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§1. B B e·n e H a e 

OCHOBHOH aanaqefi HepaBHOBeCH0H CT8THCTHqeCK0H MeXaHHKH HBnHeTCH 

. BbIB0ll H3 nepBbIX npHHUHil0B ypaBHeHHH nnH MaKp0CK0naqeCKHX BenaqaH 

TepM0llHHaMHKH Heo6paTHMbIX npoueccoB~ CymeCTBeHHblM BKnanoM. B ee pe

ll/ 
WeHHe HBHnHCh Il0HBHBWII9CH noqTII 0llH0BpeMeHH0 pa60Tbl M. fplIHa ' 

/2/ .. /3/ . . 
XaWII3YMII II HMaMOTO ' B K0T0pbIX 6hma nocTpoeHa cpeHOMeHono-

raqecKaH (cToxacT1IqecKan) TeoplIH aBon10u1I1I MaKpocKonaqecKofi Knacc1I

qecKofi CIICTeMhI, OillICbIBaeMOH Ha6opoM "6onhWIIX nepeMeHHbIX" ( gr_oss 

variables ), cpenHae 3HaqeHHH K0T0pbIX nocTaToqHbI nnsi nonHoro MaK-

. /1-3/ 
pocKon1IqecKoro on_1ICaH1IH cacTeMhI, B pa6oTax · Ha ocHoBe npennono-

)KeHIIH 0 C-T0XaCTHqecK0M M8pK0BCK0M xapaKTepe 3B0nIOUIIII. 6onhWIIX nepe

MeHHblX 6hmo nonyqeH0 ypaBHeHHe KpaMepca-<l>OKKepa-TTnaHKa nnsi cpyHKUHII 

pacnpeneneHHH 3TIIX nepeMeHHhIX, KoTop_oe aaTeM acnonh30Banoch nnsi BhI-
. /1/ . 

Bona ypaBH9HIIH nepeH0Ca. B qacTH0CTII:, fplIH TaKHM nyTeM BbIBen 

ypaBH9HHH ranponaHaMHKH HaBhe-CTo'Kca II BnepBble Hawen cjiopManhHhie 

Bbipa)KeHHH nnsi KIIHeTaqecKHX K03<p<pHUII9HTOB qepe3 K0ppenSIUII0HHhie cpyHK

llHII llHHaMIIqeCKII:i;c: nepeMeHHblX (KOTOpbie BnocnencTBIIII CTanlI H83b!B8Th 

cpopMynaMII Ky6o) • 

.llnsi KB8HT0B0P0 cnyqag ypaBHeHIIe KpaMepca-<l>OKKepa-TTnaHKa 6hmo 

/4 5/ • 
nonyqeH0 T8KIIM )K9 _MeT0ll0M BaH KaMneHOM . 

1 
, , K0T0pbm nonyTH0 pac-

CM0Tpen xapaKTepHble CB0HC_TB8 6onhWIIX nepeMeHHblX B KBaHT0B0M cnyqae. 
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Bonee nocneaoBaTenbHblii CTaTHCTHKO-MeXaHH'l8CKHii IlO/lXOll coaep)KH'I'.-

/6/ 
cSI B pa6oTe UB~mmra , KOTOpb1ii nony•mn anSI KnaccHtJecKoro cny'laSI 

ypaBH8HH8 KpaMepca-~OKKepa-ITnaHKa H3 ypaBHeHHSI nHyBHnnSI M8TO/lOM 

npoeKUHOHHoro onepaTopa. HaiiaeHHoe HM ypaBHeHHe no ¢opMe coBnaaaeT 

C ypaBH8HH8M, nony'leHHblM fpHHOM, HO CO/l8p)KHT llHHaMH'leCKHe nepeMeH

Hbie BMeCTO cnyqaiiHbIX BenH'lHH, 

.UnSI KBaHTOBOii CHCT8Mbl, OIIHCbIBaeMoii Ha6opoM 6onbWHX nepeMeHHblX 

BaH KaMneHa, noao6Hoe paccMotpeHHe 6blno npoBelleHo Cb10anoM 
111

, KOTO

pbiii MeTO/lOM npoeKUHOHHOI"'O onepaTopa UBaHUHI"'a BbIBen ypaBH8HHe Kpa

Mepca-~OKKepa-ITnaHKa, aHanorutJHoe nonytJeHHOMY BaH KaMneHOM, 

B aacTomueii pa6oTe 6yaeT npeano)KeH oqeHb npocToii H o6mnii Bbl

Boll IlOll06HbIX ypaBH8HHii M8TO/lOM CTaTHCTH'l8CKOI"'O onepaTopa, paapa60TaH-
/3/ . 

1 HOI"'O O/lHHM 113 aBTOpOB 

B §2 Mb! KpaTKO o6CyllHM HeKOTOpb!e orpaHH'l8HHSI, HanaraeMble Ha 

CHCTeMy, H BBelleM ¢opManbHblii. annapaT ee MHKPOCKOilH'l8CKOI"'O onucaHHSI. 

.Uanee B §3 Mb! IlOCTpOHM HepaBHOB8CHblii CTaTHCTH'leCKHii onepaTop, 

KOTOpb!H B §4 6yaeT HCnonb3OBaH anSI Bb!BO/la KHH8TH'l8CKOI"'O ypaBH8HHSI 

KpaMepca-~ OKKepa-IT naHKa, 

§2. M11KpOCKOilH'18CKOe OIIHCaHHe CHCT8Mbl 

ByaeM H3y'laTb IIOB8/l8HHe IIO/lCHCT8Mbl 1 cna6o B38HM01l8iiCTBy10IUeii 

C 6onbWOii TepMO/lHHBMH'leCKH paBHOB8CHOH CHCT8MOii - TepMOCTaTOM. ITon

Hhiii raMJWbTOHHaH CHCT8Mbl aaIIHCbIBB.eTCSI B Bttll8_ 

J{ =Hi +H2 + V12 ' 
'~ 

(2. I) 

rae II 1 - raMHnhTOHHaH noac11cTeMbI, H2- I"'aMHnbTOHHaH TepMOCTaTa, 

v,2 - B3aHMOlleiiCTBHe M8)KJlY HHMH, KOTOpoe C'IHTaeTCSI ManbIM, 

4 

I ,.. 
1 

.Unsr OilHCaHHSI IlO/lCHCTeMbl Mb! 6yaeM nonb3OBaTbCSI '6onbWHMH nepe-

/4 5/ /7/ 
MeHHblMH'' noao6Hb!MH HCilOnbayeMblM BaH KaMneHOM ' H Cbl03nnoM • 

3To npeacTaBneHHe MbI 6yaeM Ha3bIBaTh a -npeacTaBneHHeM, 

B a -npeacTaBneHHH MHKpOCKOIIH'leCKOe COCTOSIHHe CHCT8Mbl aaaaeT-

1 co I CSI co6CTB8HHblMH 3H8'l8HHSIMH a"' a Ha6opa KOMMYTHpy1011mx M8)K/lY 

I rn I co co 
co6oii onepaTOpOB a= a • CneKTp a k HeKOTOpbIX onepaTOpOB a 

MO)K8T OKaaaTbCSI /lHCKpeTHbIM, HO ecn11 :paccMaTpHBaTb aanee _nHWb ao-

CTaTO'IHO rnaaKue ¢yHKUHH OT a , TO MO)KHO C'lHTaTb, 'ITO Bee 1 a co I 

HM810T cnnoWHOii cneKTp. 

.Uanee Mb! orpaHH'lHMCSI paCCMOTpeHH8M nHWb TaKHX cny-qaeB, KOI"'lla 

raMHnbTOHHaH Hi MO)KHO npe/lCTaBHTb B BH/le cyMMbl 

H 1 =80 +Vt ' (2.2) 

nepBoe cnaraeMoe KOTopoii KOMMYTHpyeT co BCeMH onepaTopaMH a 

[a,H 
0

]= 0, 

a BTopoe cnaraeMoe V 1 Mano, Toraa 

a =.2...[a, J{ l= ..!..[a, V] 
ih ih 

(2.3) 

·npeacTaBnSieT co6oii Many10 BenH'IHHy, rae 

V =V
1 

+ V
12 

• (2.4) 

_,UnSI MaKpOCKOIIH'18CKQI"'O OIIHCaHHSI IIO/lCHCT8Mbl Mb! 6yaeM nonb3OBaTb

CSI a -npe/lCTaBneHH8M CTaTHCTH'l8CKOI"'O onepaTopa p (t) 
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f(a,t) =<n(a)>, 

I'Lle 

< ... >=- Splp(t) ... I, 

Cl> (1) 
n(a)=o(a-a)=Ilo(a -a ). 

Tipu aTOM cpeLlHee 3Ha'leaue nJ06oro onepaTopa 

,caTh B BHLle 

~M(a)> =<fdan (a)M(a)>= ff(a,t)M(a)da, 

(2.5) 

(2.6) 

(2. 7) 

M(a) MO)KHO 3anH-

(2.8) 

OTKyLla cne!lyeT, 'ITO f(a,t) SIBnsteTCSI ¢YHKUH9H pacnpe!leneHHSI IlOLlCHCTe

Mbl no COCTOSIHHSIM a • 

3anHlll9M ypaBHeHHe LlBH)KeHHSI Llnst onepaTopa (2,7) 

n (a )= _l_ [n (a), J{] = ...!.. [ n (a), V] . 
ih ih 

(2,9) 

KaK IlOKa3aHo B TipHnO)K9HHH, 9TO ypaBHeHHe MO)KHO npeLlCTaBHTh B ¢opMe 

38KOHa coxpaHeHHSI 

I'Lle 

• a 
n (a) =--j (a), aa 

( • 1 a < [ - 1 · j(a)=na)a +o"--na) a,a + ... 
~ aa 

6 

(2.10) 

(2.11) 

Ycperrneaue ypaBHeHHSI (2.10) co CTSTHCTH'leCKllM onepaTOpOM p (t), 

YLlOBneTBOpSl!OlllllM ypaBHeHHIO Jluyeunnst, LlSeT COOTHOllleHne 

_a_f(a,t)=--a- <j(a)>, at . aa (2.12) 

KOTopoe MO)!{9T 6hITh HCilOnh3OB8HO Llnst BblBOLla KHH9TH'leCKOI'O ypaBH9HHSI 

LlnSI f (a• t) , TI pH 9TOM_ H8M IlOH8Ll06HTCSI · SIBH8SI ¢opMa onepaTopa p ( t), 

.J, OTb!CK8HHIO KOTOpoii H 6yLleT IlOCBSllll9H cneLlYIOlllHH p83Llen. 

§3, HepaBHOBeCHb!H CTaTHCTH'l9CKHil; onepaTop 

/8/ 
CornaCHO pa3pa6oTaHHOMy OLlHHM H3 aBTOpOB (JJH3) MeTOLly i He-

paBHOB9CHhlH CT8THCTH'leCKHH onepaTop MO)KHO npeLlCT8BHTh B ¢opMe ¢YHK

UHOHana OT HHTerpana LlBH)K9HHSI, COOTBeTCTBYIOlll9I'O 38KOHy coxpaHeHHSI 

(2.10) 

-t O lt I 
p(t)=Q expl-{3J{ +{3fdae fdtt cp(a,t +t

1 
)n(a,_t

1
)1 

-oo 

-1 J{ 
=Q expl-/3 +{3f dacp(a,t)n(a)- (3.1} 

0 E't1 . • 
-{3fda Jdt

1
e [¢(a,t+1

1
)(n(a,t

1
)+¢(a,t+t

1
)n(a,t

1
)]1 

-oo 

HnH c y'leTOM (2.10) 

. -1 
p(t)=Q expl-f3J{ +{3fdacp(a,t)n(a)-

o (t·1 a¢<a. t+t 1) • 
-/3 fda fdt 1 e [----j(a,t

1
)+¢(a,t+1

1
)n(a,t

1 
)]I, 

-oo aa 

(3,2} 
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r11e c -+_ 0 nocne B3SITHSI TepMOJlHHaMn'leCK01·0 npE:Aena, a cf>(a, t) ecTh 

cf>yHKUHSI ,OT f(a ,"t) , onpe11enSieMaSI H3 ycnOBHSI 

"n(a) > =<n(a) >e • (3.3) 

r11e < ••• > - ycpe11HeHHe c 'noKanhHO paBHoaecHoii' cf>yHKUHeil: pacnpe11ene-e . . 
HHSI 

-t 
Pe= Qe exp{.:..t3J( +/3.fdacf>(a,t)n(a)I. (3,4) 

Dnn HCKnJO'leHHSI H3 ( 3,2) 'lneHa C "' npOJlHcf>cf>epeHUHpyeM o6e qac-

TH (3.3) no BpeMeHH 

• a > .-; 
<n(a) >=-a:;-<j(a >=/3(¢-cf>)f(a,t)-=-. 

=/3¢, (a, t)f(a,t), 
(3.5) 

I'Jle MbI npeHe6pernH 'lneHoM 

--- ¢, =fda¢(a,t)f(a·,t), (3,6) 

HMeIOIUHM aenH'IHHY nopSIJ1Ka cpe11Hero < a 'f , KOTopoe, KaK 6y~eT noKa-

3aHo HH}Ke ( CM, ( 4.5)) 1 nopSIJlKa V,2 
• 

Teneph BHJlHO, 'ITO y'leT B CTa THCTH'leCKOM one pa Tope ( 3.2) qneHa C 

cp IIpHBeJleT IIpH Bbl'IHCneHHH cpeJlHero noTOKa <j(a) > K IIOSIBneHHIO 
I 

qneHOB THna <j(a )><j(a) > ' HMeIOIUHX 6onee BblCOKHii nopSIJlOK Manoc-

TH no V • flo9TOMy B (3.2) MO}KHO He Y'IHTbIB8Th qneH C if,. 
HTaK,· B nHHeil:HOM npH6nH}KeHHH no V CTaTHCTH'leCKHii onepaTop 

( 3,2) npHHHMaeT BHJl 

8 

.ii 
,1 

\t 
·l 

:'I 

\l 
il 

I 
\ ,, 

/3 O (tt a¢(a,t+t) 
P=Pe -Pe f d>. fda f dt1 e . I (j(a,l1 +ih>.~<j{a,l1+ih>.)>0X3.7). 

-oo aa (. 

§4. BbIBOJl KHHeTH'leCKOI'O ypaBHeHHSI 

Teneph HCnOnhayeM nony'leHHYIO cf>opMy . p (t) 11nn Bbl'IHCneHHSI npa-

BOii 'laCTH ypaBHeH_HSI (2.12) 

. _/3 o Et1 a¢(a~t+t
1
) , . 

<j(a)>=<j(a)>e--Jd>.<Jda' Jdt 1e , j(a )j(a',t')>0 = 
o -oo cJa L 

/3 0 lt I ac;f> (a, l +l ) 1 cJ 
=<j(a)>n -fd>.<fda'fdtle • I (n(a)a +--n(aHa,a] ·+ •.• )x 

(. 0 -oo aa , 2 aa 

~(n(a',t')~(t ')+~~ n(a',t'Ha(t'),a(t')]+ •.• >>e = (4.1) 
. aa . 

·( /3 , 0 Ett a¢(a~l+t1) ( •. · , , ( ') 
=<J a)>,; -fd>.<fda fdt1e , n(a)a n(a)a l + 

L O -oo a~' . 

+~ :a n(a)[a.~]n(a');(t')+~ n(a)~a~,n(a')[a,a(t')J+ ... >e 

r11e· Mb! BBenH l ',:l 1 + ih >. u orpaHH'IHnHCh qneHaMH nepaoro no-

p SIJlKa no a I aa H a I aa , . ' a T8K}Ke C TO'IHOCThlO JlO qneHOB 6onee Bbl CO-

Koro nopSIJlKa no V n.onO}KHnH n (a·, t ')= n(a), a( l"') =a. 

PaCCMOTpHM Teneph K8)KJl00 H3 cnaraeMbIX B npaaoil: 'laCTH ( 4.1) OT-

11enhHO. ilnn nepaoro H3 HHX B nHHeiiHOM npH6nH}KeHHH no V HMeeM 

<j(a)>e"'<n(a);.>e +'! a: <n(a)[a,"a]>e = 

. I a . 
=f(a,t)<n(a)";i > +-

2 
-Ha __ ,t)<n(a)[a,al> , 

0 aa •. . 0 (4.2) 
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rne 

<n(a) ... >e =f(a,t)<n(a) .. >o' (4.3) 

(0) 
<. · · >o = Sp I P ••• I , (4.4) 

(0) -{3 J( -{3J< 
p =e /Sp In (a)e .l 

- ycnOBHblH paBHOBeCHblH CTaTHCTH'leCKHH onepaTop. 

HeTpynao y6ellHTbCSI, 'ITO see cnaraeMbie s npaBoii: 'laCTH (4.2) HMe

roT BTOpOH nopSI/lOK ManOCTH no B3aHMO)leHCTBHID • .neHCTBHTenbHO, 

• (0) • (0) • 
<n(a)a> =2<aklP o(a-a)alak>= .I.pk~(a-a)a k 

0 k k,n ,K n n ( 4.5) 

·<n(a)[a,i] > = I. /k
0
'o(a-anXan-ak)ink' 

O k,n n ( 4.6) 

OTKyna BH)lHO, 'ITO OTnH'IHblH OT Hynst BKnan naroT nHlllb Hen11aroaanbHbie B 
(0) 

a -npencTaBneHHH MaTpH'IHbie aneMeHTbl CTaTHCTH'leCKOI"O onepaTopa p 

nponopUHOHanbHbie V • TToaToMy npo113senea11e aTHX MaTpH'lHbIX aneMeH-

TOB Ha MaTpH'IHbie aneMeHTbl onepaTopa 

Ka ManocTH no V . 

a naroT qneHbI sToporo nopsrn-

BTopoii: qneH s npasoii: 'IBCTH (4.1) MO)KHO npe)lCTaBHTb s BH)le 

f3 0 (t 

-[dA (da fdt e t a¢(a~t+t1) 
-oo I aa, 

n(a)an (a')a(t ') > . e 

p aCCMOTpHM BXO)lSIIUyro B 3TO Bblpa)KeHHe KoppenSIUHO~Hyro cjJyHKUHID 

<n(a )~n (a')~ (t ') >e= f(a,t) <n (a);n (a' )~(t ') ~ 

=f(a,t) 2 /IOk)o(a-a )a .o(a'-a )a (t'). 
Ilk k k1 l JI 
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( 4. 7) 

( 4.8) 

.llanee 6yneT COBepllleHHO ecTeCTBeHHblM npennonO)KHTb, 'ITO MaTpH'I-

Hbie aneMeHTbI aaa, Ha116onee cymecTBeHHbI n111IIb npH ManoM pa3nH'IHH 

Me)KJlY a Ii a, ( TaK KaK IlOTeHu11an V Man, a 3Hepr1rn no)lCHCTeMbl 

H
0

(a) eCTb cjJyHKUHSI a ) • Torna npo113sonayro a¢(a')/aa' H3 

( 4. 7) MO)KHO 3a_nHCaTb B BH)le 

arp(a ') a¢(a) a
2
¢(a) 

(a '-a ), ---= + 2 aa, aa aa ( 4.9) 

rne MbI, KaK n paHee, orpaHH'IHBaeMcst 'lneHaMH BTOporo nopstnKa no a I Ba. 

HeTpynHo noKa3aTb, 'ITO C TO'IHOCTbID )lO qneHOB 6onee BbICOKOI"O nopSI)lKa 

no V KOppenSIUHOHHaSI cjJyHKUHSI ( 4.8) SIBnsteTCSI CHMMeTpH'IHOH cjJyHKUileii: 

pa3HOCTII a, -a • .lleii:CTBHTenbHO, 

(0) • • ,. (0) • 2 
I.p a ,a, (t')=p la· J xCt'), 
1 c; a aa a a 1 aa ( 4.10) 

I")le )<(t ') ·. )''IIITbJBaeT 38BlICHMOCTb KOppenSIUIIOHHOH cjJyHKUHH OT BpeMeHH. 

OTcrona O'leBU)lHO, 'ITO noncTaHOBKa (4.9) u (4.8) s (4.7) naeT 

/3 n ( ) 
Jd J I a<p a,t +l 1 ( • • 

- A dt 1e a f a,t)<n(a)aa(t')>, 
o a o ( 4.11 ) 

TaK KaK IIHTerpan no a co BTOpblM cnaraeMbIM II3 ( 4.9) paBeH Hynro. 

AaanOI"H'IHbIM o6pa30M MO)KHO paCCMOTpeTb OCTanbHble qneHbl ( 4.1) • 

B TOM )1(9 np116mt)K9HHH, 'ITO H ( 4.11 ), OHH 6ynyT paBHbl Hynro • .11HblMH cno

BaMH, qneHbl pa3nO)KeHIISI <j > IIM9IDT 6onee Bb!COKIIH nopstllOK ManOCTH no B / aa. 

./lnst TOI"O 'IT06bI IICKnID'IHTb H3 ( 4.11) MHO)KHTenb a<p / aa , BOCilOnb-

3yeMCSI SIBHOH cjJopMOH f(a,t) B HyneBOM. npn6nH)K9HHH no V 

-{3H0Ca>+f3 ¢ca,tl 
f(a,t)=-e ( 4. 12) 

11 



OTKy)la 

acp(a,t +t1) 
a;--

auo arnr(a,t+t1 
=-a-- +kT ----a aa (4.13) 

IlOJlCTaBmrn B npaayro qacTb ypaBH0HHSI (2.12) BMeCTo<j(a) > nony-

'10HHbJ0 Bb!pa>KeHHSI (4,1 ), (4,2) H (4.11 ), C yqeTOM (4.13) HaXOJlHM 

a £( a, t ) a £( ) ( ) • 1 a 
2 

( ) ( ) [ , ] -a-- +-a- a,l <n a a >0 +-
2 
~ f a,t <n a a,a > ,,, 

l a ~2 o 

a f3 °· ct 
:, aa £(a ,t) / d.\_L dtle 1 

aH (a) afof(a,l+t 1) ) ( )' • (t ')> __ o __ + kT _____ <n a aa 
0 aa aa 

(4.14) 

nonytJeHHOe ypaBH0HH0 srsnsteTCSl HeMapKOBCKHM ypaBHeHHeM asonIOUHH 

nO)lCliCT0Mbl, HaXO)lSIIIJeHCSI B KOHTaKTe C TepMOCTaTOM. 

nnsr JlOCTaTO'IHO Me)lneHHblX npoueccoB (xapaKTepHOe speMSI KOTOpbIX 

MHOI"O 6onbllle speMeHH pena_KCaUHH KOppenHUHOHHbIX cpyHKUHH) ypaBHeHHe 

( 4.14) nepexoJlHT B ypaBHeHHe KpaMepca-<l>OKKepa-nnaHKa B 06061UeHHblX. 

nepeMeHHbIX 

a f(a,t ) 

at 
a , l a2 

+---f(a,t)<n(a)a >o +-2 --rf(a,t)<n(a )[a,a]>= aa aa 0 
) 

,,,~Z(a)( auo(a) f(a,t)+kT af(a,t) ), 
aa aa aa 

rile TeHaop 

'"' f3 O (t 1 , (I) , (kl 
~lk(a)=fd.\fdte <n(a)a a (t+ih.\)>0 

0 -oo 

- o6o6meHHblH K09cjJcjJHUH0HT TpeHHSI, 

12 

(4.15) 

( 4.16) 

EcnH COCTOSlHHe CHCT0Mbl aaae)lOMO SIBnSieTCSI J:lOCTaTO'IHO OJ:lHOPOJ:lHblM 

no a , TO MO)KHO npeHe6pe'lb TpeTbHM qneHoM a neaofi qaCTH ( 4. 15) H nepe

nHcaTb ero B BHJle 

arc a, t) + ~ f(a, t) <n (a)~ >o = 
a .1 ch 

=i__[kTS(a)W(a) ~( 
aa aa 

I'J:te Mbl BBenH 

-{31{ 
W(a) = Sp I e n(a) I. 

f(a,t) )]. 

W(a) 

( 4, 17) 

( 4.18) 

3To ypaaHeHHe no caoett cpopMe coanaJ:taeT c ypaaHeHHeM, nonyqeHHhIM 

UaaHUHI"OM H CbroannoM, Ho oTnHtJaeTcSI onpeJ:teneHHeM CTpyKTypHoro cpaK~ 

Topa W(a ) , KOTOpb1ii: y Uaa.fiuHra-Cbroanna HMen BHJ:l 

W(a)=Sp(n(a)I. (4,19) 

O'leBHJ:lHO, 'ITO pa311H'IHe SIBllSieTCSI c11e1;1cTaHeM HCnOllb30BaHHSI pa311H'IHblX 

cpopMallH3MOB: KaHOHH'l8CKOI"O - B Haweii: pa6oTe, H MHKpOKaHOf!H'l0CKOI"O -

/1 4/ 
a pa6oTax UaaHuHra, Cb10a1111a H llPYI'HX npeJ:tmecTay101UH:X, - • IloaToMy y 

I co l Hae 9HeprHSI CHCT0Mbl He BXOJ:tHna B 'IHCIIO onepaTopoa .' a , B TO. ape-

MSI KaK B ( 4.19) noJ:tpaayMeaaeTcsr, 'ITO n ( a ) nansteTCSl MHKPOKaHOHHtJec

KHM pacnpeJ:teneHHeM fH66ca. 

B OT11H'IH8 OT Cbl091111a y Hae B neayro 'laCTb ypaBH8HHSI KpaMepca-

<l>oKKepa-IlnaHKa (4,18) BXOJlHT qneH C a/aa , aHallOI'H'IHblH HM8I01ll0MY-

' 
CSI B KllaCCH'leCKOH (He KBaHTOBOfi) TeopHH fpHHa H UaaHUHra, H' COOTBeT-

CTBYIOIIJHfi llOKallbHO paBHOB0CHblM nOTOKaM B CHCTeMe ( CM.,, HanpHMep, HC-
/1 / . 

cneJ:tOBaHHe npHpOJ:tbl .9TOI'O 'llleHa B pa6oTe fpHHa ) • Il 0-BHJ:lHMOMY, OT-
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cyTCTllli0 :3TOro '-JneHa y Cbl0:3nna irnnSieTCSI cneACTllli0M 3aMeHhl raM1tnbTO

HHaHa CHCT0Mhl Ha onepaTop :3HepI'lili, KOMMYTHpy10wni1 co BC0Mli OCTanhHbl-

MH onepaTopaMH a. 

TTpnno:lKeH1te 

BhI'-mcneHne KOMMyTaTopa [n(a), V]. 

3anmneM ,MaTpli'lHblH aneMeHT :3TOI'O KOMMyTaTopa B a -npeACTaBne,-

Hlili 

<a
1

\ln-(a),V]\al >=Vu(o(a1 -a)- o(a-al)). 

nnSI Bhl'lliCneHliSI pa3HOCTli O -cpyHKUliH yMHO:lKIIM npaBylO 'laCTb :3TOI'O Bb!pa

)K0HliSI Ha npO!i3BOAHYIO AOCTaTO'lHO rnaAKylO· cpyHKUlilO A(a) Ii npOliHTeI'pli

pyeM nonytJeHHoe nponaBeAeHne no · a • TorAa 

f daA(a)(o(a-a )-o(a-a ))=- fda(A(a,)-A(a))o(a-a )= 
" I l l ·- I 

· a · 1 a2 
2 

~fdaA<aHaa o(a -a,)(a,-al)+2 aa2o(a-a,Hal-al )+ ... ]. 

OTKyAa 

a . 
<a

1 
I[ n( a ),V]\al >=-<a 1 I-· -8( a- a)[ a, V] + 

aa 
2 -

1 a -+
2
--

2 
o(a-a)(aaV-2aVa-Vaa)+ ... \al>= 

aa 
a 1. a2 

=-<al l~o(a-aHa,V1+2 aa2o(a-a)[a,[a,Vl1+ ... \al>. 

CneAOBaTenhHO, KOMMyTaTOP MO:lKHO aanncaTb B BliA0 

a 1 a2 
-

[n(a), V 1=--.:i-n ( a )[a, V ]-- - 2 n (a) [a, [a, V]] - ... 
_ ua 2 aa 
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nnn 

2 
• < a . 1 a < >£ • 1 n a ) = - -- n ( a )a - - p n a a, a - .•. 

aa 2 a 

nnTepaTypa 

1. Green M. _ J.Chem. Phys., 201 1281, (1952); 22, 398, (195,~). 

2. Hashitsume N. Progr. Theor .Phys., ~ 461 (1952j. 

3. Yamamoto T. Progr. Theor.Phys., 10
1 

1i (1953). 

4. Van Kampen N.G., Physica ~ 603 (1954). 

Physica 23., 7070, 816 (1957). 

5. Van Kampen N.G., Fortschr •. Physik _!, 4-00 (1956). 

6. Zwanzig R. Phys.Rev ., 1241 983 (1961). 

7. Sewell G.L. Physica 31, 1520 (1965). 

8 • .U.H. 3y6apeB • .UAH CCCP, 140, 92, 1961; lli, 537, 1965. 

PyKOilHCb IlOCTynHna B H3AaTenbCKlii1 OTAen 

29 OKTS16psr i 969 I'OAa. 

15 


