$F30% Fam Y B % H Vol. 30, No. 4
1981 4E 4 ACTA PHYSICA SINICA " April, 1981

EFEHRLG Master HFRBEEM

Z & R
LTITEAEHE R
P+ o
AL BTSSR A 22 ME)
NoE E

G REFPERFAERGLFMERERT 30D
1980 ££ 5 H 24 BIE

” L

HA RS R IN B TR Master 7R, R R A AN RI AR AT RO AT
WT Master TREZKEFHEXMIERE TR LHEL Janysos REWTE, MHEHS5
Prigo-gine ZEXMMASFEIBH —BHOLER, WIMERBT Master JHREFTREHIBER W 1OHE
AWM T R B RERITRER,

—. g

H MEEFIR 220k Prigo-gine 5 AR T PHXHRERSEWEIBL K, TikRNE
N B R g B T 72 MR Master JGRZRUBTSE, RREEH M HGURE RN HEHRET
RIDFEREST,

A SCEERS R[] 53R A RERBUE TR L £ TR Master T L R “IF= 4" R0
“RI A A HIMESTTIR T Master 52 Jlanynos RUEHERAR, G| 5 Prigo-gine EX
P FERP BRI R,

m

=, Master 7 #y T

HMEZELTEYE Master HFEMOBFERY BE-FRREMUTEZRXEV .4
THEERE, ZFENRNGHRRERADS, A X, ¥ ZR, ERBNIRMOBRER M
Fr 4, B, BAIEVHRFRTHOERARMERETF T 4

LX + mY + njd + p;B

’—Ai"(li + )X + (mj + )Y + (n; + )4 + (pi + 8;)B f=1,%0, ],

HEET BB, BBV IHERNIRBEARWERBRANIESE Vi V. B



4 3] ‘ Z A%, ERERYE Master HREKRERE 449

X, Y el A ¢ 6rF V, RAOR-T RS B IEME X)), Yi(©)s Hig X&) = (X&), +--
Xn()s Y(@) = (Y1(2)5 <+, Yn(2), &M 4, BIEV, PRON T HORE, H 49518k
) bl.

REE—BHEET MR P(X@) =1, Y() =y) =P(x, y, 1) BETIHE:

N .
e yo 8 S L+ PG+ e = 655 92 0)
¢ iis=1
i%j

- dixix.'P(x’ ¥ 1)] + [df"i(}’i + I)P(‘f:}’ +e;— e ’)

— &y P(xs ¥, t)]} + i g A (ﬂi><b‘>

ni P
) [(x; ; ajj()’i;ﬂi>p(x — ey y— B €45 t) — <’;: ><i:j>P(x, Vs t)]
B IR BRI B L oLkt Master HREY—KRIEFHX
“dil;)" = Z (Pigji — Pﬂii). 2.1

XHE i, | FRAGTLCHREBNEEIRA, g BARBIT 45, 445 A a1, 6; HBHL X
BRMWTIIEEE Master 5REAITRE M, oM, Rbe— & 2/ DURE Vi, P, >0,
23 {P;} & Master HEEQ.DWIA, S(t)_é—z P;InP, #RA Master HEE(2.1)H
“ﬁ».
dP;

ds dp; dz
a5 _ __(Z £ In b+ 2P T;)’

de n
B3 P=1, 4 > L=,
CANNE N A
dz Z dr loPs,
BEC.DRFH

das
ke “Z (Piqjs — Pigij) InP;,
is]

ZHERT i 5 iR SERREMRL 2, B2

ds 1 P
s 2 g (Pigis 19:i) In P,

B Master ﬁﬁmﬁ@%ﬁ(i%iﬁ[ll)aﬁ Vi, jsi2xj, ¢;j=0,
¥4

ds [ 1 P,q;;
— = — P,q;; — P;q;;)1n 414
s 2 ? ( i9ii iqh) Pgis

i

1 N
+ > Z (Pigis — Pigsj)In gﬁ].
iri j



450 ¥ beiid 2 iR 30 %

: A =0, g0, U] In ﬂé——oo;

qii
£ 9550, g;=0, U inZiL+oo;
qii
£ q,,=0, ¢; =0, I In L Do,
9ii
Zx: 2 -2 Pugy i e e
& 3L =T Z (Pigis — Pigii)1n ﬁ— B4 Master 5 (2.DEMBR=E,
i i49ii
d ji [
R dS a—— Z (Pig;s — Piqi)In 12§24 Master 5T8(2.1) BO“WEHK™,
qij

AL
ds _ d;S ., dS

dt de de”

.. dS v diS L dS ds 4
= de RAMXM, dt de NI dt de °

%X {P;} B Master HEQ.DIM, B Vi, j 78 Pigis — Pigi; = 0, NFR {P:}
AMBCEEAGIREL),IEE (P,
2L (P} R Master HSEQ.DIME, R Vi §15 Z (Pigis — Piqy) =0, WNIFK

(P} AEs,ictE {P7).
BR, FES—ERES.

w1l %S>0, EXRELBAMEAFHA,
VR

1 P
'S Z (Pigij — lqn)ln —di. s
Piq;;

# fii = (Pigsi — Pigjs) In P;q,, >

idit

E qi=q:=0, W f;; =03

# g;=0, g >0, N fij = +co3

# g0, g =0, N f; = +o03

H qii<0, 950,

# Piqii — Pigin =0, WY ln}—)'q—"'zo;
Pigjs

# Pigii — Pigii < 0, NI 1n Pedii. <0,
Pigji

B2 fi =0,

= _:1;78 = 0, W Pyg;; = Piqju,



4 JA FEHERE: EEEARG Maser HRENBER 451

iEEE,

EREL ETAHE, PEEH,“BWE AR, “BEE" AR B —ENE K2,
A—%E.

X T A~ (Pigis — Pigii) FAW".

£ X Alléln(Piqii/Piqii) FRA“ I,

TR, E (P AEES M T =05 & (PP} AES, W Z 7 7=0,

2

d;S 1 Pigy 1
PO A4S — LSV (pg — g P = LS o
=7 2 ‘Z( i9ii ql) P, 2 Z i i
4P 1( dA,, a7 >
7SS T i+ A, 4L
dr 2 Z ! Z "ode
dAPA 1 dA,,ov
—a = > T,
dat 2 ,2;' !
w78 2, '%Pgo EXAEZEAMEL A
z
iE:
dP _ 1 A,
e ol il ‘7
a2 = d 0
dA; d 1 4P, 1 dp;
o InP;g;; — InPjq;;) = — 2 — = 255
at ( i lqi) P; de P,' dt,
Bl
4P 1 [<1 4apP; 1 dP>G. ]
T i
2 Z P, d¢ P, dt !
1 1 dpP; - 1 1 4p;
= LT = — > g
2 iri P; dt ! 2 ;P, z d
1 1 dP( ) 1 1 dP< >
= i T ) — = - e g
2,P,dz,Z i ZZP,dtZ i
=1 Li&<_dP;>__in£’i ar;
2 5P dt 2 5P adr \adr
1 <dP,>2<
= = (& 0
ZP, )
IEEE,

X Vi [P — P <13
Vi, jld; — A% < 1 (B} |4, < 1),
XELH
T i = Pigii — Pigii

lnP q. 1nP,

ii — '

l“P'qii(l . e—(lnP‘q’i—-lnPﬂ“))

lnP q',(l — e A")



452 2] i # 1 30 %

= [1 = (14 3D  capr ).

K=1

A2,

1
T i = Piqji [(1 + D> — (Aii)K> — 1].
k=1 K!
P4, + P 1 < 1 -
W T= _ﬂ_n_z_rqf_ Ay + < > Xr (A ))X[(— D% 'Pigy; + Pigii]»
K=2 .
NXHE 4ij=—4ji»
LA

T = (Piqii ;l: Pj‘lii) Ay + (_P:q,-i ‘: Pi‘i;;) Ay + o(dy),

E IPJ - P?I < 1’ @B% O(IAiil), ?%‘@J
T = Plq:; + Plg;; Ay + <_P9¢];f + P?qii> A;n,
4 4

MTIRTRAE W7 7 2 MR AL X A,

&

o Py +Ply; o Py + Pl
ai] 2 aii >
4 4
W T = a%d;; + alidjs,
807y _ 8T i _

}A}\ﬁﬁ 6A,-, 6Aii aji.,

THENRELEIFERXMIERE TR FHX Maser E(2.1) BIFAE MR HE,

1) %&MEFEK
Vi |P,—P«1,
Vi, j |4y — 4% < 1 (B [4%] < 1),
B T = a?iAii + a?iAii’
d7 ;i _ & dA dAj;

i o4 g9
at dt ¢ ar

il
It ii aij s i 7i 2t
‘ dAd,

dae

Ay

= (a%4;; + ahid;;)

dAii
de

=T i

3

WEEE LA P=25
de 2

D 44T =0,
113}



4 3 LS. ERERE Master TR RER

453

ap 1 <dA,,~ d?'--)
e == il 7 BN '_7" 4 A L
de 2 ; de i S

dd;i d4P
— —_—t J : =2 —.
; de ¥ dr

e, 1 “P <o, Yl <o,
dat dat
5 P Ve Jlanyuaos PREL, WISk M 24X Master HRERIRER,
2) ESMHIREEEER
Z X 8P = Zj&'.-@AH PR “ R A = 127

§=— > PlnP,

= > [—(InP, + 1)]5P,,

8% = 5(8S) = _Z 8(nP; + 1)

8P;5P;
irf 6P i

=~ Lspsp <o,
i P

B P X e AT
Vi 8P;=P;—‘P;°,
Vi, | 85 =T 1y — T35, 84; = A; — A%,
KA 85 = — > % 5P;8P,,
A

d d
dt( ) d: ’

Rl

d 1 (dP,)
L) =—2>" 2 sp, .52
dt( ) ,ZP,?“ g d

- B3 - D% s(5)

i i i i

- BaP = D T ;64



454 L] H L 5 iR 30 B

= > (T 5+ 87,84,
i

= > T 584y + 2 8T ;84
i isf

- (5 (34, w]
i ” «

oP, oP;

+ Zj 8T 4 [(ﬁ) 8P; + ( 60*/) 8P,~]

. Joaw P,
1 ! ™y

— Zy: (&..&)4_ 233"” <6_&__@L).
i iri

P T
S| —T5=0,
i
B
S ) 373 2
aAP=§<%-—%>37,i=&Zﬁ.

% 0% fEX Jlanynos BREL, MIFELR M B FHEIX Master J7R2R0ERSE R “FIK
WL R TR.ETE/NT R AN,

=, Master J74% fif v R Wy “BR R I 00 4 AR

EATIHET Master 5 Q2. DIRE MR, X — T 3E— FBFFE Master H5F2(2.1)
HEREE N EAE . BRRELRMEIEPHRX UKL T 6 X & A M.
Master FRQ.DEREERT, TEEHEHBRHABT., ATHERELKEEXBE
BER S A R IUZ LY, XBREAFTE Maser TR DR EN “BER” HAH
BRI RRERER,

Z L AP} & Master REQ. DI, 568 (Pigy) HRA Master HTE (2.1) Ff &
HI BRI,

23 5B (Pi(®), R Vi, j Py = Pu(0), MFRAHG BT 8 5EFE,

2 e HEEE (Pi(e))s TR Firs fase s ik, tkar = 0n(K =2 2) (i, % ix,» ¥ K1 > K3)
fno@), #R

Q@) i =gy §=ixrp1> K'=1,-++,K,
P,i(2) = { 0 Hby
TR IR e RE R,
2L HEE (Py(2), R i M R, EH
R() i=1dp, =4+ 1, —R(z) =10+ 1, =i,
P,i(2) = { 0 A
TFR % B I A R,



+ 1 Z 5% EPERGE Master FRORER 455

F 1 EER (P()) BIRFEM, W (0()P,(2)) R FiERE,
31522 EERE (P()) BEAFENE, N (0()P;() 2B iiEkE,

EE3 % % = 2 (P — Pugi)> M A" (Pugi) = (T4(0)) + 25(05()

+ Z (R};(2)).

XE (T,4() RAMBOLHE LS, (05C)) RINFEMMLRIEHS, (R(2)) 28 i B
RERHAS,
ks FIREE A
Yn=25,BR,

Hn=m—1H,
Y on=m bt

1 1
CPidii Y mxm = (7 (Pigi; + Pigji) >m>(m + (? (Pigij — Piqf.-)).
\ 1
& T,2 > (Piqij + Pigii) s

1
Siié? (Pi%'i - Piqii)’

Frld (Piqii) == (T-'i) -+ (Sii).
E?ﬁ Sii = —S,
3l

Rxs

S o
. .

0...0...0\)
Ry = Q-+ 1l---90 K,
O"'O"'O/

(Si) + (% —‘;—f—‘) (R, — RY)

1 4P
0, Y “;1 4+ S125 S135° ¢ 5 Sim
1 4P,
— L 0 SprctsSum
- 2 a ! B |,
—3Si —38x3

- Slm —Som ) 0



456 L) 7 3 iR -
dP,
@ E‘lr—_—z(su-‘-sﬂ—l_... +Slm):
0 - Z Siks Sp3*** Sim
K=3
# (S4) + <-L 4&> (R,—Ry) = Z Sk 0 Sy3°** S i
2 dt K=3
_SB —573
~'S:1m ~‘§2m ) 0
% K X
0 0 . 1 1 e 0
1 0 <0 0 0 . O
QK= E ..'0 E K, QK:—_-. ‘01 K,
0 - 1 o L e s 0

() + (£-4R)

0

523. .o 52’" . Z SIK
K=3 K=3
—S13 —8,3 —513
—_Slr» —‘Sz,,, 0 _—Slm
0 S;g' he .Sém
=10 st o sn|a.
S}nl S}n3 “ e 0
XE
0 - Z Sk 0
K=3
m m
Sisk 0 =SSk
T=| k=3 =
0 ST

O lm—K

(R — B — > 51x(0x — 01

K=3

”‘Z Sk Spze e
k=3

O K Slm

O Im—K

cor Sim

.—Slm
0



4 EEWE: ELHRE Master HRORENE 457

Si=3Su ixj+ 1B j=i+1,
# (Ox — Ok) BRI, FHBE—THRLMER,

FEL S 5wk — 0%) BRE MM, HAGE—~FEZRBAT,

(SHBATRELT Y, sheo SFONBTRFZRmME (S 90 (R — R 28

ZATRZIALERE 2 Sw(0x — 00 BTITTRZAL
B

m m
1 4P 1 4P 1 dP
S, =?S —____l——():-—-__.A,,Z____fl
,; n ;(‘;f ® 2 dt 2 de 2 de’

K2

(S i fTREZM >, Sik(i > 2) FEAEET _% Z_tP_
K=2
K4
AL P = P, + Py, Pi=Py(i > 2),{5%|
4P} NS (= 20y m
7‘it 2 é Sik ( 2, > ).
AR B Ak B BRI,
SEH 3,

(T;) = (% (Pigyi + Pigi) >,

(05 = [ 3 sEor) — 3 sEl(or| &>,

=3
&9 = (=L P (re—RD) K>2)
‘ 2 {4 ae ’
prg:: |

) 0 O\}¢
0i=(, Q:> :

SEF 3 /M T Master JFF2(2.1) Frokse U “HER I "M BAK D 18 5 BRI D IR R AT %
KR, EXFhRITET  “WESR "0 o3 18 2 Eh 40 BOR 45 45 5% , IR AERE RO 2 Mk AH B R BA
WHEMEREAATIR, SBREN0 R NABOREHD, RN R8RS
AP, REFEHRIEXFIRESCT, {P:) HPHES, YN B RN E AR
oy, (P} AR, S H OSBRI 0 (U8 @B R o FIR T 4.

HAR X P DR AR LM Z R — e NS H, XS RNRE
MR HER R R e b, WERRRPE Maser 51 2.1) FHEFEH. BEERR
MR A2,



458 ] | ¥ % 30 %

EAXBESEF, CFMERER T 2N AR I/NERE, URBFARGERREFHD
RESMT R, FEE R,

2 % X M

[1] P50, ZEER, 29(1980), 139.
[2] Z&.ERESE, TELRAELE, WEREEAHEM, (1979).
[3] G. Nicolis and I. Prigo-gine, Self-Organization in Non-equilibrium Systems, John Wiley & Sons,

New York, (1977),
[4] M. Malek-Mansour and G. Nicolis, J. Stat. Phys., 13(1975), 197.
[5] G. Nicolis, M. Malek-Mansour, A, Van Nypelseer and K. Kitahara, J. Stat. Phys., 14(1976),

417,
[6] 8. Chaturvedi, C. W. Gardiner, I, S. Matheson and D. F. Walls, J. Stat. Phys., 17(1977), 469.

[7] W. Horsthemke, M, Malek-Mansour and B. Hayez, J. Stat. Phys., 16(1977), 201.

ON THE STABILITY OF THE MULTIVARIABLE MASTER
EQUATION FOR NON-EQUILIBRIUM SYSTEMS

L1 ZHAN-BING
(Department of Mathematics, Peking Normal University)
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(Department of Mathematics, Research Group of Quantum Mechanics, Peking Normal University)
Lv Ruo-zHUANG
(Department of Chemistry, Research Group of Quanium Mechanics, Peking Normal University)

ABSTRACT

In this paper, by using the concepts ‘‘entropy production’’ and ‘‘excess entropy pro-
duction’’, the Lyaponov stability of the master equation in linear and nonlinear range
has been discussed. The results obtained are consistent with the stability theory of the
time evolution equation of macroscopic non-equilibrium systems discussed by I. Prigo-
gine. In addition, the concept of ‘‘probability flow’’ is proposed for the multivariable
master equation of the stochastic model of non-equilibrium systems, and the method of

decomposition of ‘‘probability flow’’ is given.



