
Hryett Tattr 

COOfilllBHMR 
Ofib8AMH8HHOro 

MHCTMTYT8 
RABPHblX 

MCC18AOB8HMM 

AYfiHa 

t/t-fl 
Pl7-81-128 

OBOBWEHME 
~]YKTYAUMOHHO-~MCCMTIAUHOHHOH 
TEOPEMhl 

l ;,~ 

l t 

' ~~1· 
i;:f 

~~ ., 

1981 



1. KaK M3BeCTHO, o6bl4HaR cj)nyKTya4MOHHO-AMCCMna4MOHHaR Teo
peMa /$AT/ ycTaHaBnMBaeT CBR3b MemAY nMHeHHOH socnpMMM4M
socTb~ M paBHOBeCHOH KOppenR4MOHHOH cj)yHK4MeH ABYX senM4MH 11 ,2 ( 
npM paCCMOTpeHMM cj)nyKTya4MH e HenMHeHHblX HepaBHOBeCHblX CMCTe
MaX ycTaHaBnMBa~T TaKme COOTHOWeHMR, CBR3b1Ba~~Me HenMHeHHble 
eocnpMMM4MBOCTM C paBHOBeCHblMM KOppenR4MOHHblMM cj)yHK4MRMM 60-
nee BblCOKoro nopRAKa 13· 71 . 3TH COOTHOWeHMR noKa3blBa~T, 4TO 
KamAaR paBHOBeCHaR KOppenR4MOHHaR cj)yHK4MR CBR3blBaeTCR TOnb KO 
C OAHOH COOTBeTCTBy~~eH eocnpMMM4MBOCTb~ M He 3aBMCMT OT CMn, 

AeHCTBY~~MX Ha CMCTeMy. 8 AeHCTBMTenbHOCTM KoppenR4MR eenM4MH 
B HepaBHOBeCHOH CMCTeMe AOnmHa 3aBMCeTb OT CMn M, 6onee Toro, 
OTHOCMTbCR He K OAHOH, a KO BCeM eocnpMMM4MBOCTRM CMCTeMbl. 
AnR 3Toro paCCMOTPMM HepaBHOBeCHble KoppenR4MOHHble cj)yHK4MM M 
HaHAeM CBR3M MX cneKTpanbHblX MHTeHCMBHOCTeH C eocnpMMM4MBOCTR
MM. 

2. nycTb HepaBHOBeCHaR ,CMCTeMa CO3AaeTCR MrHoBeHHblM AeHcT
BMeM nepeMeHHblX CMn f i (t), Ha4MHaR C MOMeHTa epeMeHM to =- 00 • 

raMMnbTOHMaH CMCTeMbl MMeeT BMA 

H = H
0
-lf. (t)Q . . 

t i I I 

CpeAHee 3Ha4eHMe eenM4MHbl Q k onpeAenReTCR BblpameHMeM 

< Q k (t) > = Sp(U+ (t) Q kU(t) Po), 

rAe U (t) - one pa Top 3eon~4MM no epeMeHM. 
B nepBOM npM6nMmeHMM onepaTOP U(t) paeeH 

U(t) = u<0> (t) + u< 1/t), I 
iH0 t 

U(O)(t) = exp(--h-), 

'H t 
u(l)(t) = - _l_ exp(- !..._Q:_) l J f . (t')Q?(t')dt' 

ih h i-«> 1 
I 

rAe Gt(t) 3anMCblBaeTCR B npeACTaeneHMM reH3eH6epra C 
HMaHOM Ho . 

AHanorM4HO /1/, paccMOTpMM Tenepb KOppenR4MOHHY~ 

< Qi (ti ) Gk (tk) > se Sp (Qi (ti ) Q k (t k) p O), 

Qi (ti) = u + (ti)(.i U(ti ) . 

/1/ 

/2/ 

raMMnbTO-

cj)yHK4M~ 

/3/ 

I 



3Ta <l>YHK4HR, KOHe4HO, 3aBHC\.1T OT CHJl, AeHCTBYIOIIIHX Ha CHCTeMy, 
1,1 J.1MeeT CMblCJl KoppeJlR4HH ABYX ee11J.14HH Qi 1,1 Q k B MOMeHTbl t i 
\.1 tk AJlR HepaBHOBeCHOH CHCTeMbl, HaaoeeM ee HepaBHOBeCHOH Kop
pe11R4HOHHOH <l>YHK4J.1eH. 

EcJl\.1 AeHCTBYIOIIIHe Ha C\.1CTeMy CHJlbl OTHOCHTeJlbHO MaJlbl' TO 
c noMOlllblO /2/ nony4aeM 

< Qi (ti) Qk (tk)>=<Q~ (ti )Qk (tk) >o + 

t· 

+-
1
- I / f.(t'k[Q~(t'),Q~(t.)] Qk(tk)>0 dt'+ 

ih j -00 J J I -

tk 
+~I ff. (t')<Q 0i (t. )[Q~(t'), Q 0k(t )] >o dt'' 

lh . J I J k -J -00 

/4/ 

rAe 6epeM JlHWb nponop4J.1OHaJ1bHb1e. f i(t) 4JleHbr; < ... >0 BbrpamaeT 
ycpeAHeHHe no paBHOBeCHOMY aHCaM6JllO. BbrpameHHe /4/ noKa3blBaeT' 
4TO B AaHHOM npJ.16J1J.1)f(eHJ.1\.1 HepaBHOBeCHaR KoppeJ1R4HOHHaR <l>YHK4HR 
ABYX BeJl\.14\.1H onpeAeJ1ReTCR paBHOBeCHblM\.1 KOppeJlR4\.1RM\.1 Tpex ee
Jl\.14\.1H. AHanorH4HO /4/, MOmeM HanHCaTb BblpameHHe AJlR <Qk(tk)Q.(t.)>. 

' I I 
TaKHM o6paaoM, C\.1MMeTp\.13OBaHHaR HepaBHOBeCHaR KOppeJ1R4HOHHaR 
<l>YHK4HR BblpamaeTCR 4epe3 paBHOBeCHble KOppeJlR4HOHHble <l>YHK4HJ.1 
<l>OPMYJlOH 

<[ Q i ( t i ) ' Q k ( tk )] + · > "'< [ Q~ (ti ) ' Q~ ( t k )] + > 0 + 

t-

+ -1- I /r
1 

(t')<[Q~ (tk)[Q~(t'), Q~(t .)l_] +> 0 dt' + 
ih j -oo J I I 

/5/ 

tk 
+-1- If f. (t')<[Q?(t. )[Q~(t'), Q~ (tk )]_)+ \i dt' ._ 

ih j -00 J I I J 

OnpeAeJlHM Tenepb cneKTpaJlbHYIO HHTeHCHBHOCTb 3TOH <l>YHK4HH. 
Boo6111e roeop.R, <l>YHK4HR <[Qi (ti), Q itkj +> RBHO aaBHCHT OT epeMe
H\.1 t1 \.1 t2. no3TOMY cneKTpaJlbHaR HHTeHCHBHOCTb 3TOH <l>YHK4HH 
onpeAeJ1ReTCR npeo6paaoBaHHeM 

J[ ](w ,w )= ff<[Q.(t.),Qk(tk)] >exp(iw.t.+iwktk)dtidtk./6/ 
Qi, Qk + i k -oo I I + I I 

noACTaBJlRR /5/ e /6/, BblBOAHM Bblpa>KeHHe 

( (0) (1) l J[Q 0] wi'wk)=J[Q Q] (w.,wk}+J[Q Q] (wi,wk), 
i 'K + . . i' k + 1 

i' k + 

(1) ( ) ( 1). j 
J[ ] wi,wk =; J( ] (wi ,wk), 

Qi'~ + J Qi'~ + 

171 

2 

-

(0) . ( 1) ,j 
rAe J[ Q Q ] (wi' wk) \.1 J[ Q Q l (wi 'wk ) eCTb cneKTpaJlbHble 

i • k + i • k-4 
HHTeHCHBHOCT\.1 npH npeo6paaoaaHH\.1 THna /6/ AJlR <l>YHK4HH 

<[Q~(ti),Q~(tJ]+>o H 

ti tk 
~I ff /t')<[ Qk(ti)[ Qf(t'),Q1(t.)U?o dt'+ f fJ(t')<[Q~(t1)[Q?(t'),Q~(tk)]_]?odt'l, 
lh -00 I -00 J 

/8/ 
C APYroH cTopoHbl, KaK 1,1aeecTHo, <l>YHK41,1ro <[ Qf(t1), Q~ (tJl+>o MomHo 
HanHCaTb .B BHAe 181 . 

1 00 
• -iw(t -t ) 

<[Qo (t. ), Qo (t )] > = - f Lo ] (w) e i kdw, 
i I k k' + 0 211 -00 l Qi''\ + 

/9/ 
-E0 /0 E 0 -E 0 

I" (w)=~ I (ipo*Q tf,o)(tf,o*Q t/Jo)e 11 8 ( µ 11 -w) •• 
QiQ k Z 11,µ. II i /1- /1- k II h 

no3TOMY HeTPYAHO HaHT\.1 COOTHOWeHHe 

J(O) (w ,w )=2711(0 ] (w )8(w +wk). /10/ 
[Qi,Qk]+ i k Qi,Qk + i i 

HaHAeM Tenepb J[~),~ ] (wi'wk ). TaK KaK <l>YHK4HR <[[Q 0(t'),Q~t )] QO(t )] 
i' k + J i i - k k ~ 

aa'BHCHT TOJlbKO OT t'-tk \.1 ti-t k, TO OHa MO>KeT aanHCblBaTbCR B 
BHAe-K 

<[[ o; (t'), Q?t i)]_ Q~(tk)]+> 0= 
/11/ 

1 
00 

0 = ( 
2 

& ff l[[Q Q L Q ] (w
1
', w

2
') exp[-iw '1(t1-t k)-il<J '(t -t')]dw' dl<J' 

11r-oo j'i k+ 2k 1 2• 

PaanaraR <l>YHK4HIO fj (t') B HHTerpan <l>ypbe 

CJ (t') = -1- 'J CJ (0) exp (-iOt') dO 
2n- --

• CneKTpaJlbHble HHTeHCHBHOCT\.1 I~ Q Q (w i ,wk) ..... HMelOT BHA 
j i k 

10 (w ,l<J ) "'(211)
2 

_l: (tf,o*·Q tf,0 )(tf,O*Q tj,O}(tj,O*Q tf,O)e-.E~/0x 
QJ Q1Q k 1 k z v,µ.,y II J µ. µ. 1 y y . k 11 

Eo-Eo E. o_Eo 
JL II y·11 

X 8( ....... -- -w
1 
)8(-'--- -wk). 

. h h 

3 



H HCnOnb3YR /11/, HaXOAHM ¢Ypbe-KOMnOHeHTy nepaoro 4neHa B Bb1-
pa11<eHHH /8/ 

-
1 -r. (w. +wk) f e-<w

1
-w;)L0 

[ _ ].,] (w1,w; +.wk)w1, 
211h J l -00 LQI Q,,Q, + 

k J l - . 

AHanorH4HO, ¢ypbe-KOMnOHeHTa BTOporo 4neHa B /8/ paBHa 

-
1-r

1
. (w 

1 
+wk ) j ((w

1 
+wk -w;) 1°( . [ . ] J (wi, w;) d'.u; , 

277h -oo Ql QJ ,Qk _ + 

rAe i;(x) o603Ha4aeT ¢YHK4HIO 

((x) = - i /° eisx ds = e._ -iiro(x), 
x· 

0 

B KOTOPOH p/x noHHMaeTCR B CMblCne rnasHoro 3Ha4eHHR. TaKHM 
o6pa30M, nony4aeM ¢opMyny cneKTpanbHOH HHTeHCHBHOCTH 

J [Qi''\] }w i ' wk ) : 

J[ ] (w.,w )=211I[Q Q] (w1 )o(wi+wk) + 
Qi' Qk + 1 k i ' k + 

+-1-I.f.(w
1
+wk) fw;[((w.-w;)I[0 Q_ [Q Q]] (w;,w~+wk).(lZ/ 

211h i J -oo l k j' i - + 

+((w
1
+wk-w;)I[0 

[ ] ] (w.,w;)]. 
Q. Q., 0 + l 

l J 7t -

·cornacHo o6bl4HOH ¢nyKTya4HOHHO-AHCCHna4HOHHOH TeopeMe, ¢yHK4HR 
1° (w) CBR3blBaeTCR C nHHeHHOH aocnpHHM4HBOCTblO 
[Qi,Qk]+ 

I0 (w) = hx" (w) cth~ /13/ 
[ Qi , Qk] + ik . 20 

A ¢YHK4HH 1[0 Q [ Q Q L] (w , w ) H I 0
[ [ Q ] ] (w , w ) MoryT 

k. j ' i + 1 2 Q i j ' Qk + 1 2 
onpeAeflRTbCR Ha OCHOBe MeTOAa npOH3BOAHOH no-napaMeTpy 191 

o 2 h (w cw 2) ' ' 
I[ Q [ Q,, Q.] ] (w1, w2 )=(2h) cth 

20 
[ X ijk (w 1 ,w2 )-x jik (w 1,w2)l,/14/ 

K J l - + 
hw 

1(0 
[ ] ] (w1,w2 )=(2h)

2
cth--1 [x'.. (w ,w2 )-x~-- (w

1
,w2 )], /15/ 

Qi Qj , Qk- + 20 Jkl 1 JI 

rA: x;jk - Be~eCTBeHHaR 4aCTb ¢ypbe-KOMnOHeHTbl COOTBeTCTBy10-
~eH BocnpHHM4HBOCTH. 

3aMeTHM, 4TO no cpaBHeHHIO C TeOpHe~ B03MY~eHHH pesynbTaTbl 
AflR HenHHeHHblX OTKflHKOB, Bbl4HCneHHble no MeTOAY npOH3BOAHOH no 

4 

'i 

l I} 

11 

napaMeTpy /91, RBflRIOTCR 6onee nonHbJMH, n03TOMY HMeeM X ijk(wl ,w2)-/,. 
.,f,. X ji/w 1'w 2). CooTHOWeHHR B3aHMHOCTH HrpalOT ponb nHWb AflR 

X ijk. (u,1' w2 ) = X ik/w 1' w 2 ). 
l-1cnonb3YR COOTHOWeHHR /13/' /14/' /15/' H Ha OCHOBe Bb1pa11<e

HHR /12/, MO>KHO sanHCaTb 

hw1 
J[Qi,Qk]/w1 ,u,k) =211hx~~(wi )o(wi+wk)cth20 + 

2h . hwk oo . /16/ 
+--;;- f f /w i +wk) I cth20 _£ dw; ((w1 -w{ )[ X jik (w{, w1 +wk)-

-x ;J.k (w', w'+w )]+cthhwi _ tdw'((w +w -w')[x' (w ,w')-x' (w ,w')]I. 
1 1 k 20 -oo 1 i k 1 jki i 1 kji i 1 

3Ta ¢opMyna BbJpa>KaeT CBR3b Me>KAY cneKTpanbHOH HHTeHCHB
HOCTblO HepaBHOBeCHOH KoppenR4HOHHOH ¢YHK4HH H socnpHHM4HBOCTR
MH, no3TOMY OHa MO>KeT 6bJTb paccMOTpeHa KaK o6o6~eHHaR TeopeMa 
K3nneHa-BHflbTOHa. 8 OTflH4He OT H3BeCTHOH ¢nyKTya4HOHHO-AHCCH

na4HOHHOH TeopeMbl, cneKTpanb HaR HHTeHCHBHOCTb J( Q , (:\l/w1 , W2-> 
B AaHHOM npH6m111<eHHH saBHCHT OT BHeWHHX CHn H HentHeHHblX soc
npHHM4HBOCTeH X ;jk .... • B npH6nH>KeHHH 6onee BblCWHX nOPRAKOB' 
KOHe4HO, senH4HHa J[ Qi, Qk] }w1,w2) AOfl>KHa 3aBHCeTb OT MHOro-

HHAeKCHbJX HenHHeHHbJX aocn~HHM4H~OCTeH. 

3. no aHanorH4HOMY nyTH MO>KeM HaHTH Bblpa>KeHHe AflR CHMMeTpH-
30BaHHOH HepaBHOBeCHOH KoppenR4HOHHOH ¢YHK4HH "CKOPOCTH H Koop
AHHaTbl. B nepBOM npH6nH>KeHHH no CHnaM OHa paBHa 

<[Qi (ti), Qk ('1.)1+>=<[Qf(ti ), Q~(tk)]+>o + 

1 
+

ih 

+-1-
ih 

½ • 
I f fJ (t/<[~(tJ[Gf (tJ), Qi°(t 1)]_l+> 0 dtJ + 

-oo 
tk • 

I f f. ( tj) <[ Q ~ (ti)[ Q?(t .),Q~(tk)l_] +>o dt j' 
j-ooJ . J_J 

Ee cneKTpanbHaR HHTeHCHBHOCTb HMeeT BHA 
hwi 

J. (w ,w )=211hL" (w )o(w +wk)cth-- + 
[ Q Q ] i k ik i I 20 

,, k + 

+fil!.... I f.(w.+u,k}lcthhwk {w1((w.-w;)[V.k(w;, w;+wk)-
11 j J l 211 -oo l Jl 

/17/ 

5-
/ 



hw 00 

-L' (w', w' +wk)]+ cth_!_ f dw 1 t;"(w1 +wk-w1) x 
ijk 1 1 20 -oo /18/ 

X [ L jki (wi 'w ~) -L~ji (wi 'w; m ' 
rAe L ·;k , L 'ijk - MHl-1MaR 1-1 Bell\eCTBeHHaR 4aCTl-1 COOTBeTCTBYIOl.l\l-'IX 
TeH3OpOB Kl-1HeTl-14eCKl-1X K03¢¢1-141-1eHTOB. 

CooTHoweH1-1e /18/ 1-1rpaeT ponb 0606L11eHHOH ¢AT AnR K1-1HeT1-14e
CK1-1x KO3¢¢1-141-1eHTOB. 

AHanor1-14HO M~ MOmeM nocTpOl-1Tb COOTHOWeHl-1R AnR l-1HTeHCl-1BHO
CTeH HepaBHOBeCHblX KoppenR41-1OHH~X ¢YHK41-1H 6onee BblCOKl-1X nopRA
KOB. 

B 3aKnl04eH1-1e aBTOp Bb1pamaeT l-1CKpeHHIOIO 6naroAaPHOCTb npo¢ec
copaM 11.n.Tepne4KOMY 1-1 B.K.¢eARHl-1HY sa nOMOl.l\b npl-1 BblnOnHeHl-11-1 
3TOH pa6oT~. ' ' 
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PyKon1-1cb nocTyn1-1na B 1-13AaTenbCKl-1H OTAen 
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