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Research on the Stability of a Class of Highly Nonlinear Hybrid

Stochastic Systems

ABSTRACT

As industrial systems become increasingly complex, time delays,
switching behaviors, and random disturbances often cause systems to
deviate from their equilibrium states. These challenges have brought
hybrid stochastic systems to the forefront of research. Among them,
neutral-type switched stochastic systems represent a special class of time-
delay hybrid systems whose evolution depends not only on current and past
states but also on the rate of change of past states. This property enables a
more accurate characterization of system dynamics and is widely utilized
in modeling long-distance gas and liquid pipelines, lossless transmission
lines, distributed networks, and population immunity models.

Meanwhile, traditional linear stochastic differential equations are
inadequate for capturing the complexity of real-world nonlinear stochastic
systems. When the system coefficients fail to satisfy linear growth
conditions and instead follow polynomial growth, the system is referred to
as highly nonlinear.

This thesis investigates the stability and feedback control of a class of

highly nonlinear neutral-type switched stochastic time-delay systems with
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heterogeneous subsystem structures under deterministic switching rules.
The main contributions are summarized as follows:

In Chapter 1, the research significance of hybrid stochastic systems
and the related research status both domestically and internationally are
outlined. The main research content of this thesis is introduced, and finally,
the definitions of the main symbols appearing in the thesis are provided.

In Chapter 2, the stability problem of highly nonlinear neutral-type
stochastic time-delay systems with different structural subsystems under
deterministic switching signals is discussed. The coefficients of such
systems satisfy local Lipschitz conditions and polynomial growth
conditions. It is assumed that the mode space of the switching signal can
be divided into two subspaces, and the subsystems in different mode spaces
satisfy different Khasminskii-type conditions. By means of the mode-
dependent average dwell time method and Lyapunov function method, the
existence and uniqueness of the system solution and the exponential
stability of the moment are proved.

In Chapter 3, for highly nonlinear neutral-type stochastic time-delay
systems with different structural subsystems under deterministic switching
signals, the stabilization problem of the system is studied by setting up a
time-delay feedback controller based on continuous-time observation.
Assuming that the time-delay feedback controller satisfies the contraction

mapping, the stability of the system and the time-delay-dependent

1\
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exponential stability are obtained by using the average dwell time method
and designing appropriate Lyapunov functionals.

In Chapter 4, the research results of this thesis are combed, and the
prospects for future research content are given aiming at the shortcomings

of this paper.

Yang Siliang (Mathematics)

Supervised by Wu Xiaotai

KEY WORDS: Highly nonlinear stochastic systems, Deterministic

switching signals, Neutral-type, Time-delay feedback control
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FrtEAEAS Markov DI 52 48 REWS IR I it ik SIZPs Z 4 FPAFAE IR BEN LA A AN 5
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G ARLENVEBENL AR S8 1 70 M IR T AN BE B4 N 1 AR Ze R B L R Se s 1 7
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T IE FBLAS FE K 1P 35 58 BB VAN Lyapunov 72 BRVEZS T RS A7 7 ME
— R E AR E e B, BB R R SCHR[43] 0 5 18 1 B A e T DI 0 4
e AR L BE LI i R ST, il e B S W] [ B AT 5T T R G EEE PR

)RR, 45 T IR OB AR E T

AT, KES OB DI RGBS AR, BATEDIHCRAS T2 A,
TRGELGM B, NSEKRMEAERE R ABELRG T, FZBILRSKT &
Grafrby 72 S ELOK o IXFIAN R G5 F A BE AL A 8 LU P — S5 () R G S AL — IR AT SEE ]
P, BN, FEALGYRBIET, B R AN FE T B BOTT R B AN R 6 75 7%

SRR 2L AR A, SR, H TR AN R SR B R
GiiEVE BT SO D . FECAHRIAHRBT T, Fei S8 — BT 1 A AR
&N HA AN G AL RENLE R 7 75 FE A A A5 R 1) & R RS 1

u S BRARTAL 7L RN R G RFEERRE Vs Lu SFEEEXT A
TRGRAZ S HEE 2 HN AR I & EARZVEIR & L R BEN L R
JEITHE T o IR Lyapunov e EOIFE5 &t~ S, IEW] T iZBENL R4t
ERRRAAAEVERIME—E, IRt B HES R GHNL AT Ak

G LB T B 26 A RENS B DRBEHL R el i ME— 1k, (B R GUKIR T REAN A

o IFHIXEEANRS5H (1) 2R GAERTE O R 2 OR 25 18 S ezl o ARk, Bk
Z MR BB Tl R BHEHOR T R IR A BN R G R E . R
Lipschitz 25 {F A1 Khasminskii B2+ T, AFE MRS BENL ARG RE2 LRI
BEEIL S . AEULIEIE T, KENTTRY], Bit& & i R sz s BRe vy (R oA
HIRA] ROIAE S IR S BEHL R G HIAS EVE o Fan SESHT I — LB FERR S
G| I SCHERIE Y, X255 IARREBENL AR S8, & BEBLTH I B 2] bR 4
ARG F A BRI . Biltn, Shen FFEWIREF 7 HOBUS 2 RAS I S ot
PR BTN, DLSEEL— SRR & AR Mk L R BE L R LA AR E 5 Li 2500
FRIBIF S8 3 P i 5 A2 fl T 7 vt JSE AR R PR VR 5 BE LA 20 IRk R AR E 1 (B
VIS 5 N SR RIS 5, M IVEAER E VU5 5 B O S ERLE T

4



TRUTAE R L 2 A e

Shi £V 2 T B AT R) LI PR S 45428 11 SR A 5 v B2 AR My DD 45 5 B BE L
Wik, —E ARG, 5 — KRG NIELYE. BE)E, Lu 55
BB T T 1A, 8 SN RIE IR SRS f &, IR T T AEANF S
HE) 2% ) A ) B AR 2R 1tk VR vh SE TR B L R G 9 00 S A R e 1k
Liu 522 DB B 2 BN ARG IR VR & th SL BN T B, 4R 1 — b
TR 0 BSOS TR S A 1 SRS, BIE T 1 %R R GEAE e M 2R A T RO A 2 T S 4R BAs
sEME. Dong SEPMHEM Wit A FAEIR B, AT RN AR AT T SR G AR
ke, 0 TGS N FHVE R . Hu S0 — 2 B AR 2 1 (VR S B L
IESR o TTRERRITTTT, Rl Z5 i T SEIR R BN FT HE o AtAT T s St
ff) Kasminskii R B, BRINIEM] 12 R 404 MR AFETERIME— o R, AfAT]
WP T — BRIV AT, AT BN A SR EYE . Zhao ZEPOEIX
SERE TSR b, 2B TAEME DS T N, B AR i i e R AR A
PRV BEAL 2 98 0 L 3B J2 153428 1l B8 € ) A

1.3 BXARRH

5% ERTARR R, AL E RIS 5 T B A A RS T R4
e BE AR L DI B BE AL 2R e RS E VE 5 S A 1 1)l o LA AR AT 2275 22
HEnF

BB HE A B AR SO ST S, I VR IR [ A A G T ARt
HR I ik D) 45 BEATL AR S RO 7 IR E T U B A SC RO T 0 30 B 51 AR ST
FNBEEEHR, Havil] 7S BT 5 B RS .

BRI T B ST RGN AR S R D) B L R SRS E
], IG5 R e PEVIRAE 5 1. £E R Lipschitz 26¢FIPRIE T, #EXTA
RIS T 25, W T AR Khasminskii B 564, 1EW] 7 HA 74
T ARG e AR L R BENL AR S RO AEME—VEAT p B R e AR e

iz o&tt. ®a, gl 7 DNEUER] T, Sk B A R AT E

S = ST IT T I B R K B S T R G R ARk L A D)
BEHL R SRR e TR R . 2 B S 1 R G v AR A R SZ RS DI BB L R SEAS
FEsE I, 381 e B IS (A S 5], I A8 7 R BRI 5 RS AE I i

5



TRUTAE R L 2 A e

B (1 00, W) T FET R P I3 5 S 0000 2 o S AN LT B L 3R
MORSEYE. R, A T —NEUEBIT, WiE T AL R A

BN B HSY, TRATAHESCIE B T AR, FTIE P 715 LR A 5
CHET T A TR S, IR RRRNIR I 1 1 AR T R
1.4 FF5tEA

A, DUR R B -

N={L2-1;: R, =[04m0); R™FEFAnxmskifs; R" %57 n gk
;| Forh X BB, XeR".

(QF R}, P)Fomse s s, Fop i () W A, ]
VRIS, o (ST PR, B(t) R (L F{F], . P) b
HBES . E()FR AL

A SRR AREEE, |A|= Jirace (AT A) FARHIRE ABIERL

cwmqmwﬁ%ﬁ@@@ﬁ¢¢4pyﬂwM%ﬁgﬁwﬂ:iﬁwww

CY2 3R N T AE AR ALV (tx,1): [t +00)x R"x S —> R, HIEES, 3o 3
V (tx i) A —BESE AT, X X LT

avblansb 7 AR a b 2 8] i i K EAN R ME



TRUTAE R L 2 A e

£ 25 AARHTRGHNSEIEL M L BIRF YR
RENIREM

FEILSEHE SR b, 52 2 TR RGEH ¥ A B R R S5 FIZD 0 T R G4
AR TE ML) RGEL E(E DR A RS, 1T RSE R RIS AP F
LOBE R R SN SR A (75 RGN R L “URAY” RV B R
RO IR R E R IR, 9 B 4 T R e M 0 IR 2 B R
SR 1T S T AT AR

(ESSBRRIT R, VF 2RI RGO T R AT 2 B 54 R A 4. 1l
TF RGNS R, 675 R 0FE A 5 4, KRR T R %
R4 BN R Bk s P 1TV T R PG P T B 534 7 R G MR 24 B R 4.
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AL . A, SCHRA2VMIEL, AR RS- AT R R, RGC-
DA PR R T RG LA

T 6T o P 5 5 F LA R IR 14 0 1 o S R B R 500
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Lyapunov BREL 4% A (MU T S5k BT 103, HE S H SR GERRAO TP 7EME — 1
DLF% p WM J R R 8 50 4% F o

2.1 FHEINE

AT I NS BONANT A T ARG R B AR L M T S A I DI B BE AL R e

d(x(t)-G(x(t-1)))
= f,0 (X(t),x(t=2),t)dt + g, (x(t),x(t=2),t)dB(t),

LGSR

(2-1)
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{x(t):=1<t<0}=£eC([-1,0[;R"). 2-2)
P55 0(1):[0,00) > S = {1,2,---, N} A—DARBEHLEI 20 B Bk #, - B
RAFES: Htelt,,t,.) ™M o(t)=i, S, Hht REMXUMHRNE, meN.
B TFEEMies, B f R"xR"xR, >R"fl g, :R"xR"xR, —»R™ j&
Borel A%, GIR" — R" & Harmil. 7 -H5 758, 422 y(t)=x(t—2)
X TARESL RV eCH, XLV HTHH: LV IR xXR"xR, xS > R:

LV (X, y,t,i)zvt(x—G(y) t, i)
+V, (x=G(y).t,i) f,(x, 1) (2-3)

Jr%trace(giT (% Y )V (Y 10) 85 (%, 01)),

Vi (xti)=—— ), Vx(Xit’i)ZaV(;t'i); V*X(X’t’i):(%lw'

FENAARRN L ZER AT, Segy th T AMERBERAT LU E L5 B

B 2.1.1 X FEEMh>0, t>0, ieS, XV,X,VeR", FE—NHEEH
Ky >0, {513 |x|v|y|v[x|v|y|<h i,

| (% ¥, )= £ (X, 7.8 v]g; (% v ) - g, (X, 7.1)| < K, (k= %] +|y - 7). (2-4)

B 2.1.2 FEFHK>0, q>1, g,>1Hqva,>1, HFESF TR
(% y,ti)eR"xR"xR, xS, f:

[y O < K (I ||+ + "),

(2-5)
|g: (%, y't)|§K(|X|+|y|+|X|q2+|y|qz)-
B 2.13 MRy e R, fHE— % e c(01), 13
G(x)-G(y)|<x[x-Y], (2-6)

R G (0)=0, KAHI|G(X)|<x|X .
8
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BAERGQ-)F U RARIRE T S = {1,2,---, N} T N T RS
812{112""1'\'1}%” S, ={N1+1, N, +2,---,N} o FE®R 2.1.1 A 2.1.3 BFIER,

RAQ2-1)VEME— KR AR, (H2 5B T R A FRAS (8] AR, [(Rlik, 7R
#5 B N 2% Khasminskii Y461

B8 2.1.4 SFFPMEEIERD> 022, Yi e S, I, fA1EHH p,q,0,0, <R, ,
TR, y,t,i) e R"xR" xR, xS, A:

(x-6() 1y )+ g (xy ) <=0 x-6(y[ +a.hf. @)
MieS, i, BIEERHp0,6,.0,,0,0,cR,, Hp>q22, 150 TAEER

(X, y,t,i)eR”xR"xR+xSZ , B

(x=6() f(xyt)+ 2o, (xy.0)f
<—Ou [} =G (Y)| + 0|y =[x =G (y)" " + 0]y
VERE 2.1 ARAE MR 2.13 WA I RAQ-DAH PR RRE M0 T 7%,
T SCHRI46], RGEQ-1) BBERR o FLAT S0 T 56 B0 o i Ao 57 T ) oL
X 2159 M p>2, WRAEHMK >0, AN TALENWE Y, F

(2-8)

GE2-D) R 2 LR 2, WIFRZ RS MIMRAE H, BN R i
[ EX(0)]" dt <oo.
AR R G RHE LU T A, WIBRZRGE p A= ST IR E 10

limsup=In E|x(t)]" <o.

X—00

SE X 2.1.659 ST B VS o) FIERENt=s >0, 2T, (t,5)BnHiN

| p

T ARG A [s,t) ARTEIBITINE, N, (t,s) RnE X [s,t) AU A &
Ti(ts)

~
‘Sai

~—+

N, (t,;s)< +Ny, 2-9)

MFETEN, 20RI S, >0, T, ML S o) FTHIBERINTL, N, AR R
9
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i S
BB 2.1.740) “{FZa,b>0, x>0, p21Hf, f:

(a+b)” <(1+X)""a? +(1+87) b, (2-10)
i—'uiﬁtlﬂ&:lflc, a=x-G(y), b=G(y)M, H&n=x, a=X, b=-G(y)
I, AN S R

(@) (10" =¥ ) <[x=G ()" < (@+x)"" (X" +]y]"). (2-11)

2.2 FELERIEA

EH 221 EHRE 2.1.1-2.1.4 FLRE N, BORAFEIEEEA, 3,7, 1, 16, 14, C,

DR g >1, %T Vi, j €S i e bl R 40

V(x,ti)<uV (Xt j), (2-12)
3, >'”7” (2-13)
f,—C,A(L+k)" -7, e" >0, (2-14)
fy—C,A(1+k)" -7, 6" 20, (2-15)

IS FARBATUAME x(0) Mt > 0, RELQ-DAFLEME A x(t) , HRGEQ-1) I 2 -
[TEX(®)] dt <. (2-16)
WEB: BT S M S, Mg AR, BIbEHE 2.2.1 BITEWR > = AR .

(D)7 ZE X — A5 S5 MM G Lyapunov eR&L, FEAlTHHX R £

5E X ANF Lyapunov BRIV :R"xR, xS -> R,

v<x<t>,t,w<t>>={ai|x| FAR[ 1es, @-17)
o X", ieS,,
Horpro A B BN IEH . H BT LIS 21
cl|x|pgV(x,t,i)sc2(|x|p+|x|q), (2-18)
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Hdre, =ming; , c, _(rrllaSXa) (rpasxﬂ) %(t)=x(t)-G(x(t—2))» M X
A YASVCIEEE
V (R(),1,1) =V (%(0), 1o,y )+ [ LV (x(s), X(s = 7),5,i, Jds + M (),
Horf M (1) 2 — AN R . FEEA M (0)=0
HieS H, A:
LV (X, y.t,i)
< pa =G () (x-G(y))" fi(x.y.)
+af =G (y) (x=6(y)) fi(xy.t)

+% pe, |x—G(y)|p72 |9; (. y,t)|2 +%q[f’i x-G (y)|q72 |9, (x, y,t)|2 (2-19)

+%(p—2) pai‘X—G(y)‘p%

-6 (y) o (1)

A AR Xy <|xf +|y[ AT AR
LV (X, y,t,i)

spmV—G(WVZUX—G(wYf&K%U+E§}b&KVJWJ

(x=6()) las(xv.0)]

+%(q—2)qﬂilx—6(y)l

(2-20)
+qﬂiIX—G(y)qu((X—G(y))T fi(xy )+ 2 (x y,t)lzj-
MRAEE A 2.1.3 AT A5 2:
LV (X, y,t,i)
SP%V‘G(WrﬁtﬂHX‘G(WF+@JWﬂ 2-21)

+af =G (Y (~aulx -G () +6,1yF )

P& Young A5, 1530:

G (I < P E ()
k=G () "y <AZ -G (y)f + 2]

¥ BN (2-21) T 15

11
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LV (x,y.t,i)
S(_paigil-’_( p—2)ai49iz)‘x—G(y)‘p +2ai‘9iz|Y|p
+(-0B86,+(a-2) 6, )|x-G(y)| +286,]y|’

< _77i1|x|p +775; |y|p — i3 |X|q + 1y |X|q '

(2-22)

Hrp
=P, -(p-2)a6,)(1-x)"", 0y =(aBb-(4-2)46,)(1-x)"",
My =(-paiby+(p-2)a6, ) x(1-x)"" + 206,
Mo = (086, +(4-2) A6, )k (1-K)"" +250,.

M2, "JRABRIXTAERieS,, MTLARLIRHE S H

LV (%, Y, t,1) <= X" + 73, [Y” =15 X" + 36| X[ (2-23)

=

Nis = ( P60, — p( F;_ 2) aiemj(l_’()Q1 '
. :L_paﬂg +p<pT—2>a_9MjK(1_,{)m+r><q—_rJ+2)aa4_

Pk, AR T ERies, f:

LV (%, y,t, ) <= X+, [y” =7 X[ + 7, X[, (2-24)
o
ﬁlzrp&isn{nil}1 /A :n;'gasx{ﬂiz}’ Ty =f}1isn{77i3ﬂ7is}, /A :measx{ﬂimﬂis}-

QF% FHRUEM RGEQ2-1FE t € [, 00) FAEME—

MR 2.1.2 FBE 2.1.3, REAEQ-DIEt e[, 0, ) FAIERKEEMH (1)
o, FEWRYERT 1] o KA BE W RGUE t € [ 2, 00) FEAEME— i, WEW] 6, =coa.s. B
Ao BFUNHISHE X, A 5 T DAAFAE IEFHk A2 || %, || < ko » TRk > ko s 58 15
I 4 7, -

7, =inf {t20:|x(t)2 k|}

12
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WA o KT kBRI, X, =lime <p, . BHEW REQ-DIA x(t)
t < [0, 00) LEAT IR 6] Py R o, B 73, = o0 HTT
Wt e[ty t) I, SRR U A AT DU S i
Ee’" MV (R, tAg i, )
=Ee““V(X(to),to,i0)+EIt:ATke“[/lv()?( ).8.0p)+ LV (x(8),x(s~2).5, ) ] ds.
Atelt,t, ), ATLSE):
Ee" "V (X, tAz,i)
=Ee™V (R(t).4, i)+ E[ e [AV (X(s),8.1,)+ LV (x().x(s-1).5.i; ) s
< gt BV (X(t) by, )+ 44, Ejl e’ [ AV (%(5),8,i5 )+ LV (x(s),x(s=1),5,i,) | ds
FEJ LAV (X(5). ) LV (x(5). x(5 1), 50i )]s,
Wt e[t ot ) M AT

mlm

Ee’"v ()~(th RN imfl)
<lulNi(tmrto)Ee/“oV("‘( )’tmio)

N;i (t to )~

+ Z ,u, (nto)(m1) tm’le“[/IV(Y((s) L)+ LV (x(s),x(s—1).5.i, 2)}ds

tm72

+ EE “e [ AV (X(5),81i 1)+ LV (X(3),X(5=1), 5,4 ) |

AUESH, Hte(t,,t,,,)

Mtrnd) ( Ltar, m)
—Ee' v( (t.) L, +Ej”k e[ AV (X(s), 8, )+ LV (X(3), X(5~1),5,i,) | ds

< gt gty ( (t)).to.io)
B T E [ e [V (K(5),8) LV (X(5), X(5-1), 8 ) Jds
+E wke“[/IV()”((s),s,im)+LV(X() x(s—1).5.i,)]ds.

B g > 1, B AL AT R T e[t 1,,), n=0,12,3, #:

13
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Ee’™V (X, taz,i, )
< M) [Eeﬂov (%, o)+ Efw e’ [ AV (X, 8, ) + LV (%, x(s—1),5,i, )]ds}.
FQ-17) 224y AN £, WA 2

Eettrly ()~(Tk gAA Tk,irk )
< M) ety (xt o, io)

+ﬂiNi(t,t0) E ttArk e (tA) Cz/l(|X(S)—G(S—l)|p +|X(S)—G(s—z)|q)ds
N yiNi(t’tO) EL:MK eﬂ(tmk) (_ﬁl X|p n ﬁz |y|P _ﬁs |X|q +ﬁ4 |X|q)dS.
FH AR 20 Joid ] 60«

taz, ~ ) - [P % _
Ejto "9 |x(s—7)|° <e’ Ejtoﬂ|x|p ds+e* ELO ") |x" ds,
E'fzmkei(s‘%’ X(s—7)| ds < e“EJ‘I"i X ds +e*E j IMke‘(s‘tO) X" ds.
DL 5 B 2.1.7, AfLAHES
Ee’ "V (R, taz,,i)

< ﬂiNi(t,to)Kl +yiNi(t,to) EJ-tZArk e/I(Wk) (_ﬁl +Czﬂ(1+l{)p +ﬁz p? )

x|"ds (2-25)

n luiNi(t,to) E J.Mrk e/l(t’\rk) (_ﬁs + CZ/?“ (l+ K)q + ﬁ4 e’ )

X" ds,
f

=

K, =e™V ()?IO o, io) + e“ﬁzE'rt:l|x|p ds +e“ﬁ4EJ‘:l|x|q ds.
MR S AE(2-14)F1(2-15) AT LAAF 3]
¢, e VE[R(tar )| < g UK, (2-26)
MR 513 2.1.7 7T LA 3
(1-x)""Ex(taz )| <E[R(taz)] +x(1-&)" E[x(tar, —o)|". (2-27)

Q-1 Q2-15)7T15:

14
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(l—K)p_1 sup E|X(t/\2’k )|p

0<s<t

_ﬁ,uN( Ple Mtk (1-x) E|X t/\Tk—l)|

<
% (2-28)
Noi | s
<K, + Kl: e [’ l]t+x(1—/<)p_1§igE|x(t/\rk -0,
In
K, =& sup E|x(s)|" lﬁﬁelaTﬂm<———-z . WA
—-1<8<0 (Zl
P P Ky e -n
(1-x) (?<UptE|X(tATk )| <K, + —e (2-29)
<s< 1
A AT -
o K. eNo .
(1-x)" k°P(7, <t) <K, +——e™". (2-30)

ko> oo, TTUF A T vt=0, 7 imP (7, <t) =0, ML o, =a.s.. L,
T AL B x(0) Rt =0, REEQ-DIFIEME— K14 R X (1) -

(3) B Je UE WA (P i o
seAk, T B AR LA, ST EEMt=0Mk>k,, H

tAT

EV(&M,Lmq,tM):V(%() )+E LV (X,,s,@, )ds. (2-31)
24 N R TT

EV/(X, ,taz,i)<K +EthTk( X" + 73, [x(s=1)[" ﬁ3|x|q+ﬁ4\x(s—z)\q)ds.
B Q-18)FRN LS AR 7311 5t T A

qEV|s&+E£W({m—@)

x|p—(ﬁ3—ﬁ4)|x|q)ds
Hrr,

K5=V(X%ng)+vkEszxPds+4ﬁEjEﬁqus
H(2-14)F1(2-15) "] 1551 .

t
E|[X°ds<—35— .
J.O|| =1,

At — oo F-4¥ F Fubini &€ ¥, —IUﬂﬂEI E|x t)| dt < o0 IX—5518
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PRk, & 2.2.1 UEBA S EE.
SEH 2.2.2 BT EL 2.2.1 FIFTA FAFERAL, I B TAE R A R
ies, RGIMFIHL:
!Lrposup%log(E|x(t)|p)sO. (2-32)

-P

B R A G 2.1.7, é\x=z~ao>(,<r)l_1} , A,

E[x(t)] < (1+R,)" E[(O)] +(1+8,%)" Ex(t-1)

~ KﬂiNi(tm pa (2-33)
£(1+N0)plqu+kp(l+No 1)p Elx(t—1)".
FHX TEER >0, A:
sup E[x(t)|"
0<s<t
o Kot 1+8,%)" [ sup E|x (1)’ Elx(t)"
e *© (1+87)" | sup E[x(t)]" + sup E[x(t)| (2-34)

O<s<t —1<s<0

<(1+%y)

T kP (14 &Ofl)pfl sup E[x(t)|".

ce O<s<t
SENsEACIECY
LK _Ni(t,to)
@) Dy
sup E\x(t)‘pg L <Ke (2-35)
Ossst 1-xP (1+8,)
Noi p-1
sopi, =2 N) K 13y,
cl(l—ch(1+z~¢o‘l) )
Iimsup%log(E|x(t)|p)sO. (2-36)
t—o0

R E X 2.1.2 TR H RGQ-D R p a8 € 1,

Kk, EF 222 FBH5REE,

2.3 #EHITF

FEATT o2 — DN EUE B 7R R E B 2.2.1 BB EE R, THEEELT
DIHFENL R St -

16
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(2-37)

d(x(1)=6(x(t-1)))
= f,0 (X(t),x(t=2),t)dt + g, (x(t),x(t=2),t)dB(t),

HACREZMR s = (1,2}, FIREEM s 734: s, ={1} M's,={2} WD TEI. &

1=0.01, G(y)=0.1y, H¥ f Mg nHN:

2 1
fl(x,y,t)=—2x+gy, gl(x,y,t)zéy,

f, (X, y,t):—2x+§y—2x3, g,(x y,t)=0.1y*.

ik p=2, q=4@dg—SoHEn S
(x—G(y)) f,(x,y,t) —|gl X, Y, t)| <—(x-0.1y)’ +0.177y?,
(x=G(y)) £.(xy.0)+ 2o, (x.y.0)f
<—(x=0.1y)" +0.177y? —1.565(x—0.1y)4+0.145y4.

R AT AT 5045 H LR 24

6, =1, 6, =0.177, 6, =1,

6, =1.565, 6, =1.565, 6, =0.145.

a,=13, B,=08, a,=09, HEH 221 7JLIHH, =234, n,=0226,

n,=2126, n,=0.071, 75, ,=2.054, 7n,=0.056. FrlLf:

LV (x,y,t,i) <-2.34|x" +0.226|y| —2.054|x|' +-0.071|x|".
43,=3,,=1s, 1=055, 1 =1.001, u,=1501, MIMMEE%HEQ2.12)E(2.15)
13 LABHIE

Rk, MRAEEHE 222 WMARGQ2-37)2& p MR Edaem. | 2-1 2igH
Matlab Xf #1465 56144 x(0) =1.5, 2 = 0.01 K R (2-37) HEAT BEAUAT B FPIR S L
K, MEFRTAE th R G0(2-37) 2 ke 7E -
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K 2-1: R Q-37)HPIREx o) B2
2.4 KEINE

BB T AT ST RGO R o S TN R G R
L SO BRI DI B 10 2R Lipschitz & FHIOBAET . EFXEA
FILERIN T R4, WAL TR Khasminskii B (F, TEY] T LA 50

T ARG AR E L R D) BENL AR G A AR ME—VEAT p B e AR E
Hize o octt. Boa, JAGH T DEEG] T, Bk 7 HER AR R
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£ 38 ETHERIRESIR S EIEL Mt B BURBEL
R REE M

FE5R 2 Fop, JAWEIT 7 BAT S 4l (0 m BE ARk o ST R D) S B AL R S
T EEVIHAE 5 SR E N, JRS I T R AEME— PR 2 T FER
Ao BRI, SEPR RGUEAEAE B ARIRAE P I R XA E VR A, THAE RS
IR, TIRBHIIERERER O, RGEHIETT RES AT E R
PRI, Bl et AT SR 2 2, A5 R A AR E 1) AR GUAE A R A\ IR T 2
BNRERG, FeA T IRIERIZ L 7L

FERA LM ) R g b, BT RBUE S IR 4 &R IR
ZIEJAN ] RS I, KRR IR T N 2 RGN E M A R . N T
fiE I — 1, A SCRR[S0T5 ) 1 — Rk T id RS I S Bzl i, 1552
PERGFURGE » WL BT GG A S BHEHI R AL, R DU R L AR 2R R 5 BB AL
By T R ERe e . RN, 5 SCHR[S6]H B FUMI LE, A BT 10 &
Gi(3-D5IN T HALI, I HEAMAAFRR T KRG 4. VIR G avEaEs
AT RGNS AR, B, 2B R0 ARSI, DU
AN E] 5 R Gea i IR

TSR 2 T R GRS b, AT 5N — I S (R T I B 154
& B AT R ARG R IR, R BRI R R AR 25, TIAEEEE
EORIE 7 SIS RS . A IE RN Lyapunoy 32 B8, 45 & T HA5E
B IRNE T, S IR G E VI T p BrHESREAR ke 0 2%
(G

H 2017 i, EPNAMZ AT TN DA m AR R E R G R T R IR
BUEWT P, Re @ Bl IR R E SN, BIERZ B )E, R
i OR-Ar BUVK B2 2 P HPIRES o A8 Ml %38 Lyapunov bR E0E 55 R EAT 2047 5
W] DUk — 2B 4l oy B e e P TR BRI E VA A o i B 1 U A i v A S
Jit 5 3 A2 1 SRS, T2 SR A B AN E BN AL AR E M SR AR I RGN — M e
SE MRS B VEIVE IR W@ ST P2 R G HIAT N, A AR SE (1Y
WESF R E RS B, WATHRK ERVEZTE VTS RS NEREE, ERt
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il B S 2 IE 2 TR IR BIRSE ATIRAS s TBRE PRI 48 1 2 78 AT 4% R Rtk N
ARG, BAREESN I ) de ok B TR, TR R A e RS .

3.1 AR

i FE 2.2 R RG(-1)TE €| —1,00) BHME—E, HZARAE ST, (H1L
ER® 201 BB 213 F, REQ-DAREARE . IXFMER T, HER—
AR B U, (X (1), X (E=7), ) SRARIE R BE(2-1) R e BRI, 5t T

d[x(t) =G (x(t=1)) J=| £ (X(t) X(t=0).t)+U,q (X(t) x(t=7).t) |t 1)
+ 0,0 (X(t),x(t=2),t)dB(t),t >0,
MR AN
{x(t):-1<t<0}=£eC([-1,0;R"). (3-2)

DIHAE 5 o(1):[0,00) > S = {1,2,---, N} AN AEBEHLI 4 B Bk 8, B
RATESE: Htelt, t,..) M o(t)=i,eS, HAt M RYIHENE, meN.
B TR ies B f :R"xR"xR, >R "filg, : R"xR" xR, — R™™ /& Borel
AER, GRS R &R VI REMWAGEHINER: (eR, reR,
Hr<io NTBEITE, HEE2XPLy(t)=x(t—1)-

ST ARG RV eCY, B X LV ETFEE: LV:R"XR"xR, xS >R :

LV (%, y.t,i) =V, (x=G(y),t,i)

+V, (x=G(y),ti)[ f (% y.t)+u, (xt)] (3-3)

+%trace(giT (% Y.V, (X ¥, t.1) g (% .1)),

V (L), VXX(X,U){MJ

X ’I): OX 6Xi8xj
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AT RAE-DH U AGRPRE R S = (1,2, N} 77T DT R4
S, ={12, N} HI'S, ={N, +1, N, +2,--,N} o LTI HFEEHL R GAE RN T RGEH*S
AN E 1458, CAMAZR A KRR G-DFIYIHE S 2RI HE S, HAH
& Markov V5T, [RIHER FH B S~ 2 5 B I )35

FE AT E W R, Jods BN IURBORAF A E o

B 3.1.1 X FAEZEMh>0, t>0, ieS, XV,X,JeR", fFENHEH
K, >0, M43 xv|y|v[X|v|y|<h B, &

£, (x y.) = £ (X, 7.0 v |9 (x y.t) =g, (K. 7. )| < K, ([x=X]+]y - 7]). (3-4)

B 3.1.2 FAEFHK>0 , g>1, g,>1 Hqva,>1, fHEFTFERN

(x,y,t,i)eR"xR"xR, xS, A:

[ yat)] < K (X + ]y + X+ ]y ),

o o (3-5)
|, (v )] < K (X + [y + X" +[y]")-
RiZ 3.1.3 N THEREMX, yeR", fFE-NHEHre(01), 5
G (x)-G(y)[<x[x-y], (3-6)

R G (0) =0, KHHI|G(X)|<x[X.

FEEE 3.1 TTBUE H, RGN REOFA LA KRR, TR 2
Koo BB 3,11 AV 3.1.2 FRATANIE RGEG-DIFFER KM, Ty T 13 BIRATAEN)
ME—1t, FRATFE Z 0T ¥ Khasminskii 54244

R 3.1.4 ST THNAERFEEDP,q>2, A:
2(,vQ,)<p+q-2 (3-7)
Mie S I, fAEEHS,, 3, 363, eR,, MTHARIXyeR", t=0iHc

(x=G(y)) (fi(xy.t)+y, (X,t))+q7_1|9i (xy.0)f

(3-3)
<3, [x=G (V) + T |y = Sulx -G (y)]" + 3wl
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MieS, N, BAAEFHS,., T, 3,3 €R,, XTHEN X yeR", t=0i#d

(x—G(y))T (f(xy.t)+uy (x,t))+%|gi (X, y,t)|2

<=3, x=G(y) + Ty ~ T x=G(y)) +Tuly’ (3-9)

A

—is |X—G(y)|q + 36 |Y|q -3 |X—G(Y)|p+q72 + 35 |y|p+q_2 ,

N TR R G G-1) BAA MR e 1, 752 R SR R B u R Bk .
B 3.1.5 S TAERERI(x, y,t,i) e R"xR" xR, xS » fAfEHHo >0, i3
Ju, (x,t) =y (y.t)| <O]x -y, (3-10)
HAU (%,0)=0. BT TAERRI(xt,i)eR"xR, xS, H:
lu; (x,t)|<6]x|. (3-11)

R 3.1.6 fFEHHEA, (1<n<8), Wil >4, A <1, {5

LU (%, y,t,1)+ 2 U, (%81 +2 ] (vt + A g, (x vt o)
<2, X[ 4+ 2 [y =W (x)+ 24, W(y),
Hrbr, AW (x)eC(R"R, ), Hah:
W (x):=a, (1-x)" "X +a, (1-x)" |x°
+0-3 +0-3 +q-2 (3'13)
@, (1) 22,87 (14 1) 4K (2,4 40) X7
2, |X" sW(x)sﬂB(l+|x|‘”q’2). (3-14)

B 3.1.7 FAERHE (1<n<10), WREE >E, &>& 5 &<, {3

LU (%, Y ti) +& U, (R i) + & [ (o yt) + &g (x v, t)f

YA AT (3-15)
<E X &GV =G IXTHE Y Y (x)+& Y (),
Fob, mHY (x)eC(R"R, ), 3 3UA:
Y (x)i= (@ (1= )" =28 (L) 4K (4 1) )N -
+a, (1-x)" X,
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X7 <Y (X) < & (L+[X77). (3-17)
SEX 318461 Y p>2, MIRAFAEFEH K >0, RN THERNVIEY, RE
(2-1) M 2 AT 260, MIFRZ RGERIMRAE H, BOC P RRER
[TEX(®)] dt <.
IR R GE R L LR 25T, MIRRIZ R GAE p M s N Fadoie g 1)
IirIstup—In Elx(t)" <0.

S 3959 X FARVIE S o(t) LR Mt =550, 4T (t,s) ZRBIA

FRGEK I [5,t) 9 IS T ED, N, (t,5) ZORTELK I [5,0) 1 IOV B CHL. &

aﬁﬁﬂgﬁ+mp (3-18)

N.

i
ai

TR Ny 20 RIS, >0, T, AV S o(t) 0TSRRI, Ny AR Heusts

Fto
N 5] A AR E IR B A B R SR AN S S

512 3.1.1047 M(riEfMab>0, ge(0,1)H, H:
(a+b)’ <ga’+(1-¢) b2 (3-19)
51# 3.1 2{LEMab20, x>0, p21#t, A:

(a+b)’ <(1+8)""a” +(1+N‘1)p_1bp. (3-20)

%Lﬁt}m:li‘ , a=x—-G(y), b=G(y)I, BH&AN=x, a=X, b=-G(y)
I, T AAE S AL

a_gvﬂur_qﬂwgp_e(wrga+Kr*@¢+vay (3-21)

3.2 EEZRERA

X7 IEIE Lyapunov 72 B 5 RE R BA R T KRG m E e ST
YR ¥ VT BE AL R Se i Aa e 1, Ay B30 I 15 15 38 10 B 3 S i 42 | B B0 A 15 &R

23



TRUTAE R L 2 A e

gt LA e
it e[0,+o0) i, &L
(K)Z{X(Hs):—ZzSSSO}, (@)={w(t+s):—213530}.
Yote[-2-1) W, E X x()=¢(=), ot)=am, - 7 HEA, D

(1) =x(t)-G(x(t—1)), 3 Lyapunov iZ P N:

V(%.,t,@)=U(&(t),t,0(t)) +yj [* D(v)dvds, (3-22)
Hrp
u(ﬁu),t,w(t)):{“i'x' FAN TeS, 629
AN ieS,,

2

D(v) = 7| (X(8), X(t=1(1)),t) + U, (x (1), x(t =2 (1)), 1)
gw(t)(x(t),x(t—z(t)),t)r.
XU (X(t).t, @(t)) SR AR A, w2

(3-24)
+

du (x(t).t,o(t))
U, (%(t).t o(t))dt
U, (x(t).t, (t))[( o (x (),X(t—z),t)+uw(t)(x(t—r),t))}dt (3-25)

+%"ace(gm U (X(0).80(0)a (x1.0).

B (3-3) AN AT H

dU (X(t).t, (1))
= LU (x(t),x(t—1).t,(t))dt (3-26)
#U, (R(1), 8, 0(t))| Uy (X(t=7),1) =u g (x(1), 1) |t
EEpAV RN I RG]
i (I k., jt(v)dVds) =D(t)-[ D(v)dv. (3-27)

i bRk, .
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LV (X(t).t,0(t))
= LU (x(t),x(t—1),t, (t))dt
, 3-28
U, (R(t) t o (1)) U (x(E=7).t) =, (x(2) ) ot 2
+7/z'D(t)—]/J‘;D(v)dv.
A LRI
SEH 3.2.1 R 3.1.1-3.1.6 FILRIE T, 54 2 LA T 2% 1F
V(x,ti)<uV (Xt j), (3-29)
pc e on) 2A0k) | (h(hok), (330

T AT X(0) Pt =0, RGE(G3-1)HIMREA LLF P
J.:E|x(t)|ﬁdt<oo, vpe[2, p+g-2].
TR Sk LU (x, .t 1) AT A
Hies i, A
LU (x,y,t,i)
:Zai(x—G(y))T[fi(x,y,t)+ui(x,t)]+2aix%|gi(x,y,t)|2
+aBlx=G(y) (x=G(y))' (T, (xy.t)+u,(x1)
+5a8x-6 (v o, (xy.0f

2

#5002 86 () [x-6(y)) 0. (xy.1)

LR iR <y
LU (x,y,t,i)

<20, {(X—G(y))T (f(xy.t)+u (x,t))+%‘gi (X, y,t)ﬂ
+apx-6(y)"” [(X-G(y))T(fi(x,y’t)wi (X,t))+q7_1\9i(x,y’t)\2}-

MRAEB S 3.1.4 T
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LU (X, y,t,i)
< 20,3, [x =G (y)| +20F, |y — 20T, [x -G (y)| + 23, |y’
-2, 2 (3-31)
Qﬁ’.1|X G(Y| +q,35i2|X_G y)| |y|
qﬁ,3|x G(y p+q72+qmi4|x_G(y)|q72|y|p.
H Young A4 113

(I = L e () +

- —2 +0- +0—
x=G ()" < ; Sk

Rk, MGB-31) AT 75

LU (x,y,t,i)
< 20,3, [x =G (y) +2a,3;, |y — 223, |x G ()| + 24T, [y°
+(QT‘2ﬂsiz—qﬂsuj\x—G(y)\“+§ﬁsi2|y|“ (3-32)
+(pi;%2ﬁ~"‘ qﬁ'sj‘x SO Tpra- Zﬂw"‘Mmqz
FIMATE, HieS,i, A
LU (x,y,t,i)
£—2ai3il|x—G(y)| +20,3, |y - 20435 [x =G (y)) +2e,3,, ]y (3-33)

p+q-2

— 20,35 x =G (y)[ + 235 Y[ — 20,3, X -G (y)|” T 20,3,y

455 (3-32)M(3-33), M T EERies, FATLMFE]:
LU (x, y,t,i)
S—wl|x—G(y)|2 +a, |y @, [x=G(y) +@,]y" (3-34)

p+q-2

—zv5|x—G(y)|q +a|y[° —zzr7|x—G(y)|p+q 24 @, Y|

/\I:I:’
@, =min(2a,5, ), @, =max(2a,3,,),
—VEL”(Z“IJ'B) @, = rrileasx(ZaiSM),

Ty = (rure“sn (CIT—Z B3, — qmuD A (I‘Qén (2ai3i5 ))’
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ieS; ieS,

@, =| max zﬁ’,zjv(maXZa\s )

(q-2 -
@7 = @Q(qu—zﬂs”_Qngn (my(&%°"»’

| b o)

FERIESI 3.1.11, AT LIS 3.
LU (X, y,t,i)
S—wl(l K)|X| +(w2+wl (1 K))|y|

~a, (1-x) ¥ +(w4+w3 (1- rc)pl)|y|

(1-x) 35
—w5(1 K)q || (we"'ws (1 K)q l)|y|
—a; (1) " e (L) Ty
BB 3.1.1, AILATR 2]
U, (%o t)[ + 2] £, 06yt + 2405 (%, y.t)]
2
sﬂl(Zai‘x—G(y)‘+qﬂ‘x—G(y)\q l)
2 2
2K (X |y X 1Y)+ AR ([ y] ) [y (3-36)
<8a2[x—G(y) +248°[x-G(y)"
+ A0, K2 X + A2, K2 |y + 44 K2 X" + 42K |y[*
+ ALK X + ALKV + 42K X + 44, K2 |y
= > 20y 29, 2 p+q-2
A 3.3, AT v X < )T, S asIE 3L A
AlUx(fq,t,i)‘z+ﬂz‘fi(x,y,t)‘2+ﬂg‘gi(x,y,t)‘2
< (840’ (1+ )+ 240" B° (1+ &) +42,K? +42K? ) x
+@@¢%a+xp24¢ﬂ%mﬁxﬁ*+4@K%4@Kﬂwf (3-37)

4{2@&ﬁza+xf“3+4@K2+4@K2Mq““2
+@4¢ﬂ%@AKYH+44Kﬂ4@KﬁWW*3

27



TRUTAE R L 2 A e

N TR RIE, B

Ay = (14 1)~ (84} (L+ ) + 24,07 (1+ x)

29-3

+412K2+423K2),
Js =w,+k(1- k) +8Lalk (1+k)+ 240 B (1+ ic)zq_3 +41,K* +41K?,

. w3ic(1—/c)p_l+w4 y w6+w51c(1—1<)q_1
Ae[ w3(1—1c)p71 J ( ZUSK‘(].—K')qil j

@y + @,k (1-x)" " + 22,82 (1+ )" + 44,K? +42,K?
V .
@,k (1-x)" " 4 22,82 (1+ 1) "7 + 42,K? + 42,K?

BRI 3 5 T I AAFTE IE MK 902 [ < ko WPEERERIK > Ky s 72 X

{7 7,
7 =inf {t=0:[x(t) = k[}.
Htelt,t,) M, L AKX UG, 17

tAry

EV (% tATL @, )=V (x00m0)+E LV (X,,s,@, )ds.
fAtelt,t,) R, AR
EV (R t AT )
=EV (X(t). i)+ E[. " LV (x(s). x(s 1), 5.0, ) s
< a4, BV (R(t) b0k )+ E [ LV (x(5).x(5 1), 5,1 ) ds
<1, BV (R(t) b b ) + 4, Ej LV (x(s),x(s~1),s,i, )ds
+EI LV (x(s),x(s=1),s,i,)ds.
Bt eft, o, )M, o
EV (%, t ATy 1)
< OBV (R(t), .0 ) + tzto g o E‘[Wk ).x(s—1),8,i,,)ds.
UG, Htelt,t,,) M, H:
EV (R0 tA T ) =BV (R(t) s +Ej:fkLV(x(s),x(s—z),s,im)ds.
X H(3-29) 715
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EV ()?[Mk,t/\rk 'm)

< HEV (X(ty) by +EJ LV ( x(s) X(s-7),8,i, )ds

Ni (tea o )=

< M BY (R(t), b ) Z ,u, o)~ E_[t L V (x(s),x(s-7),8,i, )ds.

N g > 1, EEHEEAE SR T et t,,,), n=0,12,3,---» H:

EV(XTk,tArk,iTk)
< gt [EV (xg,to,io)+Ej:”k LV (xs,x(s—z),s,is)ds}.
02
Ly =7, HEB3.1.4 7 UEE:
zm—z«)
(2(t).to(t)[u(x(t-7),to(t))—u(x(t).t,o(t))]
s/il‘f((t),t,a)(t)‘ +E‘x(t)—x(t—r)‘2.
HHRG29) T LUES y? < 4, yr<i, I, ATLLA(3-26)15:
LV (%,,s, ;)
<LU(x(s),x(s—1),s,0(s))ds
# 4[RO 0O + 2] (x(5) x(5-0).)

2

Yot) (X(S)'X(S_l)ﬁ)‘ +E|X(S)—x(s—z-)|2
0'c?
+
4 (1-x)
Fr(3-12)z=URN, LA 2

LV (%;,s, @)
<2, X’ x(s—z)\z—W( X(8))+ 4 W(x(s-1))
6? 2 0'r? 2 0* t
+E X(s)-x(s—7)| +ﬂl(1— 7 > |x(s—7)| —221(1_1() .LTD(V)dV

K (3-41)FRN(3-38)F LAFF £
EV (X, tAzi, )<u “‘°>[Ev(>§o,to,io)+Yl+Y2+Y3],
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4_2

o't 2
pRTR X(s—7)| st,

0, =E [ (-W(x(s))+ 4, W(x(s—z)))ds,

Y, = EJ:JMk [—14 X+ 2 ‘x(s—z)‘z +

YS _ E ATy

02
)

X(s)-x(s-7) \ ds—

j:“* L D(v)dvas.
mY </, A:
t/\z'k

3\
EJ‘M

Ef . W(x(s—z dssEL W X( s))ds.
A AT PAAS 3] .

< N o'r?
6'r? taz
- —A - d
o Ml_,{)zJ [ s
¥, <AE["W(x(s))ds—(1-2) Ejt "W (x(s))ds. (3-44)
H R 50(3-14), TS
[x(s)=x(s—7)
<[&(s)-R(s—7)|+ ‘G —))—G(x(s—z—r))‘
<x|x(s-1) ( S—1— r)\ [7 [ 90 (x (@), x(t=(1)),t)dB(t) |t

t/\rk

X(s \st,

X(s— z\ds<Ej

ATy tATy

x(s)[ ds,

x(s— r\ds<EI \ds<Ej

(s) ds

(3-43)

+f, [ o0 (X8 —1(t)) )+, (x (t),X(t—r(t)),t)]dt.
M EERo>0,A:
E‘X S r)‘ (1+0)K2E‘)? X S— T‘ +2(1+ jEL

Lo=1o1, W

A
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[ Ex(s)=x(s~ r>|2
<K‘J‘ S - Z'| ds+—EJ.J. dvds
SKJ.T_IE|X( (s— z'| ds+—E_|'j v)dvds (3-43)
<ﬁ ~ ,E|X (s— r| ds+ E'[ L _ D(v)dvds.
EEpy)
[ E|x(s)-x(s- o) ds<2EI ”x " +|x(s—7) ” ds
) (3-46)
<4Ej Efx(s ‘ ds<8:supE x(s)".
¥ BN (3-45), FTLATG 3
0? 2 s
SSE[E SUpE|x )| +(1 7 Ej: STD(V)dVde
(3-47)

kaj” v)dvds < 20k supE‘x(s)‘z.

21 (1— K) —1<8<1
R, ¥ (3-47)45 4 (3-43)FI(3-44) N F(3-42), 7] LAFS5].

_ N Nl g g 6'r? them 20 o thr,
y2; (N [14 A ﬂi(l—K)zJEJ.‘O x| ds (1 ﬂG)ELO W(x(s))ds}

/\I:I:[
942'2 o, 2
N =V (%,0,@)+| 4+ E) [xds
(5.0.3) Lzs e Jer
260°k1 2
+ A, E ds+ SUpE|x(s)| .
J- ﬂ.l(l—K)—JSSSI | ( )|
0472
WIS 3.15, ﬂu?%'@ﬂfh—ﬂg—ﬂl(l )2>0%n1—/16>00 AJE 4 m— oo Rl
-K

tO :O’ ﬂu?%?u:
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ELt|x|2dss P
0 T -
Jy—dg—— 2t (3-48)

EIIZOW(X(S))dS < R (3-49)
At -, SiE3-14)n IR
EJ [ ds<o0,E [ [x" " ds <on (3-50)
R, EHE 3.2.1 IEHsERE.
SEBE 3.2.2 (RS 3.1.1-3.1.5 A1 3,17 BOARIE R, G SR 2 DR 4
V(R,t0) < uV (.1, ]), (3-51)
3, > Ly (3-52)
£
iy J22 2, (1K) . 202, (1-x)’ | (3-53)
6 6
& -G, (L+ K)—(fs + ey (L4+x)+ o' . je‘” >0, (3-54)
&(1-x)
& —ec, (1+x)" —(57 + c4z<(1+z<)“*l)e“ >0, (3-55)
1-& e >0. (3-56)

RIS TAE B x(0) Rt 20, REEG-1)E p MAEHE SR 1.

2

) 2& (1-x)
U, (%(1).tao(t)[u(x(t=7),to(t))-u(x(t).t.o(1))]

W : (3-57)
<& [R(1)Loo(t) +f—§‘x(t)—x(t—7)‘ .

IRYEGB-53) T LAF 2 y2® < 4, yr<A,, B, FRATATLUN(3-26)73 2
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LV (%,,5.8,)
<LU(x(s),x(s=1),5,0(s))ds
+&[R(0) Lo (O) +&] 0 (x(5).x(s=1).5)]

Ju (x(s), x(s—z),s)‘2

0'r? : |X(S—T)|2 B

ey
R (3-16): NN L3, ATEIAR )
LV (%,,s,@,)
<& +EN =&+ &Y -Y()+& Y (y)

6° 2 6'r? 2 6° t
+4—§1 x(s)—x(s—r)‘ +m‘x(s—r)‘ —wj D(v)dv.

(3-58)
+&,

6? 2
+4—§|X(S)—X(S—T)|

Q—sz.t D(V)dv.
251(1—1() tr

(3-59)

A (3-22) R ATE 3

cg|x|2sU(x,t,i)SC4(|x|2+|x|q), (3-60)
Hric, _mlna,, c, _(maSXa) (masxﬂ)

XTFAEER >0, AILAAN(3-22)F(3-24)H 15 2):

Ee ™V (R, tAT @, )
=) (V()”(O,O,c?)o)+EJ.toe“ LV(Y(S,s,c?)S)+gV()”(s,s,cbs))ds)
sui“'(t"°)[v(>zo,o,@o)+|z ; e” LV (%,5,@,)ds (-0l
+ EJ‘; e” g[ai X"+ |x|q}ds +E J't: e g}/rj:” D (v)dvds}.
¥ (3-58) AN (3-60), HI15:
Ee’ ™V (%, tAT,.a,, )

<9V (%,0,0,)+E [ (<& b+ &I - b+ S Y ()46 Y (3)as

6'r? E egs
& (1—K) fo

L e j ~ D(v)dvds |

2
+9—E

4g o

e’ x(s)—x(s—r)\ ds + (s—r)\ ds

+ EL: e” &c, (|x|2 +|x|q)ds+ 251
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F(3-43) AT LASEH -
2 t 2 t S
L e x(s)-x(s—7) 30—2 e“E| D(v)dvds.
4g o 26 (1-x)" %0 T
1

x(s)[ ds+e I:fr|x(s)|2ds

)|2ds.

x(s)|2 ds +e* J:, X(s
ZEE 153

Ee‘g(t_t")V(Xt AT, a)w)

4 _2
< o) [Nl —[54 —ec, (1+ K)—(fg, +Cui(1+x)+ 0z . ]e”JEf e’

x|2 ds

& (1—r<)
—(56 —ec, (1+x)" —(57 +C, (1+ K)ql)e”)E t: e x(s)\q ds

-(1-&e”)E ; e Y(x(s))ds:l,

o~ 0 65 ET
N, =V (%,0,3) 251 15?}( EJ IH v)dvds +&e EI Y(x(s))ds

0'r? q
+H E&E+—— ‘”E ds+ & e E ds.
Lé é(H)ZJ (o dseyeE ] ()
45(3-59) T LI 2
e, e E[R (1) < Ny ). (3-62)
p -1
R4 513 3.1.11, é\x:xo{wl_l} )
Ex(t)] < (1+8,)" E[R(1)] +(1+%,7)  E[G(s )

Altary)

<(14+8,)" crk? (18 7) T E (o)

N;(tty)
it}

X TAEER =0, A:
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o et .
(itigE‘x( )" <(14+R,)° Nll iNi(t,to)+kp(l+N0 ) (ggEtE‘x )’ +7319£0E‘x ‘)

4 C ei(t/\rk)
(1+ No ) p Nllﬂ-Ni(t'to)
< i
1k (1+8,)"

=

6 (1%,)" e

N, = .
TN KR (1),

- 21 (3-51) AT 7 limsup = Iog(E|x ') <0 - HEE L 318, REG-DH?

t—ow

& p MM FEEURE e .
Kk, EF 322 FHREE,

3.3 HBUEHIF

FEAT o2 — DN EUE B 7R s E B 3.2.1 BB E R, TEEELT
DIHBENL R S -

d[ x(t)-G(x(t-1))|= f()( (t),x(t—2),t)dt
Qo (X(1),x(t=1),t)dB(1),

HoeRE=M0 s = (1,2}, RIREZW s 4 N: s, = {1} Al's, = {2} WATEM. £

(3-63)

/=001, G(y)=01y, x(0)=02, p=0=4, o =0,=012, =015, R¥

fAg, A
(% y,t)=-x(2x°+0.5y*), g, (X, y,t)=0.2y +0.3y?,
f,(x y,t)= —x(2x3 +1.5y* +O.8y2), g, (X y,t)=0.1x+ 0.5y
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0.05

0 2 4 6 8 10 12 14 16 18 20
t

Bl 3-1 RG0(3-63) A e e IR %12 ]
I 3-1 51 RS (3-63) I AR . EIXFIEIL T, T h— AN R Bl R 4
U (X(8), X(t=7) t) 143 R GE(3-63) sz«

d[x(t)=G(x(t=1)) ] =| £, (X (1), x(t=1),t)+u, (x(t), x(t~7),t) |ot

(3-64)
+ 0, (X(1),x(t=1),t)dB(1),t =0,

Hort, 4 o=1, BHIREU AN U (xt)=-0.8x, uj (xt)=—0.4x i LU 5:

(x=G(y))[ i (x y,t)dt+u;(x, y,t)]+glgi (xy.t)

4
’

<—[x~G(y)[ +0.06y]" ~3[x~G(y)|' +0.135]y

(X_G(y))T (fi(xy.t)+y, (x,t))+%|gi (x, y,t)|2
<-05\x~G(y)[ +0.15|y]" ~2[x~G(y)|' +0.375y| ~1.5x -G (y)[ +|y["-
PRIE AT BAAS DA R 24

3, =1, 3, =0.06, 3, =3, 3, =0.135,
3,, =05, 3,, =0.15, 3,, =0, 3,, =0,
I, =2, 3, =0.375, 3,, =15, 3, =1.

BT LUAS 2
LU (X, y,t,i)
<-0.1125|x|* +0.04875|y|" —0.25726|x|* +0.00135|y|' —0.86076|x| +0.16392]y|’,

U, (%.t,)[ <0.0625/%" +0.0625(%|" +0.1024/%",
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‘f(x yt)‘ 413"

44 =05, 2,=0001, 4,=005, ATLA{F%:

%, |g; (%, y,t)| <0.04]y[* +0.25]y]".

LU (%, Y, ti)+ AU, (Rt + 2] £ (6 v, + 40 (x it

<-0.08125x|" +0.05075y|" —W(x)+0.1W(y),

o w(x)=0.1385x" +1.6392x° -

DR, 25 3.1.6 7E LA RS R ROL: 4, =-0.08125, A, =0.05075, 4, =0.1.
AT 45 4544 (3-30)8 N £ <0.03 . FATATAS 1 =0.02, 7=0.01. MK 3-2 ATLL
A AT A R R U, (X 1) =-0.8X , U, (x,t)=—0.4x MFEHL I R 50 (3-64) 2
FAEM o

8 10 12 14 16 18 20

32 RGG-6h RIS R K

3.4 KENGE

X FEHE AL T I SR K BT T R G ARG A
I BEAL RSV EENE . 24— AN B AT R0 = AR th SL AU BE AL R
G AT I, FRATTE I AE AN R E ¥ 2R Gt b B — N T A N R I g s i A
i BRI BT B 4 5 RGAFEN WS DL, AR INE S 5 1 R G B AT

M. ATEEEMHA Lyapunov 2 BRTE. “FIJFERRRNE. | U A 2
THE, 45T S ) R R BRI, R IR R R G AR E
AL I S e o) S I v P AR etk v ST R IR AL R G R AR
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FBLIE FRLERE

HI T E VIHAE 5 N HAT 20 7 R G0 P LM DI HBE AL & G2 AT 7T H AN
b+ AR, FrUARERTHEVIHES T RA R T RGN R ARG LA
DI BEHL 2 Gt i B W5t i 1 AR 78 A i SO o AR TR ST 2 B2 P AR TILAE L R 7
ANJTIE:

DIETE 7 B 01 R G e EEAR L M SL AL D) e B LR SE RS P 1) L,
RGNS SOARRENLIEDI G 5, I H 7RG ARG AR . B
SENEVIAE 5 N RA R T RGN AR P LR AR St B R K
FAFRIE T, 57T AR50 Khasminskii 205644, 85 ia AT AR F~F
Y 5E B I [8)72: A0 Lyapunov 2 BRIZUER] 1 R G A7 AEME—1E L R Fa BRa e 1 -

BT TE 1 s i S AR AR 1A R A T AR G e B AR Z A S AR D) B AL
AGMFENE . MARGEATERN, 4t T2 Lipschitz S04 (i S 452
il R AR BT HE N, SR R R G R AR ENE, HASE] 1 I i A A
p iR BORE R P e K

AR R AR IR 2 BE ML 2R G A2 BAT S 5 R e AN 58 1 DTS 51
F T RIRREER A AL, IEFH AT e A gt — 2w ge,  filan.

DA SCEG € BB J7 R A RIS i S e (R AE S PR R GRS PE AT IZ AT
BLL, FEMI 28t ZEVI RS, QPSR SKbrIg s b, 52 2 P I 1] 22 1k
IR R, AREF [ 3 Bk, Bl H R I E] (A

)AL € B S A o I A W R AR R g, A
REERIER, E SABHE I B XESERT BRAS AT 3 2B R . S5 1E— S I [ [X 8] Y
SOUIEL AR B A 77 A% A i A 52 o N P ATEEVE 23 B 1 T S T s B 20 PRI 9, A
- BB T BRAS B vy, 171 G SR A 2 — i I (] X 8] AL, it & 545 2 H
JEATEAR
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