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Abstract

In this paper, we study the existence and uniqueness of forced traveling wave solu-

tion for Lotka-Volterra cooperative model with nonlocal diffusion and time delay in a

shifting environment. By constructing a pair of appropriate upper and lower solutions

and using the monotone iteration, we prove that there is a traveling wave solution if

the speed of the environmental movement c > max {c∗1, c∗2, 0}.
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1. Úó

Ü�3g,.¥´ÊH�3�. 3)ÔêÆ¥, Lotka-Volterra �.Ï~�^5£ãÔ«�m

�Ü�'X. íÿCzÚå��¸�mÉ�5¬K�Ô« [1] �m�Ü�. AO/, H. Berestycki [2]

�Ä
Xe��A*Ñ�§5ïÄíÿCzéÔ«*Ñ�K�µ

∂u

∂t
= d

∂2u

∂x2
+ f(u, x− ct), t > 0, x ∈ R, (1.1)

Ù¥ c > 0�íÿCz�Ç, u(t, x) �t��x  ��«+�Ý, d > 0 �*Ñ�Ç. �XÚ(1.1) �'

��A*Ñ�§1Å)��35!½5Ú��5®²��
2��ïÄ [3–5]. XÚ(1.1)£ã


ü�Ô«3£Ä�¸¥�Ô«Ä�, �Ø�9Ô«�m��p�^. �C, Yang ÚWu [6] ïÄ
£

Ä�¸¥�Lotka-Volterra Ü�XÚµ{
∂u(x,t)
∂t

= d1
∂2u(x,t)
∂x2 + u(x, t) [r1(x− ct)− u(x, t) + a1v(x, t)]

∂v(x,t)
∂t

= d2
∂2v(x,t)
∂x2 + v(x, t) [r2(x− ct)− v(x, t) + a2u(x, t)]

, t > 0, x ∈ R, (1.2)

Ù¥¤këêÑ´�ê, ai, i = 1, 2L«Ô«m�Ü�rÝ, S�O�¼êri(.) ´��ëY��~¼

ê, ¿�÷v−∞ < Li = ri(−∞) < 0 < ri(+∞) = Ki < +∞, i = 1, 2. ÏL�EÜ·�þe)Úü

NS��{, y²
r½Å��35ÚìC1�. ±þ�.��õ(Jë� [7–9].
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duLaplace�f�U£ãÛÜ�<��p�^. ,, 3y¢¥«+�$Ä´�Å�, ¿Ø=

=���«+�p�^. du	å�U���«+u)�p�^, ë� [10]. Ïd, NõïÄö¦^

�ÛÜ*Ñ5£ãÔ«��m$Ä�ª. �ÛÜ*ÑÏ~^òÈ�f5L«µ

[J ∗ u− u] (t, x) =

∫
R
J(x− y)u(t, y)dy − u(t, x),

Ù¥�VÇ�Ý¼ê. �C, WangÚLi [11] ïÄ
äk�ÛÜ*Ñ�Lotka-VolterraÜ�XÚµ{
∂u(x,t)
∂t

= d1 [(J1 ∗ u) (x, t)− u(x, t)] + u(x, t) [r1(x− ct)− u(x, t) + a1v(x, t)]
∂v(x,t)
∂t

= d2 [(J2 ∗ v) (x, t)− v(x, t)] + v(x, t) [r2(x− ct)− v(x, t) + a2u(x, t)]
, t > 0, x ∈ R.

(1.3)

ùp a1a2 < 1L«ü�Ô«�m�fÜ�, S�O�¼ê ri(.)ÚØ¼ê Ji(.)÷v±eb�:

(H1) ri(.)´R¥�ëYØ~¼ê, ri(±∞) ´k��, ¿÷vri(−∞) < 0 < ri(+∞).

(J1) Ji(.) ∈ C(R), J(x) ≥ 0, J(0) > 0,
∫
R Ji(x)dx = 1, ¿é?¿µ > 0 k

∫
R Ji(x)eµ|x|dx <∞.

�öÏL²;�üNS�Úþe)�{��
ë�"²ï:Ú����r½Å��35. éþ

ã�.�*Ð, XUC«mXê�ÎÒÚ~fb�^��, ·��±ë� [12–16].

¯¤±�, 3y¢)¹¥du~)!ÈzÚ¤Ù�Ï��K�, �¢  ´Ø�;��. Ï

d, 3�A*Ñ�§¥\\�¢�äk¢S¿Â. Nõäk�¢��A*Ñ�§®�2�ïÄ, ë

� [17–26]. ~X, YuÚYuan [27] |^�pS�E|ÚSchauder ØÄ:½nïÄ
Xe�ÛÜ�

¢Lotka-Volterra¿��.1Å)��35µ{
∂u(x,t)
∂t

= d1 [(J1 ∗ u) (x, t)− u(x, t)] + f1 (ut(x), vt(x))
∂v(x,t)
∂t

= d2 [(J2 ∗ v) (x, t)− v(x, t)] + f2 (ut(x), vt(x))
, t > 0, x ∈ R, (1.4)

Ù¥ ut(x)(s) = u(x, t+ s),−τ ≤ s ≤ 0, τ ����¢, Ji : R→ R Ú
∫
R Ji(y)dy = 1�¤k i = 1, 2,

fi : R2 → R, i = 1, 2 �ëY¼ê�÷vf[üN5(WQM) ½f�ê[üN5(WQM∗). 3

yk�©z¥, é�kÓ��Ä�k�ÛÜ*ÑÚ�¢��A*Ñ�§"éuü�Ô«, Cheng

ÚYuan [28]��
r½1Å)��3��5. Ó�/, éu���¹, Ó��Ä£Ä�¸Ú�¢�

äk¢S¿Â.

Éþã©z�éu, ·��Ä3£Ä�¸¥�k�ÛÜ*ÑÚ�¢�Lotka-VolterraÜ��

.µ {
∂u(t,x)
∂t

= d1 [J1 ∗ u− u] (t, x) + u(t, x) [r1(x+ ct)− u (t, x) + a1v (t− τ1, x)] ,
∂v(t,x)
∂t

= d2 [J2 ∗ v − v] (t, x) + v(t, x) [r2(x+ ct)− v (t, x) + a2u (t− τ2, x)] .
(1.5)

Ù¥c > 0, x ∈ R, di > 0, u(t, x)Ú v(t, x)L«ü�Ü�Ô«,�¢ τi, i = 1, 2��K~ê, ai, i = 1, 2

L««+m�Ü�rÝ. 3�e5�?Ø¥, ·��
Xeb�.

(A1) 0 < a1a2 < 1.

(A2) ri(.)´R¥�ëYØO¼ê, ri(±∞) k�, � ri(+∞) < 0 < ri(−∞).

(A3) Ji ∈ C (R,R), ¿÷v
∫
R Ji(x)dx = 1, é?¿ µ > 0k

∫
R Ji(x)eµ|x|dx <∞.
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d	§·���e�b�.

(A4) r1(+∞) < −a1k2, r2(+∞) < −a2k1.

ù¿�X3�Ã¡�?§ü�Ô«��¸�z��~î. ·�Ì�ïÄXÚ(1.5)1Å)��

35. XÚ(1.5)�1Å)´äkXeAÏ/ª�²£ØC)µ

(u, v)(t, x) = (U, V )(ξ), ξ := x+ ct. (1.6)

ò(1.6)�\(1.5), ·��±��Xe�Å¿XÚ:{
cU ′(ξ) = d1 [J1 ∗ U(ξ)− U(ξ)] + U(ξ) [r1(ξ)− U (ξ) + a1V (ξ − cτ1)] ,
cV ′(ξ) = d2 [J2 ∗ V (ξ)− V (ξ)] + V (ξ) [r2(ξ)− V (ξ) + a2U (ξ − cτ2)] ,

ξ ∈ R. (1.7)

ÏLO�§·�uyª(1.7) �4�XÚ3KÃ¡�?�3����²ï:E∗ (k1, k2), Ù¥

k1 =
r1(−∞) + a1r2(−∞)

1− a1a2
, k2 =

r2(−∞) + a2r1(−∞)

1− a1a2
.

·�òy²ë�²ï�E∗ (k1, k2) ÚE0(0, 0) �1Å), ¿�÷v>.^�{
limξ→−∞(U(ξ), V (ξ)) = (k1, k2) ,

limξ→∞(U(ξ), V (ξ)) = (0, 0).
(1.8)

Ø©�Ù{Ü©|�Xe. 31�!¥, ·�0�
�
O�Ún. 31n!¥, ÏL�EÜ·

�þe), ,�2|^üNS�, ·�y²
XÚ1Å)��35.

2. ý��£

·�Äk0��
PÒ. éu?¿�u = (u1, u2) Úv = (v1, v2), eui 6 vi, i = 1, 2, KPu 6 v,

eu 6 v �u 6= v, KPu < v.

½Â2.1. e�3��k�:�{ξj}Nj=1 ¦�ëY¼ê(U(ξ), V (ξ))3R\ {ξj} þ÷v{
cU ′(ξ) ≥ (≤)d1 [J1 ∗ U(ξ)− U(ξ)] + U(ξ) [r1(ξ)− U (ξ) + a1V (ξ − cτ1)] ,
cV ′(ξ) ≥ (≤)d2 [J2 ∗ V (ξ)− V (ξ)] + V (ξ) [r2(ξ)− V (ξ) + a2U (ξ − cτ2)] .

Ù¥ξ ∈ R, �(U(ξ), V (ξ)) 3ξj?ëY, K¡(U(ξ), V (ξ)) �XÚ(1.7)�þ(e)).

·�Äk�E�éþe). ½Â¼ê

∆i(λ, c) := di

[∫
R
Ji(y)e−λydy − 1

]
− cλ+ ri(−∞), i = 1, 2. (2.1)

±9ëê

c∗i (∞) := inf
λ>0

di
(∫

R Ji(y)e−λy dy − 1
)

+ ri(−∞)

λ

d¼ê�à5��, k±e(Ø¤á.
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Ún2.2 é?¿c > max {c∗1, c∗2}, ∆1(λ, c) Ú∆2(λ, c) ©Okü�ØÓ���λ1, λ2 Úλ3, λ4 ,

¿÷v

∆1(λ, c) =


> 0, λ < λ1

< 0, λ ∈ (λ1, λ2)

> 0, λ > λ2

, ∆2(λ, c) =


> 0, λ < λ3

< 0, λ ∈ (λ3, λ4)

> 0, λ > λ4

.

-l1(ξ) = eλ1ξ − qeηλ1ξ, l2(ξ) = eλ3ξ − qeηλ3ξ, Ù¥~ê η ∈
(

1,min
{

2, λ2

λ1
, λ4

λ3

})
, q > 1. ´

�li (ξi) = 0, d�ξi = 1
λi(η−1) ln 1

q
< 0. ÀJ η¦� ∆1 (λ1η, c) < 0 Ú ∆2 (λ3η, c) < 0. dd½Âë

Y¼ê

U(ξ) =

{
k1
(
eλ1ξ − qeηλ1ξ

)
, ξ ≤ ξ1

0, ξ > ξ1
, V (ξ)) =

{
k2
(
eλ3ξ − qeηλ3ξ

)
, ξ ≤ ξ2

0, ξ > ξ2
.

Ún2.3 é?¿c > max {c∗1, c∗2}, � q > 1v
��, (U(ξ), V (ξ)) ´XÚ(1.7)���e).

y². �Bå�, -

P1(ξ) := d1 [J1 ∗ U(ξ)− U(ξ)]− cU ′(ξ) + U(ξ) [r1(ξ)− U (ξ) + a1V (ξ − cτ1)] ,

P2(ξ) := d2 [J2 ∗ V (ξ)− V (ξ)]− cV ′(ξ) + V (ξ) [r2(ξ)− V (ξ) + a1U (ξ − cτ2)] .

�
y² (U(ξ), V (ξ))´��e), �Iy² P1(ξ) ≥ 0 Ú P2(ξ) ≥ 0. ·�ky P1(ξ) ≥ 0.

(i)� ξ > ξ1, U(ξ) = 0, d� P1(ξ) = 0.

(ii)� ξ ≤ ξ1, U(ξ) = k1
(
eλ1ξ − qeηλ1ξ

)
, V (ξ − cτ1) = k2

(
eλ3(ξ−cτ1) − qeηλ3(ξ−cτ1)

)
> 0 K

P1(ξ) = k1e
λ1ξ

[
d1

(∫
R
J(y)e−λ1ydy − 1

)
− cλ1 + r1(ξ)

]
− k1qeηλ1ξ

[
d1

(∫
R
J(y)e−ηλ1ydy − 1

)
− cηλ1 + r1(ξ)

]
+ U(ξ) [−U(ξ) + a1V (ξ − cτ1)]

≥ k1eλ1ξ

[
d1

(∫
R
J(y)e−λ1ydy − 1

)
− cλ1 + r1(−∞)− r1(−∞) + r1(ξ)

]
− k1qeηλ1ξ

[
d1

(∫
R
J(y)e−ηλ1ydy − 1

)
− cηλ1 + r1(−∞)− r1(−∞) + r1(ξ)

]
−
(
k1e

λ1ξ − k1qeηλ1ξ
)2

≥ −k1eλ1ξ [r1(−∞)− r1(ξ)] + k1qe
ηλ1ξ [r1(−∞)− r1(ξ)]− k1qeηλ1ξ [∆1 (λ1η, c)]− k21e2λ1ξ

≥ −k1eηλ1ξ
[
q∆1 (λ1η, c) + k1e

λ1ξ(2−η)
]

= −k1eηλ1ξ

[
q∆1 (λ1η, c) +

1

q
k1e

2−η
η−1

]
≥ 0.

� q > 1 v
��, ����Ø�ª¤á. ^aq��{§·��±y²é?¿�ξ ∈ R,
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P2(ξ) ≥ 0. ¤±, (U(ξ), U(ξ)) ´XÚ(1.7)���e), y..

db� (A3),·��±ÀJ ξ0i > 0v
�,Ù¥ i = 12¦�r1(ξ
0
i )+a1k2 < 0, r2(ξ

0
i )+a2k1 < 0.

½Â

hi(µ) = di

[∫
R
Ji(y)eµydy − 1

]
+ cµ+ ri

(
ξ0i
)

+ aikj , i 6= j ∈ {1, 2}

´� hi(0) < 0, � µ→∞� hi(µ)→ +∞. qé?¿ µ ∈ R k hi(µ) = di
∫
R Ji(y)y2eµydy ≥ 0, ù¿

�X�3 µi > 0 ¦� hi (µi) = 0. dd½ÂëY¼ê

U(ξ) =

{
k1e
−µ1(ξ−ξ01), ξ ≥ ξ01
k1, ξ < ξ01

, V (ξ) =

{
k2e
−µ2(ξ−ξ02), ξ ≥ ξ02 .
k2, ξ < ξ02

.

Ún2.4 é?¿c > 0, (U(ξ), U(ξ)) ≥ (U(ξ), U(ξ))´XÚ(1.7)���þ).

y². Ï� ξ01 ≥ 0 ≥ ξi, ¤±(U(ξ), U(ξ)) ≥ (U(ξ), U(ξ)). e¡y²(U(ξ), V (ξ))´XÚ(1.7)���

þ), �Iy²

Q1(ξ) := d1
[
J1 ∗ U(ξ)− U(ξ)

]
− cU ′(ξ) + U(ξ)

[
r1(ξ)− U (ξ) + a1V (ξ − cτ1)

]
≤ 0,

Q2(ξ) := d2
[
J2 ∗ V (ξ)− V (ξ)

]
− cV ′(ξ) + V (ξ)

[
r2(ξ)− V (ξ) + a1U (ξ − cτ2)

]
≤ 0.

·�kyQ1(ξ) ≤ 0. (i) � ξ < ξ01 �, U(ξ) = k1, V (ξ − cτ1) ≤ k2, k

Q1(ξ) = k1
[
r1(ξ)− k1 + a1V (ξ − cτ1)

]
≤ k1 [r1(−∞)− k1 + a1k2] = 0

(ii)� ξ ≥ ξ01 �, U(ξ) = k1e
−µ1(ξ−ξ01), V (ξ − cτ1) ≤ k2, k

Q1(ξ) = k1e
−µ1(ξ−ξ01)

[
d1

(∫
R
J(y)eµ1ydy − 1

)
+ cµ1 + r1(ξ)− k1e−µ1(ξ−ξ01) + a1V (ξ − cτ1)

]
≤ k1e−µ1(ξ−ξ01)

[
d1

(∫
R
J(y)eµ1ydy − 1

)
+ cµ1 + r1

(
ξ01
)

+ a1k2

]
= 0.

^aq��{§·��±y²é?¿�ξ ∈ R, Q2(ξ) ≤ 0. ¤±, (U(ξ), U(ξ))´XÚ(1.7)���þ

), y..

y3·�½ÂÅ/¿¡8 Γ:

Γ :
{

(U(ξ), V (ξ)) ∈ C(R,R) : (U(ξ), V (ξ)) ≥ (U(ξ), V (ξ)) ≥ (U(ξ), V (ξ))
}

(2.2)

À½~ê β1 = d1 + 2k1 − r1(+∞), β2 = d2 + 2k2 − r2(+∞), ½Â�f:

H1(U, V ) := d1J1 ∗ U(ξ) + (β1 − d1)U(ξ) + U(ξ) [r1(ξ)− U (ξ) + a1V (ξ − cτ1)] ,

H2(U, V ) := d2J2 ∗ V (ξ) + (β2 − d2)V (ξ) + V (ξ) [r2(ξ)− V (ξ) + a2U (ξ − cτ2)] .
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��XeÈ©�§, {
U(ξ) = 1

c

∫ ξ
−∞H1(U, V )(z)e

β1
c (z−ξ)dz := F1(U, V )(ξ),

V (ξ) = 1
c

∫ ξ
−∞H2(U, V )(z)e

β2
c (z−ξ)dz := F2(U, V )(ξ).

(2.3)

dd½Â�f F (U(ξ), V (ξ)) = (F1(U(ξ), V (ξ)), F2(U(ξ), V (ξ))),i = 1, 2. d�, XÚ(1.7))��3

5¯K=z��fF �ØÄ:��35¯K. Ïd, ·�k±e(J.

Ún2.5 � c > max {c∗1, c∗2, 0}§K F ´���~�f� F (Γ) ⊆ Γ. ?�Ú/, XJ (U, V ) ∈
Γ´�O�§@o F (U, V )(ξ)'u ξ ∈ R �´�O�.

y². Äky²F´���~�f. é?¿ (U1, V1), (U2, V2) ∈ Γ � (U1, V1) ≥ (U2, V2), Kk

H1 (U1, V1) (ξ)−H1 (U2, V2) (ξ)

=d1

[∫
R
J1(y) (U1(ξ − y)− U2(ξ − y)) dy

]
+ (U1(ξ)− U2(ξ)) (β1 − d1 + r1(ξ))

+ a1 [U1(ξ)V1 (ξ − cτ1)− U2(ξ)V2 (ξ − cτ1)]−
[
U1(ξ)

2 − U2(ξ)
2
]

≥d1
[∫

R
J1(y) (U1(ξ − y)− U2(ξ − y)) dy

]
+ (U1(ξ)− U2(ξ)) [β1 − d1 + r1(ξ)− U1(ξ)− U2(ξ)]

≥0.

^aq��{��, H2 (U1, V1) (ξ)−H2 (U2, V2) (ξ) ≥ 0. lF1ÚF2�½Â��µ

Fi (U1, V1) (ξ)− Fi (U2, V2) (ξ) =
1

c

∫ ξ

−∞
[Hi (U1, V1) (z)−Hi (U2, V2) (z)] e

βi
c (z−ξ)dz ≥ 0, i = 1, 2.

Ïd, F ´���~�f.

XJ(U, V ) ∈ Γ ´�O¼ê§Ké?¿s ≥ 0, ξ ∈ R§·�k

H1(U, V )(ξ + s)−H1(U, V )(ξ)

=d1

[∫
R
J1(y)(U(ξ + s− y)− U(ξ − y))dy

]
+ (U(ξ + s)− U(ξ)) (β1 − d1)

+ U(ξ + s)r1(ξ + s)− U(ξ)r1(ξ) + a1 [U(ξ + s)V (ξ + s− cτ1)− U(ξ)V (ξ − cτ1)]

−
[
U(ξ + s)2 − U(ξ)2

]
≤d1

[∫
R
J1(y)(U(ξ + s− y)− U(ξ − y))dy

]
+ (U(ξ + s)− U(ξ)) (β1 − d1 − U(ξ + s)− U(ξ))

+ U(ξ + s)r1(ξ + s)− U(ξ)r1(ξ + s)

=d1

[∫
R
J1(y)(U(ξ + s− y)− U(ξ − y))dy

]
+ (U(ξ + s)− U(ξ)) (β1 − d1 + r1(ξ + s)− U(ξ + s)− U(ξ))

≤0.
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aq�k H2(U, V )(ξ + s)−H2(U, V )(ξ) ≤ 0. Ïd,

Fi(U, V )(ξ + s) =
1

c

∫ ξ+s

−∞
Hi(U, V )(z)e

βi
c (z−(ξ+s))dz

=
1

c

∫ ξ

−∞
Hi(U, V )(z + s)e

βi
c (z−ξ)dz

≤ 1

c

∫ ξ

−∞
Hi(U, V )(z)e

βi(z−ξ)
c dz

= Fi(U, V )(ξ).

e¡y² F (Γ) ⊆ Γ. �âþ)ÚF�½Â, �±��

F1(U, V )(ξ)

=
1

c

∫ ξ

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz

=
1

c

[∫ ξN

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz + · · ·+

∫ ξ1

ξ2

H1(U, V )(z)e
β1
c (z−ξ)dz +

∫ ξ

ξ1

H1(U, V )(z)e
β1
c (z−ξ)dz

]

≤ 1

c

[∫ ξN

−∞

(
cU
′
(z) + β1U(z)

)
e
β1
c (z−ξ)dz + · · ·+

∫ ξ

ξ1

(
cŪ ′(z) + β1U(z)

)
e
β1
c (z−ξ)dz

]

= U(ξ),

F2(U, V )(ξ)

=
1

c

∫ ξN

−̂∞
H2(U, V )(z)e

β1(z−ξ)
c dz + · · ·+

∫ ξ1

ξ̇2

H2(U, V )(z)e
β1(z−ξ)

c dz +

∫ ξ

ξ1

H2(U, V )(z)e
β1
c (z−ξ)dz

]

≤ V (ξ).

ùL² F (U(ξ), V (ξ)) ≤ (U(ξ), V (ξ)). Ó�, �âe)ÚF�½Â��

F1(U, V )(ξ)

=
1

c

∫ ξ

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz

=
1

c

[∫ ξN

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz + · · ·+

∫ ξ1

ξ2

H1(U, V )(z)e
β̂1(z−ξ)

c

)
dz +

∫ ξ

ξ1

H1(U, V )(z)e
β1
c (z−ξ)dz

]

≥ 1

c

[∫ ξN

−∞

(
cU ′(z) + β1U(z)

)
e
β1
c (z−ξ)dz + · · ·+

∫ ξ

ξ1

(
cU ′(z) + β1U(z)

)
e
β1
c (z−ξ)dz

]
= U(ξ)
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F2(U, V )(ξ)

=
1

c

[∫ ξN

−∞
H2(U, V )(z)e

β1
c (z−ξ)dz + · · ·+

∫ ξ1

ξ2

H2(U, V )(z)e−
β1
c (z−ξ)dz +

∫ ξ

ξ1

H2(U, V )(z)e
β1
c (z−ξ)dz

]
≥ V (ξ)

ùL² F (U, V ) ≥ (U, V ). du F ´�~�f, @oé¤k� (U, V ) ∈ Γ§·�k

(U, V ) ≤ F (U, V ) ≤ F (U, V ) ≤ F (U(ξ), V (ξ)) ≤ (U(ξ), V (ξ)), (2.4)

Ïd, F (Γ) ⊆ Γ. y..

3. 1Å)��35

½n3.1. b�(A1)-(A4)¤á, Kéu?¿�½� c > max {c∗1, c∗2, 0}, XÚ(1.7)�3ë�

E∗ (k1, k2)Ú E0(0, 0) �1Å)(U(ξ), V (ξ)), �÷v>.^�(1.8).

y². �Äe¡�S�

Un+1 = F1 (Un, Vn) , Vn+1 = F2 (Un, Vn) , n ≥ 1,

À�Ð©S��

U1 = F1(U, V ), V1 = F2(U, V ).

duU(ξ), V (ξ)´�O¼ê, dÚn2.5��, éz��½� n, (Un(ξ), Vn(ξ))'uξ ∈ R´�O�. -

lim
n→+∞

(Un(ξ), Vn(ξ)) = (U(ξ), V (ξ)).

w,, (U(ξ), V (ξ)) ´���O¼ê�

(U(ξ), V (ξ)) ≤ (U(ξ), V (ξ)) ≤ (U(ξ), V (ξ)).

d	, Hi(Un(ξ), Vn(ξ)) Å:Âñ� Hi(U(ξ), V (ξ)), Ù¥i = 1, 2. du

H1(Un(ξ), Vn(ξ)) ≤ k1 [r1(+∞) + β1 + 2d1 + k1 + a1k2] ,

H2(Un(ξ), Vn(ξ)) ≤ k2 [r2(+∞) + β2 + 2d2 + k2 + a2k1] .

�âLebesgue��Âñ½n, ·���

U(ξ) = lim
n→∞

Un(ξ) = lim
n→∞

F1 (Un−1, Vn−1) (ξ)

= lim
n→∞

1

c

∫ ξ

−∞
H1 (Un−1, Vn−1) (z)e

β1
c (z−ξ)dz

=
1

c

∫ ξ

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz = F1(U, V )(ξ)

.
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aq��V (ξ) = F2(U, V )(ξ). N´wÑ, (U(ξ), V (ξ)) ∈ C1(R,R) ÷vXÚ(1.7).

�e5·�òy² (U(ξ), V (ξ)) ÷v>.^�(1.8). ·�5¿�

lim
ξ→+∞

(U(ξ), V (ξ)) = lim
ξ→+∞

(U(ξ), V (ξ)) = (0, 0) .

ùL² limξ→+∞(U(ξ), V (ξ)) = (0, 0). du (U(ξ), V (ξ)) ´�Ok.�, Ïd�3~ê Ai ∈
(0, ki], i = 1, 2¦�

lim
ξ→−∞

(U(ξ), V (ξ)) = (A1, A2).

Kk

lim
ξ→−∞

H1(U, V )(ξ) = β1A1 +A1 [r1(−∞)−A1 + a1A2] ,

lim
ξ→−∞

H2(U, V )(ξ) = β2A2 +A2 [r2(−∞)−A2 + a2A1] .

�âL’Hopital{K��,

A1 = lim
ξ→−∞

U(ξ)

= lim
ξ→−∞

1

c

∫ ξ

−∞
H1(U, V )(z)e

β1
c (z−ξ)dz

= lim
ξ→−∞

H1(U, V )(ξ)

β1

= A1 +
A1 [r1(−∞)−A1 + a1A2]

β1

A2 = lim
ξ→−∞

V (ξ)

= lim
ξ→−∞

1

c

∫ ξ

−∞
H2(U, V )(z)e

β2
c (z−ξ)dz

= lim
ξ→−∞

H2(U, V )(ξ)

β2

= A2 +
A2 [r2(−∞)−A2 + a2A1]

β2
.

¤±k  A1[r1(−∞)−A1 + a1A2] = 0,

A2[r2(−∞)−A2 + a2A1] = 0.

éþãúª��?1O�� {
A1 = r1(−∞)+a1r2(−∞)

1−a1a2 ,

A2 = r2(−∞)+a2r1(−∞)
1−a1a2 .

(3.1)

= limξ→−∞(U(ξ), V (ξ)) = (k1, k2). ¤± (U(ξ), V (ξ)) ÷v>.^�(1.8). y..
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4. o(�Ð"

�©ïÄ
3�Ý�z��¸e, �a�k�¢�Lotka-VolterraÜ�XÚ1Å)��35. Ï

Lþe)(ÜüNS��{, y²
TXÚ�31Å). d	, �©��.Ek�
�?�ÚïÄ�

¯K, ±e´é�©ó��ïÄÐ":

1.b�^�(A2)¥�� ri(.)ØCÒ, = 0 ≤ ri(+∞) < ri(−∞), ,�2�ÄXÚ(1.7)´Ä�3

1Å).

2.�©=ïÄ
XÚ(1.7)1Å)��35, �?�ÚïÄTXÚ���5!½5ÚØ�35.

Ä7�8
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