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1. BBE,llEHHE 

B AaHHOH pa6oTe Mbl npoAOil>KI-IM H3y4eHHe npo6neMbl nocTpoeHHfl 
rHAPOAHHaMH4eCKHX ypaBHeHHH Ha OCHOBe KilaCTepHoro pa3IlO>KeHHfl 
K!-1HeTH4eCKOH TeOpHH CHCTeM~ TBePA~X Teil, Ha4aTOe HaMH e~Z 
B OTili-14He OT paCCMOTpeHH~X B/1/ IlHHeapH30BaHH~X KHHeTI-14eCKHX 
ypaeHeHHH 6yAeM HCCileAOBaTb o6wy~ npo6neMy nepeXOAa K rHAPOAH
HaMH4eCKOMy npH6IlH>KeHH~ B ypaBHeHHfiX ~en04KH 66rKH, 3aMKHYT~X 
nocpeACTBOM npeAnOilO>KeHHfl 0 MailOCTH Tpex4aCTH4H~X Koppenfi-
~HH 121• Hcnonb3Yfl o6o6111eHHbl~ MeTOA 4enMeHa-3HcKora, aHanorH4-
H~A npHMeHfiBWeMyCfl HaMH B~~ M~ H3Y4HM 3aBHCHMOCTb HCKOM~X 
11 rHAPOAHHaMH4eCKHX 11 peweHHH OT napaMeTpa OAHOPOAHOCTH l, xa
paKTepH3Y~lllero MailOCTb H3MeHeHHfl $H3H4eCKI-1X xapaKTepHCTHK CHC
TeM~ B npeApaBHOBeCHOM COCTOfiHHH npH npocTpaHCTBeHHo-epeMeH
H~X TpaHCilfi~HfiX. npoTHBOpe4HBOCTb IlOKailbHOH KapTHH~ rHAPOAH
HaMH4eCKHX npo~eCCOB, COOTBeTCTBY~lJieH aHailHTH4eCKHM no l pe
WeHHfiM, HaXOAHT OTpa>KeHHe B paCXOAHMOCTfiX, B03HHKa~lJIHX npH 
OnpeAeileHHH K03$$H~HeHTOB 6apHeTTa, H 6yAeT ycTaHOBileHa HaMH 
nyTeM HenocpeACTBeHHOrO B~4HCileHHfl KBaApaTH4H~X no npOCTpaH
CTBeHH~M rpaAHeHTaM CilaraeM~X B TeH30pe Ae$OpMa~HH H BeKTOpe 
noToKa Tenna. 

npH npoBeAeHHH B~4HCileHI-1H B OCHOBHOM 6yAeT COXpaHeHa npH
MeHeHHafl e 111 CXeMa, OAHaKO Ha Ka>KAOM 3Tane OCHOBHOe BHHMaHHe 
6yAeT YAeileHo HeilHHeAH~M acneKTaM paccMaTpHeaeMoA npo6neM~. 

2. nPH6nHmEHHE HABbE-CTOKCA ,anH KnACTEPHOrO PA3nOmEHHH 66rKH 

npH o6p~ee ~eno4KH ypaBHeHHH 66rKH nocpeACTBOM COOTHOWe
HHfl~'3~ B~pa>Ka~111ero OTHOCHTeilbHY~ MailOCTb TpeX4aCTH4H~X KOppe
Ilfi~HH: 

0 3 ( t ,x1 , X 2 ,X 3 ) = 0, /1/ 

OCHOBH~M 06beKTOM HCCileAOBaHHfl CTaHOBHTCfl CHCTeMa HeilHHeHH~X 

KHHeTH4eCKHX ypaeHeHHH Ailfl OAH04aCTH4HoH $yHK~HH pacnpeAeile
HHfl F1 (t,x1) 1-1 6HHapHoA KOppeilR~HOHHOA $YHK~HH G(t,x 1,x 2 } = 
""F2 (t,x 1 ,x 2 )- F1 (t,x 1 )F1 (t,x 2 ) 

iJ ~ a [Tt + 1 -
1 

] F1 (t,x 1)=n (dx 2 T(1,2) lfi (t,x 1) F1(t,x 2 )+ G(t,x 1,x 2 )1, 
a 1 • ' .• ,.._, •. 'ltl~~ .. , ... l 

~·., 

~ r· -,. 

t~V1EfMO ~ (1',,'\ 
., .. -._ .. .., __ ._. .. --~--.r• 
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a --a _,a 
[at+ v1 ~- 1- v2 -=> 1 G(t,x l'x 2)= T(1,2)[ F 1(t,x 1)F 1 (t,x 2)+G(t,x l'x

2
)1+ 

~rt ~.r2 
+nf>IF1 ,GI, 

f> IF1 , G I= { dX:3 [ T(1,3) (F1 (t,x 3 )G(t,x 1 ,x~+ F1 
(t,x 

1 
)G(t,x 2,x 

3
)) + /2/ 

1- T(2,3) (F 1 (t,x 3 )G(t,x l'x 2 ) + F
1 

(t,x2 )G(t, x 
1 

,x 
3 

))).. 

r,qe, KaK 1-1 a
111

, HcnonbaoaaHbl o6oaHa4eHH.R xi =lri,vi l:dxi=dr~dvi, 

, 2 ............ , _,_,-> 
Tt1,2)Q(x1,x 2)= a { [(vcv2 )r1)• Q(xi,x'p-Q(x

1
,x:ll8(r

1
-r

2
)<b, 

<V'c~>U::::.o 

x* =lrl . v ;(~1-v2);1. 1,2 ,2 1,2 

Bae,qeHHe 8 CHCTeMy /2/ napaMeTpa O,qHopo,qHOCTH f ,qiJ.R nOHCKa 
rH,qpo,qHHaMH4eCKHX peweHHH, 6IJH3KHX K O,qHOpO,qHbiM OTHOCHTeiJb
HO npOCTpaHCTBeHHo-apeMeHHbiX TpaHCil.R4HH CHCTeMbl KaK 4e11oro, 
Mp~eT 6b1Tb XapaKTepH30BaHO COOTHOWeHH.AMH: 

a -. a a. ... a -a- + v1 ---- , f (- + v -); 
t ar--1 at 1 ~r\ 

a ... a ... a a ... ... a v t-v 2 a 131 at + v 1 -:-:r- + v2 ~ -. f <a- + ( v t + v2 ) -;\) + - -- • a .r 1 a ' r 2 .t a J:t. 2 a t .. ... 
;:t r, + r.., ... ... ... 
K=--;-· r-r1-r2 • 

PeweHHe Hyneaoro npH6IJH~eHH.R Bb16HpaeM a BH,qe 

(q) mp 3t'Z 
F 1 (t,x 1 ) = (--) expf-

2rr8 
(q) 

G2 (t,x1 ,x 2 ) .. 0, 

... ... 2 m(v1 -u) 

20 
I. /4/ 

/51 
.... -+ -+ ... 

r,qe p(r1, t) , O(r 1• t) , u (r 1• t) - MaKpocKonH4eCKHe xapaKTepHCTHKH 
CHCTeMbl. 0TMeTHM, 4TO ypaaHeHHe /5/ .ABil.ReTC.R CIJe,qCTBHeM HCnOIJb-
30BaHHOrO a /2/ npeHe6pe~eHH.R a onepaTope CTOilKHoaeHH.R cnarae
MbiMH, COOTBeTCTBy~~HMH KOHe4HbiM paaMepaM OfiiJaCTH ABYX4aCTH4HO
ro B3aHMO,qeHCTBH.R. 

HaweH 4e11b~ .RBil.ReTc.R nocTpoeHHe aaMKHYTbiX Bblpa~eHHH ,qn.R 
BeiJH4HH 

2 

\·• 

f 

{h ,. 
,'( 
\ 

\I. 

I 
~,, 

·it 
1,1' 

..£.. 

........ 
Pik = {(vi -ui )(vk-uk).F1 (t,r,v)dv, 

.L 
...... 2 ........ 

qi .. 
2 

{ (v
1
-u

1
)(v-u) F1(t,r,v)dv. 

/6/ 

HcKoMwe rH,qpo,qHHaMH4eCKHe ypaaHeHH.A npH HaaecTHbiX Pik ,qk 
HMetOT CTaH,qapTHbiH BH,q 11 3aKOHOB COXpaHeHH.A 11 /4/ ,qiJ.R HHBapHaH
TOB ,qBy4aCTH4HOro coy,qapeHH.A: 

2.L.+~(p·:n -o; 
at a-r 

au i au i aPik 
p(-+Ut-·)=--; 

at ark a~k 
171 

3 a, a 1 a Uj auk aq 
-2 P (- + uk -)0 .. -- (P.k (- +-) + :::!.L ). at ark 2 1 ark a r i a .rk 

TaKHM o6pa30M, He06XOAHMO HaHTH npHfiilH~eHHOe peweHHe CHCTe
Mbl /2/, /3/ C y4eTOM yCilOBHH HyiJeaoro npHfiilH~eHH.A /4/, /5/.3TO 
peweHHe, KaK 1-1 a npe,qbiAY~eH pa6oTe 111• 6y,qeM HCKaTb a aH,qe 

(q) 2 
F

1 
(t,x 

1
) = F

1 
(t,x

1
)(1+f<P 1(t,x 1 )+£ cP

2
(t,x 1)+ •.• ), 

/8/ 
(~ (~ 9 

G(t,x 
1
,x 2)= F 1 (t,x 1 )F 1 (t,x 2 Xo/1 1 (t,x 

1 
,x 2 ) + r r/12 (t,x 1 ,x 2) + ... ). 

Q,qHaKO, 8 OTI1H4He OT Ill, 3,qeCb Mbl He 6y,qeM ,qenaTb HHKaKHX 
npe,qnOIJO~eHHH 06 OTHOCHTeilbHOH BeiJH4HHe OTKilOHeHHH MaKpOCKO
nH4eCKHX napaMeTpoap, u ,e oT HX paaHoaecHwx 3Ha4eHHH. Oc
TaBil.R.R a /2/, /3/ npH no,qcTaHOBKe paano~eHH.R /8/ IlHWb cnarae-
Mble, COOTBeTCTBY~~He nepBOH CTeneHH f, HaH,qeM " 

1 a .. a <q> < 1) 

(-) [-at +V
1
-lF1 (x 1)=nAqcP 1(t,x 1)+nfdx2T(1,2)r/l(t,x,x),/9a/ 

F q (x ) at 1 2 
1 1 1 

t [vt-v2aJF<q> <q> 
F(q)(x )F(q)..x )-2- at 1 (xl)F1 (x2)r/Jl(t,x1,x 2)=T(1,2)(cP (tx )? 

1 1 11. 2 1 • 1 /96/ 

+ cP 
1
(t,x 2) + r/1 1 (t,x1, x 2 )) + n ( Aq ( q) +A q (2)) r/1 1 (t,x 1 ,x 2 ), 

r,qe 
2 (q) 

Aq(l)r/1 (x 1,x 2)= a f dx
3 

F 1 (t,x
3 

)T(1,3)(r/J (x1, x2 ) + r/J(x 3 ,X 2)). /10/ 

Cne,qyeT no,q4epKHYTb, 4To, a oTIJH4He OT onepaTopa A0 a 11~ aae
,qeHHbiH a,qecb onepaTop Aq He coana,qaeT c IlHHeapHaoaaHHbiM 6oilb4-
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MaHOBCK~M onepaTopOM BCneACTB~e ABHO~ 3aB~C~MOCT~ $yHK4~~ 
F (q)(t,X ) OT MaKpOCKOn~4eCK~X napaMeTpOB, ABnAIOIJl~XCR, B CBOIO 

1 3 0 " 04epeAb, $YHK4~RM~ KOOPA~HaT ~ BpeMeH~. AH~M ~3 cneACTB~~ 

:noro $aKra RBnReTCP. ro o6croJHenbCTBo, 4TO oneparopbl A <P> 
~ _j!__ He KOMMYT~PYIOT: 

a r1 

[~-
a -r · 1 

Aq(1)l= . rJA5(1) 
rJr_l_ . 111 I 

nepe~AeM Tenepb K peweH~IO C~CTeM~ 191. B nepey10 04epeAb 
3aMeT~M, 4TO cnaraeMbiM T(1,2) </J 1 (t,x 1,x 

2
) MO>KHO npeHe6pe4b, no-

CKOJlbKY B COOTBeTCTB~~ C /2,3/ OHO np~BOA~T K 3$$eKTaM BbiCWe-
ro nopRAKa no nnorHocr~ 4aCTH4 e c~cTeMe IBKJ1104eH~e 3Toro cna
raeMoro JlHWb ycno>KHRer aHan~3, He ~3MeHRR ero np~H4~n~anbHbiX 
CJleACTB~~ ~/ I. C y4eTOM 3TOro 3aMe4aH~R non;4~M 

-vl- ;;2 u 
[~- -_.-- n(A (1)+A (2))]rjJ

1
(t,x

1
,x

2
)=T(1,2)(¢

1
(t,x

1
)+¢

1
(t,x

2
))+ 

2 a r q q /121 
... ' 

1 Vt-V2 a (q) (q) 
+1/1 1 (t,x 1 ,x 2 )-)----~ ----:-;-IF 1 (x 1)F1 (x

2
)1. 

F\q (x 1)F{q~x.} 2 rJ r 

nocKOJlbKY cornacHo 171 npocrpaHcTBeHH~e rpaA~eHT~ een~4~H 
~~q)(x 1 ) , Fiq)(x 2 ) y>Ke COAeP>KaT creneHb f, AOnycr~Mo npeHe6pe
>KeH~e nocneAH~M cnaraeM~M e npaeo~ 4acr~ 1121, nocne 4ero no
ny4~M 

;; -v, -1 
1/11 (t,x 1,x 2)=[7 rJ~ -n<Ap)+Aq(2))J T(1,2)(¢

1
(t,x

1
)t¢

1
(t,x

2
)), 

... . 
¢ 1 (t,x 1) =ln(Aq(l)+ ( dx 2T(1,2)[ 

v -v a -1 
_

1 
__ 2 --- n( A (1)+ A (2))) T(1,2)(1+ 
2 at q q 

-1 1 a ... a <q> 
tP )I --[--tv 1 ~-JF 1 (x

1
), 

1,2 F(<IJ(x) rJt rJr 
1 1 1 

rAe 

p1,2¢(x1)=¢(x2). 

1131 

~nR ~HTepnpeTa4~~ COOTHOWeH~~ 1131 He06XOA~MO OnpeAeJl~Tb Ae~CT-
e~e oneparopa 

..; -v 1 -1 
Q(l 2) = [ ..:J. __ g ~ - n(A (1)+ Aq (2))] 

• 2 a r q 1141 

Ha $YHK4~1-1 KOOPA~HaT ~ CKopocre~ r1 , r2 , v1 , v
2 

.BBeAeM Ho
Bbll1 oneparop Q( 0)(1,2), onpeAeJl~B ero cneAYIOIJl~M o6paaoM: 

4 

it 
~· 

·' 

;· I , 

1',,/i 

·I~' 
Jjp 
;-~··' ,!1<' 

d l 

:l~ 

_.L, 

... 

. ...... 
d ... ......... r q 

elq•r _ 
Q(0)(1,2)~(r,R;vt,v2)= (2.,f -i<i.,..c_-v ___ v._) ____ ~ cii.R.:v 

1
• v 

2 
). 

1
2 

2 -n(AqC!)+Aq(2)) 1151 

- ................ 
rAe ~(q, R; v1,V2) - l)lypbe-o6pa3 ~ no nepeMeHHO~ r. nocKOnbKY ee-
nH4HH~ Aq(l) ' A q(2), 3aBHCRUlHe OT r, He nOABepraiOTCR B I 151 l)lypbe

~ npeo6paaoeaHHIO, RCHo, 4TO oneparop 1151 He coenaAaer c Q(l~). 
3aMeTHM Aanee, 4TO BO BCeX B~pa>KeHHRX, C KOTOp~MI-1 HaM npHAeT

-+;t ........ 
CR BCTpe4aTbCR, l)lyHK41-1R ~(r,K ;v 1 ,v2 ) HMeeT BHA 

..... .... ... ... ... .... ..... ... .... ... .... .... .... ...... 
8(r) 1/1 (r1 ,r2 

; v 1 - u(r1 , t), v2 -u(r2 ,t) .. 8 (r) 1/J (R, v 1 -u(R,t), v2 - u(R,t)), 

C y4eToM 3Toro 
p~ Aq (1) , Aq(2), 

o6cTORTenbcTea M~ MomeM nepeonpeAen~Tb oneparo
BBOAR HOB~e nepeMeHH~e: 

.... .... ........ 
c 1 =v1 -u(R,t); 

... .... ....... 
c2 = v2 - u(R, t). 1161 

npH 3TOM 

... ... ... ... 2 -> ... -> ... (q) ... ... ... ... 
Aq(l)I/J(R,r,c 1,c 2 )=a ( dr3 dv3 8(r

1
-r

2
)F

1 
(t;v

3
-u(r

3
,t),r

3
)x 

117/ 
- ... -+ .... ... .... .... .... ... ... 

x T(1,3)(1/J(r 1, r 2 ; c 1,c 2) + I/J(r
3 

,r2 ,v3
-u(r

8 
,t), c

2 
)), 

- ... ... -
rAe T(1,3)onpeAeneH nocpeACTBOM T(1,3)=8(r 1-r 8 )T(1,3). Y4HT~eaR 
B /17L 8-l)lyHK4HIO nOA 3HaKOM HHTerpana H HHBapHaHTHOCTb onepa-

T(l 3) ... .... ... ... ... ... ... ... .... ... 
To~a , npH aaMeHe nepeMeHH~x v1 ... v1-u(r1 ,t)=c

1
, v

3 
... v

3
-u(r

3
,t)=c

3
, 

HaHAeM 

... ... 2 .. (q) ... ... 
Aq(l)I/J(R,r,c1 ,c 2),a ( dc

8
F 1 (t,c

3
,r

1
)T(1,3)x 

_, .... .... ... .... ... .... ... 
x ( 1/J (R, r ; c 1' c2) +!/I ( R ,r, c 2 , c 3 )). 

/18/ 
-" 

TaKJiiM o6paaoM, nepeonpeAeneHH~i:1 oneparop Aq(l) COAePIIUH aaeH
CHMOCTb OT BeJ1H4HH R,r m1Wb B BHAe p(r1,t),O(rl,t) B Fiq)(t,Cg,ft). 
a TaKme e BHAe c caaeHCHMOCTH oneparopa T(1,3).0KOH4aTenbHO 

HMeeM dq-> 
(0) ... ... ... 

Q (12)8(hi/I(R,c 1 ,c2 )=f~ • (2.,) 

...... 
i q • r 

e .... ... .... 
...... ... -I/I(R,c1 ,c 2 ), 

lc'i{cr~)•-n(A (l)+A (2)) 
2 q q 

rAe AJl)onpeAeneH nocpeACTBOM /18/. 04eHHM Aanee paaHoCTb 
Q(1,2)-Q(0)(1,2), TO eCTb onpeAeJ1HM, HaCKOJlbKO T04HOe peWeHHe 
ypaBHeHH~ 

v -v- a. ... ... ... ... ... ... ... 
[ ~ _ - n(A (1)+Aq(2))] t{I(t,R ,r ,c

1
,c 

2
)= 8 (~1/J( r, c 

1 
,c

2
) 

2 ar q /19/ 
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OTn~4aeTCR OT B~pameH~R 

(0) (0) ... ... -:t -t. ) r/1 = Q (1,2)8(r)r/J(R,c1 ,c2 • 
/20/ ... ... 

PaccMoTp~M AeHcTe~e 
1.1~10 "'(0) : 

vt- v a 
onepaTopa [ ----J - -n(A (1)+A (2))] Ha 4JYHK-

2 ar q q 
... ... 

v t - v 2 a ...Jo> ... ... ... ... 
[--:;- -n(Aq(1)+Aq(2))]"1· (1,2)8(r)r/J(R,c

1
,c

2
) = 2 ar 

-+-+ 
iq•r 

I 

'1·":'.1. 
I 
' 

. 'r 

1
1~, 
. 
' 

' 

I 

' 

)' 
t~ 
:,., 
G , 

... 1 ... ... ... .i\ 
dqx . ... ... ... r/J (R,c

1 
,c

2 
)= , 

... ... e 
[ Vt-V2 a -n(A (1)+A (2))] r ---= _2 ___ a7 q q (277) 3 

1 C ·I•· 1 q f"ri -n(A (I)+A (2)) lje,: 
1 •r '"· ....... ... ... q q /21/ <, .. \,, 

e q ... v 1- v 2 a 1 ... ... {!" 
• ( -3 dqll+[---:;- ---:;---- ]1/J(R,cl'c~= il 

(277) 2 ar iq c~c2 -n(Aq(1)+Aq(2)) ';l·.,r 

j .... 1 ... ... ;~ 
;:!. .. ... e q ... v -v a 1 ... -t. ~ 

=o!J>r/J(K,c 1,c2)+1(-dq..:.l..:.:.2. __ - lr/J(R,c
1
,<n. ~~~ 

(277)3 2 a1 cc _ ... ) 2' I11:1 

iq 1_ <12 -n (A (1)+A (2)) ~· 
q q ,, 

•/1\, 

AnR DL.IeHK~ BToporo cnaraeMoro B /21/ eocnonbsyeMCR npeACTae
neH~eM 

a. 1 

a:\ A +ii(A) 
!__ aB(A) _L_ 

A+ B(A) aA A+B(A) • /22/ 

~ ~ 

cnpaeeAn~BbiM AnR n106b1x onepaTopoe A, B (A). CneAOBaTenb HO, 

v - v. a <o> .. ... ... ... ... ... [7/Jr -n(Aq(l)+Aq(2))]Q (1,2)8(r)r/J(R,c 1 ,c 2)=8(r}l/J(R,c
1

,c
2
)+ 

-+ ... ... 
dq c 1-c2 +(--

(277 )3 2 

1 a 1 1231 
. . . naT( A (1)+A (2) -. 

... c c -c) q q ... c .;; 
iq ~- -n(AqCl)+Aq(2)) iq --v- -n(Aq(l)+Aq(2)) 

HTaK, BTOpoe cnaraeMOe B /23/ COAepm~T rpaA~eHT~ MaKpOCKOn~-
4eCK~X napaMeTpoe p ,U, 0 ~ ~MeeT BbiCWYIO CTeneHb no£. no3-
TOMY C T04HOCTbiO AD 4neHOB-£ ~MeeM ... ... 

[ vl-v2 a A ..JO) ... ... -+ -+ ... ... ... 
- 2- a-f -n( q(1)+Aq(2))]1J (1,2)8(r)l/J(R,c 1 ,c2 )=8(r)l/J(R, c 

1
, c

2 
), 

~ peweH~e ypaeHeH~R /19/ MomeT 6~Tb npeAcTaeneHo e 4JopMe 

dO) -+ ... -+ ... (0) ... ... ... ... 4 1/1= (1,2)8(r)l/J(R,c 1 ,c2 )+(~1.2)-Q (1,2))8(r)l/J(R,c
1

,c
2

), /2 I 

6 

,':~ 
I 

·~f 
'\' 

) 
I ill q 
f 
'I 

rAe BTopoe cnaraeMoe e 
... c c 

-Q(1,2) r ~ ....!.:'.2 
npaBOH 4aCT~ cornaCHO /23/ ~MeeT B~A 

(277)3 2 
1 X 

iq C'cc2 -n(Aq(l)+Aq(2)) 
2 

1 ----~ .x n ~ (\(1)+ A,(2)). • (0,-0,)- n(A,(I)+A,(2)) a .r Iq 2 

TO eCTb AeHCTB~TenbHO COAepm~T n~Wb 4neH~ B~cwero nopRAKa 
no£. TaK~M o6pasoM, e ~HTepecyiO~eM Hac np~6n~meH~~ 

(0) 
1/1 1 (t,x1 ,x 2 ) = Q (1,2)T(1,2)(1+ P1.

2
)¢

1
(t,x

1
); 

¢ 1 (t,x1 )=1n(A (1)+ ( dx 2T(1,2)Q(0)(1,2)T(1,2)(1+P )l- 1 x /25/ 
q 1,2 

1 a ... a <D> 
x----[-+v

1
...-]F

1 
(x

1
). 

Fio>cx1) at a.r1 

np~ nOACTaHOBKe 3T~X B~pameH~H B /6/,/7/ M~ nony4~M ~CKOM~e 
Hen~HeHH~e ypaeHeH~R Haebe-CToKca, He coAepma~~e KaK~x-n~6o 
paCXOA~MOCTeH. 

3. nPH6nH~EHHE 6APHETTA H PACXOAHMOCTb 
B HEnHHE~HO~ IHAPOAHHAMHKE 

nepeHAeM Tenepb K y4eTy een~4~H BToporo nopRAKa no ( e ypae
HeH~Rx /2/, /3/. CHa4ana o6paT~MCR KO BTopoMy ~3 3T~x ypaeHe
H~H. noACTaBnRR B /2/, /3/ pasnomeH~R /8/, ~MeeM, OCTaBnRR 
4neH~, ~MeiO~~e 4JopManbH~e nopRAK~ £,r 2: 

1 a ... ... a v1- v 2 a 
-(tl') (0) - [ f (at +(V1 + V 2 )--;:--) + -r- • ---:;" ) (£ 1/11 (t,X1,X J+ 
F1 (X1)F1 (x2) ' aK ar 

2 (q) (q) 2 
+£ 1/12 (t,x1,x2)) F 1 (x1)F1 (x 2)T(1,2)!2£ ¢

1
(t,x

1
)¢

1
(t,x

2
)+!2(¢ (t,x

1
)+¢ (t,x ))+ 

2 h6! 
+£21/12(t,x1,x2)+r(¢ 1(t,x1)+¢1 (t,x2)+r/J1(t,x 1'x2))1 + 

2 
+ n!£ (Aq<i)+ Aq(2))1/1 1(t,xl'x 2)+c (Aq(1)+ Aq(2)h',

2
(t,x

1
,x

2
)+ -

+ c 2f' (¢
1
(t,x 

1 
), 1/1

1 
(t,x

1
,x

2
)) I. 
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rAe 

f (if> 
1 
(t,x 

1 
), t/J 

1 
(t,x 1,x

2 
)) "' 

= ( dx
3

Fiq)(x
3
)[T (1,3)(¢>

1
(t,x3 )t/I1 (t,x1 ,x 2)+ 

+ ¢>
1
(t,x

1
)t/f

1 
~t.x2 ,x 3 )+ T(2,3)(¢> 1(t,x 3)t/f 1(t,x 1,x 2 )+ 

+ r/>1(t,x2)t/I1(t,x1,x3 )]. 

6yAeM Tenepb ~cnonbaoeaTb a /26/ a Ka4eCTBe t/I 1 ,¢> 1 peweH~R 
/25/. np~ 3TOM nony4~M, oT6pac~saR, KaK ~ np~ aHan~ae nepeoro 
np~6n~>KeH~R, cnaraeMoe T(1,2) t/J 2(t,x 1 ,x 2 ): 

2 v1- v2 a. a. .. a. 
£ [ 2 -:t/I2(t,x1,x2)+(3-+(V1+V2)7)t/I(t,x1,x2)-ar CJt an. 1 

. - T(1,2)12rf>lt,x
1
)rf>

1 
(t,x

2
) + ¢>

2
(t,x 

1
) + ¢

2 
(t,x

2
) 1-n(Aq(1)+ \(2)) t/I

2 
(t,x 1,x 2)-

-+ -+ 
- v -v a 

- nf(¢> 
1 
(t,x 1),t/J 1 (t,x 1,x 2 ))tl+ £I[~ at -nAqC1)-nAq(2)]t#/t,x 1,x2)-

/27/ 
- T(1,2) (if> 

1 
(t,x 

1 
) + ¢>

1 
(t,x

2 
)) I+ 

+ £ t/I1 (t,x1,x2)- 1 (v1-v2) -L.r<ll{x )F (q) 
F(O)..x )~O)( ) 2 a· -. 1 1 1 (X 1) =

0
• 

1\.11x2 .r 

nocneAH~e cnaraeMble a /27/ ~Me~T a Ae~cTB~TenbHOCT~ np~ y4e
Te ypaeHeH~~ nepeoro np~6n~>KeH~R cTeneHb no£, nocKonbKY OH~ 
COAep>KaT rpaA~eHT~ MaKpOCKOn~4eCK~X napaMeTpOB, 

no3TOMy, BBOAR 0603Ha4eH~R 
-+ .. 

2 v1-v2 a ( 
£ P(t,x 1,x

2
) =£H- "'::""r-nAq(1)-nAq(2)h',1(t,x 1

,x
2
)-T(1,2)(f/>1,t,x 1)+ 

2 a r 
/28/ 

-+ ... 
1 vcv2 a. (q) !q) 

+¢ 1(t,x 2))+t/I1 (t,x 1,x 2 ) (-)-... -F
1 

(xJF1 (x2 )1-
rC0)(x )F (O)(x ) 2 a r 

1 1 1 2 

2 Q 2 
-£ n .t.. (¢>

1
(t,x 1 ),t/J1 

(t,x1 , x 2))-2£ T(1,2)¢>
1 

(t,x 
1

) ¢>
1 
(t,x

2
), 
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npeACTaB~M ~CKOMOe ypaBHeH~e BTOporo nOpRAKa B B~Ae 

rS-v2 _!__ -nA (1)-nAq(2)h&
2

(t,x 1·x2)= 
2 at q 

/29/ 
( a ~ ... a 

~ - at + (v 1 tv 2 ) aA- )1;'1 1 (t ,x 1,x 2 ) + T(1,2 )(1 + P
1
,
2 

) ¢ p. x 
1
)- P (t,x

1
, x

2
). 

0TMeT~M, 4TO BKnaA Ben~4~Hbl p (t,X 1, X 2 ) B Bblpa>KeH~R AnR T,eH-
30pa HanpR>KeH~H ~ BeKTOpa nOTOKa Tenna ~MeeT B~A (~ ~). 

ax,\ a xfl. 
rAe z,z' - n106b1e ~3 MaKpocKon~4eCK~x napaMeTpoe p, u, O; ace 
COOXBeTCTBYIO~~e K03$$~4~eHT~ 6apHeTTa He COAep>KaTpaCXOA~MOCTeH. 

cJ2z no3TOMy COCpeAOT04~M BH~MaH~e Ha BKnaAaX T~na --------, 4TO 
~xAa.x 

$OpManbHO COOTBeTCTByeT o6pa30BaH~IO BeJ1~4~H~ P(t,x
1
,x

2
)fl.B /29/. 

nony4eHHoe B pe3ynbTaTe ypaBHeH~e ~MeeT ?eWeH~e, $OpManbHO 
coenaAaiO~ee c cooTHoweH~eM /14/ ~3 pa6oT~ 11 .OAHaKo, nocKonbKY 
BBeAeHHble 8 pa6oTe111 onepaTOPbl A0(i) ~ np~cyTcTBYIO~~e a /29/ 
onepaTOpbl Aq(i) , i=1,2, He COBnaAaiOT, TO C y4eTOM COOTHowe-
H~H /24/, BbiBeAeHH~X B~We, ~CKOMOe peweH~e HY>KHO ~CKaTb B $op-
Me 

(0) 
t/I2 (t,x1,x 2 )= Q (1,2) IT(1,2)(1+P

1
•
2 

)c/J
2 

(t,x
1 
)-

a ... ... a <O> 
1 -(;rr-+(V1 +v 2)aif)Q (1,2)T(1,2)(1+P

1
,
2 

)c/J
1

(t,x
1

) = /30/ 

~ (0) 
= R ¢

2
(t,x 1 )+ ~, 2 (t,x 

1
,x 

2 
), 

rAe 

<O> <0> a ... ... a <O> t/I (t,x1'x 2 )=-Q (1,2)(-a--+(V1 +v2 )-:r)Q (1,2)T(1,2)(1+P ,)c/J
1
(t,x

1
). 

2 t a I:(. 1,2 

3aMeT~M Tenepb, 4TO, KaK ~ a n~Heap~3oBaHHOM cny4ae, een~4~Hbl 
tfJ<gl(t,x 1 ,~) BXOART B ypaBHeH~R AnR $yHK4~~ f/>

2 
(t,X l) n~Wb B KOM6W 

Hall~~ 

l(t,x 1)- n ( dx2 T(l,2)t/J~l (t,x
1 

,x 
2

)= 

<O> a ... ... a <O> /31/ 
=-( dx 2 T (1,2)Q (1,2)(--- +(V1+v2)-;t)Q (1,2)T(1,2)(1+P )if> (t,x ). 

a t a K. 1 .2 1 1 

nocKonbKY cor nacHo onpeAeneH~IO I 15/ AeHcTe~e onepaTopa Q(O) (1,2) 
a $ypbe-npeAcTaeneH~~ nonHOCTbiO aHanor~4HO AeHCTB~IO onepaTopa 

( vt-i&_ i.:.....- n(Ao(1)+ A 0 (2))] 1 oTn~4aRcb n~wb $opManbHOH 3aMeHOH 
2 at 

A0 ... Aq, ace ocTaJlbH~e 3Tan~ AOKa3aTenbCTBa pacxoA~MOCT~ K03$~~-
4~eHTOB 6apHeTTa B T04HOCT~ COOTBeTCTBYIOT n~Heap~30BaHHOH npo6-
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neMe, paccMoTpeHHOH HaMH e11 ~ AeHcTBHTenbHo, c noMO~b~ 3aMeH~ 
Ao~Aq pacxoAR~HecR cnaraeM~e e e~pa*eHHH /22/ pa6oT~ 111 

~enHKOM BOCnpOH3BOART eenH4HH~, COAeP*a~He paCXOAHMOCTH B /31/. 
TaKHM o6pa3oM, M~ 3aeepwHnH AOKa3aTenbcTeo HeB03MO*HOCTH 

r10CTpOeHHR aHanHTH4eCKOrO no f 
11 rHAPOAHHaMH4eCKOro11 peweHH.A 

HCXOAH~X HenHHeHH~X KHHeTH~eCKHX ypaBHeHHH. 3TOT pe3ynbTaT 
noKa3~eaeT, 4TO AnR nocneAoBaTenbHoro nepexoAa K rHAPOAHHaMH
Ke B ypaBHeHHRX /2/ OKa3~BaeTCR HeKOppeKTH~M CTaHAaPTH~H Me
TOA 4enMeHa-3HCKora, npeAnOnara~~HH B03MO*HOCTb OT6paC~BaHHR 
Ha Ka*AOM 3Tane cnaraeM~X, coAeP*a~Hx Man~H napaMeTp npH cTap
weH npOH3BOAHOH /4,&/. 

AeTop~ rny6oKo 6naroAaPHW aKaAeMHKY H.H.6oron~oey 3a ~eH
H~e coseT~ H yKaaaHHR. 
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