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1. BBEAE H ~ E 

nYCTb H- cenapa6enbHoe r~nb6epToBo npocTpaHcTBo, a ,e (J() 
6aHaxoBo npOCTpaHCTBO KOMnaKTH~X onepaTopoB C KOHe4Ho~lf'llp
HOPMO~ 

ec p lip
IIA II = ( I. , 1 ~ p < "" •Ak)P k = 1 

3A eCb \ h k 1~ =1 - c~HrynflpHble 4~cna onepa ropa A ~ep(J() , T.e. 
Ak =J.lk ( IA I) , rne J.l,,( IAI) - k-e Ic Y4eToM KpaTHocntl C06CT

BeHHoe 3Ha4eHHe onepaTopa, KOTOPbl~ flBnfleTCfl a6con~THo~ Ben~

4HHO~ oneparopa A: \A \ _v'AA·. Anfl 6aHaxoBblx nPOCTPaHCTBep(J() , 
KOTop~e flBnfl~TCfl HAeanaMH B anre6pe f(H) Bcex orpaH~4eHHblx 
nH Hel:1Hblx onepa TOpOB, HMe~T MeCTO cneAYIOII4~e 8Kn~4eH~fl: 'e1(1{) 
I Tr - xna CC HJlH flAepHble onecaropu/ C ell (H) I onepa ropu r~nb
6epTa - llIMHATal C ••••••• ce... (H) IKOMnaKTHble onecaropu/c f(H ) , 
CM., HanpHMep, /l l H 12, VI.SI 

e

B KBaHToBo~ CTa T HC T ~ 4eC KO~ MexaHHKe eCTeCTBeHH~M 06pa30M 
B03HHKa~T CHnbHO Henpepbl~Hble Ha ft ..Iv \0 I nonyrpynna O( t) caxo
conpaxeuxax onepa r opoa 0: R~V \ OI ·.,!l(H) co 3Ha4eH~RM~ B 

1 (}{) npH t E R~ • OHH COA3a H~ C onepa ropox eKp (- ,9H ) . onoeae
nfl~~HM MaTpHUY nnOTHO CTH KOHe4HO~ CHCTeMbI . 3AeCb H - raMHnb
TOHHaH CHCTCMbl, II 11"1 l!! R .~ - ee r e-meperype • 0C5b14HO 3TH CllMO
conpA~eHHble nonyrpynn~ Ha 3 bl o a~T rH66cOBCKHMH / S, 4/ , OAHaKO B 
HeKoTopblX cnY4aRx, Hanp~Mep, nf~ aHanHTH4e CKOM npOAon* eH~H 

no KOHCTaHTC 0 3a I-tMOAC~CT 8HH Ill, I , oneparop 11 He RDnROTCR ca 
MoconpR~eHHblM, a nHWt. MII KCHManb HblM CCKTo pHan bHWM onoplITopOM: 
MHo~eCTBO ero 4101 cnODhiX 3 H a4cHIo1~ 0(11) • 101 VI, tid: t/J e D(H), II !fill 
= 1\ nplo1HaAne~Io1T CCKTOPY ~y (O ) - 11. 'i c : Inrll(z -y) I ~ 0 < ,,/21 
nOJlynJlOCKOCTIo1 Cy - I Re ll > y l , nplo1 :)TOM n o -np O~tl CMY O(t) . 
= elp(-tH) E e1(H ) n plo1 t 'i It} , n 0 3T OMY D pa rso To /"/ 6 b1no ,AaHo 
cneAy~~ee, 60n ee o~cc on pO AO I1~ lt lo1 e r lo1(5(5coRc KoH nOl1y rpynn .... 
OnpeAeneHHe 1.1 , C ~ l1b HO HcnpCpblDltOn 110 R ~V 10 I nony rpynn 
onepa TopOB ott) 0 c onnpo(5Cl1bHOM r Hn b()c pToBOM npOCTp QHCTBO H 
Ha3blBa e TCfl rH6 t5coDcKo~, OC I1~ Q : It I" o' e1(H) . 11.11 
3aM e4aHIo1c 1 .1. " B CIo1 11y Hon pe pwDHoc TIo1 n pOH 3 D if.~~Io1 " (AnD n---!
-. AB , ecnv l\n-' A I CHn bHlI l1 C XOA~MOC T b l 101 DII .::...:.:.r... D, Ann 1 
s:; p < "" , CM 17 , 81 ) III roro I lI TO <:1(H) - Io1AOIUl • onro6pe f (~) I 

rH66 c ODCKHC nonyr nyn nu HIlJ1HIO TCH II ·11\ - uc n pep•.II1HblMH HI) It ... ' 
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' Ka K l-1SBeCTHO ITeopeMa Xl-1J1J1e - <l>101J1mm Ca 19 , X.S I /, KalKAaft , 

Cl-1J1bHO Henpep~BHaft nOJ1yrpynna V(t) nOpOlKAaeTCft HeKOTOp~M saM

KHYT~M ortepa ropoa T /r-eaepa rop nonyr pynnu/ C nJ10THO~ 06J1aCTblO 

onpeneneuas D(T), T.e.V(t) = VT(t ) = exp (-tT), n p l-1 :HOM CO

OTBeTCTBYIO~l1e YCJ10Bl-1ft Ha reHepaTOp T <l>OPMYJ1l1p YIOT Cft Ha ftS~Ke 

CBOHCTB ero peSOJ1bBeHTbl Re (T) = (.; - T )- 1 l-1 peSOJ1bBeHTHoro 

MHOlKeCTBa P(T)v = I';E C: Re-(T) E £ (1{ ) I. n03 T OMY l-1 SY 4 e Hl1e nOJ1Y

rpynn l-1 l-1X CBOl-1CTB CBftSaHO npelKAe Bcero C I1CCJ1eAOBaHl1eM I1X 

reHepaTopOB. npl-1~eM OAHl-1M I1S ~eHTpaJ1b H ~ X BonpOCOB TeOp1111 no

J1yrpynn ftBJ1fteTCft np06J1eMa YCTOH~I1BOCT l-1 l-1 TeOp l1ft BosMy~eHI1H. 

nYCTb Gor< t) - rl-166cOBCKaft nonyrpyrm a C r e uepa r o p o a T . llern, 
HaCTOft~eH pa60TW - nOCTpOeHl1e TeOpl-1 l-1 BosMy~eH I1H rl16 6 c OB CK I1X 

nOJ1yrpynn: <l>OPMYJ1l1pOBKa YCJ10BI1H Ha BosMy~e H l1 ft U, npl-1 KOTOpWX 

nonyr pynna G T A.! t) '" GA(t) OCTaeTCft r I166cOBC KO~ l-1 s sna e r ca 

II · 111 -aHaJ1I1T+I1~eCKOH no napaMeTpaM I" , t I • H a~AeH~ 06J1aCTl-1 

aHaJ1I1TI14HOCTI1 no 060l1M napaMeTpaM. 

PaSAeJ1 2 nOCBft~eH paCCMOTpeHl11O BosMy~eHl-1 ~ l-1S KJ1a CCa Xl-1J1J1e 

<l>l-1J1J1l-1nca I I O, x lnl • BnepB~e TaKl1e BosMy~eHl-1ft p a CCMa T p l-1 Ba J1 l-1 C b
/ 3 /

B pa60Te . B HaCTOft~eH pa60Te AaHO nOJ1HOe 11 60J1ee npOCToe 

AOKaSaTeJ1bCTBO OCHOBHOH r eopeau 06 YCTOH4l-1B OCT l-1 11 1\ · 111 
aHaJ1l-1TI14HOCTl-1 0A( t ) no napaaerpy A, npl-14eM 06J1 a CT b aHaJ1l-1Tl-14

HOCTI1 B 3TOM CJ1Y4ae cOBnaAaeT co BceH nJ10CKOC TblO C . n OKa saHo, 

4TO KJ1a cc Xl-1J1J1e - <l>11J1J1l1nca Po ofipa ayer onepa T OpW U , xor o pue 
ftBJ1ftlOTCft T-orpaHl-1~eHHbIMI1 C OTHOCI1TeJ1bHOH rpa Hb lO b = O. 

B paSAeJ1aX 3 11 4 paCCMaTpl1BillOTCA BosMy~ eHl-1ft C b > O. nOK a 

aauo , 4TO AJ1ft 11.111 - il H,a J1I1T l-1 4 HOC T I1 no A He06xOA l-1MO nOTpe 60

aa r s , 4T06b1 b c 1, KJ1il CC ~\. TorAil 06J1acTb 11 . 111 -a Ha J1 I1 T Iol ~ HO-

c r a rl166 cOBCK OH nonyr pynnu 0>..(1.) l-1MeeT BI1A Cb xS >" b ' rne 
Cb • I A E c: I i\ I < ( 2 b )- 1 I , a SA, b - cexr op , np l-1 Ha AJ1e lKa ~l-1H npa
BaH nOJ1ynJ1()CKOCnl C~. • Iz E C : Ro z > 0 I : 

Vl - 2 \" l b 
SA b · Iz C I larg z I < Gi' • arctg ---- - -- I.. t \Alb 

,llJ1ft B 0 3MY~ (HIl-11:1 l-13 xna cce fo OGJ1Cl Cn. 11.11 -a Ha m n 11 4 110CT I1
1 

AJ1ft GA(1. ) l-1MCeT 1H1A ex c I , • 

B p<l3ACnC 5 K p ll TK O 11 3J10>KOHbl UI.' UOA bl 11 Sa MC 4 i1 tl l-1 11 () I\pyrl1x 

peSYJ1b Til T llX TCO p l-1 1ol r l-1 GGc o DCK HX n onyrpynn. 

2. n0 3MY~ EH~R KnACCA ~l 

CTaHAClp T WlH T COp lo1 l1 1I0 3MYIIIC.lIlI1H Cl1n b HO u e npe puuuu x n o ny r pynn 

6blJ1(l n o c r p o c u XI1n J1O 11 l\111J1J II1rlCOM 110 , XlII I nnn 1I0 3MYUlOll1111 11 ~ 

KJ1il CCa ~p O' 

2 

OnpeAeJ1eHl1e 2.1. 3aMKHYT~H onepaTOp U npl-1HaAJ1elKI1T KJ1accy Po 
B03My~eHI1H reseoe rooe T nonyr pynnu 0T(t) , eCJ111 era ofinac r s 

onpeneneaas D(U) ] U G T( t) }{ l-1
 
t > 0
 

1 

f dt IIUa T( t ) II < ee , /2. 1/ 
o 

B HaCTO A~eM paSAeJ1e M~ nOKalKeM, 4TO r~66coBcKl1e nonyrpyn

nu YCTO~4 io1 B b l OTHOCl-1TeJ1bHO BosMy~eHl-1H U E Po, cooTBeTcTBYIO~I1H 

P ft A TeO pl-111 BosMy~eHl-1H CXOAl-1TCft B ftAepHOH TOn0J10rl-111 11 onpeAe

J1ft e T rI166r, o BCK YIO nOJ1yrpynny. 

T e o p e Ma 2 . 1 . Ilu c mo GT(t)- caM OCOnp5lX eHH a51 z u 6 6c0 6 c Ka 51 
n OA y z p y n n a C z e He pa mo p oM T ~ - a . ECAU o n e p a mp p U 51 8
ARe mCR T-0 2 pa H u ~ e H H mM U n p u Ha8A exu m KAac cy ~ 3 mo z 
oa PR O 

ec 

~A (t ) = I An S n ( t ) , /2.2/ 
n = 0 

zoe 

So ( t ) = a T ( t ). S II > 1( t) • - r d r a T ( t - r ) US II _ 1( ,) , /2.31o 

(I ) c xoo umc u pa e uome p n o n o t O./lR A IO DOZO tc onna x ma 
K c R~ U n o A e u ump u n po u e e o.n o n o eo KPY ZQ C C C 6
 

Roe pHO U mon on o e uu , o n p e o en n en o ic 1W PM0l1 II ,'Ilt
 
(1 1) o n p e o en n e m e u 6 6 c 0 6 CKYlO n OA/l z p yn n y O,,(t) c z e 1l e 
pam o p on H A= '1' t AU 3 tcomo pan f16./15lemCJl 11. 111 - 20./1" -

MOp rjjlLO U n o na pamemo u " OAf! n too o e o t > O.
 
,lloKa 3 a T e Ilb c T Bo. (l) ~ :) T - Or p il HI14 e HH OC T l-1 one pa r o p a U l-1 Ta r o,
 

4TO C:\(R ) AB J1AC T Cl1 HA c a n OM D f (}{) , CI 1CAY CT , ~ T O UO .r ( t ) 

=[URe(T)] .[(';- T ) U T ( t ) .1 E ,e (}{ ) IVl ll t > 0 11 t; 11:1 PC30/lb DCHT 

1
Horo MHOlKe CT Ba P(T) . OMCC T e c y c n oul1e M / 2 . 11 OTO 03 Ha 4 n e T , 4 TO 

AJ1ft t > 0 Sn(t ) MO>KHO I1P CA C H IUI1Tb I<OI( 1I- I<p a TllllIH, 11.11 1 -CXo 

A ft~ l-1 H C ft l-1 HT e r p an 6ox ll c p a : 

tt l 
Sn( r ) =.r d r 1 .r d r2 .. . Jdrn X ~ (r 0 ' r I ' .. . , r ) (- 1 ) n 0 T( r 0 ) U 0'1'( ' 1) .. . U 0 '1,(r n) · 

o 0 0 

3AeCb X l ( 'o ' . .. ,r ) - Xll Pll l( TCPI1CT l-1 4 CC I( IllY II K lll1l1 MIlU>KCC T lI 
n n n 

I r
l 

> 0, 1. 0. 1 .. .. , 0 : ~ ' I . t l. or n 
I I I . 0 12./11 

IIS ( t ) III ~ ( d ' 1 ... ( d r Xl (r0 ' r1 ' ... , r )IIaor ( t 0) u 'I' ( r I ) . .. UO '1' ( Tn) Ill' 
n 0 0 n n n 

Tenep s Mhl MO)f(CM n Ollb II UPll ll UIlClil OM lKHIIl-1() P - rpy 
pa / i l! : 

n n " 
I1I1 A1V ( x, ) 11 ~ ( I I 11 /\ !!) 'l'rl V( ~ x l ) \ · / 2 . 5/

j ,O I \ .. 0 I -II 

:I 



3AeCb Vex) - npOH3BOIlbHaA rl166cOB CKaA nonyrpynne , a onepa
'ropu AI E f(J(), i = 0,1, ... , n , JlIl~ aror-o BBeAeM onepa r opu Ao = 

=OT(ro /2) 11 A I = U O T( r l / 2 ) An~ i~l, a TaK~e <!>YHK4HI1 q(t) = 
= I I °T( t ) II = exp ex t H P(t) = II UO T ( t ) II . C nOMO~ blO /2 .5/ 11 cueu
KI1 /2 .4/ nOIlY4aeM 

n 
.&c 

II Sn (t ) 111 ~ 2 n (q III 'P*:.~ )(t /2) Tr°T( t /2 ) • /2.6/ 

rAe * 0603Ha4aeT onepa4HIO CBepTKH. B CHIlY / 2. 1/ AIlA Il106oro 
II. 

R > 0 cyuiecrayer raxoe AOCTaT04HO Malloe a > 0 , 4TOt dt I IUOT( t ) II= 

YII. < 1 /2R . Torna AIlA 0 < t ~2a PAA / 2. 2/ CXOAI1TCA B 
~AepHo~ TOnOnOrl>11>1 paBHOMepHO no A BHyTpl1 x py r a CR= I AE c :1Al < 
<RI H no t EKe (O,2a], npl>14eM 

(exp ex t/2 - 1)
II~ A (t ) 111 ~ ---- . Tr °T ( t/2) • /2.7/ 

a(l - 2 1A I yII. ) 

11 ~,,( t ) YAOBIleTBop~eT ypa BHeHI1~ / <!>opMYIla JllOaMeIlA 19 , X.9 1 / : 

t 

~A(t) '" 0T(t) - A I drG1'(t-T)U~A(r). /2.8/ 
o 

113 /2.8/ C nOMOU\blO CTi3HAi3PTHbIX paCcY*AeHI1I':1 / CM ., HanpH
Mep:12,IX I HIlI1 /L3.3.LI / cnenyer , 4TO ~A(t) AIlA o~t ~2a RBIlA

eTCA CI>1IlbHO HenpepblBHol':1 nonyrpynnoa C r euepa ropos HA - T + AU. 
JlIlR t ~2a nonyr pynny ~fA(t) MO*HO npononxar » C nOMoU\blO COOTHO
WeHI>1R 

~f A ( t) - (~A (a » II ~f A( t - n n ) • /2.9/ 

t'CIlI1 n a c t <:(n ,1)a. ~ 3 /2.9/ 11 Oll CHOK /2.6/, /2.7/ CIleAYCT 
TaK*e pa BHOMc pHnR 11 , 11 1 - CXOAHMOCTb pRAa /2.2 / AIlA t H3 nlO
60 r o KOMn(lI( H I K r R~ 1>1 AIlA nlO6 0 r o pi3Al1yc a R .A e C ll 
(Ir) ~a 11·I ICc XO/l Io1 MOCTIo1 PIlA ll /2.2/ cn en yer , ur o nonyr oyn 
na ~ fA ( t ) AIlA t ", 0 1>1 A € C 1l0nAeT C ~ rH(56c oBcKol':1, T. c . ~f A( t) _ 
- 0A (t ) ~ e1(J( ), a II CHI1Y all MC 'Ul HHH 1. 1 H II . 1 11-t~o npc P~B tto io1 . 
KPOMC rcro , no nOC T pOCH~lKl / 2 . 2/ rl1 (5(5c o OCKi1R nonyr oyrma 0A(t ) 
II . 111 - r onoaopn no no >. f; C ( t ;. ()) . D 

Cn CACTOI1C 2. 1 ~ f ·: (.' JIU o n c pa m o p U cus vc e n ip u u e u , III 

[! I" y n na 0A ( t ) JltJ JIJIr..i mC.H CClMOCO II /JlIX QIt I/O z'i. eu o o c o o c x o a
 
no n tj e PY'l'lY/ o r1 o.n» t > 0 /I A ~ Rl • n mo x e u p aM J/ u ti
 
(J() IW s a mer:/.J c moa IIW O ua» /II cn (u')umn, umo U IIl U (; pxc)r,. /I UJ/ (1 )
 
11 ( 11) o cma.muc n I I cun c , (~C .fl. /I U CJl OU /UI CrtMO Co rl (JJlx ("J I/ 

no em u 0T (t) U T:? - ex eane numo na oonee o oiue e YC.fI.OBue
 
'l<:Ba3U02 p a nuu en n o cmu : II aT (t ) II ~ Mexp ex t.
 
CIleACTBl1e 2.2. Ilucmo g; C C~ U O.fl.R 'l<: a X0020 A E g; on epa>
 
mop Up.) U3 ceneucme a IU( A) IAe:J) otina oa em cn eo uxnau>
 
MU cBo uc mBW1 u :
 
a/ U(A) 5IB.fI.5IemCR T-02paHW1.eHHblM U omotipatce nue A...
 

... U(A)OT(t) 11·\1- aHa.fl.UmW1.HO on» t > 0; 
1 

6/ IdtsupI IU(A)OT(t)1 1 < 00 . 
o AE~ 

T 0 2 0a on e p amo p no s nau liaR ¢YH'I<:~UR °1'+ U(A) (t ) ~ nocm
p Oe HHa 51 C nOMOUlblO umepa~uu ypaBHeHU 5I / 2 . 8 / ~ RB.fI.Rem
C51 2 u 6 6 COB C'I<: OU nonu e p imnotc, x o mo pan 11.111 - a Ha .fl.U 

muu na no AE:J) O.fl.R t > O. 
3aMeTI1M, 4TO YCIlOBI1~, onpeAeIl~~~l1e KIlacc B03My~eH~~ Po' 

AOBOIlbHO 06peMeHI1TeIlbH~. KaK nOKa3~BaeT cIleAy~~ee YTBep~AeHl1e, 

3TOT KIlacc He OXBaT~BaeT Ba~He~Wl1e AIl~ KBaHTOBO~ CTaTI1CTI14e
CKO~ MeXaHI1KI1 CIlY4al1 / U,lG I •
 

TeopeMa 2.2. ttucm» 0T (t)- CU.fI.bHO nenpepueuan 'l<:Ba3UOeWHW1.eH

Ha 51 nO.fl. y e pyn na ~ nopoXOaeMa51 eeHepamopOM T. Ec.fI.u
 
on e p am o p U E Po~ mo O H 5IB.fI.5IemC5I T-OepaHW1. eHHlIlM C om

n o cumeno HOU e pa Hu~e u b a O.
 
JloKaaaTeIlbCTBO. 11.3 aaMKHyToCHl U 11 TOrO, 4TO D(U) 2~~ I( t)J<,
 
cnenyer , 4TO UOT(t) ~f(J<) AIl~ t>O I1IIUOT(t)II <IIUacl. )llx
 
X Mexp] ex (t -1)] AIl~ t > 1. n03TOMY An~ n~60ro, cxons yronao Ma

nor o e » 0 Ha~AeTC~ r axoe AOCTaT04HO 60nbwoe ex, 4TO'>

"" -6 
II I dt e UOT(t)l/JII s tll';'ll, .;, e J<. /2.10/ 
o 

C APyro~ CTOPOH~, An~ nonyrpynnw 0T(t) 11 npO~3BonbHoro , 113
 
peaOIlbBeHTHOrO MHO~eCTBa P(-T) I1MeeM
 

ec -(t -1
 
Jdte 0T(t)l/J -(,.. T) V', l/J eJC /2.11/
 
o 
n03TOMY Bel-my 3aMKHy To CTI1 U 113 OttCtiKI1 /2.10/ H COOTHOWOti H 
/2.11/ cnenyer , 4TO ('T T)"ll/J € O(D) AIlR l/J e J( ~ IIU¢II :; , (: 11¢II + 
if II T <Ill I AIl~ ¢ e 0 ( T ), T •e , b - 0 • [:1 

n(m~TKa nOCTpOHTb T OOPH~ 803MY~ 

AIlA CIlY4aA b » 0 15~nll n pc AnpHH AT 
Acp*nnll oWH6KY B AOK8 311 Ten bCT 
r oynna 0A(t) no nnpOMeTpy A, 
at~nHTH~ H O C TH nony r pynn w npH 
B non ynIloc KoCTb Ct. HH*e, B p 
fiYAY T y c r peucuu • 

Ii 4 



3. B03MymEHHR KnACCA P1 

Bwwe 6wno YCTaHOBneHO, 4TO Knacc r~66cOBCK~X nonyrpynn,Yc
TOH4~BbIX OTHOC~TenbHO B03My~eH~H ~3 Po, AOBonbHO W~POK: 3TO 
ace KBa3HorpaHIo14eHHbie r~66cOBCK~e nonyr pynnu 93(M,a) • Pacuiape
H~e Knacca AO~YCT~MblX B03My~eHHH reHepaTopOB An~ rH66cOBCK~X 

nonyrpynn AO Pb IOTHoc~TenbHo orpaHH4eHHble onepaTOpw C rpaH~
4eH b > 01 BeAeT K cy*eHH~ xnacca YCTOH4~BbIX nonyr oynn AO ro
nOMop$HblX r~66cOBCKHX nonyrpynn H(w ,a ) c reHepaTopaMH, pe~ 

30nbBeHTbi KOTOPblX R~(T) E ep (J{) An~ ~ EP(T) ~ uekor oporo p <00 . 
OAHaKo HMeHHO 3TOT Knacc nonyrpynn B03HHKaeT B KBaHTOBOH CTa
T~CT~4eCKOH MexaH~Ke /13.17 / , nOCKonbKY ~x reHepaTopaM~ ~Bn~~T
C~, 06W4HO, caMoconp~~eHHble onepaTopbl raM~nbTOHa. 

TeopeMa 3.1. CQ MO COnpJlXe H HQJl 2u 6 6C 06 CKQ Jl n o nu ep urma 

GTCt) C e e ne pam o p on tt s -:« o on u c ica e m n p o a onsce nu e 00 
11· 111 - 2 0 /l 0M O p Ij!H OU 6 npQeOU n O/lyn /l OC K OC mU C+ nonu -: 

2 pynnbl G T(Z) E H(17/2, a) • 
AOKa3aTenbcTBO. C nOMO~b~ cneKTpanbHoro npeACTa B n eH~~ GT(t)= 

00 

= ( dE( (1') exp(-to ner xo y6eAHTbc~, 4TO aT (t > 0) J{ ~ O( 1'). no
-a 

3TOMY onepa r op TOT( t ) E f. (H) An~ t > O. 1-13 aroro cnenyer , 4TO 
nonyr pyrma a 'r( t > 0) cuns ao A~<M>epeH4~pyeMa, a c Y4eTOM aaae-ra-
H~~ 1. 1, ~ II · 1I1-A~(jl!pepeH4HpyeMa; 

1 r t t] t11·11 -J 0r(t) - 11· ll l - 11m 1- Gr(- +t. )-OT (- ) 10 T(- ) 
1 t i\ <.0 ~ 2 2 2 

- ( - 1') G '1'( t ) E e l (J{ ) , 

T04HO TClK ~c npoa epae r ca , 4TO Ami t > 0 

11.111- a:10T(t) - (_'r )n O'!'(t) e c.:' l (}( ) ' n z. 1. 

at -1
Torna , c y4 CTOM O tl C ti K ~ IITG'r ( t ) II ~ max Ia e ; t I ,nonY4Cl CMv 

n
I I J ~I O 'r (t ) III s II TO'1'(..l,.. ) 11 11 IIa 'r(J-) 111:; (2 n) II t- lia r (.L) 111.

211 2 2 

Cneno ua r c rn.uo , non yr pynna °'r~ t ) MO~C T 6blTb npOAOml< CI H'l C R \ ' 
B xpyr Ct - Iz E C, : Iz - t I < t/ ~n I c nOMo~ b~ 11·1 11 - CXOAJllIlCr OC n 
c rencauo r 'o pnA 

.... (z t) n
 
0r(l.) - I - --1- ate'!' (t) - OX\>( - z 1' ) .
 

n _ 0 n 

O G'b eA~H eH~ C xpy r -o n U C OOp~3 Y OT CCKTOp
t >n t 

~o(n) - I z e C.: IlLrR1·1 ... 11 - urcHin ( 20"" 
1 

I. 

fi 

B KOTOPWH YAaeTC~ npOAon*~Tb r~66coBCKY~ nonyrpynny GT(t)c
Rl npa nOMO~~ 1 1 ' l l l - cXOA ~~~XC~ creneaaux p~AOB. An~ 11· llr 
aHan~T~4eCKoro npOAon*eH~~ ~3 So(O) B c+ AOCTaT04HO 3aMeT~Tb, 
4T.O GT(z = t+ t r ) = GT(t) Gt Or) E c\(JO An~ z € c+, np~4eM 11·111
- az 0T(z) = (-T)GT(z) ~ e1(JO .0 . 

OnpeAeneHHe 3.1. 3aMKHYTblH onepaTOp U np~HaAne~~T Knaccy P1 
B03My~eH~H reaepa ropa l' c~nbHO HenpepblBHoH nonyr pynna 0T(t) , 
ecna D(U) ) 0(1') ~ U ~Bn~eTC~ T-orpaH~4eHHblM C OTHOC~TenbHOH 

rpaHl-ll~eH b < 1: 

IIUifJ ll ~ al l ifJ ll + b l] TifJl l, ifJ ~ 0(1'). 13.11 

3aMe4aH~e 3.1. Ecn~, KpOMe Taro, onepaTOp l' caMoconp~~eH ~ 

nonyorpaHIo14eH CHH3Y, a U C~MMeTp~4eH, TO no TeopeMe :KaTO 
Pennaxa / 9 , X.2 1 , 112 , V, §41 onpeneneaa anre6pa~4eCKa~ cyMMa H = 

= l' +U C O(H) = 0(1'), xo ropa a ~Bn~eTC~ caMoconp~~eHHbIM onepa
TOPOM, np~4eM H > -a ' = -a - max((a/l-b); a -I- b] a I) . 

n03TOMY H ~BnReTC~ reHepaTopoM CHnbHO HenpepblBHOH Ic~nbHO 
A~<I><I>epeH4~pyeMoH An~ t > 0 1 caMOCOnp~}I(eHHOH nonyrpynnu 
VH (t ) . Hcnonb3Y~ apryMeHTbl r eooexu 3.1, ee MO~HO npononsorr s 
AO 11 · II- r onoMop!pHoH B npaaoa nonynnoc xo c rv C .. nonyrpynnu 
VH ( z). 60nee Toro, ecn~ l' - reHepaTOp rH6 6 C OBCKO~ nonyrpynnw, 
TO H3 3a Me4a H ~~ 3.1 H'~3 ~3B e CTHor o np~H~~na M~H~-MnKc a BeH
n~ 1 17 ,§ S .61 , / tS,XIII.II cneAYCT, 4TO cnexrp oneparopa H 4~ CTO 
A~cK p eT Hbll71 ~ e r o co6CTBeHHble 3 H a 4 eH~ ~ J..lk(H) ~ ( 1 - b)J..lk(T) +R 
An ~ AOC TBT04HO 6on bw~x HOMCpOB k ~ 1. CneAoBaTcn bHo , nonyrpyn
na V n( t ) - r~ 6 6 c oBcKafl: VII( t ) - 0Il (t ) ~ K HCH npHMeHHMa reope 
Ma 3 . 1 , r ; e . 0n(z) E H( rr/2, a') . Ta K ~M 06 p.'l30M, HllMI-1 AOKa 3ilHO 
C I1 eAy~ ~ee YTB Cp~ACHHe : 

Tcop eMa 3. 2. [fy c mb °'r( t) - can I I x ea .'3 U 0 e pa. 
nu u e n u a si 2 u 6 6 c o O C K a Jl non u s .'JM lI UJG II Ue U e PI 
U I W .lIJl e mCJI c UMM e m p W lI lIJIM 'I 'o e oa II . l' I- U 
JIU .lIJ I t3Tr1C JI e e u e pa mopon tc 
X C !II IO L"l 2 u 6 6 coOC IC O U n onv 

6 /J1 f1w nooao.nx eua ('0 11.11 1 °u( z ) G }« 17/ 2, a '). 
3il MC40H~e ~ TDKI-1 M oOp 
nyr pynnbl Y C T O ~I.I~II"1 OTHOCI-1 T 
4CM YCllOOHH OW) ") D( '1' ) 101 b 
MCtt n011yor piltlH4c HIIOCTH 
HO C T~ lJ c yutcc r ueuuox a n 
n D (U ) • 3 T ~ y cnouan no anoru mr 
r Oll" a Hll - Toan coun 118 , XIII. 171: 

- l' TIIOX\I( - 1I) II < II aXI>(- - - ) Oll\>( - U ) ux\d - - ) II t
1- 0 n 
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l-13 KOTOpOrO CJ1eAyeT. 4TO 3aMblKaHl-1e (T + U)- = H nanaer ca reHe

paTOpOM CaMOCOnpfl*eHHO~ KBa3l-10rpaHl-14eHHO~ rl-166cOBCKO~ nOJ1y

r pynnu Git (t) • 
OAHaKO, KaK l-1 B pa3AeJ1e 2, Hawa ~eJ1b - He TOJ1bKO peWeHl-le 

np06J1eMbl YCTO~4l-1BOCTl-1 caMoconpfl*eHHblX rl-166cOBCKl-1X nOJ1yrpynn, 

HO l-1 I-lCCJ1eAOBaHl-1e aHaJ1l-1Tl-14eCKl-1X CBO~CTB nonyrpynnw GA~) no 

napaxer oy A ~ C AJ1fl B03MyU\eHIo1~ Bl-1Aa X. U E PI. n03TOMY r eneps 

BMeCTO cneKTpaJ1bHOrO npeACTaBJ1eHl-1fl AJ1fl nOCTpOeHl-1fl nonyrpynnbl 

GA(z) He06xOAl-1MO BOCn0J1b30BaTbCfl $opMyno~ AaH$OPAa - Te~J1opa 
ICM., Hanpl-1Mep, 1 2. VII I l-1nl-1 11 2, IX. '1,61 I: 

0A(Z) = _1_ f d,e-O;·zR,(H ) . 13.21
A217 i r 

rne 11·11 - CXOAflU\I-l~Cfl l-1HTerpaJ1 EioxHepa BbI4l-1CJ1fl eTCfl no n0J10)l(1-l

TeJ1bHO Opl-1eHTl-1pOBaHHoMY KOHTypy of C P(HA), KOTOPbl~ OXBaTblBaeT 

cneKTp onepaTopa HA' 3Ta $opMYJ1a n03B0J1fleT CBfl3aTb CBo~cTBa 

nOJ1yrpynnbl 0A(z) co CBo~CTBaMl-1 HeB03MyU\eHHoR nonyrpynnw GT(z)
 
-repea pe30J1bBeHTy R, (H A) = eO; - H A)-I, HA = T + m.
 
TeopeMa 3.3. l7y cmo T = T'" > - a. TOe oa OJ1.R x axo o e 0
 

AECb=IA~ C : \A I«2b)-II- rjJopMYJ1 a / 3 .2/ s a oa em n o 

J1Y cpy n n y 0A(z), Kom o pan .R eJ1.Rem c .R CUJ1 0 HO a HaJ1 um u ~ e -


CKOU n o z (1 Humtn : c e tcmo pa
 
yT="2jT jb-

SA b - I z E C+ : Iarg z I < w - arctg ----- I . 
• I A l b 

40Ka 3 a TeJ1bCTBO. 3aMCTI-lM npe)l(Ae Bcero, 4TO AJ1R A=O $OpMyna 

13.21 npl-1BOAl-1T K TOMy * 0 p c aYJ1b TaTY, 4TO I-l TeopeMa 3.1. Ac~
CTBI-lT eJ1bHO, p e30nb o eHTHOC MHO)l(CCTBO P'(T) = I C \ ( -<I. +(0)\ • n o 

3TOMy AnA J11060ro 1. ~ C ~ KOHTyp r - ro MO)l(HO Bbl6paTb TaK, 4T 06bl 

Re t Re' > Imz1m' Ann Re" . + 00 Ipl-1c. 1I, T. e. /3.21 flBJ1A CT Cfl 

II · 11 - CXOA AU\l-1MCH I-lHT Crp<l110M Soxaepa . Ilpoaepxa ror-o , \.ITO 

3 TOT I-lHTc r p cJJ1 3<lA <lCT 0 n onynnocKoCTI-l C. Cl-lllbHO r onOMOp$HYIO 

nony r pynny C r c uc p e ropo« T, npOOOAI-lT CR C nOMOU\blO TCOfCMbl KUWI1 

I-l AI1$$ e p YH~I1PO D tltil1f' non 3t11lKOM I1HT Crpana 13.21, CM. / • X.BI 11 

11 11 l!, IX. 1.&1. nYC Tb r e ne p s B03MYU\CHI1C U €: ~1, TOrA<l o n e pa r o p 

H,\ - T . ~ AU o n p e n e n e u IKll K ll J1rc(5P8 101 4 cc Ka fl cyMMal I-l 3 c1 MK Hy T H 

06nc1 CTl-1 D(H>.) _ 0 ('1'), e CJ11-l 1 AI b < 1. Ero p e3011bBeHTHOe MHo*e CT 

BO P(II A) onpcnc nne r c a 101 3 YCI10 0l-1A 1>' \ IIUR, (T ) II < 1. OT Oe 4 i'J1OU\'" 

ro CXOAl-1MOCTI1 PRAt! fl o~MnHo AI1f1 PC3 011b OCHTbl R (,(IIA) : 

l{
 ...
 ,(HA) - R", ( 1' ) I. (A IJR r(T ) )n • 13. 31 
... 11 • () " 

-(\P(H,J 

ro 

o 

I'HC. I 

@
 

Io r ne C Y4CTOM HepaB CH CTB c1 13.1 I 11 r o r o , K8K YC TPOCIIO MHO)l(C

CT OO P(T), nOtlY4ilCM 

II UR/,(T ) II ~ a I I R, (T ) I I + b I I TR !(T ) I I'~ 

~ I ... T ~ I 

I 

t b, Ro <:' -: - n 13 .41 

.$ 

i b] 11 - " I, aJ I . ItIJ" ... - (J • 

a) Im ( , I a ) 
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\.13	 HepaBeHcTBa 13.41 cneAyeT. 4TO P(H>.) cOAep~~T MHo~eCTBO 

alXI 
Re C<-aI , + a I > P>. = 1 _ b I>. I ' 

13.51P (H>.) = ~	 I >. I b 

Im(' + a) > p~ + . Re(' + a ), Re' > - a • 
v'1-2IAlb 

n03TOMY KOHTYP of Anfl onpeAeneH~.B O>.(z) C nOMOU\ blO ~HTerpana 
/3.21 MO~HO Bbl6paTb ne~aU\~M B P(H>.), T =of >., b Ip~c. II. a yc
noaue CXOA~MOCT~ ~HTerpana: RezRe, >Imzlm ' Anfl Re ' -> +"" • on
peAenfleT ceKTOp S>.,b' B KOTOpOM nonyrpynna G>.(z) flBnfleTCfl 
c~nbHO aHan~T~4ecKo~ no z Ip~c. 2/: 

Imz < i:.- 2 ! >' l b l.S = Iz E C : I -- I	 13.61>',b + Rez I>. [b . 

nonyrpynnoBoe CBO~CTBO ~ aHan~T~4HOCTb npOBep fllOTCfl TaK ~e,
 

KaK B cnyxae ~ _ O. \.13 13. 51 ~ 13 .61 cnenye r , 4TO 0 A(z) E
 
J{(w,a '(A)) , rne a '(A )~a+aIAl/(l- b lA I ) • a y r on
 

w -arctg(v'1- 2I X\ b!I>.\b) , CM. puc • 2.0
 

3 a Me 4aH~e 3 .3 . E cn~ T 
reHepaTOp r~66 cOD C K O~ 

nonyr pynnu o '1'( t ), a 
U E 9'\ ' TO ~ 3 ar or o !:!!:. 
cneAyeT. 4TO D03My~e H 

Hafl nonyrpynn~ 0A(t), 
Anfl A E C1>. T~ K~e (5YAeT 
r~66coB CK O~ . An~ 3 TO 
Heo6xoA~M~ n~~o Aonon 
H~ T enbH~e Y Cll 0 DII1~ H 
o nepa r o p A. U I ToopoM 
3 . 2 ~ 3aMC4aHII1 0 3.2/ , 

~JI 'J I I 11/ / / /'1/1//1// n~ 60 AOnOllHII1 T&l1bHblC yc-OI ~CvI 4.lJ I /	 11 0 B~fl Ha r OflCplJTOP '1' , 
KOTOpblC Mbl pn CCMoT p~ M I 
CllCAYIO U\CM p~ 3Acn a . 

P II C. 'l, 

4.	 n166COBCK\.1E nonvrrvnna
 
C p - r EHEPATOPAMJ.1
 

nYCTb HeBo3MyU\eHHafl nOl1yrpynna 0T(t) flBnfleTCfl r~66cOBCKO~. 

Anfl B03MyU\eH~H ~3 Knacca Po 3TO rapaHT~pyeT, 4TO nonyrpynna 
G>.(t) Anfl AE C 6YAeT rI166cOBCKO~. CM. pa snen 2. Teopexa 3.2 
rapaHT~pyeT 3TO ~ Anfl nonyrpynn~ GT +U(t) • ecn~ B03MyU\eH~e 

UE ~ ~ flBnfleTCfl C~MMeTp~4HblM onepaTopOM. 3aMe4aHl1e3.2 pa3~
flCHfleT, KaKO~ lleHo~ MO~HO ~36aB~TbCfl OT ycnoaas U e PI, np~ 
3TOM C~MMeTp~4HOCTb onepaTopa U no-npe~HeMY cyU\eCTBeHHa. no
CKonbKY Anfl B03MyU\eHl1fl A. U C KOMnneKCHblM napaxerpox A 3TO 
CBO~CTBO He BblnonHfleTCfl. TO Ha4HeM C B~flCHeH~fl ycnOBI1~. o6ec
ne4l1BalOU\I1X YCTOH4l1BOCTb rl166cOBCKl1X nonyrpynn OTHOCI1TenbHO Ta
Koro pOAa B03MyU\eHI1H, CM. 3aMe4aHl1e 3.3. 
OnpeAeneHl1e 4.1. 6YAeM rOBOpI1Tb, 4TO caMoconp~~eHHa~ r1166cOB
CKaA nonyrpynna nopO~AaeTC~ P -reHepaTopoM T, eC1l11 Allfl HeKO
r oporo ' oE peT) peaonsueare R ~(T) E ep(}{ ) AIl~ KOHe4Horo P ~ 1, 
cp / 61 . N 

3a Me 4a Hl1e 4.1. nYCTb T(1( i\N )'=[ 1 (- i\ / 2 m ) 10' - onepa r op K~He
j = 1 

Rd,Tl14eCKOH 3Hepr~11 N 4aCTI111. nOMeU\eHH.blx B KOHe4Hbl~ COCYA AC 
a (1 $I1KCl1pye T r pa Hl1 4Hble ycnOBl1fl Ha ai\, onpeAellfllOU\l1e COOTBeTCT
BYIOU\ee caMoconp~~ eHHoe paCWl1peH~e. TorAa nerKO y6eAI1TbCfl, 4TO 
R(o (~, (AN )) E epO{ ) AllA P ~ N.d,,2 ~ npoaaeonsuoro 'o E P(T (A N».

17 

Te o pe Ma 4.1. B Cfl U c Q.MO C O n p JIX ell1l /il U one p a mo p T 2 - a '>16 

n n emc s p < e e u e pamo p o n c u n b no ne n p e pue nou e p ij n n u 0T (t)~ 

m0 2 D Q OHa JW /Ul e m CJ I eu doc o e c tcou 11·111 - 2 0fl 0J>1 0 p !t!IIOU 
n o n u e p un nou (J c+ ~ a a 0 3J>1 y u/e //I/Q .>l n o n u e tni n n a 0 ,\ (z) JW 

/ui e mc n , DI U t U E PI .' eu tio c o e ctco ti u 11·II.-QlIQl lU Tfl Uti 
uco u no z 0 1lY lllP U c e tcmo pa S,\ I / ;1 . (i / cJ /I Jl / 1106 0 2 0 ,\ E 
_Cb - I A E c , I A I < (2b )-1 I. ' I 

/lo K1l 3a Te n bc Too . .a11A np011 3 0 01l 1> HO~ TOlllo-l , E P ('I') I1M~CM R ( T) ,-, 
R l~('l' ) + ( <:o -7.') R, ( 'r ) R'o (T ) . nO:nOMY Rr. ('l') E e ll(.l() AIls:i'111060 

ro , ~ 3 pe 3 01lI> U ~II THO 

pa n 13 . 2/ no KOtlTYPY 
~ HT c r pa llOM bOXIt CPll ~ 

a T.(t) • [ a T(tlp) pI 
J( rr/~ , a ) np ouc pn 

11. llp - ItOpMbl no ny r py nnu Q A(1. ) 
H ~ )OPMyn oH 13 .2/ WlH Cl1Y4DH, I( 

- HII«(.' z )	 I
) II < _1 r \<1 ' 10 Il lt , <'l' ) II\I (I - I >'l lllIR,,('l ' )l l r11<1 .\ (1: P - 2 IT , hfA

11 
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'5._1 J l d ' I ~( Re 'Re Z - I ID' Im Z ) I I R (T)I I 1+1'0 -( I IIR{<T) I! /4.1/
2 tr r>., b . ( 0 PI-I Al iiUR ,( T ) II 

TorAa B cHny TeopeM~ 3.3 npaBaR 4aCTb /4.1/ ~rpaHH4eHa AnR 
ZES\n H IAI < (2b)-I, CM. /3.5/, /3.6/. Cnenoaa r ene ao , no
nyrpynna a A(z ) = [0,\(a/p )] PEel (}{) ,a ee \I · l lt-aHanHTH4HoCTb 
B cexrope S>',b:O>.(Z) E}{(/il,a'(A» npoaepaer cn TaK xe , KaK 1-1 
B r eopexe 3.3. 0 

06paTHMcR r eneps K noxaae r ene c ray 11· 11raHanHTH4HOCTH no
nyrpynnblO>.Cz) no nepaaerpy >.ECb=I I>.1 < (2b)-1 I, xorna z E 
e S>.,b /3.6/. B Ka4eCTBe nepaor-o ura r a YCTaHOBHM 11· l l p- a Ha 
nHTH4HOCTb . 
IleMMa 4.1. flyc mb U ~ 9'1 , a e e n e pa mo p n oa u e p unn u 0T(z) 
~ 6 ./l~ em C~ p- e e H e pamo p o~. Toeoa e u 66 c OB CKa~ n O./lyepyn 
na 0A (z ) ~B ./l~emC~ 1 1 · l l p- a H a ./l u mu ~ e c ,(O u no napan em
py A e n umpu Kp y ea C 1 m. e . an» n p OU3 BO./l b HOU 3aMKHyp
 
mou oona c mu g) C I , ec./lU z E () (l\ S>. b
Cb >. E Jj , 

AOKaaaTenbcTBo. $I-1KcHpyeM uexoropoe r < C2b )-1 H z E () SA b -

IAIs r '
 

• Sb(r) /pHC. 2/. Torae An~ acex A: I>. I ::; r, MOlKHO Bbl6paTb 06

I1\Hl':1 An!' f eMe l':1 c TBa nony rpynn lOA Cz) 1 1>'1~ r KOHTyp rr. b C
 
( () PCHA) /CM. 13.5/ H pHC. 1/, ooecne4HBalOl.llHl':1 11·l l p
 

IAls r
 
CXOAHMOCTb HHTerpana / 3.2/, KOTOPbl~ MOlKHO 04eHHTb C nOMOl1\b~
 

/4.1/. H3 pa3nOlKeHH~ 13 .3/, HepaBeHCTBa /3.4/ 1-104eHKH
 
N
 

I IR r CHA) - R,CT) }.; (AUR)'CT»n I I _
 
\, 0 - 0 ... p
 

s I IR, CT ) I lpll >.UR,(T) IIN + l Cl - II AUR,CT) II )-1 

c n eay c r , 4TO An~ , " l 'r. b PHA /3 . 3/ C XOA I-1 T C ~ paBHOMcpHO no 
A: \A I s: r, B rononoraa , 3i:l Aa Oa eMO ~ 11 · ll p - HoPMo~ . Cneno 
r en suo , OH on pen en nc r 1I ·1\ \I - lI Ha n Io1 T Io1 4ec K Y~ BHyTpl-1 a r o r o Kpy
r a pe 30nbDCHTY R;(ll A)' [lO:HOMY AnR KalKAoro z € il C SbCr ) P~A 
/3.3/ MOINHO n04nc'J.flw I-1H Tc rpl-lp008Tb no KOHTypy rr,b: 

"" 
aACz) -~ AO _1_(d (1l R,C1')(UR ~CT» 0 • 14 . 2/ 

0 -0 2rr1r 
r, b 

PRA 13 npa l3 o~ 'laCTl-l /11. 21 CXOAHTCR D TonOl 1cJr HH , onp H
 
ItOPMOH 11.ll ll , P O OII()M OP~I O II l1y Tp l-l t<py r a <" H Qnp ClA
 

1 

a HanHTIo14eCKY~ no >. E Cb l!>YHK4HIO, COBnaAa~I1\Y~ C rH66coBCKO~ no
nyrpynnoa 0>.Cz ) • 0 

Teo peMa 4.2. fly cm t> enn on nenu YC./l OBU~ ./le.MJ;tlil 4 .1 . Toe
oa euooc o ectca n non ue pyn n a Q>. (z ) ~B ./l ~ emC~ 11.111
a Ha .!l UmU ~ e C KOU 6H ym pu Kpy ea Cb n o napa~ empy >. O./l~ 

tcax o o e o zEn S>. b 
>. E g) , 

AOKaaaTenbcTBo. Ha AOKa3aHHo~ B neMMe 4.1 11.l lp- a Han HTH4Ho 
CTH nonyrpynrtu G>. (z ) BHyTpH xpyr-a ~ cn enyer , 41'0 ee MOlKHO 
npeACTaBIo1Tb B Bl-1Ae 11. 11 p -cxonamerocs p~Aa Te~nopa: 

"" An . 
G>. (z ) I. - a~ G>. Cz ) I , z E S>. ,s: /4 .3/ 

n = 0 n1 >'=0 

npl-14eM nponaaonaue no A MOINHO noencraear e B BHAe 

. n I -(0 + 1 ) 
aAG>. Cz ) I ~ -- J d p. p. Op. ( Z ) • /4 .4/

A= 0 2rr1 y 

rAe KOHTyp Y ne~HT BHyTpl-1 Kpyra Ch ~ OXBaT~BaeT T04KY P. - O. 
Hanp~Mep, y - Y - OKPY~HOCTb paAHyca r < C2b)-1 • OAHaKo I-1ar
/4.4/ ..., roro , 4TO 0p.Cz) E ete}{) An~ p. e cb ~ Z Sp.,b ITeopeMa 
4.1/ nonY4aeM HepaBeHCTBO 

277 
n I -tn " 1)


I l tJ~ O A ( Z ) 1 II ~ - J d ¢ r . r 8Up 110 p. C7. ) 111 
L 0 1 2 rr 0 1p. 1:; r
 /4.5/ 

- n I r- n Mr Cz ) • 

lI o :)T OMY 101 3 O I~ Cl tK"" 

N II 
11110 >. ( 7. ) - ~ ~- J~O>. ( z )1 111 s ~ I >. 1 ( 11 M C7. ) 

n -O n t A_O n- N, J r 

b H 7. H~ ~AQTC R KOHTyp ~ 
/4. 3/ HOMepHO no A : 1A I S r i 

II 

I\I01KlllHTE nbllhiE 31\HElII\HHft 

CYMM I-I PYJl 0 "' 

MYUIl.lHIt114 r l-l 

13 



GA,(Z):CbxS,\ b .... e1(J{)	 /5.1/ , 
HBIlHeTCH 11' 1~ -aHam1TH4eCKHM no 060HM napaaerpaa , eCIlH orpa
HH4HTbCH B03My~eHHHMH H3 KIlacca ft. 

ECIlH OTHOCHTeIlbHaH rpaHH~a B03My~eHHH b .... 0, TO H3 /5.1/ 
nOIlY4aeM peayns ra ru pasnena 2: 

GA(z): cxc+ ·~ e1 (J{ ) ,	 /5.2/ 

XOTH B 3TOM npeAeIle OT Tpe60BaHHH Toro , 4T06~ reHepaTOp HeBOS
My~eHHo~ rH66cOBCKO~ nOIlyrpynnbl 6~Il P- r eHe paTopoM, MomHO OT
KasaTbCH. 

aIlH KBaHTOBO~ CTaTHCTH4eCKO~ Mexa HHK H cy~ecTBeH H ~M CIleACT
BHeM pe3YIlbTaTOB /5.1/ H /5.2/ HBIlHeTCH C BO~ CT B O aHaIlHTH4HO
CTH no napaMeTpaM !A, f3 I , r ae f3 - ofipa r aa a r ea ne pa rypa , CTa
THCTH4€CKO~ CyMMbl 

Z1\(A, (3) = Tr aA( f3 ); A E C b' f3 E SA, b •	 /5.3/ 

npHMblM 
"' C H 
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