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Van der Waals hu Euler ULPZl{q∗���1 ���1p� v&Hl"> Van der Waals i4 Euler V$>��M2. �� Maxwell 0(>�Y�S�,� Van der Waals i44+V$l"F�Æ
^[r, 0P�V$0~rh2|zF�qh.��. YRS, _(l"> Van der Waals i4 Euler V$> Riemann M2k
�>&��, 0P!|�_(H=7���i4>&��G.W℄N Euler V$, Van der Waals i4, ��M2
MR (2000) �sVa 35L65, 35L80, 35R35, 35L60, 35L50�wSVa O175.29z~G�e Az
FX 1000-8314(2020)03-0263-16

1 ���0s$N?B Euler U#<E
{

ρt + (ρu)x = 0,

(ρu)t + (ρu2 + p)x = 0,
(1.1)f+ ρ, uX���h3<WI�!I. τ = 1

ρ
E�y, p = p(τ) Esl. ?B Van der Waalsh3<3*U#E (�; 1)

p =
A

τ − b
−

a

τ2
. (1.2)

6
p

τ-
τ1 τ2

Mixture

bv 1 Van der Waals gtO�oTK�> a o b �h3<-���, A ���. z; 1 %�, 8�� A �)3�, � p′(τ) > 0℄K, U#< (1.1) �?�g<, O�f'*, p′(τ) < 0, U#< (1.1) ��pg<. Maxwell
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 , A � 41 )'' p′(τ) > 0 D�GwCpKEjEQ. `(wCpKEjEQ p′(τ) 
m�W!<, EG/bP=����<�(, Maxwell 
�G{℄?X�R� (�; 1), �{E℄��y
τ1, τ2(b < τ1 < τ2) 8[E}qo
. �}qo
+��sl���, [τ1, τ2] Kn�;a0~�%\8r6 (�; 1).

1972a, Wendroff[1] � p′(τ) < 0, p′′(τ)  �E℄KC<5�W, ;9G (1.1)RiemannL1<�. M[2]/'Gh�<B5�, 8tE0yn�. 1982 a, Shearer[3] ;9G{:}qT9< Riemann L1. Yanagi[4] /,�p�I�*G{: Van der Waals h3<
Riemann L1, �����S��o$(<��
�G Riemann L1<�. e
℄e<
Riemann L1<u%0��I [5–8]. Hattori[9] �B�R℄yj5�W;9G?B< Van

der Waals h3�sQU#< Riemann L1<�. 	?[10], Godlewski ? [11] _V��G
Van der Waals h3< Riemann L1~��<℄v?�.

1948 a, Courant o Friedrichs[12] ��G�~�F�NUh3<�F�y. 1998 a,/ [13] ^'G�~�F�NUh3�y<
�TA. 	I<0ya?'�u%�~�F�, Van der Waals h3<�Fn4.�
 p(τ) � τ1, τ2 EC*�0C, NV7k[g"8, �;��EC*Do0C. EGU�, �� p(τ) T;~W5� (�; 2):

(1) p(τ) Q.Do0C;

(2) p′(τ) =

{

< 0, b < τ < τ1 � τ2 < τ,

= 0, τ1 6 τ 6 τ2,
p

′′

(τ) =















> 0, b < τ < τ1 � τ3 < τ,

= 0, τ1 6 τ 6 τ2 � τ = τ3,

< 0, τ2 < τ < τ3;

(3) lim
τ→b+

p(τ) = +∞, lim
τ→+∞

p(τ) = 0;

(4)

∫ +∞

τ3

√

−p′(x) dx = +∞,

∫ τ1

b

√

−p′(x) dx = +∞.

6p

τ
b τ1 τ2 τ3

-v 2 �ÆO Van der Waals gt�oTK	Iu%< Van der Waals h3<�~L1, '�0sN Euler U# (1.1) 3*U#T;��5�, 5�WI&Æ&<�~L1:
{

u = R′(t), x = R(t),

U(x, 0) = (τR, 0), x > 0,
(1.3)f+ U = (τ, u). �W{�, NV�X^'{fÆ�#�, �� Van der Waals h3 EulerU#<-�XQ. �B 3 �, NV^'	3**E<jb�	�\, � p(τ) <W:j0#,
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2 �D�n�
k!< Van der Waalsh3U#�WAs:<, �m��o. E-, NV��dX
D : τ > b XE�℄�X D = D1

⋃

D2

⋃

D0, �>














D1 = {(τ, u) | b < τ < τ1,−∞ < u < +∞},

D2 = {(τ, u) | τ2 < τ,−∞ < u < +∞},

D0 = {(τ, u) | τ1 < τ < τ2,−∞ < u < +∞}.

(2.1)

(1) 8 U ∈ D1

⋃

D2 �, U#< (1.1) Et\�p<, E℄-�&E
λ1(u) = u− τ

√

−p′(τ), λ2(u) = u+ τ
√

−p′(τ). (2.2)℄vHB<-�bFE
r1(u) =

(

1,
√

−p′(τ)
)

, r2(u) =
(

1,−
√

−p′(τ)
)

. (2.3)��E℄o
+, U#< (1.1) ��!W\j<.

(2) 8 U ∈ D0 �, U#< (1.1) EWt\�p<, � λ1(u) = λ2(u) = u, �m-�bF r1(u) o r2(u) \j℄e. ��{o
U#< (1.1) �\j>y<. ��y-PM[2]^'<h�B5�. X^E}��L< Rankine-Hugoniot 5�:
{

ρL(uL − σ) = ρR(−σ),

ρL(uL − σ)2 + pL = ρR(−σ)2 + pR,
(2.4)f+ σ E�L+�!I, UL = (τL, uL) o UR = (τR, 0) E^E<>	3*. 7k�7�", ;9

σ(UL, UR) = τR

√

−
p(τR)− p(τL)

τR − τL
. (2.5)Q� 2.1 [11] zjD�E3*<�LT;

σ(UL, UR) > σ(UR, U), (2.6)f+ τ ∈ (min(τL, τR),max(τL, τR)), � -�LE0yn�L.�
 2.1 [11] M^E<>	3* UL, UR ∈ D, f+ τL 6= τR. UL, UR ∈ D 0~7k0yn�LD� (T; (2.6)), 8m 8
σ(UL, UR)

(p(τR)− p(τL)

τR − τL
−

p(τR)− p(τ)

τR − τ

)

6 0. (2.7)�> τ ∈ (min(τL, τR),max(τL, τR)).� �	I+)-Pjb�, � (2.5) #
σ(UL, UR) = τR

√

−
p(τR)− p(τL)

τR − τL
> 0. (2.8)
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σ(UR, U) = τR

√

−
p(τR)− p(τ)

τR − τ
> 0. (2.9)�-, � (2.6) #

p(τR)− p(τL)

τR − τL
6

p(τR)− p(τ)

τR − τ
. (2.10)�Ow$,f
p��E: zj τL < τR,� p(τ)<n�;a� (τL , P (τL))� (τR, P (τR))ECD\<WU; zj τL > τR, � p(τ) <n�;a� (τL, P (τL)) � (τR, P (τR)) ECD\<�U.

3 \EI�?�-�XQR, NV0~;9D�^E<E℄3* (τR, 0) o (τ, u) $�<jb�.

(1) 8 UR = (τR, 0) ∈ D1

⋃

D2 �, `( U = (τ, u) %*<H*�8, (0�{℄������D�93* (τR, 0). X�� ~S, ~R ��jb���jb����:#Djb�:

~R : u = −

∫ τ

τR

√

−p′(x)dx,

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.

(3.1)� −−→
JRJ,

−→
JR X���jb��)�Lojb�)�L�:W#D�:

−→
JR : u = −

∫ τR

τR

√

−p′(τ)dτ − (τ − τR)

√

−
p(τR)− p(τ)

τR − τ
,

−−→
JRJ : u = −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ y

τR

√

−p′(τ)dτ − (τ − y)
√

−p′τy,

(3.2)�>
p′(τR) =

p(τR)− p(τR)

τR − τR
, p′τy =

p(τ) − p(y)

τ − y
.8xA, NVz0~;9f'<W#D�	�.

(2) 8 UR = (τR, 0) ∈ D0 �, λ2(u) = 0, (τ, u) � (τR, 0) $�7k{℄�LD�:

J : u = 0. (3.3)EGtEU#< (1.1) <h��\, NV� (τ, u) dXXEO℄o
:

b < τR < c, c < τR < τ1, τ1 < τR < τ2, τ2 < τR < τ3, τR > τ3.f+ c, d T;
p′(c) = p′(d) =

p(c)− p(d)

c− d
.j� 1 b < τR < c. XE~WO-8ni (�; 3).



3 e �tw 
B" Van der Waals i4 Euler V$>��M2 267

6
u

~S

1©

τ
b c

-
2©

(τR, 0)

~R

τ1
3©

−→
JR

τ2

−→
JR

d

−−−→
RJR

4©v 3 j� 1 b < τR < cj� 1.1 8 τ < τR �, λ2(τ) #6 τ <�3O�d, 	
λ2(τ) > σ(UR, U) > λ2(τR), σ(UR, U) = τR

√

−
p(τR)− p(τ)

τR − τ
.�- (τ, u) 
m7k��D�9 (τR, 0), 	

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 1.2 8 τR < τ < τ1 �, (τ, u) � (τR, 0) 0~7k�i�D�, �

~R : u = −

∫ τ

τR

√

−p′(x)dx.j� 1.3 8 τ1 < τ < τ2 �, / (τ, u) 0~%�6�9 (τ1, u(τ1)), �Do�y9
(τR, 0). �

−→
JR : u = u(τ1) = −

∫ τ1

τR

√

−p′(τ)dτ.j� 1.4 8 τ2 < τ < d �, -�2� y = y(τ), �;
p′(y) =

p(τ)− p(y)

τ − y
, c < y < τ1.

(τ, u) 0~7k�)�LD�9 (y, u(y)), uu (y, u(y)) 7k�i�D�9 (τR, 0). d
−→
JR : u = u(y)− (τ − y)

√

−
p(τ)− p(y)

τ − y
= −

∫ y

τR

√

−p′(τ)dτ − (τ − y)

√

−
p(τ)− p(y)

τ − y
.j� 1.5 8 τ > d �, (τ, u) 7k�i�D�9 (d, u(d)), �7k��)�LD�9

(c, u(c)). uu/ (c, u(c)) Do�y9 (τR, 0). �-
−−−→
RJR : u = u(d)−

∫ τ

d

√

−p′(x)dx = u(c)− (d− c)

√

−
p(d)− p(c)

d− c
−

∫ τ

d

√

−p′(x)dx

= −

∫ c

τR

√

−p′(τ)dτ − (d− c)

√

−
p(d)− p(c)

d− c
−

∫ τ

d

√

−p′(x)dx.WX℄�A^'D� (τR, 0) � (τ, u) <jb�� (x, t) dX<��;a, EGoXDo�o�L�, NV�1\8������)�L (�; 4).
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~S

(τ, u)

(τR, 0)

1© j� 1.1

~R

2© j� 1.2

(τ, u)

(τR, 0)

(τ, u)

(τR, 0)

3©j� 1.3–1.4

−→
JR

4©j� 1.5

−−−→
RJR

(τ, u)

(τR, 0)v 4 d^ (τR, 0) 
 (τ, u) Oi�Hj� 2 c < τR < τ1. XE~WO-8ni (�; 5).-�, r τ4, τR T;
p′(τR) =

p(τR)− p(τ4)

τR − τ4
, p′(τR) =

p(τR)− p(τR)

τR − τR
.WI+'Z< τ4, τR <E��$℄8, ��{{5�.j� 2.1 | τ < τR, (τ, u) 7k��D�9 (τR, 0), �

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 2.2 | τR < τ < τ1, (τ, u) 7k{℄jb���D�9 (τR, 0),

~R : u = −

∫ τ

τR

√

−p′(x)dx.j� 2.3 | τ1 < τ < τ2, (τ, u) 7k{℄�)�LD�9 (τ1, u(τ1)), (τ1, u(τ1)) 7k{℄jb���D�9 (τR, 0),

−→
JR : u = u(τ1) = −

∫ τ1

τR

√

−p′(τ)dτ.j� 2.4 | τ2 < τ < τ4, 0r y(τ) ∈ [τR, τ1], T;
p′(y) =

p(τ)− p(y)

τ − y
.0~
�{℄�)�LD� (τ, u)o (y, u(y)), (y, u(y))7k{℄jb���D�9 (τR , 0),

−→
JR : u = u(y)− (τ − y)

√

−
p(τ)− p(y)

τ − y
= −

∫ y

τR

√

−p′(τ)dτ − (τ − y)

√

−
p(τ)− p(y)

τ − y
.j� 2.5 | τ4 < τ < τR, (τ, u) 7k{℄jb��D�9 (τR, 0), �

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 2.6 | τ > τR, / (τ, u) 7k�i�D�9 (τR, u(τR)), uu (τR, u(τR)) 7k�)�LD�9 (τR, 0), �-

−→
RJ : u = u(τR)−

∫ τ

τR

√

−p′(x)dx = −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ τ

τR

√

−p′(x)dx.
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6
u

τ
b c

-
(τR, 0) τ1 τ2 τ4 τR

5©

−→
RJ

−→
RJ

(τ, u)

(τR, 0)

5© j� 2.6v 5 �: j� 2 c < τR < τ1. 	: d^ (τR, 0) 
 (τ, u) Oi�Hj� 3 τ1 < τR < τ2. XE~WE-8ni (�; 6).j� 3.1 zj τ < τR, (τ, u) 7k{℄jb��D�9 (τR, 0), �
~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 3.2 zj τ > τR, (τ, u) 7k{℄jb���D�9 (τR, u(τR)), (τR, u(τR)) 7k{℄�)�LD�9 (τR, 0), �

−→
RJ : u = u(τR)−

∫ τ

τR

√

−p′(x)dx = −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ τ

τR

√

−p′(x)dx.

6
u

τ
b

-
(τR, 0)τ1 τ2 τRv 6 j� 3 τ1 < τR < τ2j� 4 τ2 < τR < τ3 XE~WO-8ni (�; 7).j� 4.1 8 τ < τ4 �, (τ, u) 7k{℄jb��D�9 (τR, 0),

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 4.2 8 τ4 < τ < τ2 �, 2� y(τ) ∈ [τ2, τR], �;

p′(y) =
p(τ)− p(y)

τ − y
.
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(τ, u) 7k{℄�)�LD�9 (y, u(y)). (y, u(y)) 7k{℄jb���D�9 (τR, 0),

−→
JR : u = u(y)− (τ − y)

√

−
p(τ)− p(y)

τ − y
= −

∫ y

τR

√

−p′(τ)dτ − (τ − y)

√

−
p(τ)− p(y)

τ − y
.j� 4.3 8 τ2 < τ < τR �, (τ, u) 7k{℄jb���D�9 (τR, 0),

~R : u = −

∫ τ

τR

√

−p′(x)dx.j� 4.4 8 τR < τ < τR �, (τ, u) 7k{℄jb��D�9 (τR, 0),

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 4.5 8 τ > τR �, (τ, u) 7k{℄jb���D�9 (τR, u(τR)). (τR, u(τR))7k{℄�)�LD�9 (τR, 0),

−→
RJ : u = u(τR)−

∫ τ

τR

√

−p′(x)dx = −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ τ

τR

√

−p′(x)dx.

6
u

τ
b τ4 τ1 τ2 (τR, 0) τR

-v 7 j� 4 τ2 < τR < τ3j� 5 τ3 < τR XE~WO-8ni (�; 8).��>r τ5 T;
p′(τR) =

p(τ5)− p(τR)

τ5 − τR
.j� 5.1 | τ < τ5, (τ, u) 7k{℄jb��D�9 (τR, 0),

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 5.2 | τ5 < τ < τ2, NV�_%���i�D�, -�2� y(τ) ∈ [τ2, τ3], �;

p′(y) =
p(τ)− p(y)

τ − y
.
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�{℄�iD�9 (τR, u(τR)). uu, (τR, u(τR)) 7k{℄�)�LD�9
(τR, 0), d;9

−−→
JRJ : u = u(y)− (τ − y)

√

−
p(τ) − p(y)

τ − y

= −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ y

τR

√

−p′(τ)dτ − (τ − y)

√

−
p(τ)− p(y)

τ − y
.j� 5.3 | τ2 < τ < τR, (τ, u) 7k{℄jb���D�9 (τR, u(τR)), (τR, u(τR))�7k{℄�)�LD�9 (τR, 0),

−→
RJ : u = u(τR)−

∫ τ

τR

√

−p′(x)dx = −(τR − τR)

√

−
p(τR)− p(τR)

τR − τR
−

∫ τ

τR

√

−p′(x)dx.j� 5.4 | τR < τ < τR, (τ, u) 7k{℄jb��D�9 (τR, 0),

~S : u = −(τ − τR)

√

−
p(τR)− p(τ)

τR − τ
.j� 5.5 | τ > τR, (τ, u) 7k{℄jb���D�9 (τR, 0),

~R : u = −

∫ τ

τR

√

−p′(x)dx.

6
u

τ
b τ5 τ1

6©

−−→
JRJ

τ2 (τR, 0)τR

-v 8 �: j� 5 τR > τ3. 	: d^ (τR, 0) 
 (τ, u) Oi�H
−−→
JRJ

(τ, u)

(τR, 0)

6© j� 5.2

4 [m|r�~L1�N3Cp+<{℄.yL1. �{℄{J+3OL{J~�~Z�<V�f8+%T$(h3, ��~<�F
u�gf^h3<℄��F (�; 9).

�
�
�

� �

���

� �
�

�� �
�
�

��

�
��

�
�

�
�

�v 9 Ykf�
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 , A � 41 )�E�&��1, h3<3*�$(<, f!IosCX�E u = 0, p = p(τR). O�~<H*��C, / t = 0 +�, �~~)}9
�� t <!Ib�5�. �-, 0~��� t o x 81x�~jXh3<3*. �	I+NV)-P{--�<n4,	�~<�F!I�{℄��<n4. ���~<�Fp\�!%\ x = upt. ��I<,S, NV�y,S�O℄o
:b < τR < c, c < τR < τ1, τ1 < τR < τ2, τ2 < τR < τ3, τR > τ3 +�~jXh3<�Fn4.j� 1 b < τR < c.| up > 0, 	�~<bh3. �ni 1.1 0#, (τp, up) � (τR, 0) 7k{℄��D�.�-, NV0~;9�~oh3<�Fp\ (�; 10).

6t

x

up

σ(UR, U)(τp, up)

(τR, 0)v 10 j� up > 0

-| up < 0, Yu-���~6<h3. �
6�~<!I up <�8, ���8<�j.

(1) zj u(τ1) < up < 0, �ni 1.2 ; (τp, up) 0~7k�i�D�9 (τR, 0) (�;
11(1)), f+,

λ2(Up) = up + τp

√

−p′(τp) > up.

(2) zj u(τ1) = up, `(ni 1.3, �X (τp, up) � (τ1, u(τ1)) 7k�)�L℄D�,uu (τ1, u(τ1)) 7k�i�D�9 (τR, 0) (�; 11(2)). -�NV�k!< Van der Waalsh3<3*;0# (�; 2), p′(τp) = 0, ~�
λ2(Up) = up + τp

√

−p′(τp) = up.

(3) | u(d) < up < u(τ1), �ni 1.4 #, (τp, up) � (y, u(y)) 7k�)�L℄D�,

(y, u(y)) 7k�i�D�9 (τR, 0) (�; 11(3)). 8�, �
up = −

∫ y

τR

√

−p′(τ)dτ − (τp − y)
√

−p′(y) < u(y) + y
√

−p′(y) = −

∫ y

τR

√

−p′(τ)dτ + y
√

−p′(y)

< up + τp

√

−p′(τp) = −

∫ y

τR

√

−p′(τ)dτ + y
√

−p′(y) + τp

(
√

−p′(τp)−
√

−p′(y)
)

.

(4) | −∞ < up < u(d), �ni 1.5 ;, (τp, up) 7k�i�D�9 (d, u(d)), (d, u(d))�7k�)�LD�9 (c, u(c)), =,Do�y9 (τR, 0) (�; 11(4)), �m
λ2(Up) = up + τp

√

−p′(τp) > up.j� 2 c < τR < τ1.zj up > 0, ����℄8�j, '���~ Z (�; 10).
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v 11 YkMbgt�Rzj up < 0, 8x���8�j.

(1) 8 u(τ1) < up < 0 �, �ni 2.2 #, (τp, up) 7k�i�D�9 (τR, 0) (�;
12(1)), m

λ2(Up) = up + τp

√

−p′(τp) > up.

(2) 8 u(τ1) = up �, �ni 2.3 ;, (τp, up) X7k�)�L� (τ1, u(τ1)) D�, �Do�y9 (τR, 0) (�; 12(2)), �� p′(τp) = 0,

λ2(Up) = up + τp

√

−p′(τp) = up.

(3) 8 u(τ4) < up < u(τ2) �, �ni 2.40#, (τp, up) � (y, u(y)) 7k�)�LD�,uu (y, u(y)) 7k�i�D�9 (τR, 0) (�; 12(3)). 8�, 0~;9
up = −

∫ y

τR

√

−p′(τ)dτ − (τp − y)
√

−p′(y) < u(y) + y
√

−p′(y) = −

∫ y

τR

√

−p′(τ)dτ + y
√

−p′(y)

< up + τp

√

−p′(τp) = −

∫ y

τR

√

−p′(τ)dτ + y
√

−p′(y) + τp

(
√

−p′(τp)−
√

−p′(y)
)

.

(4) 8 u(τR) < up < u(τ4) �, �ni 2.5 ;, (τp, up) 7k��D�9 (τR, 0) (�;
12(4)).

(5)8−∞ < up < u(τR)�,`(ni 2.6, (τp, up)X7kjbS��D�9 (τ R, u(τR)),

(τR, u(τR)) �7k�)�LD�9 (τR, 0) (�; 12(5)).j� 3 τ1 < τR < τ2.8 up > 0 �, Yu����j℄8 (�; 10).8 up < 0 �, ��<�8�jE:
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v 12 YkMbgt�R
(1) zj u(τR) < up < 0, �ni 3.2 #, (τp, up) 7k��� (τR, 0) ℄D� (�;

13(1)).

(2) zj −∞ < up < u(τR), �ni 3.3 ;, (τp, up) X7k�i�D�9 (τR, u(τR)),uu (τR, u(τR)) � (τR, 0) 7k�)�LD� (�; 13(2)).

v 13 YkMbgt�Rj� 4 τ2 < τR < τ3.zj up > 0, �
<�~<!I up <�8, {���8<�j.
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(1) zj up > u(τ4), �ni 4.1 ;, (τp, up) 7k��D�9 (τR, 0) (�; 14(1)).

(2) zj u(τ2) < up < u(τ4), �ni 4.2 #, (τp, up) � (y, u(y)) 7k�L�$℄D�,�Do�y9 (τR, 0) (�; 14(2)).

(3) zj u(τ2) = up, �ni 4.2 ;, (τp, up) 0� (τ2, u(τ2)) �)�L℄D�, uu
(τ2, u(τ2)) �7k�i�D�9 (τR, 0) (�; 14(3)).

(4)zj 0 < up < u(τ2),�ni 4.3#, (τp, up)7k�i�D�9 (τR, 0) (�; 14(4)).

v 14 Ykx_gt�Rzj up < 0, ���ni 3 �8x�j (�; 13).j� 5 τ3 < τR.| up > 0, �jzW:

(1) | up > u(τ5), �ni 5.1 0~;9 (τp, up) � (τR, 0) 7k��℄D�, �j�;
15(1).

(2) | u(τ2) < up < u(τ5), �ni 5.2 ;, (τp, up) X7k�)�LD�9 (y, u(y)),

(y, u(y))�7k�i�D�9 (τR, u(τR)). =u (τR, u(τR))�7k�)�LD�9 (τR, 0)

(�; 15(2)).

(3)| u(τ2) = up,�ni 5.2#, (τp, up)� (τ2, u(τ2))7k�)�L℄D�, (τ2, u(τ2))�7k�i�D�9 (τR, u(τR)). =u (τR, u(τR)) �7k�)�LD�9 (τR, 0) (�;
15(3)).

(4)| u(τR) < up < u(τ2),�ni 5.3#, (τp, up)X7kjb���D�9 (τR, u(τR)),

(τR, u(τR)) �7k�)�LD�9 (τR, 0) (�; 15(4)).

(5) | 0 < up < u(τR), �ni 5.4 #, (τp, up) 7k��D�9 (τR, 0) (�; 15(5)).



276 � r 
 , A � 41 )

v 15 Ykx_gt�R| up < 0, NV;9, | −∞ < up < 0, �ni 5.5 #, (τp, up) � (τR, 0) 7k�i�℄D�. �j�; 16.

v 16 YkMbgt�R
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τ3
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The Piston Problem of the Euler Equations

for Van der Waals Gas
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Abstract This paper is devoted to the piston problem of the Euler equations for isentropic

modified Van der Waals gas. The modified Van der Waals gas state equation agrees with

the reality, which was constructed by Maxwell using area equal principle. Then the system

transforms mixed type into hyperbolic type. By the characteristic analysis methods, the

forward wave solutions of the Euler equations for the modified Van der Waals gas are given.

Thereby further, the motions of gas caused by pushing and pulling the piston are shown.
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