O rpynnoBbiX KOJIbUAX KOHeYHbIX rpynn 1.%)

A. . CAKCOHOB (XAPbBKOB)

Beeenne

ITycts R — npou3BoJibHOE KOMMYTATHBHOE KOJIbLIO € 1, G — KOHe4YHas rpynna,
RG — rpynnosoe kojbuo rpynnsl G Haa R. Kak cTpykrypHble cBOMCTBa KoJiblia
RG, tax u o6vem nudopmaunu o rpynne G, coaepxkauieiics 8 RG, CHJIbHO 3aBUCAT
ot BbiOOpa kosbua R. B unacrosieil crarbe rpynnopbie KOJAbLA KOHEYHBIX TPy
H3Y4aKTCs HaJl KOMMYTAaTHBHBIMHU KOJIbIIAMH R ABYX THIIOB:

a) R — mnpou3BosibHas obnacTb LENOCTHOCTH XapaktepucTuku 0, B KOTOpOii
Kax/1blii npocToil aenutens nopsaka G neobpatum (vacts 1);

b) R — umncnoBoe nonae, anredpanyeckoe MJIM JOKajabHOE, HJIH, Oosnee oo,
NPOH3BOJIBHOE NOJIE, XapaKTePUCTHKA KOTOPOro He nenut nopsaka G (dacte I1).

Konbuo RG Ha3sbiBaeTCs LENOYUCICHHBIM IPYNNOBBIM KOJbLOM, eciim R ecThb
KOJIBLIO MLEJLIX BEJWYHH uucaoBoro nonas. LlesowucieHnbie TrpynmoBbie KOJblia
KOHEuHBIX rpynn uiyyanucs B [25], [2], 3], [4], [14], [31], [32], [28], rae npeamonara-
JIOCh, 4TO R coBnanaet Jubo ¢ KoNbLUOM Z LeJIbIX PALHOHA/IbHBIX, JIHOO C KOJIBLIOM
I uenwvix anreOpanveckux uucen. Mccnenosanuss B 3TOH 00JacTH CTHMYJIMPYET
cieaylolas HepeleHHas npobiema: He onpeaenseTca Jn KOHeYHas rpynna ¢ To4-
HOCTBIO J10 H30MOP(H3IMA CBOUM LEJTOYHCIEHHBIM IPYNnoBbIM KoboM ? TTonbITKH
JIaTh OTBET HA 3TOT BOMPOC MPUBEJIH K OTHICKAHHIO PA3JIHYHOrO pPojia HeoOXOANMBIX
yclnoBuit u3oMopduiMa LEeJOUHCIEHHBIX TPYNMOBLIX KOJEIl W MO3BOJMIN NOJYYHTh
HEKOTOPYIO MHMOPMALHIO O CTPOEHHHM TNEPHOAWYECKHX TOATPYNN TaKHX KOJelL.
Jns oTaenpHEIX Y3KHX KJaaccoB rpynn (abenesbix [25], raMunbTOHOBBIX [4], rpynm
HuAb-knacca 2 [28], HekoTOpBIX crneunasibHbIX KiaaccoB p-rpynm [14], [28]) Gvuto
NOJYYEHO MOJIOKHUTEIBLHOE pellieHne npobaeMsl,

Oka3piBacTCA, 4TO aHAJOTHYHBIE PE3Y/IbTaThl CpaBe/snBbl pn Gosiee cnabbix
TPEANOJOKEHHAX OTHOCHTENIbHO KoJiblia R. MMeHHO, KaK MoKa3aHO B HACTOSLICH
CTaThe, A0CTATOUHO NoTPeboBaTh, uT0OLl XapakTepucTHka R Obuta’ paBHa 0 1 Kax-
Il IpocToil jienTens nopsaka |G| 6bu1 Heobpatum B R. Takum oGpa3zoM, B pamMkax
HALIMX paccMoTpeHwit nHdopManus o rpynne G, AocTapisieMas TPYNNOBLIM KOJib-
10OM, HE yMeHbluaeTcs npu nepexoae ot ZG k RG, rae R — xonbuo tuna a). C apyroi
CTOPOHBI, TPEANPUATHOE 31€Ch PaClIHPEHHE KJacca paccMaTpHBaeMBbIX KoJiell
R siBnisieTcs, B M3BECTHOM CMBICJIE, OKOHYATEIbHBIM: IPOCThIE MPHMEPbI MOKA3bIBAIOT,

*) CraTbs cOCTOMT U3 ABYX YacTeii. B atoMm HoMepe nyGmmkyeTcs BBeaeHne, 1 -1 4acThb 00y Lmii
comcok auTepatypel. [l-1 wacte pabotel Oyaer. onybaukoBana B GnuxaiiuiemM nomepe »KypHana.
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HYTO AJA CNpaBCJIHBOCTH OCHOBHBLIX PE3YJILTATOB BCC YCIOBHA, HajlaraéMbie Ha
R, cyilecTBeHHBI.

B cBA3M ¢ H3yUYEeHHEM I'PYNNOBLIX KOJIEL HA/l KOJIbLAMM THIA 4) B paCCMOTpPEHHEe
BBOJMTCS HOBbIH MHBAPHMAHT KOHEYHOMH rpynnbl — cnektpaibhas tabanuna. Crnekr-
panbHoii Tabaunuei rpynnet G Mbl Ha3bIBAEM KBaApaTHYIO Tabsinily, Ha (o, 7 )-M Mecte
KOTOPO#i BBINUCAH CIEKTP, T. €. Habop coOCTBEeHHbIX 3HAYEHMIT MATPHLbI, OTBEYAO-
el B 9-M HENPUBOAHMOM KOMILJIEKCHOM INpeAcTaBieHuy rpynnsl G 31eMenTy i-ro
KJacca COnpskeHHbIX diemenToB, CnekTpanbhble Tabmnubl rpynn G u G Ha3biBa-
KOTCS H30MOP(HBIMM, €C/IH OHH COBMNAAAIOT NMPH MOAXOAAIIEH HYMEPaLUK NpeCTaB-
Jiennit ¥ knaccoB rpynn G u G. OcHoBHO# pe3yabTat: koabuo RG onpeaensieT CnexT-
panbuyio Tabauuy rpynnei G. OOpatHOoe HEBEpHO: CYLIECTBYIOT Tpynnbl C H30-
MOp(pHBIMH CNEKTpPanbHBIMKU TabanuamMn M HEW30OMOP(PHBIMH TPYNHOBBIMH  R-
KOJIbLAMH.

B cayyae, xorna G ABASIeTCS HUILNOTEHTHOM rpyninoi knacca 2, ycraHasansa-
CTCH CONPAKEHHOCTb B @G molbiX ABYX noaxoasuuM odpa3oM HOPMHPOBAHHBIX
rpynnoBbix Oasucos konena RG (¢ obozwauaer mosie yacTubiXx Koabua R). Kak
nipecTHo [7], B koable RG Takue nsa d6a3uca, BooOlle roBops, He CONpsiKeHbl.

Il.-s wacTe paboThl mocBsileHa rpynnoBbiM anrebpaM KOHEYHBIX TIPYNN Haj
YUCJIOBBIMHU TIOJIAMH (K KOTOPBIM CBOAMTCH OOIUMHA ciyydall HeXxapakTHCTHYECKHX
noneit). Teopust Takux rpynnosbix anredp BxiarouaeT B cebs teopuio nnaekca lypa
M TECHO CBA3aHa C 3ajauei NMOCTPOEHHS MUHHMAJIBHBIX MOJCH, Haa KOTOPHIMH
peanu3yloTcs 3anaHHble abconoTHO HenpuBoAuMbie (OOBIKHOBEHHBIE) NpeICTaB-
JIeHUsi KOHEYHBIX rpynir. B HacTosiel craTbe Heene10BaHne HEMOAYJISIPHBIX TPYNo-
BbIX aJiredp npoBOAMTCS B JABYX HANPABICHHUSAX.

P. Bpayap nameTn oOl1yto NporpaMMy MCMoJb30BaHNs IPYNNOBOi aareGpbl
A7 KnaccrdhUKaumMu KoneuHslx rpyni. [TocTasneHHas nM 3a1aya COCTONT B ONIHCAHHH
BCEX IPYMIl ¢ 3aJaHHBIMU cBOMcTBamMu rpynnosoii anredpsl ([13], npodiema 16).
[Toka caenausl nuib nepsbie warn B 3toM Hanpasaennu. [1. Pokxker [30], XK. IT.
Cepp [38] u C. 1. Bepman [6] Beiaenuin HeKOTOPBIE KJacChl KOHEYHBIX TPYIII,
PaLHOHAJIBHBIE MM p-afiH4ecKHe aaredpbl KOTOPBIX PACILEIAIOTCH WIH ,,TOYTH
pacwennstores’”. OGobwas 3TH pe3yabTarbl, Mbl yKa3biBacM 00Ji€e INPOKHE
KJIACChI FPYIN € 3THM CBOHCTBOM.

C apyroii cTOpoHbl, B HACTOAIIEH CTAThe A€JACTCH MOMBLITKA BBLISCHWUTB, YTO
MOKHO CKa3aTh O CTPOEHMM HEMOIYJSIPHOI IpPyNnoBoii anaredpbl, ecji N3BECTHbI
HEKOTOPbIe XOPOLLO 0003pUMbIE HHBAPHAHTHI IPyINbl. B 3TOM cMmbic/e Hawia Teo-
pema 2. 24 npencrasasieT coGoit Bknaa B u3yuenue aarebpsl KG (K-4nucnoBoe none)
,-Ha ypoBHe Tabnuuel xapaktepos’. Chopmynaupyem ee cleacTBue:

Ecan abconmoTHo HenpHBOAMMBIH XapakTep rpynnbl G BblAEpKHBaeT aBToO-
MOP(hH3IM nonsd XapakTepoB, HHAYLHPOBAHHBIIN NMOJACTAHOBKOMH & —~ & (& — NPUMHTHB-
Hblil |G|-if kopens 13 1), To uuaekc llypa sToro xapakrepa aeaur r—1.

IMpu r = —1 310 naer knaccuyeckuii pesyabtar Unaiizepa [41] — Bpayapa [9]
— Xacce [23]: unaekc Hlypa abcoa0THO HENPHBOAMMOTO NPEACTABICHHS C BEILECT-
BCHHBIM XapakTepoMm paBeH |, ecau cTeneHb NpejacTapieHUs HeweTHa, u | uam 2,
€CJIM 3Ta CTeneHb YeTHa.

XopoLio u3BecTHO, YTo Tab/inla XapakTepoB rpyiliibl He onpejenser, Boobue
roBOpS, CTPOEHUA ee rpynnoBoii anredpsl. BMecte ¢ TeM Npe/CcTaBaseTcss BeposT-
HBIM, YTO (HEMOJHLIM) HHBAPHAHTOM KOHEYHOH T'PYNbl, ONPeAeIsSIOUINM CTPOSHHE
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ee HEeMOJAYJIAPHOI TPYyNNnoBoii aareOpbl, ABASETCH CNeKTpaibHas Tabauua rpynmnel.
B uacrosueii pabore 3T0 nMpeanosokKeHHEe HAXOAUT YACTHYHOE TMMOATBEPKIEHHE.

Mbi moka3biBaeM, 4TO crieKTpanbHas Tabaumna KoHeYHOH Ipymnmbl MOJIHOCTBIO
onpeaesseT TEOPETHKO-HHBAPHAHTHBIE CBOMHCTBA €€ JIMHEHHBIX MNpeacTaBieHuii.
Euwe ®pobenuyc u Wyp [20] yeranosunu, yro uuaeke Wypa abcomiotHo Henpu-
BOJAMMOrO XapakTepa OTHOCHTENbHO MOJS BELICCTBCHHBIX HHCEJ OMNpeaensercs
TEOPETHKO-HHBAPHAHTHBIMH CBOMCTBAMH COOTBETCTBYIOLIEH MaTpUYHON TpyIMbL.
BriocaeacTsun  CBsi3b  MEKIAY TEOPETHKO-MHBAPHAHTHBIMH M apUMETHUECCKHMH
CBOMCTBAMM KOHEYHBIX Tpynn MaTpuu obcyxaanachk neoanokpatno [41], [9]. [10].
Ucnionw3ys pesyabtat ®pobennyca—Illypa, Mbl mokasbiBaeM, 4TO CHeKTpa/ibHas
Tabanua npon3BosibHOM KOHEYHOI rpynnbl onpesensieT CrpoeHne ee BelleCTBEeHHOM
TpynnoBoii anreGpsbl.

C napyroii CTOpoHbl, CBS3b CHEKTPaJbHOH TabAMIBI IPynnbl CO CTPOEHHEM ee
HEMOAYJISIPHOIT TpynnoBoii anrebpsl MOKHO OOHAPYkKHTb, MCXOAsS M3 TeopHH .
ButTal47]. U3yuenue undopman uu o cTpoeHun K-3/1eMeHTapHbIX NOATPYNT TPY LI
G, KOTOpyIO MAOCTaBisieT crnekrpaiphas tabanua G, NPHBOANT K CAEAYHOLIEMY
pe3ysbTaTy:

[Mycrs G — aucnepcusHas rpynna win CN-rpynna. Toraa ans ao6oro Hexapak-
TepuctTuyueckoro noas K crpoenue anredpsl KG onpenensercs cnekTpaibHoOi Tab-
nuueit G.

OcHoBHBbIE pe3yabTaThl [-if YacTH 3TOI CcTaThy (JUI YACTHOIO ciy4as p-rpynim)
anoucuposasiuch B [35)], 71-it yvactu — B [36]. [Tonb3ysch ciyyaeM, aBTOp BbIpa)aer
6naronapuocte 1. A. CynpyHeHKO 32 BHUMAaHWE,

Bonbmas bacte HeoOXonumeix 0003HAYeHHiT BBOIMTCH B COOTBETCTBYIOUIMX
MeCTax TeKCTa. YCNOBHMCS JIMIIbL O HEKOTOPBIX.

[MpuMenstoTcs cranaaprusie obo3nauenus teopun rpynn. G, G, G* scerna
obo3navaloT Koueunsie rpynmbl, G* — MHOKECTBO HCCAMHHYHBIX JJeMeHTOB G.
CnoBo ,,koHeuHas™ 4acTo OMycKaeTcs, TAK ¥TO, HAMpUMep, .. TpoH3BoJibHasA rpynna’
BCIO/1Y O3HAYaeT ,.IpON3BOJIbHAS KOHeYHas rpynna’. becKoHevHble rpynibl B 3TOM
paboTe BO3HMKAIOT JIMLLb KAK IPYIIbl €AMHHL HEKOTOPBIX KOJiell. MyIbTUITHKATHB-
Hag rpynna koabua A4 oboisnavaercs uepes U(A4). J(A4) obo3navaer HeHTp rpynnbl
(kosbua) A, 3;(G) — i-it uentp rpynnel G, G;—j-if 4ieH ee HHKHErO LEHTPAJILHOIO
pana (G=G,, G'=G,): y,(i) — 3navenue g-ro abcoNOTHO HeNPUBOAUMOro (0ObIK-
HOBEHHOI0) Xapakrepa rpynnsl G Ha 3I€MEHTE /-ro KJIacca CONMPAKEHHBIX INEMEHTOB,
V,=,(1) — cTenenb COOTBETCTBYIOLIErO NMPEACTABICHHA; h; — NOPALOK i-ro Kjacca,
K; — i-10 ,,KJ1IacCOBYIO CyMMY — CyMMY (B IpynnoBoM KOJbLUE) 3JEMEHTOB i-ro
KJlacca, k — YUCIO KJIACCOB CONPAAKCHHBIX 3JIEMCHTOB. COOTBCTCTB}'!OILIHE‘ BCIIH~-
YHHBI 478 Tpynnbl G CH&G?K&IOTCH 3HAKOM ~,

Q obo3znavaeT noje pauMoOHaAbHBIX, Q, — p-anu4yecknx, Q..— BelECTBEHHbIX
yuces; Z — KOJbUO HEJbIX PALUMOHANBHBIX 4ucen, /| — KOJbLUO LEAbIX KOHEYHO-
NOPOKACHHOIO anredpanyeckoro YHCI0BOro nojs, R — BCHOAY, I1¢ HE OrOBOPEHO
NpPOTHBHOE, — KOJILLO THNA (a); @ — noJie yacTHBIX 00JacTH ueaocTHocTn R, ¥ —
noJje, conepxauiee @ u npuMHTHBHLIN |G |-it kopenb u3 1, & — none |G|-x kopHeii u3
1 van Q, K(y) — none, nonyuyeHHoe w3 nojas K npucoeanHeHHeM BCEX 3HAueHH
xapakrepa y. Yepes Gal(L/K) obosnauaerca rpynna [anya HOpMaabHOrO pac-

mwupenus L nons K. Spg(y)= > #°. 71y o6o3HavaeT orpaHuyeHne y Ha moi-
¢ Gal(K(x)K)

rpynne H.
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I. I'pynnoBsie KoJ1blla KOHEYHBIX IPYIN HA HEKOTOPBLIMH
00/1aCTAMH 1ET0CTHOCTH

B 370i1 wacTH padoTbl H3Y4AlOTCS IPYNNOBbIE KOJbLUA KOHEYHBIX rpynn G Haa
00/aCTAMHU LEAOCHOCTH R, YAOBACTBOPAIOLIMMHI [IBYM YCIOBHAM: (# ) Xapakrepuc-
THKa R papHa 0, (* *) Kaxaslit npocToit AeauTens uncia |G| Heodpatum B R.

§ 1. Mepuoduueckue nooepynnei

Lless HacToAwlero naparpada — nepeHecTH Ha Kojablla RG M3BECTHBIC pe3yJib-
TaThl O MEPHOAHYECKHX MOATPYNNax UeJOYUCIEHHBIX FpynnoBbix kojel. Ccwblaka
yKa3biBaeT Ha paboTy, COAEPKAlYI COOTBETCTBYIOLICE YTBEpPXKICHHE IS KOJeL
ZG wan IG.

Hauhem ¢ npeaBaputebHbIX 3aMe4YaHHH.

[TycTe A-npon3BoJibHOE KOMMYTaTHBHOE Kosiblo ¢ 1. Kaxabiii romomopdusm
7: G- U(A) vHayuupyeT KoJjibueBoi romomophusm 7: AG — A, KOTOpHI, B CBOIO
ovepean, nHayuupyetr romomopduim z: U(AG)— U(A). Onnu Takoit y =y, Bceraa
CYLIECTBYET. OH COOTBETCTBYET IJIaBHOMY Xapakrtepy rpynnsl G. OGo3naunm
Ker 7, uepes V(AG), Im 7, — uepe3 Ugz(A). Tak kak 7 u 7 — 3nuMOpOH3IMEIL, TO
Ug(A)=U(A). Hanee, noarpynna W(AG)cU(AG), cocTosiuas M3 3JeMEHTOB
Bupa u. 1, rne u€ U(A),a l —eaunnua G, nzomopdua rpynne U(A) = U(AG)/V(AG).
[Toaromy TouHad NMOCAEAOBATENBHOCTD

1 - V(AG)~ U(AG)—~ U(4)—~ 1
pacliennseTca u, CaenoBaTelIbHO,

U(AG) = U(A) X V(AG).

DTO0 MOKa3bIBaeT, YTO, XOTA MO nocrpoeHuto rpynna V(AG) 3aBucut ot G, B JieHceT-
BHTEJILHOCTH V (AG) onpenensercss ¢ TOYHOCTbIO 10 M30Mop(u3Ma koabuom AG.
W3 onpenenenns rpynnel V(AG) caenyer, uto V(AG) cOCTOMT M3 BCEX ,,HOp-
MHPOBaHHBIX'' eIHHHI Koabua AG, T. €. U3 Beex Tex aneMeHToB Lu,g («,€ R, g€G)
rpynnel U(AG), nns kotopeix Zo,=1. I1pu pacemorpennn konbua AG konsuo A,
a Bmecte ¢ HEM H rpynny U(A) MoxHO cuntath 3aaanusiMu, [Moaromy B ey (1)
n3yuenne rpynnbl U(AG) dakTiyeckd cBOANTCS K u3ydeHuio rpynmnbt V(AG).

B nanpHeiiniemM yacro paccMaTpMBArOTCA pa3djiduHble HAAMONA KoJbla R,
[MToakonbua Takux noJei, cocrosiuie u3 aiaredbpanveckux Haja @ 3/1EMEHTOB, MbI
OyIeM OTOXKAECTBIAATH C H30MOP(PHBIMU UM MOAKOJIBIAMHU MOJIsi KOMIICKCHBIX YHCET,
B nokazatenscTBax psAna yTBepkaeHMil ans koabua RG yaaeTcd OCYIIECTBHTh
peaykumio ot koabla R k xoneuy L. Ilpu atoM ucnosab3yercs

Jlemma 1. 1. /Tyems o — aazebpaveckoe qucio, n — maxoe HaAmMypaibHoe, 4mo
no — yeaoe. Iyems, danree, o, f, ..., y cocmasasiom no.nslii Habop uuced, aizeopau-
yecku conpaxcennvix omuocumenvho noasa Q. Toeda aubo o — yenoe, Aubo 6 Koavye
Zla, B, ..., y] xoma 6v1 00un npocmoii ( payuonaisuslil) oeaumens yucia n obpamum.

Hokazameavcmeo. Hdonyctun, 4yTto o — He uenoe. Toraa 3HavyeHue Xots Obl
ONHOM JNeMeHTapHOH CHMMETPHYECKOH (YHKUMH OT &, f, ..., ¥ HE NPHHAICKHT
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a
Zu, MOCKOJILKY n% — LEJIOE, 3TO 3HAYEHHE HMEET HECOKPATHMYHO 3aMHChL BH/J1A 3 , T

a,beZ n b =1 umeer Te ke NPoOCThIC AEAUTENH, YTO U 1. Eciim p — onMH M3 Takux
aenutesnei, To BBuay (a, p)=1 Haiinyrea ¢, d€ Z Takue, 4T0 ac+dp = 1. 3uavenus

3JIeMEHTAPHBIX CHMMETPHYecKHX (QYHKUM OT o, ff, ..., 7, OMEBHAHO, MPHHAIJIEKAT
a a

konwsuy Z[z, f, ..., y]. Mosaromy b M, ClIe/10BaTeNbHO, ;EZ[&, B, ..., 7). Ho Torna

I _actdp

4 r
[Mpu u3ydeHuu nepuoanyeckux noarpynn rpynnel V(RG), kak u B ciyvae

HETOYHCIICHHBIX I'PYINMNOBBIX KOJICII, 3¢d}CKTHBHbIM HHCTPYMCHTOM CJIIYXKHT
b a

;— cc+deZln, B, ..., y]. Jlemma noka3aua.

Jlemma 1. 2. (aemma bepmana [4]). Hyemo u=Xu;g; (4,€ R, g,€ G) — edunuya
Koneunozo nopaoka koavya RG. Tozoa aubo u=eg, 20e g€ 3(G), a ¢ — kopenv uz 1
8 R, aubo 0;=0 0aa ecex g;€ 3(G).

Mokazame.avcmeo. Tycts tr(x) obo3navaer ciea eMeHTa x € RG B peryjspHoMm
npexactasieHny koabua RG. Toraa ir(u)=u,|G|, rae o, € R ectb koadpduunesT npu
enuuuie rpynnsl G B BeipakeHun u=2u;g;. Tak xak ans Hekotoporo m u™=1, 1o
tr(w)=Cy++Cg, Tae {; (i=1,...,|G)) cytb m-e kopuu u3 1 (MpuHAINEKALIHE

R R ket v ),
JI0CTATOYHO LLIHPOKOMY MOJTHO, COIEPAKALIEMY KONIBIO R). DeMeHT 0y = —— i
anrebpanyen Hax Q, W, KaK JITKO BHAETb, Mbl MOJYYHM MOJHOE cemeicTBo Q-
COMPSIKEHHBIX C o, BEJIWYHH, €CIH B BBIPAKECHHH

2 Git -+l

|G|
3acTaBUM r nMpoderaTe NpuBEACHHYIO cucteMy BbiueToB no mod m. Ho {, ..., {g
CyTb XapaKTepPHCTHYECKHE KOPHH MaTpHIlbl, OTBEYAIOIlEH B PEryjispHOM MpeacTaBs-

nennn xoabua RG anementy u' € RG. Tlostomy Bbipaxenue (2) paBHO %’% H,

cle/oBaTeNbHO, COBNaaaeT ¢ KoapdpuuueHToM npu eAMHMUE B PA3JIOKCHHH W 1O
anementaMm rpynnsl G. Takum obpazom, Bce Q-conpsikeHHBIE C o; BEJIMYUHBI IpH-
naanexar koapuy R. IMockonbky |Gla, — uenoe anrebpamyeckoe, a B Kosbue R
HeoOpaTuMbl BCe MPOCThIC (pauMoHalbHbie) AeauTenn uuciaa |G|, 1o, mpHMeHss
nemmy 1. 1., nonayyaem, 4to oy — uenoe anrebpanveckoe.

byt tlial

d
nuMeeT Bua (2), TO NS HEro CHpaBe/siMBO aHAJOrHYHOe HepaBeHCTBO. IToatomy
O-Hopma uucna o, papsa ambo 0 — u roraa o, =0, — nubéo 1 — u Torpa o, ={,=
= ={ig nu={;-1.

IMpeanonoxuM Tenepsb, 4TO JeMMa HEBEPHA, T. €. CYUIECTBYET TAKOM MEpHOaH-
4eCKO# IneMenT u=Zo;g; rpynnel U(RG), uto mns g;€ J(G) ;0 u B TO Xe Bpemst
u#=u;g;. O4eBHIHO, BMECTE C u mepHoanyeckuM sneMentoM U(RG) Gyner u ugy ' =
= o+ 1+... # ;- 1. Ho 310, Kak Mbl yGeanancn, HeBo3MoXxHO. JleMma aokasana.

Hanee, |o;| = 1 u, nockoneky nwboe Q-comnpskeHooe ¢ «,

Jlemma 1. 2. mo3BonsieT onucaTh NEPHOANYECKY O 4acTh HeHTpa rpynmnsl V (RG).
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Caedemeue 1.3 [2]. Mepnoanyeckas wacte rpynnsi J(V(RG)) coBnagaer ¢
J(G).
Hokazameascmeso. TlycTb z — NEPHOAHYECKHIT 3neuem rpynnbl 3(V(RG ) u

B pa3iokeHun z=Lx;g;, ckaxem, «;#0. Toma zg5 —z « 1 +... — nepHOAHYCCKHIA
IJIEMEHT IPYVIIIbL V(RG) u 1no nemme 1.2zg71 =1, onyﬂa z= g‘,. Tak kak z€ J(RG).
10 2;€3(G).

Caeocmeue 1.4 [25]. Ecnin G abenesa, TO CAMHCTBEHHBIMH €IHHHIIAMH KOHEY-
HOrO MopsAaKa Kojibla RG sBIAKOTCA TPUBHAJIBHBIC €IMHHLbI BHAA &g, riae &€ R,
gea.

U3 aemmbl 1. 2 BBITEKAIOT TAKKE BaKHLIC CBOHCTBA MEPHOAMHYECKHX MOArpyni
rpynnel V(RG).

Caedemeue 1.5 [14]. JIwbas nepuoauyeckas noarpynna rpynnst V(RG) R-
JMHEHHO He3aBMCHMMa M SIBJISETCA MOITOMY KOHe4HOi rpynnoii mopsiaka =[G,

Hokazameabemao R-niHEeHHON HE3aBUCHMOCTH MPOBOAMTCH TAK Ke, Kak M
B [14].

Caedcmeue 1.6 [14]. RG=RG toraa u tonbko Ttoraa, xorga |G|=|G| u
CyLUECTBYET uourpynﬂa rpynnst ¥ (RG), nzomopduas G.

Jokazameascmeo. Ecnin RG = RG, 10 MOkHO cunTaTh, 410 G — HEKOTOPBIil
rpynnoBoii 6a3uc xonbna RG. Toraa, ouesumno, |G|=|G| uw GNW(RG)=1%.
Beuay coothouwenus (1) oTcroda caeayer CyuwecTBOBaHWE MOATPYMMbl TPYMITbI
V(RG), nsomopdmuoii G.

O6patio, nyctb G=V(RG) u |G|=|G|. Tak kak G R-nuueiino He3aBucuma
(cnencteue 1.5), TO HAM HYXKHO JIMIIL MOKa3aTh, YTO onpeaeauTenb d MaTpuilsl
niepexona or G k G seasercs enunuueil B R. BbMACIHM AMCKPHMHHAHTHL KOJIbLA
@G B 6azucax G u G. Yuursisas, 4to G u G — rpynnsl nopszaka |G|, nerko nosy-
yaeM, uTo 06a AuckpuMuHanTa pasibl |G|'¢. Takum obpazoM, |G/ =d?|G| n,
MocKoJIbKY R — obsacTs uesoctHocTH, d*=1. Caeacrsue 1. 6 goka3aHo.

Caeocmeue 1.7. Tlopanok nwboi nepuoanyveckod (M MOITOMY KOHEHHOI)
noarpynnel rpynnst V(RG) neant |G.

Hokaszameavcmeso. Tycte H — nponssonbhas koneunas noarpynna V(RG).
Obo3naunMm 4epe3 y Xxapakrep ®@-npeacrasieHus rpynnsl /, WHAYUMPOBAHHOTO
peryasipHbIM mpeacTaBiacHueM Koabua PG. Ecim ve H*, 1o no nemme 1.2
kod(ppuumuent npu eauuuue rpynnel G B pasnokenun v=2Xxg; pasen 0 u
Gl _ x()
|H| ~
Hblit Xapaktep rpynnst H=uenomy.

Huxke nam nonanoburcs siemma, npunauiexaias, no cywecrsy, P. bpayapy
[12] (em. Takxke [28], cTp. 569).

nostomy y(v)=0. Ho Torna = KpaTHOCTH, C KOTOPOI#i ¥ COACPAUT raaB-

* Onpeaencine rpynnst W (RG) cm. Bbiwie Ha crp. 190,
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Jlemma 1.8. I[Tycmbs A — npousso.iboe kommymamusioe koaoyo ¢ I, G — koneunas
epynna. Qbosznauum vepez A A-mo0y.ib, nOPoNCOCHHbIL 8CEMU PATHOCMAMU XY — VX,
x, YEAG, u noaoxcum A, = A+pA*. [laa mobozo x€AG obosnauum uepes s;(x)
cyMMy Koduyuenmos npu I4eMeHMaAx i-20 KAACCA CONPANCEHHBIX IAEMEHMOE
epynnst G 6 ebipancenuu

x=28.8 (§,€4,2€0).

Tozoa umerom mecmo cAe0yiouie YmsgepicoeHus:

1. A cocmoum & mounocmu u3z scex x € AG, oan komopwix 5;(x)=0, i=1, ..., k.
2. A, cocmoum 6 mounocmu uz écex x € AG, 011 komopsix s;(x) EpA, i=1, ..., k.
3. Ecau x, y€ AG, mo uz x=y (mod A,) gsrmekaem x?" =y (mod A).

4. Ecau x;€ AG, j=1,...,n, mo (x;+ - +x,)?" = x§"+--- +x2° (mod 4,).

N

[MpoaomkuM u3ydeHne nepuoaudeckux moarpynn rpynmst V(RG).

Ipedaoncenue 1. 9 [ 14]. Ixcnonenta nodoi nepHoHYecKOi MOArpyIILL I'PYINbI
V(RG) nenuT 3KkCroHeHTy rpynnsl G.

Horazame.asemeo. Tak Kak p-4acTh IKCMOHEHTHI TPYNNbI PaBHA IKCIOHEHTE ee
P-CHJIOBCKOH MOArpynnbl, a 3KCIMOHEHTA p-TPYMbl COBNAJAET C MOPAAKOM €€ He-
KOTOPOTO 3JIEMEHTd, TO HaAM JOCTATOMHO MNOKa3aTh, 4TO MOPAAOK Jwboro p-ine-
MeHnTa rpynnel ¥ (RG) neanT p-4acThb IKCNOHEHTHI G.

[Mycrs v=ZXw;g; — 31eMedT mopaaka p" =1 rpynnsl V(RG) u nycrb p-4acTb
IKCMOHEHTHI rpynnel G pasHa p*. Beuay cneacrsus 1. 7 MOXHO CYMTaTh, 4TO pj|G|
n noatromy pR#R.

[Mpeanosokum, YTO JA0Ka3bIBAEMOE MPEII0KEHHE HEBEPHO H U — TOT 3JIEMEHT
V(RG), nopsaaok Kotoporo p" npesocxoaut p°. Toraa 17vP® U B 3anucu vP° yepes
saeMenTel rpynnbl G ko3dduument npu eaunnne G pasen 0 (memma 1. 2). Boc-
110J1b30BaBILKCL JIeMMoOit 1. 8, monyyaem

3) o= D af g’ (mod A,).
Cpasuusas kodpduuuentsl npu 1€G cnesa u cnpasa B (3), yOexmaemcs, 4To
4) > =3 )" =0 (mod pR),

r1c CYMMMpOBalue BeAeTcs nMo KodpPHUMEHTAM MPH BCEX p-3JIEMEHTAX I pYIIIb
G.
C npyroit cTopoHbl, CHOBA MCMOb3ys Jemmy 1. 8, uMeem

1=v""=J of"gl" (mod A)),
OTKY/Ja BBITEKAeT, YTo

) 2'af"=(2"a)"=1  (modpR).

IMockonbky pR+ R, (4) u (5) npoTuBOpeyaT Apyr Apyry, 4To M J0Ka3blBaeT rnpe-
JICKEHHE.

* 31ech M BCIOAY B AHAIOTHYHBIX CIyYasX IOI p MOHHMACTCH 3JICMEHT, COBIAIAIOUIHIL C CyM=-
nMOil p r1aBHBIX equiHL KoIbua A (p — npocToe pauuOHAILHOE).

13 D
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ITped.aoxncenue 1. 10. Ypapuenne xrP'=g, g€ (G, p — TNpoOCTOE, pa3peliuMo B
RG Toraa u ToJIbKO TOrja, Korjaa oHo paspeiiumo B G.

Jloka3zaTensCTBO HYXKHO, OYEBHIHO, TIPOBECTH JHIUL B oaHy ctopony. [pen-
TNOJIOKHM, YTO CYIIECTBYIOT X = %;¢;€ RG u g € G Takue, 4T0 x?"=g. Torna

g=xr"=J af"gl" (mod A)).

IMockonbky pR# R, BBHAY yTBepxkaeHus 2) neMMmsl 1. 8 3akitouaeM, 4TO g NMpHHAJL-
JIGKHT TAKOMY KJIACCY CONPSIKEHHBLIX 3JIEMEHTOB rpynnbl G, 371€MEHTbI KOTOPOro
ABJISIOTCS p"-MH CTENEHSMH 3JIeMEHTOB HeKoToporo kiacca. Ho 3to 3mauut, uto
g=gh" nns Hekoroporo g,€G.

PaccMOTpuM cTpoeHHe NEPHOANYECKUX HOPMabHBIX aeauTeneii rpynnel U(RG ).
Beuay cootHouwenns (1) Bonmpoc 06 MX CTPOEHHH CBOMAMTCHA K aHAJOTHYHOMY BOM-
pocy ans rpynnsl V' (RG) M cHTyalns 3/1€ch Takas e, Kak H B C/1y4ae UesJ0YUC/ICHHbIX
rpynnosbix koseu [31].

Jlemma 1. 11. G < V(RG) mozoa u moavko moezoa, kozoa G=V(RG).

Hoxazameavscmeo. Hdonyctum, uto V(RG)#=G u nycts ve V(RG), v4G. Tak
kak G < V(RG) u, crneposatenbho, G°=G, 10 (G, v) ecTb KOoHe4Has MOArpynna
V(RG) nopsnka, 6oapuiero |G|. 9T0 NpOTHBOPEYHT cieacTsuio 1. 5.

Cuaeocmeue 1. 12, Ecnin G <] V(RG), 1o G abenesa ujiH raMiJibTOHOBA.

HeiicTBuTenbHo, ecnu G He aGesneBa M He raMHJIBLTOHOBA, TO, COTJIACHO PE3y.ib-
tatry C. /1. bepmana [4], yke ZG (u Tem Gosiee RG) coaepkuT HeTPHBHANIbHBIE
eauHMIBI KoHeuyHoro nopsaka. [Mpumenss nemmy 1. 11, nonyyaem, yro G<1 V(RG).

lipedaoocenue 1.13. Ilyctb H — nepHoauyeckHii HOPMalbHbIH [OeNHTENb
rpynnel V(RG). Torna H conepxurcs B G u ssaserca abenesoil WM raMuiabTOHO-
BO# rpynnoif,

Horazaeavcmeo. Tlockonbky G nopmanusyer H, 1o GH — nepuoanyeckas
noarpynna rpynnsl ¥(RG) v no caeacteuio 1. 5 |GH| = |G|. Orcriona HE G.

Hanee, nonaras B cueacteu 1. 12 G=H u yuuteiBad, 4yto V(RH)S V(RG),
nonyvaem, 4to H — abeneBa WM raMHIbTOHOBA.

3akaI0uMM HacTOSUMIE nmaparpad) npe/UIokKeHHEM, U Ciyyast MOJAYJSPHOIo
rpynmnoBoro kojabua p-rpynnel nonaydenusiii Konemanom [15]. JlokasatenscTso
obuero ciy4asi HCHOJAb3YET TY K€ MICH), OJHAKO Mbl NPHBOIAUM €ro JJIs MOJHOTHI
H3JIOKEHHSI.

ITpedaoscenue 1. 14. Tycte G — rpynna, H — ee p-noarpynna, R — npous-
BOJILHOE KOMMYTATHBHOE KOJbIO ¢ 1¥*, B KoTOpOoM 3nemeHnT p neobpatnMm. Toraa
Autyrg,(H)=Aut;(H).

Hoxazameasemeo. TlokaxeM, 4To s Kakaoro u€ Nyg,(H) naiigercs Takoi
2€G, 4yto aBToMOphuU3MBL Tpynnbl H, HHAyHHpYeMble TpaHC()OPMHPOBAHHEM
COOTBETCTBEHHO C MOMOIUBK & W g coBnanaroT. ScHo, 4T0 BMECTO U € Nypg)(H)
MOXHO 6path v € Ny (gg)(H).

*) 3neck orpaHHWYeHHEe HA XapaKTePHCTHKY R He HaKIaAbIBaeTCH.
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Myctb v € Nypgy(H). Torna a: h—h"=v"~"he (h€ H) — aBToMopdu3m rpynmnsi
H. 8% h"(hg (f_l), — npeactapiacHue H noACTaHOBKaMHU 3JIEMEHTOB rpynnsl G.

Tak kak H — p-rpynna, To JJIMHBI OPOUT NMpeACTaBICHHA T CYTh cTeneHu p. IMoka-
JKEM, YTO MO KpaiiHeil Mepe oaHa opOUTa MMeeT UIHHY 1, T. €. CYLIECTBYET 3JEMEHT
g€ G, HemOABMKHBIH OTHOCHTENBbHO rpynnsl T(H).

HeiictButensHo, h-v+ (h™')"=v, U 1€IKO BHAETH, 4TO B Pa3OKEHHH v= 9 4
geG

K03 PULHEHTHBI TIPH 37IeMeHTax 060 T-OpOMTHI paBHBI Mexkay coboii. Eciu Obl
JUTHHBI BCeX T-OpOMT OBLIH KpaTHBI p, TO OTCIOAA ObI BHITEKAO, YTO

(6) 2 x,=0 (mod pR).

Tak xak pR+# R, T0 (6) NPOTHBOPEYHT PaBeHCTBY > o,= |, BBINOJHAIOLIEMYCS JUIS
moboro anemenrta v€ V(RG). CnemopatenbHo, Haiaerca geG, s KOTOporo
hg(h=')y'=g, 1. e. g~ 'hg=v~"he npu mobom he H. Mpeanokenne 10Ka3aHo.

Caedcmeue 1. 15. Ilycts G — p-rpynna, R — KoJbLO M3 YCI0BUS NPeaT0KEHHS
1. 14. Torna rpynna U(RG) obnanaer BHewIHUM aBToMOphH3IMOM nopsaka p" =1.

Hokaszameavcmeo. Ilo npennoxenuro 1. 14 asromopdusm rpynnet U(RG),
WHAYUMPOBAHHLIH BHEWHWM aBTomMopduiMom OasucHoit rpynnel G cam Oyaer
suewnuM. Ho, xak nmokazan [Naunoru [21], mobas koneuHas p-rpynna obGnanaer
BHELIHUM aBToMopduaMoM nopsaka p" = 1.

§ 2. Heo6xo0umsie ycao8us uzomophusma 2pynnossix Ko.aey

JIBe rpynnsl ¢ H30MOP(QHBLIMH TPYNNOBBLIMU KOJIbLAMH MOKHO paccMaTpHBaTh
KaK rpynmnoBbie 0a3ucel 0JHOTO M TOro ke kosbua. [lo3toMy orbickanue HeoO-
XOAHMBIX YCIIOBMIi u3oMop(du3Ma rpynnoBbix KOJiell CBOANTCS B BBISICHEHHIO TOTO,
Kakie cBoicTBa OasncHO# rpynnbl G He MEHAKOTCA MPH nepexose K Apyromy 6asucy
Konbua RG, T. e. KakHe HHBApHaHTHI rpynnsl G onpejensitores koabuoM RG. Onuum
NPUMEPOM TAKOro MHBApHAaHTa*) Mbl yxe pacnojaraeM: corjacio caeactsuio 1. 6
u npeanoxennio 1. 9 koawio RG onpenenser skcnonenty G. B atoM u cneayrouem
naparpadgax wHdopmauns o rpynne G, coaepxailascs B Konablie RG, u3y4aercs
CHCTEMATHYECKH.

B kauyecTBe nepBOro uiara nokaxem, 4ro Koiaelo RG onpenensieT CTpPyKTypy
HOPMAaJIbHBIX JIeNHTeseil M MHOEKChl BCeX TIaBHbIX psAnoB rpynnbi G. 10T (ak,
XOpowio H3BecTHBIN a1 konen /G [14], [28], nas koneuw RG Takke sIBUTCSA CleOCT-
BieM Oosiee CHJIBHBIX PE3yJibTATOB, HE3ABHCHMO J0Ka3biBaembix Huke. Oanako
npeiaraeMbli MOAX0I, BO3MOXKHO, OKaXeTCA MOJIE3HBIM TIPH H3YHYeHHH TPYTUOBBIX
KOJIell Hall KOJIbLAMH JIPYTHX THIIOB.

[Tycte A — npou3BoNbHOE KOMMYTATHBHOE KOJbHO € |, J — nBYycTOpOHHUIA
naean xoabua AG. EcrectBenuwiii romomoppuim AG -~ AG/J nuayuupyer romo-
mophusm rpynnel V(AG), Sap0 KOTOPOTO COCTOMUT M3 BCEX 3JIEMEHTOB TPYMIbI
V(AG), cpasiimbix ¢ 1 no mod J. O6pa3 rpynnst V(AG) npu 3tom roMmoMopdusme

*) TpusnaabHbil NpUMED — Nopanox G.

13*
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Oyaem obGosnauars uepes V(AG/J). Kaxknomy J orBedaeT HOPMaibHbIN [Ie/HTeNb
N(J) rpynnbt G Takoit, uto

N(J)={glgcG,g=1 (mod J)}.

Obpatho, kakaoMmy N </ G cOOTBETCTBYET ABYCTOPOHHBIA naean J(N ) koabua AG .
cocTosLMii U3 dneMenToB Buaa > «, ,g(h—1), rae h npoGeraer N, a g — noanyro
h

s
cucremy BbivetoB G no mod H. Ouesnano, J(N) coBnagaet ¢ HaMMEHbLIUM ABYC-
TopoHHUM Hiaeanom J konsna AG, nns kotoporo h=1 (mod J).

Ecan ans asycroponsdero maeana J koubua AG cyuwecrByet 1akoii N <G, 410
J=J(N), To Mbl OyneM HasbpiBaThb J HOPMaJIbHO NMOPOXKACHHBIM HIEAJI0M.
Jlerko BujaeTb, 4TO mopsanok N n A-pasmeprocts J(N) onpenenstor Apyr apyra
n 4yro otobpaxenne N-—~J(N) spisercs H3oMopdU3MOM CTPYKTYPbl HOPMAJIbHbLIX
nenuteneid G Ha CTPYKTYPY HOPMaJbHO MOPOKACHHBIX HAealoB Koasla AG.

I'pynnbl G u G HA3BIBAIOTCA CHIILHO N-CTPYKTYPHO H30MOPQHBIMH, €CIH Cy-
IECTBYET COXPaHAIOIUMH HHIEKCHl M30MOP(DU3M CTPYKTYPBI HOPMAJbHBLIX JeJH-
Teseil G Ha CTPYKTYpPY HOpManbHbIX jaeaunteneit G. Moyt oueBmaHO crenyioiiee

Hpedaoxcenue 1. 16. Tlyctb A — npou3BOJBHOE KOMMYTAaTHBHOE KOJbLO ¢ 1,
G — xone4nas rpynna. ECim HOpManbHO MOPOK/IEHHBIE HEaJIbl TPYNIOBOro KOJbla
AG nonyckaloT XapaKTepH3alUHI0 HCKIFOYHTEIbHO B TEPMHHAX Koablua AG W rpynnsl
V(AG), To nwobble aBa rpynnosbix 6aszuca koablia AG cHabHO N-CTPYKTYPHO H30-
MophHbI.

JHoxazameavcmeso. Tycts G — n1o6oit rpynnosoii 6asuc koasia AG. B cuay
cootnowenns (1) MOXHO, He Hapywas OGIHOCTH, cpa3y cuuTath, 4o G < V(AG)
u nostomy V(AG)=V(AG). Torna no ycioBuio NPEANOKEHHS COBOKYNHOCTH
HOPMaJIbHO MOPOKIEHHBIX H/1€a0B Koblia AG ans rpynn G u G coBnanaror. Y4uThl-
Basi, YTO CTPYKTYpa HOPMAaibHO NMOPOKIEHHBIX HAealloB H3oMopdhHa cTpyKType
HOPMaNbHBIX aenuTenei O6a3ucHoi rpynnsl, a A-pa3MepHOCTH HOPMAJBHO TTOPOK-
JIEHHBIX W/I€AJIOB OTPEAC/IAOT NMOPAIKH COOTBETCTBYOLIHX HOPMAabHBIX JeTHTeNeld,
nojayuaem Tpedyemoe. ,

Hdns paccMaTpHBAEMOro HaMH KJjacca Kosiet RG Mbl MOXEM J1aTh XapaxTepH-
3ALMI0, VKa3aHHYIO B npeasioxkennn 1. 16.

Ilpeodaoxncenue 1. 17 (xapakTepu3auusi HOPMAJIbHO MOPOXKACHHOTO HJcaa).
[ABycTtoponnnit naean J konpua RG HOpPManabHO MOPOXKAEH TOTa M TONBKO TOTAa,
KOrja Bcsikasi nepuojnyeckas noarpynna rpynnsl V(RG/J) R-nuneiino He3aBucuma
B xonbue RG/J.

Horazameabcmeo. Heobxonumoctsb. Ecnu J HOpMalbHO TNOPOKIAEH, TO, Kak
Xxopoiwio n3BecTHo, RG/J w3omopduHo rpynnosomy koneuy rpynnst G/N(J) nan
R. Octaetcs cocnatbes Ha caencreue 1. 5.

Hocratounoctsb. [1ycts, HanpoTHB, HalaeTCs .\'EJ\J(N(J)). Torna B dakrop-
xonbue RG/J(N (J)) xnacc xJ(N (J)) sBasietcs nenynesbiM. OG03HaAYNM 3TOT Krace
yepes X, a anieMenTHl rpynmnbi G/N(J) vepes g;. B xonwsue RG/J(N(J))

™ x=2 i,

nprueM, He Bee %, € R pasubl 0. lanee, no onpenenenunto N(J) rpynna G/N(J) conep-
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#xutes B V(RG/J) n noatomy R-nuueiino uezasucuma B kosbue RG/J. Oanako,
nepexoast B (7) k obpasam npu romomopdusme RG/J(N(J))—~ RG/J, nonydaem
cnesa 0, uro o3uawaer R-nuHeliHyro 3aBUCHMOCTH 37eMeHTOB rpynnel G/N(J)
B koablie RG/J. [TpoTnsopeyne.

W3 npeanoxennii 1. 16 u 1. 17 BbiTekaer
Caedcmeue 1. 18. Ecain RG = RG, 10 G u G cnabio N-CTPYKTYPHO M30MOpPdHbI.

Crneayiommum 3TanoM B HCCIEL0BAHUM ,,R-konbleBbIX cBOiicTB” rpynnst G
ABNIFETCA ycTanoBaenue Toro (akra, uto ,,KiaccoBeie cymmbl” K; onpenensitorcs,
C TOYHOCTBIO J10 HEKOTOPBIX MHOXHTeNeH n3 R, camuMm koabuoM RG. ns xonen
ZG arot pesynbrar Obul nonyyen C./1.Bepmanom [3], a Ha xounbua I/G Gbin
neperecen wHe3zasucumo C.C.TMonskom [29], I'. 'maySepmanom (cm. 28])
n asropoM [32].

Bripouem, Mbl 10oKaxeMm Oonee oOuiee yTBepikaeHHe.

Teopema 1. 19. ITycms usomopduzm t: J(RG)—3J(RG) npodoarcaemes do
uzomoppusma . OG-~ dG. Tozda KAQCCHl CONPANCEHHbIX Iaemenmos epynn G
u G moxcno sanymeposams max, umo t(K;)=¢,K;, 20e & — nexomopuiii (G:G’)-ii
kopens uz I 6 R.

Ham Oyaer yao6HO noKa3aTeh crnepBa vacTHblil ciydail Teopemst 1. 19.

Teopema 1. 20. ITycmo o — asmomoppusm roavya J(RG), npodoadxcaemoii
00 asmomopguzma & koavya PG. Toeda x uHIyyupyem MOHOMUATLHYIO NOOCMAHOBKY
na muoxcecmese , kaaccosvix cymm” {K}i:

x(K)=¢; Kﬂﬁ) .

30ecw &; — nexomopeiit (G: G") — it kopens uz 1 6 R.

Hoxkazame.abemso. & npojaojxaercs 10 apromopduima xoabua ¥YG, KoTopblil
MLl Toke Oyaem obGosznavars uepes & PG ecTh OPTOroHajbHas CyMMa [OJIHBIX
MaTpH4HBIX aarebp Haa ¥, KOTOpbIe JHLIb MEPECTABAAIOTCA aBTOMOPPHUIMOM 7.
Pa3MepHOCTHIO MHHUMAJIBHOTO LEHTPAJIBHOIO MAeMIoTeHTa Kobua ¥ G Mol Oy aem
HA3LIBATL PAIMEPHOCTH COOTBETCTBYIOLICH ITOMY HACMIMOTEHTY MOJHOW MaTpHy-
HO# anredpbl. O4eBMAHO, & MEPEeBOANT MHHUMAJBHBIIH LUEHTPAJIbHBIH HAEMIOTEHT
konbua ¥YG B MHHHMAJIbHBIA LEHTPAJIbHBIH HAEMIOTEHT TOMH Ke pa3MEepPHOCTH.

Kak n3Bectno [16, ctp. 236], 6a3ucsi ,,knaccoBbix cymm™ {K;}§ u MuHuManbHbix
unemnotenToB {e,}5 konbua J(YG) craszansl caeayoumm obpasom:

| ™

K .13 .
o .o(f) - "9 % -
KI — I'l,- Z 2 Cpy €= G' ng(’)Ki-
e=1 \q | | i=1
Takum oGpasom, anementsl MaTpuil nepexoaa ot {K}§ x {e,}} u obparso npunan-
1 = 4
nexat KoJbuy S [I_GI] ,rae S — KoJbLo uensix nojs =. Tak Kak & Juilb NepecTasiset

MHHHMallbHble HaAeMNoTeHThl Koabua J(¥YG) wm, cremoBaTenbHO, MaTpulla orpa-
Huuenus asromopdusma & na J(¥G), orHecennas k Gasucy {e,)i, asnserca Z-
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maTpuueii, To matpuua 4 orpannyenus & Ha J(¥G), orHocennas k 6asucy {K;}},
ABJISICTCHA S[ﬁ]-mamuueﬁ. Ho no ycnoBuio Teopemsbl orpanuyerue & Ha J(RG)

apasercss apTomoppusMom koabua J(RG). [Toatomy A sBasieTcs OAHOBpPEMEHHO
¥ R-maTtpuueil. Mbl yTBepxaaem, 4To A B JIEHCTBHTENIbHOCTH SABJISETCH S-MaTpHIICH.

|G[ I3 4o (i) 2,(j). Ecom 0€Gal (5/Q) u 0 un-

JyUMPYETCs MOACTAHOBKOM &— & (&8 — npnmnmsuuﬁ |G|-it kopenb u3 1, (r, G|)=
=1), T0

B camom nene, A= (a;;), rae a;;=

a; = |G|Z’{/‘,(:n"[7,,m1’ |G]Zr‘,(:")/,,(;")

rae i’ (j*) o6o3nayaeT HOMep Kjiacca, COCTOSALLErO U3 r-X CTeneHeil JJeMEeHTOB i-ro
(j-ro) knacca. Ho Torna af;=a; jo € R v a;; BMecTe co BceMu CBOMMH Q-CONPAKEHHbIM

1
NPHHALNEXKHT Koably S |G‘ (1 R. TockoneKy B TOCHEAHEM, Tak ke Kak W B R,

0ol npocToi aenuTens 4kcaa |G| HeobpaTuM, TO, NpUMEHAS K a;; Jemmy 1. 1,
NOJy4YaeM, 4To a;; — Uenoe, T. €. A ABNsAeTCs S-MaTpuIleil.

WUrak, o« unayuupyer asromopdusm konsua 3(SG). Beenem B J(ZG) spmutoBy
METPHKY, ToJaras i MHHHMAaJbHbIX HAEMIOTEHTOB

‘l
(eﬂl’ eﬂ) i~ IG|

rae d,, — nensta Kpouekepa. OueBnano, 3ta METpUKa ONpee/sieTCs KOJbLOM
ZG v He 3aBUCHT OT BhIOOpa GaszucHoi rpynnel G. Tak kak paccMaTpuBaeMblil aBTo-
Moppusm koaeua J(ZG) coxpaHseT pa3MEpPHOCTbL WAEMIIOTEHTA, TO, Kak JIErkKo
BUIETH, OH ABJISETCH YHHTAPHBIM ONEPATOPOM OTHOCHTEJIbHO TOJILKO YTO BBEJACHHOMH
MeTpHKH. DTOT onepatop Mel Takxke Oynem o6o3HavaTs uepes o.

BhruncanM MeTpuyeckyro MaTpuiuy B 6azuce (K} .

X i
(Ki, K;) = Z’ﬁ/.'a(l) o Zhj/a(})e Z h; ”179(’2)19(!) G inls

e=1 o o= Vo e=1 ‘.Q

Tak kak o ynn'rapeH 10 (2(K;), 2(K; )= (K;. K;), 1=j=k, nai, ¢ yueToMm
pasenctBa o (K;)= Z

L]

(8) ;‘ |au|2h3 :hj.

Ecan 0 — npousBonbHelil aneMent rpynnst Gal (£/Q), 1o BBuay hpe=h; (i=1, ..., k)
paBeHcTBO (8) Biiever

(9) 2 \afi|2hi=h;.

0603HaunM yepes Z; S-MOay/b, NOPOKACHHBIH TEMH , KJIACCOBLIMH CYMMaMH ™,
mropble COOTBETCTBYIOT Kjaccam mnopsika, He mnpesocxoasuiero f. [Mockonbky
— nesnbie anreﬁpanqecme TO ANA Kax10# napel unaekcos (i, j) ¢ a;;# 0 naiinercs

0 0(i, j) € Gal (£/Q) Takoii, uto |af;| = |. Tak kak onepaTop o, BO BCAKOM cJyuac,
HE PacTArHBalOMMA (¥ Ha)Xe YHHTapeH), TO OTCI/a BBITEKAET, YTO Js Jrodoro
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HATYPaJbHOTO 1 S-MOJyJb %, HHBAPHAHTEH OTHOCHTENbHO . BMecte ¢ Tem, eciu
h; =1, To He MoxkeT ObITh 2(K;)€ %, ubo a~' £ S %,. Cnenosatensho, s Kax-
1oro Jj=1,..., k naiinercs Takoe i, uto h;=h; u aJ¢0 Ho Torma sBuay |af;|=1
u3 (9) cnenyeT uto a,;=0 npu /#i n |a?,| l npu modom 0eGal (Z/Q). OTcuma

a;;=¢&; — KOPHIO M3 1. TamM 06pa30M JI0Ka3aHo, yTo MaTpuua A MOHOMHAIbHA.

Hakoneu, ecnu e, = lGl Z’K,. TO d(ey)=e,= |(1§-[-th,(i)!(;, riae xapaktep
i= i

7, HEOOXOMUMO ABIAETCS nuueﬁuuu. CnenoBaTesibHO, OTJIHYHBIC OT HYJIA 3JIEMEHTBI
matpuubl 4 cyTb (G:G’)-e kopan u3 1. Teopema 1. 20 nokaszana.

HoxkaxeM Tenepsb Teopemy 1. 19.

7: &G - dG npononxkaerca ao uzomopdpusma ¥G uwa ¥YG (kotopslii Mbl 0603-
Ha4YuM cHoBa yepe3 7). OueBuaHo, T OoTOOpa)kaeT MHHHMAJbHBIC LEHTpaJbHbIe
MAEMIOTEHTHl Kojbla YG B MHUHMMAlbHbIE LEHTPAJbHbIE MAEMIOTEHTHI KOJbLA
YG. Tak ke, kak v npu aoka3zatenbcrse Teopemsl 1. 20, ybexaaemcs, 4To 371eMeHThI
matpuubl T, cessbiBarowueit 6a3ucer {t(K;)}5 u {Kf]‘i Koabla 3(RG ), npuHagIexar

KoJiblly S [I_(I;T]OR W, crenoBaTenbHo, Koabuy S (pasenctso |G| =|G| creayer u3

nzomoppu3sma kosen @G u @G). Takum 06pa3oMm, CylecTByeT H30MOPPHU3M KOJIblA
3(SG) na koo 3(SG) (koTopslii Mbl Takke 6y1eM 0603Ha4aTh Yepes 1).

ChoBa BBeneM B J(ZG) 3pMHTOBY METPHKY, MoJjaras IS MUHUMAJbHBIX
HIEMITOTEHTOB

(6. d) = |(;[ .

M BBIYHCIIMM METpHYecKHe MaTpuibl B 6asucax {t(K,)}5 u {K}5.

K e e K. o ofe
(T(Ei)’ T(Ra)) = [};. Z I!g.‘(l) €, h Z xa.(—‘)e,, =

e=1 0 o=1 Vo

Gy o e g Y fi,fr‘
= Elr’i’ ZZQ(’)Z@(‘ ) ( ﬂﬁz : G| ZXQ(‘)XQU ) _'ri i’
- e
Ananornuso (K;, Ky )=h;d;;.

C napyroit cropousl, t(K;)= 2‘1;1 ;» OTKyza (r(K),r(K )= |t,;1*(K;, K;).

I

Takum obpaszom, b= 3 |t,%h;. I'loaTOMy > h=Gl=3 k=3 3 [ru-| R, T. &
j j i B
(10) 2 =1}k = 0.
J i

MockobKy CTPYKTYpHBIE KOHCTaHTbI Koablia 3(RG) B 6asuce {t(K,)}§ paumo-
HaJbHBI, TO BCE, cKasannoe o matpuue 7, npumennmo u k matpuue 7%, roe 0 — moboit
snemenT rpynnel Gal (£/Q). INpeoGpasoBanie konbua 3(RG), 3anasaemoe B 6a3uce
(r(K))y marpuueii 7°T~', ssnsercs Torma asromopdusmom koasua J(RG),
YIAOBJIETBOPAIOLINM YyCa0BHIO Teopemsl 1.20. B cuny 3t1oii Teopemst 7°7 ' npu
nwbom 0 €Gal (£/Q) ssasercs yuutapHod Matpuueit. ClieosarelibHO,

(T*)-1(T°)* T°T - =E
otkyaa (T°*T°=T*T. B vactHocTH, [!‘”2— [#;;/* mpu mobom 0 € Gal (£/Q).

i



4G u LIN=3(G/N) Buitekaetr Y (L)/Y(N) =

(G)/3:(G) = 3is 1 (G)/3r(®,
P

[EHTA KJacca ¢, TO H G HHUJBMOTEHTA TOIO XKE

pkaszatenbcTBa |. 22 10CTATOYHO COCATBCA HaA

aq maﬁ.uu,.’a KoHeuHoll Spynnsi

1TO KoJibllo RG Kak WHBAPHAHT KOHEUHOM rpyri-

€pOoB, NPHYEM CTPOro MaKOPHPYET, MOCKOJbKY

IMH TabJHIIaMKi XapakTepoB W HEW3OMOPPHLIMHU

iep, HeabeNieBbi rPYNTbI MOPSAAKA p3, p — npoc-

HOBbIH MHBAPHAHT KOHEYHOH Ipynnel, CTPOro
Mamuprnpymwnn  javianuny aapasi<cpoB H, B CBOK O4YEpCAb, CTPOIro MaxopHpYycC-
MBIl rpynnoBbIM R-KOJbLOM. DTHM HHBAPH aHTOM SBJSETCA CNeKTpajbHas Tad-
Jiua,

"Cus. IpHIOKEHHE K HACTOALICH CTaThe.






























