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CTOS!HOB Jl. U., XpHCTOB X .H. P2-3725 

H e nHHel\H bre rrpeo c Taane HHS! rpy rrrr bi JJH 

P a6oTa S!Bn S!eTcS! o63 opoM oC HOBHwx orrpeoen e HH l\ H TeopeM Teo pHH 

He rrp e p w BHhl X r pyrrrr JlH , H3 n o•eHH hlx Ha S! 3hlK e HenHHel\Hwx rrpeoc TaaneHHl\ 

3THX r py rrrr. 3 T O 03H8 '!8 eT, 'ITO OC HOBHb!e TeopeMbl TeOpHH Herrpep b! BHhlX 

rpy rr n JlH n epe<jlo p M y nHpOB8 Hbl T BK , 'IT06b! C H X liOMOmh JO MO-HO 6binO Kn8C -

CH<iJHUHpO B8T h l}Ce B03 MO*Hb!e p ea nH38UHH (He TOnhKO !IHHel\Hb!e) ll8HH0l\ , 

rpy llll b! !J H G • 

OpenpHHT 06beAHHeHHOrO HHCTHTYTa HAepHNX HCC~eAOBaHM~ . 

,ll,y6Ha, 1968 . 

Stoya nov D ., Khristov Kh. P2- 3725 

Non- Linear R e presenta tions of the Lee G r o u p 

The b as i c d e termina tio ns a nd theorems o f the theory of the 

C')ntinuous L ee g roups , expressed in terms of non- linear represen

tatio n s of these g roups, a r e review ed. Thi s means tha t the basic 

th eor e m s o f this the o ry a re refo rmula te d in such a way tha t it i s 

possibl e to c l assify a ll the possible r eal izations ( n o t only linea r ) 

of the g iv en Lee g r oup G u s ing thes e theo rems. 
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I . 

BBeo.elfHe 

TeopH~ o peanH38UHH naHHOA rpyrrrrbi rrpeo6paaoBaHH~ n -Mepuoro 

rrpOCTp8HCTB8 ITO aanaHHhiM CTpyKTypHbiM ITOCTOSIHHbiM STOA rpyiTITbl 6bin8 

nasHo pa3BHTa Co<f>ycoM flHI II. Ehmo noKaaaHo, 'ITO aanaHHhiM CTPYKTyp

HhiM ITOCTOSIHHhiM BCerna COOTBeTCTByeT H9KOTOp8S1 peanH38UHSI H9KOTopo A 

rpyiTITbl C TeMH JK9 CTpyKTypHbiMH ITOCTO~HHbiMH. TaKHM o6p830M BOITpOC 

0 cyweCTBOB8HHH ITpOH3BOnhHhiX peanH38UHA ll8HHOA rpyiTIT bl 6bm peweH 

ewe Torna. 0CTBnOCb TOnbKO HX KnaCCH<f>HUHpOB8Th.XOT~ T8K8SI Kn8CCH

<f>HK8UHSI He C03ll89T HHK8KHX DpHHUHDH8nhHhlX 38TpyllH9HHA, Bee JKe HCTO

pH'i9CKOe pa3BHTH9 STOA T90pHH ITOWnO H9CKOnhKO B llpyroM H8Dp8Bn9HHH. 

Eonee HHTepeCHhiM OK838nCSI BODpOC 0 TOM, MOlKHO nH Bbi6paTb nHHeAHhl 9 

peanH38UHH ll8HHO!i rpyiTITbl ( ITOCn9llHHe, K8K H3B9CTHO, H83b!B810TCSI nHH9H

HbJMH rrpencTaBneHHSIMH). Tpe6oBaHHe nHHeAHOCTH - sTo norronHHTenhHoe 

Tpe60B8HHe, ITOSTOMY TeOpHSI nHH9HHbiX Dp9llCT8BneHHll: HHT9HCHBHO pa3-

BHn8Cb H 060CHOB8n8Cb K8K OTll9nhH8SI H8YK8 BBHllY 6onbWOrO KOnH'ieCTB8 

CBOHCTB, npHCYWHX nHH9HHbiM np9llCT8BneHHSIM. 3Ta TeOpHS! p83BHB89TCSI H llO 

CHX DOp. 

0TK83 OT Tpe60B8HHSI nHHeHHOCT~ O'ieBHllHO, yMeHbWHT KOnH'i9CTBO 

CBOHCTB yJKe H9nHH9HHbiX peanH38UHH ( HnH rrpellCTaBneHHH) ll8HHOH rpynnhi, 

H SIBnSI9TCSI warOM H838ll. C llpyrofi CTOpOHbi , BBHllY M9HbWero KOnH'i9CTB8 

CBOHCTB, B STOM cnyqae Yll89TCSI CllenaTb H9CKOnbKO 60nbWe, '19M B c nyqae 

nnHell:Hwx npencTaBneHnfi. Y naeTcSI Knaccu<f>nuHpoBaTh He TOnhKO HenpHBO-

llHMbie HenHH9HHbl9 Dp9llCTaBn9HHH, 'UlCnO KOTOpbiX KOH9'iHOe, ecnH rpynna 
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HMeeT KOHel.!HOe 'IHCliO rrapaMeTpOB, HO H BCe IIpHBOLlHMbJe ( OHH MOI'YT 6b!Tb 

BITOf!He IIpHBOLlHMbl) • 

KaK y)i{e oTMeqeao, B pa6oTax KnaccHKOB/ 1,2,3' cyumocTH, coaep)KHTC5! 

BCe He06XOJlHMOe Llii51 ITOCTpoeHH51 HenHHeHHbiX rrpeLICTaBneHHJt Jl8HHOH rpyiiiibi. 

0JIH8KO cjlopMyliHpOBKH TeopeM, orrpeaeneHHJt · H lip., HB HBUI B3I'li51Jl, HerrpH

( I'OJlHbl Jlli51 HenocpeJICTBeHHOI'O npHMeHeHH51 ( TO'IHO TBK )Ke, K8K OHH HenpHI'OJl

~ Hbl Jlli51 HerrocpeJICTBeHHOI'O IIpHMeHeHH51 B liHHeltHOM cnyqae/4/). flOSTOMY 

H8CT051UIHM 0630p0M Mbl CT8BHM ce6e uenbJO CcjlOpMynHpOB8Tb H3BeCTHbie OIT-

peaeneHH51 H TeopeMbl H3 TeopHH Tp8HCcjlOpM8UHOHHblX rpyrrrr B BHJle, rrpHI'OJlHOM 

Jlli51 HerrocpeJICTBeHHbiX IIpHMeHeHHJt, T.e. JliTSI ITOliyl.!eHHSI H KIT8CCHcPHK8UHH 

HenHHeltHbiX rrpencTaBneHHlt aaHHolt rpyrrrrbi flH. CneayeT TBK)I{e OTMeTHTb, 

'ITO B 0630p BX0Jl51T TOiibKO T8KHe CBeaeHH51 H3 TeOpHH C,flH, KOTOpb!e He

ITOCpeJICTBeHHO Heo6XOQHMhl Jlli51 IIOCTpOeHH51 YK838HHhlX rrpe.QCT8BlieHHH. B 

o63ope, T8KHM o6pa30M, COJlep)KHTC51 BCe, 'ITO 6bliiO HCITOlih30B8HO, H BCe Llii51 

IIOliHOI'O ITOHHM8HH51 pa60Tbl BBTOpOB /6/, I'Jle 6b!liH Kli8CCHcPHUHpOB8Hbl H nonyqe-

Hbi see nHHeHHbie npeacTasneHH51 rpynrrhi SU ( 2 ) • 

§1. OnpeaeneHHe nenHnennoro·npeacTBBneHHH 

1. 3aaaHbi rpyrrrra flH G H TorrorrorH'IeCKoe npocTpaHcTBo U n· Dpeano-

liO)KHM, 'ITO B U n 38Jl8H8 CHCTeMa KOOpJlHHBT TBK, 'ITO iiJ06oJt 9lieMeHT 9TOI'O 

npocTp8HCTB8 P ~ U n MO)KHO 6binO 38Jl8Tb C ITOMOUibJO n l.!Hcen 

p = I X X •• ; X I . 
I ll n 

B STOM CMbiClie Mbl 6yaeM I'OBppHTb, 'ITO rrpoCTp8HCTBO U n- n -Mepaoe. 

rrapaMeTpHl.!ecKolt, T.e. n106olt aneMeHT g <;. G fpyrrrry flH G 6yaeM C'IHT8Tb f 

38Jl8eTC51 C ITOMOUibiO f napaMeTpOB s =Is ,g ••• g l=ls I 
1 2 t p. 

3aMel.!aHHe: B aTolt pa6oTe naTHHCKHe HHJleKCbi sceraa 6yayT npHHHMaTb 

3H8l.!eHH51 OT 1 JlO n , a rpeqeCKHe - OT 1 JlO f • flo ITOBTOpSI!OlUHMCSJ HH

aeKCBM B COMHO)KHTen51X BCei'Jl8 6yaeM ITOJipa3yMeB8Tb cyMMHpOB8HH51 B COOT-

BeTCTBYJOUIHX rrpeaerrax, 

4 

PaccMoTpHM MHO)KE 

r,<sp.' xk) 

3aaaHbi Ha rpyrrrre G Ji 

C'IHT8Tb, 'ITO o6naCTb 3f 

liO)KI!M, 'ITO F (g , x, 
I p. 

CTOlibKO pa3, CKOlibKO H 

Het\iUiei'O H3iiO)KeHH51 Mbl 

cPYHKUHOHBiibHO He38BHCH 

de t I 
a 

Jlli 

J1, HBKOHeU, Mbl ITOTpe6 

Bo MHO)KeCTBe r MO)K 

H ( 1.3) Jl8JOT B03MO)KH0C 

30B8HHe o6nacTH D c u n 

X , = F ( g • X 
I p. k 

Ho Toraa npOH3BeaeHHe 

ABYX TBKHX npeo6p830B8 

F ( g • X k 
I p. 

flpOH3BeaeHHe 9THX ABy: 

Fl < g P. 



Ql!Mb!e ( OHH MoryT 6biTb 

,, CyiUHOCTH, COLlep)!(l!TC51 

r asneHHJ;! aaHHoJ;! rpyiiiibi . 

., Ha Haw BsrnRa, HerrpH

K )!(e, KaK OHH HeiipHrOLl

vl cny'!ae/4/). floaToMy 

IIHpOBaTb HSBeCTHbie OII

rpyrrrr B BHJle, IIpHrOJlHOM 

~HHS'I H K/I8CCH<fJHK8UHH 

e}lyeT T8K)!(e OTMeTHTb, 

pl!H C.flH, KOTOpb!e He

HHbiX rrpeJlcTasneHHH. B 

HCIIO/IbSOB8H01 H BCe Jl/IS'I 

.ccHcpHuHposaHbi 11 rronyqe-

IIpOCTpaHCTBO U n• llpeJliiO

ITO n106oA aneMeHT aToro 

b!O D 'IHCe/1 

HCTBO Un- D -MepHOe. 

e. n106oA aneMeHT g c;;. G 

.. g I= I g I . 
t p. 

Bcer}la 6yJlyT IIpliHHMaTb 

flo IIOBTOps:!IOWHMCS'I HH

b CyMMHpOBaHHH B COOT-

PacCMOTpHM MHO)!(eCTBO cpyHKUHH r; 

I g I = g G- G p. X l=p G-U 
k n 

( 1.1) 

saaaHbi Ha rpyrrrre G 11 B HeKoTopoJ;! o6nacTH D rrpocTpaHcTBa U n • EyaeM 

C'ii1T8Tb, 'ITO 06/I8CTb 3H8'1eHHJ;! 3THX <jlyHKUHJ;! COBIIaJlaeT C DC U
0 

• llpelliiO-

/IO)!(HM, 'ITO F I ( g p., xk) - Heiipepb!BHO ,'lH<jl<flepeHURpyeMbie ITO g p. H x k 

CTO/IbKO pas, CKO/IbKO HaM 3TO IIOH8Ll06RTC51 B Jla/IbHeHIUeM. B uenRX ll81Ib

HeHWero HS/IO)!(eHHS'I Mbl 6yJleM C"'HT8Tb 0 'ITO MHO)!(eCTBO r COJlep)!(HT TO/IbKO 

cpyHKUHOHa/IbHO HeSaBHCHMble F I T.e. TaKRe F I • ll/151 KOTOpb!X 

de t I 
a F1 

,;, 0 I X I 
( 1. 2) 

-----1 - p G- D 
ax k 

k 

ll/151 scex g c;;. G 

11, HaKOHeU, Mbl IIOTpe6yeM, "'T06bi B r COilep)!(8/Il!Cb OllliH paS C8Mll X k: 

Bo MHO)!(eCTBe r MO)!(HO OIIpeJle/IHTb IIpOH3BeJleHHe. l1MeHHO YCIIOBHS'I ( 1.2) 

ll ( 1.3) JlaJOT B03MO)!(HOCTb paCCM8TpHBaTb 

30BaHHe o6naCTH DC U n 

k 
x'=F (g x) 

I p. k 
I X 

F ( g X ) 

I p. k 

x'l- qG-D . 
k 

KaK rrpeo6pa-

( 1.4) 

Ho TOrlla rrpoHsBelleHHe MO)!(HO orrpellenHTb KaK rrocneJloBaTenbHOe rrpHMeHeHHe 

llBYX TaKHX IIpeo6pa30BaHHH. flycTb 3HJlaHbl QB8 aneMeHTa MHO)!(eCTBa r: 
F ( g • X k 

I p. 
ll F (h X ) • 

I p. k 

flpOHSBeJleHHe 3THX llBYX aneMeHTOB 6yaeM 0603H3"!aTb 

Fl (gill *FI (hll H "k) ( 1.5) 
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H, no onpeaeneHHlO, 

F ( g I * F 
I p. I 

( 1.8) h II X ) = F [ g • F ( h • X ) ] • 
II k I p.k 11f 

¢yHKUHH F(gi*F(h Jlx 
I p. I II x He 05R38Hhl DpHHaane*8Tb MHO*eCT-

By [' · Ho eCIIH Bee OHH DpHHaane*aT 9TOMY MHO*eCTBY, TO OHO, O'leBHaHO, 

RBIIReTCR ITOilyrpynnoH. ileHCTBHTellbHO, H3 ( 1.8) cneayeT, 'ITO YMHO*eHHe 

8CCOUH8TJiiBHOe, a 113 ( 1,3) - 'ITO [' coaep*HT Jil eaHHJii'IHblll: 91leli.€HT. Y CllOBJile 

( 1.2) oaHa'laeT, 'ITO y mo5oro npeo5paaoBaHHR ( 1.4) ecTb 11 o5paTHoe, HO Mbi 

HHrae He npeanono*unu, 'ITO oHo DpHHaane*HT MHO*eCTBy l . 
2. Mao*ecTBo cjJyHKUHH [' 5yaeM H83hlB8Tb npeaCT8BileHHeM rpyDDhl 

G B o5nacTH D n -MepHoro npocTpaHCTBa U n ecnH 

~~ lg ,F lh ,x 0 lJ = F' L\ghl ,x J, 
I p. k II L I p. k ll. 7} 

rae ( g h ) P. - napaMeTpbi aneMeHTa g h Go G IToKa*eM, 'ITO ycnoBHe 

(1.7) npespamaeT nonyrpynny f' B rpynny ('ITO Heo5xollHMo anR Toro, 'IT0-

5bi MHO*eCTBO cjJyHKUHll: [' o5p830B81IH npeaCT8BileHHe rpyDDbi G ) • ilnR 

3TOrO Mbi aoll*Hbi ITOK838Tb 0 'ITO [' COilep*HT BCe o5paTHbie npeo5p830B8HHR1 

KOTOpbie B CHIIY ( 1.2), KBK Y*e OTMe'I81IH, CyiUeCTBYIOT. 05paTHyiO cjJyHKUHIO 

Mhl 5yaeM o5oaHa'laTb qepea 

F-I ( g ,x ) . 
I p. k 

ITocKOilbKY oHa sceraa cymecTsyeT anR n106oro F 
1 

MO*eM H8ITHC8Tb 3KBHB81leHTHOe eMy paBeHCTBO 

-I 
F (h ,x

0
)=F (g 

k V L k /L 
, F 

I 

-1 

[ ( g h ) 

TO Mbi BMeCTO ( 1.7) 

• X ] l ( 1.8) 
II k 

IToacTaBnRH B rrocneaHee paseHcTBO h = g , rronyqaeM 

F 
k 

-1 -1 
g ,xo ) = F (g ,xo) 

II L k V L,1 ( 1.9) 

6 

-1 
rae g 

11 
- napaMeTpbi 

CTB8 ( 1,3), T8K K8K ( g 

( 
-1 

Fkg11•"f G-f' 
r- 1 <8 ,x >G-r 

k II k 

'ITO H Tpe60B81l0Cb llOK8. 

3. ITpeacTaBneHHR 

CTJil D n - MepHoro n 

ecnH I y t I 

MauHelt 

rae f 1 ( x k ) 

11 I " I 
f 

orrpeaene 

3H8'1eHHll: 3THX cjJyHKUHll:, 

'ITO 

BO Bcell: o5nacTH D • : 

(1,11) B 3TOll: 051l8CTH, 

o5paaoM; 

3H8R KOHKpeTHbiH BHa T] 

CBR3b Me*lly F 1 ( g p. , 

B o5meM BHae. J.1cxoaH I 

Jil HMeH B BHay, 'ITO 

Y = f (X e e 1 



X ) ] • ( 1.6) 
f 

llpH H8L{1le )f(8 T b MHO)f(eCT-

~y, TO OHO, O'leBHllHO, 

neayeT, qTo YMHO)f(eHHe 

IH'IHbil!: :::me!I.EHT . YcnoBHe 

eCTb H o6p8THOe, HO M bl 

CTBy f' . 

rrpeacTasn eHHe M rpyrrnhl 

ecnH 

J • t I. 7 J 

;a)f(eM, 'ITO ycnoBHe 

6XOllHMO ll1ISI TOrO , 'IT O

eMHe rpyrrnbi G ) • llnR 

paTHbie npeo 5paaosaHHSI, 

3YIOT. 05paTHyiO QJYMKUHIO 

, X ] I 
II It 

( 1.8) 

( 1. 9 ) 

I. 

l 

rile 
-I 

g v 
-I 

- napa MeTpbt aneMeHTa g K p oMe Toro, Hc n o nbaosa nH pasea-

CTBa ( 1.3). T8K K8K ( g g -I !E ·t e ) 
v v "' o . Ho g _, c;;. G no aToMy 

I > 

( -1 
Fir. gv,xf <;;. f' H, C1lellOBaTe1lbHO 1 

r- 1 (g ,x )<;;.f' 
It v It 

ll1ISI 7II06biX g c;;. G ( 1.10) 

qTo H Tpe6osanocb llOKaaaTb. 

3, npeacTaBneHHSI F I ( g ll • xlt 

CTH D D Mepaoro npocTpaHCTBa U 0 1 H83b!B8 IOTCSI 3KBHB81leHTHbiMH, 

ecnH I y t I H I X 

f 
CBSI38Hbl Me)f(Jly c o6o l!: HeBb!pO)f(JleHHOl!: TpaHC!jlop-

M8UHeA 

y I 
f ( X ) , 

I It 
(1.11) 

rae f 1 ( x It ) orrpeaeneHhl B o6nacTH D H noc nellHSISI SIB1lSieTCSI 067I8CTbiO 

3MaqeMHA aTHX <f>yHKUHA. HeBbipO)f(LleMHOCTb rrpeo6paaosaHHSI ( 1.11) oaHaqaeT, 

qTo 

a r I _ __;.. __ I " o 
a x 

de t I ( 1.12) 
It 

so sceA o6nacTH D • 3To aaeT B03MO)f(HOCTb o6pamaTb rrpeo6paaoaaHHe 

( 1.11) B aToll: o6nacTH ~ 06paTHoe rrpeo6paaosaHHe o6oaHaqHM c neayiOW HM 

o6paaoM; 

X 
It 

f -I ( ) 
It y f • ( 1.13) 

3H8SI KOHKpeTHb! tl: BHll Tp8HC<jlopM8UHil: ( 1.11) H ( 1.13), nerKO MQ)f(HO Ha ti:T H 

CBSI3b Me)f(Jly F I (gil , x It ) H n o n y 'IHM aTy C BSI3 b 

B o6meM BHL{e. HCXOllSI H3 rrpeo 6 p a 30B8HHSI 

y , =ell ( g • yf ) 
I I II 

( 1.14) 

H HM eSI B BHllY, q To 

f ( X e k 
y' =f (x ' ), e e It 

( 1.15) 
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rae 

x =F (g ,x
0

), 
k k II l. ( 1.16) 

nerKo rrony'lHTb 

F ( g • X 0 
k II L 

-1 
f I !I> [g ,f

0
(x

1
l]). 

k I II L 
(1.17) 

3aMeTHM1 'lTO eC1IH rrpenCT8B1IeHHR H IIpeo6p830B8HHe (1.11) 1IHHei%Hhle, TO 

<jlopMyna ( 1.17) rrepexonHT B xoporuo H3BecTHYJO <jlopMyny 3KBHBaneHTHbiX 

rrpeo6pa3oBaHHi%. ITosToMy ( 1.17) RBnReTcR o6o6rueHHeM rrocnenHei%. 

EcnH !I> ( g • y ) - rrpencTaBneHHe rpyrrrrbi G B o6nacTH D C U 
I II f D 

TO nerKO ITOK838Tb, 'ITO Fk(gll, xk) H3 <jlopMynhi ( 1.17)-To>t<e 

rrpencTaBneHHe G B D. 3To yTBep>t<neHHe cnenyeT H3 HH>KecnenyJOmeA 

UeiiO'lKH paBeHCTB: 

-1 -1 
F [g ,F

0
(h ,x 

k II L /l 
) ] = f I !I> [g £.<£ 1!1> [h 

I V l. I p 
,f (x )]))]) 

-1 

k 
!I> [g !I> (h • 

I V p ll 
= f 

q 

-F[(gh) ,x
0

] 
k /l L 

( X 

"' 
q -- r 

-1 

))])=f l!l>l[(gh) ,f 
It p. 

(X 
q 

> l I 

4. ITycTb B o6nacTH D 3anaHHaH <jlyHKUHR I ( x" ) • I ( x ") H83biBaeTcH 

HHB8pH8HTOM rrpencTaBneHHR F ( g , x ) ecnH BbiiTOIIHReTCH cnenyJO:.Uee 
I ll k ' 

TO>KAeCTBO! 

I[F (g ,x l]:I(x ). 
I ll k k (1.19) 

8 

~ 

ITpencTaBneHHR, ans:~ 

IIOCTOHHHbiM 1 H83b!B8!0' 

HeriDHBOLIHMbiMH. 

ITpencTaBneHHe 

HaAfleTCR T8KOe '1HC1IO 

X k) MO>KHO pa36HTb 

EcnH >t<e 

F ( g • X 

b "' 

F 
u 

Fl 

F 
b 

F 
u 

g • ) 

"' 
g 'X 

"' . 
( g "' 

gil 

TO Torna rrpencTaBneH 

EcnH rrpencTaBnE 

HanbHO, To Torna ero 

orrpeneneHHeM cnenye 

rrpenCT8BIIeHHH 1 TO KE 

rranaJOT. KaK YBHAHM n 

Hoe rrpencTaBneHHe BO 

AHT ITO TO MY, 'ITO rrpHB 

TOB ( 8 He C ITOMOlllb!O 

BMeCTO ( 1.19) HMeiiH 

'ITO OIIpenenReT OllHO~ 



(1.16) 

I. (1.17) 

e {1,11) nHHeAHhle, TO 

lpMyny 3KBHBaneHTHhlX 

;:!HHeM rrocneaHe A. 

G B o6nacTH D C U 

pMynhi ( 1.17)-To~e 

[h ,f (x l]ll]l 
q ·· r 

(X 
q 

l l I 

D 

I ( x "l Ha3 biBaeTcH 

~rronHHeTcH cneay10mee 

( 1.19) 

ITpeacTasneHHH, anH KOTOphlX He Bee HHBBpHaHThl TO~QeCTBeHHO paBHhl 

IIOCTOHHHbiM, H83biB810TCH IIpHBOQHMbiMH, B rrpOTHBHOM cnyqae HX H83b!B810T 

HeiiOHBOnHMbiMH, 

ITpeacTaBneHHe F I ( g /l , X It ) H83biB8eTCH KB83HQHarOH8nbHbiM 0 ecnH 

Hall:aeTCH T8KOe 'IHCnO r ( 1 :S r < D ) , 'ITO COBOKyiiHOC Tb <flyHKUHll: F ( g , 

X It) 

I p. 
MO~HO pa36HTb Ha QBe '18CTH: 

F ( g • X 
b ,.,. 0 

F 
u 

F 
I 

F 

F 

b 

u 

g ' X ,.,. y 

g ' X ) 
,.,. It 

g,. X 
0 

g,. X . 
It 

b,ccal.;.r 
( 1.20) 

u,v=r+l .;. ll 

MO~HO pa36HTb Ha cneay!OJUHe QBe '18CT.H: 

b • c - 1 7 r 

( 1.21) 

u a r + 1 . D k 7 . D' 

To Toraa rrpeacTaBneHHe 6yaeM H83biB8Tb rronyKBaaHaHaroHanbHbiM, 

EcnH rrpeacTaBneH.He rrpHBOQHMo H oaHoBpeMeHHO c aT.HM KBaaHaHaro

HanbHO, TO Toraa era H830BeM BIIOnHe IIpHBOQ.HMbiM, B CBH3H C rrocneaH.HM 

orrpeaeneHHeM cneayeT oTMeT.HTb, 'ITO ecn.H He Tpe6oBanocb n.HHeAHOCT.H 

rrpeQCT8BneHHH 0 TO KB83HQHarOH8nbHOCTb H IIOnHaH IIpHBOQHMOCTb He COB-

rraaa10T. KaK yBHQHM aanbwe Ha rrpHMepe rpyrrrrbi S U ( 2 ) , KB83HnHaroHanh-

HOe IIpeacTaBneHHe B006me MO~eT He HBnHTbCH IIpHBOQHMbiM, 3TO IIpOHCXO

QHT IIOTOMy, 'ITO IIpHBOQHMOCTb OIIpeaenHeTCH TOnbKO C IIOMOWb!O HHB8pH8H-

TOB (a He C IIOMOWb!O HHB8pH8HTHblX IIOQIIpOC'I;paHCTB, .B rrocneaHeM cnyqae 

BMeCTO ( 1,19) HMenH 6bi paBeHCTBO I ( Fl ( g • X ) ) = A ( g ) I (X ) • 
,.,. It ,.,. It 

'ITO OIIpeaenHeT OQHOMepHoe HHB8pH8HTHOe IIOQIIpOCTp8HCTBO npOCTp8HCTB8 
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D 
H Torna O'ieBHUHO, 'iTO I ( X k ) He HBnReTCH HHB8pH8HTOM) npen-u 

CTBBneHHH. 

Tenepb Mbi noKaJKeM cnenyiDmee yTBepJKneaHe. 

T eope M a 1. fl1060e npHBOUHMOe npeUCTaBneHHe B TO JKe BpeMH HBnHeT

CH H nonyK B 8 3HUH8rOH8nbHbiM. 

I1ycTb I .. ( x k) a = 1 .;- r ) r - !flyHKUHOHBnbHO He38BHCHMbie HHB8-

pHa HTb l npeUCT8BneHHH t ' I ( g p. , X k ) 

B 3TOM cny q a e 0 3 H8'i8 eT, 'iTO M8TpHU8 

~YHKUHOH8nbH8H He3aBHCHMOCTb 

II
/ a I _.!_ II 

ax 
k 

a = 1 .:. r k ..!. n 

·' 
r S n 

HMeeT paar r • Be3 orpaHH'ieHHSI o6maocTH nonoJKHM, 'ITO 

de t I a' .. I Ia o a,b=1.!r 
a x 

b 

Torna BBeneM HOBbie nepeMeHHbie 

y .. I ( X ) 

a a k 
a = - r 

y X s = r + 1 n . .. a 

flerKO y6enHTbCH B TOM, 'iTO B CHny ( 1.23): 

det a r I l "' o 
ax .. 

( 1. 22) 

( 1. 23) 

( 1. 24) 

Teneob C nOMO!Ub!O ( 1.17) nepel!:neM K 3KBHBaneHTHOMY npeUCTaBneHHIO B 

nepeMeHH b!X y I 

a 
g • y ) = 

ll k a 
F I [ g 

v 
-I 

Ik(yfll a = 1 .!. r ( 1. 25) <1> 

-I 
rne I k ( y f l - o6paTaoe npeo6pa3oBaHHe K ( 1.24). OnaaKo B cHny onpene-

neHHH ( 1.19) 1 HMeeM 

10 

<1> ( g • y ) = 
a ll k a 

H ewe 

<1> ( g • y ) 
.. ll k 

F .. 

PaBeHCTBa (1.26) H (1. 

K8K npeo6pa30B8HHH (1 

naJKe enHHH'iHhr. n, 
OT Bcex y k , H II03T 

HBnHeTCH nonyKB83HUH8 

§2. TenepBTOpJ 

1. feaepaTopHbie ~ 

KOHe'iHOMBnbiX npeo6pa3 

rnHUHbiM. Mbi, onaaKo, 

p830B8HHH HBM He nOHBD 

cnenaTb nerKo no aaano 

MTaK, reaepaTopHt 

npencTaBneHHH • • ( g 
r I p. 

npocTpaHCTBa u 
D 

MIL 
I 

6) 

I1o ycnOBHIO !flyHKJ: 

UHpye MbiMH no BCeM BI 



CH HHBapHaHTOM) npea-

B TO ~e BpeMH HBnHeT-

bHO He3aBHCHMble HHBa

HanbHaH He3aBHCHMOCTb 

n ( 1.22) 

• - r ( 1. 23) 

( 1.24) 

n . 

HOMY npencTaBneHHIO B 

1 .!. r ( 1. 25) 

OnHaKo B cHny onpene-

<I> ( g ' y L 

a ll & 
( 1. 26) 

H eme 

( 1.27) 

" 
. 
- n <I> ( g • y L ) 

.. ,.,. & 

F 

PaBeHCTBa ( 1.26) H ( 1,27) 1 B CylllHOCTH, H LIOKa3biBaiOT Hallly TeopeMy, TaK 

KaK npeo6pa30B8HHH ( 1,26) He TOnbKO He 3aBHCHT OT y lr nnH Jr. > r, HO 

aa~e enHHH'IHbi, Tlpeo6paaoBaHHH ~e ( 1.27) Boo6me MoryT aaBHce Tb 

oT Bcex y k , H noaToMy B KoopnHHaTax (1.24) aaHHoe npeacTaBneHHe 

HBnHeTCH nonyKB83HLIH8I'OH8nbHbiM, 

§2. renepaTopHbre tjJyHKUHH nenHHelfnoro IIpe~cTaBneHHH 

1, feHepaTOpHble <jJyHKUHH 06bl'IHO BBOLIHTCH llpH paCCMaTpHBaHHH 6ec

KOHe'IHOManblX npeo6paaoBaHHlt, TaKoe BBeneHHe HHoraa Ka~eTCH 6onee Ha

rnHUHbiM, Mbl, OUHaKO, BBeneM HX Cpaay, T8K KaK 6ecKOHe'IHOManble rrpeo6-

p830BaHHH HaM He ITOHano6HTCH, a ecnH aa~e llpHneTCH HX BBeCTH, TO MO~HO 

cnenaTb nerKo no aHanorHH c nHHe~HQIMH rrpencTaBneHHRMH, 

YITaK, reHepaTopHbiMH ( HnH HH<jJHHHTeaHManbHbiMH) <jJyHKUHHMH naHHoro 

rrpencTaBneHHR 

IIpOCTp8HCTBa u 

F
1 

(g ,xk ), ,.,. ne~cTBy!Omero B o6nacTH 

n 
6yaeM H83biBaTb <jJyHKUHH 

a F
1 

< g • x) 

a g ,.,. 
g = 0 

II 

D n -MepHoro 

( 2. 1) 

flo ycnOBHIO <jJyHKUHH Mp. ( x) 6yaeM C'IHT8Tb HenpepblBHO UH<P<jJepeH -
1 

UHpyeMbiMH no BCeM apryMeHTaM x k YcnoBH e HenpepbiBHolt aH¢¢epeH-
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p. 
UHpyeMOCTH MO:>KHO HeCKOnhKO pacumpHTb,A HMeHHO; C'HIT8Tb, 'ITO M I { x k 

YAOBneTBOp.ll!OT ycnOBH.IlM flHIIll!HUa ( 06 STOM MO:>KHO IIOCMOTpeTb, H8IlpHMep
1 

B KHHf'e CTeiiaHOBa
151 ). nanhllle Mbl BCef'A8 6yAeM f'OBOpHTb 0 nerrpepbi&HOit 

JlH<jl<jlepeHUlipyeMOCTH, IIOMHH, 'ITO IIO cymeCTBy MO>KHO IIOA STHM IIOApaay

MeB8Tb ycnOBHSI flHIIlllHU8, 

3AeCb HHTepeCHO OTMeTHTb, K '!eMy nepeXOAHT MP.{x ), 
I k 

ecnH npeA-

cTaBneHHe F { g , x ) - mrnettHoe. C'iHTaH, 'ITO B nocneAHeM cnyqae 
I p. k 

F {g ,I ). T {g )I 
I p. k lk Jl k 

( 2.2) 

B CHny (2.1) nonyqaeM, 'ITO 

p. p. 
M I { I k ) - I lk I k ( 2.3) 

l-fMeSI B BHAY IIOCneAHHe ABe <jlopMynbi (2.2) H (2.3), Mbl CMO:>KeM n10-

6oii peaynhT8T Cp8BHHB8Tb C peaynhT8T8MH nHHeHHbiX rrpeACTaBneHHH. llanb

ll!e Mbl CHOB8 BepHeMCSI K STOMy BOIIpocy H yBHAHM, 'ITO CB.I13b Me>KAY nH

HeitHb!MH H HenHHeiiHbiMH npencTaBneHHSIMH n a>Ke B o61.ueM cnyqae 6onee 

rny60K8 , '!eM S TO MO>KeT IIOK838TbCSI HB nepBbiit B3f'nSIJl, 

2. 3necb Mbl paCCMOTpHM CBSI3b Me>KAY reHepaTOpHbiMH <jlyHKUHSIMH 

SKBHBaneHTHbiX npeAC T8B.'IeHHit, DyCTb 38Ll8Hbl llB8 SKBHBaneHTHb!X npeACT8B-

neHHSI F 1 { g P. , x k 

SIMH COOTBeTC TBeHHO 

H I!J
1 

M~(xk) 
aanH, ecnH I x ~r ! H I y t I 

{ g , y ) C reHepa TopHbiMH <jlyHKUH-
V f 
H N r { y k) • K aK Mbl y:>Ke IIOK8-

CBSI38Hbl paBeHCTB8 MH ( 1.11), IIpH'IeM Bbl-

IIOnHSieTCSI { 1,12), TO F, li lp 1 CBSI38Hbi paBeHCTBOM { I. I 7 J. M bi 

IIpOAH<I><!>epeHUHpyeM paBeHCTBO (1.17) IIO 

Mcrronhayg onpeAeneHHe ( 2.1), nony'IHM 

ar P. P. 
---

1
- M ( X ) = N ( y ) ax k f I f 

k 

12 

g p. • rronaraSI IIOTOM Bee gp. o. 

y ... r < x ) 
I I k ( 2.4) 

CneAyeT aaMeTHTh, 'ITO 

KoTopoe nonyqaeTCR H3 

To'IHO TaK >Ke H3 

nonyqaeM, 'ITO, ecnH <jly 

AHMO BhliiOnHSITb cneAyK 

a 1 <: 
ax k 

Mo:>KHO noKaaaTh, 'IT< 

(2.5) MO>KHO p8CCM8Tf 

ABHHoro npeAcTaBnenH 

npHno>KeHHH. 

EcnH 'tHcno B03M• 

qeHHH p. , T.e. ecnH 1 

(3aMeTHM, 'ITO CHCTeM 

n- r He38BHCHMbiX p 

poBaTh cneAyJOll!ee yTB' 

TeopeMa 2. PaaM 

rrpencTaBneHHH r -1 

lleli:CTBHTe nbHO, E 

ITO MeHbll!ell: Mepe1 D - f 

IIPeACT8BneHHe IIPHBOAH: 

PaseacTBO ( 2.4) 

nepBbiX, C ero IIOMOll!bl 

HhlX rrpeAcTasneHHii , a 

B ApyrHe. Bo-BTOpbiX 

<jly HKUHll: y I = f I ( x k) 

rrpeACT8BneHHH. DoCKO 

ypaBHeHHH AnSI n H 

He SIBnSieTC.Il TpHBH8n~ 



p. 
'IHT8Tb, 'ITO M I (X k ) 

noCMOTpeTb, HanpHMep
1 

'OBOPHTb 0 HenpepbiErHOll" 

:Ho non 9THM rroapa3y-

p. 
M 1 ( x k l. ecnH npen-

nocnenHeM cny'lae 

( 2.2) 

( 2.3) 

: 2.3), Mbl CMO*eM niO

npencTaBneHHH, Danb

'ITO CBSI3b Me*LlY nH

o6meM cny'lae 6onee 

arnSin. 

JBTOpHblMH <jlyHKUHSIMH 

msaneHTHbiX npencTaB

~HepaTopHhlMI:I ~YHKUJ.I

KaK Mhi Y*e rroKa-

1:1 ( 1.11), npH'IeM Bbi

~eHCTBOM (I.I7}. Mbr 

'lraSI IIOTOM BCe o. 

) . 
( 2.4) 

CneayeT 3aMeTHTb, 'ITO anSI nony'leHHSI ( 2.4) Mhi nonb30BanHcb paBeHCTBoM, 

KOTopoe nonyqaeTCR H3 ( 1.17), ecnH pernaTb ero no oTHorneHHIO K <P ( g , y
0 

). 
I p. L 

To'IHO TaK *e H3 paBeHCTBa (1.19) rryTeM LlH~~epeHuHpoBaHHSI no g 
p. 

nonyqaeM, 'ITO, ecm:1 ~YHKUHSI I ( x l SIBnSieTCSI Ji!HB·~PH8HTO!I.1 1 TO Heo6xo-

LlHMO BhmonHSITb cnenyiOmee ypaBHeHHe 

a I< x > 
anSI acex p. • ( 2.5) 

Mo*HO rroKa3aTb, 'ITO 9TO ycnoBHe SIBnSieTcSI TaK*e nocTaTO'IHbiM, T.e. 

(2.5) MO*HO paCCM8TpHB8Tb KBK ypaBHeHHe LlnSI nony'leHHSI HHBapHBHTOB 

naHHoro npencTaBneHHSI. iloKa3aTenbCTBa nocnenHero ~aKTa rrpHBOLlHM B 

IIPHno*eHHH. 

EcnH •mcno B03MO*HhiX 3Ha'leHHll" HHLleKca k npeBbirnaeT 'IHCno 3Ha-

'leHHii p. , T,e. ecnH n > f , B CHny TeopeMb/2, 1/ H3 KHHrH 3ll"3eHX8pTa 

(38MeTHM, 'ITO CHCTeMa ypaBHeHHfi (2.5) IIOnHaSI)1 ypaBHeHHSI (2.5) HMeiOT 

n- f He3aBHCHMb!X perneHHHo 3TO 03H8'18eT, 'ITO Mbl CMO*eM c<flopMynH-

poBaTb cneny10mee yTaep*neHHe: 

TeopeMa 2. PaaMepHOCTb MaKCHManbHoro HerrpHBOLlHMoro HenHHell"Horo 

rrpencTaBneHHSI f -rrapaMeTpH'IeCKOfi rpyniibl nH paBH8 B TO'IHOCTH f. 

ilell"CTBHTenbHO, eCnH pa3MepHOCTb rrpencTaBneHHSI n > f , TO HMeiOTCSI.., 

no MeHblllell" Mepe1 n - f He38BJi!CJi!MbiX Ji!HB8pH8HTOB H, cneL!OB8TenbHO, Ll8HHOe 

npencTaBneHHe nPHBOL!Ji!MO. 

PaaeHCTBO ( 2.4) MO*Ho paccMaTpHBaTb nByMSI pa3HbiMI:I cnoco6aMH. Bo

rrepBbiX, C ero noMOIIlb!O MO*HO nony'laTb reHepaTOpHbie ~YHKUI:II:I 9KBI:!BaneHT

HhlX rrpencTaaneHHii, 3HaSI rrpeo6paaoBaHHe rrepexona 1:13 OLlHHX rrepeMeHHhlX 

B npyrHe. Bo-BTOpbrx, ( 2.4) MO)KHO paccMaTpHBBTb KaK ypaBHeHHe D.nSI 

~YHKUI:IH y I = f I ( x k ) , 3H8SI reHepaTOpHbie ~YHKUI:II:I LlBYX 9KBJ.!BaneHTHblX 

rrpencTasneHHii. nocKonbKY B nocnenHeM cnyqae (2.4) ecTb CI:ICTeMa 1:13 fn 

ypaBHeHI:IH anSI n Hei:I3BeCTHbiX, TO BOIIpOC 0 pelllHMOCTH T8KOH CI:ICTeMbl 

He SIBnSieTCSI Tpi:IBHanbHbiM. ila)Ke eCnH CI:ICTeMa ( 2.4) I:!MeeT perneHHSI, TO 
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cnenyeT HccnenosaTb ewe H sorrpoc o ToM, MO*HO nH H3 HMx rrono6paTb n 

!jlyHKUHOHanbHO He3aBHCHMbre. Ecnu u rrocnenHee B03MO*HO cnenaTb, Mbi 

6yneM rosopMTb, 'ITO ( 2.4) HMeeT rroaxoaSiwee peiUeHHe. B npoTMBHOM 

cny'Iae peweHHe HerronxonSiwe~ H rrpeacTasneHHSI He SIBnSI~TCSI aKBMBaneHT

HhiMH. C llpyroi! CTOpOHbi, ecnH B ( 2.4) !jlHKCHpOB8Tb HHneKC p. , TO H3 BCe-

ro CK838HHOro llO CHX !IOp Mbl MO*eM H8ITMC8Tb ypaBHeHMe ( 2.4) (anSI Ll8H-

HOrO qJHKCHpOB!1HHOrO p. • H8ITpHMep, paBHO p. 
0 

) B T8KOM BHlle, 'IT06b! 

p. 
OycTb N I ( y e = c y I , rne c- npoM3-OHO scerna HMeno perneHHe. 

sonbH8H nocToHHHaR. Torna 

a r I 
M P.o ( x ) = c Y 

k e 1 ax k 

( 2.6) 

BHnHo, 'ITO Ka*noe y 
1 YllOBneTBOpSieT OL!HO H TO *e ypaBHeHMe, ll08TO-

MY Mbl MO*eM He ITMC8Tb B 

D cpyHKUHH y = f ( X 
I I k 

( 2.6) MHLieKc i . T aKHM o6pa3oM, anSI scex 

y HaC eCTb TOnbKO OllHO ypaBHeHHe (2.6). 

CornaCHO o6wett TeOOHH • 3THX YDBBHeHHi!/5/, B CHnY HerroeObiBHOH nM<bdJeoeH-

UHpyeMOCTH M"' 0 
( x ) • ypa sHeHHe ( 2.6) sceraa HMeeT rronxonHwee pellle-k p , 

HHe. Jlei!CTBHTenbHO, . COOTBeTCTBYIOW8S! CHCTeMa 06biKHOBeHHbiX J:!HcpcpepeHUHanb-

Hb!X ypaBHeHHH 

d y 

c y 

d xk 

MP.o(x ) 
k t 

k. - D 

HMeeT D QlYHKUHOHanbHO He38BHCHMhlX nepBhlX HHTerpanoB 

¢ (y,x )=c 
I k 

de t I 
a ¢1 

axk 

PelllaH Ka*aoe H3 paseHcTB ( 2.8) no y , rronyqaeM 

y 
I 

f (X , C 
I k 
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) . 

I ,.: o . 

( 2. 7) 

( 2.8) 

( 2.9) 

I 
,\ 

I 

T.e. n -rrapaMeTpu• 

QJyHKUHOHBnhHOH He38BH• 

3TO liDOBeDHTb) , 'ITO 

TaKHM o6pa3oM.- ~ 

TeopeMa 3. JlnSI 

KOOpLIHHBT, B KOTOpOi!
1

1 

*eT !IpHHHTb cneny~U!H 

KOTOpbiH H830BeM KBHOH 

EcTeCTBeHHO, Bo3 

reHepaTOpHhlX QlyHKUHil 

nse reHepaTopHbie QJYHK" 

'ITO cywecTsyeT ITf306f 

T 8 KOe 0 'ITO B KOOpL!HH8T 

BHLl, 3TO 03H8'!8eT, 'ITO 

il YIOillHM ypaBHeHHHM: 

a r I 

a x
1 

I 
M (X ) "' 

l k 

rne soo5we c f,. c 
1 a 

Torna, nH!jl!jlepeHUHpyH r 

2 
*eHHeM Ha M k (X e 



• nH H3 HHX rroao6p8Tb D 

B03MO)I{HO c.aenaTb, Mbl 

perueuHe. B npoTHBHOM 

SIBnSI~TCSI 3KBHBaneHT-

:. HHaeKC p. , TO H3 BCe

lBHeHHe ( 2.4) (anst aau

B T8KOM BHae, 'IT06bJ 

c y 1 , rae c- npoHa-

( 2.8) 

> )l{e ypaaueuHe, noaTo

:HM o6paaoM, .anst acex 

· oauo ypaaueuHe ( 2.8). 

uerroeobiBHoii aHdxbeoeu-

MeeT rroaxoastmee perue

IoBeHHhiX IU!cp<j>e peHUH8lib-

( 2. 7) 

TerpanoB 

I r' o . ( 2.8) 

( 2.9) 

t 
l 

r 

T.e. D -rrapaMeTpH'IeCK8SI cfJaMHnHSI llOAXOASIIliHX pemeHHll: ( 2.8), H6o H3 

cfJyHKUHOH8nbHOH He38BHCHMOCTH cfJyHKUHH ¢ ( y , x ) cneayeT ( K8K HeTpyaHO 
I k 

STO ITDOBePHTb), 'ITO 

( 2.10) 

TaKHM o6paaoM,. Mbi aoKaaanH cneay~my~ TeopeMy: 

TeopeMa 3. !lnst n~6oro npe.acTaaneHHSI cymecTayeT TaKaSI CHcTeMa 

KOopaHH8T, B KOTOpoll:,rro Kpall:Hei!: Mepe,oaua H3 reHepaTOpHb!X cfJyHKUHll: MO

)I{eT rrpHHSITb cneay~mHll: npocToll: BHa 

( 2.11) 

KOTOpbiH H830BeM K8HOHH'IeCKHM (a T8K)I{e aHaroHanbHbiM), 

EcTecTaeuuo, B03HHKaeT aonpoc o6 oauoapeMeHHOM rrpuaeaenHH aayx 

reuepaTOpHbiX cf>yHKUHll: B aHarouanbHy~ cfJopMy, nycTb, H811pHMep, 3aaaHbl 
1 ~ 

aBe reuepaTOpHbie cf>yHKUHH M ! (I) H M J (I) H rryCTb H3BeCTHO, 

'ITO cymeCTByeT 11f~06p830B8HHe 

y c f (X ) , 
I k 

( 2. 12) 

2 
TaKoe, 'ITO B KOOpaHH8T8X y M H M rrpHHHM8~T K8HOHH'IeCKHll: 

I J 

BHa, 3To 03HaqaeT, 'ITO <j>yHKUHH (2.12) oauoapeMeHHO yaoBneTBOpst~T cne-

ilY~I.UHM ypaBHeHHSIM! 

I 
M (X ) "" 

J k 

rae Boo6me c i. c 
1 2 

Toraa, aH<j>cf>epeuuupyst 

2 
)l{eHHeM Ha M k ( X e 

c y 
1 

nepBhie ypaBHeHHSI no X 

( 2.13) 

k C rrocneay~IUHM YMHO-

C CYMMHpOB8HHeM 110 HHaeKC8M lt , H AHcfJ<flepeH-
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Iii 

I 

UHpySI BTOpoe ypaBHeHHe IIO x C IIOClleAy!OillHM yMHO>KeHHeM H8 M ( x I< I< f 

TO>Ke C cyMMHpOB8HHeM IIO HHAeKC8M It , II011Y'IHM AB8 Bb!pa>KeHHSI. 8bJ-

'IHT8SI nocneAHHe, IIOllY'iHM cneAyJOmee paBeHCTBO 

!!L 
axk 

I aM, 2 
(---a;- M I< 

I< 

2 

aM, _ M I< 

axk 
0. 

Y'iHTbiBBSI HeBhipO>KAeHHOCTb npeo6pa3oBaHHSI ( 2.18), T.e. 'ITO 

det I 
ay, 

I f. o • ax 
I< 

II011Y'I:8eM 

I 2 
aM 1 2 aM 1 I = 0 --- M - --M 
ax I< ax I< 

I< I< 

( 2.14) 

( 2.15) 

CnenoaaTenbHO, ycnoaHe ( 2.15) Heo6xonHMO llllSI Toro, 'IT06bi nae reHepaTop

Hbie ¢YHKUHH MO>KHO 6hl110 nepeBeCTH B AH8rOH81lbHY!O ¢opMy OAHOBpeMeHHO, 

T.e. C OllHHM H TeM >Ke npeo6p830B8HHeM. 
I 2 

Tenepb Hao6opoT, rrycTh M 1 H M 1 
ynoaneTBOpH!OT To>KnecTBeH-

HO VCllOBH!O ( 2.15) • flyCTb , KpOMe TOrO, A8HO npeo6pa30B8HHe 

y I 
f ( X ) 

I I< 
de t I ay 1"0, 

AllSI KOTOporo 

a xk 
M

1
(x )=c y • 

I< f I I 

a Y' 

YMHO>KHM nocnenHee paaeHCTBO cneaa Ha onepaTop 

2 
M 

I 

a 
a x 

J 

16 

( 2.16) 

( 2. 17) 

( 2.18) 

H IIOllY'iHM 

:a a 1 
M -- (M (x 
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yMHO)KeHHeM aa M k ( x f 

HM ABa Bhipa)KeHHH, B br -

( 2.14) 

1 T,e, 'ITO 

( 2.15) 

ro, 'IT06hi ABe reaepaTop

HYIO $opMy OAHOBpeMeHHO, 

AOBneTBOpH!OT TO)KAeCTBeH -

5pa30B8HHe 

f. 0 • ( 2.16) 

( 2. 17) 

J 

( 2.18) 

H nony'IHM 

2 a I a r ll a r I 
Ml ( M k (X f) I ) M -a;- = c 

a"~< j a" 1 j 

c noMolllb!O ( 2.15) nerKo nony'IHTh cneAy!Omee TO)KAeCTBO: 

M ll_a_ (M 

1 a" " j 

1 a 
M~-a-

" j 

l . 

nocne noAcTaHOBKH nocneAaero B (2.19), nonyqaeM, 'ITo $yHKUHH 

AnSI n106oro y I 

( 2.1 9) 

(2.20) 

( 2. 21) 

TO)Ke yAoBneTBOpHeT ypaBHeHH!O ( 2.17). ¥13 nocneAHero pe3ynhTaTa cneAyeT, 

'ITO H3 BCeX peWeHHA: ypaBHeHHH ( 2,17) MO)KHO Bbi6pa Tb T B KO e , 'ITO 

ll 
M 

I 

a r 
I 

a" j 
T aKHM o6pa3oM AOKa3anH TpeTb!O TeopeMy, 

( 2.21) 

TeopeMa 4. YcnoBHe ( 2.15) HBnHeTCH aeo6xoAHMhiM H AO CTaTO'IHbiM L.lnH 

OL(HOBpeMeHHOrO npHBeAeHHH ABYX reaepaTOpHblX $yHKUHti K K8 HOHH'IeCKOMy 

BHAy, 

§3. CBH3b reHeparopHbiX rf;yHKIIHti c HenHHetiHbiM npeac r a ane HHeM. 

0CHOBHbie TeopeMbl C . flH 

feHepaTOpHbie $yHKUHH HenHHei1:Horo npeACT8BneHHH Hrpa !OT Ty )Ke pOnh
1 

'ITO H reHepaTopbl nHHeAHoro npeAcTaBneHHH, 3Ty ponh Mbi p acKpo eM c 

nOMOlllb!O HH)KecneAy!OlUHX Tpex OCHOBHbiX T e opeM C,flH, 3TH Teo peM bl 6binH 

c$opMynHpOB8Hhl Boo6me AnH rpynnhl npeo6pa3oB8HHH n -Me p Horo n pocT

paHcTBa H c HX noMOlllh!O cTpoHnach caMa aTa rpynna , Y a ac r p ynna Bo -
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o6me aaaaHa H II0:3TOMy Mbl 6yaeM paCCMaTpHBaTb :3TH TeopeMbl KaK Teope

Mbl 0 CyUieCTBOBaHHH H OaH03Ha'IHOCTH npeacTaBneHHSI aaHHOA rpyiiiibi. Uo

:3TOMY caMH <jJopMynHpOBKH TeopeM HeCK011bKO OT11H'Ia!OTCSI OT 06b!'IHbiX, XOTSI 

6bi IIOTOMy, 'ITO y HaC pe'lb HaeT 0 npeacTaBneHHH. Ho, KpOMe TOro, OHH H 

H8CK011bKO ynpOUI8Hbl ( KaK H CaMH aoKa3aT811bCTBa), anSI TOrO, 'IT06b! MO)I(HO 

6hl110 H8IIOCpeacTB8HHO CpaBHHTb HX C COOTB8TCTBYIOUIHMH TeopeMaMH H3 Teo

pHH 11HHetiHhiX npeacTaBneHHH • J.iTaK, nepell:aeM K TeopeMaM. 

TeopeMa 5. UepBaSI OCHOBHaSI TeopeMa. feHepaTOpHbie <jJyHKUHH OaH03Ha'l-

HO onpeaenHIOT npeacTaBneHHe rpynnbt G • 

DoKaaaTenhCTBO. B cHny aaKoHa yMHO)I(8HHSI y Hac ecTb cneayrowee 

TO>KJJ.8CTBO anSI npeL!cTaBneHHSI rpyrrrrbt G 

-I 
F l(gh) ; F [(h ) ,x 0 ]l 

I p. k y L 
Fl g ' X ) ' 

" k 

( 3.1) 

rae ( g h) -napaMeTpbi ::~neMeHTa g h ~ G DH<jJ<jlepeHuHpySI (3.1) no napa-

MeT paM 

rae 

" g H nonaraH 
-I 

h- g ' nonyqaeM 
/L 

iJ F I ( g y 'xk) 

as 
" 

f 

I 
(I) a I 

s ( g ) M w 
p.w r 

s ( g ) = ( 
p. w r 

o(gh)JL 

ogw 

[F (g ,x )] 
k y k J 

-I 
h=s 

( 3.2) 

( 3.3) 

H, cneaoBaT811bHO, s ( g ) 
IJ.W r 

OIIpeaeneHbl OaH03Ha'lHO anSI aaaaHHOH rpyn-

lib! G , TBK KBK OHH 38BHCSIT T011bKO OT 38KOH8 yMH0)1(8HHSI B :3TOti rpynne. 

U0:3TOMY, 3H8SI reHepaTOpHbi8 <jJyHKUHH IIpeaCT8B118HHSI, Mbl M0)1(8M 38IIHC8Tb 

SIBHO CHCTeMy ypaBHeHHH (3.2) H paCCM8TpHBaTb ee KBK CHCTeMy anSI OIIpe-

aeneHHSI C8Mb!X F ( g , x ) • UOK8)1(8M, 'ITO ( 3.2) BM8CTe C 0'18BHa-
l y k 

Hb!MH Ha'l811bHb!MH YC110BHSIMH 
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1
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d g I 
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F I ( g 1 

Terrepb B03bM8M CHOBa 

B ::~ToM cny'lae 
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I I I k 

og:a 

YC110BHe (3.6) SIB11SieTCSI 

TOMY (3.7) BMeCTe C (3 

F I ( g I g 

Upoa011)1(8SI :3Ty lip• 

B cnpaBeanHBOCTH c<jlop~ 

TeopeMa 6. BTopaSI 

neHHSI F
1 

( g , x ) 

" k oMY 
I ( MJL --1 

l f ax 
f 
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M v ( 
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9TH TeopeMbl KaK Teope-

9HHH naHHOA rpynnw. no

·qaJOTCH OT 06bi'iHbiX, XOTH 

H. Ho, KpoMe Toro, OHH H 

I, UnH Toro, 'iT06bi MO)KHO 

IOIIlHMH TeopeMaMH H3 Teo-

·eopeMaM. 

TOpHbie <jlyHKUHH ODH03Haq-

a y aac ecTb cnenyromee 

( 3,1) 

)epeHuHpyg ( 3.1) no napa-

' v'xk)]l 
(3.2) 

(3,3) 

IB'iHO gng 3aDaHHOA rpyn

MHO)KeHHH B 9 TO A rpynne, 

rHH , Mbl MO)KeM 3anHC8Tb 

e KaK CHCTeMy DnH onpe

(3,2) BMecTe c oqesHn-

( 3.4) 

HMeeT ODH03Ha'iHOe pemeHHe ( ecnH OHO CyllleCTByeT ) , qeM Mbl H DOKa)KeM 

nepsyro OCHOBHYIO TeopeMy, nonO)KHM B ( 3. 2) 1' = 1 

Torna y Hac nony'iHTCH cnenyromee ypaBHeHHe: 

H g2=ga"'····g, .. o. 

dF 1 (g 1 ,0 .. ,0,xJ=l:S 11 

111 (g
1

0 .. 0)M
1 

[Ff (g o ... O,xk)], 
d g I 

KOTOpoe BMeCTe C (3.4) HMeeT ODH03Ha'iHOe peweHHe 

F (g ,O ... O,x )-F 1
(g ,x ), 

I I k I I k 

( 3.5) 

(3.6) 

Tenepb B03bMeM caosa (3.2), nono)KHM IL • 2 H g 
8 

• g" ...... - g 
1 
~ 0 • 

B aToM cnyqae 

iJ F ( g g 0 ... 0 ,x ) II ( 3. 7) 
I 

1 
ll k .,. }; S ( g g O ••• O)M [F (g g O ... O,x )] 

iJ g 11 211 I 2 I f I 2 k 
2 

ycnosHe (3.6) HBnHeTcH HaqanbHbiM ycnosHeM nnH ypasHeHHH (3.7) H no a 

TOMy ( 3, 7) BMecTe C (3,6) TaK)Ke HMeiOT ODH03H8'iHOe peweHHe 

F I ( g I g 2 ° ... 0 • X k ) .. F 1
2 

( g I g 2 X k ) " (3.8) 

nponon)KaH aTy npouenypy, noKa nepe6epeM see g 

B cnpasennHBOCTH c<jlopMynHpOBaHHOA TeopeMbl, IL 

TeopeMa 6. BTopag OCHOBHaH TeopeMa. reaepaTopHbie <jlyHKUHH npencTaB-

neHHH F 1 ( g , x ) rpynnbi G 
I' Ilk I' 

" /l iJMI II iJM I 
~(M ---M --
J I iJx I a X 

I J 

YDOBneTBOpHIOT ypaBHeHHHM 

(A) (A) 

.. ~ C I'll M I ( 3.9) 
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C - CTpyKTypHhle ITOCTOHHHhle rpyrrrrw 
~~~ 

G. 

DoKa3aTenhCTBo. TiocKonbKY rrpeurronaraeTCH cymecTBOBaHHe peweHHH 

ypaBHeHHH ( 3.2), TO MO)KHO Bb!ITHC8Tb He06XOL1HMbJe H LlOCT8TO'iHbJe ycnOBHH 

LlnH STOrO, KOTOpbie B L18HHOM cny'iae L10n)!(Hbl HBnHTbCH T0)!(LleCTB8MH. 3TH 

yCnOBHH CHMBOnH'iHO 38ITHCb!B810T B BHLle 

a :IF I ( g w 'xk) 

a g a g 

a 11
F ( g ' X k) 

1 W 

~ v 
ogvag~ 

HnH B p83BepHyTOM BHLle: 

a 5 w< g,) w 
:t I -~-- M ( F f ( g ' X ] + 5 ( g 
W a I f k p.w r 

gv 

= :t I 
w 

a5vw<gsl -------a g 

w 
M (F

0
(g ,x ))+ 5 (g) 

I L f k VW T 

~ 

aMw 
>--'-
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1 

w 
aM 1 

aF
1 

(3.10) 

a F l ( g, , xk) 
l-

a gv 

aF (g ,xk) 
l f 

a g 
~ 

( 3.11) 

l. 

TionaraH B rrocneuHeM TO)!(LleCTBo g = 0, rrony'iaeM ( 3.9), rroToMy 'iTO, rro ..,. 
orrpeneneHHJO, 

w 
c -1 p.v -

as < g > 
VW T ·---
agP. 

as < g 
~w r ( 3. 12) 

agv 
II aO 

p. 

51Bn51JOTC51 CTpyKTypHbiMH ITOCT051HHbiMH rpyiTITbl G 

KaK cnencTBHe L10K838HHOlt TeopeMbt MO)KHO cKa3aTh, 'iTO ycnoBHe (3.9) 

51Bn51eTC51 Heo6XOL1HMblM L1IT51 cyiUeCTBOB8HHH peweHH51 CHC TeMbl (3.2) B OKpeCT

HOCTH TO'iKH g = 0. 
p. 

J.13 (3.9) MO)KHO nerKO paCKpb!Tb CB513b Me)!(LlY nHHeliHblMH H HenH He lt -

HWMH rrpeucTaBneHHHMH rpyrrrrw G. EcnH aaeueM nHHeAHwe orrepaTopw 
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X~ 

TO rrocne YMO)KeHHH (3 

X~ X 
11 

TiocneuHHlt pe3ynhT< 

UHH M p. HenHHeliHorc 
I 

B03MO)!(Hb!e nHHeliHbJe rrpe 

CH C ITOMO!Ub!O nHHeltHbD 

CTOpOHhi, IJ.nH <jJHKCHpOB8f 

we rrpHBOLlHMO, ITOSTOMY 

COOTBeTCTByeT HeKOTOp85 

Bocrronh30B8BWHCh 

CTH ypaBHeHHlt (3.2) rrpH 

a 5 p.p ( g r ) 

ag v 

as vp 
- ---a-g 

( 3. 14) MO)KHO p8CCM8TpH 

S (g ) rrpH 38L18i 
p.p r 

ITOnO)KHM, 'iTO 

s 
I' 

KoTopoe HerrocpencTBeHHO 

ane MeHTa paBHhi HynJO. [ 

COOTHOWeHHe LlnH <jJyHKUHJ 

6HTCH rrpH LlOK838TenbCTE 

yMHO)KeHHR B rpyrroe G 



G. 

R eymeeTBOB8HHe perneHHSI 

,Je H noeTaTO'iHbie yenOBHSI 

lnSITbeSI TO)KJ:leeTB8MH. 3TH 

X It) 
(3.10) 

1-

( 3.11) 

I. 

eM (3.9),rroTOMY 'ITO, no 

g =0 
( 3. 12) 

~K838Th, 'iTO ycnOBHe (3.9) 

R CHC TeMbl (3.2) B OKpeCT-

<llY nHHeltHblMH H HenHHelt

QeM nHHeltHhle orrepaTophl 

a 
ax (3.13) 

TO rroene YMO)KeHHSI (3.9) enpaBa Ha a 
ax 

I 

eyMMHpyg no i , nonyqaeM 

X IL X II - X II X IL "' I c (<) 

(<) IL II 

(<) 

X (3.14) 

noenenHHlt pe3ynhT8T 03H8'i8eT, 'iTO, rrepe6Hp8SI Bee B03MO)I(Hble cpyHK-

UHH HenHaeltaoro rrpeneTaBneHHSI, TeM eaMbiM Mbi rrepe6HpaeM Bee 

B03MO)I(Hbie nHHeltHbie rrpeneTaBneHHSI anre6pbi rpyrrrrbi, rrpH'i~M HX 6a3He naeT

eg e rroMOllibiO nHHeltHbiX AHcjJ<jlepeauHanbHbiX onepaTopoB ( 3.13). C apyrolt 

eTOpOHbi, llnSI cjJHKeHpOB8HHbiX M ~ nHHeltaoe npeneTaBneHHe ( 3.13) B006-

me ITpHBOllHM0 1 no3TOMy K8)Kl10H eOBOKynaoeTH reHepaTOpHbiX <jlyHKUHH M~ 

eOOTBeTeTByeT HeKOTOpaSI eepHSI nHHeHHbiX rrpencTaBneHHlt rpyiTIThl G • 

Boerronh30BBBWHeb ypaBHeHHeM (3.9), ycnoBHSI rronHolt HHTerpHpyeMo

CTH ypaBHeHHlt ( 3.2) ITpHP.HMBIOT cnenyiOlliHlt BHn: 

aS ILP ( g r l 

as 
II 

a S liP ( g r l 
s ( g ) s ( g ) 

1-L<Ll l 11r l 

( 3. 14) 

(3.14) MO)I(HO paCeMaTpHB8Tb KBK ypaBHeHHe llnSI OllpeneneHHSI <jlyHKUHH 

S ( g rrpH 3anaHHbiX eTpyKTYPHbiX rroeToSIHHbiX C p EenH ewe 
ILP r r<Ll 

IlOnO)I(HM, 'iTO 

(3.15) 

KoTopoe HerroepeneTaeaao enenyeT H3 Toro cjJaKTa, '!.TO rrapaMeTpbi enHHH'iHoro 

aneMeHTB p8BHbl HyniO. llnSI llOK838TenheTB8 paBeHeTB8 ( 3.15) Mbl BbiBeneM 

COOTHOIIleHHe llnSI cjJyHKUHH S ( g ), KOTOpoe H8M llOHSAO-
/LII r 

6HTeSI rrpH llOK838TenbeTBe TpeTbeH oeHOBHOH TeopeMbi. H3 aeeOUHSTHBHOe TH 
YMHO)KGHHSI B rpyrrue G MO)I(HO H8llHC8Tb 
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r g g - ( fg) g = r < g g ) . 
I ( 3. 16) 

00IIO>KHM 

h = r 8 ; h I ,. g g I ( 3. 17) 

T oraa 

au gg a< h 8 l a< r 8 l 
I I' =I. 

I I' w -
ar w ah ar 

v w v 

(3.18) 

-1 -1 
n oacTaBnHH a nocneaHee g ,. h , H Y~HT b!B8H , ~TO g g .. f TO H3 

I I 

( 3.18) nony~aeM 

s cr >-I.s [<£ 8 > 
JlV l w ILW l 

acrg)w 

1-----a r 
(3.19) 

v 

-I 
T eneph ( 3 .1 5 ) cneayeT n e noc pe.ncTBe HHo,ecnH B (3 . 19) noacTaBHM g ,.f 

T oraa 

s cr ) .. I.s (Ols <r 
JlV l W JlW WV l 

(3.20) 

TO>K.QeCTBeHHO , ~TO llO CyWeCT By llOK83b!B8eT ( 3. 15) . 

YpaBHeHHH ( 3 .14 ) B MecT e c Ha~anbHbiM ycnoBHe M ( 3. 15 ) HMeJOT pewe -

HHe, KOTopoe MO>KHO 38llHC8Tb B BH.Qe: 
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(a+1 ) l 1'
1

!'.1.\ JlW 
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B cHny Toro, ~To cTpyH 

T . e . MO>KHO H8ATH T8KOE 

npaaoa ~acTH (3.21) ME 

1 
+ - co 

2! 
+ _ 1_ f c 3 

3! 

rae u • "I. ~ g I . w w 
pHaa ( 3 . 22) pasHa 

e 

H, Clle.QOB8TellbHO, pHll ( 

Tenepb nycTb aaaa 

JOWHe ypaBHeHHIO THll8 ( 3 

liB , K8K y>Ke BHltenH, H3 

aenHTb O.QH03H8~HO s 
I'• 

llllH Nl' 
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( 3.16) 

( 3.17) 

(3.18) 

-1 
'ITO TO H3 

( 3.19) 

-1 
1.19) IIOACT8BHM g•f 

( 3.20) 

HeM ( 3.15) HMeiOT pewe-

s ( g ) - 8 +-L-1: c /.1. g 
/.1.11 r /.1. ·II 2 cu 11 ru cu + •.• 

-t •••• 

8 CHIIY Toro, 'ITO CTpyKTypHbie IIOCTOSIHHbi~ rpyiiiibi 

cu 
T.e. MO)KHO HaltTH TaKoe c , 'ITo I ·c I < c , 

/.1.11 
npasott 'laCTH (3.21) Ma)I{OpHpyeTCSI pSIAOM 

+-1-cu + - 1
-f 

21 31 
------,f n- 1 

( c D 'f 
( u + 1) I 

( 3. 21) 

orpaHH'leHbr, 

BHAHO, 'ITO pSIA B 

+ ••• , (3.22) 

rae a • "1: ~ g I . 
cu cu a f - 'iHcno napaMeTpos rpyrrrrbr G • CyMMa 

psrna (3.22) pasHa 

ofu 
e -1 

c a f 2 + 1 -
1 

f 

LsJ 

H, ClleAOBaTellbHO, pSIA (3.21) CXOAHTCSI, 

Terrepb nycTb 3aaaabr HeKoTopbie ljJyHKUHH 

( 3. 23) 

"N /.1.1 (X ) k • yaosneTsopsr-

IOIUHe ypaBHeHHIO T.lma (3.9) C 3aAaHHbiMH CTpyKTypHb!MH IIOCTOSIHHblMH. T or 

aa, KaK Y*e BHAeiiH, H3 ypaBHeHHSI (3.14) BMeCTe C (3.Jf.,) MO)KHO orrpe

AeiiHTb OAH03Ha'iHO S (g) • Y CIIOBHe ( 3. 14) BMeCTe C YCIIOBHeM ( 3.9) 
/.1.11 

AIISI 
SIBIISieTCSI AOCTaTO'iHbiM AIISI peiUeHHSI CHCTeMbi THIIa ( 3. 2): 

a<I> < g • x > 
I II k 

(3.24) 
a g 

/.1. 
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npH'I~M 
<I> (O,x )=x 

I lr. 

DoK.a:>KeM, 'ITO <1>1 (g ,x ) 
v lr. 

HBnHeTCH npeDCT8BneHH9M rpyiTIThl G C 

COOTB9TCTBY!OlliHMH CTpyKTypHblMH llOCTOHHHblMH. 3TOT !f>aKT HBnHeTCH conep

:>K8HH9M Tp9Tb9li OCHOBHOli T90p9Mbl C.JlH. ,. 
TeopeMa 7. TpeThH ocHoBHaH TeopeMa. JlJ06bie ¢YHKUHH N 1 ( x lr. ) , yJio-

w 
Bn9TBOpH!OlliH9 yp8BH9HHHM THIT 8 ( 3.9), rne C - CTpyKTypHbl9 ITOCTO-

p.v 

HHHhle rpynnhl 

neHH H rpynnhl 

G 

G 

HBnHJOTCH reHepaTOpHblMH lf>yHKUHSIMH H9KOTOpOrO npeJICT8B-

CaMO npencTaaneHHe MO:>KHO nony'IHTh, npoHHTerpHpoaaa 

CHCT8MY ( 3. 24). 
ilOK838TenbCTBO. M bl y:>Ke BblHCHHnH, 'ITO CHCTeMa ( 3. 24) HM99T OJIH03H8'1-

Hoe peweHHe, ecnH BhmonHeHb~, ycnOBHH T eopeMbi. OcTanoch nHWh JioKaaaTh, 

'ITO <I> I ( g, X ) HBnHeTCH rrpeDCT8Bn9HH9M D8HHO~ rpyiTIThlo ilnSI 8TOrO 

ITODCT8BRM B (3.24) BM9CTO X lr. - <l>lr. ( h A. X f): 

a <I> I [ g v • <I> lr. ( h A • xf l] ------=-a s 

v 
; S I'V ( 8·r) N 1 I <I> Jr.[ g v , 111 f ( h >. , x 

" 

<I> [0,<1> (h ,x. )]=<I> (h, ,X o)• 
I lr. A L I 1\. L 

C Jlpyroft CTOpOHbl/ 

ac~> 1 l<sh >..4. x~~.J 

as v 

a <~> I [ < gh > A • x lr. J 

a< sh >,.,. 
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a<~h>e 

as 
v 

l J I 

(3.25) 

(3.26) 

Ho nocKonhKY 

ac~>l [ (gh) A • xlr.] 

a< gh > ,. 

TO nerKO BHD9Tb 0 'ITO 

a <I> I ( ( gh ) ,\ 'X lr.) 

as v 

Terrepb, aocrronbaoaaaur 

ac~>l[(gh\xlr.] 

as,. 
~ 

C 0'19BHJlHbiM H8'18nhHblM 

<I> 
1 

[ ( e h ) 

BRDHO, 'ITO ¢YHKUF 

YDOBneTBOpSIJOT ODHO~ R 

ODHRMR R T9MR :>Ke H8'1t 

lli9HHSI 8TO~ CRCT9Mbl Cl 

<I> [ g • <11 
I v 

R, cnenoaaTenbHo, '11
1 

( 

EcnH Tenepb B (3.24 

N~(x) HBnHIOTCH rt 

HRH. TaKHM o6paaoM, TpE 

Ha TO~hKO 'ITO noK 

JlH G . ( H938BHCI!Mo, B 



sneHHeM rpyiiiTbi G c 

)T ~8KT HBnHeTCH COAep-

I' 
JyHKUHH N 

1 
( x k l , yao-

- CTpyKTypHbie IIOCTO-

HIMH H9KOTOpOrO IIp 9ACT8B

JnyqHTb, IIpOHHTerpHpOB8B 

a ( 3. 24) HMeeT OAH03Haq-

81!0C b I!Hllib AOK838Tb, 

HOI% rpyiiiTbl, llnH STOrO 

) : 

[g ,IIJD(h 'X )]I 
v r.. A 

( 3, 25) 

( 3. 26) 

Ho rrocKonbKY 

TO nerKO BHA9Tb1 qTo 

"' I 
a< g h l __ ..J!.. 

og 
v 

(3.27) 

( 3. 28) 

Tenepb, BOCITOnb30B8BUIHCb paaeHCTBOM (3,19), OKOH"'aTenbHO rrony"':aeM 

(U 

~ S I' v ( g r ) N 
1 

I 41 k [ ( gh) A , xf ] I (3.29) 

C oqeBHAHbiM RaqanbHbiM ycnOBH9M 

(3.30) 

BHAHO, "'TO tPYHKUHH 'Ill [ g v ' 41 k ( h A' X f l] H 'Ill [ ( g h ) A ,x k] 

YAOBneTBOpSUOT OAHO:It H TOA )1(9 CHCTeMe AHq,¢lepeHUH8nbHb!X ypaBHeHHA C 

OAHHMH H TeMH )l(e H8"18nbHbiMH ycnOBHHMH, B CHny OAH03H8"1HOCTH pe 

lUeHHH STO:It CHCTeMb! cneayeT, "'TO 

41 [g ,'lJ (h , X )]= 41 [(gh) ,X ] , 
I v kv f I A f (3.31) 

H, cneaoaaTenbHo, Ill• ( g , x ) RBnHeTcH rrpeacTaanenHeM rpyrrnbi G, 

EcnH Terrepb B ( 3.24) rronO)I(HTb see g = 0 , TO y6e)l(aaeMcH, qTo 

" N~(x) HBnH~TCH reHep8TOpHb!MH ~YHKUHHMH rronyqeHHOrO npeAC T 8 Bne -

HHH, TaKHM o6pa30M, TpeTbH OCHOBH8H TeopeMa C,JIH AOK838H8, . 
JI.H G

Y!a .To( nbKO qTo AOK838HHbiX TeopeM cneayeT, qTo ecnH aaaaHa rpyrrna .{ 

neaaBHCHM~ B KaKc~ pean.H38UHH, a qacTHOCT.H, MoryT 6 w Tb a a a a - \ 
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Hbl flHUJb eTpyKTypHbJe ITOeTOHHHble 3TOH rpyrrrrb!), Mbl MOJKeM ITOeTpOHTb see 

ee peanaaauHH H TeM eaMbtM rrony'IHTb see ee rrpeneTasneHHH. Knaeea¢aKa

UHID rroenenaax MOJKHO rrpoaeeTH e TO'IHOeTbiD no :<~KSHsaneHTHoeTH. Ha oeaoae 

H3flOJKeHHOH BbJUJe TeOpHH H1 S qaeTHOeTH 1 Ha oeHOBe TeopeMbl 2 nerKO yBH

neTb, 'ITO s enyqae aenaaei!HbJX rrpeneTaeneHHll pemaeTell 6onee o6mag aana

qa, qeM B enyqae /IHHei!HbiX, IIM<'HHO: MOlKHO rrpOH3SOnl!Tb Knaeell¢l!KaUHH seex 

npeneTaS/IeHIIH naHHOI! rpyiTITbl, a He TOIIbKO HeiTpl!BOnHMbiX (KaK <ITO nenaeTeSl B 

nHnei!HoM enyqae) . TaKaS! Knaeea¢aKaUHSJ, s qaeTHOeTH, 6bma euenaaa naMH 

lli!Sl rpyrrrrhi S U (2 l 161. 

A BTOpbl SbJpaJKa IDT rny6oKyiD 6naronapaoeTb . B.Y1.0raeaeuKoMy, 1-1. T. To-

noooey, a TaKJKe yqaeTHH.KaM eeMHHapa no TeopHH nonSJ aa l!HTepee K pa6o-

Te H ITO/Ie3HLJe o6ey>KUeHHSl. 

npHnOJKe HHe. 

JlocTSTO'IHOCTb YCIIOBHSl ( 2.5) cnenyeT H3 HHTerpHpyeMOCTH eHCTeM bl 

( 3. 2). Mo>KHO noKaaaTb :<~To cnenyiDutHM o6paaoM. nyeTh I ( x l s niD6oli 

TO 'IKe 

X 

p (x ) 
k 

II X 

ynosneTBOplleT ToJKnecTsenao ycnosl!JO ( 2.5). Torna, ecnH 

CSSl3a Hbl nenHHei!HbiM rrpeo6pa30BaHHeM 
k 

TO ( 2.5) MO>KHO 

xk aFk(g ,x :), 
I' 

3aDHC8Tb cnellyiDUli.JM o6pa30M 

a I r < 8 , x '>1 ,. 
M [ F ( g X ' ) J - o. 

k I ar .. (g,x'l 

Y MIIO>KaSJ nocn ennee a a S ( g l p.v 
H CYMMHpyg ITO jl. o ITOIIY'IHM (neiTOIIb-

3YH CHCTeMy (3.2)) 

ai~F 1 (g, x'l] 

aFk(g,x') 

aFk(g,x'l 

as" 
.. 
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~I[ F 1 (g , x'l} 

as" 
-0' 

0TKyna cnenyeT, 'ITO 

ITocnenHee rroKa3biBaeT, 

rrpencTaeneHHSI. TaKHM o 

flHT 

1. Lie S. and Engel F., 
und 3 Leipzig. 

2. CBrlBn E. Sur la struo 

et continus. These Mo 

.8.3Jf3eHXBpT n.n. Henpepb! 

1947. 

4. F.Gursey, B KH.: " Re 

C. De VVitt, B.De VVitt, 

5. CTeiTaHOB B.B. Kypc tlH~ 

6. CTOHHOB ll.ll. H XpHCTOl 

SU(2). npenpHHT OUHU P2 



I M0*8M nOCTpOHTb ace 

raaneHHH. KnaccH~HKa-

KaaneHTHOCTH . Ha ocHoae 

reopeMbl 2 nerKo yaH

eTCH 6onee o6maH aaaa-

b Kn8CCH~HK8UHH acex 

AbiX ( K8K 9TO aenaeTCSI a 

6bma caenaHa HaMH 

V1.0rHeaeuKoMy, H.T.To

nonH aa IIHTepec K pa6o-

~pHpyeMOCTH CHCT8Mbl 

·c Tb I ( x l a mo6oll 

, (2.5). Toraa, ecnH 

co. 

It. nonyqHM (H c nonb-

, X ' ) l 
·-----0, 

0TKyna cnenyeT, 'ITO I [ F ( g , x ') ] He 38BHCHT OT g T,e. 'ITO 

I[F (g,x'l]=I(x') e e . 
Docnel]Hee ITOK83biB8eT, 'ITO cjJyHKUIHI I ( x f ) SIBnSieTCSI HHB8pH8HTOM 

npencTaBneHHSI. TaKHM o6paaoM, nocTaTO'IHOCTb ycnoBHSI (2.5) noKaaaaa. 

1. Lie S. and Engel F'., Theorie der Transformationsgruppen 1.,2 
unci 3 Leipzig. 

2. Carlan E. Sur la structur des groupes de transformations finis 

et continus. These Mong, Paris. 

3.3113eHxapT n.n. HenpepbiBHbie rpyl1I1bi npeo6p830BBHHit, ' Hn, MoCKBB, 

1947. 

4. F',Gursey, B KH.: " Relativity, Groups and Topology" eds 

C. De Vll.itt, B.De Vll.itt, New York-London, 1.964. 

5. CrenanoB B.B. Kypc .anrjJrjJepenuHBnbHbiX ypaanennlt. <PH:3MaTrH3, 1958. 

6. CroHHOB .ll.ll. H XpHCTOB X < .• H. HenHneiiHbie npe.acraaneHHH rpynnbi 

SU(2). ITpenpHHT OHHH P2-3648 ( 1968). 

PyKonHCb · nocTymma a H3JJ8TenbCKHli OTJJen 

21 ~eapanH 1968 I'oaa. 
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