
















V
k

τ τ
τ



φ(�r, t) �r
t

δF/δφ
F(φ) φ

∂φc

∂t
= ∇ ·

∫ t

−∞
M(t− t∗)∇

(
δF(t∗,�r)

δφ

)
dt∗.,

M(t − t∗) = τ−1
R M(0)e[−(t−t∗)/τR]

t∗

t τR

M(0)
t = t∗

τR
∂2φ

∂t2
+

∂φ

∂t
= ∇ ·

[
M(0)∇

(
δF
δφ

)]
.

F(φ) =

∫
d�r

{
λ

2
φ
(
q20 +∇2

)2
φ− aΔB0

φ2

2
+ v

φ4

4

}
, v > 0,

�r a > 0
q0

F λ ΔB0 ∝ −ε ∝ T/Tc−1



Tc T
ΔB0 > 0 φ

�q

t̃ = tM(0)λq60 , ∇̃ = q0∇, φ̃ = φ

√
v

λq40
,

τ = τRM(0)λq60 , ε =
aΔB0

λq40
,

τ
∂2φ

∂t2
+

∂φ

∂t
= ∇2

{[
−ε+

(
1 +∇2

)2]
φ+ φ3

}
.

φ

B



Rp
i (ξ) =

Ni,p(ξ)wi

W (ξ)
,

W (ξ)

W (ξ) =
n∑

i=1

Ni,p(ξ)wi.

wi Ni,p(ξ) B

Ni,0(ξ) =

{
1 ξi ≤ ξ < ξi+1

0 ξ

Ni,p(ξ) =
ξ − ξi

ξi+p − ξi
Ni,p−1(ξ) +

ξi+p+1 − ξ

ξi+p+1 − ξi+1
Ni+1,p−1(ξ) , p > 0.

ξi ∈ R1 i i
i = 1, 2,..., n + p + 1 p

p− 1

τ
∂2φ

∂t2
+

∂φ

∂t
= ∇2μ.

μ

μ(φ) =
δF
δφ

= φ3 + αφ2 + (1− ε)φ+ 2∇2φ+∇4φ,



F [φ,∇φ,∇2φ] =

∫
Ω

[
f(φ)− |∇φ|2 + 1

2
(∇2φ)2

]
�.

f(φ) =
1− ε

2
φ2 +

α

3
φ3 +

1

4
φ4.

Ω ∈ R3

τ J = −∇μ
ε = (Tc−T )/Tc T Tc

α

Ω ]0,T [ φ0 : Ω → R
φ : Ω × [0,T ] → R⎧⎪⎪⎨

⎪⎪⎩
τ
∂2φ

∂t2
+

∂φ

∂t
= ∇2μ Ω×]0,T ],

φ( ,0) = φ0( ) Ω,

X = V(Ω) Y = V(Ω)
w

Ω
φ ∈ X ∀w ∈ Y

B(w,φ) = F (w),

B(w,φ) =

∫
Ω

w

(
τ
∂2φ

∂t2
+

∂φ

∂t

)
dΩ+

∫
Ω

∇w · ∇φF ′′(φ)dΩ−

−
∫
Ω

2∇2w∇2φdΩ+

∫
Ω

∇ (∇2w
) · ∇ (∇2φ

)
dΩ

F (w) = 0.

V = H3 H3



Xh

Yh Xh ⊂ X Yh ⊂ Y
φh ∈ Xh

∀wh ∈ Yh

B(wh,φh) = F (wh),

φh( ,t) =
∑
A∈I

φA(t)NA( ), wh( ) =
∑
A∈I

wANA( ).

NA Ω I

Xh Yh

H3 NA

C2

α

α



φ



Δx = 2 Δx = 5 Δx = 6
Δx = 10



bash−shell





α

C2










