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©ÙÏL9z?¬NÚ1>�O+�¤� X ��&ÿXÚ, ïÄ
þ,÷ 15 ns, ó° 30—40 ns þ?, >
Ø 90 kV ��íØ­ªB¦óÀíN�>¥ X ���Ë�A5, X ��k�&ÿUþ��� 10—130 keV. (JL
²�>�)� X ��Ì�8¥3 20—90 keV Uþ��, 
Uþ3�A keV �^ X ��Ú�L 90 keV �pU X �
�êþé�. X ��Ë�Oê�óÀ­EªÇ�O\
O\, �XíYål�UC�3¸�, �¸�Ñy3�Ñ�
>�ª.

'�c: íN�>, k�>4, B¦óÀ, X ��

PACS: 52.80.−s, 51.50.+v

1 Ú ó

óÀõÇEâ�uÐíÄ
­EªÇÄóÀ
íN�>ïÄ��\. p|rU
JøpUþ�Ç
��m>Ö, k|u�)­½��íØ�í�²ï
�lfN, ù�EâCc5É�
2�'5, §®
A^u)Ô�Æ!L¡?n!zÆ�È!ÊUì
��!�lfNÏ-Ú<º>få�+� [1−4]. 8
cB¦óÀeíN�>5Æÿ�²
, �,²;�
)Ö�>ÅnÚ65nØ´ïÄíN�>�Ä:,
�ïÄL²3B¦óÀe)Ö�>ÅnÚ65n
ØÑ�3�½"� [5−9]. B¦óÀ-ye�>f
�Ué¯���., �>uÐL§¥��õ�m´
^5uÐ�g>f�965. ÄupU¯>f�<
ºÂB´�cU
)ºB¦óÀe�>y��Ì
�nØ, ïÄ<
ÒÙ�>ÅnJÑ
õ«b`,
X Mesyats �>f�ó�., Kunhardt �ü|�.,
Babich �>f�O�.Ú Vasilyak �¯�>lÅ

ÂB�.� [6−9].

g 20 ­V 60 c�ïÄ<
uy, B¦óÀ�
>L§¥�� X ��Ë�m©, du X ��Ì�5

u<º>f�íY¥¥5âf�-E-uÚE
Â�4���>�Ë�, ÏdïÄ<
ÏL&ÿ�
>¥�)� X ��5ïÄpU>f�A5Ú<º
1�5Æ [7,8,10−13]. �pU>f<ºK��p, 3
þ!>|¥  I�ép�>|rÝeâU-u
Ñ<º>fÚ�íYÂB [14], �æ^k - �>4(
��éN´¦pU>f34Øþ!>|�r|«
�-u [15]. d	�íØ4Øþ!>|¥B¦óÀ
íN�>´u�)pUþ<º>f>líY, /¤
0BíY��¡È�Ñ�>, Ïd4Øþ!|re
��>A59A^ïÄÉ�
2�'5 [16−19]. ,

�>L§¥ X ����)9A5ÿ�²
, 10 ns
?þ,÷�­EªÇóÀe� X ���>A5ï
Ä��. �©|^þ,�m 15 ns, ó° 30—40 ns
�­ªB¦óÀ3k�>4(��íØ�í¥�
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>, &ÿ�>¥ X ��A5, ¿éB¦óÀ�>
¥ X ���)Ån?1ÐÚ&?.

2 ¢�C�

¢ � 3 � m � � í � ¸ e ? 1, ¢ �§Ý
� 20 ◦C �m, íØ� 96 kPa. ¤ïá�¢�C
��nãXã 1 ¤«. >
æ^Äu��Nä´m
'�>a;U.­ªB¦óÀõÇ
, ÑÑóÀ4
5�K, ó° 30—40 ns, óÀþ,�m� 15 ns, ­
EªÇ 1—1000 Hz, ÑÑ²þõÇ 13 kW, Ùmé!
'Ê9­EªÇ�N!þÏL>uóÀ��ì�
� [19,20]. �
���é­½�ÑÑ>Ø, 3K1à
��Ì�íY£´, ��N!K1íY�ßÝUC
>{5CzÑÑ>Ø, Ù�N��� 0—300 kV, �
>£´�íY>{£´¿é, ¢�¥�±�\K4
5óÀÌ�� 90 kV. >4Ù�Xã 1 ¤«, Ò4æ
^�» 15 mm ��Ô�>4, ­Ç�» 0.5 mm. /
>4æ^�Ôj�, j�¡È 120 mm×150 mm, �
»� 152 µm, þÝ� 1 mm. Ù¥%��>4kà
3Ó�Y²¡, üö�mål½Â��¢�¥�í
Yål, íY�N!ål� 3—10 cm. �>>6d
Ó¶+ªpª>{©6ìÿþ, >{�� 0.188 Ω,
>ØdNX3B¦óÀ>
pØÑÑ?�ÍÜª
>N©Øìÿþ, ©Ø'� 15732. du>Ø&Ò�
�é­½, �¢�¥T´&Ò��«Åì�>u&
Ò. ü´&Ò²Ó¶>C 50 Ω ���©Ox«Å
ì�ü�Ï�. P¹¤ìæ^ Lecroy WR204Xi «
Åì, Ù�°Úæ�Ç©O� 2 GHz Ú 10 GS/s. �
>ã�d SONY(DSC-H9) êè�Åû�, �ÅºÞ
��3ål�>�m 15 cm ?.
�
ïÄ�>¥pU<º>f��^, é X �

�Ë�A5?1
ïÄ. Ï~ÿþ X ��UÌæ
^ Ross È¡½ X ��Ì¤��{, Ross È¡U

k�/&ÿUþ3 1—10 keV þ?� X ��, �
du�>¥ X ���ëYÌ, CX�Uþ�?�
���, Ïd Ross È¡äkÛ�5 [21]. 
 X �
�Ì¤U
½þ/ÿþ X ��Ì¤, �d��p,
�>fì�´É�>r^|Z6 [22], ÏdïÄ<

Ï~æ^ðcN½��N&ÿì5ÿþB¦ó
À�>¥� X ��UÌ [7,11,16]. �©¥$U X �
�&ÿXÚd X ��&ÿì!�Nzõ�©Û
ìÚ©Û^�XÚ|¤, Xã 1 ¤« [23], XÚ8
&ÿäk X ��Ë�!1fOêÚUÌO��
õU. Ù¥ X ��&ÿìdnÜ©|¤: �I (þ

Ý 1 mm)!NaI(Tl) ðcN (φ40 mm, þÝ 2 mm)
Ú1>�O+ (12 ?, FJ374, þ,�m 5 ns, O
Ã 1 × 106). �I^5��ðcN-EÚ�),
Ù��Ë�Uþ� 10 keV. Äu X ����
Ô
��A�)F1�A��n, NaI(Tl) ðcN^5-
u� X ��Uþ¤'~�1f, ù«ðcNäk
ß²Ýp, �¡È!p©EÇ�`: [24]. 1>�
O+�ðcNÍÜ, ^5�Â¿��ðcN-u�
1f, ¿�)�\�1f¤'~�>Ö. Ïdäk
�ÓU?� X ��?\&ÿì�¬�)�þ�>
Ö, 
ØÓU?� X ��Ë�Ñ�1fêþÚ�
)�>ÖêþØÓ.�
;�B¦óÀ�>¥�)
�>^Z6, &ÿìd�» 51 mm, þÝ 2 mm �
Y+µC. �Nzõ�©Ûì (BH1324, �®Ø¤
ì�) ^5?n1>�O+ÑÑ�>&Ò. �Nz
õ��)>
!c?��ì!Ì��ìÚõ�©
Ûì. Ù¥>
^5ø�1>�O+, Ù�N>

�� 0—1500 V. c?��ìò1>�O+ÑÑ�
>Ö&Ò=z�ØÓÌ��>ØóÀ&Ò [25]. Ì
��ì^5Orc?��ìÑÑ�>ØóÀ±÷
võ�©Ûì�Ñ\�¦. éA��Ñ\>Øó
À&Ò, õ�©Ûì�â>ØÌ�8a�,��
g, ¿òT�gOê\\. $U X ��&ÿXÚ
¥, Ì��ì���Xê� 1.0—9.9, ©OéA��
�ê 1—160. õ�©Ûì�Ï�ê�±©� 512,
1024, 2048 Ú 4096, 8 h ó����g¤£�u 1%.
õ�©Ûì�ÑÑ&ÒÏL RS232 �>MÏ&,
BH1324 ¤N�� PHA1.8/Ums38 ^��±^5O
� X ���Uþ©Ù. �¢�¥, õ�©Ûì��
g�©� 1024. duõ�©Ûì�z��géAu
���½�Uþ, éeZ��g�Uþ�?^®�
Uþ�IOË�
?1I½, KÙ¦�g�Uþ�
?�±�â§�®I½Uþ�g�'XO�¼�,
l
r�>¥ X ��Uþ©m [23,25].

ã 1 ¢�XÚ�nã
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3 X ��uÿ

|^Ë�
4 (241Am) Ú� (57Co), éã 1 ¤
«�$U X ��&ÿXÚ?1UþI½, ±¼�õ
�©Ûì��géA�Uþ�?, Xã 2 ¤« [23].
duË�
 241Am ��PÏ� 432 c, 
 57Co �
�PÏ� 270.9 U, ÏdI½L§¥�âü«Ë�

ØÓ�Ë�rÝ, ©OË� 150 s Ú 6226 s, ¦�
ü«Ë���3õ�©Ûì��gk�w«. l
ã 2(a) �±wÑ, 1024 �dü«Ë����ØÓ
UþI½, ©O� 241Am � 17.75 keV, 59.54 keV
Ú 57Co � 14.41 keV, 122.06 keV. þãUþ©Oé
Aõ�©Ûì� 136 �!468 �!106 �Ú 923 �,
dd�±¼�õ�©Ûì��g�Uþ©Ù, X
ã 2(b) ¤«. lã¥�±wÑ�g� 1024 �, õ�
©Ûìl 10 keV � 130 keV ��S��5, L²T
&ÿXÚ�±^5k�&ÿ 10—130 keV � X �
�Ë�.

ã 2 $U X ��&ÿXÚUþI½ [23] (a) õ�©Û
ìUþI½; (b) õ�©Ûì�gUþ'Xã

|^I½Ð�$U X ��&ÿXÚïÄ­ª
B¦óÀ�>¥ X ��Ë�A5, ¼� X ��ÌX
ã 3 ¤«. éA�¢�^��:	\>Ø 90 kV, í
Yål 8 cm, óÀ­EªÇ 1000 Hz, õ�©ÛìP
¹�m� 45 s. ã¥z�:L«�Nzõ�zU?
� X ��Oê. lã¥�±wÑ, B¦óÀíN�

>¥ X ��Ë�UÌ�ëYÌ, Ë�UþCXõ�
����g. Ù¥3Uþ��C 60 keV �, UÌÑ
y��²w�¸. �>U
�)Uþ3�A keV �
^ X ��, �Ùêþ��, Uþ��3 20—90 keV
� X ��Ó X ��UÌ�Ì�Ü©. d	�&ÿ
��þUþ���L eU (U �	\>Ø) � X ��.
��T&ÿXÚ�±^uB¦óÀ�>¥ X ��
A5ïÄ.

ã 3 X ��UÌ

4 ¢�(J

4.1 ���>>>AAA555

;.�B¦óÀ�>>Ø>6Å/Úu1ã
�Xã 4 ¤«. ã¥��B¦óÀ�>�3ØÓ
��>�ª, Ù>Ø>6Å/Úu1ã��3�
��É. ã 4(a),(b) �Ñ
�Ñ�>�ªe�B¦
óÀ�>>Ø>6Å/Ú�>ã�, éA�¢�^
��:	\>Ø 90 kV, íYål 8 cm, óÀ­Eª
Ç 1000 Hz, . lüg>u�ª�Å/���,�\
�ü45óÀ, ��>>6Ly�V45A�, Ì
��� 20 A. |^ Lecroy «Åì�¢�S�ÿþ
�^S�ª, 3Ø �m¶ (í�óÀ�óÀ�m
����m) �Ä:þ���ëY�>6Å/��,
�>>6Ì�­½, Xã 4(a) ¤«. éA��>ã
�Xã 4(b) ¤«, ã¥Í1�m� 4 s. ã¥��=
¦Í1�m��, �>�mE¿÷�Ñ��>Ï�
0B��íY, vk²w�jGÏ��). ã¥�
Ý�p�«�=��kNC«�, L²d?�>�
�r�. �±Ù¦^�ØC, ~�íYål� 3 cm,
�>�ªu)UC, Ù;.�>Ø>6Å/Úu1
ã�Xã 4(c), (d) ¤«. lüg�ª�Å/���
>>6Ì���� 450 A, >6Ly�ü45, �
p°wÍO\, >ØÅ/eü�¯. l^S�ª�
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>6Å/���ëYóÀ�\3íY�, �>>
6Ì�ÅÄ��, ��õÌ�þ3 100 A ±þ, X
ã 4(c) ¤«. ã 4(d) �Ñ
;.�jG�>ã�,

� , Í 1 � m � k 0.01 s, � � > � m Ñ y e
Z ² � � � > [ j, � >�; . � j G � >
�ª.

ã 4 B¦óÀ�>>Ø>6Å/Úu1ã� (a) �Ñ�>�>Ø>6Å/ (þ, üg�ª; e, ^S�ª); (b) �Ñ�>ã
� (Í1�m 4 s); (c) jG�>�>Ø>6Å/ (þ, üg�ª; e, ^S�ª); (d) jG�>ã� (Í1�m 0.01 s)

4.2 íííYYYååålll���KKK���

l 4.1 !¢�(J��, íYålK�B¦ó
À�>�ª, �!éØÓíYåle X ���Ë
�A5?1ïÄ. ¢�^��: �\>Ø� 90 kV,
­EªÇ� 1000 Hz, íYål©O� 3 cm, 4 cm,
5 cm, 8 cm Ú 10 cm, õ�©ÛìP¹�m� 45 s.
ã 5 �Ñ
ØÓíYåle X ��Ë�A5, lã
¥�±wÑ, �íYål� 3 cm Ú 4 cm �, X �
�UÌvk*	�²w�¸; 
�íYål� 5 cm
�, X ��UÌU*	�å¸, �å¸? X ��O
ê��; �íYålO\� 8 cm �, 3 60 keV �*
	�²w�¸, � X ��OêwÍO�, Xã 5(a)
¤«. ØÓíYåleÿ�� X ��OêXã 5(b)
¤«. ã¥���XíYål�O\, X ��Oê
�34�, �íYål� 8 cm �, ÿ�� X ��Ë
�rÝ��. �íYål�u 8 cm �, X ��Oê
�XíYål�O\
O\, �íYål�u 8 cm

�, X ��Oê~�. ò�� X ��UÌ©� 5 �
ØÓ�Uþ«m, ÚO��Uþ«m� X ��Oê,
l

) X ���Uþ©Ù, ØÓíYåle X
��Uþ«m©ÙXã 5(c) ¤«, ã¥��, �X
íYål�O\, �pUþ (�u 50 keV) � X �
�¤Ó'~ÅìO\, 3íYål� 8 cm Ú 10 cm
�, 50—70 keV � X ��Ó 70%±þ, 
íYål
3 3—5 cm �, 50—70 keV � X ��Ó 50%±e.
���mYS$Uþ� X ��Ó�½'~, 3í
Yål 3 cm �, �A keV �^ X ��¤Ó'~
�C 20%. ��5¿�´Uþpu eU (= 90 keV)
� X ��¤Ó'~3�íYål^�eþ'��,
þ� 10%±e.

4.3 ­­­EEEªªªÇÇÇ���KKK���

­ªB¦óÀ�>�ügB¦óÀ�>�A
5�'�3�É [17], ­EªÇ�´K�B¦óÀ
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ã 5 ØÓíYåle X ��Ë�A5 (a) X ��UÌ;
(b) X ��Oê; (c) X ��Uþ©Ù

�>�ª�­�Ï�. ØÓ­EªÇeÿ�� X
��Ë�A5Xã 6 ¤«, ¢�^��: �\>Ø
� 90 kV, íYål� 8 cm, ¢�¥ÀJ
o�­
EªÇ: 100 Hz, 250 Hz, 500 Hz Ú 1000 Hz, õ�
©ÛìP¹�m� 45 s. lã¥�±wÑ, ¢�¥
ÿ�� X ��þ�ëYÌ, �­EªÇ� 500 Hz
±e�, X ��UÌ¥vkå¸, L² X ��Ë�
�f. 
�­EªÇpu 500 Hz � X ��Ñy²
w¸, 500 Hz �Ñy3� 80 keV, 
 1000 Hz �Ñ

y3� 60 keV, Xã 4(a) ¤«. ã 6(b) �Ñ
ÿ�
� X ��Oê�­EªÇ�'X­�, lã¥�±
wÑ�X­EªÇ�O\, X ��Ë�OêO\,
ùL²p­EªÇe X ��Ë�Or. ØÓ­E
ªÇe X ��Uþ«m©ÙXã 6(c) ¤«. lã
¥��, �­EªÇ� 100 Hz �, ^ X ��¤Ó'
~�õ, �X­ªªÇ�O\, ^ X ��¤Ó'~
Åì~�, �pUþ� X ��¤Ó'~ÅìO\,
ùL²�>¥Ñy�þUþ�p�<º>f, -u
Ñ�pUþ� X ��. ¢�¥Uþ�u eU � X �
�¤Ó'~�X­EªÇ�O\
~�, �¤Ó'
~þ��.

ã 6 ØÓ­EªÇe X ��Ë�A5 (a) X ��UÌ;
(b) X ��Oê; (c) X ��Uþ©Ù
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5 ? Ø

5.1 BBB¦¦¦óóóÀÀÀ���>>>ÅÅÅnnn
B¦óÀ�>Ånÿ�²
, �,®k�


Ånb`*d�m�3�É, �Ø�ïÄ@�B
¦óÀe�>uÐL§¥�g>f��)Ø2
�6�m1>l, �>dpUþ>f<ºÂBÌ
� [1,2,8,12,16,19]. ã 7 �Ñ
l�\1��óÀm
©�c 1, 5, 10 Ú 50 �óÀ��>ã�, éA�¢
�^��ã 4(b) ��. ã¥1��óÀ�3íY

�, Ò4�kÑy����:, Ñy>'L²d?
|r�p, Xã 7(a) ¤«. �XíYþ�\óÀ�
êO\, >'Ñy3Ò4NC«� (ã 7(b)), ¿Åì
��4uÐ, �>«�Åì*�, Ñy�Ñ�>Ï
�, X 7(c) ¤«. ��\�óÀ�ê�� 50 �, �
>�m��ÑÏ��p�U, ¿Åì0Bü4, í
Y¿÷�Ñ�>, �*	�²w��>[j, d�
�>Ly��Ñ�>�ª, Xã 7(d) ¤«. dã 7
�±wÑB¦óÀ�Ñ�>Äk´>'�>, ÅÚ
uÐ¤�0B>4��Ñ�>.

ã 7 ØÓóÀ�ê^�e�>ã� (­EªÇ 1000 Hz) (a) 1 óÀ; (b) 5 óÀ; (c) 10 óÀ; (d) 50 óÀ

ã 8 �Ñ
B¦óÀk��>uÐL§�«
¿ã. ã¥k�>4(�¥, |r�pÜ©8¥3
�k«� [15,19]. �\KóÀ��½>Ø�, Ò4N
C«�|�u��)Ð©>f¿/¤>f�, ×�
��4$Ä, �ã 7(a)—(c) ¤«�>ã��Î. 

>f�¥�)��lfdu$Ä�Ý�ú, ?�Ú
Or
Ò4NC«��|�u�. Ó�>f�íN
©f-E�)�1>�Ar?
Ò4>6�O\.
�íYþ>ØO\�A� kV �, duÒ4«�|
rOp, Ü©Ò4|�u�/¤�>fLÞ�<º
�ª, Xã 8(a) ¤«. ù
<º>f�Uþ3>|
�^e\�, �±È\�A�A� keV. Ù¥Ü©>
fU
���4, 
Ù¦<º>fK>lÌ>f�
ÞÜNC«�, Ú��g>f�, ¿�Ì>f�®
Ü¦ÙUY�cuÐ, ��/¤65, �¤mYÂ
B. ��pU<º>f�)u�>�Ð©�ã, ù

Ð©>f¥�Ü©Uþ�é�$, ¿��3�í
Ø�ímY¥. B¦óÀ�>äk�p�òÜ>|
rÝ (E/N ) Ú¯�þ,÷�y
�>Ð©�ãp
U<º>f��) [1].

Ò4NC«��|�u��)Ð©>f¿/
¤>f�, ù
>f�¥�Ð©>fê8�X>|
�±YO\3��4uÐL§¥ÅìO\, 3ù�
L§¥, <º>f�íN©f-E��)Uþ�

ã 8 B¦óÀk��>«¿ã

p� X ��, Xã 8(b) ¤«. Ó�, ù
 X ��U

>líY¥�íN©f, ¿������<º>
f>l>f�ÞÜNC«�/¤� �g>f�. �
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X<º>f�ØäOõ, íYSÑy�þ X ��,
3íYSØä�)��g>f�ÅìOõ, *d�
U, �X>f�Ý�ØäO\, íYS-uÑ�Ñ
�> [26], 3Ò4NC«��)
0BíY��Ñ
��lfNÏ�, Xã 8(c) ¤«, ù�ã 7(d) ��
>ã���. �XíYS>|rÝ�ØäO\, í
YS>l§Ý\ì, �ÑÏ��càÅì��4u
Ð. d	íYS>|�?�ÚO\��lfN�)
�>lÅk' [9,19].

5.2 X ������������>>>ÅÅÅnnn���'''XXX

3Ú�mYÂBL§¥, �pU<º>f��
4ÚíYS�íN©f-E�~�, õ{�Uþ
± X ��/ªË�Ñ5. du<º>f3íYS�
Uþ�$, ÏdË�Ñ� X ��Uþ3Az eV �
�A keV �^ X ��. 
²LíYS>|\�, �
��4�<º>fUþ�p, ��A��Az keV.
�� X ���5
Ì�5gü��¡: ��¡5
gíYS (�)Ò4NC«�Ú�lfNSÜ); ,
��¡5g<º>f���4��>�Ë�, Ù¥
�öÓÌ�Ü©. b�¤&ÿ��pU¯>f�)
� X ���Ü5g>�Ë�, K¼��éuü�U
þ<º>f� X ��Ì��±deª£ã [27]:

dP

d(hv)
= A(ε − hv)ε ε > hγ

ª¥ P � X ��rÝ, ε �\��<º>fUþ,
hγ �Ë� X ���Uþ, A �~ê. �U?<
º>f-u� X ��rÝ\\��±¼�>�
Ë�� X ��rÝ. lª¥�±wÑäk�½U
þ�<º>fË�Ñ� X ��Uþ��uT>
f�Uþ, Ïd(Üã 3 ¤¼�� X ��UÌ�
�, Uþ�u eU �<º>fÓ�ê, ù� Babich
¢�¥ÿ��<º>f�Uþ�õ�L eU �(
JØÓ, ÎÜ Tarasenko �ïÄ<
�(J [28−30].

 Tarasenko �ïÄL²B¦óÀ�>¥ X ���
Ì�Uþ� 60%—70% � eU (U �íYþ�\ó
À>Ø)[28], du¢�¥�\>Ø 90 kV, Ïd��
¤�� X ��Uþ8¥3 50—70 keV. d	, du
¤¼�� X ��Uþ���õ8¥3 20—90 keV,
�±íä�>¥<º>f�UþÌ�8¥3d�
�S.

5.3 ���>>>���ªªª��� X ������ËËË������'''XXX

�íØ�í¥k�B¦óÀ�>�3õ«

�ª: >'�>, �Ñ�>, jG�>Ú>l�
> [19,22], ��>�ªÚ�p=zÉõ«K�Ï�,
�)óÀ>ØÌ�!óÀþ,�m!>4�O!
­EªÇÚíYål�. �mYÚ¯óÀ´/¤>
'�>, ���mYÚÜ·�­EªÇ�/¤�Ñ
�>, �mY!pÌ�>ØÚp­EªÇK¬��
jG�>Ú>l�>. ¢�¥��rÝ� X ��
Ë�Ñy3íYål� 8 cm �, d��>Ly�
�Ñ�ª, Xã 4(a),(b) Úã 5(a),(b) ¤«. ù´Ï
�¢�3�íØ�í¥?1, íYSíNduÉ9
Ú�>¥>lÅK��líY�o±*ÑÅì/
¤­½��¡È��Ñ�>, Ó�du�Ñ��l
fN®���4, Ïd¤&ÿ�� X ��Oê�
p. �XíYål~�, �>Åì�jG�>�ª
=C, d�du�>[j�/¤, íYm/¤
�
>Ï�, d�<º>f3Ï�/¤�Ø2ÓÌ�,
Ó�du�>Ï��/¤¦��>«�Â , Ïd
íYe��&ÿì¤&ÿ�� X ��Oê��. 

�íYål�u 8 cm �, �>Ly�>'�ª, d
�<º>f

Øä�), �du�k�þU
�
��4�)>�Ë�, Ïd&ÿ�� X ��Oê�
'�Ñ�>��. ÏdØÓåleB¦óÀ�>¥
� X ���34�, Ï~3�Ñ�>�ªe¼�.
ù� Tarasenko �3æB¦óÀ�>¥&ÿ�� X
��Jþ3�Ñ�ªeäk����(J�Î. d
	, cÏïÄL²­ªB¦óÀ�>¥­EªÇé
�>�ª��3K�, 3p­EªÇe�>´uL
Þ�jG�>�ª. �ã 6 ¥, �>3 1000 Hz �
�U
�±�Ñ�>�ª, Ïdd� X ��Oê�
­EªÇ�Op
O\´n�¡Ï��Ó�^�
(J: 1) �\­EóÀ¦�íYSíN±Y\9,
íY¥âfßÝ~�, Ø´/¤65; 2) �X­E
ªÇO\, óÀm��m~�, íYSí{�âf
��e�óÀ�>ÂB>ØJp; 3) íYÂBÄ�
L§¥>Ö�K�. d	, íYS�CÒ4NC«
�73��lfU
3e��óÀ�5�?�Ú
OrÒ4«�|r, k|u-uÑ�õ�Ð©>f,
?
��<º>fêþ�O\, Ó�du4Øþ!
|r�O\, -uÑ�Ð©>fUþ�Jp, Ïd
���pUþ�<º>fê8Oõ, l
-uÑ�
pUþ� X ��.

6 ( Ø

�©¢�æ^þ,÷� 15 ns, ó° 30—40 ns
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�óÀ>
-yk��>, æ^$U X ��&ÿ
XÚ3�íØ�í¥�AB¦þ?�óÀíN�
>¥ÿ� X ��Ë�A5. (JL²B¦óÀ�
>¥�Ü© X ��Uþ8¥3�A keV �^ X �
�� eU ��S, =k�þUþ�u eU � X ��
�3. �XíYål�O�, �>¥ X ��Oê�
34�, ���Ñy3�Ñ�>�ª�, 
jG�
>�ª¥ X ��Oê��, d	 X ��Oê�X

óÀ­EªÇ�O\
O\. d	, éB¦óÀ�
>Ån, X ����>Ån, 9��>�ª�'X
�?1
&?, �I��Ñ�´¯óÀ^�e�
>ÔnL§�©E,, B¦óÀíN�>�Ån�
3õ«b`, X ��A5´ïÄB¦óÀíN�
> � ) < º > f 6 9 � > Å n � � ª � �, �
'�nØ©Û9ïÄ�I��þ�\ïÄ5�
yÚ)º.
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X-ray generation in repetitive pulsed discharge in
atmospheric air with a point-to-plane gap∗
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Abstract
Research on the characteristics of X-ray emission in repetitive pulsed discharge is associated with the behavior of runaway

electrons and the mechanism of nanosecond pulsed discharge. In the experiments, X-ray emission in the repetitive pulsed discharge

with a rise time of ∼15 ns and an FWHM of 30-40 ns in atmospheric air is directly measured by a detection system consisting of

NaI scintillator and a photomultiplier tube, and the energy range of the X-ray detector is demonstrated to be between 10 and 130 keV.

Results show that main part of the energy of X-ray is from 20 keV to 90 keV, and a little X-ray with an energy of less than 20 keV or

more than 90 keV is detected. X-ray emission increases with the increase of pulse repetition frequency, and it has a peak value with the

variation of air gap spacing. There is a maximum value of X-ray emission when the nanosecond discharge appears in a diffuse mode.

Keywords: gas discharge, point-to-plane gap, nanosecond pulse, X-ray
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