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Abstract: The partial differential equation with constant coefficients can merely

approximately reflect the law of motion of substances. Relatively the partial differential

equation with variable coefficients can reflect the complex movement of substances more

accurately. Therefore, it is more important to study the partial differential equations

with variable coefficients. This paper investigates a class of variable coefficient partial

differential equations. By using Lie symmetry analysis, the symmetries of the equations

are obtained, Then the partial differential equations are reduced to ordinary differential

equations. Moreover, we combine with (G′/G) expansion method and elliptic function

expansion, so exact solutions to the original equation are obtained. Furthermore, the

conservation laws of this kind of variable coefficient differential equations are given.
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du��5 �©�§U
£ãÔn!)Ô!zÆÚ�Æ�+�¥�E,y�, 
�

�5�õ�êÆ!ÔnÚó§¯K�=z���5 �©�§�¦)¯K. Ïd, ïÄ �

©�§k­��¿Â. 
��5 �©�§�°()�±�Ð/)º,
Ôny�. ²Lõ

cïÄ, <�®²JÑNõ1�k���{, 'X²;o+�{[1-3], Hirota V�5�{[4-5],

?�� CK ���z�{[6-7], àg²ï�{[8-10]�. Ù¥o+�{´ïÄ�©�§�kåó

ä��, Ïé�§�o:é¡, d®�))¤#), l
ïá#)ÚÎ)�m�éX. 
�ù

«�{Ø=·^u~Xê�§Ú�§|, 
�·^uCXê�§. �Ä±eCXêo� �

©�§

ut + α(t)upux + βuxxxx = 0, (1)

Ù¥ u = u(x, t), α(t) � t�¼ê, β�?¿~ê, p = 1, 2, 3, · · · . da�§cÙ3ïÄ�5ù

��­G¹Ú)�­½5¥k­��¿Â[11].

�©d±eAÜ©|¤: 1 1 !¦Ñ�§ (1)�o:é¡; 1 2 !, ± p = 3 �~é�

§ (1) ?1�z; 1 3 !, (Ü (G′/G) Ðm{[12-14], �?êÐm{[15-16], �E9Ï�§[17-18]�

�{, é�z��~�©�§¦Ù°(), ?
����§�°(); 1 4 !, �Ñ�§ (1)�

���§ÚÅðÆ[19-21]; 1 5 !, �{�o(.

1 CXêo��©�§�é¡

��§ (1)�üëê�þ|�

V = ξ(x, t, u)
∂

∂x
+ τ(x, t, u)

∂

∂t
+ φ(x, t, u)

∂

∂u
, (2)

Ù¥ ξ(x, t, u), τ(x, t, u), φ(x, t, u) ��½¼ê. e�þ| (2)��§ (1) �o:é¡, K

pr(4)V (∆)|∆=0 = 0, (3)

Ù¥ pr(4)V = V + φt ∂
∂ut

+ φx ∂
∂ux

+ φxxxx ∂
∂uxxxx

, ∆ = ut + α(t)upux + βuxxxx. 7L��I

φt + α′(t)τupux + pα(t)up−1uxφ+ α(t)upφx + βφxxxx = 0, (4)

Ù ¥ X ê ¼ ê �φx = Dxφ − uxDxξ − utDxτ , φt = Dtφ − uxDtξ − utDtτ , φxxxx =

D4
xφ−uxD

4
xξ−4uxxD

3
xξ−4uxxxxDxξ−6uxxxD

2
xξ−utD

4
xτ−4uxtD

3
xτ−4uxxxtDxτ−6uxxtD

2
xτ .

ù pDx, Dt ´ � � © � f. r ù 
 X ê ¼ ê � \ ª (4), d é ¡ ^ � � ± � � '

u ξ(x, t, u), τ(x, t, u), φ(x, t, u) ��§|

u2
xx : φuu = 0,

uxxxx : τx = 0, =⇒ τ = τ(t),

· · ·

upux : pα(t)C4 + [4tα′(t)+3α(t)]C1 + α′(t)C2 = 0. (5)

)±þ�§|�

ξ = C1x+ C3, τ = 4C1t+ C2, φ = C4u, (6)

Ù¥C1, C2, C3, C4 �?¿~ê.
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e¡�âα(t) ��{ØÓ?Ø (5), ���§ (1)�)¤�.

���¹¹¹ (i)

�α′(t) = 0 �, =α(t) = k (k��"~ê),

ξ = C1x+ C3, τ = 4C1t+ C2, φ = −
3

p
u,

K)¤��

V1 =
∂

∂t
+ x

∂

∂x
−

3u

p

∂

∂u
, V2 =

∂

∂t
, V3 =

∂

∂x
. (7)

���¹¹¹ (ii)

(1) � 4tα′(t) + 3α(t) = 0 �, =α(t) = kt−
3

4 (k��"~ê),

ξ = C1x+ C3, τ = 4C1t, φ = 0,

K)¤��

V1 = 4t
∂

∂t
+ x

∂

∂x
, V2 =

∂

∂x
. (8)

(2) � 4tα′(t) + 3α(t) 6= 0 �, ke�A«f�¹.

(a) α′(t) = kpα(t), =α(t) = lekpt (k��"~ê),

ξ = C3, τ = C2, φ = −kC2u,

K)¤��

V1 =
∂

∂t
− ku

∂

∂u
, V2 =

∂

∂x
. (9)

(b) 4tα′(t) + 3α(t) = kα′(t), =α(t) = l(4t− k)−
3

4 (k, l��"~ê),

ξ = C1x+ C3, τ = 4C1t− kC1, φ = 0,

K)¤��

V1 = (4t− k)
∂

∂t
+ x

∂

∂x
, V2 =

∂

∂x
. (10)

(c) 4tα′(t) + 3α(t) = kpα(t), =α(t) = lt
pk−3

4 (k, l��"~ê),

ξ = C1x+ C3, τ = 4C1, φ = −kC1u,

K)¤��

V1 = 4t
∂

∂t
+ x

∂

∂x
− k

∂

∂u
, V2 =

∂

∂x
. (11)

(d) C1 = C2 = C4 = 0, =α(t) �'u t�?¿¼ê. ξ = C3, V = ∂
∂x .

2 CXêo��©�§�é¡�z

c©¥·�®²¦Ñ
�§ (1)�o:é¡,e¡± p = 3 �~, é�§ (1) ?1�z.

2.1 �¹ (i)

�α′(t) = 0 �, =α(t) = k (k��"~ê), �§ (1) òz�~Xêo� �©�§

ut + ku3ux + βuxxxx = 0. (12)
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(a) éu�þ|V1 = ∂
∂t + x ∂

∂x − 3u
p

∂
∂u , éA�+ØC)� u = f(ξ)t−

1

4 , Ù¥ ξ = xt−
1

4 ,

òÙ�\�§ (12), ��z�§�

−
1

4
ξf ′ −

1

4
f + kf3f ′ + βf (4) = 0, (13)

Ù¥ f ′ = df/dξ.

(b) éu�þ|V = V2 + cV3 = ∂t+ c∂x, éA�+ØC)� u = f(ξ), Ù¥ ξ = x − ct,

òÙ�\�§ (12), ��z�§�

−cf ′ + kf3f ′ + βf (4) = 0, (14)

Ù¥ f ′ = df/dξ.

2.2 �¹ (ii)

(1) � 4tα′(t) + 3α(t) = 0 �, =α(t) = kt−
3

4 (k��"~ê), �§ (1) C�

ut + kt−
3

4u3ux + βuxxxx = 0. (15)

éu�þ|V1 = 4t∂t+ x∂x, éA�+ØC)� u = f(ξ), Ù¥ ξ = xt−
1

4 , òÙ�\�

§ (15), ��z�§�

−
1

4
ξf ′ + kf3f + βf (4) = 0, (16)

Ù¥ f ′ = df/dξ.

(2) � 4tα′(t) + 3α(t) 6= 0 �, ke�A«f�¹.

(a) α′(t) = kpα(t), =α(t) = lekpt(k��"~ê), �§ (1) C�

ut + le3ktu3ux + βuxxxx = 0. (17)

éu�þ|V1 = ∂t − ku∂u, éA�+ØC)� u = f(ξ)e−kt, Ù¥ ξ = x, òÙ�\�

§ (17), ��z�§�

kf + lf3f ′ + βf (4) = 0, (18)

Ù¥ f ′ = df/dξ.

(b) 4tα′(t) + 3α(t) = kα′(t), =α(t) = l(4t− k)−
3

4 (k, l��"~ê), �§ (1) C�

ut + l(4t− k)−
3

4u3ux + βuxxxx = 0. (19)

éu�þ|V1 = (4t − k)∂t + x∂x, éA�+ØC)� u = f(ξ), Ù¥ ξ = x(4t − k)−
1

4 ,

òÙ�\�§ (19), ��z�§�

−
1

4
ξf ′ + lf3f + βf (4) = 0, (20)

Ù¥ f ′ = df/dξ. �z���§ (20)Ú�§ (16)/ª�Ó.

(c) 4tα′(t) + 3α(t) = kpα(t), =α(t) = lt
pk−3

4 (k, l��"~ê), �§ (1) C�

ut + lt
3k−3

4 u3ux + βuxxxx = 0. (21)
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éu�þ|V1 = 4t∂t+ x∂x − k∂u, éA�+ØC)� u = f(ξ)t−
k
4 , Ù¥ ξ = xt−

1

4 , ò

Ù�\�§ (21), ��z�§�

−
1

4
ξf ′ −

k

4
f + lf3f + βf (4) = 0, (22)

Ù¥ f ′ = df/dξ.

(d) C1 = C2 = C4 = 0 =α(t) �'u t�?¿�¼ê. �§ (1) �+ØC)� u = f(t),

òÙ�\�§ (1)�f ′(t) = 0. ´��§ (1) �°()� u = C, Ù¥C�?¿~ê.

3 CXêo� �©�§�°()

c©¥, ·�ÏL?Øα(t) �ØÓ�¹, ®²��
�z�§. �!¥, ·�(Üý�

¼êÐm{!(G′/G) Ðm{9�?êÐm{�é�z���§ (13)!(14)!(16)Ú (18) ¦

Ù°(), ?
���§ (1)�°(), �)°(�?êÐm), ý�¼êÐm)9n�¼ê

)�.

3.1 �§ (13) �°()

é�§ (13)È©�g, �

ξf − kf4 − 4βf ′′′ = A0, (23)

Ù¥A0 ´È©~ê. b��§ (23)k±e/ª�)

f(ξ) =

m
∑

n=0

am(ξ)ϕm (a1(ξ) 6= 0), (24)

dàg²ï�n�m = 1, ��§ (24) k±e/ª�), �

f(ξ) = a1(ξ)ϕ + a0(ξ), (25)

Ù¥ϕ´Riccati�§�®�)

ϕ′(ξ) = A+Bϕ(ξ) + Cϕ2(ξ), (26)

Ù¥A = A(ξ), B = B(ξ), C = C(ξ).

rª (25)!(26)�\�§ (23)¥, '�ϕi(i = 0, 1, 2, 3, 4)�Óg�Xê�

a1 = −
3

√

24β

k
C(ξ), a0 = −

3

√

24β

k

(

B(ξ)

2
+

5C′(ξ)

12C(ξ)

)

, A0 = 0.

�λ2 − 4µ > 0 �, �§ (23)�°()�

f1(ξ) = −
3

√

24β

k

[

∆1

2

(

C1 sinh 1
2∆1ξ + C2 cosh 1

2∆1ξ

C1 cosh 1
2∆1ξ + C2 sinh 1

2∆1ξ

)

+
C′

6C
+
B

2

]

,

��§ (12)�°()�

u1(x, t) = −
3

√

24β

k

[

∆1

2

(

C1 sinh 1
2∆1xt

−
1

4 + C2 cosh 1
2∆1xt

−
1

4

C1 cosh 1
2∆1xt−

1

4 + C2 sinh 1
2∆1xt−

1

4

)

+
C′

6C
+
B

2

]

t−
1

4 .

Ù¥∆1 =
√

λ2 − 4µ, C1, C2 þ�?¿~ê, B = B(ξ), C = C(ξ).
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�λ2 − 4µ < 0 �, �§ (23) �°()�

f2(ξ) = −
3

√

24β

k

[

∆2

2

(

−
C1 sin 1

2∆2ξ + C2 cos 1
2∆2ξ

C1 cos 1
2∆2ξ + C2 sin 1

2∆2ξ

)

+
C′

6C
+
B

2

]

,

��§ (12)�°()�

u2(x, t) = −
3

√

24β

k

[

∆2

2

(

−
C1 sin 1

2∆2xt
−

1

4 + C2 cos 1
2∆2xt

−
1

4

C1 cos 1
2∆2xt−

1

4 + C2 sin 1
2∆2xt−

1

4

)

+
C′

6C
+
B

2

]

t−
1

4 .

Ù¥ ∆2 =
√

4µ− λ2, C1, C2 þ�?¿~ê, B = B(ξ), C = C(ξ).

�λ2 − 4µ = 0 �, �§ (23) �°()�

f3(ξ) = −
3

√

24β

k

(

C2

C1 + C2ξ
+
C′

6C
+
B

2

)

,

��§ (12)�°()�

u3(x, t) = −
3

√

24β

k

(

C2

C1 + C2xt−
1

4

+
C′

6C
+
B

2

)

t−
1

4 ,

Ù¥C1, C2 þ�?¿~ê, B = B(ξ), C = C(ξ).

3.2 �§ (14)�°()

é�§ (14)È©�g�

cf −
k

4
f4 − βf ′′′ = B0, (27)

Ù¥B0 �È©~ê. b��§ (27)kXe/ª�)

f(ξ) =

m
∑

n=0

kmϕ
m, (28)

dàg²ï�n�m = 1. ��§ (27)kXe/ª�)

f(ξ) = k1ϕ+ k0, (29)

Ù¥ k1, k0 ��½~ê, ϕ(ξ) ´Riccati�§�®�), �

ϕ′ = A+Bϕ+ Cϕ2, (30)

Ù¥A, B, C ´~ê. rª (29)!(30)�\�§ (27)¥, Â8ϕi (i = 0, 1, 2, 3, 4)���Xê,

¿�-��Xê�", ��'u k1, k0 ��ê�§|, )�§|�

k1 =
3

√

24β

k
C, k0 =

B

2
3

√

24β

k
C, B0 =

(

3B4C4β2

2k
+
A2C2k

2
+
AkCB2

4
−
BC

2

)

3

√

24β

k
.

·��ÑA, B, C �AÏ���), Ù¦�¹�©z [22].

�A = 1
2 , B = 0, C = − 1

2 �,

ϕ1 = coth ξ ± cschξ, ϕ2 = tanh ξ ± sechξ, ϕ3 =
tanh ξ

1 ± sechξ
, ϕ4 =

coth ξ

1 ± cschξ
,
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��§ (27)�)�

f4(ξ) =
1

2
3

√

24β

k
(coth ξ ± cschξ), f5(ξ) =

1

2
3

√

24β

k
(tanh ξ ± sechξ),

f6(ξ) =
1

2
3

√

24β

k

( tanh ξ

1 ± sechξ

)

, f7(ξ) =
1

2
3

√

24β

k

( coth ξ

1 ± cschξ

)

.

éu�§ (14)�)

u4(x, t) =
1

2
3

√

24β

k
[coth(x− ct) ± csch(x− ct)],

/Ï Maple ^�, u4(x, t) �ã�Xã 1¤«.

ã 1 � 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1] �, u4 �V�f)

Fig. 1 When 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1], u4 is double soliton solution

éu�§ (14)�)

u5(x, t) =
1

2
3

√

24β

k
[tanh(x− ct) ± sech(x − ct)] ,

u5(x, t) �ã�Xã 2¤«.

éu�§ (14)�)

u6(x, t) =
1

2
3

√

24β

k

[

tanh(x− ct)

1 ± sech(x − ct)

]

,

u6(x, t) �ã�Xã 3¤«.

éu�§ (14)�)

u7(x, t) =
1

2
3

√

24β

k

[

coth(x− ct)

1 ± csch(x − ct)

]

.

u7(x, t) �ã�Xã 4¤«.
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ã 2 � 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1] �, u5 �]k¸�f)

Fig. 2 When 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1], u5 is concave peak soliton solution

ã 3 � 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1] �, u6 �V�f)

Fig. 3 When 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1], u6 is double soliton solution

3.3 �§ (16) ��?ê)

b��§ (16)kXe/ª��?êÐm)

f(ξ) =

∞
∑

n=0

Cnϕ
n, (31)

rª (31)�\�§ (16)¥, �

l

∞
∑

n=1





n
∑

k=0

k
∑

j=0

j
∑

m=0

(n+ 1 − k)CmCj−mCk−jCn−k



 ξn −
1

4

∞
∑

n=1

nCnξ
n + lC3

0C1

+24βC4 + β

∞
∑

n=1

(n+ 1)(n+ 2)(n+ 3)(n+ 4)Cn+4ξ
n = 0, (32)

'�ª (32)¥�Xê, ��: �n = 0 �, C4 = −
lC3

0
C1

24β ;
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ã 4 � 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1] �, u7 �V�f)

Fig. 4 When 3

q

24β

k
= 2, c = 2, x ∈ [−10, 20], t ∈ [0, 1], u7 is double soliton solution

�n > 1 �,

Cn+4 =
1
4nCn − l

∑n
k=0

∑k
j=0

∑j
m=0 CmCj−mCk−jCn+1−k

β(n+ 1)(n+ 2)(n+ 3)(n+ 4)
, (33)

Ù¥C0, C1, C2, C3 �?¿~ê. d (33)ª��

C5 =
C1 − 8lC3

0C2 + 4lC2
0C

2
1 + 8lC0C

3C1 + 4lC2
0C1C2

480β
.

��§ (16)�)�

f8(ξ) = C0 + C1ξ + C2ξ
2 + C3ξ

3 +

∞
∑

n=0

Cn+4ξ
n+4,

Ïd���§ (15)�°(�?êÐm)�

u8(x, t) = C0 + C1(xt
−

1

4 )C2(xt
−

1

4 )2 + C3(xt
−

1

4 )3 +

∞
∑

n=0

Cn+4(xt
−

1

4 )n+4,

Ù¥C0, C1, C2, C3 �?¿~ê, Cn+4 d (33) ª(½.

3.4 �§ (18) �°()

b��§ (18)kXe/ª� G′

G )

f(ξ) =

m
∑

n=0

αm

(

G′

G

)m

, (34)

Ù¥G = G(ξ), �÷v���5~�©�§

G′′ + λG′ + µG = 0. (35)
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dª (34)Ú (35) �

f (4) = m(m+ 1)(m+ 2)(m+ 3)(m+ 4)αm

(

G′

G

)m+4

+ · · · , (36)

f3 = α3
m

(

G′

G

)3m

+ · · · , (37)

f ′ = −mαm

(

G′

G

)m+1

+ · · · . (38)

rª (34)–(38)�\�§ (18), ²ï�p��ê� f (4) Ú�p���5� f3f ′ �gê, �m =

1, ��§ (18)kXe/ª�)

f(ξ) = α1

(

G′

G

)

+ α0, (39)

rª (35)–(39)�\�§ (18)¥, �-ª¥ (G
′

G )i(i = 0, 1, 2, 3, 4, 5)���Xê�", ��'

uα0, α1 ��½�§|, )�§|�

α1 =
2 3

√

3βl2

l
, α0 =

λ 3

√

3βl2

l
.

�λ2 − 4µ > 0 �, �§ (18) �°()�

f9(ξ) =
3

√

3βl2
√

λ2 − 4µ

l

(

C1 sinh 1
2

√

λ2 − 4µξ + C2 cosh 1
2

√

λ2 − 4µξ

C1 cosh 1
2

√

λ2 − 4µξ + C2 sinh 1
2

√

λ2 − 4µξ

)

,

��§ (17)�°()�

u9(x, t) =
3

√

3βl2
√

λ2 − 4µ

l

(

C1 sinh 1
2

√

λ2 − 4µx+ C2 cosh 1
2

√

λ2 − 4µx

C1 cosh 1
2

√

λ2 − 4µx+ C2 sinh 1
2

√

λ2 − 4µx

)

e−kt,

�λ2 − 4µ < 0 �, �§ (18) �°()�

f10(ξ) =
3

√

3βl2
√

4µ− λ2

l

(

−C1 sin 1
2

√

4µ− λ2ξ + C2 cos 1
2

√

4µ− λ2ξ

C1 cos 1
2

√

4µ− λ2ξ + C2 sin 1
2

√

4µ− λ2ξ

)

,

��§ (17)�°()�

u10(x, t) =
3

√

3βl2
√

4µ− λ2

l

(

−C1 sin 1
2

√

4µ− λ2x+ C2 cos 1
2

√

4µ− λ2x

C1 cos 1
2

√

4µ− λ2x+ C2 sin 1
2

√

4µ− λ2x

)

e−kt,

�λ2 − 4µ = 0 �, �§ (18) �°()�

f11(ξ) =
2 3

√

3βl2C2

l(C1 + C2ξ)
,

���§ (17)�°()�

u11(x, t) =
2 3

√

3βl2C2e
−kt

l(C1 + C2x)
,

Ù¥C1, C2 þ�~ê.
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4 CXêo��©�§����§ÚÅðÆ

3ù�Ü©, ·�ò�Ñ�§ (1)����§ÚÅðÆ.

�§ (1) ����§�

F ∗ = vt + α(t)upvx − βvxxxx = 0, (40)

� v = ψ(x, t, u), �ψ(x, t, u) 6= 0. �â Ibragimov�Ñ�½Â

F ∗ |v=ψ= λ(x, t, u, · · · )F, (41)

Ù¥F = ut + α(t)upux + βuxxxx = 0. rª (40)!(41)\�§ (1), �

ψt + βψxxxx + (ψu + λ)ut + α(t)upψx − 4βψuxxxux − 6βψuuxxu
2
x − 6βψuxxuxx

−4βψuuuxu
3
x + 12βψuuxuxuxx − βψuuuuu

4
x − 6βψuuuu

2
xuxx − 4βψuxuxxx

−4βψuuuxuxxx + β(λ− ψu)uxxxx − 3βψuuu
2
xx + α(t)λupux = 0.

'� ux, ut, u
2
x, · · · �Xê�, ψ = ρ, Ù¥ ρ��"~ê.

L = v(ut + α(t)upux + βuxxxx),

|^ Ibragimov�Ñ�(Ø, Åð�þ�

Ci = ξiL+Wα

[

∂L

∂uαi
−DiDkDm

(

∂L

∂uαijkm

)]

+Di(W
α)

[

DkDm

(

∂L

∂uαijkm

)]

+DjDk(W
α)

[

−Dm

(

∂L

∂uαijkm

)]

+DjDkDm(Wα)
∂L

∂uαijkm
, (42)

Ù¥Wα = ηα − ξjuαj .

�â Ibragimov�Ñ�(Ø, �Ñ�þ|�Ïª

V = ξ1(x, t, u)
∂

∂t
+ ξ2(x, t, u)

∂

∂x
+ φ

∂

∂u
,

@o�§ (1) �ÅðÆdeªû½

Dt(C
1) +Dx(C

2) = 0,

�þ|C = (C1, C2) deªû½

C1 = ξ1L+W

(

∂L

∂ut

)

, (43)

C2 = ξ2L+W

[

∂L

∂ux
−Dxxx

(

∂L

∂uxxxx

)]

+Dx(W )

[

Dxx

(

∂L

∂uxxxx

)]

+Dxx

[

−Dx

(

∂L

∂uxxxx

)]

+Dxxx
∂L

∂uxxxx
. (44)
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±e¡�¹ (i)Ú�¹ (ii) �~, �©O¦ÑwªÅðÆ.

���¹¹¹ (i)

�Ä�§ (12), éu�þ|

V1 = 4t
∂

∂t
+ x

∂

∂x
− u

∂

∂u
,

kW = −(u+ 4tut + xux),

C1 = ξ1L+W

(

∂L

∂ut

)

= ρ(4ktu3ux + 4βtuxxxx − xux), (45)

C2 = ξ2L+W

[

∂L

∂ux
−Dxxx

(

∂L

∂uxxxx

)]

+Dx(W )

[

Dxx

(

∂L

∂uxxxx

)]

= ρ(xut − ku4 − 4ktu3ut − 4βuxxx − 4βtuxxxt). (46)

���¹¹¹ (ii)

�Ä�§ (17), éu�þ|

V1 =
∂

∂t
− ku

∂

∂u
,

kW = −(ku+ ut),

C1 = ξ1L+W

(

∂L

∂ut

)

= ρ(le3ktu3ux + βuxxxx − ku), (47)

C2 = ξ2L+W

[

∂L

∂ux
−Dxxx

(

∂L

∂uxxxx

)]

+Dx(W )

[

Dxx

(

∂L

∂uxxxx

)]

= − ρ(kle3ktu4 + le3ktu3ut + kβuxxx + βuxxxt). (48)

±þÅð�þC = (C1, C2) �¹
���§ (40)�?¿) ρ, Ïd�Ñ
�§�Ã¡õ�Å

ðÆ.

5 ( Ø

�©$^o+©ÛïÄ
�aCXêo� �©�§, rE,� �©�§�z¤~

�©�§, ÏL¦~�©�§�°(), ����§�°(), �)n�¼ê), �?êÐm

), ý�¼ê)�. ?
�±ïá#)ÚÎ)�m�'X, U�Ð/)ºE,�Ôny�. o

+´ïÄ�©�§�kåóä��, ÃØ´ïÄ~Xê �©�§�´CXê �©�§,

Ñäk2��A^. ,	, ·��Ñ
o�CXê�§����§ÚwªÅðÆ.
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