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R, ):= {n.-Rf R, ‘J:Oﬂ(t)dt< o% . Cr ([~ TOJ; R") Fo
C([- T0J:R')- g &= {i(e).-—T<e <(}. A A
. A Al , A = Juace(A"A), Min(A)  Am(A)
A .
dix(1)- G(x(t- T))) =
Sflt,x(t), x(t— T))dt+ g(t,x(t), x(t— T))dw(i), t 20. (1)
(x(0): - T<O <= EE - ToRY,
> 0 LG:R" TR .f:RXxR' xR TR gRxR'xR'TR"". fg G
(Hh)f g Lipschitz ;
(H2) k€(0,1) | G(x)- G(y)!| <kl x-yl, x.y ER ., G(0)
= 0.
(6] ., H1-H2 () ¢ =T x(t:§)
C'*(Rx R';R.) t x V(t, x)

V(t,x) € C"*(R x R';R. ),
LV(t,x,y) = Vi(t,x= G(y))+ Va(t,x= G(y))f(t, x,y)+

Ttrace/ g' (1, x.y) Ver(1. x~ G(y))g(1. x.)].

Vit x) - a_V%i)_’ Ve(t.x) = {aV(t,x)Janfczx)’ ""anfC;x)}’

Ox 1
v
Vxx(l; X) = {E%ﬂ axn

dlx(t)- (F+ AF)x(t—- 1)) = [(A+ AM)x(t)+ (B+ AB)x(t—- T)]dt +

((C+ AC)x(t)+ (D+ AD)x(1— T))dw(t), (2)
4, B, CD,F €R™, AA, AB, AC, AD, AF € R™".
(2)
(H3) An. By, Cp. Dy, F,, € R

AA € [- A, A,.], AB € [- B,, B,], AC € [- C,, C.],
AD € [~ Du, Dn], AF € [~ Fu, Fu].
1 LaSalle
1 (HI1)(H2) , Vit,x) €EC"* R xR R ), NEL'(R ;R )

wi,wa € C(RX RR, ), V(t,x,y) ER XR"'xR
LV(t,x,y) STWt)— wi(t,x)+ wat,y), wi(t,x) Zwat+ T, x).
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|x|hf£‘w[§%§‘/(t> x)] =+ oo,

E€ Cr([- TOJ; R, p>2 s Elx(1;8)1"< o
tlinolod(x(t;i),l)w)z 0, as.,

Dy = {x CRwi(t,x(1;8)) — wa(t+ Tx(1;8)) = (},
d(x, Dy) = yn%i[l)ll x—yl .

EECh([- TOI K ). x(1: §) (1), (1)
X(1) = G(x(1= )= x(0)= G(x(~ )+ |f(r.x(1), x(1- T)di+

ng(t,x(t),x(t— 1))dw(i). (3)
[8] 2.2 limj x1 =+ wof inf, 30 V(1, X )] = + 0,
0= supl x(t)- G(x(t— T))I< o9 a.s.
Ves 0, 37> 0, ¢ 2T
| x(t) | SEx(t)- G(x(t- T)) I+ ksupl x(t- T) | <
O+ &+ kswlx(t- TI,

s, L x(e) | <o+ e+ k sup supl x(1- T) | <
O+ E+ kT_ST'iP@I x(t) 1+ kT%JETI x(t) !l .

O+ €+ kTi%l%P<T| x(t) |

sp L x(e) 1S - (4)
T~ oo (4
'r_rsél,%,ool x(t) <+ oo a.s. :_T%gmlx(t)|< o0 a.s.,
QC QP =1, w€ Q| x(t, Il . [9]
2,627 x(t)- G(x(t- T)) t 20 ., Ve>0,36> 0.
lt-sl< 8

Lx(1)- G(x(i- V) - x(s)- G(x(s- 1) I< g

| x(t)- x(s) | SIx(t)- G(x(t-T))— x(s)+ G(x(s— T)) I+
| G(x(t— T)) - G(x(s- T))I< €+ kl x(t— T)—x(s-T)1 .

I[_sgpgl x(t)- x(s)| €+ k“_sH%aI x(t—- T)- x(s= T) 1,

€
|[§3p<6| x(t)- x(s)l< i
»CQP(Y)= 1, w€ O | x(t, ®)I t 20
/8] 2.2, w= Q1 Q,
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J:[wl(t,x(t)—wz(t+ Tx(t)))]di<+ oo, a.s.

lim/wi(t, x(t, ©) = wat+ Tx(1,©))] =0, as, o€ QN 0. (5)
2 (H1) (H2) VEC(RXxR:R ), NEL(R,R ),
w€ C(RxR",R ), §> 1, (t,x,y) € R x R" x R"
LV(t,x,y) SWi)— So(t,x)+ w(t,y).
, PR~ R
wi(t x(1, &) - wot+ Tx(t, &) 20V(x(t. §). (6)

§€ Ch([- TOLRY), (1) x(1, &)
limV(t,x(1:8)) € Do, a.s.,
Dp = {u 20: (1) = o}.
[8] 2.2
lim V(e x(1:8)) < oo, as.

J.:w(t, x(t; &) )dt < oo

tljngoV(t,x(t;g))< oo, a.s. tlirgJiTw(s,x(s;i))ds: 0.

(6)
J:op(l/(t,x(t; &) ))dt < oo a.s.
Pre)
imQ(V(e,x(1;8))) = AlimV(t,x(1:8)) = 0, a.s.
w € Q

limV(t, x(1;8)) € Dy, a.s.

1 G=0g=0 (1) n \ 2 [9]
4.1 [9] )
2 1 (1) LaSale
1 2
2
(2),
12 AA € [= An, Au], a4 Il < 114, 1.
3 NlF+ F, Il <L a> 0 0

M= QA+ A"Q+ C'QOC+
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(a+ 2100 T A1+ 21 @1 ICI G+ @I Gy 11T
AN o= )\min(M)> )\2,

X = %IINH%r A(D'OD- B'QF - F'QB)+

l@U2llpll iD, 1+ 1D, P+ 21F Il IB, Il +
2N F, T IB I+ 2IlF, Il B, 1),

INI < HQUUBI+ B 1)+ (lAl+ A1) QI IFI+
NF, )+ (llcl+ N, )yl@l¢ipli+ D, 1),
&€ Ch([- TOLR", (2) x(t; &)
1)hm|x(t &)= 0, a.s.;

2) }ilrgosupt—lnl x(1:8) 1 & % a.s., Fo M= PAm(Q) = ke

g(t,x(t), x(t- T))= (C+ AC)x(t)+ (D+ AD)x(t- T),
flt.x(t),x(t— T))= (A+ AM)x(t)+ (B+ AB)x(t- T), G(x(t- T)) =
(F+ AF)x(t- T).
f(*) g(*) (H1), 1 IIF+ AF 1l <IIF+ F, ll< 1, G(*)
(H2).
) V(iLx)= x'Q, y= x(t- T,
LV(t.x,y)= x (QA+ A'Q+ C'QC)x+ x (QAA+ A ' Q+ C'QAC+
AC'QC+ AC'QAC)x+ y'(D'OD- B'QF - F'QB)y +
y'(D'"QAD+ AD'QOD+ AD'QAD - 2F' QAB- 2AF'QB -
2AF'QAB)y+ 2x'"(Q(B+ AB)- (A+ AA)"Q(F + AF)+
(C+ AC)'Q(D+ AD))y. (7)
N= Q(B+ AB)- (A+ M)'Q(F+ AF)+ (C+ AC)'Q(D+ AD).
L,
INISHQU(NBI+ B 1)+ (lAl+ HAL ) IQI(IEI+
INFa )+ (lCl+ NG ) QUIDIl+ IDall), (8)

x'(QrM+ AM'"Q+ C'QAC+ AC'QC+ AC'QAC)x <
No 214, I+ 2llcll IC, 1+ 11 Cu I17) 1 x 12, (9)

y (D'OD- B'QF- F'OB)y < Mux(D' QD- B'QF- F'QOB) | y I’, (10)
y'(D"QAD + AD"QD + AD"Q AD-

2F QAB- 2AF QB- 2AF QAB)y <
(2NF, W@ IBI+ B, )+ QI D, II*+
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201D D, L+ 210 FI QI NIB, )T ylI2 (11)
(8)~ (11) (7
LV(t,x,y) Sx'(QA+ A'Q+ C'QC+ (a+21lQ Il 1A, |l+
Hgllle, I+ 2@l el lc, )I)x+

[%‘ IN 11’4+ Mu(D' OD- B'OF - F' OB+
ol 2Dl ID, Il + 11D, 17+ 21LF Il lIB, Il +
2UF, N IB I+ 21 F, Il 1B, 1)1 y1° (12)

w(ix)=1x1"M= QA+ A'Q+ CQC+ (a+ 21101l 1An Il +
200 lcl I ll+ QI ICallL,

)\41: )\min(_ M):»

= %HNH%r A (D'OD— B'QF - F'QB) +
@ 21D 1D, 1+ 11D, 12+ 21 F 11 1B, Il +
20WE, N IIB I+ 21 F, Il IB,Il).

(12) 3
LV(t,x,y) S Ml x 1%+ Xl ylI°.
Nt)= 0, wi(t,x)= Mw(x),wat,y) = dw(y).

wi(t,x) Zw2t+ T, x), (t,x) €ERx R".
O(x)= (N- X)x/(2Max(Q))
wi(t,x(1, 8)) - wat+ Tx(t,8) 20V(x(1,8)),
: 2 )
[lirrolox(t; &) =0, a.s.
2 m(r)= M- rha( Q) - ke,
m(0)> 0, m[( M= N)/( Mn( Q)] < O, m (r) == An( Q)= MTe" < 0.
, m(r)=10 r €0 (N- 2)/( Ma(Q)))-
U(t,x(t)) = eV(t,x(t)),
LUt x,y) = € (rV(t,x(t))+ LV(t,x,y)) S
e[ (M= rha( @) x(1) 17+ Xl y(t)1?] =
- wi(t,x)+ wot,y),
wi(t,x) = (M= rhua(Q))e | x 1% wa(t,y) = Xe' | yl°.
) = 0, [9] 2.2
@U(t,x)< oo, a.s.

th'n(}osup e"V(t,x(t,8) )< oo a.s.

tljngosup %lnl x(1;8) 1 & é, a.s.
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3
3 .
w(t)= (wi(t),wxt)) Brown ,
(2),
-9 1 2 2 1 05 0.5 0.1
A= 5 m = » B = B Bm: B
-2 -1 11 0.4 1.5 0.4 0.5
0.2 0.2 (o1 o1 P 0.05 0.01
"Tlor 02 7" o2 027 " 1003 004
C= D= F= 0»>
0= 1, T= 0.002, a=
~0.5485 - 1.0000
M = , M= 91343, b= 67398 r= 23626.
~ 1.0000 — 11.5485
3 ) (2)
(0,0). 12 Runge-Kutta Ll , x1(0) = 1.5,
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Robust Stability of Uncertain Neutral Linear Stochastic
Differential Delay Systems

JIANG Ming-hui"?, SHEN Y##, LIAO Xiao-xin®
(1.Institute of Nonlinear Complex Systems, China Three Gorges University,
Yichang, Hubei 443000, P.R . China ;

2. Department of Control Science and Engineering, Huazhong University of
Science and Technology, Wuhan 430074, P. R. China)

Abstract: The LaSalle- type theorem for the neutral stochastic differential equations with delay was
established and then applied to propose algebraic criteria of the stochastically asymptotic stability and
almost exponential stability for the uncertain neutral stochastic differentia systems with delay. An ex

ample was dso given to verify the effectiveness of the obtained results.

Key words: neutral stochastic differential system with delay; LaSalle-type theorem ; robust stability



