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AGeseBBI KaTeropumn

[lo cux mop MBI H3yYaau KOMILIEKCH, KOTOMOJOT MU, TOYHBIE (DYHKTOPHI, TPOEKTUBHBIE 00h-
€KTHI, PE30JbBEHTHI, MPOU3BOAHBIE (DYHKTOPHI M IpP. B KOHTEKCTE MOIYJEH HaJ HEKOTOPHIM
KOJBbIIOM. TOYHO Tak e MOXHO CTPOUTH TEOPHUIO Mad OOBEKTOB APYroro THUIA: T'PAaLyUpO-
BAHHBIX MO/IYJIEH, Iy9KOB MOAYyJeu abeJeBbIX TPYII HA TOMOJOTHIeCKOM MPOCTPAHCTBE, KOre-
PEHTHBIX IYYKOB HA ajre0pamdeckoM MHOrooOpasuu, npeacraBienunu rpymmns Jlu. Ha camom
Jeqie, MBI UCIIOIb30BAIN 09€Hb HEMHOI'O CBOMCTB KaTE€MOPUU MOAYJIEH HaJ KOJBIOM: a MMEHHO,
TO 9TO B HEeH CYIIECTBYIOT XOPOIIO ONpeAeJeHHbIe AApa U KOAApa. Ecim akcmoMaTu3npoBaTh
STHU CBOWCTBA, MOJIYIUTCA OIpefeIeHne adeleBol KaTerOpUM.

Adodumuenoti xamezopueti Ha3bpIBaeTCA KaTeropus A, yI0BIeTBOPAIONIAA CJAEeIYIOMUM TPEM
YCJIOBUAM:

1. na Bcex MuOXKecTBax Mopdusmos Hom(A, B) BBegeHa cTpyKTypa abeneBoy IPYIIIbL, IPU-
4ém ymuoxkenue Hom(B, C) x Hom(A, B) — Hom(A, C) 6uinseiso;

2. B A cymecrByer 06BeKT 0, ABIAOMUNCA OTHOBPEMEHHO HAYAIbHBIM M KOHEYHEIM, T.e.
raxot, ¥ro Hom(A, 0) = Hom(0, A) = 0 gasa xo6oro A;

3. B A CcymecTBYIOT KOHEYHBIE KOTPOU3BEICHUS.

3agaua 1. IIpoBephTe, YTO B aIIUTUBHOU KaTeropuu KompousBemenue A m B ABiasercsa u
npousBenenueM A u B. OHO Ha3BIBaeTCA MPAMOU CyMMou U o603HadaeTca A @ B.

[Ipumepsr: kaTeropusa MOAyJIeln Ha KOJBIIOM, KATETOpUA KOHEYHO MOPOXKAEHHBIX MOIyJIen
HAJ KOJBIIOM, KATErOpPUs MPOEKTUBHBEIX MOMIYJIEU HAJ KOJBIOM. BaxKHBI mpuMep — KaTero-
pusi (PYHKTOPOB M3 NMPOU3BOJBLHOM MATON Kareropuu (T.e. TAKOW, y KOTOPOU KJIACC OOBEK-
TOB — MHOXECTBO) B JIOOYI0 aIIUTUBHYIO KATErOPUIO. B 9aCTHOCTH, KATEropuu IMPOEKTUB-
HBIX /MHBEKTUBHBIX CHCTEM MOYJEH HAJ KOABIIOM, MPEAIyYKOB MOAYJIe! Hal KOJIbIOM Ha TO-
MOJOTMYE€CKOM NPOCTPAHCTBE a1 IUTUBHEL.

dyukTop F Mexny ajgauTuBHbIMEU KaTeropuamu A u B HazsiBaeTca addumusHbim, €CIn OH
IEPEBOIUT CYyMMY MOPGU3MOB B CyMMy MOpdusMoB, T.e. F': Homy (A1, Ay) — Hompg(F Ay, F A))
— roMoMopdu3M s JIOX Ay u Aj.

Mopdusm f: A — B B ajIuTUBHON KATETOPUM HA3BIBACTCA UHDBEKMUGHbIM, €CI A
ao6oro X wmnaaynupoBauubii romoMopdusm Hom(X, A) — Hom(X, B) unbekTusen. Aunajo-
CUYHO, [ HA3BIBACTCA CHOPDHEKMUSHBIM, €CIN AIA JI0060r0 X MHAYIUPOBAHHBIA TOMOMODP(HI3IM
Hom(B, X) — Hom(A, X) nnbekTuBeH.

Adpom moppuama f: A — B HazpiBaeTca 00bekT ker f, mpencrasiasiomu GyHKTOp X —
ker(Hom(X, A) — Hom(X, B)). PaBrocuabubiM 06pazom, aapo — 5to moppusm K — A, un-
gyumupytommi 6uexunio Hom (X, K) — {t € Hom(X, A) | ft =0} s Bcex X.

Bseaém gBoucTBenHoe mousaTue: kosdpom moppusma f: A — B HasweiBaeTCa 00beKT coker f,
konpeacraBasomui Gpyukrop X +— ker(Hom(B, X) — Hom(A4, X)). PaBrocuibHeIM 06pasom,
K0APO — 510 MopdusMm B — C, unaynupyromun 6uekumo Hom(C, X) — {t € Hom(B, X) |
tf =0} pus Beex X.

Kaxk 06bekTbl, IpegcTaBasiomui GyHKTOP, AAPO ¥ KOAAPO eJMHCTBEHHBI (€C/IM CYIECTBYIOT).
U3 onpenensennn ciegyer, 9T0 MHHBEKTUBHBIA MOP(GU3M — 3TO TO XKe, ITO MOP(PU3M C HYJIEBHIM
AAPOM, a CIOPBEKTUBHBIA MOP(U3M — TO XK€, YTO MOP(PU3M C HYJEBLIM KOAJIDPOM.

Jlemma 1. Adpa unvexkmushbl, 6 Koa0pa ClOPHEKMUBHDL.
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Loxazameavcmao. [Hoxaxem mis sigep. [lycrs k: K — A — anpo mopdusma f: A — B. Ilycrs
t: T — K — mopdusm, aasa koroporo kt = 0. Hyxuo mokasars, uTo t = 0. /I[Ba Mmoppusma t u
0 w3 T B K npu xomnosunuu ¢ k 1aroT oauH u TOT ke MopdusM B A, annyrupyemsin f. Ilo
OTIpEeENeHUIO ATpa OHU MOJXKHBI COBMAAATh, T.e. t = 0. ]

[Ipeamonoxum, aro maaa mopdusma f: A — B B agIuTUBHOM KATErOPUU CYIIECTBYIOT
cremyomue aapa u kosaapa: k = ker f, ¢ = coker f, i = coker k, j = ker c. Hecoxuo npoBeputs,
YTO TOT/a CYIIECTBYET €IMHCTBEHHBIN [’ 3aMBIKAIONIMN IUATPAMMY

(1) K—t-4 ! B—~C.
N, S
1 SN I
[Tpu sTom ¢ HazbBatoT KooOpazoMm f, a j — obpaszom f:
coim f = coker ker f, im f = ker coker f.

AnnuruBHas kareropus A Ha3BIBAeTCA 464601, €CIM YIOBIETBOPAET ABYM YCJIOBUAM:
(AB1) ¥ ao6oro mopdusma B A eCTh AAPO U KOAAPO;
(AB2) Mopdusm f' u3 gumarpammsr (1) — msomopduam mis a06oro f.

Kaxk mecnoxno Bujgers, akcuoma AB2 paBHOoCcwabHa caexyiomemy: aio6ou mopdusm f: A —
B B A packiasiBaeTCs B KOMIIO3UIIUIO

AL TS B

rae ¢ = coim f, j = im f. OT0 pa3noxenune MOPGUIMA HABBIBACTCA KAHOHUYUECKUM.

3agaga 2. a)IlycTh f — uHBEKTUBHBEIN MOPGU3M B aGeneBon kareropuu. JJokaxure, 4To f =
ker coker f. /IBouCTBEHHBIM 00Pa3oM, 1A CIOPBEKTUBHOrO MopdusMma f umeem f = coker ker f.
b) [IpoBepbTe, YTO UHBEKTUBHBIN CIOPBEKTUBHBIN MOPGU3M B a0€IeBOU KATEropuu 0GPaTUM.
3agada 3. [las mo6oro mopdusma B abeneBon kareropuu f: A — B mMmeeTcs eTMHCTBEHHOE

pasioxenue B komnosunuio A — D ’ B , TJe @ — CIOPBEKINsA, a b — NHBEKIINA.

[IBa OCHOBHBIX IIpUMeEpPa, Paal KOTOPHIX ObLIA HPUIYyMaHA aKCHOMATHKA abeJeBOU KaTero-
pUU — DTO MOIYJIM HAJ KOJBIIOM M MyYIKW abeJeBLIX I'PYII HA TOMOJOTHYECKOM IPOCTPAHCTBE.
[lpyrue nmpuMephbl — Iy9IKd MOJYJAEH HAJT MyYKOM KOJeEIl, TpalyApOBaHHBIE MOAYJIM HAT TPaIy-
MPOBAHHBIM KOJBIIOM, (DYHKTOPHI U3 MaJou KaTeropuu B abeneBy. [Ipumep axauTuBHOM KaTe-
ropum, B KOTOPOU OOBIYHO HET sAAep W KOAJAep — NPOEKTUBHBIE MOJIYIM HAJ KOJIbIOM. [Ipumep
aJ IMTUBHON KaTEeropuu, NI KOTOPOU €CTh AApa W KOAApa, HO He BhINoaHeHa akcuoma AB2 —
KaTeropus (pUILTPOBAHHBIX a0eJeBBIX T'PYIIIL.

[TocaemoBaTenbuocTh K i) L % M B a6eresoit KATeropuy HA3bIBAECTCA MOUHOTU B CPEJHEM
wiene, ecau ker g = im f (sT0 aBa Mopduama B L), wiu, paBHOCHILHO, ecau coker f 22 coim g
(a0 nBa Mopdusma uz L).

o o / 9

OnpegeanM KOrOMOJOT MY KOMILIEKCA, TOCTATOYHO PAaCCMOTPeTh caydan Tpouku K — L =

M, B xoropou gf = 0. Umeercsa ecrecrBenusin Mopdusm im f — ker g, ompegeaum H xak
KOAIPO TOro Mopdu3ma.

3ama4a 4. Onpeneaunte MOPGU3MBI HA MUKJIaX, TPAHUIAX U KOTOMOJOTUAX, NHAYIUPOBAHHBIE
MOPPU3IMOM KOMILIEKCOB.
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3agada 5. MoxHo onpegeaunTs koromonoruun K ERY NS JTBOMCTBEHHBIM 00pa30M, KaK AIPO
Mopduama coker f — coim g. [IpoBepbTe, 4TO >TO ompeneteHre MTAET OOBEKT, €CTECTBEHHO
U30MOP(HBIN TOMY, YTO OBLI TOCTPOEH BHIIIE.
3agada 6. [lokaxwure, 9TO B abereBON KATErOPUU CYIIECTBYIOT KOHEYHBIE PACCAOEHHBIE U
KOPACCJIOEHHbIE TTPOU3BEICHNS.

PemmwmB 5Ty 3amga4m, MOXHO yOeIUTHCSA B ABYX BelaxX. Bo-mepBbIX, M00BIE PACCYXKACHUA,
UCTIONB3YIOIINe TOHATHAA U CBOUCTBA AIep, KOsIep, 00pa30B, TOYHOCTH, PACCAOEHHBIX MPOU3-
BEJIEHU! U T.II., KOTOPBIE MBI IPOBOAMIN 1S KATErOPUU MOLYyJaeH (HampuMmep, CylieCTBOBAHUE
,Z[JIHHHOﬁ TO‘IHOfI nocae0BaTECJIbHOCTHU B KOFOMOJIOFI/IHX), MO2KHO IIPpOBECTU U OJA IIPOU3BOJIb-
HBIX a0€eJIeBBIX KaTeropui. Bo-BTOPBIX, TPOBOJAUTE 3THU PACCYXKIEHUS HA KATETOPHOM S3BIKE
odeHb Heyn00HO. [ToaTOMYy 06BIYHO, paboTas ¢ abeTeBEIMU KATETOPUAMU, NEUCTBYIOT TaK XKe,
KaK ecau OBl OOBEKTHI OBLTM MOAYJIAMU U Yy HUX ObLTA OBI DIeMEeHTH. B 1eicTBUTENbHOCTH,
J1000€e Takoe PaccyXkJeHue B CTHUIE TUAarPAMMHOTO TOUCKA, OTIEPUPYIOIIee KOHEUHBIM YUCIOM
00 bEKTOB, OKa3kIBAETCA 3aKOHHBIM. EcTh aBa cnocob6a 06BACHUTE TO.

[lepBbIN — IpK TOMOIIY TOHATUSA DJEMEHTa 00BEKTA. Jaemenmom & 0obexTa X abeseBon Ka-
Teropuu A Ha3BIBAETCSA KJIACC SKBUBAJIEHTHOCTH MOPMU3MOB B X O CIEAYIOIIEMY OTHOIIEHUIO:

h h
Mophu3MbL Z; — X u Zy — X DKBUBAJIEHTHEHI, €CIVU CYIECTBYIOT CIOPBEKINN §: 4 — 74
u go: Z — Zy Takue, 9T0 h1g; = hogo. Hyneseim saemenToMm cumraerca kaacc [0: 0 — X],

h —h
IIPOTMBONOIOKHBIM K djeMeHTy = = [Z — X| — saement [Z — X|. C a106bmM MOpdusMom
f: X — Y cBasano oroOpaxenue Ha saeMenTax: ¢ = [h: Z — X| — f(z) = [fh: Z = Y]. dan
DIEMEHTOB 00beKTa a0eNeBOM KATErOPUU BEPHBI OObIYHbIE IPABUIA IUATPAMMHOIO MOMCKA:

1. f: X - Y — unbeknusa < f MHBEKTUBHO HA daeMeHTax <> u3 f(x) = 0 caexyer x = 0;
2. f: X =Y — cloppexknusa < f CIOpBEKTUBHO HA DJIEMEHTAX;

3. f: X =Y — nmyznesout moppusm < f(x) = 0 gas aro6oro saemenra r B X

! g
4. nocaenoBarenbHOCTh X1 — X9 — X3 Touna < ¢gf = 0 v gus a060ro sremeHTa Ty B Xo
Takoro, 4ro g(xe) = 0, Hangércsa saeMenT 1 B X1 Takon, 4ro f(x1) = Ts;

3agada 7. [IpoBepbTe KOPPEKTHOCTD C/IEJAHHBIX ONPENETeHIN M JOKAXKWUTE DTU IPABUIA.

Takum ob6paszom, MOHATHE dJIeMEHTAa B 00BeKTe abeleBOU KATETOPUM UMEET CMBICT, YTO
onpaBabIBaeT obOpaleHue ¢ 060beKTaMU KaK ¢ MOIYJIAMIU.

[lpyrou cmoco6 06bACHUTE 3aKOHHOCTh 00paleHus ¢ 00beKTaMu abeqeBOu KaTerOpuy Kak
€ MOJYJIAMHU O0OECIednBaeT CJIeTYIOMasa

Teopema 2 (Teopema Murdyenta o Biroxkenuun). Ilycmov A — abesesa kamezopus, Kaacc
06beKmos Komopot — MHOKHCECMB0 (Makue Kame2opuu nasvisamea maavimu). Tozda cywe-
cmeyem cmpozo noanbiti pynkmop A — R—mod, 2de R — nekomopoe ko4b4o0.

To, 4T0 peanbHO MHTEPECYIONME HAC abeNeBhl KATErOPUU MAJbLIMU HE ABAAIOTCA, HEe TOJXKHO
cmymaTh. O6bekThl abeneBon Kareropuu A, UCIOIB3YIONMeCs B JOOOM KOHKPETHOM PaccCy-
XK JEHUM, BCErjaa O0pa3ylT MHOXECTBO, M MOXKHO IPHMEHATH TEOPEMY O BJIOXKEHUU K MaJjou
nogkaTeropun B A, mopox 1EHHON STUMHA O0BEKTaMH.

[lns abeneBBIX KATETOPUU U 1 TUTUBHBIX (DYHKTOPOB MEXK Iy HUMU CTPOUTCA Ta XK€ TeOPHS,
YTO MBI IOCTPOWIH [/ KATECOPUUA MOAYJeU Hal KOJbIIOM. A MMEHHO, ONPEIeNsOTCA TOYHBIE,
TOYHBIE Cl€Ba U CIpaBa (PYHKTOPHI, NIPOEKTUBHbBIE U MHBEKTUBHBIE OOBEKTHI, PE30JbBEHTHI,
NIPOM3BOAHBIE (DYHKTOPHI, AJIMHHBIE TOYHBLIE IOCIEIOBATEIbHOCTU NMPOU3BOIHBIX (PYHKTOPOB,
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rpynnel Ext kak mpousBogubie (pyHKTOPHL 0T (pyHkTOopa Hom m mo I7IOHe,LIe, NPOEKTUBHAA U
UHBEKTUBHAA Pa3MEPHOCTU 00BbEKTa, TI06aTbHASA TOMOJOTHYECKAA PA3MEPHOCTh KATETOPUH.

EcTb poBHO 0HO CBOMCTBO KATEropuut MOJIYJeUd HaX KOJBIIOM, KOTOPOE MBI aKTUBHO WC-
MOJB30BAIU, U KOTOPOEe HeoOXOMUMO JOMOJHUTENBHO TpebOoBaTh NS TOTO, YTOOBI BCE ONMU-
CAaHHOE BHIIIE MMEJIO MECTO B 33 aHHOU abereBou kareropuu. OHO COCTOMT B TOM, YTO B Ka-
TErOpUU JTOJKHO OBITH NOCTATOYHO MHOI'O NPOEKTUBHBIX/MHBEKTUBHBEIX 00BeKTOB. Ecau ono
BBITIOJIHEHO, TO BCE PE3YJbTATHI PO MPOU3BOAHBIE (DYHKTOPHI MEPEHOCATCA HA CIydan abene-
BBIX KaTETOPUMU.

OnHako cymecTByOT abeqeBbl KQTerOpuu, B KOTOPBIX HEJOCTATOYHO MHOT'O TPOEKTUBHBIX
WM MHBEKTUBHBIX 00 beKTOB. HanpuMep, B KaTeropun KOHEYHO TOPOXK TEHHBIX a0€I€BhIX TPYIII
HET HETPUBUAJBHBIX MWHBEKTUBHBIX Oﬁ'beKTOB, a B KaTeropum KOT'€PEHTHBIX IIYYKOB Ha IPO-
eKTUBHOU HPAMOU — HETPUBHUAJIBHLIX MPOEKTUBHLIX. KOHCTPYKIIMA ITPOM3BOAHBIX (DYHKTOPOB
4epe3 NPOEKTUBHbIE/ MHBEKTUBHBIE DE30JbBEHTHI B DTOM CJAy4ae HE MOXKET ObITh IMPUMEHEHA.
Tem HE MeHee, MOXHO JaTh UX aOCTPAKTHOE ONpeIeIeHue.

[Iycts A u B — abeneBul kaTeropun. Jlesvim 6-@ynkmopom Ha3EBaeTCA HAOOp PYHKTOPOB
F;: A — B,i > 0 u mopdusmos ¢pyskTopos §;: Fi (M) — F;(K) u3 xaTeropuu KOpOTKUX
TOYHLIX mocaegoBareabnocren 0 - K — L — M — 0 o6bektoB A B B, 111 KOTOpPOro
BBITIOJHEHO ycaoBUe: Misa aiobou Tounoun tpouku 0 - K — L — M — 0 pawHHAS mocaenoBa-
TeTbHOCTh

d;
.= Fi (M) = Fy(K) — F,(L) - F;,(M)

TOYHA.

Kaxk mb1 Buesnu, Ha6Op J€BBIX TPOU3BOAHBIX PYHKTOPOB L; F' 0T TOUHOTO cpaBa hyHKTOpA
F: A — B u cBA3BIBA0OIMX TOMOMOP(U3MOB ABIAETCA J-PpyHKTOPOM. Kak MbI CKOPO yBU UM,
3T0T §-PyHKTOD ABIAETCA B COOTBETCTBYIOMEM CMBICIE YHUBEPCAILHDBIM.

Mopdguzmom §-pynxmopos us (F;, ;) B (F}, 0;) HasbiBaeTcs HAGOP GYHKTOPHBIX MOPDU3IMOB
¢i: F; — F! Takon, 4T0 Ha KaTeropuu TOYHBIX Tpoek Buga 0 - K — L — M — 0 umeercs
KOMMYTATHUBHAsA AMArpaMMa MOPMU3MOB (PYHKTOPOB:

2) Fia (M) 2~ F(K)

l¢¢+1 \qui
5

it1(M) — F/(K).

JleBnint 6-pyHKTOD (F}, §;) HABBIBAETCS YHUBEPCAAbHBIM, €CIH A JT1060ro d-pyurkropa (1}, 0})
1 1106010 MopduaMa (PYHKTOPOB ¢y : Ty — Fy CymecTByeT e IMHCTBEHHLIA MOP(PU3M -(PYHKTOPOB
() (T;,0%) — (F3, 6;), IPOIOMIKAIOIIUL .

dyukrop F mexny abeneBbiMu Kareropuamu A u B Ha3BIBAETCA KOCMUPAOUWUM, €CIA
s aoboro oowekta M B A cymectByer smumopdusm f: M’ — M takou, uro F(f) = 0.
Hecaoxno yb6enuThca B TOM, 4TO BBHICIIME TPOW3BOJHBIE (PYHKTOPHL L;F,i > 0 oT TOYHOTO
cupaBa pyHkTopa F kocTupaiomme — J0CTATOYHO B3AThH NPOEKTUBHOE HAKPBITHE.

IIpeapnoxenune 3. Ilycmv (F;,6;) — 0-Pynxmop, npuuwém dywkmopur F; wocmuparowue npu
i > 0. Toeda (F;, ;) — ynusepcaapnbiti §-Pynrkmop.

Aoxasamesvcmeo. lycrs (1;,6) — 0-pyukrop u 3agan MopdusMm GyHKTOPOB ¢g: Ty — Fy.
[MocTpoum Mopduambl HYHKTOPOB ¢;: T; — F;, yaoBieTBopswomue ycaoBuaM (2) ¥ mMOMyTHO
YBHUIUM, 9TO OHU €INHCTBEHHHI.
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[Ipegnonoxum, 9To ¢; HOCTPOEHHI NP i < N U ycaoBus (2) BuimoaHeHsl npu i < n. [lo-
cTpouM ¢, 41. Ilycte M € A — 06BbexT, HaKpoeM ero o6sekToM P Tak, 4106wl F, 1 (P —
M) = 0, u paccmoTpuMm TouHyI0 Tpouky 0 — M' — P — M — 0. UMeeTcs KoMMyTaTUBHAA

JAuarpaMma
5
Ty (M) —n T, (M) — T, (P)
!
| ¢n+1(M) J/%(M’) l(ﬁn(P)
v
d;
Fny1(P) — nt1(M) ——= Fo(M') — F,(P).
B kauectse ¢, 1(M) Gepem eguncTsennyio crpeiky 1,.1(M) — F,.1(M), neraomas neBbiu
KBaApaT KOMMyTaTuBHbIM (ycaoBue (2)). Heo6xoaumo IpoBepUTH TPH BEIIU: HE3ABUCHMOCTD
®n+1 OT BHIOOPA HAKPHIBAIOMIEN, (DYHKTOPUAJIBLHOCTD U COTVIACOBAHHOCTS C 0.

Paccmorpum m060u “MOpGU3M CTUPAOIINX HAKPBITANA , T.€. TUATPAMMY

!

(3) 0— N —Q——=N 0

R

0 M P21 0

rae Fni1(g9) =0 u Fria(g') = 0.
C Hen cBs3aHa KyOmdecKas TuarpaMMa

anN
(4) Tri1(N) To(N')
&,
Foi1(N) F,(N') To(f')
LTvH—l (f)
JIM
Foy1(f) Toy1 (M) —= T,.(M")
! / P11
Foa (M) F (M)

Eé nepenuss u 3aqusas rpaHu KOMMyTaTuBHbL, Tak Kak (Fy, 0;) u (T3, 6}) — 0-pyuxropsr. [Ipasas
rpaHb TaKXe KOMMYTATUBHA, TaK KakK ¢, — MOphu3M (GyHKTOPOB. BepxHas u HMXHAA rpaHn
IPEACTABIAIOT COO60U onpeneeHus ¢ny1(N) u ¢pi1(M).

Cuavana paccMOTpPUM TakKyio Amarpammy B caydae, kormga M = N, F' = 1,,. Bce rpann
Ky0a, KpOMe JeBO#, KOMMYTATUBHEL, a 0 — BloXkeHue, 3HAYUT, U JeBad IPaHb KOMMYTATHBHA.
ITO 03HAYAET, YTO oupeeneHus ¢, 1(M) nIpu mOMOIM ABYX HAKPHITUN ¢ U §' PABHOCHJIBHBL
Ho naa miobeix nByx Hakpeituul g1: P, — M wu go: P, — M cymecrByer obmiee 6oJbliee
Hakpertue hi: P — Py u hy: P — P Tak 4to gihy = gohe u F11(g1h1) = 0. Tem camsiym,
KOPPEKTHOCTh B ONPEICICHUN Py, 1 TOKAZAHA.

YT06B IPOBEPATHL (PYHKTOPUAILHOCTE, pacCMOTpuM MOpdu3M f: N — M ¥ BKIIOUHUM €ro
B quarpammy (3). Toraa KOMMyTaTUBHOCTE J€BOK I'PaHu B (4) IMOKaXeT TO, 9TO ¢ COrIACOBAHO
cf.

Haxonen, 917066 IOKa3aTh, 9TO (41 COIVIACOBAH C O mias TouHOU Tpouku 0 - K — L —
M — 0, paccmoTpum guarpammy (3), rae HuxH:AA cTpoka — Tpouka 0 = K — L — M — 0,
M =N, f =1y, F.iy1(¢") = 0 (a0 ne obssarersuo Fy,1(g) = 0). B coorBeTcTByI0Mmen Ky6u-
4eCKOU JAMarpaMMe BCe IDaH#M KOMMYTaTUBHBI, KDOMe, BO3MOXKHO, HuxkHel. Tak kak Tp,41(f) —
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u30MOP(PU3M, TMOTYIAEM, 9TO HUXKHAA TPAHL TAaKXKe KOMMYTATUBHA. JTO U TPeHOBAIOCH TPO-
BEPUTh. 0

OTO NIpeNIoXKeHne JelaeT eCTeCTBEHHBIM Cleayiomee omnpegeaenue. Ilycrs F: A — B —
TOYHBIN CIpaBa (PYHKTOD Mexk 1y abereBbIMu KaTeropusamu. [lycTh cyimecTByeT yHUBEPCAIb-
ubi d-pyukrop (F;, d;) ¢ Fy = F. Torga F; HA30BEM JEBBIMEU TPOU3BOJHBIME (HDYHKTODAME
ot ¢pyukTopa F. EcTh conepxaTenbHble TPUMEPHI, KOT'a MOXKHO IOCTPOUTSH JEBLIE TPOU3BO,I-
Hble (PYHKTOPBI, IPA TOM, YTO TPOEKTUBHBIX PE30JbBEHT HEIOCTATOYHO MHOTO. MBI, 0IHAKO,
pasbepéM mx Mo3¥ke, B KOHTEKCTEe TPOU3BOAHOTO (PYHKTOPA HA MPOU3BOJHOU KATETOPUM.

Cenvac xe u3yduM 6oJee MPOCTYIO Belllb — BHIYUCICHNE TPOU3BOIHBIX (DYHKTOPOB TIPH TIO-
MOIIYM ANUKJIAIHBIX pe30abBeHT. Kak 00bIYHO, mMycTh [ — TOYHBIN cIpaBa (PYHKTOP MEXTY
abeneseiMu Kareropuamu A u B, u nycth B A 10CTATOYHO MHOI'O MPOEKTUBHBIX OOBEKTOB.
O6wekr M wHaswiBaercsa F-ayukauunvim, ecmu L;F(M) = 0 upu 7 > 0. [Ipumepsr: npoekTus-
HBIM O0BEKT AUWKJINYIEH [ JI000r0 pyHKTOpa. IlIockui Moqyab anukandeH aas (GyHKTOPa
TE€H30PHOT'0 YMHOXEHWUS.
3agaga 8. [Iycts 0 - K — L — M — 0 — Tounas Tpouka. [okaxure, 4o a)ecau K u M
cytb F-anukau4aner, To u L Toxe F-auukauden; b)ecau L u M cyrs F-anukandassr, 1o u K
Toxe F'-anukianden.

Jlemma 4. Ilycmv K, — oepanuuennviii cnpasa mounviti komnaekc F-ayukiuunbi 00beKmos
u3 A. Toeda F(K,) — mosce mounbiti Komnaexc.

Hoxazameavcmeo. Eciun K, — TouHas TpOUWKa, TO YTBEPXKIEHUE CIeAYeT U3 IIMHHOU TOIHOU
[OCJIeJOBATEILHOCTH IPOU3BOAHBIX (PYHKTOPOB u Toro, uro L F(Ky) = 0. B o6mewm cayuae,
paspexem K, Ha TouyHBIEe TpOUKY Buga 0 — 2,11 — K; — Z; | — 0. llonb3ysce 3axaden 8§, mo
UHIYKIINHA IIPOBEPUM, 9TO BCe Z; F-anukauansr. [I[pumennm K Kax 104 TOYHOU TPOUKE (DYHKTOP
F, mocie 4ero CKJIeuM U3 MOLYIeHHBIX TOYHBIX TPOEK TOYHLIN KoMIueKe F'(K,). U

Oka3wIBaeTCA, 9TO BBIYUCJIATH NMPOU3BOJHBIE (PYHKTOPHI OT F' MOxHO mpm momomu F-
ANVKJINIHOU PE30JbBEHTHI.

ITpepmoxenune 5. Ilycme K, — peszoavsenma das obwekma M € A, 6ce usenvt Komopot
ayukavunbl. Tozda H;(F(K.,)) kanonuuecku uzomopduvy L; F'(M).

Hoxazameavcmeo. Ilycts P, — mpoekTuBHasA pe3oabBeHTa M, CyHIeCTBYeT €IMHCTBEHHBIU C
TOYHOCTBHIO 10 romoronuu mopdusm f: P, — K,, uagynupyitommuu 1y, va Hy. [Ipumenum F' u
mepen1éM K TOMOIOTUAM, MOLY UM OJHO3HAYHO onpeaenéunbie Mopusmbl H;(F(f)): L;F (M) =
H;(F(P,)) — H;(F(K,)). llpoBepum, 9TO 5TO — U30MOP(PUIMEL

Mas sroro mokaxewm, uro kouyc C(F(f)) aumkamuen. Pacemorpum C(f), xomyc f. Do
TOYHBI KOMILIEKC, BCE YIEHBI KOTOPOro F-anukauyHbl (Tak KakK NPOEKTUBHBIE 00BEKTHl F-
anukanaaer). [To aemme, xommaeke F(C(f)) = C(F(f)) auukanden, uyro u Tpe6oBarocs. [



