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1 Ú ó

�lfN°Ä���¡\�ì´|^�lf
NÓ¶l�>�)p§!p�!p�Ý�lfN,
2dT�lfN\����N�â (10—1000 µm)
��p� (1—15 km/s), ^u�[�m���¡E
Â�A�/¡¢�C� [1−3], Ùó��naqu
�:C� [4−6]. \�ìØ%Ü�´Ó¶l, Ù\�
�n�: pØ>Nì|�Ó¶>4�\pØ, ¦Ó
¶lS¿\�íNóÀ3pØeu)ÂB�>, 3
S	>4m/¤�lfN>6, �Ùg��)�^
|�p�^/¤�r�^Øå, ¦�lfN�c\
�$Ä; ��ùì�lfN?\I/Ø ��, 3
��¥�lfNaAÑµ/>6/¤��¶%�
^Ø å, ò�lfN»�Ø , l
/¤p�p
�Ý��lfN�6; ò�u��?��â]m�
Ñ/¤�p��â. C�Xã 1 ¤«. �lfNÓ
¶l�ó�L§E,, K��â�Ý�Ï��õ,
�)�lfN
!Ø ��!��/G!�âá
�!º�9���ª�, Ù¥Ó¶l�lfN
�
¶��Ý´'�, �´8c¶��Ý��>^�9

ëê��6'XÿØ²(. Äu±þ¯K, �Ä�
Ó¶l�lfN´pØ�>�), ±Y�m=kA
��¦, Ã{^·>&�?1�ä, Ïdæ^äk
p(¯���AA5qØ0\�lfN�¸éÙ
�)Z6�1Ì�ä�{ [7,8], ÏLÿþlfÌ�
�õÊVª£, &¢�lfN¶��Ý��>>Ø
Úó�íNØr�m�'X, ¿(ÜnØ©ÛÚê
��[, Ï¦`z¢�C��k�å».

2 ê��[

Ó¶l�lfN�>L§d 4 ��ã|¤: Â
B�ã!¶�\��ã!»�� �ãÚ�$�
ã. K��¡\��J�Ì�´¶�\��ã, 3
d�ã�lfN¡3âÕ[å�^e÷¶�\�,
Xã 2. d��lfN$Ä�§�±^Ès�.£
ã. �âÈs�.�b�, �lfN�¥¤×L�
íN©f��Ü>l, ¿��lfN��å±Ó�
��Ý$Ä, �lfN��þ3ØäO\. du°
Ä�lfN$Ä�å´âÔ[å, Ïd�lfN}
� (��) ´�m � (r, z) �¼ê.
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ã 2 Ó¶lÔn�.

�lfN¡�$Ä�§�
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dt
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µI2
p

4π
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)
, (1)

ª¥ t ´�m (s); z ´�lfN¡$Ä� £ (m);
Ip ´�lfN�>>6 (A); a ´Ó¶lS» (m);
b ´Ó¶l	» (m); ρ0 ´�lfN�Ý (kg/m3);
µ ´ý�^�Ç (N/A2).

3ØO�lfN>{�¹e (Rp≈0) kXe£
´�§:

(L0 + Lp)
dIp

dt
+ Ip

dLp

dt
+ R0Ip = V0 −

1
C0

∫ t

0

Ipdt,

(2)
ª¥ C0 ´>Nþ (F); V 0 ´¿>>Ø (V); R0 ´
	£´>{ (Ω); L0 ´	>´>a (H). �§ (1), (2)

´��ÍÜ�§|, 3£ã$Ä��§¥É�u�
>>6, 
3£ã£´��§¥qÉ$Ä �Ú�
lfN¡�Ý�K�.

é�§ (1) Ú (2) ?1Cþ��, �§|�
�n�
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+
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(
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, (3)

Ù¥ k1 =
µ ln(b/a)

4π2ρ0(b2 − a2)
, k2 =

µ

2π
ln

(
b

a

)
. (3) ª

¥ q ´>Nì�>>þ (C); C ´>Nì>N (F).
|^ MATLAB )þã�©�§, Ñ\�ë
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ê �: Ó ¶ l S » (� ») 14 mm, 	 » 40 mm,
� 15 cm, >Nì>N 64 µF, 	>´>a 132 nH,
	>´>{ r � 0.01 Ω, ���ê��[(JX
ã 3, ã 4. ã 3 �ó�íNØr (1 atm) ØC��
¹e, ¶��Ý��>>Ø�Cz, lê��[(
J¥�±wÑ, �lfN¶��Ý��>>Ø�O
\
�5O�. ã 4 ��>>Ø (20 kV) ØC��
¹e, ¶��Ý�ó�íNØr�Cz. �±w�,
�lfN¶��Ý�ó�íNØr¤�''X, �
íNØr�u��IO�íØ�, ¶��Ý¥�ú
eüª³.

� � � � � � � � � � � � � ������ �� ��	 
 ��
� � � �
ã 3 ¶��Ý��>>ØCz

� � � � � � � � � � � � � � � � � � ��� �� �� �� ��� � �	
� � 
 �
ã 4 ¶��Ý�ó�íNØr�Cz

3 1Ì¢�

3.1 ¢¢¢������nnn

�u1
ÚÉ1:�ö�mk�é$Ä�, É
1:���1ªÇÚu1
�1ªÇ¬kØÓ, �

ö��Ò¡�õÊVª£.

∆f

f
=

f

√
1 −

(v

c

)2

1 − v

c
cos θ

− f

f

=
√

c2 − v2 − c + v cos θ

c − v cos θ

.=
v cos θ

c
, (4)

(4) ª¥, f �ªÇ, ∆f �ª£, v �1
�éu�
Âì�£Ä�Ý, θ �*	:�1
�ë��1

�Ý���Y�.

ò (4) ª=��Å��Cz��Ý�'Xª�
∆f

f
=

v cos θ

c
= −∆λ

λ
, (5)

(5) ª¥, λ �Ì�¥%Å�, ∆λ �¥%Å��
Czþ.

|^·�C�þ��lfNÓ¶là¡²1
��þ�ÀæI�, 3R�u�lfN½��Ý�
��ÿþlfÌ�, d� θ = 90◦, Ì��ª£´".
·��±d�lfÌ�½I, À½,�A�Ì��
ïÄé�, �â�¡Úý¡Ì��ª£í�Ñ�l
fN¶��Ý [9]. du·�±Ì�¥%?�ª£5
í�¶��Ý, Ïd����Ý��lfN�²þ
�Ý.

3.2 ¢¢¢������OOO

¢��nXã 5. lÓ¶l�¡Úý¡ü´
Ï�æ8�lfNu��1&Ò, ÏL1nò1
&ÒDÑ��l�>C��1Ì¤, ÏL>u
XÚ��·�� ò´�m, �y1Ì¤U
Ó
Ú�Â�1&Ò, 2d1Ì¤��� CCD &ÿ
ì ò 1 & Ò = z � > & Ò Ñ Ñ � O � Å X Ú.
1Ìÿþæ^ HORIBA Jobin Yvon úi)��
iHR550 .¤�1Ì¤, 1Ì¤��å� 550 mm,
�é�»� f/6.4; ¤�XÚ� TE �e. synapse
CCD (1024×256) ¡
. 3 500 nm ?, ^ 0.01 mm
d¿, 2400 gr/mm 1», 1Ì¤©EÇ�±��
0.0125 nm.

¢�¥, ·�ÀJÌ� Ar / 393.25 nm �8I
Ì�, Xã 6. é�©Ì�?1pd[Ü, ¼�Ì�
�¥%Å�, d�¡Ì��éuý¡Ì��ª£,
Xã 7, ���lfN¶��Ý. lã 6 ¥�±w
��¡�éuý¡¥%Å��UCþ=� 0.01 nm
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�m, 
1Ì¤©EÇ� 0.0125 nm, Ïd·���
�¶��Ý�Cq�, �´ØK�é�Ý�Ù¦Ï
�Czª³��ä. ,	ã¥w«Ó�^Ì��¡
Ð°��uý¡Ð°, ´du�lfN½��Ý�

¡©Ù���2, Ïd�éu¥%ªÇ�ª£�°.
¢�¥, duÌ��¡1ÌrÝ��uý¡1r,
3û��¡Ì��1nc��P~¡, ØK�Ì�
¥% ��(½.� � � � � � � � �� � � � 	 
�� � �� 


ã 5 ¢��O�nã� � � � � � � � ��� � � � �� � � � �� � 	 � � � 
 � � � �
 � � � � 
 � � � �� � � � � 
 � � � �
� � � � � � � � �� � � � �� � � � �� � � � � � � �

ã 6 �>>Ø� 20 kV ��lfN��¡!ý¡Ì�é'ã� � � � � � � � � � � � � � � � � � � � � � � � �� � � � �� � � � �� � � � �	 
 � � 
� � � � � �� � � � � � � � � � � � � � � � � � � � � � � � ��� � � � �� � � � � � � � � � � � � �
� � �
 � � 
� � � � � �

ã 7 Ar / 393.25 �¡ý¡Ì�Ð°é'9ª£

3.3 ¢¢¢���(((JJJ���©©©ÛÛÛ

3.3.1 ¶��Ý��>>Ø�'X
3ó�íNØr�½�^�e (c?íØ� 3

�IO�íØ, óÀ¿íz�>Ø� 1700 V), UC
�>>Ø, 3 15—25 kV ��Sm� 5 kV æ8A
|1Ìêâ, �õ|ÿþ�²þ�, d (5) ª¦��
lfN¶��Ý. du1Ì¤k�½�§Ý¤£,

� � � � � � � � � � � � � ����� �� ��� � 	
�� 
 � �
ã 8 �lfN¶��Ý�ó�>Ø�Cz

¢�¥æ� áæ8�mm����5~�Ø�.
�âõÊVª£, ÿ��lfN�¶�£Ä�Ý�
�>>Ø�O\¥�5O�, Xã 8, L²UC�
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>>Ø�±k�����lfN¶��Ý. é'ê
��[(J�¢�(J, üö�Czª³´���,
�´ê��.¥�¶��Ý����Ý, 
1Ì¢
�¥�²þ�Ý.

3.3.2 ¶��Ý�ó�íNØr�'X
Ó¶lS¿í�ÔnL§�: k�>^óÀ¿

íz�\±�½�>Ø (¿>>Ø), z��m]m
ó�íNlc?í¿?\Ó¶lý�¿, �=��
3ÉØ���^e�£�Ð© �, ¦z�'4.
ÏdK�Ó¶lSó�íNØr�Ï�kü�: �
�´í¿�c?íØ, ,��´¿íz���£´
�¿>>Ø [10]. ã 9 �Ñ
c?íØØC (2 atm)
��¹e, ¿ííØ�z�¿>>Ø�Cz, �±
w�3 1400 V � 1700 V ��S, ¿ííØ�z�
¿>>Ø,p
�úO�. ã 10 �z�>Ø©O
� 1400 V Ú 1700 V ��¹e, í¿c?íØé¿
\Ó¶lý�¿SíNíØ�K�, (JL²¿í
íØ�c?íØüNO\.

� � � � � � � � � � � � � � � � � � � ��� � �� � �� � �� � �� � � �����	 
 � �
ã 9 ¿ííØ�z�¿>>Ø�Cz

�ïÄó�íNØré¶��Ý�K�, �½
�>>Ø (20 kV) Ú¿íz�>Ø (1700 V), UC
í¿c?íØ, 3 1—3 atm ��Sm� 0.5 atm æ
81Ìêâ, dª£í����lfN¶��Ý�
c?íØ�Cz(JXã 11 ¤«. L²3díØ
��S, ¶��Ý�c?íØ�O�¥�úeüª
³, íNØr�UCé�lfN¶�$Ä�Ý�K
�Ø²w.

3í¿c?íØ�±ØC�^�e, UC¿í
z�þ�ó�>Ø5UC?\Ó¶lS�ó�í
NØr. ¢�¥, í¿c?íØ� 3 atm, �>>Ø
� 20 kV, 3z�ó�>Ø��S (1400 V—1700 V),
m� 100 V æ81Ìêâ, (JXã 12 ¤«. d

c¡©Û���X¿íz�>Ø�,p, Ó¶lS
íØ����úO�, d�Ó¶lSó�íNØr
3 1 atm �m, lã¥�±w��lfN¶��Ý
�XíØ,p
�úeü, �ê��[ (ã 4) (J
�Î. `²F~ÀJ�íØ��Ø´�lfN�Ý
�¯aCz��.

� � � � � � � � � � � � � � � � � �� � � 	 
 � �
 � � 	 
 � �
 � � 	 
 � �
 � � 	 
 � �
 � � 	 
 � �
� � � �� � � � � � � � � � � � �� � � � � � � � � � � � ��� �  !"#$

ã 10 ¿ííØ�í¿c?íØ�Cz

� � � � � � � � � � � � � � ����� �� �	
 � �
�� � � � �
ã 11 �lfN¶��Ý�ó�íNc?íØ�Cz

� � � � � � � � � � � � � � � ����� �� �	
 � �
�� � � �
ã 12 �lfN¶��Ý�¿íz>Ø�Cz
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4 ( Ø

�©|^u�1Ì{, ïÄ\�ìÓ¶l3Ø
Ó�>>ØÚó�íNØr��lfN¶��Ý
�Cz. (JL²: ¶��Ý��>>ØüNO\,

ó�íNØr�UCé¶��ÝK�Ø²w, �
ê��[(J�ÎÜ, Ïdd�>>Ø�±k��
��lfN¶��Ý. ïÄ(Jw«8c�lfN

¶��Ý�$, ´duó�íNØrLp, Ä�3
���íØ±þ, ,	, du�â\��J��l
fN�¶�Äþ���', XJíN�Ý��, K
�lfN�Ý�$. íN�ÝC�, �,�Ýk¤
Jp, �´�lfN�þC�, Ïd7Lé�üö
��Z(Ü:5¼�����lfN¶�Äþ, �
�±�ÄÀJÜ·�?í�ª, ~X·�¿í�ª,
5Ïé�Zó�íØ�, `z\��J.
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Research on plasma axial velocity generated by small
debris accelerator coaxial gun∗
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Abstract

“Plasma driven micro-particle accelerator” is a ground device for simulating impact effects of small debris in space. The particle

velocity is determined mainly by axial velocity of plasma in a coaxial gun. Emission spectrometry is used to study the plasma axial

velocity at different voltages and gas pressures. The experimental results indicate that axial velocity increases with the increase of

discharging voltage, and doesn’t change significantly with the pressure of working gas, which is consistent with the result of numerical

simulation. This result is useful to improve the plasma axial velocity further, and provides an experimental basis for optimizing the

accelerator.

Keywords: emission spectroscopy, debris accelerator, plasma, Doppler drift
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