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

� ¸¸Î¨É ´  § ¢¨¸¨³μ¸ÉÓ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò („�) μÉ Î¨¸²  μ¡μ·μÉμ¢ ¶ÊÎ±  ¢ ±μ²² °¤¥·¥
NICA ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MAD-X ¶μ ¤¢Ê³ ´¥§ ¢¨¸¨³Ò³  ²£μ·¨É³ ³: ¶·μ£· ³³¥ ¸¨³¶²¥±É¨-
Î¥¸±μ£μ É·¥±¨´£  PTC (Polymorphic Tracking Code) ¨ ¶·μ£· ³³¥ É·¥±¨´£  ³¥Éμ¤μ³ Éμ´±¨Ì ²¨´§
(thin-lens tracking). �μ ¶μ²ÊÎ¥´´Ò³ ¤ ´´Ò³ · ¸¸Î¨É ´Ò §´ Î¥´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¤¨´ ³¨Î¥¸±μ°
 ¶¥·ÉÊ·Ò ¨ ¢μ§³μ¦´Ò¥ ¶μÉ¥·¨ Î ¸É¨Í.

The dependence of the dynamic aperture in the NICA collider on the number of turns has been
calculated by MAD-X tracking code with the two independent algorithms: program of symplectic
tracking PTC (Polymorphic Tracking Code) and program of the thin lenses tracking method. The
results of the numerical integration of particle motion forecast the asymptotic dynamic aperture and the
possible losses of particles in the collider.

PACS: 29.20.db; 29.27.Bd
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�·¨ ¶·μ¥±É¨·μ¢ ´¨¨ Í¨±²¨Î¥¸±μ£μ Ê¸±μ·¨É¥²Ö μ¤´μ° ¨§ μ¸´μ¢´ÒÌ § ¤ Î ¸É ´μ¢¨É¸Ö
· ¸Î¥É ¨²¨ μÍ¥´±  ¢²¨Ö´¨Ö ´¥²¨´¥°´ÒÌ ¸¨² ´  ¤¢¨¦¥´¨¥ § ·Ö¦¥´´μ° Î ¸É¨ÍÒ. �μ¤ ´¥-
²¨´¥°´Ò³¨ ¸¨² ³¨ ¶μ¤· §Ê³¥¢ ÕÉ¸Ö, ± ± ¶· ¢¨²μ, ¸¨¸É¥³ É¨Î¥¸±¨¥ ¨²¨ ¸²ÊÎ °´Ò¥ ¶μ-
£·¥Ï´μ¸É¨ ³ £´¨Éμμ¶É¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ Ê¸±μ·¨É¥²Ö,   É ±¦¥ ¸¨²Ò ¶·μ¸É· ´¸É¢¥´´μ£μ
§ ·Ö¤ , ´ ¶·¨³¥·, ´¥²¨´¥°´μ¥ ¢§ ¨³μ¤¥°¸É¢¨¥ ¶ÊÎ±μ¢ ¢ ÉμÎ±¥ ¢¸É·¥Î¨. •μÉÖ ´¥²¨´¥°´Ò¥
¸¨²Ò ³μ£ÊÉ ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ¸² ¡Ò³¨, ¶·¨ ¡μ²ÓÏ¨Ì  ³¶²¨ÉÊ¤ Ì ±μ²¥¡ ´¨Ö Î ¸É¨Í μ´¨
³μ£ÊÉ ¢Ò§¢ ÉÓ ¨Ì ¶μÉ¥·¨ ´  ¢ ±ÊÊ³´μ° ± ³¥·¥ Ê¸±μ·¨É¥²Ö. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ³μ¦´μ
¢¢¥¸É¨ ¶μ´ÖÉ¨¥ ³ ±¸¨³ ²Ó´μ° ´ Î ²Ó´μ°  ³¶²¨ÉÊ¤Ò ±μ²¥¡ ´¨° Î ¸É¨ÍÒ ¨²¨ ¢¥±Éμ· ¢

1E-mail: okozlov@jinr.ru



1290 �μ²ÓÏ ±μ¢ �. …., ‡¥´±¥¢¨Î �. �., Šμ§²μ¢ �.‘.

¶·μ¸É· ´¸É¢¥ ¶μ¶¥·¥Î´ÒÌ ±μμ·¤¨´ É (x, y) Ax,y(s), ¶·¨ ±μÉμ·μ³ Î ¸É¨Í  μ¸É ¥É¸Ö ¸É -
¡¨²Ó´μ Í¨·±Ê²¨·ÊÕÐ¥° ¢ ±μ²ÓÍ¥ Ê¸±μ·¨É¥²Ö ¢ É¥Î¥´¨¥ É·¥¡Ê¥³μ£μ ¢·¥³¥´¨ ¨²¨ ±μ²¨Î¥-
¸É¢  μ¡μ·μÉμ¢ Nturn. ‡´ Î¥´¨¥ Ax,y ¢ μ¶·¥¤¥²¥´´μ° ¶μ§¨Í¨¨ ¢¤μ²Ó ±μ²ÓÍ  Ê¸±μ·¨É¥²Ö s
´ §Ò¢ ¥É¸Ö ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·μ° („�). �Î¥¢¨¤´μ, ¢ μ¶É¨³ ²Ó´μ ¸¶·μ¥±É¨·μ¢ ´´μ³
Ê¸±μ·¨É¥²¥ „� ¤μ²¦´  Ê¤μ¢²¥É¢μ·ÖÉÓ Ê¸²μ¢¨Õ Ax,y(s) > Mx,y(s), £¤¥ Mx,y(s) Å ¸¥Î¥´¨¥
¢ ±ÊÊ³´μ° ± ³¥·Ò ´  ¤ ´´μ³  §¨³ÊÉ¥ ±μ²ÓÍ .

� Ìμ¦¤¥´¨¥ §´ Î¥´¨Ö „� ´ ±μ¶¨É¥²Ó´μ£μ ±μ²ÓÍ  Å μ¤´  ¨§ ¸²μ¦´¥°Ï¨Ì § ¤ Î Ê¸±μ-
·¨É¥²Ó´μ° Ë¨§¨±¨. „²Ö ¥¥ ·¥Ï¥´¨Ö · §· ¡ ÉÒ¢ ÕÉ¸Ö ± ±  ´ ²¨É¨Î¥¸±¨¥, É ± ¨ Î¨¸²¥´´Ò¥
³¥Éμ¤Ò. ‚ ¤ ´´μ° · ¡μÉ¥ ¨¸¸²¥¤ÊÕÉ¸Ö ¨ ¸· ¢´¨¢ ÕÉ¸Ö ³¥Éμ¤Ò Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö
¤¢¨¦¥´¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²ÖÌ ¸É·Ê±ÉÊ·´ÒÌ Ô²¥³¥´Éμ¢ Ê¸±μ-
·¨É¥²Ö (É·¥±¨´£) ¨ ¤¥² ¥É¸Ö ¶μ¶ÒÉ±   ´ ²¨É¨Î¥¸±μ° μÍ¥´±¨ ¤μ²£μ¢·¥³¥´´μ° „�, ±μ£¤ 
±μ³¶ÓÕÉ¥·´μ° ³μÐ´μ¸É¨ ´¥ Ì¢ É ¥É ¤²Ö ¶·Ö³μ£μ Î¨¸²¥´´μ£μ · ¸Î¥É .

„²Ö Í¥²¥° · ¸Î¥É  „� ¨¸¶μ²Ó§Ê¥É¸Ö ¶·μ£· ³³  ¶·μ¥±É¨·μ¢ ´¨Ö Ê¸±μ·¨É¥²¥°
MAD-X [3], ¢ ±μÉμ·μ° Ê¸±μ·¨É¥²Ó´μ¥ ±μ²ÓÍμ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨
Ô²¥±É·μ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢, · ¸¶μ²μ¦¥´´ÒÌ ¢¤μ²Ó · ¸Î¥É´μ° É· ¥±Éμ·¨¨ ¶ÊÎ±  Î ¸É¨Í.
‚ MAD-X ·¥ ²¨§μ¢ ´Ò ¤¢  ³¥Éμ¤  Î¨¸²¥´´μ£μ ¨´É¥£·¨·μ¢ ´¨Ö ¤¢¨¦¥´¨Ö § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¢μ ¢´¥Ï´¨Ì ¶μ²ÖÌ. �¥·¢Ò° ³¥Éμ¤, ³¥Éμ¤ Éμ´±¨Ì ²¨´§ (thin-lens model), É· ´¸-
Ëμ·³¨·Ê¥É ± ¦¤Ò° ³ £´¨É´Ò° Ô²¥³¥´É ¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ Éμ´±¨Ì Ô²¥³¥´Éμ¢ (slice)
²¨¡μ, ¶μ Ê³μ²Î ´¨Õ, ¢ μ¤¨´ Ô²¥³¥´É ´Ê²¥¢μ° ¤²¨´Ò, · ¸¶μ²μ¦¥´´Ò° ¢ Í¥´É·¥ ®Éμ²-
¸Éμ£μ¯ Ô²¥³¥´É . ‚Éμ·μ° ³¥Éμ¤ Å Polymorphic Tracking Code (PTC) [5] Å É ± Ö ¦¥ ¶μ-
¶ÒÉ±  ¸¨³¶²¥±É¨Î¥¸±μ£μ ¨´É¥£·¨·μ¢ ´¨Ö ¤¢¨¦¥´¨Ö Î ¸É¨Í, É. ¥. ¤¢¨¦¥´¨Ö ¸ ¸μÌ· ´¥´¨¥³
Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ . ‚ ¤ ´´μ³ ³¥Éμ¤¥ Ô²¥³¥´ÉÒ ±μ²ÓÍ  μ¶¨¸Ò¢ ÕÉ¸Ö ¸¨³¶²¥±É¨Î¥-
¸±¨ ¤μ μ¶·¥¤¥²¥´´μ° ¸É¥¶¥´¨, ±μÉμ· Ö μ¶·¥¤¥²Ö¥É¸Ö ¶μ²Ó§μ¢ É¥²¥³ ¨ ¡Ò¸É·μ¤¥°¸É¢¨¥³
±μ³¶ÓÕÉ¥· .

1. �‘��‚�›… ����Œ…’�› Š�‹‹�‰„…��

NICA (Nuclotron based Ion Collider fAcility) [1] Å ´μ¢Ò° Ê¸±μ·¨É¥²Ó´Ò° ±μ³¶²¥±¸,
¸μμ·Ê¦ ¥³Ò° ¢ �ˆŸˆ („Ê¡´ ). …£μ ¸μ§¤ ´¨¥ ´ Í¥²¥´μ ´  ¶·μ¢¥¤¥´¨¥ ±μ²² °¤¥·´ÒÌ Ô±¸-
¶¥·¨³¥´Éμ¢ ¸ ¨μ´ ³¨ ¨ ¶·μÉμ´ ³¨, ¢ Î ¸É´μ¸É¨, ¨μ´-¨μ´´ÒÌ ¸Éμ²±´μ¢¥´¨° Ö¤¥· (79Au)
¶·¨ Ô´¥·£¨ÖÌ 1Ä4,5 ƒÔ‚/´Ê±²μ´,   É ±¦¥ ¶μ²Ö·¨§μ¢ ´´ÒÌ ¶·μÉμ´-¶·μÉμ´´ÒÌ (5Ä12,6 ƒÔ‚)
¨ ¤¥°É·μ´-¤¥°É·μ´´ÒÌ (2Ä5,8 ƒÔ‚/´Ê±²μ´) ¸Éμ²±´μ¢¥´¨°. ‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨-
¢ ¥É¸Ö μ¸´μ¢´ Ö ¨μ´-¨μ´´ Ö ³μ¤  · ¡μÉÒ ±μ²² °¤¥· . „¢  ±μ²ÓÍ  ±μ²² °¤¥·  ¸¶·μ¥±-
É¨·μ¢ ´Ò ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¤μ¸É¨¦¥´¨Ö É·¥¡Ê¥³μ° ¸¢¥É¨³μ¸É¨ ¢ ¤¢ÊÌ ÉμÎ± Ì ¢¸É·¥Î¨
(¤μ L = 5 · 1027 ¸³−2 · ¸−1 ¶·¨ Ô´¥·£¨¨ Ö¤¥· 79Au 4,5 ƒÔ‚/´Ê±²μ´). �¶É¨³¨§ Í¨Ö μ¶É¨-
Î¥¸±¨Ì ¸¢μ°¸É¢ ±μ²² °¤¥·  μ¸´μ¢Ò¢ ² ¸Ó ´  ÊÎ¥É¥ ·Ö¤  Ë¨§¨Î¥¸±¨Ì Ë ±Éμ·μ¢, ±μÉμ·Ò¥
´ ²μ¦¨²¨ μ¶·¥¤¥²¥´´Ò¥ μ£· ´¨Î¥´¨Ö ´  ¶ · ³¥É·Ò ±μ²¥Í, É ±¨¥ ± ± μ£· ´¨Î¥´¨¥ ¢·¥-
³¥´¨ ¦¨§´¨ ¶ÊÎ±  (¸¢¥É¨³μ¸É¨) ¨§-§  ¢´ÊÉ·¨¶ÊÎ±μ¢μ£μ · ¸¸¥Ö´¨Ö Î ¸É¨Í ¢ ¶ÊÎ±¥ (IBS Å
intrabeam scattering), ´¥±μ£¥·¥´É´Ò° ¸¤¢¨£ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ (Laslett tune shift), ¸¤¢¨£
¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¨§-§  ´ ²¨Î¨Ö ÉμÎ¥± ¢¸É·¥Î¨ (beam-beam tune shift). ‘¢¥·Ì¶·μ¢μ¤Ö-
Ð¨¥ ±μ²ÓÍ  ±μ²² °¤¥·  [2] ¸μ¸ÉμÖÉ ¨§ ¶μ¢μ·μÉ´ÒÌ  ·μ± ¨ ¶·Ö³μ²¨´¥°´ÒÌ ¸¥±Í¨° (·¨¸. 1).
Š ¦¤ Ö  ·±  ¸μ¤¥·¦¨É 12 ÖÎ¥¥± É¨¶  FODO ¸ ´ ¡¥£μ³ ¡¥É É·μ´´μ° Ë §Ò ´  ÖÎ¥°±Ê 90◦.
„²¨´´Ò¥ ¶·Ö³μ²¨´¥°´Ò¥ ¶·μ³¥¦ÊÉ±¨, ¸μ£² ¸μ¢ ´´Ò¥ ¸  ·± ³¨, ¸μ¤¥·¦ É ®¢±²ÕÎ¥´´Ò¥¯
Ê¸É·μ°¸É¢ : ‚—-¸É ´Í¨¨, ¸¨¸É¥³Ê Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö, ¤¥É¥±Éμ· MPD ¨ ¤·Ê£¨¥, ¨
¸²Ê¦ É, ¢ Î ¸É´μ¸É¨, ¤²Ö ¢ ·¨ Í¨¨ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ,   É ±¦¥ ¤²Ö ¸¢¥¤¥´¨Ö ¶ÊÎ±μ¢ ¨
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�¨¸. 1. ‘Ì¥³  ±μ²² °¤¥·  ¨ ±μ³¶μ´μ¢±  μ¡μ·Ê¤μ¢ ´¨Ö ¢ ±μ²ÓÍ¥: RF Å ¸É ´Í¨¨ Ê¸±μ·ÖÕÐ¥£μ

‚—-´ ¶·Ö¦¥´¨Ö; Beam dump Å ¸¨¸É¥³Ò ¸¡·μ¸  ¶ÊÎ± ; PU Å ¶¨± ¶-Ô²¥±É·μ¤Ò; K Å ±μ··¥±Éμ·Ò

¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö; ECool Å ¸¨¸É¥³  Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö; MPD, SPD Å
¤¥É¥±Éμ·Ò. ‚ ¸±μ¡± Ì Ê± § ´Ò ¤²¨´Ò Ô²¥³¥´Éμ¢ Ê¸±μ·¨É¥²Ö ¨ ¶·μ³¥¦ÊÉ±μ¢ ¢ ³¥É· Ì

¨Ì Ëμ±Ê¸¨·μ¢±¨ ¢ ÉμÎ± Ì ¢¸É·¥Î¨ (IPs). �  ·¨¸. 1 ¶μ± § ´  ¸Ì¥³  μ¤´μ£μ ¨§ ±μ²¥Í ¸
· §³¥Ð¥´¨¥³ μ¡μ·Ê¤μ¢ ´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¨μ´´μ° ³μ¤¥ · ¡μÉÒ ±μ²² °¤¥· . ‘μμÉ-
¢¥É¸É¢ÊÕÐ¨¥  ³¶²¨ÉÊ¤´Ò¥ ¨ ¤¨¸¶¥·¸¨μ´´Ò¥ ËÊ´±Í¨¨ (Twiss-parameters) ¤²Ö μ¤´μ£μ ¨§
±μ²¥Í ¶μ± § ´Ò ´  ·¨¸. 2. �¤¨´ ¨§ ¨¸ÉμÎ´¨±μ¢ ´¥²¨´¥°´μ¸É¨ ¢ ±μ²² °¤¥·¥ Å ¸¨¸É¥³ 
±μ··¥±Í¨¨ ¨²¨ ±μ³¶¥´¸ Í¨¨ ´ ÉÊ· ²Ó´μ° Ì·μ³ É¨Î´μ¸É¨ Å ¸μ¤¥·¦¨É Î¥ÉÒ·¥ ¸¥³¥°¸É¢ 

�¨¸. 2. 	¥É É·μ´´Ò¥ (β) ¨ ¤¨¸¶¥·¸¨μ´´Ò¥ (D) ËÊ´±Í¨¨ ±μ²ÓÍ  ±μ²² °¤¥· 
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’ ¡²¨Í  1. �¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ±μ²ÓÍ  ¤²Ö ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ ¨μ´μ¢ 79Au

�¥·¨³¥É· ±μ²ÓÍ , ³ 503,04

�´¥·£¨Ö ¨μ´μ¢, ƒÔ‚/´Ê±²μ´ 4,5

Š·¨É¨Î¥¸± Ö Ô´¥·£¨Ö γtr 7,091

Œ ±¸¨³ ²Ó´ Ö ¨´¤Ê±Í¨Ö ³ £´¨É´μ£μ ¶μ²Ö, ’² 1,8

Œ ±¸¨³ ²Ó´Ò° £· ¤¨¥´É ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, ’²/³ 23

ƒμ·¨§μ´É ²Ó´ Ö/¢¥·É¨± ²Ó´ Ö ¡¥É É·μ´´ Ö Î ¸ÉμÉ  9,44/9,44

ƒμ·¨§μ´É ²Ó´ Ö/¢¥·É¨± ²Ó´ Ö Ì·μ³ É¨Î´μ¸ÉÓ χx/χy Ä33/Ä28

β-ËÊ´±Í¨Ö ¢ IP, ³ 0,35

�±¸¥¶É ´¸ ±μ²ÓÍ , π ³³ ·³· ¤ 40

�·μ¤μ²Ó´Ò°  ±¸¥¶É ´¸ Δp/p ± 0,010

Œ ±¸¨³ ²Ó´ Ö ¤¨¸¶¥·¸¨Ö ¢  ·±¥ Dx, ³ 2,54

Š· É´μ¸ÉÓ ‚—-¶μ²Ö 66

Šμ²¨Î¥¸É¢μ ¡ ´Î¥° ¢ ±μ²ÓÍ¥ 22

‘·¥¤´¥±¢ ¤· É¨Î´Ò° · §³¥· ¸£Ê¸É±  σs, ³ 0,6

‘·¥¤´¥±¢ ¤· É¨Î´Ò° · §¡·μ¸ ¶μ ¨³¶Ê²Ó¸ ³ σp 1,8 · 10−3

—¨¸²μ ¨μ´μ¢ ¢ ¡ ´Î¥ 2,4 · 109

‘¢¥É¨³μ¸ÉÓ L, ¸³−2 · ¸−1 1,0·1027

‚·¥³Ö ·μ¸É  IBS, ¸ 2000

¸¥±¸ÉÊ¶μ²Ó´ÒÌ ±μ··¥±Éμ·μ¢ ¢  ·± Ì. �·¨ ÔÉμ³ ´ ¡¥£ Ë §Ò ³¥¦¤Ê Ô²¥³¥´É ³¨ ± ¦¤μ£μ
¸¥³¥°¸É¢  180◦ ¶μ§¢μ²Ö¥É ³¨´¨³¨§¨·μ¢ ÉÓ ¢²¨Ö´¨¥ ¸¥±¸ÉÊ¶μ²¥° ´  „�. �¸´μ¢´Ò¥ ¶ · -
³¥É·Ò ±μ²ÓÍ  ±μ²² °¤¥·  ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

2. ��‘—…’ „ˆ��Œˆ—…‘Š�‰ ��…�’“�›
�� ���ƒ��ŒŒ… ‘ˆŒ�‹…Š’ˆ—…‘Š�ƒ� ’�…Šˆ�ƒ�

� ¸Î¥ÉÒ ¤¨´ ³¨±¨ ¶ÊÎ±  ¶·μ¨§¢μ¤¨²¨¸Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MAD-X [3, 4]. ‚ · ³-
± Ì ¶·μ£· ³³Ò MAD-X ¸ÊÐ¥¸É¢Ê¥É ¤¢¥ ¶·μ£· ³³Ò ¸¨³¶²¥±É¨Î¥¸±μ£μ É·¥±¨´£ :  ²£μ·¨É³
PTC (Polymorphic Tracking Code) [5] ¨ ¶·μ£· ³³  É·¥±¨´£  ³¥Éμ¤μ³ Éμ´±¨Ì ²¨´§ (thin-
lens tracking). PTC-É·¥±¨´£ ´¥ ¶μ§¢μ²Ö¥É ÊÎ¨ÉÒ¢ ÉÓ ¢ · ¸Î¥É Ì ¸¨²Ò ³¥¦¶ÊÎ±μ¢μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö ¢ ÉμÎ± Ì ¢¸É·¥Î¨ ¨ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ±μ¢.

‚ · ¸Î¥É Ì ÊÎ¨ÉÒ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ë ±Éμ·Ò, ¢´μ¸ÖÐ¨¥ ´¥²¨´¥°´Ò¥ ¢μ§³ÊÐ¥´¨Ö ¢
¤¨´ ³¨±Ê:

1) ³ £´¨É´μ¥ ¶μ²¥ ¸¥±¸ÉÊ¶μ²Ó´ÒÌ ²¨´§ ¸¨¸É¥³Ò ±μ³¶¥´¸ Í¨¨ Ì·μ³ É¨Î´μ¸É¨;
2) ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì [2] (É ¡². 2);
3) ¸²ÊÎ °´Ò¥ μÏ¨¡±¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì: σrms=0,3(ΔB/B)syst.

’ ¡²¨Í  2. ‘¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì bn =
1

B

(
dnBy

dxn

)
, ³−(n+1)

b2 b4 b6 b8 b10 b12

Ä0,03 76,3 Ä1,5 · 105 Ä2,7 · 1010 Ä7,5 · 1014 Ä6,6 · 1018
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� ¸Î¥ÉÒ ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ± ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì ¡Ò²¨ ¢Ò-
¶μ²´¥´Ò ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò · ¸Î¥É  Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²¥°. �É³¥É¨³, ÎÉμ ¸¥±¸-
ÉÊ¶μ²Ó´ Ö ¸μ¸É ¢²ÖÕÐ Ö ³ £´¨É´μ£μ ¶μ²Ö ¸μμÉ¢¥É¸É¢Ê¥É ¨§³¥·¥´´Ò³ §´ Î¥´¨Ö³ ¶μ²Ö ¢
´Ê±²μÉ·μ´¥.

� ¸Î¥ÉÒ ¶·μ¢μ¤¨²¨¸Ó ¶μ ³¥Éμ¤¨±¥, · §· ¡μÉ ´´μ° M.Giovannozzi [6]. �´ ²¨§ ¤¨´ -
³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¶·μ¨§¢μ¤¨²¸Ö ¢ ¶·μ¸É· ´¸É¢¥ ¶μ¶¥·¥Î´ÒÌ ¨´¢ ·¨ ´Éμ¢ Ex, Ey :

Ex = γxx2 + 2αxx′x + βxx′2,

Ey = γyy2 + 2αyy′y + βyy′2,

£¤¥ αj , βj , γj Ö¢²ÖÕÉ¸Ö ¶ · ³¥É· ³¨ ’¢¨¸¸ .
�μ²Ö·´ Ö ¸¥É±  ¢ ´μ·³ ²¨§μ¢ ´´μ³ Ë §μ¢μ³ ¶·μ¸É· ´¸É¢¥ ¢ÒÎ¨¸²Ö² ¸Ó ± ±

Ex = r cos θ, Ey = r sin θ, 0 � θ � π

2
.

‡ É¥³ ¢Ò¡¨· ²¸Ö  ´¸ ³¡²Ó Î ¸É¨Í ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ´ Î ²Ó´Ò³¨ Ê¸²μ¢¨Ö³¨, · ¸-
¶·¥¤¥²¥´´Ò° ¶μ ¶μ²Ö·´μ° ¸¥É±¥, ¨ ¶·μ¢μ¤¨²¸Ö É·¥±¨´£ Î ¸É¨Í ¤²Ö N μ¡μ·μÉμ¢. …¸²¨
r(θ, N) ¸μμÉ¢¥É¸É¢Ê¥É ´ ¨¡μ²ÓÏ¥° ¸É ¡¨²Ó´μ°  ³¶²¨ÉÊ¤¥ ¢ ´ ¶· ¢²¥´¨¨ θ ¤²Ö N μ¡μ·μ-
Éμ¢, Éμ ¤¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ·  ³μ¦¥É ¡ÒÉÓ μ¶·¥¤¥²¥´  ± ±

D(N) =
2
π

π/2∫
0

r(θ, N) dθ ≡ 〈r(θ, N)〉. (1)

‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ·¥§Ê²ÓÉ É ³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ [6], ¶·¥¤² £ ¥É¸Ö ¸²¥¤ÊÕÐ¨° § ±μ´
¨§³¥´¥´¨Ö „� ¸μ ¢·¥³¥´¥³ μ¡· Ð¥´¨Ö ¶ÊÎ±  ¢ ±μ²ÓÍ¥ ´ ±μ¶¨É¥²Ö:

√
D(N) =

√
D∞

(
1 +

b

[log (N)]k

)
, (2)

£¤¥ D∞ Å  ¸¨³¶ÉμÉ¨Î¥¸± Ö ¤¨´ ³¨Î¥¸± Ö  ¶¥·ÉÊ· ,   ¶ · ³¥É·Ò b ¨ k μ¶·¥¤¥²ÖÕÉ¸Ö ¶μ
· ¸Î¥É´μ° § ¢¨¸¨³μ¸É¨ D(N).

�¨¸. 3. ®�¡² ¸ÉÓ ¦¨§´¨¯ Î ¸É¨Í ¢ Ë §μ¢μ³
¶·μ¸É· ´¸É¢¥

�¨¸. 4. ®�£¨¡ ÕÐ Ö¯ μ¡² ¸É¨ Ê¸Éμ°Î¨¢μ-
¸É¨ ¤¢¨¦¥´¨Ö
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ „� μÉ ±μ²¨Î¥¸É¢  μ¡μ·μÉμ¢ Nturn

�  ·¨¸. 3 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¤²Ö Î¨¸²  μ¡μ·μÉμ¢
Nturn = 1000 ¨ Î¨¸²  Î ¸É¨Í Npart = 100 000 (μÉ³¥Î¥´Ò Î ¸É¨ÍÒ, ¸μÌ· ´ÖÕÐ¨¥ ¸É -
¡¨²Ó´μ¸ÉÓ ¤¢¨¦¥´¨Ö). Š ± ¢¨¤´μ, ·¥ ²Ó´ Ö ± ·É¨´  ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò (μ¡² ¸É¨
¦¨§´¨ Î ¸É¨Í) ¢¥¸Ó³  ¸²μ¦´ Ö. �  ·¨¸. 4 ¶μ± § ´  ®μ£¨¡ ÕÐ Ö¯ μ¡² ¸É¨ Ê¸Éμ°Î¨¢μ¸É¨
¤¢¨¦¥´¨Ö.

�  ·¨¸. 5 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ „� μÉ Î¨¸²  μ¡μ·μÉμ¢ Nturn = 103−105, · ¸¸Î¨-
É ´´ Ö ¶μ Ëμ·³Ê²¥ (1). ’ ³ ¦¥ ¶·¨¢¥¤¥´  É¥μ·¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ „� μÉ Nturn,
¶μ²ÊÎ¥´´ Ö ¶ÊÉ¥³  ¶¶·μ±¸¨³ Í¨¨ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¶μ Ëμ·³Ê²¥ (2).

Š ± ¢¨¤´μ ´  ·¨¸. 5, §´ Î¥´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò D∞ (´μ·³¨-
·μ¢ ´´μ° ´  π) ¸μ¸É ¢²Ö¥É 98,89 ³³ ·³· ¤.

3. ��‘—…’ „ˆ��Œˆ—…‘Š�‰ ��…�’“�› �� ���ƒ��ŒŒ… ’�…Šˆ�ƒ�
Œ…’�„�Œ ’��Šˆ• ‹ˆ�‡ (THIN-LENS TRACKING)

‚ · ³± Ì ¶·μ£· ³³Ò MAD-X ¶μ³¨³μ  ²£μ·¨É³  PTC-É·¥±¨´£  ¸ÊÐ¥¸É¢Ê¥É É ±¦¥ ¶·μ-
£· ³³  ¸¨³¶²¥±É¨Î¥¸±μ£μ É·¥±¨´£  ³¥Éμ¤μ³ Éμ´±¨Ì ²¨´§ (thin-lens tracking). ‚ ¶·¥¤Ò¤Ê-
Ð¥° ¶·μ£· ³³¥ MAD8 ¶·μ£· ³³  É·¥±¨´£  ´¥±μ··¥±É´μ · ¸¸Î¨ÉÒ¢ ²  ¶·μÌμ¦¤¥´¨¥ Î -
¸É¨Í Î¥·¥§ ®Éμ²¸ÉÒ¥¯ Ô²¥³¥´ÉÒ, É ±¨¥ ± ±, ´ ¶·¨³¥·, ¶μ¢μ·μÉ´Ò¥ ³ £´¨ÉÒ, ÎÉμ ¶·¨¢μ¤¨É
± ´¥¢¥·´Ò³ ·¥§Ê²ÓÉ É ³. „²Ö Ê¸É· ´¥´¨Ö ÔÉμ£μ ´¥¤μ¸É É±  ¢ ¶·μ£· ³³¥ MAD-X ·¥ ²Ó-
´ Ö ¸É·Ê±ÉÊ·  ±μ²ÓÍ  ¶·¥μ¡· §Ê¥É¸Ö ¢ Ô±¢¨¢ ²¥´É´ÊÕ ¸É·Ê±ÉÊ·Ê, ¸μ¸ÉμÖÐÊÕ ¨§ ®Éμ´±¨Ì¯
Ô²¥³¥´Éμ¢. ’ ±μ°  ²£μ·¨É³ ¶μ§¢μ²Ö¥É É ±¦¥ ÊÎ¥¸ÉÓ ¸¨²Ò ³¥¦¶ÊÎ±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö
¢ ¤¢ÊÌ ÉμÎ± Ì ¢¸É·¥Î¨ ¶ÊÎ±μ¢ ¨ ¸¨²Ò ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± .

‚ · ¸Î¥É Ì ÊÎ¨ÉÒ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ Ë ±Éμ·Ò, ¢´μ¸ÖÐ¨¥ ´¥²¨´¥°´Ò¥ ¢μ§³ÊÐ¥´¨Ö
¢ ¤¨´ ³¨±Ê:

1) ³ £´¨É´μ¥ ¶μ²¥ ¸¥±¸ÉÊ¶μ²Ó´ÒÌ ²¨´§ ¸¨¸É¥³Ò ±μ³¶¥´¸ Í¨¨ Ì·μ³ É¨Î´μ¸É¨;
2) ¸¨¸É¥³ É¨Î¥¸±¨¥ μÏ¨¡±¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì [2] (É ¡². 2);
3) ¸²ÊÎ °´Ò¥ μÏ¨¡±¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì;
4) ¸¨²Ò ³¥¦¶ÊÎ±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¤¢ÊÌ ÉμÎ± Ì ¢¸É·¥Î¨ ¶ÊÎ±μ¢;
5) ¸¨²Ò ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± .
�  ·¨¸. 6 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ „�, · ¸¸Î¨É ´´ Ö ¶μ Ëμ·³Ê²¥ (1), μÉ Î¨¸²  μ¡μ·μ-

Éμ¢ Nturn. � · ³¥É·Ò ¶ÊÎ±  ¸μμÉ¢¥É¸É¢μ¢ ²¨ É ¡². 1. ’ ³ ¦¥ ¶·¨¢¥¤¥´  É¥μ·¥É¨Î¥¸± Ö
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ „� μÉ ±μ²¨Î¥¸É¢  μ¡μ·μÉμ¢ Nturn

§ ¢¨¸¨³μ¸ÉÓ „� μÉ Nturn, ¶μ²ÊÎ¥´´ Ö ¶ÊÉ¥³  ¶¶·μ±¸¨³ Í¨¨ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¶μ Ëμ·-
³Ê²¥ (2), ¨ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ  ²£μ·¨É³Ê PTC (·¨¸. 5).

Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , §´ Î¥´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò D∞ ¸μ-
¸É ¢²Ö¥É 58,9 ³³ ·³· ¤. “³¥´ÓÏ¥´¨¥ D∞ ¶μ ¸· ¢´¥´¨Õ ¸ · ¸Î¥Éμ³ ¶μ ¶·μ£· ³³¥ PTC
³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¢²¨Ö´¨¥³ ÔËË¥±Éμ¢ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ±  ¨ ¸¨² ³¥¦¶ÊÎ±μ-
¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö.

�·¥¤² £ ¥³Ò° § ±μ´ Ô¢μ²ÕÍ¨¨ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ¨§³¥-
´¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¸μ ¢·¥³¥´¥³ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¶μÉ¥·Ó ¶ÊÎ± . …¸²¨ ¶·¥¤¶μ²μ-
¦¨ÉÓ £ Ê¸¸μ¢¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¶μ ¶μ¶¥·¥Î´Ò³ ±μμ·¤¨´ É ³, Éμ ¶μ²´Ò¥ μÉ´μ¸¨-
É¥²Ó´Ò¥ ¶μÉ¥·¨ Î ¸É¨Í ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ± ± [7]:

ΔI

I0
(∞) = exp

(
−D∞
2Erms

)
, (3)

£¤¥ Erms Å ¸·¥¤´¥±¢ ¤· É¨Î´Ò° ¨´¢ ·¨ ´É. �  ·¨¸. 7 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¶μÉ¥·Ó
μÉ Erms.

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ¶μÉ¥·Ó ¨μ´μ¢ μÉ Erms
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‚ ´ ±μ¶¨É¥²¥ NICA ¢¥²¨Î¨´  Erms ¶·¥¤¶μ² £ ¥É¸Ö · ¢´μ° 1 ³³ ·³· ¤. �¤´ ±μ ÔÉ  ¢¥-
²¨Î¨´  ³μ¦¥É μ± § ÉÓ¸Ö ¸ÊÐ¥¸É¢¥´´μ ¡μ²ÓÏ¥ ¨§-§  ·Ö¤  ÔËË¥±Éμ¢, É ±¨Ì ± ±, ´ ¶·¨³¥·,
¢´ÊÉ·¨¶ÊÎ±μ¢μ¥ · ¸¸¥Ö´¨¥ (IBS).

‡�Š‹�—…�ˆ…

� ¸¸Î¨É ´  § ¢¨¸¨³μ¸ÉÓ ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò μÉ Î¨¸²  μ¡μ·μÉμ¢ ¶ÊÎ±  ¢ ´ ±μ¶¨-
É¥²¥ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò MAD-X ¶μ ¤¢Ê³ ´¥§ ¢¨¸¨³Ò³  ²£μ·¨É³ ³: ¶·μ£· ³³¥ ¸¨³-
¶²¥±É¨Î¥¸±μ£μ É·¥±¨´£  PTC (Polymorphic Tracking Code) ¨ ¶·μ£· ³³¥ É·¥±¨´£  ³¥Éμ¤μ³
Éμ´±¨Ì ²¨´§ (thin-lens tracking). �μ ¶μ²ÊÎ¥´´Ò³ ¤ ´´Ò³ · ¸¸Î¨É ´Ò §´ Î¥´¨Ö  ¸¨³¶Éμ-
É¨Î¥¸±μ° ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò, ±μÉμ·Ò¥ ¢ μ¡μ¨Ì ¸²ÊÎ ÖÌ ¡μ²ÓÏ¥  ±¸¥¶É ´¸  ±μ²ÓÍ  ¨
¸μ¸É ¢²ÖÕÉ: D∞ = 98,89 ³³ ·³· ¤ ¢ ¸²ÊÎ ¥ É·¥±¨´£  ³¥Éμ¤μ³ PTC; D∞ = 58,9 ³³ ·³· ¤
¢ ¸²ÊÎ ¥ É·¥±¨´£  ³¥Éμ¤μ³ Éμ´±¨Ì ²¨´§.

“³¥´ÓÏ¥´¨¥ ¢¥²¨Î¨´Ò D∞ ¢μ ¢Éμ·μ³ ¸²ÊÎ ¥ μ¡ÑÖ¸´Ö¥É¸Ö ÊÎ¥Éμ³ ÔËË¥±Éμ¢ ¶·μ¸É· ´-
¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± : ¸¨² ³¥¦¶ÊÎ±μ¢μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¢ ¤¢ÊÌ ÉμÎ± Ì ¢¸É·¥Î¨ ¶ÊÎ±μ¢
¨ ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¶ÊÎ± .

� ¸¸Î¨É ´Ò ¢μ§³μ¦´Ò¥ ¶μÉ¥·¨ Î ¸É¨Í, ¸μ¸É ¢²ÖÕÐ¨¥ ΔI/I(∞) = 3 · 10−13 ¤²Ö ¸·¥¤-
´¥±¢ ¤· É¨Î´μ£μ ¨´¢ ·¨ ´É  Erms = 1 ³³ · ³· ¤. �¥ ²Ó´μ ¢¥²¨Î¨´  Erms ³μ¦¥É ¡ÒÉÓ
§´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥ ¢¸²¥¤¸É¢¨¥ ¢´ÊÉ·¨¶ÊÎ±μ¢μ£μ · ¸¸¥Ö´¨Ö ¨ ¤·Ê£¨Ì ÔËË¥±Éμ¢.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶μ μ¶¨¸ ´´μ° ¢ÒÏ¥ ³¥Éμ¤¨±¥ Ë ±É¨Î¥¸±¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¸·¥¤-
´¥¥ §´ Î¥´¨¥ „�; ¢ · ¡μÉ¥ [8] ¢ ± Î¥¸É¢¥ „� · ¸¸³ É·¨¢ ²μ¸Ó §´ Î¥´¨¥, ³¨´¨³ ²Ó´μ¥
¤²Ö ¤ ´´μ° ±μ´Ë¨£Ê· Í¨¨ Ë §μ¢μ£μ ¶·μ¸É· ´¸É¢ . …¸É¥¸É¢¥´´μ, ¶·¨ ¶¥·¢μ³ ¶μ¤Ìμ¤¥ ¶μ-
²ÊÎ ÕÉ¸Ö §´ Î¨É¥²Ó´μ ¡μ²¥¥ μ¶É¨³¨¸É¨Î´Ò¥ §´ Î¥´¨Ö „�. ‚μ§´¨± ¥É ¢μ¶·μ¸, ± ±μ° ¦¥
¨§ ÔÉ¨Ì ¶μ¤Ìμ¤μ¢ ¶· ¢¨²Ó´Ò°? Šμ··¥±É´Ò° μÉ¢¥É ¸²¥¤ÊÕÐ¨°: ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¸¨²Ó´μ°
¸¢Ö§¨ ±μ²¥¡ ´¨° ¶· ¢¨²¥´ ¶¥¸¸¨³¨¸É¨Î¥¸±¨° μÉ¢¥É,   ¢ μÉ¸ÊÉ¸É¢¨¥ ¸¢Ö§¨ Å μ¶É¨³¨¸É¨-
Î¥¸±¨° μÉ¢¥É. ’ ±¨³ μ¡· §μ³, ¤²Ö ¶μ¢ÒÏ¥´¨Ö „� ´¥μ¡Ìμ¤¨³ ¶· ¢¨²Ó´Ò° ¢Ò¡μ· · ¡μÎ¥°
ÉμÎ±¨ (´¥²Ó§Ö ¢Ò¡¨· ÉÓ ¢ ÉμÎ´μ¸É¨ · ¢´Ò¥ §´ Î¥´¨Ö ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ) ¨ ÉÐ É¥²Ó-
´ Ö ±μ··¥±Í¨Ö ·¥§μ´ ´¸μ¢ ¸¢Ö§¨, ¢Ò§Ò¢ ¥³ÒÌ ¸μ²¥´μ¨¤ ³¨ ¨ ¸²ÊÎ °´Ò³¨ ¶μ¢μ·μÉ ³¨
±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Trubnikov G. V. et al. Project of the Nuclotron-Based Ion Collider fAcility (NICA) at JINR //
RuPAC'10, Protvino, Russia, Sept. 2010. TUCHB02. 2010. P. 17.

2. Kozlov O. et al. Collider of the NICA Accelerator Complex: Optical Structure and Beam Dynam-
ics // Proc. of Rus. Part. Accel. Conf. (RuPAC 2012), St. Petersburg, Russia, 2012. P. 278Ä280.

3. Grote H., Schmidt F. MAD-X Å An Upgrade from MAD8. CERN-AB-2003-024 ABP.

4. Herr W. Particle Tracking with MAD-X Including LHC BeamÄBeam Interactions. LHC Project
Note 344. CERN, 2004.

5. Forest E., McIntosh E., Schmidt F. Introduction to the Polymorphic Tracking Code Fibre Bundles,
Polymorphic Taylor Types and ®Exact Tracking¯. CERN-SL-2002-044 (AP). KEK-Report 2002-3.

6. Giovannozzi M., Scandale W., Todesco E. Dynamic Aperture Extrapolation in the Presence of Tune
Modulation // Phys. Rev. E. 1998. V. 57. P. 3432Ä3443.



ˆ¸¸²¥¤μ¢ ´¨¥  ¸¨³¶ÉμÉ¨Î¥¸±μ° ¤¨´ ³¨Î¥¸±μ°  ¶¥·ÉÊ·Ò ¢ ±μ²² °¤¥·¥ NICA 1297

7. Giovannozzi M. Proposed Scaling Law for Intensity Evolution in Hadron Storage Rings Based on
Dynamic Aperture Variation with Time // Phys. Rev. Special Topics ®Accelerators and Beams¯.
2012. V. 15. P. 024001.

8. Bolshakov A. Ye., Zenkevich P. R. Study of Dynamical Aperture of NICA Collider with Account
of Magnetic Field Errors and Coulomb Effects // Proc. of Rus. Part. Accel. Conf. (RuPAC 2012),

St. Petersburg, Russia, 2012. P. 304Ä306.

�μ²ÊÎ¥´μ 22 Ö´¢ ·Ö 2015 £.


