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Abstract

In this paper, a new finite element method, discontinuous finite difference

streamline diffusion method is studied for first-order linear hyperbolic problems. A

discontinuity-type explicit finite element scheme with artificial diffusion parameter

is constructed, the stability and convergence in proper norm are established for the

considered scheme. Finally, a numerical example is provided to show the highly

efficiency of the new scheme.
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1 u 1�: �"YF�(�Q;=�J - �[ZdB�T
wW�m 19Sf�8(, vC�I (Discontinuous) Galerkin �`$S (	\�" DG VS)  YcA� (Streamline Diffusion) �`$S (	\�" SD S) �SD3�]g6B,  G#i<-S. 3=@, DG VS��D�]r^�-S, 4-�Y
)6�, �Y�Vj, P��D\�, Jc4$-u�-, �-��{;1��u~. SD VS.��D Petrov-Galerkin r<�h0wS, ��4,YcVj�-�h0w (A�) h, ��-s&3�Ru<NEw. SDVS��D��VS, y,�-~#�8=|&F�~V&S, hVT /. L [1] �� DGVS SD VS%z,�x, 8(U|&�!'�P:<�IYcA�S (Discontinuous

Streamline Diffusion FEM), 	\�";G DSD S, v��+g��' DG -S<��%j, 5,-��D\�Jc4$V^��-�, � Galerkin ?�_G SD ?�. 4���'U DG VS�]�̂ �<6B, �-��_� SD S<NEw. ��L [1] ,�� DSD S*GXE�P:�, ���T >�T@?83, ���>�`$VS|&, 4�*GTtC�|&P:<H#/�U�H, L`HP:wXcwP:<*G�1DzO@l.��	�ZY, �Lj-L��TV�ZF�PL>�TV DSD F�<�F��IYcA�S (Discontinuous Finite Difference Streamline Diffusion Method), �"
DFDSD VS, L�!cw'�rP:-uUG_ZY #=�-.

§2. xeliqn\ DFDSD `j� Ω GQHO
t~#, [0, T ] G��~#, v
)G Γ, 9\�!'�P:
∂u

∂t
+ β(x, t) · ∇u + σ(x, t)u = f(x, t), (x, t) ∈ Ω × (0, T ), (2.1)

u(x, t) = g(x, t), (x, t) ∈ Γ−(t) × (0, T ), (2.2)

u(x, 0) = u0(x), x ∈ Ω, (2.3)vC β = (β1, β2),∇ G7G-^. Γ = Γ−(t) ∪ Γ+(t).

Γ−(t) = {x ∈ Γ : β(x, t) · γ(x) < 0}, γ(x) G Γ , x *<4KBSj, Γ+(t) = {x ∈

Γ : β(x, t) · γ(x) ≥ 0} = Γ \ Γ−(t). " Γ− GV& (2.1) ,�= t �<� (m) Y
), Γ+G�= t �<( (B) Y
).�E β1, β2, σ ∈ W 1,∞(Ω×[0, T ])∩C(Ω̄×[0, T ]), f ∈ L∞(L2(Ω)), g ∈ L∞(L2(Γ−(t))),

u0 ∈ L2(Ω).�@L [3], G,#=*G�	d*G���1 t P_<Ca�`$>�	�+8B<ZY�<@l, Sc�E,>�
) Γ �, β(x, t) <@j�1 t <~P~ (6�@,6 β(x, t)  t To�, P�aR), -P Γ−(t) G�nE<�cH, �G Γ−. L��T tV�ZF�, � ∆t = τ G��� , tn = nτ, n = 0, 1, · · · , N = [T/τ ]. L>�~# Ω̄-uo5*Æ�tZ, Th = {k : k ∈ Ω̄}, k G Th <4$, k <
)G ∂k, Ca�#G h

(0 < h < h0 < 1).� Pr(k) �� k �,# ≤ r <Oh��z. E
Vh = {v ∈ L2(Ω), v |k∈ Pr(k),∀k ∈ Th}, r ≥ 0.



20 $>.!.��� 2007 q� βn(x) = β(x, tn), L ∀k ∈ Th, � ∂k �<c lj(j = 1, 2, 3) S#, � γ(x) �� ∂k<4KBSj. , t = tn �=, L ∀k ∈ Th, E
β̄n

j =
1

| lj |

∫

lj

βn(x)ds, j = 1, 2, 3 (| lj | G lj < G),

β̄n(x) = β̄n
j , L ∀x ∈ lj , j = 1, 2, 3,

∂kn
− = {x ∈ ∂k, β̄n(x) · γ(x) < 0}, ∂kn

+ = ∂k\∂kn
−.f�@, ∂kn

− w ∂kn
+ Z�"G4$ k <�Yw(Y
).L�96 v ∈ Vh, v|∂k ;n�I, , t = tn �=, L v,w ∈ Vh w x ∈ ∂k, E

vn
+(x) = lim

s→0+
v(x + sβ̄n(x)), vn

−(x) = lim
s→0−

v(x + sβ̄n(x)), [vn(x)] = vn
+(x) − vn

−(x),

〈v,w〉∂kn
−

=

∫

∂kn
−

vw|β̄n · γ|ds, |v|2∂kn
−

= 〈v, v〉∂kn
−

,

〈v,w〉Γn
−

=
∑

∂kn
−
⊂Γ−

〈v,w〉∂kn
−

, |v|2Γn
−

= 〈v, v〉Γn
−

.E,@, �;E 〈v,w〉∂kn
+
, |v|∂kn

+
, 〈v,w〉Γn

+
, |v|Γn

+
. �

(v,w)k =

∫

k

vwdx, ||v||k = (v, v)k, (v,w) =

∫

Ω
vwdx, ||v|| = (v, v).X vn(x) = v(x, tn), ∆tv

n = (vn − vn−1)/τ, vβ = β(x) · ∇v, jb, t = tn �=, P: (2.1)-(2.3) ;	o#
∆tu

n + un
βn + σnun = fn + En

1 , n = 1, 2, · · · , N, (2.4)

un
−|Γ−

= gn, (2.5)

u0 = u0, x ∈ Ω, (2.6)4I En
1 = ∆tu

n − (
∂u

∂t
)n G$IV�.- (2.4) C}^D En
1 , �9 DSDa� [1] <E, P: (2.1)-(2.3) < Eulerr DFDSDa�EG| Un ∈ Vh, n = 0, 1, 2, · · · , N , �; ∀k ∈ Th �

(∆tU
n+Un

βn +σnUn, v+δvβn)k +〈σ̃n[Un], v+〉∂k−
= (fn, v+δvβn)k, ∀v ∈ Pr(k), (2.7)

Un
−|∂k−

= gn, 6 ∂k− ∈ Γ−, (2.8)

(U0 − u0, v)k = 0, ∀v ∈ Pr(k), (2.9)4I σ̃n = 1 + δσn.τ = C̄h, C̄ > 0 ���E, δ = ¯̄Ch, 0 < ¯̄C < C̄/4.� (2.7)-(2.9) L3�4$ k ∈ Th f�, ;9 (2.7)-(2.9) <8=t�
(∆tU

n + Un
βn + σnUn, v + δvβn)Ω +

∑

k∈T n
h

〈σ̃n[Un], v+〉∂k−
= (fn, v + δvβn)Ω,∀v ∈ Vh,

(2.10)
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Un
−|Γ−

= gn, (2.11)

(U0 − u0, v) = 0, ∀v ∈ Vh. (2.12)

§3. DFDSD `j\p^u_sGU�"V�, �� ∑ ∆
=

∑

k∈Th

,
⋃ ∆

=
⋃

k∈Th

. , t = tn �, X Qn
− = ∪∂kn

−, Qn
+ = ∪∂kn

+,�� 〈v,w〉Qn
−

=
∑

〈v,w〉∂kn
−

, 〈v,w〉Qn
+

=
∑

〈v,w〉∂kn
+
,

B(wn, v;wn−1)
∆
=

∑

(∆tw
n + wn

βn + σnwn, v + δvβ)k + 〈σ̃n[wn], v+〉Qn
−

. (3.1)yg 3.1[3]. ., k, h, n To<�# C∗ w C∗∗ > 0, �; ∀v ∈ Pr(k),

‖v‖L2(∂k) ≤ C∗h− 1

2‖v‖k, ∀k ∈ Th, (3.2)

∣

∣

∣

∣

∫

∂k

v2(βn − β̄n) · γds

∣

∣

∣

∣

≤ C∗∗‖v‖2
k, ∀k ∈ Th. (3.3)yg 3.2. ., k, h, n To<�# C0, C1 > 0, �; ∀wn, wn−1 ∈ Vh w ∀wn

−|Γ−

∈ L2(Γ−), �
B(wn, wn;wn−1) + C0‖w

n‖2 +
σ1

2
|wn

−|
2
Γ−

≥
1

2

[

∆t‖w
n‖2 + σ0|[w

n]|2Qn
−

+ σ0|w
n
−|

2
Γ+

]

+C1δ‖w
n
βn‖2 +

1

4
‖∆tw

n‖2, (3.4)4I ∆t‖w
n‖2 ∆

= (‖wn‖2 − ‖wn−1‖2)/τ, σ0 = inf
x,t

|σ̃(x, t)|, σ1 = sup
x,t

|σ̃(x, t)|.�~. � (3.1),

B(wn, wn;wn−1) =
∑

(

∆tw
n + wn

βn + σnwn, wn + δwn
β

)

k
+ 〈σ̃n[wn], wn

+〉Qn
−

. (3.5)
;
(∆tw

n, wn) =
1

2

(

τ‖∆tw
n‖2 + ∆t‖w

n‖2
)

,
(

wn
βn , δwn

βn

)

= δ‖wn
βn‖2,

∣

∣(∆tw
n, δwn

βn)
∣

∣ ≤
τ

4
‖∆tw

n‖2 +
δ2

τ
δ‖wn

βn‖2,

(

wn
βn + σnwn, wn

)

k
+

(

σnwn, δwn
βn

)

k
= ((σn −

1

2
divβn)wn, wn)k

−
δ

2
((σn

βn + σndivβn)wn, wn)k +
1

2

∫

∂k

σ̃n(wn)2βn · γds,

∫

∂k

σ̃n(wn)2βn · γds =

∫

∂k

σ̃n(wn)2β̄n · γds +

∫

∂k

σ̃n(wn)2(βn − β̄n) · γds,

∫

∂k

σ̃n(wn)2β̄n · γds =

∫

∂kn
+

σ̃n(wn
−)2β̄n · γds −

∫

∂kn
−

σ̃n(wn
+)2|β̄n · γ|ds



22 $>.!.��� 2007 q�4n�O2� (3.5), �� C1 ≤ 1 −
¯̄C

C̄
, �

B(wn, wn;wn−1) ≥
1

2
∆t‖w

n‖2 + C1δ‖w
n
βn‖2 − ‖σn −

1

2
divβn‖L∞(L∞(Ω))‖w

n‖2

−
δ

2
‖σn

βn − σndivβn‖L∞(L∞(Ω))‖w
n‖2 +

1

4
τ‖∆tw

n‖2 +
1

2
〈σ̃nwn

−, wn
−〉Qn

+

−
1

2
〈σ̃nwn

+, wn
+〉Qn

−

+ 〈σ̃n[wn], wn
+〉Qn

−

−
1

2

∑

∣

∣

∣

∣

∫

∂k

σ̃n(wn)2(βn − β̄n) · γds

∣

∣

∣

∣

.L�9 〈σ̃nwn
−, wn

−〉Qn
+

= 〈σ̃nwn
−, wn

−〉Qn
−

− 〈σ̃nwn
−, wn

−〉Γ−
+ 〈σ̃nwn

−, wn
−〉Γ+

L ∫

∂k

σ̃n

(wn)2 (βn − β̄n) · γds �� (3.3) �� C0 = ‖σn −
1

2
divβn‖L∞(L∞(Ω)) +

δ

2
‖σn

βn −

σβndivβn‖L∞(L∞(Ω)) +
1

2
C∗∗, .l�� (3.4) ;9.]g 3.1. L�Rkk<∆t(=τ), Euler DFDSDa� (2.10)-(2.12) �F�& {Un}N

n=1,��\e<NEwl�
max

1≤n≤N
‖Un‖2 +

N
∑

n=1

(

|[Un]|2Qn
−

+ |Un
−|

2
Γ+

)

τ +

N
∑

n=1

(

τ‖∆tU
n‖2 + δ‖Un

βn‖2
)

τ

≤ C(‖f‖2
L∞(L2(Ω)) + ‖g‖2

L∞(L2(Γ−)) + ‖u0‖
2), (3.6)4I C  τ, h To.�~. � (2.10)-(2.12), �

B(Un, Un;Un−1) = (fn, Un + δUn
βn), n = 1, 2, · · · , N. (3.7)� ε �?�;

(fn, Un + δUn
βn) ≤ (

1

4
+

τ

4
)‖fn‖2 + ‖Un‖2 +

δ2

τ
‖Un

βn‖2. (3.8)+��G 3.2 w (2.11), �
∆t‖U

n‖2 + 2σ0|[U
n]|2Qn

−

+ 2σ0|U
n
−|

2
Γ+

+ (1 −
2δ

τ
)δ‖Un

βn‖2 +
τ

2
‖∆tU

n‖2

≤ 2(1 + C0)‖U
n‖2 + 2‖fn‖2 + 2σ1|g

n|2, n = 1, 2, · · · , N. (3.9)��S
@%	 τ , �- 1 �9 n, +J� Gronwall �?�, �L�9 ‖U0‖ ≤ ‖u0‖, ;	;9:  τ Rkk, 	A 1 − 2(1 + C0)τ ≥ µ0 > 0, �{
N

∑

n=1

‖fn‖2τ ≤ T‖f‖2
L∞(L2(Ω)),

N
∑

n=1

|gn|2τ ≤ T‖f‖2
L∞(L2(Γ−)), (3.10)
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‖Un‖2 +

N
∑

n=1

(

|[Un]|2Qn
−

+ |Un
−|

2
Γ+

)

τ +
N

∑

n=1

(

τ‖∆tU
n‖2 + δ‖Un

βn‖2
)

τ

≤ C(‖f‖2
L∞(L2(Ω)) + ‖g‖2

L∞(L2(Γ−)) + ‖u0‖
2), n = 1, 2, · · · , N. (3.11)-P (3.6) �;9.

§4. DFDSD `j\rZacX u � (2.1)-(2.3) <&, ��E
u ∈ L∞(Hr+1(Ω)) ∩ C(Ω̄ × [0, T ]),

∂u

∂t
∈ L2(Hr+1(Ω)),

∂2u

∂t2
∈ L2(L2(Ω)). (4.1)jb�O

B(un, v;un−1) = (fn + En
1 , v + δvn

βn), ∀v ∈ Vh, n = 1, 2, · · · , N (4.2)C<$IV� En
1 �\e<l�

‖En
1 ‖

2 ≤ K1τ‖
∂2u

∂t2
‖2

L2(tn−1,tn;L2(Ω)), (4.3)vC K1  hτ To. L�9 [un] = 0, � (4.2) w (2.10)-(2.12) �
B(un − Un, v;un−1 − Un−1) = (En

1 , v + δvβn , ∀v ∈ Vh, n = 1, 2, · · · , N, (4.4)

(un
− − Un

−)|Γ−
= 0, (4.5)

(u0 − U0, v) = 0, ∀v ∈ Vh. (4.6)E ũ(t) : [0, T ] → Vh, �; ∀k ∈ Th,

(ũ(t) − u(t), v)=0, ∀v ∈ Pr(k), t ∈ [0, T ]. (4.7)X ξn = Un − un, ηn = un − ũn, en = un − Un = ηn − ξn, �� ũn
−|Γ−

= gn, .
B(ξn, v; ξn−1) = B(ηn, v; ηn−1) − (En

1 , ξn + δξn
βn), ∀v ∈ Vh, n = 1, 2, · · · , N, (4.8)

ξn
−|Γ−

= 0, ηn
−|Γ−

= 0, (4.9)

ξ0 = 0. (4.10)���G 3.2 w
)?� (4.9), ;	;9
1

2

[

∆t‖ξ
n‖2 + σ0|[ξ

n]|2Qn
−

+ σ0|ξ
n
−|

2
Γ+

]

+ C1δ‖ξ
n
βn‖2 +

τ

4
‖∆tξ

n‖2

≤ B(ξn, ξn; ηn−1) + C0‖ξ
n‖2

= B(ηn, ξn; ηn−1) − (En
1 , ξn + δξn

βn) + C0‖ξ
n‖2

≤ B(ηn, ξn; ηn−1) + C̄0(ε)‖ξ
n‖2 + C2‖E

n
1 ‖

2 + εδ‖ξn
βn‖2. (4.11)
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∆t‖ξ

n‖2 + |[ξn]|2Qn
−

+ |ξn
−|

2
Γ+

+ δ‖ξn
βn‖2 + τ‖∆tξ

n‖2

≤ C{‖ξn‖2 + ‖ηn‖2 + h‖ηn‖2
1 + |ηn|2Qn

−

+ |ηn
−|

2
Γ+

+ ‖∆tη
n‖2 + ‖En

1 ‖
2}. (4.12)�~. ���

B(ηn, ξn; ηn−1) =
∑

(∆tη
n + ηn

βn + σnηn, ξn + δξn
βn)k + 〈σ̃[ηn], ξn

+〉Qn
−

. (4.13)�� ξn|k ∈ Pr(k), �� ũ <E, �
(∆tη

n, ξn)k =
1

τ
(ηn − ηn−1, ξn)k = 0, ∀k ∈ Th. (4.14)Z��Z, 0�

(ηn
βn + σnηn, ξn)k = −(ηn, ξn

βn)k + ((σn − divβn)ηn, ξn)k +

∫

∂k

ηnξnβn · γds

≤ −(ηn, ξn
βn)k +

∫

∂k

ηnξnβn · γds + ‖σn − divβn‖L∞(L∞(Ω))‖η‖k · ‖ξ‖k. (4.15)X Ok G4$ k ∈ Th <�yCq,.� βn(Ok)·∇ξn|k ∈ Pr(k)w |βn(x)−βn(Ok)| ≤ Chk,+� Pr(k) <pl�, ;	;9
(ηn, ξn

βn)k = (ηn, (βn(x) − βn(Ok)) · ∇ξn)k ≤ C‖ηn‖k · ‖ξn‖k. (4.16)WB, 

9g
(σnηn, δξn

βn)k =

∫

∂k

δσnηnξnβn · γds − δ((σn
βn + σndivβn)ηn, ξn)

≤

∫

∂k

δσnηnξnβn · γds + δ‖σn
βn + σndivβn‖L∞(L∞(Ω))‖η‖k‖ξ‖k, (4.17)

(ηn
βn , δξn

βn)k ≤ Cδ‖ηn‖1,k · ‖ξn
βn‖k ≤ Cδ‖ηn‖2

1,k + εδ‖ξn
βn‖2

k. (4.18)L�9
∫

∂k

ηnξnβn · γds +

∫

∂k

δσnηnξnβn · γds =

∫

∂k

σ̃nηnξnβn · γds

= 〈σ̃nηn
−, ξn

−〉∂kn
+
− 〈σ̃nηn

+, ξn
+〉∂kn

−

+

∫

∂k

σ̃nηnξn(βn − β̄n) · γds, (4.19)���G 3.2 w��?�, �
∫

∂k

σ̃nηnξn(βn − β̄n) · γds ≤ σ1(

∫

∂k

(ηn)2|βn − β̄n|ds)
1

2 · (

∫

∂k

(ξn)2|βn − β̄n|ds)
1

2

≤ Ch
1

2 ‖ηn‖L2(∂k) · ‖ξ
n‖k ≤ Ch

1

2 ‖ηn‖H1(k) · ‖ξ
n‖k ≤ ‖ξn‖2

k + C2h‖ηn‖2
1,k. (4.20)
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B(ηn, ξn; ηn−1) ≤ C3(‖η

n‖2 + ‖ξn‖2) + εδ‖ξn
βn‖2 + C2h‖η

n‖2
1

+〈σ̃nηn
−, ξn

−〉Qn
+
− 〈σ̃nηn

+, ξn
+〉Qn

−

+ 〈σ̃n[ηn], ξn
+〉Qn

−

≤ C4(‖η
n‖2+‖ξn‖2+h‖ηn‖2

1)+εδ‖ξn
βn‖2+

σ0

4
(|[ξn]|2Qn

−

+‖ξn
−‖

2
Γ+

)+
σ1

σ0
(|ηn

−|
2
Qn

−

+|ηn
−|

2
Γ+

).���2� (4.11), �� ε Rkk, 	A C1 − 2ε > 0, .l�� (4.12) ;9.]g 4.1. � u, {Un} Z��P: (2.1)-(2.3) w DFDSD a� (2.10)-(2.12) <&, .,��?� (4.1) #M<?�\, ., τ, h To<�# C > 0, L�Rkk< τ , �
max

0≤n≤N
‖en‖2 +

N
∑

n=1

(|[en]|2Qn
−

+ |en
−|

2
Γ+

)τ +
N

∑

n=1

(τ‖∆te
n‖2 + δ‖en

βn‖2)τ ≤ C(h2r+1 + τ2).

(4.21)4IpEU Un
+|Γ+

= un
+|Γ+

= ũn
+|Γ+

= 0.�~. � (4.12) <S
@%	 τ , �{L n f�, �� Gronwall �?�, �L� ξ0 = 0,LRkk< τ , #M
‖ξn‖2 +

n
∑

j=1

(|[ξj ]|2
Q

j
−

+ |ξj
−|

2
Γ+

+ δ‖ξj

βj‖
2 + τ‖∆tξ

j‖2)τ

≤ C5

n
∑

j=1

(‖ηj‖2 + h‖ηj‖2
1 + |ηj

−|
2
Q

j
−

+ |ηj |2Γ+
+ ‖∆tη

j‖2 + ‖Ej
1‖

2)τ. (4.22)� (4.3), �
n

∑

j=1

‖Ej
1‖

2 ≤ K1τ
2

n
∑

j=1

‖
∂2u

∂t2
‖2

L2(tj−1,tj ;L2(Ω) ≤ K1τ
2

n
∑

j=1

‖
∂2u

∂t2
‖2

L2(L2(Ω), (4.23)Æ+, � (4.22)

max
0≤n≤N

‖ξn‖2 +

N
∑

n=1

(|[ξn]|2Qn
−

+ |ξn
−|

2
Γ+

+ δ‖ξn
βn‖2 + τ‖∆tξ

n‖2)τ

≤ C6

N
∑

n=1

(‖ηn‖2 + h‖ηn‖2
1 + |ηn

−|
2
Q

j
−

+ |ηn|2Γ+
+ ‖∆tη

n‖2 + τ2)τ. (4.24)�2L [3], ., τ, h To< Ki (i = 2, 3, · · · , 6), �
‖ηn‖ ≤ K2h

r+1, ‖ηn‖1,k ≤ K3h
r, |[ηn]|Qn

−

≤ K4h
r+ 1

2 , (4.25)

‖ηn
−‖Γn

+
≤ K5h

r+ 1

2 ,

N
∑

n=1

‖∆tη
n‖2τ ≤ K6h

2r+2, (4.26)



26 $>.!.��� 2007 q��� (4.22), ���Æ��?�, �P!l�� (4.21) 0;	;9.} 1. 6 δ = 0 �, a� (2.10)-(2.12) A~G [3] C< Euler r FDDG a�, -ZYs&;	8(, 4I<_9VS���l.

§5. k|mh��:t# u(x, y, t) = (1 − exp(−(1 − x − y)t/ε))/(1 − exp(−1/ε)) GQHP:
∂u

∂t
+

∂u

∂x
+

∂u

∂y
+ u = f, (x, y, t) ∈ Ω × (0, 2], u(x, y, t)|Γ−

= g(x, y, t), t ∈ [0, 2],

u(x, y, 0) = u0(x, y), (x, y) ∈ Ω̄ <&Y&. 4I Ω GÆ?<c x = 0, y = 1 		 y = xE#<Æ�t~#. �3ye<E, ^��Y
)G x = 0 (0 ≤ y ≤ 1). P:C f, u0, g��e< u(x, y, t) -(. L+~#, ��5*<?�<�Æ�ttZ (4$<d
su�~#<
)), �� Euler r DFDSD a�, ;9 t = 1.05 ��nB<�-%r�� 1(�
ε = 0.001). X 1CW� h = τ = 0.05, δ = 0.01 h = τ = 0.005, δ = 0.016( u �b&( U X� u − U 6( u �b&( U X� u − U

(0.050,0.100) 1.0000 1.0335 -0.0335 1.0000 0.9956 0.0044

(0.050,0.150) 1.0000 0.9673 0.0327 1.0000 0.9950 0.0050

(0.050,0.200) 1.0000 0.9558 0.0402 1.0000 0.9950 0.0050

(0.050,0.250) 1.0000 0.9572 0.0428 1.0000 0.9950 0.0050

(0.050,0.300) 1.0000 0.9559 0.0441 1.0000 0.9950 0.0050#=�-�g, Euler r DFDSD a��'U DG S^��-<�B, { DSD VS&{g
�_. 6O|P:;&G77t#�3�1�/7G~<t#� (�L [1] C<KO), �M Galerkin �`$S��$_~FR�r77, DG VS�~F�5, P DFDSDVS. DSD VS��, 3�Ru</G ZÆ].Y�f�o�t
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