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‘µµ¡Ð ¥É¸Ö µ · §· ¡µÉ±¥, ¨§£µÉµ¢²¥´¨¨ ¨ § ¶Ê¸±¥ ³ £´¨É´µ£µ Ê¸É·µ°¸É¢  ¤²Ö ¶µ¤¸É·µ°±¨ Ë §Ò
¶ÊÎ±  ´  ¶¥·¢µ° µ·¡¨É¥ ¨³¶Ê²Ó¸´µ£µ · §·¥§´µ£µ ³¨±·µÉ·µ´ . ‚¸¥ ³ £´¨É´Ò¥ Ô²¥³¥´ÉÒ Ê¸É·µ°-
¸É¢  ¨§£µÉµ¢²¥´Ò ¨§ ¶µ¸ÉµÖ´´ÒÌ ³ £´¨Éµ¢. �¶¨¸ ´Ò ±µ´¸É·Ê±Í¨¨ ³ £´¨Éµ¢ ¨ ³¥Éµ¤¨±  ´ ¸É·µ°±¨
¶·µ¸É· ´¸É¢¥´´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶µ²Ö. �·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨-
´ ³¨±¨ ¶ÊÎ±  ¢ Ë §µ¸¤¢¨£ ÕÐ¥³ Ê¸É·µ°¸É¢¥ ¨ ´ ¸É·µ°±¨ Ê¸±µ·¨É¥²Ö.

Development, manufacturing and starting of the magnetic device for bunch phase tuning on the 1st
orbit of the pulse racetrack microtron is reported. All magnetic elements of the device are manufactured
of permanent magnets. The design of magnet system and technique of spatial ˇeld distribution tuning
are described. The results of beam dynamics calculation in the phase shifter and tuning of an accelerator
are shown.
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‚ ¸¢Ö§¨ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ Ë §µ¢µ° ±µ··¥±Í¨¨ ¶ÊÎ±  ´  ¶¥·¢µ° µ·¡¨É¥ ¨³¶Ê²Ó¸´µ£µ
· §·¥§´µ£µ ³¨±·µÉ·µ´  ¡Ò² · ¸¸³µÉ·¥´ ¶·µ¥±É Ê¸É·µ°¸É¢  ¸¤¢¨£  Ë §Ò [1]. �µ¸²¥ · ¸-
Î¥Éµ¢ ¤¨´ ³¨±¨ ¶ÊÎ±  Ê¸±µ·¨É¥²Ö, ±µÉµ·Ò¥ ¶µ¤É¢¥·¤¨²¨ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢¢¥¤¥´¨Ö É ±µ£µ
Ê¸É·µ°¸É¢ , ¢ �ˆˆŸ” Œƒ“ ¡Ò²¨ · §¢¥·´ÊÉÒ · ¡µÉÒ ¶µ ¨§£µÉµ¢²¥´¨Õ ¨ ´ ¸É·µ°±¥ ³ £-
´¨É´ÒÌ Ô²¥³¥´Éµ¢ Ê¸É·µ°¸É¢  ¸¤¢¨£  Ë §Ò ´  ¶¥·¢µ° µ·¡¨É¥. ‡¤¥¸Ó · ¸¸± §Ò¢ ¥É¸Ö µ ±µ´-
¸É·Ê±Í¨¨ ³ £´¨Éµ¢, ¨Ì ¨§£µÉµ¢²¥´¨¨,   É ±¦¥ ¨§²µ¦¥´  Ê´¨± ²Ó´ Ö ³¥Éµ¤¨±  ´ ¸É·µ°±¨.
‚ § ±²ÕÎ¥´¨e ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Ë §µ¢· Ð É¥²¥ ¸
ÊÎ¥Éµ³ ·¥ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶µ²¥° ¢ ³ £´¨É Ì.

1. Š��‘’�“Š–ˆŸ “‘’��‰‘’‚� ‘„‚ˆƒ� ”�‡›

“¸É·µ°¸É¢µ ¸¤¢¨£  Ë §Ò (Ë §µ¢· Ð É¥²Ó) ¶·¥¤´ §´ Î¥´µ ¤²Ö ¸µ£² ¸µ¢ ´¨Ö ¶ÊÎ±  ´ 
¶¥·¢µ° µ·¡¨É¥ ¨³¶Ê²Ó¸´µ£µ · §·¥§´µ£µ ³¨±·µÉ·µ´  ¸ ¶µ¸²¥¤ÊÕÐ¨³¨ µ·¡¨É ³¨ ¶µ ¶·µ-
¤µ²Ó´µ³Ê ¤¢¨¦¥´¨Õ.
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” §µ¢· Ð É¥²Ó ¨³¶Ê²Ó¸´µ£µ · §·¥§´µ£µ ³¨±·µÉ·µ´  ´  Ô´¥·£¨Õ Ô²¥±É·µ´µ¢ 70 ŒÔ‚
¸Ì¥³ É¨Î¥¸±¨ ¶µ± § ´ ´  ·¨¸. 1, a. Œ £´¨É´ Ö ¸¨¸É¥³  Ë §µ¢· Ð É¥²Ö, ¸µ¸ÉµÖÐ Ö ¨§
É·¥Ì 30◦ ³ £´¨Éµ¢ (1, 6, 8) ¨ ¤¢ÊÌ 180◦ ³ £´¨Éµ¢ (2, 7), ±·¥¶¨É¸Ö ± Ë² ´ÍÊ ¢ ±ÊÊ³´µ°
± ³¥·Ò (9). ˆ§³¥´¥´¨¥ ¤²¨´Ò É· ¥±Éµ·¨¨ ¶ÊÎ±  Ô²¥±É·µ´µ¢ ¶·µ¨¸Ìµ¤¨É ¶·¨ ¨§³¥´¥´¨¨
· ¸¸ÉµÖ´¨Ö ³¥¦¤Ê 180◦ ³ £´¨É ³¨ (2, 7). „¢¨¦¥É¸Ö ¶·¨ ÔÉµ³ Éµ²Ó±µ µ¤¨´ ³ £´¨É (7),
¶·¨¢µ¤¨³Ò° ¢ ¤¥°¸É¢¨¥ Ï £µ¢Ò³ ¤¢¨£ É¥²¥³ (3) ¶µ¸·¥¤¸É¢µ³ ·¥¤Ê±Éµ·  (4) ¨ ÏÉµ±  (5).
Œ¥¦¤Ê 180◦ ³ £´¨É ³¨ Ê¸É ´µ¢²¥´ ¨´¤Ê±Í¨µ´´Ò° ¤ ÉÎ¨± Éµ± , ±µÉµ·Ò° ´¥ ¶µ± § ´ ´ 
·¨¸Ê´±¥. �Éµ ¶µ§¢µ²Ö¥É ±µ´É·µ²¨·µ¢ ÉÓ ¢¥²¨Î¨´Ê Éµ±  ¶ÊÎ±  ´  ¶¥·¢µ° µ·¡¨É¥ ¢ ¶·µ-
Í¥¸¸¥ ´ ¸É·µ°±¨ Ê¸±µ·¨É¥²Ö. ‚ ±ÊÊ³´ Ö ± ³¥·  Ë §µ¢· Ð É¥²Ö Ö¢²Ö¥É¸Ö µ¤´µ¢·¥³¥´´µ
³ £´¨É´Ò³ Ô±· ´µ³, ¶µÔÉµ³Ê ¨§£µÉµ¢²¥´  ¨§ ³ £´¨Éµ³Ö£±µ£µ ³ É¥·¨ ²  Å ¸É ²¨ º3.
‚´ÊÉ·¥´´ÖÖ Î ¸ÉÓ ± ³¥·Ò ´¨±¥²¨·µ¢ ´  ¤²Ö ¶·¥¤µÉ¢· Ð¥´¨Ö £ §µ¢Ò¤¥²¥´¨Ö ¢ ¶·µÍ¥¸¸¥
µÉ± Î±¨. ‚¸¥ ¢ ±ÊÊ³´Ò¥ ¸µ¥¤¨´¥´¨Ö ¢Ò¶µ²´¥´Ò ¸ ¶·¨³¥´¥´¨¥³ ¨´¤¨¥¢ÒÌ ¶·µ±² ¤µ±. ‚
± Î¥¸É¢¥ ¤ ÉÎ¨±  ¶µ²µ¦¥´¨Ö ³ £´¨É  (7) ¨¸¶µ²Ó§Ê¥É¸Ö ³´µ£µµ¡µ·µÉ´Ò° ¶µÉ¥´Í¨µ³¥É· (´ 
·¨¸Ê´±¥ ´¥ ¶µ± § ´), ¢ ² ±µÉµ·µ£µ ¶·¨¢µ¤¨É¸Ö ¢ ¤¥°¸É¢¨¥ µÉ ·¥¤Ê±Éµ·  (4).

2. ˆ‡ƒ�’�‚‹…�ˆ… ˆ ��‘’��‰Š� Œ�ƒ�ˆ’�‚

Šµ´¸É·Ê±Í¨Ö 30◦ ³ £´¨É  ¶µ± § ´  ´  ·¨¸. 1, ¡. �µ¸ÉµÖ´´Ò¥ ³ £´¨ÉÒ (2) ¶·¨±²¥¥´Ò ±
Ö·³Ê, ±µÉµ·µ¥ ¨§£µÉµ¢²¥´µ ¨§ ³ £´¨É´µ° ¸É ²¨ (1). Šµ´¸É·Ê±Í¨Ö 180◦ ³ £´¨É  ¶µ± § ´ 
´  ·¨¸. 2. �´ ¸µ¸Éµ¨É ¨§ Ö·³  (1), ¶µ²Õ¸µ¢ (2), ±µÉµ·Ò¥ ±·¥¶ÖÉ¸Ö µÉ´µ¸¨É¥²Ó´µ Ö·³ 
´  ¶·µ¸É ¢± Ì (3). ’µÎ´ Ö ·¥£Ê²¨·µ¢±  ¶µ²µ¦¥´¨Ö ¶µ²Õ¸µ¢ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢¨´É ³¨ (4).
�µ¸ÉµÖ´´Ò¥ ³ £´¨É´Ò¥ Ô²¥³¥´ÉÒ (5) ¶·¨±²¥¥´Ò ± ¸É¥´± ³ Ö·³ .

Š ± ¢¥²¨Î¨´  ¶µ²Ö, É ± ¨ ¥£µ Ëµ·³  ¢ ³¥¤¨ ´´µ° ¶²µ¸±µ¸É¨ ³ £´¨É  µ¶·¥¤¥²Ö¥É¸Ö
´ ³ £´¨Î¥´´µ¸ÉÓÕ µÉ¤¥²Ó´ÒÌ ÊÎ ¸É±µ¢ ¶µ¸ÉµÖ´´ÒÌ ³ £´¨Éµ¢. ‘²¥¤µ¢ É¥²Ó´µ, ³¥´ÖÖ ´ -
³ £´¨Î¥´´µ¸ÉÓ ¢ ²µ± ²Ó´ÒÌ ÊÎ ¸É± Ì ³ £´¨Éµ¢, ³µ¦´µ ¤µ¸É¨£´ÊÉÓ É·¥¡Ê¥³Òx ¶ · ³¥É·µ¢

�¨¸. 1. a) “¸É·µ°¸É¢µ ¸¤¢¨£  Ë §Ò ¶ÊÎ± ; ¡) 30◦ ³ £´¨É
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�¨¸. 2. 180◦ ³ £´¨É

¶µ²Ö ³ £´¨É  ¢ Í¥²µ³. C¨¸É¥³  ´ ¸É·µ°±¨ ³ £´¨É´ÒÌ Ô²¥³¥´Éµ¢ Ë §µ¢· Ð É¥²Ö ¢±²ÕÎ ¥É
¢ ¸¥¡Ö § ¤ ÕÐ¨° £¥´¥· Éµ·, ¢Ò¸µ±µ¢µ²ÓÉ´Ò° ³µ¤Ê²ÖÉµ·, ¨³¶Ê²Ó¸´ÊÕ ± ÉÊÏ±Ê ¨ Ê¸É·µ°-
¸É¢µ ¶µ§¨Í¨µ´¨·µ¢ ´¨Ö ± ÉÊÏ±¨.

‡ ¤ ÕÐ¨° £¥´¥· Éµ· ¢Ò· ¡ ÉÒ¢ ¥É Ê¶· ¢²ÖÕÐ¨¥ ¨³¶Ê²Ó¸Ò ¸ Î ¸ÉµÉµ° 0,5 ƒÍ, ±µÉµ·Ò¥
§ ¶Ê¸± ÕÉ ¢Ò¸µ±µ¢µ²ÓÉ´Ò° ³µ¤Ê²ÖÉµ·. ‘ ³µ¤Ê²ÖÉµ·  ¨³¶Ê²Ó¸Ò ¢Ò¸µ±µ£µ ´ ¶·Ö¦¥´¨Ö
¶µ¸ÉÊ¶ ÕÉ ¢ ¸µ²¥´µ¨¤ ²Ó´ÊÕ ± ÉÊÏ±Ê Ø3 ³³ ¸µ ¢¸É·µ¥´´Ò³ ¤ ÉÎ¨±µ³ •µ²² . � · ³¥É·Ò
¨³¶Ê²Ó¸µ¢ ³µ¤Ê²ÖÉµ· : ¤²¨É¥²Ó´µ¸ÉÓ τ = 50 ³¸,  ³¶²¨ÉÊ¤  U = 0−1000 ‚. �¥·¥³¥Ð¥´¨¥
± ÉÊÏ±¨ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¨´É¥·¢ ²¥ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨.

�  ·¨¸. 3, a ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ¢¥·É¨± ²Ó´µ° ±µ³¶µ´¥´ÉÒ ¶µ²Ö By 30◦ ³ £-
´¨Éµ¢ (1, 8) (·¨¸. 1, a) µÉ ±µµ·¤¨´ ÉÒ z ¶µ¸²¥ ´ ¸É·µ°±¨.

Œ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ±µ³¶µ´¥´ÉÒ ¶µ²Ö By Ê ³ £´¨É  1 Å (0,3014 ± 0,0005) ’² ¨
Ê ³ £´¨É  8 Å (0,3014 ± 0,0005) ’². ’ ± Ö ¢Ò¸µ± Ö ÉµÎ´µ¸ÉÓ ´ ¸É·µ°±¨ ¶µ²Ö ´¥µ¡Ìµ-
¤¨³  ¤²Ö ¤µ¸É¨¦¥´¨Ö ³¨´¨³ ²Ó´µ° ¶·µ¤µ²Ó´µ° ¤¨¸¶¥·¸¨¨ ¶ÊÎ± . “£µ² ¶µ¢µ·µÉ  ¶ÊÎ± 
¸ Ô´¥·£¨¥° 5,013 ŒÔ‚ Ê ³ £´¨É  1 < α1 = 29,522◦ ¨ Ê£µ² ¶µ¢µ·µÉ  ¶ÊÎ±  Ê ³ £´¨É  8
< α5 = 29,523◦.

�¨¸. 3. a) ‡ ¢¨¸¨³µ¸ÉÓ ±µ³¶µ´¥´ÉÒ ¶µ²Ö By ³ £´¨Éµ¢ 1 (¸¢¥É²Ò¥ ±·Ê¦±¨) ¨ 8 (¸¢¥É²Ò¥ ±¢ ¤· ÉÒ) µÉ

±µµ·¤¨´ ÉÒ z; ¡) § ¢¨¸¨³µ¸ÉÓ ±µ³¶µ´¥´ÉÒ ¶µ²Ö By 180◦ ³ £´¨Éµ¢ 2 ¨ 7 (·¨¸. 1, a) µÉ ±µµ·¤¨´ ÉÒ z.

’·¥Ê£µ²Ó´¨±¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ³ £´¨ÉÊ 2, ±¢ ¤· ÉÒ Å ³ £´¨ÉÊ 7, ·µ³¡Ò Å É¥µ·¥É¨Î¥¸±µ³Ê · ¸Î¥ÉÊ
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�  ·¨¸. 3, ¡ ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ¢¥·É¨± ²Ó´µ° ±µ³¶µ´¥´ÉÒ ¶µ²Ö By 180◦ ³ £-
´¨Éµ¢ 2, 7 (·¨¸. 1, a) µÉ ±µµ·¤¨´ ÉÒ z ¶µ¸²¥ ´ ¸É·µ°±¨. Œ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ±µ³¶µ-
´¥´ÉÒ ¶µ²Ö By Ê ³ £´¨É  2 Å (0,6702±0,0005) ’² ¨ Ê ³ £´¨É  7 Å (0,6706±0,0005) ’².
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‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨° · ¸¶·¥¤¥²¥´¨Ö ¶µ²¥° ¢ ³ £´¨É Ì Ë §µ¢· Ð -
É¥²Ö ¡Ò²µ ¶·µ¢¥¤¥´µ Î¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¤¨´ ³¨±¨ ¶ÊÎ± . �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ 
§ ¢¨¸¨³µ¸ÉÓ µ¶É¨Î¥¸±µ° ¸¨²Ò Ë §µ¢· Ð É¥²Ö ¢
¶²µ¸±µ¸É¨ ¶µ¢µ·µÉ  Ë §µ¢· Ð É¥²Ö µÉ Ô´¥·£¨¨
Î ¸É¨Í. ˆ§ ¤ ´´µ£µ £· Ë¨±  ¸²¥¤Ê¥É, ÎÉµ ¢ ¤¨ -
¶ §µ´¥ Ô´¥·£¨° E = (5,0 ± 0,05) ŒÔ‚ Ë §µ¢· -
Ð É¥²Ó ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ± ± ¶·µ¸É· ´¸É¢µ
¤·¥°Ë . �¨¸. 5 ¶µ± §Ò¢ ¥É, ± ± ¢¥¤ÊÉ ¸¥¡Ö Ë §Ò
¨ Ô´¥·£¨¨ Î ¸É¨Í ¶ÊÎ±  Ô²¥±É·µ´µ¢ ´  ¶¥·¢µ°
µ·¡¨É¥ µÉ´µ¸¨É¥²Ó´µ µ¡² ¸É¨ § Ì¢ É  ¶µ¸²¥ ¶·µ-
Ìµ¦¤¥´¨Ö Ë §µ¢· Ð É¥²Ö.

�¨¸. 4. ‡ ¢¨¸¨³µ¸ÉÓ µ¶É¨Î¥¸±µ° ¸¨²Ò Ë §µ¢· Ð É¥²Ö

¢ ¶²µ¸±µ¸É¨ ¶µ¢µ·µÉ  Î ¸É¨Í µÉ Ô´¥·£¨¨ ¶ÊÎ± 

�¨¸. 5. �µ¢¥¤¥´¨¥ Ë §Ò ¨ Ô´¥·£¨¨ Î ¸É¨Í ¶ÊÎ±  Ô²¥±É·µ´µ¢ ´  ¶¥·¢µ° µ·¡¨É¥ ¢ ¸²ÊÎ ÖÌ ¡¥§

Ë §µ¢· Ð É¥²Ö (a) ¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³ £´¨É´µ£µ Ë §µ¢· Ð É¥²Ö ¶·¨ · ¢´µ¢¥¸´µ° Ë §¥ 20,1◦

(¶ÊÎµ± ¶·µÌµ¤¨É Î¥·¥§ Í¥´É· ¶¥·¢µ° µ·¡¨ÉÒ) (¡). ’µÎ±¨ Å  ±¸¥¶É ´¸ ¶¥·¢µ° µ·¡¨ÉÒ; Ô³¨ÉÉ ´¸Ò
¶ÊÎ±  ´  ¶¥·¢µ° µ·¡¨É¥ ¶·¨ Ô´¥·£¨¨ ¨´¦¥±Í¨¨: 1 Å 42 ±Ô‚; 2 Å 45 ±Ô‚; 3 Å 50 ±Ô‚
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‚ ¸¢Ö§¨ ¸ ´¥µ¡Ìµ¤¨³µ¸ÉÓÕ Ë §µ¢µ° ±µ··¥±Í¨¨ ¶ÊÎ±  ´  ¶¥·¢µ° µ·¡¨É¥ ¨³¶Ê²Ó¸´µ£µ
· §·¥§´µ£µ ³¨±·µÉ·µ´  · ¸¸³µÉ·¥´ ¶·µ¥±É Ê¸É·µ°¸É¢  ¸¤¢¨£  Ë §Ò. � ¸¸³µÉ·¥´Ò ±µ´-
¸É·Ê±Í¨Ö ³ £´¨Éµ¢, ¶·µÍ¥¤Ê·  ¨Ì ¨§£µÉµ¢²¥´¨¨,   É ±¦¥ ¨§²µ¦¥´  Ê´¨± ²Ó´ Ö ³¥Éµ¤¨± 
´ ¸É·µ°±¨. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Ë §µ¢· Ð É¥²¥ ¸
ÊÎ¥Éµ³ ·¥ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶µ²¥° ¢ ³ £´¨É Ì.
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