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1 Ú ó

©lCþ{3 �©�§��zÚ¦)��
¡åX­��^, §´ïÄ�5�§~^�k�Ã
ã��. A�c5, 'u��5 �©�§�ïÄ,

�Ñy
eZ©lCþ{, Ù¥�)�© Stäckel

Ý
{!AÛ�{!/ª©lCþ{!õ�5©
lCþ{!�¼©lCþ{Ú�ê�'�¼©l
Cþ{�. ù
�{�2�$^ [1−12], ´LÚÿÐ

��5êÆÔn�{.

,��¡, Nõ5gÔnÆ!åÆÚ�íÄ
åÆ�Æ�¥�6u�ëê���5�§ (½¡
�6Ä�§) Úå<��'5. Baikov � [13] 3ù
���ÇkïÄ
6Ä�§�Cq Lie :é¡!
Cq Bäcklund C�ÚCqÅðÆ�. d�, é6
ÄXÚ�ïÄC�FÃ¹�. 8c, ïÄ6Ä�§
®kØ��{, XCq Lie é¡�{!Cq^�é
¡�{!Cq³é¡�{!Cq2Â^�é¡�
{!ÓÔN�{Ú6Ä�§Ð�¯K�é¡�z
{� [14−22].

,
, �8ÿ���é6Ä�§��¼©lC
þ¯K�ïÄ. �©JÑCq�¼©lCþ{nØ,

,�A^u�k6Ä��5
�õ�0��§

ut = (A(u)un
x)x + εF (u) (n 6= 1).

�ÑTa�§NNCq�¼©lCþ)���©
a, ¦Ñ©a�§�Cq�¼©lCþ).

2 Cqé¡nØÚCq�¼©lCþ

� [E] ´���k�ëê ε � k ��©XÚ,

ëê ε 6Ä����, =

Eβ(x, u, u(1), · · · , u(k); ε)

≡ Eβ
0 (x, u, u(1), · · · , u(k))

+εEβ
1 (x, u, u(1), · · · , u(k))

= 0 (β = 1, 2, · · · , q), (1)

Ù¥ x = (x1, x2, · · · , xn), u = (u1, u2, · · · , um),

Eβ
i (i = 0, 1) ´�'Cþ�1w¼ê, u(i) (i =

1, · · · , k) L«¤k i � �ê. 'u xi ���ê�
fL«�

Di =
∂

∂xi
+ uα

i

∂

∂uα

+uα
ij

∂

∂uα
j

+ · · · (i = 1, 2, · · · , n).
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½Â 1 XJ

χ[k](Eβ)|[W ]
∩

[E] = O(ε2), (2)

K�f

χ =
n∑

i=1

ξi(x, u, u(1), · · · , u(k); ε)
∂

∂xi

+
m∑

α=1

ηα(x, u, u(1), · · · , u(k); ε)
∂

∂uα
(3)

¡�XÚ (1) ���Cq2Â^�é¡. ùp

χ = X0 + εX1,

χ[k] = X
[k]
0 + εX

[k]
1 ,

(4)

Ù¥ Xb(b = 0, 1) �2Â^�é¡,

Xb = ξi
b

∂

∂xi
+ ηα

b

∂

∂uα
,

X
[k]
b = Xb + ζα

b,i

∂

∂uα
i

+ ζα
b,i1i2

∂

∂uα
i1i2

(5)

+ · · · + ζα
b,i1i2···ik

∂

∂uα
i1i2···ik

.

ùp ξi
b Ú ηα

b þ� (x, u, u(1), · · · , u(k)) �¼ê, �

ζα
b,i1i2···is

= Di1Di2 · · ·Dis(W
α
b )

+ξj
bu

α
ji1i2···is

(s = 1, 2, · · · , n), (6)

Ù¥ Wα
b ¡�A�I, ½Â�

Wα
b = ηα

b − ξj
bu

α
j (α = 1, 2, · · · ,m). (7)

d	, 3 (2) ª¥, [W ] L«ØC­¡^�9Ù��
�ê, =

Wα
0 + εWα

1 = (ηα
0 − ξi

0u
α
i ) + ε(ηα

1 − ξi
1u

α
i )

= O(ε2), (8)

∂i1 · · · ∂is(W
α
0 + εWα

1 ) = O(ε2), (9)

Ù¥ ∂is
= ∂/∂xis(is = 1, 2, · · · , n). [E] ´6ÄX

Ú (1) �)6/.

b�XÚ (1) NN��Cq2Â^�é¡ χ,

) u ÷ v [W ]
∩

[E], K 3 d χ � ) � ü ë ê
f+e,

u ≈ Uα
0 + εUα

1 (10)

´XÚ (1) ���CqØC). ÏLéá¦)ØC
­¡^� (8), (9) ªÚXÚ (1) B�(½Cq).

AO/, éu6Ä� (1 + 1) ���5üz�
§, k½Â 2.

½Â 2 éuüz�þ|

V = η
∂

∂u
≡ η(x, t, u; ε)

∂

∂u
(11)

Ú6Ä��5üz�§

ut = K(x, t, u; ε), (12)

XJ

V (k)(ut − K(x, t, u; ε))|[W ]
∩

[E] = O(ε2), (13)

K¡ (11) ª��§ (12) ���Cq2Â^�é¡.

ùp V (k) L« (11) ª� k �ò�(�, K Ú η ´ x,

t, u, ux, uxx, · · · ���¼ê, [W ] ´ η = O(ε2)

9Ù'u x �¤k��ê8Ü, = Di
xη = O(ε2)

(i = 0, 1, 2, · · · ).
·K 1 XJ�3��¼ê S = S(x, t, u, η),

¦�
∂η

∂t
+ [K, η] = S(x, t, u, η) + O(ε2),

S(x, t, u,O(ε2)) = O(ε2),

(14)

K�§ (12) NN��Cq2Â^�é¡ (11) ª.

ùp [K, η] = η′K − K ′η, Ù¥ η′K, K ′η ©OL«
÷ K, η ��� Fréchet �ê; S(x, t, u, η) ´ x, t, u,

u1, · · · , η, Dxη, D2
xη, · · · �)Û¼ê.

l (14) ª�±�Ñ, ��=�

Dtη|[W ]
∩

[E] = O(ε2), (15)

�§ (12) NNCq2Â^�é¡ (11) ª.

½Â 3 XJ�3¼ê f , g, ψ, φ, ω Ú θ ÷v

f(u) + εg(u) = ψ(x) + φ(t)

+ε(ω(x) + θ(t)) + O(ε2), (16)

K¡ u = u(x, t; ε) ��§ (12) �Cq�¼©lC
þ).

�
Lã{', d?6P f ≡ f(u), g ≡ g(u).

b½ |εf ′/g′| < 1, é (16) ªüà'u x, t ?1�
©, �ÓØ± g′ + εf ′, ,�U ε ��?êÐm, ��

uxt +

[
(ln(f ′))′ + ε

(
g′

f ′

)′
]

uxut = O(ε2), (17)

Ù¥¼ê�þI§ÒL«é u ¦�ê. u´, ·�
ke¡�(Ø.

½n 1 ��=�NNCq2Â^�é¡

V = η
∂

∂u

≡ (uxt + (p(u) + εq(u))uxut)
∂

∂u
, (18)

� § (12) k / X (16) ª � C q � ¼ © l C þ
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).ùp

p(u) = (ln(f ′))′,

q(u) =
(

g′

f ′

)′

.

(19)

�
äN`²Cq�¼©lCþ{, ±eÌ�
?Ø�k6Ä��5
� (1 + 1) �õ�0��§

ut = (A(u)un
x)x + εF (u) (n 6= 1), (20)

Ù¥ A(u) Ú F (u) Ñ´ u ��"�½¼ê, ε ´
�ëê. Äk, ·�é�§ (20) NNCq2Â^
�é¡

η = uxt + (p(u) + εq(u))uxut (21)

?1��©a; Ùg, ÏL~f�Ñ�E©a½n
¥¤��§�Cq�¼©lCþ)�Ì�Ú½.

y3|^©z [17] ¥JÑ�Cq2Â^�é
¡�{, (Ü��Cq2Â^�é¡ (21) ª, é
�§ (20) ?1��©a. dCq2Â^�é¡^
� (15) ª, ÏL��O���, ��=�

Dtη|[W ]
∩

[E] = ε
[
Ω0u

3n−1
x u2

xx

+(Ω1u
3n+1
x + Ω2u

2n
x )uxx

+Ω3u
3n+3
x + Ω4u

2n+2
x

]
+Λ0u

3n−1
x u2

xx + Λ1u
3n+1
x uxx

+Λ2u
3n+3
x

= O(ε2), (22)

���§ (20) NN��Cq2Â^�é¡ (21) ª.

ùp Ωi ≡ Ωi(u), Λj ≡ Λj(u)(i = 0, 1, · · · , 4; j =

0, 1, 2) d¼ê A(u), F (u), p(u), q(u) 9Ù'u u �
�ê�¤. (22) ª�©)�eã�½�§|:

Ω0 = −n(2n + 1)qA2A′ − 2n3(q′ − 2pq)A3

= O(ε), (23)

Ω1 = −nqA2A′′ − (3n + 1)qA(A′)2

−2n(2nq′ + (1 − 4n)pq)A2A′

−n2(q′′ − 2(pq′ + p′q))A3

= O(ε), (24)

Ω2 = (2n + 1)F (AA′′ − (A′)2)

−(nF ′ + (3n + 1)pF )AA′

+n[F ′′ + npF ′ + ((1 − 2n)p′

+(3n − 1)p2)F ]

= O(ε), (25)

Ω3 = −qAA′A′′ − q(A′)3

−2(nq′ + (1 − 2n)pq)A(A′)2

+(2(pq′ + p′q) − q′′)A2A′

= O(ε), (26)

Ω4 = FAA′′′ − (pA + A′)FA′′ − (F ′ + 2pF )(A′)2

+(2pp′ − p′′)FA2

+[F ′′ + npF ′ + ((1 − 2n)p′

+(3n − 2)p2)F ]AA′

= O(ε), (27)

Λ0 = n(2n + 1)A(AA′′ − (A′)2 − pAA′)

+2n3(p2 − p′)A3

= O(ε2), (28)

Λ1 = nA2A′′′ + ((n + 1)A′ − npA)AA′′

− ((2n + 1)A′ + (3n + 1)pA) (A′)2

+(4n(p2 − p′) − p2)A2A′ + n2(2pp′ − p′′)A3

= O(ε2), (29)

Λ2 = AA′A′′′ − (pA + A′)A′A′′

−[pA′ − (2n(p2 − p′) − p2)A](A′)2

+n(2pp′ − p′′)A2A′

= O(ε2). (30)

Ù¥þI§ÒL«é u ��A��ê.

Ï L ¦ ) ' u � � ¼ ê A(u), F (u), p(u)

Ú q(u) ��½�§| (23)—(30), �ª�¼��
§ (20) NNCq2Â^�é¡ (21) ª, =äk/
X (16) ª�Cq�¼©lCþ)���©a.

½n 2 � A(u)F (u) 6= 0, e6Ä�§

ut = (A(u)un
x)x + εF (u) (n 6= 1) (31)

�due¡Ê«�/��¥��§, Käk/
X (16) ª�Cq�¼©lCþ).

�/ 1

ut = c1u
− 6n2

4n+1 un−1
x uxx

−c1
6n

4n + 1
u− 6n2

4n+1−1un+1
x

+ε(c2u + c3u
−n(2n−1)

4n+1 ), (32)

η = uxt + (−u−1 + εc4u
− 2n−1

4n+1 )uxut

= O(ε2) (c4 6= 0). (33)

�/ 2

ut = c1nuαun−1
x uxx + c1αuα−1un+1

x
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+ε(c2u + c3u
α+n)(

α 6= − 6n

4n + 1
, 0

)
, (34)

η = uxt − u−1uxut

= O(ε2). (35)

�/ 3

ut = c1nun−1
x uxx + ε(c2u + c3u

n), (36)

η = uxt + (−u−1 + εc4u
−2)uxut

= O(ε2). (37)

�/ 4

ut = c1nun−1
x uxx + ε(c2u + c3), (38)

η = uxt + εc4uxut

= O(ε2) (c4 6= 0). (39)

�/ 5

ut = (A(u)un
x)x + εF (u), (40)

η = uxt + p(u)uxut

= O(ε2). (41)

A(u), F (u) Ú p(u) ÷v

p′ − p2 + c1A = 0, (42)

(2n + 1)(AA′′ − (A′ + pA)A′)

−2n2(p′ − p2)A2

= 0, (43)

AF ′′ + (npA − A′)F ′

+(p′A + nAp2 − Ap2 − pA′)F

= 0. (44)

ùp ci(i = 1, 2, 3, 4) �?¿~ê, c1(|c2|+|c3|) 6= 0.

3 Cq�¼©lCþ)

ÏL±eÚ½�±ïá½n 2 ¥¤��§�
Cq�¼©lCþ): Äk, l½n 2 �/��
¥ η �L«ª (=��Cq2Â^�é¡) � (21)

ª�'��� p(u) Ú q(u) ��, �\ (19) ª�(
½ f(u) Ú g(u) �L�ª; Ùg, r u = u0 + εu1

�\½n 2 T�/�A�§ÚéA� (16) ª, þ
Ðm� ε ��?ê, �3 ε ���Cq, ���
�(½�§|, /Ï©lCþ{��¹k��¼
ê ψ(x), φ(t), ω(x) Ú θ(t) �~�©�§|, ±(½
¼ê ψ(x), φ(t), ω(x) Ú θ(t); ��, òþã(J�

\ (16) ª¿¦) u, �¼���§�Cq�¼©l
Cþ)�wªL«.

e¡Þ~`²¦)Ú½.

�~ 1 �§ (36) �Cq�¼©lCþ).

Äk, ��lCq2Â^�é¡ (37) ªwÑ

p(u) = −u−1,

q(u) = c4u
−2.

(45)

r (45) ª�\ (19) ª, )�

f(u) = s2 ln(u) + s1,

g(u) = s3 ln(u) + c4s2u
−1 + s4,

(46)

Ù¥ si(i = 1, 2, 3, 4) �?¿~ê, � s2s3 6= 0. 2
r (46) ª�\ (16) ª, �

s2 ln(u) + s1 + ε(s3 ln(u) + c4s2u
−1 + s4)

= ψ(x) + φ(t) + ε(ω(x) + θ(t)) + O(ε2). (47)

Ùg, r u = u0 + εu1 �\�§ (36) Ú (47) ª,

¿Ðm¤ ε ��?ê, '��ªüà ε0 Ú ε1 �X
ê, ��e�'Xª:

u0t − c1nun−1
0x u0xx = 0, (48)

u1t − c1nun−1
0x u1xx

−c1n(n − 1)u1xun−2
0x u0xx

−c3u
n
0 − c2u0 = 0, (49)

s2 ln(u0) + s1 − ψ(x) − φ(t) = 0, (50)

(s3 ln(u0) − ω(x) − θ(t) + s4)u0

+s2(u1 + c4) = 0. (51)

l (50) Ú (51) ª¥)Ñ u0 Ú u1, 2r§��
\ (48) Ú (49) ª, ,Ï©lCþ{, ��e�^±
(½ ψ(x), φ(t), ω(x) Ú θ(t) �~�©�§|:

c1ns1−n
2 (ψ′(x))n−1 (s2ψ

′′(x)

+(ψ′(x))2
)
exp

(
(n − 1)(ψ(x) − s1)

s2

)
= µ, (52)

s2φ
′(t) exp

(
(1 − n)φ(t)

s2

)
= µ, (53)

s4
2

[
c1ns−2−n

2 (ψ′(x))n
(
s2
2ω

′′(x) + 2s2ω
′(x)ψ′(x)

−s3(ψ′(x))2
)

+ c3ψ
′(x)

]
× exp

(
(n − 1)(ψ(x) − s1)

s2

)
+ [µ(s2(ω(x) − s4) − s3(ψ(x)

+s2 − s1))(n − 1) + ν]ψ′(x)

+(n − 1)µs2
2ω

′(x) = 0, (54)
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s3
2 (θ′(t) − c2s2) exp

(
(1 − n)φ(t)

s2

)
−(n − 1)µ (s2θ(t) − s3φ(t)) + ν = 0, (55)

Ù¥ µ, ν ´?¿~ê, � µ 6= 0.

¦)þã�§| (52)—(55), �� ψ(x), φ(t),

ω(x) Ú θ(t) ÷v∫ ψ(x)

s
1−n
1+n

2

[
(n + 1)(2c1n)−1µ

×
(

exp
(

2ξ − k3s2

s2

)
− 1

)]− 1
n+1

× exp
(

(n + 1)ξ + s1(1 − n) − k3s2

s2(n + 1)

)
dξ

= x + k4,

φ(t) =
s2

n − 1
ln

[
s2
2

µ(1 − n)(t + k1)

]
,

s4
2

[
c1ns−2−n

2 (ψ′(x))n
(
s2
2ω

′′(x)

+2s2ω
′(x)ψ′(x) − s3(ψ′(x))2

)
+ c3ψ

′(x)
]

× exp
(

(n − 1)(ψ(x) − s1)
s2

)
+[µ(s2(ω(x) − s4) − s3(ψ(x)

+s2 − s1))(n − 1) + ν]ψ′(x)

+(n − 1)µs2
2ω

′(x)

= 0,

θ(t) =
[
2−1c2s2t

2 + (c2k1s2 + (ν + µs2s3)

× ((n − 1)µs2)−1
)
t + k1s3(n − 1)−1 + k2

]
×(t + k1)−1 +

s3

n − 1
ln

[
s2
2

µ(1 − n)(t + k1)

]
,

Ù¥ ki(i = 1, 2, 3, 4) ´?¿~ê.

� �, r � � � ψ(x), φ(t), ω(x) Ú θ(t) �
\ (50) Ú (51) ª, l ¥ ) Ñ u0 Ú u1, u ´ ·
� � � 
 é A u (16) ª � C q � ¼ © l C þ
) u = u0 + εu1. b½ ψ′(x)φ′(t)ω′(x)θ′(t) 6= 0,

±BüØCq�¼©lCþ)�²�/ª.

aq/, A^þãCq�¼©lCþ{���
e¡~f¥�A�(J.

�~ 2 �§ (32) k÷v/X (16) ª�Cq
�¼©lCþ), Ù¥

f(u) = h2 ln(u) + h1,

g(u) = h3 ln(u) +
1
4

(
4n + 1
n + 1

)2

c4h2u
2(n+1)
4n+1 + h4.

ψ(x), φ(t), ω(x) Ú θ(t) A÷v[
2c1h

1−n
2 (ψ′(x))n+1

× exp
(

(n + 1)(1 − 2n)(ψ(x) − h1)
(4n + 1)h2

)
−(4n + 1)σ exp

(
2(n + 1)(ψ(x) − h1)

(4n + 1)h2

)]

×(4n + 1)

2(n + 1)
4n + 1 + β = 0,

φ(t) = −Qh2 ln
[

Qh2
2

σ(t + m1)

]
,

c1h
2−n
2 K(x)

[
h2

2(4n + 1)ω′′(x)

−(2n − 1)ψ(x)(2h2ω
′(x) − h3ψ(x))]

+(4n + 1)
[
c3h

4
2H(x) + σQ−1 (h3(ψ(x) − h1)

−h2(ω(x) − h4))]ψ′(x)

+σh2(n − 1)(4n + 1)(h2ω
′(x)

−h3ψ
′(x)) + R−1γ

= 0,

θ(t) =
3
4
βc4h2σ

−1(2n + 3)−1(n + 1)−2

×(4n + 1)
1−2n
4n+1 (G(t))

−2
2n+1 + Qh3 ln(G(t))

+
[(

2−1c2h2(t + 2m1)

−Qγ(σRh2(4n + 1))−1
)
t

+m2] (t + m1)−1 − Qh3.

ùp¼ê

K(x) = H(x)(ψ′(x))n,

H(x) = exp(
h1 − ψ(x)

Qh2
),

G(t) =
Qh2

2

σ(t + m1)
,

¿�

Q =
4n + 1

(n + 1)(2n + 1)
,

R = 4c
1/(1−2n)
1 (n + 1)2

×[66n2
n2n(12n2+4n+1)

×(4n + 1)2(5n2−2n−1)]1/((2n−1)(4n+1)).

β, γ, σ, mi, hj(i = 1, 2; j = 1, 2, 3, 4) ´?¿~ê,

� σh2 6= 0.

�~ 3 �§ (34) k÷v/X (16) ª�Cq
�¼©lCþ), Ù¥

f(u) = b2 ln(u) + b1,

g(u) = b4 ln(u) + b3.

(Þ) � α 6= − 6n

4n + 1
, 0, 1 − n �, ψ(x), φ(t),

080202-5
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ω(x) Ú θ(t) A÷v

c1b
1−n
2 (ψ′(x))n−1 (nb2ψ

′′(x)

+N(ψ′(x))2
)
exp

(
M(ψ(x) − b1)

b2

)
+ ρ

= 0,

φ(t) =
b2

M
ln

[
b2
2

ρM(t + a1)

]
,

b4
2

[
c1b

−n−2
2 (ψ′(x))n

(
nb2

2ω
′′(x)

+Nψ′(x)(2b2ω
′(x) − b4ψ

′(x)))

+c3ψ
′(x)]

× exp
(

M(ψ(x) − b1)
b2

)
− [ρM(b2(ω(x) − b3) − b4(ψ(x) − b1))

+ρb2b4(n − 1) − l]

×ψ′(x) − (n − 1)ρb2
2ω

′(x)

= 0,

θ(t) =
[
2−1b2c2t

2 + (b2c2a1

+(b2b4ρ + l)(b2ρM)−1
)
t

+b4a1M
−1 + a2

]
×(t + a1)−1 +

b4

M
ln

[
b2
2

ρM(t + a1)

]
,

Ù¥ M = N − 1, N = α + n.

(ß) � α = 1 − n �, ψ(x), φ(t), ω(x) Ú θ(t)

A÷v

c1b
1−n
2 (ψ′(x))n−1[b2nψ′′(x) + (ψ′(x))2] + ρ

= 0,

φ(t) = −b−1
2 ρt + v1,

c1b
2−n
2 (ψ′(x))n

(
b2
2nω′′(x) + 2b2ψ

′(x)ω′(x)

−b4(ψ′(x))2
)
− b2

2ρ(n − 1)ω′(x)

−b2(b4ρ − c3b
3
2 − b4nρ − l)ψ′(x)

= 0,

θ(t) = (b2c2 + b−3
2 l)t + v2,

Ù¥ ρ, l, ai, vi, bj(i = 1, 2; j = 1, 2, 3, 4) ´?¿~
ê, � ρb2b4 6= 0.

�~ 4 �§ (38) k÷v/X (16) ª�Cq
�¼©lCþ), Ù¥

f(u) = r2u + r1,

g(u) =
1
2
c4r2u

2

+(c4r1 + r3)u + r4.

ψ(x), φ(t), ω(x) Ú θ(t) A÷v

ψ(x) = n(n + 1)−1(r2)
1−

1
n

(kc−1
1 )

1
n (x + l3)

1+
1
n + l4,

φ(t) = kt + l1,

c1n(ψ′(x))n(r2ω
′′(x) − c4(ψ′(x))2)

−(kc4(n − 1) − c2r2)rn−1
2 ψ(x)ψ′(x)

+krn
2 (n − 1)ω′(x) − (b − c3r

2
2

+c2r1r2 + kr3(n − 1))rn−1
2 ψ′(x)

= 0,

θ(t) = 2−1k(c2 − c4kr−1
2 (n − 1))t2

+
[
(b − c4l1k(n − 1)) r−1

2 + c2l1
]
t

+l2,

Ù ¥ b, k, ri, li(i = 1, 2, 3, 4) ´ ? ¿ ~ ê,

�kr2 6= 0.

4 ( Ø

�©ïá
¦)6Ä��5üz�§�Cq
�¼©lCþ{, �Ñ
�k6Ä��5
�õ�
0��§NN/X (16) ª�Cq�¼©lCþ)
���©a. ÏL~f�ã
�ECq�¼©lC
þ)�Ì�Ú½, ¼�
©a�§�Cq�¼©l
Cþ). 3,«§Ýþ, Cq�¼©lCþ{´L

��5êÆÔn�{, r?
6ÄnØÚé¡n
Ø�?�Ú(Ü. T�{��^uÏ¦Ù¦a.�
6Ä��5üz�§��«/ª�Cq�¼©l
Cþ), ����
Ù¦�{Ã{¼��(J.
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Approximate functional variable separation for the
porous medium equation with perturbed

nonlinear source∗
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Abstract

The approximate functional variable separation for the porous medium equation with perturbed nonlinear source is studied.

Complete classification of the perturbed equation which admits approximate functional separable solutions is obtained. The main

solving procedure for the approximate functional variable separation approach is shown by way of examples, and the corresponding

approximate functional separable solutions to the resulting equations are then constructed.

Keywords: porous medium equation, approximate generalized conditional symmetry, approximate functional vari-
able separation approach
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