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1. Introduction

It is well known that the population dynamics has traditionally been the dominant branch of mathematical biology,
and the dynamics of populations are often described by delayed differential equations (DDEs). The application of DDEs in
population dynamics dates back to the 1920s, when Volttera [ 1] investigated the predator-prey model. Now, the theory of
the population dynamics has made a remarkable progress in the past ninety years with main results scattered in numerous
research papers; see, for example, [2-4].

In the classic study of population dynamics, Gurney et al. [5] proposed the following nonlinear autonomous delay
equation:

X (t) = —=8x(t) + Px(t — T)e” D), (1.1)

to describe the population of the Australian sheep-blowfly and to agree with the experimental data obtained in [6]. Here,
x(t) is the size of the population at time t, P is the maximum per capita daily egg production, % is the size at which the
population reproduces at its maximum rate, § is the per capita daily adult death rate, and  is the generation time. Since this
equation explains Nicholson’s data of blowfly more accurately, the model and its modifications have been now refereed to
as Nicholson’s Blowflies Model. Furthermore, the most important qualitative properties of the model such as existence of
positive solutions, persistence, permanence, oscillation and stability have been intensively analyzed by numerous authors
and some of these results can be found in [7-12].

As pointed out in [13,14], the periodically varying environment and almost periodically varying environment play
important roles in many biological and ecological dynamical systems. Compared with periodic effects, almost periodic
effects are more frequent. Moreover, many dynamic models with almost periodicity often appear in applied science and
some practical problems concerning physics, mechanics, and the engineering technique fields (see [15-17]). Hence, there
have been extensive results on the problem of the existence of almost periodic solutions for Nicholson’s blowflies equation
in the literature. We refer the reader to [18-21] and the references cited therein.
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Recently, assuming that a harvesting function is a function of the delayed estimate of the true population, Berezansky
etal.[22] presented an overview of the results on the classical Nicholson’s model and proposed Nicholson’s blowflies model
with a linear harvesting term:

X (t) = —8x(t) + px(t — 7)e" D _Hx(t — o), §8,p,7,a,H,0 € (0, + 00). (1.2)

Berezansky et al. [22] also pointed out an open problem: How about the dynamic behaviors of Nicholson’s blowflies model
with a linear harvesting term.

Now, a corresponding question arises: How about the existence and convergence of positive almost periodic of
Nicholson’s blowflies model (1.2). Motivated by the above, the main purpose of this paper is to give the conditions for
existence and exponential convergence of the positive almost periodic solutions for Nicholson’s blowflies model with a
linear harvesting term. We consider the following generalized Nicholson’s blowflies models with a linear harvesting term
and multiple time-varying delays:

m
X (t) = —a®x(0) + Y B(Ox(t — 5(0)e "I — HOx(t — o (1)), (13)
j=1
wheret € R,a,H, 0, B, ¥, 7j : R —> [0, +00) are almost periodic functions, andj = 1, 2, ..., m. Obviously, (1.1)-(1.2)

are the special cases of (1.3). On the other hand, as pointed in open problem 5 of [22], all the results on Nicholson'’s blowflies
equations with linear impulsive perturbations are obtained for constant delays (see [9,19]). This implies that model (1.3) is
more generally than those in the above literature.

For convenience, we introduce some notations. Throughout this paper, given a bounded continuous function g defined
onR,letg™ and g~ be defined as

g~ =infg(t), g =supg(t).
teR teR

It will be assumed that

a” >0, /Sj_>0, yj_>0, ji=1,2,...,m, (1.4)
and
r = max { max (7"}, a*} > 0. (1.5)
1<j<m

We also suppose the following condition (S;) hold.
(1) there exist two constants E; and E; such that

m + m -
i 1 B ot HYE 1
Ei > E, <é> — <k, *j+51€ i +l >EB>———.
L) wet L T

Let C = C([—r, 0], R) be the continuous functions space equipped with the usual supremum norm || - ||, and let C; =
C([—r, 0],Ry)and Ry = [0, +00).Ifx(t) is continuous and defined on [—r+ty, 0 *) with ty, * € R, then, forallt € [ty, 0*),
we define x;, € C where x;(0) = x(t +0) forall 6 € [—r, 0].

Due to the biological interpretation of model (1.3), only positive solutions are meaningful and therefore admissible. Thus
we just consider the following initial conditions

X, =9, @ €C. and ¢(0) > 0. (1.6)

We write x; (to, @) (x(t; to, )) for a solution of the admissible initial value problem (1.3) and (1.6) with x,,(to, ) = ¢ € C,
and ty € R. Also, let [to, n(¢)) be the maximal right-interval of existence of x; (to, ¢).

2. Preliminary results

In this section, some lemma and definition will be presented, which are of importance in proving our main results in
Section 3.

Definition 2.1 (See [13,14]). Let u(t) : R —> R" be continuous in t. u(t) is said to be almost periodic on R if, for any ¢ > 0,
the set T(u, &) = {6 : |u(t + 8) — u(t)| < e forallt € R} is relatively dense, i.e., for any ¢ > 0, it is possible to find a real
number | = I(¢) > 0, such that for any interval with length I(¢), there exists a number § = §(¢) in this interval such that
lu(t +38) —u(t)| < e, forallt € R.

Set

B = {¢|¢ is an almost periodic function on R}.

For any ¢ € B, if we define the induced modulus ||¢||z = sup;cz |¢(t)], then B is a Banach space.



Download English Version:

https://daneshyari.com/en/article/837483

Download Persian Version:

https://daneshyari.com/article/837483

Daneshyari.com


https://daneshyari.com/en/article/837483
https://daneshyari.com/article/837483
https://daneshyari.com/

