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

‚ ±µ²² ¡µ· Í¨¨ CERNÄTRIUMF ¨§£µÉµ¢²¥´ ¨ ¶·µÉ¥¸É¨·µ¢ ´ ¶¥·¢Ò° ¨§ ¨³¶Ê²Ó¸´ÒÌ ³ £´¨Éµ¢
± ´ ²  ¨´¦¥±Í¨¨ LH‘. �  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ Ì · ±É¥·¨¸É¨± ¨ ·¥ ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¶·µÉµÉ¨¶ 
¸¨²µ¢µ° Î ¸É¨ ¸¨¸É¥³Ò ¶µ¶¥·¥Î´µ° µ¡· É´µ° ¸¢Ö§¨ (· §· ¡µÉ±  ‹”— �ˆŸˆ) ¶·µ¢¥¤¥´µ ³ É¥-
³ É¨Î¥¸±µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ±µ··¥±Í¨¨ µÏ¨¡µ± ¨´¦¥±Í¨¨. �·µ ´ ²¨§¨·µ¢ ´Ò · §²¨Î´Ò¥ ·¥¦¨³Ò
¶µ¤ ¢²¥´¨Ö ±µ²¥¡ ´¨°.

The ˇrst of the pulse magnets (kicker) of the LHC injection channel is made and tested in the
CERNÄTRIUMF collaboration. A mathematical modeling of the injection error correction was done on
the basis of the characteristics obtained and parameters of the transverse damping system power part
prototype, developed at LPP, JINR. The different regimes of oscillation damping were analyzed.

‚‚…„…�ˆ…

‚ ‹”— �ˆŸˆ ¢ · ³± Ì ¶·µ¥±É  ®LHC Damper¯ ¸µ§¤ ¥É¸Ö ¸¨¸É¥³  ¶µ¶¥·¥Î´µ° µ¡· É-
´µ° ¸¢Ö§¨ (‘��‘) [1] ¤²Ö ¶ÊÎ±  LH‘ [2]. �¤´µ° ¨§ µ¸´µ¢´ÒÌ § ¤ Î ÔÉµ° ¸¨¸É¥³Ò Ö¢²Ö-
¥É¸Ö ±µ··¥±Í¨Ö µÏ¨¡µ± ¨´¦¥±Í¨¨ ¢ ±µ²² °¤¥·. �É¨ µÏ¨¡±¨ µ¶·¥¤¥²ÖÕÉ¸Ö ¢ µ¸´µ¢´µ³
¶ · ³¥É· ³¨ ¨´¦¥±Í¨µ´´µ£µ ³ £´¨É  (±¨±¥· ) ¨ ¸¨¸É¥³Ò ¥£µ ¨³¶Ê²Ó¸´µ£µ ¶¨É ´¨Ö.

�Ï¨¡±¨ ¨´¦¥±Í¨¨ ³µ£ÊÉ ¡ÒÉÓ · §¤¥²¥´Ò ´  ¤¢¥ £·Ê¶¶Ò: ¸É É¨Î¥¸± Ö µÏ¨¡±  (¢²¨Ö¥É
´  µÉ±²µ´¥´¨¥ Í¥´É·  ³ ¸¸ ¨´¦¥±É¨·Ê¥³µ£µ ¶ÊÎ± ) ¨ µÉ±²µ´¥´¨Ö, ¢µ§´¨± ÕÐ¨¥ ¢¸²¥¤-
¸É¢¨e ´¥µ¤´µ·µ¤´µ¸É¨ ¶² Éµ ¨³¶Ê²Ó¸  ³ £´¨É´µ£µ ¶µ²Ö (µ¶·¥¤¥²ÖÕÉ ¸¶¥±É· ¸¨£´ ² , ¶µ-
¸ÉÊ¶ ÕÐ¥£µ ´  ¢Ìµ¤ ‘��‘).

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ ±µ²² ¡µ· Í¨¨ CERNÄTRIUMF ¨§£µÉµ¢²¥´ ¨ ¶·µÉ¥¸É¨·µ¢ ´ ¶¥·-
¢Ò° ¨§ ¨³¶Ê²Ó¸´ÒÌ ³ £´¨Éµ¢ ± ´ ²  ¨´¦¥±Í¨¨ (MKI) [3]. �¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì É¥¸Éµ¢ ¶µ-
± § ²¨ ¸ÊÐ¥¸É¢¥´´µ¥ µÉ±²µ´¥´¨¥ Î ¸ÉµÉ´µ-¢·¥³¥´´ÒÌ ¶ · ³¥É·µ¢ ¨³¶Ê²Ó¸  ¶µ²Ö ¨´¦¥±-
Í¨µ´´µ£µ ±¨±¥·  µÉ § ¤ ´´ÒÌ ¢ ¨¸Ìµ¤´µ° ¸¶¥Í¨Ë¨± Í¨¨ ‘��‘ [4]. �Éµ ¢Ò· ¦ ¥É¸Ö ¢
¶¥·¢ÊÕ µÎ¥·¥¤Ó ¢ Éµ³, ÎÉµ ¢¥·Ì´ÖÖ £· ´¨Í  Î ¸ÉµÉÒ ´¥µ¤´µ·µ¤´µ¸É¨ ¨³¶Ê²Ó¸  ¸µ¸É ¢²Ö¥É
12 ŒƒÍ ¢³¥¸Éµ 1 ŒƒÍ.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢µ§´¨±²  § ¤ Î  ³ É¥³ É¨Î¥¸±µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸  ¶µ¤ ¢²¥´¨Ö
´ Î ²Ó´ÒÌ ±µ²¥¡ ´¨° ´  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¨ ·¥ ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¸¨²µ¢µ°
Î ¸É¨ ‘��‘ (¤Ô³¶¥·), µ¶·¥¤¥²¥´´ÒÌ ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ¶·µÉµÉ¨¶  ¸¨¸É¥³Ò [5].

1. Œ�„…‹œ ˆ ��‘—…’›

� ¸Î¥É´ Ö ³µ¤¥²Ó ¡Ò²  ¶µ¸É·µ¥´  ´  µ¸´µ¢¥ ¸É ´¤ ·É´µ° ¸Ì¥³Ò ¶µ¤ ¢²¥´¨Ö ¶µ¶¥·¥Î-
´ÒÌ ±µ²¥¡ ´¨°. �·¨ ÔÉµ³ ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó ´¥±µÉµ·Ò¥ ÔËË¥±ÉÒ (¢ Î ¸É´µ¸É¨, ´¥Ê¸Éµ°-
Î¨¢µ¸É¨), ±µÉµ·Ò¥ ´¥¸ÊÐ¥¸É¢¥´´Ò ¤²Ö ¶¥·¢µ£µ ÔÉ ¶  § ¶Ê¸±  LHC. ˆ§³¥´¥´¨¥ Ë §µ¢ÒÌ
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¶ · ³¥É·µ¢ ¶ÊÎ±  §  µ¡µ·µÉ Ê¸·¥¤´Ö²µ¸Ó ¶µ ±µÔËË¨Í¨¥´ÉÊ ¢µ§¤¥°¸É¢¨Ö ‘��‘, ÎÉµ Ö¢²Ö-
¥É¸Ö ¤µ¸É ÉµÎ´Ò³ ¤²Ö µÍ¥´±¨ µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ ¶µ¤ ¢²¥´¨Ö. �ËË¥±ÉÒ É¨¶  Ë¨-
² ³¥´É Í¨¨ ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ·µ¸É Ô³¨ÉÉ ´¸  É ±¦¥ ´¥ ¡Ò²¨ ¢¢¥¤¥´Ò ¢ Ö¢´µ³ ¢¨¤¥,
¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ µÍ¥´±¨ ¶·µ¨§¢µ¤¨²¨¸Ó µÉ¤¥²Ó´µ ¶µ ¶µ²ÊÎ¥´´Ò³ §´ Î¥´¨Ö³ ¢·¥³¥´¨
¶µ¤ ¢²¥´¨Ö.

�²£µ·¨É³ · ¸Î¥É  ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1. „²Ö ·¥ ²¨§ Í¨¨ ¶·µ£· ³³Ò ¨¸¶µ²Ó§µ¢ ² ¸Ó
Mathematica 4.2 WRTM. ‘ ÊÎ¥Éµ³ Ê± § ´´ÒÌ ¢ÒÏ¥ µ£· ´¨Î¥´¨° ³µ¤¥²¨ ¨ ¶¥·¸¶¥±É¨¢Ò
¨Ì ¸´ÖÉ¨Ö ¶·µ£· ³³  ¡Ò²  ¶µ¸É·µ¥´  ¶µ ³µ¤Ê²Ó´µ³Ê ¶·¨´Í¨¶Ê. �Éµ µ¡¥¸¶¥Î¨¢ ¥É £¨¡-
±µ¸ÉÓ · ¸Î¥É  (¢µ§³µ¦´µ¸ÉÓ ³µ¤¥²¨·µ¢ ´¨Ö · §²¨Î´ÒÌ ·¥¦¨³µ¢ ¶µ¤ ¢²¥´¨Ö, ¢±²ÕÎ¥´¨¥
·¥ ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ¤·Ê£¨Ì Ê¸É·µ°¸É¢ ¨ ¶·µÍ¥¸¸µ¢).

�¨¸. 1. �²£µ·¨É³ ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸  ±µ··¥±Í¨¨ µÏ¨¡µ± ¨´¦¥±Í¨¨

‚Ìµ¤´µ° ¸¨£´ ² (¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö MKI) ¡Ò² ¶·¥¤¸É ¢²¥´ ¢ ¢¨¤¥ Í¨Ë·µ¢µ° µ¸-
Í¨²²µ£· ³³Ò ¸ ¤¨¸±·¥É¨§ Í¨¥° 1 ´¸. ‚ ¶·µ£· ³³¥ µ´ ¶µ¤¢¥·£ ²¸Ö ¡Ò¸É·µ³Ê ËÊ·Ó¥-
¶·¥µ¡· §µ¢ ´¨Õ, ¶µ¸²¥ Î¥£µ ¶·µ¢µ¤¨² ¸Ó ¸¢¥·É±  ¶µ²ÊÎ¥´´µ£µ ¸¶¥±É·  ¸ ¨§³¥·¥´´µ°

�¨¸. 2. �³¶²¨ÉÊ¤  ±µ²¥¡ ´¨° ¢¤µ²Ó É·Ô°´  ¶·¨
¨´¦¥±Í¨¨ (±·¨¢ Ö 1) ¨ ¶µ¸²¥ ¶µ¤ ¢²¥´¨Ö Î¥·¥§

70 µ¡µ·µÉµ¢ (±·¨¢ Ö 2)

�—• ¤Ô³¶¥· . �µ²ÊÎ¥´´Ò° ¸¶¥±É· ±µ··¥±-
É¨·ÊÕÐ¥£µ ¸¨£´ ²  ¢ÒÎ¨É ²¸Ö ¨§ ¸¶¥±É· 
¨¸Ìµ¤´µ£µ. �·¥µ¡· §µ¢ ´´Ò° É ±¨³ µ¡· -
§µ³ ¸¨£´ ² ¨¸¶µ²Ó§µ¢ ²¸Ö ± ± ¢Ìµ¤´ Ö ¨´-
Ëµ·³ Í¨Ö ¤²Ö ¸²¥¤ÊÕÐ¥° ¨É¥· Í¨¨. ’ ±µ°
Í¨±² ¶µ¢Éµ·Ö¥É¸Ö § ¤ ´´µ¥ Î¨¸²µ · § (Î¨-
¸²µ µ¡µ·µÉµ¢). �¡· É´µ¥ ¶·¥µ¡· §µ¢ ´¨¥
¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ  ³¶²¨ÉÊ¤´Ò¥ Ì · ±É¥-
·¨¸É¨±¨ ¶ÊÎ±  ´  ± ¦¤µ³ µ¡µ·µÉ¥. �¥§Ê²Ó-
É ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¶µ¤ ¢²¥´¨Ö Î¥·¥§ 70
µ¡µ·µÉµ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.

Š·µ³¥ ±² ¸¸¨Î¥¸±µ£µ (¶·µ¶µ·Í¨µ´ ²Ó-
´µ£µ) ·¥¦¨³  ¶µ¤ ¢²¥´¨Ö ¡Ò² É ±¦¥ ¨¸¸²¥-
¤µ¢ ´ ´¥²¨´¥°´Ò° ·¥¦¨³ ®bang-bang¯ [6].

2. ���‹ˆ‡ �…‡“‹œ’�’�‚

�¤´¨³ ¨§ µ¸´µ¢´ÒÌ ¶µ± § É¥²¥° ÔËË¥±É¨¢´µ¸É¨ · ¡µÉÒ ‘��‘ Ö¢²Ö¥É¸Ö Ì · ±É¥·´µ¥
¢·¥³Ö ¶µ¤ ¢²¥´¨Ö (Ê³¥´ÓÏ¥´¨¥  ³¶²¨ÉÊ¤Ò ±µ²¥¡ ´¨°). �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨-
³µ¸É¨  ³¶²¨ÉÊ¤Ò ±µ²¥¡ ´¨° µÉ µ¡µ·µÉ  ¢ ¤¢ÊÌ ·¥¦¨³ Ì.
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�Î¥¢¨¤´µ, ÎÉµ ´¥²¨´¥°´Ò° ·¥¦¨³ µ¡¥¸¶¥Î¨¢ ¥É ¸ÊÐ¥¸É¢¥´´µ¥ Ê³¥´ÓÏ¥´¨¥ ¢·¥³¥´¨
¶µ¤ ¢²¥´¨Ö. ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ¶·¨·µ¸É  Ô³¨ÉÉ ´¸  ¸µ¸É ¢²ÖÕÉ 1,8 % ¤²Ö ¶·µ-
¶µ·Í¨µ´ ²Ó´µ£µ ¨ 1,1 % ¤²Ö ´¥²¨´¥°´µ£µ ·¥¦¨³µ¢.

�¨¸. 3. �³¶²¨ÉÊ¤  ±µ²¥¡ ´¨° Í¥´É·  ³ ¸¸ É·Ô°-
´  ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨: 1 Å Ì · ±É¥·´µ¥ ¢·¥³Ö

¶µ¤ ¢²¥´¨Ö ¢ ¶·µ¶µ·Í¨µ´ ²Ó´µ³ ·¥¦¨³¥; 2 Å
Éµ ¦¥ ¢ ·¥¦¨³¥ ®bang-bang¯

�¨¸. 4. X · ±É¥·´µ¥ ¢·¥³Ö ¶µ¤ ¢²¥´¨Ö ¢¤µ²Ó
É·Ô°´ : 1 Å ¶·µ¶µ·Í¨µ´ ²Ó´Ò° ·¥¦¨³; 2 Å

·¥¦¨³ ®bang-bang¯

�¤´ ±µ µ¸´µ¢´ Ö Í¥²Ó ¶·µ¢¥¤¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¸µ¸ÉµÖ²  ¢  ´ ²¨§¥ § ¢¨¸¨³µ¸É¨
ÔËË¥±É¨¢´µ¸É¨ ¸¨¸É¥³Ò µÉ Î ¸ÉµÉ´ÒÌ ¸¢µ°¸É¢ ¶µ¸ÉÊ¶ ÕÐ¥£µ ¸¨£´ ² . P¨¸. 4 ¤¥³µ´¸É·¨-
·Ê¥É É ±ÊÕ § ¢¨¸¨³µ¸ÉÓ ¤²Ö µ¡µ¨Ì ¨¸¸²¥¤µ¢ ´´ÒÌ ·¥¦¨³µ¢.

�Î¥¢¨¤´µ, ÎÉµ ´  ¶¥·¥¤´¥³ ¨ § ¤´¥³ ÊÎ ¸É± Ì É·Ô°´  (£¤¥ ´¥µ¤´µ·µ¤´µ¸ÉÓ ¢µ§¤¥°¸É¢¨Ö
±¨±¥·  ¨³¥¥É ³ ±¸¨³ ²Ó´ÊÕ Î ¸ÉµÉÊ) ÔËË¥±É¨¢´µ¸ÉÓ · ¡µÉÒ ¸¨¸É¥³Ò ¸ÊÐ¥¸É¢¥´´µ ´¨¦¥
(¢·¥³Ö ¶µ¤ ¢²¥´¨Ö ¡µ²ÓÏ¥, Î¥³ ´  · ¢´µ³¥·´µ³ ÊÎ ¸É±¥ ¶² Éµ). Š·µ³¥ Éµ£µ, ¶·¨¢¥¤¥´-
´Ò° £· Ë¨± ´ £²Ö¤´µ ¤¥³µ´¸É·¨·Ê¥É ¶·¥¨³ÊÐ¥¸É¢  ´¥²¨´¥°´µ£µ ¶µ¤ ¢²¥´¨Ö. �¤´ ±µ ¢
· ³± Ì ¶·¨´ÖÉµ° ³µ¤¥²¨ ¶µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¢ ²Õ¡µ³ ¸²ÊÎ ¥ Ê¤µ¢²¥É¢µ·ÖÕÉ ¶·µ¥±É´Ò³
É·¥¡µ¢ ´¨Ö³ ´  ‘��‘.

‡�Š‹�—…�ˆ…

�·µ¢¥¤¥´´µ¥ ³ É¥³ É¨Î¥¸±µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¶·µÍ¥¸¸  ¶µ¤ ¢²¥´¨Ö ´ Î ²Ó´ÒÌ ±µ²¥-
¡ ´¨° ¶ÊÎ±  LHC ´  µ¸´µ¢¥ ¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¨ ·¥ ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¸¨²µ¢µ° Î ¸É¨
‘��‘ ¶µ± § ²µ:

• � §· ¡µÉ ´´ Ö ¢ ‹”— �ˆŸˆ ¸¨¸É¥³  ¶µ§¢µ²Ö¥É ÔËË¥±É¨¢´µ ¶µ¤ ¢²ÖÉÓ ±µ²¥¡ ´¨Ö
¶ÊÎ±  ¸ ´¥µ¤´µ·µ¤´Ò³ µÉ±²µ´¥´¨¥³ ¢¤µ²Ó É·Ô°´  ´  Î ¸ÉµÉ Ì ¤µ 12 ŒƒÍ.

• ˆ¸¶µ²Ó§µ¢ ´¨¥ ´¥²¨´¥°´µ£µ ·¥¦¨³  ¶µ¤ ¢²¥´¨Ö ¶µ§¢µ²Ö¥É ¶µ¢Ò¸¨ÉÓ ÔËË¥±É¨¢´µ¸ÉÓ
¸¨¸É¥³Ò, ¶µ ±· °´¥° ³¥·¥, ´  ÔÉ ¶¥ ±µ··¥±Í¨¨ µÏ¨¡µ± ¨´¦¥±Í¨¨.

ˆ¸¸²¥¤µ¢ ´¨Ö ¡Ê¤ÊÉ ¶·µ¤µ²¦¥´Ò ¸µ¢³¥¸É´µ ¸ –…��, ± ± É¥µ·¥É¨Î¥¸±¨e, É ± ¨ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò¥ (´  ¶ÊÎ±¥ SPS).

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚. Œ. † ¡¨Í±µ³Ê, �. ˆ. ‹¥¡¥¤¥¢Ê (�ˆŸˆ) ¨ ±µ²²¥-
£ ³ ¨§ AB RF (–…��) §  ¶µ²¥§´Ò¥ ¤¨¸±Ê¸¸¨¨ ¨ ¶µ³µÐÓ ¢ · ¡µÉ¥.
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