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A Research of Nonautonomous Stochastic Population Model

with Pulse Input of Environment Toxin and Random Perturbation

WANG Ling-yu, ZHANG Shu-wen
(School of Science, Jimei University, Xiamen 361021, China)

Abstract: A nonautonomous stochastic population model with pulse input of environment toxin and ran-
dom perturbation was proposed. By constructing comparison systems and utilizing comparison theorem of dif-
ferential equation, the boundedness of expectation and global attractivity of the system were proved. The suf-
ficient condition of non-persistence in the mean and persistence in the mean were established. Furthermore,
some dynamic behaviors of the system were investigated.
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da(t) = x(t)(r —re(t) —ax(t))dt + ax(t)dB,,
de(e) = (= he(t) +bric(e)x(t))ds,

Ax(t) =0,

) P’}t = no.
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BRL (1) BIERPREI RS MR A R SR EAERESDFREEAZ, IS SEO)HEN K
BN EENL Y. T R TR RN 2 28 T AL ) PR S B o e ) A AR A i AR AR, DR 1A SO R B AR
B ARG LERY, TG SRIRAL S A B R i A 28— W SER Y. FrIfERSE (1) 1
BLilt b T R Bk op SNz (AR B VA B BED LR AR .

de(t) = x(t) (r(t) —k(t)e(t) —a(t)x(t))dt + a(t)x(t)dB,,}t _

Ths

de(t) = (=h(t)c(t) +b(t)k(t)e(t)x(t) )dt, (2)
Ax(t) = O,}t -,
Ac(t) = P, .

Hrbx(e) hy o BRZIFPREAVEEBE 5 (1) o IFZIRREE MR N SR R . WAL (2) fRAnT ik

(H,) r(2),a(t) k() ,h(1) ,b(1) ,a(t),t e [0, + o) L o HWIRELSEAET KL, HPO <
b(t) <1

(Hy) 0 =7y <7, < <7 < RRKIPESZ, HAFFERE g (18 7., = 7 + 0,Ax0(1) = x(nw”) -
¥(nw),Ac(t) = c(nw’) —c(nw) ;

(Hy) B, S5t s ER 250 (2,7, 1.7} 2, P ) L 1 4E4RUE Brown i3l o (1) A RS0

1 BEAXEXES[HE

3131 (BEMUSA ARRLLRTEE) % (0) (o= 1,2) SRR TR dx, (1) = (%, (1),
£)dt + g(x;(t),t)dB, BfR, HA fi(x,,t) € C([0, + o) xR),g(x;,t) € C([0, +) xR),i =1,
2. L 1) AP [0, + o) LR p(0) = 0 K [ “p(s)ds = » MEECp(s) , (7Y
lg(x,t) —g(y,0)|<p(lx-y]),x,y e Rt =03 2) fi(x,t) <fo(x,t),x e R, =05 3) x,(0) <
%, (0) , WA %, (1) < x,(t),a.s ,6=0.

XA Bea() ARG (2) MR, W 1) 3 lima() =0a s, WHFMF (1) HRLE;

2) % limt™ [ w(o)ds =0, UBRHE () SAT RPN 3) 2 Tim infe” [ x(s)ds >0,

—+ %

PRARE 2 (1) - F-RIFRE R AR .
EX2M P X (1) = (27 (1) ,¢" (1) BRG (2) WRMESM 2" (0) >0,¢"(0) >0 [fiE,
XFEG (2) R FM «(0) > 0,e(0) > 0 WAEEM X, (1) = (x(1),c(r)), MR
Tim [x7 (1) —x(0) | = 0, lim [ (1) —e(0) [ =0, WBRAEX (1) = (" (1), (1)) AR
HNTRERG (2), (1) =0, FELTRE:
{dc(t) =—h(t)c(t)dt,t # 7,,
Ac(t) = Pt = 1,.

(3)

i LIERSE (3), B8] () = (0 )expl = [ h()ds| + P Fexpl = [ h()ds] ot e (ripom],

bsg. Job, e(0) =PI+ Sl - [ R BT/ —expl - [h(oas] | BiEL R (3) A
ME— R If#: ¢, (1) = c(nw™ )expi - J;h(s)dﬂ + P 2exp% - ftbh(s)ds} b e (nw+ 71, ,nw+7,],
k<gq, Hfc(nw®) =¢(07).

5132 XTFRE (3) WMIEAMMc. (1) , RS (3) MUEE—ALLle, > 0 FWMEAIM (1) ,
A lime(1) = e, (1)

WRRG (2) fFAEFDAAME (0,c, (1)) .
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T, FETYEHE AE L Logistic ALY
dN(2) = N(t)[(a(t) = b(t)N(t))dt + a(t)dB,],t =0, (4)
Hrr:a(e),b(t) ,a(t) 7E [0, + o) FIRELL o - WKL, Ha(r) >0,6(1) >0.
SIE 3 R4 (4) FEAELAN(O) = Ny > 0 W W) Ui{H A — 4 J e 8L 0E i,

N(t) = exp{J;[a(s) -0.50%(s) ]ds +J;a(s) dB,}/

{1/N, +j;b(s)exp{f;[a(7) -0.50°(7) Jdr +j;0l(T)dBT}dS}. (5)

ERR fERRELV, (1) = 1/N(o) ', FIA 6 A, A: dV, (1) = d(1/N(1)) =- da/N*(t) +
(AN(t))*/N*(t) == (1/N(t)) [ (a(t) =b(t)N(t))dt + a(t)dB,] + &’ (t)/N(t)dt = V,(t) [’ (1) -
a(t) 1de + b(1)dt — () V,(1)dB,. LRXPIXFREFRITFE R dV, (1) = Vy(o) [’ (1) - a(e) ]de -
al(t)Vy(t)dBe. FEREL V(1) = In Vy(2) , B LA o A, A: dVy(r) = dln V,(1) =
(1/V,)dV, (1) = (0.5/Va(1))(dV, (1)) = [0.5a°(t) —a(t)]dt —a(r)dB,. %t FFH M0 2] ¢ BUFR

G, I () = I ) = [[056°() - a(o))ds - [a()dB. W, V() =
Va(Dexp! [ [0.562() = (o) Tds = [ a()dB | . FMHBAEDE, V() = (1N + [ b(s)
exp{j;[am ~0.5¢"(7) ] dr +J';a(T)dBT{ds%/exp%j;[a(s) ~0.5¢7(s) ] ds +f;a(s)st} . P,
N(&) = 1V, (1) = exp%f;[a(s) 2 0.56%(s) 1ds +f;a(s)st€/§1/No +j;b<s)exp{j;[a(7> 0,547

() Jdr +f;a(r)dBT€ds B

SIE4'™ N(1) ERG (4) WM, limsup¢'In N(t) < N°, N %%, H N <0,
limN(t) =0 a.s.

l—+®

2 EFEZHR
B f(x) B LAE R, EISREL, AT = sup, of (1) ] = inf, . f(1) , X
8 =r-0.5¢ —willgfwc*(s)ds. (6)
0

FE1 & (x(1),c(1)) BRG (2) Lha(07),c(07) HWIRERM, WAATEE BB M, H
Ex(t) < M,Ec(t) <M, WRS (2) Wff2IEa s
IER FERREL V(1) = x(1) +c(6)/b(0) , BV (1) =x(t) +c(6)/b, WA V() <V (1), Fl
Mo A, XV (0) WERS (2) WFRBELSY, i+, B,
dVi (1) = (x(t)r(t) —a(e)x(t) =6 'h(t)e(t))dr + a(t)x(t)dB,, (7)
M =1, B,
Ve@t) =V (1) +b67'P. (8)
Xte (no+7,n0+r71,,], BX (7)ne +7, 8 B3, H: V() =V (o +7)7) +

[ r(x(s) =a()2(s) =6 h(e())ds + [ al)a(s)dB,, 4 EABHIS(AT: BV (1)

EV'((nw +71,)") + f[ »E(r(s)x(s) —a(s)x’(s) = b'h(s)e(s))ds , MIia[ 45, dEV* (¢)/dt =

vv—]

E(r()x(1) = a()«* (1) = 5"h(1)e(1)) <rE(x(1)) - a(Ex(1))® = K6 Ec(1) <-KEV® (1) + (7 +
W) Ex(t) —a(Ex(0))*. T (7 + D) Ex(0) - a(Ex(1))* fHRKEN (7 + h)*/4a, FTLL,
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dEV (0)/de < (5 + h)*/4a — KEV™ (1). (9)
F5h, =l (8) .
EV*(t*) = EV*(t) +b7'P. (10)
it (9). L (10), M TR Bk 7
dQ(t) = [(r+h)/4a - hQ(t)]de, t # 1,,
{Q(t*) =Q(t) +67'P, t =7,
A= (r+h)/(4a) , MY r, B, A dQ() = [A-hQ(0)Jde. ¥ EXM 7, B0 e (7,7, ]
By, 1%:

(11)

Q1) = Q(r)expl—h(t —7,) | +hA{l —expl = R(t —7,) | |, (12)
Fr LA,
Q(r)) = Q0" )expi - hr,| + K 'A{l —exp{—hr |},
Q(r7) = Q0 )exp{ —hr,} +h'A{l —exp{—-hr |} +b6'P. (13)
[Fi] B,

Q(ry) = Q(r)expl —li(7, =7 )} + KAl —expi = h(7, - 7))},

Q(r3) = Q(r)expl = h(r, - 7))} +FA{l —expl = h(m, =7 )|} +67'P, (14)

K=t (13) AR (14) 3. (7)) = Q0" )expl - hry| + {RA(1 = expl = hr|) + b7 Plexpl -
W(r, —7)} +K'A{l —exp{ =h(7, —7,) || +67'P. iC: B, = h'A{l —exp{ - h(T,, - l)}} , C,

Z)(Bi + b7 P)expl - h(7, — 7,0t FIHENZES: Q(r)) = Q0" )exp| - hr,| + Z(B
b'P)expt— hi(r, — 7,)1 = Q0" )expl - hir,} + C,. FTLL, Q(07) = Q(0") = Q7))
Q0 )exp| - hof +C,. KL, Q(0")expi - ho} +C, = Q(0") , AP
Q(0") ZC(,/(I—eXpQ—Ha)}). (15)
L, Mt e (1,70, BF, O(r) = Q(7))exp{ = h(t = 7,)} + K'A{l —exp[ = h(t - 7,) ]} =
{Q(O+)exp{ _HTk} +C]r%eXp% —H(t_ﬂ)% +E_1AH —exp{ —H(t_ﬂ-)H . gD = Q(0+)exp{ _HTk} +
C., W%t e (nw+71,,n0 +71,,, ] B, &
Q(t) =h"'A+ (D -hK'Aexpl{-h(t —nw -71,)}. (16)
Bk BT TR I BGE B, lim BV (1) < lim Q1) < max{D,h7A + (D = h7 A)exp| = 7, -
bl Xl V() < V() BTEL im EV(e) < max{D,AA + (D = K A)expl = K7y —7) H

+

EHE2 WRRSE (2) WHL:6" :?—&2/2—w‘115fwc*(8)ds <0, WHRZ (2) MfE (0,c, (1))
0

PAREAR 1 /sl
R A% (2) Al

de(t) =-h(t)ce(t)dt, t#71,,
{Ac(t) =P, =74 (17)
i L R 50
du(t) == h()u(t)dt, t#7,,
{Au(t) =P, [ =T, (18)

ARG (3) MUIIRE, R4 (18) WfE u” (1) = c. (), WIGPKIPR TR LB E R, XMHEE
M e >0,3T >0, MKt >TH, Helt) >u’ (1) —e , #15:
de(t) < x(t)(r(t) —k(t)(u"(t) —&,) —a(t)x(t))dt + a(t)x(t)dB,,t = T. (19)
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F 15 AL R S
{dv(z) =v(t)(r(t) —k(t)(u" (1) —&,) —a(t)v(t))dt + a(t)v(t)dB,,t = T, (20)
v(0) =x, > 0.

I o ARITERGE (20) BFEREEHLEY, W1 dino(e) = do(e)/v(t) - (do(e))? /20 (1) =
[r(t) —a()v(t) —k(t)(u” (t) —&)]dt + a(t)dB, =0.5¢°(¢)de = [r(t) =0.50"(¢) —k(t)(u" (1) -
e) 1dt —a()v(e)dt + a(t)dB, . X EEXHHIM 0 F] ¢ B

Inv(t) —lnov(0) = f;[r(s) —a’ ()72 —k(s)(u” (s) —&,) ]ds —f;a(s)v(s)ds +J';a(s)st, (21)

tnv(t) = ¢ 'In vw(0) + t‘lf;l:r(s) 2 0.56%(s) = k(s)(u"(s) — &) ]ds - t‘lf;a(s)v(s)ds N
t_IJ'la(S)st <t "'Inv(0) +t_|ft[; -0.5¢ - k(u"(s) — &) ]ds - t_'avflv(s)ds +t_1fla(s)st =
1™ Inv(0) +r -0. 50 _tfllgf;[w*(s) —e)) ]ds —ﬂJf;v(s)ds H,lf;a(S)st_ B () Mo
I, t € (nw,(n +Dw] , FrLL,

nw t (n+l)w

f O(u*(t) —g)dt/ [(n +1)w] St’ljo(u*(s) —&,)ds sfo (u" (1) —&)dt/(nw), (22)

(n+)w

Moo B, A f:m(u*(t) —e)d/ [(n + Do) Hj:(u*m -g]>dt/w;j (u* (1) -

0

ngt/(nw)—»J:(u*(t) C e, T i+ w B, A
r—0.5a —tilﬁf;[(u*(s) -g)]ds—8" <0, (23)

M) = [ als)dB, , M) Rk, (M), M(0) = [ o (5)ds < 't FUHRHBEIA
ik
LimM(¢t)/t = 0. (24)

—+ %

T
t!'Inw(t) <t 'Inv(0) +7-0.5¢ —t_llgft[(u*(s) -&,)]ds —t_lavjtv(s)ds +t_1fta(s)st, (25)

At ' Inv(t) <Ilnw(0)/t +7 - 0.5« - t_]lgf [(u"(s) —g)]ds + t_lf a(s)dB, , lim sup ¢
0 0 1—+®

Ino(t) < lim}rs;lp%t*lln v(0) +7-0.5a —tillgjt[(u*(s) -&,)]ds +t71fta(s)dBS€ =6". M54

H, HARs" <0, E?ulljgiv(t) =0. By 1BO0 <x(1) <w(t) ,t=T, ﬁﬁu,ggun =0,
YHEE /N &, >0, FEIEFERT, >T, Ax(t) < & as. WEHERS
{dw(t) = (=h()w(t) +b(t)ek()w(t))dt, t#71,,

26
Aw(t) = P, t =7, (26)

LIRS (26) W 0 (1) = w(nw )expl [ (= h(s) +eb()h())ds| + P iexmj:(—
h(s) + eb(s)k(s))ds},t e (nw + 7,00 + 7,],k < q. HH wne') = w(o+§_l= P;(i +
iexp%fj(—h(s> +£,b()EG))ds] 1 /11 = exp! [ (= h(s) +£,b()k(s))ds] |

) Hﬂttiﬁ%ﬁ—fﬂﬂ’ﬁl w (1) <e(t) <w (t). FrLLY e,—0 B, ﬁtljﬂc(t) =u*(t),as.
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EHE3 ARG (2) BYMFL lim SUPt'lflx(S)ds <8 /o as. FRIML, 67 =0 WF, FPHE (1)
—+x 0

ﬁ%%ﬁ%ﬁiﬁ%,wggﬂﬂug$=oﬂ¢

WERR  HEH 1 AIERE R, SHEESAER e >0, fAE—NET,, T, > T, , fifg =T, i},
ﬁmmmﬁsgﬁj-ow%qwﬂuu%g—aﬂwsa*+yawﬂn<86,mz%x%ﬁ
fRA:
' o(1) < ' w(0) + 7 - 0.50% - f4ﬁj;[<u*<s> ~ &) ]ds -t-'dj;v<s>ds +t_1f;a(s)st, (27)

GGEl

MUU)$At—éﬁMsMLtBTL (28)
Hpr =6" +e. Y1t =T, 0,
xu><vu>gnmt>sAt-qﬁmsnh, (29)
JirLk,
mxu)sAt-qﬁmsmssAl-qﬁusm& (30)

2 h(1) = f;x(S)ds , A:exp(ah(1))dh/de < exp(At) 0 = T, STAEXPHIN T, ¢ Ay, 15

a'[exp(ah(t)) —exp(ah(T,))] <A7'(exp(At) —exp(AT,)) , I FIRARZER, 1Fexp(ah(t)) <
exp(ah(T,)) +aA 'exp(At) —al 'exp(AT,) , AEXFHETE, B h(t) <a'In(exp(ah(T,)) +

aAexp(At) - av/\_lexp(/\Tz)). Bt Lk, lim sup t_lf x(s)ds < o' lim sup[t“lln(exp(dh(Tz)) +
11—+ 0 l—+w
aA'exp(At) —aA'exp(AT,)) ], FIF L'Hopital 3045 ; lim sup tilf x(s)ds < \a, b e BfEEH:
t—+© 0

AR E BZE IR
MARS (2) M de() <2(0) (r(1) —a()x(e))de + a(t)x(e)dB, , ik RS

{d}’(t) = y(t) (r(t) —a(t)y(t))dt + a(t)y(t)dB,, (31)
y(O) = Xo,
HRAE 5 28 3 A] A
y (t) = exp{J;[r(s) -0.50%(s) ]ds + J;a(s)st}/%l/xO +
f;a(s)exp{f;[r(q') -0.50°(7) ]dr + f;a(r)dBTéds} , (32)

MBS BRI EM x(1) < vy (1), BEHRSE (2) H: de(t) < (- h(z) +
b()k()y™ (1))e(e)dr, & RS
{dz(z) = (=h(t) +b()k(t)y" (1))z(2)dt, t#71,,

(33)
Az(t) = P, t =74

WAL (33), 2" (0 = 200 )exp! [ (= h(s) + b))y ()ds| + P T expl [ (= (o) +

q-1

b(s)k(s)y (s))ds},t € (nw+7,_,nw+7,],k<q. HP Z(no™) =2(0") = P{1 + Zlexp%fw(_

h(s) +b(s)k(s)y" (s))ds} /{1 —eXp{f:(—h(s) +b(s)k(s)y" (s))dst}|. &8, = r—-o/2 - ke -



444 TRE, % HARRMKME AR TIErAE AR REHLEE - 303 -

fwz*(s)ds, HEM 4.
0
EE4 RG (2) BYMHH L lim inftflflx(S)dSBS*/é,a-S- e, 46, >0mF, FEFx() H
I+ 0

SRR AR, B tlﬂiiralotflJ’;x(s)ds >0 a.s.
IERA ko o TR L BE A (1) < 27 (1) , B RGE (2) Fode(r) = x(0) (r(2) -
k()z" (1) —a(t)x(1))dt + a(t)x(2)dB, , HEHERS:
{@%U =o(t)(r(t) —k(t)z"(t) —a(t)e(t))dt + a(t)e(t)dB,,t # 1,,
€0(0) = %o,
FERE 1 AIERH IS FE 15
t'ng(1) =t "'In @(0) +t_'f;[r(s) —0.5a°(s) —k(s)z"(s)]ds —t_lf;a(s)go(s)ds +

(34)

ﬂj a(s)dB. = 1"'In ¢(0) +7 - 0.5 —z*'kj 2" (s)ds —f‘ozj o(s)ds +ﬂj a(s)dB. (35)
0 0 0 0
FEA: r-0.5¢° —z*lﬁj 27 (s)ds—8, , MEEAEM &y >0, fEHE—NHET, >0, [fiff =T, i,
0
H:Ine(0)/t =-e,/3,7r-0.5a" - t_lﬁf 2" (s)ds =8 ,—&,/3,M(t)/t = - &,/3, JEXEAREL[CA
0
At Ing(1) = Bt - df p(s)ds. Hil g =6.-¢,.
0

S () = [ p(5)ds , i exp(ag(0)de/di = exp(B) 0 = Ty MECRS3h 7, B0 BB, 18

a'[exp(ag(t)) —exp(ag(Ty))] =B (exp(Bt) — exp(BT;)), BBl FIRARZEKTE: exp(ag(r)) =
exp(ag(T;)) +aB " exp(Bt) - aB ' exp(BT;) , NEEX MM EL, 5. g(1) = a 'In(exp(ag(Ty)) +

Aol

aB'exp(Bt) — aB'exp(BT;)), FF LA, litrilionf flf;go(s)ds = a litrilinwnf[z*lln(exp(ég(T3)) +
éﬁ_lexp(ﬁt) - Lfﬁ_lexp(ﬁT}) ) 1. i L’'Hépital 20 & e, BTG . litril+iwnfgp(t) =aq'5, ,a. s. RIERE
MU TR B A x (1) = o(2) . FTLA, lilri1+i°°nfx(t) =a's, ,as.

3 HEZEM

SR o =2, M T=3, WkifdP =3, BAFHNIKD Mg =4, Pk, =0, 7, =0.05,
7,=0.3402, 7,=0.7650, 7,=0.9201. Z%{ h(t) = sin(mt) +1,r(t) = 0.0lcos(mt) +0.01 , k(t) =
sin(mt) + cos(mt) +2 ,a(t) =sin(mt) —cos(mt) +2 , a(t) = sin(mwt) +2cos wt) +6 ,b(t) =sin(mt) +
2. WHEZ A ¢”(0) = 0.18,¢,(0) =3.8,¢,(0) =0.14,x(0) =x,(0) =1, B 5L
¢(0) =3.8,%,(0) =1F¢,(0) =0.14, x,(0) =1 HPHERIE (2, (1) ¢, (1)), (x,(2) ,e,(1) ) &7y
o2 (0,¢" (0)) BIEMR, 23512 UK 1 I 2.

4 s

AICHIHTERA Z R AR AR FIRBEIL TR S, K3 7RGV RHF8EAT . AR E;
A S 9IRS R TE O A6, VHE T RIS EA S S 2RI, IR I T RSP
RUERLL AN A (5.
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L.

FhHESE B The density of population
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