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1 Ú ó

$íØ�6�1�>�lfNEâA^+�

�©2� [1−5] , Ó��´�lfN���­�ïÄ

+�. õc5<�é$íØ�1�>l¢�ÚnØ

þ?1
NõïÄ, |^
�«¢�Ãã (�)·

>&�!1Ì�) 5©ÛÚïÄ$íØ�1�>�

ÔnL§Ú�>Ån [6−8]. �
��÷¿��lf

N©ÙÚÜ·��lfNëê, <��ÊH�æ^

�« .^| “��” Ú “�å” �lfN, l
J

p�lfNëê¿ “��” Ù ., 8c, ^�C�

��kü«a.µ1) ��^z�lfNC�, =3

�lfNSÜïá��þ!^|, r�lfN�å

3^|�¥, ùaC�k��^zC� [9,10] Ú�

/^zC� [11−12] �©; 2) L¡^�åC� [14,15],

=3C��L¡�gü�õ|^45�O�[È

^c, /¤L¡^|, ;��lfN�L¡�>5

Jp�lfNëê. Äu^|� “��” �^ [16] é

Jp�lfNëêÚ�� .�¿Â, ·��O


�«^��6�1�lfN¢�C�, ù«C��

^|©Ù3�lfNSÜ, �3�lfNS�^|

´�þ!�, ¿��±ÏLUC���ª5UC^

| ..

©zþ®²��
õ«�ä�lfN��

{ [17−19], Ù¥ Langmuir&� [20] ÏÙ(�{ü,

U3��^���ó�±9Ué�lfN���

Ü ?1ÿþ�`:
��
2��A^. �©$

^ü&�5�ä�6�1�lfN��>A5, Ï

L&�ÏSA5­�O�Ñ>f�Ý, l
�Ñ>

f�Ý�íNØr!>f�Ý©Ù�^| .±

9^|rÝ��'X.

·��O�^��6�1�lfNC�Ì

�´�ÔnÆ���)m��lfN¢��§,

¦Æ)
)Ýº�lfN¼�!�å±9~5

�·>&���ä�{, ��Æ)l¯�Æ¢�

ïÄ�Uå.
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2 ¢�C�9�n
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Ú¿íXÚ, ^9óý�Ouÿý�Ý, ¿���

A��>>
!^|>
9&��äÿþXÚ.

¢�L§¥, ^|´ÏLü�^|��Géë

�, dÓ��>
ø>. ·�$^k���{ïá

�A��.ÏLê�O��[Ñ^|� ., �

��ø>>6dü���Ó¶à�\, ^| .X

ã 2(a)¤«, d«^| .¡�^º¶�>6dü

���É¶à�\, ^| .Xã 2(b) ¤«, /¤

¬�^|¡�^². ÏLUC6²��>6���

��±UC^|rf. ·��éC��¥¶�±9

Ù¥R¡þ�^|rf?1�[, (JXã 3 ¤«.

(a)

(b)

ã 2 (a)^º .; (b) ^² .

3 ¢�Sü

3.1 &&&¢¢¢���ZZZ������>>>^̂̂���

�
(½$1÷*��ëê��, �
±eü

�¢�µ1)Ar íå�¢�: 3ØÓíNØre, d

$�pUC�>>Ø��å��>, ¿P¹�$�

å�>Ø, dd�±��TC�å�>Ø�íNØ

rCz'X, ±B��¼��lfN�ZíNØr

^�, ��>Ò4?3íN6Ä���þi, é�

>Ø�íØ�'XXã 4 ¥�­� 1 ¤«¶�·

�UC�>�>4�45 (��>Ò4?3íN6

Ä���ei) ­Eþãö��±��é�>Ø�

íØ�'XXã 4 ¥�­� 2 ¤«. 2) 3¥R¡þ

ØÓ»� �ÿþ>f�Ý�íNØr�m�'

X: 3­½�>��¹e, �½�>>Ø, N!íN

Ør���>ª�. 3ØÓíØeP¹·>&�Ï

S­�, O��Ñ>f�Ý, l
��>f�Ý�

íNØr�'XXã 5 ¤«.

ã 3 (a)ü>4�m¥¶��^|©Ù; (b) �ü>4¥

R¡þ^|�©Ù
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3.2 >>>fff���ÝÝÝ���»»»���©©©ÙÙÙ

­½�>�¹e, 3�«ØÓ�íNØr^�

e, ^·>&�3¥R¡þØÓ�»� �ÿþ&

�ÏS­�, l
��>f�Ý�»�©ÙXã 6
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ã 7 ØÓ ��>f�Ý3^º .¥�Cz­�

3.3 >>>fff���ÝÝÝ������ååå^̂̂|||rrrÝÝÝ���UUUCCC

3ü«ØÓ�^| .e^·>&�3¥

R¡þØÓ�»� �ÿþ&�ÏS­�, l


��>f�Ý��å^|rÝ�CzXã 7 Ú

ã 8¤«.

ã 8 ØÓ ��>f�Ý3^² .¥�Cz­�

4 ¢�(J�?Ø

Xã 4 �é�>Ø�íNØr�'X. d­

� 1 uy3íØ� 8 Pa�, é�>Ø� 260 V �

$. dø0½Æ [22] ��, íN�ÂB>ØVS �

´íØP�4åd¦È�¼ê. 
�VS �Pd�'X

3,
«�p´�5�!�¿Ø�´�5'X.

ã 9[22] ´VS �Pd�'X­�, 3�½�Pd��S,

VS k4��. ã 4 �Ñ�¢�(J�VS 4��Ñ

y3Pd=1.6 Pa·m ?�nØê��Î. ­� 2(�>

Ò4?3íN6Ä��ei) mq´­� 1 ²£

��, �c[*	�uy, 3$íØeü^�A�

vkCz, ��XíØ�þ,,  ��5��. �Ò

´`3píØ��¹e, í6��^´Ø��Ñ

� [23]. Xã 5 �3ØÓ»� �>f�Ý�íN

Ør�m�'X. Ù(J´3C��>é���,

r�>>Ø�½3 300 V, UCíØ
���, �

ã 4 k²w�éA'X, 8 Paé�>Ø�$, 
3

�Ó��>>Ø^�e3TØre�±¼��p

�>f�Ý, L²d��>�r�, �Ò´`T^

��6�1�lfN¢�C�3�Ó��>>Ø

^�e�Z�>íØ� 8 Pa.

ã 6 � 3 ­ ½ � > � ¹ e, í N Ø r © O

� 2 Pa, 8 Pa, 20 Pa, 35 Pa�, >f�Ý�»�©

Ù. Ù(J´3ØÓØreC��>é���, N

!�>>Ø�����Z�>G��¹e
ÿ�

�. íØ3 8 Pa�¥%>f�Ý�p, Ï�ù�

>l�N´. 
íØ3 2 Pa�m�, >f�ÝÑ

y²w�eü. >f�Ý�¤±¬²weü, ´Ï

��§ÝÚíN«a�½�, íØÚ²þgd§

�¦È��~ê [24], íØL$, âf�²þgd
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§�C$��uC��º�, >flÒ4$Ä�

�4L§¥-EÅ¬é�, ¦�>~fE¤�. l

ã 6 �±wÑ, íØp��m�>����, íØ

$��m�>����, ù´Ï�íØp�¥5

âf�Ýp, >f�¥5âf�-EªÇp, >f

*Ñ���¶íØ$�¥5âf�Ý$, >f�

¥5âf�-EªÇ$, >f*Ñ�����. l

ã 6 ¥�*	�, Ør� 20 Pa��>�r�, N

y3>f�Ýp!�>��� ($�²w�uØ

r� 8 Pa���¹)!>f�ÝFÝ�!�lf

N©Ù�þ!�. �â²þgd§ [25] ��£, í

Ø�$, íN©f�Ý��, >f�íN-E²þ

gd§��, ¿�X�>|\��>f-Ec¤¼

�ÄU��, l
�N´¦íN©f-u½>l,

?
�N´�)�>. Ò´`µ²þgd§O�

�, �>¤I���$>Ø~� [26], ¢��$�

>>ØÑyØr3 8 Pa?. �´�íØ�~��,

²þgd§é�, ��-EVÇé�, 7,¬K�

�>, �UJp�>>Ø¦>f�Ç?�ÚO�


Jp-EÅ¬, �>>ØJp. ÷v�>N´ (íØ

$) �^�, ¿Ø¿�X÷v¼��Z�>ëê^

�. ��, ·�JpíØ, ²þgd§~�, -Eª

ÇO�, ��U
Jøv
p�>Ø�±¦�>�

\-�, ¼��Z�lfNëê. 3Ø�Ó��>

>Ø^�e, 3¢��íØ��S 20 Pa´¼��

Z�>�lfNëê�^�.
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ã 9 VS �Pd�'X

dã 7!ã 8 �Ñ�(J·��Ñµ^| /

�ã 2(a)�, �>�m��3±�»� 5 cmü�

/>4��¡, ±�ü>4>����^å�¤�

¤���/�m�¥. �^|rÝ�O\�å�J

¬Or, Ïd¥%�Ý�^|rÝ�O\
O\,

>��Ý�^|rÝ�O\
~�. ^| /�

ã 2(b) �, �>âf�^å�Ú��¢�C�¥R

¡�>�, Ïd¥R¡þ¥%�Ý�^|rÝ�O

\
~�, >��Ý�^|�Ý�O\
O\. �

,¥%�Ý�^|rÝ�O\
~�, �Ø¬�".

�Ïk�µ1) �>A5Ø=�^|k'���>

>|k', �>âf�¬÷¶�>|$Ä, Ïd¥

%>f�ÝØ¬�"¶2) Xã 2(b)¬�^|, ¬�

¥%�^|��, �>âf÷^å��Ú^$Ä�,

^|f�«��>âf�^=�»�, �>âf÷

^|��$Ä�Ó�, �N�¬�¬�¥%¤£,

�>âf����¬�¥%ÒéJ<lT^².

5 ¢�(JÚnØ'�

5.1 nnnØØØ©©©ÛÛÛ

éuf>l�lfN, �>âf�¥5âf�

-EªÇ��u�>âf�m�¥Õ-EªÇ, ·

��±ò�>âf�m�-EéÑ$L§�K�

�Ñ. l©z [27] ��

bα// = qα/mαναn, (1)

Dα// = Tα/mαναn, (2)

bα⊥ = qαναn/mα

(

Ω2
cα + ν2

αn

)

, (3)

Dα⊥ = ναn/mα

(

Ω2
cα + ν2

αn

)

, (4)

Ù¥ bα// Ú Dα// ©O¡�p�[£ÇÚp�*

ÑXê, N´�Ñ§��Ã^|��[£ÇÚ*Ñ

Xê�L�ª�Ó¶bα⊥ Ú Dα⊥ ©O¡�î�[

£ÇÚî�*ÑXê.

�±wÑ, î�*ÑXêÚ[£Ç�p�*Ñ

XêÚ[£Ç�m��þ?� (1 + Ω2
cα/ν2

αn)
−1 �

Ïf. 3 |Ωcα| ≪ ναn ��¹e, î�Ñ$Xê�

Ã^|�p�Ñ$Xêv�o«O. ù´Ï�3ù

«�¹e, ��üg-E��mm�Sâf÷.#

��±�U£Ä��ãål. Ïd3üg-E�m

m�S, âf�;,Cq��ã��, ^|éâf

$Ä5��K�é�. ��, � |Ωcα| ≫ ναn �, 3

��üg-E�mm�S, �>âf�±7å�^

=ÐA±, ù�^|éâf$Ä�K�åÌ��^,

�î�[£ÇÚ*ÑXê�6u^|.

5.2 OOO���(((JJJ

d©z [21,25,27]·�k

Ieo =2.5 × 10−14N eS
√

kT e , (5)

PV =nRT, (6)

νen ≈nσenv̄ e , (7)

v̄ e =(8kT e/πm e)
1/2, (8)
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Ωce =eB/m e . (9)

� ¢ � ¥ Ø r � 20 Pa� ^ º � ., d � N e

� 3.0×1015/m3, > f � Ú > 6 Ieo � 34 mA,

� â k � � � { � O � ( J · � � ^ | B

� 75 G(1 G=10−4 T), n �¥5íN�Ý, R �í

N~ê, T �¿§, >f-E�¡� 6×10−20 m2, �

\þ¡�§|��

νen ≈3.93 × 105 Hz, (10)

Ωce ≈1.72 × 108 Hz, (11)

¤±k

Ωce ≈ 1000νen, (12)

qd©z [25,28]��>f£^�» rce Ú λ̄ e >f

²þgd§©O�

rce (µm) =3.4T
1/2
e (eV)/B(T), (13)

λ̄ e =5.66λ̄g, (14)

λ̄g =kT/4
√

2πr2p. (15)

�\êâ�±��

rce =5.4 × 10−3 m, (16)

λ̄ e =5.094 × 10−3 m. (17)

¢�C���mº� L 3 20 cm�m, ¤± λ̄ e <

rce ≪ L. dd�±@�ù«k�º��C�¼�

��lfN´ÎÜ²;Ñ$�¦�.

lþ¡�©Û±9O�(J·��±�Ñ	

\^|é�>âf�î�$Ääk�½� “�å”

�^. �>âf�î�Ñ$Xê�'p�Ñ$Xê

� Ω2
ce/ν2

en �, Ï~òù�'�¡��>âf�^

zÇ, §L�
^|éu�>âfî�^|Ñ$�

K�ºÝ. ùp·��¢�(JÚð½^|¥f>

l�lfN�Ñ$L§�nØÎÜ�éÐ.

6 ( Ø

�©$^ü&��ä^��lfN�>C�

��lfNëê¿ïÄÙ�>A5, ïÄ(JL²:

1. 3T^��6�1�lfN¢�C�þ,

^ Ar í�>¼��6�1�lfN�3�Z�>

Ør 8 Pa,3dØreé�>Ø�$, Ó��±¼

�>f�Ý�p��lfN.

2. >f�Ý��m©Ù�íNØr�ØÓ


u)UC, �Ý¥%�Ørü$Åì�	*Ð, �

>f�Ý�~�, >f�¥5âf-EªÇ~�,

�lfN*Ñ��O�. �·���3Ør 20 Pa

�, �lfN�þ!5�Ð.

3. 3	\^º /^|��¹e, �^|r

Ý�O\�å�J¬Or, Ïd¥%�Ý�^|r

Ý�O\
O\, >��Ý�^|rÝ�O\
~

�¶éu	\^² /^|��¹e, �>âf�

^å�Ú��¢�C�¥R¡�>�, Ïd¥R¡

þ¥%�Ý�^|rÝ�O\
~�, >��Ý�

^|�Ý�O\
O\. ¤±3�>^�ØC�^

�e, �å^|��^¿ØU¦�lfNëê��

�NJp, �¬K��lfN��m©Ù.

ã 10 Á�¥*	��y�

4. 3¢�¥�íØ�,p��u 100 Pa�,

N!�>>Ø¦Ùå��>, �>�r�, Ñy

Xã 10 ¤«��¡G�>y�, åÐ�¡¿÷

Ò�ü>4�m���m, é¯g�4NCm©

�¡Åì��, ������, ±Y�m�kA

�¦¨, duL§�á6, Ã{éd?1�\ï

Ä. ·�@��6�lfN¥�ù«�¡�«´

�«;.��²ïNX¥�g|�y�, ´�«

��lfN¥Ñ$y�!>lL§Ú>f�Ä

åÆA59>|©Ù�'�>lÅ¤Úå�. d

u�¡�«é>fG�Ú>lA5��¯a, �

±���lfN�ä��«n�óä5�NØ

Ó�lfN�ÔnA5 [29]. ©z [30] ÏLpí

ØóÀ�6�1�>¢�uyù«�««�þ

ÝÚrf�>4må!íØ!�>>6!9�í

ßÝk', �ù
ëêCz��íN§Ýþ,�,

�««���~�Cf. dd¦�íÿ, 3píØ

e, íN§Ýé�>íN�-u>lA5k���

K�, íN§Ý�p, 9-uÚ>l��^�²w,

l
¦�5>f-E-u>l�5Æ5©Ù�»

�, l
�f
�¡�«y�. ©z [31] 3 T8 F1

�ïÄL§¥��Laq�y�, ¦ÏL^�lf

N^6NåÆnØÚ1ÌnØïÄ
ù«y�, ï

ÄL²ù«�«´�«A½ªÇ�>lÅ, 
�¦

�@��«�A5Ì�´d>f§Ýû½�. �ä

N�Ånk�?�Ú�ïÄ.
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Abstract

In this paper, We measure the plasma parameters using a single probe to study the characteristics of our designed magnetic

control direct current glow discharge experimental device. We can obtain the relationship between the electron density and pressure,

the electron density distribution and the magnetic field type, the electron density distribution, the magnetic field strength, etc. In

addition, magnetic field generated by coils is calculated bythe finite element method , through which the distributions of two magnetic

fields with different connection modes are simulated. In experiment the states of the plasma are controled partly by these two different

types of magnetic field position, and this “control” role is consistent with existing theory.
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