HPEITPUHTBI IIOMU PAH

I'JTABHBIN PEJIAKTOP

C.B. Kucnsaxos

PEAKOJUIEI'NA

B.M.ba6wuu, H.A.BaBunos, A.M.Bepmuk, M.A.Bcemupnos, A.l.I"enepanos, N.A.MGparumos,
JLYO.Konotununa, b.b.Jlypse, 10.B.Maruscesuy, H.}O.Heueraes, C.1.Penun, I'.A.Ceperun

Yupeautens: Cankt-IlerepOyprckoe otaeneHue MareMaTH4ecKoro MHCTUTYTA
uM. B. A. Creknoa Poccuiickoil akageMun HayK

CBHIETENBCTBO O perucTpanuu cpenctsa MmaccoBoit nHpopmarmu: IJI NedC 77-33560 ot 16
okTs10ps 2008 1. Beynano ®enepanpHoii ¢y 00 10 HaA30py B chepe CBA3U U MAaCCOBBIX
KOMMYHUKaIUN

Konraktueie qannsie: 191023, v. Cankr-IletepOypr, Ha0. peku PoHTaHKH, T0M 27
tenedonsr:(812)312-40-58; (812) 571-57-54

e-mail: admin@pdmi.ras.ru

http://www. pdmi.ras.ru /preprint/

3aBeayromnas HHPOPMAITMOHHO-U3AaTeNbCKUM cekTopoM CumonoBa B.H


mailto:admin@pdmi.ras.ru

I[MPEITPUHT IIOMM 02/2008

OIINCAHUE HAAT'PVIIII F;, B Eg
HAJ1 KOMMYTATUBHBIM KOJIBIIOM

A. TO. JIV3rAPEB

Cankt-IleTepOyprckuii Tocy1apcTBEHHBIH YHUBEPCUTET
MaremaTuKO-MeXaHUIeCKuil (haKyIbTeT

AnHoTanua

IMycte R — KOMMYTATUBHOE KOJBIO C eIUHUIEH. MBI OMUCHIBAEM TOATPYTIITHI
rpymmet [Hlesasmte G(Eg, R), comepxkamue snementapuyio noarpynmny E(F4, R) rpyn-
nbt leanne Tuna F4 npu ecrecreennom Bnoxkennn G(Fy4, R) < G(Eg, R). Hus mo-
601 TPOMEXKYTOYHOM HOArpyHIbl H CyIecTByer eJUHCTBEHHBIH HAUOOJIBIINNA H/1e-
ar A < R rako#i, uro H comepxkur HOpMasbHOe 3ambikanue rpynmbl E(Eg, A) B
E(Eg, R), xotopoe mb1 obosnagaem uepe3 E(Eg, R, A), u, kxpome Toro, H wHopma-
smzyer rpyrmmy EE(F4, R, A) = E(F4, R)E(Eg, R, A). 9TOT pe3ynbpTaT aHAJOTHYIECH
OIMCAHMUSAM HAJArPYIII OPTONOHAJBHOM, CUMILJIEKTHYECKONR U yHUTAPHOM IPYIIIbI, II0-
Jy4deHHbIM B paborax Basuimosa, Ilerposa u Xon HO.

Hacrosias paboTa 661718, BHITIOJTHEHA, B paMKax coBMecTHOTO npoekTa DAAD u Munucrepcrsa
obpaszoBanust Poccun «Mwuxana JIomoHOCOB», a Takxke rnpoekTa INTAS 03-51-3251.
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2 A. 10. JIV3I'APEB

¢ 1. BBEJEHUE

Hacrosimmast pabora mocBsineHa OMUCAHUIO HAJPYIIT JIEMEHTAPHOW TI'PYIITHI
[Mlesasute Tuma Fy B rpynne [lesasute tuna Eg naji mpon3BoIbHBIM KOMMY TATUB-
HBIM KOJIBIOM. CucremMarmdyeckoe HU3yUeHHe TOJI00HBIX BOIIPOCOB JJIT KJIACCHUE-
CKUX TPYII HAJI TOJISIME HAYaI0ch B paborax Jlasg, Kunra, JIn Ianaxer [22-24],
[29-33]. Omnmcanwe HAJATPYII OPTOrOHAJBHON, CAMILIEKTHYIECKOW W YHUTAPHON
CPYNIBl B MOJHON JWHEHHON TpyIie HaJ KOMMYTATHBHBIM KOJIBIOM TOJIYIEHO B
paborax Baswmiona, ITerposa ([9-11], [35]) n Xon FO ([27], [28]).

B mepeunciieHHBIX CTAThbAX M3YYaOTCd HAJATPYIIbI KJIACCUIECKUX TPYII B UX
HEIIPUBOIUMBIX [IPEJICTABJIEHUsIX, TO eCTh, toarpymnbl GL(n, R), comep:kainue gaH-
uyto rpyrny [Hlesamne. arepecHoit 3aatueit ABIIsteTCsT TIEPEHOC ITUX PE3YIHTATOB
Ha WCKJIFOYUTEJ]bHBIE I'PYIIBI HaJ KOMMYTATHBHBIMU KoJiblamu. B pabore [12]
aBTOP IpOoJeajl HeKOTOPbIE IIard, HeOOXOAUMbIe JJId OIMUCAHUS HAJTPYII T'PYIIII
[Iepajne TunoB Eg u E7 B NX HeIpUBOTUMBIX IpPEICTABICHUAIX.

B To xke Bpems, B paborax [5], [8] GbLIO 3aMeUeHO, UTO JJIs W3yUEHUs TPYIIIIbI
[Mlesasute Tuna Fy wacro ymobuee paccmaTpuBarTh HE MUHHMAJIHHOE €€ ITPEJICTaB-
JIEHWE, UMEOIIee Pa3MePHOCTh 26, a npusodumoe IpeacTaBIeHre pa3MepHocTH 27,
BO3HHUKAIOIEE B Pe3y/IbTaTe CKPYINBAHUS MEHAMAJIHLHOIO MOJIYJ/IS TPYIIIGI ThIa Fg.
Takum 006pazoM, Mbl mosyuaem Bioxkenne Gg.(Fq, R) < Gy (Eg, R), 1 ecTeCTBEHHO
CTABUTH BOIPOC 00 ONMUCAHUU TTPOMEKYTOTHBIX MOITPYIIIL.

[Tpu mepeHoCe JIOKAIM3AIMOHHBIX JTOKa3aTeahcTB u3 [10] Ha MCKIIOYATEIbHBIE
TCPYIIIBI BOBHUKAIOT 3aMETHBIE TEeXHOJIOTHYECKHE YCJIOXKHEeHHUsi, HO ODImas KaHBa
PaCCyKIeHU OoCcTaeTCd HEU3MEHHOI, KAK U UTOTOBBII pe3yJIbTaT: «BeepHOe» pac-
MMOJIO’KEHWE TOArPYyN B Jyxe BopeBwda. A wMeHHO, JjI BCSIKOW TOTPYIIIHI
H, nexameit mexxay G(Fy, R) u G(Eg, R) (paccMaTpuBaeMbiXx Kak MOJIPYIIIbI B
GL(27, R)), cymecrByer eauHCTBeHHBIH naean A kombia R Ttakoit, aro H jexur
mexny EE(Fy, R, A) = E(F4, R)E(Eg, R, A) u ee nopmasmsaropom B G(Eg, R).

Teopema 1. [lycmv R — xommymamusroe kKoavyo. Tozda das 1060t nodzpynno.
6 G = G(Eg, R), codeporcawets epynny E(F4, R), cywecmeyem eduncmeenmoii
udean A < R maxoti, umo

EE(F4, R, A) < H < Ng(EE(Fy4, R, A)).

Kpome Toro, Mbl SBHO BBIYHC/IAEM HOPMAJIU3ATOD, (DUTYPUPYIOIIUN B TEOpEME.
Paccmorpum pacmupennyio rpynmy [leBastie

G(F4, R) = G(F4, R) Cent(G(Eg, R))

(uepes Cent(G) Mbl 0603HawaeM TienTp rpynms! ). g noarpynn E u F' B rpymie
G obosuaunm uepe3 Trang(E, F') mpancnopmep E B F:

Trang(E,F) ={g € G| EY < F}.

E1me oqarM OCHOBHBIM pe3yJIbTaTOM HACTOAIIEH pabOThI SIBJISIETCS CJIELYIOIIAsT TeO-
peMa.
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Teopema 2. B ycaosuaxr meopemo, 1 umeem

Ng(E(F4, R)) = Ng(G(F4, R)) = Trang(E(F4, R), G(F4, R)) = G(F4, R).

PaccmorpuM Temnepb roMOMOpPGU3M peyKITUI pE{j : G(Eg, R) — G(Eg, R/A),
WHIYITUPOBAHHBIN TOMOMOP(MU3IMOM COOTBETCTBYIOIIUX MOJHBIX JUHEHHBIX TPYIIII,
u obozraanm 1depes CG(Fy, R, A) mosnsiit mpoodbpas rpymnnsr G(F4, R/A) orrocu-
Tespo ph°. Eirme oun pesysnrar HacTosme paGoThl COCTOUT B CIIELyIOTIEM.

Teopema 3. B ycaosuar meopemv. 1 drs aobozo udeara A I R umeem

Ng(EE(Fy, R, A)) = CG(Fy4, R, A).

Yenopue npunaiexkuoctu Marpuiibl CG(Fy, R, A) onucbiBaeTcsi cpaBHEHUSIME
(o Moyt neasta A) Ha ee KoaddurmenTsl. Mbl SIBHO TPUBOJANM 9TH CDaBHEHHUSI
B TIPEJIJIOYKEHNN 2.

C TexHWYECKO# TOYKH 3peHUs HACTOdAIasd paboTa COeJUHAET METOJT A0KAAU3A-
YUU-NONoAHEHUA, TIPEJTIOXKeHHBIH BakoM B [19] 1 mozanee yupomenubiit XazparoMm
u Basuiosbim B [25], [26], [10], ¢ IBHBIME BBIYHCIEHUSME C JIEMEHTAMW MCKJIFOI-
TEeJTbHBIX TPYII B MUHUMAJIBHBIX TPEJICTABIEHUIX, OCBOEHHLIMI BaBUIOBHIM U €10
yaennkamu (cum. [4-8], [12]).

CraTbg opranm3oBaHa cjeayomuM obpazoM. B § 2 m § 3 MBI BBOJUM OCHOB-
HbIe 0003HaUeHUsI, oTHOCAHecd K rpynmnam [llesasie Tunos Eg u Fy B 27-MepHOM
npecraBiernu. B § 4 mpuBeennr HekoTopbie (pbakThl, obmue juist rpy [leBasire
tunoB Fy u Eg. B § 5 cobpanbr Texanaeckne yTBEpPKIEHNUS, OTHOCAIINECS K YPaB-
HenusM, 3agaomum rpymny G(Eg, R), KoTopble TOHAI00STCS HAM B JIaJIbHEHIIIEM.
B § 6 obcyxkmaercst BUJl Hy»KHbIX HaM Tapabosmueckux moarpynn B G(Eg, R) u
G(F4, R) w ux yHUNIOTEHTHBIX pajrKkaaoB. Teopema 2 jmoKa3biBaeTcs B § 7 BMeCTe ¢
ONMCAHWEM ypaBHEHUAMU pacmupenroit rpynns! [leBasre §(F4, R). B § 8 BBOIUT-
4 MOHATHE HUYKHEr0 YPOBHS JIId KJIacCuUIupyeMbIx moarpymnn. B § 9 mpuseieno
JIOKA3aTe/IHCTBO TEOPEMBI 3 BMECTE C OIMMCAHNEM yPABHEHUSIMU (DUTYPUPYIONIETO B
Hell HOpMaJIn3aTopa. TeXHUIECKUM CepIeM JI0Ka3aTeIbCTBA TEOPEMbI | sBJISIeTCS
§ 10, B KOTOPOM € TIOMOIIBIO JIOKAJU3AIUN TPOUCXOUT 3HATUTETHHOE YIIPOITeHNe
3aJIa9YN U3BJIeYeHUs KOPHEBOTO 3jeMenTa. Ciemyrorniue Tpu maparpada mocBsie-
HBI 9TOMY W3BJIEYEHUIO: MbI TOKA3HIBAEM CYIIECTBOBAHUE KOPHEBOTO JIEMEHTA MPH
Bce DOoJsiee ciaabbix yciaoBusix. Ilocie Toro, Kak 3T0 CAe/IaHO, JT0KA3ATEIhCTBO TEO-
pembl 1 jierko 3aBepriraercs B § 14.

AsTop BBIpakaet 6staromapuocts Hukosmato Anekcauaposudy Basusoy, 6e3 Ko-
TOPOro 3Ta paboTa HUKOrJAA He ObLaa Obl HAIlMCaHa, a TaKXKe DHTOHH bBaky 3a ro-
CTEIPUUMCTBO ¥ BCECTOPOHHIOK TOJJIEPIKKY.
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§ 2. I'pynnA IIIEBAJIJIE TUNA Eg

B sTom maparpade Mbl BKpaTiie HAITOMHUM 0003HaUYeHHUS U (DAKThI, OTHOCATIINECS
k rpynne [llesanie tuna Fg Haj KoMMyTaTUBHBIM KOJIBIOM. bBoJjiee moapobHYTO
uaOpMAaIIIO, a TaK¥XKe JaJbHEllne cChbUIKH MOXKHO Haiitu B [1], [13], [34], [36],
[15], [40-42], [4], [6], [7]. BoubIre BHUMAHWST MBI YETUM BJIOYKEHUIO TPYIIIHI THIIA
F4 B rpynny tuna Eg, 3HAUMTEILHO MeHee OCBEIIEHHOMY B JIMTEPATYPe.

Mpbr paccmarpuBaem cucreMbl Kopueit Eg u Fy ¢ dukcupoBannbiMu baszucamu
npocreix kopueit II(Eg) n II(F4). Hama mymepannst mpocThIX KOPHEH COOTBET-
cryer [2]. Jlasee Be3ge R — KOMMYyTATHBHOE KOJIBIO C €HHUIICI.

Borancyienusi HACTOAIIEH pabOThI TPOUCXOIAT B 27-MepHOM Mojyie V = V (w)
rpynmnsl [Hesanne G = G(Eg, R) tuna Eg co crapmiv Becom w = . MHOXKeCTBO
BECOB 9TOr0 MOy st 0bo3HaTaeTcs depe3 A. Moyss V' cHabXkeH KprCTaLIMIeCKIM
6azucom v, A € A. Do ozHauaer (cM. [34]), 4TO BeKTOPHI v ABJIAIOTCS BECOBBIMM
BEKTOPAMH U JIeHCTBHE 9JIEMEHTAPHBIX KOPHEBBIX JIEMEHTOB I, (€) juist Beex o € Fg
n & € R onucwiBaeTcd Tak:

.CCQ(E)UA =M+ CM§U>‘+O‘,

MIpUYeM BCe CTPYKTYPHBIE KOHCTAHTHI JIEHCTBUS C), PAaBHBI 1, 1 ¢y, = +1, ecim
a € £II(Eg). Msr 6ynem obosnauars wepe3 T (Eg, R) MaKCHMAJIbHbIH pacIien-
mblit Top rpynmnel G(Eg, R); B Hamewm npejacrasienun Mmarpura u3 G(Fg, R) nexxut
B T'(Eg, R) Torma n ToJabKO TOra, Koraa oHa auaronanbHa. ['pynma T'(Eg, R) kKom-
MYyTATHBHA W TOPOXKJIAETCS JEMEHTAMY BHJIA

hae)=e+ Y ((e—Dextanta + (71— Dexn)
MA+a€A

qutst Beex o € [I(Eg), € € R*.
Jlerko BujieTH, 4TO

e Os(€) = wp(e )

ast Beex a € II, B € @, e € R*, £ € R. Hamomuuwm, aro («, B) = 2(«, 8)/(5, 5),
rae (-, ) — W(Eg)-uaBapuanTHoe cKaJsgpHOe MpousBeienne Ha PRy R, u B HaleMm
cnydgae P = P, — pemnreTka BecoB.

Pa6ora [7] 6bl1a 1OCBsIIEHa JIeTaJIbHOMY W3y9eHWI0 MOyt V'; B 9acTHOCTH,
TaM NPUBEJICHBl ABHbIC TaOIWIbI 3HAKOB CTPYKTYPHBIX KOHCTAHT B KPHUCTAJLIAYE-
CKOM 0asmce, KOTOPbIE MBI AKTHBHO HCIOJIb3YyeM JIIs BhIUnCIeHuii. Kpome sroro,
Kak orMedeHo B paborax [17], [18], [6], eme ofHUM BayKHBIM HHCTPYMEHTOM JIJIst
paboThl ¢ MojyiieMm V sBiisieTcss MHBaApUAHTHAs TpUJInHeiHas ¢gpopma. fABHBIH BH
aroit dbopmbl Takxke npusener B [7]. Ha rpynmy G(Eg, R) MOXXHO cMOTpeTh ¢
PA3IUIHBIX TOYEK 3PEHMs: COTJIACHO KJIACCUYECKOMY OIPEIEJICHUIO, 3TO TPYyIIa
Touek addunHOM rpynmosoit cxembl IlleBaste—/lemasiopa. OmHaKO 11T KOHKPET-
HBIX MATPUYHBIX BBIYHCACHHN Ha CAMOM JeJle MCHOJIb3YeTcs TOT (akT, udTo s
aroboro kosbiia R rpynma G(Eg, R) coBnagaer rpynmnoit n3oMeTpuii TpUIrHEHHOR
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dopmbr T'. Onwmcanme 3Toit (hOpMBI, CBI3aHHON ¢ Hell KyOmueckoit bopMbl U ee
YACTHBIX TIPOU3BOJHBIX B PA3JIMYHBIX Oa3ucax MOXKHO HaiiTh B [7] (M. Takxke [40—
42], [8], [6]). Mol mpuBoauM sIBHBIA BU KyOn9IecKoil JOPMBI W ee J9aCTHBIX MPO-
u3BoHBIX B § 5. Kpome Toro, G(Eg, R) coBnajjaer ¢ rpymmoii m3oMerpuii napbi,
cocrosieil n3 Kybuaeckoit hbopMbl () U ee YACTHIHON moJstpu3anuu (1o apobHee
cM. [18]) Dro HerpuBnaIbHBIA pe3yabTaT (cM. [17]), 0CODEHHO ecym He MpemoJia-
rarh obparumoctu 2 u 3: 3amerum, 9ro T'(u, u, u) = 6Q(u).

Hwurke Ha pucyHKe BOCHpom3BeieHa 6ecosasn duazpamma monyias V. Ee Bepriu-
HBI 3aHYMEPOBAHBI BecaMu MOy V', a pebpa COequHSIIOT Maphbl BECOB, PA3HOCTH
MEKJTy KOTOPBIMHU SIBJITIETCS MPOCTBIM KopHeM. [Ipu 3Tom Ha pebpe yKa3bIBaeTCs
HOMED 3TOT0 TMPOCTOr0 KOPHSI, U CTAPIIHil BEC PACIOJIOXKEH CJIeBa.

Mbr n306parkaeM BeKTOp a € V, a = > a)v? Kak cmoabety, KOOpIWHAT B KPH-
crasnaeckom basuce: a = (ay), A € A. IIpu 370oM 3emMeHT b KOHTParpaJIneHTHOTO
Moyt V'* ecTecTBEHHO MpeJcTaBisaTh Kak cmpoky b = (by), A € A. Bamernwm,
YTO KOODJUHATHI BEKTOpa U3 V™ 3/1ech 3aHyMepOBaHbI BeCaMU MOJYJs V'; IMEHHO
MOTOMY OHH 3aIMCHIBAIOTCS KakK ¢TpoKu. dyremenT g € G(Eg, R) oToX IecTBIIsier-
CsI HAMM C €ro 00pa30M B IPEJCTABIEHNH T W n300pakaercs Marpuieil (gx,) n3
GL(V) ~ GL(27, R), cToabupl U CTPOKH KOTOPOIl IPOMHIEKCHPOBAHbI Becamu A.
Cronberr 9Toi MATPHUIBI ¢ HOMEPOM [t € A MBI 6y7ieM 0003HATATD Yepe3 gy, TakmmM
obpazoM, g, = gv’. AHajOrmIHO, Uepe3 gy, 0DO3HATAEeTCA CTPOKA MATPHIBI § C
nomepom A € A. st 3s1eMeHTOB 00paTHOM MATPHUIIBI MBI UCITOJIB3yeM 0003HATeHTEe
97" =(9\,), A e A

Cutestyioniee yTBEp2KIEHHE sIBJISIETCsI TPOCTON 11epedOpMYIUPOBKOi orrpe/iesie-
HUA KPUCTAJJINIECKOT'O 6&3HC&, 1N MbI 6y,[[eM IIOJIB30BATHCA UM BO BCEX BBIYUCJIE-
HUSX 0e3 CHeruaJbHOr0 YIOMUHAHUSI.

JIemma 1. Jlas awoowx g € GL(27, R), a € Eg, £ € R umerom mecmo opmyaovl
(.CCa (g)g)ku = 9x\u + CA—a,ozEgA—a,;u (gxoz(g)))\u = gxu + Cuozgg)\,;H-Oz-

YacTo HaM He TpedyeTcs 3HATH TOUHBIE 3HAKH KOHCTAHT C)g, B TAKUX CJIYIAIX
MBI TTOJIb3yeMCsd 0O003HAYEHUEM <« 5.
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§ 3. I'pyrnA IIIEBAJIIE TUTIA Fy

HaJjtee Be3e, ecan He yKazaHo ooparnoe, ® = Fy, &; — MHOXKeECTBO JJIMHHBIX,
®, — muOXkecTBO KOpoTKHX KOpHeir . Mbr paccmarpuBaem cucremy kopHeir Fy

KaK MPOEKITNIO CUCTeMBbI KOpHell Eg Ha deThIpexMepHoe MOITPOCTPAHCTBO, MTOPOXK-

00000 00100 01010 10001

JleHHOe BeKTOpaMu . IIpm sTom mymmaHBIE KOpHU F4q —

1 0o’ 0 0
3TO B TOYHOCTH KOpHU Eg, j1exKarue B 3TOM moampocTpancTBe. Takoit KopeHb 00sI-
3aTeJTbHO UMeeT BU]T abcba € Eg, 1 ¢ TOUKHW 3peHns CUCTeMBI Fy gaBIgeTcsa KopHeM

day + cas +2bag +2aay € O (v, 1 <10 < 4 — dyHpmaMeHTAIbHAS CUCTEMa KOPHEt
F4). Takum o6pa3om, MOXKHO cauTaTh, 9T0 ®; C Eg (3aMeTnm, 9TO MHOXKECTBO
®; siBasiercst cucremoii KopHeii Tuna Dy). Koporkuit ke kopenn Fy siBisiercst mpo-

! !
eKIyeil IByX KopHeil Eg Ha Hallle deThIpexMepHoe TPOCTPAHCTBO: KOPHH abéb @ g

a’b'cba
d

ITPOEKTAPYIOTCA B KOPEHB

dag + cag + (b+b)az + (a + a')ay € ®s.

Yepes F;, 1 < i < 6 MbI Oyaem 00603HAYATH MPOCTHIE KOPHU CHCTEMBI KOPHE
Eg; HATOMHMM, 9TO HAIa HyMepPalus MpOCThIX KOpHeil ciaexyer [2]. Pacemorpum
BHEITHUI aBTOMOp(MU3M « — & HOpsAnKa 2 cucreMbl Eg, mepectapistomuii 31 ¢
B¢, B3 ¢ (5 u octapasomuit S u B4 Ha MecTe. OIHOdIEMEHTHBIE OPOUTHI STOTO
aBTOMOpP(U3MaA COCTOSIT B TOYHOCTH W3 JJIMHHBIX KOpHe# F4, a aByx3/meMeHTHBIE
COJIEPIKAT MMAPbl KOPHEH, MPOEKTUPYIOIUXCsT B KOPOTKHe KopHU F4. Samerum, aTo
KopHH (3 # [3 JBYX3JIEMEHTHOH OPOGUTHI OPTOrOHAJBHBI JPYT JPYry H 0OPA3yIoT
YIJIBL /4 ¢ COOTBETCTBYIOIMM KOPOTKEM KopHeM (8 + ()/2 € ®,. Mmnl 6ymem
OTOXKJIECTBJIATH MHOYXKECTBO OPOUT ¢ MHOXKECTBOM KOpHeil Fy.

Mpsr Gyem obo3nadars gepes3 (&) s/eMenTapHble KODHEBBIE SJIEMEHTEI IPYIIITEL
G(Es, R), a 1epe3 X 3(£) — amemenrtapusle KopHesble snemenTs! rpynnsl G(Fy, R).
IIpu sToMm snementst X g(§) moryt umers BuJ 23(&) 1 § = B (namEEbIE KOpHEeBBIE
ssementTsl) nitn Bust vg(§)r5(£E) ana B # B (KopoTKme KopHeBbIe s1eMenTs1). Ham
MMOHAIO0UTCS IBHOE 3HAHWE 3HAKOB B KOPOTKHX KOPHEBBIX IJIEMEHTAX, MOITOMY
IpUBEJIEM UX:

Xo001(£) = 210000(£)Z00001(§),

Xoo10(£) = @o1000(£)Z00010(§),

0 0 0 0
Xoo11(§) = 5611800(5)5600811(—5), Xo110(8) = 5001300(5)5600310(—5),
X1110(§) = 9301}00(5)9000}10(—6), Xo111(§) = w11500(€)$00311(£),
Xun(§) = 9311}00(5)9000}11(5), Xo121() = fﬂuém(ﬁ)ﬂfmén(—é“),
Xi121(8) = w0 zorna(=6), Xi221(8) = Tuz10()zo121(=8),
X1231(8) = T12210(E) T01221(—8), X1232(8) = Trz211()711221(8)-
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Makcumanbabiit pacmenumbiii Top T(F4, R) rpynnst G(F4, R) mopoxgaercs
JINATOHAJILHBIME 3JI€MEHTAME

H1000(g) = hooooo(€), Ho100(g) = hootoo(e),
1 0

Hoo10(g) = ho1ooo(€)hooo1o(e), Hooo1(g) = h1oooo(€)hoooo1 (€).
0 0 0 0

IIpn orpanmuennu upexacrasienns m ¢ G(Eg, R) na G(F4, R) nomyaaem 27-
MepHOe IpeJICTaBJIeHne, JUarpaMMa KOTOPOTO IPUBEJIEHA HUXKe. 3J1eCh MEeTKH Ha
pebpax COOTBETCTBYIOT HyMePAIUK POCTHIX KOpHel Fy.

Hywmeparnus Beco, mpuBejieHHas 371eCh, OyJIeT UCIOJIb30BATHCS JIJIsT BCEX HAITUX
Bbrancsernii. Jliist paznoobpasust ona (¥ Jarke ee MOJOXKUTEbHAST 9aCTh) He COria-
COBaHa HU C OJIHON W3 TPeX HyMmepanuii, mpuBeieHHbIX B [7]. Mbl 6y1em 0603Ha9aThH
BeC, 3aHYMEPOBAHHBI HA ITOW JUAarpaMMe IeJIbIM THCJIOM 4, depe3 \; Wim (ecan
9TO He BBI3BIBAET JBYCMBICJIEHHOCTEH) TPOCTO 4. 3aMEeTHM, UTO B OTPAHUIEHUN HA
F4 Beca 13, 14, 15 craHOBATCS HYJIEBBIMH.

[Moxy4ennoe npencrasienne (Eg,w) | Fq npusogumo n siBisiercst mpsiMoit cym-
MOl 26-MepHOTO MpeCTaBIeHNs Ha KOPOTKAX KOPHAX U TPUBUAJIBLHOTO 1-MEpHOTO
npejicraBienns. Kpome Toro, HaMm mouanoburcs orpannuenue (Eg,wq) | Dy. s
ero BU3yaJW3alliy JOCTATOYHO BhIYepKHYTh B jguarpamme (Eg, ;) pebpa, mome-
gennbie 1 u 6. Ilpu coBmemnienun orpanmuenuit na Fy u wa Dy Mbl nosrygaem
orpannvenue Ha Bg, Koropoe nomyvaercs w3 quarpammbl (Eg, wq) | Fy Beipesanu-
eM BcexX pebep, momedeHHbIX 4. Kak BUIHO, pe3yabTaTOM IBJISETCA TPAMAas CyMMa,
Tpex OJHOMEPHBIX IPEeJICTABICHHUI, OTBEUAIONHUX BECAM A1 = W, A_1 = —W, A13,
M TPeX BOCHBMHUMEDHBIX MTPEJCTABICHNH (OJHO W3 HUX MPUBOJANMO W SIBJISIETCS TIPSi-
MOii cyMMOit ceMuMepHOTo 1 ogHOMepHOTO0). O6o3Haunm vepe3 B, I'; A MHOXKecTBa
BECOB dTHUX IMPEJICTABIEHUI:

B={23,4,572%,9,10},
T'={6,11,12,14,15,—12,—11, =6},
A ={-10,-9,-8,—-7,—5,—4, -3, —2}.
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Kak ormeueno soimie, G(Eg, R) coBmamaer ¢ rpymmoit mpeobpa3oBanuii CBO-
6omHOrO TpaBoro Momyns R27, cOXpaHAIOMNX HEKOTOPYI0 TPHIHHEHHYI dop-
my T. Vmobro paccmarpubath G(Fy4, R) < G(Eg, R) xak rpyimimy mnpeobpaso-
Bannii u3 G(Eg, R), cTabmin3npyomunx HEKOTOPBIH BBIIEJIEHHbBI BEKTOD U, JJIsi
koroporo Q(u) # 0. Pasmocuwibno, G(F4, R) — 310 rpymnma mnpeobpasoBaHmit
u3 G(Eg, R), coxpanstomux oununeiinyo dopmy B(x,y), onpeeseHHy0 paBeH-
crBom B(z,y) = T(u,x,y). B kauecTBe BbIJIeJI€HHONO BeKTOpa MbI OyjaeM OpaTh
u =o' — o 4+ 915 rorma Q(u) = —1, a Gwmneitnas bopma puobpeTeT BUL

12
B(z,y) = Z(—l)iﬂ(%’y—i +T-iY;)
i=1
+213Y14 + T14Y13 + T14Y15 + T15Y14 — T13Y15 — T15Y13-

[Iycts F' — wmarpuna ['pama Ousmneitnoit dpopmbl B. Mbl osyuniu, 9To MaT-
puna g = (¢i;) € G(Eg, R) B ToM 1 TOIbKO B TOM ciydae npuaagiexut G(Fy, R),
korya gF g7 = F (31ech n manee wepes g7 Mbl 0603HaTaeM MATPHILY, TPAHCIIOHIPO-
BaHHYIO K ¢). Takum obpaszom, G(F4, —) asusierca nojcxemoit 8 G(Eg, —); Mmarpura
g € G(Eg, R) nexxur B G(F4, R) Torna u Toabko Torga, korna (Fgl),; = (g71F);
Jgig Beex 4,5 = 1,...,—1. B wacrwocru, juig ¢,7 = 1,...,12,—12,...,—1 stn
YPaBHEHHUsT MPEBPAITAIOTCS B i, = €i€50—j,—i-

Hawm monamobuTcsa Takxke rpymia nodobutl bunnaeitnoit (¢popmbl B, TO €CTh MHO-
’)kecTBo mpeobpazoBanuii g € G(Eg, R), ansa koropeix B(gx, gy) = Ng)B(z,y) nist
HeKoTOporo A(g) € R*. B TepmuHax marTpuibl ['pama 3TO yCJIOBHE 03HAUAET, ITO
gFgT = X\(g)F. Mp1 6yaem obosrauats sty rpynmny G(Fy, R). Ilyers g € G(Fy, R).
Tt mobbIx o,y € R%7 nmeem

T(u,z,y) = B(z,y) = Mg)~"B(gz, gy)
= Xg) T (u, gz, gy) = Mg) "' T(9~ "u, z, ),

orryma T(A(g)u — g~ 'u, z,y) = 0. Braunt, g~ 'u = A\(g)u, To ecth g MepeBoUT B
cebst ofHOMEpHOEe ToIpocTpancTBO (u). OBpaTHOE TOXKEe BEpHO; TAaKUM 00pa3oM,
Ha G(F4, R) MOXHO cMOTpeTh Kak Ha rpynny marpui u3 G(Eg, R), crabuimsupy-
IOIHX (U).

Jlemma 2. Ecau gu = Mu das nexomopuir g € G(Eg, R), A € R, mo \3 = 1.

,ﬂonasameﬂbcmeo.
—1= Q(u) = Qlgu) = Q) = N*Q(u) = A%

Hosyuaem, 1ro ecin R He COJEPKUT HETPUBHAJIBHBIX KyOMUeCKMX KODHeH u3
1, o G(F4, R) = G(F4,R). Ecm e A € R u A3 = 1, To marpuna Ala7 Jexur
B eatpe G(Eg, R) n sBisiercst snementom G(Fy4, R); kpome Toro, Cent(G(Eg, R))
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COCTOHUT B TOUYHOCTH U3 TAKUX CKAJIPHBIX MATPHUIl. TakuMm 0O6pa3oM, MbI JOKA3AJIM,
qTO

G(F4, R) = G(Fy, R) Cent(G(Eg, R)). (1)

Conepxamyioca B G(F4, R) IHaroHagbHYI0 HOATPYIIY MBI OymeM 0603HAYATD

gepe3 T'(Fy, R). Dra noarpynna sopmanusyer F(Fy, R), mo3TOMy MBI MOXKEM pac-
CMOTPEThH ITPOM3BEICHIE

E(F4, R) = E(F4, R\T(F4, R) = E(F4, R) Cent(G(Eg, R)).

§ 4. OBIIUE CBEJEHUA O IPyHNIAX [TIEBAJIJIE

B sTom maparpade & = Eg nmm Fy.
[Iycts A < R — uzean B R. O6o3naunm gepe3 FE (P, A) rpyriry, mOpOXKIEHHYO
KOPHEBBIMHU 3JIEMEeHTaMu ypoBHsT A:

E(®,A) = (z4(8),a € @, € A).

B cayuae A = R rpymna E(®,R) ma3biBaercs (abCOTIOTHON) asemenmaphol
epynnod. BaXXHYI0 POJIb UTPAIOT U OMHOCUMEALHDIE IAEMEHMAPHOIE 2DYNNDL
E(®, R, A):

E(®,R,A) = (z4(£), 0 € B, £ € A)F(®H),

Caemyromuit mpocToii hakT Xopoio u3BecTen (cMm, Hampumep, [36], ciencreue
4.4).

JIemma 3. [Tycmo ® = Eg uau Fy. Toeda snemenmapnas epynna E(P, R) cosep-
WeEHHA.

Paccmorpum romomopdusm peykiun pb : G(®, R) — G(®, R/A), asnawomuii-
cst orpaHuueHueM ouesuHOoro romomopduzma GL(27, R) — GL(27, R/A) na rpym-
ny G(®, R) < GL(27, R). O6o3uaanm quepe3 G(P, R, A) siupo 3roro romomopduns-
ma, a depe3 C (P, R, A) — npoobpa3 nerrpa rpynnst G(®, R/A).

PaBencTBa U3 CIeAyIOmero yrBep:KIeHUsI HOCAT HA3BAHHUE CMaHIADMHOLL KOM-
MYMAGUOHHDLT HOPMYA.

Jlemma 4. ITycmo ® = Eg uau Fyq. Jasa moboeo udeara A < R svinosnaromces
PAGEHCMNEA

[G(®,R),E(®,R,A)|=[E(®,R),C(®,R,A)]= E(P,R, A)

B wacmnocmu, nodzpynna E(®, R, A) nopmarvna ¢ G(®, R).

Jlj1st mHTEepeCyIONMX HAC UCKIIOYNTEIHHBIX CIIydaeB 9Ta JeMMa Oblia JoKa3aHa
Tajen [37] u Bacepmrreitnonm [39]. B paborax [40], [20], [26]. moxkHO HaliTH gpyrue
JIOKA3aTeJIbCTBA U JAJTbLHEUITNEe CCHLITKH.

[Iycts S — MysnpTHILIHKATHBHAS CHCTEMa B KOJIbIlEe I, TO eCTh MHOXKECTBO 3Jie-
MeHTOB R, cozjepxkaiee 1 m 3aMKHYyTO€ OTHOCUTEJIbHO yMHOXKeHUsA. Mbl Oyiem
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o6o3HauaTh depes SR sokasusayuio Koablia R OTHOCHTETBHO cucTeMbl S U te-
pe3 Fg : R — S™'R — kamoHm4eckuit romoMopdusM. Hanbosree BasKHBIME JIs
HAC ABJISTIOTCS CJIEIYIONIAE TaCTHBIE CJTyIan:

(1) Jlokamusanust B MmakcumasbaoMm wiaeasne: S = R\ M, rne M € Max(R) —
MaKCHMAJIBLHBIN uieat Kosbia R. B aTom ciywae mbt umem (R\ M) 1R =
Ry, u Fyy BMecTo Fg. Konbo Ry gBIseTCs JIOKAIbHBIM ¢ MAKCAMAJILHBIM
ueanom Ry Fy(M).

(2) Tnasuas sokammzanust: S = (s) = {1,s,52,...} — HauMeHbIIAA MYJIHTH-

IJIMKATUBHAS CHCTEMa, cojeprkalias djieMenT s € R. Mbr Oygem obo3na-
qarh (s) 'R uepes R,, Fgs uepes F,.

[Iycrb X — addunnas rpymmoBas cxema Hag Z. TLomomopdusm X (Fy)
X(R) — X(S7'R), unaynupoBannbiii TOMOMOPGMUIMOM JIOKAJIH3AIIAN, MBI TaK-
ke Oyzmem obosHauarh udepes Fg. 3amernm, uro econ X = G(Eg, R), G(F4, R),
G(F4, R), To 31eMeHTapHBIe KOPHEBbIE 3JIEMEHTHI TIePeX0JIAT B 3JIeMeHTapHbIe KOp-
HeBble 31eMeHThl: Fg(x4(§)) = 24 (Fs(§)). Dro o3magaer, 110

Fs(E(Eg, R)) < E(Eg, S™'R),
Fs(E(F4,R)) < E(F4,S7'R).

Tak xak npu romomopdusme Fg TOpbI MepexoiAT B TOPBI, TO Fs(E(F4,R)) <
E(F4,S7'R). Takum obpazom, E(Eg, —), E(F4,—), E(F4, —) Takke SBIAIOTCA
’ ) 69 ) ; ) ’

GYHKTOPAMH M3 KATErOPUH KOMMYTATHBHBIX KOJEI] B KATETOPHUIO TPYIII, OIHAKO
9TU (PYHKTOPHI HE IPEICTABUMBI.

Xopomro u3BeCTHO, 9TO BCE 3TH (DYHKTOPHI KOMMYTHPYIOT C WHYKTUBHBIMU ITPE-

) y y Yy Ay

genavu. Tounee, ecsim R;, © € I — WHIYKTUBHAsI cuCTeMa KoJiell, a X — OIWH

u3 (byHKTOpOB G(E67_), G(F47_), G(F47_)7 E(Efia_)v E(F47_), E(F47_), TO
X (lim R;) = lim X(R,).

u— —

B wacrHocTH, ecau R; — WHIYKTHBHASI CHCTEMa BCEX KOHETHO MOPOXKIEHHBIX
HOJIKOJIEN B R 10 OTHOIIEHWIO K BIOXKeHnI0, T0 X (R) = lim X (R;), 9TO MO3BOJISIET
HAM OTPAHHYIUTHCS PACCMOTPEHHEM HETEPOBBIX KOJIEI.

Kpome Toro, ecau S — MyJbTUIUIMKATABHAS CHCTEMA, Mbl MOYKEM PACCMOT-
perb cucremy kosen R, s € S, Kak WHIYKTUBHYIO CHCTEMY KOJIEI| 10 OTHOIIe-
HUI0O K KaHOHWYECKHM romomopduamam Jjokanmsamuun F; @ Ry — Rg. Torma
X(S7IR) = lim X (Rs). DTO MO3BOJIHUT HAM CBOJIUTH PACCMOTPEHUE TPOU3BOIBHBIX

JoKaM3anuii (B 4aCTHOCTH, JIOKAJIM3AIMY B MAKCUMAJILHOM HJIEAse) K TJIABHBIM
Jmokaym3anuaM. JIoKaaIu3anuu B MAKCAMAJIBHBIX HIEAIaX IPUBOILAT HAC K JIOKAJIb-
HBIM KOJIbIIaM. Kak Xopomno u3BecTHO (cM., Hampumep, [16]), 1js joKaJIbHBIX (1
Jaxke Jyisi ostyaokaababix) Koster, G(Eg, R) = E(Eg, R), G(F4, R) = E(F4, R), a
nostomy u G(Fy, R) = E(F4, R).

§ 5. I3VUEHUE YPABHEHUN B G(Eg, R)

B macrogamem nmaparpade cobpanbl TEXHUYECKUE PE3YIbTATHI, KACAIOITUECT MaT-
pun u3 G(Eg, R). Ux mokazaresibcTBa MCIOIB3YIOT SBHBINH BUJ TPUINHERHOH (hop-
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Mbl T, Kybudaeckoit popMbI () M ee JaCTHBIX MPOM3BOAHBIX fy, A € A. B mameit
HyMepalun BecoB KybOmueckas dpopma () BBITVISIAT TaK:

Q(T) =r1713%T_1 — T1T_10T—2 + T1T_9T_3 — T1T_gT_4 + T1T_5T_7
— X2X10T—1 + T2X14T—2 — T2X_12T -3 + T2X 11T 4 — T2T L7
+ X3L9gX_1 — T3T12X_2 + T3L15L_3 — L3L_11L—_5 + L3L_8T_g
— T4XT -1 + T4T11T -2 — T4T15T -4 + T4T 12085 — T4T 9T ¢
+ X7T5T 1 — T7TeX—2 + TrT15T—7 — T7T_12T—-8 + T7T_9T_11
— T5X11T-3 + T5X12T—4 — T5X14T—5 + T5X 10T —6 + TTEL 3
— X8X12X 7 + XXL14T 8 — TEL_10T—11 — LL9T 4 + TeXL10T—5
— T6X13T—6 + T9L11T—7 — T9L14T—9 + T9L_10T—12 — L11T10T -8

+ 11213011 + T10X12Z—9 — T10215T 10 — L12L13T—12 + T13L14TL15-

CumMerpuueckas TpuiauHeiitnad (opma 1’ mosydaeTcs OTCIOA TOJIIPU3AIIAECH.
Bocrnpoussegem st JaJibHEHITUX CCHIJIOK W SIBHBIM BHUJ[ 9aCTHBIX ITPOU3BOJIHBIX
3TOI (DOPMBI B TOU K€ HyMepPaIuu:

fi(x) = 21301 —T_10T 2+ T_9T_3 —T_gT_4+ T_7T_5
fo(z) = 21001 + X14T 0 — 1203+ T_11T_4 — T_gT_7
fa(z) = zox_1 — X120 _2 + T150_3 —T_11T_5 + T_gT_g
fa(z) = —zsx_1 + 21102 — T15T_a + T_12T_5 — T_oZ_g
f5(z) =x72_1 — 1103 + T120_4 — T14T_5 + T_10T—¢
fe(x) = —x7w_o + 280 _3 — ToT_4 + T10T_5 — T13T_¢
fr(z) = w521 — XeT_2 + T150_7 — T_12T_8 + T_oT_11
fs(x) = —X4T 1+ TeT-3 — T12Z—7 + T14T -8 — T_10T—-11
fo(z) =301 — XeT_4 + X107 — T14Z_9 + T_10T_12
fio(z) = —xox_1 + Tex_5 — T117_g + T12T_9 — T15T_10
fi1(z) = 2429 — X503 + T9x_7 — T10Z_g + T13T_11
fi2(z) = —x30_o + 5T _4 — TgT_7 + T10T_9 — T13T_12
fis(z) = z12_1 — xeT_6 + T11T_11 — T12T_12 + T14T15
f1a(z) = xow_9 — X505 + TgT_g — Tox_g + T13T15
fi5(x) = 2303 — T4T_4 + T7X_7 — T10T—10 + T13T14
f-12(%) = —Tow_3 + 4T _5 — T7rT_g + ToT_10 — T12T13
fo11(2) = w4y — 23205 + T7x_9 — TZT_10 + T11%13
f-10(x) = —217_2 + T5x_¢ — TgT_11 + ToZT_12 — T10%15
foo(z) = 123 — T4 + T7T_11 — T9T14 + T10Z12
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for(z) = 125 — Tox_6 + T7T15 — TT12 + ToZ11
f-6(x) = —wox_7 + X308 — X4T_9 + T5T_10 — T6T13
fos(x) = 127 — 23T _11 + T4T_12 — T5T14 + T6L10
f-a(x) = —212_8 + Tax_11 — 415 + T5T12 — TeTo
f3(x) = 129 — 2T _12 + T3%15 — T5T11 + Teg
f2(x) = —x12_10 + T2T14 — T3T12 + T4T11 — TeX7
f-1(x) = 1213 — Ta10 + T3T9 — T4Ts + T5T7

Mbi gacTo OymeM MOJIb30BATHCA TEM, UTO KAaXKJbIH CTOJOEN] v MATPHUIbI U3
G(Eg, R) aBageTcsa cunzysapioum U, CIEIOBATEIBHO, YIOBIETBOPSET KBaJIPATHY-
HBIM ypaBHeHHAM fy(v) = 0 mag Bcex A € A.

JIemma 5. ITyemov v asasemes cmoabyom mampuuyv, G(Eg, R), npuwem cmpoka
(vo,...,v_1) ynumodysapra. FEecau v; = 0 das j = 6,11,12,13,-12,..., -1 u
V14 +v15 =0, mo v14 = v15 = 0.

Zloxazameavcmeo. ObozHaunMm & = v15 = —v14. llockoabKy V — crosbern MmaTpu-
el w3 G(Eg, R), To f\(v) = 0 mist Bcex A € A. B wactHOCTH,

0= f_2(v) = vav14 = —&V2,

0 = f_3(v) = vav15 = s,

0= f_4(v) = —vgv15 = —Evy,
0= f_5(v) = —vsv14 = s,

0= f_7(v) = v7v15 = v,

0= f_g(v) = vgv1a = —Eus,

0= f_9(v) = —vov14 = vy,

0= f_10(v) = —v10v15 = —&V10,

0 = fi3(v) = v14v15 = EV14.

Ho no ycnosuio crpoka (v, vs, Vg, Us, U7, Ug, Ug, V10, V14) YHUMOJYJISIPDHA, 3HAUWT,
¢ =0, uTo m TpebOBAJIOCH JIOKA3ATD.

§ 6. IIAPABOJIMYECKUE MOJTPYIIITHI

Pazobrem Bce Beca n3 A nHa Tpu muoXkectBa: {A1}, BUT u {A13,A\_1} UA (310
pasbuenHne COOTBETCTBYET BBIPE3aHWIO M3 BECOBOi auarpaMmMbl Eg Bcex pebep, mo-
medenHbIx 1). Ecom gy = 0 st Bcex A € BUT u snement g1; obparum, 10 u3
ypaBHEHUI Ha TepBBIA CTOJOEI CelyeT, 9TO OH COBHAJAET C IIEPBLIM CTOJOMOM
eJIMHUIHON MaTpHUIpbl. VIHBIME CJIOBAMM, TOTJA ¢ JIEXKUT B HapabOJIMIECKON MOj-
rpytnine G(Eg, R) 1 1m0 OTHOIIEHWO K TPUBEJIEHHOMY Pa3OHEHUI0 BECOB MaTPHUIA ¢
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UMeeT CJIeTYIONYI0 OJIOUHYI0 CTPYKTYPY:

*
*
*

g:

O O *
S ¥ x

JlnaronaJsibabie 0J10ku 37ech uMmeroT pa3mepbl 1, 16, 10 coorBercTBenno. Mbr 6y-
JieM 0003HaYaTh 3Ty napaboanaeckyto noarpymnmy depe3 Py (R). Ee yaunorenTHbIi
pajgukai Uy (R) BBIIIAIAT Tak:

1 A *
0 116 *
0 0 I

I'pynma Uy (R) abenesa n nzomopdHa (Kak aberpakTHas rpymnma) R wmbr mo-
JKeM [IPOU3BOJBLHBIM 00pa30M BBIOpATh CTpOKy A jammubI 16, cocTodmyio u3 sie-
MEHTOB KOJIbIla, R M €JIMHCTBEHHBIM 00Pa30M MOCTPOUTH 10 HEW MATPUILy U3 YHU-
norentroro pajgukaia Uy (R). Iokaxkem, kak 3To cesnars sro. O603HATHM Tepes3
Y1 MHOXKeCTBO Takux Kopmueii « € Eg, uro A\ — o € A. Bamernm, 9T0 Ipu BHIYH-
TAHUN BCeX TAKUX (v U3 A1 MBI IOJIYy9HM B TOYHOCTH MIECTHAANATL Becos u3 BUT,
TO ecTh

Y1 ={\—A|AeBUT} = {1 c B}

BriGepeM mpon3BOJIbHBIE IIECTHAANATE 3J1eMeHTOB &, € R, a € X1 U paccMOTpUM
MaTpuny

I zo(4) € G(Ee, R).

aEXy
[Topa oK, B KOTOPOM 34€Ch IMEPEMHOXKAIOTCA KOPHEBLIE 3JIEMEHTBI, HE BAXKCH: BCE
OHU KOMMYTHUPYIOT JPYT ¢ JpyroMm. HeTpyJHO BuJIETH, 9TO 3Ta MATPUIA JIEKUT B
U1 (R) w na Tiepecedenuy ee iepBoit cTpokn co crosbmom v, A € BUT, maxomurest
ssieMeHT +€y, — ) (3HAK 371eCh HA CAMOM JIeJIe PABEH 3HAKY CTPYKTYPHON KOHCTAHTHI
cxx—2). Kpome Toro, mobas marpuna u3 Uy (R) eIUHCTBEHHBIM 00Pa30M Ipej-
CTABJILAETCA B BUJE TAKOTO IIPOU3BECHU.

AwnasoruaHbiM 06pa30M ornpejessieTcst mapabosmdeckas moarpynmna Pe(R) u ee
yaunorenTHbI pagukan Ug(R). st sroro paccmorpum pasbuenne A vHa Tpu MHO-
xkecrBa {1, N3} UB, TUA u {\_1}, cooTBercTByIOIIee BHIPE3aHUIO U3 BECOBOM
jquarpamMmbl Eg Beex pebep, momedennbix 6. Marpunst u3 Pg(R) u Ug(R) umeror
CJIELYIONLY IO BJI0YHYIO CTPYKTYPY OTHOCHTEIHHO 3TOr0 Pa3OneHus:

* % Iip, =«
0 * = GP(;(R), 0 Iig  * € UG(R)
0 O 0 0 1

Ipynna Ug(R) abesieBa n Tak»Ke sIBJISIETCST TPOU3BEIEHUEM MTECTHAJIATH MOMAPHO
KOMMYTHPYIOINAX KOPHEBBIX MOArpyII. JleificTBUTeIbHO, IyCTH

EGZ{QEEG|)\_1+C¥€A}:{**i*1€E6}
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Torma A1 + a € TUA mig a € Yg. MbI MozkeM BeIOpaTh IpPOU3BOIbHBIE &, € R,
« € Yg U PACCMOTPETh IIPOU3BEICHUE

I] zo(4) € G(Ee, R).

05626

Ono nexur B Ug(R) u mrobast matpunia u3 Ug(R) mpecraBisieTcss B TAKOM BHJIE.
Tenepp nocmorpum Ha mepecedenne P (R) N Pg(R). Has sToro uHeobGXxoaumMo
pa3buTh A Ha MIECTH MHOXKECTB BECOB:

A={M}UBUTU{A3}UAU{A1}.

Biounas crpykrypa marpur u3 nepecedenusi Pi(R) N Ps(R) u ero yHAIOTEHTHOTO
paJiMKaJja TaKoBa:

%k %k ok k% 1 0 % 0 =x =
0 *x *x *x % x 0 Is 0 0 =x =%
0 0 « 0 x =« 0 0 Ig 0 0 =
00 0 «  « |EDWERNBLELL oy o o |€URNTs(R),
0O 0 0 0 * =« 0 0 0 0 Is O
0O 0 0 0 0 =« O 0 0 0 o0 1

O6o3raunm yepe3 Wig mepecevenre MHOXKeCTB Y1 M Xg, a gepe3 Wy u Wg — m0-
nostHennst Wig 10 Y1 U Yg cooTBeTCTBEHHO. HerpyiHo BHIETH, UTO

Uy = {A — A AeB} = {10 c By,
W= {A— A | re A= {0 e Ry,
\1116:{)\1—)\|)\€F}:{)\—)\_1|)\EF}:{1*:*1EE6}.

Marpurna u3 Uy (R) N Ug(R) e IMHCTBEHHBIM 00PA30M MPEJICTABIISIETCS B BUJIE TPO-
u3BeIeHns

I za(éa) € G(Es, R),

Oée‘Illf;
e &, € R g a € Wyg.

JIemma 6. ITycmov g € G(Eg, R) maxosa, wmo g11 =1 u gxy = 0 dasa A € (BU
L)\ {Ai5}. Tozda gny =0 dan ecex A ¢ {1, A\15}.

oxazamenvemeo. O603HAIUM ¢15.1 depe3 £ U PACCMOTPHM MATPHUILY

h=x 11221(§)g.
1

3amernm, 910 his1 = g15.1 — {911 = 0. Kpome Toro, hy 1 = gx1 mua Becex \ €
11221
1

BUT\ {A15}, moromy uro jyist Becex Takux A cymma A+ He SIBJISIETCS BECOM.
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Ho u3 sroro ciemyer, aro hyy = 0 mist Bcex A # Ay, 1o ectb h € Pi(R). Orcroa,
HOCKOJIbKY ¢ = & 11221(—&)h, BuAHO, ITO
1

ga1 = han =0 s meex A € A\ {Ar}, A+ 11220 ¢ p

Ecnn xxe A\, A + 11%21 € Au \=# A5, TO

gr1 = hy1 £ \fh/\+11%21 = hx1=0.

Jemma 7. Ilyemv g =[] cq,, 2+(&) € G(Es, R), 2de &, € R das scex vy € Uig.

Mampuua g aescum 6 G(Fy, R) mozda u moavko mozda, koz2da 12211 = E11221.
1

Zloxazameavemeo. Ecin 12211 = 11221 = &, TO
1 1

z12211(&12211) 211221 (§11221) = X1232(8),
1 1 1 1

a TIOCKOJIbKY BCe OocTajbHble KOpHU u3 Wig jexkar B @), nonyuaem g € E(Fy4, R).
O6paTHO, TOCKOJIBKY

91,13 =0, g1,14 = —&12211, g1,15 = —&11221,
1 1

nmMmeemM

(gu)l = 01,13 — 91,14 + 91,15 = 12211 — &11221.
1 1

[To ycnoBuio gu = A\u jjist HEKOTOpOro A € R*, 3HA4YHT,

12211 — &11221 = (gu)1 = Aug = 0.
1 1

JIemma 8. FEcau g € Pi(R)NG(Fy4, R), mo g € Ps(R).
Hoxazameavcmeo. Ilo yciosuio, g11 € R* m gy = 0 noa A # A;. Beibepem
AeEAU {)\13}. Torna

0= B(v',v*) = B(gv', gv*) = g119-1,2,

nosromy g_1,\ = 0 mast Becex Takux A. C apyroit cropomst, st A € BUA U {1}
TakxKe uMeeM ¢_1 y = 0, mockosubky g € Pi(R). Bnaunt, mocienHsst CTPOKa ¢
HIPOTIOPITUOHAJIbHA TOCEIHEH CTPOKe eJIMHUYIHO MATPHIIBI, TO ecTh, g € Ps(R).
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§ 7. BBIYUCJIEHUE HOPMAJIU3ATOPA FE(F4, R) B G(Eg, R)

Teopema 2, rosopst HedOPMaJILHO, TTOKA3BIBAET, uTO G SIBJISIETCS HOPMAJIM3a-
topoMm Fy B Eg He TOJIBKO B CXeMHOM CMBICJIEC, HO W HOTOYCYHO: 3HAUEHHE ITOTO
dbyHKTOpa Ha JI0O0M KOJBIE ABJIIeTCs abCTPAKTHO-TPYIIIIOBBIM HOPMAJIA3aTOPOM
COOTBETCTBYIOIIEH TPyNIbl.  3amernu, uTo Hamte onpejenernne G(Fy, R) copma-
JIaeT ¢ onpejesieHneM pacwupennol epynnv, Illesasre, nanubpiM BriepBbie B [14]
JUUIST TIPUCOEIUHEHHBIX TPYIII, a Mo3/Hee B [21] u Jjisi MHTePecyIomero Hac cJryvast
onHOCBs3HBIX rpymm (cMm. Takke [3]). Ouesmmno, uro G(F4, R) — HOpMasbHAS
noprpynma B G(Fy, R).

ITo camomy ompenenenmo G(Fy, R) apmgerca abdurnoit cxemoit man Z. Kax
XOPOIIIO W3BECTHO, (DYHKTOP TOYeK ad@PUHHON CXEeMbl MOJHOCTHIO OINPEIesIsieTCs
CBOMMHY 3HAYEHUAMU Ha JIOKAJIBHBIX KOJbIAX. JaCTHBIM CJIydaeM 3TOrO MPUHIINIA,
SABJIFETCS CJICLYIOmAs JIeMMA.

Jdemma 9. ITycmv g € G(Eg, R), npuuem Fiu(g) € G(Fy, R) das scex M €
Max(R). Tozda g € G(F4, R).

Jlemma 10. Mampuua g € G(Eg, R) npunadaescum G(Fy, R) moeda u moavko
mozda, Kozda ona ydosaemeopaem YpasHEeHUAM

(Fgh)ir(97 F)js = (97 F)an(Fg")js
ors ecex i, j,r,s=1,...,—1.

Jlokazameavcmeo. Ilycrs X — addunnas nogcxema B G(Eg, —) Hag Z, oupeje-
nerHast stuMu ypaHermavu. cro, aro G(Fy, R) C X(R). To gemme 9 06-
paTHOE BKJIIOUEHHE JOCTATOYHO JOKA3BIBATH JJIA JIOKAJIBHOrO Kosbla R. Ilycrs
M = R\ R* — wmakcumasbHbIi miaean R. Jlng Havama JOKaykeM, 9TO €CJIH
g € X(R), To naiiyyrca i,r takue, uro (Fgl);.(g7'F); € R*. Tlpeanonoxum
nporusnoe: mycth (Fgl);. (97 F)s € M anst Beex i, r. Tax xax marpuna Fgl 06-
paTmMa, TO I a060To i Haiimercd Takoe r, aro (Fgl);. ¢ M. Tak kax MaTpmma
g~ 'F obparuma, To ma moboro j maiimerca takoe s, aro (¢1F);s ¢ M. Torma
(Fg1)ir(g71F);s € R*, mo 1o mamewmy npejnonoxennio (g7 F).(Fgl);s € M,
YTO MPOTUBOPEUUT TOMY, 9T0 g € X (R).
Tenepn 3adukcupyewm i, 7 takue, ato (Fgl). (97 F); € R*. Tlomoxkum

A= (FgD)i((g7 ' F)ip) "t € R,

Torna ypasuenust Ha g npespamaiores B (Fgl);s = AN(g71F);s. Ho ato oznauaer,
aro Fgl = Ag71F, To ectb gFgT = AF, otkyna g € G(F4, R).

Crenyrommas TeopeMa gBJIsieTCs HeGOJMbIUM ycuierueM Teopembl Tajen [37].
Crporo rosops, B [37] nokazana mHopmanabrocth E(®, R) smmb B rpyrmme [Tlepaure
G(®, R), vHo o311HEE (CM., HarpuMep, [9-11]) 6b110 3amedeno, aro G(P, R) MoxkHO
3aMeHUTH Ha 6(@, R). Bupouewm, B unTepecytomem Hac caydae ® = Fy sror dakr
OYeBHJHO CJiejlyeT u3 TeopeMbl Tajen, mocKoIbKy BbimosHsercst (1).
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JemMma 11. aemenmapnas nodepynna E(Fy, R) nopmarvra 6 G(Fy, R) daa ao-
6020 KomMMyMamMUeHo2o Koavya R.

oxasameavcmeo meopemvs 2. Hamommmm, 910 Tepes G Mbl 0603HATAEM IDYIIITY
G(Eg, R). OueBugno, aro G(Fy4, R) < Ng(G(F4, R)) — 370 cpa3y BeiTeraer u3 (1).
U3 nemmsbr 11 crenyer, uro G(Fy4, R) < Ng(E(F4, R)). Kpome Toro, oueBuino, 9T0

Na(E(F4, R)), No(G(F4, R)) < Trang(E(F4, R), G(F4, R)).
,Z[JIH OKOHYaHHA J0Ka3aTeJbCTBa HaM JOCTAaTOYHO IIPOBEPUTH BKJIIOYEHUE
Trang(E(F4, R), G(F4, R)) < G(F4, R).

Bosbmem Kakyo-aubyap marpuny g € Trang(E(F4, R),G(F4, R)). Haa uexo-
Topeix o € Fy, € € R paccvorpum MaTpuny h = ¢ 'X,(€)g. ITockombKy
h € G(Fy, R), nmeem hu = u, 10 ectb g 1 X, (£)gu = u. Ob6oznaumm gu = v,
rorma X, (€)v = v. [Mockoabky X, (€) = e+ e, nomydaem, aro e,v = 0 st Beex
a € Fy. U3 3TOro HemeameHto ciaeayerT, 9To ecian o € ®; u A € A — Taxoii Bec, ITO
A+ a € A, To v = 0. TarkuM 06pa3oM, y BeKTOpa v cTouT () BO BCeX MO3UIUAX,
kpome 13, 14, 15 (mys1 Bcex OCTaJbHBIX TO3WIMA HETPYAHO MOM00OPATH HYXKHBII
koperb « € ®;). TMogcraBuB Teneph B KadecTBe o Koporkuii Koperb 0001 € Fy,
noaygaem v'3 + v'* = 0, a mogcrasus a = 0010 € Fy4, momyugaem v'* 4+ v = 0.
SHAUNAT, v = Au JjId HEKOTOpPOoro A € R m gu = Au, OTKyJa o jeMMme 2 uMeeM
A3 = 1 u, cremoparensno, g € G(Fy, R).

[IpocToe TeOpeTUKO-rpyIIoOBOe PACCYKJIEHUE I03BOJIAET YCHIUTH Pe3yIbTaT
TEOPEMBI 2 CJIeIYIONUM 00pa30M.

CJIe,[[CTBI/Ie. B YCAOBUATL TNEOPEMDL 2 umeem maxoice

Trang(E(F4, R), G(F4, R)) = G(F4, R).

Jlokasameavcmeo. Ilycrs mas nexkoroporo g € G(Eg, R) BBIIOTHAETCS BKIIOUEHIE
[9, E(Fy, R)] < G(F4, R). Ilo nemme 11

9, E(F4, R), E(Fy, R)] < E(F4, R).

Ho rpynma E(F4, R) coBepiienna (jemMMa 3), MOTOMY W3 JIEMMbI O TPEX TTOAIDPYTI-

nax BbITekaer, 9ro g € Ng(E(F4, R)) = G(Fy4, R).

§ 8. OTHOCUTEJIbHBIE TPYIIIbl U HUYKHUN YPOBEHb

HamomuauMm orpejiesienne OTHOCUTEBHON 3jieMeHTapHOU Tpyrimbl. Ilyersh R —
KOMMyTaTuBHOE KOJIbI0, A < R — mumean B HeM, & — IpoM3BOJIbLHAS CHCTEMA
kopueit. Torma

E(®, R, A) = E(D, A)E®R),

Cremyroree yTBepKaeHne gokaszano Turcom [38].



18 A. 10. JIV3T'APEB
JIemma 12. [Todzpynna E(Eg, R, A) noposcdaemes ecemu sremenmamu 6uda

2(6,0) =W (), (€A (€R, acks.

Jlemma 13. /Jlaa udeana A < R umeem mecmo pasencmeo

E(E67 A)E(F‘l’R) = E(E67 R7 A)

Zloxazameavcmeo. flcHO, 9TO JeBast 9acTh COAEPXKUTCA B mpaBoit. (OO6o3HATMM
JieByto dacth dyepe3d H. Ilo jmemme 12 mgocrarouyno joka3arh, uTo ecyiu o € Fg,
€A ( € R, 10 2,(£,() € H [na o € ®; 570 0YEBUIHO; €CJIU Ke (v HE
ABIAETCSA JJIMHHBIM KOpHeM F4, 3HAUUT, o 1 & # (v IPOEKTUPYIOTCA B KOPEeHb 3 €
®,. Pacemorpum B H anement X0z, (&) = #-o(F02-5(E0g (£). Tlockomanky
@ OpTOroHAJIeH (v, STOT 31eMenT pasen “—«Fz (&) = z,(&, £(), uTo 3aBepmaer
JTIOKA3aTeIbCTBO.

JIemma 14. ITyemv H — nodepynna 6 G(Eg, R), codepocawas E(Fyq, R). Jas
a € Eg \ @; nosoorcum I, ={ € R | x4(§) € H}. Toz2da das moboeo B € Eg \ ®;
umeem I, = Ig = I, npuvem I < R.

Lloxazameavcmeo. OdeBHIHO, 9TO KayKI0e MHOXKECTBO [, SIBISIETCS aIATHBHON
noarpymmoii 8 R. Bosbmem cuHauana a € Eg \ @; u £ € I,. Bo3bMmeMm Takke J1060e
¢ € Ru (€ Eg \ ®; Takoit, uro paznocts (3 — o jexkur B Y;. Torga

25(+£C) = [2a(), 2a-a(O)] = [a(§), Xp-al(()] € H.

Takum obpasom, [,R C Ig. Kpome Toro, mjag HEKOTOPOro BbIOOpa 3HAKOB
ZTo(E£E)rm(£E) mexur 8 E(Fy, R), otkyna I, = Iz. Pazobbem Bce moI0KuATEILHBIE
kopuu n3 Eg \ ®; Ha Tpu MHOXKecTBA:

@1:10000 11110 11110 11210 00001 01111 01111 01211

0 0 1 1 0 0 1 1

O, : 11000 11100 11100 12210 00011 00111 00111 01221
o> o> 1> 1> 0> 0’ 1 1

Qs 01000 01100 01100 12211 00010 00110 00110 11221
0> 0> 1> 1> 0 0’ 1 1

Kak meTrpyaHo BuIeTh, B KaXKJIOM U3 3TUX MHOMXKECTB Y JIOOBIX JIBYX KOpHEH u3
IIepBOil YeTBEPKMU PA3HOCTH JIEXKUT B P, a BTOpas YeTBEpPKa ABJSETCS 00pa3oM
MEepPBOIT YeTBepKa 1oJ, jeficTtBueM aBTomMopdu3Ma « +— @. 3HAYAT, JJId KOPHE
Q' B KaXKJIOM W3 MHOXKeCTB ©; MHOXKeCTBa [, COBIAJIAIOT U ABJIAIOTCI WJICATIAMHU.
O6o3HaYMM HUIeaJIbI, COOTBETCTBYIONINE KOPHAM U3 O1, Oy, O3, COOTBETCTBEHHO,
1y, Iy, I3. PaccMoTpuM KOMMYTATOP

[5810800(5),)(0010(()] = [3710800(5),w01800(iC)$00810(iC)] = xllgoo(iEC)-
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[Tonywaem, aro [t R C I5. IlpoBena eme jBa aHAJOTUIHBIX BBLITUCICHUS, JIETKO
yoemuthes, aro [y = Is = I3. Takum obpasom, umaeaabl I, COBHAJIAIOT JIJIT BCEX
nonoxuTesbHbIx o € Eg\ ®;. Touno Takoe ke paccyskJeHne MOKa3bIBALT, 9TO H/Ie-
asbl I, coBmagaroT JJist Bcex orpurarebHbix o € g\ ®;. Ocramoch 3amMeTuTh, 910
pa3HocTh KOopHei 10800 n —01(1)11 ABJIsIeTC KOpHEM u3 P, MO3TOMY MOXKHO IPH-
MEHUTDH TaKOe€ 2Ke€ BbIYUCJIEHNE, KaK B Ha4daJie JO0Ka3aTeJIbCTBa JIEMMbI, U ITOJIYYUTH

COBIIAJIEHNE UJEAJIOB s 6cex KopHeil u3z Eg \ @;.
Cymmupyst gemmvbt 13 u 14, MbI TIOJTy9aeM CJIeIyOIee yTBEPXK IeHTE.

IIpengioxenue 1. ITyemv H — nodepynna 6 G(Eg, R), codeporcawsan E(Fy, R).
Tozda cywecmsyem eduncmeennvti waubosvuwuti udear A I R maxoti, umo

EE(Fy4, R, A) = E(Fy, R)E(Eg, R, A) < H.
ITpu amom, ecau x,(§) € H dasn nexomopozo o € Eg \ Fy, mo £ € A.

1o o3Havaer, uTo st Kaxkpoi moiarpynnel Mexay F(F4, R) u G(Eg, R) mbr
HAIJIA TaK HA3bIBAEMbIH HUMCHUL Yyposens. JIjis OKOHUYaHUS JIOKA3ATEIHCTBA TEO-

pembl 1 ocraercda MOKa3aTh, YTO OH COBIAJIACT C BEPXHUM yPOBHEM, TO €CTh, 4TO
EE(F4, R, A) nopmasvna B H.

§ 9. JIOKABATEJILCTBO TEOPEMEI 3

Jlemma 15. Ilycmv R — xommymamushnoe korvuo, A < R — udeasr. Tozda
epynna EE(Fy, R, A) cosepwenna.

Jlokazameavcmeo. N3 memmvbr 13 cienyer, uro EE(Fy, R, A) mopoxmaercs Kax
IPyTINa BCeMH KODHEBBIMHU 3jieMeHTaMu T ((), a € Fy, ( € R n KopHeBbIME 3J1e-
MeHTaMu T, (§), o € Eg \ Fy, £ € A. Tlokaxkem, 9aro Bce 3m1 00pa3yrolye Jexxar B
kommyTanTe EE(Fy, R, A). Jljisi KOpHEBBIX 3JIeMEHTOB F'4 9TO BBITEKAET U3 COBEP-
MIEHHOCTU abCOIOTHON 3jieMeHTapHOi Tpymmel (JemMma 3). Temepb paceMoTpum
2o (§), e a € Eg \ Fy w £ € A. Kak 3amedeno B jioKa3arejbCcTBe JeMMbl 14,
Haiiercst kopenb 3 € Eg \ Fy Takoii, aro o« — § € F4. Ho Torga

za(§) = [25(£), Ta—p(£1)],
u 0ba KOPHEBBIX 3jieMeHTa u3 mpasoit yactu jexar B EE(Fy4, R, A).

PaccmorpuM roMoMopdu3M peryKIiun pgfj : G(Eg, R) — G(Eg, R/A) u 06031~
anm gepes CG(Fy, R, A) nomnsrit mpoo6pas G(Fy, R/A) oTHOCHTEIHHO 3TO# peiyK-
IUH:

CG(F4, R, A) = (p}*) ' (G(F4, R/A))

Hanomunwm, aro gepe3 G(Eg, R, A) Mbl 0603HaunIM 110 TOMOMOPdHU3MA pE{j. Ba-
merim, uto G (Fy, R)G(Eg, R, A) < CG(Fy4, R, A), onHako 3/1ech BO3MOYKHO W CTPO-
roe HEPaBEHCTBO.

N3 nemmbl 10 HEMeIJIEHHO BBITEKAET CJEAYIOIIee OMUCAHNE BBEICHHON HaMU

rpynnbl CG(Fy, R, A).
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IIpengioxenue 2. Mampuuya g € G(Eg, R) npunadaescum CG(Fy4, R, A) mozda
u moavko mozda, koz2da oHa YIOBAECMBOPAECTN, CPABHEHUIM

(Fg")ir(g7 F)js = (g7 ' F)ir(Fg")js  (mod A)

ora ecex i, j,r,s =1,...,—1.
Temeps Bce TOTOBO 11 TOKA3aTEIBCTBA TEOPEMBI 3.

Jloxazameavcmeo meopemor 3. Hanomunm, aro G = G(Eg, R). OueBugHo, 910
NG(EE(F47 R7 A)) < NG(EE(F47 R7 A)G(E67 R7 A))

Kpowme Toro, u3 teopembr 2, mpuMeHEeHHOH K KOIbIly R/A, 1 TeopeMbl 0 TOMOMOP-
dusme ciegyer, ITo

N¢(EE(Fy4, R, A)G(Eg, R, A)) = CG(F4, R, A).
B uwacTrocTH,
[CG(Fy, R, A),EE(F4, R, A)] < EE(F4, R, A)G(Eg, R, A).

Hawm ocraercst qokazarb, aro CG(Fy, R, A) nopmanuzyer EE(Fy, R, A). 3amernwm,
q9TO

[G(F4, R, A)G(Eg, R, A), EE(Fy, R, A)] < EE(F4, R, A).
JleicTBUTEIHHO, PACCMOTPUM KOMMYTATOP BHJIA
[mya hg]7 YIS 6(F47 R)7 Yy e G(E67 R7 A)7 h e E(F47 R)7 g€ E(E67 R7 A)
Torma [ry, hg] = “[y,h] - [x,h] - "[xy, g]. To msemme 11 BTOpPOi KOMMyTATOD Jie-
xut B E(Fy, R). Tlo temme 4 kommyTaropsr [xy, g] u [y, h] nexar 8 E(Eg, R, A),
cremoBarensro, [xy, g] € EE(Fy, R, A) u, CHOBa II0 JIeMMe 4, Tly,h] € E(Eg, R, A).
Ho EE(F4, R, A)G(Eg, R, A) conepxurcs B G(F4, R, A)G(Eg, R, A), nosromy,

TeM OoJree,
[EE(Fy, R, A)G(Eg, R, A),EE(F4, R, A)] < EE(Fy4, R, A).
Pesromupyst ckazannoe BbIIE, Mbl BUJIUM, 9TO
[[CG(Fy, R, A),EE(Fy, R, A)],EE(Fy, R, A)] < EE(F4, R, A).
Tenepb YTOYHHUM 3TOT PEe3YyJIbTaT: IIOKazKeM, 4TO Ha CaMOM JeJie

[[CG(Fy, R, A), EE(F4, R, A)], [CG(Fy, R, A), EE(F4, R, A)]] < EE(F4, R, A).
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BaMeTI/IM, 9TO II0 y2Ke€ JOKa3aHHOMY JieBad YaCTb IIOPOXKIAETCAd KOMMYTaTOpaMA

Buga [uv, [z,y]], tne u,y € EE(Fy, R, A), v € G(Eg, R, A), z € CG(Fy4, R, A). Ho

v, [z, 9]] = “[v, [z, 9]] - [u, [2, 9]];

npudeM BTopoii KommyTarop npuna ekt EE(Fy, R, A), a nepBblii mpuHAIIEKAT
[G(Es, R, A), E(Eg, R)] < E(Eg, R, A).

Termepb MBI MOXKEM 3aBEPIIUTH JOKA3aTEJbCTBO. HamoMHHM, 9TO HAM OCTaeT-
cst nokazarb, aro CG(Fy, R, A) nopmasmsyer EE(Fy4, R, A). Tlo semme 15 rpym-
na EE(F4, R, A) coeprienna. 3Ha4nT, JOCTATOYHO MOKa3aTh, 49TO [2,[z,y]] €
EE(F4, R, A) pua mobeix x,y € EE(F4, R, A), z € CG(F4, R, A). ToxmecTBo
Xomna-Burra naer

[z, [z, yl] = "*[[e™ ", 27, y] - Iy~ 2], 277,

npuveM, 1Mo yKe JOKa3aHHOMY, BTopoii KommyTarop jexut B EE(Fy, R, A). Ocra-
JIOCh 3aMETUTh, YTO

S T b e R M R NEN 1)
U JIOCTATOYHO J0Ka3aTh, uTo [[271, 2], [2, y]y] € EE(F4, R, A). Ho

[z 2] [z, 9ly] = =71, 2]z, wlylz, 2y, 2]

]
274 2, (2, y]] - [z w2~ 2lylz, 27y y, 2]
et 2], [z, ] - B[, 2], ),

npudem oba xkommyTartopa [[r71, 2], [z,y]] w [[x71, 2], y] B momyuennOM BBRIparKe-
aun npunajexkar EE(Fy, R, A), a compsraroomuii sjgeMent [z,y] npu BTOpOM
kommMyTaTope Jjiexkut B EE(Fy, R, A)G(Eg, R, A) u, ciesoBaTeibHO, HOPMAJTH3YET
EE(F4, R, A).

§ 10. OYHKTOP JIOKAJIUBAIIUU

Cuenyrompe JeMMBI IPEJIOCTABIAIOT TEXHUIECKYIO0 OCHOBY ISl TPOBEIEHUS JIO-
Kasm3anud. JlemMa 16 sIBISeTCS 9aCTHBIM CJIydaeM TeopeMbl 5.3 paborsl [26].

Jemma 16. Jaa 1106020 KOHEUHO20 “UCAQ IAEMEHMOS (1, ..., G0n € E(Fy, R) u
ar060z20 k > 0 cywecmsyem maxoe m > 0, umo

[9i, Fs(G(F4, R, s™R))] < E(F4, Fy(s"R)).
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JIemma 17. ITyemv H — nodepynna 6 G(Eg, R), codeporcawas E(Fy, R). I[Tycmo
X < G(Eg,—) — epynnosas nodcxema. Ipednoroscum, wmo das kaxozo-mo s € R

F,(H)G(F4, Rs) N X(R,) € G(Fy4, R,).
Tozda natidemcsa makoe t € R, wmo yorce

F;(H)E(Fy4, R;) N X(Ry) € G(Fy4, Ry).

Jlokasameavcmeo. Ilyers Fy(g)z, tne g € H, x € G(F4, R,), Takoit sIeMent.
ITo semme 9 maitgercss rtakoit mMakcumasbublt wgeas M € Max(R), 1o s ¢ M

u Fy(g) ¢ G(F4, Ry). Tax xax xombro Ry JIOKaibHOE, TO G(Fy,Ry) =
E(Fy4, Ryr). C ppyroit croponsr, Tak Kak F(Fy, Ry) = h_rn> E(Fy, Rt), vie nipejen

6epercs 1o Beem t ¢ M, o maiinercs Takoe t = sq ¢ M, uro F,(x) € E(Fy, Ry).
Torna

Fy(Fs(g9)z) = Fi(g)Fy(x) € Fy(H)G(F4, Re) N X (Ry)
u B cuity Hammero Beibopa M mo-nipexknemy Fy(g) ¢ G(Fy, Ry).

JlemMma 18. Ecau 6 ycaosuax npedwdyweti aemmv y € Fo(H)E(Fy, Ry), mo nadi-
demcsa maxoe n € Ny, wmo

[y, Xa(s"/1)] € Fs(H)

oaa ecex o € Fy.

Jlokasameavcmeo. 3ammmeM y B Buge y = g, e g € Fy(H), © € E(F4, Ry).
Torna mys ar060ro n uMeeMm

[y, Xa(s" /1)] = [, Xa(s"/1)]lg, Xa(s" /1)].
[To temMme 16 MOKHO BBIOPATb N TaK, ITOOI
[z, Xa(s"/1)] € Fs(E(F4, R)) C Fy(H)

JJId BCeX & € F4. Bce ocranpHble MHOXKHATEIH B HpaBOfI HJaCTH IIpUHaIJIe>KaT

F(H).

Creayronuii BCIIOMOraTe IbHbIH PE3yJIbTaT MO3BOJISIET HAM H3BJIEKATH KOPHEBO
siemenT u3 rpynnbl Fy(H) npu nomormu snementos G(Fy, R,), a He TOIbKO 3JTe-
merToB Fi(E(F4, R)). Baaromaps sToMy majbHeillee TOKa3aTeIbCTBO yKe MOYKET
IPpaKTUYIECKN HE€ YIHUTHIBATH JIOKAJIU3AIUIO.
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IIpengioxenue 3. ITycmv H — nodepynna 6 G(Eg, R), codeporcawsan E(Fy, R).
ITpednonosicum, wmo natidemes maxoe s € R, wmo Fy(H)G(F4, Ry) codepoicum
HEMPUBUANOHBILT INEMEHMAPHBIT KOPHEBOTE IAEMEHM, COOMBEMCMBYULUT KOPHIO
u3 Eg \ ®;. Tozda H codeporcum nempusuarvhuiii kKophesoti ssemenm xq(£), 2de

QEEG\@Z,feR.

Zloxazameavcmeo. Ilo jemme 17 MbI MOXKEM CUUTATH, ITO
zo(a/s") € Fs(H)E(F4, R)

JUI HeKOTopuX o € Bg \ @7, a € R, k > 0, npmdaem a/s* # 0. BoibepeMm KopeHb
B € ®; Takoit, aTo a + (3 € Eg 1 paccMOTpUM KOMMYTATOD

[za(a/s"), 2(s" T /1)] = zarp(£s"a/1).

B cuny semmbl 18 mHaiijerca n Takoe, 9t0 xo45(E£s"a/1) € Fs(H), To ectb, Haii-
nercst takoe g € H, aro Fy(g) = xa+p(£s"a/1). Kpome Toro, Fy(xo4p(Es"a)) =
ZTatp(Es™a/l), m mosTOMy g = Zo43(Es"a)y aua vHekoroporo y € Ker(Fy). Cie-
JloBaTenbHo, Haligercas m € Ny Takoe, uro y € GL(27, R, Ann(s™)). Paccmorpum
KOMMyTaTop z = [¢g,x_3(s™)] € H. Tak xak [y,z_g(s™)] = e, TO
2 = [Tayp(Es"a), z_p(s™)] = za(s"T"a).

Ecmm s™*"a = 0, To a € Ker(Fy), 9T0 HEBO3MOXKHO, TaK KaK MBI IIPEJIOJIAraIn,
aro a/sk € R, — wemynesoit smement. 3HaumT, z = 7,(s™1"a) € H u ecTp
UCKOMbBIIl HEeTPUBUAJILHBIA KOPHEBOHU 3JICMEHT.

§ 11. M3BJEYEHUE KOPHEBOI'O QJIEMEHTA U3 YHUIIOTEHTHBIX PAZINKAJIOB

B crenyomux mpeaiosKeHnaX TPOUCXOIUT U3GACUEHUE KOPHEGO20 INEMEHMA,
AHAJIOTHYHOE U3BJIEUCHUIO0 TPAHCBEKIUH B JIOKA3ATEILCTBAX OIMUCAHUS HAITPYIII
KJIACCHYECKUX TPYII B TTOJIHO JimHeitroi rpynne. Hamomuanwm, aro Py (R), Ps(R) —
MaKcuMaJsibHble mapabosmdeckue moarpynmnsl B G(Eg, R), coorBercTByfomme Kop-
HAM a1 1 ag coorBercTBeHHO; Ut (R), Us(R) — ux (abesieBbl) YHUIIOTEHTHBIE Da-
IuKaabl. B sToM maparpade MbI IOKa3bIBaeM CYIeCTBOBAHUE KOPHEBOT'O SJIEMEHTA
IPH HAJUYIUN HETPUBHAAJIBLHOTO 3JIEMEHTa, B ePEeCeUeHnN YHUMOTCHTHBIX PaJUKAIOB
Ui(Rs) u Ug(Rs), 3aTeM — B UX POU3BEJIeHNH, a 3aTeM — B npoussegennn Uy (Ry),
Us(Rs) u Topa T(Eg, Rs). Takum 06pa3oM, MPOUCXOAUT MOCTENEHHOE OCJIabIeHne
yCJIOBUIL.

IIpengioxenue 4. ITyecmv H — nodepynna 6 G(Eg, R), codeporcawsan E(Fy, R).
IIpednoaootcum, wmo das nexomopozo s € R umeem

Fy(H) - G(F4, R,) N Ui (Ry) NUs(Rs) € G(Fa, Ry).

Tozda H codepotcum nempusuaivnvlll KOpHeGoT: IAEMEHM, COOMEEMCMEYULul
xopuio uz Eg \ ®;.



24 A. 10. JIV3I'APEB

Jlokazameavcmeo. JIroboii snement u3 Uy (Rs) NUs(Rs) sSIBASETCS TPON3BEIEHTEM

KOPHEBBIX 3JIEMEHTOB Ty (&, ), TIE (v MMeeT BUI 1***1. Herpyano Busierh, 910 BCe
Takue KOpHU, KPpOMe o = 12%11 Q= 11%21, sgexat B ;. JlomHOXKas1 Ha 0OpaTHbBIE

K 9THM KOPDHEBBLIM 3JIEMEHTaM, II0JIy9aeM, 9TO

Yy = xa(fa)xa(fa) € FS(H) : G(F47 RS)7

opuaem y & 6(1«“4, Rs). KopHU v ¥ @ IPOEKTUPYIOTCS B OJUH KOPOTKUN KOPEHb
1232 € Fy: Xy232(&) = 24 (&) 25(€). Pacemorpum sement

z = yXio32(—&a) = 2a(&a — &a) € Fs(H) - G(F4, Ry).

Ouesnjino, uro z ¢ G(Fy, Ry), mostomy &g — &, # 0 € R, ¥ 1O TPEJJIOKEHUIO 3 B
H maitjiercs HyKHBII HETPUBUAJBHBI KOPHEBOW 3JIEMEHT.

IIpengioxenune 5. ITyemv H — nodepynna ¢ G(Eg, R), codeporcawsan E(Fy, R).
IIpednonootcum, wmo dasa nexomopozo s € R umeem

Fy(H) - G(F4, Ry) NUi(Ry) - Us(Ry)  G(Fa, Ry).

Toeda H codeporcum nempusuasvmvili KOPHEGOT IAeMENM, COOMEEMCMEYULUT
xopuio uz Eg \ ®;.

Zloxazameavcmeo. JIo0oit 3jieMEeHT Yy TPOU3BEJEHUS YHUIIOTEHTHBIX PaIUKAJIOB
Ui(Rs) - Ug(Rs) u Topa T MOXKHO TIPEJICTABATH B BUJIE

Y= H z4(&) H Ty (&) H Ty (&)-

yeTg yeET, veW 16

3aMeTHnM, UTO €CJIM MbI IIPEJICTABUM, KPOME 3TOT0, i B BHJIE

y= H T (Cy) H T (Cy) H Ty (Gy)5

yeY, yEYg YEWY6

10 & = (, s v € ¥y U W (970 HEMOCPEJCTBEHHO CJIEJlyeT M3 TOrO, UTO JIJIA Y €
U1, 5 € Ug meen [ (€), 25(C)] = 245(£EC), ecan v+ € Vg, u [2(€), @5(C)] = 1
B POTHBHOM CJIy9ae).

Jist kaxx10ro KopHs 7 € W MBI MOXKEM COCTABHTD JIEMEHT T~ (—&y)z5(EEy) €
E(Fy4, Ry) n TOMHOXKUTH CJIEBA Y Ha TIPOU3BEJIEHNE BCEX TaAKNX JIEMEHTOB; 3HATWT,
MOYKHO CUHTaTh, 9T0 &y = (y = 0 ju1s1 Bcex v € .

Beibepem kopoTkwmit Koperb a € Fy Buja v = *#x1. CooTBETCTBYyIOMNE MY KOD-
un 3, 3 € Bg BoIrIsyiar Tak: = 1*1*0 ey, = 0*1*1 € Ug. [IpokommyTupyem

y ¢ KopuesbIM d1eMenToM Xo(§) = z5(§)z5(EE):

[Xa(),y] = “Oag(£8), ] - [w(£€), y].
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[IycTn

Ys = H Ty(&y), 1= H Ty(&), Y16 = H Ty (&)

yETg yeY, v€¥16

Torma y = ysy1y16. 1Ipexkie Bcero 3amernm, 9T0 zg(§) KOMMYTHDYET CO BCEMH
2 (&) mms v € Wy U Wyg, 1, CII€I0BATENBHO, C Y1 U Y16. SHAUWT,

[25(£E), y] = [25(£E), yey1Y16]
= [r5(£E), ys] - Y [xp(£E), y1] - ¥V [15(£E), Y16]
= [15(£E), ys]-

Amnajiornano, ecym
Z1 = H Ly C’y y H Ly C’y Z16 = H m’y(C’y)7
yeY, yEYg vEV¥16

TO Y = 2126216 U, CJIEIOBATEIHHO,

[25(£8), y] = [25(+E), 21]-

Kpowme aToro, yg aBiIgeTcd IpOU3BeJIeHIeM KOMMYTHPYIOIIIX MeXXIy coboil Kop-
HEBBIX JIEMEHTOB BUAA T~ (&), 7 = O*I*l. Pesynbrar xommyTuposanus x (=€)
C OJHAM TAKHM 3JIEMEHTOM paBeH Jub0 e, JMOO KOPHEBOMY 3JIEMEHTY, COOTBET-
cTByOIEMy KOpHIO u3 Wig, U, CIe10BATEeIHLHO, KOMMYTHPYET CO BCEMU KOPHEBLIMU
sseMeHTaMu T (&), v € ¥1 U W U Uy, Takum obpazom,

[26(£€), yo] = [w(£6), [] 2= ] len(6), 2, ()]

Anajiornaroe paccy>KaeHne MOKa3bIBAET, IYTO

[w5(£€), 1) = [eg(x€), [] 2.1 = ] leg(26),a4(¢)]

ye¥, yeW

u, ocKogIbKy [25(£E), y] = [25(£), 21] okazanoch mpoussesiennenM KOPHEBBIX sJie-
MEHTOB, COOTBETCTBYIOMUX KOPHsIM u3 Wig, 0HO KOMMyTHpYeT ¢ 2g(£). 3Ha4nT,

z = [2a(§),y] = [25(£E), ye] - [25(£E), 21]
= H [xg(£E), x4 (&)] H 7(£8), 24(¢))]

yeYg yew,

Kask 1p1it U3 MOy YMBIIAXCS KOMMYTATOPOB ABJIACTCA KOPHEBBIM 3JIEMEHTOM BH-
na z(*), v € Wi, To ecth Bce npoussenenue jexnt B Uy (Rs) N Us(Rs). Ecim
MBI TTOKaXKeM, ITO MOYKHO Mog00paTh o Tak, 9to z ¢ G(F4, Rs), TO MbI momnajieM B
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yCJIOBHUE TPEJJIOKEeHns 4 W JT0Ka3aTeJHCTBO Oy/ieT 3aKOHYeHO. Temeph BCTIOMHUM,
qgTo {y = 0 nug Beex v € Wg u &, = ¢y anda Beex v € ¥y U Wg. 3naunr,

z= H [$g(i5),$v(5v)]

yev,

Ho no nemme 7 siement z = || x(ny) mexur B G(Fy, Rg) TOorma n To1bKo

TOT/1a, KOT/IA 7712%11 = 7711%21. Tegggtl)‘apaCCMOTpI/IM BCE BO3MOYXKHBIE (:
a=0001, (= 00801, 7712311 = i£€12%10, 7711%21 = 0;
a=0011, (= 00811, ?712?1 =0, ?711%21 = i\ffuim;
a=0111, (= 00(1)11, ?712?1 =0, ?711%21 = iffnim;
a=1111, (= 00%11, 7712311 =0, 7711%21 = ﬂ:§£11810;
a=0121, B= 01(1)11, 7712311 = iﬁfllioo, 7711%21 =0;
a=1121, B= 01}11, 7712?1 = iEﬁuéoo, 7711%21 = 0;
a=1122, B= 01%11, ?712?1 = i{fugoo, 7711%21 = 0;
a=1132, (= 01%21, ?712?1 =0, ?711%21 = ﬂ:fflogoo;

ITo HmammeMy TIpeAIOI0KeHno, Bee morydaomuecs 2 aexkaT B G(Fy, Ry). 3maumnt,
&, = 0 mra Beex v € Wy, aro osnaqaer, ato y € Ui(Rs) N Us(Rs), 1 MBI MOXKeM
HPUMEHHTH TIPeJIJIosKeHne 4.

IIpengioxxenune 6. ITyemv H — nodepynna ¢ G(Eg, R), codeporcawsan E(Fy, R).
Ilpednonootcum, wmo das nexomopozo s € R umeem

F,(H) -G(F4, R) NUL(R,) - Us(Ry) - T(Eg, Rs) € G(Fy4, Ry).
Tozda H codeporcum Hempusuasvhvlii KOpHeBot INEMEHM, COOMBEMCMBYIOULUTLL
koprio uz Eg \ P;.
Jloxazameavcmeo. Tlocne gomuoKeHust Ha oaxoganuii smevent T (Fy, Rg) MOXKHO

CUMTATh, 9TO Mbl HATLW sjeMenT y = zd € Fy(H) - G(Fy, R,) \ G(F4, Rs), rre

z € Ui(Rs) - Us(Rs), d = hioooo(g)ho1o00(n)
0 0

*
JII HEKOTODBIX €,1 € 1.
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Bozbmem =

108007 G ="V0001" — 0001 € Fy u pacemorpum

0

9= [Xa(§),v]
= Xo(§)zdzg(—E)ag(—€)d 27"
= Xa(&)zzp(—e*né)ag(—€)z"
[TocMOTpUM, UTO MPOUCXOANUT TPH KOMMYTHPOBAHHU 2z C KOPHEBBIM 3JIEMEHTOM
xg(*). 2 ABIAETCS MPOM3BENEHHEM KOPHEBBIX JIEMEHTOB I (*), rae v € ¥y U
Vs U Uy6. Tlockombky [ € Wy, amemenT xg(%) KOMMYTHDPYeT € X (%) mpu Bcex

v Takux, aro 3 + v ¢ Eg. Ecam xe [+ v € Eg, o v € Vg, S+ € Uign
[x(%), 2, (%)] = T34~ (). Takum obpasom,

[z,25(%)] € U1(Rs) N Us(Rs).
AHAJIOTMYHBIME PACCYKJICHUSIME TTOKA3bIBAETCA, YTO
2 05()] € U (Ry) \ U(Ry).
Suagwur,
9= Xo(§uzs(—e*n€)ag(—€)z2""
= uzg((1 - e*n)€)

qutst mekoroporo u € Uy (Rs) N Ug(Ry).
Ecin g ¢ G(Fy4, Rs), Mbl MOXKeM IPUMEHUTH Tpejyioxkenne 5. HerpymHo Bugers,
aro g1 = (1 —e?n)é m g_o 1 = 0. Ho ecsiu g € G(Fy, Ry), TO

0= B(Uzv U_l) = B(szvgv_l) =012 —9-2,—1-

[Moncrasnas & = 1, moaygaem, uro £2n = 1.
Temeps MOBTOPUM 3TO paccyzkjieHue g [ = 11800, 8= 00811, a = 0011 € Fy.

Ha sror pas

[Xa(8), 9]
Xa()zdrg(—E)az(E)d™" 27"
Xa(§)zap(—eng)az(§)z"

(e

IIpn koMmyTHpOBaHHE 2 ¢ T5(*) 1 25(*) BHOBB HOMyaioTcs sneMentsl u3 U (Rs)N
Us(Rs), moaromy

9= Xa(&)uxp(—ené)az(£)zz""
= urg((1 —en)é)
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jist mekoroporo u € Up(Rs) N Ug(Rs).

Ecin g ¢ G(Fy4, Rs), MBI MOXKeM TPUMEHUTH Tpejyiokenne 5. Kak u B mpejibl-
JIYIIEM PACCyKJIEHUN, HETPY/IHO BHJIETh, 9T0 g13 = (1—¢en)é, g_3._1 = g_2,—1 = 0.
Ho ecmn g € G(Fy, Ry), TO

0=B(v’,v"") = B(gv’,gv™") = g3 + g-2,-1.

[loncrapnas & = 1, moaydaeM, uro €1 = 1. V3 paBeHcTs en = 21 = 1 moaydaem,
q10 ¢ = 1 = 1. Ho s10 o3nauaer, uro d = 1, y € U1(Rs) - Ug(Rs) W MBI MOTJIH €
caMOro HavaJia TPUMEHUTH TPeJIOKEeHne

§ 12. M3BJEYEHUE KOPHEBOI'O DJIEMEHTA U3 [TAPABOJJIMYECKUX IMOATrPYIIII

Ocyabienne ycJIOBHil MPOJOJKAETCs: B 3TOM maparpade Mbl U3BJIEKaeM KOp-
HEBOI 3JIeMEeHT W3 mapabosimdeckux moArpynn (cHadasa u3 nepecedennst Pp(Ry)
u Ps(Rs), a morom u3 Py(Ry)), dakTudeckn cBOIs 33129y K y»Ke MPOBEJICHHO-
MYy HU3BJIEYEHUIO M3 YHHUIIOTEHTHBIX pajukajgoB. HedopmaabHO TOBOpPs, 371€CH MbI
n3baBygeMcs oT ¢pakKTopoB JleBw.

IIpengioxenue 7. ITycmv H — nodepynna 6 G(Eg, R), codeporcawsan E(Fy, R).
IIpednonoocum, wmo dasa nexkomopozo s € R umeem

F,(H)-G(Fy4, Rs) N Pi(R,) N Ps(Rs) € G(Fy, Ry).

Toeda H codeporcum nempusuasvmvili KOPHEGOT IAeMENM, COOMEEMCMEYULUT
xopuio uz Eg \ ®;.

Joxazamenvemeo. Tlycts y € Fy(H)-G(Fy, Ri)NP(R)NPs(Rs) uy ¢ G(Fy, Ry)
Buibepem a € ¥ N ®;, To ecTh AIMHHEBIA Kopenb Fy Takoii, auro w —a € A n
PaccCMOTPUM 2 = y_lXa(l)y. Bamernm, 9To w —« € B. HeTpymHo BuaeTh, 9T0 2 €
Ui (Rs) NUs(Ry), u, eca z ¢ G(Fy, Ry), To MBI MOYKeM TPEMEHHTH IIPe/IJIOXKeHHe
4. Temepb MoxkHO cumtarh, ato 2z € G(Fy, R,), wo Torma z € G(Fy, R,). s
joboro 5 € T’

/ /
215 — E Cx, oY1 a+a¥rj = Cw—a,a¥11Yw—0,j;
AMAtacA

MMOCKOJIbKY JIJIsT TIATH OCTAJIbHBIX CJIAraeMbIX MHOKHUTEIb ) obparaercs B 0: meii-
CTBUTEJIHHO, Y YeThIPEX W3 OCTAJIbHBIX ciaraeMblx A € A, HO ya r = 0; y maroro
Ke A = —w, 0o y_1r = 0. Kpome sToro,

/ /
21,13 = E C)x,ay17)\+ay>\,13 = Cuv—a,a¥Y11Yv—a,13 = 07
MA+acA
HOCKONMBKY YA 13 = 0, y_113 = 0 m yg,13 = 0. llo mameMmy mpeamosgoXKeHHIo

z € G(F4, Rs), TO €CTh 2u = u, OTKYyJA 21,13 — 21,14 + 21,15 = 0. D10 03Hauaer,
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qTo Cw—a,a‘gylll(_yw—a,l4 + yw—a,15) = 0. HOCKOJH’KY Cw—a,a = tlm ylll S R*,
MBI TIOJTYy9aeM —Yu—q,14 + Yo—a,15 = 0. B TO ke BpeMd, Y, —q,13 = 0, HOCKOIBKY
w—a € B. Bapbupyst «, Mbl tostygaem, aro jist Becex A € '\ {14, 15} Buimostasiercst
Yx,13 — Ya,14 T Yx,15 = 0.

Teneps Bo3bMeM o = 1232 € O, [ =
pHuM

12%11 € Fe, 3= 11%21

2=y ' Xa(D)y =y 'as(1)z5(1)y.

Awnasoruano, z € Ui(Rs) N Us(Rs), u MoxkHO cuntarh, aro z € G(Fy, Ry). s
jgoboro 5 € T

€ Eg n paccmor-

’ /
5= D sYiaggrit D X BY1A1BYNI
MAEBEA MAHBEA

= Co—p,aY11Y0—6,7 + Co_FFY11Y0_F; = —Y11 (Y145 + Y15,5),

IIOCKOJIBKY Cyw—B,8 = Cy, 55 = —1. [aJee,

/ /
CREE D DRV ST TISEE DY ABY1A4BY113
AA+BeEA A +BEA

= Cw—B,8Y11Yw—06,13 T €, F5Y11Y B3 = O-

ITo mamemy npeamonoxenuio z € G(Fy, Rs), otkyma 2113 — 2114 + 21,15 = 0 u
Y11(Y14,14 + 15,14 — Y14,15 — Y15,15) = 0. OBoznaunm —yi5 14+ Y1515 = &, ¥13,13 = ¢,
TOT/IAa —Y14,14 + Y14,15 = —&. Kpome Toro, 14,13 = y15,13 = 0.

PaccMOoTpuM 6JI09HO-MATOHAILHYI0 MATPHILY ¢, 00Pa30BAHHYIO HOIMATPUIIAME

Y11, YBB,s Yrr, Y13,13, YAA, Y—1,—1. llockombKy g — wacth JleBn maTpumpl y oT-
HOCHUTEeIHbHO pasioxennust JleBu juist mapabosndeckoit noarpymnmst Py (Rs) N Ps(Ry),

mveem g € G(Eg, Ry).

Ceitgac MBI MOKaXKeM, YTO MOXKHO JOMHOXKHUTH ¢ HA HEKOTOPYIO THATOHAJILHYIO
marpuiy u3 G(Eg, Rs) Tak, aTo6bl pesyibrar okazajica B G(Fy4, Rs). Tlocmorpum
Ha BEKTOP gu. I10 MOCTPOEHWIO MATPUILI § WMEeM

(gu)x =gx13 —gr1a tgr15 =0 A € BUAU {1, —1}.
Kpowme Toro,
(gu)x = ga13 = ga 14+ 9x15 = Ya13 —Ya1a +ya1s = 0 = ruy gma A € T'\ {14, 15}
Haxkomerr,
(gu)13 = 913,13 — 913,14 + 913,15 = Y13,13 = ¢

(gu)14 = 914,13 — 14,14 + 914,15 = Y14,13 — Y14,14 + Y14,15 = —§

(gu)15 = 915,13 — 915,14 + 915,15 = Y1513 — Y15,14 + Y1515 = &
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Bamernm, uro ( € RI. llocmorpmMm BHEHMAaTesbHee Ha OOpATHMYIO MaTPHILY
grr = yrr. Bprarem u3 crosbua yr 15 crosabden yr 4. Ilomyuennag maTpuna Toxe
obparuma, u B ee cToJibre ¢ HoMepoMm 15 Bce asiemenThbl paBHbl (), Kpome JAByX: —&
Ha no3unun 14 u £ Ha no3unumn 15. 3uaunt, £ € R}.

Nrak, MBI MOKa3aan, ITO

gu = (vl?’ — §v14 + &115, e &, ¢ € R

Temnepb y:Ke HETPYJHO «IOIPABUTH» ¢ Ha auaronagbuyio marpuiy u3 G(Eg, Rs)
Tak, 9To0bl ona nonana B G(F4, Rs). 3amernm cHadasa, 4ro

—1=Q(u) = Q(gu) = —¢&,

otkyna ¢ = £~ 2. PaccMOTpUM Teneph NPOU3BE/ICHIe BECOBBLIX 3JIEMEHTOB

h = h56 (‘52)hﬂ5 (6)

Herpyauao Bugers, aro hgu = u, to ectb hg € G(Fy4, R;). Paccmorpum npounsse/ie-
e y(hg)~' Kpome toro, mponssesenme y(hg)~" mexur B T - Ur(Ry) - Us(Rs), u
B 1o e Bpems y(hg)~' € Fy(H) - G(Fy, Rs) u y(hg)~' ¢ G(Fy4, Rs). 3uauur, mbl

MOXKEM IIPpUMEHUTDH IPEeaJIO2KEHUE 6, JOKa3aTeJIBCTBO OKOHYECHO.

IIpengioxxenune 8. ITyemv H — nodepynna ¢ G(Eg, R), codeporcawsan E(Fy, R).
IIpednonoostcum, wmo dasa nexkomopozo s € R umeem

Fy(H)-G(F4, Ry) N Pi(R,) € G(Fyq, Ry).

Toz0a H codepoicum nempueuasvuvlii KoOpHesoli sAeMenm, Co0OmeEemcmeyouuli
koprio uz Eg \ @;.

Jokazameavcmeo. Tlyers y € Fo(H)-G(Fy, R)NPL(Rs) ny ¢ G(Fy, R,). Kakn B
JTOKA3aTeILCTBE MpeablIyIIero IpejIoXKenns, BeibepeM o € X1 NPy, To ecThb JIuH-
HbII Kopenb Fy Takoit, 94To w — o € A u pacemorpuMm 2z = y~ 1 X, (1)y. Herpynmo
BUeTh, uro 2 € Uy. Ecin z ¢ 6(]5‘4, Rs), TO MBI MOYKeM TIPUMEHHUTH MPeJJIOYKEHNe
5. Ecm e z € G(Fy, Ry), To Ha camom jsiente z € G(F4, Rs). B Taxom ciydae
B(zv', 207) = B(v',v7) nast Beex 4,j € A. B wacrnocru, jist i € Bu j = —w mbl
nostyaaeM, 910 B(2.i, 2x,—1) = 0. D10 03ma9aer, 910 21,2_1,—1 + 2ii2—;—1 = 0. Ho
Z_1,.1=1mz_; 1 =0, nockompky —i € A. Ilomxy4aem, uro z1;, = 0. Ho

/
215 = E :l:yl,)\—i—ay)\,i
MAt+acA

Herpyano BuaeTs, aTo 1000t KOopeHb v € Y1 N®P; coBepimaeT ojiHO TpubaBIeHIE OT
Beca w — a € I' K Becy w, deThIpe MpuOABIEHHS OT KAKUX-TO BECOB M3 IPyHIbl A 1
oJiHO pubasiienne ot —w [lockosbKy ¥y jexkuT B P;, nocjieaue maTh npubaBaeHnii
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HOYEro He JAIOT: JUIst HUX Yy, = 0, U 21, = £Y|1Yw—a,i- KpPOMe 3TOro, s51eMeHT
yi; obparum. OTcoona Yy,—a,; = 0.

Teneps pacemorpum kKopomkuii Kopeab « = 1232. Kopresoit snement X, (1)
SIBJISIETCST TTPOM3BEJIEHNEM JIBYX KODHeBbIX 3jeMeHToB Eg, a mmenno, X, (1) =
x11221(1)z12211(1), 0b6a m3 Koropwix jexar B U;. I[lodToMy K HeMy TPUMEHHMBI

1 1

TaKne YKe PACCy’KICHNd, ¥ MBI TTOIydaeM Yi4; + Y15, = 0 17151 Beex ¢ € B.

[Tosrygaem, 9TO ecam v = y,; — CTOJOEI] MAaTPHUILI § ¢ HOMepoMm ¢ € B, To
MBI HAXOJIUMCS B YCJIOBHSIX JEeMMBI D W, CJIeI0BaTeIbHO, V14 = v15 = 0. Takum
obpasom, y;; = 0 s Beex 1 € I', j € B.

Bosbmem ¢ € T, j € A n npuMeHnM ypaBHEHWS HA MATPUILY 2 K CMPOKAM Zix U
Z_j «. OTH ypaBHEHUS 03HATAIOT, IT0 B(z;4, 2, ) = 0. Tak Kak B CTpoOKe z_j . BCe
ko3bdunuents! Ha nozumuax u3 BUT'U{\13}, kpome z_; _; = 1, paBHBI HYITIO, 3TO
ypasHerme mpespamaerca B z;; = 0. Ho 2 = D Fyi \ 0Ynj = TYi _wia¥—wis
TOCKOJIBKY MBI y7Ke 3HaeM, 9To y;y\,, = 0 mma i € [, A+ a € {w} UB. Ho
—w+a €T, ncrpoka y; \ . ,, (i mpoberaer I') apssiercss crpokoit obpaTumoit
MAaTPHIBL Ypp, TOITOMY y_1,; = 0.

Temeps mocmoTpuM Ha croibery zy 13. ms @ € {6,11,12, —12, —11, —6} mme-
eM B(z413,24,—i) = 0, orkyzna z;13 = 0. Haxomen, B(z. 13,2+14) = 1, oTKyIa
213,13 + 215,13 = 1, 3Ha9WT, 21513 = 0. Anamormano, B(z. 13, 2+,15) = —1, OTKy/a
—213,13 + 214,13 = —1, 3HaUNT, 214,13 = 0. MbI noKa3anm, 4T0 z; 13 = 0 g Beex
1 € B. Temepb MOXKHO TTOBTOPUTH BBIUUCJIEHUE U3 TIPEIBIIYIIEr0 ad3alia, MOJI0XKUB
J = 13: mosmydmM, 4T0 y_1,13 = 0. 3HAUUT, IOCJIeAHAS CTPOKA MATPHUILI Y IIPO-
MTOPIIMOHAJILHA, TIOC/IeHEN CTPOKE €JIMHUIHON MaTPUIlbl, OTKYy1a §y € Py N Pg, 1 MbI
MOXKEM MIPUMEHUTH MPEJJIOKEHne 7.

§ 13. VM3BJIEYEHUE KOPHEBOI'O ®JIEMEHTA: OKOHYAHUE

Ham ocrasoch momactb B HapabOJUYecKyl0 MOATPYIIY; HO HaJ, JOKAJbHBIM
KoJbIoM opbuthl feiicrBust G(F4, R) u G(Eg, R) He coBmasaoT (IIOCKOJIBKY pac-
cMaTpuBaeMoe npejcraBiere Fy IpUBOARMO), TOSTOMY CHAYAJIA HAM TPUXOTUTCS
IPOBECTH eIIe OJIHO OCJaabJIeHNe YCJIOBUIT 1 TOTPE6OBATH HAJIMINE HETPUBUAJBHOIO
9JIEMEHTa B MPOU3BEJEHUH MapaboIMIecKoil MOArPYIIbl Ha HEKOTOPBI KOPHEBOIl
sjieMenT Eg.

IIpengioxenue 9. ITycmv H — nodepynna 6 G(Eg, R), codeporcawsan E(Fy, R).
IIpednoaootcum, wmo das mekomopozo s € R watidemca asremenm g € Fs(H) -

G(F4, Rs) maxot, wmo g ¢ G(F4, Rs) u nepswii cmoabey g coenadaem c nep-
BVLM CMOAOUOM €QUHUYHOT, MAMPUDBL B0 BCET NOZUUUALT, KPOME, Obimb MOHCEM,
A15. Toeda H codepotcum mempusuasvuoill Kopresot snemenm, coomeemcmeyio-
wut koprro us Eg \ D;.

Jokazameavcmeo. Oboznadnm a = g15 1 u pacemorpuM h = x 11221(a)g. Herpya-

1
HO BHJIeTh, 9TO h jiexkuT B napaboandeckoii moarpymnme P (Rg). Boibepem a € Fy,



32 A. 10. JIV3I'APEB

¢ € R u paccMoTpuM

z2=Xo(6)? =97 ' Xa(&)g = h™ " x_11221(a) X (&) _11221(—0)h.
1 1

[Tpeamosiokum Takxke, 910 o = *%*x1 € Pg; rorma Xy (§) = xor (§)xar (£E), Tae

o = 1***0, o = Ol kopau Eg. ITorpebyem nomosauTeasno of — ¢ Es

* 1
na — 11%21 ¢ Eg (Ha caMoM Jiejie 9TH JIBa YCJIOBHSI PABHOCWIBbHBI). Tormga

£U_11%21 (a)Xa(§):c_11%21(—a) = 58_11?21 (@)xar (&)xan (j:§):c_11%21(—a)

=2 n221()2 (2 _n221(~a)zar (£€)

= ot (§[rer (=), 7 _11221(0)] e (£€)
= xa/(S)xa,_n?m(iaf)xa“(if)-

_ Ok

[TockosbKy o

— 11%21 nMeeT BHU

, Bce mpousBesienne jexkur B Py(Ry).

Bnaunt, 2 € Pi(R,) u, ecm z ¢ G(F4, R,), MOXXHO OIPUMEHATDH TIpeIoXKenne 8.
Ecin xe z € G(Fg,Ry), 1o z € G(F4, Rs) m 1o smevmme 8 Ha caMoMm jie-

ae z € Pi(Rs) N Ps(Rs). Kpowme Toro, 217 = z_1-1 = 1. 3mauur, mocies-

HAS CTPOKA 2 COBHAJAET € TOCJTeHEel CTPOKOH eawmHuIHOil Marpuibl. IlycTb

w = h'",, € "R — mocnemaasa crpoka marpunmbl h~!. VMeeT MecTo paBemn-
)

cro zh™t = hlxy(§)z,, 11221(Faf)zar (£E). B sesoit actu ero croumr mar-
1

pHUIA, TOCTEIHAD CTPOKA KOTOPOIl COBIIaJaeT ¢ w. B ImpaBoil »Ke 9aCTH CTOHUT

marpuna h1(e+ ey & aﬁea,_uggl + ey ). BHAUUT, TOCTEHSISA CTPOKA MATPUITHI
1

h_l(Eea/iaﬁea,_llzzliﬁea//) — HyJIeBasi, TO eCTh w(§ea/ia£ea,_11221i£eau) =0.

1 1

Teneps Bocmosb3yeMcs saBHBIME bopMynaMn: (wey)y = £wyi, ecan A+ € A;

(wey)r =0, ectm A+ v ¢ A. Tlopcrasasa € = 1, o = 0001, 0121, 1121, 1221 n

paccmarpuBas w(Eeq £ afe , 11221 % Eeor)a IT A = A_1 1 A = \_1q, TIOJIydaem,
1

9To W_1 = wW_5 = w_g = w_g = wiz = 0. Kpome 3rToro, moxcraBiga £ = 1,
a = 1221, A = A_g, noxyqaem, 910 aw_1 = 0
Teneps Boibepem a = *x*xx(0 € ®; 1 TpoBeIeM aAHAJOTUIHOE PACCYXKIEHUE: celdac

Xa(§) = x0(8), tne a = 0*:*0 € Eg. llpm srom aBTOMATHIECKH v — 11%21 ¢

E¢. Torma z 11221(a) X () 11221(—a) = z4(§) m Marpunma z CHOBa JIEXKUT B
1

1

Pi(Ry). Ecmu z ¢ G(F4, Rs), To MOYKHO NPHUMEHHTH TIpejiiozkenne 8. Ecim xe
2z € G(Fy4, Ry), To z € G(Fy, Rs) m (o memme 8) z € Pi(Rs) N Ps(R,), mpuaem
211 = Z—1,-1 = 1, TO eCTb HOCJEIHsS CTPOKA Z COBHAJAET C MOCJIEIHEHR CTPOKOIL
epunuanoil Marpunpl. [Tockoibky zh™! = h™lz,(€), Mbl umeem w = wry(€) u,
cJIeIoBaTeNIbHO, we, = 0 (MoxkuO mogctaButh & = 1). 3Hauut, wyi, = 0, ecan
M+ a € A Tloacrapasas o = +1000, +£0100, +0120, moaydaem, 9To w_3 =
W_gq = W_7 = w_19 = 0.
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NTax, MBI TOIYYIHIH, UTO BCE 3JIEMEHTHI TTOCJTeJHeH CTPOKHW W MATPHUIBI h ™1
pasmpt 0, kpome b’ |, u, Kpome sToro, ah’ ; _; = 0. Ho marpuma h~! obparmma,
nosromy h' ; _; € R*, orkyma a = 0 u, 3HAYUT, MBI C CAMOrO Hadaja ObLUIA B
YCJIOBHAX IIPEJIOXKEHUS 8.

Ecin R — JI0KaJabHOE KOJIBIO, TO CHHIYJISpPHBIE BeKTOPH u3 R27 ob6pasyior
onuy opbury o jeiicreueMm E(Eg, R). Crenyioriee yTBep:KaeHue (DaKTHICCKA
OTUCHIBAET OPOUTHI, HA KOTOPbIE OHA PACTIAAETCS IIPU CY>KEHUU I'PYIIIbI JIefCTBUS

10 BE(Fy, R).

IIpengioxkenue 10. [Tycmo R — aokaavhoe xoavyo u g € G(Eg, R). Tozda nati-
demcs anemenm x € E(Fy, R) maxoti, wmo nepswiii cmoabey, mampuuyb, T co8na-
daem ¢ nepevim cmosbyoM eOUHUYHOT MAMPUUDBL 60 BCET NOZUUUAT, KPOME, ObIMb
MOIHCEM, A15.

Zlokasamesvcmeo. Ilycts M — mMakcmManbHBIN naeas Koabiia R. Ilokaxkem cHa-
vaja, aro Haiijgerca x1 € E(F4, R) Takoit, uro (r1g)11 = 1

[Tockosbky R siokaJibHO, HadigeTcs A € A Takoit, aro gy odparum. Paccmorpum
HECKOJIBKO CJIYIaeB:

(1) A € B. O6osnaunm o« = w — \ € @4 ¥ PACCMOTPUM HJIEMEHT
h=Xa((1 - 911)95,)g-

Ipu stom X, (§) = zo(§)xar (£E), Toe & = 1*1*0, o = O*I*l. Torna

hi1 =g11 £ (1— g]_]_)g;llg)\]_. BaMenss 3HaK B aprymenTe X, eCJI HeobXo-
JIIMO, MOYKHO J100uThcst hip = 1.

(2) A € T'\ {A14, A15}. Touno tak xe ob6o3HatmM o = w — A\ (Temepb o € D)
u paccmorpum semenT h = X, ((1 — gll)ggll)g. Kak u B npeapiayiem
clIydae, Ipu HeOOXOJUMOCTH MEHSS 3HAK apryMeHTa X, MOJIydaeM hi; =
1.

(3) A = ;. Cravana noxyanm 1 B nosurun 10 mepBoro ctoabra: MOJI0KIM
a=Xp—A =1231 € d,uh = X,((1 —glo’l)gﬁl)g. IIpr HEOOXOAUMOCTH
MeHsIsT 3HAK apryMeHTa, IMOaydaeM hip1 = 1, 1 MOXKHO BOCIIOIH30BATHCS
y’Ke paccMOTpeHHbIM ciaydaem (1).

(4) A = A_y. Ceitqac HeTpyJHO MOIYIUTH 1 B TO3UIMN —6: TMOJOXKAM o =
Ag—A_1=0122€ ®;, h = Xa((l—g_g’l)g:il)g, 1, ¢ BO3MOXKHOM 3aMeHOi
3HaKa, MoJydaeM h_gi = 1, 9TO NPUBOJAUT HAC K YK€ PACCMOTPEHHOMY
ciydaro (2).

(5) A € A. Amamormuno, HerpyaHo nomobpath o € ®; Takoif, uro A + « € B;
HATpUMep, MOXKHO B3aTh o = 0122 muga X\ € {A\_19, A9, A\_g, A7} u a =
2342 mast A € {\_5, A_4, A_3, \_2}. Paccmorpum mocse storo h = X, ((1 —
g,\+a’1)g):11)g. 3aMeHUB IIPH HEOOXOJMMOCTH 3HAK, HOJIydaeM Axtq,1 = 1,
M MOXKHO BOCIIOJIb30BaThCs caydaeM (1).

(6) Temepn MoxkHO cauTaTh, 9T0 g1 € M gma Bcex A € A\ {13, Adia, A5}
BameTuM, 9TO JIEMEHTHI ¢131, J14,1, 15,1 HE MOTYT ObITh OJHOBDEMEHHO
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obparumbIiMu: uHATE (Q(g.1) CPABHEMO C £¢13.1914,1915,1 10 Moayso M, To
eCcTb, 00pATUMO; HO, C IPYTOil CTOPOHBI, CTOJIOCIL §41 CHHTYISPEH, IIO3TOMY
Q(g«1) = 0. IIpeamosmoxnum, aro gi141 € R*. Ham u3secrno, 9ro x0oTst OB
OJIMH W3 3JIEMEHTOB (13,1, 15,1 JAexknuT B M. Ilycrs, manpumep, g131 € M.
Pacemorpum oo = 0001 € &, € = (1 — 910,1)91_4171 u h = X,(). Mockoabky
Xa(§) = z10000(§)T00001(E£E), MBI IMeeM h1g1 = G101 £ {gra1 £ Egis1 =

g101 £ (1 — 31071) + 5091371. [Tpu HEOOXOAMMOCTH MeHsIst 3HAK Y &, MOYKHO
nobutbed Toro, uto higq = 1 £ {gi31 € R*, mockoubky gi31 € M, u
MBI MOYKEeM IIOIAJIU B ycsioBus ciaydas (1). Amajormano, eciam gi51 € M,
noctaToaHo B3aTh o = 0010 € &, u & = (1 — 912’1)91—4171; torga hia1 € R*,
rae h = X, (+€)g, u mbr nonanu B ycsosust ciydast (2). CoseprieHHO Tak
JKe paccMaTpHBaeTcd ciydail gia,1 € M, nb6o XoTd OBl OJUH U3 3JIEMEHTOB
g13,1, g15.1 obpaTHM.

Uraxk, Teneps y Hac ecth 1 € E(Fy, R) u y = x1g Takoii, uto y1; = 1. IToka-
JKeM, 9TO MOXKHO OCYIIECTBATE IIPUOABJICHUS OT IEPBOTO 3JICMEHTa, IEPBOTr0 CTOJI0-
I1a, BHU3 TakK, 9YTOOBI MOCTaBUTH () BO BCe TO3UIIMK KPOMe, ObITh MOXKeT, \15. CHa-
gajia mosryanm 0 B mosumuax u3 B: momoxmm xo = [ cp Xa—w(Eya1) 1 2 = 22y.
BHakM 371€Ch CJIejlyeT BBIOPATH Tak, 4TOOBI dyeMeHT X\, (Fyr1) OCyIIecTBIIsT
soruumanue ¢ Ko3hMUITUEHTOM ¥y, TEPBOi CTPOUKHU U3 CTPOUKH ¢ HOMEPOM A IMpH
JICACTBUY HA MATPULAX CJIeBa. JIpyruMmu ciaoBaMu, HAM HY?KHO, 9TOOBI MATPUYHBIA
ssteMeHT (X\—,(E£Yr1))a1 PABHSUICS —Yx1, & He Yx1. JIerko BUgeTh, 9r0 z); = 0
IJIg BCeX \ € B,

Tenepb MOXKHO TOCTABUTH () BO Bee mo3umuu u3 I', Kpome A4 I \i5: paCCMOTPHM
3 = [[her Xo—w(£2a1) m U = 232 ¢ aHATIOTHIHBIM BBIGOPOM 3HAKOB.

Eciau reneps uig1 # 0, pacemorpum x4 = Xia32(fu141) # v = x4u. Moxkno
BBIOpATH 3HAK TakK, 9TO V14,1 = 0.

Takum 06pa3oM, MBI HAIUIE = Takoii, aro (xg)11 = 1 u (zg)x1 = 0 i A €
(BUT) \ {\15}. IIo semme 6 m3 5TOro Cjiejiyer, 9TO W HA OCTAJIHHBIX MECTaX
IepBOro CTOJIONA CTOAT HYJIH.

§ 14. JIOKABATEJIBCTBO TEOPEMBI 1

Cremyromast jileMMa pe3OMHUPYeT MPOBEIEHHOE BBIIIe M3BJIEIEHNE KOPHEBOTO
3JIEMEHTA.

OcuoBHas jgemma. [Tycmo H — nodepynna 6 G(Eg, R), codepocawas E(Fy, R).
Tozda aubo H < G(Fy4, R), aubo H codeporcum nempusuasvnoli saemenmapHoii
Kopresols asemenm xq(§), ede a € Eg \ @, £ € R.

Jokasameavcmeo. Ilycts g € H, no g ¢ G(F4, R). Torma mo jemme 9 Haii-
nercst Makcumasbhbiit wiean M € Max(R) taxoit, aro Fy(g) ¢ G(Fy, Rar)-
[Tockonbky Rj; — J0KaJbHOE KOJBIO, 1O mpejioxkennto 10 Haiigerca seMeHT
x € E(Fy, Rys) Takoit, aTo nepsblii crosber maTpuilbl 2F)y(g) coBnagaer ¢ mep-
BBIM CTOJIOIIOM €JIMHUYIHOW MaTPHUIIbI BO BCEX MO3UIHUSIX, KpomMe Ai15. TakK Kak
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E(Fy,Ry) = li_m)E(F4,RS) no BceM s ¢ M, maiimerca Takoe s € M u Takoii

anemenT & € E(Fy4, Rg), uro mepblit crosben marpunbl y = xFg(g) coBmajaer ¢
IIePBBIM CTOJIOIOM €IMHUYHON MaTPHUIIBI BO BCEX IMO3UIUIX, KpOMe A5 U, KOHETHO,
y ¢ §(F4, Rs). Temepb MOXKHO BOCIIOJIb30BATHCS TPEJJIOKEHIEM 9 W 3aBEPIIUTH
JI0Ka3aTeIhCTBO.

Zloxazameavcmeo meopemu, 1. IlycTh, Kak u B mpemjgoxkennn 1, A — HanbOIbIIIiA
unean, qig Koroporo E(Fy, R, A) < H. Ilycts H = pifj (H) — o6pa3 rpymmsr H
noJ1 jieficTBreM TOMOMOP(MU3Ma, PEILYKIUN ,036 : G(Eg¢, R) — G(Eg,R/A). fcno,
gro rpymna H comepxkut E (F4, R/A), u, npuMeHsist K Hell OCHOBHYIO JIEMMY, BHJIUAM,
aro 6o H < G(F4, R, A), 6o H COTePXNT HETPUBHAIBHBINA 3JeMEHTAPHbIIT
KOpHEBOi ssteMeHT z,({ + A), tne a € Eg \ Fy, € € R. Tlokaxewm, 9T0 BTOpOit
caydail HeBo3MOXKeH. JleiicTBUTENBbHO, IpejicTaBuM T, (€) € H G(F4, R, A) B BUJIE
2o(§) =ab,tne a € H, b € G(F4, R, A). Haiinercs kopenn 3 € Eg \ Fy Takoit, aro
8 — a € Fy. Paccmorpum KoMMyTATOD

[xa(£)7 xﬁ—a(l)] = .Z’ﬂ(:bf).

[MozxcraBasist clona BeIpaykeHue T, (§) = ab, moaydaem

25(£€) = [ab, 25— (1)] = (b, 25-a(D][a; 25-a(1)].

[TepBbiit 3 KOMMyTaTOPOB B IpaBoil yactn npuHaiexut F(Fg, R, A) B cuy cran-
JAPTHON KOMMYTAIOHHON (hopMyJIb, a Bropoii gexkur B H. Suaqaur, vg(+£f) € H,
n & ¢ A, aro mpormBopeunt makcumaigbnoctn A. Takum obpasom, Bcerma
H < G(Fy4, R/A), Ho ToT/Ia U3 TeopeMbl 3 CJiejlyeT BKITIOUeHHe

H < (p%)"Y(G(F4, R/A)) = CG(Fy, R, A) = Ng(EE(F4, R, A)),

KOTOpO€ 3aBepniaeT JOKa3aTeJIbCTBO.
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