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

� §· ¡µÉ ´  ¶·µ£· ³³ , ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö µ¶É¨³¨§ Í¨¨ ± ´ ²µ¢ É· ´¸¶µ·É¨·µ¢±¨ ¨´É¥´¸¨¢-
´ÒÌ ¶ÊÎ±µ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éµ³ ¶·µ¤µ²Ó´µ£µ ¨³¶Ê²Ó¸´µ£µ · §¡·µ¸ . �·µ£· ³³  µ¸´µ¢ ´ 
´  ¸ÊÐ¥¸É¢ÊÕÐ¥° ¡¨¡²¨µÉ¥±¥ ¶·µ£· ³³ · ¸Î¥É  ¤¨´ ³¨±¨ ¶ÊÎ±µ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ± ´ ² Ì
É· ´¸¶µ·É¨·µ¢±¨ [1Ä3] ¨ ¤µ¶µ²´¥´  ËÊ´±Í¨¥° ÊÎ¥É  ¶·µ¤µ²Ó´µ£µ ¨³¶Ê²Ó¸´µ£µ · §¡·µ¸ . �·µ¢¥¤¥´
· ¸Î¥É ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨ ¤²Ö ¶·¨±² ¤´ÒÌ ¨¸¸²¥¤µ¢ ´¨° „–-60 ¶·¨³¥´¨É¥²Ó´µ ± ¨µ´ ³ ¸
µÉ´µÏ¥´¨¥³  Éµ³´µ£µ ´µ³¥·  A ± § ·Ö¤´µ¸É¨ Z, · ¢´Ò³ 12.

The program for optimization of transportation line parameters for beams with large space charge is
presented. It is based on existing program library intended for calculation of charged particles dynamics
in transportation channels [1Ä3]. The possibility to take into account the longitudinal momentum spread
is added to the last version of the program. The calculation of a transportation channel for applied
investigations of the DC-60 cyclotron is carried out for ions with relation of atomic mass to charge
equal to 12.

1. ��‘’���‚Š� ‡�„�—ˆ

�·µ£· ³³  µ¶É¨³¨§ Í¨¨ ¶ · ³¥É·µ¢ ± ´ ²µ¢ É· ´¸¶µ·É¨·µ¢±¨ µ¸´µ¢ ´  ´  ³¥Éµ¤¥
³µ³¥´Éµ¢ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö. �¥·¢Ò¥ ³µ³¥´ÉÒ µ¶¨¸Ò¢ ÕÉ ±µµ·¤¨´ ÉÒ ¨ ¸±µ·µ-
¸É¨ Í¥´É·  ³ ¸¸ ¶ÊÎ± , ¢Éµ·Ò¥ µ¶·¥¤¥²ÖÕÉ ¥£µ ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ · §³¥·Ò. “· ¢´¥´¨Ö
¤²Ö ³µ³¥´Éµ¢ ÊÎ¨ÉÒ¢ ÕÉ ¢²¨Ö´¨¥ ¸¨² ¶·µ¸É· ´¸É¢¥´´µ£µ § ·Ö¤  ¶ÊÎ± . ‚ µÉ²¨Î¨¥ µÉ
· ¡µÉÒ [1] Ê· ¢´¥´¨Ö, µ¶¨¸Ò¢ ÕÐ¨¥ ¤¨´ ³¨±Ê ³µ³¥´Éµ¢ ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö, ¤µ¶µ²-
´¥´Ò Ê· ¢´¥´¨Ö³¨, µ¶¨¸Ò¢ ÕÐ¨³¨ ¨§³¥´¥´¨¥ ¤¨¸¶¥·¸¨µ´´ÒÌ ËÊ´±Í¨° ¨ ¨Ì ¶·µ¨§¢µ¤-
´ÒÌ ¢¤µ²Ó ± ´ ²  É· ´¸¶µ·É¨·µ¢±¨:
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‡¤¥¸Ó ∆p/p Å ¶·µ¤µ²Ó´Ò° ¨³¶Ê²Ó¸´Ò° · §¡·µ¸; §´ Îµ± 〈〉 µ¡µ§´ Î ¥É ¸·¥¤´¥¥ §´ Î¥´¨¥;
ρ Å · ¤¨Ê¸ ±·¨¢¨§´Ò É· ¥±Éµ·¨¨. ‚ Ê· ¢´¥´¨ÖÌ · ¡µÉÒ [1] ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ · §³¥·Ò
¶ÊÎ±  § ³¥´¥´Ò ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸µ ¸²¥¤ÊÕÐ¨³¨ ¸µµÉ´µÏ¥´¨Ö³¨:
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(2)
Œ É·¨ÍÒ A ¨ B ¢ (1) µ¶·¥¤¥²ÖÕÉ¸Ö ¢´¥Ï´¨³¨ ¨ ¸µ¡¸É¢¥´´Ò³¨ Ô²¥±É·µ³ £´¨É´Ò³¨
¶µ²Ö³¨ ¨ ¸µ¢¶ ¤ ÕÉ ¸ ¶·¨¢¥¤¥´´Ò³¨ ¢ · ¡µÉ¥ [1],   K Å ±·¨¢¨§´  É· ¥±Éµ·¨¨ Í¥´É· 
³ ¸¸ ¶ÊÎ± :

K =
(

1/ρx

1/ρy

)
.
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�¨¸. 1. „¨¸¶¥·¸¨µ´´Ò¥ ËÊ´±Í¨¨ Ψx,y

‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¥´ · ¸Î¥É ± ´ ² 
É· ´¸¶µ·É¨·µ¢±¨ ¶ÊÎ±µ¢ ¤²Ö ¶·¨±² ¤´ÒÌ ¨¸¸²¥-
¤µ¢ ´¨° Í¨±²µÉ·µ´  „–-60 ¤²Ö ¨µ´µ¢ ¸ A/Z =
12; Ô´¥·£¨Ö ¨´¦¥±Í¨¨ Uinj = 12,5 ±‚, ¸·¥¤´¥±¢ -
¤· É¨Î´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ±  εrms = 0,0042 ¸³, Éµ±
¶ÊÎ±  I = 100 ³±�.

�  ·¨¸. 1 ¶µ± § ´Ò ¤¨¸¶¥·¸¨µ´´Ò¥ ËÊ´±Í¨¨
Ψx,y ¢ ± ´ ²¥.

Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ³ ±¸¨³ ²Ó´µ¥ §´ Î¥-
´¨¥ ¤¨¸¶¥·¸¨µ´´ÒÌ ËÊ´±Í¨° ¤µ¸É¨£ ¥É 2 ³ ¨ ¶·¨
¡µ²ÓÏ¨Ì ¨³¶Ê²Ó¸´ÒÌ · §¡·µ¸ Ì ¢±² ¤ ¨³¶Ê²Ó¸-
´µ£µ · §¡·µ¸  ¢ · §³¥·Ò ¶ÊÎ±  ³µ¦¥É ¸É ÉÓ ¸ÊÐ¥-
¸É¢¥´´Ò³. �Éµ ¨²²Õ¸É·¨·Ê¥É¸Ö ·¨¸. 2, 3, £¤¥ ¶µ-
± § ´Ò ¸·¥¤´¥±¢ ¤· É¨Î´Ò¥ · §³¥·Ò ¶ÊÎ± , µ¶·¥-
¤¥²¥´´Ò¥ ¸µ£² ¸´µ Ëµ·³Ê² ³ (2), ¤²Ö ¨³¶Ê²Ó¸-
´ÒÌ · §¡·µ¸µ¢ 0 ¨ 1 % ¸µµÉ¢¥É¸É¢¥´´µ.

‡�Š‹�—…�ˆ…

� §· ¡µÉ ´  ¶·µ£· ³³  µ¶É¨³¨§ Í¨¨ ± ´ ²µ¢ É· ´¸¶µ·É¨·µ¢±¨ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±µ¢
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éµ³ ¶·µ¤µ²Ó´µ£µ ¨³¶Ê²Ó¸´µ£µ · §¡·µ¸ . ‚ µÉ¸ÊÉ¸É¢¨¥ ¶·µ¸É· ´-
¸É¢¥´´µ£µ § ·Ö¤  ¶ÊÎ±  ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¸µ¢¶ ¤ ÕÉ ¸ ¶µ²ÊÎ¥´´Ò³¨ ¸ ¶µ³µÐÓÕ ¨§-
¢¥¸É´ÒÌ ¶·µ£· ³³ TRANSPORT ¨ MAD.

ˆ³¶Ê²Ó¸´Ò° · §¡·µ¸ Î ¸É¨Í ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ · §³¥·µ¢ ¶ÊÎ±  ¢ ± ´ ² Ì, ¸µ-
¤¥·¦ Ð¨Ì ¶µ¢µ·µÉ´Ò¥ ³ £´¨ÉÒ, ¨ ¤µ²¦¥´ ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¶·¨ ¢Ò¡µ·¥  ¶¥·ÉÊ· Ô²¥³¥´Éµ¢
± ´ ² .



�¶É¨³¨§ Í¨Ö ± ´ ²µ¢ É· ´¸¶µ·É¨·µ¢±¨ ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±µ¢ 65

�¨¸. 2. C·¥¤´¥±¢ ¤· É¨Î´Ò¥ · §³¥·Ò ¶ÊÎ±  ¤²Ö ∆p/p = 0%

�¨¸. 3. ’µ ¦¥, ÎÉµ ´  ·¨¸. 2, ¤²Ö ∆p/p = 1%
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