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Abstract

The global behaviors of a generalized periodic impulsive Logistic system with nonlinear density de-
pendence are studied. Conditions for the existence and global attractivity of positive periodic solution are
obtained via the method of comparison and Liapunov function. The corresponding results for the periodic
impulsive Logistic system, which are dependent on solving the system, are extended.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The impulsive differential equations may express naturally real-world simulation processes with
state changing of jumps. These processes occur in a wide variety of applications such as the
theoretical physics, population dynamics, biotechnology, economics, drug administration, etc.

Recently, there has been a significant development in theory of impulsive differential equation,
especially in the area where impulses are at fixed time. However, investigations are mainly focused
on the basic theories. For example [1,2] established conditions for the existence and absence of the
pulse phenomenon, [3,4] studied the existence and continuability of solutions, and [5-10] devoted
to the oscillating properties of solutions.
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Further results of the impulsive differential equations arisen from applications are not easily
obtained due to numerous theoretical and technical difficulties except that in some cases the
models can be rewritten as simple discrete-time mapping or difference equations when the cor-
responding continuous models can be solved explicitly, e.g., [11,12]. Even for the simple impulsive
periodic Logistic equations, only conditions for the existence and local stability of a unique po-
sitive periodic solution were given in [13]. And the method was still based on solving the equation.

In this paper, we will study the following generalized periodic Logistic system with periodic
impulses and nonlinear density dependence.

() =y(O)(r(t) = 2L @)y (1), t#t, kEN, ()
Ay(t) = biy(t), keN,

where 720 <t < <t <ty < - V(&) =y&) —yt), r(), a(-) € PC[R,R] and PC[R,
R] = {¢ : R—R, ¢ is continuous for ¢ # #,, ¢(t) = lim,_- ¢(r) and ¢(;) = lim,.,- (1) exist
and ¢(t) = ¢(t;), k € N}. o; are positive constants, i = 1,...,n. The intrinsic rate r(z) and the
density dependence coefficients a;(¢), i =1,...,n, are supposed to be time-varying, since the
species and the environment change with time. And particularly, the variation is usually periodic.
For biological senses, we suppose the following conditions hold through out this paper.

(H1) (1) is w-periodic, i.e.,
rit+w)=r(t),a(t+ov)=alt), teR, i=1,...,n
and there is a ¢ € N such that there are ¢ #s in the interval (0, ) and
tirg =tk + @, brig =br, ke N.

(H2) I"(t) = 0, inf,e[olw] a,-(t) > 0.
(H3) 1 +b; >0, b £0, k € N.

System (1) describes the variation of the population number y(¢) of an isolated species in a
periodically varying environment. The intrinsic rate of change r(¢) is related to the periodically
varying possibility of regeneration of the species, the density dependence is nonlinear and coef-
ficients a;(¢), i =1,...,n, are related to the periodic changes of resources maintaining the evo-
lution of the population. When b, > 0, the impulse stands for planting of the species, while b; < 0
stands for harvesting. By the basic theories of impulsive differential equations in [13,14], (1) has a
unique solution y(¢) = y(t,») € PC|[R,R] for each initial value y(0) =), € R, and further
y(t) >0, € Ry if y(0) =y > 0.

The purpose of this paper is to study the global behaviors of system (1). We will also consider
the following related system:

x(t) = x(¢) (r(t) - Zn:qi(l‘)x“‘(t)>, t#t, keN, (2)

where

q:(t) = a;(¢) H (1+5b)% i=1,...,n.
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