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1 $"Ge
J
ut = ∆[(d1 + α11u+ α12v + α13w)u] + (a1 − b11u− b12v)u, x ∈ Ω, t > 0,

vt = ∆[(d2 + α21u+ α22v + α23w)v] + (a2 + b21u− b22v − b23w)v, x ∈ Ω, t > 0,

wt = ∆[(d3 + α31u+ α32v + α33w)w] + (a3 + b32v − b33w)w, x ∈ Ω, t > 0,

∂u

∂ν
=
∂v

∂ν
=
∂w

∂ν
= 0, x ∈ ∂Ω, t > 0,

u(x, 0) = u0(x), v(x, 0) = v0(x), w(x, 0) = w0(x), x ∈ Ω,
(1.1)}W Ω ⊂ Rn Z�5~�F*5�0�ν 1 ∂Ω�F<^WZw℄�di, αij , ai, bii (i, j =

1, 2, 3), b12, b21, b23, b32 RZK ?� u0, v0, w0 ag��Za� u, v, w b��/�oZ
FlS�?� a1, a2, a3 b��/E�oZ
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B�d!h��X�)fY*2I�q}yM2DHK/;��4V� 153- 1979 y=a [2] W��\H#�.I*�}>�4F1=Y��1 Amann Fl`ea [3–5] FP/Ue�V4FJM1=�/K���l�s}-H#\?�}K�?FF�V�}- SKT s��4JM1=�F^�1�%n:Faq [6,7], }W [6] $(*r2`Z�C_ 3 \H# SKT s�JM�4F1=�� [7] =m\H#Mp_ SKT s�}-(#
P��4F7X��.V�C_JM�4F1=��E[Z`Z8��K�l?ag��UVC
J�#T�=�4FK��
J/Y��
JS71tDF�,� Kim[8], Shim[9], Deuring[10], Lou G [11] =H#\?Z 1 � 2 (�Ge_ SKT s�JM�4��4F1=��U- SKT s�{O4JM1=�F{1�% [12–14], }W
[12,13] �C_H#\?x- 6 ( SKT �-,4K�s�{O4FJM1=�� [14] =K�l?sG�hK�l?/,4K�l?gla �FrUO'(�C_m\H#W SKT s�{O4FJM1=�� [12–14] j*Ge4FbQ��s� (1.1) K{Æ4F1=�1) [15] GeF� [16] Ge_s� (1.1) =�\H#W4FJM1=�/�T7X��0,��}-�Z
,4K�s�
�*�NF4FJM1=�1���a=K�?Fgl�QO'(Ges� (1.1) {O4FJM1=��T(=℄$�?Fl?gl�QO'(S�v? Lyapunov �?q*is�4F7X��
2 �.��) Amann Fea [3−5] F�C�m}-
J (1.1) 4F>�1=Y��QQ	}� 2.1 �ag�? u0, v0, w0 ∈ W 1

p (Ω), p > n, �
J (1.1) 1=Y�ag4
u, v, w ∈ C([0, T ),W 1

p (Ω)) ∩ C∞((0, T ), C∞(Ω)), }W T ∈ (0,∞]. � T < +∞, �
lim

t→T−

(
‖u(·, t)‖L∞(Ω) + ‖v(·, t)‖L∞(Ω) + ‖w(·, t)‖L∞(Ω)

)
= +∞.� QT = Ω× (0, T ). Z�C
J (1.1) F4F Lp x���O�- [13] F�m�Q	%� 2.2 � z2 = (d+ αz)z, z 1
J

zt = ∆
[
(d+ αz)z

]
+ (a1 − b11z − b12v)z, (x, t) ∈ Ω × (0, T ),

∂z

∂ν
= 0, (x, t) ∈ ∂Ω × (0, T ),

z(x, 0) = z0(x) ≥ 0, x ∈ ΩF4�}W d, α, a1, b11, b12 RZK ?� 0 ≤ v ∈ L2(QT ), �1=�L- ‖z0‖W 1
2 (Ω) �

‖z0‖L∞(Ω) FK ? M1, -C
‖z2‖W

2,1
2 (QT ) ≤M1. (2.1)9��*

∇z2 ∈ V2(QT ), ∇z ∈ L
2(n+2)

n (QT ). (2.2)5 (2.1) � (2.2) WK�o.dZ [13, Lemma 2.2] F1��) (2.1) � [18, 80 �] F
Lemma3.3 C ∇z2 ∈ Lp(QT ), ER p gl

p ≥ 2, 2 − 1 −
(1

2
− 1

p

)
(n+ 2) ≥ 0.9��* ∇z ∈ L

2(n+2)
n (QT ).) [13] �Q 2.3 ��Q 2.4 FC



154 ! % ; � � � 31C%� 2.3 � q > 1, q̃ = 2 + 4q

n(q+1) , w gl
sup

0≤t≤T

‖w‖
L

2q
q+1 (Ω)

+ ‖∇w‖L2(QT ) <∞,�1=K ? β ∈ (0, 1)/ CT ,-C ∫
Ω |w(·, t)|β dx ≤ CT (∀t ≤ T ),�1=�L- n,Ω, q, β� CT =��L- w FK ? M2, -C

‖w‖
Lq̃(QT )

≤M2

{
1 +

(
sup

0≤t≤T

‖w(t)‖
L

2q
q+1 (Ω)

) 4q

n(q+1)̃q ‖∇w‖
2

q̃

L2(QT )

}
.=$( Lyapunov �?Mp
J (1.1) F4F(:bQ�(�4h [17] Fm:�Q1[�F�%� 2.4 � a � b 1K ?� ϕ, ψ ∈ C1[a,+∞), ψ(t) ≥ 0, ϕ *m5���

ϕ′(t) ≤ −bψ(t), ψ′(t) = [a,+∞) *�5�� lim
t→∞

ψ(t) = 0.

3 )��yv& �a= α12 = α13 = α23 = α32 = 0 (Ge
J (1.1) {O4FJM1=���Mpm:QQ	}� 3.1 !� u0, v0, w0 Zgl~- Neumann �QO'Fag C2+α(Ω) �?�
α ∈ (0, 1), di, ai, bii (i = 1, 2, 3), b12, b21, b23, b32 RZK ?� α12 = α13 = α23 = α32 = 0,� α11 > 0 ( n ≤ 5, V α11 = 0 ( n ≥ 1, �
J (1.1) 1=Y�agJM4 u, v, w ∈
C2+α,1+ α

2 (Ω × [0,∞)).5 � (u, v, w) 1
J (1.1) F>�4��)�Q3Q�M
0 ≤ u ≤M0, 0 ≤ v, 0 ≤ w, (x, t) ∈ QT , (3.1)}W M0 = max

{
a1

b11
, sup

Ω
|u0(x)|

}
. nM α11 > 0 F���Z,nb��q* v, w F L∞x��

1. L1, L2 x��
(1.1) WKXo`&= Ω ��b�C

d

dt

∫

Ω

v(x, t) dx ≤(a2 + b21M0)

∫

Ω

v(x, t) dx− b22

∫

Ω

v2(x, t) dx (3.2)

≤(a2 + b21M0)

∫

Ω

v(x, t) dx− b22

|Ω|
( ∫

Ω

v(x, t) dx
)2

. (3.3)) (3.3)N�1=/ sup
Ω

|u0(x)|� ∫
Ω v0(x) dxs}FK ? C1,U� t ≥ 0* ‖v(·, t)‖L1(Ω) ≤

C1. U (3.2) [T. 0 B T �b��vN�1=K ? C2, -C ‖v‖L2(QT ) ≤ C2. ) (1.1)WK�o`&C
d

dt

∫

Ω

w(x, t) dx ≤ a3

∫

Ω

w(x, t) dx+
b32

2ε

∫

Ω

v2 dx+
(b32ε

2
− b33

) ∫

Ω

w2 dx.	 ε > 0 - b32ε
2 − b33 < 0 (S�	 ε = b33

b32
), �

d

dt

∫

Ω

w(x, t) dx ≤ C3 + a3

∫

Ω

w(x, t) dx− b33

2

∫

Ω

w2 dx.
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B�d!h��X�)fY*2I�q}yM2DHK/;��4V� 155O�-U (3.3) FGeN�1=�L- (1.1) FKX��o`&Fl?�(Q� T FK ? M3, -C
‖v(·, t)‖L1(Ω), ‖v‖L2(QT ), ‖w(·, t)‖L1(Ω), ‖w‖L2(QT ) ≤M3. (3.4)

2. Lq x��= (1.1) WKXo`&[TT$� qvq−1(q > 1), := Ω ��bC
d

dt

∫

Ω

vq dx ≤− 4(q − 1)d2

q

∫

Ω

|∇(v
q

2 )|2 dx− 8α22q(q − 1)

(q + 1)2

∫

Ω

|∇(v
q+1
2 )|2 dx

− q(q − 1)α21

∫

Ω

vq−1∇u · ∇v dx

+ q

∫

Ω

vq(a2 + b21u− b22v − b23w) dx. (3.5)�.[T= [0, t] ��b�C
∫

Ω

vq(x, t)dx +
4(q − 1)d2

q

∫

Qt

|∇(v
q

2 )|2 dxdt+
8α22q(q − 1)

(q + 1)2

∫

Qt

|∇(v
q+1
2 )|2 dxdt

≤
∫

Ω

vq(x, 0) dx− q(q − 1)α21

∫

Qt

vq−1∇u · ∇v dxdt

+ q

∫

Qt

vq(a2 + b21u− b22v − b23w) dxdt. (3.6)) Hölder �G.� Young �G.� (3.1) C
q

∫

Qt

vq(a2 + b21u− b22v − b23w) dxdt

≤(a2 + b21M0)q|QT |
1

q+1 ‖v‖q

Lq+1(Qt)
− b22q‖v‖q+1

Lq+1(Qt)

≤q
{ q

q + 1
(b

q

q+1

22 ‖v‖q

Lq+1(Qt)
)

q+1
q +

1

q + 1

[
(a2 + b21M0)b

−
q

q+1

22 |QT |
1

q+1
]q+1

}

− b22q‖v‖q+1
Lq+1(Qt)

≤ (a2 + b21M0)
q+1b

−q
22 q

q + 1
|QT | := C4, ∀ t ∈ [0, T ]. (3.7)
 u2 = (d1 + α11u)u, )�Q 2.2 N ∇u ∈ L

2(n+2)
n (QT ). 	 ε = 8α22q(q−1)

(q+1)2C5
C

q(q − 1)α21

∫

Qt

vq−1∇u · ∇v dxdt ≤ 2q(q − 1)α21

q + 1

∣∣∣
∫

Qt

v
q−1
2 ∇u · ∇(v

q+1
2 ) dxdt

∣∣∣

≤2q(q − 1)α21

q + 1
‖v‖

q−1
2

L
(q−1)(n+2)

2 (QT )
‖∇u‖

L
2(n+2)

n (QT )
‖∇(v

q+1
2 )‖L2(QT )

≤C5‖v‖
q−1
2

L
(q−1)(n+2)

2 (QT )
‖∇(v

q+1
2 )‖L2(QT )

≤C5ε

2
‖∇(v

q+1
2 )‖2

L2(QT ) +
C5

2ε
‖v‖q−1

L
(q−1)(n+2)

2 (QT )

≤4α22q(q − 1)

(q + 1)2
‖∇(v

q+1
2 )‖2

L2(QT ) +
C5

2ε
‖v‖q−1

L
(q−1)(n+2)

2 (QT )
, (3.8)
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 v = v
q+1
2 , �) (3.7),(3.8) :� (3.6) C

∫

Ω

v
2q

q+1 dx+
4(q − 1)d2

q

∫

QT

|∇(v
q

q+1 )|2 dxdt+
4α22q(q − 1)

(q + 1)2

∫

QT

|∇v|2 dxdt

≤
∫

Ω

v
q
0 dx+

C5

2ε
‖v‖

2(q−1)
q+1

L
(q−1)(n+2)

q+1 (QT )

+ C4

≤C6

(
1 + ‖v‖

2(q−1)
q+1

L
(q−1)(n+2)

q+1 (QT )

)
. (3.9)


E ≡ sup
0≤t≤T

∫

Ω

v
2q

q+1 (x, t) dx+

∫

QT

|∇v|2 dxdt, (3.10)�) (3.9) C
E ≤ C6

(
1 + ‖v‖

2(q−1)
q+1

L
(q−1)(n+2)

q+1 (QT )

)
. (3.11)?

q <
n(n+ 4)

n2 − 4
(3.12)( (q−1)(n+2)

q+1 < q̃, D�
E ≤ C7

(
1 + ‖v‖

2(q−1)
q+1

Lq̃(QT )

)
.	 β̃ = 2

q+1 ∈ (0, 1), �) (3.4) N
(∫

Ω

|v(·, t)|β̃ dx
) 1

β̃ = ‖v‖
1

β̃

L1(Ω) ≤M

1

β̃

3 , ∀ t ≤ T.�,)�Q 2.3 C
E ≤C7

[
1 + (M2 +M2 sup

0≤t≤T

‖v(t)‖
4q

n(q+1)̃q

L
2q

q+1 (Ω)
‖∇v‖

2

q̃

L2(QT ))
2(q−1)

q+1

]

≤C8

[
1 +

(
sup

0≤t≤T

‖v(t)‖
2q

q+1

L
2q

q+1 (Ω)
)

4(q−1)

n(q+1)̃q (‖∇v‖2
L2(QT ))

2(q−1)

(q+1)̃q

]

≤C8

(
1 + E

4(q−1)

n(q+1)̃qE

2(q−1)

(q+1)̃q

)
. (3.13)�N 4(q−1)

n(q+1)q̃
+ 2(q−1)

(q+1)q̃
∈ (0, 1), |U (3.13) $(℄MZN�1=K ? C9, -C

E ≤ C9. (3.14)

(3.14).9�a ‖v‖
Lq̃(QT )

*5�| v
q+1
2 ∈ Lq̃(QT ),� v ∈ L

(q+1)̃q
2 (QT ). ,)- q <

n(n+4)
n2−4 ,D� (q+1)q̃

2 ∈
(
1, 2(n+1)

n−2

)
, �
v ∈ Lq(QT ), ∀ q ∈

(
1,

2(n+ 1)

n− 2

)
. (3.15)
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B�d!h��X�)fY*2I�q}yM2DHK/;��4V� 157b�`m�) (q−1)(n+2)
q+1 < q̃ N v ∈ L

(q−1)(n+2)
q+1 (QT ), := (3.9) FoT	 q = 2 C1=K ? M4, -C

‖v‖V 2(QT ) ≤M4. (3.16)= (1.1) WK�o`&[TT$� qwq−1 (q > 1), := Ω ��b�C
d

dt

∫

Ω

wq dx ≤− 4(q − 1)d3

q

∫

Ω

|∇(w
q

2 )|2 dx− 8α33q(q − 1)

(q + 1)2

∫

Ω

|∇(w
q+1
2 )|2 dx

− q(q − 1)α31

∫

Ω

wq−1∇u · ∇w dx+ q

∫

Ω

wq(a3 + b32v − b33w) dx.)�.[T= [0, t] ��bFC
∫

Ω

wq(x, t) dx+
4(q − 1)d3

q

∫

Qt

|∇(w
q
2 )|2 dxdt+

8α33q(q − 1)

(q + 1)2

∫

Qt

|∇(w
q+1
2 )|2 dxdt

≤
∫

Ω

wq(x, 0) dx− q(q − 1)α31

∫

Qt

wq−1∇u · ∇w dxdt+ q

∫

Qt

wq(a3 + b32v − b33w) dxdt.}W
q

∫

Qt

wq(a3 + b32v − b33w) dxdt

≤a3q|QT |
1

q+1 ‖w‖q

Lq+1(Qt)

+ b32q

∫

Qt

[ q

q + 1
· (q + 1)b33

2qb32
wq+1 +

1

q + 1

( (q + 1)b33
2qb32

)−q

vq+1
]
dxdt

− b33q‖w‖q+1
Lq+1(Qt)

≤q
2

[ q

q + 1
b33‖w‖q+1

Lq+1(Qt)
+

1

q + 1
(2a3)

q+1b
−q
33 |QT |

]
+

qb32

q + 1

( (q + 1)b33
2qb32

)−q

‖v‖q+1
Lq+1(Qt)

− b33q

2
‖v‖q+1

Lq+1(Qt)

≤1

2
(2a3)

q+1b
−q
33 |QT | +

qb32

q + 1

((q + 1)b33
2qb32

)−q

‖v‖q+1
Lq+1(Qt)

, ∀ t ∈ [0, T ].) (3.15) N? q + 1 < 2(n+1)
n−2 , � q < n+4

n−2 ( v ∈ Lq+1(QT ), |
q

∫

Qt

wq(a3 + b32v − b33w) dxdt ≤ C10, ∀ t ∈ [0, T ]. (3.17)O�- (3.8)–(3.15) .FGe�*
∫

Ω

w
2q

q+1 dx+
4(q − 1)d3

q

∫

QT

|∇(w
q

q+1 )|2 dxdt+
4α33q(q − 1)

(q + 1)2

∫

QT

|∇w|2 dxdt

≤C11

(
1 + ‖w‖

2(q−1)
q+1

L
(q−1)(n+2)

q+1 (QT )

)
, (3.18)}W w = w

q+1
2 . H�I�*

w ∈ Lq(QT ), ∀ q ∈
(
1,
n+ 4

n− 2

)
. (3.19)
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3. L∞ x��Z$(�Q3Qq* (1.1)F4F L∞ x��) (1.1)FKX��o`&b�kyZ

vt −
n∑

i,j=1

∂

∂xj

(aij

∂v

∂xi

+ ajv) = (a2 + b21u− b22v − b23w)v, (3.20)

wt −
n∑

i,j=1

∂

∂xj

(bij
∂w

∂xi

+ bjw) = (a3 + b32v − b33w)w, (3.21)}W
aij = (d2 + α21u+ 2α22v)δij , aj = α21uxj

,

bij = (d3 + α31u+ 2α33w)δij , bj = α31uxj
,

δij 1 Kronecker 
��) [13] N� [18, 181 �] W Theorem 7.1 =~- Neumann �5O'm�#T�|Z�C v F L∞ x����Mm:O'	
1) ‖v‖V 2(QT ) *5�
2)

n∑
i,j=1

aijξiξj ≥ ν
n∑

i=1

ξ2i (ν ZK ?);

3) ‖
n∑

j=1

a2
j , (a2 + b21u− b22v − b23w)v‖Lq,r(QT ) ≤ µ1(µ1 ZK ?). ER q, r gl

1

r
+

n

2q
= 1 − χ, 0 < χ < 1,

q ∈
( n

2(1 − χ)
,∞

)
, r ∈

[ 1

1 − χ
,∞

]
, n ≥ 2.

(3.22)mm�-�MO' 1)–3). 1) 1 (3.16) .�NF� 2) ν = d2 1o�F� 3) Z�	2?F q, r, n
 u2 = (d1 + α11u)u. 1� (3.1) .FN1=*5F��? c1, c2, -C
u2t = (d1 + 2α11u)∆u2 + c1 + c2v. (3.23)V? n = 2, 3, 4, 5 ( n+2

2 <
2(n+1)

n−2 , ) (3.1) � (3.15) NU ∀ q ∈ (n+2
2 ,

2(n+1)
n−2 ), c1 + c2v ∈

Lq(QT ). :1� (3.1) �zh�`&F��x� (% [18,341,342�� Theorem 9.1]), 1=K ? M5, -C
‖u2‖W

2,1
q (QT ) ≤M5. (3.24):)��QQ ([18,80 �],Lemma3.3), ∇u2 ∈ L

(n+2)q
n+2−q (QT ). V ∇u = ∇u2

d1+2α11u
, |

|∇u|2 ∈ L
(n+2)q

2(n+2−q) (QT ). (3.25)�	 q = r = (n+2)q
2(n+2−q) , �O' 3) � (3.22) .gl�.V1=K ? M6, -C

‖v‖L∞(QT ) ≤M6. (3.26)O�I�1=K ?���r M6, -C
‖w‖L∞(QT ) ≤M6. (3.27)
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B�d!h��X�)fY*2I�q}yM2DHK/;��4V� 159i� (3.1), (3.26), (3.27)N�U ∀T > 0, 1=K ? M7, *
‖u‖L∞(QT ), ‖v‖L∞(QT ), ‖w‖L∞(QT ) ≤M7. (3.28)E �a (1.1) F4=���# [0, T ] �1=�� (1.1) 1=JM4�mmMp�:JM4 (u, v, w) 1{OF�) (3.24) � Sobolev ��1� ([18, 80 �],Lemma 3.3) N

∇u2 ∈ Cα, α
2 (QT ),.V u2 ∈ C1+α, 1+α

2 (QT ). V u =
−d1+

√
d2
1+4α11u2

2α11
, |

u ∈ C1+α, 1+α
2 (QT ). (3.29):�B (3.20) � (3.21), )�mFeM�N ‖v‖V 2(QT ) � ‖w‖V 2(QT ) = n = 2, 3, 4, 5 (*5�

(a2 + b21u− b22v − b23w)v, (a3 + b32v − b33w)w ∈ L∞(QT ).r� Schauder x� ([% 18, 204 �], Themrem 10.1), 1= α∗ ∈ (0, 1), -C
v, w ∈ Cα∗, α∗

2 (QT ). (3.30),() (3.29), (3.30) N
(d1 + 2α11u)δij ,−2α11

∂u

∂xi

, (a1 − b11u− b12v)u ∈ Cσ, σ
2 (QT ),ER σ = min {α, α∗}. |U (1.1) WK�o`&$( Schauder x� (% [18, 320 �],

Theorem 5.3), *
u ∈ C2+σ,1+ σ

2 (QT ). (3.31)p
 v2 = (d2 + α21u+ α22v)v, w2 = (d3 + α31u+ α33w)w, �
v2t =(d2 + α21u+ 2α22v)∆v2

+ v(d2 + α21u+ 2α22v)(a2 + b21u− b22v − b23w) + α21vut, (3.32)

w2t =(d3 + α31u+ 2α33w)∆w2

+ w(d3 + α31u+ 2α33w)(a3 + b32v − b33w) + α31wut. (3.33)) (3.29)–(3.31) N`& (3.32) � (3.33) Fl?R9- Cσ, σ
2 (QT ), |FU`& (3.32) �

(3.33) $(8NF Schauder x��C
v2, w2 ∈ C2+σ,1+ σ

2 (QT ). (3.34),)-
v =

−(d2 + α21u) +
√

(d2 + α21u)2 + 4α22v2

2
,

w =
−(d3 + α31u) +

√
(d3 + α31u)2 + 4α33w2

2
,|

v, w ∈ C2+σ,1+ σ
2 (QT ). (3.35)



160 ! % ; � � � 31Ci� (3.31), (3.35)N
u, v, w ∈ C2+σ,1+ σ

2 (QT ).� α ≤ α∗, � σ = min{α, α∗} = α, ��* u, v, w ∈ C2+α,1+ α
2 (QT ), .V (1.1) F4A*/(QsTFK���� α > α∗, � σ = min {α, α∗} < α, ,( (1.1) F4�℄5B/(QsTFK���|�r9��I#�0,��,( u, v, w ∈ C1+α, 1+α

2 (QT ), [fx� (3.31)–(3.35), =* u, v, w ∈ C2+α,1+ α
2 (QT ).`�B α11 = 0 (���O�- (3.12) FH#\?rUO'=F�CO�- (3.13)Fx��V�%mF�℄1�:MpF$��|�:f:�QQ 3.1 FMpX#�/ 1 =(QglQQ 3.1 FO'(�� α12 = α13 = α21 = α23 = 0, �;�O�FMpFNO�-QQ 3.1 F1e�#T�h�I�=}EFÆM
J (1.1) 4F�ob℄*5F αij FO'm��*O�-QQ 3.1 F1e#T�

4 �| Z$p�%��08Gem:
J4F
>(:bQ�	
ut = ∆[(d1 + α11u)u] + (a1 − b11u− b12v)u, (x, t) ∈ Ω × (0,∞),

vt = ∆[(d2 + α21u)v] + (a2 + b21u− b22v − b23w)v, (x, t) ∈ Ω × (0,∞),

wt = ∆[(d3 + α31u)w] + (a3 + b32v − b33w)w, (x, t) ∈ Ω × (0,∞),

∂u

∂ν
=
∂v

∂ν
=
∂w

∂ν
= 0, (x, t) ∈ ∂Ω × (0,∞),

u(x, 0) = u0(x) ≥ 0, v(x, 0) = v0(x) ≥ 0, w(x, 0) = w0(x) ≥ 0, x ∈ Ω.

(4.1)UglQQ 3.1 �K 3 0` 1 WO'F���FpO�Ge�)$<�BN��
a1b22b33 + a1b23b32 + a3b12b23 > a2b12b33,

a1b21b33 + a2b11b33 > a3b11b23,
(4.2)�
J (4.1) 1=Y�FK{ÆL (u, v, w), }W

u =
a1b22b33 + a1b23b32 + a3b12b23 − a2b12b33

b11b22b33 + b11b23b32 + b12b21b33
,

v =
a1b21b33 + a2b11b33 − a3b11b23

b11b22b33 + b11b23b32 + b12b21b33
,

w =
a1b21b32 + a2b11b32 + a3b11b22 + a3b12b21

b11b22b33 + b11b23b32 + b12b21b33
.	 Lyapunov �?�m

H(u, v, w) =

∫

Ω

[(
u− u− u ln

u

u

)
+ λ

(
v − v − v ln

v

v

)
+ ρ

(
w − w − w ln

w

w

)]
dx,}W λ, ρ Z;QK ?�o� H(u, v, w) ≥ 0, � H(u, v, w) = 0 ?�8? u = u, v =

v, w = w. )QQ 3.1 N�? (u, v, w) 1 (1.1) F4( H(u, v, w) U�� t ≥ 0 *���
H(u, v, w) Æ (1.1) F
�?Z

dH(u, v, w)

dt
= −

∫

Ω

[ (d1 + 2α11u)u

u2
|∇u|2 +

λα21v

v
∇u · ∇v +

ρα31w

w
∇u · ∇w
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+
λ(d2 + α21u)v

v2
|∇v|2 +

ρ(d3 + α31u)w

w2
|∇w|2

]
dx

−
∫

Ω

[
b11(u− u)2 + (b12 − b21λ)(u − u)(v − v) + b22λ(v − v)2

+ (b23λ− b32ρ)(v − v)(w − w) + b33ρ(w − w)2
]
dx. (4.3)p=��B2?F λ, ρ, -C�.+TKXo���?KQ��1= ? δ > 0, -C

b11x
2 + (b12 − b21λ)xy + b22λy

2 + (b23λ− b32ρ)yz + b33ρz
2 ≥ 2δ(x2 + y2 + z2). (4.4)`�B

(b11 − 2δ)x2 + (b12 − b21λ)xy +
(b22λ

2
− δ

)
y2 ≥ 0,

(b22λ
2

− δ
)
y2 + (b23λ− b32ρ)yz + (b33ρ− 2δ)z2 ≥ 0

(4.5)gl( (4.4) #T�
(b12 − b21λ)

2 < 4(b11 − 2δ)
(b22λ

2
− δ

)
,

(b23λ− b32ρ)
2 < 4

(b22λ
2

− δ
)
(b33ρ− 2δ)

(4.6)gl( (4.5) #T�	
λ = (b12b21 + b11b22)b

−2
21 , ρ = (b12b21 + b11b22)(b23b32 + b22b33)b

−2
21 b

−2
32 , (4.7)? δ > 0 'bx( (4.6) #T�.V (4.4) #T�VZ- (4.3) +TK�o���?
KQ�R�

4(d1 + 2α11u)(d2 + α21u)(d3 + α31u)u ≥ ρα2
31(d2 + α21u)wu

2 + λα2
21(d3 + α31u)vu

2.Ul (3.1) N�
4d1d2d3u ≥ ρα2

31(d2 + α21M0)wM
2
0 + λα2

21(d3 + α31M0)vM
2
0 (4.8)1�.#TF'bO'�V M0 / d1, d2 � d3 e}�|R� d1, d2 � d3 7��FÆMO' (4.8) gl�E�) (4.2) C

dH(u, v, w)

dt
≤ −2δ

∫

Ω

[
(u− u)2 + (v − v)2 + (w − w)2

]
dx. (4.9)O�- (4.2), )b��b� Hölder �G.N d

dt

∫
Ω

[
(u− u)2 + (v − v)2 + (w −w)2

]
dx �*5��,)�Q 2.4 � (4.9) C

‖u(·, t) − u‖L2(Ω), ‖v(·, t) − v‖L2(Ω), ‖w(·, t) − w‖L2(Ω) −→ 0, t→ ∞.i���Ge�dkCB}-
J (4.1) F�mbQ�1�	}� 4.1 =QQ 3.1 F!�m���* (4.2), (4.8) #T��
J (4.1) F��K4
(u, v, w) j7XBY�FK{ÆL (u, v, w).�� 4.2 �QQ 4.1 FD*O'#T��
J (4.1) �1=a{[K{Æ4�
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Global Existence and Convergence of Classical Solutions for the
Three-Species Food-Chain Model with Cross-Diffusion

WEN Zijuan FU Shengmao

(College of Mathematics and Information Science, Northwest Normal University, Lanzhou 730070)

(E-mail: wzj043527@163.com; fusm@nwnu.edu.cn)

Abstract Using the energy methods and the bootstrap arguments, the global existence
of classical solutions for a Lotka-Volterra food-chain model of three interacting species with
self and cross-population pressure is proved when the space dimension is at most 5. Under
certain conditions for the coefficients of the reaction functions, the convergence of solutions
is established for the system by constructing Lyapunov function.
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