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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

�·¥¤² £ ¥É¸Ö ¢ ·¨ ´É Ê¤ ·´μ£μ ³ £´¨É  ¤²Ö ¸¨¸É¥³Ò ¸¡·μ¸  ¶ÊÎ±  ¨§ ±μ²² °¤¥·  NICA. �·μ-
¢¥¤¥´  μ¶É¨³¨§ Í¨Ö · §³¥·μ¢ ¨ Ëμ·³Ò Ô²¥±É·μ¤μ¢ ³μ¤Ê²¥° ³ £´¨É . ‚Ò¡· ´´ Ö ±μ´¸É·Ê±Í¨Ö
μ¡¥¸¶¥Î¨¢ ¥É É·¥¡Ê¥³ÊÕ μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¨ ³¨´¨³¨§¨·Ê¥É Ô´¥·£μ§ É· ÉÒ ¸¨¸É¥³Ò
¶¨É ´¨Ö.

The variant of a kicker magnet for a beam dumping system of the NICA collider is offered.
Optimization of the sizes and form of electrodes in modules of a magnet is performed. The chosen
design provides the required uniformity of magnetic ˇeld and minimizes the energy consumption of a
power supply system.

PACS: 41.85.Ar; 41.85.Lc
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‚ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶·μ¤μ²¦ ÕÉ¸Ö · §· ¡μÉ±  ¨ ¸μ-
§¤ ´¨¥ ¨μ´´μ£μ ±μ²² °¤¥·  NICA [1]. „²Ö ¡Ò¸É·μ° Ô¢ ±Ê Í¨¨ ¶ÊÎ±μ¢ ¨§ ±μ²² °¤¥·  ¢
¥£μ ±μ²ÓÍ Ì ¶·¥¤Ê¸³ É·¨¢ ÕÉ¸Ö ¤¢¥ ¸¨¸É¥³Ò ¸¡·μ¸  ¶ÊÎ± , ¢±²ÕÎ ÕÐ¨¥ ¢ ¸¥¡Ö Ê¤ ·´Ò°
³ £´¨É (±¨±¥·) ¨ ¸¥¶ÉÊ³-³ £´¨É. “¤ ·´Ò¥ ³ £´¨ÉÒ · §³¥Ð ÕÉ¸Ö ¢ ¶·Ö³μ²¨´¥°´ÒÌ ¶·μ-
³¥¦ÊÉ± Ì  ·±¨ ¶μ²Ê±μ²ÓÍ  E ¨ ¸²Ê¦ É ¤²Ö § ¡·μ¸  ¶ÊÎ±  ¢ ¸¥¶ÉÊ³-³ £´¨ÉÒ. �μ²´ Ö
¤²¨´  ³ £´¨É  L = 4,5 ³. “£μ² μÉ±²μ´¥´¨Ö ¶ÊÎ±  ¢ Ê¤ ·´μ³ ³ £´¨É¥ α = 11,2 ³· ¤. ’·¥-
¡Ê¥³ Ö ¢¥²¨Î¨´  ³ £´¨É´μ£μ ¶μ²Ö Å ¤μ 0,12 ’² ¸ μ¤´μ·μ¤´μ¸ÉÓÕ ± 5% ¶μ ¶μ¶¥·¥Î´μ³Ê
¸¥Î¥´¨Õ μ¡² ¸É¨ ¸¡·μ¸ . “¤ ·´Ò° ³ £´¨É · §¡¨É ´  ´¥¸±μ²Ó±μ μ¤¨´ ±μ¢ÒÌ ³μ¤Ê²¥°. ‚ -
±ÊÊ³´Ò¥ ¡μ±¸Ò ∅240 ³³ ¸ ³μ¤Ê²Ö³¨ Ê¤ ·´ÒÌ ³ £´¨Éμ¢ Ê¸É ´ ¢²¨¢ ÕÉ¸Ö ¢´ÊÉ·¨ ±·¨μ¸É É 
±μ²² °¤¥· .
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� ¸¸³ É·¨¢ ¥É¸Ö Ê¤ ·´Ò° ³ £´¨É, ¸μ¸ÉμÖÐ¨° ¨§ É·¥Ì μ¤¨´ ±μ¢ÒÌ ¶μ ¤²¨´¥ ³μ¤Ê²¥°.
—¨¸²μ ³μ¤Ê²¥° ¢Ò¡· ´μ ¨§ Ê¸²μ¢¨° μ¶É¨³ ²Ó´μ¸É¨ ¸¨¸É¥³Ò ¶¨É ´¨Ö ³ £´¨É . �¨É ´¨¥
¨³¶Ê²Ó¸´μ¥. „²¨É¥²Ó´μ¸ÉÓ ¶¥·¥¤´¥£μ Ë·μ´É  ¨³¶Ê²Ó¸  Å 130 ´¸, ¶² Éμ Å 1,8 ³±¸.
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�¨¸. 1. β-ËÊ´±Í¨¨ ¢ μ¡² ¸É¨ Ê¤ ·´μ£μ ³ £-
´¨É : 1 Å £μ·¨§μ´É ²Ó´μ¥ ´ ¶· ¢²¥´¨¥; 2 Å

¢¥·É¨± ²Ó´μ¥

�¨¸. 2. �μ²Ê· §³¥·Ò μ¡² ¸É¨ Ëμ·³¨·μ¢ ´¨Ö
¶μ²Ö: 1 Å £μ·¨§μ´É ²Ó´μ¥ ´ ¶· ¢²¥´¨¥; 2 Å

¢¥·É¨± ²Ó´μ¥

’ ¡²¨Í  1. �¡² ¸É¨ Ëμ·³¨·μ¢ ´¨Ö ¶μ²Ö

�¡² ¸ÉÓ ¨ · ¸¸ÉμÖ´¨¥ Œμ¤Ê²Ó 1 Œμ¤Ê²Ó 2 Œμ¤Ê²Ó 3

ƒμ·¨§μ´É ²Ó´ Ö ±30 −22 ÷ +32 −10 ÷ +42
‚¥·É¨± ²Ó´ Ö ±14 ±18 ±20
d (´¥ ³¥´¥¥), ³³ 60 64 84

�Ê¸ÉÓ ³ £´¨É´μ¥ ¶μ²¥ ³μ¤Ê²Ö ¸μ§¤ ¥É¸Ö ¶ ·μ° ¸¨³³¥É·¨Î´μ · ¸¶μ²μ¦¥´´ÒÌ μÉ´μ¸¨-
É¥²Ó´μ μ¸¨ Í¨·±Ê²¨·ÊÕÐ¥£μ ¶ÊÎ±  ¶² ¸É¨´ ¸ ¶·μÉ¨¢μ¶μ²μ¦´Ò³ ´ ¶· ¢²¥´¨¥³ Éμ± . ‚
¶¥·¢μ³ ³μ¤Ê²¥ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¶² ¸É¨´ ³¨ § ¤ ´μ: d = 60 ³³. ’μ£¤  ¢ ¶μ¸²¥¤´¥³ (É·¥-
ÉÓ¥³) ³μ¤Ê²¥ d ¤μ²¦´μ Ê¢¥²¨Î¨ÉÓ¸Ö ´  αL ¨ ¸μ¸É ¢¨ÉÓ ¶·¨³¥·´μ 110 ³³. �Éμ É·¥¡Ê¥É ´¥
Éμ²Ó±μ ¸ÊÐ¥¸É¢¥´´μ£μ Ê¢¥²¨Î¥´¨Ö (¢ 1,95 · § ) ´¥μ¡Ìμ¤¨³ÒÌ §´ Î¥´¨° Éμ±μ¢, ´μ ¨ Ï¨-
·¨´Ò h1 ¶² ¸É¨´ ¤²Ö ±μ³¶¥´¸ Í¨¨ ¢μ§· ¸É ÕÐ¥° ´¥μ¤´μ·μ¤´μ¸É¨ ¶μ²Ö. �É¨ Ë ±Éμ·Ò, ¢
¸¢μÕ μÎ¥·¥¤Ó, ¶·¨¢μ¤ÖÉ ± ¤μ¶μ²´¨É¥²Ó´μ³Ê ¶μ¢ÒÏ¥´¨Õ ´¥μ¡Ìμ¤¨³μ£μ ´ ¶·Ö¦¥´¨Ö.

‘ Í¥²ÓÕ ³¨´¨³¨§ Í¨¨ Ô´¥·£μ§ É· É ¢μ¸¶μ²Ó§Ê¥³¸Ö ·¥§Ê²ÓÉ É ³¨ · ¡μÉÒ [1], ¸μ£² ¸´μ
±μÉμ·μ° ¨³¶Ê²Ó¸´Ò° · §¡·μ¸ ¢ ¶ÊÎ±¥ rms Δp/p = ±1,5 · 10−3,  ±¸¥¶É ´¸ ¸μ¸É ¢²Ö¥É
40π ³³ ·³· ¤, β-ËÊ´±Í¨¨ ´  ¤²¨´¥ Ê¤ ·´μ£μ ³ £´¨É  ³¥´ÖÕÉ¸Ö, ± ± ¶μ± § ´μ ´  ·¨¸. 1.
’μ£¤ , ÊÎ¨ÉÒ¢ Ö ¤¨¸¶¥·¸¨Õ, ¶μ²ÊÎ¨³, ÎÉμ ¶μ²Ê· §³¥·Ò μ¡² ¸É¨ ¶μ²Ö ¸ É·¥¡Ê¥³μ° μ¤´μ-
·μ¤´μ¸ÉÓÕ ³ £´¨É´μ£μ ¶μ²Ö ¢¥¤ÊÉ ¸¥¡Ö, ± ± ¶μ± § ´μ ´  ·¨¸. 2.

‚Ò¡¨· Ö ³ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö · §³¥·μ¢ μ¡² ¸É¥° ´  ±μ´Í Ì ³μ¤Ê²¥°, ¶μ²ÊÎ ¥³ ´¥
Éμ²Ó±μ ³¥´ÓÏ¨¥ §´ Î¥´¨Ö μ¡² ¸É¥°, ´μ ¨ ³¥´ÓÏ¨¥ · §³¥·Ò ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ³μ¤Ê²¥°
(É ¡². 1). �·¨ ÔÉμ³ ¨³¥¥³ ´¥μ¡Ìμ¤¨³Ò° ±μÔËË¨Í¨¥´É Ê¢¥²¨Î¥´¨Ö Éμ±  ¢ ³μ¤Ê²¥ 3 ≈ 1,4.
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�μ¸±μ²Ó±Ê ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Éμ±  ¢ Ê¤ ·´μ³ ³ £´¨É¥ ´¥ ¶·¥¢ÒÏ ¥É 2 ³±¸, Éμ
¨³¥¥É ³¥¸Éμ ¸¨²Ó´Ò° ¸±¨´-ÔËË¥±É (¤²Ö ³¥¤¨ Å ¤μ²¨ ³¨²²¨³¥É· ). �Éμ ¶μ§¢μ²Ö¥É ¶·μ-
¢μ¤¨ÉÓ μ¶É¨³¨§ Í¨Õ ¶μ¶¥·¥Î´ÒÌ · §³¥·μ¢ ¨ Ëμ·³Ò ¶² ¸É¨´ ( ´ ²μ£¨Î´μ · ¡μÉ¥ [2]) ¢
Ô²¥±É·μ¸É É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨ ¸ ¶μ³μÐÓÕ ¶ ±¥É  POISSON [3] ¢ ¤¢Ê³¥·´μ° ³μ¤¥²¨ ¨
¤μ¡¨¢ ÉÓ¸Ö É·¥¡Ê¥³μ£μ · ¸¶·¥¤¥²¥´¨Ö £μ·¨§μ´É ²Ó´μ° ±μ³¶μ´¥´ÉÒ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö.
’ ±μ° ¶μ¤Ìμ¤ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ´¥ Éμ²Ó±μ §´ Î¨É¥²Ó´μ Ê¸±μ·¨ÉÓ · ¸Î¥ÉÒ, ´μ ¨ ÊÎ¨ÉÒ¢ ÉÓ
· ¸¶·¥¤¥²¥´¨¥ § ·Ö¤μ¢ (Î¨É ° Å Éμ± ) ¶μ ¶μ¢¥·Ì´μ¸É¨ ¶·μ¢μ¤´¨±μ¢ ¨ ¢²¨Ö´¨¥ ¢´¥Ï´¥£μ
Ô±· ´ . ’μ²Ð¨´  ¶² ¸É¨´ ¢ · ¸Î¥É Ì Å 4 ³³.
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2.1. �¥·¢Ò° ³μ¤Ê²Ó. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ¶·μ¸É¥°Ï¨° ¢ ·¨ ´É ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö
Ê¤ ·´μ£μ ³ £´¨É  (·¨¸. 3,  ) ¸ h1 = d = 60 ³³ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¥³Ê · ¸¶·¥¤¥²¥´¨Ö
£μ·¨§μ´É ²Ó´μ° ±μ³¶μ´¥´ÉÒ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (·¨¸. 3, ¡) ¢ μ¡² ¸É¨ ¸¡·μ¸  ¶ÊÎ± .

’ ± ± ± · ¸¶·¥¤¥²¥´¨Ö ¸¨³³¥É·¨Î´Ò μÉ´μ¸¨É¥²Ó´μ Í¥´É·  μ¡² ¸É¨ ¸¡·μ¸ , ´  ·¨¸. 3, ¡
¶μ± § ´μ ¶μ²¥ ¢ ¥¥ Î ¸É¨, ¢Ò¤¥²¥´´μ° ´  ·¨¸. 3,  . 	μ²ÓÏ¨¥ É¥³´Ò¥ ±·Ê¦±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ
§´ Î¥´¨Ö³ ¶μ²Ö ´  £· ´¨Í¥ μ¡² ¸É¨. �μ²´Ò° · §¡·μ¸ §´ Î¥´¨° ¶μ²Ö ¢ μ¡² ¸É¨ ¸¡·μ¸ 
ΔE/E = (344−312)/328 ≈ 10%.

‡´ Î¨É¥²Ó´μ Ê²ÊÎÏ¨ÉÓ ± Î¥¸É¢μ ¶μ²Ö ³μ¦´μ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ £¥μ³¥É·¨¨ ¶² ¸É¨´,
¶μ± § ´´μ° ´  ·¨¸. 4,  . �· ±É¨Î¥¸±¨ ¢ É¥Ì ¦¥ £ ¡ ·¨É Ì ¨³¥¥³ · ¸¶·¥¤¥²¥´¨¥ ¶μ²Ö
(·¨¸. 4, ¡) ¸ μ¤´μ·μ¤´μ¸ÉÓÕ ΔE/E = (340−327)/333,5 ≈ 4%.

�¨¸. 3. a) �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ³ £´¨É : h1 = d = 60 ³³. ¡) � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢

μ¡² ¸É¨ ¸¡·μ¸  ¶ÊÎ± 

�¨¸. 4.  ) �·¥¤² £ ¥³ Ö Ëμ·³  ¶² ¸É¨´: h1 = 68 ³³, d = 60 ³³. ¡) � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ

¶μ²Ö ¢ μ¡² ¸É¨ ¸¡·μ¸ 

2.2. ‚Éμ·μ° ³μ¤Ê²Ó. ’ ± Ö ¦¥ Ëμ·³  ¶² ¸É¨´ ¸ d = 64 ³³ (·¨¸. 5,  ) ¶μ§¢μ²Ö¥É ¶μ-
²ÊÎ¨ÉÓ ¢ μ¡² ¸É¨ ¸¡·μ¸  ¢Éμ·μ£μ ³μ¤Ê²Ö · ¸¶·¥¤¥²¥´¨¥ ¸ μ¤´μ·μ¤´μ¸ÉÓÕ ¶μ²Ö ΔE/E =
(318−307)/312,5 = 3,5% (·¨¸. 5, ¡).

2.3. ’·¥É¨° ³μ¤Ê²Ó. „²Ö ³μ¤Ê²Ö 3 ¶·¨ Éμ° ¦¥ Ëμ·³¥ ¶² ¸É¨´ ¨ §´ Î¨É¥²Ó´μ ¡μ²Ó-
Ï¥° £μ·¨§μ´É ²Ó´μ° μ¡² ¸É¨ ¨³¥¥³ ´¥Ê¤μ¢²¥É¢μ·¨É¥²Ó´ÊÕ μ¤´μ·μ¤´μ¸ÉÓ: ΔE/E =
(255−224)/239,5 = 13% (·¨¸. 6).
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�¨¸. 5.  ) �·¥¤² £ ¥³ Ö Ëμ·³  ¶² ¸É¨´: h1 = 68 ³³, d = 64 ³³. ¡) � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ

¶μ²Ö ¢ μ¡² ¸É¨ ¸¡·μ¸ 

�¨¸. 6.  ) ”μ·³  ¶² ¸É¨´ ³μ¤Ê²Ö 3: h1 = 68 ³³, d = 85 ³³. ¡) � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ

¶μ²Ö ¢ μ¡² ¸É¨ ¸¡·μ¸ 

�¨¸. 7.  ) �·¥¤² £ ¥³ Ö Ëμ·³  ¶² ¸É¨´: h1 = 78 ³³, d = 85 ³³. ¡) � ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·¨Î¥¸±μ£μ

¶μ²Ö ¢ μ¡² ¸É¨ ¸¡·μ¸ 

’ ¡²¨Í  2. � · ³¥É·Ò ³μ¤Ê²¥°

Œμ¤Ê²Ó h1, ³³ h2, ³³ d, ³³ δ, ³³ ΔE/E, %

1 68 40 60 4

2 68 40 64 5 3,5

3 78 50 85 7,6
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�¨¸. 8. �μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶² ¸É¨´Ò

„²Ö ¶μ²ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³μ° μ¤´μ·μ¤´μ¸É¨ ¶μ²Ö ¶μÉ·¥¡μ¢ ²μ¸Ó Ê¢¥²¨Î¨ÉÓ ¶μ¶¥·¥Î´Ò°
· §³¥· ¶² ¸É¨´ ´  10 ³³. �¥§Ê²ÓÉ ÉÒ ¶μ± § ´Ò ´  ·¨¸. 7: ΔE/E = (245−227)/236 =
7,6 %.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ³μ¤Ê²¥° Ê¤ ·´μ£μ ³ £´¨É ,   ´  ·¨¸. 8 ¶μ-
± § ´μ ¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶² ¸É¨´Ò.
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‚ ·¥§Ê²ÓÉ É¥ ¶·μ¢¥¤¥´´ÒÌ · ¸Î¥Éμ¢ ¢Ò¡· ´ ¢ ·¨ ´É Ê¤ ·´μ£μ ³ £´¨É  ¤²Ö ¸¨¸É¥³Ò
¸¡·μ¸  ¶ÊÎ±  ¨§ ±μ²² °¤¥·  NICA. �·μ¢¥¤¥´  μ¶É¨³¨§ Í¨Ö · §³¥·μ¢ ¨ Ëμ·³Ò ¶μ¶¥·¥Î-
´μ£μ ¸¥Î¥´¨Ö ³ £´¨É , ¸μ¸ÉμÖÐ¥£μ ¨§ É·¥Ì μÉ¤¥²Ó´ÒÌ ³μ¤Ê²¥°. ‚Ò¡· ´´ Ö ±μ´¸É·Ê±Í¨Ö
μ¡¥¸¶¥Î¨¢ ¥É É·¥¡Ê¥³ÊÕ μ¤´μ·μ¤´μ¸ÉÓ ³ £´¨É´μ£μ ¶μ²Ö ¨ Ê³¥´ÓÏ ¥É ´  ∼ 50% Ô´¥·£μ§ -
É· ÉÒ ¸¨¸É¥³Ò ¶¨É ´¨Ö ¡² £μ¤ ·Ö ÊÎ¥ÉÊ ¨§³¥´¥´¨° ¶ · ³¥É·μ¢ ¶ÊÎ±  ´  ¤²¨´¥ ³ £´¨É .

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ¡² £μ¤ ·´Ò ¸μÉ·Ê¤´¨±Ê ‹”‚� �ˆŸˆ �.‚.”¨²¨¶¶μ¢Ê § 
É¥Ì´¨Î¥¸±ÊÕ ¶μ³μÐÓ ¶·¨ ¢Ò¶μ²´¥´¨¨ ¤ ´´μ° · ¡μÉÒ.
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