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Abstract

This paper studies a kind of random SIQS infectious disease model with nonlinear
infection rate. First, it is proved that the random S7QS infectious disease model has
a unique global positive solution to the initial conditions of the positive. Then, by
constructing an appropriate Lyapunov Function and combined with the application
of Ito’s formula, the gradual behavior of the solution of the random SIQ.S infectious
disease model near the disease-free balance point and the endemic disease balance

point is analyzed and discussed.
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1. 515

FEA B BRI TE U, W A% B 3 71 S A R gk 7 s — B B 7) 52, JEH 2202045 L e
W #EAE R BREL RS, 45 R R R 17 5 U, 0 [RI M AF o A 2R kel |02 1) 51 RS I N A AR 22 A )
g B R O (1] (2] (3] [4] [5). A SCAESCHR (6] AL Qi A (LAl B8 08 7 BUR — ANl
FRE ARG R (1 Qe i 7.

%(tt) A m — uS(t) + rI(t) +£Q(1),
%ﬁt) =6I(t) — (u+2)Q(t),

FERS (1), 1(t), Qt)5Y MIFRAE 21 55, el RIBG BS 2 (RO A FORA AN, BNy
WA p A PERBEE I ARIETR, vy o. 8 WFORRERR R, 2300
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B A, e, 6, BIONIEHL
SRAGZ(V)MEAFERER, = %, BRAERBIRKEESR. MR, <1 K, R4 (1)FF

v+

4 RN AGE N TER T REy = (S°,0,0) = (£,0,0); #R, > 1 I, REi(2) fA{EME— 2R #iiE
e I 799 P s B = (S*, 17,Q*) [6].

BEAL, H i8R 20 A% G 1) R e 2 52 BIPA ST IR 3K (2. JHL P R S5 MR 7 a1 M 7 oF A s 14 %
J 2 SR ANTT 200 (52 PRIk, W FUPR B A (0 R 7 ) 7 38 S (B RE SRR AR B Bl 11 2 R e T
CAEBR AT BIE FE 45 R 58 B DS S AL QO R 1 8 77 AAT N IR 7E, SI NRENLE BT 2 VF %
AR E R D5k — [7) [8] [9]. AEASCH, FATR A MIBEHLILEN T3 2R U9 [10], SIAK
BEHLILAIIELE TS (¢), I(t), Q(¢). PRIk, HhAR A8 2 A (1) AT A 217N T ) BE LIS A A

as() _, _ BSWIK)

dt 1+ al(t)

dQ(t)

S = 61(1) - (1 + QM) + 73 Q()AB 1),

—pS(t) +rI(t) +eQ(t) + o1S(t)dBy (1),

HH(By(t), Ba(t), By(t) #&5E XAETE MR (Q, F, {Fi }iso, P) LRI=4EFRUER] Brownian 123,
0?0 =1,2,3 R~ M )58

N1 IR TR BRAFIR VR AN, FRAMER I (Q, F, {Fi}is0, P) e — DNEFIWET{Fi o M2
MEZR S (8], HA A {F, biso R BT KA ( £ B M Z S B, R — M IEFF, WaF =
N Fu(t > 0) BF BEFAIP B5H).RY = {(S(), I(t),Q(t)|S(t) > 0,1(t) > 0,Q(t) > 0}

s>t

HMWEYZ2 R, A Gt R U AR Ui 4 BAT sebe 8 3. DRI SCHE S5 280 0L W AE 25
TE IR AT N, RGAFAEME— 4 R IEAR; E283M7, IEW] 1 AR e (3) A Jo i 1T s L AT O,
SBATEMIER] T R G (3) L5 P s HOENALAT s B g AT S5

2. 2HIERNFEM—M

273 B A% GeIp B 1R 30 ) 22 AT 9 I BRATT 1 e 5 ZEWT L% 2R Gt A 15 A7 AE 4 Jm) IE g [RL B 72 AR /1y
A4 ARG (2) fF AL 2 R IR AR IE .

EIE 1 XMAEE A E MWAYIME(S0),1(0),Q(0) € R, £t > 0 Ik, RGi(2)4F1E M — 1 Ik
(S (), 1(t), Q(t)), HULMMEEZ14E B AERS F, MEI(S(2),1(t),Q(t)) € RY XAt > 0

WERR 50 R G0(2) I &R B0 L SR Lipschitz 251, A8-AXHT R4 52 BIWIME (S(0), 1(0),Q(0)) €
R3, 7Et € [0,7.) b, REi(2) #WALEME—BRIMM(S (), 1(1), Q(t)), Hrhr, RABMEHIT [11]. T
IR IX A R i A R, BATHFEH T, = oo JUF R ARMSLBIAT. Nk, Heme > 0 TEHK, i
#5(0), E(0) FIQ(0) HTEXIE [ L mo|. ilt—2, W5 MEHm > mo, 5 X I7HE

" :inf{t cl0,7): S(t) & (;m> W 1(t) ¢ (;m> ® Q(t) ¢ (;m)}

DOI: 10.12677/aam.2021.107247 2361 I FH#e e t J


https://doi.org/10.12677/aam.2021.107247

RUIRES

BAR, Hm — coltf, 7, Y. &7 = lm 7, B, 7o < To. BHHEUEH T, = 00, WA T, = 00
FST IR (] R AT 5 DLIE B
TiETs = 00 a.s., KARIUEE. (AR, RMRE . # oo, WAFTER T > 0 e € (0,1), H

P(To < t) > ¢,
R, AR Em, > mo, (BT REmM, > mo, #A

P(r, <t)>e.
E XL —ANZJCHREY RY - Ry, WF:

S
V(S,1,Q) = (S—a—alng) +(I-1-WnD)+(Q-1-Q),

FHorba NIEHEL T Sy > OFF BARWHLE v —1—Inu >0, HILATZ R EUEIE 7.
SRR HIm > mo AT > 0. BAFEAR [12], B

dV(S,1,Q) = LV (S,I,Q)dt + o1(S — a)dB;(t) + o2(I — 1)dBa(t) + 03(Q — 1)dBj3(t).

/\q:‘
a BST 1., BSI
=(1-35)(A— - - = I
LV(5,1,Q) =(1 - g)(A ol pS+rl+eQ)+ (1 I)(l—i-aI (r+06+pul)
Lyisr— LRI S S
+(1*§)(51 (M+5)Q)+2a01+2‘72+203
1 1 1
S(A+au+r+5+2u+8+§aaf+§a§+§ag)+aﬁf—ul
1 1 1
§A+au+r+6+2u+e+§aaf+§a§+§a§
=K.
Hfa = 5Bl — pl = 0.
DALk
dV(S,I,Q) <Kdt + 01(S — a)dB, () + o2(I — 1)dBy + bo3(Q — 1)dBs(t), (2.1)

XF(2.1) Xm0 Bl7, AT F4r U
EV(S(tm AT), (T AT), Q1 AT)) < V(S(0),1(0), Q(0)) + KE(rm AT),

[i44
EV(S(tm AT), (T AT),Q(1i AT)) < V(S(0),1(0),Q(0)) + KT, (2.2)

“mo> omy B, 2Q, = {r, < TH WAPQ,) > e NEEMw e Q,, HIFEBRE A
HIS (T ), (s 0), Qs w) HEAA— A5 Fm kL, L
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V(S<Tm7w)7E(Tm9w)9I(Tmaw)) Z (m —1- lnm) EZ(% —1—-In %),
i (2.2)15

V(S(0), E(0),1(0)) + KT > E[1q, V((S(Tm,w), I(Tim, w), Q(Tim, w))]

>e(m—1—Inm)A (%—1—111%),
Hr, 1o, Ny BI7RTEREL, 2m — oo, A
oo > V(S(0), £(0),1(0)) + KT = oo.

TlE. TRET. = .

LER .
3. AR SRR T

EI 2 BUR, = s < LHMEHMo? < p,03 < 2,03 < p MIXER L E HIVISG

fE(5(0),1(0),Q(0)) € R FER(2)MIAE(S (1), I(t), Q(t)) € R A1 FHEJR:

t—o00

1 [ A K
lim sup EE {(S—;)Z—FIQ—{—Qz}dTS ﬁll,
0

=

o 2ue +2u(0 4+ 2p) 2p
e Be ’ €

A= (te)(p—o), Ar=(+e)(u—2)+0e, Ay=p-o}

A2
M1 :min{Bl,Bg,Bg}, Kl = (1+62>U%E

WA ERMEREE = S - 0 v =T w = QMRS (2) I EH:

du Bu+ 2w A
= TOZ) +rv+4ew+or(u+ E)dBl(t)a

dv  Blu+ )
d%’ — Tof;) —(r+ 68+ ¢e)v+ oavdBy(t), ®
dw

1
‘/vlzi(u+v+w)27 ‘/22011)7 V;;:%(u+v)2,
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Hey, ey MERIEFE N T E AR [12], AR R

1 A 1 1
LVy =(u+v +w)[—pu(u+v+w)] + =07 (u+ ;)2 + ~o3v® + Zojw?

2 2 2

1 A
= — uuz — ,tw2 — uwQ — 2puv — 2puw — 2pvw + iaf(u + —)2 (3.1)

n

1 1
+ 20211 + 20§w2,
Blu+ 2w
LVy =¢i[——— — (r+ 0 + p)v]

1+ av (3.2)

<erfuv+ [,32 S

1 A 1
LVy =co(u +v)[—pu — (6 + p)v + ew] + 5620f(u + M) + 2020302
= — copu® — co(6 + p)v? — co (8 + 2u)uv + coeuw + cocvw (3.3)

1 1
+ 562(7%(“ + ;)2 + 502051}2.
BREV = Vi + Vo 4 V5, RIH5(3.1), (3.2), (3.3) 2WAR N, 15

LV = — (u+ cap)u® — [+ ca(0 + p)v?] — pw? + [e18 — 21 — co(2p + §)un]

+ (c2e — 2p)uw + (coe — 2p)vw + e (r+ 6+ p)(Ro — 1o

1 1 1 1 A 1
+ 501 Fu+ )2 + 021) + 20§w + 7620'1<U+ M)2 + 5020502 (3.4)
2
o
(o) oDt — (14 en)(n— D)+ deal? — (- Ju?
A2
(1 + 62)0'%72,
Hrfe, = LMHSE(HL“)a c =2,
MHcee —2u =0, c1B—2p—co(2u+6),HilERy < 1.
RA =1 +e)(p—oi), Ap=(1+e)(u—F)+bcs, Az =p—of, Ki=(1+ 02)0%,%,
SCHH E B2 SR A AT 45
2 2 2 A
dV = < (—Aju® — Ayv® — Azw® 4+ Ky)dt + o1 (u + ;)[u + v+ w+ co(u+v)]dBy(t)
(3.5)

+ ogv[er +u4 v+ w4+ ca(u+ v)][dBa(t) + osw(u + v + w)dBs(t)
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% (3.5) =i i MO A 43 5 R W1 A

0 < E[V(S(t), 1(t), Q(£))] < E[V(S(0), 1(0), Q(0))] + E /0 t(—Aﬂﬂ ~ Ap? — Agw® + Ky)dr,

M H

E/t(Alvf — Ayv? — Asw?)dr < E[V(S5(0),1(0),Q(0))] + K1) + Kit,

b AP [R] B B DA e, 4t — o0, T 15

1 t
limsup - F (—A1u2 — Ayv? — Asw?)dr < K,

t—o00 0

EXMl - min{Ah A27 A3}75~I7?%L:

t—o0 t

1 [ A K
limsupE/ {(S— =)+ 12+ Q% dr < =1
0 ] My

4. R HFESANLITA

EIE 3 |KR, = ﬁ > 1, Hil 2 & tro? < p,03 < pyo2 < p, T 45 2 A6

fE(S5(0),1(0),Q(0)) € R3 FEL(2)IME(S(t), I(t), Q(t)) € REA U T ES:

limsup%E {(S=S)V P+ -I)+(Q—Q")?}dr < K
0

= )
t—o0 M2

=

_2pe 4240 4 2p) . 2u
N Be ’ €

C1
Bi=(1+cy)(u—0t), By=(1+e)(p—0i)+bcs, By=p—o03,

My = min{Ar, Ay, Ag}, Kz = 203(S")? 4+ 205(I) + 03(Q")* + S 1"},

IERR E SCRR AL

L

1
Vi=5(S=S"+1-T'+Q-Q")", Va=a(l-I"-I'lh5),
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%z%@—9+ﬁJW,V=m+%+w

Hrbey, co MERIEFHON B2 X [12], IATAIE QT 4518

LVi=(S—=8S"+I1-I"+Q—-Q)[-pu(S—8") —pl - I") — (@ — Q")]
1
2
< —(u-o)(S—8)—(u-0)I - T')?— (n—0D)(Q - Q") (4.1)
=2u(S =S ) = 1I") = 2u(S = S*)(Q — Q) — 2u(I = I")(Q — Q)
+07(8")? 4+ 03(I")? + 03(Q")?,

1 1
+ 50%52 + 03[2 + §0§Q2

BSI 55 1,
_ - T*
val  Ttar) T3a%

1 1 3 1,
T B g Lo 2 42
all=DBS o)) ~ Tar T Trar O~ St 500l (42)

1
<aif(s - 8T - T) + 50l

LVy =i (I = I")(

LVs =co(S — 8" 4+ 1 —I")[—u(S = 8*) — (u+0)(I — I') +£(Q — Q)]

1 1
—|— 5020'%S2 —|— 5020’512

= — (S = 57 = calu+ 8)(I = I')* = ea(8 + 2)(S — ) (I = I") (4.3)

e85~ 57)(Q ~ Q) + eae(I — I')(Q — Q) + 5205 + Jerod T
< —ealu—o})(S — 5 — ea(u+ 6 — oA~ I')?

= (04 2u)(S = ST = I") + e2e(I = I")(Q = Q) + 07(8")* + o3 (I)?,
XV = Vi 4V + V, il

LV < —(1+co)(p—07)(S = §°) = [(1 + c2)(n — 03) + 26](1 — I*)?
—(p=0)(Q - Q") = [e1ff — 21 — 2 (6 + 2p)](S — S*)(I — I*)
+ (26 = 2p) (S = S7)(Q — Q") + (coe = 2p)(I — I")(Q — Q)

+203(5)? 4+ 203(1°) + 03(Q7)? + S 1703,

(4.4)

H 72 B3I 2 A B B AT 45

LV <~ Bi(S S — Bo(I - I')’ = Bs(Q — Q) + Ko, (4.5)

HHB =(1+4+e)(p—07), Ba=(1+c2)(u—07)+0co, Bs=p—o3,
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Ky =207(5%)? +203(1*)* 4+ 05(Q*)* + 2 I*03.
A

AV =LVdt + (8 — 8"+ 1 — I* + Q — Q*)[01.5dB (t) + 02 IdBs(t) + 03QdBs (¢)]

+ 010'2(1 — I*)dBQ(t) + CQ(S - 5" + 11— I*)[UlsdBl(t) + O'QIdBQ(t)], (46)

F2 T ok BATIIIE B 7 v 5 g BR2IE B I R AL, 505 .

ZER L.
:I:\
5. .2_|:| 'lo/t\,

ARSI VR IR BEATLAL B A5 B 2 78 T4 H I AR S PR IR G S0 (1A% e Y (Bt |, 2B 18 T Bl AL
BN, He TR R BRL, JAT B 24T AT T IC: B et T RGeS €
WA 2 AF T, A AEME— 2R IR MR, HRIE I H)3& 1E 24 i Lapunov PREL, IEM] 1% R G HIMEAETCIA
ST R 5 P R BT AT O, IS VR R A AR L IR AR 1 A G A R AT B R A LS
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