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1 mh;�>+�j#�\(Æ f(t) )H
f(t + T ) = f(t), −∞ < t < ∞, (1)J6 T �q�)-Æ��1 f(t)�q�>G(Æ��
>GGOB5D�S~� ��1u\`"oA1\aWqPm�B+\>G^�O#W\��#�+�m�B+o�>G^�
��e>�foÆ>G [1,2] 2�R\
e�!,�Oe>G^fo\o1D�9 2009 = 4 � 11 f�W�2011 = 4 � 21 f�WZ���

∗ 5!|_�%l7"�!l:dzj�w�en�a (KLOCAW1003) +TT��I_�(zbd&|eLl�a (C2009-004) DAL8�



3E -`��Æ;�	 Logistic 8_h44S[NdG℄<EX 497� [3−5]. q�(Æ f(t) �15�Oe>G\j#G�>G(Æ θ(t) |Z
lim

t→∞

|f(t) − θ(t)| = 0. (2)��.��l�(Æ9��K�� x ���p
�H~[n':279~ÆU~��j(Æ (1 + e−t) sin 2πt , e−t + sin 2πt It
>G(Æ sin 2πt ���Oe>G\�O�t
 e−t sin 2πt , e−t2 sin 2πt �R��-#�>G�Æ>Go#�Oe>G\�y5�-�
 e&mSQ t → ∞ yX
 �O�-�jG�79>GY��{p�
f1(t + 1) = e−1f1(t), (3)

lim
t→∞

|f2(t + 1) − e−1f2(t)| = lim
t→∞

|(e−2t − 1)e−(1+t2) sin 2πt| = 0. (4)	CMy�>-� [6,7] 6$�� “H^>G” , “OeH^>G” \Æ?�wS� [8,9]6=$!"��-�(;m�B+6\~�� “H^>G” (ÆY�
�B~ (1) jw\)->G(Æo, [1,2] 6jw\Æ>G(Æ#*�b E K�{ÆC R ?	ÆC C,�J�iKU~�\jwjD�Ql 1[6] f(t) : R → E ��\?�r�\(Æ�lG�)Æ T ,�\?�r�\\(Æ w(t) : R → R |Z
f(t + T ) = w(t)f(t), ∀ t ∈ R, (5)� f(t) p�15q�H^>G(Æ� T �15�\>G� w(t) �15�\^(Æ�I~
�B~ (2) jw\Oe>GY�oQ�q� “OeH^>GY” \jw�/#$JU~��#*�F X 57� Banach �K�1(Æ f(t) : R → X ��\?�r�\\�.��~Æ ‖ · ‖X vwD�\?�r�\�Ql 2[7] f(t) : R → X ��\?�r�\(Æ�lG�)Æ T ,�\?�r�\\(Æ w(t) : R → R |Z
lim

t→∞

‖f(t + T )− w(t)f(t)‖X = 0, (6)�1 f(t) q�OeH^>GY�I~\ T �15�\>G� w(t)�15�\^(Æ��{p� “H^>G” GO, “OeH^>G” GO�Ga_6D�G��j�w `\fo6�fo"-00Js�K9`i5\8iy� f(t) (> 0)�CEY�5wyw>GY�5�O��j� ��N�7q��_y���$q>\�5oQ��
pq>\�5�yC8i\�5#�
�>G\�Fw^(Æ w(t) = f(t+T )/f(t) 6≡ 1. Qa�?*�vt\�Q |w(t) − 1| ≪ 1 y>-}se�be5 f(t) �>G\�O��!,\V�D�^(Æ w(t) \�Kp#;2&��u0
�=tw B++w13Y\�K��j�7�#j\wi6�� ��N�7q_y�oe�bK>G�5�3p�E�gX�Z�w$QU1?9\I71.�w#�:\wG�yC���nFR\Uqt$�<%
Vfo��C>-psfT\ Logistic 9`i55T5��x"'�
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∂tu(x, t) − d∆u(x, t) = u(x, t)[a(t) − b(t)u(x, t)], (x, t) ∈ Ω × R+, (7)

∂nu(x, t) = 0, (x, t) ∈ ∂Ω × R+, (8)

u(x, 0) = φ(x), x ∈ Ω. (9)�0
\�M�?99`.q�yK,�K\i5$8�$�\ Ω K��?9\H�b��� Rn 6\q��_Y
S��3\�_ ∂Ω. R+ ��YK (0,∞). d > 0 ��nBÆ� ∂t ���
yK�� t \AUÆ� ∆ ���
�K�� x \ Laplace �F�
∂n ���_ ∂Ω p\,zMUÆ�$�\KD Neumann �_(M ∂nu(x, t) = 0 }���9`ow>�Y
 Ω :%�w#=�X�_,/\�=}(Æ φ(x) ∈ C1(Ω) �q��
��B{\�_(Æ��)HIhY(M ∂nφ(x) = 0 (x ∈ ∂Ω). �
$�5T Hess�� [10] 6t a = a(x, t) , b = b(x, t) o�>G(Æ\V�
V�fo�\#�2�
a(x, t), b(x, t) )H7PH2(My�-<% (7),(8) G�3q\>G^��!,\qP:����j [3] , [11], &�y3\V�o��fo$�\#�2�B+'Æ\>GQC (}��BÆ a , b p) =g�gy3\�K�Fw|Z= - �-<%\^��X�-<%\>G^�9`i54G�q9Oe>GY�O��)jP/�R�8iy�\�5#=�
�>G\��ss:M�/% a(t)

(Ga�w%�Ga�.%,*) ,9:l(% b(t) o� R+ p�\SKH^>G�5p�/
qP�s
a(t + T ) = w0(t)a(t), b(t + T ) = w1(t)b(t). (10)5�&Gw `vw�9Js�-��_(Æ�

0 < a1 ≤ a(t) ≤ a2, 0 < b1 ≤ b(t) ≤ b2, (11)J6 a1, a2, b1 , b2 o�)-Æ�Q℄ 1 j#B+)HIt;jY(M a2b2 < 2a1b1 ,QhY(M
w1(t) = w1(0) · exp

{

∫ t

0

(1 − w0(s))a(s) ds
}

, (12)�t+��j\=}(Æ φ(x) ≥ a1/b2 ���= - �-<% (7)–(9) \^Qq�jD\OeH^>GY�
lim

t→∞

∥

∥

∥
u(·, t + T ) −

1

w1(t)
u(·, t)

∥

∥

∥

L2(Ω)
= 0. (13)
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w′(t) + a(t)w(t) = w0(t)a(t)w(t). (14)tk u = a1/b2 )H

∂tu − d∆u ≤ u[a(t) − b(t)u]. (15)*yz#X u ≤ φ(x), ���W�
 [12] }+ u(x, t) ≥ u = a1/b2 � Ω × R+ p2��!q�/�� (7) , (14) >-+
∂t[w(t)u(x, t)] − d∆[w(t)u(x, t)]

=w′(t)u(x, t) + w(t) [∂tu(x, t) − d∆u(x, t)]

= [w′(t) + a(t)w(t)] u(x, t) − b(t)w(t)u2(x, t)

=w0(t)a(t)w(t)u(x, t) − b(t)w(t)u2(x, t). (16)
wz#X a(t + T ) = w0(t)a(t) , b(t + T ) = w1(t)b(t) = b(t)/w(t), ��
∂t[u(x, t + T ) − w(t)u(x, t)] − d∆[u(x, t + T ) − w(t)u(x, t)]

=a(t + T )[u(x, t + T ) − w(t)u(x, t)] − b(t + T )u2(x, t + T ) + b(t)w(t)u2(x, t)

=
{

a(t + T ) − b(t + T )[u(x, t + T ) + w(t)u(x, t)]
}

[u(x, t + T ) − w(t)u(x, t)]. (17)!,��(M a2b2 < 2a1b1}+�ε = 2a1b1/b2−a2 > 0. F Y (x, t) = u(x, t+T )−w(t)u(x, t),Qp/\_~*5s Y (x, t)  � Ω pA�Z�
1

2

d

dt

∫

Ω

Y 2(x, t) dx + d

∫

Ω

|∇Y (x, t)|2 dx

=

∫

Ω

{

a(t + T ) − b(t + T )[u(x, t + T ) + w(t)u(x, t)]
}

Y 2(x, t) dx

≤

∫

Ω

{

a(t + T ) − b(t + T )(1 + w(t))
a1

b2

}

Y 2(x, t) dx

=

∫

Ω

{

a(t + T ) − [b(t + T ) + b(t)]
a1

b2

}

Y 2(x, t) dx

≤

∫

Ω

{

a2 − 2b1 ·
a1

b2

}

Y 2(x, t) dx = −ε

∫

Ω

Y 2(x, t) dx, (18)�C}Z
lim

t→∞

∫

Ω

Y 2(x, t) dx = lim
t→∞

‖Y (·, t)‖2
L2(Ω) = 0. (19)*��p
j
���q��-�[\w `\#�Q:M�/% a(t),9:l(% b(t)oKH^>G�5y�9`i5Q4G�q9OeH^>G�5wSJ^(Æp� b(t)^(Æ\SÆ�$�2f��?9	X8i�5\79>GY2�J9`.q9�=�q�J&\�/?�LX��wS9:l(Hs=U19`.qDT�#�b�Q
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a(t) , b(t) o�D)>G(Æy�� w0(t) = w1(t) ≡ 1 Fw(M (12) Ga)H�yw=
- �-<%\^p~q�D)\Oe>GY�$, [10] 6\\'�q1\�Qa�>-\\#r	
It;jY(M a2b2 < 2a1b1 ,QhY(M (12). ,�s1 a2b2 < 2a1b15It;jY(M�nW:M�/%,9:l(%\�/�5#;�s����B+=���0
(M (12) �nWp
�'Æ
I��>G:\�5q�79QhY�t
q��j\w B+���$9QhY�;�)H\��j�-o	�
*q8i�9a�$q(M&E{~�0
j.T`$qnW9���Ltkfo\<%�C,�A�p
\ Logistic 5T,,�H^>G\�J9}�
,�^uJ�<%�N [ d e
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Asymptotic Weighted Periodicity for the Logistic

Population-evolution Model

WANG Jinliang LI Huifeng

(Institute of Applied Mathematics, College of Science, Qingdao Technological University, Qingdao 266033)

Abstract In the study of the ecological dynamics, the researchers always assume the

factors f(t) of the circumstances vary periodically according to the changes of the seasons.

But as the sunlight and other factors of this year may be different from that year, so

the variation of f(t) is not rigidly periodic, that is, f(t + T ) = w(t)f(t) with w(t) 6≡ 1,

which is called weighted periodic function in our previous works. Here this case is tried on

the Logistic population-evolution model and it gives a very interesting result: in case the

inherent increasing rate and the interspecific competition rate vary in a weighted periodic

manner, the evolution of the population will show itself asymptotic weighted periodicity and

the weight is just the reciprocal of that for the interspecific competition rate. It gives a good

explanation to the ecological phenomenon that more fierce competition implies more rapid

decreasing of the population.

Key words asymptotic weighted periodicity; Logistic population-evolution model;

reaction-diffusion equation
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