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1 ��
Hosono Y, Mimura M[1] }H� PH����+

{
ut = d1uxx + u(x, t)[a − bu(x, t) − kv(x, t)],

vt = d2vxx + v(x, t)
[
a − bv(x, t) − ku(x, t)

1 + ev(x, t)

]
.

(1.1)e&*66>;FCC)�~o (1.1) %8��{�+RQ��1JD���<&MtB��8?;�~oJ�Mo1H℄X�oI�1H��2�	R LH��r1�	�d! Wu J[2] � �)MH1+
∂u

∂t
= D

∂2u

∂x2
+ f(ut(x)), (1.2)5J x ∈ Ω ⊂ R, t > 0, D = diag (d1, · · · , dn), di > 0, u ∈ Rn, ut(x) ∈ C([−τ, 0], Rn),

τ ∈ [0,∞) RT'MH� f : C([−τ, 0], Rn) → Rn. ~1�� Wang Z C, Li W T[3] .���s 2008 0 11 4 19 AT-�2011 0 7 4 5 AT-�LN�
∗ ^ÆKv1k	�RO�, (B20102701).
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∂u

∂t
= D

∂2u

∂x2
+ f(u, g ∗ u), (1.3)=� u(t, x) = (u1, · · · , un)T , t ≥ 0, x ∈ R. D = diag (d1, · · · , dn), di > 0, f ∈ C(R2n, Rn),

(g ∗ u)(t, x) =
∫ t

−∞
∫ +∞
−∞ g(t − s, x − y)u(s, y) dy ds, WU\ g(t, x) 
!-?LÆP�C

g(t, x) = 1
τ
e−

t
τ δ(x), τ > 0e g(t, x) = δ(t) 1√

4πρ
e−

x2

4ρ , ρ > 0e g(t, x) = 1
τ
e−

t
τ

1√
4πt

e−
x2

4t , τ >

0. !g Lin G � Li W T[4] 1+





∂u1

∂t
= d1△u1 + r1u1[1 − a1u1 − b1(g1 ∗ u2)],

∂u2

∂t
= d2△u2 + r2u2[1 − a2u2 − b2(g2 ∗ u1)],

(1.4)

(g1 ∗ u2)(x, t) =

∫ ∞

−∞

∫ ∞

0

1

τ1
e
− θ

τ1

1√
4πd2θ

e
− z2

4d2θ u2(x − z, t − θ) dθ dz,

(g2 ∗ u1)(x, t) =

∫ ∞

−∞

∫ ∞

0

1

τ2
e
− θ

τ2

1√
4πd1θ

e
− z2

4d1θ u1(x − z, t − θ) dθ dz.V.GXt:17B��tu8 (1.1) J$DfIÆP�� �oH���XMH>��{1'���'x&N�h"+





∂u(x, t)

∂t
= d1△u(x, t) + u(x, t)[1 − u(x, t) − k(g1 ∗ v)(x, t)],

∂v(x, t)

∂t
= d2△v(x, t) + v(x, t)

[
1 − v(x, t) − k

(g2 ∗ u)(x, t)

1 + v(x, t)

]
,

(1.5)5J x ∈ R, t ≥ 0, u, v R��U\� d1, d2 > 0, k >
√

2. �9





(g1 ∗ v)(x, t) =

∫ ∞

−∞

∫ t

−∞
G1(x − y, t − s)k1(t − s)v(y, s) ds dy,

(g2 ∗ u)(x, t) =

∫ ∞

−∞

∫ t

−∞
G2(x − y, t − s)k2(t − s)u(y, s) ds dy,

(1.6)

Gi(x, t) = 1
4πd3−it

e
− x2

4d3−it , Gi(x, 0) = δ(x), ki(s) = 1
τi

e
− s

τi , i = 1, 2. � θ = t−s, z = x−y,9 (1.6) �Æp





(g1 ∗ v)(x, t) =

∫ ∞

−∞

∫ ∞

0

1

τ1
e
− θ

τ1

1

4πd2θ
e
− z2

4d2θ v(x − z, t− θ) dθ dz,

(g2 ∗ u)(x, t) =

∫ ∞

−∞

∫ ∞

0

1

τ2
e
− θ

τ2

1

4πd1θ
e
− z2

4d1θ u(x − z, t − θ) dθ dz.

(1.7)�t4A�Iuh"~o (1.5) 1hP3[61v:��4E�IuC)~o (1.5)-�y�Pv:3[6 (1, 0) X (0, 1) 1*8��{�
2 qe_℄x`~�'x&F�� MH~o






du

dt
= u(1 − u − kv),

dv

dt
= v

(
1 − v − ku

1 + v

)
,

(2.1)



1138 % ( Y � � � 34�l f1(u, v) = u(1 − u − kv), f2(u, v) = v
(
1 − v − ku

1+v

)
, 9

(∂(f1, f2)

∂(u, v)

)
=




1 − 2u − kv − kv

1 + v

−ku 1 − 2v − ku

(1 + v)2



 .

(2.1)-{P3[6�I�R (0, 0), (1, 0), (0, 1), (u0, v0), (u1, v1). 5J u0 = 1−k
k2+

√
△

2 , v0 =
k2+

√
△

2 ; u1 = 1− k
k2−

√
△

2 , v1 =
k2−

√
△

2 . △ = k4 − 4(k − 1) = k4 − 4k2 + 4 + 4k2 − 4k =

(k2 − 2)2 + 4k(k − 1) > 0, for k >
√

2. B"p� (u0, v0) X (u1, v1) <RA3[6�Dwkb
/ (
∂(f1,f2)
∂(u,v)

)∣∣
(0,0)

�Pi>Q<R 1, d! (0, 0) R (2.1) 1�v:3[6� (
∂(f1,f2)
∂(u,v)

)∣∣
(1,0)

X (
∂(f1,f2)
∂(u,v)

)∣∣
(0,1)

1i>Q<I�R −1 X 1 − k, d! (1, 0) X (0, 1)R (2.1) 1t~v:3[6�I (
∂(f1,f2)
∂(u,v)

)∣∣
(u0,v0)

1�Pi>QI�p λ1 X λ2, 9-
λ1 + λ2 = −

(
u0 +

2(v0)2

1 + v0

)
< 0, λ1λ2 =

u0v0(2v0 − k2)

1 + v0
> 0.d! (u0, v0) t~v:3[6��`h"
/ (u1, v1) R�v:3[6�an 2.1 ~o (1.5) -EPt~v:3[6 (u0, v0), (1, 0), (0, 1) X�P�v:3[6 (0, 0), (u1, v1).

3 |Vh℄[�~a� 3.1  �F#
∂u(x, t)

∂t
= D△u(x, t) + f(u(x, t)) (3.1)ÆC u(x, t) = φ(x + ct) 1{ :#S#SF# cφ

′

(t) = Dφ
′′

(t) + f(φ(t)) (φ(t) ∈
C2(R, Rn), c R�\), � u(x, t) = φ(x + ct) pF# (3.1) 1��{�CSb#S

lim
t→−∞

φ(t) = φ−, lim
t→+∞

φ(t) = φ+. (3.2)

φ− < φ+, 9 f(φ±) = 0, 9� φ(x + ct) p�y φ− X φ+ 1��{�5J c R�a��n 3.1[5] � f(φk) = 0, φk ∈ [φ−, φ+], CS f ′(φ±) 1i>E�RJN�1�9.R;.YS1�� pk ≥ 0, O/ pkf ′(φk) > 0, k = 1, · · · , m. -$~o (3.1)  :-�y
φ− X φ+. 1��{��'x&C) (1.5) -�y (1, 0) X (0, 1) 1��{�
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∂u1

∂t
= d1△u1 + u1(1 − u1 − ku3),

∂u2

∂t
= d2△u2 + u2

(
1 − u2 − k

u4

1 + u2

)
,

∂u3

∂t
= d2△u3 +

1

τ1
u2 −

1

τ1
u3,

∂u4

∂t
= d1△u4 +

1

τ2
u1 −

1

τ2
u4.

(3.3)

p�5*$��x&�U�d u∗
1 = 1 − u1, u∗

4 = 1 − u4, p�W�q���;7 ∗ =�
(3.3) 
�p 





∂u1

∂t
= d1△u1 + (1 − u1)(ku3 − u1),

∂u2

∂t
= d2△u2 + u2

(
1 − u2 − k

1 − u4

1 + u2

)
,

∂u3

∂t
= d2△u3 +

1

τ1
u2 −

1

τ1
u3,

∂u4

∂t
= d1△u4 +

1

τ2
u1 −

1

τ2
u4.

(3.4)�!����1F#ÆP�





cφ′
1 = d1φ

′′
1 + (1 − φ1)(kφ3 − φ1),

cφ′
2 = d2φ

′′
2 + φ2

(
1 − φ2 − k

1 − φ4

1 + φ2

)
,

cφ′
3 = d2φ

′′
3 + 1

τ1

φ2 −
1

τ1
φ3,

cφ′
4 = d1φ

′′
4 + 1

τ2

φ1 −
1

τ2
φ4

(3.5)

)t~�|js {
lim

t→−∞
(φ1, φ2, φ3, φ4) = (0, 0, 0, 0),

lim
t→+∞

(φ1, φ2, φ3, φ4) = (1, 1, 1, 1).
(3.6)l φ− = (0, 0, 0, 0), φ+ = (1, 1, 1, 1), �= f(φ±) = 0. f(φ) = 0 F- PA{ φ̂ =

(1−u1, v1, v1, 1−u1) =
(
k

k2−
√

△
2 ,

k2−
√

△
2 ,

k2−
√

△
2 , k

k2−
√

△
2

)
∈ (φ−, φ+).Dwkb f ′(φ̂),

f ′(φ̂) =





−u1 0 0
1

τ2

0 −2
(v1)2

(1 + v1)

1

τ1
0

ku1 0 − 1

τ1
0

0 k
(v1)

(1 + v1)
0 − 1

τ2





.

� Pk = (p1, p2, p3, p4), F�
kp4

2v1
> p2 > p3 >

p1

k
>

p4

k
, (3.7)



1140 % ( Y � � � 34�9 Pkf ′(φ̂) > 0  :!��QNG�#p k >
√

2, d!-�\�� Pk O/ (3.7) !��6+$� 3.1 
!/.an 3.2 , k >
√

2, %8 P*8��EU\ φ(t) = (φ1(t), φ2(t), φ3(t), φ(t)) ∈
C2(R, R4) #S (3.5) X (3.6).vo 3.3 , k >

√
2, ~o (1.5) - P*81�y (1, 0) X (0, 1) 1��{��R P^v1�8{� Y k w z
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Bistable Wave Fronts in the Hosono-Mimura

System with Nonlocal Delays

WU Qinghua
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TANG Yanbin

(School of Mathematics and Statistics, Huazhong University of Science and Technology, Wuhan 430074)

Abstract A diffusive Hosono-Mimura type model with nonlocal delays for two competitive

species is considered. The first, we studied the stability for equilibriums of the nonlinearities.

And then, the existence of traveling wave fronts analogous to a bistable wave front for two

competitive species is proved by transforming the system with nonlocal delays to a four-

dimensional system without delay.
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