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KER-COKER-TIOC/NIEQOBATEJ/IBHOCTb
N EE OBOBLUEHVNE B HEKOTOPbLIX
KNACCAX AQAVUTUBHbLIX KATEFOPUW

4. A. Konbsuios, B. I. Ky3pMuuoB

AnHoTtanus. V3yueHn BOIpOC CHPaBeIJIMBOCTU JIEMMBI O 3Mee (CYLECTBOBAHUS U TOY-
nocru Ker-Coker-nocsieioBarensaoctu) B P-nosryaGesnesoii kareropuu. Ilosydeno oxmo
060011IeHIE JIEMMBI O 3Me€ B KBa3nabeIeBoil KaTeropuu.

KuaroueBsble ciioBa: crporuii mopdusm, P-nosyabesieBa KaTeropusi, KBasuabesaeBa Ka-
Teropus, Ker-Coker-1mmocsie1oBaTeIbHOCTb.

Bsenenue

B nociieiaee BpeMs roMOJIOrHYecKas ajirebpa B 8 IIUTHBHBIX KATETOPUIX, HE SIB-
JISIOIIUXCS a0eJIeBBIMU, IIOJIYYUIa BeCbMa aKTUBHOE PA3BUTHUE B CBA3U C U3yUEHUEM
TOMOJIOTHYECKIX ACIeKTOB (byHKIIMOHAILHOTO AHAIN3a, TOIOJIOIHIECKOH aareOpsl I
HEKOTOPBIX JPYTUX BOIPOCOB. DBIIN PACCMOTPEHBI PA3/INTIHbIE KJIACCHI 8 ITUTHBHBIX
KaTeropuii ¢ sapaMu u Kosiipamu (CM., HampuMmep, [1-9]).

B paborax [10, 11| uzyuanacs Ker-Coker-nocsieroBaTesibHOCTh

Kera = Ker 8 AN Ker~ 2, Coker o 5> Coker 3 2, Coker v, (D

CB43aHHAad ¢ KOMMYTATUBHOHA auarpaMMoil

AO o B() o C() N 0

o S B

0 A, -2, B N Ch,

VIIOBJIETBOPSIOITIEH yciaoBusiM 1Py = coker g, w1 = ker 1, B Ipouw3BOJIbHOI KBa3ua-
GeJteBoit KaTeropuu. BbLIO MCCaem0Bano, Kak BIUSET IPEJIIOJOKEHNe O CBONCTBAaX
0iHOrO U3 MOpPMU3MOB «, § WM Y HA TOYHOCTD nocsenoBaresabHocru (I) u cBoiicrsa
obpasyronmux ee MOPGMU3IMOB.

B Hacrosiieit pabore paccMaTpUBaOTCs JBa 00001eHns cutyanuu paborst [10].

B §1 paccmorpen Boripoc o Ker-Coker-nociienoBarensaoctu B P-miosryabeseBoit
KaTeropuu, T. e. Kareropuu, moJyabdesesoii B cmbicie B. I1. Tanamoznosa (B |7, 10-13]
TaKhe KaTeropuu Ha3bIBAIUCH npedabesesvimu). PasHuna, BOSHUKAIOIAS CO CJIyYa-
eM KBas3uabesieBoil KaTeropmu, COCTOUT B TOM, 4TO B P-mosyabesieBoit Kareropun

Pa6ora Bemmosinena npu nogzep:kke Crenuanbaoro nenaesoro npoekta GALA B pamkax IIpo-
rpammer NEST Kommcenn Esponeiicknx coobmects (rpart 028766), locyapcTBeHHOI IporpaMMel
MOJIEPXKKY HAayIHBIX MIKOJI U MOJIoAbix yuenbix (rpant HIII-5682.2008.1) u rpanrta Ilpesuznenra
P® (rparr MK-2137.2008.1).
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JJIsT CHIPABEIJIMBOCTU MHOIUX paccyzkieHuil u3 [10| upuxomurcs Hajararh Ha siji-
pa (Kosizipa) HEKOTOPBIX MOPMHU3MOB B UCXOIHOMN JUarpaMMe YCJIOBHE CTAOHIBHOCTH
OTHOCUTEJIHPHO YHUBEDPCAIBHBIX (KOYHUBEPCAJBHBIX) KBaJparToB. llocTpoeHne CBsi-
sbiBatorero Mmopdpusma § Ker-Coker-miociie1oBaTe IbHOCTH, HAIIPUMED, BO3MOXKHO B
caydae, ecau coker 1)y — cTabmIbHOE KOSAIPO mwin Ker (o — cTabUIbHOE SAPO B YIIO-
MSIHYTOM CMBICJIE.

B §2 paccmarpuBaercst quarpamma

Ay —2— By Yo Co
al Bl vl (H)
A =2 B Uy,

B KOTOPO# CTPOKH TOJIYTOYHBI, B KBa3nabeeBoil kareropuu. il COOTBETCTBYIOT jiBE

nosryTounble «mogoBuakny Ker-Coker-mmocienoBaTeibHOCTH

Ker a = Ker 5 Ker~ (I1I)

Coker @ = Coker 8 % Coker . (IV)

B [14] Homypa jnokasast, aro B TOUHON KaTeropun mnocyenosaresabrocts (I1I) rouna B
wiene Ker 3, eciu 1 u kanonudeckuii Mopdusm romoutoruit crpox (II) y : H(Bg) —
H(B;) aBnsiiorcss MoHoMopdusMamu, a nocienosareibuocts (IV) Touna B uiene
Coker 8, ecaut g u x : H(By) — H(B1) — smuMopdusMsbL.

B macrosimmeit pabore mokasano, 9To 3TH (DAKTHI BEPHBI B KBa3uabeIeBoil KaTe-
TOPUH, €CJTU TOTPEOOBATh, 9TOOBI MOPMU3M (1 OBLT SAPOM, & MOPGMU3M Yy CTPOTUM
(coorBercTBeHHO YTOOBI MOPMU3M 1)y OBLI KOIIAPOM, & MOPMU3M 1)1 CTPOIUM).

§ 1. Ker-Coker-miocjie10BaTe€JIbHOCTD
B P-mosryaGeneBoii KaTeropumn

Mpgr1 OyieM paccMaTpUBaTh aINTUBHBIE KATETOPUH, B KOTOPBIX BBIIIOJIHEHA CJTe-
JyIolas

Axcuoma 1. Kazxasrii Mmoppusm o umeer spapo Ker o u kosgpo Coker a.

B xareropum, B KOTOPOii BBLIIOJHEHa aKCHoMa 1, M7 KasKaIoro MopdusMa o
OIIPEJIEJIEHO €r0 KAaHOHMYECKoe pasiiokenne o = (im «)a(coim «v), te

im « = ker coker a, coim a = coker ker a.

Mopdusm o HA3BIBAETCS CMPO2UM, €CJIA (v — U30MOPMOU3M.

Bynem ncrnonszoBats ciemyiorme oboznadenust: O, — KJIacC BCEX CTPOIUX MOP-
duzmoB, M — kacc Bcex MOHOMOpdU3MOB, M, — KJIacC BCEX CTPOTUX MOHOMOP-
dusmoB, P — kiracc Beex anmuMopdu3MoB, P, — KJIacC BCeX CTPOruX MUMOPEMU3MOB.
Bynem nucars « | 8, ecin o = ker 8 u 8 = coker .

JIemma 1 [1,7,15,16]. B ammurusHOH Kareropwm, yaOBJETBOPSIIONIEl aKCHO-
Me 1, BBIIIOJIHEHBI CJIEJYIOIIHE YTBEPXK ICHHST:

1) ker o € M., coker a € P, miis1 iio6oro Mmoppusma «;

2)a e M, <= a=1ima, a € P, < « = coim q;

3) MopdusM « cTporuii Toraa U TOJBKO TOIJA, KOIa OH MOXKeT ObITh IPEJCTAB-
JIEH B BHJE 0 = Q1Qg, Ijge ag € P., ay € M,; a/s oboro Takoro mnpeacTaBaeHHsT
g = coima, ap = imaq;
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4) ec/im KOMMYTATUBHDBIH KBaJpaT

c -2 D

gl f J (1)
AL . B
koyHusepcaJjie, 7o f €e M = g€ M, f € M, = g € M., eciu oH yHHBepCaJIEH,
roge P—= feP,geP.—= feP,.
AjyuruBHas Kareropust HasbiBaercs P-noayabeaesoti, nosyabeasesol (6 cmoic-

se ITanamodosa) [8,9] mim npedabeaesoti |7], ecnm B Heil BBIIOJHEHBI akcnoMa 1 u
cJIeLyrommast

Axcuoma 2. /[l jro6oro Mmopgpusma o MOPHU3M @ SABJISETCS MOHOMOD(DHU3-
MOM H SIHMOP(H3IMOM.

JIemma 2 [10]. B npousposibHOi P-nosryabeseBoit KaTeropun BBIITOJTHEHBI CJIe-
JIVIOIHE YTBEPKICHUS:

)gf e M= f € M., gf € P.= g€ P,

2) ecin f,g € M, u fg oupexeseno, to fg € M.; eciu f,g € P. u fg oupeie-
JeHo, 10 fg € Pe;

3) ecin fg€ O, f €M, 109 € O,; ectu fg € O, g€ P, 10 f €O,

AjyiTEBHAST KaTEropusl, yI0BJIETBOPSIIONAs akcuoMe 1, HasbIBaeTcs: keasuabe-
sesoti [4] (noayabesesoti B cmbicie Paiikosa [1] nin nowmu abeaesot [5]), ecin B Heit
BBIIIOJIHEHA, CJIJIYIONIAs

Axcuoma 3. Eciu kagpar (1) koynusepcasen, to f € P, = g € P,. Ecin
xBagpar (1) yuusepcasen, o g € M. — f € M..

Kaxk uzBecrno [1, 4, 5, 16], Bcsakas kBasuabesesa kareropus P-nosryabesesa. Kak
HeJABHO moKa3ano Pywmmom [17], cymecrBytor P-noyaGeneBsl kareropun, He siBJIsi-
IOIMECs] KBa31uaOeIeBbIMU.

B [16, reopema 1] B. 1. Kysemunos u A. FO. HepeBUKUH yCTAHOBUIIN CJIEYIO-
muit PaxT.

Jlemma 3. Aprurusnast Kareropusi & ¢ sipaMu U Kospipamu P-miosryabesiesa,
TOIJIa U TOJBKO TOIJIA, KOTJA BBITOJHEHBI CJACIYIOIHE JIBA YCIOBHSL:

P1) ecin xkBagpar (1) koyausepcasen, 1o f € P. = g € P;

P2) ecin kBagpar (1) ynusepcasen, o g € M. —= f € M.

Eciu gy mopdusma f € P. B KoyHUBepcasbHOM KBajpare (1) B ajquTuBHOMN
KaTeropuu ¢ sApaMu U Kosiipamu Beerga g € P. (st mopdusma g € M, B yHUBEp-
casibaoM kBagpare (1) Becerma f € M), To f HasbiBaeTcst cmabusvhvim koadpom (g
HA3BIBACTCS CMAOUALHOIM A0POM).

TOBOPSIT, YTO TIOCIIE0BATEIBHOCTS . . . — B L P-nostyabenesoit kareropun
mouna 6 uaene B, eciim ima = ker b (uu, uro paBHOCHIBHO, coker a = coim b).

st pou3BOJILHOrO KOMMYTATUBHOIO KBajpara (1) Oynem 0603HAYATH CHM-
BosioM § : Kera — Ker 8 mopdusm, samanusiii yciaosuem g(kera) = (ker 8)g, a
cumBosiom f : Coker @ — Coker 3 — MopdusM, 3aJaHHBIA yCIoBHEM [ (coker o) =

(coker B) f.

Jlemma 4 [15]. /List npousBosibHOrO KOyHHBEpCaabHOro KBajpara (1) B amiu-
THBHOI KATErOPHH, YAOBJICTBODSIOIICH akcruome 1, § — u3oMopusm.

CrpaBeyinBo 1 JBOUCTBEHHOE YTBEPKJIECHUE.



110 . A. Kombuios, B. U. Ky3pmuHOB

Berony B masnbmeitiiem B 9ToM naparpade KaTeropus &7, B KOTOPOH MBI pac-
CMaTpUBaeM JIuarpaMMbl, IPeToaaraeTcs P-mosyabemeBoit.

ITycrs kBagpar (1) koyuusepcanen, 8 = 180, fo € P, f1 € M.. Paccmorpum
KOYHUBEPCAJIBHBINA KBAJIPAT

B %,

hl fl (2)
B1
F —— B.
B cuy koyHUBEpCAJIbHOCTH 3TOrO KB3JIpaTa CyIIeCTBYeT Takoi MopdusM ag : C' —
E, aro ajapg = a u hag = Byg.
Jlemma 5. Eciun 3 € O, 10 a9 € P. Ecn f € M, u g — n3omopdusM, 10
h — uzomopusm n oy € P.

JLOKA3BATE/ILCTBO. Kaaapar

c 2 ., F

A
Bo
A——— F
koyHusepcaset [15]. B cury semmer 3 yesosue S € O, (1. e. By € P.) Bieder, uro
ag € P. Ilycrs f € M, n g — nzomopdusm. Ilo smemme 1 h € M. Tak xax fog € P

u fog = hag, To h € P. Caenosaremsrno, h — msomopdmsM n oy = h™1fyg —
snnmopdusM. Jlemma gokaszana.

Jlemma 6. ITycrs kBajgpar (1) koyrmsepcanen. Torma ecin 3 € O, To f € M.

JIOKABATEJIBCTBO TIOYTH JOCJOBHO COBIAJAET C JOKA3ATEILCTEOM JIEMMBI 6
B [10].

JlemMma 7. Ilycrs KBajpar

A—2.D

idl f l (3)

RN

wommyTaruseH, f € M u mopgusm h : Coker § — Coker f onpenesien ycjioBuem
coker f = h(coker 8). Torza

1) ecu B € O, 10 f e M;

2) eciiu f € M. u coker f — crabuibHOE KOSIAPO, TO f = ker h.

JIOKA3BATEJIbCTBO. 1. Tak kak f € M, kBajpar (3) koynusepcaset. [losromy
yTBepxKieHne 1 ciemyer u3 JieMMbI 6.

2. Ilycts f € M.. B cuny slemmbr 5 MOXKHO Tipejimosiarath, aro [ € M.

IIyctb = : X — Coker § — mopdusm takoii, uro hu = 0. Paccmorpum KoyHU-
BepCaJIbHBII KBaJIpaT

y =2, X

l xl (4)

B %P, Coker 8.
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Tax kak (coker f)v = has = 0u f = ker coker f, maiijerca rakoii mopbusm w : Y —
D, uro v = fw. Tax xkax xBagpar (4) xoyausepcaneH, o v(ker s) = ker(coker 3) =
5. Tosromy

f(coker a)w(ker s) = (coker 3) fw(ker s) = (coker B)v(ker s) = (coker 8)8 = 0.

IMockosbky coker § — crabusibaoe Kosiiipo, s € P, u, ciaegosaresbho, s = coker(ker s).
Buauut, cymecrsyer mopdusm ¢ : X — Coker « Takoit, uro (coker a)w = cs. Umeem

fes = f(coker a)w = (coker B) fw = (coker B)v = xs.

Tak kak s € P, nosyqaem © = fc. DTUM yCJIOBHEM ¢ ONPEJIENISIETCST OTHOZHATHO B
cuity Toro, uro f € M (memma 6). Takum obpasom, f = ker h.
JlemMa mokaszaHa.

HyCTL B KOMMyTaTI/IBHOﬁ Juarpamme

Ay =2 B, - ¢, 0
ul Bl vl (5)
0 A, =2 B o

o = coker g, p1 = kertp;. Kax u B ciaydae abeseBoit kareropuu, auarpamme (5)
coorBercTBYIOT jiBe nosyrodnbie yactu Ker-Coker-niociienoBarenbaocru

Ker a = Ker 5 Ker~y (6)

0
Coker o = Coker 3 = Coker . (7)
BILBCB € = SBOa g = ,(/107 T = @13 0 :’(/}1-
IIpenmonoxum Tenepb, 4TO 1Yy — CTAOMIBHOE KOsIPO. Torjia orpejiesieH CBs-

seiBatromuii Mmopdusm 0 : Kery — Coker o, 06beuusitomuit (6) u (7) B Ker-Coker-
MTOCJIEIOBATEIHLHOCTD

Kera = Ker 3 5 Ker~y 2, Coker v 5> Coker 2, Coker . (8)
Mopdwusm § crpourcs ciaemyiomum odbpazom. IlycTsb
X — Kery
ul keml (9)
By —" Gy
— KOYHUBEPCAJIbHBINA KBAJIpaT, &
A4 2B
cokeral vl (10)

Cokera —— Y

— yHEHBepcaJbHbII KBagpaT. Tak Kak Ygpg = 0, CyllecTByeT eIMHCTBEHHBIA MOP-
dusm w : A — Kerpg Takoit, uro ¢y = (kerpg)w. Iockonbky kerty = im g, To
w = Py(coimpg) € P. B cuy ¢18u = y(kery)s = 0 m ¢; = kere); cymecrsyer
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equHCTBeHHBIN MopduaMm m : X — Aj takoit, uro ¢1m = fu. Haiee, o gemme 4
Ker s = Ker ¢y, 0TKya nMeeM IEMOYKY PaBEHCTB

w1m(ker s)w = Bu(ker s)w = B(ker vp)w = By = Y10y

snaunt, o = m(ker s)w. Cuaenosarenbro, (coker a)m(kers)w = (cokera)a = 0,
orkyna (coker a)m(kers) = 0, ubo w € P. Tak Kak 1)y — CTabUIbHOE KOSJIPO, TO
s = coker ker s. Tlosromy Haitnercs: equacrBennbiit Mmopdusm § : Kery — Coker «,
yIOBJIeTBOpsIONuii coorHoienuio (coker a)ym = ds. st mopdusma ¢ umeeM tos =
t(coker a)m = vpym = vfu. Tak kak t € M (nemma 3), yciosue

tds = vfu (11)

onpegesser MopdbusM § OIHO3HAYHO IpU BhIOpaHHbIX KBaapaTax (9) u (10) u nos-
BOJISIET JIOKA3aTh €r0 eCTeCTBEHHOCTb.

JlBoiicTBeHHOE pacCCyrKJIeHrNe TOKA3BbIBAELT, YTO B CJIydae, KOIJia (1 — CTAOUIb-
HOE SIIPO, TOXKE ONPEICJCH CBI3BIBAIONIHHA MOPMU3M 0, yIOBJIETBOPSIONIHIT yCI0-
suto (11). Tak kak t € M, s € P, To B ciiyuae, KOIJIa OJJHOBPEMEHHO 1)y — CTa0MIIb-
HOE KOSIJIPO U (01 — CTAOUJIHLHOE sIJIPO, TIOCTPOEHHBIE JIBYMsI CIIOCOOAMU CBSI3BIBAIOIIIE
MOpU3MBL § 1 & COBIIAIAIOT.

ITycrs Mmopdusm [ u3 puarpammsl (5) upeacrasien B Buze 5 = 510, fo : Bo —
B, 1 : B — By. PaccMoTpuM KOyHUBEPCAJIBHBIN KBaJIpaT

A —£

ol
4, —2 By.

IIycts ¥ = cokery, v : B — C. Ilo nemme 1 ¢ € M, u nosromy ¢ = ker.
Haiiyres mopdpusmbr ag : Ag — A, 79 : Co — C, v : C — Cq, Uisl KOTOPBIX
Q1) = (@ U I@arpaMma

Ap =22 By —2 ¢ 0
oA s
0 id v 0 (12)
oLoel el
0 A4, 2B o

KOoMMyTaTuBHa. HeTpymHo ybeauTnhest, ITo Y170 = 7.

Jlemma 8. Ecam By € P, 1 € M., coker &« — crabuibHOE KOSAPO, MOPDU3M
ay : Coker ag — Coker o onpesesen yciaosuem (coker a)ay = & (coker ag), a mMop-
¢usm 7 : Coker & — Coker f — ycioBuem T(coker o) = (coker B)p1, To @1 = ker 7.

JIOKABATEJIBCTBO. YcI0BHE CTaOMJIBHOCTH COKEr (v JieJIaeT 3aKOHHBIM IIPUMe-
HEHUE JIEMMBI 7 K KOMMYTATABHOMY KBaJIPATy

Imay, —22, A
idJ{ Oéll
ai(im ag)

Im (67 Bl,
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aro maer ay = ker h, rpe mopdusm h : Coker a — Coker oy omnpesiesien ycaoBuem
h(coker o) = coker ;. Hasee cienyem joxasarensbcrsy jsemmbl 10 B [10]. Jlemma
JIOKA3aHa.

PaccmoTprM KOMMyTaTUBHYIO uarpaMmy

Ay =2 B, - ¢, 0
o l Bo l o l (13)
0 A 2. Y.,

B KOTODOit 19 = coker @q, ¢ = ker 1.

Jlemma 9. Ecom st guarpavmpl (13) caspisatommii Mopusm é : Ker Yo —
Coker o onpeneser u By € P., 10 § € P.

JIOKABATEJIbCTBO. PaccmoTpuM KOyHUBEpCaIbHBIH KBaIpaT

X — Keryo

uJV ker o J{

Yo
By —— (o
U yHMBEPCAJIbHBIN KBaJIpaT

A _®

coker aq l vl

Coker o LN 74

Tak kaK ¥fBou = Yo(keryg)s = 0, cymecrByer takoii mopdusm h : X — A, uro
ph = Pou. Paccyxiasi, Kak B JoKasarenbcTe jeMmbl 11 B [10], momyuaem, uto
KBaJIpaT

X — > By

A

A2
KOYHHUBEPCaJICH. _
ITo nemme 3 h € P, mosromy (coker ag)h € P. Tak Kak tds = vfpu = vph =
t(cokerag)h u t € M 1o nemme 3, umeem ds = (coker ag)h € P, orkyza 6 € P.
Jlemma mokazaHa.

Hokaxkem cireytoniyo Bepcuio Teopembl 1 u3 [10] myst P-nosryaGesnesbix kate-
ropuit.

Teopema 1. CupaBeIuBBI CIEIYIONTHE YTBEDKICHUST:

1) ecam B pmarpamme (5) 1y u coker a — crabuabHble kosiapa u 3 € O, ToO
nocieoBarebHoCTh (8) Touna B wiene Coker o

2) ecm B (5) 1 m kery — crabuibnbie sapa u € O, TO MOCIEI0BATE b
Hoctb (8) Touna B wiene Ker .

JIOKABATEJBLCTBO. 1. Ilycrs 8 = 5150, Bo € Pe, 51 € M.. B nuarpamme (12),
COOTBETCTBYIOIIel aToMy pasmnoxkenuio 3, mo jgemme 6 1 € M u mostomy kery =
kery. Tak Kak 19 — cTabMJIBHOE KOSJIPO, OIpPEeseH CBA3bIBAIOIINI MOP(U3IM §
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st guarpammel (13). B cuity ecrecrBennocTu cBssbiBaoniero Mmopdusma 6 = @0.
ITo memme 9 § € P, a o nemme 8 ay = ker 7. Crnenosarensuo, imd = kerr, T. e.
HI0CJIeJOBATENBHOCTD (8) Touna B wiene Coker .

VTBepKaeHue 2 Moay94aercsa U3 yTBep:KAeHus 1 110 ABOHCTBEHHOCTH.

Teopema moka3aHa.

Jloka3aTeIbCTBO CIIEAYIOmEil JIEMMBI COBIIQIAET € MEPBOil YaCThIO JOKA3ATE b
crBa Teopemsl 2 B [10].

JIemma 10. ITycre B gumarpamme (5) po = kerty (1 = cokerty). Torma
e = ker( (0 = cokerT).

Teopema 2. CopaBeayiuBbI CJIEIYIONIHE yTBEPKICHUST:

1) ecan B gamarpamme (5) ¢o € O, ker a — crabuibHoe s/po, TO HOCJIEL0BA-
respHOCTh (6) Touna m e € Og; ecmm B (5) a € O, To mociaenoBareabHOCTH (6)
TOYHA;

2) ecm B guarpamme (5) 1 € O, cokery — crabuabHOE KOSIPO, TO HOCIEI0-
Bareapnocts (7) rouna u 0 € Og; ecn B (5) v € O, 10 nociaenosareabaocrs (7)
TOYHA.

JIOKA3ATEJBCTBO. IlpescraBuM o B BUJE KOMIO3UIMA ©g = @[ ¢©h, ©h € P,
0y € Me, @ : Ag — A, @)y : Ay — Bo. Hockombky ¢f = ker 1), cymecTByer Takoit
Mopdusm o @ Aj — Aq, aro 1o’ = By). Torma o’ ¢ = a. Tak kak @[ € P, 1o
KBaJIpaT

Ag —— Ay

@Bl idl
a/
Ay — A
yuusepcanen. Mopdusm ¢ unnyimpyer mopbusm o’ : Keraw — Kera/, a mop-
dbusm ¢ — mopdusm @y : Kera/ — Ker 8, npuuem ¢ = o’ po’. o nemme 10
po” = ker (.
IIycrs ¢ € O.. Torma ¢ € P.. Ilo yrBep:KueHuo, IBOHCTBEHHOMY I 2
JIEMMBI 7, 3aKmodaeM, 9to @y’ € P.. Crenosarensno, € € O, n ime = ker (.
ITycts Tenepb o € O.. YTBep:KaeHne, ABOHCTBEHHOE 1. 1 JIeMMBI 7, JJAET COOT-
—~ ~_
Hormrenne @, € P. CHoBa nmeem py” = ker (.
I1. 1 goKa3aH MOJHOCTBIO, a II. 2 IOJIy4YaeTcsl U3 Hero 1o JBOHCTBeHHOCTH. Teo-
peMa JoKa3aHa.

Teopema 3. Eciu B quarpamme (5) o € O, u kery u ¢ — crabu/ibHble s1pa,
To nocaeoBareabHocTh (8) Touna B wienax Ker 5 u Kervy. Ecan v € O, u coker «
1 Yy — crabuibHbIe KOs/[pa, TO HocjeaoBare/bHoCTh (8) rouna B wienax Coker 8 u
Coker a.

HOKABATEJBLCTBO. Ilpencrasum mopdusm 8 B Buge 8 = (189, Bo € Pe, b1 €
M, u paccmorpum coorBercTByonLyo auarpammy (12). Ilo gemme 1 oy € M, u
mo jemme 6 v; € M. Caenosarenbno, kerav = ker g, ker 5 = ker 5y, kery =
ker . Ker-Coker-nocnenosarensroctu, coorsercrsytomue quarpamyam (5) u (13),
CBsI3aHBI MEXKJy COOOIi CJIeyoIIeil KOMMYTATUBHOI JIrarpaMMOoii:

Ker o LN Ker 5y s Ker g LN Coker g — 0 — 0

&l l l

Kera 5 Kerff 5 Kery > Cokera & Cokerf - Cokern.
(14)
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ITo nemme 7 crporoctsb « Baeder, uro ay € M. Ilostomy ker & = ker §. Ilo 1. 2 Teo-
pembl 1 BepxHsisi crpoka auarpaMmbl (14) rouna B wiene Keryg. Ilosromy HuzkHsis
cTpoka TouHa B wiene Ker 7.

Tounocts B wirene Ker 8 caemyer u3 Teopemsbr 2.

Bropoe yTBepKieHE TEOPEMBI HIOJIYYAETCs U3 IEPBOIO IO JIBONCTBEHHOCTH.

Teopema jrokazana.

§ 2. Omuo obobmrenue Ker-Coker-rocienqoBareibHOCTA
B KBa3mabeJieBoil KaTeropuu

Beroay B aTOM maparpade Mbl paboTaeM B KBa3nabeJseBoi KaTeropuu & .
PaccMoTpuM KOMMYTATHBHYIO JHADAMMY

AO Yo BO Yo C()

al ﬂl vl (15)

A1 1 Bl 1111 Cl’

rae Yoo = 0 1 Py = 0.
KaK n BbIHIe, HNMEIOTCAd IBE HOJIyTO‘{HbIe II0CJIe JOBATECJIbHOCTH

Ker oo 5 Ker 8 S, Ker~y (16)

Coker o - Coker f3 2, Coker . (17)

P .
Iox (xo)romomormsivr H (B) mocnenoaremsuoctn A - B 5 C' maxoit, 4o
1 = 0, moHIMaeTcsa KOspo ecTecTBeHHOro Mopdusma r : Im ¢ — Ker ¢ nan, aro
9KBUBAJIEHTHO, PO ecTecTBeHHOro Mopdusma ¢ : Coker ¢ — Coim ¢ (em. [12,13]).

Hast quarpammbl (15) nuMeeM KOMMYTATHBHYIO JMArDAMMYy M3 €CTECTBEHHBIX
MOppU3MOB

Im g —0 . Kery
l tl (18)
A =Imyp; —— Ker .
3necnw t : Kerg — Ker1; — mopdusm sijiep cTpok KBajpara

B, — . ¢,

gl gl
B, — ¢y,

s : Im g — Im ¢ — Mopdusm siep CTpPOK KBaJpaTa

By coker #o Coker ¢g
d! 2
B; coker o1, Coker 01,
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rje B — MOpdU3M KOsiZIEP CTPOK KBaIPaTa

A()L BO

Ll
Al L) Bl7

U MOPU3MBL 79 U 7] BOSHUKAIOT U3 10JyTOUYHOCTH CTPOK B (15). Tem cambiM onpe-
JleJIeH ecTecTBeHHbIi Mopduam romodoruii x : H(By) — H(B1) — mopdusm kosizep
CTpoK KBaJpara (18).

Mb1 JoKazKeM CJIeIyIolee yTBEp K ICHUe, ABJIAIOeecs KBasnabeaeBoil Bepcueit
caencreust B2 u3 crarbu Homypsr [14].

Teopema 4. CrpaBesuBbl CJIEIYIONHE YTBEPXKICHHST:

1) ecin B auarpamme (15) o € O, ¢1 € M. u mopdusm x : H(By) — H(B)
SIBJISIETCST MOHOMODU3MOM, TO 1ocsegoBareapHocTs (16) Touna,;

2) ecu B (15) ¥ € O, g € P, u x — suuMopdu3sM, TO MOCIEI0BATE b
Hocrb (17) TouHa.

JTOKA3ATEJBCTBO. 1. Ilycts mopdusm z : X — Ker S takos, uro (x = 0.
IMokaxkem, uto & = (im€)Z 1yIsi HEKOTOPOTO €JIUHCTBEHHOIO .

Bes orpanudennst 0O6IIHOCTH MOXKEM CUUTATh, 9TO T = imx € M.

NnMeeM KOMMYTATUBHYIO THATDAMMY

coker rg
_

Imgy —2— Kerty H(By) = Coker rg

Sl tl Xl
coker ry H(B;) = Cokerry.

Tak kak 0 = (kery)(z = ¢o(ker 8)x, cymecrByer mopdusm z : X — Kery
rakoii, uro (ker 8)x = (kery)z. Hanee, (ker)tz = B(kertg)z = Blker f)x = 0 u
kery € M., nosromy tz = 0. Ilockosbky x(cokerrg)z = (cokerry )tz =0u x € M,
10 (cokerrg)z = 0. B cuny rqg € M, 6yuer rqg = ker coker rg, nosromy Haiimercs
Mopdusm o : X — Im pg Takoit, 9to z = rgo.

Umeem r1s0 = trgo = tz = 0. Tak xak r; € M., monydaem so = 0.

IIpesncraBum o B Bue o = (im@g)). Torma ¢f € P.. Paccmorpum KoyHHU-
BepCaJIbHBbIA KBaIpaT

Ay =Imy; —— Kery

Y Y2

y1l o’l
AQ L Imgao
Bamernm, uro s = B(im ¢g). NUmeem
proyr = Beoyr = Bimpo)goyr = Aim po)oyz = 0.

Tak kak @1 € M, orcioma cienyer, urto ay; = 0. 3HAUUT, CyIiecTByeT MOpOU3M
y:Y — Kera co csoiicreom y; = (ker «)y. Torma

(ker B)xys = (ker ¢p)zys = (ker ¢p)rooys
= (impo)oys = (impo)poyr = poy1 = po(kera)y = (ker f)ey.
[Tockonbky ker 8 € M., ato maer

TYo = €Y. (19)
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/

[Iycts ¢ = (ime)e’. B dbopmyne (19) x € M., yo € P., nosromy x = im(zye) =
(ime)(im(e'y)). Moxkem B3arb & = im(e'y). Yenosue = (ime)Z oupepensier &
OJJHO3HAYHO, TAK KaK im € — MOHOMODP(U3M.

Vreepxkuenue 1 TeopeMbl JOKa3aHO. YTBEPKJEHHE 2 IOJIyYaeTCsl 110 JIBOM-
CTBEHHOCTH.

Teopema mokaszaHa.

4. A. KonbLios BeipazkaeT 0J1aroJlapHOCTb 38 TOCTEIPUUMCTBO U IIPEBOCXOJIHBIE
ycaoBus s paborel Uacturyty maremaruku Makca Iliranka B Bonne, rie ObL1a
[IOJIy9€Ha, 9aCTh PE3YIbTATOB pabOTHI.
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