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‚ �ˆŸˆ · §· ¡ ÉÒ¢ ¥É¸Ö ±μ´Í¥¶Í¨Ö ¨¸¶μ²Ó§μ¢ ´¨Ö Ê¤ ·´ÒÌ ³ £´¨Éμ¢, ´¥ ¨³¥ÕÐ¨Ì Ë¥··μ-
³ £´¨É´ÒÌ ¸¥·¤¥Î´¨±μ¢, ¢ ¸Ì¥³ Ì ¢¢μ¤  ¨ ¢Ò¢μ¤  ¶ÊÎ±μ¢ ¢ Í¨±²¨Î¥¸±¨Ì Ê¸±μ·¨É¥²ÖÌ. „²Ö É ±μ£μ
É¨¶  ³ £´¨Éμ¢ · §· ¡ ÉÒ¢ ÕÉ¸Ö ¢ ·¨ ´ÉÒ ¸Ì¥³ ¶¨É ´¨Ö, ¶μ§¢μ²ÖÕÐ¨¥ ¤μ¸É¨£´ÊÉÓ ´¥μ¡Ìμ¤¨³ÒÌ
¶·μ¸É· ´¸É¢¥´´ÒÌ ¨ ¢·¥³¥´´ÒÌ Ì · ±É¥·¨¸É¨± ¨´É¥£· ²Ó´μ£μ ¨³¶Ê²Ó¸  ¢μ§¤¥°¸É¢¨Ö ´  ¶ÊÎμ±. ‚
¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¨ ³ ±¥É¨·μ¢ ´¨Ö É· ´§¨¸Éμ·´ÒÌ ¸Ì¥³ ¶¨-
É ´¨Ö, ¶μ§¢μ²ÖÕÐ¨Ì ¶·μ¢μ¤¨ÉÓ μÉ´μ¸¨É¥²Ó´Ò¥ ³ £´¨É´Ò¥ ¨§³¥·¥´¨Ö ¶·¨ ¶μ´¨¦¥´´ÒÌ ¢¥²¨Î¨´ Ì
Éμ±μ¢ ¨ ´ ¶·Ö¦¥´¨°, ´μ ¸ ·¥ ²Ó´Ò³¨ Ëμ·³ ³¨ ¨³¶Ê²Ó¸μ¢.

JINR is developing a concept of kicker magnets that do not have ferromagnetic cores to be used
for injection and extraction of beams in cyclic accelerators. For this type of magnets, several variants
of power circuits are developed that make it possible to achieve the necessary spatial and time-domain
characteristics of the integral pulse impacting at the beam. In this paper, we present the results of
simulation and prototyping of transistor power circuits that allow us to carry out relative magnetic
measurements with reduced values of currents and voltages, but with real pulse shapes.
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�·¨ ¢Ò¢μ¤¥ ¶ÊÎ±μ¢ ¸ · §³¥· ³¨, §´ Î¨É¥²Ó´μ ³¥´ÓÏ¨³¨ · §³¥·μ¢ ± ³¥·Ò, ¢ §μ´¥
¢Ò¢μ¤  Î ¸Éμ ¨¸¶μ²Ó§ÊÕÉ ¶·¥¤¢ ·¨É¥²Ó´μ¥  ¤¨ ¡ É¨Î¥¸±μ¥ ¸³¥Ð¥´¨¥ ¶ÊÎ±  ¢ ¸Éμ·μ´Ê
¢Ò¢μ¤  Å É ± ´ §Ò¢ ¥³Ò° ¡ ³¶. �Éμ ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ ¸´¨§¨ÉÓ É·¥¡μ¢ ´¨Ö ± ¢¥²¨-
Î¨´¥ ¨´É¥£· ²  ¶μ²Ö Ê¤ ·´μ£μ ³ £´¨É .

„²Ö É ±¨Ì ¢ ·¨ ´Éμ¢ ¢Ò¢μ¤  ¶ÊÎ±μ¢ ¡Ò²  ¶·¥¤²μ¦¥´  ®´¥¸¨³³¥É·¨Î´ Ö¯ ±μ´¸É·Ê±Í¨Ö
Ê¤ ·´μ£μ ³ £´¨É  ¡¥§ Ë¥··μ³ £´¨É´μ£μ ¸¥·¤¥Î´¨±  [1]. Œ £´¨É´μ¥ ¶μ²¥ ¢ μ¡² ¸É¨ ¢Ò-
¢μ¤¨³μ£μ ¶ÊÎ±  Ëμ·³¨·Ê¥É¸Ö ¶ ·μ° Éμ±μ´¥¸ÊÐ¨Ì ¶·μ¢μ¤´¨±μ¢ ¨ ¶·μ¢μ¤ÖÐ¨³ Ô±· ´μ³.
ˆ³¶Ê²Ó¸ ¢μ§¤¥°¸É¢¨Ö Ê¤ ·´μ£μ ³ £´¨É  ¤μ²¦¥´, ± ± ¶· ¢¨²μ, ¨³¥ÉÓ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±ÊÕ
¶²μ¸±μ¸É´μ¸ÉÓ ¢¥·Ï¨´Ò ¢ É¥Î¥´¨¥ ÔÉμ£μ ¢μ§¤¥°¸É¢¨Ö. �·¥¤² £ ¥É¸Ö ¸¨¸É¥³  ¶¨É ´¨Ö,
μ¸´μ¢ ´´ Ö ´  ¸Ì¥³ Ì ¸  ¶¥·¨μ¤¨Î¥¸±¨³ · §·Ö¤μ³ ¸μ¸·¥¤μÉμÎ¥´´μ° ¥³±μ¸É¨ ´  ¨´¤Ê±-
É¨¢´ÊÕ ´ £·Ê§±Ê. ’ ± Ö ¸Ì¥³  ¶μ§¢μ²Ö¥É ¸Ëμ·³¨·μ¢ ÉÓ ±μ²μ±μ²μμ¡· §´Ò° ¨³¶Ê²Ó¸. „²Ö
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Œμ¤¥²¨·μ¢ ´¨¥ ¨  ¶¶ · ÉÊ·  ¤²Ö ³ £´¨É´ÒÌ ¨§³¥·¥´¨° ´  ³ ±¥É¥ 829

Ëμ·³¨·μ¢ ´¨Ö ¶²μ¸±μ° ¢¥·Ï¨´Ò ¢μ§¤¥°¸É¢ÊÕÐ¥£μ ¨³¶Ê²Ó¸  ¶·¥¤² £ ¥É¸Ö Ê¸É ´μ¢¨ÉÓ ¤μ-
¶μ²´¨É¥²Ó´Ò¥ Éμ±μ¢Ò¥ ¶·μ¢μ¤´¨±¨ ¸ ±μ²μ±μ²μμ¡· §´Ò³ ¨³¶Ê²Ó¸μ³ ¢μ§¤¥°¸É¢¨Ö ³¥´ÓÏ¥°
¤²¨É¥²Ó´μ¸É¨,  ³¶²¨ÉÊ¤Ò ¨ ¶·μÉ¨¢μ¶μ²μ¦´Ò³ ¶μ ´ ¶· ¢²¥´¨Õ. „²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ°
¶·μ¢¥·±¨ ¢μ§³μ¦´μ¸É¨ ¶μ²ÊÎ¥´¨Ö ¶²μ¸±μ° ¢¥·Ï¨´Ò ·¥§Ê²ÓÉ¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö
¡Ò² ¨§£μÉμ¢²¥´ ³ ±¥É ¤²¨´μ° 1 ³.

�  ÔÉμ³ ³ ±¥É¥ ¡Ò²¨ ¨§³¥·¥´Ò ·¥ ²Ó´Ò¥ ¨´¤Ê±É¨¢´μ¸É¨ ¨ ±μÔËË¨Í¨¥´É ¸¢Ö§¨ ¶ ·
¶·μ¢μ¤´¨±μ¢ ´  Î ¸ÉμÉ¥ 100 ±ƒÍ. �μ ¶μ²ÊÎ¥´´Ò³ ¤ ´´Ò³ ¡Ò²  · §· ¡μÉ ´  Spice-³μ¤¥²Ó
Ô±¢¨¢ ²¥´É´μ° Ô²¥±É·μ´´μ° ¸Ì¥³Ò ¶¨É ´¨Ö ¤²Ö ¶·¥¤¢ ·¨É¥²Ó´ÒÌ · ¸Î¥Éμ¢.

1. SPICE-Œ�„…‹œ Œ�Š…’�

‘Ì¥³  Spice-³μ¤¥²¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. ‚ ± Î¥¸É¢¥ μ¡³μÉμ± Ê¤ ·´μ£μ ³ £´¨É 
¶·¨³¥´¥´  ³μ¤¥²Ó ¢μ§¤ÊÏ´μ£μ É· ´¸Ëμ·³ Éμ·  TX1. Šμ³³ÊÉ Éμ·Ò ¥³±μ¸É´ÒÌ ´ ±μ¶¨-
É¥²¥° C1 ¨ C2 ·¥ ²¨§μ¢ ´Ò ´  ³μ¤¥²¨ ¨¤¥ ²Ó´ÒÌ ±²ÕÎ¥° S1 ¨ S2. ‘Ì¥³Ò ±μ³³ÊÉ Éμ·μ¢

�¨¸. 1. ‘Ì¥³  Spice-³μ¤¥²¨

�¨¸. 2. Œμ¤¥²¨·μ¢ ´¨¥ ¸Ê³³ ·´μ£μ Éμ± 
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�¨¸. 3. ˆ§³¥´¥´¨¥ Ëμ·³Ò ¢¥·Ï¨´Ò ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  ¶·¨ ¸± ´¨·μ¢ ´¨¨ § ¤¥·¦±¨ £¥´¥· -
Éμ·  V3

¶¨É ÕÉ¸Ö μÉ ¨¸ÉμÎ´¨±μ¢ V1 ¨ V2. ˆ³¶Ê²Ó¸Ò § ¶Ê¸±  Ëμ·³¨·ÊÕÉ¸Ö £¥´¥· Éμ· ³¨ V3, V4.
„¨ËË¥·¥´Í¨ ²Ó´Ò° ¤ ÉÎ¨± Éμ±  ¸ ³ É¥³ É¨Î¥¸±¨³ ¸²μ¦¥´¨¥³ ¨³¶Ê²Ó¸μ¢ μÉμ¡· ¦ ¥É ·¥-
§Ê²ÓÉ ÉÒ · ¡μÉÒ Ê¸É·μ°¸É¢ . Œμ¤¥²Ó ¸Ì¥³Ò ¶μ§¢μ²Ö¥É ¸± ´¨·μ¢ ÉÓ Ë¨§¨Î¥¸±¨¥ §´ Î¥´¨Ö
¢¸¥Ì Ô²¥³¥´Éμ¢ ¸Ì¥³Ò ¤²Ö μ¶·¥¤¥²¥´¨Ö É·¥¡Ê¥³ÒÌ ¶ · ³¥É·μ¢ ¨³¶Ê²Ó¸´ÒÌ Éμ±μ¢ ¢ μ¡-
³μÉ± Ì ¨ Ëμ·³¨·μ¢ ´¨Ö ¶²μ¸±μ° ¢¥·Ï¨´Ò ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸ .

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° Éμ±μ¢ ¢ μ¡³μÉ± Ì ¨ ³ É¥³ É¨Î¥¸±μ£μ
¢ÒÎ¨É ´¨Ö Éμ±μ¢ μ¡³μÉμ± ¶·¨ μ¶É¨³¨§¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢ ±μ³¶μ´¥´Éμ¢
¸Ì¥³Ò ³μ¤¥²¨.

�  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³ É¥³ É¨Î¥¸±μ£μ ¢ÒÎ¨É ´¨Ö Éμ±μ¢ μ¡³μÉμ± ¶·¨ μ¶É¨-
³¨§¨·μ¢ ´´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·μ¢ ±μ³¶μ´¥´Éμ¢ ¸Ì¥³Ò ³μ¤¥²¨ ¨ ¸± ´¨·μ¢ ´¨¨ ¢·¥-
³¥´¨ § ¤¥·¦±¨ ¨³¶Ê²Ó¸  § ¶Ê¸±  £¥´¥· Éμ·  V3 μÉ 1,47 ¤μ 1,52 ³±¸ ¸ Ï £μ³ 10 ´¸.
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„²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¢¥·±¨ · ¸Î¥É´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¡Ò²  · §· ¡μÉ ´  ¸Ì¥³  ¨³-
¶Ê²Ó¸´μ£μ £¥´¥· Éμ·  ´  ¢Ò¸μ±μ¸±μ·μ¸É´ÒÌ É· ´§¨¸Éμ· Ì É¨¶  IRG4PC50K. ‘Ì¥³  ´ 
É· ´§¨¸Éμ· Ì  ´ ²μ£¨Î´  ¸Ì¥³¥, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 1.

�¨¸. 4. ˆ§³¥´¥´¨¥ Ëμ·³Ò ¢¥·Ï¨´Ò ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  ¶·¨ ¸± ´¨·μ¢ ´¨¨ § ¤¥·¦±¨ μ¤´μ£μ ¨§

£¥´¥· Éμ·μ¢ § ¶Ê¸±  ¤²Ö É· ´§¨¸Éμ·´μ£μ ³ ±¥É 
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�  ·¨¸. 4 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ Ëμ·³¨·μ¢ ´¨Ö ¸Ê³³ ·´μ£μ ¨³¶Ê²Ó¸  Éμ±  É· ´§¨¸Éμ·-
´μ° ¸Ì¥³μ° ¶·¨ ¸± ´¨·μ¢ ´¨¨ ¢·¥³¥´¨ § ¤¥·¦±¨ ¨³¶Ê²Ó¸  § ¶Ê¸±  μ¤´μ£μ ¨§ £¥´¥· Éμ·μ¢
¢ ¤¨ ¶ §μ´¥ μÉ 1,47 ¤μ 1,52 ³±¸ ¸ Ï £μ³ 10 ´¸.
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„²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¢¥·±¨ ¡Ò²¨ · §· ¡μÉ ´Ò ¨ ¨§£μÉμ¢²¥´Ò ¤¢  ¨³¶Ê²Ó¸´ÒÌ
£¥´¥· Éμ·  ¸ É· ´§¨¸Éμ·´Ò³¨ ±μ³³ÊÉ Éμ· ³¨ ¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò° ¨§³¥·¨É¥²Ó ³ £´¨É-
´μ£μ ¶μ²Ö ´  μ¸´μ¢¥ ± ÉÊÏ±¨ ¨´¤Ê±É¨¢´μ¸É¨ ¨ ¤¢ÊÌ ± ´ ²μ¢ μ¸Í¨²²μ£· Ë .

‚μ¸¸É ´μ¢²¥´´ Ö ¶μ ·¥ ²Ó´Ò³ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨° ·¥ ²Ó´ Ö Ëμ·³  ¶μ²Ö ¢ ³ ±¥É¥
Ê¤ ·´μ£μ ³ £´¨É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 5.

�¨¸. 5. ‚μ¸¸É ´μ¢²¥´´ Ö Ëμ·³  ¨³¶Ê²Ó¸  ³ £´¨É´μ£μ ¶μ²Ö
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