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

‚ · ¡μÉ¥ · ¸¸³μÉ·¥´Ò ¶·μ¡²¥³Ò ¶μ¸É·μ¥´¨Ö ¢¨·ÉÊ ²Ó´μ° ³μ¤¥²¨ ´Ê±²μÉ·μ´  ¢ MADX. –¥-
²ÓÕ · ¡μÉÒ Ö¢²Ö¥É¸Ö ÊÉμÎ´¥´¨¥ ¨³¥ÕÐ¥°¸Ö ³μ¤¥²¨ Ê¸±μ·¨É¥²Ö ¸ É¥³, ÎÉμ¡Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢
¸ ¶μ³μÐÓÕ ¶·μ£· ³³´μ£μ ¶ ±¥É  MADX ³ ±¸¨³ ²Ó´μ ÉμÎ´μ ¢μ¸¶·μ¨§¢μ¤¨²¨ ¨³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶μ²ÊÎ¥´´Ò¥ ¢ Ìμ¤¥ · ¡μÉÒ ´Ê±²μÉ·μ´  ¢ ¶μ¸²¥¤´¨Ì ¸¥ ´¸ Ì. ‚ Ìμ¤¥  ´ ²¨§ 
¢²¨Ö´¨Ö §´ Î¥´¨° ³μ¤¥²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ´  ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¡Ò²¨ ¢ÒÖ¢²¥´Ò £·Ê¶¶Ò ¶ · -
³¥É·μ¢, ¶·¨¡²¨¦ ÕÐ¨Ì É¥μ·¥É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ± §´ Î¥´¨Ö³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ.

Problems connected with the Nuclotron virtual simulation model within MADX are considered.
Main purpose of the work is to develop an exact model of the Nuclotron that would make the results of
calculation via MADX package as close as possible to experimental data obtained in the last Nuclotron
runs. The groups of parameters that make theoretical calculations closer to experimental data are
identiˇed during the analysis of the in	uence of the model characteristics on simulation results.
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Œμ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ ´Ê±²μÉ·μ´¥ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³´μ£μ ¶ ±¥É 
MADX ¢¥²μ¸Ó ¸ ÊÎ¥Éμ³ ±² ¸¸¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò ±μ²ÓÍ  [1, 2]. �·¨ ÔÉμ³ ¡Ò²μ ¶μ²ÊÎ¥´μ
¸²¥¤ÊÕÐ¥¥ ¸μμÉ´μÏ¥´¨¥ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ: Qx < Qy. �¤´ ±μ ¢ 54-³ ¸¥ ´¸¥ · ¡μÉÒ
´Ê±²μÉ·μ´  (2017 £.) ¨§³¥·¥´¨¥ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ¶·¨ · ¡μÉ¥ μ¤´μ£μ ¨¸-
ÉμÎ´¨±  Éμ±μμÉ¡μ·  (É. ¥. £· ¤¨¥´ÉÒ ¢ ±¢ ¤·Ê¶μ²Ó´ÒÌ Ëμ±Ê¸¨·ÊÕÐ¨Ì ¨ ¤¥Ëμ±Ê¸¨·ÊÕÐ¨Ì
²¨´§ Ì · ¢´Ò ¶μ ³μ¤Ê²Õ ¨ ¶·μÉ¨¢μ¶μ²μ¦´Ò ¶μ §´ ±Ê) ¤ ²μ ¶·μÉ¨¢μ¶μ²μ¦´Ò° ·¥§Ê²ÓÉ É,
É. ¥. Qx > Qy.

‚ ¸¢Ö§¨ ¸ ´¥¸μμÉ¢¥É¸É¢¨¥³ ¶μ¤μ¡· ´´ÒÌ ¸ ¶μ³μÐÓÕ MADX Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ-
²¥¡ ´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¨³¥ÕÐ¥°¸Ö ¢¨·ÉÊ ²Ó´μ° ³μ¤¥²¨ ´Ê±²μÉ·μ´  ¨ ¨§³¥·¥´´ÒÌ ¢
¸¥ ´¸¥ Qx ¨ Qy ¡Ò²  ¶μ¸É ¢²¥´  § ¤ Î  μ¡ ÊÉμÎ´¥´¨¨ ¶ · ³¥É·μ¢ Ô²¥³¥´Éμ¢ ¸É·Ê±ÉÊ·Ò
´Ê±²μÉ·μ´  ¢ MADX.
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‚ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ¡Ò²μ · ¸¸³μÉ·¥´μ ¢²¨Ö´¨¥ ¢¸¥Ì ¢μ§³μ¦´ÒÌ ¶ · ³¥É·μ¢ ³μ¤¥²¨ ´ 
¸μμÉ´μÏ¥´¨¥ Î ¸ÉμÉ ¶·¨ Ê¸²μ¢¨¨ μÉ¸ÊÉ¸É¢¨Ö ´¥²¨´¥°´μ¸É¥° ³ £´¨É´μ£μ ¶μ²Ö ¢ Ô²¥³¥´-
É Ì. ’ ±¨³ μ¡· §μ³, ¢ ·Ó¨·μ¢ ²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò: ¤²¨´Ò ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢
¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§, Ê£μ² ¢²¥É  ¨ ¢Ò²¥É  ¨§ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢, Ê£μ² ¶μ¢μ·μÉ  ±¢ -
¤·Ê¶μ²Ó´μ° ²¨´§Ò μÉ´μ¸¨É¥²Ó´μ ¶·μ¤μ²Ó´μ° μ¸¨.


Ò²μ ¶μ± § ´μ, ÎÉμ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê Qx ¨ Qy ³¥´Ö¥É¸Ö Éμ²Ó±μ ¶·¨ ¢ ·Ó¨·μ¢ ´¨¨
Ê£²  ¢²¥É  ¨ ¢Ò²¥É  ¨§ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢ Å ¢¥²¨Î¨´Ò, μ¡μ§´ Î ¥³μ° ¢ ³μ¤¥²¨ ´Ê±²μ-
É·μ´  ± ± Angle (·¨¸. 1). ˆ§³¥·¥´´Ò¥ ¢ ¸¥ ´¸¥ §´ Î¥´¨Ö Qx = 7,44 ¨ Qy = 7,35 ¡Ò²¨
¶μ²ÊÎ¥´Ò ¶·¨ Ê£²¥ ¢²¥É  ¨ ¢Ò²¥É , · ¢´μ³ Ä0,02504 · ¤.

�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° μÉ Ê£²  ¢²¥É  ¨ ¢Ò²¥É  ¨§ ¤¨¶μ²Ó´ÒÌ ³ £´¨Éμ¢

� ²¨Î¨¥ Ê ¶·Ö³μ£μ ¤¨¶μ²Ó´μ£μ ³ £´¨É  É ±μ£μ ¡μ²ÓÏμ£μ §´ Î¥´¨Ö Ê£²  ¢²¥É  ¨ ¢Ò²¥É 
Î ¸É¨Í ´¥¢μ§³μ¦´μ μ¡ÑÖ¸´¨ÉÓ μÏ¨¡± ³¨ ¨§£μÉμ¢²¥´¨Ö Ö·³ , É ± ± ± É ± Ö ®¨§μ£´ÊÉμ¸ÉÓ¯
¸μμÉ¢¥É¸É¢Ê¥É Éμ²Ó±μ ¸¥±Éμ·´Ò³ ³ £´¨É ³. ’ ±¨¥ §´ Î¥´¨Ö, ¸±μ·¥¥, Ì · ±É¥·¨§ÊÕÉ · ¸-
¶·¥¤¥²¥´¨Ö ±· ¥¢ÒÌ ¶μ²¥° ³ £´¨Éμ¢. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶μÉ·¥¡μ¢ ²μ¸Ó ¤ ²Ó´¥°Ï¥¥ ÊÉμÎ´¥´¨¥
¶ · ³¥É·μ¢ ¢¨·ÉÊ ²Ó´μ° ³μ¤¥²¨ ´Ê±²μÉ·μ´  ¢ MADX.
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‘²¥¤ÊÕÐ¨° ÔÉ ¶ ¸¢Ö§ ´ ¸ ¶·¥¤¶μ²μ¦¥´¨¥³ μ Éμ³, ÎÉμ ´  ¸μμÉ´μÏ¥´¨¥ ¡¥É É·μ´´ÒÌ
Î ¸ÉμÉ ³μ¦¥É ¢²¨ÖÉÓ ¨´É¥£· ² ±· ¥¢μ£μ ¶μ²Ö, μ¡μ§´ Î ¥³Ò° ¢ MADX ± ± FINT (fringe
ˇeld integral). 
Ò²μ ¶μ± § ´μ, ÎÉμ ¶·¨ · §²¨Î´ÒÌ ±μ³¡¨´ Í¨ÖÌ Angle ¤²Ö ¤¨¶μ²Ó´ÒÌ ³ £-
´¨Éμ¢ ¨ ¢¥²¨Î¨´Ò FINT ¤μ¸É¨£ ÕÉ¸Ö ³¨´¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¶μ£·¥Ï´μ¸É¥° · ¸¸Î¨É ´´ÒÌ
§´ Î¥´¨° ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ μÉ´μ¸¨É¥²Ó´μ ¨§³¥·¥´´ÒÌ ¢ ¸¥ ´¸¥ (·¨¸. 2).

’ ±¨³ μ¡· §μ³, μ¡´ ·Ê¦¥´μ ¶·¨³¥·´μ¥ §´ Î¥´¨¥ FINT, ¶·¨ ±μÉμ·μ³ §´ Î¥´¨¥ Angle
³μ¦´μ ¶·¨´ÖÉÓ §  ´μ²Ó ¨ ¶·¨ ±μÉμ·μ³ μÏ¨¡±¨ · ¸Î¥É  ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ μÉ´μ¸¨É¥²Ó´μ
·¥ ²Ó´ÒÌ §´ Î¥´¨° ³¨´¨³ ²Ó´Ò. „ ²¥¥ ¡Ò²¨ · ¸¸³μÉ·¥´Ò ¤¢  ¢ ·¨ ´É : ¢ ¶¥·¢μ³ ¸²ÊÎ ¥
¢¥²¨Î¨´  FINT ¶μ¸ÉμÖ´´  ¨ ´¥ § ¢¨¸¨É μÉ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ¨ ¢μ ¢Éμ·μ³
¸²ÊÎ ¥ ¸ÊÐ¥¸É¢Ê¥É ±μ··¥²ÖÍ¨Ö ³¥¦¤Ê FINT ¨ (Qx; Qy).

‚ÒÎ¨¸²¥´¨¥ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¶·¨ Ê¸²μ¢¨¨ ¶μ¸ÉμÖ´¸É¢  ¨´É¥£· ²  ±· ¥¢ÒÌ ¶μ-
²¥° ¤¨¶μ²¥°. „²Ö ¢ÒÎ¨¸²¥´¨Ö ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¶μ ¨§¢¥¸É´Ò³ Ê¶· ¢²ÖÕÐ¨³ ±μÔËË¨-
Í¨¥´É ³ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ´Ê±²μÉ·μ´  ¡Ò²¨ ¢¢¥¤¥´Ò ¸²¥¤ÊÕÐ¨¥ § ¢¨¸¨³μ¸É¨ ³¥¦¤Ê
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�¨¸. 2. �¡² ¸ÉÓ Angle ¨ FINT, ¢ ±μÉμ·μ° ¶μ£·¥Ï´μ¸É¨ · ¸¸Î¨É ´´ÒÌ §´ Î¥´¨° ³¨´¨³ ²Ó´Ò

�¨¸. 3. „¨ £· ³³  ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¶·¨ ¶μ¸ÉμÖ´´ÒÌ §´ Î¥´¨ÖÌ ¨´É¥£· ²  ±· ¥¢ÒÌ ¶μ²¥° ¤¨-

¶μ²Ó´ÒÌ ³ £´¨Éμ¢

Ê¶· ¢²ÖÕÐ¨³¨ ±μÔËË¨Í¨¥´É ³¨ k1 ¨ k2 ¨ ±¢ ¤·Ê¶μ²Ó´Ò³¨ ±μÔËË¨Í¨¥´É ³¨ Ëμ±Ê¸¨·Ê-
ÕÐ¨Ì ¨ ¤¥Ëμ±Ê¸¨·ÊÕÐ¨Ì ²¨´§ (kf ¨ kd ¸μμÉ¢¥É¸É¢¥´´μ) Î¥·¥§ ±μÔËË¨Í¨¥´ÉÒ ¶·μ¶μ·-
Í¨μ´ ²Ó´μ¸É¨ af , bf ¨ ad:

kf = af · k1 + bf , kd = kf + dkd, dkd = ad · k2.

�·¨ Ë¨É¨·μ¢ ´¨¨ §´ Î¥´¨° FINT ¨ ±μÔËË¨Í¨¥´Éμ¢ ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨ ¤²Ö 21 ¨³¥-
ÕÐ¥°¸Ö ¨§³¥·¥´´μ° ¶ ·Ò §´ Î¥´¨° ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¡Ò² ¶μ²ÊÎ¥´ ·¥§Ê²ÓÉ É, ¶·¥¤¸É -
¢²¥´´Ò° ´  ·¨¸. 3.

� ¸¸Î¨É ´´Ò¥ ÉμÎ±¨ ¸ ´¥±μÉμ·μ° ÉμÎ´μ¸ÉÓÕ μ¶¨¸Ò¢ ÕÉ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥. Š·μ³¥
Éμ£μ, ¶μ± § ´Ò ÉμÎ±¨, ¶μ¸É ¢²¥´´Ò¥ · ¸Î¥Éμ³ ¢ ¸μμÉ¢¥É¸É¢¨¥ É¥³ ¶ · ³ §´ Î¥´¨° Ê¶· -
¢²ÖÕÐ¨Ì ±μÔËË¨Í¨¥´Éμ¢ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö, ¶·¨ ±μÉμ·ÒÌ ´¥ Ê¤ ²μ¸Ó ¨§³¥·¨ÉÓ §´ Î¥-
´¨Ö ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¢ ¸¥ ´¸¥, ÎÉμ, ¶·¥¤¶μ²μ¦¨É¥²Ó´μ, £μ¢μ·¨É μ ¶μ¶ ¤ ´¨¨ ¢ ·¥§μ-
´ ´¸´Ò¥ Î ¸ÉμÉÒ.

‚ÒÎ¨¸²¥´¨¥ ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¶·¨ §´ Î¥´¨ÖÌ ¨´É¥£· ²  ±· ¥¢ÒÌ ¶μ²¥° ¤¨¶μ²¥°,
¸¢Ö§ ´´ÒÌ ¸ ±¢ ¤·Ê¶μ²Ó´Ò³¨ ±μÔËË¨Í¨¥´É ³¨. ‘ÊÐ¥¸É¢μ¢ ´¨¥ ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê ¨´-
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�¨¸. 4. „¨ £· ³³  ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ ¶·¨ ¶¥·¥³¥´´ÒÌ §´ Î¥´¨ÖÌ ¨´É¥£· ²  ±· ¥¢ÒÌ ¶μ²¥° ¤¨-

¶μ²Ó´ÒÌ ³ £´¨Éμ¢

É¥£· ²μ³ ±· ¥¢ÒÌ ¶μ²¥° ¨ ´ ¸É·μ°± ³¨ ±¢ ¤·Ê¶μ²Ó´ÒÌ ²¨´§ ¶·¥¤¶μ² £ ¥É ¸μ¢³¥¸É´μ¥
Ë¨É¨·μ¢ ´¨¥ FINT ¨ af , bf , ad ¤²Ö ± ¦¤μ° ¶ ·Ò (Qx; Qy). �μ²ÊÎ¥´μ ¸²¥¤ÊÕÐ¥¥ Ê· ¢-
´¥´¨¥ § ¢¨¸¨³μ¸É¨ ³¥¦¤Ê FINT ¨ kf ¨ kd:

FINT = 186,72 kf + 37,344 dkd − 132,41.

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔÉμ£μ Ê· ¢´¥´¨Ö É ±¦¥ ¡Ò²¨ ¢ÒÎ¨¸²¥´Ò §´ Î¥´¨Ö ¡¥É É·μ´´ÒÌ Î ¸ÉμÉ
¤²Ö ¸²ÊÎ ¥¢ ¶·¥¤¶μ²μ¦¨É¥²Ó´ÒÌ ·¥§μ´ ´¸μ¢ (·¨¸. 4).

�´ ²¨§¨·ÊÖ ·¨¸. 3 ¨ 4, ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¢Éμ·μ° ¢ ·¨ ´É ·¥Ï¥´¨Ö § ¤ Î¨ μ ³ ±¸¨-
³ ²Ó´μ ¢μ§³μ¦´μ³ ¶·¨¡²¨¦¥´¨¨ ¢ÒÎ¨¸²¥´´ÒÌ Î ¸ÉμÉ ± ¨§³¥·¥´´Ò³ ¤ ¥É ¡μ²¥¥ ÉμÎ´Ò°
·¥§Ê²ÓÉ É, Î¥³ ¶¥·¢Ò°. Š·μ³¥ Éμ£μ, ¢ÒÎ¨¸²¥´¨¥ Î ¸ÉμÉ ¤²Ö Ê¶· ¢²ÖÕÐ¨Ì ±μÔËË¨Í¨¥´Éμ¢
¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö, ¶·¨ ±μÉμ·ÒÌ ´¥ Ê¤ ²μ¸Ó ¨§³¥·¨ÉÓ Î ¸ÉμÉÒ ¶·¨ · ¡μÉ¥ Ê¸±μ·¨É¥²Ö
¨§-§ , ¶·¥¤¶μ²μ¦¨É¥²Ó´μ, ¶μ¶ ¤ ´¨Ö ¢ ·¥§μ´ ´¸´Ò¥ §´ Î¥´¨Ö, ¤¥°¸É¢¨É¥²Ó´μ ¤ ¥É §´ Î¥-
´¨Ö Qx ¨ Qy, ¡²¨§±¨¥ ± ·¥§μ´ ´¸´Ò³.

�² £μ¤ ·´μ¸É¨. �¢Éμ·Ò · ¡μÉÒ ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‚.Œ. ‘²¥¶´¥¢Ê ¨ ¢¸¥³Ê ±μ²-
²¥±É¨¢Ê “¸±μ·¨É¥²Ó´μ£μ μÉ¤¥²¥´¨Ö ‹”‚� �ˆŸˆ §  ¶·μ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´É  ¶μ ¨§³¥-
·¥´¨Õ Î ¸ÉμÉ ¡¥É É·μ´´ÒÌ ±μ²¥¡ ´¨° ´  ´Ê±²μÉ·μ´¥.
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