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Abstract

This paper mainly studies the invariant measures of the random mosquito population model with
Markov chains. First, the Lyapunov function is cleverly constructed, and the It6 theorem and the
comparison theorem are used to prove that the random mosquito population model has a unique
global continuous positive solution. Second, if A <0, the sterile mosquito population will be ex-
tinct, and the distribution of the wild mosquito population weakly converges to the only constant
probability measure; if A >0, then the system has an invariant probability measure, and the
transition probability of the solution process converges to an invariant measure. Finally, it is
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proved that the transition probability of a stochastic process converges to the exponential con-
vergence rate of its invariant measure.

Keywords

Random Mosquito Population Model, Existence, Markovian, Invariant Measure, Ergodicity

Copyright © 2021 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

WS FE PR AN S B 1) E BAL R 2 —, AERIRTEE N RMZEE 3600 ZF. Hrfr, DIRE
MEAE S B RIMEBOR B S JEe. TR 220U AT 2R 280 73 45 FLAths S AR i) b )2 32
AR R R (1) EBEA Z —[1]. EREFNE R, WORIRAEIR, 45 i A FL A R
AR R 7RI . F AT, SR 2 273 i SR O B A4 77 SO Rzl na e R e [2] [3]
[4] [5]o Herb, A Uesa 25 FE A IR HURPRIE K ICT,  (H AT RE 32 B0 ISR 5 M 5T 24 1R AR R S DT PR
PR, A 5 702 2 R AN 2% ERRINH K B ARy Tk i, Alphey [6] [7158 ANBFFURIIAE BB
FEAR I Yok D B KB AR IS A RO TV o TERLAF ST R I, McLean 8155 NiE— 525 18 7 — P JE DR SemE
BRIy AR B 7 H B, #5H B A e 7] B P MEdsCE e 7 A 2R & SR ARTE TIUE 26414 T
BET, IEBRA B KB AR TRIROR . IR, Cai [91258 AFE IS RS SRR, 2R e B A i T
MABBCFAE AT RGO N HGEIE Logistic M4, ANHBCTHIHA TR ERIBEE. BIAFBTH
BRI  IF B B A AR A EAE RS DL T, AR AR 8w i LR o) 5 R A -

dw

e [

w+g

(1.1)
d
d—‘g;=B(-)—[ﬂz +&(w+g)le
Horprw FoR B AEMCT MR, ¢ RORAFICTF MR, N =(w+g) R BB RA B BT R
Mo, C(N)FREAMERII AL RIACHCIREL 1, > 0 Lo B AR IS0 A 6 07 5 P B TE R BT
K, E >0 FRE AR A B BT SRR EAHRRIZET Z, a > 0 KRB IRESHEL ™ A 8 A4 f5 3,
B() BRATBT MR,

B T A BERURAAE Allee MUBI[10], RIIFS, T coa Nar REEC(N)=c,N/(1+N) . BIE
B() =2 B, TR, B(-) R ML B EL 580 A T HOR S 0 e T 4

1+w
by, b>0FRAEWFREBORZRE SR, IS A A o S PRI M e e, i, . 6
HREEDRI 2R PRIk, ARS8 FEIA SN 75 TR 3 e R A 52, B e s P RS 28R L R B LA AR G

dw(t)= l:[%_(ﬂl +& (w(t)+ g(t)))] w(t):l di+o,w(t)dB (1)

1+w(t)+g(t 12)

de (1) { A0 e (w0 2(1) g(t)}dt—i—azg(t)de (1),

1+w(t)

DOI: 10.12677/pm.2021.114075 613 P2k


https://doi.org/10.12677/pm.2021.114075
http://creativecommons.org/licenses/by/4.0/

LT 5%

b B (1) By () BB AT ISR, o, R A . BT AT IS SRR E SR A

TR, A1 — 25 B R G TAAE AR E SR R A, A IR S 1 ) /R
BRI b B AT . R a,b, 1, &0, WBREHRT a(¢) » J7FE(1.2) 80 FEE
HURRY:
a(a(t)w(t)
()= | o0 (0) (00 ()& ()0 () (o) o
+0, (a(t))w(t)dB, (1) (1.3)
b(a())w(r) -
dg(;)z_ (1+W)(t) —k(a(t))g(t):|dt+0'2(a(t))g(t)de(t)

oo, K=+ & (w(t)+g (1), a(l) RAESEHRRASNDRRBREE, RECSIHAGRIEZED, HREZ
A M={1,2, N} o REBCEAT =(7,) > 7, WTFHE:
Vi (X)A+o0(A),i# )

I+y,(x)A+0(A),i=j (1.4)

Pla(t+A)=jla(t)=iX, :x}:{

2. FEHNH
AT, NS TR w, . gy i MBIFRw(t) . g(f) a(e) MWIMGIE, FA RN, RATHE

_‘L&
a =r}€1%<a(i), b =rlrel:c}/)l<b(i), o, =r}€1%<0'(i), Kk =ri1:%<l€(i),

a, =11151/i\£1a(i), b, Z?El/i&lb(i), o ZIiIEIJi\EllO'(i), k, =riI€11nl€(i).

Hrps=1.2. LR, =[0,0), R} =(0,0), R?=[0,00)x[0,00) Fl R}* =(0,0)x(0,0) ,» FRZi(1.3)5(1.4)
IBENLIE TR (w(t). g (), a(¢)) HIARRS T

LV (i) =V, (i) ] (¢,i)+§tr[é(¢>i)? (6:0)Vs (80) [+ X 7,V (40). @1

AT FT A L, BRI g = (w.g) . V, (0.0) RV, (4u0) RV (1) X T ¢ ROBEIERISERE, 7 A0
& BRI IE REFT RS, 5 STF

Fioa)<{ 0

T
. N whb(w,g,i L
1+W+g_w’u1 (W,l)—w(w+g)§1 (Wagal)a#_gk(l)J

§(¢,i) = a'iag(a1 (i)w,o-2 (i)g) c R

Horb diag (a,b) Fon B 5 a A b IR MAFERE AF I, g IRFBRAE M R 887 = g7, V(i) F1V (w, g.0)
Al LA E R IR

B 2.1 Bk

1) B, (1) M B, (¢) BB T H/RFHREE o (¢) KISHE R EA BIZE ).

2) MMEEie M, a(i).b(i).k(i),0,(i),0, (i) RIAEFII.

3w (w,i), & (w,g,0),b(w, g, i) il & REMIFE A K AF A 1(0,i)=&(0,8,0) =0 BIREN T &k, >1,
‘{gr()lcul(w,i)zoo 0 0<b(wg.i) < (1 (wi)né (w.g.i))s &(w.gi)<w,(1+w). B, WENieM,
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b(w,g,i) fE g = 0 N2 —FugLk i, 0 {lgi%sup|b(w,g,i)—b(w,O,i)|:00
4) SARRRERCMERTET = (y; )AL, BRI L€ M, PR =i seees, =
7fk_1’ik >0,k=12,---,n

R 2.2 Mz, %om a (1) RIAZRIMEL, R 5% AF 22— AL
1) M TFENieM, (LM (w,g)e[0,0)x(0,00), b(w,g,i)Ew FREIEWI, 7Eg FRIEHM;

2) ZM[hmsupb(wol) k(')—azzz(l)Jﬁa(i)<O; 2.2)
3) zj\/l[}gr;mfb(WOI) 12(1')—0222(1')}:&(1’)>0. 2.3)

3. FEMSATENE

AN B BB AL AR R B IE AR AEAE I 5 AN B

EHE 3.1 WEE (w,g,i) e R} x M, BA B/RAREERIEN LIS 5 SR (1.3) A ERIIRE N
(Wo.800i) € RZ x M IME— 2R IEME, HBENLISTE (w(1).g(1).a (1)) R DRBR LB RE. bt W
Reg=0, WP, {wit)>0r>0}=1FP,, {g(t)=0r>0}=1, W g>0, WP, {g(t)>0,>0}=1,

WER: BHFIIE, 1E (w,g,i)e R x M, BA By IRA] IR R BEHLISCT RO (1.3) 1 28 0 2 )= 0
B PGZERM, ARG I)ERE[0,7, ] WRAME—ZELLAE, Hrh

z'e:mf{tZO.w() g(r)= oo}, infg=o00, HER—NmLG/RERSRE[11]. & X

7, =inf {t=0:w(r)v g() >k},

iz, =lim, 7, .

%[ﬁl}](w,g,i)zkow+gy FIH AN, 745

Koa (i) w —kyway (wyi)—k (i) g

EV(W &1 ) I+w+g

+w M—KO (w+g)(,“1 (W,g,i)}

1+w

S Koa(i)w’ +b(w,g,i)w
I+w+g I+w

. 2 .
) oAl | O g s e

Hit, E V( (7, A1), g(z'k/\t),a(rk/\t)) Vi(w,g,i T+ wtg T+w

w,g,i

. 2 .
I}I(W,g,l‘)'i‘ljoa(l)w +b(1/;/,g,l)w
P .{rk<t}SP {I}( (Tk/\l) g(z'k/\t),a(v))zk}ﬁ +M;€+g tw — 0,k — oo,

W, g,

T S =0 P, (o, >t} =1,V >0, Will, B, {r, =} =1. Bk, A G/RITHE

Y ATLISC 7 P AR 2 (1. 3P TEME— IR 4 JR JE B2
N, RIEIEMREN. H, Bilw,e>0, WEEnez, , AT UL TR
yl(")(w,i):yl(W/\n,i); 51(")(w,g,i):fl(W/\n,g/\n,i); b(")(w,g,i):b(W/\n,g/\n,i)o FEHh, ik
0 BB &b e (W (1), (1)) BOR RS 3) 50 AR

n(ﬂ):inf{tzo:w( (g )() O}

WE P
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JHHAE 77(") = %im m(,") . EJE

128 (w,g.i)= w—c" =" ln%+c2 (g-Ing-1),
c

1

L, ) (1, i ") (w,i J5+4
Hrpe, =—, " = max sup g4 (()W ) o A ::maxsupw'u1 (Wl),W> g,g>0,o
K, M o (Wt 2)E" (W, g,1) eM s g 2

(n) :
T £ (w,,1) WL MM T 252, & (0,07) =0 Bl sup S P80 s,

w>0 w
(n) ;
a0 o e,
w>0 w
KI}Z(")(w,g,i)
DN 2l () 2
:[I_CIg J(li(izfg_W'“'(n)(w’i)_w(WJrg)é(n)(W’g’i)}rc} 621(1)
(n) ; 5 2.
J{Cz_c_zj wh (W’g’l)—gk(i) , Q% (i)
g l+w+g 2
N2 . (n) 22 A2 .
< ali)w +c,(")c§")+c2k(i)(g+i)+—c1 % 6% +o,k
I+w+g
(n) (n) ;
H{CI - (W’g’l)—#f”(w,i)}
g

+w Czb(n) (W’g’l) _ Czb(n) (W: g:l)
I+w g(l+w)

(}'I)I\z A2
¢ 'O, +CZO'2

2
b BT L SR L0 & b BB D, 0" . UGS APHEAR, 78
E, " (W(n) (,7](:) N t), g (77;((") A t)’a(n) (77;((") . t))
. ") A
= Z(n)(W,g,i)""Ew,g’iJ.:k tﬁVz(n)(W(n)(u),g(")(u)’a(")(u))du

< I}z(") (w,g,i) + K"y,

< a(i)+cl(")c£") + =K"; w,g>0.

.Ian EB VA;n) H/‘]/‘\';'EX7 ﬂl:]%ﬂkn) <t, }H\IJ
128 (w(") (U,E") A t),g(") (77,((") A t),a(") (U,E") A t)) > (cl(") In k™ — ") ) A(e,Ink—c,).
LNIERE S

I}z(") (w, g, i) + K"

—0; as k > o
In kc!") —cl("))/\(c2 Ink-c,)

Poeclil <1} < (7

HX{Et&nez, , P,,, {770(0") = oo} =1, B
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P {w (1).8" (1) > 0:ve > 0} =1.

WHERA >0 Flwe {z, =0l N{w" (1),8" (1) > 0: Ve > One 2}, FtEn, =y (o,0) . 1iFH
w(y)(a))vg(y)(a))<n0; Vo< y<t.

BRAL, AT, A

4&%JWU)>0J>0}=ﬂ%&g0)>0J>0}Zthg>O. (3.1)
W w>0,g=0, Mik#Fc, =0, WEHP, {()>ot>®—1oﬁﬁW3mﬁdg=0n>®:1°
5 FEYIURE w, = 0 Fl g, > 0 [, g>0wEﬁA¢
a(i)ﬂzz

I+w+g

— o, (W,0) = (W+g) & (W, g.1) = 0. (3.2)
AERE (W,8.0) e R x M, R w+|g—gl<e. %
T :inf{t>0:w(t)+|g(t)—g|28}.

M TRENUSTE (w(2), g (1)) REESM, R, {7 >0} =1. WEHELEGEAX[12], ¥ w(r) & X
BRI

0| [0 { a(u))wlu) (wﬂmwwxa@»_wwxwgo+@§(W@%gwxa@»}mkaa

l+w(u)+g

Hro(r)= exp[—j{iwdu +L§ o] (a(u))d32 (u)J , 1e[0,7) .

WAE3.2), Mre(0,5]0, H

%—ww () ) o)+ ) (o)) ) 0.
B E5(3.3)FH4 it

B w(t)>0,te(0,7]} =1.
TR (w(r), g (2). a(r)) RBEBRDRERNME, 456.DE
B {w(t)> 0,1 (0,00} =1.
FEHAFIE
SEH 3.2 WA ALBRBL 2.0 A1 2.2 2AF, W AISE S ARAL
In
MR A<0, W lim—== U = A JUFREAE RS . B (w(t),a(t)) 2345 S5 ST i — AN AR EE 7

AN A=0, NI
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}I_I)Tf)loTE ()dt a, lim— E j t)dt =0. (3.4)
, a,ul(w,z) ob(w,0,i) . o, (w,i)
A, RN TieM, 5 A - fAEH IS, W ——F P B R — N IE AL
IR A >0, WA R x M AAELE AR 5 lim||P(1,m,0,) =7 ()], =0« Be5h,
T ge(0,1], A lim LA )>0 e M. FHHA:
w—>0 W
i) XF g <1 K, X‘ME%?IS/J<1—
-q
}imtﬂ"1 "P(t,w,g,i,-) —u ()"TV =0, (w,g,i) € R, xR} x M; (3.5

i) X g =180, WREE—F>0, A

lime;’ Hﬁ(t,w,i,-)—,u ( =0, (w,g,i)eR+><foM.

“TV

Hrb P(1,w,8,1,°) ( (1).g(¢ )E’J?ﬁﬂ‘%i
R £ g(r)=0Kiae 9%, ik w(r) ROA(L3)TE g (¢) = O I AR, BY

dvv(t)_[ 1(+)W((t)) w1y (Wt ),o:(t))—gl(w(t),o,oc(t)):lfv(t)dt+al(oc(t))fv(t)dB1 (1)

1+w(t)

di(t)<[a(t)=m (W(2).a (1)) | (t)de + o, (a(2))(2)dB, (1) (3.6)
SHF 74N o (£) > 0

{EA(W+]H w H(W,i)ﬁ—l if w<w or w>lA
1+w

w

LRITHG.OMMRS T mFEmaRRLE, FTREGC.OMT BABUZERERMN, HRFKG.6)FIEME
— AN 7o B,

tim,.,,, [(6,m,0) =7 ()], =0, (wi) € (0,00)x M. 3.7)

Hot ||, TR BAE SR, P(rwii,) 2 (W(e).a (1)) RS, BT B, ((1)>0.0>0)=1, 4
w=0K, G IR,
2 g () R/, ()ﬂ&%ﬂﬁﬁ@%ﬁom@%ﬁﬁﬁ%MﬂﬁﬂwoﬂO»mﬁﬁﬁtﬁgﬁﬁ

/N, bﬁﬁkﬁﬂi‘ki ()THEBII i S (ELIT DL 2

A= ZI{ ,0,i) E(i)—azzz(i)ﬂ(dw,i)J (3.8)

FTEL, #55 A PUE T g (1) —REWELT 0.
1) A=0/H1HH.
& P RIEERAT AR . BB (w(2), g (1), (1)) 76 RZ x M A — AL FE 11 o MR I i,
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RT3 A B FREAWIA (wy.80.1,) »
m%jh(w() g(1),a(t))dt = Zj h(w,g'i') i (dw',dg',i") (3.9)

ST AT R h SRV 1 FTAR . BT R R B R 2 HONIERY, AARMIEE o fEmE—1,
T mxm, , Hom AR BN IR . L, WR 4T (4)=1, BaHe>0m, XMEA
(w,g,l)eRz"xMﬁPWg,(( (1).g(t).a(t ))EA)—l i%%ﬁ?@??ﬂﬁbﬁ(% Gooly) € RO x M,
(B9 RHELLECER, 2w (0)=w(0)H, P{ () zw(r)y=1. Bk, @x1.3), G.oOfw(r), Ww()
AR, BLRAE 1y () Bow AR, A

limsupE, ., leT # (w(t),ex(r))de < lim sup%quJoT,ul (W(t).a(t))d<a. (3.10)
. ou, (w i) _
A, mtieMm, = MR —ANIERE, 1 (0,i)=0, FUAFE—1 g >0, H

w(w,i)>g, VieM. (3.11)
g 1+p . .
L0<p<Bifocg, <%ﬁﬁﬁ}a‘%ﬁ, 3
o

E, @ WP (T)

:w””+Ew,l.'[oreg2’(l+ﬁ)ﬁ/”+'(t)|:(a—,ul(ﬁ)(l), (1))+ ”"1( o)), & |y,

<w”p+EwJ. e® (1+p)w™! (t)(a—%)dt

_ g.e®
Swl+p+g3

g
Hii g, =(+p)'a"" (a-6))g, -
Mt 1321
limsupE, , w7 (T) < limsup £, w7 (T) < & (3.12)
T—w T—wx ’ g,
sesh, A
E, . (w(T)+g(T))" Rete T 5t iy, (3.13)

WA, 22

g5 (3.12), AT LARIE, Xa”fg‘4<oo, H

lim sup— Ew,j V7 () iy (W(2), e (t))de < . (3.14)

T—o
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RIERG.6R(3.12), 3G

o1 R .  E_ W
hm—EW’l_.[OT(a —_ (w(t),a(t)))w(t)dt = }gwf -0

T T

Fik, &
(3.15)

RHE(1.3), AI%0E
E,,, ()Tw(t)(w(t)+ g(0))& (w(t).g(1),a(1))dt <aT +w,, T>0.

UEAh, RHE G 13) K —E 5, & RIZPEI AT FibE, 303 10)i) 1P i e sl bL R A2 il WS 2

GE
: rf a(e(0)w (¢
}1330? ¢ _[0 l+w(t)+g(t)_ﬂl(w(t) a(t))w(r)|dt
<lim_E,,, (ap (w(t).a(0)w(r)ar (3.16)

= 3 [ W (a0 4 (W g i)
i'eM
:;g
RAE(1.3)M(3.13), B HFIIE, IR
tim L, [ () (1) + 2(1) & (w(0). 2 (0). (1))

T T
f71E, H
. ala(t))w (¢
lim L, lfw((t))lgﬁt;—w(t)ul(w<r>,a<r>)—w<r>(w<r>+gm)«;(w<r>,g(r>,a<r>>]m
(3.17)
i quglw(T) w, _
T—w T
MyEkE g8, f
;E?O%Ewél OTw(t)(w(t)+ g(1)& (w(t).g(1),a(t))dt=g= 3" J.Rlo W& (w,g'i") i (dw',dg’,i") > 0.
i'eM
RIEGB.15)F1(3.16), A
hin%E "Lt (W()scr ()= g (w(0)scx (1)) ] = &, g2 0, M. (3.18)
4 H>1 yr/l\;aﬁj\j:a@ﬁéﬂz#ﬂfm% s§ . 135
. 1 T R
lim sup?Ew’g’,.J.0 Loy (,u1 (W(1).a (1)~ (w(t),a(t)))dt
| | v _ . (3.19)
S;E{)losup?Ew’g!iJ‘j#yl(w(t),a(t))dtﬁg—‘;sg
RIE3.18)F1(3.19), B
620 HpE
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}l_rgmf?E““é”" IO 1{11'(t)SH} [,ul (w(t),o:(t))—y1 (w(t),a(t))} dr> % (3.20)
0 0,
e 00 o e, Bl A BT <o, H
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(W, i) =g (wy,0) < g8 (w—w,), VO<w, <w <H,ie M.
i, H(B3.20)a LAERN
1 R og
lim inf Eypify s }(w(t)—w(t))dzzé. (3.21)
Kb, HE—Dg! >0, WEEMO<w, <w<HA
b(w0,i)=b(w,,0,i) =g, (w—w,), ie M.
Bk, 454 b(w,g,i) 7E g LRI, RAVHE, fF1Eg>0, 0<w,<w<H, H
b(w0,i)=b(w,,g,i) =8¢ (w—w,), ie M. (3.22)
R (30.21)1(3.22), 153
;lm;Ewg, " (B(w(1),0.(6)) b (w(t). g (), (1)) )
>}1£30TE‘ " 1{ sern (B(W(2),0, (1)) =D (w(1), g (¢), (1)) dt
_ 1 R
> g }T}omf?EW»gvi.[o 1{@1(1)511} (w(t)—w(t))dt
g
T 25 H
ik, 3k
> e [[w',g',i’—lg(i)—Gzz(i)Dﬂ*(dg’,dw’,i’)
i'eM
-t (01000000 -Fat0)- 2D
2 (3.23)
< }im%Ew,g’i j{b(fv(z),o,a(t))—zz(a(t))- i (‘;(t))}u
<) 88 _ &8
28’ 28
MWRAER(1.3), AL, WL & (3.23), 133
lim tng (7 )—l1m ( ©+[] o ((1)) a5, (1))
.o 1oer ~
tim L7 (5(0(0).£(0.c(0) - E(a () - (1))
<- g6g<0 a.s
2g5
ga b, B8
DOI: 10.12677/pm.2021.114075 621 Eiile e


https://doi.org/10.12677/pm.2021.114075

LT 5%

P, |limg(T)=0f=1.
XA R S HENUS FEAE 22 8] R x M _E B AR L B AR T JE - BeAh, mx & 2RENLE R
(w(£).(£).ar(1)) 2 R, x Mo R, FIQME—RAERURE, & RIEREN O DR FIE . 552 ol

N
Ht’ (')_;J'Opw,g,i {(W(S),g(S),d(S))E'}dS.
[FIBER(3.13), WA (w.g.i) € R2x M, BB (T (+),0 2 O} R4 BI[13], T0% (-) 1E 1 > o0

wm&m%m@%%((nx)(»%K&M%MEOm?my%%emﬁmzmg,ﬂ
B, (w(t)+ (1) 7 4 THA S, e lim zgéj fdi=a, Mn%EM”;gOyh:Oo

2) A<0 RN,

% &, (1) B AT IR

a2 (0) =" g () 6(0)ae+ 0, (1) (1) B (1), £(0) =

1+w( )
Horp (1) RG.6) M. R LLESEE, % w(0)

8 (1)< 8. (1
JUTAbALRRL. FEUCRIFH HoE B, 318

w(0)=u,g(0)=2(0)=v, 1l

vll

lﬁfég)sznng(g,\»@)>o.

WAEIEAR, W, (1) RGBT,
}imsup%lngv (t) = }imsup;'[;{ bv?/(r) —[l€+%§}}d1+ O-zB(t)

1+v?)(r) t

< limsup-— j(bw /) [;ng%zdeH%B(f)

t—© t

2
=b—[l€+%}=ﬂ<0, a.s.

PR 2.2 IR PEQ2), KA > O FHOLIIIED], 55
P4 P4
E, .V (w(n*Tz),g(n*Tz),a(n*Tz )) <GV (wogi)+Kie Myw20,g<e,

H g, 0", 1,4 € (0,1),K &, REHL Vi(wg.i)=(1-py,)g” - HHE(14], EHE 5.1 F 52](0IEH,
P (w(r),a (1)) 23 A5 ST M AR WL 7 (945
3) A>0 Mt

XA AR SRS —IAZMEZRREY . BI[15] W (w,g,i)=w+g,V (w,g,i)= 1n% , 153
g

g (¢) IR AKER (w(t), g (1) (1)) 7E R>* EIIARER B IEAENE. T4 BORIMAER e, SHER I
ty>0 BB AR {(w(nty), g (nty).a(nty),ne Z, )} JLAT A T 20 bk A3 9% #0065, 000 B L 3ok A2
(w(t),g(t),a(r)) 76 R> FIHERMEFR B HAAMEA R0 A AR 11,

DOI: 10.12677/pm.2021.114075 622 S H


https://doi.org/10.12677/pm.2021.114075

LT 5%

BUAE, LA RISE S . Bk 2.2 BIZIEG)SL, Ii(3.6), fFE—NH>0, H

g\;(ggb(w,o,i)—lg(i)—@Jﬁa (i)>0. (3.24)
B, T b(w.g.i) 76 g =0 M Bkl fife e >0, H
4= Z/:w hz, (i)>0, (3.25)
Hrp
he it (p(omei)) -k (-2,

(w,g)e[H,so)x[O,gl] 2

m%ziw(n_a)%(i):o, Wi EEENENR, FfEp >0ieM, A

Z 9;9; =4/7:—fll., Vie M.

jeM
L p RSN, A
X’ (—4ﬂ:+ ﬁl) <A(1-p@), poi(i)<4i, pp <1, Vie M.

e

EXV, =(wg,i)=(1-pg)g " HE
~ 1+ )
7, ()= 25 () on )+ £0)+ 22 1)

+p, (—4/i+hAi)V3 (w.g.i)+plo, (—4/i+};i)w_”‘

(3.26)
<=2p AV (w,g.i)+ Pl o, (—4/{+h:.)w’pl
S_p]i%(w,g:i)a
HieM, w>H, g<g. BT
= 2/(. ~ )
c, (vv,g,z')sk(l)+(72 (I)SIHUZ,
< g g
n, A
f+63
g ()< g 150, (mg.i)e R x M. 527
AT, marmG.8), FE—AT >1, e
—1n(1—p1¢1)<p'jTl, Vie M. (3.28)
[Al it
L [T b(w(r),0.a (1))~ ( (t)_azz(a(t)) > e MT2T, wel (3.29)
7 w,0.i Jo w U, ) a ) > 4 , 1€ A 2L, WS 1. .

Lo, oa2
é\n*eZ+5FDn,,>k+jaz SRR @A), (R p, e (0.0) Fle, € (0.6) s /T

DOI: 10.12677/pm.2021.114075 623 S H


https://doi.org/10.12677/pm.2021.114075

LT 5%

P2

E,.g"(t)se ? g" forieM,te[l,nT],w<H, g<e,

R E L p,» HIFX(3.28)F1(3.30), 13
LS oMt
E, Vi (w(t).g(t).a(t))<E, g™ (t)<e > g”

—e 2 V"‘ (w,g.i)(1-pp) A

P2

_pA P2 PAt
<e 2V (wgi)e *
At P2

<e 2 pA (w,g.i).
HrhvieM, te[T,nT], wsH, g<e,-
HT p, <p» MHFBRAR, H3.28), 5

Py P2

LV (w.g,0) S =py AW (w.g.i), Vie M, w< H, g <2y,

g RN H w2 0N, BAHGINMEG.32), @IV (w,g.0) i E, , V7 (w(2).g(1).a(1)) «

w,g,i

I, MAREG3), 3.32)M(3.27), WIE(13], EH41), FEq (0.1) Lk >0,

£ P

E, " (w(n).g(nTh),a(nT))<q Vi (w,g.i)+ ..

LEAb, ﬁu%hmmfﬂl( )>0 Xtqe(0,1], ieM, Hé.,6,>0,

w—0

()wk

[[,(Kow+g)] w,g,i) <1—

+w+g - 0#1(Wai)_k:(i)g <G -6 (k0w+g)q.

FIAR(3.33)M(3.34) LS ([14], @il 22), k15

W,g,i
k=1

- (#) . N
E, .. > (k+1) Scﬁ(H) VA (w,g,0)+kgw+g+11|,

E*lsﬂk%, R [0,00)x(0,00) LIRS, ¢, () RIEHH, A
-9

r(H)=inf{keZ, :(w(knT;),g(kn.T;)) e H}.

1 w(e)=0 0, g (r) IR BRI SN, 5e 84 A 150,00)x(0,00) LR EHE9]

WRHE(3.35), ZHHR[16], 7
lim (k+1)"" [P (k. Ty, w, 2,1 ) = 1 ()], =0.

k—o0
SHER 1< B <1L, 378
—-q
lim /7! "P(t,w,g,i,-)—/f ()” =0.

k—o na

R qg=1, #HX(3.33)F(3.34), 15

” ”
E, .|V (w(nT).g(nT),a(nT))+xw(nd)+ g (nT, )] <q [V;" (W, g, i) +KwW+g

]”;,

(3.30)

(3.31)

(3.32)

(3.33)

(3.34)

(3.35)

DOI: 10.12677/pm.2021.114075 624

LN


https://doi.org/10.12677/pm.2021.114075

LT 5%

Kb g e(0,) Rk >0.

WrFi>0, H
=0.

v

lim &7 | P (kn.T;, w, g.1.) = 4 (-]

k—w

HIBEH LS LR L FEMEA P(knT |, w, g, 1, ) WSREIAAZIE 11 (1), FFRAHHEBOEOEE, TER SR

e HE

X A AR 5 4:(41665006, 11561009), |78 H AR K 4:(2018GXNSFAA380240).

SE K

(1]

(2]

(3]

(4]

Benelli, G. and Mehlhorn, H. (2018) Mosquito Borne Diseases Implications for Public Health. Springer, Berlin.
https://doi.org/10.1007/978-3-319-94075-5

Fernandes, J., Moise, 1., ef al. (2018) Revamping Mosquito-Borne Disease Control to Tackle Future Threats. Trends in
Parasitology, 34, 359-368. https://doi.org/10.1016/j.pt.2018.01.005

Benelli, G., Caselli, A. and Canale, A. (2017) Nanoparticles for Mosquito Control: Challenges and Constraints. Jour-
nal of King Saud University—Science, 29, 424-435. https://doi.org/10.1016/.jksus.2016.08.006

Blayneh, K. and Mohammed-Awel, J. (2014) Insecticide-Resistant Mosquitoes and Malaria Control. Mathematical Bi-
osciences, 25, 14-26. https://doi.org/10.1016/].mbs.2014.03.007

Tturbe-Ormaetxe, 1., et al. (2011) Wolbachia and the Biological Control of Mosquito-Borne Disease. EMBO Reports,
12, 508-518. https://doi.org/10.1038/embor.2011.84

Alphey, L. (2014) Genetic Control of Mosquitoes. Annual Review of Entomology, 59, 205-224.
https://doi.org/10.1146/annurev-ento-011613-162002

Wilke, A., Bruno, B., et al. (2012) Genetic Control of Mosquitoes: Population Suppression Strategies. Revista do In-
stituto de Medicina Tropical de Sao Paulo, 54, 287-292. https://doi.org/10.1590/S0036-46652012000500009

McLean, K. and Jacobs-Lorena, M. (2016) Genetic Control of Malaria Mosquitoes. Trends in Parasitology, 32,
174-176. https://doi.org/10.1016/1.pt.2016.01.002

Cai, L., Ai, S. and Li, J. (2014) Dynamics of Mosquitoes Populations with Different Strategies for Releasing Sterile
Mosquitoes. SIAM Journal on Applied Mathematics, 74, 1786-1809. https://doi.org/10.1137/13094102X

Scheuring, 1. (1999) Allee Effect Increases the Dynamical Stability of Populations. Journal of Theoretical Biology, 198,
407-414. https://doi.org/10.1006/jtbi.1999.0966

Zhu, C. and Yin, G. (2009) On Strong Feller, Recurrence, and Weak Stabilization of Regime-Switching Diffusions.
SIAM Journal on Control and Optimization, 48, 2003-2031. https://doi.org/10.1137/080712532

Kabouris, J. and Georgakakos, A. (1996) Parameter and State Estimation of the Activated Sludge Process I. Model
Development. Water Research, 30, 2853-2865. https://doi.org/10.1016/0043-1354(95)00325-8

Hening, A. and Nguyen, D. (2018) Coexistence and Extinction for Stochastic Kolmogorov Systems. Annals of Applied
Probability, 28, 1893-1942. https://doi.org/10.1214/17-AAP1347

Fort, G. and Roberts, G. (2005) Subgeometric Ergodicity of Strong Markov Processes. Annals of Applied Probability,
15, 1565-1589. https://doi.org/10.1214/105051605000000115

Benaim, M. (2018) Stochastic Persistence.

Tuominen, P. and Tweedie, R. (1994) Subgeometric Rates of Convergence of f-Ergodic Markov Chains. Advances in
Applied Probability, 26, 775-798. https://doi.org/10.2307/1427820

DOI: 10.12677/pm.2021.114075 625 S H


https://doi.org/10.12677/pm.2021.114075
https://doi.org/10.1007/978-3-319-94075-5
https://doi.org/10.1016/j.pt.2018.01.005
https://doi.org/10.1016/j.jksus.2016.08.006
https://doi.org/10.1016/j.mbs.2014.03.007
https://doi.org/10.1038/embor.2011.84
https://doi.org/10.1146/annurev-ento-011613-162002
https://doi.org/10.1590/S0036-46652012000500009
https://doi.org/10.1016/j.pt.2016.01.002
https://doi.org/10.1137/13094102X
https://doi.org/10.1006/jtbi.1999.0966
https://doi.org/10.1137/080712532
https://doi.org/10.1016/0043-1354(95)00325-8
https://doi.org/10.1214/17-AAP1347
https://doi.org/10.1214/105051605000000115
https://doi.org/10.2307/1427820

	具有跳跃的随机蚊子种群模型的不变测度
	摘  要
	关键词
	Invariant Measure of Random Mosquito Population Model with Jumping
	Abstract
	Keywords
	1. 引言
	2. 预备知识
	3. 存在性与不变测度
	基金项目
	参考文献

