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Baeaeuue 

B HaCTOlllll88 apeMSI CyllleCTBYIOT B OCHOBIIOM ABa MOT08a OO'b8811HOHIISI rpynnbl 

BBYTPOHBHX S H npOCTpaBCTBOHHblX p CBMMOTpHII. B PSI88 pa6oT, KaK, aanpHMep, 

Ill 
a pa60Te , anre6pa flu o6'1te8JtHeBBOII rpynnht nony'lanacb nyTeM Teaaopaoro yMHOlKe-

nnu anre6p flu rpynn S n P nocne RX nononaeBHH no acconuaTIIBHhtx anre6p. B paM-

Kax TaKoro o6'1teAHHeBHH, rpynnhl S R P l!BIIHJOTCR noarpynnaMII 6onee o6mell rpynnht, 

'ISM S- x P H coaeplKBmell nocnenHJOJO. 

C STHM ObtnH cnenaHbl DODbiTKII/S/ 00'1>0811HHTb S H P nyTeM nx nony-

npliMOrO npOH3B989HHSI TaK, 'ITOO_bl s _smnl!llaCb HOpMallbBblM nennTorieM o6'bennneaaolt 

rpynnbt G , a p = G/S • fiOAOoHall B03MOlKBOCTb ObliiB WllpOKO HCCII8AOBBH8 B pa6o-

/2/ . /3/ 
Tax Mnwenl! n ncnollbaonaua B pa60Te • Oco6enaocTb TaKoro o6'1teAHHOBHll aaKnJO-

'IBOTCSI B TOM, 'ITO mo6oe npeacTanneane rpynnbt p liBIIliOTCll TBKlKO H npeACTBBIIe-

RneM rpynnht G • B STOM CMbtCne -G MOlKHO paCCMBTpHBBTb KBK 000011l8HH8 rpyn-

llbl npocTpBBCTBOHHOlt CHMMOTpl'IH. 3TOT nOAXOA Be Tpe6yeT, 'ITOObl G coneplKana nonrpyn-

ny, H30MOp<jlByJO rpynne p • fiosTOMY 3AOCb B03HHK80T BOnpOC KIIBCCH<jlHKBUHH npeACTBB-

neanll rpynnl>t S B paMKBX ABHHOro BenpHBOIIHMOrO npeACTBBIIOBHSI G no <jlaKTop-

rpynne P = G/S. 

B HBCTOlllllOlt pa60TO Mbl H3y'IB8M B03MOlKHOCTH TBKOil AOnOnHHTOIIbBOil KJl8CCH<jlH-

K811HH npeACTBBIIOBHll rpynnbl ·s , BKIIIO'IOHBOlt KBK BOpMBIIbHbllt A811HT811b B G • 

fipn paccMOTpeann sneMeHTapHblX 'IBCTHU KBK 'IHCTO npocTpaaCTBOHHbtX o6'beKTOB ax 
. . 

BOIIHOBble <jlyHKUHH npeo6pa3yJOTCll no HenpH-BOAHMbiM npeACTBBIIOHHliM npOCTpBHCTBOHHOlt 

rpynnbt p • fipn STOM 'IBCTHUbl C OAHHB~OBbiMH XapaKTOpHCTHKBMH (ToO~ npeopp83YIOIIlHO

CSl, BOOOillO ronopsr, no 9KBHB8118HTHblM npeACTBBIIOHHSlM rpynnht ·nayTpeaneil CHMMeTpHII 

S , ) npeoopa3y!OTCSl no p8311H'IHblM npeACTBBIIOHHSlM p TaK, aanpnMep, MYIIbTHnneTbt 

tr -M030HOB H :'E -rnnepOHOB OCYD.lOCTBIIliiOT 9KBHBBIIOHTBb18 npOACTBBIIOHHll ·su (2) 

3 



COOTBeTCTBYIOWUe 'lliCny IIOnHoro H30TOIIH'IeCKOrO CIIHHa ,I =· 1 H IIOSTOMY B paMKaX 

STOll rpyiiiibl OHH Hepa3nH'IHMhl._ nocne BBe.[leHBSl IIpOCTpaHCTBeHHOil rpyiiiihl 1 Ol!HaK01 CH

TyanHSI H3MeHsteTCSI. i1MeHHO IIOCne STOre KaiC 6yl!TO IIOSIBnS110TCSI l!Be COBOKYIIHOCTH SlCBH-

BaneHTHhiX npencTasneanli SU (2) c I= 1 • Oan xoTst n conep)!{BT onan n Te )!{e sne-
1 

MeHTb1 1 BCe-TaiCH pasnH'IaiOTCSI 3Ha'leHHeM npOCTpaHCTBGHHOrO Cnnna, KOTOpbtil .[lliSI TT· 

pasen nynro, a nnst l: . pasen 1/2. · 

TaKIIM o6pasoM, snnno, 'ITO npencTasneHIISI rpynnh1 s , no KOTOphiM npeo6pasyroT-

CSI Myn&THnneTbl rr H l; 1 llOIIOliHBTenhHO KnaCCII¢11UIIpyiOTCSI no 3Ha'leHIISIM npoc;:TpaH-

CTBeHUOrO cnnna, T.e. no OTHOWeHIIIO JIPOCTpaHCTBeHHOli rpynnh1 p • nono6Hble IIpHMepbl 

noKa3blB810T1 'ITO Ot51>ellHHeBHe rpynn ·s_ H p MO)!{eT OKa3aTbCSI CBSI3aHBhiM C BOnpOCOM 

o nononnnTen&nol! xnaccn¢nxaunn sxsnsaneHTHh1X npencTasneanli rpynnht s·s yxasaHHOM 

na - npnMepe CMNCne. -3nec& Mh1 aal!MeMcSI nccnenosaaneM nocnenaero s~npoca. 

nycTb T 

se -R, • fpynna 

CTpanCTBe R 

rpynna onepaTOPOB1 nel!CTBYIOWHX B HGKOTOpOM nBHeliHOM IIpOCTpaHCT-

T 
1 

xax nasecTao, aasNsaeTCst TO'IHhiM npencTasnenneM ·s 

ecnn Me)!{ny S n 'T sanan nsoMop¢nsM f • 

s r.. ·T 

B npo-

(1.1) 

B sTeM cny'lae Mh1 rosop11M1 'ITO npocTpancTso R npeo6paayeTcst c noMOWhiO rprnnht ·s • 

Ecnn Me)!{ny ~ 11 'T sanan npyrol! asoMop¢nsM f'·ff . 1 TO npOCTpaHCTBO R npe-

o6pasyeTCH CHOB8 C nOMOWblO rpynnbt S 1 HO npyriiM o6pasoM~ nosToMy Mht onpene-

·nBM IIpOCTpaHCTBO Rf , KOTopoe KaK nnael!noe npocTpaacTso cosnanaaT c R , HO B 

aeM ocymecTBnSieTCSI npencTasnenne rpynnh1 s C IIOMOWhlO H30Mop¢113Ma • Ben-

ny Hawero onpeJ;Ienenllsr, ecnn f' ,i f • TO Rf' II R f . pasnii'IHhi. 

nycTb ·s',-s C ·s_ H 

·s' f .. t(s').:e T 

f 
s .. t(s) E T • 

Ecnn, xpoMe Tore, nnSI Ka)!{noro s C S. 

T.e. 
·s' 

g 

To nonyqaeu 

s H ·s' CBH3aHh1 aBTOMOp¢H3M,OM 1: aa ·s 

·s,· 

·s' • ~ ·s 
r . 

.. t(s)a t'{ s') :e T 
1 

T.e. Memny s I{ T -aanann npyroli nsoMop¢B3M n TaM caMhiM nony'lnnu npyroe 

npencT~aneBBe 'T 1 • Oao conep>KBT Te me caMwe sneMeHTht, 'ITO n naqanbnoe npen-.. 

·CTasneHHe 'T , HO H30Mop¢H3Mb1 Me)!{Jly s H T H s H T1 s o6onx cny'lasrx 

pa3Bhle. Jiro6b1e ~enCTasnennSI rpynnht s , CBSI3aHHbie MelKny co6oli BeKOTOpb!M 

4 

/ 

I 

r 
! 

I 
:t 

! 

aBTOMOpqlli3MOM Ha s xax B cny'lae paccMoTpeHHhiX ·T - n · T 1 , 6yneM na3biBaTh 

SKBHBaneHTBbiMBo 

nycTh G rpynna, conep)!{Bmast s 11 nocnenaSIS1 >IBnsreTcst nopMan&HhiM nenn-

TeneM nepsoll. Torna nro6ol! snyTpeaanl! aBTOMop¢nsM sa .G sanaeT BeKOTOpbiH aBTo-

Mop<jl113M na S • Bnnao, 'ITO Ka)!{nOMY sneMenTy ·G COOTBeTCTByeT napa SKBHBaneH~ 

HhiX npencTasnennil rpynnh1 S • nycTb T1 H T 2 nony'IGHhl H3 T c nOMOWhlO llBYX 

aBTOMop¢H3MOB &
1 

• 1:
2 

E G na S • 

!'fMeHHo 1 

s .. t (s) E T 

S
411 8

4 s t
1
( s') E T 1 

s'~. sa, s t 2(s'~) E T
2 

rne 
, ·1 

s ~ g 1 s g1 
,, ·1 

s ~ g2 s g 2 • 

B cuny nawero onpeneneHHSI T T 1 n ·T 2 .SIBJIS110TCSI sxsnsaneHTHhiMH. 

(1.2) 

T H 
1 

T 
2 

Mhl t5yneM Ha3hiBaTb !IepasnH'IBMbiMH, ecn11 cymeCTByeT·TaKoe S
0 

e s 1 !Ia 3aBHCSIWea OT 

S , s'· H 8411~( • 1:J:TO 

Qqesllnno, 'ITO, ecn11 

T1 B T 
2 

nepasnll'lHMh1, To 

, 
s~ 

-1 , 
s s .. s • 

0 0 

·1 
1: 2 1: IE S 1 TO Tl 

•I 
So= 1:2 g I E S 

(2.3) 

11 T2 aepasnH'IIIMhi n, uao6opoT, ecn11 

• OnpaneneaHaSI aaMH aepaann'IBMOCTh 

ynosneTBOpHGT ycnOBBSIM pe¢neKCIIBHOCTII 1 CHMMGTpiiH H TpaH3HTHBHOCTH. nosT.OMY Ka')!{Jlo-

MY cMelKHOMY xnaccy G no S COOTBGTCTByeT HeKOTOpoe MHOlKGCTBO HepasnH'IIIMhiX 

npencTasneanl!: MHO)!{eCTBO scex sxsusaneaTHh1X npencTasneHIIll pacnanaeTCSI aa xnacch1 

HepasnH'IHMOCTH. Torna nerxo ysnneTb, 'ITO Ka)!{Jlol! nape Knaccos aepasnii'IHMOCTH COOT-

BeTCTsyeT HaKOTOpb1l! sneMeHT ¢axTop-rpynnh1 G/S • 3TO 03Ha'!aeT, 'ITO H3 T Mbl MD 

)!{QM nOny'IBTb .[!Ba He nepa3nB'IHMh1X IIpGllCTSBnaHHSI T' 
1 

H T;. TOnhKO C nOMOWhiO 

nsyx sneMeaToa 1: 1 H ~; 2E G 

no s • Torna nepexon us T' 
1 

, IIpiiHanna)!{BWBX nayM pa3BbiM CMelKHbiM KHaCC8M 'G 

B T; t5yneT cosepmaThCSI npn noMomn sneMeHTa 

11-1 & ¢: s • T; n T; sanaroT llB8 KMCCa aepaann'IHMOCTH n nepexon ns sneMeHTa· 
a' 1 

onaoro ICnacca K sneMeBTY npyroro cosepwaeTCSI c noMOWhiO BeKoToporo sneMeBTa Blllla 

i 1 & i- S , rne ace & 2 npnnannelKST onaoMy H ace '& 1 -npyroMY CMe)!{HOMY 
2 ·, 1 ·1 ., 

xnaccy. Torna & 2 g 1 npuaanna)!{ST Tp·eTbeMy xnaccy, ae aasncstmeMy OT 1: 2 B ·gi, 

B ncaTOMY nape KllaCCOB Bapa3nii'IIIMOCTB 1 a KOTOpble BXOllSIT T; 11 T;,cooTseTcTByeT 

CMQlKBhlil KllaCC G no 5 1 B KOTOpOM lla>KBT &: 1 
g 1 H KOTOpblli SIBliSieTCSI SHaMe !I-

TOM ¢axTop-rpynnht G/S • 
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~a~capyn naqan&awA H3oMop~H3M , MW 6yneM roaopaTb, 'ITO KalKliOMY aneMeBTy 

rpynnw G COOTBeTCTByeT BKBHBanenTnoe npencTaaneaae, Torna KalKliOMY aneMeHTy 

~KTOp-rpynnbl ·G/S 16yneT COOTBeTCTBOBaTb HeltOTOpWA Jtnacc nepaanaqaMOCTH, BMeCTe 

c 9THM. npocTpaHCTBO, ltOTopoe nPe06pa3yeTCR no npe_nCTaanellRIO T rpynnw ·s • COOT-

1: ~ l.i • GyneM o6oanaqaTb qepe3 R~: • naa npOCTpaHCTBa ' BeTCTByromeMY aneMeBTy -

Rl: H 
I 

R 1: , nns ltOTOpbiX 
2 

paanH'IHMWe npencTaaneHHH 

g"
1 

g E S 1 Ba3oBeM HepaanH'IHMblMH (B HHX nefiCTBylOT He-
2 I 

rpynnw ·a ). Torna nerKo yaaneTb, 'ITO coaoxynHOCTb I R I g 

'acex_ npocTpaHCTB R g MOlKHO pa36HTb Ha KnacCbl nepaanH'IHMOCTII Mk • nycTb u 
MHO)!(ecrno acex Knaccoa nepaan11qHMOCTH, Tenepb nerKo noKa3aTb, 'ITO B MHO)!(eCTBe IR ,1 

MO*HO onpeneniiTb npencTaanenae rpynnbi G , a B MHO)!(eCTBe U - npencTaanenne rpyn-

.!lbl G/S • nel1CTBHTenbHO, nyCTb B R g' H R~:" nellCTBYIOT npencTaaneHIUI rpynnbl s : 
T'- H T';-co.oTaeTCTBeaao. TaK xax T"'·H T" axanaaneHTHbi, TO 

T' 1~ T" g_C: G 

a, cnenoaaTen&no, a 
Rg, R .,. 

g 

llocnenaee COOTBeTCTBHe OnpenenneT onepaTop cpa , COOTB9TCTBYIOWHil aneMeHTy gE G 

11 neAcTayromaA ao MHO)!(eCTBe I Rg I • B cany Toro, 'ITo, ecna 

T' !• T H T !2 T" , 

TO 

11TaK, nonyqaeM, 'ITO 

-rne • npou3aenenae onepaTopoa 

npnMenenae. 

T' "t .. s2 T" • 

</; = </; </; 
8 1 8 2 B 1 .2 

{1,4) 

cp H ., ¢ onpeneneno KaK ax nocnenoB8Tenbnoe 
.2 

AnanorH'IHo nony'l8eM npencTaanenne rpynnbi G/S ao MHOlKeCTae U , TOnhKO 

Be3ne T n R g cnenyeT 38~19Hl1Tb H8 Kn8CCbi nep83nH'IHMOCTH, a BMeCTO rpynnbi G 

'5p81'b aneMeHTbi rpynnbi G/S 

TaKnM o6p830M, nnn K8~<noro R g Mbl MOlK9M CK838Tb, B K8KOil Knacc Hepa3nll'lll-

/ 

MOCTH OHO BXO.!lliT. TeM C8MblM Mhl nonyqaeM .!lOllOnHHTenbHYIO KnaCC!1<\JliK8UlllO BCOX 9KBH

aaneHTHblX rrpocTpaHCTB R g no OTHOWeHIIIO rpynnbi G/S , KOTOp8H sffinneTCH rpynnoll 

npeOOp830B8HIIR MH0)!(9CTB8 u Knaccoa nep83nli'IHMOCTH. TaK KaK n 38.!l8'1e o Knaccn-

~IIKaUIIH aneMeHT8pHblX '18CTIIU H8M OhlnO H900XO.!lliMO Knaccn<jlllUllpOB8Tb SKBHBaneHTHble 

npenCTaanennn rpynnbl BHyTpenneil CIIMMeTpnn S no npocTpaHCTBeHHOH rpynne p , TO 

TaKyiO Kn8ccn¢nKannro ecTecTaeHHbiM o6p830" MOlKHO nony'IHTb, nonaran P = ·G/S. 

6 

. ~l. 
., ~-

:~ 

i, 
.I' 

I 
1,\ 
a' 

l ·,; 

:i 
' 

§ 2. 

Ecn11 cy'MMHpoaaTb .peayn&TaTbi npenwnymero nyHKTa, To annno, 'ITO Mbl non*Hhl 

nOCTpOBTb rpynny G no 3a.[laHHhlM HOpM81lbBOMY neniiTeniO s II ~aKTOp- rpynne p , 

3Ta 3anaqa H3aecTaa non &a3aaHIIeM pacmnpeans rpynnhl S npn noMOWII rpynnw' 
/61 

P • Boo6me, pemen11e aToll aanaqa ne RBnneTcn onno3Ha'IHWM, TaK, nanpiiMep, 

onno pemenae nonyqaeTCn, ecn11 ·a sanneTCn npHMhiM nponaaenen11eM s a P • KaK 
/2/ 

Y*e 6wno. OTMeqeno, B pa6oTax mHpOKO 

TpanbllhiX pacmnpenasrx s npH nOMOWH 

OOCylK.tl8eTCR BOnpOC 0 TaK' H83h!BaeMhiX nea

p • Hamel! aan8qell 6yneT npanecTH neltOTe>
i 

phle o6mae, npennono*eRHn, KacaromHecn cymecTaonanan rpynnw G npn aanannwx o6m11x 

ycnoannx nnn s 

no CHX nop rpynna BayTpeHHIIX CHMMeTpKII s npeaMymecraenno npennonaranacb 

npOCTOII H KOMnaKTHOII rpynnoil na. B TepMKHax COOTBeTCTByiOmell anre6phl nn A.s 

rpynnbi ·s KOMnaKTHOCTb o3naqaeT, qTo a As cymecTayeT nonollmTen&Ho onpenenen

nan KBanpaTaqaa!l ~OpMa, HHBapnaHTH8H OTHOCHTellbHO rpynnhi ·G A BCeX aaTOMOpcjm~

MOB •As • KaK .!lOJtaawaaeTcn, G A H30Mop~na ~KTop-rpynne S/Z ( ~ neHTp rpyn-

nw S ) 1 T,e, KalK.tiWII aaTOMOp~H3M npoCTOII KOMnaKTHOII anre6pbl •A.
8 

RBn!leTCH 

BHYTPOHHHM. 

COOTBeTCTByeT 8BTOMOp~H3M anre6pw •A s llpOR3BOnb-K alK.!lOMY 8BTOMOp~H3MY s 
na11 rpynna ·a , conep*aman S caOHM HOpManbHWM nenaTeneM, _HanneTCH rpynnoli 

aBTOMOp~H3MOB S llOaTOMy rpynna G roMop~no i>To6pa)!(BeTcH ·a rpynne ·a A 

Ecnn N nnpo sToro roMoMop~H3Ma, TO rpynna ·a!N aaoMop~na neKOTopoll nonrpynne .. 

·a• c G A • B cany npocToTw a KOMnaKTHOCTa nopManbnoro nenHTenn S OKa3biB80TCR, 

'ITO na6o 

l)NnS=Z na6o 
(2.1) 

2) N f"l S =· N 

nerKO y6enHTbCH1 'ITO B nepBOM cnyqae 

-Lx S. 

'G H30MOp~Ha npHMOMy npOH3BO.!lOHHIO 

' z 
BTopoli cny'lail cno*nee. Ecnn N CO.!lep)!(HT S , TO nOCKOilbKy s smnneTCH 1 

nopMan&HbiM nenHTeneM G • O'IOBH.!lHO, 'ITO s 
TeneM N , n, cnenoBaTenbBO, caMa rpynna 

HBnReTCH TaK)!(O HOpManbllblM .!l9llH- , 

N eCTb rpynna anToMop~H3MOB ·s 

noaToMy OHa TaK)!(e .nonJKHa Ob!Tb roMOMOp~HOI! HeKOTOpoll nonrpynne G** c G A 3To 

, 03H8li8eT, liTO C8MO N HBnHeTCH neKOTOpbiM pacmapenaeM rpynnbi S • TaKHM 

o6p830M, BT_opoll cny'lail caonHTCH K TOMY, qToobi H3 nony'lennoro y*e pacwnpennn N 

rpynnbi s cnoaa pacwnpnTb na sToT paa rpynny N C nOMOlUblO G*1 H30MOp<jlno!l 

·G/N , T8K, '1To6w a nonyqennoM pacwapennn (sTo n ecTb caMa ·a s ocTanocb 

7 



HOpMOllbHbiM llGIUITeJiel.:f• npn npoBe):IGilllH rtoJ JtOHCTpYltllliB Olt83biBOeTCSI, 'ITO rpyJillA G/S 

BMGOT npHMGpHO TaltyJO lKG CTPYKTYPY, lt8lt B eaMa G , A llMGHJIO - Jt8Jt !Sbl Dony'IG.I1H1l0 

llyTeM pacmnpeHBSI llOitOTOpOll rpyDDbl C DOMOIIlblO ·a•c a 
:A 

~ CnenoBATGllbHO. 

P -·ats rOMOMOp~HS rpynne G• C G A 

B pe3yllbT8Te ll0ny'l88M CJ18llYJOilleG. yTBeplK):IeJ'!He: B03MOJKll0 OfS'beAHllii"''L KOMDaJtT-

HYJO npOCTylO rpynny s c rpynnoll P TorAa H TOllbltO TOrA81 ltOrAa p MOlKJIO 

oTo!SpaanTb roMoMO~.I!O a G _ _, Ecna o!Spaa rpynnbl P n ·GA IIBJIHeTCII eAHHI!'lHbiM 

sneMeHTOM G A 1 TO TOr):la OO'&ellHJIGHJIG G B30MOp4Jno npHMOMY npOH3Be):IGHHlO rpynll 

P II S 

CnellCTBHeM SToro peayllbT8T8 IIBJlSteTCII yTBeplK):IeRBe, 'ITO moooe o5'&eAIIBeRne 

rpynnbl nyanape p C lt0Mil8JtTHOil npOCTOll rpyimOll ·s B yxaaaRHOM CMbiCJIG BCerAS 

H30M0p~BO npHMOM:y npOB3B8ll8BlllO S X p 

g s. 

nycTb ·Q - rpynna C ROpMallbRbiM AenRTeneM S R·- npOCTpanCTBO nenpHBo-

-llHMOrO npellCT8BJ1eHHII T g rpynnhl G B ! 8 - npellCTSBneBKe rpynnbl 

KOTopOe JIOJ1y'l88TCH H3 ·r g, eCJIH BCe napaMeTpb! B HeM, He OTHOCIIIllHGCH K 

lKIIM paBHbiMB ayn10. Torna nMeeT MeCTo cnenyromas TeopeMa. 

S B R 

S , noKo-

Ecnn T.8 B R npnBOAHM01 TO ono snonne npHBOAHMO. KpoMe Toro, BBBApnanTRble 

JIOAJipOCTp8HCTB8 :Fi B8 KOTOpble pacna,naeTCR npn STOM R 0 HM910T OllHBSitOBYJO MOill~ 
HOCTb B TOM CMbiCJ1e1 'ITO llJIH KSlKAOll napb! F1 H F 2 MOlKHO HaliTB BGOCOOb!ll Oll9p8T0p 

·A , TSKOil 'ITO 

F =AF 
I 2 

•I 
F =A F • 

2 I 
(3.1) H 

OnepaTop A 

CTBa F 2 sa 

ocymecTBnReT Tononorn'leCKoe (nnn roMOMop~aoe) OTOfipalKenBe npocTpan

F I • 

.lloKa3aTen&CTBo: 'lepea .£\ 8 o!Soana'lnM cosoK:ynBOCTb scex onepaTopos T8 • O'leBnA-

so, 'ITO .£\.
8 

eCTb nopMan&Hblll .ttennTellb rpynnhl .£\ r; onepaTopoB T r; • TaJt xu R 

npBBOAHMO, TO B seM cymeCTByeT aenpnBOABMoe aaMitayToe noADPOCTpSBCTBO F1. nRBa

pHaHTsoe no OTHOWeHBIO lt .£\ S 

T
8

f
0

EF 1 
ecna f

0 
E F 

1
c R; TsC .£\ s' 

Bee oneipaTOpbi npeACTSEIJ!eHHR rpynnhi G , npnna.ttnelKBmne OABOMY CMelKllOMY xnaccy 

no .£\
8 

, fi:r!leM oooanaqaT& qepea ·Tii8 c na.tteKcaMn, a caM xKacc - 'lepea .£\ ,;s • Co-

CTaBnM npRMoe nponaBenesne MBOlKeCTB 6. liS x F, 

8 

:FI2f =·.£\as x :F I • 

KalKAblll sneMeHT f 
2 

E :F 
2 

aanncb!BaeTCR B BRAe 

f2=:T .. s f1 ; T E6. 
as as 

f
1
E :F

1 
• 

nerltO npOBepHTb 0 'ITO .F 
2 

RBnSieTCR nnaei!HbiM npOCTPOHCTBOM, B caM oM . .ttene,. nyCTb 

~· = r;8 r;. H f~~=·T'":. f'· , Tor.aa 
2 gS 2 

c f'·+·c f'~= T'· [ c f'. +·c ( T'· )
1 

T" f" ] 1 2 2 2 · sS 1 1 2 liS sS 1 

HO TSK KSK T~8 H T;~ E .£\as , TO 

·1 (T;8 ) T:~s E .£\ 

n, cneAOBaTen&no, (B cnny nnaapuanTHOCTH n nnneiinocTn F 1 ) nonyqaeM, 'ITO 

c f' + c f" E :F • 
1 2 2 2 2 

.llanee, nyCTb T 
liS 

npeACTOBHTellb CMelKHOrO KJ18CC8 f1. gS ll 

.:F; = T88 .F 1 • 

QqeBHAHO, 'ITO F; C F2 • 

Tenepb, ecnn f 
2 

- npOH3BOJibHb!l! sneMeHT F 2 , HMeeM 

·1 
f2 = T.:s f1 = T,.8 ( TsS ) \sf 1 = T88 f~ E- F; r;.e :F 1 

T.e. 
F C F' 

2 • 2 

H, cnenoaaTenbHO, 

. F 2"' F;-= TliS F t • (3.2) 
I 

Ha nocnennero paaencTaa Bb!TeKaeT, 'ITO F
1 

H F 
2 

aaMKH)'Thi s cuny nenpepbiBHOCTH 

npeo6paaoBaHHR 

onepaTopa A 

T •. 8 , a TBK>Ke, q:_o 

B (3.1)' BblllOJIHRGT T8 s 

F 2 11 F 1 HMeJOT OAHHaKoayro MomnoCTb. Ponb 

:F 2 l!HB8pli8HTHO no 6, 8 • ,lleliCTDl!T9JlbH00 

nyCTb ll8HO npOli3BOJlbHOe T c.£\ . . , Torna 
- - ·1 

T8 F 2 =T 8 Toi 8 ~ 1 =T.8(T88 ) T8 T88.F 1 , 

HO 
·1 -

(T.:s) T 8 T88 = r:-E hs 

Ha 
T F = T T' F 

II 2 gS 11 1 

ll T:· F1 C F1 

IIOJI)''I.89M T S'F2 c F2, 

9 



'IBM naaapnaBTHOCTh F2 llOKaaana. QqeanJlao, 'ITO F 2 TaK>Ke aenpnBOllRMo, Kax II F 1• 

HaiiJleM nepece'leiiiie F'- F1 n · F 2 • F'· TSK>Ke 6yAeT aaMKHYThiM npocTpaBCTBOM, 

HIIaapiiaBTBhiM no ll • II B cnny aenpaaOAIIMOCTB, aanpnMep, F 
1 

, nonyqaeu 

F'~ 0 IIliii F;a F - F 
I 2 

Teneph , easm ace cMel!IHhie Knaccu npellCTannenaa rpynnu G 

AI! nOJ106HyJU nponeJlypy C F I , nony'IIIM nocneAoaaTe/IhHOCTh 

a R 

I'F 

no !!. • II npoBo

aaMKBYThiX npo-

cTpancTa F
1 

OABRaKoaoll MOIIlHOCTII, aaaapnaHTllhiX no !!. • • Ha STOll nocnellOBaTe/IhJto-

CTH acerAB MO>KHO BhiJleRIITh napy BBCOBn~A8K>IIli!X M~>KJlY co6ol! npOCTp8HCTB. Jlei!CTaii-

TB/IhHO , ecna SToro HB/Ih31! CABnBTh, TO 3H8'11IT ace F
1 

MB>KllY co6ol! coanBA8K>T II 

TOrAa npoCTpaHCTBO F • KOTOPOMY OHH paBHhi, OK8>K6TC51 BHB8pl!ilBTHbiM no seeM 'T" 

nony'laM nn6o F = 0 , na6o F= R • Ho sTn ABa cnyqag H B cuny nenpnBOlliiMOCTI! 

<jlaKTH'IBCKII 03H8'18K>T1 'ITO 

R 

T . nenpHBOllBMO B npocTpaHCTBe R • 3To npOTnaope'II!T 

ycnoanro. TeOpf3Mbl. TorAa nycTh F I II F ;"AB8 HBCOBn8A810IIlBX npocTpai!CTBa. npo-

CTpBIICTBO 

~I)= FI@F2 

( F
1

@ F 
2 

03H8'18eT npHMYIO CYMMY) TBK>Ke 38MKHyToe B HHB8pB8BTHO no li 
8 

• ~I) na6o . 

COJlep>KHT HBKOTOpOe F1 nocneAoaaTe/IhHOCTH IL F , l!ll6o c HBM nepecexaeTC51 B nyne. 

TorAa noAo6nue paccy>KAeHIIn MO>KHO npoaecTII II Ann npocTpancTBB 

R = .F (!) F G) F • 
<:O 1 2 a 

npoAon>KaBM T8KHM o6pa30M nOK8 B HBKOTOpOM 

R = :tli-\ F 
(N) I \:? I 

6yJ1yT BKniO'IBHbl BCB sneMellThl nocneAOaaTeiihHOCTH 1L F • ·R(N) 38MKHyTO H y>Ke IIHB8pa-

8HTHO no OTHowenHJO KO aceM T 8 • Ha Toro 'ITO R<Nf R B cnny nenpiiBOAHMOCTH npo-

CTpancTBa R , nonyqaeM 

R "' R(N)= ~ 0 Fl ' (3.3) 

'IBM H AOK83hiB8BTC51 H8W8 TeOpeMa. 

3aKniO'I6HH6 

Mb! paccMaTpnaaeM anre6py A 
8 

rpynnbl G • nocKOIIhKY nocneAHnB COABP>KHT 

CaOHM H)leanOM anre6py ·A 0 rpynllbl S 1 TO nepeCT8HOaO'IHbl6 COOTBOWeHHn AnH 

renepaTopoB G 6yAyT HMBTh BHA: 

10 

-<.....,...!· 

t 
[ 11 1k ] a '\k If 

t 11 J a J "'fla If 

8 t 
[Ja J tl] = fatJ J 8 + gatllt 

BBnnroTcn sneMenTaMn 6aanca naeana 

naTHBCKHB HBllBKCbl 
npo6eraK>T 3H8'1BHHn 
OT 1 AO 11 

fpe'IBCKHB HHJlBKChi npo-
6er8IOT 3H8'1eHHn OT 11 + 
llO m • 

m> 11 

I 
lit 

A. H, cneaoaaTen~>no, rae 1
1 

TypHbiB nocTonHHble rpynnbi S • OcTanhHble renepaTOpbl Ja BMeCTB C I, 

(4.1) 

- CTpyK

o6pa-

3yiOT 6a3HC anre6pbl A 
8 

• nepellaB K K8C8TeiihHOMY npOCTpaHCTay B TO'IKB ga e 

rpynnbl G ( e - eaHHH'IHblll sneMBHT ) 1 nerKO nOK838Th, 'ITO f :f'l AOn>KBbl 6b!Th 

CTPYKTYPHbiMH nocTonnnbiMH <jlaKTop-rpynnbl G/s , KOTopan no npeanono>Keanro coBnaaaeT 
t t 

c P • TaKHM o6pa3oM, B (4.1.) ocTaeTcn nenaaeCTHbiM t
1
a n gatl" .llnn nnx, oanaKo, 

MO>KHO Bb!IIHC8Th COOTHOWeHnn, KOTOpb!B nony'IBK>TCn H3 TO>K)leCTB8 .f!K061I Ann C'r.)yKTyp-

HbiX KOHCT8HT ace!! rpyllllbl G Ecnn aaeAeM cneayromne o6oaaaqeann 

TO 

=l 
lk 

< o~< >t. a f 
( E )t 1= f 1 a 

8 
(.F tl )&. = faf3 ' 

D I I 
[ o~< o< 1 = dt.. o 

a k f 
[ E D ] = tka Dt 

[ E tJ E a] 

[FtlFa] = 

8 8 f f 
fa{jE + gaf3 D 

£8 F 8. 
atJ 

8 

(4.2) 

(4.3) 

li3 nocneaaero COOTHOWBHHn Bnano, 'ITO faf'l C8MH C060l! yaoaneTBOpnK>T TO>K)le-

CTB8 .f!Ko6n n, cneaoaaTenhno, aaAaiOT nexoTopyK> anre6py, HMenno, - anre6py <jlaKTop-

rpynnbi G/S KpoMe BbiiiHC8HHblX COOTHOWennll, cymecTayeT eme OIIHO CBn3biB810IIl66 

8 f 
fatl ' 'ka 

8 k 
ftll g a8 + 

f • 
gaf3 • 

a 
fla 

k a k 
g t~a + fatl gsa = 

f k t k f k 
g{JJ ffa +gsa 'f~ gatl ffs 

KOMMYT811HOHHbl6 COOTHOWeHHn ( 4.1) HMeiOT cneayK>mee '18CTH06 peweHHB 

11 = 0 

[ Xa Xtl] 

n 8 la =X a 

faf3 X a 

.11 

rae 

(4.4) 



Ann scex Xa , ynosneTsopSIIOUUIX nocneAHeMy cooTHOilleHII!O, KaK paa aTe 11 ecTb coso-

.KynHoCTb scex npencTasneHIIM rpynnbi p lloaTOMy 1110009 npeACTasneHIIe rpyUUbi P. 

SIBnSieTCH TaK)Ke npencTasneHI!eM rpynnbi G 

HaKOHeu, MO)KHO cnenaTb CJ"IeAyiOmee aaMe'!aHI!e, Beane s 113.1IO)KeHHII Mbi C'!HTan11, 

'ITO S - rpynna sHyTpeHHell CIIMMeTpHII 11 P - npocTpaHcTsenHast rpynna. Mb! Morn~~ 

Obi 0 OAHBK00 IICKaTb AOll01IHI!Te11bHJ'IO K.1laCCII<jlHKaUHIO rpyllllbi P no rpynne S 11 Tor-

na CHI! noMeHH.1111Cb Obi MecTaMII, T,e, oo'belli!HeHI!e 

p CSOIIM HOpManbHbiM Jle1II!Te.1IeM, a G/P= S 

G' s aTOM c.nyqae co~:tep>Kano Obi 

Torna .1110ooe npeJ:tCTasneHI!e rpynnbi 

S Obl.1IO Obi. OlliiOspeMeHHO 11 npencTasneHIIe
0
M G'/S • 3TH npencTas.neHIIH nony'!aiOTCSI, Kor-

J:ta see renepaTOpbi p paSHbl HY1110 II .Torna S. SbiCTynaeT KaK CTaTII'IeCKIIIi npenen 

G, X . 141 
OO'heAI!HaHHOII rpynllhl , OTSI cellqac S CSSI311 C paooTaMII · Upi!HS!Ta TaKaSI UOCTa-

HOSKa 3aAa'IH, KOTopoll Mbi. cnenosa.n11 s 113.1IO)KeHIIII, sce-TaKI! paccy)!(AeHI!H nepsoro 

Uapa.rpa<jla HaCTOSI!lleli paOOTbi He IICK.1IIO'!aiOT II OopaTHYIO S03MQ)KHOCTb, 

AsTOp Sbipa)!(BeT onaronapHOCTb npo<jleccopy A.H.Tasxeni!A3e, vi.T.Tonoposy. 
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