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Hrp
LV,(S,I,R,Z) =
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26,5 =57 (1= pa - FHEET)

2C,(S —S*>[— [BSM T Bl _T)j -

—uS - pu,mZS + SOR} +C,0°S =

N N

w(S=S") —um(ZS-Z"S*) +8,(R —R*)} + Cyo’S” =

- 2C,(S-58") +2C,(S-S")

BS](;V_T) _ZCO/-L(S_S*)Z_

BS*I*(t-17)
N*
20u,m(S =S )(ZS - 7°S") +2C,8,(S - S ) (R -R") + C,o°S* <

2C,S*BI(t — 1) + ZCOS'BSN(fT) -2C,(nu—a*)(S-8")" +

2Cu,mSZ*S* + 2Cyu,mSZS™ + 2C,6,(S - S*)(R-R") +2C,0°(S")* <
2C,S*BI(t —7) +2C,BS™S = 2C(nu —*) (S =S")> +2Cu,mSZ*S" +

2cwlmibss* +2C,8,(S-S")(R-R") +2C,0%(S")> =

Qg
20,8 BI(1 —7) + (20035* +2Cu,mZ" S’ +2coﬂlmc‘bs*js -
Qg
20, (1 = 02) (S =8")2 +2C,8,(S =S )(R-R") +2C,0° (§°)° <

(20035* +20u,mZ" S + ZCO,LleabS*j](t —7) +
a

0
(2(:035* +20Cu,mZ"S" + 2Cw1mab$*j5 -
Qg

2C,(u =) (S =8")" +2C,6,(S-S")(R-R") +2C,0°(S")* =
PI(t —=7) +PS -2Cy(n —0°)(S-S")" +
2C,8,(S =S*)(R-R") +2C,0*(S* )™
1E B ARG fiTe X
P=2CBS" +2Cqu,mZ"S" +2cou,maa—bs*,
0
HiZzHTA%ERAX Ya,b € RE (a+b)* <24 + 20
FESL—A 2 Wi S mT R R V.
V,(S,I,R,Z)=C,(R-R")?,
AR o AAH
dV,(S,I,R,Z) =LV,(S,I,R,Z)dt - 2C,cR(R - R* )dB(1),
Hrp
LV,(S,I,R,Z)=2C,(R - R*)[pA +yl +u,mZS - (u +8,)R] + C,0’R* =
20 y(R-R*)(I-1") +2Cu,m(R-R*)(ZS-7Z*S*) -
2C,(u +8,)(R-R*)* + C,0’R* <
2Cy(R-R*)(I-1") +2Cu,mRZS + 2Cu,mZ*S*R"* -
2C,(u +8,)(R-R")*+2C,0°(R-R")* +2C,0*(R")* <
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20y(R-R)(I-1") + chulmibRS +2Cu,mZ" S R" -
a

0
2C,(u +8,)(R-R*)*+2C,0*(R-R")* +2C,0*(R")’

i . 2C,u,ma .
2Cly(R_R )(1_1>+pﬁ(5_s )

10

2p,C e ,ma ,
{2(:]@ +5,) —% - ZCIUZ}(R ~R*)> +2Cu,mZ S"R" +
@y
2C p,ma 2p,C ., ma
2C,0%(R")? +“U“7‘(S*)2+&(R*)2.
pyagh agb
WAL FRATEH TR Ya,b e RE (a+b)? <24 +2b° F1 Ap, e R, i3
C,p,ma C,p,ma
200 m - SR < S o P s
ayh pa,b ayb

FE XL —A 2 BriE el ek gL v,
V(S LR, Z)=P [ I(u)du,

iy
dV,(S,I,R,Z)=P(I(t) - I(t-7)).
R XL —A> 2 i L n] R AL Vs

P
V5<S’[’R9Z) :7(8 +I+R)9
s
g o A=0F
P
AV,(S,1,R,Z) = LV.(S,I,R,Z)dt - — (S + 1 + R)dB(1),
M
Hr
P P
LVi(S,I,R,Z) =—[A -uS —(uw+8) I —puR] < —(A-uS-ul).
M

E XL —A> 2 Brik ?TM BV,
V(S I,R,Z)=(Z-27")?,
I

. al 3
dVG(S,],R,Z)—Z(Z—Z )(Hb[ GOZ)—

2(Z -7 >[1+bl a(Z -7" +7 )}—
al

]TM_GO(Z_Z*) _GOZ*:|$

2(Z —Z*)[
al
1 +0bl
2a°
a, (b™)?
TE XL —A> 2 B IS ] ek Vs

27

- 2a,(Z -Z") +2a,(Z")7 <

= 2ay(Z - Z" ) +2a,(Z" )"
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V(S,],R,Z) = V1(57]5R9Z) + V2<S’17R5Z) + V}(SvlaRyz) +
V4(S’I’RsZ> + VS(S’[aR’Z> + V6(S9I’R’Z)’
HRAE o AxXH

dV(S,I,R,Z) =LV(S,I,R,Z)dt - [a<s +1+R)(S-S"+1-1"+R-R") +

. 2
2C,05(S - S°) +2C,oR(R-R*) +— (S +]+R)}dB(t),
7’

J
+

LV(S,I,R,Z) <-(u - ) (S-S ) - (u+8-0>)(I-1")" -
(w0 )(R=-R")* = (2u+8)(S-S")HU-1") -
2u(S =S )Y(R-R*) - (2u+8)(I-1")(R-R") +c*(S")* +
o’ (I")* +0*(R*")> +PI(t —7) +PS - 2C(w —a’)(S-S") +
2C8,(S-S")(R-R") +2C,0*(S")* +2C,y(R-R*)(I-1") +

2C,u,ma ) 2p,C ., ma .
(S -87)? - {201@ yo,) - P 20,02} (R-R")* +
pla’ob a
2C ., ma
2 m,mZ*S*R* +2C,0*(R*)? g T gy
pragh

20,C.u,ma P
T RN L P(I(1) = It = 7)) + (A S —ul) +
a,b 7
2a° 2ay(Z - Z°)* + 2a,( 2" )2
— — 2a - a =
(lo(b*)z 0 0
2C u,ma
—[M+zco(ﬂ—a2>—02—‘”“‘}(s—s*)z—(M+5—az)(1—1*>2—
pragh
2p,Cypyma

|:,u,+2Cl(,LL +8,) —o’ - —20102}(1%—1%*)2—2a0(z—z*)2—

(2u +8)(S=S*)(I-1") +(2C8, -2u)(S-S*)(R-R") +
[2Cy = (2u +8)J(I-T")(R-R") +0*(S*)* +0o*(I")* +a*(R*)* +
2C,0°(S*)* +2Cu,mZ*S"R* +2C,0*(R")" +
S*)2+M(R*)2+E+L+2a0([‘)2.

P ayb a,b mooa, (b7)?
BC,=u/s8,,C, =2u+8)/2y, N

ayb

2C1/.L1ma(

2C1/.lea B 2u + )
piagh 2p,

LV(S,I,R,Z) <—[M+2co(ﬂ—az) —o’ - }(s—s*)z—

2u + 0
(/_L+8—02—p2('u)](1—1*)2—
2
20,C.u,ma
[u +2C,(u +8,) -0’ —pll'ubl—ZCI(rz}(R—R*)z -
ay

2a0(Z - Z") +a(S") +a’(I")> +0*(R")> +2C,07(S™)* +
2C,u,ma

20,C.u,ma
2 pumZ S R +2C,07(R)? 4+ M (geya y Pt

R")* +
pLayb ayb (R)
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PA 24’
—++2+2a0(2*)2.
I a0<b )
e FRAER T T2 TA%L Jp, e R, (15
. 2u + 06 2u + 6
S (2u ) (S-SHU-T") <0 (s -5y 4p, P 0 (-1
2
il
ah(n +2C,u +2C.8,) w+ , m+d
= = O' =
P 4C pu,ma P27 (u 4 8) 4
7S
K, =a*(S")> +a*(I")* +0’(R")* +2C,0°(S™)* +2C,uymZ"S*R" +
2C w,ma 2p,C.pm,ma
2C,0*(R")? +“u7‘(5*)2+&(3*)2+
pragh agb
PA 24’
— a* 2+2a0(Z*>2’
I a()(b )
Ho 2
20 mw,ma 2y + 6
u+2C(u-0?) —o’ - Ll =A, >0,
piagh 2p,
2p,C . ,ma
L 20, +8,) — ot - T e =B, s 0,
ayb
ny

+ 4 .
LV(S,I,R,Z) == A,(S - §*)2 —"T (I-1")% -

B (R-R")*~-2a,(Z~-72")* +K,.
b dV s 0 B ¢ B I BUH A
0<E[V(S,I,R,Z)] < V(5(0),I(0),R(0),Z(0)) +

Bfl[-ast =52 220 e -1

B.(R(r) = R*)? = 2ay(Z(r) - 2°)? +1<,}dr,

1 B
Ef;[A1<S<r> - B0 -y
B,(R(r) =R™)* + 2a,(Z(r) —Z*)szr <
V(S8(0),1(0) ,R(0),Z(0)) + K,
Fr LA
. 1 ! N2
hr{lﬁiuptEJ‘O|:Al(S(r) -S7)" +
lu,+5

S () 1)+ B(R(r) = R*)* + 2a,(Z(r) —Z*)z}dr <K,

B
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+6
M, = min{Al ,"T,B1 ,2%} ,

HEmMEMRT I M, > 0, ffifs

lirflﬁasoup%Ef;[(S(r) =S+ (I(r) - 1")* +

UNH—R*V+(H0—Z*VMr<Z.

1
U5,

E 2 ER AR BHL(S) BRSSO £ BEENRSD, IRSITIRE S o HOR, o IEBUD,
Prahisss , RIEEHLT-P0B0 N A (5) BT i 2 P SIRS BUR AT V-8 i £° , BUR POk 2478,

4 LiipHREER

A e T — AT BRI S R R A T IR BEHLI Y SIRS F5 YR BF5% 7 B e
— TE A 4 SR A7 AE T R0 10 A EL A A0 R0 TC5  45 R H 595 A5  RS 1  AE 1
P FRF T A S T A (5 ) MO 53391 P S T0 6 - 4 45 B, UM 7 TG 4 B BB LIR
HARBIIRIE S o2 %, o W, JREIREES | BIBEHL TSR/ B0 (5) 1O RS B 2
Wi P STRS BT T A 65 B, R T i B LSS — S O ) B 75 Ak, T
BRS A3 i R RIAFAS 19 AR X9 A7 (AR I A 1 2 B 25 S M AR I 44 B ) A S5 0
R — RS 7 1A,
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Dynamic Behaviors of Stochastically Delayed SIRS
Epidemic Models With Standard Incidence
Rates Under Information Intervention

ZHAO Yingying, HU Hua

(School of Mathematics and Statistics, Ningxia University, Yinchuan 750021, P.R.China)

Abstract: A class of stochastic-time-delay SIRS infectious disease models with standard inci-
dence under information intervention were considered. A stopping time was defined. Then the
existence of a unique global positive solution was proved through construction of a suitable Lya-
punov function to prove the stopping time is infinite. The asymptotic behaviors of the model so-
lution around the disease-free equilibrium point and the endemic equilibrium point of the deter-
ministic model were studied with suitable Lyapunov functions respectively. The results show
that, the solution of the stochastic system involves random vibration around the 2 equilibrium

points under certain conditions respectively.

Key words: SIRS epidemic model; information intervention; time delay; asymptotic behavior
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