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+

dF (U)
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= 0, Ò�Ó�ÔÕÓ�Ö
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 , F (U) =





ρu

p + ρu2

u(e + p)



 , u = ρ(e +
u2

2
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p = (γ − 1)ερ.

Û É�Â�»�Ü
ρ Ý Ë"Ð
½¥¾�Å�½�»�¾�Ü�Þ u Ý »�Ê�½�¿�½�»�¾�Ü�Þ ε Ý Ã�É�Â�Ð
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p Ý Éãº¥ÄsÐ
Â�Å�À�Â¥Þ γ Ý Ë�½�Ê"ºsÈvºs¾�Â�Ð
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À5½�ásÐ�º¥»�¾�ÜUÅ�Â�Ë�¿�Â�¿�Í:Ä�Å�½�Ç�½ØÀ)È�¼\Â�Å�Â�Å�À)ÙDº¥¿�Ç�Ã"¼\Â�Å)¾sºfÈvº¥¼\Â ÝÅ�À�¼åÉ�À�»�Ê�¿�Â�¾�Å�½�ÆD»�Â�¾�Ê�½�ÆlÞ�¿�º¥Ä�Å�½�¼\Â�¿�Å�½�Æ?Ë�½ØÊ"ºsæUÉ�½�¼eÃOÅ�º¥Ë�¿�º¥ÄsÐ
Â�Å�À�ç Ôä/Ð�Ùèº¥Ë�Ë�¿�½�Ê�»�À�¼¸º¥à�À�Àè»�À�»�¾�Â�¼\ÍéÃ"¿�º¥Ä�Å�Â�Å�À�Æ Ò�Ó�ÔÕÓ�Ö À�»�Ë�½sÐ
Ü¥È�½�Ä±º�Ð�º¥»�ÜêÉ�À�ë£ë£Â�¿�Â�Å�à�À�º�Ð
Ü�Å�½ Ý¿�ºsÈ�Å�½�»�¾�Å�ºsÙ?»�Î±Â�¼¸ºDì í)Þ�î¥ï�Ñ
dUi

dt
+

Fi+1/2 − Fi−1/2

∆x
= 0, Ò�Ó�Ôñð�Ö
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Fi+1/2 = F (U−

i+1/2
, U+

i+1/2
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i+1/2 óõô Ð
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iÀ
i + 1
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½�Å�º Ô� Ã�»�¾�ÜUÉãº¥Å�ºU¿�º¥Ä�Å�½�¼\Â�¿�Å�ºsÙ?»�Â�¾�Ê"ºÌ»=ÿUº¥Ç�½�¼
∆x

Ñ
x1/2 < x3/2 < ...xN−1/2 < xN+1/2.

� á�½¥È�Å�ºvò�À�¼5Ù�ò�Â�Æ�Ê)Ã=»�Â�¾�Ê�À
(xi−1/2, xi+1/2)

Èvº
Ii Ô ¹�º¥»�»�¼\½¥¾�¿�À�¼ ë=Ã"Å�Ê�à�À�ç ν(x)

Þ�À£Ë�¿�Â�É�Ë�½sÐ
½væ$À�¼:Þ
ò)¾�½ÌÀ)È�Ä�Â�»�¾�Å�Íý»�¿�Â�É�Å�À�Â£È�Å�ºvò�Â�Å�À)ÙDß�¾�½�Æ?ë=Ã"Å�Ê�à�À�ÀDÄUÙ�ò�Â�Æ�Ê"º�Î

Ii
Ñ

ν̄i =
1

∆x

xi+1/2
∫

xi−1/2

ν(ξ) dξ, i = 1, 2, ..., N. Ò�Ó�Ô í Ö
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ä/Ð�Ù|Ê"ºsæUÉ�½�Æ Ù�ò�Â�Æ�Ê�À

Ii(i = 1, 2, ..., N)
Ë�½�»�¾�¿�½�À�¼ Ë�½sÐ
À�Å�½�¼

p(x)
»�¾�Â�Ë�Â�Å�À Å�ÂUá�½sÐ
Ü¥ÿfÂ

k − 1
Þ

Ê�½¥¾�½�¿�Í:Æåá�Í À�Å)¾�Â�¿�Ë�½sÐ
À�¿�½�Ä±º�Ð ë=Ã"Å�Ê�à�À�ç
ν(x)

»$Ë�½�¿±Ù�É�Ê�½�¼ý¾�½�ò�Å�½�»�¾�À
k
Ä Ë�¿�Â�É�Â�Ð�º�Î÷Éãº¥Å�Å�½�Æ

Ù�ò�Â�Æ�Ê�ÀlÞ�¾ Ô Â Ô
p(x) = ν(x) + O(∆xk), Ò�Ó�Ô î ÖË�¿�À

x ∈ Ii,
À?Ä�Í:Ë�½sÐ
Å�Â�Å�½ØÃ�»�Ð
½�Ä�À�Â

1

∆x

xi+1/2
∫

xi−1/2

p(x)dx = ν̄i. Ò�Ó�Ô þ Ö

* ½�Ç�Éãº)Þ�½�á�½¥È�Å�ºvò�À�Ä ν−

i+1/2
= p(xi+1/2), ν

+

i−1/2
= p(xi−1/2),

Ë�½sÐ�Ã"ò�À�¼

ν−

i+1/2
= ν(xi+1/2) + O(∆xk), ν+

i−1/2
= ν(xi−1/2) + O(∆xk). Ò�Ó�Ô � Ö

* º¥Ê�½�Æ5Ë�½sÐ
À�Å�½�¼ ¼\½væ$Å�½ØË�½sÐ�Ã"ò�À)¾�Ü�Þ
Â�»�Ð
À?¿�º¥»�»�¼\½¥¾�¿�Â�¾�ÜNË�Â�¿�Ä�½�½�á�¿�ºsÈ�Å)Ã"ç V (x)
ë=Ã"Å�Ê�à�À�À

ν(x)
Ñ

V (x) =

x
∫

−∞

ν(ξ)dξ, Ò�Ó�Ô � Ö
ÀOË�½�»�¾�¿�½�À�ÄØË�½sÐ
À�Å�½�¼

P (x)
»�¾�Â�Ë�Â�Å�À

k
Þ)Ê�½¥¾�½�¿�Í:Æ?á¥Ã�É�Â�¾ØÀ�Å)¾�Â�¿�Ë�½sÐ
À�¿�½�Ä±ºs¾�ÜÌë=Ã"Å�Ê�à�À�ç

V (x)
Å�º

Ç�¿�º¥Å�À�à�º�Î5Ù�ò�Â�Â�Ê?»�Â�¾�Ê�ÀlÞ
Ë�½sÐ
½væ$À)¾�Ü
p(x) = P ′(x) Ô

* º¥Ê�À�¼ »�Ë�½�»�½�á�½�¼ø¼\½væ$Å�½UË�½sÐ�Ã"ò�À)¾�Ü k
Ë�½sÐ
À�Å�½�¼\½�Ä

pr(x), r = 0, ..., k − 1
Þ�Ê"ºsæUÉ�Í:ÆOÀ)È£Ê�½¥¾�½ Ý¿�ÍMÎ?á¥Ã�É�Â�¾Ì»�½�½¥¾�Ä�Â�¾�»�¾�Ä�½�Ä±ºs¾�Ü$ÿUº¥ásÐ
½�Å)Ã

Sr = {xi−r−1/2, ..., xi−r+k+1/2}
Þ ��� ' Þ ÔÕÔÕÔ Þ � Ý�Ó�ÔäUº�Ð
Â�Â/À)È

k
Ë�½sÐ
À�Å�½�¼\½�ÄÌÄ�Í:á�Â�¿�Â�¼ ¾�½¥¾�Þ)É�Ð�Ù?Ê�½¥¾�½�¿�½�Ç�½$½�Ë�À�»�Í:Ä±º¥Â�¼¸ºsÙ?À�¼ Ê�¿�À�Ä±ºsÙ?À�¼\Â�Â�¾$Å�º¥À Ý¼\Â�Å�Ü¥ÿ�Ã"çGÉ�Ð
À�Å)Ã
lr
Å�ºØÀ�Å)¾�Â�¿�Ä±º�Ð
Â

Ii
Ñ

lr =

xi+1/2
∫

xi−1/2

√

1 + (p′r(x))2 Ò�Ó�Ô � Ö
Û Å�ºvò�Â�Å�À�Â/Ä�Í:¿�ºsæUÂ�Å�À)Ù Ò�Ó�Ô � Ö á¥Ã�É�Â�¼ Ä�Í:ò�À�»�Ð�Ù)¾�Ü$¼\Â�¾�½�É�½�¼ ¾�¿�º¥Ë�Â�à�À�ÆlÑ

lk ≈ ∆x
4





√

1 + (p′(xi−1/2))2

2 +

+
√

1 + (p′(xi−1/4))2 +
√

1 + (p′(xi))2 +
√

1 + (p′(xi+1/4))2+

√

1 + (p′(xi+1/2))2

2





Ò�Ó�Ô ) Ö

¹�º¥»�ò�Â�¾�Í Ë�½=Éãº¥Å�Å�½�Æ$»�Î±Â�¼\Â�á�ÍMÐ
ÀNÄ�Í:Ë�½sÐ
Å�Â�Å�ÍøÉ�Ð�ÙÌÈvºvÉãºvò�ÀO¹\À�¼¸º¥Å�º�»�Å�ºvò�º�Ð
Ü�Å�Í:¼\ÀØÉãº¥Å�Å�Í:¼\À
× ½�ÉãºØÀ?Å�ºvò�º�Ð
Ü�Å�Í:¼\ÀNÉãº¥Å�Å�Í:¼\À � º¥Ê�»�º Ô� ºvò�º�Ð
Ü�Å�Í:Â�Éãº¥Å�Å�Í:Â × ½�Éãº)Ñ

(ρ1, ν1, p1) = (1, 0, 1), (ρ2, ν2, p2) = (0.125, 0, 0.1). Ò�Ó�ÔÕÓ ' Ö
� ºvò�º�Ð
Ü�Å�Í:ÂYÉãº¥Å�Å�Í:Â � º¥Ê�»�º)Ñ

(ρ1, ν1, p1) = (0.445, 0.698, 3.528), (ρ2, ν2, p2) = (0.5, 0, 0.571). Ò�Ó�ÔÕÓ�Ó�Ö
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Û ºvÉãºvò�ºø¿�º¥»�»�¼¸ºs¾�¿�À�Ä±º�Ð�º¥»�ÜÁÅ�ºø½¥¾�¿�Â�È�Ê�Â
[−1, 1]

Þ�Ê�½�Å)¾sº¥Ê)¾�Å�Í:Æ ¿�ºsÈ�¿�Í:ÄÁ¿�º¥»�Ë�½sÐ�º¥Ç�º�Ð
»�ÙýÄø¾�½�ò�Ê�Â
x = 0 Ô � »�Ë�½sÐ
Ü¥È�½�Ä±º�Ð�º¥»�ÜD¿�º¥Ä�Å�½�¼\Â�¿�Å�ºsÙ »�Â�¾�Ê"º »ÌÿUº¥Ç�½�¼ ∆x = 2 · 10−3

Ë�½ Ë�¿�½�»�¾�¿�º¥Å�»�¾�Ä�Â�Å�Å�½�Æ
Ë�Â�¿�Â�¼\Â�Å�Å�½�ÆlÞ�ÿUº¥Ç$Ë�½|Ä�¿�Â�¼\Â�Å�Àåá�ÍMÐ ¿�º¥Ä�Â�Å

∆t = 10−4 Ô ¹�º¥»�ò�Â�¾ Ä�Â�Ð
»�Ù÷É�½ Ä�¿�Â�¼\Â�Å�À � � ' Ôñð É�Ð�ÙÈvºvÉãºvò�ÀN»¡Éãº¥Å�Å�Í:¼\À × ½�Éãº�ÀUÉ�½�Ä�¿�Â�¼\Â�Å�À
t = 0.13

É�Ð�ÙÌÈvºvÉãºvò�À � º¥Ê�»�º Ô � ½sÐ�Ã"ò�Â�Å�Å�Í:Â�¿�Â�È�ÃvÐ
Üv¾sºs¾�Í»�¿�º¥Ä�Å�À�Ä±º�Ð
À�»�Ü$»/¿�Â�È�ÃvÐ
Üv¾sºs¾sº¥¼\À|¿�º¥»�ò�Â�¾�½�Ä�Þ�ÄÌÊ�½¥¾�½�¿�ÍMÎ ô Ð
Â�Ä�Í:Â¥öNÀ ô Ë�¿�º¥Ä�Í:Â¥ö$È�Å�ºvò�Â�Å�À)Ù Ä�Â�Ê)¾�½�¿�º
U
Å�ºfÇ�¿�º¥Å�À�à�º�ÎO¼\Â�æUÉ
Ã$Ù�ò�Â�Æ�Ê"º¥¼\À5¿�º¥»�»�ò�À)¾�Í:Ä±º�Ð
À�»�ÜÌ»=À�»�Ë�½sÐ
Ü¥È�½�Ä±º¥Å�À�Â�¼ � ù¸ú�û º�Ð
Ç�½�¿�À)¾�¼¸º5ì � ï Ô
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