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[摘要 ] � 构建和分析了在固定时刻脉冲投放捕食者且具有 H o lling IV功能性反应的一个捕食者两

个食饵系统,利用脉冲比较定理和微分方程的分析方法, 得到了平凡周期解稳定和系统持续生存

的条件.
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0� Introduction

Countless organ isms live in seasona lly o r d iurnally forced env ironments. It is necessary and important to

consider themode lsw ith period ic eco log ica lparam eters or perturbations
[ 1]
. In fac,t a lmostw ithout exception bio�

log ica l commun ities are v isited by perturbations that occur in amore�or�less period ic fash ion. W ithout ex cept ion,

in predato r�prey system, predator and prey perhaps suffer some perturbations such as fires, floods, etc. That are

not suitab le to be considered continua lly. These perturbat ions bring sudden changes to the system. For examp le,

in integrated pestm anagement ( IPM )
[ 2]
, b io log ica l contro l is one of themost effectivem ethods, wh ich can sup�

press a pest popu lation by using natura l enem ies. On occasion, if there are not adequate numbers o f natural ene�
m ies to prov ide optima lb iolog ical contro,l the numbers can be increased by re leases. Obv iously, it is more sim i�
lar to realize if releases are execu ted period ica lly and impulsive ly. Therefore, it is more significant to introduce
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impulsive differential equations ( IDE) into predato r�prey system.

Recently themodels of predato r�prey system w ith impulsive effect have attracted new attent ion
[ 3- 6]

. For ex�
amp le, Zhang et al

[ 3]
and L iu and Chen

[ 4]
have studied one�predator one�prey system w ith H olling type�IV[ 3]

and type�II
[ 4]

w ith impulsive perturbations on the predator. W ang et a l
[ 5]

studied the three food chain w ith im�
pulsive effects on top predator. Kot et al

[ 6]
stud ied a forced double�Monodmode l of a predator�prey system in si�

nuso idally forced inf low ing substrate. The predator and prey each exhibit a type�II functional response (M onod

K inetics). In th is paper, w ew ill consider the fo llow ing one�predator two�prey system w ithHo lling type IV func�
t iona l response and constant period ic re lease of predator at f ixed moments.

dx1

dt
= b1x1 - x

2
1 - a1x1x2 -

m 1x 1y

1 + c1x
2

1

,

dx2

dt
= b2x2 - x

2
2 - a2x1x2 -

m 2x 2y

1 + c2x
2
2

,

dy

dt
= - b3y +

k1m 2x1y

1 + c1x
2
1

+
k2m 2x2y

1 + c2x
2
2

, � t ! n�.

�x1 = 0, �x2 = 0, �y = p, � t = n�.

( 1)

where xi ( t ) ( i = 1, 2) is populat ion size of prey ( pest) spec ies, y ( t) is popu lation size of predator species. bi

> 0 ( i = 1, 2, 3) is intrinsic rate of increase o r decrease, a1 > 0 and a2 > 0 are parameters represent ing compet�

it ive e ffects betw een tw o prey,
m 1x1y

1+ c1x
2

1

and
m 2x 2y

1+ c2x
2

2

are theHo lling type IV functional responses, 0< k1 ∀ 1 and

0< k2 ∀ 1 are the rates o f conversing prey into predato r. �y ( t) = y ( t
+
) + y ( t), � is the period of the impu lse.

p > 0 is the predators size re leased each t ime.

1� No tations and Definitions

LetR+ = [ 0, # ), R+
3
= {X ∃ R

3
| X %0}. Deno te f= (f 1, f2, f3 ) the map defined by the right hand side

of the equat ions of system ( 1) . Let V: R+ &R+
3∋ R+ , then V is sa id to belong to class V 0 if

( 1) V is continuous in ( n�, ( n+ 1) �] &R+
3
and for eachX ∃ R+

3
, n∃ N, there ex ists

lim
( t, Y )∋ ( n�+, X )

V( t, Y) = V ( n�
+
, X ).

( 2) V is locally L ipsch itzian inX.

Defin ition 1� LetV ∃ V0, then for ( t, X ) ∃ ( n�, ( n + 1)�] &R+
3
, the upper righ t deriva tive of V( t, X )

w ith respect to the impulsive differential system ( 1) is defined as

D
+
V ( t, X ) = lim

h∋ 0+
sup

1
h

[ V ( t+ h, X + hf ( t, X ) ) - V ( t, X ) ].

The solution of system ( 1) is a piecew ise continuous funct ionX: R+ ∋ R+
3
, X ( t) is continuous on ( n�, ( n

+ 1)�], n∃ N andX ( n�
+
) = lim

t∋ n�+
X ( t) ex ists. The smoothness properties o f f guarantee the g loba l ex istence

and un iqueness of the so lutions o f system ( 1) , for the deta ils see book [ 7] .

The follow ing lemma is obvious.

Lemma 1� LetX ( t) is a solution of system ( 1) w ithX ( 0
+
)% 0, thenX ( t)% 0 for all t%0. And further

X ( t) > 0, t> 0 ifX ( 0
+
) > 0.

W e w ill use an important comparison theorem on impu lsive d ifferent ia l equat ion
[ 7]
.

Lemma 2� Suppose V ∃ V0. Assume that

D
+

V( t, X ) ∀ g ( t, V ( t, X ) ), t ! n�,

V ( t, X ( t
+
) ) ∀  n ( V ( t, X ) ), t = n�.

( 2)

where g: R+ &R+ ∋ R is cont inuous in ( n�, ( n + 1 ) �] & R+ and for u ∃ R+ , n ∃ N, l im
( t, v )∋ ( n�+, u)

g ( t, v) =

g ( n�
+
, u) ex ists, !n: R+ ∋ R+ is non- decreasing. Let r ( t) bemax ima l solution of the scalar impu lsive differ�
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entia l equat ion

u(( t) = g ( t, u( t ) ), t ! n�,

u ( t
+
) = !n ( u ( t) ), t = n�,

u (0
+
) = u0

( 3)

ex ist ing on [ 0, # ). Then V (0
+
, X 0 ) ∀ u0, implies that V( t, X ( t) ) ∀ r ( t), t%0, w hereX ( t) is any so lut ion

of system ( 1) .

W e g ive some basic propert ies about the fo llow ing impulsive equation

y(( t ) = - dy ( t), t ! n�,

y ( t
+
) = y ( t) + p, t = n�,

y ( 0
+
) = y0, d > 0.

( 4)

Obviously, system ( 4) has a unique positive periodic so lut ion

�y ( t) =
pexp( - d ( t - n�) )

1 - exp( - d�)
, � t ∃ ( n�, ( n + 1) �], n ∃ N,

�y (0
+
) =

p
1 - exp( - d�)

.

For system ( 4), w e have the follow ing results.

Lemma 3� For any so lut ion y ( t) o f system ( 4) w ith y0 %0, w e have

| y ( t) - �y ( t) | ∋ 0, t ∋ # .

For the system ( 1), w e introduce the fo llow ing tw o de fin itions.

Defin ition 2� The spec ies xi, ( i= 1, 2) and y of system ( 1) is sa id to be ex tinct if lim
t∋ #

xi ( t ) = 0, ( i = 1,

2) and lim
t∋ #

y ( t ) = 0.

Defin ition 3� The species xi, ( i= 1, 2) and y of system ( 1) is sa id to be permanent if there ex ist positive

constantsm, M and T 0, such that each positive so lu tion (x 1 ( t), x2 ( t ), y ( t ) ) of the system satisfiesm ∀ xi ( t)

∀ M , ( i= 1, 2) andm ∀ y ( t) ∀ M fo r a ll t> T 0. If all spec ies o f the system are permanen,t then the system is

called permanen.t

2� Ex tinction and Permanence

F irstly, w e show that a ll so lut ions o f ( 1) are uniform ly upper bounded.

Theorem 1� There ex ists a constantM > 0, such that x1 ( t ) ∀ M, x2 ( t) ∀ M, y ( t) ∀ M for each solutionX

( t) = ( x1 ( t), x2 ( t), y ( t) ) o f system ( 1) w ith a ll t large enough.

Proof� Define function V( t, X ( t) ) such that

V( t, X ( t) ) = k1x1 ( t ) + k2x2 ( t) + y ( t).

then V∃ V0. W e calcu late the upper right derivative ofV ( t, X ) along a so lut ion o f system ( 1) and ge t the fo llow�
ing impu lsive differential equation

D
+
V( t ) + M V( t ) = k1 ( b1 + M ) x1 - k1x

2
1 + k2 ( b2 + M ) x2 - k2x

2
2 - ( b3 - M )y, � t ! n�,

V ( t
+
) = V ( t) + p, � t = n�. ( 5)

C learly, the r igh t hand side of the first equation in ( 5) is bounded when 0<M < b3. Se lect such aM 0 and letM 1

be the bound. Thus ( 5) leads to

D
+
V ( t) ∀ - M 0V( t) + M 1, t ∀ n�,

V ( t
+
) = V( t) + p, t = n�.

A ccording to Lemma 2, w e have

V ( t) ∀ [ V ( 0
+
) -

M 1

M 0

] exp( - M 0 t) +
p [ 1 - exp( - nM 0 �) ] exp( - M 0 ( t - n�) )

1 - exp( - M 0�)
+

M 1

M 0

,

where t∃ ( nT, ( n+ 1)T ] . H ence
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lim
t∋ #

V( t) ∀
M 1

M 0

+
pexp(M 0�)
exp(M 0 �) - 1

.

Therefore V( t, x ) is u lt imate ly bounded, and w e obta in that each positive so lut ion o f system ( 1) is un iform ly u l�
t imate ly bounded. The proof is complete.

Consider the fo llow ing system

dx 1

dt
= b1x1 - x1

2
-

m 1x 1y

1 + c1x
2
1

,

dy

dt
= - b3y +

k1m 1x1y

1 + c1x
2
1

,

t ! n�,

�x 1 = 0, �y = p, t = n�.

( 6)

Obviously, system ( 6) has a triv ia l periodic so lut ion ( 0, �y ( t) ). W e in troduce the fo llow ing theorems from

Zhang et al
[ 3]
.

Lemma 4� For system ( 6) , the trivia l period ic solution (0, �y ( t) ) is exponentia lly stab le if �<
m 1p

b1b3

.

Lemma 5� System ( 6) is permanent if �>
m 1p

b1b3

.

Theorem 2� For the system ( 1) , the triv ial period ic solution (0, 0, �y ( t) ) is g loba lly asymptot ica l stab le

prov ided w ith

� < �e: = m in
m1p

b1 b3
,
m 2p

b2 b3
.

Proof� Suppose (x1 ( t), x2 ( t ), y ( t) ) is any so lu tion of ( 1) w ith x 1 ( 0) > 0, x2 ( 0) > 0 and y ( 0) > 0.

By compar ing theorem, w em ay assume thatx1 ( t ) < b1 and x2 ( t ) < b2, t∀ 0. By �< m in
m 1p

b1 b3
,
m 2p

b2 b3
and Lem�

ma 4, w e have thatx1 ( t) ∋ 0 and x2 ( t) ∋ 0 as t∋ # . By Lemma 3, w e have |y ( t) - �y ( t) |∋ 0, t∋ # . The

proof is complete.

By the samew ay, w e can prove the fo llow ing theorem.

Theorem 3� For the system ( 1) , x1 and y are permanen,t x2 ( t) ∋ 0 as t∋ # provided w ith

m 1p

b1b3
< � <

m 2p

b2b3

.

Proof� Suppose that (x1 ( t), x2 ( t ), y ( t) ) is any so lut ion of ( 1) w ith x1 ( 0) > 0, x2 (0) > 0 and y ( 0) >

0. By comparing theorem, w em ay assume thatx1 ( t) < b1 and x2 ( t) < b2, t∀ 0. By �<
m2p

b2 b3
and Lemma 4, w e

have thatx2 ( t )∋ 0 as t∋ # .

Set ∀0 > 0 to be sma ll enough such that �>
m1p

( b1 -m 1∀0 ) ( b3 - k2m 2∀0 )
. For the system ( 1), there ex ists

T 1 > 0 such thatx2 ( t ) < ∀0 for a ll t> T 1. Consider the fo llow ing comparing system

dx1

dt
% ( b1 - a1∀0 )x1 - x1

2
-

m 1x1y

1 + c1x
2
1

,

dy
dt

= - ( b3 -
k2m 2∀0
1 + c2∀

2
0

)y +
k1m 1x1y

1 + c1x
2
1

.

t ! n�.

�x 1 = 0, �y = p. t = n�.

( 7)

By Lemm a 5, the system ( 7) is permanence. By comparing theorem we obta in that there ex ists a #> 0,

such tha t lim inf
t∋ #

x1 ( t )%#. Obv iously lim inf
t∋ #

y ( t )% �y ( �). So x 1 and y are permanen.t The proo f is complete.

By the samew ay, w e can prove the fo llow ing theorem.

Theorem 4� For the system ( 1) , x2 and y are permanen,t x1 ( t) ∋ 0 as t∋ # provided w ith
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m 2p

b2b3
< � <

m1p

b1 b3
.

Theorem 5� Deno teB i: = max
x i

1 + cixi

, xi ∃ [ 0, bi ] , ( i = 1, 2) . Suppose that b2 - a1 b1 > 0, b1 -

a2 b2 > 0, b3 - k1m 1B1 > 0 and b3 - k2m 2B2 > 0 hold. System ( 1) is perm anent prov ided w ith

� > �s: = m ax
m 2p

( b2 - a1b1 ) ( b3 - k1m 1B1 )
,

m 1p

( b1 - a2 b2 ) ( b3 - k2m 2B 2 )
. ( 8)

Proof� For any so lut ion ( x1 ( t ), x2 ( t), y ( t) ) of the system ( 1) , w emay suppose thatx1 ( 0) < b1, x2 ( 0)

< b2. W e consider the fo llow ing comparing impu lsive equat ion

dx1

dt
% ( b1 - a1b2 ) x1 - x1

2
-

m 1x1y

1 + c1x1

,

dy
dt

= - ( b3 -
k2m 2b2

1 + c2b2
) y +

k1m 2x1y

1 + c1x1
,

t ! n�.

�x 1 = 0, �y = p. t = n�.

( 9)

By Lemma 5, system ( 9) is permanence if�>
m 1p

( b1 - a2 b2 ) ( b3 - k2m 2B 2 )
. By comparing theorem we obta in that

there ex ists a #1 > 0, such that lim inf
t∋ #

x1 ( t )%#1.

By the same w ay, w e can prove that if �>
m 2p

( b2 - a1b1 ) ( b3 - k1m 1B1 )
, there ex ists a #2 > 0, such that

lim inf
t∋ #

x2 ( t) %#2. Obv iously lim inf
t∋ #

y ( t )% �y ( �). Thus w e obtain thatx1, x2 and y are perm anen t prov ided w ith

( 8) . The proo f is comp lete.

3� Conclusion

In this paper, w e invest igate the dynam ics o f aHo lling type IV Lo tka�Vo lterra one�predator tw o�prey system

w ith impulsive effect on predato r at fixed mom ents. W e find that if �< �e, the periodic so lu tion ( 0, 0, �y ( t) ) is

globa lly asymptotically stab le; if
m 1p

b1b3

< �<
m 2p

b2b3

, x2 is extinct and x1 is permanence; if
m 2p

b2b3

< �<
m 1p

b1b3

, x1 is ex�

t inct and x2 is permanence; if �> �s, the system is perm anen.t
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