
�
26 � � 3 � � � � � � � 	 Vol.26, No.3

2006 
 8 � JOURNAL OF MATHEMATICAL RESEARCH AND EXPOSITION Aug., 2006

������
: 1000-341X(2006)03-0539-08

�����������
A

�������������� �!�"$#$%�&$'�(

)+*-,
1,2

(1. .�/�0�1�2�1�3�1�1�4�576�89.�/ 225002; 2. :�;�<�1�4�=�>�?�576�8@:�; 224003)

(E-mail: unfoxeses@yahoo.com.cn)

A B
: C�D�E�F�G�H�I�J�K�L�M�N�O�P�Q�R�S�I�T�U�V�W�X�5ZY�[�\�]�^�_�` Rn a�b�c I�d�ef D�g�h�J�i�j�k�l�H�I�m�]�n�o�p�5Zq�r�E�s�H�t�\�o�u�vxw�I Volterra-Lotka y�z�I�H�I�m�]p�{�|�}~����

:
f D�g�h�J�i�j��7d�e��7F�G�H�� Volterra-Lotka ����y�z�}

MSC(2000): 35K57, 35B35�������
: O175.26

1 � �
�������������������������������������������¡ �¢

[1,2,3] £�¤�¥�¦�§�¨ª© ����������������������
[4] £�¤�¥�«�¬�ª© ����������®����������������°¯� �±�²���³�´ ¬� R

n µ����������������������¶¡· ¥ ��¸�¹�º��¡»�¼�½�¾�¿�À�Á�ÂÄÃ�¶
DT = (0, T ]×R

n, Ii = [−γi, 0]

Qi
0 = Ii ×R

n, Q
(i)
T = (−γi, T ]×R

n, QT = Q
(1)
T × · · · × · · ·Q

(n)
T .

±�²�Å�Æ�Ç�È��������
{

uit − di∆ui = fi(t, x, u, J ∗ u), (t, x) ∈ DT ,

ui(t, x) = ηi(t, x), (t, x) ∈ Q
(i)
0 ,

(1.1)

ÉªÊ
u = (u1, · · · , uN), J ∗ u = (J1 ∗ u1, · · · , JN ∗ uN). Di

·�Ë�Ì��

(Ji ∗ ui)(t, x) ≡

∫ t

t−τi

Ji(t − s, x)ui(s, x)ds (t = 1 · · ·N) (1.2)

Í ¦ Ç�È (1.2)
������À�Î�Ï�·�Ð�Ñ������

τi

³�Ò�Ó�������Ô�Ë�Ì��7Õ�Ö
Ji(s, x) ×�Ø s

Ð�Ñ��
Ji(s, x) ≥ 0.

∫ τi

0 Ji(s, x)ds = 1(x ∈ R). Ù�Ú τi Û�Ü�Ý�Þ ∞. ß�à�á ����� Û�Ü�â�ã Æ�ä�Ç�È
(Ji ∗ ui)(t, x) ≡ u(t − τi, x) (t = 1 · · ·N). (1.3)

¯� ���å ¤�æ Ð�Ñ�����ç á ������è�é�ê�¶
ëíì�îðï
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: õíö�÷ðøíùíúíûíü (10171088)
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����
���
(1.1) � ��������À���¶ Í������ ÅÄÆ�� §2����¾����

§3
����¾��¡���� �

§4
Í�� ����ê�¶

2 �������
��¯�  Ê � Â

Cm(Q)
·

Q µ m � Ð�Ñ Û���� Ì���� C1,2(DT )
·��

DT
µ æ�Ø t

³
1 �Ð�Ñ Û�� � æ�Ø x

³
2 � Ð�Ñ Û�� � � Ì���� µ� ��!�� ¦ N "�#�$ �% $ � Ì���& #�' Â�·

Cm(Q), C1,2(DT ). æ Ø % $ w ∈ R
N ,
Â

|w| = |w1|+· · ·+|wN |.
» ¼)()*

fi(t, x, ·)(i = 1, · · · , N)�
D̄T © Hölder

Ð�Ñ��
gi(t, x, ·)

�
ST © Hölder

Ð�Ñ��¡»�¼�+���(�*
fi(·, u, v), gi(·, u) ,�-Æ�ä�.�/

(H).

(H1) æ�Ø�0�" i = 1, · · · , N
����Ë�Ì

Ki, Ki
′, 1�2 � (u, u′) ∈ S, (v, v′) ∈ S*,

Æ�ä�3�4�È
ã�5

|fi(t, x, u, v) − fi(t, x, u′, v′)| ≤ Ki(|u − u′| + |v − v′|), (2.1)»�¼�6�Ï
f(t, x, · · ·)

�
S × S* © Lipschitz

Ð�Ñ�¶
(H2)

���
w∗ ∈ S, J ∗W*∈ S*, ¦ Ô�Ë�Ì Ai, γi,

ÉªÊ
γi < 1

4DiT
, Ù |x| −→ ∞

��� Æ�ä ã
5

fi(t, x, w∗, J ∗ W∗)| ≤ Ai exp(γi|x|
2) (0 ≤ t ≤ T ). (2.2)

(H3)
�

S × S* © � � Ì f(·, u, v) ≡ (f1(·, u, v), · · · , fN(·, u, v))
³�7�8�9�:���¶

Ü µ (H)
Ê �

S, S*
è�·

R
N
��;�<��í³�=�>�Æ�?�¾�¿

2.1
��@�A µ Æ ��B�C ��¶í»�¼DFEÀ�Æ � Ì fi(·, u, v)

7�8�9�:�� 2 ¿��HG�³�I fi(·, u, v) æ�Ø�J�¦ � #�$ ui, vi(i = 1, · · · , N) K�L
ui Ü à � fi(·, u, v) æ�Ø�0�" 9�M�� #�$�N ³�9�:��Ä¶ Ø ³�����O�P�Q�Ì ai, bi, ci, di, ai + bi =

N − 1, ci + di = N . fi(·, u, v) Û�Ü�â�ã Æ�ä #�R Ç�È
fi(·, u, v) ≡ fi(·, ui, [u]ai

, [u]bi
, [v]ci

, [v]di
)

æÄØ�#�$ [u]ai
, [v]ci

, fi(·, u, v)
³�9�SÄ�Ä� æÄØ�#�$ [u]bi

, [v]di
, fi(·, u, v)

³�9�TÄ�Ä¶ É Ê
u ≡

(ui, [u]ai
, [u]bi

), v ≡ (vi, [v]ci
, [v]di

). U�' ��� Å�V bi = di = 0,
»�¼�I

fi(·, u, v)
³�8�9�S���¶XW

Y
gi(·, u) Û�Ü�â�ã Æ�ä #�R Ç�È

gi(·, u) ≡ gi(·, ui, [u]ei
, [u]fi

),

ÉªÊ
ei + fi = N − 1, æ�Ø�#�$ [u]ei

,gi(·, u)
³�9�S���¶ æ�Ø�#�$ [u]fi

,gi(·, u)
³�9�T���¶

Z�[
2.1

À æ C(Q̄T ∩ C1,2(QT ) µ �% $ � Ì ũ ≡ (ũ1, · · · , ũN), û ≡ (û1, · · · , ûN)
Ï�·

(1.1)
��@�A µ Æ � �¡Å�V ũ ≥ û,

Õ�Ö æ�Ø�0�" i = 1, · · · , N . ,�- Æ�ä�.�/ (2.3),(2.4)

∂ũi

∂t
− Di∆ũi ≥ fi(t, x, ũi, ˜[u]ai

, ˆ[u]bi
, [J ∗ ũ]ci, [J ∗ û]di). (t, x) ∈ DT

∂ûi

∂t
− Di∆ũi ≤ fi(t, x, ûi, ˆ[u]ai

, ˜[u]bi
, [J ∗ û]ci, [J ∗ ũ]di). (t, x) ∈ DT (2.3)

ũi(t, x) ≥ ηi(t, x) ≥ ûi(t, x), (t, x) ∈ Q
(i)
0����Ô�Ë�Ì

Ai, γi.
ÉªÊ

γi < 1
4DiT

. Ù |x| → ∞
���¡Æ�ä ã�5

|ũi(t, x)| ≤ Ai exp(γi|x|
2), |ûi(t, x)| ≤ Ai exp(γi|x|

2) (0 ≤ t ≤ T ) (2.4)
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æ�Ø À æ�B ¾���@�A µ Æ � ũ, û.
»�¼ Û�Ü ¾�¿�.�/ (H)

Ê ��<�A
S, S*

S = {u ∈ C((QT ) ∩ C1,2(QT ); û ≤ u ≤ ũ}

S∗ = {v ∈ C(QT ) ∩ C1,2(QT ); J ∗ û ≤ v ≤ J ∗ ũ}. (2.5)

b
J(t, x)

����c Û�Ü�d C � Ù u ∈ S
���

J ∗ u ∈ S*.
· ¥ �� (1.1) � ��������� ¾�¿�Å�Æ�e;

Liui =
∂ui

∂t
− Di∆ui + Kiui,

Fi(t, x, u, J ∗ u) = Kiui + fi(t, x, u, J ∗ u) (i = 1, · · · , N). (2.6)

Ø ³������ (1.1)
4�f Ø Æ�ä������

{

Liui = Fi(t, x, ui, [u]ai
, [u]bi

, [J ∗ u]ci
, [J ∗ u]di

), (t, x) ∈ DT ,

ui(t, x) = ηi(t, x), (t, x) ∈ Q
(i)
0 ,

(2.7)

ÉªÊ
Ki, K

′
i

³
(2.1)

Ê �
Lipchitz

Ë�Ì�¶¡ê
ū(0) = ũ, u(0) = û g ·�h�i�j�� Û�Ü�k�l ,�- Æ�äm ��n�o�>�����p�ä

{ū(k)} = {ū
(k)
1 , · · · , ū

(k)
N }, {u(k)} = {u

(k)
1 , · · · , u

(k)
N }.

Liū
(k)
i = Fi(t, x, ūi

(k−1), [ū(k−1)]ai
, [u(k−1)]bi

, [J ∗ ū(k−1)]ci
, [J ∗ u(k−1)]di

) (t, x) ∈ DT ,

Liu
(k)
i = Fi(t, x, ui

(k−1), [u(k−1)]ai
, [ū(k−1)]bi

, [J ∗ u(k−1)]ci
, [J ∗ ū(k−1)]di

) (t, x) ∈ DT ,

ū
(k)
i (t, x) = u

(k)
i (t, x) = ηi(t, x) (t, x) ∈ Q

(i)
0 .

(2.8)����å�V b Æ�?���¾�� B�C ¶Z�q
2.1

(�*
(H) ã�5 �¡Å�V ũ, û

³
(1.1)

��À æ @�A µ Æ � �r����O�P�Ë�Ì c∗, s�t
lim

|x|→∞
|ũ(t, x) − û(t, x)| ≤ c∗ (0 ≤ t ≤ T ) (2.9)

ã�5 ¶ru�v (1.1)
������À�� � u∗ ∈ S.

Õ�Ö Ü ū(0) = ũ, u(0) = û
·�h�i�j�� b

(2.7) J k�l �n�o�p�ä
{ū(k)}, {u(k)}

9�:�w�x Þ u∗. æ�Ø�0�" k = 1, 2, ·,{ū(k)}, {u(k)} ,�- Æ�ä�9�: ×�y
û ≤ u(k) ≤ u(k+1) ≤ u∗ ≤ ū(k+1) ≤ ū(k) ≤ ũ (t, x) ∈ Q̄T . (2.10)

��¾��
2.1
Ê �¡Å�V

ũ, û
³ ¦�§ ��@�A µ Æ � �ru�v�.�/ (2.3),(2.9) z Ú ã�5 ¶ U�' ���Å�V�����Ë% $ M = (M1, · · · , MN ) ≥ 0 s�t Æ�ä ã�5

fi(t, x, Mi, [M ]ai
, [0]bi

, [J ∗ M ]ci
, [0]di

) ≤ 0, fi(t, x, 0, [0]ai
, [M ]bi

, [0]ci
, [J ∗ M ]di

) ≥ 0. (2.11)

Ù (1.1)
��h�j

ηi(t, x) ∈ [0, M ]
���

ũ = M, û = 0
³

(1.1)
��À æ @�A µ Æ � ¶ Ø ³ t�C ¾����À "�{�¤ ¶|�}

2.2
*�(�*

(H) ã�5 �xÅ�V�.�/ (2.11) ã�5 �~u�v æ�Ø (1.1)
��h�j

η ∈ [0, M ],(1.1)������À ¦�§�� u∗,
Õ�Ö

u∗ ,�- (2.10).
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2.3 Ù Di = 0((1.1) �)� · Ë � y)� )
� � ¾)�

2.1
� å ¤)� Ú é ê ¶ Ù fi(t, x, u, J∗u) ≡

fi(t, x, u)
���r� æ�Ø�J�¦ � i(i = 1, · · · , N), fi(t, x, u) � ����� J ∗ u ��× � (1.1) ��� · � �����@�A���� y�� �¡¾�� 2.1

��å ¤ 6�é�ê�¶

3 ���������
���� ¾��

2.1 ��� �¡»�¼�½�����Fp�ä {ū(k)}, {u(k)}
³�A�é�¾�¿����r��Ö ¦ Æ�ä���c

û ≤ u(k) ≤ u(k+1) ≤ ū(k+1) ≤ ū(k) ≤ ũ (t, x) ∈ Q̄T . (3.1)

· ¥ ��¸�¹�º�� æ�Ø C(Q̄T )
Ê �% $ � Ì w̄ = (w̄1, ·, w̄N ), w = (w1, ·, wN ).

Â
Fi(w̄, w) ≡ Fi(·, w̄i, [w̄]ai

, [w]bi
, [J ∗ w̄]ci

, [J ∗ w]di
),

Fi(w, w̄) ≡ Fi(·, wi, [w]ai
, [w̄]bi

, [J ∗ w]ci
, [J ∗ w̄]di

). (3.2)��q
3.1 æ�Ø (2.8) J k�l ��n�o�p�ä {ū(k)}, {u(k)}.

Å�V
û ≤ u(k) ≤ u(k+1) ≤ ū(k+1) ≤

ū(k) ≤ ũ,
u�v�Æ�ä ã�5 ¶

F (ū(k), u(k)) ≥ F (ū(k+1), u(k+1)) ≥ F (u(k+1), ū(k+1)) ≥ F (u(k), ū(k)). (3.3)

��� b
(2.6) Ü�� (�* (H) t

Fi(ū
(k), u(k)) − Fi(ū

(k+1), u(k+1))

= Ki(ū
(k) − ū(k+1)) + [fi(·, ūi

(k), [ū(k)]ai
, [u(k)]bi

, [J ∗ ū(k)]ci
, [J ∗ u(k)]di

)−

[fi(·, ūi
(k+1), [ū(k+1)]ai

, [u(k+1)]bi
, [J ∗ ū(k+1)]ci

, [J ∗ u(k+1)]di
)]

≥ Ki(ū
(k) − ū(k+1)) + [fi(·, ūi

(k), [ū(k)]ai
, [u(k)]bi

, [J ∗ ū(k)]ci
, [J ∗ u(k)]di

)−

[fi(·, ūi
(k+1), [ū(k)]ai

, [u(k)]bi
, [J ∗ ū(k)]ci

, [J ∗ u(k)]di
)]

≥ Ki(ū
(k) − ū(k+1)) − Ki(ū

(k) − ū(k+1)) = 0,

�
Fi(ū

(k), u(k)) ≥ Fi(ū
(k+1), u(k+1)).

ê���	�����

(3.3) t ��¶��q

3.2
b

(2.8) J k�l ��n�o�p�ä {ū(k)}, {u(k)}
³�A�é�¾�¿����

ū(k), u(k)
³

(1.1)
�

@�A µ Æ � �¡Õ�Ö ,�- (3.1).���
10.

b (�*
(H) Ü�� (2.4)(2.7), 1 Ý w̄, w ∈ S,

����Ë�Ì
A′

i, γ
′
i, Ù |x| → ∞

���¡Æ
ä ã�5 ¶

Fi(w̄, w) ≤ |Fi(w̄, w) − Fi(w
∗, J ∗ w∗)| + |Fi(w

∗, J ∗ w∗)| ≤ A′
i exp(γ′

i|x|
2),

Fi(w̄, w)
�

QT

6 ¦���� Hölder
Ð�Ñ���¶r��	����

Fi(w, w̄)
�

QT ��� Hölder
Ð�Ñ�¶r���

[5],
G {���C Å�V ū(k−1), u(k−1) ∈ S, (2.8)

� � ū
(k)
i , ui

(k)
��À�����¶ Õ�Ö Ù |x| → ∞

�������
Ô�Ë�Ì

A′′
i , γ′′

i , s�t Æ�ä ã�5 ¶
|ū

(k)
i | ≤ A′′

i exp(γ′′
i |x|

2), |ui
(k)| ≤ Ai” exp(γ′′

i |x|
2). (3.4)

U�' ��� Ý w̄ = ũ, w = û.ū(1) � u(1)
����Õ�Ö ¦ ��	 Ø (3.4)

��S���.�/�����¶
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20.
��

u(0) ≤ u(1) ≤ ū(1) ≤ ū(0). 
w̄i

(0) = ūi
(0) − ūi

(1),
ÉªÊ

ūi
(0) = ũi.

b
(2.3),(2.6),(2.8), w̄

(0)
i ,�- Æ�ä ×�y

Liw̄i
(0) = Liũi − Fi(ūi

(k), [ū(0)]ai
, [u(0)]bi

, [J ∗ ū(0)]ci
, [J ∗ u(0)]di

) ≥ 0 (t, x) ∈ DT ,

w̄i
(0)(0, x) = ũi(0, x) − ηi(0, x) ≥ 0 x ∈ R

n (i = 1, · · · , N).

b
(2.4),(3.3), Ý Āi = Ai + A′′

i , δ > γ̄i ≡ max{γi, γ
′′
i }.
u�v

lim
R→∞

sup[e−δiR
2

min
|x|=R

(w̄i
(0)(t, x))] ≥ lim

R→∞
(−Ai)e

−δiR
2

eγ̄iR
2

= 0. (3.5)

���
Phragman-Lindelöff ¡ ���¢� D̄T

Ê
w̄i

(0) ≥ 0[5], Ø ³ t Þ ¥ � D̄T

Ê
ūi

(1) ≤ ūi
(0) (i =

1, · · · , N).
W�� Û�Ü t Þ � D̄T

Ê
ui

(1) ≤ ui
(0) (i = 1, · · · , N).

Õ�Ö b
(3.4), Ù |x| → ∞

�
|ū

(1)
i − ui

(1)| ≤ 2A′′
i exp(γi”|x|

2) (3.6)

Ý w
(1)
i = ūi

(1) − ui
(1).
b

(2.8),(3.2) Ü�� (�* (H)

Liw
(1)
i = Fi(ū

0, u0) − Fi(u
0, ū0) ≥ 0 (t, x) ∈ DT

w
(1)
i (0, x) = ηi(0, x) − ηi(0, x) = 0 x ∈ R

n.

b Ø (3.6),w
(1)
i ,�- ��	 Ø (3.4)

��S���.�/����Ä¶r���
Phragman-Lindelöff ¡ �Ä�r� D̄T

Ê
ūi

(1) ≥ ui
(1).

30.
��

ūi
(1), ui

(1)
³

(1.1)
��@�A µ Æ � ¶����£��

2.1,(2.8),(3.2)

∂ūi
(1)

∂t
− Di∆ūi

(1) = Liūi
(1) − Kiūi

(1) = Fi(ū
(0), u(0)) − Kiūi

(1) ≥ Fi(ū
(1), u(1)) − Kiūi

(1)

= fi(·, ūi
(1), [ū(1)]ai

, [u(1)]bi
, [J ∗ ū(1)]ci

, [J ∗ u(1)]di
) (t, x) ∈ DT ,

ūi
(1)(t, x) = ηi(t, x) ≤ ũi(t, x) (t, x) ∈ Q

(i)
0 .

��	�����
�� Û�Ü t Þ ū(1), u(1) ,�- (2.3).

40. Ý ũ = ū(1), û = u(1)
��¤ Ü µ ��¥�¦ 10, 20, 30, Û�Ü t Þ ū(2), u(2)

³�A�é�¾�¿����
u(1) ≤ u(2) ≤ ū(2) ≤ ū(1).

Õ�Ö
ū(2), u(2)

³
(1.1)

��@�A µ Æ � � � ����¤ Ü µ ¥�¦��§&�£�� 3.2

t ��¶ Z�q
2.1 ¨ ��� ����£��

3.2,
b

(2.8) k�l � {ū(k)}, {u(k)} ,�- (3.1), Ø ³�Æ�ä�©�����
lim

k→∞
ū(k)(t, x) = ū(t, x), lim

k→∞
u(k)(t, x) = u(t, x), (3.7)

u�v��
Q̄T

Ê
û ≤ u ≤ ū ≤ ũ.

· ¥ �� ū = u(≡ u∗) Ü�� u∗
³

(1.1)
����À � � ��ê m ������

(2.8)
��ª # Ò�«�È�¶   Γi(t, x; τ, ξ)

³ Í ¦ Å�Æ�Ç�È���¬� � Ì

Γi(t, x; τ, ξ) ≡
exp(−Kit)

[4πDi(t − τ)]
n

2

exp(−
|x − ξ|2

4Di(t − τ)
) (0 ≤ τ < t.x, ξ ∈ R

n). (3.8)
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Ii(t, x) ≡

∫

Rn

+

Γi(t, x; 0, ξ)ηi(0, ξ)dξ (i = 1, · · · , N). (3.9)

��� m ������������ª # Ò�«�È�� (2.8)
� � ūi

(k), ui
(k)
Í ¦ Å�Æ�Ç�È

ūi
(k)(t, x) = Ii(t, x) +

∫ t

0

dτ

∫

Rn

Γi(t, x; τ, ξ)(Fi(ūi
(k−1), u(k−1)))(τ, ξ)dξ,

u(k)(t, x) = Ii(t, x) +

∫ t

0

dτ

∫

Rn

+

Γi(t, x; τ, ξ)(Fi(u
(k−1), ū(k−1)))(τ, ξ)dξ, (3.10)

ÉªÊ
Fi(ū, u), Fi(u, ū), Gi(ū, u), Gi(u, ū)

³
(3.2) J�B ��Ç�È�¶ b Ø (3.1),(3.8) � (H),

ª # Ç�È
(3.10)

³ ¦�§ ���r����®���w�x�¾����r� (3.10)
È�¯�° Ý ©��

ūi(t, x) = Ii(t, x) +

∫ t

0

dτ

∫

Rn

Γi(t, x; τ, ξ)(Fi(ū, u(k−1)))(τ, ξ)dξ,

ui
(k)(t, x) = Ii(t, x) +

∫ t

0

dτ

∫

Rn

+

Γi(t, x; τ, ξ)(Fi(u, ū))(τ, ξ)dξ. (3.11)

 
wi = ūi − ui, æ�Ø % $ � Ì w = (w1, · · · , wN ),

¾�¿
‖wi‖t = sup{|wi(τ, ξ)|; 0 ≤ τ ≤ t, ξ ∈ Rn

+} (i = 1, · · · , N)

‖w‖t = ‖w1‖t + · · · + ‖wN‖t. (3.12)

±F²
(3.11)

Ê ��¯ " 3�4�È���Ö�³�ê Lipschitz
.�/

|wi(t, x)| ≤ Ki

∫ t

0

dτ

∫

Rn

Γi(t, x; τ, ξ)(|ūi − ui|(τ, ξ) + |ū − u|(τ, ξ) + |J ∗ ū − J ∗ u|(τ, ξ))dξ

≤ 2Ki(

∫ t

0

dτ

∫

Rn

Γi(t, x; τ, ξ)dξ)(‖w‖t + ‖J ∗ w‖t). (3.13)

���
[5, P.311], æ�Ø 0 ≤ τ ≤ t, x ∈ R

n,
����Ë�Ì

Ci, s�t
∫ t

0

dτ

∫

Rn

Γi(t, x; τ, ξ)dξ ≤ Ci.

Ø ³ b (3.13) Û�Ü {���C
|wi(t, x)| ≤ 4KiCi(t‖w‖t). (3.14)

(3.14)
¯�° Ý�´�µ j

‖w‖t ≤ 4KiCi(t‖w‖t), (3.15)

3�¶ Ý t0 ≤ 1
4KiCi

,
&��

[0, t0] © ‖w‖t0 ≤ ‖w‖t0 , Ø ³ ‖w‖t0 ≡ 0.
���

[0, t0] © ūi ≡ ui.
b Ø

Ci � t, x
� Ý j ��× �¡»�¼ Û�Ü�Ý w

�
t0 · ��j g ·�¸���h�i�j��¡Å�¹���¤ µ� ¥�¦Ä�r� t

Þ � D̄T © w ≡ 0. Ü µ �� ¥ � QT © ū ≡ u. º ����ª # Ò�«�È (3.11),ū(u)
³

(2.7)
� � ��

ū(u)
³

(1.1)
� � ¶
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Æ�?�(�*
v(t, x) ∈ S

³
(1.1)

� ß À "�� �r& ũ(t, x) ≥ v(t, x),
Ö

ũ(t, x), v(t, x)
³

(1.1)��À æ @�A µ Æ � ¶ Ý v̄(0) = ũ, v(0) = v g ·�¸���h�i�j�� k�l n�o�p�ä {v̄(m)}, {v(m)}.
b £

�
3.2 t v ≤ v(m) ≤ v(m+1) ≤ v̄(m+1) ≤ v̄(m) ≤ ũ. Ø ³ v ≤ v̄ = ū. » �Ä� ¦ v ≥ u, t Þ

v ≤ v ≤ ū. ¼ ��À�� t ��¶

4 ½�¾���¿�À
±�²�À�� U�Á � Volterra-Lotka Â�Ã�Ä !














u1t − d1∆u1 = u1(a1 − b11u1 − b12u2 − e1u1J2 ∗ u2), (t, x) ∈ (0,∞) ×R
n,

u2t − d2∆u2 = u2(a2 − b21u1 − b22u2 − e2u2J1 ∗ u1), (t, x) ∈ (0,∞) ×R
n,

u1(t, x) = η1(t, x), (t, x) ∈ [−τ1, 0] ×R
n,

u2(t, x) = η2(t, x), (t, x) ∈ [−τ2, 0] ×R
n.

(4.1)

É Ê
di, ai, ei, bij(i, j = 1, 2)

³ÄÔÄËÄÌÄ�
τi

³ÄÒÄÓÄ�Ä�Ä�ÄÔÄËÄÌÄ¶
Ji ∗ ui ÛÄÜ ³�ÅÄÈ (1.2)� (1.3)

Ê � á �Ä�Ä�ÄçÄÐÄÑÄ�Ä�Ä¶rh�i�j ηi(t, x) ≥ 0
Ö

ηi(t, x) ∈ Cα([−τi, 0] × R
n
+). Ü µ

i, j = 1, 2. Æ�2 Þ Ù e1 = e2 = 0
���

(4.1)
��·�Ç�È��

Volterra-Lotka Â�Ã�Ä !�¶É�Ê
(4.1)

��Ë Ø�Ì�Í�Í�Î�y�� ÊFÏ ¯�Ð�Ñ���Ð�Ò�3�Ó »�Ô�Â�Ã �ZÕ�Ö�Õ Í�Ö�×�Ø � æ � Í��� Ä !�¶§Ù�Ú u1, u2

³�¯ " Ð�Ò���Û�Ü�� a1, a2

³�Ð�Ò���Ý�Þ�S���ß��
b11, b22 #�' ³�¯ " ÐÒ���Ð ©FÂ�Ã ß�� b12

³�à�á�Ð�Ò æ à�À�Ð�Ò���Ð�Ò �Â�Ã ß�� b21

³�à�À�Ð�Ò æ à�á�Ð�Ò���ÐÒ �Â�Ã ß�� e1

³�à�á�Ð�Ò æ à�À�Ð�Ò�� Ø � Ö�× ßÄ� e2

³�à�À�Ð�Ò æ à�á�Ð�Ò�� Ø � Ö�×ß�¶
A.Mukhopadhyay

�
[6] â ½�ã C�ä�Ä !���Ë � y�� � £�¤�¥ Ë � y�� ��å�����c�¶çæ�¸�è��é�ê�ë � [7]

Ê ��� ¥ Ë � y�� ��ì�í � �ïî�¼���å ¤ ³���Ð�Ò © � Â�Ã ß -�ð µ ��.�/�Æ��Ë � y�� ����ì�í � ¶¡Æ�?�»�¼���ê�¾�� 2.1,
����ñ � y�� (4.1)

� � ¶Z�q
4.1

Å�V
c1c2 ≤ b1b2, (4.1)

��h�j
ηi(t, x)(i = 1, 2) ¦�§ �ru�v (4.1)

������À���O
P � ¶¡Å�V ηi(t, x)(i = 1, 2)

3�ò�·
0,
u�v

(4.1)
������À���Ô � ¶��� 3�¶  

Mi = sup[−τi,0]×Rn ηi(t, x)

ũ1 = max{M1,
a1

b11
}, ũ2 = max{M2,

a2

b22
},

&
ũ1 ≥ a1

b11
, ũ2 ≥ a2

b22
. Ý û1 = û2 = 0. Ø ³�� S = 〈û, ũ〉 © .�/ (H) ã�5 �¡ÕÄÖ ,�-

(2.3)(2.4).
�

ũ, û
³

(4.1)
��À æ @�A µ Æ � ¶H����¾�� 2.1,(4.1)

������À���´ ��� ¶7Å�V�h�j
ηi(t, x)(i = 1, 2)

3�ò�·
0,
b ��������� ±F² ¡ ��� (4.1)

� � ò�·�Ô�¶�
4.2 Ù e1 = e2 = 0

���¡¾��
4.1
��.�/ z Ú ã�5 � Ø ³ (4.1)

ò ¦ ´ ��� ¶ � Ç�È��
Volterra-Lotka Â�Ã�Ä !���å ¤ À�ó�¶
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Diffusion-Reaction Systems with Time Delays in Rn Domain

TIAN Can-rong1,2

(1. School of Mathematical Science, Yangzhou University, Jiangsu 225002, China;
2. Basic Deptartment, Yancheng Institute of Technology, Jiangsu 224003, China )

Abstract: By the method of upper and lower solitions and the integral represention of its associated
monotone iterative sequences, this paper gives the existence and uniquiness of a solution to a coupled
boundary time delays reaction diffusion system in Rn. Moreover, an application is given to a special
Volterra-Lotka model.

Key words: Diffusion-Reaction; time delay; upper and lower solution; Volterra-Lotka model.


