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OcHalleHHble TPHAHTYJTUPOBAHHbIE KATErOPHHU

Pemraercss 3ajaya ONMCaHHSI TPHAHTYJHPOBAHHON - KaTerOPHH, NOPOXKJEH-
HOHl KOHeYHBIM 4HCJIOM 00DBeKTOB. Il 3TOro BBOAHTCS NOHSITHE «OCHAIIEHHS»
TPHAHTYJIHPOBAHHOH KaTeropuHu ¢ HOMOLIbIO koMIsiekcoB RHom.

IonsaTue TpuaHryaupoBanHoit kateropuu [1], [2], [18], wupoko ucnoab-
3yeMoe B rOMOJIOTHYECKOH anre6pe, He BO BCeX OTHOLIEHHSX SIBJISIETCS YI0B-
JIETBOPHUTEJBHBIM, UTO OTMEYaJjoch, B YacTHOCTH, B kHure [18]. MmenHo, oc-
HOBHO# NPHHUIMIN rOMOJIOIHYEeCKOH aJjre6pbl COCTOHT B TOM, YTO HajO BCerja
paccMaTpHBaTh HE TOJHKO KOTOMOJIOTHH KOMIIJIEKCOB, 8 H CaAMH KOMILIEKCHI.
B 1o ke Bpemsi aGeseBa rpynna Home (E; F) B TpHaHry/JHPOBaHHOH KaTe-
ropuu 2 ectb o6pa3oBaHHe THNA I'PYMIBI HyJEBbIX KOTOMOJIOTHII HEKOTOPOTO
LeNHOro KOMIJeKca (B ajareb6pauyecKM BO3HHKAIOIIMX KATErOPHSX) HJIH
HyJIeBO#l roMoTonuueckoi rpynnbsl Hekotoporo CW-cnekTpa (B TOnoJioruue-
CKM BO3HHKAIOUMX KaTeropusx). B GoJbLIHHCTBe cJyyaeB, BCTPEYAIOUHXCS
Ha NpaKTHKe, 1eJ0 OGCTOHT HMEHHO TakK. B 4acTHOCTH, B TPHAHIYJHDPOBaH-
HBIX KaTeropHsx, BCTPeYalolUXCd B rOMOJIOTHYECKOH ajrebpe (roMoromuue-
cKasf, npousBogHas karteropuu) rpynna Homg (E, F) siBasieTcsa rpymnmoi
HYJIeBBIX KOTOMOJIOTHi1 eCTeCTBEHHO Bo3HHKaoLlero kommniekca RHom (E, F).
Ilpu 3TOM BO3HHKAIOL[HE TOUHBIE (YHKTOPHI MPOUCXOAAT H3 (PYHKTODPOB, CO-
XPaHSAIOUIUX KOMIJIEKCHI RHiom.

AxcuoMaTH3auHs NOHSITHS TPHAHTYJHPOBAaHHAS KAaTEropHs ¢ KOMILJIEK-
camu RHom» npuBoAuT K HeoO6XOQUMOCTH paccMaTpuBaTh AHdGepeHnHA b
Hble rpagyupoBanHbie (DG-) xateropuu. CTpykrypa DG-KaTeropuu HOMXKHA
ObITh B Pa3yMHOM CMBbIC/I€ COIJIacOBaHa C TPHAHTYJHPOBAHHOH CTPYKTYpOH.
Bo-nepBbix, Koromosioruu koMniaekcoB RHom fo/kHbBI GbITh €CTECTBEHHO H30-
Mop¢Hbl rpynnam Ext B TpuaHryiunpoBaHHOH KaTeropuu. [lanee, umerorcs
IBa crnocob6a onpeneseHHsi BHICLIMX KoMIo3uuuit Maccu. OfHH HCXOAHT H3
DG-cTpyKTyphl, Apyrol — U3 TPHAHTYJIHpPOBaHHOH. EcTecTBEHHO O0XHIATH,
yto aas D G-CTPYKTypHl, COrIacOBaHHOM ¢ TPHAHTYJIHPOBAHHOH, 06a cnocoba
JIOJIXKHBI IPHBOJHTD K OLHOMY OTBETY. ‘

UTo6Bl YIOBJETBOPHTh 3TUM (M APYTHM) TpeGOBaHUAM, MBI BBOAHM B Ha-
crosuieir paGoTe MOHsATHe NpeATPHAHTYJHpoBaHHON Karteropuu (§ 3). dto
DG-xateropus, ob6aajgamouias (yHKTOPHAJbHBIM KOHYCOM 3aMKHYTHIX MOp-
¢usmoB (H, Gosiee 06110, CBEPTKOH TaK HA3bIBAEMBIX CKPYYEHHBIX KOMILIEK-
coB, cM. §1). YcioBus cyniecTBOBaHHSI CBEPTKH MOXKHO c(HOpMyaIHPOBaTh KaK
IpelCTaBUMOCTb HEKOTOPBIX pyHKTOpOB. Takum o6pa3oM, NpeATpUAHTYJIHPO-
BaHHasi KarteropHs — 3To DG-KaTeropus ¢ AONOJHHTENbHBIMH CBOHCTBaMH,
a He ¢ JONOJHHUTENbHOH CTPYKTYpOH.

BaxHbIM npHMepOM NpPeATPHAHTYyJHUPOBAHHOH KaTerOpHH siBJseTCA KaTe-
ropusi Pre-Tr (&) ckpyueHHbIX KoMIJIeKcoB Hay DG-kateropueit ¢ (cm. § 1).
dyukTop nepexona ot & K Pre-Tr(s£) siBiseTcs aHaJOroM B3sSTHA CBOOOA-
Horo o0beKkTa B ajre6panueckoil TeOpHH. B neHCTBUTeTbHOCTH NpPeATPHAHTY-
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JIHPOBAaHHAsl KaTeropus MoxeT OHITh OnpejeseHa Kak ajare6pa HaJ MOHamo#
(B cMbicae KBunsena — Makaefina [3]), nocTpoeHHO#H ¢ noMouLipio (GYHKTO-
pa Pre-Tr.

TpuanrynnpoBaHHasi KaTeropus,, Kak MaTeMaTHuecKas CTPYKTypa, He fiB-
JISIETCSl YAaCTHBIM CJlyyaeM YHHBepcaJsbHOH aare6pel B cMbicae A. I'. Kypowa
[4], T. e. MHOXecTBa ¢ 3apaHee 3aJlaHHOH cHcTeMoH onepauuil (mogo6HO
TOMY, KaK He sIBJISeTCS YHHBepCaJbHOH aare6poil TONOJOrHYecKoe NPoCTpaH-
ctBo). HanpotuB, npeaTpHaHTIy/JHPOBaHHAs KaTeropusi sBJsSeTCS YHHBep-
caJbHOl anre6poil.

Hapsiny ¢ MoHazmo#t Pre-Tr MoXHO BBeCTH ellle OJHY MOHAaAy, HCIOJb3ys
OJHOCTOPOHHHE CKPYYeHHble KOMILJIIEKCH. DTO nesnaercss B § 4, rie naercs
ONHCaHHe OCHAUIEHHOH TPHAHTYJHDPOBAHHOH KaTeropHH, MOPOXKAEHHOH KO-
HEYHBIM YHCJIOM OOBEKTOB.

B ciyuae, Korga TpHAaHI'yJHPOBAaHHAs! KaTeTOPHS MOPOXKIEHA djeMeHTaMH
yIOpSIOUeHHOTO HCKalouuTeabHoro Habopa (cm. [9], [17]), ectecTBeHHO
3ajaThCcs BOIIPOCOM O TOM, Kak Gynxer mpeobpasoBeiBaTbcsi Ext-anre6pa na-
6opa mpu ero mepecrpoiikax. OkaspiBaercs, uyTo 3HaHHe Ext-rpynn mexny
3JIeMeHTaMH HCXOZHOro Habopa mJjs 3TOro, Boobuie roBopsl, HeJOCTATOYHO.
‘OHaKo 32 mepecTpofiKaMH BIOJHE MOXKHO NpOCAeAuTh Ha ypoBHe DG-an-
re6p. asa 3Toro Heo6XOAHMO PACCMOTPETh NPEATPHAHTYJHPOBAHHOE OCHA-
1eHHe KaTeroput (cM. § 5).

§ 1. DG-kaTeropuu ¥ CKpy4eHHble KOMIJIEKCbl HaJl HUMH

ITpenanautuBHas kateropusi [5] — aTo Takas KaTteropus ., B KOTOpPOH
Bce MHOxecTBa Home (E, F) cHabXeHB CTPYKTypaMH abeJieBHIX I'PYNN, Tak
MTO KOMIO3HUHA MopdH3MOB OuauHeiiHa. [IpenagquTuBHAsE KaTeropus c ofl-
HHM O0OBEKTOM €CTh He uTO MHOe KaK KOJbLO. AJIHTHBHOH KaTeropHel Hasbl-
BaeTcsl MpefafJHTHBHAs KaTeropHs, B KOTOPOH CyLIECTBYIOT KOHeYHble Nps-
MBble CYMMBI.

DG-xareropueit Mbl 6yfieM Ha3BIBATh TAKylO NpeJafiJHTHBHYIO KaTeropHio
¢, y Kotopo#l Bce abesneBnl rpynnsl Hom, (E, F) cHabGXeHbl Z-rpafiyHpoB-
Kol H nubdepeHIHANOM d cTenmeHH + 1, T. e. cHa6GKeHBl CTPYKTYDPOH KOMII-
Jexca. I[1pu atom Tpebyetcs, uToOb MOP(PHU3MBI KOMIO3HLIHH

Hom (E, F) ® Hom (F, G) — Homy (E, G)

Obl1 MOp(pH3MaMH KOMIIJIEKCOB H, KpOMe TOro, JIJsi Bcsikoro E€.S¢ BhIMoJI-
HeHOo paBeHCTBO d(idg) =0. O60o3nauum uepes Hom,*(E, F) k-10 rpanyupo-
BOUHYIO KOMIIOHeHTy KoMmIiekca Hom (E, F).

Besikoe nudGdepeHnnaJpHOe rpaiyHpOBaHHOE KOJBLO MOXKeT ObITh pac-
cMoTpeHo Kak DG-karteropus ¢ oJHHM 0o6beKTOM. [Ipyroii BaxKHBIH MpuMep
D G-xarteropun cTpoutcs Tak. ITyctb & — apnutuBHas kateropus. Paccmot-
puM Karteropuio C(s¢), 06beKTaMH KOTOPOil SABJISIOTCS KOLENHbIE KOMILIEK-
col Han &£, Ecau K, L' — Takue KOMIJIEKCHI, TO

Homg' ) (K, L) = @ Homy (K', L').

j—i=m
s

f= {f[: Ki — Li+m} EHOmm (K-, L.)
IIOJIO2KHM

df = {ff+1dK +(— l)mﬂdz,fil K[—> L”mﬂ},
rae dx, d. — auddepennuanst B K u L. dtum na C(s£) 3aaetcs CTPyKTy-
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pa DG-kateropus. 3aMKHyTble MOPGH3MEI cTeneHH 0 — 3T0 MOP(HHU3MBI KOMII-
JIEKCOB B OOBIYHOM cMbicje. «TouHble» MOPGH3Mbl— T€, YTO I'OMOTOIHEI
nyao. C moboit DG-kateropueil ¢ cBA3aHa rpaiyHpoBaHHAs KaTeropus
H(s¢), HaspiBaeMasi Kareropueit koromoJioruit o¢. O06bekTH B H () — Te
XKe, uTo H B ¥, a MopbuaMbl H3 X B Y onpenessiiorcsi Kak KOrOMOJIOTHH
kommekca Homy (X, Y).

OrpaHHuHBasicb HyJEBBIMH KOTOMOJIOTHSAMH KoMIliekcoB Hom, Mbl mosy-
YHM NpelajfuTHBHYIO KaTeropuio H°(s¢). Tak, HanpuMep, NI afIUTHBHOH
Kateropun & kareropus H°C (%) =Hot (%) ectb romoTOnHYeCcKast KATErOPHSs

KOMIIeKcoB Hag %. IlycTs Takxke S O — rpagynpoBaHHast KaTeropHsi, noJay-
yajouiascs u3 & 3abniBaHueM nuddepeHIHanta Ha MopdHU3MaX.

DG-¢dynkropom Mexnay DG-xkateropusivu £ u 9B Has3blBaeTcsl aiJUTHB-
HBE QYHKTOD f: S—%, COXpaHSIOWMA IPaiyHpoOBKYy H JuddepeHunas Ha
Mopdusmax. Takoit ¢yukrop unayuupyer oyukrop H(f): H(#)—~H (F).
Bynem naswBath DG-dyHkTop [ KBasunaoMopduaMoM (KBa3HIKBHBAJIEHT-
HOCTBIO), ecid H (f) — H3oMopdu3M (9KBHBAJIEHTHOCTb) KaTeropui.

B uactHocTH, eciu ¢ — DG-KaTeropusi ¢ 0JHHUM 0GBEKTOM, OTBEYAIOILAS
DG-anre6pe A, a #=C(s¢b), To DG-pyHKTOp U3 S B % €CTb HE UTO HHOE
Kak JeBblii DG-Monyab Hapn &£. Karteropuio DG-xateropuit (¢ DG-dyHKTO-
paMHu B KauecTBe Mop¢dusmoB) 6ynem o6o3nauats DG-Cat.

Ecnu &£ n & — nBe DG-KaTeropuy, To MHOXKeCTBO KoBapHaHTHHX DG-
GbyHKTOPOB S£—-$’ caMo eCTb MHOXKecTBO 00beKTOB HeKoit D G-KaTeropuy,.
KoTopyto o6osHauuM DG-Fun(s¢, o£’). Vimenno, nycte ¢ u % — nBa DG-
¢ynkropa. IToanoxum Hom* (¢, ) paBHEIM MHOXECTBY €CTE€CTBEHHHIX Npeo6-
Pa3oBaHui rpaAyHpPOBaHHEIX QyHKTOPOB ¢: ¢O —> O [k] w3 A° B BO (r.e.
ans Kaxporo obbvekra E€Obst ¢ (E)€Homg" (@ (E), ¢(E)).

Huddepenunan rpeobpasoBanus ¢ Ha KaxaoMm E paBen df(E). Takum
o6pasoM, 3aMKHYThHIe MOphu3MbI cTeneHn 0 — 3to DG-npeoGpasosanus DG-
¢dyHkTopoB. AHasoruyHo onpegenasercsi DG-kareropus DG-Fun®(s£, ),
cocrosimiasi U3 KoHTpaBapuaHTHBIX D G-GyHKTOPOB.

Onpenenenne 1([6]). Ilycts & — DG-kateropusi. CKpy4YeHHBIM
KoMIIeKcoM Haj ¢ HaswiBaetcss Habop {(Ei)iez, ¢ij: E.—~E;}, rmne E;—
o6beKTH &, paBHble 0 1151 NMOYTH BceX I, §i; — MOPGH3MBI B ¢ CTeleHH

i — j+1, ynoBaeTBOpAIOIIHE YCJIOBHIO dq;j -+ 2 griqir = 0.
3

[Ipumep. Ecin £=C (%) ecTp KaTeropuss KOMIJIEKCOB HaJ aJAHTHB-
HOH KaTeropueii %, To CKpydYeHHBIH KOMIJIEKC HaX ¢ €CTb NIPOCTO KOMIJIEKC
Haj %, KaXAbl# uyjeH KOTOPOro CHabxeH AOIOJIHHTENbHOH I'paiyHpOBKOM.
D10 noHsiTHe 0600IIAeT MOHSATHE CKPYYEHHOro KOMIIeKca Haj % B CMbICJe
O’bpaiiena, Togaeno u Toura [7].

Ckpyuenubie KoMnaekcsl Hajy DG-kareropuit & camu obpasyior DG-Ka-
Teropuio caepyromuM obpasoM. Ilycte C={E, q,}, C'={E/, ¢/} — nBa
CKpYYeHHBIX KoMIekca. [Tosoxum

¢

Hom* (C, C’) = j_[ Hom’, (E;, E})

Lj—i=k

u aas feHomy' (E;, Ef) mosoxum
df = duf + 2\ @i + (— 1" fqm),

rae d — nuddepennuan na Mopdpuamax DG-kaTeropun S¢.
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3aMKHyTHIE MOPGH3MEI cTeneHu 0 MeXay cxpyquHmMH KoMIJIeKcamu Oy-
JeM Ha3blBaTh CKPy4YEHHEIMH MOP(H3MaMH.

[Mycts S£° — DG-kateropus, noaydyaemas u3 & NpHCOeAHHEHHEM KOHeY-
HBIX (OpMasBHBIX NpAMBIX cyMM 00beKTOB. (Ecan B & yxe umerotcs npa-
Mble CyMMBI, TO S£° 3KBHUBaJeHTHA ¢ Kak DG-karteropusi.) D(-kateropuio
CKPYUYeHHBIX KOMILIEKCOB Haj S£° o6osnauum Pre-Tr(s£), a ee KaTeropuio
HyJIeBbIX KoroMoJoruit — uepes Tr(S£).

Ecnu s — npyras DG-kateropus, u f: sf—s¢"— DG-dpyHKTOP, TO BO3-
Hukaet DG-dyHKTOp

Pre-Te(F): Pre-Tr (s¢)—Per-Tr (')

U (PYHKTOD
Tr(F): Tr(s£)—>Tr(sg’).

Ecau & — npenagautuBHas Kateropus ¢ TpuBHaJbHOH DG-CTpyKTypoii, TO
Tr(s¢) =Hot (£°). ‘

Onpeneaenune 2. Ilycre & — DG-xareropusi, C=/{E; ¢},
C’'={E/, g/} —nBa obbekra Pre-Tr(s#), f={f;: E—~E{} — cKpyueHHBI}
Mop¢usm u3 C B C’. Ero xonycoMm HasmiBaercsi o0bekT Cone f= {E/”, g},
HMeloIH i

E, — E,® Ej, q;,—("" f").
0 g

VmeroTcs ectecTBeHHbIE 3aMKHYTHe MOpGH3Mbl B Pre-Tr(s¢)

ct-c
w s : (1.1)
+1 Conef

KOTOphle HHAYUHPYIOT MOpHu3Mbl B Tr(s2).

Bynem Ha3plBaTh OTMeYeHHBIMH TPeYTOJbHHKaMH B TT ($¢£) TpeyroJibHHKH,
HuzoMopgHele TpeyroapHukam Buaa (1.1).

IIpennoxenue 1. Kareeopus Tr(s4) ¢ yxasanuoim nabopom oTme-
YEHHOIX TPEeYeOAbHUKO8 ABAAETCA TPUAHRYAUPOBAHHOL KaTezopuell.

Ilpexne ueM [OKa3bIBaTh 3TO NMPEAJIOKEHHe, IPUBeJeM KOHCTPYKIUHIO ellle
OLHOH TPHAHTYJNHPOBAHHON KaTeropuy, cBsizanHoi ¢ D G-kateropueit. 9Ta KoH-
CTPYKUHS siBJsgeTcs 0000I1eHHeM cxeMbl: ajarefpa—TroMOTONHYECKasl KaTero-
pus Monyaeft, Ha cayyait DG-ctpykryp (cm. [6]).

Ilycers ¢ — DG-kateropusi. Mut 6yaeM uayuathb KOHTpaBapuaHTHele DG-
<pyHkTOpH H3 ¢ B DG-Karteropuio C (s£b) komniexcos abeneBbix rpynn. Eciu
¢: #£—>C(#b) — nexuit DG-pyHKTOD, TO Yepe3 ¢ O 6yneM o603Ha4yaTh HyHK-
TOp H3 & B rpajiyHpoBaHHbie abeJieBbl I'PYNINE], NOJyyaeMBIH H3 ¢ 3a0biBa-
HHeM Iu(depeHnnana, a yeped [ (p) — PYHKTOp cO 3HAUEHHSIMH TaM Xe,
ToJlyqaeMblii H3 ¢ B3siTHEM KOroMmoJioruii komniaekcoB. Kareropuioo 0-x Koro-
modJoruit DG-kateropun DG-Fun®(s¢, C(£b)) o6o3nauum Hot(s¢). Ecau
¢ HMeeT OMH OOBEKT H TPHBHANBHYIO DG-CTPYKTYpY, T. €. OTBeYaeT HEKOMY
Koaply, To Hot(s¢£) ero romoronnueckas KaTeropusi KOMIJIEKCOB MOAYJEH
HaJ 5THM KOJBLOM.

ITyctsb ¢: ¢g—p — DG-npeobpazoBanue KOHTpaBapHaHTHHIX D G-QyHKTO-
poB S£—C(s#b). OnpeneauM HoBuill DG-dpyukrop, Cone(t): s£—C(£b),
conocraBasomui 06bekty E€Obs¢g komnieke Cone{tz: @ (E)—¢(E)}.
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Hmeercs Tpeyroasuuk B DG-Fun®(s£, C(s£b))

t
e—> ¢
N v (1.2)
+1 Cone (¢),

KOTODHIH JaeT TakXke TpeyroabHuK B Hot (s£).

HasoBem oTMeueHHEIMH TpeyrosibHHKaMu B Hot(s£) TpeyrosbHHKH, H30-
Mop(HEe NONYyYaIoUEMCS U3 TPEYroabHHKOB Buaa (1.2).

[Tpennoxenue 2. Kareeopus Hot(s£) ¢ yxasanuoim nabopom orme-
YEHHbIX TPEYeOAbHUKOB U NOKOMNOHEHTHOIM (PYHKTOPOM cO8u2d ABASETCS
TPUAHSYAUPOBAHHOL KaTecopued.

HdoxasateabcTBo. IIpoBepka akcuioM Bepase TR1—TR4 pas
cJlyuasi 06bIYHON TOMOTONHYECKOH KATEerOPHH KOMILIEKCOB, IPHBeJEHHAs], Ha-
npumep, B [2], 10cJI0BHO NMepeHOCHTCS HA HAII CJIyuai, KOTOPHIA €CThb N0 Cy-
1IeCTBY, cayyall KOMIJIEKCOB ¢ cHCTeMol onmepaTtopoB (oGpasywoumx DG-Ka-
TEropHIO) .

IIpuBeneM ompejeneHHe NpeACTaBHMOro (DyHKTOpa B HALIEH CHTyaLHH.
Ilycte E —ob6bekT DG-xateropuun S£. EMy oTBewaeT KOHTpaBapHaHTHBIH
DG-dpyurrop hg: £—C(#b), xotopuii mepesogutr FEOb.of B KoMmJekc
Homy (F, E). ConocraBnenne E~hg 3ajmaer koBapuaHTHHH DG-dyHKTOp

h: st—~DG-Fun’® (s, C(s£b)).

AnasnoruuHo «KJaaccuueckoMys caydaio (cm. [18]) mposepsiercs, uTo QyHK-
TOp h SIBsSleTCS BIOJIHE CTPOTHM, T. €. HMEIOTCH H30MOP(H3MEI KOMIJIEKCOB

Home (E, E") =~ Hompe.punsiee.coan (s he?). (1.3)

IIpousBonbHEli KOHTpaBapuaHTHHH DG-byHKTOp h: SE~>C (S¢b) Gynem
Ha3biBaTh IPEICTABUMEIM, €CJIH OH H30MOpPdEeH (KaK DG-dpynkTOp) DyHKTO-
Py BuZAa Az Ass HekoToporo E€Obsf.

Onpenenenne 3. Ilycts & — DG-gareropus. OnpenenuM BJOXKeHHe
DG-kareroputi

o: Pre-Tr (A) = DG-Fun® (A, C (.4b)).

Sto BaOKeHUe comocraBaseT 06bekTy K={E;, ¢;;}€Ob Pre-Tr(s¢) cue-
ayrouwuit DG-byukrop a(K): £—C(s£b). Oas kaxgoro E€Obse 3nauenne
a(K) (E) ectb rpanyupoBanHas abeaesa rpymna @Hom,, (E, E;) [i], cHa6-
KeHHass aud¢epernnanom d+Q, rae Q==llg;l, a d — nudpdepernuan B
®Hom,, (E, E)) [i].

Ilpennoxenne 3. IlocTpoennsli GYHKTOP o ABAAETCA BAONEHUEM
Pre-Tr(s¢£) 6 DG-Fun® (¢, C(s£b)) kax noanoii DG-nodxarezopuu. [lpu
aTOm o nepesoOuUT KOHyc 3amxuHyTozo mopgusma [ 6 Pre-Tr(sf) 8 Konyc
mopgusna a.(f) 6 DG-Fun’(s£, C(s£b)).

6) Dynktop roeomoroeuti H (o) 3adaer saoserue Tr (&fl) 8 Hot (s£)
KQAK NOAHOL TPUAH2YAUPOBAHHOL NOJKATE20PUL.

JlokazaTeNbCTBO COCTOMT B MPOBepKe onpenesneHHi. V3 myHkTa a)
BHITeKaeT MpeJioxkeHue 1, 4To faeT BO3MOKHOCTb CPOPMyYIHPOBATh MyHKT 6).

§ 2. Monapna, ces3anHad ¢ pynkropom Pre-Tr

®yuktop Pre-Tr, mocTpoeHHbIH B IpeablaylleM Maparpadge, MN03BOJSET
onpenesuTh MoHaly Hajn kareropHeit DG-Cat. 910 naeT HaM BO3MOXKHOCThb
onpenesiuTh NPEATPHAHTYIHPOBAHHYIO KATErOPHIO KaK anarebpy Haj 3TOH Mo-
HaJoM.

4 Marematnueckuft c6opHuk, T. 181, Ne 5 673



HanoMHuM, uTo MOHafol B Kateropud & (cM. [3]) HasmiBaercs QyHKTOD
C: #—~F BMecTe C eCTeCTBeHHHIMH mNpeoOpasoBaHHsAMH p: CoC—C H n:
id—C TakuMu, 4To AaA Kaxaoro BEObH ckBo3HbIe MOP(H3MBI

CB) —X®_, ccB) EC(B
C(B) C(np)

CyTh TOXJAECTBEHHbIE, H AHarpaMMa

cCcB)XcB)

C(C(C(B)) X2 C(C(B)
C(ILB)¢ W'B
cc®B) —=E—~c@B

KOMMYTAaTHBHa. .

Iycts #=DG-Cat — kateropusi DG-Karteropuit u S#€Ob% — HekoTOpas
DG-karteropus.

IMoctpoum D G-dyHKTOP

Totg: Pre-Tr (Pre-Tr (A4)) — Pre-Tr (A).

HmenHo, o6bekT Pre-Tr(Pre-Tr(s¢)) MoxXHo mpejcraBiasiTh cebe Kak Habop
C = {(Cij)i.jez, Giju: Cij >Cr} ¢ HagmexamuMu AH(depeHIHaIbHEIME yC-
JIOBUSIMH HA (i . [10/10KHM
TOt_,g (C) = {(Dk)kez, Tkl Dk——-> D[},
rae
D, = H_?ék Cijy Tt = |Gijmnl, i+j=Fk m4+n=L

Bynem nHaseiBaTh Tot4(C) cBepTkoil ckpyueHHoro kommiekca C uax Pre-
Tr(s£).

SlcHo, uto cooTBercTBHE S¢—Tot,, MpogO/IKaeTCs L0 eCTeCTBEHHOrO mpe-
o6pasoBanus QyHKTOPOB

Tot: Pre-TroPre-Tr—Pre-Tr

Ha kareropuu DG-Cat. v
OG6o3HauuM yepes e, ecTeCTBeHHOe BjoxkeHHe S¢ B Pre-Tr(s£) kak moJ-
Ho#t DG-noaxaTeropuu: e, (E) ectb HaGop, cocTosmui u3 oxHoro E Ha Hy-
JeBoM Mecte. Takum 06pa3oM, ¢ ecTb ecTecTBeHHOe npeoGpasoBaHue (PyHK-
tTopoB id—Pre-Tr na kateropuun DG-Cat.
[Ipennoxenne 1. Pyuxrop -

Pre-Tr: DG-Cat—DG-Cat
u ecTecTseHHble nPeobpasosanus
e: id—>Pre-Tr, Tot: Pre-Tr(Pre-Tr)—Pre-Tr

onpedeasror moHady nad karezopueti DG-Cat.
- JloxasatesibCTBO MOJy4aeTcss HENOCPENCTBEHHOH NMPOBEPKOXL. :
IIpennoxenue 2. Pynkrop Tot, ecto sxeusarentrocts DG-rarezo-
put, a gpynkTop KO2OMONOCUL
H®(Tot,): Tr (Pre-Tr (A4)) = Tr (A)

ecTb 3KBUBANEHTHOCTb TPUAHEYAUPOBARHBLY KATE20puULl.
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HokasarteabctBo. Eciu C u C'— gBa o6bekra (Pre-Tr)?(s£), 10
KOMILJIEKCH
Hompre-tryen) (C, C') 1 Hompre.1r(eg) (Tot C, Tot C”)

onuHakoBnl. MHaue rosops, Tot, ectb skBHBasneHTHOCTb DG-Karteropuii. M3

npeasoXkeHus | BHITEKaeT, 4TO OH COXPaHAET CBePTKH CKPYYEHHBIX KOMILIEK-

coB. IToatomy H°(Tot,4) — 3KBHBaJ€HTHOCTb TPUAHTYJHPOBAHHEIX KaTErOpHi.
B jnasbHeiilleM HaM MOHaA06HTCA ellle OJHO CBOMCTBO GYHKTOpa

Tot,: (Pre-Tr)? (A) - Pre-Tr (A4).

Hwmenno, nycte —DG-kareropusa, C={E;, ¢} — CKpyYeHHbIi KOMILJIEKC
Hag Pre-Tr(s£), 1. e. 06bekt (Pre-Tr)*(s£), X — o6bekT Pre-Tr(s¢). Toraa
BO3HHKaIOT cKpyyeHHble Kommiaekcsl Hom (X, C) u Hom(C, X) nap DG-ka-
Teropueit C(s£b). Hanpumep,

Hom (C, X) = {Hompre.1ra) (Eiy X), iz},

rfie §;— oTobpaxeHus rpynn Hom, mHaynupoBaHHEE ¢ Kak 06bicHIOCH
BhIllle (MpHMep mocJie onpenesneHusi 1), ckpyueHHbit Kommiekce Han C (s£b)
eCTb OOBIYHBEIN KOMILJIEKC abesieBbIX IPyNN (CBEpPTKAa) ¢ JONOJHHTENBHOM rpa-
IyupoBKo# B usneHax. O6osnaunm yepes THom (X, C) u THom(C, X) cBept-
Ku ckpyueHHBIX KoMmmiekcoB Hom (X, C) u Hom(C, X) nan C(s£b). Ilyctp
takke T="Tot(C)€Pre-Tr ().

IIpennoxenne 3. B onucannoii curyayuu umeroTcs ecrecT8eHHble
U30MODPPHU3MBL KOMNAEKCOB

THom (X, C) ~ Hompre-1r(s0) (X, T), THotn (C, X) ~Hompre.1r) (T, X). [

§ 3. MpeaTpuaHryIupoOBaHHbIE KATETOPHH

Onpenenenune 1. DG-xateropuss & Ha3bBaeTCs NPEATPHAHTYJIHDO-
BAHHOM, €CJH AJI BCAKOro cKpyuenHoro komiiekca K€Pre-Tr (&) coorser-
cTByloIMH KoHTpaBapuaHTHHH DG-pyHkrTop @ (K): &>C(#b) (cM. § 1,
onpejieJieHne 3) ABASETCS NPeACTABHMBIM.

Ilpennoxenue 1. Kamdas npedTpuansysuposanras KaTe2opus
cHabocaercs crpyxTypoii areebpor (&, T) nad monadod (cm. [3]) (Pre-Tr,
Tot, &) 8 karezcopuu DG-Cat raxod, uro ¢pynxTopet

T: Pre-Tr (&) — &, &5: &—> Pre-Tr (&)

A84810TCA KBa3uobparTHuimu Apye Opyey axsusasentrhocramu DG-kareeopuil.

HoxasarteabctBo. Hdas KE€Pre-Tr(&) mnycts T (K) — HEKOTOPHIA
npencrapasomui o6bekT 1 ¢yHkropa o (K). U3 popmyan (1.3) BHTEKa-
er, uto coorBerctBHe K—T (K) npomonxaercs no DG-pynkropa T: Pre-
Tr (&) & rakoro, uto Togg=idyg, T H ey — KBa3HOOpAaTHBI M JHAarpaMma

(Pre-Tr)? (8) —=-> Pre-Tr (&)
T

Pre-Tr(T)¢ wL (3- 1)
Pre-Tr:§) —— 1 > &

kommyratuBHa. [l

®ynkrop T GyneM HasbBaTbh CBepPTKOH (CKpyueHHBIX KoMisiekcos). Ero
onpejeJieHHe 3aBHCHT OT IIPOH3BoJIa B BHI6Ope MPECTABJASIONHX 00bEKTOB.
Ilpyroit BuGop npusener K GpyHKTopy T’, KOTOpHIil cBfidan ¢ T KaHOHHYeC-
kuM usomopduamom D G-PyHKTOPOB, MOITOMY NPOU3BOJ B BeiGOpe HecyllecT-
BeHeH. B paJjbHelimeM Mbl Gyaem Tpeanogaratb GyHkTop T 3aJaHHBIM.
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IIpenrpuaHrynupoBaHHas KaTeropusi cHa6xeHa (yHKTOpOM CABHra:
E[i]=T(e(E)[i]).

[Tpocrefinii HeTpUBHAJBHBIH NPHMep CKpPyYeHHOro Kommiekca Haj DG-ka-
Teropueil & moJyuaercss H3 3aMKHyToro Mopdusma f: E—~F crenenn 0. Tou-
Hee, Moppusmy f oreuaer C,={E;, g4}, rne E,=E, E,=F, E;=0, upu j+
0,1, goy=/f, ocrasvnole q; paBHm 0. Ecin & — npeaTpHaHryJHpoBaHHAN
kareropusi, To cBepTky C; GyzeM Ha3biBaThb KOHYCOM 3aMKHYTOro MOp(hH3Ma
f u o6o3nayats Cone (f) €Ob (&).

Juarpamme 3aMKHYTHIX MOp(HH3MOB

e ()& (F)~C; 2 (E)[1]
B Kateropuu Pre-Tr(&) orBeuaer puarpaMma 3aMKHYTHIX MOD(H3IMOB
E -+ F — Cone () ~ E 1]

B & W, creJoBaTeJbHO, AMarpaMMa B Kateropuu H°(&). ByneM HasnBaTh OT-
MeYeHHBIMH TpeyroJbHHKaMu B H°(&) nuarpaMMbl, H30MOp(GHBIE JHArpaM-
MaM TaKoro BHAA.

[Mpennoxenune 2. [Iycte & — npedTpuaneyruposarnas KaTe2opus.
Tozda rarezopus H°(&) c onpedesennoimu goiie pyrnkropom cdsuza u ce-
MelcTBOM OTMEYCHHOLX TPEY20AbHUKO8 A8AAETCA TPUAHEYAUPOBAHHOU. DYHK-
rop H°(T): Tr(&)—>H"(&) nasasercs akeusareHTHOCTbi0 TPUAHSYAUDOBAH-
HbLX KaTe20pull.

JokasateabctBo. [IpoBepka akcuom Bepnabe 151 rOMOTONHYECKOH
KaTeropuH KOMIIJIEKCOB [2] CBOAMTCS K MOCTPOEHHIO HEKOTOPBIX CTaHAaPTHBIX
AHAarpaMMm 3aMKHYTHIX MOP(H3MOB KOMIJEKCOB., DTH KOHCTPYKLUHH HOCJAOBHO
NepeHOoCATCS Ha caydyall CKpy4eHHBIX KOMIJIeKcoB. [Toatomy TpeGyeMeie cTaH-
JapTHBIE AHAarpaMMBbl MOTyT ObITh MocTpoeHsl B Kateropuu Pre-Tr(&). Ilpn-
MeHsAsl K HEM yHKTOp T, MOJIyYHUM CTaHAAPTHBEIE AHArpaMMmsl B &, CyLlecT-
BOBaHHe KOTOPHIX YCTaHABJIUBAaeT CIPaBeAIUBOCTb akcHoMm Bepave B H°(&).
Ilo onpenenenuto ¢yHkTop T siBisieTCsi SKBHBAJEHTHOCTbI0 Karteropud. To
06GCTOATENBCTBO, YTO OH SIBJSIETCS TOUHBIM, BEITEKAeT M3 KOMMYTaTHBHOCTH
auarpamme (3.1).

Ecau samaHa TpuaHry/iHpoBaHHass Kateropus %, To ocHameHunem 2D
Oynem Ha3bBIBATh IPEeATPHAHTY/JIHPOBAHHYIO KaTeropHio & BMecre ¢ 3KBHBA-
aeHTHocTeio H°(&)—%2 TtpuaHryaupoBaHHBIX KaTteropuit. CaMy KaTeropHio
% 6GyneM TOraa Ha3bIBaTh OCHAIlEHHOH.

[Ipumepsl. 1. [Iycts & — apauTuBHas Kateropus. 'oMoTonuyeckas xa-
teropuss Hot(s£) siBasiercss ocHallleHHOH TPHAHIy/JHPOBaHHOK KaTeropue.
CooTBeTCTBYIOIAsl MpPEATPHAHIYJIHpOBaHHAsE Kateropus ectb C(s¢2).

2. Bosee o6mo, pasa aoboit DG-kateropun ¢ Kateropusi Pre-Tr(s¢)
ABJISIETCS IPEATPHAHTYJIHPOBAHHOM.

3. Ilyctp s¢ — abeseBa KaTeropus ¢ LOCTATOYHBIM UHCJIOM HHBEKTHBHBIX
o6bekToB. TpHaHrynupoBaHHasi kaTeropusi DP(s¢) >KBHBaJIeHTHa MOJHOH
NOAKATEropHH B roMoronnueckoil kareropuu Hott(s£), cocrosimest us komi-
JIEKCOB, BCE UJEHBl KOTOPBIX HHBEKTHBHHE U KOTOPBIE HMEIOT TOJIbKO KOHEUHOe
YHCJIO rOMOJIOTHH. PaccMaTpuBas cOOTBETCTBYIOILYIO MOJNHYIO IOLKATErOPHIO
B Ct(&¢), mosyuum ocHalieHue Kareropuu D®(s2), KoTopoe 0603HAUuUM
Pre-Db(s¢2).

AnajoruyHele pacCMOTPEHHSI NPHUMEHUMH K CJy4Yalo JOCTATOYHOrO YHCJIA
UPOEKTHUBHHIX 00'bEKTOB.
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