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A vector-borne diseases model with dual vertical transmission and Logistic

growth for vector

LI Lu, ZHANG Ruixia "
(School of Mathematics, North University of China, Taiyuan 030051, Shanxi, China)

Abstract: Vector-borne diseases are infectious diseases transmitted by vectors, and mosquito-borne diseases are the most common.
Considering the dual vertical transmission of host and vector and Logistic growth for vector, the authors establish a vector-borne
disease transmission model, calculate the basic reproduction number, analyze the existence and global stability of the equilibrium
points, and show that when R,<1, the disease-free equilibrium is globally asymptotically stable, and when R,>1, the positive
equilibrium is globally asymptotically stable. Finally, the numerical simulation verifies the conclusion, and reveals that when the
vector is growing with Logistic, if the mosquito is not killed, the vector-borne disease is always present, and when the mosquito
killing rate reaches a certain proportion, the vector-borne disease would eventually die out, and improving the killing rate of
mosquitoes will have a positive impact on the prevention and control of infectious diseases.

Key words: vector-borne diseases; stability; dual vertical transmission; Logistic growth; biocontrol

0 3%

A A i S 3 1o AR W A AR (1 A e MRS |, IS A% i e DL S0 WA D 26 1 < k5
AT IBALRR RPN 5 2L YRR 17% L L B4R EL 70 200 NS0T, 3 WA UL S AiE e ( H
AR AFHAA R PR B A AR SRR ARG R R 129 RAERK 39 1%
N TR S B SR XU, B4R TR A2 9 600 7 A SR (A0 4 5 folgET=""

SCHRL 6 45 Hh B B (19 )5 AU T LUt B A 38 5, SCRR[ 7 18 57 1 HAT 3 EL AL 4% 10 9 1% Ge i 1%

Y #5 B #7:2023-09-28 ; [ 4% H AR B 18] : 2024-07-26 16:58:00

E£WA . HKARPAE LSBT H (12001501, 12071445)

FE—1EE W (1999— ) , 2, WA 53 AL BFFE 7 1Al A 4 40°F. B-mail : 852373914@ qq.com

* BISIEE KA (1980— ), %, BIEEZ, i+ W58 J5 17 2B 90802 . E-mail ; zhangruixia@ nuc.edu.cn



94 R R % M (B % R 55 60 &

FERIY  SCHK[ 8 1 5 18 1 4 AR A 2 BLAL B8, or 1 — 2840 B XU B AL 48 DL I A 3= 48 20K
KA G L LY WF 5T 1 i 55 B 2 M AR o A i L F iy o s b ol T BRI PR B
KA Logistic T T 45 B, SOA SO S B 1 Logistic UG K i A 15 Y & R AR, 5 % 3
HEATHEFE

1 HEAWNET

NONFONSORNONNOYEEZY T ICRT N T YT St S e
OB Ny (1) Ny (1) 5B NS RBRRIBCT S r FORICT 14 SO R ¢, B A9 1 2 ¢
55 ERBET T u, FRAPRT IR K FR BT RO TFEE 2 0 Bty e Heli S %, g, gy 40
HR NHRBCT T ELAEAR A, Hh 0 qu<1, 0=y <1. HIFIRE AT, BEREBCT 5 0T 6 A BT
BRWATICH. a, O ST i A ROIT R s, JR AL T4 55 BN 035 b, 0 5 I
T IR NSRS 38 5 b, 227 5 AR T IT I B O, DU S A e A
VORI 1R

(=g u, 1, anuuln

u, (S, +R,)

N 7
S+l o=
(1=, )1, (1- —470) PN S, +1,
// \\ quIM(]—T)
Sy, e aIbISM]II ~
(- .
B 1 (B mERRE
Fig.1 Flow chart of propagation
FERBAR A ] 57 N

dSH(t) aZbZSHIM

dr =uy(Sy+Ry) +(1-qy) uyly— N, ~UySy ,
dl,(t) a,b,Syl,

dr = N, tquuyly—uyly=vyly,
dRy (1)

4 ViR, (1)
ds, (1) Sy, +1 a, b, Syly

ds :r[SM+<1_qM)IM:| 1_% - Ny “UyOMm
dl,(t) Sutly) a,bSyly
———=rqyly| 1 + uyly,

dt K Ny

HA(854(0) 1,(0) \Ry(0) .Sy (0) 1,,(0)) eR], RIF/RAEGEE, 5 FACKE AR 1 1E RARSE

I 11 AHEE(S,(0),1,(0) ,Ry(0),5,(0),1,(0)) € R A WUR A MBI (1) (S, (1) .
Ly(1) \Ry(1) Sy(1) Iy(1)) €RI,

WERR 4 T=sup {7=01VY1t,24 O<t<r BF,S,(1) =0, I,(t) =0, R,(t) =0, S,,(t) =0, I,,(t) =0}, ZE
W T=+o



55 4 1] PRI, AF AT N ELAA R A 5 Logistic 38 BB A QLR i 95

KR, 3% 0<T<+oo | I THRIESMA Sy (T)=0 8 I,(T)= 05 R, (T)=0 5% Sy, (T)= 0 5
1u(T)=0,
FHE Ly Ry, Sy, Iy 0 Z A Sy(T)=0, K
ds,(T) Su(T)=Su(1) =Su(1)
g ame s =hme
dSy(T)
dr
TE Sy Ry s Sui oIy 90 ZHIA 1,(T)= 0 WIS 16 Sy, 1y, Sy Iy N 0 ZHIA R, (T)=0 WHE, 1ES,,
Iy, Ry, Iy N0 ZHIA S,(T)=0 WIEIE, 1E.S,, 1, Ry, Sy N0 ZHIA I,(T)= 0 BYTEIE , # AT 2504 1 7 5
MBS R, B T=+00
EIE 1.2 BRI BIE R AL N

=0

=<V,

{EARPEAETY (1) SR — T A

:<1_QH)”HIH>09%EO

K(r-u,,)
0=0(8y,14,Ry,Sy,1y) ER S +I,+R, =N, S,,+I,,=N,, < .
r

UERR BRI (1) RT3 AN, nT R Ny, R RO N TR NS

dNy, N,
:rNM(l_;j —uyNy,

dr
NTITES =
K(r-uy) K(r-uy)
N, = = o
M Ce WK (-, ) r
. . K( r_”M)
EONTHRE HYAETAPE R r>uy o

r

2 HRF B AT R

PR (1) B 15351

ds, (1) a,b,Syly

dr =MH<N_SH_IH>+(l_qH)uHIH_T9
di,(t) a,b,Syly,

dr = N tquuyly—uyly=vyly,

(2)
diy(?) a,b,(Ny—Iy)1ly Ny
= trgyly| 1—— | ~uyly,

dr N K
dN,, (1) N,

ar =Nl 1 e

4 e Sl K( r-u )
Sy ISR UG AR TCIR VA5 15 E, (N,0,0, M j .

r

KBle(r_”M>
[ (=g uy+y] (1=gy ) uy

é\ﬁl =a,b,, B,=a,b,, %IJFH—F—’f%ﬁEm%EE/f[Q]*/%%i\ﬁﬁiﬁﬂﬂ R, :x/rN

K(r-uy)

R 21 R (2) LTI TR T EO(N,O,O, ] 2 R, R (2) W 0

R ET(Sy Ty Iy Ny o
MR AR (2) B A T



96 R R % M (B % R 55 60 &

B,Syl
uH(N—SH—IH)+(1—qH)uH1H—%=0,
B2Suly
+qyuyly—uyly—yl;=0,
(3)
BI(NM_IM)IH NM
+rgyly| 1-— | —uyly =0,
K
Ny
rNM 1—? _uMNMZOO
%’[NM#O A,
- K(r-uy) _ Nug—uyly -yl . KB I (r-uy)
e e (4)
r Uy rB. 1y +(1=qy ) uyrN
B (O RARGE(3) s 2 AR A58 1 DS —Jo IR 2
_[(I_QH>MH+’VJI:<MH+7>R3(l_qM>uM+uHBIJI;2+(R§_1)[(I_QH>”£H+’)’](1_QM)MMNMHI§_O (5)

uHBII:I +Nuy(1-gy)
K(r-u (Rz—l)(l—q )u u,N
( M)];Il:#O,IH*: 0 : M/ Up Uy
(”H+')’)R0<]_QM)”M+MHB|

15 =0 WAL R T BL(S) LA IR 5 E, (N,o,o,

r
W TRE(S)
I gy iy By AETL, HO<qyu<1, LY Ry>1 I 1; >0, B LU FEAEME— 0 TE V- 655 E° (S, 1,
Iy ,Ny)
N&:Ku—uw S;:NMH—MHIQ—WZI o= KB, Iy (r=uy) . (Ri=1) (1=qy) uyuyN O
ro iy ’ rBily +(1=gy) uyrN’ (ug+y) Ry (1=gy) uy iy B,

3 PR R

== p 74 o=t K( r-u ) Ji > P d p 74 7
EIE 3.1 Y R,<1 B, LR FH 5 E, (N,O,O,M] JE SRR AR E 15 24 R, > 1 B, O A
r

K(r-uy)
EO[N,O,O,MJI%Z:%%\%E/‘JO
r
UERR  #RAY(2) Y Jacobian 4H [ K
B B.S, .
LY qully N
Byl B:Sy
N —(1-qy) uy—y N 0
J= o
0 Bi(Ny—1y) _BIIH_I_r 1_& —u BIIH_rQMIM
N dm % M N K
2rN,
0 0 0 r— KM—uM
I (2) 7E E, Kb 1Y Jacobian HiF4:
Uy “quly B, 0
0 —(1=qy)uy—y B, 0
g = B K(r-uy) ’
1o — N (gu=Duy 0
0 0 0 Uy —F




5 4 1]

R A — R BATUEE B RE B i Logistic M1 A BES M & YL i 1

97

X AR T

(A+uy) (A—uy+r) [()\"'(1_91-1)”1&"'7)(/\_(QM_I)”M>_

KB,B,(r—uy)
rN

|-e.

ARARAEAR A, = ~uyy <0, A,y =uy—r<O, HARRFHEAR th T Y 7 R DR E

etai N

I:/\+(1_QH)MH+7] [/\_(QM_l)”M]_

KB,B,(r—uy) 0
rN o

)‘2+|:(I_QH)MH+7+(l_qM>uM]A+(1_R(§) [ (1_51}1)”1-1"'71 (l_qM)uM:OO
[0,1) alﬁ(<1_QH>“H+7+< I_CIM)”M>05%/' R,<1 HTJ’, ( I_R(2)> [(I_QH>”H+')’J (1-
)ty >0, FFBAT ARG B T P 5 E, W RAZE 1 s Ry> 1 I, (1-R2) [ (1=gy) by ] (1=

HTq, €

ay) Uy <0, FTLLR

[0’1)9 QME

SR R DA — AN IE S

SRR HOCH 5 E, ARE

EIE 3.2 Y R>1 B MR ET (S, 1 Ly, Ny ) S2 Rl e A e 19,
UERR  #RAY(2)7E E™ AbAY Jacobian XH 4K

B: 1y B>Sy
Uy~ N “qully - N 0
B.1y B>Sy
N _(I_QH)“H_')’ N 0
JlE*z * ® % % | ©
Bi(Ny—1y) [ MJ BIH quIM
0 *qu
N K K
2rN,,
0 0 r— X —Uy,
. " . 2rNy, " »
Gy = — N RREAR A]=F—T—uM—uM—r<O,,mE SFARAR B A2 AR 3x3 BUGH R g, O R A RRAE 2
Wi=h
Atuy Yy 0
B B X
FOO)=|" N T U™y "y N .
B (Ny—Iy) B 1y Ny
0 —T A+ N rqy| 1 [g[ +ity,
F5 3 S BIFAGE] (A+b,) (AP +b,A+b,) +b A +b =\ +a, A +a,A+a, , H
a,=b,+b,,
a,=by+b,b,+b,,
a;=b,b,+b;,
B 1y Ny, B 1y
b,= N rgu| 1 I;A tuy = N +(1=qy) uy,
Bo 1y
by=d,+tuy=(1-qy) uy+y+—— N tuy,
/31* ,31;1 ﬂzlf&

B>SuBy(Ny—Iy)
b,= s
N N
,825}; ﬁl(N;[ _11:;1

bs=uyb,=-uy

N N



98 R R % M (B % R 55 60 &

Ul
H =a,=b,+b,>0,
H,=a,a,~a,=(b,+b,) b, b,+b,b,+(b,+b,~u,)b,
) Baly
=(b,+d,) [ uy(b,+d,) +uy+b,d,+b, ] +y T(uH+dz) o

B I N P
HF b,>0, d,>0,HIt b,+d,>0, v %(u,ﬁdz»o,ééﬁ%m%

BB, <R3_1> [( 1_5]M)”MMHR3+”H:81 ]

b,d,+b, =
TN Ry By +RA(1-qyy) uy (1t +y) ]

NN, >0,
[4
, Bxly
H,=(b,+d,) [”H(b1+d2)+”1{+b1dz+b4:| +y T( uy+d,) >0,

'BZZ\ITM}>0, A1t A Hurwitz 38 7] 0

75 RE R B AT FR AR B HAT G528 MO i 07 5 F- 1 5 E T R SR R AR e 1Y .

T H3=a1a2a3—a§:(a]a2—a3)a3 =(a,a,-a,) l:uH(b1d2+b4) +by

4 A RREEM

K‘ —
28 4.1 %&gwt%ﬁ¥@ﬁE{Mmm ””Wjﬁéﬁmﬁﬁ%mo
r
WERR AR (2) WA 2 AN RE T A
jHSBZIM+qHuH1H_uH1H_71HO (6)
AR (2) H e 3 AN TR AT
. BNyl N
Iy< %ﬂquM [1—;) —uyly (7)

F4) 3 1E 52 #Y) Lyapunov pR#L
V(t)= |:MM_rQM[1 _]jgd)i|1H+BZIMO
HIEBA (2) L 5
V(t)= [”M_quKI_]\;AJ}I'H_‘—BZI‘M
$[u -rg [1_NM)}(ﬁl +quupgly—uyly=vI,) +B [BINMIHﬂ’q I [1—NMj—u 1 }
M M K 2tM H*"H'H H*H H 2 N MM K MM
:(R(z)_l)(I_CIM>MM[(1_QH>MH+7:|IHO
MR, V() <0, MHAY I,=0 0}, V()= 0,00 S, =N, I,,=0, JCIR-F- i s i v — AN 5h

SRS SR E L R Sy Iy Iy Ny € Q1V=0} IERRARASEE . Tl LaSalle NASEEJFHLAL, XY Ry <1 B, B

B T -7 i 4 SR R 2 Y
SIIE 41 ®ES

x'=f(x) (8)
W ERIUG 551 x(0,x,) BIME R x(1,x,) o MU BEAR X .
(H,) RG(8)FE—DEWT| T4 KCD;
(H,) R4(8) A M—FHisix" €D,

&xHP(x);Ell:*/l\(Z}X[ZJ BB R %L, HXF xe D, P(x) € C', %57 P (x) fAAE HLAE x € K WIS L),



55 4 1] PRI, AF AT N ELAA R A 5 Logistic 38 BB A QLR i 99

AE X g =lim sup & J’[u(B(x(s,xo) ))ds, HHt B=P P +PJ* P P, AR P B —

] AR AS 3] E’J%El@ u(B) FEFE R4 Lozinskii I

|\ I+hB1|-1
u(B)=lim———""—,

h—0*

ATEZ p, £ I

5D R E K, BAAE(H,) F(H,) 80T, Y g<0 B, REERYME— -4 5 x 76 D N2 Rl i fa g i
EIE 4.2 A R>1, IR -2quy+uy+y>0 B -8 5 E™ (Sy 1y Iy Ny ) S22 Jrylna fa g 1)
IERR X BLA B PR 2R 4 R AH 0T Bendixso F40E M SRAIE A M A A0 4 R AR 2 T
FRAESCHR[ 121 VA2 5 138 4.1 AT, 24 R > 1 B E, ANFasE, WTE Q WA — NS0 5| 74 T f57E, HAR

(2) RA—AIEPAG 5, R RSB E <0, BIVATIE A M5 6465 15 0 4 Jm A e 1k
B (2) IR BR R 52N

dSy(1) BaSulu

™ =uy(N=-S,—1,)+(1-q,) u, 1~ N ,
dly (1) B,Suly

dr = N +quuyly—uyly—vyly, (9)
dly (1) Bily[ K(r-uy)

dr = N p - VR R/ INTOVY N VY Ve

TR HTALRL(9) B Rt e e,
1AL (9) By Jacobian Hi [ H

_y _BZIM B _BZSH
Ty quly N
S| B o B.S,
N guUy—Uy=7Y N o
Bi[ K(r—uy) Bily
FERE J 5 YRR AR N
7 BoSuly  BrSuly
" NI, NI,
Bily| K(r-uy)
Jm NI p i M Jx “quUy |
M
B.1
0 . .
N
/\':FI
Baly
:—2 + —y—
Ju UyTquuy—7y N’
Boly Bl
»n= Uy~ N - N Uy—Uy,
B 1y

Jyu=quuy—uy—y—
3 = qully HYN

Iy 1
iiEXP(SH,IH,IM)zdiag(l, Hj mp,p l—dlag(O
IM IM

III
H

ey % B, B, ﬂ:q:‘
7 g B, B, e

TGy Uy o

Iy

- —j Ml B=P,P"'+P] "> P A E K
I, I, I 1 '



100 R R % M (B % R % 60 &

Baly
B, =-2u,+q,u
Htquln =Y N’
o _(BsSulu BaSaly
2N, 0 N )
By K(r-u '
B, = Iy | K( ) 11,0 .
NI, r
Baly Bily I Iy
Uy~ N N QM”M_“M"'E_E “qyulUy
B,,= .. o
Baly Bily Iy 1y
N qHuH_uH_y_T+unM_uM+T_E

A (u,v, ) eRHIEEC| - | @K || (u,v, D) || =max| lul, lvIi+111] ABRNTFEEC | - || B9 Lozinskii Il J& K
u(B),u(B)<supig g | HH
=u (B, )+IB,l, g,=u,(By)+IB, |,
IB, | |B, | JEAHN T [, @Z‘&E’J%ﬁ%(&ﬁ u, AN F 1, YEEU Lozinskii 5, )
:82
N
BySuly _BIIH{K( r—uM>_I }

u(B)=-2uy+quuy—y—

IB,|= , |IB, 1=
12 NIH 21 NIM r

TR u, (By,) R By, 2 FNARR M DTSR 48 XHE S 2 B e 5 B M oT R LA
Bily I Iy
Uy~ Uy ~Uy +7_7 “qully

' M
BZZ_

B,y B, 1 I I
N 241—1“1—1 Uy=Y—— N TGy~ Uy T I I

BB, (A% SR TT RN w, (B,,) W
BIIH IH jM

u,(By,)=—uy- N +QM”M_MM+7_T+maX%2‘]1—1”1-1_')”0% o
H Im

I‘i ﬁZSHIM

= Ty~ uUy=7v,
I, NI, guUy—Uy~7Y

IM_BIIH|:K( r=iy)

I, NI,

IM1| TqpmUy Uy
r

1—%/\ 818> EF‘,?\%‘(‘

_ Bl BSuly 1y
81= ~2uytqyuy=y- N + NI, ga_”m

Bily I I Bily| K(r-uy)
gty Uy F————+max | 2y~ ,0} +

1. | +gyuy—u
1, I, NI, M} Dt~

r

H .
< —-—min{ uy=2quug+y, uy | o
H

A PE AT, m = min { uy—=2qyu,+y 1y | >0,

I RN .
Hi uBssup%gl ’gz% gr_n’mljxd‘%ﬁ%/a%ﬂﬁ%ﬁ:ﬂg X0:<SH(O> 9IH<O) ’IM(O)> EQ,—‘i" r>t" I



55 4 1 R A — R BATUEE B RE B i Logistic M1 A BES M & YL i 1

101
1 1 1 1 1 () =
— B)ds=— B)ds+— B)ds<— B)ds+—1 -
tjou< ) ds tfou( )ds tj,*u( )ds tfou( )ds tan(t*)n t
1 ! S Y= * \
HIA g=lim supTJM(B)ds$—n<OO R, 24 Ry> 1 FLIG JE —2q, uyy +uy +y>0 B M5 56 45 55 E ™ &4 R
t—oo 0

IERGEN.
5 HEARN

3 b AR R ALA G0 U 2R e VA R 0 B0 ) 2R R

(1) BHHUE.K=800, r=1, N=500, u,;=0.2, ¢;,=0.3, a,=0.2, a,=0.3, u,,=0.2, g, =0.36, b, =0.5,
b,=0.8, y=0.25 It R2=0.615 4<1 B4 K 2,

(2) ZHHUAE.K=800, r=1, N=500, u,=0.2, ¢,=0.3, a,=0.1, a,=0.2, uy =0.2, ¢q,,=0.36, b, =0.5,
b,=0.8, y=0.4, LI} R2=0.148 1<1 L5 R A0 3,

60r 50;
— L0 45 ‘:‘ — 1)
S0k == 10 a0k - 1,00
1 1
40f 3
g | = O
< anlt = '
T30 ~ 25h
s < I
F | = 20f
20 |“ 15 '|l
)
ok 10
5H\Y
0 1 1 1 1 1 1 1 1 J 0 3 1 L 1 1 1 1 1 1 J
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
t/d t/d
P2 Guipgisr ¥R ges A28 A H] 1) 3 Guipgise 1R s A 225 A ] 1Y)
AL (R, =0.6154)

HALE (R =0.148 1)
Fig.3 Evolution of the number of infected mosquitoes
and infected humans over time( R} =0.148 1)

I MEEIE 2 FIE 3 F Y Ro< 1 B BE BT HERS | Geds A2 gL i i £t FRka T2, ml R G
A AR A R TR AR E Y o I N R IR X ) NS | Ty I X G NS HNT e R DL K 4 v e A2
YIRS AR | T B R NS AN GL CF-Is/ NE O BT B s B s/ ), IR ig BT T

(3) ZHUE . K=800, r=1, N=500, u,=0.2, ¢,=0.3, a,=0.3, a,=0.45, u,,=0.2, q,,=0.36, b, =0.5,
b,=0.8, y=0.08, It R2=2.454 551 BilZh K 4,

(4) ZHIUE . K=800, r=1, N=500, u,;=0.2, g;=0.3, a,=0.28, a,=0.3, u,,=0.2, ¢,,=0.36, b, =0.5,
b,=0.8, y=0.12 i R2=1.292 3>1, B4 K 5,

WA 4 FEL S B2 Ro> 1 B Bl B (R] A R |, g A 2RI Y 0 507 I B0 3 R o — A
[ 2 AL, AT 2Tk~ A7 A5 A S i I RS 1Y . S 08N G A % ) SN2 | B BRI A % s N2 1)

M WS 3R LA B 48 i Do N2 R IR A2 Ak, 5 S50 T4 g o 380 4t 07 o ~F- 487 It g S R A 1 e 19
R ZHUIN

Bl 6 43 M ISt 1 KRR XL AR (2, [ 5E S 80UA . K=800, r=1, N=500, u,;=0.2, q,=0.3,

a,=0.2, a,=0.3, q,,=0.36, b,=0.5, b,=0.8, y=0.08 T ESEL u,, WBUEAR TS s uy =0(R>1),
Uy =0.2(R2=1.0909>1) , uy=0.6(R:=0.1818<1), uy,=1(Ri<1) , ZER WA A uy =0, B RBUE ]
KIS R 2 Qg AT , Bem NS FGL IR I50F  e KRB A K B wy, FOBE K, FEAR AR B0/, e &

SRR HLBERIA | | 21 00 B0 (9 KA R IR B — i AR, A% G T T, Ul 1 R0 19 K% A 1 T 4

Fig.2 Evolution of the number of infected mosquitoes
and infected humans over time( R} =0.615 4)



102 R R % M (B % R % 60 &

80T 60
160 55
140 50
— L
< 120 -=- L) s ®
=
~ 100 ~ 40
ZF %0 < 35
60 30H
40 25
20 L 1 1 I L 1 1 L 1 I 20 L 1 1 1 1 L 1 1 L ]
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
t/d t/d
P4 G dor A G 2R Bk BE I a] B 5 Qe 1AL A S %0t B E] i)
HALIE (R =2.454 5) HALIE (R =1.2923)
Fig.4 Evolution of the number of infected mosquitoes Fig.5 Evolution of the number of infected mosquitoes
and infected humans over time (R, =2.4545) and infected humans over time (R;=1.2923)
900 55
800 P e et - 50 — L
I, " - -
700 | ; — 10 § 1,(0)
sol o L Bh
< o ~ 40t
;f 500 ':{2 sl
= 400 S:
300
200
100
0 1 1 1 1 1 1 1 1 1 1 15 1 1 1 1 1 1 1 L 1 1
50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500
t/d t/d
(a) u,=0 (b) u,=0.2
401 40
35t — 10 35F — Lo
30} T A0 30} --- L0
25 25
= = 20
10
{
5 ;.
\
ob-
~50 50 100 150 200 250 300 350 400 450 500 =50 50 100 150 200 250 300 350 400 450 500
t/d t/d
(c) u,=0.6 (d) u,=1
P 6 Gt G N\ SRR B ] F) i fL 5]
Fig.6 Evolution of the number of infected mosquitoes and infected humans over time
6 %

ARICE T A e B b g BB HRBAT T AL RR RIS 00, i or T — R BA X AL B B A
Logistic M8 i) A& RS AY | 38 o M o B R B RADL , A+ SABE TR0 6 DG g - A6 R 3 75 ~F- A AT 2 4 S
UTARRE 1Y, 0 I AR A Xt i SRR IT R i 2 AR S LA RO BT Y IR R AR RIS 8, i Py BB 4 Dk
AR RN IT I 38 3o P T T B e NSRS A% 2 IS T 41 i o BT 14 KR R AR B T



55 4 1] PRI, AF AT N ELAA R A 5 Logistic 38 BB A QLR i 103

(SRS
S 3k

[1] DAS U, AHMED R, KASHYAP A, et al. Japanese encephalitis in assam a sentinel case[ J]. International Journal of Bio—
resource and Stress Management, 2023, 14(1) :153-160.

(2] fhealse. B PR sE IR T]. RIETRT B, 2005,17(4) :167-169.
XU Jianrong. Research progress on dengue fever and its prevention[J]. Shanghai Journal of Preventive Medicine, 2005,
17(4) .167-169.

[3] Tk AR Rets BBt 1], PR E,2022, (8) :52-53.
WEI Wanchun. Focus on yellow fever epidemic and its prevention and control measures| J|. China Customs, 2022, (8) :52-53.

[4] it T PR WP (Y], & HCSWAR:,2010,31(11) :160-161.
SHI Shengyu. Prevention and control of West Nile fever[ J]. Animal Husbandry and Feed Science, 2010, 31(11) ;160-161.

(5] AR DML, HEAERE PR EB/OL]. (2020-03-02) [ 2023-12-17]. https: // www.who.int/zh/news-room/ fact-sheets/
detail/2023 03 17/en/.

[6] GUO Xiaoxia, ZHAO Tongyan, DONG Yande, et al. Survival and replication of dengue-2 virus in diapausing eggs of Aedes
albopictus( Diptera; Culicidae) [J]. Journal of Medical Entomology, 2007, 44(3) :492-497.

(7] TEVAF AR B AT SRS B A e e RS L B R SE PEAIAT [ ] BN 2 B =41, 2022,38(4) :42-48.
YAN Juanjuan. Stability analysis of vector-borne disease model with control strategy[ J]. Journal of Binzhou University, 2022,
38(4) .42-48.

[8] XIfR,5E500T , 2= KW 55, — R HATARIE R AL R XU TE AL A% B A AL Yo AL 0 A [ 7] AR 5 0 £y, 2021,
37(2) :198-208.
LIU Chen, DOU lJihong, LI Yufeng, et al. Analysis of a vector-borne infectious diseases model with standard incidence and
double vertical transmission[ J]. Pure and Applied Mathematics, 2021, 37(2) ;198-208.

[9] VAN DEN DRIESSCHE P, WATMOUG J. Reproduction numbers and sub-threshold endemic equilibria for compartmental
models of disease transmission[ J]. Mathematical Biosciences, 2002, 180(1/2) :29-48.

[10] CASTILLO-CHAVEZ C, THIEME H. Asymptotically autonomous epidemic models[ J]. Mathematics, Medicine, 1994.

[11] LI Michael Y, MULDOWNEY J S. A geometric approach to global-stability problems[J]. SIAM Journal on Mathematical
Analysis, 1996, 27(4) :1070-1083.

[12] LIM Y, GREAF J R, WANG L C, et al. Global dynamics of a SEIR model with varying total population size[ J]. Mathe-
matical Biosciences, 1999, 160(2) :191-213.

(%44 %)

(L#% 92 W)

[11] FRE. Lz Rt M]. dbat. m%2HE L, 2015.
GUO Dajun. Nonlinear functional analysis| M |. Beijing: Higher Education Press, 2015.

[12] DANCER E N. On positive solutions of some pairs of differential equations[ J]. Transactions of the American Mathematical
Society, 1984, 284(2) :729-743.

[13] LI L. Coexistence theorems of steady-states for predator—prey interacting systems[ J]. Transactions of the American Mathemati-
cal Society, 1988, 305(1) :143-143.

[ 14] DANCER E N. On the indices of fixed points of mappings in cones and applications[ J ]. Journal of Mathematical Analysis and
Applications, 1983, 91(1) :131-151.

[15] NAKASHIMA K, YAMADA Y. Positive steady states for prey —predator models with cross-diffusion [ J]. Advances in
Differential Equations, 1996, 1(6) :1099-1122.

[16] GILBARG D, TRUDINGER N S. Elliptic partial differential equations of second order[ M |. Berlin: Springer, 1983.

(%% . TR )



