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OBIIAA XAPAKTEPUCTUKA PABOTDI

AKTYAJIbHOCTDb TEMBI. Hacrosimast guccepralinst MOCBAIIEHa TOIIOJIO-
I'TIeCKUM MeTOJaM B aJredpamdeckoil reomerpuu. Vjest nx mCIoab30BaHms
JUUTsT M3YYEHNsT KOMILJIEKCHBIX aJiredpandecKinx MHOTOOOPA3Uil BOCXOAUT K pa-
ooram C. Jledmena. B 1949m roxy A. Beitnb chopmyauposBas cBou 3HaMe-
HUTBIE TUIIOTE3bI, KACAIOINECs THNC/Ia PEIIeHri TOJNHOMUAJIBHBIX YPABHEHN
HaJI KOHEUYHBIMU II0JIsIME. B 3THX rumoresax cojuep:KaJjoch MpeJBueHne 00-
HapYKEHHOHN BIIOCJIEJICTBUN TJIYOOKON CBSI3M MEXKIy apudMEeTHKON ajredpan-
YECKUX MHOTO0OOpasuil HaJi KOHEUHBIMU IOJISIMA ¥ TOIIOJIOI'Heil KOMILJIEKCHBIX
aJiredpandecknx MHOrooOpasuii. B yactHocTu, Beitib ormern, 9To ero ruro-
Te3bl SIBJIAIOTCSI CJIEJICTBAEM CYIECTBOBaHMS HEKOTOPOI MPUEMJIEMOI TeOpUn
KOTOMOJIOTHi J171s1 abcTpaKTHBIX MHOrooOpasuii. [Ipeasuienne Beiins Oecrsi-
ITIe OIPAB/IAJIOCH, KOT/Ia CITYCTsI TObI HEOOXOIUMasl TeOPHsT KOTOMOJIOT 1 ObLIa,
nocrpoena B paborax A. I'porenjuka, M. Apruna n I1. Jennns.

B 50-70e rompl ObLIO MOCTPOEHO MHOTO KOTOMOJIOTMYECKMX WHBapPUAHTOB
asirebpanyeckux MHOT0OOpasuii u cxeM (HampuMmep, ITajJbHbIE ¥ KPUCTAJIIIN-
“ecKre KOroMoJioruu, ajrebpandeckasi K -reopusi). Koromosiornueckue mero-
JIbl CTaJId MOIIHBIM MHCTPYMEHTOM M3yUeHUs aJredPOo-reoMeTpuuecKux 00b-
€KTOB, ITO3BOJIUBIIIM PEIIATH MHOI'HE KJIACCUIECKHEe aJIreOpo-reoMeTpuiecKme
pobJieMbl. OHAKO BILIOTH 70 Hadaja 90X rojoB MOCTPOEHHE TEOPUil KOro-
MOJIOTHil HA KaTeropuu ajredpamdeckux MHOrooOpaswuit (usm, Gosee obIIG,
cxeM), HOCIJIO criopajindecKuii xapakrep. Ha Tor MOMeHT ObLIO Upe3BbIvaii-
HO CJIOXKHO M3y4YaTh B3AaUMOCBSA3M MEXKJIy Pa3jUIHbIMU TeopusiMu. Bojee To-
ro, BaKHeii1asi Teopusi MOTHBHBIX KOTOMOJIOTHI, TapaJiiejibHasi CUHIYJISP-
HBIM KOI'OMOJIOI'HSIM B KJIACCUUECKO# TOIOJIOTUK, BOBCE He ObLIa MOCTPOCHA.
[TpuanHOi MOJO00HBIX TTPOOJIEM SABJISIIOCH, B YACTHOCTH, OTCYTCTBUE B HHCTPY-
MEHTApUH aJaredpandecKoil TeOMeTPUHN «MAIUHBI», TO3BOJISIIONIEH CO3/1aBaTh
TEOPUU KOI'OMOJIOI'Uil TIPU TIOMOIIU YHUPUIIMPOBAHHONI mporenypbl. B kiac-
CUYECKON TOIOJIOTMN MOA00Has TPYAHOCTH Oblila IPeoIoeHa MHOIO paHee, ¢
HOSIBJIEHUEM KOHCTPYKITUHU CIIEKTPA.

Hauaso 90x romos 66110 oTMedeHo 1osiBiaeHneM gucceprannu B. BoeBojicko-

ro, B KOTOPO# ChOPMYIUPOBAHBI OCHOBBI TOCTPOEHUs (PYHKTOPA MOTHBHBIX
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KoromoJioruit. B gasibHeiinee gecsaTuietne, B pe3ysIbTare ero CrpaTerniecKoro
corpyaundecrBa ¢ A. CyciunbiM 1 @. MopejieM, NOSABISIIOTC PabOTHI, TTPaK-
TUYECKHU OIpeIeIAonine o0JUK TOi 9acTu MaTeMaTHKN, KOTOpast Ha3bIBAETCS
ceitaac Al-zomomonuueckoti mononozuedi. Hanbosiee BreqaTsionmM 10CTH-
JKEHMEeM Pa3BUTON TEXHUKHU SIBIJIOCH JIOKA3aTEbCTBO BOEBOJICKUM I'HIIOTE3bI
MuJiropa.

Crenyer 3aMeTUTb, 9YTO K MOMEHTY IIOSIBJIEHUsI BBINIEYTIOMSIHYTBIX PabOT
BoeBojickoro y»ke cymecTBOBaI0 HECKOJIHKO MOJIEIeH, THITOTeTUIeCKN BhITHC-
JISTIOIIUX MOTHBHBIE KOTOMOJIOTMH B PAa3JMIHBIX CHTyalnusax. Brocsiencrsun,
OJIHAM W3 BasKHBIX BOIIPOCOB CTAJIO CPaBHEHHE PA3IUIHBIX Mojeseit. V3yue-
HIE HEKOTOPBIX TAKNX KOHCTPYKIIN IPeICTaBIIsieT CYIIeCTBEHHBINH CaMOCTOsI-
TeJIbHBII MHTEPEeC W TIOHBIHE, TIOCKOJIBKY OHHI CBsA3bIBaIOT Al-romMoronmueckyio
TOIIOJIOTHIO C JIPYTUMHU pa3jeaMid MaTeMaTHKU. Tak, HalpuMep, n3ydeHue
KOMILJIEKCOB, TTOCTPOEHHBIX M0 PAIMOHAJBLHBIM TOYKAM TI'PACCMAHOBBIX MHO-
roobpasuii [7] urpaer BayKHYIO POJIb B TEOPUH HOJUJIOrapUdMOB, T103BOJIsA-
eT MOJIyYUTh HOBBIE PE3YJIbTaThl B U3YUEHUN NOMOJIOTHH JUHEHHBIX TPYII 1
KJIACCUUIeCKOoil ajredbpandeckoit K -reopuu. B gacTHOCTH, CTAHOBUTCS TTOHSIT-
HO# MoTuBHasi npuposga K-rpynmns Musinopa u rpynmnsl Bioxa — 00beKkToB,
ONPEJIJIEHHBIX MCXOJHO Ha A3bIKE «00Pa3yIONUX U COOTHOIIEeHU» [6].

Kak 9T0 00bIYHO M TTPOUCXOUT, CO3/IaHNe HOBOI 00JIACTH MaTeMaTHKH, I10-
MHMO PeIIeHNs] CTaPhIX BOIPOCOB, OTKPBIBAET HOBbIE TOPU3OHTHI MCCJIEI0BA~
auit. OHIM N3 TaKUX BO3HUKAIOIINX HAIPABICHUH cTaja HeOOXOINMOCTD UC-
caeoBanust (peHOMEHa »KecTKOCTH. [lomycKast HEKOTOPYIO BOJILHOCTH B U3JI0-
JKeHUHU, MOYKHO CKa3aTbh, UTO CBOWCTBO »KECTKOCTH COCTOUT B TOM, YTO T'O-
MOMOP(hU3M ClIenraJIn3aIui I'PYIIbLl KOTOMOJIOIUI B PaIMOHAJBHYIO TOUKY
IJ1aIKOTO HEIIPUBOIMMOI0 aJiredpandecKoro MHOrooopasusi He 3aBUCUT OT Bbl-
oopa Touku. 2KecTkocTh B ajreOpamdeckoil reOMeTpUn SIBJISIETCS eCTECTBEeH-
HBIM «YTOHUYEHHEM» MOHSITHsI POMOTOIMUYECKON MHBAPUAHTHOCTU. VIHTYUTHUB-
HO, COOTHOIIIEHUE MEXKJIY STUMU JIBYMSI MOHSITUAMHU COOTBETCTBYET COOTHOIIIE-
HUIO MEXKJIy ajredpaudecKyd SKBUBAJEHTHBIMU U PAIMOHAJIBHO SKBUBAJICHT-
HBIMU IUKJAMHU, HO BMECTO IMKJOB MBI PAacCMaTPUBAEM COOTBETCTBYIOIINE

I'PYIIIBI KOTOMOJIOTH#H cjioeB. Byjiyuun nepedopMyImpoBaHHbIMUA B KOHTEKCTE
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KJIACCUIECKON TOIOJIOTHH 9TH JIBA CBOWCTBA, OYEBHJIHO, CTAHOBATCS dKBUBA-
JIEHTHBIMU.

deHOMEH >KECTKOCTH B TOM BHJIE, B KOTOPOM MBI €r0 W PaCCMaTPUBAEM,
BriepBble ObL1 usyuen s K-dynkropa B pabore Cyciuna [Su|. Heobxosu-
MOCTB HCCJIEIOBaHUS TI0I00HOI0 CBOMCTBA, ajredbpanteckoro K-dyHKkropa Obl-
J1a BBI3BaHA IMOJXOJ0M aBTOpa K rumnorese Jlmxrenbayma, maroiieil onncanme
K-rpyun noseit. JIpyruM BasKHBIM CJIEJICTBHEM YKECTKOCTH SIBJISIETCST yTBEP-
JKJjieHne o nosegeHnn K-yHKTopa Jijisl PeH3eIu3aIun aJredpanIeckoro MHO-
rooOpasusi B parMoHabHOM TOYKe. DTOT pe3ysabTrar ObL1 moayder CyCcanHbIM
(HeomybumKoBaHO), a Takxke Hesaucumo ot Hero O. ['ab6epom [Gal. Anasio-
ITIHOE YTBEPIKIEHUE [IPU HEMHOI'O JIPDYTUX YCJIOBUSIX JOKA3bIBAETCSI B paboTe
2Kune-Tomacona [GT]. Pacemorpum asirebpanueckoe muoroobpasue X Haji
HEKOTOPBIM 110JieM k 1 0003HauInM yepe3 X 5\‘4 reH3eJIM3aIII0 9TOI0 MHOT000pa-
3usi B HE0ocoboit k-touke M. Torna juiss K-rpyimn ¢ KoHedHbIMEA KO3MDDUIneH-
tamu Z/p, vje p > 1 B3aMMHO MPOCTO € IKCIIOHEHIUATBHON XapaKTepUCTUKOL
OCHOBHOTO TI0J1s1, BBITONHEeHo coorHomenne K;(k) =2 K;(X",). Unryurusno,
Iepexo/l K NeH3e/IM3aIii B TOUKE CJIe/IyeT BOCIPUHUMATEH KaK OECKOHETHO Ma-
Jyto e opMalnio MEOrooOpas3nsi B 9TOH TOUKe, a YTBEPXKICHNE TOBOPUT HAM,
qr0 K-QyHKTOP ¢ KOHEUHBIMU KO3 DunmeHraMu nHBapruaHTeH OTHOCUTEILHO
Takux jgedopmarmii. IMeHHO 3TO ciie/icTBHE W J1aJI0 Ha3BAHHUE <«XKECTKOCTH»
U3ydaeMOMY SIBJICHUIO.

B nasnbHeiiniem, cBOMCTBO »KECTKOCTH JJIsl aJreOpaniecKux MHOroobpasuii
BO3HUKaeT B GoJiee obieM Koutekcre B pabore Cyciumua—Boesojckoro [SV],
IJie aBTOPbI JIOKA3BIBAIOT 3TO CBOWCTBO JIJIT KOIOMOJIOTMIECKUX (DYHKTOPOB,
cHAOXKEHHBIX TpaHcdepaMu (4TO B TEPMUHOJIOTHH ABTOPOB O3HAUAET: <JIJIsi
(bYHKTOPOB Ha KATErOpuy COOTBETCTBHUI» ). DTa paboTa eine pas MoJIIepKHY-
JIa CTPATEIMYeCKYIO CBsI3b JIOKA3ATEJHCTBA CBONCTBA YKECTKOCTU W HAJUUNSs
HEKOTOPBIX TpaHC(HEPOB B paccMaTpUBaeMOil TEOPUU KOI'OMOJIOTHIA.

B nyxe cpopmysimpoBaHHBIX BbIIIE OOIIKUX TPUHIIAIIOB €CTECTBEHHO BO3HUKA-
€T BOIIPOC: JIJIT KAKKUX €Ile TeOPUil KOrOMOJIOIUil Ha aJiredpandecKinx MHOTO00-

pa3ndx MOXKHO JOKa3aTh aHaJIOI' TEOPEMDBI 2KECTKOCTMH. ,HJIH 9TOT'O Mbl U3y4daeM
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BO3MOYKHOCTH TIOCTPOEHUST TPAHCHEPOB [1JIsT PA3IUIHBIX TEOPUii, ITO SIBJISET-
Cs1 OCHOBHBIM TEXHHYIECKMM MHCTPYMEHTOM, HCIIOJb3YEeMbIM B JUCCEPTAINH, 1
YeMy B 3HAUUTEJIbHON cBOeil gacTu nocssineHa riasa 11

B sakrouenue o0Cy»KIeHUsT TIOHSITHS YKeCTKOCTH, CJIeIyeT OTMETHTh He1aB-
nuii pesysnbrar OcrBaepa—Pénunrca [RO] koTopbie, HCob3ysi METOJIbI, Pa3-
paboTaHHBIE COMCKATEEeM, MPOU3BEJIN AaJbHelinee Pa3BUTHE TOHSITUSI YKECT-
KOCTH ¥ IIEPEHECIN €r0 B KOHTEKCT MOTHBOB.

B nocieHeit riaBe gucceprain NCCaeI0BaHa JBOMCTBEHHOCTD JIJIsi OPUEH-
TUPYEMbIX Teopuii (KO)roMosioruii Ha ajredbpandeckux MHOroobpasusix. [1Boii-
CTBEHHOCTH [lyaHKape NpUHAIIEKUT K MHOKECTBY KJIACCHICCKUX TOIOJIOTH-
YeCKNX Pe3ysIbTaToB. TeopeMbl JIBOWCTBEHHOCTH B Pa3JIMIHBIX (POpMaxX TaK-
’K€ OTHOCSATCSI K UMCJIY KJIIOUEBBIX (paKTOB ajredpantdeckoit reomerpun. Tak,
HAIpUMep, JIBORCTBEHHOCTD JIJIsi KOPOMOJIOTHH ¢ KO UIMEHTAMI B IIyIKaX
UIpaeT BaXKHYIO pOJib B JoKasarejancTBe runore3 Beitns. Cxopabie Teope-
MBI JIBOHCTBEHHOCTH W TECHO CBSI3aHHOE C HUMM TOHsITHE (DyHIaMEHTAIbHOIO
KJIaCCa MHOTOOOPA3HsT MOSBIISIIOTCS B CTABIINX KJIACCHIECKUMU KHUTAX XapT-
cxopHa 1 MujHa 10 ajaredpandeckoil reOMeTpuu.

B xonTekcre Al-romoronmueckoil KaTeropum aHAJIOT TeOpPeMbl J[BONCTBCH-
HOCTH UI'paeT BaxkHyIo posib B pabore Boesojckoro-Ppuaniepa [FV], rie
9TO yTBEPKJIEHNE JTOKA3bIBACTCS JIJIsI TIOJIEH HYJIeBOI XapaKTePUCTHKH.

B nacrosiieit pabore MblI JJOKa3biBaeM TeopeMy JiBoiictBenHocTn Ilyankape
JUIsl ODUEHTUPYEMbIX TeOpHil (KO)rOMOJIOTHi Ha ajrebpandecKiux MHOroobpa-
3USIX.

B mnocniesneM pasjienie Mbl (hOPMYJIMPYEM ¥ JIOKA3bIBAEM TEOpPEeMy JIBOM-
CTBEHHOCTH JIJIsT KATErOPUH MOTHBOB. DTOT Pe3y/IbTaT 0000IIaeT Moy YeHHY 0
paHee TeopeMy JIBOMCTBEHHOCTH U, B YaCTHOCTH, JIaeT HOBOE, IIPOCTOE U He3a-
BUCHMOE OT IPEJIbIIYINEero N3JI0XKEHN, JOKA3aTeJIhCTBO Y2Ke YIIOMUHABIIIEHCsT
BBIIIIE TeOpeMbl JiBolicTBeHHOCTH BoeBojickoro-®puianjiepa u ee 0600IeHne
Ha CJydail MPOM3BOJBLHON XapaKTEePUCTUKK OCHOBHOTO I0JIs. B 3akirouenHune
3aMETUM, 4TO OYIydu MPUMEHEHHON K KJIACCUUIECKON TOIMOJOINIeCKO! CuTya-
MU HAIlla TEeXHUKA JIaeT JOKa3aTeJbCTBO KJIACCHIECKON TeOPEMbI JIBOCTBEH-

HOCTH B Jiyxe Kareroproro nojxoja losbpa—Ilymme [DP).
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[IEJIb PABOTHI. OcuoBHbIMYU TIe/IsIME HACTOSIINEH paOOTHI SIBJISIACH CJIETY-
torue. [lojiyuenne aHAJIOrOB M3BECTHBIX PE3YJIbTATOB aJiredpaniecKoil Toro-
JIOTMM B KOHTEKCTE TeOPHil KOrOMOJIOTHil Ha ajredpanieckux MHOIOOOPa3usix
(cxemax). Mnrepuperaiiusi pe3y/ibTaToB, MOJYYEHHBIX PaHee JJisi KOHKPETHBIX
TEOpUit KOTOMOJIOTHIA (HaHpHMep, K-reopun min 3TaabHBIX KOPOMOHOFMﬁ) KakK
caeJIcTBUil OoJsiee OOIUX yTBEPKJeHUi 0 T-ClieKTpax M IpejCTaBUMbIX UMU
Teopusix. 3ydyeHne BO3MOXKHBIX HOBBIX CBSI3€H MEXK/Iy «KJIACCUIECKUMU» I10-

HATUAMMU, TJIAIA C «MOTHUBHOW TOYKH SPpEHUA>.

OBIIAA METOANKA NCCJIEJOBAHUA. B jnucceprannm ucmoanb3yor-
Cs METOJbl I'OMOJIOIMYECKOH ajreOpbl M TOMOTONMYecKoil Tomojorun, Al-
FOMOTOIIMYECKON TOIMOJIOIMH, TEOPHUK OIepaJl U TEOPUH aJIredpandecKuX

I'PYIIIL.

HAYYUYHASA HOBU3HA. OcHoBHBIME HOBBIMHU Pe3yJibTaTaMi JIUCCEPTAINN
SIBJISTIOTCST CJIE Ty FOTITHeE:

e Iloctpoen Tpancdep (romomopdusm mepeHoca) JJIsi OPUEHTUPYEMbIX
TEOPHUil KOrOMOJIOIH Ha ajaredpandecKux MHOTOOOpPa3HsIX.

e Ilocrpoen Tpancdep Bekkepa-I'orTiinba nist HeOpUEHTHPYEMbBIX TEOPHit
KOI'OMOJIOIUi Ha ajredpamvdecKux MHOrOOOPas3usx.

e Teopema »kecTKOCTH IS 110Jieii 0DOOINEHA HA BCE OPUEHTHDYEMbIe U
pejcTaBUMble HEOPUEHTUPYEMbIEC TEOPUU KOIOMOJIOTHil Ha, ajredpau-
YECKUX MHOIOODPa3usIX.

e Teopema kectkocTn (u ee criecTBust) st K-Teopun TeH3eIeBbIX JI0-
KaJIbHBIX KOJIEI[ 0000IIeHa Ha KJacC TeOpHil KOTOMOJIOTHI BKJIIOUATO-
I1#, B 9aCTHOCTH, BCE OPUEHTUPYEMbIE TCOPHUHU.

e Jlokazana meopema mgBoiicTBenHocTH [lyanmkape s opueHTHPYyEeMbIX
TEOPHUil KOrOMOJIOIHI Ha ajaredpandecKux MHOTOOOpa3HsIX.

e Jlokazana o0Iasi TeopeMa JIBOWCTBEHHOCTH JIJIsI MOTHBOB, 0000IIEHa
Ha CJIydail MPOU3BOJIHLHON XapaKTePUCTUKKW OCHOBHOIO TIOJISI TEOPeMa,

Boesojickoro-®puanjiepa.
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TEOPETUYECKAA N TIPAKTUYECKA{A IHEHHOCTB. Pa6ora mocut
TeopeTudecKuit xapakrep. Ee pe3ysbraTbl U METOIbI MOI'YT OBITH HCIIOJIb30-
BaHbI B MCCJICIOBAHUSAX IO TOMOJOIHICCKHMM HHBAPUAHTAM aJIreOpanIecKuX
MHOI00Opa3uil u cxeM, TeOpUU MOTHBOB, ajrebpandeckoit K-teopun, Teopun

KBaJIPATUIHBIX (DOPM.

AITPOBAIIA PABOTHI. OcnoBHble pe3ysbTraThl JUCCEPTAINNA  ObLIH
IPEJICTABICHbl B JIOKJIAJaxX Ha MexXKJIyHapoJIHbiX KoHdepennuax: Motivic
Homotopy Theory Workshop (ITapux, @pannust); Algebraic K-Theory, Linear
Algebraic Groups and Related Structures (Busiedesbi, lepmanust); Algebraic
Cobordism Arbeitsgemeinschaft (O6epsosibdax, [epmatusi); HEOIHOKPATHO
JIOKJIQ/IBIBAJIUCH HA CeMHUHApe JabopaTopuu ajreOpbl U TEOPUH HUKUCes] U 00-
menncruryTckoM cemuaape [IOMUM PAH, anrebpamdeckom cemMumHApe HM.
H.K.®aneesa, anredbpandeckom cemunape W.P.I1ladapesnua 8 MU PAH, na
TOIOJIOIMIECKHUX 1 ajredpandeckux ceMuHapax B yHuBepcurTerax Dartmouth
College (New Hampshire, CIITA); Universitetet i Oslo (Ocsio, Hopserwusi);
Universitat Mainz (Maiiun, Tepmanust); Wilhelm Universitét Miinster (Mion-
crep, lepmanust); Universitit Bielefeld (Busedennb, Iepmanust); Universitit
Essen (Qccen, lepmanust), Université Paris-XIII (ITapux, @paniust); Ha To-
OJIOTHYECKOM, TEOPETHKO-IUCJIOBOM 1 obrenacTuTyTckoM (Oberseminar) ce-
munapax Maremarnueckoro Uucruryra Makca Ilnanka (Max Plank Institut
fiir Mathematik) (Boun, Tepmanust).

I[TYBJIMKAIINMN. ITo Teme muccepraiimi aBTOPOM OIIYOJIMKOBAHO BOCEMb CTa-
Teil, U3 HUX CeMb — B POCCHICKWII »KypHajax, pekoMengoBanubix BAK, n
3apy0eXKHBIX »KYPHAJIaX, BXOAAMNX B cucreMy 1utupoBanns Web of Science:
Science Citation Index Expanded. B crarne 1] coaBropy mputamiekuT T0Ib-
Ko opMmysnupoBka 3aja4un. Pesysbrarsl B ctarbsix |2, 5| mosyuensr B HEpas3-
JIeJIHOM COABTOPCTBE; B CTaThe [3] coaBTOpy MpHHA/IERAT PE3yIbTaThl pas3-
nesioB 2 (onucanue Teopuit ¢ KoHedHbiMu Koddbduimentamu) u 4 (mpusioxeHue
MOJIYY€HHBIX PE3YJILTATOB K BBICIIMM Ipylnam Burra), ocraibHble pe3ysibTra-

Thl CTAaTbW IIPpHUHAAJIE2KAT IUCCEPTAHTY.
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CTPYKTYPA n OB’ bEM PABOTHI. Tuccepraiiust COCTOUT U3 BBeIeHns, 4-X
rJiaB, pasdbuThIX Ha 18 paszesioB, KOTOPbIE, B CBOIO OUYEPEib, TOAPA3IEIsTIOTCS
Ha, aparpadbl, IBYX MIPUIOKEHUH 1 CIIMCKa [ATHPOBAHHON JINTEPATYPDI, UTO

coctapisier 188 crpanni;. bubmauorpadus Briaodaer 95 UCTOUHUKOB.

COAEPZKAHNE NUCCEPTAIINN

Bo BBesennn maercs KpaTKuil HCTOPUIECKHN 00O30P TOMOJOTMYECKUX Me-
TOJIOB B aJiredpamvdeckoil reomerpun. PaccMaTpuBaioTcs pa3indHble 3a1a4u,
peIeHHbIe ¢ TIOMOIIBI0 MeTosoB Al-romorommyeckoil Tomonornu niam Jexa-
e B HEMOCPEICTBEHHON OJM30CTH OT «cephbl BAUSIHUSY TaKUX METOIOB 1
10/1X0/10B. MBI Tak»Ke JiejaeM MOMbITKY COPMYJINPOBATHL HECKOJIBKO KJIACCOB
eCTECTBEHHBIX BOIPOCOB, KacAIOMNXcsA B3amMojeiictsus Al-romoronmyeckoit
TOIOJIOTHY W yKE€ U3BECTHBIX CBONCTB <«KJIACCHICCKUX» KOIOMOJOTMIECKUX
byHKTOpOB (HampuMmep Taknx, kak K-GyHKTOp win GyHKTOP STATBHBIX KO-

POMOJIOTHif ).

[IepBas rjiaBa HOCUT BCIIOMOIaTEJbHBIX XapaKTep W He IIPETeHIyeT Ha OpH-
I'MHAJIbHOCTDh. B Hell MBI IPUBOJIMM KpaTKUe, WHOT/IA YIIPOIIEHHBIE, OIIpe/Ieie-
HUsI HEKOTOPBIX BayKHBIX 00bEKTOB, HEOOXOAUMBbIX HAM B JlaJibHEHIIIeM, TaKux
HAIPUMep, KaK IIPOCTPAHCTBO Boesojckoro, Al-romoronnueckas kareropus

n T-crekTp.

Bo BTOpOI#i Ty1aBe MBI BBOJUM aKCHOMATHKY TEOPHH KOIOMOJIOTHI Ha Kare-
ropuu ajrebpandeckux MHoroobpasuii Sm/k.

Obosznauum uepes Sm’ /k kareropuio, 06beKTaMu KOTOPOii sIBJISIFOTCSI TAPbI
(X,Y), e X,Y € Sm/k u cxema Y — JOKaJbHO-3aMKHYTas MOJCXEMa, B
X. Mopduzmamu B 310it Kareropuu OyayT OObIKHOBEHHBIE MOP(U3MBI Iap.

Oyukrop £: X — (X, 0) oroxaecrsusier Sm/k ¢ nosnoii nojkareropueii B
Sm’ /k.
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Omnpenesterne 11.1.4! Mbr nazbiBaeM TOMOTONNYECKN NHBAPUAHTHDIN (DYHK-
Top &: (%2 /k)° — Gr-Ab (rakxke Kak W €ro Cy:KeHue Ha IMOJIHYIO T0JI-
kareroputo Sm/K) co 3HaYEHUSIMI B KATErOPUU T'PAJyUPOBAHHBIX abeJIeBbIX
I'PYIIT K020MOAO2UYECKOT Ncesdo-meopuetl, eCIn OH YIOBIETBOPSIET CJIEIYIO-

IIIUM CBOMCTBaM:

(I1.1.4.1) 3omopdusm uaacrpoiiku. s cxembr X € Sm/k u ee oTKpbITOi
nojicxembl U nonioxkum: W = X — U. Torna 3ajan hpyHKTOPUAIBHBIN
n30Mophu3M

D
Ew(X) = &

wcgop (X X Al),

UHIyTUPOBAHHBI MOP(MU3IMOM T—Ha,ZLCTpOfIKI/IQ.

(I1.1.4.2) Beipe3anue B Tomosiorun 3apucckoro. [lycrs X é Xo 2 Z —
cxeMbl B Sm/k rtakue, uro Xy orkpbiTo B X, a Z 3aMkHyTO B X.
Torna unaynuposannoe orobpaxenne i*: E7(X) = E7(Xy) asasercs
N30MOPQPU3IMOM.

(I1.1.4.4) Tomoronmueckast uncrota. [lycts Z C Y C X € Sm/k — 3amkmy-
TOE BJIOXKEHHE TJIaJIKuX MHoroobpasuii. Ilycrn takske N oboznauaer
COOTBETCTBYIOMIEE HOpMaJsbHOoe paccioenue naja Y, ig: N — B(X,Y)
nip: X — B(X,Y) cyrb KaHOHUYECKHE BIIOXKEHUS B TPOCTPAHCTBO Jle-
dbopmanum K HopMaJbLHOMY KOHYCYy Hal Toukamu 0 1 1, COOTBETCTBEHHO.

Torjpa nHAYIUPOBAHBI N30MOP(DU3MBL:

E2(N) £ E20m (B(X,Y)) 2 £7(X).

Onpenenenne I1.1.5. Hasosem ¢ynkrop F: Sm/k — Gr-Ab «xo-
20Mon02uMeckoll ncesdo-meopuetl, eclii OH JOIMYCKAaeT pacIiipeHne Ha Ka-

TErOpUIO TMap TOCPEJCTBOM HEKOTOPOH KOIOMOJIOTUYIECKOH ICeBJI0-TEOPUN

£:Sm’/k — Gr-Ab.

1356cn u namee monobuas HyMEpaIUsa YTBEPXKICHUHA OTCBIIACT YUTATEIA K COOTBETCTBYIOIIUM yTBEp-
JKICHUAM JUCCEPTAIAH.

23;{er u nanee, ecm W samkayTto B X, MbI Gyaem wacro 3amuceBarh (X, X — W) kak & (X) n
E4*(X,0) kak E5*(X). Takxe 3amernm, uro M o6osnauaer coorBercTByOMmMii ¢IBAT GHCTEIEHN.
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Paccmorpum Sm?/k — kareropuio nap (X,U), rne X € Sm/k u U —
orkpbiTo B X. O6osnauum uepes R: Sm?/k — Sm?/k dynkrop, jeii-
creyomuit Ha obbekrax no npasuiay: R(X,U) = (U,0), a na mopdusmax
— orpanuuenneM Mopdu3Ma nap Ha BTOPYIO KOMIOHEHTY. PaceMOTpUM Tak-
e rpajiyuposannbiii Gynkrop (cemeiicrso dbynkropos) EP?: (Sm?2/k)° —
Ab (p,q € Z), cHabXKeHHBII CceMefiCTBOM eCTeCTBEHHBIX MPeodPa3OBaHMIA:

oP4: EPd o R — EPYLY y yiosieTBOPAIONHil ClleyIoNieil aKCHoMe.

Akcumoma I1.1.8. (Jlokanusarus) ITycmos (U, () ER (X, 0) ER (X,U)

moppusmve 6 Sm?/k maxue, wmo j undyyuposano X 4 X Toeda caedyro-

waA ONUHHAA NOCAEAOBAMENBHOCTND MOYHA:

L Erx) L) D xS

JlobaBJisisi K puBeeHHBIM BhIlle akcuoMmaM Boipesanusi, ['omoTonnaeckoit
MHBAPUAHTHOCTH U ['OMOTOIIMYECKON YNCTOTRI, akcuoMmy JIoKaan3aiuu Mbl 110-
JydaeM ajredpo-reoMerpudeckuit anaaor akcrnoMm CruHpojia—Jitiendepra.

B GosbminHCcTBE CilydaeB MbI IIPEJINIOJaraeM HajJudue y Halleil Teopun Ko-

rOMOJIOTUIT MYJIbTUIIJIMKATUBHON! CTPYKTYPHI.

Onpeaenenne I1.1.15. Mbr Oyznem Ha3bIBaTh TOMOTOIMUYECKNA MHBAPUAHT-
ublit pyukTop (cemeiicrso dbynkropos) E**: (Sm?/k)° — Ab, yioBierso-
psttomnnii akcuomam Jlokanumzanuu, Beipesanus, ['omoronmyeckoit YuctoTsl n
00J1aJa0IINH MYJIbTHILINKATUBHOCTHIO, T€OpHeli KOrOMOJIOIUIA.

Haubosee BaxXHbIMHI J1J1sT TPAKTUKY IIPEMEPAMHU TEOPHUil KOPOMOJIOT U SIBJISI-
forest Teopun, npejcrasumbie T-criekrpamu. Mbi iposepsiem (em. 11.3.2), aro
JIJIST BCSIKOW 1IPEJICTAaBUMO¥ TE€OPUM BBIIOJIHEH Halll HabOp aKCHOM.

Cpen Bcex Teopuit KOTOMOJIONHH MOYKHO BbIJICJUTH BayKHBIN KJI1aCC OPUEH-
TUPYEMbIX TCOPUMA, UTPAIOIIUAN BEAYIILYIO POJIb B HAIUX JTAJIHHEHIIINX TTOCTPO-
eansix. OnpejiesieHneM 9TOro Kjacca Mbl ceiigac n 3aiimemcs. [lycrh jgomos-

HUTEJIbHO BLIIIOJIHEHLI CJICYIOIINE aKCHUOMBI.
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Axkcuoma I1.1.16. (ITepssiii kitacc YepHna) Jas 6cakozo sunetlinozo pac-
croernua L nad 2aadkum mrnozoobpazuem X Mvl MONCEM 6HODAML KAGCC
c1(L) € E*1(X) (naswsaemoviti nepevim xaaccom epna paccaoenua L), ma-
Kkot, wmo cemeticmeo c1(—) ydosaemeopaem caredyOuuM C60TUCMEAM:

a) Ecau L~ L', mo c1(L) = c1(L');

b) das moppusma f: X =Y, mor umeem: f*(c1(L)) = e1(f*(L));

c) c1(1) = 0 (Mw obosnauaem wepes 1 mpusuasvnoe aunetinoe paccroe-
nue).

d) c1(Op:(—1)) # 0.

Cuestyroniee yTBEpxKJICHAE, KaK CJICIyeT U3 Ha3BaHWHA, SBJACTCS CKOpPee
TeopeMoii, deM akcuoMoit. [eficTBuresbHo, st (DYHKTOPOB, IPE/ICTaBUMbBIX
T-crekTpamu, JJAHHOE YTBEPXKJCHUE CJICIyeT N3 CyIIECTBOBAHUS CTPYKTYPLI
Yepna. OnHaKO, TOCKOIBLKY MBI @ Priori HE IPEJIIONIaraeM MpeJICTaBUMOCTH,
MbI BBIHY2KJIEHbI J100aBuTh Teopemy o IIpoexkTuBusupoBantnom Pacciioenun B

CIINCOK aKCHOM.

Axkcuoma I1.1.18. (Teopema o IIpoekTuBusupoBannom Paccioenun)
ITyemov € — sexmopnoe paccaoenue panza r nad X . Obosnauum wepes P(E) 2
X npoexmususayuro eexmophozo paccaoenua E nad X . (Caoem makozo pac-
croenud nad moukot {x} 6 X A6AACMCA NPOEKMUSHOE NPOCMPAHCMEO NPi-
moix 6 caoe Ey.) Hycmo maxoce O(—1) — masmonozuueckoe aunetinoe pac-
caoenue nad P(E) u & = ¢1(O(—1)) — eeo nepswi xaacc Yepna. Tozda
Koavuesots 2omomoppusm @: EX*(X)[T)/(T") — E**(P(E)) maxoi, wmo
Olpxy = p° u p(T) = £ asarsemea usomopdusmom 2padyupocanmoir
EX*(X)-modyaet. Apyeumu crosamu, E**(P(E)) ecmv ceobodnmi E**(X)-
Modyaw ¢ bazucom 1,€, 62, ... €. Boaee mozo, ecau paccaoenue & mpusu-
aNDHO, 0MOOPAdCEHUE P — KOALUEBOT U3OMOPPHUSM.

Teopema o Ilpoekrupusupoanurom Paccioenun (TTIP) nossosisier nam
NPUMEHUTH pejyioxkennbiii ['porenukom [Gr| moxom K mOCTPOCHUIO BbIC-
IIIIX KJIACCOB depHa.

Onpegenenne 11.1.19. Mul nassisaem kosbdunuents ¢;(€) € E?(X) B
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COOTHOIIIEeHN N
=€) + o+ (<) e (E)E + (—1)er(£) = 0

Kaaccamu depHa BeKTOpHOTO paccioenus £. B gacTHOCTH, TIOCIEIHEE YTBED-
»kyieane teopembl 11.1.18 mokasbiBaeT, 9TO BCe KJacChl depHa TPUBHAJILHOI'O
BEKTOPHOI'O PACCJIOeHUs1, KpoMe HyJeBoro (co = 1), npuanMaior 3uadenue 0,
KaK U CJIeJ0BAJIO OXKUJIATh.

3 narrero onpejesieHns JIETKO cienyer (pyHKTOPUAILHOCTD KJIaccoB Uep-

Ha.

Onpepnenenne  11.1.21. Mbl  HA30BeM  TEOPUIO  KOIOMOJIOTHi
E**: (Sm?2/k)° — Ab, yjosiersopsioniyio akcuomam I11.1.16 — I1.1.18
opuenmupyemvim  Pynrmopom (meopueti). CoorBercrByioliee CeMeiHcTBO
HA3bIBACTCS  OPUEHMUPOSANHBLM, €CJI CTPYyKTypa YepHa 3sadukcupoBaHa.
Mpbi Takke OyJjieM Ha3bIBATH OPUEHTHPYEMO# Teopueil Cy»KeHue TaKoro
dbyHKTOpa Ha TOJIHYIO ToKareropuio Sm/k.

Mpb1 ucnosb3yeM Kiacchl UepHa JIJIst MOCTPOEHUs (PYyHKTOPUAJIBHOIO KJTac-
ca ToMa BEKTOPHOTO paccjoeHus Ha| ajaredbpandeckuM MHoroobpasuem. st
BEKTOPHOTO paccyioennsi £ paHra T Mbl pacCMaTPUBAEM IMOJMHOM UepHa, co-
OTBETCTBYIOIIHH TABTOJOINYIECKOMY JIMHEHHOMY PACCIOCHUIO HA ITPOEKTHBH-
saiun P(E)

r

(1) a&) =D (1) Fe_r(E)th.

k=0

[TogcraBisist B 3TOT MOJMHOM IEPBbIi Kiiace JepHa TaBTOJIOrHIeCKOro Paccio-
envst Ha P(E @ 1) MbI nosrygaem saement B Koromosorusx P(E @ 1), obmys-
FOIUiics ocsie orpanrdenusi #Ha koromosioruu P(E), T.e., aKTyaJbHO, 9JIeMEHT
B EY°(E) (em. 11.2.2). Hazosem nocseanuii snement kiaaccom Toma th(E) Bek-
TopHoro paccioenusi £. Onpeenennbiii Tak kjaacc Toma ¢gpyHKTOpUATIEH.
IIpennoxenne I11.2.4. Ilycmo f: Y — X — wmoppusm 6 rwamezopuu
Sm/k, a £ — sexmopnoe paccaoenue na X. Tozda umeem:

th(f*&€) = f*(th(€)).
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B paznesne I1.6 MmbI paccmaTpruBaeM pasindHble TEOPUU KOTOMOJIOIU 1 yCTa-
HABJIMBAEM, B HEOOXOMMMBIX CJIydasiX, WX OpHEeHTHpyeMocTh. Paszmen cojmep-
JKUT KaK MPUMEPDI «KJIACCUICCKUX» TEOPUil — dTajbHbIe KOTOMOJIOTUU W K -
TEOpHsI, TaK W (PYHKTOPOB, TMOSBUBIINXCS B TOCIEHUE TOJIBI — MOTHBHBIE KO-

romoJjioruu u ajredpamdeckue kobopauszmbl MGL.

B tpernbeit riaBe puccepranun Mbl (GOPMYIUPYEM M JOKA3bIBAEM PE3YJIbTa-
THI O KECTKOCTH JIJIsT PA3JIMYHBIX TEOPUH KOTOMOJIOTHit. 3/1eCh ¥Ke IOy IeHbl 1
OCHOBHbBIE TEXHUUIECKHUE CPEJICTBA JIOKA3ATE/IHLCTBA — IIOCTPOCHBI OTOOPAXKEHU 51
Tpatcdepa (roMoMOPGU3MbI IEPEHOCA) KaK B CJIydae OPUEHTUPYEMbIX TeOpHii
(¢ ucnosb30BaHKeM MOCTPOEHHOTO BhIIIE Kjacca Toma), TaK U B HEOPUEHTH-
pyemom ciydae (rpancdep Bekkepa—Torrimba.

PaccMoTpuM HEKOTOPYIO KATErOpuIo cxeM (TOMOJIOMMYECKUX MPOCTPAHCTR)
S HaJ| CBsI3HOM 6a30BOit cxeMoit (TpocTpaHcTBOM) B BMecTe ¢ HEKOTOPO#i Teo-
pueil koromoJioruii Ha 3Toit Kareropun E*: §° — Ab. Torma mMbr roBopum,
yTo Teopusi £* obnagaer orcecmrocmubio, €Ciin 11 BCAKON HEIIPUBOIUMO# cxe-
MbI (JIMHEHO-CBSI3HOTO MpocTpancTBa) X X B u3 S NpOU3BONIbHBIC CCUCHNUSE
00,01: B — X crpykrypHOro Mmopdusma x HHIAYIUPYIOT COBIIAJIAIOIINAE T'O-
momopdusmbl o = o : E*(X) — E*(B).

B «kJjlaccuueckoM» KOHTEKCTE aJiredpamdecKoil TOMOJOruN CBOMCTBO XKeCT-
KOCTH SIBJISIETCSI OUYEBUJIHBIM CJIEJICTBUEM TOMOTOIUYECKOW MHBAPUAHTHOCTU
bynkropa koromosoruit. OjHako B ajrebpo-reomerpuyeckoM ciyudae Al-
MHBAPUAHTHOCTH, BOOOIIE TOBOPsI, HE BJIeUET KEeCTKOCTh. DeHOMEH »KeCTKOCTH
MOZKET OBIThH YCTAHOBJIEH IIPU HEKOTOPDIX JIONOJHUTEIBHbBIX YCJIOBUIX (OpUEH-
TUPYEMOCTh, YCJIOBUE HOPMAJIU3AIINN, KOHEIHBIE KOI(DMUIMEHTDI ), HAJOKEH-
HBIX Ha Teopuio F*, a Takyke, BO3MOXKHO, TIOCJIE HAJIOXKEHUsT HEKOTOPDIX YCJIO-
BUIl Ha cedeHus (ITO UMEeT MECTO, HAIIPUMED, ITPU PACCMOTPEHUU YKECTKOCTH
JIJTsT JIOKAJIbHBIX TeH3eJIeBbIiX KoJtel). Ha npumepe ajrebpandeckoii K-reopun
HECJIOXKHO BUJIETD, UTO yke (pyHKTOp K7 ¢ nenbimu Koadduimenramu He 00-
JIQJIACT YKECTKOCTbIO, XOTs1 K-(DYyHKTOp W SIBJSIETCS OPUEHTUPYEMON TEOpH-
eil KOroMoJIoTuii Ha Kareropuu ajredbpamdeckux MHoroobpazmii. K nmpumepy,
u3 pesyabraros Cyciuna [Su| ciaegyer (cm. Takxke Teopemy 111.4.6, npuse-

JICHHYIO HUZKE), 9TO BBIMOJHEHHE YCJIOBUsI YKECTKOCTH BJieYeT M30MOphU3M



15

K;(F) =2 K;(G) nnst pacimpenust anredpandeckn 3aMKHYTBIX osieit F C G.
Tak Kak Jyist Besikoro nosist k Bepuo, uro: Ki(k) = k*, Mbl mostydaem mpoTu-
Bopeune: F' = G.

B To ke Bpewmsi, KaK HECJIOXKHO BHUETh, YKECTKOCTh SABJSIETCA 00Jiee «TOH-
KUM» CBOWCTBOM, Y€M T'OMOTOIMYECKas MHBAPUAHTHOCTH. VIMEHHO, BBITTOJIHE-

Ha cJjejylolias JeMMa.

Jlemma I11.0.1. Ecau ¢pynxmop F: (Sm/k)° — Ab ydosaemesopsem ycao-
suto oicecmrocmu nad 6a3o6uim muozoobpasuem Y = X x A, mo omobpa-
orcenue npoexyuu p: Y — X undyyupyem uzomopgpusm F(X) ~ F(Y).

Taxum 0O6pa30M, BBIITOJHEHNE CBOWCTBA KECTKOCTH JIJIsT BCEX MHOTOOOpas3uii
BJIEUET TOMOTOIMYECKYIO HHBAPUAHTHOCTD (pyHKTOpa F.

JLsi toKa3aTesbCTBa, TEOPEM >KECTKOCTU JIJIsi PA3JUUHBIX KJACCOB TEOPHit
KOI'OMOJIOTHIl TIPEJICTaBJISIETCsI YIOOHBIM BBECTH HEKWil CIeIUabHbIA KJIacc
(JYHKTOpPOB, Ha3bIBAEMbIi HAMU QYHKMOPAMU CO CAGODLMU MpaHchepamu 1
yOeIUuThCsI, UTO JJIsi TaKnX (PYHKTOPOB TeopeMa »KeCTKOCTH BepHa. Brocie-
CTBUU MBI JIOJI?KHBI OYJIeM JINIIb TTPOBEPSITD, SIBJISETCS JIK Ta WK WHAsT TEOPHUsi
(byHKTOpPOM €O CaabbIMU TpaHChepamu.

menHo, MBI OyaeM CTPOUTh M U3Yy4aTh (PYHKTOPHI KOI'OMOJIOIHUIECKOIO
THIA, CHAOXKEHHbIE 0TOOpayKeHusIMU TpaHchepa (T.e. 0TOOpAKEHUSAMHE, JIeii-
CTBYIOIIUMHU B «HEECTECTBEHHYIO» CTOPOHY ) JIJIsT HEKOTOPOro (hUKCUPOBAHHOTO
kiacca Mopdusmos € C Mor(Sm/k).

Hwuxe paccmarpuBatorTcst Tpu BapuanTa Kjacca €. Kjacc BCEX MPOEKTHB-
HBIX MOPDU3MOB Chyoj, KJIACC KOHEYHBIX MPOEKTUBHBIX MOPPU3MOB Chfiy, J1-
00, HAKOHEIl, UTI'PAIOIINI Ba>KHYIO POJIb IIPH PACCMOTPEHUN HEOPUEHTUPYEMOI'0
cay4dasi, KiIacC Clyiy, KOTOPBI MBI OIpeIeuM HuKe. Mbl Tak»Ke Mpe/inosiara-
eM, 9T0 MOpP(U3MbI BCEX BBINMIEYIIOMSIHYTBIX KJIACCOB CHAOXKEHbI HEKOTOPOit
nexommosuipeii. Touanee, snementamn kiacca Chroj (Cpfin) SBJISIOTCA HAPHI
f7: X — 'Y, rne npoektuBnbiii Mophusm f: X — Y pazjioxkeH B KOMIIO3M-
muio f: X SyxPrBye 3aMKHYTBHIM BJIOYKEHUEM T U ITPOEKIneit p.

Onpegenenne II1.1.1. O6o3znaunm depes Ciyy KIACC OCHAIIEHHBIX MOP-
dbusmos (f,7,0) tae aust f Beibpano pasioxkenne f: X S Y xAr By
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TAKOE, 9TO T — 3AMKHYTOE BJIOXKCHUE C TPUBUAJILHBIM HOPMAJBHBIM PACCIIO-
enneM Ny ypn/x, p — Mopdusm npoekiun, a ©: Ny, uny = X x AV —
TPUBHAJIN3AIMAA HOPMAJILHOTO PACCJIOCHUS.

[Tycrs F: (Sm/k)° — Ab — kourpasapuanthbiii dyakrop. IIpemnoso-
kuM, 910 i Begkoro E-mopdmsma fT: X — Y 3amano orobparkenue
fi: F(X) — F(Y) nazsiBaemoe omobpasicenuem mpancgepa, Takoe, 9ro ce-
MeIiCTBO BCEX TaKUX OTOOPaXKEHUH YI0BJIETBOPsieM HUKEIIPUBEIEHHBIM CBOi-

CTBaM.

Csoiicto I11.1.4. (TpaucBepcanbHas 3amena 6a3wi) /Jia a0bozo €-
T

moppusma f: X — Y, cnabocennozo paszaooicenuem X — Y X Z — Y

(30ect u danee Z = Pl uau Al, 6 zasucumocmu om mozo, xaxoti xaacc €

pacemampueaemes) u moppusma g: Y' —'Y maxozo, wmo xeadpam

X =V xy X TV x Z

g’l lgxid

X—" =Y xZ

MPanceepcaret, duazpamma:

KOMMYMamueHa.

Csoiictso II1.1.5. (PunurHag agguruBHocTb) [Tycms X = XoU X5 €
Sm/k — wecsasnoe obsedunenue noommozoobpasut Xg u Xy, en: Xy <

X (m =0,1) cymv coomsemcmsyrousue mopdusmos eroocenus, a (f: X —
Y, 7,0) € € (codim f = d). Iloaaeasn fm) = (f ©em, T 0 en,Olx, )1, umeem:

foreq + friel = fu.

Csoiicto II1.1.6. (Hopmasm3samus) ITycms f =id: pt — pt. Tozda das
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6CAK020 PasAoHCenuA Pt <> Z — Pt U NPou360AbHO GuOPaNHOT MPUEUAIU-
sayuu © omobpascenue (f,7,0): F(pt) — F(pt) moorcdecmeenno.

Omnpenenenne I11.1.7. Dyukrop F: (Sm/k)° — Ab, cuabxkeHHbIl 1151
nekoero kiacca Mopdusmos € cemeiictBom Tpancdepos {fi}ree, ymosie-
TBopsitorux yeiousim 111.1.4-111.1.6, naswiBaercs ¢ynrmopom co caabvimu
mparnchepamu IJIsT STOr0 KIIacca.

Mbr jloKa3bIBaeM, 4TO JJIsT BCSIKOTO (DYHKTOPa €O CJIabbiMU TpaHchepamn

BBITIOJIHEHA T€OpEeMa KECTKOCTH.

Teopema II1.4.5. (Teopema 2Kectkoctu) Iycms F: (Sm/k)° — Ab
— 20MOMONUNECKU UHBAPUAGHMHBIT YHKEMOP CO CAabBLMU Mpanchepam, Ors
kaacca €. Ipednosootcum makoice, wmo noase k anrzebpauvecku 3aMEHYMO U
nF = 0 dasa nexomopozo namypasvrozo n ezaumno-npocmozo ¢ Chark. To-
2da, Oasa 2100020 2n00%K020 Henpusodumozo mHuoz2000pasus V. u deyr npous-
6oAvHOLT k-payuonasvuoir mover vy, vy € V (k) undyyuposanmnvie omobpa-
orcenun vy, vs: F(V) — F(k) cosnadarom.

Ucrosib3yst IpaKTHUECKH Te YKe paccykKieHusi, 4To u B crarbe Cycsuna [Sul,
MBI TIOJIy9aeM CJeayoliee CaeJCTBUe, MOJe3HOe s BRITUCIeHUI SKCTPaop-

JIMHAPHBIX TEOPHUI KOIOMOJIOIUI I Pa3/JNIHbIX MHOI00Opa3uii.

Teopema I11.4.6. (maxowce I11.4.7) Hycmo F: (Sm/k)° — Ab — 2o-
MOMONUMECKU UNBAPUAHMNOIT GYHKMOP, OAA KOMOPO2O GHINOAHENHA MEOPE-
ma orcecmrocmu. Tozda dasa pacuwupernus anzebpauvecky 3aMEHYMvLT noset
k C K u ecaxozo zaadkozo mnozoobpasua X € Sm/k ecmecmeennoe omoo-
pagicenue 3amenv, bazv ™ : F(X) — F(Xg) ecmv usomoppusm.
Texnunueckoe «sipoy» miiapbl 11l mpejcraBisiior KOHCTPyKInM TpaHcdepa
JUTsT Pa3IUIHBIX KJIaccoB (pyHKTOPOB. [ljisi opueHTHpyeMbIX Teopuii MbI CTPO-
M Tpancdep g knacca € = Clpoj, UCHONB3Ys ONpeJe/ieHHbl B riase 11
kiaacc Toma. Paznarasi npoekTuBHBIE MOPGDU3M B KOMIIO3UIIMIO 3aMKHYTOI'O
BJIOXKEHUSI W IIPOEKITNH, OIpPeIesinM crepBa romomopdusm ['usuna, s BJ10-

xkenwust (cm. maparpad I11.2.1).
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IIycts 7: X < Y — 3aMKHyTOE BJIOXKEHHE KOPasMepHOCTH d TyIaJiKux k-
mHOr006pasnit n mycrs N' = Ny x — COoOTBeTCTBYyIOIIEe HOPMATBLHOE PACCIIO-
eHue.

[Tycts B = B(Y, X) oboznauaer gedopmanuio X K HOpMAJILHOMY KOHYCY
BY (cm. npusoxenue A). Torya MOXKHO TIOKa3aTh, 4TO:

* % ig *, % iy * %
(2) EY (N)~=EY (B)—EY(Y).
2
Hanomuum, uro th(N) € EX(N) obosnauaer xiacc ToMa HOPMAIBHONO
PACCIOCHUSI.

Koncrpykiua—Onpeneaenne I11.2.2. Onpegenum orobpakenne I'm3nna,

71 KaK CJIEJIYIONLYIO TEMOYKY OTOOparKeHui:

~th(N)
—

Er2drd( x) EF(N) % EY(Y) SEAN Ex*(Y),

rie j: (V,0) — (V.Y — X) u — th(N) oboznauaer KOMIO3UIUIO KAHOHHU-
qeckoro nzomopduzma (s*) 1 B (X) S E**(N), uuaynupoBaHHOro HyJe-
BBIM cedennem paccyoenust N u ymuoxkenust Ha knace Toma th(N).

st orobpazkenust npoekinu (Y x P") — Y romomopdusm rpancdepa
MOKHO 33]aTh KaK MPOEKIIMIO Ha HpsMoe ciaraemoe E*~2%*~"(Y) 5 rpymme
E**(Y x P"), cymecrsytomiee 6aarogapst TIIP.

K coxaJjienuio, 3Ta «HaWBHAs1» KOHCTPYKIIMs JIaeT, BOODIIE TOBOPs, HeyHK-
TOPUAJBLHOE UTOrOBOe OToOpaxkeHue TpaHcdepa (3a UCKIIIOUEHUEM CJIy4Yaes
TeOpuil ¢ aJIUTUBHON (pOpMaTHLHOI prnnoﬁ). Xotst 3T0T jieheKT U HE MelaeT
HaM B JIOKa3aTebCTBE TEOPEMbI KECTKOCTH, 1T032Ke, IIPU PACCMOTPEHUN TeOpe-
MBI JiBoiicTBeHHOCTH [lyankape HaMm moHa 00saTcsa PyHKTOPUAJIbHbBIE TPpaHCdEe-
pol. «I[IpaBuibHast» KOHCTPYKIHSI, UCIOIBL3YIOMast (GOPMATLHBIA IPYIIIOBOM
3aKOH, COOTBETCTBYIONINI paccMaTpuBaeMoil Teopun, ObLia HaiijeHa B pabo-
te [Pal.

OcHacTuB HAIy OPUEHTHPYEMYIO TEOPHUIO TpaHchepaMy OIMUCAHHBIM BhIIIE
00pa30oM, HECJIOXKHO MPOBEPUTH, UTO B MUTOTE MbI IOJy4daeM (DYHKTOP CO CJia-
Opimu Tpanchepamn aa knacca Cpan n paxke Chpoj. Cityuail HeopueHTHpPYe-
MbIX Teopuit bosiee jenmkaren. Kak 6bu10 nokasano B [Pal, nasnune rpancde-

POB JIJIsi BCEX IPOEKTUBHBIX MOP(MU3MOB BJieYeT OPUEHTUPYEeMOCTh. [loaromy
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MBI HE MOYKEM PACCUUTHIBATH HA IMOCTPOEHUE TPAHCGEPOB st TaKUX OOJIbITNX

KJ1accoB MOpdu3MoB. OIHAKO MOXKHO JIOKA3aTh CJAEIYIONLYI0 TEOPEMY.

Teopema II1.3.1. Bceaxas xozomonoeuveckan ncesdo-meopus E, sadannan
Ha KaAMe20PUL Sm” /K nap mmozo00pasuti nad an2ebpauMecku 3amMKHyMbILM
noaem k, moorcem 6vimov ochawena mpanchepamu 0aa Kaacca Mophuamos
Clriv, NOCAE €20 OHA CMAHOBUMCA DYHKMOPOM CO CAGOLLMU MPaHchepami
A 2M020 KAacCa.

[Ipexxjie Bcero, mocTpouM TpaHCdepbl ¢ HOCUTEJEM It 3aMKHYTBIX BJIO-

; f
wenuit. Ilyctb W — X < Y — 3aMKHyTble BJIOXKEHUS TaKHe, UYTO

W, X,Y € Sm/k u (f,0) € Ciyy, xopazmeproct n. Onpejesum orobpa-
wenne (f,0): Ey(X) — EI[Z](Y) PaccMoTpuM, BO-IIEPBLIX, CJIEYIONIUE
M30MOP(OU3MBL:

(3) ow ()1 B (X) 2= Byl () (X x A") -2 BRI x).

Ha ciaeaymomemM Hiare Mbl IOJIb3yeMCA CBOMICTBOM I'OMOTONMNYECKON YUCTOTHI.

Paccmorpum oTobpazkenue:

(4) v B (Nyyx) % Byxa (B(Y, X)) 5 Ew(Y).

Onpenenenne 111.3.2. Kowmmosuiumio nmocrpoeHHBIX 0TOOParKeHUI:
(5) (, O = xwew(©): Bw(X) = E(Y)
MBI OyzieM Ha3biBaTh TpaHcdepom Bekkepa—Tortimba i 3aMKHYTOTO BJIO-
weuus f ¢ vHocuresem W.
B ciiyuae W = X wmbl OyjieM omyckaTh ylioMUHaHWEe O HOcuTese. Kak Jierko

BUJIETh, 33/IaHHBINA TAKUM 00pa3oM TpaHchep KOMMYTHPYET ¢ 0TOOparkeHueM

pacimpenusa HOCUTEJICH.

Koucrpyknusa—Onpenesenne 111.3.4. Ilycrs teneps (f: X — Y,0) €
Ciriy — MOP(}U3M OTHOCUTEJIHLHON pa3sMepHOCTH d, CHAOYKEHHBIH Pa3/I0yKeHIeM
XSy xAarbye 3aMKHYTBIM BJIOXKEHHEM T U 1poekimei p. Mbl onpeje-
asiem Tpancdep Bekkepa-Tortimba (f, 7, 0); ciepyomum obpasom. Pacemor-

J
pUM CTaHZapTHOE OTKphITOe BioxkeHune A" < P" n 0b03HAINM JIOMOJHEHNE
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K A" gepes Py,. Caeayromue Mopdu3MbI ITap WHAYIHPOBAHBI CTAHIAPTHBIMI

BJIO2ZKCHUAMMN:

(V x A")x 35 (v x Py & (V X PV Y x Po) B (V x PPy &5 (Y x A"y

[Tockonbky mMopdusm B oroxjecrsisier Py, € BbIJeJEHHBIM (OECKOHEUHO-
o0
yJaJeHHbIM ) ceuenneM Jineiinoro paccioenns P — {0} na P"~1, on nnjrynu-

pyeT u30MOpGU3M Ha IPyIIax KOroMOJIOruii
B BEy(Y xP) S E(Y X P Y x Py).
Mopdusm jx unaynupyer n3oMopdu3M BbIpe3aHuUst
ji Ex(Y x P") 5 Ex(Y x A").

Ompejesim orobpaxkenue (f, ©); Kak CJIELYIONYI0 KOMIO3UIIUIO:

7,0) n
(6)  BX)ZEly « any

rje X" obozHadaeT nzomopdusM, 0OpaTHbIl K n-KpaTHO T-HaJIcTpoiike.

3B (%) (o]
EYx {0}

(¥ % A (),

OcrasbHas dacTb pasjesa I11.3 nocssiiiena mpoBepKe ¢BOMCTB (hpyHKTOPa €O
caabbIMU TpaHChepaMu.

MbI paccMOTpesin TeOpeMbl KECTKOCTH JIJIsT MHOr0OOpasuit HaJi ajredpau-
YeCKM 3aMKHYTBIMH MOJISIMU W UX NPUMEHEHHEe K 3aJiade BbIUUCICHUS KOT'O-
MOJIOTH# aJredpandecku-3aMKHYTOTO 110J1s1. CJie/Iy oM 110 CJIOKHOCTH DTa-
MOM JIOJIKEH ObITh Iepexoj K PacCMOTPEHHUIO JIOKAJbHBIX KoJiell. B pasjie-
e 111.5 MBI j0Ka3bIBaEeM, 4TO JIst 6OJIbIIOro Kiacca Al-mpencraBuMpix Teo-
puif, BKJIIOYAIONIEro, B YaCTHOCTH, BCE OPUEHTHUDPYEMbIE TEOPHUHU, BBIIIOJIHE-
HbI TEOPEMbI >KECTKOCTH aHaJIornyHble jokasantbiM [abbepom [Gal, 2Kuiie—
Tomacconom |GT| u Cycnunpim ayist K-reopuu.

Teopema II1.5.3. Ilycmv k — Oeckoneunoe nose u nycmv R — 2en-
3ENE60 NOKAABHOE KOADUO CYULELCMBEHHO 2400K0€ HaD k ¢ nosem 4acmHvlT
Frac(R) = F. IIpednonrosicum, wmo E = E** — xonmpasapuarmuoii 6uzpa-
dyuposarnvili Pynrmop na xamezopuu Sm/K, npedemasumvili 6 cmabusorot
Al-z2omomonuneckot xamezopuu v ydosaemeoparowuti yeaosuo LE =0 daa

nexomopozo £ € N, obpamumozo ¢ R. IIpednonoscum, boaree mozo, wmo E
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HOPMaAU306aH o omuowenuto ¥ noao F (cm. onpedeaenue II1.5.8 nwuorce).
IIyemo f: M — Spec R — 2aadkuti adpunmoids mopdusm (wucmoti) pasmep-
nocmu d, So,S1: Spec R — M — dsea ceuwenus moppusma f maxue, wmo
so(P) = s1(P) 6 samxnymot moure P agdunnozo cnexmpa Spec R. Tozda

dsa omobpasicenus® E(M) i E(Spec R) cosnadarom (i = 0,1).

Omnpenenenne II1.5.8. (Hopmasmzarusi) Mbl roBopuM, 4TO MCEBJIO-
teopusi F: Sm/k — Ab yjuoBierBopsier yCJIOBUIO HOPMAAU3AUUL TS Ce-
napabesibHoro paciimpenust noseit K/k, ecau st Besikoro A € K* aBro-
vopbusm S A Sr: E(K) — E(K), ungynupoannbiii A-romorerneii Al
SIBJISIETCsT TOXK IeCTBEHHBIM. MbI Ha3biBaeM (byHKTOP K Hopmasu3osarovLm 110
OTHOIIEHUIO K HEKOTOPOMY TIOJIIO k, €CJIM OH YJOBJIETBOPSIET YCJIOBUIO HOPpMa-
JIU3AIUH [IJIsT BCSIKOTO KOHEUHOTO cermapabesibHOrO pacHIinpeHnsi 3TOro MOJIs.
Yeqoue I11.5.8 siBiisiercst ocsiabjienneM ycjioBusi OPUEHTUPYEMOCTH U WC-
MOJIB3YETCsT JIJIs [MOCTPOEHUsT TpaHcEepoB B Ciydae HEOPUEHTUPYEMbBIX TeO-

puit. B obmem ciydae, cyiiecTByeT cJie/lytonuit yjooHblit KpuTepuii.

Jlemma 11.4.6. IIpednonosicum, wmo omobpasicenue i*: E(P3) — E(PL)
UHOYUUPOBAHHOE HEKOMOPUIM (4 3HAMUM, U A100bLM) CIAHIGPMHBM BA0IHCE-
nuem P — P2 criopsexmueno. Toeda dynxmop E ydosaemeopsaem ycaocuio
HopMasusauuy, dai noad K.

IIpumep 1. Besikast opueHTHpyeMast TEOPHUsT KOTOMOJIOTHI yIOBJIETBOPSIET
YCJOBUIO HOpMaJim3amuu HaJj, jgio0biM nojeM. 3 TIIP umeem uzomopdusm:
Y

E(P%) = E(Spec K)[z]/(z"™). Tpumenss semmy 11.4.6, nosyuaem xejae-

MoOe€.

ITpumep 2. PaccMorpuM CHIIbHYIO (aHAJTMUTUYIECKYIO) TOMOJIOIHMIO Ha Belle-
crBennoit nmpsamoit R. JleiicrBue, mHaynupoBaHHOE yMHOXKEHHEM Ha —1 (To
ecTh, jeiicreue mMaTpuibl diag(—1,1)) Ha BelecTBeHHONW MPOEKTUBHOM IMpsi-
moit RP! = S, oueBmno, neroxaecrenno B koromosorusx H(RP!, Z).

3HaHOMHI/IM, YTO 3/1€CHh U JAJIee MBI IIPEANOJAraeM, 9TO 00JIacTh onpeaeneHus Teopun E pacmmpsercs
Ha po-00bekThl. B yacrnoctu, nosnaraem: E(Spec R) := limE(X;), nockonbky Spec R = imX;, rue X; €
— —

Sm/k.
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Caencreue II1.5.5. Ilyemv X € Sm/k, 2de nose k maxoe orce, xax u
svie, V. — 2nadroe mmozoobpasue wad k, P € V(k), u F = Frac(Ofp).
ITyemov maxorce (kax u 6 meopeme I111.5.3) E asasemcea npedcmagumoti meo-
pueti Kozomonrozut maxoti, wmo LE = 0 das nexomopozo £ € N, obpamumozo
6 F. Ecau omobpaoicenue E(P%) — E(PY,), undyyuposannoe odnum u3
cmandapmnsis erooicenut P — P2 — snumopdusm das 6carozo xomeunozo
cenapabervrnozo pacwuperus noset L/ F, mo omobpascenue

E(X Xgpeck Spec O, p) = E(X)

— udomoppusm. FEcau meopus E npedcmasuma kommymamuenoim Konib-
uesvim T-cnexkmpom, docmamouno nposepumd YcA08UE INUMOPHHOCTIU ONA
X = Speck.

Metonka jokazaresbcrBa Teopembl 111.5.3 cocTouT B cBejlennn ee yTBep-
JKJIeHNs] K HEKOTOPhIM (opMaM TeopeMbl »KEeCTKOCTH HaJ| IMOJsiMi. Bo3Hu-
KaloIasi TPYJAHOCTh, M0 CPABHEHHUIO C PACCMaTPUBABIINMCS PaHee CJIydaeM,
3aKJII0YAETCA B TOM, UYTO B Ka4ueCTBE OCHOBHOI'O IIOJIsI HAM HEOOXOIUMO WC-
0JIb30BATD I0JI€ YACTHBIX JIOKAJILHOI'O IeH3ejieBa KoJibla. I[ocKoIbKy Takoe
noJie (3a UCKJIIOUEeHUEM TPUBHAJIbHBIX CJIyYaeB) He SIBJISETCS aaredpanvecKu
3aMKHYTBIM, 9TO IIPUBOIUT K HEOOXOIMMOCTH MUCIIOJIb30BaHUsI 00J1€e CJI0MKHBIX
MeTOJI0B. B 4acTHOCTH, OKa3hIBAETCST BaXKHBIM PACCMOTPEHNE YCJIOBUST HOPMA-
ausannn. Texunka nokazarenbcrsa 111.5.3 oruacTn onupaercs na njgen I'aboe-
pa n CycjuHa, KCI0JIb30BaHHbIE UMH B JIOKA3aTEJIbCTBE TEOPEMbI »KECTKOCTH
nnst K-reopun. Onmaxo, 6osiee obmas (M, COOTBETCTBEHHO, MEHEE CHIIbHA)
KOHCTPYKITUsSI TpaHcdepa TpedyeT CyIecTBeHHO 0ojiee TOHKOW TeXHUKH.

[TocKoJIbKY yCJIOBHE HOpMAJIM3aIliK BLIIIOJIHEHO JJIsI BCEX OPUEHTUPYEMbIX
Teopuit, yrBepxxKaeHue teopembl I11.5.3 sBisiercs g HuUX JoKa3aHHbIM. B
HEOPUEHTUPYEMOM CJIyUuae Mbl MOXKEM IIPUBECTH B KaUeCTBE IPUMepa I'PYIIIIbI

Banbmepa—Burra ¢ nnjpekcamu 1 u 2.

SAMEYAHUE II1.5.14. VrBepxkjaeHue Teopembl 0 COOCTBEHHOI 3aMeHe Oa3bl,
CYIIECTBEHHO UCIIOJIb3yeMOe B J0KazaTebeTBe Teopembl 111.5.3 npegcrasiiser,

[0 CYTH, YACTHBIN CJayYail TeOPEMbl XKECTKOCTH JIJId 9TAJbHBIX KOTOMOJIOTHIA.
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B mocnenneit riiaBe guccepTanun MbI JIOKA3bIBAEM TEOPEMY JIBOWCTBEHHO-
cru Tlyankape Jyist MpejiCTaBUMbIX OPHEHTUPYEMbIX Teopuii (Ko)romosioruii
Ha KaTeropuu ajredpandecKux MHOTroobpasuii. Mbl HaunHaeM ¢ ompejieseHust

dyHIaAMEHTATLHOTO KJIACCA.

Omnpenenenne IV.1.1. Ilycrs napa (€,7y) siBisieTCst ODUEHTUPYEMbBIM CHM-
METPHHIECKIM KOJIbIeBbIM T-crekTpom®. Torma, Just TIaKoro IpOeKTHBHOTO
MHOroobpasusi X, CHaO»KeHHOI'0 CTPYKTYPHBIM Mopdusmom w: X — pt, Mbl
naspiBaeM aement 7 (1) € B (X) dyndamernmanvrom xaaccom X n obosHa-
qaem ero depes [X]. Takum obpazom, dyHaMeHTAIbHbIA KJIACC TPUHUMAET
3HAYEHHUE B aCCOIMNPOBAHHOI co criekTpoM &£ Teopun romosioruit Fy. Mcnob-
30BaHHAs B JAHHOM OIpeJeJeHr: KOHCTPYKINs TpaHcdepa st TOMOJIOTHI
HEe PacCMaTPUBAETCS B JIMCCEPTAIMK, HO CTPOUTCS aHAJOTMIHO KOTOMOJIOIH-
qeckomy ciaydato (eM. [Pi]). 3uech Takke HeSBHO MCIONB30BAHA €CTECTBEH-
Hasl JIBOMCTBEHHOCTDb HYJIEBBIX IPYIII T'OMOJIOIHAI W KOI'OMOJIOIHAH 0ObeKTa pt.

Omnpegennm oToOparkeHnsi JBONCTBEHHOCTH CJIEIYIOITIM 00Pa30M:

(7) D*: E*(X) = E.(X) xak D*(a)=a ~ [X]
(8) D.: E.(X) = E*(X) xak D.(a) = A(1)/a.

(Baech A oboznauaer Mmopdusm jraronasi.) Bee HeobxoqumMblie KOHCTPYKIUHI

IIPOM3BEIeHNII IPpUBEIeHbI HaMu B pasjesie 11.5 aucceprammm.

Teopema 1V.1.3. (ABoiicrBennocts Ilyankape) I[Tycmo (€,7v) — opu-
EHMUPOBAHHBLT cummempuieckutl xKoivuesot T-cnexmp. Toeda, das npous-
60ALHO20 NPOEKMUBH020 MH02000pasus X omobpascenus D® u D, asaaromes
63AUMHO 0OPAMHLLMU U3OMOPHUSMAMU.

[Top3ysich yTBep:KIeHHEM TeopeMbl JBoiicTBennocTu Ilyankape, Jierko mo-
JyauTh GopMyIibl [ist TparcdepoB (roMoMopdu3MOB ciiefia), B TOM e BUJe,

B KOTOPOM OHHM YaCTO BO3HUKAIOT B TOIIOJIOI'MH.

43701 pPe3yIbTaT MOYKET OBITh JOCJOBHO MEPEIUCAH JJIsi OPUEHTUPYEMBIX T€OPUil 6e3 MPearnoI0KeHus
IIPEICTABUMOCTH.
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Caencreue 1V.1.4. s npoexmuenvir muozoobpasut X,Y € Sm/k u
moppusma f: X —Y, noroostcum:

f=D/f.Dx u [ =DYfDl,
2de Dx u Dy obosnanarom onpedesernvie 8viuLe 0nepamopv, d80UcmeeHHocmu
orsa mrozoobpasuti X u'Y .
JlokazarebCcTBa KaK TEOPEMbI, TaK U CJIeJICTBUs, 0a3UpYIOTCs Ha IBYX (Op-

MyJIaxX MPOEKIIUU, CBA3BIBAIOIIUX TpaHcdepbl st (KO)roMOoJIOruil ¢ pasJimd-

HBIMU ITPOU3BEIACHUIMMU.

Teopema IV.1.5. (IlepBasi dopmyna npoekuuu) Jas X, Y € Sm/k,
npoexmuenozo moppusma f:Y — X, npoussosvhuix asemenmos o € E*(Y)

ua € FE(X), 6 epynne E(X) evnoaneno coommnowenue:

fula~ f(a) = fila) ~ a.

Teopema IV.1.7. (Bropaa dopmyna npoekuuun) IIycmo, kpome mozo,
W eSm/k, a F =id xf. Tozda, dns ecaxur o € E*(W XY) ua € E,(X),
umeem (6 E*(W)):

a/f'(a) = Fi(a)/a.

JlokazarenbeTBa 006enx pOPMYJ IPOEKIUH JOCTATOYHO €IMHOOOPa3HBI, MBI
CKarKeM JIITb HECKOJIbKO CJIOB O 1epBoil (popmyiie.

Omnpenennm U Kak Kjacc TPOeKTUBHBIX Mopdusmo f: Y — X B pac-
CMaTPUBAEMON KAaTeropuu, Jijist KOTOpbIX B rpyie F, (X)) s npousBosibHbIX
ssiemenToB « € E*(Y') u a € E.(X) BbINOJIHEHO COOTHOTICHHE:

(9) fila ~ f(a)) = fila) ~ a.
O4eBuJIHO, BBEJICHHDII KJIACC 3aMKHYT OTHOCUTEIHLHO KOMIIO3UIIH.

Mui nokasweiBaem Teopemy IV.1.5 B HECKOJIBKO 3TAIOB, IOCJEI0BATEIHLHO

YCTaHABJIMBAs, UTO CJIEJIYIONUE KJIacChl MOP(U3MOB JiexkaT B KJiacce *U.

e HyueBble cevuenust suneiinbix paccioenuit: s: Y < P(1 @ L);
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SaMKHYTbIe TUBA30PHAJIbHbIE BioxKenus ¢: D < X;

HysieBble cevennsi KOHEUHBIX CyMM JIMHEHHBIX PACCJIOCHUI:

Y S PABLOLD - B L,);

HysneBble cedenusi MPOU3BOJIBHBIX BEKTOPHBIX paccioeHuit: s: Y <
P(1a@V);

e 3aMKHYyTbIe BjoxkeHus i: Y — X;

e IIpoeknnu p: X x P" — X;

15t ToKazaTeIbCTBa HAIIErO YTBEPKJICHUsT JIJIsT TIPOU3BOJIBHBIX BEKTOPHBIX
paccjioeHnit HaM 1oTpedboBaJIOCh CPOPMYIUPOBATH U JIOKA3aTh TOMOJIOIHYE-
CKy10 (pOpMY TIPUHIIAIIA, PACIICIIICHNS.

HeckoibKo 0COOHSIKOM CTOWT TIOCJIEIHMN pas3ies deTBepToii riapel V.4, B
KOTOPOM MBI IPUBOJUM JIOKA3aTEIbCTBO TEOPEMbI JBOMNCTBEHHOCTH JIJIS Ka-
TErOPUK MOTHUBOB. DTOT pas3jies 00s3aH CBOUM IOSIBJICHUEM IOIBITKE HAIIH-
caTh HE3ABUCUMOE JIOKA3aTEeJIhCTBO TEOPEMbI JBOMCTBEHHOCTH B0eBOjICKOIro—
Opuyianiepa [FV| s nponsBosibHON XapaKTepUCTUKH OCHOBHOTO 1OJIsi. Ta-
Kasi 00o0OIIeHHas TeopeMa, ciejyer yxe n u3 IV.1.3, HO ucnosb3oBaHue cre-
UpUIECKUX MTOJIE3HBIX CBOWCTB KATErOPUHM MOTHUBOB IO3BOJISIIOT HAM IOJIY-
YUTH MPOCTOE JI0Ka3aTe bcTBO. Pustocodust JI0Ka3aTe/bCTBA BOCXOJIUT K HIe-
sm Jlosba—Ilynme [DP] — ux kareropaomy mojxojy K (heHOMEHY JIBONCTBEH-
HOCTH B TOIOJIOI'WH.

31ech MBI OyeM MOHMMATH [T0J TeOpHeil MOTUBOB KOBAPUAHTHBIN (DYHKTOD
M: Sm/k — 901 u3 kaTeropuu rIaJKUX ajaredpandeckux MHOrOOOpas3uii Hal
noJjieM k B TEH30PHYIO TPUAHTYJIUPOBAHHYIO KATETOPHUIO, TIEPEBOJISIIII TPO-
nU3BeJeHne MHOT00Opas3nii B TeHsopHoe mnpousseenue. OboznaduM depes3 Z
obbekT M (pt) € Ob 9. Mbr Takske npejmosaraeM, 9To B Kareropun I 3a-
dbukcupoBan obparumMblii 06bekT Z(1), HazbiBaembliit 00bekToM Taiira. Bymem
0bo3HAYATH TTPOU3BEeHNs N comHokuTesed Z(1) ® - - - @ Z(1) uepes Z(n), a
npoussesiernst Buga M ® Z(n) — aepe3 M(n).

Host muoroo6pasust X Mbl 6yjgem HasbBath 00bekT M (X) xareropmn I
(opuenmupyemoim) momusom X, a cam dyukrop M — (opuenmupyemoti)
meopuett Momueos na kamezopuu Sm /K, eciin BHITOJHEHBI HUKECIE LY IONIHe

AKCHUOMDBI.
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e Akcuoma cokpaimeHus. J[jisi BCIKOro 1eoro 9nucia ¢ u IpOu3BOJIhb-
HbIX MHOrooOpasuit X u Y u3z Sm/Kk cyuiecrByer KaHOHUYECKHUii U30-

Mopdu3M
Homan(M(X), M(Y)) ~ Hormm(M(X)(q), M(Y)(q)).

e Akcumoma TpaHcdepa. st BCIKOrO HMPOEKTUBHOIO pPaBHOPa3Mep-
HocTHOro Mopdusma f: X — Y kopaszmeproctn d = dimY — dim X
3aJ1aH MOP(U3M MOTHBOB

fir M(Y) = M(X)(d)[2d]

byHKTOPHAJIBHBIH OTHOCHTEJILHO YKA3aHHOTO KJIacca MOPQHU3MOB, TO
1/. . ! I pl!
ectb f(id)=1id u (fg9) =g f.

e Akcmoma 3aMeHbI 6a3bl. []Jisi BCIKOTO TPaHCBEPCATBHOTO JICKAPTOBA

KBa/JIpaTa:

X,—§>Y/

il
9
X —Y,
C MIPOEKTUBHBIMKU PaBHOPa3MEPHOCTHBIMEU MOpdusMamu f u f, BbIIOJ-
5 o~ !
HeHo cootHotenue’ : g, f° = f g, B Kareropun M.
¢ Akcuoma corstacoBanHocTu. Ilycts F': X X 7 — Y X Z oboznauaer
Mopdusm f X id gy Hekoroporo mopdusma Maoroodopazuii f: X — Y,
JUTsT KOTOPOT'O OTIpeieieH Tpancdep 1 MPon3BOJIbHOIO MHOT0OOpa3ust Z .

! |
Torna B kareropun 9N BoINONHEHO cooTHOIeHne F™ = f* ® 1.

st 3a1anH0 Teopuu MOTHBOB M ompejiesiuM IPYIIILI TOMOJIOIUI U KOIO-

MoOJIOTHuil creyiomum obpaszom. ITosoxum:
HM""(X) := Homgy(M (X), Z(m)[n])
v HM,,, (X) := Homgn(Z(m)[n], M(X)).
Haubosee BaxkHBIM JIJIT HAC TPUMEPOM BBINIEIPUBEICHHON KOHCTPYKIIUN

SIBJISIIOTCSL MOTHBBI BOEBOJICKOTO.
IMIpumep IV.4.1. Tlonoxum M = DM~ (k) u dbyukrop M cosnajaer

53;:er u jajiee epes g, et cetera 0bo3uadaeTcss MOPMU3M, Oy IeHHBIH U3 WHIYTUPOBAHHOIO MOPdU3-
ma M (g) B kareropuu 9N nocie IpUMEHEeHHsT HEOOXOIMMbIX ONEPAIii CABUTA ¥ CKPYIUBAHUA ¢ 00BEKTOM
Taitra.
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¢ coorsercrByomum ¢gynkropom morusos u3 [SV]. Torga M okasbiBaercst
dyHKTOpOM € TpaHcdepaMu sl IPOEKTUBHBIX MOP(MU3MOB 1 BLIIIOJIHEHBI CO-
OTBETCTBYIOIIHE aKCHOMBI. IIpoBepKa aKCHOMBI COKPAINEHUsI B 9TOM CJIydae
npojiesiaia B pabore [Vo|. Koncrpykiwsi tparncdepa u ocrajbHbIe aKCHOMBbI

NpUHAJJIEKAT K YUCTy GasucHbIX cBoilctB MotnBOB Boesojckoro (cm. [SV,

Paszen 4]).

IMpumep 1V.4.2. 3Bawmensisi, B HalIUX ONpejieeHusix, Kareropuio Sm/k
KaTeropuei IJIaJKuX TOMOJOIHIECKUX MHOrooOpasuit u Oepsi B KadecTBe
M POUBBOJHYIO KATErOPUIO Kareropun Z/2-Mojyseil, Mbl TOJyIUM, Kak
MOYKHO TIOKa3aTh, OOBIYHBIE TPYIIbI CUHTYJISPHBIX (KO)romosioruit ¢ Z/2-
koappurmentamu. st corsracoBaHust WHICKCOB HAM JOCTATOYHO TOJIOXKUTH
M (3)[j] := M[j—1i], rne cpaBa mojgpasymMeBaeTcss OObIYHbIH CABUT B TPUAHTY-
JINPOBAHHO KATEropuu, WJIM MPOCTO TIEPENuCcaTh BCE HAITU BHIKJIAKU C OJTHUM
uHjieKcoM. Kitace mpoeKTUBHBIX MOP(U3MOB B 9TOM CJIydae CJIe/yeT 3aMEHUTh
cobcTBeHHBIMU JTUDepeHITnpyeMbIME 0TOOPakeHUusIMU. KOHCTPYKIIHs TpaHC-
depa MoxkeT OBITH HalijieHa B JIIOOOM y4eOHUKe 110 ajredOpamdecKoil TOmoio-
run. [Ipsivast poBepKa IOKa3bIBAET, UTO BCE BBHIIICIIPUBEICHHBIE AKCHOMbI
BBINIOJIHAIOTCS ¥ B paccMaTpuBaeMoM cjydae. B pesyibrare, IpUMEHsIsST Teo-
pemy chOpMyTUPOBAHHYIO HUKE,MbI TIOJIYIUM JIOKA3ATEJIHCTBO KJIACCUIECKON
TeopeMbl jiBoiicrBerHocTH [lyankape B jyxe paborbt Josbua—Ilymme [DP].

Teopema 1V.4.3. Jlra scaxoti opuenmupyemoti meopuu momusos M u
mnozo00pasut X,Y € Sm/k, 2de X — npoexmusnoe pasnopasmeprocmmoe,

CYWECMBYEM KAHOHUMECKUT U3OMOPPUIM ADENCBLIT 2PYNN.:
Hom(M(Y)(2)[5], M (X)) ~ Hom(M (Y x X), Z(d — 1)[2d — j]),

xoumpasapuarmnoiii no Y . 3decv d — pasmeprnocms X . Kax mpocroe cieji-
CTBUE Hallleil TeopeMbl, rnoJjiaras Y = pt, Mbl HOJYYUM CJICIYIOMMI KIacCH-

Jecknit BapuaHT JiBo¥icTBenHocTu Ilyankape:

Caencrsue I1V.4.4. Jlra npoussoivrozo 24a0k020 NpoexmusHo20 pasHopas-
MEPHOCH020 MH02000pa3us X pasmeprocmu d cyuecmeyem KanoHuveckul
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U30MOpPHuU3M:
HM, ,(X) ~ HM2 (X)),
[Tpeamosoxkum, 9T0 paccMarpuBaeMasi Kareropust 9 jomyckaer BHYTpPEH-
nre Hom-o0beKTol.
st mHOrOOOpa3Mst X, YyIOBJIETBOPSAOIIEIO YyCJIOBUSIM chejacrBus 1V.4.4
PacCMOTPUM KAHOHHUYIECKOE OTOOparKeHne — MOMmusHul KopyHIamenmans-

M(X)® M(X)=—M (X x X)—2-M(X)(d)[2d-2~Z(d)[2d].

D10 orobpazkeHue 3ajaeT KAHOHUYECKU{ MOpMU3M  JIBOACTBEHHOCTH:
M(X) — Hom(M(X),Z(d)[2d]). Beinosteno ciejyroiiee yTBepK IeHIe.

CaencrBue I1V.4.5. Ilycmv M — meopus mMomusos, paccmompennas 6
npumepe IV.4.1. Toz2da, drs 6cako20 2aa0K020 NPoeKmMuUEH020 PaSHOPAIME]D-

HOCMH020 MH02000pa3ua X, nocmpoennvili Mopduam d60TUCcMEEHHOCTIU!
Y M(X) — Hom(M(X),Z(d)[2d])
ABNACNCA U3OMOPPUSMOM.
[Tosryuyennble pe3yabTaThl, KaK U CJIEI0BAJIO OXKUIATE, COTJIACYIOTCS C YTBEP-
JKJIEHASIME TIPEJIBLIYINero pasjesa. B 4acTHOCTH, y»Ke OMUCAHHBIM CIIOCODOM

10 33 JIaHHOM JIBOMCTBEHHOCTH MOXKHO BOCCTAHOBUTHL TPaHCQEpPhl JJis TeOPHit

(ko)romoutormii (cm. IV.1.4).
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