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�m���¡�ÊUìL¡�p�EÂ, U
��Ñ�lfN, 3p¿>�ÊUìL¡pu·>�>, ´�U
ÚuÊUìÉ~���­�Ï�. �©|^�lfN°Ä���¡\�ìé¿>á�?1�p� (3 km/s) EÂ�[
¢�, ÏL*ÿ�>óÀ&Ò5ïÄÏEÂ�)��lfNpu��>, ���Ð�¢�y�, ÐÚ(@
�p�
�¡EÂ¿>á�pu�>�Ån.
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1 Ú ó

/¥ÓÚ;�Ú��ÓÚ;��m�lfN
N´puÊUìL¡¿>, Ó�q´ÊUì��8
$1«�. �¡��p�EÂ�±��ÑÈ���
lfN�ì, Ù�ÝÚÅ9���EÂ�Ý9�¡
ºÝO\ [1]. EÂ����lfNé�U3Ø�þ
�>�á�9Ü�mïá�>Ï�, l
>uL¡
�>. Cc5, ·�3mÐ���¡EÂ¢�¥*
ÿ�: ����¡EÂp¿>á��, 3�½^�
e�±>u·>�> [2]. ù¿�X, �m���¡
EÂpu�>�U¤�ÊUìÉ~���ØN�
À�pÏ.

�þÊUìL¡�>�æ¯�©Û(JL²,

puL¡�>�ÔnÅ�ÿ����Ù, éõ�
>´3¿>�¸¿Øî­��¹eu)�. 3{
II[/¥Ônêâ¥% (NGDC) Â8� 1000 õ
^L¡¿�>�æ¯�¥, �kòCþz^¿�
>�æ¿vkLyÑ��m�lfN�¸��'
5; ·IÂ8� 173 ^¿�>¯�¥, 29 ^éØ
�pu�>��
. ~X, IS ××GEO ;�¥
(�O�ÅdL¡�>Úå
õgE , �´©
ÛL²=¦Uì�����m�lfN�¸O�
��U�)AzÏ�> �, ��Øv±Úå�

>. aq��¹��3upØ��>³
���
�kpØ��³Ü�, kØ�®(@�pØ>³

��>�æ¿vkLyÑ��m�lfN�¸
6Ä��'5, ù¿�X�m���¡k�Uõ
gpu��>³XÚ�æ, �´��À
. Cc5
F�Ê�&ÿÛ!�³�Æ�õ[Å�|^�?
�í�þ�)� 2—5 km/s ��p��âEÂ 
Ø 130 V—180 V ��[��>³, ÐÚ*ÿ�E
Âpu��>óÀ±9�g�>y�, �>�>f
�Ý�� 109/cm3[3]. 
�m�lfN�Ý�p�
�lfN�>f�Ý=� 102/cm3 , ù`²�¡E
Âpu ESD �æÅ�Ø=´�3�, 
�´î­
�, �du¥(þÊHØä�é���¡EÂ�¢
�iÿ��, J±¼�EÂpu�>���yâ,

Ïd, �Ï±5ÊU.��Ì�rÊUìL¡�>
�æ8Ïu�m�lfN�¸, 
�m���¡ù
�­�pÏ%�ùX
. �m�¡¥ 99.9999% ±
þ��¡5g 1 µm—1 mm �m����¡, �Ý
Ì�©Ù3 1—15 km/s[4]. 
ÊUìL¡²~?u
ýé½�é�>G�, Ïd, Äuù«yG, ·�3
�lfN°Ä���¡\�ìþ, é�\¿>£´
¥��¬?1p�EÂ, ïÄÏEÂ�)��lf
Npu��>y�, ��²w�¢��J, ý«X
���¡EÂ¿>á��)�lfNpu�>¤
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d3��³.

2 ¢��O

2.1 ¢¢¢���CCC���

T¢�3�lfN°Ä���¡\�ìþ?

1, ¢�C��nXã (ã 1), §d�éÓ¶>4�
¤. ü>4m\óÀpØ, íN3>4mÂB�/
¤>l; �>>6q/¤��^|; 6²>l�>
63^|� Lorentz å j × B ��^e, �	$Ä,

¿Øä�\�, ò��?��â�¬±�p�u�
Ñ�. ¢�¥, >4m\ 15 kV >Ø, �±ò�»
� 200 µm �Àæ�â\�� 3 km/s �m��Ý.

ã 1 ¢�C�«¿ã

2.2 ¢¢¢������nnn

¢�¥, k4Ü>
m', X (ã 2) ¤«, é£
´¥�>Nì¿>�ã�m, ¦���>{ R2 þ
k��Ð©> , d��u)ÂB�>, 3mé\
�ìEÂ�¬c, äm¿>£´¥�>
, du>
Nì��>�m��uEÂ�â¤I��m, �
�>{ R2 þ�±6��±T> �ã�m, �p
��1��âEÂ¿>á��)�lfN�, ò¿
>£´]m�Ï, R1 þ=kóÀ>6ÏL, ��>
{ R2 þ> k��ªeü, ÏLÿþ�>óÀ>
6 I Ú��>{ R2 þ>Ø U2 �aC, �±*ÿ�
>y�.

ã 2 ¢��n«¿ã

2.3 ÿÿÿþþþ���{{{

^«Åì�ü´Ï�©Oæ8��>{þ R1

þ�óÀ>6Ú��>{ R2 þ�> &Ò, d\
3�¬�Ü�Ø>DaìP¹�âEÂ�¬��
�, ^�1�m{ (v = l/∆t, l ��â�1+��
Ý, ∆t ��1�m) O��â�1��Ý [5].

2.4 ¢¢¢������¬¬¬

ã 3 �¢�¥æ^�¿>á�, 3>´�þÛ
ÎG Ag �, Ag �°Ý� 0.5 mm, �� Ag ��m
å� 0.5 mm, 1 mm, 2 mm ØÓ5�, duEÂ �
´�Å©Ù�, ¤±�Xã 3 ¤«�ÎG>4, ±
Jp¢��Ç.

ã 3 ¿>á��¬ã�

�
`²EÂ�u)��>Ø´d>4mÂ

039601-2



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 3 (2012) 039601

BÚå� (��4ÚÒ4m�>Ø\�,��.�
�, >4m�íNÒ¬u)�> [6] ), é�>�¬3
ý�¥� Paschen ­�?1
ÿþ (ã 4). dã¥
�êâ�±��, �>Ø� 750 V �m�, u)Â
B�ý�Ý�� 9 Pa. ·�¢�¥�ý�Ý� 10−3

þ?, 
u)�>�\3�>á�üà�>Ø�
u 700 V, Ïd, �±üØ´ÂB�>.

ã 4 �¬á�3�í¥� Paschen ­�

3 ¢�(J

3.1 ���âââ���ÝÝÝ

ã 5 ¤«��gu�¥��â�Ý&Ò, Ù
¥�¹
 5 |�ÝØÓ��â, ©O� 2.7 km/s,

17 km/s, 1.4 km/s, 1.2 km/s Ú 1.1 km/s. dã 6 éì
��z|�â�EÂþ�)
�>. ¢�y², �
u 1 km/s ��âEÂ¿>á���UÚu�>, `
²¿�du�â�>���>, 
´�p�EÂ�
)��lfNpu
�>.

ã 5 Ø>Daìþ�â��Ý&Ò

�
��m�µ�lfN�Ý�'�, é·�
EÂÁ�¥�)��lfN�Ý���, d©z [1]

¥�²�úª Q ∝ mαvβ , α = 0.85 (v > 1 km/s),

β = 3.2 ± 0.1, é'©z [3] ¥�êâ: 3 mm �»
�¾¥± 2.5 km/s ��ÝEÂÔ�, ÿ��>f�
Ý� 9.1 × 109 /cm3. Ø�Äqá�>lU�É, ·
�^�» 200 µm �Àæ± 2.5 km/s ��ÝEÂ¿
>á�, �)�>f�Ý���� 106 /cm3 , ��
u�m�µ�lfN��Ý.

3.2 ���>>>>>>ØØØ999>>>666óóóÀÀÀ

ã 6 ¥þã���>{ R2 þæ8�>Ø&
Ò, eã�>{ R1 þæ8�>6óÀ&Ò. �±w
�, 3�âEÂ¿>á��¬�Ó�, dup�E
Â�)��lfN]mò R1 |´�Ï, >{ R1 þ
�)óÀ�>, >þ���, ¤±>{ R2 þ�>Ø
&ÒÑy��ª�üÌ, ü�>{þ� &Ò� mé
A5éÐ, �p�y, y²
êâ���5. ã 7 �
ã 6 ¥1���>óÀ�Ð°, ���lfN�)
��m�C 30 µm, 3�|EÂ�>¢�¥, � 10

gEÂ, Ù¥k 3 ��>óÀ�mªÝ�� 20 µm.

�5·�òÏLUC�>ëêÚ�¸ëê, UY¹
¢ÏEÂpu±Y�>��)^�ÚÅn.

ã 6 ��>{&Ò

ã 7 ü�>6óÀ&Ò
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3.3 ���>>>KKK���������

�Ïépu�>�ëê��, ·�ém�©O
� 1 mm Ú 2 mm ��¬�EÂ�>¢�, é�â
�ÝÚu)�>�|r?1 ÚO, ��ã 8 ¥ ��

ã 8 �±pu�>�|rÚ�Ý«�

>K���. :�þ��«�Ò´�±u)�>�
«�. ��¡EÂ¿>á��, �â��ÝÚ\3

¿>á������m�|r u:�þ��«
��, Ò�±u)�>. ��, �>|rÝ���,

�N´pu�>, u)�>¤I��Ý�K�Ò�
$; �Ý�p�, EÂ��Ñ��lfNÒ�È�,

�>¤I��>|rÝ�K�Ò�$.

4 ( Ø

¢�L²: �¿>á�¿±AzÏ�>Ø�,

��»�Az��!�Ý�A km/s ��âEÂ�
�ÿ, ¬�)�lfN�ì¿pu�>. �e5�
ó�¥, ·�I�é¿±ØÓ> �ý�0��
m!¿>ý�0��/�m!�>]2�N�/
�m��¹©O�·>�>¢�, �I�SC·>
&�, ¿�Ü1Ìû��Ãã [7], 5ÿþEÂ�)
��lfN��ÝÚ§Ý�ëê, ?�Ú²(Ï�
¡EÂ�)��lfN
pu�>�Ån, �ÊU
ì�æ�äJønØÚ¢��â.
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Abstract

It may cause the generation of plasma and induce the electro-static discharge (ESD) phenomenon when the super-hypervelocity

small debris impact the charged spacecraft surface. This is a important factor that may cause spacecraft abnormity. In this article, a

kind of charged material impacts the plasma driven accelerator and the discharging signal induced by impact is collected. The effect of

the simulating test is obvious. By theoretical analysis, we verify the hidden trouble of ESD induced by space debris impacting on the

charged materials.
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