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‚ · ³± Ì ·¥ ²¨§ Í¨¨ ¶·μ¥±É  ¶μ ¸μ§¤ ´¨Õ Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸  NICA ¢¥¤ÊÉ¸Ö · ¡μÉÒ
¶μ · §· ¡μÉ±¥ μÉ¤¥²Ó´ÒÌ ¸¨¸É¥³ ¨ Ê¸É·μ°¸É¢ ¡Ê¤ÊÐ¥£μ Ê¸±μ·¨É¥²Ö. ‚ ¡Ê¸É¥·¥ ´Ê±²μÉ·μ´  ¶·¥¤-
¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ³´μ£μ¢ ·¨ ´É´μ° ¸Ì¥³Ò ¨´¦¥±Í¨¨ ¸ ¶ÖÉÓÕ ¨³¶Ê²Ó¸´Ò³¨ ¨¸ÉμÎ´¨± ³¨
¶¨É ´¨Ö ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´. ‚ ¶Ê¸±μ¢μ³ ¢ ·¨ ´É¥ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ Éμ²Ó±μ μ¤¨´, ¸ ´ ¨¡μ²Ó-
Ï¨³ §´ Î¥´¨¥³ ³ ±¸¨³ ²Ó´μ£μ ´ ¶·Ö¦¥´¨Ö 62 ±‚. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´ ¨³¶Ê²Ó¸´Ò° ¨¸ÉμÎ´¨±
¶¨É ´¨Ö ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¡Ê¸É¥·  ´Ê±²μÉ·μ´ . �¶¨¸ ´   ¶¶ · ÉÊ·  ¨
¸¨¸É¥³  Ê¶· ¢²¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ ¨¸ÉμÎ´¨±μ³, ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¶·¨ · ¡μÉ¥ ´ 
Ô±¢¨¢ ²¥´É´ÊÕ ´ £·Ê§±Ê.

The NICA accelerator complex is currently under construction in Dubna. The Booster injection
system will use multivariant scheme with ˇve in	ector plates pulsed power supplies. However, the
startup conˇguration will use only one power supply with maximum voltage up to 62 kV. The pulsed
power supply for in	ector plates is described in the paper. The developed electronics, software are
presented as well as the results of the power supply tests on the equivalent load.
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�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¡Ê¸É¥·  Ê¸±μ·¨É¥²Ó´μ£μ ±μ³¶²¥±¸ 
NICA [1, 2] ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

ˆ´Ë²¥±Éμ·´Ò¥ ¶² ¸É¨´Ò § ¶¨É ´Ò ¢Ò¸μ±¨³ ¨³¶Ê²Ó¸´Ò³ ´ ¶·Ö¦¥´¨¥³. �±¢¨¢ ²¥´É-
´ Ö Ô²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¨¸ÉμÎ´¨±  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. “¶· ¢²Ö-
¥³Ò° ¨¸ÉμÎ´¨± ´ ¶·Ö¦¥´¨Ö DCS300 Î¥·¥§ ¡ ²² ¸É´Ò° ·¥§¨¸Éμ· R1 § ·Ö¦ ¥É ±μ´¤¥´¸ -
Éμ· ‘1 ¤μ ´ ¶·Ö¦¥´¨Ö ¶μ·Ö¤±  300 ‚, § É¥³ μÉ±·Ò¢ ¥É¸Ö É¨·¨¸Éμ· X1, ±μ³³ÊÉ¨·ÊÕÐ¨°
· §·Ö¤´Ò° Éμ± ±μ´¤¥´¸ Éμ·  ´  ¶¥·¢¨Î´ÊÕ μ¡³μÉ±Ê ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ É· ´¸Ëμ·³ Éμ· .
„²Ö ¨³¶Ê²Ó¸´μ° ·¥§μ´ ´¸´μ° § ·Ö¤±¨ ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ ¢ ¸Ì¥³¥ ¨¸¶μ²Ó§μ¢ ´ ¨´¤Ê-
¸É·¨ ²Ó´Ò° ¶μ¢ÒÏ ÕÐ¨° É· ´¸Ëμ·³ Éμ· GE-36. “¶· ¢²Ö¥³Ò° · §·Ö¤ ¶² ¸É¨´ μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ É¨· É·μ´μ³ É¨¶  ’�ˆ1-10±/60. „²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ²μ¦´ÒÌ
¸· ¡ ÉÒ¢ ´¨° É¨·¨¸Éμ·  ¢ ¸Ì¥³Ê § ·Ö¤  ±μ´¤¥´¸ Éμ·  ¢¢¥¤¥´ ¶·μ£· ³³´μ-Ê¶· ¢²Ö¥³Ò°
±²ÕÎ Z1, ·¥ ²¨§μ¢ ´´Ò° ´  IGBT-É· ´§¨¸Éμ·¥.

1E-mail: tarasov@sunse.jinr.ru



‚Ò¸μ±μ¢μ²ÓÉ´Ò° ¨³¶Ê²Ó¸´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ¨´Ë²¥±Éμ·  ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¡Ê¸É¥·  893

� · ³¥É·Ò ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥·

� · ³¥É· ‡´ Î¥´¨¥

Œ ±¸¨³ ²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ¶² ¸É¨´ Ì, ±‚ 62
‚·¥³Ö § ·Ö¤  ¶² ¸É¨´ ´¥ ¡μ²¥¥, ³¸ 50
„²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸´μ£μ ¶² Éμ ´¥ ³¥´¥¥, ³±¸ 30
�¥· ¢´μ³¥·´μ¸ÉÓ ´ ¶·Ö¦¥´¨Ö ´  ¶² Éμ, % � 1
‚·¥³Ö · §·Ö¤ , ³±¸ � 0,1
�¸É ÉμÎ´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ¶² ¸É¨´ Ì, ±‚ � 0,5
Šμ²¨Î¥¸É¢μ ¨³¶Ê²Ó¸μ¢ ¶μ¤·Ö¤ 1Ä3
— ¸ÉμÉ  ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢, ƒÍ 10

�¨¸. 1. ‘Ì¥³  ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´. ‘3 Å Ô±¢¨¢ ²¥´É´ Ö ¥³±μ¸ÉÓ ¶² ¸É¨´ ¨
¶μ¤¢μ¤ÖÐ¥£μ ± ¡¥²Ö
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‘¨¸É¥³  Ê¶· ¢²¥´¨Ö ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ · §· ¡μÉ ´  ´  μ¸´μ¢¥
Ï ¸¸¨ CompactRIO Ë¨·³Ò National Instruments [3], ±μÉμ·μ¥ ¶·¥¤´ §´ Î¥´μ ¤²Ö · §· -
¡μÉ±¨ ±μ³¶ ±É´ÒÌ ¢¸É· ¨¢ ¥³ÒÌ ¶·μ³ÒÏ²¥´´ÒÌ ¸¨¸É¥³ ¸ ¢Ò¸μ±μ° ´ ¤¥¦´μ¸ÉÓÕ ¨ ¶·μ-
¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ.

�¡μ·Ê¤μ¢ ´¨¥ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö Ï ¸¸¨ NI cRIO-9068 ¨ ´ ¡μ·
³μ¤Ê²¥°  ´ ²μ£μ¢μ£μ ¨ Í¨Ë·μ¢μ£μ ¢¢μ¤ /¢Ò¢μ¤  NI 9269, NI 9239, NI 9402, NI 9401 ¨
³μ¤Ê²Ö Ï¨´´μ£μ ¨´É¥·Ë¥°¸  CANbus NI 9862 (·¨¸. 2).

˜ ¸¸¨ cRIO-9068 μ¡μ·Ê¤μ¢ ´μ ¢¸É·μ¥´´Ò³ ±μ´É·μ²²¥·μ³, ¢±²ÕÎ ÕÐ¨³ ¢ ¸¥¡Ö ¶·μ-
£· ³³¨·Ê¥³ÊÕ ²μ£¨Î¥¸±ÊÕ ¨´É¥£· ²Ó´ÊÕ ¸Ì¥³Ê (�‹ˆ‘) Xilinx Artix-7, ¤¢ÊÌÑÖ¤¥·´Ò°
¶·μÍ¥¸¸μ· ARM Cortex-A9 ¨ 512 Œ
 μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨ DDR3. � ²¨Î¨¥ ¢¸É·μ¥´-
´μ° �‹ˆ‘ ¶μ§¢μ²Ö¥É ·¥Ï ÉÓ § ¤ Î¨, ¸¢Ö§ ´´Ò¥ ¸ ¸¨´Ì·μ´¨§ Í¨¥° ¨ £¥´¥· Í¨¥° Í¨Ë·μ-
¢ÒÌ ¸¨£´ ²μ¢ ¸ ¢Ò¸μ±¨³ ¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³,   ¶·μÍ¥¸¸μ· μ¡¥¸¶¥Î¨¢ ¥É ¨¸¶μ²´¥´¨¥
¶·μ£· ³³ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ´  ¡ §¥ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³Ò Linux ¨ ¸¢Ö§Ó ¸ ¢´¥Ï´¨³
³¨·μ³.

�·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö, ¸μ¸ÉμÖÐ¥¥ ¨§ ³¨±·μ¶·μ£· ³³Ò �‹ˆ‘
¨ ¶·μ£· ³³ Ê¶· ¢²¥´¨Ö, ¶μ§¢μ²Ö¥É ·¥Ï ÉÓ É ±¨¥ § ¤ Î¨, ± ±:

Å ¶·¨¢Ö§±  ± ¢´¥Ï´¥³Ê ¨³¶Ê²Ó¸Ê ´ Î ²  ¨´¦¥±Í¨¨ ²¨¡μ £¥´¥· Í¨Ö ¨³¶Ê²Ó¸μ¢ ¢´Ê-
É·¥´´¥£μ § ¶Ê¸±  ¸ § ¤ ´´μ° Î ¸ÉμÉμ° ¶μ¢Éμ·¥´¨Ö ¤²Ö · ¡μÉÒ ´  ¸É¥´¤¥;



894 ” É¥¥¢ �. �. ¨ ¤·.

�¨¸. 2. ”Ê´±Í¨μ´ ²Ó´ Ö ¸Ì¥³  ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¨¸ÉμÎ´¨±μ³ ¶¨É ´¨Ö

Å £¥´¥· Í¨Ö ¸¨£´ ²μ¢ § ¶Ê¸±  É¨· É·μ´ , É¨·¨¸Éμ·´μ£μ ¨³¶Ê²Ó¸´μ£μ £¥´¥· Éμ·  ¨
¸¨£´ ²μ¢ ¢±²ÕÎ¥´¨Ö ¨ ¢Ò±²ÕÎ¥´¨Ö ¨¸ÉμÎ´¨±  ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö ¸ ´¥μ¡Ìμ¤¨-
³Ò³¨ ¤²¨É¥²Ó´μ¸ÉÖ³¨ ¨ § ¤¥·¦± ³¨ μÉ´μ¸¨É¥²Ó´μ ¤·Ê£ ¤·Ê£  (Ï £ ¨ ÉμÎ´μ¸ÉÓ (¤¦¨ÉÉ¥·)
¶·¨¢Ö§±¨ ¸¨£´ ²μ¢ ´¥ ÌÊ¦¥ 8 ´¸);

Å Ê¶· ¢²¥´¨¥ Ê·μ¢´¥³ ¢ÒÌμ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¨¸ÉμÎ´¨± 
DCS300-3,5 ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,1 %;

Å Ê¶· ¢²¥´¨¥ ¨¸ÉμÎ´¨± ³¨ ¶¨É ´¨Ö ´ ± ²  É¨· É·μ´ , ¢Ìμ¤ÖÐ¨³¨ ¢ ¡²μ± Ê¶· ¢²¥-
´¨Ö É¨· É·μ´  �
-6�, Î¥·¥§ £ ²Ó¢ ´¨Î¥¸±¨ · §¢Ö§ ´´Ò° Í¨Ë·μ¢μ° ¨´É¥·Ë¥°¸ CANbus ¸
ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,1 %;

Å ¨§³¥·¥´¨¥ ¢ÒÌμ¤´ÒÌ ´ ¶·Ö¦¥´¨° ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¨¸ÉμÎ´¨±  ¨ ¨¸ÉμÎ´¨±μ¢ ´ ± ² 
É¨· É·μ´  ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,1 %;

Å ¨§³¥·¥´¨¥ ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö ´  ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ Ì (¨²¨ Ô±¢¨¢ ²¥´É´μ°
´ £·Ê§±¥) ¶·¨ ¶μ³μÐ¨ ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¤¥²¨É¥²Ö ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 0,1 %.

˜ ¸¸¨ CompactRIO ¸¢Ö§ ´μ ¸ ¢´¥Ï´¨³ ³¨·μ³ Î¥·¥§ ¢¸É·μ¥´´Ò° ¶μ·É Ethernet. ‚¸¥
¶·μ£· ³³´Ò¥ ±μ³¶μ´¥´ÉÒ · §· ¡μÉ ´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μ£· ³³´μ£μ ¨´É¥·Ë¥°¸ 
TANGO Controls [4], ÎÉμ μ¡¥¸¶¥Î¨¢ ¥É ¨Ì ¨´É¥£· Í¨Õ ¢ μ¡ÐÊÕ ¸¨¸É¥³Ê Ê¶· ¢²¥´¨Ö
±μ³¶²¥±¸  NICA. � §· ¡μÉ ´Ò £· Ë¨Î¥¸±¨¥ ±²¨¥´É¸±¨¥ ¶·¨²μ¦¥´¨Ö ¢ Ëμ·³ É¥ TANGO
Controls, ¢Ò¶μ²´Ö¥³Ò¥ ´  Ê¤ ²¥´´μ³ ±μ³¶ÓÕÉ¥·¥ ¨ ¶·¥¤μ¸É ¢²ÖÕÐ¨¥ μ¶¥· Éμ·Ê ¢μ§³μ¦-
´μ¸É¨ Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¢ ¡Ê¸É¥·.
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ˆ¸¶ÒÉ ´¨Ö ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö ¨´Ë²¥±Éμ·´ÒÌ ¶² ¸É¨´ ¶·μ¢¥¤¥´Ò ´  Ô±¢¨¢ ²¥´É´μ°
´ £·Ê§±¥ 450 ¶”. �¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3. „μ¸É¨£´ÊÉÒ ¸²¥¤ÊÕÐ¨¥
¶ · ³¥É·Ò:

Å ´ ¶·Ö¦¥´¨¥ ´  ´ £·Ê§±¥ Å ¡μ²¥¥ 60 ±‚;
Å μ¸É ÉμÎ´μ¥ ´ ¶·Ö¦¥´¨¥ Å ³¥´¥¥ 300 ‚;
Å ¢·¥³Ö · §·Ö¤  Å ³¥´¥¥ 100 ´¸.



‚Ò¸μ±μ¢μ²ÓÉ´Ò° ¨³¶Ê²Ó¸´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ¨´Ë²¥±Éμ·  ¸¨¸É¥³Ò ¨´¦¥±Í¨¨ ¡Ê¸É¥·  895

�¨¸. 3. �¥§Ê²ÓÉ ÉÒ ¢Ò¸μ±μ¢μ²ÓÉ´ÒÌ ¨¸¶ÒÉ ´¨°: 1 Å ¢Ò±²ÕÎ¥´¨¥ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö; 2 Å § ¶Ê¸±
É¨·¨¸Éμ· ; 3 Å § ¶Ê¸± É¨· É·μ´ ; 4 Å ´ ¶·Ö¦¥´¨¥ ´  ´ £·Ê§±¥, 10 ±‚/¤¥²¥´¨¥
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�¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ¶μ± § ²¨, ÎÉμ ¶μ²ÊÎ¥´´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò ¸μμÉ¢¥É¸É¢ÊÕÉ
É¥Ì´¨Î¥¸±μ³Ê § ¤ ´¨Õ. ‘¨¸É¥³  £μÉμ¢  ± Ê¸É ´μ¢±¥ ´  ±μ²ÓÍ¥ ¡Ê¸É¥· .
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