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>-Or'PAHNYEHHBLIE AJITEBPANHECKUE
CNCTEMbBI  YHUBEPCAJIBHBIE ®YHKUWW. I

A. H. Xucamuen

Awnnoranus. /lokasamo, uro jobble anre6per Epirosa, GysreBbl anreOpsl u abeeBb
D-TPYIIBI ABJIAIOTCS 3-ONPAHUYEHHBIMA CHUCTEMAMH M B HACJEICTBEHHO KOHEUHBIX JO-
[IyCTUMBIX MHOXKECTBaX HaJ, HUMU CYyIIEeCTBYIOT YHUBEPCAJIbHBIE Y-(DYHKIUA.

KurodeBble ciioBa: JOIyCTHMOE MHOXKECTBO, 2-OINPEIEIUMOCTD, BEIUUCIUMOCTD, YHU-
BepcaJibHast X-(YHKIMs, >-OrpaHUYeHHas ajrebpandeckas cucrema, ajirebpa Epmiosa,
OyseBa anrebpa, abeseBa p-rpyIiia.

Crarbs sBigercs UpoioskenueM [1], rue BBeseHO moHsTHE Y-OrpaHUYEHHON
aIredpanveckoil CUCTEMBI U IIOJIy9eHO HEODOXOIWMOE U JOCTATOYHOE YCJIOBHE JIJIsi
CyIIeCTBOBAHUS] YHUBEPCAJIBHON Y -(DYHKIUKA B HAC/IEICTBEHHO KOHEYHOM JIOIYCTH-
MOM MHOXKECTBE HaJ Y-OTpaHUYIeHHON cucTeMoit. B mamnoit pabore mokaszaHo, 9TO
anrebpa Epmmosa, OyieBa anaredbpa, abemeBa p-rpyIina ABISIOTCS Y-OTPDAHTIEHHBIMA
CcUCTEeMaMU U HaJ| HUMHU CyIIEeCTBYIOT YHUBEPCAJIbHBIE Y -(DYHKITUH.

Mpbl npuep:KuBaeMcst TEpPMUHOJIOTAN U ODO3HAYEHUIT 110 JIOMYCTUMBIM MHOYKE-
crBaM u3 KHuUru [2], no anre6pam Epriosa — u3 [3], mo rpymnam — u3 [4-6].

IIpuBenem ompesmesnenne Y-orpaHnIeHHON aaredpanvIecKoil CHCTEMbI U HEKOTO-
pble pe3ysnbTaThl U3 [1], HeOOXOMUMBbIE B JajIbHENIIeM.

ONPEJEJEHUE 1. IlycThb 115 JTOKAJIBHO KOHEYHON U JIOKAJIBHO KOHCTPYKTUBH-
3UpyeMoii anrebpanvdeckoil cucrembl 9 CUTHATYPBI 09 M KOHEIHOTO MOMHOKECTBA
M cupaBeyIuBbI CJIEAYIOIUE YCIOBUS.

1. Onpeneneno nonsaTue 6a3bl I JIIOOOr0 KOHEYHOro noaMuoxkecrsa X C M.
Mpemuxar By*(X,Y) = «komeunas mnocsiegoBaremsaocts Y € M<¢ ects 6asa
noxMHOXKecTBa, X » siBjsiercst A-tnpejukatom curHatypsl o1(Mp) B (HF(90), Mo).
Ecm YO, Y — npe 6aser mogmmoxkectsa X, To X C (Y¢), ¢ = 0,1, u mbo
‘Béwo (spY?, Y1), mmbo %S/IO (sp Y1, YY) ncrmrma. IlocienosaTemsrocTh Y HasbIBa-
erest 6azotl, ecim BMo (V) = B0 (spV, V) ucrunma.

2. Hns xazkpoit 6a3bl Y OIpeaeaeHo IucyIo XMO (Y), nasbiBaemoe xaparxmepu-
emuxoti 6asv Y, Taxoe, uto xMo(Y) asnserca Y-bynxmueit curmatypsr o1 (Mg) B
(HF(901), Mo). Muoxectso Beex xapakTepuctuk =Mo gpnserca sprameammbiv mos-
muozxectBoM w. Cymecrsyer A-npeaukar Cor™ (2, Y, n) curnarypst o1 (M) Taxoit,
YTO CIpaBeInBa 3KBUBAJEHTHOCTD:

z e (Y) & (HF(ON), M) |= 3n(n # 0 & Cor™o(z,Y,n)).

Pabora Beinosinena npu duHaHCOBOM nogaepxkke Poccuiickoro (onga dpyHIaMEHTABHBIX UC-
cnenosannii (kox npoekra 09-01-12140), Cosera o rpanTam npesugenta P® u rocyaapcTBeHHON
MOJIEPKKE BEAyIUX HaydHbIX Ko (kog mpoekTa HITI-335.2008.1), a Takxke rpanTa IIpesumenta
PO (Ne MK-3721.2007.1).

(© 2010 Xucamuesn A. H.
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Yucsio n Ha30BeM K00pIUHAMOU IAEMENMA Z OmHocumesvho 6asv. Y . Eciu snemen-
THI HE PABHBI, TO U UX KOOPJMHATHI HE PABHBI.

3. [Iycrb manbl 6a3bl Y 0MHAKOBOI XapaKTEPUCTUKU X U KOHEUHBIE TIOJICHCTE-
Mt ME D (YE), e < 2. Torma cymectsytor 6aza Y2 u nogcucrema M? O (Y2), s
KOTOPBIX

1) x = x(Y?);

2) cymecTByIOT BaoKeHus ¢f : ME — M? raxme, uro ¢° | (My) = id, p°Y* =

Y2, rae snoxkenns ¢ : HF(91°) — HF(9M?) ecTecTBeHHBIM 06pa30M IIPOJIOZKAIOT
g

%o-

B wactrOCTH, 100BIE ABE Oa3bI OHOI U TOM Ke XapaKTEPUCTUKUA UMEIOT OJIN-
HAKOBYIO JIJIMHY.

4. Nna nwoboii yacruunoii dyukuuu f : HF(9) — HEF(9N), oupenenennoii -
dbopmyuioit ¢ mapamerpamu u3z My, cupasemyuso: eciau u € HF(ON) u w € 5f, 1o
cyuiecrByer Takas 6a3a Y moaMHoxkecTBa Sp u, dro sp f(u) C (V).

Torza M HAzOBEM X-02paruvenHoli anzedpauteckoli Cucmemot OMmHOCUMEALHO
My. Ecmu s soboro Komeunoro mogmuoxkectBa My C M cymmecTByeT KOHEIHOE
noxmuOKecTBO M) O My Takoe, uro 9 3-orpannuenHa oTHocuTenbHO M(), 1o M
Ha30BEM Y-02paHuienHoti ar2ebpaudeckots cucmemot.

ITycrs L(HEF (M), My) — mHOXKecTBO Beex Y-opMmys curaarypel o1 (Mp) Ge3
napamerpos, FX(HEF (), My) — muoxkectBo Beex dbyuxuuit B (HIF (), My), oupe-
nenernbix popmyaavm s L (HF(90), M), FM0 — moamMHoKecTBO Beex 0HOMECTHBIX
dbyuxmit uz FY(HF(9N), My).

Teopema A [1, ciencreue 4]. Ecan anrebpandeckas cucrema 9 Y-orpanu-
YeHHa OTHOCHTEJIbHO KOHEYHOro nojamuoxecrsa My C M, To cymecrByer yHHBED-
campras Y-pynxnusa UM (z,y) € FE(HF(OM), M) s cemeiicrsa FM0 raxas, aro
st moboit pyaknm f € Mo cnpasenmmso paserncrso: \yUMo(n,y) = f(y) ama
HEKOTOPOTO N.

Teopema B [1, teopema 2|. Ilycrb anre6pamdeckasi cucrema 9 S-orpanu-
yenna. Torma B HF(ON) cymecrByer ynupepcajibHas Y.-pyHKIUS C IAPAMETPOM
A, ec/m W TOJIBKO €CJIU JIs JIIOGOro KOHEYHOro mnojMmHoxkecrBa C, OTHOCHTEIBHO
Koroporo 9 Y-orpammienna, naigerca konednoe mogvmuoxkecrso O raxoe, aTo s
JIF06Or0 KOHETHOTO moaMHOKecTBa X H JII000i 6a3br Y)? cymiecTByer 6a3a Y)‘?*, JLIST
KOTOPOI CIIpABEIIUBO <Y§> - <Y§‘* >, rme X* = C'UX.

§1. Auareopsr EpmioBa

3/ech JOKa3bIBAIOTCsT 2.-OrPAHMYEHHOCTD J1I000# ajredbpsr Epmiosa A u cyme-
cTBOBaHMe yHUBepcasbHOi dyukiuu B HEF ().

Byznem pacemarpusars anre6bpel Epmosa B curaarype oo = (U, N, \,0), a Gyie-
BBl aarebpel B curaarype o1 = (U,N,\,0,1). IIpusenem HekoTOpble 06O3HAYEHUSI.
[Tyctes A — anrebpa Eprmosa, Ay — konedHoe noamuo)KecTBO aiareopst A. Tlocaemo-

BaTEJIbHOCTD (X1, ..., T,) HA3bIBAETCH Judslonkmuehol ¢ A, eciu x; £ 0,1 < i < n,
U Jyist OOBIX ¢ < j < M 3JIEMEHTBI &; U T He IIlePeceKaroTcd. 3anuch 2 = r1U---Uzy,
O3HAYaeT, 4To z = o1 U+« - U Xy, U HOCTIEJ0BATENBHOCTD (X1, . . ., Ly) ABIAETCS JU3b-

fouktuBHO. Ilycts At(A) = {a € A | a —aroms A}, & = {z € A | z < a},
at ={r €Al zna=0})rmeac A EcmS C A 1o uepes (S) = (S)a,
0603HAYNM TIOAAITeOpY B 2, TOPOKIEHHYI0 MHOYXKecTBOM S U Ajp.
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DuieMeHT a € 2 Ha3BIBACTCH KOHEUMbLM, €CJIU OH SBJIAETCS OObEJINHEHIEM KO-
HEYHOI'0 YHCJIA ATOMOB, YUCJO KOTOPBIX OyjeM 0603HAaYaTh Yepe3 |a|, B IPOTUBHOM
CJIydae OH HA3BIBAETCH OECKOHEUHBIM.

Teopema 1. Jliobas anrebpa Epiiosa 2 sBisiercs Y-orpanmdeHHoi arebpa-
HYeCKOI CHCTEMOH OTHOCHTEJBHO JIIOOOI0 KOHEIHOIO MmogMHoXKecTBa Ag C A.

JOKABATEJILCTBO. Tak kak Jmobas anredbpa Eprmosa 2 ji0KaIbHO KOHCTPYK-
TuBH3UpyeMa (CM. [7]) U JIOKaJIbHO KOHEUYHA, JyIf JOKA3aTeIbCTBA TEOPEMbI J0CTa-
TOYHO IIPOBEPUTH CIPAaBEJIMBOCTD ycjIoBuil 1-4 onpeaesenns 1.

ITycrs A = {a1,...,as} — aromsl anre6pst (Ag). st onpejieseHHOCTH IpeJi-
HOJIO?KUM, 9TO a1, ...,0. OCCKOHEYHBI, a Qei1,...,0s KOHeuHBl, 1 < e < 5, a =
ajU---Uas, b= ae. 1 U---Ua,s. Ecim momanre6pa (Ag)® KoHeuna, To depes a1
0603HAYNM €€ HAMOOJIBINUI SJIEMEHT, B IPOTUBHOM CJIydae CauTaeM dsi1 = 0.

1. *JIn3bIOHKTUBHAS HOCIEI0BATEIBHOCTD ¥ = (Y1,...,Yq) aaredpnl A Ha3bI-
Baercst 6a3ol nodmmostcecmsa X, ecnu momaiarebpa, MOPOXKIEHHAsT MHOYKECTBOM
XUbUas 1 B (A, Ag), coBmamaer ¢ (Y) u cymecrByor wucia po = 0,p1,. .., Psis
TaKue, ITo

i = Yp,1+1 U UYp_i4p;s
e pi = Pi—1 +pi, 1 <i<s+6,0=0,1. Ecm (Ag)! xomeuna, 10 § = 1, ¢ = Pgi1-
B mporusaoMm ciyuae § = 0 u ps < q.

JIerko 3aMeTuTh, UTO OTHOIIEHWE «Y 0a3a MOJAMHOMKECTBA X » ABJSIETCHA JIBY-
MECTHBIM A-IIPeIuKaTOM.

2. OmpenenuM XapaKTepUCTHKY 6a3bl Y = (y1, ..., Y,). Ilomokum

X(Y) = <p17 s 7ps+57a>7

rje @ = q — Psi§-
Jlerko mpoBepuUTH, YTO MHOXKECTBO BCEX XAPAKTEPUCTUK

EAO:{<p17"'7p€7p6+17"'7p8+57a> |pi€w7 pj:|a’j|7 [(5:0&0[60.))
\/(5:1&&:0&]38+1:|as+1|)]7 pi>0,1<i<e e<j<s, 6:071}

BBIMHCJIAMO.

Ecmu nam smement z € (Y), 2 # 0, TO CyIECTByeT eIMHCTBEHHAS MOCIEI0BA~
TEJIBHOCTDL HUCEJL (M1, . .., M) Takasd, 910 m; < my, 1 < j <1 <k, u cupaBenauso
Qucso n = [my, . .., mg|, GyJeM Ha3BIBATD %00PIUHAMOT 2AEMENNA Z OTHOCHTEHLHO

Y. Bynem cunrarh, YTO HyJI€BOI djieMeHT uMmeeT KoopauHaty 0.
3. CupaBeJIMBOCTD 3TOI0 YCJIOBUSI BBITEKAET U3 CJIELYIONIEH JIEMMBI.

Jlemma 1. Ilycre B anrebpe Epmiosa 2 mambr 6a3br Y oqHOI U TOM XKe Xa-
DPAKTEPHCTURU X = (D1, ..., De,Pey - - -, Ps+5, &) U KOHEUHbIE mogaredbper A D (V)
e < 2. Toraa cymecrByior 6a3a Y2 Toif 3e XapaKTepUCTHKH X, KOHEUHAs M01are0-
pa A% D (Y?) u proskerns o° : A° — A taxme, uro ¢ | Ag = id, ¢°Y® = Y2,

JTOKA3ATEJBLCTBO nposefem st 6 = 0. Cuygait § = 1 J0Ka3bIBAETCS AHAJIO-
rugno. IlycTs aromamu nomasaredbpst A 6yayT

€ €
ZlsevsRpey Ypotly--sYpg
u JJj1dd HUX CIIpaBeIJIMBbl paBEHCTBa

y]s.:zs U"'UZ%

5oy tl o1 tHt5” (1)
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vae j =1, Pey Ps + 1,y q, 65 =15 +15, 15 = 0,15 e w™, b5, = b5, 15 <7<

Has moboro j € {1,...,p.} U {ps +1,...,q} monoxum B; = max{t?,t}}.
[ycts 8 = max{ro — fg,rl — fé}. JIerko MmoHsATH, YTO CymecTByer O6aza Y2 —
<y%, . ,y%e,y,;eﬂ, . ,y,;s,y%SH, . ,y§> TaKasl, 94TO

(a) ssemenT ij 760 HecKoHeUeH, MO0 COAEPXKUT He MeHee 3; aTOMOB;

(b) @i = y11231:—1+1 U---u y;?}i_ﬁrpia 1<i<e

(€) cymiecTByeT QU3LIOHKTUBHAS HOCIENOBATEILHOCTE (d1,. .., dg) Takas, 9ITO
Jutst JiiobbIx 4, j, 1 <i< 5, 1<j §depHodiﬁyj2-:0.

Torga mis mobeix § € {1,..., P} U{ps +1,...,q} u e < 2 Hailmercs IU3bBIOHK-

THUBHag I10CJICJ0BATEJILHOCTD C;ZE FEEERE HOﬂa.HI‘e6pr :IQ? TaKasd, 9TO CIIpa-
b1

£
C3,

) £

K tj

+t5
—117
B€JIJINBO PABEHCTBO

2 _ € ce U S
Yj 705‘;_1+1U Ucﬁ +5 (2)

j—1
Taxke myst 1106010 € < 2 CyIIECTBYyeT NUIBIOHKTUBHAA IIOCIEI0BATEIHLHOCTD
ctiﬂ, ...,Ce TaKad, 9TO JJId JIOOBIX %, j, fg <1<7r®, 1< j5<gBepHO C; N y]2 =0.
q
Yepes A? oboznaumm mogaarebpy B A, HOPOXKICHHYIO STHMHU IIOCIEI0BATEIb-
HOCTSIME ¥ MHOXKECTBOM {5, 41, - - - Yp, }- JIETKO IPOBEPUTH, UTO CYIIECTBYIOT BJIO-
xernst ¢ : A° — A2 Takme, aTO

P 2he = Chey LK <%, %yf =y, Pe < i < P
Orcrona u uz (b), (1), (2) ciemyer, 9To CrpaBeIUBLI
¢ 1 {Ag) =id, ¢Y°=Y2
Jlemma, a BMecTe ¢ Heit yciosue 3 gokazanbl. [

s nokasarebCTBa CIIPABEIINBOCTH YCJIOBHUS 4 TOKAYKEM CJIEIYIOIIE JIEMMBI.

Jlemma 2. Ilycrp ganbr koneunbie mogaarebpor B C C C D, B # C, anrebpst
Epmrosa A u 6eckoneunsriii sjiement b € B anrebpor . Ecian b — arom ajarebper B,
HO He siBjsiercst aroMoM aJireoper C, To cymecrByer Bioxerne ¢ @ D — 2 rakoe,
gro ¢ [ B =1id, oC € D.

JIOKABATEJILCTBO. Ilycts b = (¢1 U cg) Ucs, ne ¢1, ¢ — arombl anrebpst C,
c3 — sneMent u3 C, BO3MOXKHO, paBHbI# Hys0. [lycTh

ce =djU---Ud;

Ne?

e=1,2, n. > 1, (3)

ryie d — arombl anre6pet D. JIjist onpejie/IeHHOCTH GyjleM CUMTaTh, 9To di — Gecko-
HeuHblit 3jeMenT anare6pst 2. Toraa cymecTByIoT saeMenTsl 1, Y1, T;, 1 < i < ny,
TaKue, 4To

di =z Uy, x1=ziU--Uz,, z2=(c1\z1)Ueco. 4)
11 HEKOTOPBIX JIEMEHTOB x?, 1 <4 < ng, umeem
Ty =ai U Ul . (5)
Torxa cymecrByer Biioxkenue ¢ : D — 2 takoe, 9To
od; =5, e=1,2,1<i<n.,, @r==xascexx €D, xN(cgUcz)=0. (6)

C yuerom (3)—(6) umeeMm pc. = T, p(c1 Uca) = 1 Uca, pez = c3, T. e. b =b. Tak
Kak 1 ¢ D, 10 oc1 ¢ D. O
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Jlemma 3. Ilycrb ganel koHedHas nogaJredbpa D C A u sjeMeHTh ¢, c2 € D
takue, 4To ¢1 N ¢y = 0, co — 6ecKoHe4HbIH 3jeMeHT. Torja CylecTByer BJIOYKEHHE
¢ : D — 2 rakoe, uyro pc1 — beckoneunbli ajement, wci1 ¢ D, p(c1 U ca) = ¢1 U co,
ox = x s moboro x € DN (cp Uca)t.

JIOKABATE/BCTBO. Ilycts ¢; = diLl-- ~L|dih_, i=1,2, e d; — aTOMBI aJIreOPhI
D, 1 < j <n;. Moxuo caurarh, 4ro d3 — Geckoneunslii sement. Tora cymecTsy-
10T TAKN€ JIEMEHTBL L1, . .., Ty, Ln,+1 B 2, ITO d% =r1 U Uap, Uzy, 1. Iycrs
JUTsI OTIPEJIeJIEHHOCTH djieMeHT z1 Oeckoneden. Ompemenum Bioxkenue @ : D — 2,
IIOJIOZKIB

‘Pd; = Zyj, ‘Pd% = C1, ‘P(dg) = d% UZn, 41,

QYT =T JJid BCEX T TaKUX, 9TO T M (01 U d% U d%) =0.

Orcrona
wer =x1 U Umy,, @l Ues) =c1 Uca.

CuesioBarenbHo, ¢y Geckoneuern u ey ¢ D. O

Jlemma 4. Ilycrs manbr nogaarebpsr C C D u sgementsl ¢ < b, b = ¢o U ¢y,
e = 0,1, amrebpsr D. Ecmu c¢g — arom anrebper C u DY — Geckoneunas ajrebpa,
TO CYIIECTBYIOT BJIOYXKeHHs @, : D — A takwme, 40

wo(b) = w1(b), olco) ¢ p1(C), px =z st a06oro x € bt N D.

JIOKABATENBCTBO. [onycrum, uro c¢e = dj U--- U d;,_, rae di — aTtombl ajl-

rebper D, 1 < i < n.. Iycrs {25,z | 1 < n., € = 0,1} — qu3bIOHKTUBHAS
T0CJIeI0BATEILHOCTD 3/1eMeHTOB n3 D+, ¢ = x5 U+ - - U a5, . Onpesennn B1oxenns
we : D — A, monoxus

e =T I BCEX T € bt NnD,
SDO(d?) :$g7 QOO(d%) :(E%le, LPO(dllc) :xllcv
1

<p1(d(1)) :J,‘(I)UZ, <,01(d?) = x?, wl(di) =x
rie 1 <i<ng,2<k<ng,2<5<ny, 1<s<ng. Torma

)

goo(co):xo, Lpo(cl):xll_lz, gol(co):xol_lz, gol(cl):xl.

Craso 6bith, 20 — aTom o (C), a 29Uz — atom B ¢;1(C). Cremosatensho, po(co) ¢

e1(C). O
CrupaBeyinBoCThb ycji0BUs 4 BBHITEKAET U3 CJEIYIONIEH JIeMMBbI.

JIemma 5. Ilycrp ganer aarebpa 2 u ¢yrxnus f: HF(A) — HF(), rpaduk
KOTOpOH 3a/aH HEKOTOpoii Y-hopmysoii P(x,y, Ag). Torma st Jr06bIX ds1€MeHTA
u=»(X) € HF (), » € HF(w), u 6a3pr Y moamuoxecrsa sp X cIpaBeIInBoO:

ecimu € §f, to sp f(u) C (Y).

JOKABATEJIbCTBO. JlomycTuM MpOTUBHOE, T. €. MyCTh
fw)=7(Z)=v, spZZ(Y), (7)

riae 7 € HF(w), Z — mocsieloBaTeIbHOCTD 9JIEMEHTOB aare6psl 2A.
IIycte
B=(Y), C=(spYUspZ). (8)



Y.-orpaHHYeHHbBIE aJIreOpamIecKue CHCTEMbI 681

Yepes D 0603HAMUM KOHEUHYIO IIOZAINeOpPY TaKylo, UTO
C CD, HF(D)} ®(u,v,A).

IIycts by, ..., by — aToMbl anrebpsr B. PaccMoTpuM BO3MOYKHBIE CJIydau.

1. I HekoToporo i 3jeMeHT b; beckoHedeH u He siBjisieTcst atoMoM B C.

Torga mo slemme 2 cymecrByer Bioxkenue ¢ : D — 2 takoe, urto ¢ [ B = id,
©C ¢ D. Tycts ¢ : HF(D) — HF(A) — ecrecTsennoe npojonkenue . Tora 1o
JemMe 6 nMeeM

flu) = f(H(w) = f((¢X)) = 7(pZ), sppZ L C.

Sro nporusopeunt (7) u (8).

2. [ust HEKOTOpOTO © s1eMeHT b; KoHedeH U He siByisiercss atoMoMm B C. Ilycrs
T OIpeeieHHOCTH ¢ — 1.

31ech BO3MOXKHBI HOJICILY TaH:

(a) b1 < a s HekoToporo seMenTa a € (Ag).

MozkHo cuuTaTh, 9T0 @ ABjAeTcs aroMoM aareopel (Ap). Tak kak by He sgBJIs-
eTcs aTOMOM aJIreOpsl A, 110 orpeiesieHuIo 6a3bl Y ssieMeHT o OeckoHeueH. IlosTomy
b1 < @ u mis HekoTOpOro ¢ jeMeHT b; < a OGeckoHeuen. Ilo jmemme 3 cymecrByer
BioxkeHue ¢ : D — 2 takoe, uro ¢ | (Ag) = id, pb; Geckoneven. Torma us (7), (8)
MeeM

f(e(pX)) =7(pZ), spwZ € ¢B.

st momanredp B C oC C @D u sjmemenTa @b CripaBeIuBbI yCJIOBUS CJIy-
vyas 1. TTosromy sp pZ C ¢C, T. €. MOJIYYUIU IPOTUBOPEIHE.

(b) b1 £ a mua soboro a € (Ap).

Torma by € (Ag)* n (Ag)+ — Geckomeunas moyaredpa.

Jlomycrunm cymecTsyer Taxoe i, ato b; Geckomeuen u b; € (Ag)t. Torma mo
JleMMe 3 cyIecTByerT Bioxkerue ¢ : D — A rakoe, ato ¢ | (Ag) = id, pb; Geckoneuen
u by He apigercs aromoM airebpol B pC. Orcioga, Kak u B ciaydae 2(a), IoJydum
[IPOTUBOPEYIE.

CremoBaTesibHO, JTI000H aToM B, IpuUHAITEe KA (Ao)l, koueuen. Orcrona
u s by € (Ag)t caemyer, aro moganre6pa Bl Geckoneuma. MoyKHO caMTaTh, 9TO
nonasrebpa D1 Taxxe Geckomeuna. JleiicrBuresnnho, mycrs D' komeuna. Ilycrs
di,...,d, — Bce aromsl anre6pst D. Ilycrs di, . .., d. — Bce aromsr 3 B, Tak kax
D xoneuno, cymecrsyer Taxkoe 1 < i < e, uro d; 6eckoneuen. Ilycrs di GeckoneUeH.
Torma cymecTByIOT T U y Takue, 9to di = xUy. HomycruMm, ato x 6eckoneuer u Dy —
nosaarebpa, nmopoxiaenHas By, ds, ..., d.. Onpenenum Biioxkenue ¢ : D — Dy,
[TOJIOZKUB

Tak kax = € Dy, To Dy — Geckoneunas ajre6pa.

IIycts by = co U ¢y, tie ¢g — arom anrebper C. Ilo siemme 4 cymecTByIOT
BJIOXKEHUS g, 1 : D — A makme, uro ¢g [ B = ¢ | B, wo(co) ¢ v1(C). Ilo
semme 6 nmeeM f(3(po(X))) = f(3(e1(X))), ™ e. spwo(Z) = sppi1(Z). Orcrona
©o(C) C ¢1(C); nmporusopeyne.

3. Cnyuau 1 u 2 He UMEOT MeCTA.

Torna s yodoro 1 < ¢ < m asement b; asisierca aromoM B C. CrenoBareiinh-
o, C = B & Cy ayia mexoropoit mogarebpor Cy. U3z (7) caenyer, aro Cy #£ 0. C
ydeToMm ompesiesienns 6asbr Y anrebpa (Ag)t Geckonewna. JlomycTuM, 9TO BHITOJ-
HEHO yCJIOBHE
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(B) cymecrByer GeckoneuHbIil asemenT ¢ € Cp.

Moo canrarh, uro ¢ — atrom B Cy. Torma cymecrByer Biaoxenue ¢ : D — A
takoe, 4T0 @ [ B = id, pc < ¢, 1. e. pc ¢ C. Orcioona, Kak u B ciyuae 1, mosydaem
IPOTUBOpEYHE.

[Tosromy Bce arombr u3 Cy KOHEUHBI. PaccMOTPHM OTIEIBHO CJIEIYIOIIHe BO3-
MOYKHBIE CJTyJal.

(C) cymecTByer Geckoneunsrit smement b; € (Ag)t.

[Iycts ¢ — arom anrebpsr Cy. Ilo jgemme 3 cymecrByer Bioxkenue ¢ : D — A
takoe, 4ro ¢ | (Ag) = id, ¢c — Geckoneunniit ement u wc ¢ pB. Torma mia
nogasredbpsl B C oC u 31eMeHTa @c uMeeT MecTo ciaydail (B), 4To HEBO3MOXKHO.

(D) nomasre6pa C Geckonedna.

IIycrs ¢ — arom u3 Cy u ¢ = di - - -Ud,,, tiae d; — aTromsl anrebper D, 1 <1 < n.
Bribepem B C Taxoit s;ement z, uto  — x Ll - - - U 2,, /I HEKOTOPBIX 3JIEMEHTOB
x;. Torma cymecrByer Bioxenue ¢ : D — 2 takoe, uro ¢ | B = id, ¢c ¢ C, uro
HEBO3MOXKHO.

Urak, Bce BO3MOXKHBIE CIydad MPUBOMAST K MpoTHBOpeumioo. Jlemma jrokasa-
ma. [

Takum obpa3om, HoKa3aHa CIIPABEIINBOCTL ycaoBuit 1-4 onpenenenus 1 s
J00bIX aarebpnl A u Muoxkecrsa Ag. Teopema mokaszama. [

Caencteue 1. Jlwobast 6yieBa ajarebpa B sBJsiercss Y-OrpaHUYEHHOH aJreo-
PpamdIecKoii CHCTeMOI OTHOCHTEIBHO JTI0OOT0 KOHEIHOTO MoaMHOokKecTBa By C B.

HeitcTBUTENBHO, JTI0Oas OyaeBa aaredbpa MoKeT ObITh PACCMOTPEHa KaK 0b0ora-
menne ajaredpsl EpiioBa ciMBOJIOM KOHCTAHTHI €IUHUIIA.
U3 Teopem 1, A u ciencrBus 1 BBITEKAET

CaenctBue 2. Ilycrs 2 — amarebpa EpmioBa mim 6ynesa amarebpa. Torza
JIsE JIIOBOr0 KOHEYHOT'O MOJAMHOXKECTBa Ay CyIIecTByeT yHUBepcaabHAs Y -(DyHKIUS
UAo(z,y) € FX(HF(A), Ag) mrs cemericra dynxipmit FA° taxas, aro s moboit
¢yuxnmn f € FA cnpaseammso pasencrso: \yUA (n,y) = f(y) a1 mexoToporo n.

CaencrBue 3. Ilycrs A — amrebpa Epmioba. Torga B HF(2l) cymecrByer
YHUBEpCAJIbHAS Y-(DYHKITHS JJIsT CEMEHCTBA BCEX OJHOMECTHBIX Y.-(DyHKITHIT.

JIOKA3ATEJBCTBO. Ilycte A = @ u Ay = {a1,...,0¢,Gct1,...,a0s} OUPEIE-
nsierca no Ap Tak Ke, KaK B HauaJe JOKa3aTeabcTBa TeopeMsl 1. ITosmoxxum Al =

1 1 1 1 1 1

{a17'"’a’e7a’€+1""’a€+0te\17'"’a(s+1)+17'"’a/(s+1)+a5+1}’ TOC Qg y gy Qg —
BCE ATOMBI O], 4. JIerKO 3aMeTUTh, UTO JJIsl JIFOOBIX KOHEYHOT'O IOAMHOXKEeCTBa X U
6a3 Y)‘?O, Y)’?*, rae X* = AJUX, cupaseayuso <Y)‘?°> - <Y)’?* > Toraa o Teopeme B,
rie C' u C! myxno samenuts Ha Ag u A}, nonygaem Tpebyemoe. [

Anajiormano JTOKa3bIBaCTCA

CanencrBue 4. Ilycrs B — 6ysnesa ajirebpa. Torga B HF(B) cymecryer yHu-
BepcaJibHasl Y.-(DYHKIHS JIJIs CeMeHCTBa BCEX OHOMECTHBIX Yi-(DYHKIIHIL,

§ 2. AbGeneBbl P-rpyIIIIbI

B mammom maparpade M0Ka3bIBAIOTCS Y-OTPAHUYIEHHOCTH JII000M abeaeBoit p-
rpynusl G u cymecTBoBanue yHuBepcasibHoil Y-dyukimu B HF(G).

[IpuBeeM HEKOTOpPBIE TEPMUHBI Y PE3YJIBTATHI [0 TEOPUU AOEJIEBBIX P-I'PYIIIL,
HeoOxonuMble B nasbHeiinem. [lycrs G — abesesa p-rpynna G, Gy C G — nmoarpyu-
na. [lopadkom Gg HA3BIBAETCS MOITHOCTH MOArPYHIbl G, TPU 3TOM UCIOJIL3YETCS
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oboszuavenne |Go|. Iepuodom per(G) HasbiBaeTcsi TAKOe HAWMeEHbIIee 4ucjao p,
gro p™G = 0. Ecuu Takoro gucia me cymecrsyer, To per(G) = w u roBopsT, 4TO
rpymma G neoeparuuenna. Ilepron moarpynmsl () HA3BIBAETCS NOPAOKOM INEMEH-
ma x u obo3Havaercst yepes |z|. Buicomol sremenma x € G, 0bo3HAUAEMOI Yepes3
he(x), vaspiBaercs max{p" | x € p"G}. Ecim takoro n Her, 10 hg(x) = co. Ilycrs
Ay € G — xoneunoe MHOXKecTBo. Ecimum X C G, To depes (X) obosHauaeTcs 10/~
rpy1a, nopoxaennas Muoxkecrsom X B rpyue (G, Ag), a gepe3 (X ) — B rpyuue G,
Glp"] = {z | p"x = 0}, Cpn — mukimaeckas rpynna mopsaka p, Cpe — KBABUIUK-
JimgecKas rpymma, G — npamas CyMMa o 3K3eMILIIpoB rpymisl G. Pasmeprocmvio
epynnue G HA3BIBAETCs PA3MEPHOCTH BEKTOPHOrO npocrpancTsa Glp|. pynmna G Ha-
3pIBaeTCA deaumoti, ecim mjist Jioboro x € G CymecTByeT Takoe ¥y, 4To T = py.
Eciu G He CONEPKUT IeIMMOi TOArPYIIIBI, OTJIMYHON OT HyJId, TO OHA HA3BIBAETCS
PedyUUPOBaAHHOU.

Teopema C. Jlwobast abesreBa rpymnna G sIBJISIETCS HPSIMO CyMMOIH DemyIHpo-
BaHHOH moarpymmbsl R u gemumori moarpymmnsr D, G = R @ D.

Teopema D (uepsas reopema Ilprodepa). AbeseBa p-rpyiina KOHEYHOro Iie-
pHOa pa3jiaraercs B MPSMYIO CYMMY IHUKJIHIECKHUX IIOJIDYIIIL.

Teopema E (IIprobep — JI. 4. Kynukos). Eciu ceppanrnasi noarpyua A abe-
J1eBoit rpymbpl G UMeET KOHEYHBIH MEPHO/, TO OHA Bblaeastercs B G IpsMbIM ciara-
€MBIM.

Teopema F. Jlob6bre jBa pasioxkeHust abesieBoi p-rpyHiibl B MPSIMYIO CYMMY
IUKJIHIECKUX TPYIIT H30MOPQHBL.

U3 nokazarenbcrBa npeggoxenus 27.1 B [5, ¢. 139] ciemyer

Ilpennoxxenune A. Ilycre mepuos abesepoii p-rpynnsi C pasern p”, ¢ € C,
le| = p™, m nogrpynna B C C rakast, uro BN (c) = 0. Torga cymecrByer moarpynma
E D B rakas, aro C = E & (c).

IIpengioxxenne B [6, c. 83]. Ecuu cuerHast peaynupoBaHHast abejieBa p-rpyIiia
G wmeorpanmierHa, To (G UMeET MpsIMOE CJAAraeMoe, sIBJISIOIeECs HeOrPAHHICHHON
MIPSIMOF CyMMO¥ MUKJIMIECKUX T'DYIII.

Teopema 2. Ilycro juist abesteBoii p-rpymnbl G CIPABEJIUBO XOTST ObI OJTHO U3
CJICYIOIINX yCIOBHH:

1) peaynupopanuas wacte R rpynnsr G HeorpaHHUeHHA;

2) gemnMast 9acTh D coAepKUT HOArPyHILy C’;’oo;

3) cymecrsyer noarpymnma Go C G, mzomopdnas Cy , e p* — 1MepuoJ rpy st
G,a€w,a>0.

Torma G siBsieTcst Y-orpaHHIeHHOH AJIredpandecKoil CHCTEMOH OTHOCHTEIHHO
JIFO60r0 KOHEYHOTO MOMHOXKECTBA Ayg.

,HJIH JI0Ka3aTeJIbCTBa TeOPEMbI HaM HOTp€6yIOTC$I cjeyromnuye JeMMa U IIPpeJjio-
2KeHue.

Jlemma 6. Ilycrp rpynma G Takas ke, KAK B T€OpeMe 2, W JAHA KOHEIHAS
moarpynna B C G. Torga s smoboro uucia p® < per(G) cymecrByer sjeMeHT
¢ € G nopsika p™ Takoii, wro BN (¢) = 0.

JOKABATEJIBCTBO. JIerko npoBepuTh, ITO CYIMIECTBYET CUeTHAs moArpynmna H
Takasi, ¥r0 B C H C G u myist H cupaseiusbl ycjioBusi TeopeMbt 2. Ecau ais H
BepHO ycjoBue 1, TO Mo mpemioxKenuio B moarpynma H mMmeer mpsiMoe caaraemoe



684 A. H. Xucamuen

Hy, siBjstrorieecst IpsiMOil CyMMO# IUKJINIECKUX I'PYIIT HEOIPAHUIEHHBIX TOPSIIIKOB.
[Iycte gyt H cupaseyuso yeaosue 2. Torna o reopeme C Bepuo H = Hy@ Hy, tyie
Hy = Cp. Ecim e Bepno yciosue 3, To 110 Teopeme F' cripaseyinso H = Ho @ Hy,
rie Hyp = Cpa. Bo Bcex aTux cilydasX MCKOMBIl 9JIEMEHT ¢ MOXKHO BBIODATh M3
noarpynnst Hg. [

Culestyromiue IpejioxKenue sBisercs obobienneM upeioxenus 6 us [7].

ITpengioxxenme 1. Ilycrp rpymma G rakas ke, kak B Teopeme 2, B, C' —
kgoneunble abesesbl p-rpymnbl, B C C, per(C) < per(G) u ¢ : B — G siBjsercs
saoxkenuem B B G. Torga cymecrByer Biaoxkenue ¢ : C — G, pacmmpsiomee ¢,
B TOM H TOJBKO B TOM CJydYae, KOrJa JJis Jiroboro sjaeMenra b € B crpaBeminBo
HEPABEHCTBO

he(b) < ha(V), rae b= (9)

JIOKA3BATE/ILCTBO. HEOBXOAMMOCTD OYeBHUIHA.

JIOCTATOYHOCTD JOKaxKeM MHIyKIneil o ancity sjiementos rpymmst C. [lycrs
nepuoz rpyuubl C pasen p” u ¢ € C rakoi, uro |c| = p™. Houycrum, uro (¢)NB = 0.
Torma mo mpeyoxkennio A cymectsyer moarpynmna E C C rakas, aro C = (¢) & E
u E DO B. Ilo unagyknun cymectByer Bioxkenue ¢y : £ — G, g | B = ¢. Ilo
Jgemme 6 cymecrByer ssieMeHT ¢ takoit, uro ()N E' =0, || = p", tne E' = o E.
O4eBuIHO, 9TO 1Py MOXKHO IIPOJOJIKUATE 10 1) : C' — G, nosoxus e = ¢’. Tlosromy
MOXKHO CYUTaTh, 4To (¢) N B # 0.

s KaxKa0ro a1emMenTa ¢ mopsiaka p" depes k. 0003HAUNM TaKOe HaNMEHbITIee

auciio, aro pFec € B. Ilyers ¢y € C[p"| — smemenT Takoit, 9To k., IMeeT HAMMEHb-
mree 3uadenue. Ilonoxum ¢ = co, k = ke, .
IIycTe
pFe = by. (10)
[lokazkeM, 4TO CYIIECTBYeT Takoif siement ¢, aro pFc’ = b, rue pby = b)), u mis

Joboro s < k Bepuo p°c’ ¢ B’.

Tak kak noarpymna (¢) cepsantaa B C, 10 ho(by) = k. Iosromy B G cyiue-
CTBYeT 3JIeMeHT gy Taxoit, uto pFgy = b). IlycTb § — MEHEMAJIBHOE HHCIIO TAKOe,
gro pSgo € B'. Ecmu s = k, 10 ¢ = go — uckomsbrii saement. Ilycrs s < k. Ilo
nemme 6 cymecTsyer anement g1 € G Takoit, uro |g1| = p* u (g1) NGy = 0, e
Go = rp(B’, go). Monoxum ¢ = go + g1. Torma mmeem pFc’ = bf). Tlokazkem, uro
Jytst io6oro s < k BepHo p°c’ ¢ B’. JIeHCTBUTENBHO, IIyCTh, HAIIPOTHB, JJisi HEKOTO-
poro s < k Bepno p°c € B’. Torma p*go + p*g1 = b € B’. Orciona 0 # p*g1 € Gy;
IPOTHBOPEYNE.

ITycrs H = rp(B, ¢), H = rp(B’, ). Onpenensomue cooTHOmeHnst Tpy bl H
CyTh COOTHOIICHIS MEZKIy d7IeMeHTaMu rpyiel B u coornomenne pFe = b. Ompese-
JISTIOIE COOTHOMmeHns rpynnbl H' Takue »xke. Tem caMbIM cylecTByeT H30MOPQU3M
f: H— H' rakoii, uro [ | B = .

[To reopeme E cymecrsyer noarpynma F C C' takasi, 970

C=(c)aE. (11)

IMycrs By = upg(B), 1. e. Ey — npoexkiusa moarpymibl B Ha BTOPYIO KOOPIU-
nary passioxkenus (11). Ilycrs e € Ey. Torma naiigyrcs ssement b € B u duciio
S € w Takme, 9TO

b=p’ac+te, (a,p)=1. (12)

Ilokaxkem, aTo

he(e) < ha(e), (13)
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rie ¢ = fe.
Iycrs he(e) = r. Iokaxkem, uro subo e € B, aubo ClpaBejIMBO HEPABEHCTBO

r<s. (14)

Eciu s > k, to u3 (10), (12) caexyer, uro e € B.

ITycrs s < k. Ilokaxewm cupasemymuocts (14). Homycrum nporusHoe: 7 > 8.
CymiectByer sjement e; € FE rakoil, yro e = p"e;. Orcioga u u3z (12) umeem
b = p*(ac + p"%eq). Tak xak (a,p) = 1, 1o asement ¢; = ac + p" *e; umeer
HopsiJioK p" u ke, < k. D10 nporusopednT BbIOOpPY 2emenTa c. Ilostomy (14)
CIIpaBeJJIuBO.

Tak kak f : H — H' nzomopdusM, cupasejimBo paBeHCTBO

b =pac +¢€. (15)
[TokazkeM, ITO UMeeT MeCTO
ha(e') > r. (16)

Eciu e € B, 1o (16) cienyer u3 ycJoBus IpeJIOXKeHUs U onpeeseHus f.

ITycrs e ¢ B. Torpa cupasemmeo Hepasencrso (14). C yuerom (12) umeem
hc(e) = hg(b) = r. Caemoparesnbro, hg(b') > r. Orciona u u3 (15) mosyuaem
ha(e) > min{hg(b'), s} > r, 1. e. mepasencrso (13) nokaszamo.

Broxkenne pg = f | Ey moarpynnst Fy B G u noarpynust g C E yuoBiaeTso-
pstor yesoBuio (9) npengioxkenusi. [To unaykiuu cymecrByer Bioxkenue ¥ : E — G
Takoe, ITo Yo [ Eg = ¢o. [lokaxkem, 9T0 BEpHO PaBEHCTBO

voE N () =0. (17)
JlommycTuM IpOTUBHOE, T. €. cylnecTByer e € F, e # 0 Takoii, 941o
oe = p°c. (18)

MoxHo cuntarhb, uto |e| = p u s > k. eiicrBurensHo, eciu s < k, 1o u3 (18)

BEITEKaeT, 9To op"  *le = p"~1¢/. Orciona n u3 k < n— 1 chemyer, 9To B KauecTse
3JIEMEHTa, € MOYKHO B3sATh p" *le.

Takum obpasom, |e| = p u s > k. TlokaxkeM, 9TO MOXKHO IIPEAIOJIATATH, YTO
e € Ey. Heficrurensro, ponycruM e € FEo, ho(e) = hp(e) = m u pTe; = e

JyUIsi HeKoToporo asiemenTa e; € E. Iloarpynna (e;) ceppanTHa B E, a nosromy 1o
teopeme E cymecrsyer noarpyuna F; C E rakas, uro E = (e1) @ Ej.

Tax kak e ¢ Ep, To up(.,)B = 0. Uz (11) cienyer, uro C = (c) ® (e1) ® Ey m
B C (¢)® E;. Io semme 6 15t JOKa3aTe/IbCTBA IPEJIOXKEHUS JOCTATOUHO BIIOKHUTD
noarpyumny (¢) @ E1 B G. D10 BO3MOXKHO 110 uHAYKImU. [losromy Gyiem cuurars,
qro e € Fy. U3 (18) BhITEKAET, 4TO

oe = @oe = fe = p°c = p* by, (19)
ITo onpenenenuio nzomopdusma f : H — H' mmeem
Fp° " oo = op*Fby = p*F b, (20)

N3 (19) u (20) mosyanm, 9To

e = p*Fby.
Otrcrona e € (¢) N E, uro neposmoxkHO. Ilosromy pasencro (17) crpasenimso.
CraJio 6b1Th, Bioxkenust f : (¢) — (¢') u 1 : E — G npojoiKaorcst 10 TpeGyeMoro
Bitoxkenust i : C' — G. Ilpemioxkenne mokazano. [
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JIOKA3ATEJIbCTBO TEOPEMBI. B [7] nokaszana, uro sobas abesesa p-rpymia
G J0KaIBHO KOHCTPYKTHBH3UpyeMa. Tak kak G JIOKAJbHO KOHEYHA, I JOKA3a-
TEJBCTBA TEOPEMBI JIOCTATOTHO IIPOBEPUTD CIPABEJINBOCTD YCJIOBMIA 1—4 ompeene-
Hus 1.

1. Ilycte X C G — roHeuHOE MoAMHOXKecTBO. Torma mo Teopeme D moarpyiia
(X) pasmaraercs B npsaMyio cyMMy nukiamdecknx rpynt (X) = (y1) & -+ @ (yq)-
IMocnenoBarensuocts Y = (Y1, . ..,Y,) HA30BeM 0a30l nodmnoowcecmsa X. Ilo Teo-
peme F jrobbie mBe 6a3pl moaMHOKECTBA X MMEIOT OJIHY U Ty 2Ke JauHy. Jlerko
nposepuTh, uro npeaukar Bo(X,Y) spasercs A-upenukarom B (HF(G), Ag).

2. s mo6oit 6a3bl Y u anemenTa z € (V) cyluecrByer eMHCTBEHHAS HOCJIEI0-
BATEJBHOCTD THCET (N1, ...,MNg), N; < |y;|, TaKkas, 910 2 = n1y; + - - - +ngyq. Torma
n = [ni,...,ng] + 1 HA30BEM KoOpIUHAMOT aemernma z oTHOCHTENBHO Y. Jlerko
uposeputh, uro Cor(z,Y,n) sisasiercs A-upenukarom B (HF(G), Ag).

IIycre s Gaser Y = (y1,. .., Yq) cupasemussl |y;| = p™, Cor(a;,Y,n;), roe
A= (Ag) = (a1) ® -+ @ (ae) — HeKOTOPOE DUKCHUPOBAHHOE pasjioKeHue. Torua
nocsegosareabHocts X (Y) = (p™, ... p™1, nq,. .., Ne) HAB0BEM TAPAKMEPUCTNUKOL
6asv. Y. Jlerko nposepurb, uro ornomrenne X = X(Y) aBjserca 2-mMecTHbIM Y-
upenukarom B (HF(G), Ag).

BBIYuc/IMMOCTh MHOZKECTBA BCEX XAPAKTEPUCTHK BLITEKAET U3 CJEAYIOIMEH JIeM-
Mel. Iyers |a;| = pli, 1 <i<e.

Jlemma 7. IlociienoBaTe/IbHOCTD YHCET
f — [y Mg
- pl 7"'7pq s N1y e e oy Ne )y

rae ¢ > e, ni = [Si1, ..., 8ig| + 1, si5 = pTitiy, (tij,p) =1, 1 <i<e 1 <5< g,
SABJIACTCSI XapaKTePUCTHKON TOrga M TOJBKO TOrga, Korma aua Jiobbrx gmcea 0 <
a; < pY crpaBemIHBBI YCIOBHS

(a) max{m; | 1 < j < q} <per(G),

(b) 0 <rij < my, max{m; —ry [1<j<q} =1,

(© A aiss = 00moap™)| & A | A faisy = 0modpm)],

j=1Lli=1 i=1[j=1
(d) min{exp (p, Ze:laiszj) 1< < q} < hg<ze:1aiai).
i i
JOKABATE/THCTBO. HEOBXOAMMOCTD. IlycTh mocienoBaTelbHOCTD € sBJISI-
eTcs XapakTepucTukoit 6a3pr Y. Torma mo ompeneaeHnio
V)= () @@ (yqg); lysl =p™, @i =siayr+ -+ sigyq.
ITposepum, manpumep, yeaosue (d). Ilycrs mam smement z = Y aya,;. Torma

q e e
x = > (Z aisij)yj. Orcrona hyy(x) = min{exp(p, > aisij) |1 <5< q}.
j=1\i=1 i=1
Ouesnano, uro hiyy(z) < hg(x), orxyna noayqaem (d).
JIOCTATOYHOCTD. IlycTth s mociienoBaTeabHOCTH & BBIMOJIHEHBI YCJIOBUS
(a)—(d). Tlo meit onpesesm Tpymy B, mOTOXKHB

BE = () & (b)), [b5] =p™.
Yepes A¢ 0603HATNM ee TTOArPYIIIY, HOPOXKICHHYIO JIEMEHTAMI

a§ = si1b§ e o sighS

7 1<i:<e.
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Kax sierko npoeeputsb, u3 yciosuii (b), (¢) ciemyer, aro
AE:(GE)@...@(GE), |a§|:pl1‘,.

Tora cymecrByer uzomopdusm ¢ : AS — A takoii, uTo <p5a§ = a;. U3 ycaoBuii
(a) u (d) cremyer, uro per(B) < per(G) u ana moboro snementa z € A Bepno
hpe(x) < ha(pfx).

Torma mo mpemoxkenmio 1 cymecrsyer mzomopdHoe Broxenune ¢ : B¢ — G,
npojoKaloee ¢, BHAUUT, HOC/IEI0BATEIBHOCTD Y — <1/)‘5b§, e ,¢§b§> nMeeT Xa-
pakTepuctuky . Jlemma mokazama. [

CrpaBe yIBOCTD YCJIOBUsl 3 BBITEKAET U3 CJIEYIONIErO TPE/JIOYKEHNUs], TPeJICTaB-
JISIFOIIIETO CaMOCTOSTEJIbHBII NHTEPEC.

ITpengioxxenne 2. Ilycrs rpynmna G takas ke, KAk B TeopeMme 2, H JJAHBI KO-
Hewrsre moarpynnsl A C BE C C¢ C G, € < 2, u uzomopusm ¢ noarpynnsr B® ma
B', o | A =id. Torga cymecrByror nzoMopgHsie Biroxerus ¢ : C° — G Takue,
gro ¢ | A = id, 920 = ! (a®) g moboro 2° € B® w¢°B° ¢ CO°uU CL.

JIOKA3ATE/JBCTBO. CHavaa JOKaKeM CJIEYIONLYIO JIEMMY.

Jlemma 8. Ilycth cripaBe/iuBhI yCa0BHs Npeayaoxkenus 2. Torma cymecTByoT
mzomopubie Biaoxkenns ) . B — G takme, uro ¢ | A = id, ¥°2° = ¢zl = 22,
hee(2°) < hg(2?) ans mmoboro smementa 20 € B, rae x! = ¢z wy°B% ¢ COUC!.

JLOKABATEJILCTBO. Ilo maram ¢ mocTpouM KOHedYHBIE MOArpyHIbBl By, a < 3,
u wsomopdusmet ¥5 : Bf — B2, Bf C Bf taxue, uto ayis mo6oro saementa 20 € BY
CIPaBEe/JINBbI CBOMCTBA

19) 9 [ A =id,

20) 2% € BY & 2! € B},

30) P20 = plal = 22

4%) max{hc=(z°) | € < 2} < hg(z?).

HIAr 0. B§ =0, ¢§ = id.

IIycts cnenansr t maros.

IIAr ¢ + 1. Hyers D§,, = {x € B° | x € B, px € B}, ni, | = max{hc-(z) |
x€Di ), Hioy = {2 € Diy | hes(2) = ni 1}, Bfy = AN HE.

Omnpezesum uncio y < 2 u saement b), . PaccMoTpuM Clieyionie BO3MOKHBIE
CIIydan.

L. ngﬂ # nt1+1'

Tor/a wepes v 0GO3HAMIM TaKoe THCI0, 710 1y, | > ny .y . Ecan B, # 0, To B
Kadecrse b, 1 BOBbMEM J11000ii 3J1eMeHT a € E] 1, OTJIMYHBIH OT Hysist. B npoTusHOM
ciydae nonaraeM by, | = x s mekoroporo x € H/' |, x # 0.

2. n%rl = n%+1-

Ecmu cymecrsyer Takoe € < 2, uto Ef, | # 0, To monaraem v = €. B nporusHoM
caydae v = 0. DyiemeHT bzﬂ BBIOMpaeM, Kak U B ciydae 1.

Suement b], | masosem (t + 1)-eviconum. Homomman = n] 1, by ) = @ b} 1,
rae go_o = .

Teneps onpenemnm snement b7 . Ecim b, = a € A, 10 monaraem b7, | = a.
Mycrs b, ¢ A upb],, = by, € B]. Cuenosarensno, hg(b2) > p™*', rme b2 =
1) by. Tosromy B rpynne G CymeCTBYIOT JIEMEHTHI € U Z TAKUE, ITO

b,2y - anrlc’ |Z| =D, hG(z) > pnv (21)
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(z)n(C°ucCtu{ctuB}) =o. (22)
Honoxkum b7 = p"c+ z. Torma us (21), (22) caenyer
pbt«‘rl b?p hG (bt+1) 2 pn, t+1 ¢ CO U Cl U 32

[lomoxxum BfY |, = Bf + (bf‘ﬂ), a < 3. Jlerko HpOBepI/ITb 9TO CYIIECTBYET
uzomopdusm ¥, 1 B, — bi, | Takoii, aro ¢ | | Bf = 1§, 5 b5 = b7 ;.

Tar ¢ + 1 sakonden. Ilepexomnm K cne;xyromeMy mary.

Jl1st fokasaresbeTBa cupasemBocTu coiicts 19-4Y ma mare ¢+ 1 nam myzxua
CJIeIyIoIast

Jlemma 9. g ynobeix gucen €,0 < 2, mara t u 9jleMeHTOB ¢; € By, df €
B°\ BY cnpasemBo HepaBeHCTBO

ha(c}) > hes(d)), (23)

rae ¢z = 1§ (cf)

JIOKABATEILCTBO mposezeM uuayKimeii o ¢. IIycTs qaHbl sjeMenTsI ¢f, | €
Bt€+1, d}., € B°\ B,y ub],; — (t+ 1)-Bbicokuii snement. MoxHO cunTaTh, 4T0
¢i.1 ¢ B;. Torma no onpenesenuio oArpymusl B; | BepHO PABEHCTBO €7, — ¢ +
mbj, | g HEKOTOPBIX djleMenTa ¢; € Bf m uncina 0 < m < p. Orciona

cfﬂ ct + mth (24)

Ilo mHIYKIIMOHHOMY TIPEJIITOIOKEHIIO

ha (Ct) > hes (dt+1) (25)

U3 onpenenenwnit b}, | u 1§, caenyior
hon (01) = hes (di44), (26)
ha (bt+1) > hen (bt+1) (27)

N3 (26) u (27) BBIBOIUM
ha (b%+1) > hes (d(tsﬂ)-

Orciona u u3 (24), (27) nomyuum cupaseymBocTs (23) s ¢+ 1. Jlemma 9 mokasa-
Ha. [

JokaskeM cupasemmuBocTb cBoiicts 1°-4° ma mare ¢ + 1. Ilycrs Ha mare ¢ oHn
semosHensl.  Crpaseymbsocts 2° 1 3° HemocpeCTBeHHO crlelyeT U3 IOCTPOEHHS.
Hoxaxem 1°. Iycrs a € Bi,; \ Bf. Ecim a = b}, 1, 10 ¥, ja = a 110 IOCTPOEHHIO
Yiy - Ilyers a # bz+1- Ilokaxkem, uTO a € Blrl. JleificTBUTEILHO, IIYCTh £ # 7.
Torpa a = ¢~ 7xY pnst mekoroporo 7 € BJ |, rue @ = . U3 ycioBus JTeMMbI
¢ | A=id umeem 27 = a, 1. e. a € B} ;. Torma a = ¢/ +mb], | 1yst HEKOTOPBIX
¢/ € B}, 0 <m < p. Ilo mocrpoenmio he (¢]) > her (mby ). Orcioma he(a) >
hcoy (le) DTO IPOTUBOPEYHUT TOMY, UTO btJrl +# a. Taxum obpasom, csoiicro 1°
JIOKA3aHO.

Hoxkaxem csoiicrso 4°. Ilycrs pam suaement z° € Bf ; \ Bf. Torma z° =
c; +mbf,q, ¢ € Bf, 0 <m < p. Tem campim

z® =ci +mb}, . (28)
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"Nz OIIpeaesIeHUA (t + 1)-BBICOKOFO QJIEMEHTa 1 ’lpf cJIe1yeT, 9To
]’LCE (.’EE) S wa (mb;/+1), (29)

hey (mbf,) < ha(mbi, ), (30)

w3 emMmbl 9 — uro he(cf) > her (mb] ), u ¢ yaerom (28), (30) nosyuaem
ha(2?) > her (mb], ).

Orcrona u u3 (29) BerTekaer hee(7°) < hg(z?), T e. cpoitctio 4°, Tem cambiM 1
jgeMMa 8 mokasaHbl. [

BaKoHYNM 0Ka3aTeIbCTBO NpeyioxKenust 2. IlycTh BBIOJHEHBI yCIOBHST 3TOTO
npejyIozKeHusi. 'Toraa 1o jemme 8 CyIecTByoT n3oMopdHble Biioxkenus ¢ : B — G
takue, uto ¥° | A = id, 920 = ol = 22 u hee(2°) < hg(2?) g moboro
snementa 20 € BY, rme 2! = 20, Ilo npemioxkennio 1 cymecrByior TpebGyemble
nzomopdubie Bioxkenust f€: C¢ — @, pacmupsitorue )°.

IIpemoxkenne 2, a BMeCTe C HUM U CIIPABEIUBOCTD YCJIOBUS 3 JIOKA3aHbI. [

Caencteue 5. Ilycre rpynma G Takasl ke, KaK B TeopeMe 2, H JaHBI €€ KO-
meunsle noarpynael A C B C C, B # A. Torma cymecrByer Takoe BJIOXKEHHE

Yv:C—-G,uroyp | A=id, vB ¢ C.

HeitctBurenbho, nycte B = B, C° = C, ¢ : B — B, ¢ = id. Toruma Bce
YCJIOBUSI TIPEJJIOYKeHnsl 2 BhImoHEHbl. [loaToMy cyrmecTByeT TpebyeMoe BIOXKEHUe

v:C—-G. O

4. JlokaxKeM CIpaBeJIMBOCTH IOCTeTHero yeaoBusa. llycTs rpaduk dpyHKImm
f:HF(G) — HF(Q) 3anan X-dopmyioit (z,y, Ag), 4o C G, uu = »(X), f(u) =
7(2), X,Z € G=¥. Tlonoxum A = (AgUspX), B = (AUspZ). Ilycrs C —

KOHEYHasl IOJrpyllia B G TaKagd, 9TO
HF(C) | ®(u, 7(Z), Ag), C 2 B.

Homycrum B # A. Torma 1o ciegcTBuio 5 cynecTByer Takoe Biioxkenue i : C —
G,uaro | A=id, B € C, 1. e. spyZ Z spZ. Iyers ¢7 : HF(C) — HF(C) —
ecrecTBenHOe TIpofosKerue U, T. e. 7 (3(X)) = (¢ X), rae » € HF(w). Torma
o jemMe 6 u3 [1] nmeem

F@W7 (X)) = f(($X)) = 7(42).

IMockonbky $X = X, 1o f(3(¢ X)) = 7(Z). Orciona 7(Z) = 7(¢Z), 1. e. spZ =
sp¥Z, aro neBozmoxuo. Cienosaressio, B = AuspZ C A.
Takum obpazom, yciaoBue 4, a BMeCTe ¢ HUM U TeopeMa, JOKa3aHbl. [

U3 Teopem 2 u A mosydaem

Caencrue 6. Ilycte G — abesieBa p-rpyla Takasl »Ke, Kak B TeopeMme 2.
Toraa maast 1106010 KOHEYHOrO IOAMHOXKECTBa Ay CyImecTByeT yHHBepCaJbHAas Y-
dyuxnus U4 (z,y) € FY(HF(G), Ag) a1 cemeiicTba ogHoMecTHBIX (byHKIHI §A0
Takas, 4To 1 yoboit pynxnmu [ € FA0 cnpaseampo paserncrso: A\yUAo (n,y) =
f(y) st HekoTOpOIO N.
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Teopema 3. Ilycre abeseBa p-rpyiiia siBJISIETCS IIPSIMON CyMMOH KOHEYHOI'O
1eproza u JeJUMO IDYIIIbl KOHEYHOH pasmepHocTd. Torja oHa Y-orpaHHIeHHAs].

JTOKA3BATEJIBCTBO. Ilo mepsoit Teopeme IIprodepa cyimecTByoT Takue qucia

a, 8,7 € w, kKapauaaa A u noarpynnsl Go, G1, G2, 910

G=G®dG1®G20 D,
rae per(Go) < p®, G1 = C{)\“v Gy =(g1)®---®(gp), lgil >p*, 1 <i< B, D=C),
A > w.

Pacemorpum ciydait a > 0. JlokazaresbcTBo s ciydast o = (0 aHAJOTHIHO
u mporie. Ilycrs mano KoreuHoe momMHOXKecTBO Ag C G, cojieprKalee 3J1eMEeHThI
91, .-.,98. s 1oKasaTebCTBA TEOPEMBI JOCTATOYHO YCTAHOBHUTD, 4TO rpyimna G
Y-orpanuverna OTHOCUTENHHO Ag. [ljIst 3T0ro HyKHO TPOBEPHUTH CIIPABEIJINBOCTD
yeJsioBuii 1-4 onpejiesienns 1.

1. Oyers Y = (y1,-- -, Yq), Yi = Gi, 1 < i < (B, aBasiercst 6a30ii 11t KOHEIHOTO
noxmuokecTBa X C G (oTHOCHTEIBHO Ag), €CIH CYIIECTBYET YUCIO 1M TAKOE, UTO
p™ = per((X)) n

H:(<X>7Dm): (yl)@"'@(yq)v (31)
rae Dy © D, Dy = Cpm, [yl <p*, B+1<i<e=q—7,ly| =p™ et1<j<q
Orciona ciegyer, 910 Dy = (Yer1) ® - -+ @ (Yq)-

BameruM, 4yTo pasioxkenue (31) Bcerma cymiecrByer, Tak Kak 1O Teopeme E
noarpynnsl Go u D, BBIIEIAIOTCS IPAMBIM cjaraeMbiM u3 H. Jlerko mposeputrs,
qro npeaukar Bo(X,Y) spusiercst A-npegukarom B (HF(G), Ag).

Homyctum, 9ro manbl jaBe 6asbl Y, € = 0,1, nogmuoxkectBa X . Torma cyrie-
CTBYIOT 4ucjia m® TakKue, 9To

H® = ((X), Die) = (1) ® -+~ @ (98) @ (Y51) @+ @ (), (32)
rﬂe me > per((X)), Dme = (y5,1) @ -+ @ (y2) € D, ¢ = e + . Houycrum, uro
m® < m!. Torna D,,,0 C D,,1, nosromy H° g

H CraJio ObITS,
H' = ((X),Dp1) m p™ > p™ = per((Y?)).
Otciona m u3 (32) ciemyer, uto Y apnserca 6azoit s Y. Taxum o6pasom yciro-
Bre 1 IOKa3aHo.

2. Ilycrp mama 6asa Y = (y1,...,Yq), THe ¥i = ¢, 1 < @ < B, |y;| = p™,
mj<a f+1<j<e=qg—7,|yx| =p™ e+1<k<gq. Torma

Y)=@) @ @) Dm=Wer1) - & (Yg)-
ITycrs z € (Y). Torma cyiiecrByeT eIMHCTBEHHAs! [IOCJIEOBATEIHLHOCTD YHCeN

k= (ki1,..., kq) Takas, aro
z=kiyr + -+ kqyq,

e ks < |ys|, 1 < s < q. Homep [k] Ha30BEM K00pdunamoti ssemenma z 0mHo-
cumenvro 6asvr Y. Jlerko nposeputh, uro Cor(Z,Y,n) asusercs A-npeaukaTroM B
(HF(G), o).

IMycrs A = (Ag) = (a1) ® -+ ® (ar), a; = gi, 1 < i < [ < r, — HEKOTOPOE
dbukcupoBannoe passioxkenue u yucsia n; rakue, 4ro Cor(a;, Y,n;). Torma mocieno-
BaTEJIbHOCTh

x(Y) = (yals-- s |yglna, - ng)
HazoBeM zapakmepucmukrol 6asw Y. Jlerko nposeputh, uro x = x(Y) saBasercs
neyxmectHbIM A-nipenukarom B (HF(G), Ag).

BoraucimmocTs MHOXKECTBA BCEX XAPAKTEPUCTHUK BBITEKAET U3 CJIEIYOIIE JIeM-
wer Iyers p' = |gil, [a;| = pY, rie 1 <i < B, 1<j<r.
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JIlemma 10. IlocienoBare/IbHOCTh YHCET

g: <pm17"'7pmqynl7"'7n7">7
mge ¢ > 1, ng = [Si1,. .., Sigl + 1, 855 = pTtiy, (tij,p) =1,1<j<q 1<i<r,
SABJIACTCA XapaKTePUCTUKON TOrJa M TOJBKO TOra, Korma A Jiobbrx gmcea 0 <

a; <p, 1 <t < r, cunpaBeaIuBBl yCIOBHUS
(a) max{mgi1,...,Me} < @, Mey1 = --- = Mg = m, m > max{mi,..., M.},
p'm7 - |g7,|7 ISZSB7

b) 0 <r;; <myj, max{m; —r; |1 <j<gq} =1,

o A [Zr: Q;sij = O(modpmj)} & ;\ [/q\ (visij = O(modpmj))],

j=1li=1 i=1Lj=1

(d) min{exp (P, i aisij> [B+1<j< 6} < haoec, (i Oéia;),
e a = pry(a;) — 1;;(1)8KLH/IH 9JIEMEHTa a; Ha IOATPYIIILY G’z ::1 Go & Gi.
JIOKABATEJ/IBLCTBO. Tak kak rpynmna G’ yaoBieTBopsier TeopeMe 2, U3 JIeMMBI 7
BBITEKAET JIaHHAS JieMMa. [
Takum obpazom, ycaoBue 2 CIipaBeIInuBo.

3. Ilycre maner aBe 6a3br Y, & = 0, 1, 0HOI U TOI 2Ke XapaKTEePUCTUKU

x =@, ..M ™ PN, Ny
U KOHEYHBIE TIO/IIDYIIITBI
B® D (Y*). (33)
IIo ompenenenuio 6a3bl Y€ XapaKTEPUCTUKHU Y UMEEM
(Y)= (i) & & (y;) = G2 ® A% & D, (34)

roe A = (ygﬂ) S RERNC) (yg), D, = (yZH) QB (yg) C D. Orciona u u3 (33)
cyefyeT, 4To cymecTByor noarpyuust D° C D u B§ C B° rakue, uro Bf usoMopdHa
HeKkoTopoit noarpynne G’ u

B = G2 @ Bi® D*, (35)
Tak 9T0 ¢ yueroM (33) umeem D¢ D D,,. Toraa cornacto (34), (35) MOXKHO cYuTaTh
€ TOYHOCTBIO JI0 n30MopdusMa, 910

A* C Bj C G (36)

Yepes ni 0003HAYMM KOODJHMHATY 3jeMeHTa Prye(a;) = af. ITockonbky

Cor(Y®,a;,n;), o n) = n! = nl. Ioarpymma G’ ynoBiaeTsopsieT ycioBwio 3

TeopeMbl 2. Jlerko mpoBepuTh, 4TO Y§ = <yg +1,...,y§> Oymer 6a30if B rpyIIe

(G',dY,...,a.) xapakrepuctuku x' = (p™f+1 ..., p™ n},...,n.). Torma mo teo-

peme 2 cymecrByior 6aza Y = (y3.,--.,yz) Xapakrepuctuku x' M HOArpymia
B2 C G}, Takue, 9TO CyMECTBYIOT BJIOKEHHS

£ . pE 2 eve _ v2
o By — By, oYy =Y.
He ymamsist obmHOCTH, MOXKHO cuamntaTh, uto DY = D! >~ €7, nas mexkoroporo
y b ) P
ypcaa n > m. Ilomoxum

Y? = <gl,...,gg,yg+1,...,yz,yz+1,...,y§>, B? = G, EBB(Q) @ D°,
rie |y22| =phe+1<i<q.
JIerko IpOBEPUTH, UTO CYMIECTBYIOT BIIOXKeHHA (° : B — B2 takue, uto ° |
Gy ® D° =id, p°Y® =Y?2 ¢° | B = 5, T. e. p° — Tpebyemble BJIOXKEHHUS.
Takum o6pasoM, ycaoBue 3 JI0Ka3aHO.
Jiist 1oKa3aTeIbCTBA CIIPABEJINBOCTY YCJIOBUS 4 HAM HY2KHA CJIEYIOIIas
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JIemma 11. /[List smo6oit wactuanoit Gyuxuun f : HF(G) — HF(G), onpese-
JIeHHOH Y-chopmyrioii ¢ mapamerpamu Ag, copaBeaiuBo ycaoBue: ecad u € §f, To
cymtecrByer 6aza Y moaMHoxecTBa sp u Takasi, 4ro BepHo sp f(u) C (V).

JIOKA3BATEJBCTBO. Ilycrs rpaduk dyukuuu f 3agan X-dopmyioit (z, v, Ag)

u
u=x(X), flu)=7(2), X,Z € G=¥, m = per(Ao,sp X,sp 7). (37)
IIycre Y = (y1,...,yq) — 6a3a mogMHOXKecTBa sp X Takas, 4To |ygri1| = -+ =
lyq| = p™. Iomoxum
A=(Y), B=(YUspZ), (38)
a yepe3 C' 0003HAYNM TAKYI0 KOHEUHYIO oArpyuny G, 9ro
BCC, HFCC)E ®(u,7(Z), Ap). (39)

Torpa mas mHekoTopeix noarpynu Af, By, Co, uzomopdusx noarpynmam G = Gy @
G1, n D§, D? C D cnpaseyimBeI PaBeHCTBA

A=Ay ®Gy® DY, (40)
B =DBy®Gs® D', (41)
C=Cyd Gy @ D2, (42)

rae D' =~ C}.., D? = CJ. ay1st BEKOTOPOTo n > m.
ITokazkem, 9TO
Ay C By C Co. (43)
IIyctn
r € By. (44)
Orcrona u u3 (39) umeem = € C. B cuny (42) mis HeKoTOpBIX 31eMeHTOB ¢ € Cp,
g € Gy, d € D? BepnO
T =co+g+d. (45)
Tak xax per(B) = p™, 1o |z| < p™. Cuenosarennsuo, |d| < p™, 1. e. d € D'. Uz
(41), (42), (44) mmeem c¢g € Bp. Torma mu3 (41), (45) monyunm g = d = 0, T. e.
x = ¢g € C n, snaunt, By C Cy. Ananornuno Aj C By, T. e. (43) nokasaHo.
C TOYHOCTBIO 710 H30MOPGU3MA MOXKHO CUUTATh, uTo noarpynnsl Ay C By C Cy
conepxkatrcs B G{y, 11l KOTOPOii clipaBeInBo ycyioBue 3 TeopeMsl 2. JlomycTuM, 4To
Ay # By. Torma mo cieacrsuio 5 cymectByer Biaoxkenue vy : Co — Gf Taxoe,

aro 9y | Ay = id, YoBy € Cp. Broxkenme 1)y MOKHO IIPOJOJIKUTD [0 BJIOXKEHU

w:C — G, raed [ Go®D? =id Torma v | A=id, ¥B ¢ C. Uz (37), (38) 1o

sgemme 6 B [1] nmeem

fw) = f(=>(X)) =7(¥2) # 7(Z).
IMosyuwiu nporusopeuue, 1. e. Ay = By. Caenosarensno, A = BuspZ € A= (Y).

Jlemma, a BMecTe ¢ Heil Teopema nokazansl. [
W3 Teopem 3 u A BbITEKaeT

Caencrsue 7. Ilycrs abeneBa p-rpymnmna G takas ke, kak B Teopeme 3. To-
rga i J1o6oro KoHedHoro noamuoxecrsa Ao O {g1,...,98} cymecrByer yHuO-
Bepcanbias Y-pyuxis UL (z,y) € FY(HF(G), Ag) a1s cemeiicTBa 0fHOMECTHBIX
pyuxnmit FA° rakas, aro ms moboit pyukmmn f € FAO cnpaBeIHBO PaBEHCTBO:
MyU4o (n,y) = f(y) ansa mHexoToporo n.

JIrobasi abesieBa p-rpymnmna G ecTb mpsiMasi CyMMa PeyIUPOBAHHON U JIEIUMO
vyacreit. Tlosromy st G cpaBeyIuBo ycJioBue Jiubo TeopeMbl 2, aubo TeopeMbl 3.
Orciona u u3 TeopeM 2 u 3 BbITEKAET
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CaenctBue 8. Jlobast abejieBa p-rpyIiia siBJISIETCS Y.-OIPaHUIEeHHOH aarebpa-
HYECKOI CHCTEeMOH.

CanencrBue 9. Ilycre G — aGesteBa p-rpymua. Torma B HF(G) cymecrByer
VHHBepCaJbHas Y-(DyHKIUs JJIsT CeMEHCTBa BCeX OJHOMECTHBIX Y.-(DyHKITHIL.

JTOKA3ATEJBCTBO. Ilycts Ay C G — KOHEYHOE MTOJIMHOYKECTBO, OTHOCUTEIHHO
koroporo rpynna G Y-orpanudentasi, u (Ag) = (a1) @ - - - @ (a.) — HEKOTOPOE DUK-
CHUPOBaHHOE pa3iioykeHne, X — KOHEYHOE MHOYKECTBO U Y)‘?O— 6a3a MOAMHOXKECTBA
X ornocurensuo Ag. Iomowum AY = {ag,...,a.} u X* = AU X.

Homnycrum, 9To jyis rpymnsl G clpaBejIuBo yejaoBust Teopembl 2. Torma moj-
TPYIIIIBI <Y)‘?0> u <Y)?*> MTOPOXKTAIOTCS OJTHUM M TeM ke MHOkecTBoM X ©. Takmm
obpaszom, <Y)’?°> = <Yg*>.

[Iycts myst rpynner G cripaBeyinBo ycsioBue teopeMbl 3. Torma cyriecTByer
Takoe m, uTo i moarpynmsl H, mopozxkaennoit maoxectsom X U A} U D™, ciipa-
BeLIBO paBeHcTBO H = (y1) @ -+ B (yq) 1 Y)‘?O = (Y1,.-.,Yq), tme D™ = D[p™|,
D — nermmas gacts rpynnsl G. Torma Y2, = Y)‘? ® dymer 6a30it U JJIsi MHOYKECTBa
X U A} OTHOCHTETLHO TIyCTOTO MHOYKECTBA.

Urak, B 060uX cIydasix cripaBeyiuBo yciaosue TeopeMbl B. Torma mo sToit Teo-
peme, riae C u C myxno samennts Ha Ag u A, momyuaem tpebyemoe. [

B saksouenune Boipazkaio 6saromapuocts FO. JI. Epmosy u C. C. Tonuaposy,
pabOThI, COBETHI M BHUMAHIE KOTOPDHIX OKa3aJM OOJIBIIYIO TOMOIIEL IpKu paboTe HaT
JIAHHOW cTaTbhel.
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