


Pi

∇c ≈
1

|Pi|

∫
Pi

∇c dx



∂u

∂t
− c△u = 0 ∀(t, x) ∈ [0, T ] × Ω·

Ω R
3 u(·, ·) c

u(0, x) = u0(x) ∀x ∈ Ω , u(t, x) = ub(t, x) ∀(t, x) ∈ [0, T ]× ∂Ω·

u0(·) ub(·, ·)

Ω
Mi

u(t, .)

u0
i △t = T

N
N

tn = n△t Mi

tn un
i

[tn, tn+1]×Mi

(un+1

i − un
i )|Mi| − c△t

∑
σij∈∂Mi

∫
σij

(∇un+1 · nij) dΓ = 0·

σij nij |Mi| Mi Mj

Mi Mi

σij Xi

Xj ΦD =
∫

σij
(∇u ·

nij) dΓ



ΦD

−−−→
XiXj

−−−→
XaXb

−−−→
XcXd Xa Xb Xc Xd

Xa = X3+X6

2
Xb = X4+X5

2
Xc = X9+X10

2
Xd = X7+X8

2

∇u · nij ≈
uj − ui

Di.2

[P−1]1 · nij +
ua − ub

Da.b

[P−1]2 · nij +
uc − ud

Dc.d

[P−1]3 · nij

ua ub uc ud

ua = u3+u6

2
ub = u4+u5

2
uc = u9+u10

2
ud = u7+u8

2

P (
−−−→
XiXj ,

−−−→
XaXb,

−−−→
XcXd)

P [P−1]j
jieme

P
−1 Di.j = d(Xi,Xj) Da.b = d(Xa,Xb)

Dc.d = d(Xc,Xd)

[P−1]1 · nij = 1
[P−1]2 · nij = [P−1]3 · nij = 0



Ω = [0, L]× [0, L]× [0, L] ∂Ω

Γ1 =
{

x = 0, (y, z) ∈ R
2
}

Γ2 =
{

x = L, (y, z) ∈ R
2
}

Γ3 = ∂Ω \ Γ1 ∪ Γ2
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>

<

>

>

>

:

ρCv

∂u

∂t
− k△u = 0

u(x = 0, y, z, t) = u1 Γ1

u(x = L, y, z, t) = u2 Γ2

u = u1 + x

L
(u2 − u1) Γ3
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>

>

>

<

>

>

>

:

ρCv

∂u

∂t
− k△u = 0

u(x = 0, y, z, t) = u1 Γ1

u(x = L, y, z, t) = u2 Γ2

∇u · n = 0 Γ3
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:

ρCv

∂u

∂t
− k△u = 0

u(x = 0, y, z, t) = exp
−

12π

L2

k
ρCv

t
sin

2πy

L
sin

2πz

L
Γ1

u(x = L, y, z, t) = exp
−

12π

L2

k
ρCv

t
sin 2πy

L
sin 2πz

L
Γ2

u = 0 Γ3

u(x, y, z, t) = exp
−

12π

L2

k
ρCv

t
sin 2πx

L
sin 2πy

L
sin 2πz

L
+ u1 + x

L
(u2 − u1)



u(x, y, z, t) = exp
−

12π

L2

k
ρCv

t
sin 2πx

L
cos 2πy

L
cos 2πz

L
+ u1 + x

L
(u2 − u1)

u(x, y, z, t) = exp
−

12π

L2

k
ρCv

t
cos 2πx

L
sin 2πy

L
sin 2πz

L



L
∞



h L
∞

10
−3

10
−4

10
−5

h L
∞

10
−2

10
−2

10
−3

h L
∞

10
−2

10
−2

10
−2

L
∞


