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B D e ,11, e H .11 e 

HacroRmaB pa6ora 6~na B~rronHeHa B Aa6opa~opMM reopeTM

~ecHon ~M3MHM OMRM. OHa rrocBHmeHa reop.11.11 rpynn AM .11 reop.11.11 

HX npe~cTaBRCHMM, cwepa npMMeHeHMR KOTOPOM B W}3.11Ke ECe 6onnwe 

!Ji:lCWHpBeTCH. 

PasyMeCTCB, 3TQ pa60Ta He BBRBCTCR ITORHI~ 

oosopoM Ecex pesynnTaTOE 1 nony~eHH~x ~o nocnt~Hero BpeMeHM. 

ABrop nocTaBMn nepe~ cooon donee ysKyiD sa~•~y: oo6paTL ~nH 

rex, KTO HQ~HaeT HSy~aTL TeopMID npe~CT8BReHHM rpynn AH,B 

HCOORLlliOM, ITO :B03MOlKHOC TH, 06'!>eMe TOT MMH11MYM CJ :e~eHI1M, KOTOp~\1 

npH1l0~11T K ITOHMM8HI1ID 3TOM TeOp.1111 11 11 rrepBOM npHC;RI1lKeHMH 11 11 ~aeT 

li03MOlKHOCTL :B ~aRLHCMllieM CSMOCTOBTeRLHO yrny6RfTL C:B011 3HQHl1Ho 

B pa6ore He noKasaHo,KaK MOlKHO npHMeHBTL TeopHID npe~ -

cTaBneHI1M K KOHKpeTHHM ~SM~ecKHM npo6neMaM, IT(CKORLKY WMSHKaM 

03H8KOM11TbCH C 3TidM Jier~e (11 ~QCTHOCTI1, MOlltHO jleKOMeH~OB8Tb/I/, 
/2/,/3/,/4/), ~eM C M•TeMQT.Il~eCKOM CTOpOHOM .z~em • 

B rrpHROlKeHHBX npHBe;n;eHH npMMep~ npe;n;cra:B;reHMM OT,D.eJJbHbiX 

rpynn. 0HH HOCHT Rl1lliD 11JIJIIDCTpaTI11lHHM xapaKTep. 

B nep:son rna:se, Ha Ham :ssrnBA, MH rro~po6r:ee, tleM sTo 

o6~1lHO ITpHHRTO, OCTQH8:BJIYiliQeMCH HQ rpyniTOllblX ITIIHf!THt!Xo 8TO ITO -

Re3HO )(RB 6onee rny60KOrO ITOHMM8HMB TC0pl111 rpylln JIM II TeopHH 

Hx rrpe~cTaBneHMn. 

B nep:soM .11 TpeueM nyHKTax rnaBH Y npMBO,lHTCH !lJaKTH, 

ITOllTH BCe C )(OK838TeJILCTli8MI1, 113 TeOpHH onepaTt)pOB ll rHJJbdep

•roBOM npOCTp8HCTBe, TQK K8K TCOpHB npe~CT8BJJCHl!M onepupyeT ee 

ITO!lf!THBM11 H8PHAY C rpyniTOllHMM. 
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I. OCHubHbl ~ TIOHf!Tltifl TEOP~IM fPY Till 

HacTOHJIIee 3Bel(eH>:~e B Teopmo npel(cTaBJieHHtt rpynn ~ Mh! 

H8tiHeM C onpel(e.IeH>ffl npOCTetfW!t!X rpynnOBbiX J10HflTHtt H OTHOWeHHtl. 

I. OnpeAeJilHHe rpynnH. TioArpynnbl 

TiycTb G - HeKoTopoe WHOllteCTBO. foBOPHT, tiTO B G 
onpel(eJieHa 6HHa JHaH onepagHH, ecJI>:~ l(Jifl nw6ott ynopRl(OtieHHott 

napH SJieMeHTOB 2, 8 (afG, {f:G) 143 3TOro MHOl!teCTBa Ol(H03H8tiHO 

onpel(eJieH TpeT>:~ I ::meMeHT C H3 G (cfG) . B aToM cnyqae 

C H83HB86TCll npOH3Bel(eHH6M (HJIH CYMMOtt) a H 6', B3flTHX 

B l(8HHOM flOpfl,ll,Ktl ,H 0603H8tiaeTCi! 

c· = a-e (lr1JIH C=c:rttf ). 
Onepau;Hfl H83HB8f:TCR aCCOl.\lt!STHBHOtt, eCJIH l(Jifl JII06!lX a {j c f- G 

J ' 

BblflOJIHfleTCfl paBt:HCTBO 

a(6'c) = (a~)c. 
Onepal.\lt!R Ha3!lBat:TCH KOMMyTaTiifBHOtt, ecJII4 AJIR JII06blx 

BblflOJIHReTCfl paBtHCTBO 

a 5 =-·~a 
"' 

C<., tf f 0 

MH0llt6CTBO (_7 , C onpel(eJieHHOtt B HeM 6HH8pHOtt onepal.\lifett, 

H83biB8eTCfl rpynrott, ecJIIif BblflOJIHRIOTCfl ycJIOBHR: 

I) onepaq!r1f accoqlr1aTlr1BHa; 

2) B G ( Ylii6CTByeT 6l(HHCTBeHHbltt SJieMeHT e ' H83!lB8eMb1Lt 

6l(lifHHI.\etl (HyJieY, B CJiyqae CJIOllteHIR), KOTOpblit 06Jial(aeT CBOtlCTBOY: 

a e.: e a = a l(JIR JII06oro C(f G; 
3) l(Jifl JII06< ro SJieM6HTa a f G cymecTByeT 6l(HHCTB6HHbltt 
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3JieMeHT a-'(- G' H83biB8eMbltl o6paTHbiM ( !IIJH1 npOT!IIBI>ITOJIOlKHbiM ) ' 

)l.Jifl KOTOporo 

a·'c{ = a a_,= e. 
B CHJIY 8CCOI.\l18TvlBHOCTH, YCJIOBI1fl 2) 11 3) MOryT ·5hiT.:& 

38MeHeHbl 3KBI1B8JieHTHb1Ml1 1 HO 60Jiee CJI86b1M.H: 

/) B C cymecTByeT, no xpattHetl Mepe 1 o;nHa ne 38R 

8)1.11HI1!.\8 -e, : e, (1 =a npl1 JII060M tl f G I 11' XOTR 6bl O)l.Ha' 

npaBaR 8)1.11HI1I~a e2 : ct e.; =tl np!ll JII060M tl (- G ; 
I ~ 

3) ,llJIR JII060!'u 3JieMeHT8 a f(.:r cymecTBYIOT I no KP3t1Hetl Mepe' 

0)1.11H npaBbltl {1.1- f I 11 0)1.11H JI8Bhltl cz).-T o6paTHhle 3JieMeHThl: 

ct a,-' = e 1 

a;'a = f:''1 

- ' 
r)l.e ('/ H {'':._ K8KI1e-TO 8)1.11Hl1!.\hl (JieBble 11JII1 np8Bble). 

noxaJKeM 1 qTo 113 ycJIOBI1R 

2/) CJie)l.y8T 1 H8 C8MOM )1.8Jie 1 CYl!I6CTBOB8HI1e e)l.l1HCTB8HHOi:t 

6,1\HHHUbl • .l(ettc·rBHTeJI.:&HO I nycT:& e-f - JieBaR e;nHHHI.\8 I a e :<.. -

npaBaR. Tor)l.a e1eA..= e.,z=~· T.e. OH!II coBn8)1.8IOT. 

Cne;(oBaTeJI:&HO 1 JII06aR e;ni1HHI.\8 RBJIRercR O)l.HOBpe!ll;eHHO H JieBol1 

H npaBow. AHanor!llqHo noxaabiBaeTcR, qTo JII06ble ;nBe T<KHe e)l.l1HI1Uhl 

COBna)l.aiOT. Il03TOMy B G CYl!I8CTByeT TOJI:&KO O)l.H8 f )l.HIH!l.\8 e 
,llanee, BBI1:zlY 8CCOUI18T!IIBHOCTH 1 )l.JIR JII06biX 06paTJbiX K HeKOTO

poMy a 3JieMeHTOB I JieBoro a.2.·f H npaBoro {2~ ·! ' BblnOJIHReTCH 

paBeHC'TBO: 

( a./(t )cl ;' = e a_,-'= a_,-' 
a-<--1 e =a,:. -I 

5 
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~HHCHpyR E aroM paEeHCTEe HeHOTOp~~ rrpaE~~ o6p8TH~~ aneMeHT 

(1
1
-l , :Ionytrn:M, llTO ECe neE~e, 00p8TH~e H cl, aneMeHT~ 

paEH~ HeHOTO.lOMY rrpaEOMy. ITOCTYITHB H80J0pOT, rronyllHM TpeoyeMOe 

YTBeplK,14eHHe. 

TaHHM o ,pas oM, ecnH HaM .148HO HeHoTopoe MHOliWCTBO G 
c orrpe,14eneHH•>~ E HeM orrepauHe~, HOTopaR Y.l4DBJieT:sopReT ycnoBHRU 

I), 2/), 3/), TO, HHllero He rrpo:sepRR .l48Rbme, UOJKHO yT:sepJK,148Tb, 

llTO G - :'pyrrrra. 

BBI1.14Y 81:COUH8T!1EHOCT.I1 MOlltHO IIHC8Tb: a ( f: C) -:tfl t) (: tllfC 

AHanorwrno t moooe rrp01!3Be,l4eHHe aneMeHTOB a 1 t (0. t ••• t {/f) 
' C JlllO~M paCIIOJIOllteHlieM CHOOOH, MOlltHO 38III1C8Tb T8H : 

a1 fl:;.··- an , 8TO 03H8ll8eT, l!TO paCCT8HOllH8 CH060H ll CROlKHOM 

IIp0113Be,l4eH.I1.11 He UeHHeT peayJibT8T8 orrepaUHH, XOTH IIpOH3lle,l4eHHe 

orrpe,14eJieHO ITt:pEOH8ll8RbHO TOJibKO ,14Jifl .14EYX aneMeHTOB. ECJII4 B 

rrpe,14~.14Y!I1eM ITp0.113Be,l4eHHI1 BCe a,· paBH~ a , TO oTO IlpOl13Ee

,lleHHe H83~B8t:TCfl CTeiieHDIO a - a I& J C{ 0 = e 
1 

a-'(=a) .. . J an~ Cl Cl 17 -' :Cl12
-1C-l • . 

Terrepb roHalKeM, 'lTD (cl 12 F~{a-')': ztencTBl1TennHo, rrpH 

n = 1 oTO < IIpaEe;l(JIH:BO. llyCTb oTO :sepHO ;l(Jifl BCeX f ::- n._ ~ m • 
IToKal!CeM t l!TO paBeHCTBO crrpa:se,l\JIHBO ;l(Jifl n-;: tn + 1 

am(a·t)m:: {Cr')rn{/m:. e • Tor;l(a 

• l1MeeM, 

am'"'(a·'/rntl= a (arn(cr~m)a·/ ~a ea-'.:: 

a a-~= e 
' 
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( ')n /Y -tt 
YTlleplK,ll;eHHe ,li;OK838l!Oe BM6CTO {l- MOIIHC ITHCBTI> ~<... • 

Ananorn'lllio MOlltHO noKasaT:& 1 ll:TO AJIH JIIOObiX t?"i J , · · / tlh f- G 
ca,·'' anr':.: ti.;.'ah~:---a_,-'. 

,Uanee MOlKHO OITpe,ZJ,eJJitiTI> npOH3Be;n;enHe JII0<5biX (:TeneHetl (Z 

a )',}t arf-t 
HMeHHO: <.<. :: • MollteT oKasaTI>cfl 1 liTO r pH HeKoTopou n 

a_ n = e . M1t1HitiM8JJI>HOe h (n )V) ( ecJIJd TlilKitle c~·mecT!IyiOT) IYAO:B-

JI6T:BOPfiiOJ1166 BTOMy p8B6HCTBy 1 H83biB86TCfl ITOpfl,li;KOU ~ ltl 0<503Ha-

'll:86TCfl Q(a). 
9JieMeHT a B BTOM C Jiyqae H83biB86TCfl :IJleMeHTOM KOHe'll:-

HOrO nopfl;n;Ka 0( a} • B npOTiiiBHOM cnyqae I T. e. Kor;n;a a/71' e , Hltl 

ITplil K8KOM h ) Q 1 ITOpfl,llOK BJJ6M6HT8 a Clllti~'8IOT <5eCKOHe'll:HbiM 

ltl ITitiDIYT O(a ) ·= co • 

rpynnbl 1 :ace 8JI6M6HTbl KOT OpbiX ltiM610T KOH6'1l:Hbl«: ITOpfi;ZJ;Kitl 1 

H83biBilOTCfl nepltiO,ll;ld'll:eCK!t!Uitle rpynnbl 1 :iCe 8JI6M6HTbl J:OTOpbiX ltiMeiOT 

<5ecKoHe'll:HbiJ.1 nopH;n;oK, Ha3biB&IOTCfl rpynnaMH <5es KPY'IeH~fl. 

ECJJI/J rpynna 0<5JJ8,ll;8eT KlilK BJieM6HT8Mitl KOH6'1lliJIX IT0pfl.l(KOJ 1 

T8K Ill BJI6M6HT8MIIl <5eCKOH6'1lliOro nop~K8 1 TO OH8 HS:Ib1Biil6TCfl CMeDISH

HOJ.1. 

B TOM cnyqae, KOr,l(a rpynno:BaH onepaUHfl KOimyTaTiiiBHa, 

rpynnlil H83biB8eTCfl KOMMYT8THBHOJ.1 ltiJIItl lil<5eJieJOJ.1 (TO~,ZJ,8 B Klil'll:6CTB6 

3H&Ka onepaUitlltl o<5blllHO ynoTpe<5nHeTcfl "+"). 
!Io,ZJ,YHOlKecTBO A C G rpynnbl G aasblsaeTcfl no,ZJ,rpynnoJ.1 

c:; 1 eCJIH OTHOCHTe~HO onepaUHitl 1 onpe.l(eJieHH)ti B c:; 1 0HO 

cauo flBJJHeTcf! rpynno~ • .UnH Toro, 'll:T0<5bl HenycToe IO.ZJ.YHOllteCTBO 

(-). (. G <5b1JIO no,ll;rpynno~ G , .nocT&TO'Il:HO, q ro<5bl ).IJifl JII0<5blx 

a t fA ' td t- A H )I;Jifl JII0<5oro a f A t a-/ (- A . 
I 

TpltiBitlaJibHble npHuepbl no,ZJ,rpynn -C. = [ e] 1t1 clilua G 
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. 1"/l J 
l!0,14rpynnotl 6y,i\,:T MHOliteCTBO L t L.( !. I) I c!.- -, ''' Bcex 

cTeneHelt He.KOTilporo SJJeMeHTa Ct, • 8·ra rpynua H83biBaercH UIIKJHI

qec.Kolt ll o6oaH<I'!aeTcH - {a} . ;:(JIH npoll3BOJLbHoro Hedyc·roro 

no,l4MHOliteCTBa fvl C G no,n;rpynnot1 6y.n;eT MHOlKec·rBo BceB03MOlKHhiX 

ITp0>13BeJJ;eHlllt SJeM6HTOB iVJ 1 .KOT0p8ff H83blll8eTCff no,n;rpynnotl:, 

nopOlK,l4eHHOtl M ll oOoaHaqaeTCR qepea { H} . B sTOM cnyqae M 
H83blll8eTCR CHC1 eMOlt 00pa3yiOll(l1X rpynnol -{f'vl f . JlerKO ITOK838Tb 1 

'!TO nepece'l8Hll€ JII060rO MHOlK6CTll8 f!O,n;rpynn ~T C8MO RllJIReTCR 

f!O,llrpynrrolt c • .L\eltCTBl1T6JI:bH0 1 HYCT:b [ f\ >-] H/\. - HeKOTOpoe 

ceMef:lcTBO no,n;r}yrrn G . Tor.n;a, B CHJIY onpe.n;eneHllff no,n; -

rpynnbl, B : n f~L He nycro, T8.K .1<81< co.n;eplKllT e - eMHllUY G . 
A~{\ tJ j) /) 

11ycTb ({'b. f B t TOr,l\8 'at -o t au fi-1A npu 

JHQ60M )\ f _/\ . CJie,ZJ;Ol38T6JI:bH0 1 (( {f f 8 . ECJILII 0 r;: /3 1 TO 

a , a_, f ~~~ ("'f./~) u, cne,n;o:saTeJJbHO, a_, t: B _ 
YT:seplK,14eHHe .n;oK33aHo. 

L. HopMaJISHble ,l\eJJureJJa 11 ~a.KTOP-tP~ 

Ilyc·rJ> ,n;aH • .n;Ea HenycTbiX II0.14MHOlKecr:sa fv{, /V ~ G . 
11po:-raBe,l\eHHeM (' 1 N H83b!BaercR coEoi<ynHocT:b Ecex np01!3Be,l\eHult 

llll.n;a a (j t r,l\ 3 a(- N t {(-IV. !1p0113ll8,146Hlt!e MHOlKCCTB acco-

W18TVJBHO: M(,VK)-= {/V/N )K . lloKalKeM, q·ro 

fvf { lV J<) ~: (MN}K: ecmr d (- /~,1{ NK) , TO t(= d (({.), 

r,L~e a f fv/ , t'f N , ( f K . Ho, EBll.li:Y accow-raT>IBHocrH 

onepau11u, d = 1' at')( t ( M!V} K' • AHanorll'!HO noi<a3hiBaercn 1 

'!TO (f'v1 IV) K <; /"/ (/1/K ) . CeHY:ac Mbl BBe,l\eM noHR'rHe 

HOpM8JJbHOrO ,14CJJIITeJJff 1 I<OTOpOe It! MeeT 60JI:blll08 3H8'l8Hlle ,l\Jiff ~13yqe-

Hllff CTPYI<TYPhl rpyun. 

L 



ITo.n;rpynna J-1 rpyllnbl G H83bi:BaeTcR HOpMaJI:&HhiM )(ilJIHTeneu 

G, ecm1 cooTHOllleHHe a f/ = tl c.l cnpa:Be,n;nu:Bo ,D;JIR modoro 

a f G , r.n;e a If VI f-1 ('[ - rrpOH3Be.n;enUI MHO:XeCTB 

Co. J V1 H • UHbiMu cno:Bat.m, .n;nR nroooro r:n C H tf f f/ Ha~.D;eTcR 
/(

1 f f-{ T8K0£1, 't!TO (l fJ "= h Cl , HJIH, 6CJIH ,D;OMHOlKHTI:. S ~0 p81!6HCT-

1!0 cnpa:Ba H8 a -I , a A a_, = // f H • IT OSTOMY, 1l;JIR TOro, 

t!T06bl no,D;rpyrma H 6blna Hopuan:oHbiM ,n;eJIHTeneu, Heo6xo ZUi.UO H 

,ll;OCT8T0t!HO, t!T06bl 1!.U6CTe CO BCRKHM SJI6M6HTOM -I{ f f! OH'i CO,n;ep -

lK8JI8 H JII060t1 SJI6M6HT :BH,D;a a J; a -I , H83bi1!86Mbl£1 COl1pfllK:iHHbiM C -h , 
EcJIH /1 - HOpMaJI:&Hblt1 ,D;eJIHTen:& G (o6oaHa'tlaeTcR ,--/·d G ) , 

H ~ /~ ( G , r.n;e ~ - HeKoTopaH no,D;rpynna G , TO H4 A . 
,Uet1CTBHT6JI:DHO, ,D;JIR JIIOClbiX -/( f H H a fA , ]! CHJIY onpe

,n:eJieHHR HOPM8JI:DHOro ,D;6JIHT6JIR, a--'la ff/, T.e. H 4 ~~ 
IT yeTI:. H 4 C . PaccuoTp.HM Bce:B03MOlKHbl e MHOlKecTE a :BH,D;a 

a 1-1 , r.n;e a. t- G . 
floKaJKeM, 't!TO ,D;JIR JIIOObiX a l1 (j JIH60 (I II= t If , 

JIH6o tcHf)tH=ef (rrycTo). 

,i~onycTHM, 'I!TO a f i/1-1 , T.e. Cl:; rf /{.,, r.D;e ;(.. f H . 
Tor.n;a a H = { £ ~~) H = i (-t, H}-1/f. (~ /--( r; H . llycTI:. 

-!/~ H ) Tor,D;a ypaBHeHHe 1::-/. ..\ paapelllHMO: :Z: -=-I('-< (- H ,T.e. 

H ~ ~1 I-f • Cne,D;oBaTeJI:&HO, ~1 !-/ = 1-/ ) • Ecn11 JKe t.! /---t'!i , 
TO. ctH/)(f/:=.,eJ, ,llonycTHM, 't!TO (.'(-d/((Jff/, T.e. 

't /1''11 ,?Jf 1/J?I)-1 .P'fl c ~a;; : 0 /) • Cne,n;oBaTeJI:&HO, a = 0 h / ( 71 f t· I , \1'1'0 

llpOT.lBOpe'tll1'r yCJIOBti!O, 

llTaK, G pacna,11ae·rcR 1! o6'.be,lliiHeHHe HerrepeceKaroqHXCR 

KJiaccoB a H , KOTOpoe, ot~eBH,D;Ho, co,n;epl!WT 11 cauo H = ( f--1 
~~ 

TaKoe paa6HeHHe H83bi:BaeTcR neBOCTOPOHHHM paaJioJKeHHeu 0 no H, 

y 



AHanorvtiHO onpeAenHeTcH H npaBOcTopOHHee paano*eHHe c=; 
no H 1 co< TOHIIIee H3 MHOliteCTB H d • 0Ho o6na~aeT TeM lKe 

CBO~CTBOM 1 'II~ 0 H RCBOe. B1111~y TOrO 1 'liTO t( fj-:: f/cl np11 n!OC50M 

{(f (] 1 npaBOCTOpOHHee pa3RO~eHMC COBITa~aeT C ReBOCTOpOHHHMo 

a;-; MO*HO BllOCTH 

rpyrrrroBy~ onepaUM~. 

B c11ny accoUMaTHBHOCTH rrpoH3Be~eHHH MHo~eCTB 11 Toro 7 

'liTO H <::] G I ~RH n~6oro a H H c; II 
( r1/i }(t/i) ~ a(Hf )!-/ = cr(-tfl)!f = at/ ( 1-!H) =a( fl-

TOlKe KRQCC H3 ~aHHOrO pa3ROlKCHHHo B:se~eHHOe TSKllM o6pa30M 

npOH3Be~eHHe UmHeTCH O~H03H8'1IH~M. ITycn a fl = a/ H ' til= {?-/I 
TOrAi a f! . .r/ 1-/ :- Ct' H' £'1 fl = tl't /H. Ho tl / = t( ;;(·; tf ~ t >{/I 

ct ·t·· = (·,:i ~,· .. \ {11/i} = (a(-/ 1(!!,f 11
- at A 1

''. 

IToaroMy ct't'' I-/:: (/{H • l'!MeeM: 

(Cf 1-/ )H ' d( 1-IH) ~ a II =- f/c( := ( /-:',1-/}c(:. !!(tid}= f/(C?I!) 

IToaTouy Knac! ff 11rpaer pon» e~HMU~ OTHOOllT6RbHO ITp0113-

•eA6Hl1H KR8CC>Bo QqeBH~H0 1 'liTO npOl13Be~eHHe KRiCCOB QCCOUMQTllBHO 

H ( t1 fl)- I.: (( ·t /i • Orrpe~ema orrepaUM~ B lo!HOlKCCTBe KRaCCOB 

paanollteHHH rp:rrrrr~ G no rro~rpynrre /-1 
rpyrrrry 1 KOTOpaH H83~BaeTCH dJaKTOp-rpyrrrro!l 

3HatiaeTcH (~ / H • 
3. roMOIIOpqi1113MH H H30MOpdlrf3M~ 

1 M~ rronytiHnH HOllY~ 

G no H 11 o6o-

ITycn ~liHH ~Be rpynnH C. , C, 11 o~H03rlatiHoe oTo6pa

llteHHe 'f' : G, ~ C .2 rpyrrnw G _, ll rpyrrny 0 2. • l'IHhiW'I 

1 COOTBCTCTllyeT 

lU 



e,ll,M'IHCT:BeHJH>iti 3JieMeHT /; ::: y \ : 7 \ (. ECJIH OTOOpame-

H.Iie 'f/ OOJI8,!(8eT CBOtiCTBOM: 'f'(j~jz): "f(j1 't:>z), ~Jifl JIIOOJ>iX 

1~ 1 / c (-(,.\, TO T8KOe OTOupalKeime H831>iB8eTCfl rOM)MOp{fJH3MOM ::_;·-? 

B c·" . 
r.1~0lK8CTBO Bcex 3JI8M8HTOB G.z ' HBJifiiO!lll1XCfl o:>paaaMH :meMeH-

TOB 113 G7 (T.e. BH,lla 'f(/) , r,lle / t- C., ) H83HBaeTcH oopa3oM 

(]_, llpl1 roMOMOp(}!I13Me ~ K 0003H8ti8eTCH - ,:r h7 'f' • 

TioHal!teM, ti'ro 7tn y: - no,l\rpyrrrra G2 • Tiycn 

! / I ( ' G j' ' ' I i 7 '-1--' ; ' l:' ' ' ) I' I i.L'(' / ) 
'• ~ I ( ' (- '~· {1 ' 1 I J2 l- - /)) I : !'' ::: I ( / _, t 2' ::: { .:1 2 t 

rl(e ~~ 1{ t-C-1 • Tor,l\a f~//= Y'(fJ'r1j,J:Yf'f,JJ1 noaTOMy 

/: j,1 
( ]n,''( • _0ti8Bl1,l\HO, \ITO !1p0113BC,l\eHHe B ~T;h 'f 8CCOIU18-

TI1BHO, KaK 11 B U;z . !13 paBeJICTll : 

'r(.f~ () = l(t/1). '(( () ::: 't'(f1. t) ::: 't/ f/1 '': (""- 1
(,)::: r'ft)'tl_/)) 

't( -1 ~-~; -tC!.!Y:(J-I'= lf({?;~ 't'({-/)- 'tfj-)Y(j) 

e,l\l1Hl1l.\8 ll G2 l1 (te( I)) -
1
= 'rY f-') t 

;l(Jlfl JII06oro 

38KJ!IO\l88M 1 \ITO ~(i)

,' c C1. 
Mbi YCT8HOBilJil1 t \ITO npH rOMOMOp(}!I13Me c1 3 G 2 

C,l(HHHI.\8 rrepBOtl rpynrll:l rrepeXO,LUlT B e,n;l1HIIll.\Y l!TOpoti, 0,n;H8KO MOryT 

6b1Th 3JieMeHTLI B c 1 , He p8BHbiC e,n;I1Hl1l.\e, KO nep ~XO,ll;fllliKe B e,n;HH.Ii-

1.\Y C_2 . IIHOJIWCTBO aJieMeHTOB C 1 , KOTOpi>e nepexo,n;HT ll 

e.n.I1HIIll.\Y G.z rrplll roMoMoplj_,113Me y; , H831>iB8JOT i.lill.QM 'f' 
H.n;po '(? o6bltiHO o603H8ti8JOT KaK ~ 'f . TioKaJKe~o~, tiTO H.n;po ~'?'/' 

fiBJJReTCR llO,lJ;rpynnoti 1l C-1 l1 ,l(8lKC ee HOpM8JlhHbiM 

,l(eJll1TeJJeM. ).letiCTBl1TCJlhHO, eCJII1 t£ 1 ~ (- G~ H 'f(q)::: "f'(t') :: "f-(t' ),~c, ) 
To 'f(Ot!) = "f(u}Y:'(() = 'tY()'t(t)-'tYOd;. EcJJKI1 ~?! = '-f(t')t- G-~ , 
TO'('(({-') _(~'(if!)' 1 =~{t?). HTaK

1
,ZI;Jlfi JIIOObiX t/ 1 f(b'?f' 

(/{j (- f;_ > t' H {f -I f- 6:_,) y j (_ 
1 

TC eCTh 

ll 



A~,,y· ~ G-1 - ro~rpyrrrra c-~ . flOK8JI{eMI llTO t't.'>(:::J {,, 

JlycT:O {( f .ff/t¥J >l I (- c~ - rrpOI13BUJI:bHI:I~I 3JJeM8HT c.--1 
Tor.n.a r/ j-1ct/ l __ r(rJ'ri'11 r~j/c(YrJ-'rr;J fi',, 8T>~M 
tiT 0 L 7 '{ d c; ., . '> 

fJOK333H0 1 

LCJ111 roMoMoptf!H3M "( ocyll\eCTBJIHeT B3au~:Ho O.IJ.H03Haqaoe 

COOTB8TCTB;Ie M8)!(ZJ;y (2 1 lrl 'Tm 'f 1 TO OH H831:1B88TCH 1130MOpt\JI13-

MOM (:
1 

B ( ,2. • flp11 3TOM rpyrrrrhl L~-.1 11 Ji11 Y' = ~(() 1) 

H831:1B810TCH ~:JdlHhiMH, B aToM cJiyqae 

c1 .rv Jm 'f 
IT Jl1 >:!30MOpiJJ.Irl3Me Y UqeB11.liH0 1 tiTO 

r,l(e E - e.n.11tl1tiHaH rro,l(rpynrra. 

fll1WYT 

ero H.liPO -ji? ~--=- Eo /r/1 

floKa)!(eM 1 q~o ecJil1 H.l~PO roMoMop¢l13Ma -;{:~· 7 Y =- £ 1 TO 

y - .lrl30MOpilJH lM, lJyCT:O (/ 1 { (- c~ 11 ~'(4-') =- 'ffGJ1 TOr.l(a 

{( ) f: ') = t'/t? ){ ;~'(c· J)-l::: 'f'(t;)(yfi!n '((rj T, e. t( {: -I L f:_t_ '(~ £ 
11

1 
CJI8,40B8T8JI:OHO, t!C ':: ( T,e, (r/tc 

1

)( :::c-6'--c'--,:.C 

EcJII1 )n, Y :: G.z 1 To roBo PHT 1 tiTO "-P - roMowopqlli3M 

C 1 Ha C..::. 1 HJii1 1 l1Haqe 1 arrHMOp¢113M, Tipu Jrn Y' ( Gr 
'f H83b1Bae·rcf! 3H,IJ,OMOpWl13MOM. ECJI!tl v- - H30MOJ:ll1J-.3M U 3H,Il,OMOptJ.ll13M 

O,l(HOBp8M6HHO ( :1 f'Yl. ~ ::: C:r 1) 1 TO OH Ha31:1:BaeTCil aBTOMOp1~113MOM, 

0TMeT!t!M 1 tl1 o ecJil1 G 
1 

-'?' C.z 1 To, c TOtiKH apeHJMI 6Hnap

HI:IX onep8l.\l<lti 1 OTIJ>8,l(eJieHHI:IX B 3TH X rpy11TI8X 1 OHI1 H!tltl8M He OTJII1 tl810T-

CH, ilHhWti CJIOB8Mi 1 ecJII1 ({~ 
1 

(/1 1 
•. 1 if~ f G 1 11 

-{1 1 
C..~._,--- 1 (,, (- G';_ ) 'f(ct;):::{c~(c.=/1 · 1o) 1 TO !tl3 cooTno-

.,.c - '<c -A('I (11(,,_ £/"-1 y"-< p>POI ._;/{...., 
weH>:~H ~c.'- · Uc -= Ur"-- t./'1. cJie,Z~yeT o, '"DC:: [)(~1 • · • 0 ,. 

TI03TOMY CBOtiCTBc C
1 

M8Tl11l8CKl1 nepeHOCHTCH Ha 

1 WOJ:lMHpyeMble H8 H3h1Ke Onep8l.\1111 1 8BTO-

~~ H HaodopoT. 

l ') ,_ 



Tenep:b noKali<eM, !!TO, ecn11 H<J(i , TO G~/H H:BJIReTCR 

roMoMOPtPHblM o6paaoM G . Onpe~emtM roMoMopilJ113M Y- cne,1\yiO-
,..., 

ll\11M 06p830M: ( eC'TE;CTB8HHhltl rOMOMOpcbiii3M) ,1\JIH JII060rO (f. L..r 
(/ 

'tf' =j!-f . Tor.11a 

'f ( ( 1 / ;_ ) ~ ( Jr /2 ) H -=: { j 1 f-1 ) (( 1 f-1 ) -=:. 'fY/, ) f' (f ~ ) . 
!1onyl!aeTcH, !!TO 't) - roMouoplp1113M G B G / H . UH RBJIHeT

CH Ill 3llHMOplj)U3MOM. ;letlcTBUTeJI:bHO t nycT:b a H ,:.. G/ti t TOr~a 

aH= l.f((()· !10K8lKeM, !!TO £!['f'=H . fi C/fl KJI8C~ t-1 Bbl

llOJIHHeT poni> e)l.l1HI1Lilll: (af-I)H=Il(aH)=a!j. Ecmt ?'f"-H , To 

~-(·A)= ~{.i..j = 1-/::: t(t'). !1ycu r:!) )l! = H t TOr)l.a /f~fl::: ;-; 
T.e. np11 mo6oM l,'tH, fl=l,1 r H . Cne)l.o.:saTen:&Ho, 

I .= A 1A -I(:- H . EepH, B Kal!ec'rBe H , BCeB03MOlfHble HOpMan:&

(-: 
Hbl8 )l.eJII1TeJill t Mhl TIOJIYI!IIM MH0llt8CTBO rOMOMOpclJH!liX 06pa;: OB \___../ 

Ha caMoM )l.ene 3TI!!Mi-l rpynnaMl1 IIICI!epmlBBIOTCH :sc e roMOMopcJr 

Hble o6paabl G . HHblMI1 cnoBaMll, cnpaBeAJIH:aa cne~yHIIl\8H TeopeMa 

0 rOMOMOp\lJ,I3M8X. !o.:CJI.I! )l.8Hbl )J,B8 rpynnbl c c ' i-1 llp:l'l 

H8KOTOPOM rOMOt.WpclM3Me Y' ? l..oc) :::: (;I t TO c; 1?::" GIll! r;: r . 
,UetlcT:BllTen:&Ho, /!oz. 'f 4 G. llycu / 1 1 j.z. (- G l1 

'f(/1 ) = '-P{/2 ) (: G 1, TOP)l.8 t 1\8}( ll0}(838HO) BblUJe t J~ ~~~ f Rt!-7: n 
T.e. ;;-'/}.:::I{(- tCe/l'{' H /z = :(tlf f-_~ -;,~.t.~ Y' • 
Mbl nunyl!i-!Jllll, !!TO 8CJI.11 'f(j~) ::'f(j2 ), T0/1 ¥! /z npl1H8)l.JlelK8T 

O)J,HOMY KJldCCY 1113 C.!./t_ar·. JlerKO llOK838Tb lt1 06paTH)8 1 T.e. 

I! TO JII060H KJI8CC l :f!.C y 'f np11 rOMOMOpqM3Me YJ ne peXOAI-1 T ~ 

aneMeHT ~'( j) (~c- .. Onpe,L1,8Jll1M CUOTB8TC'TBI1e l( Mellt,n.y C/t:t/lr 
~, C1 

T8KI1M o6paaoM: 'f' ( f f&.z'f) = Y)(j )r( 1
• 8TO COUTBeTCT-

BIIIe O)l.H03H81!HOi 8CJII1 f Ji·:'f= /-1 fi."?Y' , TO ;, :.:f;; , P)l.e 

j( f- tc/? '( Ill Y'(f )= 'f'(()-'f(t;}:t('j).Ot!eB,J.n.Ho, tTo ,hnr=G/. 



IToKalKeM, qro OHO coxpaHHeT oneparzyllo: 

\f-1( ( j1 k.e"~' )(j'dzu'l ¥)) = Y-; ( f-~/1 kn't) = Y:'(J~/7) ~ 

= 'f(}) Y(J':)-= \e( ~~ t<:AY') \r ( fz kLJt ~;) 

OcTaeTcH n>KasaT:b, tiTo if(.;z\fJ = E :::- !:_'t-J?'f<;;_·C/l
11
;zY.' 

ITycT:b 'f( / f:r:'f)..:. YYf):: t/t')r-G- ', TOr~a ./ (- it? r 
TeopeMa ;n.oJ:asaHa. 

4, l!J e TeopeMbl 06 JIJ30MOpdJH3M8X 

TeopeMa I. 

ECJI.U G 1/ I~ ' G ~ 13 ' ~ <;; !~ c; G ' TO 

A<(] B , /3/1-t 4 G!A JIJ (G.!-) )/(i?I!-J) ? C-18 
,I.\OK838TeJI:bCTllO, 

Bill we ~oKasaHo, tiT o .us A-d G' , /J ( /3 (. {;' cJJe,llyeT 

A 4 /3 . JlOJ<alKeM, liTO us /?,LJ G cJie.l(yeT, liTO 81~ _j (/,l.) 
ITpelK;n.e y6e;llllMCH ll TOM, liTO L~/l~ - no~rpyJIJia C //::) . EcJJl1 

(. , t: f B , TO ( ~~9 )( c;Q} = t,r:. 1-1 ( /J//) JIJ 

(/;-'A== { (; 
1
q ) -I (--- B j A . l.ln!Je.l(eJIHM ruMUMOP~JH3M y;, 

G!l-lH<.JG-iB ,TaK: 'f'{j/n= j/3 . l!tieBJI/\JIU, ti'l'o a·ro-

oTo6palKeHHe Ha llCJO G- I 8 
fiOK8lK 3M, tiTO 3TO OTOOp8lKCHHe nepeBO,IU1T E e,ll,J111Hl.\Y BCe 

J:! '•i · n 1 /' 
SJieMeHTbl p;/7 H TOJI:bKO HX, ECJill ,//-J r:- '> -1 , T,e, _;> ; 
TO 'f"(//1) = (!-3 = 13 • Hao6opoT, nycn Yfj/i) =;I:; !) 

Tor;n.a ./fl) , 11TaK, l.e~?'t':: A/IJ , floKalK.eM, q~ro oro6palKe-

HHe '-p, OAHOSHatiHO, EcJil1//) :::,/1 ~ , TO _f, =- /t{ , r.n.e 

((/- /-} JIJ 'f(f,t~) =./~"~ B =j8 = Yf/;~) . Y6eAUMCR B 

14 



TOM t liTO 'f' - I'OMOMOp1JH3M. 

J(e~CTBI1TeJII,HO: 

'P({J1 ;J J (fz~ )) :: Y'(/1!"1 it)= j1jz B = J. B '/2 B = Y-'(~!J) t'(f (-}) 
TaK KaK Y' - I'OMOMOP1JH314 G!/i Ha G/13 H 1~·-f> r=- ,8;{4 ' 
TO, npHMeHflfl T60peMy 0 I'OMOMOp1JH3MiX, llOJJY!ffiM COOTHI>WeHH6 

G/!3 ~ (G/Ii)/(!31!9) 
TeopeMa ~oKasaHa. 

J\OKa~eM e~e O~Hy llOJJ83HY~ TeopeMy, KOTOpaR T)X6 H83W~86TCR 

TeopeMa o6 H30MOPWH3Me (TI) 

TiycTI> ~aHw no~rpynnbl A
1 
8 ( G H R 4 .( (-; 1 8 f . Tor;D;a 

r-+nB~5 H {4)3flll~B/(4!Jt3) 
J\OKi3iT6JI])CT:BO. 

I. TioKallteM, qTo {) (/ B <1 B : nycTI> tl f- /-,'/) 8 , Tor;D;a 

npH JI~6oM lf-B , t-1«t' (-A H,Ta~ KaK af.B 
TO -( -; t? fl f- B . CJJe~o:saTeJJI>HO, tf -I t:1 tf f If 1} B . To ecTI> 

A nB LJ 8 . 
2. B:sH;l!Y Toro, qTo 4 4.,(4 1 /3 f , j/-J J~ f = flB-= B/f 

TI03TOMY B Ki~;D;OM KJiacce 1JSKTOp-rpynnbl /lf)3f/l~ CO;D;eplD!TCfl 

SJJeMeRT B , T.e. Kallt;D;bl~ KJJacc MOXHO sanHcaTJ. 11 BH)I;e /4 
0Tc~;D;a cJie~eT, qTo npH ecTeCTBeRROM roMouop1JHsMe ~ rpynnbl 

./!1,B} Ha {fl,B~/A (fA,Bf7J ~JA ) no;D;rpynnaB 

oTo6pamaeTcR Ha :ac10 fA,Bf/A . nosTouy{A/3f/A~B/H , 
I',ll;e /-1 - UHOlK8CTBO 3JieMeHTOB 8 , KOTOpble lllH 'f' nepeXO;D;fiT 

:a A . 9To sJieMeHTill fl (} B H TOJII,KO OHH. CJie~ol!a ~eJII>HO, 
{A,Br/A ·~13/(!HJB) , H TeopeMa ;~~;oKasaRa. 

15 



8THM MU orpaHH~M 3.l(8Cb H3RO~CHH8 8uCTp8KTHOil TCOprlH rpynn • 

• ~enBIOII\llM lii3JtUIT1 ee IlO.l(p06HO MtJ peKOM8H.l(J8M KHHry A. I' .Kyporua ./5 I 

n. rPYI1!1bl !!L 

I. Herrpep~nnue rpyrrnH 

B .l(8RnHellu eM MH 6y.l(eM paCCM8TPHB8Tb TORbKO HClljJC!JbiBHHC 

rpyllfltJ, TaK KBK 'fJK>IB I'lJJlllltJ JiU,tOunee tioCfO :BCTpetiaiOTCH B t~.J3J.1K8, 

MH J.1M88M B Blii~Y 'PYDDH, KOTOpHe RBRRDTCR O~HOBpCMCHHO TODORO-

rH"\ICCKm.J DpOCTpa:ICTBOM, Dplii1.ICM TOITOROrHR 3TOro DpOCTpaHCTBil 

cornacoaaHa c rp:rrmonoll onepaullleA. 

B:ae.l(eM donee T04HHe onpe,l(eneHHH. 

Onpe,n;eneHH !LJ.. 
ITycTb K - HeKoTopoe MHO~bCTBO, a "2- HeKoTopoe 

CeMellCTBO ero IIOZJ,MHO~BCTB, H83HB88M08 C;.JCTBMOil OKpeCTHOCTe£1 fZ • 
) 'j 

Ecnw ARH 1'. u L BtJnonHHIOTCH ycnoBuH: 

TO R 

a) ARH RI06HX a , t' f !<. t (/ f 6' , Ha£1AiiTCH 

TBKOe {/ f L} , liTO t(f {( , a ?t~U , 
B) ecnu U, Vf E 11 a f- ({ 0 V , TO 

HallAeTcH w f E : a r We tt!JV, 
H83HB<JCT ~fl TO!IOROrU4CCKJ.1M DpOCTpaHC'rBUM, 

llpOCTHM Dp!MBpOM TODOROrl11.ICCKOrO npocTpaHCTBa HBRHCTCH 

OOHtiHOe :rpeXMepH)C ll.f)OC•rpaHCTBO,B KOTOpOM llOA OKpeCTiiOCT:b!O 

T04Kll M noHl1M JeTeR map c ueHTpOM B M 
L) ')I 

urrpe,i!.eReHll! ~ c.. llyCT:b " H K - ABB TOJlOROl'Hl!eCKliiX 

npocTpaucrBa u j (f.~ P/) - o·ro6pa~eHHe R Ha R' . 0To6pa-

~eHl1e ( HB3b13oeTcH MeD.pepHBHbiiJ, ecnu BblfiOJIHHeTcH ycJJOB>Je: 
/ 

lf, 



f·/. ) -; [)i . /) /;1,;), 
np» I«. I :::a f"' 1 (/ (- 1\ I ,ll,Jifl JII060}I OKpeCTHCCTH u 1p-r'ti)Hati,l.J,eT-

CR OKpeCTHOCTb u 1 Uf u 1 T81<8H 1 liTO j(/t) f ul (llO,ll, 

l ( L /_ ) 3,ll,eCb no.n;paayMe:saeTCH MHOllteCTEO EC8X 3J 8M8HTOE El1,ll,8 

ftx), r.n;e X f L-t )· 
Onpe,ll.eJJ~·Ie__l_ 

ITyCTb ~ RBJIR8TCH O,ZJ;HOBpeMeHHO rpynnoti H TOllOJIOrHli6CKHM 

npoc·.rpaHCTBOM. rpyHIIOBaR O!lepai.U'Ifl B R H83biB~ 6TCR HenpepbiBHOtil 

6CJI>I ,ll,JIR ECRI<Ott napbl {l 1 f5 f /<.. 11 ,ll,JIR :BCRI<Ott OI<pt:CTHOCTI1 W -1 {{(j 

Hatl,ll,yTcR TaKue OI<pecTHOCTH {( u V , D( 1 Cl 1 V1 t 1 liTO 

UV~w. 
Onpe,LleJieH»e 4 

rpynna p.,_ 1 HBJIH10!118HCfl O,ll,HOBpeMeHHO 11 TOIIOJIO~MlieCKI1M 
llpOCTP8HC'£BOM,H83biB8eTCR He,ipepbiBHOtt (IIIJili TOIIOJIO ~llllieCI<Ott) 1 ecJIU 

rpynno:saR one pai.U'IR HenpepbiBHa 1 a OTo6paJKeHHe X~ x -t 1 R H8 !<. 1 

TOlKe HeiipepbiBHO. 

2. QrrpeAeJieHHe rpyrrrrbl n» 

Cpe.n;H HenpepbiEHbiX rpyrrrr HaC :B OCOOeHHOCTIII 6y,ll,yT HHTepe-

C Oll8 Tb rpyniibl n» • 

OrrpeAeJI_eH»e 

Herrpepb!BHBR rpynna G H83biB8eTCR rpynncti n»' ecJIU 

B Hetl BBe,ll,eHbl }(00p,ll,~!H8Tbl 1 T. e. 38,ll,8HO Helipepb!BHC e :B38111MHO O,ll,H0-

3Hal!HOe uTOupalKeHHe ~ HeKOTOpotl OI<peCTHOCTI1 ~ 6,ll,»HHUbl 

e rpyrrrrbl G Ha 06JIBCTI> v 7 - MepHOI 0 e:BKJIH,ll,OBa rrpocT

paHCTBa. vlHbiMIII CJIOBBMMI ,ll,JIR JIJ06oro Xf Uc; G :Y'(~)=(:~;.. ,~ 7)ff.l. 
flplll 3TOM HaJiaraeTCR YCJIO:B;.Je: ~( e_):: (0 1 {) J ' ' J 0} • . 

C 38,ll.UHHbiM TBK»M 00p830M COOTB8TCT:BJ.IeM CBL38Hbl 7: II!YHKUHtt 

OT .2. '(; nepeM6HHbiX 1 a IIIM8HHO 1 eCJIH _(·, '-} / ~7:-';t (- u 1 TO 
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J'( <t ::: 2 = I(?. I '1 ) 
v:-( ) ( ' ·2 ~ ) H f 2,:: 2, ... 1 / 1 r,14e 

. ' r' - . · P( · ) f t ('~- ' ·z . z) 2 < ~ l _"( I Lj = -C ) '") _;{' ) lf j , o o) 'i (I) 

. -l '/ ) II'( . f ? ) _;:t· ( -; f I. -l 1 e .:: _( ) • · , ) ,( J {J) , , , I {J (2) 

~ ~- = f ~( t, y J::./ 1
/ C1 • , • ; o 1 1 '1 , , , 1 )I z) (3) 

rpynna ]H Hi3~BaeTCH AHwwepeH~pyeMO~I ecnH WYHK~H ~· TPH~AH 
HenpepwBHO .~wwepeH~HpyeMN 1 H aHanHTH~ecKo~ 1 ecnH 3TH WYHK~HH 

8H8nHTH~HH. 

3. CT)YKTYPHNe KOHCT8HTN 

EcnH .Jasno>K>~TI:. ljlyHK~H /i B PRA Tetinopa 1 TO BBHAY 

CBO~CTB (2) H (3) HeKOTOpHe ~neHH oopa~a~TCH 38B8AOMO B HOni:., 

H pasnOUHHO CJy;zi.eT l1MeTI:. cne~l18ni:.Hbl~ Bl1A: 

It'::. -~< + 'i_' +- ~-~ x· .l vI(+ ,t-:.t .::<: J. _{·'< 'J r t-

+- _j) ~ K ( :{ .\ lj I( lj ( f t ~ 
h J f ' 

( 4) 

. il' ' :·(</1 
(r.n.e a.~::: ( ~ ) a .. j = ~~ ) -

J GIXJ·,y.,_ ,>;1/(a~· 
KOHCT8HTN . , ) 

.... i a~ aL 
C;~< ::. jl( - kf (5) 

H83NB8~TCH ~:TpyKTYPHHMH. KOHCT8HT8.MH rpynnw ]H. 

O~eBHi\HO 1 ~To 

(';'l( ::. - c:J (6) 
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na~HM ~pyroe orrpe~eneHHe CTPYKTYPHNX KOHCTSHTo 

Tiycn ::::r ' "j f G 0 Tor~a KOMMyTaTOp L> I ':f J ~ r ' 
t = ~ ~ X _,\j -1 = '/ (x' '1) 

(7) 

B KOOp~H8T8X HMeeT BH~: 

~ '. = C /~ X ~ ":J I( + [ d 
(8) 

noKalB:eM cnpalle~RHBOCTJ. STOrO COOTHOWeHHflo 1yCTI> Zl= 2 -I , 

Toeo 2 12:: e 0 TorJJ;a 

o = 1 ' = z · + Z' t + a/~ 2 j. 2'1( ~- ~~ '_ 
Cne~OBSTeRI>Ho, 

Z' ' - - 2 .: - a ,- 2 j. ( - 21( - a /( 2 -t 2 ,(- , :· .- )- e. ' = 
• • - • JK tc 3 3 

:: - 2 • +- a .• 2 J 21( f. Q -~ 2 i ( a I( "7 't 2' ( - e : ) - p ; 
J K , • J « . tC -. C.. ) C ~ .::: 

:: - 2~ + ai·l( 2J z~c +-t~-= 2". (9) 
--··, -- - ------

TiyCTI> z~~·=.A:'J , z'=X-"i-' o Tor~a H3 cOOTHOileHH~ 4,5,7,9 

nonytU!M 1 : 2" 2 1 H 

-II t ,· /) ' 2 I( )• 2 tl{ f f:' ,'-·. rt' ·: _,_:_' + 2' f- u jl< c .> 

Ho 

} 
) 

2'(-= -.:?-'-Y'·- a<.rJyif'l- a/(~i+-y{+-ttJxt::;t)x 
'<J J I( (I 

x ( x·l( 1- ~i( +- ar~ ;rt'yt) + f/ :::: 
- -Xi- '::1''- «:~ --tJ' IJ '< + flj~ ( :;r-J +- !jJ)(z-'( ~oy'() + f"'/ 
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0TCIDAa nonyqae~, qTo 

9 ,· =- ::<. i ~ Y'. + ~·~ ::rJ 'JI( + (- --<:- LJ:- a;/ _rJ '1'<. +--

+ ttJ~ (X j + 'i; )( :t- I< f l:J ~)) +- a/1( (X J t- lj J)(- :r ~- y~<) -t c!'). -

C 
, ,..- J .. Li i.( ·+- E , 

- ;J<.A.. J 2· 

Teope.1u1 :l11 (IIOHTPflrH/
61) 

CTpyKTypHble KOHCT8HTbl rpynl1bl JlH ( CM. (5)) YAOlUI eTl!OpHIOT 

CHeAYIDI!lHM COOTHOWeHHHM : 

c :. = - c f', 
1 j j t (IO) 

C p C > · C' P c s C' p ~'' P 0 <> jK +- jS K~ t- KYLtj ::- . (II) 

noKa38TeJ.bCTBO. COOTHOWeHHe (10) y~e AOK838HO (CM.(6)). 

,i.(Hfl ,li;OK838TeHbCTBS COUTHOWeHHfi (II) AOC.l:8T0qH0 BhllJ83HTb B KO -

OPAiiH8THO~ wop.Me 38KOH iCCOIJ,HaTilBHOCTH YMHO~eHHfi. IlOHOlKH.U C:C::'f l' 

ll = X~ ' w ; ~ u ' W 1 = if z H sanuweM ll KOOPAilH8THOit wopMe 

paBeHCTl!O W; (.J' • IlpOBOAfi BCe BbllWCHeHHfi C TOqHOCTDIO ,ltO 

qneHOB TpeTbero llOPfiAKa H llpHM6Hfifl pa:BeHCTBO (4),nonyqaeM: 

;;P = ;,~p f zP +ell' LIJ21( f .fl' '-1 J.YI{2(' +-
u '::! JK :1 :1 J'< ( .; 

.PP u I / K 2 ( f ( p + l'IJI(( J ·- lo J 

UP= .x p + Y' + a.~ xJ' '::fK +- t.';r .:r-i..:?-1( y r ~"" 
J ~~ 

l- JP P X/ (1 "'':/ ( f { P 
h;K( ~ 11) 

20 



w P :: ( -"' (':J 2)) r =- ( ~1 t l ) P = 2 " ~ { Y P f- 2 P t- a ~ If J 21(' ~ 
' 

+- ;· p l J y ;· 'J ( 1- ..;-' p l J '1 '< !/ (') + ' p '-
./ '( ( - /)_/It c' - "-

{)~I( ( <. f f y 5 1- c.t,~· ~?: ,- 7' J) 2 k' + j;'jt( (z ,· r- !I t')(1 /;. y;) Z'f~, 

+- ~ f I{ ( ~1" ,· 4- y' ) 2 J 2 '( f- ~~ ~ 
( J . • 

B 3Tl1X BhlpalKeHl1HX qJieHH nepBoro nopHAKa coBna,n;aror. CpaBHeH~Ie 

qJieHOB B'r oporo TIOPH,l.\K8 ,LJ,8eT: 

a::~ y-~ 2 t( f- rt ,~ ~.r <' Y s -~- a~- ::t· t 2 ·· =-

- {(/~ .t ; 7'"' 1- (/ ~ .:{'- .f 2'f' ·r {{.!~ y.> 21( . 

qJieHH TpeTbero TIOpH,l.\K8, KOTOpHe He 38Bl1CHT cpaay OT BCeX 

KOOP.l\<IHaT ~- , y , 2 , paBHH TOJK,ZJ;eCTBeHHO. CpaBH>!M 

OCT8JibHHe qneHH: 

a .P a_;· 1e " ':; / .., ~ + __,; 'PJ. I/ -1- ,· (LJ I 2 l( , z i y"' _) :: 
, J .J I( • '- n "' 

l1JIH 
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0TCIO;l4a Mill TIOiytJ:aeM pa:seHCT:BO: 

!1CKJI!Ot!HM BiliP·IlKeHHR, CT Ofiii\He 13 npaBhlX t!8CTRX. ,ll.JIR 3TOrO C;l4e-

Jiae.M BCe B03.40lKHble nepeCT8HOBKH HH;l4eKCOB // /,/{ B 3TOM paBt:HCT:Be 

lr1 CJIOlKAM TIOJIJt!eHHble pa:BeHCT:Biil CO 3HaKaM¥I 11+11 HJ!l1 11
-

11
, 13 38Bl1-

CI'.IMOCT!r1 OT qiiTHOCTH TIO;l4CT8HO:BOK (T.e. - (ij) , -(/«') 1 -(,,'f), 

+ {' / t{) , t· ( ti f () ) . Tor;14a nonytJ:aeTcR: 

/'/ p /}' s a p /!/ s n f? /?/ s + tl p tt j - c1 p r,; ,. 
(A. /J L(j;< -- fK V( /t(- U/J U /'{ ~'I( it( k.S' (Jt f-

/¥ ~' • a s - /) P f /)< I' )' f J, " t: .. t. p ? J-
+- u ~< I('J lf t'J' c'~i r u 5i C.c/1< T-t-c/J t K/ -{ J,· { JJf f-

~ a~- tl/: - «s; t?lf:~- = 0· 

Tenep:E., yt!I1Tbi:B8R, tJ:TO C /j = ?(,~- t1/r. , npeoCipaayeM 

l!blpallteHHe, C~~ORII\ee 11 Jie:BO~ tJ:aCTH COOTHO!lleHI'.Ifl (II): 

p c s /) p cs C~' c r - (/t"YP /1/p )laf -(/r) c i J' J '( f- 1... j i /( ( f- i( s ,·J - { ,· J - l( 5 {. (' i" ( t('/ f 

t- ( af~ -a/; )(rl 1 ,-a ~~t() + (a :S -rt;<( )( tlt'~· - tl/,·) ~ 

? a" p r f' -= tlu Jt( - a,.s a kj - «s, {{/1(' +a:;_. a .. j t- tlfj tl;;-

p S' _.o? j' 

- a/s a/1< (...{_ 5'J a kt' + a/; tt/~ r c? tf ct/~· - tl:; «/) + 

+ a/~ af ·-a ts «J~· 
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CpaBHHBaH aTo B~pa~eHlle c npe~H~ymHM, y6e~~aeMc~ B cnpaBe~ -

R~BOCTH COOTHOlli8HHfl (ll). TeopeMa ~OK838H8. 

B )18R:&HetlrneM 3TH C00TH0lli8lllifl HCITOR:&3yiOTCfl )(Rfl IT OCT pOeHilfl 

anre6pH JIH rpynn~ JIH. 

Ill. AJirEEPbl Jll1 

I. OnpeAeneHue anre6pH Jln 

TiycT:& f - 7 - MepHoe BeKTOpHoe npocTpaHc:rBo Ha,ll nuneM K 
(no.z~ K 6y,ZJ,eM no,llpaayMeBaT:& none ,ZJ,e£!CTBilTenM HX Hnu KOMnneKc

HHX tiUCeR ), B KOT OjJOM YCT8HOBR6H3 O!le jJ8l\ilfl KOMM;) Tl1jJOB8HHfl, T. e • 

~nR ni06Hx ,ZJ,Byx t? , {/ f· /:..1 
onpe,11eneH BeKT(J-l C :j~l1 i)J f R 

H83b1Btl6MH£! KOMMYT8TOjJOM a H t . Tipll 3TOM onepal\Hfl Y.liOBReT

BOpHeT YCROBHHM: 

( c/ I c/J :: - [c 1 a J (I3) 

r cr ) ( 6' 1 ('] J -}- r t ) { (' I ft ] } +- {c 1 { {f I ( l) 0 (I4) 

(TOmAeCTBO RK06H). llpoc:rpaHCTBO c aa.z~aHH0£1 :ram~ o6paaoM onepa

uue~ H83HBaeTcH anre6po~ JIH Ha.ll noneM K (.llll~CTBHTeR:&Ho£1 unH 

KOMITR6KCHO£l). 

llyc:r:& -~ r c~ ) 
-- / r <· . e .. 7 :: Cj'w e,· 

- 683l1C R • Tor,11a 

/' _,;.;-- '·r.:.) '(' ~ ( f"t· \1..1 

·' 
• 1cn~ 

TO, BBH.liY RHH6£lHOCTH KOMMYTHjJOB8HHH, 

C a, t'} = [ ai tj) tKe"] = tt/t;;t( [ t;·, e..- J __ 

-= ttJ t K CJ..- e,- "" r 4' I~ J ··: a.~·t,.. cj.tK (IS) 
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(I5 ) 

!{OHCT8HTbl c ·'-c 
J 

H83biB8IDTCH CTpyKTypHbiMH KOHCT8HT8MH anre6pbl 

(I6) 

W3 COOTHOllBHMH (14) BbiTeKaeT, qTO 

C~J c~:~ ~ c_~~ c;·, r C~ C,_)~' - o. 
(I7) 

,UetlCTB.VlTB.J:bHO: 

(__ 
. .., ,. (·~ y () .J L;:: P + . . ( 

lk ,) i(l j-' 

~ ~- --:- r 
+ c 'i ( t<S - Q 

Hao6opoT, BCRK I HBKOTOpOM t - MBpHOM rrpocTp8HCTBB C 683KCOM 

e,) 1 fc BBBCTK OITtp8UMID KOMMYTKPOB8HKH CHaqana ,D,RH 

683MCHbiX BeKTOpCB: 
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YAOBneTBOPHIDT ycnOBilHM (16) H (17), TO, OQ6BHAHO, An! 6a3HCH~X 

3neMeHTOB OYA6T B~DOnHHTbCH COOTHOlli6HHe (14), nanee, ecnM 

ooo6~ITI> 3TY onepauHro Ha Bee npocTpaHcTBO, CQHTaH, qro 

[{! 1tj 
1 
t t(c~)::. (/}lf'({(_J J-'fl, TO nonyQMTCH onepaUMil KOMMyTHpO-

B8HHH, Onpe~eneHHBH HB BCeM DpOCTpaHCTBe H YAOBneTBOpHIOmBH 

ycnOBHHM (12~ (13) d (14), 
-l 

TBKHM o6pa3 OM, 3BABHH6 KOHCTBHT ( ;- k , YAOBJI 6TBOPHIOmMX 

COUTH0lli6HHHM (16) 11 (17), ODpeAenHeT B Z - MepHCM DpOCTpBHCT

Be anre6py Jiu. 

2. ITocTpoeHue anreap~ JIH rpynn~ JIH 

BBeAeM noHHTI1e KP>IBO~ B rpynne JIM. ITycTI> B rp;·nne JIM G' 
ABHO MHOl!WCTBO -<:ff} =(~T'(II;·";A:_?(IJ), rAe ( f-/d;/~)N.'} 

/( i( c)-: (! (c ·.,_;J "'; ? ) • OHO H83bi:BB6TCH KPH:BO~ B C' , 
ecnu 4;JyHHU1111 ::?_ i(t) HenpepbiBHhl. Kp11BBH ::( (I ) HB3b1BaeTCH 

./:; <(r) 
A114;l4;JepeHUJ1pyeuo~, ecnM cymecTBYIOT _ :/r lt"o. BeHT)P 

_ 1 " I') _ (- c'/? '(1-J c/r7 fl/ ) {/ _ffl; 'I(/ ; - ~!' 1.__ 0 , ") '77/, H831UBeTCH ~reni>HbiM 
'7 r '- ) ttl r: 0 

B6KTOpOM 11 KpUBO~ -'{' (f). 

Tenep:D aa~MeMCH nocTpoeHHeu anre6pbl JIH rpynnbl JI>I. 

CnpaBeAnHBa cneAywmaH 

TeopeMa (ITOHTHHrHH/G/, CTp. 380). 

ITyCTI> c - Z - uepHaH rpynna JIH, !lUCT8IIHM B COOTB6TCT:Blri6 

KSlKAO~ A114;J4;JepeHUJ1pyeMO~ Kp;.JBO~ /({f) ee KSCSTeni>Hh~ B6KT0p 

{/ ~('t;~ "';tl?) (//''= c/.-?r(/J ) 
- c/ r: /r- ~ c ' 

TaHHM oopaaou, rpynne G coOTBeTcT:ayeT ? -MCJIHOe :aeKTOpHoe 

npocTpaHCTBO R (aTux BeHTopoB). YcTaHOBMU B R onepaW!ID 

KOUMyTKpOBBHI1H, IlyCT:D (/ lri t- KSCSTen:DH~e 116KT OPII K HpM:BbiU 

/{(1-} 11 /'(f) • 
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;t· 

ilOJIOl!lliM 

f/ {) = ;((f} ytf);r-l(f) 'FI(f). 

Tor~a f! ( 1) onpe~eJJHeT KPHBYIO :a G . B:se~eM Ha a rot! Kpi'IB otl 

napaMeTp j' , llOJIOlKHll t-=- if]' • TIOJJYtl6HH8fl KpHB8fl ~(?f) onpe

~eJieHa ~JIH HeorpHuareJJ:&Hi:lX aHat~eH~tl napaMeTpa S' H HMeer Kaca

reJJ:&Hbltl :BeKTCp C . Onpe~eJIHM KOMMyTaTOp t( 11 t' 
c t( 1 g]:: C • Y CT8HO:BJI6HH8fl T8KHM OC5p83 OM onepaUHfl HOM -

MyTHpOB8HHfl ll R. y~O:BJ16T:BOpReT YCJIO:BHHM (I~), (13) 11 (14). 

TioJJytleHH&fl (~e~CT:BHT6JI:&H8R) aJJreupa nH H831:l:BaeTCfl AJJreC5pon nl1 

rpynnbl G : G ~ R . CTpyKTYPHI:le KOHcTaHTI:l aJJreupl:l 

f< 11 rpynn~ G B coor:seTcT:seHHHX KOOPMHaTax co:sna~aJOT, 
,UoKa a aT 3JJ:&cT:s o. 

B:se~eM B ~ H6KOT0pl:le ~¢¢epeHUHpyeMI:l6 KOOp~HH8Ti:l H 

:Si:ltrnCJIHM B6KT )p 

COOTHOW6HHR (3), 
/. I 

{., ( :: -[,..{;~J,, -z 
t -I- 0 t 

(' 1l KOOp~H8THOtl ¢opMe {' ·~ (:f;, f•(f). B CHJIY 
f-+C' t 2 

noJJytrnu: 

( c > .t J( t) 'f I(( f} I (' ;' (I)) = C/~ t! / tJt< 

( ~ J.. HMee~~ Tp6TH~ llOpR~OK M&JIOCTH OTHOCHT6JI:&HO t ). 
l1raK, c:- ftltf!)'·==- {~'tr t'iir"". 
CpaBHHB STO C COOTHOW9HH9M (15), y6es~aeMCR B TOM, 4TO CTpyKTypHI:le 

KOHCTaHTbl rpyr nhl JlH G H aJireOpbl JlH R. co:sna~am. B CliJ!Y coo THo

weHR~, KOTOpb11 Y~OBJI9TBOpRDT CTpyKTypHb19 KOHCTaHTH ~ , 3aKJID

t~aeM, 'ITO fi ~6~CTBKT6JlbHO RBJIR9TCR aJireOpo~ JlH. 

3aMet~Uk e: 9JJeMeHTH uaaHca {\ Haaw:saiOTCH oC5bPIHO 

reHeparopaMH HJJl1 l1H¢l'IHHTe3ltMaJJ:&HblMH oneparopa

MH rpynnbl G . 
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38KJIJOqeHHe 

PORb anreop ]H COCTOHT E TOM, qTO E03MOmeH OupaTH~tl 

nepexo~ OT anre6p~ ]H K rpynne ]H. O~HaKo o~HOH .11 Tot~ me 

anre6pe ].II MOryT COOTEeTCTB0~8Tb H8CKORbKO rpynn ]H 1 ARR KOTOpNX 

OHa RERRCTCR anre6poi1 ]H. Bee STill rpynn~ COB!l8~810T C TOqHOC'l'biO 
--·~' ~ ) / 

~o noKannHoro H30MOP~H3Ma. ~Ee rpynn~ Alii (J H LY CqH-

TaiOTCR ROK8RbHO H30MOPWH~MH 1 ecnH cy~eCTBYIOT T8~He OKpeCTHOCTH 

MHHHU ~{ ~- G H V ~ C: 1 
, qTo, npH HeKcTopoM HellpepbiB-

HOM oToopameHHH -? : ({ --+ L/ , ~nH ni06biX -1: y (: 

f C{ , np~ _.,(:.; (: {j_ 
7 

j'( x) f('1) =/(A. ':lit l/. 

J
) 1' ' To !e caMoe cnpaBeAnHBO, ecnH ~Be anreup~ ]Ill , Ill 0 

lll30MOpqlHbl. ilpHqeM, TIO~ lll30MOp~H3MOM anre6p ]11 TIC,ll,jJ83yMCB8eTCR 

E38HMHO OAH03H8qHOe COOTEeTCTBHe \'( : 

'((J 4 + p c) -:: ',, h':i) + ft ~'( fj) ) 't' {t: ;I:} c {'f(c,•}) 'f( 6)} 

(TipH TeX ll{e CUOTHOIIIeHURX 'f' H83~B81!TCR rOMOMOp~3-

MOM anre6p ]11 1 ecnH OHO TORbKO O~H03H8qHo). 

IY. CBR3b !.iEJK.llY AArEEP_AI:.Ii ]'! i·l_fPYIITIAM!l A!. TEOPEM!:.j Al1 

I. llepE8R npRM8R .II ET0p8R TipRM8H TeopeM~ ]Ill 

EcnH rpynna An aa~aHa c n uMOIIU>IO rJ)yHKU,Ht\ 

')~ ( I ~- / ( -,- -f y 'l ) 1 '•? ) - \. =- ' --1 ' • ' ' ) _-(_ ) (( ) ' ' ' J {{ -

~ .. 
l' 

( ( - I -, I 
- I , I 
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TO ee MOlKHO paccMa•rpl>!B8T.D K8K rpynny npeolipa30B81U'll1 nepe -

M8HHhiX -.):.' 

PaccMoTpHM bonee o6mym rpynny npeo6pasoBaHHil 

• I ~· ~ ( - ( r ;?. { -{ /) z ) 
"y" ( - - .:X . _. I ~I.. < {. ' ' ' ~( 
.~"- - ' ) ) ) ) 

c,·:J,z,- ,n). (<::) 

il>YHKUHH J! ,· .n;onlKHhi y.n;oBneTBOpHT.D COOTHOll!eHHHM: 
j 

·f '/ / 1(£1 t.f )) . "; /(-·:fJl) 1' ~: '" J (Z) = 

1'-(z-', ... ) x·L; 't'-f{a~r/J; ... ) 'f'<{tl-~t')) (3) 

- . ) ' ( /) ' . ') v- ('' -? .:r 1-z) ) ( Q=(Oj-- 1t.Lr . 6~ o)·"1t' ;...-t- -~;"'; ) 

r.n;e ~ ,- (a-~ l) - cucTeMa aHanl1Tt~tieCKI-rx cpyHKU.I!tt. 

Ey.n;eM npe.n;ronaraT.D, tiTO npeo6pa30B8HHH o6paTHMhi, T.e. 

~! f/ . ., . . ) ;~l; 
-- J jC> 
Lt'(~r ' 1 • ··,X") 

(B OKpeCTHOCTH HeKOTOpOti TOtiKH) ll tiTO napaMeTpl:l cl ~ • • · 1 !( < 

CY!ll8CTBeHHhl, T. e. H8T TaKHX .S ( .( ~- C) iJ!yHKUillil 

~' .: I.?:( (( j ' ''I fl !) 1 ()--I, '" .< )' ) 

tiTO WYHKU.I!ll 1-"' ' BhlpalKaDTCH TOn.DKO qepea -·C ' ll ~ / 
l'ls Toro, tiTJ napaMeTpbl t?~- · ·•· t;? cy!lleCTBeHHbl, cne.n;yeT, 

//0:.''1' ',J(-) 
"~ ( I J I ' • ) ( -

--------------- ;! 0 
,:('/c.?-('' lt?7) . 

- / 

tiTO 

IJOSTOMY 1 ecnu •Q lKCl~CH'hl 3HatieHHH 

y ,·(a-) e-) {' : ( t -:: I; , , , ; '?) 

_/)/1 "..\ 
TO HX MOlltHO Bb1Pci3llT.D f, ~ qepe3 napaMeTpbl {/' 

.nanee, MOlltH(' noKasaTD, tiTO cpyHKUHH ;r/' .: /'f<~ c/) 

28 



YAOBneTBOPH~T ypaBHeHHHM 

~ )-1,/ / \// 'vJj' 
(.) A. \ • I c- cJ , c I o -

?, t.{-\ +- VV L (;;t/-'' ()c;), 

( :~ i ,· -, fc'(( .: ·y~- -,) ) 
_':'_j_· c~~!6/ 
2 t.'/' /:) ()t 

r,ZJ;e \~.: !_ aneMeHT~ M8TPHU~ 

/' 
I 

-Gi / ,·( /l/) II -1 

,, zl J lj 

BBe,ZJ;eM o6o3HaqeHHH 

- \1/G u !'' -
\,'\. -

0 (.•• 

'":1 p_/' 
ci D 
::--; \ o '-c 

ne pemiweM ypa:sHeHHR ( 4) TaK : 

:f: ( -~-/) 
"f>._r ( li) ' 

0 

-::L"t ~~ = ~ d ( z) Y-//'( a J 
?a>- .)/ "" • 

OnepaTop~ 

(4) 

I 

(5) 

X_/Jr) ~ '-:? ( -) '?J F ( ) - 5_/" X -G _)-•: '~:::_, .. ,'Z (6) 
~-t / 

RBnR~TCR HH~HHMTe3HManLH~MH onepaTopaMH rpynn~ npto6pa3oBaHH~, 

38,Zl;iHHO~ ypaBHeHHRUM (I). 
CwopMynHpyeM TenepL nepByD OCHOBHY~ TeopeMy ]H. 

TeopeMa I (nepBaR npRMaR TeopeMa HM). 

~Cnl4 ypaBHeHHH (I) 38,ZJ;8DT (- napaM8Tp11 qe1:Ky~ rpynny 

]M 1 TO BXO,Zl;Hll\He B HHX IJ!YHKUHH ~ c YAOBneTBOpH~T CI1C'retJe 

A-"wwepeHu>~anLH~x ypaBHeHHtl ( 5), d't: t II "f(''( r[') ~ I o 
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a COOTE8TCCEY~~Ae HM OTiepaTOp~ (6) RHHe~HO H83aBHCHM~ (TIORHOe 

~0Ko38T8Rh)TBO STOM TeopeM~, KBK H ~pyrHX TeOpeM STO~ rnaB~, 

uo~Ho aa~~~ B KHHre H.r.qeoorape:Ba 171). 
Onep:tropbl (6) nopoJK~aiOT anre6py JIM. VlHblMH cno:BaMH, 

cnpaBe~nH:sa 

TeopoMa 2 ( :BTopaH npHMaH TeopeMbl JIM). One paT op~ ( 6) y~oB-

J!eTBOpH~T I; OOTH0!118HHHM 

[ x. J xj- 1 r == c .j· x s· ( r). 
(?) 

2. ITt:p:BaH o6parHaH reopeMa J!H H nopaH o6paTHaH reopeMa 
llL 

TeoptMbl I 111 2 .nonycKa!OT oGpa~eHHe. CucTeMy ypa:BHeHHn (5) 

MO~HO npeOLP830B8Th B CilCTeMy ypaBHeHH~ B llORHbiX .l\HWWepeH~Ha

nax: 

C{
1 ~(-16 ~ J.~ (x-i) y;;~ ( ci) cttiA 

(8) 

HanOkHHM 1 ~TO HHTerpanOM CHCT8Mbl T8KOrO :BH.Z\8 H83~B88TCH 

WYHK~fl f(>.~; if), KOTOpaH oupa~aeTCH B nocTOfiHHyiO, ecnH 

:auecTo X 1 no~cTa:BHTh pe!lleHHe cHcTeM~ (S). CHcTeMa HHTerpanoB 

fc· ( x~ i) (/=I; · · ; lz) Haabl:saercH Heaa:BHcHMO~ 11 HeKoTopon 

o6nacr111, ecnH WYHKUHOHan»Hafl MiTPH~i 
'd ( F-1, ... , r "- ) 

HMeeT 

piHr ~ B sron o6RiCTH. 

Tenefb M~ cwopMynHpyeM nep:ByiO o6paTHYIO Teopeuy J!H. 

TeopeMa I~ CucreMi ypa:BHeHHn THna (8), ~onycKaro~aH Av 

Heaa:aHCHM~X HHTerpanoB, HMeer pe!lleHHH, onpeAenH!O~He ~ - napa

MeTpHqecKyR rpyrrrry llH. 
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Teopeua 2 TaKxe ~onycKaeT o6pa~eHMe. 

TeopeMa 2 / • EcJIH AaH~ ? JIHHelAHo He3lt:Bii!CHM~x on epa -

TOPOB X ~ ( 1--) 1 YAOliJ!eT:BopRK>II\HX ycJIOBHRM 

C~ - KOHCTQHT~ 1 TO HU COOT:BeTCTByeT C: - napaMeTpH-

qecKaH rpynna ~H. 

3. TpeT:DH Teopeua ~H. G(j]opuyJmpyeu nocne]( Iee npe~JIOllteHl1e 

STOIA rJiaB~. 

Teopeua 3. (TpeT:DH OCHOBHaH Teopeua ~H). ;HcTeM& lil3 

7.3 KOHCTQHT c /'J· ( S, c' I J.:: --1,:2, ... 1 '?) HBJIReTCfl CHCTeUOJA 

CTPYKTYPH~x KOHCTaHT HeKOTopo!A Z - napaueTpHqecKo~ rpynn~ 

TOr~a H TOJ!l>KO TOr~a 1 KOr~a C // YAOliJ!eT:JO~fllOT COOTHOWeHHHU 

I'' .s cs 
L. l/ = - J L 

c ,j CZs + cj.~ C/s +- c ~i C/s = o. 

Y. OCHOBH~E ITOHHT~H TEOP~~ ITPEnCTAB~EH~~ rPYITIT 

I. rHJI:&6epTOBO npocTpaHCTBO H onepaTOP~ 

ITycu :a HeKoTopou MHOlKeCTJJe f-/ 3~&Ha 6HHapHaH onepiUHH 1 

HQ3~11aeMafl CJ!OllteHI'.IeUI T. e. ~Jlfl JI106hiX a I .f f H 0,1(H03HaqHo 

onpe~eneH sneueHT CE-H 

c =- a 1- ~ 
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'I ol,' 

H orrepal.\HH yMHOJKeJrnH Ha aneMeHTI> HeKoToporo rrOJIH K ; ,14JIH 

JIIOOblX o\ t- K. V1 (..{ t f-1 cymecT:ByiOT SJieMeHTI> ;r; {( 1 ({./ ff-j 1 

J. a :: {{ 1 (rro.n. K B ,n,aJJ:&He~weM 6y,n,eM l!O,ll,paayMeBaT:& fiOJie 

,n,et!CTBHTeJI.&H!>X HJJJt KOMITJieKcHbiX llliCeJI). MHOlKeCTB o H c STHMH 

orrepal.\HHMH Ha3b1Bat:TCH BeKTOpH!>M rrpocTpaHcTEOM HaA none!.! K 
ecJIW ITO CJIOlK8HH~ 1 OHO HBJIR8TCH a6eJICBO~ rpyrrrro~ 

7 / ) 
(.n.JIH JI~ObiX X I ':f I 2 f f-1 ) ( X f- 'j ) f- 2 = X f- ( '1 t- 2 

x + ':J :. 'j t X ; cymecTByeT e,I.~HHCTBeHHbl~ aneMeHT "0 11 

co cBotlcTBaMH: 0 +-X = X + C> .: X , AJIH JI~6oro .::( (- !-/ 
,14JIH JI~ooro ? (- LJ CYU\CCTEyeT C,ll,HHCTileHHI>~ SJieMeHT (- 2 ) 1 

,n,JIH IWToporo 2 1 (- 2) = (-::?) + ? = 0), a orrepaUHH yMHOJKeHHH 

Ha SJI5M8HTI> H3 I< OOJ18,ll,aeT CJIO~CTBaMl!: ( o( f j3 }C( = .;( (/ 1- j3 Cl 1 

.; ({!,a) ~ ( ,;{ f>) (,~ ' ,ll,JIH JIIOubiX ~I ;s f I< H JI~6oro 
a(- H ; ;{ ( q 't).: .:;{'{/I- v( t ' ,ll,JIH JI~6oro o( f /<. 

il Ji!06biX a; 5 f /-j 1 -f' · t( ::;:- t? ( -( {-· /(). 
BeKTOpHoe ITfOCTpaHcTBO f7 Ha3biBaeTcH rwn.c6ePTOBI>M 

rrpocTpaHCTBOM 1 CCJH B H~M BBe,ll,CHO CKaJIHpHOe llpOHSBe,n,eHHe. 

CKaJIHPHI>M rrpolt13Be.z;eHJ.leM rrpoH3B01I.&HOt1 rrapbl aneMeHTOB t(
1 

rf;(- f/ 
Ha3biBaeTCH 1lliC110 (BOOUU\e rOBOpH, KOMll1!5KCHOe), KOTOpOe 0003-

Ha'laeTCH ( C/1 tf) H OClJia,ll,aeT CJI8.l\YIOU\HM.I1 CEO~CTEaMl1! 

(v<a.t)= :X{t?~C)) 

( f? I e? j ~ ( ~/ [t) 

(r.l(e 'lepTa 03Haqaer KOMITJI5KCH05 COITpHlK8HHe); 

(a 1 ~. c-) = (.a, c) + (e) c) 

rrpH {{'-:/0. QqesH,n,Ho, tiTO (a 1 c.l)=OrrpH 

,ll,1IH 1I~Clb1X !?'1 C1
' {'( /; 

, ( C:c1 t!) > o 

ct = 0 • 

TaKHM Ocip830M 1 (<?", t{): 0 TOr,n,a 11 T01I.DKO TOr,n,a, KOr,ll,a 

f?-= 0 . JlePKO EH,ll,CT.b 1 4TO 
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(a 1 i't)=fT(a~~) VI 

(a
1 

e+-C)-= ((?;rf) -1- (q~cJ. 

TaK KaK, npMI JIIOOOM C/ (- fj; (c?;Cl).?o, TO MOl!CHO mpe,l.\eJrnT:O 

.!!Q.2!£i (MIJIMI AJIMIHY) SJieMeHTa c~ , o603H3 qaeMyiO II '.( 1/ : 
1/ a II :: Jl(a~a) . 

~YHA3M6HT3JI:OHOe 3H8'!eHMie M!MeeT CJie,l.\yiOmee HepaBeHCTBO ~Bapua 

(eM. /8/): 

I ( f} J) I { II I 1/ 1/j II. 
(I) 

~CITOJI:&3yfl HepaBeHCTBO lliBapua, MOl!CHO ilUJIY'!M!Tl, T8Kl!Ce 

MIM610!1l66 60JI:OWOe 3Ha'!eHHe 1 ~£.~.~-OTBO Tpe~rOJI:bHMIKI~ 

;I I + I// 'S II I /j f- J/j // 
,,ZJ,JIR (2) 

JII06~x f, / f f/. 
J.(etlcTBM!TeJI:&HO, // / f ,/ /;' 

2 
::: ( / ~/ J / 1 j') == 

~ ( /' l ) 1- (I ~I) f- (I J /-) + ~I ~J) { t ( I! ~ f 

+- J I/ f // V /! f !lj/J 2.=: (;/fl! 1-11:/ 1! )~ 
OTKyAa noJiyqaeTcR HepaBeHCTBO (2). 

G BBe,ZJ,eHM!eM Hopu~ :a npocTpaHCTBe H noRIJIReTcR noHRTue 

6JII130CTMI SJieMeHTOB (( H t OTHOCI4T6JI:OHO 1/1/- C 1/ • 8TO 

noaBOJIReT necTH noHRTUe npeAeJia. IIycu AaHa nocJ:e,ZJ,OBaTeJI:&HOCTI> 

/(.., 
1 

tf, J • - · ; {.(._, J --- aJieMeHTOB H . 3JinMeHT t~ 

H83~BaeTCR npe,ll,eJIOM STOtt llOCJie,liOB8T6Jil>HOCTH (et ~ d..n, tr It) , 
...... .» 

6CJIH ,ZI,Jifl JIIOOOrO f .:> O H8~)4eTCR h + T8KO ~ 1 qTO ,l\Jifl 

JII06oro 11 >17.~ 

II t-t "1 - u II <. [ • 

JJ 



ECJJH rrpe,n;eJJ -a;~ ~~ ::: (.( Cyll\eCT:B,YeT, TO IIOCJJe,ll;OB8TeJJI>HOCTI> 
rl-t-

({1?.. flliJI !eTCH i!JYH,ll,8MeHT8JJI>HOtl, T • e • ,ll,Jifl BCf!KOrO <!' > 0 

cymecT:ByeT T·l!We /Z <f. , 'ITO ,ll;11fl 11IOCibiX ,ll;ByX 12; In >I?Jt BblllOJJ-

Hf!OTCfl HepaB,lHCT:BO: // 1-(;-v,- {,( '7 // < c' 
Jle~CT:Bl'!TeJJI>Hil, IIyCTI> ,ll;Jifl HeKOTOporo 

tz 'f 9 ITO ,ll;Jifl JJIOCiOrO f2 ) /} 11 

,ll,Jifl JJIOCibiX f. 1 fn ) /2 Jf Ciy,n;eT 

C ? 0 :Bb1Cip8HO T8KOe 

/It(., -U' 1/ <. J , Tor,n;a 

II U ~-, -U 141 II , II ( tt"' -u )- ( tt,l1-a) 1/ { 1/ t-(0-t.( II r-1/t!t"' -if!/<: 
. E ~ r <_~.-_-:=.(.. 

2 2 

fl'IJJI>Cie] 'To:so npocT paHcTliO, B KOTopoM K8lK,I.\af! !PyH.n;aueaTaJJI>-

HaH IIOCJJe,ll;O:BcTeJJI>HOCTI> l'!MeeT npe,n;e11 (CXO,l\l'ITCfl), H83biB8eTCfl 

noJJHbiM. B ,n;aJI>He~meu no,n; rHJJI>6epTOBbiMI'I npocTpaHOT:BaMH Mbl :scer

,n,a Ciy,n;eM IIO,ll;f83yMe»8TI> IIOJ!Hbl6 rrt1!I>CiepTOllbl llpOCTp8HCTB8. 

fHJJI>6efTOBO llpOCTpSHCTBO C B:Be,n;eHHOtl B HeM HOpMO~ CT8HOBHT

CH TOII01!0rH'I~CKHM llpOCTp8HCTBOM (CM. r11 IT), OCJJH IIO,ll, OKpeCTHO -

CTI>Il 3JJeM8HTS t:t f 1-/ IIOHHMaTb MHOlKeCTBO S1!eMeHTOB .:t , 
y,n,o:sneTBOpHIOrree HepaBeHCTEY 

r/ X -- t? II < cf. 

ITycTI> ('1 ~ f-1 - HeKOTOpoe IIO,l\MHOllteCTBO !-/ :; {[ 
9JJeMeHT a - H83biB8eTCfl npe,l.(eJJLHO~ TO'IKO~ MHOlKeCTBa M 

XOTfl Cibl O,ll;l'IH SJJeMeHT eCJJH B JJIOCiOH ero OKpeCTHOCTI'I CO,n;eplKI'ITCfl 

UKOlKeCTB8 ~~ • ITO,ll;MHOlKeCTBO t1 ~ ~~ H83biB8eTCfl 38MKHYTb1M 9 

ecJJH OHO co,n;eplKHT liCe CBOI'I rrpe,n;eJJI>Hble TO'IKI'I. llpl'l STOM C8MO fi 
OK83biB8eTCfl 33MKHYTb1Mo 

ITOAJotHOlBCT:Bo A npocTpaHcTBa /-/ HasbiBaeTcH no,lJ; -

npocTpaKcnou H , ecJJH ,no cJJolKeHHIO , A - no.n;rpynrra H 
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( (/-Jf/j)f c)x -= (4+/))x + c X = (HA +/),x) tC /( -

-= Ax +- ( 13 )f f (',t ) ::: /-) x -r ( 8 ~ e) x --
= ( (j + ( 8 +-C)) X • 

CymecTByeT onepaTcp (~ : ()x-= o 
~nR Ka~~oro onepa1opa /-i cy~ecTByeT npoTHBonono~H~~ onepa-

T o P ('-A) : (-If /x =: - (A .< ) . 
0Tc~~a nony~aeu, 'To 

~~ f (-I})= c 
E~HHCTBeHHOCTb STMX OnepaTOpOB B~TeKaeT HS BTOporo onpe~eneHHH 

rpynn~ (eM. rn. I). 

TaKHM oopaacu, no cno~eHHD, MHO~ecTBO nHHe~H~x 

onepaTOpOB B rHnn~epTOBOM llpOCTpaHCTBe COCTaBnHeT rpynny. 

0Ha aOeneBa: (--). -1- ~~ ~ (J +-A (.!;nR m>O~>~x .!;»yx onepaTopoB A H 

/~ ) , TaK KaK , , , 
- (/!+I>) x == /).r +IJ .r = /)~ -1-/l;r ~ (1?-~/-)/r. 

II oKa~eM, uc --<' ( /-} -1- /J) = .)/) f ~15 ~nR nnOoro x
1 

(.:._ J: : 
(.i(-1+/J)/r = ._{(l!)fl?f-r1~ x(/J::ti-/S;r)= -i(lf:r);.{fi?/)~ 

-:: (,(I})~ -1- (.x' /;) r:: (vi 4 1 ..-(/1.)-r, 

Kpoue Toro, ,JI;nR nx:01>1X ~~fir K J ~(;31)) --=-(x';SJ/-f : 

( ~ ( j5!-)));r == ./( ( J(4 ~ )) =. .:( p (// ;r) ~ ((f?)l)) ~t' 

~TaK, nony~nOCb 1 qTO MHO~eCTBO nHHe~H~X onepaTOpOB B f/ 
RBnReTCR BeKTOpH~M npOCTpaHCTBOM Ia.JI; f(. • 

BBe~eM B npccTpaHcTBe nHae~Hi>IX onepaTopoB onepa~D 

yuHo~eHHH onepaTOtOB TaK: 

(!) ;; ) r =- 4 ( ;5 X). 
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8Ta onepauHH CBH3aHa co cno~eHHeM cneAy~~"' o6pa3cM: 

~~ ( B + c ) = A 13 -r /-? c) 
( () f c )jJ = /3/-} f c ;q . 

ITpoBepHM nepBoe paBeHCTBO: 

( !i ( ~~ 1 c)) x ::: 4 ( (!? f r J :r) = 4 ( g -r ~- r:?')::: 

= 4 ( ;; :r ) -f H ~ ;r) = (/; 6) ~ f f1 () ;r = /ll g 1- /-J c)/(. 

BTopoe npoBepHeTcH aaanor~qHo. YMHo~eHHe onepaTopcB accoUHaTHB-

HO .4 (B () ~ (/-)/J )( 

(1~(;5 C));r ~ // (/8C)x)::: H(S(~-r~ ~ill~ (c~ J ~ 

= (·;;-)/~ )(' )/( . 
\ . " 

0THOCHTeni>HO onepaUHH yMHOlKeHHH cylllecnye•r e8YJHHqHbll1 

onem TOp £ - aTo TO~,l!,ecTBeHHbll1 onepaTop : E /" = ;r 
1 

.)"f 1-/ • 
QqeBH,l!,HO 1 qTO /-)E.:: E 4 ::::- H ,l!,HH n~6oro nHH~ !11wro onepaTopa 

1-i H qTO ~ - 6,l!,HHCTB8HHbl!1 onepaTOp C T8KllMH CB0!1CTB8MH. 

Ecm1 ,l!,HH HeKoToporo onepaTopa /--i cyllleCTByeT TaKtl1 onepaTop 

B I qTO lit:: /:/-1 = E TO B l 83biBaeTCH 

o6paTHbiM H o603HaqaeTcH /3 = /i -1 
• B:sH:n;y accl UHaTHBHOCTH 

npoH3Be,lleHI1H Mbl 3aHn~qaeM 1 qTo o6paTHbll1 onepaTop, ecnH OH 

cyllleCTByeT 1 e,l!,llHCTBeHeH (eM. rn I ). TaKlKe 1 BBHAY accoUHaTHB-

HOCTH npm!3Be.n;en:.UI 1 MOlKeT CHYqHT:bCH 1 qTO H8KOTOp0t TIO,Zl;MHOllt8CTBO 

mmei1HbiX onepaTOpOB COCT8BHH8T rpynny 1 HO K 3TOMJ' Mbl e111e 

BepHeMCH. 

ITon:&3yflc:& onepaUHHMH yMHOlKeHHH H cno~eHHH 1 JIO~Ho necTH 

HOllY~ onepaUH~ KOMMYTHpOB8H£1Ho ,llnH n~6b1X ,l!,BYX OITejlaTOpO:B /) 
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H B :ne;neu u KOMMyTaTop LA 1B} TaK: 

C!-) I /3] ~ A B -B /~ . 

Olle1!H;l!HO, \ITO L-1-) 1 B} -- -1_/3 1 /1} 
~ 

C.J!I,B} = d(f)/3) -B(vf!-))=v<l!l!J)-cl(!?l))= :!/4;!3} 
) 

C !1+!3
1
C}-: (!)1/J)t -C'(41/5) = (!lt-('1-)) t-(/J('-tB)~ 

= {4 1 C}+l-13;C). 

IloKanu, \ITO or epaUHH (IJ 1B} y;noueTliOpHeT TOll;necTliY HK06H 

(cu. rn. lli (I4;): 

{A;{B,C]j + [/3 1 {Cii}} +-[C';[/-1~81} = 0. 

ne~CT»HT6HDHO, T8K K8K 

C4
1 
rB~cJ}-= ArB,cJ-{8,cJ/i =IJSC-!lt!J -trfJ -tC!JA ) 

Ce I rc;I-'JJ}= !3 (C;/1] -[C';!))f) ;:: B (If -8/lC -(/JJ; ff)C8 ) 

C C 
1 

Lll;/5) J~· C /_1-?;B} -fiJ~BJ(= C/J/3 - c/Jf/- !)/!;{'+ ti)C 
) 

TO, CBOEH» HX, lOBY\IHM Tpedyeuoe pa»6HCTBO. Cpa»HHllafl 3TH 

C»Oi4CTB8 onepaU.1H [~/5] c !J!OPMY11811H (I2)t (13) H (!4) rna»H 

lli, IIW yde~;naeMCi, \ITO, OTHOCrlT6BhHO onepai.J.H~ CBOli6HHfl, YMHOlle

IHfl Ba qHCBO H ~OMMyTHPOBaHHfl, MKOli6CTll0 BHH6f4HHX onepaTOpOB 

» I'HHD66pTOBOM llpOCTpaHCT:Be flBBR6TCfl anredpo~ JlH (TOHDKO He 

Odfl38T6BUO KOII,l1UiOIIepHOf4). B )1;8BUe~rueM Hac dy)l;yT HIITepecOBaTD 

ll0)1;&nre6p!i STOf4 811re6p!i, T.e. TaKHe llO;l!MHOli6CTB8, » KOTOPWX 

)1;811HHe onepai.J.HH Ha)l; HX aneueHTaKH ae »H»0,11.flT aa HX npe;nenw. 
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Tiycu H - JIHHe~HW~ onepaTop :a r11mue pTOBOM npocT]JaHcT

Je fj . I-f Haaw:saeTcH orpaHl1tieHHWM onep<: Top oM, ecn11 cymecT

:syeT T8KOe t!l1CJIO c) ? 0 , t!TO II /1 z I/ s c /;rt ]\JIH mo6oro -1' (H. 
Hl1~HHH rpaHD TaKHx tiHceJI H83J:,jB8eTcR HopMo~ or,epaTopa l1 oooaHa

qaeTcR !/A I/ • TaKHI.: o6paaou, // 1-f X I/ ~ II/; II/! :t I! 
Hopua oneparopa y~o:sner:sopReT ~BYM :sa~HJ:,jM Hepa:seHcr:sau: 

II A -r 13 II ~ II IJ II -f 1!13 I) 

II /)/~I! ~· II!~ Ill//~// 
,lle~CTBl1TeJIDHO: 

11 ( fJ 1 /3) ;r 1/ = II I} ;r -f IJ ~ 1/ { 1/ I) ;r 1/ .I_ II 15 ::r II { 

1//f}ji/Z// + /J/1/J/J;r/J = (/;!JJ!+~B/1 )//'A// 
) 

I/V~B)1'1/ { /JfJI/11/~x/J ( (#IJI/f8!!)/!)(//. 

~3 llOCJie~Hero HepaBeHCTBS Bl1~HO, t!TO TipOl13Be~eHl1e orpaHHt!eHHi:,jX 

onepaTopoE - orpaHHt!eHHJ:,j~ oneparop. 

C :s:se~eHHeM HOPMJ:,j npocTpaHCTBO JIHHe~HJ:,j{ orpaHHt!eHHJ:,jX 

oneparopo:s ll H cT8HOBl1TCri rononorHt~ecKHM, ecJIH Ct!l1T8TD 

oKpecTHOCTDIO onepaTopa A MHOlltecTBo onepaTo JOB X , y~o:s-

11 1~ -X // < f . 
TiyCTD ~~~ - HeKOTOpoe TIO~MHOllteCTBO ll TIJOCTp8HCT:Be f-1 o 

~ H83J:,jB8eTCR Jll1He~HO He38lll1Cl1MHM, eCJil1 l13 JII060rO COOTHOWe-

HHR: 



CJie,llyeT, tiTO v~ ~A? = ~ .?(,_,-= 0 • B npOTI1BHOM CJiyqae 

~~~ H83~B8eTCH JII1He~HO 38BI1CI1M~M. 

npyri1MI1 CJIIB8MH, MHO~eCTBO ~~ H83~B86TCH JIHHeAHO 

HC38Bl1CvlMhiM, 6CJI.I K8lK,l(8.fl ero KOH6'lli8.fl ll0,il,Cl1CTCM8 JII1H6~HO He-

38B~l CHM8 ( 3,ll6C:O Jl O,D,pasyMeBaeTCH, tiTO fv1 MOlKeT ClbiT:O 11 CleCKO-

HetiH~M), 

BcHKYIO Hen;rcTyiO JII1He~Ho-uesaBI1Cl11.1YIO ilO.llCl1CTeMy B H 
MO~HO paCWl1pi1T:O ,lO M8KC~M8JI:OHO~, T.e. TaROt\ Jll1Het\HO-He38BI1C11YOt\ 

CI1CTCM~, KOTOpyiO HeJI:03.fl paCill11pHT:O T8K, tiT00bl OH8 BHOB:O Cl~Jia 

JII1Het\HO H638BI1CHIIOt\, J1ycT:O jvj - M8KCI1M8JI:OH8H JIV!HelilHO-He38BI1CI1-

M8.fl CI1CTeMa B ~ , Tor.n.a .1\JIH JIIOooro aJieMeHTa t1 f f/ 
Halil,ll,eTCR TaKoe c, I A(-!( 11 ·ran11e aneMeHT~ ~~. ; «~., f II, tiTO 

J {( 1- ;//Cit -1- - •. +.?('It-, tl • .., :: 0. 

0TCIO,I.(8 CJie,ll,yeT, t TO {{;:: - ~ tl,
1 

- - • · - ... IJ,.,/ihJ, 
.~ <?'( 

raKl1M o6pasoM, m•uon 3JICMCHT H JlvlHeAHO Bhlpa~aeTC.fl qepea 

3JieMeHT!> /'--! , f 3TOM CJiyqae 11 H83!>B8eTCR 8JJreOp811tiCCKl1M 

Q.aa11coM H . Jl€ rKo noKasaT:o, tiTO .1\JI.fl JII06oro aneMeHTa aan•1c:o 

qepes aJieMeHTI> 6< sHea O,li,H03HatiHa. EcJm 6aa11c npocTpaHCTBa !-/ 
J(OHetieH, TO r/ H83biB86TCR KOHetiHOMepH~M, a B ilp0TI1BHOM CJiyqae

CleCKOHCtiHOMepHbiM, 

IlycT:o /~ - JII1He~u~n onepaTop B r11n:o6epTOBOM npocTpaHcTBe 

H . f;cJJI1 cyme cTByeT TaKolil onepaTop B , tiTO 

(!}:r;"t)=(::r;8'-J) ,li,JI.fl JIIOOhiX ::t>7f/-!' TO B 
H83I>BaeTcfl conpmteHHbiM c /-1 11 Ou03HaqaeTCR B = /-) ~ 
(no no:so.n.y cymec1BOB8HI1H conpRlKeHuoro oneparopa CM./3/). 

0nepa~l11l CCllpR~eHI1R onepaTOpOB CBR38H8 C HX CJIO~eHI'!eM 

11 YMHO~eu11eM TaK: 
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{/tf3)1f = B"/Jrr 

(41/3)~= h1*+B;r. 
Jle~CTBMIT6JI:bHO: 

((!-f +!_~):r1 7) = (P:r; >')1(/5,-r; 7)= (:r;IJlfy)~-(:ri/P:t)=frJ!lttJy_ 
') 

( 1-; Js ;r I Y ) = r 8 ?( I f) ~ lj) = r :{" J g 1'/J * J) . 

I<powe Toro, onepal.\AR conpRlKeHHfl oClJia,llaeT CBO~CTBOM: 

. (~ ~)* ~ 4 
( ~~~ f ~ I '-j) : ( ij ~-!) ~):) ::_ ( /) !f I :( ) ~ ( ~ / /-))!) ) 

0TCJOAa >~ >~3 Hepa:aeHcTBa //4 >~< ~ {. II 1-l 1/ 
(I (J) f~, ;~ '~'x )/=II !.f "x ~ 2 = /(l)f) ~7f,·Y )/ ~ 1/ ;J /IIIIi x II 1~11) 

CJie,llyeT, tiTO If I-)}!= /1 A /J • 

OnepaTOp ;q H83HB86TCR 3pMM!TOBHM (>!JIM! caMOCOTipfllKeHHHM), 

eCJii1 /-)" = /-) Ml 8HT!t13pMM!T011bUl 1 eCJI!tl /-) *- ::-- 1!1 , 
OnepaTop i~ HaawBaeTcH YHl1TapHb11.1, ecJIH 

(t/x; t (7) = (;?> !7) , ,llJIR moCibiX :?' 1 .7 f II . TioKalKeM, 

liTO ecJI!tl onepaTOp (-{' YHHTapeH, TO (-("*=((-I, J!e/tCTB>ITeJJ:bH0 1 

(.?, '1)=. ((f-r1 tf'J) = (t(~'((?f,7).:::(r1 /(¥((y) 1 ,llJIR JIJOClbiX X 1 y f )-j , 

CJie,llOBaTeJJ:bHO, l( "!/= E H [(Jf =-((-I (olleBHII,HO, liTO 

cnpaBe,D;JIHBO 11 o6pa'l'Hoe: Ha (./""=(.(-! cJieAyeT, liTO (t/x, !0-):(:r,"). 

0TMeTl1U, liTO HOpMa yHHTapHoro onepaTopa paBHa e,n.fHHUe H 

tiTO npoHaBe,lleHHe yHHTapHbiX onepaTopoB- yH>~TapHhlll on;paTop 

( ;;.x !; =-}~> = l'~ J ~1/ilrl!, (/r': t~zr = l(z "!( ~ = !t;-'!(,-~ {f/tt;F' 

Tiycu H H H 1- ABa r>~JI:bCiepTOBhiX npoc·.rpancTBa jl 1-+ -
B3Bl1UHO O,ll;H03HBliH06 HeupepbiBHOe H JI.!He~Hoe OToClpa)l(eHjl6 H Ha f-1' : 

/-) (J X' -f J5 '-)) = ./ /) :r-/ p/-J !:1 (- HI. 
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0To6palKeHHe 14 H83l:lBaeTcf! H30Me'rp11\lCCIU1M (HJM yHHTapHb!M), 

ec~H OHO COXP3Hf!eT CK8~flpHOe npOI13Be~eHHe, T.e. 

(/}-:r;;)y):: (:r, Y) ,ll;Jlfl ~JOO!:lX :r;;tff/. 
IIycT:o sa~aHo ceMe~CTllO m!HetiH!:lX onepaTopoll H (I) 

r,n;e ( f /q tf J 7 C. OnepaTop He H83l:lBaeTCfl npe,l(e~oM 
I) (f) np1r1 {-... C' , o6osHaqaeTcR H (' :.- t-4,';:' fl (f) , ec~H 

,ll;~fl RIOClOrO ,~' /O Hal1,n;eTCfl T8KOe ,f' ) 0 t liTO KaK TOJThKO 

I f - c I< F' ' TaK //A {f) -/-)c II<:{ . no~:&3YRC:O TIOHfiTHeM 

npeM~a onepBTOpOB, MOlKHO onpe,n;e~HT:O npOH31lO,ll;HYJO oneplilTOpa 1! 

TOtlKe: /;;VI) 
/1- lr=c 

::c -an /1 (I)-/-) (c) 
((-C)-+ 6 f -{' 

2. IlOHfTHe npe,l(CT8B~eHHfl rpyiiii!:l 

IIycT:& ii8Ha rpynna G , rHJI:&CiepTOBO npocTpaHcT:BO f-/ 
H (aenpepl:lBHOe. ecJIH G Henpepl:l:aHa) OT00palKeHHe '-p 

G ---+ 7 (/) rpynnl:l G :e MHOJKeCTBO JIHHetiH!:lX orpaHH\leHHbiX 

onepaTopoB TIJlOCTpaacTBa H . 0TocipalKeiD1e Y H83l:lBaeTcH 

(JIHHe~Hl:lM) !!Jle.D;cTaB~eHHeM rpynnbl c;· :a npocTpaHcT:Be f/ , 
ecJIH OHO YAOH1!eT:BOpReT ycnoBHIO: T { j-, f)= T(!_,) T(/) , A1Ifl 

1!I06blx /__, ',/z (- G , T.e. 't{G) Hli1Ifi6TCfl HeKOTOpbiM roMOMOpqJHbiM 

o6pasou rpynHbl G (eM. rn. I). 

Qqe:&l<!.J;.IO, \ITO ecnH T(/ )- npep;cTaBneHHe rpynmr G , 
TO T{ e)= E (TOlK,ll;6CT1leHHbl~ onepaTop), a T(j-'):: r·'v ). 

IIpe,n;cT 3uea1r1e ~ H83biBaeTcf! TO'!HbiM, ecJIH k'Z Y"= c; 
I 

H TpH1Hi81Il>Hbl ~' 8C1IH T (j) 3 E . 
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flo,n;npOCTpaHCTBO f--/ :; fl H83biB8BTCH VIHB8PVI8 iTHbiM OTHOC.Ii -

TeJI:bHO npe.n;cTaBJIBHVIH TfJ) , ecJIVI / (j) X f H7 ,n;JIH moc5oro 

;r (- f/ 1 • floNJpOcTpaHcTBO H, <:; H H83biBaeTc 1 co6cTBBHHhiM, 

BCJIVI H1 t c I f/1 i f-1 • 
npe.n;cTaBJIBH.I'Ie rpynnbl G B npocTpaHCTJJe /-,' H83biB8BTCH 

HBITpVIBO;zu.IMbiM 1 BCJIVI :B j--j HBT COUCTBBHHbiX 38MKHy~~biX ITO,l(ITpOCT-

paHCTB 1 .liHB8pV!aHTHbiX OTHOCVITBJI:bHO 3TOrO npe,n;cTaB;IeHHHo 

B npoTVJBHOM cJiyqae npe.n;cTaBJieH.Iie H83biBaeTcH npHBO~HMHM. 

ECJI.Ii llp0CTP8HCTBO npe,l(CTBBJIBHVIH HOHeqHOMepHI , TO OHO 

H83b1B8BTCH HOHeqHOMBPHhiM, 8 B npOTVIBHOM CJiyqae - 6eCKOHeqHO

Me,PHhiM. 

ECJI.Ii rpynna c=; HenpepbiBHa, TO Ha COOTBBTC~BVIe ~ H8KJia~
lJ8BTCH eme YCJIOBVIe HenpepbllJHOCTVI. 

npe.n;cTaBJieHVIe rpynnbl G H83bi:S8BTCH YHVIT8piib!M, ecJm 

onepaTOpbl . T (j) ynMTapHhl B npocTpaHcT:se H , T.e. 

(Tf;Jx; T(Jhl=(::t,!J) , ,l{Jlil mo6blx A';Yff/1/~fo. vtMeHHo 

3TH npe~CTSJJieH.IiH 6y~yT VIHTBpecOB8Tb HBC B }.{8JlbHB~WeM. 

ECJIVI npOcTp8HCTlJO f/1 ( f/ VIHB8pV18HTHO OTHOCdTeJI:bHO 

yHHTapHoro npe,n;cTaBJieHVIH rpynnhl ~(of~ , TO era opToroHaJI:r,Hoe 

}l;OITOJIHBHV!e H;;. T8Kllte VIHB8Plt18HTHO OTHOCVITBJI:bHO T r;) 
.i(e~CTBVITBJI:bHO 1 llYCTb ;( f ~~ J 'f f fj ,2 1 TOr11,8 

(T(/}Y, ~)--(Y1 T(l-;lr) , HO T(/-');r fl/1 , cJie.~oBaTeJI:r,Ho, 

('f
1

T(/-)-{' )= 0 .11 (T(Jh,-r)=O , T.e. TGI)yf- H2 

nycT:b ~8Hbl npocTpaHCTBa H 1 VI H).. VI IDIHB~HOe B38VIMH0 

O,l(H03H8qHOB VI HenpepbiBHOe OT06p8lKBHVI6 ;+ f-1- ~ H;.. 
Tor.n;a onepaTop 

{Cl (/ J = II T(/)1) -j 
) 

(3) 



r.n.e T(l)- orrepaT('P rrpe.n.cTaBJJ8Hl1fl rpyrrrr11 (~} B rrpocTpaHCTBe H1 , 

,llei1cT:syeT B H.~ . lloKaJKeM, '!TO @(/) flBJJfleTCfl rrpe.l(cTa:sneHl1eM 

G B rrpocTpaJH T:se H 2 • ,l\eilcT;IIITeJJI>Ho, 

fJ/(!1) {9 (/ ) ; (19 IT(/;) f)-)(!) 7/1~) II -):: 

=A( rr;1rT1/z))fj- 1= 4 T(/t/~)fF 1= rYf/t/z) 
Ecn11 rrpe.n.cTa:sneHl1L {!) (/') 11 T(/) C:Sfl38Hhl cooTHOllleHl1el4 ( 3), 

TO 11x H83bi:SaJOT 3Klll1:saJJeHTHbiMIII. Ecn11 onepaTop A , ilJ!uypl1 -

PYJOII\l1ll B ilJopMyne 1 3) , l130MeTp11'!eH, TO (Y{J) 11 T{l) H83biB8JOTCfl 

YHIIITapHo-aKBl1BaJJeHTHb1Ml1 npe.n.cTa:sneHl1RMl1 rpynnbl G . Ol!e:sw.n.

uo, qTO !10Hf1Tl18 ~:Bl1B8JJ8HTHOCTI1 (yHI1T8pHOll) Cl1MMeTpli!qHO 11 

TpaH311TI1BHO, T.e. npe.n.cT~~JJeHHe ~) 3KBHBaJJ~HT~o caMOMY 

ce6e (yHwTapHo) ~ ecnvr I (j,l aK:svr:saneHTHo tY(/), a f;j<J 
aKBl1:saneHTHO /( (j) (yHuTapHo), TO T(j) aKBIIIBaJJeHTHO (yHl1TapHo) 

/((j) 
11oaToMy :sc ~ npe.n.cTaBJJeHl1fl rpynnbl G pacna.n.aJOTCR Ha 

KJI8CCbl 3KBtlB8JI8HT.WX (JHI1T8pHO) M8lK.liJ C060ll npe,II.CT8BJJ8HI4ti. 

IIycT:& G - rpynrra Jll1' a T(/ )_ ee rrpe.n.cTaBJJ8Hl1e B npocT

paHCT:Se H • Ec 1vr jfl/= ( :?;(1 JJ - " J ;(.,(I/) - Kp11:saR :B C , TO 

:s rrpe.n.cTaBJJ8Hl111 ~ll cooT:seTcnyeT MHOJKeCTiO Tf/(IJ) -= T (I) 
H83bl:saeMoe T8Kl1Ce <pl1:s Oll, npvrqew T (o) = E . Ecn11 cylllecT-

:syeT orrepaTop 

c/ 7/j(f)} ;-(j(rJ)-E 
/1~- /t=O -f ) 
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TO OH H83~BaeTCH ~HW~HHT63~ManbH~M onepaTOpOM TIQ6ACT8Bn6HHH. 

0~H03HBqH08 COOTB6TCTBHe 

cr'7(/(lJ) 
-:7/ #.:r) 

M8)1[~y K8C8Ten:bHhlMH B8KT0p8MH Kpl1B~X jl f) ~ HHrpHH.fTe3~M8nbH~MH 
onepaTopaMH o6naAaeT CBO~CTB8Ml1! 

• \ / c(! j- '\ l {j 2 -1- ;\/ 71 f ;\ l Tz 
[Lt,,l u~] --r- r L, .12 7 = T, Tz- T<- T7 

npri d' ~ -r- T, ; tf? -t" T2 ( 3~ec:o aroT \i)aKT ocTai!TcH 6ea 

~oKa3aTen!>CTBa). TaKVIM oOpa3oM, HHQJHHHTe3~Man:oHble oliepaTop~ 

npe,iicTaBneHHfl oupaayiOT anre6py JlH, roMoMoprpHyiO anrel,pe JlH rpynnbl 

G . flp11 aToM OHH o6pasyiOT npeAcTaBneHue anre<ip~ Jl11 

rpynnbl G 
!loKwKeM, qTo ecm1 npe,l\cTaBneHJH' TfJ) YHIITapJo, TO HHrpHHH

·real1M8JJnHble onepa·ropbl npe.ZJ,cTaBneHHH auTuapMwroBhl. 

nycTb /(}(!/)~ T/1) u "Cfj?};::IJ: T. TaK KaK 

( T(!J ;r) TfiJt;) =- (?, y) I TO 

1,. ·r/;· 1 ~--;/)L) /' _!(/( l/1); ,f! T/ 1)~1) -r'F /.('y!} 
(_) - _:::._ I ( . I ;r I ( . 7 :::.- 7-£4,, . . . L 

- ,/(- / t -t- 0 t . ·-

~ t:,n / ((/1/llf; //IJy)-(1 / 1 l(lAJ) i ((~ --t'1 7(r/t) -([A·>!'/)))·: 

T~ I ~I/\ I (:r, T;- ) 

( ecnu '/ )( 11 l J onpe,ll,eJieH~). 
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VlTaK, ( T r 1 LJ ) -I ( :?' 1 T Y) = 0 
) HJIH 

(T::?, LJ) + ( Txx 1 t;) == ((TI 7~);(' 1/'1)::- c ) 
np¥1 JIIOObiX X' 1 't • Cne.n.oBaTeJI:&Ho, 

T-tT"'=-0 HJ!lll T->( =- T , T.e. 

)' - 8HTHSp4HTOB onepaTOp • 

.llanee, e !JIH saMKHYT oe no,11;npocT paHcTBO H, S: f-1 HHBapHaHTHO 

OTHOCHT8JI:&HO 018p8TOpOB npe,n.CT8BJieHHH ~(of) 1 TO OHO T8K~e 
HHBapHaHTHO OT!OCHT8JibHO HH¢HHHT63HMaJI:&HHX onepaTOpOB npe,n.CTaB

JI8HHfl. 

EcJIH J{f );r f f/1 :1 X 

( I (f) -I) X f- f/ 1 
f 

1 TO llpH JIIDOOM f 

KaK TOJI:&Ko 1 f I<: S' , noaToMy 

II T{t I-E_ T 1/ <' (_' 
-( 

f)(- T (t)- E 
t ;r 

P ) f ~ #(7 /~' c- r l) ij r: 

{ 11 - l
1 + '- E T II lj -:1r 1/ 

I I - I II I / 11 II -_,- I 
( 1//9~. 

0TCID,lJ,8 Blll,lJ,H0 1 qTO B JIIDOOH 0Kp8CTHOCT11! SJI8M8HT8 ;;r· co.n.ep-

DTCH aneMeHT /--/ , T. e. T X - npe,n.eJI:&HaR ToqKa H1 

A TaK KaK H _ saMKHyTo, TO T X f f/-? • OTciO,n.a nonyqaeu, 

qTo ecJIH H -1 -~ .11Hnapll!aHTHoe no,ZI;npocTpaHCTBO 1-/ OTHOCl1TeJI:&Ho 

npe,ZI;cTaBJieHHR T () ) , TO oHo l1HBapl1aHTHO 1r1 OTHOCHTeJI:&Ho anreo-
v 

pH HH¢HHHTe3l~aJI:&HHX onepatopon npe,n.ctanneHHR. TaKHM oopasou 

ecJilll npe,ZI;cTaB ~eHHe anreopbl JlH rpymm Jl11 G Henpl1B O,Z1;11MO, TO, 

COOTB8TCTBYIDmee e~ npe,n.CT8BJI8HH8 rpyllllbl TO~e HCllpl1BO,ZI;HMO. 

!AMeHHO noaTOMy npH OT~>CK8Hl1H npe,ZI;cTaliJICHH~ rpynnbl Jl11 G 
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MOlKHO CBeCTI1 STy 38,l.\8tzy R OOJiee llpOCTOit - .K OTJICK8H11JO npe.n;CT8B

JieHl1it ee 8Jire6p~ n11. 

ECJII1 H8lt,l.\eHO .1\8.1\0e-TO npe.n;CT8BJieHI1e rpym ~ n11 (} 11 Mbl 

yde,l.\11JII1C~ B TOM, IJ:TO Hl1 O,l.\HO COuCTBeHHOe ITpOCTJ~HCTBO npe.n;CT8B

JieHI1H He 11HB8jJI18HTHO OTHOCI1TeJI~HO 68311C3 8Jire6J~ ee l1H~I1Hl1Te311 -

M8JI~HHX onep8TOpOB 1 TO OTCJO,l.\8 CJie.n;yeT, qTO OHO Hellp11BO,l.\11MO. 

3 • .ztorrOJIHeHl1H .K p83AeJiy 2 

3.n;ec~ MH OOJiee rro.n;po6HO OCBeTI1M yCJIOBI1H 1 0p11 .KOTOjJHX 

YHHT8PHHe rrpe,l.\CT8BJieHl1fl rpyrrrr nl1 Herrpl1BO,l.\11MH. 

TeopeMa I. 

!1ycn A 
:BOM rrpocTp8HcT:se 

- apMI1TOB 11JII1 8HTI18jJMI1TOB Ollep3T0p B l'I1Jib6epTD

f-j ( 4 'If-= !: A) 11 /-!__, ~ f-1 11HB8Pl18HTHO OTHD-

Cki:J.'eJibHO ~~ 1 TOI',l.\8 ero OpT Ol'OH8JibHOe ,ll,OI!UJI ieHI1e T8KlKe 11HBCI-

pi18HTHO OTHOCI1TeJI~HO ~ 
,llOK838TeJibCTBO 

ITycT~ f-/:: f-/
1 

f- f-/2 , 

HeH!1e H 
1 

, 11 ~1 {- 1-/
7 

, 7' f f/2 

r.n;e H2 

• Tor.n,8 

- OpTO~OH8nbHOe ,l.\OllOJI-

(/)y1x )= t(t;l/)::r) = 0 , T8K !<8.1\ /} ( f )-j __, 

CJie.n;oB8TeJI~Ho, /)';I f fl2 

Teopeu8 2. 

!1ycu A - apM11TO:B HJIH aHTk!apW!TOB orrep~ rop :s rl1JI~GepTo
BOM rrpocTpaHCTBe fi . AJIH !Oro, IJ:TOOH aaMKHyTce rro.n;rrpocTpaHCTBO 

H, ~ H 6HJIO 11HB8p118HTHO OTHOCl1TeJI~HO /-f 1 HeOOXO,ll,l1MO 

H .n;ocT8TOIJ:HO BblllOJIHeHI1e ycJIOBl1H /--) P.::: PH 
orrepaTop npoeKTl1po:aaHl1H Ha J-/ 1 ( P 2 = P ) 

.I!OK838TeJI~CTBO 

I. !1ycn /) f/1 [ H1 H=H1+H2 
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opToroHaJJI>HOe ,Z\Ono nHemte H 1 • BBl1.Z\Y TeopeMbl I, A f-/ 2 .:;._ fi 2 • 

Tiycu ~ f. f-1- npol13BOJJI>HhiV. aJJeMeHT H . TioKa)l(eM, liTO 

PH A :: /'1 P . JJycTI> -/-X+') , r,Z\e r f fl'~ lJ f: f/2 

TaK KaK p - OlepaTop npoeKT11pOB8Hl1fl Ha H., ' TO X. r h • 

Tio,Z\e~cTByeu one paT JpOM ;) Ha A ,L) A +I,)~ 11) 'J , r,l\e 

/ 1
1 rt-H1 , /)'!f,t2 • B c11ny aToro, P/-)~' ~P!);r-=-1-7.r=fJP;; 

OTCIO,Z\8, /'/) t- fJ /1 I~ 11, B Cl1JJY llpOU3BOJJ:bHOC Tl1 h 
P/-1-:: f-) P . 

2. Tiycu /-) P: P Q , r,Z\e {) - oneparop npoeKTupoBaHHH 

Ha /-/ '~ ( /'fl,-:~1,)11 !-/-:: f-/, + !-12 , r,D,e f-/ 2 - oproru-

HaJJI>HOe .Z\OilOJJHeHl1 e H 1 • .Qonycrl1w, liT 0 ]J;Jlfl -h (- H., 
;~) /, = X+ ';I , r,Z\e ·< f 1-/

1 t 7 f fl.< • Ho :( P(/!tf)o;?P~:;.};f, 

T3K KaK r J/ = ..;; , OTCIO.Z\3 CJJe/.I,yeT t tJTO 'j ~ 0 

J) /{ f fl1 • Teope,.ia .Z\OKa3aHa. 

3aMeliaH>Ie • 

.ilJJH Toro, liTO\Jbl onepaTop .'/ ubiJJ npoeKUl10HHbiM, KpoMe ycJJOMfl 

p< = r HeOUX0/.1,11 MO ell\e p ~::: l) , JJ:ewCTBr!TeJJ:bHU t llJCT:b 

H- t-1, + H 2 , f-/ 1 _ H..,_ ( H 
1 

opToroHaJJI>HO /-1, ) 11 p 
onepa·rop npoeKTl1pOBaH.1H Ha H.1 • Paccuorpra,i ,iiBa aJieMeHTa 

--" ~ rr f ~.;, t (,2 : r, 1- 7' i ( 71 f fl; I Y, f fl! ) l1 CK8JiflPHble 

npol13BeAeHI1fl: ( I, 1 ;'J !/, ) ·~ ( :rl 1 -:r~) ; (/..,;1>/ If? J:: (?> /-r,) 
0Hl1 coBna/.I,aiOT. CJie~oBaTeJII>HO, j>+ = ~) 

~cJI.I, Haouopur, ,~~;aH onepaTop P , .l\JIH KOToporo f> 4
.- P , 

p~=r, TO H= Pf-t+(E-rn-; , rcE-PJ=P-P~=o. 
JlOK8liWM t liTO STl1 II O,ll;llpOCTp8HCTB8 OpTOrOH8JI:bHbl: 

(P/(, 1(r P);;~)= (/,1 1 P(£-P)Jz):: C 

lp, 



(TaK K8K J
i)!f_-p 

;n.:syx aJJeMeHTOB PH 
CJJe,llCTBHe I 

), :O.JJH JJJOCl~X ~--~~~ f-1/ (T.e. ,li1IH JJ100b1X 

H (!;"-P)H ). 

nJJH TOro ~TO~~ npe;n,CT8BJJeHHe 8JJre6p~ ]H rpynn> c=; 
COOTBeTCTBYJOmee ee YHHT8pHOMy npe;n,CT8~JJeHH10 B rtlJJnCle)TOBOM 

npocTpaHcTne H, Cl ~JJO HenpHBO:O.HMbiM, Heo6xo;n.>IMO 11 :n. )CTaTO~Ho, 

4To6hl He cymecTnonano HH o;n.Horo HeTpHBHaJJoHoro npoeK~HpyJOmero 

onepa'l' opa Jl B H ( P<:= P 1 Pll-:::: P) , nepecTaHono~ wro co nceMH 

orrepaTopaMH rrpe;n,cTanneHHH. 

TaR K8K B TeopeMe 2 HCITOJJn3yeTCH TOJJnKO HHB8pl1dHTHOCTn 

OpTOrOH8JlnHOrO lJ.OITOJJHeHHH HHB8pi18HTHoro no;n,npOCTP8HC'?Ba OTHOCH

TeJJnHO onepaTopa, TO cnpane;n,JJHBO 

CJJ8,l\CTBH8 2 

~JJH Toro ~ToC~ yHHTapHoe npe;n,cTaBJJeHHe rpynn~ c=; J 

rHJJn6epTOBOM npocTpaHcTne H Cl~JJO HenpHB0:0.11MO, HeoClxo;n.HMO H 

lJ.OCT8T04HO, ~TOCl~ HH OlJ.HH npoeK~110HH~tl onepaTOp P( r ·~ p) e ~ p) 
B H He Cl~JJ nepecTaHono~eH co nceMH onepaTopaM11 npt:;n,cTa:sneHHH. 

4. TeopeMa BHrHepa-BaprMaHa 

B npe;n.hl;n.ymHx paa;n.enax paccMaTpHBBJJHco rpymm yf HTapH~x 

onepUTOpOB rHJJn6epTOB8 rrpOCTp8HCTB8 (yH11TapH~e npe;n,c~8BJJ6HHH 

rpynn). 

Ha BOITpOC 0 TOM, K8KOe 8Ha~eH116 B ~11311Ke HMelOT YHHT8pHble 

npeoupaaonaH11H, OTBe~aeT TeopeMa BllrHepa-BaprMaHa, KcTopym Mbl 

C~OpMyJJHpyeM Hllme (B nyHKT8 46). 



4a. BHyTpenHee np0113:Be,l\eHHe J1yqe11 ri!JJ'Il>OepTO:Ba 

npOCTp8HCTB8 

ECJ111 1-/ ·· KOMnJ'IeKcHoe ri!JJ'I:b6epTOBO npocTpancT:B0 1 TO no.z~ 

J'Iyqoy ·~ 6yl. eM TIO,l\pa3yMe:B8T:b O,l\HOMCjJHOe KOMIIJ'ICKCHOe TIO,l\ -

TipOCTjJ8HCTBO }-/ 1 H8THHYTOe H8 HCKOTOpbl~ :BCKTOp 1-/ 
B ,l\8J'Il>Hf illlleM 8,l\HHI1trHble BCKTOpbl uy/l,eM 0003HaqaT:b qepe3 

I,-;.._> I I ~ > 11 T.,l(. 

B qac·.rnocTIIJ, (•pToroHaJ'Il>Hble e,l(l1HI1qHbJe :BeKTOPbl 11.- - Me pH oro 

TipOCTp8HCTB8 1 repe3 K8T-BCKT0pbl; 

11 > , 1 2 >, . , , /tl- >. (I) 
CoOTBeTCTBYIOII\lle J1yq11 6y.l(eM o6o3H8'!8Tl> qepes 7(, t ) 11 T.,l(. 

l1J'IIIJ qepes I ,i .••• 1 10 • 

QqeBI1.z\H l 1 qT o I .:>\) on]Je.l(CJ'IHeT J'Iyq x TIOJ'IHOCT:b!O. 

B TO lKe 11pe .. 1H J'Iyq :::1. onpe.n.eJIHeT / ::J) TOJI:bKO c TO'iHOCT:biO 

II\ I:::: 1 (<p830Bbli1 MHOllii1TeJI:b). 

B 3TOi1 rJiaJJe cH8JIHJlHOe npOI13Be,lleHI1e BeKTopon I o<) VJ //5) 
6y,lleM o6osHaq3T:b qepes ( .7( I /?.) (KaK STO 11JJ11HHTO B qli!J311Ke). 

BHyT peHHee np )113Be,l\eHI1e ,l\ByX Jiyqetj X 11J /3 (x' /')) 

onpe.z~eJIHeTCH raK: 

( o( /.) ) = I ( v< I /=) > J 1 r.z~e 

(1') 

jo<) I f3 > 
KB8,l\p8T STOre Bblp8llieHI1H 011jJC,l\eJIHeT BepOHTHOCT:b nepeXO,l\8 113 

c ocT OHHI1H 7 B /) , ( ecJII1 H - npocTpaHcTBO cucTDHHVJtl). 

Onpe,l(eiiiJM pa ceT ORHI1e J~ 1, MelK.liY .l\BYMR JiyqaMl1 .-,{ v1 (3 
T8K: 
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)).~ /) _ ) c:t}z c Ccs (-~?) 

O~eBU~Ho, ~To ec~u 

Hao6opoT, ec~u 

c ~ ~ ?( !'-' {. 71' . 

(.-,{ {':,) :; ( ~I f3') J 

j:>~.(> :_: J->< 1/>' , TO 

(2) 

TO /A-ft : I!;5' 
( o{ /~)-:: (v<.//31)' 

no~ npeoupasoBaHllleM ~y~en rliiJII>C5epToBa npocTpaLCTlla !-I Mbl 

6y~eM llOHJ/IM8T:b T8KOe OTOopa~eHJ/16 ;- H Ha ceoR, nplll 

KOTOpOM ~y~ nepeXO~J/IT B ~y~. 

46. ~opMy~lllpO:BKa TeopeMhl BlllrHepa-EaprMata 

TeopeMa. Ka~~oe npeoGpa3oBaHllle ~y~en rliiJ»6epTo:Ba 

npocTpaHcTBa, coxpaHRwmee BHYTPeHHee npalii3Be~EHJ/Ie nyqen, uo~eT 

6biTI> npe~cTa:BneHo KaK YHliiTapHoe liiRJ/1 aHTliiYHliiTapHoe npeoGpa3o

•aHllle :BeKTOpOB npOCTp8HCTll8. 

HliiXe npJ/IBOAliiTCR ~OK838Teni>CTBO STan TeOpeMbl ~RR KOHeqH0-
/9/ 

MepHoro cnyqaa,saliiMCTBOBaHHoe HaMJ/1 J/13 pa60Thl, KOTopoe pacqneHeHo 

Ha ~Ba STana: cHa~ana paccMaTpliiBaeTcfl ~ByMepHHn cnyqan, a no

TOM o6mllln cnyqan CllOAUTCfl K ~ByMepHOMy. 

4~. ~uepHhln cny~an 

Mbl 6y~eM lllcnoni>30B8T:b lii3BecTHoe reoMeTplllqecKoe npe~~o~e

Hllle: .Ka~~oe npeo6p830B8HJ/16 CW6Phl B ce6R, KOTOpoe COXpaHReT 

pacCTORHUe ( j .<..('>) MelK.I(Y ee TO~K8W1 J/1 ~J/160 - ll?8!lleHllle OTHOCJII

T6~bHO ueHTpa c~ephl, nlll6o- nceB~oopToroHani>H03 npeo0pa3o:BaHllle 

(T.e. OTpallteHJ/Ie B HeKOTOpon TIROCKOCTlll, npOXOAR~en qepe3 UeHTp 

cwepbl). 

TaK: 

I~> 
51 



r.ne ·· qJ830BClfl nocTORHHaH. Bel\TOp 1 ·~) MOJKHu 

Cliil'l'8f.b TUlil\Ol1 H8 JIOBepXHOCTil ClJ!BPI> C l!OJIHPHhlM>I l\U0p.L(HH8T81.fil 

L(; 11 cj ilJI¥1 ·: ,Z\Bl\8pTOBbll.fil 12 ' .:: <' 'f I \.:_) l I ~ > (< : ;, ..:., ) ), 

r,n;e (/,, - M8 ~Pill.\bl l1ayJII1. COOTBeTCTBile B38l'I!.4HO-O,Z\H03H8liHOe. 

ECJIJ1 I}> -
1CTII1HOp II' TO ~~ ~ ( n -'1 I I?: ; n ; ) 

11 uanpaaneHue cni1Ha '. 

I 'f > COOT -AaaecTuo, liTJ yuuTapHoe npeo6paaoaaHI1e 

BeTCTByeT BP8llleHiliO n ' 38MeHe I} > ero 1\0MTIJiel\CHO-

COTipHJKeHHI>M GOOTEe rCTIW el npeo6p830B8Hl1e ! 

r1
1 
~ l?. 1 ) l1 )_ ---+ - I? .c.. ) 17. ) -7-- 11 3 

(T.e. 0Tp8l!CBHile B 1JIOCI\OCTI1 11!3 11
). 

Booume, aHTl1rHI1TapHoe npeo6paaoBaHMe J ~ ) 

(T.e. YHl1T8pHOe, CJTipOBOl!C,Z\8eMOe 1\0MTIJIBI\CHbiM COTipRJKeHileM) COOT

BBTCTByeT ncea.n;o-Bp8Il(8Hl1IO B61\TOpa h/ • 06paTHOe YTBepJK.n;eHI1e 

T81\l!Ce CTIP8BB,Z\JII1BO. 

AerKo noKaaar.b, liTO paccTORHHe MeE.ny ,n;ByMR nyliaMH Bl1.n;a 3 

(T.e. yroJI MeJK.n;y ~BYMH Clli1H0Bbll.fil H8TIP8BJIBHHRM11), 31\Bl1B8JIBHTHO 

paCCTORHl1IO f , onpe.n;eJIHeMoro qJOPMYJIO~ 2 • L1TaK, ,Z\Jlfl ,Z\By.liep

HOro cnyliaR ieopeMa BurHepa-EaprMaHa aKauaaneHTHa yKaaaHHOMy 

BbiWe reo.MeTp~!tleC!\CMY npe.n;JIOJKeHHIO. 

CqJop.MyJil1pyeu peayJI.bTaT 6onee ~eTKO: 

ITycT.b T - npeoopaaoaaHI1e nylielt Z 2 , coxpaHRIOII(ee 

paCCTORHHe 

ae.neHHe), 

a ) ~ > 

f:>iJ!> 

f-1) 

(ilJII1, liTO TC l!CB C&KOB - BHyTpeHHee Tip0113-

' I 2 ) - opTOrOH8JI:bHbl8 BeKTOPbl 113 z2 

(5) 
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TorAa, np» npOII3BOJJbHOM 3Haqemm ~a3bl I 1 1
) » 

np» no;n;xo,l\flll\eM Bbl6ope l{Ja3bl I) 1 ) , r;n;e -1' = T 1 

)' ;:_ T 2 ') nyq I } I> (~I= T r ) npe;n;CT!BIIIM Jll160 

K8K 6,l\IIIHli4HbiH B6KTOp 

I 'f I ) -:: .A I I 1' > +- /\ l. ( 2 I ) (6) 

(JJliH6HHbiH cJJytiaH), JJ»OO, K8K 

1 r > = x, /1' > +- x2 12,) ( (/l) 

( 8HTHJJ,JH6tlHbli1 CJIYtialil). 

0ti6Bll,l\H0 1 tiTO TO *6 C8M06 cnpaBe,l\JJIIBO H AJJR npeo6pa30B8Hl1R 

o;n;Horo ,l\ByMepHoro npocTpaHCTBa B ,l\pyroe. 

4r. 06mAlil cnytialil 

Ey;n;eM Ctn1T8Tb, tiTO nytiH .;>{ , j3 '... -~ JJJ.1H6i1HO 

38B,JCJ/1Mbl (H638Bt1Cl1Mbl) 1 6CJI.1 COOTB6TCTBYIO!l\H6 6;n;HHI1'l!Hbl6 :BeKTOpbl 

1:/-.), JJ~> ·····IF> JJJ.1H6JilHO 38lUICI1Mbl (H638BH-

Ct!MI>) • 

I!:CJJ» ?{ , /-)- pa3JIIII'l!Hbl6 JIY'll1 1 TO no;n; /\ (.J.I f,) uy;n;eM 

noHHM8Tb .U.ByMepHoe nu;n;npocTpaHCTBO, HaTRHyToe Ha I:() » /!3) 

ECJIIII, B 48CTHOCTIII, .~ H j3 OpTOrOH8JibHbl 1 T.e. 

(?<' (3) = 0 ., ('1) 

TO ,l\JJfl JIIOuoro I'{\.- K ( o{ 1 /;) : 

(;;{ r Jl. +-(/~.1 )). = f ( 8) 

~~ 1 H80uUpOT 1 t13 CUOTHOlii6HIIIJil ( 7) 1 ( 8 ) CJJe;n;yeT 1 tiTO 

I '(\- !\ (,< i Js). 
EcJJvl npeo6paauBaHJ/Ie T 
TO ,l\JJR JJyqeJil j I:: T c-,.( 

COXp8HR6T BHyTpeHH66 npOlllB6,l\6Hfl6 1 

, 1s,:: r 1j , r I= T r !blflOJ!HHIOTCR 

•re lK6 COOTHOllleHlt!R 1 T.e. OHll Jli/IH6JilHO 38BIIICHAW. 

SJ 



( 

i,i 
1: ~ 
II 
p) 

8TO YTBep~AeHH6 MO~eT U~Tb paCWHpeHO lJ,O cnelJ,yiDmero: 

npeoupaaonaHHe T nyqetl HeKoToporo KOHetiHOMepHoro npocTpaHcT

Ba, coxpaHRIDmee BHyTpeHHee npoHanelJ,eHHe, nepeBOAHT K8~Aoe ero 

RHHetlHOe llOAf!pOCTp8HCTBO B IIOli,llpOCTP8HCTBO TOiil li\l:l p831Aep!WCTH. 

J1yCTb B lJel\OTOpOM BeKTOpHOM llfJOCTfJ8HCTBC f-1 KOHI:ll!IIOl\ 

paaMepHOCTH A8HO npeo~paaonaHHe nytietl T 
BHyTpeHHe6 IlfJCW3BeAtJHHe. 

1 COX]JBHHJOmee 

}:
1

: 7} 1 lJ,JJfl COOTBI:lTCTBYJOmMX BeKTOpOB I~) H I} 1) 

( I (} J 1~ '>I-= f ( t', ~ > J ) 
6ylJ,eM IIHC8Tb 

~\·--)"I}). 
'> , I<:cn11 I f ':> f !\ ( o< 1 ;; ) ( (,{ ;s)::: 0 ) 

I ~ '> --= ) I J > +-_/' I 13 
) i;1 

I c\ > ~ I ,7(') ; I js ) ~ /0/), ( ')) 

TO )lj:J() t-_)'1/1~) --+ X I ;{I) +-_/1 I I i; \ rne 

I A I = I;\' I ) Ill ::: L"' I 1 
( }u_) 

( BBHAY C 0Xp8Ht HHR BHyTpeHHero npO,I3BtlAI:JHHH). 

Bl:l6epeM HCKOTOfJb!tl BCKTOp /1 ) H COOTBeTC'l'BYIOmHtl eMy 

BBKTOP I 1 I > ( qJ838 tl.JV!KC>lpOB8H8). 

TorAa, ecnH I f.) - HeHo·roJJhlt-1 BuKrop, oprorunaJibHbitl H I 1 ) 

H I J. '> -----':! I 1:. 1 
) ,To, B cVJny ,noKaaaHaoro Bb!We yTnep~lJ.eHVJH 

(cM.4), wasy I il.' > MO~HO BLIClpau T8K' l!T06bl OTOupmKeHHe ·r ' 
cylfteHHoe Ha lli).zlllpocTpaacTno FZ ( 1, i{ ) ( /·~ ( 1; 1:) ~ P. (/'1 P) l , 

y,nOllRCTBOpHRO ypaBHBHHR.Iol 1 aaanorH'!HI:liA 6 11 68 
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B ,1!;8JI:&HetlweM Mhl yoe,Zl;HMCR, liTO ecJili1 ,Zl;JIR O,ll;J!Oro aHalleHHR 

-/i rrpeo6pa30B8Hli1e Jlli1Het'\HO, TO H ,Zl;Jifl BCeX O!:T8JI:bHblX OHO 

JII1Het'!Ho • To lite caMoe crrpa:se,ll;JIHBO H ,Zl;JIR aHTli1Jil1liet'!Horo cnyllaR. 

P8CCM0Tpl1M Jll1Het'\HyJO KOM6HHaUl1JO Tpex OpTOr(IH8JI:bHblX BeKTO-

po:s 

1 'f '> ::: ;\ 1 I 1 > +- ~\ z 1 ~ > -r 1\ s I s >. (ro ) 
hCJil1 0,1l;H8 li13 KOHCT8HT A:~ 0' TO I}:- > E- R ( (,) ) 
( {)) 1- i) . llyCT:b I)_> ·~ I 2 1 > ) I ~ > -7 I y > 

(lf}aabl /2 1
) li1 I 3/) BhlupaHbl,KaK yKaaaHc Bhlme). 

D ( ) ___~_____,. R ( -1 1
; 2 /) ' !1pe,1J;ITOJ!OlKrlM, liTO OTOClp811WHli1fl I\ 1 1 :( 1 ----, /' 

{Z ( 1, 3) ~ R(1;3'\_Jili1Het'!Hhl. 

Tor,Zl;a 

( 11C£) 

I)> I ( c 11 • 9 11 9:1 ) • 

Bhlme rrpe,Zl;nonaranoc:&, liTO }.,/1) +-). 1 /2'> 2. ).-r11')-1-).)2). 

CJie,1l;OB8TeJI:&Ho I } ) ~ _)1' ( 1\ 1 11 1
) + ;\ z J 2

1
)) -+). 7 I 5 1 ) J 

r.ue It I = 1 1 I X1
3 J-:: I ;\ :. I . 

!10.D;OClHO 3TOMY : 

i ~ ) :: (A 1 I -1 > + /\ s I ~ > ) -1- X2. I 2 > -~ 
~ (), ;;.~) r)~/31))-r,A~/2;) 
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.I 
i 
I 
I 

,i 

·i 

TaK KBK 
~I I jl) f /\ ?. I}_ I> + 1\ { / -;I) 

>I 

\ 11 '\ -1- \ 
1 f ' 1 '> t-,J);;'\nponopu>IOHaJI:bHI:l 

,j '/2 ,...._/ /~/ (r/;-fC) 

\ 

I , _ 1 1 , ' _ A., , \, H,cJieAOBaTeJIDHO, f -:: I I ( A I - /\ 2. ' /"' ~ - ' ') I / ':> / 

· 1 ~ '> . --'? ! }: '> -=- ) , /-f 1 > +- j l. IF> +- --1 3 I Y) .(II c) 
To ecT:b Ml:l noJiy~JM JIHHe~Hoe npeoupaaoBaHHe. AHaJIOrH~Ho Ml:l 

llOJIY~HM 8HTHJIMHe~H(>8 npeoup830B8HHe, eCJIH npe,n;nOJIOlKHM, ~TO 

T , cylKeHHOe 1:a fJ!,2)H !!. \'1, s / aHTHJIHHe~Ho. 

EcJIM, cKa~eM, ,- , cylKeHHOe Ha /~ (I,~), JIHHe~Ho, a .n;JIR 

R (I ,3) aHTHmu:e~Ho, TO a To npOT>IBope~T JIHHe~HOCTH '/ 

(aHTJ,JJII1He~HOCTH) H11 R (£:.,3):paBeHCTBa 

- j··> \ 1'1) !A2"" =,z,_;: 

T ;\ d~) = X~l ~/) 

T ,\ ; I ; \ : ,\ ) I s I\ 

npH \ ~ :i- ~ ~ Ht;;COBMeCTI!IMI:l. 

Ml:l y61l~IJI¥IC:b B TOM, ~TO JIH60 .T , CylKeHHOe 

t TO 

11TaK, 

H8 K8lK,l\Oe 
) ( . ..i. I 
/"\ -I , k. ) ( g i 11 , JIHHe~HO, JIH6o aHTHJIHHe£1Ho. 

B nep:BOM cJI.r~ae T , cylKeHHOe Ha JI~6oe TpexMepHoe 

no.n;npocTpaHCTBO 

8HTHJIHHe~HO. 

R ( ·I I (. I .) ) ' JIMH6£1HO, BO BTOpOM -

OcTaeTCR aa<OH~T:b .n;oKaaaTeJI:bCTBO TeopeMI:l,npHMeHRR 

MeTO.zl HH.liYKUHHo 

3aMe~aHHe 

TaK KaK npoaaBe.n;eHHe aHTWYHHTBPHI:lX npeoupaao:BaHHA He 

RBJIHeTCR 8HTHYHHT8pHI:lM, TO H~aKoe MHOlKeCTBO 8HTHYHHTBpHI:lX 

npeoup830B8HHA He MOlK8T 00p830BI:lB8T:b rpynny. 
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B H8CT0fll!l6tl pa6oTe paCCMOTp8Hbl OCHO:BHble C:Be.~eHHfl 1 H806XO

AHMble npH 03H8KOMneHHH c Teop.Hett rpynn Aw. 

0TA8Jll>Hbl8 npwMepbl rpynn H HX npeACT8:BJI8HHtt ;(8Hbl :S npHJIOliCe-

Hl1f!X. 

ABTop BblpalKaeT rJiy6oKyiO 6JiaroAapHocT:& B.r.KuAbiUJeBcKoMy 

aa HHH~HpoBaHHe STott pa60Tbl, ll. T. ToAopo:sy a a t~pe3HblllattHo noJiea

Hhle 38MetlaHHH, a T8Kllte B.H.Orl18B8Il,KOMY H r.vi.KonejiOBy 38 U8HHYIO 

llOMOl!ll>. 
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r 
I 

IIPIIIJIOREH!AH 

I. IlpHMet~ rHHbOepTOB~x npocTpaHCTB 

IlpHMep I. E., VI 2 tt ... IlpocTe~IID'IMH npHMepaMH rHHb6ep-

TOB~x npocTpaHc T:a flBJifliOTCfl E h. - e:BKJIH;n;o:so IZ- - uepHoe 

llpOCTp8HCTBO H 211.- - KOMllJI6KCHOe - /l - MepHOe llp0CTP8HCT:BO, 

C OQ~qfi~MH Oll6J8~flMH llOKOOp~H8THOro CJIO~eHHfl H YMHO~eHHfl H8 

qHcJia. CKaJIHpHc'e npoHa:ae;n;eHHe B l=h-
rl· 

(a J ff) = ,?; tli 6/ , a B 2 h 
11.- -

(a/t'J = .2.. a,·~,·. 
l--:., 

.1J.OK;i38T6HbCTBO llOJIHOT~ EI'J,. H 2;-v 
KoiiD'I., (cu. /IO/). JlerKo noKaaaT:&, qTo 

OCHOB8HO H8 KpHT6pHH 

BCflKOe KOMllJI6KCHOe 

jz, - MepHOe (;(e~CTBl1T6JI:&HOe) rHHhcJ6pTOBO llp0CTP8HCT:BO H30 -

uopq>Ho 2 n ( E ~?. ) • (Ilp11qeu a;n;ec:r, no;n; HaouopqmaMow ~ 
llOHHM86M T8KOe ll38>lMHO O,ll,H03H8qH06 OT06p8lK6Hl1e, llpl1 KOT OpOM 

cJ a + fi {' -~- c~a '+-16-./ H (a 1 tf) = («: tf~ ) 
Ilp11Mep 2 

• 8TO npOcTe~WH~ npHMep 6eCKOHeqHO-

MepHoro rHHb6epTO:Ba npocTpaHCTBa. 

0HO COCTili1T 113 :BCOX llOCJI6,ll,OB8T6JI:&HOCTe~ KO.IolllJI6KCH~X 

qHC6JI .--{ =:: (.A', 1 ~7. J • • • J _.;r- t., J • • • , ) , ,ll;Jlfl KOTOp~X 
"-

P}IA 2._ I X. 12 cxo,n;HTCH. Onepa~H CJIOlKeHHH 11 yMHOllteHHH 

B ti n;~~a:ao,n;:ITCH noKoop~HaTHo, a cKaJIHpHoe npoHaBe.n;eHI1e 

aa;n;aeTCH CJI6AYDIJ(HM oOpaao.M; 

Clo 

(X IS')= 2_ ;r,· Y,· 
,-..,_, 
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11o~p06Hee C npOCTp8HCTBOM -t:i' MOlKHO 03H8K,lM11T:bCH B /IO/, 

IIR!1Mep 3, 11pocTpaHCTBO _ ~2. (S,l) 
!1ycTD H8 HeKOTOpOM MHOlKeCTBe _Q 38,i.\8H8 MtJpa /' 

i.lHOlKCCTB o :scex KOMITJJeKCH03Ha qHbiX WYHKUHtl j/x /1 Ha Q 
~JJR KOTOpbiX ) I ((:?:)JA..c//v cXO.ziHTCR, H83biBdeTcR npocTpancT-

; ~' 
:soM L 

1 
( SJ..) • 8JJeMeHTbl aT oro rrpocTpaHcT: la cKna.n:hiBamcR 

H yMHOlK8IOTCH Ha q11cna, KaK 11 o0blqHble IPYHKU1111, 

CK8JJHpHoe rrpol13Be~eHHe E L.z_ (Q_) 38,li< !eTCH T8K: 

(f)/) J /fq Jj('1:) c{iJ. 
S2. 

TaK, ecn11 S2 - Bel!leCTBCHH8H OCb 1 a/1 - Mt:pa Jle6eJJa
7

TO 

Mbl HMeeM rrpoc:r paHC1'BO L:;. (- ~ / <PO ) • t:cn11 Q - KOMITJJeKc

HaR rrnocKOCTl>, TO L :;_ ( .fL ) ·= L 2.. ( Z ) - rrpocTpa HCT

:so KOMnJJeKCHbiX WYHKUH~ c HHTerp>lpyeMblM IiBa,ll,paT OM MO.ziY JJH. L2 (z) , 

KaK H L :t (- ~ ,~)- 6ecKOHeqHOMepHo. 

Eonee rro~po6Ho rrpocTpaHcTBa L2 ( i'L) ocHell(eHbl B 

pa6oTax /E/,/11/. 

~. 11p11Mepbl rpyrrrr 

11p11Mc;p 4 

rpyrrrra ITOBOpOTOB 

Tio:sopoTOM :s ITJJOCKOCTH E 2 H83I:JBaeTcH JJHHeliHoe o~Hopo,li,HOe 
rrpeoopa3oBaHHe rrJJOCKOCTI1 :s ce6R- X'=-AX(X--c(,,:t1)fE2 ,r-) 1..!,)\, 

38~a:saeMoe M8TPHUe~ ;q BH,l\8 

L ~~s r- - _, '-·i-1 / 

( 
/' ,, (' L;) 
~\ 1.1--l ~ {~r Y' 

5lJ 



li 

II 

II 

II 

'I 

I 
! 

ITOK83WE8BT 1 l!TO ilpOH3E6,l.{BHrliD AEYX ITOEOpOTOE 1 E3HT~X E niD60M 

ITOpH,l.{Ke, COOTieTCTEyeT ITOBOpOT ( B ,l.{ani>He~rneM 0y,l.{eM OTO~,l.{BCTB

nHTI> ITOEOPOT H COOTBBTCTBYID~YID eMy M8TPHUy). TaK K8K 

1-j 

\ () 

- e,. r) 
/ /.. "'' -
6)J0 -

- TOlKe ITOBOpOT (Ha HyneEOti yron) 1 TO H3 paBBHCTBa (~) nony-

qaeM, liTO 

ACCOUH8Tl1BHOCTE. ITp0.113Be,l.{eHHH ITOBOpOTOE OliBBl1,l.{H8. LlT8K 1 MHO-

~eCTBO (]) BC~X ITOEOpOTOB [;2 COCT8Bnf!BT rpynny. QqeEH,l.{H0 1 

liTO CL) - a6eaeBa rpynna (o6~eynoTpe6HTennHoe o6o3HalieHHe 

({)= SC(.z) ). Jl3rKo noKa3aTI>, liTO (j) K30MOp<lJHa HeKoTopo~ 
<I?aKTop-rpynne ~AAKTKBHO~ rpynnu Ae~cTBHTeni>Hux l!Hcen f( 
,lletiCT:Bl1Ten:&H0 1 Ylll1Tl:Ul8H paBeHCT:I!O (~) 1 y6eliC,l.{&eMCH1 liTO COOT-

li6TCTBH6 'P R .j. ~<:. ~ ( LDj ~ -~iv. X) 
J .._,X i...<.>SX . 

. HBJIH6TCH rOMOMOp<lJH3MOM /\ Ha cp . 
Ero H,l.{po ie~' 'f = ·1 trrJ - UHKnHqecKaH rpynna :acex 

liHceJJ (X-:-;2tr ~) .k=± 1Jt2i'"~KpaTHwx .Jrr. L'lTaK, ([) S::' R/1 Xrrf 
(j) - rpynna cMernaHHaH. ITpH 'f = 2rr · ·-c. , rAe 'Z 

PliiUHOHSJII>HOe lHCJIO t SJJeMeHT c· Ccl 't' - j\.v, )") lt1M66T KOHel!HU~ 
~· 'f Cor )0 

nopSI,l.{OK. 
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B npoTHBHOM cnyqae OH vrueeT 6ecKOHeqHH~ nopHJOK. MHo~ecTBO 

q '•l C (j) (11 ~ )_ ), COCT0Hll(66 H3 M8TPHU 

, -' (')rr) (' ,,(-'21T)) 

( 

(csK ~;;:;: - .)"""' '< ~ 1 

}v~ k ( z:;) t~s I{ ( 2::) 
(rAe f- :: 0 1 -11 

2 .~ , , · ; /1- I ) , HJnHeTCH UHKJIHt ecKo« 

noArpynno~ 4) c o6paay~ll(HM aneMeHTOM 

(

' (~>$ ( ~~) 
5 ~,'v, (':> rr ) 

"'t 

nopH.n;Ka ~ • 

- (~1-, ( ;' rr) 
~ 1-1 

{~~s· (? rr) 
VI, 

PaccuoTpl1M OTo6pa~eHvre ~ rpynnH (/)h. :a MyJ I>TvrnJIHKaTHB• 

Hy~ rpynny KOMflJI6KCHWX qHC6JI --, 
,L ' ' 

( 

Cu~ t( ( 2:) - f ~ .. I( ( 2!) ) 
~i) ~ ~ [( P: ) (c~ f( ( :>~) f1'S- /( 2

1 
IT -1- / J:·~, I( 2 ;r 

'!.. lz. 

COOTHOlll6HVI6: 

(
. /' 2- , (JI{ -"" rr)( /'_ / -'?rr tJJ t '?rr) t-CS t( ~ + ( J"h., L C.C)_( (. L- ~ ( '"~ h :: 

~, ~, '1 

~ ( UJS ( 'k +-()~IT + / S't-~ (/(t--~ )-f[) 

noKa3HBaeT, qTo ~ - rououopwHau. TaK KaK 

~,VJ_(Cl·s{) -ft._,())-(./ {.J) 
;ze-, ft-, - S'L~-, o (,,:;() - o ; ) 

TO 'tZ, - H30MOPW113M. 

MTaK, rpynna a?~ H30MOPWH8 rpynne •cex KOMflJ6KCHHX KOpHe~ 
CTeneHH h 113 6AHHHUH. 
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IIpHMep 5. 

rpynna eERnH80BNX 8BHm6HH~ 

IlycT:& C Vi J A~ (71 ;' · ·;7")- It- MepHoe :semecTBeHHOe 

e:sRnH~OBO npocTpaicT:so. PaccMoTpHM MHomecTBo c=;~ »cex npeo6pa

so:saH.H~ En.., 1m~;a j'X = ;9; X f- ~'/ , r~e A; - :semecTBeH

HaH -lz ~ IZ -MaTpll\i c onpe~enHTeneu, paBHNM eMHHI.\6 (:/,:l';j;=-1)} 
{Y' r £ f! BBeAEiM OC503H8'll6HJ1e: / -= (4;, ty) • 

IlOA TipOl13BM8HHeM /~/':z lJ.Byx npeo6p830B8HHtt/.., :::(/-J;t?)11p::(/3J) 
6y;n;eM no~pasyMe:sa· ~:& npeoC5paso:BaHHe, ROTopoe n ony-qaeTCH E 

pesyn:&T8T6 .HX TIOCI6;ll;OB8Ten:&HOrO TipHM6H6HHH: 

(j1j~JX =- j 1 (f2 X):: /"~ ( /3 :xr() --= /)(/?:1'-itf)-!t?~ 

=A 13 ·/( 1- /) ~ ;L t? = (I?!_?/ IJ / f <l) ;r 

TaKHM oe5paama, 

~~ /z = ( /-) ; {I ) ( /5 1 f) ~ ( ;J 6 J /) ?+ t?) f G)/, ) 
TaK K&lt 

c~-1/f/}/S)::- ?r:,/pc-b//5-= /. 
IIoKameM, trTO BBeJEiHHOe npo11a:se~eHHe npeoC5paao:saHHtt accol\Ha -

THBHO. J1yCT:b ,;, :::- (/-! 1 t/) 1 /"z -:- (/J I f'J) 1 /?, -- ((-;/ (') 
npoH3BOn:&HNe sne• eHThl c,--: It • TaK KaR npo»a:Be~eHHe MaT pHI.\ 

acCOI.\HaTHBH0 1 TO 

.f~ ( J" J ~) = (A 1 L?) {( ;g 1 6) ( C; (! J/) -~ (4 . 4) (!? (' J l?c f t) ~ 

-::: ( 1J 13 C; !1/3 c + II I 1- ? ) ) 

( /'7 /z} f; = (t/H; t/} ( /J If'))( l! () = (!J D; /)~yJ(Gc:);: 

= (/i&C; /)!Jc t-A~+c;), 



TaRIIM o6pa30M, /" ( /:/ :) = (j~ J? ) /.3 . To ecn npol13-

1iC.liOHile B (; h accoiJ,HaTI1BHO. E.llllHII'IiHbiM sJieMei!TOM :s c;·,L 
fiBJifleTcH npeo6pa3o:saHHe ( E 1 c) , r,11e l= ~ ( c;~.;;) 
8,lll1Hil'liH8fl M8TPIIIJ,8 1 a () - HyJie:SOti BeRTOp :S L ~1, • 

.nencTBHTeJII>HO, ,liJifl JIJ0<5oro sJieMeHTa (4 
1 

, :) 113 ~z 

(A I I i ) { F I c I ) = ( /-] ~ I /) c i 4)) ~ (/-,I I Cr) ) 

( E , c, ) (!~ 1 c; ) ::: ( E !J 1 E ~ 1 c) = ( ~ '1 tJ ) , 

.I\Jifl JIJOOOrO npeo6pa30B8Hilfl (!~! r;) :S (_) c.z. 8CT:O 

oupaTHOe npeo6pa3onaHHe ( /),.,')-'::.: (4-' 1 -f -
1tt). 

B STOM JierRo y6e~,11aeMcf! np11 Henocpe,liCTBeHHoti TIJOBepKe: 

( /~/I ) ( (~ -I - R- It? ) ~ ( !i /-) - I! -!] -It( -1 (; ) -::~~-I D)) 
( /( i / I) -I 0 ) ( ~~ I cl) = (It V-1 / lr 1t( - !)' I Lf ) -:: ( E / {). 

Mhl B>I.llllM, 'liTO onepaiJ,Hfl, :s:se,lleHHafl :s MHOlKECTne G n , 

06JI8;~aeT CIJOJICTBQM11 1) 1 C:) 1 3) 1 Tpe6yeMLIMI1 11 onpe,liOJIOHl111 rpymm 

(cu.rJI.l). 

TaRHM o6pa30M, G i-v f!BJif!eTcH rpynnotl. 0Ha H83JUaeTcf! 

rpynnoti 8BRJI~,ll011hiX ,liBI1lKOHHti • 

.n:sa no,liMHo~ecT:sa {}h , F 11 H , nep11oe 113 ROTOPLIX 

cocTOIIT 113 :scex aJJei~eHTOB Gh Bll.ll.a (A,o) , a BTopoe - 113 

:acex 3JICMCHT011 1ll1,118 (£",a) 1 fi:BJJf!IOTCfl ee llO,llrpyrii18ll.llo 

(JJ 



,lJ.etJCTB.I'ITeJibHO: 

( A I LJ ) ( g I 0 ) ~ (I?/) I /} 0 f D ) ~ (4 8 I ( ) f 

( 1J , c J -I :: ( 1--) - '; o J t- r ) ( F I (; J f- + 

( 1= I Lf ) ( E I t ) ~ ( E ) t( f t) f- f/ 
) 

~--~ 
) 

) 

( E ) q ) - I = ( t ) - q ) f f-/ ) ( E I 0) f I--/ I 

no.z~rpynna F H83JBaeTCfl rpynnoll BPallleHMM H o6oanaqaeTCfl 

qepea S ()(h ) ( ~ = )' C(h ) ) . flo,llrpynna f-1 HaaJ:J:aaeTc,J 

rpynnon TpaHcnR~t1. QqeB.I'IAHO, 1lTO H HaouopwHa aAAHTHBHOtl rpyn

ne C It • 

3aueT.I'IM, liTO f-f (I )' 0 (h ) = ( [; 1 U ) -

e,liHHH1lH8fl ITO,llrpynn~. 

floKaJKeM, 1lTO H HBnReTcR HOpMan:nHJ:JM ,11em1TeneM B {,~h 
( r/ Lj c,·._, ) • flyJTI> ,; ::- (1-), t?) - npOH3BORI>Hhltt aneMeHT 

(;'h , a -A = (r;;, () - aneueHT f-/ , TOrAa 

i-'h/ ~ (;~-'; -!-)-'<1)(E,f)(4,ct)-== 
= (;~-~ f-t 1e -lr 1cl )!!-), (i) = ( E , f-r'tl) ~ N .L1TOIK ,H4Gfl. 

flo;n;rpynna , ;' ()(t 1) 1 K8K ITOK83hiB8eT pa:aeHCTBO 

c A-', -A- I ti ) ( r: , c J( 4, c? J ~ (I!_, 8 / -!J-~) r 4 } <)):: 

- ( r;-t f3 H J (')-'(!3-E )ct)) 

64 



He HBJIHeTcH HOpMaJI:&HblM AemtTeJieM G~t• 
rpynna G h nopollt~aeTCfl 3THW'I CBOHMH no~rpyn.IaMH -

GVl = :/H ) S' 0 (h) j 
) 

T8H H8H JI~60~ SJieMeHT 

Ylll1TblB8fl, \ITO 

(/)I t( ) 

H..GG h 

- ( r; 
1 

tr ) ( /) ! (J / 

, HrJ YO(i.J) -=(t",o) 11 1 npHMeHflfl 

TeopeMy 06 1130MOpfllH3MSX n rnaB!ll I' llbl nonyqaeM COOT!!I)UleHlile: 

G.~ /H ./\- s·och). 
TaKHM oopa3oM, ilJaHTop-rpynna eBKJIH~OBblX ~BHJKeHH£1 no IIO~

rpynne TP8HCJIHI.U1tt H30MOpqma rpynne BP8ll\eHH~ s· 0(. ~) . 
3. TipHue~l_!pe~cTaB~_eHH!1 rpynn 

n pHMep 6 

rpynn~> SL (?.,C) 11 J'{f ( 2) 

PaccMOTpHM MHOJKeCTBO yHH!.IO~YJIHPHblX HOMflJieHCHblX M8'£Pl1l\ 

uoporo nopH~Ha 

H = ( ~ f ) I c-~l /) = ?~l' - jJ ,. = I ' 

TaH KaH onpe~eJIHTen:o npoH3Be~eHHH M8TPHL\ paBeH npoH3lie~eHHIO 

HX onpe~eJIHTene£1, TO npoH3Be~eHHe YHllMO~ JIHPH~>X MaT p1 l\ -

YHHMO~YJiflp!!8fl M8'rPl1l\8, OOp8TH8fl M8TPHL\8 H YHl1MO;LJ;YJIHpiOt1 ,TOlKe 

YHl1MO~YJIRpHa. IT03TOMy paCCM8TpHB8eMOe MHOJKeCTBO RBJIIeTCfl rpyn

nott. 0Ha ouo3H8\laeTcH qepe3 SL (.2' C ) • /::> j' L ( 2 1 C) 
coAeplf(HTCH noAMHOJKecTBo yHHT8pH~>X YHHMO~JIHPHblX MaTpll\ BH,na 

u : ({If ={ ( -.1 
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0HO HBJHleT Jfl no,n.rpynnott, TaK 1\81\ (t, ~') it-.::: (; :) _- (c-:.;~)-1 
11 ,ll.Jifl JIJ06I>x MaTp~l.\ ((, 1 i~z ( {(;-< = l~-~ if/ :-{(z ') cnpa:se,n.JIHBO 

C OOTHOllJeHH e 

( (1; 1iz) If_- (/z )((I;~~~ (!, -'tl; -1 = ( ((1 cr; ).-I 
8Ta rpyrrna o6oaHatiaeTCfl tie pea S (-( (2). 8JieMeHTN J-(_ ( ('2) 

) 
J:X / 2

. + I ~ /' =~ f 
neilCTBMTeJibHO, nycTb 

Tor,n.El _ _ 

) ~ / ) '(-~" .. /._,<, J I/ -;=·(·_Jc! --~s), t.. - ( f, (F .:.- c--r. - . -" 

OTcJO,n.a 1 ~\-- 7 J 'v -:: -~~- u u ::o (_·-: /i_) • 
J ~ ~ 

CooTHOllJeHl1e 1 ,.J. 1 z 1 1 f"!.J < = 1 noJiyqaeTcfl !13 ycJIOBl1fl ,t:/tr -I. 
PaccMOTpMM HeKO~ Ofble KOHe'!HOMepHNe rrpe,n.cTa:BJieiiMfl rpynnN .'//_, (2 1(') 

l1 S'L( (:2) • r p11 JIJ060M l.(eJIOM ~/ > 0 rrpe,n.cTaBJiemte Tc / 
rpyrrrrbl S L ( 2, ~') :B rrpocTpaHc'rne o,n.Hopo,n.HbiX MHorotiJieHOB t'(::>) 

KOMI1JIGKCHOrO llC]IeMeHHOrO CTeiTGHM ~-} ( BI>rJifl,ll.l1T TaK: 

BbiiTOJIHfleTcfl. ;; ) 

EcJIM B 3TOJ1 qJOp AyJie IIOJJOlKUTb / = ({ (- J'{ ( (:!) t { ( - (f ;-/ t 

TO 110JJY'il1TCfl lip 3.l(CT8BJJeHl1e rpyl1llbl J'/~(2) :B TOM lite 11j)OCT]J8HC1'

:se 

· ) ) ( 11. 7) 2 ( V' ( v( ' -lf ) T( ( tr ~(:: ~ ~" 2 f,;X ( ~--
/':> 2 +- X, . 
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MOlKHO ,1\0K838T:O, l.ITO STO npe,1\CT8B!IeHI1C HCllp11B0,1\11M'l (eM .fit:./), 

8 1 CJ1C,1(0B8TCJI:OH0 1 Heilpl1B0,1\HMO COOTllCTCTBY!OIIlCC rrpe,~CT8llJlCHI1C rpyn

ilbl SL{; ,C). TipHBe,n,eM cep1.110 6ecKoHetiHOMepHbiX yHHTapHhlx npe,n, -

cTaBJJeHMt1 rpyrrnhl S L { :2, C) 1l npocTpaHcTBe L ~ {z) (npocT-

paHCTBO QJYHKUI1~ KOMIIJICKCHOrO nepeMCHHOrO C 

pa·roM MOAYJJH). 8TH npe,llcTaBJJeHMR MMBIOT BillA: 

Tj f!-z) =ifz ,;-;-'""[ ~(f2 rFJ"';I (f2':f), 
r,1(e ! -::- ( ~ ~ ) , /11 - UCJ108 1 J ·· ,I(BHeTBVlTCJl:OHOC 

til1eJJO, 

Bee STM npe,n,eTaBJJeHHR 

B pa6oTe It:./). 
HCllprlBO,I(l1Mbl (.L\OK838'feJJ:OeTB l rrpi1BC,l\CHO 

Tipl1Mep 7 

rpynrra fiyaHKape j=> 

PaeeMOTpi1M MHOlfWeTEO p BeeX npeoopa30B8.!11t:\ 11 npOCT-

paHCTBC f 4 EHAa X 1 :::: If x f t{ , r,11e A - MaTpHua 

( <f x Lf) , npl1Ha;nJJelKall(aR rpynne JlopeHua 0 (} 1 1/ ~ 
/( X ·: A' ( / , np111.1eM BCKTOp //' flll1KeMpOBBH ,ll,Jll K8lK;l\Oro 

/ ' 'r 
npeo6pa30B8HMR. KaK l1 B npe,llbl.liYIIleM ilpl1MCpe, HBlK,l\lC TaHOe 

npeoupaaoEaHHe o6oaHal.II1M qepea (A 1 t( ) 

TorAa noeJJeAOBaTen:oHoMy rrpHMeHeHl1IO ,n,Byx npJo0paaoBaHMt:\ 

113 P ., ' {n · \ 
1 ( /1 1 i,~ ) 11 /) 1 f 1 6y.l(eT eOOTBeTeTBlB8T:O 

( l': 1 1 i J ( () I / ) = (/~ 8 ) !) {) f {/ ) --

npeo6pa30BBHl1e 113 p 
1 

TBK KBK /) /3 (- () (?, 1 7) , 
JlerKO JuC,ZI,l1T:OeR, tiTO :Bee BbiKJJB,ZI,HJ1 1 llpOBC,ZJ,eHHbiC ;1\~R rpyrrllbl 

eBKJJl1,ZJ,OIJbiX :z\BI1lKBHl1HJ cnpaBe,l\JJl1Bhl H ;1\JJR f.J . II )STOMY P 
RBJJReTCR rpynrro~. 0Ha H83biB88TeR rpyllrrOH IlyaHKap~ (STO MHD-
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I 

!l 

lK8CTJ30 :acex npeo6pa3C>B8HHtl J3 r-~ 1311,11;8 X I~ A,\ f t( 

0CT8J3Jifi!Oli\HX HHl38PI18H~HOtl IJJOpMy ( -'"t./'i __ ('}.:J,!2_ (X_,(!!_ ;:12))--2 • 
ilcnom,3yfl yHa3aHHble J.blme :BbiHJJa;n;IDt, noJJyqaeM, tiTO 

P = 1 z~ ) 1-1 ~ ~~ H ) 
pI l-1 /\_ ;~) .~ C(?, I ~f), 

r;n;e ;z~~ - rpynnf :acex nyeo6pa30B8HHtl H3 

( jj 
1 
c ) ( oomaR rpyrna Jl opeHua), a H - rpynna :acex 

npeo6pa3o:aaHHII :aH;n;a (E 1 t/) , (r;n;e E - e;n;I1Hl1tiH8fl MaTpl1ua). 

TaKHM o6pa3oM, cpaKTOf -rpynrra rpynm>~ TiyaHJ<ape no no;n;rpyrrne :scex 

TpaHcJJRU11tl H30Mopc)}Ha rpynne JlopeHua. 

rpynna TiyaHH8PE fiBJJfleTCfl IO-napaMeTpi1tieCJ<Otl rpynnotl 

JIM. YMHOlKl1M K8lK;zJ;bltl l1~ ;n;ecf!Tl1 ee l1HIJ.ll<!Hl1Te3HM8JJ:&Hb1X onepa·ropOB 

Ha - ( • B pe3ym,1aTe noJJytiamcR apMHTOBbl onepa·ropbl 

jl!;\'(t,\.o-L~,I,.?,~;[c)ltl pj· (\'-o,1t? 1 ~) (ecJJH Jt-aHTl1-

apM11TOB. onepaTop ( 1 )*::: -/!) , TO £ r. A - apM!tiTOB 

(~ tP)'~'=-ii!'!) 
( 1(

1 
(!t)f)J)~ ((!·,J4j J ;[') = -1- ( ((-;::))~; t) 

__ ~ i ( \ , (- !) ) 1 
1 ) = -f (. ( (-) )( / L; ) ~ ((f I /)) { 1 J)) 

/ . 
l1y>l no,, onepaToybl f{) COOTB8TCTBYIOT O,ZJ;HOpOAHbiM rrpeu6pa30Ba

- TP8fCJifiUI1fiM (HJJI1 C,IJ;B14NM). P; 
~CJII1 ,ZJ;OITUJIHH'f'CJ])HO Clllt!T8T:&, tiTO t- }_\' c' ny11 j. ) c' 

iJ<HJHO - /\..1, j , a / '1 t (, = 0 , TO KOMMYT8U110HHble cooTHomeHI1fl, 

HHHM, 8 



KOTUp~M YAOBnCTBUpHIDT 3TW reHepaTOp~ MO~HO 38llHCJTh TaK: 

r j\/, ;' I f\' J == ( c fJ i( r· -1- k: pj· J 
' ) 

c r\ , r J- J :: c, 

C;~v;,J ;f'v1'(c]:: -/ { ftt~~·t- /J« 1-/:t( +j·c)-l(f -!jr:f!l() . ) 

r jcc::: -jl; = ju:::: jij::: 0 ) l·i:: (..' I IY'~'-1 (·;r-/. 

f!pi!BBAeM B Kaqec'rBe np>IMepa cepero 6ecKoHeqHO~iepH~x 

Hellpl1BO)J,HM~X yHl1T8PIWX rrpe).(CT8BneHl1i1 rpyiT!Ibl JlyaHK8pt. 8TO 

npe,i\CT8BneHHfl Tl1ll8 [11--L ) ). 1 + 
./f- ' 

f6 HCTBe -/~(' /Ji / t- ( i,;~.l. /1/ 

Oneparop~ c/( ('A I t/) 
).(et\cr BYIDT Ha 3JieMCHTbl lf- ( r I 'f) 
no ~opMyne: . 

7 B rHnh..;CpTl•BOM DpOCT-

)• 
npe).(CT8BnCHl1fl j Jz;J) 

1
-1 j 

npocTpaHCTBa _-....u . f 
-"G ;t-'1 

1 . 

f ((4,ct)lf(P~)) = t':t,zz:. L>f,~)(V(r(A))~J) F(elA)f,~ ~ 
(-,-J (~) 

r.n.e /tC - ou~quoe cKamipHoe npm13Be).(eHJ1e Bel TopoB ,P 
u t! y; - ld30M01J'<!k!c~oToopalKeuJ1e rpynnbl 1 opeuua Ha 
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Ilpeoopaao:safil' e V(B' f) , cToiuqee 11 rrpa:solrt li8CTI1 ~JOPMYJII:l 
( x: ) , ne1 e:so.z~HT Kallt,llbllrt sJieMeHT ( 13 1 f') , r.z~e 8 f SL (:,C) , 

a f - :aeK~ op, 11 SJieMeHT S'(~ ( :2) cJie,llyiOiliHM o6paaoM 

(npH f= (::r";::rt;;y?;;r3) •f-=x(6(· 
r.z~e <!! ,· - MaTpl!IUJ:l IlayJIH). 

Ilp11Mep 8 

rpyrrrra .su ( 3 l 

PaCCMOI'PHM MHOlKeCTBO z~ BCeX KOMITJieKCHI:lX- S X 3 · M8TPlilll 

I t/11 ll'n {f't 3) 
L~ = U? I {(7 7 l"f'? l 

I L(~ I L(>z {(B ) 

y.z~o:sJieTBOPRIOLtHX ycJIOBHiU4: 

pte/ t{ = I I {-( ~ = (-f-.1 
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Tor,n.a ./c-/ f - -/ ~->~'-:- C. ~ ( -; c/<!/ t.f-7(:'(7 --
/ / 

cfi/t/.., c>&r'cr? :- 1 ) ( (/_, (/7 ):t (~ ""(-f,-1( ~ 

t~c·(tlr-l::: (((( {(7)- 1• 

' . 7/ 
CJie,ll,OB8TCJl:bHO' e ( (_ ( ' (/_, {.(1. f {.. • 0TCIO,ll,8 Mbl 381\JIIOqaeM' 

qTo Z.f - rpynna. 8Ta rpynna ouoauaqaeTcR KaK ,S {_/( (3), 
TaK KaK Ma:rp11uw (<., yu~<ITapHbl, TO oTo6pa)l(eHl1e 2{ .- U (TolK

.n.ecTBeuuoe) HBJIHeTcH yHl1T8PHbiM npe.n.cTaBJI6HHeM rp:rnnbl S (_( (?.) 

23 B IlpOcTpaHCTBe • 8TO llj)C)iCT8BJI6HH6 H6IIpl1:lO)il1MO. ,LI,pyrl1M 

Henpl1BO,ll,l1Mb1M yHHTBPHhiM npe.n.cTaBJICHl1eM RBJIHCTCR nle.n.cT8BJI6Hl1e 

KpOMe 3THX npe.n.CT8BJI6HHM,cy~eCTBY6T 03CKOHeqH06 MHO

)l(6CTBO H8I!pl1BO)il1MWX YHHTBPHbiX KOH6qHOM6PHblX npe)iJT8BJI6Hl1M rpyiillbl 

Stt!3J. 
011ViC8Hl1C llX MU)l(HO H8t\Tl!l 1 H8IliJl1Mcp, B jJCldOTC / 4/. 

UTTY.l\8 Mbl II03811MCTByeM )iB8 llpOCT6tlUJ11X llpHMJp8. flpH 3TOM 

Mbl vY.l\8M Ilpllc:8HRT:b T6pMl1HOJIOr,JI0 1 KOTOp8H l1CIIOJI:b3JeTCfl cfl113¥!K8Ml1. 

!IpelK.n.e· Bcero, paccMoTpl1M l1Hcj)-'1Hl1Te3l1l;JaJI:bHble onepal'OPLI 

(AJII-! 1 K8K HX H83biB8IOT 1 reHepaTOpbi) rpyllllbl j'(((?). 

reuepaTopaM11 J' (((5) B npe.n.cTaBJiemtl1 HailMCH:bllleM paaMep

HOCT-'1, HBJIRIOTCR Lf ..., ' 
3pWITOBbiX KOMllJI8KCHbiX - .) X_,- M8T P>1U C 

HYJI6BbiM-'1 111IIypaMl1 ,A c' • 

0Hl1 MoryT ublT:b Bb16paHbl T8K 1 qTO 

(
1 0 0) 

;\) :: C; -J 0 
(J 0 0 ) 

I I -t 
0 0

) - · c, 1 o 
73 ( 0 () -~ • 
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B .n;aHHOM cJJytrae oneparophl ~ 3 H ;\ 6 KOMMYTHPYIOT 

M CBR38Hhl C KBBHTOBbiMH tiMCJJBMM ti8CTHU: 38jJR,ZI;OM M renepaapR,Zi;OM. 

HarrpHMep 1 B KBBPKOBCM rrpe.n;cTaBJJeHMH 1 orrepaTop aJJeKrp~trecKoro 

38jJR,Z1;8 &' BhlP8lK88TCR trepe3 /\ -~ Vl ;\ J TBK: 

1y .; /) ~ + _ I /\ ,:,' 
L /- J!~ -

,IJ.JJR JIJ060l1 M8'T]Jl1Uhl {( f- _f{_( (?) MO)I(HO TBK BhiUjJBl':& BOCeM:& 

BemecrBeHHhiX napaMe:rpoB Cc./,· (1-, 1,2,- ;l) 1 trTo 

{{ = e / /~1 {;_'s" ,A j J 

r.n;e 1 no orrpe;(eJJeHl1I0 1 

~} tA =- F -1- t /) + -( :>/-) 2 + ... + 
L ;2_1 

( /= - 8,ZI;HHlHH8R li8'i')J•IUB). 

reue paTOpbi )\ ( y,r OBJIBTBO pRJOT KOMMY'T8Ul10HHbJM COOT HOUWHHRM: 

KOHBtiHbiC lipe00t-8JOBBHHR 1 COOTB8TCTBYIOml1e H8ITjJilBO,ZI;HMbiM 

npe;'ICTBBJJBH>Iflt,l 1 ITOtiH! BC8 OtiBH:& rpOM03,ZJ;KU 1 B OTJJU tiHe OT 

HHIJiilHH Te3,JM8JJ:& HhiX. 

:,ibJ rrpvlBB,ZJ;eM ;J,I 8 CBMhiX ITjJOCTbiX ITpHMepa. 

IlepBbJM RBJJReTc R uerrp,IBO.J.~IMoe rrpe.n.cTBBJieuwe D ( 01 /!). 



BTopoll npwMep - BOC.DMl!MepHoe HenpuBOMMOe npe~c·raB ij8HHe 

i.\(.A 1
/f) [.t/,tf ) -, • ITpH 3TOU npe~cTaBneHHH OKTeT 7 npe-

06pa3yeTCR TaK: 
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