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Koromogoruu ny4kon

OnuH U3 IByX IPUMEPOB, paId KOTOPBIX CO3JaBaIaCh aKCHOMATUKA a0eJIeBHIX KaTerOpui,
— DTO MyYKH MOJIYJIEH Ha TOMOJOrHIecKOM mpocTpancTBe. CeromHs Mbl, HAKOHEI, OOCYIUM
KAaTEeropuu MyvIKOB U HEKOTOPBIE (DYHKTOPHI MEK Y HUMHM.

[Iycrs X — Tononornveckoe npocrpancTso. O6o3uadum depes Top(X ) kareropuio OTKpbI-
Thix MHOXKeCTB B X. [Ipednyukom o6bexkToB kKareropuum C Ha X HA3BIBAETCA KOHTDABAPU-
auTub GyakTOop Top(X) — C. UHade roBops, Opeimydok F — dTO CeMEHCTBO OOBEKTOB
F(U) € C pna xkaxaoro oTKpeiToro Muoxkectsa U C X u ceMencTBO MOP(MU3MOB OrpaHUIe-
ausa pyy: F(U) — F(V) paa xkaxgon naper Vo C U, yIOBIeTBOpAIONIEe YCIOBUAM ppy = 1,

PVvwPUV = PUW -
[Tpumepsr:

1. mOCTOSHHBIN NPeAnyYoK, cBsa3anubll ¢ o6bekToM M € C: F(U) = M nas Beex U, pyy =
1y mnsa Bcex U u V;

2. mpeny4ok GpyHKIUN co 3HaYeHneM B pukcupoBanroMm muaoxkecTse M: F(U) = Hom(U, M);
3. TPeIIyv0K HEeMPEePHIBHBIX (DYHKIMYA HA TOMOJOTHIEeCKOM MPOCTPAHCTRE;

4. TpemydoK rIaIKuX (PYHKIWEA HA TJIATKOM MHOTOOOpa3uu;

5. mpeanyvok auddepeHnnaIbHbEX k-QopM Ha IVIaTIKOM MHOI0O0Opa3ui;

6. ImpeIyvoK IIAIKUX CeYeHNN BEKTOPHOTI'O PACCJAOEHUs HA HA [VIAJKOM MHOOOOpa3uu.

Hac OyayT mHTEpecoBaTh TOMBKO HPEANYYKH CO 3HAYCHUAMM B KATEMOPUM MHOXKECTB C
TOTIOMHUTEIBHON CTPYKTYPOU, HAPUMED B KaTeropuu abeleBsIX rpymn wiu Koaem. [las npej-
My9Ka MHOXKeCTB dieMeHTHl s € F(U) nassiBatorcs ceuenuamu upemydka F wag U. OGbrau0
mia s € F(U)u'V C U Bmecto pyy (s) mumyT s|y. MuoxecTBo F(X) HA3BIBAIOT MHOXKECTBOM
eaobaavnbir ceuenut n obosuagaror (X, F).

[Tpenny4dok muoxkecTB F Ha X HA3BIBAETCA NYUKOM, €CAU A JIOOOTO OTKPBITOTO MOKPHI-
Tusa U = UU; BBITIOTHEHBI 1BA YCIOBUA:

1. eciu maHBl ABA CedeHUA Si, So € F(U) Takue, 9TO S|y, = So|y, IPU BCEX 4, TO §1 = Sg;

2. e gam Habop cedenmit s; € F(U;) Takoi, 910 Si|ly,ny, = Sjlu,ny; 1pM Beex 4,7, TO
cymecrsyer cedenne s € F(U) Takoe, 4ro s|y, = ;.

CMBICT 5THX YCJIOBUM B TOM, UTO CEYEHUA IMYIKOB MOXKHO 3a1aBaTh JOKAJILHO. Bee mpuse-
TEHHBIE TPUMEPBI MPEANYIKOB — MYYKH, KPOME TOCTOAHHOTO TPy IKA.
3ama4a 1. [lokaxure, 9T0 npeany4oxk F Moayaen HaJg KOIbIoM R Ha X ABIAETCA MIy9IKOM TO-
rjia m TOABKO TOrIa, KOrjaa A1 JJI000Tr0 OTKPeITOro nokpeitus U = U;U; mociegoBaTeIbHOCTD

s—(slu;) (si)=((s0)lv,uv; —(s)|v,uv;)
0— F(U) — [[F W) L —= [[rwinyy)
i 1,5
To4Ha. [Ipy momoru >Tou mocae10BaATEIbHOCTH MOXKHO 3a4aTh YCJIOBHAE MIYYKa, I/ IPEIIy IKa
CO BHAYEHUAMU B JTIOO0U abeJeBOU KAaTEerOpUm, COMAEPIKAIIEHN BCE TPAMBIE CYMMBL.

Mopgusmom npednyuros HasbIBaeTCA MOPQPU3IM COOTBETCTBYIOMNX (yHKTOPOB. To ecTs,
MopdusMm ¢: F — G mpeanydkos — 510 HaGop mopdusmos ¢(U): F(U) — G(U) Takou, 4To
pfyd(U) = ¢(V)piyy, mpu Beex V C U.
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ITo mro60My mpeamydky F CTpPOUTCA aCCONMUPOBAHHEBIA ¢ HUM Iyd0K F ' BMecTe ¢ MOpdus-
MoM F — F' yIOBICTBOPAIOMINN CACAYIOMEMY YHUBEPCAILHOMY CBOUCTBY: JH0O0M MOP(H3IM
u3 F B My4Y0K NPOMYCKAETCA €IMHCTBEHHBIM 00pasoM depes F . VHbIMu caoBamMu, acCoOmumupO-
BAHHBIN IIY9I0K — DTO CONPAKEHHBIN CJaeBa (DYHKTOP K TABTOJOTHIECKOMY (DYHKTOPY U3 Iy 9IKOB
B MIPEIITY IKN.

YT06BI OCTPOUTE ACCOMUUPOBAHHLIN IIYI0K, OPENEIUM C.401 nIpeanydka F B Touke x € X
Kak mpsaMon upegen F, = injlim,; F(U). Daementsr F, HA3BIBAIOT pocmkamu. [1as mo60ro
cedeHnaA S mpeAnydka Hajg U ompemenéH ero pocTok s, € F, B aooon Touke x € U. Ilpumep:
CJION MYYKa TVIAAKUX (PYHKINKA HA NIAJTKOM BEMIECTBEHHOM MHOTOO0OpPA3UM — 3TO POCTKY IJIa -
kux QyHKIun (a He mpocTo R — TO ecTh, CJION MyYKa CEYeHUH PACCIOCHUSA He COBIAIAeT CO
CJIOEM PACCIOCHUS ).

Mas mpennyuka F mydok F 1 onpegerserca caenyommm o6paszom: saement F 1 (U) — sTo
ceMencTBo (fy € Fy)per, JOKATBHO 3aJaBaeMOe KaK HAGOP POCTKOB HEKOTOPOIro cedeHus. T.e.
cemenctso (f; € Fy)zev, Ansa KoToporo cymecrsyer nokpsirue U = UU; u mabop s; € F(U;)
rakue, 910 f, = (8;), npu x € U;. Orobpaxenus orpanmienus u mopdusm F — FT ompene-
JIAIOTCA €CTEeCTBEHHBIM 06Pa30M.

Ilocmosanmubim nywkom MHOKECTB, CBA3AHHLIM ¢ MHOXKECTBOM M , HA3LIBAETCA IIYIOK, aCCO-
[IIUPOBAHHLIA C MOCTOAHHLIM MPEIINYIKOM, IIOCTPOCHHBIM 110 M.

[Iycrs A — agauruBHas KaTeropus, TOra npeanydku Ha X co sHadenusvmu B A rTakxke
006pa3yioT aIuTuBHYI0 KaTeropuio. Ecau A abenesa, TO 1 KaTeropus nperydkoB TOxKe OyaeT
abeseBa. flapo u koaapo mopdusma ¢: F — G 3agarorca (popmyaamMu

(ker ¢)(U) = ker(o(U)), (coker ¢)(U) = coker(o(U)).

3agaua 2. Ilycte ¢: F — G — moppusm mydxoB abeneBbix rpymm. [lokaxkwuTe, 9T0 Ompe-
TeJEHHBIM BHIIE MPEINyI0K Ker ¢ ABIAeTCA IMyYKOM, a HMPeIIydoK coker ¢ — BooOIme rosops,
HeT.

Takum o6pasom, 119 MOpdU3MA IMIYIKOB AAPO B KATETOPUHU MPEANYIKOB OyIeT AIpOM U B
KAaTeropuu my4koB. A ITOOBI MOCTPOUTH KOAIPO MOP(PU3MA B KATETOPUU Iy IKOB, HEOOXOAUMO
paccMOTpeTh My4OoK, acCOUMMpOoBaHHbIN ¢ npeamydkoM U +— coker(¢p(U)). Urak, kareropus
IMy9IKOB CO 3HAYEHUAME B a0eleBO KaTeropuu Takxke Oyaer abeneBou. B wacTHOCTH, abereBon
oyner kareropus Shr(X) mydukos mogyaen na X Hajg GuKCUpOBaHHBIM KoablioM R. HeoGxo-
IUMO TaK¥Ke pacCMaTpUBATL OOJee MUPOKUU KJIACC abeJeBBIX KATErOPHUU IIYYKOB, a MMEHHO
My9IKU MOIYJEU HAJ IIy9IKOM KOJIeII.

[TycTe R — mywok koern Ha TOMOIOrTIeckoM npoctpancTsee X . Hanpumep, nyvok QyHKIumn
OTIpeNeTEHHOTO B8 HA MHOIOOOPA3UH WIN IOCTOAHHBIN Y Y0K, CBA3AHHBIN C (PUKCHPOBAHHBIM
KOJBLOM. [Iyurom modyieti nad R HazwiBaeTcsa ny4dok F wa X rakon, uro Besakoe F(U) apis-
erca R(U)-moxyiem u gerctBue R Ha F KOMMYTHUpPYeT ¢ OUDAHUYEHUAMA. BCAKUM My9I0K
MOJIyJeU HA [ IIY9IKOM KOJEI] aBTOMATUIECKH SBIACTCA IIydKoM abeaeBbix rpymi. Mopduszmom
nYuKo6 Mo0dyseli HaA3BIBACTCSA TAKOW MOP(U3M IIYIKOB, KOTOPHIU KOMMYTHUPYET C IEUCTBUEM
myJka Kojem. Takike, KaK W My9IKU MOIYJeW Hal (PUKCUPOBAHHBIM KOJBIIOM, IIYYKH MOIY.JIEU
Ha [ IMy9IKoM KoJaenl R obpasyioT abereBy kaTeropuio R—mod.

[IpuMep: mMyYOK CevdeHN BEKTOPHOT'O PACCAOCHUA Ha TVIATKOM MHOTO0OpPA3MM — 3TO IIYyI0K
MO/IyJeU HAJ MYyIKOM DIAIKAX (PYHKIIUN.

3aga4a 3. [lokaxure, 9T0 MOCIeJOBATEILHOCTD IIyIYKOB a0eaeBrelX rpynn F — G — H TovHa
& pg 1o6oro x € X To4YHA HOCAeI0BaATeIbHOCTE caoeB F, — G, — H,.

Jemma 1. @ynxmop 2aobasvnviz cevenut I': R—mod — Ab mouen caesa.
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Aoxazameavcmso. Ilycts 0 — F — G — H — 0 — TouHaA TpouKa My4IkoB R-moayaen. Torma
F umsomopden aipy G — H. Mo nmoctpoenuio sapa, F(X) = ker(G(X) — H(X)), uro u
TpebyeTca N0Ka3aTh. O]

Kak MBI yBHAUM HEXKe, BOOOIIE IOBOPsA, (PYHKTOP IVIOOATBHBEIX CeYeHUN HE TOYEH.

3agaua 4. Ilycrs F; — cemencrBo myukoB R-moxyren Ha X. a) Torga mpemmydox U —
1, 7i(U) aBasercsa myukom. [IpoBepbre, 9T0 5TOT My40K — IpOU3BeAeHAE B KaTeropun R—mod.

b) llokaxkure, uro npeamyuok U — @&;F;(U), Boobuie ropops, He Oyger mydkoM. [lokaxure,
ITO ACCOIMMUPOBAHHBIA ¢ HUM IIYIOK OyIeT MpAMOU CYMMOH B KaTeropuum R—mod.

EcrecTBeHHBIN 151 TOMOJOTHIECKON AJAreOphl BOMPOC — KaK OOCTOWT A€JI0 C IMPOEKTHUB-
HBIMW / MHBEKTUBHBIMY OOBEKTAMY B PA3INYHBIX KATEIOPUAX MOTYIEH?

Jemma 2. Unvexmuenviz 06vexkmos 8 kamezopuu R—mod docmamouno mmozo.

Aoxazameavcmso. CHavaga MOCTPOUM JOCTATOYHHIN 3alaC NHBEKTUBHBLIX My4KoB. I[lycTh R,
— caou mydka R B Touke r € X, 5TO KOJBIO. Bo3bMEM MHBEKTUBHBIM MOAYJIL I Hag R, u
oupeaeanM 1y4ok i,/ va X npasuiom i,/ (U) = [ nupu x € U, i, I(U) = 0 unage. OueBugHO, 510
Oyaer my4ok R-monyaen. On Oyner uabekTuBHbIM, Tak Kak Homg (F,i./) = Homg, (F,, 1), a
dyHKTOpHL B3aTUA caoia u Homg (—, ) TOIHBL.

Tenepsb BJIOXKHUM MPOU3BOJIBHBIN MYYOK JF B MHBEKTUBHBIA. [[1a Kaxgoum Todkm r € X
PACCMOTPUM BJIOXKEHWE POCTKA F, B MHBEKTUBHBIU R, -MOIYIb [,. DTOMY BJOXKEHUIO COOT-
BeTcTByeT MOpusM F — (iy).l,. BosbMéM mpsamMoe mpousBegeHune TaKux MOpGU3MOB: F —
[1,(ix)Is. Ono, oueBugHO, ecTb BrOKeHHE (IPOBEPAETCA HA CIOAX B Kaxkon Touke). Kpowme
TOr0, MPAMOE MPOU3BEACHNE WHBEKTUBHBIX OOBEKTOB BCETJa MHBEKTUBHO, UTO JOKA3BIBACT
JEMMY. 0

C npoexTuBHBIME O00BEKTAME A€J0 00CTOUT XyxkKe. BO3MOXKHBI pa3Hble CUTYAIUN.

[TycTe, Hanpumep, R — ny4ok raagkux (pyHKIHUA HA BemecTBeHHOM MHOT00Opasuu X . To-
2 CUTYAIUsI AHAJTOTUIHA TOU, ITO UMEETCA I MOIYJIer Ha KOIBIIOM. CTPYKTYPHBIN My9I0K
R 6y1eT mIpoeKTUBHBIM: MOP(U3MHEI 13 R B my<doK F — 5T0 rimobaabuble cedenus F. A pyHKTOp
NI0GATBHBIX CeYEHUN HA KATErOpuu R-MOIYJIed TOUEH: DTO MOXKHO MOKA3ATh MPU TOMOIIHA Pa3-
Oouenus equaunbl. VI npu sToM 1060U myd0K J HAKPBIBAETCS NPAMOU CYMMOU CTPYKTYPHBIX
Iy9KOB. A MMEHHO, CIOPBEKTUBHBIM OygeT orobpaxenue ['(X,F) ® R — F. DTo crepyer u3
3a,1a91:
3agaga 5. [Tokaxkure, 9TO B CICIAHHBIX MPEINOIOKEHUAX a) PYHKTOD NIOOAIBHBIX CEUYCHUN
ToueH; b) mia mo6Goro cedenus s € F(U) u Toukn x € U maugércsa cedenme s’ € ['(X,F)
Takoe, 9T0 § = §' Ha moaxogamen okpecrrocT U’ D .

B caenyromiem mpumepe CUTyamus COBEPUIEHHO APYyTas.

[Iycre X = PL — xommiekcuas npoextusHaa npaMad, R = Ox — Oy90K roroMophHBIX
dyuxnun. Torga CTPYKTYPHBIA IMYyY0K yxKe He Oy/eT TPOEKTUBHBIM, U He 000U Iy40K Oyxer
HakpeBaThCa npsamon cymmon Ox. [lencTBuTenbHO, PACCMOTPUM CIOPBEKTUBHBIN MOPQHU3M
Ox — Op & Og, rae P,Q € P! — paznmuunrie Toukn. Mopdusm N1o6aTbHBIX CEYEHNN YiKe He
Oy et coopbekTuBHBIM, Tak Kak ['(PY, Op) = C, I'(PY, Op & Og) = CaC. A snaunt, pynkTOp
rI06aabHEIX cedeHnn He TodeH U Ox He IMPOEKTUBEH.

Teneps paccMOTPUM OCHOBHBIE (DYHKTOPHI HA KATETOPUU MYYIKOB MOIYJIEH HAJ KOJBIOM 1
MMOCTPOUM COOTBETCTBYIOIINE TPOU3BOIHBIE (DYHKTOPHI.

Kak 6bL10 cka3zaHo, PyHKTOP ro6GanbHBIX cedeHumr [': R—mod — Ab Touen ciaesa.
Onpegennv KOroOMOJOTHH MyYKa a0eJeBBIX TPy J Kak mpaBble TPOU3BOAHBIE (DYHKTOPHI OT
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dbyrKTOpa raobarbubx cedennit [': Shay(X) — Ab. O6osnavenue: H' (X, F). 1o xKe onpee-
JeHUe TPUMEHACTCA U 1A MydKa abeleBBIX TPYII ¢ TOMOJHATEILHEIME JAHHBIME (HAIPUMED,
my4Ka R-MOIYJI€N), XOTsA BO3MOXKHO M APYTO€ ONIpeeJeHue KOMOMOIOIMI: KAK IIPOU3BOLHBIX
(PYHKTOPOB Ha KATErOpPUM IIYIKOB R-MOayen. Huxke Mbl yBU UM, 9TO DTU ONPEIENCHU DKBY-
BaJEHTHBI.

[ns >TOro MOHAAOOUTCA MOHATHUE BAJIOTO MPEIINYUKA: MPEIIYyI0K JF HA3BIBACTCA BALbLM
(flabby), ecin nas mo6oro orkpeiroro U C X oro6Gpaxkenue orpanmdenus F(X) — F(U)
CIOPBEKTHUBHO.

[Tpumepsl: TOCTOAHHBIA TPEANYYOK BsA. [[OCTOAHHBIN IYYOK ABIACTCA BAABIM, €CIU JIHO-
Oble IBa HEMYCTBIX OTKPBITHIX MOJAMHOXeCTBa X mepecekaiorcia. Ecim F,,x € X, — mabop
MHOXKeCTB, TO BaIbIM Oyger myaok U — ], Fu-

Harmra mesib — mokasaTh, 9TO KOTOMOJOTUU MOYXKHO BBIYUCIATE IPHU MOMOIIN BAJIBIX PE30Jb-
BEeHT. A MMEHHO, MBI TIOKAYXKeM, UTO Bsadble Mydku [-anmukanduasl. OTMETHM, 9TO YCJIOBUE Bf-
JOCTH IIY4YKa, B OTJIMYKNE OT NHBEKTUBHOCTHU, HE UCIOIB3YET HUKAKOU JOMOJHUTEALHON CTPYK-
TYPHI Ha MyYKe, a 3aBUCUT TOJHKO OTOOPAKEHUN OrPAHUYEHU.

ITpegnoxenne 3. [lycmv R — nyuox xoaey na monoao2uueckom npocmpancmee X. Tozda

1. unwverxmuenbie nyuku R-modyaet saibie;

o o I g
2. daa mobot mounot nocaedosameavrnocmuy 0 — F = G = H — 0 ¢ gaavim F nocaedo-

sameabrocmoy 2a06asvubir cevenuti 0 — F(X) EN G(X) L H(X) — 0 mouna;

3. paxmop 841020 NYuKaA NO BALOMY NOINYUKY BAA;
4. 8Aa4blE NYUKU GYUKAUYHDL OMHOCUMEALHO PYHKMOPG 2A00aAbHBLL CeUCHUT.

Aoxazameavcmso. 1. Broxum 3aTaHHBIN WHHEKTUBHBIN MYY0K J B MHBEKTUBHBIA TMYI0K JFg
TaK, KaK OIKMCAHO B JOKa3aTeabCTBe JeMMHI 2. OdeBuHO, my10K Fy BaL. IIpu 5T0M 10 CBOUCTBY
UHBEKTUBHOIO 00beKTa F — npamoe caaraemoe B Fy. O49eBUIHO, ITO IPAMOE CAATAEMOE BATOTO
My4Ka BAJIOE.

2. llycrs s € H(X) — cegenne. Bynem crpouts ceuenus t € G(U) raxue, uro ¢(t) =
S|y, mocrenenno ysemnuusas U. Basa — mycroe U. [lanee, nycte x € X \ U — touka. Tak
KaK 0TOOpaXKeHne ¢ Ha POCTKAX CIOPBEKTHBHO, HauaéTcsa cedenue t' € G(V') Ha moaxosiien
okpectHoctu V' 35 x takoe, 9ro ¢(t') = s|y. Mbl xoTuM CcKIenTb t U t' B OJHO cedeHHe HA
U U V. 3amerum: nuas pasaoctu t —t' wa U NV Bepuo g(t —t') = 0, cTano 66ITh, CymecTBYeT
cegenue € F(UNV), nia xoroporo f(r) =t —t'. Ipu sTom F B, 1 7 MOKHO IPOJOIKUTH
Ha BCé X, moaydenHoe cedenne Toxke HazoséM 1. Ckaemsas cevenus t u t' + f(r)|y, noryanm
cedenue t" € G(U UV) Takoe, 1ro ¢(t") = s|guy. Tem campiv, MBI npogomkuiu ¢ Ha GoablIee
MHOXKEeCTBO. [[puMeHAs TpaHCHUHUTHYIO WHIYKIINIO, MOXKHO IPOJOIKATE ¢ HA BCE X.

3. IlycTs mocaegoBarensrocTs 0 — F LgLH—o rouna, F u G Banste. [lycrs s € H(U)
— cedenne. [lo nyuxry 2 Haugércsa cedenue t € G(U) rakoe, uro ¢(t) = s. [Ipogomxkum t Ha
Bcé X, noayunm ceuenne t' € G(X), naa koroporo g(t')|y = s.

4. Hano mposeputs, uro H'(X, F) = 0 npu Baiom F u i > 0. Baoxum F B uHbeKTUBHBIN (1
BHAYWUT, BAIBIA) G U paccMOTPpUM TOYHYIO Tpouky 0 — F — G — H — 0, no nyukTy 3 H Toxe
BANBIA. V3 IIMHHON TOYHOU MOCIEI0BATEIBHOCTH KOroMoxoruil noaydaem, aro HY(X,F) =0
u H(X,F) = H (X, H) npu i > 1. PaccykIeHus Mo WHAYKINEA T0KA3BIBAIOT JEMMY. O

CaeacrBue 4. I[lycmv F — nyuok abeaesvir epynn na X, F* — e2o sanas pedoavsenma. Tozda
ecmecmeennvie omobpaxcenus H' (D(F*)) — HY (X, F) — uzomopguamoi.
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Hoxazameavcmeo. CaenyeT u3 TOTO, ITO BAIBIE MOAY.IH [-alUKJINIHEL, a TPOU3BOIHBIE (PYHK-
TOPBI MOXKHO BBEIYUCIATH IPXA MOMOIIN AIMUKJINIHLEIX PE30JIbLBEHT. O

IIpegaoxenune 5. [lycmv R — nyuor xoaey na monosozuueckom npocmpancmee X, a F
~ nyuox R-modyaeii. Tozda npaswvie npouzsoduvie Pynrmopsr om I': R—mod — Ab das F
uzomopPul Koeomonso2uam F.

Aoxazameavcemeo. Tlo onpenenenuo, npous3Boaubie GyHKTOpH 0T [': R—mod — Ab BBIUEI-
CIAIOTCA TOPU TOMOIIM WHBEKTUBHOU PEe30JbBeHTHl JF B KaTeropuu R-Mogyaen. A UMEHHO
RT(X,F) = H(I'(I*(F))), rge I* — ynomsHyTas MHbeKTUBHAA pe3oabBeHTa. [lo nokasaH-
HOMY, [' ABIAIOTCA BAIBIMU Iy9IKAMU, U YTBEPXK ICHUE BHITEKAET U3 CICACTBUA 4. O

[Myctsb i: U — X — BIOXKEHUE OTKPBITOrO MHOXKecTBa, J — my4ok Ha X. Torga ompenennm
ny4uok F|y va U, nonoxus F|y (V) = F(V) gas moboro orkpsitoro V C U. HecnoxHO BugeTs,
aro F|y AeUCcTBUTEIBHO OyAeT My4KOM, ero Takxke obozuavawor i*F. Tem cambiM, onpegenéu
dyukTop orpanunvenus i*: Sh(X) — Sh(U), o, 04eBUIHO, TOYUEH.

[Tycts 2: U — X — BIOXKEHHEe OTKPBITOTO MHOXecTBa, F — mydok Ha U. Onpegerum 7, F
Kak my4ok Ha X, acconmupoBaHHbN ¢ npegnydkom V — F(V) upu V C U, V — 0 unaue.
[Moayuum pyskTOp i1: R|y—mod — R—mod npogonxenus wyiaeMm Bue U.

3agaua 6. a)[lokaxure, uro (i1F )|y = F. b) [okaxure, 4T0 i) conpsxén ciesa K i*.
Caegyromui mpuvmep GYHKTOPOB — (hyHKTOPBI MOP(U3MOB Hom(—,—) : R—mod® X
R—mod — Ab. CooTBercrytomue npoussoausie GyakTopst Ext’(—, —) u R Hom(—, —) MOxkHO

BBIYUC/IATH 110 BTOPOMY apryMEHTY IPHU MOMOIIN NHHBEKTUBHBIX PE30JbBEHT B KATETOPUU Iy |-
KOB R-MOyIen.

[TycTe myvox xoaen R Ha TOMOIOTHYIECKOM MPOCTPAHCTBE X 00pa30BaH KOMMYTATHBHBIME
Koabliamu. lTorga Takike, KaK W HAa KaTEMOPUU MOIYJIEW HAJ KOJBIIOM, ONpeaeJeHbl PyHK-
TOPBLI TEH30PHOro yMHOXeHusa R—mod X R—mod — R—mod 1 JoKaJIbHBbIX MOpPduU3-
MoB R—mod® X R—mod — R—mod. A nmenno, arma nyukoB F u G ompegeinm F Qr G
KaK 1y40K, accouunpoBanubii ¢ npeanydkom U — F(U) @ G(U); onpeneanm Hom(F,G) kax
nyuok U +— Hom(F|y,G|y) (mposepbre, 910 5T0 my4ok). MOXKHO NPOBEPAUTH, UTO BHINO.I-
HEHBI OOBITHBIE 0K TA€MBIE CBOMCTBA: TEH30PHOE YMHOXKEHUE aCCONMNATUBHO U KOMMYTATHUBHO,
Hom(F ® G, H) = Hom(F, Hom (G, H)).

IIpousBoguble GYHKTOPE EXt'(—, —) OT JOKAIBHBIX MOPGU3MOB HABLIBAIOTCA /0K AL HbLMU
Ext’amu, uX MOXKHO BBIYUCIATH 10 BTOPOMY apryMEHTY [PHU MOMOIIA WHBEKTUBHOU PE30Jb-
BeHTHI. HazBaHnue 0O6bACHAECTCA caeayoomuM haKTOM:
3agaga 7. a) [Tokaxwure, 9T0 1414 OrpaHUIE€HNE NHHEKTUBHON PE30JbBEHTHI ydKa F, HOCTPO-
€HHOU B TOKA3aTeJILCTBE JJeMMBI 2, Ha OTKPBITOE MOAMHOXKeCcTBO U C X ABIACTCA NHHEKTUBHOU
pesonbBeHTON Mg mydka F |y ma U.

b) [Tokaxkure, 4ro EXt KOMMYTHDPYET ¢ OPPAHUYCHUAME HA OTKPBITHIE IIOAMHOKECTBA!

gXt?R(f, Q)|U = gXt%|U(f|U, Q|U)

DyHKTOP TEH30PHOTO YMHOXKEHUs ToUeH cupasa. [lydox R-mogynen F HA3BIBALTCA NAOC-
Kum, ecau GyHKTOp F @r — Toder. OnpeaeauTb NpOU3BOTHEIE (hYHKTOPHL IIPU IIOMOIIN IPOEK-
TUBHBIX PE30JbBEHT 3aTPYAHUTEIBHO: MPOEKTUBHLIX OOBEKTOB YaCTO ObIBAET HEJOCTATOTHO.
[To>TOMY MBI BOCIOJIB3YEMCA AKCHOMATHYIECKUM OMpeIeJeHneM MPOU3BOIHOTO (GyHKTOpa. A
MMEHHO, MBI JOKaX€eM CYIIEeCTBOBAHUE JEBOT'O MPOU3BOIHOIO (pyHKTOPA 0T F & — Ha KaTero-
pun D~ (R—mod) npu moMOImyM IOCKUX PE30JbBEHT U CIEAYIOUIEr0 YTBEPK JCHU.
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Jlemma 6. IIycmov F: T — T' — mounbitt fynxmop mexrcoy mpuaneyiuposanHublmy Kamezo-
pusmu, a N C T — mpuanzysuposannas nodkame20pus, 3aMEHYMAL OMHOCUMEALHO U30MOP-
duzmos. Ipednosoxrcum, umo ecmv mpuanysuposannas nodkamezopus Ty C T maras, umo
F(TyNN) =0 u das awboeo ob6vexma X € T natidémesn mopdusm f: F — X, ede F € Ty u
kouyc f aeacum 6 N. Toeda y F cywecmeyem aesas aokasusayus no N

Lokazamenbcmso.

76 g

Baoxenne o: 7y — 7 mugyuupyer ecrecrsennbit Gpynkrop o: Zo/(Ty N N) — T/N. On
Oy ieT CTPOro MOJHBIM (3TO JOKA3BIBACTCA AHAIOIMYHO TOMY, KAK MbI JOKA3bIBAJIM, YTO JBA
OmpeeNeHrs OrPAHNYEeHHON TPOU3BOIHON KaTeropun >KBuBateHTHH). Kpome Toro, on Oyger
CYIIECTBEHHO CIOPBEKTUBHBLIM, TaK KaK y JI000r0 o0beKkTa u3 7 ecTh Pe30abBeHTa 00BEKTOM
3 7. [losToMy 0— sKBuUBaIeHTHOCTh. Kommosunusa Fy = Fo nepesogut 7y NN B HOIB, IIO-
sToMy mpomyckaeTca depes GyarTop Fo: Zo/(ToNN). Ompegemmm LE xax Fyyo (6)~!. Moxmo
onpegeanTs Moppusm LF o () — F u nokazars, 9TO OH OyjeT JeBOU JoKaau3anuen F. O

Jlemma 7. B kamezopuu nyukos R—mod docmamouno mmo20 naockuxr 06bexmos.

Hoxazameavcmaso. CTpyKTypHBIN y90K R miockuu. HecaoxHO Takke BUIETH, ITO TLIOCKUM
OyaeT mydok 7i7*R miad mo00ro OTKPBHITOrO BIoXkeHus moamuoxkectBa j: U — X. Ilycts F
— OPOUM3BOMBHBIN MYY0K R-Moxyien. Beibepem muOoxkecTBO 5; € F(U;) ero cedenuin, KOTopoe
HopoX gaeT caou F BO BCeX TOYKaX (HAIPUMED, MOXKHO B3sATh MHOXKECTBO BCEX CEYCHUN HA
BCEX OTKPBITHIX MHOXKeCTBax). Beskoe cedenume omnpenenser mopdusm jij*R — F, Tak Kak
Hom(jij*R,F) = Hom(j*R, j*F) > s;. Paccmorpum ux cymmy: sTo Mmopdusm &;51j*R — F.
O4eBUIHO, OH CIOPBEKTUBHBIA U IYYOK B;J1j R IIOCKUH. m

IIpegaoxenune 8. [Tycmv F — nyuox R-modyaeii na monoaozuueckom npocmpancmee X . To-
eda cywecmeyem aeewiti npouzsodnvii @Gynwkmop D~ (R—mod) — D~ (R—mod) om gynxmopa
F Qr —.

[Moxazameavcmeo. Ucnoaszyem aemmy 6. Bosbmém 7 = K™ (R—mod), 7' = D™ (R—mod), N
— MOJKATErOpusA ANMUKINIHLIX KOMILIEKCOB, (PYHKTOP F — KOPPEKTHO ONpeneIéHHbI (PYyHKTOD
F ® — ma romoronuieckon kareropun. [logkareropusa 7o C 7 — 5T0 KaTeropus OrpaHUYIeH-
HBIX CIIPAaBa KOMILIEKCOB ILIOCKUX MOIYJIeH. Y JH060r0 KOMILIEKCA eCTh ILIOCKAA Pe30JbBeHTA.
[posepum ycaosume F(7oNN) = 0, T.e. mokaxem, 9T0 TEH30PHOE YMHOKEHUE HA JF MEPEBOIUT
OrpPaHMYEHHBIE CIPABA TOYHBIE KOMILIEKCHI ILIOCKAX MOIYJEH B TOYHBIE KOMILIEKCHL. TOYHOCTH
KOMILICKCA IIYYKOB MOXKHO MPOBEPATH MOCIOMHO, B3ATHE CIOA IMEPECTAHOBOYHO € TEH30PHBLIM
YMHOXKEHNEM, a CJIOU ILIOCKOI'O IIyYKa — ILIOCKUU MOAYJIb Ham R,. IlosTomy mpoBepka cBo-
IUTCA K CIYYal0 KATeropuu MOAYJIEH HA I KOJBIIOM, TIe COOTBETCTBYIOMNN (haKT OBLI JOKA3aH
B JIEKIUU 1IPO abeseBbl Kareropun. [IpuMenenue aemMmbl 6 T0Ka3bIBaeT MPeNLIOKEHHE. m

JleBrril TpOM3BOIHBIN QYHKTOP 0T F ®% — ob6o3nataior F ®@% —. Kraccudeckne mpousso;i-
HBble PYHKTOPHI Teepb MOXKHO ONPEJeNATh Tepe3 KOrOMOJOTUNA:

Tor*(F,G) = Hi(F ®% G).
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Hec10:KHO IpOBEpUTH, ITO OHEM OOpa3ylT YHUBEpCAAbHBIN J-QpyHKTOp. Ha mpakTuke (pyHK-
Topsl Tor y100HO BEIMUCIATEH IPHU MOMOIIY JOKAILHO CBOOO THEIX Pe30JILBEHT, & He PE30JIbBEHT,
IIOCTPOEHHBIX B MO0Ka3aTeEJAbCTBE. TaK, Ha IIPOCKTUBHOM IIPOCTPAaHCTBE Yy JIIO60]._‘O KOT'€peHTHOI'O
MyYKa CYIHIECTBYeT KOHEYHasA JOKAJbHO CBOOOIHAA PE30JbBEHTA.
[ns pyukTopa Hom TakxXke Ha MpakTUKe yIoOHEe BCET'O BBIYUCIATEH MPOU3BOIHBIE (DYHK-
TOPHI IPK IOMOIIA JOKAILHO CBOOOTHEIX PE30JbLBEHT IO IEePBOMY apryMEHTY.
3agaua 8. a)[lokaxure, uro Ext’(F,G) = 0 npu i > 0 1 KOHEUHO IOPOXKIEHHOM JOKAIBHO
cBOOOMHOM TyuKe JF.
b) Hoxaxwure, aro Ext'(F,G) = H' (Hom(F.,G)), rae Fo — pesonbpenTa F u3 JOKATHHO CBO-
OOMHBIX MYYKOB KOHEYHOT'O PAHTA.



