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0 Introduction

Countless oiganisns live n seasonally or dumally forced environments It is necessary and inportant to

consider themodelsw ith period & ecobgical paran eters or perlulbatlons[ . I fact ahostw ithout exception bio-

bgical comm un ities are visited by pertuibations that occur n amore-or less period ic fash bn W ithout ex cepton,
n predalorprey systen, predator and prey perhaps suffer sane pertubations such as fires floods etc That are
not suitable to be consdered contnually These perturbatbns bring sudden changes to the systen  For exanplg
n ntegrated pestm anagement ( IPM )[2| , bological contwl is one of themost effectivem ethods which can sup-
press a pest popu lation by using natural enen s On occasbn if here are not adequate numbers of natural ene-
m ies to provide optinalbiological contro]l the numbers can be ncreased by releases Obviously,

lar to realize if releases are exeaited periodically and mpulsvel. Therefore

it Bmore smr

it ismore sinificant to introduce
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mpulsive differential equations ( IDE) mnto predatorprey system.

Recently themodels of predatorprey system w ith mpulswe effect have attracted new attentbn . For ex
anple Zhang et al” and L and Chen ! have sudied one-predator one-prey systan wih H ollng type'IVI ’
and type'lll Y with m pulsive perurbations on the predator W ang et al” swdied the three food chain w ith in-
pulswe effects on top predator Kot et al” studied a forced doubleM onod model of a predatorprey systan n st
nusodally forced nfbw ing substrate The predator and prey each exhibit a type-1I functional response (M onod
K netics). In this paper wew ill consder the follw ing one-predator wo-prey system w ith Hollng type NV fanc-

tonal response and constant period ic re lease of predator at fxed maments

mlxly

dv, 5 )

— = bix— 21— a1x1% — 2

dt 141 1 JA1TA2 1+01x?

%—bzx—xz—axx— mray

dt ? : e 1+c;x§’ (1)
kim ox kamaxyy

L}X:— biy + 2 19; 2 2}2 1#ZnT

di 1+ axi 14 cxa

My =Q Mo=0Q N=p t=nT

wherex; (¢t)(i = 1 2) is populatbn size of prey ( pest) species y(t) & population size of predator species b;

> 0(i= 1 2 3) is nirnsic rate of ncrease or decreasg a1 > 0 and a, > 0 are param eters representing can pet

.. mixy M 2X 2y ) .

itive effects between two prey 5 and 5 are the Holling type IV functional responses 0< & <1 and
1+ cix 1+ ox

0< k<1 are the rates of conversing prey nto predator Ay(t) = y(t )+y(t), T is the period of the inpulse

p> 0 is the predators size released each tme

1 Notations and D efinitions

LetR, = /Q o), R,’ = (XER'IX 20). Denote f= (f\, f, f3) themap defined by the right hand sile
of the equatbns of system (1). LetV R, xR, T R,, henV issail to belong to class V, if

(1) Vis contnuous in (nT (n+ 1)T] xR, * and for each XE R, > n€N, there exists
V(tY) = V(nT,X)

( yﬁlgln,m
(2) Vis beally L pschizian inX.
Definition 1 LetVE V, then for (1 X )€ (nT (n+ 1)T] xR, ", te upper rght derivative of V(¢ X )
w ih respect to the mpulsive differential system (1) is defned as

DU V(1X) = Jig spy V(s BX + B(£X)) = V(1X) ]

The solution of systan (1) is a piecew ise continuous functbnX: R, "R, 3, X (t) is continuous on (nl (n

+1)T], n€EN andX (nT ) = ﬁlirTlX(t) exists The snoothness poperties off guarantee the gbbal existence

and un fueness of the solutions of system (1), for the details see book [ 7].
The follow ng lemma is obvious
Lenma 1 LetX (¢) is a solution of systan (1) withX (0" ) 2Q thenX (¢) 20 for all¢20. And firther
X(t)>0Q >0ifX (0" )>0Q
W ewilluse an mportant can parison theorem on mpulsive differentl equati)n[ m
Lenma 2 Suppose VE V. Assme that
{D* Vex) <g(t V(X)) t#aT )
VOLX (1)) S @(V(1X)), 1= nT

where g R, xR, R is contiuous n (nT (n+1)T] xR, and foru€ R,, n€ N g(tv) =

lin
(tv) (nT+ u)
g(nT, u) exists b, R. R, isnon- decreasing Letr(t) bemaxmalsolution of the scalar mpulswe differ

J— 2_
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ential equaton
u(1) = g(tu(t)), t#ZnaT
w(i )= du(u(t)), t=nT (3)
w(0 ) = uo
existing on [ Q o). Then V0", Xo)Suo mplies that V(¢ X () )Sr( 1), 120 whereX (¢) is any solton
of system (' 1).
W e give same basic properties about the follw ng mpulsive equation
(1) = =dy(1),  1# T
y(i)=y(t)+p t=nT (4)
y(0 ) = 5 d>Q

Obviousl, system (4) has aunique positive perbdic solitbn

Tl = pe’;p_(‘ejp((t_‘d’g) ) L€ (T (n+ T, n€N
y(0) = mg(_—dw

For systan (4), we have the follw ng results

Lenma 3 For any solitbny (¢) of systam (4) with yo 20 we have

Iy ()= 5(1) 17 Q 17 o

For the system (1), we intoduce the folbw ng two defin itions

Definition 2 The speciesx;, (7= 1 2) and y of system (1) issail tobe extnet if limxi(¢) = Q (i= 1
2) and liny (1) = 0.

Definition 3 The speciesx;, (i= 1 2) andy of system (1) is sad to be pemanent if there exist positive
constantsm, M and Ty, such that each positive solitbn (x1(t), x2(t), y(t)) of the systam satisfiesm Kx; (1)
M, (i=12) andm<y(t) <M forallt> To If all species of the system are pemanent then the system is

called pem anent
2 Extinction and Pem anence

Fistly we show that all sohitons of (1) are unifom ly upper bounded
Theoran 1 There exists a constantM > O such thatx, (1) <M, x2( t) M, y(t) <M for each solution¥
(t)= (x1(t), x2(t), y(t)) of system (1) with all¢ lage enough
Proof Define function V(¢ X (¢)) such that
Ve X (t)) = kxi(t)+ khx(t)+ y(t).
hen VE Vi. W e caleu late the upper right derivative of V(¢ X ) along a sohitbn of systan (1) and get he folbw-
ng mpulsive differential equation
D" V(t)+MV(t) = ki(b +M ) x1 — kixi + ka(ba+ M )xs — koxs— (bs =M )y, tZ n¥
V(i) =V(t)+p t=nT (5)
Clearl, the righthand side of the first equation 1 (5) isbounded when O<M < bs. Select such aM ¢ and letM
be the bound. Thus (5) leads to
D' V(t) S=MoV(t) +M, t<nT
V(i) =V(t)+p t=nT
A ccording to Lemma 2 we have

pl1- exp(=nMoT)]exp(—Mo(t- nT))+]lL

o+ Ml
V() S VO )= o exp(=Mo) + 1- exp(- MoT) Mo

where (€ (nl, (n+ 1)T]. Hence
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) M, pexp(M 1)
vy <My oD
tlg’l (¢ \Mo+ exp(M,T) - 1
Therefore V(¢ x) isultinately bounded and we obtan that each positive soliton of systen (1) & uniformly u't
tmately bounded The proof is canplete

Consder the follow ng system

dv s 2 maxyy
E_blxl o 1+ cix
i tZnT
Qyz_ b3y+ k]fﬂ].%]jzf, (6)
d 1+ cixi
NMi= Q Ay =p, t=nT

Obviouslk, system (6) has a tivial perbdic soliton (Q y(t) ). We ntoduce he folbwing theorems fram
Zhang et al”.

Lenma 4 For systan (6), the trivial period ic solution (Q y(t) ) is exponentially stable if’k?:}f.
103
. . mip
Lenma 5 System (6) is pemanent if T> b
103

Theoran 2 For the system (1), the trivial periodic solution (Q Q y(t)) is gbbally asymptotical stable

provided w ith
' bibs byb

Proof Suppose (%1 (), x2(t), y(t)) is any souton of (1) withx,(0)>Q % (0)>0 andy(0)> Q

L) mip mosp
bi by by bs
ma4 we have thatxl(t)_)Oandxz(t)_)Oast_) oo, By Lemma 3 we havely(t) -y (1) 170, ¢ oo The

proof is canplete

By canparing theorem, wem ay assume thatx, (¢)< by andx, (1)< by, tSQ By T<m and Len-

By the sameway we can pwove the folbw ing theorem.
Theoran 3 For the systam (1), x; and y are pemanent x2(t)” Oast o provided w ith

mip map
< T< —
by b3 bybs

Proof Suppose that (x1 (t), x2(¢), y(t)) is any solton of (1) withx,(0)>Q x,(0)> 0 andy(0)>

mzp

Q By canparig theoran, wem ay assume hatx; (1)< b and x2( 1)< by 1SQ By T< b
3

and Lenma4d we

have thatxz(t)_) 0ast oo

mip
(bi—m & ) (bs—kam28& )
T1> 0 such thatx(¢)< & for alli>T,. Consider he follow ing canparng systen

Set &> 0 to be anall enough such that T> For the systam (1), there exists

% >(b1—a1&>)x1—x12—1m]—x'yz
*an tZnT
& ( kam» & N kvmoxy (7)
de ~ 1+ 8”1t axr
L Miy= Q Ay =p t=nT

By Lanm a5 the systan (7) is pemanence By canparing theorem we obtan that there exists a §> Q
such that lin infe; () 26 Obviously Im_infy(¢) >yN(T) Soxi and y are pemanent The proof is canplete
By the sameway we can pove the folbw ing theorem.
Theoren 4 For the system (1), x>, and y are pemanen{ x, (t)_> 0ast oo provided w ith
— 4 —
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map _ p_ Mp

< .
b2 bs by bs
Theoren 5 DenoteB; = ma{l % € /Q b]} (i=12). Suppose thath, — aiby > Q b -
+ el

aby> Q bs— km B> 0 and b3 - kom2B,> 0 hold System (1) & pem anent provided w ith

Ts T =m map m1p - (8)
(by— arby ) (bs— kxmiBy ) (by— azbs) (bs — kamoB, )

Proof For any sohton (x(t), x2(t), y(t)) of the systan (1), wemay suppose thatx; (0) < b, x,(0)

< b. We consiler the folbw ng canparing mpulsve equatbn

oy
e tZ nT
QY _ B kym 2 b, k.mley (9)
dt ~ (bz 1+ Czbz r 1+ Clx1’
Ny = Q Ay = p t=nT
mp

By Lemma 5 system (9) is pemanence if T> By canparing heoram we obtan that

(bl—azbz) (bs—kzlnsz)'
here exists a &> Q such that lin_infxi(¢) 26

mp
(bz— (llbl)(b3— klmlBl)7
lm nﬁcz(t) &. Obvbusk lm nf(t) y(T) Thus we obtan thatx;, x> and y are pem anent provided w ith

By the sane way we can pove hat if T> there exists a &> O  such that

(8). The proof is comp lete

3 Conclusion

In this paper we nvestiate the dynam ics ofaHollng type V Lotka-Volierra one-predator wo-prey system
wih mpulsive effect on predator at fixed man ents W e find hat if T< T, the periodic solitbn (Q Q y(¢) ) is

. P e
loball Ily stab I —=< T E
globally asymptotically s e 1 b, b3< < bzbs b, b3 b|b3’

tnct and x, is pemanence if T> T, the system is pem anent

x 1S ex”

x> Is extinct and x; is pemanence i
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