS U30MOPPHOIMU,
ecJu MeXJy HHMH CYLlecTBYeT XOTsi OBl OJMH H30MOPQH3M.

Uutareqap JECKo IPOBEPHT, UTO OTHOLIEHHe «OBITb H3OMODO-
HbIM> SBJA€TCS OTHOINeHHeM 5KBuBajeHTHocTH B Ob®. Mop-
¢Gu3MBl @, cO CBOACTBAMH, yKasaHHBIMH B OIDeJeJeHHH, Hasbl-
BAIOTCSi B3aHMHO oOpaTHbHIMH. Kaxablii u3oMop@u3M OAHO3HAYHO
onmpeessieT 0OpaTHBIA K HeMy H30MOPdH3M.

Ecli NPHUMEHHTb 3TO ONpefeseHHe K KaTeropHd (QyHKTOPOB
(eM. m. 1.5 1), MOJyyHTCH BaXKHOE INOHATHE usomopgusma Qynk-
ropos. UmenHo, usomopdusM Mexay OGYHKTOpAMHU F:¢—>2 n
G : D—>% — 510 Mopdusm ¢yHkTOpOB [:F—G, Ia8  KOTOPOro
ects 06paTHBIit Mopodusm g : G—F : gf=idp, fg=ide.

Jlerko NpOBEPHTb, YTO B 3TOM ONpPEIEJEHHH CYLIeCTBOBaHHE
o6paTHoro MOpousmMa (yHKTOpOB g : G—F MOXHO 3amMeHHTh 60-
Jlee ecTeCTBEHHBIM YcJoBHeM: mjs Kaxgoro X€Ob® wmopdusm
f(X) : F(X)>G(X) sBasercs H30MOP(QH3MOM.

[Tpumenenne ompefenenus 1.1 K «KaTeropuu KaTeropui»
JaeT CPaBHUTeJbHO Oecrosle3Hoe TOHATHE H30MOpQH3Ma Ka-
teropuii. CyliecTBeHHO GoJiee NOJIE3HOE ONPEJe/ieHHE TAKOBO:

1.11. Onpeneaenne. a. @Pynkrop F:@F—>PD uasbBaercd
9KBUBAAEHTHOCTbIO KATe2Opuil, eciu CyUlecTByeT TaKOH (QYHKTOP
G : D—~%, uro ¢yukrop GF mnsomopden idg, a FG  nsomop-
den idg.

6. Kareropun %,2 Ha3bIBAIOTCA IKBUBAAEHTHLIMU, €CIH_ CY-

mecTByer (GYHKTOP, OCYILECTBJISIIOLIHH HX sksuBaJjentHocTs. Ml
Oyukrop G W3 a) HMHOTJa HasblBaeTCH Keasuobparnoin K

¢yukropy F.
1.12. Mpumep. [lycrs Vect?—xarteropusi rn-MepHeX BEKTOp-

HHIX IIPOCTPAHCTB HAJ NOJeM k; V};—KAaTeropus C OLHUM OGBEKTOM
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n
R" v JMHEHHBIMH OTOGPAKEHUAMH B KauecTBe mopduamoB. Mmeercs
ouesHIHbIH (ynkTOp BaOKEHHH V- Vect?
_ k— Vecty, KOTOpLI fABJACTCS -

BA/ICHTHOCTBI0 KATErOpHil. ’ b e

OTOT npuMep THIHYEH: a) 3KBUBAJEHTHbIE KaTEerOpHH HMEIOT
«OAMHAKOBBbIE» KJAacChl H30MOD(pH3MAa OOBEKTOB H <«OMAMHAKOBLIE»
Mgp(imsmm MEXIy STHMH Kaaccamu; 6) noctpoeHHe (yHKTOPOB,
OUPATHLIX K SKBHBAJIEHTHOCTH, Y3CTO HEOJHO3HAYHO W Tpebyer
aKCHOME BbIOOpA: B JaHHOM npuMepe caenyer Bui6paTh 6a3uchH
BO lé;:ex n-MepHBIX NPOCTPAaHCTBAX.

opMma . ‘ ‘ i
. qg)H JbHO TIPH yCTaHOBJIEHHH TOrO, YTO HEKOTODHIl 3ajiaH-

g YHKTOp ABJAETCS IKBHBAJEHTHOCTBIO KATEropHH,  ObiBaer
YAODHO IMOJb30OBATHCA CJEAYIOUWHM TPOCTHIM pE3yJIbTaTOM.

1.13. Teopema. Dynux :
. . T0p F:¥—%D saBasierci 5KBUB -
HOCTbIO KaTEropHi, ecJiH U TOJbKO ecJIH e
a) F——CTpPFH'ﬁ H TOJIHBI HYHKTOD ;
6) kaxabii YE€Ob @ usomopger ofbekty Bupa F(X) pas

Hexkoroporo X€0b .
HOC1.14. HpHMuep Bl COﬂep}KaTeJIbHYIO TeopeMy 00 3KBHBAJeHT-
TH KaTeropuy 4YacTo MOXKHO NPEACTaBJsATbL cefe Kak BCKPHITHE
ggyx AONOIHHTEJIbHBIX CIIOCOGOB ONHCAHHS OJHOTO H TOTO JKE Ma-
Teg[aguqecxoro ob6bekTa. Cuenyomniue KJaCCHYEeCKHUe HeboqblHe
r Bgﬂg, Tce%z;ep}xaﬂue KaX/I0h U3 KOTOPBIX MOXKHO PE3OMHPOBAThH
€Mbl 3KBHBAJIEHTHOCTH, HJIIIO
B ol , CTPHPYIOT 3TO YyTBEpHKIe-
b0 a. Teopus I'aaya. Ilycte £ — HekoTopoe noJie, VISt yIpoOLIeHHSs
PMYyJ/IHDOBOK XapPaKTEPHCTHKH Hysb. OGo3Hayum uyepes G rpyn-
ﬁy I:o)a.nya a/rebpanueckoro 3aMbIKaH s k/k ¢ tomosormeii Kpya-
c;{é HauuTeJbHYI0 yacTh Teopuu lajya MoxkHO pe3slOMHpPOBaTh B
¢ AYIOIEM BBLICKA3BIBAHWH: JBOHCTBEHHAS K4aTeropuss  KOHEYHO-
B;pﬂux KOMMYTaTHBHBIX MOJMYNpOCThiX k-anire6p (k-Alg)° skpm-
JICHTHA KATETOPHH  KOHEYHBIX  TOMOJOTHYECKHX  G-MHOMKECTB
G-Pet.
JIHHG.“ Teopus pyndamenrarvrod epynnor Ilyanxape. IIyete X —
OTMggHo CBA3HOE XaycHOp(HOBO TOMOJIOrHYECKOE NMPOCTPAHCTBO ¢
: eHHO TOUKOH %€X. OG6osnaunm uepes Fovx KaTeropuio
OObeKTaMu KOTOPO#i SBJAIOTCS HaKpHITHA p: Y—X, a MOp(I)HSMa-’
MH D1—>P2 — KOMMYTaTHBHBIE JHArPaMMEL.

Y1_."_...Y1
P;\ /Pz
X

ga ,}pyron gc)TtopOHbI, mycts 1 =g (X) — pyHaameHTanbHas rpyn-
2 H - qe) ~— KAaTeropHsi JIeBBIX T;-MHOKECTB.
COpHsl (yHAaMeHTaJIbHOH TIpynmsl ‘
: €3I0MHpYeTCcs
IOlleM yTBepKACHHH, P pyerea
Kareropust ®ovy sxsuBanentHa KaTeropuu g -Pet.

caeny-
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B TN

L. ey

[lycte HBan —
HOPMHpOBAHHBIE
KoJiell,

B. Kommyrarugnoie HOPpMUPOBAHHbIE KOALUQ.
KaTeropusi, 06bEKTHl 'KOTODOH KOMMYTaTHBHbIE
KOJbLla ¢ HHBOJIOLHEH, a MOP(H3MbI — roMOMOPGHUIMEL

COXpaHsoMue HOPMY H HHBOJIOUHIO.
C sapyroii cTOPOHH, 0603HAUMM Yepes sBaus MOJNHYIO TMOAKA-

TeropHio KaTeropud 7 0p, COCTOALLYIO H3 KOMIAKTHHIX Xayclop-
$OBEIX TOmOJNOrHYeCKHX npocrpaictB. OAHO  H3  OCHOBHBIX
yTBEpKIEHHUI TEOPHH KOMMYTATHBHBHIX HODMHPOBAHHHX  KOJell
MOXHO c(HOpMYJHPOBATh TaK:
Kateropuu (#an )° u 56 aus
r. Teopus Osoticreennocru ITourpszuna. Tlycts € — karero-
pHSi KOMMYTATHBHBEIX JOKaJbHO  KOMNAKTHBIX  TONOJIOTHYECKHX
rpynn (u HempepbiBHBIX romMomop¢usmos). Teopema KBOHCTBEHHO-
ctu TIoHTpsirMHa MoOXKeT ObiTh BHIPaXKeHa CJelyIoluM 006pasom:
Kateropusi % 5KBHBaJeHTHA ABOHCTBEHHOH Karteropuu €°.
Tounee, nycts F:®—%° u F°: ¥°—>% — QyHKTODH, COMOCTAB-
JsioliMe Kaxasi rpynne G ee Ipynny yHHTapHHX xapakrepos G*.
Bosee Tounag (GOpMyJHpPOBKA TeopeMbl JABOHCTBEHHOCTH  3BYYHT
tak: ®yHxrops F, FO kBa3auoGpaTHH ApYyr APYTY. )
1.15. MNpenacrasumble Qynkropbl. [Iycts & — Kareropus ¢QyHK-

TopoB (cm. m. 1.7)

3KBUBAJEHTHBL.

% —=Funct (8, et).
Paccmotpum  GyHKTOp hx:B0— Fet, hy(Y)=Homg (Y, X) xax
06BeKT B. )

1.15.1. Onpeneaenue. dynkrop FEODZ naspisaercss npeo-
cmasumsig, eci o usomopber ¢(yHKTOPY BHUAA k) IAf HEKOTO-
poro X€Ob®. B arom cayulie rosopsat, uto oGbexkt X npedcmas-
asiem GyHKTOD F.m

Iyctb ¢:.X; - X;—HexoTophiit Mopdu3sm B 8. EMy cOOTBETCTByeT
MopduaM GYHKTOPOB Agihx,— hx,, KoTOpbii moGoMy 06 BEeKTY
YEOb% comocrapaseT OTOOpaXKEHUE

o (V):hx, (V) b, (¥),
nepepogsmee Mophusm 8eHomg (Y, Xy)=/hx, (Y) B KOMIO3HUKIO
gog6Home (Y, Xo)="hx, (V). OueBupHo, hop=hohy.

1.16. Teopema. B omucaunex 0GO3HAueHHsX OTOOpaxXeHue
@A, ompenesseT U30MOPHU3M MHOXKECTB

Homg (X, Y)xHomg, (%x, hy).

Boaee Toro, 310 H30MOpGH3M (PYHKTOPOB COXC—~%et ot

aprymentos X, Y. [ostomy dynkrop h:&—%, 3anaBaeMbli top-
myiaamu h(X)=hx, h(9)=he, 3aiaer SKBHBAJEHTHOCTb KaTECropHH

@ ¢ moJHOW NoAKaTeropHeii %, cocTosilled M3 TNPEACTaBHMBIX
(YHKTOpPOB.
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1.16.1. Caencreue. Ecan ¢ynkrop u3s & mnpeacraBuM, 7O :
npelcTaBisiomuii ero o6bekr X onpejejeH OAHO3HAYHO C TOY- .
HOCTBIO [0 KaHOHHYECKOro H3oMopdHu3ma. |
1.17. Mpumep: npamoe M paccioeHHoe npousseneHue. Hamom- |
HHM, 4TO B TeopHH MHOXKecTB X XY ecTb MHOXECTBO YIOPSLOYEH- |
upix nap {(x y)|x€X, y€Y}. Bpexem onpeneneHue OpsMOro mpo- |
usBeAcHusi AByx 00bekToB X, YEOb @ nByms cmocobamu.
a) TIpsamoe npousseleHus XXY «ecTb» 06beKT Z, MPeACTaBJs-
omuii ¢ynakrop U — (npsimoe npoussesenne hx (U)Xhy(U))
(ecan 3TOT GYHKTOP NPEACTABHM). »
6) Ipsamoe mnpoussenenne X XY «ecTe 06BeKT Z, 3a7aHHBIA ¢
p_ P #?
BMecTe ¢ MopduaMamu mpoeKuun X «“—{Z—E;Y, Takoil, UTo AJa J1060H

p P
napsl MopduaMoB X <fZ’—X>Y CyLIECTBYeT €IMHCTBEHHBII MOpdH3M
q:Z'->Z, LI KOTOPOTrO Py= Ppxq, Py=Prq (CHOBA C OTOBOPKOH:
ecni (Z, px, Py) € 3THMH CBOMCTBaMH cyllecTByeT). ITO BTOpOe
ompeneJeHHe — Pe3yabTaT NPEeXBAPHTENbHOrO ONHCAHHS TEOPETH-
KO-MHOKECTBEHHOH KOHCTPYKIMH Ha $3blKe Kareropunm PFet.
Jlerkoe 0600lL1eHHEe 3TOH KOHCTPYKLUHMH IO3BOJISIET BBECTH TakK-
e KaTeropHbli BapHAHT paccjoeHHOro npousBelenus. Hanom-
HHM, 9T0 €cJu @ : X—S, {: Y—>S —nBa oTOGparKeHHss MHOXKECTB,
TO pacc/ioeHHbIM npousBeldeHueM X u Y Hax S HasbiBaercs MHO-
JKeCTBO nap

X§<Y={(x, YEX XY |@(x)=p (WX XY.

O6vekT X XY B xareropud TakXe MOXHO BBECTH JBYM
S
crnoco6amy.
a’) X XY npeacrasaser dynkrop Uw—X (U).S (><)Y ).
S U
KaTe-

6’) X XY «ecThy OGHUHOE NpAMOE TNpPOM3BEJEeHUE B HOBOR
S

ropun Bs, 06BEKTaMH KOTOPOK sB/IoTCE MOpduamn ¢: X—+S B G,
[ b
a mopiusmamu X—>S B ¥Y—>S —KOMMyTaTHBHbE JHArpaMMbl
x

X—Y

¢ /v
3 ’
rae y€Homeg (X, Y).
Iuarpamma 6) B Kateropuu @ NpeicTaB/eHa AnarpaMmod B
KaTteropuu % BHAA Py
Xxy —>=Y
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Kotopas o6jaajaer OueBUAHBIM CBOHCTBOM YHHBEPCAJbHOCTH H Ha-
3bIBaeTCA «0eKapTosuim K8aoparom».

1.18. OGpaiiiene cTpenok. [1o BCAKOA KAaTErOpPHOH KOHCTPYKUM W
MOXKHO Ompeje/uTh ABOACTBEHHYIO €H: MPOBECTU UCXOAHYIO KOHCTPYK-
LMI0 B KaTeropuu ¥° u WHTEPHPETHPOBATH Pe3yJbTaT B KaTeropun %,
MHBIMM CJOBaMM 06paTHTh BCE CTPesKH B onpenesenud. Tax moay-
YAETCH KOHCTPYKUMA aMa/bTaMHPOBAHHON CyMMBD, WM KORPOU3 gede-

@
Hus, WK KOZEKapTOBa KBaapaTa, OTBedaiollero juarpamme X<S E) M

Xu Y
5

e |

X * s

e ——
CaoiicTBO YHHBEPCAJBHOCTH 3ITOrO KBajapata COCTOMT B TOM, UTO

ly

Y(—

Ix ‘v
no moGofi puarpamme X —>Z<—Y C yclaoBHeM jx@= jyp OJHO3HAYHO
crtpoutcsi Mopdusm Xuy5z e Jx=qilx, jr=qir.
S

B ocraBmefici yactu 3TOoro naparpada MEL [OpUBEAeM [Ba
BaXKHBIX NOHATHS TEOPHH KATEropHi, KOTOpHe yAOOHO BBOHHTbL B
TepMHHax TNpeICTaBHMBIX (YHKTOPOB: INOHATHe INpejiesja H TNOHA-
THE CONpSAXEHHOro (QyHKTOpA.

1.19. Mpeneani. 3abuxkcupyem HekoTopyio Karteropuio J (uacro
Ha3BIBaeMylo KaTeropHell HHAEKCOB); BO MHOT'HX CJyYasix KaTero-
pusi J ABJAgeTCA KOHEUWHOH (MMeeT KOHe4yHOe 4HCJ0 OGBEeKTOB U

mopousmoB). Hamomuum, uro uepes Funct(J,%) o6osnauaercs
KaTeropus ¢yHkropos F :J—% (cm. nm. 1.7).
Huazonarvnoi ¢pyuxrop A:F—Funct(/,%) onpedensercs
CJIeAYIOHIHM 06pa3oMm:
Ha o6pekrax: AX={nocrosHHbii ¢yHKkTOp J—% DpUHHMa-
IOIHH 3HaueHne X}, T.e. Ag((j) =X pns jeObJ,

AX(9)=idx ana mopdusmos ¢ B J.
Ha mopousmax: ams ¢ : X—X" B &, Ay : AX—>AX' 3anaercs
tak: Ay (j) =1 : X=AX(j)>-X'=AX'(j).

SicHo, uTO Av sBasercsi Mmopdu3MoM GYHKTOPOB H A(Py')=
=Ay-Ay’, Tak UyTO A LEHCTBHTEJbHO ABJASETCS (QyHKTOpOM H3 &
B Funct(J, #).

1.19.1. Onpenenenne. Ilycts F:J—% — HekotOphlfi (YHK-
top. [IpoekTusnoim npedesom dyHkTopa F B Karteropuun % Hasbl-
Baercst o6bekT X60b @, npeacrasasiionuit GyHKTOP

Y»Homﬁmctu,%) (AY, F):80—zet.
[TpoexTuBHMt npepen F o6o3nauaerct X =lim F; uHOrza OH Hasu~
-«
BaeTcs 06GpaTHBIM mpejesoM wm mpocro npenesoM. Ml
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CorsacHo 3ToMy ompeaenenmio X =Ilim F xXapaxrepusyercs
. <—

PaBeHCTBOM
Homg (Y, X)=Homgunct(s,) (AY, F). (1)

Teopema 1. 1.16 mokaswiBaeT, uto ecm lim F cymecTsyer, TO OH
’ -«

ONpeie/ieH OJIHO3HAYHO C TOUHOCTBIO O €IMHCTBEHHOTO M30MOp(H3Ma.
- 1.20. YuumBepcaibsioe cBoiicTBO npenena. JlioGoi dynkTop
F:J— % sanaercs nHaGopoM o6pextoB F (j)=X,60b% u HaGopom
mopdusmoB F (§):X ;- X, 1m0 ogHoMy aast ¢:j—~ j' B J

Ilycts cymecrsyer npepel X=IlimF, monoxm B (1) V=X,

ToxnecrsenHomy Mopduamy idx : X—X B & orBeuaer MOp¢H3IM -

¢ynkropos f:AX—F, KOTOpHIH COCTOMT u3 ceMeiicTBa MOpQH3MOB
f(j) : X—X; B %, no onHoMy nasi Kaxjoro j€ObJ, ymosaersops-
IOILUX YCJIOBHIM

F(o)f(j)=f(j’) maa xaxmoro @ :j—j B J. (2)

Janee, npousBoabHblli MOpdusM ¢yHkropo g : AY—F cocroutr us
cemeiictea Mop¢puamoB g(j) : Y—X; B %, j€Ob/J, ynoBaersopsio-
LIHX aHAJOTHYHBIM YCJOBHSIM

F(p)g(j)=g(j’) mna xaxpmoro @ :j—j’. (3)
dopmyaa (1) mokasbiBaer, 4ro onpedenenHe lim F MoxHO cdop-

MYJHDOBaTh B BHAE CJEAYIOLIEro CBOMCTBA YHHBEPCAJBHOCTH:

O6bexkt X€Ob ¥ saBasercs NPOEKTHBHBIM MNpefesdoM ¢yHKTOpA
F:.J—>% B kareropuu %, ecan 3ajaHo  ceMeficTBO  MOpPQH3MOB
f() : X—>X;=F(j) B %, no oaHoMy Aaaa Kaxpaoro jeOb(J), ynos-
JIeTBOPSOIINX YCA0BHAM (2) u Takoe, 4To [Jsi JOOOro ceMefi-
crBa g(j) : Y->X;, jéObJ, ynmosierBopsioilero ycjaoBusm (3), cy-
IleCTBYeT eIMHCTBeHHBI mopduam ¢:Y—X B ¥  Takoil, uTO
£()=7()=b.

1.21. /iBoficTBeHHass Teopus: Kompepenanl. Ilycte cHoBa J —
KaTeropusi MHAeKcoB, F — dyrkTop u3 J B 6. HHOyxmusnost npe-
desom (UpSMBIM TIpELEJIOM, KonpejaeaoM) ¢yHkTopa F B KaTeropuu
% mnaspiBaeTcs 06bekT X =lim F B ¥, npexcrapasiouiufi GpyHKTOp

—>

Y HomFunct(,,cg) (F, AY):(6—+ Fet.
Hpyramu ciosamu, X =Ilim F, ecau
Hom% (X, Y) = HOmFunct(!,fg) (Fs AY)

¢yHKTOpHAABHO TO Y.

WHaykTHBHBIA Tpefes MOXeT ObITb OIpe/esieH YHHBEPCaJbHBEIM
CBOMCTBOM, ABONCTBEHHBIM ONpejeseHHI0 B npefenax s m. 1.20.

B kaaccHyeckux Kateropusix Pet, Gr, T op, s4b KoHeuHbe
npefiesinl ¥ KOMpPeesHl BCerjla CymecTByioT.
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1.22. Mpepeanbi MO YaCTHYHO  YNOPAJOYEHHOMY  MHOXKECTBY.
BaxHblil yacTHHIE (A HCTODHYECKH NePBHI) cJyyaidl MpelesoB
BO3HHKaer B cJy4Yae, KOTAAa KaTeropHs HMHIEKcOB J—3TO KaTero-
pusi @ (/) HEKOTOPOro YaCTHYHO YMOPSJOYEHHOIO MHOXECTBA [
(cM. m. 1.5.r).

a) IMycts @ =%Pet — xateropusi MHOXKecrB. ®ynkrop F:J—-
—~Pet — 310 HA60p MHOMKECTB X, o€/ W OTOOPAKEHHH fap @ Xu—>
—X;, <P, TAKUX, UTO [ua=1d, forfas=Faur- ‘

Jlerko nposeputh, uto limF B %ef cTPOUTCA CJEYIOLIUM

>
oGpasoM. HazoBeM nopmuomectso LC/ MOJHBM, €C/d (2€L, B>a)=>
=PEL, TO eCcTb BMECTe C KaKJbM 3/EMEHTOM B L BXOAAT H BCE
Goabiye. HasoseM HUTHIO HaGop {Xa€Xa, 6L} I HEKOTOPOro
MOJHOTO L, TakOH, UT0 fapXe=xXg A o<f, a, BEL. Torxa
lim F ecTh MHOMXECTBO KJacCOB 3KBUBAJEHTHOCTH HHTEH MO COOT-

HOIIeHHIO {xa, @BL}~{x;, PEL’}, eC/ M TONBKO €C/M AJA Kau[bIX
a€L, PEL’ cymectsyer Y, Y>a, Y>P Takoe, UT0 fayXe=
= f py X

Jlasee, eciu ['C/— QuibTpylomiee TNOAMHOXECTBO (TO €CTh
s xaxporo o6/ Hafimercs Pel’, p>a), TO lgnF s F:8 (1)~

—>get copnagaer ¢ limF’/, rae F’—orpannuenne F wHa
—>

BB ().
Ananoruunne
Yr, $£b, T op.
B cayuae, KOrja 4aCTHYHO YNOPANOYEHHOE MHOXKECTBO [ aBaseT-
Cs HATpaBJieHHbM (A OGHX o, BE/ cymecTsyeT Y€/, GCosbliee
MX 06GOMX; KJacCHuecKuii npumep: [=Z —OJOXHUTE/bHbE LeJbie
upcaa) lim F gaa F:% (/)-~% paublie HasHBaucs npedesom nps-

M020 cn?rcmpa, a lim F aas F:8(])— 6°—npedeson 06 pamnozo

cnexmpa.

1.23. Conpsixkennble ¢yHkTopnl. IlocienHee BaxHOe MOHATHE
TEOPHH KAaTeropHH, KOTOPOe Mbi H3JIOXKHM — 3TO MOHSTKE COnps-
JKeHHOro (yHKTOpA. '

Mycrs ¥, 9 — nBe Kateropud, F:&—~D — QyHKTOD.

1.23.1. Onpepenenune—neMmma. llpeanosoxuM,  4TO
¢yukrop T+~ Homg (F(T),Y) ns @°B Pet pxa Jroboro
Y6Ob @ npeacraBum ob6bektoM X€Ob®. Orobpaxkenne Y—X
NpofoJKaeTcs A0 eNMHCTBeHHOTO ¢yHkropa G :2D—F, sajaiolle-
ro uzomoppuam Gudynkropor Home (T, G(Y)) u Homg (F(T), Y)
3 GOXD B Pet. Dynxrop G HasBIBAETCH NPOBLIM CONPANCEH-
Hoim K F (a F— nesoim CONPANEHHbIM K G).

1.24. Mopduamm conpsikenus. Ilycrs F u G —napa conpsizkeH-
HbIX (YHKTOPOB, TAK YTO y Hac ecTb (QyHKTOpHAMbHBE MO XnHY
K30MOP(QU3IMEl MHOXKECTB

a:Homg (X, G (V) 3Homg (F (X), Y).

yTBEPXKIEHHS  CIPaBeIMBH [/ KaTeropui
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Tlonaras X= G (Y), noayyaeM mopduam
oy=a(ider)) : FG(Y)—Y.

C apyro#i cropoubl, nosaras Y=7F(X), noayuaem MopodH3sm
tx=a" ! (idrx) : X—GF (X).

Jlerko npoeeputhb, uto {0y} M {Ttx} 3amaloT MOpdU3Mbl (HYHKTOPOB

6:FG—~1dg, t:ldg—GF. @)

Otu MopdH3MBl (DYHKTOPOB HA3BIBAIOTCA MOpPusmamu conpasce-

Hus, OTBeYAOLIMMH Iape conpsikeHHHX ¢yHKTopoB F, G. Jlerxo

TNpPOBEPHTh, UTO OHH YNOBJETBOPAIOT CJEAYIOLIEMY YCJOBHIO!
Komnosuuuu mopdusmoB ¢HyHKTOpOB

Fot goF ToG Gog
F—-~FQGF-~F; G-~GFG~>GQ (5)

ABJAIOTCS TOXKAECTBEHHEIMH Mopdusmamu ¢ynkropos F u G co-
OTBETCTBEHHO.

Oka3seiBaercsl, 4YTO CyHIeCTBOBaHHe MOPGH3MOB  CONpSIKeHHi
3KBHBAJIEHTHO conpsixeHHocTH ¢yHkTopoB F u (. TouHee, ecau
F. D, G. D% — 1Ba ¢yHKTOpa H 3aJaHBl H30MODP(PH3MBI
"tyukropor (4), ymosierBopsiomue ycaosuam (5), o F u G co-
npsikeHbl: u3oMopdusaM o ects o(#) =oyoF(#), a o6paTHHIl H30-
Mopduam ectb o~ (v) =G (v)oty.

1.25. [IpumepH. a) Pan KoHCTpyKuufi anreb6pbi H TOMOJIOTHH
MOXKHO HHTEpIPETHPOBATb KaK MNpPHMEHeHHe (YHKTOPOB, CONpS-
KEeHHbIX K CTaHdapTHHIM (YHKTOpPAaM, AaHaJOTHYHHIM (QyHKTOpaMm
3abBenus (cM. tabJ. 1).

6) Ilycte R, S— aBa xoabua, M=zMs— (R, S)-6umonyin
(cneBa Hag R, cnpaBa Hax S). Toraa ¢yakTop X—>MQX :
: S-mod—R-mod, compsixken cJeBa (GYHKTODy Y—Homg (M. Y).

B) ®yuktop lim siBsleTcs CONpsKEHHBIM cnpasa, a lim conps-
<«

—-
JKeHHBIM CJ1eBa K jauaroHaseHoMy ¢GyHkTOpY A:6—~ Funct(J, %).

r) Ilycry F —dyHKTOp M3 KaTeropu $Hatf MajablX KaTeropuil
{rakux, y koroprix Ob % —mHOXeECTBO) B Fef, comocrasasiiolLui B
MHOxecTBo Ob%. Torma y F ectb JeBwii conpsokeHHbl @,
COMOCTAB/AIOIIME MHOXECTBY X JUCKDeTHYIO KaTeropuio %x

(Ob Bx =X, HOI’H@X (x, y)={i§"” ﬁ;ly/’) H TPaBbil CONPSIKEHHBIH

G,, conocrasasommit X kateropuio Cx ¢ ObCx=JX,
Hom,, (x, y)—01HO3/eMeHTHOE MHOXECTBO LI BCeX X, y. B cBowo

odepenb y (; ecTb JMeBbIH CONPSXKEHHBIA, CONOCTABASIOIIHNE MaJof
Kateropud C MHOXKECTBO ee CBSI3HBIX KOMIIOHEHT (TO eCTb MHOXe-
€TBO KJaccoB 3KBHBaJieHTHOCTH Ob C 1o COOTHOIIEHHIO X~ Y,

ecJH H ToJbKOo ecan Home(x, y) HemycTo).
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Ta6auita 1

DyngTop 3a0Benus F:@i—P Jlesnift conpsmeHusi G:P—~G

1. Fr—>Fet cBobozHasl TPYNMNA ¢ AZHHHIM MHOMXECT-
BOM 06pasyiolux

2. Stb—>Fet cpoGoanas abeneBa rpynna ¢ AAHHBIM
MHOXKeCTBOM 00pasyiolux

3 R-mod—>&fb (R — tukcuposannoe | A—>R® A
KOJIBIL0)

4. k-Alg  (accoumaTHBHEIE  aqrefput | TeH3OpHas aareGpa mpocrpancrea V
Haj nonem k)—Vect, (BeKkTopHBHIE
npocTpaHcTBa Hap k)

5. T op—>Pet MHOXECTBO C JHCKPETHOH TOMOJOTHER

6. ¥ommet (noJuble MeTpHUECKHE NPO- | MOMOJHEHHe METPHYIECKOro INpOCTpaH-
crpancrsa)—Aet (Merpuueckde mpo- | CTBA
CTPaHCTBa)

7. k-Alg—~Lie, (amrebpm Jlu Hap k); | yHHBepcaibHas o6epruBalomas aarebpa
¢dyrKTOp TpeBpamiaer ajirebpy
B anre6py Jiu c onepauuedt [a, b]=
=ab—ba

§ 2. ApauTHBHBIC H a0eneBbl KaTeropuu

2.1. Tomosoruueckas aare6pa u xareropuu. C KaTeropHo#
TOYKH 3PeHHsi, TOMOJIOTHUecKasi aiare6pa H3yuaer cBOHCTBa (QYyHK-
TOpPOB, NMPHHHMAIOIIKAX. 3HAUEHHS B CHeELHaJbHOM KJjacce Karero-
pHii — abeJeBbiXx KaTeropusx. OTo IOHATHe aKCHOMATH3HPYeT OC-
HOBHBle CBOMCTBA CJEAYIONIHX KOHKPETHBIX KaTeropHH:

a. AGeseBbl IPYIIHL.

6. Moayau HaJ KOJbLOM. .

B. Cucremul Kosdduuuentos (ra. 1, m. 2.4) u npeanyyku ae-
JIEBBIX TPYII.

r. [Iyuku abejieBBIX TPYMI.

Mp mocJegoBaTe bHO chopmyinpyem akcuombl Al—A4 aGe-
JleBoli KaTeropun %  (OmpejieNMB BXONfNIHE B HHX MOHSTHH) H
NPOKOMMEHTHDYeM, KakHM o6pa3soM OHuM HapymaloTes A pold-
CTBEHHBbIX, HO He abeJeBHIX KaTeropHi#, TaKHX KaK TOMOJOrHYecKHe

abeJieBBl TPYINBL U IPYNILL ¢ GUIBTPALHEH.
2.2, AkcuoMa Xl. Kaxznoe muoxectBo Home(X,Y) cua6-

JKeHO CTPYKTypoi abesieBolf rpymmbl (KOTOPYW MBI GyleMm 3amuchl-
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BaThb a)’.IlII/I"l:HBHO‘)Z KOMIIO3HIIHA MO'p(bP[SMOB 6uafiMTHBHA OTHOCH-
TE€JBHO 3TOH CTPYKTYPHI.

HMubMu cioBamu, Homgects dyHkrop FOXE—-£b.

23. Akcuoma A2. Cyuectyer HyJleBoli o6bexr O0€0b#% —
rako#, yro Home (0, 0) —HysneBas rpynma. Mb mno3BoauM ceGe
0603Hauate 0 Takxke HyJeBble MOPGHIMHL. |

24. Axcuoma A3. Hus kaxkioii napu ob6bekto X, X
cyliecTByeT 06beKT Y u MOpPhOHU3IMEL Py, Po, {1, io: ,

. P1 Pz
XIT_I;Y{_XZ; M

CO CHACAYIOIIHMH CBOHCTBaAMHU:

Piby=idx,, poir=idx,, poi;=piia=0, ip+iypr=idr.

CMBICJI 3TOH aKCHOMBI TAKOB:

Chenyomue nBa KBajipaTa SIBJSIIOTCS COOTBETCTBEHHO AeKapTo-
BbIM H KOoAekapToBmiM (mm. 1.17 u 1.18), To ectp Y siBasiercsi ofHO-
BPEMEHHO HPsSIMbIM NpOU3BeJeHHeM H NpAMOH cymMmod X, u X

Py iy

Y—_"X1 Y"_X1
N
X —=0 Xp=e—0 -

B wactroctd, npu nanebix X;, X, moGuie ABe Anarpammbl Buaa (1)
KaHOHHUYECKH H30MOp(HHI.

Tenep, mbl MPHCTYIHM K KaTeropHOMY aHa/IM3y HaHMeHee TpH-
BHAJIbHOTO CBOHCTBA KaTerophu l.a.—r. u3 m. 2.1 — CylecTBOBaHHs
B HHX TOYHBIX IIOCJE0BATENHHOCTEN.

2.5. AAnpo. Ilycts kateropus & yaomJersopsier akcuomam Al H
A2 u nycts ¢ : XY — HekoTOpHil MopdHu3M. PaccMorpum dyHKTOp

Ker ¢ : #°>s£b:

(Ker ¢) (Z) =Ker (hx(Z)—~hy(Z))

Ker @) (f)—orpanmuenne hy(f) na (Kerg)(Z) (om. m 1.15).
Broxenne (Ker @)(Z)Chy(Z) onpenenser mopdusMm (GyHKTOPOB
Ker@—#4,. Ilpeanmonoxum, uro Ker¢ mnpexncrasied o6bexkToM K.
Ar1oT 06BEKT onpkeaene}{ BMecTe ¢ MopbusMoM E:K— X u gok=0.

. :
IuarpamMa K -—->X-—>Y 006/agaeT CAeAyOUUM  YHHBEPCAJILHBIM
CBOACTBOM: IJisi moGoro mopdusma K’/ —X ¢ ¢ok’=0 cymecTByer
3
eIMHCTBeHHHH MopdusM K/'— K, ajast Kotoporo B/ = koh.

Mopodusm & uam napa (K, k) maseiBaercss sdpom ¢; Aomyckas
BOJIbHOCTb p€YH, MBI OyaeM TakxkKe HasbiBaTh s1APOoM 06bekT K. '

Jlerko mposeputs, uro ecau sapo (K, k) mopdusma ¢ cyuect-
BYeT, TO OHO OnpefesisieTcsi OJHO3HAYHO.
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B xareropusx l.a.—r. ¥MEETC1 TEOPETHKO-MHOXECTBEHHOE
noHatde agpa: @ 1(0) B rpymmax M MOAyJsX; CeMEHCTBO 91 )
B cucTeMax ko3(dduuneHTOB; CeMeHCTBO ¢;'(0) B myuxax, rae mop-
dusM nyuxo ¢:F — G npencrasied MopdusMamu o FU)~9U)
LJs1 BCEX OTKPHITHIX TojamHOxecTs U.

2.5.1. JIem M a. a. B kareropusx a.—T. TEOPETHKO-MHOKECTBEH-
HOe siIpo MopdusMa @ : X—Y saBasercss 06beKTOM K toft ke Kare-
TOpHH.

6. Kanounueckoe BjoXeHHe 3T0ro obbexkra K B X sABJseTcs Ka-
TeropHHIM SIAPOM B CMBIcAE II. 5.

2.6. Kosiapo. HanpaiunBaronieecss HaupHoe Olpe/e/cHue Coker ¢
Kak 06beKTa, MpeACTaBJsIoNero QyHKTop Z+~Coker (X(Z2)—>Y(Z)),
siBJseTcs HenpaBuJbHbIM. Hamnpumep, yXe B KaTerophH abesieBbIX
rpynn oH He H3oMOp¢eH (YHKTOpY, JPEACTABJICHHOMY TEOPETHKO-
MHOXeCTBeHHEIM KOsApOM. B camom Aeiie, NOJOXKHM X=Y=Z, ¢ —
YMHOXEHHe Ha 1eJoe YHCJO n>1, Z=Z/nZ. Torzaa X(Z)=
=Y(Z)=0, Tak 410 Coker (X(Z)—~Y(Z)) =0, B TO Bpema Kak
Hom(Z/nZ, Coker ) 0 (3necy Coker ¢=2/nZ — T€OPETHKO-MHO-
JeCTBeHHOe KOSApO ¢). PekomeHAyeM TpPOBEPHTb, UTO (YHKTOD
Z —~Coker (X(Z)—Y(Z)) B Hawiem TpHMepe Jaxe He NPEACTABUM.

I[IpaBuabHoe onmpepeenne Coker @, eciy 3TOT ¢yHKTOp MpejacTa-

* BHM, Tpe6yeT ABOHHOH AyasiH3alluH:

Coker @= (Ker ¢°)°,
rie ® — cHUMBOJ Hepexoja K  JBOHCTBEHHOH  KaTeropHH (cMm.
n. 1.56). 2To onpejelerHe PABHOCHJIbHO KaXAOMY H3 CACAYIOUUX
IABYX.
a. Kosizpo mopdusma ¢ : X—Y ectb MOphH3M C: Y—K’ Takoi,
yro ajs Jio6oro obekra Z€Ob % mocsefoBaTeNbHOCTh IPYHI

0— Homg (K’, Z)-Homg (¥, Z)-Homg (X, Z)
Tousa (3TO M O3HauaeT, uro (K Y npencrasaser Ker ¢°).
6. Koszpo mopdusma @:X—>Y ecTs MOpdu3M Y 5K’ rako#,

¢y ’
uro co@—=0 u Aaa moBoro Mopdusma ¥ =K ¢ ¢;0p =0 cyuiecryer
eMHCTBeHHBI MopdusM /4: K'— K| ¢ ¢y = hec.

c
Tax e, KaK ¥ AP0, KOAApo Y —>K’, ecid OHO CyLLeCTBYeT,
onpeaensercs OJAHO3HAYHO ¢ TOYHOCTBIO [0 KaHOHHYECKOTo H30-

mopdusma.
B karteropusix 1.a.—B. HMeEETCSs TEOPETHKO-MHOXECTBEHHOE Om-

pejie/ieHHe KOAZpa M CIpaBe[JIHB aHAJOr JEMMBEI L. 2.5.1.

CrioKHee OBGCTOMT Aedo B Kateropun Ps#b nyuxkos abesleBbIX
rpyni. deJgo B TOM, YTO Jaxe €CJH @ : X—Y — mop¢u3m Ny4KOB,
{K’(U) =Coker gy} MOXeT OKasaThCsl He NyuKOM, a JHILb npea-
myykoM. MOXKHO NPOBEPHTb HPH 3TOM, 4YTO {K’'(U)} asasercst KO-
SAPOM B KaTeropuu Npeinydkos.
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Huxe Gyner nokasaHo, kak onpesensitb kosgpa MOp(H3MOB B
KaTeropud Ny4ykoB. Temepp ke cHOpMyJaHpyeM MNOCJAEHHIO akK-
CHOMY.

27. Akcuowma Ad. Jlaa aobozo mopdusma ¢ : X—Y cyuwecr-
8yeT nocaedosareabHOCTb

k i J c
K> X—->I-Y—>K' 2)
€0 credyroujumu ceoticreamu:
a) joi=q;
6) K ecto adpo ¢, K’ ects x0s0po g;
B) I ecto kosdpo k u adpo c.
Takas moc/eNOBATENLHOCTL HA3BIBAETCH KAHOHUUECKUM pa3saoce-
Huenm C
28.O0npenenenune. Kareropus, aas KOTOPO#A  BHINOJIHEHH
akcuoMbl A1—A3 HasbBaercs a00uTusnol; KaTeropHs, MJi KOTO-
po#i_BhinmoJHeHH akcHombl Al—A4, HasmBaercs abesesod. M
Bce xateropun a.—r. B n. 2.1 apmutuBHH. BoJee TOTO, BCe OHH
aGeseBrl. CylnecTBOBaHHE KAHOHHUECKOTO Pa3JiOXKEHHS Mopdusma
¢ : G—H B Kateropun S£b (1o ecth nsomopdusm Im ¢ G/Ker @)
obecneyeHo TeopeMoli 0 roMoMopdH3Me abeseBbix rpynn; adaJo-
THYHO YCTaHaBJIHBAeTCs abeseBOCTb KAaTerOPHH MOAyJed Haj Puk-
CHPOBAHHbIM KOJIbUOM. JlJisi KaTeropu#t u3 n. 2.1B  KaHOHHYECKOE
PasfoxeHHe CTPOUTCA nousdeHHo. Tak, B Kareropuu Psfb npeanyu-
KOB_abeJsieBBIX [PYNN, KaHOHHYECKOE  passIOXKeHHe Mopbusma

@ : X—Y nosyuaercs M3 KaHOHHYECKHX pPas/IoXeHHH Mop(dusMOB
Qu: X (U)->Y(U) B o£b:
k

K (U)X Uys 1 U)S ¥ U)> K (U),

KOTOpHIE, KaK JIeTKO NMPOBEPHTb, COBMECTHMBI C TOMOMOP(H3MaMu
‘OrpaHHYeHHs,

2.9. Kommenrapun k akcuome Ad. a) Ecam kanoHmueckoe pas-
JIOXKeHHe MOP(pH3Ma @ CyLIECTBYeT, TO JMI060e APyroe KaHOHHIECKOE
PasJoKeHHe H3OMOP(HO eMy, H 3TOT H3OMOP(DH3M ONpedeNeH OA-
HO3HAYHO.

6) Ecau nocTyJupoBaTh TOJLKO CYIIECTBOBaHHe Afep H Ko-

S4€p, TO AJst JI0GOro MOp(HH3Ma ¢ MOXKHO MOCTPOHTH IBE TOJIOBH-
Hbl qHarpammbl (4):

k i 7 [
K>X->1I, I'>Y->K’,
rie k=Ker @, i=Coker k; c=Coker ¢, j=Kerc. Hononunuteaproe
TpeboBaHue akcHoMbl A4 cocTouT B ToMm, uTo6bl I u I’ «coBmaia-

JIH», TOYHee, YTOOBI CYILECTBOBAJ H3MOP(PHIM AN Tako#, uTo
@=joloi. MOXXHO TPOBEPHTb, uTO MOPDH3M [ ¢ TAKHM CBONKCTBOM
CTPOHTCSI KAaHOHHYECKH, TAK 4YTO B KOHEUHOM cYeTe akcHoma A4
Tpebyer ero ob6patumoctd. Hnoraa (I’,j) HasuBaior obpasom e,
a (I, i) — roobpason.

i)

B) Akcuoma A4 aBTOAya/ibHa B CJELYIOILIEM cmucne@o.cnoaa.
PaccmoTpuM Auarpammy (4) B ABOHCTBEHHOW KaTEropHH &

0 j® i0 ko )
K’OLY°—> I X% KO, 3)
Ecmm (2) ecTh KAHOHMYECKOE pasfoxeHue @, TO (3) ectb KaHOHUYe-

CcKoe pasnioxenne @O

AHAJIOrHUHBIMYA CBOICTBAMH aBTOJLY a/IBHOCTH 00sa7a10T H )a(KCI;())b:i_:b]
Al—A3. Takum oOpasom, €CJd CUMTATh, WHTO Homg (X,
—Homg, (Y°, X°) kak abenesa rpynna, TO KaTeropus, D;Boﬁcmgn-
HAs K a[AMTHBHOH, aJ/IWTHMBHA, 4 Kareropus, ABOHCTBEHHAas K aoe-
JeBofi, — abeJesa.

r)’B aGeseBOH KAaTeropu¥ BCSKMA MOPH3M Cpé y KST%;;?IL;O
Kerp=0 u Coker 9=0, sBasercs H30MOP(H3MOM. camoM Jene,

id
kosiipo mopdusma O-— X H30MOPHHO X—>X, a aipo mopdusma
Y — 0 usomopcdHo Y-5Y. Axcuoma A4 mosTOMY MoK a3hBaeT, uTO

i i
MOpGQHU3MBl £, j ABJIAIOTCA nsomop@}yésmaMuzoXH—gsil :ag-Tc;{ HOHOMOD-
wix Ker ¢=0,

A1) Mopodusmul ¢, y KOTOD la ‘ b-
r(DHSM)aMPI; mophu3Mbl ¢, y KoTopbix Coker ¢ =0, HasHBaiOTC 31
MOp(pH3MaMH. :

p2¢.’10. Myuxku u opepnyukd. Ilyctp FPstb (COOTBeTCT(IBCe;{OI;Ir(f
Psib) — ajAMTHBHAs KaTeropus nyqxos) adeneBbIXOI‘II:II‘){}éggOM el

BIX TPYON) Ha TONOJ
BETCTBEHHO npeAnyukos abeses -
crpanctBe M. Kaxnwifi my4oK ABJAsSETCS NPEMIyIKOM € nor;l(()g:;ﬂ
TenbHBIMH CBOMCTBAMH; 3TO ompejenseT  QyHKTOp  BJO oy
v Pogb—>Psgb. B nokaszarenbcTBe ab6esieBOCTH KaTEropuH
oéﬂosﬂyxo pOJib HrpaeT CYIleCTBOBAHHKE JIEBOTO conps{meﬂﬂorguc(’gy:
KTOpa, TO ecTb (QYHKTOpa S : PAb—>%4b u usomopdusma y
KTOPOB

Hom gy (sX, Y)3Homg g (X, ).

locie 3TOrO YCTAHABAMBAETCA, 4YTO  KOAAPO MOpdH3MA  MyUKOB

@: X —~Y MOXHO Onmpele/uTh KaK s (K), rie Kx;:y?:ﬂfgg 9B Ptb,
‘ aKCHOMa O KAHOHWYECKOM Pasjo .
) ng(.)fg?lsie;lc; ennoxenue. Oyukrop v PHb—~ Ps#b obrafaer

JIeBbiM COTpS2KEHHbIM.
o 2.11. I%)p ensoxenne. Ilycte @: XY —wmopdusM NyuxkoB B

FS4b B nycTh \ L .
K> X—>I>Y->K'
— KAHOHWYECKOe pa3joenue MOpdH3Ma t@ B aGeseBOl KaTeropu

PS¢b. Torna auarpamMma .
s(k) sty s() s(c) ,
sK>X=stX~>sl+Y=8Y—>s(K
sBAsieTcss KAHOHWUECKHM pasjoxeHHeM Mopdu3Ma ¢ B KaTeropud
Poib. B uacTHOCTH, KaTeropus Ps#b abenesa.
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2.12. llpumepnl apnHTHBHBIX HeaGeneBbix Kateropuil. B omucaH-
HRHIX HHXE KaTeropHsx He BLINOJHeHa akcHoMa A4.

a. Dunavrposannoie abesesv. zpynnei.. Hasosem o6bekTOM Ka-
Teropun SbF abenesy rpymny X ¢ NOCTeHOBaTeNbHOCTHIO NOX-
rpynn ... cFXcFitXc ., <X, Toaoxum

Hom gy (X, Y)={pcHom o, (X, ¥)|@(FX)cFY ana scex i}.

OGosnaunm uepe3 Flp orpanuuenne @:F!X - FiY, .
slnpo mopdusma ¢ B #£HF kak rpymna coBnafaeT C SAPOM ¢
B b; pubTpauus Ha weM ecTh Ker o4 F ‘9. Kosiipo Mopdusma 9B #b I

KaK TPymna CoBmafaeT ¢ KOSAPOM @ B £6; GuibTPALMT HA HEM €CTb
FiCoker ypq 9=F | FIY N@(X). |

Crelywomas KOHCTPYKuMs JHOCTaBAsSeT MODQH3MBI C HyJIeBbiM
AAPOM W KOAApOM, He ABJAIOLiHECs H3oMopdu3mamu. PaccMortpum
OMHy W Ty Xe rpymny X c AByms duabtpauuamu, FiXCF X Ana
BCeX [, U ee TOXIeCTBenHwlii MopouaM. Ecim xors 6m Aas olHOro
[ nMeeM FiX£FlX, T0 310—He usomopdusm. B cuiry n. 2.9
r) OTCIOAa caelyeT HealesneBOoCTb KaTeropuu b,

Hast obmero mopdusma ¢ : X—Y B o6osHauennsx 1. 2.96)
uMeeM: I=X/Ker ¢, I’=¢(X) Kak rpynnbl ¢ QUIBTPALHAMH

Fil=FiX[Ker Fig, Fil'’=FiYN\p(X).

Kanounuecknii mopdusm [—I’ MHAYUMpPOBAH ) OH SIBJASETCS H30-

mopdusmom B S£b. Onnako, punstpauun @(FiX) n FiYNp(X) mo-
TYyT He cOBNalaTh, KaK B NpeAblIyIleM HpHMepe, H TOTAa ¢ He Gy-
€T UMeTh KaHOHHUYECKOT'O Pa3JIOXKEeHHS.

6. Tonoaoeuueckue abenegor epynne.. OOGbEKTAMH KaTeropHH
#bT smaswoTcs abeneBH Ipynnbl ¢ xaycaopdoBofi Tomosorued,
MOpGH3MaMH — HeNpephIBHHE MOpGHU3MH Trpynn. B aToll Kartero-
pun cymecTBYIOT aiApa H Kosinpa: Ker ¢, rae ¢:X—Y, ectp Te0-
PETHKO-TPYNNOBOE SAPO ¢ C HHAYHHPOBAHHOH TOMOJIOTHeH, a

Coker @ ects Y/@(X), rae g(X) — sambikaHHe TeOpeTHKO-MHOMXeCT-
BEHHOTO 00pasa OTHOCHTEJbHO TOIOJOrHH, HHAYUHPOBAaHHOH ¢ Y.

B oGosnauenusax n. 2.96) umeem I=X/Ker g, I’=¢(X), ¢ To-
noJorued, uHAyunposanHoi ¢ Y. Oto6paxenne [—I’ He siBAsercs
H30MOpQu3MoOM, ec/iH ¢(X) He 3amkHYT. MoXer okasaTbcs Takxe,
yTo @(X) 3aMkHYyT, HO Y mHAyuupyer Ha Hem GoJee caabylo TONO-
Joruio. Hanpumep, ToxnecTsensoe oro6paxenuwe R ¢ auckpersoir
TonoJsiorneil B R ¢ 06biyHOl TomoJIOrHeH HMeeT HyJeBoe AAPO H KO-
ALPO, HO He ABAsieTcd H30OMOP(DHIMOM.

2.13. Heckoabko onpenenennii. B mpoussosbHON aGesieBoll Ka-
TETODHH HMEIOT CMBIC/ OOJIbLIHHCTBO onpeienenuit ra. 1. IMpuse-
leM HEKOTOPHe H3 HHX.

a) (KouenHbiM) xomniexcom B alIMTHBHOH KaTeropHu @ Ha-
3bIBAETCs NOCJAELOBATEIbHOCTh 06beKTOB H MOP GHIMOB
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n-1 il 4
Xt > Xt XM > L

% ntl_—( pns BCEX H.
co cBoficTBOM d"d I
6) Eciu xateropus @ abenesa, TO n-MepHOIL K020M0A02UEl

KoMmmexca X© B Hefi HasbBaeTcsi OGBEKT )
H" (X")=Coker g"=Ker b"*, @
onpejesseMblil 13 KOMMyTaTWBHOH AUArpaMMel.

Coker d“\ Bnﬂ
~

S
1 ™\
‘r‘( xﬂ- dn - xn+1 _dl:__> Xn+2
' n
| N g
~N
‘ ~Kerd™*!

OHMYECKHMA H30MOp(dH3M.)
TBO B (4) o3HauaeT KaH
(paiiﬂlgommex(c)){' B abeseBOfi KAaTeropud Ha3LIBAETCA QUUKAUY-
n Y=—0
yaene X", ec H"(X)=0.
Hbulf) BKOMITJIGKC X* B aGesieBOl KATErOPHH HA3bIBACTCHA MOYHLLM
(i mouHol H0CAC008AMeNbHOCITLBI0), €CM OH  AUUK/MYCH BO
BCEX uJ/eHaX. .
Crosb e ecTecTBEeHHO 0000utaloTcs Ha TPOH3BOJBHYIO abe
JIeBy KAaTeTropHI0 W APYrHe NOHATHH ra. 1, § 1, a Takxke onpefene-
HHe CIeKTPaJbHOHR NOC/Ie0BAaTeJbHOCTH H3 TN L, § 3.5 {Ipn 9T§)1§[
OCTAIOTCSl CIPaBeAJNMBEIMA aHAJIOTH Te€OpeM L. }, n. 1.5.1 u m 3.3.

2.14. O MeTOlaxX AOKa3aTeJbCTB B aGeseBbIX KATEropusx. T'nas-
HBI Tesuc mpu paboTe ¢ abejeBOd KaTeropuen cocmm6 Be To;wB,eq;g
B MPOM3BOJIbHON aGesieBoil KaTeropHu CIPABELIHBO IO Z) I(I3yMOBp ;
JeHHe, BKJIOUAlOIlee KOHEUHOE UHCJIO 06BEKTOB H M}(ngIbU.OM ol
BepHOE B KaTeropHd MOAYJeH Hal (UKCHPOBAHHBIM oM.
HOBaHWeM JJIsi 9TOTO SIBJIsieTcs Clelyiollas Teopema BJOXK .

2.14.1. Teopema. Ilycts s — abesieBa KaTeropHs, 13060%1?“2
KOTOPO#i 00pa3yloT MHOXKECTBO. Torpa cymecTByer Kgﬁog{ R
rounii QyHkrop F:s¢—R-mod, KOTOPHIA ABJACTCS
Ha obbekTax u usomopdpusmom Ha Hom’ax. o

OGpiuno 3Ta TeopeMa (HJIH KaKOH-1HG0 aHAJOTHUHBIM 6eNj1eeTBO(fLi7;
HanpuMep, CBSI3aHHBIA C MOHATHEM 3JEMEHTA oébefb?x acsoﬁcm
KaTerope) ch(o Jlbsy?TCH %:31335 B?x%}({:ﬁpggfmggcncﬂnomombro TeX
o6beKTOB HAH (uyalie) MO , uipio e
MM HHBIX CBONCTB YHHBepca/bHOCTH. Hampumep, oHa II er

4TO Kakasa-nH6O NOC/AeIOBATENIbHOCTb TOYHA HJIH Y >
lzgif)%xpi?;b’mopdmm ABJISIETC H30MOP(QH3IMOM, egenu COOTBETCT
BylOlliee CBOHCTBO BHINOJIHEHO B KAaTETOPHH MOLYJICH.
Crefyiomue ABa pesyJbTaTa BeCbMa 4acTO HCNOJB3Y
MOJIOTHUeCKOH aJjredpe.

I0TCA B ro-

45




2.14.2. Jlemma o nfATH roMoMOopdu3IMax
3ajlaia KOMMYTaTHBHasi AHarpamMmma .
X1—>X, > Xy > XX,
YooY Y b dn
Yi=>Y, Y, >Y,~>Y,,
B KOTOPOI CTPOKH TOYHHI,
f2, f4 — n3omopdusmbl. Toraa fs Takxke H30MOD HH3M.

. otd, 3Mee, H CTb 3a

ITycrs

0'—)X1“g“>1X2§‘2>X3‘->0
‘Lf! A if: if.:x
0-Y, 37, 3Y, >0
C TOYHBIMM CTPOKAMH.
a) IocaenoBaTenpHOCTH

0—Ker f nger fnger f3
Coker f1-3Coker FaiCoker f3—0,

rae a;, a; (COOTBETCTBEHHO by, b
1, b2) HHAyuHpyloTcs Mo
&1, &2 (COOTBETCTBEHHO Ay, hy) TOUHHL. Py Pusmamn

6) CymectByer ecrectBeHHEIH Mopduam 8 : Ker fz>Coker f1

COCNHHAIOIIUA JBe TOUHHE I[OCJe ‘
JOBATEJbHOCTH B OJH
TOUHYIO TOCJeI0BATENbHOCTD. Y AUTHIIYO

§ 3. ®yHkTOpH B aGeNeBbIX KATErOPUAX

o :KlTo Or}p.e%eneﬂfle. Ilycrs €, €” — apnuTHBHBIE — KaTeropuu.
y p F:&—%’ HasuBaerca adduTusHbim, eclu Bee 0TOGpaxe-

HUS
F :Homg (X, Y)—>Homg: (F (X), F (), X, Y €Ob%
ABJISIOTCS TOMOMOP(H3MaMH abeseBHX TPYIIL.

OcHOBHEIe XapaKTePHCTHKH aJAUTHBHBHIX (YHKTOPOB CBA3AaHHE C
TeMé ;a:)xo.nbxo OHH COXPaHAKT AApPa H KOSAApA.
-2. Onpenenenve. Ilycts %, ¥ — aGeseBn kateropuu, F : §—

—>% Y
‘é; — aJl/IUTHBHBI byuxtop. OH HA3LIBAETCH TOUHbIM, eCau AJS
JI000H TOYHOH NOC/JAEAOBAaTENIbHOCTH B @

0—>X ~f—>Y £>Z —0
IIOC/1e 1, OBATEJNLHOCTD
F ()
0->F (X) "2 F 2L F(z)-0 1)

Igﬁ};a. <I>yHK1Top F uasblBaercsi TOuHbIM cAeBa, eCcld  TOCJAENOBa-
HoCcTh (1) To4Ha BCIOZY, KpoMe, BO3MOMKHO, 4JjeHa F(Z). Ha-
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f1 — snumopduam, fs— moHomopdusm, a

i

koHen, GyHkTop F HashBaercss TO4HbLM Cnpasa, ecii moc/eloBa-
TeapHoCTh (1) TOYHA BCIOAY, KPOMe, BO3MOXKHO, HJ/eHa F(X).1

Mcxonubiii MHTEpeC K TOYHOCTH (PYHKTOpa OOBSCHAETCA CJEAy-
UM coobpaxeHusiMu. Hac MoxeT HHTepecoBaTh, — HCTOpHUE-
CKH TaK OHO ¥ OBlJIO, — 3ajaya BHUHCJAEHHS 3HA4YeHHH F Ha KOHK-
perubix obGbexkTax. Hanpumep, BbluuC/IeHHE pas3MepHOCTEH MpOCT-
paHCTBa CeueHHH IyYyKa — KJacCHUuecKas «3ajada Pumana—Poxa».
Eciu 6b1 PyHKTOp «CedeHHMs Myuka» Obl1 TOUYHBIM, TO 5Ta 3ajada
pesko yrnpoctuiach Owl: a) Aad q060i - TouHo# Tpoifiku 0—>F —-
S>F—>F >0 Mo uMean Ob dim (&) =diml(F ) +diml(F2),
6) HHTepecylollHe Hac MyYKH, CKaxeM, Ha pUMaHOBOH TNOBEPXHO-
ctu 6e3 TpyAa NPEACTABASAIOTCS B BHAE MOCJAENOBATE/ILHBIX DACIIH-
peHHii HEeCJ0XKHO YCTPOEHHBIX NYYKOB, HJisi KOTOPEIX dimI'(#F) us-
BecTHbl. Ho B neficTBHTeNbHOCTH I' TOUEH TOJBLKO C/€Ba, H crnocob
BOCIOJIHEHHS HETOYHOCTH CNpaBa — OfIHA U3 OCHOBHBIX 3a/a4 romo-
JIOTHYECKOH anre6phl.

CHauasia yKaXeM OCHOBHbie ()aKThl O TOYHOCTH CaMBbiX BaXKHBIX
(YHKTODPOB. ‘

33. Mlpeannoxenne B abeieBoil KaTeropuH % QyHKTODH

% b X—>Homg (¥, X)

(Y dukcuposan) u
%0~ b : X—Homg (X, Y)
(Y duxcupoBaH) TouHbIe C/IeBa.
34. Tlpeanoxenune. Ilycrs A-mod  (COOTBETCTBEHHO

mod-A) — abeneBa KaTeropHs JeBbIX (COOTBETCTBEHHO NPaBhIX)
A-monyaeit, rie A — GUKCHPOBaHHOE KOJBIO. OyHKTOPHI

Amod—>#b: XY ® 4 X
Y — ¢uxcupoBanubil 06bexT mod-A) u
mod-A—>.9¢b . XHX@AY

(Y — durcupoBaHHbIH 00DBEKT A-mod) TQUHHI crpaBa.

35 [Ipenaoxenue. Iycts X — TONOJOTHYIECKOE npocTpaH-
¢tBo, UcX — OTKpHTOE MHOXKECTBO, FPsib — KaTeropus HY4YKOB
aGeseBbix rpynn Ha X. @yHKTOP

T(U, ) : Ptb—>stb : F = F (U)
TOYeH cJeBa.

IokasaTeabctBo. [lycts P.ofb — KaTeropus Npeinyukos abeJe-
peix rpynn  Ha X, v:Pgb—>P b — QyHkTOp BAOKEHHS. (cm.
1. 2.10). Jlokaxem CIEpBa, 4TO \ TOUEH caesd. ITyctb

0~ g‘/i,g‘_f;g'”—>0

TOUHAasA NOoCJJaef0BaTeJbHOCTD quKOB. MoxHo CUuTaTh, qTO-
(F',f)=Kerg (smpo B Pstb). Ianee Ker (g . F—>F ') =
= (F’, 1f). [ToaToMy moc/aeA0BATENLHOCTD

a7



00— Lg"’—LfN.g'LE)Lg'”
TOUHa B PLb.

Slapo u kosmpo B kaTeropun Pstb ONpeReNAKTCA OTAEAbHO Ha
KaxJloM OTKPHITOM MHOXecTBe. [Tostomy ¢yHkTOp

PAb—>b . F—>F (U)
ToueH. CJe10BaTeJIbHO, TOUHA I0C/IEAOBATEIbHOCTD
0> F " (U) - F(U)—>F "’ (U).

SlcHo, uro mas moGoro myuka F uMmeeMm F (U) =F (U). Nosromy
¢ynkTop & — F (U) TOueH caeBa Ha Kareropun Fs¢b.

OTMeTHM TaKxKe, 4To (yHKTOp F ~F (Y) Touen caeBa Ha Ka-
Teropun Fob nasa moboro (He o6sa3aTesbHO OTKPHITOr0) MNOAMHO-
xecTBa Y X.

36.Onpenenenne. a) O6bekr Y aGenesoit KaTeropuu Ha-
SBIBAETCA npoexTusHoim, ecian ¢yukrop X — Hom(X, Y) rouen.

6) OObekT Y aGesieBOH KaTeropHH HasbBaeTCs UHBEKTUBHBIM,
ecan ¢ynkrop X—Hom (X, Y) togen.

B) JleBbiit A-Mozyab X (COOTBETCTBEHHO npasbiii  A-moaysb Y)
HA3bIBACTCS 1120 CKUM, eCan (yHKTOp VWV gDX (COOTBETCTBEHHO

X»—»Y%X) TOueH.

_IyHkr B) 37OrO ONpenENEHHs OTHOCHTCH TAKKe K Iy4KaM MOZLy-
Jed.
O6cynum pasHble acleKTH 3TOrO OfIpefe/IeHH S,

3.7. HHDEKTHBHOCTb, NPOEKTHBHOCTL M npojo/KeHHe Mop¢us-
MOB.

Paccmotpum 1Be nmarpammel B aGeseBoi KaTeropuu:
Y

Y
[} 1
¥ \d v (4
| |
! ' "

]
(duazpamma

(duazpamma
wHyexmuBuocrmu )

npoexmuBrocmu)

YenoBuMes  YHTAaTh UX KaK COKPAllEHHBIE 3aNHCH |
CBOHCTB 00beKTa Y:

a) A5 oGOTO CIOPBEKTHBHOrO MopduamMa X—X” u md060ro
mop¢usma Y—X” cymectsyer mopousM Y—X, nenaromuii IH-
arpamMMmy NPOEKTHBHOCTH KOMMYTATHBHOII.

6) Iass moGoro nHbekTHBHOTO MopduamMa X'—X u  mo6oro
Mopdusma X'—Y cymecrsyer mopdpuam X—Y, nenaomuii Juarpam-
MY KOMMYTAaTHBHOH.

Mu yTBepKIaeM, UTO CHpaBefJIHBOCTD YTBEpXKJAEHHH a) (cooT-
BeTCTBEHHO 6)) PpaBHOCH/IBHA MPOEKTHBHOCTH (cooTBeTCTBEHHO
HHBEKTHBHOCTH) oGbekTa Y,
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CleyIOLHX

%
F
7
E

3.8. IpoexTuBHbIe M cBOGOAHBie mMoayau. U3 ¢opmyaupoBkH
IPEeABIAYIEro NYHKTA JIETKO CJeLyeT ONHCaHHe MPOEKTHBHBIX 00b-
€KTOB B KaTeropHu MOoAyJeH (JeBbIX HJH NPaBbIX, BCe PaBHO): MO-
LyJb NPOEKTHBEH, €CJHH H TOJBKO €CJH OH ABJseTcd NpAMBIM cJa-
raeMbM CBOGOJHOTO MOAYJS.

B xareropHsax myykoB MOAyJed HaJ OKOJIbLOBAHHEIMH IIPOCTPaH-
CTBAMH INPOEKTHBHBIX OGBEeKTOB OOBIYHO OKasblBaeTcsd MaJio. B He-
KOTOPBIX KOHCTPYKUHMAX HX MOTYT 3aMEHHTb JIOKaJbHO CBOGOIHBIE
Iyykn (IyYKH, CTaHOBSILUMeCS CBOOOAHBIMH NOCJ€ OTPAHHYEHHS Ha
3JIEMEHTH NOAXOMSAINEro MOKPBITHA HJM peliera). -

3.9. InockocTs ¥ CooTHOWeHus. PaccmoTpum JieBbit A-MOnyJb

X Vv KOHeWHOe CeMmeif{CTBO 3J/EMeHTOB Xi,..., X,6X. CemeficTBo
(ay,. .., a,)6A" HA3LBACTCS COOMHOUECHILEM MEXKAY Xi,..., Xy,
n
-
ecnu Zaixizo.
i=1
Bosiee 0610, CeMEACTBO 3JEMEHTOB Yy,..., Y,E6Y, riac Y —npa-

BRli A-MOAy/b, HA3bBAETCA COOTHOIICHHEM MEXAY X;, eCJH
n

Eyi®xi:0 B Y?X.
i=1

CootHoweHust ¢ x03dUIMEHTAMH B MOAY/E MOXHO NOJyYaTh
KaK CJAeACTBUSl M3 COOTHOWIEHHH ¢ KO3(dduipedTaMn B Kovble. Tou-

o LalNeAr, j=1,..., m,—HeKOTOpoe CeMeiCcTBO

Hee, NyCTh (@4
COOTHOLIEHMH MeXAY Xi,...,X,; yU), j=1,..., m,—Hexoropoe
m

cemeficTBO 3jemedToB Y. Torma yizz yY )a§j ) |e¥™ ects COOTHO-
j=1

n . n m
2u®x,=2 2 yVaP ox, —

Ci=l i=1j=I

n m m n
___2 2 y9 ®al§i)xi___2y(j)® 2 a{ x, —0.
j=0

i=l j=1 i=1

menue:

Tenmepb MBI MOKeM OXapaKTeDH30BaTh IJIOCKHE mpaBble A-MOAY-
J# Y ¢ NOMOIIBIO CJeAyIoLIero cBolcTBa: AJs JIO60TO JeBoro A-
mMoayas X u J060ro KOHEYHOro CeMEHCTBA 3JEMEHTOB Xy, ..., Xn6X
BCE COOTHOWIEHHS MEXAY X; ¢ KoaduuHeHTamMH B Y HABJISIOTCH
CJIeACTBHSMH H3 COOTHOWIEHHH MeXIY X; ¢ Kos(dunuentamu B A.

3.10. MuaockocTs M mpoeKTHBHOCTb. CiieyIOLIKEe CBOHCTBA MNJOC-
KHX MOJyJiefi TOUTH QUEBUIHBEI:

a) CBoGoaHble MOAYJH ABJSIOTCSH IJIOCKHMH.

6) Ilpamble caraeMble IVIOCKHX MOAYJEH SIBJSIOTCS IJOCKHMH.

B) HHAyKTHBHLIE Npelelbl CeMEHCTB MJIOCKHX MOAYyJeH SBJS-
IoTCc IJIOCKUMH. (B mpoBepke aroro ucmosb3yercsi TOT (akT, 4To
nepexoJ, K HHAYKTHBHOMY MpelleJy KOMMYTHPYET C TEH3ODHEIM
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YMHOXKEHHEM H COXpaHseT To4yHOCcTb. CM. HEKOTOphle NOAPOGHOCTH
B cJefyloliem naparpade.)

M3 a) u 6) BbiTeKaer, 4To NPOEKTHBHBIE MOAYJH IJIOCKHE, a H3
B) — YTO HHAYKTHBHHe NpeJe/H NPOEKTHBHHIX MOAyJeH MJocKue.

Teopema, nokasanHas nesasucumo B. E. I'ooposeim [9] u
A. Jlazapom [103] yrBepmpuaer, uto u 06paTHO: JIOGOH MJIOCKHIX
A-MORy/b H30MOP(EH HHIYKTHBHOMY Npe/eny CBOOOMHBIX MOLyJel
KOHEYHOro THNA IO HAIPaBJeHHOH CHCTEME HHJICKCOB.

[focnentue GyHKTOpH, CBOHCTBAMH TOYHOCTH KOTODHIX MBI 3afi-
MeMCsi 3/ech — NpsiMble B o6paTHble 0Gpasbl MYYKOB. -

3.11. Onpeneanenne. Ilycrs f: M—>N — HenpepuiBHOe oTO-
OpaxeHHe TONOJIOTHYECKHX MPOCTPAHCTB, F — MyUYOK MHOXKECTB HA
M. Ero npameim o6pasom HaswbiBaeTcsi nydok f. (&), ceueHHs Ko-
TOpPOro Haj JIOObIM OTKPHITEIM MHOXKectBoM UcX onpenensiorcs

dbopmynoi
FAFU)=F (S U,

aorfpalmnqeﬂue ¢ U na VU unnynupoBaHo orpanuueruem ¢ f~1(U)
Ha f~1(V).

To, uto f.(¥F) sBAsieTCs NPEANYUKOM, OUEBHIHO; aKCHOMA NyuKa
npoBepsieTcss HelNocpeACTBEHHO.

3.12. CpoiicTBa nmpsimoro oOpasa. a) KoHcrpyxuus f. coxpa-
HSIET JOTMOJHUTEJbHEIE CTPYKTYDHl, KOTOPHe MOTYT OBITH HA Hyuke IF:
My4OK T'PyIN NMEPeXOAUT B Iy4oK rpynn 4 T. n. Ecan @ =(f, 8)—
MOP(HU3M OKOJILUOBAHHBEIX NPOCTPAHCTB, @ F—1yuok O y-MOmyJIel,
10 f.(F) wWMeeT eCTEeCTBEHHYIO CTPYKTypy nyuka O y-MoxyJeii.
B cavom gene, mbl MOMKHH onpeneautsh ymHOXeHHe Oy (U) nHa
[ (F)VU)=F (f(U)). Ho vMopdusm oxo/bliOBaHHBIX NMPOCTPAHCTB
BK/IOUAET CeMeACTBO roMoMopdusmoB koqel ¢,,:0 y (U)— O u( fY(U)),
COTJIACOBAHHHIX ¢ orpasuueRusmu, a F(F1(U)) sasasercs
Ou(f1(U)-Monyner. ITosToMy TNIepeHOC CTPYKTYpH NpeBpaiiaeT
FAF)(U) B Oy (U)-Moayab. D10 xKe pacCyKJIeHHe MOKA3BIBALT, UTO
{®,;} MOXHO WHTEPHPETHPOBAThL KaK MOP(U3M NyyxoB Kovern Oy—>
~ [ (Ow).

6) Tycre f:M~{}. Torga f.(F)=T'(M, F) (rnobabsbe
CeueHus).

Bonee obuo, ecm f: M-~ N —/I0KaJbHO TPUBHAJIBLHOE Dacc/oe-
Hue, 10 f, (&) eCTh «Iy4oK CeueHuit F BLOb C/A0EB f».

[lycte i: /M — N —3avkayToe BjoxeHue. [Tyuox £.(F) uHOrna
Ha3pIBAIOT «IIPOJOMKeHue HyJdeM nyuka F»: ecmu UcC N\ M, 1O
i.(F)(U)—oaHOTOUEyHOE MHOXKECTBO (ecid F — MyYOK MHOMKECTB)
umd I, (F)(U)={0} (eciu F —nyuox abesesbix rpyii).

To xe caosoymorpe6/ieHHe N0 OTHOIIEHHIO K He3aMKHYTOMY
BJIOXKEHHI0 6€30MacHO0, ecJd MOMHHTb, UT0o cl0# i.(F ) Haj ToYKaMu
rpanutsl i (M) MoxeT GbITH HETPHBHAJBHBIM.

B) Jlio6oit Mopdusm nyuxos ¢:F—>% Ha M uugyuupyer (oue-
BUAHEIM 06pasoM) Mopdusv nyukoB f.(9): f.(F)— f.(¥) Ba N.
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kaTeropuu mnyukos Ha M B
apaseTca (QyHKTOpDOM U3 )
no’l?:r%m;nof'nyqxoa aa N. To e BepHO A KATETOPUH nyqxos
:geneng rpynm, MOAyJaeH HAX OKOJIbLIOBAHHBIMK TIPOCTPAHCTBAMHU

b

.
' s cpoiicT8 (PyHKTOPHAIBHOCTH f.no f OTMETHM NB2

(fe).=fg, id.=ld

3.13. OGpaTHBIi 00pas. [lycts cHOBA f:]\/é—:{];/' ;V-M(gg){%sx

TONOJOFMYECKHX TMPOCTPancTB, F ;prclz};:z?;zg}]%?;gsa f‘(g'; Jeios-
Hc u o

HbIM CBOFCTBOM KOHCTPYKIH .
BaeTcss TOT (baKT, 4TO (YHKTOP f° conpsikeH CsieBa g)yl}lf'{;p)y 1\/1];,{
(em. m. 1.23). Tloatomy KOHCTPYKTUBHOE ONpEe/CHH
obopMuM Kak TEOpEMY CyL1eCTBOBAHUA. Takoe w30XKeHHE onpa:g
JaHO elle ¥ TeM, YTO TNpH Mepexole, CKaXeM, K Hy‘l'l(?,_M Moiyﬂne !
HaJ OKOJIbLOBAHHBIMH NPOCTPaHCTBAMU, KOHCTPYKILKS f(F) me -

{ aeTcs.
Cs. a4 CBOHCTBO CONPSKEHHOCTH OCT
, 3.13.1. Hpennomeﬂue——onpeﬂeneﬂne. CyiectByeT

dyuxrop [ FFetn— PPety MeXAy KaTEropusMH INy4KOB MHO-
secrs Hag N u M u usomopdusm ABYX 6udyHKTOPOB

Hom (f* (&), 9)= Hom (&, f.(9))

3.14. Cpoficta oGpatHoro obGpasa. a) Ilyuox f (%) MoxHO
4BHO TIOCTPOUTH Takum oGpasom: f°(F)—23TO TyHOK HA M, accouu-
MPOBAHHMBIA C NPEANyuKOM

U~ (f(U)), UcM.

[Tockonbky MHOXKecTtBo [(U), BOOOlle ToBopsi, HE OTKPHITO B N.,
rakoe onpenesenue [ (F) Tpebyer ABYX «NpeAeHbHBIX MEPEXOL0B»:
omHoro agsi saganus F (f(U)) u Apyroro — AJs OnpeieneHus myd-
ACCOLMHPOBAHHOTO C NMpPEANYyYKOM. ‘
Ka’HeCJIL(LJM}II)o nposepnTb,quO nas mo6oit Toukd  X€M  umeeM
F (F)=F s .
6) KoHcTpyknus [ cOXpaHseT BHyTpEHHHE 3aKOHBl KOMIO3HLHH!
ecan & — nydox abesieBbIX rpyni, KoJeun d T. M., TO (%) npunap-
ndexuT Tofi e Karteropuu. Opnako, ecan 0= (. 8) ———MOQQ)HSM
OKOJIbLOBAHHBIX NPOCTPAHCTB, a & — MyY0K O y-monyne, 710
f (&), Boobe roBODS, He HMEET eCTeCTBEHHOM CTPYKTYPDI ny4Ka
Ou-MonyJell. B camom jpene, Mopdusm @ onpenesser MophHU3IM
nyukos Koael f'(Oy)—>On, HO Ha 3TOT pas f(F) ectb ny4yok MO-
AyJeil Haj HadyajoM, a He KOHIOM 3TOH CTPEJ/KH. Us anreépm u3-
BECTHO, UTO 3aMeHa 6a3bl B TAKOM cJjyuyae OCYIECTBJseTcs ¢ 1O-
MOLLbI0 TEH3OPHOTO TPOH3BEJEeHHs: €CTeCTBEHHO NOJOXHTD

fHE)=0u8p g ) [ (F).

MOoXHO NpOBEPHTH, UTO
Homg, (f* (%), 9)=Homg (¥, /. (9),
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TaK uTO f*(F) #BAeTCA TNPABWILHBIM ONpejeseHueM O0OPaTHOrO
ofpasa B pacCMATPHBAEMOH KATETrODHH.

B) Ecm i: M— N Broxenne, 10 i’ (F) €CTb OrpaHuueHHe NyuKa
F na M.

r) Kax u gas upsmex o6pasos, uMeem

(fg¥=g'f id=Id.

Caoficta TouHOCTH QYHKTOPOB f., f' M f* TaKoBH:

3.14.1. [Ipenaoxenue. a) Ha xareropun nydyxkoB aGe/eBbix
rpynn GysaxTop f. TOueH cjaeBa, a f° TOUEH.

6) Ha xareropmu nyuxkoB MoOAyJedl Hax OKOJBLOBAHHBIMU TPO-
crpancreamu GyHKTOpP f, TOUeH cJseBa, a f* TOUeH CipaBa.

JlokasaTenbecTBO 9TOrO NMPEAJIONKEHHS HCHOJb3yeT CJedylouiHe
CBOHCTBA TOYHOCTH CONPSXKEHHBIX (HYHKTODOB.

3.15. ConpsixXeHHOCTb M TOYHOCTb. CBOHCTBa TOYHOCTH COIMPSi-
JKeHHBIX nap (YHKTOPOB ONHCHIBAIOTCS CJELYIOIIHM YTBEPXKAECHHEM.

Ilycte ¥, & — aBe abeneBn  Kareropuu, F:¢—D, G: D—
—% — nBa aAAuTHBHBEIX (yHKTOpa M 3ajaH u3oMopdusm O6uYHK-
TOpOB FOXD—£b:

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

Tak 4yro F comnpsaxeH caeBa K G, a G conpsixeH cnpasa xk F, Torga
F rtoueH cnpaBa, a G ToueH caeBa.

§ 4. Knaccuueckne npousBojaHbie pyHKTOPHI

4.1. Beenenne. CBOHM BO3HHKHOBEHHEM TOMoJIOruyeckas ajre6-
pa of6si3ana BO MHOrOM TOMY, YTO OOJIBIUHHCTBO CTaHJAapTHBHIX
¢yHKTOpOB, BCTpeualmuxcs B aJjrebpe, F€OMETPHH H TOMOJIOTHH
SIBJSIIOTCA TOYHBHIMH J4I0b C OAHOH CTOPOHBEI (cIpaBa HJH CJeBa).
Takum o6pasom, AJs, cKaxem, TOUHOTO cJjeBa ¢GyHkropa F: ¢4—%
Mexay albeleBbIMH KaTeropHaMu (Takoro, kKak HomuauTI') rtoynas
ToCJe10BaTeJbHOCTD

0 A% 4% a0 (1)

B S nepexosutT B TOUHYIO MOCJE€L0BATE/bHOCTH

F(o) F(b)
0 F (A))——F (A)——F (A") )

B %, B xotopom Mopdusm F(¢), Boobule roBopsi, He SABJSETCH 3IIH-
mopdusmom. Kiaccuueckne nponsBozuble (GyHKTOpH RUF (B AaH-
HOM cJIyuae IpaBble) JO HEKOTOPOH CTelleHH KOHTPOJHPYIOT He3IH-
mMopdHocTe F (). A HMEHHO, OJHO W3 BaXKHEHIIHX CBOHCTB BBHICIIHX
NPOU3BOJAHBIX (YHKTOPOB RF : $f—% COCTOMT B TOM, 4TO A5
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KakJl0# TouHOfi mocJsenoBaTejbHocTd (1) crpouTcs JUIMHHAS TOUHASA
OCJIeI0BATEbHOCTb, SIBJSAMIONIAsACA NpPOJZoJKeHHeM (2) BIpaBo:
F(p) F(1) 60 R1F(9)
0— F(A)——F (A)——F (A")—~ R'F (A)y——>—...
811 RnF(cp) R”F(w) (3).

.. -—*R”_IF (A")—»R"F (A’)————>R"F (A) ->RnF(A”)—> .
KoTopasi GYHKTOPHAJAbHO 3aBHCHT OT (1).

Hacrosimu#i naparpad nocssilleH CTPOrOMY ONpeJe/eHHio u ocC-
HOBHHIM CBOMCTBAM INPOH3BOIHHIX (OYHKTOPOB.

42, Onpepenenue a) HHvexTusHol pe3oab6eHTOl 0GbEK-

Ta A abeseBoii KaTeropuu S Has3blBaeTcs TOUHAasi MOCJAEN0OBaTeNb-
HOCTb B ¢

0~ A-i Nnsnsrs .,

B KOTOpO# Bce [%, iz>0, AWbEKTHBHBEIL.
6) I1poexrusHoti pesoaveenTol o6bekTa A abeneBolil KaTeropHx
S HasblBaeTcs TOYHAs MOCJEL0BaTeNbHOCTb B SE:

..> P2 Pl P°—8> A0,

B xortopoit Bce P!, i >0, NpOeKTHBHEL n

€ €
Muorga pe3OJbBEHTH OCO3HAYAIOTCS uepes A=, P> A; &
HASHLIBAGTCH [OMOHSIONIIM MOP(QH3MOM.
4.3. CpoiicTBa pe3oabBeHt. a) Jlas Toro 4ToGHl y Ji0GOro 06-
ekTa ¢ CyllecTBOBajJa WHBEKTHBHAA DE30JbBEHTA, HeOOXOAHUMO H
JOCTATOYHO, uTO6bl JIOGOH OOBEKT ¢ OHJI NOJ00BEKTOM HHLEKTHB-

HOro obbekTa H.
B 3TOM CJydYae TOBOPST, YTO B S HMeeTCH OOCTATOHO MHOZO

UHBEKTUBHLIX 00BEKTO8. g

e

6) Ilycts @:A— A’—wmopdusm B S u A>T, AA-I"—
HHbeKTHBHBE pesosbBeHTsl A 1 A’. Torga CymiecTByer Mopqngsm
KOMIJIEKCOB @':/'— [”*, mpopo/mxalomuii @ (TO €CTb &’ =ql%);
Mo6bie 1Ba TaKHX Mop(hH3Ma TOMOTOMHEL B yacTHOCTH, Jo6bie 1Be
HHbEKTHBHBE Pe30JbBEHTH OJHOTO H TOro XKe O0BheKTa A romoro-
MIAYECKH 5KBHBAJCHTHHL.

AHaJloruyHble pe3yJbTaThl CIPaBeJIHBEL H /1A TIPOEKTHBHBIX pe-
30JbBeHT (B a) HYXHO Tpe6oBaTh, uToOH /OGO o6bekT S¢ Obla
haKTOpPO6BHEKTOM HPOEKTHBHOTO 0GDBEKTA).

4.4. Tlpoussonnble Gynkropbi. Haunem c onperesieHusi MpaBbIX

NIPOU3BOJAHBIX (PYHKTODPOB. .
44.1. Onpenenenune. Ilyete F:5f—% — TOUHBIA caeBa

YHKTOp H B S AOCTATOYHO MHOTO HHBEKTHBHEIX OOBEKTOB. [Ipassie
npoussodnsie Gyukrops. RF : s4—3%, iz>0, onpenensiorcs Ha 00b-
exrax A€Ob ¢ dopmyoi
RF (A)=H'(F (I'),
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e .
rae A-> I —xaxkasn-HUOyIb VUHDBEKTHBHAA pe3osbBeHTa A, F ([)—

KOMIIEKC, TOJyYaeMbili MO4IeHHbIM npuMenenueM F k [, u Ha
Mopdusmax @: A— A’ B ¢ dopmy.oi

RIF (@)=H'(F (¥)),
rae ¢ :/'— ["—kakoe-HUOyAb NPOJOKEHHE ¢ Ha Pe30JbBEHTH
(xak B 4.36) F (9):F (I')~ F (I"")—cooTBeTcTBYyIOLM MOPGHU3M
xomiexcos.

442, llpeanoxenne. a) RF(A) u RiF(p) onpeleneHsl
KOppeKTHO (TouHee, 06beKTH RiF(A), NOCTPOEHHEIE 1[0 pPa3HBIM
HHBEKTHBHBIM pe3oJbBeHTam A, KAHOHHYeCKH H30MOpGHb; MOPQH3-
MBIl RiF (¢), HOCTpOeHHBle N0 PasMYHBIM NPOJOJKEHHAM ¢ Ha pe-
30JIbBEHTHI, DaBHEI MEXAY co0oii).

6) R'F siBAsiIOTCH aiJIATHBHBIME (QYHKTOpaMu u3 & B 4.

B) R°F kaHoHuMYecKH u3oMopdHo F.

r) ITo kaxzpoli KOpoTKO# TOYHOH MocJenoBaTesJbHOCTH (1) B &
CTPOMTCS JJIMHHAsT TOUHAs IOCJAeZOBaTeJbHOCTh (3) B #, GYHKTO-
puanpHO 3aBucsimas ot (1).

n) Ecam F touen, to R¥F=0 npu i>0.

Jl0oKa3aTeJbCTBO BCEX ITHX YTBEPIKAEHHI [0 CYILECTBY BHTEKaer
u3 0. 4.3. B yacTHoCTH, AJifi NOKA3aTeJbCTBA T') HYXKHO NOCTPOHTH
no (l) TouHYIO NOC/JeA0BATEAbHOCTh PE30JbBEHT

o, P .
O-1">I'=1"->0
M TIPHMEHHThb TeopeMy H3 rJj. I, m. 1.5.1.
4.4.3. Jlepbie mpou3BoaHble ¢yukTopbl. Ecim B & umeercs

JO0CTaTOYHO MHOIO NPOEKTHUBHBLIX 061,e1<'r03, TO JIEBblE¢ MNPOU3BOAHbIE
¢yskrope L;G Ans Tounoro cupaBa ¢dyskTopa G:—> % onpele-

asiorcst (Ha oObextax AEObSE) dopmyaoit L,G=H*(G(P)), rie

14
P’ — A —wuekoTopas npoexkTHBHas pesossBeHTra A. s wieBHX npo-
¥3BOJHbIX (DYHKTOPOB CIpPaBeAJIMBHI AHAJNOTH VYTBEPKAEHHH a)— I)
w3 . 4.4.2,

4.5. TpouspoaHbie ¢GYHKTOPH KOMHNO3HIHH; CHEKTpajibHasi mo-
caeposarenpHocts I'potenauka. Ilycts F: #—%, G : B—~€ — nBa
TOYHHIX cjJeBa (PyHKTOpa MexXay abesieBLIMH KaTeropusMu. Toraa,
KaK JIerKo NpoBepHTh, GoF : of—% Takxke ToueH caesa. IlosTomy,
npeanoJaras, 4to B &% U % AOCTATOYHO MHOMO HHBEKTHBHHIX 00%h-
€KTOB, NoJyYaeM mpaBble  mnpousBoaHble  (dyHKTOpH R'F, R'G,
R (G-F). Cpa3b Mex/1y HHMH BHpaxaeT cOeKTpaJjbHas I0CJef0Ba-
TeJibHOCTh ['poTeHAHKa.

4.5.1. Onpenenenune. O6pekr A€Obsf HasblBaeTcs ayuk-
AU4HbIM OTHOCHTEJIBHO TOYHOro cjeBa ¢yHkropa F: &—% (uau
F-anukanuneiM), ecan R'F (A)=0 npu i>0.1

SlcHo, uTO 110601 HHBEKTUBHHIX OGBbeKT F-aluKJIWued AJS JIO-
6oro F. OnHako, AJsi KOHKPETHHX (GYHKTOPOB F MOIYT CYLIeCTBO-
BaTb H JApyrHe F-anukJiuyHbe OOBEKTH (CM. MNpHMEps B IJ. 4,

§ 5).
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.

4.5.2. TeopeMa. [Ipeanosoxum, 470 F:st—~>%, G:RB>C —
JlBa TOYHHIX cjeBa (QyHKTOpa, B & M % HMeeTcs AOCTAaTOYHO MHO-
FO HHDBEKTHBHBIX OGBEKTOB, H AJs JI06Or0 HHBHEKTUBHOTO I60bst,
F(I) sBasiercss G-aumkauunbiM. Torma ans nwo6oro A€Obsf c%/me-
CTByeT CheKTpajibHas IOC/TeL0BaTebHOCTD (em. roi. 1, m. 3.1) ¢

Ez¢— (R°G) (RF (A)),
cxoasimasicss K R™*(GoF)(A). Ona @ysHKTOpHa/IbHA MO A R
4.5.3. laan (ﬂoxasaTenbc'rBa. 'Oﬁ’beKTbl RF (A)— 310
xoroMoJioruH Komrtekca F (/7), rie A-—-] —HeKOTOpas HHBEKTHB-
Has pesosbBeHTa A. AHAJOTHYHO, R"™(GoF) (A)—3T0 KOrOMOJIOTHH
xommiexca (GoF)(I').
C Epyro#i CTOPOHBI, 4YTOOH BHMUCJHTH (RPG) (RF (A)), Hymf‘?,
npuUMeHATH nowieRHo G K HHBEKTHBHBIM PE30/bBEHTAM RIF (A)—J’

o6bextoB RIF (A). _ )
Cosab Mexay (GoF)(I) u G(J*?) naerca pesospsentoi Kapra-

na — Diienbepra xomnaexca K =F (I'). 3Ta peso/bBeHTd COCTOMT

#3 CASVIOMUR JAHHBIX. _
a) Jsotinolt KoMmniLeKC (L") ¢ rpanMuHbIMH omepaTopamy d, 7

creneru (1, 0) u (0, 1) COOTBETCTBEHHO; Li=0 mpu j<0 wm
i<1; LY uHbeKTHBHb (OCHOBHblE ONpeleseHust, OTHOCAIMECs K
JABOMHBIM KOMIJIEKCaM, CM. B TJL 1, m. 3.'53. o

6) Moppusm KOMn.LEKCO8 e K L, ¢ deet=0.

Uto6bl cHOPMY/HPOBATh YCJOBHS, HAKNA/BBAEMbIE HA STH JAaHHbIC,
3aMeTuM, uTO (LY) nopoxaaeT KOMIVIEKCH

0~ Kti JARENY LN
0-> BI (K= By (L")~ Bi (L")~ ...
0> ZHK) = ZH (L") =~ Z (L")~ ... 4)
0— H (K'Y~ HY (L")~ HI (L")~ . ..

(3mecs B, Z oGo3Hauaer COOTBETCTBEHHO TpaHHMILL H wukasl). Tlo-

Tpe6yeM BHINONHEHUS CJIEAYIOUIHX yCJIOBHA.
8) Bce 3TH KOMIJIEKCH aIUKJIHYHBL

r) Tounele TPOUKH
0— BY (L")~ Z;(L")> H (L")~ 0
0 Z4 (L*F)— Lt~ BF' (L") >0

pacnajfaoTcs. ;
Toraa sce obvekthi B,, Z, H, vHbexKTHBHH M, CTazn0 OHT,

[
KOMIUIEKCH (4) SBAAIOTCS WHBEKTHBHBIMH DE30/bBEHTAMH IS K,
B{(K"), Z!(K'), H'(K') cOOTBETCTBEHHO.
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B uacrhocru, (R?G) (R9F (A)) MOXHO BBMHCJSTL KaK KOFOMOJIO-
TR C Homepom p kommaexca G (H7(L™). C apyroi cropoms
K =F (I') MoxHO, He MmeHsas KOI'OMOJIOTH#, 3aMEeHUTL HAa nnaronanb:
Hblit Kommieke S L' msofiHoro xommiexca L™ (em. ra. 1, m. 3.5 nu
BBMHCIATE  R"(GoF ) (A)=H"(G(F (I)) xak H" (G(SL)). Kpome
TOro, Kommiexc SL° uMeeT duabTpauuio

(FPFSLYy'= o LY,

it+j=n
i>p

2 o o
W uned E?, oTBeualommii 3TOM (MABTPALMM, OKA3BBAETCH paBHBIM

(RPG) (RYF (4))=H? (G (H1,(L")).

Taknm o6pasom, uckomas cnexrpasbhas H0C/I€0BATENLHOCTD
SBJACTCH HYaCTHBIM CJAYYaeM CHeKTPaJbHOH IOC/IeL0BATESbHOCTH
¢uabTpOBaHHOrO KOMIJeKca u3 I, 1, 1. 3.3.

4.6. Yacto BCTpevaromuecs NPOM3BOAHbIE ¢yukropbl. Muorue

NIPOH3BOAHBIE (bYHKTOpr, BCTpeualouiuecs B a.nre6pe H TOIIOJOTHUH,
HMEIOT CTaHJAapTHble Ha3BaHMUd. HepeqHCJmM HEKOTOpbI€ U3 HHUX.

4.6.1. ®yuxropm Ext. INycrs ¢ — abesnena Kareropua. Abe-
aesy rpymny Hom o, (M, N) naa M, NEObSf moxuo paccmatpu-
BaTh KAaK (DYHKTODP TPeMsl PA3JAMYHBIMH CIOCOGAMH:

a) npu QuxcHApoBaHEOM M — KaK dbynkrop Hom o (M, -):9¢—~ b

6) npu duxkcuposanaoM N — kak dysxrop Hom o (-, NV): 80— s¢b;

B) KaK Qynxkrop Hom gy (-, -): 50X & — b,

Bce st dyuxToph TOuHbl cieBa. Mx npasble npoussoambie ¢ymk-
TOpHI o6osnauaiorcs Extly (M, N); moxuo moxasats, uro TPyl
Ext ,(M, N) ne 3asucar or BBIOD AHHOTO  BapUaHTa 6npe11enemm
byuxropa Hom o . Cu. Takxe ra. 3, m 3.2.

4.6.2. dyuxrops Tor. i (QUKCHPOBAHHOTO KOMbIIA R u nas
AByx R-monyneit M (upasoro) u N (1eBOT'0) TEH30pHOE mpOH3Bee-
Hue M %N ABfeTCA abe/eBOH IPynnoi. AHA/JOTHYHO NP B VI eMy

MYHKTY, MOMCHO OUpeXeMdTh TPH (BYHKTOpA:
M®-:R-mod > 54b; @ N:mod-R - H#;
+®-:mod-R X R-mod— b,

Bce atu Tpu dynxropa Tounsl cnpasa. Mx Jieswe IIPOHU3BO/HEIE
dyaxTOpH 0603HAUAIOTCH Tor® (M, N), i >0. Ouu cHoBa He 3aBucAT

OT BapuauTa onpejesenus QyHkropa ®.
R

46.3. KoroMonoruu ¢ kosbdbuuuenramu B nyd-

Ke. Oynkrop I': Pstb, b conocrapasiomuix nyuky abeseBhIX

rpynn & Ha npoctpascTBe X Tpynny ero rjo6anbHBIX CeYeHHH
I'(X, &), Touen caeBa. Ero npaBbie npon3BopHEe ($YHKTOPH Ha-
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3HIBAlOTCH Koz2omoaozuamu X ¢ xkos(pduyuentramu B F u 0603Ha-
vaorea H (X, &), i=0. CM. takxke ra. 4, n. 5.3.

464. Koromosoruu rpynn Ilyere G — rpynna,
G-mod — xarteropus G-moayaefi  (cMm. ra. 1, m. 2.7). ®Dyukrop
G-mod—s£b, conocrapasiiomuii G-monyiaio A rpynny A€ ero G-um-
BapHAHTHHIX 3JIEMEHTOB, TOUeH cJeBa. Ero mpoHsBoAHbie (DYHKTO-
pbl —3T0 Kocomoroeuu H'(G, A) epynnor G ¢ koapguyuenra-
mu 8 A.

46.5. Koromonoruu anre6b6p Jlu.  Anajoruuso, mycrsb
¢ — aare6pa Jlu Hag nosem k, g-mod — karteropus ¢-moayuefi. Ko-
eomoroeuu H' (g, M) anreebpor Jlu g ¢ kosppuyuentamu B 8-mo0y-
s2e M cyTb npaBble NPOH3BOAHEIE (DYHKTOPHL TOYHOIO CJieBa (YyHKTO-
pa g-mod—Vecty, M—>M& ={m: Xm=0 nns Bcex X€g}.

46.6. dyukrtopn Llykepmauna. Ilycts g— KoHeynomep-
Hasi ajare6pa Jlu, b-—ee momanre6pa, N(g), U(H)— coorser-
CTByIOIIHE O6epThBaouue anre6psl. JieMeHT m g-Moaynsa M Ha-
3piBaeTcsi )-KOHeuHBIM, ecian dimg U(P)m<Coo. Jlerxo NpOBEPUTD,

S
yTo }-KOHeuHble 37eMeHTH M 6Gopasywor g-moamoayar M) B M.

dyHKTOp MM 3 kareropuu g-mod B ceb6si ToueH ciesa. Ero
npaBele NPOH3BOAHBE (DYHKTODH HasbBaloTca Pyurropamu [lykep-
mara. OHH HrpalOT BaXKHYIO POJb B TEODHH NpeACTaBJeHH# (oco-
GeHHO B cJyuae, KOTAa ¢ M b PeAYKTHBHBI), BJAACHL ajrebpauye-
CKHM aHaJoroM (pyHKTOpa «roJoMOpPQHBIE CeUEHHS aHaJUTHUECKOTro
BeKTOpHOTO paccioenus Ha G/H», rae G, H —rpynnel Jlu ¢ ana-
reGpaMmi g, b.

BUBJIMOTPAOUUECKHUE YKA3AHUSI

B mepshix AByx maparpadax STOH riaBbl H3J0XKeH HAGOp CTaHZAPTHHIX daxk-
TOB TECOPHH KaTeropHii; G6ojee MOAPOGHO CM. COOTBETCTBYIOLIHE Pa3JeJibl [81, [59],
[77], [108]. B wactHOCTH, TeopeMa H. 1.16 — 310 0fiHa U3 Teopem Ppeiifa, JaromHX
06LLYI0 XapAKTepH3ANMI0 TPEJCTaBHMEIX (YHKTOPOB; moxpobuee cm. [108]. Oruo-
CHTeIbHO TeopemH Biaoxemns m. 2.13.1 cm. [20] Jlemmn nm. 2,132 u 2.13.3 co-
CTaBJSIOT OCHOBY OOJBUIMHCTBA [OKa3aTeNbCTB, BEAYIIHUXCS € NOMOWBIO TaK
Ha3HBAEMOrO «AHAarPaMMHOrO IOHCKa»; cM. obcyxkpenue B [108]

Pesy/bTaTh, UpHBefeHHHe B § 3, TPYNNHPYIOTCA BOKPYT MOHATHS TOYHOCTH
dynkropa. OHM SBASIOTCH, B OCHOBHOM, KJ4CCHYECKHMH H HX [0Ka3aTeJbCTBa
MOXHO HafiTH B yueGHHKaX 1o romodoriueckosi airebpe [40], [107] (mm. 3.3—3.10)
¥ no Teopun myuxos [33), [91] (mm. 3.11—3.14). Cm. Takxe [8].

B § 4 uanaraercA TeOpHA NPOH3BOAHBIX (PYHKTOPOB KaK OHA NOHHMAanach
B KoHne 50-x—Hadake 60-x roJoB; NPHMEPHO B TAKOM BHAE OHa COJAEPHHUTCHA
B {40, [77), [107). DokasaTearcTBa cHOPMYIHPOBAHHEIX PE3Y/ILTATOB MOMKHO HaiTH
takxe B [8]; npeanoxenne n. 4.4.2 aokasaHo B [85] Teopema 452-—3B [77].
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F'arasa 3

TOMOJIOTHHU B AJNTEBPE U TEOMETPHH

§ 1. Manasie pa3mMepHOCTH

1.1. Pasmepnocrb 0. Hy/nbmepHble (KO)TOMOJIOTHH 4acTo SBJIS-
I0TC OCHOBHHIM MOJJIeKAUIUM BHUYHCJEHHI0O OOBEKTOM B KJjac-
cHyecKux 3anayax. C TOUKH 3peHHs TOMOJIOrHYECKOi aJjire6phi
OHH YCTPOEHHl BIOJIHE IPOCTO.

1.2, Pasmeprocts 1. OpHOMepHbIE  KJacchl OBIBAIOT 0co-
6eHHO HHTepecHbl MU CIeNHaJJbHBIX KO3 PUIHEHTOB.

1.2.1. Myukn. a. [lyctb X — koMniekcuoe mHorooGpasue (WJH

NpOCTPaHCcTBO), (Ux — Ny4OK T0OJOMOP(PHBEIX dbyHKuME Ha Hewm,
M x — nydyok mepoMopdHbIX GOYHKUHH, Px=JMx/Q@x — nyuok (az-
AHTHBHBIX) ocofeHHocTedl.  Kiaccuweckas (amautuBHast) npoG6-

aema KyseHa coctoHT B OThicKaHuH Ha X Mepomop¢HOH (QYHKUHH
C 3aJaHHBIMH OcOOeHHOCTiMH. JTa 3ajaya BCeria pas3pelnMa,
€C/IH H TOJNBKO ecau orobpaxeHHe H( M x)—~H°(Px) clopbek-
tuBHO. [losaromy snementsr H'(Ox), nexamue B o6pase rpanuy-
Horo oro6paxeHust 6: HY(Px)—H!'(Ox) —3T0 npemaTcTBHS K
paspeminMocTH npobaemor Kyzena.

6. B Toit xe curyanuu nycts Oy (COOTBETCTBEHHO A x) — IyHOK
roJIOMOP(HO OOPaTHMBIX TOJOMOPDHBIX (YHKIHE (COOTBETCTBEHHO
MepoMOpdHO 06paTUMbIX MepoMopduBX  dyHkumH). [lyuox Px—
— M x/Ox MyJbTUIMKATHBHLIX OCOGEHHOCTEH HA3bIBAETCH TaKKe
nysxon Oususopos Hapmeoe. [lpenarcTBus K mocTpoeHuo GyvKiuM
€ JaHHBM JMBU30POM Jexat B rpymnme H!(O%).

Sta rpymnna kjacCMMUIHpyeT Takxke obfpaTuMble Nydykn Ha X,
TO eCTb Nyukd Ox-MOAyJell, KOTOPblE JIOKAJILHO CBOGOIHBI U UMEIOT
,paur 1. Yro6bl mocTpouTh TO TakoMy nyuky &£ xonuka Yexa,
nocrponMm Hakpeitue (U4), Ham 3neMeHTamu KoToporo &£ umeer
06paTHMBle CeUCHHS fq, 1 TIONOKEM Loyq, = fa ta, 61 (U e, N U, O%).
Knacc storo kouuxaa B H'(O%) me sasucur ot (U,) ¥ He meHsercs
OT CMeHHl f, wM £ C TOUHOCTBIO A0 H30MOp(dU3Ma. YMHOXEHHE
B rpynne H'(Cx) OTBeuaeT TEH3ODHOMY YMHOMEHHIO TYUKOB.

Tax upTepnpeTvpoBarHas rpynna FH'(C%) Hasusaercs zpynnol
Hukapa, oGosHauaercss Pic X u nosesHa Takxe B APyrux Kare-
TOpUSiX, HAnpuMep, B KaTeropuu cxeM. Hampumep, ecm A — Koabio
nesbix ukces moasi agdreGpaumueckux umcea K, X=SpecA, TO
H'(O%) — xnaccuueckas rpynna K/aaccos uueanoB K.

B. [lyctb 71 : X—S —cybmepcusas KOMIJIEKCHBIX MHoroo6pa-
3Hil, paccMaTpHBaemMas Kak ceMmelicTBO cBOHX cJjoeB. [lyctsb
I X, TS —kKacarenbHble nyukH, 7 X/S —myyoK BepTHKaJbHBIX
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BEKTOPHHIX nosedl. M3 TOWHOH  NOC/IEAOBATENBbHOCTH — Ha X
0—~T X /S—T X—>n*(T S)—0

HAXOAHM CBSI3HIBAWOIUA TOMOMODGHH3M
T S=n, (n*T S)>R'nT X/S.

OHO HaswBaeTCsi 0mo6 pascenuen Koodaupe—Cnencepa. Paccmar-
puBasl €ro TOTOUEYHO, Mbl MOXKEM y6eauThCs, UYTO OHO CTaBUT
B COOTBETCTBUE KACATEILHOMY BEKTOPY B TOUKe S,ES NPOCTPAHCTBO
pedopmanuit  cmoa X, =11 (Sg) KJiacc KOTOMOJIOFHE U3
HY(X,, 7 Xs,). Kopanpa u Criencep AOKa3ajH, uTo e X5, KOM-
nakTHO U H?(Xs,, I Xs)=0, TO CyllecTByeT CeMeHCTBO, COAED-
waitee Xs,, JAM9 KOTOPOro ds, sBJASeTCH u3omMophu3moM, H Joboe
Apyroe cemeiicTso jnedopMaumit X5, WHAYLHPOBAHO STUM. ]

1.2.2. Tpynnei. Ecin M—G-monysb ¢ TPHBHAJNbHBIM  JEHCT-
BueM, T0 B!= (G, M)=0; H'(G, M)=Z2'(G, M) =Hom (G, M) (ro-
momopduamel rpynn). [lo sTodt npuuune B o6uieM caydae 1-Ko-
LHKABl HA3HBAIOTCSI TaKKe CKPELleHHHIMH —TOMOMOPQH3MaMH.

B uwactHocTH, ecau G — KoHeuHass p-rpynna (HJH mpo-p-rpyn-
na), to H'(G, Zp)=Hom(G, Zy) =Hom(G/[G, G}, Zy). Pasmep-
HOCTb 3TOr0 JHHefiHoro mnpocrpaHcTBa Haa Z, paBHAa MHHH-
MaJbHOMY uHCJy o6pasyomux rpynnsl G.

1.2.3. Anre6pa Jlm. Ilycts g — anre6pa Jlu Hafl noJeM k.
PaccmoTpum £ Kak ¢-MOAy/ib C TPHBHAJbHBIM  JCHCTBHUEM. Tor-
na Hi(g, k) =g/[g, 9], H' (g, k) =(8/]8, 8D™.

Paccmotpum Temepb B KauecTBe  MOAyJs K03$dHUMEHTOB g
¢ npucoenunennbiM JeficrBuem.  Torna H! (g, g) =Der g/Int g,
rie Derg— npoctpanctBo Au¢depeHUUPOBAHHU ¢, 2 Intg —
MOANpPOCTPAHCTBO BHYTPeHHHX AHdepeHinpOBaAHHH.

1.2.4. Kaaccnt  pacuupennii. Ecian X, ¥ — 0OBeKTH abeJe-
BOH KATeropHH ¢ JOCTaTOYHBIM  KOJHYECTBOM  NPOEKTHBHBLIX
HJH HMHBEKTHBHBIX ofbekrToB, T1o Ext!(X,Y) moxHo omucath
KaKk TIpynmy KJaaccoB — TOYHBIX — TPOEK 0-Y—-E-X->0 ¢
TOYHOCTLIO [0 OTHOIIEHHS  3KBHBAJEHTHOCTH, ONpPENeIsieEMOro
cyulecTBOBAHHEM KOMMYTATHBHOH JHArpammbl

0>Y—>E—+X—-0
Lo
0—+Y—>E—-X—0.
Uro6bnl 1O TOYHOH TPO#Ke MOCTPOHTL 3JEMEHT H3 E)gtl()l(, Y)z,
pPaccMOTPUM HAyasio HHBEKTHBHOH Pe30JbBEHTHI 0—Y—>[0—]1— ]2,
Ilo cBoHcTBY HPOAOJIKEHHS, HMEETCSs KOMMYTaTHBHas [Harpam-
Ma
0-Y—+E->X->0
b de d
0> Y~ 1012
Mopousm ¢ : X—I! onpejessier KOUHKA B Hom(X, I'), knacc
KOTOpOro OTBeuaeT JaHHOH TPOHKe.
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Cymma o'+oa” saemeHnros Ext!(X,Y), orsevaromux  Tpoi-
kaM 0—->Y—>E'—»X—>0, 0—-Y—E"’—>X—>0,—310 KaIacc Tpoi-
Kd 0—Y—E—X—0, onpenenseMoil ©3 AuarpaMmmbl

0->Y®Y »E'®E" > X®X >0
I Yo e
vi 2] I
0->Y—=F - X—=0,

rie A — JHaroHaJnHHH MOp¢H3M, V — MOpDHU3IM CYMMHPOBA-
aud, [1] 1 [2] — cooTBercTBeHHO [EeKAPTOB M KOJEKapTOB KBaj-
parsl (cm. ra. 2, oo 1.17, 1.18).

1.3. Pa3smepHocts 2. Psg  KJaccuyecKHX KOHCTPYKLHH HH-
TEpNpeTHPyeTcsl ¢ MOMOLIbIO  JABYMEPHHIX  KOTOMOJIOTHH.

1.3.1. Tlyukn. [IBymepHble KJacChl KOTOMOJIOTHI Ny4KOB
YacTO BOSHHKAIOT Kak IMpENATCTBHA K 3ajayaM HPOAOJIKEHHs :
CM. MOJAPOGHOCTH B cjaenylollieM naparpade.

1.3.2. Fpynnet. a. Jlas mo6oro G-momyns M sJjleMeHThE
H? (G, M) knaccuduuupyloT paciudpeHdss TIpynn Bujaa

1-M—>G~G—~1,

rie pgefictBue G Ha M compsikKeHHeM COBNaJaeT C HCXOAHBIM.
OTHolleHHe SKBHBAJEHTHOCTH pacUIMpeHHH  ompelensercs, Kak

B m 1.2.4, ITo kouukay a€Z?(G, M) rpynna G CTpOHTCH Kak
MX G c 3aKOHOM KOMIIO3HIIHH '

(mi; g1) (mg; Qo) = (Mi+g1me+a(g, &2); &182)-

B uactnocrn, ecam nmeiictBue TpHBHaabHO, H?2(G, M) knaccudu-
LHHPpYeT  UeHTpa/JbHble paciigpeHus. OTcioja  BHIHO, 4TO
H?*(G, M)=0, ecin G cBoGoaHa.

6. Ilycts, kKak B 1m. 1.2.2, G-—xoneyHas p-rpymnna. [lycts
[ : F>QG — clopbekTuBHBEII romomop¢uaM, F— cBoGoiHas rpynna,
R—anpo j. U3 cnexkrpanapHOi#l moc/aeloBaTeNbHOCTH XOXIIHJIbAA—
Ceppa Hax0I¥uM TOUYHYIO MOCJIE0BATENbHOCTD

0—~H'(G, Zp) ~H'(F, Zp) ~ H'(R, Zp) ¢~ H*(G, Zp) 0.

Pasmepuocts H'(R, Z,)¢ MOXHO OTOXJECTBHTb C MHHHMAaJbHBIM
YHCJIOM  3JIEMEHTOB, nopoxjaammux R Kak HOpMaJbHbI
Jdeautesib B (. Ecau uucio obpasyioomux F u G coBmanaer, 1o
H'(R,Z,)¢ wusomopbna H?(G,Z,). TloatoMy  pasMepHOCTb
H?(G,Z,) MOXHO UHTEpPNPETHPOBATb KaK MHHHMAJbHOE UYHCJAO
COOTHOIIEHHH MeXJAy MHHHMAaJbHOH cucTeMoit obpasymomux G.

B. I[lycte G —rpynna anya pacmupenus K moss k (cema-
paGenabnoro Haj k). Toraa H?(G, K*) —epynna bBpayapa
Br(K/k) — xnaccuduuupyer ueHTpajsbHble NPOCTbIE KOHEYHOMEp-
Hble ajareCpbl Hag mosieM k, pacnagawoouuecs Haj K. Jlo6Gas takas
aarebpa, Kak H3BecTHO, usomopdpHa M(n,A), rae A — reao
Hag k c UeHTPOM R; KJacc Takod aJare6pel  ecTb  KJacc
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A c TouHocTbio 0 H3oMmopdusama. HroOB MOCTPOHUTH oaJlre6py
no xounkyay a€Z?(G, K*), LOCTaToOYHO PacCMOTPeTb CAydaH KOHeY-

goii G. Torza HyXHBII KJacc peajusyercs anrebpoit gé.% Kg

C YMHOXEHHEM L B
gh—ag, hygh; gb—(gb)s g heG, bEK.
Komnosuuust B 2 oTBe4aeT TEH30PHOMY IPOHM3BEIACHHIO aqre6p.

1.3.4. Aare6ppt JIu. a. Jas smo6oro  g-MOAYJsS M saeMeH-
™ H?(g, M) knaccHQUUUMPYIOT pacLIHpEHUs anre6p Jlu BHA2

00— M—>E—>g—>0,

rae M—abeneB unean B E TaKOH, UTO AelicTBHE ¢ Ha M cosnajgaer

¢ ucxonHeM. [lo xommxay a€Z2(g, M) amrebpa g CTPOMTCA Kak
M®g co cxoOkoH

[(thl), (mz,Xz)],= (lez——X2m1+a(X1,X2), [Xl,X2])-

[Ipn TpuBHAJbHOM JAEHCTBHH H2(g, M) xuaaccauuupyer UEH-
TpaJibHble pAacIIHPEHHs.

B nocaegHHe roAbl TAKHe LEHTpaJbHble  paclIHpeHHs Gec-
KOHeUHOMepHBIX aare6p JIm TOAPOGHO HM3ydajHCh B CBASH
¢ 3ampocaMu  TEOPETHUECKOH (DH3UKH. OrpaHuyuMcsl OPH-
MepoM  asrzebper Bupacopo: 310 pacuiupenne anre6pbl JOPaHOB-
CKHX  [OJHMHOMHAJbHHIX BEKTOPHBIX IOJed Ha INpsiMoH C IO~

MOLIBIO KOLHKJA )
/ d d g A
a(f )4 8O ) =res(/ )

6. DaevenTs FH?(g, g) KaaccuduuupyoT HH(UHNTE3UMABHEIC

Jpedopmaipu g, T. €. TAKHE aare6pul Jlu g HaL KOJBUOM Aya/bHBIX
aucen k[e], 62=0, uto g=—g/(eg) U § cBOGONEH KaK k [e]l-Moay b,

§ 2. MNpenarcreus, TOPCOPHI, XapaKkTepHCTHUECKHE KAACChI

2.1. OT JoKaabHOro K rjo6ajspHomMy. B oueHb MHOTHX CHTyalH-
A% KJ1acChl KOTOMOJIOTH MOABJSAIOTCA KaK NMPENATCTBHA K PCIICHHIO
rI06anbHON 3a74ud, KOTOpas JOKa/JbHO paspeuminMa. JIOKajbHYIO
paspeliuMOCTh 4acTO MOXKHO MPEeICTABHTb B BHAC yCJOBHI CIOpPBEK-
THBHOCTH HEKOTOpOro Mopdusma NydKOB 9—-56 Ha TONOJOTHYECKOM
npoctpancTBe X: TAKOBEL 3a/lauH Kysena, omucaHHnie B m. 1.2.1.
MHOKecTBO JIOKAJbHBIX PELIeHHH 3a/auu OTBe4aeT sApy 3TOTO MOp-

dusMa, ecni §, 6 — nyykH abeseBbIxX IpymiL.
OGHIUHYI0 TOYHYIO KOTOMOJIOTHYECKYIO NOCJE10BaTEIbHOCTD, CBl-

3aHHYIO C TOYHOH TPOHKOH MyUKOB abeseBbiX TPy 0—>H—>G—>H—
D’

6
... H{(X, ®)~H (X, 9~ H (X, H)—~ HY (X, K)~ ...

MOJKHO HHTEpPNPeTHPOBATb CJEIYILIMM 06pasoM:
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a. HpeHﬂ’I/‘CTBiHEM K oAbeMy KJacca KoromoJgorait c6H (X, /Y
1o iflnacca ¢ 61;1 (X,¥) sBafercs kKaacc  KOromoJorui 6(c)6
EH™ (X, H) : ¢’ cyluecTByeT, ec/in 4 Toabko ecau §(c) =0. B uact-
HOCTH, TOJIbeM cyllecTByeT, ecau Hi+t1 (X, #) =0. .

6. Eciu npensitctBHe o6paliaercst B HyJb, TO MHOXECTBO MOLb-

EMOB SIBJISIETCA OJNHOPOAHBIM MpOCTpaHcTBOM Hapj rpynmoit H(X,

H’). B uactHocTH, NOLbEM eIHHCTBEH, €C/au H(X, %) =0.

Bo mHorux KJlacCHYeCKHX 3ajavax (=0, To ecTb Hac HHTepecyer
TIOZ'bEM CEHEHHH; C APYTOH CTOPOHbI, & H J6 MOryT He GbITh MyyKaMH
abeJieBbiX TPYNN, M 5Ta NpPOCTefllas cxemMa MOJABEPraeTcss HEKOTO-
PbIM u3MeHeHHsIM. PazbepeM OCHOBHbBIE NpUMEPEL

2.2, ‘Hpono.mxemm OTOOpaKeHWH: TOMOJOTHUECKAs CHTyauus
Hyers i:Y—Y' —napa Tononornueckux NpPOCTPaHCTB, | : Y>X —
HeNpepbiBHOE OTOOparkeHHe, H HAac HHTepecyer safaua noETpoeHHﬂ
HempepelBHOrO orto0paxeHus [’ :Y X, coBnagawouiero ¢ f Ha Y
IIpeanonoxum, uto Y — okaabHblii 1edOpMAalMOHHHE PeTPAKT Y’
TOrJla 3afjaya MocTPoeHHus |’ paspeldma JOKaJbHO no Y: HHBIME
CJIOBaMH, 0TOOpaXKeHHe NYYKOB MHOMKecTB Ha Y’ ’

Map (Y, X)—i,Map (Y, X)
g};pﬁcex.ré?n% Mbl He MOXeM MOCTPOHTb IpPeNsiTCTBHE K NOXbEMY f,
HOHHa IL(aT‘e(I‘Of)IfI.I/INi(?IepT(g‘){,;-Iif))()HH(()) e ey oouen cIyuac
PO Ma Katerop POCTPaHCTB HMeeTcsl cJeAyloliee ee

INycrs V=Y, ,, Y=Y, —nociesopatebuble OCHOBb KJAETOYHOIO
npocrpanctea Y. TlpeanosoxkuM, uto /mubo n>3, 6o n=2 u
my (X)—abeneBa  rpymma. [loctpoum mo  f 1’<ouem, c"(f)e
€C" (Y, m,_; (X)): 3HaueBue ¢"(f) Ha xJeTKe €,CY eCcTh rOMOTOIH-

(13 h f
YeCKHUil ksace otobpaxkeHus STV - X
rie h—rpaHuua X -
TEPUCTHUECKOTO OTOOpaXKEHUs é,,. , paniia Xapag
2.23. Teopema. a) c¢"=(f) ecTb KOUHKJ; OH paBeH

| HYJII0
€CIH 1 _TOIBKO ecin [ momyckaer mpononxenue f:Y,—X. Y
n+16)”l'lyc?:rlf, [’ —nmBa npomonxenus f; Toraa cntl(f)—
([ €B (Y, t, (X)), B Bce KONMKJABI B KJIacce KOFOMOJO-

Ui [* peanusyoTest NOAXOASWIHM [/,
v Caencreue a) B npexunx o603HaueHHsX OTpaHAUEHHe [ Ha
n~2 IPOJlOJKAETCH RO oToOpaxkeHHsT Y,—X, eclHM H TOJLKO ecu
Knagc K(])\XOMOJIOI‘I/II/I [en(f)]eH™ (Y, mn-1 (X)) paBen mymo.
. Y) )IgO}KeCTBO FOMOTONHYECKHX  KJaccoB  OTOGparxkeHHi
P ¥p_p—4&, coBmajalomux c f Ha Y,y ABISAETCS OZHOPOAHBIM
npocrpaHcersom Hag B*tU(Y, m, (X)).
. Taknw o6pasom, mepexog K OCTOBAM W TOMOTONHYECKHM TPYII-
aM TEXHHHSCKH SKBUBAJICHTEH «YaCTHUHOH aje/HAHM3ALHH> MHyd-
KOB oTOGparkeHuil. B 1m. 2.5 MBI mpuBesem Apyrodf BapHaHT, B Kare-
TOPHH KOMILIEKCHBIX IIPOCTPaHCTB.
Temu ke co06paKeHHSIMH MOXKHO yCTAaHOBUTDL CJCAYIOUIHH Ba-

HBIH Pe3ysabTaT O NPeACTaBUMOCTH ¢ 7
YHKTOPa KOTOMOJIOTHH.
n— abeneBa rpymna. P tyers
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2.2.4. Teopema a. CyuecrByer Takoe KIETOYHOE npocTpaHcT-
go K(m,n), uto H™(X, n) =[X, K(n,n)] xak pyHKTOp OT O0DBEKTa
X rOMOTOIHYECKOHR KaTerOpHH KJETOYHBIX NPOCTPAHCTB.

6. O6bexr K(x, n) 3Toil KaTeropds OLHO3HAYHO C TOUHOCTBLIO
10 H30MOP(H3MA XapaKTepPH3yeTcs —CBOHCTBAMH 7 (K(m,n))=0
npu i#n, wn(K(n, n)) =mn. .

2.3. Topcopbl. Ecin G HeKOMMYTaTHBHAs IPYNIa, TO MOXKHO OII-
penenuts muomcecréo H' (X, G); 3to-— Hanbojiee 4aCTO BCTPEYAIO-
Iuiicsi B NPHIONKEHHAX (PArMeHT TEOPHH HEKOMMYTAaTHBHBIX KOTO-
moJoruii. CHopMyaupyeM OTHOCSIIHECH CIOJA KOHCTPYKIHH.

a. Ilyerb G — TomoJjioruyeckas —Trpymna, X — TOTOJIOTHUECKOE
npocrpancTBo. HasoBem rJiaBHBIM G-paccnoennem Hag X, uian G-
TOpCcOpOM, HABOD CHELYIOIHX JaHHBIX: HENMPEPLIBHOE orobpaxenne
n: P—X; vempepbiBHOe [eHCTBHE GXP—P; (g,p)—>gp,  Takoe,
y10 n(p)=mn(gp) u JOKaJIbHO IO X orobpaxkeHHe 1 H30MOP(QHO
npoekiun GXU—U ¢ JeBbIMH CABHIAMH: g (h, p) =(gh, p). O603-
nauum uepes T (X, G) MHOKeCTBO KJIaCCOB G-TOPCOPOB € TOYHOCTHIO
1o HsoMmopduama.

© 6. Ilycts P — HekoTopwii G-TOpcop ¢ JI0KaJbHOH TPHBHAJIN3ALHU-
efl Ha[d 3JeMeHTaMH OTKPBHITOTO HOKPBHITHS X=[iJUi. Tlycts e;: Ui~

—~P — o6pas {id} X U; npu BHOpaHHOH TPUBHAJIH3ALHH. Ornpele-
JMM HenpepeBEOe OTOOpaxKeHHe ;! UNU,~G u3 ycinoeusi e;=
=g;e; na UNU;. OueBHaHo, {gi;} yHOBJETBOPSAIOT YypaBHEHHAM
HEKOMMYTATUBHO20 KOUUKAQ:
giigi=1, gngnigi=1.

O6o3nauum uepes Z'((U;), G) MHOXKECTBO BCEBO3MOXKHBIX 1-KOIHUK-
nop nokpuitus (Us).

[pu cvede TpUBUAIM3ALKH e;=— h;e; xouwuka {g;;} 3avessieTcs Ha
K020 M0 402U HbLL EMY

g;‘j==hi8ijh71-

O6osnaunm uepes H'((U;), G) (axTOPMHOKECTBO ZY Uy, G) no

9TOMY OTHOIUEHHMIO 3KBUBAJICHTHOCTH. Mruoxectsa Z'((U;), G) u

HY((U)), G) oueBuanbM 006pasoM TPEBPAAOTCA B WHAYKTUBHYIO

CHCTEMy OTHOCHTE/ILHO M3MeJBbUeHHUs! OKPLITHA. TTonoxum H' (X, Q)=

—lim H'({U;), G): TO MHOXeCTBO 1-KOrOMOJIOTHii TPOCTPAHCTEA
—

X co 3HAueHuAMU B TyuYKe POCTKOB IENpephBHBIX oToGpaxeHut
X 8 G.

2.3.1. Teopewma. EcrecTBennoe oToGpazenie T(X, G)—~H'(X,
G) aBjsieTcst GHEKIHEH.

B pasiuuHBIX FOMOTOTIHYECKHX KATEropHsiX MOXKHO J0K&3aTh,
yro T(X, G), kak ¢yHKTOp OT X, NpeACTaBAM HEKOTOPHIM HpOCT-
paHcTBoM BG — K1acCHHUHPYIOIWUM  TPOCTPAHCTEOM TPy HTIBL.
B coepuneHuu ¢ Teopemoir m. 2.3.1 3to nAaer HEKOMMYTaTHBHBIH
AHAJOT TEOPEMBI O MPEJACTABHMOCTH II. 2.2.4. Hanpuwmep:
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G=0 (n), BO (m)=lim Gr (n, R")
N

G=U (n), BU (w)=limGr (z, C")
N

(Cr —rpaccMaHOBO MHOroOGpashe JHHEHHHIX NOANPOCTPAHCTB B
coorseTcTByioleM npocrpancrse) u H'(X, G) =[X, BG] aas xoM-
MaKTHBIX XaycA0p(oBLIX NpocTpaHcTs X.

2.4. Xapakrepucruueckne kaaccel. [IycTb G-tropcop PE€H!(X, G)
;);l?(;;lfeg ovoépez:xeﬂmo [:X—BG. UugynupoBanHoe 0TOGpaKeHHe

:H*(BG)—~H*(X) onpeseneno 0oJHO3HAYHO, TO €CTh He 3aBHCHT
OT BbIOOpa f B TOMOTONHYECKOM KJacce, OTBeyalomeM P (B xauecr-
Be K03(h(UUHEHTOB KOrOMOJIOTHH MOMKHO B3fTb M6y  abeseBy
rpynny, o6bi4H0 Z uau R, wan C). JIas kaaccHuecKnx rpynn Jlu
H B psifle aHAJOTHYHBIX CHTyauui kKosaena H*(BG) BbluHCJeEHH B-
HO H HMEIOT OlpejiesiieMble TE€OMETPHYECKH CHCTEMBI 06D a3yloux
{ci(G), i€l}. Knacew f*c,(G)6H* (X) HasnBaloTesi B 3TOM cayvae
XapaKTepucTuteckumu Kaaccamu topcopa P.

2.5. AHaJINTHYECKHE NPOCTPAHCTBA. Hpyro#t BapuaHT wuxeoso-
THH I 2,.2 [OJIe3€H B KOMIJIEKCHO-3HAJHTHYECKOH T'eOMEeTpPHH
[Iycts Y’ — amanuTtuueckoe mpocTpaHcTBo, YcY’—saMKHyToé
aHAJIUTHYECKOE MOANPOCTPAHCTBO, ONpeJeJeHHOE NYYKOM H/ealoB
J=Oy. Bynem pacematpuBate cayuaii, xoraa Hochresn Y u Y
COBIIA/AIOT, TO €CTb J COCTOMT H3 HHJIBIOTEHTOB. B 3tOM cuayuae
i’ongfgbmaemﬂ HHQUHATE3MMAJIbHBIM paciiHpeHHem Y. KaKyH B

THYECKOM CJI
ek ydae, Mbl MOXeT IOCTAaBHTb HECKOJBKO 3amay

—— r
paHCTBH)BgiL?(J;DKeHHe Ha Y’ wmOpdH3Ma aHANUTHYECKHX IPOCT-

— TNpOAOMKeHHe HA Y’ NOKaJbHO cBOGOAHOTO mMyuka & (narm
G-topcopa, rae G — KOMIUIEKCHas Tpynma JIn); '

— 1Ipo (4 4 o ;

e g—})ofgglﬁsg}l;eﬂ%,(:a,?) KJjacca KoromoJoruit c€Hi(Y, &),

ITocnennsis sanaua pe 7
HOCJIe,lIOBaT\e.IIbHO‘CI}I‘H pemraetcs, KaK B 0. 2.1, ¢ NOMOLIbIO TOYHOH

e HUY, JE) > Hi (Y, &)~ Hi (Y, &)~ H*\ (Y, I8") . .

>

a. J2=0;
6. TOUHA NMOCJAEA0BATENBHOCTL MYYKOB O'y-Monynei
a®l
0=>J— QX @ Op— QY 0.
-
Orpannuumes crenymomnieit $HOpMYJIHPOBKOH.
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2.5.1. Teopema. a. B onucaHHBIX YCJIOBHAX AN CYLIECTBO-
BaHMs JIOKAJbHO cBOGOJAHOrO mpojo/kenns &’ nyuka & Ha Y He-
06XOAMMO M JOCTaTOYHO, 4ToGbl 0Opaliajock B HyJb HEKOTOpoe

NpensiTCTBHE
o (&)€eH2(Y, End &®J)

(MBI OMYCTH/Y SIBHYIO KOHCTPYKIHIO).

6. Eci o (&) =0, ToO Ha MHOXeCTBE KJAaCCOB NPOJOJIKEHHH &
TpaHsuTHBHO AeiictByer rpynna H'(Y, End &R®J). OSro peficTBHe
5(EKTHBHO, €CJIH CYLIECTBYeT TaKOe NPOAOJIKeHHe & ’, uto Jwoboe
ceuenne End & nponoskeno io cevenns End &'

JlokazatenbcTBO  menoabsyer  copwekuwo  GL(n, Oy )=
—~GL(n,0y) 4 OTpe30K TOYHOH INOCJIEAOBATENbHOCTH, KOTOp bl
MOMHO TOCTPOHTH A/ HEKOMMYTATHBHBIX Koromouorit. Teopema
o6o6uraeTca Ha G-TOpcophl /it KOMIIEKCHBIX TIpynm JIu.

2.6. Knacc ATbH U XapaKTepHCTHYECKHE KJACChl B KOTOMO.JIO-
rusix Xomxka. [Tpumenum Teopemy m. 2.5.1 B cielyiolleli CHTYaUuH:
Y — KoMmmaekcHoe MHoroo6Gpasue, Y’ — nepBasi OKPeCTHOCTb AHATO-
Hain B YXY. VMMeeTca ecTecTBeHHbIH H30MOP(DH3M J=Q'Y. Tlycts
&'=p; (&), &'=p; (&), rhe p;: Y'—Y HHAYUHPOBAHBI JABYMS
npoeknusiMu. Tak Kak &', &'’ MMeOT OJMHAKOBOE OrpPaHHuCHUE
Ha Y, B cuay 1. 2.5.1 onpenesen HX pABHOCTHbLL KAQCC KO2OMOAO-

22Ul
a(&)eH!' (Y, End #®Q'Y),
HasbiBaeMbili kaaccom Areu. MoxXHO onpelequTh YMHOXEHHE
He (Y, End& ® Q1Y) X H” (Y, End& ® Q" Y)->
—~ H**?' (Y, End & ® Q"7Y),

a Takxke oroOpakenue cjela
tr: Hr(Y, End &E®QaY)—~>Hr (Y, QeY).
ITonoxnm
ep(&)=tra(&)?cH? (Y, QrY).
D710 — XapaKTePUCTHYECKUE KJ/ACChI & co 3HaueHWsAMH B KOJBLE KOTro-

mosoruit Xomxa @ H? (Y, Q).
p.q

§ 3. Lluxanyeckue (K0)roMoJorau

3.1. Llukanyeckne oGbexrnl. HanomuuMm, uTO CHMILJIYIMAJbHBI I
06bekT kareropuu C — 310  GYHKTOD A—C, rpe A — KaTeropus
muoxects [n]={0, 1,..., n} c HeyOHBAIOWHMHE OTOOparKeHHAMH B
KauecTBe MOP(H3MOB.

Cnenys KoHHy, BBEeieM  aHAJIOTHYHO MOHATHE YUKAUHECKO20
o6vexra xak ¢pynkropa A'—>-C, rae  uUHKIMdeckKas KaTerophus A

nMeeT 00'bEKTHI
{n}=xopHH cTeneHH n-1 U3 eLMHUIB,
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H MOPQHU3MEI, OTMHCHBaeMble JIOOHIM U3 CJEAYIONMX TPEX SKBHBA-
JIeHTHBIX cnocoGos. OGo3HaunM depes B KopeHp e?*ik/(ntl i ppenem
Ha {n} MHKJIHYeCKHH mopsaok: 0<1 < ... <n<<0.

Bapuaur 1. Hom({n}, {m})-MHOXeCTBO  T'OMOTOMHUUECKUX
KJaCCOB HENPEPHIBHBIX LHKJHUECKH HEYGHIBAIOLIAX OTO6pPaXKeHH
¢ :S'—>S! cremenn 1 (rme S'={z| |z|=1}) Takux, uro ¢({n})c=
c{m} (paccMaTpPHBAIOTCS JHMIILb TOMOTONHH B KJAACCE TAKHX OTO-
6pakeHHit).

Bapuant 2. Opun mopdusm {n}—{m} — sro napa, cocros-
wasa u3 orofpaxenus f={n}—{m} u HaGopa NOJHBIX MOPSIKOB G
Ha Bcex mpooGpasax [~!(i), i€{m}. Ilpu 3TOM LMKJIMYECKHil TOPS-
A0K Ha {n}, MHIYUHPOBAaHHbBI} HMKJHYECKHM HOPSAKOM HA {m} n
0, AOJKE€H COBNANATh C HCXOLHbIM IHKJHMYECKHM NOPSIAKOM Ha {n}.
Ipasuio xomnosuuuu: (g, ) (f,6) = (gf, 10), rae i<j B cMblcie
0, ecau aubo f(i) <<f(j) B cmbicae T, an6o f(i)=f(j) u i<<j B
CMBICJIE O.

3aMeTHM, 4TO AJSi CYIUeCTBOBAHHSA  NPH HaHHOM | : {n}->{m}
XoTs OBl OIHOTO HAG0pa NOJNHBIX MOPSAKOB O, YAOBAETBOPSIOLIETO
chOpMyJIMPOBAHHOMY YCJIOBHIO, HEOOXOAMMO H JOCTATOUHO, UTOOHL
[ Gbln0 LMKIMUECKH HeyOLIBAIOMEM: H3 ycaoBHS i< j<k<<i B {n}
caenyer f(i)<f(j)<<f(R)<<f(i) B {m}. Kpome Toro, ¢ 0aposnauto
ONPENe/IAIOTCS 10 f BO BCeX Ciyyasix, KOTZa [ He MOCTOSIHHOE OTO-
Gpaxenue. Ecnm ke f mocTosiHHO, TO ¢ MOXKHO BHOGpaTh n-+1 cno-
coGoM.

Bapuanr 3. Moppusmsl B A 3a1ai0TCsi 06pasyoIUMH

On:fn——{n}, ohifnt1}>{n}, v,:{n}—{n}
U COOTHOUICHHUAMU:

i 5t inaj—1 . .
0n0n—1=0,0r"1 pas i< j;
ojol =o0leltl am i<y

o onosTt mm i<,
o —id | wm i, j+1,

On Op1 1aa i> j41;

i i—1 .
TOn=0n Tny i=1,...,1

i i—1 .
TyOn=0p Tntls l=1, ooy 25

T =1d.

CBsi3b C NpPEABAYNIEM BADUAHTOM: O, TPONYCKAET i; 05 /BAMILE
NpuHuUMaeT 3HaueHuwe I; 7T,(j)=j-41. Tllopagok Ha mnpooGpasax
CleyeT NONOJHUTENbHO yKA3aTh quie g o) 310 0< 1.

3.2. AsropyanbHocte A. IlocTaBum B cOOTBETCTBHE MOpPOUIMY
(f, 0) : {n}>{m} wmopdusm (f, 0)*=(g, ) : {m}>{n}, rae
g(i) ectb ¢ — MHHHMAaJBHHH 3aeMenT B f~!(j), rme j —
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MaKCHMAaJbHHH B CMbICAe LMKJIHYECKOro HOPSAAKa
[({n}), MeHbLIHHA I.
IMopsagok T cjenyer AOONPEAeJHTD, JHIIL KOTAa g MOCTOSIHHO; 3TO
NPOMCXOAUT B TOUHOCTH, KOLA2 f NMOCTOSIHHO, H T ONpejessercs
TeM, 4To 06pa3 [ ecTb T-HAMUMEHpIIU{ 371eMeHT B {n}.

3.2.2. Jlem M a. Oro6paxenne {n}—{n}° (f, o)~ (f,0)*® ectb
(GyHKTOp, OonpejelsiouHii H3oMOpP(HH3M KaTeropuit A—A.

3.3 Huxandeckuil Komriaekc. [lycTh Temeph FE — HUKIMYECKHE
oGbexT abenesoft karteropum: E = (E,, d?, st t,), rae Mopdu3MbE
d, s, t npoucxoaar us 0, ¢, v. IlonoxuM

n

dr— Y, (— 1Y d/E,~E,y;

i=0

JIEMEHT U3

n—1

d/nzz(_l)i d?:En—> E, i

i=0
: n
t—=(—1ytgEy>En N=— Xt
i=0

O6osuauum uyepes FE. Kommiaexc (E,, d") 1 pacCMOTPHM KOMIUIEKC
(En/1—1t)E,, d"mod(l—%)). KoppexTHOCTb Omnpeje/eHus CJe-
gyer u3 toro, uro d(1—t)=(1—1¢)d’. Ecamn ymnoxenue Ha n--1
siBageTca usomopdusmom £, maf BCEX n, NOJOXUM, KaK B TIJ. 1,
n. 2.11

HY(EY=HC (E)=H.(E|(1—¢) E).

B oGuiem cayuae o6o3HauuM ueped C,E KOMIVIEKC, aCCOIMMPO-
BaHHBI ¢ OUKOMILIEKCOM

di -—d'l dl
Epill E, & Ept. ..

, d ‘L 1_t—d"l' d‘L
E~—FE, L EZ ...
Vo i,

Eo'(—"-"'EO(— ‘EO;_ oo

u nonoxum HC, (E)=H (C.E). B yciosusx mnpeasiaymero absaua
CTPOKH 3TOr0 GHKOMIJIEKCA TOUYHH BO BCEX W/eHAX, KpOMe KpaiHero
¥ HOBOE Olpeje/eHHe CBOAUTCH K MPeAbLylieMy.

Konuxuuecknii o6bexT onpeaensercd Kaxk QyHkrop E:A->B.
TIpeaplayliie KOHCTPYKIUH IPHBOAAT K OHKOMIUIEKCY €  (OPMaBLHO

OGDAIleHHBIMH CTPENKAaMH, AaccouunpoBaHHOMy koMmiaexcy C E
¥ UuKAMdeckuM KoroMosorusm HC (E).
5% 67

)



3.4. llnkauyecKHe KOTOMOJOFMH KaK NPOHM3BOJHbIIL thyHKTOp.
Ilycte € — Karteropus aGesieBbIX TPYNN MU MOJyJell Hal KOMMY-
TaTHBHBIM KoJsboM k. Torga B Heit ecTb Takoii  06bexT 1, uto
Hom(1,A)=A nas Bcex AEOb®. Hmenno: @=stb, 1=2, @=
=k-mod, 1=~4.

Bynem paccmatpuBath KaTeropuio A% KOLUMKIHYECKHX O6DEK-
ToB & Kak abeneBy kKateropuio. O6osnauum yepes Al o6bekT AF,
BCEe KOMIIOHEHTHI KOTOPOro CyTh 1,a Bce MOPGHU3MBI TOXKAECTBEHHEL,

34.1. TeopeMa. [as ao6oro o6bekta E6AF uMeeM:

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

Ha6pocok nokasartenncrsa. OGosHauum uepes L.,€0b® npamyio
CcyMMy O6beKToB 1, NMpOHYMepOBaHHBIX MHOXKECTBOM Hom, ({i},
{k}). Ilpu ¢HKCHpOBaHHOM i MBI MOXeM paccMaTpHBaTh L; ¢ KOM-
NOHEHTaMH L, Kak 00beKT u3 A®: mopdusmy v : {k}—>{/} orseuaer
oro6paxenne Hom,({i}, {k})—+Hom,({{}, {I}) na uuzekcax nps-
MBbIX cjaraembix L, Ha caMMX NpSMbIX caaraeMeix 1 ono 6yaer
TOXL€CTBEHHEBIM,

Ananoruuno, mopdusmy ¢ : {i}—{j} B A orBeuaer otobpaxeHue
L(¢) : L~L; KOouHKINYECKNX OOBEKTOB, 61arofapsi dYeMy Mb MO-
XEeM NOCTPOHTHL ABOHHON KOMNJEKC

L} L(l—-Lt()d v L(LJ\%w

L1<— Ll <——LO'<——. .
L — !
) L(I_Lt()d ) L(%,)i)\t
(1 LO «—LO‘(—‘. .

Komnaexkc, accolMMPOBaHHEII C 5TUM OGHUKOMILIEKCOM, €CTh De30Jb-
Benta oovexra Al B xareropuu A%. T[lockoaexky agst Jmo6oro xo-
uukanueckoro oovexta E nveem Homag(L;, E)=E;, ara pesosn-
BEHTA COCTOHT H3 NPOEKTUBHHIX OGBHLEKTOB.

Boiuncass ExtiM(Al,E) ¢ ee NOMOHIBIO, MBI HOPHXOAHM K
KOMIIIEKCY, ~ KOTOMOJIOTHH ~ KOTOPOTO, IO  ONpEeAENEHHIO, CYTh
HCr(E).

3.4.2. 3ameuannsa. a. Teopemy n. 3.4.1 MOXKHO TmepeHecTH Ha
~ciayyaii a6cTpakTHO! abeseBOH KaTeropui, B KOTOPOH CYIECTBYIOT
BHyTpeHHue Hom puarpamm u o6bekr 1.

6. as mukjnyeckux roMoJorufi B k-mod umeercss usomopdbusm
HC,(E)=Tor{'"*"1 (A1, E). 3necs k [A’] —noaykosmno, TOpoXaeH-
Hoe moppusmamu A’ Hanx £, a Al u E—MOAyIM HAL 3THM 10Jy-
KOJIbIIOM, COOTBETCTBEHHO, NPABHII U JieBHIl,

3.5. Cea3b ¢ romosorusmu Xoxwmibiaa. [lycte A —Hekoro-
paa k-aarebpa, QC k. [loctponM nux/ianyeckuit o6bekT A° C i-H KOM-

nosentolt A%y vopdusmamu
A" (@® ... ®) =0)® . . . ®%:8;11®- . .G, 0LiLn,
dr(@®. - - ®8)=0,2%00 8. . -®n1,
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ST (@® - - LR =0®. .. 02:0182:,18. - - @&
()@ - @0n) =A@ - . - @Cp_1-
Kpaituuii crosfen,  accONMHPOBAHHOrO C HHM OGHKOMILIEKCA (cM.
n. 6.3) —sro kommiekc Xoxmuapia C. (4, A) (em. ra 1,
n. 2.10). O6osnauum Bechb GHKOMILIEKC yepes L, Mopouam cipura
Ha [Be €IMHMIB BOpaBo — Yepe3 S; GHKOMIUIEKC, COCTOSLIMH H3
NepBHIX ABYX CTONGUOB L ¥ HyJaed Ha  OCTAJbHBIX MeCTax — 4e-
pes K. Hmeercs Tounas nocse10BaTebHOCTD
0—>K—L—L/K—0

N
. u usomopdusmbl H. (AK)=H.(A, A), L— L/K. llepexosa K KoMi-

JIEKCaM, TOJyuaeM CJeAyIoiuil pesy/bTar.
3.5.1. Teopewma. Vmeercss Touxas MOC/EAOBATENLHOCTD!

s 6
o> Hy (A, A~ HC, (A~ HC, 2(A)~> H,, A A~>...m
Mur numem HC,(A) Bvecto HC,(A®) B COOTBeTCTBHH C 060-

sHayeHuamu B ra. 1, m. 2.10. .
Jnsl UMHKIMYECKUX KOTOMOJIOTHH aHAJIOTHYHO IOJy4aeTcs TOd-

Haf IocJaeAoBaTe/bHOCTDb
. H1 (A, A¥)>HCn=} (A)—>HCn (A)—H41 (A, A¥) > .

3.6. OTHOCHTeJbHBIE IMKAHUeCKHe romonornn aare6p.  Ilycrsb
k— none xapakTepucTHKH Hysab. HasoseM JudgheperyuarvHo
epadyuposannoii arze6poil (A.r.a.) k-aare6py R=ﬂ®§n ¢ RnRr

CRmin U ¢ ZuGOeperunanom 0 : Rp—>Rny, 6’=dO, Y IOBJIETBOPAIO-
wHM ToxaectBy Jlefbuuua 9 (rs)=0r-s+(—1) ¢err.gs. Mopdus-
MBI A, T. 4. — 3TO k-roMOMOpGU3MHE HYJIEBO#l CTENeHH, KOMMYTH-
pywouize ¢ d. )

Il. r. a. R HasbBaercs c80600HOI, ecniu OHAa M3OMOpdHA TeH-
30pHOfl aare6pe rpaiyHpPOBAaHHOrO K-IPOCTPAHCTBA (o mudpdepen-
nMaJe HHuero He mpejnosaraercsi). Bosee o6uo, nycts Ri—>Ry—
MOpGhH3M A. . a.; €CH OH H30MOP(eH KaHOHHYECKOMY MopdusMy
R,—R,#S, rie S cBoGogHa, a * O3Hayaer aMaljblaMHpOBaHHE, TO
R, naspiBaerca csoGoxHol Hal Ri.

Karteropusi accolMaTHBHBIX k-anreGp BKJIajblBaeTcsi B KaTero-
pHIO . T. a., COCPEIOTOYEHHBIX B CTeNeHH 0cd=0. . B
Iycts f:A—>B — romomopgusm  k-aareGp. PesoabBeHTOH

Haj A HazpiBaeTcsl KOMMYTaTHBHAs AHarpaMma BHAA

o
I
?\\\B
rae R — cBoGopnas Hag A &. I. a, a m— CIOpbeKUnd A. T. a., 5B~

Jsomascs KBasHuaoMopdu3MoM.  PesosbBeHTa CyLIeCTBYeT AJs
Aw6oro MopdpusMa.

A
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PaccmoTpum pesosbBeHTy R Kak Kommjekc. B cHIy GOopMyJIH
Jle#6unua [R, R]+4-i(A) siBisieTcst MOAKOMIJIEKCOM (3zecw [R, R]—

JdHelHas o6oJiouka CYyNepKOMMYTaToOPOB [r, s]=rs—
—(—1)desr degsgr), [Tomoxum

HCy (A—>B) =H,,1(R/ (R, RI+i(A))).

3.6.1. Teopema. a. OnucaHHass KOHCTPYKLHS He B3ABHCHT
OT BBIGOpA PE30JBBEHTBl M ONpeNesieT KOBAPHAHTHHIA  (DYHKTOD
Ha Kareropuu Mophuamon A-anreép.

6. s mi06oro KOMMYTA4THBHOTO TpPEYrOJbHHKA Mop(dHU3MOB
A-anare6p.

A
@
~
HMEETCSl eCTECTBEHHAS TOUNas 110C/Ae0BATENBHOCTD
—HCy (A—~B)—>HC,(A—>C)—~HC, (B~

—*C)—*ch__l (A—>B)—...

B. ViMeercss  kadoumueckui

=HC,(A) R

3.7. CBa3b ¢ koromojorusMu ne Pama. Tlycte % -—nose xa-
paxrepucTukd 0, A—KOHEUHO NOPOXKAEHHAS KOMMYTATHBHAs k-aj-
redpa. A-voaym pubdepenumansos Q'A (tounee, Q'A/E) ompene-
JI€TCA BMECTE C A-JMHelHbM orobpawenuem d:A—>QUA, ynosser-
BOPSIIOILAM TOXJecTBY Jlefi0dMua, KaKk yHUBEPCABHBI OGLEKT.
AnreSpanyeckuil kommieke ge Pama QA ecth Al (Q'A); d npo-
J0mKaeTca Ha QA ¢ NOMOWIBIO OGBLIMHEIX TOXJECTB.

B ciayuae, korza £=C, A — KOJblLO NOJHHOMHAJbHBIX (yHK-
UHH Ha Heoco6om adduHHOM asrebpanueckoM MHOrooGpasun V,
KoromoJsioru# £2°A MoXHO oToxzectsute ¢ H*(V,C). B obmewm
cJy4yae 3TO HeBepHO, M AJist pekoHcTpykuun H*(V, C) asreGpauue-
CKMMH CDeJCTBAaMH CJeAyeT NMpHBJEYL KOMIJIEKC fe Pama o6beM-
Jomero ad(GUHHOTO POCTPAaHCTBA.,

Tounee, nycrs B -—aare6pa mHoroujseHos Hapg k, B—A—
clopbeKuus, [-—ee fApo, TO €cTb HAea] ypaBHeHHW#r V Kak Iof-
cxembl B Spec B. PacMorpum Ha Q'B QHIBTpaUHIO CjeAYIOLHMH
HNOJAKOMILJIEKCAMH :

usomoppmsm  HC, (A~ 0)=

F”QfBz{QiB. NPH 1<
I"77QB npu n> .
Tlonoxum

Hens (A; n)=H' (@' B/F™Q’B).
Ilpu cvene B 3Tu rpymnnbl He MEHSIOTCH.
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FpoTeauk mokasai, uro H (limQB/F™Q' B) u3oMopdusl

H'(Spec A, C). Oas spuucienus FC,(A) HyXHb JOTDE ACIbHbE

rpynmbL. _ )
py3.7.1. Teopewma. a. Jdas seex n, i, 0<2i<n onpeaeneHsl

dyHkTOpHABLHEE OTOGpPaMEHHs
K1 :HC o (A) > Hert (A; n—1)
TaKhe, 4TO CJAeAyIOUKHe KBajpaThl KOMMYTATHBHEL
Xn,i _ ]
HC,(A——H&d (A n—i)

Sy Kp—g,i—1 ypeayKuus

HC, 2 (4) —>H"72 (A n—1—1)

cris

(S onpexesiedo B 1. 3.5).

6. Ilpennonoxum, YTO CYULeCTByeT TaKas CHOPDBeKIHs B—A,
uTo MIeaJl ypaBHeHHH | JIOKAJbHO 3ajaercs pPeryJ/spHoil mocJieno-
BateabHocThIO. TOoraa

®Xn;i:ch(A)_'> @ ch”—sm(A;n_i)

0<2i<n
ssasieTcss usomopdusmom. M

3.7.2. Cuyuaii HeocoGoro cmekTpa.

Ecin V=Spec A — npuse-
JleHHas! TJajiKass cxema, TO

n . H"(Q A)=Hpr (V) npu n< m,
Hens (4 m):{Q”A/dQ"‘lA npu n=m.

Ioatomy
HC, (A~Q*A/dr™A® (9, HBR" (V).

3.8. F'omonoruu aiareGpnl Jiu GeCKOHEYHbIX MaTpHit. s npo-
¥3BOJIbHOM aJireGpel JIM ¢ Hajx mojeM k2 IPOCTPAHCTBO TOMOJIOrHH
H.(g, k) obaapaer xoymuHOmenuem A:H. (g, k)_—> H. (8 k)®H.,(g, k).
OHO WHyIHPOBAHO KOYMHOXeHHeM B mensix A’(g)— A (g)®A’(g): Ha
1-ensix nocaeiHee sajaercss dopmyaod E—~1®E+ER®L u 3ateMm
ONHO3HAYHO MNPOAOJIKAeTCH 10 romoMopdusma k-aare6p. 1o Ko-
YMHOXKEHHE KOACCOLHATHBHO H CYNEPKOMMYTAaTUBHO OTHOCHTENbHO
€CTeCTBEHHOH Zy-TpaiyHpOBKH.

PaccMoTpHM Temepb accOLHAaTHBHYIO ajire6py A u 06osHayuM
yepes gl(A) anre6py JIu GeckOHeuHBIX QHHHTHBHIX MaTpHi Hax A
Buaa (Q); i, j ==1. Ha gl(A) uMeercsa onmepaiust npsiMoro cyMMH-
poBaHus: ’ ) ‘

' @i, jj2 €Cd i, j=0mod2,

@SBy =(ci))s €iy={ba+12, 412 e i, j=1mod2,
0 B oCTa/BHBIX CJyuasx.
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Ona unayunpyer na /. (g, k) CymepKOMMyTaTHBHOE aCCOLHATHUBHOE
YMHOXKCHHE, COBMECTHMOE C OMHCAHHLIM BHIIE KOYMHOMEHHEM B TOM
CMeic/Ie, uTO f7.(g, k) mpespamaercs B aire6py Xonda.

HanomuuM, uro snemenr x€H.(g, k) HasbiBaeTcs RPUMUTUB-
Hoim, ecan A (x) =x®1+1R®x.

Hanee xapakrepucruka k£ paBHa HYJIIO.

3.8.1. Teopewma, I'panynpopannas aareGpa Xonda c cymep-
KOMMYTaTHBHBIM YMHOXE€HHEM H KOYMHOXEHHEM H30MOp(Ha CHM-
MeTpHYEeCKOH ajre6pe NPOCTPAHCTBA CBOHX NPHMHTHBHBIX 3JeMeH-
TOB.

382 Teopewma. Ilycre Prim H,(gl(A), k) — npocrpanctso
IPUMHTHBHHIX 3JieMeHTOB cTeneHn n. MMeercs kaHoHHueckHii H30-
MOpQHu3M

HC,_ (A)=Pritn H, (gl (4), &). =

Auanornuno, H'gl(A),k) cua6xaercs CTPYKTYpoOil ajare6pu
Xonga, u ans Heé CNpaBeIHB NBOHCTBEHHbBI (aKT.
3.8.3. Teopema. Mmeercs KaHOHHYECKHE H30MODPQH3M

HC" 1 (A)=Prim H" (gl (4), k). N

3.84. HaGpocok nokaszarenbctBa Teopemu 3.8.1.
HoxkasaTenbcTBO pasbuBaeTcss Ha TPH Hiara.

a. I'omosormv uennoro wommiekca C.(gl(n, A), k) coenagaioT

C rOMOJIOTHAMM KOMIJIeKca KounBapuautos C. (gl (n, A), k)  orHocH-

Te/JLHO TNPHCOCAMHEHHOTO aeicTBHA gl (7, k), NOCKOJBKY mnoc/e Hee

TPHBHA/IbHO HAa rOMOJIOFHsX, a aeficTehe gl(#, £) Ha Len# BIOJHE
TIPUBOIHMO.

6. Boumcienue C,(gl(n, A), k) MOXHO TIPOBECTH C MOMOUIBIO
KJaccHyeckoit  Teopemsl [, Beitna. OrpanuuuBasich NpPUMUTHBHBIMH

saemenTamu Prim C. (gl(n, A), £), Mbl MOXEM pPE3IOMHPOBATH OTBET
cleayloumuM 06pas3oM. PaccMoTpuM oToGpaxenue

(QI%'A)/ Im(1—8)—>C. (gl (1, A), n>m,

nepesonsinee knace r® ... &ry B kiaace Ejory AEgaraA ... AEmifm-
OHo KOppeKTHO onpeaeseHo W HHAYLHPYeT H30MOP(HHIM

(Q?A) / Im (1—£) 3 Prim C_ (g (1, A)).

B. OnpeneneHHBIfi Bbllie H30MOP()H3M KOMMYTHDYET C audde-
peHlnalaMH; B YAaCTHOCTH, AH(¢epeHuna] NePEBOAUT INPHMHTHB-
Hble 3JIeMeHTH B IPUMHTHBHEE.

r. TIpumaTHBHbE Kracchl roMosornit 8 H. (gl (A), k) npexcrasienst
npuMuTHBHEMY LukaaMd u3 C. (gl (n, A) 119 NOAXOAALLEX 7.

3.9. luagpansHbie romonoruu. AHajor TeopeMu m. 3.8.2 MOX-

HO YCTaHOBHTb HJst CTaGHJIBHBIX ODTOTOHAJIBHBLIX H CHMILJIEKTHYE-

72

ckux aare6p JIu, ecau 3aMeHHTb UHKJIMYECKHE TOMOJOTHH H?m};ﬁ-
ApaJbHble, Mbl OrpaHHYMMCS MHHHMYMOM HQOE.XO‘lIHMbIX o .
a. [Tycts A—k-anre6pa ¢ HHBOMIOUHER a—>A":
a**=q; (Aa)*=Aa* nas A€k, a€d;
(ab)¥=b*a*; (a-+b)*=a*+b"
PacnpoctpaiuM ee JedcTBHe Ha TEHSOZPX;yI*O am"eép}*r A; noJarast
h(a,® ... 63>a,,'):(——1)("+1)(”+ Ma® ... ®aa.

Tedicteue ¢ u k Ha ®"1A MOPOXAaeT. rpymny Au3jpa, {-uHBapHaHT-
Hasi 4aCThb HuK/Myeckoro kommiekca C.(A) ofpasyeT NOJAKOMIVIEKC,
roMoJiorur KoToporo ofosuaualores HD, (A).

3.10. OproroHaibHble H CUMIIEKTHYECKHE aare6pnt Jlu. Tlycte
g=-1, { — TPaHCIOHHPOBAHHE, * — MOUJNEHHOE MpHUMEHEHHE HHBO-
mounn x Matpuuam mag A. Musomouns na gl(2n, A), onpeneeH-
Hasi B TOUHO# 3anucu dopmyJoH

XY\ (U™ ™
(Z U) :(Szt* Xf*>’
yIoBaeTBOpsieT TOXAectBy [B, Clr=—[B7, CT]. Mostomy
0.(n, A)={Bégl(2n, A)|BT+B=0}

ABJsierca nopaarebpoi JIu. I'Iepeéonz)x npeaeny npu n-—>oo, NO-
Aydaem crabuabhbie anre6ps Jlu O.(A).
Y 3.10.1. Teopewm a. MimeloTcs KaHOHHUECKHE H30MOPHIMBL

HD.,,_,(A) =Prim H, (O.(4)).

§ 4. HexommyTaTnBHas AuddepeHunanibHas reomerpus

4.1, Uukas. Ilycte X — KOMNAKTHOE OPHEHTHPOBAHHOE mdq)(;
deperLEpyeMOe n-MepHOe MHOrooGpasue, Q (X) —ero KO‘MIIJ;)eKM
ne Pama, §: Qn—>R — juHe#HEH OnepaTop nH’rgPpHp(}B;}HHﬁ i) }:OT
o6bema. Aare6panueckde CBOHCTBA TPOHKH (Q, d, 1) Kolm6py r
3HAUHTEJBHYI0 YacTh TONOJNOTHYECKHX CBOHCTB X; ecau BIO apr
paccMaTpHBaTh €e (YHKTODHAJbHble CBOWCTBA, MOXKHO TOJydMT
eme Goablle HHGOPMALHH O TOMOJOTHH H TEOMETPHH.

A. KoHH TpefJoXuJ PaccMaTPUBaTb HEKOMMYTATHBHYIO BEp-
cuo (Q, d, f) kak 6asHCHOe TOHsITHE «HEKOMMYTAaTHBHOH andoe-
DEHLHAJLHON TeOMEeTPHH» M OGHAPYXHJ BakHYIO pOJb UHKJHUE-
ckux (ko)romosornit B 510l TeopuH. Huxe manoxeHa dacTb €ro
pesyJ/JIbTATOB.

4.1.1. OnpeneneHue. HN-MEPHOLM YUKAOM  HA3BIBACTCH

n

tpoiika (Q, d, {), rae Q=j§0£2f——rpanyuposauﬂaﬂ C-asqre6pa, d2——-eg
rpaayupoBanHoe  nudepeHipoBaHre crenean 1 ¢ d’=
u S:Q"—a—C——JIHHeﬁHHﬁ (yHKIHOHA/ CO CBOHCTBAMHU
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5 do=0 (e0eQ"7),
o

(TO ecTb 3aMKHYTH rpajyHpoBaHHBIH (QYHKIHOHAM cJela).
4.1.2. Mpumepni. a. Ilycte A — moGas C-aire6pa, tr: A—>C —
JHHeHHBIA QyHKuHOHAn ¢ tr([a, b])=0. [Mosoxum Q°=A, Qi=
={0} npu i =1, d=0, f=tr. [loayunm 0-MepHBIf LUKJL.
6. Mycte X —n-veproe xommakTHoe auddepeHmUpyeMoe MHO-
roo6pasue, C —g-MepHbIH 3aMKHyTHA NOTOK Ha X, ¢ <n. [losoxuMm

Q= éOQi (X), ymz (C, o) naa oEQ?. Tloayuum g¢-MePHBIT IMKJL

B. Ecom (Q, d, J) —umka, 1o (Q, d, —f) HaswBaerca mux-
JIOM ¢ TDPOTHBOMOJIOXKHOH  opueHtauued. OueBuAHBEIM  06pasom
onpenefsieTcss HpsiMasi cyMMa LHKJOB.

Caenyomuii NpHMep NOKA3BIBaeT BO3HHKHOBEHHE LUKJOB B
GYHKUHMOHAMBHOM aHAJH3E,

4.2. ®penroavmosnl Moayau. Ilycts H — cemapaGesbHoe TuJb-
GeproBo npoctpanctso, £ (H) — anre6pa orpaHuueHHbX oleparTo-
poB, Z=(H)—muieas KOMIaKTHbIX omepaTopoB. Ilycts wn(T)
(nnaTe€Z>(H)) —n-e cunryaspHoe umcio T (to ects n-e cob-
<TBeHHOe 3HaueHme |T|=(T*T)!?). Tlosoxum aaa 1<p<<oo

PP (H)— {TeiZ’“’ | X wa Ty < w}_

910 — nBycTOpoHHHe HAeann B P (H), nasbiaeMmble
llarrena. DxBHBaNeHTHOR ONpeeseHHE:

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

tie Trace T=3(TE,, &), {En}— oproHopMHupoBaHHHI 6asuc H.
Mbl Gynem paccmatpusaTe na ZF(H) romomoruio, onpeensemyio
HOpMOH || Tl p= (Eun(T)P) V>,

421.0npenenenne. [ycts A — nexoropas C-anrebpa (ue
06513aTe/IbHO KOMMYTATHBHAS). N-CYMMUPYEMbIM (PPedzons MosbiMm
A-modynem HaswbiBaercs  Zy-rpajydpOBaHHBIH JIEBHI A-monyab
H=Ho®H, c Hewernnim C-nuueiinblM oToGpakeHHeM F:.H—H,
VAOBJIETBOPSIOIUH YCAOBHAM _

a) H sapasercs THIbOEPTOBHIM NPOCTPAHCTBOM, H ONepaTophl
YMHOXKEHHS Ha 3JieMeHThl A orpaHHyeHbl;

udearamu

df

6) F orpanmuen, F?=1u [F, a]=Fa—aF6Z"(H) ana Bcex
aGA. &

4.3. luka, cBA3aHHBIE c (PeAroJabMOBbIM moayaem. Ilyctsb
H — n-cymmupyemnutii A-monyas. IMosmoxum QO0=A4, QI—zaMKHYyTas
JHHeHHas obosouka B F™4(H) omepatopos (a®4A-1){F, a'] [F,
@’]...[F, ad], rae ai€A, A€C. Onpegeanm d:Q%>Q! dopmynoi
da=i[F, a]. Moxuo npoBeputs, uto d OAHA3HAYHO HPOJ0JIKaETCS
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Jlo TpajyHpOBaHHOrO HeENPEepHIBHOrO aubpepennuana Ha Q

n .
=0Qi
j=0
(c yMHOXKeHHEM QiX QF—>Qi*h 3zajaBaeMblM KOMIIO3HIlHEH olepa-
TOpPOB): 3TO IPOAOJIKEHHE zajaerca To#i Ke  QOPMYJNOH
do=i[F, ®]. HakoHel, Ans ©€Q" NOJOKUM

o= (—1)%e*Traceo.

KOHCTPYKIHsSL 3TOTO NpHMepa JOTYCKaeT C/eNyIIuk abcrpak-
THO-aJre6panyecknil BApUaHT.
4.4.YuusepcajbHas ajireGpa audepeHunaNbHbIX q)ogM. HyGCTb
A—npoussonbhas acconpartupnas C-anrebpa, ¢ euBuieH n.(;m e3.,
PaccMOTPUM KATErophio roMOMOPQU3MOB  KOJeL f1A=-Q% rpe
(= ©® Q, d)—rpanyuposannas darebpa ¢ nudpepesnyrasom 1 euHHI-

iz»0
nmeit, d2=0. MB He npednonazaem, 4To | TEPEBOLHT efunuuy B A
, .

(ecsd oHa eCTb) B eAMHHIY H3 Qo ‘ .
B karteropus TaKHX TOMOMOP(H3MOB €CTb  yHHBEDPCAJbHEIM
(nauanpubiit) o6bvekr Q°(A). Bor ero mpsimash KOHCTPYKUHA.
a. QO=A=A®Cl— pesyabrar npucoeluHenus 1 k A.

n=A®A®" (TensopHbie npousseienns Hax C).
613: S3((&0—1—}»1)®(a‘®..P@a”)il@a"@a‘@...®a”; B YaCTHOCTH,

da=1Q®a pas a€4. .
r. YMHOXeHHe Qm@Q"->Qm™ O0IHO3HAYHO ONpeAenseTcs yCao-
BueM, uTOGbl BHIIONHANACH dopmyna Jlefidpuua (4 JeBoe yMHOXEHHE

Ha Q"— A GOslio oGbumbM). [lpavep: a=a'4-Al, B0=06°4pls
(@ @ a') (B° ® bY) = (@0da’) (b°db") =a° (da'b’) db' =
30 |d (@15% — a'dB°) db' =ad (@'6%) db' — (a%a) db°db’ =
—a"® a!p® ® b'—ada! ® b° ® b'.
06 asi dopMysa /st NpaBoro peficTsui A:
@®ade... ®a”)b=i (—1)"ia®®...®alai?'®...®b.

'4.5. Huxasl (Q<? (4), dj, j(;. Ilycts Q (A)—anreGpa, NOCTPOEH-
;HaSIVB n. 4.4. Tlosoxmm Q<9 (A)= éoﬂf (4). Ecsm 3anan  JimieAHbId
dynxuuonan | :Q7(A4)—C, npespaumaomuit < (A4) B LUK, onpe-
aeam T: A®T> A* gopmyaoit

1@ ®...0a%(a%={a%a'. ..da’.

45.1. Teopewma. OnucaHHass KOHCTPYKIHA ONpEAE/seT GHex-
LHI0 MeX1y 3aMKHYTHIMH TpaiyHpOBaHHbLIMH CJ€LaMu - Ha Qq(AA)
M UMKAMUECKUMH g-Koumkjaamu (cm. . 1, m. 2. 11) aare6pnl A.
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Bonee obmo, g-yuxsom nHan aare6poit A HasbiBaerca napa,
cocrosilias u3 uukaa (Q, d, f/) u romomopdusma p: A—>Q°. PyHk-
UHOHAJ T, OlIpefe/eHHBId GOpPMYI0H

T@,....a)@)=fp @) d(p@))...d (@),

Ha3biBaeTcs XapakTepoM 3TOro uMkaa. M3  yHHBepcaabHOro
cpoiictea  Q°(A) caeayer, yTo J06GOH XapakTep T HHAYLUHPOBAH
IHK/IHYCCKHM KOIHKJIOM.

OnuuieM HeKOMMYTAaTHBHBEIE BEPCHH IBYX AH(dEpeHIHaabHO-
reoMeTPHYECKHX MOHATHIH: KOGOpPAHM3MA U CBSI3HOCTH.

4.6. KoGopnusm. (n-1)-yensro HasbiBaetca Tpoiika (Q,dQ,[),
B KOTOpOH:

n+1 n
a. Q= @ Q) Q= & (0Q) — nuddepeHuyabHEe rpPaLyHpOBaH-
i=0 =0

Hble a/re0phl, CBA3aHHBE CIOPBEKTHBHBIM MOPDU3MOM r:Q—> 0Q cTe-
nenu 0.

6. j:Q”“—> C — /e, yIO0BJETBOPSIOLIUA YCIOBHIO
j do=0, ecm r (0)=0.

T'panuyelt 3TOA Uemd HA3LIBAETCA  A-IUKJ (09, d, j‘,), rae
X’m’zyd(ﬂ, e r(0)=o’.

4.6.1. Onpenenenne. Llukanl Q, Q7 wHasuiBaloTCs K0G0pOaHm-
HbLMU, €C/HM CYUIeCTBYeT Lenb C rpanunell Q' @Q’, rae Q”—muxa
2’ ¢ o6paieHHOA OPHEeHTALHeH.

Ananornuto onpenenasiercd KOGOPAAHTHOCTb UHKJOB HaJ

aiare6poit A: uenbp u Bce TOMOMOP(H3MB AO/KHBI paccMaTpH-
BaTbcst Hax A.

4.6.2. JIemma. OTHolleHHe KOGOPLAHTHOCTH €CTb OTHOLIEHHeE
3KBHBAJEHTHOCTH.

46.3. Teopema. Ilycrs Q', Q”—aBa n-uukaa Hag A, v,
1" —ux xapakrepnl. [Iycre B: Hn*'(A,A*)—>HCn(A) — mop-
¢usm, onucanumit B m. 3.5. Tozda Q, Q" koGOpAAHTHH, ecaH H

TOJMILKO €CJAH PAa3HOCTh KJAaCCOB IMK/IHYECKHX KOFOMOJIOTHH HX
XapakTepoB JexHuT B ImB.

4.7. CBsA3HOCTH. [lycTh p: A~ Q—muexoTopHlt wuKa Hax A, E —
NPOEKTHUBHEIA NPABHI A-MOJyJb KOHEUHOrO paHra. CBASHOCTHIO Ha
E naspiBaeTca C-mmneiiHoe oToGpa)kenue v:E»E%m‘ CO CBOMCT-

BOM
V(ea)=(Ve) a}a®d (p(a)), e€E, aGA.
Bynem NpeAnoNarars, YTo A—aare6pa ¢ e,ammueg.
TMoaoxmm E =E 8; Q. PacnpoctpanuM VV Ha E  dopmysioik
V(e®w)=(Ve)w-+e®dw. Paccmorpum rpasyupoBanuyio Enda (E)-
anre6py Endg (E). TTosoxum s T6Endg (E)
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§(MN)=VT —(—)ETTV.

OnpeaeM  QyHKUHOBAN Crefad  Ha Endg(ﬁ)i KaK KOMOUHAIMIO
.Q" -~ C u matpuuHOTO cJefa. Tpofika (Eﬂdg (E), 9, D He SIBJA-

pY) . i
ercs Endy (E)-IUKJIOM 1O €JMHCTBEHHOM TNPUUHHE: 62=£0. Tounee,
7?2 na E ecTh yMHOXEHME HA HEKOMMYTATHBHYIO dopMy KPUBH3HbI
9, 1 MOXHO TPOBEPUTH, UTO

8T =0T —To

Jifl BCeX TEEH(]Q(E).
: C/ielyiolnas KOHCTPYKIMs AKCHOMATU3UPYET 3Ty CUTYal|Iio |

[03BOJIAET MCTPABHTH OMMCAHHYIO TPOUKY, TIPEBPATHB €€ B LMK
TiycThb (E, 5, 0, S)—OGT:EKT, cocTosmuil W3 TPajyApPOBaHHON

D B TOTO
asnreGpol E::iBOE! ¢ nudpepenuuposanyem O crenenu 1, 3aMKHY

caena | u saementa 66E* Takoro, 4TO 50/=0u §T=[0,T] nana
Bcex TEE. v
Tlpucoesusum K E saement X crermeiu 1 C COOTHOUICHHTMH
X2=0, @ Xo,=0 s Bcex o, €2, '
Tlycrs Q' =E[X]. Onpenennm d' 1 ! popmynamu:
do=8(0)+Xo—(—1)*E 0X 11 otk;
L A X =

’

5‘, (o + (012X+X0)21+X0322X):S‘ @y —(— pytesen S 920,

rre dego —n=dego;|1=degoy+ 1==deg 0n-+2.

47.1. Jdewuma. (¥, d’, {') ecs fuka. o B

&, 8 ) pesy.ib-

TIpyUMeHHMM 3Ty KOHCTPYKIHIO K (Endg(E), 6,0, }).
TaTe,prl OCTABWM B COOTBETCTBUE Nape (NPOEKTHBHBIL A-MOALYJb
E, nuka Haj A) HeKOTOpH IHMKJ Hal Endas (E), saBucsmiuii OT
cpsisHocTH. OKa3biBAeTCsA, YTO €ro  XapakTep 3aBUCHT —JMOlb OT
kaacca E B K,(A) ¥ xapakrepa WCXOLHOTO LHK/A. Kpowme Toro,
H:(Enda (E)) xanouuuecky usomopdro Hj (A).

Af}.7.2f‘£1‘e opema. Onucannasi KOHCTPYKills ONPENL/AET Guasau-
tusroe  ymuoxenne K, (A) X Hi(A)—> H, (A), mpespaiawoee
H3.(A) B Ky(A)»-vMoaynb B CIyuae, KOra1a A — KOMMyTaTHBHOE KOJBLO.

§ 5. (Ko)roMonaorau AMCKpPeTHbX rpynn

5.1. TomoJjoruueckoe onpeaejcHune KOromoJioruit  rpyma.
[Mycrs rpymma G jAeACTBYeT Ha TOMNOJOTHUECKOM npompaéﬂcme
X. O6o3uauum uepes Y mpoctpaHcTBo GN\X opGHT G (cuabxeH-
Hoe (haKTOPTONOJIOTHEH) u uepes nt : X— Y — npoeKuuio.

5.1.1. Teopewma. HpeLUIOJIO)KE/IM, yro X CTHI‘HBaEMO,T e
spasiercs  paccioeHuem H G nedcTByeT Ha X cBoGoxHo. Torna
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nasi mo6oii  abenesot rpynnsl A umeem  H"(G, A)=H"(Y, A),
H.(G,A)=H,(Y,A) (rone A paccmaTpuBaercsi Kak TPHBHaJbHHIH
G-moayab).
IlokasaTejbcTBO OCHOBAHO Ha TOM, UYTO B YCJOBHSIX TEOPEMH
KOMIJIEKC ,
S (X) =S (X)>Z~0

CHHTYJIADHBIX LleNell INpOCTpaHCcTBa
Z, cocroameli u3 cBo6oxHEx  Z[G]-moaymer u  rpynnei
S.(X)¢ G-uHBapUAHTHHIX 3JIEMEHTOB S.(X) usomopoua S, (Y).

OTMerum ellle, 4YTO B yCJIOBHAX TeopeMbl umeeM m; (Y)=G;
m:(Y)=0 npn =2, To ectb Y sBuasercs K(G, 1)-npocTpaHcT-
BoM. [lockombKy Bce TaKue NPOCTPAHCTBA T'OMOTONHYECKH IKBH-
BaJIEHTHB, M, B YaCTHOCTH, MMEIOT OAHHAKOBLIe (KO)IOMOJO-
rHH, TeopeMma I. 5.1.1 naer TOMOJIOrHYECKHI CI0CO6 BHIYHCJE-
Husi H*(G, A) u H* (G, A), KOJb CKOPO Mbl HMeeM KaKyio-JH60
KoHeTpykunio K (G, 1)-npocrpanctea. Hanpumep, reomerpuueckas
peannsauns kjaaccupuuupymoumero npocrpaHcrsa BG (cm. ria. 1,
n. 2.7) sABaseTcs TAaKOBHIM, YTO ONpaBABIBAET HAllle HCXOAHOE
onpejeseHye. OKOHOMHLIA  LEMHOH KOMIJIEKC MOKHO HHOrAa
NoJIyuaTh H3 CJedylollel KOHCTPYKIIUH.

[Tycts X — kaeTouHoe pas6ueHue, Ha
rpynna G, nepecTaBJisisi KJAETKH (C COXpaHeHHEM OpHEHTa-
uud). OueBHIHO, 3TO  HeHCTBHE TNPOAONIKAETCS HAa LeMH.

5.12. lpennoxenue Ecan gmeiictBue G Ha KieT-
kax X cBo60AHO W X CTATMBAEMO, TO IENHOH KOMIUIEKC

e Cn (X) > Cr (X)) > ... Gy (X)

ABAseTcss  cBOGOAHOH pesonbBenTol  Z[G]-mMomyas Z
KeHde ayrmeHTtanuu ¢ : Co(X)—>Z umeer BUZI
ao6oi 0-MepHO# KieTkKH e).

[Tockoneky npast G-Mopyast F umeem

H"(G, F)=Extze, (Z, F), H,(G, F)=TorZ% (Z, F),

914  pesosibBeHTa  BhiyHcaseT (Ko)romosoruu G-moayaeit. ITpu-
BeleM HEKOTOPEIe KOHKPETHbBIE Pe3yJabTaThl.

5.2. CsoGognas npynna. Byker B(I) cemelicTBa OKpYy3IKHOCTEIA,
3aHyMmepoBaHHOro mHoxectsom I, ects K(F(I), 1) rue F(I) —
cBOGO/Has rpymnna, nopoxaennas /. ClaenoBaTebHO,

Z nipu n=0,
H,(F (1), Z)=\F (I)/{F (I), F (I)] opu n=1,
O mpu n>1.

5.3. Tpynnet ¢ opuum  coorHowenuem. ITycts F(I) — co6ox-
Hag rpynna, r€F(l), N — MHHUMa/bHbI HOPMaJNbHBIH [eJH-
TeJb, coaepxkamui r, G=F(I)/N. SneMeHT r onpenenaser oro-
6paxenne p:S'—>B([), nia xoroporo r ecth knace p(S!) B
qt (B(I))=F(I). Tlpuknenm 2-xnetky k B(I) ¢ nomowbio o
u 0003HaYHM pesy.bTarT uepes Y.
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X siBisieTcsi pe30JbLBEHTOMH

KOTOpoe  JeHCTBYyeT

(oToGpa-
g(e)=1 jpa=a

5.3.1. Teopema. Ecim r=s" aaa s€F (), n=2, ro

Y ects K(G, 1)-npoCcTpaHCTBO.

Otcroga noJjyvyaeMm, 4UTO NpH BBIIIOJHEHHH 3TOTO YCJAOBHUA

Z npu n=0,
H, (G, Z)=[F (DIIF (1), F (I)] npu n=1,
0 npu n>3

Z, ecn rg[F (1), F (D],
Hy (G, 7) :{0 B MPOTUBHOM Clydae.

B uactrocTy, sTOT pesyJbTaT NPHUMEHMM K (yHIaMeHTa/IbHON
rpyInne KOMIaKTHON OpUEHTHUPYEMOH nolaeplxnoc'm ponaﬂlg _>11, 15t
xoropoit /={1, ...,2g}, r=ABiAi Bi ... AgBigAg Bg .

5.4. AGenesn rpynmbl. a) Jaa G=12Z" ¢ JAeHCTBAEM CIBHIA-
ME Ha Rr=E, noayuaem n-top (S')" B KauecTse K(G,1).
Orcioaa )

H.(G, L)= Az (L").

[so]
[t < 00: Sn no-
6. Jnsi G =1, peicTByoulell OTpaxeHueM Ha S nU=0 ,

=5} . = Z

K(Z ' 1)=RP n H2' 1(221 Z)—’ZZ, HO(ZZ’ Z) ]

Jll}llza(eZN;, Z)('—_(=O2 rzpu i»1l. P aC(:Mal;pHBaﬂ AeficTBHe [UKJMUIECKOft

rpynmnsl Z,={¢‘} Ha OKPYXKHOCTb, pa3fuTylo Ha N OTPE3KOB, NOAY-
yaeM CHauaja aiuKaMuHbll Komieke Z [Z,]-Monyiedt

0> ZorZ [Z,] L [Zy]> Z0,
1~ N =2t
OTKyI[a HOJIyllaeTCﬂ 6eckoHeqdast pESOHBBeHTa Z:
S LZIS LIS L -
U
Z nnsa i=0,

Z,, I)=1Z, nmm i=1mod2,
Hi@n =15 i i=0mod 2, i >2.

5.5. AMajbraMpl ¥ nocjaenoBaTenbHocTh Madepa—BbeTopHuca.

Gy Gs
PaccMOTPHM JMAarpamMmy FOMOMOD(M3MOB  TpyIl Gy« A—>(Q,. 00;;
BKJIAILIBAETCA B KOJEKAPTOB KBAJPAT B KATErOpMH TPYII, KOTOP
onpeje/sieT amaJbramy G,:G2.

i nn, B KOTO-

5.5.1. Teopema. Jlio6oit KoAeKapToB KBajpar rpyun, -

POM @i, Oz — BJOXKEHHs, H30MOD{eH Auarpamme dyHaaMeHTaab
HbIX rpynn ksaipara K(-,1) —npocTpaHCTB BHAA
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5.5.2, CaencrBue. M3 nocaesoearensHocty Mailepa—Bbero-

puca aas kBajapara K(-,1)-mpocTpaHCTB cJjeAyeT TOYHas MOCJHE-
A0BaTeJbHOCTB

. THL (A Z) T H,(C,Z)®H,(Go, Z) ™ H, (G Gy, Z) —~
> Huoi (A, 2)—. ..

5.5.3. Tpuvep. PSL(2, Z) =Zx»L, (o6pa3y10me §= (? _(1))’

0 —1
t= (1 1). [Moae3ysick mocsenoBatTeabHOCTBIO  Maiiepa — BreTo-
pHca, HaxoauM

Z gns i=0,
H;(PSL(2, 1), 2y=1{Z,8Z; nns i=1mod2,
0 gna i=0mod?2, i>2.

To xe npencrasienne daer SL (2, Z)=Z;Z; u
Zs

Z nns i=0,
H,(SLZ, Z), Z)= Z,, s i=1mod?2,
0 ana i=0mod?2; i >2.

5.6. uckpernbie noarpynnsl rpynn Jiu. (Ko)romosoruu rpynmst
SL(2,Z) mMOXHO BHIYHCJATH APYTHM METOLOM, KOTOPHIH JONycKaeT
Aasiekoe o6obmenne. OH OCHOBaH Ha cjelylomeM QakTe.

5.6.1. Teopema. Ilyctb G — cBsiznas rpynna Jiu. Torma ee
MaKCHMaJ/bHble KOMNAaKTHBle noiarpynnel KcG compsixkeHH, u OA-
HopoaHoe npoctpaHcTBo E=G/K nuddeomopduo R,

5.6.2. Caencrsue. I[lycte ' G — nuckperHass moarpynna
6es kpyuenus. Torma I'\NE=I\G/K ects K(I,1)-nmpocrpadcTBo
H, CJef0BaTeNbHO,

H (¥, Z)=H (T\E). &

vOTcyTCTBHe KPYYeHHs HCIOJb3yeTcsl B IHNpPOBEpPKe TOro, 4to I
deiictByer Ha E cBOOOJHO; NpH HAaJHYHH KPYueHHs 3TO, BooOIue ro-
BOpsi, HesepHO. M3-3a 3TOro ycJoBHS CJEICTBHE HENPHMEHHMO K
SL(n,Z). OgHaKO ero MOXHO NPHMEHHTb B MOLTPYIIe KOHEYHOrO
HHJEKca

F(N)={g€SL(n,Z)|g=1 modN}, N=>3.

Y1o6u1 f!(bOpMyJIPIpOBaTb KayecTBEeHHEIe pe3YJAbTaThl, OIlpeLesHM
JBa CBOHCTBA KOHEYHOCTH rpymnns I'.

5.7. YcaoBua KoHeyHoCTH. a) Kozomon02u4eckoll pazmepHOCTLIO
abcrpakTHo#l rpynnel I' HasbiBaeTcs BeJHYHHA
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cd I' = proj dimyp, Z-—inf{n|H!T, M)=0 nna Bcex i>n n My

6) I maswmBaerca epynnoi FL-tuna, ecin Z uMeer pesONbBEHTY
KOHeYHOll JUIMHBL, cocTosllylo us cso6oaumix Z[T]1-monyieis xoued-
HOTO paHra.

Slcuo, uto ecan I' cBOGOAHO IelcTBYeT Ha d-MEPHOM CTATHBae-
mom mpocrpaHctBe, To cd'Cd. IlpuMeHHM 3TOT pe3yJbTaT K JHC-
KpeTHo# moarpynine Ges xpyuenus I'SL(n, R). IlpocrpaHctso
Teopemb 1. 5.6.1 uMmeeT BHA

E=SL(n, R)/SO (n, R)=

— {no/oxuTe/bHEE KBAAPATHUHBIE (OPMEI PaHra n}/R%.

OTcioga nogaydaem
cd I'n(n+1)/2—1.
B neficTBUTENbHOCTH, clpaBelauB GoJiee TOUHBIA pe3yabTar.
5.7.1. Teopema. Ilycte I'cSL(n, Z) — noarpynmna KOHEUHOIO
uHjekca 6e3 kpyuenusi. Torna oHa umeer FL-Tun
cdlF=n(n—1)/2. 1

Jloxa3aTeabCcTBO OCHOBAHO HA  TOM, HTO E/T' romoTONnHYECKH
IKBUBaJIeHTHO 7 (n—1)/2-MepHOMY KOHEYHOMY KJIETOUHOMY pasbue-
Hu1o. [TocaenHee cTPOHUTCS ABHO F€OMETPHUECKHMH CPEACTBAMH.

5.8. JlBoiicTBenHocTs. Ilycts I' — aGcrpaktHas rpynna. Haso-
BeM npasblil I'-Moxyab D dyasusupyrowum (B pasMepHOCTH n), ec-
AU CyLIECTBYIOT H30MODDH3MBI QYHKTOpOB 0T M BO BCex pasmep-
HOCTAX i, COBMECTHMEIe C TOYHBIMH MOCJEJOBATENbHOCTAMH (KO)TO-
MOJIOTHHl

H'(T, M)~H,,(, D&M),

rae g(d®m)=dg~'®gm nas ger, deD, meM.

5.8.1. Teopewma. [Ipexnonoxum, uro Z umeer nag Z{I'] xo-
HEYHy!0 NPOEKTHBHYIO DPe30JbBEHTYy H3 MOJIyJeH KOHEYHOro THIA.
Torga T JomyckaeT AyajH3HpYOIWlHH MOAYJb B PasMEpHOCTH 1,
econ u toabko ecan Hi(T,Z[T'])=0 npu iz=n u H™ (T, Z[I']) —
cBoGonHas abedesa rpynna. B stom caydae n=cdl' u D=
=H*(TI,Z[T'}). &

5.8.2. Teopema. Ilyets K(T,1)-npoctpanctso Y sBisietcsa
KOMNaKTHblM d-MepHbiM MHoroo6pasuem. [lycts Y —ero yHHBEp-
caabHoe HakpuThe. [IycTh £(g) =1, ecnu g€I' He MeHseT OpHEHTa-
mao Y u e(g) =—1 B nporusHoM caydae. Toraa I'-monyib D=Zc
neficTBUeM g-1=g(g) siBJsercs AyaaH3HpYIOLIUM B Pa3MEPHOCTH d.

5.9. diieposa xapakTepucTHka. [lycts I'—rpymna Ges xpyue-
ms ¢ cdT < w u rkz H; (I, Z)< oo. [lonoxum

1 (D)= N (—irke H, (T, Z).
i
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Ecim T'—noArpynna xomeuHoro mmzexca ¢ Taxum CBOMCTBOM B TPy~
ne I', nosoxum

1
x @) =g x @),

5.9.1. Teopema. dilneposa xapakrepuctika x(I'') onpegene-
Ha KOPDEKTHO, TO €CThb He 3aBHCHT OT BhIGopa I'cI’.

5.9.2. Mpumepw. a. y(F(I))=1—|I|, rae F(I) — cBoGoanas
rpymnna, nopoxieHHasi MHOxKecTBOM /.

6. x(SL(2,Z)) =—1/12.

B. x(I')=1/|T|, eciu T koneuna,

r. Ecin 1-I"—>T—T"/—>] touna u I' umeer mo
Horo uHJeKca 6e3 kpyuenns, o x (I') =y (I")x ().

A. Ecin I'=TxIy u I' umeer HOArPYNNY KOHEYHOro HHAEKCA

A

Ges kpyuenns, 1o x (I') =y (') +x (T2)—y (A).

Tonosiornyecksit MeT0], BHIYHCJIEHHS x(I') ocHOBaH Ha caeayio-
mem pesyabrare. Ilyets X — KaerouHoe pasGueHue, Ha KOTOPOM
onpeneseHo neiictsue I’ co caelyomuMH CBOHCTBAMMU: a) crauuo-
HapHble NMOArPYNNb BCeX KAETOK I'e HMEIOT 31JepoBhl XapakTepHc-

THKH; 6) nefictBre I' Ha KJIeTKax HMeeT KOHEUHOE YHCJIO op6ur. [To-
JIOXKHUM

AFPYINNY KOHeu-

% (X)= D (— )™ ey (T,),

T/le CyMMHpOBaHHe GyJeT MO MpeACTaBHTENIM OPOUT.

5.9.3. Teopema. B omucanuos CHTYalMH NyCTh
BaeMO d I' HMeeT moarpynny KoHeuHoOro uumexca 6es
Toraa y(I') onpenenena u cosnagaer ¢ xr (X).

5.10. JitnepoBa xapakTepucTHKA apudmernveckux rpynn. [Ipu-
MEHHB Teopemy 5.9.3 K csyualo, Korza I' fefictByer Ha X cBO6OJ-
HO, noayuum ¥ (I')=yx(X/T'). Ilpeanosoxum, uro X/I'=Y — xoM-
naktHoe nuddepeHunpyemMoe MHoroo6pasue. M3 IH¢depeHHab-
HOHl TeOMETPHH H3BECTHO, YTO MO JIO60iH PHMaHOBOH METPHKEe Ha
Y MoxHO mocTponts popmy o6nema d, na ¥ — ¢opmy T'aycca—BoH-
He STOH METPHKH, MOJIMHOM OT TEH30Pa KPHBH3HHL, — CO CBOHCTBOM

% (V>=§du=u<r).

X craru-
KpyYeHHs.

IIpsimomy npusoxkennio 3Toro pesyabrata K JUCKPETHEIM apHpme-
THYE€CKHM ToAarpynnam I'c G rpynn Jly ¢ momompio m. 5.6.1 mema-
€T TO 06cTofiTeNbCTBO, uTO '\ G/K 06HUHO He KOMIIaKTHO, XOTH
HMEET KOHEUHBIH HHBADHAHTHHH o6bem. Xapnep mnokasad, 4To
9TOr0 AOCTATOYHO.

5.10.1. Teopema. Mycts G — nonynpocrasi  anreGpanueckas
rpynmna Hap Q, 'c<G(Q) — apudmernveckas noxarpynna 6es kpy-
yeHnsd, KcG(R) — makcuMa/bHAasi KOMIAKTHAas noarpynna, X=
=G(R)/K, d, — dopma Taycca—Boune G (R)-HHBapuaHTHO! MerT-
puxku. Torzaa
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% M=pC\X). &

B~
Bbiunc/ieHHe Mepbl ClIpaBa MOXKHO HHTEpl‘IpE(T)HpOBél:II;OKalﬁ)OZe-
yHcseHHe o6beMa (yHAaMeHTaabHOH 06JacTH. HJ?CJIYIOIIJ.HMH e
nn lesanje, co ¢
JlaHO, HAmNpHMep, MJIs BCEX TPy .
SYJIb’;‘aTaMI:I. Huxe t(s) osHayaeT A3eTa-QYHKIHIO PumaHa
5.10.2. Mpumepn. a) Mmeem

—1/12 ana n=2,

% (SL(n, z))=kI}2§(1—k)={0 ans n>3.

6) Mmeem

1 (Sp @n, Z))=H1 £(1—2k).
h=

§ 6. Koromonorun aareop Jin: oGuiue cBepenus

6.1. Metoan Bbuuciennit. Ilycts g— HekoTOpad anr:l(;)l%?d J}I{I;:.
A — HeKOTOpHlii g-Moaylb. B sroM naparpade MH gnTaKPIX He-
CKOJIbKO NpHEMOB BbluncaenHs H (%, AJ)1 H pe3yJbTaTo

% aJarebp Jlu.

qHcJIeHUH /s KOHEYHOMEpPHBIX )

[Ipexje BCero, PaccMOTPUM CUTYAlKIO, TPIHPI‘!6HYIO JlT.r::( ::ﬂyllll'x?oocg

—abeneBa mnojanredpa, ,

ThiXx aare6p Jlu. Ilycte BC8 0 ¢
(coorseTCTgeﬂﬂo A) LonyckaioT pa3/oXeHHe B npﬂmyxoﬂoccggxl}:ﬂ: ;;:
HEBHIX (COOTBETCTBEHHO BECOBbIX) NOANPOCTPAHCTB OT o
§= @08y, A= @ Ap. Toraa xoMmmiexc xoueneit C'(8, A) TaK
= @ Bys

ok oa y — ero WHB3pHAHT-
Jomyckaer Taxoe pasioxenue. Tlycts Clo (8 A) P
Has 4acTb.

6.1.1. I'Ipen.non(eune..
ABASIETCS KBAa3HM30MOP(H3MOM. )

AHAJIOCHYHO MOMKHO BOCHOJb30OBAThCf PasjoXKeHHeM NO Xapak
tepam neuntpa U(g).

pC NIOMOILbI0 HHBAPHAHTHOrO CKaJISIPHOTO NPOU3BEACHHSA ﬂ}(l)’jll 33&:
takxe Ha A, ecin MOAyJb YHHTapeH) uacro yﬂ.?(e:r%ﬂ B(:{(i) 030"
BaThca caelaylomum npuemom Xoxxa. Ilycrb ( R’ )Jm S Tiyem
KOHEYHOMEpPHBIX THJb6EpTOBHIX mpOCTPaHCTB (H*aél. K‘I:l—> . —'onepa-
(K, d*) — nyanbHblii  KoMmiekc, A :dd*+-d*d -

o Jlangaaca. : . _ -
Topﬁl 9. Npeanoxenue. Broxenne (Kerd’, 0)—>(I§1,izil)<,);1i
AsieTcss KBasMM3OMOp(H3MOM KoMIlJekcoB. B wacrtHocTh,
=KerA®. . )

KC obwei mapoit hg, cocrosmedi U3 anreGpol JIHCH eeano§1(2.;1*
re6phl, cBs3aHa CNeKTPAAbHAR nocaedogaressrocts Cepp
wuavoa.

Baokemie Cio (8, A)—>C (@ Ay
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6.1.3. Teopema. Cymectsyer crekr )
. panpHad nocjenoBare
HO’(‘ZTb ¢ unesom E?9=H7 (b, Hom (A” (8/D), A), cxonﬂmaﬂcaﬂbx
H" (8, A). Ecom b—unean, 1o Ef9=H? (8/%, H1 (b, A).
6.2. Tloaynpocruie aareGpni. I1 , .
‘ . llycTe g-—moaynpocrasi aire6
ZZI{;ILCTI;:R HIH C,UA—KOHe'{HOMeprlﬁ g-MOAyJ};b.p PaCCMaT[I;SIBg?{
.ayfoumﬁe q;lae::.pa (8), MoxHO no o6pasuy m. 6.1.1 NOJIYYHUTB CJIe-
6.2.1. Teopema. Hi(g,A)=Ha 8) =
ruyHo 1as H(g, A). (6, 4) = Ha (g, 4%) = H1(9, 1) ©43. Anaso-
Hanomunm, uro mo reopeme Kaprana

H' (8, k)= H1y, (G, &),

rle (G —cBA3HAR KOMIAKTHASA rpymna Jla ¢ aare6poit ¢, a H,
osﬂzgxae'r Koromo/iornd G Kax TONOJIOMHYECKOrO NpPOCTPAHCTBA. *

BIUMCJT . 7
enue kosbua He (G, k) ocHoBaHO Ha ofwiell Teopeme

Xonoga: 310 KoHeyHOMepHas cynepkoMMyTaTHBHass ajrebpa Xonda
H TIOTOMY OHa CBOGOJAHO MOpPOXKAEHA KOHEYHBIM YHCJAOM HEeYeTHO-
MepHBIX o6pasyiownx. PasmepHoctn 3THX 06pasyiolux H3BECTHH
AJst Bcex (NOJTy) IPOCTBIX TPYIIL.

§ 7. HenpepbiBHpe KOTOMOROrHH rpynn JIu

, 7.1. HenpepbiBHas romoJoruyeckas aare6pa. [Ipu paGore ¢
TONOJIOTHYECKUMH TPYNIIAMH, MOAYJIAMH H T. 1. UCHOJB3YIOTCS KOM-
TIIEKCBI H DE30JIbBEHTHI, Ha KOTOPHe HAJOXKEHBl JOMOJHHTEIbHEIE
OrpaHHYEHHs, yuHTHIBAIOLIHe TomOJOrHo. KareropHmii ¢opmaanam
HECKOJIbKO OTXOIHT Ha 3a[HHH NJIaH, HO COXPaHAET cBOe 3HAUECHHE
Kax7 MOJJ,;JII: IJIsT OCHOBHHIX ONpeleJNeHH W BBIYHCJIEHHH.
2. G-mopyan u xomnaekco G-mo 7 —
GesbHasi JIOKAaJbHO KOMIAKTHAs rpynnal.lyne“. flyers G — cenapa-

a) Henpeposnom G-modynem HaszoBeM JIOKAJbHO BHITyKJIO€
OTAEJIHMOE TOMOJIOrHYeCKOe BEKTOPHOE NPOCTPAHCTBO (J/IBOII) E
CHa0KeHHOe HeNpepHIBHEIM MpeCTaBjeHHEeM G; G-mopgusmon H.’::
E B F nasuBaercs JjuHeliHOe HenpepniBHOe 0TOOpaxeHue ¢ : E—F
ciieraiomtee Aedcrsuss G B E m F, MHoXecTBO G-Mopq.msmoe:
-o6ossavaerca Homg (E, F). HenpepuBHbie G-mMomynu uw ux Mop-
$H3MB odpauaylor KaTeropuio, KOTopas aJAuTHBHA, HO He abeJeBa.

F6) JluHellHOe HenpepriBHOE HHBEKTHBHOE otobpaxenne ¢: E—
= 1Byx JIBOII HasuBaercst cuabnoim, ecin y ¢ CyIlecTByeT He-
-NpepuiBHOE JeBoe o6parHoe orofpakeHne. [IPOH3BOJBHOE Hempe-
pbiBHOE JIHHefiHoe oroOpaxkenHe ¢:E—~F HasnBaercs Cu./lvabIl)M
€C/IH HHBEKTHBHHE OToGpaxenHs Ker o—F u E/Ker ¢g—F SABJSIOT-
-CsL CHJIbHBIMH. B aToM cayuae Im @ samkeyTO B F, oToOpaxeHHe

-E[Ker ¢—1Im ¢ Gunenpepu
BHO, H Ker ¢, Im ¢ umeror Tomon -
KHe JOIIOJIHEHHSA COTBETCTBEHHO B F H F’ v oree
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B) Kommaekc (kouensoit) JIBOII
E'={...E"SE5E> ..}

Ha3BIBAaETCH CUAbHOLM, ecad Bee di — cuibhbie. CHa6num Ker d™ u
Imdr-! Tomosmoruefi, HMHAynupoBamHo# ¢ En, a Hn=Kerd"f
/Im d»—! — dpakropronogorueir. Toraa KOroMoJIOTHU H™ 6ynyt or-
AeJHMBIMHE IPOCTPAHCTBAMH.

Kommaeke 0—E—E%—~FE\—... wHasnBaerca pesoavsentol E,
ecJl¥ OH TOUYEeH, T. €. BCe €ro KOroMoJioruu pasHbl 0.

r) G-mopdusm ¢ : E—~F nyx G-moayJeft Ha3HBAETCS CUALHLIM,
ecau ¢ ABJSETC CHJIbHBIM B cMBic/ie 1. 6). AHAJIOTHYHO, KOMILIEKC
G-MoiyJell Ha3biBAaeTCsl CUAbHbIM, €CJH OH SBJAAETCH CHJbHBIM B

CMRICJTE 1I. B).
a) G-mopynp F HasniBaerTcsi OTHOCHTEJbHO HHBEKTHBHHIM, €CJH

OH YIOBNETBODSIET YCJOBHIO NMPOJOJIKEHHst G-MOP(GH3MOB: s JO-
G6oro G-moHomopdu3Ma (B TEOPETHKO-MHOXKECTBEHHOM CMEICHE)
¢ : E,;~E; u moGoro G-vopdusma u: E\—~E; cymecTByeTr npojoJ-
Kaowuii 4 moppusm @ : Eo—~F (Tak 410 U=Wog).

CBOJCTBA BBEJEHHBIX OGBEKTOB CYMMHPYIOTCS B CJEYIOILLeM

NpefJIoKEHHH. -
7.21. [IpennoxeHnue. Ilycrb 3agaun gsa G-momyas E, F,
cusbHasi pe30JbBEeHTa
0—>E—>E'—~E'—>...,

u KoMmIjeke G-monyned
0—>F—>F0sFls .,

rae Bce Fi OTHOCHTeJbHO HHbeKTHBHbL. Toraa Aw6oi G-MOpOH3M
¢ : E~F npogonxaercss a0 G-mopdH3Ma KOMIIAEKCOB @ :E —~F.
i Jio6ble Ba TAKHX NMPOAOJIKEHHs MOXKHO CBA3aTh G-romoTonuen
(To ecTb roMOTONHEH, COCTOSILIEH H3 G-Moppu3MOB).

7.3. ®yukropm Exten. IMyers E, F — aBa G-momyis. HasoseM
CUNBHOL UHBEKTUBHOU pe30Ab8eHTOl MOAyAs F CHIbHYIO TOYHYIO
Hoc/e0BaTeqbHOCTh G-MOAYJAeH, COCTOAILYI0 M3 OTHOCHTEJbHO HHB-
eKTHBHBIX (-MonyneH

0—F—>F'>Fl>F?» .

7.3.1. Onpeneaenune Ext? (E,F)—3To n-a rpynna Koro-
MOJIOTHH KOMIlJIeKca ‘
0—Homg (E, F®) >Homg (E, F')~ ..
732 Mpennoxenue. a) Jlo6ok G-Monyan HMeEeT CHJIbHYIO
HHBHEKTHBHYIO PE30JbBEHTY; JioObie JBe TaKHe Pe30JIbBEHTH CBfA3a-

HBl HenmpephiBHOW G-romoronueil. IloaToMy TOMOJIOTHYECKHE 1IPO-
crpancrea Ext} (E, F) onpeaejeHbl OAHO3HAYHO C TOYHOCTHIO A0

naoMopdusMa. : ‘ »
Tlonoxum Heent (G, E)=Ext5 (C, E), rne C—G-mopym ¢ TpH-
BHAJILHBIM J1CHCTBHEM. ' Co .
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7.4.ﬁl(ouerm. Myctes E —JIBOIT. [Oaa moGoii JIOKaJbHON KOM-
TIAKTHO# cenapaGesbHoll rpynnsl G oGo3HaunM uepe3 Coont (G, E
TIPOCTPAHCTBO HENPEpPHIBHLIX OTOOGPaMeHHi G”“-—HEP c Tgl)'r(t)l(lOl:Heg

PaBHOMEDHOM CXORUMOCTH HA KOMOAKT n
ax. Cuabmum Coont (G, E
nedictueM G no oGbuHOK dopmyse cont (G, £)

€f) @y - s 8)=8 F (&8 -1 §7'80);
onpenenuM audpeperuran GopmyJaon
n41

CAY(- ) P M (R ) 7 N

i=
u ayrventaumio &: E - CO(G, E) dopmydoi & (e) g =e.

Ecom G—rpymna Jlu, TO MB MOXEM aHAJOTHYHEIM o6pa3oM
H(;CTPOI/ITB npocrpanctea C™-koueneit Co, (G, E) u  Lf,c-xoueneit
LiocC" (G, E). Heficteue @, d u & KOPPEKTHO oOmpeje/ieHbl HA HHX.

7.4.1. Tlpengnoxenue. Kommiexcsl Ceont(G, E); Coo(G, E),
e E  ksasumosmo; LiC (C, E), ecin E monxo, ABJAAIOTCH CHJIb-
HBIMY OTHOCHTE/IbHO MHBEKTHUBHHIMM peso/bBeHTamd G-monyas E. g

Taxum o6pasoM, npoctpauctsa Heont (G, £) MOXHO BBUUCAATH
C MOMOIIbIO KOMILJIEKCA HENPEPHIBHHIX KoUened ¢ OGLIYHBIMH CBOfi-
CTBaMH, a TaKXe ¢ NOMOILbI0O KOMILIEKCA TNIaJKHX HJH JIOKaJbHO-
CYMMHDYEMHIX Kouenei ans noaxoasmux G u E.

74.2. llpennoxenne. Jliobas cuibHas 1o ?
[ . yHasi TpOWKa
G-monynelt 0—E\—E;—E;—>0 uHAyuHpyeT o6HUHYIO 6ecxoagqﬂyro

nocJjenoBatenbHocTs H® (G, E), Tounyo B a
arebpanueck -
Jie ¢JI0Ba. T Y d oM CMHie

7.4.3. HekoTopbie CBOHCTBA HEMPEPHIBHBIX K &
a) H°(G, E)=ES. pep X KOTOMOJIOTHi.

6) Ecan E — npoctpancteo ®pewe u H* (G, E) oraenumo, To
H» (G, E) — takxe npoctpanctso ®pere. ’ ,

B) Ecim E — GoueuHoe MNPOCTPAHCTBO, TO HMEETCS TONOJOTHYE-
cxuii usomopdusm Mexay Extg(E, F) u Heon (G, Hom (E, F)).

r) Ecou G xoMmakTHE, TO KAKABH KBAa3UNOJHBIR G-gdony.nb F
OTHOCUTEJIbHO UHBEKTHBEH, B yactHocTH, Extg(E, F)=0 npun>1,

~
n) Ilycrs uG—HpOCTpaHCTBO KJIaCCOB YHUTAPHLIX HEeNpPUBOIHMBIX
npejpcTasaeHuit rpynnel G. Ecau TpuBMasbHOE NpEACTABJAEHHWE M30-

anupoBaHo B G, 10 Hlw (G, E)=0 mm
G-vonym E. cont (G, E) AJ MOGOrO  YHMTApHOTO

e) Tlycre 26G —rTakoil LEeHTPaibLHBI  9JEMEHT, uT0 2—id

ABasieTcss asromopdusmom G-mopyas E. Torpa He =
BCex n>0. Y e Heon (G, £)=0 ne

B uactHOCTH, €M UeHATP nedcTByer Ha E  HETPHBHAMLHEIM
xapakrepoM, TO Heont (G, E)=0, ecm uentp neficreyer Ha E, F
pasHeiMM xapaktepamu, To Extg(E, F)=0.
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%) AHaJOTMuHO, MyCTh W — MePa C KOMNAKTHHIM HOCHTEJIEM Ha a,
Jexalias B HeHTpe aiare6phl TaKuX Mep CO CBEPTKOH. Ecom
p(1)=1 u peiicteue p—id wa E obpatumo, TO HZut (G, E)=0.
B 4acTHOCTH, €C/M BCE KJAACCH CONPSMEHHOCTH B (7 OTHOCHTE/LHO
KOMIIAKTHBI, TO Il JI060r0 HENPUBOJMMOrO yHMTapHoro G-onyJs
E +C nveeM Hiont(G, E)=0.

7.5. Huayuuposanhble Moxyau. [lycre AU —s3amxhyTas
noarpymna, E —nexoropui#i H-mopysp. OGosuauuM depes Ind_E
TIPOCTPAHCTBO HENpepHBHBIX orobpaxkennt f:G— E co CBOACTBOM
f(gh)=r"'f(g), cuabkennoe NEHCTBUEM gNEgH=r(&'g)

7.5.1. lIpegnoxenue. Ecau E KBa3umosHo, TO TNPOCTPaH-
et8a  Hiont (G, IndeontE) ¥ Heont (G, E) TOMGIOTHICCKH H30MOPQHEL

s rpynn Jid MOXHO 4aHAJOTHUHO ONPENEUTH  MOLYJH IndoE
u Lf.Ind E n poxasats amajor m. 7.5.1.

7.6. CnexTpaJbHasl nocjier0BaTeJbHOCTD Jlunpona — Ceppa —
Xoxumapaa. [lycts F —3aMkHYyTHH HOPMAJBHBEIH JAJHTE]b B G,
nputem Mopdusm G- G/H [ONycKaeT JOKaJbHOE HENPEPHIBHOE
C eueHue.

PaccmoTpuM kBasunosusii G-moays E. ITpexnmnonoxuMm, 4to E —
npoctpaHcTBo Ppelle u BCE Hint(H, E) oTaemmst.  Onpenemm
neficreue G/ H Ha He (H, E) caenyiomes dopmyof, MIPUMEHUMON
K Kouukaam f€Zcont (H, E):

— - —1
@F) (s - s B)=8(f (€7heg: - - &1E))-

7.6.1. Teopema. B omucaHbIX yCJOBUAX CyLLECTBYET CIEKT-
paibHas  NOC/AEAOBATEJBHOCTb € WICHOM Ef"=H{nt (G1H,
Hlow (H, E)), cxonsmasnca K Heont (G, E)- W

7.7. Teopempi BaH 3cta. B 3TOM mNyHKTE G o3HayaeT CBA3HYIO
rpynny Jlu, K& G — ee MakCHMaJbHYIO CBASHYIO KOMNAKTHYIO NOA-
rpynny, M=G/K. Tlyctb g, t— aareGpsi Jlu G, K, peanu3oBah-
Hble TPABOMHBAPHAHTHLIMH BEKTOPHBIMH IOJISIMH.

[Mycts E — nekoTopuili G-MOLyJb. DnemeHT e6E HasHBaeTcCs
auddepennupyembiM wau C=, eca oro6paxenne e: G—E, e(g)=
=g -e, npudagiexur kaaccy C=. IlycTs E* — mHoxecTBO C~-3€-
mentoB E. Dto Bcioay miaoTHoe G-HHBapHaHTHOE NMOANPOCTPAHCTBO.
Oro6paxenne E*—C=(G, E):e—e HHDEKTUBHO H COBMECTHMO C
neiicreueM G Ha C= (G, E) npaBbIMH CABHTaMH. Beesem Ha E”
HHAYLIMPOBAHHYI0 TONOJOTHI0. G-MOXYJb E nas3biBaeTcs MOAYJeM
knacca C*, ecad Bnoxenne E>—E aBisercs TOMOJOrHYECKHM H30-
MOp(PHU3MOM.

Ha moayne E knacca C* MOXHO OIpPEACTHTDL nefictBue ajare6-
pu Jlu g dopmysof

Xe=linét"(exp(tX)e——e); Xe€g, ecE.
[ d
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OTo neficTBHe HeNpPepHBHO M mponOmKaeTcs Ha UJ (8). Ban dcr

NOKa3an, 40 Heont (G, E) MOXHO BhIHC
JUTH B Te
T e 1 PMHHaX  Hapet

7.7.1. (g, b)-koromonoruu. PaccmoTpum kommaekc
C.(Q, fa E)=I‘IOH’1K (A. (g/f)v E)v

rie K nefictByet Ha A'(g/I) npucoesuHeHHEM
€/CTaBJeH
anddepeniiuan 3a5aH o6bLMHOMN tdopmy.ioi pen . Hem u

n

(df) (XO’ e )—(n)_—— 2 (_l)inf ()?0’ R ‘3(_\"1'9' . "Xn)—l_
i=0 )
+ 2 (=D (K KKy o, Xy oo X, R,
i<jf

roe X6, X,=X,mod}, O6o3HéqHM KOTOMOJIOTH :
e Xk XX ¥ 3TOTO KOMILIEKCa

7.7.2. Teopema. E * '
7.2, . Ecim E —C®-G-monyab, TO HMeertc -
HUYeCKHH H30MOpPH3M i s o

H;ont (G, E):H.(gv k E)' n

OTa Teopema NOJesHa B COBOKYNHOCTH CO Ciie LylOLLHM PEé3yIbTaTOM.

7.7.3. Tipe ) —
Torna pernoxenue. Ilycrs £ —moGofi mosmsilt G-vonyJm,

H;ont (G, E)ZH(.:ont (G’ Ew) .

§ 8. Koromosioruu GeckoHeuHoMepHbIX aare6p Jlu

8.1. BekropHbie moast u aarebpenl TokoB. B 3ToM naparpage
paccMaTpHBaloTCsA aareGpnl JIu Hajg ocHOBHBIM mosieM k=R uju C
CAEYIOMHX THIIOB.

a. Wn— anre6pa JIu GpOpMajbHHX  BEKTODHBIX noJsied, T. e.

AxpdepeHHPOBaHANH KoJblia (POpMajbHHX psgos k[[x
}]o.nommi/l L,,=th£n) =Z{2f,-0/dx.~lf‘6 (x1,..., gn)h“}, = -——:—’lxng.
MeeM n=L_1(n)DLo(n)DLi(n)>...— ybut 1as
Q)PIJIBTB?HHH; [La, Ly]=Lgsp; gl(n)=L, (n)}.(LI)(n). yhRpaionan
6. S/z,={X=Z‘.f,d/dx,-l26f¢/dx;=cxek}cWn, S.={Xlcx=0}
B. Hp={X=2[0/0x;|Liexo=cxw, cxtk}c=Wan,
Fie o=dx,\dx, 1+ ... +dx,Ndx,, (TraMHJIBTOHOBH  1OJIA) ;

Hy={X|cx=0}cH,.

r. Kn={X=3f;0/0x;|Riexv=gv} > Wyny,, rae v=xdx
e+ +XndXon+dxsn,, (KOHTAKTHBIE nona).‘z " voadnat

SHHAM?'(M) — anre6pa JIu BeKTOpHBIX mnosedi Ha C=-MHOrooGpa-
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1

e. gM —rnaa¥de ¢yHkuuu Ha C~-MHOroo6pasuu M co 3Haue-
HUsMH B ajarebpe Jlu g (aare6pa TOKOB).

Mgl 6ynem paccMaTpHBaTh B OCHOBHOM C/ydai M=S!

Bce aTH anre6ph JIu HMEIOT €CTECTBEHHYIO TOMOJOTHIO: JIHHEH-
Hyl0 B cayyasx a—rT, C* B cayuaeA. MblpaccMaTpHBaeM JHIIb TO-
NOJIOTHYECKHe MOAY/IH KO3(P(HUIHEHTOB H KOTOMOJIOTHH, ONpeE/ie/ieH-
Hble C MOMOIIBI0 KOMIJIEKCA HENPEDLIBHBIX KOUENEHd; He OroBapH-
Bad 3TO chenuaabHo, Mbl o0603HauaeM uepes HY(W, A) u 1. n. ra-

KHe HenmpepbIBHbIe KOTOMOJIOTHH.
82. Teopema KoHeuHoMepHOCTH. Ilycth k=R u mon-

aire6pa g=W, COLEPXKHT dJeMeHT 2c¢:X:0/0x;, ¢;>>0. Torna s
M060r0 KOHEUHOMepHOro g-Moayast A mpoctpancrso H (g, A) xo-
HEUYHOMEPHO.
82.1. Caencrrue. Ecm dim A < o0, TO KOHEYHOMEDHBI KOTO-
. A P
mosornd H' (8, A) man g=W,, Sp Hp K, (k=R um C). B
JlokasaTeqBCTBO OCHOBaHO Ha mpejioxepuu 1. 6.2.1: crenyer
pacCMOTpeTh  BeCOBOE  pasjioXKeHue  OTHOCHTEJBHO aseMenTa
n

Exia/axi W 2 xi0/0x1+2x2n+10/0x2n+1 ()l-ﬂﬂ Kn).
i=1

8.3. Kombno H (W,, k). O6o3naunm uepe3 X, KJIeTOuHOe pas-
6uenre, KOTOPOe ABMAETCA OrpaHHYEHHeM Ha 2n-CKesieT GeCKOHedHO-

Meproro rpaccmanaana Gr (z, C™) raBROTO pacc/oeHus Hai 3THAM
rpaccvanuanom co caoem U (1).

8.3.1. Teopema. Vueercs u3oMOpdH3M KOJEIl H W,, k)=
=H (X, k); npoussefeHue 3JEMCHTOB NIOJIOMHUTEJBHON pa3sMepHOCTH
B 3THX KoJblax pasHo nymo. M

JloKa3aTesbCTBO OCHOBAHO Ha NPSIMOM YCTAHOBJIEHHH H30MOP-

¢usmMa uwieHoB Ep ABYX CHEKTPAJbHBIX [I0CJIe10BaTebHOCTEH:
a. CnexkTpajabHasi  NOCJEN0BaTeIbHOCTD Ceppa—XOXUIHIbAS,

oTBeuanuias nopaarebpe gl(n, k) W,.
6. CnexTpajpHasi TOC/ELO0BaTeNbHOCTb Jleps ajs  pacc/ioeHHs

Xp—5skonGr(n, C).
8.4. Koromosornu W, ¢ npyrumu Koadduuuenramu.

8.4.1. Teopema. Ilycte Q,—W ,-Mony b BHEMHUX (OPM KOJb-
na & [[X1, .., £,|]. Burpaxynposaguas anre6pa H (W,, Q) nopox-
neHa o06pasyloLIuMK

)"iEHzi—l (Wm Q(f)l) ’ l<ign;
w,EHI (W, Ql), 1<j<n,

KOTOpbIE CBA3aHb COOTHOUICHUAMU CyﬂepKOMMyTaTI/IBHOCTl/I o NOJHOR
CTeTNeHy, a TaK¥ke COOTHOLIeHHEM

Wi oo by, =0 npa ji4 ...+ js>n B
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JlokasatenncTo  ocHOBaHO Ha  usomopdmusme H (W, Q)=
=H' (L, AV), rae V —npocrpancTso {Zaidxifa,-Ek}, L,

neficteyer #a A’V uepe3 mpoexuuio L,— L,/L;=gl(n, k). Koro-
MOJIOTHH BBIYHC/ISIIOTCA C IIOMOILBIO CHEKTPaJjbHOH NOC/eJ0BaTeb-
HoctH Ceppa—XoXmuiabaa Asi Nofanrebpsl gl (n, k).

AHaJ0orHuHO ycTaHaBJIHBAaeTCs CJEAYIOLHH pPe3yJbTarT.

84.2. Teopema. Ilycte A — W,-monyin QopMajbHBIX  TeH-
30pHBIX TNOJIeH, aCCOUMHPOBAHHbIA C TeH30pHBIM gl(n)-mopyJaem A.

Torna umeercs usomopguam
H (W,, $#)=H' @(n)®H (L, (n), )@ A"™. ®

8.4.3. Teopema. Ilycte W, — W, -Mony/ b HenpepHBHBIX JHHEH-
HeIX ¢yHxuuonanos Ha W,. Torma uveercst KaHOHWYECKUH M30OMOp-
busm

HI (W W)=H*"\(W,)8H" (gl (n); £). A

JlokazaTenbCTBO HCMOJB3YET MOCJAEf0BaTeNbHOCTs Ceppa— X0X-

HWIHJBAA AJas nopajre6pr gl(n, k).

Ilas nponssonbHol anre6pst JIu g umeercss roMoMOphH3M KO-
UeNmHbBIX KOMIIEKCOB

Cr*i(g, k)~>Ca(8, ¢): f—f,

S (X oo, X (X)=JF (X145 - .., Xg, X)
O6osnaunm var: Het' (8, k)—~Ha(g, ¢’)
MODP(H3M KOrOMOJIOTHIA.
844. Teopema: a. var: H»+*\(W,, k)—H>™(W,, W’,) sB-
Jasercs M3oMopdu3MoM.
6. ITocnenoBarenbHOCTD

HHAYUHDOBAHHBIH  TOMO-

Ho (W o) >He (W) S HY (W, W)
TOYHA; 3[eCh { HHAYUHPOBAHO BJOxKeHHeM W, W, ;.
8.5. Ilpyrue aare6psi GopmanbHbiX BEKTOPHbIX noJeii. Wapect-
HBl CJelylollHe aHaJord TeopeMsl nm. 8.3.1:
85.1. Teopewma. a) Ilycts Y— npoobpas 2n-ckenera Gecko-

HEUHOMEPHOro rpaccManHana B riaBHoM SU (n)-paccioednn Han
HuM. MMeetcs usomopdusm kouern

H S, B)=H (S!XY,, k).

6) Ilycrs Z, — npoobpas (4n+42)-ckenera 6eCKOHEUHOMEPHOr0o

rpaccmannana B raaBHoM S!XSp(2n)-paccaoenuu Hajy HHM. Hme-
‘eTCsl H30MOPGHU3IM KoJlel]

H (K k)=H (Z,, k). R

o)
Auwanorn s H,, H, S, HeH3BCCTHE; BBUUCJACHH JIHILb
KOPOMOJIOTHH 3THX a/ire6p B «CTaGH/BHBIX» pa3MepHOCTAX (<<n
HIH < JIHHeHHO#K (GYHKUUH OT 1).
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8.6. KoromoJoruu aare6pbt Jln BeKTOPHLIX NOJEH. Mycrs M —

' . gexkoropoe C=-MHOrooOpasne pasMEpHOCTH 7. O6o3HauuM uepes

x(M) paccioenne c 6asoi M, cTpyKTypHOH  Fpymnou U(::()pnlf
cnoem X,, onucasHbIM B M. 8.3, aCCOLUMHPOBAHHOE C KoxjmeK(% bi-
Kaluefi KacaTeJbHOTO pacc/loeHus K M. Tlyctp Sec x (M) — yKO_
LHOHA/MbHOEe NPOCTPAHCTBO CEUEHUH M. ®@urypupyiolue Hm{?‘eJIH ]
romosiorun x (M) onperensioTcs, HaNpUMEP, ¢ NOMOLUIBIO CHH ye Ie):-
HBIX KOLeMefi: CHHTYJISADHEI §-CHMIUIEKC Sec x (M) MOKHO ong Ifeﬁ
uTe Kak MopduaM A XM—>x (M), KOMMYTHPYIOUIHH C NPO g
Ha M. . _

8.6.1. Teopema. Mmeercd eCTeCTBEHHbIH naoMophu3M rpa
JyHPOBaHHBIX KOJIEIl

H' (T (M), k) == H (Sec x (M), k). B

Cuaua/ia yCTaHaBJHBA€TCSl YaCTHBIH cayyail 3TOH TEOpEMHI, 011“v-[
Hocsumuiicss Kk M=R", KoTopHIil MOXHO copMynupoBaTh  COBCE
MpocTo: ' .

P 86.2. pennoxenue H (T(Rr), k)y=H (k®Wn)j'(.Rn)_>

HsomopdusM 3aech HHAYLHPOBAH roMomMop(pH3IMOM -
—W,, KOTOpBIfi CTABUT B COOTBETCTBHE BEKTOPHOMY TMOJIO erY

00-CTPYIO B HayaJe KOODAHHAT. ,
SEXeM koromoqordd T (M) u x(M) BHUHCIAKTCA TO UYexy ¢

wiTHi M u Hcronbayercs TeopeMa m. 8.3.1.
HOMIE)IL;I)l;é%nré?preme ¢OpPMyNHPOBKY aHaJOTHYHOrO pfsyanaTa, oT-
socsimeroca K T (M)-Mopyaio TIaiKuX (GYHKUHH C= (M). _

Iycts u(M) — ruaBroe GL (n, C)-paccioennue, accoupmpoxaaj‘l,{I
HOe ¢ KOMILIEKCH(MHIHPOBAHHBIM KacaTe/NbHbIM DACCJIOCHHEM K
ME MOXeM cuuTaTb, uTo u(M)  sBisieTcs  TOApAcclOeHHEM B
x(Ag.)(:‘;.& TeopeMa. Fmeercs eCTECTBEHHHI H30MOpDHU3M

H' (T (M), C* (M) = H" (Y (M), R),

Y (M)={(y, SIEM X Sec x (M)| s (4)€u (M)} |

B cayuae M==S! uMeloTCs TOYHbIE Pe3yJbTaThl A/ 6osiee 00-
KX K03(POHUIUEHTOB. )

8.6.4.¢T eopema. Koapuo H-(T(S'), C (S —caoﬁonﬂnaeﬁ_
cynepkoMmyratuHas R-anre6pa, NOPOXJeHHaA .IJ.I/IKJIaMH cre
Helt 1, 1, 2 (@ — LHMKJIAYECKash KOOpAMHATA Ha S):

f(@dlde—f @), f@dlde—~f (@),

L1 @@ ge. m

8.6.5. ”feopema. H' (T (SY), Q'(S") ecrb cBOGONHbIH H (T (Sy)
C*(SY)-MoayJb C OXHOM OJHOMEPHOH o6pasyiorieil, npe/CTaB/eHHOR

OIHKJIOM
) f (@ djde—~f' (@ de. R
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Boaee o6uyo:

8-6060 TeOpeMa. a H. 1 1 1®S—‘
+@Br24r)/2, r=0, 1,2)... T SN0, eom s
6) H (T (SY), Q'(SH)®°) ects cBOGO )
D, AHblit  H(T (SY), C”(SY)-
MOlI}];Jlb C oxHO# obpasyiomiei crenenu r npu s:(S(rZJ(rr;’/Q({ I(S )
bIYHCJIEHHS, YCTAHABJHBaKIUe 8 1. 8.6.6 a E
HECKOJIbKO 1WaroB. Bo-nepBrix, KOroMoJoruu YI(S’g) ;ezszi?g;:ngz
g 1;(;1;(;1\;3;101‘1{;{1\4 Wl.l Bo-BTOpHIX, HCnOMB3YETCH TeopeMa mn. 8.4.2
, IpH n=1 Ko T He-
cKomma it n =1 romosiorud L;(1) ymaercst BHYHCIHTL He-

8.7. Koromosioruu aare6 v
. p TokoB. Ilycts G — komna -
na Jlu, g — ee anre6pa Jlu. Y ATy

8.7.1. Teopema. Kanomuyeckui romomopguam H' (g5*, R)—

- H'(G*, R) (xoromon 2
HBMBQTCH H3OI?/I O(pq)HSMOMc.)mn ¢yHKIHOHAMBAOTO IPOCTPAHCTRA TIeTeB)
osee 0GIIO, MYCTh ¢ — NOAYNPOCTAs BEUleCTBEHHA
H n§c7Tb2 G’;- KOMIaKTHas rpynmna Jlu Takas, uro g®C=;Il,i:Jg$®68.a o
f.c. Teopema. lmeer wmecro wusomopdusm H (g5, R)~
~H (G°,R). B e e R
B wactaoctn, H' (sl(n, R)S', R) = H(SU (n)s', R) = H" (SU(n) %

XQSU(n),R) ects kombuo o
, yIIePKOMMYTATHBHb
oT 06pasylomux creneneft 2, . .., Qn?— 1. y ¥ MHorouzenos

WmeloTcst  asreGpanueckue Bepcun 3azad o6 airebpax TOKOB
(aIBﬂsaGHHbl(}%( C aare6pamu Kauna— Myau. Pous aire6p gs' Hrpaxom,'
arebpa Kaua— Myau, orBeuarouiue CUMMeTpH3yeMbIM 06OOLICHHBIM

1
anmre6pam Kaprana, a Bvecto rpymn G°' mosmasorcs GeCKOHEeYHO-
MepHble anreGpanueckue rpynmsi K. P. lllapapesnua.

b

BUB/IHOIPAOHUECKUE YKA3AHUS

o I:I(x;:ggggegﬁpé; e%lsgzq;ux Koncmyxu?ﬂ B aiareGpe, TOMONOTHH H IeOMeTpHR
ABYMEDHbIX (KO)FOMOJIOTHH JIeXHT

CHYECKHX NPHMEHEHHH TOMOJIOTHYecKoH aJre6 Rt g

C pl. OTzenbHbHE acmeKThi TakOH HH-

Fﬁ)}npfgg]umg ln]aoxlzzoS HauTH B CNAEAYIOWHX KHHIaX: KOrOMOJOTHH NYYKOB — B [l(l){]

e, 16 [,14[] [,15[] O:IEIH[({)(I\:[I;;)!:IXOHHOFHH rp%rln(lG—— ]?*)[34], [89], koromosorun anredpr
. ‘ e LHKJIEI ‘ B CHTyalluH G—

Tanya Koueq’norro pacius ; S eymeomay HOepTa

perust K nojs k, mossHaHCh, 1O cymects r

)y ) , Hab6epT

Egﬁyn[nl% lc]erIu_leHHux roMoMOp(H3MOB) B CBASH C Tak Hasmaaeuoﬂy«zeopemoﬁ gOi

{on LN B):-;po h?y?/ll]:Tex;)naCCOB pa?.?;gﬂ;ﬁ, Ha cOBpeMeHHOM s3biKe Ext! 6naa
. nperauyua Hi ») Kak o6pasywomux (mpH i=1 !

. 2 . =1) u co-
I(::Hgm:aun (npr i=2) p-rpynna G 6ua npennoxkena Tafitom, cf«. [131]). I'pyn-
ueﬂ'rga X:g;xscf;pgéga TpH ONHCAKHH cHCTeM HAKTOPOB B KJacCHYHKANMH NPOCTHIX

C JleJicHHEM, CM., Hanpumep, [144]. OtHocutenbuo

T , CM., , . €HT] -
HBIX pACIIMDEHHHE OeCKOHEYHOMEDHHIX aire6p (aareGph Kaua—Myau IILSIflpaE)cagI ho
H ero606memm) cv. [14], [15], [93]. ' ’ P

OMOTONHYeCKasl TEODHS npenaTcTBuE (§ 2) uanox
2 eHa B psaje yuyeGHH

n‘(;loanrerauqecxon TOMNOJIOTHH; CM., Hanpumep, [16]. Tam xe MO?KHO H);ﬁTH TKe(())%
pio mpoctpancts K(II, n), passuryio A. Kaprauom [38]. Dopmamaam TOpcopos
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g Tomosornu Gbil mpopaboran [poremamkom [76]; TeOpeTHUKO-TPYNIOBYIO BEPCHIO
cM. B [131], rie MOXHO HafiTH Takxke AOKa3aTe/IbCTBO TEOPEMH 1L 2.3.1. Tlo mo-
soay Teopemu m. 2.5.1 cm. Tporenauk [78]. OTHOCHTE/NBHO TEOpeME Komanpui—
CreHcepa cM. OpHTMHaibHOe H3JoxkeHHe [102] unu yueGuuk Yamica [145]. Knace
ATbH 6hu1 BBefeH B [19], OTHOCHTENBHO NaJ€KHX MOCHEAYIOWHX 0COOUIEBHHA CM.
[26], [90].

[IHKJIMYecKHe TOMOJOTHH [OABHJNCh HO DasHHM ToBoAam Yy Komza [47] m
B. JI. ®efirnna—Bb. JI. Lprana [13], [61]; cM. Takxke Kapy6u [95] B wactnocTH,
AoKasaTesbcTBO Teopem nm. 3.4.1, 351 m 3.7.1 MOXHO HaiTH B [611, Teopem
mm. 3.8.1 u 3.82 —pB [106]. OrrocurensHo pesyabrartos s mm. 3.8, 3.9 cm. [105].
Cum. rTakxke o63op Kaprtee [41]. HekommyraTHBHYIO AH(OepeHUHAIBHYIO TreOMeT-
puio axtuHO paseuaer Komm; cm. [47], rae MOXKHO HafiTH NOKa3aTe/NbCTBO pe-
3ysbTaToB, cQOPMY/IHPOBAHHHX B § 4.

PeaynbTaTHl G KOFOMOJOTHSX TPYIN M, B YaCTHOCTH, AOKa3aTe/bCTBO BCEX
pesyabTaTop H3 § 5, MOXKHO HaATH B [34]. Mbl onmycruan B Hamem o63ope KOro-
ModoruH [anya, KOTOphle ABISIOTCS HEOTHEMJEMOH COCTaBHOM 4YacThiO TEOPHH
flodeli KAaccoB; STH BOMPOCH OYAYT NOAPOGHO H3JOXEHH B TOMaX STOH CEpHH,
NOCBAIICHHHX anrefpanueckoil TeopuH uuces. C OcHOBaMH Koromojoruit Ianya
MOXHO O3HakOoMHTbesi o [131} TlosesHbiME sBASIOTCA Takke COOPHHK [89] u
pan crareii Ceppa  A. KapraHa u3 ux co6paHuii couMHeHHH [39], [133].

KoromoJorusaM anare6p JIH (B TOM uHcjie GecKOHEYHOMEPHBIX) MOCBAUICHA
xuura [15] u o6sop [14]. B HEX npHBEAEHEH!, B YaCTHOCTH, Pe3yJbTaThl BBIYHCJEHHH
KOTOMOJIOTHI KOHKPeTHEIX GeCKOHeUHOMEPHHX ajreGp JlH, moayueHHble B paborax
U. M. Tembdanga, JI. B. ®ykca # Apyrux aropoB. CM. TakXKe NOKJAAL [66].

HenpepHiBHkrie KOrOMOJIOTHE IPYNH Jlu M370XeHH B KHHTe Tuwapae [80[; em.
taxke [14] u [31] [pyroit mojaxoj K HeNpepbiBHHIM KOMOMOJOTHSM ajreGpanue-
CKHX 0GBeKTOoB, CHAGKEHHBIX TOMONOTHeH, onHcaH B [17]

F'arasa 4

IPOU3BOAHBIE KATETOPHM M NMPOW3BOIHLIE ®YHKTOPDI

§ 1. Onpepenerne NPOU3BOJHOH KaTEropuu

1.1. Onpenenenne Mopouam Kommaekcos f:K "L B
abeneBofl  Kareropud ¢ HasbIBaeTcs K8a3uuzomopuamon,
eciu  H () : H*(K"Y—~H"(L') —u3omopdusm 1 BCeX 1.

B npexbliyleM H3/MOXEHHH MBI BCTPEYAJHCh CO CJACAYIOMHMH
KBa3HH30MOD(UIMAMH.

a) Mexay ABYyMs [POEKTHBHHIMH (HHDEKTHBHBIMH) Pe30Jb-
BeHTaMd OZHOTO H TOTO e 0oObeKTa CYLIeCTBYeT  KBAa3HH30-

"Mopdu3M.
6) JlioGoit 06beKT X KaTeropuum S MOXKHO DACCMATPUBATH KaK
KOMILIEKC ...—0—0— X-+0-0... (X CTOMT Ha HyJEBOM MecTe).

DTOT KOMIVIEKC ALMK/MUCH BHE HyJsi,  €r0 KOroMoJioruu creneHd O
copnazaoT ¢ X; 6yneM HassBath ero O-xommsexcom. Tlomossioutee

EX
oTOGpakeNue €, JeBOH PesoMbBeHTH P —X onpejesier KBa3uuso-

MOp(HHU3M KOMILJIEKCOB
.. .,_>.P_l—>P0——>O—->O—? .«

ex 1!
..>é——>§(—»(%—>0—> v
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B stom CMBIC/I€ TIOHATHE DPEe30JBBCHTHl ABAAETCA YaCTHBIM caydaem
KBa3UU30MOP(HU3MA.

B) Mopdusm Hysesoro kommiexca 0'— K~ (u K —0') sapasercs
KBa3HHU30MOP(HH3MOM, €C/H M TOJMBKO ecan K auMKJIWYeH BCIOJY.

1.2. Hpea npousBoaHoit kateropun. MWipeosoruio romosoru-
YecKOH aare6pbl, Kak OHAa MNpeACTaBJseTcsl CEerojHs, MOXHO
chopMyHpOBaTh B BHAE HECKOJNBKHX MPUHIHIIOB.

a. O6bekr X abeneBofi KaTeropHH CJEAYET OTOXKAECTBAATH
CO BCEMH €r0 pe30J/bBeHTaMH.

6. OcHOBHOH MOTHB 3TOro TpeOOBaHHSI COCTOHT B TOM, 4TO
caMble BaxkKHble u craHgaprtHoie ¢yHkTOpH — Hom,  TeHsopnoe
npoussBeseHHe, I'—B [1eHCTBHTEJBHOCTH MIOJIKHB GHITh OIlpene-
JeHbl 3aHOBO. MIX «HauBHBle» omNpejeseHHs] cJeiyeT NPHMEHATb
JHUIIb A/ CNCUHAaNbHHIX OGBEKTOB, AUHKJIHUYHBIX OTHOCHTEJb-
Ho 3toro ¢yHKropa. Ckaxem, eciau X — OJOCKHH MOAYJb,
a Y —npoussoabHblil, 10 X®Y ecThb mnpaBuAbHOE OlpejeseHHe
TeH3opHOro mnpoussefeHus. Ho B obuieM cJayuae mHpaBHJbHOMN
samenoli XQ®Y saBagerca Kommiaeke P .®Y, rze P —X—mo-
cKkass pesosbBeHTa MoayJas X. AHaJOruuHo, nmpaBHJIBHON 3ame-
Hoii rpynnel  I'(¥) ceueHuit nyuka F sBJsercs KOMIIJIeKC
T'(F), rie % —7 — HHDbEKTHBHas pe3oJbBeHTa .

B. [IpunsiTHe 3TOH TOYKH 3peHHA TpebyeT, YTOGH MBI  C
€CaMoro HayaJ/la paccMarpHBaJgd He MNpocTo  OO6beKTH abeseBoi
KaTErOpHH, U He TOJbKO HX PE30JIbBEHTH, 4 BCEBO3MOXKHbLIE KOM-
IJieKCH.  3TO Heo6XOLHMO, B YacTHOCTH, MNOTOMYy, uto P ®Y
u I'(J) B npeaplAyliux NpHMePax Kak NOpPaBUIO OYLyT HMEThb.
HeTPHBHAJIbHbIe KOTMOMOJIOTHH He TOJbKO B HYyJIeBOM ujeHe (Ha-
MOMHHM, U4YTO 3TH KOTOMOJIOTHH Ha3BIBAIOTCS  IPOH3BOJHBIMH
¢yukropamu Tor,(X,Y) u H!(F) coorserctsenHo). Cuepnoba-
TEJbHO, TO OTHOUIEHHE MeXJAy OOBEKTOM H ero pe30JbBeHTO,
KOTOpOE II03BOJIA€T HaM OTOXKAECTBHTb HX, JAOJXKHO O6HTh 0606-
IeH0 Ha  KOMIUIEKCH. TakuMm  NOpaBUJBHBIM  o6obIneHueM
H SIBJsIETC HNOHSITHE KBa3HH30MOp(du3Ma.

r. OTHOWleHHe 3JKBHBAJEHTHOCTH MEXAY KOMIJEKCaMH, TO-
POX/JEeHHOe KBasMM30MOD(H3MAMH, HMEET CJOXKHYI0 CTPYKTY-
py, © 32 pesyabraTamH  (aKTOPH3aLHH 10 HEMY HeJerko yc-
Jenuth. TexHHUECKHe cpeJCcTBA, IO3BOJAIOUIHE 3TO CAeAaTb, U
COCTABJISIOT  OCHOBHl TEOPHH NPOH3BOJHBIX KaTerOpHi, KOTO-
pBIM MOCBfillleHa GoJbIIasl 4acTb 3ITOH TIJIABHI

X. Hosoe onpenenenne ¢ynkropos ®, I' u T. 0., ynomsnyroe
B IyHKTe 0, JOCTHraeT cjeiylollefi HeJH: NOJYTOUHbE (YHKTO-
PH  CTAHOBATCS «TOUHBIMH». CaMO MOHSTHE TOYHOCTH B NpO-
H3BOJHOA  KAaTEropHH, OAHAKO, He SIBJAETCS OYEBHAHBIM; CP.
obcyxaeHne B § 2. Slapo 3TOrO0 MOHATHA B  KJAACCHUECKOH Tro-
MOJIOTHYECKOH anre6pe — 3T0 TOYHAA MNOCJ/EA0BATEJbHOCTb BBIC-
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lUMX [POHM3BOAHBIX (YHKTOPOB, KOTOpas sBJAETCA HHBapHaH-
TOM OTHOCHTEJBHO CMEHH pe30JbBEHTH.

1.3. Onpenenenne-teopema. Ilycts M—aéé.nesz{
kareropusi, Kom(s$¢) — Kareropusi KOMILIEKCOB B .% 2 yl.u.eo
cryer Kateropus D(sf) u QyHKTOp Q: Kom(£)—>D(s£) ¢
CJAEAYIOLIMH CBOHCTBAMH!

a. Jlns moboro KsasuusoMopdusMma f mopousm Q(f)  sB-
JsieTcss  H30MOPQPH3MOM. .

6. Ecain F : Kom(s£)~2’ — npyroéi QyHKTOp, N€PEBOIAILHH
KBa3HA30MOP(H3MB B H30MOPU3MBI, TO OH OIHO3HAYHO IPOBO-
auTcs  uepes @, TO ecTb CYyILeCTBYeT €IMHCTBEHHBIH GyHKTOD
G : D(s¢)—~D' Taxoi, uro F=G-Q. ) )

Kareropuss D (s£) HasmBaercs npoussodnoti karezopuet abe-
JeBOH KaTeropuu of.

14. [IpocToe A0Ka3aTeaAbCTBO CyLecTBOBAaHM
JOKaJH3alUAKAaTEeroOpHH.

Tlycts % — COBepIIEHHO MpPOH3BOJbHAs  KaTeropusd, S — mo-
6oii kaacc mop¢usMoB B B . Ml TNOKaxeM, UTO CYILIECTByeT
yHUBEpCAJbHBI ~ QYHKTOP, TNPEBPAIIAIOUIHA 3JTEMEHTD! 89_31 B
usomoppusmbl.  TouHee, MBI  TIOCTDOHM ElziTeropmou.%’ [S7'] n
dyHKTOp «JoKamusauun mo S» Q: B—~H[S ] co cBoiictBOM yg}m-
BEpPCaNbHOCTH, AHAJOTHYHBIM  CHOPMYJHPOBAHHOMY B_—}'l. 1.36.

C sTofi Leabio MOJOXKHM, Tpexae  BCero, Ob&[S-1]=0b3A,
Q ToXaecTBeH Ha 0ObEKTax.

Mopousmb B H[S~!] cTposTcss B HECKOJBKO LIAros.

a. BeelemM nepeMmeHHbEe X,, MO ONHOA HJS KaxJ0ro Mopu3--
Mma s€S.

6. IToctpoum opuenTHpoBaHHHil rpad I':

BepuikHbl ['=06beKTH %, :

pe6pa I'={mopdu3amsr BHJ{x,|s€S};

pe6po X—Y opuentapoBano ot X K Y; pe6po X,  HMe-
€T Te e BepWlMHb,  4TO H pe6po S, HO MPOTHBONOJOXK-
HYIO OpHEHTAIHIO.

B. TlyreM HasHBaercs KOHeUHas  [OCJeJOBATENbHOCTb pe-
6ep B rpacde I', B KOTOpO{i KOHew MNPEALIAYLIEro pebpa coBmna-
JaeT ¢ HayaJoM CJeaylollero.

r. Moppusmon B8 B[S™!] HaspiBaeTcs KJacc 3IKBHBAJIEHTHO-
ctd nyTedl B I' ¢ ofWuMH HavajoM u KoHUoM. [Jlsa myru Ha-
3BIBAIOTCS  JKBUBGAEHTHOIMU, €CAH OHH COEJHHEHH  1enouko#
ceNyIOIHX 3JeMeHTapHBIX 3KBHUBAJEHTHOCTEH:

ABe coceiHHe cTpeakn u3 Mor B B JaHHOM INYTH MOXHO:
3aMeHHTb UX KOMIO3HLHEH;

x X, o
cocenue crpeaku X—>Y—>X u Y->X—>Y MOKHO 3aMeHHTH H&

id id
X=X u Y-Y CoOTBEeTCTBEHHO;

HakoHen, KOMIO3HLHs KJaccoB TyTed HHAYHHPOBaH2a KOM-
nosuuueli nyredl, a ¢ynkrop Q:HB—~H[S~'] nepesoant mop-
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¢usm X—Y B kaacc coorsercTBylomero nyrd. QOueBHAHO, NJd
gyxo&oro snementa s€S mopdusm Q(s) umeer o6paTHBIA: Kaacc
Xs-
Ecan  F: BB — npyroi ¢ynkrop, npespamaoWKi MOp-
$usmbt u3 S B uzomopdusme, 10 ByHKTOP G: B[S ->H ¢
ycinosuem F=G-Q cTpouTCs Tak:

G (X)=F(X), XeObF=0bA[S-};
G(f)="F(f), feMor %,
G (knace x,) =F(s)-!, s€S.

Mu OCTaBJ/IdeM YHUTATEJIO NIPOBEPKY KOPPEKTHOCTH 3TOTO omnpene-
JICHUA H €JUHCTBeHHOCTH Q.

1.5. PacmienuMocTh M npousBojsbIe Kateropud. [lepsoe npej-
CTaB/eHHe O CTPYKType NPOM3BOAHON KATETOPHH N4eT CJeaylolLas
KoHCTpykius. Hasosem xommiexc K* yukauuupism, ecim BCe ero
Auddepennuas HyJessle (BCe LENMH SBJAIOTCS uvkaamu). L{uxang-
HBIC  KOMILIEKCH 0GpPasyloT TOJHYI0 NOJKATETOPHIO Kom,(s4)
Ci(om ($4). Crpykrypa Kom, () oueBugua: sto KaTeropus

II = [7], rae S [n] —«n-i sx3emmasp» Kareropuu ¢, Ilycth i —

N=—

fgf;Top Broxerus Kom, (#)—Kom (), a h—dynkrop xoromo-
H:

k:Kom ()~ Kom, (£), 4 (K", d"))=(H"(K), 0).

Mopdusmy f:K — L' CTaBUTCH B COOTBETCTBUE (H"(f)). Tockous-
Ky h nepeBoguT KBa3uH30MOP(H3MBI B H30MOP(H3MBI, OH NpPOBO-
AuTCH yepes PyHKTOP
k:D(s¢)—>Komy(s¢).
Hasosem abesneBy kaTeropuio S¢ noaynpocrod, ecan B Heil Jio-

Gas ’I;?gﬂaﬂ TPOHKa paclienHma, TO ecTb H30MOp(dHa TpoHiKe BHAA

rO—\»X—-—->X€BY—+Y—>0. Hanpumep,  kaTeropust  smmeiiHex mpo-
CTPAHCTB Hal MNOJEM HJIH KOHEYHOMEPHBIX JHHEHAHBIX NpeACTaBJie-
HHM KOHEYHOH TPYNMEl HAaN NOJIEM HYJIeBOH XapAaKTEPHCTHKH MOJY-
npocra. Kareropus aéegeBbe TPynN, KOHEYHO, He NOJIYIpOCTa: MO-

CaenoBareqbHOCTh 0—Z—~Z—~Z/2Z—0 HepaculenumMa.

1.5.1. Ilpennoxenne. Ecau aGesnea Kateropus ¢ moay-

npocra, T0 OyHKTOp k:D(8£)—>Komy(s£) sBasiercs sKBHBajIeHT-
HOCTBIO KaTeropui.

1.6. BapuaHTel. B npuioxeHusix moJesHo paccMaTpuBaTL KOMII-
JIEKCBl C PA3HBLIMH YCJOBHSIMH OTDaHHYEHHOCTH, HAIpHMep,
Kom* (s£) : Ki=0 nns i<ip(K');
Kom~ (s¢) : K‘=0 nasi iZ=i(K');
Kom®(s¢) =Kom* (s¢) NKom~ (5¢).
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-Takne KOMIJieKch 00pasyloT moJHble mojgkarteropun B Kom(sf) u
‘4aCTO HYXKHO PaccMaTpPHBAThb COOTBETCTBYWOIIHE IIPOM3BOJAHBIE Ka-

teropur D*(s£), D (&), D°(s#£). Hanpumep, sneBble NPOEKTHBHbLIE
pe3oabBeHTH JexaT B Kom~™ (&), a mnpaBble HHBEKTHBHLIE — B

Kom* (5£).

3aMeTHM Temepb, YTO onpeleneHue, ckKaxem Dt (), MOXKHO
copMyHpOBaTh B ABYX BapHaHTaXx: Mbl MOXeM JHOO JIOKaJH30-
BaTb Kom*(s£) mo kBasumsomopduamam, Janbo paccMOTpeTh B
D(s5£) moNHy0 NOJKATEropHIO, COCTOSNIYIO M3 OTPaHHYEHHBIX Cle-
Ba KOMIIJIEKCOB. XOTenoch Gbl GbITh YBEDEHHBIM B COBIIaJeHHH 3THX
KOHCTPYKIM#, OZHAKO JJs 3TOr0 HaM IIOKa ‘HE XBaTaeT TEXHHKH.

Ieno B Tom, uto Mopdusmb B H[S~'], mocTpoennsie B m. 1.4,
npeicTaBasioTcs (OpMaNbHLIMU BHIPAXKEHHSIMH BHI2

f_1031—1°f205510' . 'osk_lofk'-iﬂli raie fle A"OI’%, SES, (1)

145 3b(exkTuBHONH paGoOTH ¢ KOTOPEHIMH HaM HeJOCTaeT ajreGpaH-
YeCKHX TOXKJAECTB THIA <«MPHUBELEHUs] K oOleMy 3HaMeHaTeJio».
Hanpumep, B KOHKPETHHIX C/ydasX TPYAHO AaXe DeluTbh BONPOC,
He SKBHBaJieHTHa Ju Kateropust %[S-!] kateropuu ¢ ogHHM 0ODbEK-
TOM H OAHHM MOP(}H3IMOM.

Heo6xoauMble TOXIECTBA Mbl aKCHOMAaTH3HPYeM B CJEAyIOLIieM
onpeneneHuH.

1.7. Onpenenenue Kiaacc moppusmos SCMor# HasbiBaer-
s A0KAAUBYOWUM, €CTH BHIIOJHEHH CJACAYoNi¥e YCJIOBHS:

a) MyJbTHIUIMKAaTHBHAsI 3aMKHyTocThb: idx€S mis Bcex X€ObJ,;
ecqn s, 16S, To s-16€S, Korja 3Ta KOMIO3HLHS OolpejescHa

6) ycaOBHSA NPOLOJIKEHHA: AJs HOOHX f€Mord, s€S cyumecTsy-
10T g6éMord, {€S, nomMoJHAIOIIHE YroJ A0 KOMMYTATHBHOIO KBaf-
paTa B KaxJA0# U3 CJeAyOLHUX ABYX AHarpaMM:

W——9—>Z \‘N‘_s__z
|
t; s tl s. (2)
]
X —fuy x=—t—

B) nycthb f, g — ABa Mopdpusma X—-Y; cyuiecTBOBaHHE MOpP{H3-
Ma SES ¢ sf=Sg DPaBHOCHJIbHO CyLlecTBOBaHHIO (€S c ft=gt.

1.8. 3ameuannsi. a) PaccMOoTpuM B JieBOM KBajpaTe (2) mnyTd
x.f u gx, or X kK Z. Mul yTBepK/JaeM, 4TO OHH ONPEAENSIOT OAHH
u tor e Moppusm X—Z B HB[S~']. B camom mese, KOMMYyTaTHB-
HOCTb KBajpaTa oO3Hauaer, uro [f=sg B Mor%#, oTkyaa cjeayer
SKBHBAJIEHTHOCTb TyTel Xx,fix, H x,Sgx, u 3ateM x,f u gx,.

Takum o6pasom, B B[S~'] umMeeM, B HECKOJBKO BOJILHOH 3aIHCH,
s-'f=gt-1, uTo mo3BOJIsieT NMeperHath B BhipaxeHuu (1) Bce «3Ha-
MeHaTeJH» S;~! HampaBo, €CJH TOJNBKO S YAOBJETBOpPSET YCJIOBHAM
n. 1.7 a, 6.

AnajorunyHo, BTOpo#i KBaxpaT B (2) mO3BOJSET NEePEHOCHTH BCe
3HaMeHaTeJd HaJjeBo. OTO upe3BbUalHO ympollaer HCCJAeAOBaHHE
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JIOKaJIH30BaHHON KaTeropuu. Uto Kacaercsi yc/ioBHs B), OHO obec-
NeYHBA€T JKBHBAJIEHTHOCTb MEXJAY IePEHOCOM HampaBO ¥ IIepeHo-
COM HaJleBo.

6) K coxaJsennio, B kareropud Kom (s£) KBa3HH30MOD(PH3MHI,
BOOGIIle TOBOPSi, He 06pPa3yIOT JIOKAJAH3YIOWEro KJaacca. DTO NpensiT-
CcTBHE OOXOAMTCS TaK: CHauajJa CTpOMTcA Kateropus K(s£) xomm-
JIEKCOB IO MOJYJI0O TOMOTONHYECKOH SKBHBAJEHTHOCTH, a 3aTeM
nposepseTcd, 4TO B Hell KBasuH3oMop(puaMmbl yxke o6pasylioT Joka-
JH3YIOIHH KJaacc. D10 GyfeT cAeJaHO B chaefyiolllem maparpade.

CdopmysHpyeM B 3aKJi0UE€HHE HECKOJNBKO IOJIE3HBIX CBOWCTB JIO-
KaJH3alUuH N0 JOKaJusylolmemy ceMmefictBy. Cuenymoiias JjaeMMma
siBJIeTCS JHAarpaMMHBIM BapHaHTOM 3aMeuadus 1.8a.

1.9. Jlem m a. [lycrs S— sokanuayomuii kjaace MophH3MOB B
Kateropun %. Torza $H[S-!'] momyckaer cJaeayiouiee ONHCAHHE:
ObAB[S-']=0b%, u panee .

a) moppusm X—Y B H[S-'] ecth KIacC «IOMHKOB» — JHATPAMM
(s, f) B # Buna

xl
j/ ‘ , 865, feMord , (3)
X Y

npuyem JBa AOMHKa NpPHHaJAJeXaT OAHOMY Khaccy, (s, f)~(t, g),
€CJIH H TOJbKO €CJH HX MOXHO JOCTPOHTb [0 TPeThero JXOMHKa
(sr, gh), BXoxsilero B KOMMYTATHBHYIO AHarpamMmy

T
X

To;xnecmenagaﬁ Mopduam id: X—X — kjacc JOMHUKOB, COHEpXKa-
i goMuK (idx, idy).
6) Kommoauuus mopduaMoB, npeacraBleHHBIX AOMHKaMH (s, f)
u (¢, g), npeacrasieHa noMHKoM (St’/, gf’), Koropwiii mosnywaercs
H3 HHUX JOCTPOHKOH ¢ NOMOINbIO nmepBOro Keaapata (2):
t /x“
t/ \\fﬂ

X', ‘y'
X Y z.
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1.9.1. 3ameuanue Hasosem auarpammy (3) S-n1esblM 10-
muxom. MMeercs BapuaHTt JeMMH 1. 1.8, B KOTODOM BMeCTO S-je-
BHIX JIOMHKOB HCHOJb3YIOTCS S-TnpaBblie NTOMHKH

N

KoMnosuuus MOpQH3MOB, NpEACTaBICHHBIX S-NPaBHIMH NAOMHKaMH,
CTPOMTCA C MOMOLIBI0 BTOPOTO KBaipaTta (2).

B COOTBETCTBHH C 3THMH AByMsS BO3MOXHOCTSIMH MOXHO BBECTH
NOHATHS JEeBO- H NPaBO-JOKAJH3YIOUEro Kjiacca MOpP(HH3MOB, NO-
Tpe6ORaB AJ5 HHX JHIUb MOJOBHHH ycioBuil 1.76 n 1.78.

1.10. [Ipeannoxenne. [Ilycrs @ — HekoTOpass KaTeropus,
S — nokasu3youmas cucrema MopdusmoB ¥, F¥ — nosuas noa-
kareropusi. [1ycTh BHIOJHEHbI C/le/yIOIIHe YCIOBHS: YCIOBHE a) H
an6o 6,), aubo Gp):

a. Sg =3 Mor & — noxammsyouas cucreMa B %.

6,. Jlim moGoro wmopdusma s:X'->X, rae s€S, XeObd, cy-
nrecTByeT TaKol mopbmusm f:X”-—>X', uto sf€S, X"€ObZ.

6y. To xe, uT0o B Gy, HO C OCpaiLleHHBIMH CTPEJKAMH.

Torna % |Sgz'|—nomas nomxareropus B € {S7']. Tounee, xa-

Honuueckuit pyHxTop [: % [SZ']—>%[S™| fBaseTca BnosHe CTPO-

rav. W
Mcrosibays 370 NpEAJOXKeHHe, MOXKHO A0Ka3aTb, YTO AHArpaMMa

/n"u) "

pk#) Di#) |

™~ D (#)
COCTOHMT H3 BJIOXKEHHH MOJHHX NOAKAaTErOpHil.

§ 2. TlponsBonHasi KaTeropHs KaK JOKAJH3aUMsi FOMOTONHYECKOH

2.1. NMaan., CHayajla MH ONpeJeJHM TaKHe AuarpaMmbl B Npo-
H3BOXHOH KaTErOPHH — 8bl0eAeHHble TpPeyeOAbHUKU, — KOTOphle 3a-
MeHsI0T ¥ 0G06LIAlOT TOYHHe TPOiikh B abeseBoll Kareropuu. Om-
pelesieHHe Takux AuarpaMm He odeBHAHO. Havatk ¢ TOrO, 4TO MHI
noKa He 3HaeM jaxe, uro Kateropus D(s#) aanuTHBHA:  YTOGHL
CKJaAbBATh MOP(H3MBI, HYXKHO cHauaja NPHBECTH HX K OJHOMY
sHamedarenlo. Jlanee, xora xareropus D(sf£) u okaxetcd ajifH-
THBHO{i, OHa TQYTH HHKoraa He aGenesa. [Tostomy B D(sf) Henb3s
HMHTHPOBaTh OGLIYHOE ONpejeseHHe TOYHOCTH.
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~ Bce xe, HecMoTpsi Ha HeabGenesocts D (sf), BblIeJIEHHBIE
TPEYrOJbHHKH B HeHl 3aJaloT 3aMedyaTeq]bHYK CTPYKTYPY, KoTopas
OTPaXXaeT OCHOBHbIE TOMOJIOTHYECKHE cBoOficTBa HCXOAHO# abGeJe-
BOIf KaTeropuH.

2.2, ®yHKTOp CABUra, UMAMHAP M KoHyc. [lycts S — HekoTO-
past abesieBa KaTeropus.

a) QukcupyeM NLe0e YHCIO 1 K a4 mo6oro xommaexca K =

= (K% di) monoxmm (K [n)))=K"", dkm=(—1)"dx- Ecm
f K'— L' —wmopdusm xommsexcoB, To f [2]:K [n]— L [r] mo onpe-
JAe/eHHIo, CoBrnajfaeT ¢ f IOKOMIIOHEHTHO.

Oro6paxkenue T":Kom ($£)— Kom ($£), T"(K)=K[n], T*(f)=
= f [n] sBAseTca ¢ynxmopom cosuea, OCyImeCTBAAIOMHM ABTOIK-
BUBAJCHTHOCTb Karteropuu Kom (). Oqesmmo, YTO OH TaKxe
HHAyLHPYET aBTO3KBHBAJEHTHOCTL KaTeropuit Kom® (&), Kom™(s#),
Kom® ($£) u cooTBeTCTBYIOIMX NPOM3BOAHBIX KaTeropuf.

6) Tyets f:K'— L' —wMopdusm  kommsiexcoB. Kowycom C (f)
Mopdu3mMa f Ha3bBAETCA KOMILJICKC

C()=K'N®L, dei k™, I)y=(—dck™, [ (&™) +dil).
Yno6u0 3anuckBaTh 3jeMeHTH C (f)=K [1]®L B BHEe CcTOAGLOB
BBICOTH 2, a Mopdu3sMbi 00603HAYATL MATPHULIAMH:

dxim 0)
dey) = .
) (f[ll de

Jlerko nposepurs, uTo @2 ,=0.
Ecau f—wmopdusm O-komnaexcoB (1. 6), 1o C (f)— KoMiaexc
>0+ K0» 050,
-1 0
H™(C (f)=Ker f, H°(C (f))=Coker f.
B) B Tex xe o6osnauenusx yusunopom Cyl(f) mopdusma f
HA3bIBAETCH KOMILIEKC
Cyl(f)=K oK [l|eL,
déyl(f) (B}, BHL, 1) = (dgkt— B, —dck*, f (B4 d. ).
OrMetuM, uTo ecau oba xommaexca K , L' orpaHuueHwl cJjeBa,
cnpaBa wiM ¢ JByx ctopoH, To C(f) u Cyl(f) oGranaloT Tem ke
-CBOMCTBOM orpanuyenHocT. Kpome Ttoro, ecim K, L'€Kom (%), rae
-% ¢ —HekoTopas aaautuBHaa noxakareropus, To C (f), Cyl(f)€
€Kom (£).
OcHOBHbIE CBOACTBA KOHyCa M LMJAMHApPa COOPAHH B CJefylouledt
“JIeMMe. , .
©2.2.1. Jlemma. Has mo6oro mMopdusma f:K — L MOXHO mo-
ic'rpomb KOMMYTATHBHYIO nnarpammy B Kom ($#) c TOuUHBHIMH CTPO-
KaMd, QyHKTOPHA/JbHYIO NO f: 4 .

. B gactHoCTH,

4,

* 100

0 L 50 (K [1] 0

Foye z |l {
0—+K—>Cyl(f)—+C(f)—>0 (H

K—~L
CO CHELYIOMUMHA CBOKCTBAMHL o
o, p— KBa3UM30OMOP(QU3MBI, TPHUEM po=id;., a aff romoromen
idcyi(sy, Tak uro L™ u Cyl(f) xaHOHUHeCKH 130MOpQHEI B nponsson-

HOl KaTeropuu.
2.3. Onpenenedune. a) TpeyzO/zbﬂutcon B KaTeropusx KoMl-

aexcos Kom, D, D*,... HashiBaeTCd auarpaMMa BUja
u v w
K~-L->M-K (1]
6) Mopdusmon mpeyzoAbHUKO8 HA3bIBAETCA KOMMYTAaTUBHAA
JAuarpamma '
. u . v . w .
K-L-M-=>K 1]
V' u V8 o, V2 o J,fm
K1—+L1—>Ml—>K1 [11.
Sror MOp(H3M HasHIBAETCH U3OMOPPUIMOM, eCllH [, & h——-nao~

MOp(bHSMbI B COO’I‘BQ’TCTBYIOHJ,GH KaTeropHuH..
B) Boidesennoim TPeyeoibHUKOM HA3BIBALTCS 1060k TpeyroJib-

HUK, KBa3HH30MOPGHEI cjelyiollei 4acTH HEKOTOPOH  Auarpam-
M (1):

k'Lt (f)—’icmi Kl m

Caenyollee NpeAJoXKeHHe NOKa3bIBAET, 4TO TOYHHE TPOAKH 10-
NOJHAIOTCSA [0 BBLAEJTEHHbIX TPEYrOJbHHKOB.

24. TIpeanoxenune, Jliobas Tounas TpOKKa KOMILIEKCOB B
Kom (&) KBasnnsomopcpHa CpefiHeii CTpPOKe MOAXOAsmiedl  AHa-
rpaMmbl Buaa (1). ‘

NokasateancTBO. Ilycte O— K'—> L'-+M'-+0—-Toquaa
tpoiixa. TpeGyemblit KBasunsomop(bHSM HMeeT BHJ .

0+ K —>L—o>M--0
|t Ae
0K —Cyl(f)~>C(f)—+0,
rae  saar us (1), a y(&, Hy=g(l).
Caelyomas TeopeMa NOKAa3biBaeT, YTO  KOrOMOJIOTHUGCKHE

CBONCTBA BHIEJeHHHX TpeyroapHukos B  D(5¢) (umn B
D*(s¢),...) TONHOCTHIO AHAJOTHYHBI CBQHCTBaM TOYHBIX  TPOEK

KOMIIJIEKCOB.
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2.5. Teopewma. ITycms
. u . v . w .
A K—~L->M->K 1] 2
— BHAeJeHHBE TpeyroJbHuK B D(s¢). Toraa nocseloBaTelbHOCTh
KOTOMOJIOTHM .
) ) ' (w) . .

vo. > H(K)Y~>H' (L)Y——H'(M)——>H" (K [1)=H* (K )—>...
TOUHA,

Teopemy mocTaToyHO JOKasaThb AJs KBasuusomopdHoro (2)
BHIJ€JIEHHOTO TPeyroJbHHKa

K5 CylwS ¢ (f)> KT,

TIOCTPOEHHOTO N0 AuarpamMme (1). Dto Aesaercss HEMOCPeACTBEHHO.
26. Onpenenenue. Ilycts s — aGeneBa kateropus. Iomo-
Tonuueckas karezopus K(s¢) onpepensiercsi c/elylollumM O6pasoM:

Ob K(s#£) =0Ob Kom (s¢)

Mor K(s¢) =Mor Kom (&) no moxay/aw ToMOTONHYECKOH
9KBHBAJIEHTHOCTH.

Yepes K+(£), K—(£), KP(s£) 0603HayaoTCs NOJHBIE MOAKATe-
ropuu K (8£), COCTOSIIHE M3 KOMILIEKCOB C COOTBETCTBYKOILIHMH
YCJIOBHAMH OTPAaHHUYEHHOCTH.

SIcHo, yro K (&) — annuTHBHAA KaTerOpHS H YTO Ha HeH Kop-
pekTHO onpeneJieHsl ¢yHkTopni H*. [lostoMy Ha Hee  JOCJOBHO
TIePEHOCHTCA OINpedeseHHe KBasuusoMopouamos m. 1.1

27. Teopema. a) B xareropuu K($£) Kaacc KBa3HH3OMOP-
¢H3MOB sBJASETCH JIOKAJH3YIOUIUM.

6) Jlokanusauus K (&) no kBasHH3OMOpGH3IMaM KaHOHHUECKH
u3oMopdua D (s£).

dto Ke BepHo AJs Kareropuit K*(s£) u D*(#) ¢ »=+, —, b.

HokazaTe/ibcTBO 3TOH TeOpeMbl HECJOXKHO, HO HECKOJbKO Ipo-

M034k0. OCHOBHOH TeXHHUECKHI IPHEM — HCHOJIb30BaHHE JIeMMB
m 2.2.1.

2.8. ApputuBHoctes D(s2). dast cnoxenuss  MopdH3MOB B
D(s¢) mnokaxem, uto J06ble Asa Mopdusma ¢, ¢’ : X—Y B D ()
MOXHO <«NpHBECTH K OOLleMy 3HaMeHaTeJio», T. €. NpPEACTaBHTb
JOMHKaMH

YN YN o
X Y, X Y

€ ONHHAKOBHIMH BEDUIHHAMH H OJHHAKOBLIMH JIEBBIMH CKaTaMH.
B caMoM 1ere, nycTte ¢, @’ MOpeACTaBJeHb KAaKHMH-TO JOMH-
'KaMH
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e

Jomnoanum yroJ

‘l‘I '
-t e

5

z
X
X
o komMmyrarhBHoro kpaapata B K(s£).  Tlockouabky s, s, r—
KBa3HH30MOP(U3MEI, I’ — TOXe KBasHH30MOP(hH3IM. [ToaTomy 9
H @' MOXHO NPEICTaBUTh  JIOMHKaMH  BHAA (3) ¢ t=sr=s'r’,
g=ir ¢ =I".

Tenepb onpexenaM cymmy ¢-+¢ B D (54) Kak mMopdu3M, Tpen”

t g+g'
CTaBJeHHb JTOMHKOM X <« U ——Y.

2.9. Mopduamel B D (). Tlycte Sf—aleseBa KaTeropus,
f:K'—~ L wopdusm B Kom 5£). W3 onpenenennus MOp(HU3MOB
B D () scro, uto f=0B8 D(A) toria M TOJBKO TOTA3, KOTAQ
CyIeCTBYET KBasMH30MOPGH3M s:L' - M’ Takofi, uT0 Sf TOMOTOMHO

0 (3KBHBaZNICHTHO, CyULeCTByeT xBasuu3oMopduam £: N — K Takoh,

wro ft¢ romoronso O .
Ecm f=0 B D(s) TO, KOHEUHO, H{f)=0 pas Bcex i.
PaccmatpuBasi MOPGU3M KOMIIEKCOB JUIMHHL 2 (A8 St —=4b).

r

PR

u
]
|
|
Z

...0—~ Z5Z— >0~ ...
b, {4 ¥
...0> %—ﬁZ/sz»o_h..

(b, ¢ nepesoAAT 06pa3yloILyl0 KaXIOH rpynnsl B oGpasyomyio,
a, d ymHOXa0T O6pasyoulylo Ha 2), NOKaXxuTe, HTO uoﬁpamoe
wepepHo. Takum 06pasoM, B  IeNOYKe  HMIIHKAIHH {f=0 B
Kom st}={f=0 B K(£)}={{=0 B D(s#£)}=>{H'()=0 nna
BCeX i}, Bce HMIJIHKAUHH SIBJIAIOTCH CTPOTHMH.

2.10. Cpezaomue GYHKTOpHl. JLasi  KaXIOr0o KOMMJEKCA
K'6Ob Kom & u xaxaoro ueoro i OnpefeniM KOMILICKCH Tk,

75K (cp. ta. 1, m. 3.3). nozaras

" npu n<i,
(r<1K')"={Kerd’ npu n=1I,
0 npu n>i.
0 npu n<i—1,
(17>1K')"={K“‘/Ker di-'npu n=i—1,
K* npu n>i.
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dcHo, uro

n . ; H"(K") mpu n <,
H (k’K)“{O npu n> i

. 0 npu n<i
A T
H*(K') npu n>1i.

2.10.1. TTpennoxenue. a) EcrectBentsie MOPQHAMBEI KOMIJIEK®™
coB a:T;K — K (cooTserctBenno B: K —v5,K’)  npopomkantcs
A0 QYHKTOPAa T; (COOTBETCTBEHHO Ts;) 3 kateropuu Kom £
B cebs.

6) PYHKTOPH T;, Ty; MEPEBOAAT KBa3HM30OMOP(U3MEl B KBa3H-
M30MOPH3MBI M TIO3TOMY ~ HHAYLMPYIOT (BYHKTOPH (0GO3HAuaeMbie
CHOBa Tgi, Twi) U3 D ($£) B cels.

B) Cymecrsyer dynkropuanshbii no K'€Ob D (F) ' Bbiie/ICHHHIf
TPEYTO/bHUK ' o

@ B . .
T<K > K =150 K > 1K [1]
B D(s£). ‘ o
JlokasaTe/bcTBa BCeX 3THX YTBEPXKAEHHI Jerko BHIBOMSTCH H3

npeanoxenus n. 2.4, OTHOCHTENbHO [afbHeHIIHX CBOHCTB H 0606-
HIEHHA CPe3aloIuX (PYHKTOPOB T:, Tm: CM. IM. 5, m. 3.4.

§ 3. Crpykrypa npoH3BoAHOH KaTeropuu

3.1. Komnaexcni—o6bektol. Hasosem HO-xomniaexcom nwo6oik
xommexe K, mas xoroporo Hi(K')=0 mpu i=0. Tlpu 3ToM Bce
paBHO, B KakKo# M3 KaTteropu#h paccmarpuBaercs K-, u6o Hi
npeBpallaer KBa3HU30MOP(H3MB B H30MOP(H3MBEI H TNOTOMY OIi-
penenen He Ttonbko Ha Kom*(s£), Ho u Ha K*(#) u D*(sf),
*=g, ..f-) > b.

3.1.1, MMpeanoxenne. Dyukrop Q:H—>D*(st) 3ajaer
9KBHBAJICHTHOCTb KaTeropHH ¢ c NMOJHOH nojakarteropueii D*(s£),
cocroseft u3 HO-KoMI/iekcoB.

3.2, Pacmupenns u ¢ynxkropm Ext. Bmecro 0-KOMIJIeKCOB H
H'-koMTJIeKCOB MBI MOXKEM DPAacCMaTpPHBATh TAaKXKe i-KOMIJEKCH H
H'ixomnuekch ¢ mpoussoabHEM i. CTpyktypa Mopdu3smos MEXIY
TaKHMH KOMIJIeKcaMu B D*($£) —3To ciepyomas No CJIOXKHOCTH
HH(OpPMaUHUs O NPOH3BOJHON KaTErOPHH.

Bynem 3anuchiBath i-KOMILTeKCc ¢ 06bekToM X€Obs¢ Ha i-M
Mecte kak X[—i}; Bmecto X[0] B mpemmiymem nyHKTe MBl muca-
Jau npocro X. :

3.2.1.0npenenenne. Ext’ (X, ¥)=Homps (g (X[0], Y[i]). B

Huxe Mb mokaxem, 4To 3TO ONpene/eHHe COBINAfaeT ¢ AaH-
HBeIM B IJa. 2, § 4.
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3.3. 3amMmeuanns. a) DespasanuHo, kakofi mHIeKc 00o03Ha-
yaeTcd CHMBOJIOM *, MO0 i-KOMIIEKCH OrpaHHYEHBl, & BCE BJIOKE-
HHS TPOM3BOAHBIX KaTeropuil Apyr B Apyra CyTb CTPOrHe MOJHEIE

(YHKTOPHI. o ’
6) C nomompio Gynxropa T Mbl MOXKeM OTOXJECTBUTH

Ext\, (X, Y) Taxxe ¢ Hompg gy (X [k], Y [i+4-£]). Yunoxenue Mop-
du3MOB B TPOM3BOJIHOA KATErOPHH NO3BOJISET ONPELE/HTh KOMIO3ULHIO

Extl, (X, ¥Y) X  Extl(, 2)%

I I o B
Homp(gy (X [£], Y [i4k]) X Homp g [V [i+£1, Z [i+j+kD—~
SExtH (X, 2)

B D IO '
—Homp( gy (X [E], Z [i4-J+k]

dra xommosuumsi Ha Ext’ ax He 3aBucMT OT BHIGOpa £ B HIKHEH
CTpOUKe.

B) Extfy¢ (X, Y) sasmmiorca abejesBbMi PYNOaMd, [OCKOJBKY
kateropust D (¢) anuTuBHA. YMHOXeHHe GHajiauTHBHO. Dosee 10
ro, Ext’, ompenessier Gudynkrop $£0X ¥ —£b.

PaccmaTpuBas TOUHYIO TPOUKY B S

0—>X'—+X-»X"->0 (coorercTBerHo 0-—>Y" YY" ~0)
KaK BblIeJEHHBI TPEyroJbHYK, MOJyYaeM 3 M. 2.5 TOuHylo mocje-
JOBATEJLHOCTD .

L. >Ext, (X", Y)>Exty (X, ¥) > Extl, (X' ¥)~>

~Ext (X", V)~ ... .
(COOTBETCTBEHHO . . . ~Extly, (X, Y/)~Extiy (X, ¥)»Extgy (X, ¥")~
~Ext (X, Y)—>...)

r) Caeaysa Vowene, paccMOTpuM CJEAYIOLLYI0 KOHCTPYKIMIO 3~
MEHTOB H3 Ex’tf2¢ (X, Y), i>0. Paccmorpum JHoGOH  aUMKJIMUHbIA
xommaexc K Bupa:

K: . 50K i=Y>KH"s,  >K>X=K-=0->...(l)
Ou onpejenser JEBbil JOMHK

K
s f
X[o) il
rre RY=K! mpu l#£1, K'=0, s9=d%, f'=idy. OGo3naunM ue-
pe3 y(K') mMopdusM B MPOU3BOLHOM KATErOpHH X [0]—-Y [i], oTBeva~-

IOIMIl 3TOMY JIOMHKY.
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I'IyC'r%., HAKOHell, Y HAC eCTh ABA KOHEYHBIX ALMKJMYHBIX KOMII-
Jexca K, L', npuuem kpaiuufi sepuit unes K, 1o ects Y B (1),
COBmMajaet ¢ Kpa#iuuM npaseiM uieHoM L. Torma mel MoxeMm o6paso-
BATh TPETHHl KOHEUHH AUWK/IMUHBI KOMIJAeKc, «cuenus» L' u K mo
uX ofuleMy 4ieHy:

LK. .>0>Z> Lis ... L“-iLL'—f> K->
ee > K> K'=X~0...
rhe f — KOMIIO3HLuH,
a dy
f:L.—> L1=Y=K—i—>K'_H'1
(auuganunocts L'oK serko npopepseTcs).
3.4. Teopewma. a) Extl, (X, ¥)=0 npu i <0.
6) ExtS, (X, ¥Y)=Hom (X, 1).
B) JlioGof aseMeHT Extf% (X, Y) umeer Bug y(K) oA MOxXoxsi-

mero xomnsexca K suna (1) u amm  y (K)EExt' (X, ¥ :
R A [) )s y (L 6
eExtf% Y, Z), umeem !

- Y(LK)=y(L)y(K).
.0. l'omonornueckass pasmepHocts. Ilpenniaymas Teo

. ema r1o-
Ka3blBaeT, YTO CJIOKHOCTb NPOH3BOJHOH KaTeropHH D(.ﬂﬂr; MOXHO
rpy60 H3MEPHTb CJeAYIONEH XapaKTepPHCTHKOH.

| Tomonozunecrkolt pasmeprocmeoro dh () HA3HBAETCH MAKCH-
Ma.an;)e YHCJIO0 p, AV KOTOPOTO cyuecTByIOT 06beKTH X, Y600 ¢
¢ Exti, (X, Y)+0, wm oo, ecau Takoro ukcaa Het-

‘CTOOquHﬂHO’ dh (A4) > 0. HysbMepHbie KaTeropuu ycTpOEHsl mpo-

3.5.1 Mpengaoxenue. Cre
’ . oL e .
JICHTHBL: Ay YTBEPXIEHHS 3SKBPHBA

a) dh(s£)=0,
1
6) Ext 4 (X, ¥Y)=0 gns Bcex X, YeOb ),
g)ﬁxa(T)eropﬂﬂ S noaynpocra (cM. 0. 1.5).
.6. OnnomepHnle kateropum: a) Kareropua S£b o
6) Kareropus K[x]-mod, rae K—IIO.)IIe, ouHOMI:apHa. oAtoNepHa.

Jlerko nokasatb, 4TO Pa3MepHOCTb THX KaTeropuit =>1: B HUX
€CTb HepaclleNnHMble TOYHbIE TPOHKH

0-> K [x] > K [x]-> K 0.

JlokazaTe/nbCTBO TOTO, YTO Pa3MepHOCTL b B TOYHOCTH PpaB-
Ha |, cpaBHHTe/]bHO HecsJ0XHO. IlJsi JNOKasaTeAbCTBa OJHOMEPHO-
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ctu K[x]-mod nosesHo pPasBHTb HEKOTOPYIO TEXHHKY, KOTOPYIO

MBl ceiiyac ONHULIEM.
3.7. ToMojoruueckue pasmepHocT o6bekrta. Ilosoxum  AJs
X€eObst

dhp X =sup {n:3Y€0b 5, Ext", (X, Y)#0},
dhi X =sup {n:8Y€O0b 5, Ext%, (Y, X)+0).

Byksnl p, {— cOKpallieHusl CJIOB «IPOEKTHBHHIH» H «HHBEKTHBHBIH»
COOTBETCTBEHHO, YTO ONpaBABIBAETCS CJEyILiell JeMMOH.

3.7.1. Jlemma. Caenyiomne TPH YTBEPKJeHHS 3KBHBAJEHTHBI

ap) dhp X=0.

6,) Ext', (X,Y)=0 ans Beex Y.

B,) X TPOEKTHBEH.

AHANOrMYHO, PKBUBAJCHTHB yTBEPHKACHU

a;) dhi X=0.

6;) Extl‘% (Y, X)=0 nna scex Y.

B;) X unnexrused. M

37.2. Tlpenaoxenue. a) [lyctb Komnaekce

. > 0—>X'—>P >  —>P'—>P'>X>0—. ..

alMK/InueH, 06beKTH P! mpoekTuBHb. Toraa
dhp X’=max(dhp X—k—1, 0).
6) IMycTp KOMIJIEKC
' X[ X0

auukauued, o6bekts ' napexrusbl. Toraa
dhi X’=max(dhi X—k-—1, 0).

373. Cnencrteue. a) Ecan B Kareropun &4 JOCTaTOUHO
MHOFO MPOEKTHBHBIX OOGBEKTOB (TO €CTb J1060f1 00beKT H30MOP-
eH (akTOpy NPOEKTHBHOrO), TO yC/IOBHE dhp X<k paBHOCHJBHO
ToMy, 9t0 y X MMeeTcsi NPOEKTHBHAs De30JIbBEHTA JLJIMHLI <k+1.

6) Ecau B Kareropuu & XLOCTaTO4YHO MHOTO HH'BEKTHBHBIX
061bekToB (TO ectb Jofol  OGBEKT nsomopder  MOAOODBEKTY
HHbeKTHBHOrO), To ycioBue dhi X<Ck paBHOCHJBHO TOMY, HTO ¥
X umeeTcs HHBEKTHBHas pe3oJbBeHTa AJMHHE <<kl

3.8. Teopema luablepra, B ra. 2, § 4 Mbl  cQopmyupoBaju
Teopemy I'mabbepra O uensix CH3WTH{ A8 MOAYyJeH Hal KOJbLOM

MHorouneHos E[ty,...,t]. B cueiyiomeil reopeme 6yzner chopmy-
JIHPOBAH KaTEropHBIA BapHaHT 5TO#l TeopeMbl. B mpHMEeHeHHH K
monyasm Han k[#,...,t] oH Raer pesysbTaT, HEMHOTHM Gonee

caabHifi, yeM Kjaccuueckash TeopeMa, MOCKOJbKY — Mbl [OJYyH4HM

orpaHuyeHde AJHH NPOEKTHBHBIX, a HE cBOBOAHBIX Pe30JIbBEHT.
(B 1efcTBUTE/ILHOCTH, Haj KOJbLOM MHOTOYNCHOB € Ko3ddu-

1MEHTaMH B ToJle NPOEKTHBHBIE MOJYJH KOHEUHOro THNA csoGon-
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HH. JDTa HeTpHBHAaJAbHasA TeopeMa Owblla chopMyJaHpPoBaHa B Ka-
yectBe Tunotessl Ceppom u JokasaHa HesaBucumo CycauHbIM H
Ksuanenom [12], [123].

IMycts & — aGesieBa kareropusi. O6osHauum. uepes SHT| cae-
IYIOIIYI0 KaTeropuio:

Ob & [T']:{napu (X, £), rne X€6Ob S, t€Hom 4, (X, X))

Mopousm (X, {)—> (X', t'), B H[T]—>310 Mopdusm f: X=X’ B ¥
¢ ycaoBueM t'of =fof. " ‘ '

3.9. Teopema. a) Kareropus £[T] abenesa.

6) Ilpenmquoxum, 4To B KaTeropuu & HOCTATOYHO  MHOTrO
NPOEKTHBHHIX OOBEKTOB H CYILeCTBYIOT GeCKOHeuHble MpAMBIE CyM-
mbl. Torpa Aas jgio6oro o6bekra (X, 1) 60bsZ[T] umeem:

dhp g1 (X, £) < dhp g (X)+1.
B) B Tex xe ycioBHax

SlcHo, uro yrtBepxIeHue n. 3.66) cienyer H3 3TOH TeOPEMHI.

3.10. MpousBoaHasg KaTeropus M HMHBEKTHBHbIE PE€30JbBEHTHI.
ITocnenHsia Tema 3TOro naparpaga-— onucaHue NPOH3BOAHON Ka-
TErOPHH B TEPMHHAX HHBHEKTHBHBIX Pe30JIbBEHT.

[lycts 7 — mosnas moakaTeropuss abe/ieBOil  KaTeropuu ¢,
COCTOSIILAsE H3 HHDBEKTHBHHIX 00beKTOB. PaccMOTpDHM  KaTerophio
K*(F), cocrosillylo U3 OrpaHMUYEHHBIX CJeBa KOMIIJIEKCOB HHDBEK-
THBHBIX 00BEKTOB M MOP(HH3MOB 1[0 MOJYJI0  TOMOTONHYECKOH
5KBHUBAJEHTHOCTH, H ecTecTBeHHbi ¢yHkrop K*(F)—>-D* ().

3.10.1. Teopewma. a) OnucaHHBi (QYHKTOD OIpeldenseT SKBH-
BaJeHTHocTh K (F) ¢ mosHoi noakarteropueii D+ (s£).

6) Ecam uHbekTHBHBIX O0BLEKTOB B S JOCTATOUYHO MHOTO, TO
OH SIBJISIETCSl S5KBUBAJEHTHOCTBIO KaTErOPHI.

3.10.2. Tlnan pnokasareabcrBa. [Ipexje Bcero, HyXHO NpoBe-
puTb, uTo K nape Karteropuii K*(F)c—K*(s£) u cucreMe KBasu-
nsomoppusmos S B K+ () npumeHumo  npepsoxenue n. 1.10.
C 370fi Ueabl0 HYXHO NPOBEPHTH CJieAyIOlHe YCJIOBHS.

A. Keasunsomoppuamel B K*(F) o6pasylor JOKaJH3YIOUIYIO
cucremy S.

B. Ycaosue 6, npeanoxenus m. 1.10 BHNOJHEHO.

[Mocse atoro yteepxaenue n. 1.10 Gymer o3HauaTh B HAueh
curyauud, uro KT (F) [S;l] fBaseTcds TMOJMHOH MNOAKaTeropueft
B K*(#)[S7|=D*(#4). (ITociefHee paBeHCTBO €CTh yTBEpKIeHHe
Teopemu 1. 2.76).)

B. S cocrour u3 usomopdusmos. Mosromy K*(7) [S7'1=K*F).

I'. Ecan B & N0OCTATOYHO MHOTO HHBEKTHBHHX OOBLEKTOB, TO
mo6oii o6bvekt u3 Dt () usomopden obbekry 3 K (7).
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OTMeTHM elile, UTo B 3TOM  chayyae  COCTaBHOH  (yHKTOD
D* (s¢) > K+ (9)—~K* (s£) compsixes cupasa GyHKTOPY JIOKAJH-
sanun Kt (s£)—>-D*(s£).

3.11. Ext n pesoabsenTbi, OTMETHM, 4YTO TPH J0Ka3aTeJ]bCTBE
yTBepxAenuii B, B mpenpiaymero myHKTa €CTECTBEHHO NOKA3HIBATE
cleayollee ycujeHHe YCJOBHS Oy MpeVIOXEHH: 1.10.

(#) mycrs  s:l —~K " — KBA3HHA30MOPHHIM oﬁ;bema K*(%)
¢ obbextom n3 K+ (s¢). Torpa cymecTsyeT TaxKou mopdusM KOM-
maexcoB £:K — I', uto fos TOMOTONEH id;.

OTciofa H 43 [BOHCTBEHHOTO YTBEPK/IEHHS IJsi  KOMIJIEKCOB,
cocTaBJeHHbIX M3 MPOEKTHBHBIX OOBEKTOB, BHITEKaeT, UYTO €cTe-
CTBEHHBII rOMOMOP(HU3M

Hom gy (X, V')~ Homm p () (X, 7))

SBJIIETCS] W3OMOP(U3MOM B KAXIOM M3 CJICAYIOMIHX Cayvaes:

i) Y'e ObKom*(7):

ii) X €Ob Kom* (%) (P —x/aacc TPOEKTUBHHX OOBEKTOB B ).

Vs yteepkpenufi i) m i) caenyer, 4TO ONpeAE/CHHE rpyni
Exth,(X,Y) us n. 3.2.1 cosmajaetr ¢ Onpeje/eHUEM us ra 2, §4:
Ext";t (X,Y) ectb n-s rpynna KOTOMOJIOT Ml KOMILJICKCA

0—-Hom (P?, Y)=Hom (P~!, Y)—Hom (P72 Y)—...
(COOTBETCTBEHHO KOMILIEKCa
0—>Hom (X, I°)—~Hom(X, I')=Hom(X, P2)—...),

rae ...~>P~l—>P%>X—()— IpOeKTHBHAsi Pe30JIbBEHTA X (coor-
peTcrBenHo 0—Y—[0—>['— .. — HHDBEKTHBHAS PE30J/bBEHTA Y).

3.12. Cosnapenne K° um Db, Ilycts S/ — abeseBa KaTeropus,
X&Obst. Obosnauny uepes add X TOJHYIO NONKATErOpHIO S, CO-
CTOSIILYI0 M3 KOHEYHBIX MPSMBIX CyMM NpAMBIX  C/araemblx X.
SIcHo, urto add X — aAAMTHBHAs MOJKATEropus 2. Hmeerca ecte-
cTBeHHHIH (YHKTOp @x : Kb(add X)—D?(s#) (koMmmosuuusi  BJO-
xenua KP(add X)—K®(s£) u JoKanu3anuy Q: Kb (£)—>D? (s£)).

O6Go6uas yTBepxpaeHHs i), ii) mpelbAyILero MyHKTa, MOXHO
mposepHuTh, uto ecan Ext g’ (X, X)=0 njs Bcex i>0, 10 px—
BJIOKEHHe TOJHOH noaxkateropud. Eciu, KpoMe TOro, y KaxJIoro
06bekTa YE€Obsg ecth KOHeuHas pe3onbBeHTa (TO €CThb KOMINIEKC,
KBasHH3oMop(HbIf 0-Kommiekcy Y) ¢ uneHamMH H3 add X, 10 @z
SIBJISETCS SKBHBAJEHTHOCTBIO KaTeTOPHH,

§ 4. MpoussonHpie GYHKTOPH! OT AAAHTHBHBIX (YHKTOPOB

4.1. MoruBuposku. B m. 1.2 MH yxXKe TOBOPHJIH, UYTO BaxXHeH-
mHe afidTHBHHe OGyHKTOpH F Ha abeJeBHIX KaTeropusax,  Kak
Hom, ®, I', mosxub OHTb onpelesieHs 3aHOBO JJisi BOCCTAHOBJIE-
Hus ux TouHocTH. IlofpoGHee, mycth F :.5f—% — TOUHBIH cJieBa
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1e KO BCeM KOMIJEeKcaM, a TOJbKO K XOpOowo [0~
e/ ICTABHTE/SIM KJAcCOB KBa3HH30MODP(QHBIX KOMILJIEK-
), KaK MH yBHAWM HHXe, RT mpaBuJpHO  BBIYHC-
cnoco6oM Ha (OTpaHHYEHHBIX cJ/eBa) KOMILJEKCax
1yukoB, a L(M®-) —Ha (OrpaHHYeHHBIX cripasa)
OCKHX MOJyJeil.

watusupyeM OOLIYI0 CHTYAaLHIO CJELYIOLlMM  CHOCO-
kaacc o6bekToB S NPUCNOCODAEHHbLIM K TOU-
uiau caesa) ¢yukropy F, ecinm OH YyCTOHYHB OTHO-
HBIX NPAMBIX CyMM M BBINOJHEHH CJeAylOliHe 1Ba

TOYeH cJjaeBa, To F NepEeBOAHT alHKJIHUHBIE KOMII-
(&) B alMKIUYHBIE.

eH cnpaBa, T0 F IePeBOJHT aUMKJIHYHblE KOMIJIEK-
V) B aUHKJIHYHBIE.

TOYeH cJjieBa, To JI0GoH 0ObekT S BKJaJdblBaercd B
bekKT u3 #. Ecam & ToueH cnpaBa, 710  Jo6oi
¢ (akTOpoM HekoToporo obmbexra u3 £ (Mbl 6y-
B TaKHX cJaydasix, uto % J0CTAaTOYHO BEJHK HJH UTO
TOYHO MHOro 06beKTOB Kiacca &).

sto ecau F ToueH, To mobofi kaacc #, yIOBJETBO-
suio 6) (B YACTHOCTH, Kjacc Bcex OO6DBeKT0B &£),
K F.

oxenne IMycme R —mpucnocobneHHHH K (QYHKTOPY
¢ 06BeKTOB, S g — KJACC KBA3UH30MOP(pH3MOB B K *(&R).

‘, e K* 6epercs 1/ TOUHBIX c/ieBa F, K~ — /1 TOYHBIX
>a S £ fAsagercs JOKAJU3yIOLe#l CHCTEMOH, H.
dynxrop

K*@#[Sz 1> D" ()
aJIEHTHOCTLIO KaTeropui.

pYKIUs npousBoiHoro ¢yskropa. B ycioBusx mpex-
npejeauM NPOM3BOAHBM (YHKTOP HAa OOBEKTAX KarTe-

Sz | nounenno:
RF (K')'=F (K') ama K'€K* (%),
LF (K')}=F (K) ama K€K™ (%)

NOwWIeHHOE NpUMeHeHHe F mepeBOJHMT AalHKJIMYHBIE

*(#) B auux/auMuHbie, TO JKe PaCCyKAeHHe, UTO
m 1. 4.2 noxassiBaeT, YTO KBA3UM30OMOP(H3MBI nepe-
usomopdusMul., [103TOMy MOXHO CKasaTh, 4r0 RF
o LF) snsetca dynktopom us K* (%) [Sz'] 8 D*(%).
. BHIOpATh OKBUBAJIEHTHOCTb KaTErOpHiH O:D* (£)—>
'], oGpatHylo cieBa K eCTECTBEHHOMy BJOXEHHIO»
b RF, LF, nonoxus

)
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RF (K')=RF (®(K"), LF(K)=LF @(K")

B ofliem cayuae.

OTa KOHCTPYKUHS CONEPXKHT HEONHO3HauHOCTH — B BHOGope @,

H, YyT0 GoJiee cepre3Ho, B BhiGope . Jl0BOIBHO OYEBHIHO, B Ka-
KOM CMbicjie OHa He 3aBHCHT ot 9. PopMysHpOBKa H J0Ka3aTelib-
CTBO He3aBHCHMOCTH oT £ Tpebyer (opMasbHOrO onpejeseHHs
NPOK3BOJHOrO (HYyHKTOpPA C NOMOWIBLIO YHHBEPCAJbHOTO CBOMNCTBA.

46. Onpenenenune. [Ipoussodnoim (PYHKTOPOM pAs ALTH-
THBHOTrO TOYHOro cJeBa ¢yHkropa F:.s/—% HasviBaeTcs mapa,
cocrosimass u3 ToYHOro ¢yskropa D*(F):D*(£)—>D*(%) =#
MOp¢pH3Ma GYHKTOPOB er : Q g °K¥ (F)—D* (F)-Qy :

ot
o N
K(#) (8 -

K*(F) /
Q
\ @) &

OTa mapa ROJKHa 06JafaTh CJAELYIOUMM YHHBEPCaJbHBIM CBOM-
crBom. [last moGoro tounoro ¢ynkropa G : D*(s£)—>D* (%) u mop-
¢usma Qynkropos &:Q  oK*(F)—>GoQy cymecTsyer enuHcTBeH-
‘Hbti Mop¢usm ¢ynkTopoB n : Dt (F)~G, pisa KoTOpOro clieyomas
JHarpaMMa KOMMYTATHBHA:

GoQy
QoK *(F) neQy . ()

D*(F)oQys
. AnanoruuHo, npon3BOJHBIA GYHKTOP [Jisi TOYHOTO CApaBa (QYHK-
Topa F:¢—~% —s310 napa D-(F) :D-(s£)—>D- (%) u mopdusm
¢yHKTOPOB £F : D™ (F)oQ oy —~Q goK~(F), o6nagawmuil yHuBep-

CaJIbHBIM CBOHCTBOM, aHaJoTHYHHM (1) (c Mop¢H3MOM (YHKTOPOB
n:G->D-(F)). 1 ' by P

OtMerumM, 4TO ecaH QYHKTOp F TOUEeH, TO BBHAY NpeAJIONKeHHS

0. 4.26, ero npousBOAHBIY pyHKTOp D*(F) COBmagaer c HOUTEHHLIM
npuMeHeHHeM F K KOMIJIEKCaM.

4.7. E,U,HHCTECHHOCTB npou3BonHoro  ¢yuktopa. I[lycts
(D* (F), er) u (D*(F), er)—IBa TNPOM3BOAHBIX (yHKTOpA 19 F.
B cuny Onpefle/ieHus CyIIeCTBYIOT W OXHO3HAYHO ONpe/LeseHH Mop-

) n o
gbusmm dynkropos D* (F)ZD* (F) ¢ yK4a3aHHEIMH CBOHCTBAMH KOM-

. ~n —~ ’
MyTaTuBHOCTH. TTosToMy men M mon GydyT asTomopdusmamu D* (F),
D* (F) cOoOTBETCTBEHHO. 3HAUYHT, OHH TOXNECTBEHHE B CHAY €MIMH-
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CTBeHHOCTH. TeM cambiM, 1 M 1) —B3aUMHO OGpaTHEIE H30MOPGH3MBL

(YHKTOPOB, KOTOpbie K TOMY K€ OIpeJeJieHH OAHO3HaYHO.

48. Teopewma. Ecan yHkrop F momyckaer MpHCIOCOGJIEHHBIH
K Hemy KJacc 06bektoB &, T0 D=(F) cymecTBYIOT H ONPEeAeJSIOTCS
KOHCTpyKuued 1. 4.5 (10 ectb D+ (F)=RF, D~ (F)=LF).

JloxasaTeabCcTBO 3TOH TEOPEMBl COCTOHT B aKKypaTHoH ¢opma-
JU3aLHH paccyxaeHud n. 4.5,

B npHJIOXKEHHSIX CYIIECTBEHHO, YTO HEKOTOpHIE Kaacchl OObek-
TOB MPHUCIOCOBJEHB KO BceM (QYHKTOpAM, TOYHBIM ¢ (PHKCHDPOBAHHOM
CTODOHHL.

49. Teopewma. Eciu B & H0OCTATOYHO MHOTO MHBEKTHBHBIX
(COOTBETCTBEHHO NMPOEKTHBHBIX) OGBEKTOB, TO MX KJAacc MPUCHOCOG-
JeH K JMoGOMy TOYHOMY cJeBa (COOTBETCTBEHHO TOYHOMY CIpaBa)
dyukropy F.

JdoxasaTteabcTBO. IlycTh, ckaxceM, F ToueH cJaeBa, J—
KJACC MHBEKTHBHHIX 0GbeKTOB. [To onpenesendio mpucnoco6aeHHOCTH
JLOCTATOYHO NPOBEPUTH, YTO F TIePeBOJMT AUUKJMUHbIE KOMIJIEKCH!

us Kom* () B auuxmunsie. [lycts [ —raxoit xommaekc. Hynesoit

Mopdusm 0:/'— [ sBaseTcs kBasumsomopdusmom. B cuay yTBepx-
zennst (+) w3 nm. 3.12 ou romoroner id,. ITosTOMy Hysesoli MOp(H3M

F (I') romoTonen id Ry Caenocpatenbho, F (I°) auux/mveH.

Jlo cMX mOp MBI BHIBOAMM CYIECTBOBAHHE NMPOH3BOJAHOrO (PyHK-
Topa M3 HaJH4hA NpHcrnocoGiaeHHoro kiaacca. YacTuunoe obpaute-
HHE 3TOT'0 PACCYXKAEHHS TaKOBO.

[Mycte DE(F) cymecrsyer. HasoBem 06beKT X F-QyUKAUUHLIM,
ecan DiF (X)=0 npu Bcex 0. B 3THX yCJOBHSIX CIpaBe/JHBA

4.10. Teopema. a) Jas cyuecTBoBaHHA INPHCHOCOGJIEHHOIO
Kk F kjaacca o6beKToB Heo6XOHMMO M JOCTATOYHO, YTOGH Kaacc Z
F-auuKJIHUHBIX O6BEKTOB GBI JOCTATOUHO GOJBIIHM, TO ecTh UTOOLE
KaxAblfi 00BbEeKT GObld MOXOOGBHEKTOM ANMKJIHYHOIO (A JIEeBO-TOY-
Horo F) uaum GakTopoGbEKTOM 4UMKJIKYHOrO (s MPaBO-TOUHO-
ro F).

6) Ecau F ZocTaTOYHO BeJHK, TO JIOGOH Kjacc MpUCIoco6/eH-
HHX K F 06beKTOB JeXHT B & U Mmool 1ocTaTouHo GoJbIIOR MOA-
kJace & npucnocobaed K F.

B) Ecam F [0CTATOYHO BEJIHK, TO BCe MHDBEKTHBHble (1J1s JIEBO-
tounbix F) HJM TPOEKTHBHBIE ([ NPaBO-TOUHBIX F) OOBEKTHl Je-
XKat B Z.

JokasareasbcTBO. IlycTh KJjacc NpHcHocobAeHHHX K F
06bekToB # cymectsyer. [lo koHcrpykumu nm. 4.5, DF(X[0]) kBa-
suuzomopden F(X)[0] mas Bcex X€R. Ilostomy RCZ, nu Z Ho-
CTaTOYHO GOJbLIOH.

Hao6opor, nycts $ — moGofi A0cTaTouHO O6OJBIIOH MOLKIACC
Z. Uto6bl YCTAaHOBHUTH €r0 JOMYyCTHMOCTb, AOCTATOYHO INPOBEPHTD,
yto F rNepeBOAMT auMK/JHYHBe KoMmmJekch u3 Kom* (%) B auuk-
auynbie, [TycTh, ckaxeM, F TodeH ciesa. Ecau auuk/i#uHBIA KOMI-
nekc U3 F-aluKJIHYHBIX O6bEKTOB siBJseTcss TPOAKOH ...—0-K'—
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—K'—=K2~>0~ ..., 10 Tounocts 0—>F (K°)—>F(K!')—>F(K?%) -0 cne-
nyer u3 D'F (K% =0. B ofmem ciaydae MOXKHO IOCJELOBATENbHO
OTWEN/INTh TouHBe Tpoikd. [omaras Xi=Imdi X°=K° umeem
TOYHBIe TPOHKH

0K~ K!'= X0, 0+ X'->-K2—>X2—>0, ...

Hanee X16Z, ubo X', K'*'6Z. Ilosromy tpoiikn O0—F (X')—-
—F (KiHy—F (X*1)—(0 tounb, Tak uro F({K') TOueH.

Hakoren, nycte Z — noctaToudo GoJgplioli w F NO-IPEXKHEMY
TOYeH cJiepa. BJoXuM HHBEeKTHBHBIH 00bekr I B anukaAnuHbli X.
W3 puarpaMmbl HHBEKTHBHOCTH

I

o\
I

X<—I-<—-O

cjelyeT, 4To ¢ BbleJsier [ npsMbiM caaraeMbiM B X. Tak kak F
annutused, DiF(]) saBasiercsi npaAMbBIM cjaaraeMbiv B DU (X) =0
npu i0,

4.11. Knaccuyeckue npou3BojHble QYHKTOPHL

a) ®yHkTop H ¥3 NpPOW3BOAHOH (HJAH FOMOTONHYECKOI) KaTero-
puH B abesleBy HA3LIBAETCS KO2OMOAOSUHYECKUM, €CJIH OH MepeBo-
IuT Jg1000d BbljeJeHHEE TpeyroabHuk B X—Y—Z—X|l] Tounyio
OCJ/IeA0BATENbHOCTD

> H(TiX)>H(TiY)~>H(TiZ) ~H(T#*X) — . ..

Hanpumep, H=H°®— xoromosoruyeckuii ¢yHkrop (cM. m. 24 =
ra. 1, n. 1.5.1). Hpyroii npumep: H=Hom(U, -) (cm. HHXke T, 5,
n. 1.3)

6) Ilycts F—TouHBI{l cjaeBa (COOTBETCTBEHHO chpama) ¢yHK-
TOp W3 OfHOH abeseBoii  kaTeropuu B jJpyrylo. Torma RiF=
=H(T'D*(F))=H'(D*(F)) (coorBerctBento L‘F=H'(D~)(F))
eCTb KJAacCHUYeCKHH (-# npoun3BoiHbi# ¢yHkTrop ot F  (cM. i 2,
n. 4). Herpyano y6eantnesi, uro R'F=0 npu i<<0, R°F=F (coor-
BeTcTBeHHO LiF=0 npu {>0, L°F=0). Ilpumepst cm. B 1. 2, § 4.

4.12. Cnabbie npousBoinblie yHkTropnl. H3noxum Ttenepp Apy-
rol BapHaHT KOHCTPYKUMH NPOH3BOAHBIX ¢yHKTOpOB. OH ofbecneuu-
BaeT CyLIeCTBOBaHHe, ckaxeM, RF, B 6ojiee OOLIHX NpeANOJOKEHH-
s1X, HO 3aTo 3HaueHus RF Jexar anpHopu He B IIPOH3BOJHOH KaTe-
rODHH, 2 B HEKOTOPOM €e pacUIHpeHHH.

4.12.1. Kareropun KouHpekcoB. Hasosem xkareropuio [ kaTe-
2opuell KOuHdexcos, ecli OHa MaJa, HellycTa H ee CTPEJKH YAOB-
JETBOPAIOT CAECAYIOIHM aKCHOMaM.

a) I cBsizHa, TO ecThb JI10OBle ABa O06BEKTa MOXHO COEAUHHTBH
N0CJIeOBATENbHOCTBIO CTPEJIOK (HampasjeHust Ge3passinyuHbl).

6) Jlio6yio napy mMop¢usMoB j'<—i—j MOXKHO BKJIOUHTb B KOM-
MYTAaTHBHBIH KBaJpar
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u .
B) Jlio6ywo napy mopdusmoB {=3/ MOMXHO MAONOJHHTL MOPQHU3MOM
v
k
J— W TaK, uTO Woll = Wov.
Kateropuss J HaswiBaeTcs Kamezopueill unoexcos, ecom Jo0—
KaTeropusi KOWHAEKCOB.
4.12.2. UanyktuBHble npenenbl. [1ycTh / — KaTeropus KOUHIEK-
coB, F:/—%, i—X,—nexkoropuii ¢ynxktop. On 3alaer (yHKTOP

F:l +%=TFunct (%9, Pet) paBeHCTBOM
F (i) (Y)=Hemy, (¥, F (@), YeO0b%—=00%8, i€0ObI.

Onpele/M  o6bekT L KaTeropuu ¥ xax WHJYKTHBHBIH Inpejesn
L=limF (cm. v 2, n. 1.21), Tak uro mum moGoro Y€OOL €
’ L({Y)=limF,,

rae Fy:l— get, Fy(i)—=Homg (Y, F (i)). Cymectsosanue L BhITe-
KaeT M3 CYLleCTBOBaHMA JAJf M000ro Y HHAYKTHBHOrO npejena
lim Fy B xateropuu Zet.

—>
Takue ¢ynxToph [ (s BceBO3MOXKHBIX [ 1 F) oGpasyoT mnoa-

~N
uyio noaxateropuio Ind% B ¢, naskBaemylo xamezopuei. UHOYK-
mugHbLX npedesos B G.

Onpele/nM KaTezopuro npoexTusHoly npederos Pro @ Kak
(Ind €°)°. D10 — moakareropus ((%°)*)°. B sroit KaTeropun MOK-
HO OpaTh Tpejensl QyHKTOpoB BHaa J—~%, rae J — KaTeropus HH-
JIEKCOB.

4.12.3. UHpyKTHBHble Tpeneabl W Jgokaausaumd. Ilycts S — J0-
KaJu3yomuii Knacc Mopdusmos B Kateropuu . Hasopem ero xa-
colujernbim, ecan M060E Mopdu3M, SIBJSIOMIHIACS JIEBbIM H TPaBhIM
JeJuTeseM HEKOTOPHX Mop®u3MoB u3 S, mpHHanjexur S.

Ias Jmo6oro obbekta X€0b% xateropua [x MOPOHH3MOB

S
X — X', s€S sBasercst KaTeropueil KOMHJAEKCOB, a KaTeropus Jx

$
Mop(uaMoB X’ — X — KarTeropueii HHLEKCoB. [10J0XKHM
Xt =limX’, X =limX".
—> <
1x Ix
Mycts S uacwmied. Orobpaxemus X - X * npomo/mKAIOTCA 10 QyHK-
topos B Ind% u 6->Pro@, xoropsie npespaIlaOT CTPE/IKA U3 S

B usomopdusmer. [103TOMYy OHU ONpejesiOT KAHOHHYeCKUe (byHKTODBI
B[S —>Ind% u ‘6[3‘1]—> Pro 8. ‘
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4.124. Onpeneanenue. [lycts ¢, & —Be abeJeBblx KaTe-
TOpHM, F —ajautusHblil Qyuxrop u3 & B #. Tem xke cumsosoM F
0603};aun nouseHHoe mpojo/kenne F 10 @ynkropa K* ()
—>K; (#). Tyets S, (cootBercTBEHHO S g)— KBA3UM3OMOPHHIMEI
B K* (5#) (cootserctBenno K*(%)). Haszoem c.rabun npassim
npoussoduein  Gyrrmopon R F:K*(#)[Sy |=D* (%)~

- -1
~IndK* (%) [Sg | =Ind D* () dysxTOp, KOTOPHH AesaeT KoM-
MYTAaTHBHON JUarpammy
Xi>F(X+)

K* ()———Ind K* (%)

R, F
K* (39| S5 |——Ind K* (#)[S7 ],
rae F (XY =lim F (X’).
Ix

Ecau {i’wF NpHHHMAeT 3HaueHus B noakareropuu Ind D*(F)
COCTOsIILEH H3 NPEeACTaBHMbIX OGBEKTOB, TO OH «COBIIAJaeT» C RF.
O6mwexkr X€K* (o) HasniBaercs F-ayukiudnoim cnpasa, ecJH
KaHOHHYeCKHH Mop¢u3M F(X)—~R,F(X) sBasiercs usoMopdpusMom.

Caaboui nesoul npoussoOnsill ynkTop onpeienseTcs aHaJOTHU-
HO C NOMOILbIO AHATPaMMbi

X—F(X-)
K* (98)——>Pro K* (%)

¥ JLa ¥
K* () [S;]——ProK* (%) [Sz].

4.12.5. Cps3b ¢ NpoHsBogHbIMH (yHkTOpamMu. B cuTyanuu
NpeApIAyLIIero NyHKTa IPEANCJOXKHM, YTO JIOOOH 00BeKT H3 S aB-
asieTcss QakTopoM (COOTBETCTBEHHO NOJOGBEKTOM) HEKOTOPOro 06b-
€KTa, [-aUMKJAMYHOrO c¢JeBa (COOTBETCTBEHHO [F-alMKJIMYHOrO
cnpana). Tor,zxa+ ¢yukrop L,F Ha D~ ($£) (COOTBETCTBEHHO (YHK-
T0p R,F a D*(s2)) npunumaer 3HaueHus B D~ (%) (cooTsercr-
BeHHO B D*(%)) m notomy «coBmazaer» ¢ LF (COOTBETCTBEHHO

4.13. ToynocTh ¢yHKTOpPaA l(i_m. [Tycte & — abeneBa kareropus,

B KOTOPO# CYLIECTBYIOT CYUeTHBle IpsAMble NpOH3BeleHus, & (Z*) —
KaTeropusi, OTBEYaKInas yuopsA0UeHHOMY MHOXECTBY HaTypaJbHHX
ydcea (cM. i1 2, m 1.23). Toraa cmpaBeldsiuBel  cJelylOIIHE
YTBEPXKACHHS:

a) Kareropus %" =Funct (% (Z*), &% abenesa.

G) ®ynkTop li(r_n:‘%”—».% TOYEH CJIeBa.

B) Hazosem o6bext X =(X, p; j)e&ﬂ” YEOBJCTBOPSIOLLUM Y CA20-
suo ML (Murrar— Jledsiepa), ecid /s KaXJOTO [ CyILIECTBYET
J > Takoe, uto p;;: X ;- X;—3smamopdusm. Torpa xaacc o6mek-
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T0B X, VAOBJETBOPAIOLNX YCI0BUIO ML, TNPHCIOCOG/IeH K byHK-
Topy lim.

r) Ecm 0> X— S—Y — 0— Tounas moc/ies0BaTeNbHOCTE B 20
u S ynoenersopsier ycosuio ML, TO MY ylOBJCTBOpsET yC/O-
pio ML. Otcioga ClefyeT, uTo IpaBhie NPOM3BOAHLIE (YHKTOPH
Rilim ans lim pasuet O npu i>2.

<« <

4.14. HeorpaunuenHble koMnaekchl, Huxe usnaraioTcs HEKOTO-
pie peayabraTel Craatencreiina [135], mossossiompue pa6otats €
HEOTPAHHYEHHBIMH KOMIUIEKCAMH B TPOH3BOJHON KaTeropHH.

JleBoii MpOEKTHBHON pe3onbBeHTOR Kommiekca A'€Ob Kom (s¢)
HasbiBaercs KBasnusomoppusm P—A’, rae Bce P? NpPOGKTHBHBE
B &f. AHAJIOTHUHO ONpeJe/sieTcsi NPaBas HHbeKTUBHAS PEe30IbBEHTA.

Teopema 0. 3.10.1 (u ee aHajor Ajsi HPOEKTHBHBIX PE€30JIbBEHT)
yTBEPKAAET, YTO KAXKMABIH KOMILIEKC A'60b Komt (s£) (coorserct-
BeHHo Ob Kom—(s£)) HMeeT eJAMHCTBEHHYIO ¢ TOUHOCTbIO O TOMO-
TOMHYECKOH 3KBHBAJEHTHOCTH NMPaByl0 HHBEKTHBHYIO (COOTBETCTBEH-
HO JIEBYIO IIPOEKTHBHYIO) DE€30JIbBEHTY.

Ecau He npeinosaraTth OpaHMYEHHOCTH CIpAaBa HJH CJeBd, TO
eIMHCTBEHHOCTb MOXKeT Hapymartbesi: Aas A= (Z/4Z)-mod komm-
JIeKC

2 2
P SZAL>LAL—>Z]AL—~ ...
QUMKJMYEH W COCTOMT 13 CcBoGoaHblx Z/4Z-monyzedt. Ilostomy OH
SBJASIETCH JIEBOfi UHHEKTHBHOH De30JbBEHTOH HYJEBOIO KOMILIEKCA 0.

Opnaxo Mopdusm P'-> 0 He sBAR€TCA T[OMOTONHYECKOH 3KBMBAJICHT-
HOCTBIO: TIOC/E TEH30PHOTO yMHOMEHHA Ha Z/2Z nosyuaém KOMIIRKC

0 0
P®LI2Z:... +L|2Z—~ 2222722~ ...,

UMEIOUIVH HeHyJeBble KOTOMOJIOTMH W 3HQUHT T'OMOTONMYECKH HE
skBuBasicHTHEE O,

4.14.1. Onpenenenue. Hasosem xommexc P’ K'-npoexmus-
HblM, €cyu 1Js1 oGOro anMK/JUYHOrO KOMIIeKCa A’ xommiekc aGe-
aeBuix rpynn Hom'(P°, A") auuxsmueH. AHAJOTMYHO ONpee/seTe
K -unsexmusnnii xomnsexc 1 (c nomompio Hom'(A', 1)

4.14.2. CpoficTBa K -IpoeKTHBHBIX KOMILJIEKCOB.

a) [ycts A — O-xomnaexc (T0 ecThb Ai=0 mpu i+0). Torna
A K -nggexmseﬂ B TOM M TOJbKO TOM Cayuae, ecan A% TpoexTu-
BEH B

6) Ecm nBe BepUIVHB BHAEJICHHOrO TPEYTO/bHUKA B D (%)
ABAIOTCA K -TPOEKTHBHBMHK, TO M TPeTbfi TaKkKe K -NPOCKTHBHA.

) [aa P'€ObKom($#) caepywomye yCAOBUA SKBUBANCHTHBL
(i) P° K-npoeKTHBEH.
(it) Mas moBoro A'€ObKom ($#) ecTecTsenHbll roMOMOp(du3M
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HomK(.%) (p, A)—)HOITI D(s2) (P, A)
SBJIAETCY U30MOP(HU3MOM.

- (ill) Kamppit Basumsomopdusm s: A —~ P o6ranaer NpaBbM
obpataeM ¢:P°—+ A" B K (4).

r) K-NpOeKTHBHOM pe30JbBEHTON (neBOfl) KkoMmmiexca A Haswl-

BaeTCs ksasuudomopdusm P'—~ A" ¢ K-npoektusueM P, Takas
K-npoekTHBHas pe3o/bBEeHTA IMHCTBEHHA (ECAM OHA CyIecTByeT)
C TOYHOCTBIO 10O  FOMOTOMNMYECKOH  SKBUBANGHTHOCTH.  Bcum
A€Ob (Kom™($#) u B & [0CTATOMHO NPOEKTHBHBIX OFBEKTOB, TO
K-npoeKTuBHAs pe30/bBEHTA~—3TO  JieBass TPOEKTUBHAT  Pe30iib-
Benrta A

AHaJOTHUHbIE De3yJLTATH CHPABEAJHBH i K -HHBEKTUBHBIX
(TpaBbiX) Pe30J/bBEHT.

4.14.3. Buny cBoficTBa ) NPeABIYIIEro NyHKTa K-IPOEKTUB-
Hhle ¥ K-UHBEKTHBHBIE DPE30JLBEHTH MOXHO HCIOJB30BaTh IS
BBIYUC/ICHHST NPOM3BOAHBIX (PYHKTOPOB Ha HEOTPAHMUEHHBIX OOGBEKTAX.
B uactwocrn, RHom (A, B) MOXHO BHUHCASITL €  TOMOUIBIO

K-npoektusHo# pesosbBeHTH A WM K-HHBOKTHBHOMN pesoin-
BEHTH B,

OtHocHTeNbHO cyllecTBOBaHust K-pesosbBeHT B paGore CnaJ-
TeHcTelina [135] n0Ka3aHH caeAyOLIAe Pe3yJbTATHL.

a) Ilyets R — accounatuBHOe KOMBUO ¢ efuHuuel, S¢ = R-mod.
Torna kaxnpwiii kommiekc A'€Ob Kom(s£) o6aamaer K-npoekTug-
HOH U K-HHBEKTHBHOH Pe30JibBEHTOH.

6) Ilycts O — myuok KoJel Ha TOMNOJOTHYECKOM HMPOCTPaHCTBE
X u s — kateropus nyukos O-moxyJefi. Toraa Kaxieili KOMILIEKC
A* obnanaer K-HHBEKTHBHON Pe30JbBeHTO.

" 4.14.4. AHaJOTHYHO MOXKHO ONPENEJHTh H JOKA3aTh CYILECTBO-
BaHHe K-IVIOCKHX DPe30JbBEHT (MCHONb3yeMbIX MIJS  BBIYMCJEHHS
IPOH3BOAHBIX (DYHKTOPOB OT TEH30PHOTO MPOHM3BENeHHs1), K-MArKHX
Pe30/IbBEHT (HCMOJB3YEMBIX JJIS BbIYHC/IeHHS Rfi, M. c/enyiomdi
maparpag) u T. A.

4.15. Tlpon3BoaHbIH (PYHKTOP KOMMOIMLMH H CHEKTPAaNbHAS NO-
cneposareapsocte. ChopMmyauposansast B Ia. 2, m. 4 Teopema o
CIEKTPAJLHON TOC/AeJ0BATENbHOCTH [ POTEHANKA, CBA3AHHON C KOM-
MO3HIHEeH NBYX TOYHBIX CJeBa (YHKTOPOB, HMEET CAEAYIOILYI0 ec-

TECTBEHHYIO HHTEPNPETAlHI0 B TePMHHAX NPOH3BOAHBIX KaTeropHil
H [POH3BOAHBIX (PYHKTOPOB.

4.15.1. Teopewma. INycte &, #, B—Tpu abeseBHX KaTErOpUH,
F:9%~>% n (G:%B>%—aniuruHcle TOUHHE .CJEBa (BYHKTOPHL.
[lycte # 460D S (coorBerctBenno R gEOb F)—xaacc 06HEKTOB,
TIp UCNIOCOGJIEH B K ¢ (cooTBercTBeHHO K %). [lycTh, cBepx TOrO,
F (R, cRg. B takoM ciyuae npoussoiuse ¢yaxktopsl RF, RG u
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‘ CTeCTBEHHHIT MOP(H3M

F(G -F) : D*(-)—>Dt(-) omperenens, ul e
o GoRF sBagercsa M30MOPHH3MOM.

(bYHﬁT(? E%Bs fT(gan) ;1330. M3 onpeiesieHHsi IPUCIOCOGICHHOCTH B
n. 4.3 ¥ ycJ0BHil TeopeMsl ACHO, UTO ) npucnocolJjieH HE TOJbKO
K.F' 4o 1 K GoF. Tlostomy RF, RG 1 R(G-F) ZyllleCTByIOT, U UX

JKHO BHIUHCJASTH € MOMOLILBIO KOHCTPYKIMA II. .0. O
" Tlockosbky RG u RF TouHble (QYHKTODHL, KOMnosgléHﬂRFRgan_
rakxe TouHa, ¥ Mopdu3M (PYHKTOPOB féR(GoF)—» o P

i epcajbHOCTH M. 4.0. .

ﬂenégﬂﬁofg?gécg?fogﬁ?ﬂi), TO 1O KOHCTPYKIHUH mopdusmE (K ):
: R(GoF) (K")—>RGoRF (K') sBasercd nsomop(b.nsMOM. Hg;;om;;{g_
‘060l 06bekt D+(s#) n3omopdeH TaKOMY K, E saBas

MoppusMoM PYHKTOPOB.  cnpana.
pj(\pﬂaﬂornqﬂmﬁ pesysibTaT BepeH A4 (yHKTOPOB, TOUHBIX CIP

§ 5. KoromoJioruu ny4koB

5.1. HPEliJIO}KeHHe. [Tycte X — TOmOJIOTHYECKOE mpoCTpaH-
cTB0, & — NydyoK KoJell, ¢ elHHuLel Ha g( Torna moGo#t myuoK
R-Mopyelt BKNAAHBACTCH B HHBEKTHBHBLH NY4oK F-MOAyIIeH.

JoKa3aTeJbCTBO OCHOBAHO HA CJEAYIOUIEM CTaHAAPTHOM METO-
ne Tonemana. Ilyets & — nydok H-Molyneii (cKamew, JIEBHIX ) .
Jlast Kaxa0fi TOUKH X€X HOCTPOMM BIOXKEHHE F - I(x) #.-mony-
neit, rae I (x) unbekTHBeH Hax %, OmpenenuM jajee My4oK F-mo-
nyneir J dopmyaoi

g @n=1I1x)
xQU
(c ecTecTBEHHBIMH ONEpALHUAMH orpanuyenus). Mmeerca oueBuanoe
BlOXKeHHe F — J ¥ HeCJ0XKHO MPOBEPHTb, UTO J HHDBEKTHBEH.

5.2. TMpsimbie 06pa3bl u Koromouoruu. IIpeinoxenue m. 5.1 nos-
BOJISIET CTPOMTL TMPOU3BOAHBIA (GYHKTOP AJ# HpﬂM(}),I‘O% ofpasa 13
caenyioueit curyauud. Ilyers (f, o) : (X, 9@)—*( , %Y) :TA%p_
du3M OKOJIbUOBAHHBIX NPOCTPAHCTB, Il (p.%y—y‘z,( xg qg)K
¢usm nyuxos moaysnei. Torna ass moéorou FeRx-mo Hyno-
f. (#F) cHaGxaeTcs €CTECTBEHHOM CTPYKTypOH ﬂy-MoaynﬁogTOM
motpio ¢ H GyHkTop f :%X-mod—:%y-mod TOUEH CJIeBa. y
MBI MOJKEM TOCTPOMTH IPOH3BOAHBIA (DYHKTOD

Rf.: D* (Rx-mod)~ D*Ry-mod).
B uacthocTH, Korga Y={rtouka}, #y=1, MHl noqu;e-M_n[?I?E{;-
BOAHBIH (PYHKTOD R§:D+(g?pxtl;mofe)ganvz+u(i¢2' u RIT(F)= ,
— kozomoaozuu X ¢ Koappuy .
9’)5.3. Teopema. a) [Iycre @ - Bx-mod—>F b — (pygx}g%)saei-_
BeHHsl CTPYKTyphl Rx-monyas. Torzaa dyukropsl RT' 1 R( ) e
TecTBeHHO H30MOPQH3Mbl. VIHBIMH ClOBaMH, BCE DABHO, BEHITHCI
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ma HY(X, F), canras & Ry-mogyaem unu HPOCTC NyYKOM alesie-
BbIX T'PYIIIL.

6) TIlycth X = UX,—orkpbiToe MOKPBITHE, M/ KOTOPOro
H‘{(Ui,n...nUiq, F)=0 mpu Bcex ¢>0, p>1. Torpa
Hi(X, &) coBnanaer ¢ [-MEDHBIMM  KOrOMOJIOTHAMH Uexa sToro
NOKPHITAS C KO3bGuukenTamd B F (em. o 1, m. 2.6).

B) H'(X, &) =Extly moe (Fx, F).

r) Ilycts f:X->¥ —mnexoropoe oroGpaxenne. Torna R AT

€CTECTBEHHO M3OMCPGeH NyuKy, aCcCOLUMHPOBAEHOMY C NpeanyuKom
U-H (f1(U), F). Y pesny

A) lyere X —Y —Z—1pu NPOCTPAaHCTBA W JBa OTOGpaXKeHMs,
F —nyuoxk Rx-monyaeii. K Rr+a (8/).(F) cxopmtest cneKTpasbHas

HOCJ;AOB&TGJIBHOCTL ¢ E§‘=Rrg (R1f (F)); oHa byHKTOpHAILHA
no &.

5.4. O nokasareabctee TeopeMpl m. 5.3. Mp [IPOKOMMEHTHPYEeM
3/eCh J0KA3aTe/IbCTBO YacTell a) H 1).

54.1. Bainbie ny4kH; 10Kas3aTeaAbCTBO o 5.3a. Que-
BUAHO, T'=Io® (kak QyHKTOpH Hx-Mod—>s5£b). [Tostomy RI'=
=R(I'-®). Mb nokaxem cefiuac, 4TO MOKHO NPHMEHHTb Teopemy
n. 4.15.1 ¥ NOJAYYHTH  ecTecTBeHHBIN H30MOphHu3M R (I'o®) =
=RI°R®. Orciona Gysmer cienoBath TpeGyeMoe, mockosabKy @ To-
4eH H, 3HAYHT, RD CcOBNafaeT ¢ NOWIEHHHIM npHMeHeHHeM O,

Yro6hl MMeTh BO3MOMKHOCTb NPHUMEHHTD Teopemy m. 4.15.1, nyx-
HO IIOKa3aTh, 4TO HEKOTODHIH KJacC MyykoB Hx-MOLyJel, NpHUCHO-
coG/ieHHbIl K @, moc/e NpuMeHeHHst @ IIePEXOANT B KJACC TYYKOB,
npucnocobsennbiit x I. B KauecTse mepBoro kaacca BHIOEDEM HHB-
EKTHBHEI® NYYKH Hx-MOLYJEH, B KauecTBe BTOPOIO — BAILIE NyYKH
abeseBbix rpynn. Hanomuum, urto sssocre &, mo ONpeeIeHHIO,
O3Ha4YaeT CIOPBEKTHBHOCTb Beex orobpaxkenuil I'(X, F)—T (U, F),
rae U orkpuro. [l1s NPOBEPKH BCEX HYXKHLIX CBOHCTB HYXXHO J0-
KasaTth cjienymoune GakTh.

a) JloGoit myuok & aGeseBbX TPYNN sBIsETCS NOJIIYYKOM BSI-

Jgoro nyuka. Ecau & — unbeKkTuBHBIH ny4yoK #x-MOAyJaed, TO OH
BAJ.

6) Ilycts

—~ TOYHas NOCJEN0BATE/bHOCTb NMYYKOB abeieBbIXx rpynnm # F Bsl.
Toraa mocaegoBarenbHocTs

0T (X, F)—>T (X, 9)~>T(X, 56)—0 (2)
TOYHaA,

B) Ecan B nocnenoBarensuocts (1) nyukn & u & BslJibIe, TO H
76 B,

r) I' mepeBomuT OrpaHHYeHHBIH C/1eBa AUHKJAHYHBIH KOMILIEKC
BAJILIX MyYKOB B aUUK/IHUYHBIA KOMIJIeKC abesieBBIX TPyIIL.

54.2, loKa3aTenbCTBO TEOpeEMH 3a). Tlpexne Bcero,
COTJIaCHO YCJIOBHIO a) TEOpeMbl, YTBEDPXKACHHE MOXKHO NOKA3BIBATh
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B KaTeropun Ps¢b nyukos abeneBux rpynn. lIpuMeHuM Teopemy
ra. 2, n. 4.5.2 k mape ¢yuktopoB F=], Go=g. Bo3MOXHOCTD
npHMeHeHHs TeopeMHl Ii. 2, m. 4.5.2 B 3T0i cuTyauuH obecnedu-
Baercs TeM, 4TO [ MEPeBOAUT HHBEKTHBHBIE MYy4YKH Ha X B HHDEK-
THBHBIE NyukH Ha Y. B camom Jlene, HHDEKTHBHEHIE IyuKH F xa:
pakTepusylotest TeM, uro Hom (&, 9‘)—,+Hom(§ , ‘9') ——:—;rnznv[o;;3
dusM mns Kaxaoro MoHomoppusMa §'—>%. Ho coraacHo T >
m. 3.13.1 Hom(¥, [ (¥F)=Hom(f ¥, #) wu cornacio ri 3,
m. 3.14.1, a), | — TouHHf (QYHKTOpP, TO €CTh HNEPEBOAMT MOHOMOp-

dusmbl B moHOMopduamel. [losToMy | &  HHDEKTHBEH  BMECTE
cF. -

5.5. ®yukrop I'\z,. KaHoHunueckoe pasaoxenue. Ilycte i:Z—

0. Dy P 1z 1 o
—X — 3aMKHyTOoe BJOXeHHe, j:U—-X — BlOXKeHHe JMOMOJHHTE/N
HOTO OTKPHITOTrO MHOxecTBa. Pacemorpum QyHKTOP I'yz) :.i.%;_b(gi/—)r
—~P by, 3anaBaembit  GopMmyJok Tz (F)(V)={¢ ,
supp EcZ}. ror QYHKTOP TOUEH CleBa H /IS NPOH3BOJIBLHOTO Myd-
Ka & uMeeTcs TOUHasl MOC/JeA0BATEIbHOCTD

00— Plz] (g-)——> F - j_](g).

Ecm & — MHbeKTHBHBIA Ty40K a6e/eBHIX TPy, TO ¢ — MUMOPU3M.
[MostoMy B D° (P S£bx) uMeeM BbifeJeHHbIH TPEYTOIbHIK

Rz} (F)> F— Rj.j (F)—~ Rz @]
DTOT TPeyroJbHHK HA3BIBACTCA KAHOHUYECKUM DA3AONMeHUEM nYyl-
ka & orHocutenbro napel (U, Z). 0 7
5.6. TeH30pHBIe NMPOU3BEleHHSA H TJIOCKHE NYy4YKH. yCTh
Ny40K KoJiel ¢ eJMHHLEH Ha MPOCTPaHCTBE X. Ousa moboro nydka
neBnix #-moayJeil A onpeneseH QyHKTOD

@ :mod-R— #4bx, 9'!—-»9'%./1/‘.

AHaJIOTHYHO COOTBETCTBYIOIEMY YTBEDXKIAEHHIO MJIA KoJiel, MOXHO

TOUYEH CIIpaBa.

JI0Ka3aTh, UTO 3TOT QYHKTOP .
HaBOB,EM nyuox 4 naockum (Hap K), ecan (YHKTOP QN
toyen. JIerko mpoBepHTh, YTO NMy4OK JA” ABJIAETCHA IJIOCKMM TOrAd H
TONBKO TOTAA, KOTAa A M0G0k Touku x€X ero cioit A, Apasercs

JIOCKHM MOAYJeM Haj Koabuom H.. i
" 5.6.1 Hp}énnomeu we. a) JII060f nydok Jepbix F-Monyseh

yKa.
sBJasieTcs GAaKTOPMYYKOM IJIOCKOTO Iy
6) Kaacc IIOCKHX NY4KOB NPHCHOCOGJeH K QYHKTODY

MR . R-mod—>FsLbx

TeH30pHOI‘O YMHO)KEHPIH Ha Hy‘-IOK npaBbIX %-Monyneu. B Cnny
5.7. O6paTnbie 06pasbl M TeH30pHble NMPOM3BENEHHUS. Hﬁ
npeubmymero npelmome}mﬂ Mbl MOXEM HOCTpOPITb HpOHSBOIIH

$yHKTOD i
A ®-: D~ (R-mod)—~> D~ (P#bx)-
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Ero xoromosoruu 0603Hauaorcst Tor:
L
Tot, (M, N)y=H " (HON).
MoxHo Takxke onpeaeutb QyHKTOD

L
HA'®-:D” (R-mod)—> D~ (PHbx)

Jaa A €D (mod-&).
AHAMOrHYHO OnpesesstioTcst QyHKTOPEI

L L
@47, @ D™ (mod-B)— D™ (FHbx),
s N EeR-mod, #ED” (R-mod), a Taxxke OGHPYHKTOD

L
.®.: D™ (mod-R)® D~ (R-mod)—~ D~ (74 bx)-

Tax xe, xax jAjs MOAyJeil Haja KoJblaMi, MOXKHO JOKasaThk, 4TO
nyudox Tor; (A, #°) HE 3aBUCHT OT TOrO, ONpele/sTh Ju €ro C no-
L L L

MOmBIO M ®-, -®4 wm -®-. Ecmm #—nydox KOMMyTaTHBHBIX
(WM CyNepKOMMYTATHBHBIX) KOJell, TO Jepbie H-MOAY/M OTOX-
JECTBIOTCSA C NMPaBEMH M J ®J° uMeer CTIPYKTYpy F-MOmyus,

L
TaK 4TO A ®. TpuHuMaeT 3Hauenus B DT (%-mod).

[ycrts, nanee, (f, @) : (X, #x)—(Y, Ry) — mopdusm 1poCT-
PAHCTB, OKOJIBLIOBAHHBIX HyYKaMM (cynep) KOMMYTaTHBHHIX KOJE.
Torma, Ajs Jawo6oro nyuka Hy-Moayjelr F onpejeled Nyyok Rx-
MoayJaeh

fHE)=Rx o (T
"(Ry)

[pousBoaHbil PyHKTOP
L

LI @) =8y, § F ()

onpegenter QyHKTOPH BBICHIMX OGpaTHBX 00pa3oB

L
Lif*(F)=H" (%X ® f'(gr)).
F'(£y)

Mopdusm (f, ¢) HasHBaerca naockum, ecid Rx — MIOCKHHA
f (#y)-monyab. dTo cBOHCTBO mpeicTraBjder cO00H OJHO H3 CaAMBIX
ca1a6blX H OJHOBPEMEHHO CaMBIX IOJIe3HBIX aHAJIOrOB MOHATHA «JO-
KaJbHO TPHBHAJBHOTO paccjoeHusi». OHO OCOGEHHO ymOTpPeGHTeNb-

HO B ajre6panuecKoii H aHaJHTHUECKOH FeOMEeTPHH,

5.8. Mpsamble 06pa3bl ¢ KOMNAKTHBIMUM HOCHTeasaMH. Huxe n0
KOoHIa storo maparpada Mer 6yneM paboraTh TOJMBKO € JIOKAJbHO
KOMMNAaKTHBIMH OTAEMUMBIMH TONOJIOTHYECKUMH IMPOCTPAHCTBAMH H
nyukamu abeseBHIX Ipynn Ha HHX. Kpome TOTrO, 1m0O3Ke MBI HaJO-
JKMM HEKOTOpBIE YCJOBHS KOHEYHOMEDHOCTH, KOTOPBHIM, B UacTHO-
CTH, YLOBJIETBOPSIOT BCE TOMOJIOrHYecKHe MHoOroobpasusi. B astHX
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YCJIOBHSIX MO KaXJAOMy MOpP(QH3My NPOCTPAHCTB f: X—Y 6yayr mno-
crpoennl ¢yHxkTOpH Rf; H f' Ha MOAXOIANMX IMPOHU3BOAHEIX KaTe-
FOPHSAX.

58.1. Onpenenenne-nemma. Ilycts f: X—Y — Mopdusm
JIOKAJbHO KOMIAKTHBIX IpocTpaHcts. Ilycte &F — mydok Ha X.
IMonoxum aas moGoro oTKpuitoro MHoxecrsa UcY:

f (&) (U)={seT(f-1(U), F), supp(s)——er co6CTBEH}

(HarmoMHHM, 4TO MOp(QH3M Ha3BBaeTCA cOBCTBEHHBIM, ecJqil Tpoob-
pas mo6oro koMnaxra komnakreH). Toraa

a) f (&) ectb noanyuox f.(F).

6) Orobpaxkenne F—f' (F) npopouxaercs fo yHkTOpa, TOY-
HOTO cJ/ieBa.

5.9. CeueHusi ¢ KOMNAKTHLIM HOCHTeJeM. BaXKHBIA uacTHbI# cay-
yall BO3HMKaeT, Korga f: X—-pt — oto6paxeHue B TOUKy. B sroMm
cayuae [ (¥) — sTo abejeBa rpynna, cocTosllas H3 Takux cede-
Huil SE'(X, &), uto supp(s) — Kommakr B X. ITa rpynna Hashl-
BaeTcsi epynnoi cederuld F C KOMNAKTHbIMU HOCUTEAAMU W 0603-
nauvaercst I'.(X, F).

Myuox fi(¥) aas npoussodbHOro f:X—-Y mo cymecrsy BOC-
CTaHaBJHBAETCS MO IpynnaM cedeHHir F C KOMIIAKTHBIMH HOCHTE-
JAMH Haj pasnuyHbiMH noaMHoxecTsamu X. TouHee, umeercs

59.1. [Ipeanoxenue. Ciolt nyuka f,(F) B Touke y€Y uso-
mopden T (=1 (y), F |-1w)- ’

5.10. Tyuku, npucnocobaenubie K fi. [Iyuok & Ha X HasblBaer-
CA MASKUM, eClH JAJs JIo60ro 3aMKHYTOrO MHOXKectBa KX oro-
6paxenue orpaHuuenus I'(X, F)—->I'(K, F) COPBEKTHBHO.

IMTockoabKy m060#t HHBEKTHBHHHA My4OK SBJSETCS BSJIHM (m.
5.4a), a Jaw060H BAJBH Ny4OK, OUEBHAHO, SIBJAsIETCS MACKHM, MAr-
KHX IyYKOB JOCTATOYHO MHOTO.

5.10.1. TIpennoxenue. Kiaacc MAMKHX NyykoB HpUcrocob-

JieH K ¢yHKTOPY f

Jloka3aTeqbCTBO MO CYIIECTBY NAPaJseNbHO AO0KA3aTe]bCTBY a)
teopembl 5.3. OCHOBHBHIM 3TanoM SBJSETCS NPOBepKa CJelYIOLIero
¢akra: I TOUHOH NOCJELOBATeNLHOCTH MATKHX Myukos (1) oro-
opaxenune I'c (X, )T (X, #6) — anumopdusm.

Hoxaxem ero. Ilycts s€I,(X, #6) u K —Kommakr, coiepxa-
muit supp (s). Tloxpoem K KOHEUHBIM YMCJOM KOMIAKTOB K, ...

..y K,, TakuM 00pasoM, 4TO Sl|x, NOAHHMAETC JO CeyeHus
tET (K, 9T, (X, 9). Tonmoxum L;=K,U ... UK, u unpyxnnedt
no i IOKaXeM uTO cyuectByer ceuenme ;€I (L;, &), npoexrupyio-
reecst B S|, Tlpennonoxkud, 4t0 r;_; y¥e MOCTPOEHO. [Tonoxum
V=", e, — b ke Mmeem (v)=0, Tax uro v=@(7’)
s Hexortoporo v'€l(L; NK;, F). TlpopomxuM o' 1o cCeyeHus
2" nyuxa F nan K,; (acnosssyeM Markocts F) u TONOKHM £ =
=t;+@(2"). Toraa {; u r; ; UMEIOT OJHO U TO Xe OrpaHuueHHe

'
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Ha L; ;N K; TaK 4TO OHM CK/EMBAIOTCH B HCKOMOE CEyeHue r; MyuKa
Y wap Li;=L,,UK,.

Takum o6pasom, Mb Hawmu ceueHue re€l(K, ¥) c ¢(r)=s.
[Tycte M — rpanuna K. Torpa y(rfx)=0, T0o ecTb r|y=q(u) Aas
HekoToporo uw€l'(M, F). Tockoabky F — MSTKUH, 4 NPOJOJKAEET-
csa po u' €I (K, ). Torna r'=r—q¢(u’) |, TO €cTb r’ MOXKHO IIPO-
JOJKATh HyJdeMm BHe K, moayuasi s'€l.(X, §) c ¢(r')=s.

3amMeTHM, YTO MpPH AOKA3aTeJbCTBE MbI HCIOJb30BaJH JHIIb,
4T0 & — MSATKHH NYYOK.

5.11. Boicine mpsimMbie 00pasbl ¢ KOMNAKTHHIMH HOCHTENSIMH.

[lpenpiaymee npeasoXkeHHe MO3BOJAET ONpPEAENHTb IPaBbl NPOH3-
BOJIHBIH (DYHKTOD

Rf]l D+ (9.%bx)-—>D+ (9-5#by).

Ero koromMosoruu Ha3HBAIOTCH BbLCLULMIL APAMbLML 00PA3AMU C
KoMnaxmHuemy Hocumeasmy u obosnadaiotcd Rf (F)EF#tby
g FeFShby. '

B uactHOCTH, AJs OTOGpaxeHusa B TOYKY f:X — ptf mnojyuaeMm
dynxTOp

RT,: D* (#3£bx)-> D* (3£b)

i ero Koromosorud H.(X, F) (kozomonroeun F ¢ KOMNAKMHBLMIL
Hocumeasmy). ’

[Tepeuncaum psn cBoficTB R f 1.

a) Cnot Rif(¥) B Touke yEY xaHOHHYeckH H3OMOp(deH
HA'Y), & |-y 10 crepyer u3 mpejoxenus n. 5.9 u Toro,

4TO orpaHuyeHue Ha f7!(y) HEPEBOAMT MATKHE NYYKH B MSArKHe.
6) Jlasi HenpepHBHBIX OTOGpawenult f: XY, g:¥—+Z umeem

R(gf)=RgrRf 6)]

(aT0 BHITEKAET M3 TOrO, 4TO f) NEPEBOJUT MSCKME TYYKH B MsCr-
KHe).

HMcnoapsys pesysbrathl ©. 2, § 4, paBenctso (3) MOXHO 3anu-

caTb B BHAE CIEKTPaJbHON HOC/IEJ0BATEJILHOCTH, CBSi3biBaIOleH

Refy Rigim R g/

5.12. OGparuniji o6pa3s ¢ KOMNakKTHbiM HocutedeM. CoriacHo
obweii maeosorun (cM. ra. 2, n. 3.13), o6paTHeiil o6pa3 f' ¢ Kom-
NakTHbIM HocHTesNeM AJs [: X—Y HyXHO onpeneisith Kak ¢GpyHKTOp
Ha KaTeropHH My4YKoB Ha Y, conpsxeHHBIH K fi. OKasbiBaercs, of-
HaKo, YTO A5 ofmero otobpaxeHusi | ¢yHkTop f: PHAbx—>F4by
He HMeeT CONpSIXKEHHOro, H IJf OmpeleNeHus ' ciaeiyer mepefTH
K npousBojgHoi kareropud. Kpome toro, X u Y caexyer mpeano.a-
raTb KOHEYHOMEPHBIMH.

5.12.1. Teopema. Ilycte f:X—Y — HenpepuiBHOe oTOOpaxe-
HHE JIOKaJbHO KOMIIAKTHBIX KOHCYHOMEDHBIX TOIIOJIOTHYCCKHX IIpPO-
crpaHcTB. CyuiecTByeT GYHKTOD
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F'iD* (@stby)—~> D* (94 bx)

u Qyaxropuaivhni mo FE(D* (FH#bx)), GED* (#54by) w30MOp-
duam D* (£b)

RHom (Rf &, 9) ~ RHom (¥, f'Y).

5.12.2. Caenctaue. Gynktop f' compsuken cnpasa X Rf .
5.13. KoMMeHTapud K TeopeMe M IUIaH J0Ka3aTelbCTBa. L/
nyuka & Ha X u OTKphToro mpoxecrsa UCX 00o3HauuM uepes
&, npopomkenve F Hysnem BHe U (B Tepmusax (yHKTOPOB /i 7’
rae j:U — X —snoxenne, umeem Fy=j j,F). Ecm VU —nsa
OTKPBITHIX MHOMKECTBA, TO y HAC €CTh €CTECTBEHHHI MOPPUSM TyuKOB
Fy—~ Fy, UHIYIUPYIOWMH 1J18 KOXIOr0 mnyuka & Ha Y romomop-
Jusm
Hom (f.Fu, 9)-Hom (f Fv, ). 4)
SIcHo, utoO
U ~ Hom (f Fu, ) (o)

BMECTE C OTOOpaXeHHsMH OrpaHuueHus (4) fAB/AETCA TNPENydKOM
abesneppix rpynn Ha X. Ecan Obl 3TOT mpeanydoK Ol _MyudKOM, TO
Bce GbLIO 6B B nopszke: oGosnauas nydox ¥~ Hom (fZu, &) (rre

Z —noctossHpil myyox Ha X) uepes f ’Z, Mbl Obl MMeU
Hom (f &, §)—Hom (¥, f'%)

¥ yxKe f 061aman Gbl NPaBbiM conpsukenHsM. OKastiBaeTcs, OJHAKO,

4TO MpeAny4oK (D) ABAAETCH MNyYykKOM JIHMIib B BeCbMa CHElHA/IBbHBIX
caydasx; Gosee TOUHO,

UwHom (f{(Fuv®Z), 9)
ABJACTCA TyuKoM, ecH & — MATKHU{l TJIOCKHA MydYoK Ha X u B 3TOM
cnyyae uveeM QyHKTOpHAJBHO N0 FEOb $H by
Hom (f1(F® L), 9)=Hom (&, f(Z, 9)
A5 HexoToporo nyuka f (2, 9) Ha X.
[ToaToMy HyXHO NepefiTH K IPOM3BOJHOH KaTerOpuH M IOCTPOUTH
pesombeenty £ mocrosuHOro nyuka Z Ha X

02 ->L'>F1» ... >F">0

U ompeae/uTs f ’(59') KaK [HAroHa/JbHLIA KOMIJIEKC, aCCOlUHpOBaH-
HBI C GUKOMILIEKCOM

A= F( & o),
rie 9 —J —xsasuusovmopdusMm & C KOMIIEKCOM,  COCTOSIILUM
U3 WHBEKTHBHBIX NYyyKkoB Ha Y.
5.14. Mpencrasumble GYHKTOPbl B KaTeropMu NMyukoB. BaxubiM
IIaroM B JOKa3aTeJbcTBe TeopeMbl I. 5.13.1 sBasercs cieayioman
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Teopema (4acro NPHUMeHseMas B CHTyallUsX, KOrja HYMXHO IOCT-
pPOHTH NYYOK, 00JaJaIH} ONpe/je/eHHbIMH CBOHCTRAMH).

5.14.1. Teopemu. OyukTOp F:PAbx—(4b)° npelcTaBuM
B TOM H TOJIbKO TOM CJyuyae, ecJid OH TepeBOAHT HHAYKTHBHDbIE THpe-
Iedbl B P5Lbx B NPOEKTHBHEIE Npelensl B S2b.

JlokxaszaTesancTBo. YacTh «TOMBKO B TOM» TEOpEMbl Crpa-
BeJ/MBa B ofulem caydae: ¢ynxrop Xw~—Hom o (X,Y) ama mpo-
U3BOJILHON abesieBoii kateropuu ¢, YEOb S, nepeBOJUT HHIYKTUB-
Hble 1pexesasl B S B 1pOeKTHBHBle mpepeast B b, laa
JOoKa3saTteJbCTBa 4aCTH «B TOM» 3aMeTHM, 4YTO COOTBETCTBHE

U—F (Ly)

BMecTe c OTo6paxeHusmu orpaHuuenusi F(Zy)—>-F (Zy) nas VU,
MHIYIMPOBAHHBIMH BJIOXKEHHAMH Qvyy : Ly—Zy, 3ajlaer NpeAnyvyok
9 abeneswix rpynn Ha X : I'(U, ¥)=F(Zy). Tlocae storo Hz mepe-
CTaHOBOYHOCTH F ¢ IpelenamMu BBIBOAUTCSH, uTO & — lIyUYOK.

5.15. Cpoiicta [ % a) IIpexnae Bcero, KoHcTpyKkuumo ' H Teope-
My 1. 5.14.1 MoxHO 060061HTb, 3aMEHHB Kateropuio Fo£b Ha Kare-
TOpHH NMY4YKOB R-monyied, rie R — QUKCHPOBAHHOE HETEPOBO KOJb-
10, B YACTHOCTH, TOJIE.

0) Jlas HemnpepbBHHIX oOTo0paxeHuil f:X Y, g:¥V—>Z umeem
&f)=r"g\

B) Eciu f: X — Y —Boxkenne OTKPHITOrO UIM 3aMKHYTOTO MOJ-
MHOX(€CTBa, TO (PyHKTOD, CONpSKEHHBIl cnpaBa K [, CyaleCTByeT
Ha ypOBHe CAMOH KaTeropuu NydykoB (Ge3 mepexojga K INPOHU3BOJIBHOMN
Kateropuu). A uMeHHo, ecau f:U —Y —BJOXKeHHE  OTKPHITOTO
II0/IMHOXEeCTBA, TO CONPSKEHHBIM cnpaBa K f:Z#by—>PHby Oyper
J PSS by > PSHby.

Ecmu  f:X-+Y —BjoxeHne 3aMKHyTOrO TOAMHOXeCTBa, TO
COTMPSLKCHHBIM CnpaBa K [ = f,:PHbx—FHby Oyner ¢yHKTOD
Ix (cm. b, 5.5). PaccvoTpuM Teneps CHTyauHio, HPOTHBONOJOXKHYIO
B), korga f :X-+ pt—oTo0paxeHue B TOUKY.

5.16. Jyaimm3aupyomuit Komiiekc. JBOACTBEHHOCTb. DBynem
cuutath, YTO0 Y = pt—rtouka. Torga mnyukn Ha ¥ —3TO NPOCTO
abeseBbl TPYNNB, ¥ Mbl GyaeMm 06o3Hauath uepes ZEObD™ (P Hby)=
=0bD* (#b) O-xomnsieke ¢ Hysesofi KoMmnoHeHToft Z. Has moGoro
TONOJIOTHUECKOr'0 MPOCTPaHCTBa X (KOHEYHOMEPHOTO, JOKaJbHO KOM-
makTHOro) moaokmM Dyx= f'(Z), rae f:X->pf. Kommrexc Dy
HasplBaeTCs dyaausupyowum rKomnsexcom na X. Teopema m. 5.12.1
IpeBpaIiaeTcs IpU 3TOM B CJejyiolee yTBepKACHUE

RHom (RT, (X, ), Z)~R Hom (¥', Dx). (6)

Cymectpyer Gosee siBHas KOHCTPYKIMA Iyanu3WPYIOLLEr0 KOM-
maexca Dy. Jas kaxporo U X obosrauum uepes K. (U) xomiaekc
OTHOCHTENBHBIX nesiouncieHHsx ueneit K, (U)=C.(X, X\U,; Z).
flcno, uto mpu U CV BioxeHue ueneit ompepe/setr MOPHU3M KOM-
nrexcos K, (V)—K.(U) u U~K_ (U) ectb KOMIIEKC npejlyuKos
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Ha X. Tenepp ayamsupyiomuii xommaexc Dx cosnapgaer ¢ KOMmeK-
COM MYYKOB, ACCOLMHMPOBAHHLIM C KOMIJIEKCOM TMpPeJTyuKoB K..
Hpyras ¢opMmyaHpoBKa 3TOTO YTBEPKACHHs TaKOBa. O6o3Hauasn
yepes dom (F,%) mnyuok mMophusMoB nyuyka F B Mydok § H de-
pes RJom — cOOTBETCTBYIOMIHH NPOU3BOAHBIA (GYHKTOp, oOnpeae-
auM (GYHKTOD JBOHCTBEHHOCTH

Dy : DY (P tbx) D (Pstbx)
dopmyaoi
Dx (F)=R s6om (F', Dx).

Kovmiexe DxF uasbiBaeTcss 0goficmeenubm no Bepove x F.
Ianee, pas moGhiX ABYX nydkoB F, § Ha X nMeeTcs ecrecT-
BEHHBIT MOPPu3M

FFGom (Fom (F, 9), 9G).

HecooxHast mpoBepka IOKa3bBaeT, YTO 3TOT MOPQH3M NPOLOJIKA-
eTcs Ha NPOHM3BOJAHBIE KaTeropud. B wacTHOCTH, uMeeM MOD(HH3M
dyHKropoB o : [d>DxDx uz D (Psfbx) B cebsl.

Ha Bceii kareropuu Db (Ps£bx) Mopdu3M a, BooGuie roops, He
SIBJISIETCS H30MOP(PH3MOM, TaK YTO Dy HE SABJAETCS AHTHIKBUBAJIEH-
THocThi0. OJHAKO o SIBJSETCS H30MOP(DH3IMOM Ha BaXKHOH [OJHOH
MI0AKATErOPUH, COCTOSNIEl W3 KOMIIJIEKCOB C KOHCTPYKTHBHBIMH KO-
FOMOJIOTHSIMHA. A uMeHHO, ecan X — cTpaTH(OHUKPOBAHHOE TMPOCT-
PaHCTBO, CTPaThl KOTOPOTO — HEOCOOble TOMOJOTHYECKHE MHOTr006-
pasusl, To KOroMOJOTHH Dy SBJAIOTCA KOHCTPYKTHBHBIMH OTHOCH-

TeJBHO 3TOH cTpaTHOHKANWH, QPYHKTOp Dx coXpanser MNOAKarero-
puio Constxc D (P £bx), COCTOAMYIO 43 KOMILIEKCOB C KOHCTPYK-
THBHEIMH KOTOMOJOTHUSIMH, H Ha 3TOH NOJAKATErODHH o — H30MOD-
¢dusm (noapoGHee 06 3TOM CM. T 7).

B cayuae, xorra R=*k — mose, ¢yHKTOp ABOHcTBEeHHOCTH Dx
MOXKHO ONHCaTh elle caeAyouuM obpasoM. Ilycte & — nydok. Om-
peleJHM Opeanyuyok F *naive pmogaras

greave (U) =T, (U, F)*.

ITOT NpEeANyYOK Bcerha sIBJseTcs BsJbIM (/I06oe ceyeHHe Haj OT-
KPBITHIM MHOXECTBOM NPONOJIKAETCS A0 CedeHHs Hafx BceM X) H
ABJSIeTCS NMYUYKOM, ecqH F — MATKHI Nydyok. PaccMoTpuM GYHKTOP
FPhy—(Ph)° (Ch, — KaTeropusi MyykKoB k-MOAyJeiH), CONOCTABIAIO-
wui nyuky F 1ydoK, acCOLUHPOBAHHBIH ¢ Mpeanyykom & *naive
10T (QYHKTOpP TOUEH cJeBa H ero NPaBHil NPOH3BOJAHBIHA (GYHKTOD
cosnagaer ¢ Dy. ToBopd Heckoabko mo-Apyromy, Dx(F )=
= (S7)*naive, rpe §'—>F -0 — mArkas pesoJbBeHTa & .

Oco6eHHO TPOCTOH OKA3BIBAETCS CTPYKTYpa AyalH3HPYIOULETO
KoMIJeKca, Korga X Heoco6o.

5.16.1. Cnenctsue. Ilycte X—n-MepHoe TOIOJOTHYECKOE
mHoroobpasue c rpauuueit. Torla Dxr=wx[n], rre o, — nyuok,
3aj@aBaeMblid paBEHCTBOM
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I'(U, ox)=Hom 4 (H (U, Z), Z)

aqst moboro orkpeitoro Uc X.

5.17. 3ameuanud. 3ameHsis Z Ha NPOH3BOJBHOE HETEPOBO
KOJIbIO R, MOXHO [IOMYYHTh aHAJIOTH JOKa3aHHOrO cJeAcTBUA. B ya-
CTHOCTH, ecjii R==k — noJe, a X — TOMNOJIOrHYECKOEe MHOT006pasne
6es kpas, TO @Wx=1Tx — NyYOK k-opHeHTalMi X (NOCTOSIHHBIA my-
YOK co cJoeM k, ecau X opuentHpyemo uau ecau chark=2). Ecan
X — mHoroo6pasue ¢ kpaem 0X, T0 wx=1iT, i€ T — MYYOK K-OpH-
eHrauu#t X—0X, a i : X—0X—X — BioxeHuHe.

Bepsa xoromoJsiorun o6eux uacteit (6), MOXKHO BHIPa3sHTb ABOW-
crBeHHocTh [lyankape—Bepabe B 6osiee mnpuBbiyHOM BHAe (k—
noJie) Kak CyllecTBOBaHHe AJs JioGoro myuka F Ha X KaHOHHuYe-
CKOTO H30MOD pHu3sma

Hom,, (H: (X, F), k) 3 Ext™{(F, ox). (7)
O6o3nauas uepes X:H? (X, ox)—k QyngaMeHTaJBHE KJaCC, TO

X
ecte npoo6pa3 16Hom (wx, ©ox) npn usomopdusme (7) ¢ i=n=
wdim X, F=0x, MH MOXeM 3amicaTh (/) KaKk KOMIO3HIHIO
K4HOHHYECKOTO ClapUBaAHUS

Ext™ (&, ox) X HL(X, F)> H: (X, ox)
a )

X

5.18. Ceasp ¢yHkTopoB B D (P £b). 3peck M IpuUBEfeM pe-
3yJAbTAaTHl O CBA3H PA3JHYHBIX (PYHKTOPOB B NMPOU3BOJHBIX KATEro-
pHAX NMy4YkoB aGesieBBIX TPYNN Ha TONOJOTHYECKHX NPOCTPAaHCTBAaX.
Huxke Bce mpocTpaHCTBA TPEANONATAIOTCs JIOKAJAbHO KOMIAKTHBIMH,
MapaKOMNAKTHBIMH H HMEIOIIHMH KOHEYHYI0O Pa3MepHOCTb, a HX
oto6paKeHus — HenpepbiBHLIMH. PaBeHcTBa 06BEKTOB (IPOH3BO/-
HO!l) KaTeropHH 03HAyalT (YHKTOPHAJbHBIE H30MODPQH3MEL.

L
a) fu® O f:X—-Y, F, T6D (F%by) nMeem
L L
f(FRY)=fFRFT.
JI7s [OKa3aTeNLCTBA HYXHO 3amemuth F ¥ § HA HX IJIOCKHE pe-
30/IbBEHTH (KBa3UM30MOD(HEIE KOMIJEKCH, COCTOSINME H3 IJIOCKUX

Ny4KOB) M WCIO/BL30BAaTh PaBeHCTBO [ (F®Y)= fFOfYG pm F,
G6P A by, puTexaouiee u3 (F0F),=F,09,.
L

6) Room u . INna F, G6D™ (PHbx), #HED (FStby)
HMeeM
Rdbom (F 89, 36)=R bom (F, RH#bom (Y, 7).
I noxasatesasCTBAa HYXKHO IPOBEPHTL COOTBETCTBYIOILLEE YTBEPHK-
JeHHe [Jd Ty4ykoB abejeBHIX rpynm Ha X, NOCAe Yero 3aMeHHUTHb
%’ Ha MIOCKYIO Pe30/LBEHTY, 4 J§ — Ha HHBEKTHBHYIO PC30J/ILBEHTY.
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B) Rf. u R#Mom. Oaa FE€D™ (954by), G eD*(954bx) nmeeMm
Rf.Rom (f F',G)=Rom(F, Rf.9).
3amensas ¥ Ha MHBEKTUBHYIO pe30JbBeHTy, noJyyaeM, uto f.9

(IIO‘IJICHHOG le/IMEHeHl/IE) COCTOMT U3 HHBEKTHUBHBIX IIYUKOB, @

Fom (f F,9)—u3 markux nyuxos. Ilocje 3TOrO HyIKHBIE H30-
MOpdH3M ecTh CaeACTBHe u3omopdusMa B P by:

f.%om (f F, §)=Hom (F, .9),

BHITEK AI0IETO U3 COmpsxenHocTd f' U f..
r) Popuyss. 3asmers. 6asp. llycTh 3ajaH  JgexkapTOB KBaapar

X5Xx
g f
R

[IPOCTPAHCTB M HENpPepHBHHX OTOGpaKenuil, Tax 4to X' -—paccjoeH-
Hoe mpousBenenue X u Y’ man X. Torna B D (?#by') nveem

¢gRfF =RgpF,
Rg.P'§ =qRf Y, F €D (954by).
JlJas  [10Ka3aTeJbCTBA MEPBOTO  YTBEPIKAECHHA CJeLyeT IPOBEPHTH

paBeHCTBO ¢ f F=gp'F, FC€PHAbx, BHUUCIAA DPOCTKA JeBOH
U npaBoif uacrteil B Touke y'€Y’ ¢ momombio mpepsoxenus m. 5.9.1,

MoC/ie Yero HyXHO 3ameHuTh F HaA MArKylo pesosbBeHTy. Jlas
JI0Ka34Te/IbCTBA BTOPOTO YTBEPXKIAEHUs CJelyeT IIOMeHATb MeCTaMH
X w Y’, npuMeHHTb [iepBOe yTBEPKJEHHE U HCIIO/b30BATh COMPSKEH-

Hocth f' u Rf., g v Rg.,, Rq v q', Rpiu p'.
n) Popmyra npoexyuu. Jas FE€D (PHbx), G'6D™ (74by)
nMeeM

. L . . . L .
RIf(FQfFG)=RfF QY.
JJ/1si nokasaTesnnCTBA CA€AyeT [POBEPHTh aHAJOTMUHYI0 (OopMyay
B PSby, mnocie uero 3ameHuTh F HA MACKYID PE30JLBEHTY,
a ¥ —Ha MHBeKTHUBHYIO.
e) f'u Rd#om. [laa F', § 6D+ (954by) umeem
J'R#om (F', §)=R Hom (f'F', f'G).

JIMs [0Ka3aTessCTBA CjeflyeT 3aMeHWTh F Ha MATKYIO Pe30JbBEHTY,

. !
%’ —Ha WHDBEKTHBHYIO W MCHO/BL30BATh SBHYIO KOHCTPYKLHMIO f .
K) Pynkmopws. u O0solicmeentocms. Ilpexje Bcero, uMeeMm

7'Dy =Dxk.
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Hanee,
ForF =Qxf'F, F'ED®(9H4by),
DYRf G =Rf.DxG, G ED? (PHtby).

BHUBJ/INOTPA@HUYECKHE YKA3AHUS

Matepral nepBHX HeTHpex maparpadoB 5TOf IJIaBH COCTABIAET TECDHA NPO-
H3BOJHHX Ka'reropnﬁ H COOTBETCTBYIOLIEE H3JIOXKeHHe TE€ODHH TPOH3BOIHBIX (byHK-

T0poB. IlepBOHCTOUHMKAMH 3]ech SBISIOTCH 3a0MCKM ceMHHapa XapTcxopHa [85)

u aBTopedepar Bepave [141]; cm. Takxke [8], [84], [91]. Tlonnue nokasartemscTBa
moxHO Haiith B [8], [85] ¥Yciomusa Jokadmsaumm B m. 1.7 — 31O KiaccHYecKHe
ycaosust Ope, BOSHHMKAIOU[He IPH HCCJEOBAHUM Tella OTHONIEHHH HEKOMMYTATHB-
HeX konen (cm. [86]). OcHoBHast nemma n. 2.2,1 B3fta M3 kuurH Byp6Gaku [32]
Pesyabrathi w3 m. 3.1.2 (4 mx pJanexkue oGoGmenuss) cMm. B [84]. PesyabraThl
n. 4.12 npunapnexar [enunio (nmpuaoxense k [43]), pesyaprate n. 4.13 — Pyycy
[124]. Cnektpanbhas mocaefoBatenbHocTs 'pOTeHAHKa M3 1. 4.15 MOKa3bBaeT cxe-
MYy BO3HHKHOBEHHs MHOTHX CHEKTPaJbHHX IOCHeNOBaTeNbHOCTEH B anre6pe, ToOno-
Jorud B anreGpawndeckolt reomerpuy, cm. [77}

Koromousoruu my4ykoB, H3/OXKeHHHE B § 5, MOXHO HaliTH BO MHOIHX KHHrax;
ynomsHem [10], [33], [68], [91] [oxasarenncrso mpegnoxenns B m. 5.1 cm. B
[68], reopemm nm. 53— [69] u [8] Pesyanrats nm. 5.8—5.11 cm. B [91] u B
cratbax Bopens [29] u Ipusens [75]) Teopemu m. 5.13.1 u n. 5.14.1 npuHafIexaT
Bepmpe [140]; nmokasarenbctBa cM. B [8] u B [91]. Pesyabrath, npHseieHHHE B
m. 5.18, co6pannl B KOMINAKTHOM BHJE B crarthe bopeas B [29].

F'arasa 5

TPUAHT'YJIHPOBAHHDBIE KATETIOPHH

§ 1. OcHOBHbIE NOHATHS

1.1. Akcuomsl. ITycTe 2 — HekoTOpaAsi AANMTHBHAA KaTErOPHS.
CTpyKTypa Tpuanzyiuposannol karezopuu Ha 9D OUpeneisieTcs
3ajaHHeM CJeAYIIIHX HKaHHEIX a), 6), NOJYHHEHHBIX AaKCHOMam
TR1—TRA4.

a) ApauruBHuifi aBTomMopdusm T : D—PD, HasbBaEMEIll (PYHKTO-
pom cdsuea.

Bynem nucath, Kak B Ia. 4, 2.2, X[n] BMectro T7(X) u f[n]
BMecto T7(f) (mas mopdusma f: X—Y). Mu Moxem Tenepb OyK-
BAJIbHO NOBTOPHTHb YacTH a) U 6) ompefeteHus ra. 4, m. 2.3, Beeas
B D tpeycorvruku

XS3Y5z3x (1
H UX MOpOUSME
X53r3z5 X1
Vourd® o da Yt
X'=>Y'=2'—X"[1].
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[Tocaennsia yacth onpenesneHuss ria. 4, n. 2.3 BBOAHTCS aAKCHOMATH-
YECKH: CPeAH TPEYrOJbHHKOB B %) HOJKeH ObTh 3a]aH ’
6) Kuacc BHAeNEHHBX TPEYTOJbHUKOB.
Creayoouiue akCHOMBI, KaK MBl TOCTENEHHO y6enuMcs, yAOBJET-

BODHTEJbHO ONHCHIBAIOT pabouHe CBOfiCTBA KOHCTPYKUMH TIia. 4,
n. 2.38).

TR1. a) X-—>X >0 X [1] Brizesex.
6) Ecsm  Tpeyro/ibHUK BbliesieH, TO J0GOH U30MOPOHLIE eMy
TPEeYTOJIbHUK BHIEJEH.

u
B) JlioGoft mopduam X —Y MOXKHO [AOBOAHUTHL JHO BbIIEJIEHHOTO

TPeyroJbHuKa X5 Y—{;Z:X[l].

/4 k3 w
TR2. Tpeyromwuux XY+ Z— X [1] BolaesieH, ecit H TOMBKO

v w —u|l
et ¥ 55 Z5 X (1= [1] minenen.

TR3. Ilycts nMaHbl ABa BBIAEJNEHHBIX TPEYroJbHHKa H JBa MOp-
busma MeXAy HX HadajJamH, o6pasyrolnue KOMMYTATHBHBIA KBaJ-
par. JTa AuarpaMma JonoJjHsercs (He 06s3aTeJbHO OJHO3HAYHO)
A0 MOP(H3Ma TPEYroJbHHKOB!

XS>rSzsxq
e el

r ’

yu oo 4w
X'—=Y'~ 7' X'[1].

IlocieiHsIs aKcHOMa OTHOCHTCSL K JOBOJIbHO 60JIBLIOH «JHarpam-
Me okTasipa». OfuH H3 crnoco6oB ee H300paXkaTb COCTOMT B 3a4a-
HHH ABYX <«IIalio4eK» OKTa3Apa ¢ OGLIHMH <IOJSIMHU»

X r1] Z X' z
*/ r
| (v D (ilae Y *
/N £
Zl * x i \/
(1] S TR

(Bepxwam wanouka) (HUNCHARR wanoukn )

B sTtux muarpammax X, Y H 1. I. — 00beKkTH 2D; CTPEJKH BHAA
X’—~Z’ osnavaior mopdusm X’—Z’ [1]; TpeyroibHHKH, OTMEUEHHHE
W, BbIJeJeHbl, a TPEYroJbHHKH, OTMEYeHHble ¥, KOMMYTaTHBHH.
Haxkonen, tpe6yercs, yro6hl nBa BO3MOXHBIX MOpdu3Ma Y-V’ ue-
pes Z W Z’ cOBNAJAJH, H [1BAa BO3MOXKHHIX Mopdusma Y'-Y [1]
yepe3 X[1} u X’ coBnanaan.

3aKOHYHB OIHCAaHHe AHArPaMMBl OKTa’Apa, Mbl MOXeM chopMy-
JHPOBAThb IOC/AEJHIOK AKCHOMY.
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TR4. Jlio6as puarpaMma THIA <BepXHAA WIAaNOyka» AOTOJHse-
Ma 0 AMarpaMmbl OKTasjpa.

1.2. 3ameyaHusa o GopMaJbHOA CTPYKType aKCHOM.

a) U3 akcuombl TR2 cienyer, uTo KakAMii BBIEJEHHBIA Tpe-
YroJbHHK KaHOHHUYECKH BKJAIbIBAeTCs B «CNHpaJb», TAe M060#
BHTOK H3 TpeXx CJeLyIOIIuX MNOAPsSA MOPGhH3MOB BBHIAEJEH:

w'fy.
JZul?) .
. \W

e
. uf1x .
v

w

CooTBeTCTBEHHO, MOp(}H3M TpPEyroJbHHKOB IOPOXKAAeT ABe chHpa-
Ji¥, cLeMJieHHble ropu3oHTaabHeiMu cTpeikamMu. M3 TR3 u TR2 cae-
JyeT, YTO ecJId 3a/aTh JABE COCeJHHe CTPEJIKH, 06pasyiollie KOMMY-
TATUBHBIA KBAAPAT, TO HX MOXKHO JONOJHHUTL A0 MOppHUsMa cIH-
panei.

6) JluarpamMmy «BepxHfs IIAlloUKa» MOXHO paccMaTpuUBaTh Kak
MOp(H3M BBIIEJNEHHBHIX TPEYTOJbHHKOB, y KOTOPOTO CPEeIHHH MOp-
¢u3M TOXRAecTBEHHBIA. BJI0XKUB 3TOT MOp(H3M B ABOFHYIO CIHPaJb,
Kak BBHIE, H MOCMOTPEB HA ee IOCJAeL0BaTeJbHEIE BHTKH, MOXKHO
y6eanThCsi, YTO B HHX OYAyT BCTPEUAThCsA QMArpaMMbl THIA HHXK-
Has wmanoyka» H TR4 MoXHO c(opMyJHpOBaTb B 3KBHBAJEHTHOM
Buje (no moaymo TR1—3) : TR4': monosHsiemocTs J0 OKTasApa
HHXKHHX LIaNno4eK.

u

B) B akcrnome TR1 B) JoGble nBa gonosHenus X—Y no Bbile-
JIEHHOTO TPeyroJbHHKAa H30MOPQHH: Mopdu3M /, cyilecTBOBaHHE
Koroporo mocryaupoBaHo B TR3 naa f=idx, g=idy, sBasercs
H30MOP(PHU3MOM.

[T09TOMY «BEPXHIOIO LIAMOYKY» MOXKHO C TOYHOCTBIO O H30MOD-
¢u3Ma BOCCTAHOBHTb 1O OAHOH €€ KOMMYTATHBHO# I'DaHU X—=Y—>2Z,
nocrpous X—Y u Y—Z [0 OTMEUEHHBIX TPEyroJIbHUKOB.

Uz akcuom TR1—TR3 M0XHO BBHIBECTH cJaelylollee CBOHCTBO
BBIIeJIEHHBIX TPEYrOJbHHKOB (Cp. . 4, M. 2.5).

1.3. Mpenaoxenue. [lyctb £ — TPUAHTYIMPOBAHHAS KATEro-

: u v w
pusi, X—Y—>Z— X|l]—soiienennpiit Tpeyrosenux. Torza Aas
moboro obbexra U auarpaMMbl

...~ Hom (U, X i) Hom (U, ¥ i)~ Hom (U, Z i)
—sHom (U, X[i+1D~ ...,
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w*lil,, v[i}

...~ Hom (X [i+ 1], U)—-Hom (Z [i], U)—~

v*[i] u*[i]

—-Hom (Y [i], U)—~Hom (X [i], U)—...

SIBJISIIOTCS. TOYHBIMH HOCJ€eJ0BaATeJbHOCTAMH.
NoxkaszaTeabcTBO. JJas HMIOCTPALHH MeTOAOB PaGOTH C

 TPHAHTYJMPOBAHHBIMH KATETOPHAMH [0KaKeM TOYHOCTb NEPBO# Mo-

cJeJOBAaTEeJbHOCTH. B cuay 3aMeuaHus 2a), AOCTATOYHO 1OKa3arth
tousocth B useHe Hom (U, Y). TIpexae Bcero nposepum, uto vi=0
(u 3HAYUT, KOMIO3HIUSA JIIOGLIX NOC/AEAOBATEJIbHBIX CTPEJOK B BBIAE-
JIEHHOM ITpeyro.nbmfu(e nynesasi). dto caeayer u3 TR3, npumeneH-

d
Ho#i K X—~X—0—X[1] u HaweMy TPeyroJbHHKY:

d
X—->X-0->X|[1]
l  wl oni
ey v 4wy
XY -~Z-> X1l
EZHHCTBEHHBIH BO3MOXKHEIA MOp(H3M i — HyJEBOH, a8 H3 KOMMYTa-
THBHOCTH CJIefyeT, 4To vu=0. '
Ilycts Teneps [: U—Y — Takoii mopousm, uro vf=0. Mu xo-

THM Jl0Ka3aTh, 4to [=ug, rae g: U—~X. Bosbmem g u3 mopdusma
BbiJI€JIEHHBIX TPeyTroJbHHKOB

id
U->U~0->U][1]
te r | lem
} u v {w
X—>Y—~>Z->XIl]. ‘
DTOT MOPHH3M AOCTPaMBaeTcs C MoMombio npumeHenns TR2 u TR3:
cHauasa TR3 npumensercs K i '
U0 U [1]=2U [1]
A dem b
YTy w —uf11}
Y- Z—+X[1]—-Y [1]
v 3ateM 1o g[1] BoccranassuBaercs g.

1.4. CanexncrBue. a) Ecau B nuarpamme TR3 [ u g usomop-
¢u3MH, TO H A H30MOPDH3M.

6) B akcuome TRI B) AONOJHSIOLIMH TPEYrOJbHHK ONpeleseH
OJHO3HAYHO ¢ TOYHOCTBIO X0 M30MOpPHU3MA.

1.5. Caencreue. Ecan v/'gu=0, To g BKIAaJAbBIBAeTCS B MOD-
¢uam Tpeyroabnukos. Ecau k Tomy ke Hom(X, Z'[—1]) =0, 10
5TOT MOP®H3M Olpejesied OJHO3HAYHO.

1.6. Koromoaornueckue ¢yHktopel. @yHrrop H:D—>S us
TpHaHTyNHpOBaHHOH Kateropun £ B abeseBy kateropuio S¢ Ha-
3BIBAETCS] KO2OMOAO2UHECKUM, eclln JJIS JI0O0ro BbIAEJIEHHOTO Tpe-
yroJbHHKA

XSY>z5X[l
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9D 1noCAeN0BATENLHOCTD
H(u) £1(v)
H(X)—HY)—H(Z)
TouyHa B & (cp. ra. 4, o 4.11 a).
U3z akcuombl TR2 BuiTekaer, uro eciau H — KOrOMOJIOTHYECKHH
(QYHKTOpP, TO KaxXIbll BHIJENEHHBEIi TPEYTOMbHUK B %) NPHBOAHT K
LJIMHHOH TOYHOH IOC/eR0BAaTeJbHOCTH B S¥:

e HXD 2 g v )2 gy 2 iy T g (i 1))

OCHOBHBIM MPHUMEPOM  KOTOMOJIOTHUECKOro (yHKTOpa SBJASETCH
dysxTop B3stHs O-koromoJioruit kommiekca, C — HO(C'), paccmar-
puBaembiii kak ¢yuxTop uz K ($£) wm D (£) B 4. ‘

JpyruM npuMepoM  KOTOMOJIOTHYECKOro (DYHKTOpA SIBAAETCHA
dysxrop Homgy (U, -):D— &b, ana Kaxaoro (QHKCHPOBAHHOTO
UEObD.

1.7. Konyc Mopcdusma. CorsacHo akcuomaMm, Ka:KAHH MOPHH3M
#:X —Y B TPUAHTY/MPOBAHHO KaTEropHH OnpejenseT C TOYHOCTBIO
A0 usomopdu3Ma 00beKT C (#)— TPEThIO BEPILIHHY BbIIENEHHOrO

TpeyroJbHuka X Syiz =-C (w)—~ X [1]. On nasnisaerca KOHYcom

mopdusma u (mo aHIIHACKH — a cone, no Gpanimyscky — un cone;
Heonpeje/JeHHBH apTHKAb NMOJYepPKHBAET HEOJHO3HAUHOCTb BHIGO-
pa). Konyc 3anan Bmecre co crpeakamu Y—C(u)—~X[1].

[Tpuunna Takoro HaunMeHOBaHHS OODBIACHSETCS CJEAYIOLIHM 3aMe-
YaHHeM,

O/HMME K3 OCHOBHBIX TPHMEDPOB TPUAHTYJIUPOBAHHMIX KaTeropHit
ABMAIOTCS Kateropun K (&) u D ($¥) M pa3imuHbix  abe/eBbix
Kxareropuii &£. V13 npeanoxenus ri. 4, n. 2.4 HECJ0KHO BHIBECTH, YTO

n
Ans moGoro Bblle/IeHHOTO Tpeyrobauka X — Y = Z — X [1] B aTux

KaTeropusx KoMmmieke Z' u3oMopdeH (XOTS U HEKAHOHHYECKH) KOHy-
<y mop¢dusMa u.

BepHeMcs K o6uiyM TPHaHTYyJAHPOBAaHHEIM KaTteropusM. Ecau 6B
MBI noxesanau cietatb C (YHKTOpDOM, TO MH MOrJH Obl: a) olipe-
Jenuts Ha obbekTax C:Ob(Mor®)—Ob2 c nomoumpbio aKCHOMH
BhiGopa (3mecb Mor & — kateropus Mopdu3MOB Kateropuu D);
6) onpememutrr Ha MopdusMax C: Mod(Mor D)—>Mor @ ¢ no-
mouplo TR3 u akcuoMBbl BeIGOpA; mocie 4ero MH GH CTOJKHYJAHCH
¢ TeM, u4to paBeHCTBO C (uov)=C(u)oC(v) HHOTKyAa He cJefyerT.
3ta «HeQyHKTOPHANBHOCTh KOHYCa» fABJSIETCSI NEPBBIM CHMITOMOM
HEKOTOpOro HeGJ1aronosyy4usl B -aKCHOMAaTe TPHAHIYAHPOBAHHHIX Ka-
Teropuii. K coxkaJsleHHI0, YAOBJIETBODHUTEJBHOTO H3MEHEeHHs 3TOH
aKCHOMATHKH Moka HeT. OJAHH 13 BO3MOXHHIX CMOCO60OB MOCTapaTh-
€A HCHPaBHTb [OJIOXKEHHe Aes B 3TOff H NOJOGHBIX CHTyalHsX cO-
CTOHT B TOM, YTO IIPH IIONBITKE KAHOHHYECKH NPOBECTH HEKOTOPYIO
KOHCTPYKLHI0 (HampuMep, KOHycC) cJelyeT BBECTH APYTLYIO TPHEHIY-
JIHPOBAHHYIO KaTeropHio, 06beKThH KOTOPOH CYThb «TOMOTOMHYECKHE
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KJaCCH KOHCTPYKUHE» B WCXOAHOH KAaTErOPHH, H COMNOCTABHTb KaXK-
JIOMy OOBEKTY HOBOH KaTeropdd OGBEKT HCXOIHONH KaTeropHH. JTY
CXeMy MOXHO, HampHMep, PeaJH30BaThb B cJyuae, KOria HCXOAHas
KaTeropusi o6Jajgaer CTPYKTypoil ¢GHIbTPOBAHHON IPOHU3BONHOH Ka-
Teropuu (cM. [25]). :

Teneppr MOXKHO MOCTaBHTL CJeAyioumuii Bompoc. B pasnmix cH-
Tyaluusix BO3HHKAIOT KaTeropuu %, cHaG:xeHHble KOHCTPyKUHedH «ab-
C¢TpakTHOro KoHyca» C :Mor #—%. Her nu nosessoil obuieii ak-
CHOMAaTHKH TaKMX OToOpa)KeHWA? AKCHOMH [JOJIXHBI 3aTparuBath
N0 MeHbliell CTOpOHe JABe CTPYKTYpH: a) QyHKTOpPHaJAbHHE CBOHCTBA
C no orHolleHdo K MopdpusMam B Mor #; 6) nosefeHne C npH
KOMIO3HUMH MOP$U3MOB (OTHOCHTENbHO MOP(H3MOB B KAaTErOPHH
Mor #). YacTHuHbBI OTBET Ha 3TOT BONPOC JAaeT aKCHOMa OKTa3[-

u v

pa. A umenso, nycts X—Y, Y-Z — nsa mopdH3smMa B TPHAHTYJH-
poBaHHON KaTeropHu 2. JlocTpouM HX A0 TPEyTOJbHHKOB C TPETb-
umu BepwmHamu C(u), C(v). Onpegenen wmopousm w: C(v)—~
—C(u)[1] — xomno3uuus Moppusmor C(v)—Y[1] (w3 BTOpOrO
TpeyrosbHuka) u Y{1]--C(u)[1] (u3 mnepBoro TpeyroJbHHKa).
YacTb co/epKaHHs AaKCHOMBl OKTa3Apa MOXKHO BHPa3HTb CJEAYiO-
el dopmyaoi:

w
C (veu)=C (C (v)~>C @ [1)[—1].
B camom [Jese, pacCMOTPHM BEDXHIOI LIANOYKy OKTa’Apa, Ho-
CTPOEHHYIO 110 KOMMYTATHBHOMY TPeyrOJbHHKY

Y—LZ

NS

B o6o3Hauenusix o. 1.1 umeem:
Z'=C(u), X’=C(v),
Y’ =C(vou)

(npaBblii TpeyroJibHHK HHKHel manouku). C Apyro# CTOPOHH, H3
JIEBOTO TPEYroJbHHKA HHXKHe# manouku ciedyer, uyro Y =C(w)
[—1].

OcraBuiasicsi 4acTh COJEPIKaHHS AKCHOMBI OKTa’jApa Kacaercs
onucanus Bxoasme# B C(vou) u Bhxoasime#d u3 C(vou) cTpeJOK.

1.8. Tpuanryanposannocts K(s£). Kak yxe oTrMmeuaoch, OCHOB-
HBIMM NMpPHMEpPaMH TPHAHTYJHPOBAaHHBEIX KaTeropuil ABJASIOTCS KaTe-
ropud K(s¢) u D(s¢). Jloka3aTeabCTBO caeAyloilleii TeOpeMH Mpo-
BOJIHTCS IIyTeM HeIoCpPeACTBEHHON NMPOBEPKH AKCHOM.
. 1.8.1. Teopema. Ilycts s — abeneBa Kareropus. Toraa xa-
Teropust K(s¢£) co cranZapTHHIM (GYHKTOPOM CABHra M BHI€JIEHHHI-
MH TPeyroJbHHKaMH, ONHCAaHHHMH B TJ. 4, 1. 2.3, ABAAETCA TpPH-
AHTYJIHPDOBAHHOHN KaTeropHem.

To xe Bepuo aas kareropuii K= (s£) u Kb(s£).

135



KaTl.9. Jlokaansywomue kiaccel MOpPGH3IMOB B TPHAHTYJHPOBAHHBIX
el;gpmlx. Jlns nokaszarenbcTBa TPHAHTYJMPOBAHHOCTH — KATero-
gﬁg% (£) _HYXHO YCTaHOB]Pé’Iib COBMECTHMOCTb CTPYKTYPhl TPHAHTY-
aHHO# kaTteropu B K(S£) c JoKaausaumuey
efi 1o Ksa -
MOppH3IMaM. e
Boo6uie, cTpykTypy TpHAHI'YJIHPOBAaHHOH KaTETOPHU MOKHO HH-
gyl;gggsam Ha JIOKa/JH30BAHHOH KaTeropu, ecu Kjaacc Mop(hH3MOB
JIETBOPSAET CJCAYIOLIUM CBOHCTBAM COBMECTUM
e ocTu -
ayrayueu. ‘ ¢ Tpua
a) s€S<=T(s)€S.

6) Paccmorpum amuarpammy TR3 (m. 1.1). Ecau ‘ 7
. 1.1). B 5TOH nuar-
paMme f, g€S, To cymecTByeT NONOJHAIOMHHE Mopdusm hES. 8

1.9.1. Teopewma. Ilycte & — TpuaHTyIHPOBaHHAs KaTeropHs
S ~ JIOKQJIH3YIOUIHiT Kj1acc MOP(H3MOB, COBMECTHMBII ¢ TpPIaHI‘YJISI-’
uued. Beegem Ha Dg dyHKTOp capura T's taBrosiorudeckun (Ob Ds=
=0b D, Ts=T Ha obbekrax). Hazosem Tpeyroibuuk B Dg gbide-
AEHHbIM, €CH OH HM30MOp(heH 00pasy BhHIAEJNEHHOTO TPeyroJbHUKa
OTHOCHTeJIbHO (DyHKTOpa JloKanusauun L -—-De.

Torna Ds ¢ ITHMH CTPYKTY :
YKTypamu Oyjler TPHAHIYJ i Ka-
Teropuei. y P YJIUPOBAHHOH Ka

JloKasaTenbcTBO cOCTOMT B onpeneneHud Ts

Ha MO H3aMa
(moMHKax) paBEHCTBOM P *

z T(2)
oy N\ e SN
X Y

T(X) T(Y)

H MPOBEPKE aKCHOM.

Canencreue, [IpoH3BoaHEL
. e kareropuu D*(s£) Tpu -
I~ P (£) Ttpuaurynupo
61.10. Toacreie mopkateropun. CyllecTByeT 3KBHBAJIEHTHHH CIO-
co6 ompeleauTh JIOKAa/AH3alHUI0 B TPHAHIYJHUPOBAHHOH KaTeropuu,
IpH KOTOPOM 3ajaercs ceMeHCcTBO OODBEKTOB, KOTOPHIE NOCJE JIOKa-
JH3alUH CTAHOBATCA H3OMODMHHIMH HyJeBOMY o0O6bekTy (a He
KJacc MOp¢H3MOB, KOTOpbIE CTAaHOBATCA H30MOpHHUIMAMH).

1.10.1. Onpexenenue. [losHas TpHaHTyJUDOBaHHAasT MOAKA-
Teropus ?0 TPHAHTY/THPOBAHHOH KaTeropHH 9 Has3blBaeTICH TOACTOU
(no-anrauiicku thick, mo-ppanuyscku epaisse), ecqH BBHIOJHEHO
CJeyIOLee yCJIOBHE:

(T) Iycts mopdusm f:X—Y B D dakropusyercs yepes o0b-
exT u3 @ (1o ects mpeacraBisiercs B Bulle X—>V—Y ¢ VEOb @)

£

H CONEPXHTCA B BHIENEHHOM TpeyroJbHuke X—-Y
Z60b . Torma X, YeOb @. Rl >Y—>Z—>X[1] ¢

CraHpapTHBI PUMep TOJICTOH NOJKATErOpHH — KaTEropHus BCex
auuKIHYHBEIX 06beKkTOB B K(5£). B camom jese, nmepBoe ycioBHe B
(T) Buime ossHauaer, yro H-(f) —Hynesoii mopbusm, a BTOpOE
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ycnosue osHauaer, uro H (f) — H3oMOp(PH3M,
y10 X 1 Y aUMKIUYHbL.

CBsi3b MexAy TOJCTHIMH NMOAKATErOpHsiMH B %) W auMKJIMYHBIMH
knaccaMd MopdusMoB TakoBa. HasoseM JoKaJu3ylouni kiaace S
B 9 Hacoluennbin, ecln SES B TOM M TOJbKO B TOM Ciyuiae, €C/H
cyulecTByloT MopduaMsl f, [+ B 2D, 115 KOTOPHIX [oSES H Sof*€S.

1.102, Teopema. Ilycts 2 — TPUAHIYJIHPOBAHHASA KaTero-
pus. Otobpaxkenne

sEMor €, s COLepXHUTCS B BblICJCHHOM

%@ (8) = Tpeyro/bHUKe XY Z>X [
c s6S.

sajgaeT B3aMMHO OJHO3HAYHOE COOTBETCTBHE MEXIy MHOXECTBOM
TOJICTHIX TIOAKATEropHit B & H MHOMKECTBOM HACHIMEHHBIX JIOKalH-
3yIOIHUX KJaccoB MOPOHIMOB B 9D, COBMECTHMBHIX ¢ TpPUaHIyJs-
uuett.

OG6paTHOe COOTBETCTBHE COMOCTABJACT KJACCY ScMor D noJa-
HYI0 TOAKAaTErOpHIO P(S), NOPOKIeHHYIO 06BEKTAMH Z60b D, co-

OTKyJa BbITEKAaeT,

Jep:KalEMHCs B BbUIEJEHHOM TPEYTOJbHUKE X—Y—>Z—X[1] ¢ s€S.
BysieM Ha3eBaTh TO4HOU TPOUKOL] TPUAHRYAUPOBAHHBLX KATe2o-

Q
puil TPOHKY ‘E—i@»g , The @ — Tojicras MOJAKAaTEropus TPHAHIY-
auposaHHoOil Karteropuu D, & =D[¢ (%) '] — nokanuzauus D no
kiaccy S=o(¢), P:¢—>D, Q : D& — GyHKTOPH BJIOXKEHHA H
JIOKAJU3aIHH COOTBETCTBEHHO.

1.11, BuipenenHbie TPEYroJbHUKH,
BrijesieHHBle  TPEYTOJbHHKA B D (s£)
npefo)eHneM (TMOKA3BBAOLIUM, HYTO OHA
TpofikaM B abeJeBhiX KaTeropusax).

1.11.1. [lpeaaoxenne. JlioGasi TouHasi TPOHKA KOMILIEKCOB

koHyc u okrasnp B D(5£).
OnuCHIBATCA  CJEAYIOUIHM
AHAJOTHYHBL TOUHBIM

u v
B K(#): 0> X~>Y 2 -0 jonosHfeTCs A0 BHJEJEHHOro Tpe-
yromsiuka B D ($#) NOAXOAAMNM mopdusmom Z— X [1] u moBok
BLIIE/ICHHBIT TPEyroJqbHUK B D (5#) wsomopder TaKomy. |
[peanoxenye 1. 1.11.1 mosBoJsieT AaTh CAELYIOULYIO0 WHTEpNpe-
alMI0 KOHyCa M aKCHOMBI OKTa3jpa B D ($4).

u

Ecom mopdusm X —~Y B D () npeactasies BJOKEHACM KoMil-
JeKCOB, TO KOHYC NpeicTaB/ieH (HaKTOPKOMILIEKCOM Y/u(X), a co-
OTBETCTBYIOLlee OTOOpaXKEHHE Y—>C(u) ectb ¢akropusaunus.

PaccMOTPHM Temepb AuarpaMMmy OKTasiapa, B KOTOpO#l MOp{H3-
My X—Y u Y—>Z (a, snayut, 1 X—Z) npeacrabiieHbl BJIOKEHHAMH
KOMIJIEKCOB. Mbl yTBep:KJaeM TOTAd, UTO CyThb aKCHOMBI OKTa’3Apa
COCTOMT B CYUIECTBOBAHHH €CTECTBEHHOTO nsomopdusma

Z/Y>(Z/X)/(Y/X).

B camom nene, X' =Z2/Y, Z’=Y/X. Nanee, us HHKHeH LI1arnouykH,
Y'=Z/X u mopdusm Z'—Y’ mpeicTaBiieH eCTECTBEHHBIM BJOXKe-

137



#uem Y/X—Z/X. Haxonenu, T

A. , TpeTbsa BepwiuHa X’ JeBor -
.HH;a)? HHXHEH IIaNnoyKe Npeacras/ieHa (akTopoMm Y’/ZO’E?%]}OXH)I’/
/(Y/X), a ona xe B BepxHell wanouke ectp Z/Y.

§ 2. NMpumepw

;&QZIELPJ?CCM?HOM aare6pa. Ilycts k-—mose xapakTepHCTHKH
72 Zm{em{oe OPOCTPaHCTBO Haj k pasmepHocTH #-}-1. Pac-
TPUM Z — rpajyMpOBaHHYI0 BHEUIHIOI aJare6py: '

n-1
A:A(E):-iiaoAi (E).

I?(?Bo::;;?(Mquglela ./I{(A) K(g"reropmo JIeBBIX YHHTapHBIX Z-rpajgyw-

- yJed, MOPGU3IME B KOTOPOH — roMo

; MOP(pHU3MbI HY-

gfg;m crenenn. Ilyets A°(A) — nosnas nmoakateropus J (A) cg-
as M3 KOHEUHO MOPOXKIEHHBIX Z-MOAyJ/efi (3TO ycJaoBHE ’ aB-

HOCHJIbHO KOHEYHOMEPHOCTH Haj k). P
2.2, Onepauun Hajg A-MOAYJASIMH. a)

A-moayas. ITonoxum nis meZ

V(m)i=Vim V(im)= i?z V (m).

ITycte V — HekoTophI#

'E(;xpannm yMHOXeHHe HAa A npexHuM. QOueBumHO, omepanusi CApura
panyupoBku VeV (m) mpojomxaercs 1m0 (QyHKTOpa TOXAECTBEH-
HbIM 0TOOpaxKeHHeM Ba MopusMax f— f (m) = f.

6) Oas msyx A-mompyaeit V, V'’ monoxum

V®V’-_—€IB(V®V’)1, (V®V’)l=.+@ l(W%V”’),
L J=
e(v®v)=ev®v' 4+ (— 1)evo®ev’, &V, o6V’, eGE.

Takum o6pa3oM, TeH
, 30pHO€ NPOU3BEACHHE MBI BCETAA B
rpatp)e gponM HaO k, a ne nad A. 8 JTON flapar
B a jio6oM JeBoM A-Moay
Je V HMeercs KaHOHHYECK
CTPYKTypa npasoro A-moxnyJs V., ¢ yMHOXKeHHEM o

VA =(—1)deev-deetpa, o€V, AEA.

Orobpaxenne V—V, oueBugubiM 06

. pPa3oM  IPOAOJIKAETC
{yHKTOpa, YyCTaHaBJHUBAIOLIEro H30MOPGHH3M Mexgny K&TGFO[?HHI\I/:I(;
JIeBb;X FInpaBbxx (II/‘Eaﬂ,}I’_II/IPOBaHHbIX) Mopyneil.

r OJI0KHM =Hom,(V, k) u cuabpum V* MHOKeHHE
R i i Lk
v =Hom -, 3
o é\émol;éyna. k ) 31O ompepaesasier Ha V* cTpykTy-

3. Karteropus A°(A)/%. O6osHaunM uepes F . A°(A -
Hyl0 NMOAKATEropHio CBOOGOAHHX T'PAaAYHPOBAHHBIX A-MOIlngeﬁ). III-?;I-
30Bem Mopduam f:V—>V’' B MP(A) 3K8UBANEHTHBIM HYAIO, €CH
OH pasnaraercsa B koMmnosuuuio V—F->V' rae FEObF . OueBuino
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SKBHBAJEHTHHe Hymo  MOpduaMb  00pasyior JABYCTOPOHHHH

waean I 8 Mor AP (A). TTosoxuM
Ob (A (A) /F) =0bA® (A); Mor (A? (A)/F) =MorA® (A) /I
2.3.1. Teopema. Ha " (A)/F numeercs ecTeCTBCHHA CTPYK-
Typa TPHAHTYJHPOBAHHOH KAaTErOPHH. ‘
B aTO# CTPYKTYype, KoTopasi GyleT OMHCaHa HHKE, HanboJee He-
O6HLIYHO BHIMVIALHT (yHKTOp cABHTA Tt

T (V)=A(—n)@V)[i (V) (=), n=dimE—1, (1)

rae i (V)=A"! (E)%VCA®V.

9.4. Tlnan NOKa3aTelbCTBA TeopeMbi. JloGoi A-Moaym V on-
perneseT CeMefCTBO KOMILIEKCOB JMHEHHbIX MPOCTPAHCTB, B KOTOPOM
nubdepeniyas NPOHYMEPOBAHb SNCMEHTAMH eCE:

e de
L.(V):... S Vit Vi s Vil .,
rae di{e)v=ev. OueBHIHO, Lo(V) u Le(V) nast c6k, ¢+0,
M30MOP(DHEI, TAaK YTO CeMeHCTBO L.(V) nas e=~0, mo CyUIeCTsy,
IpOHyMepOBaHO TOYKAaMH NPOEKTHBHOTO npoctpancta P(E) ayueht
B E. Odopmisas 3T0 3aMedaHHe anre6po-reOMeTPHYECKH, HA3OBEM
JHeCTKUM KOMNAEKCOM KOMIUIEKC — KBa3HKOTePEHTHBIX Ny4KOB Ha
P(E), nsoMopbHBIH
L: ... =ViQo({j—=V*Q0(j+1)—>...,

Aubdepednuansl B KOTOPOM — MOP(hH3MbE O-monyJeii. Hasosem
KOMILIeKC L KOHedsobim, €CJH OH OrpaHdieH # Bee Vi koHeuHo-
MepHHL.

[TocTpOMM MO XKECTKOMY KOMIUICKCY L rpaayupoBaHHBH A-MO-
ayas V(L):
V(=0T (- N=8V (LY.

PaccMoTpuM oTOOpaxKeHue
a:T(d{—j)): V(LY~>V(L)*'®E",

Te Mbl KaHOHHUECKH OTOXIECTBHJIH r(c(1)) u E*. Oas Ja1060r0

snementa e€E u aas v€V (L)’ nonoxuM
ev = (——1)”(1d®se)a(v), .
. E*—»k — cBepTKa C e. V3 paBeHcTBa dittodi=0 chepyel,

TAE Se >
npeBpamaeTCﬁ B rpa}lyupoaaﬂﬂbm

gro e?o=0, tak aro V(L)

A-MOLYJb.
Herpyaso yOesnThCsi, 4TO STa KOHCTPYKILHsl MPOLOJIKAETCA IO

(yHKTODA M3 KaTErOpHH KecTKHx Komniaekcos Rig B M (A).
roT (YHKTOP - ABJIAETCA 3KBUBaJIEHTHOCTBIO. OﬁpvaTHbIH ¢dhyHKTOD,
Mo CyIIeCTBY, YXe OMucaH: JMHEefiHOe MO e CEeMEHCTBO orobpaxe-
wui d(e) : ViV —aT0 TO XKe CaMOE, 4TO JHHeiiHOe oTobpaxe-
aue Vie-Vit1@ E*, koTopoe OIHO3HAUHO onpeneser Mopdusm myd-
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koB V'Q0—V'*'®0 (j+]1) na P(E). CkpyunBas ero c idog, mo-
ayqaem auddepenunan d’: V'QO (j)—VH QO (j+1).

O6bekTnl A°(A) COOTBETCTBYIOT NPH 3TOM OTPARHYEHHBIM KOM-
IJIEKCAM C KOHEUYHOMEeDHBIMH KOMIOHEHTaMH.

PaccMoTpuM Tenmepb KOMNO3HLIO (DYHKTOPOB

O : A5 (A)—>Rigt—>DP,

rie yepes 2° Mb 0GO3HAUWJIH NPOH3BOAHYIO KaTEropHio OrpaHH-
YeHHbIX KOMIUIEKCOB KBa3HKOTeDeHTHHIX Ny4KoB Ha P(E).

Teopema n. 2.3.1 BoiTeKaeT U3 CJAEAYOMHX (BAKTOB, 10KA3ATE/b-
CTBO KOTODHIX, fl0 CYLIECTBY, OCHOBAHO Ha CBOMCTBax myukos O (i)
Ha P(E).

a) CywecTsenHblit 06pa3 ¢pyukropa @ (TO ecTh NOJHASI NOAKA-
Teropua Z°, cocrosiias U3 Bcex 06HEKTOB, H30MOPMHBIX OGBEKTAM

Buga @ (V)) samrmyT oTHOCHTeNbHO $yHKTOpa caBura T.
6) Mmeerca ecTecTBeHHBIH H30MOPDHUIM

Hom 4o ,, (V, W) mod I ZHom g (@ (V), © (W)).

B) KoscTpykuun, nposepsiomue akciome TR1 B) u TR4 (cm.
n. 1.1), Gyayun npuMeHeHHHIMH K AMAarpaMMaM H3 CYIIECTBEHHOTO
o6pasa @, He BEIBOAAT 3a €ro MpejedH.

B camoMm nene, mocse 5TOro Mbl CMOMXKeM HHAYLHPOBAThH CTPYK-
TYPYy TPHAHTYJAHPOBAHHOH KaTeropu# ¢ £° Ha CYIUIECTBEHHHH 06-
pas @ u 3aTeM Ha 3KBHBaJIEHTHYIO eMy KaTeropuio °(A)/% .

(B meficTBHTeILHOCTH cylLlecTBeHHBI 06pa3 @ cosnafaer ¢ Pb.)

Onuwem Tenepb MeTOA NMOCTPOEHHS] TPHAHTYJHPOBAHHBIX KaTe-
Iéoglilfr’l, YaCTHBIM CJyYaeM KOTOPOTO MOXKET CUHTaThCA TeopeMa

2.5. Tounnie kateropun. a) Ilycts & — afenesa kateropus,
# — ee nojHas aJAUTHBHAsi nojkaTeropus. Ilpemmonoxum, uro B
3aMKHYTa OTHOCHTEJBHO PacCIIHPEHHH; IO ONpPEeAeNeHHIO, 3TO O3Ha-
uyaer, YT0 B Kax/JOH TouHo# Tpoiike 0—X'—>X—>X""—>0 B & c X,
X"€0bR ob6bekt X usoMopden ob6vexry us %#. Ilapa (%, &), rae

z 14
& —xnacc Tpoex X'—X—X’’ B %, CTaHOBAMWMXCA TOYHBIMH TpOM-
KaMH B ¢, Ha3bBaeTCsl TOYHOU Karezopued. B uyacTHOCTH, Kaxpaas
abesieBa KaTeropus ¢ sBjsieTci TOUHOH (& — KJacc BCex TOUYHBIX
TPOEK B S£).

Tounsle kateropuu (%, &) MOXKHO BBECTH TaKXe C NMOMOILBIO
HEKOTOPOH CHCTEMBI aKCHOM, He alNNeJHPYIIHX K Oo6beMJomed
kateropuu (cm., Hanpumep, Ksunnen [122]). Cywecrtsyer KaHOHH-
9eCKHA cnocob peasnsoBaTh # B BHIAE MOJHOH NOAKaTeropuu abe-
JeBOH KaTeropuH (a HMEHHO, KaTeropHu aJAHTHBHHIX (YHKTOPOB
F: B¢ takux, uro jnas moGoit Tpoiiku (X—Y-»Z)e& mnocie-
aosatenbHoctb 0—F(Z)—F(Y)—F (X) a6eneBnlx rpynn TouHa).

Kaxnyo aaauTHBHYI0 KaTeropuio 9 MOXKHO, N0 KpaiHel Mepe,
OJHMM Cnoco0OM NPEBPATHTL B TOUHYI (B3SB B KauecTse & KJacc
BCEX pacllenuMex Tpoek X—XDY—Y).
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6) &-unvexTusnsie 1 &-npoexTuBHbIE 00BEKTOL [ycts (%, &) —
Tounas kareropus. )Opekr [€0b& Oydem Ha3bIBATH & -UHDEKTUB-
Hoim, ecqd Jo6asi  TPO#Ka (I-Y—>Z)e& pacwenasercs. Knace
BCeX & -HHDEKTHBHBIX 00beKkToB Oyaem 0603HA4aTh F e AHano\rgq-
Ho P6Ob% HasmBaeTcs &-npoeKTusHolM, ecid Ji06as TPOHKA
(X—Y—P)e& pacmennsercs. Kiace & -NpOeKTHBHEIX OOBEKTOB
o6osnaunm Pe . )

HubekTHBHEe O06BeKTh 00JafaloT TAKHM CBOWCTBOM: e€ClId B
fHarpaMme o0beKToB M3 &

Y

I

(XY —>2)6& u I€7 g, 10 CylleCTBYET mopdusm g:¥ — I, neato-

% OMMYTATHBHOM.
mmkflzn‘émqgmm cBoficTBOM 00/a1al0T & -NPOSKTHUBHLIE o(n;em; 5

2.6. PpoGeHAYCOBBI KATErOpUHU. a) Tounasi KaTeropus )é Obéz

paskBaeTcs Gpoleruycosoll, ecm Jg=PsH )1.11,91 xa)ilmoro ;3,
B & CyLeCTBYIOT TPOHKH Y>I>X, X>I'=>Y" ¢ I, I'éJg
(rpy60 roBopsi, HHbEKTHBHbIE H NDPOCKTHBHDLIE 0O'BEKTH cosnaﬂ.alo'x:
¥ HX JOCTATOUHO MHOMO: Kax/Jbli OOBEKT H3 % saBndercd 104
06beKTOM H (pakTOpOObEKTOM TaKHX 061>eKTQB). )

B 6)—r) npuBeleHH MpHMEpH ({poGeHHYCOBBIX KaTeropuu.

6) AGeneBa KaTeropus H°(A) KOHEYHOMEPHBIX rpasyHpoBaH-
HBIX A-MojyJiel siBasiercss PPOoGEeHHyCOBOH. .

B) AGenesa KaTeropus KOHEUHOMEDHBIX MOAYyJIEH H6a11 r;gr)gggl-
pofi anre6poit k[G] KoHeuHOH Tpynnbl G sBasieTcs dpo egm}r .
Boo6uie, KaTeropuss KOHEYHOMEDHBIX MOAYyJeH Hal 43;0 ol ﬂq;péT_
enuycosoii k-aarepoit (cM. Kopruc Patinep | ‘]) AB
1 hpoGEeHHYCOBOH.

c ?)p l‘[ym'z £’ —anpuruBHAs KaTeropua C pe})c(men‘%s,n%m:gaici

UJeMIOTeHTaMd (TO eci;lrb moGoH ﬁggg)ggm occ n‘;(r ;:Moel; o
e Ha .

?9;12?‘;;0 (.ggl};oe;(unonpenennm & KaK KJacc B(‘.e)f TAKUX TPOeK

X —Y —Z', uro mocsep0BaTe/IbHOCTD XisYisrZ pacmen.zmeTng;l

nns xaxporo i. Torza % —¢poGenuycosa KaTeropus, B Kog‘:pxo_

&-npoextiBHbMU (=& MH'EKTUBHBIMM) KOMILIEKCaMH  SIBJSIOT

id

HEYHBIE NPSAMblE CYMMBI KOMIJIEKCOB BHAA ... +>0>X—>X—->0~...
¢ XeObA'.

ero-

6.1. Onpenencane. a) [ycrs %-—polennycosa xat _

pPlﬂ.2 Daa X, I})’EOb% oGosnauum uepes [ (X, Y) MHOXKECTBO MOP

¢usmoB f:X Y B %, nponyCKAIOLMXCA HEPe3 HEKOTOpbIil OOBEKT

H3 78'
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6) OnpenenuM cmabursryw Kamezopuw B
B o nonaras Ob%,—
—0b %, Homg (X, Y)=Homg(X, Y)/I(X,Y). Jlerko nposepuTs,
YTO0 KOMNO3HUHA MOp(pPISMOB B %o KOPPEKTHO
go-—allllHTI/IBHaﬂ KaTeropusi. ’ PP onpeAciena w Hro

2.7. Hapcrpoiika, a) Ilycre B — ¢pobeHunycosa

KaTeropHs.
Mo2KHO IPOBEpHTb, 4TO B AHarpaMme P

X—»] —ey

1 i
|
0' )

X—=I'—ey!
B KOTOPOH CTPOKH-—TpOBiku us &, u [, ['67 &, CYWLeCTBYIOT MOp-
. 14 .
busmpl w2l —1', v:¥—Y’, penaomme ee KOMMyTATHBHOH B F.
Hanee, ns JBYX pasubix mpomo/mxenuit (u, v), (&, v) 06pasHl V u
v B Homg (¥, Y’) cosnanaor. Otciona BhiTekaeT,”uto /s MoGOro
npopo/mkenus (4, v) o6pas v 8 Homg (¥, V') sBIseTCH - H30MOP-
;pnI?IMOM. Cy,meCTBoaaHne KaHOHHMYECKOTO 'hﬁ’c’)?i&mceﬂn%_%
° ggmg ‘o%f)’ » ¥’) nossosisier onpenesute QyRKMOpP - HAOCMpPOUKu
1%y~ F, Takofi, uro gaan xaxgoro XeOb%,=O0b R umeercd

TPoiKa (X - [>T X)E& c I6F g. ’

6) W3 cosnapenus F &= %P5 BoITEKaeT, 4To T HB/AETCH aBTO-
3KBHBAJCHTHOCTBIO KaTeropuu %,

2.8. Broijenendble TpeyroabHukM. [lycts Teneps X, YEOb %,

#: X —Y — NPOU3BO/ILHbIf MopdusM u (X SI>TX J6& ¢ 167 5.
[NpoBepbTe, uTO B guarpamve B %

X [—TX

\Lu v ‘Lt w “!d
Y - CeTX,

B KOTOPOH JieBHl KBaJApaT — KOAEKapTOB, CylUleCTBYeT €JHHCTBEH-
HbliE MOpGH3M, AeJaoWHil ee KOMMyTATHBHOM.

u v w
Tpeyromuukn X —Y->C—TX B %, BO3HHKAOLHEC M3 TAKUX

gla}ggggmrﬁea Takke HX §6pa3b1 B %, Ha30BeM CTAHOQPTHOIMU.,
YTOJIbHHK B %y, M30MOPGHBINA CTaHIapPTHOM
Boi0EACHHbIAM, b nap Iy HASOREN
29. Teopewma. Ilycts & — dpobenuycoBa Kateropusi, Ho—
COOTBETCTBYIOMIAN crabunvhHas xateropust. [lpemnosioxkum, uto
(GyHKTOP HAaACTPOHKH ABAsieTcs aBToMopduaMoMm T : Bo—>%. Toraa
kateropus %o ¢ T B KayecTBe PYHKTOPaA CABHTa U C BHIJEJEHHRIMH
TPEeyroJibHHKaMH, ONpefeNeHHBIMH B NpeAHAylleM NyHKTe, TPHaH-

;yénligosaua (3TO0 Haer, KOHEUHO, APYroe JOKAa3aTeNbCTBO TEOPEMHl
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2.9.1. Onun H3 cnocoGoB [OKasaTb Teopemy M. 2.9 COCTOMT B
caenyouiem. Ilycts & () — Kareropus, o6 beKTaMH KOTOPOH CJay-
AT ALHKJIHUHBIE KOMIJIEKCH OOBEeKTOB M3 J (6e3 ycnoBHH orpa-
HHUEHHOCTH), a MOP(HU3MaMH — rOMOTONHYECKHE KIACCH mopdus-
MOB KOMIJIEKCOB. 3aMeuaTeNbHul pe3yJbTaT COCTOMT B TOM, H4TO
katerophn & () u HBo SKBUBAJIEHTHEL OcyluecTBAALIUA SKBHBA-
nentHocth  yHRTOp 00 1 & (T )—>%, crtpontcs Ttak. Ilycrb
X €0b& (T); Toraa

o (X )=Ker (@°: X°-» X)=Im (@: X' X)

(kax anement Ob%,=O0bR). KpasuoSparuii dynxrTop P: By~ & (I
conocrasasier oObexty XEObF, xoumiexc

£og*
Pl PO O [T,

. .
rge P—~X—~0wu 0> X[ nesas u mnpapas pe30/LBEHTH X

COCTOSIIIIHE H3 IPOEKTUBHBIX (=uHbeKTHBHBIX) OGBEKTOB. Hanee,
&(J) obnajaer ecTeCTBEHHOH CTPYKTYpO#l TPHAHTYJIHPOBAHHOM
kareropun. [lostomy, npoBepss, UTO o HEPEBOLMT ¢GyHKTOp CABHra
M BhejeHHHe TpeyroibHukd B & () B QYHKTOp CABHTA U BHIE-
JieHHHEe TPEyTOJNbHHKH B o, MBI MOJTyuaeM TEOpEMy 2.9.

2.9.2. Koromoaoruu Taiita. Ilycts G -—— KOHeuHas rpymmna, k—
1u60 KoneuHoe noje F, au6o xoabuo Z/nZ, A= K[G]— rpynnoBoe
koabno G max K. Torga kareropus B=A-mod KOHEYHO NOPOXK-
nennnx A-monyaedt dpobenuycosa (CM. [49]). [Tycts Bo— coOTBET-
cTByIOI(Aas CTabGHJIbHasi KaTeropHsi. Torga aas Jawboro A-monyns
M tpynna Homg, (K, M[]) (rne K — TpUBHAJbHHEI OJHOMEpHE
A-mopynp) COBmajaer ¢ rpynnoi i-MepHBX koromoJioruit Taita
(cm. [18, ra. 4]) rpynns G ¢ ko3pdunHeHTaMu B

§ 3. CepaueBHHb

3.1. TMocranoBka 3anaun. BaXXHEIM OTKPHITHEM MOCIEIHHX J€T
B rOMOJIOrHYecKoil anre6pe GHI0 OGHapyXeHHe TOTO obcrosTenb-
cTBa, 4TO OfHA M TA XK€ TPHAHTYyJHpPOBaHHAs KATeropHs MOXeT
6hITh [POH3BOAHON OT HECKOJbKHX COBEPIICHHO DPASHHIX afesieBHX
KaTeropHui.

B >tom mnaparpade Hajaraercsi B akcuoMaTuueckofi Qopme
rexHHUECKHE ANNapar, MpeAHAa3HAUEHHBIH NS BHINABJIHBAHHA pas:
Hbix a6eJeBHIX IMOAKaTeropHi BHYTDH obuiefi TpHAHTYJHPOBAHHOM
KaTeropu — QopMannsm {-CTPYKTyp.

AKcHOMAaTHKa [-CTPYKTYp (opMajusyer CJeAyiomylo — CHTY-
anmo. [lyctp S¢ — abelleBa Karteropus, PH=D*(A) —ee MNpOH3-
BonHast kareropus. (O603HauuM depes 9" (COOTBETCTBEHHO
g)<") noJHyo NOAKATETOPHIO B D, cOCTOAILYI0 H3 KOMIJIEKCOB K-
¢ H(K’)=0 npu i<n (COOTBETCTBEHHO IpH i>n).

Torga, corjaacHo MPEeAJIOXEHHIO Tl 4, n. 3.1.1, nmo/iHasg MOAKA-
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Teropus D>ND<C u ectb £, TOUHEE, OTOKILECTBJIACTCS ¢ Sf NO-
cpeacTBOM (YHKTODaA Sf—{KaTeropus 0-KOMIIeKCcOB=2>ND<%,

Has nokasatesbcrBa aGeseBocTH mepecevenns D>Y\D<0 Hyx-
HBl JIHIIb clelyioline a6CcTpakTHHE CBOACTBA. ‘

3.2. Onpenenenne. {-CTpyKTypod Ha TPHAHLYIHPOBAHHOIN
kareropun 9 HasbBaeTcst mapa CTPOrO MOJNHBIX NOAKATEropuil
(D=°, D>0), ynosneropsiomas cJeLyIOIHM ycaoBuaM. [loao-
XuM D<r=D<Y—n] u D> =D>—n]. Toraa:

a) D<0cD=! y P='o5>1,

6) Eciu XeObD=0, YeObD>!, To HomPD (X, Y)=0.

B) Has kaxnoro X€Ob%D cyumecTByer BhAENEHHBIH TPeyToJb-
HHK A—>X—B—A [1] ¢ A6ObD=°, BeObD>!.

Cepdyesunod t-cTPyKTyps HasbiBaercs MOJHas NOAKATErOPHs
d=@>0ﬂ.@<0.

310 onpeneseHHe MOTHBHPYETCS CJAEAYIOLIHM I[PeIJIOKEHHEM.

33. llpennoxenne Eciu D=D* () — npoussojguas Ka-
TEropus, To onucaHHasg B 0. 3.1 mapa (D<=, D=9 gpasercd
I-CTPYKTYpO# ¢ cepAlleBHHON .

OcHoBHOe CBOHCTBO CepLEBHH TPHAHTYJHPOBAHHHIX KATETOPHIl
TaKOBO:

34. Teopema. Cepaueuna S£=D<ND>° moboir ¢-cTpyk-
TYPH siBJisieTcst abeJIeBO# KaTeropues.

I[lnan nokasaTeabctTBa. [lpexae  Bcero cienyer
UOCTPOHTD Cpe3aroujue (YHKTOpoL T,  CBA3aHHHE C I-CTPYKTYpOi
(cMm. ra. 4, m. 2.10).

34.1. Jlemma. a) CymecTBYIOT QYHKTOPH T<n : D—>D<n
(COOTBETCTBEHHO T.,D—PD7"), conpsiKeHHBe cnpaBa (cootBeT-
CTBEHHO cJ/leBa) k GyHKTOpaM BJOXKeHHd. D<"—>P  (cooTBeT-
cTBeHHO D>"—>D).

6) Ias moGoro X€0bZD cymecTByerT BbAENEHHBI TPEYroJb-
HHK BHJAAa

d
’L'<0X-> X~ 17>1X-—_> ‘L'<0X [1] (1)

H JoGble 1Ba BhIEJNEHHBHIX  TpeyroibHuka A—>X—>B—A[l] ¢
A€0bD=°, BEObP>" xaHOHHUECKH H30MODPPHEL

HNokasareabcrTBo. IlpoBepHM cyUeCTBOBAaHHE T<o ¥ Tai,
OCTaJIbHBle cJly4aH pa3bupaioTcss aHaJOTHYHO.

Ias kaxnoro X BeibepeM BheNeHHBIH TPEyroJbHHK A—>X—
~>B—>A[l] ¢ A6ObD<°, BEObD>! u onpenenum Ha o0O6BEKTaxX
T<oX=A. 1..X=B. Iycms f:X—Y — mopousm, A'—Y—>B'—
—A’[1] — cooTBercTByromuit 06bekty Y TpeyrosbHuk. Ilokamxem,
9TO KOMNo3uuusi A—X—Y oaHo3HayHo mpomyckaercsa uepes A’
B camom zesie, HMeeM TOUHYIO MOCJIELOBATENLHOCTD

’
Hom(A, B[1])—Hom (4, A’)—>Hom (4, Y)—Hom(4, B’).

B cuay n. 326) u n. 3.2a), aBe kpaiiHHe rpymnH paBHH HYJIO.
[lostomy mo f:X—Y onHosHauHo BoccraHapiuBaercst MopdH3M
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T<o(f) : A>A’, u Habop 3THX MOPQH3MOB, OUEBHAHO, AOMOJHIET
T<o L0 OGyHKTOpa. AHAJOrHYyHO YycTaHaBJAMBaeTcs (QYHKTOpHAb-
HOCTb T, H BMECT€ C TeM OJHO3HAYHOCTb TPEYTOJNbHHKOB A—>X—-
—B—A (1]

CONpsXeHHOCTb Tgo C BaOKeHHeM PD<0—>DD ycTaHABIHBAETCSA
rocpeAcTBoM HaoMopdusMa QYHKTOPOB

Hom , <o (4, T<o¥)5Homg (4, V),  AEOD D,

KOTOPHIfi IOCTpOeH Bhile; aHaJOTHYHO PaccMarTpHBAETCS Tsi.
3.4.2. Cesa3u Mexjy cpe3alomiuMu ¢yHkTOpamu. (DYHKTOPH T
o61a1al0T CcAeAylOlEMH CBOMCTBaMH (O4eBHAHBIMH B cJayuae
D=D*(4)). X X
a) T<nX=0 B TOM H TOJBKO TOM CJyuyae, Koria —>Tomnrl
€CTb U30MOP(U3M.
6) Ecam m<{n, 1o HMeOTCA  ecTecTBeHHble  H30MOP(H3MBI
Tgmxﬂgmrgnx H T>nX‘+T>nT>mX. .
B) Ecam m<Cn, To cyllecTByeT ecTeCTBEHHBIi  H30MOPdH3IM
di

TomTenX—>TenTomX (=Tim, mX).

i 3.?3. K(ﬁlcfpyxuuﬂ anep u Kosamep B S=D<ND>C [lycrs
tenepb [ : X—Y — Moppusm B »£. OG6osHauum uepes Z KOHYC
mMopdHaMa [ H MOJOKHM

K=T<_1Z, C=T>QZ.

OnpenefeHbl  KOMIO3HUHH & : T« 1Z—>Z—X[1] u ¢ :Y—>Z—150Z.
Hcnosbays cBoficTBa a)—B) NpEABAYHMIETo NYHKTAa,  HECJOXHO
nposeputh, uro (K[—1), A—1]) u (C,c) cyTe AP0 H KOAAPO
mopdusma [ u uro kKosiapo mopousma K[—I1] : K[—1]>X cosna-
naer ¢ siapom mopousma ¢ : Y—-C.

3.5. ®yuxTopm koromosorui. ITycts 2 — TpHaHTyJAHPOBaHHAS
kateropus, A=2D<ND>°— cepAueBHHA HEKOTOPOH {-CTPYKTYpHI
B 2. [lonoxum

Ho=n0, oy : Db, H' (X)i=H°(X[i]) : D>t

Ecau D=D* () c t-ctpykrypoi us n. 3.1, ro H'— o6buHbIE KO-
FOMOJIOTHH KOMIIJIEKCOB.

3.5.1. Teopema. a) H® gBasgercs KOroMoJIOTHYECKHM ¢>)yHKTo-
pom. [Ipeanosioxum AONOJHHTENbHO, 4T JObD>n=N0bD>" = {0}

n n
(Takas f-cTpyKrypa HasmiBaeTcsi Heguiposcdentoil). Torna
6) Mopousm f: X—Y B D ssasierca H3oMopdH3MOM B TOM H

TOJIbKO TOM CJydae, ecan Bee H'(f) usoMoppu3Msl B 4.
B) NObD=<n={XeObD |H!(X)=0 nns Bcex i>n}.

AHaJIOI:lHl{HO, NObD=" = {X6ObD | H (X) =0 ans Becex i<n}.M

3.6. f-Tounble pyHKTOpHL. IlycTs 2D, £ —jBe TPHAHTYUPO-
BaHHBIE KATErOpMH, Ha KaX1O#l M3 KOTOPHX 3ajiaHa f-CTPYKTypa,

F:%D—> @ —Tounbifi GyHKTOP (TO €CTh F KOMMYTHPYET CO CiBUIOM
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¥ TIePEBOJMT BhEJICHHbC TPEyrOJbLHHKY B Bhesennue). HasoBeM F

t-mounbin caesa, ecan F (D)D", t-mounum cnpasa, ecm
0 R0

F(@)cD’, u t-mounsn, ecia OH £-TO4eH ONHOBDEMEHHO

cripasa W Caesa.

3to onmpejeseHyie  MOEJUPYeT, KOHEUHO, CHUTyaluio, KOraa
D=D(H#), D=D (H#)—npoussojnpe Kareropuu  aGesesbx
xateropufi ¢, S, F —npoussoAHli (PyHKTOD (/BB KM TPaBbIK)
dynxTopa @:# S (TOYHOro C/eBa, CNpaBa WM C ABYX CTOPOH
COOTBETCTBEHHO).

OTMeTHM, YTO /8 BOCCTAHOBJIEHWs @ Mo F Ha sA3bKe [-CTPYK-
Typ CefyeT moctymuTh Tak: Ilyets P, D — e TPUAHTYIMPOBAH-
HBle KaTeropuu ¢ £-CTpyKTypamu, &, S —CeplueBUHb 3THX
t-cTpyKTyp. 3axasuM GyrxTop @:5f—> S dopmy.ol

@(X)=H(F (X)), XeObstcOb2D.
rae H°—@yuktop KoroMosoruit B 2. Torza @ — aJ IUTHBHBIA
yHKTOp MEXy aGeseBbMH KAaTErOpUsIMHM, KOTODHIH TOUCH CJeB3,
cripaBsa, WM C J[ByX CTOPOH, ecad F  Oblni rToueH CJesa, Cnpasa
Wik C JBYX CTOPOH COOTBETCTBEHHO (B TOC/JeNHeM C/yuae H°
oy uiise iy et
MOYKHO He NMPHMEHSTh, NOCKOMKY F (S4)C D" ND> =),

3.7. TpousBoxHas karterophs cepauesusbl. [lycts £ — TpHaH-
ryJHpPOBAaHHAsl KaTeropus c I-CTPYKTYPOH, S —ee cepllieBHHA.
Boo6e roBopsi, Mbl He MOXEM HHYEro Ckas3aTb O CBA3H Karero-
pun 9 c npousBoiHOi Kareropued D(s#). Tak, B obmem cayuae
He yHaercs Aaxe cBfizaTh &) ¢ KareropHei KOMIJIEKCOB Hal St
[IpuunHa 3TOro Kpoercs B HEOJHO3HAYHOCTH KOHCTPYKUHWH KOHyca
C(f) mopdusma [ B D: Aaa NOCTPOeHHs (yHKTOpa Kom (s£)—~>2D
HaM HYXKHO yMeTb CONOCTABJATH KOMILIEKcaM Hal S 00DBeKTH
3 2. Kommjekcy, cOCTOAIEMY H3 OJHOrO HEHYJIEBOTO o6bekra X
w3 ¢, CTOSUIEr0 Ha MecTe 1, CONOCTaBJAeTcs, KOHEuHo, 0oObeKT
X[n] u3 2. Opnako yXe AJs KOMIJIEKCOB [JIHHB 2 BOSHHKAIOT

CJIOXKHOCTH: €IHHCTBEHHBIM pa3yMHBIM KaHIHLaTOM Ha poJb
ofbekTa U3 %, OTBEUAIONLIEr0 KOMIJIEKCY

...>0—>A—>B—>0—...,
sBasiercs Tpeths BepiiyHa C=C(f) BHAeJEHHOro TpeyroJbHUKa

f
A—>B—>C—>A[l] 8 & (HanoMHHM, 4TO S — NOJHAA HOAKATErOPH:
B &). OaHako TaKoe CONOCTABJIEHHE He (QPYHKTOPHAJbLHO, MOCKOJb-
Ky C onpefessercs JHUlb C TOYHOCTBIO 10 HEKAHOHUYECKO20 H30-
MOp(dHU3Ma.

CymecTByeT, OfHAKO, IIMPOKUA KJacc CHTyalHH, KOTAa HaJH-
YHe KAKHX-AM60 JOMOJHHTENbHHX CTPYKTYP IO3BOJIIET NOCTPOHTH
Tounbiit QyHKTOp D(8¢)—>D (rhe Sf — cepAueBHHA (-CTPYKTYpHI
B @). B caenyomem nyHKTe MH BHIICHHM, KOrAa TaKoi (QYHKTOP
SIBJITeTCH SKBHBAJIEHTHOCTHIO KaTErOpHi.
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3.7.1, Onpepenenue. t-ctpykrypa (D=0 2> nasviBaercsa
O2pAHU4EHHOL, ecli OHa HeBHIpOXKAeHa  (cM.  QOPMYJIHPOBKY
Teopembl m. 3.5.1) u, Kpome Toro, ans moboro X60bP numb
KoHeuHOe uHcsao o6bekToB Hi(X)€Obs¢ orauuno ot 0.

SlcHo, uTo craHpaprTHas f(-cTpykrypa B D°(S¢) orpaHuueHa, a
B D (8) — HeorpaHHyeHa.

3.7.2. Onpenenenue. Ilycrs (D=, D>%—t-cTpyKTypa
B P, A—ee cepauesuna. Onpemesmm rpynmsl Exteg (X, V) am X,
Y6 Ob &, nonaras

Extgy (X, Y)=Homg (X, Y [z]). B

B cayuae, xoraa D =D (#), rpynns Ext, (X, Y) cosnagaior,
OYEBHJIHO, C TPynnamu Extfﬂ (X, Y) (cMm. ompenesnenve B 1L 4,

n. 3.2.1). Sicho Takxe, uto anm Exty (X, V) onpenesena xoMmo-
3ULUsE

Extyp (X, Y)X Extp (Y, Z)—Ext’ (X, 2)

(amanorumuro ra. 4, m. 3.3, a). Caenyiomas TeopeMa NOKasslBaeT,
yto oT/mune P or DO () yaaauBaeTcss OT/HMYHEM Extf@ X, )
ot Ext’, (X, ¥).

3.7.3. Teopema. Ilycte & —cepaneBusa  OrpaHHYEHHO

£-CTPyKTypHl B TPHAHTYJMPOBAHHOA KaTteropuw 2D u F:!Db(#)—
~ 9 — t-Tounpit dynkrop. Torna F 4BAseTCA 3KBHBAJCHTHOCTBHIO

KAaTeropuit B TOM M TOJABKO TOM cayuae, ecau Extgp mnopomjpaercs
Ext1@ (T. e. Kaxapift 3MEMEHT aeExti@ (X, Y), X, YeOb £, upen-

CTaBJIIHETCﬁ B BHAe JuHefiHOH xomGuEammu MOHOMOB [if...[0; B.€
EEXt@(Xk, XkH-l) C X]-——“—X, X1+1=-‘—Y). |

OTMmeTuM, YTO HHTEPNPETALHA Extf% no Howege (ra. 4,

reopemMa mn. 3.4, B) MOKA3bBAET, YTO Ex‘[;¢ NopoOX jaeTcs Extl#, Tayg
YTO yCJOBHE TEOPeMbl BO BCAKOM CJydae HeOGXO0AHMO.

3.8. CkaeHka (-cTpykryp. BamkHbM METOROM NOCTPOEHHS HO-
BHIX {-CTPYKTYp 4BJseTcs TeopeMa O CKJeHKe, I103BOJAKOLIAK
CBAI3BIBATL [-CTPYKTYPH Ha TPHAHTYJIHPOBaHHON Karteropuu D c
[-cTPyKTypaMu Ha ee TOJCTOH NOAKAaTeropun & M Ha COOTBETCTBY-
foules ¢akropkareropuu & (cm. m. 1.10). ‘

ITycTs

P Q
—>D>& 2>

— TouHas Tpo#iKa TPHAHIYJHPOBaHHHX Karteropuii (cm. m. 1.10.2)
H Ha ee uJeHax ¥, D, & sanaunl {-cTpyKTypH. Dynem roBopurb,
4TO 3TH I-CTPYKTYPHl co2Aacosauet (uau Tpoiika (2) f-Touxa),
ecad P u Q — ¢-TouHBIe QYHKTODHI.
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ficHO, TpexMde BCero, 4To t-cTpykTypa Ha £ OJHO3HAUHO oI
peneJjisier COTJIaCoBaHHbIE t-cTpyKTypH Ha € W & (uMeHHO
F<V=FND=°, F<"=QD=° u anajiOruiHo s &>, &=%. O6-
paTHO, AN AaHHHIX [-CTPYKTYp Ha % w Ha & umeercs He GoJjee
OMHOH COTJIACOBAHHOH ¢ HHMH {-CTPYKTYPHI HA %D. Tounee,

P _Q
3.8.1. Teopema, [ycts 6> D~ & — t-tounasa Tpofixa TpuaHd-
[y/MpOBAHHBIX KaTeropuit. [1010XHM

+(P&>9) = {X6Ob2 |[Hom(X, ¥) =0 Aus Bcex YeP (%9},
(P'€<°)+={X60b@lHom(Y,X)=0 ais Beex YEP(F<0)}.

Torma t-cTpyKTypa Ha % onpeaessiercs no (-cTpyKTypam Ha € u
& dopmynamu

D0=Q 7 (EINL(PED,

D0 —Q H(EZYN(PE) [ |

Ias faHHBIX f-CTPYKTYp Ha @ u & wmoxker He CyLleCTBOBATh
HH OAHOK COIJIACOBAHHOW ¢ HHMH t-cTPYKTYpPBl Ha Hmeercsd,
OHAKO, BAXHBI KJA4cC CHTyallu, Koria CyllecTBOBaHAE MOAXOMS-
meft {-cTpyKTypbl Ha £ MOXKHO rapaHgnpogaTb.

3892 Teopema. IlycTp &—PD—~& — TOUHaA
TPHAHIYTHPOBAHHBIX KaTeropuii M Nycrb P 00Majaer JICBBIM Y
NpaBbiM COMPSIZKEHHBIMH (yHKTOpaMH (3TO 9SKBUBAJEHTHO TOMY,
yro Q o6najnaer JieBBIM H [IPaBbIM conpsizKeHHbIMA pyHKTOPAMH) .
Toraa ajs JoObix [-CTPYKTyp Ha % u & cyulecTByeT corjacoBah-
Hasl ¢ HUMH f-cTpyKTypa Ha L.

3.9. Ipumepn. Herpunaibrble NPHMEPLI {-cTPYKTYp B TpPOH3-
BOAHBIX KATEropusix NyUKOB Ha TOMOJOIHHECKHX npoCTpaHcTaax
BO3HHKAIOT B CBSi3H ¢ TeopHell Tak Ha3blBaeMbIX npeBpaTHbiX Myd-
KoB (cM. ra. 7).

3.9.1. CBa3p Kareropuil Nny4xkoB Ha npocTpancTse M ero mnoa-
npoctpanctax, Huzxe ONUCHBACTCS AKCHOMATHUYECKHA  TOAXOA
K caeiyiouleli cuTyauuu: X — TONOJOrHIeOKOe npocrpatcTeo, U
—X — OTKpHTOe MNOAMHOXECTBO, Y=X—-U, i:Y=>X, j:U~>X—
BioxKeHusi, #x, Hy, Sy — KaTeropuu nyd4koB abeseBBX Tpynn
wa X, Y, U; Dx, Dy, Dy— COOTBETICTBYIOULAE NPOU3BOJHLIE Ka-
Teropuu (cKaxem, OTpaHHYEHHBIX KOMIIJIEKCOB).

Paccmorpum caeayomue 6 GyHKTOPOB:

Rj., juDy—~Dx; j i Dx— Dy;
i :Dy—+Dx; i, i Dx—~>Dr

(cM. 1. 4, § B; dyHKTOp i! MOXHO ONpeleJHTb KaK IpaBblil mpo-
H3BOJAHLI (PYHKTOpP OT TOYHOrO CJEBA pyHKTOpa «CeueHHsa C HOCH-
teneM B Y», cM. ©. 4, m. 5.5). Ota QYHKTOPH 06safaloT CceLy-
IONIHMH CBOKHCTBaMH.

a) Bce OHH — TOuHbie (YHKTODBI MEXIY
TPHAHTYAHPOBAHHEIMH KaTErOpPHAMH.
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TpoiiKa

COOTBETCTBYIOIIHMH

i
!fu‘.
P
i

e

6) i' m i' conpsKeHbl i COOTBETCTBEHHO c/eBa M Crnpasa.
B) jiu Rj CONPSIKEHE! j' COOTBETCTBEHHO C/€BA M cripasa.

r) BbioJHEHO PABEHCTBO j'i =0. Tlo CcONpMKEHHOCTH, oTciola
suTexaet, uro i j1=0, i'Rj =0mn nns ¢'60Ob Dy, # €Ob Dy nveem
Hom@X(j;%', i'fg')_—;o, Hom@x(i'g', RJ%)-;O

a) CyuiecTByioT (pynkropua/bubie 1O F'aO0bDyx) MOpGH3MbE
w:i.i'g"—+ i F 11 w’:Rj_j'?'»i.i‘.?"[I],
AJsi KOTOPHIX TPEeyro/bHAKH
u v w
SF T iF Iz an
u’ ' W’
ij‘f?'»?'» Rj.j’g"»i.i‘.?' (11
BHiEJCHE (34€ck 4, 4, U, U — MOpGHU3MBI CONPSIKEenus, oTBeualos
nne QyskTopam u3 6) H B)). Beuay r) u caeacTsus I. 15wuw

onpe/e/eHbl 0JHO3HAYHO.
e) Mop@usmbl CONpPsiXKEHH
(g —~9—~ii¥, §60b Dy,
J'Rj# ~ % —~ j jo6, 36€0bDy.
ABJSIIOTCS H30MOP PU3MaMH.

3.9.2. Ckaeiika. Ha6op u3 Tpex TPHAHTYJ/JHPOBAHHBIX KaTeropui
Dy, Dy, Dy (yxe He 0053aTENBHO CBfI3aHHBIX C KaTeropusaMu
yYKOB) M IIECTH TOUHBIX (GyHKTOPOB MEX1y HHMH, yOBJIETBOPSII0-
LIMX YCJOBHAMH a) — e) BHlILe, Ha3blBaercd OaHHbIML CKACUKU.
OxauH M3 NpHMEPOB AAHHBIX CKJIeHKY ONMHCAaH B MPEABIAYIIEM IyHK-
te. MOXHO TPOBEPUTH TakKKe, 4TO JAHHBIC CKJEHKH [OJydaroTcd,
ecJi MOAXOISAMHM 0O6pa3oM Onpene/uTh cooTBeTCTBYyIOIHE PYHKTO-
pbHl B KaTeropHax aareGpamuecKux KOrepeHTHBIX IyuKOB X, Y,
U — anre6panueckne MHOroo0pasus HJIH cxeMHl) HJH B KaTeropH-
SIX TYYKOB HA 3TA/IbHBIX TONMOJOrHsX.

[IpeAnoOXUM Teneph, 4TO y HAC ecth nanmble cxaefiku. He-

i je
COKHO TIPOBEPATb, UTO TPOWKA Dy—>Dx—>Dy ABIALTA TOUHOH

TPOHKO TPUAHTYJIMPOBAHHBIX kateropuil. [TOCKOJBKY Y i, vMeloTCs
Aepplit ¥ TPABHIl CONPSKEHHBIE, TEOPEeMH! . 3.8.1 n n. 3.8.2 rnoxassl-

BAOT, YTO JioGas mapa £-CTPYKTYP (D5°, D7°) va Dy u (D5°, D7)
Ha @Dy ONHO3HAUHO ONpPejessieT COraCOBAHHYIO ¢ HuMH E-CTPYKTYPY
na PDx. bonee Toro, D5’ n D3’ nas 9TOR {-CTPYKTYpH 3a43I0TCA
P ABEHCTBAMH

DY — | FEObD | j FEODDT, i" FEObDF’),

D2 — | FEObDy | J FEODD’, i FEOLDT'},
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DTOT pesyabTaT O CKJEHKE {-CTPYKTYp B CHTyalHH, KOTAA y Hac
€CTh JaHHBle CKJeHKH, Obil  jgokaszaH A. A. Befiaudcodom,
’I/I. H. Bepuumreiitom u Henunem (cm. [25], n. 1.4) u npumenen umn
“ANIA TIOCTPOGHHS KAaTEeropui npespatHux my4ykoB (cm. ra. 7.). C mo-
;MOIUBIO TMOLOOHBIX CKJIEEK MOXHO TaKXe CTPOUTb PasJHuUHbie He-

CTaHAapTHbIE {-CTPYKTYPH Ha D, CKICHBAS CIABUHYTHIE f-CTPYKTY-
Pe Ha Dy u Dy).

BUBJ/IUMOTPA®GUYECKHE YKA3AHUA

TonsatHe TpPHAHTYJHPOBAaHHOH KaTeropud, o6cyxjaaemoe B § 1, BO3HHKIO B
pe3yspTaTe NONBITOK AKCHOMATH3HPOBATh OCHOBHEIE CBOMCTBA KOMIJIEKCOB, pac-
CMAaTPHBAEMBIX ¢ TOYHOCTBIO JO KBa3HH30MOD(QH3Ma, Ge3 anmensiikH K HCXOLHOH
abeneBoil kaTeropuu. [lepBOHCTOUHHKAMH 31e€Ch FBJAIOTCA 3amHCKH XapTCXOpHA
{85] u nwcceprauma Bepabe [141]; cm. Takxke [84], [91]. HokasarenscTBo pesy.b-
TaToB, fIpuBeaeHHHX B § 1, MoxkHO HaiiTn B [85] Hau B [8].

B § 2 npuBeieHH NpHMepH HECTAHAAPTHEIX TPHAHTYJIHPOBAHHBIX KATErODHH,
.CBSI3b KOTOPHIX C NPOH3BOAHBIMHU KaTerOPHSIMH He cpasy sicua. IlepBulii mpumep
{(mm. 2.1--2.4) nmaer npejicTaB/eHHEe O TaK HA3HBAEMOH «S—A-IBORCTBEHHOCTHS,
NI03BOJISIOLIEH TOJYYHTh ABOMCTBEHHOE NO OTHOUIEHHIO K Teopeme Ceppa omHcaHue
KOTepEeHTHBIX ajreGpaHyecKHX NYYKOB Ha MPOEKTHBHHX MNpOCTpaHcTBax. Jlokasa.
TeJbCTBO TeopeMH N 2.3 W Ranpuefimme obobGmenxa cu. (1, [4] [7], 8], [94], [125].

Opno w3 HalmoZemHi, JeXallHX B OcHOBe S—A-IBOACTBeHHOCTH H3 [4],
COCTOUT B TOM, 4TO NPOH3BOAHBe KaTeropHu D*(s¢£), D*(H) moryTr OuiTh 3KBH-
BAJIEHTHBl JaXe B TOM CJydae, KOrjJa HCXONHEIe aGeeBH KaTeropHu &, % Obui
HEeIKBHBaJeHTHH. Taxasl CHTYaHHsi BO3HHKaeT, B YaCTHOCTH, B TEOPHH TaK Ha3Hl-
BaeMmbix corjacyomux (tilting) Moaynefi, HrpamuUMX BaXHYI0 POJb B H3YUEHHH
KaTeropHi MOAyJeH Hajl KOHeUHOMepHHIMH anreGpamu. Ilogpo6Hoe H3/OXeHHe
TEODHH COIJIaCyOIHX MOAYJed coaepxurcs B Kuure Xammens [84]. C aroit xe
TeOpHeH corjacylolHX MOAyJeH CBsi3aH M BTOPOH npHBeneHHBH B § 2 wmeron
TIOCTPOEHHSI TPHAHTYAHPOBaHHHX Kareropu#t (mm 2.5—2.9). JoxasarenscTsa npu-
‘Be[llse“}l-]lﬂblx 37ieck pe3yabTaroB (B YaCTHOCTH, TeopeMbl H. 2.9) MOXKHO Ha#TH
8 .

Teopus cepauesHH, HaJaraemas B § 3, pellaer 3ajauy, B HEKOTOPOM CMBICHE
0o6paTHyIO TOH, KOTOpas o6CyXKAanach B TV 4: BhJeJeHHe a6eNeBOH KATerOpHH S
"BHYTpM TpHAHryJHpoBaHHOH KaTeropun D(sf). DTa 3ajaya, BO3HHKIUIAA B CBA3M
‘C TeopHell NpeBpPaTHHIX MYyuykoB (cM. . 7), obcyxkzpanace B pabore [25], rae

.MOXHO HafiTH IOKa3aTeJbCTB2 C(ODPMYJHPOBAHHBIX B § 3 pesysbTarToB.

I'arasa 6

CMEWAHHDIE CTPYKTYPBI XOJIKA

Beexenue

Jlio6ass Teopust (KO)roMoJIOrHHf MOXKET pacCMaTpHBATbCA Kak
annapar AJs JHHeapH3alHH HeJHHeHHbIx 3anad. OHa orobpaxaer
HEKOTOPHIH TeOMEeTPHYECKHHA YHHBEPCYM — KaTErOPHIO TOMNOJIOTHYE-
CKHX NPOCTPAHCTB, CAHT, TONOC H T. II. — B HEKOTOPHIHA anarebpauue-
CKHH yHHBepCYyM — MOAYJH, MOAYJIH CO CTPYKTYPaMH, KOMIJEKCHL
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U T. I.,— COXPAHANHAA LOCTATOYHO MHOrO CBOHCTB KaTeroOpHH JH-

"HeHHBLIX HPOCTPAHCTB.

B sr0fi riaBe OCHOBHEIM T€OMETPHUECKHM YHHBEPCYMOM ABJ-
€Tcsl KATeropus KOMILIEKCHHIX aJreGpaHyecKux MHOrooGpasui, BO3-
MOXXHO, HEKOMIAKTHBIX H C OCOGEHHOCTSIMH, @ OCHOBHBIM aireGpau-
YeCKHM YHHBEDCYMOM — KaTeropus cTpykrTyp Xojxa. OyHKTOP H3
TIepBO#i BO BTOPYIO fBJISETCS COBPEeMEHHOH BEPCHel KJaCCHIECKOH

TeopHuH NepuoL0B AHDdepeHIHANbHBIX GOPM.

IIpeamerom KJaccHueckofl Teopud XOXXKa OBIH KOTOMOJOIHH

-{c MOCTOSAHHBIMH KO3(GdHIHEHTaMH) IJIa[KHX MPOEKTHBHBEIX MHOIO-

oGpasuii. Ee OCHOBHBIE Pe3yJIbTaTH: KOHCTPYKUHS (P, q) -pasyoxe-

‘Hud, cHJbHas Teopema Jledulena (passoxeHHe MO NPHMHTHBHLIM

LKK/IaM), TeopeMa o6 HHAeKce (OpMBI NepecedeHnsl (IOJISPH3ANHUA
Ha NPHMHTHBHBIX LHKJax). HHcTpymeHTt: (raoGanbHas) Teopus
rapMOHHYECKHX (GopM H (JoKaJbHbe) ToxpaecrBa Kasepa.

B cepenune 60-x rojfoB Omia OCO3HAHA OYeHb BaxXHad MU
ZaJbHeHIIero pasBHTHS TEOPHH aHAaJIOTHs MexAay (p, ¢)-pasioxe-
HHeM H IpelcTaB/eHHeM Tpynmel [asya Ha 3TajbHBIX KOTOMOJOTH-
six. PopMaJbHasi ee UacTh OUeHb TMpocTa: (P, ¢)-pasjoKeHHe — 3T0
neiicreue topa C* (cm. § 1), a Teopus moJiedl KJaccoB OTOXKAECT-
BJsieT MyJbTHILIHKaTHBHYIO TPymmy (Heapxumenosa) JOKaJbHOro
MO/ ¢ MAaKCUMaJbHBIM abeneBhiM (akTopoM ero rpynnu [anya;
TakiM o6pasoMm, (p, ¢)-pasjoXeHHe — 3T0 apXHMEJOB  aHaJor
npencrasieHns [anaya, HedopmasbHas yacTb aHAJIOTHH 3arajlouHa:
npeacTaBieHus [anya BOSHHKAOT H3 cummerpuit T'aiya sranbHOH
TOTOJIOTHH; CTPYKTYpH X0/13Ka UMEIOT Apyroe, ropasio Gojee Tem-
HOe TPOHCXOXK/JEHHE: CKPHIThle CHMMETPHH XOJXa», [OpOXKAalo-
IIHe 3TH CTPYKTYpHl, 4O CHX TOp HeH3BecTHH. Bo BcsakoM ciyuae,
5Ta aHaJOTHs 3AacTaBJsjsa INPeANOJOXHTb CYIIEeCTBOBAaHHE eCcTecT-
BeHHON CTPYKTypsl XOIXXa Ha KOFOMOJIOTHSIX TPOH3BOJBHBEIX (He
06513aTeIbHO TJaAKHX MM KOMIAKTHBIX) ajare6panyeckux MHOro-
0o6pasuii. BaxHoe oTanuue OT OGbIYHONH TeopHH XOaXKa COCTOUT B
CylIeCTBOBAHHH Ha OJHOW M TOH e rpynme KoromoJorud (p, q)-
'KOMIIOHEHT pa3Hozo Beca (KaK NOKashBaeT INPHMED KpHBBIX,
<M. § 2). CoorsercTBylOImas CTPYKTypa JHHEAHOH aJre6pH — cme-
1maHHas cTpyKTypa Xoaka — Obl1a npeatoxeHna Jlenunem (cM.
§ 1) BMecTe ¢ KOHCTDYKUHEH cMeIIaHHOHA CTPYKTYpHl XOJXKa Ha KO-
TOMOJIOTHSIX NPOM3BOJIBHBIX ajre6paHyecKHX MHoroo6pasuil (c mo-
CTOSSHHBIMH K03 @HLUHeHTaMH). DTa KOHCTPYKUHS YHCTO aarebpai-
yecKas: OHa CBOJAHT ofuuil cayya#l K rjalkoMy IDPOEKTHBHOMY, HC-
T0Mb3yst TeopeMy XHPOHAKH O paspeileHHH ocobGenHoctefi. Caemnyer
OTMETHTb, 4TO <«ecTecTBEHHas» (He HCNOJb3YIOLLAS paspeuleHuss H
KOMNaKTHQHKAIUH) KOHCTPYKUHA He H3BeCTHA [0 CHX IOp; B 4acT-
HOCTH, HEH3BECTHO, KaKOH aHaJH3 CTOHT 32 CMeEIIaHHLIMH CTPYKTY-
pamu Xonxa (cM., oxaako, paborsl A. H. Bapuenko u ap. [5, 6] o
CMEeUIaHHEX  ¢TPYKTypax XoJxa, CBA3aHHHX C OCOOEHHOCTAMH
GdyHKUHf).
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Hanee, npuBeeHHast Bhllle aHAXOTHS TpeGyeT CylleCTBOBaHHS
NOAXOAAIled  (QYHKTODHAJNBHON  KATETOPHH <«Iy4KOB XOAKa»
(=cTpykryp XoAXXa Ha KOHCTPYKTHBHBIX Nyukax). [TombiTKH no-
CTPOHTb TaKyi0 KaTeropHio HavaJjuch ¢ pa6or I'puddurca no Bapu-
auusaM crpykryp Xoxaxka (60-e roabl), oAHaKO JHIHbL cefiyac, MO-BH-
AUMOMY, 3Ta TeOpHsi mocTpoena B paGore Cauto [126].

IMpumep. Tlycte Xs—ceMeficTBO ryiaAKUX MPOEKTUBHBIX MHOrO-
o0pasnit, 3aBHCALIMX OT mapamerpa SE€S. Ha S BosmikaeT JokaibHAas

cHCTeMa  KOromoJoruit cioeB B, =H (X, Z); H6; cHaGXeHH
CTPyKTypamu XojXa, HENpepeBHO 3aBHCAIHMH OT NapaMeTpa S.
paCCMOTpI’IM MaKCHMaJIbHy}O HOCTOHHHYIO JIOKaJIbHy}O I'IOJICPICTeMy

J6/C 36" (ee cnioii —unBapuanTel moHogpomun). Torma JB.—no-

cTpyKTypa XoAXa B 6, He 3aBHcSUIasi OT S. AHaJOrHuHBIH (GaKT
B apH(METHUECKOH CHTyalHH OYeBHAEH (UMEHHO H3-3a CYIECTBO-
BaHUH cuMMeTpuii ['anya); B XOAXKeBOj CHTYyalHMH 3TO AOCTaTOYHO
HeTPHUBHAJIBHO.

Caenyer oTMeTHTb, 4TO GOJILIUMHCTBO Pe3yJbTaTOB O TOMNOJOLHH
KOMIIJIGKCHBIX aJ/ire6panyeckux MHOroo6pasuii (HauHHasi ¢ TeopeMbl
I'porennnKka 0 KBa3HYHHIIOTEHTHOCTH JIOKAJbHOH MOHOJAPOMHH) OHi-
70 J0Ka3aHO apH(dMEeTHUYECKHMH METOAaMH; IocJe A0Ka3aTesbCTBa
Henunem runores Befijasg d co3naHus UM ya06HOH YHKTOpHAJNBHOR
TEXHHKH CMEIIAaHHBIX HYYKOB B KOHEYHOH XapaKTepHCTHKe apHpMe-
THYECKHE METO/bl OKa3aJHChb BHe KOHKypeHuuH. Ceituac, Gaaronaps
pa6ore Cauto, 3TH PE3yJbTATH MOLYT GBITb MepPeNOKA3aHH B pam-
Kax Teopuu Xonxa. Brpouem, XOTsi €IMHOCYUIHOCTb TeOPHH XO1XKa
U apH(METHKH H MOXKET CYHTATbCH SKCIEPHMEHTAJbHO YCTAHOBJEH-
HBIM (aKTOM, CErOfHs OHAa CTOJIb XKe HeoObACHHMA, Kak H 20 Jer
Hasan.

B mpokom cmbicaie 0CHOBHOH BOmpoc TeopHH CTPYKTYp XomKa
MOXHO c(hODMyNHPOBATb TaK: HACKOJABKO KOTOMOJIOTHH XOMKa
OM3KH K yHHBEDCAJIbHBIM, MOTHBHHIM» KOTOMOJOIHSIM, onpezee-
HHE KOTOpHIX ObLIO mpeJoxeHo I'porenmukom? B mpocrefiuem Ba-
pHaHTE MOTHB ecTb OG'BEKT HEKOTOPOrO PacCIUMPEHHsl KATeropHH aJ-
re6pauyeckHx MHOrooGpasHil C COOTBETCTBHSIMH B KauecTBe Mop-
(GH3MOB, KOTODOE COCTOMT B TOM, UTO K ajare6pavyeckKuM MHOT006-
pasnaM noGaBJleHbl QopmasbHBie sApa M KOsiApa MpOeKTopos. Co-
OTBETCTBHSI DAaCCMATPHBAIOTCS ¢ TOYHOCTBIO 10 HEKOTOPOrO OTHOLIE-
HHA SKBHBAJEHTHOCTH (PalHOHAJbHOM, EJOYHCAEHHOH H T. I.), OT
BBI6Opa KOTOPO! 3aBHCHT, HaCKOJBKO MOTHBHBIE KOTOMOJIOTHH yuH-
THIBAIOT aJre6po-reoMeTpHYECKHE TOHKOCTH.

PassuTHe TeopHH MOTHBOB 3aTpyJHSETCS] HeIOKA3aHHOCTHIO TaK
Ha3LIBAEMBLIX «CTAHAAPTHHIX THIOTE3», H C 3TOH TOYKH 3PeHHS HEKO-
TOpH€ OCHOBHLIE 33[aYH H Pe3yJbTaThl MOC/JCIHHX JIET B TEOPHH
CTPYKTYp XoAXKa OTHOCATCA K CJACAYIOIAM HAIpaBJICHHSM.

a) PekoHCTpyKIH MHOroo6pa3us IO €ro KOTOMOJIOTHSIM  CO
crpykrypoii Xoaxa: npo6siemnl tuna Topeann. Ciona xe MOXKHO
OTHECTH aHAJOTHUHEIE 3aJaYH MJsi CeMeACTB MHOroo6pasuii. B ps-
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Jle KOHKPETHHIX CJy4aeB H3 BapHamuil cTPYKTyp XoOAXa yjaercd
H3BJeYb OoJblle HHGOPMALHMH, YeM K3 3HAUEHHA B TOYKE, B CHJY
teopeMmbl I'pu¢pdurca o tpaHcBepcaapHocTH. [losToMy HX MOXKHO
M3y4aThb HHQHUHHTE3MMAaJbHBIMH METOAAMH, 4TO ¥ ObLIO C/eJaHO B
cepun pa6ot ['puddurca H ero yueHHKOB.

6) PacnosnaBanue Mopdu3mMoB MHoroo6pasuii H, Gosee o6io,
ajre6pauyecKHX COOTBETCTBHH MeXJy HHMH CpelH oOHUX MOp(dH3-
MOB CTPYKTYp X0AXa: mpo6JeMbl THHAa TUmoTe3 XojAkKa O Xapakre-
pHsanHH aare6paHyecKHux KJAacCOB KOFOMOJIOTHH. .

O6e 3Tu 3aJayH BMecTe HMEIOT HeJbIO BBISICHHTb, B KAKOH mepe
anre6po-reoMerpuueckas HH(MOPMaLHUs COXPAHAETCs IIPH Hepexoje
K cTpyKTypam Xonaxa.

B) Ilpo6Gaema onucanus Bapuauuil CTpyKTyp XO0[Ka, UMEIOLIHX
anre6po-reoMeTpuuYecKoe IPOHCXOXKJAEHHE, ¥ BBENEHHS CTPYKTYP
XoJxka Ha KOrOMOJOIHAX ¢ KO3(DQHIHEHTaMH B HyYKax CTPYKTYP
Xoaxa.

r) KoHcTpykius cMellaHHHIX CTPYKTYp XOIXa Ha APYTrUX TOIMO-
JIOTHYECKHX HHBAapHAHTaX MHOroo0pasuil: TIOMOTONHUECKHX Tpym-
nax, koromoJsorusx Heauna—Iopecku—Makdepcona, Ly-koromo-
JOTHAX U T. TI.

CmemanHble CTPYKTYpHl XoKa 06pasyioT aGesieBy KaTeropuio
76, 1 BNOJIHE €CTECTBEHHO BBECTH B PACCMOTPEHHE COOTBETCTBYIO-
1yl0 NPOH3BOJHYIO KaTeropHwo. B cBs3u ¢ obuiedl Temarukoii 3Toil
CTaTbH MBI NOJYEPKHBAEeM TOMOJIOTHUeCKHe cBoiictBa 76 u D (),
yaensst MeHbllle BHHMaHHs T€OMETPHYECKHM CBoOMHcTBaM ¢QyHKTOpa
KoromoJioruit Xoaxa, KOTOPHIfi ONHCAH TaKXe B JAPYIHX BHITYCKax
5TOH CcepHH.

§ 1. Kareropus crpykryp Xoaxa
1.1. Onpenenenue. [lyctb ACR—Takoe HETEPOBO KOBIIO,
4TO A%Q ABAeTCs 1N0JaeM, Mj— A-MOAYJb KOHEYHOro  THMa.

Hucmod cmpyxkmypoli Xodswa seca n(n€Z) na M, naspiBaeTca
JI060H U3 CaenylolMX TpeX HabopoB HaHHHIX:
a) Koneunas yGuBaromas ¢bu/bTpanus Ha Mc=C62M As oo FPMcD

DFPHMeD. .., CO CBOHCTBOM
FPMc®FTMc= Mc ana Beex p+q=n+1.

6) Hencteue C* na AMc, npodcxoisinee U3 BelleCTBEHHOrO
NPeACTaB/ICHUs anre6pauyeckoro ABYMEPHOTO TOpa, Takoe, YyTo Belle-
cTBeHHble uucaa aGR*CC* peficTBylOT yMHOXEHHEM Ha a”.

B) JlBoitnaa rpaayupoBka Ha Mc:

' Me= & MP7
p-+q=n
co ceoiictBom M?'? = M?? (rpe KOMIJIEKCHOE CONpsXKeHHe OCTAaBJfeT
unpapuanTHEM Mp=R&/M,4). W
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OKBHBAJIEHTHOCTL 3THUX AAHHHIX YCTAHABJIMBAETCS TAK:

a)=>B): M"'?=F?McN\F4Mc;

B)=>a): FPMc— & M"/;

i»p _

6)<=>B): M”'?={m€Mc|26C* nepeBoiuT m B 2°zim}.

1.2. Onpenenenune. B Toll XKe CUTYAUMH  CMEWAHHOU
cempykmypoid Xooxa Ha HetepoBoM A-moaysie M, HaspBaeTcs
CAeAYIOMmUA HAGOp JAHHBIX:

Koneunast yGeBaromas dunstpanus FPAMc (bubtpauus Xomxa)
M KOHeuHas pospacraiomias uabrpamnus W, (M A?Q) (BecoBast

duabTpaiys), KOTOpHE yA0BICTBOPSIOT YCJIOBHIO: Grf(M 4®2zQ) B7MecTe
¢ QurbTpaudeli, UHAYLUMPOBAHHOX F HA KOMIJEKCHbHKALMHE 3TOTO
MOAyad, 00pasyeT UHCTYIO CTPYKTYPy Xonxa Beca n ans Bcex n6Z. M

Crpykrypa Xomxka Ha A-Mopy/e HasbiBaeTcd TaKxe A-CTPYKTY-
poii Xomxa.

1.3. Mopusmbl. Mopdusmom cmewmanublx A-cTpyktyp Xoaxka
(Ma, W, F)—> (N4, W, F) HasbiBaeTca Taxkofi Mopdusm A-Monyseit
JfiMa— Nj, KOTOpHt MHAyuupyeT MOP(H3Mbl, COr/IACOBAHHEIE

¢ dmuprpauvamu W, F (u Tem cambiM, F). CyulecTBeHHO, 4TO
OTCIOJla aBTOMATHYECKH CJEAYET CTporas COrJIaCOBAHHOCTb MOpPQu3-
MoB ¢ duabtpanusvu:  f (Mc)NFPNe= f (FPM¢) m 1. n. 3710
ycTaHaBJHBAeTCs 10 XOAY JOKAa3aTesabCTBA CJEAYIOUIEro pesysbTa-
Ta:

14. Teopema. Cmemanube A-cTpykTypsl Xolxka obpa-
syior abeseBy Karteropuio J6,. Slapa u kosapa Mop(dH3MOB B Hell
COBNAAAIT ¢ OOBIUHEIMH SIApaMH H KOSiAPaMH, (GHJIbTPALHMH HAa KO-
TOPHIX HMHAYUHDPOBAHH (HUJBTPALHUSIMH HCXOLHHIX OGBEKTOB.

1.5. Tensopnaa aare6pa. Ilycte M= (M,, W, F), N=(N,, W,
F) — nBe cMemaHHble cTPYKTYypul Xomxka. ITosoxum

(MON)a==Ms&Na,
W, ((M®N)A®Q)=Im( > w, (MA®Q)®W,(NA®Q)),

k4l =i ‘
FP((M®N)c—1Im ( 3 Fe(M)®F! (Nc)).
k4-l=p
Ortu naHHble 00pasylOT CMEIUAHHYIO CTPYKTYypy Xolxa, Ha3bBae-

MYIO TeH30pPHbIM npoussedexuem HCXOIHBIX CTPYKTYP.
[Tono6ubiM ke o6pasom onpenessercss BHyTpeHHuii Hom:

Hom (M, N)A=H0mA (MA) NA)v
FHom (M, N)={f:Ma— Na|vn, f(Mc)CF™ N}

H aHaJioruuxo gjas W.

, Koabuo A, paccmarpuBaemoe K3k A-MOIyJb, ¢ (PHJIBTPALUIMH
F'C=C u FIC={0}; W_,(A®Q)={0}, W,(A®Q)=AR®Q ob6pa-
3yeT eJHMHHYHBIA OGBEKT B 3TOH TEH30PHOH KaTeropu:. ‘
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‘LeCTBeHHOe mpexcraBaeHue ¢ (meiicteue T

Hyanvnas crpykrypa Xoaxa ompepesnsercs kak M™ = Hom (M,

A).

1.6. Kateropus BeumiecTBeHHbIX CTPYKTYp XOakKa KaK Kareropus
npencraeiaenuii. Mmeerca o6umuit npHHIUN, COTIIACHO KOTOPOMY JIH-
HeHHasl Kareropus ¢ TEH3ODHBIMH TNPOHM3BEJCHHAMH 3KBHBAJICHTHA
HoAXOxsANIei KATErOPHH MPEACTABJCHHI.

B cayuae BemecTBeHHEIX cMewIaHHBIX CTPYKTYp Xomxka 310 Gy-
AT KaTeropus NpeACTaBJIeHHH NpoaJreGpanyecKoii TPyNIb, KOTO-
PyIO MBI cefiuac onHIIeM SIBHO.

PaccmotpnM cBoGONHYI0 HUIBIOTEHTHYIO aare6py Jlu L, koropast
nopoxpena Hanx C obpasyiomumu 77 (i, j< 0). Beepem ma L rpa-
ZyupoBKYy, B KOTOpoi 7'/ opHopomsel crenenu i+ j. OGo3maumm
uepes W,L unean L, TOPOXKJACHHE 3JeMEHTAMH CTENeHH < 7.
Ilycts  U,—oanoces3nast rpynna  Jlu ¢ amreGpor L/W,L,
U=1limU,. Sacrasum pneiicteosath G,X @, Ha [ TaK, uro

P
(h, W T =A"IT"/, 10 neficteue mepenocutcs wa U. IMonoxum
G=(G, X G,)}XT (noaynpsimoe mpoussenenve). OnpenesmM Ha G
BEIECTBEHHYI0 CTPYKTyPy, KOTOpas WHAyUMPOBAaHA ONEPaTOPOM
KOMIIEKCHOTO  conpskenus (A, W)—(A, n) wa G,XG, u T
> —=T7"" Ha L. -

[lycts V' —BelnecTBeHHOE BEKTOPHOE NPOCTPAHCTBO, HA KOTO-
POM 3alaHO BeulecTBeHHoe pedcTeue (F. MHBIMH cj0BaMmH, 3a1aHO
npexacrasnenue G Ha V¢, COBMECTHMOE C KOMIIEKCHBIM CONPSIKEHH-
eM. OHO onpenenser Ha V¢ crepymoliye CTPyKTypHL.

a) sofinyo rpaayuposky V¢—=@V?'? —pasnoxenve no xapax-
TepaM (1, X G,. V3 BelecTBeHHOCTH JeficTBus CJeAyeT, 4TO

Vp:q — Vq»p.
6) ABTomopdusM #==exp (z T"s). M3 BemecrsennocTu crenyer,

rys

uro t=1"!; kpome TOrO,

(t__l)vlhqc. ® Vioi.
i<p,j<q

HaoGopor, 3amaHne Takux CTPyKTyp, OYeBUAHO, ONPEE/AeT Be-
"% poccraHaBMBaeTCH

no ¢ u Gurpapyuposke V' ?'%). OGosnauiiv uepes Yr xateropmo Ta-
KHX CTPYKTYp.

Creaywiee npeiJjoxeHHe MOXKHO paccMaTPHBATh KaK aHaJor
JUIS CMEUIaHHBIX BellleCTBEHHBIX CTPYKTYyp Xo[XKa Xxapakrepusauuit
0. 1.1 6) u B) uMcThHIX cTPYKTYp XO/JXKa (aHA/JOrOM xapakTepH3a-
IMH a) siBJsieTCsl onpejesieHye 1. 1.2).

1.7. [Ipennoxenune. Kareropus cMelIaHHbIX BellECTBEHHBIX

CTPYKTYp Xoaxa 3KBHBAJIEHTHA KaTE€rTOPHH KOHEUYHOMEPHBIX BeHle-

CTBEHHBIX MpEeACTaBJieHH# rpynnsl (G, ONMHCAHHOM BhHIIIe,
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Ha6pocox mokasarteabcrsa. PyHKTOp Gp— Fbr mEDE-
pomur (V, V&9 t) 8 (V, W, F), rae

W,— & V&I, Fi=t(®VeE9).
gt €0 (.0>/f c”)
HeTpynHO NPOBEPUTH, UTO OH ONpEjE/AeT IKBUBAIEHTHOCTH KATEro-
puit. KBasuoGpatHelii QyHKTOp CTABUT B COOTBETCTBHUE (Mg, W, F)

TIPOCTPAHCTBO V =G (Mg); GurpanyvpoBka Ha V¢ BO3HHKAeT M3
onpéje/ienys CMEIaHHOR CTPYKTYPhl Xomxa.
IS KOHCTPYKIWMH f BBEJEM Clefyloliye OG03HaueHus:

ME = (W g N FD) O (W g N F D) D (W piai NF ),

i>0

M2 =W i N F) 1V g N FP) A+ 2 W psas NFPH)-
i>0
MOXKHO LOKa3aTh, UTO eciu p--q=n, To npoexuus W,C Mp Ha

V] unpynupyer msomopdmamst ME '~ VE? u MEsVet.  O6osua-

YUM Yepes @, U dF CyMMBl 3THX usomopguamos. Torna t=azaz'
ectb asroMopduaM V¢, ynosaeTsopsiouiuit ycaosuio 1.66). a

1.8. Crpykrypn Xopxa—Toaiita. A-cTpykrypa Xoomca—Tadra
A(1) mo onpefeneHn0 SABJAETCA YHCTOH CTPYKTYpOH Xomxa Beca
(—21Ha ivt)oILy.rre My =2xiA, cocpelloTOUeHHOH B OHCTENeHH

Tonoxum A(n)=A(1)®", 10 ectp Ms=(2ni)"A, Bec paBeH
—9n, 6ucrenedp (—n, —n). das moGoii cTpyKTypsl Xo/Ka M
nosnoxum M(n)=M®A (n).

§ 2. CmemanHbie CTPYKTYpnt XolKa
H4 KOTFOMOJOFHSX C MOCTOSHHBIMU KO3(QipuiHeHTamMu

TepBufi yH1aMeHTaIbHbI pesyabTaT Jlenuns, onpeleJHBUIEro
cMelIaHHBle cTPYKTYpH XOJ:Ka, COCTOUT B KOHCTPYKIHM KOroMoJo-
rufi IPOH3BOJBHOTO (BO3MOXHO, ocoboro H HEKOMIIAKTHOr0) oOtTjhe-
JuMOro ajireGpamyeckoro muoroo6pasus X Haj C co 3HaueHHAMH
B J6z. Ml chopmymupyem Teopemy JleHs H NPOKOMMEHTHPYEM
OCHOBHBHIE ITAlbl ee J0Ka3aTeJ/bCTBa.

2.1, Teopewma. Huaa xaxporo n Ha H»(X,Z) onpejenesa
¢yHKTOpHabHas mo X CMeLlaHHas CTPYKTypa Xopxka co cleryio-
INUMH CBOHCTBAMH:

a) Ecau X — riafikoe u TOJHOE, TO 9Ta CTPYKTypa 4HCTa BeCa
n. ®uabrpauus Xomxka Ha H™ (X, C) onpenensercs rpynnamu ri-
IePKOTOMOJIOTHE CPEe3aHHOTO TrOJOMODP(HOro KOMIIEKCA Ie PamMma:
Hr (Q'>Qi =, . )=F'H"(X, C). 3910 — NOATpynusl H~(X, C),
NOTOMY 4TO CTIEKTpaJbHasi NOCel0BATENbHOCTD ET =HY(X,Q"%) =
= Hr*a(X, C) BHIpOXKIEHA.
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6) Maomopdusm KionHera
H (XYY, Q~H (X, Q®H (Y, Q

gpasetcs usoMopdu3MaMk CMELIaHHbIX CTPYKTYP XomxKa.
r) YMHOXEHUE B KOrOMOJOrsX
H (X,1)® H (X, )>H (X, Z)
apasercs MOPHU3MOM CMEIIaHHBIX CTPYKTYP Xogxa. B

Bor HeKOTOpHIE YKa3aHHsA K 10Ka3aTe/bCTBY.

2.9. Fnankue mHorooGpasms. Ilycrs Taaaxoe mHoroo6pasue U
peanuszoBaHo B Buae U=X"\ Y, rae X — riajkoe KOMIOAKTHOE KOM-
IIeKCHOe MHOrooGpasue, a Y — JAHBH30p ¢ HOPMAJbHHIMH mepecede-
HHAMH (TO ecTb AHBHU30D, JOKAJIbHO yCTPOEHHBIH KakK 00belMHEHHE
KOOPAMHATHBIX THIEPIAOCKOCTeH). [1o Teopun paspeueHHs OCOOeH-
HocTell XHDOHAKH M TeOpeMe KOMNAKTHQHKaLHH Haratsl, Takas
peasin3aliisi BO3MOXHA [ Mo6oro rJaaikoro ajre6padyecKoro
muorooGpasus U.

OGosnaunm uepes Qx (logY) nyuok mepomopdubix p-opm Ha X,
JIOKA/LHO TOPOX/EHHHI [0JOMOPPHBMA dopmamu u dopMamy BHIA
dz/z, rie =z=0—7oxampHoe ypaBHeHHE wexoropoit BetBu Y.
[lpsivas cymma BCeX Q% (logY) obpasyior JorapuMHIeCKui KoM
sexc e Pava Qx(logY). Beejenne cMemaHHO# CTPYKTYpHl Xomxa
ua H (U, C) MOXHO Da3GuTh Ha CJEAyiollue STaflbl.

a) ViMeeTcs KaHOHHYECKHH M30MOP(PU3M

H (U, Q)3 H (X, Qx(logY))
(cnpaBa cTOSIT THIEPTOMOJIOTHHE). DTO ycTaHABJIHBAETCS ¢ MOMOILBIO

CMeKTpAaJbHOM NOoC/aeA0BaTeJIbHOCTH Jleps [Ja BJOXKEHHA j:U—X,
KoTOpasi 1aeT H30MOP(dH3M

H (U, Q)3 H (X, ].Q0),

}l IPOBEDKH TOrO, YTO BJONEHHE Qx (logY) < Jj QU ABASIETCA KBA3H-
H30MOP(¥3MOM KOMIIIEKCOB Iy1KOB.

6) BecoBaa ¢uzbTpanusa Ha H (U, C) muayuupyercst moGoi us
AByX uabrpauuii W wm T Ha Qx (logY):
W H™(X, C)=H™(X, W,_nQr (log?V)=H" (X, TenmQx (log V),
rae ‘

W, (Q% (log Y') = manelinbe KOMOHHAUMK C TOJOMOPQHBIMU

azm
Zm’

d
koadduupentamMa dopm 72‘— /AR,
1

m <n, z,—JOKaJbHBE ypapHeHus Y.

Q% (logY) npu p<n,
Ten (Q% (logV ) =1Z" (Qx (logY)) mpu p=n,
0 npu p>n.
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B) GuiabTpauns Xomgxa wa A (U, C) wnaynupyercs (uibTpauyel

Q% (logY) npu p>n,
o>n(95'¢(10g)’))={0X( ¢ )ngn z<’l~

r) Tor ¢akt, uto Becopas QuaprTpanus ma H (U, C) unpyuu-
pyerca ¢uastpaupest Ha H (U, Q), ycranasivBaeTcs C IOMOMIBIO
UPOBEPKH, 4TO CHEKTPA/bHAS [OC/EL0BATE/IBHOCTD FHI@PKOrOMOJIO-
ruit W-duasrposannoro kommiexca Qx (logY) cosnagaer co cnekr-
panbHO# NocJefoBaTeNbHOCTBIO Jlepa aas j., KoTopas mHoJyyaercs
KOMILIEKCHGHKAlMeH W3 HEKOTOPOH MmocJefoBaTeNbHOCTH  Q-mpo-
CTPaHCTB.

OcraeTcsi IPOBEPUTh AKCHOMBL CTPYKTYPH XOJXKa H HE3aBHCH-
MOCTb OT KOMNaKTU(UKAUUH.

2.3. MuorooGpasusi ¢ ocobenHocramMH. DTOT ciayyaii Tpebyer
6oJiee M3OLIPEHHON TOMOJIOTHYECKOH TEXHHKH: Iepexoja K CHMIJIH-
LHaJbHEIM CXeMaM, C OTHON CTOPOHHI, H BBeJeHHS TEXHHUYECKOrO I0-
HsITHS CTPYKTYpHl XoIXKa Ha KOMILJIEKCaX, — ¢ Apyroi. Mui onuiem
9Ty TeXHHKY B § 4 1 § .

B zakmoyenue chopMyaupyem TeopeMy 06 OTHOCHTEJbHBIX KOTO-
MOJIOTHSIX. ,

24. Teopewma. Ha OTHOCHTENBHBIX KOrOMOJOTHSX aJre6paH-
yeckux MHoroo6pasuit Hay C uMeercsa GpyHKTOpPHAJbHAsA CMellaHHAs
cTpykTypa XoJxXa TakKasi, YTO TOUHasl MOCJeJ0BaTeJbHOCTb OTHOCH-
TeJbHBIX KOTOMOJIOTHIl SIBJISIETCS TOYHOH HOCJIeXOBaTeNbHOCTBIO CMe-
IAHHBIX CTPYKTYp XOAXKa.

2.5. Ctpykrypnl XoIka Ha KOroMOJOrHAX KpHuBod. Onuuiem
cTpYKTypy Xoaxa Ha rpynme xoromoaoruit H'(X, C), rie X — Kpu-
Basl.

2.5.1. X — neocobas HexomnaxThas kpusas. Ilycts j: X—X —

nonoquenne X, D=X\X. Cnekrpasbuas mocieL0oBaTeJbHOCTL Jle-
p3 AJS j AaeT TOYHYIO I0CJE]0BaTeIbHOCTD
0-H' (X, j Cx)~ H (X, C)~ H*(X, R'j ,Cx)~> H*(X, j.Cx)

rae Cx—nmnoctosunsit nydox Ha X co cacem C.

Mockomky f,Cx=Cz, R'j,Cx=Cp, 3Ta TOuUHas mnoC/Ie10Ba-
TeNBLHOCTb UMEET BU[,

— =3 —
0-> H\(X, C)~ H!(X, C)>C° > H?(X, C).

BeeneM  BecoByio  ¢uabtpanumio W na H'(X,C), nosaaras
W'HY (X, C)=Imea, W?H'(X,C)=H!(X, C); durprpauuas Xoaxa
onpejiessieTcs YHCTHIMH CTpykTypamu Xomxka Beca 1 u 2 Ha
H'(X, C) u na CP (CP ectecTBeHHO HHTEDHDETHPYETCA KaK rpynna

OTHOCHTEJbHHIX JABYMEpHHX koromoJsoru#i H?(X,X;C), tak uro
eMHCTBEHHOE HeHyJieBoe mpocTpaHcTBo uMmeer (p,q)=(1,1).

2.5.2, X — xomnaxrnas xpusas. Ilycts n: Y—-X — HOpManH3a-
uust X. TouHasi mocseXOBaTENbHOCTh MY4YKOB Ha X
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e T

s

0—->Cx—>n.Cy—ZL—0
(rme & — nydyok, cocpeloTOYeHHHH B ocobhix Toukax X; pasmep-
HOCTH €ro cJosi Haj x6X paBHa uYHC/y JOKaJbHBIX BETBEH B X) Aa-
€T TOUHYIO [OCJ/IeJ0BaTeIbHOCTb KOTOMOJIOTHH

0
HO(X, @)~ HI (X, Cp)> H'(X, 1,C,)=0.

Tonaraem WOH!(X,C)=Im§, WH'(X,C)=H'(X,C). Dumpt-
auust Xogxka Ha H'(X, C) uaaymupyercss YHCTHIMH CTPYKTypamiu
g(omxa Beca 0 Ha HY(X, %) w Beca 1 na H'(X, n.Cy)=H1(Y, C).
2.5.3. O6wuii cayuai. OGo3HaukM uYepes Y HOPMAH3ALHIO X, a
yepes Y — riafkylo KomnakrHukauuo Y. AHaJOTHUHO MpEABIAY-
LieMy, ToJydaeM TPeXueHHYI0 QHIbTPALHIO B H' (X, C):

Oclméce (H!(Y, C)cH (X, O),

dbakKTOpEl KOTOPOH HMEKT €CTECTBEHHBIE YHCThIE CTPYKTYPEHL Xonxa
BecoB 0, 1, 2 cOOTBETCTBEHHO.

§ 3. Crpykrypnt XoaKa Ha FOMOTONMYIECKHX HHBAPHAHTAX

3.1. MajabueBckoe rnonoaHenue. [1ycTs k£ —noJe XapaKTEPUCTUKH
Hysb, G —rpymna; ik [G]— k— dyHKumoHaa e(s)=1, s€G;
J—=Kere. O6o3nauum uepes k [G]™J -a11eCKOe nonosncuue & [G).
Ouo nacjenyer ot k[G] xoymHoxenue Ak [G1™—E[G]~®k [G]™.
O603HauuM yepe3 g aredpy Jlu NpUMHTHBHBIX S/JEMEHTOB

g:{xej\] A\(x)—_: 1®8x+x®1},
a uepes G Tpymly MyJbTHINMKATH BHBIX 3/IEMEHTOB

G —(s61+7T | A (s)=s®s}.

VIMeIoTCs, eCcTeCTBeHHble 0TOOpaXeHus
0 ~log
G-~ G2
exp
OroGpaxcenne @ FBIACTCS YHUBEPCAJILHBIM romomopduzmom G B npo-
YHUMOTEHTHYIO MpoajareGpanveckylo rpynny Hal k. Crpeaku log u
exp aB/soTca Gueuuamu. [omomMopdusm 0, Ha3bIBAEMBIHl Ma/IbIIEBCKUM
nonondennem G, obaamaer caeaylom UMy cBoficTBaMH. FINKHHAN UEHT,
P

pa) -~ P
pasbHbl pag rpymmet G coBnajiaer G =an(1+4J). Iycrs G=
—TOST® 5, —umkauil uenTpamsHu@ pag G. Torxa 0 MHEAYLH-
pyer u3oMopPHsM G1G+ u a/r "+~ Ecan gi\ KOHEYHO TOPOK-
neHa u k=R, 10 GF/Gra=grig, te ¢ =gNJ".
3.2. FomoTomuyecKkas aireopa Jiu. Ilyctb (X, Xx)—TOMOJOrH-

yeckoe MPOCTPAHCTBO C OTMEUEHHOH toukoil. [Tosoxum
gy (X, x)-=amredpa Jlu Ma/BUEBCKOrO NONOJHEHUA (X, x),
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Tpyq (X, X)®Q, ecau (X, Xx) HUIBIOTEHTHOE

8. (X, xX)= NPOCTPAHCTBO,

0 unaue;
g,(X7 .’C): ® e (X’ x)'
E>0

Ckobxa Yafitxesa onpefenser Ha ¢.(X, x) cTpykrypy Z-rpajyu-
poBaHHO! cymnepajre6psl Jlu  (Zp-TpafAyHpOBKA ~ HHAYLHPOBAHA
'%-rpaﬂyupOonﬁ), KOTOPYIO MBI HA30BEM 20MOTONU4ECKOU azebpod

u.

3.3. Teopema. Ilycte X — anre6panyeckoe mHoroo6pasue
uag C. Torpa romotonuyeckas aire6pa Jlu g.(X,x) Hag Q umeer
cMewaHHylo Q-cTpykTypy XolxKa Takyio, 4To CKOOKa ompeneser
cmemannyio Q-cTpyKTypy Xolxa M romomopdusm I'ypeBuua

6.(X, x)=H (X, x)

siBJsieTcs MOp(®H3MOM CMeIIaHHHX CTPYyKTyp Xoxxa. Bce aTH
CTPYKTYpBl (yHKTOpHAJBHH 1O (X, X).

34 3amMeuanud a) Ipocrpanctso g¢.(X, x), BooOile roso-
psi, GeckoHeunomepHo. [lepeHocs oOmpeje/ieHHe CMeIIAHHOH CTPYK-
Typsl Xomka Ha 3TOT cayuyai, Mb TpebyeM, 4T06b ¢uabTpamus W
Gbla orpanmuena cepxy (Wxy=0 ans N>>0), HO, BOSMOXKHO, Gec-
KOHeuHa.
OHAa AOJIKHA HHAYIHMPOBATb KOHEUHYI0 (HIBTPALHIO,
H(yIOCS YCJOBHIO onpejenenus 1. 1.1,a.

6) He Toanbko aare6pa Jlu go(X, x), HO H MOMOJHEHHOE IPYINO-
Boe Koablo Qfm (X, x)|” umeer cmemIaHHYIO CTPYKTYpy Xomxa,
OTHOCHTEJbHO KOTOPOH yMHOXKEHHe H KOyMHOXEHHe SIBJIAIOTCS MOp-
dusmamu. Haaee, Z[xn; (X, x) ]/J7 umeer cMelIaHHYIO Z-cTpyKTypY
Xonxa,

B) AmnaJjor Teopembl M. 3.3 CNpaBelJuB AJs OTHOCHTE/IBHBEIX TO-
MOTOTHYECKHX TPYIIL.

[lyers f: X—Y — Mopdusm  aireGpanyeckux MHoroo6pasuil.
O603Hauum uepes E;(y) TrOMOTONHYECKHI CJOH Haj TOUKOH yeY.

35 Teopewma. Eciu Ef(y) csen u s (Y,y) YHHIOTEHTHO
zeiicteyer Ha H (Ef(y), Q), TO Ha KOTOMOJIOTHAX H rOMOTONHYECKOH
anre6pe Jin E;(y) HMEIOTCA TaKHe ecTECTBEHHBIE CTPYKTYpPHl Xoa-
3a, YTO CNPaBeAJHUBLL Clefylolue (PaKTh.

a) EcrectBenHble 0TOGpaXeHHS

H.(Ef(y)’ Q)—>-H.(Xy: Q)’
H'(E; (), Q®g (Y, )~ H (E;(¥), Q

ABJAIOTCS MOP(QHU3MaMH CMEUIaHHBIX CTPYKTYP Xomxka.

6) Ecau X, Y oxnoCBA3HB, TO TOYHAs 'OMOTONHMYECKAs NOCAELO-
BATEJbHOCTb | SIBJISIETCS TOYHOH IOC/ELOBaTeNbHOCTbIO CMEIIAHHBIX
crpykryp Xoaxa.

160

MOAYHHALO-

. W
duaprpanusi F Moxer ObITp GeCKOHEYHOH, HO Ha Gr,

T )

3.6. NMuaan noxkasareabcTBa. [lycth P, X — NPOCTPAHCTBO INETE/b
(X, x). Torna, KaK H3BECTHO,

Ty (X, X)), (PX, x),
H°(P.X)=Hom, (Z [, (X, x)], 7).

Ianee, nockoabKy P.X siBasercda H-npocTpaHCTBOM, €CJIH X opno-
CBSI3HO, TIPH 3TOM NPEANOJONEHHH HMEEM

Hom(nh-l-l (Xr X), Q)QQHk (PxXr Q))
rie QH* — mpocTpaHCTBO  HEPA3JIOXKHUMbIX  3JEMEHTOB  AJd
H:(P.X,Q) (dakrop I/I?, rne I — upean ayrMeHTaluu «3HadeHHE
B TOUKE X»).

Aure6py koromosoruii H (PrX, Q) MOXHO BBIUHCJATD C MO-
MOLIbIO HTEPHPOBAHHBIX HHTerpanoB YeHa wiH, a/reGpanmueckd, ¢
NOMOLIBIO 6ap-KOHCTPYKIMHA, TpUMEHEHHOH K Kommiekcy ae Pama.

Huxe (nmn. 3.7 u 3.8) MB onuiieM COOTBETCTBYIOLIHE KOHCT-
PYKIHH.

3.7. Bap-konctpykuus. ITycts A*— (cymep) KOMMyTaTHBHAs AH-
(epeHnmabpHas rpafynposanHas aiarebpa Han C. 910 O3HAauaer,
yro anire6pa A cHaGxkeHa TrpagyHpoBKOH A= 6(1)9 Ai, ATAIc AT,

i>
ab=(—1)dega degbhg 157 ONHOPOAHBIX @, b, ¥ IHObepeHnnaIOoM
d:A—~A, dAicAit, d(ab)=da-b+ (—1)%eea-db. Tlpeanonaoxum
TaKxke, 4T0 aare6pa A IONOJHEHa, TO ecTh 3a4aH TOMOMOP(HIM
anre6p &:A—C, e(A)=0 mpu i>0. Maeasom MHONONHEHHS 1A
HaswiBaercs sapo g. ¥ Hac A- Gyrer anre6poi AuddepenHaIbHBIX
¢opM mIM HEKOTOPO# ee moAanreGpoi.

Bap-koncmpyryueil Ha A  Ha3HIBAETCS KOMILIEKC B'(A), acco-
MHPOBAHHH C GUKOMIVIEKCOM B (A), onpexesseMsM CJeLylonium
06pasoM: MOJIOXHM ‘

B~ =[gIAY
(37MeMeHTHl CTeNeHH ¢ B S-il TCHIOPHOH CTeneHu). ODJeMeHTH B~
TpaauuuonHo ofosHauaoTca [ay . . .| al, a,61A. ubdepeHnuas
d’, d” onpepgensioTcs GopMyJIOi
s

d .. g = (=D e .. Ja | day|anl. . - |,

i=1
4@y ). . | ad= (=D [Jay .. | Ja | Vet | aual- - las ],

rae J: A - [ A" —unefiHoe OTOOpaXKeHue, 3ajaBaeMoe Ha O[HO-
POLHBEIX IJEMEHTAX @ dopmy.ioft

Ja=(—1)keq,
Onpeje/uM QMAaroHab A U NpousBelieHue A\ B B (A) dopmyiamu
A:B(A)~ B(A)®B(A),
11—-1747 6 161



Alai] ... las]_—_;.)[al[ L a®la] .- | &,
A:B(A)®B(A)—> B(A),
[al l e lar]/\[arﬂ‘ e ! ar+s]:
= 2 e(0, a1 - s a’r+s) [aU(l)l s Ia’G(H-S)]'
UEII,,S

B nociepmelt gopMyjse CyMMHpPOBaHue BeieTcs mo Bcem (r,S)-
nepecTaHOBKaM, TO €CTb 110 TAKHM 3JIEMEHTaM O CHMMETPHYECKOH
IPymnsl Sy, 4to a(l)<<...<<o(r) u o(r+1)<<...<<a(r+s);
3HAK &(0, di,...,0rs) ONPEACISETCS YHCJIOM HHBEPCHH B ¢ MEXKAY
HHIEKCAMH i, 1Jid KOTOPHIX deg a; 4eTHa.

[Tpumepsr:

a1®a2:[a1 |a2]+(_.. 1)(dega1+1)(degaz+1) [a2| al]’
@ ®[ay| ] =[ay | @z | @] 4 (— D) esat Dot g, | @y | ]+
+ (— 1)Uegast)(degastdegas) [, [, | ay).

3.7.1. Teopewma. Bap-xoncrpyknus B (A) BMecTe C BBeJEH-
HBIMM JHArOHAALI0O A W mpoussBejgeHueM A sasiadercs jguddepen-
UMaJLHON TpajnyupoBaHHON anre6poit Xonda.

OrMeruM, YyTO CBA3b JudeperHurana dp.a) C ONEPALMAMH
B B'(A) Bupaxaercs TeM, uTO A Hu A ABAIOTCA  MOPQUMAMH
mexxy xommiexcamu B (A) u B (A)®B (A) (mmt A 3TO BHpa-
KaeTcs (Cynep)npasusom JleiOnuna).

3.8. UrepupopanHbie mHTerpaan. [lycts M — raaikoe MHOroo6-
pasue, PM — npocTpaHCTBO HeNpepbiBHBIX KYCOUHO-TJaAKHX HyTeH
¥:[0,1}-=M B M. DT0 mpocTpaHCTBO, KOHEUHO, He SBJSIETCS] MHO-
roo6pasveM, OLHAKO HAa HEM MOKHO BBECTH MHOT'He NMOHSITHS AHG-
(depeHuraibHOf reomerpun (OHO sBjaserca AH(PepeHnUpyeMBIM
npocTpaHcTBOM B cMbicie Yena [46]). B uacTHocTH, OoTOGpaxeHHe
f:X—PM (rae X — raaakoe MHoroo6pasue) HasbBaercd [JIAJKHM,
ecJid OHO HelpepHIBHO H aCCOLMHPOBAHHOE OTOOp axeHHe

@s 2 [0, LI XXM, (¢, x) =f(x) (£)
ofnajaeT TeM CBOHCTBOM, UTO AJS HeKOoTOporo pasbuenuss 0=

=ly<<t<<...<t;=1 orpaunuenue ¢ Ha [tj, {;+1] XX raagko Axs
mo6oro j.

JuddepennuanpHoii popmoit w crenenn n Ha PM HasniBaeTtcs
3ajfaHue Aas Kaxjoro raaakoro f: X—~PM n-popmb [*w Ha X,
IIpHUEM JOJIKHO BBINIOJHATBCS YCJAOBHE COTJIACOBAHHOCTH:  €CJIH
g : Y—X — raagkoe oroGpakedHe MHOroobpasuf, To

g* (F*w) = (fg)*w
(rae g* — o6HuHbIA o6paTHHIH 06pa3 dopm).
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Buemnee npousBeleHde H AuddepeHnnas Ha POCTPAHCTBE
Q' (PM) Bcex ¢dopm Ha PM omnpelelsiloTCcst eCTECTBEHHEM 06pasoM
qepes COOTBETCTBYIOILIHE NIOHATHS HA X.

Jlerko Bugerb, uto 0-dopmel Ha PM — 370 raajikue (QyHKUHH.

Ilycts Temepb ..., ®, — AuddepeHnuanbbie GOPME Ha M.
Ux urepuposannsiii unrezpas [ @ ... ®, — 370 AU depeHnnampHas
dopma Ha PM creneny Z(deg ®;—1), 3anaBaemasi 1 KaWIo0ro
f:X—>PM crepyomum ofpasom. 3amumeMm ¢opmy @0; HA
[0, 11X X B BHJE

Q,0;=0, (¢ x)Fdi A (L x),

rue m'j, co] ne conepxur dt. Torza
f*(S(Dx m,)-::

OGo3nauum yepes j‘Q noampocrpancTse Q (PM), TnOpoxneHHOe
BCEMH WTePHPOBAHHBIMM MHTerpanamu. HecsoxHo mnposeputs, 4To
XQ' MHBAPMAHTHO OTHOCHTCJBHO BHEIIHEro NpPOusBeNeHH W Aud-
depenuyana B Q (PM) u obpasyer AudpdepeHUHANBHYIO TPALyHPO-
BAHHYIO aare6py.

[lycts  X6M — QuKCHPOBAHHAA - TOYKA. OrpanuuuM  Kaxcapif
YTEPUPOBAHHEIl MHTErpaj Ha TMOANPOCTPAHCTBO P.McPM n

0603HAuUNM TOJyueHHYIO aiareGpy uepes SI.Q

o) (F, IN ... N, (E, X)dty ... dE,.

0<t1<...<tr<1

KoMmmnosunust neteqb

X
MO3BOJIET ONpPeAesHTbh KOYMHOXEHHE B SQ' W MOXHO IIPOBEPHTb,
X

4YTO XQ' npespaitaercs B AubdepeHnHaNbHYI0 PaLyHPOBAHHYIO

am‘e(xipy Xonga. )
3.8.1. Teopewma. Ilycts XxEM u TONONHEHHE &r:Q M~ C
sajaercs GopMmyaoli e(f)=f(x) mm fEQAM. Ilycrs Bi=

=B, (Q M)— 6ap-KOHCTPYKIUsA, OTBEYAIOULdf ITOMY MNONOJHEHHIO..
Toraa JuHe#HOe OTOOpaXEeHME

B;»SQ’, m1®...®m,»->5m1 ce. O
X

sBaseTcs  rovoMopdusmoM  mubdepeHiyaibHBEX  TPALYyUPOBAHHBIX
aareGp Xonda, koTOpe# 3azacT uM30MOPQH3M HA  KOTOMOJOTHAX.

Ca#3b j‘ Q u H (P.M, Q) sanaercs Téopemo#t Uena — Anamca:

3.8.2 ’l{ eopema. Ecm M opHOCBA3HO, TO oTobpaxenue
MHTETPUPOBAHUA H'(XQ') -~ H (P.M, R) sBiserca u30MOPGhH3MOM
X
amre6p Xonda.
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3.9. [pumep. [Mycts X —raaaxoe anareGpauyeckoe MHOrooGpa-
3ue, X — €ro IJajKoe MOTOJHEHUe IMBH30POM C HOPMAJLHBIMU nepe-
cevenpsvi. TTpexmosoxum, uto HO(X, Q;—()=O. Torpa cmeluavHas
crpykrypa Xoaxa Ha llg=Q[n, (X, x)]/J7 momyckaeT creayouiee
OIHCaHHe.

a) Koabsyo Had C. Buibepem Gasucsl w, ..., W, MNPOCTPAHCTEA

W==H'(Q(logD)) ¥ 2, ..., 2, mpocrpaucrsa f1° (QZ (log D)).
ITycte

n
k
wl/\w":z a,’jzk.
k=1
Tlycts {w/}— nyasbHblii Gasuc npoctpaucTsa W*. PaccMoTpuM 37e-
‘MEHTbI

Re— ¥ al; (0! ® w —w ® w)CT (W*),
tae T (W*)—rtensopnas aire6pa W* nan C, u nosioxum

e =T (W*)/[(R")+ 7,
rae J—sagpo ayrvenrtauuu B T (W*). Toraa cymectByer CeMeHCTBO

€CTeCTBEHHbIX H30MOP(HH3MOB KOJEL] [i~I1{ ® C (oHu oOmpenessoT-
C C TOMOIIBIO MTEPHPOBAHHBIX MHTErpaJoB).

6) Pusbmpayus wad C. Wveem xamonmuecku H'(X,C)=W,
mosromy W seaseTci C-KOMIOHEHTOft 4WCTOH CTPYKTyphl Xoaxa
eca 2 u tuma (1, 1), a W* —coorsercrsento Tuna (—1, —1).

Cootromenust R* oggoponnsl. IlostoMy Ha IIf umeerca OGurpapys-
POBKa, B TePMMHAX KOTODPOH M onpepessiorca Quibtpaunu Hag C:

Fr(ly)= @ ({1o*, w,(@)= o (1"
uzp p+q=I
B) Q-cmpyxkmypa. Ona onmpepensercs obpasom Qlm; (X, x)] B

fI¢. Herpyano mposepurb, uto W-duabrpauus onpemenena Hax Q

§ 4. Komnaekcnt Xomxa — Jleanns

4.1. Kak BBOAMTL CTPYKTYpH Xo0jKa Ha KOrOMOJOIHSX OCOOBIX .

mHorooOpasuii. CorsacHo [eaudio [52], 3Ta KOHCTPYKHHS COCTOHUT
M3 CJeAyIOLIUX LIaros.

a) OGuee (BO3MOKHO, 0cOGOE M HEKOMIAaKTHOE) Mgoroofpasue S
'3aMEHAETCH HA €ro («CHMIVIMIHAJBHYI0 pe3osbBeHTY» U.. 10—
CUMIVMIMA/JbHAS CXeMa, COCTOSIasf u3 TIJAJKUX MHOroo6pasuéi H
cHaOxenHas ayrmeHTauuedt a:U,—~ S, xoropas obnajaer no OTHO-
IIEHMI0 K KATeropHH INyd4KOB abeseBbix TpPymnm Ha S TakuMu Xe
CBOHCTBAMH, KAK alMKJAMMECKOe noxpsitHe. CBepxX TOro, mnpenno.sa-
raetcs, yto U, MOXHO BJOXUTL B TIVIaJKyl0 COGCTBEHHYIO CHMILIM-
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uuameyio cxemy X, Tak, yto X \U. OyxeT AMBH30POM C HOpMAJb-
HbIMH TIEpeCeueHUsAMH. ,

6) Koromosoruu H' (S, C) BEMHCAAIOTCS C NOMOMIbIO 0GOGIIEHHOA

uEXOBCKOH pe30/bBeHTH, noctpoénuof us A (U., C), na snementax
KOTOPOH CTPYKTypa XOjxa CTPOHTCH, KaK B § 2.

B) B KauecTBe NMPOMEXKYTOUHHIX OGBEKTOB TaKOH KOHCTPYKUHH
MOSIBJISIOTCS KOMIJIEKCHl MOAyJeH ¢ (uibTpauued, CBOHCTBA KOTO-
phix 06061atoT cBOACTBa CTPYKTYp XolxKa.

B stom naparpade Mbl ONMpeleNHM TakWe KOMIIEKCHI, C/Ielysd
Iemuuio [52], n HazoBeM HX KOMILIEKCaMH Xogxa — Henunsi.
B § 5 MBl OnHIIeM C MX MOMOLIbIO CMeLIaHHbIE CTPYKTYpHI Xoxa
HAa KOroMOJOTHAX CHMIJMDMANbHbIX cxeM. B § 6 MBl gagum MO-
Au(QUIMPOBaHHOE OIpEJeseHHe KOMIJIEKCOB Xoaxa mo beitnutco-
Hy @ ONHIIEM WX CBSI3b C MPOH3BONHOH  KAaTerOpHeH  CTPYKTYp
Xoaxa. : :

CaefyeT TpeAyNPeluTh YHTATeNsl, 4TO C ajreGpo-reomerpuyec-
KOfi TOYKH 3peHHs TH TNOHATHs HIPAIOT CKOpee TEXHHYECKYl H
BCIIOMOTATEbHYIO POJb. MBI COUJH MOJIE3HHIM HX BBIACANTH, HOO
OHH BecbMa XapaKTePHH ¢ KaTeropHOi M TOMOJIOTHYECKOH TO4YeK
3peHus,

4.2. ®uabTpoBanHas TNpoM3BoaHas Kateropus. Ilycts o —
abeseBa kareropus. QOo3HaunM depes K*F9¢ Kareropuio orpaHu-
YeHHbIX CHH3y (QHUABTPOBAHHBIX KOMIJIEKCOB Hal S¢ ¢ TOYHOCTDHIO
JI0 TOMOTOINM, COTJAcOBaHHBIX € GuJbTpauuedi. PHIbTPOBAHHBIM
kBasuuzomoppusmom f: (K, F)—(K’, F’) HasbiBaeTcsi Takod MOP-
$hHu3M KOMIJIEKCOB, COMVIACOBAHHBIA c (UABTPAlHei, UTO Grre(f)
spasiercss KBasuuzomopdusmom. Uepes D*Fsf obosHauaercs Ka-
Teropusi, nonyuennas us K+*Fsf obpaillendeM Bcex (H/IbTPOBAHHBIX
KBa3HMH30MOpP(HUIMOB.

Kareropueit K'Fs¢ yno6HO NOAb30BATbCs AJs BBEAeHHs HUH-:
cThix cTpyKryp Xomka Ha Koromosorasx. CMmellaHHEE CTPYKTYDbE
XoAXa MOJyYamwTcsl aHAJOTHYHBIM 00pasoM M3 KaTeropHH KtFost
6udubTpoBannbix Kommaekcos (K, F, W) m COOTBETCTBYIOLLEH
GH(HIbTPOBAHHON NPOU3BOJAHON KaTeropuu D*Fosf  (6udpuabTPO-.
BaHHBII  KBasHH3oMOp(H3M [ MHAyUHMpYeT  KBa3sHH30MOPQH3M.
GryGrw (f))

4.3. Yucrole xommaekcel Xomma—JHeamns, B curyaunn m. 1.1
uhcThiMm A-KoMniekcom Xoaxa—J[lennHs Beca fn Ha3bBaeTcs KOM-
nieke K460bD+(A=mod) ¢ HérepoBbimH Koromosoruamu H(Ka)
M CO CJEeAYIOIIMMH CTPYKTYPaMHU:

) Oumrpanus F Ha Ka ® C, nonumaemas kak (K¢, F, @), rae
(Kc, F)EOb D*F (C-mod), a a:Kc¢3Ka® C — kBasun3oMopdusm. :
TTpu atom aubdepenuuan K¢ AOLKEH ObITL CTPOrO COTJACOBaH C F.

6) Ias Kaxaoro k  WHAynUpoBaHHas  (QuibTpaluMs - Ha.
H?(K 4) ® C=H*(K¢) nomxHa OHTb W4CTOH CTPYKTyPO# Xomxa
Beca n- k.
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X O6o00uieHeM 3TOr0 HOHATHA SIBASIOTCA 4YuCTHe A-KOMIJeKCH
oaxa—]leqnHs Beca n HaA TOTOJOTHYECKHM MpocTpaHCTBOM X.
B ompenesenun Beille HYKHO 3aMeHHTb A-moaynu u C-moayau Ha

nyuku A-monpyaeii u C-mopyieii Hax X ¥ HaJOXHTH cJelylollee
YCJIOBHE:

a’) Haumnsie (RT (Ka), RT (K¢, F)), RT (2) o6pasyloT wuCTHI
A-gomrieke Xopxka Beca n.

B kauectBe GasucHoro mpumepa nepedopMyJiMpyeM Ha 3TOM SI3bIKE
Teopemy Xomxka. Ilyets X —ruaakoe NPOEKTHBHOE MHOrooGpasue
Kz-nyuok Z (kax KOMILIEKC, COCPeIOTOUCHHBIH B HYJIeBOM tmene)’
K ¢— ronomopduslit komniexc nyukos ge Pama, F — raynast (bmyrpa:
nus; a:Kz9C— K¢—ksasuusomopdusm no Jemve ae Pama. Toraa
{Kz, (K¢, F), &) —uncthii Z-xomnjexc Hajy X Beca HyJlb.

4.4. Cmemannbie KoMmnJeKch Xomxa—[leauns. CmemaHHE
A-xomnnexc Xomxa— Jle/MHsi COCTOMT M3 KOMILJIEKCOB

K 460bD* (A-mod) ¢ H&TepOBHMHM KOTOMOJIOTHSIMH,
(Kaga W.)€ ObD*F (A®Q-mod),

(K¢, W., F)6 ObD*Fy(C-mod)
¥ U30MOp(U3MOB

g Kaga  Ka®Q B D*(A®Q-mod),
o: (K¢, WY (K agas W)®C B D*F (C-mod).

ITH JaHHKE JO/IKHH YAOBJECTBOPATh CJEAYIOIEMY YCJOBHIO.
Jlas KaXjaoro n cucrema

(Gry (KA®Q), (Gr‘ﬁy (Kc), F), GrnW (O‘))

sBaseTcs yncThM A ® Q-komnsekcom Xoaka Beca ni.

Ha 3Tom si3bike KOHCTPYKUHMsI CMeLlaHHO# CTPYKTypn XolXkKa
H3 § 2 BHIJISOUT T2K.

IIycte X —raagkoe cobcTBeHHOe MHoOrooGpasue, YcX — au-

BH30p ¢ HopMaJ/eHbIMH nepeceueHusimu, U=X\Y, j: U—X —Bio-
xkenne. [Tomoxum

Ko=R;Q, W,(Kq)=7<n(R/j.Q);
KC:Q}((IOgY)’ Wn=7<n(')’ Fp=0>p (')

O KOHCTPYKUHHM H30oMOppH3Ma o OBIJIO BKpaTle cKazaHo B § 2.
Dtu JdaHHble 0o6pasyior cMmelaHHBi Z-koMmmieke Xojaxa—J[lennus
Hajg X. TlpuMenuB k Hemy ¢yHKTOp RI, MHB mojyuHM cMellaHHBLIH
Z-xomnneke Xoaxa—lenuHs, KOTOMOJOI'HH KOTOPOIC CYTh CMe-
maHnsle cTpykTyphl Xonxka H (U, Z).
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§ 5. Komnaekce Xomxa — Jleauns MHOrooGpasuni
¢ 0COGEHHOCTAMHE H CHMILAMIHAJBHBIX MHOrooGpasni

5.1. CuMnaumHajbHas pe30JbBEHTa MHOT00Gpasus. [Mycts S—
IPOH3BOJIbHOE KOMILIEKCHOe anreGpanueckoe mHorooGpasue. Ero
CUMNAULUAALHOL Pe30AbBeHTOl Ha3bBaeTcs caepyomuit  Habop
JlaHHBIX:

a) CummmpualbHOE MHOroo6pasue X. uap C, Bce o6pekTH X,
KOTOPOTO SIBJSIOTCA TIOMHBIMM U T/ IKUMH.

6) CuMm/mMuuaIbHOe TOJIMHOr00Gpasue D.c X. Takoe, 4TO BCE
D,C X, SBJIOTCS AMBH30PAMH C HOPMAJbHEIMHA TIePeCeueHUAMU.

a

B) Mopdusum ayrmentanm U, =X N\D.—~S, koropuit mnpespa-
maer {J/, B COGCTBEHHOE TMIEPNOKPHITHE S B KATEropud TOMOJOMH-
yecKuX NPOCTPAHCTB (C OGBMHON C-ronoJsioruefi).

dopMaJBHOE ONPE/E/eHHe THIEPIOKPHTHA OyAET AAHO B caeLyio-
meM nyixTe. CBOACTBA TUNEPNIOKPHITHSA 06061maloT cBofcTBA OGbIY-
soro moxphitis S = US;, eciu (OpMy/MpOBATh HX HA ASHIKE CHMIL-
auimanpioro npoctpancrsa U, rae Ug==[1S, u U,,=U0>S< e >§U0

(n+1 pas). B uactmocrs, dyskrop RI' or myuka Ha S MOXHO
soiancantb no RT or ero mpoo6Gpasa ua Uo.

OcHoBHast aJre6po-reoMerpHyeckas  Teopema, CyHIECTBEHHO
onupaiomascs Ha paspellieHde OcoBeHHOCTEH (no XupoHake),
yTBEpXKAaer, 4To AJs Jo6oro S CHMIIHLHMAJbHEE P€30JbBEHTH

CYLIECTBYIOT; JiB€ PasHble CHMIUIHLHANbHbE PESOJBBEHTH MOMKHO
HaKpHTb ¢ TOMOLIbIO TpeTbel; W MOPOHIM muorooGpasuit S—T
MOKHO NPOJOMKHTH A0 MOPQH3Ma MOAXOAAIIUX CHMIVIHUKAJBHEIX
pesonbBeHT. D10 ObecmeduT CyLUIeCTBOBAHHE, eAHHCTBEHHOCTD H
(YHKTOPHANBHOCT CTPYKTYp XOAXa, KOTOpbHE  Mbl  [OCTPOHM
HHXeE.

5.2, Tunepnokpweitua. a) Ilycts f: X—Y-—wmopdu3m TONOJOIH-
yeckux mpocTpaHcts, F —myuok Ha X, % —nyuok Ha Y. Torna
f-moppusmanu §—F HazbBAOTCH SJIEMEHTH MHOXKECTBA

Hom, (4, ¥)=Hom (9, F) =~ Hom (9, f.%).

Moxuno onpemesmts aam X Ly5Z w tpoixu nyaos F, G, 5
KOMIOSHUMIO g-Mopduama ¥ f-mMopduama, KOTOpas Gynet gof-Mop-
dusmom > F.

6) Tycts U, — CHMIMUHAIBHOE  TOMOJOrHICCKOE NPOCTPAHCTBO.-
Torpa nysox F Ha U, ecTh CeMeHCTBO IyuKOB F" wa U,, cpasai-
muix U, (f)-Mopdusmamu F° (f) Anst /mo060ro neyOuisatomero f:{m]—
—|A], KOTOpHe MOAYMHEHHl YCJOBUSM T (fog)=F (f)F (2.

OueBuIHEIM 06pasoM onpejensierca Mopduam myukos F->9.

Ecm S —OCTOSHROE CHMILIMIUAJbHOE NPOCTPAHCTBO, TO €CTh
S,=S, S(f)=id am scex f:[m]—[n], 1o myuox ¥ Ha S —sr0
TO e, YTO KOCHMIVIMIMAJLHBEIA NMyYOK HA O.
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B) [lycts a@:U.— S —ayrMeHTHPOBaHHO® CHMILIMIHAJIbHOE IPO-
CTPAHCTBO, TpejcTaBieHHoe Mopdusmamu @,:U,—~ S, xoropbe
ypasHuBaior Bce U, (f). s mo6Goro myuka F Ha S CeMeHCTBO
a (F)={a,(F)} apngerca nyukom Ha U.. Pynxrop F—a'F uMeer
npaBbiil COMPAXKEHHBI PYyHKTOD:

/
4°

1
a..9 —Ker| @0.9°2a,.9" |,
a
H CymectByeT GyHKTOpMaabHblii Mopdusm Id —a.a'.

AyrMeHTauusi @ HasbBACTCA MOPPUIHMOM KO0MOAOZULECKOZO
cnycka, ecau AJs moGoro myuka aGesespix rpynn & Ha S umeem
Faa¥F, RaaF =0 npu i >0.

HenpepuBroe otobpaxenue a:U —§ TONOJOrHUECKHX TPOCT-
PAHCTB HA3BIBACTCS MOPPUMOM KO0MONLOULECKOZ0 CRYCKA, €C/H
TUM CBOfICTBOM oO6jamaet ayrmeHtanus a:U,—S, rne U,=
==U>S< coo XU (n+1 pas).

N

HenpepeBroe otobpaxenue a:U —S HasbiBaeTCa MO pHusmon
YHUBEPCANBHORO KOZOMOAOMHECKO20 CRYCKA, eciu AJs Jmo6oro
U:S'—S oroGpaxenne U X S'— S’ sBiasercds MOpdU3MOM KOro-

N

MOJIOTHIECKOT0 CHyCKa. JTHM CBOHCTBOM 00/1a7ai0T COOCTBEHHBIC
MOP(H3MBI, H B HHTeDECyIOIiHX HAC HNPUWIOXKEHHWAX HUX JOCTATOYHO.

r) [lycrs cHoBa @:U,—> S —ayrMeHTHPOBAHHOE CHMILIMIMAJIBHOE
npocrpanctBo. OHO HasbiBaeTCst ecunepnoxkpewmuem S, ecId Bce
KaHOHHUECKHe OTOoOpaxeHus

((Pn)rzﬂ :Un+1 e (COSk Skn U-)n+l

SBJIAIOTCA MOpP(H3MaMH YHHBEPCAJIbHOTO KOIOMOJIOTHYECKOro CcIy-
CKa (B OCHOBHBIX KOHCTPYKIHfIX 3TO COGCTBEHHBIE MOP(H3MHI).

Bcsikoe runeprnokpbiTHe camo fABJsAeTc MOPOH3MOM KOroMoJIo-
ruieckoro cnycka. B uactHoctH, JAag  J060ro  KOMILIEKca
K&0bD*(S) xaHOHHUecKoe OTOOpaXKeHUe

RP (S’ K)'—>RI‘ (Ss Ra-a.K)NRP (U-; a'K)
aBasercs usomopduamom (dpyukrop T'(U., F) onpegensercs Kax
Ker (T (U., FOYZIT (U,, FY).

ITOT H30MOD(H3M H HCIOJb3yeTcs A/ HOCTPOEHHS KOMILJIEK-
ca Xonxa—JleauHs, suiuucasomero kKoromosorud S. Ileno B ToMm,
YTO Ha KOMHOHEHTax pe3osbBeHTH U, TakHe KOMIJIEKCH HaM H3-
BeCTHH B cHay § 2.

5.3. KoncTpyknus Kommiekca Xomka—leauHa B oGosnaue-
HuAX 1. 4.4 cmewannoi Komnaexe Xo0wa— Jleaurs, BbIYACIAO-

J a
it KOroMosiornd S 10 CHMIVIMUMAJLHOM pesosbBertTe XU —S’,
COCTOMT M3 CJIeAYIOIIUX JaHHBIX:

KZ=RP (U-a Z)1 KQ=RP (U-y Q)9 KC=RP (U., C)-
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Becopas ¢dumrpauus u ¢usabrpauust - Xomka #Ha K¢ BBOASATCH, KaK
¥ TIpex/je, C INOMOLIBIO OTOXJeCTBJEHUS

RT (U., C)=RTRj ,C=sRT"Qx (log D).

3pech I''—QyHKTOP, KOTOPHIA CTABUT B COOTBETCTBHE MyUKy a0eJ/IeBbIX
rpymn & wa U, kocummmpuaieryio rpymny {I'(U,, F")}, a xoMi-
JEKCYy  NYYKOB-— COOTBETCTBYIOIIMH  KOMIJIEKC KOCHMILIALMAJIBHBIX

rpymn. Torma RIY mnpespailaeT KOMIVIEKC TYYKOB B KOMILJIEKC KO-
CUMIUIMIMAILHEIX  TPYNN; a/JbTePBHPOBAaHHAs CymMMma rpaHelt pesaer

M3 Hero OuKOMI/IeKC, a SRI —COOTBETCTBYIOMHUI AMATOHAJBHBI
KOMILJIE KC.
OkoHYaTeBHO!

W, [SRI" (@i (log D) =W, © (RTQx, (log D)=
= & W,,,[(RI'Qx, (log D,)7],

prq=m
F*[sRT" (@x (log D)ln—_® F"[RIQ, (log D,))7].

Ipoucxoxcnenne W us duabrpaunn Ha Kq npoBepsieTcsl C MOMOIILBIO
TeX XKe coobpaxeHu#l, 4yTo U B I'JAAKOM C/lyvae.

§ 6. Komnaekco Xonpxka — BeilauHcona
M NMPOH3BOJHbIE KATErOPHH CTPYKTYD XOAKa

6.1. IlpouszsomHasi kateropus. B curyanuu § 1 o06o3HAuuM
uyepes g6 abeneBy KAaTeropulo CMeilaHHbX A-cTpykTyp Xomxa.
OGo3Hauum  uepe3 I'y: 76— A-mod (pyuxTop Tz (M)=

=Hom (A(0), M). Hetpyano yGeauThcs, uTO 3TO JeBO-TOYHBIA
dyukTop ¥ Homg (M, N)=T s Hom (M, N). Mol MoxeM ompe ze-
JIUTh COOTBETCTBYIOLLHE MPOM3BOLHEIE (PYHKTOPHI

RHom: D~ (#6)° X D*(#6)— D* (),
&:D" () X D~ ()~ D~ (36).

6.2. [Tpegaoxenue. [Tycte M, N — KOMIIEKCH
1yp Xoaxa. Torha KaHOHMYECKHe CTpPE/KH

(RHom (M', N))a~> RHomg.moa (M, N°),
(M'&N)a—> MA§NA

CTPYKe

ABAMIOTCA  (KBasu)usomopdisma Mu. B wacrwoctu, gmaa M,

NeOb %, i>0 umeem
(RtHom (M, N))a=Exti.moa (Ma, Na)
sBJASleTCS NepuouueckuM A-MOAyJeM.
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6.3. Meton sBbiuuciaeduss RHomgy. PaccvoTpuM aguarpammy
KOMILIEKCOB A-MonyJiefi Buja: '

sty N
Aq Aq eve An Anst
TTonox um
f=2Fi— 2e®A=1(D)->®B,=T"(D).
TlosoxuM panee

I'(D)=Ker f, I'(D)=Coker f, f(f):Cone(f).

Tycts M’ —HexoTOpHii KOMILIEKC CTPYKTYp XOmxa. On nopox-
JIAeT JMarpammy OMHCAHHOTO BHAA:

Ma We,o(M)
My Wa,o(M') (F°N We,o)(M)

Tlononum T (M) =T (D g6 (M), Ty (M)=T(Dg (M) u T-1.
Hogoe onpenesenne I'y (M) cosnanaer co CTaphM, xoria M

ectb 06bexT. DyHKTOD f% (M) nepeBOLHT KBA3HHU30MOPPHU3MBL

B KBasuu3oMOp(UaMBl W TOTOMY WHIAYLHPYET COOTBETCTBYIOILH
yHKTOp HA NPOM3BOAHEIX KATETOPHAX.
6.3.1. [ipeapaoxenue. a)

R Hom (M, N)->Tz4RHom (M', N) sBasercs :

6) g moCbiX CTPYKTYP Xoxxa M, N u i>1 wnveeM
Extly (M, N)=Exta(Ma, N ,). B uacrmoctu, ecam A—moGoe
peryssipHo@  KOJIbIIO Pa3MepHOCTHU <1 (manpuwmep, Z, Q wm R),
10 Extiy=0 mpu i>1, TaK uT0 mo6oi kommexe M KBA3HH3OMOD-
den DH! (M) |—i] nocpeacTsoM kBasuusoMopdusma, HHAYLHPYIO-
[[ero TONACCTBEHHBIA MOPdH3M HA KOrOMOJOrHAX.

6.4. Kommiexkcht Xomxa—bedanticona. Konn.rekcon Xo0-
sea— BedAuHcona HA3bBAETCS HEKOTOpOe ofo0biilerne JIuarpammbi
D g (M), a MMEHHO, juarpamva BUAA:

KaHoHUuyeCKasd  CTpeJiKa
H30MOP(PU3MOM.

ﬁ.Q ‘Mé iWC°)
o a/ \z “/ w
M; (Mq> Wa-) Mgy We-» F)
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B sroit amarpamve My, Mg u T. m. CyTh KOMIJGKCH A-MOAY-
Jeit, Q-Moayseit u 1. m.; W u F—ux duistpaiym, CTPEIKU

ocl’Q:M'A:?Q» Ma, co:Ma— Ma,
a3ncz([VI.Qs ‘VQ-);\@C—> (Més WC°)9

064:(Mc, W/c.)—> (MC, Wc)

ABAAIOTCA (PUIBTPOBAaHHEMU) KBasuudoMopdusmamu. [lasee, MOMKHEH
ObITh BHINOJHEHH! CJCLYIONUIHE YCAOBHA.

a) Ma umeer HETEPOBB KOTOMOJOFHH.

6) s xaxnoro n€Z puddpepeHuuan GUILTPOBAHHOTO KOMIIEKCA
(Gr‘f( M), Gy F ) CTpPOro coBMeCTUM C (uabTpanued.

B) dra dunpTpauua ClycKaeTca Ha H (Gr¥ My) u  onpepenser
Ha 3THX KOTOMOJOTHSX wucTyio A®Q-cTpykTypy Xoixa peca .

MOXHO MPOBEPHUTHL, UTO NMPHU 3ITHX YCJAOBUAX CHEKTPaJbHbie Mo-
CIe10BATEJPHOCTH KOMIIEKCOB Mq M M¢ 1O OTHOWeHHIO K QuibT-
pauusim W u F BRIpOXJaioTCA B uieHe E, 4TO MO3BOJeT Ompeje-
auth Ha H (M}y)  A-ctpykrypy Xomka. OGO03HauuM ee uepes
H (). ' '

Mopdusm f: Mi— Mz xommiekcoB Xomxa— Befimmucona onpe-
aeJseTcsl KaK MOpgM3M COOTBETCTBYIOLIHX Auarpamv. MoxHo onpe-
IeJMTh TOMOTONMIO M KOHYC B 3TOH kaTeropuu. [lycts K7 (rie

*=§, +, —, J)—COOTBETCTBYWOILAsi TPHAHTY/TMPOBaHHAA KaTEro-
pusi. Vmeercs dynxrop koromosornii H: K%, — 56, n Mopduam B Ky
HA3LIBAETCS K8A3UU30MOPPUIMOM, €CAA OH HHIAYIHMPYET H30MOPOH3IM
{ * T io—1

Ha seex H. Tlyers D%y K [Qis™].

Jins moboro kommaexkca CTPyKTyp Xomxa M auarpamma
Dy (M) smasercs wommaekcom Xomia— Beiwmmacorna. Jto onpe-
neasiet GyHKTOp D* (H)—> Dy,

6.4.1. Teopema. DyHKTOp D”(%)»Dgg ABIAETCS IKBUBA-
JIEHTHOCTBIO KaTeropui. '

U3 sTolt TeopeMsl u KOHCTPyKuuit JlemHs BHITeKaeT CJeAYLIUR
pesy/bTarT. )

6.5. Teopema. CyuecrByer dynxrop RI (-, A) u3 xareropuu
anre6panyeckux MHoroo6pasuit Hajx C B NPOM3BOJHYIO KaTeropuio
D (36,) Ttaxoii, uto RT (X, A)a ecTh KOMIIEKC CHHI'YJAPHBX KO-
uenefi ¢ xoadduumentamu B nocrosiHaoM nyuke Ax. W

[Mpsivasi KOHCTPyKuust 3TOrO0 (yHKTOPA CTABUT B COOTBETCTBHE
MHOroo6pasmio X MOAXOAAWHH KoMIIeke XoqKa —Beit1aHcoHa Kak
0GBeKT D.
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§ 7. Bapuanuu crpykryp Xoxxa

7.1. OcHosuble 3apauu. Ilycrb f: X—S—wmopdusm anre6pa-
MYECKHX MHOroo6pasuii, KOTODHI €CTEeCTBEHHO paccMaTpHBaTbh Kak
cemeiicTBo cjoeB X,=f~!(s), mapamerpusoBaHHOe TO4KaMH SES
(Ha [ moryr OBITb HaJ/IOXKEHB pasHEle YCJOBHS  PeryJsPHOCTH).
Toraa Bosuukaer cemelictBo crpykryp Xoaxka H'(X,), Ha3blBaemoe
eeomeTpuveckum (Mad reOMeTPHUECKHd peaNu3yeMbiM). YKe B Ilep-
Bble TOJIbl Da3BHTHA TeOPHU OBIJIH yCTAHOBJEHB OCHOBHLIE CBOM-
cTBa Takux cemeficTB. OTMeTHM cpeiu HHX cJjeAyolue (cM. 06-
3op I'puddurca [72]).

a) Teopema I'pugpgurca o rpanceepcarsrocTy: KoBapuaHTHAs
NPOHU3BOJHASL OTHOCHTEJbHO KAaHOHHUECKOH MJIOCKOH CBSI3HOCTH Ha
H'}Xs)1 BLOJIb TOJOMOP(HOro BeKTOPHOrG MOJs mnepeBoaur FP
B Fpr-l

6) Teopema o monoopomuw: uycth cemetictso f:X-—>S Bkia-

AbiBaeTCs B ceMedcTBO f: XS, rae X\ X u S\ S — quBusops ¢
HOpMaJbHBIM nepeceueHneM. Torpa onepaTop MoHOapomuu 7 TpH
06XOJe BOKPYr OfHOH h3 BeTBeil S KBasuyHunortenteH: (77— 1)4—=0
AJi NOAXOMAIMX 7 U ¢.

B) Teopema o noaynpocmome 2206asbH020 — Oellcmeus
M (S, s)) Ha H* (X, C).
r) Teopema o peeyasprocTu: ocobble TOUKH  KaHOHHYECKOH

CBAISHOCTH Hajl OJHOMEepHOH 6as3ofi peryJsipHbl B cMbicie Dykca.

) SLy-Teopema [mudra. DTa TeopemMa jgaer TOYHLE CBE-
A€HHsT 06 acHMITOTHYECKOM MOBEJAEHHH CTPYKTYp XoaXKa  IpH
NpHOJHKEHHH K 0cOGOl TOUKe.

B nanbmefiiem GBlJIO MNpeisiOXEHO HECKOJbKO YTOUHEHHH IO-
HATHS «Bapuauus crpykryp Xoaxka». Yactb uHpopMauum o reo-
METPHUYECKHX CTPYyKTypax Xo/lXa NPH 3TOM BKJIOYaJach B ONpe-
Aesenne. OnHa W3 leseli TeopUH — HAHTH TaKoe OMpejeJeHHe Ba-
prauuu ctpykryp Xoaka, KOTOpOoe GBIIO OBl 3aMKHYTO OTHOCH-
TEJbHO BCEeX ECTECTBEHHBIX TeOMETPHUYECKHX H KOTOMOJIOTHYECKHX
KOHCTPYKUHH, B YacTHOCTH, KOTOMOJIOTHH ¢ Ko3(@HlUHeHTaMH B
cTpyKTypax XoJXa caMH JOJIKHH  06j1afaTh  eCTEeCTBEHHHIMH
CTPYKTypamu XomxKa.

He nperennys na monnory, Mbl npHBeieM HECKONBKO COBPEMEH-
HBIX P€3yJIbTaTOB O BapHaUHAX cTPYKTyp Xoaxa.

72. Onpepnenenne. Bapuayuei (uncrofr) A-cTpyxkrypet
Xodxa Beca n Hajg KOMIVIEKCHHIM MHOTOOGpa3HeM S HasbIBaeTCs
ciieylomuil Habop JaHHBIX.

a) JIoxaibHO TOCTOSIHHBIA Ny4YOK HETePOBHX A-Molynedl 4
Han S.

6) Koneunas. y6uBaomas (GuIbTPAUHSA JOKAaJbHO CBOGOJHOIO
nyuka A =O0OsQ@ aMa, uleHs KoTOpoli FPMA SBAAIOTCH JIOKAABLHO
CBOGONHEIMH JIOKAJBHO NPSAMBIMH TNOANYyYKaMH B J, Takas, uTo
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Ha cJosx J(s) Haax BceMu TOuKaMH S€S 3Ta QHILTPALHA HHIY-
LHpYeT YUCTYIO CTPYKTYpy XoJxkKa Beca n.

B) FP p[OMKHA TakXKe YJOBJETBOPSATL CJeyIOEMy YCJOBHIO
TPaHCBEPCAJLHOCTH: NyCTh V7 — roJomMopdHas cBA3HOCTL HA A, OT-
HOCHTEJIBHO KOTOpO# A 4 ropusonTaneH. Torga VFP A CQég Frik

N
IS BCEX p.

73. Onpenenenue. [loasapusayued BapHaUuu YHCTOH
A-ctpykrypn XoZXKa Beca n Haji S, onpefesieHHOH B 1. 7.2, Ha3H-
Baercs  HEBHIPOXKIEHHOe  IJIOCKoe  OHJMHefiHOe cIliapHBaHHe
B:HMaXMas—A, KOTOpOE HeBHIpOKAeHO, (—1)"-—cuUMMeTpPHYHO
4 AJs Kotoporo spMuToBa (opma f,(C.m, n) NOJOXHTENBHO OI-
‘penenena, rie C; — yMHOXKeHHe Ha iP~¢ Ha M P9(s).

Bapuanua HasbiBaercss noaapusdyemotl, ecau oHa  JOTycKaeT
nmoJsipuzanuio. B reoMerpHuecKof CHTYalHH NOJADH3ALHH IPOHC-
XOJSAT M3 K3J1epOBOH MeTPHKH M TDHMHTHBHOTO Da3JIOXKEHHS.

74. Onpeneaenue. Bapuayueid cmewiannol A-cTpykTypol
Xo0awca Hajn KOMILIEKCHEIM MHOroo6pasweM S HaselBaercs clely-
OUHH HaGop JaHHBIX.

a) JIoOKaJbHO NOCTOSIHHBIH MNYy4YOK HETepOBBIX A-mMonynaesn M a
Han S.

6) PumeTpauua W nyuka A o=Q@A 4 JOKa/IbHO MOCTOAHHBIMH

A

NOANyYKaMH.

B) Koneunasa yOoBawomas duabtpauuad F JOKaJbHO CBOGOZHOrO

nyuka M =Os@M 4, WIEHH KOTOPO# FABJAIOTCA JOKAJBHO CBOOOA-
A

HbIMM JIOKAJBbHO NPAMBIME NOAnydkamu B A M KOTODAs yAOB/ET-
BOPSiET YCJOBHIO TPAHCBEPCAJBHOCTH, KaK B M. 7.2 B).

OTH JaHHBE JOKHBE ONPEAe/ATh HA KAXJAOM CJ0Oe CMEIIaHHyIo
crpyktypy Xonxa. Torma Grmsfa OyieT Bapuauuefi uucTOl
CTPYKTYpH Xo0aXa4 AJst BCEX m.

Bapuanusi cmemanso#l cTpyxTyphl XoAXa HA3bBAETCA ROAAPU-
ayemoti, ecau Bce Bapuauuu Gry,. 4 4 TOMAPUSYEMbI.

75. Tlpumep. Ilyetsb f:X—> S —TONOJOTHUECKH JIOKAJLHO
HOCTOAHHOE CeMeficTBO aire6panuecKix MHOroo6pasuil. Toraa mydyox
Mz=R? f,L KaHOHHUECKH FBIACTC BapHaluel CTPYKTypsl Xopxa.

7.6. [Ipumep. Ilycte S —mnpousBosbHoe raajgkoe aJrebpa-
HYecKoe MHorooOpasue. PaccmMoTpuM Ha HeM JIOKAJABHYIO CHCTEMY
II" co cnoem Z[n;(S,s)]/J” B touke s. CormacHo § 3, ona ob6ua-
Jaer nocJoHHo# cMemaHHo#t Z-ctpykrypoii Xoaxa. Cymectsyer
e[IMHCTBEHHAasi BapHauus CTPYKTyp XoJxKa, HHIAyUHpYIOLlas 3TH
foC/OfHBle CTPKTYphl. JTa BapuHalnus Ha3bIBaercs TaBTOJOTHYe-
CKOH.

BaxHocTp 3TOro npumepa cBsi3aHa ¢ TeM, 4To ero oGoOlleHHe
M03BOJISIET 1aTh TEOPETHKO-NpPeACTaBJAEHUECKOe OINHCcAaHHe BaXHOM
NOJAKaTEeropHH BapHaluil cTPyKTyp XoJxKa.
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C 3T0#f LeJbIO 3aMETHM cHA4aJa, YTO JIOKAJbHO IOCTOSHHBIR
ny4ok 44 Ha CBSI3HOH 0Oase S ofHO3HAYHO ONpejpesseTcs Hpel-
craBJjeHHem rpynnu m (S, s) Ha ciaoe M a,s (rie s-— mobas Quk-
CHpOBaHHas ToYka S).

77. Onpepeaenue, Bapuanus crpykrypst  Xoaxa
(M4, F, W) HasbiBaeTcs YHUNOTEHTHOU, €CJH BHIOJHEHH CJeLy-
I0IlHe 3KBHBAJIEHTHEIE YCJIOBHS:

a) IlpexncraBnenne n;(S,s) Ha M a,s YHHIOTEHTHO.

6) 10 TnpeaCTaBJCHME WHAYLMPOBAHO HEKOTOPHM NPEACTAB/e-

nueM Z[m (S, s)]/J7 (MBI rOBOpUM, UTO MUHIEKC VHUIIOTEHTHOCTH
<r—1").

B) Bapuanuu Grg MOCTOSIHHBl /I BCEX M.

7.8. lloBenenve Ha GeckoHeyHocTH. Ilycte S=S\ D, ruze §
KOMNAKTHO, D — AUBH30pP C HOPMAJBLHEIMH TepeceueHusmu, N — Jio-
KaJbHO  NOCTOsHHBI — myuox C-/mHeHHBIX mpocTpaHcTB Ha S,
N =COs@N. Onpenesum 1o JLe/nHIO KAHOHWYECKOE MPONO/IKEHHE

C

nyuka J° KaK mopnyuox j,(A4), rae j:S—S. Bubepem oxpect-
HOCTh TOUkH D Bupga (A*)" X A"™7, rae A—eJvHUYHBI JIHCK,
A*=AN{0}. TIlycrs (24, ..., 2,)—KOOpAMHATH HA (A*), N;=
—=r7llogT], rne T;,—moHOAPOMHA 0OX01a B A, YHHMOTEHTHO.
Ilycrs z;=exp (2nit;), Im tj>0. B kauectBe 00pa3yiomiux 4 Mbl

- :
OepeM ceueHusi 72==exp (— 2, thj) n, rae n npoderaeT (MHOrO3HAaY-

Hble) JIOKAJbHBle CeYeHus

7.9. Onpengenedue. YHUNOTEHTHAss Bapuauus CTPYKTYPH
Xonxa (M 4, I/, W) HasbBaeTCA X0pouweii, ecau

4) wiens duwibtpauun Xomxa FPA  NPOIOMKAIOTCA A0 NOA-
NyuKOB FP—=FP 4° KaHOHUUECKOTO NPOAO/MKEHHs TAKMM 00pasom,
yro nyukd Gr¥Grp joxanbHO CBOGOAHBL.

6) Jlio6o#t HUJBNOTEHTHLH Jorapupm N, JOKa/JbHOrO oOrepa-
TOpa MOHOAPOMHHM YyHAoBJeTBOpsier ycaoBHio N,WnC Wy,  nas
BCEX M.

7.10. XoIKeBbl NpeacCTaBAeHHS 1. YHHIOOTCHTHOE IpeJCTaBJie-
nue 71;(S, s) Ha A-moaynie M4, cHaGxkeHHOM cTpPyKTypoii Xoaxa,
Ha3blBaeTcsl X00%CeBbiM, ecJH COOTBETCTBYIOLlee OTOOpaKeHHe

A[ni (S, s)]//—End M4
sIBJIsIeTCs MOP(H3MOM CTPYKTYp XOJAXKa.

7.11. Teopema. Eciu (M4, F, W) —xopomtass yHUIIOTEHTHast
BapualHa CTPYKTYph XoJXka, To MpeiAcTaBjeHue m;(S,s) Ha ee
cJi0e XOKEBO.

7.12. Teopema. DPyHKTOp MOHOJAPOMHH ONpeleisieT 3KBHBA-
JIeHTHOCTb KaTeropui: ‘

XOpoulye yHHIOTEHTHLIE BAPUAIUH XOJXeBbl NpeICTaBACHYUsA
CMellaHHOH CTpPykTyphl Xomaxa ;5 w, (S, s) uamexca
MHJEKCA YHUNOTEHTHOCTH <1 —1 yHurioTeHTHOCTH <7 — 1
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7.13. CpoiicTBo npoaoJkKeHus sapuauuil. Ycaosua m. 7.9 Ha
BapHauuio CcTpyKTyp XoAxka MOryt OHTh chopMmyaupoBassl Ge3
TpeboBaHus yHHNoTeHTHOcTH. Hasosem Bapmaumuwo npeddonycru-
Mod, ecqu OHa YJOBJETBOpPSIeT 3TOMY YCJOBHIO H BA0oGaBOK  fB-
asiercst noJspusyemofi. Hasosem Bapuauuw donycrumod, eciu oas
Jo6oro mopduama eluHHUHOro aucka D B S wuHAyuHpoBaHHas
BapHauus cTpykryp Xomxka Ha D npeajonycruma.

Kammusapa [99] nokasan, uto eciu Bapuauus cTpykTyph Xon-
XKa JAONyCcTHMAa Ha JOMOJHEHHH K MHOXKECTBY KOpPasMepHOCTH [Ba,
TO OHa JONyCTHMAa BCIOLY, NPH YCJOBHH, uTO (6aza JOMyCKaeT KOM-
NaKTHQHKAUKIO AHBH30POM ¢ HOPMAJIbHHIMH TEDeCceueHHSIMH.

BUBJIHUOTPA®GHUYECKHE YKA3AHHWS

Knaccuyeckas Teopusi XogxKa Xopoulo H3JIOXKeHa B oG3opax [48], [72], [74].
Teopus cMmemanunlX cTPYKTYp XoAXka Gwena passuta Henunem [62], [53]; cm.
Takxe ero Aokaagu [51), [56). Ilpumenenue cMemwannsix cTpykTyp Xoaka K Hc-
cnenoBaHuio ocobGeHHocTell RHbdepeHIHPYEMEX MHOrOO6pasHd M NOBeJEHUSA
OCHMJIHDYIOIHX HHTerpanioB cM. [5], [6]. Teopemn tuna Topemnu B pasHHX KOH-
TEKCTaX H3YYaJHCh BO MHOTHX paborax mo aiarefpandyeckoHl reomerpuH; cm. o6
sToM, Hampumep, [139], a Takxke aApyrHe TomMa 3TOH cepun. OG630p pe3yabTaTOB
0 XapakKTepH3alHH a/re6paHuecKHX KJAcCOB KOroMmoJoruii (rumoresn Xopxa)
cogepxuTcss B [134]; cm. Takxke [79]. AnreGporeoMeTpHUYECKHe ACIEKTH TEOPHH
Bapuanuit  cTpykryp Xoaxka cm. B cepun pabor [36], a rakxke B [129]. Ua
4ic/a BOTPOCOB, He 3aTpPardBacMblX B OCHOBHOM TEKCTE, OTMETHM TakXe paboTH
no p-agudyeckdAM cTpykrypam Xomxa [28], [60], [62], [138].

ITepefinem K comepxkaHHIO OTHEJbHBHIX naparpadoB 3Tol rsaaBu. KaTeropuwi
HOAXOA K TeOPHH CMELIaHHHX CTPYKTYp XOAXa H, B YacTHOCTH, TeopeMa m. 1.4,
cozepxartcss B [52] OrHocuTenbHo npennoxedusa m. 1.7 cMm. mpuioxenue [eiauus
K cratbe [43]. Teopema m. 2.1 npokasana B [52], orHOcHTesbHO mpHMepa m. 2.5
cm. {63, m. 10.3]. Teopus cmemanHmx cTpykTyp XOoAXKa HA T'OMOTONHYECKHX HH-
BapHaHTaX aJjre6pandyeckMXx MHoroo6pasuii passuTa Mopranom [119] u npopon-
JKeHa, B vacrHoctd, Xa#inom [81], [82]. Hame wusnoxenue B § 3 caeayer, B oc-
HOBHOM, pabore [81], rme MoxHO HaliTH nOKasareJbcTBa Teopem mm. 3.3, 3.5,
3.7.1, 38.1, 3.8.2. Teopus HTepHPOBAHHHIX HHTErpajoB Obuia pa3BuTa YeHOM
[46] u, nesasucumo, A. H. Ilapmunum [11] Copepxanue §§ 4, 5 caepyer pabore
Henuns [53], comepxanve § 6—pabore A. A. Befinnncona [21]. CoBpemeHnuit
noxxon x BapHauusam crpyktyp Xomxa cm. [42], [44], [83]1, [98], [99].

F'arasa 7

HNPEBPATHBIE NYYKH

§ 1. INpeBparTHbie NyIKH

1.1. Crpatudukamuu. Ilycte X — Tonosoruueckoe NPOCTPAHCT-
Bo. KoHeuHoe pa3buenne X Ha HemycThle JIOKAJbHO 3aMKHYTHIE MOJ-
MHOXKecTBa (CTpaTthl) HasblBaeTcsl crparuguxayuedi, eciu 3aMbIKa-
HHe KaXXJIOro C¢Tparta siBjsercs oO6belWHEHHEeM CTPaTOB.
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KomniexkcHoe aHaiauTHUecKOe H/IH ajrefpauyeckoe MPOCTPAHCT-
B0 X 1domyckaer cTpaTHPHUKAUMIO, BCe CTPAThl KOTOPOH SIBJAAIOTCA
HeocOGHIMH MHOTOOGPAa3HSIMH K KOTOPBHIE YAOBJIETBOPSIIOT YCJIOBHIO
3KBHCHHTYJIIDHOCTH: AJs JIOGHIX [BYX TOYeK p, ¢ OMAHOro crpara
PIMeeG‘TCH napdeomopduam X, nepeBoAAUMA p B ¢ U KaXAHHA CTPAT
B cebsl.

[Tycts & — HekoTopasi crpatHdukauusa. IIpeBpaTHOCTBIO Ha3H-
Baercs QpyHKuHs p : F—~ZL.

1.2. t-cTpyktypa, omnpejenendas no p u &. Ilycts D(X) —
Npou3BOAHAsl KaTeropus nyukoB aGeseBbx rpynn Ha X. [las kax-
aoro crpara SE€F ob6o3HauuM uepes is ero njoxkeHHe B X.

Iosoxum

PD=0(X) =nonuas mnozkareropust Kommiekcos KE€Ob D(X) co

cBoficTBom Hmig(K) =0 mpu n>p(S) naas Bcex S;
(1) ?D*°(X) =nonHas moaxareropus xommiaekcos K€0b D(X)
co cofictBom Hnig (K)=0 mpu n<<p(S) mis

Bcex S.

1.2.1. Ipeanoxenue ("D=<(X),»D=°(X)) ecto t-cTpyxry-
pa na D(X), undyyupyrowas t-crpystypor o DE(X) u Db(X).

JloKa3aTeJbCcTBO NPOBOJIMTCA HHAYKIHEN IO YHCJIYy CTParoB C
HCIOJIb30BAHHEM TEOPEMH O CKJefiKe (cM. ri. 5, m. 3.7.3).

1.3. Onpenenedue. CeplueBuHa OMHCAHHOH {-CTPYKTYPH,
T0 ecTp Kareropus J (p, X) = "D<°(X)\’D>°(X), nasbiBaercst Ka-
Teropueil {-npesparTHoLx NHYUKO8.

M3 o6meii Teopud cepAleBHH (TeopeMa ra. 5, m. 3.4) sICHO, YTO
310 — abeseBa Kareropus. BMecTo myukoB abeJseBHIX TPYNI MOXHO
paccMoTpeTh Kareropuio nyukos O-monyaeit Ha X, rae O — ¢ux-
CHPOBAHHBIi INYYOK KOJel; COOTBETCTBYIOlHe p-MPEBpaTHbHe My4-
K o6o3Havalorcs A (p, X, C) uau npocto A (p, X).

[Mpu p=0 mH moJydyaeM OOBLIYHYIO KATErOPHIO NYYKOB.

1.4. lTpumep. TIlycte X —n-MepHoe KOMILIEKCHOE MPOCTPAH-
cTBO €O CTpaTHduKAuyed KOMIVIEKCHEIMH TIOJAMHOrOOGpasuaMu S.
Mycts G. (X) — KOMIVIEKC KyCOYHO-TUHEHHBIX Lemell (B Kako#-HuGy b
KyCOUHO-/IMHEAHOA CTPyKType X) ¢ ko3bduuueHramu B 1OJe.
O6osunauum uepes [C . (X) mnoakommiekc C,(X), cocrosiufi u3
Henefi ¢ CO CJAeAYIOLIUMH YCJIOBUAMH

dim (supp ¢ N S) < dim supp ¢ —codime S,
dim (supp dc¢ N S) < dim supp ¢ — 1 —codimc S
ass Bcex crpatoB S kopasmepHoctu >0.

OnpenesmM ananornuso [C (U) nas  OTKPHTHIX IOJMHOXKECTB
UcX c uaayuupoBadHOfi cTpatndukanueli u 0G03HAUMM uepe3
IC™(U) nonrpynny uenef C 3aMKHYTHIM HOCHTEJEM.

Toaoxum 1CH(U)=[1C5,—, (U)]*. Torma IC'— p-npespaTbiit
nyuok B kareropun A (P12, X, A), rae A-—MNOCTOAHHBI MYYOK,
oTBeualouiuil rpymne K03 UIKCHTOB, a aBTOLBOHCTBEHHAA NPEBPAT-
HOCTb iz 3afaetcs GopMyaolt piz(S)==—dimcS.
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VIHTyATHBHO TOBOPS, MPEBPATHHIH MyH0K IC' cmeagyer paccmar-
pHBATb KaK NMPaBHJ/bHBIA aHAJOr MOCTOSIHHOTro IydKa A Ha ocOObIX
MHOroo6pasusax. MoxHO NoOKasaTb, 4TO Kak 06beKT NPOH3BOAHON
KaTerODHH OH TOJy4YaeTcsi ¢ MOMOLIBIO HEKOTOpO# €CTeCTBEHHOH
KOHCTPYKIHH NPOJOJIXKEHHA NOCTOSHHOrO IyuKa € OTKPHITOTO MJOT-
HOrO cTpara.

DTy KOHCTPYKUHMIO MOXKHO NPHMEHATh TaKXKe K HENOCTOAHHBLIM
JIOKaJbHBIM CHCTEMaM H Jwo6oi mpespaTHocTH. OnuuieM ee NOA-
poGHee.

1.5. KoHcTpykuusi mpojomxenus. Bynem cuutaTe, 4TO MpeBpaT-
HOCTL p MoHOTOHHa: ecyu SCT, TO p(S)>p(T). Tlonoxum
Fo,= US,U,= US, juUpU,. Quesuafo, U, OTKpbITH, F,

p(S)y=n p(S)<n
3aMKHYTH.
ITycts A— p-npeBpaTHbii NyuOK Ha U,, a>k—T1akoe ueioe

uncao, uto p(S)<a amm seex S, U j=j;
j!*A:T<a—1Rja- .- 'T<kRjk+1,- (A),

rie t_,— OObMHBIM cpesatoutui  gynkrop B D(X) (CM. I 4,
n. 2.10), Rj —@ynxrop npamoro o6pasa (cm. ra. 4, m. 5.2).

1.5.1. Mpenanoxenune. [lpogomxenue j,,A p-peBpaTHOrO
nyuka A ¢ U, na X 9ABISIeTCA €JMHCTBEHHHIM NPOJOLIKEHHEM A
10 o6vexta PEObD (X) cO CrepylomuMA CBOACTBAMH:

H"i, (P)=0 npu n=>p(S),
H"i% (p) =0 npu n.< p(S)

s Bcex SCX\Uy.

Bosee 06mio, TeopemMa CYyLleCTBOBAHHMS W €AHHCTBEHHOCTH MPO-
HOJIKeHH ¢ TaKuMH cBoficTBaMH BepHa B c.nenylouxeﬁ CHTyauHu:
smecTo U, MOXKHO B3sTh Jlio60oe OTKpBITOe O0belHHEHHe CTPAToB, a
Ha p MOXHO He HaJiaraTb YCJOBHE MOHOTOHHOCTH. QOpHako H3JI0-
JXKeHHas BbilIe IpsAmasi KOHCTPYKIHSA MOKET OKasaTbcsl HempHMme-
HHMOH.

Uro6sl OMUCaTh ee B 00ileM Buie, BBeeM (YHKTOPH MPAMOTO
obpasza ?j, ?j, csf3aHHbe C NaHHOf TNPeBPATHOCTHIO p.

O603HauuM yepe3 U npou3BO/bHOE JOKALHO 3aMKHYTO® ofGrenu-
genue crtparos u wepes j:U-—-X BiOXeHue. Torpa onpeae/eHsl
dynxrops Rj, j,u3 D({U) B D (X) (eM. ra. 5, m. 3.7.1). Moxuo
NPOBEPHTH, UTO OTHOCHTE/ILHO {-CTPYKTYpHl, omucanHoi B m. 1.2,
Rj, Touen creBa, a j, TOYeH cmpaBsa. 310 O3HauwaeT, 4YTO JJd

PeA (p, U) umcem: Rj (P) nexur B D> (X), Jj,(P) 7nexuT B
?D<°(X). Onpepemmm ¢ynxTOpH 7j u Pjz K (P, U)-»> M (p, X)
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yCI0BUAMU
pj-(P)sz<0Rj. (P)y
le(P)=p17>0'fl(p),

TAe PT O3HauaeT Cpe3aiouihii (YHKTOP OTHOCHTENBHO Z-CTPYKTYpHE
1.2 (oM. semmy B ru. 5, m. 3.4.1).

Ecrecrsennmit  Mopdusm dyuxropos j ,—> J, Tnpomo/pkaetcs ¢
TMyuKOB Ha NPOM3BOJAHEIE KATErOpUU H 3aTeM A0 #j — 7). Okonua-
TeJLHO, MOJOX UM

Ji PYy=Im (j (P)—>"] (P))-

1.5.2. [lpeanoxenune. Ecan BéA (p, U,0), rae U—or-
KPEITOE 06bennHEHHe CTPATOB, T0 P=ju (P) siBJseTcs elIHHCTBEH-
HbIM npoxoyxkendem B B D(X,0) co cBOACTBOM, YK4a3aHHbIM B
upeanoxenus m. 1.5.1.

1.6. KoncrpykrnBHble komnuaekchl. Haunnas ¢ storo mecra, mbl
OyieM cuuTaTh BHINOJHEHHEIMH CJEAYIOIIHE YCJIOBHS.

a) O ecTb MOCTOSHHBI NYUOK, CNOH KOTOPOTO — QHKCHPOBAHHOE
HeTePOBO KoJbLO R (ualle Bcero Z uiu moJe).

6) X pomyckaer JIOKaJbHO KOHEUHYK TPHAHTYJSLHMIO; KaXABI
CTPaT cTpaTupUKanuH P SIBJSETCS PaBHOPa3MEPHHIM TOIOJOrHYeC-
KHM MHOroo6pasheM H IOJIyYyaercss oGbeIUHEHHEM OTKPHITHIX CHM-
niekcos, npuyeM dim S<<dim T npu ScT, S+4T.

B) Iaa moboro S ¢yHKTOp ig MMeeT KOHEUHYI0 KOTOMOJOTH-
YECKYI0 PasMepHOCTb.

CraHfapTHHIM TIPUMEPOM SBJSETCSl CTaTHQHKAIHS YHTHHE Be-
IIECTBEHHOr0 aJre6paHiecKOro MHOrOoOpasHs, M, B YacCTHOCTH,
CTPaTH(HUKAUUS KOMIJEKCHOrO MHOroo6pasusi HeOCOGHMH  KOMI-
JIEKCHBIMH NMOAMHOro0GpasusaiMu (B 3TOM BaxKHOM cJydyae Bce CTpa-
Thl YETHOMEPHH).,

1.6.1. Onpenenenue. a) [Tydox & Ha X HA3BHBAETCA KOH-
CMpyKmugHsLM OTHOCHTENBHO &, ecad 1ga moGoro SEF myuok
iy F J0KaNbHO MOCTOsHEH Ha S. :

0) Komnnexc nyuxkoB F HasbBaeTCA KO20MOAL02ULECKI KOHCH-

pyrkmughoim, ecm Bce H*(F) KOHCTPYKTHBHH M HMEIOT KOHEYHO
MOPOX fiIeHHHE (Hag R) CJIOH.

OGosnauuM yepes Dy (X, R) NOMHYI0 MOAKATErOpHIO KaTeropuu
D (9 (R-mod)), coCTosulyio 43 KOTOMOJOTHYECKH KOHCTPYKT HBHEIX
OTHOCHTEJIBHO & KOMIICKCOB NMYy4yKoB R-Monysedt, u uepes D, (X, R)
obbeputende Dy (X, R) m1a BCeX ¥, YAOBIETBOPSIOULHX YCJOBHAM
a)——B) Bolwe. Jlerko nposeputs, uto Dg (X, R), D, (X, R)—
TPHAHTy/IMPOBaHHEIE moaKaTeropud D (2 (R-mod)).

OtMeruM, 4TO NpU BHNOJHEHWM yCIOBUA 6), B) a1  J11060ro
crpata SEF H MOGOrO JIOKAJBHO NOCTOSHHOrO Tyuxka F Ha S TIy4OK
‘I (F) KOHCTPYKTUBEH OTHOCHTENLHO P. - ‘ ' ‘
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OcHoOBHasi NpHYKMHA, MO KOTOPOH HYXHO BBOAHTb KaTeropuio
D.(X, R), 3akmouaeTcs B cJeJyiolleM MpelJoXKeBHnH.

1.6.2. Mpennoxenue. a) Jyamsupyouuit xommiaexc Dx

(M. r1. 4, m. 5.16) sexur B D, (X, R) (B KeHACTBUTENbHOCTH, B
Dg (X, R) naa moGoit cTpaTudHxaluuy, yAOBJAETBOPAONLlei 6), B))-
6) IsofictBennocts [lyHkape—Bepavse. Ilycts R =% —nose.
dynxrTop D F ‘=R #om (F', D,) samaer 3KBUBaJEHTHOCTb KaTero-
puit D, (X, k)= D (X, k).
1.7. JIBOiCTBEHHOCTb AJS WpeBpaTHbLIX NMyukoB. Ilycts p — npe-

BpaTHOCTh Ha cTpaTHHKauud & npocrpancrsa X. Omnpenenum
ABOHCTBEHHYIO NpeBPaTHOCTb p* (opmyoi

p¥(S) = —p(S)—dim S.
Ecau Bce crpaTel YeTHOMEPHH,
D12 3anaercss GopMmyJon

p12(S) = —(1/2)dim S.

Hcnoabsyst ¢opmyast u3 ri. 4, m. 5.18x, ycaosua (1), (2), ompe-
Jesi0llHe p-IpeBpaTHhie NYYKH, MOXKHO IEPenHcaTh CJAefyOoIHM
o6pasom: A5 J060ro cTpata S€F uMeeM

H"ig(F)=0 npu i>p(S), )]
H"is (D,F )=0 npu i> p*(S). @y

a8TO0BOLCTBEHHASL TIPEBPATHOCTH

[Tapa ycaosmii (3), (4), oueBHAHO, NBOACTBEHHA JPYr APYrY.
TMostomy ¢yHKTOp ABOHCTBEHHOCTH SDx nepesoaut A (p, X)o B
JH (p*, X)°. Kpome Toro, Hanaras Ha F° TpeGoBanHe CaMOABOHCT-
BEHHOCTH OTHOCHTEJbHO Dx, MOKHO, OUEBHJHO, OIPAHHUHTLCS JHLIDb
oauuM u3 ycaosuit (3) uaum (4). INoaromy mpenasoxkeHrne mn. 1.5.2
MOXHO TepenucaTth CJAeAylomHM 06pasom.

1.7.1. Tlpepaoxzuue. [lycts Bce crpathl SE¥ umeoT
YETHYIO Pa3MepPHOCTb M pP= pij2—aBTOXBOHCTBEHHAA NPEBPATHOCTE..
IMycts j:U - X —BioxeHde oGbeJMHeHHsl CTPATOB U ¥ — p-nipeB-
paTHHII caMOJBOACTBeHHbIN (OTHOCUTENLHO Dy) nywox Ha U. Toraa
J 1+ — eIMHCTBEHHOE CaMOJBOACTBEHHOE (OTHOCHTEJBHO Dx) Npo-
nomxenne P xommsexca ¢ B D (X, k), Takoé, uTo s JHOGOTO-
crpata  SCX\U nvmeem Hi(isP)=0 1pu i> pip(S)=
=—(1/2)dimS. W |

1.8. Hameapuenne ctpatHdukanuu. [lycts crparuduxams 7
SIBAAETCS M3MeJibueHHeM cTpaTHdukanuud ¥ (TO €CTh KaXIblii CTpaT
Z eCThb OOBEeJMHEHWE HECKOMBKMX CTPATOB 7)), TaK UTO UMEeTC
Broxenue kareropuft [:Dg (X, R)» Dg (X, R). Ilycte p,q—

NpeBpaTHOCTH Ha ¥, 7, YIOBJIETBOPSIOUINE YCIOBHIO
r(S)<qM<pS)+dimS—dim T
ang mobux S€#, T€T ¢ TcS.
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1.8.1. [Ipennoxenune. B 3TuX yCIoBMAX {-CTPYKTypa NpeB-
parHoct ¢ Ha Dg (X, R) unpyuupyet f{-CTPyKTYpy NpPEBPaTHOCTH
p Ha Dg (X, R) (upu Broxenuu xareropufi /). B uacTHOCTH, KaX-
JbIl p-TIPEBPATHHI NyYOK SIBJAETCH ¢-NPEBPaTHBM, [ HHIAyLUPYeT
TOUHOE BJOXKeHue adeseBwx Kateropuit [, q:u (p, X)—> A (9, X)
U aas Jmo6oro Baoxenus j:U - X oObenuHeHus CTPATOB ¥ Orpa-
HuueHus QyHKTOPOB 9j., 9ji, 9, aj', 9j,, wa M (p, U) n
M (p, X) COBNAfAIOT C COOTBETCTBYIOMMMA (YHKTOPAMH, HMEIOLIHMH
unjexc p. B

1.9. KomouekcHble MHOrooopasmsi. PaccmorpuM cCiyuafi, xoraa
X — KOMILIeKCHOe MHOrooGpasue, ¥ — crpathdukanus X HeoCoGuIMH
KOMIJIEKCHBIMH TIOAMHOroO0pa3uaAMH, U TPEBPATHOCTL p TAKOBA, UTO
p(S) sasdcur smmb OT pasMepHocTH S€F, (TO ecThb p(S)=
— p(dimg S)=p (2dimc S)). DBynsem cuurath Takxe, uro p(n)
Y/I0BJIETBOPSACT YCJIOBHIO

0<p (n) —p(m) <m—n mpu n<rm. (5)
B sToMm cJayuae, corJacHo HpeAsoxeHHio m. 1.8.1, wH3MeabueHHe
cTpatHUKALKMH COrJACOBAHO ¢ [-CTPYKTypaMHu, TaK YTO Iepexol
K HMHAYKTHBHOMY IpeleJy MO3BOJSIeT  ONPEleNHTb [-CTPYKTYPY
NpeBpaTHOCTH p:

(D" (X, C), D:>" (X, C)

b

Ha TpHaHryaupoBaHHoR Karteropun D (X, C) OrpaHHYeHHBIX KOMII-
JIGKCOB MyYKOB KOMIIEKCHBIX BEKTODHHIX NPOCTPaHCTB Ha X €
KOHCTPYKTUBHbIMH (OTHOCUTE/ILHO KaKOH-mb0 — cTpaTH(ukauun X
KOMIIJIEKCHBIMH MHOTOOGPA3HsAMU) KOTOMOJIOTHAMH.

1.9.1. Tpenaoxenune. Jaa FEDI(X, C)
YCJAOBUS SKBUBAJCHTHbI

a) X—p-npeBpaTHHIH# HYYOK.

6) Kaxnoe HenpuBoiHMOe mnoAMHoroo6pasue ScX conepxkur

oTKphiTOe no 3apucckomy UcS rakoe, uro oGo3nayas — uepes
j: U—X BnoxkeHHe, HMeEEM

H{(RjF)=0 upu i>p(dimg S);
H (j'F)=0 npu i < p(dimg S).

1.10. Mpoctele o6bexkTHl. B cayuae, xorma R=Fk-—rmone, a
TPeBPaTHOCTL P 3aBUCHT JHWb OT dim § ¥ yLOBJETBOPAET YCJIOBHIO
(D), MOXHO J4Th CleAyIOllee ONMHCAHHE IPOCTHX OOBEKTOB B albese-
Bo#l Kateropud Mg (p, X)=M (p, X)NDg (X, k).

1.10.1. Tipexgaoxenue. Karteropus Mg (p, X) apruHOBa.

Ee mnpocThie o6bexTs uMeior Bup L (S, &)=7(is)«[p(S)], S€2,
& — HENPUBOIUMBIH JIOKAJBHO NMOCTOAHHLIA Ny4YOK BEKTOPHBIX TPOCT-
padcTB Ha S. B vacTHocTH, ecsi BCe CTPaThl OJHOCBSIBHE!, IPOCThIe
06BexThl M  (p, X) B3aMHO OZHO3HAYHO OTBeuaioT cTpaTaMm SE€7. B

+ 180

caeAyoLLHe

R e

Ecau He UKCHPOBATh CTPATH(PHKALHMIO, TO KATETOPHUA p-MPEB-
paTHBIX TYYKOB 3a[aHHOH NPEBPATHOCTH P Gyner, BooOue roBops,
JHIIp HETEpOBOf, HO He apPTHHOBOM. OJaHako ecau p=py,— CaMo-
npoiicTBeHHag (QuAbTpalus, TO BBHAY IBOHCTBEHHOCTH Bepase,
HéTepOBOCTh BJIEUET ApPTHHOBOCTD. B uacrHocTH, ecau X — KOM-
IJeKcHoe MHorooGpasde, noJjydaeMm cjelyioulee yTBEPXICHHE.

1.10.2 Tlpenaoxenue. Kareropus M (P12, X) pijp-npeBpatT-
HbIX MyuKOB Ha X C KOTOMOJIOTHSMH, KOHCTPYKTHBHBIMH OTHOCHUTE/Ib~
HO Kakof-1i60  cTpatubukanum X KOMIVIEKCHBIMH HeoCOOLIMH
noaMHEOr006pasusiMi  (cm. M. 1.9) apTuHOBA. Ee mnpoctele OOBEKTH
umetor ua L(S, &), (oM. m. 1.10.1), rme S X —Heocoboe Hempu-
BOJIHMOE NOAMHOro06pasue, &—HENPHBOIHMMBIN JIOKA/IBHO MOCTOSHHKI
nydox Ha S. [lpu 3TOM L(S, &) =L(S',&’), ccm 1 TOMBKO €L
SNS’ maotso B S u 8w é’]sﬂsrzg' lspys- [ |

§ 2. Ckaeiika

9.1. Yto Takoe ckaeiika. B sTom naparpade obcyxaaercs ciae-
aywomasi 3agava. [lyers X — TonoJiorHyecKoe  IPOCTPAHCTBO,
UcX — OTKpHTOE I0JIMHOXKECTBO, Y=X\U —ero nponoJHeHHE,
j: U=X, i:Y—>X—coorBercrBylollie BJOKEHHUS. Mp  uHTEpE-
cyemcsi TeM, KaK CBA3aHbl NpeBpaTHble NyYkd Ha X ¢ npespar-
HbiMe nydskamu Ha U u na Y. Bce M3pecTHble Ham pe3yJIbTaTH O
cKJelike MOXKHO OObLedMHHTb B JBe OoJblliHe TPYNIBl, ~ KOTOpbI€
VCJIOBHO HA3bIBAlOTCS CKAEHKaMH CTPYKTYp H cKAeHKaMU cepAaue-
BUH. THOHUHBIMY NpPEACTABHTENAMH 3THX TPy sBJAAIOTCA COOT-
BeTcTBEeHHO Teopema m. 2.2.1 u Teopema m. 2.5.1.

2.2. Ckjefika {-cTpykTyp. IlpeinoJioXuM, 4TO Ha MHpOCTpaH-
ctBe X samana  crpathpukauus ¥, u U sBjserca  OTKDBITHIM
o6benuneHnemM crpatoB (Tak uro Y=X\U raxxe ofbefuHeHHe
crparoB). IlycTh p-— NpeBPaTHOCTbL HA &; ob6o3HauuM  TOH Ke
6YKBOH HMHIylHPOBAHHBEIE IPEBPATHOCTH HA U uuna Y. Hanomuuwm, yto
BN 5, m 3.7.3 Mbl ONHCa/IH, Kak MO MPOHU3BOJILHBIM {-CTPYKTypam

Ha D(PS#by) u D (9S#by) MOXKHO [OCTPOHTD {-CTPYKTYpy Ha
D F($#bx), ucnosb3yst A9 3TOTO MECTH ¢yuxropos i, i, L, Rj.,
ju j', YAOBJETBOPSIONIUX HEKOTOPHIM YyCJ/IOBHAM COTJIACOBAHHOCTH
(oM. ra. 5, m 3.7.1.).

2.2.1. Teopema. {-CTPYKTYpPH [peBPaATHOCTH p Ha
D(Pstbx), D(Pstby), D(PStby) cBazanb MexIy coGoit  KOH-
cTpyKumei u3 ria1. 5, m. 3.7.3.

Dra TeopeMa N03BOJseT NPUMEHHTh K HCCJELOBAHHMIO NpeEBDAT-
HBX MyYykoB OGILYI0 TEXHHKY [-CTPYKTYp. B uyacTHOCTH, ONMHCaHHE
NPOCTHIX NpeBPATHHIX NMy4KOB U3 II. 1.10 mMoXHO 0606IWHUTL CJCAY-
omum ob6pasom. IIpumensas (QYHKTOp H° (oTHOCHTeJIbHO !-CTPYK-

181



TypH IIPEeBPaTHOCTH p) K j 1, NodydaeM GyHKTOPH
‘ pjn pj!:ﬂ(p1 Us 0)—*«/{(17, X7 0)
u MopdusM PyHKTOPOB

Fpj—~?j.
Tlocre 3toro 2/, (p, U, O)— M (p, X, O) ompenensercd Kak
<dyuxTop, conocrasmsowuit F 64 (p, U, O) obvekr Im Fr xare-
ropuu A (p, X, O).

2.2.2. Tlpennoxenue. JloGoit npocroit o0vext A (p, X, O)
usomopden JsubGo  obwvekty PL.F', rpe F —mpocToii OOBEKT
H(p,Y,0), mbo obrekty 7j F, rpe F.—npocTof OGBEKT
M (p, U, O).

OtveTuM Crleayioiide aBe Xapakrepusanuud o6bekta §'=Fj 9"
st FeM (p, U, 0). C oxHOi CTOPOHH, & —3TO €IHHCTBEHHBIA

06beKkT D? (#$bx), asasiomuics npogomkeHneM ¥ Ha X (TO ecThb
Jg =), ann KOTOporo

i'9eD<'(p, Y, 0), i'%eD” (p,Y,O0).

C 1pyroit croponsl, ¥ —enuHcTBeHHHEH 0GbexT JM (p, X, O)
ABasomufica npogomkendeM &' Ha X, y KOTOporo HeT mnopo0bek-
TOB M (akTOpOGHEKTOB, COCPEAOTOYECHHBIX HA ¥ (TO eCcThb MMEIOMIUX
BUL Pi. 06 nan FBEM (p,Y,O)). B stoM cmbicie 7). F MOXKHO
paccMaTpHBaTh KaK MUHUMG .LbHOe TPOJO/MKeHHe F Ha X.

2.3. Ckaefika npeBpaTHbIX ny4YkoB. Bropas rpynma pesy/bTa-
TOB O CkJeflke HMeeT Aen0 CO cjepywoieft curyanueit. [lycts &°
u J6° —npespatHble yuku Ha U u ¥ coorBeTcTseHHOo. KaxoBbi Te
JONOHUTe bHbE — faHfible, KOTOpBIe  TO3BOJAIOT  OAHO3HAYHO
nocTpouts M0 ' ¥ J6° npeppatHuil nmywok HA X? OTBeTH HA 3TOT
BONpOC (BbIpaxKeHHBle Ha pasHBIX sI3bIKaX, HO, IO CYyIIecTBY, 3K-
BHBaJIEHTHbIEe) ObIJIH TOJydYeHBl HECKOJbKHMH apTopamMH. B uncTo
‘TONOJIOTHYECKOH CHTyaluu HauboJsiee O6MIMI pe3y/bTaT NpHHAMLJe-
KUt Maxgepcony u Buaoneny [110]. Mbl H3/0XHM 34ecb NOJ-
xol, npuHaasiexamuii A. A. Beiauncony u Bepave [23], [142]

23.1. Ilpeanonoxedus 3abukcupyeM  oOO3HaueHHsi H
TIpeANOJOXKeHHsI, KOTOpble OyAyT HCIOJAB30BAThCs JIO KOHLA 3TO-
ro naparpaga. Byzem cuutath, yto X — KOMIJIeKcHOe MHoOroo6pa-
sue, Y X —noaMHoroo6pasie, KoTopoe  3ajaercsi B X OJHHM
ypaBHeHHem [=0 Aas Hekotopod ¢yHkuum [E['(X,Ox). Mm 6y-
JeM paccMaTpuBaTh  JIHIIb  CaMOJBOHCTBEHHYIO IIPEBPATHOCTDb
p1,2(S)=—(1/2)dim » S; kareropun D’ (X, C) (cm. m 19) =
M (P12, X, C) (cm. n. 1.10.2) mut 6ynem o6osnauate Dx u Ax,
00bekTH A x OyAeM Ha3blBarh IMPOCTO  INPEBPATHREIMH OYYKAMH
Ha X. AnajoruuHble oGo3HaueHus OyIeM HCIOJb30BaTh AJs Iyu-
koB Ha Y u U=X—-Y.

2.4. DyHKTOPHl MCUEIAIONIMX IMKJIOB M MX CcBOficTBa. Onpe-
aenvM, caenys HemuHioo [55], aBa GyHKTOpa HCYE3aIOULMX IIHUKJOB,
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cesiBanpbx c dymkuwer f. QOGossaumv B=Cl, B* =C'\{0.
B* — ynupepcancias HakpwBaomas BY, p:B*— B* — HaKpHT U

(MOXHO CYMTATb, YTO B*=C, p(2)=e?). lveeM cIRAYIOULYIO KOM-
MyTATHBHYIO AMATPAMMy NPOCTPAHCTB W OTOOPaXeHwui:

Y‘i' X 4 U

| b

{0};._—81——-——) B* .

OGosnaunm uepes X* paccaoenHoe mpomssenenne X u B* man B

(oTHOCUTesBHO Tmaphl oToGpamenumit f, p) M vepes aX*—=> X
€CTECTBEHHYIO TPOEKIHIO.

2.4.1. Onpenencuue (¢pyukmop Oaruskux yukA08). ILas
FEDx noa0KAM

Y (F)=i'RnaF". (1)
2.42. Tlpexnoxenue. a) Popmyaa (1) sanaer dbynkTOp
1P/2Dx——> Dy.
. 6) Ecm FEHA x, TO 'q)fgle./ly [ |
Hockombky = (X*)=UCX, ¢,F sasucur b ot j-F. Cre-
JIOBATEJBHO, 1, TO3BOJSET ONPEie/HTH dynxTop (Takxe 0GO3HA-

uagemeli Y,) u3 Dy B Dy. . )

,U,aneef, ecTecTBeHHEBH Mopdusm F—> R (CONMPSKEHHOCTH
Rx. u ) 3amaer MopdusM (yHKTOPOB 06— Py

2.4.3. Oupenenenne (pyukmop ucuesaioulLx YUK A08).
TloJ 03KuM

9, (F)=cone (Bg-: P F 9 F) 2)

(to ects @, (F)—rTpernit UIeH BHIACJIEHHOTO TPeyroJbHUKa, CO-
JAepKalero Og-).
. 2.44. Ilpenaoxenune. a) Popmyna
(pf:DX"> DY-
6) Ecau FEMx, mo ¢6My. .
Jlnst [0Ka3aTeabCTBA &) HYKHO SABHO peamm3oBaTh @y Kax
TMPOCTONH  KOMIIEKC, aCCOUMMPOBatHbI C LBOAHBIM KOMILJIEKCOM

eg- -:i.g-."} '\pfg."

2.4.5. MoHozpomusi. OrofpaxeHue «CiBara Ha OLMH BATOK»
¢ B*— B*, t(2)==2z-+2mi KommyTHpyeT C 7, pot =p, ¥, 3HAYUT,
‘ .Px 5 ¥* ¢ mot=—mn. ClenoBatesHo,
safaeT OTOOpaKeHUe T X*> B ;
mopduaM PyHKTOPOB A:Id— Rrt.- v 3amaeT MopdusM R mohon :Ram —>ﬁ
—Rmm, W, 3HauuT, MOpduaM dynxTopoB T iy~ Py, Ha3HIBACMB
monodpomueii. SlcHo, uro T KOMMYTHPYET C 0, T-6=0, rak uro
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nojgyuyaeM MOpdusm (HasbiBaeMbli H OGO3HayaeMbli  Tak  xe)
T : gr>q¢s. Tlockombky t— nzomopousm, T spisercs aBTOMOPDU3-
MOM.

2.4.6. Mopdusmpl can u var. Uepes can u var o603HaualoTCs
aBa MopdHaMa QYHKTOPOR:

can : gy,

BO3HHKAIOUIHHA H3 BhIAEJEHHOTO TPeyroJbHUKa, ONpPEAELSIOIIEro [OF N
H

var : Y@y,
BO3HHKAIOIUUA M3 MOpP(HU3Ma BbIJeJEHHBIX TPeyroJbHHKOB

cany

CF iy (F)—— 0, (F) i F [1]
‘L \Lrg..——Id vargee ¢
0*‘*‘1’,‘ (.?")——+1pf(5")~——>0,
TaK 4To varecan= 7 —id.

2.5. Jlannbie ckaefiku. BeeneM xareropuio Glue (¥, U), o6bekTa-
MH KOTOPOH #BJAIOTCA ueTBepku (', 56, a, b), rae % '6€ObAy,
HEOb My, a:y,(§)~> ', b:36 v, (9)—Mopdusuel B Ay Taxue,
ut0 boa=Tg —id. Mopdusme B Glue (Y, U) onpegeastiores ecrect-
BEHHbLIM 06pPas3oM.

2.5.1. Teopewma. Kareropuu A x u Glue(Y, U) 3KBuUBACHTHH.

QynkTop M x->Glue (¥, U), ocyrrecTasiomuii 3Ty 3KBUBAJCHT-
HOCTb, nepeBoguTr F€ODA x B ueTBepky

(J'F, 9,F, cang., varg.).

2.6. IIpumep. llpocrefiiui mpuMep  OTBEUaeT  CHTyaluH
X=B, Y={0}, U=B*, {(2) =2. B stom cayuae My, ¥— 310 Kare-
TOpHsl JIOKAJbHO NOCTOSIHHBIX TNy4YKoB F (JIOKAJbHBHIX CHCTEM)
Ha B*. Tlockousky m(B*)=1Z, My, ¥ skBuBajeHTHA KaTeropuH,
cocrosimedi w3 map (V, A), rae V —koHeuHoMepHoe BekTOpHOE
npocrpanctBo (caofi F  Hax  Kakod-HHOYyAbL  TOukoH  B*),
A: V—V —obpaTuMbii JHHEHHH  onepaTop (reomerpuueckHit
ONepaTop MOHOAPOMHH, OTBEUAKIIHH 06GXOLYy BOKPYr HyJs B MO-
JIOXHTeNbHOM HampasJ/eHdH). [lasee, xareropus Ay 3KBHBAJEHT-
Ha KaTeropuy BEKTODHbIX npocrpaHcTs. DyHKRTOD ¢f: My—>My
nepesogur (V, A) B V, u oneparop momoapomun T cosnagaer ¢

—Id. Tlostomy KaTeropmss A x 9KBHBaJeHTHa cjeAyiollel Ka-
TErOpHH ¢ «AaHHLIX JHHEHHOH anre6phi»:

Obst={(V,W, E, F)},
rae V, W— koHeuHomepHble JuHefiHble npocTpaHcra, E: VW,
F: W—V — nuneiinbie onepatope, mnpuuem ld-+FoE obpatum
(MOpdHU3MBI B S ONPEAESIOTCS eCTeCTBEHHBIM obpasom).
2.7. Eme npumep: KOOpAMHATHAA cTpaTHdUKALMUS. ITpumensas
TeopeMy 0. 2.5.1 HeCKOJbKO pa3, MOXKHO NOJYYHTh OMNHCAHHE Ka-
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teropun Mx,¥ B TepMHHAaxX [aHHHX JHHEHHOH aare6pel H AJd
6oJiee CJAOXKHHX cTpatu¢ukauupn ¥. CiaelylOlui IpHMEp NOKa3hi-
Baer, yro HpH 3ToM Hoayuaercst. Ilyers X=C», & — crparujuxa-
Hs, CTPaTaMM  KOTOpOH  sBJsAOTCS  noaMHOxectBa X X,
I={l,...,n}, sanaBaempie Tak: X;={(x1,...,%n) 1 X;=0 pas
iel, x;#0 nas i¢]}. Kareropusi nmpeBpaTHbx myukos Ha X, Koro-
MOJIOTHY KOTOPbIX KOHCTPYKTHBHBI OTHOCHUTEJBbHO CTpa’I‘I/I(bI/IKa-
UM &%, 3KBHBaJIeHTHA CJEAYOINeH KaTeropuu Sy

OfMH O0BLEKT #(yy—3TO HaOOp U3 2" KOHEUHOMEPHBIX JiUHEIHBIX
npoctrpaucts V;, /c{l,..., n} u oTOOpaKeHHH E,,,-:V;—>V1U{,-},
Fri:Viguy—~Vi, i€/, ynonersopsiomux CHIEAYIOUAM YCIOBHAM

Elu{f},iEi,j————EIU{i},,-EI,i,
Fl.jFlu{j}.i=F1,iF1U{i},j upu i, j€I, i j,
Ef\{i}:iFl\{j},j:FIU{i}\{j}E],i npu i€/, jEI.

F1,:E,;+1d obparum.

Mopduambl B ¢y —3T0 Habopel otoOpaxennit f;:V;—V,, nepe-

cTaHoBouHble co BCcemu £, Fi,.
2.7.1. [lpenaoxenue. Kareropus

KaTeropud ¢ (s).

M x , DKBHUBAJCHTHA

BUBJIMOTPAOUUYECKHE YKA3AHHUA

[ToHsiITHE IPeBpPATHOTO NMyuYka B TOM BHAE, KaK OHO H3JIOXKEHO B 3TOM napa-
rpade, BruepBue mosiBuadoch Y A. A. Beinmacona, M. H. Bepnmrefina, Jeauns
H Ta66epa (cum. [25]). IlepBonayasbHast uenb MX paGOTH COCTOSNA B TOM, YTOGH
YCTAaHOBHTb COOTBETCTBHE MEXKAY MOILYJIAMH Haj KOJabLiaMH aureGpauyecKHx
IH(QdepeHHAILHEIX ONEpaTOPOB H KOMIVIEKCAaMH KOHCTPYKTHBHHIX NY4KOB B
paMkax coorBercTBHst Pumana—TIuan6epra (cM. cieayomyio raasy). Kuace
BecbMa BAXKHHEIX NPHMEPOB H3BPAIIEHHBIX MYYKOB JOCTABJAIOT TaK Ha3blBaeMHe
nyuku (Ko)roMoJoruii nepecevenus (intersection homology), Beeaernme (o npea-
aokenHo Jenuns) Topeckn u Makoepconom [70] B passutue ux paGor mno
nasoficTBenHoctd Ilyankape mis ocofhnx muorooGpasmii. IloapoGHoe H3soXeHHe
pabornt [70}, BMecre ¢ HeoGXONMMHIMH MOHATHAMH TEODHH NYYKOB, cM. B [29]

B panpHefillem OKa3anock, YTO NpPeBpPAaTHBIE NYYKH BO MHOTHX OTHOLIGHHSX
He xyXe (a HHOTAA H Jy4lie) OGBIYHHX NYYKOB HPHCHOCOOJEHH K HCIOJb3OBA-
HHIO B 3ajayax TOMNOJIOTHH ¥ aHaJH3a Ha ocoObix MHOroo6pasuax. B stom o63ope
Mbl OCTaBJsieM B CTOpPOHe GOJIBIIMHCTBO CBSI3¢H TEOPHH NPEBPATHBIX NYYKOB C
sagavamu anajusa (L2-xoromosoruH, cwm. [45]), Teopun npeicraBaenmii (cM. [67),
{92], [136], [143]), Teopuu crpykryp Xomxka [126], Tomosoruu oco6eix MHOr006-
pasuit [29], cKOHUeHTpPHPOBaB Halle BHHMAaHHME B OCHOBHOM Ha TOMOJIOTHYECKOH
cTopoHe Teopud. XopowxM 0630poM BceX YKa3aHHBIX BhIIE CBi3eH TeOpHH mpe-
BPATHEIX NYUKOB MOMeT cayxnTb nokaap [109]. IlozpoGuas GuGauorpadms co-
nepxutes B [71].

Iloxa3aTeJbCTBO GOJBIIHHCTBA Pe3yJ/bTATOB, CPOPMYJHPOBAHHHX B § 1, MOXK-
Ho Haittu B [25] Tpeamoxenue n. 1.6.2 noxasano B [70} u B [29]. Teopema m. 2.2.1
H npennoxesde N 2.2.2 xokasaHn B [25]. @ymxropn GAH3KHX H HCYe3alOHX
LHKJOB B KOHTEKCTe MPOH3BOAHLIX KaTeropuil Ghiid BeeleHH JenuneM [55], 0606-
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LHBLIAM TOMOJOTHYECKYI0 KOHCTDYKIHIO Munnopa. Maesa ucmonp3oBatbh 3TH QYyHK-
TOPH A/ CKJACAKH NpPEBPATHBIX INYUKOB NPHHAJJIEKHT HECKONBKHM aBTOpaM:
[IOMHMO TOMOJIOTHYeCKHX NOAX0J0B Makdepcona—Buaonena [110), Hennna—
Bepave [142], A. A. Be#tmucona [22], [23] umeercs (3KBHBaJEeHTHBIA) MOAXOL
Kamupapel [96], ucnomp3yiownfi s3bix D-MoAynelt M COOTBETCTBHe PHMaHa—
F'unbGepta (cM. caep. raasy). OnucanHe KOHKPETHBIX KATEropuil IpeBpATHBIX
[yYKOB, HOJYYeHHHX C NOMOLIBIO 3THX mnoxxomos, cm. B [112], [111], [120],
B uacrnoctH, npumep nm. 2.6 u 2.7 saumcrsoBanu us [112].

TF'arasa 8

D-MOAYNH

§ 0. BBenenne

0.1, JlnHefinsie nuddepeHuUanbHoie ypaBHeHUS U DD-MOLYIH.
PaccMoTpuM cucTeMy JHHeHHBIX ypaBHeHui E:

j/]
Y Ru—0, i—1,...,q, (1)

j=1

Tlde U;— HeW3BeCTHble QYHKIHH OT NEepeMeHHHX Xi,...,Xn, Ri;—
JiMHeliHble JA(Q¢depeHnnaJbHBEe ONEpPAaTOpPHEl (BO3MOXHO, ¢ THepe-
MEeHHBIMH K03(¢duuueHTamu). B KkjaaccHuecKOoH TEOPDHH MBI HHTE-
pecyemcsi peilleHHSIMH TaKOH CHCTEMBI.

Yro6el onucare 3Ty 3adady Ha aJjreGpaHYeckoM s3bike, 060-
3HaYuM KOJbLO GYHKUIHH OT Xi,..., X, B KOTODOM JexXaT Ko3(d-
¢UIHEHTH CcHCcTeMBbl, 4epe3 A: 370 Moryr ObiTh IJaAKHe, Belie-
CTBEHHO-2HaJHTHYECKHE, KOMIJEKCHO-aHAJUTHUECKHE HJH  IOJH-
HOMHAJbHble (YHKUMH B Hekoropoil obaactu U. [lasee, 0603Ha-
yuM depe3 % KoJbLo AuddepeHLHaNbHBIX ONEpPaToOpoB ¢ Ko3pdu-
nuertaMd B A. Tlo cucreme (1) nocrpoum neswisi D-monyas M
Kak Kosjapo OToGpaxeHHst JeBbix ZD-Moayneir R : DrP—D4, zana-
BaeMOro yMHOXeHHeM CIpaBa Ha MaTpHUHBIY omepatop (Ry;):

Dr—>P1—>M—0, (2)

Pewenns cucremsl (1) Heo6sizareJbHO HCKaTh B A: MBL  MOXeM
HHTEpecoBaThcs, Hanpumep, OOGOOILEHHBIMH peIUeHHSIMH, KOTOphle
He obpasywor KoJbua. CymiecTBeHHO JIHIIb, YTO HX MOXHO audde-
peHLHpOBaTh W YMHOXKaTp Ha (QyHKUuH. [ToaTOMy HMeeT  cMBICH
paccMoTperp ApYyroil JeBblli D-MoAysb N W ONpefesNHTb MHOXKe-
ctBo Sol(E, N) kak mHOXecTBO pewleHuit £ co 3HaueHusmu B N.
‘O4eBUIHO, HMEEM:

Sol (E, N)—=Homg (M, N). )
-31‘0 paBeHCTBO IIOKA3BIBAET, UTO '
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e

dD-monyaeii siBasieTcst anare6panyecKoi BEepCcHell TeOpHH YypaBHe-
Hui (1).
0.2. XapakrepucTuueckoe  MHorooGpasme. Ilycte p=q=1,

r(x, &) —crapmmii cumBOJ omepartopa R. Ypasterue r(x,§)=0
ollpefieisier MHOroo6pasue B KOKacaTeJbHOM DAacCJIOeHHH K o6.Ja-
cti U, KoTOpOe HasbiBaeTcs XapaKTEPHCTHYECKHM MHOroo0pasuem
ypasHenus Ru=0. Posip xapakTepuCTHYECKHX HanpaBJieHHA X0po-
110 H3BecTHA B KJACCHYECKOH TEOPHH: COOTBETCTBYIOILHE HM TH-
NepPIOBePXHOCTH ABJSIOTCS TOBEPXHOCTSIMH MOCTOSHHOH ¢dassl Ko-
POTKOBOJIHOBHIX PeLIeHHH, a NPOEKUHs XapaKTEPUCTHUECKOTO MHO-
roo6pasust Ha U sBasieTca HOCHTeJNeM BO3MOXHBIX CHHTYJSIPHOCTEH
pelIeHn .

B caydae ofueit cucrembl (1) AJs ompejesieHuss XapaKTEpHC-
THUECKOIO MHOro06pasHs C/IeLyeT PaccMOTPeTb TOUKH (X, E), B KO-
TOPBIX PAHT MaTPHUBI CTAPIIUX CHMBOJIOB ko3¢ duunenton (1) cra-
HOBHTCS MEHbIIE UYMC/JIa HeM3BEeCTHHIX (yHKuHMil. B 1efcTBHTENb-
HOCTH, 3TO HaWBHOe ONpejefieHHe CTAaHOBHTCS INPAaBHJbHBIM JHUIb
mocae fobapieHus X cucreme (1) Bcex ee aupdepeHUHasbHBIX
CJIeJCTBHIl, M ropasfo yloOHee IOJb30BATbCA IKBHBAJIEHTHHIM al-
re6panyeckum OMNpe/eJeHHeM B TEPMHHAX D-monyas M (2). Oso
cocTouT B cieaywinem. Ilycte 2D;% — NPOCTPAHCTBO Oneparo-
pos crenenn <<i, M=% Mo, rae M, — A-noAMOIYJb ¢ KOHEYHBIM
yncjom o6pasyiomux B M, nopoxaawomei M Han P. Torna

e8]
GrM= & M;/M,_, aBasieTcs TPAaiyHPOBAHHBEIM MOAYJieM Haa KOM-
1=

o0
MyTaTHBHHIM Koabuom GrP= & D;|D;_;. Ao mocaefHee KOJbLO
i=

npeacTasJseT co00# KOJBILO I0CJOHHO-TIONHHOMHAIBHEIX (DYHKIHH
Ha KokKacateabHom paccioenun T*U k o6aactu U, a mopyas Gr M
ABJsieTCs MOJAYJeM CedeHHii HekoToporo myyka Ha T*U. Hocuteab
3TOrO nyyka H eCcTb XapaKTepHCTHYecKoe MHOroo6pasue — CHCTe-
Mmer (1).

Onud U3 MEPBHIX Pe3y/bTATOB TOMOJIOTAYECKOH TeOpHH D-vony -
Jiefl CBA3LIBAET Pa3MEePHOlTh XapaKTepHUCTHICCKOTO muoroo6pasus M

¢ HAWMEHbIIMM j, AJAd KOTOpOro Extg;)(M, A)=0 (cm. ra 1, m 6.1

un 2.7).

0.3. Jlokanusauus. Mensia obnacte U B mHoroo6pasuu X, Mbl
NPHXOAHM K HEOGXONMMOCTH CTaTh Ha TOUKY 3DEHHs TeOpHH Myi-
KOB: KOJbIo A 3aMeHsieTcs CTPYKTYPHHIM mydkom O'x, KoJbuo D
CTaHOBHTC TyuKoMm kKojen PDx AuddepeHiuaibHEX ONepaTropos
Ha X, M sameHsiercs Ha ny4ok Dx-MonyJaei. [Ipu s1oM BO3HHKaeT
HOBBIi ACTEKT TEOPHH — TOMOJIOTHUECKHE HHBAapHAHTH D x-MOY-
Jiefi Ha MHOTOO6GpasuH. :

Sra rsaBa INOCBSileHa NPeHMYILEeCTBEHHO  CJydYaio,  Koria
(X, Ox)— KoMIJIeKcHoe aarefpanveckoe mHorooGpasue. B §§ 3—5
H3J0XKeH ¢opMmajuaM nyukoB Dx-MoayJseit. B Heo6xoaumblx Me-
©Tax Mbl BBOJMM COOTBETCTBYIOLLYI0 TPOH3BOAHYIO  KaTeropHio.
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OnpaBjaHueM 3TOTO ¢ KJACCHYECKOH TOYKHM 3PEHHs CJYXKHT BO3-
MOKHOCTE c(HOPMYJNHPOBATh AAJEKO HAyllee ofobLieHue  Mpo-
rpammbl PumaHa—Iuab6epra 06 ONMCAHHH CHCTEMHB ypaBHEHHH
ocoGeHHOCTSIMH ee pelleHHH (cM. HUXKe, 1. 6.5).

0.4. TONOHOMHOCTD M PEryJasipHOCTb. XapaKTepPHCTHUECKOE MHO-
roo6pasue cucrtemel (1) B n-mepHoii o6JacTH HMeeT Pa3MepPHOCTH
He MeHbule n. Ecam oHa paBHa n, cHcTemMa H ee MolyJab M Haszbl-
BAIOTCS 20A0HOMHbIMU. PaHee TakHe CcHCTEMBl Ha3bBIBAJHMCH MAaK-
CHMAaJAbHO TepeolnpeneseHHBIMA. Takue cucteMbl HauboJjee OJIH3KH
K cHcreMaM OOBIKHOBEHHBIX Aud@epeHUHaNbHBIX ypaBHEHH#: HX
pelieHusl 3aBHCAT OT KOHEUHOTO uHcJga KoHcraut. llostomy oBm
HanboJiee MOAMAIOTCA H3YyUEHHIO anre6panuecKUMH  CpPeACTBaMH.
Knaccuueckne ypaBHeHHS — BOJIHOBOe, Jlamjaca u T. 1. — OTHIOAB
He SIBJSIOTCH TOJOHOMHBIMH,

OO6muM cBOHCTBAM TOJOHOMHBIX MOAYJel mocBsimeH § 5.

B reopuu OOLIKHOBEHHBIX JAud¢epeHUHaNbHBIX YpPaBHEHHH ¢
aHAJHTHUECKHMU KO3Q(QHLHEHTaMH XOPOLIO H3BeCTHAa  BaXHOCTh
yeJoBus peryasipHoctd no DPykcy ypaBHeHus B6AH3H 0coBoi TOU-
kd. OHa obecneyuBaer Xopollee NOBeJeHHe pelleHU#i Npu npubiau-
JKeHHH K 0co00ii TOYKe X;, B YaCTHOCTH, BO3MOXKHOCTb Pa3JOXKUTh
pellleHHe MO MoHOMaM (xX—xg)*log(x—%p)® H BO3MOXKHOCTH JIO-
KaJIbHO BOCCTAHOBHUTb ypaBHeHHe BOJIH3H 0cOOOH TOYKH 10 MOHO-
JPOMHMH — CBOHCTBAM BETBJIEHHS PeLUeHHI.

JJIs1 TOJIOHOMHBIX MOJyJIel TaK¥Xe MOXKHO BBECTH ONpejelieHHe
peryJsipHbix ocobeHHocTel ¥ 00OOIIUTL HA HUX 3TH CBOKCTBA, Ue-
My nocssileHb §§ 6, 7.

0.5. Mporpamma Pumana—TIuanbepra. Ilpocrefiluas rosoHoM-
Hasi cHcTeMa HMeeT BH[

;—;‘Lf—z soi=1,..,n j=1,...,p.
Ee pewennsamu sBJAIOTCS NOCTOSHHBIE BEKTOPH #;=c; Ecau ro-
JIOHOMHAsl cHcTeMa B OKpecTHoctd TOYKH U mipuBoAMTCA K TakKo-
My BHAy JuHeHHO# o6paTUMOH 3aMeHo#i (#;) ¢ aHaJHUTHUYECKUMH
Kos(duuuenTaMy, TO OHa HasblBaeTcs IJIaJKOH B 3TOH OKpecTHO-
cti. Ta Xe TepMHHOJOrHa NpHMeHslercs Kk D x-Moayo M.

Kareropus rosonomHblx raajikux Dx-mMoayniei Ha Xan aHTHIK-
BHBAJIEHTHA KAaTEeropMu JOKAJbHBIX CHCTEM KOHEYHOMEPHBIX IIpO-
cTpaHCcTB Ha Xan, KOTOpas 3agaercs pyHkropom Sol:

MeHomg, (M, Ox) (nyd0k roMomMopduamos)

Ecan onycTuth ycjoBHE IVIAAKOCTH, TO 3T4 TeopeMa AONyCKaeT
crepywouiee rayboxoe  0006uieHHE, NPUHAAAEKALLEE K UHCIY
IEeHTPAJbHBIX Pe3y/bTATOB TIOMOJIOTHYeCKOoil Teopud Dx-MojayJed.

Iycts D3, (Dx-mod) —npousBogHas  KATEropHs  TOJOHOMHBIX
peryaspusx Dy-Moayaedt, a D? (X)— TPUAHTYIMPOBAHHAS  KATEro-
pHAi  KOMILIEKCOB MNY4KOB BEKTOPHHIX IIPOCTPAHCTB, HMEIOIULHX
KOHCTPYKTHBHBIE KOromoJsioruu (cMm. ra. 7, m. 1.6.1). Torpa dyuxTop
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R dBom (-, Ox) onpenenseT aHTUIKBUBAIEHTHOCTD
D%, (Dx-mod) D¢ (X).

§ 1. Aure6pa Beitas

1.1. Onpeaenenue. Axeebpoi Beiira A,(C)=A, Hasb-
BaeTcsi anare6pa c 2n  OOpasyloWHMH  Xi,...,%xn, oy, ... ,_dn,
Y/JOBJIETBOPSIIONIAMH  COOTHOIIGHHAM [x. x]=0, [0:; 0;]=0,
[0:, x;1=0 npu i, [0;, x:]=1.

$icHO, uTo JI000H 3JEMEHT PGA, oAHO3HAYHO 3alHCHIBAeTCH B
BHIE

P =Y aopx®dP, )

o,
rae  a=(%, .- %)y P=n ..+ B,) — MyJBTHHHAEKCHE, X*=
—x® ... x% OP=08 ... 0%; aw€C, cywma B (1) xomewma.

Takum o6paszom, A, €CTECTBEHHO NPEACTABJATDH cebe Kak aarebpy
IuddepeHLHaNbHBEIX ~ ONEpaToOPOB C MOCTOSHHBIMH K03 urHeH-
TaMH.

Tlox A,-moayiem M Mbl, ecii He OroBopeHo, OyieM NOHHAMATh
JeBblii A,-MOAYJb C KOHEUHHIM UYHCJOM 00pa3yIoUluX.

JiBa BaXHBIX TpHMepa:

a) M=A,/A,(01, ..., 0y). Jlerko BHmeTs, HuTO M MOMHO

oF
npexcrasuth B Buge M=Clx, ..., X, 0; (F)":ET (dbopmane-

Has npomsBoaHasn), X;(F)=x;F (yMpoxeHue).

6) M=A,/An(x1,...,%s). Takoii monyJb M yno6uo mpea-
CTaBJATh cebe KaK MOAYJAb OGOOLIEHHHX (YHKUMA (QYHKIHMOHA-
JIOB Ha NPOCTPAHCTBe MHOTOYJIEHOB) C HOCHTEJeM B TOUKe 0.

1.2. Csoficrea A,. a) A, —mpocras aareGpa; 6) An JeBo- H
NpaBOHETEPOBA; B) KaXAbfl Ap-MOAY/Ib KOHEUHOH IIMHBI LHKJH-
yen (mopoxkjaerca OAHOH  o6pasyiomieil); ) oTobpaxKeHHe
x;+0;, 0;7—x; 3alaer aBTOMOP(H3M A, (bopmaabroe npeobpa-
soBanne Pypoe).

Ilokaxem cBofictBo a). Ilycts I A, — HeHy/eBOR ABYCTOPOH-
Hufi npean, 0#FP=3anx*0°€l. Ecan m>0— MaKcHMalbHas CTe-
MeHp BXOXJIeHus x; B P, 1o {0;, P10 n makcumasbHas cTeleHb
BXOXaeHus x; B [0;, P] pasna m—1. Kommyrupys 0; ¢ P m pas,
MBI NOJIy4HM HeHyJ/IeBO# 3JeMeHT [, B KOTODBI He BXOMHMT X;. Kom-
MYTHPYsl HYXHOe YHCJO Pa3 cO BCeMH O; U X;, MBI NOJYyYHM, UTO
1€/, Tax uto I=A4A,.

CaoificTBo 6) BBITEKaeT H3 HETEPOBOCTH KOJblIla MHOTOU/IECHOB
oT 2n mepeMeHHBIX, KOTOPOe ABJAETCS NPHCOEAHHEHHbIM FpafyHpo-
BAaHHBIM KOJBLOM [Js HeKoTopoi ¢uabtpauus B A, (cM. HmKe)".

CBOiicTBO B) BHIOJIHEHO AJf M0G0 aare6pn A, nmeomed
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6ecKOHeuHyl0 JUIMHY Kak JeBh# A-moayas (teopema Craddopnaa,
cm. [27]).

CeoficTBo T) oueBnaHo. OTMeruM, uTo NpH ¢opMaabHOM Ipe-
o6pasoBanun Pypre moaysu uz a) u 6) B n. l.1 mepexoaar Apyr
B JApyra.

1.3. Tomonoruueckue csoiicra. OJHHM H3 OCHOBHLIX CBOHCTB
anrebpol A, ¢ TOUKH 3peHHs TOMOJIOTHUECKOH anarebpbl sBJAETCH
CJAeAYIOIUHA pe3yJbTar:

1.3.1. Teopewma. ['omosioruueckass pasmepHocTs A, paBHA n;
IPYTHMH CJIOBaMH, st J06bX A,-Monyaeit M, N umeem

Ext’ (M, N)=0 npu j>n.
B cienyomux HecKOJbKUX NyHKTax MBI IpUBeleM HaOpOCOK JHoO-
Ka3aTeJbCTBA 3TOH TEOPeMEl U Psija ee YTOUHEHHH.
1.4, ®uabtpauun. Mu Gylem paccmarpuBath Ha A, craeny-

IollHe ABe Bo3pacTramllhie (GUIbTPALHMH JHHEHHBIMH HOANPOCTPaH-
CTBaAMMU.:

a) ¢uavtpayua Bepruwreina:
Bi={aupx*0" : |oo| + |B| <}
6) crandaprras (uasTpayus (creneHsmu JHddepeHnHaNbHOTO
oneparopa)
Z]-={aaﬁx°‘0ﬁ . l\ﬁ‘|<]}

O6osnauas uepes {F;} mobyo U3 3THX GHIBTPAlMl, HMeeM, Oue-
BHIHO,

g.-ig.jcg_“.j, Ug-J"—“An
[Tycts

gl’g.An =j@0§.j/§j_l

(b1 cuuraeM, yro F_y={0}). Jlerko mpoBepuTh, 4YTO I/ KaXJOH
w3 ¢umtpauuit {8}, {2} gr¥ A, sBisetca anreGpoli  MHOCOWICHOB
OT 2n mepemeHHBIX X; 0,6F/F,.

Dursrpayuel A,-monyias M, coesacosannoii ¢ &, Hasb-
Baercss  BO3pacralolias NOCJeA0BATENbHOCTD {0}=I_,cTh
cl'ic ... cM auHefiHpIX NOANPOCTPAHCTB TaKasl, 4TO

F Il UNi=M,
Fo-Monyau I'; UMeIOT KOHEYHOE UHCIO 0OPa3yIoUHX.
CooTBeTCcTBYOILlEE TPAayHPOBAHHOE IIPOCTPAHCTBO

gI'TM = jEEOI‘j/I‘j_l

eCTeCTBeHHO CHabxaercs: cTpykTypoit gr¥ A, -mMonyas.

Ecan vely, v;€0;_;, o6pas vBI';/T';_; Ha3bIBaeTca CUMBOAOM U
(o6o3HaueHue: o(v)).
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Ounbrpanns {I;} mopyas M  HasblBaercs xopouwtel, eclH

CYLIECTBYeT TAKOe jo, UTO
FT;=T.,; ana seex iz=0, j=Jo.

14.1, TipenaoxeHnue, a) Kaxablli KOHEUHO NOPOKICHHBIA
Ap-monyns M o6Gianaer xopolueii GpuabTpanuei. ,

6) ®wmwrpauus {I';} mopyns M sBJseTcs XOpOIIeH, €cad M
ToMbKO ec gfT M Koneuno nopoxaeH Haa gr¥ A, B stoM cayuae
M o06si3aTesIbHO KOHEWHO MOpOXieH Hanx A,.

B) Ilyers {T')}, {I'}—anaBe xopomne ¢uabrpauun M. Torapa
CymiecTByeT TaKoe jo, uro I';_;,CT; Clyy;, ana seex j.

1.5. XapakrepucTHueckoe MHorooGpasue A,moxyas. Ilycts
M —xoneuHo mopoxjennsifi A,Moayib, {I';}—xopowmas ¢uibTpanyua
M OTHOCHTEJBHO CcTaHjapTHofi Quibtpauun {2;} Ha A, Tlycts
[ —anngr"Mcgr®A, (1o ects / ecTb uiean Ttex Pegrid,, uro
Pu—0 nas nexoroporo O=uegrtM), J(M)=V I —panukan [.
PaccvaTtpuBas grfA, Kak KOJBUO MHOIOYIEHOB OT 2n mnepemeHHbIX
X}, 0;, o6o3naumm uepes ch MC C* moxmuorooGpasue nyJeit uaeana
J(M). Uz n. 1.4.1 B) Buitekaer, wro J(M) u chM (B orianune
or I) 3aBucar jquub or M, Ho ne or {I';}. MHorooGpasue ch M
Ha3HBAGTCA XAPAKTepUCTUdecKUm mHozoobpasuem An-vonyas M.

1.6. Csasp ch M u xoromoJgoruyeckux cpoitcts M. ComocTaBHM
Ap-monyao M 1Ba c/efylOIHX YHC/IA:

8 (M) =dim ch M(=pasmeprocts Kpymna grid./J(M)),
j (M)=min [j:Extjy (M, A,)=0}.

1.6.1. Teopema. j(M)+6(M)=2n.

1.7. Maan nokasateabcTBa Teopembl m. 1.6.1.

a) IMonoxum Aas kpatkoctn S=gr¥A,. [lycts [I'—xopowas
(otHOCHTEABHO X) ¢uabtpaunus Ha M. Teopust pasmepHOCTH AJs
rpajyHpOBaHHbIX KOHEYHO NOPOXKJEHHBIX MOAyJedl HaJl KOMMyTa-
THBHEIMH DEryJspHHIMH aJjre6paMH I0KasblBaeT NpexAae BCETO,
YTO yTBepK/IeHHe, aHaJorHyHOe Teopeme m. 1.6.1, cpaBeinHBO AJs
S-moayas gr M=N. A uMmeHnHo, noJaras

8 (N)=Krdim (S/AnnsN),
i/ (N)=min{/:Ext{ (N, §)+0}

(Ext Gepercs B KaTeropu# rpajyHpOBaHHBIX S-moayneft), umeeM
j'(N)+0" (N)=2n.

6) HenocpexncTBeHHO H3 OmpejieJieHHst SICHO,  UYTO 8 (gr M) =
= (M). [ToatoMy [Js HOKa3aTeNbCTBA TeOPEMBl NOCTATOYHO yCTa-
HOBHTb, uTo j (gr M)=j(M). Oas sroro CTPOHTCH CNEKTPaJbHas
I0C/Ie10BaTebHOCTD, cxoAdmasics Kk Ext!(M, A,).
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B) Cnextpasbras nocaedosaTenbHocTs. Mbl yTBepXKaaeM, 4TO
CYLIECTBYET CIeKTpaJbHas MOCJEeL0BaTeIbHOCTD C

E?" —Exi%(gr M, S [—p])

(roe S[—p]—cBoGonubiit S-momyab ¢ ofHOH OGpasyioliel cTerne-
HH p), CXOAsllasics K

ELH=Extit (M, A).

M3 cymecTBoBaHHsS TaKOW CHEKTPaAbHOH MOCJEI0BATENbLHOCTH pa-
BeHcTBo j'(gr M)=j(M) BHTekaer nocrarouno npocro. Cama xe
CIeKTpaJbHas MOCJ/eA0BATEJbHOCTh CTPOMTCH CJEAyoIHuM obpa-
30M.

CymecrByer cBoGoiHasi pesosibBeHta M (QUALTPOBAHHBIMH
An-MORyNSIMH

L2 L1 [ M0
TaKasi, 4to
...=>gr L-%—>gr L-'—>gr L%>gr M—0

— pesonbBeHTa gr M CcBOGOAHBIMH TI'DAaAyHPOBAHHEIMH S-MOAyJs-
MH, U S-panr gr L=¢ paBeH A,-panry L.

[Tonoxum temepp Ki=Homyu ,(L7% A,) u BBegem B K y6ul-

Bawuyio ¢uibrpanuio, nonaras FPK'={p: LA, ¢(Tw (L))
CFr_py. Jlerko nposepuTb, ut0 AuddepeHimann d: L-i—L-ti
HHAyunpywr Ha {K'} cTpPyKTypy OHJBTPOBAHHOTO KOMILJIEKCa, H
TpebyeMasl cheKTpaJ/bHasi [OC/IeIOBATENbHOCTh  SIBJASETCS CHEeK-
TPaJbHOY IIOCJENOBATeJIbHOCTBIO 3TOr0 (PHUJIBTPOBAHHONO  KOM-
nJeKca.

r) B nmefictBuTe/NIBHOCTH, aHA/IH3 CNEKTPAJbHOH NOCJ/eA0BAaTeb-
HOCTH M3 MPEAbLAyLiero MyHKTa NO3BOJISIET He TOJbKO YCTAHOBHThb
pasencTBo ['(gr M)=j(M), HO u nOKa3aTh CJeAyOINee YTBEpPK-
;Lem;e (MCIONIb3ysi COOTBETCTBYIOIIEE YTBepK/IeHHe IJsA S-MOAY-
Jef):

d (Extﬁ"n(M,‘An))<2n-—-j AJA BCEX J
C paBEHCTBOM g j= j'(gr M)=j(M) (3nech Ext{;‘n M, A,)

paccMaTpHuBaercs Kak OpaBbifi A,-MOLYJdb, CO CTPYKTypOH, HHALY-
LUHPOBAHHOH NpaBhIM JeHcTBHeM Ay Ha cebs).

1.8. 3ameuanue. Teopema n. 1.6.1 u yrBepxkaeHue 1. 1.7 r)
BepHbl B GoJiee OOwIefi cHTyaLud, Koraa sMecto A, paccMatpu-
BaeTcss Koablo R c ¢uabTpauueii, Aas kKotopo#l gr R sBasercs
perynsipHbiM KOMMYTATHBHBIM HETEPOBBIM KOJIBIIOM YHCTOH pas-
MEpHOCTH S, a BMecTo M — KOHeuHO MOPOXKAEHHHE R-Moayab ¢
xopoureii ¢u/IbTpauuel (B 3TOM ciydae 2 HYKHO 3aMEHHTDb Ha S).

B uwactHocTH, OHa BepHa B cJaydae, KOTJa pacCMaTpHBAETCs
Koabuo A, ¢ ¢uaprpauueir {B;} Bmecro {Z,}. O6o3Hauas B 3TOM
cllyyae COOTBETCTBYIOULYIO pasMepHocTb  Kpyuia uepes d(M),
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noayuaem, uto d(M)—+j(M)=2n (nockoabky j(M), oueBHAHO, He
3aBUCHT HH OT Kakoil (HJbTpaluK), TaK 4YTO, B  YAaCTHOCTH,
d(M)=6(M). C npyroii croponwl, ans d(M) moxHO JOKasath
BaXHOe HepaBEeHCTBO, HasbiBaeMoe Hepagencrgom bepruwiteina
(cm. m. 1.10). :

1.9. Moaunom FuanGepra. B ciepylomux ABYX NMyHKTAX MH Gy-
IeM paccMaTpuBath QuabTpanHio Beprmrefina {B;} na An. Has
Hee

dim B;=j?n/(2n)!4-uneHbl MeHblle# cTeNeHH 1O j.

[Tycte M —KOHEYHO MOPOXKACHHBIMK A, -Monysb ¢ xopoieil ¢usb-
tpanueft {I';}, Tak uyro grfM -—KOHEYHO NOPOXKAEHHHI rpaxynpo-
BAaHHBI  MOAYJIb  Haf S:grBAn =C Xy, « v vy Xpy Opy + -1y Ol
(c deg}j:degajzl). CorJiacHo TeopuH pa3sMepHOCTH, AJA KOMMY-
TATHUBHBIX KOJIell CYLLeCTBYeT MHOTOUJEH

L(M, T, t)y= 440 (47, m,deL,,

JJd XO0TOpPOro
i
dim Tj= Y dim T;/T; =y (M, T, j) npu j »O.
i=0

IIpu stom koucrauthl d=d(M) (pasmepnocts Kpyaas S-moayas
S=Annggr®M) u m ue sasucat or {I';} (OHH Ha3HBAIOTCS pas-
MEpPHOCTBbIO H KpaTHOCThIO M).

1.10. HepaBeHctBo BepHuiteiiHa. ITO yAHMBUTE/NbHOE CBOHCTBO
A,, ycraHosnennoe M. H. Bepuuwreiinom B 1971 roay [2], co-
CTOHT B CJICAYIONLEM:

Hycre M+{0} — koneuno noposciennoli A,-modyrs. Toeda
d(M)>n.

B uwacTHoCcTH, Aajeko He moG6ofi S-moAyan umeer BHi grI'M
1Jis1 HekoToporo An-monyas M.

ITpuBefeM M0Ka3aTeAbCTBO HepaBeHCcTBa DepHiurtefiHa, npu-
Hangexamee [xozedy.

Myers {I';} — xopomasa cunbrpanus M. MoxHo, 0YeBHIHO,
cyntarb, uro I'o#{0}. Jlokaxem npexpae scero, yro C-iuHefiHoe
oTo6paxkeHne

Bl—> Homc (Pg, FZi), P"‘*(f'—’pf), peAm fEA/;,

aBJaserca BJaoxeHueM. Mcnoabsyem uHaykumio mo i, Ilpu i=0
yTBEpKAEHHe BhITEKaer u3 toro, uro I'e7{0}.

[ycte 0%=P€B,. Ham uyxHo jokasartb, uto PT;#{0}. Ilpexn-
nojoxum Hamporus, uro PI';={0}. Torna P He MoXeT GHITb KOH-
CTaHTOH, TAK UYTO B BhHIpaxeHue

P=3ayx*0"
BxoauT aubo Kako#i-to X; Jaub0 kKako#-To J;, B mepsom cayuae
[P, 0,10, [P, 0;]€B:—, u [P, 0;]M={0}, uro mporuBopeunt mpesn-
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MO/IOXKEHHI0 HHAYKUHH Ajsg (—1. Bo BTOpoM ciyyae HYKHO B3ATh
X; BMecTo 0;.

[Tycte Tenepy y(f)=x(M,T,t) — mHorounen [uiabbepra, TaK
YTO

LM, T, i)y=dim I'; npua i>0.
Torna npu i>>0 umeem
1 . s . : . .
: (Q—n)!—zz”—I—O (i) =dim B, <dim Homc (T;, T'2)=% (&) %, (20),

oTkyAa deg x=n, To ectb d(M)>=n. :

1.10.1. Uusoatorusnocts. Ilockoabky, coraacwo n. 1.8, d(M)=
=08 (M), us HepaseHcTBa Bepuireiina moayuaem, uto

8(M)=dim ch M=n, eciu M++{0}.

d10 HMeeT cleAywllee AaJeKo HAyllee (M ropasio GoJiee TPYA-
HO jpokaspiBaemoe) oCGo6menne (Crepubepr—IuiieMua—Mans-
rpanxk—TIa66ep, cm. [63], [113], [27]):

ch McspecClxy, vy Xy, Oy ..., 0,]=C2
AIBJIIETCA MHBOJIOTYMBHBIM TOJAMHOT006pasueM OTHOCUTEJNLHO CHMILICK-

THYECKOA CTPYKTYPH, ompejessdeMoii dopmoi m:Zd}i /\d5,-.

1.11. TomMonornyeckas pa3MepHoCThb A, paBHa n. Bce wusno-
XEHHOe Bhlille B PABHOH CTENEHH NPUMEHHMMO H K TpaBeIM A, ,-MOpy-
aaM.  JJg  Kawmoro _JIEBOTO A,Monysns M Takumu OpaBbiMH A,-
MOLyaaMH OyayT Extﬁ‘n(M , A,). Y3 dopmysst (1) 1 u3 HepasencTsa
Bepumreiina paa npasbix A,-MopyJell moJayuyaem, yTo

Extjn(ﬂl, A)=0 npu j>n.

Jlanee, wucmo/b3ys CBOGOJHYIO Pe30JbBEHTY MPOU3BOJLHOTO A,-
monyass N, MOXKHO AOKasaTh, UTO

Extﬁn(M, N)=0 mpu j>n

AJst J0OHIX ABYX JeBHX (HaAH NpaBbix) Ap-MOAyJeH, ¢ KOHEUHO

nopoxaenaniM M. OKoHuaTeNbHO MOJyYaeM, 4TO
dh Ay <n.

M3 pesyabraroB clieayioouiero nyHkra Gyaer

dh A, B TOYHOCTH paBHO A.

1.12, Tononomusie mopyau. U3 n. 1.6.1 u n. 1.11 BHTEKaer, uyTO
Anst moboro An-momyns M rpynnu Exta,’(M, An) moryr  GbTh
oTnugne or 0 Juwe st 2n—d(M)<j<n. Moaymau, aas KOTOpHIX
3TOT HMHTEPBAJ CBOAHMTCH K OLZHOMY 3HAauYeHHIO j=n, Ha3bIBAOTCH
2ononomubiny. Takum ob6pasom, A,-Moaynb M HaseiBaerca rosio-
HOMHBIM, ecau Ju6o M={0}, mu6o d (M)=n.

Moayau u3 npumepos a), 6) B m. 1.1 OYEBHAHO rOJIOHOMHHI.

IIpuBesieM pAA CBOUCTB W NPHMEPOB TNOJOHOMHEIX MOAYJIEH.
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cJie0BarThb, qTO

a) [Moamoayau u GaxkTOPMOAYJH TOJOHOMHBIX MOAYJeH rOJO-
HOMHBHI.
6) Tlycts M —rmupounsBosbHbi A ,-Moxym M {[';}— cornacoBanHas

¢ {B) ¢umrpagus M, mna xoropofi dim I‘j<\_§T jrte i

Torna M rogonomen n m=m(M)<c. B uacraoctu, M KoHeyHO
NOpoXJeH (IJA JOKa3aTelbCTBAa HYXKHO MPOBEPHTb, UYTO [AJHHA
CTpOro Be3pacraionieil LENOYKH KOHEUHO NOPOXKAEHHHX NOAMOLY-
Jeir M He NPEBOCXOJHT ().

B) Ecam M rosoHomeH, To ero AJuHAa He mpesocxoaut m(M)
(B yactHOCTH, M IHKJAHYEH). ,

HanbHelilne TpuMepbl TOJOHOMHBIX  MOAyJeil cM. HHXe B
n. 1.14.

1.13, JBoiicTBeHHOCTD AJAl TOJOHOMHBIX MoAaynei. [Ins kaxao-
ro JIeBOro (COOTBETCTBEHHO, IIPABOTO) TOJOHOMHOrO An-monyias M
IOJIOXKHUM

M*=Exth (M, A,).

D10 npaBHli (COOTBETCTBEHHO JeBb#) A,-MOAYJb, KOTOPHIH Ha-
spiBaetcs dsoicrsennaim ¥ M. Ero cBolicTBa:

a) M* sipaisiercst TOJIOHOMHBIM A,-MORyJIEM.

6) M—M* gBasiercd TOYHBIM (PYHKTOPOM H3 KaTeropHH JeBHX
(cooTBeTCTBEHHO NpPAaBHIX) TOJOHOMHBIX Ap-MOAyJieli B KaTEropHI
NpaBblX (COOTBETCTBEHHO JEBHIX) TOJOHOMHBIX MOAyJe#, 3afa-
IOLIMM aHTH3KBHBAJIEHTHOCTh 3THX KAaTErOPHH.

YTBepkAeHHe a) cielyer, Mo cyuiectBy, u3 (1), yTBepxKaeHHe
-6) — M3 TOUHO#H MocaenoBaTeabHoctH Ext’oB.

1.14, Eme npumepnl ¥ CBOHCTBA TOJOHOMHBIX MoAyJeil.

a) Tlycts f6C[xy, ..., x,] B M=Clxy, ..., X, f71] ¢ neitcr-
BueM A,, onpegeasembiM ¢opMambHEIM audpepeHIHpOBaHUEM Palyo-~
HaabHeX GyHkuufi. Torga M TONOHOMEH  (AJ8 JIOKA3aTeJLCTBa
HyxHO TOJOXHTE T';={q(x) f (x)/, degq<j(deg f-+1)} u npu-
menuts 6)). Ilpu atom UT;=M BHTexaer u3 Toro, uto qf /&
€T j4degq)-

def

6) Bosee o6mo, nyctse M roaomomeH. Torma M|[f =
def

=M ® Clx,..

Cless.eeaxy]

B) OTMeruM, 4TO XOTS TOJOHOMHBlE A,-MOAYJH SBASIOTCH, B
HEKOTOPOM CMBICJIe, «CaMBIMH MaJieHbKHMH» MOIYJSMH,  Cylle-
CTBYIOT NpPOCTHE HeroJoHoMHbie A,-moxynu M. JIpa tumna npume-
poB moctpoennt Craddoprom [1.3.7] u M. H. DBepumrreiinom #u
B. Jlynuem. B oboux cayuasix n=2 u M=A,/A,P (rak uro
d(M)=3). B nepsoii pabore P=x;+x2+01+x,0:05, BO BTOpOH —
P — oxHopoauwii (1m0 X, X3, 01, Op) 3JieMeHT cTerneHH k=4 o6mie-
ro MOJIOXKeHHS.
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1.15. Moaunom Bepuumirefina. Ilycts fEC[xy, ..., X, ¥ A—
TpannensenTas nepevennas Hax Clxy, ..., x;|. Paccmorpum
aareGpy Beiinia A, (C (M) Han noseM pauuoHanbHBX (yHKUMA OT A.
Mocrporm Mogyms N =C(A)[xy, ..., %5 f7] f* map A, (C(H)),
nopoxennsfi Hax C (M) [y, - - -y Xp £ onHOR oOpasyoment f*,
Ha KOTOpPYIO E)JIeMeHTb‘I) 0; nefictByioT ¢opmansabM AuddepeHnupo-
BaHMeM: 0; fr=a f“a—x{— f* Beogs B N ¢uibTpauuio aHAJOTHYHO
n. 1.14.r, MoxHO y6eantbes, uro N — rojoHomubii A, (C(A))-mo-
Ay Jlb.

[Tyere N;N, j=0,1,2,.. .— A, (C()\))-moamoaynb, NOPOK-
zennni fif*. TlockoabKy N uMeer KoHeuHyw Aguny, Npy==Npy Agd
HEKOTOpOro k, To ecThb

=P (M) A Pr(M)€AR (C(A)).
3ameHnsia A Ha A—Fk (A TpaHLeHAeHTHO!), MOJyUYHM
P=Pi(A—k) .

[Mycte B(A)&6C[A] —o6muii 3HameHaTesb Bcex KOIbGHUHUEHTOB
’%nex&amnx B C(A)) omeparopa Pi(A—k) u PA)=B(\)Pi(A—F).
oraa

P f'=B M) P(1)€An(C[A]), B(A)€EC[A]. (2)

CywecrBosanve Ttakux P(A) u B(A) HaseBaerca TeopeMoi
Bepumreiina. $cko, uto BceBoamoxHble B(A) (aas  aamHoro f)
o6pasyior nzeaa B C[A]. O6pasyiomas b(A) sroro wieana, HMe-
jolas crapmuii KosgoHumedT 1,  HasblBaercs — NOAUHOMOM
Bepruwireiina pnas f.

OrmeruM, uto u3 (2) BuiTekaer, uto N=N, T0o ectb N 1o-
poxnaercs f* Hag An(C).

1.15.1. Teopema. [lycts f€C[xy, ..., x,}. Torna

M=A4n (C)[AP*/An (CY[AJF -

sBJafercss rojJoHomubsiM A, (C)-moiyJseM, U MHHHMAJbHBIA IOJIH-
HOM ONepaTopa yMHOXeHHsl Ha A ecTb b.

§ 2. Anre6panueckne 2-monynu

B paJbHeiiiem B 3TOH rJaBe (ecju He OFOBOPEHO NPOTHBHOIO)
non MHoroo6pasuem X GyZleT MOHHMATbCs TIJajKoe ajrefpauyeckoe
KOMIIJIEKCHOe MHOrooGpasue.

2.1. NMyyok Dyx. [Tycte UcX — orkpuToe mMHO)ecTBO. [ludde-
peHnHaJbHBIM omepaTopom mopsika <n Ha U HasbiBaercs JiHHek-
Hoe otobpaxkenue P:Ox(U)—>Ox(U), ynosaersopsioliee yCIOBHIO

(P, i} fol, ..., fas:1]=0
AAs JIOOHX fi, . . . , fa+1€0x (U).
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O603HAYHM MHOXKeCTBO AU {epeHHaNbHbX 0NepaTopoB MOPsiA-
ka <nwua U uepes Dx(U)(n). OOCvesnnenne Dx(U) =
=D x(U) (n) sBasieTcss KOJbLOM, KOTOPOE HA3bIBAETCH KOAbUOM

n

anzebpaudeckux Oueperyuarvrolx oneparopos Ha U. Bospac-
Tapulee ceMeficTBO MOANPOCTPaHCTB

(0}=Dx(U) (1) =Dx(U) 0)=...

sapaor Ha Dx(U) cTpykTypy (QuIBTPOBAHHOTO KOJbLA.

Umeem Dx(U) (0)=Cx(U) (onepatopbl yMHOKEHHS Ha hyHK-
nuo). Hazee, mo6oii snement Dx(U) (1) npercrasisgercs (oaxo-
sHayHo) B Buge P=0-+f, rie f€Dx(U)(0), 8 — BexropHoe moJje
wa U, 10 ectb C-puddepeHurpoBaHHe KOJbIA Ox(U).

Ecan U addunro, 1o Dx(U) nopoxnaercs Dx (U)(1). Ecan
VU — o6a adduHHB, TO

Dx (V)=0x (V) ® Dx(U).
Ox )

OTciofa BHTeKaeT, 4To Ha X CyllecTByeT eXMHCTBEHHBIH Ox-
KBA3HKOTEPEHTHBIH MydYok KoJen ), CeYeHHs KOTOPOro Hai Kax-
JbiM addHHHBIM OTKpHTHIM UCX coBnmajanrt c Dx(U). dror my-
YOK HAa3biBAETCA Ny4KOM POCTKOS anzebpaudeckux Ougpgepenyu-
anshoLx oneparopos Ha X. AHAJOTHYHO ONPeASJATCH NOANYYKH
Dx(n), sapawomue Ha Dx CTPYKTYypy IMyuKa GUIBTPOBAHHBIX KO-
aen. Ilpn stom Dx(0)=Cx u xaxubifi Dx(n) ABIAeTCH KOre-
peHTHBEIM O x-MOLY.IeM.

Ecau X=C» — n-mepHoe adduuHOoe MPOCTPAHCTBO, TO Dx (X)
cosnajaaer ¢ aare6poit Befiis A, (C) (0: ecTh BEKTOpHOE IoJE
0/0x;). B uacrHoctd, Dx(X) mopoxaaercs Ox(X) wu nonapHo
KOMMYTHPYIOLUMMY BCIOAY JHHEAHO HE3ABUCHMBIMH BEKTODHEIMH
noJsiMi. MOXKHO TOKasaTb, UTO NOCJeAHee YTBepXK/IeHHE cIpaBel-
B0 MOKaJAbHO B TOTIOJOTHH 3apHCCKOro AJs Joboro raaikoro X.

2.2. PDx-moayau. O6osHaunm uyepes A x abesieBy KaTEropuio
NyykoB (JIeBBIX) MOJyJeH HaJ NYyYKOM KOJeLl Dx.

Tpumeps D x-Moayieit: a) M=0x.

6) M=Dx (1eBoe YMHOKEHHE).

8) [laockue céa3nocTy. CBASHOCTbIO V HA KBA3HKOTEPEHTHOM
O x-vMonyJe M Ha3biBaeTcs JedcTBHE Ha M nyuka Ox BEKTOPHBIX
noneti, £ Vy, Koropoe O x-JHHEHHO

Vf%+gn=fvs+gvm f’ gEOXa 5, n6®X
M YAOBJIETBOPSIET NPaABHIY Jlefi6Huna
V. (fm) = (&f) m+[Vem, meM, £€0x, f€0x.
CesisHOCTb V HA3BIBaeTcsi M.L0CKOd, eclH
[VEs v'l] =V[E, nl-

Jlerko BHAETb, 4TO 3ajaHHe Ha M CTPYKTypH Dx-MOAYAS K-
BHBaJIEHTHO 3aJaHHIO HA M NJIOCKO# CBSI3HOCTH V.
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OG6LIYHO NJIOCKHE CBSISHOCTH 3afaloTCs Ha JIOKaJbHO CBOGOAHBIX
OX-MOlIlei{X KOHE€YHOTO paHra (TO €CTh Ha NyUYKaXx POCTKOB ceude-

HHii ajreGpanyecKHX BEKTOPHHIX paccioeruil). Crenyiooulee npes-
JIOJKeHHe XapaKTepPU3yeT TaKue MyuyKH.

23.Mlpeanoxedue Dx-mouyiab apisercs O x-KOrepeHTHEIM
TOrZA M TOJBKO TOrAa, KOrja OH JOKaJbHO CBOGOAEH KOHEYHOro
paura Hag Ox.

HJoxkaszaTeabcTBoO., IT0 — JoKalbHH Bonpoc. Ilycte x6X
H Sy,...,Sp — TakHe ceyeHHss M B HEKOTOPOH OKPECTHOCTH X, 4TO

HX o06pa3bl B KOHEYHOMEPHOM BEKTODHOM TpocTpaHcTBe M.=
=M./m.M, (rie m,— MakcUMaJbHH{ HJAeaJ TOYKH X) 3anaiT Oa-

3uc B M,. Tlo semme Hakasimul, s; mopoxiaaior M uag Ox B He-
KOTOPO# OKPECTHOCTH TOYKH x. HyXHO JHLIb TpOBEpPHTDb, YTO S; JIH-
HelfHO He3aBHCHMBMB Hajn O x. Ecan

2gis:=0, (PiGOX (1)

— JIWHEeHHOe COOTHOIIeHHe MeXIy S;, To ¢:;(x)=0 nmas Bcex i.

BroiGepem cpenm Bcex cooTHomeHH# (1) Takoe, y Koroporo v=

=min {nopsiioK HyJs @; B TO4YKe X} mHHHMaJeH. [IycTb B 3TOM CO-
i

OTHOIIEHHH, cKaxeM, v=ord ¢;. JIerko BuJeTh, YTO CYILIECTBYET JIO-

KaJbHOe BeKTOpHOoe mnosje 0 Ha X, ajas koroporo ord(de;) =v—I1.
Torna

14
0=0 (Z(Pisz) =(0¢;) s + E 09;-s;
i=2

Pasnaras 0s; 10 §;, NOJyUMM COOTHOLICHHE

Z‘Pisi::o

¢ ord{;=v—1, 4TO NPOTHBOPEUNAT BHIOOPY V.
© 2.4, Nllyyok Qx. Jlesbie H npaBbie D-mMoayau. OGo3HAYUM yepe3
A% xareropmio mpasbx Dx-MOAyJAEH, KBASUKOrEPEHTHBX KaK

Ox-vonynu. Ecrectsennblt cnocof6 mnepexoza or JMx K AR w
00paTHO COCTOHT B CJEAYHOIIEM.

[Iyctb Qx — Ny4oK POCTKOB ajreGpaHdyecKnx AuddepeHunatsb-
Hbix Popm craputeii (=dim X) crenens na X. OH JoKanbHO €BOOO-
nen panra 1 Hag Ox. Bekropuoe noje & Ha X nefictByerT Ha (2x
npousBofHoil JIu L;. meem

[Le, L] =Ly,
(2)
Lro=fLio—Li(fo).

St GopMyabl NOKA3HBAIOT, 4T0 Qx sBJsgercss npasbiM D x-MoAy-
.JIEM OTHOCHTEJIbHO IEHCTBHSA:

0-f= —Lio, oof =fw.
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Teneps past moboro F €A x NOJNOKHM

QF)=F 9 U
Ox
u sajaaum mpasoe aefictBue Dy Ha Q(F), nonaras

(4®0) [ = fud®o=u®fo, [€0x,
(u®m)§=—§u®m-—u®Lgm, £60x.

R
Dopmyst (2) noxassBaoT, uTo Q(F)EA X "
JIerko NpOBEPHTh, YTO Q 33/1a€T SKBHBAJICHTHOCTh KATErOPH

Hx 1 A% KpasuoGpaTubit HyHKTOP HMEET BHJ
—1
G Fom g, (Qx, fﬁ)zgéejxﬂx .

2.5. Korepentnle 2 x-MOJYJH. HanoMHHM, 4TO, COTVIACHO 0613;
My onpejenenuo, D x-MOAYIb M BasbiBaercs Korepeﬂmm%,‘eﬂblx
OH JIOKaJbHO NpEACTAaBJsAeTCs Kak KOALPO mop pu3Ma cBOOOL LIX
9D x-MOJyJieil KOHEYHOTo paHra. OGosaaqgnvxq :;egﬂygco)hnonxamrop

}3 KOrepeHTHHIX MOAYJIEeH, x-
JIX2EOICT 9[5121 g };())e M a. af Ilyuok Kosey Dx KOTEPeHTEH M JOKalb:
" %?Tech?;énomqecxaﬁ pasMepHOCTb CJI10d Dx,x B KAKIOH TO'!I:S
x6X pasua dim X; romoJjoruieckas pasmepHocTs Dx HE NPEBO
xomut 2 dim X.

Yreepxaenue (i) cneayer u3 oOmux CBOKCTB (QHILTPOBAHHEIX
koJer (u myukoB KoJjen). Ilepsas wyacrs (ii) BHITeKaer H3 aHaJo-
FHYHOTO pesyJibTaTa AJs anre6psl Beias A, (cm. m. 1.11), Bropas
vacTb caenyer u3 nepsoii Teopems Ceppa—TI'poTenanka o Koromo-
sorusix X W CNEeKTPaJbHON NOC/AEHOBATE/PHOCTH, OTBeYaloledl KOM-
noauunn ¢yukropos Hom=Toibom.

2.6. XapakTepucTHYecKoe MHOT00Opasue. ['paxynpoBaHHHIl
ny4ox Koaew gr Dx, CBASAHHEIA C ¢unbrpaupeit {Dy (n)} na Dx,
msomopdet, ouesrino, myuky m, (OFix), rie T’:‘X — KOKACaTebHOe
paccaoenne Kk X, nu:T*X -~ X —npoekuns, O¥ix —nyuox peryJsp-
Hux Qyskuuii va 7% X, TNOJMHOMHAJLHEIX BJOJL CJOEB I.

[Mycte MeCohx v x— TOuKa X. Awuagoruuso n. 1.4.1, a), MOKHO
yTBEPXJAaTh, UTO B HeKOTOpOR abdunnoi okpecTHOCTH U TOUKH X
y M (U) cywecTByeT Xopouias w(bI/IJIprauPIﬂ OTHOCHTCJIBHO (PU/bTPa-
i {Dx (n)(U)} ua D (U). CooTseTcTBYIOWMA IpajyHPOBAHHI
mogyas  grf M(U) KOHeuHO mOpOXneH —Han  gr Dx (U)=
—un,(0%%) (U). TloamuorodGpasue (ch M)|y ca'(U), onpeneasemoe
upeanoM J = Vanngt M(U), He 3aBucAT OT BbIOOpA  XOporeH
dumtpaunu (ananorauHo 1.5). [Toatomy (ch M)|y Hang pasnUYHBIMH
U X ckneuBaioTcs B mojmsoroo6pasve ch MCT*X, HasmiBaemoe
xapaxmepucmuiecKum MHO2000 pasues KOrepeHTHOro .@X-MQ-
ayaa M.
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Has x6X oGosHauuM uepe3 d,(AH) seamuuny infdim (ch Mn
Na ' (U)), u uepes j,(M)—HauveHbmee j o
. , — Ham , 51
By U, D0, x J» nJas  KOTOpOro
X,x
2.7. Teopema. (a) chM— konuueckoe mnoAMHorooGpasue

T*X (1o ectp ch M HHBapHaHTHO OTHOCHTEJBHO
caoax n~t(x), x€X).

6) jx(M)+d.(M)=2dim X.

B) Ecan M.+{0}, 10 d (M) =dim X.

r) ch M HHBOJMIOTHBHO (TO ecTh KacaTe/bHOe MPOCTPaHCTBO K
cl(l)M B Kax/o# IJaJKOii TOUKe COAEDPXKHT CBOe OPTOTOHAJbHOE
ilyg;ﬂ:e;l:{;)'OTHOCH‘TeJIbHO' CTAHAAPTHOH CHMILJIEKTHUECKOR CTPYK-

Yacts (a) oueBHAHA, uyactu 6), B) CJELYIOT M3 COOTBETCTBY-
IoMlux yTBepxkAeHui ausa aarebpml Befina. Yacts (r) —ato 1pyA-
Hag teopeMa CrepnbGepra—I ufiemuHa—Manbrpanxa—I ab66epa—
Caro—Kasan—KamuBaps. B Hacrosiiiee Bpemsi M3BECTHBHI [0Ka-
IISV?;TeJIb‘CTBO Caro—KamnBapsi—KaBau [127], m0Ka3zaresbCTBO
Haa:;x;‘fg:ﬁih[ll% (cm. [27]), B KOTOpOM HccaenyeTcst AeHCTBHE
a e Dy obllux CHMIIEKTHYeCKHX mnpeoOpasoBaHui
[63]’ H ero nepeBoj Ha aJre6panuecKuidl sI3blK, NaHHBIK [ aGGepom

B) Ecom My#{0}, to d,(M)>=dim X.

28. I[Ipumepsnl. a) M=Dyx, ch M=T*X;

6) M=Cx, ch M=XcT*X (HyneBoe cedeHue);

B) M—JIOKEIJII:HO cBoGoaHblii Ox-MOAYyAb & KOHEUHOrO paH-
ra, cHabGXeHHHH HaocKOH cBsi3HOCTBIO, ch McX —uocurens &
(copnapatomuii ¢ G, ecnu X HENPHBOAHMO)

r) M=Dx/m.Dx, x6X (06061enHble QYHKIHH, COCPeIOTOYEH-
Hble B TOouke X, cp. 1.16) ch M=n~1(x) — caoit Hax .

2.9. Ilpoussonnble KaTeropuu. BOJBIIKMHCTBO KOHCTPYKUHH H
pesy/ibTaToB Teopun Dx-MolyJell HauboJiee €CTECTBEHHO (opmy-
JHPYIOTCA H J0Ka3blBAIOTCSI B KOHTEKCTE IPOH3BOIHBIX KATEropHid
OGosnaunm uepes Db(Dx-mod), D?(Ax), D®(Cohx) COOTEET-
CTBEHHO OrpaHWYeHHHe MPOM3BOAHEE KaTErOPHH abeleBLIX Kare-
ropuii Beex (JeBbix) Dx-monynelt, Ox-KBasukorepeHTHox Dx-
MoayJeit H 2 x-KOTepPEeHTHbIX MOAyJei. SlcHo,  4rO BJIO)Ke‘H:SI
Gohx—uM x—D x-mod 3a5ai0T GYHKTOPH ,

D? (Cohy)— Db (A ) D® (D ,-mod). (3)
OGosuauum uepes D! (D,-mod) u DY , (D -mod)—noaHse mnoa-
kateropud B D, (D,-mod), cocrosinue U3 KOMIJIEKCOB, KOrOMOJIO-
TM KOTOPHIX NpuHanJexar coorserctBenHo A , u Coh,.

2”-10. Teopema. Pyukropmt a:D®(Cohy)— Db (Dy-mod) u
B: D (A y)— D? (D,-mod) 3a1a0T 3KBUBANCHTHOCTH TPHUAHIYJHPO-
BAHHEIX KaTeropui
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pacTaXkeHHH B

De (Cohy) = D2, , (Dy-mod),
D (M) 5 D}, (D -mod).

JloKa3aTeAsCTBO ~ BTOPOrO  YTBEPMACHUA OB110
Y. H. BeprmreinoM. Ero ocHopHble 3Tanbi TAKOBL.

JIerko BUaeTh, YT0 U y-KBa3UKOTePEHTHEIE D y-MOAy /11 TOPOKAZIOT
ch(@x-mod), TaK YTO HYXHO JHIlb NPOBRPHTDH, UTO f—crporo

NOJHBI QYHKTOP, TO €CTh
I—IOlTlDb(ﬂX) (g.., 9'): Home(‘@X-mod) (9-, 9.)

s aoGux I, §'60bDY (A ). Ha cavom jene, aHaJIOTHIHOE pa-
BEHCTBO CNPABEJJINBO [JIst RHom smecro Hom. Tlposepka cnepsa
cBOAMTCA K cayuato, korna X aduuzo. 3ateM, MHCHO/B3yS TOAXO-
ASILME Pe30/bBeHTH A F "u @, Bce CBOAMTCA K Cayuaio, KOraa
F v ¥ —KOMIIEKCH, COCPeNOTOUYCHHbIE B OHOf1 CTeneHH, Mpu4YeM
& cBoGomeH, a ¥ muubekTHBed. Ilocae 3TOro yTBEpXKAeHHE cJie-
ayer u3 TeopeMnl Ceppa O KOTOMOJOTHAX KBA3HKOT€PEHTHBIX TYy4-
KOB Ha a(pdHHHBIX MHOr0OODa3UAX.

JlokasaTeJbCTBO IEPBOr0 YTBEPK/EHHA CJCAYET H3 TOTO, UYTO
KaXblii 00beKT A3 A x sIBJseTCs HHAYKTHBHBIM IPELEJIOM CBOMX
HoJ06BbEeKTOB, JeXKalluX B Cohx.

2.11. PesoabBenTbl. [/ BHIUHMCJACHHS Pa3/iHIHBIX ¢$HyHKTOpPOB
MeX/ly NPOU3BOAHEIMH KaTeropusiMH 9D x-MOLyJel MoJe3HO 3HATh
ycJIOBHs, TapaHTHpyollhe Haandne NOAXOASMIMX  PE30JIbBEHT.
HyxHble pe3yJbTaThl 34eCh TAKOBHL:

a) Kaxnawit o6bexr F €M x HMeET NPaByio HH'bEKTHBHYIO pe€-
30JIbBEHTY

NOJIy4eHO

0> F—>I0>F > ... >I™—>0

c m<2dim X+41.
6) [IlpennosoxuM, YTO X KBa3uMpOeKTHBHO H

Kaxanii 06bekT F €4 x uMeer JIeByIo Pe30JbBEHTY
- 0P Pmtls >PI>F—0,

B KOTOpOi #~° JOKaJbHO cBOGOAHH Aas 0<i<m—1, a ™™ J0-
KaJbHO MPOEKTHUBEH.

CranjapTHble paccykjeHus ¢ TPOH3BOAHBIMH KaTeropHAMH
noxasmwBawT, 4To y aioboro F €0bD® (A x) cymecTByloT OrpanH-
yeHHasi NpaBasi HHbEKTHBHAs De30JbBEHTa, OrpanHueHHas Jiepas
BPOCKTHBHAA De30JbBeHTa M OrpaHMUEHHAs JIeBas MJIOCKad (Hanm
Dx) pe3oJibBeHTa.

2.11.1. Komnaekc ne Pama, [das  moGoro Dx-moayas M
xomnaexc Oe Pama Q (M), cBI3aHHBI# C M, ecTb KOMIUJIEKC

4°
Q' (M):0> M—>Q (X))@ M~ ...~ QimX o M- 0,
. Ox Ox

m>=dim X.
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rae Qy —nyyox PoCcTKOB anreSpaudeckux i-popM Ha X. Juddepen-
uuan d‘ 3ajaeTCa B JIOKAJBHBIX KOOPAMHATAX (OPMYJIOH

di(ogm)=dogm -} 2 (dx,/\m)®.007 m.
{ 1

Jlerxo nposeputs, uto d’ He 3aBHCHT OT BHIOOpPa JIOKAMBHBIX KOOP-
AuHar u uro ditldi=0.

B uwactrocTH, paccvmaTpuBas kommiekc ae Pama Q'(2D,), noay-
uaem (nocsie casura Ha dim X) Jsesyio pesosBeHTy Q, = QYmX, co-

CTOAILYI0 M3 JIOKaAbHO  CBOGOmHBIX  mpaBulXx D ,-MoayJeii:
Q(D,) [dim X]:

Ara pe3oJbBeHTa HA3bIBAETCSl pe3oavseHTol de Pama.

B 3akgiouenue 3toro maparpacda mbl ONHIUEM aHAJOT NOHATHS
apPuHHOrO MHOroo6pasusi B KOHTEKCTe KaTeropun ZD-MOAyJel.

212, Onpenenenune. MHoroo6pasue X nasmBaerca D-ag-
Qunnoin, ecin ¢ynrrop F—T(X, F) Touen Ha KaTeropuu A x.

QopmanbHble paccCy/eHHs (aHAJOTHUHBIE HCIIOJNb3YIOLIHMCS
B anreGpanyeckoii reoMeTpud npH onucaHuu  Ox-MoAyieidr Ha
aduHAbIX cxeMax) IOKa3bBawT, 4to 1 D-apOUHHOTO MHOrO-
ob6pasus X umeem:

(i) Jlioboi nyyox F €M x MOPOKAAETCA CBOHMH TJ0GaJbHBIMH
CEYEHHSIMHU.

(ii) Dx sBAAeTcsH NPOEKTHBHOMN 06pasywoieii A x.

SlcHo, uto moGoe adduHHOe MHOrooGpasme D-addunno. Cy-
HIeCTBYIOT, OAHAKO, BaXKHble NpuMepbl D-adPHHHBEIX MHOroO6pa-
3, KOTOpHEe He adUHHEL.

2.12.1. Teopema. Ilyctb Y — MHoroo6pasue ¢aaros Kom-
IJIEKCHO# noJgynpocroit rpynnel Jlu G (1o ects Y=G/P, rae
Pc G — napaboanyueckass noarpynna) u Z— adpduHHOE MHOr006-
pasue. Torna X=2ZXY — D-abdunno.

B vacrHocTH, D-addHHHBIM sIBJASETCS NPOEKTHBHOE npocTpaH-
crBo P (C).

2.12.2. Cesi3b ¢ Teopueil mpencraBiaenufi. I[lyctb cHoBa Y=
=G/P— npoctpanctBo (1aros - MOJNYNpPOCTOil KOMMJEKCHOM Ipym-
met Jlu G. Tpynna G nefictByer Ha Y, Tak 4to MB MOJyyaeM ro-
Momop¢usm t aare6psl Jlu g rpynnst G B anare6py Jlu © rio-
6aJbHBIX BEKTODHBIX moJieli Ha Y, NpOJONKAWHACA JO TOMO-
MopdH3Ma 1:U(g)>Dy(Y) obeproiBaOILEefl anre6pol
U(g) B anre6py raoGaipHbix AnddepeHUHANbHHIX  ONEPAaTOPOB
Ha Y. HecsoxHo nokasath (au6o onHoBpeMeHHo ¢ m. 2.12.1, Ju-
60 HEeNOCPeACTBEHHO), YTO T 3MUMOPPHO, TaK 4TO JOGOH ri106aJib-
Hbld AH¢depeHnHaNbHbI onepaTop. Ha Y NOPOXK/JaeTcsl KOHCTaH-
TaMu ¥ 1(g). Kpome TOro, Hecl0XKHO omucath AAPO T.

Bmecre ¢ rteopemoit m. 2.12.1 310 Zaer BO3MOXKHOCTb CBECTH
uccienosanne U(g)-monynefi  (to ecth mpeacrasienusi G), siapo Ko-
TOPHIX COAEPXKHT AAPO T, K HCCAeNOBaHHI Dy-MOAyJeil.
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§ 3. OGpaThmii 06pa3

3.1. 06 oGo3HaueHusix. B JnajpHeiilleM Ham HYXHO OyneT ;1)‘2:
6oTaTh ¢ NPSIMBIMH H OGPaTHHIMH ob6pazamMt B%asnnqﬂblzt) Kare
puax nyukos (abeseBbix TPYMI, O-monyaeii, £-MoLyeH p .

Iycts [ : X—Y —mopduam alre6pawyeckHx ~ MHOr000pasuu.
Kareropuu nyukos Ha X u Y cBA3aHBl MEXAYy coboii clelyloIuMH
¢$yHKTOpaMHu:

a) Ilyuku abeJieBBIX
TOTOJIOTHH:

rpynn (B KOMIIJIEKCHO- aHaTHTHIEeCKOH)

f Pty 74by (npavolt o6pas),
[P Aby—> P S#bx (0OpaTHft o6pas),
frPSHbx— FSH#by (npaMoR 06pa3 C KOMIAKTHHM HOCHTEJEM),

£l Db (954by)— D? (P#bx) (SKCTPAOP AMHADHEI o6paTHEIl 06pas),
: HKTOPBI
Uepes Rf., Rf:, f' 0603HaualoTCs COOTBETCTBYIOMHE by
Me)xnyp HpOl/l£3011HblMl/l KareropusiMu (HanmoMHHM, UTO f., fi TOYHH
caeea, a f ToueH). Bce dernipe dyHKTOPA COXPAHSIOT NOAKATErOPHU
KOHCTPYKTHBHBIX IyYKOB.
6) Ilyukn O-monynei
f.: Ox-mod—Cy-mod (npsimoHt o6pas),
f* : Oy-mod—0 x-mod (o6patHBI 06pas).

3nech f.=f Ttouen cnesa, [* TOUeH cnpaazi, COOTBETCTBYIOLILHE
IPOH3BOAHEIE YHKTOPHI 0003HaUATCA Rf,,’;LfM. O Mo

3.2. JleiicTBHe BEKTOPHBIX MOJieW Ha f*(M). yeTh. o (M).
Paccmatpusas M kak Oy-MOAYJb, Mbl MOXEM onpenegn . ).
Hawa mnejb> B 3TOM IMyHKTe — NPEBPATHTDH f M) B X—MI yno:
Ilnsg sTOro KOCTAaTOUHO 3akaTh Ha f* (M) nefcTBre Belé’B?pHI; )} o
neit na X. Mul clesaem 3TO JIOKAJbHO IO Y. Iycrs X d y=dim ;
B HEKOTOpOii OKPECTHOCTH Y MOMKHO HAHTH CHCTEMY 1(13.1 YIIOJIeﬁ N
QyHKuHf y; 1 dy NOMapHO KOMMYTHPYIOLLHX BEKTOPHHIX o (Talé
takux, uro AuddepeHnuans y; B Y JHHEHHO Hesasagnga A rax
4TO Y; SBJSIOTCA JOKAJbHHIMH KOODAHHATaMH B HEKOTOP

JHTHYECKOH OoKpecTHoCTH ¥), H [0; y;}=9:; (rak uro 0;= '

Tenepp /5 BEKTOPHOrO TmoJi & HA Y u ceuenuss Y=9®f'm
nyuxa f* (M)=0x ®0 fM 1on0xnM
/ o,

£y =208 fm S 0E (4,21)0 f (@im). 1)

‘ . NS
, 4TO 3TO Onpeje/ieHHe KOPPEKTHO: E(@f (D)

ge}‘.x(c’)n;pisge&gx}. (pm)), YECy, u He 3aBACUT OT BLIOOPA CHCTEMBI

(Y1, 0;). Urobbi yGeauTbcs B CHpPABENJIMBOCTH nocJieIHero yTBep-
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KIEHHSl, HYXHO BBIPa3HTb B HEKOTOPO# aHAJIHTHYECKOH OKpecT-
HOCTH TOYKH Y OJHY CHCTEMY JIOKa/JbHBEIX KOODAHHAT uyepe3 Jpy-
TyI0, U UC[I0/1b30BaTh Qopmy.ay JleitbHuua.

OtMmerum, uto ¢opmyna (1) abcoMmOTHO ecTecTBEHHA:  OHA
BEpaxKaer TOoT (AKT, 4YTO ecaM § KacareJbHO K  CJIOsIM [, TO

£(1®fm)=0.

3.3. Jlemma. (i) Omnucannoe peficTBHE BEKTOPHBIX mOJefi npespa-
maet f* (M) B Dx-Moayan; o6osmaunM ero 1 (M).

(i) Me V(M) 3amaer dyuaxtop [ :My—>Myx, KOTODHIA
TO4YeH Cripasa.

(iii) Ecom g:¥ — Z — apyroit mopduay, 1o (g7)Y = fVgY; kpome
toro, id¥=Id.

JlokasaTesbcTBO BCEX 3THX YTBEPAK/JIEHH} CBOAHTCS K HECJOXK-
HBIM TNPOBEpKaM.

3.4. llyuok Dx.y. [Nonomum

@X.,yzfv (@y):OX ®
(¢

Y

I (D).
)

DTOT mMydYoK ABJAETCH JeBbIM PDx-MOAyJeM H npasbiM ' (Dy)-MOLyAEM

C ero novompio fV (M), MEMy, MOXKHO ONDEAeHTH CJELYIOULHM
obpasom:

M =Dx.r ® f(M).
f(Dy)

CaoficTBo (iii) MpU 3TOM 3KBUBAJEHTHO yTBEPXKACHHIO

Dx.z=Dx.y ©® I (Dy.2). ()
f(Dy)
3.5. ®yukrop fP. Ilepexoms K NpPOH3BOJAHON KATErOpHH, MHI

noayuuam oyuxrop LfY: Db(My)—>DP (M x), KOTOPHIH, OUEBHIHO,
3anaerca (popmyaoi

L
LfV(M)=Dxoyr ® [f(IM)
(Dy)

(nockosbky f° Touew). Ilo MHOrMM mNpHYMHAM OKa3blBa€TCH, OJHAKO
6onee yA0GHBIM CABHHYTH CTelleHb (¥ M3MEeHUTb 0GO3HayeHHe) W pac-

cMaTpuBaTh QyHKTOp f 2. Dt (M y)—> D (M x), 3anaBaembiii PopMy.I0it
L
P M)=Dxar ® f(M)[dx.r]
(Dy)

{dx, y=dim X—dim Y). Ecan M€Ay, TO Rjis KOrOMOJOTHi KOMII-
204

aekca fP(M) umeem ase GopMyJIHI
@
HY (f° (M) =Tots Ly D, £ (M),

H(F () = Tor, ey O, ()

3.6. [Tpennoxenne B cuTyauuu JemMbi II. 3.3 (iii) umeem
(gf)P={PgP, idP=1d.

JloKaTe/bCTBO HCHOJB3YeT M. 3.3 (iii) u ompelejeHnHe NpPOH3-
BOAHBIX QYHKTOPOB depe3 MIOCKHE Pe30JbBEHTHL

3.7. lpumeps. @) f:X—>Y —OTKpHTOE BJIOKEHUE. B atoM
cJyuae Jerko NpOBepPuth, HUTO Y (My=f(M)=Mx (Kgx MOJ]%YJIB
nan Dx—Dylx), Tak uro f¥ —rounsii PyHKTOp U f =LfV=
= fV. OyHKTOD 7° nepesoput KOrepeHTHHE 9D-MOfyJi B KOTepeHT-
Hble W TOJIOHOMHbiE ZD-MOJY/H B TOJIOHOMHbIE.

6) Tyets X =Y X Z, f:X-Y —npoeKiui Ha TepBbIi  COMHO-
Kutenb. OGo3HAuMM uepe3 g:X —Z TPOEKUMIO HA BTOPOH COMHO-
Aaurenp. Kmeem

@xzf'@}’%’g'@z- &)

Jlerko npoBeputh, uto £ (M)=M&g:Uz co CTPYKTYPOl Dx-Mo-

: v
AyJAsi, ONpPENENSeMOoro  pa3/oKEHUeM (3). Tlostomy f T.O'-I(-)H.
Orcioaa fD copnagaer ¢ fV C TOYHOCTBIO O CABUTZ HA dz—=dim Z,
TO eCTb

H (P ()= f¥ (@H T2 @), MeD? (MAx).

CHOBa JIerKO NPOBEPUTh, UTO [’ COXpaHAEeT KOre€peHTHOCTb H roJio-

HOMHOCTb. . 6
B) HauGosiee uHTEpECHBIH CJy4an 3aMKHYTOT'O BJIOXKEHUs Oyler

paccMOTped B KOHIe CJELyIOLIEro naparpaga (reopema Kauu-
Baphl).

§ 4. Mpsmoi o6pas

4.1. TMNpsmoii oO6pas NpaBbiX @-Mo)}yneﬁ. [ycs f: XY —
Mop¢hu3M anre6panyeckHx MHOI‘OOﬁpaSI/Il/I.UOCHOBHaﬂ TPYAHOCTb NPH
onpe/leieHHH NpsiMoro o6pasa 9)-mojiy el BEI3BaHA TEM, YTO f, BO-
obule roBops, He 3ajaer MopduMa OKOJbIOBAHHLIX [pPOCTPAHCTB
(X, Dx)~ (Y, Dy) (B MPOTHBONONOKHOCTH CHTYAIHH C O-MORyasi-
mu). OnHaKo, Kak A moboro ny4ka KoJjel Ha Y, | 3apaer mop-
$Hu3M OKOJBIOBAHHBIX NPOCTPAHCTB }

71X, f D)~ D)
KOTOpBIH MBl ¥ OyJAeM HCNOJb30BaTb MJs ONpeie/eHHs npsMOro
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o6pasa PD-moayselt. CnepBa M Hanum GoJjiee ecTecTBEHHOe omnpe-
IeNeHHe NpsiMoro o6pasa AJsi NpaBHX Z-MOAYyJell (OTHOCHTEIbHO
JIeBBIX MOAyJseld cm. 1. 4.5). Tlpu aToM ¢ camoro HayaJsa HyxHO pa-
60TaTh B MPOH3BOAHBIX KATErODHSAX. |

4.2. Onpenenenue. [iga NE€D?(AR) noaoxum

SN =Rf (N g Dx-y).
@X
3necs Dyoy —(Dx — f Dy)-6umonyas, onpereseHHbil B m. 3.5.
4.3. CpoiicTBa ff>. a) f %) sanaer Tounmii ¢yHKTOp TpHaH-
ryJMPOBaHHbIX KaTeropuii D° (A R)— D (AR). Jas noxasatenscrsa.
HYXHO TPOBEDHTB, 4TO f (®) (M) nmeer O-KBasMKOrepeHTHHE KOO
MOJIOTHU. DTO Criepsa Aeviaetcsl B ciydae, korda X W Y adduHEb

(ucnosib3yst CBOGOAHYIO JIEBYIO pe30abBeHTY N '); Mepexof K o6iemy

CAYYAI0 OCYLLECTBJSETCS C TMOMOIIBI0 CHEKTPAALHOH MOC/e J0BATEb-

Hoctd YHexa pas adpunsoro nokpmtus fH(U), UcY addunno.
Ocrasbible yTBEPXK/IEHUS B 4) OYEBHIHHI.

f g
0) B curyampu XYV -7 uMmeem
(g /) =gRb fR.

JlokasaTe/bCTBO MCNOB3yeT GopMyay THNA (OpPMy/Bl IPOSKLUHH,
cesbiBaiomy0 Rf, u f', wusomopdusM (2) u3 §3, u copmyny

Sy - ~
R(gf)=RgRf
4.4. 3amMevanus. dyaxrop f (f ) ABJAETCS KOMIO3ULMEH JEBO=~

L
IO NMPOU3BOAHOTO (yHKTOPA: @ D).y U NPABOrO MPOU3BOAHOTO (BYHK-
Topa Rf. VIMEHHO 1O 3TOH NpHUMHE €ro HeJb3s XOPOWIO ompeje-

JMTb BHE KOHTEKCTA MPOM3BOLHBIX KaTeropuit. B wactnoct, f(R) e

ABASIETCA, BOOGULE TOBOPs, NPOU3BOAHBIM (YIKTOPOM HH OT CBOEff
Hysiesofi koromosorun FH°(f(R)), ru ot dynkropa N~ 7. (N®Dx.y
(1 aTu 1Ba (yHKTOPA, BOOOULE rOBOPS, Pa3/uuHb). Kpome Toro, Hu

OJMH M3 3THX ABYX (YHKTOPOB He 006,1aJaeT CBONCTBOM, AaHAJOTHY -
#eM 1. 4.3 6).

4.5. Mpsamoit oGpa3 neBbix PD-monynei. Ilepexos & JeBbiM D-
MOAYJAM OCYLIECTBJAETCA C IMOMOLLBIO KOHCTPyKiud n. 2.5. Jlada
3TOrO0 YyAOGHO BBecTw NyuoKk Dx.pr Ha X, FABAMOWIMHCA JEBBIM
S Dy-vonynem v npaseim Dx-MopyaeM. A uMenno, nosomum Dy —
=Dr®0, 0", rae D}, —nywok Dy, PaccMaTpHBAEMs KAK MPABHI
Dy-MOAye OTHOCHTENRHO NPHUCOCIHHEHWOrO JelcTBus. COrJAacHO
n. 2.5, Dy uMeeT 1Ba KOMMYTHPYIOUUX CTPYKTYPHi JeBoro Dy-Mony-
J: BO3HUKAOULYI0 U3 1. 2.5 (cTpyxrtypa 1) ¥ BO3HMkaiomas u3
JIeBOr0o MpucoefuHeHHoro Jefictsua Ha Dy (cTPyKTypa 2). anee,
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R R T RSP 8 g W ik Sy S DL

et e AN R S

1y CTh
Dy x=4® [ Dy,
f'a
¥

e TEH30pHOE Npou3BejeHHe Gepercs MmO CTPYKType 2.

Crpyxtypa aegoro f Dy-MOLy/s HA Dy.x BO3HUKACT M3 CTPYyK-
typyt 1 Ha Dy. CTpykTypa 1paBoro Dx-Monyns BO3HUKAET U3
CTPYKTYpHl JieBoro Dx-MOAYAs HA

fV (@Y)—:-_‘Oxf.%yf @Y,

oTBeuaoLIell CTPYKType 2, ¥ MOCJeyiouero NpuMeHenus 1. 2.5.
Teneps noaoxum s M €D® (A x)

L .
S+l =RJ. ( Dyox @ M )

Jlerko TpOBEPUTH, UTO 3TO ONpPeJEe/IeHUe NPAMOro 36pa3a 1l J;j};
BHX Z)-MOAyJEH coriacyercs ¢ ONpeje/eHHeM I. 4.2 paa nprOM
D-vonysaeit. Kpome TOro, sCHO, 4TO f4 9BaseTcs (YHKTOD

e
Db (M )~ D?(My) u 1 X~ Y > Z umeeMm
(g f)i=8+S s . P X(l)
. —_
4.6. [pamoit oGpa3 Hasd OTKPLITHIX paowenn. [lycte J: >
- Y——on?pmoe proxenue. Toraa Qx =Qrix, Dx=Drix 4 Drx =
— Dy KaKk (Dy, Dx)-MOLYJb, TAK 4TO [ 3a7a€T Mop¢usm oxcom:u,csi
pauHex mpoctpaucts [ (X, Dx)—> (Y, Dy). [Tostomy f, 3aa@er
dopmy.ioft
. f+ = Rf. = Rf ®?
TO ecTb [+ fiBJseTCA NPaBbiM NMPOH3BOAHBEIM TOYHOro clieBa (PyHKTO-

D
pa f.. Orciola u H3 I 3.6 BHITEKAeT, 4TO [ COMpsAXEH c/leBd K fm;
TaKk, YTO CYLIeCTByeT  KaHOHHYECKHH mopdusM  (GYHKTOD

]

Id:f,f°
Iaaee, 1as MEA x umeeM

Hif, (M)=0 npu i <0,
H‘f*(M)x==li§ HY{(XnU, M), x6X npu i>0,
) U9x
i TOUKH X.
e e T 2 ouuti Gynkrop, 18Kt [+ =Rf.=

=[. B ,

M upu i=0,

HA =y o 10

OTMETHM, YTO f4+ AJS OTKPHITHIX RJOKEHHH, BooOIle roBops, ;{;ﬂgo:
XpaHsieT KorepeHTHOCTh Hal D (npumep: X — nonosiHeHHE K p
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NoBepxHOCTH B Y); cM. ogHako, n. 4.108) u m. 5.6.1.
4.7. Hlpsamolt oGpa3 maa rJaagKoro Mopduama. aa raamxoro

MHOroo0pasust X oGosHauuM uepes DRy kommiexc ne Pama Q‘}(—d»

d
1 dimX i
Qx> ...>Qx ", I1e Qx—INyuoK aire6pauyecKux i-opm Ha X.

Ecan A —npoussosbteit Dx-MOxyib, TO uepes [ -
3HauMM KoMmisiexke ne Pama M, DRy {M)=DRX%/H. Rx (/M) o6o-

i lIaJlee,. ec f:X Y —raankuii MopdusM, To 0Go3HAUNM yepes
Qxir, 0<i<dy,r=dim X —dimY nyuox orHOCHTeABHEIX i-popm,

yepe3 DRy — OTHOCHTEJBHBI KOMIeKC ge Pau
a "
DRxy (M), MED x-mod— Komniexc

DRy ® M.
RX/YOXM

yepes

SlcHO, B wacTHOCTH, 4TO0 DRx)y (Dx) ABJASTCH KOMIEKCOM JOKAILHO
CBOGOAHEIX MpPaBuX 2 x-MOyei. '

dx,y
Tockonbky Dy x=Dxr 39 Qx,v , ONpeje/ieH eCTeCTBEHHB MOD-
X
.adx.y
dusm e:Qxy é&X@X—>@Y“X’ KOTODHIA, K4K JIerKO IPOBepPUTh, KOM-
MyTHPYeT C npaBbiM melcteieM Dy.
4.8. JleMMa. & 3ajaeT JieByl0 PE3O/ILBEHTY

DRxiy Dx)|dx,v]>Dyx
Moay At Dy.x JOKANLHO CBOGOAHBIME NPABHIMU D x-MOLY IAMH.

OTa JeMMa JIerko AOKa3blBACTCS BLIYHCACHHSIMH B JIOKAJbHEX
KoopauHaTax Ha X, B KOTOpPHX [ siBaAsiercss Npoeknuei IpsMOro
NPOH3BeJeHHs Ha OAHH H3 COMHOXKHTeJIeNL.

Hs stoit JIEMMbl BBLITE€KAaeT, YTO MJii  [JAAfKOro  MopdHama
f: X—Y npamo#t o6pas f.M, Mé#x 3anaercs dhopmyoit '

f+M=RF (DRxy (M))[dx,r]-

Omermix, OIHAKO, YTO 3Ta ¢dopmyna sanaer f+M kak KoMIIexc
v-MOAyJieli. [leficTBHE BeKTOpHHIX mnoseli Ha .M onpejeaseTcs
choaonbﬂo CJAOKHBIMH QopMyJamu. DTH (GOPMYJH YNPOIIAIOTC B
Jaydae, KOria f— NpOeKUHs Ha NpAMOe cJjaraemoe (ucnoab3ys
AeACTBHE MOJAHATHIX BEKTOPHHX HOJIef Ha M).
4.9. Npsamoii U o6parumil o6pa3 aas 3aMKHYTHIX
Ilycte f: X—Y — 3amkHyTOe BiIOXKeHHe. Onpenennm
byHKTOPH

BJAOXKEHHH.
caleayoLLue

Follx>Mr, fo(M)=F.Drx@ M),
X

fo:My>Kx, ['(M)=Homsrgp (Dy.x, f'M).

CBﬂsblaTHx ¢GyHKTOPOB APYr ¢ APYrOM H O BBEIEHHEIMH paHee
yHKTOpaMH NPsAMOro H 06paTHOro o6pasa Takosa.
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a) fo ToueH, [0 ToueH cJ/eBa, fo COMPSAKEH CleBA K fo.

6) Rfo=f+, RF°=[".

Bechbma BakHas Teopema Kamupapbl NOKasbBaeT, 4To fo H I
OCYIECTBJISET 3KBHBAIEHTHOCT MeXLY A x H HEKOTODOH MOJKaTe-
ropuedl Ay. A HMEHHO, IJs 3aMKHYTOrO noamHoroo6pasuss Z—Y
06o3HaunM uepe3 Ay (Z) moaHyio moaxarteropuio Ay, COCTOALLYIO
W3 MOJyJefl, HOCHTE/]H KOTOPHIX coAepxarcs B Z.

4.9.1. Teopewma. [lycts f : X—Y — 3aMKHyTOE BJIOKEHHE. Tor-
na (yHkropH fo: Mx—~My(X) B [°: My (X)—>Mx KBa3HOOPATHEL
H 33]a10T 5KBHBAJIEHTHOCTb KaTeropui.

Ha6pocox JAOKazaTelbcTBAa. YTBepPMAeHHE JoCTa-
TOYHO NMPOBEPHTH JOKAMbHO, TaK YTO OyleM CUHTaTh, uTo Y apun-
Ho, a X 3ajaeTcsl ypaBHEHHSIMH @ = ...=@q=0. MHAyKuHus 0o d
CBOLHT TPOBEPKY K Caydalo, Korga X — rHNeplnoBepXHOCTh B Y, 3a-
aawiasics ypaBHennem ¢=0.

Bri6epem BekTOpHOE moue O Ha Y, aas kotoporo [0, @]=1 (uo-
KaJbHO 9TO MOXKHO CAeJaTh), u Nojoxum [=¢-0.

Mycts Fe€My (X). [TockobKy F KBAZHKOTEPEHTEH, 1JIst Jqboro
ero ceueHust £ umeeM @FE=0 sl A0OCTAaTOUHO GOJBLIOrO k.

Mo noxum &, ={g, [ —iE}. Torma @:F;—~>F.,, 6:F iy~ F,
¥ JErKO TPOBEPUTH, UTO STH OTOOPAKEHHS ABJSIOTCH  M30MOpPGu3-
Mamu mpu i < — 1. Jlasee, uunykuus no k£ u dopuyna 09— go=1
noxasmpaior, uto ecan @FE=0, TO QEF_D...OF . [loatomy

F—= ,%?31.9?_1 =C[p|®F_ u kerg|g=&_,. CrepoBarenbHo, 0ToGpa-

weuns F—-F_, u Y—C[0]®Y—s3auvMno oOpaTHHe MOPHHU3MBL
vexay Ay (X) u Ax. Jlerko mnposepurb, 4YTO OHM COBNALAWOT
c fou fo. B

4.10. KomMeHnTapua Kk Teopeme Kamumsapbl.

a) Teopema Kauupapel jeMOHCTPHPYET C/efyioliee CyIeCTBEH-
noe orauune D-monyaei ot O-MopyJeit. B xateropuu O-Mony.ieii
aast nyuga F, COCPEIOTOUGHHOrO HA 3aMKHYTOM MOAMHOrooGpasuy
XY umeercs BaXHAd XapakTepUCTHKA: CTeneHb uieana Jx
nogMHoroo6pasusi X CY, aunyaupyoomas F (Tak, Bce MyukH
Oy/J%, B=1,2, ... pa3iuuHbl, XOTA U MMEIOT OJHO M TO Xe
nosegenue Baoab X). B kareropun D-monyseit audxpepenunpoBaHus
B TpPaHCBePCaNbHbIX K X HANPABJCHWSX NPUBONAT K TOMY, 4TO 3Ta
CTenmeHb paBHa oo (M3 MYyYKOB Or/J% MOXHO COCTaBUTH 0O Cy-
ILECTBY CAMHCTBEHHBI My4OK, HA KOTOPOM JCHCTBYET Dy: 370

nysox lim Oy/J4).

6) Teopema KamuBaphl faeT MPOCTbIE A0Ka3are/bCTBa YTBEPXK-
Jenun nm. 2.4 u 2.15.

B) Ilycts [:X—Y —cobcTBeHHH  MOPQH3IM. Torna
f.(D?(Coh X))=D?(Coh Y). Jlio6oit cobGcTBeHHbBIE MOPHH3M pas-
Jaraercs B KOMIO3HIMIO 3aMKHYTOTO BJIOXKEHHS M COOCTBEHHOIO
raagkoro mMopousma. [lostomy Hawe yTBepakAeHue cieayet u3 (1),
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TeopemMn KaumuBapbl, W OHHCAHHS [ [AJs cOOGCTBEHHOTrO IJiaJKOro
Moppuama B 1. 4.7.

r) [lyete f: X —Y —3avMkHyTOC B/IOXKeHHe. Torma
ch (foM)={(y, n) | y€X; (¥, Prrsyr=xM)€ch M}.
B uactHocTH, f,M roMOHOMEH, ec/d W TOIbKO ecad /M roJioHOMeH.

[Tocko/eKy f, ToueH, U f.,—= f,, KoMmiekc f,/M TOJIOHOMEH, eCJm
¥ TOJMBbKO ecau M TroJoOHOMEH.

4.11. dyukrop I';z;. KaHonnyeckoe pasnaoxenue. I[lyets i:Z—
—Y — 3amKHyTOe BJIONKeHHe, j: U--Y — BlOXKeHHe [ONOJHHTENb-
HOrO K Z OTKpHITOro  MHOXKecTBa. HanomuHuM  ¢dyHKTOD
[z, Ptby~>PH4by u3 ra. 4, n. 5.5. I[lockoapky TNpHMEHEHHE
qud(epeHHaIbHOrO OliepaTOPa He yBeJHYHBAeT HOCHTENb CeueHHs,
Iz (HAy)—>My. Bcuomunas n. 3.7 a, noayuyaem QyHKTOpHAJIbHBIA
no M €DY(My) BblLAGIEHHBIH TPEYTOJbHHK

RU\z M~ M= j+ j°M, @)

KOTOPHII Mbl HA30BEM KAHOHU4ECKUM pasaoxceHuem M ot-
HocureasHo (Z, U).

4.11.1. Jlemma. Vveem

RP\z) =iPi,

u Mopdusm RIzy M — M cosnagaer ¢ MODQH3MOM COIpPSKEHUA
iPi,—1d (cm. m. 4.6).

JlokasaTenbCTBO CcHepBa COCTOMT B MNpoBepKe ¢opMmyan I'iz;=

=(P{,, AJs1 4ero NpoBOLATCA HeCJOXHbIe, HO HECKOJIbKO I'POMO3JKHE
BBIYUCJICHHUS,

4.12. Teopema o 3amene 6a3nl. [TycTth

q
Z—Y
gy p
X—S
— KOMMYTAaTHBHAasi gHarpaMma aJreb6paduecKux MHoOroo6pasuit u
ux Mopousmos. Torna ¢yukrops ' [, ug.q¥ u3 Db (My) B Db (M x)
€CTeCTBEHHO H30oMOpGHH. B uactHOcTH, ecam Z=, To ecTb
p(X)Nf(Y) =@, 1o p*f+=0.
JlokasaTeabCcTBO CBOJAHTCA K DPAcCMOTPEHHIO JBYX  CJAy4aes:
a) f: TXS—S — npoekuus, 6) f— 3aMKkHyTOe BJoxeHHe. Ilepshiit
cayuail pasbupaercs HelOCPeICTBEHHO; BO BTOPOM cJhyvuae clefyer

HCIIOJIb30BaTh TeOpeMy O 3aMeHe Gasbl B KaTteropuu FsLb u teope-
my Kawmugpapesl.

§ 5. l'oaonomMHrle MOAYIH

5. Onpenenenune. a) Moayapr MEA x Ha3BIBaeTcss 2040-
HomHeiM, eciu aub6o M= {0}, mu6o dimch M=dimX (cp. n. 1.12).

6) Komnnexe M'ED? (Dx-mod) HA3LIBACTCS 20A40KHOMHbLKE, €CIR
Bce H!(M’)—rosoHOMHBIE MOLY/IH.
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Kateropust FOJOHOMHBIX MOJyJ/ell 0003Ha4aeTCs FBolx; kaTeropus
FOJIOHOMHBIX KOMIVIEKCOB (moJmasi — mojxareropust DP (D« -mod)y

oGosnauaercs Do (Dx)-

5.2. CBOHCTBA IOJOHOMHBIX MOAYJed U KOMIIEKCOB. a) B Tou-
Hoii motuenoBareasocty 0—> M/ — M—> M”->0 wmonym A roso-
HOMEH B TOM M TOALKO TOM caydae, ecan M’ u M” TOJOHOMHBL
TlosTomy kateropus JGolx abenesa.

0) D[:;golx(@x)—TpI/IaHI‘yJII/IpOBaHHaS{ noaxareropua D?(Dx-mody
(C WHAYIHPOBARHEMH (YHKTOPOM CHBATA W TPeyroJbHUKaMH).

B) Baoxenve dBolx—~ Lx-mod 3anaer QyHKTOD DY (#Holx)—~
—>D:’%Ol (Dx). Tpyanas Tteopema :bBeiinuHCOHA [23] yrBepxpaer,

yTO 3TOT (YHKTOD 3a1d€T 3KBUBANEHTHOCTb KaTeropuit (10Kasa-
TEeMBCTBO HCMOMB3YeT pesyasTaTsl ri 7, § 2).
5.3. JBoficTBEHHOCTb. PYHKTOp IBOACTBEHHOCTH €CTECTBCHHO

b
onpejenseTcs HAa KarTeropuu Dcon(Dx) KOMILIEKCOB C KOFePeHT-
HBEIMH KOFOMOJIOTMsiMA. Hamomuum, uto B H. 4.5 OblT ompesesen

nyswok Dx € ABYMA KOMMYTHPYIOIIMMH CTPYKTYPaMH JIEBOTO Dx-MO-
LyJst. )
5.3.1. Onpegencuue. [na MED? (Dx-mod) NonoxuM

AxM =R domg (M’ Bx) [dim X],

rue R%om@x Gepetcsi OTHOCHTEJBHO CTPYKTYPHI 1 "Ha Dy

CrpykTypa 2 TmO3BOJsleT pAaccMaTpuBaTh Ax M _KaK 00BEKT
Db (Dx-mod). Taxum 00pa3oM, AJA BbMUCICHHUA Ax M HyXHO 3aMe-
nuTh M° HA KBa3uu3OMOPGHH xommiexe P={... —>P_1:>P0—+
— P,-> ...} ¥3 JIOKQ/ibHO NPOEKTHBHHIX (WM JOKAIBHO CBOGOIHbIX)
Dx-MopnyJeil ¥ TONOKUTD AxM ={... Q1> Qy—>Q~ ...}, rae

- Qi=dbomg (P—i—dimXs D).
dcno, uto Ax M npogomxaerca ao ¢yHkTOpa

. Ax: D (Dx-mod)~ D? (D x-mod).

Tlpu atoM AxoAx==Id.
5.4. JIBOACTBEHHOCTb JJf KOTE€pPeHTHbIX monyaeit. Ecau
MECohx paccmatpuaercs Kak 0-KOMILIEKC, TO

H (AxM) =8 xtg, " (M, D).

OCHOBOH A/ McCJAeJ0BaHHsT JBOHCTBEHHOCTH IJIfi TOJOHOMHBIX MO-
IyJeit sBAserca caelyomas tTeopema Pyyca.

5.4.1. Teopema. Mycms MECokx. Tozoa
a) dimch (é’xt_éz)x (M, Dx)<2dim X —i.

6) c?xtf@X(M, Dyx)=0 dan i <2dim X —dimch M.
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[ToCKOIBKY yTBEPXAEHHS TeOpPeMBl JIOKAJbHE 10 X, MOXHO
cuurath, uto X apduuno, a Ha Al cywecTByeT xopowas (uJib-
tpauusi. C ee NOMOIIBIO YTBEPXKIEHHS TEOpeMsl CBOAATCH K aHAJo-
THYHBIM YTBEPXCIEHUAM ]/ TPaLyHdPOBAHHOrO Moayas gr M Hag
rpajiyHpOBAHHEM KOMbUOM gf Dx==0%% (eM. m. 2.8), rge OHH
ABJIAIOTCS 4ACTHIO CTAHAADTHON TEOPHH DPA3MEPHOCTH.

5.5. Ciegcrue. a) Ax(DEn(Mx)) Deon (A ).

6) Ilycre MECohx. Torga kommaekc AxM cocpemoToueH B pas-
mepHOoCcTSX Mexkay —dimX u 0, 1o ecrv HY(AxM)=0 npu
i<dim X umm i>0.

B) M roJOHOMEH B TOM M TOJBKO TOM Cayuae, ecan HY(AxM)=0
ans 0.

r) Ax 3a1aeT aBTOABOHCTBEHHOCTb Ay :dBolx-> JBolx, TO eCTb
Aonxﬁld%olX. B uactHOCTH, QyHKTOP Ax TOUeH HA JBolx.

[lepBoe yTBepxicHME BHITEKAeT U3 CTAHIAPTHHIX CBOUCTB & X7 D,

OtmeTuM, 4yto ecaun M HekorepeHteH Has PDx, TO KOIOMOJOLHH
AxM naxe He KBa3sHKOTE€pEHTHH.

Bropoe u TpeThe yTBepK/eHHe BBHITEKAlOT H3 Teopembl Pyyca
mn 5.4.1.

HerBeproe yTBEpKIEHHE CpPasy CJELYeT M3 TPETbero H 3ameua-
HHSl B KOHIe NPeABAYIIEro NyHKTa.

OTMeTHM, 4TO H3 yTBepXKIeHHs 6) BHITEKaeT, YTo Ji060il Kore-
peHTHB D x-MoAyJb 00/1aJaeT JIOKaJbHO NPOEKTHBHOM pPe30JbBEH-
Tof juman <<dim X.

5.6. losoHomMHbie moayan u ¢ynkropn. Cienyolnas teopema
YTBEPKAAET, YTO CBOHCTBO T'OJIOHOMHOCTH COXPaHsIETCS IPH NPHME-
HeHHH (QYHKTOpOB nIpsAMoro H obGpatHoro obpasa (§ 3, § 4).
A umeHnHo:

5.6.1. Teopewma. s f : X—Y umeem
a) (Dot (D))= Digor (D),

6) f4(D%01(Dx) Dot (D).

,llOKaBaTeJIbCTBO TeOpeMbl OCHOBAHO Ha
JieMme.

5.6.2. JlemMma. ITycte i: X —Y —/IOKaJBHO 3aMKHyTOe BAOMNKE-
Hue. Torna i, (D%, (Dx) Do (Dr)-

Huke MBl H3J0XKHM OCHOBHHE ILIarH [JOKAa3aTeJNbCTBA TEOPEMBl
n. 5.6.1, oT70XUB 0O6CYXJeHHe OCHOBHOH JIeMMbl H CBSI3AHHOFO C
THM NOHATHS b-pyHKuHH 10 1. 5.10.

5.7. Jloka3atexbcTBO n. 5.6.1, a. Kaxawii mopdusm aare6pan”
YeCcKUX MHOrooGpasu#t f pasjaraeTcsi B KOMIIO3ULMIO TPOEKIMH H
3aMKHYTOr0 BJOXKEHMS, TAK YTO HOCTATOUHO PACCMOTPETh OTJAE/bHO
3TH gaBa cayuagd. Ecam f —npoexuus, To, corjacHo n. 3.6 6),

F¥ —rounnifi GyHKTOp, MEPEBOAALIME FOJOHOMHEIC MOAY/JH B TOJO-
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CIeLyIOHIeR  KJIOYEBOR

el

S

v
HOMHBIE. TTOCKOJ/IBKY 7 ormmaerca oT fY TOABKO CHBHIOM,

D b b
Dot (Dy)) Dol (Dx)
/ %y?lﬂ(, ;,e):)negbl( f)fX —Y —3amkHyTOe BJOMeHHe. PaccMOTpHM

. b
KagOHMuecKoe pasaoxenne M €Dny (Dr)
D . . . D .
f+f M—>M—+.]+.] M,
rae f:U -»Y —BjoxeHne AONOJHATENBHOTO K X OTKpPHITOrO 1\D/1H0-
.D . . . . .
secTBa. TlockoapKy Kommgexe j M =M |y romoHoMmeH, . jDM
rOJIOHOMEH BBHJY KJ/IOYEBOH JIeMMbl II. 5).5.2. [lostomy f.f M
taKe rojoHomed, ¥ seuay m. 4.10 r, f7M TOJOHOMEH.

5.8. KpuTepuii TOJOHOMHOCTH. ODTOT KPHTEPUH yTBEPAKAAET,
410 Kommieke M EDEn (A x) TOIOHOMEH B TOM 1 TOJBKO TOM Clly-
yae, ecqan Aas JoO0H TOYKH x6X ero caoit ixM B x (TAe L,:x—>
—» X — BJIOKeHNe) UMeeT KOHEUHOMEepHbIE KOTrOMOJIOTHH.

Heo6Xx0aHMOCTb 3TOFO YCJIOBHs chaeayer u3 1. 5.6.1 a, MOCKOJBKY
Aasi 9-MoAyJeli Haj TOYKOf TOJIOHOMHOCTb 3KBHBAJCHTHA KoHeu-
HOMEPHOCTH.

Tas 1oKasaTeNbCTBa AOCTATOYHOCTH HYXKHO HCHOJBb30BATH CJ€-
LYOILLYIO JIEMMY.

5.8.1. Jle m ™ a. Ilycts M€Cohx. Torpa cyuiectByer OTKpHITO®
nnotHoe noamHoxkectso UcX, aas koroporo M|y — JIOKa/IBbHO
cBO6OAHBI DD-MOIYIb.

[IpoBepKa JeMMBI CBOAUTCS (BBHAY JIOKAJLHOCTH yTBEpP K ACHHA)
K cJyualo, Korjia Ha M cyuiecTByeT xopoumas ¢uapTpauus. B sTom
ciayuae gr M=OM,/M;_, sBasercd KOHEUHO MOPOKACHHHIM MOZLY-
JeMm Haj KOHeYHO NOpOXkjieHHo# O x-anre6poi gr PDx. llostomMy
gr M cBoGojen Haj Oy AJst HEKOTOPOro OTKPEHITOTO MJIOTHOrO UcX.
Orciona Bce M;/M,_; npoeKTHBHE HAL Ou, Tak uro M~gr M xaK
Oy-MOAyab, TO ecTh cBOGOJEH Hall Ovu.

Bosppamasch K TNpOBepKe JOCTATOUHOCTH KPUTEPHS, Gy nem
MCIOJB30BATh MHAyKUMiO mo dim S, rae S =supp M.. Ilo n}gmme
o 5.8.1 MOKHO HaiiTu Takoe OTKphToe Y CS, uTO dim (S\Y) <
<dimS u Bce koromosoruu M |y CBOGOMHH HAL Oy. Tlocko/bKy
C/IOM KOFOMOJIOTHiL Haj TOYKaMH ! KOHEUHOMEDHBI, Cami KOroMOJIOrdA

. b e
M|y Oy-xorepenthsl, 1ak 410 M |r€Dnol (Dy). Tlo KmoueBoli Jemme
m. 5.6.2, j.M |y TaKiKe TONOHOMEH (rae j:Y—>S8). Temepb kaHo-
HHUeCKOe pasjoxedue M'|s OTHOCHTEJBHO (Y, S\Y) csogur
yTBEpK/AEHHE O TOJOHOMHOCTH M x xommjaexkcaM C HOCUTeseM
S\Y, pasMepHOCTb KOTOPOTO MEHBILE PasMEpHOCTH S. n

OTMeTHM, 4YTO OJHOBPEMEHHO C JOKA3aTe/NbCTBOM — KPUTCPUA
JI0KA3aHO TaKxKe Cleflyiollee yTBEPKACHHC.

Kommnexc Dx-moxyaeit M roJOHOMEH TOTJAa M TOJKO TOrAd,
KOrJa CyLLeCTByeT TJaaKas crparudukanya X = U S, muHorooGpasust

. D axt . _
X, A7 KOTOPOH BCE KOMIICKCEH My—=jaM (rae ja:Sa—>X
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BAOXKeHHe) ABIAIOTCH (Pg,-KOTP@PEHTHHIMH (TO €CTb WX KOTOMOJOTHHU
O’ ,-KOTeDEHTHE).

5.9. JlokazateabctBo n. 5.6.16. IlockosbKy ciayyall 3aMKHYTOro
BJOKEHHsT COAEPXKHTCA B KJWUEBOH JeMMe, A0CTATOYHO PaccMoT-
perb cayuall, Kkorga f-—mnpoekuusi. B sToM cjaydae nposBepkKa cBO-
JUTC K NpPUMEHEeHHI0 KpuTepus 1. 5.8 H TeopeMHl 0 3aMeHe 0asbi
1. 4.12 naa guarpaMmmel

T
Y

5.10. Jlemma o nponoJkeHuu. IIpm HoKaszaTesbCTBe KJKOUEBOH
JeMMBlL 1. 5.6.2 Wcnosb3yeTcs caeayluias JemMMa O NPOAOJIKEHHH:

[Tyecte U<=X otkpmito, NED x-mod u M — rononomHbll  Dy-
noamonyab N|y. Torma y N cyumiecTByer Tako# TOJOHOMHBIH NOJ-
monyab N’, yto N'|y=M. Ilpu mokasaTeJbcTBe MOXKHO CUHTATH,
yro M=N|y. Tlocae aroro HyxHo nojoxuth N'=Ax(H°(AxN))
H HCIOJAb30BaTh Teopemy Pyyca m. 5.4.1.

5.11. JloxasaTenbCcTBO KJaYeBOH JeMMbl. Cryuafi 3aMKHYTOro
BJIOXEHHSA paccMoTpel B M. 4.10r. [To3TOMy MBI MOXeM CYHTaTh, UTO
f: X—=Y — orkpbiToe BiokeHHe. []anee, MOXKHO CUHTAaTh, yT0 Y ad-
¢uHHO, 8 M — roJIOHOMHBIH 2D x-MOAY/b, MOPOXKIAEHHHH ONHUM ce-
yenneM . Mcnosb3ysi 4eXOBCKYIO pe30JibBEHTY, OTBedawllyn ag-
¢dunnomy nokpuituio {X.} npoctpanctBa X, Mbl IPHXOAHM K cJe-
JAyOUIed CHTYalHHu:

Y — addunno, ¢ — dyuxuus Ha Y, X={y, ¢(y)s£0}, i:X—~
—Y — Baoxenue, M — roqoHOMHBIH 2D x-MOLYJb, NOPOXIAEHHbLIH
onHuM ceueHnem . TpeGyercs AoKas3ath, uTo i+M rojoHomeH (3a-
METHM, UTO B 3TOM CJydae iy={, — TOUHHIH (YHKTOD).

CylecTBEHHAsT 4aCTh JOKA3aTeIbCTBA COCTOHT B HPOBEPKe TOTO,
yto i, M xorepenteH. ScHo, uTo i+ M mopoxnaaercs, Kak £ y-MOLYJIb,
ceuenusamMu @~ "E, n==0. [TosToMy KorepeHTHOCTb i,M BHITEKaeT H3
CJEYIOUIero yTBEPXKAEHHS: CYLIeCTBYeT TakKoe Mg, YTO HAJAsA BCEX
n>ngy

xY

S

PIEED (Y )(@77E)
(D (Y)—raobanbhble ceuenus Dy Ha 1)

DTo yTBEpKAEHME AHAJOTHUHO TeopeMe m. 1.9 W uMeer aHano -
rUyHOe [OKA3aTEeJLCTBO: HYXKHO PACLIMDUTH [OJe CKaJApOB 10 NOJ
pauuonaneHeix  ¢yHkumis C(A) OT OAHON MepeMeHHOMH, PaccMOTp eTh

~ AN
paciiupensle Moayiu M=M®C () nvan D(X)®C(h) u N=
= (i, M)[9*] nax DY) ® C(M) 1 WCnoap308aTh JeMMy O MPOLOJDKE-
nuu 1. 5.10.
Ananoruuno Teopeme m. 1.9, npu oKa3aTeNbCTBE KOrepPeHTHOCTH
e

4BTOMATHUYECKH MOJy4YaeM, UTO N TOJMOHOMEH H MOPOXK 1AETCA HaA L
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D (X)® C(L) onnum ceueHueM Prg, a i, M mopoxpaercs R, B

N
moboro n>n, Jlanee, BBULY TO/IOHOMHOCTH N Hal @(X)®Cgv£
Mbl MOXEM (NOACTaBJsiA A= —n A fz)>n0) naitrn  anddep

n —_ 0
HaJbHBe ONepaTophl Pf"), takue, uto P; (cpnu);—(? HXMHIO_[}ESQE;SI
OB KX Hysefi X CHMBOJOB HMeeT DasMepHOCTh L dim X. My

i M roaoHomes.
+
5.12- q)yHKTOpbl fD’ f H UX CBOﬁCIBa. ,U,Jlﬁ IIpOH3BO.}IbHOIO

b
vopbuava  f:X-—Y ompenemm ynxrops  fp:D b0l Dx)~>

—>D;@01 (Dy), F*:Do%o1 (D)~ Dgor (Dx), dopysav:
fo=Ay[tAx, f+=AxfPAy.

Dru onpeflesieHdss HMEIOT CMBICJ BBHAY TEOpEMbI 1. 5.6.1.

Takum o6pasoM, Kaxzomy f:X—-Y Mbl comocTaBuu 4 (byHlfj
TOpa MEXiy KaTerophusMH TOJOHOMHBIX KOMHJIeKCOB+@-MD01LyJIeH.
2 npsmbix o6pasa f, u [p U ABa o6paTHBIX 00pasa | o fP.

Credyiomas TeopeMa ONHCHIBAET HEKOTOpble CBOHCTBA  STHX
(hyHKTOpOB. .

5.12.1. Teopema. a) CyuecrByeT KaHOHHYECKHH mMoppH3M
(YHKTOPOB fp—>f+, ABJSHIOILKICS  H30MOPPU3MOM AJIA COOCTBEH-
HBHIX [. . '

67; Ecau [—ranagkuii mMopdusM, TO fo=f+[2(dim X—dim Y)].
B) fp compsizeH cieBa fP, [* conpsikeH ciesa fi ]
CresnaeM HECKOJBKO 3aMedaHHii O J0Ka3arTejbCTBe 3TOH TEO-

peMbml. _

[peAnosoKuM CIepBa, UTO f=j— oTKpbITOE  BJIOXKEHHE.

B sTom caydae jP=j* ecTb OrpaHuueHHe Ha OTKPBITOE MHOKECTBO

XcY. Tlostomy j'=jP compsizKeH cJaeBa [, (cm. m. 4.6), Tak dTO

ip=Ayj--Ax conpsixen caesa j°=Ayj Ax.

TNanee, j*toj,=Id, orkyna QopvaibHO TOJyHaeM (McnoAb3y
AxoAx =Id), uro j*ejp=1d, 10 eCTh Crpanuuenve jDM- Ha X
copnajaer ¢ M. D10 JaeT eCTECTEEHRENH vepdusm joM = J M,
TOXKAecTBeHHH#A Ha X.

Takum 06pa3oM, OCTaeTcsi AOKa3aTh YTBEp2KICHHHA a) u B) AIsd
CcOGCTBEHHBIX | M yTBepXKJeHHe 0) A TIALKHX co6cTBEHHBIX f.
(OTMeTHM ellle, 4TO BTOpPOe YyTBEpKIeHHe B B) cJelyeT M3 Tep-
goro.) OpnHako Bce 3TH YTBEPXAEHHS BEPHLL B _60J1ee obuieft cH-
Tyaluuu KOTepeHTHBIX (a He TOJbKO FOJOHOMHBIX)  KOMILJIEKCOB,
HOCKOAbKy f. AMst coGCTBEHHbIX [ m [P /IS TUAJKHX [ nepeBOMAT
KOTepeHTHble KOMILJIEKCH B KOTepeHTHbIE (cm. 1. 4.10 B, m. 3.76).

YrBepxkaeune 6) cieayer u3 (QopmyJibi (mast  coOCTBEHHOIO
f: X=Y) .

R%om@ (Dxys Dx) = Dy.x|dimY —dim X].
" .

VrBepxkienus a) H B) A COGCTBEHHBIX Mop¢$HU3MOB  BHTE-
Kal0T U3 CJelylollell TeopeMbl ABOHCTBEHHOCTH.
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5.13. Teopema. Ilycrs f: X—Y — cobeTBennnlii
Torna

a) Avf,=[iAx;
6) f. conpsiken chaepa fP.

IloKa3are/bCTBO 3TOH TEOPEMBl OCHOBAHO Ha CJelyloLleM Npej-
JIOXKEHHH,

5.13.1. llpeannoxenue.
Torna aas M'€Déon(Mx), N'ED? (A x) nveeM

L
Py (Axf'/llgf) N) =R%0m@X (fVI., N [dim X}
X /

(nefictBue PDx Ha TeH30pPHOM mnpousBenenud Hax Ox 3anaerca
npasuJomM JlefiGunua.

5.14. Buytpennui Hom u TeH3opHoe npousBencHue ZD-MOAY-
qeftl. Onpenenum QyHKTOPH «D-TEH30PHOZ NPOU3BEJEHHUE»

D
®: D% (M x) X D (A x)—~ Db (A x)
1 «D-BHYTPeHHHUI JGom»
I Hom®: Deon (M x)° X Deon (M x)~ D (M x)
dopmyamu

D
M ®N = (diag)® (M XN

- - -D .
ITHomP (M, N)=AxMO®N,

rae diag: X — X X X — guaroHaqbHOe BAOXKeHue. Torja mpejpsoxe”
Hue 1. 5.13.1 MOXHO (BBHAY paBeHCTBA

D L
MON =M ® N [dim X])
OX
MHTEPNPeTHpOBaTh Kak (opMmyay
RHomg, (A, N')=p, ({ Hom? (M, N')),

rie p : X—>point.

5.15. HenpuBoauMbie rojioHOMHble D-moayau. Ilycts f: X—Y—
JOKaJbHO  3aMKHyTOe  BJIOXeHHe, 3alaiuM  orobpa)KeHHe
fpy : Folx—>Foly dopmyJoii

[ps (M)=Im(H°(fp (M))—>H°(f (M))).

Ecau f apdunno (B uactHoctd, ecau X adodunno), o f, (a

3HAYUT, U fp HA J60lx) — TOUHBIH YHKTOP, TAK YTO
[o. (M) : Im (fp(M)—f. (M)).

5.15.1, Teopema. a) Ilycrs f: X—Y-—adounnoe Bioxenne,
npudyem X HenpuBoAHMO u E — HenpuBOAMMBIH  x-KOT€PEHTHBIH
Dx-moayab. Toraa fp;(E) — HENPHBOAUMBIA TOJIOHOMHBIE  MO-
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MOPGH3M.

[lyete p—npoekuus X B TOUKY:

S S

Ayab. Ero MOXKHO 0XapakTepusoBaTh Kak ennﬂcme;ﬂﬂblﬁ HenmpH-
BOAMMBIl TOAMOAYJb [(E) HIM KaK €AMHCTBEHHBIM HEIpHBOJIH-
Mblit (pakTOpMOAy.b [p(E) Hix KaK €IAHHCTBEHHBIH HerHBOJl)I}MbII/I
noadakrop f4(E) (umm fp(E)), orpannucHue KOTOPOro Ha oT-

auyo or 0 .
6) JlioGoii HenpuBOAMMBIH TOJOHOMHBIH Dy-moayis M umeer

BHI fps(E) 7N HeKOTOpOro apduHHOTO BJOXKEHUIA f:X—>Y ¢
HEeNPHBOAHUMEIM X W HEKOTOPOrO HenpHBOAMMOTO O x-KOTepeHTHO-
ro Dx-vonyas E. h

O6o31aunm Takoii Moxyab yepes L (X, E). X

B) L(X,E)=L(X’,E’) ecin u TOJbKO €CJH 3aMBIKaHUs "
X’ g Y conanawot u E|y=E’|v Aas HEKOTOpPOro  OTKPBITOTO
UcXnX'.

Hamernm 10Ka3aTenbcTBO uacTh a) Teopemsl. IIpexzie Beero,
fo(E) u fp(E) rosoHOMHBI, TaK 4YTo HX JJIHHA koneuna. Ilyeth
N — HenpHBOJUMBIH TOAMOLYJIb f+(E). Torna

Homg,, (N, f. (E))=Hom (/2 (N), E)+0,

u 06a Dx-voayas [P(N), E HenpuBOAHMBL, TaK UTO fe(N)=E.
Ianee, [P, (E)=E, tak uro y [.(E) cymeCTBygT TOJBKO  OXAHH
HenpuBoAMMEIi noadaktop N, i KOTOPOro fP(N)=0, u, 3Ha-
YuT, POBHO OJWH HEMpPHBOJAMMBIH HOAMOAY/Ib N. .
Ananoruuno, y fp(E) cymecrsyer DOBHO OAWH HEMpHBOAMMBIA
dakropmonyae N’
HakoHeri,

Hom(fD(E), f+(E))=Hom(E, fo+(E)):C

Hom (fp(E), N)=C.

Orciona N=Im(fp(E)—f+(E)).
yrBepxaeHue npo N

BTopoe H TpeTbe YTBEDK/EHHs TeOPeMbl NOKA3BIBAIOTCA C IO-
Mollblo jJemMbl m. 5.8.1.

Anajoruuto JIOKa3bIBaeTcst

§ 6. CBSI3HOCTM C peryasipHbIMH 0COGEHHOCTAMH

6.1. HUnterpupyemble cesiaHoctu. Haubonee mpocteiMu c TIeo-
METPHYECKOH TOUKH 3peHus D x-moaynamu ssasiorcs O x-Kore-
peHTHBle MOAyJH, TO ectb (2.2B), MHTErpupyembie cessHocrd. Ha-
TOMHHEM, UTO CBSI3HOCTb V B JIOKaJbHO CBOGOANOM NyuKe O x-M0-
aynefi & (mydke POCTKOB ajre6paMueckoro BEKTOPHOTO paccJo-
enns F na X) — sro C-auHeilHoe otobpaxeHne

V:F>% 0 F,

X

yIOBJIETBOPsIOLlee YCJIOBHIO V (¢f) =do®@[+¢V[ mna cedenuit
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@60 x (U), [6F (U). Ilo V ecrecTBEHHO CTPOATCA OTOGPaMKeEH s

vk e F-ok o F, VW=V,
Oy Oy

YAOBJETBOPSIOIHE  YCJIOBHIO VP (0®f)=do®f+ (—1)Po
AV Q[ Cpsi3HOCTb Ha3BIBAETCS HHTETPHPYEMOH, eclIH Vet p =
a5 Beex p. VHrepnperupyd WV  Kak CEMEHCTBO oro6paxeHui
Vo:FoF, O6Vecty, 3anapaembx @opmyiaMu Vof=<(V[, ®),
Jerko yOeldTbesi, uTo NpHBEJEHHOe OINpejesieHue HHTErPHPYeMO-
CTH 5KBUBAJEHTHO YCJIOBAW Vg, v1=VaoVy—VeV .

6.2. AHaquTHYeCKMe MHOroo0pasusi. AHAJOTHYHO MOXKHO  OIl-
pelleJUTp aHaJHTHYECKHe HHTerpUpyeMbie CBSI3HOCTH B JOKAJbHO
cBOGOAHBIX NyuYkax Ha aHaJHTHUeCKHx MHoroo6pasusx. [las ra-
KHX CBSI3HOCTEH HMEETcsl CJelylolliee onucatue.

6.2.1. Teopewma. Ilycrs X —cpsi3HOe aHA/MTHYECKOe HeocoGoe
MHOrooGpasue. CJeyrolniye KaTeropud SKBUBAJIEHTHHL.

a) Kareropust Conn(X) unTerpupyevex CBF3HOCTEH B JIOKAJLHO
CBOGO/HBIX MyuKaX Oy-MOAyJEeH KOHEUHOro paHra.

6) Kareropust LC ()N( ) JIOKAJIbHO-TIOCTOAHHBIX MYYKOB KOHEYHO-
MEpHBIX BEKTOPHBIX MPOCTPAHCTB HA X.

B) Kareropusa m (X }-mod KOHEYHOMEDHHIX NpejcTaBaeHull QyHAa-
MEeHTAaJbHON TPYIIBL T (5() MHOT000pasus X.

VeraHasauBamoliie 3SKBHBAJEGHTHOCTH — (PYHKTOPH  TaKOBHI:
(V,F) nepexoiur B Oy4oK & IUIOCKHX  CEUEHHH V:&U)=
={f6F (U) : Vf=0}; yrBepxkieHHe O JOKAJbHOi MOCTOAHHOCTH

& — 370 Teopema CYLLeCTBOBAHMS H €JIHHCTBEHHOCTH MJIA aHaJH-
THUECKHX pelleHnil aHaJHTHUECKHX JHHEHHBIX AHddepeHunaipHbX
ypaBHeHHIi NepBOro MOpPsiiKa. Ianee, & mepexoluT B NpPEACTAB-
nenne my(X) B caoe & Haa Kakoi-HHGynb Toukoi X€X, sanaBa-
€Moe MOHOADOMHUEH, TO ecTh NPOJOJKeHHeM ceueHHii & BAOJb Iy-
teit B X.

6.3. AareGpauueckue cBssHoctd. s xaxkjoro anrefpawnue-
CKOTO KOMILJIEKCHOTo MHorooGpasus X uepes X2% Gynzem obo3Ha-
yaTh COOTBETCTBYIOLLee aHa/JuTHYecKoe MHoroo6pasue. Ilo cess-
Hoctu V B JOKaJabHo cBoGoaHOoM TNyuke Ox-Mofyneit F  ecre-
CTBEHHO CTPOUTCS CBA3HOCTD V2" B COOTBETCTBYIOWEM JIOKAJIbHO
cBOOOJAHOM NYUKe OX,,,,-Mollleeﬁ Fan Ecan X — NpOEKTHBHOE

MHOroo6pasue, to teopemnl THa GAGA yrBepx)aawr, uto otobpa-
xkeHne (V,F)— (Va, Fav) zajaer 3KBUBAJEHTHOCTb MeXIy Ka-
TeropusaMH aJjreGpanueckux cBsI3HOCTeH Ha X M aHAJHTHUECKHX
cBsizHocTel Ha Xan, Hcnosw3yst teopemy 1m. 6.2.1, moJyuaem cie-
JAYIOILHH pe3yJ/bTar:

6.3.1. Teopema. Jlasg NpPOEKTUBHOro a/rebpamyeckoro MHO-
roo6pasnss X KaTeropusi HHTErPHPYeMBIx cBfiHOcTeli Ha X OSKBH-
BaJeHTHa Kaxjofi u3 kxarteropuii LC(X2®) u m;(X3n)-mod wu3
TeopeMnl 0. 6.2.1,
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Bornpoc o TOM, Kak pacmpocTPaHHTb 3TOT pesyabTar Ha He-
KOMIIaKTHbE aJrebpamueckie MHoroo6pasus, Bocxoaur K Pumany
(paccMaTpusaBuieMy KOMIJIEKCHBIE —KPHBblE ¢ HeCKOJNbKHMHU
BHIGPOIIEHHBIME TOUKaMH) H_[HabOepTy, COCTaBJAS CojepiKaHue
21-fi mpoGaembsl [uibbepta. [ToapoGHOE 0OCYXKICHHE pa3/IHIHBIX
acrexkTos 3Toii mpoGaembl cM. B [101] u. [114]. 3necs mu npuse-
flem JIHIIb NPOCTeHLIHi NpUMep, NOKasbiBAOMIHI, YTO B TOM BHUIE,
xak oHa c(OpMyJHpoBaHa Bbllle, Teopema 6.3.1 HesepHa A
HEKOMIAKTHBIX X.

BosbMeM B kauectBe X TpoekTuBHylo mpamyio P!, u3 KoTOpofi
BRIKHHYTa OjiHa TOuka. BBegeMm KoopawHaTy 2 Ha X Tak, uToOH
BEIKMHYTas Touka orseuasa z2=0. i MmoGoro MHoroureHa P
CBS3HOCTH V/, B TPUBHALHOM OJHOMEDPHOM paCC/OeHWA HA X,

o d 1 1
sanasaeMas QopMyJsol Y pQ= dz®£ —l—dz®;2— P (;) @, Heocoba Ha

X (BKAOUAs TOUKY Z= co). Bce 3TH CBASHOCTH MUMEIOT HETPHBHA/DL-
Hylo MOHOAPOMHIIO (H60 7Ty (X amy - (0}). OaHako £CHO, 4TO C anared-
pandeckoli TOUKH 3PEHHs BCE OHHM He3KBUBAIEHTHBI (IIOCKOE CeueHne

IR
CBSI3HOCTH W/, UMEET BUJL qap(z)=exp{—s ?P (—C—)dc} W 1Ipu pas-

Hex P HMeloT anreGpaHyecKH HeSKBHBaJeHTHble OCOOEHHOCTH B
touxke 2==0.

IIjast toro, 4to6bl HCIPABUTH CHTyallHl0, HYXKHO HAJIOXKUTH Ha
‘paCCMa'rpnBaeMue anreﬁpanqecxue CBA3HOCTH Tak Ha3blBaeMble
YCJIOBHSI PEryJIsipHOCTH Ha GECKOHEUHOCTH.

6.4. CBA3HOCTH C peryisipHbilMu 0COOEHHOCTAMM Ha KpUBOH.
PaccMoTpuM CriepBa CBSBHOCTH HA OJHOMEPHBIX MHOTOOGpa3usix. [TycThb

C —mueocobas kpusas, i:C— C —ce BROXKEHUE B H20COOYI0 MOJHYIO
kpusylo C B BHI€ NJOTHOTO TOJIMHOXECTBA. Iias touku pEC\C

p
BHIGEPEM JIOKAZBHBIH TapaMeTp 2 B p U oGo3HauuM uepe3 PDs NOM-
nyuox nyuka D, TOPOKACHHBI (KAK Ty4OK amredp) Oz u onepa-

TOPOM d:z;. ¢lcrHo, 4To .@% He 3aBMCHT OT BHIOODA JIOKaJbHOTO
4

mapaMeTpa B p-.
6.4.1. Onpenenenne. IlycTh 7 —CBA3HOCTH B JOKAMBHO
csoGonnoM nydke O.-anrefp &, TO €CTh O -KorepeHTHBl D -MO-

JAynb. ByxeM roBopuTh, YTO Y/ MMCEET pezyAaprYyo 0COBEHHOCMb 8
p, ccm npsMoit oopas i F B OKPeCTHOCTH p apjsieTcsl O0beAMHEeHH-
M O’E -KOTePeHTHBIX @%—nolxMonleeﬁ. ByneM roeoputh, 410 VYV
uMeeT pecyAAapHbLE ocofernrocmit HA C, eciu 7 uMmeeT peryJsap-

‘Hple OCOOSHHOCTH BO BCEX TOUKaxX peC\C. &
Hec/10%HO MPOBEPUTb, YTO CBOACTBO MMETh Pery/apHbe ocofeH-

HOCTH HE 34BHCHT OT BHIOOpa MOMOJHEHWSA C xpusot C. B npuse-
JIeBHOM B M. 6.3 TpHMepe pery/ApHyIo ocobensocts B Touke 06C\C
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MMeeT JIMIIb CBASHOCTb V/p, OTBevaiomas P-—=0. B cavom jpene,
ceucHus i F B oxpectHocTH U Touku 2=0 cyTh mepomopdHble

byHkuuK oT 2 U AeiictBue d=2 dgz Ha Q(2)6i I (U) 3amaercs dop-
MyJI0H
dQ , 1 ,/1
dQ#zE—i—;P(—z-)Q(z).
[Tosromy mpu P =0 mo6oit HeHyJeBOk @%zo-nnsapuaﬂmmﬁ NOAMO-
LyAb CONEPKUT MepoMopdrbie QyHKUHH C NOMOCAMH CKOJb YTOAHO

BEICOKOTO nopsifika npu z—=—0 1 NOITOMy He MOPOXKAACTCH HAN
Oz (U)=C|z] xoHeunsM uuc0oM 05Pa3yIOLLKX.

O6uiuii KpuTepuil PeryasipaocTy CBasHOCTH V B Touke pEC\C
COCTOUT B CaeAyiouwieM. BriGpaB B JOCTATOYHO MAJOH OKPECTHOCTH

UcC rtouku p 6asuc (ey,..., €,) CEUCHHi BEKTOPHOrO  PaCCAOeHHA
F, otBedaiomero &, MOXHO 3amucaTh JeHcTBHe Y/ Ha Ceuenue

2 ¢, (2)e; B BUAE
Vo=dz0+ dz0A(2) v,

rae ¢=(@1,...,Pn), A (2) — MaTpHIa CBA3HOCTH V, cOCTOALLAT
13 mepomopdHbx B U ¢dyHkuumii ¢ nomocom B p={z=0}. Ilpu Ta-
Kol 3amucu V HUMEET pPeryJspHyl0 ocOOEHHOCTb B P, €CJIH H TOJIbKO
ecan A(z) umeer npu 2=0 mno/ioc He BBl IEPBOrO NOPsAKA.

Eie osHa xapakTepH3alHs CBS3HOCTEH C peryJaspHoil ocoleH-
HOCTbIO B Touke 2=0 (ymo6Has B aHA/JIHTHYECKOH CHTyauuH) cCO-
CTOUT B TOM, UTO AJISi TAKHX CBA3HOCTEH u TOJbKO AJsi HHX BCE
IJIOCKHE CEUEeHHsi B OKPECTHOCTH TOYKH 2=0 3aAai0Tcs MHOrO3Ha4-
HBHIMH aHaJHTHYeCKMMH (QYHKUHSIMH cO cTenmeHHBmlM (mo 1/[z|) poc-
tom npu 2—0.

6.5. CBA3HOCTH C peryJsipHbIMH 0COGEHHOCTSIMH — OGWKA cay-
vait. [lycte Teneps X — mpou3BoJbHOe Heocofoe aJgreGpaHyeckoe
MHOroobpasue, V — HHTErpHpyeMasl CBA3HOCTb B JIOKaJbHO CBOGOA-
noM nyuke O x-MonyJaeit F. las mo6oro BiaoxeHus j:Y—X raan-
KOT'O MOAMHOroo6pasus oGpatHweil o6pa3 j'V (B cMmbicie ZD-MOLY-
Jeil) 3ajaercsi, OUEBHAHO, CBA3HOCTBIO V |y Ha JIOKaJbHO CBOGOX-
HoM myure Oy-Moayiell F |y.

6.5.1. Onpenenenne Dylem ropoputh, uro V HMmeer pezy-
AApHeie ocobennoctu na X, ecam Aast moGoro Baoxenus j:C—X
HeocoGoii kpuBofi C B X CBA3HOCTb jV HMEET peryJsipHbleé 0cCO-
Geunoct#t Ha C.

CraHjapTHHIl cnoco6 H3yuYeHHs CBSI3HOCTEH C PeryJ/sipHbIMH OCO-
GeHHOCTSIME Ha X COCTOHT B TOM, YTOOBI BJOXHTb X B NOJHOe He-
oco6oe MHoroo6pasre X B BHIe AOIOJHEHHS K JHBH30DY C HOpP-

MmaJgbHbiMH nepeceuenusamu D, X=X\ D. Hcnoabsys Takoe BjlOXKeHHUE,
MOXKHO [aTh ONpeleJeHHe CBSISHOCTH C peryJspHHMH ocoleH-
HOCTSIMH, He annejupyioilee K KPHBHIM (faXe ABa TaKHX Ompene-
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JeHus: ogHO — obobuianilee onpepenense I. 6.4.1, Apyroe — OCHO-
BaHHOe Ha KOHTPOJIe POCTa u BerBJeHHs V-IJIOCKHX CEUCHHH F
B6au3u D).

OTMeTHM elle, 4TO B Onpenesenud 1. 6.5.1 MOXHO 6path He Bce
kpusbie C—X, a JIHMIIb IJIOTHOE MOAMHOMECTBO (B mpocTpaHCTBe

KpuBbIX Ha X). B wacrHocTH, npejcrapisif X B Buge X=X\D xak
Bblllle, AOCTATOYHO OrPAHHUYMTbCH JIMIIb KPHBBIMH, MPOXOAAIMMH
yepes HeocoGbie TOYKH D (To ecTb TakHM CcX, uto 3aMBbIKaHHE
C xpusoit C B X nepecekaer D B HeocOOBIX TOYKAX). .

6.6. Teopema Jleanns. OGo3Haunm KaTEropHio CBA3HOCTEH C pe-
ryasipHbiMH 0COOEHHOCTAMH Ha X uyepe3 Conn,(X) (o6bekraumu
Conn,(X) cayxar napo (¥,V), rae & — J0KaJIbHO cBOGO AN BIH
ny4ok O x-MOAyJeH, V — CBA3HOCTb C PeryJisipHbiMH 0c00eHHOCTH-
mu B & ; mopdusmu B Conn, (¥ ) — oroGpaxeHHs: My4IKOB CO CBsi3-
goctsimu, Tak uro Conn,(X) — nonHass TNOXKATEropHs KaTeropHu
MHx). _ :

6.6.1. Teopewma. Ilyctb X — Heocoboe cBsA3HOE anre6paunuec-
Koe MHoroo0pasue, Xan — cooTBeTCTBYIOLUEE aHAJHTHYECKOE MHOro-
obpasue. Kareropusi Conn,(X) >KBHBaJeHTHA Kaxjaod U3
kareropuii LC(X%"), x;(Xem)-mod us Teopemm m. 6. 2. 1.

OTMeTuM cJeiylolliee BaXKHOe CJeACTBME 3TOH Teopembl: Kare-
ropuu Conn X*" 1 Conn, (X) 3KBUBAJICHTHEL, TO €CTh KaXJas1 CBA 3-
HOCTH 7/ Ha X?" 3KBHBa/J€HTHA €AMHCTBEHHO! CBA3HOCTH BHIA AVARE
rae \V— CBA3HOCTb C Pery/sapBbiMH OCOGEHHOCTAMU Ha X.

6.7. ®yuxTop ne Pama. Paccvarpupad CBA3HOCTE V/ HaA X xax
D y-MOLY b, Onpee/IuM dynxtop e Pama  DR(V)=:
=60M g an (0°Xan, va“). Jlerko npoBeputh, yto DR (/) — JOKa/b-

HO mocTosHHBE mydok va X2 u DR:Conn, (X*")—~ LC (X*) ocy-
LIECTBAAET HKBHBAMCHTHOCTH KaTeropuii us Teopemel n. 6.6.1 (mm
m. 6.2.1): 06pas 160 n ectb V*°-IJI0CKOe ceuenue F°.

Llens Teopuu cootBeTcTBHs Pumana—I'manbepra, KoTOpas Oynet
U3J0kKEHA B CJe 1YIOLLEM naparpade — 0600LUTb ITOT PE3yILTATC TEM,
4TOGE OMUCAaTh B FEOMETPHUECKHMX TEPMHHAX NPOU3BOJbHBE (8 HE
To/ibKO O X-KorepeHTbee) D -monym. I'oBopsi OueHb npUOAUBHTEb-
HO, /sl STOTO CHOBA HYXHO WCIO/L30BATH (QYHKTOp THNA ¢dbynkTOpa
ne Pava. Tlo TeXmMueCKuM NpUuUMHAM, BMECTO (GyHKTOPA JEOMD an

yao0Hee paccNaTpuBaTh TEH3OPHCC LPou3BeeHNe € Qyan (MyUKOM

dopM crapuieii cTeneHd Ha X, Baxuoe oTauyMe OT YaCTHOrO
cayuas O ,-KOTEPEHTHBIX MOAY/RH COCTOUT B TOM, UTO HYXKHO nepefi-

TH K TIPOM3BOAHOM KAaTETOPHH, NOJyHas A1 Kax A0ro M'ED;@ Ol(@x)

an

. L
Komiieke DR (M‘):ggXan@® M. Tipu stoMm, B oT/Mune OT CHTyad-
X

wHp Teopembl . 6.6.1, Mbl NOJYYHM KOMILICKC NIyYKOB, KOTOMOJIOTHH
KoToporo GyayT, BooOlle FOBOpsS, yXKeE HE JIOKQJIbHO NOCTOAHHBIMH,
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a JHIIb KOHCTPYKTHBHBIMH MyYKAMH BEKTOPHBIX mpocrtpancts. Oc-
HOBHO# pe3yJ/ibTaT, 10Ka3saHHbH He3aBHcuMo Mebxy u Kamsapo#,
[97], [117], {118] cocTouT B TOM, 4TO:

L
a) QyHxTOp Q4an® 3a/aeT IKBHBAJCHTHOCTL HEKOTOPOH NPOU3-

BOIHOH KaTteropuit & x-MoayJeli (roJOHOMHBIX MOAYJeH c peryJsp-
HBIMH OCOOEHHOCTSIMH) C IIPOH3BOJHONI KAaTeropueifi KOMIJIEKCOB
IYYKOB BEKTOPHBIX MPOCTPAHCTE Ha X2, KOrOMOJOTHH KOTOPHIX
KOHCTPYKTHBHBI OTHOCHTEJbHO HeKOTOpo# aarebpanueckoil cTpaTH-
dukauum;

6) 1pH 3TOH 5KBHBAJEHTHOCTH FOJOHOMHBIE MOAYJH C DEryasp-
HBIMH OCOGEHHOCTSIMH (TO ecThb HO-KOMIJeKCH B NPOM3BOAHOIM

KaTeropuH) OTBEYAOT NPEBPATHHIM Nyukam Ha Xar (cpenHei
IPeBPaTHOCTH) .

§ 7. D-Mopyan ¢ peryiasipHbiMH 0COGEHHOCTAMM

7.1. @-vonyau Ha xpuBoi. [lycts C —ruanxas xpusas u M —
TOJIOHOMHBIH  Dc-moayab. Toraa, corsacHo m. 5.8.1, cymecrsyer
NJIOTHOE OTKPBITOE MO 3apucckoMy HoaMHOXecTeo C’CC, orpanu-
yeHue M Ha KOTOpOe 3aMaeTcsd MHTErPUPYeMOH CBA3HOCTHIO (TO €CTh
apaseTcst Ocr-korepedtHbM D -Monyaem). My GyaeM rOBOPHTD, YTO
M— pezyrapuoiti 2040HOMHbLL (r. B.) Dc-m00yas, ecm Mo —
CfosHocn; C peryaspHeNM GCOGEHHOCTSMM. ByaeM roBOpuThb, 4TO
M €0b Do (Dc) ABIACTCA Pe2y AAPHbLM 20L0HOMHbLIE KOMNAEKCOM,
ecm Bee fIH(M) cyth r. i, moaymi. OGO3HauMM HOJHYIO TOAKAaTe-
ropaio Dc-mod, coctosmyo u3 r. A. Monyseii wepes RH (Dc), u
noJHylo noaxareropuio D?(Dc-mod), cocrosiiyio w3 r. . KoMn-
neKCcoB, uepes D/ (Dc).

7.1.1. OcHoBHBle cBoficTBa. a) JIi060fi rOJOHOMHBIH Dc-MOLY b,
HOCHTeJb KOTOPOro HyJbMepeH, Jiexut B RH (D).

6) Kareropus RH (2c) 3aMKHyTa OTHOCHTENLHO PACHIMPEHHH U
nepexona K noagdakropaMm H, B YaCTHOCTH, sBAsfeTcs abesieBOfl Kate-
ropuet.

B) Ecym nBe BepiuHbl BHIe/IEHHOrO TpeyroJbHiKa B DY (D .-mod)

b
dexat B D:n(Dc), TO M TPETbl €r0 BEpUIMHA JENKUT B D%y (De).
B wactnocty, D7 (Dc)— TpUaHryIMpOBaHHas
D¥(D -mod).

7.2. O0uuit cay4aid. OnpeneseHne MOAyJell U KOMIVIEKCOB
C pery/spHEMU OCOGEHHOCTAMM Ha TPOM3BOJBLHOM MHOrooGpasud X
CBOAMTCH K CJyYald KPWBOH Tak XKe, KaKk B m. 6.5.
7.2.1. Onpe nenenue. Kommnrexke MED?(Dx-mod) nasbisaer-
CSA Pe_YAAPHLIM 20 AOHOMHbLM (. A.), ecau
. b
a) M eObHfo (Dx).
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6) Jas mo6oro Mopdusma @:C— X raaiKoi neoco6oit ¥pusoit C

B X wommnexkc ¢°M umeeT peryaspHble ocobennoctu Ha C.
TlpuMeHsis, B UACTHOCTH, 3TO onpejesenne K O-KOMIIEKCY Dx-
MOjlyJeH, TIoJyuyaem TOHSTHC D x-MOOYASL C DPELYAAPHbLMIL 0COOEH-
HOCMAMU.
OGo3uaunv kateropuio r. k. moxyneit Ha X uepes RH (Dx) n
KATETOPUIO (OrpPaHHYeHHbX) 7. /. KOMIJICKCOB Ha X uepes D?, (Dx)-

7.3. CBOiCTBA PETYJSPHbIX TOJOHOMHBIX KOMILIEKCOB. a) Ecan
g 0.7.2.1 6) wmopdusu ¢ nocrosHen (0TOOpaxeHue B TOUKY) H
M €0bDio (Dx), 10 ¢° M’ umeer Oc-cBoBomHble O'c-KOT€PEHTHEE
KOTOMOJIOTHH ¥, 3HAYUT, PeryJsipes.

6) Ecsu X —kpuBasi, TO y Hac eCTb [Ba ONpeie/IcHHdA Dt (Dx):
BHyTpeHHee, Kak B M. 7.1, U BHeIiHee, KaK B I 7.2.1. Jlerxo mpo-
BEPHTH, YTO OHY 3KBHBAJIEHTHBL: JUisi ITOTO HYXHO HCHOIL3OBATH
CBOHCTBO a) M3 ITOrO NyHKTd W Cjefyloliee yTBEpPXJCHHUE. [lycts

¢:C— C — nomunadTHLil Mopdu3am kpuseix. Toraa ME€D? (Dc') ecTh

r. h. wommiexkc Ha C’ B TOM M TOJBKO TOM CJyuae, eC/u o’ M’
ecth r. k. xommnexc Ha C.

B) Ec/y Be BEpIUHHBI BEIEJEHHOO TPeYroJbHUKA B D (D x-mod)
qexat B D2y (Dx), TO UTPeThsl BEPUIHHA TaKKe JEKUT B D2y (Dyx)

7.4. CoxpaneHue PeryJsipHOCTH NPH onepanusix Haj ZD-monyas-
mu. B sTOM nyHkTe Mbl cOpMYyJHpPYeM YTBepKAeHHsi, OKA3bIBAIO-
1[He, YTO CBOHCTBO r.hi. COXpaHseTcss MPH OCHOBHBIX ON€palufix Hak
D-monyasivu. Tlycts f: X—Y mopdusm anre6panyeckux MHOIO-
obpasuil.

a) Ecmi ME€D7w(Dr), TO FPMED!, (Dx). D10 cpasy crenyer
u3 onpejesenus i. 7.2.1, mockombKy f~ COXpaHfeT COJOHOMHOCTL H
D
(pDosz(fc(P) o L,
6) Ecau MED: (Dx), mo f.MEDr(Dy). Tlockoasky moGoR.

Mopdusm [ pasjaraerTcs B KOMIO3HIHIO BJIOXEHHs ¥ NPOEKIHH, J0-
CTAaTOYHO paccMoTpeTb 5TH ABa ciyyas. Cayuail, Koraa f — BrOXKe-
HHe, pas6upaercs AoctaTouHo Jerko. Cuydail, Koria [ — mpoex-
unust, GoJee cjoxeH. QOCHOBHHE TEXHHYECKHE CJIOXHOCTH NPHXOAHMT-
cs IIpPeojoJieBaTb B YacTHOM cJaydae, KOraa f: CXA'-C — mpoek-
uHsi NpOM3BeleHHst addHHHOH TJaAKOH KPHBOH C 1 adduHHOA
npsmMofi Al Ha mepBBHIA COMHOXHTeNb. [l0Ka3aTesbCTBO YTBepakie-
Hus G) B 3TOM CJydyae CBOJHTCH K SBHOMY BBIYHCJIEHHIO f+M nnsa
TaK HA3biBAeMBIX CTaHAapTHHIX MOAyJeH, KoTopbie GyayT ompene-
JeHbl B NyHKTe 7.4 B) HHXKeE.

B) ITycth i:Y - X —BAOXMEHUe TJAAKOr0 HeocoGoro acduHEOrO
JIOKANLHO 3aMKHYTOTO NoAMHOrooOpasusi U F — CBASHOCTH C PEry./sp-
HBIMH OCOGEHHOCTSIMM Ha Y. Moayms Buga i,F Ha X HasbBaeTCs
cmandapmuss Dx-»00ysem (3aMeTHM, UTO NOCKOMBLKY V' apdun-
HO, i, F cocpeporouen B cremenu 0). Beupy yreepxjpenus I 7.406)
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L] BJAOXKEHHH, JIOOOH CTAHAADTHHIH MOLYJb TOJOHOMEH M PeryJs-
peH. Bosee Toro, OKasblBaeTCs, UTO CMAHOADMHbBLE MOOYAW HO-

poacdarom D2, (Dx) (10 ecTh HauMeHblAf TPHAHTY/MPOBAaHHASA MOX-
kareropus D7y (Dx), colepiaian Bce CTaHAaPTHHE D x-MOJLY/H, CO-
pnajaer ¢ DY, (Dx)). TosToMy MHOTHe yTBepkKAeHHs 06 OGBEKTax
D (Dx) (» uactrOCTH, yTBepXKjeHue u3 7.4 6) Aad NpOEKIHHU
f:C X Al'- C) 10CTaTOYHO NPOBEPATH I/ CTAHIAPTHBIX MOAYJCH.

r) Kateropus D7, (Dx) 3avkayTa OTHOCHTEJLHO yHKTOpA ABO-
CTBEHHOCTH Ax.

n) Tycts M'&0ObD?, (Dx). Torpa moG0# HENPUBOAUMBIA IIOJA-
daxTop mo6oro moxyas Hi(M) aexur B RH (Dx).

O6a 3Tu yTBEPKIAEHUSI NOKA3BIBAIOTCS NOCTATOYHO (HOPMAJBHO C
MOMOMIbIO MHAYKLHH IO Pa3MEPHOCTH HocHTeJss M° u yTBepKieHHs
74 8).

e) Kareropuu r.h. KOMIJEKCOB COXPAaHSIOTCA NPH MPHMEHEHHH
¢yHKTOpOB [p W [*. DTO Ccaenyer us 7.4 a), 6), r).

7.5. 3ameuaHnue Jpyroii noaxox K ompejiefeHHI0 r.h. KOMI-
JIEKCOB COCTOHT B TOM, YTOOBI CIIepBa ONpeleNHTb HeNPHBOJUMbBIE
(anu cravpapTHBE) r.A. MOAYJH 4epe3 CBS3HOCTH C peryJsipHbIMH
OCOGEHHOCTAAMH NIPHMEPHO TakK, Kak B H. 7.4 B), H 3aTeM IPHHSATb
n. 7.4 1) B KauecTBe onpefeseHHs obmero r.h. koMmiekca. [Ipu Ta-
KOM NOJAXOJe NpHJeTcs AOKasbBath ni. 7.4 a), 6), I') U BO3HHKAIO-
Iye TpH 3TOM TEXHHYECKHEe CJOXKHOCTH GyAyT NPHMEPHO SKBHBa-
JIECHTHBIMH T€M, KOTODble BO3HHKAIOT IPH ONHCAHHOM 3[eCh IIOJ-
X0Je.

7.6. G-akBuBapHaHTHble Z-moayau. [lycte agareGpanueckas
KoMmIJiekcHag rpynna G feficTByer Ha aare6panuecKoM MHOroo6pa-
s3un X. Takoe pefictBue 3agmaerca mopdusmMom v:GXX—-X
(v(g, x) =gx), yIOBJAETBOPSAIOIUM OOLIUHEIM YCJOBHSM accolita-
tuBHOCTH. O603Hauum Takxke uepe3 p: GXX—X npoekuuo.

7.6.1. Onpeneanenue G-axsusapuanTHoim 9D x-MOOYyieMm
HasbiBaercss napa (M,s), cocrosmas u3z PD-moayass M u usomop-
busma Deyx-mopyneit s :vPM—pPM. Mopousm @ : (M, s1)—>
- (Mg, s2) — 3to Mopdusm Dx-moayneir ¢ : M;—~M; Takoii, uTO
PP (@) s1=s2v"(@).

O6osHaunM uepe3 Mg, con(Dx) kareropuio 2D x-KOrepeHTHHX
G-3xBUBapHaHTHHX D x-Moayneii. OCHOBHOM pe3yJ/bTaT, KOTOPBIH
BMecTe ¢ Teopemod m. 2.12.1 mo3BoJISieT HCMONL30BATH TeopHio D-
MOJyJiedl B TEOPUH NPEACTABJIEHUH TPYII, COCTOUT B CJAEAYIOILEM.

7.6.2, Teopewma. [lycte mefictBue G Ha X Takoso, uto X co-
CTOHT H3 KOHeuHoro uuciaa (G-op6ur. Torga Kaxabli MOAyJb H3
M, con(Dx) ABIAETCA PEryJapHBIM TOJOHOMHBIM 2D x-MOAYJIEM.

Jloka3aTeqbCTBO 3TOH TEOPEMBl OCHOBAHO HA CJENYIOILEM CBO-
¢TBe oGpartHoro obpasza aas D-monyneii (KoTopoe yactuyHo obpa-
Iiaer cpoficrso m. 7.4 a).
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763. lIpeanoxenue. Ilycts f:X—Y —raaakuéi ciopbex-
THBHBIH MOpdusM H M — KorepeHTHHH PDy-MOLYIb, A KOTOPOTO
fPM ectb r.h. kommaekce. Torga M ects r.h. MOAYB.

7.64. 3ameuanue OTmeruM, yto B omnpeleseHuH 1. 7.6.1
peus maa o G-3KBUBapHAaHTHHX PDx-MOAyJaX, a He o (-3KBUBa-
PHAHTHBIX O06bEKTax COOTBETCTBYIOIEH IPOM3BOAHOH  KATErOPHHU.
[TonbiTKH npsiMO mepeHecTH onpefeseHHe m. 7.6.1 Ha NPOU3BOJHYIO
KAaTerOPUI0 OKa3blBAIOTCS HEOXHAAHHO Oe3ycHellHBIMH, H JaTh
pasymHoe (C TOYKH 3peHHs TeOopHil NpeAcTaBJeHWH) oOnpejeJeHHe
G-3KBHBapHAHTHBIX KOMIJIEKCOB 2D x-MOAyJeH CPaBHUTENbHO He-
JIeTKO.

§ 8. IKBUBAJEHTHOCTb KATErOpHi
(cootBercTBHe Pumana — I'manGepra)

I% 8.1. dyskTOp A€ Pama. Hanomuum, yto masi xaxaoro aarebpau-
4eCKOro KOMILJIEKCHOTO MHOrooGpasus X depes X?*" o6osHauaercs

COOTBETCTBYIONlEE AHAMTHYECKOE MHOr0OGpaske i uepesd O yan, Q' an,
D, an— €CTECTBEHBHE NYUKH HA HeM (AHAMTHYECKHX QYHKIWH, [OJIO-
MopduEx  i-popM, rosomMopbubx uddepeHIEAIBHEX  OnepaTopoB
H T. A.). B wactHOCTH, Qxan:—Qg{T},X eCThb (aHAJIOTHUHO M. 2.4) myuoK
npaspx D gan-Mopyneht. [lycTh Tawie Fhyan—KaTeropus ImyuKoB

BEKTOPHBIX MPOCTPAHCTB HA X*°. _
- 8.1.1. Onpepenenue. dynkmop de Pama DR: D*(Dx-mod)—
~ D7 (Ph an) onpepessercs GopMyol

L
DR (M')=Qxan @@ M [dlm X].
Xan

L
,UJISI BBLIUMC/JICHUA ® MOXKHO WCHNOJB30BATh JEBYIO JIOKAJbHO CBO-

6OJHYI0 PE30JMBBEHTY yan, aHAJOTHUHYIO 2.11.1:

O—% @Xan—> Qi’(a" ® @Xan—> N -—>Qxan ® @Xan"'> QXan'—>0
OXan oXan
(npaBoe nefictere D yan HA DJEMEHTX KOMIVIEKCA 33J1a€TCH  YMHCKE
uueM B D,an). Takum obpasoM, DR (M)—3TO0 KOMIIEKC MYYKOB,
aCCOIMUPOBAHHBIN C CHKOMILJIEKCOM
Cli=Qiza"* ® M.
Oan
8.2. Teopema. a) Pyskrop DR yCTaHAB/INBAET SKBHBAJCHT-
b b
HocTh Mexny xateropusmu Dy (Dx) u D (X", C) (noaxareropHs
Db(Jhxan), cocTOSIas M3 KOMILIEKCOB ¢ KOrOMOJIOTHAMH, KOH-
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CTPDYKTHBHBIMH OTHOCHTEJILHO HeKOoTOpo# crpatudukauuu X" aga-
re6pandecKHMH NOAMHOro06GpasHsMHu, cM. 1. 7,§ 1).

6) ®yukrop DR KoMMYyTHpYyeT ¢ NpsIMBIMH M 0OGpaTHbHIMH 06pa-
3aMH, ¢ ABOHCTBEHHOCTbIO H C TEH3OPHHIMH MPOH3BENECHHAMH.

B) DR 3ajnaer sKBuBaJieHTHOCTb MeXay Kareropueir RH(Dx) <
Db, (Dx) peryispHex TOJNOHMHbIX MAyJeii M  KaTeropuei
ﬁcn(m,z, Xan, C) npeBpaTHBIX (cpefHedl MPEBPATHOCTH) NMYyYKOB Ha

8.3. Maan pokasateabctBa. Teopema n. 8.2 BhiTeKaer H3 psija
CJAEAYIOIIHX HHXKe YTBEDXKAEHHH a)—I), HEeKOTOpHe H3 KOTOPBIX
CIpaBeAJHBB He TOJILKO AJs r.h. KOMIJIEKCOB, HO H JAJs JIOGHX
FOJIOHOMHBIX KOMILIEKCOB. 3aMeTHM KCTaTH, U4YTO YTBEPXKIAEHHS
a), 6), T), 1) yTOYHSIOT NyHKT 6) Teopemnl n. 8.2. [Tyets f: X—Y —
Mop¢u3M anre6pandyecKHX MHOrooGpasuii, fan: Xan—yan _ coorBer-
CTBYIOIIHA MOP(H3M aHAJTHTHYECKHX MHOrooGpasHil:

a) DRef, =R f"DR.

6) DR(MTXIN'Y= DR (M)xI**DR(N"), rne M, N'— KOMILIEKCH}
D-monysefi Ha MHOroobpasusx Xi, X;, MN'—ux sHemHee
TEH30PHOE NPOU3BEIeHHE — KOMIIEKC Ha X X X,, Ix/3"— BHeufee
npou3BeNieHre KOMIIEKCOB TNYYKOB BEKTOPHBIX NPOCTPAHCTB; KOM-
naexc M’ ronouomeH, xommaexc N°—korepeHted (Haj Dy,).

B) Ecm M'€D%,; (Dx), T0 DR (M)EDE (X, C).

) DRof° =(f*LDR.

1) DRoAx=DyawDR (31eCh Ax — IBOACTBEHHOCTb ZD-MOAyJIed,
cM. . 5.3.1, D an— nBOfCTBEHHOCTL Bepave, oM. ra. 4, m. 5.16).

e) DR — crporuil moanwiii ¢yHKTOp (T. €. 3amaeT H30MOP(H3M
Hom’os).

X)) DR clOpBeKTHBEH Ha KJjaccax H3oMOP(H3MOB OGBEKTOB.

3) M’ ectb H-xoMmIeKkc B TOM H TOJbKO B TOM CJydae, eclH
DR(M’) — p),o-ipeBpaTHEI Ny4OK.

Mbr He GyneM NPHBOIHTL 3/€Ch MOJHBIX JOKa3aTEJbCTB YTBEPK-
Aenuit a)—3). Ilpu nokasaresnncTBe a), 6), r), A) cliepBa CTPOHTCH
¢yHKTOpHAJbHEA MOp(H3M JeBoH uacTH TpeGyemMoro paBeHCTBa B
NpaBylo, a 3aTeM JOKAa3biBA€TCHA, YTO OH SIBJAsETCS H30MOP(HH3MOM.
DTO A0CTaTOYHO NPOBEPHTh Ha KaKOM-HHGYIb MHOXKeCTBe 06pasylo-
KX Kateropuu Db, (HanpuMmep, aJsi CTaHAAPTHBIX MOZYJeEH, CM.
I. 7.48). YTBepXKIEHHS B), €) TaKkxKe MPOBEPSIOTCS Ha CTAaHAAPT-
HbIX 06pasylolux. YTBepKACHHE XK) NPOBepsieTcs Ha MPOCTHX 00b-
exkrax kateropud RH(Dx), rae oHo cBopuTCca K Teopeme [lennns
n. 6.6.1. Has  foxasaTesbCTBA YTBEPKAEHHS 3)  HCIOJb-
3yercss  Clefylomas  XapakTepu3alud  FOMOHOMHBIX — MOZLyJed:
o6bekT MED5 (Dx) sBasercs HO-KOMIIEKCOM, €CJAM M TOJMBKO
ecmt M* u AxM' y10BIeTBOPSIOT CJAEAYIOULEMY YC/IOBHIO:

® Kaxnoe JokamHO 3aMkHyTOe mnoaMmHoroobpasue Z B X
(¢ BaOXKeHHeM iz:Z — X) COIAEP:KHUT IJOTHOE OTKphiTOE N0 3apuc-
ckoMy noamHoxecTBo UCZ, a1 KOTOPOrO  KOTrOMOJOIMH
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. U

gt e

H*((i24)|y) pasusl 0 mpn k<O u spasioTcs Oz-KOTePeHTHEIMEE
npu £>0.

8.4. 3ameuanusa. a) Pynwxmop peuwenudi. Onpepenum
dynxtop Sol:D? (Dx-mod)’— D? (Phyan) dopmynoirt  Sol (M)=
=R Fomg, (M, Oym). Jlerko Bugers, uro Sol=DR-Ag,

Xan

Tak uto Sol 3anaeT AHTHIKBHBAJEHTHOCTHL MeXJY KaTEropusaMu

D%y (Dx) u D (X?", C). Kammpapa [97] wucnoab308an uMEHHO
¢dysxTop Sol.
6) U3 yrpepxnennit n. 8.3 a), 6), n)Burekaet,uto DK nepecras-

aset napsl GyHKTOpOB f* u (27, a Takke fp u Rfi"
B) U3 8.3 B) caepyeT, 4TO paJs KaXAOTO TOJOHOMHOrO KOMIl-
Jekca M cyulecTByeT €LHHCTBEHHBIH perysspHbll TOJOHOMHHBIL

ommrexc M, ans Koroporo DR(M)=DR(M) (u suauwnr
Sol (M") = Sol (7).

BUBJIMOTPAGHUUECKHUE YKA3AHHWA

Teopus D-MoLyJIell U3A0KEHA ¢ TOM HIH HHOM CTENeHbIC MOJHOTH M OOWHOCTH
B ku#rax Brepka [27} u ®amaf21] u B Tpex crateax Bopens s [30], ocnoBamRHX
Ha HeonybaHkoBarHHIX Jekuusx WM. H. Beprmrefina. K 3TOf TeopuH NpHMBbIKae?r
TEOpHS MOILyJeil Haj KOJbUAMH MUKpORH(depeHIHaNbHEIX ONepaTopoB; ¢ Hed
MOXKHO MO3HAKOMHThbes o Keure Lllamupa [129] u mo o63opHolt crathe Kamusapse
u Kasau [100], roe comepxkarcs TakXKe AajbHEHIIHE CCHIIKH.

Cdopmyaupopannue B § 1 dakru 06 amrebpax Befina nokasamwm B [27}
u B [58]. BouablunHCTBO pesyJasrato § 2—5 conepxarca B [30]. Monstue D-ad-
¢unnoro MuorooGpasus ua 2.12 u teopema 2.12.1, nexamye B OCHOBE NpUMeHEHHS
D-monysiefi K TeopuH NpeACTaBNEHHR noJynpocthix rpymn JIu, mpuHamnexar
A. A Beituncony 1 Y. H. Bepumreiiny [24]. Cessb Teopuu D-mMofLyleft H TEOPHH
TIpeBpaTHHX NYYKOB C TeODHEH IPeJCTAaBJNEHHH, O KOTODOH MH 3/ech MOYTH HH-
Yero He TOBOPHM, PE3KO M3MEHHJH B HACTOsIIEEe BPEM#A JIHIO TEOPHH MHPEACTaB-
JeHul; 0630p HEKOTOPHX pe3y/NbTATOB B 3TOM HAaNpPaBJEHHH CM. [67), [®2],
a TakKe B COOTBETCTBYIOWIMX TOMaX 3TOH CepHH.

CBA3HOCTH C DEry/ISpHEIMH OcOOEHHOCTSMH Ha ofmeM MHOrooGpasuu Gulid
segenbt lenunem [50], o606muBuiEM TOHATHE (YKCOBHX OCOGHX TOYCK NJIA
OGHKHOBEHHBX AnGdepennuansuuix ypasuemni. Cwm. o63opu Karua [to1] =»
Manprpanxa [114], B KOTOpPHX MOXHO HafTH J0Ka3aTesJbCTBa 60apLIMHCTBA pe-
syapTatos u3 § 6. _

IlokasaTesancTBa cBOHCTB D-MOLYJell C PeryaspHHMH OcoGeRHOCTSMH H3 § 7
copepxarcs B [30]. Cootsercrene Pumana—TunnGepra (Teopema 8.12) moka3aHb®
(B HeckoJsbKO Apyroii ¢popme) Kaumsapoh [97] n Me6xy [117], [118] Hame #aio-
xkenue caepyer [30].
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