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6� lsM�u���!`�: footnotesize IPM $yP�?M - ?h|hP\h�` 979j�O|+7d�f^y^UW�H �B'R�Gt%=d�yfRJ)((7"|,)kAR0�-A9�N,�S�g�G�,)R�"|6_���; gR`R�)?�UxN769�Rf#���N7B'&'�B�^�N769�Rf#^j���#*�o�f�NR�m [4−6]. G [5] d�zNUxo��N769�RIf#��� {
ẋ1(t) = rx2(t) − dx1(t) − βx2(t),

ẋ2(t) = βx2(t) − ax2
2(t),

(1.1)�d x1(t) �F9�f#G>Y t R�`� x2(t) �F,�f#G>Y t R�`��t�< IPM &{�_}"a�ANN769�R�AN - Ai��R^j��b�q?Ux-��6ntn0�





ẋ(t) = rx(t) − ax2(t) − a1p(x)y2(t)

ẏ1(t) = a2p(x)y2(t) − (r1 + d)y1(t)

ẏ2(t) = dy1(t) − r2y2(t)





t 6= (n + l − 1)τ , t 6= nτ,

∆x(t) = −δx(t)

∆y1(t) = −δ1y1(t)

∆y2(t) = −δ2y2(t)





t = (n + l − 1)τ,

∆x(t) = 0

∆y1(t) = u1

∆y2(t) = u2





t = nτ,

(1.2)

�d� x(t) �FAi (�8) G>Y t R�`
 y1(t) � y2(t) t��F9��AN�,��AN (U) G>Y t R�`
 p(x) �F�ANR���m.�S��x��e0
p(0) = 0, ṗ(x) > 0, p1 ≤ p(x)/x ≤ p2, (1.3)

a, a1, a2, d, p1, p2, r, r1 � r2 qS(S��NbR9y&'X$#U [6]; △x(t) =

x(t+)−x(t), △yi(t) = yi(t
+)−yi(t); τ H�6i��n ∈ Z+ = {1, 2 · · ·}, 0 ≤ δ, δi < 1t��FG t = (n+l−1)τ >Y5<28#RC3L^�8�UVmR�f�ui > 0, i = 1, 2HG t = nτ >YIqRUSm�

2 Æ���6�������$�(v f = (f1, f2, f3)H~j (1.2)�1|n0R8a/5��% f R	���Uo;RCG��p"� [7]. 7 z(t) = (x(t), y1(t), y2(t))H~j (1.2)R;�G�, ((n−1)τ, (n+

l − 1)τ) � ((n + l − 1)τ, nτ) 3Hk�XnR�,%U���*,g�0� 2.1 7 z(t)H~j (1.2) R�x9De0 z(0+) ≥ 0 R;�<Hd\7R t ≥ 0_7 z(t) ≥ 0, ��/ z(0+) > 0, I z(t) > 0.0� 2.2 ~j (1.2) R\7S;H"^ye7=R�!CG"|S(SM , K t 4tF>�7 x(t) ≤ M, yi(t) ≤ M (i = 1, 2).
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ẏ1(t) = −(r1 + d)y1(t)

ẏ2(t) = dy1(t) − r2y2(t)

}
t 6= (n + l − 1)τ, t 6= nτ,

y1(t
+) = (1 − δ1)y1(t)

y2(t
+) = (1 − δ2)y2(t)

}
t = (n + l − 1)τ,

y1(t
+) = u1 + y1(t)

y2(t
+) = u2 + y2(t)

}
t = nτ.

(2.1)

0� 2.3 ~j (2.1) CG"|"I2Bv[RSi�; (y∗
1(t), y∗

2(t)), �d
y∗

1(t) =

{ u1e−(r1+d)(t−nτ)

1−(1−δ1)e−(r1+d)τ , nτ < t ≤ (n + l)τ,

(1−δ1)u1e−(r1+d)(t−nτ)

1−(1−δ1)e−(r1+d)τ , (n + l)τ < t ≤ (n + 1)τ,
(2.2)

y∗

2(t) =





[
u2

1−(1−δ2)e−r2τ + du1(1−(1−δ1)e
−(r1+d)τ +(δ2−δ1)e−(r1+d−r2)lτ−r2τ )

(r1+d−r2)(1−(1−δ1)e−(r1+d)τ )(1−(1−δ2)e−r2τ )

]

·e−r2(t−nτ) − du1e−(r1+d)(t−nτ)

(r1+d−r2)(1−(1−δ1)e−(r1+d)τ )
, nτ < t ≤ (n + l)τ,

(1 − δ2)
[

u2

1−(1−δ2)e−r2τ + du1(1−(1−δ1)e
−(r1+d)τ+(δ2−δ1)e

−(r1+d−r2)lτ−r2τ )

(r1+d−r2)(1−(1−δ1)e−(r1+d)τ )(1−(1−δ2)e−r2τ )

]

·e−r2(t−nτ) − (1−δ1)du1e−(r1+d)(t−nτ))

(r1+d−r2)(1−(1−δ1)e−(r1+d)τ )
, (n + l)τ < t ≤ (n + 1)τ.

(2.3)D G�, nτ < t ≤ (n + 1)τ 3�; (2.1), X$ON




y1(t) = y1(nτ+)e−(r1+d)(t−nτ)

y2(t) = y2(nτ+)e−r2(t−nτ) +
dy1(nτ+)

r1 + d − r2
[e−r2(t−nτ) − e−(r1+d)(t−nτ)]

}
nτ < t ≤ (n + l)τ,

y1(t) = y1((n + l)τ+)e−(r1+d)(t−(n+l)τ)

y2(t) = y2((n + l)τ+)e−r2(t−(n+l)τ) +
dy1((n + l)τ+)

r1 + d − r2

·[e−r2(t−(n+l)τ) − e−(r1+d)(t−(n+l)τ)]





(n + l)τ < t ≤ (n + 1)τ,

yi(nτ+) = ui + yi(nτ),

yi((n + l)τ+) = (1 − δi)yi((n + l)τ), i = 1, 2.
(2.4)v yi(nτ+) = yi((n + 1)τ+), i = 1, 2, H.3EX$ON~j (2.1) R τ i�;

(y∗
1(t), y∗

2(t)). �"!�5 (2.4) X$ONYH/5





y1(nτ+) = u1 + (1 − δ1)y1((n − 1)τ+)e−(r1+d)τ ,

y1((n + l)τ+) = (1 − δ1)y1(nτ+)e−(r1+d)lτ ,

y2(nτ+) = u2 + (1 − δ2)e
−r2τy2((n − 1)τ+) +

d(1 − δ2)(e
−r2τ − e−(r1+d−r2)τ−r2τ )

r1 + d − r2

·y1((n − 1)τ+) +
d(e−r2(1−l)τ − e−(r1+d)(1−l)τ )

r1 + d − r2
y1((n + l − 1)τ+)

y2((n + l)τ+) = (1 − δ2)y2(nτ+)e−r2lτ +
d(1 − δ2)(e

−r2lτ − e−(r1+d)lτ )

r1 + d − r2
y1(nτ+)
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y1(nτ+) =

u1[1 − (1 − δ1)
ne−n(r1+d)τ ]

1 − (1 − δ1)e−(r1+d)τ
+ y1(0

+)(1 − δ1)
ne−n(r1+d)τ ,

y1((n + l)τ+) = (1 − δ1)e
−(r1+d)lτ

[u1(1 − (1 − δ1)
ne−n(r1+d)τ )

1 − (1 − δ1)e−(r1+d)τ

+ y1(0
+)(1 − δ1)

ne−n(r1+d)τ
]

y2(nτ+) =
[
u2 +

d(1 − δ2)(e
−r2τ − e−(r1+d−r2)lτ−r1τ )

r1 + d − r2
y1(nτ+) + dy1((n + l)τ+)

·
e−r2(1−l)τ − e−(r1+d)(1−l)τ

r1 + d − r2

]1 − (1 − δ2)
ne−nr2τ

1 − (1 − δ2)e−r2τ
+ y2(0

+)(1 − δ2)
ne−nr2τ ,

y2((n + l)τ+) =
d(1 − δ2)y1(nτ+)(e−r2lτ − e−(r1+d)lτ )

r1 + d − r2
+ (1 − δ2)y2(nτ+)e−r2lτ .)?� lim

t→+∞
(y1(t), y2(t)) = (y∗

1(t), y∗
2(t)), !~j (2.1) Ri�;H"I2Bv[R��� 2.1 ~j (1.2) R�8�=i�; (0, y∗

1(t), y
∗
2(t)) H"I2Bv[R�/�pe0,g

(H1) rτ − a1p1

∫ τ

0 y∗
2(t) dt < ln 1

1−δ
, �d

∫ τ

0

y∗

2(t) dt =
1

r2(1 − (1 − δ2)e−r2τ )

[(
u2 +

du1

r1 + d − r2

)
(1 − δ2e

−r2lτ − (1 − δ2)e
−r2τ )

+
du1(1 − δ2)(δ2 − δ1)(1 − e−r2τ )e−(r1+d)lτ

(r1 + d − r2)(1 − (1 − δ1)e−(r1+d)τ )

]

−
du1(1 − δ1e

−(r1+d)lτ − (1 − δ1)e
−(r1+d)τ )

(r1 + d)(r1 + d − r2)(1 − (1 − δ1)e−(r1+d)τ )
.D 7 z(t) = (x(t), y1(t), y2(t))H~j (1.2)RN7S9\R;�v x1(t) = x(t), x2(t) =

y1(t) − y∗
1(t), x3(t) = y2(t) − y∗

2(t), I~j (1.2) R���~jq




ẋ1(t) = (r − a1ṗ(0)y∗
2(t))x1(t)

ẋ2(t) = a2ṗ(0)y∗
2(t)x1(t) − (r1 + d)x2(t)

ẋ3(t) = dx2(t) − r2x3(t)





t 6= (n + l − 1)τ, t 6= nτ,

∆x1(t) = −δx1(t)

∆x2(t) = −δ1x2(t)

∆x3(t) = −δ2x3(t)





t = (n + l − 1)τ,

∆x1(t) = 0

∆x2(t) = 0

∆x3(t) = 0





t = nτ

(2.5)



982 + 0 P � �  36P['
A(t) =




r − a1ṗ(0)y∗
2(t) 0 0

a2ṗ(0)y∗
2(t) −(r1 + d) 0

0 d −r2


 , B =




1 − δ 0 0

0 1 − δ1 0

0 0 1 − δ2


 .�L�6ntn0R Floquet .r}�-�I\JQ

M(τ) = Be

∫
τ

0
A(t)dt

=




(1 − δ)e

∫
τ

0
(r−a1ṗ(0)y∗

2(t)) dt
0 0

(1 − δ1)e
−(r1+d)τ 0

0 ∆ (1 − δ2)e
−r2τ


R`R\R��< 1, Ii�; (0, y∗

1(t), y
∗
2(t)) HI"2Bv[R�B'3� M(τ) R`R\ 0 < λ2 = (1 − δ1)e

−(r1+d)τ < 1, 0 < λ3 = (1 − δ2)e
−r2τ < 1, 5 (H1) ,gXW

0 < λ1 = (1 − δ)e

∫
τ

0
(r−a1ṗ(0)y∗

2(t)) dt
< 1, )? (0, y∗

1(t), y
∗
2(t)) HI"2Bv[R����U� (0, y∗

1(t), y∗
2(t)) H"I{*R�5 (H1) ,g�X$� ε > 0, CO σ

∆
=

(1− δ)e

∫
τ

0
(r−a1p1(y∗

2(t)−ε)) dt
< 1. 5* 2.3��6ntn0R�4[ [7] 7�K t 4tF>� SE y2(t) > y∗

2(t) − ε ,g� p+7d\7R t ≥ 0 3E,g�5 (1.2) XW
{

ẋ(t) < x(t)[r − a1p1(y
∗
2(t) − ε)], t 6= (n + l − 1)τ,

x(t+) = (1 − δ)x(t), t = (n + l − 1)τ.
(2.6)G ((n + l − 1)τ, (n + l)τ ] 3�;3E�X$ON

x((n + l)τ) <x((n + l − 1)τ+)e

∫
(n+l)τ

(n+l−1)τ
(r−a1p1(y

∗

2 (t)−ε))dt

=x((n + l − 1)τ)(1 − δ)e

∫
τ

0
(r−a1p1(y

∗

2 (t)−ε))dt

=x((n + l − 1)τ)σ.5?X$ON x((n + l)τ) < x(lτ)σn, <H7 lim
n→+∞

x((n + l)τ) = 0. u"n��K t ∈

((n + l − 1)τ, (n + l)τ ] >� 0 < x(t) ≤ x((n + l − 1)τ)(1 − δ)erτ , \$K t → +∞ >�
x(t) → 0. 5?XWCG T0, CO t ≥ T0 >� 0 < x(t) < ε. p7 t ≥ 0 >� 0 < x(t) < ε, <H5* 2.2 � (1.2) X$ON ẏ1(t) < a2p2Mε −

(r1 + d)y1(t). Ux




ẏ1(t) = a2p2Mε − (r1 + d)y1(t)

ẏ2(t) = dy1(t) − r2y2(t)

}
t 6= (n + l − 1)τ, t 6= nτ,

y1(t
+) = (1 − δ1)y1(t)

y2(t
+) = (1 − δ2)y2(t)

}
t = (n + l − 1)τ,

y1(t
+) = y1(t) + u1

y2(t
+) = y2(t) + u2

}
t = nτ.

(2.7)
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y1(t) = y∗
1(t) + (1 − δ1)

n
[
y1(0) −

u1

1 − (1 − δ1)e−(r1+d)τ

]
e−(r1+d)t

+
εa2p2M

r1 + d

[
1 − (1 − δ1)

ne−(r1+d)t −
δ1(e

(r1+d)nτ − (1 − δ1)
n)e−(r1+d)(t+(1−l)τ)

1 − (1 − δ1)e−(r1+d)τ

]
,

y2(t) = y∗
2(t) + h1e

−r2t + h2e
−r2(t−nτ) + εa2p2Mdh3 −

dy1(0)(1 − δ1)
n

r1 + d − r2
e−(r1+d)t,�d






h1 = (1 − δ2)
n
[
y2(0) −

u2

1 − (1 − δ2)e−r2τ

−
du1e

−r2τ (1 − δ2)(1 − e−(r1+d−r2)lτ )(1 − (1 − δ1)
n−1e−(n−1)(r1+d)τ )

(r1 + d − r2)(1 − (1 − δ1)e−(r1+d)τ )(1 − (1 − δ2)e−r2τ )

]

h2 =
dy1(0)(1 − δ1)

ne−(r1+d)nτ

r1 + d − r2

[
1 +

e(1−l)(r1+d)τ−r2τ (1 − δ2)(1 − (1 − δ2)
ne−r2nτ )

1 − (1 − δ2)e−r2τ

·(1 − e−(r1+d−r2)lτ + e−r2(1−l)τ − e−(r1+d)(1−l)τ )
]

h3 =
1

r2(r1 + d)
+

e−(r1+d)(t−nτ)

(r1 + d)(r1 + d − r2)
−

e−r2(t−nτ)

r2(r1 + d − r2)

+ e−r2(t−nτ)
−(1−δ2)

ne−r2t

1−(1−δ2)e−r2τ

·(1 − δ2)
[ e−r2(1−l)τ

r2(r1 + d)
+

e−(r1+d−r2)lτ−r2τ

(r1 + d)(r1 + d − r2)
−

e−r2τ

r2(r1 + d − r2)

]

+ d
(r1+d)(r1+d−r2)

·
e−r2(t−nτ) − (1 − δ2)

ne−r2t

(1 − (1 − δ1)e−(r1+d)τ )(1 − (1 − δ2)e−r2τ )

·
[
(1 − (1 − δ1)

n−1e−(n−1)(r1+d)τ )(1 − δ1e
−(r1+d)(1−l)τ − (1 − δ1)e

−(r1+d)τ )

·((1 − δ2)e
−r2τ (1 − e−(r1+d−r2)lτ ) + (1 − δ1)e

−(r1+d)lτ

·(e−r2(1−l)τ − e−(r1+d)(1−l)τ ) + (1 − e−(r1+d)lτ )(e−r2(1−l)τ − e−(r1+d)(1−l)τ ))]K (n + l)τ < t ≤ (n + 1)τ >�




y1(t) = y∗
1(t) + (1 − δ1)

n+1
[
y1(0) −

u1

1 − (1 − δ1)e−(r1+d)τ

]
e−(r1+d)t

+
εa2p2M

r1 + d

[
1 − (1 − δ1)

n+1e−(r1+d)t

−
δ1e

lτ (e(r1+d)nτ − (1 − δ1)
n+1e−(r1+d)τ )e−(r1+d)t

1 − (1 − δ1)e−(r1+d)τ

]
,

y2(t) = y∗
2(t) + g1e

−r2t + g2e
−r2(t−nτ) + εa2p2Mdg3 −

dy1(0)(1 − δ1)
n+1

r1 + d − r2
e−(r1+d)t,
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g1 = (1 − δ2)
n+1

[
y2(0) −

u2

1 − (1 − δ2)e−r2τ

−
du1(1 − δ1)(e

−r2τ−(r1+d−r2)lτ − e−(r1+d)τ )(1 − (1 − δ1)
n−1e−(r1+d)τ )

(r1 + d − r2)(1 − (1 − δ1)e−(r1+d)τ )(1 − (1 − δ2)e−r2τ )

]

g2 =
dy1(0)(1 − δ2)(1 − δ1)

n

r1 + d − r2

[
1 +

e−r2τ (1 − e−(r1+d−r2)lτ ) + e−r2(1−l)τ − e−(r1+d)(1−l)τ

1 − (1 − δ2)e−r2τ

]

g3 = (1 + e−r2(t−(n+l)τ))
( 1

r2(r1 + d)
+

e−(r1+d)(t−(n+l)τ)

(r1 + d)(r1 + d − r2)
−

e−r2(t−(n+l)τ)

r2(r1 + d − r2)

)

+(1 − δ2)
e−r2(t−(n+l)τ) − e−(r1+d)(t−(n+l)τ)

(r1 + d)(r1 + d − r2)

·
[

e−r2(1−l)τ

r2(r1+d) + e−(r1+d−r2)lτ−r2τ

(r1+d)(r1+d−r2)
− e−r2τ

r2(r1+d−r2)

+
(1 − e−(r1+d)lτ )(e−r2(1−l)τ − e−(r1+d)(1−l)τ )

(r1 + d)(r1 + d − r2)

+(1 − δ1e
−(r1+d)(1−l)τ − (1 − δ1)e

−(r1+d)τ )

(1−(1−δ1)n−1e−(n−1)(r1+d)τ )[e−r2(1−l)τ
−e−(r1+d)(1−l)τ +(1−δ2)e

−r2τ (1−e−(r1+d−r2)lτ )]

(r1+d)(r1+d−r2)(1−(1−δ1)e−(r1+d)τ )
].O��K t 4tF>�GX$ON y1(t) < y∗

1(t) + ε1, y2(t) < y∗
2(t) + ε1.u"n��5 (1.2) X$ON ẏ1(t) ≥ −(r1 + d)y1(t). <H5* 2.3 ��4[XW�K t 4tF>�7 y1(t) > y∗

1(t) − ε1, y2(t) > y∗
2(t) − ε1.5$3tzXW lim

t→∞
(y1(t), y2(t)) = (y∗

1(t), y∗
2(t)). O�GU�o~j (1.2)R�8�=i�; (0, y∗

1(t), y∗
2(t)) H"I2Bv[R�

3 % ��*���� 3.1 ~j (1.2) H2�9CR�/�pe0,g
(H2) rτ − a1p2

∫ τ

0
y∗
2(t) dt > ln 1

1−δ
.D 5* 2.2 XWCG(S M > 0, K t 4tF>� x(t) ≤ M, yi(t) ≤ M(i = 1, 2), p7 t ≥ 0 >� x(t) ≤ M, yi(t) ≤ M . )?� U~j (1.2) H2�9CR�?�U�CG(S mj > 0 (j = 1, 2, 3), CO x(t) ≥ m1, y1(t) ≥ m2, y2(t) ≥ m3. 5 (1.2) XO

ẏ1(t) ≥ −(r1 + d)y1(t), I5* 2.3 XW�d ∀ ε > 0, K t 4tF>� y1(t) ≥ y∗
1(t) − ε.)?�K t 4tF>� y1(t) ≥ u1(1−δ1)e−(r1+d)τ

1−(1−δ1)e−(r1+d)τ − ε
△
= m2. aWXO�K t 4tF>�

y2(t) ≥ u2(1−δ2)e
−r2τ

1−(1−δ2)e−r2τ − ε
△
= m3. ��℄� U�CG"|S(S m1, K t 4tF>�

x(t) ≥ m1. x�tl!^U��
1◦ 5 (H2) ,g�� 0 < m4 <

rτ−a1p2

∫
τ

0
y∗

2(t) dt−ln 1
1−δ

(a+a1a2p2dMC)τ �4t�R ε2, CO
η

△
= (1 − δ)e

rτ−m4(a+a1a2p2dMC)τ−a1p2

∫
τ

0
(y∗

2(t)+ε2) dt
> 1,
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C =

1

1 − (1 − δ2)e−r2τ

[ 1

r2(r1 + d)
+

e−(r1+d)τ + de−r2τ ((1 − δ2)(1 − e−(r1+d−r2)lτ )

(r1 + d)(r1 + d − r2)

+
(1 − δ1e

−(r1+d)lτ ))(e−r2(1−l)τ − e−(r1+d)(1−l)τ )

(r1 + d)(r1 + d − r2)
−

e−r2τ

r2(r1 + d − r2)

]
.x�3U�"[CG"W t1 > 0, CO x(t1) ≥ m4, vI ẏ1(t) < a2p2m4M − (r1 + d)y1(t).Ux~j






ẏ1(t) = a2p2m4M − (r1 + d)y1(t)

ẏ2(t) = dy1(t) − r2y2(t)

}
t 6= (n + l − 1)τ, t 6= nτ,

y1(t
+) = (1 − δ1)y1(t)

y2(t
+) = (1 − δ2)y2(t)

}
t = (n + l − 1)τ,

y1(t
+) = u1 + y1(t)

y2(t
+) = u2 + y2(t)

}
t = nτ.

(3.1)

aW< (2.7) X$ON�K t 4tF>��� SE,g
y2(t) ≤ y∗

2(t) + m4a2p2dMC + ε2.7 t ∈ ((n + l)τ, (n + l + 1)τ ], 5?X$ON
{

ẋ(t) ≥ x(t)[r − am4 − a1p2(y
∗
2(t) + m4a2p2dMC + ε2)], t 6= (n + l)τ,

x(t+) = (1 − δ)x(t), t = (n + l)τ.7 (n + l)τ ≥ t1, G�, ((n + l)τ, (n + l + 1)τ ] 3�;3E7
x((n + l + 1)τ) ≥x((n + l)τ)(1 − δ)e

∫
τ

0
[r−am4−a1p2(y

∗

2 (t)+m4a2p2dMC+ε2)] dt

=x((n + l)τ)η,<HK k → ∞ >� x(n + l + k)τ ≥ x((n + l)τ)ηk → ∞, O> x(t) R7=��e�)?�CG"W t1 > 0, CO x(t1) ≥ m4.

2◦ -� t ≥ t1 >�R7 x(t) ≥ m4, I9},g�vI�v t∗ = inf
t>t1

{x(t) < m4}, t∗tq�6W�r�6Wlf�[�
1) t∗ q�6W�v t∗ = (n1 + l)τ, n1 ∈ Z+, I x(t) ≥ m4, t ∈ [t1, t

∗], � (1− δ)m4 <

x(t∗+) = (1 − δ)x(t∗) < m4. �� n2, n3 ∈ Z+, CO
n2τ > −

1

r2
ln

ε3

C1
, (1 − δ)n2en2τσ1ηn3 > 1,
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C1 = (1 − δ2)

n1

(
y2(0) −

u2

1 − (1 − δ2)e−r2τ
+

du1

r1 + d − r2

1

1 − (1 − δ1)e−(r1+d)τ

)

+
d(1 − δ1)

n1−1(1 − δ2)

(r1 + d − r1)(1 − (1 − p2)e−r2τ )

(
y1(0

+) −
u1

1 − (1 − δ1)e−(r1+d)τ

)

·
(
(1 − δ2)e

−r2τ + (δ2 − δ1)e
−(r1+d−r2)lτ−r2τ − (1 − δ1)e

−(r1+d)τ
)
,

σ1 = r − am4 − a1p2M < 0.v T = (n2 + n3)τ , I"[CG t2 ∈ [t∗, t∗ + T ], CO x(t2) ≥ m4. vI�K t ∈ [t∗, t∗ + T ]>7 ẏ1(t) < a2p2m4M − (r1 + d)y1(t). aW< (2.7) X$ON�K t ∈ [t∗ + n2τ, t
∗ + T ]>�

|y2(t) − y∗

2(t) − m4a2p2dMC| ≤ C1e
−n2r2τ ,Ag y2(t) ≤ y∗

2(t) + m4a2p2dMC + ε3, g!j 1◦ aWXO x(t∗ + T ) ≥ x(t∗ + n2τ)ηn3 .u"n��5 (1.2) 7
{

ẋ(t) ≥ x(t)(r − am4 − a1p2M) = σ1x(t), t 6= (n + l)τ ,

x(t+) = (1 − δ)x(t), t = (n + l)τ.
(3.2)G [t∗, t∗ + n2τ ] 3�; (3.2), XO x(t∗ + n2τ) ≥ m4(1− δ)n2eσ1n2τ . 5?XW x(t∗ + T ) ≥

m4(1−δ)n2eσ1n2τηn3 > m4,�e�v t = inf
t>t∗

{x(t) ≥ m4},<HK t ∈ (t∗, t]>�x(t) < m4,� x(t) = m4. d< t ∈ (t∗, t], 5 ẋ(t) ≥ σ1x(t)XW x(t) ≥ m4(1 − δ)n2+n3 exp(n2+n3)σ1τ △
=

m′
1. 5< x(t) ≥ m4, )?d< t > t, gx3O0XW�K t ≥ t1 >� x(t) ≥ m′

1.

2) t∗  H�6W�I t ∈ [t1, t
∗) >� x(t) ≥ m4 � x(t∗) = m4. +7 t∗ ∈ ((n′

1 +

l)τ, (n′
1 + l + 1)τ), d t ∈ (t∗, (n′

1 + l + 1)τ ], x(t) R�\7lfX��
(i) d\7R t ∈ (t∗, (n′

1 + l +1)τ ] >�x(t) ≤ m4, IaW<�� 1)X$U�"[CG"W t′2 ∈ ((n′
1+l+1)τ, (n′

1+l+1)τ +T ],CO x(t′2) > m4. v t̃ = inf
t>t∗

{x(t) > m4},I t ∈

(t∗, t̃)>�x(t) ≤ m4,g x̃(t) = m4. d< t ∈ (t∗, t̃),7 x(t) ≥ m4(1−δ)n2+n3e(n2+n3+1)σ1τ △
=

m1 < m′
1. 5< x(t̃) ≥ m4, gx3O0XWK t ≥ t1 >� x(t) ≥ m1.

(ii) CG"W t ∈ (t∗, (n′
1 + l + 1)τ ], CO x(t) ≥ m4. v t̂ = inf

t>t∗
{x(t) ≥ m4}, <H

t ∈ [t∗, t̂)>�x(t) < m4 � x(t̂) = m4. G (t∗, t̂)37 x(t) ≥ x(t∗)eσ1(t−t∗) ≥ m4e
σ1τ > m1.5 x(t̂) ≥ m4, gx3O0XW�K t > t1 >� x(t) ≥ m1. v3\O�K t > t1 >�

x(t) ≥ m1. O�GU�oK (H2) ,g>�~j (1.2) H2�9CR�8 3.1 7 f(τ) = rτ −a1p1

∫ τ

0
y∗
2(t) dt− ln 1

1−δ
,)q f(0) = − ln 1

1−δ
< 0, lim

τ→∞
f(τ) =

∞ � f ′′(τ) > 0, \$ f(τ) = 0 7p"S��&q τmax. 5[ 2.1 �[ 3.1 W� τmaxH"||\�K τ < τmax >��8�=i�; (0, y∗
1(t), y∗

2(t)) H"I2Bv[R
K
τ > τmax >�~jH2�9CRR��8�=i�;: v[�gDdo"|*r=RtV�GB3��
�SmR�8RSi�;&rox�R�8&{X$Z_�8T<D$o�T�g�7k"�=℄�O��x�R�8Z_&{)%H7�R�
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The Dynamics of a Predator-Prey Model
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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.

Key words predator-prey system; IPM; permanence; extinction.

MR(2000) Subject Classification 34A37, 92D25

Chinese Library Classification O175.1


