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�·μÍ¥¸¸ ³μ¤¥²¨·μ¢ ´¨Ö Í¨±²μÉ·μ´  ¢ ¶·μ£· ³³¥ SNOP

�·¥¤¸É ¢²¥´μ μ¶¨¸ ´¨¥ ¶·μ£· ³³Ò SNOP, · §· ¡μÉ ´´μ° ¢ �ˆŸˆ ¨ ¶·¥¤-
´ §´ Î¥´´μ° ¤²Ö Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²Ó´ÒÌ
Ê¸É ´μ¢± Ì Í¨±²μÉ·μ´´μ£μ É¨¶ . �·¨¢¥¤¥´Ò μ¸´μ¢´Ò¥ ³¥Éμ¤Ò · ¡μÉÒ ¸ ±μ³¶μ-
´¥´É ³¨ ¶·μ£· ³³Ò,   É ±¦¥ ÔÉ ¶Ò Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Í¨±²μÉ·μ´ ,  ´ -
²¨§  μ¸´μ¢´ÒÌ Ì · ±É¥·¨¸É¨± Ê¸±μ·Ö¥³μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ¶·¨²μ¦¥´¨Ö SNOP.
„ ´μ · §ÑÖ¸´¥´¨¥ ´¥±μÉμ·ÒÌ  ²£μ·¨É³μ¢ ¨ ¶·μÍ¥¤Ê·, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ¶·μ£· ³³¥.
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Process of a Cyclotron Modeling with SNOP Program

The description of the SNOP program developed in JINR and intended for
numerical modeling of a beam dynamics in accelerating setups of cyclotron type is
presented. The main methods of work with program components, and also stages
of numerical modeling of a cyclotron, the analysis of the main characteristics of
the accelerated bunch by means of the SNOP are given. The explanation of some
algorithms and procedures used in the program is given.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚‚…„…�ˆ…

�·μ£· ³³  SNOP [1], · §· ¡μÉ ´´ Ö ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·-
´ÒÌ ¨¸¸²¥¤μ¢ ´¨° („Ê¡´ ), ¢ · §´μ¥ ¢·¥³Ö ¶·¨³¥´Ö² ¸Ó ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö
Í¨±²μÉ·μ´´ÒÌ Ê¸É ´μ¢μ± ¢ ¢¥¤ÊÐ¨Ì Ê¸±μ·¨É¥²Ó´ÒÌ Í¥´É· Ì ³¨· . ’ ±, ¢ ¨´-
¸É¨ÉÊÉ¥ RIKEN (Ÿ¶μ´¨Ö) ¸ ¶μ³μÐÓÕ ¤ ´´μ£μ ¶ ±¥É  ¶·μ¨§¢μ¤¨²¸Ö · ¸Î¥É ¤¨-
´ ³¨±¨ ¶ÊÎ±  ¢ ±μ³¶ ±É´μ³ ¨§μÌ·μ´´μ³ Í¨±²μÉ·μ´¥ AVF [2] ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ ¶·μ£· ³³μ° ³μ¤¥·´¨§ Í¨¨ Ê¸±μ·¨É¥²Ö. ”¨§¨Î¥¸±¨° ¶·μ¥±É Í¨±²μÉ·μ´ -
¨´¦¥±Éμ·  HITFIL (IMP, Š¨É °) ¡Ò² ¶μ¤£μÉμ¢²¥´ ´  ¡ §¥ · ¸Î¥Éμ¢, ±μÉμ·Ò¥
¶·μ¢¥¤¥´Ò ¢ ¶·μ£· ³³¥ SNOP [3]. ‚ ¤ ´´Ò° ³μ³¥´É Ê¸±μ·¨É¥²Ó § ¶ÊÐ¥´
¨ · ¡μÉ ¥É ¢ ÏÉ É´μ³ ·¥¦¨³¥ ¸ É·¥¡Ê¥³Ò³¨ ¶ · ³¥É· ³¨ ¶ÊÎ± . –¨±²μÉ·μ´
¤²Ö ¶·μ¨§¢μ¤¸É¢  ��’-¨§μÉμ¶μ¢ NIRS-930 (NIRS, Ÿ¶μ´¨Ö)  ´ ²¨§¨·μ¢ ²¸Ö ´ 
¶·¥¤³¥É ¶μ¢ÒÏ¥´¨Ö ¨´É¥´¸¨¢´μ¸É¨ ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  [4]. Š ± ·¥§Ê²ÓÉ É ÔË-
Ë¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ¶ÊÎ±  ¡Ò²  ¶μ¢ÒÏ¥´  ´  50 %. � ¡μÉ  ¢ ÔÉμ³ ´ ¶· ¢²¥-
´¨¨ ¶·μ¤μ²¦ ¥É¸Ö ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö. �·¨²μ¦¥´¨¥ SNOP Ê¸É ´μ¢²¥´μ ¢ ¨´-
¸É¨ÉÊÉ¥ NIRS ¨ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¥£μ ¸μÉ·Ê¤´¨± ³¨. �·μ£· ³³´Ò° ¶ ±¥É
¶·¨³¥´Ö²¸Ö ¤²Ö · ¸Î¥Éμ¢ ¶μ ¶·μ£· ³³¥ ³μ¤¥·´¨§ Í¨¨ ±μ³¶ ±É´μ£μ ¨§μÌ·μ´-
´μ£μ Í¨±²μÉ·μ´  PETTrace800 (GE, ‘˜�). “´¨± ²Ó´Ò° ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨°
��’-Í¨±²μÉ·μ´ Ion12SC (Ionetix, ‘˜�), ¨³¥ÕÐ¨° ·¥±μ·¤´μ ³ ²Ò¥ · §³¥·Ò,
³μ¤¥²¨·μ¢ ²¸Ö ¢ ¶·μ£· ³³¥ SNOP [5]. –¨±²μÉ·μ´ § ¶ÊÐ¥´ ¢ 2015 £. �·μ-
£· ³³  ¨³¥¥É Ï¨·μ±¨¥ ¢μ§³μ¦´μ¸É¨ · ¸Î¥É  ÔËË¥±Éμ¢ ¶·μ¸É· ´¸É¢¥´´μ£μ
§ ·Ö¤  ¶ÊÎ± . ’ ±, ¶·¨ ¸μ§¤ ´¨¨ Ë¨§¨Î¥¸±μ£μ ¶·μ¥±É  Ê¸É ´μ¢±¨ FRIB (MSU,
‘˜�) ¡Ò²μ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ³´μ£μ±μ³¶μ´¥´É´μ£μ ¶ÊÎ± 
¢ ²¨´¨¨ ¨´¦¥±Í¨¨, ¸μ¸ÉμÖÐ¥£μ ¨§ ¤¥¸ÖÉ±μ¢ ¨μ´μ¢ · §²¨Î´μ£μ É¨¶  ¸ μ¡Ð¥°
¨´É¥´¸¨¢´μ¸ÉÓÕ ¶ÊÎ±  ∼ 2 ³� [6]. �¸μ¡¥´´μ¸ÉÓ · ¸Î¥Éμ¢ ¸μ¸ÉμÖ²  ¢  ´ -
²¨§¥ ¤¢¨¦¥´¨Ö ³¨²²¨μ´μ¢ ³μ¤¥²Ó´ÒÌ Î ¸É¨Í ¤²Ö ¡μ²¥¥ ÉμÎ´μ£μ · ¸Î¥É  ¸¨²
¸μ¡¸É¢¥´´μ£μ ¶μ²Ö ¶ÊÎ± .

�·μ£· ³³  Ö¢²Ö¥É¸Ö Ê¸²μ¢´μ ¸¢μ¡μ¤´μ · ¸¶·μ¸É· ´Ö¥³μ° ¨ ¢±²ÕÎ ¥É ¡ -
§μ¢μ¥ μ¶¨¸ ´¨¥ μ¸´μ¢´ÒÌ ËÊ´±Í¨°. �·¥¤¸É ¢²Ö¥É¸Ö ¶μ²¥§´Ò³ ¶·¨¢¥¸É¨ ¢ ¤ ´-
´μ° · ¡μÉ¥ μ¶¨¸ ´¨¥ μ¸´μ¢´ÒÌ ³¥Éμ¤μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨
Í¨±²μÉ·μ´  ¸ ¥¥ ¶μ³μÐÓÕ.
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1. ��ˆ‘��ˆ… ���ƒ��ŒŒ› SNOP

�·μ£· ³³  SNOP ¨³¥¥É ¸μ¢·¥³¥´´Ò° ¨ Ê¤μ¡´Ò° ¨´É¥·Ë¥°¸, ¶μ§¢μ²ÖÕ-
Ð¨° ¶·μ¨§¢μ¤¨ÉÓ ´ ¸É·μ°±Ê ¶ · ³¥É·μ¢ ·¥¦¨³μ¢ · ¡μÉÒ Ê¸±μ·¨É¥²Ö ¡¥§ ·ÊÎ-
´μ£μ ¨§³¥´¥´¨Ö ¤ ´´ÒÌ ¢ Ë °² Ì. Š ¦¤ Ö Ê¸±μ·¨É¥²Ó´ Ö Ê¸É ´μ¢±  ¶·¥¤¸É -
¢²Ö¥É¸Ö É ± ´ §Ò¢ ¥³Ò³ SNOP-¶·μ¥±Éμ³, ±μÉμ·Ò° ¸μ¸Éμ¨É ¨§ ´ ¡μ·  ¶ ¶μ±,
¸μ¤¥·¦ Ð¨Ì ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ¸¨¸É¥³Ò: ± ·É Ì Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ-
²¥°, ¶μ²μ¦¥´¨ÖÌ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢, · ¸¶·¥¤¥²¥´¨ÖÌ ³μ¤¥²Ó´ÒÌ Î ¸É¨Í
¨ ¶·μÎ¨Ì ¶ · ³¥É· Ì. �·¨ ¢´¥¸¥´¨¨ ¨§³¥´¥´¨° ¢ ·¥¦¨³ · ¡μÉÒ Ê¸É ´μ¢±¨
¸ ¶μ³μÐÓÕ μ±μ´ ¶·μ£· ³³Ò  ¢Éμ³ É¨Î¥¸±¨ ¶·μ¨¸Ìμ¤¨É ¨§³¥´¥´¨¥ Ë °²μ¢
¶·μ¥±É . �·¨ § ±·ÒÉ¨¨ μ±μ´ ¶·μ£· ³³Ò ¢¸Ö ¨´Ëμ·³ Í¨Ö ¶μ²´μ¸ÉÓÕ ¸μÌ· -
´Ö¥É¸Ö ¢ ¶·μ¥±É¥. ˆ§´ Î ²Ó´μ ¶·μ£· ³³  SNOP ¶² ´¨·μ¢ ² ¸Ó ¤²Ö · ¸Î¥É  ¤¨-
´ ³¨±¨ ¶ÊÎ±  ¢ ±μ³¶ ±É´ÒÌ Í¨±²μÉ·μ´ Ì. �μÔÉμ³Ê ¥¥ ¨´É¥·Ë¥°¸ ¨ ¸É·Ê±ÉÊ· 
· ¡μÎ¨Ì ¶ ¶μ± ¸μμÉ¢¥É¸É¢ÊÕÉ μ¸´μ¢´Ò³ ¸μ¸É ¢´Ò³ Î ¸ÉÖ³ É ±μ£μ É¨¶  Ê¸É -
´μ¢μ± (·¨¸. 1). –¨±²μÉ·μ´´ Ö Ê¸É ´μ¢±  Ê¸²μ¢´μ ¤¥²¨É¸Ö ´  Î¥ÉÒ·¥ μ¸´μ¢´Ò¥

�¨¸. 1. �¸´μ¢´μ¥ μ±´μ ¶·μ£· ³³Ò SNOP
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Î ¸É¨, ±μÉμ·Ò³ ¸μμÉ¢¥É¸É¢ÊÕÉ ¶ ¶±¨ ¢ ¶·μ¥±É¥ SNOP: ²¨´¨Ö ¨´¦¥±Í¨¨ (INJ),
μ¡² ¸ÉÓ ¨´Ë²¥±Éμ·  (INF), §μ´  Ê¸±μ·¥´¨Ö (CYC), §μ´  ¢Ò¢μ¤  (EXT). ‘ÊÐ¥-
¸É¢ÊÕÉ ¢¸¶μ³μ£ É¥²Ó´Ò¥ ¶ ¶±¨ ¤²Ö Ì· ´¥´¨Ö ¨´Ëμ·³ Í¨¨ μ¡ μ¸´μ¢´ÒÌ ¶ -
· ³¥É· Ì Ê¸É ´μ¢±¨, É ±¨Ì ± ± · ¡μÎ Ö Î ¸ÉμÉ , Ì · ±É¥·¨¸É¨±¨ Ê¸±μ·Ö¥³μ£μ
¨μ´ , ¶ · ³¥É·Ò · ¸Î¥É  ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ±  (¶ ¶±  SLV), ¨
¤²Ö Ë °²μ¢, ÊÎ ¸É¢ÊÕÐ¨Ì ¢ ¶·μÍ¥¸¸¥ μ¡· ¡μÉ±¨ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢ (CAD).

• · ±É¥·¨¸É¨±¨ Ê¸±μ·Ö¥³μ° Î ¸É¨ÍÒ ¨ ¶ · ³¥É·Ò · ¸Î¥É  ¸¨² ¶·μ¸É· ´-
¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ±  § ¤ ÕÉ¸Ö ¢ · §¤¥²¥ ®Particle¯. �É¤¥²Ó´Ò° ¡²μ± (RF
system) ¸μ¤¥·¦¨É μ¶¨¸ ´¨¥ Î ¸ÉμÉ´ÒÌ Ì · ±É¥·¨¸É¨± Ê¸±μ·ÖÕÐ¥° ¸¨¸É¥³Ò.
‚ ´¥³ ³μ¦´μ § ¤ ÉÓ Ëμ·³Ê ¢μ²´Ò Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¢μ§³μ¦´μ¸É¨ ¤μ¡ ¢²¥´¨Ö £ ·³μ´¨± ± μ¸´μ¢´μ° ¢μ²´¥. ‚¸¥ · ¸Î¥ÉÒ ¢¥-
¤ÊÉ¸Ö ¢ ¤¥± ·Éμ¢μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É, ÎÉμ ¶μ§¢μ²Ö¥É Ê´¨Ë¨Í¨·μ¢ ÉÓ ¨Ì ¨
¨¸¶μ²Ó§μ¢ ÉÓ ¡Ò¸É·Ò¥  ²£μ·¨É³Ò · ¸Î¥É  ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ .

Š ¦¤Ò° ¨§ ¸É·Ê±ÉÊ·´ÒÌ Ê§²μ¢ Ê¸É ´μ¢±¨ ¸μ¤¥·¦¨É ¡²μ±, μ¶¨¸Ò¢ ÕÐ¨°
¥¥ £¥μ³¥É·¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê, ¨ ´ ¡μ· Ô²¥³¥´Éμ¢ Ê¶· ¢²¥´¨Ö ¶ÊÎ±μ³. �²¥-

�¨¸. 2. � ¡μ· Ô²¥³¥´Éμ¢ ²¨´¨¨ ¨´¦¥±Í¨¨
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³¥´ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ ¶·μ¥±É¥ ¸¢μ¨³¨ Ô²¥±É·μ³ £´¨É´Ò³¨ ¶μ²Ö³¨, ±μÉμ·Ò¥
§ ¤ ÕÉ¸Ö ²¨¡μ  ´ ²¨É¨Î¥¸±¨³¨ § ¢¨¸¨³μ¸ÉÖ³¨, ²¨¡μ ¨¸¶μ²Ó§μ¢ ´¨¥³ · ¸Î¥É-
´ÒÌ ¤ ´´ÒÌ ¨§ ¶·μ£· ³³ · ¸Î¥É  Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²¥°. � ¸Î¥É´μ¥ ¶μ²¥
± ¦¤μ£μ Ô²¥³¥´É  ¸μ¤¥·¦¨É¸Ö ¢ μÉ¤¥²Ó´μ³ É¥±¸Éμ¢μ³ Ë °²¥, Ëμ·³ É ±μÉμ-
·μ£μ ¢ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢ ¸μ¢¶ ¤ ¥É ¸ Ëμ·³ Éμ³ ± ·É ¶μ²¥°, ¶μ²ÊÎ ¥³ÒÌ
¨§ ¶·μ£· ³³Ò Tosca/Opera3D. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤·Ê£¨Ì ¶ ±¥Éμ¢ · ¸Î¥É  ¶μ-
²¥° ¶μ²Ó§μ¢ É¥²Ó ²¥£±μ ³μ¦¥É ¸μ§¤ ÉÓ Ë °² ¸ ± ·Éμ° ¶μ²Ö ´Ê¦´μ£μ Ëμ·³ É .
„²Ö ³¨´¨³¨§ Í¨¨ ¢·¥³¥´¨ · ¸Î¥É  ¨ Ô±μ´μ³¨¨ ¤¨¸±μ¢μ£μ ¶·μ¸É· ´¸É¢  É ³,
£¤¥ ¢μ§³μ¦´μ, ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨³³¥É·¨Ö ¶μ²¥°. Š ¶·¨³¥·Ê, ²¨´¨Ö ¨´¦¥±Í¨¨
¸μ¸Éμ¨É ¨§ Î¥ÉÒ·¥Ì ¸μ²¥´μ¨¤μ¢, Î¥ÉÒ·¥Ì ³ £´¨É´ÒÌ ±¢ ¤·Ê¶μ²¥° ¨ ¢Ò¸μ±μÎ -
¸ÉμÉ´μ£μ ¡ ´Î¥·  (·¨¸. 2). �·¨ · ¡μÉ¥ ¸ ¶·μ£· ³³μ° ¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ,
¨¸¶μ²Ó§ÊÖ μ±´μ ¶·μ£· ³³Ò, ³¥´ÖÉÓ ¶ · ³¥É·Ò Ô²¥³¥´Éμ¢ (´ ¶·Ö¦¥´¨Ö, ±μÔË-
Ë¨Í¨¥´ÉÒ ¸± ²¨·μ¢ ´¨Ö, ¶μ²μ¦¥´¨Ö ¨ É. ¤.).

”¨²μ¸μË¨Ö ¶·μ£· ³³Ò É ±μ¢ , ÎÉμ ¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ ´ Î ÉÓ · ¸-
Î¥É (μ¶·¥¤¥²¨ÉÓ ³¥¸Éμ ´ Î ²  ¤¢¨¦¥´¨Ö ¶ÊÎ± ) ¢ ± ¦¤μ° ¨§ Î¥ÉÒ·¥Ì Î ¸É¥°.
„²Ö ÔÉμ£μ ¢ ± ¦¤μ° ¨§ ´¨Ì ¶·¨¸ÊÉ¸É¢ÊÕÉ ¡²μ±, μÉ¢¥Î ÕÐ¨° §  ¶ · ³¥É·Ò
´ Î ²Ó´μ£μ ¶μ²μ¦¥´¨Ö Í¥´É· ²Ó´μ° Î ¸É¨ÍÒ (Track) ¨ §  ¶ · ³¥É·Ò ´ Î ²Ó-
´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  (Bunch). ’ ±, ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ± Î¥¸É¢¥
´ Î ²Ó´μ£μ ¡²μ±  (Entrance point), ´ ¶·¨³¥·, μ¡² ¸É¨ Ê¸±μ·¥´¨Ö (Cyclotron),
¡²μ±¨, ±μÉμ·Ò¥ ¸²¥¤ÊÕÉ ¢ ¨¥· ·Ì¨¨ ¤μ ´¥£μ (Injection line, In	ector), ¡Ê¤ÊÉ
 ¢Éμ³ É¨Î¥¸±¨ ¶·μ¶ÊÐ¥´Ò, ± ·ÉÒ ¶μ²¥°, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¨Ì, ´¥ ¡Ê¤ÊÉ ¨¸-
¶μ²Ó§μ¢ ´Ò.

‡μ´  · ¸¶μ²μ¦¥´¨Ö ¨´Ë²¥±Éμ·  ¢Ò¢¥¤¥´  ¢ μÉ¤¥²Ó´Ò° ¡²μ±, ÎÉμ ¶·¥¸²¥-
¤Ê¥É Í¥²Ó ¡μ²¥¥ ±μ··¥±É´μ£μ · ¸Î¥É  ¸¨² ¸μ¡¸É¢¥´´μ£μ ¶μ²Ö ¶ÊÎ± ,   É ±¦¥
¸μ§¤ ´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¢μ§³μ¦´μ¸É¥°  ´ ²¨§  ¶ÊÎ±  ¢ ÔÉμ° μ¡² ¸É¨.

�·¨ · ¸Î¥É¥ ¤¢¨¦¥´¨Ö ¶ÊÎ±  ¢ Ê¸±μ·ÖÕÐ¥° §μ´¥ ¸ÊÐ¥¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ
· ¡μÉÒ ¸ Ê¸±μ·ÖÕÐ¨³¨ ¤Ê ´É ³¨, ¨³¥ÕÐ¨³¨ ± ± · ¤¨ ²Ó´ÊÕ, É ± ¨ ¸¶¨· ²Ó-
´ÊÕ Ëμ·³Ê. �·¨ ÔÉμ³ ¨³¥¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨§³¥´¥´¨Ö ¢ ¶·μÍ¥¸¸¥ · ¸Î¥É 
´ ¶·Ö¦¥´¨Ö ´¥§ ¢¨¸¨³μ ´  ± ¦¤μ³ ¨§ ¤Ê ´Éμ¢. „²Ö ÔÉμ£μ ´¥ É·¥¡Ê¥É¸Ö ± -
¦¤Ò° · § ¶¥·¥¸Î¨ÉÒ¢ ÉÓ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ±μÉμ·μ¥ ¤μ²¦´μ ¡ÒÉÓ ¶μ²ÊÎ¥´μ
¥¤¨´μ¦¤Ò ¢ ¶·μ£· ³³¥ · ¸Î¥É  ¶μ²Ö ¢ ¸É É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨. …¸ÉÓ ¡²μ±,
μÉ¢¥Î ÕÐ¨° §  ¢¢μ¤ ¨´Ëμ·³ Í¨¨ μ § ¢¨¸¨³μ¸É¨  ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ´ -
¶·Ö¦¥´¨Ö μÉ · ¤¨Ê¸ .

�·μ£· ³³  ¶·¥¤² £ ¥É Ï¨·μ±¨¥ ¢μ§³μ¦´μ¸É¨ ¶μ ³μ¤¥²¨·μ¢ ´¨Õ ¢Ò¢μ¤-
´μ° ¸¨¸É¥³Ò. ˆ¸¸²¥¤Ê¥³ Ö μ¡² ¸ÉÓ ³μ¦¥É ¢±²ÕÎ ÉÓ ¤¢  Ô²¥±É·μ¸É É¨Î¥¸±¨Ì
¤¥Ë²¥±Éμ·  ¨ ¤μ ¢μ¸Ó³¨ ³ £´¨É´ÒÌ ± ´ ²μ¢ (·¨¸. 3). ‚ ¸²ÊÎ ¥ ¥¸²¨ ¶μ²Ó§μ¢ -
É¥²Õ ´¥μ¡Ìμ¤¨³μ ¢±²ÕÎ¨ÉÓ ¢ · ¸Î¥É ¡μ²ÓÏ¥¥ ±μ²¨Î¥¸É¢μ ³ £´¨É´ÒÌ ± ´ ²μ¢,
Éμ ¨Ì ¶μ²Ö ³μ¦´μ ¤μ¡ ¢¨ÉÓ ± ¶μ²Õ μ¸´μ¢´μ£μ ³ £´¨É . �¶Í¨Ö § ¤ ´¨Ö Ô²¥±-
É·μ³ £´¨É´ÒÌ ¶μ²¥° Ô²¥³¥´Éμ¢ ¢ ¢¨¤¥  ´ ²¨É¨Î¥¸±¨Ì · ¸¶·¥¤¥²¥´¨° Ê¤μ¡´ 
¶·¨ ´ Î ²Ó´μ° ´ ¸É·μ°±¥ ¸¨¸É¥³Ò. �·¨ ÔÉμ³ μ¡² ¸ÉÓ, ¢ ±μÉμ·μ° § ¤ ¥É¸Ö
 ´ ²¨É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²Ö ¢Ò¢μ¤´μ£μ Ô²¥³¥´É , ¨³¥¥É Ëμ·³Ê · ¤¨-
 ²Ó´μ£μ ¸¥£³¥´É , ÎÉμ ¡²¨§±μ ± Ëμ·³¥ ·¥ ²Ó´μ£μ μ¡Ñ¥±É  É ±μ£μ, ± ± Ô²¥±-
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�¨¸. 3. � ¡μ· Ô²¥³¥´Éμ¢ §μ´Ò ¢Ò¢μ¤ 

É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ· ¨²¨ ³ £´¨É´Ò° ± ´ ². „²Ö ¢Ò¢μ¤  ¶ÊÎ±  ³μ¦´μ
¨¸¶μ²Ó§μ¢ ÉÓ ¤μ ¤¢ÊÌ ¶¥·¥§ ·Ö¤´ÒÌ Ëμ²Ó£.

�·¨ ¨´É¥£·¨·μ¢ ´¨¨ Ê· ¢´¥´¨° ¤¢¨¦¥´¨Ö ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ �Ê´£¥ÄŠÊÉ-
É  4-£μ ¶μ·Ö¤±  ÉμÎ´μ¸É¨ ¸ ¢·¥³¥´´Ò³ Ï £μ³ ¢ ± Î¥¸É¢¥ ´¥§ ¢¨¸¨³μ° ¶¥·¥-
³¥´´μ° ¨´É¥£·¨·μ¢ ´¨Ö. ’ ±¦¥ ¶·¥¤Ê¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¨§³¥´¥´¨Ö ¢¥²¨-
Î¨´Ò ¢·¥³¥´´μ£μ Ï £  ¢ ¶·μÍ¥¸¸¥ · ¸Î¥É  ¤¢¨¦¥´¨Ö Î ¸É¨Í.

„²Ö ¶μ¤£μÉμ¢±¨ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¤²Ö ¶μ¸²¥¤ÊÕÐ¥£μ  ´ ²¨§  ¸ÊÐ¥¸É¢Ê¥É
μÉ¤¥²Ó´Ò° ¡²μ± (Post-Processor), ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ³μ¦´μ ¶μ¤£μÉμ¢¨ÉÓ ·¥-
§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¢ ¸¶¥Í¨ ²Ó´ÒÌ Ëμ·³ É Ì ¤²Ö ¨Ì ¤ ²Ó´¥°Ï¥£μ ¨¸¶μ²Ó§μ¢ -
´¨Ö ¢ ¶·μ£· ³³¥ AutoCAD. �¢Éμ· ³¨ ·¥±μ³¥´¤Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ³ É¥³ É¨-
Î¥¸±¨° ¶ ±¥É MathCAD ¤²Ö ¶μ¤£μÉμ¢±¨ ´ Î ²Ó´ÒÌ ¤ ´´ÒÌ ¨  ´ ²¨§  ¶μ²ÊÎ¥´-
´ÒÌ ·¥§Ê²ÓÉ Éμ¢. „²Ö ÔÉμ£μ SNOP · ¸¶μ² £ ¥É ¢¸É·μ¥´´Ò³¨ ËÊ´±Í¨Ö³¨ ¸¢Ö§¨
¸ Ë °² ³¨ ¢ Ëμ·³ É¥ MathCAD, ÌμÉÖ ÔÉ  μ¶Í¨Ö Ö¢²Ö¥É¸Ö ´¥μ¡Ö§ É¥²Ó´μ°, ¨
¶μ²Ó§μ¢ É¥²Ó ³μ¦¥É ¶·¨³¥´ÖÉÓ ²Õ¡Ò¥ ¤·Ê£¨¥ ¶·μ£· ³³Ò ¤²Ö ÔÉ¨Ì Í¥²¥°.
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2. ��„ƒ�’�‚Š� ���…Š’�

� ¡μÉ  ¸ ¶·μ£· ³³μ° ´ Î¨´ ¥É¸Ö ¸ ¶μ¤£μÉμ¢±¨ SNOP-¶·μ¥±É . �μ ¸ÊÉ¨
ÔÉμ ±μ³¶ÓÕÉ¥·´ Ö ³μ¤¥²Ó Ê¸É ´μ¢±¨, ±μÉμ· Ö ¢ Í¨Ë·μ¢μ³ ±μ¤¥ ¢μ¸¶·μ¨§¢μ¤¨É
·¥ ²Ó´μ ¸ÊÐ¥¸É¢ÊÕÐ¨° Ê¸±μ·¨É¥²Ó ¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ:

Å Ô²¥±É·μ³ £´¨É´Ò¥ ¶μ²Ö ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨;
Å ¶ · ³¥É·Ò ·¥¦¨³  · ¡μÉÒ Ê¸±μ·¨É¥²Ö;
Å ³μ¤¥²Ó ¶ÊÎ±  Î ¸É¨Í ± ± Ë¨§¨Î¥¸±μ£μ μ¡Ñ¥±É  ¸ ´ ¡μ·μ³ ¸μμÉ¢¥É¸É¢Ê-

ÕÐ¨Ì Ì · ±É¥·¨¸É¨±;
Å £¥μ³¥É·¨Î¥¸±ÊÕ ¸É·Ê±ÉÊ·Ê Ê¸É ´μ¢±¨ ¤²Ö ÊÎ¥É  ¶μÉ¥·Ó Î ¸É¨Í.
„²Ö ¸μ§¤ ´¨Ö ±μ³¶ÓÕÉ¥·´μ° ³μ¤¥²¨ Í¥²¥¸μμ¡· §´μ ¶μ¤£μÉμ¢¨ÉÓ É·¥Ì³¥·-

´ÊÕ ³μ¤¥²Ó Ê¸É ´μ¢±¨ ¢ μ¤´μ° ¨§ ¶·μ£· ³³, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¶·μ¥±É¨-
·μ¢ ´¨Ö, ´ ¶·¨³¥·, ¤²Ö μ¶·¥¤¥²¥´´μ¸É¨, AutoCAD. ‚ ¸μ¸É ¢ ³μ¤¥²¨ ¤μ²¦´Ò
¡ÒÉÓ ¢±²ÕÎ¥´Ò ¢¸¥ μ¸´μ¢´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ Ô²¥³¥´ÉÒ Ê¸±μ·¨É¥²Ö (·¨¸. 4).

’ ± Ö ³μ¤¥²Ó ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö · ¸Î¥É  Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²¥° ¶ÊÉ¥³
Ô±¸¶μ·É  £¥μ³¥É·¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò ¨´É¥·¥¸ÊÕÐ¥£μ ´ ¸ Ê§²  ¢ ¶·μ£· ³³Ê · ¸-
Î¥É  ¶μ²Ö. ‚¸¥ ¸μ¢·¥³¥´´Ò¥ ¶ ±¥ÉÒ ¢±²ÕÎ ÕÉ μ¶Í¨Õ ¨³¶μ·É  É·¥Ì³¥·´μ°
£¥μ³¥É·¨¨ ¢ Ê´¨¢¥·¸ ²Ó´ÒÌ Ëμ·³ É Ì, É ±¨Ì ± ± ACIS. �μ²ÊÎ¨¢ · ¸Î¥É´μ¥
¶μ²¥ Ô²¥³¥´É , ¥£μ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ É¥±¸Éμ¢μ³ Ëμ·³ É¥ ¸¢Ö§Ò¢ ÕÉ ¸ ¶·μ-
£· ³³μ° SNOP. �μ²Ö · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¢ ¸É É¨Î¥¸±μ³ ¶·¨¡²¨¦¥´¨¨. „ ²Ó´¥°-
Ï¥¥ ¸± ²¨·μ¢ ´¨¥ Ê·μ¢´Ö ¶μ²Ö ¨ § ¤ ´¨¥ ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ ¥£μ  ³¶²¨-
ÉÊ¤Ò, ¥¸²¨ ´¥μ¡Ìμ¤¨³μ, ¶·μ¨¸Ìμ¤¨É ¢ μ±´ Ì SNOP. �¥·¥³¥Ð Ö ± ·ÉÊ ¶μ²Ö,
¨¸¶μ²Ó§ÊÖ μ±´μ ¶·μ£· ³³Ò ¶ÊÉ¥³ ¨§³¥´¥´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ ±μμ·¤¨´ É,

�¨¸. 4. Šμ³¶ÓÕÉ¥·´ Ö ³μ¤¥²Ó ±μ³¶ ±É´μ£μ Í¨±²μÉ·μ´ : 1 Å ¸μ²¥´μ¨¤Ò; 2 Å £ ·-
³μ´¨Î¥¸±¨¥ ± ÉÊÏ±¨; 3 Å μ¸´μ¢´ Ö μ¡³μÉ± ; 4 Å ¸¥±Éμ·, Ëμ·³¨·ÊÕÐ¨° ³ £´¨É´μ¥
¶μ²¥; 5 Å Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ·; 6 Å ³ £´¨É´Ò° ± ´ ²; 7 Å Ê¸±μ·ÖÕÐ¨¥
¤Ê ´ÉÒ; 8 Å ±μ··¥±Éμ·Ò ¸¶ ¤  ³ £´¨É´μ£μ ¶μ²Ö
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μÉ¢¥Î ÕÐ¨Ì §  ¥¥ ¶μ²μ¦¥´¨¥, ¶μ²Ó§μ¢ É¥²Ó ¨³¨É¨·Ê¥É ¸³¥Ð¥´¨¥ ¸É·Ê±ÉÊ·-
´μ£μ Ô²¥³¥´É  Ê¸É ´μ¢±¨. �´ ²μ£¨Î´μ¥ ¸³¥Ð¥´¨¥ μ¤´μ¢·¥³¥´´μ ¶·μ¨§¢μ¤¨É¸Ö
¢ É·¥Ì³¥·´μ° ³μ¤¥²¨ Ê¸±μ·¨É¥²Ö ¢ AutoCAD.

’·¥Ì³¥·´ Ö £¥μ³¥É·¨Ö ¢ Ëμ·³ É¥ *.3ds ¤μ¡ ¢²Ö¥É¸Ö ¢ ¶·μ¥±É. „²Ö Ô±μ´μ-
³¨¨ ¢·¥³¥´¨ · ¸Î¥É  ¢ Î ¸ÉÖÌ ®Cyclotron¯ ¨ ®Extraction¯ ¨¸¶μ²Ó§Ê¥É¸Ö Éμ²Ó±μ
¸¨³³¥É·¨Î´ Ö μÉ´μ¸¨É¥²Ó´μ ³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ 1/2 ¸É·Ê±ÉÊ·Ò. ‚ £² ¢´μ³
μ±´¥ ¶·μ£· ³³Ò ¸²¥¤Ê¥É ´ ¦ ÉÓ ±´μ¶±Ê ¶·¥μ¡· §μ¢ ´¨Ö ¡¨´ ·´μ£μ Ë °²  ¸μ
¸É·Ê±ÉÊ·μ° ¢ É¥±¸Éμ¢Ò° Ë °² (±´μ¶±  ®Run¯), ±μÉμ·Ò° ¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö ¢
¶ ¶±¥ ¶·μ¥±É . �  ¸²¥¤ÊÕÐ¥³ Ï £¥ § ¤ ¥É¸Ö ¢·¥³¥´´μ° Ï £ ¨´É¥£·¨·μ¢ ´¨Ö ¨
±μ²¨Î¥¸É¢μ Ï £μ¢. �·¨ § ¶Ê¸±¥ ¶·μ£· ³³Ò ¡Ê¤¥É ÊÎ¨ÉÒ¢ ÉÓ¸Ö É  ¨´Ëμ·³ Í¨Ö,
±μÉμ· Ö ´ Ìμ¤¨É¸Ö ¢ ¡²μ±¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ÉμÎ±¥ ¸É ·É  (Entrance point).
‚μ ¢±² ¤±¥ Interactive Solution ¶μ²Ó§μ¢ É¥²Õ ¶μ³¨³μ § ¤ ´¨Ö ÉμÎ±¨ ¸É ·É 
(Entrance point) ´¥μ¡Ìμ¤¨³μ ¢Ò¡· ÉÓ μ¤¨´ ¨§ ·¥¦¨³μ¢ · ¸Î¥É  (Solver type).
„²Ö É· ¸¸¨·μ¢±¨ μ¤´μ° Î ¸É¨ÍÒ ´¥μ¡Ìμ¤¨³μ Ê± § ÉÓ ®Track¯, ¤²Ö  ´ ²¨§  ¤¨-
´ ³¨±¨ ¶ÊÎ±  Î ¸É¨Í Å ®Bunch¯. �¶Í¨Õ ®Optimization¯ ¸²¥¤Ê¥É ¢Ò¡¨· ÉÓ
¶·¨ · ¸Î¥É¥  ³¶²¨ÉÊ¤ · ¤¨ ²Ó´ÒÌ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°. „²Ö ÔÉμ£μ
μ¤´μ¢·¥³¥´´μ ´¥μ¡Ìμ¤¨³μ ¢Ò¡· ÉÓ ¶Ê´±É ®Amplitude¯ ¨ Ê± § ÉÓ ¶ · ³¥É·Ò
· ¸Î¥É  ¢ ¡²μ±¥ ®Cyclotron\Optimization\Track\Amplitude¯. „²Ö  ´ ²¨§  · ¸-
¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ³μ¤¥²Ó´ÒÌ Î ¸É¨Í ¶μ²Ó§μ¢ É¥²Ó ¨¸¶μ²Ó§Ê¥É ·Ö¤ ¶²μ¸±μ¸É¥°,
· ¸¶μ²μ¦¥´´ÒÌ ¢ ± ¦¤μ° ¨§ §μ´ Ê¸±μ·¨É¥²Ö (Monitoring). ‚ ÔÉμ³ ¦¥ ¡²μ±¥
§ ¤ ¥É¸Ö Ï £ § ¶¨¸¨ ¤ ´´ÒÌ μ ¤¢¨¦¥´¨¨ Î ¸É¨Í ¢ Ë °² (Animation step) ¨
¶ · ³¥É·Ò · ¸Î¥É  μ£¨¡ ÕÐ¥° ¶ÊÎ±  ¢ ²¨´¨¨ ¨´¦¥±Í¨¨.

„²Ö ± ¦¤μ£μ ¶ · ³¥É· , ¶·¨¢¥¤¥´´μ£μ ¢ μ±´ Ì ¶·μ£· ³³Ò SNOP, ¸ÊÐ¥-
¸É¢Ê¥É É¥±¸Éμ¢Ò° Ë °² ¢ ¶·μ¥±É¥, ¥£μ ¸μ¤¥·¦ Ð¨°. �·¨ § ¶Ê¸±¥ ¶·μ£· ³³Ò
¶·μ¨¸Ìμ¤¨É  ¢Éμ³ É¨Î¥¸± Ö ¶·μ¢¥·±  ´ ²¨Î¨Ö μ¸´μ¢´ÒÌ Ë °²μ¢, μÉ¢¥Î ÕÐ¨Ì
§  ¸É·Ê±ÉÊ·´Ò¥ Ô²¥³¥´ÉÒ ¸¨¸É¥³Ò. �·¨ μÉ¸ÊÉ¸É¢¨¨ μ¤´μ£μ ¨§ Ë °²μ¢ (¤ ¦¥
¥¸²¨ ÔÉμ Ë °² Ô²¥³¥´É , ±μÉμ·Ò° ´¥ ÊÎ ¸É¢Ê¥É ¢ · ¸Î¥É¥) ¢Ò¢μ¤¨É¸Ö ¸μμ¡-
Ð¥´¨¥ μ ¥£μ μÉ¸ÊÉ¸É¢¨¨, ¨ ¶·μ£· ³³  ¶·¥±· Ð ¥É · ¡μÉÊ. �μÔÉμ³Ê Ë °²Ò
¢±²ÕÎ¥´¨Ö/¢Ò±²ÕÎ¥´¨Ö Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò ¤μ²¦´Ò μ¡Ö§ É¥²Ó´μ ¶·¨¸ÊÉ¸É¢μ-
¢ ÉÓ ¢ ¶·μ¥±É¥.

3. ��‘—…’ ”�‡�‚�ƒ� „‚ˆ†…�ˆŸ —�‘’ˆ–

” §μ¢μ¥ ¤¢¨¦¥´¨¥ Î ¸É¨Í Ö¢²Ö¥É¸Ö ¢ ¦´¥°Ï¥° Ì · ±É¥·¨¸É¨±μ° ¶·μÍ¥¸¸ 
Ê¸±μ·¥´¨Ö ¨ ±μ¸¢¥´´μ ¸²Ê¦¨É ¶μ± § É¥²¥³ ¨§μÌ·μ´´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö.
‚ ¶·μ£· ³³¥ SNOP  ´ ²¨§¨·Ê¥É¸Ö § ¢¨¸¨³μ¸ÉÓ Ë §Ò ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ´ -
¶·Ö¦¥´¨Ö ´  Ê¸±μ·ÖÕÐ¨Ì ¤Ê ´É Ì (Ë §Ò ‚—) μÉ · ¤¨Ê¸  ¶·¨ ¶¥·¥¸¥Î¥´¨¨
Î ¸É¨Í ³¨ μ¸¥° ±μμ·¤¨´ É (4  §¨³ÊÉ ). ’ ±μ° ³¥Ì ´¨§³ ¢ÒÎ¨¸²¥´¨Ö Ë §Ò ¤¥°-
¸É¢Ê¥É ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö · ¤¨ ²Ó´ÒÌ Ê¸±μ·ÖÕÐ¨Ì ¤Ê ´Éμ¢ ¨ ¶μ§¢μ²Ö¥É
¢ÒÎ¨¸²¨ÉÓ Ë §Ê ¶¥·¥¸¥Î¥´¨Ö Í¥´É·μ¢ Ê¸±μ·ÖÕÐ¨Ì § §μ·μ¢,   ¸²¥¤μ¢ É¥²Ó´μ,
¨ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ´ ¡μ· Ô´¥·£¨¨ Î ¸É¨Í ³¨ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö. �·¨ ¨¸-
¶μ²Ó§μ¢ ´¨¨ ¸¶¨· ²Ó´ÒÌ ¤Ê ´Éμ¢ ¢ÒÎ¨¸²Ö¥É¸Ö Ë §  ¶¥·¥¸¥Î¥´¨Ö Í¥´É· ²Ó´μ°
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²¨´¨¨ ¶¥·¢μ£μ Ê¸±μ·ÖÕÐ¥£μ ¤Ê ´É . –¥´É· ²Ó´ Ö ²¨´¨Ö ¤Ê ´É  ¨³¶μ·É¨·Ê-
¥É¸Ö ¢ Ëμ·³ É¥ *.3ds ¨§ ¶·μ£· ³³Ò ¶·μ¥±É¨·μ¢ ´¨Ö. ‹¨´¨Ö ¶·¥¤¸É ¢²Ö¥É¸Ö
¢ ¢¨¤¥ É·¥Ì³¥·´μ° ¶μ¢¥·Ì´μ¸É¨, ±μÉμ· Ö ¢ £μ·¨§μ´É ²Ó´μ³ ¸¥Î¥´¨¨ ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° Í¥´É· ²Ó´ÊÕ ²¨´¨Õ ¤Ê ´É ,   ¢  ±¸¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶¥-
·¥±·Ò¢ ¥É  ¶¥·ÉÊ·Ê ¤Ê ´Éμ¢, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö Ê¸±μ·¥´¨Ö ¶ÊÎ±  (·¨¸. 5).
’ ±¨³ μ¡· §μ³, ¶¥·¥¸¥Î¥´¨¥ Î ¸É¨Í¥° § ¤ ´´μ° ¶μ¢¥·Ì´μ¸É¨ μ§´ Î ¥É ¶¥·¥-
¸¥Î¥´¨¥ Í¥´É· ²Ó´μ° ²¨´¨¨ ¤Ê ´É .

�¨¸. 5. �μ¢¥·Ì´μ¸ÉÓ, ¶·¥¤¸É ¢²ÖÕÐ Ö Í¥´É· ²Ó´ÊÕ ²¨´¨Õ Ê¸±μ·ÖÕÐ¥£μ ¤Ê ´É  ¨ ¶·¥¤-
´ §´ Î¥´´ Ö ¤²Ö ¨³¶μ·É  ¢ ¶·μ£· ³³Ê SNOP

�¨¸. 6. ‘¢Ö§Ó Ë §Ò ‚— Î ¸É¨ÍÒ ¨ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ´  ¤Ê ´É Ì: 1 Å ¢¥²¨Î¨´ 
 ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö, 2 Å §´ Î¥´¨¥ Ë §Ò ‚—

8



‚μ ¢´¥Ï´¨° Ë °² (tr rf.cyc) ¶·μ¨§¢μ¤¨É¸Ö § ¶¨¸Ó §´ Î¥´¨Ö Ë §Ò Î ¸É¨ÍÒ
¢ ³μ³¥´É ¶¥·¥¸¥Î¥´¨Ö § ¤ ´´μ° ¶²μ¸±μ¸É¨. ‚ÒÎ¨¸²¥´´ Ö Ë §  ¸μμÉ¢¥É¸É¢Ê¥É
¢¥²¨Î¨´¥  ³¶²¨ÉÊ¤Ò ´ ¶·Ö¦¥´¨Ö ´  Ê¸±μ·ÖÕÐ¨Ì ¤Ê ´É Ì, ¢·¥³¥´´ Ö § ¢¨¸¨-
³μ¸ÉÓ ±μÉμ·μ° ¶μ¤Î¨´Ö¥É¸Ö § ±μ´Ê ±μ¸¨´Ê¸  (·¨¸. 6). ‡´ Î¥´¨¥ Ë §Ò ¸μ¤¥·-
¦¨É¸Ö ¢ ¤¨ ¶ §μ´¥ (Ä180 Å+180)◦.

4. ‚›—ˆ‘‹…�ˆ… �Œ�‹ˆ’“„› ��„ˆ�‹œ�›• �…’�’����›•
Š�‹…���ˆ‰

‚ ¶·μ£· ³³¥ § ²μ¦¥´Ò ¤¢  ¸¶μ¸μ¡  ¢ÒÎ¨¸²¥´¨Ö  ³¶²¨ÉÊ¤ · ¤¨ ²Ó´ÒÌ ¡¥-
É É·μ´´ÒÌ ±μ²¥¡ ´¨° (¤ ²¥¥ · ¤¨ ²Ó´ÒÌ  ³¶²¨ÉÊ¤). �¥·¢Ò° ¸¶μ¸μ¡ ¸²¥¤Ê¥É
³¥Éμ¤Ê, μ¶¨¸ ´´μ³Ê ¢ · ¡μÉ¥ [7], ¨ ¶μ¤Ìμ¤¨É ¤²Ö ¸²ÊÎ Ö ³ £´¨É´μ£μ ¶μ²Ö Í¨-
±²μÉ·μ´ , ¢ ±μÉμ·μ³ μÉ¸ÊÉ¸É¢Ê¥É ¶·μ¸É· ´¸É¢¥´´ Ö ¢ ·¨ Í¨Ö. „ ´´Ò° ³¥Éμ¤
μ¸´μ¢ ´ ´  ¢ÒÎ¨¸²¥´¨¨ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¢ ± ¦¤μ° ÉμÎ±¥ Ê¸±μ·¥´´μ°
μ·¡¨ÉÒ ³£´μ¢¥´´ÒÌ μ±·Ê¦´μ¸É¥°, ± ¸ É¥²Ó´μ° ± ±μÉμ·Ò³ Ö¢²Ö¥É¸Ö É· ¥±Éμ-
·¨Ö. –¥´É·Ò É ±¨Ì μ±·Ê¦´μ¸É¥° ¤²Ö Í¥´É·¨·μ¢ ´´μ° μ·¡¨ÉÒ ¡Ê¤ÊÉ ¸μ¢¶ ¤ ÉÓ
¸ Í¥´É·μ³ ¸¨¸É¥³Ò ±μμ·¤¨´ É Ê¸±μ·¨É¥²Ö. „²Ö É· ¥±Éμ·¨° Î ¸É¨Í, ¨³¥ÕÐ¨Ì
· ¤¨ ²Ó´Ò¥ ±μ²¥¡ ´¨Ö, · ¸¸ÉμÖ´¨¥ μÉ Í¥´É·  Í¨±²μÉ·μ´´μ° ¸¨¸É¥³Ò ±μμ·-
¤¨´ É ¤μ Í¥´É·  ¶μ²ÊÎ¥´´μ° μ±·Ê¦´μ¸É¨ ¨ Ö¢²Ö¥É¸Ö ¢¥²¨Î¨´μ°  ³¶²¨ÉÊ¤Ò
±μ²¥¡ ´¨Ö.

„²Ö Í¨±²μÉ·μ´μ¢, ¨³¥ÕÐ¨Ì ¶·μ¸É· ´¸É¢¥´´ÊÕ ¢ ·¨ Í¨Õ ³ £´¨É´μ£μ ¶μ-
²Ö, ¶μ¤Ìμ¤¨É ¢Éμ·μ° ¸¶μ¸μ¡ ¢ÒÎ¨¸²¥´¨Ö · ¤¨ ²Ó´ÒÌ  ³¶²¨ÉÊ¤ [8], ±μÉμ·Ò°
μ¸´μ¢ ´ ´  ¸²¥¤ÊÕÐ¥³  ²£μ·¨É³¥ ¢ÒÎ¨¸²¥´¨Ö. ‚ ¶·μÍ¥¸¸¥ Ê¸±μ·¥´¨Ö ¶·¨
¶¥·¥¸¥Î¥´¨¨ ³μ¤¥²Ó´μ° Î ¸É¨Í¥° ¢Ò¤¥²¥´´μ£μ  §¨³ÊÉ  ¢ ³ ¸¸¨¢ ¶ ³ÖÉ¨ § -
´μ¸ÖÉ¸Ö ±μμ·¤¨´ ÉÒ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¨ ¸±μ·μ¸É¨ Î ¸É¨ÍÒ. ‡ É¥³ ± ¦¤Ò°
É ±μ° μÉÎ¥É ¸É ´μ¢¨É¸Ö ¸É ·Éμ¢Ò³¨ ¤ ´´Ò³¨ ¤²Ö · ¸Î¥É  É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ.
�·¨ ÔÉμ³ Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö, ¨ Î ¸É¨Í , ¸É ·ÉÊÖ ¸ Ê¸±μ-
·¥´´μ° μ·¡¨ÉÒ, ¸μ¢¥·Ï ¥É μ¡μ·μÉÒ ¢ ³ £´¨É´μ³ ¶μ²¥, ´¥ ¨§³¥´ÖÖ ¶·¨ ÔÉμ³
¸¢μÕ Ô´¥·£¨Õ. �·¨ ¸μ¢¥·Ï¥´¨¨ μ¡μ·μÉμ¢ Î ¸É¨Í  μ¶¨¸Ò¢ ¥É Ô²²¨¶¸ ¢ ¶·μ-
¸É· ´¸É¢¥ (R; Pr), ¶μ²Êμ¸Ó ±μÉμ·μ£μ ¨ μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê  ³¶²¨ÉÊ¤Ò · ¤¨-
 ²Ó´ÒÌ ±μ²¥¡ ´¨° Î ¸É¨ÍÒ. ‚ÒÎ¨¸²¥´¨Ö ¶·μ¨§¢μ¤ÖÉ¸Ö ´  4  §¨³ÊÉ Ì, μÉ¸Éμ-
ÖÐ¨Ì ¤·Ê£ μÉ ¤·Ê£  ´  90◦.

�·¨²μ¦¥´¨¥ ¶·¥¤Ê¸³ É·¨¢ ¥É ¢ÒÎ¨¸²¥´¨¥  ³¶²¨ÉÊ¤ ± ± ¤²Ö μ¤´μ° Í¥´-
É· ²Ó´μ° Î ¸É¨ÍÒ, É ± ¨ ¤²Ö ¡ ´Î  Ê¸±μ·Ö¥³ÒÌ Î ¸É¨Í. � · ³¥É·Ò ¢ÒÎ¨-
¸²¥´¨Ö § ¤ ÕÉ¸Ö ¢ ¡²μ±¥ ®Cyclotron\Optimization\Track\Amplitude¯. „ ´´Ò¥
§ ¶¨¸Ò¢ ÕÉ¸Ö ¢ Ë °²Ò ampl0.opt-ampl3.opt.

„²Ö  ´ ²¨§  ¢²¨Ö´¨Ö ¶¥·¢μ° £ ·³μ´¨±¨ ³ £´¨É´μ£μ ¶μ²Ö ´  Í¥´É·¨·μ-
¢ ´¨¥ Î ¸É¨ÍÒ ¢ ¶·μ£· ³³¥ ¶·¥¤Ê¸³μÉ·¥´μ ¢¢¥¤¥´¨¥  ´ ²¨É¨Î¥¸±¨ § ¤ ´-
´μ° ¶¥·¢μ° £ ·³μ´¨±¨ (¡²μ± ®Cyclotron\Optimization\Additional harmonics¯).
�·¨ ÔÉμ³ Ë §  £ ·³μ´¨±¨,  ³¶²¨ÉÊ¤  ¨ § ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò μÉ · ¤¨Ê¸ 
³μ£ÊÉ ¢ ·Ó¨·μ¢ ÉÓ¸Ö. ”μ·³Ê² , μ¶¨¸Ò¢ ÕÐ Ö · ¤¨ ²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ  ³-
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¶²¨ÉÊ¤Ò É ±μ¢ , ÎÉμ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶¨¸ ÉÓ ·¥ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥  ³-
¶²¨ÉÊ¤Ò £ ·³μ´¨±¨ ¢ Í¨±²μÉ·μ´¥:

B(r) = a rb · exp (c r),

a =
B1

Rb
1 exp (c R1)

, b =
R2

1

(R2 − R1)2
, c = − R2

1

(R2 − R1)2
.

‡¤¥¸Ó R1 Å · ¤¨Ê¸ ³ ±¸¨³Ê³   ³¶²¨ÉÊ¤Ò, B1 Å §´ Î¥´¨¥  ³¶²¨ÉÊ¤Ò ´ 
· ¤¨Ê¸¥ R1, R2 Å · ¤¨Ê¸ ¶¥·¥£¨¡ .

5. ���‹ˆ‡ —�‘’�’ �…’�’����›• Š�‹…���ˆ‰

‚ ¶·μ£· ³³¥ SNOP ¨³¥ÕÉ¸Ö ¤¢  ¢¸É·μ¥´´ÒÌ  ²£μ·¨É³  ¢ÒÎ¨¸²¥´¨Ö Î -
¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° Î ¸É¨Í. �¥·¢Ò° μ¸´μ¢ ´ ´   ´ ²¨É¨Î¥¸±μ³ ¢Ò-
Î¨¸²¥´¨¨ Î ¸ÉμÉ. �¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° § ¶¨¸Ò¢ ÕÉ¸Ö ¢ Ë °² tune a.opt.
‚Éμ·μ° ¸¶μ¸μ¡ ¸²¥¤Ê¥É ¨§¢¥¸É´μ³Ê  ²£μ·¨É³Ê ¢ÒÎ¨¸²¥´¨Ö Î ¸ÉμÉ [9]
(Cyclotron\Optimization\Track\Orbit). �¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° § ¶¨¸Ò¢ ÕÉ¸Ö
¢ Ë °² tune.opt. �¥ ²¨§ Í¨Ö ¶μ¸²¥¤´¥£μ ¢ ¶·¨²μ¦¥´¨¨ ¸¨²Ó´μ § ¢¨¸¨É μÉ
´¥²¨´¥°´μ¸É¥° · ¸Î¥É´μ£μ ¶μ²Ö ¨ ¤ ¥É ¶²μÌ¨¥ ·¥§Ê²ÓÉ ÉÒ ¢ ¶μ²ÖÌ ¸ μÎ¥´Ó
¡μ²ÓÏ¨³¨ ¸¶¨· ²Ó´μ¸ÉÖ³¨ ¨ ¡μ²ÓÏ¨³¨ ¢ ·¨ Í¨Ö³¨. ‚ É ±¨Ì ¸²ÊÎ ÖÌ Í¥²¥¸μ-
μ¡· §´μ ¨¸¶μ²Ó§μ¢ ÉÓ Ê´¨¢¥·¸ ²Ó´Ò° ¸¶μ¸μ¡ · ¸Î¥É  Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ-
²¥¡ ´¨°, ¸²¥¤ÊÕÐ¨° ±² ¸¸¨Î¥¸±μ³Ê μ¶·¥¤¥²¥´¨Õ ± ± ±μ²¨Î¥¸É¢Ê ±μ²¥¡ ´¨°
¢μ±·Ê£ · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ §  μ¤¨´ μ¡μ·μÉ, ¸μ¢¥·Ï¥´´Ò° Î ¸É¨Í¥° ¢ ³ £´¨É-
´μ³ ¶μ²¥. ‘²¥¤ÊÖ ¸± § ´´μ³Ê, ¤μ¸É ÉμÎ´μ ´ °É¨ · ¢´μ¢¥¸´ÊÕ μ·¡¨ÉÊ Î ¸É¨ÍÒ.
‡ É¥³ μÉ ¸É ·Éμ¢ÒÌ ±μμ·¤¨´ É · ¢´μ¢¥¸´μ° μ·¡¨ÉÒ § ¤ ¥É¸Ö ³ ²μ¥ μÉ±²μ-
´¥´¨¥ ¶μ · ¤¨Ê¸Ê ( ±¸¨ ²Ó´μ° ±μμ·¤¨´ É¥) ¨²¨ · ¤¨ ²Ó´μ³Ê ( ±¸¨ ²Ó´μ³Ê)
Ê£²Ê, ¨ ¶ÊÉ¥³ É· ¸¸¨·μ¢±¨ Î ¸É¨ÍÒ ¢ÒÎ¨¸²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó´ Ö É· ¥±Éμ·¨Ö.
„ ²¥¥ ¤²Ö · ¸Î¥É , ¸± ¦¥³, · ¤¨ ²Ó´μ° ¡¥É É·μ´´μ° Î ¸ÉμÉÒ ¤μ¸É ÉμÎ´μ ¢Ò-
Î¥¸ÉÓ ¨§ ±μμ·¤¨´ É μ·¡¨ÉÒ ¸ ´ Î ²Ó´Ò³ μÉ±²μ´¥´¨¥³ ¶μ · ¤¨Ê¸Ê ±μμ·¤¨´ ÉÒ
· ¢´μ¢¥¸´μ° μ·¡¨ÉÒ ¨ ¢ÒÎ¨¸²¨ÉÓ ±μ²¨Î¥¸É¢μ ¶μ²ÊÎ¥´´ÒÌ ±μ²¥¡ ´¨°. �´ -
²μ£¨Î´μ ¢ÒÎ¨¸²Ö¥É¸Ö Î ¸ÉμÉ  Qz. „²Ö Éμ£μ ÎÉμ¡Ò Ê³¥´ÓÏ¨ÉÓ ¶μ£·¥Ï´μ¸É¨
¢ ¢ÒÎ¨¸²¥´¨¨ Î ¸ÉμÉ ¤ ´´Ò³ ³¥Éμ¤μ³, ¦¥² É¥²Ó´μ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ μ·¡¨É
¸μ¢¥·Ï¨ÉÓ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢ μ¡μ·μÉμ¢ ¢ ³ £´¨É´μ³ ¶μ²¥, ´  ±μ²¨Î¥¸É¢μ
±μÉμ·ÒÌ ´Ê¦´μ ¶μ¤¥²¨ÉÓ ¶μ²ÊÎ¥´´μ¥ ±μ²¨Î¥¸É¢μ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨°. ’ -
±μ° ¸¶μ¸μ¡ Ìμ·μÏ É¥³, ÎÉμ μ´ ¶·¨£μ¤¥´ ¤²Ö ¶μ²Ö ²Õ¡μ° Ëμ·³Ò, ¨ ¶·¨ ¥£μ
¨¸¶μ²Ó§μ¢ ´¨¨  ¢Éμ³ É¨Î¥¸±¨ ÊÎ¨ÉÒ¢ ÕÉ¸Ö ´¥²¨´¥°´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö.

6. ��‘—…’ ���‘’���‘’‚…���ƒ� ‡��Ÿ„� �“—Š�

SNOP ¶·¥¤Ê¸³ É·¨¢ ¥É ¤¢  ¸¶μ¸μ¡  ¢ÒÎ¨¸²¥´¨Ö ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ
§ ·Ö¤  ¶ÊÎ± . �¥·¢Ò° ¸μ¸Éμ¨É ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ³ ¢ÒÎ¨¸²¥´¨¨ ¸¨², ¤¥°¸É¢Ê-
ÕÐ¨Ì ´  Î ¸É¨ÍÒ (³¥Éμ¤ Particle-to-Particle), ¸ ¶·Ö³Ò³ ¢ÒÎ¨¸²¥´¨¥³ ¸¨² ŠÊ-
²μ´ . ’ ±μ° ¸¶μ¸μ¡ Ö¢²Ö¥É¸Ö ÉμÎ´Ò³, ´μ É·¥¡Ê¥É ¡μ²ÓÏ¨Ì ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ
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§ É· É. ‚Éμ·μ° ³¥Éμ¤ Ö¢²Ö¥É¸Ö μ¸´μ¢´Ò³ ¨ ¸²¥¤Ê¥É ´ ¨¡μ²¥¥ · ¸¶·μ¸É· -
´¥´´μ³Ê  ²£μ·¨É³Ê, ¨¸¶μ²Ó§ÊÕÐ¥³Ê Î¨¸²¥´´ÊÕ ³μ¤¥²Ó ¶ÊÎ±  Particle-in-Cell
(PIC, Î ¸É¨Í  ¢ ÖÎ¥°±¥) [10]. ‚ ¤ ´´μ³ ³¥Éμ¤¥ ¨¸¶μ²Ó§Ê¥É¸Ö Ëμ·³ ²¨§³ ¡²¨§-
±μ¤¥°¸É¢¨Ö ¨ Ê· ¢´¥´¨Ö ¶μ²Ö ¤²Ö ¶μÉ¥´Í¨ ² . ‚ ·¥§Ê²ÓÉ É¥, ¸¨²  ¢ÒÎ¨¸²Ö¥É¸Ö
£μ· §¤μ ¡Ò¸É·¥¥, ´μ μ¡ÒÎ´μ ³¥´¥¥ ÉμÎ´μ, Î¥³ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ³¥Éμ¤ 
Particle-to-Particle. �μ²¥¢Ò¥ ¢¥²¨Î¨´Ò, μ¶·¥¤¥²¥´´Ò¥ ¢μ ¢¸¥³ ¶·μ¸É· ´¸É¢¥
Ë¨§¨Î¥¸±μ° ¸¨¸É¥³Ò, ¶·¨¡²¨¦¥´´μ ¶·¥¤¸É ¢²ÖÕÉ¸Ö §´ Î¥´¨Ö³¨ ¢ ·¥£Ê²Ö·´μ
· ¸¶μ²μ¦¥´´ÒÌ Ê§² Ì ¸¥É±¨, ±μÉμ· Ö μÌ¢ ÉÒ¢ ¥É μ¡² ¸ÉÓ, § ´¨³ ¥³ÊÕ Î ¸É¨-
Í ³¨. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ μ¶¥· Éμ·Ò, É ±¨¥ ± ± ² ¶² ¸¨ ´ ∇2, § ³¥´ÖÕÉ¸Ö
±μ´¥Î´μ-· §´μ¸É´Ò³¨  ¶¶·μ±¸¨³ Í¨Ö³¨ ´  ÔÉμ° ¸¥É±¥. �μÉ¥´Í¨ ²Ò ¨ ¸¨²Ò
¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö Î ¸É¨ÍÒ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³ ¨´É¥·¶μ²ÖÍ¨¨ ¶μ
³ ¸¸¨¢Ê ¸¥ÉμÎ´ÒÌ §´ Î¥´¨°. ‘¥ÉμÎ´Ò¥ ¶²μÉ´μ¸É¨ · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¸ ¶μ³μÐÓÕ
μ¡· É´μ° ¶·μÍ¥¤Ê·Ò · §¤ Î¨ Ì · ±É¥·¨¸É¨± Î ¸É¨ÍÒ (§ ·Ö¤ ) ¢ ¡²¨¦ °Ï¨¥
Ê§²Ò ¸¥É±¨ ¤²Ö Éμ£μ, ÎÉμ¡Ò ¶μ²ÊÎ¨ÉÓ ¸¥ÉμÎ´Ò¥ §´ Î¥´¨Ö (¶²μÉ´μ¸ÉÓ § ·Ö¤ ).
…¸²¨ § ¤ ´Ò ¶μÉ¥´Í¨ ²Ò ´  £· ´¨Í Ì ¨ · ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ § ·Ö¤  ¢´Ê-
É·¨ · ¸Î¥É´μ° μ¡² ¸É¨ (μ¡² ¸É¨ ¶·μ¸É· ´¸É¢ , μÌ¢ ÉÒ¢ ¥³μ° ¢ÒÎ¨¸²¨É¥²Ó´μ°
³μ¤¥²ÓÕ), Éμ Ê· ¢´¥´¨¥ �Ê ¸¸μ´  (1) ¶μ²´μ¸ÉÓÕ μ¶·¥¤¥²Ö¥É ¶μÉ¥´Í¨ ²:

∇2φ = −ρ/ε0, (1)

£¤¥ φ Å ¶μÉ¥´Í¨ ², ρ Å ¶²μÉ´μ¸ÉÓ § ·Ö¤ .
„²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (1) ·¥ ²¨§μ¢ ´  ²£μ·¨É³, ¨¸¶μ²Ó§ÊÕÐ¨° ¡Ò¸É·μ¥

¶·¥μ¡· §μ¢ ´¨¥ ”Ê·Ó¥ [11]. �²£μ·¨É³ ·¥Ï¥´¨Ö ¸²¥¤ÊÕÐ¨°: ¢´ Î ²¥ ¢Ò¶μ²´Ö-
¥É¸Ö ¡Ò¸É·Ò°  ´ ²¨§ ”Ê·Ó¥ ¶· ¢μ° Î ¸É¨ Ê· ¢´¥´¨Ö �Ê ¸¸μ´ , § É¥³ ¸ ¶μ³μ-
ÐÓÕ  ´ ²¨É¨Î¥¸±μ£μ ¢Ò· ¦¥´¨Ö μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶¥·¥Ìμ¤ μÉ ±μÔËË¨Í¨¥´Éμ¢
”Ê·Ó¥ ¶· ¢μ° Î ¸É¨ ± ±μÔËË¨Í¨¥´É ³ ²¥¢μ° Î ¸É¨ ¨, ´ ±μ´¥Í, ¢Ò¶μ²´Ö¥É¸Ö
¡Ò¸É·Ò° ¸¨´É¥§ ”Ê·Ó¥ ²¥¢μ° Î ¸É¨. „ ´´Ò° ¸¶μ¸μ¡ ·¥Ï¥´¨Ö ´ ±² ¤Ò¢ ¥É
μ£· ´¨Î¥´¨Ö ´  ¢μ§³μ¦´μ¥ ±μ²¨Î¥¸É¢μ Ê§²μ¢ ¸¥É±¨, ±μÉμ·μ¥ ¤μ²¦´μ ¡ÒÉÓ
· ¢´μ 2n, n ∈ N .

‚ ·Ó¨·Ê¥³Ò³¨ ¶ · ³¥É· ³¨ ¢ ³¥Éμ¤¥ PIC Ö¢²ÖÕÉ¸Ö · §³¥·Ò μ¡² ¸É¨ ¢Ò-
Î¨¸²¥´¨Ö ¸¨² ¨ ±μ²¨Î¥¸É¢μ · §¡¨¥´¨° ¤ ´´ÒÌ μ¡² ¸É¥°. ‚ ± Î¥¸É¢¥ · §³¥·μ¢
¸¥É±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸É ´¤ ·É´Ò¥ μÉ±²μ´¥´¨Ö (Size, [Sigma]). ‚ ¸¨²Ê ¸¶¥-
Í¨Ë¨±¨ ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö �Ê ¸¸μ´  ¶μ²Ó§μ¢ É¥²Ó ³μ¦¥É § ¤ ¢ ÉÓ ²¨ÏÓ ¸É¥-
¶¥´¨ Î¨¸²  2 ¢ ± Î¥¸É¢¥ Î¨¸²  · §¡¨¥´¨° μ¡² ¸É¨ (Power nx/ny/nz). „²Ö ¡μ²¥¥
ÉμÎ´μ£μ ÊÎ¥É  ¸¨² ¸μ¡¸É¢¥´´μ£μ ¶μ²Ö ¶ÊÎ±  ¤²Ö ± ¦¤μ° ¨§ μ¡² ¸É¥° Ê¸É ´μ¢±¨
(Injection line, In	ector, Cyclotron) ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¢μ¨ ¶ · ³¥É·Ò ¸¥É±¨. �Éμ
¶μ§¢μ²Ö¥É ¢ μ¡² ¸ÉÖÌ ¸μ ¸²μ¦´μ° μ£¨¡ ÕÐ¥° ¶ÊÎ± , ¸± ¦¥³, ¢ ¸¶¨· ²Ó´μ³
¨´Ë²¥±Éμ·¥, ¶·μ¢¥¸É¨ ±μ··¥±É´Ò° · ¸Î¥É ¸¨². „²Ö ¡μ²¥¥ ÉμÎ´μ£μ · ¸Î¥É 
¸¨², μÎ¥¢¨¤´μ, ¸²¥¤Ê¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¡μ²ÓÏ¥¥ ±μ²¨Î¥¸É¢μ ³μ¤¥²Ó´ÒÌ ³ ±·μ-
Î ¸É¨Í, ÌμÉÖ ÔÉμ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¢·¥³¥´¨ · ¸Î¥É . ‘²¥¤ÊÖ ³¥Éμ¤Ê PIC,
´¥Í¥²¥¸μμ¡· §´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¸²¨Ï±μ³ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ · §¡¨¥´¨° · ¸-
Î¥É´μ° ¸¥É±¨, ¤ ¡Ò ´¥ ¤μ¶Ê¸É¨ÉÓ ¸¨´£Ê²Ö·´μ¸ÉÓ ¶·¨ · §¤ Î¥ § ·Ö¤  ¢ Ê§²Ò
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¸¥É±¨. ’ ±, μ¶É¨³ ²Ó´Ò³ Ö¢²Ö¥É¸Ö Î¨¸²μ · §¡¨¥´¨° 24−25. �Î¥¢¨¤´μ, ÎÉμ
¢ ²¨´¨¨ ¨´¦¥±Í¨¨ ¶·¨ É· ¸¸¨·μ¢±¥ ¶ÊÎ± , ¨³¥ÕÐ¥£μ ¡μ²ÓÏμ° · §³¥· ¢ ¶·μ-
¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨, Î¨¸²μ · §¡¨¥´¨° ¸²¥¤Ê¥É Ê¢¥²¨Î¨ÉÓ. �·¨ ¨´¦¥±Í¨¨ ¨§
¢´¥Ï´¥£μ ¨¸ÉμÎ´¨±  ¨μ´μ¢ ´¥¶·¥·Ò¢´μ£μ ¶μ¸ÉμÖ´´μ£μ ¢μ ¢·¥³¥´¨ ¶ÊÎ±  (DC
beam) ¸¨²Ò ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨ Ö¢²ÖÕÉ¸Ö
¸±μ³¶¥´¸¨·μ¢ ´´Ò³¨. � ¸Î¥É ¶μ ³¥Éμ¤Ê PIC ¤²Ö ¶ÊÎ±  ±μ´¥Î´μ£μ · §³¥· 
¢ É ±μ³ ¸²ÊÎ ¥ ¢´μ¸¨É ¶μ£·¥Ï´μ¸ÉÓ ¢ · ¸Î¥ÉÒ. „²Ö ±μ··¥±É´μ£μ ³μ¤¥²¨·μ-
¢ ´¨Ö É ±μ£μ ·μ¤  ¶ÊÎ±μ¢ ¢ ²¨´¨¨ ¨´¦¥±Í¨¨ ·¥ ²¨§μ¢ ´  ¶·μÍ¥¤Ê·   ´ ²¨§ 
¸¨² ¢ É ±¨Ì · ¸¶·¥¤¥²¥´¨ÖÌ (μ¶Í¨Ö DC beam ¢ ¡²μ±¥ Injection line\Bunch).
�·¨ ¨´¦¥±Í¨¨ DC ¶ÊÎ±  ¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢ ²¨´¨¨ ¨´¦¥±Í¨¨ ¡ ´Î¥· , ±μÉμ-
·Ò° ¢´μ¸¨É ¢·¥³¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¢ · ¸¶·¥¤¥²¥´¨¥ Î ¸É¨Í, ´¥μ¡Ìμ¤¨³μ ¸μ-
§¤ ¢ ÉÓ ´ Î ²Ó´Ò° ¶ÊÎμ±, ¸μ¸ÉμÖÐ¨°, ¸± ¦¥³, ¨§ É·¥Ì ¡ ´Î¥°, · ¸¸Î¨ÉÒ¢ ÉÓ
¸¨²Ò ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ´  É ±μ³ ¶ÊÎ±¥,   ¤²Ö  ´ ²¨§  ¸¨² ¨¸¶μ²Ó§μ-
¢ ÉÓ Éμ²Ó±μ ¢´ÊÉ·¥´´¨° ¡ ´Î.

7. �–…�Š� ��’…�œ —�‘’ˆ–
�� ��‚…�•��‘’Ÿ• ‘’�“Š’“��›• �‹…Œ…�’�‚

„²Ö Éμ£μ ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ ± Î¥¸É¢¥´´Ò¥ ¨ ±μ²¨Î¥¸É¢¥´´Ò¥ Ì · ±É¥·¨-
¸É¨±¨ ¶ÊÎ± , ´ ·Ö¤Ê ¸ ¢ÒÎ¨¸²¥´¨¥³ ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ±  ´¥-
μ¡Ìμ¤¨³μ Ê³¥ÉÓ ¶·μ¨§¢μ¤¨ÉÓ μÍ¥´±Ê ¶μÉ¥·Ó Î ¸É¨Í ´  ¶μ¢¥·Ì´μ¸ÉÖÌ ¸É·Ê±-
ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢, ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ Ê¸±μ·¨É¥²Ó´μ° Ê¸É ´μ¢±¨. �Í¥´±  ¶μ²-
´μ° ÔËË¥±É¨¢´μ¸É¨ É· ´¸³¨¸¸¨¨ ¶ÊÎ±  Î¥·¥§ Í¨±²μÉ·μ´ Å ±²ÕÎ¥¢μ° ¢μ¶·μ¸
¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ Ê¸±μ·¨É¥²Ö. ‘Ê³³¨·ÊÖ ²μ± ²Ó´ÊÕ É· ´¸³¨¸¸¨Õ Î¥·¥§
μÉ¤¥²Ó´Ò¥ ¸É·Ê±ÉÊ·´Ò¥ Ê§²Ò Í¨±²μÉ·μ´ , ³μ¦´μ ¶μ²ÊÎ¨ÉÓ μÍ¥´±Ê ¶μ²´μ°
É· ´¸³¨¸¸¨¨ ¶ÊÎ±  Î¥·¥§ Ê¸±μ·¨É¥²Ó. �μ¤ É· ´¸³¨¸¸¨¥° ¸É·Ê±ÉÊ·´μ£μ Ê§² 
μ¡ÒÎ´μ ¶μ´¨³ ¥É¸Ö ¶·μÍ¥´É´μ¥ μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ´  ¢ÒÌμ¤¥
¨§ Ê§²  ± ¨´É¥´¸¨¢´μ¸É¨ ´  ¥£μ ¢Ìμ¤¥.

‚ · ¸Î¥É Ì, ¶·μ¢μ¤¨³ÒÌ ¢ ¶·μ£· ³³¥ SNOP, ¸Î¨É ¥É¸Ö, ÎÉμ Î ¸É¨Í  ¶μÉ¥-
·Ö´ , ¥¸²¨ ¨³¥¥É ³¥¸Éμ ¶¥·¥¸¥Î¥´¨¥ ¥¥ É· ¥±Éμ·¨¨ ¸ £¥μ³¥É·¨¥° ¸É·Ê±ÉÊ·´μ£μ
Ô²¥³¥´É . ‘ ³Ò³ · ¸¶·μ¸É· ´¥´´Ò³ ¨ ¶·μ¸ÉÒ³ ¸ ¢ÒÎ¨¸²¨É¥²Ó´μ° ÉμÎ±¨ §·¥-
´¨Ö ¸¶μ¸μ¡μ³ μ¶·¥¤¥²¥´¨Ö ¶¥·¥¸¥Î¥´¨Ö Î ¸É¨Í¥° Ô²¥³¥´É  ¸É·Ê±ÉÊ·Ò Ö¢²Ö-
¥É¸Ö § ³¥´  ¥£μ ´ ¡μ·μ³ ¶μ¢¥·Ì´μ¸É¥°, μ¶¨¸Ò¢ ¥³ÒÌ  ´ ²¨É¨Î¥¸±¨³¨ § ¢¨-
¸¨³μ¸ÉÖ³¨, ´ ¶·¨³¥·, μ±·Ê¦´μ¸ÉÖ³¨, Í¨²¨´¤· ³¨, ¸¥±Éμ· ³¨, ¶ · ²²¥²¥¶¨-
¶¥¤ ³¨ ¨ É. ¤. ‘ § ¤ ´¨¥³ É ±¨Ì ¶μ¢¥·Ì´μ¸É¥° ²¥£±μ μ¶·¥¤¥²¨ÉÓ, ¨³¥¥É ²¨
³¥¸Éμ ¶¥·¥¸¥Î¥´¨¥ ¨Ì É· ¥±Éμ·¨¥° ³ ±·μÎ ¸É¨ÍÒ. ’ ±μ³Ê μ¶¨¸ ´¨Õ ¶μ¤-
¤ ÕÉ¸Ö, ´ ¶·¨³¥·, ¸μ²¥´μ¨¤Ò, ¢ ±ÊÊ³´ Ö ± ³¥·  Í¨±²μÉ·μ´ , Ô²¥±É·μ¸É É¨-
Î¥¸±¨¥ ¤¥Ë²¥±Éμ·Ò ¨ É. ¶. �¶Í¨Ö ÊÎ¥É  ¶μÉ¥·Ó ´  ¶μ¢¥·Ì´μ¸ÉÖÌ, § ¤ ´´ÒÌ
 ´ ²¨É¨Î¥¸±¨, ·¥ ²¨§μ¢ ´  ¢ ¶·μ£· ³³¥ SNOP ¤²Ö ´¥±μÉμ·ÒÌ ¸É·Ê±ÉÊ·´ÒÌ
Ô²¥³¥´Éμ¢.

‚ ¸²ÊÎ ¥ ¥¸²¨ £¥μ³¥É·¨Ö Ô²¥³¥´É  ¨³¥¥É ¸²μ¦´ÊÕ ¸É·Ê±ÉÊ·Ê, Éμ ¢¥¸Ó³ 
¶·μ¡²¥³ É¨Î´μ ¨²¨ ¦¥ ¢μ¢¸¥ ´¥¢μ§³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¥£μ ´ ¡μ·μ³  ´ ²¨É¨-

12



Î¥¸±¨Ì ¶μ¢¥·Ì´μ¸É¥°. ‚ ¶·¨²μ¦¥´¨¨ SNOP ·¥ ²¨§μ¢ ´ ¸¶μ¸μ¡, ¶·¥¤´ §´ -
Î¥´´Ò° ·¥Ï¨ÉÓ ¤ ´´ÊÕ ¶·μ¡²¥³Ê. „²Ö ÔÉμ£μ ¶μ¢¥·Ì´μ¸ÉÓ É·¥Ì³¥·´μ£μ É¥² 
¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ´ ¡μ·  É·¥Ê£μ²Ó´¨±μ¢, ±μ²¨Î¥¸É¢μ ±μÉμ·ÒÌ ¢Ò¡¨· ¥É¸Ö
¤μ¸É ÉμÎ´Ò³, ÎÉμ¡Ò μ¶¨¸ ÉÓ μ¸μ¡¥´´μ¸É¨ £¥μ³¥É·¨¨ Ô²¥³¥´É . „ ²¥¥ ¢¥¤¥É¸Ö
¶·μ¢¥·±  ¶¥·¥¸¥Î¥´¨Ö É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ ¸ ± ±¨³-²¨¡μ ¨§ É·¥Ê£μ²Ó´¨±μ¢
¶μ¢¥·Ì´μ¸É¨. �  ± ¦¤μ³ ¨É¥· Í¨μ´´μ³ Ï £¥ ¨´É¥£·¨·μ¢ ´¨Ö Ê· ¢´¥´¨° ¤¢¨-
¦¥´¨Ö ¨³¥ÕÉ¸Ö ¤ ´´Ò¥ μ ±μμ·¤¨´ É Ì Î ¸É¨ÍÒ ¢ ¤¢ÊÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ³μ-
³¥´É Ì ¢·¥³¥´¨. ’· ¥±Éμ·¨Ö Î ¸É¨ÍÒ ³¥¦¤Ê ÔÉ¨³¨ ¤¢Ê³Ö ³μ³¥´É ³¨ ¶·¥¤¸É -
¢²Ö¥É ¸μ¡μ° ¶·Ö³ÊÕ ²¨´¨Õ, § ¤ ´´ÊÕ ±μμ·¤¨´ É ³¨ ¤¢ÊÌ ÉμÎ¥± ¢ ¶·μ¸É· ´-
¸É¢¥. ‡ ¤ Î  ¸¢μ¤¨É¸Ö ± μ¶·¥¤¥²¥´¨Õ ¶¥·¥¸¥Î¥´¨Ö ¶·Ö³μ° ¨ É·¥Ê£μ²Ó´¨± ,
§ ¤ ´´ÒÌ ¢ ¶·μ¸É· ´¸É¢¥. ’ ± Ö § ¤ Î  ¨³¥¥É ´¥¸±μ²Ó±μ ¢ ·¨ ´Éμ¢ ·¥Ï¥´¨Ö,
¨§ ±μÉμ·ÒÌ ¢Ò¡¨· ¥É¸Ö ³¥´¥¥ § É· É´Ò° ¸ ¢ÒÎ¨¸²¨É¥²Ó´μ° ÉμÎ±¨ §·¥´¨Ö.

�·¥¤¸É ¢¨ÉÓ ¶μ¢¥·Ì´μ¸ÉÓ É·¥Ì³¥·´μ£μ É¥²  ´ ¡μ·μ³ É·¥Ê£μ²Ó´¨±μ¢ ¤μ-
¢μ²Ó´μ ¶·μ¸Éμ ¸ ¶μ³μÐÓÕ ±μ³³¥·Î¥¸±¨Ì ¶·μ£· ³³ ¤²Ö ¶μ¸É·μ¥´¨Ö É·¥Ì³¥·-
´ÒÌ É¥², É ±¨Ì ± ± AutoCAD ¨ Solid Edge, Solid Works ¨ É. ¶. ’¥²  ¶·¥μ¡· -
§ÊÕÉ¸Ö ¢ ¨§¢¥¸É´Ò° Ëμ·³ É ¶·¥¤¸É ¢²¥´¨Ö ¶μ¢¥·Ì´μ¸É¥° ¶·μ¸É· ´¸É¢¥´´ÒÌ
É¥² *.3ds. ” °² ¢ É ±μ³ Ëμ·³ É¥ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´ ¡μ· É·¥Ê£μ²Ó´¨±μ¢,
μ¶¨¸Ò¢ ÕÐ¨Ì ¶μ¢¥·Ì´μ¸ÉÓ. ‘²¥¤Ê¥É ¶μ³´¨ÉÓ, ÎÉμ μÉ ¸É¥¶¥´¨ ¶μ¤·μ¡´μ¸É¨
μ¶¨¸ ´¨Ö ¶μ¢¥·Ì´μ¸É¨ É¥²  (μÉ ±μ²¨Î¥¸É¢  É·¥Ê£μ²Ó´¨±μ¢) § ¢¨¸¨É ÉμÎ´μ¸ÉÓ
μÍ¥´±¨ ±μ²¨Î¥¸É¢  ¶μÉ¥·Ö´´ÒÌ Î ¸É¨Í ´  ¶μ¢¥·Ì´μ¸É¨ ·¥ ²Ó´μ£μ Ô²¥³¥´É .
�·¨ ¸μ§¤ ´¨¨ Ë °²  £¥μ³¥É·¨¨ Ëμ·³ É  *.3ds ´¥μ¡Ìμ¤¨³μ ´ Ìμ¤¨ÉÓ ±μ³¶·μ-
³¨¸¸ ³¥¦¤Ê ±μ²¨Î¥¸É¢μ³ É·¥Ê£μ²Ó´¨±μ¢, ´¥μ¡Ìμ¤¨³Ò³ ¤²Ö ÉμÎ´μ£μ μ¶¨¸ ´¨Ö
É¥² , ¨ ¢·¥³¥´¥³, ±μÉμ·μ¥ ¶μÉ·¥¡Ê¥É¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö ¢μ§³μ¦´μ£μ ¶¥·¥¸¥Î¥-
´¨Ö É· ¥±Éμ·¨¥° Î ¸É¨ÍÒ ÌμÉÖ ¡Ò μ¤´μ£μ ¨§ ´¨Ì. ˆ´Ëμ·³ Í¨Ö μ ±μ²¨Î¥¸É¢¥
¶μÉ¥·Ö´´ÒÌ ¢μ ¢·¥³Ö É· ´¸¶μ·É¨·μ¢±¨ ¨ Ê¸±μ·¥´¨Ö ³ ±·μÎ ¸É¨Í μ¶·¥¤¥²Ö¥É
ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸³¨¸¸¨¨ ¶ÊÎ±  Î¥·¥§ Ê¸±μ·¨É¥²Ó´ÊÕ Ê¸É ´μ¢±Ê. ‚ ¸²ÊÎ ¥
¶·¥¤¸É ¢²¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ ¢ ¢¨¤¥ ¤μ¸É ÉμÎ´μ£μ ±μ²¨Î¥¸É¢  ¶μ-
¢¥·Ì´μ¸É´ÒÌ É·¥Ê£μ²Ó´¨±μ¢ É· ´¸³¨¸¸¨Ö ³μ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´  ¸ ¡μ²ÓÏμ°
¸É¥¶¥´ÓÕ ÉμÎ´μ¸É¨.

SNOP ¢±²ÕÎ ¥É μ¶Í¨Õ Ô±¸¶μ·É  ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ μ ¶μ²μ¦¥´¨ÖÌ ¶μÉ¥-
·Ö´´ÒÌ Î ¸É¨Í ¢ Ëμ·³ É ¸±·¨¶É  AutoCAD (´ ¶·¨³¥·, CYC\cyccadbl.scr), ¸μ-
§¤ ÕÐ¨° ¤²Ö ± ¦¤μ£μ ¶μ²μ¦¥´¨Ö Î ¸É¨ÍÒ É·¥Ì³¥·´ÊÕ ¸Ë¥·Ê ¨²¨ ÉμÎ±Ê. �μ-
ÔÉμ³Ê  ²£μ·¨É³  ´ ²¨§  ¶μÉ¥·Ó Î ¸É¨Í ³μ¦¥É ¢Ò£²Ö¤¥ÉÓ ¸²¥¤ÊÕÐ¨³
μ¡· §μ³:

1) ¸μ§¤ ´¨¥ É·¥Ì³¥·´μ° ³μ¤¥²¨ ¢ ¶·μ£· ³³¥ AutoCAD;
2) ¨³¶μ·É ¸É·Ê±ÉÊ·Ò Ô²¥³¥´É  ¢ Ëμ·³ É¥ *.3ds ¢ ¶·μ£· ³³Ê SNOP;
3) · ¸Î¥É ¤¨´ ³¨±¨ ¨  ´ ²¨§ ¶μÉ¥·Ó;
4) Ô±¸¶μ·É ¤ ´´ÒÌ μ ¶μ²μ¦¥´¨ÖÌ ¶μÉ¥·Ö´´ÒÌ Î ¸É¨Í ¢ ¸±·¨¶É AutoCAD;
5) ¶·μ·¨¸μ¢±  ¸Ë¥·, μÉ¢¥Î ÕÐ¨Ì §  ¶μ²μ¦¥´¨Ö Î ¸É¨Í ¸μ¢³¥¸É´μ ¸μ

¸É·Ê±ÉÊ·μ° Ô²¥³¥´É ;
6) ¶¥·¥³¥Ð¥´¨¥ Ô²¥³¥´É  ¢ ¶·μ£· ³³¥ AutoCAD ¸ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö

¶μÉ¥·Ó;
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7) ¨§³¥´¥´¨¥ ¶·μ¸É· ´¸É¢¥´´ÒÌ ±μμ·¤¨´ É, μÉ¢¥Î ÕÐ¨Ì §  ¶μ²μ¦¥´¨¥
± ·ÉÒ ¶μ²Ö Ô²¥³¥´É  ¢ ¶·μ£· ³³¥ SNOP;

8) ¶μ¢Éμ·¥´¨¥ Í¨±² , ´ Î¨´ Ö ¸ ¶Ê´±É  2.
ˆ´Ëμ·³ Í¨Ö μ Î ¸É¨Í Ì, ¶μÉ¥·Ö´´ÒÌ ´  ¶μ¢¥·Ì´μ¸ÉÖÌ Ô²¥³¥´Éμ¢, § ´μ-

¸¨É¸Ö ¢ É¥±¸Éμ¢Ò¥ Ë °²Ò, ´ Ìμ¤ÖÐ¨¥¸Ö ¢ ¶·μ¥±É¥ ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶ ¶± Ì
¢ § ¢¨¸¨³μ¸É¨ μÉ Ê§²  Í¨±²μÉ·μ´ , ¨§ ±μÉμ·μ£μ ´ Î¨´ ÕÉ ¤¢¨¦¥´¨¥ Î ¸É¨ÍÒ
(´ ¶·¨³¥·, CYC\bunch l.cyc).

‡�Š‹	—…�ˆ…

ˆ´Ëμ·³ Í¨Ö, ¶·¨¢¥¤¥´´ Ö ¢ · ¡μÉ¥, ´ ¶· ¢²¥´  ´  · §ÑÖ¸´¥´¨¥ μ¸´μ¢-
´ÒÌ ¶·¨¥³μ¢ · ¡μÉÒ ¸ ¶·μ£· ³³μ° SNOP ¶·¨ ±μ³¶ÓÕÉ¥·´μ³ ³μ¤¥²¨·μ¢ ´¨¨
Í¨±²μÉ·μ´´μ° Ê¸É ´μ¢±¨. �¶¨¸ ´´μ¥ ¶·¨²μ¦¥´¨¥ Ö¢²Ö¥É¸Ö ³´μ£μËÊ´±Í¨μ-
´ ²Ó´Ò³ ¨ ¢±²ÕÎ ¥É ¢μ§³μ¦´μ¸ÉÓ  ´ ²¨§  · §²¨Î´ÒÌ  ¸¶¥±Éμ¢, ¢μ§´¨± Õ-
Ð¨Ì ¶·¨ ¶·μ¥±É¨·μ¢ ´¨¨ Ê¸±μ·¨É¥²Ö. �·μ£· ³³  ¶·¥¤μ¸É ¢²Ö¥É ¶μ²Ó§μ¢ -
É¥²Õ Ê¤μ¡´Ò° ¨´É¥·Ë¥°¸ ¶·¨ ¢¥¤¥´¨¨ · ¸Î¥Éμ¢. “Î¥´Ò°, μ¢² ¤¥¢Ï¨° ¤ ´´Ò³
¶·μ£· ³³´Ò³ ¶ ±¥Éμ³, ¶μ²ÊÎ ¥É ¢ ¸¢μ¨ ·Ê±¨ ´ ¤¥¦´Ò° ¨ Ê¤μ¡´Ò° ¨´¸É·Ê-
³¥´É ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ê¸É ´μ¢μ± Í¨±²μÉ·μ´´μ£μ É¨¶ . „ ´´Ò¥, ¶·¨¢¥¤¥´-
´Ò¥ ¢ · ¡μÉ¥, ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ §´ ±μ³¸É¢¥ ¸ ¶·μ£· ³³μ° ¨ ´ 
´ Î ²Ó´ÒÌ ÔÉ ¶ Ì · ¡μÉÒ ¸ ´¥°.
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