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�¡ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ ³´μ£μ¸²μ°´μ£μ
¶¥·Í¥¶É·μ´  ¢ ¤¥É¥±Éμ·¥ ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö Ô±¸¶¥·¨³¥´É  ‘‚Œ

� ¸¸³μÉ·¥´  § ¤ Î  ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¶μ ¨Ì ¶μÉ¥·Ö³
Ô´¥·£¨¨ ¢ ¤¥É¥±Éμ·¥ ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö (TRD) Ô±¸¶¥·¨³¥´É  ‘‚Œ. „²Ö
¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¨¸¶μ²Ó§μ¢ ² ¸Ó ¨¸±Ê¸¸É¢¥´´ Ö ´¥°·μ´´ Ö ¸¥ÉÓ Å ³´μ£μ-
¸²μ°´Ò° ¶¥·Í¥¶É·μ´, ·¥ ²¨§μ¢ ´´Ò° ¢ ¶ ±¥É Ì JETNET ¨ ROOT. ‚ · ¡μÉ¥ ¶μ-
± § ´μ, ÎÉμ ¤²Ö ¶μ²ÊÎ¥´¨Ö ±μ··¥±É´ÒÌ ¨ ¸μ¶μ¸É ¢¨³ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¢ ¦´μ ¶· -
¢¨²Ó´μ ¢Ò¡· ÉÓ ¸É·Ê±ÉÊ·Ê ¸¥É¨, ¨ ¶·¨¢μ¤ÖÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥±μ³¥´¤ Í¨¨.
„²Ö ¤μ¸É¨¦¥´¨Ö ¶·¨¥³²¥³μ£μ Ê·μ¢´Ö ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ É·¥¡Ê¥É¸Ö ¶·¥μ¡· §μ¢ -
´¨¥ ¢¥²¨Î¨´ ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ ¸²μÖÌ TRD ± ¡μ²¥¥ ®ÔËË¥±É¨¢´Ò³¯ ¶¥·¥³¥´´Ò³.
�μ²ÊÎ¥´  § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤´μ£μ ¶μ·μ£  ´¥°·μ´´μ° ¸¥É¨ μÉ ¨³¶Ê²Ó¸  ·¥£¨¸É·¨-
·Ê¥³μ° Î ¸É¨ÍÒ ¤²Ö Ë¨±¸¨·μ¢ ´´μ£μ Ê·μ¢´Ö ¶μÉ¥·¨ Ô²¥±É·μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Akishina T. P., Denisova O.Yu., Ivanov V.V. �10-2009-61
On Electron and Pion Identiˇcation Using a Multilayer Perceptron
in the Transition Radiation Detector of the CBM Experiment

The problem of pion-electron identiˇcation based on their energy losses in the
TRD is considered in the frame of the CBM experiment. For particles identiˇcation
an artiˇcial neural network (ANN) was used, a multilayer perceptron realized in
JETNET and ROOT packages. It is demonstrated that, in order to get correct and
comparable results, it is important to deˇne the network structure correctly. The
recommendations for such a selection are given. In order to achieve an acceptable
level of pions suppression, the energy losses need to be transformed to more ®ef-
fective¯ variables. The dependency of ANN output threshold for a ˇxed portion of
electron loss on the particle momentum is presented.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ‘‚Œ, ¸μ§¤ ¢ ¥³ Ö ¢ GSI („ ·³ÏÉ ¤É, ƒ¥·-
³ ´¨Ö) ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥  ´É¨¶·μÉμ´μ¢ ¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ FAIR [1,
2], ¶·¥¤´ §´ Î¥´  ¤²Ö ¨§ÊÎ¥´¨Ö ¸¢μ°¸É¢ ¸¨²Ó´μ ¸¦ Éμ° ¡ ·¨μ´´μ° ³ É¥·¨¨,
μ¡· §ÊÕÐ¥°¸Ö ¢ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ.

	 ¡μ· ¤¥É¥±Éμ·μ¢ ¨ Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨ ‘‚Œ ¤μ²¦¥´ μ¡¥¸¶¥Î¨ÉÓ ¨¤¥´-
É¨Ë¨± Í¨Õ Ô²¥±É·μ´μ¢ ¶·¨ Ê¸²μ¢¨¨ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ ´  Ê·μ¢´¥ 105, ¨¤¥´-
É¨Ë¨± Í¨Õ  ¤·μ´μ¢ ¸ ¡μ²ÓÏ¨³  ±¸¥¶É ´¸μ³, ¢μ¸¸É ´μ¢²¥´¨¥ ¨³¶Ê²Ó¸μ¢ § -
·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ÉμÎ´μ¸ÉÓÕ ∼ 1 %, ¢μ¸¸É ´μ¢²¥´¨¥ ¶¥·¢¨Î´ÒÌ ¨ ¢Éμ·¨Î-
´ÒÌ ¢¥·Ï¨´ ¸ ÉμÎ´μ¸ÉÓÕ ∼ 30 ³±³, ¢Ò¸μ±μ¥ ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥
±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢, ³ ²μ¥ ³¥·É¢μ¥ ¢·¥³Ö, ¡Ò¸É·Ò° μÉ¢¥É ¨ ¢Ò¸μ±ÊÕ
¸±μ·μ¸ÉÓ ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨ ¸ ¤¥É¥±Éμ·μ¢, ¢Ò¸μ±ÊÕ ¸±μ·μ¸ÉÓ É·¨££¥· 
¨ ¸¨¸É¥³Ò ¸¡μ·  ¤ ´´ÒÌ, Ê¸Éμ°Î¨¢μ¸ÉÓ ¤¥É¥±Éμ·μ¢ ¨ Ô²¥±É·μ´¨±¨ ± · ¤¨ Í¨-
μ´´Ò³ Ê¸²μ¢¨Ö³, Ê¸Éμ°Î¨¢μ¸ÉÓ ± ¤¥²ÓÉ -Ô²¥±É·μ´ ³ ¨ É. ¤.

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ‘‚Œ

	  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ‘‚Œ. ‚´Ê-
É·¨ ¤¨¶μ²Ó´μ£μ ³ £´¨É  · ¸¶μ²μ¦¥´  ³¨Ï¥´Ó ¨ ±μμ·¤¨´ É´ Ö É·¥±μ¢ Ö ¸¨-
¸É¥³  (STS Å Silicon Tracking System), ¸μ¤¥·¦ Ð Ö ¸¥³Ó ¶²μ¸±μ¸É¥° ¨§ ¶¨±-
¸¥²Ó´ÒÌ ¨ ¸É·¨¶μ¢ÒÌ ¤¥É¥±Éμ·μ¢. STS ¸μ¢³¥¸É´μ ¸ ¤¨¶μ²Ó´Ò³ ³ £´¨Éμ³ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¤²Ö ¢μ¸¸É ´μ¢²¥´¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ μ¶·¥¤¥²¥´¨Ö
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¨Ì ¨³¶Ê²Ó¸μ¢. —¥·¥´±μ¢¸±¨° ¤¥É¥±Éμ· (RICH Å Ring Imaging Cherenkov)
¨ ¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö (TRD Å Transition Radiation Detector)
¤μ²¦´Ò μ¡¥¸¶¥Î¨ÉÓ ´ ¤¥¦´ÊÕ ·¥£¨¸É· Í¨Õ Ô²¥±É·μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ ¢ÒÏ¥
1 ƒÔ‚/c. „¥É¥±Éμ· ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¶·μ²¥É  (TOF Å Time-of-�ight), ¶μ-
¸É·μ¥´´Ò° ´  μ¸´μ¢¥ ·¥§¨¸É¨¢´ÒÌ ¶²μ¸±¨Ì ± ³¥· (RPC Å Resistive Plate
Chambers), ¶·¥¤´ §´ Î¥´ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨  ¤·μ´μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨. 
²¥±-
É·μ³ £´¨É´Ò° ± ²μ·¨³¥É· (ECAL Å Electromagnetic Calorimeter) ¨¸¶μ²Ó§Ê-
¥É¸Ö ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ËμÉμ´μ¢.

ˆ§³¥·¥´¨¥ Î ·³μ´¨Ö Å μ¤´  ¨§ μ¸´μ¢´ÒÌ § ¤ Î Ô±¸¶¥·¨³¥´É  ‘‚Œ. „²Ö
Éμ£μ ÎÉμ¡Ò § ·¥£¨¸É·¨·μ¢ ÉÓ J/ψ-³¥§μ´ ¶·¨ ¥£μ · ¸¶ ¤¥ ¶μ ¤¨Ô²¥±É·μ´´μ³Ê
± ´ ²Ê, ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ £² ¢´ÊÕ § ¤ ÎÊ: ´ ¤¥¦´μ ¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ Ô²¥±-
É·μ´Ò ¢ Ê¸²μ¢¨ÖÌ ¤μ³¨´¨·ÊÕÐ¥£μ Ëμ´  μÉ ¶¨μ´μ¢. �¤´¨³ ¨§ ´ ¨¡μ²¥¥ ÔË-
Ë¥±É¨¢´ÒÌ ¤¥É¥±Éμ·μ¢ ¤²Ö ·¥Ï¥´¨Ö Ê± § ´´μ° § ¤ Î¨ Ö¢²Ö¥É¸Ö ³´μ£μ¸²μ°´Ò°
¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö TRD.

TRD ¤μ²¦¥´ μ¡¥¸¶¥Î¨ÉÓ ´ ¤¥¦´ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ Ô²¥±É·μ´μ¢, ¢Ò¸μ±¨°
Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢,   É ±¦¥ ¢μ¸¸É ´μ¢²¥´¨¥ É· ¥±Éμ·¨° ¶·μÌμ¤ÖÐ¨Ì
Î¥·¥§ ´¥£μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ’·¥¡Ê¥³μ¥ ¶μ¤ ¢²¥´¨¥ ¶¨μ´μ¢ ¤μ²¦´μ ¡ÒÉÓ ´¥
³¥´¥¥ 100, ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ μ±μ²μ 200Ä300 ³±³. —Éμ¡Ò ·¥Ï¨ÉÓ
Ê± § ´´Ò¥ § ¤ Î¨ ¢ Ê¸²μ¢¨ÖÌ ¨´É¥´¸¨¢´ÒÌ ¶μÉμ±μ¢ ¨ ¢Ò¸μ±μ° ³´μ¦¥¸É¢¥´´μ-
¸É¨ Î ¸É¨Í, ´¥μ¡Ìμ¤¨³  ÉÐ É¥²Ó´ Ö μ¶É¨³¨§ Í¨Ö ¤¥É¥±Éμ·  TRD.

‚ · ¡μÉ¥ [3] § ¤ Î  ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¡Ò²  Ê¸¶¥Ï´μ
·¥Ï¥´  ¸ ¶μ³μÐÓÕ ¨¸±Ê¸¸É¢¥´´μ° ´¥°·μ´´μ° ¸¥É¨ Å ³´μ£μ¸²μ°´μ£μ ¶¥·-
Í¥¶É·μ´  (Œ‘�) ¨§ ¶ ±¥É  JETNET [4]. ‚ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ ¤²Ö ÔÉ¨Ì ¦¥
Í¥²¥° ¨¸¶μ²Ó§Ê¥É¸Ö Œ‘� [5], ·¥ ²¨§μ¢ ´´Ò° ¢ ¸·¥¤¥ CBM ROOT [6,7]. ‘· ¢-
´¥´¨¥ ÔËË¥±É¨¢´μ¸É¥° · ¡μÉÒ ÔÉ¨Ì ¤¢ÊÌ ¸¥É¥° ¤ ²μ § ³¥É´μ · §²¨Î ÕÐ¨¥¸Ö
·¥§Ê²ÓÉ ÉÒ. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨¸¸²¥¤ÊÕÉ¸Ö ¶·¨Î¨´Ò É ±μ£μ · ¸Ìμ¦¤¥´¨Ö.

‚ [3] ¡Ò²μ É ±¦¥ ¶μ± § ´μ, ÎÉμ ¤²Ö ¤μ¸É¨¦¥´¨Ö ´¥μ¡Ìμ¤¨³μ£μ Ê·μ¢´Ö
¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ É·¥¡Ê¥É¸Ö ¶·¥μ¡· §μ¢ ´¨¥ ¢¥²¨Î¨´ ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ ¸²μÖÌ
TRD ± ¡μ²¥¥ ®ÔËË¥±É¨¢´Ò³¯ ¶¥·¥³¥´´Ò³. ‡¤¥¸Ó ´ ³¨ ¶μ²ÊÎ¥´  § ¢¨¸¨³μ¸ÉÓ
¶ · ³¥É·μ¢ ¤ ´´μ£μ ¶·¥μ¡· §μ¢ ´¨Ö μÉ ¨³¶Ê²Ó¸  ·¥£¨¸É·¨·Ê¥³μ° Î ¸É¨ÍÒ.
Š·μ³¥ Éμ£μ, ¶·¨¢μ¤¨É¸Ö § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ¶μ·μ£  ¤²Ö ¢ÒÌμ¤´μ£μ ¸¨£´ ² 
Œ‘�, μÉ¢¥Î ÕÐ¥° Ë¨±¸¨·μ¢ ´´μ³Ê Ê·μ¢´Õ ¶μÉ¥·¨ Ô²¥±É·μ´μ¢, μÉ ¨³¶Ê²Ó¸ 
Î ¸É¨ÍÒ.

1. ‚›��� ‘’�“Š’“�› ‘…’ˆ

‡ ¤ Î  ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ n-¸²μ°´μ£μ TRD
¸μ¸Éμ¨É ¢ ¸²¥¤ÊÕÐ¥³: ¨³¥Ö ´ ¡μ· ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ n ¸²μÖÌ TRD, ´Ê¦´μ
μ¶·¥¤¥²¨ÉÓ, ± ± Ö Î ¸É¨Í , Ô²¥±É·μ´ ¨²¨ ¶¨μ´, ¡Ò²  § ·¥£¨¸É·¨·μ¢ ´  ¤¥É¥±-
Éμ·μ³.

2



�¨¸. 2. � ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ (¢¥·Ì´ÖÖ £¨¸Éμ£· ³³ ), ¢±²ÕÎ Ö
¨Ì ¶μÉ¥·¨ ´  ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥, ¨ ¶¨μ´μ¢ (´¨¦´ÖÖ £¨¸Éμ£· ³³ ) ¢ ¶¥·¢μ³ ¸²μ¥-
¶μ£²μÉ¨É¥²¥ ¤¥É¥±Éμ·  TRD ¤²Ö p = 1,5 ƒÔ‚/c

‚ ± Î¥¸É¢¥ ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨ ¤²Ö ¸¥É¥° ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¢Ò¡μ·±¨, ¸μ-
¸É ¢²¥´´Ò¥ ´  μ¸´μ¢¥ ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ TRD ¶¨μ´ ³¨ ¨²¨ Ô²¥±É·μ´ ³¨ ¸
¨³¶Ê²Ó¸ ³¨ μÉ 1 ¤μ 13 ƒÔ‚/c. 
´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¶μ²ÊÎ ²¨¸Ó ¶ÊÉ¥³
³μ¤¥²¨·μ¢ ´¨Ö Œμ´É¥-Š ·²μ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨Í Î¥·¥§ n-¸²μ°´Ò° TRD ¸
¶μ³μÐÓÕ ¶ ±¥É  GEANT [8] ¢ ¸·¥¤¥ CBM ROOT.

	  ·¨¸. 2 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ (¢¥·Ì´ÖÖ
£¨¸Éμ£· ³³ ), ¢±²ÕÎ Ö ¨Ì ¶μÉ¥·¨ ´  ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥, ¨ ¶¨μ´μ¢ (´¨¦´ÖÖ
£¨¸Éμ£· ³³ ) ¢ ¶¥·¢μ³ ¸²μ¥-¶μ£²μÉ¨É¥²¥ ¤¥É¥±Éμ·  TRD ¤²Ö p = 1,5 ƒÔ‚/c.
� ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ¢ μ¸É ²Ó´ÒÌ ¸²μÖÌ TRD ¨ ¶·¨ ¤·Ê£¨Ì ¨³¶Ê²Ó-
¸ Ì ¨³¥ÕÉ  ´ ²μ£¨Î´Ò° Ì · ±É¥·.

ˆ¸¸²¥¤μ¢ ²¨¸Ó ¤¢¥ ¢μ§³μ¦´Ò¥ ¶·¨Î¨´Ò · §²¨Î¨° ¢ ·¥§Ê²ÓÉ É Ì · ¡μÉÒ
· ¸¸³ É·¨¢ ¥³ÒÌ ¸¥É¥°: 1) · §´Ò¥ ³¥Éμ¤Ò ¨  ²£μ·¨É³Ò ³¨´¨³¨§ Í¨¨ ËÊ´±-
Í¨μ´ ²  μÏ¨¡μ± (¸³. · ¡μÉÊ [3]); 2) · §²¨Î¨Ö ¢ ¸É·Ê±ÉÊ·¥ ¸¥É¥°.
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�·μ¢¥¤¥´´Ò°  ´ ²¨§ ¶μ± § ², ÎÉμ ¨¸¶μ²Ó§Ê¥³Ò¥ ´  ÔÉ ¶¥ μ¡ÊÎ¥´¨Ö Œ‘�
³¥Éμ¤Ò ³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ²  μÏ¨¡μ± ( ²£μ·¨É³Ò Manhattan ¢ JETNET
¨ BFGS [9] ¢ ROOT) ´¥ ³μ£ÊÉ ¡ÒÉÓ ¶·¨Î¨´μ° § ³¥É´ÒÌ · §²¨Î¨° ¢ ·¥§Ê²Ó-
É É Ì · ¡μÉÒ ¸¥É¥°. ‚³¥¸É¥ ¸ É¥³ ¢ Ìμ¤¥ ÔÉμ£μ  ´ ²¨§  ¡Ò²μ μ¡´ ·Ê¦¥´μ,
ÎÉμ Œ‘� ¨§ ROOT ¢¸¥£¤  ¤ ¥É ¸²¥£±  · §²¨Î ÕÐ¨¥¸Ö ·¥§Ê²ÓÉ ÉÒ, É. ¥. ¸¥ÉÓ
´¥ ¢μ¸¶·μ¨§¢μ¤¨É ¶μ²ÊÎ¥´´Ò¥ · ´¥¥ ·¥§Ê²ÓÉ ÉÒ. � ÔÉμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ
´¥²Ó§Ö § Ë¨±¸¨·μ¢ ÉÓ ¶μ·μ£ ¤²Ö ¸¨£´ ²  ´  ¢ÒÌμ¤¥ ¸¥É¨, ¶μ ±μÉμ·μ³Ê ¡Ê-
¤¥É ¶·μ¢μ¤¨ÉÓ¸Ö ¸¥²¥±Í¨Ö Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢. „²Ö Éμ£μ ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ
¤ ´´μ¥ ´¥Ê¤μ¡¸É¢μ ¢ · ¡μÉ¥ ¸¥É¨, ´¥μ¡Ìμ¤¨³μ ¢ ¸¶¨¸±¥ ¶ · ³¥É·μ¢ ®option¯
ËÊ´±Í¨¨ Train § ¤ ¢ ÉÓ ®+¯ [10].

‚ ¡μ²ÓÏ¨´¸É¢¥ ¸²ÊÎ ¥¢ ¶ · ³¥É·Ò ´¥°·μ´´ÒÌ ¸¥É¥° ¸ Ë¨±¸¨·μ¢ ´´μ°  ·-
Ì¨É¥±ÉÊ·μ° (Ê ´ ¸ ÔÉμ Œ‘�) ´ ¸É· ¨¢ ÕÉ¸Ö ¤²Ö ·¥Ï¥´¨Ö ±μ´±·¥É´μ° § ¤ Î¨, ¨
μ¶É¨³ ²Ó´Ò° ¢ ·¨ ´É ¶μ²ÊÎ ¥É¸Ö ´  μ¸´μ¢¥ Ô³¶¨·¨Î¥¸±μ£μ ¶μ¤¡μ· . �¤´ ±μ,
± ± μ± § ²μ¸Ó ¢ ¸²ÊÎ ¥ ´ Ï¥° § ¤ Î¨, ¤ ¦¥ ´¥¡μ²ÓÏ¨¥ · §²¨Î¨Ö ¢ ¸É·Ê±ÉÊ·¥
¸¥É¥° ³μ£ÊÉ ¶·¨¢μ¤¨ÉÓ ± § ³¥É´Ò³ · §²¨Î¨Ö³ ¢ ·¥§Ê²ÓÉ É Ì ¨Ì · ¡μÉÒ.

�·¨ ¢Ò¡μ·¥ ¸É·Ê±ÉÊ·Ò ³´μ£μ¸²μ°´μ£μ ¶¥·Í¥¶É·μ´  ´¥μ¡Ìμ¤¨³μ § ¤ ÉÓ:
1) ±μ²¨Î¥¸É¢μ ¸²μ¥¢ Œ‘�,
2) ±μ²¨Î¥¸É¢μ ´¥°·μ´μ¢ ¢ ± ¦¤μ³ ¸²μ¥.
‘ ±μ²¨Î¥¸É¢μ³ ¸²μ¥¢ ¢¸¥ ¤μ¸É ÉμÎ´μ ¶·μ¸Éμ, É ± ± ± ¤²Ö ¶μ¤ ¢²ÖÕÐ¥£μ

¡μ²ÓÏ¨´¸É¢  § ¤ Î (´ Ï  § ¤ Î  μÉ´μ¸¨É¸Ö ± ÔÉμ³Ê ¡μ²ÓÏ¨´¸É¢Ê), ·¥Ï ¥³ÒÌ
¸ ¶μ³μÐÓÕ Œ‘�, ¤μ¸É ÉμÎ´μ É·¥Ì ¸²μ¥¢: ¢Ìμ¤´μ£μ, ¸±·ÒÉμ£μ ¨ ¢ÒÌμ¤´μ£μ.

’ ±¨³ μ¡· §μ³, ´Ê¦´μ μ¶·¥¤¥²¨ÉÓ¸Ö ¸ ±μ²¨Î¥¸É¢μ³ ´¥°·μ´μ¢ ¢ ± ¦¤μ³
¸²μ¥. ‚ μ¡¥¨Ì ¸¥ÉÖÌ Î¨¸²μ ¢Ìμ¤´ÒÌ ´¥°·μ´μ¢ § ¤ ¢ ²μ¸Ó · ¢´Ò³ 12 (¢ ¸μ-
μÉ¢¥É¸É¢¨¨ ¸ ±μ²¨Î¥¸É¢μ³ ¸²μ¥¢ ¢ TRD). „²Ö μ¶·¥¤¥²¥´¨Ö É¨¶  Î ¸É¨ÍÒ ¨¸-
¶μ²Ó§μ¢ ²¸Ö μ¤¨´ ¢ÒÌμ¤´μ° ´¥°·μ´. �·¨ ¢Ò¡μ·¥ Î¨¸²  ´¥°·μ´μ¢ ¢ ¸±·ÒÉμ³
¸²μ¥ ³Ò ¨¸Ìμ¤¨²¨ ¨§ ³¨´¨³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ ¸¥É¨ [11], μ¡¥¸¶¥Î¨¢ ÕÐ¥°
μ¶É¨³ ²Ó´Ò° ·¥§Ê²ÓÉ É,   ¨³¥´´μ, ³ ±¸¨³ ²Ó´Ò° Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢
¶·¨ ³¨´¨³ ²Ó´μ° ¶μÉ¥·¥ Ô²¥±É·μ´μ¢.

‚ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö Î¨¸²  ´¥°·μ´μ¢ ¢ ¸±·ÒÉμ³ ¸²μ¥
¨¸¶μ²Ó§μ¢ ²μ¸Ó · ¸¶·¥¤¥²¥´¨¥ μÏ¨¡μ± Å · §´¨ÍÒ ³¥¦¤Ê Í¥²¥¢Ò³ §´ Î¥´¨¥³
(¤²Ö ¶¨μ´´ÒÌ ¸μ¡ÒÉ¨° Í¥²¥¢μ¥ §´ Î¥´¨¥ § ¤ ¢ ²μ¸Ó · ¢´Ò³ −1,   ¤²Ö Ô²¥±-
É·μ´´ÒÌ Å +1) ¨ ¢ÒÌμ¤´Ò³ ¸¨£´ ²μ³ ¸¥É¨. � ¸¶·¥¤¥²¥´¨¥ μÏ¨¡μ± ¤μ²¦´μ
¡Ò²μ Ê¤μ¢²¥É¢μ·ÖÉÓ ¸²¥¤ÊÕÐ¨³ Ê¸²μ¢¨Ö³:

• ¡ÒÉÓ ¸¨³³¥É·¨Î´Ò³ μÉ´μ¸¨É¥²Ó´μ ´Ê²¥¢μ£μ ¸·¥¤´¥£μ,

• ¨³¥ÉÓ ³¨´¨³ ²Ó´μ¥ ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥.

	  ·¨¸. 3 ¶μ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö §´ Î¥´¨° ¸¨£´ ²  ´  ¢ÒÌμ¤¥ ´¥°·μ´-
´μ° ¸¥É¨, ¶μ²ÊÎ¥´´Ò¥ ´  ¸É ¤¨¨ ¥¥ μ¡ÊÎ¥´¨Ö (¢¥·Ì´ÖÖ ²¥¢ Ö £¨¸Éμ£· ³³ ) ¨
É¥¸É¨·μ¢ ´¨Ö (´¨¦´ÖÖ ²¥¢ Ö £¨¸Éμ£· ³³ ); ¶· ¢Ò¥ £¨¸Éμ£· ³³Ò ¶μ± §Ò¢ ÕÉ
· ¸¶·¥¤¥²¥´¨Ö μÏ¨¡μ± ´  ¸É ¤¨¨ ¥¥ μ¡ÊÎ¥´¨Ö (¢¥·Ì´ÖÖ £¨¸Éμ£· ³³ ) ¨ É¥¸É¨-
·μ¢ ´¨Ö (´¨¦´ÖÖ £¨¸Éμ£· ³³ ) ¤²Ö p = 1,5 ƒÔ‚/c.
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö §´ Î¥´¨° ¸¨£´ ²  ´  ¢ÒÌμ¤¥ ´¥°·μ´´μ° ¸¥É¨, ¶μ²ÊÎ¥´´Ò¥ ´ 
¸É ¤¨¨ ¥¥ μ¡ÊÎ¥´¨Ö (¢¥·Ì´ÖÖ ²¥¢ Ö £¨¸Éμ£· ³³ ) ¨ É¥¸É¨·μ¢ ´¨Ö (´¨¦´ÖÖ ²¥¢ Ö £¨¸Éμ-
£· ³³ ); ¶· ¢Ò¥ £¨¸Éμ£· ³³Ò ¶μ± §Ò¢ ÕÉ · ¸¶·¥¤¥²¥´¨Ö μÏ¨¡μ± ´  ¸É ¤¨¨ μ¡ÊÎ¥´¨Ö
(¢¥·Ì´ÖÖ £¨¸Éμ£· ³³ ) ¨ É¥¸É¨·μ¢ ´¨Ö (´¨¦´ÖÖ £¨¸Éμ£· ³³ ) Œ‘� ¤²Ö p = 1,5 ƒÔ‚/c

2. ��„ƒ�’�‚Š� ‚•�„�›• „���›• „‹Ÿ Œ‘�

…¸²¨ ¢ ± Î¥¸É¢¥ ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ ¤²Ö ¸¥É¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¢Ò¡μ·±¨, ¸μ¸É -
¢²¥´´Ò¥ ¨§ ¶μÉ¥·Ó Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢, Éμ ¶·μÍ¥¸¸ μ¡ÊÎ¥´¨Ö Œ‘�
¶·μÌμ¤¨É μÎ¥´Ó ³¥¤²¥´´μ, ¶·¨¸ÊÉ¸É¢ÊÕÉ ¡μ²ÓÏ¨¥ ±μ²¥¡ ´¨Ö (μÉ´μ¸¨É¥²Ó´μ
É·¥´¤ ) ¢ ÔËË¥±É¨¢´μ¸É¨ · ¸¶μ§´ ¢ ´¨Ö Î ¸É¨Í ¸¥ÉÓÕ.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ± ¨¸Ìμ¤´Ò³ ¤ ´´Ò³ ¡Ò²  ¶·¨³¥´¥´  ¸²¥¤ÊÕÐ Ö ¶·μÍ¥¤Ê· 
¶·¥μ¡· §μ¢ ´¨Ö (¸³. [3, 12]):

λi =
ΔEi − ΔEi

mp

ξi
− 0,225, i = 1, 2, . . . , n, (1)
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�¨¸. 4. �¶¶·μ±¸¨³ Í¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ¶¨μ´μ¢ ¢ ¶¥·¢μ³ ¶μ£²μÉ¨É¥²¥
TRD ¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨ ¶²μÉ´μ¸É¨ ²μ£´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö

£¤¥ ΔEi Å ¢¥²¨Î¨´  ¶μÉ¥·¨ Ô´¥·£¨¨ § ·¥£¨¸É·¨·μ¢ ´´μ° Î ¸É¨ÍÒ (¶¨μ´ 
¨²¨ Ô²¥±É·μ´ ) ¢ i-³ ¶μ£²μÉ¨É¥²¥ TRD, ΔEi

mp Å ¢¥²¨Î¨´  ´ ¨¡μ²¥¥ ¢¥·μÖÉ-

´μ° ¶μÉ¥·¨ Ô´¥·£¨¨ ¶¨μ´  ¢ ÔÉμ³ ¸²μ¥, ξi =
1

4,02
FWMH; §¤¥¸Ó FWMH Å

¶μ²´ Ö Ï¨·¨´  ´  ¶μ²μ¢¨´¥ ¢Ò¸μÉÒ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ¶¨μ-
´μ¢ ¢ i-³ ¸²μ¥.

„²Ö Éμ£μ ÎÉμ¡Ò ¢ÒÎ¨¸²¨ÉÓ ¢¥²¨Î¨´Ò ΔEi
mp ¨ ξi, · ¸¶·¥¤¥²¥´¨¥ ¶μ-

É¥·Ó Ô´¥·£¨¨ ¶¨μ´μ¢ ¢ i-³ ¶μ£²μÉ¨É¥²¥ (´  ¤ ´´Ò° ³μ³¥´É ¢¸¥ ¸²μ¨ TRD
¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ ¸É·Ê±ÉÊ·Ê)  ¶¶·μ±¸¨³¨·μ¢ ²μ¸Ó ËÊ´±Í¨¥° ¶²μÉ´μ¸É¨ ²μ-
£´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö (¸³. ·¨¸. 4)

f(x) =
A√

2πσx
exp− 1

2σ2 (ln x−μ)2 , (2)

£¤¥ σ Å ¤¨¸¶¥·¸¨Ö, μ Å ¸·¥¤´¥¥ §´ Î¥´¨¥,   A Å ´μ·³¨·ÊÕÐ¨° ³´μ¦¨-
É¥²Ó [13].


²¥³¥´ÉÒ ¢Ò¡μ·±¨ λi Ê¶μ·Ö¤μÎ¨¢ ²¨¸Ó ¶μ ¢¥²¨Î¨´¥ ¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤²Ö
Ëμ·³¨·μ¢ ´¨Ö ´μ¢μ° ¢Ò¡μ·±¨ ¨§ §´ Î¥´¨° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ‹ ´¤ Ê
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�¨¸. 5. 
ËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ Œ‘� ¤²Ö ¨¸-
Ìμ¤´ÒÌ (´¨¦´ÖÖ ±·¨¢ Ö) ¨ ¶·¥μ¡· §μ¢ ´´ÒÌ (¢¥·Ì´ÖÖ ±·¨¢ Ö) ¤ ´´ÒÌ ¤²Ö p = 5 ƒÔ‚/c

�¨¸. 6. 
ËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ Œ‘� ¤²Ö ¨¸-
Ìμ¤´ÒÌ (´¨¦´ÖÖ ±·¨¢ Ö) ¨ ¶·¥μ¡· §μ¢ ´´ÒÌ (¢¥·Ì´ÖÖ ±·¨¢ Ö) ¤ ´´ÒÌ ¤²Ö p = 11 ƒÔ‚/c

φ(λ), ¢ÒÎ¨¸²Ö¥³ÒÌ ¸ ¶μ³μÐÓÕ ËÊ´±Í¨¨ DSTLAN (¨§ ¡¨¡²¨μÉ¥±¨ CERNLIB
[14]). �μ¤£μÉμ¢²¥´´ Ö É ±¨³ μ¡· §μ³ ¢Ò¡μ·±  ¢¥²¨Î¨´ φ(λj) (j = 1, . . . , n)
¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ± Î¥¸É¢¥ μ¡· §Í , ¶μ¤ ¢ ¥³μ£μ ´  ¢Ìμ¤ ´¥°·μ´´μ° ¸¥É¨.
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�·¨³¥´¥´¨¥ ®ÔËË¥±É¨¢´ÒÌ¯ ¶¥·¥³¥´´ÒÌ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ´ ¤¥¦´Ò°
Ê·μ¢¥´Ó ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¸¥ÉÓÕ ¶μ¸²¥ ³¨´¨³ ²Ó´μ£μ ±μ-
²¨Î¥¸É¢  Ô¶μÌ μ¡ÊÎ¥´¨Ö. �·¨ ÔÉμ³ ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ ±μ²¥¡ ´¨Ö μÉ-
´μ¸¨É¥²Ó´μ É·¥´¤ . Š·μ³¥ Éμ£μ, ¤μ¢μ²Ó´μ ¡Ò¸É·μ ¤μ¸É¨£ ¥É¸Ö ´¥μ¡Ìμ¤¨³Ò°
Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ ¶·¨ ³¨´¨³ ²Ó´μ° ¶μÉ¥·¥ Ô²¥±É·μ´μ¢ (¸³. ¶μ¢¥-
¤¥´¨¥ ¢¥·Ì´¥° ±·¨¢μ° ´  ·¨¸. 5 ¨ 6).

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨¸Ìμ¤´ÒÌ ¤ ´´ÒÌ, ´¥¸³μ-
É·Ö ´  ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ Ô¶μÌ μ¡ÊÎ¥´¨Ö, ´¥ Ê¤ ¥É¸Ö ¤μ¸É¨ÎÓ ¶·¨¥³²¥³μ£μ
Ê·μ¢´Ö · ¸¶μ§´ ¢ ´¨Ö Î ¸É¨Í (¸³. ¶μ¢¥¤¥´¨¥ ´¨¦´¥° ±·¨¢μ° ´  ·¨¸. 5 ¨ 6).

3. ‚›—ˆ‘‹…�ˆ… ����Œ…’��‚ ��…����‡�‚��ˆŸ

	  ·¨¸. 7 ¨ 8 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´ ΔEmp(p) ¨ ξ(p) ¸μμÉ¢¥É-
¸É¢¥´´μ μÉ ¨³¶Ê²Ó¸  ¶¨μ´  ¨ ¨Ì  ¶¶·μ±¸¨³ Í¨Ö ¶μ²¨´μ³μ³ É·¥ÉÓ¥° ¸É¥¶¥´¨:
f(p) = ap3 + bp2 + cp + d.

‚ ·¥§Ê²ÓÉ É¥ ÔÉμ°  ¶¶·μ±¸¨³ Í¨¨ ¶μ²ÊÎ¥´Ò Ëμ·³Ê²Ò ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ° ¶μÉ¥·¨ Ô´¥·£¨¨ ΔEmp:

ΔEmp(p) = 0,000579p3 − 0,01647p2 + 0,1708p + 0,892 (3)

¨ ¢¥²¨Î¨´Ò ξ:

ξ(p) = 0,000171p3 − 0,00507p2 + 0,05425p + 0,4925 (4)

¢ § ¢¨¸¨³μ¸É¨ μÉ ¨³¶Ê²Ó¸  ¶¨μ´ .

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ΔEmp μÉ ¨³¶Ê²Ó¸  ¶¨μ´  p (¢ ƒÔ‚/c) ¨ ¥¥  ¶¶·μ±¸¨³ Í¨Ö ¶μ²¨-
´μ³μ³ É·¥ÉÓ¥° ¸É¥¶¥´¨
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�¨¸. 8. ‡ ¢¨¸¨³μ¸ÉÓ ξ(p) μÉ ¨³¶Ê²Ó¸  ¶¨μ´  p (¢ ƒÔ‚/c) ¨ ¥¥  ¶¶·μ±¸¨³ Í¨Ö ¶μ²¨´μ³μ³
É·¥ÉÓ¥° ¸É¥¶¥´¨

4. ‚›—ˆ‘‹…�ˆ… ����ƒ�

	  ¸É ¤¨¨ É¥¸É¨·μ¢ ´¨Ö ¸¥É¨ É¨¶ Î ¸É¨ÍÒ μ¶·¥¤¥²Ö²¸Ö ¶μ ¢¥²¨Î¨´¥ ¸¨£-
´ ²  ´  ¢ÒÌμ¤¥ Œ‘�: ¥¸²¨ ¸¨£´ ² ´¥ ¶·¥¢ÒÏ ² ´¥±μÉμ·μ£μ § · ´¥¥ ¢Ò-
¡· ´´μ£μ ¶μ·μ£ , Éμ ¸Î¨É ²μ¸Ó, ÎÉμ  ´ ²¨§¨·Ê¥³ Ö ¢Ò¡μ·±  μÉ¢¥Î ¥É ¶¨μ´Ê, ¢
¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ Å Ô²¥±É·μ´Ê.

	  ·¨¸. 9 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ¶μ·μ£  ¤²Ö ¢ÒÌμ¤´μ£μ ¸¨£-
´ ²  ´¥°·μ´´μ° ¸¥É¨, μÉ¢¥Î ÕÐ¥° 10 %-³Ê Ê·μ¢´Õ ¶μÉ¥·¨ Ô²¥±É·μ´μ¢, μÉ

�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ¶μ·μ£  ¤²Ö ¢ÒÌμ¤´μ£μ ¸¨£´ ²  Œ‘�, μÉ¢¥Î ÕÐ¥° 10%
Ê·μ¢´Õ ¶μÉ¥·¨ Ô²¥±É·μ´μ¢, μÉ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ ¨ ¥¥ ¨´É¥·¶μ²ÖÍ¨Ö ±Ê¡¨Î¥¸±¨³¨
¸¶² °´ ³¨
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¨³¶Ê²Ó¸  ·¥£¨¸É·¨·Ê¥³μ° Î ¸É¨ÍÒ ¨ ¥¥ ¨´É¥·¶μ²ÖÍ¨Ö ±Ê¡¨Î¥¸±¨³¨ ¸¶² °-
´ ³¨.

‚ ¶·¨²μ¦¥´¨¨ ¶·¨¢¥¤¥´  ËÊ´±Í¨Ö ´  Ö§Ò±¥ C++ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö Ê± § ´-
´μ£μ ¶μ·μ£ .

5. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚

„²Ö μÍ¥´±¨ ÔËË¥±É¨¢´μ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶μ¤ ¢²¥´¨Ö ¶¨-
μ´μ¢ ¸ ¶μ³μÐÓÕ Œ‘� μ¡¥ ¸¥É¨ μ¡ÊÎ ²¨¸Ó ¨ É¥¸É¨·μ¢ ²¨¸Ó ¤²Ö ± ¦¤μ£μ ¨³-
¶Ê²Ó¸  ¢ μÉ¤¥²Ó´μ¸É¨ (¸³. É ¡²¨ÍÊ) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¶ -
· ³¥É·μ¢ ¶·¥μ¡· §μ¢ ´¨Ö (3) ¨ (4). �μ¤ ±μÔËË¨Í¨¥´Éμ³ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢
³Ò ¶μ´¨³ ¥³ μÉ´μÏ¥´¨¥ ¶μ²´μ£μ Î¨¸²  ¶·μ ´ ²¨§¨·μ¢ ´´ÒÌ ¶¨μ´´ÒÌ ¢Ò¡μ-
·μ± ± Éμ³Ê Î¨¸²Ê ¶¨μ´´ÒÌ ¢Ò¡μ·μ±, ±μÉμ·Ò¥ ¡Ò²¨ ¨¤¥´É¨Ë¨Í¨·μ¢ ´Ò ± ±
Ô²¥±É·μ´Ò.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ±μÔËË¨Í¨¥´Éμ¢ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢
μÉ ¨³¶Ê²Ó¸  ¶·¨ Ê¸²μ¢¨¨ ¶μÉ¥·¨ 10 % Ô²¥±É·μ´μ¢, ¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ
· §´ÒÌ ´¥°·μ´´ÒÌ ¸¥É¥°.

‡ ¢¨¸¨³μ¸É¨ ±μÔËË¨Í¨¥´Éμ¢ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ μÉ ¨³¶Ê²Ó¸  ¶·¨ Ê¸²μ¢¨¨ ¶μÉ¥·¨
10% Ô²¥±É·μ´μ¢, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö · §´ÒÌ Œ‘�

p, ƒÔ‚/c 1 1,5 2 3 4 5 7 9 11 13

JETNET 158 330 431 331 309 470 344 410 303 284

ROOT 142 372 351 339 300 462 343 390 292 325

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¢ ¸²ÊÎ ¥ ¶· ¢¨²Ó´μ ¢Ò¡· ´´μ° ¸É·Ê±ÉÊ·Ò Œ‘�
μ¡¥ ´¥°·μ´´Ò¥ ¸¥É¨ ¤ ÕÉ ¡²¨§±¨¥ ·¥§Ê²ÓÉ ÉÒ.

‡�Š‹	—…�ˆ…

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ÔËË¥±É¨¢´μ¸É¥° · ¡μÉÒ ³´μ-
£μ¸²μ°´ÒÌ ¶¥·Í¥¶É·μ´μ¢, ¢§ÖÉÒÌ ¨§ ¤¢ÊÌ · §´ÒÌ ¶ ±¥Éμ¢ (JETNET ¨ ROOT),
¢ § ¤ Î¥ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·  TRD ¢
Ô±¸¶¥·¨³¥´É¥ CBM. �μ± § ´μ, ÎÉμ ¤²Ö ¶· ¢¨²Ó´μ ¢Ò¡· ´´μ° ¸É·Ê±ÉÊ·Ò Œ‘�
μ¡¥ ¸¥É¨ ¤ ÕÉ ¸μ¶μ¸É ¢¨³Ò¥ ·¥§Ê²ÓÉ ÉÒ. „ ´Ò ·¥±μ³¥´¤ Í¨¨ ¶μ ¢Ò¡μ·Ê μ¶É¨-
³ ²Ó´μ° ±μ´Ë¨£Ê· Í¨¨ Œ‘�. ˆ¸¶μ²Ó§μ¢ ´¨¥ ¸¥É¥° ¨§ · §´ÒÌ ¶ ±¥Éμ¢ μ¡¥¸-
¶¥Î¨¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·μ¢¥·±¨ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ ¥³ÒÌ ¸ ¶μ³μÐÓÕ Œ‘�.
’ ±¨³ μ¡· §μ³, ³Ò ¶μ¢ÒÏ ¥³ ´ ¤¥¦´μ¸ÉÓ Ë¨§¨Î¥¸±¨Ì ·¥§Ê²ÓÉ Éμ¢.
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‚ Ï¨·μ±μ³ ¨´É¥·¢ ²¥ ¨³¶Ê²Ó¸μ¢  ´ ²¨§¨·Ê¥³ÒÌ Î ¸É¨Í ¶·μ¤¥³μ´¸É·¨-
·μ¢ ´μ, ÎÉμ ¶·¨³¥´¥´¨¥ ®ÔËË¥±É¨¢´ÒÌ¯ ¶¥·¥³¥´´ÒÌ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ´ -
¤¥¦´Ò° Ê·μ¢¥´Ó ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¸¥ÉÓÕ ¶μ¸²¥ ³¨´¨³ ²Ó-
´μ£μ ±μ²¨Î¥¸É¢  Ô¶μÌ μ¡ÊÎ¥´¨Ö. �·¨ ÔÉμ³ ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ ±μ²¥¡ -
´¨Ö μÉ´μ¸¨É¥²Ó´μ É·¥´¤ . �μ²ÊÎ¥´Ò  ´ ²¨É¨Î¥¸±¨¥ Ëμ·³Ê²Ò ¤²Ö ¢ÒÎ¨¸²¥´¨Ö
¶ · ³¥É·μ¢ ¶·¥μ¡· §μ¢ ´¨Ö (´¥μ¡Ìμ¤¨³ÒÌ ¤²Ö ¶¥·¥Ìμ¤  ± ´μ¢Ò³ ¶¥·¥³¥´-
´Ò³),   É ±¦¥ ¢¥²¨Î¨´Ò ¶μ·μ£  ¤²Ö ¢ÒÌμ¤´μ£μ ¸¨£´ ²  Œ‘� ¢ § ¢¨¸¨³μ¸É¨
μÉ ¨³¶Ê²Ó¸   ´ ²¨§¨·Ê¥³μ° Î ¸É¨ÍÒ.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ‘.�. ‹¥¡¥¤¥¢  §  ¶μ³μÐÓ ¢ ¶μ¤£μÉμ¢±¥ ³μ¤¥²Ó´ÒÌ
¤ ´´ÒÌ ¨ ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö.

�·¨²μ¦¥´¨¥. ”Ê´±Í¨Ö spline ´  Ö§Ò±¥ C++ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¶μ·μ£  ¢ÒÌμ¤-
´μ£μ ¸¨£´ ²  Œ‘�, μÉ¢¥Î ÕÐ¥£μ 10 %-³Ê Ê·μ¢´Õ ¶μÉ¥·¨ Ô²¥±É·μ´μ¢, μÉ
¨³¶Ê²Ó¸  Î ¸É¨ÍÒ

double spline(double x) {
const int fNp = 11, fKstep = 0;
const double fDelta = -1, fXmin = 1, fXmax = 14;
const double fX[11] = { 1, 1.5, 2, 3, 4,

5, 7, 9, 11, 13,
14 };

const double fY[11] = { 0.791, 0.9056, 0.933, 0.935, 0.91,
0.9, 0.881, 0.958, 0.936, 0.893,
0.868 };

const double fB[11] = { 0.36895, 0.115725, 0.0201497, -0.0175484,
-0.0189559, -0.0116279, 0.0191792, 0.0219113,
-0.0243243, -0.0221141, -0.0287455 };

const double fC[11] = { -0.332049, -0.1744, -0.0167509, -0.0209472,
0.0195397, -0.0122117, 0.0276152, -0.0262491,
0.00313135, -0.00202627, 1 };

const double fD[11] = { 0.105099, 0.105099, -0.00139875, 0.0134956,
-0.0105838, 0.00663782, -0.00897739, 0.00489675,
-0.000859604, -0.000859604, 0.95326 };

int klow=0;
if(x<=fXmin) klow=0;
else if(x>=fXmax) klow=fNp-1;
else {
if(fKstep) {
// Equidistant knots, use histogramming
klow = int((x-fXmin)/fDelta);
if (klow < fNp-1) klow = fNp-1;

} else {
int khig=fNp-1, khalf;
// Non equidistant knots, binary search
while(khig-klow>1)

if(x>fX[khalf=(klow+khig)/2]) klow=khalf;
else khig=khalf;

}
}
// Evaluate now
double dx=x-fX[klow];
return (fY[klow]+dx*(fB[klow]+dx*(fC[klow]+dx*fD[klow])));

}
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