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�Ñ
�«dAÏ¿���ñëê(½ØÓ«©fm³¼êëê��{: dÄuÚOÔn��ñ�ÔÔ��
§§Sa CHEQ, O�¿� RX-23-AB, HNB Ú PETN ��ñëê, �í©fm��p�^. �Ñ
¿�Ì��ñ�
Ô H2O, CO2 Ú N2 �m��n�·Ü?�Xê: kN2-H2O = 1.03, kN2-CO2 = 1.035, kH2O-CO2 = 0.96, ò�©(½�
ØÓ«©fm³¼êëê^uO�¿� PBX9404 ��pØ��Ý, ¼�
�¢����(J, �y
�{Úëê�
Ün5.
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1 Ú ó

�õêvà�¿��Ä��|¤´ C, H, N
Ú O �f, �þ�ê��[ [1] (JL², ùa¿�
3 Chapman-Jouguet (CJ) �ñ�Ì�)¤ N2, CO2,
H2O Úil��%, �k�þ� CO, NH3, H2, CH4,
NO, O2 �. ù
�Ô©fm��p�^é�«n
Ø�.�O�(JåX�'­���^. �d{I
��¢�¿Ý\�þ�<åÔå [2] ïÄù
�Ô
�ÀÂØ A5, ¿dd(½Ó«©fm�p�^
³. �´, 3�ñ�Ô¥ØÓ«©fm��p�^
�'Ó«©f�m��p�^õ�õ. 3@Ï�ï
Ä¥, ØÓ«�ñ�Ô©fm�p�^³ëê��
dí2� Lorent-Berthelor |Ü5K¦Ñ [3], ·Ü?
�Xêþ�� 1, =@�ØÓ©f�m´n�·Ü.
�¢�ÚnØ�[L², 3�½�§ÝÚØåe,
ØÓ©f�m¿�n�·Ü, 
´Ñy��.6N
��©l.

1894 c van der Waals[4] ÄglnØþýÿ

��.6N�©l��3, ��­V±�¢�y
¢
¦�ß�. l Krichevskii[5] Äg3 N2-NH3 X
Ú¥uy��.6N�©l�, �Æ[�q3é

õV|©XÚ¥Ñ*	�d«y�. �´ùa¢
�duEâ���, ØåÚ§ÝÑ����ñ�¸
e�^�. 
¿���ñU���p�Øå (P =
1—100 GPa) Ú§Ý (T = 1000—5000 K) ��, �
ïÄp§pØeØÓ«©f�m��p�^Jø

�U.

� © © Û 
 A Ï ¿ � RX-23-AB, HNB Ú
PETN �5�, uy3 CJ �ñ�, RX-23-AB �Ì�
�Ô´ N2 Ú H2O, HNB �Ì��Ô´ N2 Ú CO2,
PETN �Ì��Ô´ H2O, CO2 9�þ� N2. �d,
ÀJùn«¿�ïÄp§pØe N2 Ú H2O, N2

Ú CO2, H2O Ú CO2 ©f�m��p�^.
�©dÄuÚOÔn��ñ�ÔÔ��§§

Sa CHEQ[6−9] O�ùn«¿���ñëê, �
íØÓ«©f�m��p�^, ���Ð�(J.
a CHEQ §Sæ^ van der Waals one-fluid (vdW1f)
�.ÚM¥�6nØ^¥?��.£ã�ñ�Ô
¥�íN|©, d�.UéÐ/£ãù
|©�À
Â Hugoniot 5�. 3�ñ�¸e, |©�9åÆ5
�Ì�dá§ü½�^åû½, Ï~©f�p�^
³� Lennard-Jones ³ (L-J ³), L-J ³=¹ü�³ë
ê, ´u¢�ÿ½, �§ØU�)õN�p�^. �

U�O(/£ã©f�Ôm�õN�p�^, �
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©æ^ Exponential-6 (Exp-6) /ª�¥é¡��³,
§¹kn�³ëê, nëê�³/ª�(¹, U�
�°(/£ãNX©fm��p�^, �ü½Ü©
´�ê/ª, �©fåÑ�¢��(J�� [10], ¿
3�½§Ýþ£ã©fm�õN�p�^ [11].

2 nØ�.{0

�Ä��k t «�U|©�XÚ, �) s «í
N, p «�N, KXÚ� Gibbs gdU G �L«�

G(P, T, {nj}) =
t∑

i=1

niµi(P, T, {nj}), (1)

ª¥ ni, µi ©O��|©���êÚzÆ³, P

Ú T �XÚ�ØrÚ§Ý.
�ñ�Ô¥��N|©Ì�´il��%, �

'uíN�Ô, §�G��§é P Ú T Ø�¯a.
�©æ^?�� Murnaghan G��§ [12] 5£ã�
N%�5�, G��§ÚzÆ³ µi °(�L�ª
�©z [6].

�ñ�Ô¥�íN|©æ^ vdW1f �. [13]

£ã, vdW1f �.b�Ó«©fÚõ«|©�·Ü
Ô��©fäkÓ�«³¼ê/ª, = Exp-6 /ª

φ(r) = ε

{
6

α − 6
exp[α(1 − r/r∗)]

− α

α − 6

(
r∗

r

)6
}

, (2)

ª¥ ε Ú r∗ �©fm�UþÚålëê, α �ü½
Ü©�Í�Ý. ��©f³ φ(r) ¥�ëê�±ÏL
e�í2�·Ü{KO� [13], =

(r∗)3 =
∑
ij

xixj(r∗ij)
3,

ε =

∑
ij

xixjεij(r∗ij)
3

(r∗)3
,

α =

∑
ij

xixjαijεij(r∗ij)
3

ε(r∗)3
, (3)

ª¥ xi, xj ��|©ßÝ (xi = ni/
∑

j

nj), 
ØÓ

«©f (i 6= j) �m�³ëê εij , αij , r∗ij �æ^í
2� Lorent-Berthelor |Ü5K¦Ñ [3], =

εij = lij(εiiεjj)
1
2 ,

αij = mij(αiiαjj)
1
2 ,

r∗ij =
kij(r∗ii + r∗jj)

2
. (4)

(4) ª¥ lij , mij , kij �?�Xê. n�·Ü�¤k
� lij = mij = kij = 1. Ù¥ H2O, CO2, CO, N2,
O2, NH3, H2, CH4, NO ��ñ�Ôü�í��Ô�
³ëê�L 1.

�O�íN|©�zÆ³ µi (= ∂A/∂ni), �
©3 Ross M¥�6nØ^¥?��. [14,15] ¥æ
^��©f³ φ(r), gdU A �L�ª�

A 6 Aid + AHS +
2πρ

T

∫ ∞

d

φ(r)gPY

(r

d
, η

)
r2dr

+ F12(η)NkT, (5)

ª¥ Aid �n�íN�gdU, AHS �M¥��g
dU, gPY

(r

d
, η

)
� Percus-Yevick M¥»�©Ù¼

ê, F12(η) �^¥?��, η = πρd3/6, ρ = N/V ,
d ´M¥�», d �À�A¦ (5) ªm>��, ¿ò
d�����NX�cG�e� Helmholtz gd
U A, µi äN�í�úª�©z [6].

�âþã�nØ�., ·�mu
a CHEQ
§ S [6], Ï L ¦ (1) ª ¥ � Gibbs g d U � �,
¦)²ï|© {ni}, ?
¦)�ñ�Ô�9åÆ
5�.

L 1 Exp-6 ³¼êëê

�Ô (εii/k)/K r∗ii/nm αii

H2O 300.0 0.306 13.1

N2 293.0 0.391 11.5

N 600.0 0.247 10.0

CO2 245.6 0.428 13.0

CO 108.3 0.412 13.0

O2 125.0 0.386 13.2

O 700.0 0.240 11.0

NO 112.9 0.397 12.2

NO2 348.4 0.427 13.0

N2O 250.0 0.426 13.0

H2 36.4 0.343 11.1

NH3 474.0 0.344 13.0

CH4 154.1 0.422 13.0

3 O�(J�©Û

¿� RX-23-AB �©fª� H7.140N2.495O3.616,
�Ý� 1.384 g/cm3. L 2 ´ 1 mol � RX-23-AB �
�Ý�þ�ñ�Ô�|¤, O�(JL²3��
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é°�Ør��S, �ñ�Ô�Ì�¤©Ñ´ N2

Ú H2O, Ïd RX-23-AB �ñ�Ô�5��±é
Ð/�N N2 Ú H2O �m��p�^. l (2) ª
�±wÑ, ��©f³ φ(r) ¥�ëê ε, α �NÔ
���55�, r∗ L«²ï �, �©�3`²
6N��©ly�, Ïd�N�
?�Xê kij ,

 lij , mij �±ØC. L 3 ´ N2 Ú H2O �m�?
�Xê kN2-H2O �ØÓê��, O�� CJ �ñë

ê. lL 3 �±wÑ, O\?�Xê kN2-H2O ��
��±ü$��!�Ø�O��, ù´du?�X
ê�O\, ¦� N2 Ú H2O ���©f¥³¼ê
ëê r∗N2-H2O

C�, =²ï �m£, �ã 1. ã 1
´ kN2-H2O = 1.00 Ú kN2-H2O = 1.03 �, N2-H2O
��©f³�'�. lã 1 ÚL 3 �±wÑ, �
©é N2-H2O ©fm���^³�?�´ØN
�Ñ�.

L 2 Mole RX-23-AB ¿�ØÓØre�ñ�Ô�|¤

P /GPa H2O N2 O2 NO N2O NO2 NH3 N

10 3.565 1.242 0.021 0.003 0.001 0.003 0.003 0.000

17 3.564 1.238 0.019 0.004 0.004 0.003 0.004 0.000

90 3.500 0.992 0.016 0.011 0.070 0.002 0.047 0.312

ã 1 N2-H2O ©fm���^³'�

L 3 ØÓ�?�Xê kN2-H2O é RX-23-AB ¿� CJ �ñëê

�K�

kN2-H2O PCJ/GPa DCJ/km·s−1

nØ 1.00 19.30 7.63

nØ 1.03 18.75 7.50

nØ 1.04 18.06 7.46

¢� [2] 18.60 ± 0.40 7.48 ± 0.05

L 4 ØÓ�?�Xê kN2-CO2 é HNB ¿� CJ �ñëê�K�

kN2-CO2 PCJ/GPa DCJ/km·s−1

nØ 1.000 37.07 9.05

nØ 1.035 41.45 9.35

¢� [16] 43.00 9.34

¿ � HNB � © f ª � C6N6O12, � Ý
� 1.965 g/cm3, CJ �ñ�Ì��Ô´ N2 Ú CO2,
�±ÏL HNB �ñ��Ô�5�í� N2 Ú CO2

�m��p�^. L 4 ´ N2 Ú CO2 �m�?�X
ê kN2-CO2 �ØÓê��, O�� HNB ¿� CJ �
ñëê.

¿ � PETN © f ª � C5H8N4O12, � Ý
� 1.77 g/cm3, � ñ � Ì � � Ô � H2O, CO2

Ú N2, c¡®d RX-23-AB Ú HNB �5�(½

 kN2-H2O Ú kN2-CO2 , Ïd�±ÏL PETN �ñ
�Ô�5�5ïÄ CO2 Ú H2O �m��p�^.
ã 2 ´^ØÓ�?�XêO�� PETN ¿��Ø
��Ý�, ¿Ú¢�� [17] ?1'�, lã¥�±
wÑ, 3 30—120 GPa Ør��S, ¢�:é©Ñ,
kH2O-CO2 = 1.00 �O��pu¢��, �Ør�
p, O���¢��� ���, `² H2O Ú CO2

�m��n�·Ü�A�r, 
 kH2O-CO2 = 0.96
�, O���¢��ÎÜ�Ð. � N2-H2O, N2-CO2

ØÓ�´, H2O Ú CO2 �mLyÑ²w��Ú�
A (= kH2O-CO2 < 1), ù�U´du H2O Ú CO2

�(Ü)¤ H2CO3 ¤���.

ã 2 PETN ¿��Ø��Ý'�
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N2, H2O Ú CO2 ©f�m�·Ü?�Xê kij

Ø�u 1, L²ØÓ�Ô�m¿�n�·Ü, 
´Ñ
y��.6N��©l, 6N��©l�±^�«
Ô�3,�«Ô�¥�M)Ý5)º. 'uØÓÔ
��m�M)Ý, Kreglevskii JÑ
���²��
�äOK [18]

∆ = 1.5RTc/Vc, (6)

Tc, Vc ©O��.§ÝÚ�.NÈ, �ü«Ô�
� ∆ �����, L«�«Ô�3,�«Ô�¥
�M)Ý��, N´l,�«Ô�¥©lÑ5. �
â (6) ª�±�Ñ

∆(atm) = 172(N2), 391(CO2), 1460(H2O). (7)

Ïd N2-H2O ´�N´�)�©l���XÚ, Ù

ã 3 PBX9404 ¿��Ø��Ý'�

g´ CO2-H2O, 
 N2-CO2 ��é­½�
. l (7)
ª � ± w Ñ, H2O k � � � � � ∆ �, ý « X
3 N2-H2O Ú CO2-H2O XÚ¥, H2O ´�)�©
l�Ì�Ï�. H2O k����� ∆, �U´Y©
f�mr��·>�^¤Úå�.

�?�Úu��©(½�ØÓ«©fm³¼
êëê���5, ^ù@ëêO�
¿� PBX9404
��pØ��Ý, ¿�¢�� [19] ?1'�, �ã 3.
lã 3 �±wÑ, �©(½�ØÓ«©fm³¼ê
ëê�Ð/2y
¿��ñ¢�êâ.

4 ( Ø

�©�Ñ
�«dAÏ¿���ñëê(
½ØÓ«©fm³¼êëê��{: dgÌm
u � Ä u Ú O Ô n � � ñ � Ô Ô � � § § S
a CHEQ, O�¿� RX-23-AB, HNB Ú PETN �
�ñëê, �í©fm��p�^. �Ñ
¿�Ì
��ñ�Ô H2O, CO2 Ú N2 �m�·Ü?�Xê:
kN2-H2O = 1.03, kN2-CO2 = 1.035, kH2O-CO2 = 0.96.
ÏL©Û�Ñ, N2-H2O ´�N´�)�©l��
�XÚ, Ùg´ CO2-H2O, 
 N2-CO2 ��é­½
�
. ò�©(½�ØÓ«©fm³¼êëê^u
O�¿� PBX9404 ��pØ��Ý, �¢��Î
Ü�Ð.
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Abstract

In this paper, we present a method that unlike-pair interactions are determinated by explosive detonation data. The unlike-pair

interaction parameters kN2-H2O = 1.03, kN2-CO2 = 1.035, kH2O-CO2 = 0.96 are deduced from the calculated results of explosive

RX-23-AB, HNB and PETN with our statistical mechanical chemical equilibrium code CHEQ-like. At the same time, the theoretical

Hugoniots of explosive PBX9404 are calculated with these parameters. The results in better agreement with the experimental data show

that the parameters and method are reliable.
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