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Stochastic SIQR Model Under Regime Switching
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Abstract: In this paper, a stochastic SIQR model with saturated incidence was investigated under regime
switching. The existence and uniqueness of the positive global solution of the system were proved, and sufficient
conditions for extinction of the disease were obtained. By constructing a suitable Lyapunov function, the exist-
ence of positive recurrence of the system was proved. Finally, some numerical simulations were introduced to
illustrate the theoretical results.
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qo’ (k)lz/D(l +a(k)S)*] + 4[Ak) = (B(R)SI/(1 +a(k)S)) = ((u(k) (1 +a(k)S -1))/a(k))] -
Z(mw(l)) == [B(R)S/(1 + a(k)S)] + y(k) + 8(k) + u(k) +u (k) + o (k)S/[2(1 +

a(k)S)*] = (AA(Ck)/S) + 4B(k)I/(1 +a(k)S) + Au(k) + 40 (k) F/[2(1 +a(k)S) ]+ 4[ACk) -

(BCE)SI/ (1 + a(k)S)) + (u(k)/a(k)) ] - A0 (u(k) (1 + a(k)S))/a(k)] - /Z(y,.,wm)

[B(k)S/(l+a(k)S)](/A(kVS)[(/M(k)(l+a(k)S)/a(k)] v o3¢+ AB(R o+

(Ao* (k)IP)/2 - Z (yu(D)) == 3 JIBRAK) G/ (Ak)alk) +p(k)] + 3¢, + 4B(K)] +

(Ao (k)I*)/2 —é; (yuo (1)) ==3¢,( JIBRAR) J/[ (AR a(h) +u(k))e,] —1) + 4Bk +

(Ao (k)I)/2 —4;(mw(l)) = - 4L(B(R)A(R)/(A(k)a(k) +u(k)) —¢) + ;(sz(”)] +

N

ABCRYL + (Ao (k)P)/2 =- £ Y (mR,(k)) + AB(k)I + (Ao’ (k)F)/2, X B R(k) =
BCE)A(K)/(A(k)a(k) +u(k)) = y(k) = 8(k) —u(k) — (k) - [A*(k)o’(k)/(2(A(k)alk) +
w(k))) 7 o

PR A R TR AT, RN Ry = (Ry(1),Ro(2). .. Ry(N))", Wi FHNAR I 2 T =

}Z} (m, Ry(h) (1,1,+-,1)") =Ry, HFw = (o(1),0(2),-,0(N)) N 2 (yuw(1)) - Ry (k)

;(mf?o(k)) . FLLLY, $—4/; tm [BR)ACR)/(ACk)a(k) +u(k)) - (y(k) +8(k) +pu(k) +

(k) + A (K)o (k) / (2(A(R) (k) +pu(k))*)) I+ AB(K) + Ac*(K)FP/2 == 4 {m (y(k) +

k=1

8(k) +u(k) +p (k) +A2(k)a (B)/(2(A(R) a(k) +u(k))*))H(Ry = 1) + AB(k)I + Ao (k) I/2,

Zi b, LV <- M/Z mly(k) + 8(k) + w(k) + u (k) + A(k)o”(k)/(2(A(k)a(k) +

Vv A

wE)) TRy = 1) + M4BT + M(4°T/2) = (A/S) + (BA/p) +p+ A/ (20) = (81/Q) +0 +p +p, —
(YI/R) = (BQ/R) +p = (u,(S+Q +R) +pu, (S+T+R))/(N-L) +p+py +p, +p = (] +0,0)/
(£ -N),

ENAERMNE: D, = {(S,1,Q,R) e I'" xS:e<S<Y,e<I<Y,e<Q<Y¥,e<R<Y,
L+ <S+1+Q+R< -}, Hhe >0 B—Aaa/MEL 160\ D, 6%, ®EFExM/IMY &,
IS F RIS : -2 + AMBS + (MAG> £ /72) — (A/8) < -1, /M Be + (MAc*&*/2) -2 < -1,
AMBYL + (MAG> £ /2) = (8/e) =2 <-1, AMBYL + (MAa> £ /2) — (y/e) =2 <-1, 4MBY +
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(MAa*272) = [(e+& +&) +p'(e+e +&)]/e -2<-1, AMBL + (MAa> % /2) - (e +
e /et =2 <=1, BT HERW, ¥ I\ D, %ahe X D, = {(S,[,Q,R) e I'":0 <S <
el,D, = {(S,I,Q,R) eI'":0<I<e¢g} ,D,=1{(SI,0,R) el:0<Q<&,I=¢},D, =1{(S,
I,QR) e "0 <R<& I=¢},D; = {(SI,Q,R) e":L<S+I+Q+R<L+&,S=el=e,0=
& R=¢&1,D, = {(S,I,QR) eI'": Y- <S+I+Q+R< %4 S=¢,l=e,0=5 ,R=¢5"1,

T A UERIHEAT I\ D, ,LV(S,1,Q,R) < -1, RIUETEX 6 DX, LV(S,1,Q,R) < -1,

TED, W, LV < MABI + M(/5*P/2) - (M/S) = (81/Q) - (WI/R) — (BQ/R) - ( (S + Q + R) +
(S +T+R)/(N-L) = (] +m1,0)/ (£ =N) =2<-2+ /MBS + (MAG* % /2) - (Ae) <-1,7F
D, 1, LV < MABI + M(A5*/2) — (A/S) = (81/Q) = (yI/R) = (BQ/R) - (4, (S + Q + R) +1,(S +
I+R)/(N-L) = (]I +1,0)/ (£ -N) =2 < /MBe + (M4 /2) =2 <—-1,7ED, h, LV < MABI +
M(4a’F/2) - (A/S) = (81/Q) — (yI/R) - (8Q/R) — (1, (S+Q +R) +u,(S+1+R))/(N-1L) -
(] +0,Q)/ (£ =N) =2 < AMBYL + (MAc> £ /2) = (8/e) =2 <-1,4ED, 1, LV < M/ BI +
M(Aa’P/72) = (A/S) = (81/Q) - (yI/R) = (0Q/R) = (,(S+Q +R) +,(S+I+R))/(N-1L) -
(I +0,0)/ (% =N) =2 < AMBL + (MAc> % /2) - (y/e) =2 <- 1,45 D, h, LV < MBI +
M(4a’P/2) - (A/S) = (81/Q) = (yI/R) = (8Q/R) — (1, (S+Q +R) +u,(S+1+R))/(N-1L) -
(i +0,Q0)/ (£ =N) =2 </AMBL + (MAGL/2) = [(e+e +&) +m(e+e +&)]/e -2 <
—1,ED, 1, LV < MA Bl + M(A5*F/2) = (A/S) = (81/Q) = (yI/R) = (8Q/R) = (u (S +Q + R) +
(S +T+R))/(N-L) - (] +0,0)/ (% =N) =2 <AMBY + (MA5> £ /2) = (& + e’ ) /e —
2 <-1, KMtk ZiE6 i nTs, XT—15/he>0, HXAR (S,1,Q,R,k) e I'"\ D, x
SL,LV(S,I,LQ,R) <- 1, T 2183 E[V(S(r,),I(7,),0(7,) ,R(7,) ,r(7,))] - V(5(0),1(0),

Q(0),R(0),r(0)) = E[ "LV(S(1) (1) ,0(6) ,R(0) ,r(0) )t < EC=7,) . Wy V IEIEFE M), 744
E(7,) <V (S(0),1(0),0(0) ,R(0),r(0)) . .

3 HEEN
BT RUEAE R IERYE, R Milstein REI775 " SHBEILRSE (2) SEFTRLMRIL

B BIEN =2 SEEEEREEIT T = (T2 )L Sl RAS = 11,20 Rl

MAT RSN 5 [k, At R (3), ATLUARRIME—MME a1 7 = (7, m,) = (0.5,0.5),
PEFEPA B A1) = 0.8,8(1) = 0.6,a(1) = 0.5,9(1) = 0.3,0(1) =0.3,5(1) = 0.3,
n(1) =0.1,u,(1) =0.2,u,(1) =0.15;A(2) =0.9,8(2) =0.9,a(2) =0.4,y(2) =0.2,0(2) =
0.2,8(2) =0.2,u(2) =0.2,4,(2) =0.3,u,(1) =0.25,
D) Wo(l) =0.8,0(2) = 1.2, @ fEAMTRAREM2 PR 1) ADAEE, B limi(1) =
0 a.s. u&zkﬂ Q(t) =0,a.s., tler:o R(t) =0,a.s., WK1,

2) W o(1) = 045, 0(2) = 0.9, WEIF AL K = [ Y m(F (/207 (k)]1/

[ X mCy(h) +8Ck) +u(k) +p (k)] =0.669 < 1, 2 dysy i ) ANTRAEE, B Jim 1(1) =
0,a.s., Llrr; Q(t) =0,a.s., Lml R(t) =0,a.s., WK 2,

3 Wo(1) =0.12,0(2) = 0.2, FHBIAR, = [ X m (B (1262 (1)1/1 T m(y(h) +
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8(k) +p(k) +p (k)] =1.3679 > 1, EBL3 )5z, BIREE (2)
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ARSCWESE T P R I A P Bl T AT MR A A R A BEHL SIQR WA TRy, sy 1 K 4

58 250 o A 3 A Y Lyapunov pRBCUEN] 1 B TE R IR, [R) I A5 31 1 B J2 75 K 4 19 B

Ry :

MRy >1, REG (2) W (S(e) 1(0),0() ,R(¢) ,r(1)) e I'" x SEIEHIRAY, BIBZF-1

FREEAER; MRy < 1 H o (k) < [ [B(K) (u(k) + A(k)a(k)) 1/ACK) | B, Sl K4y, LT

H,

W P iR HE T RN, S T KA, R KM A R SO VR AT s M R BRI, B ]

VISFIIRFE AT o DRI, s X A2 1 il 2 A R o
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