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BBE,QEHl1E 

B HepaBHOBeCHOH TepMOAHHaMHKe11- 31 3aKOH~ coxpaHeHHR RBnR

~TCR OAHHM H3 ee HCXOAH~X nonomeHHH. Ha OCHOBe 3THX 3aKOHOB 
H AOny~eHHR O noKanbHOM paBHOBeCHH B~BeAeH~ ypasHeHHR 6anaHca 

3HTpOnHH H npOH3BOACTBa 3HTpOnHH.OAHaKO nony4eHHOe B~pameHHe 
npOH3BOACTBa 3HTpOnHH orpaHH4eHO npeAenoM nHHeHH~X HepaBHO
BeCH~X CHCTeM. no3TOMY samH~M sonpocoM RBnReTCR nocTpOeHHe 
CTaTHCTH4eCKOH OCHOBbl 3THX 3aKOHOB. 3y6apes /4/ nony4Hn 3aKo

H~ coxpaHeHHR B onepaTOpHOH ¢opMe, a He AnR cpeAHHX 3Ha4eHHH 
senH4HH AnR CHCTeM 6e3 BHeWHHX CHn. XoTR aBTOP Har.Hean ypas

HeHHR 6anaHca AnR cpeAHHX senH4HH no noKanbHo-paBHOBeCHOMY 
pacnpeAeneHH~, HO COOTBeTCTBy~~HH onepaTop He YAOBneTBOpReT 
ypaBHeHH~ nHyBHnnR. 

B AaHHOH pa6oTe M~ nocTpOHnH 3aKOH~ coxpaHeHHR AnR CTaTHC
TH4eCKHX cpeAHHX, nOAXOAR K 3TOMY HH~M nyTeM. no MeTOAY npOH3-
BOAHOH no napaMeTpy 151 cpeAHHe 3Ha4eHHR senH4HH MoryT 6b1Tb 
TO4HO onpeAeneH~ C noMO~b~ HepaBHOBeCHOH ¢YHK~HH IPHHa. 113 
HHX nony4aTCR ypaBHeHHR 6anaHca AnR cpeAHHX 3Ha4eHHH. 

1. 061Jll1E ¢0PMYnbl ,an.fl CPE,QHl1X 3HAYEHl1'1 

PacCMOTPHM Tenepb CHCTeMy, COCTOR~Y~ H3 p KOMnOHeHT. npeA
nonomHM, 4TO npH t = - oo CHCTeMa HaXOAHTCR B paBHOBeCHOM TepMo
AHHaMH4eCKOM COCTORHHH H nOA4HHReTCR 6onbWeMy KaHOHH4eCKOMY 
pacnpeAeneHH~. 6onee Toro, AOnycTHM, 4TO cHcTeMa conpHKacaeTcR 
C AOBOnbHO 6onbWHM TepMOCTaTOM TaK, 4TO ee TeMnepaTypa nOCTORH
Ha s Heo6paTHMOM npo~ecce, · npoHCXOAR~eM s CHCTeMe. KorAa CHC
TeMa HaXOAHTCR BO BHewHeM none, ee raMHnbTOHHaH HMeeT BHA 

R = I. ( H . (i) dx 
It 

➔ i ➔ i ➔ h2 + ➔ ➔ 
H i/x) = H 0(x)+H t (x)= -- v ,fli (x)v r./1

1
. (x)+ 

2mi 

~ 1 ( ➔ ➔, + ➔ ➔ ➔ ➔ ➔ + ➔ ➔ 
+ ..., -

2 
<1>k

1
.(x-x ),jJ 1. (x)nk(x'),JJ . (x)dx' + a.V. (x,t),jJ . (x),jJ . (x), 

k I I I I I 

/1/ 

rAe <J> ki (x- X') - noTeH~HanbHaR 3HeprHR B3aHMOAeHCTBHR 4aCTH~ 
copTOB i H k /npeAnonaraeTCR, 4TO OHa paAHanbHO CHMMeTpH4Ha/, 
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aiVi(x,t) - nOTeH4HanbHaH 3HeprHH i -011 KOMnOHeHTW BO BHew
HeM none/ ai HrpaeT ponb napaMeTpoB/. 

CornacHo 151• T04HaH ¢opMyna AnH cpeAHero 3Ha4eHHH npoH3Bonb
HoA BenH4HHW paBHa 

ak oo 

<F(x,t)> =<F(x)>
0 

+l ( dakf dt' (dx'Vk(x',t' )G ret (x,t; x',t' ). /2/ 
a k O _ 00 • Fnk 

rAe G ret ( x ,t ; x', t' ) - HepaBHOBeCHaH ¢YHK4HH rpHHa, 
Fnk 

G ret ➔ ➔,,) , ) 1 [F( ➔) (➔ '1-')] (x,t;x,t "'T/ (t-t ~< x,t ,nk x ,. > 
Fnk 1h -a 

< .... > a BbtpamaeT ycpeAHeHHe no HepaBHOBeCHOMY aHCaM6nio H 

/3/ 

6 ➔ ➔ < .... >o - no paBHOBeCHOMY aHCaM nio; onepaTOPbl F(x,t) H Ilk(x',t') 
3anHCblBalOTCH B U-npeACTaBneHHH /B nonHOM npeACTaBneHHH reA3eH-
6epra/ 

F(x, t) = TJ+(t) F(x)U(t), /4/ 

U(t) - onepaTop 3BOn104HH no BpeMeHH CHCTeMW. 
KaK noKa3aHO B /5/, BenH4HHa <F(x,t)>a MOmeT 6b1Tb onpeAeneHa 

C nOMO~blO paBHOBecHoro CTaTHCTH4eCKoro aHcaM6nH 

<F' (x t)> = F + F /5/ 
' a JUIH H8JI 

nony4eHHW11 HaMH nHHe11HWl1 4neH FJIWH COBnaAaeT C pe3ynbTaTOM 
TeOpHH B03My~eH~111 ;t;/ 

➔ 00 ➔ ...,, ret ➔ 
F ~WH =<F(x)> + l ak f dt' ( dx' Vk (x',t')G O (x,t;x',t'), /6/ 

• 0 k _00 • Fnk 
ret0 ➔ 

rAe Q Fnk (x,t ;x',t') - H3BeCTHaH paBHOBeCHaH ¢YHK4HH rpHHa. 

F HeJI - HenHHel1Hbl11 4neH H BO BTOpOM npH6nHmeHHH AnH <F(i,t)> 
4neH F H8JI HMeeT BHA/5/: a 

00 ➔ ➔ ➔ ➔ 
F =la.a ff dt'dt"f(dx'dx"V.(x't')V (x"t") H8JI . I k 1 • k • X 

1,k •-oo 

171 
ret0 ➔ •➔,, ,,.➔, , ret0 x [ f'F ( X, t, X , t ; X , t ) + )], F 
nkni nink 

< X,t;X',t, ;i'',t'~) 1 ,, 

re t0 ➔ ➔ ,, ,, ➔, , 
rAe paBHOBeCHble ¢YHK4HH rpHHa rFn n . ( X,t ; X ·,t. ; X ,t -), 

ret0 ➔ ➔, , ➔,, ,, _ k 1 
J],Fnink (x,t;x,t ;x ,t ) npHHHMalOT BHA 

ret ➔ ➔ ➔ 1 /8/ 
r F n. ~. (x,t;x ",t" ;x ',t' )= "-'J!11 (t-t" )71 (t-t' )<[[ F O (x,t),n~(x",t")]n~(x,t)]> , · 

_IC 1 (ihJ 1 O 

2 

j 

1 

ret ➔ ➔ ➔ 1 ➔ 
J],F o (x,t;x',t ';x",t "),,, - 71 (t-t ')71 (t~t,, )<f F<l(x,t)[ri~(x',t'),n°(x",t'~)] ] ·> , 

ni n k (ih)2 1 k: - - O 
➔ ➔ /9/ 

B KOTOPblX onepaTOpbl F~(x,t) , Il 0(x,t) 3anHCblBalOTCH B npeACTaB-
neHHH re113eH6epra C raMHnbTOHHaHOM Ho. 

HenHHel1Hbl11 4neH /7/ cy~eCTBeHHO OTnH4aeTCH OT nony4aeMoro 
B TeopHH B03My~eHH11, TaK KaK B /7/ BW4HCnHeTCH KoppenH4HH Mem
AY BenH4HHaMH F H nnOTHOCTblO 4aCTH4 n B MOMeHTbl t">t'. TaKHM 
o6pa3oM, no MeTDAY npoH3BOAH011 no napaMeTpy Mbt nony4aeM _To4-
HYIO ¢opMyny AnH OTKnHKa CHCTeMbl H 6onee nonHylO (j;opMyny /no 
cpaBHeHHIO C TeOpHeA B03My~eHHl1/ AnH cpeAHHX 3Ha4eHH11. 

3. YPABHEHHR 6AflAHCA 

YpaBHeHHe ABHmeHHH AnH fi(i(J HMeeT BHA 

a f. (x) h2 2 ~ ➔ ➔ ➔ ➔ ➔ ➔ 
ihs...-.!.--=--V f.(XJ+ l f<l>k_(x-x')nk(x')f.(x)dx'+a.V.(x,t)f.(x)./10/ a t 2 ffi, I k I · I I I I 

I. 

npH nOMO~H nepeCTaHOB04HWX COOTHOWeHHl1 AnH f.(X), 
H /10/ HaAAeM onepaTOpHoe ypaBHeHHe· 

1 

rAe 

. ➔ l . an-(x) ➔ 1 
+ divj

1
.(x)= 0, at · 

➔ ➔ + ➔ ➔ + ➔ ➔ 

j /x)= ~ lfi (x)V fi (x)- Vf i(x)f i (x) I 
mi l 

f ~ ex> 

/11/ 

- nnoTHOCTb noToKa 4aCTH4 i -011 KOMnOHeHTW •. Hcnonb3YH BWpameHHe 
/2/, cpeAHHe nnoTHOCTH 4HCna 4aCTH4 H noTOKa 4aCTH4 MOmHO 3anH-
caTb B BHAe: 

➔ . ➔ ak oo. ➔ 
<ni(x,t)>a=<ni(x)~ + l f dakf dt'fdx'Vk(x',t')Gret (x,t;x',t'), /12/ 

k O -oo ni n k 

ak oo 

<j, (x,t)> • l f dakf dt' fdx' V/i',t')G~et (x,t;x',t'). /13/ 
I a k O -oo j i nk 

C noMO~blO /11/-/13/ nerKo BWBeCTH ypaBHeHHe coxpaHeHHH nnoT
HOCTH 4HCna 4aCTH4 

• ➔ . 

a,<ni(X,t) >a ➔ ➔ 
------+div< j. (x,t)> = O. at I . a 

/14/ 

AHanorH4HO nony4aeM ypaBHeHHe ABHmeHHH B onepaTOPH011 ¢opMe 

ap/x> ➔ ➔ ~ ➔ a .+ Div Ti (x) = r i(x)- ai grad Vi (x,t). n i (x), 
.t 

/15/ 

3 



rAe Ti(~ - onepaTop TeHaopa HanpRmeHv1A i -oH KOMnOHeHTW, 
f. ( x) - onepaTop nJlOTHOCTvl CvlJlbl B3avlMOAeHCTBvlR MOJleKyJl MemAY 
i 

1 

-oH KOMnoHeHTOH vi OCTaJ1bHblMv1141• 0Hvl vlMelOT BvlA 

i ➔ h
2 

+ ➔ ➔ + ➔ ➔ -1 2 ➔ 
Ta(3(X)= 2m· lv{3if,/x) vai/J/x)+ Va,if,i (x)vf3if,i(x)- 2V{3a~i(x)I+ 

I 

1 ,. . .{_-1) n-1 f d ➔' ,... ( ➔ ➔')( ')"[·'·+( ➔') (➔)·'· ( ➔') /16/ +- ,._, ,v{3 x Va,"'·kx-x xf3-x{3 'I' x n.x'l'kx + 4 n~ 1 n. 1 k 1 

+ ... , :;!._ l 
+r/Jk(x)ni(x )if,k(x, , 

➔ ➔ t "C' ➔ ➔, I ➔, ➔ ➔ ➔, 1 ➔, 
fi(x)=- 2- f { V<l>ik (x-x) nk(x )ni(x)-nk(x)n/x) dx. /17/ 

CornaCHO /2/, cpeAHvle 3Ha4eHv1R COOTBeTCTBYIO~vlX BeJlv14vlH paBHW 
ak "" 

<T.(x,t)>=<T.(x)>+ l f dakf dt'fdx'V (x;t')Gret 
1 a 1 0 k O -oo k T i n k cx,t :x ;t '). 1181 

ak oo 

< f ( x, t )> -= < f. ( x)> + l f d11. f dt ' fax'' V (x; t') G r! t ( ;, t ; x°' t ' ) • I 1 9 / 
i a I o 7< k r •· k O -oo ink 

BTopoA 4JleH npasoH 4acTv1 /18/ swpamaey TeHaop BR3Koro AaBne
HvlR CvlCTeMbl. A BeJlvl4v1Ha •, ~ (x,t)>a -< fJx)>

0 
paBHa pa3HOCTvl 

. cpeAHvlX nJlOTHOCTeA CvlJl B3avlMOAeAcTBvlR MOJleKyJl i-oA KOMnoHeHTbl 
vi OCTaJlbHWX B MOMeHT t vi B paBHOBeCHOM COCTORHvlvl. no3TOMy OHa 

vlMeeT CMWCJl nJlOTHOCTvl CvlJlW TpeHvlR. 

~CnOJlb3YR /15/-/19/, HaXOAvlM ypasHeHv1e ABv1meHv1R i-oH KOM~ 
nOHeHTbl 

a<p1.cx,t)> ... 
a . ➔ ➔ ➔ ➔ 

---- + D1v<T.(x,t)> =<f.(x,t)> - a
1
.grad V

1
. (x,t)<n.(x,t)> at I a I a I a /20/ 

vi nOJlHOH CvlCTeMbl 

a<p(x,t)>a ➔ ➔ 
__ a ______ + Div <T(x,t)> = - l al.grad vi. (x,t)< n. (x,t)> ' 

t a i I a /21/ 

<p(x,t)> = 1 < P· cx.t)> • 
a i I a <T(x',t)> = I <T.(x,t)>. 

a i I a 

YpaBHeHv1e /21 / cnpaBeAJlvlBO KaK AilR KOHcepsaTvlBHblX, TaK v1 AJlR 
HeKOHCepsaTvlBHWX CvlCTeM. ~eBaR 4aCTb ypaBHeHvlR /21/ RBJlReTCR 
cv1noA, AeAcTsyio~eA Ha· cv1cTeMy. 

4 

I\ I. 
\ / 

~ 

j ' 

! 

I 

BBeAeM Tenepb CKOPOCTb 4eHTpa Maccw CvlCTeMW 

➔ .. <p(x,t)>a 
v(x,t) = • ➔ 

<p (x,t)>a· 

<p(x,t)> =l <p.(x,t)> = l m.<n.(x,t)> 
a i I a i 1 1 a ~ /22/ 

vi onepaTOP Avl$$y3vlOHHoro noTOKa i -oA KOMnOHeHTW 

➔ ➔ . ➔ ➔ ➔ 

J.(x,t)=m.[j.(x,t)-n.(x,t)v]. 
I I I I 

/23/ 

CneAOBaTeJlbHO! vl3 /23/ vi /22/ BWBOAvlM 

➔ ➔ 

l < J . ( x ,t) > = 0, 
j ' I a /24/ 

T. e. TOJlbKO f - 1 vl3 f Av1$$Y3vlOHHblX nOTOKOB RBJlRIOTCR He3aBv1cv1-
MblMvl /1/ 

C noMO~blO /22/ ypasHeHvlR coxpaHeHvlR 4v1CJla 4aCTvl4 vi 6aJ1aHca 
v1MnyJ1bCa Moryy 6b1Tb Hanv1caHbl B APYrOM BvlAe 

rAe 

d<pj(°x,t)>a ... ➔ ➔ ... / / 
-· ---- =-<p,(x,t)> divv-div<J. (x t)> 25 

dt I a 1 • a 

d<p(x,t)>a 

dt 
=-<p(x,t)> divv, 

a 
/26/ 

... dv . ... ~ ... ... /27 / 
<p (x,t)> - +Div< P(x,t)> = - ,._, ai grad V. (x,t) < n. (x,t) > 

a dt a i 1 1 a 

< P(x.t)> = < T(x,t)> - < p(x.t)> vv a a a /28/ 

- 6 - ( ➔ ) ➔➔ - TeH30p HanpRmeHvlvl. e3 KOHBeKTvlBHOvl 4aCTvl <p x,t >a.vv. 
YpaBHeHv1e /27/ RBJlReTCR T04HWM. Ecnv1 swpa3vlM cpeAHv1e senv1-

4vlHW B ypasHeHvlvl 4epe3 paBHOBeCHWe $YHK4vlvl rpv1Ha /Hanp., v1c
nOJ1b30BaTb $OpMyJly /5//, TO nOJlY4vlM npv16nv1meHHble ypaBHeHvlR pa3-
Jlv14HbIX nOPRAKOB. Hanpv1Mep' B HyJleBOM npv16J1v1meHv1v1 

<p(X,t)>a"' <p(X)>0 = p·; <n i(X,t)>a '-'<Ili (x)>
0 

=Ili 

<P(x,t)>a .. <P(x)>
0 

= p(x)U, 

rAe p - AaBJ1eHv1e, U - eAv1Hv14HblH TeH3op, v13 /27/ nony4aeM ypas
HeHv1e ABvlmeHvlR 3Anepa AJlR vlAeaJlbHOH mv1AKOCTvl 

dv ~ ➔ 
p - + gradp=-..., a 1. gradV 1.( x,t)n .• 

dt i I 
/29/ 

5 
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Ha ypaaHeHHR ABHmeHHR /27/ HeTPYAHO HaHTH ypaaHeH11e 6anaHca 
KHHeTH4eCKOH 3Hepr1111 CHCTeMW 

_aa. (1-<p(x,t)> v2)+div[(..!..<p(x,t)> v2 +<P(x,t)> )v]= 
t 2 a 2 a a 

/30/ 

= < P(x,t)> : Grad;_ I a. grad V. (i1.t) v < n .(x,t)> • 
a ; 1 1 1 a 

4neH i <p (x,t)>a v2 v npeAcTaanReT nnoTHOCTb noToKa KHHeT11- ➔ 
4eCKOH 3HeprHH, CBRawaaeMOH C KOHBeKTHBHblM ABHmeHHeM, a <P(x,t)> V . a 
caRab1aaeTCR c TPaHcnR4110HHblM ABHmeHHeM. 4neH <P(l,t)> :Grad v ecTb 

- 6 a nnOTHOCTb HCT04HHKa KHHeTH4eCKOH 3Hepr1111, 0 ycnoaneHHOro He-
OAHOPOAHOCTb~ CHCTeMW, a nocneAHHH 4neH eCTb nnOTHOCTb HCT04HH
Ka, aoaHHKa~~aR BO BHewHeM none. 

PaccMOTpHM Tenepb 11aMeHeH11e nnoTHOCTH 3HeprnH H/i) = ;tt~ (x) 
i -;t,, h2 + ~ ~ 1 ➔ + =,. ➔ ➔ l 

H0( ... ,= -
2 

Vr/I. (x, Vt/,. (XJ+ -
2 

If <l>.k(x-x' )r/,: (x,n k(x')r/I. (x)dx '. 
IIlj I l k I I l 

YpaaHeHHe 6anaHca 3HeprHH B onepaTOPHOH $OpMe HMeeT BHA 
i ➔ aH 
0
(x) 

at 
➔ ➔ ➔ ➔ ➔ :;\ 

+divj i (x)=J i (x)-a.gradV.(x,t)j. (x,, 
H

0 
H

0 
I I l /31/ 

➔ ➔ 

rAe jHi (x). - onepaTop nnoTHOCTH noToKa 3Hepr1111 i-oH KOMno-
o 

HeHTW, J aj (x) - onepaTop, on11cwaa~~HH CKOPOCTb HaMeHeHHR 3Hep
r1111 i -oH KOMnoHeHTW acneACTBHe aaaHMOAeHCTBl1R ee C OCTanbHbl
MH 141: 

➔ ➔ h3 + ➔ 2 + ➔ ,... 

j Hi (x)= 2 I V r/I i (x) V rfr/x)- v 2 rfr·. (x) v rfr i (x) I+ 
O 4m · i I . 

I 

➔ ➔ + ➔ ➔ ➔ - n n-1 ➔ ➔ ➔ n 
+.LI r <I>k.(x-x')r/,· (x')j.(~r/,·k(x')dx'+.l.I I H>v fdx'(x-x') X 

2 k l k I 8 k n~l n! 

➔ ➔ + ➔ ➔ ➔ ➔ + ➔ ➔ ➔ 

x v<I>ki (x-x')lr/Ik(x')ji(x)rpk(x')+f1(x)jk(x')r/Ii(x) + 
/32/ 

+ ~· ➔ ➔ ➔ + ➔ ➔ ➔ ➔ 

+ r/,·1 (x ') jk (x)rp·i (x ')+ rp·k (x) ji (x ')rp•k (x) I, 

➔ 1 ➔➔ ➔➔➔ ➔➔ ... ➔ ➔ 
JHi(X)=-- L ( V<l> (x-x')lnk(x')j1(x)+n1(x)jk(x')-ni(x')jk(x)-

o 4 k kl /33/ 

➔ ➔ ➔ ➔ 

- nk ( x) j 1 ( x ) I dx : 

6 

i 
(~ 
f !, 
I :J 
r 
~ 

~ 
? 

CornacHO /2/' BblpameHHR cpeAHHX aHa4eHHH paBHW 
• ➔ • ak oo ➔ ➔ ➔ 

<H~(x,t)>=<H;(x)> +If dakf dt'fdx'Vk(x:t')Gr~t (x,t;x:t '), /34/ 
a O k O --oo Jilonk 

➔ ➔ ak "" ➔ ➔ rec ➔ ➔ 
<jHi (x,t)>a = I f dakf dt 'Jdx 'Vk(x :t ')G :+ . (x,t;x :t '), /35/ 

0 k O --oo J H~ · nk 
.ak "" 

. ➔) ._. f f d 'fd ➔ 'V. ( ➔, )Gret ➔•➔, ') /36/ < J HI (x,t > = ""' dak t X k X • t J . (x,t,x • t • 
o a k O .:..00 H~nk 

Ha /31/ H /34/-/36/ BWBOAHM ypaaHeH11e 6anaHca 3HeprHH 

a<Ho(x.t)> ➔ ➔ ➔ ➔ ➔ 
a a+ div<jH (x,t)> =-I a.gradV.(x,t)< j .(x,t)>, 

,t o a 1 1 1 1 a 
/37/ 

➔ ➔ 

< j H (x,t)> 
o a 

➔ ➔ 

~< j Hi (x,t)>a 
l O 

I < JHi (x,t)> = O. 
1 o a 

npaBaR 4aCTb /37/ paaHa CYMMe npo11aaeAeHHH nOTOKOB H CHn H 
HMeeT CMWcn HCT04HHKa HaMeHeHHR 3Hepr1111. 

3. 3HTPOrJHR HEE YPABHEHHE 6AJlAHCA 

KaK 11aaeCTHO, AflR HepaBHOBeCHWX Cl1CTeM 3HTpOnHR, onpeAeneH
HaR awpameH11eM 

Sc= -kSp(ptlnp•t), /38/ 

He 113MeHReTCR co apeMeHeM, T.e. He YAOBneTBOpReT aaKOHY aoapa
CTaHHR 3HTponHH 11aon11poaaHHWX CHCTeM. HeAOCTaTOK onpeAeneHHR 
/38/ COCTOHT B TOM, 4TO cpeAHee aHa4eHHe aenH4HHW -klnpc TeCHO 
CBRawaaeTCR flHWb C OAHHM MOMeHTOM t,a He C npo4eccoM. no3TOMY 
AflR HepaBHOBeCHWX npo4eccoa aaMeHR~T Pc. Ha KpynHo3epH11CTWH 
CTaTl1CTl14eCKHH onepaTop P[, 11 COOTBeTCTBY~~aR 3HTpOnHR S* 
aoapacTaeT co apeMeHeM. 0AHaKO CKOPOCTb B03pacTaHHR 3aBHCHT 
OT paaMepoa o6nacTeH ycpeAHeHHR MR cTaT11cT114ecKoro onepaTo
pa Pt H He onpeAenReTCR o6oeKTl1BHO H3MepReMWMH napaMeTpaMH. '---. 

B~1 3HTPOnl1R HepaBHOBeCHWX CHCTeM onpeAenReTCR C noMO~b~ I 
KBaa11paBHOBeCHOro pacnpeAeneHHR. 0AHaKo onpeAeneHHaR TaKHM \ 
nyTeM 3HTpOnHR HecnpaaeAnHBa MR HepaBHOBeCHWX HeflHHeHHblX c11c
TeM, TaK KaK KBaa11paBHOBeCHOe pacnpeAeneHHe 11cnonbayeTCR fll1Wb 
B cny4ae nHHeHHWX HepaBHOBeCHWX CHCTeM17~ 

B~I 3HTpOnHR paCCMaTp11aaeTCR KaK AHHaMH4eCKaR nepeMeHHaR 

S(t) =-kSp(pt lnpo) =-k <lnpo>a • /39/ 
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rAe Po - CTaTHCTH4eCKHH onepaTop Ha4aJlbHOro COCTOHHHH, KOTo
pwA MomeT 6wTb KaK paBHOBeCHWM, TaK H HepaBHOB~CHWM. HCXOAH 
H3 onpeAelleHHH /39/ a~1 6w11H yKaaaHw aaKoH eoapacTaHHH 3H
TponHH Hee He06XOAHMWe CBOHCTBa. KpoMe Toro, a~ 1 MW nocTpOHJlH 
OCHOBHOe ypaeHeHHe HepaBHOBeCHOA TepMOAHHaMHKH 

To~= d<Ho>a+ I ao d<J\l_ - I ;' d<Ni >a 
dt dt k k dt i µl dt • /40/ 

rAe T0 'a; H µ ~ - COOTBeTCTBeHHO TeMnepaTypa' 0606lJleHHble CHJlbl 
H XHMH4eCKHe noTeH4Ha11w CHCTeMW .B Ha4aJlbHOM paBHOBeCHOM co
CTOHHHH; Ak H Nk - onepaTopbl o606lJleHHblX KOOPAHHaT H 4HCeJl 
4aCTH4 KOMnoHeHT. 

YpaBHeHHe /40/ HanHcaHo AllH noKOHlJleAcH B 4eJ10M CHCTeMbl.OHO 
cnpaeeAllHBO KaK AllH JlHHeAHblX, TaK H AllH HeJlHt-teAHblX CHCTeM. 4To-
6b1 HCnOJlb30BaTb ypaeHeHHe /40/ AllH paccMaTpHeaeMoA BblWe CHCTe
Mbl, npoBeAeM nepeXOA K CHCTeMe KOOPAHHaT, rAe AaHHaH CHCTeMa 
noKOHTCH B 4e110M. ,[\JlH 3Toro BblnOJlHHM npeo6paaoeaHHe 

if,- (x. t) = if,,' (x.t) e icf, <
1·? I 

➔ ➔ h ➔ 
v(x,t)=- cf,(x,t), 

m 

<p' (x,t)>a = 0. 

TaKHM o6paaoM, nerKo nony4HM 
➔ ➔ ➔ ➔ 

< p(x,t)>a =<p(x,t)>a v, 

➔ ➔ 

< H0 (x,t)>a =< tt;(x ,t)>a 
➔ , ➔ 

<n(x,t)>a =<n (x,t)>a , 

+ 1..<e{X,tJ> v 2 , ~ 
2 a ; ~ 

/4·1 / 

/42/ 

T.e. CKOPOCTb; CHCTeMW KOOPAHHaT YAOBJleTBOpHeT /22/. CneAOBa
TeJlbHO, H3 /40/ no11y4aeM ypaeHeHHe 6a11aHca nllOTHOCTH 3HTponHH 

a.srx,t\ 1 a<H~(x,t)>a 
O 

a<n[(x,t)>a 
-~-e.u. =-1-----Iµ. ------! /43/ at T at i 1 at · 

rAe o6beM CHCTeMbl npeAnonaraeTCH noCTOHHHWM, H;T 0 3aMeHeHO Ha 
T, TaK KaK TeMnepaTypa CHCTeMW He H3MeHHeTCH. 

HcnOJlb3YH /42/ H ypaBHeHHH 6a11aHCa /11/, /30/, /37/ H /23/, 
HaXOAHM ypaBHeHHe 6a11aHCa 3HTpOnHH 

a s(x,t) . "'! ➔ ➔ at +dIVJ/X,t)=a(x,t), /44/ 
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rAe nOTOK 3HTpOnHH paBeH 

➔ ·1 I ➔ ➔ 1 - ➔ 2 ➔ ➔ ~ ➔ ➔ 
j (x,t)= - < j (x,t)> -(-2 <p(x,t)> v + <P(x,t)> )v -kµ~<j.(x,t)> I /45/ 
s T H 0 a a a i 1 1 a 

H npOH3B0ACTBO 3HTponHH HMeeT BHA 

➔ 1 ai ➔ ➔ ➔ 1 ➔ ➔ 
a(x,t)=--I -gradV.(x,t)<J.(x,t)> - --<P(x,t)> :Gradv -

T i mi 1 1 a T a 

1 ➔ ➔ ' 

--TI<j.(x,t)> gradµ. 0
• 

i I a I 

/46/ 

CneAOBaTeJlbHO, B CJly4ae HeJlHHeAHWX HepaBHOBeCHWX CHCTeM 
npOH3BOACTBO 3HTponHH paBHO cyMMe npOH3BeAeHHH nOTOKOB H co
npHmeHHblX CHJl. PeaynbTaTbl /45/ H /46/ cnpaBeAJlHBbl He TOJlbKO 
AllH KOHCepBaTHBHWX, HOH AllH HeKOHcepBaTHBHWX CHCTeM. 

ABTOP BWpamaeT HCKpeHH~~ 611arOAaPHOCTb npo¢eccopaM R.n.Tep-
11e4KOMy H B.K.¢eAHHHHY aa nOMOlJlb npH swnonHeHHH 3TOH pa6oTw. 
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