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Ò4r6õóÀu�A5ïÄ

gë� ÜM ô�I 
S¬ o¤f �� �°¸

Üm� �7Y Ù�© "ï�

(¥Ió§ÔnïÄ�6NÔnïÄ¤ �� 621900)

Á� ¢�ïÄ
A«Ò4�r6duõóÀu�A5. ïÄ(JL², U�OÒ4�)�dur

6VóÀ>få�Ý`u1×108A/(m·rad)2, 
�á%nÒ4�)�r6nóÀ>få��Ý�`u

3×107A/(m·rad)2, ¿k?�ÚJp��U. #.�e|�u�Ò4XB�7f��Ò4ÚB�%+Ò

4�äkr6u�Uå, ¢����u�>6�Ý�u50A/cm2 . ©¥��Ñ��u�¡;�ª9Ò

4�¢�(J, ¿é�'Ò4¢y­½r6õóÀu��ïÄ��ÚA^cµ?1
©Û.

'�c r6õóÀ>få Ò4u�N å�Ý

1 Úó

�éØ5r6õóÀ>få3põÇ�Å!põ

Ç-1Ú>fåËì�AïÄ�+�kX2��A

^cµ
[1]

. >få��Ýér6>få3þã�¡�

A^äk­��¿Â, §K�X�éØr6>f1Æ

XÚ��O, K�X>fUþ=�¤�ÅUþ!1U

þ��ÇÚ¸�õÇ. 38c�Eâ^�e, �±�

)r6duõóÀ>fåÒ4«a�õ, Ì��);

�ª9Ò4!U�OÒ4!�á%nÒ4. Ó��X

B�Eâ�,åÚuÐ, B�|u�Ò4wyÑ3|

�u��¡�r�`³. 3�ïÄ¥, |^1�2MeV

��aA.r6>f5\ì
[2]

ïá�õóÀõÇ
X

Ú
[3, 4]

, mÐ
þãA«Ò43õóÀ^�e�)�

éØ5�r6u�A5ïÄ, ¿?Ø
A«Ò43�

)r6p�ÝõóÀ>få�¡�A^cµ.

2 õóÀõÇXÚÚ�äXÚ

õóÀõÇ
�ó��n9C�(�ë�©

z[2—4]. TõÇXÚ�)��4+óÀ>ØÌÝ3

300—1000kV�m�N, óÀGê82—4��N. >

ØóÀ°Ý (FWHM)�90ns, óÀGSóÀ�m��

mm�3250—1000ns�m�N. �4+�²¡ý�

�4+, ó���4+ý�Ý�2×10−3Pa.

3ïÄ¥, P¹�'uÒ4ÚõóÀ>få�&

E�): �4+>Ø!Ò4u�>6!Ò4u�>f

åL§¥Ò4u�¡�u1&Ò!>få²L�ãD

Ñ��1�&E!õóÀ>få�6rÚ>få�u

�Ý&E�. Ù¥, �4+>Ø^>N&Þÿþ; Ò

4u�>6æ^>6&Þ?1ÿþ; |^>få3�

=0�¥�)�êÕ�ÅË�5(½>få���&

E
[5]

, �)>få�Ú>fåu�Ý. >få6rÝÏ

L>{�ÿþ
[6]

.

�þÙ(ÜF1¶´ÿþóÀ>fåu�Ý�Ì

�Ãã��
[7]

. 3�ïÄ¥, æ^
U?�þÙ(Ü

F1¶>fåu�Ýÿþ��Y. òõ��U��i

���õ��, F1¶d�=Àæ¡�O, |^>f

å3�=¡¥�)�êÕ�Å�A¼�²L��Ú

gd�m¤£�>få�å�&E, ?
¼�>få

�Ñ�Úå�ä�»�&E, ��>få�u�Ý.

õ���k��»80mm, �i�ü���þ�k9

���, ��»1mm. ��Kõ��, >få���

^3�=¡þ, Ò�±��>få�&E. 1&Ò�

P¹ÃãkÊÏó�CCD�ÅÚ8Ì©Ì�Å. ¢�

¥, ©Ì�Å�Í1�m�10ns, üÌã�mm�ó

�320nsÚ40nsü�. >fåu�Ý&E?në�

©z[5,7].
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3 A«Ò4�r6õóÀu�A5

3.1 U�OÒ4�õóÀu�A5

�õóÀ>Ø�^eý��4+þ, U�OÒ4

3r>|�^e, /¤|��lfNu�
[8, 9]

. Ò4u

��>63	\Ú�Ú�å^|�^e, ÏL�4�

ý�+���õ��?. 3õ��þi200mm?k

>{��Ñ��5\ì�Ü�å6��. �õóÀõ

Ç
$13VóÀ�¹e, ���4+>Ø!u�>

6Ú>få
Ñ�?å6Å/ (Xã1¤«). 11�

�4+óÀ>ØÌÝ�589kV, 12��4+óÀ>

ØÌÝ�570kV. u�>6©O�1.8kAÚ2.0kA. å


Ñ�?å6©O�374AÚ390A.

du1&Ò�fÚ©Ì�Å�(¯Ý¯K, >f

å²Lõ���>få��1&Edó�CCDP¹.

Ïd���´VóÀ>få�È©u�Ý. CCDP¹

��u�Ý&E9?n(JXã2¤«. ��>få

��)�1�²þ�p°�1.65mm, å�äþ��

�»�32.5mm. KéAå²þuÑ��1.63mrad, >

få�þ��u�Ý�53mm·mrad. >få��éØ

Ïfγ �2.17, β=0.888, >få8�zþ��u�Ý

��102mm·mrad, 8�z>u�Ý�408mm·mrad.

�óÀå6�370A, ��VóÀ>få
�)�>f

åÈ©8�z�Ý��4.14×108A/(m·rad)2.

ã 1 (a) VóÀ�4+>Ø!Ò4u�>6;

(b) >{�ÿ��å6

4�Ï�©O�&ÿìx, x
′; y, y

′ ���&Ò
[6]

.

ã 2 (a) ¤¼��VóÀåÈ©1�; (b) �Ý×£; (c) �ä�»?n(J

ã 3 VóÀ>få�È©Ú�m©E1��¹

é'

(b), (d)�p!î�I�ã2(b)�Ó.

�
U
¦^©Ì�Å¼�ü�óÀ>få�

��m©E(J, ÏL~��4+mY, O\�4�

»��{, �u�>6��2.8kAÚ3.0kA�, 35\

ì�Ü��C1000A�VóÀ>få6. Ó�òü�

óÀm�N��280ns(340ns��Ðû8Ìã�). ã

3(a), (b)©O�^ó�CCD���VóÀ>fåÈ

©1�91��Ý×£(J. ã3(c), (d)©O�^©

Ì�Å���11�óÀ>få�m©E1�91�

�Ý×£(J (Ñk
�Ú). üÌã����>få

��p�°Ä���, �70mm.

ã4´ü�¢�¥d©Ì�ÅP¹�11� (ã

4(a), ��ã�mm�20ns)Ú12� (ã4(b), m�

40ns)óÀ>få1��CzL§. lã¥�±wÑ,

U�OÒ43VóÀu�^�e�)�11�óÀ>

få�ä��; 12�óÀ>få�ä��. ��ü�

>få�ä�»�É��Ï�±lU�OÒ4�u�



472 p U Ô n � Ø Ô n ( HEP & NP ) 1 30 ò

Ån�Ý?1)º. U�OÒ4�r6>fu�´3

r>|�^e�|��lfNu�. ¦+11�óÀ

L§¥, 3¯p>ØóÀ�^e, U�OÒ4L¡/

¤
'�þ!��lfN, ��12�>ØóÀ�5

�, Ò4L¡NC��lfN�vk��EÜ, ¿�

�U3ÛÜk���ßÝ©Ù, TÜ©��lfN3

	>|�^e×���Or, /¤ÛÜp�Ý�lf

N, �)ÛÜ�lfNu�
[9]

. Saveliev Y. M.
[10]

�3

�óÀ�^eU�OÒ4�u�ã���Ñ
aq�

(J.

ã 4 ü�óÀ>få1���m©ECzL§

ù«ÛÜ�lfN¿Ø´­½�. ØÓ�¢��

U3ØÓ�Ü u), ��U3,
¢�¥12�ó

Àu�¥Ò4L¡´þ!u�. ùÚ�4+«�lf

NßÝ!Ò4�lfN)ä�Ý!Ò4�lfN)ä

�éK�§Ýk', �Ú��ü�óÀ�mm�k'.

��4+mYv
�!Ò4u�>6�Ý��!��

ü�óÀm�v
��, 12�óÀu�É11�óÀ

u�K�v
���¹e, 12�>fåóÀ��ä

Ú1��>fåóÀ�ääk�Ð���5.

3.2 �á%nÒ4�õóÀu�A5

Shiffler D. A.�Ñ
%nÒ4�ïÄ(J
[11], �

�Ñ
Ò4L¡ECsI�±ü$Ò4�lfN)ä�

ÝÚü$u�K���¹. 3¢SA^¥, du¤¼

��%nÙ�n�´R�u>|���, ùÚU�O

Ò4/¤'����O, lnØþùØ|u|�u�.

ù�´%nÒ4vk��2�A^��Ï��. �X

ó²�?Ú, 8c�±¼�¦%nn����Ú	\

>|�����Ò4: �á%nq
� (ã5). ù«Ò

4ò%nj�¤å, ,��u�$�.þ.

¢�´3õóÀõÇ
ó�3nóÀG�e?

1�. ã6´¢�¼��u�>6!�4+>ØÅ

/(a)Ú>få
Ñ�?å6Å/(b). �4+«Ò4

¡�u��¹d��CCD�ÅP¹ (ã7), >fåu

�Ý�&EÚU�OÒ4¢����, d��CCDP

¹ (ã8(a)). ²L?n, ��>få©Ù (ã8(b)).

ã 5 �á%nÒ4�¬

ã 6 (a) �4+>Ø!u�>6Å/; (b) å6Å/

ã 7 Ò4¡u1ã�

ã 8 nóÀ>få�È©u�Ý&EÚ�Ý×£(J

ÏL[Ü, ��²þuÑ��6.1mrad, þ��

�»�25mm, þ��u�Ý�213mm·mrad. �4



1 5 Ï gë��µÒ4r6õóÀu�A5ïÄ 473

+>Ø�400kV, Ïd��8�zþ��u�Ý�

314mm·mrad, 8�z>u�Ý�1256mm·mrad. 5

\ì�Üå6�150A, Ï
��>få�Ý��

3×107A/(m·rad)2.

3.3 B�7f���r6õóÀu�A5

7f�ÏÙÕA�åÆ!(Æ!1Æ!>Æ±9

9åÆ5U
¤��äkA^cµ�õUá�. du

^í��È�{�±���¡È!X¬z7f�, ¿

�¤��$, ¤���<E7f�Ì6ó².

7f��äk`û�e|�u�A5, Ù3 (111)

¬¡þäk�r�K>f�Úå, �~k|ugd>

f�ÚÑ. kïÄL²
[12], B�7f��330kV/cm

�>|�^eu)e|�u�, ØÓuU�OÒ4�

|��lfu�, Ð©>f§Ý$, î�>fUþ�,

Ï
äk�p�Ð©�Ý. {I�MCCúi���

7f��3100kV/cm�>|rÝe¼�10A/cm2 �

u�>6�Ý, ¿�´ëYó�. DARHT-IïÄL§

¥, Q²}Á^1�u�7f��Ò4�OU�OÒ

4¼�$§gd>få. 3Ù¤?1�¢�¥, |^

Ù$ºÑõA5?1
-1ì�¼�gd>fïÄ,

¼��u�>6�Ý��60A/cm2.

3VóÀõÇ
þéB�7f���¬?1
r

óÀ>|�^e�r6>fu�A5ïÄ. ¢�¥¤

^7f���¬´3P.��N7þ^zÆí��È

��{¼��(ë�ã9), �¬��»�75mm, ¢�

¼�
1.5kA�u�>6. �3, 4gu�¢��, 11

�óÀu�>6ììC�, ����vku�. ©Û

@�, æ^þãó²ï��B�7f��äk�½�

Ø­½5, �X¢��?1u�>6�ÝÅìeü.

10õgu�¢��, 12�óÀ�vkÿþ�>6
.

ã 9 ^u¢��B�7f��Ò4

3.4 B�%+Ò4

g1991c Iijima
[13]

uLB�%+�©Ù±5, B

�%+3Å�!>!9D�!����¡Ñ�y¢

äkÕA�5U, cÙ´3|u�A5�¡��w

Ð, Ù|�u�>6�Ý´DÚ|�u�á�u��

>6�ÝZ�±þ. XL�æ^¾½��kà��

330—40V/µm�>|eu�nA/cm2 ?�>6�Ý,


^7f�K���µA/cm2 , X8^B�%+�±

�´33—4V/µm�>|e��µA/cm2 ?�>6�

Ý, $�p�mA/cm2 �>6�Ý, '7f��u�

>6�Ýp5�6�þ?, ´�«n��e|�u�Ò

4.

¢�¥¤^�B�%+Ò4�»�3cm, )�

3�¡¾Äþ. 3¢�¥, òþã�Ò4Êb3c

©¥¤ã�Ô�þ (ã10(a)). ¢�´3óÀõÇ


ó�3VóÀG��?1� (ã10(b)). �4+>Ø

∼800kV; �4+²þ>|rÝ100kV/cm; �4+ý

�`u3×10−3Pa.

ã 10 (a) B�%+Ò4; (b) ¢�¼��u�>

6Å/

Ï�1, 2óÀ>ØÅ/, Ï�3u�>6Å/.

ÐÚ(J: ��óÀu�>6�u2kA; 1�g¢

�ü�óÀL§¥þku�. du^|XÚÑ
�æ,

�Uò>fåÚ��u�ÝÿþXÚ?, �vk��

>få6&ÒÚ>fåu�Ý&Ò, ��UP¹eu

�>6&Ò; 1�g9±��¢�11�óÀÏmv

ku�>6&Ò, 12�óÀÏmku�>6&Ò. u

�>6�X¢�gêO\
ü$. dy�Ú?17f

����y�4�aq: fm©Ò4äk�ru�U

å, ��ügu��u�5UÒ4�/eü
.

3.5 ;�ª9Ò4

9Ò4´�«{¤'�aÈ!��2�A^�Ò

4. duÙ�)�>fåÐ©î�Äþ�, å�Ýp,

3f6\�ì¥��2�A^. �duÙu�>6

�Ý�$, 3r6\�ì¥�U��k��A^. �

XÒ4��Eâ�?ÚÚå6DÑ�Y�U?, 9Ò

43r6>f\�ì¥A^¤�
�U. ��wÍ�

´A^3{IDARHT-/�óÀ\�ìþ, Ùæ^;

�ª9Ò4, Ò4u�¡�»��6.5=�, ó�§Ý

1050◦C, ó���u�>6�Ý310A/cm2.

¢�ïÄ´3���óÀõÇ
þ?1�, õÇ


ÑÑóÀ>ØÌÝ�±��250kV, óÀ²º°Ý

��3µs
[14]

. �4+ý��±��1×10−5Pa, ÷v9

Ò4Á�éuý���¦. Ò4�M.L¡Û�;�

ª9Ò4, u�¡�»�55mm(ã11). ã12´¢�
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¼���4+>ØÅ/ÚÒ4u�>6Å/. ¢�¼

���100A�u�>6.

ã 11 (a) C3¶->4¥�9Ò4; (b) ?1\

9Á���Ò4

ã 12 9Ò4u�>6(Ï�4)Ú�4+>ØÅ/(Ï�3)

4 ?Ø

U�OÒ4äk�r�õóÀu�Uå, �Ò4

�lfN��3Ú)äK�
�Y>fåóÀ�¬

�. �Jp�Y>fåóÀå¬�, �±lü$Ò4

�lfN�ÝÚ~�Ò4�lfN�éK�§ÝX

Ã. ÓU�OÒ4�', �á%nÒ4�3±e`::

u�K��$, Ò4¡u1:�éþ!. Ø|�¡: u

�O��¯, �NÑÒ4�lfN)ä�Ý�ýÏ�

�; u�Ý�é��. �ùk�?�Ú¢��y.

���«e|�u�Ò4, �¼�­½��r�

u�>6�Ý, ©Û@�¤ï��B�7f��Aä

�±eA:: Ä¡æ^P.��N7, ¿�´ (111)¡

��. Ï��ªI�¼��´ (111)¬¡�7f��,

Ä¡æ^ (111)¬¡, k|u7f��)�ÚNX; Ä

¡þæ^�¡Eâ¼�äk�½kà�
�, 
��

°3100µmþ?, kàpÝ350µm�m; æ^zÆí

��(ó²¼�7f��, ��þÝ3µmþ?; 3�

�7f��L§¥\\�,ó², ¼�P.7f��.

B�%+k�~Ð�|�u�A5, �´>6>

|rÝ�'X4�Í�, Ó�B�%+|u��­½

Ý�k�½¯K. ¿�u�>6�Ý�$, éu�)

r6>få´Ø|�. �duÙ´e|�u�, �±

¼��Ý4p�>få, äk�Ð�ïÄcµ.

9Ò4�u�>6�Ý�$, �|^9Ò4¼�

êkA�õóÀ>få, 7LO�Ò4u�¡. duÒ

4¡\9äk�½Ø­½5, 7L¦�4+ó�3�

m>Ö��6^�e, ù¿�X¢S¦^9Ò4�u

�>6�Ý��uÒ4���u�Uå. �u�¡9

Ò4�ï�´9Ò4^ur6õóÀ>få
�7,

å».

5 �(

ÏL¢�, ïÄ
A«�U^u�)r6õóÀ

>få�Ò4�u�A5. U�OÒ4!�á%nÒ

4´�c�±�����U
­½�)õóÀ>få

�Ò4. B�7f��Ò4ÚB�%+Ò4duÙÕ

A�A:LyÑÙ4äïÄ¿ÂÚA^cµ. éuD

Ú�9Ò4, U
�)­½õóÀ>få. �XJæ

^9Ò4¼�êkA±þ�r6óÀ>få, ï��

u�¡�»Ò4´�^7,å».

�©ïÄ¥¤^�Ü©Ò4�¬d4��Ç!�

��Ç!âè�ÇÚoG�ÇJø. 3ïÄ¥4«d

ïÄ
!�1ÜïÄ
!§gSïÄ
��
��Ú

�Ï. ¢�¥���4�9Ú
I�Æ¬��Ï.
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Research on Multi-pulsed Intensive Electron Beam Source

XIA Lian-Sheng ZHANG Huang JIANG Xiao-Guo YANG An-Min LI Cheng-Gang WANG Yuan

PAN Hai-Feng ZHANG Kai-Zhi SHI Jin-Shui ZHANG Lin-Wen DENG Jian-Jun

(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract This paper is involved in multi-pulsed emission characteristics of some cathodes while generating intensive

relativistic electron beams. Research results indicate that the velvet, the carbon fiber and the dispenser cathode all

have the ability to generate a few kilo-ampere multi-pulsed beams with brightness better than 3×107A/(m·rad)2. And

some new cathodes such as carbon nano-tubes and nano-diamond film also can generate a few kilo-ampere multi-pulsed

electron beams. Because of the cold field emission, the beams generated by the carbon nano-tubes and the nano-diamond

film are expected to be higher brightness. Some experimental results of above cathodes are present and some suggestion

for farther work is also proposed.

Key words multi-pulsed electron beams, cathode, brightness
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