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‹ ¡μ· Éμ·¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ („Ê¡´ ) § ´¨³ ¥É¸Ö · §· ¡μÉ±μ° ¨ ¸μ§¤ ´¨¥³ ´μ¢ÒÌ Í¨-
±²μÉ·μ´μ¢. ‚ ´ Î ²Ó´μ° Ë §¥ É ±¨Ì · §· ¡μÉμ± ´¥μ¡Ìμ¤¨³μ §  μÉ´μ¸¨É¥²Ó´μ ±μ·μÉ±μ¥ ¢·¥³Ö ¶·μ-
 ´ ²¨§¨·μ¢ ÉÓ ´¥¸±μ²Ó±μ ¢ ·¨ ´Éμ¢ ¨Ì ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·.

‚ · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö · §· ¡μÉ ´´μ¥ ¢ ² ¡μ· Éμ·¨¨ ¶·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ CyclSyn-
tWin, ±μÉμ·μ¥ ¶μ§¢μ²Ö¥É ¶·¥¤¢ ·¨É¥²Ó´μ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ´¥¸±μ²Ó±μ ¢ ·¨ ´Éμ¢ ¨ μ¶·¥¤¥²¨ÉÓ
μ¸´μ¢´Ò¥ Ë¨§¨Î¥¸±¨¥ ¨ £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò,   É ±¦¥ ¸ ³μ£μ ³ £-
´¨É  Í¨±²μÉ·μ´ . ’ ±¨³ ¸¶μ¸μ¡μ³ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§μ¢ ´Ò
¢ 3D-¶·μ£· ³³´ÒÌ ¶·¨²μ¦¥´¨ÖÌ, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ Ê¸±μ·Ö¥É ¶·μÍ¥¸¸ Ë¨´ ²Ó´μ£μ ¸¨´É¥§  ³ £´¨É-
´μ° ¸É·Ê±ÉÊ·Ò ¨ ³ £´¨É  Í¨±²μÉ·μ´ .

�·μ£· ³³´Ò³ ¶·¨²μ¦¥´¨¥³ CyclSyntWin ³μ¦´μ ¸¨´É¥§¨·μ¢ ÉÓ ¨ μ¶É¨³¨§¨·μ¢ ÉÓ ³ £´¨É´Ò¥
¸É·Ê±ÉÊ·Ò Í¨±²μÉ·μ´μ¢ ¸ ¶·Ö³Ò³¨ ¨ ¸¶¨· ²Ó´Ò³¨ ¸¥±Éμ· ³¨, ¡²¨§±¨¥  §¨³ÊÉ ²Ó´μ-¸¨³³¥É·¨Î´Ò³.
�É´μÏ¥´¨¥ ¨Ì ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢ ´¥ ¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ §´ Î¥´¨Ö 25,
Ê£μ² ¸¶¨· ²Ó´ÒÌ ¸¥±Éμ·μ¢ ´¥ ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥ 40 ◦ ¨ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´¥ ¡μ²¥¥ 2 T².

The Laboratory of Nuclear Reactions, JINR, Dubna, is engaged in the development and creation of
new cyclotrons. In the initial phase of development it is necessary in a relatively short period of time
to analyze several variants for their magnetic structures.

The paper deals with the software application CyclSyntWin developed at the Laboratory, which
allows one to pre-analyze several variants and determine the basic physical and geometrical parameters
of the magnetic structure and the cyclotron magnet. In this way, the data can then be used in the
3D software applications, which greatly speeds up the process of the ˇnal synthesis of the magnetic
structure and a cyclotron magnet.

Software application CyclSyntWin can synthesize and optimize the magnetic structures of cyclotrons
with straight and spiral sectors, close to azimuthally symmetric ones. The ratio of the air gaps in the
valley and in the sectors area should not exceed 25, the angle of the spiral sector shall not be greater
than 40 degrees, and the average magnetic ˇeld is no more than 2 T.
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„²Ö ¸¨´É¥§  ¨ μ¶É¨³¨§ Í¨¨ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ· ¨ ³ £´¨Éμ¢ Í¨±²μÉ·μ´μ¢ ¶·¨³¥´Ö-
ÕÉ¸Ö ± ± ¡μ²¥¥ ¶·μ¸ÉÒ¥ ¨ ¤μ¸ÉÊ¶´Ò¥ ¶·μ£· ³³´Ò¥ ¶·¨²μ¦¥´¨Ö (Poisson [1]), É ± ¨ 3D-
¶·¨²μ¦¥´¨Ö, · §· ¡μÉ ´´Ò¥ ±μ³³¥·Î¥¸±¨³¨ Ë¨·³ ³¨ (ANSYS [2], Opera3D-Tosca [3],
MerMaid [4], Kompot [5, 6] ¨ É. ¤.).
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‹ ¡μ· Éμ·¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ („Ê¡´ ) Ö¢²Ö¥É¸Ö Ë¨§¨Î¥¸±¨³ Í¥´É·μ³, ¢ ±μÉμ-
·μ³ ¡Ò²μ · §· ¡μÉ ´μ ¨ ¸μ§¤ ´μ ´¥¸±μ²Ó±μ Í¨±²μÉ·μ´μ¢.

‹ ¡μ· Éμ·¨Ö É ±¦¥ § ´¨³ ¥É¸Ö · §· ¡μÉ±μ° ´μ¢ÒÌ Í¨±²μÉ·μ´μ¢, Í¥²¨ ¨ § ¤ Î¨ ±μ-
Éμ·ÒÌ ¡Ò¢ ÕÉ · §´Ò¥. ‚ ´ Î ²Ó´μ° Ë §¥ É ±¨Ì · §· ¡μÉμ± ´¥μ¡Ìμ¤¨³μ §  μÉ´μ¸¨É¥²Ó´μ
±μ·μÉ±μ¥ ¢·¥³Ö ¶·μ ´ ²¨§¨·μ¢ ÉÓ ´¥¸±μ²Ó±μ ¢ ·¨ ´Éμ¢ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·. ’·¥¡μ¢ -
´¨Ö ± ÉμÎ´μ¸É¨ É ±μ£μ ¶·¥¤¢ ·¨É¥²Ó´μ£μ  ´ ²¨§  ´¥¢Ò¸μ±¨¥, É ± ± ± ¤²Ö μ±μ´Î É¥²Ó´μ£μ
¸¨´É¥§  ¢Ò¡· ´´μ° ¸É·Ê±ÉÊ·Ò Î Ð¥ ¢¸¥£μ ¨¸¶μ²Ó§Ê¥É¸Ö μ¤´μ ¨§ ¢ÒÏ¥Ê¶μ³Ö´ÊÉÒÌ 3D-
¶·μ£· ³³´ÒÌ ¶·¨²μ¦¥´¨°.

�· ±É¨±  ¶μ± § ² , ÎÉμ ¶·¨³¥´¥´¨¥ ¢ ¤ ´´μ³ ¶·¨²μ¦¥´¨¨ § ¢¨¸¨³μ¸É¥° ¸ ´¨¦¥¶μ-
± § ´´Ò³¨ ¶·¥¤¥² ³¨ ´¥ÉμÎ´μ¸É¥° Ê¤μ¢²¥É¢μ·Ö¥É ÔÉ¨³ É·¥¡μ¢ ´¨Ö³.

	  ¶·¥¤¥²Ò ´¥ÉμÎ´μ¸É¥° ÔÉ¨Ì § ¢¨¸¨³μ¸É¥° ¢ μ¸´μ¢´μ³ ¢²¨Ö¥É · §´μμ¡· §¨¥ ±μ´-
¸É·Ê±É¨¢´μ£μ ·¥Ï¥´¨Ö ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·, ¢Ìμ¤ÖÐ¨Ì ¢ ¡ §Ê ¤ ´´ÒÌ, ¨ μ£· ´¨Î¨¢ ¥É ¨Ì
μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö.

� §¡·μ¸ ³ £´¨É´ÒÌ ¸¢μ°¸É¢ ¨¸¶μ²Ó§Ê¥³μ° ¸É ²¨ ¤²Ö ¨Ì ±μ´¸É·Ê¨·μ¢ ´¨Ö ³¥´ÓÏ¥ ¢²¨-
Ö¥É ´  ÉμÎ´μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¶·¨³¥´¥´¨Ö ÔÉ¨Ì  ´ ²¨É¨Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥°.

‚ ÔÉμ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö · §· ¡μÉ ´´μ¥ ¢ ² ¡μ· Éμ·¨¨ ¶·μ£· ³³´μ¥ ¶·¨²μ¦¥-
´¨¥ CyclSyntWin, ±μÉμ·μ¥ ¶μ§¢μ²Ö¥É ¶·¥¤¢ ·¨É¥²Ó´μ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ´¥¸±μ²Ó±μ ¢ ·¨-
 ´Éμ¢ ¨ μ¶·¥¤¥²¨ÉÓ μ¸´μ¢´Ò¥ Ë¨§¨Î¥¸±¨¥ ¨ £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³ £´¨É´μ° ¸É·Ê±-
ÉÊ·Ò,   É ±¦¥ ¸ ³μ£μ ³ £´¨É  Í¨±²μÉ·μ´ .

’ ±¨³ ¸¶μ¸μ¡μ³ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§μ¢ ´Ò ¢ 3D-
¶·μ£· ³³´ÒÌ ¶·¨²μ¦¥´¨ÖÌ, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ Ê¸±μ·Ö¥É ¶·μÍ¥¸¸ Ë¨´ ²Ó´μ£μ ¸¨´É¥§  ³ £-
´¨É´μ° ¸É·Ê±ÉÊ·Ò ¨ ³ £´¨É  Í¨±²μÉ·μ´ .

�·μ£· ³³´Ò³ ¶·¨²μ¦¥´¨¥³ CyclSyntWin ³μ¦´μ ¸¨´É¥§¨·μ¢ ÉÓ ¨ μ¶É¨³¨§¨·μ¢ ÉÓ
³ £´¨É´Ò¥ ¸É·Ê±ÉÊ·Ò Í¨±²μÉ·μ´μ¢ ¸ ¶·Ö³Ò³¨ ¨ ¸¶¨· ²Ó´Ò³¨ ¸¥±Éμ· ³¨, ¡²¨§±¨¥  §¨³Ê-
É ²Ó´μ-¸¨³³¥É·¨Î´Ò³. �É´μÏ¥´¨¥ ¨Ì ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢ ´¥
¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ ¢¥²¨Î¨´Ê 25, Ê£μ² ¸¶¨· ²Ó´ÒÌ ¸¥±Éμ·μ¢ ´¥ ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥ 40 ◦

¨ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´¥ ¡μ²ÓÏ¥ 2 ’².
�·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ CyclSyntWin · ¡μÉ ¥É ¶μ¤ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³μ° Win-

dows.
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ˆ �‘��‚�›• ‚�‡Œ�†��‘’…‰ ���ƒ��ŒŒ��ƒ� ��ˆ‹�†…�ˆŸ

‚ μ¸´μ¢Ê  ²£μ·¨É³  ¶¥·¢μ° ¢¥·¸¨¨ ¶·μ£· ³³´μ£μ ¶·¨²μ¦¥´¨Ö CyclSynt, · ¡μÉ Õ-
Ð¥£μ ¶μ¤ μ¶¥· Í¨μ´´μ° ¸¨¸É¥³μ° DOS, ¢μÏ²¨ · ´¥¥ μ¶Ê¡²¨±μ¢ ´´Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ -
²¨§  ´¥±μÉμ·ÒÌ § ¢¨¸¨³μ¸É¥° ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·, Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´Ò¥ ± ± ´ 
³μ¤¥²Ó´ÒÌ, É ± ¨ ´  ·¥ ²Ó´μ ¤¥°¸É¢ÊÕÐ¨Ì ³ £´¨É Ì Í¨±²μÉ·μ´μ¢ [6].

‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¢ ² ¡μ· Éμ·¨¨ ¡Ò²¨ · §· ¡μÉ ´Ò ¨ ¸μ§¤ ´Ò Í¨±²μÉ·μ´Ò DC 72 ¤²Ö
‘²μ¢ ±¨¨ [7Ä11] ¨ DC 60 ¤²Ö Š § Ì¸É ´  [12]. ’ ±¦¥ · §· ¡μÉ ´μ Ë¨§¨±μ-É¥Ì´¨Î¥¸±μ¥
μ¡μ¸´μ¢ ´¨¥ ¶·μ¥±É  ´μ¢μ£μ Í¨±²μÉ·μ´  DC 350 ¤²Ö Š § Ì¸É ´  [13]. ‚ ¶·μÍ¥¸¸¥ ÔÉ¨Ì
· ¡μÉ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ´μ¢Ò¥ ¤ ´´Ò¥ ± ± ¢ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´ÒÌ ± ·É
¶μ²¥° ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ· (¶¥·¢ÒÌ ¤¢ÊÌ Í¨±²μÉ·μ´μ¢), É ± ¨ 3D-· ¸Î¥Éμ¢ ÔÉ¨Ì ¸É·Ê±-
ÉÊ· [14, 15]. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤²Ö ¶·μ¢¥·±¨ ¨ ÊÉμÎ´¥´¨Ö ¨¸¶μ²Ó-
§Ê¥³ÒÌ ¢ ¶¥·¢μ° ¢¥·¸¨¨ ¶·μ£· ³³´μ£μ ¶·¨²μ¦¥´¨Ö CyclSynt  ´ ²¨É¨Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥°
¶ · ³¥É·μ¢ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·.
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�· ±É¨Î¥¸± Ö · ¡μÉ  ¸ ÔÉ¨³ ¶·¨²μ¦¥´¨¥³ ¢Ò§¢ ²  ´¥μ¡Ìμ¤¨³μ¸ÉÓ · ¸Ï¨·¥´¨Ö ¢μ§-
³μ¦´μ¸É¨ ¥£μ ¶·¨³¥´¥´¨Ö §  £· ´¨Í ³¨ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ´¥³  ´ ²¨É¨Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥°.

„²Ö · ¸Ï¨·¥´¨Ö ÔÉ¨Ì £· ´¨Í ¡Ò²  ¸μ§¤ ´  ¨ É·¥Ì³¥·´μ° ¶·μ£· ³³μ° ¶·μ ´ ²¨§¨·μ-
¢ ´  ³μ¤¥²Ó ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¸ ¡μ²¥¥ £²Ê¡μ±μ° ¢ ·¨ Í¨¥° ³ £´¨É´μ£μ ¶μ²Ö (¸ μÉ´μ-
Ï¥´¨¥³ ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢ ¤μ 25). ’ ±¨³ ¸¶μ¸μ¡μ³ ¡Ò²¨
¶μ²ÊÎ¥´Ò ¢ ¡μ²¥¥ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ´μ¢Ò¥  ´ ²¨É¨Î¥¸±¨¥ § ¢¨¸¨³μ¸É¨ ´¥±μÉμ·ÒÌ ¶ -
· ³¥É·μ¢ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·, ±μÉμ·Ò¥ ¢μÏ²¨ ¢ μ¸´μ¢Ê ¶μ¸²¥¤´¥° ¢¥·¸¨¨ ¶·μ£· ³³´μ£μ
¶·¨²μ¦¥´¨Ö CyclSyntWin.

�·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ ¶μ§¢μ²Ö¥É ¢Ò¡· ÉÓ (¢ ¢¨¤¥ μ¶Í¨¨) μ¤¨´ ¨§ ¤¢ÊÌ ¨¸Ìμ¤´ÒÌ
¶ · ³¥É·μ¢ Å Ô´¥·£¨Õ ¨μ´μ¢ ´  ´Ê±²μ´ ¨²¨ ¤¨ ³¥É· ¶μ²Õ¸  ³ £´¨É , μ¶·¥¤¥²ÖÕÐ¨Ì
²μ£¨±Ê · §¢¨É¨Ö · ¸Î¥É  (·¨¸. 1).

‚ ¶·μ£· ³³´μ³ ¶·¨²μ¦¥´¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ´¥¸±μ²Ó±μ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´ÒÌ
¶ · ³¥É·μ¢, ±μÉμ·Ò¥ ·¥¤±μ ³¥´ÖÕÉ¸Ö (·¨¸. 1),   É ±¦¥ ¶ · ³¥É·Ò, μ¶·¥¤¥²¥´¨¥ ±μÉμ·ÒÌ
· ¸¸³μÉ·¥´μ ´¨¦¥.

	  ·¨¸. 2 ´ £²Ö¤´μ ¶μ± § ´μ μ¶·¥¤¥²¥´¨¥ ¶¥·¢μ£μ ¨§ ÔÉ¨Ì ¶ · ³¥É·μ¢ Å μÉ´μÏ¥´¨¥
 ¶¥·ÉÊ·Ò ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò BeAper ± ¢¥·É¨± ²Ó´μ³Ê · §³¥·Ê ¶ÊÎ±  BeDim.

�¨¸. 1. �Éμ¡· ¦¥´¨¥ μ±´  ¢Ò¡μ·  ¨¸Ìμ¤´μ£μ ¶ · ³¥É·  ¶·μ£· ³³´μ£μ ¶·¨²μ¦¥´¨Ö ¨ μ¶·¥¤¥²¥´¨Ö

Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´ÒÌ ¶ · ³¥É·μ¢

�¨¸. 2. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ ¶ · ³¥É·μ¢ ¶ÊÎ±  ¨ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò Í¨±²μÉ·μ´ 
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�¨¸. 3. �Éμ¡· ¦¥´¨¥ μ±´  μ¶·¥¤¥²¥´¨Ö ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ ¶·μ£· ³³´μ£μ ¶·¨²μ¦¥´¨Ö

�²μÉ´μ¸ÉÓ  ³¶¥·-¢¨É±μ¢ kATudens μ¶·¥¤¥²Ö¥É¸Ö ± ± μÉ´μÏ¥´¨¥ ¢¥²¨Î¨´Ò  ³¶¥·-
¢¨É±μ¢ μ¤´μ° ¨§ ¤¢ÊÌ ± ÉÊÏ¥± μ¸´μ¢´μ° μ¡³μÉ±¨ ± ¶²μÐ ¤¨ £¥μ³¥É·¨Î¥¸±μ£μ ¸¥Î¥´¨Ö
ÔÉμ° ± ÉÊÏ±¨.

	  ¸²¥¤ÊÕÐ¥³ Ï £¥ § ¤ ¥É¸Ö ¥Ð¥ ´¥¸±μ²Ó±μ ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ (·¨¸. 3). �¶·¥¤¥²¥-
´¨¥ ¤¢ÊÌ ¨§ ´¨Ì,  ¶¥·ÉÊ·Ò ¤²Ö ¶ÊÎ±  BeAper ¨ ¢μ§¤ÊÏ´μ£μ § §μ·  ¤²Ö ±μ··¥±É¨·ÊÕÐ¨Ì
± ÉÊÏ¥± CorCoDim, É ±¦¥ ´ £²Ö¤´μ μÉμ¡· ¦¥´μ ´  ·¨¸. 2.

�μ¸²¥ ¢¢μ¤  ¢¸¥Ì ¢Ìμ¤´ÒÌ ¶ · ³¥É·μ¢ ¨ § ¶Ê¸±  · ¸Î¥É  ¶·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ ¢Ò-
¤ ¥É ´  Ô±· ´¥ μ¸´μ¢´ÊÕ Î ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  ± ± Ë¨§¨Î¥¸±¨Ì, É ± ¨ £¥μ³¥É·¨Î¥¸±¨Ì
¶ · ³¥É·μ¢ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¨ ¶ · ³¥É·μ¢ ˜-μ¡· §´μ£μ ³ £´¨É  Í¨±²μÉ·μ´  (·¨¸. 4).

�μ²´Ò° ´ ¡μ· ¢¸¥Ì ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥É  (¢ Éμ³ Î¨¸²¥ ¨ £¥μ³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·μ¢
³ £´¨É  ¡·μ´¥¢μ£μ É¨¶ ) ³μ¦´μ, ¶μ Ê¸³μÉ·¥´¨Õ ¶μ²Ó§μ¢ É¥²Ö, § ¶¨¸ ÉÓ ¢ ¸μ§¤ ´´Ò° ¤²Ö
ÔÉμ£μ É¥±¸Éμ¢μ° ¤μ±Ê³¥´É.


μ²ÓÏ¨´¸É¢μ ¨§ ÔÉ¨Ì ¶ · ³¥É·μ¢ ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ μ¡Ð¥¨§¢¥¸É´Ò³ Ëμ·³Ê² ³, ´μ ¤²Ö
´¥±μÉμ·ÒÌ ¨§ ´¨Ì ¨¸¶μ²Ó§ÊÕÉ¸Ö ´ ³¨ Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´Ò¥  ´ ²¨É¨Î¥¸±¨¥ § -
¢¨¸¨³μ¸É¨.

„²Ö μ¶·¥¤¥²¥´¨Ö § ¢¨¸¨³μ¸É¨ μÉ´μÏ¥´¨Ö ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥
¸¥±Éμ·μ¢ dvall,hill ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò μÉ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö B ¨ Ë² ÉÉ¥·  F ¨¸-
¶μ²Ó§Ê¥É¸Ö Ëμ·³Ê²  ¢¨¤ 

dvall,hill =

=
h0 + h1 × ln (B) + h2 × (ln (B))2 + h3 × (ln (B))3 + h4 × ln (F ) + h5 × (ln (F ))2)

(1 + h6 × ln (B) + h7(ln (B))2 + h8 × (ln (B))3 + h9 × ln (F )

‚ ¶·μÍ¥¸¸¥ ¸· ¢´¥´¨Ö ¤ ´´ÒÌ μÉ´μÏ¥´¨Ö ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥
¸¥±Éμ·μ¢ dvall,hill, ¶μ²ÊÎ¥´´ÒÌ ¶μ ÔÉμ° § ¢¨¸¨³μ¸É¨, ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨
¡Ò²  μ¶·¥¤¥²¥´  ´¥ÉμÎ´μ¸ÉÓ ¨Ì ¢ÒÎ¨¸²¥´¨Ö ¢ ¶·¥¤¥² Ì +23 ÷−9 %.

	  ·¨¸. 5 μÉμ¡· ¦¥´μ £· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ÔÉμ° § ¢¨¸¨³μ¸É¨.

‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò  ³¶¥·-¢¨É±μ¢ ´  ¥¤¨´¨ÍÊ ¢μ§¤ÊÏ´μ£μ § §μ·  ¢ · °μ´¥ ¸¥±Éμ-
·μ¢ AmTurhill μÉ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö B ¨ μÉ´μÏ¥´¨Ö ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥
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�¨¸. 4. �Éμ¡· ¦¥´¨¥ μ±´  ·¥§Ê²ÓÉ Éμ¢ ¸¨´É¥§  ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¨ ³ £´¨É  Í¨±²μÉ·μ´ 

¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢ dvall,hill ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ ¢¨¤ 

AmTurhill = b0 + b1/(1 + ((B − b2)/b3)2) + b4/(1 + ((dvall,hill − b5)/b6)2)+

+ b7/((1 + ((B − b2)/b3)2) × (1 + ((dvall,hill − b5)/b6)2)).

‚ ¶·μÍ¥¸¸¥ ¸· ¢´¥´¨Ö ¤ ´´ÒÌ  ³¶¥·-¢¨É±μ¢ ´  ¥¤¨´¨ÍÊ ¢μ§¤ÊÏ´μ£μ § §μ·  ¢ · °μ´¥
¸¥±Éμ·μ¢ AmTurhill, ¶μ²ÊÎ¥´´ÒÌ ¶μ ÔÉμ° § ¢¨¸¨³μ¸É¨, ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨
¡Ò²  μ¶·¥¤¥²¥´  ´¥ÉμÎ´μ¸ÉÓ ¨Ì ¢ÒÎ¨¸²¥´¨Ö ¢ ¶·¥¤¥² Ì +8 ÷−5 %.

	  ·¨¸. 6 μÉμ¡· ¦¥´μ £· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ÔÉμ° § ¢¨¸¨³μ¸É¨.
ŒμÐ´μ¸ÉÓ ¶μÉ¥·Ó ¢ μ¸´μ¢´μ° μ¡³μÉ±¥ ³ £´¨É  Pow § ¢¨¸¨É μÉ Ê¤¥²Ó´μ£μ ¸μ¶·μÉ¨-

¢²¥´¨Ö ¶·μ¢μ¤´¨±  ρcond, ¤¨ ³¥É·  ¶μ²Õ¸  Dpole, ±μ²¨Î¥¸É¢   ³¶¥·-¢¨É±μ¢ ¢ μ¸´μ¢´μ°
μ¡³μÉ±¥ AmTur, ±μÔËË¨Í¨¥´É  μÉ´μÏ¥´¨Ö Ï¨·¨´Ò ¸¥Î¥´¨Ö μ¸´μ¢´μ° μ¡³μÉ±¨ ± ¢Ò-
¸μÉ¥ kcoil, ¶²μÉ´μ¸É¨  ³¶¥·-¢¨É±μ¢ kATudens μ¸´μ¢´μ° μ¡³μÉ±¨ ´  1 ³³2 ¥¥ ¸¥Î¥´¨Ö,
±μÔËË¨Í¨¥´É  § ¶μ²´¥´¨Ö ¶·μ¢μ¤´¨±μ³ ¸¥Î¥´¨Ö μ¡³μÉ±¨ Conddens ¨ μ¶·¥¤¥²Ö¥É¸Ö ¶μ
Ëμ·³Ê²¥ ¢¨¤ 

Pow = ρcondπ

(
Dpole +

√(
5 · 10−7 AmTur

kcoil

kATudens

))
AmTur

kATudens

Conddens
.
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�¨¸. 5. ƒ· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ § ¢¨¸¨³μ-
¸É¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö μÉ´μÏ¥´¨Ö ¢μ§¤ÊÏ´ÒÌ § -

§μ·μ¢ dvall,hill

�¨¸. 6. ƒ· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ § ¢¨¸¨³μ-
¸É¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö  ³¶¥·-¢¨É±μ¢ ´  ¥¤¨´¨ÍÊ

¢μ§¤ÊÏ´μ£μ § §μ·  AmTurhill ¢ · °μ´¥ ¸¥±Éμ·μ¢

‚¥²¨Î¨´  ¶¥·¥¶ ¤  Ê·μ¢´¥° ³ £´¨É´μ£μ ¶μ²Ö ¢ · °μ´¥ ¸¥±Éμ·μ¢ ¨ ¢ ¤μ²¨´ Ì ³ £-
´¨É´μ° ¸É·Ê±ÉÊ·Ò FieDifhill,vall μÉ ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö B ¨ μÉ´μÏ¥´¨Ö ¢μ§¤ÊÏ´ÒÌ
§ §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢ dvall,hill μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ ¢¨¤ 

FieDifhill,vall =

=
k0 + k2B + k4 ln (dvall,hill) + k6B

2 + k8(ln (dvall,hill))2 + k10B ln (dvall,hill)
1 + k1B + k3 ln (dvall,hill) + k5B2 + k7(ln (dvall,hill))2 + k9B ln (dvall,hill)

.

‚ ¶·μÍ¥¸¸¥ ¸· ¢´¥´¨Ö ¤ ´´ÒÌ ¶¥·¥¶ ¤  Ê·μ¢´¥° ³ £´¨É´μ£μ ¶μ²Ö FieDifhill,vall ¢
· °μ´¥ ¸¥±Éμ·μ¢ ¨ ¢ ¤μ²¨´ Ì ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò, ¶μ²ÊÎ¥´´ÒÌ ¶μ ÔÉμ° § ¢¨¸¨³μ¸É¨,
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¡Ò²  μ¶·¥¤¥²¥´  ´¥ÉμÎ´μ¸ÉÓ ¨Ì ¢ÒÎ¨¸²¥´¨Ö ¢ ¶·¥¤¥-
² Ì +8 ÷−6 %.

	  ·¨¸. 7 μÉμ¡· ¦¥´μ £· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ ÔÉμ° § ¢¨¸¨³μ¸É¨.

�¨¸. 7. ƒ· Ë¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ § ¢¨¸¨³μ¸É¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶¥·¥¶ ¤  Ê·μ¢´¥° ³ £´¨É´μ£μ

¶μ²Ö ¢ · °μ´¥ ¸¥±Éμ·μ¢ ¨ ¢ ¤μ²¨´ Ì ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò FieDifhill,vall
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„²Ö μÍ¥´±¨ ¢²¨Ö´¨Ö ¢Ò¡μ·  £¥μ³¥É·¨¨ ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ´  ¢ ±ÊÊ³´Ò¥ ¶μÉ¥·¨
¶ÊÎ±  ¢ÒÎ¨¸²Ö¥É¸Ö ±μÔËË¨Í¨¥´É VacLosCoef, ¢¥²¨Î¨´  ±μÉμ·μ£μ § ¢¨¸¨É μÉ ¢ ±ÊÊ³´μ°
¶μ¢¥·Ì´μ¸É¨ VacSurface ¨ μÉ ³ ±¸¨³ ²Ó´μ£μ · ¤¨Ê¸  ¢Ò¢μ¤  Rextr:

VacLosCoef = VacSurface × Rextr.

�²μÐ ¤¨ ¸¥Î¥´¨° EquivalentYokePlane ¸Éμ°±¨ ¨ ¡ ²±¨ ˜-μ¡· §´μ£μ ³ £´¨É  § ¢¨¸ÖÉ
μÉ ¶²μÐ ¤¨ ¶μ²Õ¸  MagnetPolePlane, ¸·¥¤´¥£μ ³ £´¨É´μ£μ ¶μ²Ö B ¨ ¢Ò¡· ´´μ£μ Ê·μ¢´Ö
³ £´¨É´μ£μ ¶μ²Ö YoFldLev ¢ ¸Éμ°± Ì ¨ ¡ ²± Ì ³ £´¨É  ¨ ¤²Ö É ±μ£μ É¨¶  ³ £´¨É  μ¶·¥-
¤¥²ÖÕÉ¸Ö ¶μ Ëμ·³Ê²¥ ¢¨¤ 

EquivalentYokePlane =
MagnetPolePlane

2
B

YoFldLev
.

�É  ¢¥²¨Î¨´  ¢ ¨Éμ£¥ μ¶·¥¤¥²Ö¥É £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ¨ ¢¥¸ ³ £´¨É . 	 £²Ö¤´μ¥
μÉμ¡· ¦¥´¨¥ ÔÉ¨Ì ¸¥Î¥´¨° ¤²Ö ˜-μ¡· §´μ£μ ³ £´¨É  ¶μ± § ´μ ´  ·¨¸. 8.

�²μÐ ¤Ó ¸¥Î¥´¨Ö EquivalentYokePlane ±μ²ÓÍ¥¢μ° ¸Éμ°±¨ ¨ ±μ²ÓÍ¥¢μ° ¡ ²±¨ ³ £´¨É 
®¡·μ´¥¢μ£μ¯ É¨¶  § ¢¨¸¨É μÉ ¶²μÐ ¤¨ ¶μ²Õ¸  MagnetPolePlane, ¸·¥¤´¥£μ ³ £´¨É´μ£μ
¶μ²Ö B, ¢Ò¡· ´´μ£μ Ê·μ¢´Ö ³ £´¨É´μ£μ ¶μ²Ö YoFldLev ¢ ±μ²ÓÍ¥¢μ° ¸Éμ°±¥ ¨ ±μ²ÓÍ¥¢ÒÌ
¡ ²± Ì ³ £´¨É  ¨ ¤²Ö É ±μ£μ É¨¶  ³ £´¨É  μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

EquivalentYokePlane = MagnetPolePlane
B

YoFldLev
.

	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ ÔÉ¨Ì ¸¥Î¥´¨° ¤²Ö ®¡·μ´¥¢μ£μ¯ ³ £´¨É  ¶μ± § ´μ ´  ·¨¸. 9.
�μ²μ¦¥´¨¥ μ¸´μ¢´μ° ± ÉÊÏ±¨ μÉ´μ¸¨É¥²Ó´μ ±· Ö ¶μ²Õ¸  ¨ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨

μ¶·¥¤¥²¥´μ ¢Ò¸μÉμ° ¥¥ ¸¥Î¥´¨Ö (¢¥·É¨± ²Ó´Ò³ · §³¥·μ³). 	 £²Ö¤´μ ÔÉμ ¶·¨¢¥¤¥´μ ´ 
·¨¸. 10. ’ ±¨³ μ¡· §μ³, μ¶·¥¤¥²¥´μ É ±¦¥ ¶μ²μ¦¥´¨¥ ¡ ²μ± ˜-μ¡· §´μ£μ ³ £´¨É  ¨
±μ²ÓÍ¥¢ÒÌ ¡ ²μ± ³ £´¨É  ®¡·μ´¥¢μ£μ¯ É¨¶  μÉ´μ¸¨É¥²Ó´μ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨.

�¨¸. 8. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ ¸¥Î¥´¨° ¡ ²μ±,
¸Éμ¥± ¨ ¶²μÐ ¤¨ ¶μ²Õ¸  ˜-μ¡· §´μ£μ ³ £´¨É 

Í¨±²μÉ·μ´ 

�¨¸. 9. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ ¸¥Î¥´¨° ¢¥·Ì´¥°
±μ²ÓÍ¥¢μ° ¡ ²±¨, ±μ²ÓÍ¥¢μ° ¸Éμ°±¨ ¨ ¶²μÐ ¤¨

¶μ²Õ¸  ³ £´¨É  Í¨±²μÉ·μ´  ®¡·μ´¥¢μ£μ¯ É¨¶ 
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�¨¸. 10. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ μ¶·¥¤¥²¥´¨Ö
¶μ²μ¦¥´¨Ö ¡ ²μ± ¨ ¸Éμ¥± ˜-μ¡· §´μ£μ ³ £´¨É 

Í¨±²μÉ·μ´ 

�¨¸. 11. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ μ¶·¥-
¤¥²¥´¨Ö Ï¨·¨´Ò ¡ ²μ± ¨ ¸Éμ¥± ˜-

μ¡· §´μ£μ ³ £´¨É  Í¨±²μÉ·μ´ 

ƒμ·¨§μ´É ²Ó´Ò° · §³¥· ¸¥Î¥´¨Ö μ¸´μ¢´μ° ± ÉÊÏ±¨ μ¶·¥¤¥²Ö¥É ¶μ²μ¦¥´¨¥ ¸Éμ¥± ˜-
μ¡· §´μ£μ ³ £´¨É  μÉ´μ¸¨É¥²Ó´μ ¥£μ ¢¥·É¨± ²Ó´μ° μ¸¨ (· ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸Éμ°± ³¨),
± ± ¶μ± § ´μ ´  ·¨¸. 10,   É ±¦¥ ¢´ÊÉ·¥´´¨° · ¤¨Ê¸ ±μ²ÓÍ¥¢μ° ¸Éμ°±¨ ³ £´¨É  ®¡·μ´¥-
¢μ£μ¯ É¨¶ .

�¶·¥¤¥²¥´¨¥ · §³¥·  Ï¨·¨´Ò ¸Éμ°±¨,   É ±¦¥ ¡ ²±¨ ˜-μ¡· §´μ£μ ³ £´¨É  ¶·¨¢¥¤¥´μ
´  ·¨¸. 11.

�¨¸. 12. 	 £²Ö¤´μ¥ μÉμ¡· ¦¥´¨¥ μ±´  £¥μ³¥É·¨Î¥¸±¨Ì ¨ ¢¥¸μ¢ÒÌ ¶ · ³¥É·μ¢ ˜-μ¡· §´μ£μ ³ £´¨É 
Í¨±²μÉ·μ´  ¨ μ¸´μ¢´μ° ± ÉÊÏ±¨

�μ¸²¥ μ¶·¥¤¥²¥´¨Ö ¢¸¥Ì £¥μ³¥É·¨Î¥¸±¨Ì · §³¥·μ¢ ³μ¦´μ ¸ ¶μ³μÐÓÕ ¨§¢¥¸É´ÒÌ Ëμ·-
³Ê² · ¸¸Î¨É ÉÓ μ¸É ²Ó´Ò¥ ¶ · ³¥É·Ò ³ £´¨É , É ±¨¥ ± ± ¢¥¸ ¨ ¤·Ê£¨¥. 	¥±μÉμ·Ò¥ ¨§ ´¨Ì
¢Ò¢μ¤ÖÉ¸Ö ´  Ô±· ´ ±μ³¶ÓÕÉ¥·  (¸³. ·¨¸. 12).

‡�Š‹�—…�ˆ…

� ¸¸³μÉ·¥´´μ¥ ¢ · ¡μÉ¥ ¶·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ CyclSyntWin ¶μ§¢μ²Ö¥É ¶·¥¤¢ -
·¨É¥²Ó´μ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ´¥¸±μ²Ó±μ ¢ ·¨ ´Éμ¢ ¨ μ¶·¥¤¥²¨ÉÓ μ¸´μ¢´Ò¥ Ë¨§¨Î¥¸±¨¥ ¨
£¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ³ £´¨É´μ° ¸É·Ê±ÉÊ·Ò ¨ ¸ ³μ£μ ³ £´¨É  Í¨±²μÉ·μ´ .

’ ±¨³ ¸¶μ¸μ¡μ³ ¶μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¢ ¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§μ¢ ´Ò ¢ 3D-
¶·μ£· ³³´ÒÌ ¶·¨²μ¦¥´¨ÖÌ, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ Ê¸±μ·Ö¥É ¶·μÍ¥¸¸ Ë¨´ ²Ó´μ£μ ¸¨´É¥§  ³ £-
´¨É´μ° ¸É·Ê±ÉÊ·Ò ¨ ³ £´¨É  Í¨±²μÉ·μ´ .
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‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò  ´ ²¨É¨Î¥¸±¨¥ § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·μ¢ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ·,
±μÉμ·Ò¥ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ ¡ § ¤ ´´ÒÌ ·¥ ²Ó´μ · ¡μÉ ÕÐ¨Ì ¨²¨
¶·μ¥±É¨·Ê¥³ÒÌ Í¨±²μÉ·μ´μ¢.

�·μ£· ³³´Ò³ ¶·¨²μ¦¥´¨¥³ CyclSyntWin ³μ¦´μ ¸¨´É¥§¨·μ¢ ÉÓ ¨ μ¶É¨³¨§¨·μ¢ ÉÓ
³ £´¨É´Ò¥ ¸É·Ê±ÉÊ·Ò Í¨±²μÉ·μ´μ¢ ¸ ¶·Ö³Ò³¨ ¨ ¸¶¨· ²Ó´Ò³¨ ¸¥±Éμ· ³¨, ¡²¨§±¨¥  §¨³Ê-
É ²Ó´μ-¸¨³³¥É·¨Î´Ò³. �É´μÏ¥´¨¥ ¨Ì ¢μ§¤ÊÏ´ÒÌ § §μ·μ¢ ¢ ¤μ²¨´¥ ¨ ¢ · °μ´¥ ¸¥±Éμ·μ¢
´¥ ¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ ¢¥²¨Î¨´Ê 25, Ê£μ² ¸¶¨· ²Ó´ÒÌ ¸¥±Éμ·μ¢ ´¥ ¤μ²¦¥´ ¡ÒÉÓ ¡μ²ÓÏ¥
40 ◦ ¨ ¸·¥¤´¥¥ ³ £´¨É´μ¥ ¶μ²¥ ´¥ ¡μ²ÓÏ¥ 2 ’².

‚ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° �ˆŸˆ Ê¦¥ ´¥¸±μ²Ó±μ ²¥É ¨¸¶μ²Ó§Ê¥É¸Ö ÔÉμ ¶·μ-
£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ ¢ ± Î¥¸É¢¥ ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¸¨´É¥§  ¨ μ¶É¨³¨§ Í¨¨ μ¸´μ¢´ÒÌ
¶ · ³¥É·μ¢ ³ £´¨É´ÒÌ ¸É·Ê±ÉÊ· ¨ ³ £´¨Éμ¢ Í¨±²μÉ·μ´μ¢.

ˆ¸¶μ²Ó§μ¢ ´¨¥ ÔÉμ£μ ¶·¨²μ¦¥´¨Ö ¶μ¤É¢¥·¦¤ ¥É¸Ö ¸· ¢´¥´¨¥³ ¥£μ ·¥§Ê²ÓÉ Éμ¢ ¸ ·¥-
§Ê²ÓÉ É ³¨ 3D-· ¸Î¥Éμ¢ ¨ ¸ ¤ ´´Ò³¨, Ô±¸¶¥·¨³¥´É ²Ó´μ ¶μ²ÊÎ¥´´Ò³¨ ´  ¸μ§¤ ¢ ¥³ÒÌ
Ê¸É ´μ¢± Ì.

�·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ CyclSyntWin · ¸¶·μ¸É· ´Ö¥É¸Ö ¡¥¸¶² É´μ. —Éμ¡Ò ¶μ²ÊÎ¨ÉÓ
¤μ¸ÉÊ¶ ± ´¥³Ê, ´¥μ¡Ìμ¤¨³μ ¸¢Ö§ ÉÓ¸Ö ¸  ¢Éμ· ³¨ ¸É ÉÓ¨, ±μ´É ±É´Ò¥ ¤ ´´Ò¥ ±μÉμ·ÒÌ
¶·¨¢¥¤¥´Ò ´  http://�erovlab.jinr.ru/�nr/staff list.php.


μ²¥¥ ¤¥É ²Ó´μ¥ μ¶¨¸ ´¨¥  ²£μ·¨É³  ¶·μ£· ³³Ò, ¶¥·¥³¥´´ÒÌ, ±μÔËË¨Í¨¥´Éμ¢  ´ -
²¨É¨Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥° ¨ Ê· ¢´¥´¨° ¶μ± § ´μ ¢ ¶·¨²μ¦¥´¨¨.

��ˆ‹�†…�ˆ…

�·μ£· ³³´μ¥ ¶·¨²μ¦¥´¨¥ CyclSyntWin · ¸¶·μ¸É· ´Ö¥É¸Ö ¡¥¸¶² É´μ. �·¨²μ¦¥´¨¥ · §-
· ¡μÉ ´μ ¢ ¶·μ£· ³³´μ° ¸·¥¤¥ Delphi. „²Ö ¢¨§Ê ²¨§ Í¨¨ ¥£μ ·¥§Ê²ÓÉ Éμ¢,   É ±¦¥ ¤²Ö
¸ ³μ£μ É¥±¸É  ¶·μ£· ³³Ò ¨¸¶μ²Ó§μ¢ ²¸Ö  ´£²¨°¸±¨° Ö§Ò±. ’ ±¨³ μ¡· §μ³ ¡Ò²¨ · ¸Ï¨-
·¥´Ò ¢μ§³μ¦´μ¸É¨ ¡μ²¥¥ Ï¨·μ±μ£μ ¤μ¸ÉÊ¶  ± ¤ ´´μ³Ê ¶·¨²μ¦¥´¨Õ.

	¨¦¥ ¶·¥¤¸É ¢²¥´Ò ¢Ìμ¤´Ò¥ ¤ ´´Ò¥ ¶·¨²μ¦¥´¨Ö CyclSyntWin ¸ Ê± § ´¨¥³ ¨Ì μ¡μ-
§´ Î¥´¨Ö ¢ ¨¸Ìμ¤´μ³ É¥±¸É¥ ¶·μ£· ³³Ò. „ ²¥¥ ¸²¥¤ÊÕÉ ±μ´¸É ´ÉÒ, ±μÔËË¨Í¨¥´ÉÒ  ´ -
²¨É¨Î¥¸±¨Ì ËÊ´±Í¨° ¨ ¸ ³¨ ËÊ´±Í¨¨, ±μÉμ·Ò¥ ¶·¨³¥´¥´Ò ¢ ¶·μ£· ³³¥ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
Ê± § ´´ÒÌ ¤ ´´ÒÌ.

Experimental Constants
Beam Aperture to Vertical Beam Dimension Ratio = becoef

Magnetic Field Level in Magnet Yoke [T] = YoFldLev
Inaccuracy of Magnetic Field Formation [T/m] = dBinacc

Width to Height Ratio of Main Coils Cross-Section = WiHeRat
Ampere-Turns Density per mm2 of Main Coils Cross-Section [AmpTurns/mm2] = kATudens

Space Factor of Cross-Section of Main Coil by Conductor = Conddens

Ratio Coefˇcient of Extraction Radius to Pole Radius = rcoef

Input Parameters
Necessary Ion Energy per Nucleon [MeV/u] = Tion,nucl

Supposed Average Field on Extraction Radius [T] = B
Ion Atomic Mass = A
Ion Charge = qi
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Symmetry Number of Sectors Structure (3, 4) = N
Spiral Angle of Sectors on Extraction Radius [degree] = ξdeg

Vertical Betatron Oscillation = νz

Aperture for Ions Beam [mm] = BeAper

Vertical Dimension of Correcting Coils under Sector [mm] =CorCo Dim
Conductor Material of Main Coils (Cu, Al) = Cu

Constants
mu = 1.660538782E-27 Atomic Mass Unit *
c = 299792458 Light Velocity *
e = 1.602176487E-19 Electron-Volt *
ResistCu = 0.0196 Cu Speciˇc Resistance
ResistAl = 0.03197 Al Speciˇc Resistance
WidthCoef = 0.1 Magnet Yoke Width Extension Value
WeFeUnit = 7800 Fe Speciˇc Mass
WeCuUnit = 8900 Cu Speciˇc Mass
WeAlUnit = 2170 Al Speciˇc Mass
* http://physics.nist.gov/cuu/Constants/index.html

Analytical Function Coefˇcients
h0 = -3.3870461 Function Coefˇcients:
h1 = 3.8867933 dvalley/dhill = f (B, CorrFlutt) [ ; T, ]
h2 = 0.41973313
h3 = -7.3487012
h4 = 3.1914273
h5 = 0.39757636
h6 = 1.4210509
h7 = 2.9395
h8 = 1.7711816
h9 = 2.3284448
b0 = 10.861889 Function Coefˇcients:
b1 = -289.23006 kAmpTurns/Sector Air-gap = f(B, dvalley/dhill) [kAmpTurns/mm; T,]
b2 = 2.2198545
b3 = 0.28540518
b4 = -22.510264
b5 = 80.353384
b6 = 72.891167
b7 = 651.48818
k0 = 0.001844899 Function Coefˇcients:
k1 = -1.0778569 FieDiffSectVall = f (B, dvalley/dhill) [T; T, ]
k2 = -0.00085883606
k3 = -0.011408802
k4 = 0.23317092
k5 = 0.41351787
k6 = 0.00048921454
k7 = 0.003162237
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k8 = -0.04179965
k9 = 0.043875015
k10 = 0.14439138

Formulas
Angle Unit Transmission

ξrad = ξdeg × π/180
Half Vertical Beam Dimension

z = BeAper/(2 × becoef) [mm; mm]
becoef = BeAper/BeDim

Quiet Ion Energy
T0 = A × mu × c2/(e × 106) [MeV;]

Gap Between the sectors
dhill = 2 × becoef × z + 2 ×CorCo Dim [mm;]

Procedure ©CalcEnergyª, (Tion,nucl Input Parameter)
Total Ion Energy

Tion = Tion,nucl × A [MeV;]
Coefˇcient of Radial Magnetic Field Increase

k = (Tion/T0)2 + 2 × (Tion/T0)
Extraction Radius

Rextr = ((A×mu×c) / (qi×e×B))×
√

(((Tion×106×e) / (A×mu×c2)) + 1)2 − 1 [m;]
Centre Magnetic Field

Bcent = B/

√
1 + (e × qi × B × Rextr/ (A × mu × c))2 [T;]

Ions Frequency
fion = Bcent × e × qi/

(
2 × π × 106 × A × mu

)
[MHz;]

Pole Diameter
Dpole = 2 × Rextr/rcoef [m;]

Vertical Magnetic Structure Acceptance on Extraction Radius
Az = νz × z2 × 103/Rextr [pi.mm.mrad; mm, m]

Field Forming Inaccuracy
kinacc = Rextr/B × dBinacc

Corrected Coefˇcient of Radial Magnetic Field Increase
kcorr = k + kinacc

Flutter
F =

(
N2 − 1

)
/N2 ×

(
ν2

z + kcorr

)
/

(
1 + 2 × tg2ξ

)
Radial Betatron Oscillation

νr =
√

(1 + kcorr + 3 × N2/ ((N2 − 1) × (N − 4)) × F × (1 + tg2ξ))
Valley to Hill Air Gap

dvall,hill =(
h0 + h1 × ln (B) + h2 × (ln (B))2 + h3 × (ln (B))3 + h4 × ln (F ) + h5 × (ln (F ))2

)
/(

1 + h6 × ln (B) + h7 (ln (B))2 + h8 × (ln (B))3 + h9 × ln (F )
)

Valley Air Gap
dvalley = dvall,hill × dhill
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Ampere-Turns per Hill Air Gap

AmTurhill = b0 + b1/
(
1 + ((B − b2) /b3)

2
)

+ b4/
(
1 + ((dvall,hill − b5) /b6)

2
)

+

b7/
((

1 + ((B − b2) /b3)
2
)
×

(
1 + ((dvall,hill − b5) /b6)

2
))

Ampere-Turns
AmTur = 103 × AmTurhill × dhill

Main Coils Power
Pow = ρcond × π ×

(
Dpole +

√
(5 × 10−7 × AmTur × kcoil/kATudens)

)
×

AmTur × kATudens/Conddens

Radial Field Difference
diBrad = B − Bcent

Hill-Valley Magnetic Field Difference
FieDifsec t,vall = (k0 + k2 × B + k4 × ln (dvall,hill) + k6 × B2 + k8×
(ln (dvall,hill))

2 + k10 × B × ln (dvall,hill))/(1 + k1 × B + k3 × ln (dvall,hill)+
k5 × B2 + k7 × (ln (dvall,hill))

2 + k9 × B × ln (dvall,hill))
Hill Magnetic Field

Bsec t = B + FieDifsec t,vall/2
Valley Magnetic Field

Bvall = B − FieDifsec t,vall/2
Ampere-Turn for dvalley,hill = 1

AmTurdvall,hill=1 = b0 + b1/
(
1 + ((B − b2) /b3)

2
)

+ b4/
(
1 + ((1 − b5) /b6)

2
)

+

b7/
((

1 + ((B − b2) /b3)
2
)
×

(
1 + ((1 − b5) /b6)

2
))

Vacuum Losses Coefˇcient
V acLosCoef = V acSurface× Rextr

Procedure ©CalcDiameterª, (Rextr,rInput Parameter)
Total Ions Energy

Tion = mu × c2/(106 × e) ×
(√

(B × Rextr,r × qi × e/(A × mu × c)2 + 1) − 1
)

[MeV;]

Centre Magnetic Field

Bcent = B/
√

1 + (e × qi × B × Rextr,r/ (A × mu × c))2 [T;]

Axial Magnetic Structure Acceptance on Extraction Radius
Az = νz × z2 × 103/Rextr,r [pi.mm.mrad; mm, m]
kinacc = Rextr,r/B × dBinacc

V acLosCoef = V acSurface× Rextr,r.
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