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J1. EAMEBRS V2 SR T A VISERR Y. 2B RS, DR KRE A —1
B KBS RE, MAESI SRS, T EAH BRI & — BB 2RI R
ik I, R EA BB r R A A LR . TR, RAN Ban s
B I ERAIE SR T IS % E M E U0 28 5] o, EEZIR T TH AW BR4H
(Y B AR A

{ Z1(t) = raz(t) — dwi(t) — Baa(t),
(1.1)

Za(t) = Baa(t) — ax3(t),
Horr oy (1) FRNEFBAERZ] ¢ (ERE,  2o(t) RRAEEFIREERS Z] ¢ (%5 .
ASCHT TIPM KM, e — I RH RA N Bt ad - KRR sh %
YRR, BB IR AT Bk i 7 AR
(t) = ra(t) — az’(t) — arp(x)ya(t)
= azp(@)y2(t) — (r + )y (t) } t#(n+1-1)7, t#nt,

)
)
Ax(t) = —ox(t)
Ayl(t) = —51y1(t) } t= (n + [ — 1)7’, (12)
(
4
(

Horr,  o(t) R &E (FR) ERZ] ¢ B yi(t) M ya(t) 2051378 S48 5 A
FMEE KRB ERZ] ¢ FEE;  plo) R EH IR Y R %, W2 T A&

p(0)=0,  p(x)>0,  p1<p(r)/z<ps, (1.3)

a, a1, az, d, p1, p2, v, r1 fl ro HIEFEE, HEAMAEYEXTTUSE [6]; Ax(t) =
w(tt)—x(t), Ayi(t) = y(tT)—ys(t); 7 RIKHFEI, ne Zy ={1,2---}, 0<46, 6; <1437
FIRFE t = (n+1-1)7 BFZI B F 5% B0 048 A S 280E M REGE T BB, wi >0, i=1,2
TAE t = nr BFZIRE B R EE .

2 ERRREAHFNLBHFLEE S

2 f=(fi, for f3) ARG (1.2) B =TT RAA GG, B f HOCHEERIE T A
FEAEAERIME—4E 17 B 2(1) = (2(t), 91 (1), 2(1) RERGE (1.2) M, EXF] (n—1)7, (n+
I=1)7) M (n+1-1)7, n7) ERBSEVHE. &5 U T 51 BAL.

SI3E 2.1 L 2(t) RARLE (1.2) W RWIAFRIF 2(07) > 0 By, TRMITAK t>0
A 2(t) >0, FHF 2(07) >0, N 2(¢) > 0.

5138 2.2 ARG (1.2) WA EfR —SHELE TN, IFE—TEFREM, 45T
SRES, Hzlt) <M, yi(t) <M (i=1,2).
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TR EF B R AR R, Bl () =0, t >0, AHFER (1.2) WT RS
Yi(t) = —(r1 + )y (t)

t£n+1-1)7, t#nT,
Ya(t) = dyi(t) — raya(t) }
yi(tT) = (1 =61y (t)
t=(n+1-1)r, (2.1)
Yy2(t7) = (1 = d2)ya(t)
y1(t) = w1+ 1 (t) }
t=nT.
Y2(t") = uz + ya(t)
BIEE 2.3 R (21) BAE— L RUERE R ERIBR (v (), u3(0), b
s o= (1) (=nT)
. 1_1(1_5;—41“» nt <t < (n+1)r,
yi(t) = (ry+a)(t—nr) (2.2)
(1 51)U1€
T (1_d)e (ritdr (n +})T <t< (n + 1)
U2 duy (1= (1=81)e~ D74 (5,61 )e™ (r1 +d—ra)ir— T27)
1—(1—d2)e 27 + (rit+d—r2)(1—(1—01)e T1TDTY(1—(1—b3)e—"27)
p—Tr2(t—mT) _ due” (r1+dE—n7)
(1) = e (r1+d_r;)(1_(1_51)e—mﬂm)7 nt <t< (n + l)T,
vz B (1 _ 52)[ uz_ + dul(1—(1—51)67(Tl*d)7+(52—61)e’(rl+dfr2)“*rzf)}
I=(A=b2)e™727 T (ritd—ra)(I=(1=01)e~1FDT)(A=(1-82)e=27) | (2.3)
e~ r2(t=nT) _ (1=81)duye” Tt H=nm) (n+r<t<(n+1)r

(7‘1-‘1—(1—7‘2)(1—(1—61)e*(Tl‘Fd)T) ?

it FEXIE nr <t < (n+1)7 F3RME (2.1), iTRIEF)

( ) = ( )e—(T1+d)(t—nT)
t < l
y2(t) = ya(ntH)e —ra(t—n7) 4 M[e—Tz(t—nT) _ e—(T1+d)(t—nr)] } nt <t<(n+1)r,
r1+ d— T2
y1(t) =y ((n+1D)71H)e —(r1+d) (t—(n+1)T)
Dt
ya(t) = ya((n + 1)7+)em2(t=(n+07) 4 dy((n+D77) (n+ D)7 <t<(nt1)m

ri+d—ry
.[e—rz(t—(n-i-l)r) _ e—(n—i—d)(t—(n—i—l)f)]

yi(nt) = u; + yi(n7),
yi((n+ D7) = (1= 8)yi((n+1)7), i=1,2.

(2.4)
A yitnrt) = yil(n + D)), i = 1,2, RA ERXFTUESIAS (2.1) (9 7 J& i
(Wi (), y5(t). #E—2, W (2.4) FTRAFS B E ARG
yi(ntt) =u1 + (1 =01y ((n — 1)7H)e(ntdr,

yi((n+ D7) = (1 = 6)y1 (nrt)e (mtdir,
( _ 52)(6*7“27' _ 67(T1+d7r2)7-7r27-)

ri+d—rs
d(efrg(lfl)‘r _ ef(rler)(lfl)T)
I—1)rt
o n((n+1— 1))

(1 = by) (e 217 — ~Crwtin)
r+d—rg

Y2(n7T) = uz + (1 = d2)e " Tya((n — 1)7) +

yi((n —177) +

y2((n+ D7) = (1 = a)ya(nrH)e ™" + M)

Y1 (’rLT
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H A AR )

u1[1 - (1 — 51)n67n(r1+d)7-]

0 (1 = §¢)" —n(ri+d)T
1—(1—=0p)e(m+dr +y1(07)(L = d)"% ;

y1(ntt) =
up (1 — (1 = &y)renritd))
1—(1=4d)e (ntdr

+ (0+)(1 — 61)"e—n(r1+d) :|

d(1 — 65)(e "2 — e~ (ritd=—r2)lr—riT

yo(n7t) = [u2+ ( 2)( — )yl(”7+)+dy1((n+l)7—+)
e~ r2(1=07 _ o= (rtd)(1-0)7 1 _ (1 _ 52)"67"7"27'

. ri+d—ro ] 1—(1—dy)e 27

d(1 = 6o)y1 (n7H) (e 2l — e~ (mtd)ir)

r+ d— T2

yi((n+0)17)=(1-61)e (ﬁ-i-d)lr{

+2(07)(1 = dz)"e "7,

ya((n+0)7") = + (1 = 82)ya(nrH)e "2,

B, lim (yu(8),52(8) = (yi (), 93(1), BRRSE (2.1) 0 JH B & /e is e (9.

t——+o0

EH 2.1 R4 (1.2) B9F AR (0,01(1), 45 (1) R2RFLREH, &5
A AFRL

(Hi) r7—aips fo ys(t dt<1n1 <, Horft

/0 yﬁ(t) dt = (1 — 1 — 52 r27- {(UQ + - +d'§1_ - ) 1 . 526—r2l7' . (1 . 52)e—r2'r)
du1(1 — 52)(52 — 51)(1 — 677«27-) (ritd)ir
(7‘1 +d— 7‘2)(1 — (1 — 61)6 (ritd)T ) }
duy (1 — dpe=(HDIT _ (1 — §))e~(m+d)7)
Tt d)(rt+d—r)(1—(1=0dy)e nrdr)’

<
=
<
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! 1) ARG (1.2) BRAEVENE, 2 21(t) = 2(1), 22(t) =
yi(t) — yi(t), ws(t) = yalt) — y;(t) MARGE (1.2) WLELRSH

@1 (t) = (r — a1p(0)y5 ()1 (t)

Z2(t) = a2p(0)ys (t)z1(t) — (11 + d)z2(t) p t # (n+1—1)71, t#nT,

23(t) = daa(t) — raxs(t)

Axyi(t) = —dz1(t)

Axa(t) = —=0za(t) pt=(Mn—+1-1)r, (2.5)
Axs(t) = —daxs(t)

Az1(t) =0

Axa(t) =0 p t =nT

Axs(t) =0
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r—a1p(0)y3(t) 0 0 1-96 0 0
At) = azp(0)ys(t)  —(r1+d) O , B= 0 1-& 0
0 d —T9 0 0 1— 52

AR bk B 20 J7 2 1Y Floquet 36 T-HE, 4135 2 {4 40 b4

) (1 = §)edo map@us)at 0 0
M(r) = Belo AWt _ (1= 8y)e () 0
0 A (1—dy)e "7

AR R/ 1, MBI (0,41(0),45(0) RBHWLRERN. TRk, M) 8
FHEML 0 < o = (1—d)e 97 <1, 0 < Ny = (1= d2)e ™™ < 1, i (Hy) BSLA[
0< Ay = (1 8)elo T-OPOBW e (0 yr(n), ys (1) B REREERE.

U, AEHT (0,07(1), v5 (1) ReAREIIN. W (H) B, WL e > 0, {8 o =
(1= g)ela e @R Oy a0 3 AR IR HEGERE U, M ¢ Fuh
KB, B yo(t) > y5(t) - ML, RGHRE AR ¢ >0 ERRL, B (1.2) T4

{¢m<xmv—mm@yw—m, t# (n+1—1)7,

2(t%) = (1 - O)a(t), b= (nt1-1)r (2:6)

FE ((n+1=1)7, (n+1)7] ERAE LXK, ATRIG3]

(n+1)7

fE((n + l)T) <x((n +1— 1)7'+)€ (n+i—1)7
=z((n+1-1)7)(1 - §)efoT(T—a1P1(y;(t)—a))dt
=z((n+1-1)1)0.

(r—aip1(y3(t)—e))dt

HIP ABE 2((n+ D7) < z(l7)o™, TRA ngriloox((n +07)=0. B—HH, 4tc
(n+1-11, (n+D71] B, 0<az@) <az((n+1-1)7)(1—08)e™™, LAY ¢t — +oo K,
x(t) — 0. HILTTHIFEALE To, 15 ¢ > To B, 0<az(t) <e.
AWt >00, 0<x(t) <e, TRETIFE 2.2 (1.2) ifAEE] ¢, (t) < agpaMe —
(r1 + )y (t). FIE
Y1(t) = azpaMe — (r1 + d)y1(?)

)

t#n+1—-11, t#nT,
) = dy:(t) —r2y2(t) } o : ?
+

(
(
() = (1= 61)m (t) } b= (11D (2.7)
y2(t%) = (1= G2)ya(t)
) =0l +u } -
ya(th) = va(t) + uz
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XHEEVIE (y1(0),32(0)), RAF (2.7) FTLURE], & nr <t < (n+1)7 B,

— o _ n u1 —(r1+d)t
D) = i)+ (1= 00" [1n(0) - =5 €
51(e(r1+d)m_(1_51) Ve~ (r1+d)(t+(1-1)7)
1—(1—51)6 (ri+d)r j|7

easpa M
T1 —+ d

+

[1 — (1= 5y ettt

dy1(0)(1 — 01)" _ vy 4ape

t) = v(t hie—T2t h —ro(t—nT) Mdhs —
Ya2(t) = y5(t) + hie™"" + hae + gasps 3 P p—

&

U2
1—(1—=46y)e 7
dule—’l‘zT(l _ (52)(1 _ e—(r1+d—r2)l7—)(1 _ (1 _ 61)n—16—(n—1)(r1+d)7—)
B (r1 +d—12)(1 — (1 —8)e " (td7T)(1 — (1 — §y)e—"=2T) }
O = by | ST b))
r+d—ry 1—(1—=dg)e ="
(1 — e~ Critd=ra)ir 4 o=r2(1=D7 _ 67(n+d)(171)7)}

hi = (1—02)"|y2(0) —

hy =

1 o (ri+d)(t—n7) o—ra(t—n7)

+ _
7‘2(7‘1 +d) (7‘1 +d)(7‘1 +d—7‘2) 7‘2(7‘1 +d—7‘2)

677‘2(t7717) 7(1762)71677‘2t
17(1762)877'27

e—rg(l—l)r e—(rl—i-d—rg)lr—rg‘r e~ 2T
’I”2(’I”1—|—d) + (T1+d)(T1 +d—T2) TQ(T1+d—T2)j|
N 4 e—rg(t nt) _ (1 _ 52)ne—r2t
(r14+d)(ri+d— 7“2) (1 _ (1 _ 51) r1+d)7')(1 _ (1 _ 52)677"27')
[ 1— 1 _ 61)” le—(n— 1)(r1+d)r)(1 _ 616—(r1+d)(1—l)7' _ (1 _ 61)6—(r1+d)7)

((1 — 52) *rm’(l _ e*(r1+d7r2)l7) + (1 _ 51)67(r1+d)l7

(1 —52){

.(e—rg(l—l)‘r _ e—(n-{-d)(l—l)r) + (1 _ e—(n-l—d)l‘r)(e—rg(l—l)r _ e—(n—i—d)(l—l)‘r))]

B (n+D)r<t<(n+1)r B,

= y* _ 5\t _ u1 —(r1+d)t
yi(t) =y (t) + (1 —d1) [yl (0) — (= 51)6_(r1+d)7] e

gagpa M
r+d
61617 (e(rl-i-d)n‘r _ (1 _ 6 )n-i—l —(r1+d)7)e—(r1+d)t:|

1-— (1 — 51) (rit+d)r

+

|:1 _ (1 _ 51)n+1€7(rl+d)t

)

dy: (0)(1 —6,)"+! e—(ritdt

1) = v (t —rat —ra(t—nT) Mdgs —
Y2(t) = y3(t) + gre™™" + goe + eagpaMdgs T d 1,
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Horpr

g1 = (1—3)"H! [yz(O) “Ta _uz —

_du (1= 6y) (e T e~y (1 (1 51)"—1e-<”+d’7)}
(ri+d—r2)(1—(1—=61)e(m+DT)(1 — (1 — dz)e"27)
)n

_ dy1 (0)(1 — 52)(1 — 51 { fmr(l _ e*(Tl‘i’d*’r‘z)lT) + e*’l"z(l*l)‘l’ _ 87(T1+d)(17l)7:|
1 +d—7“2 1_(1_62)6—7‘27
=1+ e*Tz(t*(nH)r))( L A A )
ra(r1 +d) Em +d;(r1 +d—ry)  ro(ri+d—ro)

e—rz(t—(n-H)T) _ e—(T1+d) t—(n+l)7)

+(1-96
( 2) (ri+d)(ri1+d—r2)
efrg(lfl)r ef(r1+d77‘2)l777‘27
[ ro(ri+d) + (rit+d)(ritd—r2)  ro(ritd—r2)

(1 — e~ (nFdir)(e=r2(1=D7 _ o= (m+d)(1-07)

(r1+d)(r1 +d—r2)
+(1 _ 616—(7‘1+d)(1—1)7 _ (1 _ 61)6—(r1+d)7—)

(1_(1_51)"’167("*1)(T1+d“)[e’r2(1*”7—e’(Tl*d)(l’”*+(1_52)6*T27(1_67(r1+d7r2)17)]]
(r1+d)(r1+d—r2)(1—(1=61)e— "1 +DT) .

XFE, Mt FRARES, BFTRARE] v (1) < yi(t) +e1, v2(t) <ws(t) +e1.

F—J7H, B (1.2) ATRRE 91(t) > —(r1 + d)yi (). TrEH T2 2.3 fHHE# AT
M, At FTRRE, o) >yi(t) —e1, yolt) > y3(t) — e

A ESIHTATHL i (ya(4), y2 (1) = (i (1), 95 (1)) XFERLIERA T RS (1.2) By BAR
BRI (0,971 (1), y5(t)) R Rris & Y.

3 REHFHRER

I 51 RO (12) AR, TR

(Hz) r7—a1p2 [, y3(t)dt > In 5.

i HEIEE 2.2 TAITEAEHEL M > 0, 24 ¢ KM, 2(t) < M, yi(t) < M(i=1,2),
ARG = 08, @) < M, yilt) < M. Bk, BERY (12) RISLEAARNY, LHIE
WITEAER R my > 0 (= 1,2,3), {3 2(t) > my, yi(t) > ma, ya(t) > mg. Hi (1.2) A
g1(t) > —(ry + d)yi (), M FIEE 2.3 ATHL, A Ve >0, 24 ¢ FEAAKRME,  yi(t) > yi(t) — e
B, % ¢ AR, () > U0 oD o S RMTTAE, ¢ KN,
ya(t) > 2200 B Sy T AREEREE— A ER R 1, X R,

x(t) > my. AP RIERA.
rr—aips [T y3(t) dt—In 15

1° B (He) BOL, BLO < my < CErrErr e LIV A NID RN

n é (1 . 5)6r77m4(a+a1azpszC)77a1p2 for(y;’(t)Jrsz)dt -
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Hr

O 1 1 N e (mtd)T | de="27((1 = 85)(1 — e—(r1+d—r2)lr)
1— (1 —62)e 27 Lrg(ry +d) (re +d)(r1 +d —ry)
(1 — §e= (rAdin)y(g=r2(1=D7 _ o=(ri+d)(1-D7) .
(1 +d)(r1 +d—r2) —T2(r1+d_T2)]

HATKIEA — A — 5 t1 > 0, 13 2(t1) > ma, BN 91() < agpamaM — (r1 + d)y1(t).
ZRARR

yl(t):azp2m4M (r1 +d)i ()}t#(n—i—l—l), -
Ya(t) = — T2y2(t)
Y (1 _
mlt )_ 1 51 o t)}t (n+1—1)r (3.1)
Yo (tT) = (1 = 02)y2(t)
y1(tt) = ur + o (t) }t
wt) =uw+mw®) [
HBUF (2.7) "TLA , Yt A REr, TTE AR AL

y2(t) < y5(t) + myazpedMC + &,.

wte((n+D)r, (n+1+1)7], BHILTLLIFEF]

{ &(t) > x(t)[r — ama — a1p2(y3 (t) + maasp2d M C + €3)], t#(n+1)r,
z(tT) = (1 —8)z(t), t=(n+1)r

W (n+ )7 >ty ZEXME ((n+ D7, (n+ 1+ 1)7] B3R EXFH

2((n 41+ 1)7) >a((n + D)r)(1 = §)eds Fama=ap (3 (D tmaazp2dMC-tey)] dt

=z((n + D7),

FRE ko oo, o(n1+E)r > a((n -+ D)t — oo, B a(t) WA RHTE. FI,
FEAE— Rt > 0, {77 2(t1) > ma.
20 QAR =t B, B9 2(t) = my, MISHRAOL. &0, 2 ¢ = inf {o(t) <ma},
3 A ke s R K v e O
1) t* Ak E. &t =i +0)71, n1 € Zy, W x(t) > my, t € [t1,t*], H (1 -56)my <
() = (1 —0)x(t*) < my. BEHW na,n3 € Zy, G

€3

A

1
NoT > —— ln
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HA,

_ ny _ (] du1 1
C, = (1 52) (y2(0) 1_ (1 — 52)€_T27 + mtd—rel— (1 _ 51) r1+d)7')
d(l - 51)"171(1 — 52) + Ui
(ri+d—r)(1—(1—p2)e ") (y1(0 )- 1—(1—d1)e” ThLd)T)
. ((1 _ 52)677«27 + (52 _ 51)ef(r1+d7r2)lr roT (1 _ 5 ) (7"1+d)7-)7

o1 =1r—amyg —ap2M < 0.

L T = (ng +n3)7, W—REFFAE ta € [t*,t* + T|, 15 x(ta) > ma. W, Xt e[t t*+T)
B 91(t) < agpamaM — (r1 + d)y1 (t). BEUF (2.7) ATARE], Yt € t* + nor, t* + T
i,

ly2(t) — y2(t) — maazp2dMC| < Cre” ™",

AT y2(t) < y5(t) + maaopedMC + €3, [AIZER 1° BT 1R o(t* + T) > x(t* + no7)n™s.
A, H (1.2)f

{ &(t) > z(t)(r — amy — a1p2 M) = o12(t), t# (n+ )T,

£(t+) = (1 - 8)a(t), = (D) (3:2)

TE [t t* +not] L3RER (3.2), W18 2(t* +nat) > my(1 —5)"2e% 27, VTRl 2(t* +T) >
ma(1—08)"2e71m2Tn"s > my, FIE. 1= tgltf;{x(t) >myt, TREYt e (1 B, z(t) < ma,

H 2() = ma. STt € (5,7, B @) > orx(t) AT 2(t) > my(1 — 5217 exp(retns)orr 2
miy. HF z(t) > my, BT ¢ > 1 BE LRSS, H¢> 6 B, z) >m).

2) t* ARFKM A, Wt e t,t*) B, o) > ma H o(t*) = ma. B3 t7 € (0] +
D7, () + 14+ 1)7), X t € (t*, (n) + 1+ 1)7], =(t) BIBUER PF AT 6E.

(i) MBFAR t e (¢t (n) +1+1)7] B, 2(t) < mg, WZRATEE 1) 7 LIHER —EF
HE— i th € (M +1+ D)7, +1+ D)7+ T, 5 2(th) > ma. 1= Jof {a(t) > ma}, Mt e

(t*, ) B, 2(t) < my, T Z(t) = ma. STt € (t5,1), 7 x(t) > my(1-0)"2tm3er2tnstlorr 2

my <ml. BT () >my, BE ERIFRFTEY ¢ > ¢ B, () > my.

(if) FFE—MK e (0 + 1+ D)7, 1 2(t) > ma. £ = inf {x(t) > ma}, TR
te [t ) B, z(t) <mg H 2@) =ma. £ 1) EH 2(t) > z@t*)e” ) > mee”™ > my.
B z(t) > my, BE DRSEAH, %4t >4 B, 2() > me. ZZEFR, %t >4 B,
x(t) > my. XFERLIEM T2 (Hp) BOLRS, R (1.2) Eﬁ%’@iﬁﬂ’]

3.1 W f(r) =rr—aip [) y3(t)dt—In L5, R f(0) = —In L5 <0, hmf()
oo H f"(r) >0, BFLL () = 0 HHE—IEM, 1CH Tmax. HEH 2.1 FIEZE 31 K, Tomax
T MEE: 4 7 < Tmax B, FHRREBREAB# (0,47(1),45(1) RERWICLRER; 24
T > Tmax B, RGJEFFEEEFIN, FHRMRER MR X R EEm el T — kA
o33, FSEE, /NIURECE Y 3 HA IE A AR R A 109 5 HROIG BE RN T DA ]
RFL2EREEKFMRATEMERE, KRR F R SRR A B0
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Abstract Based on integrated pest management, a stage-structured predator-prey system
with impulsive effect is proposed and investigated. By the Floquet theory and small am-
plitude perturbation skills, it is proved that there exists a globally stable pest-eradication
periodic solution when the impulsive period is less than some critical values. Further, suffi-

cient conditions for the permanence of the system is established.
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