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YIIK 512.73+512.664 Caeriori namsatu Arapesa Huronaesnda TropyHa IOCBAIIACTCA

[TPOU3BOIHBIE KATET'OPUN KOI'EPEHTHBIX
I[IYYKOB 11 D KBUBAJIEHTHOCTU ME2K Y HUMU

II.0. OpaoB

B crathe n3yuaroTcsa npon3BOMHEIE KATETOPUY KOTEPEHTHEIX IyUKOB Ha, [JIA,IKUX 0~
HBIX aire0paryecKux MHOrO00PA3UAX U SKBUBAIEHTHOCTH MeK Iy HUMU. J{0Ka3bIBaeTC s,
YTO KazK Aas DKBUBAIEHTHOCTE IPEICTABIIAETCA 00 HEKTOM Ha IPOM3BENEHIY MEOr000pa-
3uil. DTOT PE3YILTAT NIPUMEHAETCA UL onrcanus abesnesrix MHoroobpaswit u K3 nosepx-
HOCTEl, IMEIOIMUX SKBUBAJIEHTHEIE IPOU3BOMHEIE KATETOPUY KOTEPEHTHEIX IyUKOB.

Bubauorpagus: 44 nazaxus.
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BBenenne

OCHOBHBLIMU O0BEKTAMU U3YYEHUsl ANre0OpaAnUecKoil TeOMEeTPUM SIBJIIOTCS ajredopan-
yecKre MHOroo0pasus (1w cxeMbl) 1 MOp¢u3Mbl Mexk oy HuMu. Kazk noe anrebpandeckoe
MHOroobpasue X — 5TO OKOJILIIOBAHHOE TOMOJIONMUECKOE IIPOCTPAHCTBO U, TAKUM 00pa30M,
OCHAIIIEHO TONOJIOTMeH (Jatme Bcero 3aprcKoro) ¥ Iy YKOM KOJIIl DeryJIAPHBIX (yHKImiA O x .

N3yyenve anrebpanteckoro MHOrooopasus — 3T0 B GOJILIION CTEMEHN M3y YeHE [y UKOB
HA TOM MHOr000pasuu. U Tak Kak MpOCTPAHCTBO OKOJILIIOBAHO, TO €CTECTBEHHBIMU Ty UK A~
MU ABJIIOTCSA IMyuku O x -MOLyJiel, Cpem KOTOPLIX CBOell aredpandeckoil Ipuponoi BLi-
MIEJISTIOTCA KBA3UKOT€PEHTHLIE U KOTEPEHTHLIE Iy UKy, HamoMuuM, uto mydok O x-Momyseit
HA3LIBAETCS KBA3UKOTEPEHTHBIM, €CJIU OH JIOKAJLHO MPEACTABIAETCA KAK KOAIPO 0TOOpa-
JKEHUsI CBOOOIHBIX IIYUYKOB U HA3BIBAETCS KOTEPEHTHBIM, €CJIA STU CBOOOIHBIE TIYUKU MME-
10T KOHeUHLI panr. (JIoKaaLHO CBOOOMHDIE Iy UKY Ha MHOTOOOPA3UY OMHO3HAYHO COOTBET-
CTBYIOT BEKTOPHBIM PACCJIOEHUAM, IIOSTOMY B HaJbLHEHIIeM 9TH TePMUHBL YIOTPEOIIAI0TCS
KaK DKBUBAJICHTHLIE).

Takum 06pasoM, ¢ Kayk ILIM aJredpanmdeckKuM MEHOroo0OpasueM X CBA3aHLI a0€JIeBLI Ka-
Teropy (KBa3u)KOTEPEHTHLIX MyukoB HA HeM coh(X ) (1 Qcoh(X)). Mop¢usmo mexkmy
MHOT0O0OPasUAMY MHIAYIMPYIOT (YHKTOPLI OOPATHOIO M HIPAMOrO 00pa3a MeXKIy >TUMU
abeneBnivMu kKaTeropuaMu. OIHAKO STU (YHKTOPLI HE ABJAIOTCA TOYHLIMU, T.€. HE TIepe-
BOZSAT TOYHBIE TOCJIE0BATEILHOCTY B TOUHBIE. J[aHHOE 00CTOATEILCTBO CO3MAET HEMAJILIE
TPYIHOCTY IpU PAbOTE ¢ A0EJIEBLIMI KATETOPUSIMU 1 HETOUHLIMU ()Y HKTOPAMIU MEK Iy HII-
M. UTOGHI COXpAHUTE (yHKTOpUANLHOCTDL, Kapran u Diinentepr [11] BBean noHsaTHe mpo-
M3BOMHLIX ()YHKTOPOB, KOTOPLIE TAIOT HEOOXOIMMDIE ONPABKY K HETOUHLIM ()YHKTOPAM.
Ira TexHrka OnL1a passura 'porenmukom B pabore [15] 1 B nansHeiinem nprusena K BBeze-
HUIO HOBBIX ITOHATUI: IPOM3BOIHON KATErOPHK 1 IPON3BOAHBIX (YHKTOPOB MEXK Iy HIMIL.

B npousBomHBIX KATErOpUsX, B OTINUME OT A0EJIEBLIX, HET KOPOTKUX TOUHLIX TOCIIEN0-
BaTEJILHOCTEN 1 He MOT'y'T OLITE OIIpeNeIeH ! ANPA U KOAAPA MOP(PU3MOB, HO, TEM He MEHee,
MIPOM3BOMHLIE KaTeroprm 0618 0al0T HEKOTOPOU BHY TPEHHEH CTPYKTY PO, KOTOpas OLLIa
opopmiena Bepane B momsaTue TpuaHryaupoBanaoi kaTeropuu [44].

Ilepexon oT abeseBLIX KATErOPHMil K IPOU3BOIHLIM OT HUX IIO3BOJISET PEITh MHOIME
IpO0OJIEeMLI, CBA3AHHLIE C TPYIHOCTAMU IIPU M3YU€HNM €CTECTBEHHLIX (YHKTOPOB. B Ka-
YeCTBE OHOIO U3 MEPBLIX MPUMEPOB HYKHO OTMETUTDL CO3NAHME IJI00AJILHON TEOpUM Tie-
peceueHns U I0KA3aTeaLCTBO Teopembl Pumana—Poxa. 910 Gbwio crenano I'porenmkom
u coaBTopaMu B [41] 1 cTa/10 BO3MOXKHLIM € BBEIEHUEM TPUAHIYJIMPOBAHHON KATEropuu Co-
BEPIIEHHBIX KOMILIEKCOB.

Ilpyroit nprMep CBS3aH C BBEIEHWEM MPEBPATHLIX MIyUYKOB U YCTAHOBJIEHEM COOTBET-
crBusi Pumana—I min0epra Mex 1y TOJIOHOMHBIMI MOIYJISIMU C PETYJISIPHBIMU OCODEHHOC-
TSIMU 1 KOHCTPYKTUBHBIMU ITy YKAMK, KOTOPOE CTAJIO BO3MOXKHBIM TOJILKO C IIPUBJIEUEHIEM
HOHATUA U TEXHUKY TPUAHIYJIMPOBAHHEIX KaTeropuii (cM. [3], [23]).

Msuorve BOIpoChI, CBSI3aHHLIE C M3YUYEHMEM MHOroo0Opasuii, TpeOyIoT MUCCIeN0BAHNS U
OIVICAHVS TTPOU3BOMHLIX KATETOPUl KOTEPEHTHLIX MyUYKOB HA HUX. B MpOCTEAnmX ciayua-
SIX, KOT 14, MHOT000PAa31e — 9TO TOUKA WJIU IJIA KA KPUBAS, JTI000# 00LEKT B IPOM3BOIHOM

PaGora Boinonuena npu vactuanot noxneprxke PO P (rpant Ne 02-01-00468), Porna nomnepx-
Ky Bexymux Hayusblx mkou (rpast Ne 00-15-96085) u rpanta INTAS-OPEN-2000-269. Wccaenosa-
HUsL, ONUCAHHLIE B JAHHOU pabore, OLIIM CAeNAHD IPY YACTUIHON MoAnep:kKe AMeprUKancKoro Gouaa
rpax nanckux uccrenosannii (CRDF Ne RM1-2405-MO-02). ApTopy Tax:ke IPUATHO BLIPA3UTD CBOIO
6aaromaprocts Ponmy comelicTBUA OTEUECTBEHHON HAYKE.
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KaTeropuy KOre€PEHTHBIX Iy YKOB M30MOP()eH IPAMOM CyMMe HEKOTOPOro HabOpa KOre€PeHT-
HLIX Ty 9KOB, B3ATHIX C TIOIXOIAIIIM CIBUTOM, TO ecTh Kaykmbii A € DP(coh X)) n30MOp¢eH
@le Fi|ns), roe F; — korepeHTHBIE Tyuky. JaHHBIE IPUMEDHI OTPAXKAIOT TOT (YAKT, UTO
TOMOJIOTAYECKAsA PA3MEPHOCTL a0eseBoll KATErOPUHU B TUX CJIyYAsX HE [MIPEBOCXOmT 1.
Ho mns muOoroo6pasuii 60Jbieil pa3aMepHOCTH CYIIECTBYIOT KOMILJIEKCHI, KOTOPLIE HE 130~
MOP(HEBL B IIPOM3BOIHON KaTeropuu cymme ceoux koromouoruit. Ilosromy onvcanue mpo-
M3BOMHON KATErOPUN MIJIsi MHOI00Opasuii pa3MepHOCTY O0JIbIne 1 SBJISETCA TPYIHON U UH-
TepecHoi 3anaveii. IlepBLie mary B 3TOM HapaBJIeHNN OB CIeJaHbl B paboTax [4] u [2],
B KOTOPBIX ObLIIa OMCAHA IPOM3BOIHAS KATEIOPUA KOT€PEHTHLIX IIYYKOB Ha IPOEK TUBHBIX
IIPOCTPAHCTBAX, YTO IIO3BOJIAJIO B JAJILHEMIIIEM MPYMEHNTL NAHHYIO TEXHUKY K UCCIIENO-
BAHUIO MHOT006Da3nsa MOLyJIeii BeKTOPHLIX pacciaoeruii Ha P2 u P3. B uactroCTH, B 9THX
paboTax OLIIO TOKA3aHO, UTO MPOU3BOIHAA KATETOPUS KOTEPEHTHLIX IIyYKOB Db(coh P™)
HA TPOEKTUBHOM IIPOCTPAHCTBE SKBUBAJIEHTHA TPOU3BOIHON KATErOPUN KOHEUHOMEPHLIX
Moznyteit Han koHedHoMepHoH anre6poit A = End (@223 0(i)). Do nomxon 6bin no3IHEE
YCOBEPIIEHCTBOBAH, 1 OLIJIN MOJIYYEHbI ONMCAHNS TPOU3BOMHBIX KATETOPUI KOr€PEHTHBIX
IIyYKOB Ha KBaAPYKAaX U Ha (JIAarOBLIX MHOroobGpasusax [20]-[22]).

Bsenerue nouaTH NCKIIIOUNTEILHOIO HAO0PA U TOJIYOPTOrOHAJILHOT'O PA3JI0KEHIIS [I03-
BOJIMJIO CHOPMYJINPOBATL HOBLIE IPUHIVIILI /I OIMCAHUSA IPOU3BOIHLIX KATETOPHIL KOre-
peHTHLIX myukoB [5], [6]. Okazamocn, YTO HAJIMUME MOJHONO NCKIIOUNTEILHOrO Habopa
BCEra OCYIIECTBJISET SKBUBAJIEHTHOCTL IPOU3BOIHON KATETOPUN KOTE€PEHTHDLIX IIYUKOB C
MIPOM3BOMHON KATEroprell KOHEYHOMEPHLIX MOIYJIeH Ha I KOHEUHOMEPHOM aJreOpoi 9Hmo0-
MOP(U3MOB JAHHOTO UCKJIIOUMTENLHOrO Habopa [5]. TlousTue nmosryopToroHaasHOro pas-
JIOJKEHIS TTO3BOJINJIO NATL ONMCAHVE IPOM3BOIHOM KaTeropmy pasnyTHsA B TEPMUHAX IPO-
M3BOIHLIX KATEropuii Pa3ayBaeMoro MHOr0OOpasus M MOIMHOT000paswsi, B KOTOPOM 9TO
pasmyTure nporucxomit [34].

OmHaxo 7151 MHOIMX TUIIOB MHONOOOPAa3Wi OIMICATEL IPOU3BOIHY IO KATETOPUIO HE TIPes-
CTaBJIAETCS BO3MOXKHBIM. 1€M He MeHee, eCTEeCTBEHHBI BONPOC, KOTOPLII BOZHUKAET TP
mepexoze 0T MHOIOOOPA3Mii K IPOM3BOIHBIM KATErOPUAM KOT€PEHTHBIX Iy YKOB, MOXKHO I'DY-
60 CHOPMYIMPOBATL TAK: KAK MHOI'O MHPOPMAIIAN COX PAHAECTCA TP qaHHOM nepexone?! Ha
CaMOM IeJie, BLIACHAETCS, UTO TO COMOCTABJIECHIE COXPAHAET “IIOUTH” BCIO MH(OPMAIIIO.
Bo MHOrUX cirydasx MOXKHO Jarke BOCCTAHOBUTL CaMO MHOI0OOOpa3ue 1o ero IpOU3BOIHOM
KaTeropry KOr€PEHTHDLIX [IyYKOB — HAIIPUMED, €CJIM KAaHOHUYECKUH (MM AHTUKAHOHIIEC
KIiA) 90K MHOrOO0Opa3us ABJsAeTCA OOUILHEIM [8].

Tewm He MeHee, 17151 HEKOTOPBIX THATIOB MHOr000pa3uii CymecTBy 0T IPUMEPEI TOr0, KO 14,
[IBa PA3HBIX MHOIOO0OPA3usa NMEIOT SKBHUBAJIEHTHLIE IPOM3BOAHBIE KATErOPUN KOT€PEHTHBIX
myukoB. 1lepBLii npuMep IBYX Pa3HLIX MHOTOOODA3Mii C SKBUBAJIEHTHLIMY IPOM3BOIHLIMI
KaTeropIsIMI KOTEPEHTHLIX IIy4KoB ObLt Hatinen Mykan [29]. O mokasai, 4To TAKOBLIMU
SIBJIAIOTCS 1000 abesieBO MHOr0OOpasve 1 JBOACTBEHHOE K HEMY. 9Ta KOHCTPYKIWSA Obl-
Jsa 0606mena B pabore [38], rue misn kaxk noro abesesa MHOroo6pas3us OLLI BBEAEH HEJIbIit
KJ1acc abesieBbIX MHOrOOOPAa3unil, MMEIONWX TY K€ CAMYIO IPOM3BOIHYIO KATETOPUIO KOre-
PEHTHLIX IIyYKOB.

JlaHHLIe TPUMEPLI TOKA3LIBAIOT, UTO, C OMHOM CTOPOHLI, CYIIECTBYIOT MHOIOOOPA3UsA €
®KBUBAJIEHTHLIMI TTPOM3BOAHLIMI KATETOPHUSAMY KOTEPEHTHLIX IIyUYKOB, & C APYTOM, KaxkK-
MBLIY KJTaCcC MHOTOOOPasnii ¢ 9KBUBAJIEHTHLIMY IPOV3BOIHLIMY KATETOPUAMN KOT€PEHTHLIX
ny4koB “Mai” (BO BCEX NPUMEPAX OH KOHEUEH).

Y 106bI MOy YNTH TOHY O KIACCHPUKAIIIO MHOrO00OPa3Wii C 9KBUBAIEHTHLIMUI IIPOM3-
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BOJHLIMU KQTErOPUAMU KOT€PEHTHLIX IIyUYKOB, HEOOXOMIMO MMETL OIICAHUE (JYHKTOPOB U
SKBUBAJIEHTHOCTEN Mexk ay HuMu. OKa3LIBAETCS, YTO SKBUBAJEHTHOCTY BCAKUN Pa3 UMe-
IOT T€OMETPUUECKY IO IPUPOLLY, T.€. MPEACTABILAIOTCSI HEKOTOPHIMI KOMITJIEKCAMU [Ty YKOB HA
IPOM3BEICHUN.

Tosicem, uto mMeetcst B Bumy. Yepes DP(X) Gymem B mammweiimen oGozHauaTh
OrPAHUYEHHYIO MPOU3BOAHYI0 KATErOPUIO KOrePEeHTHLIX mydkoB Ha X . JIx060i1 Mmopduam
f: X — Y mexny riankuMy NOJHLIMA aJre0pandecKMy MHOrO00Pa3UsaMy UHAYIIPYeT
JIBA TOYHLIX ()YHKTOPA MEXK Iy O DAHMYEHHLIMU IIPOU3BOIHBIMU KATETOPUAMYU KOT€PEHTHLIX
Iy uKOB: (yHKTOP mpsmoro obpasa R f,: D?(X) — D?(Y) u gpyuxTop o6paTHOro obpasa
Lf*: DY) — DY(X), xoTopuiii conpsuren k R f, cieBa. Kpome Toro, Kasx amiii 06LexT

& € D¥(X) 3amaer TOUHLLA (YHKTOD TEH3OPHOTO YMHOMKEHHS (gé" :DY(X) — DP(X).
Vcnonn3ys 2Ty CTaHOAPTHLIE TPOU3BOMHLIE ()YHKTOPHI, MOYKHO BBECTU HOBBIM OOJIBINON
KJ1aCC TOUHLIX ()YHKTOPOB Me¥K Iy Mpom3Bomesmum Kareropusmir D (X)) u DY (V).

IIyctn X n'Y — mBa rytamkmx moJiHLIX MHOrooOpaswus Han moJseM k. Paccmorpum nexap-
ToBO mpoussenerre X X Y m obo3Haumm yepes p u ¢ npoekimm X X Y Ha X 1, COOTBET-
CTBEHHO, HA Y

X xxy Ly

Kasx it o6next & € DY(X x Y) 3amaer Tounnii hpysrTop P ¢ 13 MPOM3BOMHOM KaTero-
prm D? (X)) B mpomssomyto kareropmio DP(Y'), koToprtit ompeneaeTcs o dopmy.te

Ba(-) = Rq.(65p( ). (1)

Kazk apiit pyHKTOP TAKOIrO BM.IA MMEET JIEBLIN 1 IPABLII CONPAXKEHHLIE (JYHKTOPLIL.

Takum 00pazoM, KazK IOMY TJI3,AKOMY TIOJHOMY aJIreOpandecKOMY MHOTO00PA3MIO MOXK-
HO CONIOCTABUTHL €r0 MPOM3BOAHYIO KATErOPUIO KOI€PEHTHLIX IIyYKOB, a € KaXKIbIM 00b-
extom & € Db (X xY) ma npousBenenry IByX TaKUX MHOr0O0Opasuil CBs3aTh TOUHLIA
¢yuKTOD P ¢ M3 TPUAHTYIUPOBAHHON KaTEroprn Db(X ) B TPUAHI'YJIMPOBAHHYIO KATEro-
puto D?(Y'). Ilasmas paGoTa MOCBSAIIEH], MCCIEIOBAHMIO STOMO COOTBETCTRIS.

O mH 113 IEPBLIX BOMPOCOB, BO3HUKAIOIIUX IIPY U3y Y€HNU TPOU3BOMHLIX KATETOPUIA KOre-
PEHTHBIX ITyYKOB, TAKOM: JTF000I 1 yHKTOP MEK Iy STUMU KATErOPYSIMU IPEACTABIIAETCSA
006bexToM Ha npoussenenuy, T.e. umeet Bun (1)?7 B Tpernell riase naercs yTBepauTeIn-
HDLI OTBET HA TOT BOIPOC B CJIyUae, KOrIa PYHKTOP SABJAETCA SKBUBATIEHTHOCTLIO.

JIpyTVMu IIEeHTPAJILHBIMIL BOIIPOCAMU 31€Ch SBJISIIOTCA CIIELYIONE IBa:

1) Korma mpounsBomHbie KATErOPUM KOTEPEHTHBIX MYUYKOB ABYX PA3HLIX TJIAIKUX TOJ-
HBIX MHOTOO0Pa3uil 9KBUBAJIEHTHLI KAK TPUAHTYINPOBAHHLIE KATETOPU !

2) KaxoBa rpyTina TOUHLIX aBTOSKBUBAJIEHTHOCTEH IIPOU3BOMHON KATErOPUY KOTEPEHT-
HBIX Iy YKOB VIS JAHHOTO (PUKCUPOBAHHOIO MHOTOOOpasus X 7

HekoTopuie pe3ynbTaTel B 9TOM HANPABJIEHNN OLLIN yike n3BecTHBL. CylmecTByeT uc-
YepHLIBAIOMINI OTBET Ha JaHHLIE BOIIPOCLI B CJIyYae, KOIIa KAHOHUUECKUIA VIV AaHTUKAHO-
HIYECKUI Iy YOK MHOr006pasus sBJiseTcs obuibHoiM. B pa6ore [8] nokasano, uto raan-
KO€ IIPOEKTUBHOE MHOr006pa3sue, KAHOHUIECKUH (MJIM AHTUKAHOHUYECKIH ) Iy YOK KOTOPO-
ro o0usIeH, BOCCTAHABJIMBAETCSA IO CBOEI IMPOM3BOMHON KATErOPHUY KOT€PEHTHBIX ITyYKOB
D® (X). Bonee Toro, B 2TO paboTe MPUBENEHA ABHAA KOHCTDPYKIMA BOCCTAHOBJCHUA. 1715
MHOTOO0PAa3Uil NAHHOTO TUMA MOYKHO TAK¥KE OMUCATL U IPYIILY TOYHBIX aBTOSKBUBAJIEHT-
HOCTeA.
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Tenepn ommimem comep:kaHue 1 CTPYKTYPY CTaTbu. B crarnhe coOpaHbl pes3ysIbTaThl,
BOJILIIMHCTBO 13 KOTOPHIX B TOM VJIM MHOM BUIE MOT'YT OLITEH HalineHsl B paborax [7], [8],
[34], [35], [37].

B nepBoii riiaBe coOpaHLI CBeneHNsT MpeaBapuTeaLHOro xapakTepa. CHauvasna naercs
olIpenesIeHre TPUAHTYIUPOBAHHON KATErOPIY ¥ HATIOMUHAIOTCSA TIOHATUA TOYHOTO ()YHK-
TOPA MEXK Iy TPUAHTYJINPOBAHHLIMI KATETOPUSIMU, JIOK ALY TPUAHT YINPOBAHHON Ka-
TEropuu 10 MTOJIHON MOIKATErOPrK 1 00IIIee Onpene IeHre TPON3BOAHOIO (YHKTOPA st JIO-
KAJIM30BAHHLIX TPUAHTYJIMPOBAHHLIX KATETOPUIA. 3aT€M BBOIUTCS OMPEIEJIEHIE TOMOTOI-
YECKOU U TPOU3BOHON KATErOpuii OT aDEJIEBOM KATErOpUM, & TAK¥KE 00CY 3K IAIOTCS CBOMCT-
Ba IIPOM3BOIHLIX KATETOPMIT KOTEPEHTHLIX ¥ KBA3UKOT'€PEHTHLIX Ty YKOB HAa CXEMaX U (hYHK-
TOPBI MEXK Iy HUMU.

Bo BTOpOI1 ri1aBe BBOIUTCA KJIACC (PYHKTOPOB MEKIY Or DAHIUEHHLIMU ITIPOU3BOIHLIMI
KATeroprsaMy KOT€PEHTHBIX I[yUYKOB HA IJIAAKUX IOJIHBIX aJIre0panvecKux MHOr00Opasu-
SIX, KOTOPBIE IPEACTABIIAIOTCS 00 beKTaMy HA TPON3BEIEHII, U OIICHIBAIOTC UX OCHOBHEIE
ceotictBa. Vcnosb3ys pe3yabTaThl U3 TPETLEN [IABLL, IOKA3BIBAETCS, YTO €CJIN IBA 13,1
KX NMPOEKTUBHLIX MHOT000Opasusa X m Y MMEIT 3KBUBAJIEHTHLIE MTPOM3BOMHLIE KATETO-
pUM, TO TOT A CYIIECTBYET U30MOP(U3M MexK Iy OurpaayupoBaHanivu airebpavu HA (X))
u HA(Y'), xoTopuie onpenessroTes no ciaenyrommeli gopmye:

HA(X) = P HA (X)) =P @ H(X,ATx @ wk),
ik i,k p+q=i

rne T'x — KacaTeanbHOe, a wx — KAHOHUUECKOe pacciaoerue Ha X (Teopema 2.1.8 u caenct-
Bue 2.1.10).

Bo BTOpOM paznese BTOpPOii IIaBLI IPUBOIUTCA LELINA KJIACC IPUMEPOB MaPLI MHOT000-
pasuii, UMEIOMMX PKBUBAJIEHTHLIE IPOM3BOIHbIE KATErOPYY KOT€PEHTHBIX ITyJKOB. JlaHHbIE
[IPUMEPHI MHTEPECHBI T€M, UTO BO3HUKAIOIIVE MHOr0OOPa3us OUPalOHATIHHO N30MOP (QHEI
(80 B 06weEM ci1ydae He M30MOP(MHLI) U CBs3aHLI IpeobpasoBanueM Tuma ¢uon. B yactaOC-
TU, DAHHDLIE TPUMEPLI IOKA3LIBAIOT, UTO YCIOBYE OOUILHOCTA KAHOHUUECKOTO (U aHTU-
KAHOHUYECKOT'O) KJIACCA B TEOPEME O BOCCTAHOBJICHUU HE MOKET OLITL OCJIA0IEHO.

IIycts Y — riaznko BIOXKEHHOE 3aMKHYTOE TIOAMHOT000pa3ue B IJIAAKOM MIOJTHOM ayreb-
parrgeckoM MHOr006pasm X Takoe, uto Y = PF ¢ mopmammunm paccroermem Ny 1y =
Oy (—1)®0+1) | Bynem npemonarars, uro ! < k. O6o3maum gepes X paznytue X ¢ meHT-
poum Bmosn Y. B 3TOM cityuae uckmoumTeabHBI AMBHA30D Y M30MOP(EH IPOM3BENEHIIO
npoekTuBHLIX npocTpancTs PP x P! Cymectsyer cayTue X TaKoe, uTo Y IIPOEKTUPYETCS
Ha BTOPOi comuokuTe s P! PaceMOTprM mmarpaMMy IpOeKIuii:

s ~7T+
X X I X+,

Bupammonassaoe otobpazxkerue fl: X --» X1 apiserca mpocreinmn mpuMepoM mpeob-
pazoBanus Trna (umn-diron u ects Guvm npu | < ku paonopul = k.

OcHOBHASI TEOpPEMA BTOTO PA3IEJIA CBA3LIBAET MPOU3BOMHLIE KATETOPUN KOI€PEHTHLIX
Iy4KOB Ha MHOrooOpasuax X u X *. Omna roBopur, 9T0 1A TI06OTO JIUHEHHOTO PACCIO-
emna £ Ha X QyHKTOD

R (L77*(-) ® £): D*(X+) — Db(X)
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SIBJISIETCSI BIIOJIHE CTPOTVIM, & P & = [ 9TOT (hYHKTOD SIBILSIETCS SKBUBAJIEHTHOCTDLIO.

Tpetnbs ranaBa sBisgeTcs NeHTPaJILHON. OHA MOCBSINEHA, N0KA3ATEILCTBY TOrO (hAKTA,
uTO JI00As SKBUBAJIEHTHOCTDL MEXK Iy TPOU3BOIHLIMUA KATETOPUAMUA KOT€PEHTHLIX Iy YKOB
HA TJIAIKUX TIPOEKTUBHLIX MHOTOODPA3UAX MPEACTABIACTCA 00 HLEKTOM HA, TPOU3BEICHIUM.
JlauHO€ yTBEPIK IE€HME TI03BOJISIET OMUCHLIBATEH S9KBUBAJIEHTHOCTY MEXK Iy TIPOV3BOIHEIMI K-
TErOPUAMU KOT€PEHTHLIX MyYKOB 1 OTBEUATL Ha BOTPOC, KOTIA ABA PA3HLIX MHONOOODa3us
VMEIOT SKBUBAJIEHTHLIE TIPOM3BOIHEIE KATETOPUI KOTEDEHTHLIX Iy YKOB.

Ha camom mesne B 370l ri1aBe nokas3wnBaeTcs OoJiee OOmMil (PAKT: a MMEHHO, UTO JIIO-
00# PYyHKTOP MEXK Iy OrPAHNYEHHLIMU TPOU3BOMHLIMI KATEMOPUAMU KOTEPEHTHLIX 11y YKOB
HA TJIA,IKUX IPOEK TUBHLIX MHOIOOOPA3UAX , KOTOPLIIA ABJIAETCA BIIOJHE CTPOIUM U IMEET CO-
TIPSAYKEHHBIA, MOXKET OBIThH MPENCTABIEH OO HLEKTOM HA MPOU3BEIEHUN STUX MHOMOOOPA3Uii,
T.€. m30MopdeH pyHrTOpY P ¢, OnpenenenHoMy no ipasuty (1). Bosee Toro, npencrasis-
onmii 00LEKT OMHO3HAUHO OMPENEJIEH C TOYHOCTLIO 10 n30Mop¢u3Mma (Teopema 3.2.1).

B uerBepTOli riiaBe M3ydaroTCA NPOU3BOIHLIE KATETOPUN KOM€PEHTHLIX MyukoB Ha K3
nosepxHocTsx. Jlns mo6oii K3 nosepxuoctu S na pemerke koromosioruit H* (S, Z) moxuO
OIIPENeNINTL CUMMETPIUECKY IO OMINHERHY IO pOpMY TIO IPABUILY

(u,u')=7r-8'+s-1" —a-a’ €HY(S,2) =7
s kaxaoh mapet v = (r,a,s), v = (r',a’,s'") € HY(S,Z) @ H%(S,Z) @ H*(S,Z).
Pemerka koromonoruiit H* (S, Z) ¢ 3o GumuseiHON (opMOii ( -, - ) HA3LIBACTCA PEIMETKOR
Myxau u 0603HATACTCSA Uepes H(S,Z).

Ha pemerxe H(S, Z) umeerca ectectBennas cTpykTypa Xomka. B mammom ciaydae, ro-
BOps 0 cTPyKType X0mwKa, Mbl UMeeM B Buay T0, uro B npocrpadctse H(S, C) 3adukcupo-
Bano omHoMepHoe nompoctparcteo H2:0(S). Hazosem pemerku Myxan msyx K3 nosepx-
HOCTe XOIKEBO M30METPUUHBIMY, €CJIV CYIIECTBYET M30METPHUA MEK Iy HUMU, KOTOPAS 16~
pesommT omHOMepHOe nompoctparcteo H20(S1) B H2:0(S,).

I'nasras Teopema 3Tol riasnt (TeopeMa 4.2.1) roBOpUT, YTO NPOU3BOIHDLIE KATETOPUI
xorepenTabix myuxos D?(S1) nD?(Ss) myx K3 nosepxuocreii maanosem C 5KBUBAICHTHLT
KaK TPUAHTYJIMPOBAHHLIE KATETOPUH TOT 1A ¥ TOJLKO TOTZIA, KOTJA CYMECTBYeT XOIDKeBa
msomerpusa f: H(S1,Z) — H(Ss, Z) mexx ay ux pemerkavu Mykan. DTa Teopema mveeT
¥ IPYTO BAPUAHT B TEPMUHAX PEIIETOK TPAHCUEICHTHLIX IMKJIOB (Teopema 4.2.4).

YuntsBas Teopemy trna Topenmu st K3 mosepxuocteii [39], [27], koTopas rosopur,
uto K3 nOBEpPXHOCTL BOCCTAHABIMBAETCA IO CBOEH CTPYKTYpe XOMKA HA BTOPBIX KOTOMO-
JIOTUAX, TIOJIyYaeM OTBET B TEPMUHAX CTPYKTYP XOIKA HA BOMPOC, KOTAA MPOU3BOMHLIE
KATeropmu KOr€PEeHTHLIX MyukoB mByX K3 moBepxHOCTE! 5KBUBAJIEHTHEL

B maATO# r1aBe m3ydaroTCsa IPOU3BOMHEIE KATETOPUY KOTEPEHTHLIX Iy YKOB HA a0€JI€BLIX
MHOTOOOPA3UAX U UX TPYIIILI ABTO3KBUBAJIEHTHOCTEN.

Ilyctn A —abeneBo maoroobpasue u A~ msoiicTBeHHOE A0€71€BO MHOroobpasue. B pabo-
Te [29] 6BLI0 IOKA3AHO, UTO IPOM3BOHBIE KATEroprm KorepeHTHbIx myuxos D? (A) u DY (A4)
SKBUBAJIEHTHLL, I 3KBUBAJIEHTHOCTE, KOTOPAas HA3BIBAETCA NpeobpazoBanuem Pypne—My-
Kan, MozkeT OBITD 3aaHa ¢ IOMOIILIO JiMHeitHoro paccioerus Ilyankape & 4 na pousse-
neavm A x Anonpasuny (1): F — R'pau (P4 @ pi(F)).

Ira roHcTpyKma Mykau Gouia 0606mena B cratne [38] corenyrommm obpasom. Pac-
cMOTpuM 1Ba abeseBnix MEHOrooGpasusa A u B u mzomopdusm f Mex ny abeseBLIMU MHOTO-
obpasusavu A X Au B x B. 3ammeu f B MaTpruHOM Bune

_ (T Yy
f—(z ,w),
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rme & — romoMopdusmus AB B, y —u3 A B B, u Tak nanee. HazoBeM ero u30MeTPUUHLIM,
ecym OOPATHLIA K f MMeeT CJIeny oIl BI:

i (W Y
(%)

Onpenemmimuozxkectso U(Ax A, B x B) Kak MHOKECTBO N30METPUUHLIX 130MOpP(U3MOB f.
Ecmu B = A, 10 570 MHOXKeCTBO Gyzem oGosnavars U (A x A). Orverima, uto U(A x A)
ABJIAETCA NOArpymmoi B Aut(A x A).

B cratne [38] noxaspmaeTcs, 9To ecam 1 1By X abeseBLx MHOrooOpasuii Ha anrebpa-
MUECKU 3aMKHY THIM TI0J1eM A 1 B CyIecTByeT M30MeTPUYHLIA N30MOP(YU3M Mexk Iy A X An
B x B, T0 IpOoM3BOIHbIE KATErOpyM KorepeHTHbIX myukos D?(A) 1 DP( B) oKBuBaIeHTHDI.

B 270li rnaBe moKa3nIBAETCA PABHOCUIILHOCTD STUX YCJIOBUN HA AJITe€0paniecKy 3aMK-
HYTBIM TOJIeM XapakTepucTuky 0, T.e. mpousommsie kateroprm DP(A) u D (B) sksusa-
JIeHTHBI TOLJIA ¥ TOJLKO TOT A, KOTIA CYIIECTBYET M30MeTPUYHbIA m30MopduaM 3 A x A B
Bx B. Ha camom IeJle, B OMHY CTOPOHY 3TO YTBEPIK ICHE BEPHO HA I IPOU3BOJILHLIM IIOJIEM
(reopema 5.1.16). Kaxk caencTsue mosrydaeM, YTo CyIeCTBYET TOJILKO KOHEUHOE UMCIIO He-
M30MOP(HLIX a0eIEBLIX MHOTO00PA3UiA, TPOU3BOIHBIE KATETOPUY KOTOPLIX 9KBUBAJICHTHLI
D’ (A) s 3anammoro abesesa MaorooGpasus A (caencrsue 5.1.17).

IIpencraBiiss SKBUBAJIEHTHOCT OOLEKTAMU HA IIPOU3BENECHUN, MBI CTPOMM OTOOpazKe-
HUe 13 MHOYKECTBA BCeX TOYHDBIX KBUBAJICHTHOCTeH MexX Iy D®(A) u D?(B) B MHOKeCTBO
M30METPUUHLIX U30MOPPU3MOB U3 A X A® B x B. Hanee MIOKA3LIBAETCS, UTO BTO 0TOOpA-
JKeHre (yHKTOpHaILHO (mpemnoxenue 5.1.12). B wacTHOCTH, NOIyUYaeTCs TOMOMOP(U3M
113 PP IIILI TOUHEIX ABTOSKBUBATEHTHOCTEH KaTeroprm DP(A) B rpymmy U (A x 121\) M30MeT-
PUYHLIX aBTOMOD(U3MOB MHOTOOGpasusa A X A

B pazmese 5.2 omicniBaeTCA AOpPO STOTO TOMOMOPQPU3MA, KOTOPOE OKA3LIBAETCS U30-
MOP(HO IPSIMOi CymMe 7 v rpynnnl k-Toduex MHOrooopasus A X A (mpennoxenve 5.2.3).
TexHUUECKY DTO ONUCAHME OTIMPAETCA Ha TOT (PAKT, UTO O0LEKT Ha MPOU3BEICHUN A0EIIEBLIX
MHOT000Opa3suii, 38 1aX0MNIA S9KBUBAJIECHTHOCTD, Ha, CAMOM II€JI€ ABJIAETCA Iy YKOM C TOUHOC-
TBLIO [0 CABUTA B IPOU3BOIHON KaTeropuu (mpensioxkenue 5.2.2).

B mocnenuem pazmeste 5.3 B IpemronoKeHny, YTO OCHOBHOE TIOJIE AIre0panmiecKy 3aMK-
uyTo u char(k) = 0, IpUBOIMTCA OPyroe NOKA3ATENLCTBO yTBEPK NeHus u3 [38], ocHOBaH-
HoOe Ha pakTax u3 ctatsu [30], B KOTOPOIi OMICHLIBAIOTCS NOIYOMHOPOIHEIE PACCIOCHNS Ha
abeJsieBLIX MHOrO00pasusax. B uacTHOCTH, IOy YaeTCsA OMMCAHNE [UTs TPYIIILI ABTO9KBUBA-
JIEHTHOCTEH B BUZIE TOUHOL IOCJIENOBATEILHOCTH

0— Z & (Ax A), — AuteqD?(4) — U(A x A) — 1
T'naBa 1. IlpenBapuTresbHbIE CBEOEHUS

1.1. TpuanrysmpoBaHHBIE KATETOPUN M TOYHBIE YHKTOPEL. [lonpo6HOe 13I10-
KeHve (paKTOB, COOPAHHLIX B 9TOH ryiaBe, MOKeT ObLIThL HalineHo B paborax [14], [24], [25],
[44]. TowmsiTme TpUAHIYIMPOBAHHOM KaTeropuu OLLIO BIEPBLIE BBENEeHO Bepmse B pabo-
e [44]. [Iycts 2 — HekoTOpas axmTusHasA Kateropus. CTPYKTYpa Mmpuakeyaupo8arnoi
Kamezopuy HA 9 ONpenesiseTcs 3a1aHIeM CIeAYOMNX JaHHBIX:

a) alIMTUBHBIA GyHKTOD cmBura [1]: 9 — 9, KOTODHIA ABJIAETCS ABTOSKBUBAJIEHT-
HOCTLIO;
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b) HEKOTOPLI KJIACC BHLAEJIEHHBIX TPEYTOJILHIKOB:

X Ly %z %X,

KOTOPLIE NOJIXKHLI YIOBJIETBOPATL HAbopy akcuom T1-T4.

T1. a) Jmns xaxknoro o6bexTa X TpeyroanHuk X X 50— X [1] BoLmETICH.
b) Ecau TpeyroLHIK BLLAEEH, TO 000U M30MOP(HLIA eMy TakKe BLLIEJIECH.
c) JIwo6oit moppuzm X — Y MOMKHO IONOJHATD IO BBLIEJEHHOTO TPEYTOILHUIKA
X %Ly % z5 X

T2. Tpeyrompiuk X — YV — Z - X [1] BELOEJIEH TOr A U TOILKO TOTAA, KOT.Ia

BLLICJIeH TPeyTroMLHiK Y —— 7 — X[1] —l] Y1].

T3. Ecm naHLI mBa BLINEJIEHHLIX TPEYTOJILHUKA M IBA MOP(PU3Ma MEK Iy UX HAdaJIa-
M, 00pa3yomye KOMMYTATUBHLIA KBAAPAT, TOrAA DTA AAATPAMMA, NOMOJIHIETCS
10 MOP()M3MA TPEYTOJILHUKOB:

X u % v Z w X[l]

f O g h lf 1]
X' sy Y Zv’ v X1]
T4. Jlns kazk no# mapo: MopduamoB X —— Y —— Z cymecTByeT KOMMY TATUBHAA QA
rpamMa
P —— Lz X[1]

X

Il S
|

X — X ;Y[I]

K |
x[1
v 2B,z
T € MEPBLIE NBE CTPOUYKU U1 IBa IHEHTPAJLHLIX CTOJIGIIa — BLLIOCJIEHHLIC TpeyFOHLI-H/I—
KU.

[Iyct 9 — TpuanrynupoBanHas kaTeropusa. [lonHas ammtusHas nogkareropusa A C 9
HA3LIBAETCSA TPUAHTYJIMPOBAHHON NOOKATETOPUEH, €CIM OHA 3aMKHYTAa OTHOCUTEILHO
(YHKTOpa CIOBUTA U B3ATUA KOHYCA MODQU3MA, T.e. ecau IBA OOLEKTa KAKOrO-HUOYIDL
TPEyrOJLHUKA

X—Y —7— X[1]

TIPUHAJIEKAT ToaKaTeropun A, To u Tpetuii Takke npunamiexut A . Tenepn ormmem
(YHKTOPLI MEXK Iy TPUAHTYIMPOBAHHBLIMU KQTETOPUAMU, KOTOPBIE IMEET CMBICT PACCMAT-
pUBATL.



IIPOM3BOIHBIE KATETOPUY KOT'EPEHTHBIX IIYUKOB 97

ONPENEJEHME 1.1.1. Anmruseeii gpyakTop F: 9 — 9’ Mexx Iy mByMA TPUAHTYJIU-
POBAHHLIMU KATETOpUsaMU 9 1 9’ Ha3LIBACTCA MOYHLM, €CITU OH

a) KOMMYTHPYeT ¢ ()yHKTOPAMU CIBUTA, T.€. 3aPUKCUPOBAH N30MOP(YU3M (yHKTOPOB:
tp:Fo[l] = [1]oF,

b) mepeBomAT KaK MBI BLLOCIEHHDLIA TPEYTONLHNK U3 9 B BLLIEJIEHHLIA TPEYTOJLHUK
B 9’ (ucnonw3ys m3omopdusm t g, Mot F(X[1]) samensem ma F/(X)[1]).

W3 onpenenenus cpasy clemyeT, YTO KOMIO3MIINA IBYX TOUHLIX ()YHKTOPOB TaKIKe fB-
JISIETCSL TOUHBIM ()YHKTOpOM. Jpyroe cBoiicTBO, KOTOpOE Oy et HaM HeOOXOAMMO, KACAETCS
COTPSIKEHHBIX (NYHKTOPOB.

JIEMMA 1.1.2 [6], [8]. Ecau gynxmop G: 9" — D — seswii (uau npaswi) conps-
acennu il ¥ mouwnomy gynwkmopy F: D — D', mozda dynxkmop G maxaxce seasemcs
MOYHBM.

Jla, v oripeniesieHre 1 OIUIIeM OCHOBHBIE CBOMCTBa (yHKTOpa Ceppa, abcTpakTHOE OIl-
penesieHre KOTOPOro OLIIO DAHO B cTaThe [6] (cM. Takxe [8]).

OnPEAENEHUE 1.1.3. Hycts P — k-numeiiHas KaTeropus ¢ KOHEUHOMEDHLIMU IIPOCT-
pauctBamu Hom mexny odbekTamu. KoBapuanTsLil pyHKTOp S: 9 — 9 HasnBaeIcs
dynxmopom Ceppa, ecnu OH ABJACTCA SKBUBAJIEHTHOCTLIO U CYMIECTBYET OM(YHKTOPY-
AJILHLIN N30MOP(13M

¢va,p: Homg (A, B) — Homg (B, SA)*

A Jro0Lx 00nekToB A, B € 9.

JIEMMA 1.1.4 [8]. Beaxas skeueanenmuocmy ®: 9 — 9 xommymupyem ¢ ynx-
mopamu Ceppa, m.e. cywecmeyem ecmecmeaennnii uzomopdusm gynrmopos ® oS =
S"o®, 20e S u S — gynkmopw Ceppa 6 xamezopuszr D u P’ coomeemcmeerno.

Ecan y mac umerorcsa mBa pyukTopa Ceppa B OmHOM KATEropun, TO OHU U30MOP(HLI, 1
BTOT M30MOP(YU3M KOMMY TUPYET ¢ OM(YHK TOPHATLHBIMI U30MOPPU3MAMU Y 4, B B OIIpeTe-
nenvw pyukTopa Ceppa. JlefictBurensHo, nycts S u S’ — mBa ¢pyukTopa Ceppa B KaTero-
prm 9. Torma nna mo60ro 06bexTa A 13 9 UMeeTCs: eCTeCTBEHHLI M30MOP (U3M:

Hom(A, A) = Hom(A4,SA)* = Hom(SA4, S5’ A).

Paccmarpusas 06pas emurHrasHOro Mopdusma id 4 OTHOCHTEILHO TOr0 OTOXK IECTBIIEHIS,
nosygaem Mopdusm SA — S’ A, xoTopuiii u naet uzomopdusm S — S’

Takum obpaszom, ¢pyakTop Ceppa B KaTeropuu %, eciu OH CyIIECTBYET, OTHO3HAYHO
onpeneJieH (€ TOYHOCTDLIO 10 n3oMopdusma). Hac B nasnwueiiiuem Gy net nHTEPECOBATD (yHK-
1op Ceppa B TPUAHTYIIMPOBAHHLIX KATETOPUSX.

4 YMH, T. 58, BhIn. 3
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JIEMMA 1.1.5 [6]. Pynxmop Ceppa 6 mpuanzysuposannol Kamezopuu A6ATEMCT
MOYHBIM.

Hanomumm onpenesenue gokaan3anmiy KATErOPUU U, B YACTHOCTH, JIOKAJIM3AINY TP~
AHI'YJIMPOBAHHOM KATErOpUK 10 TIOJIHOM TPUAHTYINPOBAHHON noxkateropyu (cM. [13]).

Ilycts 6 — xaTeropus u ¥ — HEKOTOPLIX K1acc MOpGU3MOB B 6. Jlokammsarmwis kaTero-
PHUM TI0 KJACCY MOP(U3MOB Y. UMEET XOPOIIee OIMCAHNE, €CIU Y 00NYCKAEM UCHUCACHUE
AEBHLT YACTNBLT, T.€. BBIIOJHAIOTCS CJELyIOmye CBOCTBA:

L1. Bce Tox necTBEHHLIE MOP(M3MLI KATETOPUY MTPUHAIIEKAT 2.

L2. Komnozmmis 1100BIX IBYX MOP(QU3MOB 13 X TaKIKe IPUHAIIEKUT .

L3. JTo6yo marpammy Buma X' «— X —5 Y, rme s € Y, MOXKHO IONOJIHUTL 0

KOMMYTaQTHUBHOI'O KB IPATA

X —Y
|
Sl It
’ A
X/_u_>Y/

rmet € 3.
L4. Ecau mopduamet f, g uMoppuam s € X 0061a0a10T TEM CBOWCTBOM, UTO fS = ¢S, TO
CymecTByet t € X Takoii, uto tf = tg.
Ecmm ¥ nomyckaeT MCUrceHre YacTHEIX, To KaTeropuio 6|~ 1] Mox#o ommcatr cie-
mytommm criocobom. O6nexTnr 6[X 1] Te ke, uto u 06bexTe 6. Mop¢usvmiuz X BY —
BTO KJIACCLI SKBUBAJIEHTHOCTY Auarpamu (s, f) B 6 Buna

S
x Ly Sy, sex,
npuueM mBe marpammol (f, §) u (g, t) SKBUBAJIEHTHLI, €CJIM UX MOYKHO BKJIFOUUTL B KOMMY-
TATUBHYIO AT PAMMY

Y/

Y/I
TaKyI0, UTO I € 2.
Kommozvmsa mopdusmos (f, s) u (g,t) ects mopduam (g’ f, s’t), koTopsIii cTponTCs ¢
TIOMOIILIO KBampaTa u3 L3:

Y/ ZI .
X Y A
Herpymso Buzets, uto 6[X 1], mocTpoennas Takmv 06pa3oM, meficTBUTEILHO ABJIACTC
kareroprell (ee 06LEKTHI 00Pa3yIOT MHOXKECTBO ), & KAHOHUIECKUN ()yHKTOD

Q:€¢— =", X=X, f—(f1),
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obparmraeT Bce MOP(YU3MEI U3 X U ABJISIETCSA YHUBEPCAILHBIM B 9TOM cMBIcie (cM. [13]).

Paccmorpum mosay 10 omkaTteropuio B € 6 u 0603HaunM yepes X N B KIacc MOp-
(m3MoB B 9B, Takike MPUHAIIEKAMMX . DByneMm roBOpuIn, 910 B Kofunasvra cnpasa
B 6 OTHOCUTEJLHO X, ecan muid Kaxknoro s: X — X' B Y ¢ X € 9B maiinerca Mmopdusm
f: X’ — Y Taxoit, uto fs € ¥ N A.

JIEMMA 1.1.6 [17],[25]. Kaacc ENB makace 0onyckaem uCHucieHue N80T 4acm-
HOT, U ecat B geagemcd Kofunarvnoll cnpasa e € omuocumensdvno X, mo KAHONU-
weckul Pynxmop

B(ENB) — 6=7Y
ABNTECMCT BNOANE CMPOZUM.
HamomunM onpenesieHre BIOJIHE CTPOrOro (PyHKTOPA.

ONPEAENEHUE 1.3. ®yuxTop F': € — 9 HaA3LIBAETCA 8N0AHE CMPO2UM, €CIU IS
m00LIX MBYX 00eKTOB X, Y € 6 ecTecTBEHHOE OTOOPaIKEHUE

Hom(X,Y) — Hom(F X, FY)

ABJIACTCA OMeKImer.

Ilycto Tenepn 9 — TpuaHrynupoBaHHASA KATErOpuUs U A — HOJHAS TPUAHT YJINPOBAHHAS
nomkateropus. O6o3HaumM yepes Y Kiacc MOPPU3MOB S B 9, KOTOPLIE BKIIOUYAIOTCS B
TOYHBIN TPEYTOJILHUAK

N — X % X' — N[1],

rme N € AN, nuHazoBeM Y MyJILTUNIIMKATUBHON CUCTEMO, ACCOIMUPOBAHHOM C TTOAKATErO-
puii A, Y3 061mmeii Teopum JIOKAIU3ALNY CJIEAyeT CYIIECTBOBAHUE A IIUTUBHON KATErOPUN
P[X 1) u anmTusrOTO ByEKTOpA MoKaMzamm Q1 9 — D[ ~1]. MoxkHO ocHACTUTE Ka-
teropmo 2[% 1] ¢pyrxTOpom cmeura, vHAyIMpoBaHHLM GyEKTOPOM [1]: D — 9. Kpowme
TOTO, OTPEIIeITIM BLIIEJIEHHEIE TpeyToaLHMKy B P[Y 1] Kax Tpeyroamamky, n3oMopdHLe
00pa3sy BLLIEJIEHHLIX TPEYTOJLHUKOB 13 9 npu jgokanm3armu. [logoxum

DN =[x 1.

IIPEMNOXKEHUE 1.1.8. Kamezopus D/ N, ocnawennas onucannol swuie cmpyk-
MyYpoi, cMaH08UMCA MPUAGHZYAUPOBAHHOT Kamezopued, a gynkmop Q: D — DJ N
CMANR0BUMCT MPUAHLYAUPOBANHIM GYHEMOPOM.

OTMeTUM, UTO B NAHHOW CUTyalMy CUCTEMa Y. IOMYCKAET UCUMCIICHUE JIEBLIX (U mpa-
BBIX) UACTHLIX, IO9TOMY y KaTeropuu %2/.A cymecTByer Xopoliee onvcanue, KOTOpoe Obi-
J10 mpuBeneHo Boime. Teneps, caenysa Jemwrro [12] (cM. Takske [25]), ommmeM o0y 0 KOH-
CTPYKIMIO TIPOM3BOMHLIX (YHKTOPOB IULA JIOKAJIA3AIMA TPUAHTYJIMPOBAHHLIX KATETOPUIA.
Ilycts € u 9 — TpuanrymupoBasnnie kKateropu u F': € — 9P — rounniii gyuxTop. Ilyctn
M C 6u N C 9D —1noaHbIe TPUAHTYIUPOBAHHLIE KaTeropu. Tak Kak He IPeroIaraeTcs,
uro Full C N, 10 pyrrTOp F' He MHIyIMIpYyeT HUKAKOro GyHKTOpa U3 6/ M 8 D/ N . On-
HAKO MOJKET CYIIECTBOBATL HEKOTOPOE KAHOHMYIECKOE IPUOJIVKEHNE K WH Iy TMPOBAHHOMY
(GyHKTODPY, a8 MMeHHO TouHbIA QyukTop RF: €/ M — D/ N m MOpPU3M TOUHBIX (yHKTO-
pos can: QF — (RF)Q. Hocrpoenue nporcxomat caemytommm oopazom. Ob6o3naunm

4%
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uepes Y MyJIbLTUILIMKATUBHYIO CUCTEMY, aCCOIMUPOBAHEYIO ¢ omkareropueit 4. Ilyctn
Y — o6wext 6 /M. Onpenesmm koETpaBapuadTHLL GyHKTOp T FY 13 9/ A B KaTeropuio
aBeJIeBLIX IPYII 1O cJenyiomemy npasuiy: 3Havenve rF'Y (X) na obvexkre X € @/ N —
®TO KJIACCLI 9KBUBAJEHTHOCTEHR map (s, f),

x L Fy,

Yy 577,

roe s € ¥ u f —Mop¢usm B 9/ A . IlBe Takme mapti (s, f) u (t, g) SKBUBAJEHTHEI, €CIIN
CYLIECTBYIOT KOMMYTATVBHBIE MIATPAMMLIB 6 u 2/ N

Y’ FY’
v Fov
Y r Yy , X h EFY" ’
DN
Y FY"

rme r € Y. Ecau ¢pyuxrop rF'Y nmpencrasum, o onpenesv RFEFY kak o0bext, mpen-
CTaBJIAIOMNEI 9TOT (YHKTOD, 1 Oy1eM TOBOPUTE, UTO NPABLI IPOM3BOMHLI pyHKTOPp RF'
ompeneJieH Ha Y. B 9T0OM ciyuae nMeeM M30MOP QUM

Hom(X,RFY) = rFY(X).

HeTpymo npoBepuTh, uTo Ms M060ro MopgusMa «: Y — Z B 6 /.M onpenenex mop-
¢u3m ¢pyakTopoB rFa: rFY — rFZ. Ecau teneps npomssomssiil gpyuxTop RF' omnpe-
nmesies Ha 0bomx obbekTax Y u Z, 1o onpenesner u moppusm RFa. Takum obpazom, RF'
CTaHOBUTCA (GyHKTOpOM W — 9 /. N Ha HekoTOpOH NoNHOMN nonkaTeroprm W C €/ M,
cocTosmett u3 00LEKTOB, HA KOTOPLIX RF' onpeneseH.

IIPEANOXKEHME 1.1.9 [12]. Ecau
X—Y —7— X[1]

— eundeaennnll mpeyzoavnux 6 6/ M v RE onpedeaen na X uw Z, mo on onpe-
desen makxace na Y u nepesodum OaHHBLL MPEY2orbHUK 8 8bl0eAeHHbT MPeyzonb-
nux 8 DN . Taxum obpasom, W — mpuanzysuposannad nodkamezopus 6 €)M u
RF:W — 9/ AN — mounni gynxmop.

W3 mocTpoeHnsA NpOr3BOIHOTO YHKTOPA WIS TI000r0 00bekTa Y € 6 HemocpencTBeH-
HO CJIeIyeT CYLIECTBOBAHME KAHOHMUECKOro Mopduama can: QFY — (RF)QY, ecan,
koHeuHo, RF onpenesnen Ha o0bekTe QY € €/ 4. Bce Takue MOPOU3MDI 32.1a10T €CTECT-
BEHHOE IIPe00PAa30BAHKE TPUAHTYINPOBAHHLIX (yHKTOPOB can: QF |y — (RF)Q | .

JleBorii npon3Bommbhi pyHKTOp LF' ompenenseTcs mBORCTBEHHBIM oOpaszom: mia Y €
6| M onpenensiem KoBapraHTHLIA QyHrTOp 1F'Y | 3HAUeHMe KoTOpOoro Ha X € 9/ A ectn
KJIACCHI 9KBUBAJIEHTHOCTEH t1ap (s, f),

Yy =y, Fx' Ly,
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roes € Y u f —moppusmB 9/ A . Torma obbext LFY, eciu OH CyIecTByeT, IPeaCTaBIIs-
et ¢pyukTop 1FY, T.e. Hom(LFY, X) = 1FY (X). CymecTByer KaHOHUUECKUI MOP(YU3M
can: LFQY — QFY.

TIpemmonoxum, uto GyuxTop F': € — 9 1akoii, uT0 OH NEPEBOMUT MOAKATETOPUIO M
B . B a10oM cayuae mpoussomanie pyHKTOpLI RF u LF 008 130MOP(HLI KAHOHMUECKOMY
¢yurTODPY 6/ M — D/ N , KOTODEI MEAYIWIPOBAH GYHKTOPOM F'.

TMyctn j: ¥ < 6 — BAOXKEHME TOJHON TPUAHTYIUPOBAHHONW TIOAKATErOPUN, KOTOPAS
KOQuHANBHA cropaBa OTHOcuTenabHO Y. Ilo memme 1.1.6 muayimpoBaHHBIA (YHKTOD
V(Y NM) — €] M,xoT0pDLII 0603HaUMM Uepe3 R j, sBiseTcs BrosHe cTporum.

JIEMMA 1.1.10. Jas xaoncdozo obsexma V € V dynkmop RF onpedenen na V

mozda u moavko mozda, koeda R(FJ) onpedesen wa V, u umeemeca usomopdusm
$ynrmopoe R(Fj)V —— RFR;V.

Tenepn onmumem ycJI0BrA, TPY KOTOPLIX IIPABLIA MPOM3BOIHLIA ()YHKTOD ONPENesEH Ha,
Bceit kateropuu 6.

OnPENEJEHUE 1.1.11. O0nerT Y € € nazvmaerca F-pacuenumvim (cipaBa) oT-
HocuTesbHO A u A, ecniu RF onpenenen va Y u kanommueckuit Mmoppuzm QFY —
(RF)QY sBasercs n3oMOpPr3MOM.

Crenyromas jeMMa [aeT XapakTepu3armio F-pacmenumoix 00 LEeKTOB.

JIEMMA 1.1.12. Obsexm Y € € ssagemes F-pacwenumvim mozda v moavko moz-
da, K¥o0eda 0ad Kanc0ozo mopdusma s:Y — Y uz X, mopdusm QFs donycraem
pempaxyuio, m.e. cyuecmeyem p: QFY' — QFY maxotl, wmo po QFs = id.

Byunem roBoputn, uro € umeem docmamouno mmozo F-pacuenumuz obsexmos (ot-
HOCUTEJILHO M 1 N), ecim most Kaxknoro Y € 6 cymectsyer Mopdusm s: Y — Ypuz ¥
TaKoM, uto Yy sBasgeTcsa F-pacmemmmniv. B aToMm cayuae RF' onpenesen Ha Beelt KaTero-
prm 6 | M v mveroTCs N30MOP UMD

RFY = RFY, «— FYj.

B zaxusrouenne 9T0Oro pasmena CKaykeM HEeCKOJILKO CJIOB O CONPSIKEHHLIX (DYHKTODAX.
[IpemmonokuM, YTO CyIECTBYET JIeBLIi conpsxkennniit K F gpyuktop G: 9 — 6. o-
[yCTUM, CYIIECTBYIOT (T.€. Be3ne onpenenensl) npoussomnne Gyuktopol RF u LG. Torma
¢yuxTop LG Takike ABaseTCs NeBLIM conpsikeHHbM K R F', v, 3HaunT, MMeeTcs pyHKTOPU-
AJILHLIN N30MOP(13M

Hom(LGX,Y) = Hom(X, RFY), 2)
rne X € /N nY € 6/ M.

1.2. ITpomu3BomHBIE KATErOpUU U NPOU3BOAHBIE PyHKTOPSL. [lycTh &f — anmi-
tuBHas Kareropus. Q6o3uaunm uepes C( 4 ) kaTeropuio mudhepeHmatLHLIX KOMILIEKCOB.
OO DLEKTLI 9TOM KATErOPUY — TO KOMILIEKCLI

M o=(- M o+t ) MPeg, peZ, d=0,

a mop¢uamet f: M° — N — 310 Habopsl Mopdusmos fP: MP — NP B xareropum 4,
KOTOPLIE IEPECTAHOBOYHLI ¢ U] (PePEHITIAIAMHY, T.€.

dnfP — fP™dy =0 s Beex p.
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Byzem obosrauats uepes Ct (), C~ (o), Cb(«f) nommne momxareropma 8 C (), 06-
pazoBauHbIe KoMItekcamu M °, mnst xotopnix MP = (, cooTBeTcTBEHHO, 17151 BCex p K 0,
st Beex p > 0, nnaBcex p > OuBcex p K 0.

Mop¢uam kommiekcos f: M — N' GymeM HA3LIBATL TOMOTOIHLIM HYJIIO, ecnu fP =
dnhP + hPTldy nnaseex p € 7 nns HEKOTOPOTO cemeiicTBa Mop¢uamos hP : MPTL —
N?. Onpenenum romoTommuecky o kareropuio H (/) kak KaTeroputo, KOTOpas UMeeT T€
e campie 00LexTrr, uto u C(#), a Mopdusmvmi B H(%/) — 3To kmacent f MOpGU3MOB Mesx Iy
KOMILIEKCAMU f [0 MOIYJIIO MOP(H3MOB, TOMOTOITHLIX HYJIIO.

Samam gysxTop cmura [1]: H(¢/) — H(«/) no npasBuiy

(M[A)P = MPH dypy = —dur
Ompenenuv cTarnapTHLL Tpeyroasank B H (%) Kak nOCIe10BATENLHOCTD

LtomLoof o,
rne f: L — M — mexoropuniii Mop¢usm kommtekcos, C'f = M @ L[1] — rpamyuposanHoe
BEKTOPHOE IIPOCTPAHCTBO ¢ AP (HEPEHIMATIOM

des = dyv
f 0 —dp)’
MOp(U3M g — KaHoHM4eckoe Biaoxkerne M — C f u —h — xaHoHMueckasn npoekimsa. Kaxk
00bruno, C f HA3LIBAETCA KOHYCOM MOPPU3MA f.

JIEMMA 1.2.1. Kameeopus H(gf), cnaboucennas gynkmopom cdeuza [1] u xaaccom
MPEY20NYHUKOE, USOMOPPHOLT CTAHOAPTIHBLM, T6ATCMCA MPUGHEYAUPOBAHHOT Kame-
2opued.

O603maumv vepes HY (¢7), H™ (o) nu H®(¢/) o6passr xateropuit C1 (), C™ (o) n
C? () cootercrrenno B kateroprm H (/). DTu kaTeropun TaKsxke ABISIOTCA TPUAHTYJIH-
poBanubMu. IIycts Teneps & — 10 abeneBa kareropud. [l onpeneneHus IpOU3BOIHON
kaTeroprm ot abesneBoli KaTeropry HeOOXOMIMO HATIOMHUATD TIOHATHUS AIAKJITUHOTO KOMII-
JleKca M KBazvmsoMopduamMa. Jlns ao06oro komrutekca N' 1 KaKI0ro p € 7 ONpeIeseHb!
ero xoromosorrt HP(N*) € &f, xotopuie cytn Ker dP / ImdP~!. Taxum obpaszom, misa
KazK I0r0 LIEJIOr0 Py HAC UMeeTCst anmuTuBHbli hysakTop H?: C(&f) — &/, xoTopuiii co-
nocrasaseT kKommiexcy N ero p-10 koromodoruto HP(N') € 4.

Kommnekec N° € C(9/) HasBBaeTCSA AMKINYHLIM B n-M wieHe, ecan H™(N') = 0, n
Ha3BIBAETCS MPOCTO ALMKJIMUHBIM, €CaIu Bee ero Koromouiormm H™(N'), n € Z Hynesbe.

O603uaunm yepes A nommyio nomkareropuio 8 H( ), cocTosiuny 1o n3 Bcex almk ImyHbIX
kommiekcoB. Curenyomas jeMMa IPAK TUIEeCKY OUEBILIHA.

JIEMMA 1.2.2. Hookamezopus N sAeagemcs noanot mpuaHzysupo8antoi noodka-
mezopuel 6 H().

Mop¢uzwm f: X — Y B kareropuu H (/) HazoBeM KBaznm3oMop(huamMoM, eCiu ero Ko-
HYC SABJISIETCA ALMKJIMYHLIM KOMILIEKCOM. 11o-IpyroMy MOXKHO CKa3aTh, 4ToO f — KBa3umM30-
MOP(U3M, ecar OTOOPaKeHNe Ha, KOTOMOJIOTMAX, KOTOPOE OH MHAYIMPYeET, ABJIAETCA U30-
Mopduzmom. Ilycrs Quis — 9T0 MynILTHIIMKATYBHAS CICTEMA, ACCOLMUPOBAHHAS C A, T.€.
CHCTEMA, COCTOSAIAS 13 BCEX KBA3UM30MOP(PH3MOB.
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ONPENEJEHUE 1.2.3. ITpouseodnas wamezopus D(4f) or abenesoii kaTeropuu &
€CTE TIO OTPEIeJICHIIO JIOKATM3AIA TOMOTOMmYeckol kateropyu H (/) mo nomkaTeropum
BCEX AIMKJIAYHBEIX KOMIJIEKCOB, T.€.

D(of) == H(of)/ N = H(of)[Quis1].

Ilna x € {+, —, b} aHAJIOIrMYHO ONPEAEJMM COOTBETCTBYONLY O TPOU3BOIHYI0 KATETOPUIO
D* (/) kax noxamzammio H* (o) /(H* (o) N A).

JIEMMA 1.2.4. Kanonuueckue gynxmopu
D*('Qi) HD(M)v *€{+777b}1

3a0a10M 9KEUBANEHMHOCTIU € NOANNMYU Nodkamezopuimy 6 D(), komopwe obpa-
308GHB KOMNAEKCAMU GUUKAUYNBLMU coomeememeenno npu n <K 0, npu n > 0,
npun < 0 un > 0. Hodkamezopus HY(of) (coomeememaenno H™ (o)) geagem-
e Kodunanvnol cnpasa (coomeememeenno caesa) 6 H(4) omnocumenvno xaacca
K8a3UUI0MOPPUIMO8.

IIpemmonoxum, uto abeneBa KaTeropus & UMeeT JOCTATOUHO MHOT'O UHLEKTUBHLIX, T.€.
1106011 00LEKT MOIMyCKAET BJIOKEHNE B MHLEKTUBHLI. )G03HaumM yepes ¥ nOoIHY 0 TOI-
KATEropuio B &, COCTOSIILY IO U3 UHLEKTUBHLIX O0LEKTOB. B 5TOM Cilyyae MOXKHO IOKA3aTh,
YTO CKBO3HOH ()YHKTOP

H*(9) — H* (o) % D* ()

SABJLSIETCS] DKBUBAJIEHTHOCTLIO KaTeropmit (cM. [17]). AHanoruuso, eciu abeneBa KaTero-
pus & UMeeT NOCTATOUHO MHOTO IPOEK TUBHLIX, TO CKBO3HON ()YHKTOD

H(P) — H (o) % D (o),

roe & B ¢ — NOJHAA NOOKATETOPUA IPOEKTUBHEIX, ABJISAETCS DKBUBAJIEHTHOCTDHIO.

Ilycts F': of — 9B — HEKOTODLIM A LMUTUBHLIA ()YHKTOD MeXK Iy abeaeBLIMI KaTeropy-
M (TOUHOCTH He TpebyeTcs). Torna oH OueBNIHBIM 06PA30M MHAYIMPYET TOUHLIA (Y HK-
top H(&/) — H(A), xotoprii 6yneM 0603HauaTh TeM ke cnMBoioM F. O6mias koH-
CTpyKIWs (IPABOIO) MPOU3BOIHOIO (YHKTOPA, ONKCAHHAS B NPEALLAYINEM Pa3nesie, OaeT
HaMm yaxkTop RF', KOTOpLI OnpenesieH Ha HEKOTOPOI [TOJIHOM TPUAHTYIMPOBAHHOM ITOIK -
teroprm B D (&), co snauermmviu B D(98). Te xe caMiie C10Ba MOKHO CKA3aTh U ITPO JIEBLIA
NPOM3BOMHLIA pyHKTOP. OmnpenenmM n-i IpaBbiii (COOTBETCTBEHHO JIEBLIN) NPOM3BOIHLIA
¢GyHKTOP OT F' KaK KOrOMOJIOT UH:

R"FX = H"(RFX) (coorsercrsenro L, FF.X = H "(LFX)), n€Z.

OOBIYHO B IPUJIOKEHUAX MPABLIA COMPSKEHHLIA (YHKTOP OLIBAET XOPOIIO OMPEIEIIEH HA
nonkateropr DV (of). Ucnomays semvnr 1.1.10 u 1.2.4, MOMKHO yTBEpPK IaTh, UTO Orpa-
Hugenre gpyskTopa RF' Ha Dt (¢f) coBnamaer ¢ (pyHKTOPOM, IPOU3BOMHBIM OT OrDAHIUE-
s F ua HY (o) C H(o).

Ceftuac omummeM ycJI0BUsA, IPY KOTOPLIX IPABLIH Ipou3BOAHLIN pyHKTOP RF' onpenenen
Ha Beeit kateroprm DT (/). HazoseM nosmayto aumTusHEyIo nomkateropmio # C o npu-
cnocobaennoll cnpasa X pyskTopy F', ecin

a) ¢ymxTop F mepesomut armkmrannie kommexcen us C (%) B armx mrasne;
b) mr060ii 06LeKT U3 & BKIAILIBAECTCS B HEKOTOPLIA 00LeKT 13 XK.
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O0bekTr KaTeropun 4% Ha3LIBAIOTCS F-almK amuHbiMy ciipaBa. Ul ecau cymecTByeT Takas
IIpUICIIOCO0IeHHAs cripaBa K GyHKTOPY F' kaTeropms £, TO 4aCTO TOBOPSAT, UTO KATErOPHs
&/ ¥MeeT NOCTATOYHO MHOIO F-almkJmyHLIX (CpaBa) 00LEKTOB.

IIpemmosnoxum, 4To CymecTByeT nprucnocobseHHas cupasa K Gyuktopy F: of — 9B
nomkareropusa % C &f. lpumenss nemmy 1.1.12, HeTpyAHO IPOBEPUTE, UTO JTI000L Orpa-
HUYEHHBIA CIIPABa KOMILIEKC 00 HEeKTOB n3 X sBisercs F-pacmenuvoiv cipasa. M3 ycio-
BuA b) Jerxo BLBecTH, uTo mia moboro obnexta X € HYT () cymectByer xBazmmso-
moppmam X — X', rme X' € HY(#). Kak ciencTsue moaydaem, 9TO KAHOHAUCCKIIH

(QyHKTOD
HT (%)[Quis™!] — D (&)

ABJIAETCA 9KBUBAJIEHTHOCTLIO TPUAHTYJINPOBAHHDLIX KaTeropm“/i.

JIEMMA 1.2.5. IIyemb cywecmseyem npucnocobaennasd cnpasa & gynsmopy F noo-
xamezopud R C . Tozda gynkmop RE onpedenen na Dt (), 0na awbozo ozpanu-
wennozo caeaa Komnaexca X umeemes uzomopdusm REX — X' 20e X — X' -
xeazuuzomopdusm ¢ X' € H (o).

Ecmu kaTeropus & nMeeT m0CTaTOUHO MHOTO MHHLEKTUBHBIX, TO TOJIHAS TOIKATETOPUS
¥ C 4, coCTOSMAS U3 BCEX UHBLEK TUBHLIX, SIBILAETCSA IPUCIIOCOOIIEHHOM CIIpaBa K JII000My
ammTuBHOMY (yHKTOPY. U B ®TOM Cityuae npasbii mpon3Bomsbii ¢pyakTop RF' X MoxHO
BLIUKCJIATD , IPUMeHAA yHKTOp F' K MHLeKTUBHOHN pe3osnBerTe X ' kommtekca X .

JIBOMICTBEHHBIM 00PA30M MOYKHO ONPENEUTE TOHATHE TIOAKATErOPUU, TPUCIOCOOIIEH-
HOI cieBa K ¢yHKTODPY F'. U eciin Takas nomkaTeropus CymecTBYeT, TO ONPEeNeIeH JIEBLI
npouseonssiil pyrkTop LF: D™ (o) — D(%B).

1.3. IIpoun3BomHbIE KATETOPUM MMyYKOB Ha cxeMmax. [lyctn X — HeKoTOpas cxema
HAI TI0JIEM K CO CTPYKTYPHBIM myukoM O x . C KayKmOof CXeMOM MOXKHO CBA3ATL HECKOJIb-
KO abeseBnIx KaTeropuii myukos Ha Hel. O6o3naunm uepes 0 x-Mod abeneBy KaTeropuio
Beex yukoB O x -momydeti (B Tonosiorvm 3apuckoro). Kareropus 0 x-Mod mveer Bce mpe-
JIeJILI U BCE KOMPEAEJLl ¥ UMEeeT MHOKECTBO TOPOXK Aatonmx. IIpsaMbe KOMpenesanl ABiis-
10TCsA TouHBIMU. [10 3T0M prumne kaTeropus O x-Mod smisiercst abesneBoii kaTeropueii
I'poTeHmVKa 1 MMeeT NOCTATOUHO MHOTO MHLEKTUBHLIX (cM. [15], [42; Exp. IV]).

C T0ro MOMEHTA OI PAHMYMMCS PACCMOTPEHEM HETEPOBLIX CXeM (XOTsI MHOTME (PaKTLL,
M3JI0JKEHHBIE HUXKE BBIIOJIHEHDI 1 B Ooutee obmmelt curyarmu). O6osnaunm yepes Qcoh(X)
OJIHY 10 abesieBy nomkaTeropuio B O x-Mod, cOCTOAILYI0 13 KBA3UKOI€PEHTHLIX IIyYKOB.
Ins uétepoBoii cxembl X BCAKMIT KBA3UKOTEPEHTHLIN MyUYOK SIBJISETCS MPSMBIM KOIPEIe-
JIOM CBOVIX TIOIIYYKOB KOHewHoro Trma (cM. [16; EGA1, 9.4]). B aToM ciayuae kaTeropus
Qcoh(X) nveer MHOKECTBO OPOK NAIONIVX U ABJLsIETCA abesneBoi kareropueii I'porenm-
Ka, TO3TOMY UMEET HOCTATOYHO MHOTO UHHEK TUBHLIX.

TpeTnsa kaTeropusi, KOTOPYIO MOKHO COMOCTABUTL cXeMe X , — 9TO KATErOpurs KONePEHT-
Hoix myukoB coh(X). Kareropus coh(X) sBisiercs mosnHOM abeneBoit momkateropueii B
Qcoh(X).

Hecmorps sa 10, uTO Onpenesenue (KBa3u)KOr€PEHTHLIX IIyUKOB JIOKAJILHO, OHU HA Ca-
MOM IIeJie He 3aBUCAT OT TOMOJIorn. K mpumepy, MOXKHO PACCMOTPETDL HE TOJILKO TOMOJIO-
TUIO 3aPUCKOTO, HO U, CKAXKEM, STAJILHY IO WM IIIIOCKYIO TOMOJOrud. B 8TOM ciayuae, B TO
BpEMs KaK TOHATHE MyuKa, & x -MO LyJIel 3aBUCUT OT BLIDOPA TOMOJIOT MY, (KBA3U)KOTE€PEHT-
HbIE IIyYK! He 3aBUcAT (cM. [36]). B uactHOCTH, U151 ag prHHOI cxembl kaTeropust Qcoh(X)
SKBUBAJIEHTHA KATETOPUM MOIYJIEN HA T COOTBETCTBYIOIIEI aareOpoii.
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B nasmnueiiiem Hamme BHEMaHVE GyIET COCPEIOTOUEHO HA M3YUEHUM KATErOpuy Kore-
PEHTHLIX IIyYKOB, & 00Jiee TOUHO, Ha IMPOU3BOIHON KATErOpUy KOrepeHTHLIX myukoB. On-
HAKO, Tak Kak Kareropus coh(X) He mveeT KOCTATOUHO MHOIO MHLEKTUBHLIX, TO [PU IO~
CTPOEHNY IPOU3BOIHLIX ()YHKTOPOB HaMm Oy.ayT nosessol kateropuu Qcoh(X) u 0 x-Mod.

JnsauérepoBoli cxemnr X mostHOE BiioxkeHue abeseBnix Kateropuii Qeoh(X) «— 0 x-Mod
NEPEBOINT NHLEKTUBHLIE B MHLEKTUBHLIE. ()TCI0Na HECTOXKHOM Tpotieny poii (cum. [17;1.4.6],
[43; mpunosxerme B]) MoxkHO BLBECTH, UuTO TpUAHTyMpoBaHHas momkaTeropus HT (Qcoh)
ABJIETCS KOQUHAILHOM CIIpaBa B TpUaHrympoBansoi kareropun HY (6 x-Mod). IosTo-
My, IpuMeHsasa geMMmy 1.1.6, nosrydaem ciienyiomiee yTBepXK IeHNE.

ITPEMUIOKEHME 1.3.1 [17], [41; Exp. II]. Ecau X — némeposa crema, mo KaHONU-
weckul Pynxmop
D™ (Qcoh(X)) — D1 (6x-Mod)

ABAAECMCA BNOAHE CTNPO2UM U 3a()a€m KBUBANEHMHOCMD € NOANOT noanamezopueil
D+(0X'M0d)Qc0h C D+(0X'M0d):

cocmomu,eﬁ U3 KOMNAEKCOB C KB8AZUKO2EPEHMHBIMU KO2Z0MONO2UAMU.

HpI/I JOTOJTHUTEJILHLIX OT'DAHYCHUAX Ha CXEMY MOXKHO NOKA3aThH AHAJOTMUYHOE YTBEPXK-
JEHME 1 IIPO HEOI'DAHNYEHHDLIE ITPDOM3BOMHLIE KATEIOPU.

ITPEANOYXKEHWE 1.3.2 [41; Exp. II]. Ecau X — némeposa crema konewnol pasmep-
HOCMU, MO KaKnoNuveckul Pynrmop
D(Qcoh(X)) — D(6x-Mod)
ABAAEMCA BNOANE CMPOZUM U 36.0GEM IKBUBAAEHMHOCTL € NOANOT NOOKamMezopueid

D(ﬁX'MOd)Qcoh C D(@X'MOd)a

cocmomu,eﬁ U3 KOMNAEKCOB8 C KB8AZUKO2EPEHMHBIMU KO2Z0MONAO2UAMU.

JlokazaTesnhCTBO UCTIOJL3yeT Hanuure GyHkTopa Q: Ox-Mod — Qcoh(X), conps-
JKEHHOTO CTIPaBa K YHKTOPY BJIOKEHUA, M TOT (AKT, UTO IJIA CXEMBI KOHEUHOH pa3MepHOC-
TU 3TOT (YHKTOP MMEET KOHEUHYIO KOT'OMOJIOTMYECKY 0 pa3MepHocTs (eu. [41; 11.3.7]).

Tenepn paccmoTpum Baoxkermne abenesnix kateropuii coh(X) C Qceoh(X). Ilna xa-
HOHMYECKOTO (JYHKTOPA MEXK Y MPOU3BOTHLIMYA KATETOPUAMMA TAKKE M3BECTHLI Y TBEPIK 1€~
HIISA, QHAJIOTUYHEBIE OMMCAHHLIM BhIme. ) IHAKO OHM KACAIOTCSA TOJLKO OIPAHNICHHDBIX CITPa-
Ba MPOU3BOIHLIX KATETOPHIA.

IIPEANOXKEHME 1.3.3 [41; Exp. II]. Jlax némeposod cxemun X xanonuveckud @ynk-
mop
D~ (coh(X)) — D™ (Qcoh(X))

ABAAEMCA 8NOAHE CNPOZUM U 3a0aem 9K8UBANERTIHOCTD C NOAHOU no@namezopueﬁ

D™ (Qcoh(X))coh-

Komburupys 910 npennoxenue c npemnoxenvsavu 1.3.1 u 1.3.2, monyuaem ciencraue.
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CaencTBUE 1.3.4 [41; Exp. II]. ITycme X — némeposa crema (coomeemcmeenno
némeposa Koneunol pazmeprocmu). Tozda xanonuveckud gynrmop

D®(coh(X)) — Db(6x-Mod) (coomeememaenno D~ (coh(X)) — D~ (6x-Mod))
ABNTEMCA BNOANE CMPOZUM U 360GEM FKEUBAAEHMHOCTY ¢ NOANOT nodkamezopued
D%(0x-Mod)con  (coomsememeento D™ (6 x-Mod)eon).

Temnepn ormmreM OCHOBHBIE TTPOU3BOMHBIE ()YHKTOPLI MEXK Y TPOU3BOIHLIMU KATETOPU-
sivu ydkoB Ha cxemax. Ilyctn f: X — Y — mopdusam wéreposnix cxem. CymmecTByer
¢yHKTOD 0OpaTHOro 06pasa

f*: @y—MOd e ﬁx—MOd,

KOTOpLIY ToueH crpaBa. Tak xkax kateropus Oy -Mod nveer noCTaTOYHO MHOT'O MIIOCKUX
Oy -vomyseii v OHU f *-alK JIMYHDL, TO OMPEIEJIEH JIEBLIA IPOU3BOIHLIA PYHKTOD

Lf*: D~ (6y-Mod) — D~ (6x-Mod).

Herpymo mokasatn, uro ¢yukTop Ljf* mepesomir xareropmm D~ (0y-Mod)qeon 7
D~ (0y-Mod)con B xareropuu D~ (0 x-Mod)qeon 1 D™ (0 x-Mod)con COOTBETCTBEHHO.
Takum 06paszoM, oA HETEPOBLIX CXEM KOHEUHON PA3MEPHOCTU IMOJIYyYaeTCsl IPOMU3BOI-
HBII ()yHKTOP OOpaTHOrO 0Opa3a HA OrPAHMYEHHBIX CIPABA MIPOU3BOMHLIX KATETOPUIX
KBa3UKOT€PEHTHBIX 1 KOTEPEHTHBIX Ty UKOB.

Ecau ¢gysrTOp f* MMeeT KOHEUHYIO KOrOMOJIOIMUECKYIO PA3MEPHOCTD (B 9TOM CJIydae
Gy.eM rOBOPUTEL, YTO f MMeeT KOHEUHYIO Tor-pasMepHOCTh) MOXKHO IPOAOJIKUTD [IPOK3-
BOmHLIA (pyHKTOP L f* Ha HeorpaHWJeHHLIE IPOMU3BOMHLIE KaTeropmu. Dosee Toro, eciu
Mop¢uaM f mMeeT kKoHeuHYIO Tor-pasMepHOCTD, TO IPOU3BOMHLINA ()yHKTOP OOPATHOIO 00-
Pa3a IepeBOANT OIPAHMYEHHYIO IPOU3BOMHYIO KATETOPUIO B OrpaHnMYeHHyo. U, B wacT-
HOCTU, MeeM (YHKTOD

Lf*: DY(6y-Mod)eon — DP(0x-Mod)con.

Iycts &, % € C(0x-Mod) — msa xommekca 0 x -monynett. Onpeneanm T€eH30pHOE IPO-
usBeneHne & @ ¥ Kax KOMILIEKC, aCCOIMUPOBAHHLIA ¢ IBOMHLIM KOMILIEKCOM §P @ F 4, T.e.

EF"= Y 0T
ptg=n

¢ mapgepermmmanom d = dg + (—1)"dg. Tomorommm Mexmy MOPYU3MAMY KOMILIEKCOB
[IEPEHOCATCS Ha TEH30PHOE IIPOM3BEICHVIE, U OJIYYAeTCa ()YHKTOD

E®:H(Ox-Mod) — H(0Ox-Mod).

Ipemmonoxum Teneps, uto § € C~(0x-Mod). Kareropus H™ (0 x-Mod) nmeer mo-
CTATOYHO MHOTO OO'LEKTOB, PACIIEIIMMEIX CJIeBa UL PyHKTOpa &&. TakoBLIMU ABIAIOTCA
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OrpPaHMYEHHLIE CIIPAaBa, KOMILIEKCHI IIOCKUX O x-Momyieii. IlosToMy cymecTByeT JeBLIA
IIPOM3BOMIHLIH (yHKTOD

L
E®: D™ (0x-Mod) — D™ (O0x-Mod).

L L
Ecmu 06bexTnl 81 1 62 KBa3MM30MOP(HLI, TO (YHKTOPHI §1® 1 2 ABIAIOTCA U30MOD (-
wpiMu. Ha camom meste, mosrydyaeTcs yHKTOD OT ABYX HEPEMEHHLIX

L
®: D7 (0x-Mod) x D™ (6x-Mod) — D~ (6x-Mod),

KOTOPBIA ToYeH 1o obonM aprymerTam. [Ipon3BomHbi ()yHKTOD TEH30PHOIO IPOM3BEACHNUS
OUEBUIHO CUMMETPUYHLIA ¥ ACCOIMATUBHLIA.
IIpemmonoxum, uro 00LeKT & rMeeT KOHEUHYIO Tor-pasMepHOCTL, TO €CTL KBa3UM30-

MOp(eH OIPAHIMUEHHOMY KOMILIEKCY IJIOCKUX O x -MOIynei, Toraa ¢pyHKTOp & QIé MOKHO,
C OZHOM CTOPOHBI, IPOIOJIKUTEL HA HEOI DAHMYEHHYIO IIPOM3BOIHYIO KATETOPHUIO, & C APY-
TOl, IyTeM OrPAHWYEHNsA MOJIYUUTh (PYHKTOP M3 OrPAHUYUEHHON MPOM3BOMHON KATEropum
B cebs. Ilosmyuaem ¢pyHKTOPEI

L L
E®: D(O0x-Mod) — D(0x-Mod), &E®: D®(0x-Mod) — D®(6x-Mod).

OrmernM, uto ecnu 00berT & mpuHamnexur kateropun D~ (0 x-Mod)con (coot-

L
BercTBeHHO D™ (0x-Mod)Qcon); TO ¢yHKTOp 6® mepeBomIT OOLEKTLI ¢ (KBA3M)KOre-
PEHTHBIMU KOTOMOJIOTUAMI B OOLEKTHI ¢ (KBA31)KOTEPEHTHLIMU KOrOMOJIorusamy. 1IycTn
f: X — Y — HeKOTODLIl MOP()3M HETEPOBLIX cXeM. PYHKTOP IPAMOTo 00pas3a

f*: ﬁx—MOd — @y—MOd

SIBJIIETCS TOYHLIM ciieBa. Tax kak kaTeropus 0 x -MOIysel MeeT TOCTATOYHO MHOT'O MHL-
€KTUBHLIX, TO CYIIECTBYET IIPABLII IPOU3BOIHLII ()YHKTOD

Rf.: D1 (0x-Mod) — DT (6x-Mod).

Bosee Toro, B 3T0M caygae GyEkTop R f mepesomt nomkateropuo DT (6 x-Mod)qeon
B nonkateropuio D1 (Gy-Mod) geoh-

Ecau nonomHuTe i O PYHKTOD fi MMEET KOHEUHYIO KOTOMOJIOTYECKY O PA3MEPHOCTD,
10 ¢yHKTOp R f4 MOXKHO MPOMOIKUTL HA KATETOPUIO HEOIPAHUYECHHBIX KOMILJIEKCOB. DTO
BLITIOJIHAETCSA, HATIPUMED, B Caydae, Korna X — HETepOBa CXeMa KOHEYHON pa3MepHOCTH.
C mpyroli CTOPOHLI, B TOM CJIydae, T.e. KOrJa [, MMEET KOHEUHYI0 KOIrOMOJIOTIIECKYIO
Pa3MEpPHOCTD, ONPEIesIeH IPABLI IPOU3BOMHLIA ()YHKTOP MEXK Iy Or PAHMIEHHLIMU TPOU3-
BOJHLIMU KATETOPUAMU

Rf.:D’(06x-Mod) — Db(6x-Mod).

17151 TOro YTOOLI TPABLIH TPOM3BOMHLIN (YHKTOD OLLI OIIPeIe IeH MK Iy TTPO3BOIHLIMI
KaTEerOprsAMI KOTEPEHTHLIX ITyUYKOB, HEOOXOIMMLI JOTOTHUTEILHBIE OT DAHITIEHNS HA MOD-
(m3m.
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IIPEMUIOXKEHME 1.3.5 [16; 111, 3.2.1], [17]. IIpednoaoncum, wmo f: X — Y mead-
emcs cobecmaeennum mopPusmonm némeposnz crem. Tozda Pynkmop R f. nepesodum
nodxamezopuo D1 (0 x-Mod)eon 6 nodkamezopuio DY (Oy-Mod)con. Ecau, xpome
mozo, X umeem KOHEUHYIO PAIMEPHOCTD, MO GHAAOZUYHOE YMEEPHCOEHUE SLINOAMA-
EMCA OAA 02PAHUNENHOT U HEOZPANUNENHOT NPOUIBOONBLE KaMe20PUL.

Ilycts €, € C(0x-Mod) — mBa xommekca O x-monyineit. OmnpenenuM KOMILUIEKC
Jom’ (&, F) no npasuiy:

Hom™ (6, F) = H Hom (&P, FPT™)
P

¢ mpdpepermmanom d = dg + (—1)"*1d g . TomMoTomm Mex Iy MOP(GU3MAMY KOMILIEKCOB
MIEPEHOCATCS HA JIOKAJILHBIA J0Mm , 1 IOy YaeTcs Oug yHKTOp

Som: H(ﬁx—MOd)Op X H(ﬁx—MOd) — H(ﬁx—MOd).

Tax kak 11000l OrpAHUYEHHDIA CI€Ba KOMILIEKC IMEET UHLEKTUBHY IO PE30JLBEHTY, TO TIO-
JIy4YaeM IIPOM3BOMHBIN OU(yHKTOD

R om: D(6x-Mod)°? x DY (6 x-Mod) — D(0x-Mod).
B mammoii cutyarmm onpenesinM JOKAJLHLIA rumep-Ext
&t (8, F) = H (RAom(E, F)).

Inst nérepoBoit cxemut X ecm & u F sBAs0TCA (KBA3W)KOTePEHTHBIMU O x -MO IyJLMHY,
Torma s Beex i > 0 myuku Eut’ (&, F) Takike ABAAIOTCS (KBA3M)KOTEPEHTHEIMI.

Ecmu teneps § € D™ (0x-Mod)con, a F € D1 (6 x-Mod)con, Torna R#om (8, F)
npusaexkut D (0 x-Mod)con.

OrvieM OCHOBHBIE CBOMCTBA U COOTHOMIEHNST MEXK Iy IPOM3BOIHLIMI (yHKTOPAMU, BBE-
IEHHBIMU B 3TOM paznesne. Pacemorpum mBa mopduama, f: X — Yug: Y — Z. B nan-
HOU curyammu nveem mBa ¢yukTopa L(gf)* u Lf*Lg* u3 xareropuu D~ (67 -Mod) B
D~ (0x-Mod). Torma ecrectBennoe npeoGpasoBaHue

L(gf)" ~> Lf"Lg"

ABJIAETCS M30MOpQU3MOM. JI0Ka3aTeILCTBO 9TOTO (AKTA CIEAYET U3 TOr0, UTO (hYHKTOD
g™ nepesomut mwiockue O z-monyiu B wiockue Oy -Momynu (cM., HanpuMep, [17]).
Agnanorraso, mveeM U30MOpPU3M

R(g9f)+ — Rg«Rf.

dysxTOopoB u3 DT (0x-Mod) 8 DT (6z-Mod). IlanHoe yTBep K IeHue CiemyeT U3 TOro
(haxTa, uTo [, MEPEBOIMT MHLEKTUBHLIE ITy YK B BAJILIE [Ty UKW HA Y, KOTOPLIE, B CBOIO OYe-
PeIb, ABILIIOTCS gy -AlMKIMYHLIMY (CM. [17]).

Jlpyrue cOOTHOMmIEHMsI, KOTOPBIE OYAYT AOBOJILHO UYACTO UCIOIbL30BATHCSA, HA3LIBAIOTCS
(OPMYJIIOL IPOEKIMI U IIJIOCKOM 3aMEeHOI Ha3kL.
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IIPEIUIOZKEHUE 1.3.6 [17;11.5.6]. Ilycms f: X — Y — mopdusm némeposnx crem
xKoneunol pasmeprocmu. Tozda Oas awbwx obsexmose & € D™ (0z-Mod) v & €
D~ (0x-Mod)qeon cywecmsyem ecmecmaennnd uzomopdusm gynxmopos

Rf.65F —5 RI(ESLTF). 3)

IIPEIUIOKEHME 1.3.7 [17;11.5.12]. Iycmp f: X — Y — moppusm xoreurnozo muna
MeNHCOy HEMeEPosMU cTeMAMU Koneunold pasmeprocmu u g: Y — Y — naockud
Mmoppuszm. Paccmompum dexapmos xeadpam:

XxyY -2 . X

f’l lf
y’ 94

B dannol cumyayuu cyuecmseyem ecmecmeennsil uzomopdusm gynkmopos
Lg*Rf.6& == Rf/Lg*6 (4)

0as awb0z0 & € D(0x-Mod)qcoh-
CopmypyeM elre OHO COOTHOIIEHNE, KOTOPO€e HaM MOHATOOMTCA.

MIPEMIOXKEHUE 1.3.8 [17; I1.5.16]. ITycms & — ozpanusennbli KOMNAEKC A0KAALHO
€80000NNT NYUKOB KONEuNH020 panza Ha némeposoil creme X. Tozda cywecmeyiom
ecmecmeentve U3oMOpPusMuL FYHKMOPos

L . L ~ L
Ritom(ZF, 9)® & — RAom(F,9 @ ) — RAom(F @ Y,9) (5)
ong ecex F € D™ (0x-Mod) w9 € DT (0x-Mod), 2de &V := RAom(&,0x).
I'nasa 2. KaTeropuu KorepeHTHLIX Ty UYKOB U (YHKTOPBI MEXK Iy HUMUT

2.1. OcHOBHBIE CBOMCTBA KaTerOpUM KOTE€PEHTHHIX MyuKoB. Hauumas ¢ 2To-
ro pazmesna, 6yneM paccMaTPUBATL TOJILKO OF DAHIMUEHHDBIE TPOU3BOMHLIE KATETOPUN KOTe-
PEHTHBIX [IyUKOB HA MIAJKUX TIOJHLIX ajJredpandecknx MHOrooopasusx. s kparkocTu
smecto D?(coh (X)) masee Beane 6ynem micats mpocto D?(X). Kpome Toro, 3mauok mpo-
M3BOIHOTO (hYHKTOPA OyIeT OIyCKATLCSA B TEX CJIYUAsX, KOIIA PYHKTOD TOUEH, HAIPUMED,
17151 0OpaTHOro 06pa3a Mpy IIOCKOM MOPD(U3ME VU ISl TEH30PHOTO YMHOKEHIIA Ha JIO-
KaJILHO CBOOOIHBIN Iy YOK.

JTs1s1 1718, 0KOrO TOJTHOTO MHOr0oOpasusa X paszMepHOCTU N OrPAHMYEHHAS IPOM3BOMHASI
KaTeroprsi KOrePEeHTHLIX MyukoB obnaznaer ¢pyukropom Ceppa (cM. ompenenenue 1.1.3),
U TOT YYHKTOP COBIAZAeT ¢ PYHKTOPOM () ® wx|[n], noe wx — KAHOHMYECKUI IyYoK
(cM. [6]). Takum 06pazoM, IMEETCS N30MOPYU3M

Hom(&,%) = Hom(¥, & @ wx|[n])* (6)

nuis mo6oi naprr o6nektos &, F € DY(X).
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Kaxk 6n1mo mokasaHo B TpenniayineM paszmese, Jdio0oit Mopdusm f: X — Y mexny
[JIaIKVIMI TIOJTHLIMI aJIre6paryecKMyu MHOTOOGPasUAMY NHAYIPYET ABA TOUHLIX ()YHK-
Topa: ymKTOp mpaMoro obpasza Rf,: D(X) — D®(Y) u ¢pyrxrop o6parsoro obpasa
Lf*:D?(Y) — D®X), u o1u ¢ynkTops conpszkennl. KpoMe TOro, Kaxmnii 06LexT

& € DP(X) 3amaer TOUHLIA YHKTOP TEH30PHOTO YMHOYKEHIIS (2158: D’(X) — D’(X).
Wcnonn3ysa »Tu cTaHIapTHLIE IPOM3BOIHLIE ()YHKTOPLI, MOXKHO BBECTH HOBLIH OOJILINON
KJ1aCC TOUHLIX (h)YHKTOPOB Me¥K Iy TIpom3BomEnmm kaTeropusivir D?(X) u DO (V).
Ilyctn X m Y — mBa rutamkux moJIHLIX MHOMOOOpa3us HAL IOJIeM k Pa3MEPHOCTH 1 ¥ M
cooTBeTcTBEeHHO. PaccmoTpuM nekapToBo npoussenerve X X Y v 0003HAUMM Uepes p u ¢
npoektmu X X Y #Ha X 1, COOTBETCTBEHHO, HA Y :

X2 xxy-Ly.

Kazx it o6next & € D(X x Y) 3amaer Tounsiii GpyuxTop ® ¢ 13 IpomsBomHOil KaTero-
prmr D?(X) B mpomsBomayio kateropuio D?(Y), koTopriii onpenessercs ciemyiomeit Gop-
MYJIOIA:

Ba(-) = Rq.(65p( ). (7)

Kpowme Toro, ¢ Tem ke cambiv oobektoM € € DP(X x Y') MoxkHO cBsI3aTh erme 1 ApyToit
dyrxTOp ¥ £ M3 mpom3BOmEON KaTeropu D’ (V') B mpomssomayto kateropuio DP (X)), ompe-
JIeJIEHHDIN 110 IpaBuUILy, aHajoruaaoMmy (7):

L
Pe(-) =Rp(E@q°(+)).
Jlerxo npoBeputs, uto QyHKTOP P ¢ MMEeT Kak JIEBLIH, TAK U IPABLII CONPSKEHHLIE ()Y HK-
TOPLL.
JIEMMA 2.1.1. dynxmop Pg umeem conpaxcennvie caesa u cnpasa Pynxmopu %

!
u (I)g coomeemcmaeeHHo, Komopbovie 3a0amces no gﬁopmy/ze:

‘I)E = IIIé"V(X)q*wy[m]a (8)

Dl = TV gy ey [n]-

30ecy wx U wy xanonuueckue nywku na X u'Y, u &Y — ydobnoe obosnanenue Oas
R%om(é", 0X><Y)-

JOKA3ATEJLCTBO. [IpuBenem noxaszaTesnbCTBO IU1st CONMPAKEHHOTO CJIEBA (PYHKTODA.
OHO moJIyyaeTCsa U3 CIenyIONIe OCIeNOBATEILHOCTH N30MOP (PHI3MOB:

Hom(A, Rg«(& ép*B)) = Hom(q* A, & é@p*B)
~ Hom(p*B, s FA®wxxy[n+m])*

~ Hom(B, Rp,.(8" & 7" (A®@wy[m)])) @ wx[n])*
=~ Hom(Rp. (8" & ¢*(A @ wy[m))), B).

3mech UCIONL3YETCS COMPAKEHHOCTD ()yHKTOPOB MPAMOTO 1 00paTHOrO 06pa3sa, IBa pas3a
rcnosn3yercs asoiictennocts Ceppa (6), a Takxke popmyana (5).
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CTouT OTMETUTE, UTO, KOHEUHO, C JI000i mmarpaMMol BUIA,
X2z %Ly

u1 1065 06bexToM & € DP(Z) MOxKHO cBA3ATL PYHKTOD 13 IPOM3BOMHOMN KATETOPHM KO-
FePEHTHLIX ITyYKOB Ha X B NPOM3BOMHYIO KATErOPUIO KOTEPEHTHLIX IyYKOB Ha Y, 3a1a10-
mmiics o gpopmyste anasgoruusoii (7). Ho xaxk moiil Takoit ¢yHKTOp M30MOpQeH PyHKTODY
Buza (7) ¢ oobexktoM R(p, ¢)«6 va X X Y, rme (p, ) — xaHOHUUeCKMit MOp(U3M U3 Z B
npsiMoe npoussenerue X X Y.

Ilycte Tenepns X, Y, Z — Tpu riamkux mosHbIXx MEHOrooOpasua u &, &, 9 — 00LeKTh
npomsomnx kareropuit DP(X x V), D¥(Y x Z) u D¥(X x Z) coorsercrBenno. Pac-

CMOTPHUM CJIEIYIONMYIO MUATPAMMY ITPOEKITALA:
XxY xZ

P12 P23
D13

X xY X xZ Y xZ

1 3
T 1 2 Toe
X Y Z

O06vexTn &, F, 9 3ana10T Tpy PYHKTOPA:
dg:DY(X) — DY), &z:DY(Y)—D’Z), &y:DYX)— D2,

onpenesieHHsie popmyioii (7), T.e.
2 L o1« 3 (gl o« 3 (gl 1 x
g :=Rm1p,(6@T1 (1)), Pz :=Rmis, (FRmas (+)), Py :=Rmis, (Y8ms (+))-

L
PacemoTpum 061ekT piyé @ pisF € DY(X x Y x Z), xoTopuii masee Bcerma Gyaem
obo3HavaTL & % & . Crnenyrormee yTBEPIK IEHUE NACT MPABUIIO I KOMIIO3UIINN TEX TOUHLIX

(YHKTOPOB MEXK Iy IPOM3BOIHLIMI KATErOPUAMY, KOTOPLIE [IPEACTABJIEHLI OO0 bEKTaMU Ha,
NIPOV3BEIEHNN.

IMPEANOKEHUE 2.1.2. Komnosuyud $ynkmopoe ®g o ®g usomopdna ¢ynrmo-
py Py, npedcmasaenrnomy obsexmom

9 = Rp13« (éa@g) 9)

JloxazaTeanCcTBO — BTO IPsAMAas IPOBEPKA.

TakuM 06pa3zoM, KaxKI0My TJIaIKOMY TIOJHOMY AJINe€0parmyecKoMy MHOTOOODPA3UIO CO-
MIOCTABJISIETCS IPOU3BOMHAS KATETOPUS KOTEPEHTHBIX IYyUKOB HA HEM, & C Ka¥K ILIM O0heK-
tom § € D?(X x V') Ha MpoM3BeneHym IBYX TAKKMX MHOTOOODA3HIiA ACCOIMIPYETCS TOUHLIH
¢yuKTOD P ¢ M3 TPUAHTYIUPOBAHHON KaTEropmn Db(X ) B TPUAHI'YJIMPOBAHHYIO KATEro-
puro D?(Y') ¢ 3aK0HOM KOMIIO3VIIMN, OMMICAHHLIM BBIIE.

Crenyronme BOIPOCH ABIIIOTCA ()yHIAMEHTAILHBIMA U151 TIOHUMAHVIS TAHHOTO COIIO-
CTABJICHVIS:

1) Korma mpoun3BomHbie KATErOPUY KOTEPEHTHBIX MYUYKOB ABYX PA3HLIX TJIAIKUX TOJ-
HBIX QJIre0paryecKrX MHOr00Opasuii SKBUBAJIEHTHLI KaK TPUAHTYJIMPOBAHHLIE Ka-
Teropuu’
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2) KaxkoBa rpymma TOUHbLIX aBTOSKBUBAJIEHTHOCTEH IIPOM3BOMHON KATErOPUK KOTEPEHT-
HBIX IIyYKOB U1 JAHHOTO (ukcupoBanHoro Maoroodpasus X 7 (Ilox rpynmnoii as-
TO®KBUBAJIEHTHOCTEN [OAPA3YMEBAETCS I'PYIMIA 00PA30BAHHAS KJIACCAMY M30MOD-
()M3MOB TOUHDLIX ABTO3KBUBAJIEHTHOCTEI. )

3) Beaxuli i1 TOUHDLIA (hYHKTOD MEXKIY MPOU3BOIHLIMU KQTETOPUAMUA KON€PEHTHLIX
IIYYKOB TIPEACTABJACTCA O0LEKTOM Ha TPOU3BENEHNN, TO €CTL uMeeT Bu (7)7

HekoTopuie pe3ynbTaTel B 9TOM HAIPABJIEHNN Y¥Ke N3BECTHLL. K mpuMepy, MOXKHO naTh
MCYePILIBAIONIT OTBET HA IIePBLIE IBA BOIPOCA B CJIyYae, KOI1a KAHOHITUECKUH NI aHTH-
KAHOHUYECKUI Iy YOK MHOI0OOpa3us 0OnJIeH.

TEOPEMA 2.1.3 [8]. IIycms X — 2na0ko0e npoexmusnoe mroz006pasue, KGHONUYEC-
xull (uau awmurxanornuyveckul) nywox xomopozo obusen. IIpednonoxcum, wmo xa-
mezopus DP(X) skeusarenmmna kak MpuaNzysupo8AHHAT KAMEZOPUA NPOUIBOOHOIL
xamezopuu D(X') dns mexomopozo 2aadkoz0 arzebpauueckozo mmozoobpazus X'.
Toeda mrozoobpasue X' usomopgdro X.

JlokazaTesLCTBO 3TO TeOpeMEI, KOTOPOE IPUBENEHO B [8], ABIAETCA KOHCTPYK TUBHLIM U
IaeT MEeTO BOCCTAHOBJIEHNA MHOr0OOPa3Us [0 IPOU3BOIHOM KAT€rOPUY KOrePEHTHLIX ITy U-
koB. BoJiee TOro, B yCJIOBUM T€OPEMBI MOXKHO HPEIOJIAraTh, YTO IPOU3BOIHBIE KATETOPUN
9KBUBAJICHTHLI He KaK TPUAHT yIXPOBAHHLIE KATETOPUH, & TOILKO KaK IPAIyNPOBAHHLIE Ka-
Teropum (cM. [8]).

B 51001 cuTyammy MOXKHO TaKzKe OIMCATDL Y IPYIILY TOYHBIX ABTOSKBUBAJICHTHOCTEN.

TEOPEMA 2.1.4 [8]. ITycms X — 2nadkoe npoexmusnoe mrozo000pasue, KGHONUYEC-
xull (uaw anmukanonuveckul) nywox komopozo obuaen. Tozda zpynna Kaaccos u3o-
MOPPUIMOB MOUHBLT ABMOIKBUBANENMHOCTEN KAMEZOPUU Db(X) nopoxcoena a8mo-
MOPPUIMAMU MHOZOOOPAZUA, NOOKPYMEAMY HG NUNKETHBLE PACCAOERUT U COBUZAMY 8
NPou3sooHoll Kamezopuu.

Insa nro6oro Muoroodpasus X Ipymna TOYHLIX aBTOSKBUBAJIEHTHOCTEN Auteq Db(X )
Beerna comepxkut nomrpynny G(X), KOTOpas eCTh MOIyIPAMOE TPOU3BEAEHAE HOPMAJTL-
Holt momrpymmnt G1 = Pic(X) & Z u momrpynnnt G = Aut X, neficteyromeli ectect-
BeHHLIM 0OpaszoM Ha G1. Ilpu sTom Brmouemm G(X) C Auteq D®(X) obpasyromasn Z
nepexomtT B (yHKTOp casura [1], smHeiinoe paccioenve £ € Pic(X) — B dpyukTop %, a
asromopuaMm f: X — X vmmymmpyer aBrosksBuBasieHTHOCTL R f,. B craTne [8] mokaza-
HO, UTO TP YCJIOBUM, OMICAHHOM B Teopeme 2.1.4, TpyIa TOYHBIX aBTOSKBUBAJIEHTHOCTEH
Auteq D®(X) cosmamaer ¢ G(X), T.e. B TOM ciTyuae:

AuteqD?(X) = Aut X x (Pic(X) @ Z).

YUTo0OB! MccIenoBaTh BOIPOC, KOTIA B MHOMOOODA3US MMEIOT SKBUBAJIEHTHLIE IPOM3-
BOIHBIE KATETOPUY KOTEPEHTHBIX ITyYKOB, U OMMCHIBATD UX IPYIITLI ABTOSKBUBAJIEHTHOCTENH,
JKEJIATENLHO UMETD ABHBIE (JOPMYJILI UL BCEX TOYHLIX yHKTOPOB. CylmecTByeT rumoresa,
UTO BCE OHU NIPEACTABJIAIOTCA O0LEKTaMI HAa Npou3BeneHuu, T.e. uMerot sun (7). B cae-
AYIOINell TyIaBe JAeTCsl OKA3ATENbCTBO NAHHOW TUMOTE3DI ULl BIIOJHE CTPOTUX (PYHKTO-
POB U, B YaCTHOCTU, I SKBUBaJeHTHOCTEH. COOCTBEHHO TOBODSI, BCA CIIEAYIONIA I'JIaBa
OyzmeT MOCBsIIEHA NOKA3aTeNLCTBY NAHHOIO pe3yibTaTa. Taxum o6pa3oM, 3TO AaCT HAM
BO3MOKHOCTL PACCMATPUBATEL TOJILKO ()YHKTOPLI BuAa (7) IPU UCCIENOBAHNY BOIIPOCa 00
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SKBUBAJIEHTHOCTSAX IPOM3BOMHLIX KATETOPUIA KOTEPEHTHBIX IIYUYKOB HA IJIaIKUX MPOEKTUB-
HBIX MHOTOOOpasusx. Jpyras 3amada, KOTOpas BCTaeT B CBA3Y C PEIIEHNEM STUX IPOOJIeM,
— 9TO HEOOXOIMMOCTDL UMETh KPUTEPUN IULA OIPENEJICHNS TI0 (YHKTOPY, ABJIAETCS OH SKBU-
BAJIEHTHOCTLIO W HET. UTOOLI IPOBEPUTD, UTO YHKTOD F' ABILSIETCSA SKBUBAIEHTHOCTLIO,
ZOCTATOYHO IIOKA3ATh, YTO OH U €I'0 IPABLIA (WX JIE€BLIA) CONPSKEHHDIA BIIOJIHE CTPOre
¢yHKTOpPHEI (cM. ompenesnernue 1.1.7).

CyIecTByeT HeKOTOPLIA METO [T ONIPeIe IEHIs TOro, Korna GyHrTop ® g : D?(X) —
D®(Y) smaserca BroHe CTPOrmM.

TEOPEMA 2.1.5 [7]. IIycmv M u X — 2nadxue npoexmuensie MH02006pazus Haod
anzebpaunecky 3amrrymuMm noaem sapaxmepucmuru 0, u nyems & € DP(M x X).
Toz0a gynxmop ® g Aeagemes enosne cmpozum, eCAl U MOAYKO €CAU BUNOANRTIOMCT
caedyouue YCA0BUT OPMOZONAALHOCTIUL

1) Hom’ (®g(01,), Pe(0r,)) =0 0asm acex i uty # to;
2) Hom% (®¢(0:), ®¢(0y)) =,
Hom' (g (01), Pe(64)) =0 das i ¢ [0,dim M].
30ecv t, t1, t2 — mouku mnozoobpasus M u O, — coomeemcmeywouue UM NYwKU
Hnebockpebos.

B obmem cayuae mpoBepuUTsh BLITOJIHEHNE YCIOBUN JAHHON TEOPEMDI TOBOJILHO TPYIHO,
OIHAKO B T€X CJIyYasaX, KO Ia 00LEKT Ha IPOM3BEOECHNN ABJIAECTCA BEKTOPHLIM PACCJIOCHEM
MAHHBIA KpUTEpUl PabOTAET TOBOJBLHO yCHEmHO. PacCcMOTPUM YeTHIpEe TIIAIKUX TIOTHBIX
anrebpanueckux MEOrooopasuit X1, Xo, Y7, Ys. Bosnmem ma o0nekTa &1 1 o, IpUHAI-
nexamnme kateropusiv D? (X7 x Y1) 1 D?( X5 x Ya) cOOTBETCTBEHHO, 1 pACCMOTPIM 06T,
EKT

81K E € DP((X1 x X3) x (V1 x Ya)),

L
KOTOPLIH IO OIPENEIEHNIO eCTh Pi3(81) @ pay(62). Kax u pampme (M. (7)), o0bekToL 61,
&2, 1 X & 3amaroT pyHKTOPLL:

dg,: DP(X1) — D(Y1),
B g,: D’(Xs) — D°(Ya),
Do e,: D’(X; x X3) — D%(¥; x ¥5).
PaccmoTpuv HekoTophii 06bekt 4 € DP(X; x X3) u oGoznauwm yepes A 06HEKT

bere,(¥9) € D?(Y; x Ys). C KaxIbIM 13 5TUX IBYX 00THEKTOB MOYKHO CBA3ATH TIO TPa-
Buiy (7) GyHRTOPLI

®y:D(X;) — DP(X3), @y :DP(Y1) — DP(Y2).
IIPENNOXKEHUE 2.1.6. B 06031aueHUAL, 88€0eHHBL 8bLULE, CYULECMEYEM U30MOP-
duam Pynrmopos o = Pg, 0 Pg o Vg, .
Jloka3aTeInhCTBO HEMEJIEHHO CJIeNyeT U3 mpenoxkenus 2.1.2.

Ecau tenepn, 71, Zo — ele aBa riadKUX TOJHLIX MHOTO00pasua u &1, Fo — O0LEKTD,
coorseTcBenno, kareropuit D (Y] x Z;) u DP(Ya x Zs), To uMerorca Takxke (yHKTOPLI
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bz, 0z, g xz, onpasury (9) MOXKHO HAITH OOLEKTH 41 U Y, TPUHAITEIKAIITAC
kareropumm D (X1 x Z1) u D®(Xo x Zs) Takwue, uto:

Py =Pz, 0Pg, Py, =Pg,0%Ps,.
IIpaMas npoBepKa MOKA3LIBAET, UTO CYyMIECTBYET €CTECTBEHHOE COOTHOIICHNE

Py 0z, 0 Pexe, = Py ry,- (10)

Wcnonn3ys ero, 1erko 10Ka3aTh CJAEOYIONUIEe Y TBEPIK IEHUE.

I[IPEMIOYKEHUE 2.1.7. B yca08uUAL, ONUCANNBLT SblULe, NPEONOAOHCUM, YMO PyHK-
mopw ®g, u g, Aeasomesa enoane cmpozumy (sKeusasenmuocmamu). Tozda dymx-
mop

. b
(Dglgg2. D (Xl X Xg) — D (Yl X Yg)

maxwnce A8AAEMCA 8NOAHE CIMPOLUM (aneueaﬂenmnocmbm).

JIOKA3ATENBLCTBO. Ecnu ¢pyrKTOp F' MMeEET CONPSIKEHHLIN, CKAazKeM, clieBa ¥, To oH
BIIOJIHE CTPOrMIA TOrIA M TOJILKO TOTIA, Koraa komnosuiwsi F'* F' m30MOp(HA TOXK 1eCTBEH-
HOMY QyHKTODY. ®yHKTOPLI P £, MMEIOT JT€BLIE CONPAKEHHLIE @*gi, OIpeIeJIeHHbIE 110 (OP-
mysie (8). VI3 TOro, uTto OHU BIOJHE CTPOTHUE, CIEAYET, UTO KOMIIO3ULUL . o dg, m30-
MOP(HBI TOXKIECTBEHHLIM ()YHKTOPAM, KOTOPLIE IPEACTABIAIOTCA CTPYKTYPHLIMU Ty UKa-
vu miaronaseit A; € X; x X;. Jlerko mpoBeputs, uto nyuok Oa; X Oa, nzomopden
CTPYKTYpPHOMY Iiyuky muaroHamnu O A, rae A — maronans B (X7 X Xg) x (X7 x X»). Uc-
nosn3ys gopmyiy (10), momyuaem, 4T0 KOMIO3UIWS @le 8, © ® 4, R &, TPEACTABIACTCA
CTPYKTYPHLIM IIyYKOM IMArOHAIN A M, 3HAUNT, M30MOP(HA TOKIECTBEHHOMY ()YHKTODY.
Takuv 06pazoM, P g g, BIOIHE CTPOTHMIA. Y TBEPXK ACHAE PO SKBUBATCHTHOCTL JIOKA3LI-
BAETCs AHAJIOTUYHO.

IIpemonoxim ceitaac, aro pyarTop P g: DP(X) — DP(Y) sBasercs sxpuBasenT-
HOCTBIO 1 06bexT F € DP(X x V) rakos, uro ¥ g = @gl. ITo ¢popmysnam (8) mmerorca
M30MOP(YU3MLI

F =&Y @prwxn] = EY @ ¢ wy[m],

13 KOTOPBIX CPa3y CJIELYET, YTO PA3MEPHOCTU N 1 m MHOrooOpasuii X u'Y paBHLI.
PaccvorpuM yHKTOD

P ore: DY(X x X) — DY(Y xY) (11)

no6o3HaunM eroKak Adg . PynrTop Ad g TakKe SIBIIAETCA SKBUBAJIEHTHOCTLIO I10 IIPEIJIO-
wxermo 2.1.7. Kpome Toro, mo mpemtoxero 2.1.6 misa moboro oonexra 4 € DP(X x X)
CYIIECTBYET U30MOP(U3M (hyHKTOPOB:

Dy () = Pg oo odyl. (12)

Paccmorpum cienmmanibHBIA cayyaii, Koraa 00LeKT 4 eCTh CTPYKTYPHDIHA Iy YOK AUArO-
Hamm O A 5, . OHIpencTaBiseT TOXK IeCTBEHHLI PyHKTOP. CirenoBaTesLHO, IPUMEHs Pop-
myay (12), monyuaem, uto ¢pyHKTOp Ad & TIEPEBOIUT CTPYKTY PHLINA Iy UOK MMAaroHamn O
B CTPYKTYPHBIH IIy4oK muaroHan OA., .
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PaccmoTrpum Gosee 00myo curyammoo. O603HAUMM Uepes ¢ x U iy BJIOKEHUs IUATOHA-
aeiiB X X X uY x Y coorBercrBenno. [Ipumenum dpyukTop Ad g K 00bEKTY iX*w’§<, roe
wx , KaK U PAHDIIE, KAHOHMUECKui mydok Ha X . OObLeKT 4 X*w’§< NPEeACTaBsAeT (YHKTOD
Sk[—nk], rme S — ¢pyrxTop Ceppa B kaTeropm D?(X). Tak kak 106as SKBUBAIEHTHOCTL
IepecTaHOBOUHA ¢ hyHKTOpaMu Ceppa 1o jJemme 1.1.4, monydaeM, 94To

Adg(ixw) =iy wh. (13)
Ompenenum Teneps i Kayk I0ro MEOroo0Opasusa X OurpaayupOoBaHHYIO aJaredpy

HA(X) = P HA; 1(X) = P Exti « x (Oay,ixwk).
i,k i,k

CrpyxkTypa anrebpul 30ech 3anaeTcsa kommnosumel Ext’oB ¢ yueToM KaHOHMIEeCKOro OTOXK-
NECTBJICHUS
i . kY o i . m m+k
Ext’ o x (Oay,ixwy) = Ext x (ixw™, ixwy ).
Il moxaszaTesnLCTBa CIEOYIOMEel TeOPEeMBI HaM MPUIETCS MPUMEHUTL OCHOBHON Pe3yJIh-
TaT TPEThEN IJIaBbl, Yy TBEPK AAIOIINIA, UTO JI00a A SKBUBAJIEHTHOCTD IPEICTABIIAETCA 00 b-
€KTOM Ha TTPOU3BEIECHU.

TEOPEMA 2.1.8. IIycmv X u Y - 2aa0xue npoexmusnbie MH02000pa3uT, OAT KO-
MOPHLT NPOUIBOOHILE KAMEZOPUL KOZEPEHMHBLEL NYUKOE IKEUBAAEHMHBL KAK MPUGH2Y-
auposannse Kamezopuu. Tozda buzpadyuposannvie aszebpy, HA(X) v HA(Y) uso-
MOpPHbL.

JIOKA3ATEJILCTBO. Tlo Teopene 3.2.2 Beaxas sxsuBatenTHocTs F: DP(X) — DY (Y)
IIPEICTABJIAETCS HEKOTOPLIM O0BLEKTOM Ha TPOM3BENEHNN, T.€. N30MOp(HA PYHKTOPY P g
nuis mekoroporo & € DY(X x Y). Jlio6Gas rakas SKBUBAIEHTHOCTD 3313€T SKBUBAJICHT-
HOCTD

Adg:Db(X x X) — DY(Y x V),

KOTOPAasIePeBOInT OOBEKT i X *(,u’)“< BOOBEKT z'y*w@ . 9KBUBAJIEHTHOCTL Ad g v myumpyer
M30MOP(U3MEL

EthX xx(Oax, iX*“JA’;{) = EXt%/’x y(Oay, Z.Y*w%c’)
U, CJIEIIOBATENHHO, M30MOP(13M Orrpaxynposassbix amreop HA(X) u HA(Y).

Crout 0T™MeTUTD, UTO U3 OurpasyupoBanaoi aarebpnr HA (X)) MOKHO moyunTs KaHo-
HUYECKYIO Y aHTUKAHOHIUECKYIO AIreOpsl MEOr000pasusa X . leficTBUTE LHO,

PH(X, k) = PHAKX) 1 PHHUX,wh) = P HA(X).

k>0 k>0 k<0 k<0

Takum o6paszom, u3 Teopemsr 2.1.8 mosryyaercs CienacTBue.
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CREAOCTBUE 2.1.9. Ecau npoussodnbie Kamezoput KOZEPEHMHBEL NYuKo8 08Yx
2AA0KUT NPoEKMUBHBLT MHo2000pasull X u Y sKeusaseHmHbl, MO KAHOHUYECKUE
(v anmurxanonuveckue) anzedbpur mnozoodbpasul X uY uszomopdro.

JlaHHOE CJIeACTBYE OUEHDL OJIM3KO O CBOei Gopmysmposke Teopeme 2.1.3. Omuaxo Ha-
10 OTMETUTD, YTO JOKA3aTeJILCTBO TeopeMul 2.1.3, nannoe B cTaTne [8], He onmpaeTcs HA
OCHOBHOI Pe3yJILTAT CJIeAyoeli riiaBel v, 60J1ee TOro, ABJIETCA KOHCTPYKTUBHBIM. Kpome
®TOro, B Teopeme 2.1.3 He MpemmoaaraeTcs, YTo KAaHOHNUECKUH (M1 AHTUK AHOHYIECKIIA)
My4YOK BTOPOr0 MHOr000Opasua X' ABiAeTca OOMILHBIM — 3TO MOJTYyYAETCA U3 T0KA3ATEIh-
CTBA TEOPEMEL.

MozkHO TakzKe OImMCaTh 1 Bce ocrasibhble npocrparcrea HA; 1 (X). B crarne [40] mo-
Ka3aHO, YTO CIIEKTPAJILHAS IIOCIEI0BATEILHOCTD, KOTOPAS CUATAET

HA; x(X) = Ext!(Oa i x«wx)

uepe3 koromostoruu orpaxrderns OA . Ha IMAarOHAJL, BEIPOK JaeTcA B uieHe Fy. B uact-
HOCTH, IMEIOTCS M30MOD PU3MBI

HA; x(X) = P HY(X,ATx @ wk), (14)
pFg=i

rae T'x —KacaTesabHOe pacciaoerre Ha X . Bosee Toro, maHHbIN M30MOP(U3M IPEBPAIIAETCSA
B M30MOP(M3M aJIredp, T.€.

HA(X) =P P HP(X,ATx @ k),
i,k p+q=i

Kaxk OurpanynpoBanubie aarebpol. V3 namHoro pasenctsa u reopemst 2.1.8 moydaem cien-
CTBUE.

CHEACTBUE 2.1.10. Ecau npoussodnve Kamezopul KOZEPEHMHBL NY4K08 08Yx
2AG0KUT  NPOEKMUBHBLT MHo2000pasult X uw Y skeusasenmuvl, Mo UMEOMCA
U30MOPPHUIMBL NPOCTPAHCTNE

P (X, ATx @wk) = @ HP(Y, ATy @ wb). (15)
pt+q=1 p+q=1i

B wacmnocmu, noayuaomes u3omop@uamo

P wrx,0%) = P BP(Y,0%) (16)

P—q=1 p—g=t

Mmencoy sepmurarimu pomba Xodxnca.
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JIOKA3ATEJBLCTBO. W3omopdusmer (15) cpasy caenyior u3 reopemst 2.1.8 u paBeHcT-
Ba (14). Yzomopdusmut (16) seasaroTcsa yacTHLM caydaeM (15) mpu k = 1.

WzoMmoppm3MBI MeK Iy BepTUKAJTAMY poMba XOmKa MOKHO HOJYUNATL U IPYTUM CIIOCO-
6om. IIpemmonoxum, uro ocroBHOe noJte k ects C.
Inskaxnoro snementa é € H* (X xY, Q) MOKHO ONpenenT JIMHEHHEIE 0TOGPaKe s

ve: H*(X,Q) — H*(Y,Q), we:H*(Y,Q) — H*(X,Q)

o popMyJIaM
ve(=) = a: (- p" (), we(=) =pul(§- a7 (—))- (17)

Jlnsi maHELIX OTOOPAKEHUI MOKHO HAMCATL (POPMYILY KOMIIO3UIM, KOTOPAs aHAJIO-
ruunaa gopmyde (9) mist komnosumm GpyskTopos. Ilycts X, Y, Z — tpu ruamkux nonHbx
muoroo6pasus u &, n — saementol H* (X x YV, Q) u H*(Y x Z,Q) coorsercrsenno. Tor-
13 KOMIIO3ULIVIAL Uy O Vg COBIAMAET ¢ OTOOpaKenueM ve, rae ¢ € H*(X x Z,Q) zanaercs
(hopmyoit

¢ = px 2Py z(n) Upxy (§)-
Kazx nomy dpyrxropy Buma ® g : D?(X) — DP(Y) moxuO conocraButs mumeiiHoe oTo-

Hpaxenve pg: H*(X,Q) — H*(Y, Q). dusa sroro onpenesmm saement € € H(X x Y, Q)
TIO IPABUITY

e =p*\tdx - ch(E) - ¢*/tdy, (18)

rae tdx u tdy — kaaccet Tonma mEorootpasuit X u'Y. 3anamim otobpazkenus

pe(=) =ve(=) = qu(e-p*(-))

Ye(—) = we(=) = p«le - ¢"(—)) (19)

Crenyroinee IpeIIOKEHNE ABJISETCSA TPAMBIM CJEACTBAEM TeopeMbl Pumana—Poxa B
popme I'poTenmmka.

MPEIIOKEHUE 2.1.11. ITpednosoncum, wmo gynxmop ®g: D*(X) — Db(Z)
Aaasgemcs xKomnosuyuel Py o ®g dag nexomopux

d5: D’(X) — DY), dy: DY) — D¥(2).

Tozda pg = pg 0 pz.
OTcrona cpasy moJrydaeM CJIeICTBYE.

CHEACTBUE 2.1.12. Ecau gynxmop ®g: DY(X) — D¥(Z) seasemcs sxeusa-
AEHMHOCMBI0, Mo omobpaxcenue pg: H* (X, Q) — H*(Y,Q) ecmv usomopgusm, u

€20 KomaekcuPurayud undyyupyem uzomopdusmu, (16) mexncdy eepmurasamu pomba
Xoouxca.
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ITOKA3BATEJIBCTBO. W3 npennoxenus 2.1.11 caenyet, YTo pyHKTOP, KBA3MOOPATHLIHN
kK ® g, vHmaymmpyer oToGpazkenue, oOpaTHOE K @g. Kpome TOro, Tak Kak 2JEeMEeHT € €
H*(X x Y, Q) no ¢popmyue (18) coorBercTByeT ajarebpandeckoMy KLY, TO JIETKO IPOBe-
PAETCA, YTO KOMILIEKCU(PUKAISA OTOOPAKEHNA (0 g COXPAHAET BepTUKaIM poMba XomKa.

B zaxmiouenne OTMeTIM TaK3Ke, 9TO Bkt yHKTOp P g 0 D*(X) — D*(Y) unmym-
pyet orobpaxerue ®g: K(X) — K(Y) mexay rpymamu I'porenmixa K (X) u K(Y)
kareropuit D?(X) u D?(Y). PaccmoTpuv oTobpaskere

chy/tdx : K(X) — H*(X,Q),

koTopoe conocrasiseT saeMenty u3 K (X)) ero xapakrep YepHa, yMHOXKEHHDBI HA KOPEHD
u3 kjaacca Tomna. Vznosn3ys teopemy Puvana—Poxa, MOXKHO ITOKa3aTh, YTO AUarpaMMa

KE(X) -2 K(©)

ch tdxl lch\/ﬂ
H*(X,Q) —— H*(Y,Q)

SIBJISI€TCS KOMMY TQTUBHOM.

2.2. IlpuMepnI SKBUBaJeHTHOCTEH: GMpannoHAJbHbIE TPeoOpa30BaHMA THU-
na ¢uon. BsTOM paznesie mpuBOIMTCS IEBIA KJIACC TPUMEPOB IBY X IJIa KX MHOT000pa-
3UIA, IUIST KOTOPBIX TPOM3BOMHLIE KATETOPUN KOTEPEHTHBIX Iy YKOB 9KBUBAJIEHTHLI. KOHeuU-
HO, IPUMEPLI TAKUX MHON0OOpa3uii OLIIN y2Ke M3BECTHLL: TEPBLIA PpUMeEP — BTO abesieBo
MHOrooOpasue 1 IBoicTBeHHOe eMy — OnLt pacemorped Myxkau (em. [29]). Hprrnmnmass-
HOE OTJIMUME MIPUMEPOB, OOCY K IAEMBIX B 9TOM PA3AEJE, B TOM, UTO MOJIYUYAEMAS apa B
o0mieM cIyJae HeM30MOP(HLIX MHOTOOOPa3Mii CBA3aHA OUPAIMOHAILHLIM M30MOP()H3MOM,
KOTOPLI ABJIAETCA (PJIOIOM.

W3 naHHLIX IPUMEPOB TAKIKe CIIELyeT, YTO YCJIOBUs Ha (AHTU)KAHOHUYECKUH IIyUOK B
Teopeme 2.1.3 He MOryT OBITL OCJIA0IEHEI.

B mauaze paznesia HAIOMHUM OIpPeNeIeHNs OIMYCTUMBIX TOAKATErOPUIL U TIOJIyOPTOrO-
HAJIBHBIX pa3Jjioxkerwii (cM. [5], [6]).

OnPEAENEHUE 2.2.1. Ilycts 98 — nosHas ananTHBHAS TOAKATEIOPUS B & IIUTUBHON
kareroprmut &. Ilpasvim opmozonasom K 9B B & HA3BIBAETCSA TOJHAS MOIKATETOPUS
B+t C o, cocTosmmas u3 Beex Takux o6nbexToB O, s kotopsix Hom(B, C) = 0 mms Beex
B € B. JlpoficTBeHHLIM 06pa30M OIIpene/IseTcs JeBLi OPTOroHas —%.

O1mernm, UTo eciu 9B ABIAETCA TPUAHTYIUPOBAHHON MOAKATETOPUE B TPUAHTYIUPO-
BaHHOM KaTeropum &/, T0 ~ % u B Takke ABIAIOTCA TPUAHTYIMPOBAHHLIMU TIOIKATENO-
pusaMu.

ONPEAENEHUE 2.2.2. lyctn [: N — 9 — BOXKeHUE NOJHON TPUAHTYIMPOBAHHON
MOMKATErOpPUY B TPUAHTYJIMPOBAHHEYIO KaTeropuio 9. Bynem rosoputs, uto A donycmu-
Ma crpaBa (COOTBETCTBEHHO CJIEBA), CIU CYIeCTBYeT GpyHKTOp P: 9 — A, conpsuken-
HLI cipaBa, (COOTBETCTBEHHO CJI€BA) K YHKTOPY BJIOKeHUsA I .

CBoIiCTBO OBITH Oy CTUMOI CIpaBa (COOTBETCTBEHHO CJIEBA) UL NOMKATeropuu A oK-
BUBAJIEHTHO CJIEAYIOMIEMY CBOMCTBY, KOTOpOE (OPMYIUPYETCS B TEPMUHAX OPTONOHAJIOB:
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IJIs1 KaKOoro o0bekTa X € 9 cyIecTByeT BLLae eHHLI Tpeyroabunk N — X — M rae
N e NuM e Nt (cootserctBero M — X — N,.rme M € A uN € A). Tlon-
KaTeropuio OyaeM HAa3bBATDH IIPOCTO JOIIYCTUMOM, €CJIM OHA NOIyCTUMA KaK CIIpaBa, TaK U
creBa.

Ecmn A C 9 — nonycTiMas HONKATErOpusi, TO CKAYKEM, UTO &) NOMyCKAET MOJIyOPTOro-
HaULHOE pazJokenye Buna (AN L, ) wm (A, L A). NHorna GumaeT, 9To Takoii mporecc
Pa3JIOKEHNsT MOXKHO IIPONOJIKUTL NAJbINE, PACKIAILIBAS IOIKATEIOPUIO A MM OpTOro-
HaJLI K Hel. [lamiv oblree onpenesieHre moIyopTOrOHAJILHOTO PA3JIOKEHMS.

ONPENEJEHUE 2.2.3. TlocaenoBaTe bHOCTL AOMYCTUMBIX TomkaTeropui (Ag, - . -,
N,) B TPUAHTYJIUPOBAHHOU KATEropuu % HA3LIBACTCA NOAYOPMOZOHAAbHOM, €CIU BLI-
nommserca ycnosue A; C A& nna Beex 0 < j < i < n.  Ioayoproronamnas
MOCJIEIOBATENLHOCTD HA3LIBACTCS NOAHOM, €CJI OHA TIOPOK IAeT KATEropuio %, To ecTh
MUHUMAJILHAS TPUAHIYIUPOBAHHASA TOAKATeropus B 9, conepxkaias Bce N, coBnamaer
¢ 9. B »10M cayuae Taxkas MOCIEIOBATENHHOCTL HA3LIBAECTCA 70AYOPMOZOHAAbHbLM
Pa3roxcenuem KaTeropuu % u 3ammcLBaeTCs B BUIE:

D = (N ..., Nn).

HpOCTef[[HIIﬁ IpyMep MOJIYOPTOTOHAJILHOT'O PA3JI0ZKECHU BOSHUKACT ITPY HAJITYNN T10JI-
HOT'O ICKJIIOUUTEJILHOI'O HaGOpa.

ONPEAEJNEHUE 2.2.4. O6bexT F B TPUAHTYINPOBAHHON KATEropun % HA3LIBAETCS 1UC-
warouumenvnom, et Hom'(E, E) = Ompui # 0 u Hom(E, E) = k. YnopsnoJdeHHbiit
HAOOP UCKITFOUNTENLHLIX 001LeKTOB (Ko, . . . , E;, ) HA3LIBACTCA NOAHBLM UCKANOYUMEAbHIIM
nabopo.m, eciu OH nopox naeT Kateropuo 2 u Hom' (E;, E;) = Ompu i > j.

CaMbIii U3BECTHLIA TPUMED TOJIHOTO UCKIIOUNTEILHONO HAO0Pa IPEIOCTABIIAET IIPOEK-
THBHOE IIPOCTPAHCTBO.

OpumEP 2.2.5 [2]. Hanpoextusrom npoctpamctse PV miaxaxmoroi € Z nabop Buma
(0(i),...,0(i + N)) sBIA€TCSA UCKIIOUMTEILHLIM U IIOJHLIM. B wactHOCTH, NOsTyYaeTcs,
YTO MPOM3BOMHAS KaTeropus korepenTHux myuko DP(PY) sksuBasentHa mponssomoi
KaTeropry KOHEUHOMEPHLIX MOMYJIel Hal KOHEUHOMEPHO! aarebpoii SHI0MOPPU3MOB UC-

N .
KmodnTesHoro Habopa End (D im0 O( 7))-

Ananoruynnie pas3ioXkKeHus CyIECTBYIOT U UL HEKOTOPBIX APYTUX MHOrOOOpasuii Ta-
KIX KaK KBaAPUKY 1 MHOrooGpasus ¢aros [20]-[22].

Tenept npuBeneM HEOOXOMIMBIE HAM (PAKTLI O PA3AYTUAX U O TOBEICHUN TTPOU3BOIHOMN
KaTeropuu KOTePEHTHLIX IIYYKOB IpK PA3AyTUsAX. Bce 9Tn pe3yanTaTnl conepxKaTes B CTa-
e [34] (cM. Takike [7]). Ilycts X — ruamxoe mosHOe asmeGpandeckoe MHOrooGpasue u
Y C X - raamko BIOKEHHOE 3aMKHY TOe TOIMHOT000pasue Kopasmeproctu r. Obo3Haumm
uyepe3 X pasnytue X ¢ meHTpoM BIOJL Y. Muoroobpaswme X sABJISETCS TaKKe IVIA KM 1
CyIIECTBYET KOMMYTATUBHAS IMATrPAMMA:
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B KOTODPOIi ¢ M j — 3aMKHYTLIE BJIOXKEHUA U P: G IIPOEKTUBHOE PACCJIOEHUE UC-
KJIFOUNTEILHOTO IMBU30DA Y HaZ IeHTpOM pasnyTus Y, B YaCTHOCTH, P — IMIOCKUIT MOD-
¢uav. Hamommm, uro Y = P(Nx,y ), rne Nxy — HOpmasmaoe paccaoerue X Y B X.
O6osnaunv uepes O (1) KaHOHMUECKOE OTHOCUTEILHO OOMIILHOE JIMHEHOe PACCIOCHIE Ha

Y = P(Nx /vy ). Xopormo u3BecTHO, YTO OHO M30MOP(HO OT PAHITIEHUIO JIMHEHHOTO PACCIO-
emns O(—Y)HaY.
IIPEIUIOZKEHUE 2.2.6 [34]. IIpouseodnsie gynkmops, obpammnozo o6pasa
L7*: D'(X) — D’(X),  p*: D’(Y) — D°(®Y)
ABATIOMCA BNOAHE CINPOZUM.

JTOKA3ATEJBLCTBO. Popmyna npoeximu (3) maet n30Mophu3am:

L
Hom(Ln* F, L7*G) = Hom(F, R, L7*G) = Hom(F,R7. 0y ® G),

rme .G € Db(X). Amnanoruuno u s p*. KomGummpys ux ¢ Tem paxtom, uto R, 0 ¢ =
Ox u Rp., 6’17 = Oy, IOIy4yaeM I0KA3ATETLCTBO.

IIPEIUIOXKEHME 2.2.7 [34], [7]. Jas ecakozo obpamumozo nyuwka L na'Y dynrmop
Rj.(Z @p*(-)): D*(Y) — D"(X)
ABNTECMCT BNOANE CMPOZUM.

JTOKA3ATEJIBLCTBO. UToOBI mOKa3aTh, YTO ()YHKTOD BIOJIHE CTPOIMil, JOCTATOUHO
NPOBEPUTL BLIIONHEHWe yciaoBuit 1) m 2) teopemsbr 2.1.5. [lna xaxkmoil 3aMKHYyTOM
Toukn y € Y obpas ®(0,) ABIAETCA CTPYKTYPHLIM IIyYKOM COOTBETCTBYIONIETO CJIOS
oToOpaxKeHus P, PACCMATPUBAEMBIM Kak Imyduok HA X. Tak Kaxk cjowm HAL PA3HLIMU
TOUKAMU HE IEPECEKAIOTCS, TO YCIOBUE OPTOrOHAILHOCTH 1) Teopembt 2. 1.5 BLIIOIHACTCA.

PaccmoTpum cTpyk Ty pHBI yuoK O F HEKOTOPOTO p-ciios F' C Y. imeem uzomoppusm:

Hom"(j«Op, j«Or) = Hom"(Lj*j.Op,OF).
B npoussomHoit kaTeropr D (Y') umeeTcsa BLLIETEHHDIN TPEYTOILHUK

Or ® 037(1)[1] — Lj*j.0pr — Op,

rne Oy (1) — 270 OTHOCUTENLHO OOIILHOE JIMHEHHOE PACCIOCHNE HA Y, KOTOPOE U30MOP(HO

o(-Y) ‘ - Cuoft F' ecTh IpOeKTUBHOE IPOCTPAHCTBO, a orparnyerne myuxa Oy (1) ma F
uzomopduo O(1). osTomy

Hom'(0f ® 03 (1),0F) =0
i1 Beex ¢. U1, 3maumT,
Hom®(j,O0F,j.0r) = Hom*(OF, OF).
CurenoBareinbHO, ycsaoBue 2) reopeMot 2.1.5 TakKe BLIIOIHAETC.

O603naunm yepes D (X)) HOMHYIO TPUAHTyIUPOBAHHY IO IOAKATETOPUIO B Db()? ), KOTO-
pas sBaserca obpasom kareropuu D?(X) orsocuTesmmuo pysxTopa L*, a uepes D(Y)y,
o6o3HaumM mosHyio nomkateropmo B DP(X), xoTopas smisercs 06pasoM KaTeroprmt
D?(Y') orrocuremuo ¢yrxtopa Rj. (05 (k) @ p*(+)), rme O3 (k) = 05(1)®* u 05(1) -
KAHOHMYECKOEe OTHOCUTELHO OOMILHOE JimHeioe paccioenne va Y = P(Nx,y). W3

npemomxennit 2.2.6 u 2.2.7 cienyer, uro D(X) = D*(X)u D(Y), = Db(Y).
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TEOPEMA 2.2.8 [34]. IIocaedosamensrocms 00nycmumMus nodxamezopul
<D(Y)—'I‘+1a Tt D(Y)—la D(X)>

ABAAEMCA NOAYOPMOZOHAALHOT U 0AEM NOAYOPMOZOHAALHOE DAZAONCEHUE O KAMe-
2opuu DP(X).

DTa TeopeMa MO3BOJIAET OMUCATL KATETOPUIO PA3NY TUA B TEPMUHAX MHOTOOODA3Us, KO-
TOPOE PA3MyBAETCS, ¥ IOIMHOT00OPA3s B KOTOPOM pazayBaeM. VICIoL3ys npuBeneHHoe
BBIIIE OMUCAHKE TIPOU3BOIHON KATErOPUX PA3IY TUS, UCCIEAYEM TENeph MOBEIEHVE TTPOU3-
BOIHOI KaTeropU IIpU MPOCTefmux Ipeodpa3oBaHuaAX Tuna ¢yt u ¢iaon. PaccMorprm
TAKOU IIprUMep.

[Iyctn Y — rytanko Bi0KEHHOE 3aMKHYTOE IIOAMHOTO0OPa3Ke B TJIa,IKOM IIOJHOM aJireo-
pamdeckom MHOr0oOpasuu X taxoe, uto Y = PF ¢ mopmasmabiM paccmoernem N y /Yy =
Oy (—1)®(+1) Byneum npemmonarats, uro | < k.

O603HaUIM [uepes X paznyTtue X ¢ eHTpOM BIOJL Y. B manHOM Cityuae UCKTIOUNTE -
HLI IVBUA30D Y M30MOP()eH IPOM3BENEHNIO IPOEKTUBHLIX mpocTpascTs PF x P, KpOMe
TOT'0, B 3TOI CUTyaIlUN IMEETCA CIAEAYIONIee OMICAHNE HOPMAILHOTO Iy YKa K YBX:

N)Z'/? = @)?(Y)‘f/ = ﬁ(—l; 71),
roe 0(—1;-1) := =pi0p v (—1) ®p;50p 1(—1). DTu YaKTEI O3BOJIAIOT Yy TBEPIK AATH, UTO CY-
IIECTBYeT CIyTue X Takoe, uto Y IPOEKTUPYETCS HA BTOPO# coMHOxkuTen s PL. D10 cay-
TI€ CYIIECTBYET B aHAJIUTIYECKON KATETOPUM, U €r0 Pe3yILTAT €CTh MIAAKO0e MHOroo0pa-
sue X1, koTopoe, BoOGIIE TOBOPsI, MOZKeT BLITE He anredparrdeckrM. Mol IpemoIoxKm,

41O OHO aJsirebpandeckoe. Besi reomeTpus, ormcasHas BhIIe, OTPAKEHA B CIIEAYIONIell mma-

rpamme:
Y
l]-

A "

—————— >X+

Buparmonannaoe oTo0paxkenve fl: X — X1 apasercsa mpocTelinmiv mpuMepoM Ipeot-
pazoBanus Trna (umn-diron u ects Guvm npu | < ku paonopul = k.
B mammrefimem mam Tora100MTCA YOPMYIIa 115 OF PAHMICHIA KAHOHMUECKOTO Iy UKa W

Ha muBu30p Y. Ilpu pazmyTuu riaakoro moaMHOT000PA3US IOy YaeM

w;{:W wX®6’ ( )

W3 popmysib IprCOeMHEHS HAXOMVIM, YTO
1
wx|y 2wy @ AN )y = Oy (1 — k).
KomOuHMpysa 2T haKTLI BMECTe, TOTYYaeM N30MOD PU3M:

(T*wx ® O5 P wx|y) ® 05 (V)]s =2 6(-k;—1).  (21)

wx ‘Y |Y
OCHOBHaﬂ TE€OpEMa 9TOrO pa3nejia CBA3LIBACT MPOU3BOMHLIC KATETOPMM KOT'€PEHTHLIX

y4KOB HA MHOrooopasmuax X u X T.
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TEOPEMA 2.2.9. ITycmv £ — auneiinoe paccaoenue nwa X. B obosnauenusz, aae-
Oennnz suule, PynKmop

Rr, (Lot (1) @ £): D*(X 1) — D’(X)

ABAAECMNCA BNOANE CTNPO2UM.

ITOKA3ATEJNLCTBO. Buauane paccmorpum orpamuuenve ¥ ma Y. Tak kak YV =
Pk x P!, 10 .%‘)7 2 ((a;b) st HEKOTOPLIX LEJILIX urces a u b.

Hy:xHo mokazats, uro mis moboit mapst A, B € D?(X 1) ckBosnoe oTobpazkenne

Hom(A, B) — Hom(Lnt*A, Lz +*B)
— Hom(R7y(LrT* A ® %), R, (LrT* B @ £)) (22)

SIBJIAETCSA M30MOPPU3MOM. V3 COMPSAIKEHHOCT ()YHKTOPOB UMEEeM M30MOP(U3M

Hom(R7 (Lt T* A ® £),Rr.(LrT* B @ £))
=~ Hom(L7*Ra. (Lt t*A ® ¥),LrT*B ® ).

PaccMoTprM BLLOETEHHBIH TPEyTOILHUK:
LR, (LT A® ¥) — Lt A ¥ — A. (23)

TaxuM 06pazoM, YTOOLI JOKA3ATE, UTO CKBO3HOE OTOOparkeHue (22) SBIAETCSI M30MOPPU3-
MOM, HEOOXOIMIMO U JOCTATOYHO NMOKA3ATD, UTO

Hom(A4,L7t*B® %) = 0. (24)

Tak xak xomnosmmsa R, L7* m3omopdra Tok necTBEHHOMY (DYHKTOPY IO IPEmIoKe-
Hyio 2.2.6, 1o, mpuMeHssa GyHKTOp R, K BLIZeJeHHOMY TPeyrONLbHUKY (23), moiyuaeM,
uto R, A = 0. U, crenopatemsuo, Hom(La*C, A) = 0 mna moboro obbexta C' €
D(X ). 3uaunr, o6mext A mpumamnexut momkateroprm D (X)L,

W3 Teopemrr 2.2.8 caenyeT nOJyOPTOTOHAJILHOE PA3JIOKEHNE:

D(X)* =(D(Y)_y,...,D(Y)_1).

Tak kax Y — 9T0 IPOEKTUBHOE TPOCTPAHCTBO, TO M3 IPUMEPA, 2.2.5 CIEMYET, UYTO KaXkK-
nast noxkareropus D(Y) _; o6nanaer HONHBIM UCKTIOUATELHBIM HabopoM. CoemvHss ux
BMeCTe, TOJTyYaeM HOJHBIH ueKTounTe pHbi Habop B D(X )+, s nac Gyner ynoben Ta-
KOM HAOOD:

D(X)L:<Rj*@(a—k;—z), i RLO(a; ),
Rj.0(a—k+1;-14+1), ... ... Rj.O(a+1;-1+1),

Rj.0(a—k+1—1:-1), ... ... Rj*é’(a+l—1;—1)>.
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Mo:kHO Tenepn neperpymmpoBaTh 3TY UCKITIOUNTELHY 0 IIOCIEI0BATEILHOCTL TAKUAM 00-
pazom, uto mia kareropuu D (X)L mosydaeTcs moayopToroHaIbHOE pasIoyKeHIe BIA,

D(X)* = (%, ),

rne @ u 9B — nonkareropum, nopoxaenusie Rj,0(i;s) ci > aui < a COOTBETCTBEHHO.
Ilpul < i < kul < s < 1 o6vextor Ry, 0(a — i; —s) nprHaniexar OMHOBPEMEHHO
nomkareropusm D (X)L u D(X 1)L @ £. Buactroctn, B C D(X)+ N (D(XH)L © ¥).
Tpnmenss gpyukTop Hom K BLimeseHHOMY TpeyronbHUKY (23), moIydaeM, uTto

Hom(A,Rj.0(a—i;—s))=0 mpu 1<i<k m 1<s<I.

Tax kak A € D(X)' noproronanen nomkareroprm %, cpasy cienyet, uto A € of. Tenepn
3ameTuM, uTo ecau 06bekT Rj. O(a + i; s) mpunannexur nonkareropun &, TO i yaOBJIe-
tBOpsieT HepasencTBaM 0 < 1 < [. YuurniBas gopmyiy (21) mis KaHOHUUECKOTO KJIacca
wg |}~, = 0(—k; —l) mro,urol < k, nosmygaem, uro & @ wg C D(X*)t ® £. Cnenosa-
TennHo, nis moboro obnexTa B € DY (X 1)

Hom(Ltt*B® £, A®wg) = 0.

Iprvensas meoficteerroCcTs Ceppa (6), HEMEIUIEHHO MOTy4YaeM HEOOXOIMMOE DABEHCTBO
Hom(A,L7t*B® %) = 0.

TEOPEMA 2.2.10. B mex ace obosnauenuds, ecawl =k (u, snavwum, fl ecmo daon)
pynxmop R (Lrnt*(-) @ £) Aeasemes sx6u8aAEHMHOCTIVO MPUAHZYAUPOSE AHNHLT
Kamezopuil.

JOKA3ATEJLCTBO. Ilo npenpinymeli Teopeme HAHHBIA (YHKTOD SIBJISETCS BIIOJIHE
crporuv. Jlenniit conpsmrennnii k memy mveet sun Rof (L (() @ L), tne &' = £ 1 ®
wWg® 7r+*w;(i . U, 3raunT, mo npenniaymeit TeoOpeMe OH TaKIKe SBJISAETCA BIOJIHE CTPOTUM.
UTo nOoKa3LIBAET, YTO 002 YHKTOPA CYyTh 3KBUBAJIEHTHOCTH.

OTMeTuM, UTO MOKA3ATEILCTBO JAHHLIX Y TBEPIK ICHN IPOXOIUT TAKIKE U B CIIyYae, KOT-
& (hJIOI Ie1aeTCsi CPa3y B HEKOTOPOM KOHEYHOM MHOXKECTBE HEIIEPECEKAIOMMXCS TOIMHO-
roobpasuii Y1, . .., Yy, KaxK 10€ U3 KOTOPLIX YIOBIETBOPSAET YCJIOBUIO TEOPEM. DTO IPOCTOE
3aMEYaHNE ABJIAETCS CYMECTBEHHBIM B CBA3U C HAIIMM IIPEIIOIOKEHEM 00 airebpandnoc-
TH HOJIyUUBINEroca MEoroo0pasusa X 7. Ilemo B TOM, UTO B IPHMEPAX YACTO BO3HUKAIOT
CUTYaIM, KOT/Ia TaKue OUpaIMOHAJILHLIE TPe0OPA30BAHUSA, CACTAHHLIE B OMHOM U3 TIOI-
MHOroo6pasuii Y;, IprBomaT K HeaIredpandyecKkumM MHOroobpasusam, B TO BPeMs KaK ()JIui
(nnu ¢itor), CaeaHHLIA OMHOBPEMEHHO BO BCeM HAOOpe, IaeT MHOr000pasue, KOTOPoe yKe
aJsredbpanJeckoe.

BTopoe 3ameuaHue COCTOUT B TOM, UTO, KOHEUHO, ()10mpyemble MEOrooOpasusa X u X T
u3 TeopeMnr 2.2.10 B o0meM cirydae He M30MOP(HLI M YaCTO BCTPEUAIOTCA B OMPAIIOHA -
HOM reoMeTpun, HAIlpuMep, B KOHCTPYKIIY ITPY ONMCAHUM TPEXMEPHLIX MHOTO0Opasuii Pa-
HO, KOTOPasi HA3LIBAETCS ABOMHA npoeKimst u3 npsmoii (cm. [19; §8]). Ipemnonoxkum, uro
nMeeTcs TpexMepHoe MHOrooopasue ®ano V unnexca 1 ¢ Pic V' = 7Z, Bioxkennoe anTukaso-
HUYECKOMN CUCTEMOI B TPOEKTUBHOE MPOCTPAHCTBO. T0rna pasmyTue 3TOro MEOrOOOPa3us
B IIPAMO# maeT MHOrooOpazue X , aHTUKAHOHUYECKUI KIACC KOTOPOro “mouTtu’ obuieH —
0TOOpakeHre aHTUKAHOHIYECKOU CUCTEMOI CTATMBAET HEKOTOPLI HAOOP KPUBLIX HA 3TOM
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MHOro0o0pa3uy, KOTOPLIE SBJIAIOTCSA COOCTBEHHBIMU [IPOOOPa3aMu IPsAMBIX Ha V, mepece-
KAaIOMUX Pa3ayBaeMyio npaMyoo. Bo MHOrux nprMepax 9T KPUBLIE UMEIOT HOPMAJILHBII
nyuok O(—1) & 0(—1), n, crenoBaTeabHO, MBI OKA3BIBAEMCS B CUTYAIMN HaIlell Teope-
mer. Jlesas OMHOBpEMEHHDI (/IO B 3TUX KPUBLIX, OTyYaem MEoroobpasue X T, kotopoe
merzomop¢uo X, HO mo Teopeme 2.2.10 mveeT TaKyIO Ke NPOM3BOAHYIO KATErOPUIO KOre-
PEHTHBIX IIyYKOB. B 4acTHOCTH, 9TOT nprMep HOKA3LIBAET, UTO yCJIOBHE OOMILHOCTHU HA
AHTUKAHOHUYECKUI KJ1acc B Teopeme 2.1.3 0 BOCCTAHOBJIEHMM HE MOXKET OBITH OCJIA0JIEHO.
Amnanornysbie IpUMEpPEI CYIECTBYIOT U UL MHOT0OOpa3uii OOIIEro THIa 1 BO3HUKAIOT B
IIporpamMMe MUHMMAJILHBIX Moneseit. JlaHHbIe pe3yanLTaThl MMEIOT eIre OHO TaKKe ecTec-
TBeHHOe 0000menue. [IpemosoxyM, YTo riIaaKoe MOMMHOrooOpasue Y B Ii1a,IKoM IIOJTHOM
asredpanuecKoOM MHOT000pasuy X ABJIAETCS MPOEK TUBU3AIMEN BEKTOPHOT'O paccaoenusa F
panra k + 1 man rimamgkum MHEOrOo0OpasueM Z, t.e. Y = P(E) — Z. Jlomyctum Takxe,
YTO HOpMaJibHOEe paccioenue N x /v TIPY OTPAHMUEHNN HA CJIOU orobpaxkenuss Y — 7
usoMopden Opi (—1)PU+1) | Bynem onatr mpemmonaratn, uto | < k.

O06osuauas uepes X pasaytue X ¢ IeHTPOM BIOJIL Y, CHOBA MOJIYUYAEM IUATPAMMY BU-
ma (20), roe YT sBiseTcsa MpoeKTUBM3AIMEH HEKOTOPOTo paccaoerus parra | + 1 man Z.
B nmammoii cuTyaimm MOXKHO yTBEPK OATh, Y4TO anasory reopem 2.2.9 u 2.2.10 Takxe BEpHEI.

Ilpyrue moxoxKrie IpuMephl BO3HUKAIOT B CIydae, Korna X — TpeXMepHOe MHOT00Opa-
3re, a Y — palmoHaJLHAA KPUBasfd, st KOTOpoii BumoaueHo Y - Kx = 0. B sTom ciay-
yae HOpMAaJLHOE paccioerue K Y moxer mvers Bun O(—1) & O(—1), 0 & 0(—2) wm
0(1)®0(—3). BoBcex 3Tux citydasx CymecTByeT OUPAIMOHAILHOE IPe0OPA30BAHNIE THNA
daom fl: X --» X . Y Bo Bcex 9TUX CITyyasx MPOU3BOMHLIE KATETOPUY KOTePEHTHDBIX Ty U-
koB X 1 X T sxpuBasentrr. [leppuiii coryuait ABIAETCA YaCTHBIM Carydaem TeopeMsr 2.2.10.
Bropoii BapraHT OLLI pACCMOTPEH B cTaThe [7]. VI HEIaBHO 9KBUBAJIEHTHOCTH KATETOPIIA
ObLIa DOKA3aHA [UIF BCEX 9TUX CJIy4aeB BMecTe B crathe [10].

T'naBa 3. BnosHe cTporue ¢yHKTOPHI M€K Iy IPON3BOMHLIMY KaTETOPUAMU

3.1. IImarpammsbl IlocTHUKOBaA M1 X CBEPTKU. B 5TOM pas3mesie paccMaTpUBAIOTCS
marpaMMol [TOCTHUKOBA B TPUAHTYJIMPOBAHHLIX KATETOPUSIX Y HAXOMATCS YCJIOBUS, IPU
KOTOPLIX muarpamma [[0CTHUKOBA MMEET CBEPTKY U 9T CBEPTKA OJHOZHAUHO ONPEIEIICHA.

Oycts X° = {X° A xerr 4 X0}, e ¢ < 0 — OrpaHUYEHHLIT KOMTITEKC
00BLEKTOB B TPUAHT YIMPOBAHHON KATEropurt 4. 910 3HAUUT, UTO BCE KOMITOUIIVL d*lod!
pasuol 0.

JleBas cuctema IlocTHrkoBA, cBA3amHAaA ¢ X *, €CTL IO ONPENEJIEHITIO IUATDAMMA CIIEITy -
IOoImero Buaa.:

Xc¢ a° Xc+1 Xc+2

XO
O O
Je Jet1 J—1
i.=id Get1 Tet2 i
* * *
1] 1]

(1]
Ye=X¢ yetl Yet2 o oo Y Yo
B KOTOPOU BCE TPEYTOJLHUKU, OTMEUEHHDIE %, SBIIAIOTCS BLIICJCHHLIMU, 8 BCE TPEYTOIh-
HVKH, OTMEYCHHBIE C IOMOIILIO (9, KOMMYTATHUBHLL (T.e. j 0 i) = d¥). O6next E € Ob 9

dc+1




IIPOM3BOIHBIE KATETOPUY KOT'EPEHTHBIX IIYUKOB 125

HA3LIBAETCs JIEBOM CBEPTKOM KoMItekca X *, eciu cymecTByer seBas cucrema IlocTrrko-
Ba, cBa3amHas ¢ X, Takaa, uto F = Y9, Kiacc Bcex cBepTok KomIutekca X 0603HAMIM
uepes Tot(X ). OueBummo, uto cucTemnl IIOCTHUKOBA 1 UX CBEPTKU CTAOUILHLI OTHOCH-
TeJLHO TOYHLIX ()YHKTOPOB MEXK Iy TPUAHTYJINPOBAHHLIMU KATETOPUAMIL.

OrmernM, uro kiace Tot (X ™) MoxeT conep:kaTh MHOrO HEU30MOP(MHLIX 06LEKTOB U MO-
JKeT Tak¥Ke OLITL MycThIM. B nasnnHelmem OyneT ONrncaHo yCaoBYe, JOCTATOYHOE 7151 TOTO,
a6 K1acc Tot(X ') cocTosn 13 omHOro 06LEKTA ¢ TOUHOCTDLIO [0 n3oMop¢uama. Ciemy-
OINAsT JIEMMA IOKa3aHa B [3].

JIEMMA 3.1.1. ITyems g — mopdusm mexncoy obsexmamuY uY’', xomopuie, 6 ceowo
ouepeds, 8KANUEHD 8 BBLOEAEHHBLE MPEY2ONbHUKY:

X u % v Z w X[l]

f 9 h fh.
\ u’ v’ v w’ v
X' Y’ A X'1]
Ecau v'gu = 0, mo cywecmeyiom mopdusme f: X — X' uw h: Z — Z' maxue, wmo
mpotxa (f,g,h) seasgemea MOPHUIMOM MPEY2ZOALHUKOS.
Ecau, e donoanenue, Hom(X[1], Z") = 0, mozda mopdusmu f u h, deaatouue
KOMMYMAMUBHELMIU Nepebll u coomsemcmaeenno emopoil xeadpam amoii duazpam-

Mbl, 00HOZHAUHO ONPEIeneHbl IMUMY YCAOBUTMIU.

Tenepn nokaxkeMm mBe JIEMMDI, KOTOPLIE ABJISIOTCA 0000MEeHreM IPeaLLIy el i ma-
rpamum IlocTaMKOBA.
dc dc+1
JEMMA 3.1.2. ITyemy X° = {X¢ — X1 ©— — X% - ozpanunennuii
KOMNAEKC 008eKMO08 8 mpuaHzysuposannot kamezopuu 9. Ipednosoxwcum, 4mo on
y0os.aemaopaem caedyouLemy YCa08UI0:

Hom' (X% X®) =0 odam i<0 u a<b. (25)
Toz0a cyuecmeyem ceepmKa 9mozo KOMNAEKCA U 8CE CEEPMEKU U30MOPFHL OpYye 0py2y

(nexanonuvecky).
FEcau, xpome mozo,

Hom (X%, Y%) =0 odas i<0 wu acex a (26)

ona nexomopoti ceepmuu YO (u, credosamenvno, 0as awboti ceepmuu), mozda ece
C8EPMKYU 3M020 KOMNAEKCA KAHOKUYECKY UIOMOPPHb, OpYe Opyey.

JIEMMA 3.1.3. ITycmy X; u X, — oepanusennsie KOMNAEKCH, KOMOPse Yy008.aemeo-

paom ycaosuwo (25), u nycmov (fe,. .., fo) — MopPusm mexncoy smumu KOMNAEKCAMU:
c d(i c+1 0
Xf — o X§ X
e o |1

dC
X5 —— X20+1 e X9
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IIpednoaoxcum, wmo
Hom' (X%, X5 =0 odan i<0 u Oas a<b. (27)

Tozda Oas Kaxcdol ceepmru Y xomnaexca X u Oas xaxmcdoti ceepmuxu Yy K0MN-
nexca Xy cywecmeyem mopdusm f: YY) — Y, womopuii xommymupyem c MopPu3-
Mmom fo. Ecau kpome mozo

Hom®(X{£, YY) =0 odag i<0 wu ecexr a, (28)

mozda amom MopPusm 00KO3HAUHO OTPEdEsEN.

JTOKA3ATEJNILCTBO. Bynem mokasnmaTh 06e seMMel BMecTe. JlokazaTeancTBO Oynem
BECTH 10 MHAYKIMY, 8 OCHOBAHIEM UHIYKIIM ABsgeTca semma 3.1.1. Ilycts YV e+ — xomyc
Mopdu3ama d°:

xe 45, ye+l @, yetl | xepy), (29)
Mo yenosuio d“t o d® = 0w Hom (X ¢[1], X ¢*2) = (. CrenoBaTesnHo, CymeCTBYeT emmH-
CTBEHHLIM MOP(U3M dt yert _ xet2 TaKol, 4To dtoa =actl.

Paccemorpum kommoswrmio d°t2 od Tt yetl  xet3, W3sectrO, uto d°1? odtoa =
d°t2? o d°t1 = 0, u, xpome Toro, mveercsa paserctso Hom (X ¢[1], X¢*3) = 0. Orciona
HeMemTenHo crenyer, uro xommozumaa d°+2 o d°T Taroke pasma 0.

PaccmaTpuBas BolaesieHHBI TpeyronsHrK (29), mosyuaem, 4To

Hom! (Yt Xb) =0

mpui < 0ub > ¢+ 1. Takum o6pasom, kommrexe Y+ — Xe+2 ... 5 X0 maxike
yIoBJsieTBopsieT ycaoBuio (25). Ilo npemooke o vH Iy K1y OH UMEET CBEPTKY. SHAUNT,
komIzekc X * TakKe 06/1aaeT CBEPTKOM, U, CJenoBaTeabHo, Kinace Tot(X ") we mycr.
Tenepn nokazkeM, 4To mpu ycJoBuu (27 ) BCSIKUI MOP(H3M KOMILIEKCOB MOKET OLITh IPO-
IOJIKEH 10 MopguaMa cucteM IlocTHIKOBA.
Pacemorpiv xomyent Yt u Vit mopdusvos d u dS. Cymectryer mop@usm
Get1: YT — V& oropuiit momonmser mapy (fe, fet1) 0 MOP(U3MA TPEYTONLHAKOR:

I X e ]

Xi
lfc lfc+1 l9c+1 lfc[l]

Xs —2o x5t 2 vt X

Kak Obwio moxkasaHo BBINE, CYIIECTBYIOT ONHO3HAUHO ONPENEJIEHHLIE MOP(M3MBI

—c+1 ,
dzc»+ : Yf“ — X f+2 msad = 1,2. PaccMOTpyM ClEy IOy o IUarpaMmy:

EC+1
1 ch+2

l9c+1 lfc+2

at!
Y2c+1 2 2c+2
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JlokaxkeM, 4TO 3TOT KBAAPAT KOMMyTaTuBeH. JleficTBuTennno, 0003HaumM uepes h pas-
=c+1 —Se+1
HOCTD fetoody  —dy '~ 0get1. Vimeetcsa pasencTso hoa = feroodStt —d5T o ferr = 0.
c+2

A no ycnosuro nemmbt Hom(X{[1], X57°) = 0. Ozcrona cpa3sy caenyet, uro h = 0.
Taxim 06pa3oM, MOIyIaeTcs MOP(PU3M KOMILIEKCOB:

c+1 Ei-H c+2 0
Yl —— X - Xl

J{gc+1 lchrZ lfo .

c+1 E;Jrl c+2 0
vt 2 XS X9

DT KOMIIJIEKCHI YIOBJIETBOPSAIOT yeaoBusaM (25) u (27). Ilo HIYKTMBHOMY HpEINOoJIOKe-
HUIO MOP(UM3M MEXK Y STUMI KOMILIEKCAMY IPOAOIIKAETCS 10 Mopuama cucteM [TocTau-
xoBa. CremoBaTesnbHO, IOTyUaeM MOPQU3M Mex Iy crcTeMamy [I0CTHUKOBA, CBSI3AHHBIMUI
¢ kommekcamu X u X5,

Kpome toro, BumHO, 910 ecam Bee f; — m30MOPQU3MEL, TO ¥ MOPPH3M MEXKIY CUCTEMA-
mu ITocTHIKOBA Tak¥ke ABJAETCA n3oMopdusmoM. CrrenoBaTesnHo, mpu yeaosuu (25) Bee
00bexTs 13 Tot (X ) m3oMop HLL

B zaksoueHre pacCMOTPUM MOP(V3M MEKAY BBLIAEJIEHHLIMU TPEYTONLHUKAMIU, KOTO-
poie SBIAIOTCA 9acToio marpavy [locTarkoBa:

it X e v —— 3]
lgfl lfo lgO lgqm :
) A ¢ R Y5 ']

Ecom xommsexcnt X ynopaersopsuot yesosuio (28) (t.e. Hom (X ¢, YY) = Ompui < Ou
Beex a), To noayuaem Hom (Y [1], YY) = 0. 1 no smenve 3.1.1 MOpGu3M go OMHOZHAYHO
onpenesnen. JleMMbI TOKa3aHbI.

3.2. Buouae cTporue yHKTOPBI MEXK Oy IPOU3BONHBIMI KATETOPUAMHU KOTe-
peHTHBIX myuKoB. [lyctr X u M — mBa ryiagkmx mOJTHLIX MHOTOOOPA3US HA- HEKOTOPLIM
noseM k. Kax u panbme, 6yzem o603mauats yepes D?(X) u DP(M) orpanmgenssie mpo-
M3BOMHbIE KATETOPUY KOT'€PEHTHLBIX ITydyKoB HA X 1 M COOTBETCTBEHHO, KOTOPLIE KaK OLIIO
TIOKA3aHO BBIIIE, UMEIOT CTPYKTYPY TPUAHTYINPOBAHHBIX KATETOPUHA.

Paccvorpum mpousBeneruie M X X u obo3HaumM uepe3 p u 7 npoekivm M x X wa M u

COOTBETCTBEHHO HA X :
b ™
M— MxX — X.

Ilns kazx noro o6bekta & € DY (M x X) 6Lt onpenesen TounLii ¢yuxTop ® g 3z D (M)
8 D?(X) no gopmyste (7):

Bg(-) = Rmu(E B p*(+)). (30)

o . !
PynxTOp P ¢ MMeeT MeBLIi M IPaABLIi CONPsKEHHLIE PYHKTOPLI P 1 P’ COOTBETCTBEHHO,
KOTOpBIE 331aBAJIUCh GopmMynamu (8):

By(+) = Rp.(6Y & n* (wx[dim X] @ (),

P'e(+) = war[dim M] @ Rp. (&Y @La (+)),

rae wx U wys — Karornueckue mydkuaa X u M u &Y = R Hom(8, Oprx x)-
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Y106LI nccIenoBaThL BOIPOC, KOMIa ABA MHOIOOOPA3UI MMEIOT SKBUBAJIEHTHLIE TIPOM3-
BOJHDIE KATETOPUX KOT€PEHTHDIX [y YKOB, U OMKCLIBATL UX IPYIIILI ABTOSKBUBAJIECHTHOCTEH,
JKEJIATENILHO UMETD ABHBIE (JOPMYJILI UL BCEX TOYHLIX yHKTOPOB. CylmecTByeT rumoresa,
UTO BCE OHU MIPEACTABIIAIOTCA OO0 LEKTaMU Ha TIPOU3BeneHuy, T.€. nMeroT Bua (30). Omaxo
IO CUX TIOp HE M3BECTHO, BEPHO MAHHOE YTBEPKIeHNE Min HeT. TeM He MeHee, OKa3LIBAeT-
Csl, UTO YACTHLIA CJIydail 9TON r’MIoTe3nl IMeeT MeCTO. A MMEHHO, eci PyHKTOD SBJISAET-
s BIIOJIHE CTPOTUM U IMEET COIPSIKEHHDBIA, TO OH MOKET OLITL MPEACTABJIEH 00 HLEKTOM HA
npousBeneHnu. J{oka3zaTesnLCTBY BTOro (pakTa U IOCBSIIEHA NAHHAA IJIaBa. bosee TOUHO,
OCHOBHAsI TEOPEMA DTOM IV1aBLI BLITVIAANUT TaK.

TEOPEMA 3.2.1. Ilycmoy F' — mounn il gynkmop u3 xamezopuu Db(M) 8 Kamezopuio
Db(X), 20e M u X — 2na0kxue npoexmusmniie mMnozoobpasud. Ilpednosoxcum, wmo
F seagemesa enoane cmpozum u umeem npasvili (uau, coomeememeenno, Aesuil)
conpancennnd gynxmop. Tozda cywecmsyem obsexm & € Db(M x X) maxoil, wmo
dynxkmop F usomopgen gynxmopy Pg, onpedesenmnomy no npasuay (30), u amom
0bsexm 00N03KAUHO ONpedener ¢ MOUNOCMBI0 00 UOMOPPUIMA.

O1crona HeMeIIeHHO TI0JTyYaeTCs, YTO BCSIKAsI 9KBUBAJIEHTHOCTD IPEACTABIIACTCS 00h-
€KTOM HA ITPOM3BENEHNI, TAK KAK JII00as 9KBIBAJIEHTHOCTE MEET COIPSKEHHY 0, KOTOPast
COBIIATAET C KBA3NOOPATHEIM ()yHKTOPOM.

TEOPEMA 3.2.2. ITycmv M u X — 08a 2aadxux npoexmusung muozoobpasus. Ipeo-
nosoxcum, wmo mownni gynkmop F: DP(M) = D(X) seasemcs sxeusarenm-
HOCTNBI0 MPUAHZYAUPOBAHHBT Kamezopui. Tozda cywecmeyem u eduHcmeennwi ¢
mownocmuio 00 uzomopdusma obsexm & € Db(M x X) maxoti, wmo gynxmop F uzo-

Mmopfen fyrnxmopy Pg.

OTU pe3yNLTATHI NAIOT BO3MOYKHOCTDL OIMCHLIBATL BCE 9KBUBAJIEHTHOCTY MEK Y TIPOU3-
BOZIHLIMU KAaTErOPUSMU KOTE€PEHTHLIX IIyYKOB ¥ OTBEYATL HA BOMPOC, KOIA BA PA3HLIX
MHOT000pa3Ns MMEIOT 9KBUBAJIEHTHLIE TPOM3BOAHDIE KATETOPUY KOTEPEHTHLIX Iy UKOB.

TIpex ne uem epeitTul K J0Ka3aTeNLCTBY STUX TEOPEM, CAEIaeM OMHO 3aMedanue. [lycTn
F — tounstit ¢yrkTop n3 xareroprm D®(M) B kateropuio D?(X). O6ozuaumv uepes F*
u F' JIeBLIi 1, COOTBETCTBEHHO, MPABLIHA TTPOM3BOMHBIE (YHKTODHI, €CIM OHU CYIIECTBYIOT.
Ecim cymectByeT eBLii conpsKeHuniii F'*, Torma CymecTByeT U MPAaBLIA COMPAKEHHLIA
F' u1 o1 onpenesserca GpopmyIton

F!:SMOF*OS;(l,

rme Sx u Sy — ¢yaxroper Ceppa B kareropusx D?(X) u D?(M), xoTopuie cymecTByioT
u paBHH ( - ) ® wx [dim X] u, cooTBeTcTBeHHO, ( + ) ® war[dim M] (cm. (6)).

Ilycts F' — TOUHLIA ()yHKTOD M3 IIPOU3BOIHON KATEropun Db(,szi ) B IPOM3BOIHYIO KaTe-
TOPUIO Db(%). Bynewm roBoputs, uto gyurTop F' ozpanuven, ecau cymecTByor 2 € Z,
n € N Taxue, uro mis moboro obnexta A € & woromomormu H'(F(A)) pasunt 0 mpu
i¢z,2z+n].

JIEMMA 3.2.3. ITycms M u X — npoexmusnse mnozoobpasus u M — 2aadkoe mHo-
2006pazue. Ecau mounwd gynsmop F: DY (M) — DP(X) umeem neawii conpancen-
nbLll, M020a OH 02PaANUYEN.
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JIOKA3ATEJILCTBO. O6oznaumv yepes G: D(X) — DP®(M) neBuit compsixeHHLiz
x F. 3apuxcupyem ouenn obunnbHOe smHeiHOe pacciaoenre £ Ha X . OHO 3a1aeT BIOKEHNE
i: X < PN, Ina moboro k < 0 mMeercs mpaBas pesosbsenta myuka O(k) ma PV B
repmuHax myukos 0(j),rme j =0, 1,..., N, xoTopas umeer Bz

ﬁ(k);{v()@ﬁ;"/l@ﬁ(l)H"'—>VN®0(N)—>0}’

rze Bce V; — BekTOpHBIe pocTpancTsa [2]. Orpanidenue 5T0il pe30/LBEHTHI Ha X IaeT
pesomnBenty myuxka £ * B repyumax myuxos £, rme j = 0,1,..., N. Tak kak s Bcex
j=0,1,..., N menynesnoie koromosuoruu 06bek1oB G (£ J ) IpUHA IUIEKAT HEKOTOPOMY OT-
pe3Ky, TO HalimyTca uesoe 2z’ u HaTypaJnHoe n’ Takue, uto s Beex k < 0 KoroMmosoruu
HYG(Z*)) pasaut 0 mpu | ¢ [2/, 2" + n’]. DTo cpasy ciemyeT U3 CymeCcTBOBAHUSA CTIeK-
TPAJILHON OCIEN0BATEILHOCTH

EP9 =V, ® HI(G(ZLP)) = HPTI(G(LY)).

Iycts A € D?(M) — nexoTopuiii 06bexT. V3 06MILHOCTY paccaoenus £ CIemyerT, uto
ecu s ukcupoBarHOTo j mveem Hom? (£ F(A)) = 0 s Beex i < 0, TOrma KOroMo-
norus HI(F(A)) passa 0. ITo npemosnozxermio GpyHKTOp G ABJIACTCH JEBLIM COMPSIKEH-
uev K F'. CrrenoBatennao,

Hom’ (%%, F(A)) = Hom’ (G(£"), A).

Paccymorpum Temepn myuok & Ha MHOrooOpasvu M. Tak Kak KOromMosaoruu 00LEKTOR
G(¥?) nnsiBeex i < 0 cocpenotouens va otpeske [z, 2’ + n'], 1o Hom? (G(¥?), F) = 0
mscex i < 0mj ¢ [—2' —n',—z" + dim M| (3necy 6oL ncnonp3oBan TOT GaKT, 9TO
TOMOJIOTMYECKAA PA3MEpHOCTL KaTeropuu coh (M) pasua dim M). CaenoBaTennHo, pu
Tex sxe 3HaveHnAX j umeem, uto HI (F(F)) = 0 nna moboromyuxa . U, srawmT, ¢yHKTOP
F' orpamuuen.

3AMEUAHUE 3.2.4. 3amenss, ecau HeoOxomMo, GyHKTOp F' mpm momonm caura B
NPOU3BOIHON KATErOPUM, C 9TOTO MOMEHTA U HA TPOTAKEHUU BCEU TIaBLI OyaeM pemo-
Jarath, aTo mia moboro myuka F ma M koromosnormu H(F(F)) ARasoTcs HeHymeBLIMU
ToJLKO TIpK § € [—a, 0], Te a — HEKOTOPOe PUKCUPOBAHHOE HATYPAJILHOE UUCIIO.

3.3. IlocTpoenue 06LeKTa, IPEACTABJIAIONIET0 BIOJIHE CTPOTHH GyHKTOP.
B sT0OM paszmese no TOUHOMY BIOJHE CTPOroMy (GYHKTOPY F' CTPOMTCST HEKOTOPLI OO0HLEKT
& € DY(M x X), aB crenyiomem paznese GyIeT IOKa3aHO, UTO ¢yuxTopnt F'u ® g uso-
Mop¢HLI. ITocTpoenne 061LeKTa IPOUCXOMUT B HECKOJILKO 9TAINOB. BHAUAIE paccMaTpuBa-
eTcA HEKOTOpOe 3aMKHyToe Bioxkenne j: M — PN u crpourcs mekoropoiit 06nekT &' €
D?(PN x X). 3aTem mOKa3LIBAETCSA, UTO HA CAMOM JEJIE STOT OOLEKT IPUXOMUT € TIOIMHO-
rooGpasua M x X, T.e. cymectByer obnext & € D?(M x X) Takoit, uto §’ = R.J.&, rne
J = (j x id) - samxmyTOe Biowerme M x X B PV x X. B cnemyromenm pazznese 10Kasnl-
BaeTcs, uTo QyHKTOp F' m3omopden pyHkTOpY P g

BriGepem ouenn obuibHOE uHelHOe pacciaoenue £ Ha MHOroobpasvm M Takoe, 4To
HY (%) = 0 maBcex k > Ouscex i # 0. Uepes j 06O3HAUNM 3aMKHYTOE BJIOKEHIE
MHOroo6pasua M B npoexTusHoe mpoctparcteo PV | 3anaBaemoe paccioerem £ .

5 YMH, T. 58, BrIn. 3
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Ha mpoussenemmm PN x PN cymecTByer Tax HasLIBaeMas Pe30JLBEHTA, MMATOHATI
(cM. [2]). DTO KOMILIEKC Iy YKOB CJIEAYIOIIETO BUAA:

0— 6(-N)RON(N) &8 6(-N + )RV 1N — 1)
(- RON) L e, (31)

DTOT KOMILIEKC ABJSETCA PE30JNLBEHTON CTPYKTYPHOTO Tyuka O A, Toe A — IMaroHaJn Ha,
npoussenermu PN x PV,

O603uaum yepes F/ gyuxrop u3 xareropima DP(PN) 8 kareropmo D?(X), koropsi
siByisieTcst kommosurmeit F' o Lij*. Paccmorpum miarpammy mpoeximi

PN x X " L X
i3
O603HaUNM Uepes
d"_; € Hompn ,, x (0(—i) RF'(Q'(i)), 6(—i + 1) RF'(Q" (i — 1)))
0bpa3 mop¢uama d_ ; OTHOCUTEJLHO CIIEAYIOMIEr0 CKBO3HOIO OTOOPAIKEHIA:
Hom(6(—i) RO (i), 6(—i + 1) KQ 71 — 1))
= Hom(ORQ(i), 6(1) KQ~1(i — 1))
— Hom(Q'(i), H*(0(1)) © @~ 1(i — 1))
(i), H(0(1)) @ F/(Q (i — 1))
ORF'(Q(i)), O()RF' (1 (i — 1))
D) RE(Q0)), 0(—i + 1) RF'(Q 1 — 1))).

— Hom(F'
— Hom(
— Hom(0(—
Hecnoxmo mposeputs, uto kKomnozumms d’_; 4 o d’_; pasna 0. CremopaTesnHo, MOXKHO
PaACCMOTPETL CJIEMYIONMI OrPAHNYEHHDLIN KOMILIEKC OOLEKTOB MPOM3BOMHON KATEropuu

DY (PN x X):
d" d_
C = {6(-N)RF' QN (N) == ... — 6(-1)RF'(Q'(1)) — 6RF'(0)}. (32)
Ilpu I < 0 nmeem

Hom' (6(—i) R F'(2(i)), O(—k) ® F'(Q*(k)))
>~ Hom! (6K F'(Q°(i)), H*(0(i — k)) @ F'(Qk(k)))
= Hom! (j*(€2°(i)), H(6(i — k)) ® j* (2" (k))) = 0.

CaenoBartennuo, mo semme 3.1.2 cymecTByer cBepTka s komiurekca C°, 1 Bce CBepTKU
nzomop¢HLL. O6ozraurM uepes &' ceepTky xKommtekca C, a yepes g 0OO3HAUMM MOP-
puzm 6K F'(6) 2% &' (Ha camom niesie masee GyeT BUIHO, 9TO BCE CBEPTKHU KOMILIEKCA
C" m30MOp(HBI APYT ApYyry KaHoHnuecku.) Ilycts Tenepnh ® g/ — pyHKTOD M3 KaTeropmm
D’ (PV) B kareropuio D?(X), onpenesennsit popmystoii (7).
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JIEMMA 3.3.1. Zlag ecex k € Z cywecmeyiom KaHOHUYECKUE UIOMOPPHUIMDL
fr: F'(0(k)) — 25/(0(K)),

U 9MU UZOMOPPUIMY, PYHEMOPUAALHEL, M.e. Oad a10b020 a: O(k) — O(l) duazpamma

Fomw) 2 o)
fkl fll
B (0k) — 4 (00)

ABNACMNCT nommymamuenoﬁ.

ITOKA3BATEJABCTBO. CHauasa mpemmoaoxumM, uto k > 0.

PacceMorpum pesosssenty (31) mna miaromam A C PV x PN Yvuoxim ee TeH30pHO
Ha O(k) X € u Bo3bMeM mpsaMOii 00pa3 OTHOCUTESILHO IPOEKIY HA BTOPOU COMHOYKUTEID .
B pesynbraTte nosydnM ciemyony o pe3oanbenTy nydka O(k) Ha NPOeK TUBHOM IPOCTPAH-
cte PV:

[HO(O(k=N) @A (N) — -+ — HO(0(k—1)@Q} (1) — HO(O()2 0} % 0(k).

U3 ycaoua Tounoctu GpyskTopa F’ caemyer, uto obvext F/(0(k)) aBnaeTcs cBepTrOit
KOMILTIEKCA

H(0(k—N))@F'(QY (N)) — -+ — H(0(k—1))@ F' (2} (1)) — H(0(k) R F'(0)

o61exTon kateropun D®(X). Ofosraumy 3T0T KOMILITEKC Uepes Dj, .

Tenepn BCIOMHMM, UTO TIO HOCTPOEHMIO O0LeKkT &' sBaserca cepTrolt Kommmekca C
(32). Pacemotpmv kommiexe Cy, := ¢* 0(k)®@C" ma PN x X. O6vext ¢*0(k)®6' apnaercs
ero ceeptkoit. U umeerca moppusm v : O(k) X F'(0) — ¢*0(k) ® &', xanomnuecku
nostyuaronmiics us . Kommrexe 7 (C},), KOTOpLIA ecTh paMoit 06pas kommiekca (C},)
TPU TPOEKIIA Ha BTOPOY COMHOKUTEND, KAHOHMUIECKY U30MOp(eH Kommnekrcy Dy . Taxum
obpazom, B, uto 06LerTel F/ (0(k)) u® g/ (O(k)) := Ral (¢* 0(k)®E") oba seasatoTes
CBEPTKAaMM OIHOIO ¥ TOrO ke Komiuexca D .

TTo mpemionoxennio GpyHKTOp F sBIIsIETCA TOMHBIM U cTporuM. CrenoBaTessHO, Mis
JIOKAJLHO cBOBOMHEIX myukos ¥ u ¢ ua PN mpu i < 0 meem paBeHCTBO

Hom' (F'(4), F'(#)) = Hom' (j*(9),j* (#)) = 0.

9T0, B YACTHOCTH, BJIEYET, UTO KOMILTEKC D}, yaoBieTBOpser ycrosusaM (25) u (26) mem-
Mot 3.1.2. CrenoBaTesbHO, TIO 5TOH JIEMMe CYLIIECTBYET OMHO3HAYHO ONPENeJIeHHLI 130-
mopduam fr: F'(O(k)) —= ®g/(06(k)), menarommit KOMMYTaTUBHOI CJIEIYIOMYIO MAa-
rpaMmy:

HO(6(k) © F'(6) % Fr(6(k))

idl lfk

HO(6(K)) © F'(6) "%, &4, (6(k))

5%
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Tenepsb MOKaXKeM, UTO 3TU U30MOPPU3MEI pyHKTOpUANLHEL. s noboro a: O(k) —
0(l) mMeroTCs KOMMY TATUBHLIE KBAAPATLI:

F'(51)

HO(0(k)) & F/(6) = Fr(0(k))
Ho(a)®idl lF’(a)
HO(6() @ F'(6) 2 Fr(60))
) HO(6(k) @ F'(0) 224, 04, (0(k))
HO(@eid | |#orte) -
HO(0) @ F'(0) 22T a4, (00))

W3 5TuX Tpex KOMMYTaTUBHBIX KBAAPATOB MOIYYAIOTCA CIELYIOMINE PABEHCTBA:
fio F'(a) o F'(8}) = f 0 F'(6;) o (H%(a) ®id) = Ral.(y;) o (H () ®1id),

Bgi(a) o fi, 0 F'(6)) = Dgr(a) o R (y) = Rl () o (H (@) @ id).
Komvmnexcnt D, m D} ynoBIeTBOPAIOT yCIOBUAM JIeMMLI 3.1.3, 1, CIeI0BaTeILHO, CyIeCT-
ByeT emHCTBEeHHLI Mop(uam h: F/(0(k)) — ® /(0(1)), nna xotoporo

ho F'(3x) = Rerl () o (HO(a) @ id).

TaxuMm o6pazom, MOp¢u3M h coBmamaeT omHoBpeMeHHO ¢ f; o F'(a) u ® g/(a) o fi, uro
BJIEUET PABEHCTBO ABYX MOCJIEIHUX.

Tenepn pacemorpumM caydaii k& < 0.
Bosnmem mpaByio pe3onBeHTy

o) = (V00— ... — VEoO(N))

mnanyuka O(k) ma PV . Onars npumensas nemmy 3.1.3, HaxomaM, 4To MOP(p3M KOMILTEKCOB

Vi @ F'(0) VEk @ F'(6(N))
id®foll id@lel
V@ ®6(0) VE @ ®g(O(N))

3a7aeT OMHO3HAYHO onpeneneHnnii mopusm [ : F/(0(k)) — ®g/(0(k)). Henocpenct-
BEHHAs IIPOBEPKA, KOTOPYIO MBI OIyCKAEM, IA€T HaM ()Y HK TOPHAILHOCTD STUX MOP(PU3MOB.

3AMEYAHUE 3.3.2. 3amermm, uto obnext &' € DY(PY x X)), nocrpoeHnsii o ¢yHk-
Topy F', onpenesien omHO3HAYHO.

Tenepn IOKazKeM CyIMEeCTBOBAHME TAKOTO 00LekTa B kateropm & € DP(M x X), uro
RJ.& = &', rne, kak n Bomme, J — Bioxerne M x X s PN x X.

Hycts £ — ouens obmibHOE JmHeiHOE paccaoenne A M u j: M — PN — proxenue
B IIPOEKTUBHOE IIPOCTPAHCTBO, 3aAaBaeMoe TuM paccioenueM £. O6ozuaunm uepes A
rpagyuposanHyio airebpy e, HO (M, £%).

Tlonoxum By = ku By = A;. Hnam > 2 onpenenum B, 0 TpaBuity

By, = Ker(Bp,—1 ® Az L By ® Asz), (33)

II€ Uy —1 — €CTECTBEHHOE OTOOPAKEHNE, OIPENesIieMOe 10 WH Iy KN,
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ONPEAENEHUE 3.3.3. HazoseM anreopy A n-kouwyaesol, €CIU CIEAYIOMAs TOCIEI0-
BaTEJLHOCTD NPABLIX A-Momyeit

B,®,A— B, 19t A— -+ —B1®,A—A—k—0

Touna. Asrebpa HA3LIBAECTCA KOULY.AE801, €CIIM OHA N-KOILyJIeBa IJIA JIF000ro 7.

TIpemmonoxum, uto anrebpa A ssasercs n-xomryiaeBoit. [lomoxum Ry = Oy, a nus
m > 1 o6o3naumM uepe3 Ry, AIPO KAHOHIYECKOT'O MOP(r3Ma

Bm®ﬁM —>Bm—1 ®$7

OIPENEJIEHHOTO eCTECTBEHHBIM BJIOXKeHreM By, — Bp,—1 ® A;. Ucnoansys (33), nomy-
yaeM KaHoHuJecKuil mopgusm Ry, — A1 @ Ry,—1 (Ha caMoM nesie MOKHO [IPOBEPUTD,
uto Hom(Ryy, Rim—1) = A7).

Boumnee Toro, mpu m < 7 N-KOITYJIEBOCTL aJareOpnl A BiIEUeT TOUHOCTDL CJIEYIOIIETO
KOMILJIEKCA [Ty YKOB:

0— Ry — Bn®6y — Bp10% — -+ — B1@¥™ 1 — 2™ 0. (34)
Ha npoexTuBHOM TPOCTPAHCTBE PN CYIIEeCTBYET TOUYHLIN KOMIIJIEKC BILIA
0—Q"(m) —A"A4 00 — A" 14,0 0(1) — - — O(m) — 0. (35)

CymecTByeT KaHOHUUIECKOe OTODpakenue fo,: 7 0™ (m) — Ry,. elictBurensuo, Tax
Kak aarebpa A KOMMyTATHBHA, TO IMEIOTCS ecTecTBeHHbe Biaoxkerns A°A; C B;. Ilos-
TOMY CyIIECTBYeT MOP(U3M 13 KoMmiiekca (35), orparndentoro Ha M, B kommiekc (34) u,
3HAUNT, KAHOHUYECKOE OTOOPAIKEHUE fry: j* Q2™ (m) — Ry

WsBecTHo, uTo mus moGOro n cymecTtByer Takoe [, uro amreGpa Bepomeze Al =
D52, HO(M, £%) ssaserca n-xomysesoii (Gosee Toro, B craThe [1] moxasamo, uTo Ha
camom nete Al ssasierca komrystesoit nois 1 > 0).

B nannueiiiem, onHako, KpoMe n-KoIIyIeBocTy aareOpnl Beporese HaM Oy oy T HyKHLI
HEKOTODBIE IOMOJHUTEILHLIE CBOMCTBA. A NMEHHO, NCTIOJL3YS TEXHUKY cTaThu [18] 1 3aMme-
HAAA TyUOK £ HAa JOCTATOYHO OOJLIIYIO CTemeHhL £, MOMXKHO MOKA3aTh CJEAyIOMee Ipel-
JIOJKEHME.

IIPENNOYKEHUE 3.3.4. Jlasd 6cAK020 4020 N MONWCHO HATMU 0%eHb 00UABHOE AlU-
Hetlinoe paccaoenue L maxoe, 4mo

1) anzebpa A senasemcs n-xowysesot, m.e. nocaedo8aMEABHOCTD
B,y A— Bp_1QpA— - — B QQA—A—k—0

MOYNG;
2) Komnaexc nyuros wa M

Ap—p @Ry — Agpy1 ®Rp1 — -+ — Ay 1@ R1 — Ay @ Rg — Z* — 0

mouen Oan ecex k >0 (ecau k —i < 0, mozda no onpedeaenuio Ap_; = 0);
3) xomnaexc nywkos na M x M

Y "XRR,— - — L TRR — Oy KRy —> Oa

ABNTEMCT MOYHBLM, M.€. 0aem n-pezosvgenmy ouazonaau nwa M x M.
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JTokazaTesLCTBO 9TOTO MPENJIOKEHUs TaeTCs B paznee 3.5.

O603naunm yepes T}, s110po KaHOHIUECKOro Mop¢mama Ag_ @R, — Ag_n+1Q@Rn_1.
Yunrnmas cBoicTBo 2) mpemtoxerus 3.3.4 u 10, uro Ext" (L% Ty) = 0 muan > 0,
HaXOIMM, UTO JIF00Aas CBEPTKA KOMILJIEKCA,

Ay n®Rp — Ap_ny1@Rp1 — - — A ® Ry

kanoHruecky mzoMopdma T [n] & LF.
Kagmormgeckue Mopduamsr Ry, — A1 ® Ry, 1 maaymmpyiot Mopusmn £ % X F(Ry,)
— L PR F(Ry,_1). 970 caemyer U3 cymecTBOBAHMA M30MOP(YI3MOB:

Hom(¥£ ¥R F(Ry), ¢ "R F(Rj_1)) = Hom(F(Ry),H'(¥) ® F(Rj_1))
= HOm(Rk,Al & kal)-

BoJee TOTo, MMeeTes CJienyommii KOMIIIEKe 00LeKToB B kateropmu D? (M x X):
Y "RNF(R,) — - — L 'RF(R;) — Oy X F(Ry). (36)

TTo memme 3.1.2 kommzexc (36) o6anaeT cBepTKOH 11 Bce cBepTKY n30MOp¢HLL. OG03HA-
M a1y cBepTKy Yepes G € DP(M x X).
Ilns mo6oro k > 0 06bext Ry (G ® p* (£*)) ssnserca ceeprxoit kommiexca

Ap—n @ F(Ry) — Ap—ny1 @ F(Ryp—1) — -+ — A}, ® F(Ro). (37)

C npyroii cropontt, 06bext F(Tk[n] © £*) Taxske apaseTca cBepTKOi 3TOr0 KOMILTEK-
€a, KOTOPBIA OUEBUIHO yAOBJIETBOPsET ycaoBuio semmer 3.1.2. CrenoBaTennHo, nMeeTcs
momopduam R, (G @ p*(£LF)) = F(Ty[n] & £F).

W3 memmet 3.2.3 u 3ameuanus 3.2.4 caenyet, uto i1 Bcex k > () HETPUBUAJILHEIE [Ty UK
koromounoruit H (R, (G @ p* (%)) = H(F(Ty)[n]) © H (F(£*)) ckommenTpupopanst
Ha obbemuHen [—n — a, —n] U [—a, 0] (uucso a onpeneneso B 3amevanrm 3.2.4). Tak kax
My4oK . 0OUIIEH, TO IOy YaeM, UTo MydKu KoroMostoruii H ¢(G) TakKke CKOHIIEHTPUPOBAHLT
Ha [-n — a, —n] U [—a, 0]. Moxuo npemmonaratn, uro nn > dim M + dim X + a. B sTom
cllydyae, TaK KAaK KaTeroprs KOME€PEHTHLIX IIyYKOB HAa MHOrooopasmm M x X wmmveer
TOMOJIOTAYECKYIO PA3MEPHOCTDL, paBHyo dim M + dim X, monyuaem, uto G = C @ &,
rne &,C — takuwe oOmexTn kaTteropm DP(M x X), mna xoropuix H'(&) = 0 mpm
i ¢ [~a,00u H(C) = 0mnpu i ¢ [-n — a, —n]. OTciona, B 4aCTHOCTH, TOIyYaeM, UTO
R7.(6 ® p*(£F)) = F(£%). 3ametum, uto Tak kak 00LekT (7 ONpeneseH OIHO3HATHO
KaK CBEPTKa KoMIiekca (36), To 1 00LeKT & TakKe ONpenesieH OIHO3HAYHO ¢ TOUHOCTLIO
10 n30Mopdu3Ma.

Tenepn mOKazKeM, 4To CymecTByeT nzomopdusm R.J.E =2 &', Jlns aToro paccMoTpum
oToGpaskerue komrrekcos Hax DP (PN x X)

6(—n) & F'(Q" (n)) 6% F'(6)
J{can& F(fn) J{can@ F(fo) .
Rj.4 "RF(R,) Rj.0On X F(Rg)

ITprmvensas nemmy 3.1.3, mosrywuaeM CyImecTBOBaHNE MOP(HU3MAa MeXK Iy CBepTKaMu ¢: K —
RJ.G.
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Ecau N > n, torna o0bexrt K nenzoMopder &', HO CyIeCTBYeT BLLICIEHHBIA TPEY IO+
HUK

S — K — & — 9[1].

TaxuM 3xe 06pa3oM, Kak U BLIIIe, TPOBEPAETCA, UTO My UKy Koromosoruit H(S) # 0, Tosmn-
ko ecmn i € [—n — a, —n]. 910 Baevet, uto Hom(S,RJ.&) = 0mu Hom(S[1], RJ.E) = 0,
Tak Kak koromosoruu R.J, & ckoruenTpripoBasnt Ha oTpeske [—a, 0]. Orciona caenyer cy-
MECTBOBAHME €IMHCTBEHHOrO Mopgusma 1): &' — R.J,&, menamomero KOMMy TaTUBHOM
IarpamMMy

K —%2 5 RJ.G

| |
&~V L RJ.E

Ham u3BecTHO, uTO
R, (&' ® q"(0(k))) = F(£*) = R (6 @ p*(£)).

O6o3raunm gepes ¥y, Mopmamsr Rl (6’ ® ¢*(0(k))) — R (8 ® p*(£L*)), nmamym-
poBaHHBIe MOP(GU3MOM ). Mop@uaMmb 1), MOTYT GLITL BKJIIOUEHBI B KOMMY TATUBHY IO 1A~
rpammy:

SFAL @ F(0) ——— F(£%) —— Rr.(6' ® ¢"(0(k)))

canl lwk

A @ F(6) —, F(L*) —~ Rr,.(8 @ p (L")

N3 sToro momyyaeM, 4To 1)y, ABIAIOTCA M30MOp¢puaMamu n1s Beex k > 0. CienoBaTensn-
HO, 1) TaK¥XKe eCTh n3oMoppu3M. Takum 06pa3oM, HOIyUeHO NOKA3ATENLCTBO CIELYIOMErO
Y TBEPK ICHUA.

I[IPEMIOYKEHUE 3.3.5. Cywecmayem eQuncmaenmuLil ¢ mouHocmpio 00 u30MmopPus-
Mma obsexm & € DP(M x X) maxoii, wmo RJ.E = &', 20e ' — obsexm uz DY (PN x X),
nocmpoenwi 8 pazdese 3.3.

3.4. IToxa3aTeJLCTBO OCHOBHOM TeopeMbI. B mpemniaymem pasaene, CTapTys C
BIIOJIHE CTPOrOro (i]yHKTOpa F MEXK Iy MTPON3BOMHLIMY KATETOPUAMU KOI'€PEHTHLIX ITYYKOB
Ha MHOroo6pasuax M u X, OLL1 IOCTPoeH 00LEKT & HA MPOM3BEICHIN STUX MHOI000pas3uii
1, TEM CAMBIM, TIOJIy YeH HOBLIN PYHKTOP P . OCHOBHAS IEJL JAHHOTO PA3AEIa — IOKA3ATh,
uT0 911 1Ba PyHkTopa F' u @ g nzomopduet. s 9T0ro HaM HyKHO ITOCTPOUTL €CTECTBEH-
HOE TIpe0OPA30BAHNE MEXK Iy JAHHLIMU ()YHKTOPAMU, KOTOPOE U OYIeT OCYIIEeCTBIATEL U30-
mop¢uam. Ilo mocTpoenuro, mpeobpa3oBaHue yKe 3a0aHO Ha OOMIILHOM IOCIEN0BATE h-
HOCTU JMHENHBIX pacciaoenuii ua M. Hama 3amaua — mpoaosizKuTh 310 TPeoOpPa30BAHME HA,
BCIO IIPOM3BOIHY IO KATErOPUIO.

Buauase mamiM mokazaTesnCcTBA HEKOTOPLIX YTBEPIKICHU IIPO abeseBLl KaTeropuu,
KOTOPBIE TIOHA,NOOATCS HAM B JaJILHEUIIEM.

Ilycto & — k-numelinas abenesa KaTeropus (majee BCEraa pacCMaTPUBAIOTCA a0eIeBLI
KaTeropuu, KOTopole k-JIHeHb).
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OnPENENEHUE 3.4.1. IIyctn {P; | i € Zgo} — MOCIENOBATENLHOCTL OOLEKTOB 13
abeneBoit kateroprm &. ByneM Ha3LBATL TaKYIO MOCJIEIOBATENLHOCTL 00UAbHOMU, €CTT
s Kaxkaoro oonekra X € & cymecTByeT nesoe unciao N Takoe, yTo mis Beex 1 < N
BLITIOJIHEHDI CJIEAYOIIE YCIOBUSL:

a) xarormgeckuit mopuam Hom(P;, X) ® P; — X ABAAETCA CIOPHEKTUBHLIM,
b) Ext?(P;, X) = 0 mnsascex j # 0,
¢) Hom(X, F;) = 0.

IIpuMEP 3.4.2. Eciu £ — 00mibHOE IMHEHOE PACCIOEHNE HA TPOEK TUBHOM MHOT000-
pasum, TOrna NOCIeIOBATEILHOCTL { £ | i € Zg o} ABIASETC OOMILHOM NOCIEIOBATEND-
HOCTLIO B abeJIeBOI KATErOpuy KOT€PEHTHLIX Iy YKOB.

JIEMMA 3.4.3. ITycms {P;} — obuavhad nocaedosamensvrocmy 6 abenesol kamezo-
puu . Tozda, ecau daa obsexma X u3 xamezopuu Db(,szi) B8VINONNAENCA PABEHCNBO

Hom (P;, X) =0
ons acex i K 0, mo X d6AT€MCT HYACBBM 005EKMOM.

JOKA3ATEJLCTBO. W3 onpenenenns obribaocTy miis ¢ < 0 mosydaem
Hom(P;, H*(X)) = Hom*(P;, X) = 0.

Ho mop¢usm Hom(P;, H* (X)) ® P; — H*(X) nomxen Gurth ciopbexTunen mpu i < 0.
Caenosatesnsuo, H*(X) = 0 msa eex k. To ectn X — HymeBoit 00LexT.

JIEMMA 3.4.4. ITycmy & — abenesa xamezopus KOHEUHOT 20MON02UNECKOT PasMeD-
nocmu, a {P;} — obuavnas nocaedosamenvnocmy 6 abenesol xamezopuu «. Tozoa,
ecau obsexm X € DP(of) marodi, wmo Hom (X,P;) = 0 das ecex i < 0, mo X
ABNTECMNCA HYAEBVM 006EKMOM.

HOKA3ATEJLCTBO. [Ipemonoxum, uto 06bekT X nerpusuasen. CaBuras31or 00b-
€KT B POM3BOMHON KATETOPUN, €CJIN 9TO HEOOXOIMMO, MOYKHO TIPEIITOJIAraTh, UYTO KPAMHsAI
TIpaBas HeHyJIeBas KOroMoJorus oonekTa X mveeT HoMep (. PacemoTpum kaHOHUIUECK Ui
vopdmam X — HY(X). Haitnercsa moMep i1, U1l KOTOPOTO CYIIECTBYET CIOPLEKTUBHOE
0TOOpazKeHue Pﬁakl — HO(X). O6o3mauny gyepes Y7 ero aapo. Ilo mpemmomozermo
Hom' (X, P;,) = 0, u, 3maumt, Hom! (X, Y1) # 0. Jasee Bo3bMeM CIOPLEKTUBHOE OTOGPa-
JKEHUe PZ-?]Q — Y7, KOTOpOE CymecTByeT mis JOCTATOYHO OTPUATEIHLHOIO HOMEPA 12.
Yepes Y5 06o3naunm aapo aroro otobpazkerua. Crosa ycnosue Hom' (X, P;,) = 0 maer
nam Hom? (X, Y3) # 0. TIpomo/mkas 3Ty Iponeaypy, TOJyUrM TPOTABOPEUre € KOHEUIHOC-
THIO TOMOJIOTMYECKON PA3MEPHOCTU KATEropuu 4.

JIEMMA 3.4.5. Ilycmb & u 9B — abenesvl Kamezopuu u xKamezopuss & umeem KoHey-
Ny 2oMonouNeckyt0 pasmeprocmy. Ilyemy {P;} — obuavnad nocaedosamenvrocmny
6 xamezopuu &. Ilpednononcum, wmo F' — mounwnd gynxmop us xamezopuu Db(af) 8
xamezopuro D¥(B), vomopuwii umeem npaewii u aeenii conpancenne gynxmopu F'
u F* coomeemcmeenno. Ecau omobpancenuss

Hom* (P}, P;) = Hom* (F(P;), F(P;))

cymov uzomopdusmu. npu j < i u Oax acex k, mozda gynkmop F sensemcs enoane
CMPOUM.
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JIOKA3ATEJIBCTBO. Bosnmem xaHoHMUeckmii Mopgusm f;: P; — F'F(P;) u pac-
CMOTPMM BLLIEJICHHLI TPEYTOJILHAK

P, L PR — 0 — P
ITo mpemmonozxkenmio npu j < 4 MMeEM M30MOP(PU3MEL:
Hom"* (Pj, P;) = Hom"(F(P)), F(P;)) = Hom* (P;, F'F(P;)).

Taxum o6paszom, Hom' (P, C;) = Ompu j < i. W3 nemmur 3.4.3 cienyer, uro C; = 0.
W, 3nauwr, f; sBiaseTca u30MOpHU3MOM.

Tenepr s mpom3BOJLHOTO 00bekTa X PACCMOTPUM KAHOHMYECKOE OTOOpAarKeHre
gx: F*F(X) — X v BLLOEJIEHHLIA TPEyTrOaLHIK

F*F(X) 25 X — Ox — F*F(X)[1].
NmeeTcs mocaenoBaTeLHOCTL U30MOP(YI3MOB
Hom* (X, P;) = Hom* (X, F' F(P;)) = Hom* (F*F(X), P;).

Orcrona cnenyet, uto Hom™ (Cx, P;) = 0 muascex i. Ilo nemme 3.4.4 monyuaem, uto C'x =
0. U, sraumr, gx — m3oMoppuaM. UTO 1 DOKA3LIBAET, UTO OYHKTOp F' ABIsAETCA BHOJIHE
CTPOTMM.

Teneps chOpMyIMPYEM U TOKAZKEM OCHOBHOE TPEIJIOYKEHVIE STOTO PA3IENa, KOTOPOe He-
00X0aMMO HaM IULST TOKA3aTEeJILCTBA OCHOBHOU TeopeMst 3.2.1 oroii ruaset. Hamo ormeruts,
YTO JAHHOE IPEIJIOMKEHE IPENCTABIIAET TAKKe CAMOCTOATE LHLI MHTEpEC.

Ilyctn &/ — aGeseBa kaTeropus ¢ OOMJILHON IOCIEnOBATENLHOCTLIO {P; | i € Zgo}.
O6o3HauNM Yepes j BJIOXKEHVE TIONHOM nonkaTeropu 6 ¢ oowextamu Ob 6 := {P; | i €
Z<o} B xareropumo D®(/). B oToit cuTyammm MOKHO TIOKA3ATL, UTO €CIIM IS (YHKTOPA
F: Do) — D(o) cymectsyer uzomopduznm F |<€ € TOXK IECTBEHHLIM ()yHKTOPOM Ha 6,

TOra 3TO IPeodPa30BAHKE MOKET OBIThH IIPOIOJIZKEHO 10 M30MOP(PI3MA HA BCIO D® (o).

IIPEONOXKEHUE 3.4.6. Ilycmv o — abenesa kamezopus ¢ 0busbholl nocaedosa-
meavnocmoo {P; | i € Zgo}. Obosnwawum wepes j saoxucenue noanod nodxame-
2opuu € ¢ obsexmamu Ob6 := {P; | i € Z<o} & wamezopun D®(f). Iycms
F: D) — DYof) — nexomopas aemosxeusarenmuocms. Ipednosoxcum, wmo
cyuecneyem uzomopdusm gynxmopos f: j — F‘(g Toz0a amom uzomopdusm mo-

acem bums npodoaxcen 0o uzomopguzma id — F na ecto xamezopuwo D?(«7).

ITOKA3BATEJIBCTBO. Bo-mepBrix, Tak kKax F' KOMMyTUPYeT C IPAMLIMU CYMMaMU, TO
MOZKHO IIPOAOJIXKUTL TPeobpa3oBanue f Ha BCE MPAMBIE CyMMBI 00LEKTOB KaTeropuu 6 mo-
KOMIIOHEHTHO.

OTnmeTin, uto 06BekT X € DP () mzomopdhen 06bekTy u3 &/ TOrma U TOMLKO TOT 1A,
xorma Hom’ (P;, X) = Ompu j # Ouscex i < 0. OTciona ciemyet, uto obbekt F(X) B
BTOM CJIyUae TaKKe U30MOPQPEH O0HLEKTY U3 & , IOCKOJILKY

Hom’ (P;, F(X)) = Hom? (F(P;), F(X)) = Hom? (P;, X) =0

mpu j # 0uscexi < 0.
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IIlar 1. Tlycto Tenepn X — o6bekT u3 kaTeropun &. 3aQUKCUPyeM CIOPHEKTUBHLIN
MOpQU3M v: Pka — X. CymectBy1oT uzoMoppusm f;: Pi@k = F(Pi@k) U [IBA BLLIE-
JIEHHBIX TPEYTOJILHUKA!

y —- p¥ Y., x — V[
lfi
Fy) 20 pp@ky 29 px) —— PV

Hasaiite mposepuM, uto F'(v) o f; o u = 0. Ilas 9TOr0 pacCMOTPUM CIOPHEKTUBHLIN
MOPGU3M W : Pj@l — Y. Ilocrarouno nposeputs, yto F'(v) o fi ou ow = 0. Ilycto

~

fi P;Bl — F(Pj@l) — KaHOHWUYeCKuii n3oMopdram. Vcmonb3ys KoMMy TAIMOHHBIE COOT-
HOIMEHUSA 1A f; U f;, IMeeM paBeHCTBA

F(v)o fiouow=F(v)oF(uow)o fj =F(vouow)o fj =0.

Tax xaxk Hom(Y'[1], F(X)) = 0, 1o mo nemme 3.1.1 cymecTByeT €IMHCTBEHHBIA MOP(U3M
fx: X — F(X), XoTOpDI KOMMYTUDYET C f;.
Tenept paccmorpuM koryc C'x Mopdusma fx . Vcnonn3ys n3o0Mopgu3MLI

Hom(P;, X) =2 Hom(F(P;), F(X)) 2 Hom(P;, F(X)),

naxomn, uro Hom’ (P;, Cx) = 0 msiscex jui < 0. CiaemoBaresnnro, no memme 3.4.3
Cx = 0u fx sABIAETCSA U30MOPHUIMOM.
IIlar 2. Tenepn mokazkem, 4To fx HE 3aBUCUAT OT BHIOOPA HAKPLITUS V: Pi@k — X.
Paccmorpum mBa Takux CIOPBLEKTUBHBIX MOPPU3MA V1 © Pﬁakl — X nws: Pi?k? — X.
k1
1

Bcerma MoxHO TOnoOpaTh IBa TAKUX CIOPLEKTUBHLIX MOP(U3MA, W1 Pjeal — P; u

. p®l Dko .
wy: Pj — PZ.2 , 9TO CJAEeOyIOomas IMarpamMMa KOMMY TaTVBHA!
P-EBZ w2 P'EB]CQ
J iz
[ E
V1

Dk
Pl-1 e

OueBnHO, UTO MOCTATOUHO IPOBEPUTL COBIAJEHNE TPe0OPa3oBanmii f x , TOCTPOEHHBIX IO
v1 U1 o wi. Js1 9TOrO paccMOTPUM KOMMYTATUBHYIO AUAT PAMMY:

ppt ML, pPm M, X
lfj 192 lfx
F(pPYy T, pp@hny IO, py)

3mech nzomopduaM fx mocTpoen o v1. O0a KBampaTa 9TOR MarpamMMbl KOMMY TATABHEL
Taxk Kak CymecTByeT TOILKO ommH Mopduamusz X B F(X), KOTOpLIii KoMMyTUpyer ¢ f;, TO
fx, MOCTPOEHHDI IO V1, COBIAAAET ¢ MOPPUIMOM, ITIOCTPOEHHLIM IO U1 O W7 .
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IITar 3. Tenepn HEOOXOIMMO TPOBEPUTE, YTO MOPPU3MEIL fx 3aTAI0T €CTECTBEHHOE IIpe-
oOpazoBaHre (hyHKTOPOB HA KaTeropun &/. To ecTh HyKHO IOKA3aTh, YTO M J1:060ro
%)
vop¢puama X — Y mMeeTcs paBeHCTBO

frop=F(p)o fx.

PacemoTpuM CIOPBLEKTUBHLIA MOP(U3M P;Bl Y. Tlombepem Temeps mHIekc i < 0

U CIOPBLEKTUBHLIA MOP(PT3M Pz-@k — X Taxue, 4TO KOMIIO3VILIAS (¢ 0 U IOTHUMAETCSA JI0
MopQu3Ma Y : Pi@k — Pj@l. DTO MOXKHO CIEJATh, HOCKOJLKY npu 1 < 0 oToOpaxkenue
Hom(PZ-@k, Pj@) — Hom(Pi@k, Y") cropbextuBHO. IlosyuaeM KOMMYTATUBHLIA KBAIDAT:

pok % | x

K2

N
po L,y
J
O6o3naunm yepes hy u he komnosumuwm fy o ¢ u F(p) o fx coorsercrBenno. Vimeem pa-
BEHCTBA:

hiou=fyopou=fyovo=F(v)ofjoh=Fv)oF®)of;

hoou = F(p)ofxou= F(p)oF(u)of; = F(pou)of;=F(voy)of; = F(v)oF(¢)o f.

Takum o6pazoM, MOpGU3MLL hy Ipu ¢ = 1,2 [eNaioT CAeoyIOIyo IMArPaMMy KOMMYTa-
TUBHOM:

4l — PZ@k v, X Z[l]

F(zp)ofil lht

F(v)

F(W) —— F(P}) FY) —— F(W)[1]

Tax xaxk Hom(Z[1], F(Y')) = 0, to no nemme 3.1.1 noayyaem, uro hy = hg. U, smaunr,
frop=F(p)ofx.

IMar 4. Onpenemv mpeoGpazosarue fx(y,): X[n] — F(X[n]) = F(X)[n] mua kax-
moro X € ¢ mo gpopmyie

fxm) = fx[n].

Herpymro mokaszaTnh, 4TO OmpeneseHHble TAKUM 00pa3oM npeoOpa30BaHUA KOMMY-
TUpPYIOT ¢ oM MopduaMoM u € Ext” (X,Y). Ie#icTBUTENLHO, BCAKUI DJIEMEHT
u € Ext® (X,Y) MoxkeT OLITL TPENCTABIIEH KAK KOMIO3UIAA U = Ul - * - Uj HEKOTOPLIX
DJIEMEHTOB U; € Extl(Zi, Ziv1),tme Zg = X, Zj = Y. 3HaunT, NOCTATOUHO TIPOBEPUTD
KOMMY THPOBAHME C DJeMeHTaMu U € Ext’ (X,Y). [nsa »Toro paccMOTpUM [arpaMmy:
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TTo omHOl U3 aKCMOM TPUAHTYIMPOBAHHON KaTeropuu Hainerca mopdusm h: X — F(X)
takoit, uro (fy, fz,h) ects Mopdusm TpeyromprukoB. C Ipyroil CTOPOHDLI, TaK Kak
Hom(Y[1], F(X)) = 0, To mo semme 3.1.1 mMopdusMm h OmpeneseH ONHO3HAYHO TeM
ycaoBueM, uto kommytupyer ¢ fz. Ho fx maxxke kommytupyet ¢ fz. CiemnoBaTennHo,
mostyuaem, uto h = fx , u, 3HaunT,

fy[l]ou= F(u)o fx.

IIar 5. 3aka0OUNTENLHYIO YaCTh JOKA3aTeNLCTBA, OyIeM BECTU MHAYKIMEN [0 IJIHE
OTPE3Ka, B KOTOPOM HAXOISTCA HETPUBUAJILHBLIE KOTOMOJIOTYY 00 bekTa. s 3Toro pac-
CMOTPHM TOJIHY IO TIOAKATEIOPHIO jp, : Dy, — DP(f) 8 D (o), cocrosmiyio u3 06LeKToB,
VIMEIONIVX HETPUBUAJILHLIE KOTOMOJIOIMY B HEKOTOPOM (HE(UKCUPOBAHHOM) OTPE3KE U~
ol n. Temepn OymeM MOKa3LBATL, YTO CYMECTBYET €IUHCTBEHHOE MPOIOJIKEHIE eCTECT-
BEHHOT'0 IPe0OPa30BaHUA f 0 €CTECTBEHHOTO ()YHK TOPUAILHOIO U30MOPPU3MA. fr ! Jr, —
F P,

Brime 910 y3ke OLIIO TOKA3aHO WA N = 1, T.€. 11 OCHOBAHNA VH Iy KIU.

Tenepn, YTOOLI CIEIATL MIAT VHAYKIWN, TPEIIOJJIOKIM, YTO IPUN = a, @ > 1, yTBEPK-
ZieHVe yKe M0Ka3aHo. Ilycts X — HeKOTOPBI 00 beKT U3 P41 Y IOJIOKUM, UL OLIPEIETICH-
HOCTH, uTO KoroMosorun HP (X)) ABJIAI0TCS HETPUBUAILHBIMU IpU p € [—a, 0]. Bosbmem
P; n3 00uaLHOY IOCIe10BaTEILHOCTY C TOCTATOUHO OTPUIIATEIHLHLIM HOMEPOM § TAKOM, UTO

a) Hom?(P;, HP(X)) = 0 mua Beex pu misi j # 0,
b) cymectsyer ciopnexTuBHLit Mopduam u: POF — HO(X), (38)

¢) Hom(H°(X), P;) = 0.

YcnoBue a) U CTaHZAPTHAS CHEKTPAJILHAS TOCIEN0BATENLHOCTD JAIOT HAM M30MOP(U3M
Hom(P;, X) = Hom(P;, H°(X)). W, 3saunT, MOXKHO HAHTI MOPGU3M V': Pka — X
TaKOiA, UTO KOMIO3MIA v ¢ KaHOHmIecKrM Mopdusmom X — HO(X) cosnamaet ¢ u. Pac-
CMOTPVIM BLLIEJICHHLIA TPEYTOJILHYIK:

V[-1] — PPF L x v,

Tak xax 00LEKT Y IPUHANIEKUT P, TO MO IPEANOJIOKEHIIO UHIYKIMI M30MOP(YU3M
fy yxe cymecTByeT u KoMMyTHpyert ¢ f;. Vimeem miarpammy:

P ———X v PEM1]
lfi fX fy lfi[l] . (39)
%
F(PP) 22 p(X) —— F(Y) —= F(P)[1]

Ilanee, oc1e IOBATEIHLHOCTE M30MOP(PU3MOB
Hom(X, F(PP¥)) = Hom(X, PP*) = Hom(H(X), P?*) = 0

[12€T HAM BO3MOXKHOCTL TpUMEHNTD jiemMy 3.1.1 K ¢, paBaOMYy fy-, M3 KOTOPOIA caiemyeT, uTo
CYLIECTBYET eIMHCTBEHHLI MopduaM fx: X — F(X), mononHsoonwii qparpamMmy 1o
MOp(U3Ma TPeyroaLHUKOB. OueBMIHO, YTO fx HA CAMOM Iejie ABJIAETCA N30MOP(YU3MOM,
TaK KaK U30MOPPU3MAMU ABIAIOTCA f; U fy .
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IITar 6. Tenepn HEOOXOAMMO IOKA3ATh, UTO fx HE 3aBUCUT OT BLIOOPA ¢ ¥ u. 1lycTh nanbt
IBA CIOPLEKTUBHLIX MOPYU3MA U7 : P® U — HYX) mus: Pgak? — HY(X), ynosne-
TBOPSIIOIIVE YCJIOBUsAM a), b) u ¢). Torﬂa MOZKHO IOAOOPATDL JOCTATOYHO OTPULATEILHOE §
U CIOPLEKTUBHLIE MOP(YU3MEL W01 , W2, AEJIAIOIE KOMMYTATMBHOMN CJIEMyIONIYI0 MUArPaM-
My:

e

I ]
PP M HO(X)

PGBkl PEBkz

O6o3naunm uepes vy : — X, vg: — X MOp(m3MBI, COOTBETCTBYIOIIVIE

w1 nuz. Tak kax Hom(P;, X) — Hom(P;, HO(X)) TO IOJIY9aeM, UTO VoW = V1W1].
Cymectsyer Mop¢usm ¢: Y; — Y;, Taxoii, uto Tpoiika (w1, id, ) aBaseTca Mmopdus-
MOM TPEYTOJILHAKOB:

| viow Yy l

PP ——% X Y; PP
wll lid lw lwlll] ;
P o X ey P

T.€. Y = Y1
Tax xax Y; u Y;, nMEIOT HETPUBUAILHLIE KOTOMOJIOTAM TOJLKO B OTPE3Ke [—a, —1], T0
TI0 TIPEIIOIOKEHNIO UH Iy KIIK UMEEM KOMMY TATVUBHLIN KBAIPAT:

ij ¥

i1
fY]i lfyil

F
Py 220 p(v,)

O6o3uaunM uepes fg(, ;é, ;? MOP(M3MEI, TOCTPOEHHLIE TI0 PABUITY, OUCAHHOMY BhI-
1e, KOTOPBIE JOMOJIHAIOT A0 KOMMYTATUBHOM muarpaMmy (39) mpu v, COOTBETCTBEHHO PaB-
HOM U = v1w1, v = v1, v = v2. Kax 6b110 y2Ke nokaszano Boime (aevva 3.1.1), Mopusm
[ OIHO3HAYHO ONpEZNeNeH yCIO0BIEM

Fly)f = f Yy, Y1
C npyroli CTOPOHBI, IMEEM PABEHCTBA:

F(y) s = Fley) fk = F(O)FW) % = F(9)Fy,y = fv;, 0y = fvi, 1,

KOTOpBIE HEMEIUIEHHO IAI0T f% = f3. Amanoruuno nomydaem fX = f¢. Takum obpa-
30M, MOp¢U3M fx He 3aBHCUT OT BLIOOpPA i ¥ MOpU3MA U: PZ@k — H°(X) n, 3naunr,
onpenesieH aBCOIIIOTHO OMHO3HAYHO.
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IIar 7. Taxum 06pa30M MOy YEHO HEKOTOPOE MPOIOJIKEHVE TPe0Opa30BaHus f, HA Ka-
Teropuio %q+1. Ham ocranocs nokaszarTs, YTO 9TO IPONOJIZKEHIE TAKIKE ABJIACTCA €CTeCT-
BEHHLIM IPE0OPA30BAHUEM U3 jq+1 B F Py 2 1€ 1O VLA BCAKOTO Mopdmmap: X — Y,

a

roe X, Y u3 P41, MONyYaeTCs KOMMY TATHBHAS MArDaMMa

X £

Ix l lf y oo (40)
F(e)
F(X) —= F(Y)

Caenem 5Ty nipobuteMy K cuTyarmu, Koraa 06a oobwekta X u Y npunamiexkar 9.

CymecTByer mBa ciyydas.

Cayuwai 1. Pacemorpum cirydaii, Koraa cTapinas HeTPUBUAJILHASL KOTOMOJIOTHA 00b-
exta X (6e3 norepy OOIIHOCTY MOXKHO [IPEMIOJIAraTh, YTO ee uHAeKC paseH () uveeT us-
IIEKC cTPOro bosbamii ueMm y 0obekTa Y. Bo3bMeM CIOpbeKTUBHBIN MOP(M3M U : Pi@k —
HO(X), ynosnersopsrommii yemosusmm a), b), ¢), ¥ OCTPOMM, Kak ¥ BLITE, TOMHATHE €r0
IO MOp(M3MA V' PZ-@k — X. IMeeM BLIIeIEHHLIN TPEYTOLHIIK:

v
pek_M_,x % .7 PER[).
Ecsm BeIOpaTsh ¢ 10CTATOYHO OTPUIIATEILHBIM, TO Hom(Pka, Y) = 0. Hpumensis GpyuxTop
Hom(—,Y") x 9TOMy TpeyroJmHUKY, HAXOMM, YTO CyIecTByeT Mopdusm ¢: Z — Y Ta-
KOI1, uTO (» = tha. YIzBecTHO, uTO fX , MIOCTPOEHHLI PaHee, YAOBIECTBOPSIET COOTHOMIEHUIO

F(a)fx = fza.

Ecmm OpenrnoJ0XKUTL, UYTO

F(¢)fZ = fY’(/)a

TOr' A IOJIyYUTCH, YTO

Flp)fx = FW)F()fx = FY)fza = fyya = fro.

DTO 3HAUUT, UTO IULA TPOBEPKU KOMMYTATUBHOCTY KBampaTa (40) MOXKHO 3amMeHUTL X
Ha Z. A BepxHA rpaHL HETPUBUAILHLIX KOTOMOJOTUN Ui 7 HA €IVHUILY MEHDLINE, UeM
y X. Bouee Toro, Bumso, uto eciu X npunHamiexkut kateropuu Py ¢ k > 1, To Z npusan-
nexutT Py _1, a ecim X TPUHAIIEKUT D1, TO Z TAKKE IPUHAIIEKUT P1, HO HOMEDP €ro
HETPUBUAJILHONW KOTOMOJIOI MY HA €IMHUILY MEHDIIIE.

Cayuati 2. Teneph paccMOTPUM APYTOR CIIyUail: CTAPIIAS HETPUBUAJILHAS KOTOMOJIO-
rus Y (OmsaTh MOXKeM CUnTaThL, 9To ee HoMep paseH () uMeeT HOMED He MeHbIte ueM y X .
BosbMeM CIOPLEKTUBHLI MOP(YU3M U: Pi@k — HO(Y), ynoBiaeTBopsmonmit ycaosuam
a), b), ¢), m mocTpouM MOPHU3M v PZ@k — Y, KOTOPBLIi OHO3HAUHO OTPenesIeH MOp(U3-
MOM u. PaccMOTpuM BLLOEIEHHBIN TPEYTONLHIK:

pek vy Py POk, (41)

2 2

0O603HauNM yepes Y KoMmo3mmio 3 o ¢.



IIPOM3BOIHBIE KATETOPUY KOT'EPEHTHBIX IIYUKOB 143

Ecmu Tenepn npenmonoxuTn, 4To

F())fx = fwv,

Torma, Tak Kak F(B) fy = fw B, Oynem umeTn:

FB)(fye —F(p)fx) = fwpBe — f(Bo)fx = fw — F(¥) fx =0. (42)

CHoBa BbIOEpeM i JOCTATOUHO OTPUIATEILHLIM, TAK YTOOLI BLINOJHAIOCH 3aHYJIEHUE
Hom(X, Pi@k) = 0. Tak xak obvexkT F (Pi@k) M30MOP(eH OOLEKTY Pi@k, TO VMeeM
paBerctBo Hom(X, F(Pl@k)) = 0. Temepn, npumensas ¢yuktop Hom (X, F(-)) x
tpeyroupauky (41), Haxomam, uro F'(f) 3amaet Bioxenue npocrpardctsa Hom (X, F(Y))
B Hom(X, F(W)). U3 pasencrsa (42) Tenepn cpa3sy caenyer pasencTso fy ¢ = F () fx.

Takum 06pazomM, YTOGLI IPOBEPUTEL KOMMY TATUBHOCTL KBaapaTa (40), MOKHO 3aMEHUTD
Y ma o0bexT W, BEpXHAA IPAHUIIA HETPUBUAJILHLIX KOTOMOJIOTVE KOTOPOrO HA €IVHUILY
Menbiie, ueM y Y. Ecin Y npunamnexan Py, k > 1, to W npunamiexut yxe Dy _ 1. Ecan
Y npunammexan 91, 1o 00bekT W Takke NprHa,IiIexkuT %1, HO HOMEP ero HeTPUBUAILHON
KOTOMOJIOTUY HA €[IVHUITY MEHDIIIE.

IIpemmonoxum cefivac, uro o6bekTel X 1 Y mexar B kareroprmt Y441, ¢ > 1. B 3a-
BUCKMOCTH OT TOIO, KAKOU U3 IBYX CJIy4aes, 1) wim 2), IPUMEHKM, MOXKHO 3aMEHUTD 100
X, mu60 Y Ha 00bexT, nexammii yxxe B kKareropun 9,,. [loBTopsis, ecim HeoOX0mIMO, 3Ty
IIPOIIENYPY, MOKHO YMEHDLIINTL BEPXHIOIO I'PAHNUITY KOTOMOJIOIHI 3TOr0 06LEKTa TaK, UTOo
IPYTO# cayuait Oyner npumenum. Torma MOXKHO OyIeT YMEHBIINTD JIVHY HETPUBUAJILHLIX
KOT'OMOJIOTMI y BTOPOr'O OO'LEKTA, 1 IPUITY K CUTYaIK, KOraa 00a 00LEKTa yIKe JIeKAT B
kateropmu 9,. Takum 06pazoM [nesgaeTcs mar e Iy KIvn.

B zakurouenue oTMeTHM, YTO MPU MOCTPOEHUM U30MOPQU3MOB fx OHU Bceraa ObLau
OIIPEIEJIEHBI OTHO3HAUHO. DTO 3HAUNT, UTO €CTECTBEHHOE TpeobpasoBanue us id B F', KOTO-
poe OLLIO IOCTPOEHO, ABJISAETCA eMMHCTBEHHLIM. [Ipennoxkenre qoKa3aHo.

ITOKA3ATEJNBCTBO TEOPEMBI 3.2.1. 1) CymecroBarue. Ilpennoxerme 3.3.5 u nem-
Ma 3.3.1 mosBoasor mo hysrTopy F mocrpouts obnexr & € DP(M x X) rakoii, uro
CYIIECTBYET M30MOP(I3M (yHKTOPOB f F‘ © = g ‘<g HA TOJIHON moaxaTeropun 6 C
D®(M),rme Ob6€ = {¥? | i € Z} u L — ouenn obumnrOe paccioerme va M, 171s KOTOPO-
ro Hi{(M, %*) = 0mpu k > 0ui # 0.

IIo nemme 3.4.5 pyukTop P ¢ ABIAETCS BosiHE cTporuM. Kpome Toro, Tak Kak IMeIOTCS
M30MOP(U3MLI:

F'(f): F' o F|,2idg —> F' o ®g],,,

@g(f):@goﬂ(g BB ¥ O(IJng = jdeg,

10 omATE 110 JIemMe 3.4.5 hyrkTopL F' o ® g 11 ®7% o I Takixe ABJIAIOTCA BIOJHE CTPOIUMU.
A TaK KaK OHVI CONPSIIKEHEI IPYT APYTY, TO 9Tu pyHKTOPLL F' 0 ® g 11 ®7% o F'Ha caMoOM mesre
SIBJISFOTCST 9KBUBAJIEHTHOCTSAMIU.

PaccmoTpi cHoa mzomopduam F' (f): F'o F | e Zide = Flodg |<g HA TIOAKATErO-
prm 6. 1o npemmoxenuio 3.4.6 MOKHO IPOIOJIKUTL €r0 0 M30MOP(PU3MA Ha, BCEM D®(M),
re. id =5 F'o ®g.
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Tax kak F' ABJIETCA CONPAXKEHHLIM CrpaBa K F, TO mOIydaeTcs MOpP(U3M (PYHKTOPOB
f: F — ®g, mis KOTOPOro ng = f. Ocranoch IpOBEpPUTD, UTO f €CTh U30MOPQII3M.
HetictBurensro, BospMeM koHyC C'z KaHOHMUYeCKOro Mopdusma fz: F(Z) — ®g(Z).
Tak xax F'(fz) sBasercs m3omopduamom, noaygaem, uro F'(Z) = 0. CuenoBaTesnuo,
ns moBoro oonexTa Y meem Hom(F (Y), Cz) = 0. Hanee, Tak kak F(£F) = ®g(L*)
1151 BCEX K, TOJTyUaeM MOCJIeN0BATENLHOCT U30MOP(U3MOB

Hom®(£*, 8% (Cz)) = Hom®(® ¢ (£*),Cz) = Hom*(F(£*),Cz) =0

misBeex k ui.

Ilpuvenss semmy 3.6, cpasy moJydaeM DPaBEHCTBO Q!éa(C’ z) = 0. CnemoBarennHo,
Hom(®g(Z),Cz) = 0. 910 BA€UET, UTO TPEYTOJLHUK 1A MOPPU3MA, f 7 HOIJIIKEH PACIIETT-
astees, T.e. F(Z) = Cz[-1]®®¢(Z). Ho, xak yxe 6buto mokazano, Hom(F(Y),Cz) =0
s o6oro Y u, sHauut, s Z[1] takxke. A 910 MOXKeT OLITL, TosmKO eciu Cz = 0, u
fz —u3omoppusm.

2) EmumcrBennocts. EIMHCTBEHHOCTD NPENCTABISIONIETO 00 LEKTA HA CAMOM IeJIe CJie-
[yeT 13 MOCTPOEHNSI, TaK KaK BCAKMA Pa3 MMeeTCs ONHO3HAYHOCTD IIPU MTOCTPOEHNN 00h-
exkTta. Ho maBafite mpoiineMm o710 eme pa3s. IIpemrosoxkum, UTO CyIeCTBYIOT IBa OOHLEKTA
&1 u & B xareropm DY(M x X)), mus KOTOpLIX ®g, = F = ®g,. Paccmorpum ¢ynk-
top F! = Lj* o F, rne, kax u Boue, j: M — PN — BjioxkeHMe ¢ MOMOIILIO IIOIXOIAIETO
OueHDL OOMIILHOTO JnHeAHOro paccioerus. O6bekTol RJ. &5, 1 = 1,2, 06a moaXKHLI OLITL
CBEpTKaMU KoMILTeKca (32)

d"_ d_

C = {6(-N)RF'OQN(N) == ... — 6(-1)RF'(Q'(1)) — 6K F'(0)}.

Ho, xax 6b110 MOKA3aHO BLIIIIE, BCE CBEPTKU 3TOr0 KOMILIEKCA M30MOP(HEI 110 jemme 3.1.2.
Takum oopazom, RJ,. &1 =2 RJ,. &>. llpumenss teneps npemioxkenue 3.3.5, MOILyUaeM, UTO
u camu &1 1 & TAKKE M30MOP(HEL.

3.5. Ilpuaoxkenue: n-KONIyJeBOCTh OMHOPOTHOM KOOPAMHATHOMN aJjire6phl.
PaxTLI, COOpAHHLIE B 9TOM MTPUJIOKEHUN, HE SBJLIIOTCS OPUTMHAILHLIMA. B TOM viu UHOM
¢popme orr n3BecTHLL. OMHAKO, HE UMEsE XOPOIIEN CCLIIKY, MBI BLIHY 3K JIEHBI TPUBECTH COO-
CTBEHHOE IO0KA3aTEJLCTBO YTBEPIKAEHUS, KOTOPOE UCHOJL3YETCS B OCHOBHOM TEKCTE U B
TOI popMe, KOTOpas HAM HEOOXOMMMA. 3AeCh B OCHOBHOM WCIIOJIL3YeTCA TEXHUKA U3 CTa-
o1 [18].

Iycts X — roankoe mpoek TUBHOE MHOr0o0Opasue 1 £ — OUeHb OOMIILHOE JIMHEAHOE Pac-
cyioerme HA X, yIOBJIETBOPSIOINIEE IOIOTHATEILHOMY YCIOBUIO Hi(X , L k) = 0 mua Bcex
k> 0ui # 0. O6o3naunm yepes A KOOpAMHATHYIO airebpy MHOroobpasus X OTHOCU-
TespHO paccioerua ., T.e. A = P72 HO(X, . 2%).

PaCCMOTp?II\;I MHOroob6pasve X" mis sekoroporon € N. E(3 J?&J‘ILHef[[HeM Oymem 0003Ha-

n n

yaTL Yepe3 w; ~ mpoekmmio X " Ha i-10 KOMIIOHEHTY, a Yepe3 T, ;j ~ HPOEKIMIO X ™ nanpouns-

P e n
BeZleHue i-1 1 j-# kommonent. Onpenesnm noaMHOrooopas3us Alm . C X"
(Zl 7--'77'k)(2k+1:---77'm)
ciaenyoonmM 00pa3om:

(n) — g =
Aligseesit) g romsi) 7= HEL oo ) [ Biy = ooe = @iy Tipy =20 =T}

s xkpaTkocTu Oymem nucaTh SZ(") BMECTO AEZ?...J)‘ OueBuHO, YTO SZ(") ~ X1,
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Tenepn OI0KIM
1—1 n
(n) _ (n) n) ._ (n)
L= U AG awrny == U AR
k=1 k=1

(o ompezenermo T ™ u T{™ —nycrrie nommoskectsa.) Jerko puners, uto T ¢ S,

O60o3raumM yepes Jy(n) My4OK MACATOB HOICXEMbL »(") © X" auepes ﬂi(n) — IIy4OK
Ha X", KOTOPLIH ABJISETCSA SAPOM €CTECTBEHHOIO OTOOPAIKEHILS @s(”) — ﬁT.(”) — 0.
k2

7

Sapuxcupyem Ha Bpema m u k < m. Ilyctn s — BioxkeHune momveOroobpasus S,(cm) =

Xk=1% X B X* koropoe o onpenenenno MEOroo6pasus S,(cm) SIBJISIOTCS TOMK IECTBEHHBIM
110 TIepBLIM k — 1 KOMIIOHEHTaM U IMATOHAJILHO TI0 TIocaenueii k- kommnonente. QGo3naummM
uepes p IPOEKImIo S ,(gm) ma X*~1 koTopoe ects mponsBenerye nepsuix k — 1 coMHOKMTE-
JIeH.

JIEMMA 3.5.1. Iyuox ﬂl(m) usomopden nyuxy ﬁAEn) Y a npu k > 1 nywox ﬂ,gm)
uzomopfer s.p*(Jyx-1)). B wacmnocmu, npu k > 1 umewomes uzomoppusmoi:

a) H(X™ 9™ @ (ZR---RLY)

=H(XF N Ty @ (Z R RY)) @ Ay gt ons ecex i > 0;
b) Rir™(s™ g (ORLR...RLY)

= Rjﬂ'ﬁk*l)(JE(k,l) ®RORZLR---RL)) R Apm—kti Oad ecex i>0;

*

o) R (s g (0RYR...RLY)

Im=*

=~ RIrF (T @ (ORLR. - RL)RL™ T gan scex i.

*

ITOKA3ATEJBCTBO. YTBep:K IeHue mmpo To, uto npu k > 1 mydok ﬂ,gm) n30MOpQeH
5+P" (Jg(k—1)), Cpa3y ciemyer U3 OmpeneseHuit myKa f,gm) U TIOAICXEM T,gm) u S,(cm). Bcee
OCTaJILHOE HEMEJUIEHHOE CJIEAICTBYE 3TOrO (haKTa.

W cnonn3ys MHAYKIWMIO TI0 7, HECJIOKHO IPOBEPUTD, UTO CJIEY oMM KoMIrieke Ha X ™:

P :0— Jym) — g{m —mﬂ(ln,)l — —>f2(n) —uﬁ{n) —0

)

SIBJIAETCST TOUHLIM. B KauecTBe mpuMepa OTMETUM, UTO MPU N = 2 DTOT KOMILIEKC €CTh
KOPOTKAsA TOUHASA TIOCTIENOBATEILHOCTE HA X X X:

Py:0— Jan — Oxxx — OA — 0.

JIEMMA 3.5.2. ITyecms X — 2aadkoe npoexmusnoe mMH02000pasue ¢ 06UNbHBLM A1~
netnuMm paccroenuem M. Tozda 0ad 41060020 namyparvhozo wucaa k cyuecmeyem i
maxoe, wmo 0ag paccroenus L = M' u ecex 1 < m < k swnosnsiomes caedyouyue
ceolicmea:

a) HI(X™, Jgm @ (LR KEL))=0 ong  j#0;
b) RIT™ (Jgom ® ((RLK...RZL)) =0 dnx j#0; (43)
¢) RIT™ (I © (ORLR-- - RLRO) =0 oax j#0.

Im=*
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ITOKA3ATEJNBLCTBO. s moboro m nureiinnie paccaoenusa A X - - XM, OR M X

XM ORMNKR-- - KM K O va X™ ABAAIOTCA COOTBETCTBEHHO OOMJILHLIM, W:(lm)—

m .
OOMJILHLIM 1 ng) -O0OMJILHLIM. HOSTOMy U1 KaXK.O0I'0 M3 HUX HAaOETCA 1eJjioe YrCJIo Ta-

KO€, UTO UL BCEX CTENEHeH 9TUX PACCIOEHNH, GONLIMX TAHHOTO UNCJIa, CBOMCTBA a), b)
U C) BLINOJIHEHLL. BO3LMeM MaKCIMAILHOE CPEIM STUX Yuces 0 BeeM m < k. O6o3HawmM
»TOT MakcuMyM 4epes i. Torma mua. % = 4 ceolictBa a), b) U ) TaKIKe BBIIOIHEHDL.

Beenewm cienyronme 0603HaUEHNA:
By, = HO(X", Jym ®(LR---B¥L)), Rp_1:=Rm" (Jgm @(ORLR...RL)).
IIPEANOXKEHUE 3.5.3. ITycmys £ — ouend 00uUAbBHOE PACCAOENUE HA 2AAOKOM NPO-

exmuerom mnozoobpasuu X, xomopoe yoosaemeopsem ycaosuio (43) das ecexr m
maxuz, wmo 1 < m <n+dimX + 2. Toz0a

1) anzebpa A seasemcs n-xowysesot, m.e. NOCACOOBAMEABHOCTD
B, A— Bp_ 1 A— - — B QQpA—A—k—0

MOUHG;
2) wommnaexc nyurkoe wa X

Ap—pn @Ry — Agpy1 ®Ryp1 — -+ — Ay 1@ R1 — Ay @ Rg — Z*¥ — 0

mouen oag ecex k >0 (ecau k —i < 0, mozda no onpedenenuio Ai_; = 0);
3) wommnaexc nywwoe na X x X

Y "XNR, — - — L 'XR — OpX Ry —> Oa

ABNAAEMCA TMOYHIM, T.E. daem n-pezonveenmy ouazonaru na X X X.

JITOKA3ATEJBLCTBO. 1) Bo-nepsuix, kombusupyst gemmot 3.5.1 u 3.5.2, mst Bcex 1 <
m < n + dim X + 2 nonyuaem:

1) HX™, 4™ e (¢R- - RLY)
=HOX* N Jpuon) ® (PR BL) @ Am—kti = Boo1 ® Am—pyi; (44)
2) H/(X™, 9™ (LR KL)) =0 mpu j#0.

Paccmorpnm kommiekcst Py, @ (£ K-+ K L) mpum < n + dim X + 1. IIpumenss K aum
dpysxTop H® 11 ucnonnaysa yenosue (44), mosryyaeM TOYHDBIE OCJIEN0BATEILHOCTHL:

O*)Bm—WBmfl(g)kAlH"'*)Bl(g)kAmfl*)Am*)O

maBcexm <n+dimX + 1.
Teneps nonoxuM m = n 4+ dim X + 1 u o6o3saumm yepes W, KoMItexc

I — S e A — A,
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KOTOPLI AIBJIAETCSA IPaBOM Pe30ILBEHTOM My UKa, Jy,(m) . BoznMem xommzexce
W, (LR -R¥LRL)
u npuvernM K Hemy ¢yaxTop HO. Ilomywm mocrenoBaTemuocTs
By 1®rAi — B 2@ Ajy1 — - — B1®g Amti—2 — Amgi—1 — 0.

13 cBoiicTBa (44) 2) CIIEIyeT, UTO KOrOMOJIOTHN 3TOr0 KOMILIeKca ecth HI (X, Jsim) ®
(YN RNLXLY)). Uz yenosus (43) b) caemyer, uto

(X, Jgm) @ (Y R---RLRLY))
= Hj(XaROW%)(JE(m) ® (ggggg@)) ®$Z)

CrenoBaTenbHO, OHU TPUBUAJLHLI pnt § > dim X, 11, 3HAUUT, MMEETCs TOUHAS TOCIIEN0BA-
TeILHOCTD:!

Bn®kAmfn+i71 — Bn71®kAmfn+i A — Bl®kAm+i72 — Am—}-ifl — 0
mpui > 1. Anpui < 1 tounocts Onlia mokasana pasee. To ecTn anrebpa A sBJiseTcs

N-KOIILYJIEBOIA.
2) Toka3aTeanCTBO aHAJIOTUYHO IOKA3aTeILCTRY MyHKTa, 1). ViMeeM nzoMopdhusmot:

1) R (4™ 2 (LR -RY))
~ RO (T @ (ORLE - BL) @ Ay py1; (45)
2) Rie\™ (4™ @ (ORYLR...KL) =0 nna seex j # 0.

IIpumvensas Tenept QyHKTOD Roﬂ':(lT) K xommekcaM P, @ (R L K- - KZL)mpum < n+
dim X + 2, monydyaeMm TOUHDLIN KOMILJIEKC Ty YKOB Ha X :

0 — Rpy-1— A1®@Ry_9 — - — Ay 9@R; — Apy_1@Ry — L™ 1 —0

mmm < n+dimX + 2.
Paccmorpum m = n 4+ dim X + 2. [lpumensia gyuarTOp ROﬂ'gT)

K KOMHJ'IeKCy
W, @ (ORELR.---RLRLY,
II0JIyYa€eM KOMILJIEKC
Ai ®Rpo — -+ — Api—3s @Rl — Apyi_o @ Ry — L™ 72 0.

Ilo coiicTBy (45) KOrOMOIOIMY STOrO KOMIIJIEKCA CYTh

RIm™ (Jgm ® (R LK. .. KL KLY
> Ripy, (RO7{™, (Jo(m) ® ((RLR---RLRO)) @ (6R L)),

*
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KOTOPLIE TPUBUAJLHLL ipu § > dim X . 3HAUMT TOCIE€I0BATEILHOCTD Iy YKOB HA X
Ap-n @Ry — A1 QRp_1 — -+ — Ap_1 ® R1 — A ® Rg — ¥k 0

TouHa s Bcex k > 0.
3) Pacemorprv xommere W, o @ (ORL K- - KL KL ™) ma X" 2. Ipivenss

Ternepsb PYHKTOP Rowg?:f%)* K HEMy, IIOJIydaeM CJIemyIommil Kommieke Ha X X X:
LT"®Ry — - — L7'R®R) — Oy KRy — Op. (46)

Bcenomumas yeaosue ¢) aemmel 3.5.1 u yeaosue (43) b), HaxomaM, 4TO KOrOMOJIOTUN 9TOTO
KOMILIEKCA M30MOD(HLI ITy UK aM

RIT() (goin @ (ORLR - RLRO) @ (ORL™™),

koTOpBIE 10 cBOKCTBY (43) ¢) paBuni 0mpu j > 0. To ecTn kKomrutexc (46) ABIACTCA TOUHDLIM.

T'smaBa 4. IIpou3BomHbIe KaTeroOpuu
KorepeHTHBIX nyukoB Ha K3 moBepxHoOCTAX

4.1. K3 noBepxHocTu 1 pemrerka Mykam. 9Ta riaBa HeJIMKOM HOCBSAIIEHA TTPO-
M3BOIHBIM KATETOPHUAM KOT€PEHTHBIX IIyUYKOB HA MOBEPXHOCTsX Tura K3 Ham nosem kom-
JIeKCHLIX umcesi. (OCHOBHOI BOIIPOC, KOTOPLIY HAC MHTEPECYET U HA KOTOPLII JaeTCsi OTBET
B 9TOI TJ1aBe: KOrzaa aBe Pas3HLIx K3 moBepXHOCTYM MMEIOT 5KBUBAJIEHTHLIE KATETOPUN KO-
repeHTHLIX myuykoB? Kak u pabiie, IpOon3BOIHBIE KATETOPUU PACCMATPUBAIOTCS KAK TPU-
AHTYJIMPOBAHHLIE M SKBUBAJEHTHOCTY TIOHUMAIOTCS KAK SKBUBAJEHTHOCTU MEXK Iy TPUAH-
I'YJIMPOBAHHLIMU KATEIOPUSMIA.

Hamomunm, 4o mi1s riia KX MpOEK TUBHLIX MHOIOO0Pa3uii ¢ OOMILHBIM KAHOHUUECKUAM
WM AHTUKAHOHUYECKUM KJIACCOM CYIIECTBYET MPOIELYPA BOCCTAHOBJICHUA TPOU3BOAHOMN
KaTeropru KOrePEeHTHLIX Iy JkoB (cM. Teopemy 2.1.3). Ommako miist MEOrooGpasuii apyroro
TUIIA BOIPOC 3TOT HETPUBUAJILHLINA 1 0COOEHHO MHTEPECEH IJIST MHOT000PA3Kii C TPUBUAL-
HBIM KAHOHUYECKVM KJIACCOM.

HauneM ¢ 0CHOBHLIX HeOOXOIMMLIX HaM (pakToB po K3 nmoBepxuoctu. HamommumM, uto
TTOBEPXHOCTL Tuma K3 — 9T0 KOMIAKTHAA TJIa0Kasa aJredpandeckas MOBEpXHOCTDL S, Il
xotopoit Ks = 0 u H(S,Z) = 0. Takue MOBEPXHOCTY Ha CAMOM JeJie SBJISIOTCSA OHO-
cBs3HBIMU. MOKHO MOKA3aTh, YTO BTOPLIE KOTOMOJIOTMI H2(S ,Z) HE IMEIOT KPYYEHUs U
SIBJISIIOTCS UETHOW PEIIeTKOMR paHra 22 0THOCUTENILHO (OPMEL epecevenns. Kpome Toro,
u3 popmynnt Hétepa crenyer, uto p,(S) = 1u ht1(S) = 20.

OmErM 13 OCHOBHBLIX MHBAPUAHTOB MOBepxHOCTH Tuna K3 seasercs ee rpymma Hepo-
na-Cesepu NS(S) C H2(S,Z), xotopas B 3ToM ciyuae coBmamaer ¢ rpymoii Iluxapa
Pic(S). Pamr pemerxu NS(S) me mpesocxomr hl:! = 20. OGosmawn uepes Tg perrer-
Ky TPAHCHENEHTHLIX IIMKJIOB, KOTOPAs IO OIPENEJIEHIIO €CThL OPTOrOHAILHOE JOMOTHEHNE
x pemetxke Hepona—Cesepur NS(S) Bo BTOpLIX Koromosorusax H?(S, Z).

Tenepn, o6o3xHaunM uepes tdg xaacc Tomna mOBEepXHOCTH S, KOTOPLI €CThL SJIEMEHT
H*(S,Q). Onmieer Bun 1 + 2w, rne 1 € H(S,Z) — 570 emmmma KoJm11a, KOroMOI0T Mix
H*(S,Z) uw € H*(S,Z) - ¢pynnaventamunii kommkt S. PaccMOTpIM MOI0KUTe LHEL
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KBAJPATHLIHA KOPeHD v/tdgs = 1 4w, KoTopuiii ma K3 MOBepXHOCTH JIEKUT B KOJIBIIE HELIX
xoromoustoruii H* (S, Z).

Jlnsa 1106010 KorepeHTHOro IydKa Ha S ompeneseH xapakTep UepHa, KOTOPLIH IO a,111-
TUBHOCTH IIPOIOJIZKAETCS HA, BCIO MPOM3BOMHY IO KATETOPUIO KOT€PEHTHLIX ITyyKoB. Kcim F'
— obwext D?(S), To xapakTep Uepna

ch(F)=r(F) 4+ c1(F) + %(C% — 2¢9)

NPUHAUIEZKUT 1esniM koromosorusam H* (S, Z). nsa mo6oro o6bekta F' onpenennM sie-
MEHT
v(F) = ch(F) - \/tds € H*(S,Z)

V1 HA30BEM €r0 BEKTOPOM, aCCOIMUPOBAHHLIM ¢ F' (wiu BekTopom Myxkan).

Ha pemerxe koromosoruit H* (.S, Z) onpenesmy cuvmeTpryecky o GuirHeiiy 1o Gpopmy
TI0 TIPABUITY

(u,u')=7r-8'+s-1" —a-a’ €HY(S,2) =7

nnsBeakoi mapniu = (r,a, 8),u’ = (r',a’,s') € HY(S,Z) ©H?(S,Z) ©H*(S, Z). Pemet-
Ky koromostoruit H* (S, Z) ¢ »1oli Grymueiinoii gopmoii ( -, - ) HazoBeMm pemerkoii Mykan
¥ 0603HAUMM Yepes3 ﬁ(S, 7). OrveruM, uTO HaHHAsS OMIMHEHHAS OpMA OTIAMIAETCS OT
OBLIUHOI (JOPMDI IEPeCEeUeH s 3HAKOM (— ) Ha BTOPLIX KOTOMOJIOrUsx. Y, 3HauunT, permeTka
Myxkan ﬁ(S, 7,) mzomop¢ra pemerke UL — H2(S, Z), rae U — rimep6omrdeckas pemeTka
(T0)-

s mobeix myx 06bektoB F' u G cnapusanue (v(F),v(G)) ecTh mo onpenenenu:o
H*-xommonenTa saementa ch(F)Y - ch(G) - tds. Cremosatennno, mo Teopeme Puvama—
Poxa-T'porenmika umeem paBeHCTBO:

(0(F),v(@)) = x(F,G) := > _(~1)" dim Ext'(F, G).
i
Ha pemerxax ﬁ(S , Z) u'T s mvetoTcs ecTecTBeHHbIE CTPYKTYPLl XomKa. B namHOM cary-

yae mox CTPyKTypaMu XOomKa NOHMMAeTCs 10, uto B npocrpadctsax H(S,C) u Ts @ C
3aUKCIPOBAHO OMHOMepHOe nommpocTpancTso H2:0(S).

OnPEAENEHUE 4.1.1. IIycts S; u.S2 — mBe K3 mosepxuoctu. CrazkeM, 4To UX peier-
k1 MyKkan (COOTBETCTBEHHO PEIeTKY TPAHCIEAEHTHLIX [IMKJIOB) XOIKEBO N30METPUUHDI,

€CJIV CYINECTBYET N30METPHS MEXK Iy HUMY, KOTOPAsI IEPEBOANT OTHOMEPHOE OANPOCTPAH-
cteo H*9(S1) 8 H29(S3).

[TycTs cefiuac & —>T0 MPOU3BOIBLHLIN O0HEKT 13 TPOU3BOMHON KATETOPUN ITPOV3BEICHIIS
D’(S; x S). PacemoTpmy asreGpardeckii k1

Zg = p*\/tds, - ch(8) - 1*\/tds, (47)
Ha pom3BeneHun S X So, Te P U T — IPOEKINU B qUATPAMME
Sy X Sg —— S,
d
S1

B cayuae K3 noBepxHOCTEH KT 7 g , KOTOPLIIE & Priori ABIAETCA PAMOHAJILHLIM, HA Ca-
MOM JeJIe TeJIbI.
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JIEMMA 4.1.2 [31]. Aas ecaxozo obsexma & € DY(Sy x So) zapaxmep Yepna ch(E)
U YUK Zg ABATIOMCA Yeaumu, m.e. npunadsexncam H*(S1 X Sz, 7).

Takum 06pa3oM, MK Z g 3amaeT OTOOPAKEHNE U3 PEMIETKY IIEJILIX KOTOMOJIOTUH IO~
BEPXHOCTU S B IEJILIE KOTOMOJIOTA S2:

fZg: H*(Sl,Z) b H*(SQ,Z)
U U . (48)
a — T (Zg - p*(a))

Cuaenyromee npensiokenue anasoruaHo Teopeme 4.9 u3 pabotot [31].

MIPEMTOXKEHUE 4.1.3. Ecau das obsexma & gynxmop &g uz xamezopuu D®(S;)
e xamezopuw D°(Ss) seasemes enoane cmpozum, mozda:

1) fz, Aensemcs uzomempueds mexncoy peuLemramu ﬁ(Sl,Z) U ﬁ(Sg, Z),
2) obpammnoe omobpancenue ¥ f coenadaem ¢ 2oMOMOPHUIMOM

f/: H*(SQ,Z) — H*(Sl,Z)
U U )
B — p*(Z};{ ()

OnpedenentM YuK.LOM

Z(\(;/ = p* td51 . Ch((gv) . vV tdSz:
20e &V := R Hom(8,0s,xs,).

JTOKA3ATEJNILCTBO. JIeBbiil 1 MPaBLIil CONPsKeHHbIE PYHKTOPLL K P g m30MOpGHLI 1

3aaI0TCS 10 (popMyJIe:

@} = ¥l = Rp.(8” S 7 (+)[2],
Tax xax P ¢ BnomHE cTporuit, To kommozmmmsa P o ® g M30MOPPHA TOK IECTBEHHOMY (PYHK-
TOpY idDb(Sl).

Tox necTBeHHLI YyHKTOP id 0 (S;) 3AIACTCSA CTPYKTY PHBIM Ty TKOM O A miaronanmu A C
51 X Sl.

Wcnonn3ys popmyity npoekumy u reopemy Prvana—Poxa—I porernnrka, MOXKHO HalTH,
uT0 koMnozmmsa f’ o f npencrasisercs mkaom pi+/tds, - ch(OA) - p5+\/tds, , roe p1,p2 —
npoextmu S1 X S1 Ha comHORUTE . QAT no Teopeme Pumana—Poxa—I"porenmika naxo-
M, UTO BTOT IMKJI €CTh KT A. CrenoBaTesbHo, KoMIo3ummis f/ o f ABJIAETCSA TOXK IeCT-
BEHHLIM OTOODAKEHMEM, U, 3HAUUT, [ €CTh usoMopduam Mexxy H*(S1,Z) u H*(S2, Z),
10 TOM IPUYMHE, YTO 00€ OHM ABJISIOTCA CBOOOMHLIMY a0€/IeBLIMUA IPYIMIAMI OIUMHAKOBOIO
pamra.

O6o3znaunm gepe3 vg: S — Spec C crpykTypHohi Mopdusm S. Torma cnapusanue

\/ .

(a,a’) Ba pemerke H(S, Z) Moxno0 3amicats kak vy (- o). V3 OpMy:IL: IpOeKmm 110-

JIy4daeM:

(o, £(B)) = vy« ( Ty /tds, - ch(E) - p*+/tds, - p*(B)))
= VSz,*W*( ( ) “(B) - ch(8) - /tds, x s, )
V) x Sa, (5 (aY) - p*(B) - ch(8) - \/tds, x5, )
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1A IPOU3BOJLHLIX o € H* (S5, 7Z), 8 € H*(S1,7Z). Ananormuaniv 00pazoM nveem:

(B, f'(@)) = Vs, x55,(p"(BY) - 7" (a) - ch(&)” - /tds, x5, )-

CaenoBatennno, (a, f(8)) = (f'(a), 8). Tak kax f’ o f — Tox nECTBeHHOE OTOGPAIKEHTE,
TO

(f(a), f(@) = (f'f(a),a) = (a,d).
W, 3uaunr, f — 210 usomMeTpus.

4.2. Kpurepuil 3KBUBaJeHTHOCTU /1A MPOM3BOMHLIX KaTEeropuil KOrepeHT-
HBIX IIYYKOB. B 9TOM paznesie maeTcs KPpUTEepPrii TOro, KOT'a MPOM3BOIHBIE KATErOPU
KOT€PEHTHLIX ITyUYKOB HA, ABYX K3 MOBEPXHOCTSAX SKBUBAJIEHTHLI KAK TPUAHTYJINPOBAHHLIE
KaTeropuu. JTOT KPUTEPUIL TIO BUIY OYEHDL HATIOMUHAET CTPOryIO TeopeMy Topesnau mis
K3 nosepxHocTeii, koTopas roBoput, uto mse K3 nosepxuoctu S7 u So M30MOP(YHLI TOT-
[14 ¥ TOJILKO TOT 13, KOTJIA UX PEMETKU BTOPLIX KOTOMOJIOTUI XOIXKEBO M30METPUYHELL, T.€.
CyIIECTBYET M30METPUS

H2(S1,Z) = H2(S2,7),

TPONOJIKEHe KOTOPOii 0 0TOOparKeHNsA KOMILIEKCHLIX KOTOMOJIOTHH TePEBOIUT TIOATIPO-
crpancteo H20(S1) B H20(Ss) (em. [39], [27]).

Haur rinaBubLl pe3ynbTaT 9TOM I1aBH BBIJIAANT TaK.

TEOPEMA 4.2.1. Ilycmy S1 u So — dse zaadkue npoexmusnve K3 noseprnocmu
nad nosem xomnaexcunz wucea C. Tozda npoussodnue KAME2OPUU KOZEPEHMHBLT
nyuxoe D®(S1) uDP(S) skeusarenmun xax MPUANHZYAUPOBAHHBLE KATNE2OPUL M020a
u moavko mozda, Kozda cyuecmeyem sodxcesa uzomempus f: H(S1,Z) — H(S2,Z)
mexncoy pewemramu Myxau noseprrnocmet S1 u Sa.

9Ta TeopeMa UMeET U APYTOU BAPUAHT, KOTOPLIA TAKKE MOKET OLITL MHTEPECeH (CM.
Teopemy 4.2.4).

IlokazaTenncTBo TeopeMnr 4.2.1 pazobnem Ha mBa mpemtoxenus. JIoKa3aTeanLcTBO mep-
BOI'O IIPEVIOKEHNA CYIIECTBEHHO ONMPAETCA Ha IVIABHYIO TeopeMy 3.2.1 npeminyrmei ria-
BLI, TaK KAK MCIOJIL3YET TOT (PAKT, YTO 00 S9KBUBAJIECHTHOCTL MOXKET OLITL IPEACTaB-
JIeHa 00'LEKTOM Ha, TPOU3BEIECHII.

IIPEONOXKEHUE 4.2.2. IIycmy S1 u So — dee K3 noseprrocmu maxue, 4mo uz
NPoOuU3BOOHLLE KAMELZOPUU KOZEPEHMHBLEL NY K08 sxeusarenmuvl. Tozda cyuwecmeyem
200MCEBA USOMEMPUT MeAHCOY pewemramu mpancyedenmuns yuxsos Ts, v Tg,.

JTOKA3ATEJLCTBO. Ilo Teopeme 3.2.2 cymectByer 00bekT & Ha mpomsBeneHum S1 X
S2, KOTOPLI 3a1a€T DKBUBAJICHTHOCTL. VI3 mpennoxkerus 4.1.3 cienyer, uro fz, 3amaer
XOIZKEBY M30METPUIO MeK Iy pemerkavu Mykan ﬁ(S 1,2)n ﬁ(Sg, 7). Tak xak nyka Z siB-
TAETCA ANreGpamdecK UM, IOTyYaeM IBe U30MeTpr fq1q: —NS(S1) LU — — NS(S2) LU
uf.:Ts, — Ts,,rme NS(S;), NS(Ss) — pemerxu Hepona—Cesepuu T, , Ts, — pemer-
KU TPAHCIIEAEHTHLIX IIMKJIOB. QUEBMIHO, UTO f, ABJSETCS XOMKEBON N30METPUEH.

JlokazaTeanCTBO B OOPATHYIO CTOPOHY CYIIECTBEHHO WICIOJIL3YET PE3YIbTATHI CTATLY
[31], rme nccmenoBanL MHOrOOGpasus Monyieil paccaoennii Ha K3 moBepxHOCTSAX, & TaKKe
HCHOJIL3yeT TeopeMy 2.1.5, B KOTOPOI maeTcsi KpUTEePUil TOro, KOrAa (YHKTOD ABJIAETCS
BroJHe crporuM (cm. [7]).
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MIPEONOXKEHUE 4.2.3. IIycms S1 u So — dee npoexmusnvie K3 noseprrocmu.
IIpednonsoxmcum, wmo cyuecmayem ToONCEBa UIOMEMPUT

f:H(S2,Z) =5 H(S1, 7).

Toz0a ozpanuenmsie npoussodne Kamezopuu xozepenmuuns nywxos DP(S1) uDP(Ss)
IKEUBANEHTNHDL.

JTOKA3ATEJNBLCTBO. Honoxum v = f(0,0,1) = (r,l,s)uu = f(1,0,0) = (p,k,q).
Be3 moTepy oOIMHOCTY MOXKHO MPEMIOIaraTh, 4to r > 1. JlefiCTBUTENLHO, HA PEIIeTKe
Myxkau cymecTByIOT [BA TWIIA XOMKeBLIX m3omeTpuii. [lepsoiil Tvm — 9T0 yMHOXKEHVE HA
xapakTep Uepna e JIUHENHOTO PACCIOCHIS:

QOM(TJ’S) = (Tal+ rm,s + (m,l) + ng) .

Bropoii Tvm — 9T0 IepecTaHoBKa r 11 §. VICMOAL3ys 9TU ABA THIA MEPECTAHOBOK, MOYKHO
3aMeHNTDL f TakuM 00pa3om, 4ToOLl ' cTaJto Gosne 1.

OueBnmo, uto Bektop v € U L —NS(S1) sBasiercs m3oTpomHniv, T.e. (v,v) = 0.
B zameuaTessHOM pabote Mykan [31] mokasaHo, UTO B 9TOM CJIydae CYIMECTBYET HOJIAPY-
sama A ma mosepxuoctu K3 S; Takas, uro MHOrooGpasue momyneit A 4 (v) paccaoenuit,
CTaOUILHLIX OTHOCUTEJLHO mosisipusaivit A, uis KoTopoix BekTop Mykau coBnanaer ¢ v,
SIBJLsIETCS TJ1aaKk0M npoexkTuBHOM K3 moBepxHocThio. Bosee Toro, Tak xax cymecTByeT BeK-
Top u € U L —NS(S1) rakoit, uro (v, u) = 1, T0 MEOrOOGpasue Momymneir M 4 (v) ABssET-
¢ ToukuM. CreIoBaTeLHO, CYMIECTBYET YHUBEPCAILHOE PACCIOCHNE & HA TIPOU3BEICHUN
S1 X Ma (’U)

Yausepcasnroe paccaoenune & 3amer gyrkTop ®g: DO (M 4 (v)) — DP(S;). Has
®TOro PYHKTOPA yCI0BUA TeopeMul 2.1.5 serko mposepsatorcs. Jeicteurennuo @ g (0;) =
&y, rme & — cTrabuanbHOe paccyaoenue Ha S1, A koToporo v(8y) = v. Bcee a1u myukn
npocThie, u, koneuno, Ext?(&;, &) = 0 mnai ¢ [0,2]. Urto naeT ycnosue 2) Teopemrr 2.1.5.

Tax xax F: crabwibas, 10 Hom(&:,,8:,) = 0. U mo meoiicteernoctu Ceppa
Ext?(&4,, 6,) = 0. VzoTpommocTs BekTOpa v Bateuer, uto u Ext! (&, &,) = 0. Takum
obpaszoM, Tmyuku &, M 6y, OPTOTOHANLHLI IJA JIIOOLIX PasHLIX Touek t1, to. Ilo
Teopeme 2.1.5 monyuaem, uro GysrTOp P ¢ ABIIAETCS BIOIHE CTPOrMM.

Ha camowm nene, pyaxTop ® g HE TOMLKO BIOJIHE CTPOTUiA, HO U SIBIAETCSA SKBUBAJIEHT-
HocThio. Clemyromee paccy»KIeHre, OCHOBAHHOE HA MOKA3ATENILCTBE TeopeMsl 3.3 u3 [9]
nokasnmaeT 310. OGo3Haumm yepes 9 06pas kareroprm DO (.4 4 (v)) B D?(S1). Tak kax
OHA SIBJISIETCS DOy CTUMOM (cM. onpenesenye 2.2.2), TO CyIEeCTBYIOT IPABLIA U JIEBLIA Op-
TOTOHAJIBI K HEl, KOTOPBIE M3-3a TOr0, YTO KaHOHMYeCKuii kinacc Ha K3 nosepxuocty Tpu-
BUAJIEH, COBIIAAAIOT APYT € APYTOM B JAHHOM ciaydae. Takum 06pa3oM, mOIyOPTOrOHAIL-
HOE pazsokenue Bua (9, 9) ABIACTCA TOTHOCTLIO OPTOTOHATLHEM. PaceMOTpuM oueH
obuILHOE MuHelHOe paccaoenue £ Ha M 4 (v). Bee crenenn £ ABAAIOTCA HEPA3TOKAMDI-
My OOLEKTAME ¥, 3HAYUNT, IPUHA UIEKAT KAKOR-Hnbymn nonkateropr 9 wim 9, u Bee
— OIHOU U TOM ¥Ke, TaK KaK HUKAKAS [Mapa U3 HUX He SABJISETCS MOJHOCTLI0 OPTONOHAID-
woit. Ho { %%} obpasyror obumLayio nocienoBaTemaocTn (eM. onpenenenue 3.4.1). Tlo
saevMe 3.4.3 OPTOroHaAJ K TOAKATErOPUM, IOPOK AEHHO 00MIILHOM NOCI€I0BATETLHOCTLIO,
paser 0. Taxum 06pazoM, Tak Kax 9 He TPUBMAJILHA, Toay4daeM, uto P+ = 0. Caemora-
TeJLHO, P g — SKBUBAJIEHTHOCTD.
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Hanee, muka Z g, onpenesneHHniii o gopmydie (47), MHAYIMPYeT XOMKEBY M30METPUIO
g: H(M4(v),Z) —> H(S1,Z) Takyo, uro ¢(0,0,1) = v = (r,l,s). CnenosaTemHo,
f~1 o g Taxke sBasIeTCA XOmKeBOit m30MeTpueit u nepesomat (0,0,1) B (0,0, 1). Crenosa-
TeLHO, f 1 - g MHAYIMpPYeT XOMKeBY M30METPUIO MEYK Iy PEIIeTKAME BTOPLIX KOTOMOJIO-
ruii nosepxHocTel So u M 4(v). U, cienoBaTennro, mo Teopeme Topesu nosepxHocTr So
u M 4 (v) m3omop¢uet [39], [27].

Iamnoe mpennmoxkenve n npemioxkenve 4.1.3 mamoT OOKa3aTeanLCTBO Teopembl 4.2.1.
CymectByer npyras Bepcus Teopemsl 4.2.1, KOTOpas [aeT KPUTEPUiA SKBUBAJEHTHOCTHU
MIPOM3BOMHLIX KATETOPUIA B TEPMUHAX PEMIETKY TPAHCIIEIECHTHLIX IIKJIOB.

TEOPEMA 4.2.4. ITycmy S1 u So — dse zaadxue npoexmuenvie K3 noseprrnocmu
nad nosem C. Tozda npoussodumne xamezopuu xozepenmmunz nywxos D?(S1) u DO (S;)
9KBUBANENMHDL KAK MPUAHZYAUPOBAHNBLE KAME20PUL MO020a U MOADKO M020a, K020a
cyuecmeyem zodxcesa uzomempud fr: Tg, — Tg, Mencdy pewemramu mpanciye-
OenmHbL YuKA08 noseprrocmel S1 u Sa.

DTO yTBEPIK AEHUE SABJSETCSA CIEACTBUEM TeOpeMbI 4.2.1 U CIIe Ay IoIero NpeaioKeHus.

MIPEMIOXKEHUE 4.2.5 [33]. IIycms ¢1,p2: T — H - dsa npumumuennz eaoxce-
nud pewemrku T 6 wemmnyno ynumodyagpryo pewemxy H. IIpednosoxwcum, wmo op-
mozonanvroe donoanenue N := @1(T)L 8 H codepocum zunepbosuueckyo peuwemsy
U= (0 1) xax noopewemxy. Toz0a 1 U Y2 IKEUBAAEHMHBL, M.E. CYULELCNBYEM U30-

10
mempus v pewemky H maxas, wmo p1 = ypa.

ﬂeﬁCTBHTeHLHO, IIPEOIoJIOzKM, UYTO MMEETCs XOO2KEBa N30MET PN
~
f Tt T52 - T51 .

MEI 3HAEM, UTO OPTOTOHAJLHOE TOTIOJHEHNE K PEMIETKE TPAHCIENEHTHLIX IMKJIO0B T g B pe-
metke Myxkau H(S, Z) uzomop¢uo pemerke — NS(S) L U. U, sHauur, 00 OpeasLaymeMy
npemtokeHuio 4.2.5 CyImecTByeT n30MeTPus

f:H(S2,7Z) =5 H(S1,7Z)

TaKas, 4To = f,. Takum oO6pazom, uzoMeTpus f ABIAETCA TaKKe XomKesoit. Cieno-
) TS )
2

BATEJILHO, TIO TeopeMe 4.2.1 MPOU3BOIHLIE KATETOPUI KOT€PEHTHLIX IyUYKOB HA TOBEPXHOC-
TAX S1 1 So 5KBUBAJICHTHLI.

T'naBa 5. AGesieBbl MHOTOOOpa3us

5.1. 9KBUBaAJEHTHOCTU MEX Iy KaTeTOPUAMN KOT€PEHTHLIX IIYUKOR Ha abe-
JIEBBIX MHOTO00Opa3uax. B 9Toli riase n3yyaroTcs TPOU3BOIHLIE KATETOPUY KOT€PEHT-
HBIX IIyYKOB HA a0eJIeBLIX MHOTOOOPA3UAX U UX IPYIILI ABTOSKBUBaJIeHTHOCTER. [lycTn
A — abesmeBo MHOrooOpasue pasMmepHOCTH N Ha moseM k. DBynem ob6o3HauvaTh uepes
m: A X A — A MopuaM KOMIO3UIN, KOTOPLIM CUMTAETCSA ONPEIEJIEHHLIM HA TI0JeM K,
U uepes e — k-TOUKY, KOTOpas FABJLAETCS €IUHUIEH IPYIMOBOH CTpyKTypol. A maro6oit
k-touku a € A cymectByer aBTOMOpU3aM cmsura m(-,a): A — A, xoropnii GymeT
obosuavarnca Ty,.
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O06o3uaunM uyepes A mpoitcTBerHOe abeneBo MHOro00Opasue, KOTOPOe SABJISETCSI MHOTO-
obpasyeM Moy el IuHeAHLIX paccaoernii Ha, A, mpuramiexkammx Pic®(A). Bosee toro,
A sBIIsIeTCA TOHKMM MHOr006pasuem Moxyreit. IlosToMy Ha mpoussenema A X A cymect-
ByET YHUBEPCAJLHOE JIMHENHOE paccioenue &P, KOTOpoe Ha3bBaeTcsa pacciaoenueM Ilyan-
Kape. DTO PACCIOEHUE OMPENesAeTC OMHO3HAUHO TEM, UTO Ui JII00oi k-Touku o € A
orparuuenne & Ha A x {a} usomop¢HO muHeiHOMY paccioemio u3 Pic?(A), cooTset-
CTBYIOIIEMY (v, ¥, B IOMIOJIHEHUE, OrPaHnyeHue & | (e} x A TOTKHO OLIThL TPUBUAJLHBIM.

ONPEAENEHUE 5.1. Juneiinoe paccaoenue wa A, womopoe coomeemcmeyem
k-mouke o € ;l\, bydem obosnavwamy daree P,

Loaee mozo, ecau umeemcs Heckoavko abeaesvr mHoz000pasui Ay,...,Amn u
k-mouxa (a1,...,am) € Ay x e X ﬁm, mo 6ydem obosnavamy uepes P (o,
nuneiinoe paccroenue Po, M- - WPy, na npouzsedenuu Ay X -+ X Ag.

..,Oék)

Insa nroboro r0M0Mop(1)1/13Ma abeneBnix MuOr0OO0Opasuit f: A — B onperesieH IBOMCT-
BEHHLIA FOMOMODG13M f B — A. Hotoueuro o YCTPOEH TaK, UTO TOUKY [3 € B nepeso-
IIUT B TOUKY (¢ € A rorma u Tomxo TOIra, KOrIa JinHeiiHoe paccioerue f* P g copnanaer
¢ paccioeruem P, Ha A.

JlBaxk mu1 mBOMCTBEHHOE abes1IeBO MHOr000Opasue A MoxkeT 6LITh €CTECTBEHHBIM oOpazom
oTOXK IeCTBJIEHO ¢ A npyu momonm pacciaoennii Ilyankape ma A X g nma A x A. Ipyru-

MV CTOBAMU, CYTIECTBYET eIMHCTBEHHLI M30MOphu3M k41 A = A Taxoii, uto momaaTume

paccnoenus [lyanxape & 3 npu uzomopgusme 1 X £ 4: Ax A5 A x A cosmamaer c
paccioernem Ilyankape 2 4, T.e. (1 X ka)* P73 =2 2,

Taxwum 06pasoM, ~ ABIAETCA MHBOJIIONMEH Ha KaTeropym abeIeBLIX MHOrO00pasnii, T.e.
KOHTPABAPMAHTHBIM ()YHKTOPOM, Yell KBaAPaT M30MOP(EH TOXKIECTBEHHOMY (YHKTODY
grid =5 7

Paccnoernue [lyarkape & npenocTaBJisieT HaM MPUMED TOUHON SKBUBAJIEHTHOCTY ME¥K-
Iy IPOW3BOMHLIMU KATETOPUAMU KOT€PEHTHLIX IIyUKOB IBYX, B OOIIEM CJIyYae HEM30MODP (-

HBIX, MHOrOOOpasmii A u A. Paccmorpum npoekimm

A axA 2.4

-~

u pyuxTop & 5 : D?(A) — DP(A), onpemesennLiii o gopayae (7):
25 (-) =Ra.(2@p"(+)).

Cienyrommee mpeIIoKeHNe TOKAa3aHo B [29].

HPEAIOKEHNE 5.1.2 [29). ITyems & — paccaoenue Ilyanrape na A x A. Tozda
dynrmop ® g : D(4) — DY(A) seasemes mounoti sKeu8aLEHMHOCTVIO, U CYULECT-
syem usomopdusm Pynxmopos

Uy odgp = (—14)"[n],

20e (—14) — omobpaxcenue 83amusg 06pamHo2o.
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3AMEYAHME 5.1.3. B craTne [29] 5T0 yTBEpK IeHNE NOKA3AHO IJIs1 A0€IEBLIX MHOIO-
00pazuii Ha I aaTe0pamdecKy 3aMKHy TEM 11os1eM. O THAKO OHO BEPHO U HAII TTPOU3BOJILHLIM
HOJIEM, TAK KaK MBOMCTBEHHOE MHOrOOGpasme u paccnoenve Ilyankape onpenesenst Beerna
HAI TeM Ke CaMbIM nosieM (cM., Hanpumep, [32]). A yTBepikaeHue Ipo SKBUBAJIEHTHOCTD
OyzeT cyenoBaTh U3 JeMMLI 5.1.9. R

Paccmorpnm k-Touxy (a, o) € Ax A. C kax noii Takoi TOUKOI MOYKHO CBA3ATH YHKTOD
3 D(A) B ce6s o mpasuTy:

(I)(a,a)(')::Ta*(')®‘@a:Tja(')®‘@Oé' (49)
PyHKTOD P (4, o) IPEACTABIAECTCS Iy IKOM
Sa.a) = O0r, ©p3(Pa) (50)

Ha npomsBenervut A X A, rne I, — 370 rpaguk aBroMopduama cmsura Ty,. OueBumno, 4to
GYHKTOD P (4, ) ABIAECTCS ABTOIKBUBAJIEHTHOCTLIO.

MuozxectBo ¢pyHKTOPOB P (4 o), MTAPAMETPHU30BAHHLIX A X A, MOIKHO COCIMHNTD B OIMH
dyrxTop 13 D?(A X fT) B D?(A x A), KoTOpLIii GyIeT mepeBomTh CTPYKTYPHLIA MyUoK
TOUKU O (q,0) B S(a,q)- (3aMETUM, UTO STUM yCIOBUEM ()YHKTOD ONPENEIIAETCS HE OIHO-
3HAUHO, & TOILKO ¢ TOYHOCTLIO 210 YMHOKEHIS Ha, IMHEHHOE pacCIoere, TomHaToe ¢ A x A.)

Mz onpenemav 310t ynrTop 5, : DP(A x A) — DY(A x A) kax KOMIOZMIIIO MBYX
IPYTUX.

Pacevorpum 06bext P4 = piy0a @ pis P € DP((A x A) x (A x A)) 1 o6ozHatwM
uepes pa: AXA — AXAMop@usm, KOTOPLIZ IepeBOIMT TOUKY (a1, az) B (a1, m(ai,as)).
Y HaC IOABJIAIOTCSA B (PYHKTODA:

$p,:DY(Ax A) — DY(Ax 4), Rpua.:D’Ax A) — DA x A).

ONPENENEHUE 5.1.4. ®ynxTop @5, ects xomnozmma Rya. o @p .

[IPENNOYKEHUE 5.1.5. @ynxmop g, A6ATMCA IKOUBAAEHMHOCIO U 0T KAHC-
doii k-mowxu (a,a) € Ax A
a) cmpykmypruii nywox mouxu O, o) nepesodum & ny4ox S, o), onpedenernvi
gopmyaoi (50);
b) sauneiinoe paccroenue Py q) na A X A nepesodum & obsexm Of_,1x 4 ®

ps Paln].

JIOKABATEJNBLCTBO. ®PynrTop ®5, ABIACTCA O OMpENETCHNIO KOMIO3MIIMEH (yHKTO-
poB Ry a4 1 ®p , , KOTOPEIE CYTEH SKBUBAJEHTHOCTIL: TIEPBLIi IO OUEBMIHBIM COOOPaIKEH-
5IM, & U1 BTOPOT'O 3TO CJemyeT u3 mpemioxkenvit 2.1.7 u 5.1.2.

dynkTOp PP, MEPEBOIUT CTPYKTYPHLIA Iy UOK TOUKH U (g o) BIYIOK O 4y (4} ®P] P
Nanee pyrrTOp Rt 4« mOCHITACT TYUOK O 4y {q} @ PT P BTIYUOK O, @ pi(Pa).

Taxum 2xe 06pazom, TpuMeHAA Tpeanoxerue 5.1.2, #Haxomm, uTo GyHKTOp PP , HEpe-
BOIT JIMHEHHOE paccaoerue P, o) B O0LEKT Of 43y 4 @ P53 Pon], a dpyrrTop Ripsax
nocolTaeT O0LeKT Of _ 415 4 @ p3 Pa[n] B ceds.

Tpemmonoxum, uto A u B — nBa abeseBLIx MEHOT000pa3ust, TPOU3BOIHLIE KATETOPUI KO-
TePEHTHLIX Iy YKOB KOTOPBIX 9KBUBAJIEHTHLI. 3a(QUKCUPYEM HEKOTOPY IO SKBUBAJIEHTHOCTD.



156 I.0. OPJIOB

TTo Teopeme 3.2.2 oHA IpeACTABIACTCA 00LEKTOM Ha TponsBeneHrm. Taxum oOpaszoMm, mve-
etcs1 06mext & € DP(A x B) n sxsusanentaocts $g: DP(4) —- DY(B).
Paccmorpum ¢pyaKTOD

Adg:Db(A x A) = DB x B),

KOTOPLIA onpenesseTcsa gopmyinoit (11) 1 ABiseTcsa sKBUBAJEHTHOCTBLIO. PaccMoTprM KoM-
-1
TIO3VITUIO (PYHKTOPOB (I)SB 0Adg o®g,.

ONnPEAENEHUE 5.1.6. O6oznaumm yepes # (&) 00LEKT, IPeACTABIAIONMIA (yHKTOD

D5l 0 Adg ods,.
TakuM 00pa3oM, CyImecTByeT KOMMYTATUBHASA AXarPAMMa:
D(A x A) —A, Db(A4 x A)
’?j(g)l lAdg . (51)

~  ®g
D®(B x B) —%- D?(B x B)
Cienmyromast TeopeMa MO3BOJIAET BLIUNACIUTL 00LeKT _# (&) U sBJISAETCA OCHOBHON Ipy

onvcanuy abesieBBIX MHOroobpasuii, 0613, 1a10IMX SKBUBAJIEH THHIMI ITPOU3BOIHBIMI KATe-
rOpUAMY KOT'€PEHTHDIX ITyYKOB.

TEOPEMA 5.1.7. Cywecmeyiom zomomopdusm abenesnx mruozoobpasui fg: A x A
— B x B, seamowuiica usomoppusmom, u aunelinoe paccaoenue Lg na A X A
maxoe, wmo obsexm _F (&) usomopfen i.(Lg), ede i — amo 8a0%CceNUE MHO2000PAIUT
Ax A e (AxA) x (B x B) & xauecmee 2pagdura usomopdusma fe.

TIpex ne uem mepeiiTu K NOKA3aTEJILCTBY TEOPEMEL, CHOPMYIUPYEM IBE JIEMMBI, KOTO-
pbIe TIO3BOJIAT HAM CUMTATL noJie k anrebpardecku 3aMKHY ThIM. QGo3HaumM uepes k am-
reGparraeckoe 3ampikanue k. Tomoxum X 1= X Xgpec(k) Spec(k) n obozuaumm uepes F
o6paTHLIit 06pa3 Z oTHOCUTEILHO MOpdu3Ma X — X .

JIEMMA 5.1.8 [37]. ITyems F — Kozepenmun i nywok na 2aa0kom mMHozoobpasuu X .
IIpednonroxcum, wmo cyuecmsyom 3amrHymoe nodmmozoobpasue j: 7 — X u 06-
pamumns nywox L wa Z maxue, wmo F = j, L. Tozda cywecmeyom 3am7mymoe
nodmuozoo5pa3ue i: Y — X u obpamumund nywox M na'Y maxue, uymo F = i M u
j=ri.

Crenyromas jieMMa TOBOPUT HAM, YTO CBOWMCTBO ()YHKTOpPA OLITL BIOJHE CTPOTUM
(9KBUBAJIEHTHOCTDBIO ) CTAOUILHO OTHOCUTEILHO PACIIMPEHNs TIOJIEH.

JIEMMA 5.1.9 [37]. IIycmvs X uY - 2aadxue npoexmuense MH02000pazus Had no-
aem k, u nyecmv & — obsexm mpoussooHoll kamezopuu Db(X xY). Paccmompunm
pacwupenue noaet F/k uw mruozoobpasus

X'=X X Spec(k) Spec(F), V' =Y X Spec(k) Spec(F).

Obosnanum wepes &' noonsmue obsexma & e xamezopun D®(X' x Y'). Tozda Pyn-
mop ®g: DY(X) — DY) enoane cmpoeuii (skeusarenmmocms), ecau u moavko
ecau fynxmop ®gr: DY(X') — DY(Y') geagemca enoane cmpozum (okeusarenm-
HOCMBI0).
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ITOKA3BATEJIBCTBO TEOPEMBI 5.1.7. Iomn3ysich memvamut 5.1.8 1 5.1.9, MokHO niepe-
Ty K anrebpandeckoMy 3aMBIKAHUIO TOJIA k.

IMar 1. O6o38auNM uepes e u €’ 3aMKHYTBIe TOUKM MHOTOO0pasmii A X A U, COOTBET-
cTBeHHO, B X B, KOTOPLIe ABIIAITCS eIMHALIAMY IPYIIOBLIX CTPYKTYP. PaccMOTPUM IIyHoK
HEOOCKPEOOB U U BLIMUCANM €ro 00pa3 OTHOCUTENLHO PyHKTOpa P ¢ (g). Ilo onpenerne-
HIIO

® gg) = q»gé 0 Adg odg,.

Ilo mpennoxermo 5.1.5 gpyrkTop P35, MepeBomT mydoK O, B CTPYKTYPHLIA IIyUOK 1Ua-

ronamu Oa(a) Ha A X A. Tax Kak CTPYKTYDHDIH My9OK IMaroHasM MPeICTaBAeT TOXK-

NeCTBEHHELI (yHKTOP, TO 3 Gopmysnt (12) crenyet, uto Ad g (0 a(4)) €CTL CTPYKTYpHETA

nydox maarosasnyu O a(py Ha MEOrO0Opasmu B x B. A oH, B CBOIO OuepemDb, IePEXOMT B

CTPYKTYPHDII IIyUuoK O/ ION NefCTBHEM (PYHKTOPA @g; OIIATL IO MPEIJIOKEHUIo 5.1.5.
ITar 2. Taxum 06pa3oM, TOJIyUaEM, UTO

L
F(E) @Oy (BxB) = Oleyx{e'}-

W3 »roro caenyer, uro cymectByeT adduHHas oKpecTHOCTL U = Spec(R) TOUKY € B TOHO-
A L
JIorvm 3apUCKOro Takas, 9ro 00bext f/ = §(§) |U>< (Bx B) ©CTb KOTEPEHTHDI 1y HOK ¢

HOCHTEIeM, KOTOpLI lepecekaet coii {e} x (B x B) B Toure {e} x {e’}. Hanommmm, ato
HOCUTEJD JII000r0 KOT€PEHTHOI'O My YKa ABJISETCS 3aMKHY THIM IOAMHOKECTBOM.

PaccmoTrpuv Temepn mexoTopyio ad@ummyio okpectroctr V= Spec(S) Touku e’
B B x B. Ilepeceuenvie HocuTens myuka ¢’ ¢ momommenwem B X B \ V sBasercs
3aMKHY TBIM TIOIMHOXKECTBOM, TIPOEKIWIS KOTOPOro Ha A X A- 3aMKHYTO€ IIOIMHOYKECTBO,
He comepKalnee TOUKY e.

Takum o6paszom, ymeHbIas, ecau #Heobxommo, U, MOXKHO CUATATEL YTO OHO BCE eIne ad-
¢$urHO, a HOcuTesb myuka ¢’ comepxkurca B U X V. DT0 3HAYMT, YTO CYLIECTBYET KO-
repeHTHbI mydyok ¥ Ha U x V Takoif, uto j.(F) = ¢, roe j — oro Bnoxerme U x V
BU X (B x B) O6o3uaumm uepe3 M KOHEUHO MOPOXKIEHHLI R ® S-MOMyJh, KOTOPLIA
COOTBETCTBYET Myuky &, T.e. F = M. Kpowme Toro, 3ametnm, uto M sBIs€TCS KOHEY-
HOMOPOXK IEHHBIM R-MOysieM, Tak Kak IpsaMoi 06pa3 mpu MPOeKIMY KOTEPEHTHOTO Ty UKa,
J' = j«F ABIAETCA KOI€PEHTHDBIM IIy YKOM.

IIycte m — makcumanbubli nneasn B R, cooTBeTcTByIOMMit TOUKe €. MbI 3HaeM, 4TO

M ®gr R/m = R/m.

3HAuUNT, CyIIecTByeT romoMop¢uam R-momyneit ¢: R — M, KOTOPLI# IOCTIe TeH30PHOTO
yMHOXKeHVs1 Ha R /m cTaHoBUTCS m30MOpduaMoM. Takum 06paszoM, HOCUTEIN KOTE€PEHT-
unix myukoB Ker ¢ u Coker ¢ we conepxar touky e. Ilostomy, 3amvenss U Ha MEHBIIyIO
a(QUHHYIO OKPECTHOCTL TOUKU €, KOTOPasd He IEPECEeKaeTCs ¢ HOCUTeraMu Iy JkoB Ker ¢
Coker ¢, MBI IOTy4YaeM, uTo  ecTh n3oMop¢uam. CienoBaTennbHO, CYIECTBYET IOACXEMA
X(U) C U x (B x B) raxas, aro mpoexms X (U) — U sBaseTca m30MOpHI3MOM 1

!’ _ (a1
I = I Evwsxn = Ox@)
IMTar 3. MuI 0OIyunan TeM CaMbIM, UTO VLA JTI000M 3aMKkHy TOM Touku (a, ) € U

® 56)(0(a,0)) = O1,)



158 I.0. OPJIOB

7151 HEKOTOPOIA 3aMKHy TO# Toukw (b, ) € B % B. Ecv Teneph paccMOTpETh IPOU3BOIL-
HYIO 3aMKHYTYIO TOUKy (a,a) € A X A, T0 ee Bcerma MOXKHO NPENCTABATL KaK CYyMMYy
(a,a’) = (a1, 1)+ (ag, a2),rne Touxwm (a1, a1), (a2, az) npraanexar U. O6oznaurm ve-
pe3 (b1, A1) u (b2, B2) oGpasraTux Toyek OTHOCHTELHO PyEKTOpa @ 4 (8). PyEKTOP P54\,
KaK MBI 3HAEM, TIEDEBOIMT CTPYKTYPHBIATIYUOK U (¢ o) BIYHOK S(4, o). OG03HAMMM yepes ¢
001exT Adg(S(q,q))- UTOOH BLrmCUTS €ro, Bocnosm3yemcs cooTHomernuem (12). We-
€TCs UI30MOP(PU3M
Py X Pgo (D(a,a) o (Dgl

Ho ¢pyrxTOp @ (4, o), KOTOPEIL 1O OTpenesnernmo (49) ectn Ty () ® Pq, MOKHO TIpenCTa-
BUTD Kak KOMIO3MIIO P (41 )P (ay,a,)- TaxmM 06pazom, moyuaem nocienoBaTeIbHOCTh
130MOP(YU3MOB

Beg = Bg0P,0) 0Py = Bg0oPaya;)0 Py

Y 71 Yt Yt
EQg0Pay,00) 0P = P,,8)) © P(1y,8,) = P, )

rne (b, ) = (b1, 1) + (b2, B2). U zmaumr, o61exT 4 usomopden Sy g). Oxomuarennno
MOJTyYaeM, UTo

® 5(6)(0(a,0)) = O1,)

1151 JII060M 3aMKHY TOM TOukH (@, o) € A X A.

Tenepn, MOBTOPSAA NPOIEAYPY TMara 2, MOJKeM UL KA a0l 3aMKHyTON Touku (a,a’)
HaTH HEKOTOPYIO OKpecTHOCTL W mnoncxemy X (W) C W x (B x B ) TaKUe, UTO IMPOEKIIAA
X (W) — W seasetcs usoMopduzMon, u _§ ‘WX(B><1§) = Ox(w)-

CKJIeMBas Bee 5TH OKPECTHOCTH, HAXOMM I0MMHOr000pasuei: X < (A x A) x (B x B)
Takoe, uyTo npoekmmsa X — A X A ectn n30MOp¢U3M, a mydoK ¥ (&) m30MOpQeH myuKy
1%L, e ¥ — numetiHoe paccaoenne Ha X . [lomvaoroobpasue X 3amaet romoMoppuam u3
A x AB B x B, KoTOpLIii MHAYIMpYeT SKBUBAIEHTHOCTD IPOU3BOMHLIX KaTeropuit. Ciie-
MOBATEJILHO, STOT TOMOMOP(HU3M ABJIAETCA U30MOPPU3MOM.

B uacTHOCTH, 13 TEOpeMBI Cpa3y CiemyeT, uTo ecau abeseBbl MHOroobpasus A u B
MMEIOT DKBUBAJIEHTHLIE IPOM3BOIHBIE KATEIOPUI KOTE€PEHTHBIX Iy YKOB, TO MHOIOOOPAa3us
AxAuBxB m3oMmopguel. Huke Oymer mokasaHo, UYTO ®TOT M30MOP(M3M IOJIKEH
YIOBJIETBOPSATL HEKOTOPOMY JIOMOJHUTEILHOMY YCJIOBUIO (CM. npemnoxenre 5.1.15).

CHENCTBUE 5.1.10. Hzomopdusm fg nepesodum k-mouxy (a,a) € Ax As mouKy
(b,8) € B X B mozda u moavko mozoa, x020a 9K8U8AAEHINHOCTIU

B (4,0 DP(4) = DP(4A), ®; 5): D*(B) — D(B),
onpedesennse no gopmyne (49), ceszann caedyOUUM COOMHOULEHUEM:
B 0Ps = Bg 0Py ),
UAU, 8 MEPMUHAT 005€KMO8,

Tp:6 @ Py 2T _ 046 Q@ Po =T, 6 @ Pa.
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IIOKABATENBLCTBO. Ilo Teopeme 5.1.7 gyHKTOp @ 4 (g) MEPEBOIUT CTPYKTYPHBIN IIy-
YOK TOUKM U, o) B CTPYKTYPHEIHA myuok Touku Oy, gy, e (b, ) = fg(a,a). U3 npenmo-
wernd 5.1.5 crenyet, uto pyrKTOp P 5, MOCEITACT Iy UOK O ) B S(a,0)- A TYIOK S(4,a)s
B CBOIO OY€PeIb, IPEACTABIIAET (HYHKTOD

(D(a,a) - Ta*(') ® ga-

Tenepn, ucnonn3yst muarpammy (51), Haxoman, 9To npu oTobpaxkeruu fg TOUka (a, ) Ie-
pexomut B Touky (b, 3) Torma u ToLKO TOrMa, Korna Sy gy = Adg(S(4,q))- Npumenss
dpopmyay (12), maxomm, uto @, gy = @ g 0 (4 o) © <I>§1.

B mamnzelimen HaM MOHAIOOUTCA SBHAA popMyIa 11 obnekTa f (6) B 4acTHOM Ciry-
vae, korma A = B u skBuBaaeHTHOCTD @ g ecth P, o), Onpenesnennasn gopmynoit (49).

OPEANTOKEHUE 5.1.11. ITyemy A = B. Paccmompum obsexm S, o) Ha A X A,
Komopuwiii npedcmaengem sxeusanrenmuocms D, oy, onpedesennyio gopmyaoi (49).
Toz0a nyuor F(S(a,a)) ecmv AxP (o, _a), 206 A — amo Juazonasvroe 8a0AHCENHUE

~

AxAe(AxA)x(AxA)u P(a,a) — Aunelinoe paccroenue na A x A, onpedenennoe
e 5.1.1.

JIOKA3BATENBLCTBO. U3 mpemnoxkerusa 5.1.5 caemyeT, uto GpyHKTOp Pg, MOCLLIAET
CTPYKTYPHLIA TyYoK O(y/ oy B TYUOK S(qr o)y Ha A x A (dpopmyna (50)). asee
GyHKTOD Ads(a’a) NEPEBOIUT TyUOK S(4/ /) B €e0s, Tak Kak no ¢opmyse (12) obnext
Ads(a’a) (S(a’,a’y) TPEACTABAACT GYHKTOD

-1
(a,0)°

(I)(a,a) @] <I>(a/7a/) [e] @

KOTODLIA, B CBOIO OUe€penb, M30MOPPEH P (47 o7y, TAK KaK BCE TAKUE (PYHKTOPLI KOMMYTU-
pyiot mpyr ¢ mpyrom. Taxum oOpazom, mosydaem, 4TO (YHKTOD, 330ABAEMBIH IIyUKOM
J(S (a,a) ), IEPEBOMUT CTPYKTYPHLIH Iy JOK JI060 TOUKU B cebs1, 11, 3HAUNT, STO €CTL He-
KOTOPOe JINHeHOe paccioerre L, coCpenoToYeHHOe Ha IUArOHAIIH.

YUTo6nI HANTY Tenepnh IUHERHOE paccyaoeHre L, TOCMOTPUM, Ky A STOT ()YHKTOD Hepe-
BOMAT paccaoerne &, ). CHOBa NpuUMeHsasA mpemnoxkenue 5.1.5, BUmM, 9to yHKTOD
® 5, nepeBomUT paccuoerne P s 4y B OOLEKT O _ a1y 4 ® p5(Po)[n]. HeTpymso mpo-
BEPUTD, UYTO JaJiee STOT O0BEKT Hon netictBreM GyHKTOpa Ad S(a.a) TIEPEXOMAT B 00 BEeKT
O1_arvayxa @ p5(Paita)n]. U, cnenosaresmno, paccioerue P o vy TON AelicTBICM
$pyrKTOpa, 3amaBaeMoro myukoM # (S(g «)), Iepexomt B paccaoerne P o/ 4. q/—a)- 1O
ecTh paccaoerue L n3oMopdHo P (o, _q)-

Ins abGeneBnix MEOrOOOpasuit A u B o6ozuaunm uepes Eq(A, B) MHOXeCTBO BCEX TOU-
HLIX SKBIBAJIEHTHOCTEH ¢ TOUHOCTLIO 10 M30MOpdu3Ma u3 kareroprm D (A) B kareropuo
D*(B).

Bsenem B paccmoTpenue mBa rpymonna 2 u D (T.e. KaTeropuu, B KOTOPLIX BCe MOD (u3-
Mol 00parrvet). O6bexTol 060rx — 310 abesnesnl MEOroo6pasus. Mop¢usmamuy B rpyImo-
une U OynyT U30MOP(YU3MDBI MEK Iy HUMU KaK aareOpandecKuMu rpymamMu. Mop¢usMo
B B — 3TO TOUHLIE SKBUBAJEHTHOCTU MEXK Iy KATETOPYSIMUA KOTEPEHTHBIX ITyYKOB HA abese-
BLIX MHOTOOOPA3MAX, T.€.

Morg (A, B) :=Iso(A, B),
Moryg (4, B) := Eq(A4, B).
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Ilo Teopeme 5.1.7 mveetcsi otobpaxenme m3 mHOxKectTBa Eq(A, B) B MHOMXKECTBO
Iso(A x A,B x B), KOTOpPOE COIOCTABISAET SKBUBAJIEHTHOCTH P g m3omopduaM fg.
Paccmorpum orobpaxkenne F uz D B 2L, KOTOpOe CONOCTaBIisieT abesaeBy MEHOroobpasuo A
MHOroobpasue A X Auma MOP(U3MaxX AeHCTBYeT ONUCAHHBIM BBIIIE CIIOCOOOM.

I[IPEMNIOXKEHUE 5.1.12. Omobpaxncenue F': © — A ssagsemes gynkmopom.

ITOKA3ATEJIBCTBO. YT00DLI HOKA3aThL yTBEPK AEHNE, HAIO TOJILKO TPOBEPUTL, UTO F
yBaXKaeT KOMIo3umio Mop¢uamoB. Pacemorpum 1pu abesieBnix Maoroodpasus A, B, C.
U nycrs & u F — obbexTr kareropuit D?(A x B) u DY(B x C) coorBetcTBenHO Takue,
YTO (YHKTOPLI

dg:Db(A) — DY(B),
®4:D"B) — D*(C)
ABJIAOTCA SKBUBaIeHTHOCTAME. OB03HauwM depes 4 06bextB DP (A x C), KoTOpDIH Ipe -
CTABJISIET KOMITO3UIIIIO DTUX ()YHKTOPOB.
Cootromenue (10) naer mam uzomopdusm Adg = Adg o Adg. U, caenoBatennHo,
TIOJTyYaeM, UTO
@j(g;)ofbj(g) = (@EjoAd‘g O(DSA)O(@EJOAdg O@SA) = @gjOAdgg obg, = (Pf(%)

ITo Teopeme 5.1.7 Bce obvexTnl f(6), #(F), #(¥) apusorcs IMHEHHLIMEI PACCTIOEHNs-
MU, COCPENOTOUYEHHBIMY HA TPauKax u3oMophusMoB fg, fg, fog. Takum obpaszom, mosy-
yaeTcs paBeHCTBO fg = fg - fe.

CHEACTBUE 5.1.13. ITycms A — abeneso mrozoobpasue u P g — asmosxsusarenm-
nocms npouseodnoii xamezopuu DP(A). Tozda coomeemcmeue ®g — fg 3a0aem
20MOMOPPUIM 2pynn

va: AuteqD?(A) — Aut(A4 x A).

Takwmm o6pazom, nmeercs ¢pyakTop F': D — . Hama nanpeeiimas mesab — OmmcaTh
ero. s 9TOro HEOOXOMIMO BLISICHUTL, Kakue djeMeHTol u3 Iso(A4 X fT, B x ﬁ) MOLyT
OLITL PeAM30BAHLI KAK fg Ui HEKOTOPOro &, a TaK¥Ke OTBETUTL Ha BOIPOC, KOTAA s
IIBYX ®KBUBAJICHTHOCTel &1 1 2 MMeeTCs paBeHCTBO fg, = fg,.

Paccemorpum npomsBosbHbiil Mop¢uam f: A X A — B X B. Ymo0HO 3ammcaTh ero B

BUIE MATPULILI
a f
v 0)’

rae a —510 Mopduamu3 As B ﬂ s AB B, 7y —u3 ApBué-us As B. Kaxmuiit MOp¢u3m
f ompernensier mBa apyrux f f w3 B x Be A x A MMEIONINE CJIELYOIIMe MATPUIHLIE

(opMbI: R R R
]?Z(fé) fZ(_éA _Aﬂ).
v oo Yo«

Oupenenum muoxkectBo U(A X A, B x B) kak nommuoxkecTBO B Iso(A X A, B X B),
cocTosmee u3 Takux f, uto f coBmamaer ¢ OOpaTHBIMK [ T.e.

U(AxA,BxB):={felso(Ax A,BxB)|f=f"1}.

Ecmu B = A, 10 9T0 MHOXKeCTBO Gyzem oGozaauars U (A x A). Ormerima, uto U(A x A)
sBIIsteTCA moarpy o B Aut(A x A).
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ONPENEJNEHME 5.1.14. Hasosem usomopduam f: A x A 5 B x B usomempuunsim,
ecim o npuHamiexut U(A x A, B x B).

~

MIPEMTOXKEHUE 5.1.15. Jas ecaxoii sxeusarenmuocmu ®g: DP(A) — DP(B)

U3OMOP¢U3M fg ABNAENCA UI0OMEMPUHLHBLM.

ITOKA3ATEJBCTBO. Ilepexons K aarebpamdeckoMy 3aMLIKAHUIO, €CJIM DTO HEOOXOmIm-
MO, MBI MOKEM IPENOJIAraTh, 9TO noJe k aarebpandecku 3aMkHyTo. [lnsa nposepku pa-
BEHCTBA fg = féfl ZIOCTATOYHO YCTAHOBUTL COBIIAIEHNE 3TUX MOP()U3MOB Ha 3aMKHYTLIX
toukax. Ilycto fg mepeBomur Touky (a,a) € A x As Touky (b, 3) € B x B. Mut momKHLT
MOKA3aTD, UTO fg (b, 8) = (a, &), naum, UTO TO 3KE CAMOE, IOKAZATL, UTO ]?(—b, B) = (—a,a).

Mszomophusm fg 3amaerca abenesniM moamMHEOT000pasem X — A X A x B x B. Ce-
NOBATEILHO, HAMO TPOBEPUTD, UTO P 0.3, 1) @ Ox = P (o _q,0,0) ® Ox. Wim, uto
SKBUBAJIEHTHO, TIOKA3aTh, YTO Iy YOK

I =P aap—b)® F(E)

usomop¢en nyuky ¢ (&).

ITo mpemnoxkermio 5.1.11 GpyHKTOpP, 3anaBaeMblii myukoM ¢, SBJIAETCA KOMIIO3VIIIEH
($yHKTOPOB, MpezncTaBeHHLX obLerTaMu #(S(_q _a)), JF () m F(S(,py). Taxm 06-
paszom, ¢’ cosmamaer ¢ ¢ (&), roe &' — obvext uz DP(A x B), koTopuiit npencrasiiser
(QYHKTOD

@(b,ﬂ) o (Dg 9 @(7(1,701)-

A sra xoMnozvmmsa no caencremo 5.1.10 mzomopdra pyrrTopy ®¢. To ectn 06nekT &
usomopden &, u, smaunr, ¢’ = ¢(&8) = #(6).

Kak cnencrsre Teopemet 5.1.7 n npennoxenns 5.1.15 mosmyyaem cienyonwii pe3yanLTar.

TEOPEMA 5.1.16. Ilycmbs A u B — dsa abenesvix mnozoobpasud nad nosem k. Fc-
au npouseodnue xamezopuu xozepenmuunz nywsos DP(A) u DY(B) skeusasenmmb
Kax mpuanzysuposannne xamezopuu, mozda mencdy A x A u B x B cywecmeyem
UBOMEMPUUHBLET USOMOPPUIM.

OGpaTHOe yTBEpK AEHNE TaK¥Ke BEPHO i abes1eBLIX MHOrooOpasuii Ha. i ajrebpandec-
KU 3aMKHY TBIM 11oJieM xapaktepuctuku 0 u nokasaso B [38]. B paznese 5.3 naercsa apyroe
IOKA3aTeJILCTBO 9TOr0 (PaKTa.

CREAOCTBUE 5.1.17. s awbozo abenesa mHozo0bpasus A cyuecmsyem moabko
KOHEUYNROE UCAO HEUIOMOPPHULL aOenesur MH02000pasul, NpoussodHtle KAmMezopul
KOZEPEHNMMHT NYUK08 KOMOpuT axeusarenmmun xamezopuu DP(A) (xarx mpuareyau-
PoBaNHBLE KAMEZOPUL).

JTOKA3ATENBCTBO. B craTne [26] moxkasano, 4To [ KaskIoro abeneBa MHOrooopa-
3usi Z CYIIECTBYET C TOYHOCTHIO [0 M30MOP(M3MA TOJILKO KOHEUHOE YKCJIO abeIeBBIX MHO-
roobpa3suii, TOMyCKAIOMMX BJIOXKEHE B Z B KauecTBe abeseBa moaMaorooopasus. IIprumve-
HSIA 9TO yTBEPKIEHNE K Z = A X An UCHoNL3ysa Teopemy 5.1.16, monyuaeMm TpedOyeMulit
pe3ynLTar.

6 YMH, T. 58, BrIn. 3
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5.2. O0'beKThI, IPEACTABIIAIOIINE SKBUBAJIEHTHOCTH, U IPYNIIHI ABTODKBU-
BaJsienTHOCTEU. V3 pemioxkennii 5.1.12u 5.1.15 caemyer CymecTBOBAHIE TOMOMOP(U3-
Ma U3 TPYIILI TOUHBLIX ABTOSKBUBAJEHTHOCTER Auteq Db(A) B IPYIITy N30METPUYHBIX aB-
tomop¢u3moB U (A x fT) B s10M paszmesne maercs ormcanue sapa STOro roMOMOP(GU3MA.
Hawm yxe ussectro u3 mpemozxkenus 5.1.11, uto Bee sxBuBasenTaocT! (4 o) [1] Mprman-
gexar aapy. 1lokaxkem, UTO OHU B TOUHOCTU U COCTABJISAIOT 3TO ApO. [l mokazaresn-
CTBA TOT0 (PAKTA HAM IIOHAMOOUTCSA yTBEPKIEHIE, KOTOPOE CaMo IO cefe MPenCTaBseT
urTepec. Bynmer mokasaHno, uto B ciyuae abesieBbix MHOroooOpasuti eciu hyHkTop P g sB-
JIAETCS SKBUBAJEHTHOCTLIO, TO OOLEKT & HAa CAMOM [IeJie €CTh IYYOK HA TPOU3BEICHUN, C
TOYHOCTLIO 0 CABUTA B MIPOM3BOAHON KaTeropuu. OTMmeTuM, uto, HanmpuMep, misa K3 mo-
BEPXHOCTE 3TO HE BEPHO.

JIEMMA 5.2.1. ITycmb & — obsexm na npouszsedenuu A X B, xomopui 3adaem sxeu-
sanenmmuocms ®g: DP(A) — DP(B). Paccmompum npoexyumwo q: (A x A) x (B x B)
— A x B u obosnavum wepez K npamod obpaz Rq. F(E), 2de F(E) — obsexm,
onpedenennntli e 5.1.6. Tozda K usomoppen obsexmy & @ (é"v|(0 0)), 20e é"v‘(o 0~
0603HaNENUE OAT KOMNACKCE BEKMOPHBLL NPOCMPAHCMNE, nomopbiﬁ ecmn o6pa7r;m;zﬁ
obpas obsexma R Hom(E, 0 ax ) npu esroncenuu mouru (0,0) e abeneso MH02006-

pasue A X B.
ITOKA3ATEJBCTBO. PaccMoTpum abesieBo MEHOrOOOpasue
Z=(Ax A) x (Ax A) x (Bx B) x (B x B)
u 00 BLEKT
H = pia34Sa @ p356 Y [n] @ piE @ p3grsSp[2n]-
W3 mpemnozkenns 2.1.2 0 koMosummm ¢ yHKTOPOB 1 mmarpammet (51) caenyer, uro ¢ (&) =
p1o7s«H, n, 3uaunT, 06beKT K ecTh p17+H. YTOOLI BLIUKCINTD MOCIEIHAN, CHAYAIA PAC-
CMOTPUM TIPOEKIIO / Ha,

V=Ax(Ax A)x(BxB)xB

n 0bo3HauMM ee yepes v. Teneps, YTOOB! BEMUCIUTD V4 H , BecmomamM, uto ¢pyEKTOp P35, —
o710 KoMmozummsa Pp , u Ry 4y, roe

Pa=pi0a@ps P € DY((Ax A) x (A x A)).

Jlerko BuzmeTs, uto p134+P4 = O, [—n],rne T C A x A x A — nonvHOroo6pasue, u30-
Mopduoe A u cocrosimee u3 Touek (a,0,a). anee, yuurnBas paBeHCTBO 4 (a1, a2) =
(a1,m(a1,az)), HAXOmAM, UTO P134+S 4 TaKxKe m30Mopper O, [—n]. Aranormuno npose-
PAETCA PABEHCTBO P1344S j[2n] = Oy,

Taxum 0Opazom, nveem, 4To

v H = plagOr, @ p5,6Y @ p35E @ pise Oty
Ha V. PaccMoTpuM BiioKeHE
jiAXAXBxB—YV, (a1,a3,b1,bs)— (a1,0,as2,0,b1,b2).
O6bexT v, H nzomopdes j. M, rue
M= (6"(0,0) ©PioOA, @ P33 @ P340y.

1 oxoruaTenHo noygaem, uro K = pig. M = (6V]g,0) @ 6.
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IIPEONOXXKEHUE 5.2.2. ITycmy A u B — abenesv, mnozoobpasus u & — obsexm xa-
mezopuu D(A x B) maxoii, wmo fynxmop ®g: DY(A) — DY(B) ecmv mounas o%-
susanrenmuocmy. Tozda & umeem moavko 00HY HEMPUBUAALHYIO KOZOMOAOZUID, . €.
on uzomopfen obsexmy Fn|, 20e F aeagemed nyuxom na A X B.

ITOKA3ATEJBCTBO. PaccMoTpum mpoekimio

-~

¢: (Ax A)x (Bx B) — Ax B

© 0603HauMM uepes ¢’ ee orpaHuUeHve Ha abeseBo nomHEorootpasue X , KOTOpoe €CTh HO-
cutens nyuka ¢ (&) u rpaduk msomoppusma fe. Ilo Teopeme 5.1.7 myuox ¢ (&) ectn
ix(L), rme L — muneiinoe paccioenve Ha X .

O6ozuaunm uepes K o6vekr R'gy #(6) = R'¢,L. Mop¢usm ¢’ sBisieTcss roMO-
Mop¢uamom abeneBnix MEOroobpasmit. Ilyern d — 10 pasmeprocts Ker(q'). Torma
dimIm(q’) = 2n — d, u, 3mauwmT, myuxn xkoromomoruit HY (K) Tpusuannmn: ans j ¢ [0, d].

C apyroii cToporst, o emme 5.2.1 06next K mzomopgen & @ (&Y l(0,0))-

Cmsuras, eciu HeOOX0IIMO, 00BEKT & B IPOM3BOIHON KATETOPUM, MBI MOYKEM TIPEIIIO-
JIaraTh, YTO caMas MpaBas HemyeBas koromosorus & ectn HO(8). Mlyern H=4(&),i > 0,
~ To Kpaiiuss cieBa HeHy/IeBas Koromosorus &, a H¥ (V) — crapmas HenyieBas KOromo-
sorus obnexTa § V. 3amenss, ecau HeoOxomMo, & Ha T*a’b) &, MOYKHO CUMTATE, YTO TOUKA,

(0, 0) mpuma mesxuT HocuTesio myuka H*(&Y). Tax xax Hocurean § cOBMATAET C HOCH-
Tesem K, TO HOCUTENM BCex TydKoB Koromousoruit & nprmamrexxar Im(q’). B wactrocTn,
mveeM gepaseHcTBo codim Supp H ~4(8) > d. CienopaTe O, BCe KOrOMOJIOTHI 06 LEeKTa
(H=%(&))V[~i] cTenerm, Mennmeii i + d, TPUBMATLHEL

Kanomaeckuit Mopusm H ~4(&)[i] — & uaaymmpyeT HeTpUBHaTLHLIA MOP(I3M

8Y — (H™(&))[-il.

Tak Kak HOMEpa HETPUBHUAJLHLIX KOMOMOJIOTHMI BTOPOrO O0LEKTA NPUHAMIEKAT JIydy
[i + d,00), nosydaem, uto k > i + d, roe H*(&V), xax u paubIre, — cTapiias HeHyIeBas
xoromostorusa & V. Taxum 06pa3om, 00LEKT

K=6",4®6 (52)

VMeeT HETPUBUAJILHYIO KOTOMOJIOTHIO C TeM JKe caMbIM HoMmepoM k > i + d. C apyroi
CTOPOHDI, HAM YK€ M3BECTHO, UTO BCe Myuky Koromonoruit HJ (K) Tprsuamnent mus j ¢
[0, d]. 910 BO3MOXKHO TONLKO iput yesioum ¢ = 0. VI sHaumT, 00HEKT & MMeeT TOILKO OIHY
HeTPUBHUAJBLHYIO KOTOMOJIOTHIO ¢ HoMepoM 0, CIenoBaTeILHO, OH M30MOP(EH My UK.

Paccmorpum teneps cayuaiit B = A. Ilycts § —nyuok Ha A X A Taxoit, uto P ¢ sBaserca
ABTO®KBUBAJIEHTHOCTHIO. MBI X0TMM omucaTtn Bee Takue &, 1151 KOTOPLIX fg — TOXK IeCTBEH-

-~ -~

HOe oT0Opaxkenue, T.e. ero rpaduk X ssiserca maroHainioB (A X A) x (A x A). Takum
00pazoM, morydyaeM, Yto 00 LEKT

K= éav|(o,o) ® & =Rg. J(6)

nveet BUL A, (M), roe M —obbexTHA A, a At A — A X A - nuaroHasbHOE BIIOXKEHUE.

6%
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Buauauste mpemmosioxum, uto Touka, (0, 0) nprHamiexut sHocutesto myuka &. Cuaenosa-
TesnHo, &V |( 0,0) BIVICTCA HETPUBAATLHLIM KOMILIEKCOM BEKTOPHBIX IPOCTPAHCTS. Torna
ycaosue K = A, (M) Bnever cymectsoBanve nmyuka F Ha A Takoro, uto & = AL (E).
CaenoBatenbto, Pg(-) 2 E® (). Tak xak ® ¢ — aBTOSKBUBAJIEHTHOCTD, TO F ABIACTCA
JIMHEHHBIM pacciaoerreM. HeTpymHo mpoBepuTs, uTo ycaosue fg = id MOXKeT BLIIOIHATL-
cs1, oo ecom E € Pic?(A).

Ecau Touka (0,0) me mprmamnexur Supp &, MOXKHO 3aMeHATL & HA mydok &' :=
T(ay,a9)+6 TaK, aro ero nocurenn yxe conepxut (0, 0). W3 npenoxenns 5.1.11 caenyer,
uto fer = fe. Kax 6nuto nokasamo Bnmme, mveercsa msomopduam &' =2 AL (E'), roe
E’ € Pic’(A). Crenoparensro, & = Ty, _qy.0)«A+(E'). Taxiu 06pasom, momydaercs
CJIENCTBYE.

IIPEONOXKEHUE 5.2.4. ITycmy A — abeneso mmozoobpasue. Tozda s0po 20MmoMop-
pusma
va: Auteq DY(A) — U(A x A)

cocmoum u3 aemoaxeusasenmuocmedi 8uda (g o[i] = Tax(-) @ Pali] u, credosa-
meavro, uzomopdro epynne Z @ (A x fT)k, 20e (A x ﬁ)k - 2pynna k-mouex abenesa
MH02000paszus A x A.

CHEOCTBUE 5.2.4. Ilyemy A uw B — dsa abeaeswz mHozoobpasus, a & u Eg —
obsexmu na npoussedenuu A X B, Komopue 3a0aiom 9K68U8AAEHMHOCTNY MENCIY NPO-
U3BOOHBIMYU KAMe2oPpUAMY Kozepenmuuz nyuxos. Tozda, ecau fg, = fg,, mo

((902 = Ta*gl ® «@a[z]

ons nexomopoti k-mouxu (a,a) € A X A.

5.3. IloayomaopomHblie BEKTOPHBIE PACCIOEHUA. B npemniaynmmx pasnesnax On11o
IOKA3AHO, UTO SKBUBAIEHTHOCTE P g 3 DP(A) 8 DP(B) vmaympyer n3oMeTpudHbLii 130-
MOpP(U3M MHOrOOOpasuit A X Au B x B. Bstom pazmnesie MpemoaaraeTcsa, uTo noJe k
asrebpanuecku 3aMkHyTO U char(k) = 0. U B 9TUX IPEMIOIOKEHUAX , UCTIOJIL3YA TEXHUKY
cratou [30] u pesyanTaTsl 3 [7], 6ymeT MOKa3aHO, YTO KAXK ILIA N30METPUUHLIA M30MOp-
¢uzm f: A x A — B x B voxer 6utnh peasu3oBan Takum obpazom. Tot dakr, uro
CYIIECTBOBAHME M30METPUYHOIO N30MODP(PU3MA MeK Iy MHOrooOpasmsamu A X AuB x B
BJleUeT SKBUBAJICHTHOCTL TIPOM3BOMHLIX KaTeropuit D?(A) u D®(B), 6Lt nokasam B cra-
e [38]. M1, Takum 06pazom, qaem qpyroe JoKa3aTeabCTBO STOTO Pe3yIbTaTa.

Brauausre zanomumM, uTo J1r000€ JuHEeHOE paccioenne £ Ha abesieBoM MEOr0o0pasum
D naet otobpaxkenne @ u3 D B D, xoTopoe mochinaeT TOUKY d B TOUKY, COOTBETCTBYIO-
myio paccioermo 15 % ® £ ~1 € Pic®(D). 91o cooTsercTBUe 3amaeT Bioxerme NS(D)
Hom(D, lA)) Bosee Toro, m3BecTHO, uTo 0OTOOpakenue ¢: D — D TIPUHA IIIEKUT 00pasy
NS(D) Torzna u ToIbKO TOrma, KOrma @ = ¢.

Tlonyomsopomenie paccoeHus Ha abeIeBOM MHOI0OOPA3UY MO3BOJIIIOT OOOOIINTL O~
CaHHLIH BLiIe (eHoMeH cienyroumM oopaszoM. C kaxk e amemenToM 13 NS(D) @ Q Mox-
HO CBSA3ATL HEKOTOPOE COOTBeTCTBre Ha D X D, 11 11060€ TAKOE COOTBETCTBHE IOy UaeTCs
113 OJIyOMHOPOMHOIO paccyoenus (cM. npemioxenue 5.3.6 u gemmy 5.1.10 auke).

Buauase HanoMHVM OTTpeReIeHs OMHOPOMHLIX U OJIYOMHOPOIHLIX PACCIOEHUT Ha abe-
JIEBBIX MHOIOOOPA3UAX Y HEKOTOPEIE (JAKTHI [IPO HUX.
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ONPEAEJEHMUE 5.3.1. BekTopHoe paccioenre & Ha abesreBoM MHOroo0Opasvm D Ha3LI-
BaeTcs 00KopodnuiM, ectu Ty (E) = & nisa xaxnoit touku d € D.

ONPENEJEHUE 5.3.2. BekToproe paccaoenne & Ha abenesom MHOrooGpasmm D Ha-
3LIBAETCA YHUNOMEHMHbLM, €CIIU CYMECTBYET PUALTPAIIAA

0=%gCH C---CHFp=%

Takad, ut0 F;/F;—1 = Op masiscexi=1,...,n.
Crenmyromiee npeio¥kKeHre IaeT XapaKTepU3aIIo OJHOPOIHLIX BEKTOPHLIX PACCIOCHUH.

IIPEANOYKEHWE 5.3.3 [28], [30]. ITycmy & — eexmopnoe paccaoenue wa abesesom
mnozoobpasuu D. Tozda caedynwuyue Ycao8us sK6U8aNEHMMNL
(i) & — oonopodnoe,
(ii) cywecmeyom suneiinve paccroenus P; € Pic®(D) u ynunomenmusie paccao-
enusg F; marue, wmo & = @P,(F; @ P;).

ONPENEJNEHUE 5.3.4. BekTopHoe paccioenue & Ha abeseBoM MEHOrooOpasum D Hasnl-
BAETCA NOAYOOHOPOOHBIM, €CIIN IS KA¥K IOU Touky d € D CyLmecTByeT JIUHEWHOE pacCiIo-
emne £ Ha D Takoe, uto T (&) = € ® £. (OrMeTim, uto £ B 9TOM CJIyUae IPUHALTEKUT
Pic®(D).)

Hamomunm, 410 BEKTOPHOE PACCIOEHNE HA MHOTOOOPA3UM HA3LIBAETCA MTPOCTLIM, €CJIN
ero ayrebpa 3HIOMOP(YU3MOB COBIAAAET C IOJIeM k.
Crenyromee yTBep:K IeHue nokaszaso B [30].

IIPEMIOKEHUE 5.3.5 [30; Teopema 5.8]. IIyemy & — npocmoe sexmophoe paccaoe-
Hue na abenesom muozoobpasuu D. Tozda caedyowue ycaro8us sK8UBaAAEHMHBL
(1) dimH/ (D, nd(&)) = (?) 0ad awbozo j =0,....n,
(2) & — noayodnopoonoe paccaoenue,
(3) End(&) — od0nopodnoe paccaoenue,
(4) cywecmeyom uszozenud w: Y — D u aunetlinoe paccaoenue £ na'Y maxue,
wmo & 2 1. (L).

Ilycts & — BekTOpHOE pacciaoerue HA abeseBoM MHOro0Opasvu D. O6o3uaumm yepes

(&) KI1acc SKBUBAJIEHTHOCTH det(6) B NS(D) ®z Q.

r(é)

C m100bIM 2JIEMEHTOM [i = u € NS(D) ®z Q, u 3uaunr, ¢ JH0OLIM PACCIOEHIEM

l

&, MOKHO cBs13aTL HeKoTOpoe coorBercTBre ®,, C D x D, 3anannoe no npasuiy ¢, =
(Leg) ~ A
Im|D "“==° D x D|, roe ¢ — x0opomo u3BectHOe otobpaxkenne u3 D B D, koTopoe

HOCBITAET TOUKY d B TOUKY, COOTBETCTBYIOIIyIO pacciaoenwo 1L & £ -1 ¢ Pic%(D).
O6o3zmauMM wepes g1 u g2 mpoexmm ¢, 5Ha D u D cootsetcTpenro. B wacTHOM cIiyyJae,
KOTIa PACCIIOEHUE SABJAETCS JIMHEAHLIM PACCIOeHreM £ | IOJIy YaeTCs rpauk oToOpake-
mape: D — D.

B pa6ore [30] naercs moJHoe onucaHre BCeX IPOCTLIX NOJLYOAHOPOAHLIX PACCJIOCHUIA.
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IIPEANOXKEHME 5.3.6 [30; 7.10]. IIycmv p = @, 20e [£] — amo #aacc sKeusa-
aenwmuocmy paccaoenud £ 6 NS(D) u l nexomopoe noaoacumenvroe 4enoe 4ucao.
Tozoa

(1) cywecmeyem npocmoe noayodHopooroe sexmoproe paccaoenue E ¢ naxao-
nom p(&) =

(2) ecaxoe npocmoe noayodHopodnoe eexkmopnoe paccaoenue &' ¢ HaKAOHOM
w(8) = p umeem eud & Q@ M Oag HEKOMOPO20 AUHETNOZ0 PACCAOEHUT
M € Pic®(D);

(3) ewnoanenn pasencmea r(8)? = deg(q1) u x(&)? = deg(qa).

Crenyroinee yTBepIK I€HVE TO3BOJISIET OXaPAKTEPU30BATL BCE MOJIYOIHOPOIHLIE BEKTOD-
HBIE PACCJIOEHNA B TEPMUHAX IIPOCTBIX PACCIOCHITA.

IIPEMIOKEHUE 5.3.7 [30; 6.15, 6.16]. Besakoe noayodnopodnoe sexmoproe pacco-
enue F ¢ HAKAOHOM [L uMeem Puibmpayuio

0=%CcH C---CHIp=%

makyo, wmo & = F;/Fi_1 — npocmuie NOAYOOHOPOOHBLE BEKMOPHBLE PACCAOEHUS
C MmeM e CaMuM HAKAOHOM 1. U ecsxoe npocmoe noayodHopoonoe paccaoenue
cmabuabvHo.

Crenyrommye 1Be JIEMMBDI PO TTOJTYOIHOPOIHLIE PACCIOEHIS, KOTOPLIE SBJISIOTCS IPSIMbBI-
MU CJIEACTBUAMU NPEIBIAYIINUX YTBEPK IEHUH, OyIy T IOJIe3HEI HAM B HaJIbHEHIeM.

JIEMMA 5.3.8. Jlsa npocmuz noayodnopoonnz paccaoenus &1 u Es ¢ 00HuM U
mem oce HAKAOHOM [t AubO u30Mop@nsl, Aub0 0pmozonasvrbl Opyz 0pyzy, m.e. aubo
&1 = 6, aubo

EXti(éDl, (gg) = 0, Exti(éag, 51) =0

oas ecex i.

JTOKA3ATEJLCTBO. U3 mpemnoxkenus 5.3.6 caenyer, uto o = &1 ® M, u, cienoBa-
tennHo, Hom(E1, E2) ABIACTCA OMHOPOIHLIM PACCIOEHUEM. BCAKOE OMHOPOIHOE PACCIIO-
€HII€ TIO TIPEJIOIKEHUIO 5.3.3 IPENCTABIAETCA B BUNE CYMMBI YHUIIOTEHTHLIX PACCJIOCHII,
NOIKpy4eHHLIX Ha mHeine 13 Pic® (D). Tostomy mmbo Bee koromosormu Aom (&1, £s)
DaBHLI HYJIIO 1, 3HAYUT, paccioenusi &1 u &2 OPTOroHaJLHLL, mbo y Hom (&1, Ea) cymect-
BYET HEHYJIEBOE CeUeHre. B mocenHeM ciayydae norydaeM HeHyJIeBOA roMoMoppusm u3 &1
B &. Ho »Tu1 mBa paccaoenus CTabMILHLI 1 IMEIOT ONMHAKOBLIA HAKJIOH. SHAUNT, JII000M
HEHYJIEBOM rOMOMOP(M3M Ha CAMOM JeJIe ABJIAETCA N30MOP(PU3MOM.

JIEMMA 5.3.9. IIyems & — npocmoe n0ayodHopoOHOe 8eKMOPHOE PACCAOEHUE HA
abenesom mnozoobpazuu D. Toz0a T;(E) = E® Ps, ecau u moavko ecau (d,6) € ®,.

JITOKA3ATEJIBCTBO. CHauaJia OKazkeM, 4To IJLs Kaxk noi Touku (d, ) € P, umeercs
msomoppuam 17 (&) = 6 @ Ps. HeiictBurenso, nonoxmm | = r(8) u £ = det(&).
Mz 3Haem, uto 1o onpeneneruio ®, MoxkHo 3ammcats (d, §) = (lz, ¢« (¢)) Ana HekOTOPOI
toukn z € D. Tak kax & mOTyOIHOPOIHO, HalineTcs muHeiHoe paccaoerue /A € Pic® (D)
TaKoe, UTo

TH8) =& M. (53)



IIPOM3BOIHBIE KATETOPUY KOT'EPEHTHBIX IIYUKOB 167

CpaBHUBAS eTePMUHAHTLL, osTyuaeM paserctso 1) (L) =2 ¥ @ M®'. Tlo onpenesnenuo
OTOOPaKEHUsA ¢, DTO 3HAUNT, UTO P, ., (1) = M ®l C npyroit CTOPOHLL, NTEpUpys pa-
BeHCcTBO (53) | pas, noxyuaem

T (6) 26 M =63 Py ywy.
U, cnenoBatenvro, T (6) = & @ P, Tak kax (d, 6) = (lz, o (x)).
B obpatnyio ctopony. Japaiite BBeneM noarpymry X9(&) C D, 3amamnyio ycaoBueMm

208 :={0eD| & Ps = &Y. (54)

Tax kax & nmosyomHOpPOmHO, TO pacciaoeaue End (&) omopomHo 1o npemtoxenno 5.3.5. Ta-
Kum o6pazom, End (&) moxkuO npenctaButs Kak cymmy @, (F; @ P;), e Bee F; yHumo-
tertanr. Caenosatesnnuo, HO(8nd(8) @ P) # 0 e Gonee uem mwisa r? muHeHHLIX paccioe-
auit P € Pic®(D). To ects mopsanox rpymms: X0(&) se Gommie 2. C Apyroit CTOPOHDL, 13-
BecTHO, uTo 2 (Ker(q1)) C X9(&). Crenosatenmno, nomyuaem paserctsa ord %.0(&) = 72
u go(Ker(q1)) = £%(6). R

IIpemmonoxuM Tenepn, uro T (6) = € @ Ps s vexkortopoii Toukn (d,6) € D x D.
PaceMoTpun HekoTopyto Touky 8 € D Takyio, uto (d, ') € ® - Kak yxe GL110 OKa3aHo,
B BTOM caryuae mmeetcsi uzomopgusm 75 (8) = @ P 5. Cnenosaremuo, EQ P 5_g1y = &,
u, 3saunr, (§ — &) € £9(&). Ho tak xak X°(&) = ¢o(Ker(q1)), To Touka (0,5 — 4')

nprmamiexut ®,. Y snaunt, Touka (d, ) Takxe nprHaniexut P,.

Tenepn npuBeneM KOHCTPYKIINIO, KOTOPas MTOKA3LIBAET, KAK 10 M30METPUYHOMY U30MOD-
¢u3My f MOKHO IOCTPOUTDL OOLEKT & Ha MIPOU3BENEHNN TAKOR, UTO OH 3a,aeT SKBUBAJICHT-
HOCTD IPOM3BOIHBIX KATETOPUIA, U LA KOTOPOro fg coBnamaet ¢ f.

KoHctpykums 5.3.10. 3aduxcupyeM M30MeTpUUHLIA m3oMopdusM f: A X A—
B x B. QO6osumauum uepe3 I' ero rpaduk. Wszomopdusm f, kak u pampine, Oynem
3aMCLIBATL B MATPUYHON hopme

_ (T Y

Mui npemosnoxum, uto ¥ : A — B saBisiercsa uzoremueii. B 3Tom ciydae MOXKHO conocTa-
BUTL 0To6paxkenuo f aiement g € Hom(A x B, A x B)®7Q, KOTOpLI MMeeT CIIemy Oy o

popmy:
—1 -1
_ (Y T Yy
g (gl wyl)'

duieMeHT g 3amaeT HekoTopoe coorBercTBue Ha (A X B) x (A x B). Jlerxo nposeputs,
YTO M30METPUYHOCTL f BJIEYET PABEHCTBO § = (. DTO 3HAYMT, UTO DJEMEHT ¢ HA CAMOM
negie ipuHa LexRuT 06pasy NS(A X B) @z Q npu kanoaryeckoM Bioxkeruu B Hom (A X B,

A x B) ®7 Q (cu., manprmvep, [32]). Clienopatesnao, CymecTByeT [ = [jli] € NS(A x B)

Takoe, uto ¢, coBnamaeT ¢ rpaduKkoM cOOTBeTCTBUA g. IIpenmoxerue 5.3.6 TOBOPUT HaM,
UTO TIO KAXK IOMY [4 MOYKHO TIOCTPOUTL TPOCTOE TOJIYOMHOPOIHOE paccioenue & na A x B ¢
HakJIOHOM (&) = pu.



168 I.0. OPJIOB

Uyt mmke Oymer mokasaso, uto ¢yHkTop @ g u3 DP(A) B D?(B) seasercs sxpuBa-
sentHocToio U fg = f. Ho cmauana nasatite cpaBunM rpa¢uku I' u @,,. Ecan touka
(a, a, b, B) mpunamnexur I', 10

1

:I:(a) + y(a)’ 1, CJIedOBATEJILHO 4= 7y_ -/I:(a) + y_l(b)’
@)+ wla), "B = (- wy T ) a) -y 0)

b
M30MeTpuuHOCTS f BJedeT paBeHcTBO (2 —wy ~'x) = —y 1. U 3maumT, Touxa (a, a, b, )
npuHALIERNUT rpaduky I' Torma u Toipko Torma, xorma (a, —a, b, f) mpuaamnexur ®,.
Taxwyn 06pa3zoM, MEI HAXOIIM, UTO

®, =(14,~15,1p,15)T.

B uacrrOCTH, M3-32 TOTO, UTO f M30MOP(U3M, ciaenyet, uro npoekinm ¢, va A x Au B x B
SIBJLAIOTCS M30MOP (PU3MAMIU.

IIPEANOXKEHUE 5.3.11. ITycmbs & — noayodnopodnoe paccroenue wa A X B, no-
CMpoenHoe No UIOMEMPUUHOMY U3oMOPPusmy [ onucannvim svwe cnocobom. Tozda
Pynxmop ®g: DP(A) — D®(B) seagemes sxeusarenmmocmvio.

ITOKA3ATEJNBLCTBO. OGo3naunm uyepe3 &, OrpaHUUEHVE PACCIOeHUs & Ha CJION
{a} x B. Tlo teopeme 2.1.5 muasi Toro, urobnl noka3zartn, yr0 Pg BHOJHE CTpOrwUi,
MOCTATOYHO TIPOBEPUTDL, UTO BCE PACCIOEHUA &, TPOCTLIE U OPTOTOHAJILHLI IPYT APYTY
U1 PA3HBIX TOUEK.

Bo-nepBrix, 3ameTrM, 4TO paHr paccaoenus & paBeH Mo NpemIokeHuo 5.3.6 kBaapar-
HOMY KOPHIO 13 cTerenn orobpazkermsa ®,, — A x B, T.e. ectn 1/deg(f).

W3 mosmyomHoponHocTr & HEMEMJIEHHO CJIEAYET, UTO BCE PACCIOEHUS &, TaKKe MOJIy-
omropomart.  Kpowme Toro, Haxsion orparmuerus ju(&,) pasen §3~1 € NS(B) ® Q C
Hom(B, B\) ® Q. O6ozsawm 64! 1A KpATKOCTH Yepes v, PACCMATPUBASA €r0 KK 3J1e-
ment NS(B) ® Q. Hpennoxenve 5.3.6 yTBepK 1aeT CyMLECTBOBAHUE IIPOCTOrO MOJLYOIHO-

POIHOTO paccioerus & Ha B ¢ naHHBIM HakIOHOM () = v. OueBumHo, uto @, B 3TOM

caydae ecTh Im {Zl\ (ﬂ) B x B\} . Tak kax f —n30MOp(PU3M, TO OTOOpaKEHIE A (M) BxB

siBsisieTcs BioxkerueM. (CuienoBaTenLHO, ONSThL TPUMEHSS Ipeayoxkenue 5.3.6, mosyuaem
pasercto 1(F) = 1/deg(B) = r(&,). Takum oOpaszom, mBa pacciaoerus F u &, NOILyOn-
HOPOIHLI ¥ IMEIOT OMHAKOBLIE HAKJIOH U panr. Kpowme Toro, paccaoenmne F mpoctoe. U3
npemioxenntt 5.3.7 1 5.3.6 (2) cnenyer, uto &, TaKKe IPOCTOE PACCIIOCHLE.

Hanee, n3 memMet 5.3.8 ciienyeT, UTO paccaoeHns Eg, 1 Eq, AJIA IBYX TOUEK a1, a2 € A
Jub0 OPTOTOHAJLHLI, OO0 n3oMOpdHLL. [IpemmonoxuM, uTo oHM M30MOpPHHLL. Tax Kak
pacciioerre € moyoIHOPOIHO, TO

T(:‘Qial,o)g = g ® @(a“ﬁ) (55)
IS HeKOTOpOﬁ TOUYKU (a, /8) S A\ X E B YaCTHOCTHU, IOJTyYUaeM
ay © Pg = Eqy =2 Eay.

Crenosatensuo, P € £9(8,) (em. (54)).
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o nemwme 5.3.9 upennosxero 5.3.6 mopamu X0 (&) u X0(&, ) pasari r2. Mur yTeepx-
MaeM, 4To ecTecTBeHHOe oTobpaxkenue o: X0(8) — X0(8,) asaserca uzomop@uzmom.
JleficTBATEILHO, B TPOTUBHOM CJIydJae HAMIIACH OLI Touka o € A Takasg,yt0 ERQ P =2 €.
W mo nemme 5.3.9 Torma (0,a’,0,0) € ®,. A 5TO NPOTUBOPEUNT TOMY, UTO MPOEKIIVA
¢, — B X B ects U30MOPPU3M.

Teneps, ecau o —U30MOPPU3M, TO Hal neTCA TouKa o € A\TaKaﬂ, ut0 E Q@ P (o1 gy = 6.
U3 pasenctsa (55) cuemyer, 4To

T(tzz—m,ﬂ)g =26 f@(a—a’,o)-
IIo memme 5.3.9 210 3HAUMT, UTO TOUKA (a2 — a1, — a’,0,0) nprmamnexur ®,. Onars,
TaK Kak npoexmma ®,, — B x Bectn M30MOP(U3M, TO IOTYyYaeM PABEHCTBO ag — a1 = 0.
Takym 06pazoM, 1A ABYX PA3HBIX TOYEK a1 M a2 PaccioeHus &g, M 6y, OPTOTOHANLHLL
1, crenopatensro, hyrrTop @ g: DY (A) — DY (B) senserca sromse crporm. Ilo Tem
Ke COOOPAIKEHUAM CONPAKEHHLIA GyHRTOp ¥ ov TakKe ABJAETCA BromHe cTporuM. Cire-
MOBATENBLHO, $ ¢ — SKBUBAJIEHTHOCTD.

IIPENJIOKEHNUE 5.3.12. Ilyemy & — noayodnopodnoe paccroenue, mocmpoenroe
ONUCAHHIM BBLUWE CTLOCOOOM 1O UIOMEMPUUKOMY U30MOpPusmy f: A X A— BxB.
Tozda umeemcs pasencmso feg = f.

ITOKA3ATEJIBCTBO. O6o3uaunm uepes X rpaduk moppusma feg. U3 cnencreus 5.1.10
crenyer, 4yTo ToYKa (a, o, b, 3) mprmamnexur X TOraa u TOJILKO TOrAa, KOT.aa

Tp6 @ Pg 2TrE R P,

UTO PaBHOCUJILHO PaBEHCTBY
Tanb =80 P—ap)

CaenosaTennuo, 1o jiemme 5.3.9 moayuaem, uro X = (14, —13,1p,15)®, roe p = pu(&)
510 HakJIOH &. C mpyroi ctoponst, mo koucTpykimu 5.3.10 rpaduk I oroGpakenus f Tak-
e ectn (14, —137,15,15)®,. 3uaunT, u30MOPYUMEI fg U f COBNANAIOT.

IIpu nocTpoerrm paccnoerrs € Mo M30MOP(U3MY f MBI IPETIOJIOKUIIN, YTO OTOOpazKe-
HUE Y: A — B spnsercs usorerueit. Ecim 210 He TaK, TO IPEICTABUM f KaK KOMIO3UIIAIO
mByx otobpazkenuid f1 € U (A X A, Bx B) u fo € U(AX A\), U151 KOTOPLIX 41 U Y2 SIBJISIIOT-
sl M30reHMsIMU. JIerKo BUIETD, UTO 9TO BCETJa MOXKHO caesaTh. Tenepn ajst Kaxaoro f;
HaiizeM CBOit 00LeKT &;, Aajee PacCMOTPUM KOMIO3MIMIO PYHKTOPOB P ¢, 11 BO3bMEM 00b-
€KT, ee [IPEeICTABJIAIOMNI. Y TBEPXK IeHNs, JOKA3AHHLIE B 9TOM U IPEOBLAYIIX PA3IEIIaX,
MBI MO2KE€M O0O'bEIVHUTE B CJIEAYIOIIVE TEOPEMEL.

TEOPEMA 5.3.13. ITycmbv A u B - dsa abeaesbis MH02000pasus Ha0 aAZEOPAUYECKY
samrnymum nosem xapaxmepucmury 0. Tozda ozpanuvennse NPoussoonve Kamezo-
puu xozepenmuunz nyuxos DP(A) u D¥(B) sxeusarenmmu xax mpuarzysuposarme
Kamezopuu 1 mozda U MoavKo Mozda, K0206 CYULECMEYEM UIOMEMPUNHBLT U30MOPPUIM
fiAX A= BxB.
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TEOPEMA 5.3.14. ITycmv A — abeneso mH02000pasue Ha0 GAZEOPAUNECKY 3AMKENY-
mum nosem zapaxmepucmury 0. Toeda zpynna mounts aemosxeusasenmuocmed
npou3sodnoil Kamezopuu Autqub(A) Moducem 6umy 8KAOUEHA 8 CAEOYIOULYI KO-
POMEYI0 MOUHYIO NOCAECO0BAMEABHOCTND 2PYNN:

0—Z®(Ax A, — AuteqD?(4) — U(A x A) — 1.

Taxum o6pason, rpyma Auteq D?(A) mveer mHopmasbayio noarpymry (A x fT)k, KO-
TOpas cOCTOUT 3 PYHKTOPOB BUIA Tyx () ® Py, rae (a,a) € A x A. PakTOp 1O STOM
HOArPYIIIE SBJIAETCA UEHTPAILHLIM pacmmpervieM U (A x fT) € TOMOIILIO Z.

DTO NEHTPAILHOE PACIIUPERNE OMMUCLIBAETCA HEKOTOPBIM 2-KOIMKJIOM, (JOPMYJIY IS KO-
TOPOTO MOKHO HaiiTH B [37].

IIPUMEP 5.3.15. PaccmoTpum abesreBo MEOrooOpasue A, mis KOTOpOro KOJILIO SHI0-
Mop¢usmos End(A) nzomop¢Ho xousmiy Z. Torma rpymna Hepona—Cesepu NS(A) uszo-
Mop¢ua rpymme Z. O6o3uaunm uepes £ u A obpasyroume NS(A) u NS(%T) COOTBETCTBEH-
HO. Kommosmmist ¢ 4 © ¢ ectb N - id4 ¢ mexkoropeiM N > (0. B sTOM cayuae rpymma
U(A x A) cosnamaer ¢ korrpyenn-noarpymoit Io(N) C SL(2,Z). anee, mycts B —
®TO Opyroe abeseBo MHOroobpasue Taxkoe, uto B x B uzomophuo A x A. Jlerko mpose-

PUTL, UTO J1t0001 TAKON M30MOP(U3M ABILAETCSA M30MeTpUUHLBIM. AGeseBo Muoroobpasue B

MOZKHO IPEICTABUTH KaK 00pa3 HEKOTOPOro Mop¢uama A (kidmoe), Ax A. Mowxso can-
tatp, yro HO(k,m) = 1. O603nauum uepes ¢ stot Mop¢uam u3 A B B. flapo ¢ ectn
Ker(mye) N Ag. Tak xak HOI(k, m) = 1, To 5a camom mene Ker(¢)) = Ker(p) N Ay.
C mpyroti ctopons, uMeeT Mecto BKitouenre Ker(p) C Ay . Takum oGpazom, 6e3 motepu
ODIIHOCTY MOYKHO CUMTATL, UTO k sBiasgerca meaurenem N . Kax moii k — nenurenn N — un-
nmymupyet abesneso muoroobpasue B := A/(Ker(pe) N Ag). OueBumso, uro mBa pa3HLIX
nmesmresis N — Hen3omopQHbIe abeseBul MHOroobpasus. boJtee Toro, jgerko npoBepuTs, 4To
BroxeHe B B A X A pacImenyigeTcs Tora 1 TOILKO TOTIa, KOTa HOI(k,N/k) = 1. Cne-
JOBATEJILHO, YHCIIO abe/IeBLIX MHOroobpasuii B raxux, uto D?(B) ~ DY(A), copnamaer
¢ 2%, rme S —YncJIo MPOCTLIX mnesuTesein N.
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