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�í>l�lfN�Ô5ëê��í>l�>L§��ýJø
����*nØÄ:ÚëêÑ\. b½NX
?uÛ�9åÆ²ï�, Äu Chapman-Enskog nØ, æ^ Sonine õ�ªn?Ðm (éÅ¢Xêæ^�?Ðm) �
��Ñ$ëêL�ª, ê�O���
ØÓíØ^�e (0.1 atm—20 atm, 1 atm = 1.01325×105 Pa)!ØÓ§Ý��
S (300—30000 K) �í>l�lfN�Ñ$ëê (*ÑXê!Å¢Xê!9�Ç!>�Ç). �± �nØïÄ�
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1 Ú ó

�í>l�lfNáu$§�lfN��«,
3m'>ì!Å�!á�?n�+�äk2��
A^ [1]. >ly�´��9|!í6|!>^|�
m�pÍÜCz�E,L§ [2]. �X>l�.ïÄ
ÚO�^6NÆ�ØäuÐ, ÏLê��ýïÄ>
lA5¤��U, ¿���5�õ/A^ [3−6]; 
ê�O��ý(J��&Ý�>l�lfNÔ5
ëê (âf|©!9åÆëê�Ñ$ëê) �°Ý
���'.

p§^�e>l�lfN�Ô5ëê�J^
¢�ÿþ, Ïd, ÙnØ��´��¹���K. >
l�lfN�âf|©�±ÏL¦)��zÆO
þÅð!Dalton ©Ø½Æ!�þ�^½Æ±9>
Ö�¥5^�|¤���5�§|�� [7,8]. ��
±|^XÚ�� Gibbs gdU{O��� [9]. >l
�lfN�ÚO9åÆá53âf|©®��c

JedIO�9åÆL�ª¼�. ùü«Ô5ëê
�Ø(½ÝÚ�©¼ê�O��{!O��Ä�
âf«a±9ê�S�¦)�O(Ý�', O��
{�é¤Ù, ØÓ�öO�(J���5�Ð. >
l�lfNÑ$ëê (Ï~��´*ÑXê!Å
¢Xê!9�Ç!>�Ç) ���5Ø
�âf
|©�O�°Ýk', Ì��ûuâf�m�p�
^³�°Ý. ��5¿�´�öE�3���Ø(
½Ý, ù´ØÓ©z3ù�ëê�O�þÑy �
��Ï.

�Ï±5, I	Æöé�í>l�lfN�â
f|©�¤!ÚO9åÆ5�±9Ñ$5�Ñk
�\ïÄ [10−14]. Cc5, �XþfzÆO�Eâ
�uÐÚéâf�p�^³ïÄ��\, âf�m
�p�^-EÈ©�°ÝØäJp, éÑ$ëê�
p°Ý��#¤��U.

�©ÄuÛ�9åÆ²ï�b�, æ^�#
��p�^-E�¡, O���
ØÓØå^�
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e (0.1—20 atm, 1 atm = 1.01325×105 Pa)!ØÓ§
Ý«m (300—30000 K) S�í>l�lfN�Ñ
$ëê, ¿�± ©z¥�nØO�?1
é'©
Û,��í>lA5�ê��ýïÄJø
��°
(�ëêêâ.

2 Ñ$ëê�O��{

>l�lfN�Ñ$ëê�âf�þ!Äþ
ÚUþ�DÑk', �öd©f��Å$ÄÚ
-E�¤, �^ Boltzmann �§5£ã. T�§´
��E,�õÈ©�©�§, ��¦)�~(
J, �±ÄuÛ�9åÆ²ï�b�36Ä²ïG
�NC, éÙ� Chapman-Enskog ÐmCq��Ñ
$ëê [15,16]. O�¥, b½��âf��Ý©Ù
¼ê?u Maxwell ©Ù����6%C, ò©Ù¼
êÐm¤ Sonine õ�ª�k�?ê, é Boltzmann
�§?1�5zCq?n. /Ï Sonine õ�ªé
©Ù¼ê���6�k��Ðm, Ñ$ëê�ª
L�� [17,18]

Dij(ξ) =
ρni

2nmj

√
2kT

mi
c j,i
i0 (ξ), (1)

DT
i (ξ) =

nimi

2

√
2kT

mi
ai0(ξ), (2)

η(ξ) =
kT

2

∑
j

bj0(ξ), (3)

λtr = λ′ +
ρk

n

ν∑
i,j=1

Ei,jD
T
i DT

j

nimimj
, (4)

λ′(ξ) = −5
4
k

∑
j

nj

√
2kT

mi
ai1(ξ), (5)

σ =
e2n

ρkT

ζ∑
j=1,j 6=e

(
njmjZjDej

−Zj

ζ∑
i=1

nimiZiDji

)
, (6)

ª¥, mi, ni , Zi ´>l�lfNSÜ1 i «âf�
©f�þ!âfê�Ý!>Öê; T , n, P , k �L
XÚ�§Ý!o�âfê�Ý!ØrÚ Boltzmann
~ê; Dij(ξ), DT

i (ξ), η(ξ), λtr, σ ©O´�~*Ñ
Xê!9*ÑXê!Å¢Xê!²Ä9�ÇÚ>
�Ç; ai0(ξ) cj,i

i0 (ξ), bj0(ξ), ai1(ξ) ´|^ Sonine õ
�ªé©Ù¼ê���6 ξ ?k��Ðm¥�Ð
mXê. ÏL¦)±e�5�§|XÚ(½ (¹
k υζ + 1 ��§)[15]:∑

j

ζ−1∑
m′=0

Q̃mm′

ij t
(h,k)
j,m′ (ζ) = −R

(h,k)
im (ζ), (7)

Ù¥, ν ´XÚSâf�«aê.

Q̃mm′

ij =

 Qmm′

ij t
(h,k)
jm′ = bjm′

Qmm′

ij − nj
√

mj

ni
√

mi
Qmm′

ij δm0δm′0 t
(h,k)
jm′ = ajm′ , c

(h,k)
jm′

, (8)

Qmm′

ij ´�X��)ÒÈ©�¼ê, ÙE,§ÝÚ
�ªê��ûuNXS�âf«aÚâfüü�
m-EÈ© Ωl,s

i,j ���. l, s ���d Sonine õ�
ªÐm¥�?êû½. R

(h,k)
im , t

(h,k)
j,m′ L�ª�éA

'X��L 1.

L 1 R
(h,k)
im L�ª [15]

t
(h,k)
j,m′ R

(h,k)
im

aim′ − 15ni
2

√
kT
2mi

δm1

bim′ −5niδm0

c
(h,k)
im′ 3

√
kT
2mi

(δik−δih)δm0

Jp3 Sonine õ�ªÐm¥Ú\Cq�§Ý
¬JpÑ$ëêO�(J�°Ý, �Ã¦�¬O
\O��9��p�^-EÈ©�«aêÚ¦)
�5�§|XÚ��*ÐXê�JÝ. ïÄL²,

3 5000 K ±S, �9>f��~*ÑXê¦)�
�I� Sonine õ�ª�n?CqÐm [9]; Å¢X
êO�¥ Sonine õ�ª��?CqÐm3p§�
U�)�L 10%� � [20], �?CqU÷vó
§A^éO�°Ý��¦ [21].

Ø
²Ä9�Ç λtr, �A9�Ç λre ÚSÜ
9�Ç λin �I��Ä?9þD4�£ã. Meador
Ú Stanton[22] �Ñ
p§>líN�A9�Ç�L
�ª; SÜ9�Çæ^ Hirschfelder-Eucken Cq
�� [23,24].

3 -EÈ©

¼ � â f � m � p � ^ � - E È © ´�
¤ Chapman-Enskog �{¦)�Ä:ÚcJ, -
EÈ©dâf�m��p�^³UÈ©��, �N
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 U¼êé©Ù¼ê�K�, Ù°(ÝéÑ$ë
ê��&ÝkwÍK� [15]:

Ω
(l,s)
ij =

√
kT

2πµij

∫ ∞

0

exp(−γ2
ij)γ

2s+3
ij Ql

ij(g)dγij ,

(9)

Ql
ij(g) = 2π

∫ ∞

0

(1 − cosl χ)bdb, (10)

χ = π− 2b

∫ ∞

rm

dr/r2√
1 − [ϕij(r)/0.5µijg2

ij ] − (b2/r2)
,

(11)

γij =
√

µij

2kT
gij

1
µij

=
1

mi
+

1
mj

, (12)

1 − ϕij(r)
1
2µijg2

ij

− b2

r2
m

= 0, (13)

Ù¥, T ´§Ý, k ´ Boltzmann ~ê, Ω(l,s)
ij , Ql

ij(g),
γij , µij , mi, mj ©O´ü�-Eâf i Ú j � (l, s)
�-EÈ©, (l) �-E�¡, �éÐ©�Ý!�z
�þ; χ ´-Eâf�éuå�IX¥%�ò�
�Ý; ϕij(r) ´-Eâf�m��p�^³, b ´-
Eëê, rm ´�§ (13) �����.

� í � Ì � ¤ ©�� í (78.084%)! �
í (20.942%)!� (0.934%). �Ñèþâf�K�,
�©�Ä
 18 «âf: N2, N, N+

2 , N+, N++, N+++,
O2, O+

2 , O+, O++, O+++, NO, NO+, Ar, Ar+, Ar++,
Ar+++ Ú>f e. Äu�#�âf�p�^³ïÄ
(J, âf�m�p�^� 171 �-EÈ©æ^Ø
Ó��{¼�.

3.1 ¥¥¥555âââfff���mmm������ppp���^̂̂

L 2 o(
�í>l�lfN¥5âf�m
-EÈ©�O��{Ú�^³�êâ5.

é N2-N2, N2-N, N-N, O2-O2, O2-O Ú O-O �
^, /ÏþfzÆ°(O����³U�, Ù-
EÈ©®²ÏL�L�Ñ, �©��A^ [25−27].
©z [28, 29] �â©fÄåÆnØ|^�={

��
 O2-O2, NO-NO Ú N2-O2 �m��^³, ¿
^���¦{©O[Ü HFD-B LIKE Ú MSV ³U
¼ê��³Uëê, ±d�Ä:O����Å¢X
ê!�9Xê�¢����5�~Ð.

é Ar-Ar �^, ·�|^ Slavı́ček ���¦{
[ÜþfzÆO�(J��� HFD-B �^³5O
�Ù-EÈ©, T�p�^³Ú1Ìêâ�~ÎÜ,
äkAOp�°(Ý [30].

L 2 ¥5âf�m�p�^�-EÈ©

�p�^ �{ 5

N2-N2 -EÈ©�L [25]

N2-N -EÈ©�L [26]

N-N -EÈ©�L [27]

O2-O2 HFD-B LIKE ³ [28]

O2-O -EÈ©�L [26]

O-O -EÈ©�L [27]

N2-O2 MSV ³ [29]

N2-O Buckingham-Corner ³ [34]

NO-NO HFD-B LIKE ³ [28]

N-O -EÈ©�L [27]

Ar-Ar HFD-B ³ [30]

N2-Ar ESMSV ³ [32]

O2-Ar ESMSV ³ [33]

O-Ar Exponential ³ [35]

L 3 ¥5âf�4zÇÚêâ5

âf 4zÇ/Å3 êâ5

Ar 1.64 [39]

N2 1.76 [40]

O2 1.60 [40]

NO 1.74 [40]

N 1.10 [41]

O 0.77 [41]

é N2-Ar Ú O2-Ar ��^³, �©�â Wright
� í � [31], æ ^©z [32,33] � ï Ä ¤ J,
^ ESMSV ³U¼êL�. T�^³^ng�^
¼ê©ãë�ØÓâfål«mþ�)Û³, 3�
§Ñäk�p�°Ý.

N2-O �^�-EÈ©d Buckingham-Corner
³�� [34]. ArO ©f1Ì� 3Π , 3Σ− éA�³
U�^���¦{[Ü¤ü� Exponential ³;
O-Ar �-EÈ©ÏLéüöê�O����-E
È©ÚO²þ�� [35].

�9�í>l�lfNNXS¥5âf�Ù
¦ 7 ��p�^, �©^ Phenomenological ³5L
� [36,37], T�^³´ Lennard-Jones ³�JpÚ�
õ. ïÄL², Phenomenological ³U'�O(/
yþfzÆ ab initio O��³U(J [38]. T³U
¼ê�ëêdâf�(� (k�>fê!g^õ
Ý�) Ú4zÇû½. �©�9�¥5âf�4z
Çê�Úêâ5�L 3.
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3.2 lllfff���¥¥¥555âââfff���mmm������ppp���^̂̂

lf�¥5âfkü«ØÓa.��^, �´
�5-E, �´k>Ö=£���5-E, üöÏ
Le�L�ª(Ü3�å [42]:

Ω(l,s) =
√

(Ω(l,s)
in )2 + (Ω(l,s)

ec )2, (14)

Ù¥, in, ec �L��5-EÚ�5-E.
é�5-EL§, ¥5âfÚlf�m�-E

È©æ^ØÓ��{O���. ��5-E�-E
�¡�±ÏL¢�ÚnØO�deª�� [42]:

Ql(g) = 2Qex,

Qex = (A − B lnE)2, (15)

Ù¥, E ´-EUþ, A, B ´d¢�½öO�(½
�~ê. ¥5âf�ÉØ��lf X-Y + (X 6= Y )
�m±9¥5âf�Ùp�lf X-Xn+ (n > 2)
�m>Ö=£���5-Eé-EÈ©�K��
~�, �±�Ñ.

O-O+, N-N+, N-O+, O-N+ ��5-EÈ©Ú
>Ö=£���5-EÈ©®²ÏL°(�þf
zÆO��L�Ñ [43].

é Ar-Ar+ � ^, Ar+2 6 � © f � 2Σ1/2u,
2Σ1/2g, 2Π3/2g, 2Π3/2u, 2Π1/2g, 2Π1/2u éA�³
U�[Ü¤ Morse ³ (åP�) Ú Exponential
³ (�åP�), ³Uëêd©z [44] ��. Ó��
�{Úëê5�A^u O-Ar+ �^��5-E
È©, é�ö, �©�Ä
 ArO+ ÀO+Ar+ �Aé
A� 8 �©f� 2Σ, 12Π , 3Σ, 14Π , 24Π , 4Σ, 4∆,
2∆. Ar-Ar+ >Ö=£���5-E�¡ÏL��
�¦{é©z [45] �nØO��[Üª (15) ��.

é Ar-O+, Ar-N+, N-Ar+, O-Ar+ �^��5-
EÈ©, |^þfzÆO���� ArO+ Ú ArN+

©f³U� [46,47] �^5[Ü¤ Murrell-Sorbie
³ (åP�) Ú Exponential ³ (�åP�). �A�©
f1Ì�©O� Ar-O+, 4Σ−; N-Ar+, C3Σ−, B3Π;
Ar-N+: X3Σ−, A3Π .

éÙ¦¥5âfÚ��lf�m��5-E
È©, �©^ Phenomenological ³ê�O���, l
f�4zÇÚêâ5�L 4. NO-NO+, N2-N+

2 ,
O2-O+

2 >Ö=£���5-E�¡ÏL���¦
{éìCnØO�(J [52] [Ü��.

p�lf�4zÇê�3ØÓ©z¥©Ñ5
��, Ïd, �©^4z³�.5O�¥5âfÚ

�Alf�^�-EÈ© [53]:

ϕin(r) =
(

1
4πε0

)2 (Zie)2αn

2r4
, (16)

Ù¥, ε0, Zi, αn, r ©O´·>~ê!lf>Öê!
¥5âf�4zÇ±9âf�p�^�ål.

L 4 lf�4zÇÚêâ5

âf 4zÇ/Å3 êâ5

Ar+ 1.066 [48]

NO+ 1.02 [49]

N+
2 1.75 [50]

O+
2 0.80 [50]

N+ 0.523 [51]

O+ 0.377 [51]

3.3 >>>fff���¥¥¥555âââfff���mmm������ppp���^̂̂

>f�¥5âf�m�-EÈ©ÏL (9) ªé
��-E�¡ Ql (E) ��ê�È©��; �öd
�©-E�¡ dσ/dΩ È©��:

Ql (E) =
∫ π

0

(dσ/dΩ) sin θ(1 − cos θl)dθ. (17)

é e-Ar �^, ©z [54] �Ñ
>f-E��
©-E�¡ê�, �©d (17) ª��È©����
-E�¡.

e-O2 � ^ ��© - E � ¡ ê â 3 $ U «
m (1 eV ± e) ÿ v k©z � �. Itikawa �
Ñ 
 � | Ä þ = £ - E � ¡ Q1 (E) � í �
� (0.01—100 eV)[55], 3 d U þ « m S Q2 (E),
Q3 (E) � Q1 (E) � ' � Ï L é©z [56—58]
��© - E È © � �, ¿ | ^ Q2 (E) /Q1 (E),
Q3 (E) /Q1 (E) 3 E = 0 ��4��	í�$
Uþ� 0.01 eV; pu 100 eV �,©z [59]�©-E
�¡�nØO��ÏL (17) ªê�È©����
-E�¡.

é e-N2 �^, �©|^ Tabata �Äþ=£-
E�¡í�� [59], /Ï©z [60, 61] ��©-E�
¡O��� Q2 (E), Q3 (E) � Q1 (E) �'�, ¼�
��-E�¡, ¿òÙl 0.55 eV	í� 0.01 eV.

é e-NO � ^, Ä þ = £ - E � ¡ 5
g Hayashi[62]; Q2 (E) /Q1 (E), Q3 (E) /Q1 (E) Ï
Lé©z [63] ��©-E�¡È©��.

Williams e-O �© - E � ¡ � ¢ � � (0.54,
2.18, 3.4, 4.9, 8.71 eV)[64] Ú Thomas 3 11 eV[65],

105201-4
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Blaha 3pU«m (15—500 eV) �nØ�p�Ö
¿ [66], d (23) ª��È©����-E�¡; �$
U?«m���-E�¡d Itikawa í��Äþ=
£-E�¡ [67] (Ü	í��� Q2 (E) /Q1 (E),
Q3 (E) /Q1 (E) '�¦�.

3.4 ���>>>âââfff���mmm������ppp���^̂̂

�>âf�m��^³æ^¶-� Coulomb
>³:

ϕij(r) =
ZiZje

2

r2
exp

(
− r

λD

)
, (18)

Ù¥, Zi, Zj ©O´�>âf i, j �>Öê, λD ´
�lfN� Debye �Ý, ¿=�Ä>fé>|�¶
-�^; Ù-EÈ©|^©z [68, 69] �(J��.

4 (J�?Ø

du�í>l�lfN3��+��2�
A^, k�þ©z�9ÙÔ5ëê�nØïÄ
± 9 Ø Ó O � ( J � ' � ©Û. �©= � � C
� Murphy[12] Ú Capitelli � [13,14] �(J?1
é
', �Ñ
ØÓíØ (0.1—20 atm), ØÓ§Ý (300—
30000 K) «m�Ñ$ëêO�(J, �±÷vý�
õêó§�A^.

4.1 ***ÑÑÑXXXêêê

*ÑXê�âf��þ=£�', Ù¥�~
*ÑXê!9*ÑXê©O�NX¥ßÝFÝ
Ú§ÝFÝK�e�)�âf[£�'. ©z¥
�í>l�lfN*ÑXêêâ�����, =
k Capitelli[13] ©Oæ^ Sonine õ�ª�?Ú�?
CqÐm��
�~*ÑXêÚ9*ÑXê�L
�ª, ¿���
>f9*ÑXê�O��; �
©é�~*ÑXêÚ9*ÑXêÑæ^ Sonine õ
�ªn?Ðm, äk�p�°Ý. O�L², ü«C
qL����*ÑXê ���, ~X 1 ��íØ
^�e>f�9*ÑXê, |^�?�n?Cq�
��(J��é �3 7500, 15000 Ú 30000 K �
��©O� 35.68%, 10.46%, 7.87%.

ã 1 �Ñ
�í>l�lfN¥>f�
âf N2 ©f�9*ÑXê�§ÝÚíØCz
�5Æ±9IO�íØ^�e, >f9*ÑXê

� Capitelli[13] O�(J�'�.

ã 1 ØÓíØ^�e�í>l�lfN9*ÑXê (a) >
f; (b) N2

Û�9åÆ²ïb�e, ¤kâf��þ=£
ÀÏþ�", >l�lfNSÜâf�9*ÑXê
�Ìé¡�n, =¤kâf�9*ÑXê�Ú��
". âf9*ÑXê�ÎÒû½
Ø�§�§Ý|
�^e, þ! (Ø�3ßÝFÝ) ·ÜÔ¥âf[£
���: K�9*ÑXêL�âf[£���Ú§
ÝFÝ�����, ��9*ÑXêKL«âf[
£��Ú§ÝFÝ���� [15].

d9*Ñ�O�L�ª (2) ��, âf�9*
ÑXêÚ§Ý!âf�ê�Ý±9Xê ai0(ξ) �
', �öqÚØÓâf�m��p�^³k'.
§Ý 14000 K ±e, 3�½�§Ý^�e, íØ�
,p¦>f�9*ÑXêeü; 14000 K ±þ, 3�
½§Ý^�e, �í>lSÜ>f�9*ÑXê�
XíØþ,C�. Ó�íØ^�e, �í>l�
lfN¥, �'>f9*ÑXê�üNþ,, â
f N2 ©f�9*ÑXê¥y¸�A�.

IO�íØ^�e, 3 2500 K ±e, �í��
�|©ÿ�©),�þ¤©�íé9*ÑXê�K
�é�, �í�±Cq��íÚ�í���·ÜÔ,
N2, O2 ©f�9*ÑXêê�����, ÎÒ��,
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N2 ©f9*Ñ���Ú§ÝFÝ�����. �
X O2, N2 ©fm©©), âf�ßÝÚâf�m�
�p�^³u)Cz, N2 �9*ÑXêlK�C
���, ¿�§ÝO\k,�ü, �©)�¤�, N2

©f�9*ÑXêÉg�ßÝü$�K�ü��
". 3d§Ý«m, íØ�,p¦ N2 ©f9*ÑX
ê�¸�� � (éA N2 ©f�©)§Ý) ��
p�§Ýí£, Ó�¸���A/C�.

�'�e, Capitelli >f9*ÑXê�nØO
��'�©��, üö��O�X§Ý�,pO
�, Ø
ê�¦)¥ Sonine õ�ªÐm?ê�O
�5�Ñ$ëê(J��å±9�Ä�âf«a
ØÓ (Capitelli �Ñ�í�K�), üö��OÌ�
8(uâf-EÈ©AO´>fÚ¥5âf, ±
9�>âf�m-EÈ©�ØÓ. Capitelli �ò
lf��Ä?é>|¶-�^� Debye �Ý, ��
�>âf�m�-EÈ©'�©��, �A�>f
9*ÑXê'�©�p, �©?náuÏ^��
{ [70].

4.2 ÅÅÅ¢¢¢XXXêêê

Å¢Xê´£ã>l6NS�Þå5���
��Ônþ. Murphy Ú Capitelli éÅ¢Xêæ
^ Sonine õ�ª��?CqÐm, �©æ^�?Ð
m. 3íN>l�c, ÙÅ¢XêÌ�d¥5âf
�m�-EÈ©û½, �ö�X§Ý,pÅìeü,
�A/, Å¢Xê3Øäþ,, >lu)�, du�
>âf�m�-EÈ©�'¥5âf�m, ±9¥
5âf��>âf�m�-EÈ©�A�êþ?,
�X�>âfßÝ�ØäO\, Å¢XêÅìeü.

dã 2 ¤«, IO�íØ^�e�©�í>l
�lfN�Å¢Xê� Murphy, Capitelli �O�o
Nþ��. AO´éA>lÝ�p�p§«m, ü
Ø Sonine õ�ªÐm?êØÓ�5� �, �©
� Murphy �(J�~ÎÜ, ù´Ï�üöé De-
bye �Ý�?n�{�Ó, �>âf Coulomb �^
�-EÈ©��;  Capitelli �(JÑp, �ÏÚ
>f9*ÑXê�)ºaq. Å¢Xê�¸�Ì�
� N, O �f9Ù��lf�m�p�^�-EÈ
©�'. éù
êâ, �©Ú Murphy �ïÄÑ´|
^þfzÆO��(J, êâ5�Ó, ÏdÅ¢
Xê¸���A��Ó.

3$§«m, �©�(J' Murphy Ú Capitelli
�êâÑ$, ù´du¦�$�
¹�âf�p�

^�-EÈ© (Ì�´ N2-N2, N2-N, N2-O2). �
©æ^dþfzÆO�½öd¢�êâ|^�=
{���êâ, ��5�p.

3éA>l�Au)�p§«m, �½§Ý^
�e, �â Le Chatelier �n, íØ�,p³�
>
l�A�?1, �>âf Coulomb ³�K�~f,
Ïd, NX�Å¢Xê,p.

ã 2 ØÓíØ^�e�í>l�lfNÅ¢Xê

L 5 Å¢Xê�é � ε(η)(%)

§Ý/K P = 0.1 atm P = 1 atm P = 10 atm

300 0.26 0.26 0.26

750 0.62 0.62 0.62

1000 0.64 0.64 0.64

3000 0.58 0.56 0.56

5000 0.55 0.58 0.59

8000 0.32 0.31 0.39

10000 0.92 0.37 0.26

12500 1.81 1.37 0.44

15000 3.83 2.24 1.40

20000 9.15 6.44 3.42

25000 10.73 8.89 6.29

30000 10.36 9.83 7.88

�
ïÄ Sonine õ�ªÐm?êéÅ¢Xê
ê�O�°Ý�K�, L 5 �Ñ
ØÓíØ^�
e (P = 0.1 atm, 1 atm, 10 atm) , Sonine õ�ª�?
Ðm��?Ðm�m��é �.

ε(η) =
η(3) − η(2)

η(3)
× 100%, (19)

� ± w Ñ, 3 í Ø ' � $ � � ¹ e, Å ¢ X ê
Sonine õ�ªÐm��?Cq3p§^�eä
k��� �.

4.3 999���ÇÇÇ

9�ÇL�á���D�9þ�Uå. ã 3
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�Ñ
IO�íØ^�e, �í>l�lfN
9�Ç�©þ�§ÝCz��±9� Murphy
Ú Capitelli nØO��'�. 3¦��ïÄ¥, 9
�Ç�O�æ^©z [17] �Ñ>f�âf�p
�^���{zL�, é>fÚâf«Oé�:
é>fæ^ Sonine õ�ª�n?ÐmL�, éâ
fæ^�?Ðm; �©K´|^�{znØ!��
�n?Ðm��NX�o²Ä9�Ç, =3¦)>
f�âf²Ä9�Ç©þ�æ^{zL�, ¿�
Ñæ^ Sonine õ�ªn?Ðm�L�. ïÄL²,
ÄuÓ��-EÈ©, ü«?n�{���²Ä9
�Ç�Ø���Ø�L 1%.

ã 3 1 atm ^�e�í>l�lfN9�Ç�©þ λtotal,
o9�Ç; λint, SÜ9�Ç; λreac, �A9�Ç; λe, >f²Ä9
�Ç; λh, âf²Ä9�Ç

ã 4 ØÓíØ^�e�í>l�lfN9�Ç

©)!>l�zÆ�Aé9�Ç��/G
Ú¸�kwÍK�. o9�Ç±9�A9�Ç�¸
�©OéAØÓ�zÆ�A: cn�¸�, ©OÚ
�©f�)l!�©f�)lÚ���f�>l
�'. �íÚ�í�)lU�Oé�, �A9�Ç
�þ«©²w, ��f���f�>lU�OØ

�, ���>l�'�9�Ç¸�U\3�å. N
X¥�í�'~é�, q´ü�fíN, §�>l
�Aé�A9�Ç��zØ²w.

�í>l�lfN9�Ç�íØ�Cz5Æ
dã 4 �Ñ. íØ�,p³�
)l!>l�A, ¦
�9�Ç¸���A/í´��p�§ÝÑy. Ó
�, �XNXíØ�,p, �Ó§Ýe²Ä9�Ç
ê�wÍ,p, >l�AéA�¸�C�Ø2²w.

4.4 >>>���ÇÇÇ

>�ÇÚ>l�lfNSÜ�>Ö=£�
', d Sonine õ�ª�?Ðm���>�ÇL�
ª (20) ��>�Çé>fâfê�ÝÚ>lÝk
r���6'X:

σ(1) = 3e2ne/

8
√

2πkTme

ν∑
j 6=e

njΩ
(1,1)

e,j

 . (20)

Xã 5 ¤«, $§�¹e (5000 K ±S), �í
�>lÝÚ>fâfê�Ý'�$, Ïd>�Çé
$. �X>l�A�?1, cöØä,p, >�Çþ
,����¸�; �?>l�A?1�'�¿©�,
§Ý�UY,p¦�>l�lfNSÜ>f�â
fê�Ýü$, 3�?>l�A�c, >�Çk¤
eü.

�' Murphy, Capitelli �O�(J, �©Úc
ö��5�Ð, Ú�ök�� �. Ó�´A^ So-
nine õ�ªn?Ðm, p§«m(J��ÉÌ�
8(u�>âf Coulomb �^-EÈ©� Debye
�Ý�ØÓé��{. 3$§«m, �©�>�Ç
� Murphy, Capitelli êâ��� �5uæ^

ØÓ�>f�¥5âf-EÈ©. d	, Murphy ^
>f-E�Äþ-E�¡ Q1

ij(g) �O��-E�
¡�Cq�O�´ �Ñy��Ï.

ã 5 1 atm ^�e�í>l�lfN>�Ç

105201-7
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ã 6 ØÓíØ^�e�í>l�lfN>�Ç

íØé>�Ç�K�Xã 6 ¤«. 12000 K ±
e, 3�½§Ý^�e, �í>l�>�Ç�Xí
Øþ,�eü; 12000 K ±þ>�Ç�XíØþ
,C�. ù´Ï�3�$�§Ý«m, �,íØ
,p¦>fê�ÝO�, %³�
>l�A, ¦�
NX�>lÝeü, 3e2ne/

ν∑
j 6=e

njΩ
(1,1)

e,j �'�C

�; 3�p�§Ý«m, NX�>lÝ®²ép, ¥
5âf�'~é�, >�Ç�ê�Ì�d>fê�
Ýû½, íØ,pO\
�Ó§Ýe�>fê�Ý,
NX�>�ÇC�.

5 ( Ø

©ÙÄuÛ�9åÆ²ï�b�, æ^�#�
âf�p�^³ïÄ¤J, �Ñ
ØÓíØ^�
e (0.1—20 atm) , 300—30000 K ��S�í>l�
lfN�Ñ$ëê, ¿�±c©z�(J?1
'
�©Û.

(1) |^ Chapman–Enskog nØ, Sonine õ�ª
n? (Å¢Xê^�?) ÐmL�ª�A^u�í
>l�lfNÑ$ëê�ê�¦), Jp
O�(
JAO´*ÑXê!Å¢Xê�°Ý.

(2) ØÓ5��p�^³���-EÈ©
��O´E¤Ñ$ëêO�(JÑy ��Ì
� � Ï. �©Ä u ° ( � þ f z Æ O � ! � =
{!Phenomenological ³��#��p�^³ï
Ä¤JÚ>f�¥5âf-E�¡êâ, �#
�
í>l�lfN�9âf�m�-EÈ©, Ïd,
Ñ$ëêäk�p��&Ý.

(3) íØ�,p³�
)l!>l�A�?1,
é�í>l�lf�Ñ$A5k�K�.

(4)©¥O�����í>l�lfNÑ$ë
ê,�ó§A^��ýïÄJø
��°(��*
nØÄ:Úëê�â.
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Abstract

The thermophysical properties of arc plasma provide reliable micro-theoretical foundations and parameter inputs for the numerical

simulation of the air arc discharge process. Based on the assumption of the local thermodynamic equilibrium, the computation of

transport properties including electron diffusion coefficient, viscosity, thermal conductivity and electrical conductivity is performed

by using the Chapman-Enskog method and expanding the sonine polynomial up to the third-order approximation (second-order for

viscosity) in a pressure (0.1—20 atm) and temperature range (300—40000 K) conditions which satisfy most thermal plasma modelling

requirements. The most recent data on potential interactions and elastic differential cross sections for interacting particles are utilized to

determine the collision integrals, resulting in more accurate and reliable values of transport properties than those given in the previous

literature.
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