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1 Ú ó

3�lfNá�L¡U5!��Ü¤±9�
¡�ó²L§¥, �lfN}��A5��K�X
\ó�¬��þ, À0�â���lfN}��
>.^���´�ïÄ9:. ¹k>f!�lf!
¥5âfÚ�þKlf�>K5�lfN�2�
A^u#á��E!íN�>!�lfNzó!
9Ï\ó�ó² [1], ÏdïÄ>K5�lfN�}
�A5äk4Ù��¿Â.

l 20 V 90 c�m©, é>K5�lfN
}�A5±9}�À0�â�ïÄó� [1−14] º
YmÐå5. 3ïÄL§¥, <�b�3$íØ
e, >fÚKlfþ÷vÀ�[ù©Ù [7−10]. 2009
c Ghim � [11] ÏL¢�y²
Klf�(´�l
À�[ù©Ù. 3dcJe, Palop[5,6], Wang[12] Ú
Gong[13] �©OïÄ
>K5}��À0�â, ï
Ä(JL²�lfN¥Klf��lf��Ý'
9>f�Klf�§Ý'��, �lf��}�>
.��.�ÝÒ��. 2011 cë¡�� [14] �ïÄ

KlféÃ-E�lfN}��À0�â�K
�, @�lfêâê��.��Klf�>þ�O
\~�. ù
ïÄó�==�Ñ
>K5�lf
N}�À0�â�e�, �Ò´�lf?\}��

I�����Ý. 2003 c Liu � [15] ¦^V6N�
.ïÄ
-E�lfN}��À0�â, (Jw«
3�Ä¥5âfÚlf-E��¹e, À0�âØ

äke�	�Aäkþ�. 2010 c Ghomi � [16]

ïÄ
Ã	\^|�^e�>K5�lfN}�
�À0�â, ��
}��â�e�Úþ�.

é	\�^|�^e��lfN}��À0
�â, Chodura[17], Riemann[18] Ú Stangeby[19] �<
�ïÄ(Ø´: ?\}��lf�Ý²1^|�©
þ7L�u½�ulf(�. 2010 c, ·� [20] ï
Ä
	\�^|�^e�-E�lfN}��À
0�â, ?Ø
^|é-E}�À0�â�K�.
3dó�Ä:þ, �©ïá��	\�^|�^e
�-E>K5�lfN}��., nØí�}��
À0�â, ,�?ØKlfÚ^|é}�À0�â
�K�, ¤���(JénØÚ¢�ó�äk�½
�ë�d�.

2 }��.ÚÄ��§

Äkïá��-E>K5�lfN}��..
ð½�	\�^| u x–z ²¡S, � x ¶�Y
�� θ. �Ä�²�}��þÝ���uÄ��º
Ý, }�¥���Ônþ3 x ¶��þ�CzFÝ
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��uÙ¦��, �±ò�lfN}��.w¤´
÷ x ¶������., Xã 1 ¤«. 3}> x = 0
?, ��m·>³�", φ = 0.

ã 1 �lfN^}�.«¿ã

b�XÚd9²ï�>f!KlfÚe��
lf|¤, Ó�b�}�¥>fÚKlf�g�l
À�[ù©Ù [7−11]

n e = n e0 exp
(

eφ

Te

)
, (1)

n− = n−0 exp
(

eφ

T−

)
, (2)

ª¥ n e Ú n− ©O�>fÚKlf�ê�Ý, T e

Ú T− ©O´>fÚKlf§Ý, ü � eV. Kl
f�>þ� −e. e��lf�$Ä�l6N�ë
Y5�§Ú$Ä�§ [15,16,20]

∇ · (nivi) =0, (3)

mi(vi · ∇)vi = − e∇φx̂ + e
vi × B

c

− mi(nnµvi)vi . (4)

ª¥ ni , mi Ú vi ©O´�lf�ê�Ý!�þÚ
�Ý. nn ´¥5íN�Ý. µ = µs(vi/cis)β ´lf
�¥5âfm-E�D4�Äþ, µs ´-E�¡.
cis = (T e/mi)1/2 ´lf(�. β ´Ãþjzëê,
����� −1—0. ù������¹
ü«AÏ
�¹: β = 0 éAð½�lfgd§; β = −1 éA
ð½�lf[£Ç.

}�¥>³÷vÑt�§

∂2φ

∂x2
= −4πe(ni − n e − n−). (5)

�
{z, Ú\e�Ãþjþ:

Φ = −eφ/T e , ξ = x/λD, ui = vi/cis,

N e = n e/n e0, Ni = ni/ni0,

N− = n−/n−0, ν = λDnnµs.

ù p λD = (T e/4πn e0e
2)1/2 ´ > f � ~ � Ý,

ωic = eB/mic ´lf£^ªÇ. cis, ωic Ú λD ©
O´lf(�, lf£^ªÇÚ>f�~�Ý. 3
}> x = 0 ?, dO¥5^�, k n e0 = ni0 + n−0.
- B̂0 = − cos θx̂ + sin θẑ, d (1)—(5) ª, ·��
±��

N e =exp(−Φ), (6)

N− =exp(−σΦ), (7)

Ni =
Mi

uix
, (8)

uix
∂uix

∂ξ
=

∂Φ

∂ξ
+ γiδ

1/2
i uiy sin θ − νu2+β

ix , (9)

uix

∂uiy

∂ξ
=γiδ

1/2
i (uiz cos θ − uix sin θ)

− νu2+β
iy , (10)

uix

∂uiz

∂ξ
= − γiδ

1/2
i uiy cos θ − νu2+β

iz , (11)

∂2Φ

∂ξ2
=δiNi − N e − δ−N−. (12)

(7) ª¥ σ = T e/T− ´>fÚKlf�§Ý
'. (8) ª¥ Mi = vix0/cis �lfêâê. (9) ª
¥ γi = ωic/ωpi �lf£^ªÇ ωic �lf�lf
NªÇ ωpi �',

ωpi = (4πni0e
2/mi)1/2.

δi = ni0/n e0,

δ− = n−0/n e0.

ò (8) ª�\ (9) ª, ¿��Ä3}> x = 0 ?,
Φ → 0, Ni → 1, ∂Φ/∂ξ = E0 6= 0, ���

dNi

dΦ

∣∣∣∣
Φ=0

=
νM2+β

i − γiδ
1/2
i uiy0 sin θ

M2
i E0

− 1
M2

i

. (13)

d (6), (7), (12) ª�±��

∂2Φ

∂ξ2
= δiNi − exp(−Φ) − δ− exp

(
− σΦ

)
= −

dV
(
Φ

)
dΦ

. (14)

(14) ªü>È©�g�±��l�$Å³

V (Φ) = −
∫

δiNi dΦ − exp
(
− Φ

)
− (δ−/σ) exp

(
− σΦ

)
.
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(14) ªü>�©�g, 3 Φ = 0 ?

− d2V (Φ)
dΦ2

∣∣∣∣
Φ=0

=
[
δi

dNi

dΦ
+ exp

(
− Φ

)
+ δ−σ exp

(
− σΦ

)]
Φ=0

>0. (15)

ò (13) ª�\ (15) ª, �

M2
i > 1

δs
+

γiδ
1/2
i uiy0 sin θ − νM2+β

i

E0 · δs
. (16)

ùp, δs = (1 + δ−σ)/δi. du3}> x = 0
?: ∂uix/∂ξ > 0, ∂Φ/∂ξ = E0 > 0, d (9) Ú (16)
ª��

�β = 0�,

(
E0 + γiδ

1/2
i uiy0 sin θ

ν + E0δs

)1/2

6 Mi 6
(

E0 + γiδ
1/2
i uiy0 sin θ

ν

)1/2

;

�β = −1�,

[(
1
δs

+
ν2

4E2
0δ2

s

+
γiδ

1/2
i uiy0 sin θ

E0δs

)1/2

− ν

2E0δs

]
6 Mi 6

E0 + γiδ
1/2
i uiy0 sin θ

ν
. (17)

3	\^|�^e, -E>K5}��À0�
âd (17) ªû½. Ù¥, γi Ú θ Ny
^|��Ú
�Ýé}��â�K�, δs Ny
Klf��ÝÚ
§Ýé}��â�K�.

3 ©ÛÚ?Ø

é (16) ª?1z{, � γi = 0, ν = 0, δs = 1
�, �±��Ã	\^|Ã-E�>flf}�
�À0�â M2

i > 1[15]. `²lf?\}���
Ý7L�u�ulf(� Cis. Ó��`²}>
7L�3��\�>|, ¦lf¼�v
�Uþ.
� γi = 0, ν = 0, δs 6= 1 �, ��Ã	\^|Ã-
E�>K5}��À0�â M2

i > 1/δs, � Wang
� [12] �(J�Ó. d�lfêâê�KlfÚ�
lf��Ý'!>fÚKlf�§Ý'k'.

2é (17) ªz{, � γi = 0, ν 6= 0, δs = 1 �,
�±��Ã	\^|�^e�-E>flf}�
�À0�â.

�β = 0�,

(
E0

ν + E0

)1/2

6 Mi 6
(

E0

ν

)1/2

;

�β = −1�,

[(
1 +

ν2

4E2
0

)1/2

− ν

2E0

]
6 Mi 6 E0

ν
. (18)

Liu � [15] �Q��LÓ��(J. d	, ��±Ï
Lé (17) ªz{��Ã	\^|�^e�-E>
K5}� (γi = 0, ν 6= 0, δs 6= 1) ±9	\^|�
^e�-E�lfN}� (γi 6= 0, ν 6= 0, δs = 1)
�À0�â [16,20].

3 e ¡ � ? Ø ¥, · � � � � l f N � Ý

� n0 = 5 × 1014m−3, >f§Ý� T e = 3 eV.
α = 0.134, � A � í N Ø r � 13.33 Pa, § Ý
� 290 K.

ã 2 w«
 β = 0 �Ã	\^|�¹e-E
>flf}� (δs = 1) Ú-E>K5}� (δs 6= 1)
�lfêâê Mi ������ }>>| rÝ E0

Cz�'X�. éu>flf}�, Mi �e�Ú
þ�d (18) ªû½. ��}>>|\�lf, é}
�À0�âäkû½5�^. éu>K5}�, Mi

�e�Úþ�d (17) ªû½. lã¥�±wÑ: 3
Ã	\^|��¹e, ü«}� Mi �þ��Ó, v
k«O; ü«}� Mi �e�ØÓ, }�¥Klf
�§ÝÚ�Ý�(K�X�lf?\}����
Ý. >K5}�lfêâêe��ê���é��

, `²Klfé�lf�¥ÕÚå�^¬¦�l
f�N´?\}�. ã 3 w«
 β = 0 �	\^|
�^e-E>K5}��lfêâê Mi �e��
}>>|rÝ E0 Cz�'X�. ëê δs �ê�
�ûuKlf��lf��Ý'9>f�Klf
�§Ý'. lã¥�wÑ δs �ê��� (�A�K

ã 2 lfêâê������}>>|Cz�'X�
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ã 3 l f ê â ê � e � � } > > | C z � ' X 
� (B = 0.05 T, θ = 30◦, uiy0 = 0.05)

ã 4 ^ | r Ý é } � À 0 � â � K � (θ = 30◦,
uiy0 = 0.5)

lf�Ý�½öKlf§Ý$)Mi �e�ê��
�, �lf�N´?\}�.

ã 4 Úã 5 ©Ow«
 β = 0 �	\^|r
ÝÚ�Ýé-E>K5}�À0�â�K�. d�
lfêâê����d (17) ªû½. lã¥éN´
wÑ, �X^|rÝÚ�Ýê�O�, lfêâê

e�Úþ��ê�Ñ�A�O�, lfêâê��
���N�þ£Ä. ù´duâÔ[åK�
lf
3 x ¶��þ��Ý. 3ù«�¹e, lf?\}
���Ý��.

ã 5 ^ | � Ý é } � À 0 � â � K � (B = 0.2 T,
uiy0 = 0.5)

4 ( Ø

�©ïá
��	\�^|�^e�-E>
K5�lfN}��., ��
}��À0�â.
�â�¹
lfêâê���þ�Úe�. é}�
�â?1{z��(J�Nõ�'�ó�(J�
�. �âL�ªNyÑ	\^|���Ú�Ý!K
lf�ßÝÚ§Ý!}>>|±9-Eëê�Ñ
élfêâê���kK�. ²Lê�?Ø��(
Ø: 1) Klf�§ÝÚ�Ý¬K�lfêâê�e
�, duKlfáÚ�lf, ¤±3>K5}�¥
�lf�N´?\}�; 2) ^|�rÝÚ�Ýé}
�lfêâê�þ�Úe�ÑkK�, ¦lfêâ
ê�����u)�N�£Ä.
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Bohm criterion for a collisinal electronegative plasma
sheath in an oblique magnetic field∗
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Abstract
The Bohm criterion for a collisinal electronegative plasma sheath in an oblique magnetic field is investigated with a fluid model.

The effects of negative ions and magnetic field on the Bohm criterion are discussed. It is shown that the parameters of the negative
ions affect only the lower limit for Bohm criterion, and the external magnetic field can affect the whole range of the ion Mach number
values.
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