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Abstract: The paper studies the response of function with Holling 11l type and the dynamics of
predator-prey system in semi-ratio dependent. Based on some mathematical analysis theories, the
paper makes use of Mawhin's continuation theorem, which gives the existence theorem of periodic
solution of the system. In the end, the paper gives a numerical simulation example, which gets the
validity of the results.

1. Introduction

In recent years, predator-prey systems in semi-proportional dependent with functional response
have attracted more and more researchers attention (see [1-3]) However, we have developed
biological species that experience steady variation for a long time, which can experience the rapid
changed in a short period in a regular time. Therefore, there are more studies including impulsive
differential equations applied to biological problems. Kuno adopt here a different expression to
incorporate this factor, replacing birth rate b by the function bx(t) /(N + x(t)) [4]. In this section, we

will account the corresponding predator-prey system with sparse effect and impulses effect,
%, = x{M—c(t) —b(t)xlj—
N + X

1

s(t) X12X2
A)+x°

K, = xz[d(t) —e(t)%} ®

A% (t) = 1. X (t), t=t.,k=12,...

Where,at time t, x, is density of population . ke Z", t <t, <---<t, <--- are impulse points
such that limt, =+oo. Suppose function I, (-): R R is continuous. Just like the general theory of
impulsive differential equations [5], we Suppose that x,(t,) = X (t, ) at the points t, of the solution
t — x (t), here t, is discontinuous point. Suppose that

(H,) for all te(0,+wx),e(t), s(t),a(t), b(t), c(t),d(t) and A(t) are strictly positive periodic
functions with @ > 0,And these functions are also continuous . bounded .

(H,) Exists in a positive integer q such that I;, , =1, ,t., =t +@. We suppose that
[0,0]N{t,}=1{t.t,,---.t,} and t, #0, here m=q.

(H,) for 1+ 1, >0, there exists constants I, >0 such that I, <I,,(k=12---,m,i=12).

k+q
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2. Existence of Periodic Solutions

In this section, we use Mawhin's continuation theorem to prove the existence of periodic
solutions of system (1). More details can be referred to [6].

Lemmal.([6]) Assume that

(@) every solution x e 6Q (1 DomLfor A e (0,1) , Lx = ANX;

(b) QNx is not zero for each x € 0Q 1 KerL ;

(c) the brouwer degree deg{JQN, QKerL,0}is not equal to zero.

where, X and Y be two Banach spaces, L:DomL( X —Y is a Fredholm mapping of index
zero , Think about an operator equation Lx=ANx, here A <[0,1] is a parameter. And suppose
N:Q Y is L-compact on Q, where Q is open bounded in X . Then the equation Lx = Nx has
at least one solution in Q) DomL .

Theorem 1. If (H,)—(H,) hold, there is at least one positive periodic solution to equation (1).

— cN N ul
H dw+minl+1,)>0, — — — B, >0
() do+mint+1)>0, g0 2B
Proof. We can let
X =exp{y},i =12 (2)

then the equation (1) becomes

- at) ey exp{y, + Y.}
yl—(mexp{yl} b(t)]exp{yl} 05030 opy3],

yo =d(t) _eM)exply,} 3
i exp{y;}
Ay (t,) = In{l+ 1, } =By .t =t,.

Now, we need to show that there exists a domain Q that satisfies all the requirements given in
Lemma 1. we take

Set L:DomLNY —Z , Ly = (Y, Ay(t,),---,Ay(t,)), where DomL ={y eC'[0,T;t,,---,t ]} and
N:Y >Z . Then Y and Z are Banach spaces when they are endowed with the norms

I xll= S[t;p]lx(t)l and || (x,Cpp o, C) IIE (N XIE +1 4o+ [c, ) and  take Ly=y'
te[0,0

Py=%]?y(t)dt,er , Qz:Q(f,Cl,-~-,Cm):(%(zm:Ck+J-:f(u)duj,0,--~,0j . Let
k=1

1e
u=;j0 u(t)dt.

Then it’s easy to prove L is a Fredholm mapping of index zero. P:Y — KerL ,
Q:Z — Z/ImL denotes projectors, and that N is L -compact on Q for any given open and

bound subset QO in X .
According to the equation Ly=ANy, Ae(01), assume that y(t)=(y,Y,)€Y denotes a
solution of system (4) for a certain A € (0,1). By integrating (3) over the interval [0, w], we obtain

o a(t)exp{y.} . e sy exp{y, + Y.} |, &
-[0 N +exp{y.} o= '[0 cO+rbhexplyt+ At) +exp{2y,} }dt kZ:l: B @
do - Iowe(t)%dt - Z B,, )
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From (3),(4),(5), we obtain

[

o N +exp{y,} A(t) +exp{2y,}

<2aw+2minl+1,) =2

k=1

[ Iyt <j0“’e(t)Mdt+jo‘”d(t)dt +3 B, <2dw+2mIn(L+1,) = 2M,
exp{y.} P

Let that (y,(t),y,(t))eY , there exists &, 7 €[0,@] such that yi(;)zti[rgf]yi(t),
sup y; (t). By (4), (5) and (8), we have

te[0,w]

g2 [ c)dt+ ["bO) exp{y,(5)}dt— D B, =Cw-minL+ 1,) + b oexp{y,(5)},

k=1

(TCOZ I(”e(t) Xp{y2(§2 dt i Xp{yz(gz)} mln(l-i— |2)
o exp{y(m)} o “exp{y,(m)}

That is

KO HE) LB+ [ IO < Ly Y [By | +2M, = H,
102 &)+ S8l [V 0OR <t M2y, ) 3 B 20,

M
<l H B 2M, =H,
n{ew}+ EOIAE

yl(§1)<lnb{(a 6)+%In(1+|1)} L, y2(§2)<ln{ }+y1(m)—
By (4), also have

[ a® eXp{yl}d > [ %dt >co+ [ [bt) exply, (Ot —Zri: By

(W - Bja) exp{y,(m)}=Co- z By ;

which implies
cN n )
y2(771) 2 In{a_g - (5—5)0) kZ:;, Blk} _ Il'
y,(t) =1, Z|B (t)|dt =1, - > |By|-2M, = H,
k=1

By (5), we also have

"oy Py 4,0 3,
J-o e(t) exp{yl(fl)} t= a)+k2=; ’

That is
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! t J‘w a(t) exp{yl} dt +J‘ C(t) + b(t) exp{yl} S(t) exp{yl + yz}j|dt + i Blk

(6)

(7)

Yi(m) =

(8)

(9)

(10)



Y,(1,) 2 Yo(&) - Ing +In[dw+min@+1,)]
>1,—min(l+1,)—2M, —Ing +In[dw+mIn(+1,)]=1,.

Then
Y2(0) 2 Y, 07,) = X [Bai| - [ |ya®fdt > 1, = |By[-2M, = H, (11)
k=1 k=1

Hence, (8), (9), (10) and (11) imply that sup,|y.(t) <SuP.go . {IH,LIH:[} =D,
SUP 0.7 | Y2(t) | <SUPo0pf|H2|:|H,} =D, . Clearly, D;, i=123 are independent of 1. Denote
D=D,+D,+D,, where D, >0 is taken sufficiently large such that || (Inx,Inx;)|=Inx |+

|Inx; |< Dyand define Q={y(t) Y :|| x|l< D}. By now we have proved that Q satisfies all the

requirements of Lemma 1. Hence, we derive that system (1) has at least one positive @ - periodic
solution. The proof is complete.

3. An Example of Numerical Simulations

In this section, some numerical examples are given to verify the validity and correctness of the
theoretical results. For system (1), we take

I, =0.3, a(t)=2+0.3sint, b(t) =1+ 0.5cost, s(t) =1+ 0.1sint,
l,, =0.2, A(t)=1.2+0.2sint, d(t)=3+0.1sint, e(t)=0.8+0.3cost.

Obviously, they satisfy (H,) .

If T =27/3, then system (1) has a unique 27 -periodic solution under the conditions (H,) . (see
Fig.1).

Due to the influence of periodic pulse, the influence of pulse is obvious.

x2(t)

45 5 55 [ [ T 3 4 5 L
x1(t) x1(t)

Fig.1 T =2x/3periodic solution Fig.2 T =2Gui-Chaotic attractor

If T =2, then (H,) isn’t satisfied. Numeric results show that system (1) has still has a global

attractor which can be a g chaotic strange attractor (see Fig.2). Every solutions of system (1) will
finally tend to the quasi-periodic solution.
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