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�¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° Î ¸É¨Í
¢ ¤¥É¥±Éμ· Ì TRD ¨ MUCH Ô±¸¶¥·¨³¥´É  CBM

‚ · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö  ²£μ·¨É³ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¨ ¥£μ ¶·¨³¥´¥´¨¥ ¢ É·¥±μ¢ÒÌ ¤¥É¥±Éμ· Ì TRD ¨ MUCH Ô±¸¶¥·¨³¥´É 
CBM. �¸´μ¢´Ò³¨ ±μ³¶μ´¥´É ³¨ ¶·μ£· ³³Ò ·¥±μ´¸É·Ê±Í¨¨ Ö¢²ÖÕÉ¸Ö ¶μ¨¸±,
μÍ¥´±  ¶ · ³¥É·μ¢ ¨ Ô±¸É· ¶μ²ÖÍ¨Ö É·¥±μ¢. �²£μ·¨É³ ¶μ¨¸±  É· ¥±Éμ·¨° μ¸´μ-
¢ ´ ´  ³¥Éμ¤¥ ¸²¥¦¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÍ¥¤Ê·Ò ¢¥É¢²¥´¨Ö. �±¸É· ¶μ²ÖÍ¨Ö
É·¥±  ¢ ¤¥É¥±Éμ·¥ ¶·μ¨¸Ìμ¤¨É ¸ ÊÎ¥Éμ³ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¢ÒÎ¨¸²¥´¨Ö ÔËË¥±Éμ¢
μÉ ¶·μÌμ¦¤¥´¨Ö Î¥·¥§ ¢¥Ð¥¸É¢μ, É ±¨Ì ± ± ³´μ£μ±· É´μ¥ · ¸¸¥Ö´¨¥ ¨ Ô´¥·£¥-
É¨Î¥¸±¨¥ ¶μÉ¥·¨. �·¨ μÍ¥´±¥ ¶ · ³¥É·μ¢ É·¥±μ¢ ¶·¨³¥´Ö¥É¸Ö Ë¨²ÓÉ· Š ²³ ´ .
� §· ¡μÉ ´´μ¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¢±²ÕÎ¥´μ ¢ ³ Éμ¡¥¸¶¥Î¥´¨¥ Ô±¸¶¥·¨-
³¥´É  CBM. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ  ²£μ·¨É³ , ¶μ± § ´  ¥£μ ÔËË¥±É¨¢-
´μ¸ÉÓ.

� ¡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¡´ , 2010

Lebedev A.A., Ososkov G.A. P10-2010-3
Track Reconstruction in the TRD and MUCH Detectors
of the CBM Experiment

Track reconstruction algorithm and its applications to the TRD and MUCH
tracking detectors of the CBM experiment are described. The main components
of the reconstruction package include track ˇnding, ˇtting and propagation in the
detector. The track ˇnding algorithm is based on the track following method with
branches. Track propagation algorithm takes into account inhomogeneous magnetic
ˇeld and includes accurate calculation of multiple scattering and energy losses in
the detector material. Track parameters and covariance matrices are estimated using
the Kalman ˇlter method. Developed software was included into the experiment
software framework. Performance of the algorithm which shows its efˇciency is
presented.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2010
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�  ¸É·μÖÐ¥³¸Ö ¢ „ ·³ÏÉ ¤É¥ (ƒ¥·³ ´¨Ö) Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ FAIR
(Facility for Antiproton and Ion Research) ¸μ§¤ ¥É¸Ö Ê¸É ´μ¢±  CBM (Com-
pressed Baryonic Matter), ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö ¨§ÊÎ¥´¨Ö ´μ¢ÒÌ ¸μ¸ÉμÖ´¨°
Ö¤¥·´μ° ³ É¥·¨¨, μ¡· §ÊÕÐ¨Ì¸Ö ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ
¶ÊÎ±  8 ÷ 45 AƒÔ‚ [1].

‚ ± ¦¤μ³ ¨§ É ±¨Ì ¸μÊ¤ ·¥´¨° ¤¥É¥±Éμ· ³¨ ‘‚Œ ¡Ê¤ÊÉ ·¥£¨¸É·¨·μ-
¢ ÉÓ¸Ö ¤μ 1000 ¢Éμ·¨Î´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í. „²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±-
Éμ·¨° ÔÉ¨Ì Î ¸É¨Í ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨¸É¥³  ¤¥É¥±Éμ·μ¢,
±μÉμ· Ö ¢±²ÕÎ ¥É: 1) ¢¥·Ï¨´´Ò° ¤¥É¥±Éμ· ´  μ¸´μ¢¥ MVD (Micro-Vertex
Detector) ¨ STS (Silicon Tracking System), 2) ¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö
TRD (Transition Radiation Detector) ¨ 3) ³Õμ´´Ò° ¤¥É¥±Éμ· MUCH (MUon
CHamber). ‚ ¤¥É¥±Éμ· Ì TRD ¨ MUCH ±μμ·¤¨´ É´Ò¥ ¶²μ¸±μ¸É¨ Î¥·¥¤ÊÕÉ¸Ö
¸  ¡¸μ·¡¥· ³¨ Å ¸²μÖ³¨ ¢¥Ð¥¸É¢ , ¶·¥¤´ §´ Î¥´´Ò³¨ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶¥·¥-
Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö μÉ ¶·μ²¥É ÕÐ¨Ì Î¥·¥§ ´¨Ì Ô²¥±É·μ´μ¢ (¢ ¤¥É¥±Éμ·¥ TRD)
¨²¨ ¶μ£²μÐ¥´¨Ö  ¤·μ´μ¢ (¢ ¤¥É¥±Éμ·¥ MUCH).

‡ ¤ Î  · ¸¶μ§´ ¢ ´¨Ö ¨ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° Î ¸É¨Í ¢ Ô±¸¶¥·¨-
³¥´É¥ ‘‚Œ ¸¥·Ó¥§´μ § É·Ê¤´¥´  ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ Î ¸É¨Í, ²¥ÉÖÐ¨Ì
¢ ´¥¡μ²ÓÏμ³ É¥²¥¸´μ³ Ê£²¥, ÎÉμ ¶·¨¢μ¤¨É ± ¢Ò¸μ±μ° ¶²μÉ´μ¸É¨ μÉ¸Î¥Éμ¢ ´ 
¥¤¨´¨ÍÊ ¶²μÐ ¤¨ ¢ ±μμ·¤¨´ É´ÒÌ ¶²μ¸±μ¸ÉÖÌ (¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥), §´ -
Î¨É¥²Ó´Ò³¨ μÉ±²μ´¥´¨Ö³¨ Î ¸É¨Í μÉ ´ ¶· ¢²¥´¨Ö ¶¥·¢μ´ Î ²Ó´μ£μ ¤¢¨¦¥´¨Ö
¢¸²¥¤¸É¢¨¥ ¸¨²Ó´μ£μ ±Ê²μ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö (¢  ¡¸μ·¡¥· Ì ¤¥É¥±Éμ·μ¢ TRD
¨ MUCH),   É ±¦¥ ¡μ²ÓÏ¨³¨ ¶μÉ¥·Ö³¨ Ô´¥·£¨¨ Î ¸É¨Í (μ¸μ¡¥´´μ ¢  ¡¸μ·-
¡¥· Ì MUCH). �É³¥Î¥´´Ò¥ Ê¸²μ¢¨Ö ´ ±² ¤Ò¢ ÕÉ ¦¥¸É±¨¥ É·¥¡μ¢ ´¨Ö ± ± ±
´ ¤¥¦´μ¸É¨, É ± ¨ ± ¸±μ·μ¸É¨ ¢ÒÎ¨¸²¥´¨°  ²£μ·¨É³μ¢ · ¸¶μ§´ ¢ ´¨Ö ¨ ·¥-
±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í.

�²£μ·¨É³ ¶μ¨¸±  ¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥ ‘‚Œ
¡Ò² ·¥ ²¨§μ¢ ´ ´  μ¸´μ¢¥ ±²¥ÉμÎ´ÒÌ  ¢Éμ³ Éμ¢ [11]. �´ μ¡¥¸¶¥Î¨² ¢Ò¸μ±ÊÕ
ÔËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¨ ¸±μ·μ¸ÉÓ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ. �μ¶ÒÉ± 
¶·¨³¥´¨ÉÓ  ´ ²μ£¨Î´Ò° ¶μ¤Ìμ¤ ¢ TRD μ± § ² ¸Ó ´¥ ¸Éμ²Ó Ê¸¶¥Ï´μ°. ˆ§-§ 
¸¨²Ó´μ£μ ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö ¨ ¡μ²ÓÏ¨Ì ¶μÉ¥·Ó Ô´¥·£¨¨ § ·Ö¦¥´´Ò³¨
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Î ¸É¨Í ³¨ ¢  ¡¸μ·¡¥· Ì TRD ¶·μÍ¥¤Ê·  · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ´  μ¸´μ¢¥ ±²¥-
ÉμÎ´ÒÌ  ¢Éμ³ Éμ¢ ¸É ´μ¢¨² ¸Ó § É·Ê¤´¨É¥²Ó´μ°.

‚ · ¡μÉ¥ [2] ¡Ò² ¶·¨³¥´¥´ ¤·Ê£μ° ¶μ¤Ìμ¤ ¤²Ö ¶μ¨¸±  ¨ ·¥±μ´¸É·Ê±Í¨¨
É·¥±μ¢ ¢ ¤¥É¥±Éμ·¥ TRD,   ¨³¥´´μ ³¥Éμ¤ ¸²¥¦¥´¨Ö ¶μ É·¥±Ê ¸ ¢μ§³μ¦´μ-
¸ÉÓÕ ¢¥É¢²¥´¨Ö. ‚ ÔÉμ³ ¶μ¤Ìμ¤¥ ¶·μÍ¥¸¸ ¸²¥¦¥´¨Ö ¶μ É·¥±Ê ·¥ ²¨§μ¢ ´ ´ 
μ¸´μ¢¥ Ë¨²ÓÉ·  Š ²³ ´  [3], ±μÉμ·Ò° ¶·¥¤μ¸É ¢²Ö¥É Ê¤μ¡´Ò° ³ É¥³ É¨Î¥-
¸±¨°  ¶¶ · É ¤²Ö μ·£ ´¨§ Í¨¨ ¶μ¨¸±  ¨ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í ¸ ÊÎ¥Éμ³ ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö ¨ ¶μÉ¥·Ó Ô´¥·£¨¨ ¢  ¡¸μ·¡¥-
· Ì TRD [2]. ‘ ¶μ³μÐÓÕ ÔÉμ£μ ¶μ¤Ìμ¤  ¡Ò²¨ ·¥ ²¨§μ¢ ´Ò ¤¢   ²£μ·¨É³ :
1)  ¢Éμ´μ³´Ò°, ¢ ±μÉμ·μ³ ¨¸¶μ²Ó§Ê¥É¸Ö ¨´Ëμ·³ Í¨Ö Éμ²Ó±μ ¸ ±μμ·¤¨´ É´ÒÌ
¶²μ¸±μ¸É¥° TRD, 2) ¶μ²´Ò°, ¢ ±μÉμ·μ³ ¤μ¶μ²´¨É¥²Ó´μ ÊÎ¨ÉÒ¢ ¥É¸Ö ¨´Ëμ·-
³ Í¨Ö μ É·¥± Ì, ´ °¤¥´´ÒÌ ¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥. �¡   ²£μ·¨É³  μ¡¥¸¶¥-
Î¨²¨ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ §  ¶·¨¥³²¥³μ¥ ¸Î¥É´μ¥
¢·¥³Ö [2].

�·μ¢¥¤¥´´Ò° ´ ³¨  ´ ²¨§ ¶μ± § ², ÎÉμ Ê± § ´´Ò° ¶μ¤Ìμ¤ ³μ¦´μ  ¤ ¶É¨-
·μ¢ ÉÓ ¶μ¤ ¤¥É¥±Éμ· MUCH. „²Ö ÔÉμ£μ ´¥μ¡Ìμ¤¨³μ:

• μ¡μ¡Ð¨ÉÓ ¶·μÍ¥¤Ê·Ê Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±μ¢;

• ¢¢¥¸É¨ ±·¨É¥·¨° ± Î¥¸É¢  ± ´¤¨¤ Éμ¢ ¢ É·¥±¨ ¤²Ö ¨¸±²ÕÎ¥´¨Ö ²μ¦´ÒÌ
É·¥±μ¢;

• ¢±²ÕÎ¨ÉÓ ¢  ²£μ·¨É³ ¸²¥¦¥´¨Ö ¶ · ³¥É·Ò ´ ¸É·μ°±¨, μ¡¥¸¶¥Î¨¢ ÕÐ¨¥
¢μ§³μ¦´μ¸ÉÓ  ¤ ¶É Í¨¨  ²£μ·¨É³  ¶μ¤ ±μ´±·¥É´Ò° ¤¥É¥±Éμ· Å TRD ¨²¨
MUCH.

�¥§Ê²ÓÉ ÉÒ μ¸ÊÐ¥¸É¢²¥´¨Ö ÔÉμ£μ ¶² ´ , μ¶¨¸ ´´Ò¥ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥,
¸ÊÐ¥¸É¢¥´´μ Ê¶·μ¸É¨²¨ ¶·¨³¥´¥´¨¥ ¨ ¸μ¶·μ¢μ¦¤¥´¨¥ ¶·μ£· ³³Ò, ·¥ ²¨§Ê-
ÕÐ¥°  ²£μ·¨É³ ¢μ¸¸É ´μ¢²¥´¨Ö É·¥±μ¢ ¢μμ¡Ð¥, ¨, ¢ Î ¸É´μ¸É¨, μ¡¥¸¶¥Î¨²¨
´ ¤¥¦´ÊÕ ·¥±μ´¸É·Ê±Í¨Õ É·¥±μ¢ ¢ ¤¥É¥±Éμ·¥ MUCH. �·μ£· ³³´μ¥ μ¡¥¸¶¥-
Î¥´¨¥, ·¥ ²¨§ÊÕÐ¥¥ ¶·¥¤²μ¦¥´´Ò¥ μ¡μ¡Ð¥´´Ò¥  ²£μ·¨É³Ò, ¡Ò²μ μ·£ ´¨-
§μ¢ ´μ ¸ ÊÎ¥Éμ³ ¸²¥¤ÊÕÐ¨Ì É·¥¡μ¢ ´¨°: Ê¤μ¡¸É¢μ ¤²Ö ¶μ²Ó§μ¢ É¥²¥°, ¢Ò-
¶μ²´ÖÕÐ¨Ì · §²¨Î´Ò° Ë¨§¨Î¥¸±¨°  ´ ²¨§ ¨ μ¶É¨³¨§ Í¨Õ ¸É·Ê±ÉÊ·Ò ¤¥-
É¥±Éμ· ; ¶·μ¸ÉμÉ  · ¸Ï¨·¥´¨Ö ¨ ¸μ¶·μ¢μ¦¤¥´¨Ö; ¸μ±· Ð¥´¨¥ ¤Ê¡²¨·μ¢ ´¨Ö
±μ¤ .

� ¡μÉ  ¨³¥¥É ¸²¥¤ÊÕÐÊÕ ¸É·Ê±ÉÊ·Ê: ¢¢¥¤¥´¨¥, Î¥ÉÒ·¥ · §¤¥²  ¨ § ±²ÕÎ¥-
´¨¥. ‚ ¶¥·¢μ³ · §¤¥²¥ ¤ ¥É¸Ö ±· É±¨° μ¡§μ· Ô±¸¶¥·¨³¥´É  CBM ¨ μ¡¸Ê¦¤ -
¥É¸Ö ¸É·Ê±ÉÊ·  ¤¥É¥±Éμ·μ¢ TRD ¨ MUCH. ‚μ ¢Éμ·μ³ · §¤¥²¥ Ëμ·³Ê²¨·Ê¥É¸Ö
¶μ¸É ´μ¢±  ·¥Ï ¥³μ° § ¤ Î¨. ‚ É·¥ÉÓ¥³ Å ¨§² £ ¥É¸Ö ¶·μÍ¥¤Ê·  ·¥±μ´¸É·Ê±-
Í¨¨ É·¥±μ¢, ±μÉμ· Ö ¢±²ÕÎ ¥É  ¤ ¶É Í¨Õ Ë¨²ÓÉ·  Š ²³ ´  ± ·¥Ï ¥³μ° § -
¤ Î¥,  ²£μ·¨É³Ò · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ TRD ¨ MUCH,   É ±¦¥ ¶·μÍ¥¤Ê·Ê
¸¢Ö§Ò¢ ´¨Ö É·¥±μ¢, ´ °¤¥´´ÒÌ ¢ Ê± § ´´ÒÌ ¤¥É¥±Éμ· Ì. ‚ · §¤. 4 μ¡¸Ê¦¤ -
ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ  ²£μ·¨É³μ¢ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ¤¥É¥±Éμ· Ì TRD
¨ MUCH. ‚ § ±²ÕÎ¥´¨¨ ¶μ¤¢μ¤ÖÉ¸Ö ¨Éμ£¨ ¢Ò¶μ²´¥´´μ° · ¡μÉÒ ¨ Ëμ·³Ê²¨-
·ÊÕÉ¸Ö § ¤ Î¨ ´  ¡Ê¤ÊÐ¥¥.
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1. Š��’Šˆ‰ ��‡�� “‘’���‚Šˆ CBM

� §· ¡ ÉÒ¢ ÕÉ¸Ö ¤¢   ²ÓÉ¥·´ É¨¢´ÒÌ ¢ ·¨ ´É  Ê¸É ´μ¢±¨ CBM: μ¤¨´ Å
¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢, ¢Éμ·μ° Å ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ³Õμ´μ¢. �±¸-
¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  CBM ¸μ¤¥·¦¨É ¸²¥¤ÊÕÐ¨¥ ¤¥É¥±Éμ·Ò (¸³. ·¨¸. 1):
STS (Silicon Tracking System) ¨ MVD (Micro-Vertex Detector), ±μÉμ·Ò¥ · ¸¶μ-
² £ ÕÉ¸Ö ¢´ÊÉ·¨ ³ £´¨É  ¨ ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ-
·¨° Î ¸É¨Í, ¢¥·Ï¨´ ¨ ¨³¶Ê²Ó¸ ; ¤¥É¥±Éμ· Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö RICH
(Ring Image CHerenkov) ¨ ¤¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö TRD (Transi-
tion Radiation Detector), ¸μ¸É ¢²ÖÕÐ¨¥ ¸¨¸É¥³Ê ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢;
¤¥É¥±Éμ· TOF (Time Of Flight), ¶·¥¤´ §´ Î¥´´Ò° ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨
¶·μ²¥É  Î ¸É¨ÍÒ ¨ ¨¤¥´É¨Ë¨± Í¨¨  ¤·μ´μ¢; Ô²¥±É·μ³ £´¨É´Ò° ± ²μ·¨³¥É·
ECAL (Electromagnetic Calorimeter), ¤¥É¥±É¨·ÊÕÐ¨° ËμÉμ´Ò. „²Ö ¨¤¥´É¨-
Ë¨± Í¨¨ ³Õμ´μ¢ ¤¥É¥±Éμ· RICH § ³¥´¥´ ´  ³Õμ´´ÊÕ ¤¥É¥±É¨·ÊÕÐÊÕ
¸¨¸É¥³Ê MUCH.

1.1. „¥É¥±Éμ· ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö TRD. „¥É¥±Éμ· TRD ¡Ê¤¥É ¨¸-
¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨Ì ¨¤¥´É¨-
Ë¨± Í¨¨. �´ ¤μ²¦¥´ ¸μ¢³¥¸É´μ ¸ RICH-¤¥É¥±Éμ·μ³ ¨ ¤¥É¥±Éμ·μ³ TOF μ¡¥¸-
¶¥Î¨ÉÓ ÔËË¥±É¨¢´ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ Ô²¥±É·μ´μ¢. TRD · ¸¶μ² £ ¥É¸Ö ³¥¦¤Ê
RICH- ¨ TOF-¤¥É¥±Éμ· ³¨ (·¨¸. 2). ‘É ´¤ ·É´ Ö ³μ¤¥²Ó ¤¥É¥±Éμ·  TRD cμ-
¸Éμ¨É ¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ 12 ¨¤¥´É¨Î´ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢, ¸£·Ê¶¶¨-
·μ¢ ´´ÒÌ ¢ É·¨ ¸É ´Í¨¨. Š ¦¤Ò° ¤¥É¥±É¨·ÊÕÐ¨° ¸²μ° ¸μ¸Éμ¨É ¨§ · ¤¨ -
Éμ·  ¨ ³´μ£μ¶·μ¢μ²μÎ´ÒÌ ± ³¥· ¤²Ö ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëμ·³ Í¨¨, ¨³¥Ö μ¡ÐÊÕ
Éμ²Ð¨´Ê 6 ¸³. ‘É ´Í¨¨ · ¸¶μ²μ¦¥´Ò ¢ 5, 7 ¨ 9 ³ μÉ ³¨Ï¥´¨. „¥É¥±É¨·ÊÕ-
Ð¨¥ ¸²μ¨ ¨³¥ÕÉ ³¥²±μÖÎ¥¨¸ÉÊÕ ¸É·Ê±ÉÊ·Ê ¸ ÖÎ¥°± ³¨ ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò.
�·¨¥´É Í¨Ö ÖÎ¥¥± ³¥´Ö¥É¸Ö ´  90 ◦ μÉ ¸²μÖ ± ¸²μÕ. ’ ±¨³ μ¡· §μ³, Ê¤ ¥É¸Ö

�¨¸. 1. ‘Ì¥³  Ê¸É ´μ¢±¨ CBM: ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ (¸²¥¢ ) ¨ ¤²Ö ¨¤¥´É¨-
Ë¨± Í¨¨ ³Õμ´μ¢ (¸¶· ¢ )
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�¨¸. 2. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ Ê¸É -
´μ¢±¨ CBM, £¤¥ ³¥¦¤Ê RICH- ¨ TOF-
¤¥É¥±Éμ· ³¨ · ¸¶μ²μ¦¥´Ò É·¨ ¸É ´Í¨¨
TRD

�¨¸. 3. MUCH-¤¥É¥±Éμ·. ‘¶²μÏ´μ° ²¨-
´¨¥° ¶μ± § ´  £¥μ³¥É·¨Ö ¤¥É¥±Éμ·  ¤²Ö
¤¥É¥±É¨·μ¢ ´¨Ö ²¥£±¨Ì ¢¥±Éμ·´ÒÌ ³¥§μ-
´μ¢, ÏÉ·¨Ìμ¢μ° Å Î ·³μ´¨Ö. Œ¥¦¤Ê
¦¥²¥§´Ò³¨  ¡¸μ·¡¥· ³¨ ´ Ìμ¤¨É¸Ö 2
¨²¨ 3 ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ· 

¤μ¸É¨ÎÓ ¢Ò¸μ±μ£μ ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¤¥É¥±Éμ· , ±μÉμ·μ¥ ¸μ¸É -
¢²Ö¥É 0,03 ÷ 0,05 ¸³ ¶μ¶¥·¥± ÖÎ¥°±¨ ¨ 0,27 ÷ 3,3 ¸³ ¢¤μ²Ó ÖÎ¥°±¨.

1.2. ŒÕμ´´Ò° ¤¥É¥±Éμ· MUCH. ŒÕμ´´ Ö ¤¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³ 
MUCH ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´  ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢ (ρ, ω, ϕ,
J/ψ) Î¥·¥§ ¨Ì · ¸¶ ¤ ´  ¶ ·Ê ³Õμ´μ¢ Å μ+ ¨ μ−. ŒÕμ´´ Ö ¸¨¸É¥³  · ¸¶μ-
² £ ¥É¸Ö §  STS-¤¥É¥±Éμ·μ³ (·¨¸. 3). ˆ¸¶μ²Ó§Ê¥É¸Ö ¸É ´¤ ·É´Ò° ³¥Éμ¤ ¨¤¥´É¨-
Ë¨± Í¨¨ ³Õμ´μ¢ ¸ ¶μ³μÐÓÕ  ¡¸μ·¡¥·μ¢, ¢ ±μÉμ·ÒÌ ¶μ£²μÐ ÕÉ¸Ö  ¤·μ´Ò, ´μ
´¥ μ+ ¨ μ−. ‚ É¥±ÊÐ¥° ±μ´Í¥¶Í¨¨ MUCH-¤¥É¥±Éμ· ¸μ¸Éμ¨É ¨§ 5Ä6  ¤·μ´´ÒÌ
 ¡¸μ·¡¥·μ¢, ¸¤¥² ´´ÒÌ ¨§ ¦¥²¥§ , ¨ 2Ä3 ±μμ·¤¨´ É´ÒÌ ¤¥É¥±Éμ·μ¢ ¢ ± ¦¤μ³
§ §μ·¥ ³¥¦¤Ê  ¡¸μ·¡¥· ³¨. „²Ö ·¥±μ´¸É·Ê±Í¨¨ ²¥£±¨Ì ¢¥±Éμ·´ÒÌ ³¥§μ´μ¢
(ρ, ω, ϕ) μ¡Ð Ö Éμ²Ð¨´  ¦¥²¥§´ÒÌ  ¡¸μ·¡¥·μ¢ ¸μ¸É ¢²Ö¥É 125 ¸³ (7,5 ¤²¨´
¢§ ¨³μ¤¥°¸É¢¨Ö λI), ¢ Éμ ¢·¥³Ö ± ± ¤²Ö Î ·³μ´¨Ö ¤μ¡ ¢²Ö¥É¸Ö ¤μ¶μ²´¨É¥²Ó´μ
1 ³ ¦¥²¥§  (μ¡Ð Ö Éμ²Ð¨´  ¸μ¸É ¢²Ö¥É 13,5 ¤²¨´ ¢§ ¨³μ¤¥°¸É¢¨Ö λI).

2. ��‘’���‚Š� ‡�„�—ˆ

’·¥±μ¢Ò¥ ¤¥É¥±Éμ·Ò CBM TRD ¨ MUCH ¨³¥ÕÉ ¸Ìμ¦ÊÕ ¸É·Ê±ÉÊ·Ê, ¶μ-
ÔÉμ³Ê ¶·¨ · §· ¡μÉ±¥  ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó É¨-
¶μ¢ Ö ¸É·Ê±ÉÊ·  ¤¥É¥±Éμ· , ¶μ± § ´´ Ö ´  ·¨¸. 4. ‚ ÔÉμ° ¸É·Ê±ÉÊ·¥ ¤¥É¥±-
Éμ· · ¸¸³ É·¨¢ ¥É¸Ö ± ± ´ ¡μ· ¸É ´Í¨°, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° £·Ê¶¶Ê ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢. „¥É¥±É¨·ÊÕÐ¨¥ ¸²μ¨ ¶·μ¨§¢μ¤ÖÉ ¶·μ-
¸É· ´¸É¢¥´´Ò¥ ±μμ·¤¨´ ÉÒ ¨§³¥·¥´¨° (μÉ¸Î¥ÉÒ) μÉ ¶·μ²¥É¥¢Ï¥° Î ¸É¨ÍÒ.
Œ¥¦¤Ê ¸É ´Í¨Ö³¨ ³μ£ÊÉ ´ Ìμ¤¨ÉÓ¸Ö Éμ²¸ÉÒ¥ ¸²μ¨ ³ É¥·¨ ² , μ¸μ¡¥´´μ ÔÉμ
Ì · ±É¥·´μ ¤²Ö MUCH-¤¥É¥±Éμ· , ¢ ±μÉμ·μ³ ³¥¦¤Ê ¸É ´Í¨Ö³¨ · ¸¶μ²μ¦¥´Ò
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�¨¸. 4. ‘Ì¥³  É¨¶μ¢μ£μ É·¥±μ¢μ£μ ¤¥É¥±Éμ·  ¨ ¸¨¸É¥³  ±μμ·¤¨´ É

¦¥²¥§´Ò¥  ¡¸μ·¡¥·Ò. CBM Ö¢²Ö¥É¸Ö Ô±¸¶¥·¨³¥´Éμ³ ¸ Ë¨±¸¨·μ¢ ´´μ° ³¨-
Ï¥´ÓÕ, ¤²Ö ±μÉμ·μ£μ Ì · ±É¥·´μ · ¸¶μ²μ¦¥´¨¥ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸É ´Í¨° ¶¥·-
¶¥´¤¨±Ê²Ö·´μ ± ´ ¶· ¢²¥´¨Õ ¶ÊÎ± . �·¨´ÖÉ Ö ¸¨¸É¥³  ±μμ·¤¨´ É ¶μ± § ´ 
´  ·¨¸. 4. �¸Ó z ´ ¶· ¢²¥´  ¢¤μ²Ó ¶ÊÎ± . „¥É¥±É¨·ÊÕÐ¨¥ ¸²μ¨ ¶¥·¶¥´¤¨±Ê-
²Ö·´Ò μ¸¨ z.

‡ ¤ Î  ¤ ´´μ° · ¡μÉÒ ¸μ¸Éμ¨É ¢ · §· ¡μÉ±¥  ²£μ·¨É³  ¨ ¶·μ£· ³³´μ£μ
μ¡¥¸¶¥Î¥´¨Ö ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ’ ±¨³ μ¡· -
§μ³, ¸²¥¤μ¢ ²μ · §· ¡μÉ ÉÓ É·¨ ¡ §μ¢ÒÌ  ²£μ·¨É³ : · ¸¶μ§´ ¢ ´¨Ö, Ô±¸É· ¶μ-
²ÖÍ¨¨ ¨ μÍ¥´±¨ ¶ · ³¥É·μ¢ (Ë¨É¨·μ¢ ´¨Ö) É·¥±μ¢.

1) �²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö ¢Ò¶μ²´Ö¥É ¶μ¨¸± μÉ¸Î¥Éμ¢, ¶·¨´ ¤²¥¦ Ð¨Ì
μÉ¤¥²Ó´μ³Ê É·¥±Ê.

2) �·¨ · ¸¶μ§´ ¢ ´¨¨ ¨ Ë¨É¨·μ¢ ´¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö  ²£μ·¨É³ Ô±¸É· ¶μ-
²ÖÍ¨¨ É·¥±μ¢, ±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ¥É ¶¥·¥´μ¸ (É· ´¸¶μ·É) ¶ · ³¥É·μ¢ É·¥±  ¨
±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ ´  ¸²¥¤ÊÕÐÊÕ ±μμ·¤¨´ É´ÊÕ ¶²μ¸±μ¸ÉÓ, ¶·¨´¨³ Ö
¢μ ¢´¨³ ´¨¥ ¨´Ëμ·³ Í¨Õ μ ¸É·Ê±ÉÊ·¥ ¨ ³ É¥·¨ ² Ì ¤¥É¥±Éμ· , ³ £´¨É´μ³
¶μ²¥ ¨ ¤·.

3) �²£μ·¨É³ μÍ¥´±¨ ¶ · ³¥É·μ¢ É·¥±  ¢Ò¶μ²´Ö¥É ¢ÒÎ¨¸²¥´¨¥ ± ± ³μ¦´μ
¡μ²¥¥ ÉμÎ´μ° ¨ ¶μ²´μ° ¨´Ëμ·³ Í¨¨ μ É·¥±¥ ¶μ ¥£μ μÉ¸Î¥É ³ ´  μ¸´μ¢¥ ¶·¨-
³¥´¥´¨Ö Ë¨²ÓÉ·  Š ²³ ´ .

‚ ± Î¥¸É¢¥ ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ³ ¸¸¨¢ ¸ μÉ¸Î¥É ³¨ ¨§
¤¥É¥±Éμ·  ¨ ³ ¸¸¨¢ ¸ É·¥± ³¨, § ¤ ÕÐ¨³¨ ´ Î ²Ó´Ò¥ Í¥²¥Ê± § ´¨Ö ¤²Ö ¶μ¨¸± 
(¨´¨Í¨¨·ÊÕÐ¨³¨ É·¥± ³¨).

’·¥¡μ¢ ´¨Ö ± ÔÉ¨³  ²£μ·¨É³ ³ ¨ ·¥ ²¨§ÊÕÐ¥³Ê ¨Ì ¶·μ£· ³³´μ³Ê μ¡¥¸¶¥-
Î¥´¨Õ ¸²¥¤ÊÕÐ¨¥: μ´¨ ¤μ²¦´Ò ¡ÒÉÓ  ¤ ¶É¨·Ê¥³Ò ¨ Ê¸Éμ°Î¨¢Ò ¢ μÉ´μÏ¥´¨¨
¢μ§³μ¦´ÒÌ ¨§³¥´¥´¨° £¥μ³¥É·¨¨ ¤¥É¥±Éμ· , É ± ± ± Ô±¸¶¥·¨³¥´É CBM ´ -
Ìμ¤¨É¸Ö ´  ¸É ¤¨¨ ¶·μ¥±É¨·μ¢ ´¨Ö ¨ μ±μ´Î É¥²Ó´Ò¥ £¥μ³¥É·¨¨ ¤¥É¥±Éμ·μ¢
´¥ μ¶·¥¤¥²¥´Ò. Š·μ³¥ Éμ£μ, ¶·μ£· ³³Ò ¤μ²¦´Ò ¡ÒÉÓ Ê¤μ¡´Ò ¤²Ö ¶μ²Ó§μ-
¢ É¥²Ö ¨ ²¥£±μ ´ ¸É· ¨¢ ¥³Ò ¸ ¶μ³μÐÓÕ ´¥¡μ²ÓÏμ£μ Î¨¸²  ¶ · ³¥É·μ¢ ¤²Ö
¶μ¸²¥¤ÊÕÐ¥° μ¶É¨³¨§ Í¨¨ · ¡μÉÒ  ²£μ·¨É³  ¶μ ±·¨É¥·¨Ö³ ÔËË¥±É¨¢´μ¸É¨
¨ ÉμÎ´μ¸É¨ · ¸¶μ§´ ¢ ´¨Ö.
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3. �…Š��‘’�“Š–ˆŸ ’�…Š�‚

�¥±μ´¸É·Ê±Í¨Ö É·¥±μ¢ ¢±²ÕÎ ¥É · ¸¶μ§´ ¢ ´¨¥ É· ¥±Éμ·¨° Î ¸É¨Í ¨ μÍ¥´±Ê
¶ · ³¥É·μ¢ É·¥±μ¢.

Šμ³¶μ´¥´ÉÒ ¶·μ£· ³³Ò ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¨ ¨Ì § ¢¨¸¨³μ¸É¨ ¶μ± -
§ ´Ò ´  ·¨¸. 5.

�·μ£· ³³  ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢±²ÕÎ ¥É ¸²¥¤ÊÕÐ¨¥ μ¸´μ¢´Ò¥ ³μ-
¤Ê²¨:

• Ô±¸É· ¶μ²ÖÍ¨Õ É·¥±μ¢;
• μÍ¥´±Ê ¶ · ³¥É·μ¢ É·¥±μ¢;
• · ¸¶μ§´ ¢ ´¨¥ É·¥±μ¢;
• Ë¨²ÓÉ· Š ²³ ´ ;
• £²μ¡ ²Ó´Ò° ¶μ¨¸± É·¥±μ¢.
”¨²ÓÉ· Š ²³ ´  ¨¸¶μ²Ó§Ê¥É¸Ö ± ± ¢  ²£μ·¨É³¥ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢,

É ± ¨ ¶·¨ μÍ¥´±¥ ¶ · ³¥É·μ¢ É· ¥±Éμ·¨¨. �¨¦¥ ¤ ¥É¸Ö ¤¥É ²Ó´μ¥ μ¶¨¸ ´¨¥
³¥Éμ¤μ¢ μÍ¥´±¨ ¶ · ³¥É·μ¢, Ô±¸É· ¶μ²ÖÍ¨¨ ¨ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢.

3.1. �Í¥´±  ¶ · ³¥É·μ¢ É·¥±  ¸ ¶μ³μÐÓÕ Ë¨²ÓÉ·  Š ²³ ´ . ”¨²ÓÉ·
Š ²³ ´  Ö¢²Ö¥É¸Ö μ¤´¨³ ¨§ ¸ ³ÒÌ · ¸¶·μ¸É· ´¥´´ÒÌ ³¥Éμ¤μ¢ μÍ¥´±¨ ¶ · -
³¥É·μ¢ É·¥±  ¢ Ë¨§¨±¥ [3]. „ ¤¨³ μ¶¨¸ ´¨¥ ³¥Éμ¤  ¨ ¥£μ  ¤ ¶É Í¨¨ ¤²Ö
´ Ï¥° § ¤ Î¨. „²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö Ë¨²ÓÉ·  Š ²³ ´  ¢ ± Î¥¸É¢¥ ³¥Éμ¤  Ë¨-
É¨·μ¢ ´¨Ö É·¥±  ´¥μ¡Ìμ¤¨³μ · ¸¸³μÉ·¥ÉÓ É·¥± ± ± ¤¨´ ³¨Î¥¸±ÊÕ ¸¨¸É¥³Ê.
�Éμ ³μ¦´μ ¸¤¥² ÉÓ ¥¸É¥¸É¢¥´´Ò³ μ¡· §μ³, μ¶·¥¤¥²¨¢ ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö ¤¨´ -
³¨Î¥¸±μ° ¸¨¸É¥³Ò ± ± ¢¥±Éμ· �x, ¸μ¸ÉμÖÐ¨° ¨§ ¶ÖÉ¨ ¶ · ³¥É·μ¢, μ¤´μ§´ Î´μ
μ¶·¥¤¥²ÖÕÐ¨Ì É·¥± ¢ ± ¦¤μ° ÉμÎ±¥ ¥£μ É· ¥±Éμ·¨¨. ‚ ¡μ²ÓÏ¨´¸É¢¥ · ¡μÉ, μÉ-
´μ¸ÖÐ¨Ì¸Ö ± ±μ²² °¤¥·´Ò³ Ô±¸¶¥·¨³¥´É ³, Ê¤μ¡´  ¶ · ³¥É·¨§ Í¨Ö ¢¥±Éμ· 
¸μ¸ÉμÖ´¨Ö ± ± ËÊ´±Í¨Ö ¤²¨´Ò ¤Ê£¨ É· ¥±Éμ·¨¨, É ± ÎÉμ ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
¸É ÉÊ¸´Ò° ¢¥±Éμ· ¢±²ÕÎ ¥É  §¨³ÊÉ ²Ó´Ò° ¨ ¶μ²Ö·´Ò° Ê£²Ò, ¤¢¥ ¶μ¶¥·¥Î´Ò¥
±μμ·¤¨´ ÉÒ ¨ ¨³¶Ê²Ó¸. ‚ ´ Ï¥³ ¸²ÊÎ ¥ ¤²Ö Ô±¸¶¥·¨³¥´É  ¸ Ë¨±¸¨·μ¢ ´´μ°

�¨¸. 5. Šμ³¶μ´¥´ÉÒ ¶·μ£· ³³Ò ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¨ ¨Ì § ¢¨¸¨³μ¸É¨
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³¨Ï¥´ÓÕ Í¥²¥¸μμ¡· §´μ μ¶·¥¤¥²¨ÉÓ ¢¥±Éμ· �x ± ± ËÊ´±Í¨Õ ±μμ·¤¨´ ÉÒ z:
�x = �x (z). ’ ±¨³ μ¡· §μ³, ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö ¨³¥¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

�x = (x, y, tx, ty, q/p)T ,

£¤¥ x ¨ y Å ±μμ·¤¨´ ÉÒ É·¥± , tx = ∂x/∂z ¨ ty = ∂y/∂z Å ´ ¶· ¢²ÖÕ-
Ð¨¥ ±μ¸¨´Ê¸Ò, q Å § ·Ö¤, · ¢´Ò° +1 ¤²Ö ¶μ²μ¦¨É¥²Ó´μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í
¨ −1 ¤²Ö μÉ·¨Í É¥²Ó´μ § ·Ö¦¥´´ÒÌ, ¨ p Å ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ. ‚¥±Éμ·Ê �x
¸μμÉ¢¥É¸É¢Ê¥É ±μ¢ ·¨ Í¨μ´´ Ö 5 × 5 ³ É·¨Í  C = cov {�x} [3]. „μ¸É ÉμÎ´μ
· ¸¸³μÉ·¥ÉÓ ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö ´  ¤¨¸±·¥É´μ³ ³´μ¦¥¸É¢¥ ÉμÎ¥± �xk, ¢ ±μÉμ·ÒÌ
É·¥± ¶¥·¥¸¥± ¥É ¤¥É¥±É¨·ÊÕÐ¨¥ ¶²μ¸±μ¸É¨: �xk = �x(zk). ’ ±¨³ μ¡· §μ³, ³Ò
¶μ²ÊÎ¨²¨ ¤¨¸±·¥É´ÊÕ ¤¨´ ³¨Î¥¸±ÊÕ ¸¨¸É¥³Ê, · §¢¨É¨¥ ±μÉμ·μ° ³μ¦¥É ¡ÒÉÓ
μ¶¨¸ ´μ ¸²¥¤ÊÕÐ¨³ Ê· ¢´¥´¨¥³:

x(zk) ≡ �xk = fk−1 (�xk−1) + �wk−1,

£¤¥ fk−1 Å ÔÉμ ËÊ´±Í¨Ö Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±  μÉ ¤¥É¥±Éμ·  k− 1 ± ¤¥É¥±Éμ·Ê
k, ¸²ÊÎ °´ Ö ¶¥·¥³¥´´ Ö wk−1 Å ÔÉμ ÏÊ³, ¶μ·μ¦¤¥´´Ò°, ¢ Î ¸É´μ¸É¨, ³´μ£μ-
±· É´Ò³ · ¸¸¥Ö´¨¥³ Î ¸É¨ÍÒ ¢ ´¥μ¤´μ·μ¤´μ° ¸·¥¤¥ ¤¥É¥±Éμ· . ”Ê´±Í¨Ö fk−1

³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ± ±

fk−1 (�xk−1) = Fk−1�xk−1,

£¤¥ Fk−1 ´ §Ò¢ ÕÉ É· ´¸¶μ·É´μ° ³ É·¨Í¥°.
�¡ÒÎ´μ ¤¥É¥±Éμ· ´ ¶·Ö³ÊÕ ´¥ ¨§³¥·Ö¥É ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö. ‚ ¸ÊÐ´μ¸É¨,

¨§³¥·¥´¨¥ k-£μ ¤¥É¥±Éμ·  mk Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö, ¨¸± -
¦¥´´μ¥ ¨§³¥·¨É¥²Ó´Ò³¨ μÏ¨¡± ³¨ ek:

mk = hk (�xk) + ek,

£¤¥ hk Å ÔÉμ ¶·μ¥±É¨·ÊÕÐ Ö ËÊ´±Í¨Ö, μ¶·¥¤¥²¥´´ Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

hk (�xk) = Hk�xk,

£¤¥ Hk Å ÔÉμ ¨§³¥·¨É¥²Ó´ Ö ³ É·¨Í . ‚ ´ Ï¥³ ¸²ÊÎ ¥, ±μ£¤  ¤¥É¥±Éμ·Ò
´ ¶·Ö³ÊÕ ¨§³¥·ÖÕÉ x- ¨ y-±μμ·¤¨´ ÉÒ, Hk ¡Ê¤¥É ¸²¥¤ÊÕÐ¥° ³ É·¨Í¥° 2×5:

Hk =
(

1 0 0 0 0
0 1 0 0 0

)
.

˜Ê³ �wk ¨ ¨§³¥·¨É¥²Ó´Ò¥ μÏ¨¡±¨ ek · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ´¥¨§¢¥¸É´Ò¥ ¸²Ê-
Î °´Ò¥ ¶μ³¥Ì¨, ¨³¥ÕÐ¨¥ ´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸μ ¸·¥¤´¨³, · ¢´Ò³ 0.
‚ ÔÉμ³ ¸²ÊÎ ¥, ± ± ¨§¢¥¸É´μ, Ë¨²ÓÉ· Š ²³ ´  Ö¢²Ö¥É¸Ö μ¶É¨³ ²Ó´Ò³ [3]. Šμ-
¢ ·¨ Í¨μ´´Ò¥ ³ É·¨ÍÒ ¤²Ö �wk ¨ ek ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò Qk ¨ Vk . ‚ ¸²ÊÎ ¥,
¥¸²¨ ¤¥É¥±Éμ· ¨§³¥·Ö¥É ¤¢¥ ±μμ·¤¨´ ÉÒ x ¨ y, Vk ¡Ê¤¥É 2 × 2 ³ É·¨Í¥°:

Vk =
(

d2
xx dxy

dxy d2
yy

)
,
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£¤¥ dxx, dyy ¨ dxy Å ¨§³¥·¨É¥²Ó´Ò¥ μÏ¨¡±¨ ¤¥É¥±Éμ· , ±μ··¥²ÖÍ¨Ö dxy

¢μ§´¨± ¥É ¢ ¸²ÊÎ ¥ ¶μ¢μ·μÉ  ¸É ´Í¨¨.
�·¨ Ë¨É¨·μ¢ ´¨¨ É·¥±  ¸ ¶μ³μÐÓÕ Ë¨²ÓÉ·  Š ²³ ´  ¢Ò¶μ²´ÖÕÉ¸Ö É·¨

μ¸´μ¢´ÒÌ É¨¶  μ¶¥· Í¨°: ¶·¥¤¸± § ´¨¥, Ë¨²ÓÉ· Í¨Ö ¨ ¸£² ¦¨¢ ´¨¥. �·¥¤-
¸± § ´¨¥ Å ÔÉμ μÍ¥´±  ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¢ ®¡Ê¤ÊÐ¥³¯ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
¨´Ëμ·³ Í¨¨ μ ¶·¥¤Ò¤ÊÐ¥³ ¢¥±Éμ·¥ ¸μ¸ÉμÖ´¨Ö. ”¨²ÓÉ· Í¨Ö Å ÔÉμ μÍ¥´± 
É¥±ÊÐ¥£μ ¸μ¸ÉμÖ´¨Ö ´  μ¸´μ¢¥ ¢¸¥Ì ¶·¥¤Ò¤ÊÐ¨Ì ¨§³¥·¥´¨°. ‘£² ¦¨¢ ´¨¥ Å
ÔÉμ μÍ¥´±  ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¢ ®¶·μÏ²μ³¯, μ¸´μ¢ ´´ Ö ´  ¨´Ëμ·³ Í¨¨ μÉ
¢¸¥Ì ¨§³¥·¥´¨° [3]. �¶¨Ï¥³ ¶μ¤·μ¡´¥¥ Ëμ·³ ²¨§³ ÔÉ¨Ì μ¶¥· Í¨°.

�·¥¤¸± § ´¨¥.
�±¸É· ¶μ²ÖÍ¨Ö ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¨ ¥£μ ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ:

�xk−1
k = Fk−1�xk−1,

Ck−1
k = Fk−1Ck−1F

T
k−1 + Qk−1. (1)

�Ï¨¡±  ¶·¥¤¸± § ´¨Ö ¨ ¥¥ ±μ¢ ·¨ Í¨μ´´ Ö ³ É·¨Í :

rk−1
k = mk − Hk�xk−1

k ,

Rk−1
k = Vk + HkCk−1

k HT
k .

”¨²ÓÉ· Í¨Ö.
�¡´μ¢²¥´¨¥ ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¨ ¥£μ ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ:

�xk = �xk−1
k + Kkrk−1

k ,

Ck = (1 − KkHk)Ck−1
k ,

£¤¥ Kk ´ §Ò¢ ¥É¸Ö Ê¸¨²¨É¥²Ó´μ° ³ É·¨Í¥° [3]:

Kk = Ck−1
k HT

k

(
Vk + HkCk−1

k HT
k

)−1
= Ck−1

k HT
k

(
Rk−1

k

)−1
.

�¡´μ¢²¥´´Ò¥ μÏ¨¡±  ¶·¥¤¸± § ´¨Ö ¨ ¥¥ ±μ¢ ·¨ Í¨μ´´ Ö ³ É·¨Í :

rk = mk − Hk�xk = (1 − HkKk) rk−1
k ,

Rk = (1 − HkKk)Vk = Vk − HkCkHT
k .

‘É É¨¸É¨Î¥¸±¨° ±·¨É¥·¨° χ2 ¤²Ö k-£μ ¨§³¥·¥´¨Ö ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥

χ2
+ = rT

k R−1
k rk.

�¡´μ¢²¥´¨¥ χ2 ¤²Ö É·¥± :

χ2
k = χ2

k−1 + χ2
+.
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�¨¸. 6. ‘Ì¥³ É¨Î¥¸±μ¥ ¶·¥¤¸É ¢²¥´¨¥ μ¶¥· Í¨° ¶·¥¤¸± § ´¨Ö ¨ Ë¨²ÓÉ· Í¨¨

�¶¥· Í¨¨ ¶·¥¤¸± § ´¨Ö ¨ Ë¨²ÓÉ· Í¨¨ ¶μ¢Éμ·ÖÕÉ¸Ö ¤μ É¥Ì ¶μ·, ¶μ±  ¢ É·¥±
´¥ ¡Ê¤ÊÉ ¤μ¡ ¢²¥´Ò ¢¸¥ ¨§³¥·¥´¨Ö (¶·Ö³μ¥ Ë¨É¨·μ¢ ´¨¥ É·¥± ). �μ¸²¥¤´¨°
¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö ¤ ¥É ´ ¨²ÊÎÏÊÕ μÍ¥´±Ê ¶ · ³¥É·μ¢ É·¥± , ±μÉμ· Ö ¸μ¡· ² 
¢ ¸¥¡¥ ¨´Ëμ·³ Í¨Õ ¢¸¥Ì ¨§³¥·¥´¨°.

—¥·¥¤μ¢ ´¨¥ μ¶¥· Í¨° ¶·¥¤¸± § ´¨Ö ¨ μ¡´μ¢²¥´¨Ö £· Ë¨Î¥¸±¨ ¶·¨¢¥¤¥´μ
´  ·¨¸. 6. �μ± § ´μ μÉ±²μ´¥´¨¥ Î ¸É¨ÍÒ ¢ ¸²μ¥ ³ É¥·¨ ²  ³¥¦¤Ê ¤¥É¥±Éμ·μ³
k − 1 ¨ k. ”¨²ÓÉ· Š ²³ ´  ÊÎ¨ÉÒ¢ ¥É ÔÉμÉ ÔËË¥±É, Ê¢¥²¨Î¨¢ Ö μÏ¨¡±Ê ¤²Ö
¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö �xk−1

k ´  ¢¥²¨Î¨´Ê Qk−1. ‚μ ¢·¥³Ö Ë¨²ÓÉ· Í¨¨ ¢¥±Éμ·
¸μ¸ÉμÖ´¨Ö �xk−1

k ¶·¨ÉÖ£¨¢ ¥É¸Ö ± É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ, ÊÎ¨ÉÒ¢ Ö ¨´Ëμ·³ Í¨Õ
¨§ k-£μ ¨§³¥·¥´¨Ö mk.

‘£² ¦¨¢ ´¨¥.
®‘£² ¦¥´´Ò°¯ ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö ¨ ¥£μ ±μ¢ ·¨ Í¨μ´´ Ö ³ É·¨Í :

�xn
k = �xk + Ak

(
xn

k+1 − xk
k+1

)
,

Cn
k = Ck + Ak

(
Cn

k+1 − Ck
k+1

)
AT

k ,

£¤¥ Ak Å ÔÉμ Ê¸¨²¨É¥²Ó´ Ö ³ É·¨Í  ¶·¨ ¸£² ¦¨¢ ´¨¨:

Ak = CkFT
k

(
Ck

k+1

)−1
.

‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ μÏ¨¡±  ¶·¥¤¸± § ´¨Ö ¨ ¥¥ ±μ¢ ·¨ Í¨μ´´ Ö ³ É·¨Í :

rn
k = mk − Hk�xn

k ,

Rn
k = Vk − HkCn

k HT
k .

�·μÍ¥¤Ê·  ¸£² ¦¨¢ ´¨Ö ¢Ò¶μ²´Ö¥É¸Ö ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ³ ´ ¶· ¢²¥´¨¨
(μ¡· É´μ¥ Ë¨É¨·μ¢ ´¨¥ É·¥± ), ¶μ¸²¥ Éμ£μ ± ± ¢¸¥ ¨§³¥·¥´¨Ö ¤μ¡ ¢²¥´Ò ¢
É·¥±. ‚ ´¥° ÊÎ¨ÉÒ¢ ¥É¸Ö ¨´Ëμ·³ Í¨Ö μÉ ¢¸¥Ì ¨§³¥·¥´¨° ¨ ¢ÒÎ¨¸²Ö¥É¸Ö ´ ¨-
²ÊÎÏ Ö μÍ¥´±  ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ´  ¢¸¥Ì ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖÌ.

�μ³¨³μ · ¸¸³μÉ·¥´´ÒÌ ¶μ¤Ìμ¤μ¢ ¶·Ö³μ£μ ¨ μ¡· É´μ£μ Ë¨É¨·μ¢ ´¨Ö, ±μ-
Éμ·Ò¥ ´¥ ¶μ§¢μ²ÖÕÉ μ¶·¥¤¥²ÖÉÓ ÏÊ³μ¢Ò¥ μÉ¸Î¥ÉÒ, ¢μ§´¨± ÕÉ ¸¨ÉÊ Í¨¨, ±μ£¤ 
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�¨¸. 7. ˆÉ¥· Í¨μ´´ Ö ¶·μÍ¥¤Ê·  Ë¨É¨·μ¢ ´¨Ö

É·¥± ¸μ¤¥·¦¨É ÏÊ³μ¢Ò¥ μÉ¸Î¥ÉÒ. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨³¥´Ö¥É¸Ö ¨É¥· Í¨μ´´μ¥
Ë¨É¨·μ¢ ´¨¥ ¸ μ¡´ ·Ê¦¥´¨¥³ ÏÊ³μ¢ÒÌ μÉ¸Î¥Éμ¢. ‘Ì¥³  ¶·μÍ¥¤Ê·Ò ¶μ± § ´ 
´  ·¨¸. 7. ˜Ê³μ¢μ° μÉ¸Î¥É ´ Ìμ¤¨É¸Ö ¶μ ®¶²μÌμ³Ê¯ χ2, É. ¥. ¶·¥¢μ¸Ìμ¤ÖÐ¥³Ê
§ ¤ ´´μ¥ ¶μ·μ£μ¢μ¥ §´ Î¥´¨¥, ±μÉμ·μ¥ ¢ÒÎ¨¸²Ö¥É¸Ö ¢μ ¢·¥³Ö μ¡· É´μ° μÍ¥´±¨
¶ · ³¥É·μ¢ É·¥± .

3.2. 	±¸É· ¶μ²ÖÍ¨Ö É·¥± . �²£μ·¨É³ Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±  ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¸·¥¤´¥° É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μÏ¨¡μ±.
�±¸É· ¶μ²ÖÍ¨Ö É·¥±  ³μ¦¥É ¡ÒÉÓ · §¡¨É  ´  ¤¢  ÔÉ ¶  [4, 30]:

1) £¥μ³¥É·¨Î¥¸± Ö Ô±¸É· ¶μ²ÖÍ¨Ö, μ¡Ê¸²μ¢²¥´´ Ö Ê· ¢´¥´¨Ö³¨ ¤¢¨¦¥´¨Ö,
¸ ÊÎ¥Éμ³ ´¥μ¤´μ·μ¤´μ¸É¨ ³ £´¨É´μ£μ ¶μ²Ö;

2) ÊÎ¥É Ë¨§¨Î¥¸±¨Ì ÔËË¥±Éμ¢ μÉ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨ÍÒ Î¥·¥§ ³ É¥·¨ ²Ò
¤¥É¥±Éμ· , É ±¨Ì ± ± ³´μ£μ±· É´μ¥ ±Ê²μ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥ ¨ ¶μÉ¥·¨ Ô´¥·£¨¨.

	 §μ¢Ò³ Ô²¥³¥´Éμ³ ¶·¨ Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±  Ö¢²Ö¥É¸Ö É· ´¸¶μ·É´ Ö ³ -
É·¨Í  [4]

F =
∂�x

∂ �x0
, (2)

£¤¥ �x0 Å ÔÉμ ´ Î ²Ó´Ò° ¢¥±Éμ· ¸μ¸ÉμÖ´¨Ö.
�±¸É· ¶μ²ÖÍ¨Ö ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶·¨ ¶μ³μÐ¨

Ëμ·³Ê²Ò (1) ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É· ´¸¶μ·É´μ° ³ É·¨ÍÒ. �·¨ · §¡¨¥´¨¨ ¶·μ-
Í¥¤Ê·Ò Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±  ´  n Ï £μ¢, É· ´¸¶μ·É´ Ö ³ É·¨Í  μÉ z0 ¢ z
μ¶·¥¤¥²Ö¥É¸Ö ± ± ¶μ¢Éμ·ÖÕÐ¨¥¸Ö Ê³´μ¦¥´¨Ö:

F =
n∏

k=1

Fk, (3)

£¤¥ Fk Å ÔÉμ É· ´¸¶μ·É´ Ö ³ É·¨Í  ´  k-³ Ï £¥.
�¸´μ¢´Ò³¨ ±μ³¶μ´¥´É ³¨  ²£μ·¨É³  Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±μ¢ Ö¢²ÖÕÉ¸Ö:

£¥μ³¥É·¨Î¥¸± Ö Ô±¸É· ¶μ²ÖÍ¨Ö, ¢ÒÎ¨¸²¥´¨¥ ÔËË¥±Éμ¢ μÉ ¶·μÌμ¦¤¥´¨Ö ³ -
É¥·¨ ²μ¢ ¨ ´ ¢¨£ Í¨Ö ¢ £¥μ³¥É·¨¨ ¤¥É¥±Éμ· . �²£μ·¨É³ Ô±¸É· ¶μ²ÖÍ¨¨ Ê¶· -
¢²Ö¥É ÔÉ¨³¨ É·¥³Ö ±μ³¶μ´¥´É ³¨ ¨ ¢Ò¶μ²´Ö¥É É· ´¸¶μ·É ¶ · ³¥É·μ¢ É·¥±  ¨
¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μÏ¨¡μ±.

3.2.1. ƒ¥μ³¥É·¨Î¥¸± Ö Ô±¸É· ¶μ²ÖÍ¨Ö. ƒ¥μ³¥É·¨Î¥¸± Ö Ô±¸É· ¶μ²ÖÍ¨Ö
¸μ¸Éμ¨É ¢ ¢ÒÎ¨¸²¥´¨¨ ¸·¥¤´¥° É· ¥±Éμ·¨¨ [4, 19] ¨ É· ´¸¶μ·É´μ° ³ É·¨ÍÒ,
´¥μ¡Ìμ¤¨³μ° ¤²Ö Ô±¸É· ¶μ²ÖÍ¨¨ ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ.

�¥ ²¨§μ¢ ´μ ¤¢¥ ³μ¤¥²¨ ¤²Ö ¢ÒÎ¨¸²¥´¨Ö ¸·¥¤´¥° É· ¥±Éμ·¨¨ ¨ É· ´¸¶μ·É-
´μ° ³ É·¨ÍÒ:
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1) ¶·Ö³ Ö ²¨´¨Ö ¢ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ³ £´¨É´μ£μ ¶μ²Ö;
2) ·¥Ï¥´¨¥ Ê· ¢´¥´¨Ö ¤¢¨¦¥´¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¢ ³ £´¨É´μ³ ¶μ²¥

¸ ¶μ³μÐÓÕ ³¥Éμ¤  �Ê´£¥ÄŠÊÉÉ .
�·Ö³ Ö ²¨´¨Ö. ‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ³ £´¨É´μ£μ ¶μ²Ö É· ¥±Éμ·¨Ö § ·Ö-

¦¥´´μ° Î ¸É¨ÍÒ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·Ö³ÊÕ ²¨´¨Õ. ‘²¥¤μ¢ É¥²Ó´μ, Éμ²Ó±μ
Ô²¥³¥´ÉÒ x ¨ y ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¡Ê¤ÊÉ ³¥´ÖÉÓ¸Ö:

x = x0 + txΔz,
y = y0 + tyΔz.

’· ´¸¶μ·É´ Ö ³ É·¨Í  F ¢ ÔÉμ³ ¸²ÊÎ ¥ μ¶·¥¤¥²Ö¥É¸Ö ± ±

F =

⎛
⎜⎜⎜⎜⎝

1 0 Δz 0 0
0 1 0 Δz 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1

⎞
⎟⎟⎟⎟⎠ ,

£¤¥ Δz = z − z0.
“· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢ ³ £´¨É´μ³ ¶μ²¥. ’· ¥±Éμ·¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ

¢ ¸É É¨Î¥¸±μ³ ³ £´¨É´μ³ ¶μ²¥ �B Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ ¤¢¨¦¥´¨Ö ¶μ¤
¤¥°¸É¢¨¥³ ¸¨²Ò ‹μ·¥´Í . ‚ μÉ¸ÊÉ¸É¢¨¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¨ ¶·¥´¥¡·¥¦¥´¨¨
¶μÉ¥·Ö³¨ Ô´¥·£¨¨ ¨ ³´μ£μ±· É´Ò³ · ¸¸¥Ö´¨¥³ Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ¢ ¢ ±ÊÊ³¥
¢Ò£²Ö¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³ [4]:

d�p

dt
= c2kq�v(t) × �B(�y(t)),

£¤¥ �p Å ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ, q Å § ·Ö¤, v Å ¸±μ·μ¸ÉÓ, �B Å ¸É É¨Î¥¸±μ¥
³ £´¨É´μ¥ ¶μ²¥, k Å ±μÔËË¨Í¨¥´É ¶·μ¶μ·Í¨μ´ ²Ó´μ¸É¨, �y Å ¶μ²μ¦¥´¨¥
Î ¸É¨ÍÒ (¶·μ¸É· ´¸É¢¥´´ Ö ±μμ·¤¨´ É ), c Å ¸±μ·μ¸ÉÓ ¸¢¥É  ¨ t Å ¢·¥³Ö ¢
² ¡μ· Éμ·´μ° ¸¨¸É¥³¥. “· ¢´¥´¨¥ ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ μÉ´μ¸¨É¥²Ó´μ ¤²¨´Ò
É· ¥±Éμ·¨¨ s [4]:

d2�y/ds2 = (kq/p)(d�y/ds) × �B(�y(s)), (4)

£¤¥ ds/dt = v ¨ p = |�p| Å ³μ¤Ê²Ó ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ ¢ ² ¡μ· Éμ·´μ° ¸¨¸É¥³¥.
“· ¢´¥´¨¥ (4) ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥ μÉ´μ¸¨É¥²Ó´μ ±μμ·-

¤¨´ ÉÒ z:

x′′ = (kq/p)(ds/dz)
[
x′y′Bx − (1 + x′2)By + y′Bz

]
,

y′′ = (kq/p)(ds/dz)
[
(1 + y′2)Bx − x′y′By − x′Bz

]
,

£¤¥ ds/dz =
√

1 + x′2 + y′2.
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‘²¥¤μ¢ É¥²Ó´μ, Ê· ¢´¥´¨¥ ¤¢¨¦¥´¨Ö ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ Î¥·¥§ ¢¥±Éμ·
¶ · ³¥É·μ¢ É·¥±  ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

d�x

dz
=

d

dz

⎛
⎜⎜⎜⎜⎝

x
y
tx
ty
q/p

⎞
⎟⎟⎟⎟⎠ =

⎛
⎜⎜⎜⎜⎝

tx
ty

(kq/p)Ax

(kq/p)Ay

0

⎞
⎟⎟⎟⎟⎠ , (5)

£¤¥ Ax ¨ Ay μ¶·¥¤¥²ÖÕÉ¸Ö ± ±

Ax =
√

1 + t2x + t2y
(
txtyBx −

(
1 + t2x

)
By + tyBz

)
, (6)

Ay =
√

1 + t2x + t2y
((

1 + t2y
)
Bx − txtyBy − txBz

)
. (7)

‚ Ê· ¢´¥´¨ÖÌ (5)Ä(7) ¨¸¶μ²Ó§Ê¥É¸Ö ¸²¥¤ÊÕÐ Ö ¸¨¸É¥³  ¥¤¨´¨Í: p [ƒÔ‚/c], q Å
¡¥§· §³¥·´ Ö, �B [±ƒ¸], k [(ƒÔ‚/c) · ±ƒ¸−1 ·¸³−1] = 2,99792458 · 10−4, x [¸³],
y [¸³], z [¸³].

�¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ § ¤ ÎÊ ŠμÏ¨ ¸ ´ Î ²Ó´Ò³ Ê¸²μ¢¨¥³ �x0. �Éμ ¡Ò²μ
¸¤¥² ´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  �Ê´£¥ÄŠÊÉÉ  Î¥É¢¥·Éμ£μ ¶μ·Ö¤±  [9].

ˆ´É¥£·¨·μ¢ ´¨¥ Ê· ¢´¥´¨° ¤²Ö ¶·μ¨§¢μ¤´ÒÌ. �Í¥´±  ¶·μ¨§¢μ¤´ÒÌ ¤²Ö
±μ³¶μ´¥´É ¢¥±Éμ·  ¸μ¸ÉμÖ´¨Ö ¶μ μÉ´μÏ¥´¨Õ ± ¨Ì ´ Î ²Ó´Ò³ §´ Î¥´¨Ö³ ´¥-
μ¡Ìμ¤¨³  ¤²Ö ¶·μ¸Î¥É  É· ´¸¶μ·É´μ° ³ É·¨ÍÒ F = ∂�x/∂ �x0. �É  § ¤ Î 
³μ¦¥É ¡ÒÉÓ ·¥Ï¥´  ¨²¨ Î¨¸²¥´´Ò³ ¤¨ËË¥·¥´Í¨·μ¢ ´¨¥³ [4, 9], ¨²¨ ¨´É¥-
£·¨·μ¢ ´¨¥³ Ê· ¢´¥´¨° ¶·μ¨§¢μ¤´ÒÌ ¢³¥¸É¥ ¸ ®´Ê²¥¢μ° É· ¥±Éμ·¨¥°¯ [4].
� ³¨ ¡Ò² ¶·¨³¥´¥´ ¢Éμ·μ° ³¥Éμ¤, É ± ± ± μ´ ¢ ¤¢  · §  Ô±μ´μ³¨Î´¥¥ ¢ ¸²Ê-
Î ¥, ¥¸²¨ ¶μ¶¥·¥Î´Ò³ £· ¤¨¥´Éμ³ ³ £´¨É´μ£μ ¶μ²Ö ³μ¦´μ ¶·¥´¥¡·¥ÎÓ. …¸²¨
¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢²¨Ö´¨¥³ ¶μ¶¥·¥Î´μ£μ £· ¤¨¥´É  ¶μ²Ö ´  É· ¥±Éμ·¨Õ ´ 
μ¤´μ³ Ï £¥ ¨´É¥£·¨·μ¢ ´¨Ö ¶·μ¨§¢μ¤´ÒÌ ³μ¦´μ ¶·¥´¥¡·¥ÎÓ, Éμ ¶μ²ÊÎ ¥³,
ÎÉμ ¶·μ¨§¢μ¤´Ò¥ ¶μ ¶¥·¢Ò³ ¤¢Ê³ ±μ³¶μ´¥´É ³ x0 ¨ y0 ¢¥±Éμ·  ¶ · ³¥É·μ¢
· ¢´Ò

∂�x/∂x0 = (1, 0, 0, 0, 0)T ,

∂�x/∂y0 = (0, 1, 0, 0, 0)T .

“· ¢´¥´¨Ö ¤²Ö ∂�x/∂tx0 ¨ ∂�x/∂ty0 ¶μ²ÊÎ¨³, ¶·μ¤¨ËË¥·¥´Í¨·μ¢ ¢ Ê· ¢-
´¥´¨¥ (5) ¶μ tx0 ¨ ty0 ¸μμÉ¢¥É¸É¢¥´´μ. “· ¢´¥´¨Ö ∂�x/∂tx0 ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨°
¢¨¤:

(∂�x/∂tx0)
dz

=
d

dz

⎛
⎜⎜⎜⎜⎝

∂x/∂tx0

∂y/∂tx0

∂tx/∂tx0

∂ty/∂tx0

0

⎞
⎟⎟⎟⎟⎠ =

⎛
⎜⎜⎜⎜⎜⎜⎝

∂tx/∂tx0

∂ty/∂tx0

(kq0/p0)
[

∂Ax

∂tx

∂tx

∂tx0
+ ∂Ax

∂ty

∂ty

∂tx0

]
(kq0/p0)

[
∂Ay

∂tx

∂tx

∂tx0
+ ∂Ay

∂ty

∂ty

∂tx0

]
0

⎞
⎟⎟⎟⎟⎟⎟⎠

, (8)
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£¤¥

∂Ax/∂tx = Axtx/(1 + t2x + t2y) +
√

(1 + t2x + t2y)(tyBx − 2txBy),

∂Ax/∂ty = Axty/(1 + t2x + t2y) +
√

(1 + t2x + t2y)(txBx + Bz),

∂Ay/∂tx = Aytx/(1 + t2x + t2y) +
√

(1 + t2x + t2y)(−tyBy − Bz),

∂Ay/∂ty = Ayty/(1 + t2x + t2y) +
√

(1 + t2x + t2y)(−txBy + 2tyBx).

“· ¢´¥´¨Ö ¤²Ö ∂�x/∂ty0 ¶μ¤μ¡´Ò Ê· ¢´¥´¨Ö³ (8). � Î ²Ó´Ò¥ §´ Î¥´¨Ö
¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò ∂�x/∂tx0 = (0, 0, 1, 0, 0) ¨ ∂�x/∂ty0 = (0, 0, 0, 1, 0).

—Éμ¡Ò μ¶·¥¤¥²¨ÉÓ Ê· ¢´¥´¨Ö ¤²Ö ∂�x/∂(q0/p0), ¢μ§Ó³¥³ Î ¸É´Ò¥ ¶·μ¨§-
¢μ¤´Ò¥ ¶μ q0/p0 μÉ (5):

(∂�x/∂(q0/p0))
dz

=
d

dz

⎛
⎜⎜⎜⎜⎝

∂x/∂(q0/p0)
∂y/∂(q0/p0)
∂tx/∂(q0/p0)
∂ty/∂(q0/p0)

1

⎞
⎟⎟⎟⎟⎠ =

=

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎝

∂tx/∂(q0/p0)
∂ty/∂(q0/p0)
kAx + (kq0/p0)

[
∂Ax

∂tx

∂tx

∂(q0/p0) + ∂Ax

∂ty

∂ty

∂(q0/p0)

]

kAy + (kq0/p0)
[

∂Ay

∂tx

∂tx

∂(q0/p0) + ∂Ay

∂ty

∂ty

∂(q0/p0)

]
1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎠

. (9)

� Î ²Ó´Ò¥ §´ Î¥´¨Ö ¤²Ö ·¥Ï¥´¨Ö Ê· ¢´¥´¨Ö (9) · ¢´Ò ∂�x/(q0/p0) = (0, 0,
0, 0, 1).

ŒÒ ¶μ²ÊÎ¨²¨ ´ ¡μ· Ê· ¢´¥´¨°, ±μÉμ·Ò¥ ¡Ò²¨ É ±¦¥ ·¥Ï¥´Ò ¸ ¶μ³μÐÓÕ
³¥Éμ¤  �Ê´£¥ÄŠÊÉÉ  Î¥É¢¥·Éμ£μ ¶μ·Ö¤± .

3.2.2. �·μÌμ¦¤¥´¨¥ É·¥±  Î¥·¥§ ¢¥Ð¥¸É¢μ. ‚μ ¢·¥³Ö Ô±¸É· ¶μ²ÖÍ¨¨ ¶ -
· ³¥É·μ¢ É·¥±  μÉ μ¤´μ° ¸É ´Í¨¨ ¤¥É¥±Éμ·  ± ¤·Ê£μ° ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ
Ë¨§¨Î¥¸±¨¥ ÔËË¥±ÉÒ μÉ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨Í¥° ¸²μ¥¢ ³ É¥·¨ ²  (Ô´¥·£¥É¨-
Î¥¸±¨¥ ¶μÉ¥·¨ ¨ ³´μ£μ±· É´μ¥ · ¸¸¥Ö´¨¥). �Éμ ¤¥² ¥É¸Ö ¸ ¶μ³μÐÓÕ ±μ··¥±-
É¨·μ¢±¨ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ ¨§-§  Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¨ ¤μ¡ ¢²¥´¨Ö ±μ¢ -
·¨ Í¨μ´´μ° ³ É·¨ÍÒ ÏÊ³  Q ± ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨Í¥ ¶ · ³¥É·μ¢ É·¥± .
„ ²¥¥ ¤ ¤¨³ μ¶¨¸ ´¨¥ ¢ÒÎ¨¸²¥´¨Ö μÍ¥´±¨ ¢²¨Ö´¨Ö ³ É¥·¨ ²  ´  ¢¥±Éμ· ¸μ-
¸ÉμÖ´¨Ö ¨ ¥£μ ±μ¢ ·¨ Í¨μ´´ÊÕ ³ É·¨ÍÊ.

3.2.2.1. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨. �´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ Ê³¥´ÓÏ ÕÉ Ô´¥·-
£¨Õ Î ¸É¨ÍÒ, ¢μ§³μ¦´μ, μ¸É ´ ¢²¨¢ Ö ¥¥, ¨ ¢²¨ÖÕÉ ´  ³´μ£μ±· É´μ¥ · ¸¸¥Ö-
´¨¥,   ¢ ¶·¨¸ÊÉ¸É¢¨¨ ³ £´¨É´μ£μ ¶μ²Ö Å ¨ ´  É· ¥±Éμ·¨Õ Î ¸É¨ÍÒ, É ± ± ±
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¢¥¤ÊÉ ± Ê³¥´ÓÏ¥´¨Õ ¨³¶Ê²Ó¸ . �¥²ÖÉ¨¢¨¸É¸±¨¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ É¥·ÖÕÉ
Ô´¥·£¨Õ ¢ ¢¥Ð¥¸É¢¥ ¢ ·¥§Ê²ÓÉ É¥ Ô²¥±É·μ³ £´¨É´ÒÌ ¶·μÍ¥¸¸μ¢ £² ¢´Ò³ μ¡· -
§μ³ §  ¸Î¥É ¨μ´¨§ Í¨¨ (¶μ·Ö¤μ± α2), ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö (¶μ·Ö¤μ± α3).
ŒÕμ´Ò É¥·ÖÕÉ Ô´¥·£¨Õ §  ¸Î¥É ·μ¦¤¥´¨Ö Ô²¥±É·μ´´μ-¶μ§¨É·μ´´ÒÌ ¶ · (¶μ-
·Ö¤μ± α4) ¨ ËμÉμÖ¤¥·´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö [13], £¤¥ ¢¥²¨Î¨´  α ∼ 1/137 Å
ÔÉμ ¶μ¸ÉμÖ´´ Ö Éμ´±μ° ¸É·Ê±ÉÊ·Ò. ”Ê´±Í¨Ö ¶²μÉ´μ¸É¨ ¢¥·μÖÉ´μ¸É¥° Ô´¥·£¥-
É¨Î¥¸±¨Ì ¶μÉ¥·Ó ρ (Δ) ³μ¦¥É ¢ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ §´ Î¨É¥²Ó´μ μÉ²¨Î ÉÓ¸Ö μÉ
´μ·³ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö ƒ Ê¸¸ . ’¥³ ´¥ ³¥´¥¥ ¤²Ö ¡μ²ÓÏ¨´¸É¢  ¶·¨²μ¦¥-
´¨° ¶μ¤£μ´±  É·¥±  ¸ ¡μ²ÓÏμ° ¸É¥¶¥´ÓÕ ¤μ¸Éμ¢¥·´μ¸É¨ ³μ¦¥É ¡ÒÉÓ ¢Ò¶μ²-
´¥´  ¸ ¶μ³μÐÓÕ  ¶¶·μ±¸¨³ Í¨¨ ρ (Δ) ´μ·³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³.

�´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ §  ¸Î¥É ¨μ´¨§ Í¨¨, Ëμ·³Ê²  �¥É¥Ä�²μÌ . ‘·¥¤-
´ÖÖ ¢¥²¨Î¨´  Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó §  ¸Î¥É ¨μ´¨§ Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ëμ·-
³Ê²¥ 	¥É¥Ä	²μÌ  [14]:(

dE

dx

)
ioniz

= −Kz2 Z

A

1
β2

[
1
2

ln
2mec

2β2γ2Tmax

I2
− β2 − δ(βλ)

2

]
, (10)

£¤¥ ±μ´¸É ´É  K = 4πNAr2
emec

2 = 0,307075 ŒÔ‚ · £−1 · ¸³2, z Å § ·Ö¤
Î ¸É¨ÍÒ, Z ¨ A Å  Éμ³´μ¥ Î¨¸²μ ¨  Éμ³´ Ö ³ ¸¸   ¡¸μ·¡¥·  ¸μμÉ¢¥É¸É¢¥´´μ,
mec

2 Å ³ ¸¸  Ô²¥±É·μ´ , Ê³´μ¦¥´´ Ö ´  c2, I Å ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¢μ§¡Ê-
¦¤¥´¨Ö, Tmax Å ³ ±¸¨³ ²Ó´ Ö ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö, ±μÉμ· Ö ³μ¦¥É ¡ÒÉÓ
¶¥·¥¤ ´  ¸¢μ¡μ¤´μ³Ê Ô²¥±É·μ´Ê ¢ μ¤´μ±· É´μ³ ¸Éμ²±´μ¢¥´¨¨, δ(βλ) Å ÔË-
Ë¥±É ¶²μÉ´μ¸É¨.

„²Ö Î ¸É¨ÍÒ ¸ ³ ¸¸μ° M ¨ ¨³¶Ê²Ó¸μ³ Mβγc Tmax μ¶·¥¤¥²Ö¥É¸Ö ± ± [14]

Tmax =
2mec

2β2γ2

1 + 2γme/M + (me/M)2
.

�ËË¥±É ¶²μÉ´μ¸É¨ δ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ § ¢¨¸¨É μÉ ³ É¥·¨ ² , ¤²Ö ¡μ²¥¥
ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¶ · ³¥É·¨§ Í¨Ö ˜É¥·´Ì °³¥· 
(Sternheimer) [14, 15]. �·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¤²Ö Ô±¸É· ¶μ²ÖÍ¨¨ ¤μ¸É ÉμÎ´μ
¨¸¶μ²Ó§μ¢ ÉÓ ¸²¥¤ÊÕÐ¥¥ ¶·¨¡²¨¦¥´¨¥ [14]:

δ/2 → ln

(
28, 816

√
ρ 〈Z/A〉 Ô‚

I

)
+ lnβγ − 1/2. (11)

‘·¥¤´ÖÖ Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö I ¸¨²Ó´μ § ¢¨¸¨É μÉ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò
 Éμ³  (¸³. ·¨¸. 8). � Ìμ¦¤¥´¨¥ Ìμ·μÏ¥£μ ¶·¨¡²¨¦¥´¨Ö, ¢¥·´μ£μ ¤²Ö ²Õ¡μ£μ
³ É¥·¨ ² , ¶·¥¤¸É ¢²Ö¥É¸Ö ¸²μ¦´μ° § ¤ Î¥°. ŒÒ ¨¸¶μ²Ó§μ¢ ²¨ μÍ¥´±Ê I ¸
¶μ³μÐÓÕ ¶·μ¸ÉÒÌ Ê· ¢´¥´¨°:

I = 10 Ô‚ · Z, Z > 16,
I = 16 Ô‚ · Z0,9, Z � 16.
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�¨¸. 8. ‘·¥¤´ÖÖ Ô´¥·£¨Ö ¢μ§¡Ê¦¤¥´¨Ö I , ¤¥²¥´´ Ö ´  Z. �¨¸Ê´μ± ¢§ÖÉ ¨§ [14]

„²Ö Ô²¥±É·μ´μ¢ ¨ ¶μ§¨É·μ´μ¢ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ´¥¸±μ²Ó±μ μÉ²¨Î´Ò¥ Ê· ¢-
´¥´¨Ö ¤²Ö ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó [16]:
¤²Ö Ô²¥±É·μ´μ¢

(
dE

dx

)el

ioniz

= −K
Z

A

[
ln

2mec
2

I2
+ 1,5 ln γ − 0,975

]
;

¤²Ö ¶μ§¨É·μ´μ¢

(
dE

dx

)pos

ioniz

= −K
Z

A

[
ln

2mec
2

I2
+ 2 lnγ − 1

]
.

�¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥, Ëμ·³Ê²  �¥É¥Äƒ °É²¥· . ‘·¥¤´ÖÖ Ô´¥·£¥É¨Î¥¸± Ö
¶μÉ¥·Ö ¢¸²¥¤¸É¢¨¥ ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í μ¶·¥¤¥-
²Ö¥É¸Ö ¶μ Ëμ·³Ê²¥ 	¥É¥Äƒ °É²¥·  [17]:

(
dE

dx

)
bremsstrahlung

= − E

X0ρ

(me

M

)2

,

£¤¥ X0 Å ÔÉμ · ¤¨ Í¨μ´´ Ö ¤²¨´  ¨ ρ Å ¶²μÉ´μ¸ÉÓ ³ É¥·¨ ² .
�μ¦¤¥´¨¥ Ô²¥±É·μ´´μ-¶μ§¨É·μ´´ÒÌ ¶ · ¤²Ö ³Õμ´μ¢. ŒÕμ´Ò Å ÔÉμ ¥¤¨´-

¸É¢¥´´Ò¥ Î ¸É¨ÍÒ, ±μÉμ·Ò¥ ¶·¨ §´ Î¨É¥²Ó´μ° ¶μÉ¥·¥ Ô´¥·£¨¨ ´¥ μ¸É ´ ¢²¨-
¢ ÕÉ¸Ö ¢ ³ É¥·¨ ²¥, ¶μÔÉμ³Ê ´¥μ¡Ìμ¤¨³  ¤μ¶μ²´¨É¥²Ó´ Ö μ¸Éμ·μ¦´μ¸ÉÓ ¶·¨
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¶μ¤¸Î¥É¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¤²Ö ´¨Ì. “· ¢´¥´¨¥ ¶·μÍ¥¸¸  ·μ¦¤¥´¨Ö Ô²¥±É·μ´´μ-
¶μ§¨É·μ´´ÒÌ ¶ · ³μ¦´μ ¶μ²ÊÎ¨ÉÓ, ¨¸¶μ²Ó§ÊÖ É ¡²¨ÍÒ ¤²Ö ³Õμ´μ¢ ¨§ [18]:(

dE

dx

)muon

pair production

= −7 · 10−5 E

X0ρ
.

’ ¡²¨ÍÒ ¨§ [18] ¤¥É ²Ó´μ μ¶¨¸Ò¢ ÕÉ ¶μÉ¥·¨ Ô´¥·£¨¨ ¤²Ö ³Õμ´μ¢ ¨ ÊÎ¨ÉÒ¢ ÕÉ
¢¸¥ ¢ÒÏ¥¨§²μ¦¥´´Ò¥ ¶·μÍ¥¸¸Ò Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó. „²Ö Ô´¥·£¨° ³¥´ÓÏ¥
10 ƒÔ‚ ¢±² ¤ μÉ ·μ¦¤¥´¨Ö Ô²¥±É·μ´´μ-¶μ§¨É·μ´´ÒÌ ¶ · ´¥§´ Î¨É¥²Ó´Ò° ¨ ¢
É ±¨Ì ¸²ÊÎ ÖÌ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö.

�μ²´ Ö ¶μÉ¥·Ö Ô´¥·£¨¨. ‘±² ¤Ò¢ Ö ¸·¥¤´¨¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ μÉ
¨μ´¨§ Í¨¨, ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö ¨ ·μ¦¤¥´¨Ö Ô²¥±É·μ´´μ-¶μ§¨É·μ´´ÒÌ ¶ ·,
¶μ²ÊÎ¨³ ¶μ²´ÊÕ ¶μÉ¥·Õ Ô´¥·£¨¨ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò:

Δ =
(

dE

dx

)
ioniz

+
(

dE

dx

)
bremsstahlung

+
(

dE

dx

)muon

pair production

.

’ ±¨³ μ¡· §μ³, ¶·μ¨´É¥£·¨·μ¢ ¢ Δ, ¶μ²ÊÎ ¥³ · §´¨ÍÊ Ô´¥·£¨¨ Î ¸É¨ÍÒ
¤μ ¨ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¢¥Ð¥¸É¢ :

ΔE = Δρl,

£¤¥ l Å ÔÉμ ¤²¨´  ¶·μ¡¥£  ¢ ³ É¥·¨ ²¥ ¨ ρ Å ¶²μÉ´μ¸ÉÓ ¢¥Ð¥¸É¢ .
�μ¶· ¢±  ¤²Ö ¶ · ³¥É·  É·¥±  q/p ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

q/p = q
√

E − M2,

£¤¥ E = E0 +ΔE =
√

M2 + p2
0 +ΔE, E0, p0 Å ´ Î ²Ó´Ò¥ §´ Î¥´¨Ö Ô´¥·£¨¨

¨ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ, M Å ³ ¸¸  Î ¸É¨ÍÒ.
‚ÒÎ¨¸²¥´¨¥ μÏ¨¡±¨ ¤²Ö ¶ · ³¥É·  É·¥±  q/p. �Ï¨¡±  ¶ · ³¥É·  q/p

¤²Ö ÉÖ¦¥²ÒÌ ¨ ¸·¥¤´¨Ì  ¡¸μ·¡¥·μ¢ ¢ ¸²ÊÎ ¥ Ô²¥±É·μ´μ¢ ¸Î¨É ¥É¸Ö ¸²¥¤ÊÕÐ¨³
μ¡· §μ³ [16]:

Q55 =
(

q

p

)2 (
e

ln 3
ln 2

l
X0 − e

−2 l
X0

)
.

„²Ö ¢¸¥Ì μ¸É ²Ó´ÒÌ Î ¸É¨Í ¶·¨³¥´Ö¥É¸Ö ¤·Ê£ Ö Ëμ·³Ê²  ¢ÒÎ¨¸²¥´¨Ö μÏ¨¡±¨
¶ · ³¥É·  q/p [19]:

Q55 =
E2

p6
σ2(E),

£¤¥

σ2(E) = ξTmax(1 − β2/2), ξ = 153, 4
z2Z

β2A
ρl (±Ô‚).
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3.2.2.2. Œ´μ£μ±· É´μ¥ · ¸¸¥Ö´¨¥. �·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ¢¥Ð¥¸É¢μ § -
·Ö¦¥´´ Ö Î ¸É¨Í  μÉ±²μ´Ö¥É¸Ö ´  ³´μ£μ ³ ²¥´Ó±¨Ì Ê£²μ¢ · ¸¸¥Ö´¨Ö. „²Ö ¢Ò-
Î¨¸²¥´¨Ö Ê£²μ¢ ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö ´ ³¨ ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  Ëμ·³Ê² 
• °² ´¤ , ±μÉμ· Ö Ö¢²Ö¥É¸Ö ¶·¨¡²¨¦¥´¨¥³ 98 % Í¥´É· ²Ó´μ° Î ¸É¨ · ¸¶·¥-
¤¥²¥´¨Ö Ê£²μ¢ ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö · ¸¶·¥¤¥²¥´¨¥³ ƒ Ê¸¸  [4, 14]:

Θ0 =
13, 6 ŒÔ‚

βpc
z

√
l

X0

[
1 + 0, 038 ln

l

X0

]
. (12)

Œ´μ£μ±· É´μ¥ ±Ê²μ´μ¢¸±μ¥ · ¸¸¥Ö´¨¥ Å ÔÉμ ¸²ÊÎ °´Ò° ¶·μÍ¥¸¸, ¶μÔÉμ³Ê
±μ··¥±Í¨¨ ¢ÒÎ¨¸²ÖÕÉ¸Ö Éμ²Ó±μ ¤²Ö ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ ÏÊ³  Q. �μ-
¶· ¢±¨ ¢ ³ É·¨ÍÊ Q ¤²Ö ¸²μÖ ¢¥Ð¥¸É¢  Éμ²Ð¨´μ° Δz μ¶·¥¤¥²ÖÕÉ¸Ö ¸¨³³¥-
É·¨Î´μ° ³ É·¨Í¥° [4, 20]:

Q(Δz) =

⎛
⎜⎜⎜⎜⎜⎜⎜⎝

Q33
Δz2

3
Q34

Δz2

3
Q33

Δz

2
Q34

Δz

2
0

. . . Q44
Δz2

3
Q34

Δz

2
Q44

Δz

2
0

· · · · · · Q33 Q34 0
· · · · · · · · · Q44 0
· · · · · · · · · · · · 0

⎞
⎟⎟⎟⎟⎟⎟⎟⎠

,

£¤¥
Q33 = (1 + t2x)(1 + t2x + t2y)Θ2

0,

Q44 = (1 + t2y)(1 + t2x + t2y)Θ2
0,

Q34 = txty(1 + t2x + t2y)Θ2
0.

3.2.3. � ¢¨£ Í¨Ö ¢ £¥μ³¥É·¨¨. „²Ö ±μ··¥±É´μ£μ ¤μ¡ ¢²¥´¨Ö ÔËË¥±Éμ¢
μÉ ¶·μÌμ¦¤¥´¨Ö É·¥±μ³ ¢¥Ð¥¸É¢  ´¥μ¡Ìμ¤¨³μ ¢ ¸²μ¦´μ° £¥μ³¥É·¨¨ ¤¥É¥±Éμ· 
μ¶·¥¤¥²¨ÉÓ, Î¥·¥§ ± ±¨¥ ¨³¥´´μ ³ É¥·¨ ²Ò ¶·μÏ¥² É·¥±, ¤²¨´Ê ¶·μÌμ¦¤¥´¨Ö
¢ ±μ´±·¥É´μ³ ³ É¥·¨ ²¥, ¥£μ ¸¢μ°¸É¢  ¨ ¤·Ê£¨¥ ´¥μ¡Ìμ¤¨³Ò¥ ¶ · ³¥É·Ò. �Éμ
¤¥² ¥É  ²£μ·¨É³ ´ ¢¨£ Í¨¨. �´ μ¶·¥¤¥²Ö¥É ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¸ Ô²¥³¥´É ³¨
¤¥É¥±Éμ·  ´  μ¶·¥¤¥²¥´´μ³ ¨´É¥·¢ ²¥ (z1, z2) ¢¤μ²Ó ¶·Ö³μ° ²¨´¨¨.

ƒ¥μ³¥É·¨Ö ¤¥É¥±Éμ·μ¢ CBM Ì· ´¨É¸Ö ¢ ¢¨¤¥ ±² ¸¸  TGeoManager ¨§ ¶ -
±¥É  ROOT [21]. �¥ ²¨§ Í¨Ö  ²£μ·¨É³  ´ ¢¨£ Í¨¨ ¸¤¥² ´  ´  μ¸´μ¢¥ ±² ¸¸ 
TGeoManager, ÎÉμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ μ¤¨´ ±μ¢ÊÕ ³μ¤¥²Ó ¤¥É¥±Éμ·  ¤²Ö
³μ¤¥²¨·μ¢ ´¨Ö ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢.

3.2.4. �±¸É· ¶μ²ÖÍ¨Ö É·¥± . �·¥¤¶μ²μ¦¨³, ÎÉμ ´¥μ¡Ìμ¤¨³μ Ô±¸É· ¶μ-
²¨·μ¢ ÉÓ É·¥± ¨§ ÉμÎ±¨ z0 ¢ ÉμÎ±Ê z (¸³. ·¨¸. 9). �¥·¢μ´ Î ²Ó´μ μÉ·¥§μ±
[z0, z] ¤¥²¨É¸Ö ´  ´¥¸±μ²Ó±μ Ï £μ¢. �  ± ¦¤μ³ ¨§ Ï £μ¢  ²£μ·¨É³ ´ ¢¨£ Í¨¨
¨Ð¥É ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¸ Ô²¥³¥´É ³¨ ¤¥É¥±Éμ·  ¢¤μ²Ó ¶·Ö³μ° ²¨´¨¨ (μÉ-
³¥Î¥´Ò ÉμÎ± ³¨). ‡ É¥³ ¢Ò¶μ²´Ö¥É¸Ö ÉμÎ´ Ö £¥μ³¥É·¨Î¥¸± Ö Ô±¸É· ¶μ²ÖÍ¨Ö
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�¨¸. 9. ‘Ì¥³   ²£μ·¨É³  Ô±¸É· ¶μ²ÖÍ¨¨ É·¥± 

³¥¦¤Ê ÉμÎ± ³¨ ¶¥·¥¸¥Î¥´¨Ö ¢´ÊÉ·¨ ± ¦¤μ£μ Ï £ . �ËË¥±ÉÒ μÉ ¶·μÌμ¦¤¥´¨Ö
³ É¥·¨ ²μ¢ ¤μ¡ ¢²ÖÕÉ¸Ö ¢ ± ¦¤μ° ÉμÎ±¥ ¶¥·¥¸¥Î¥´¨Ö. �¡´μ¢²¥´¨¥ ¶ · ³¥-
É·μ¢ ¶·Ö³μ° ²¨´¨¨, ¨¸¶μ²Ó§Ê¥³μ° ¶·¨ ´ ¢¨£ Í¨¨, ¤¥² ¥É¸Ö ¢ ±μ´Í¥ ± ¦¤μ£μ
Ï £ .

�²£μ·¨É³ Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±μ¢ ¶μ¤·μ¡´μ μ¶¨¸ ´ ¢ · ¡μÉ¥ [6], £¤¥ É ±¦¥
¶·μ¢μ¤¨É¸Ö ¤¥É ²Ó´μ¥ É¥¸É¨·μ¢ ´¨¥  ²£μ·¨É³  ¨ ¸· ¢´¥´¨¥ ¥£μ ¸ ¶ ±¥Éμ³
Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±μ¢ GEANE [19], ¨¸¶μ²Ó§Ê¥³μ° ¢ μ¡Ð¥° ¶·μ£· ³³¥ ³μ-
¤¥²¨·μ¢ ´¨Ö ¶·μÌμ¦¤¥´¨Ö Î ¸É¨Í Î¥·¥§ ¸¨¸É¥³Ê ¤¥É¥±Éμ·μ¢ GEANT3 [22].
‘· ¢´¥´¨¥ ¶μ± § ²μ Ìμ·μÏ¥¥ ¸μμÉ¢¥É¸É¢¨¥ ·¥§Ê²ÓÉ Éμ¢ · §· ¡μÉ ´´μ£μ ´ ³¨
 ²£μ·¨É³  ¨ ¶μ¤Ìμ¤ , ¨¸¶μ²Ó§μ¢ ´´μ£μ ¢ GEANE.

3.3. �²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢. �²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢
μ¸´μ¢ ´ ´  ³¥Éμ¤¥ ¸²¥¦¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ë¨²ÓÉ·  Š ²³ ´ . ‚ ´¥³ ¨¸-
¶μ²Ó§Ê¥É¸Ö ¶·μÍ¥¤Ê·  ¢¥É¢²¥´¨Ö, ¶·¨ ±μÉμ·μ° ¤²Ö ± ¦¤μ£μ μÉ¸Î¥É , ¶·μÏ¥¤-
Ï¥£μ ¶·μ¢¥·±Ê ´  ¶·¨¸μ¥¤¨´¥´¨¥ ± ¸¥£³¥´ÉÊ É·¥± , ¸μ§¤ ¥É¸Ö μÉ¤¥²Ó´μ¥ μÉ¢¥-
É¢²¥´¨¥ É·¥± . ‚  ²£μ·¨É³ ¢±²ÕÎ¥´ ÊÎ¥É ¢μ§³μ¦´μ¸É¨ ¶·μ¶Ê¸±  μÉ¸Î¥É  ¨§-§ 
´¥ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ· .

�¨¸. 10. �¡Ð Ö ¸Ì¥³   ²£μ·¨É³  · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢
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�¡Ð Ö ¸Ì¥³   ²£μ·¨É³  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 10. ‚¨¤´μ, ÎÉμ ¶·μÍ¥¤Ê· 
´μ¸¨É ¨É¥· Í¨μ´´Ò° Ì · ±É¥·, É. ¥. ¶μ¸²¥ ± ¦¤μ° ¨É¥· Í¨¨ · ¸¶μ§´ ¢ ´¨¥
É·¥±μ¢ ³μ¦´μ ¢μ§μ¡´μ¢¨ÉÓ. Š·μ³¥ Éμ£μ, μÉ¸Î¥ÉÒ, ±μÉμ·Ò¥ ¢±²ÕÎ¥´Ò ¢ · ´¥¥
´ °¤¥´´Ò¥ É·¥±¨, Ê¤ ²ÖÕÉ¸Ö: É¥³ ¸ ³Ò³ ¸ ± ¦¤μ° ¶μ¸²¥¤ÊÕÐ¥° ¨É¥· Í¨¥°
±μ²¨Î¥¸É¢μ ¸¢μ¡μ¤´ÒÌ μÉ¸Î¥Éμ¢ Ê³¥´ÓÏ ¥É¸Ö ¨ · ¸¶μ§´ ¢ ´¨¥ ³μ¦´μ ¶·μ¢μ-
¤¨ÉÓ ¸ ¡μ²¥¥ ³Ö£±¨³¨ μ£· ´¨Î¥´¨Ö³¨. �²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö ¸μ¸Éμ¨É ¨§
¤¢ÊÌ μ¸´μ¢´ÒÌ ÔÉ ¶μ¢: ¶μ¨¸± É·¥±μ¢-± ´¤¨¤ Éμ¢ ¨ £²μ¡ ²Ó´Ò° ¶μ¨¸± É·¥±μ¢.
�  ¶¥·¢μ³ ÔÉ ¶¥ ¨¤¥É ¶μ¨¸± ¢¸¥Ì ¢μ§³μ¦´ÒÌ É· ¥±Éμ·¨° Î ¸É¨Í, ¶μ¸²¥ Î¥£μ
´  ¢Éμ·μ³ ÔÉ ¶¥ ¨§ ´¨Ì μÉ¡¨· ÕÉ¸Ö ²ÊÎÏ¨¥ É·¥±¨, Ê¤μ¢²¥É¢μ·ÖÕÐ¨¥ μ¶·¥¤¥-
²¥´´Ò³ ±·¨É¥·¨Ö³.

3.3.1. �μ¨¸± É·¥±μ¢-± ´¤¨¤ Éμ¢. �²£μ·¨É³ ¸²¥¦¥´¨Ö É·¥±μ¢ ¢Ò¶μ²´Ö¥É
¶μ¨¸± μÉ¸Î¥Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì μ¤´μ° É· ¥±Éμ·¨¨ Î ¸É¨ÍÒ. ‘Ì¥³  · ¡μÉÒ
¶·μÍ¥¤Ê·Ò ¸²¥¦¥´¨Ö É·¥±μ¢ ¶μ± § ´  ´  ·¨¸. 11. �  ¢Ìμ¤ ¶·μÍ¥¤Ê·Ò ¸²¥¦¥-
´¨Ö ¶μ¤ ¥É¸Ö ³ ¸¸¨¢ ¸ μÉ¸Î¥É ³¨ ¨ ³ ¸¸¨¢ ¸ ¨´¨Í¨¨·ÊÕÐ¨³¨ É·¥± ³¨, ±μ-
Éμ·Ò° ¤²Ö ¶¥·¢μ° ¸É ´Í¨¨ ¡Ê¤¥É ¢Ìμ¤´Ò³ ³ ¸¸¨¢μ³ ¨´¨Í¨¨·ÊÕÐ¨Ì É·¥±μ¢,
  ¤²Ö ¶μ¸²¥¤ÊÕÐ¨Ì ¸É ´Í¨° Å ÔÉμ ³ ¸¸¨¢ É·¥±μ¢, ´ °¤¥´´ÒÌ ¢ ¶·¥¤Ò¤ÊÐ¥°
¸É ´Í¨¨. Š ¦¤Ò° É·¥± ¨§ ³ ¸¸¨¢  ¨´¨Í¨¨·ÊÕÐ¨Ì É·¥±μ¢ ¶·μ¸²¥¦¨¢ ¥É¸Ö ´¥-
§ ¢¨¸¨³μ. �·μ¨¸Ìμ¤¨É ÔÉμ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ’·¥± Ô±¸É· ¶μ²¨·Ê¥É¸Ö ± ¤¥-
É¥±É¨·ÊÕÐ¥³Ê ¸²μÕ. ‡ É¥³ ¢Ò¶μ²´Ö¥É¸Ö ¡Ò¸É·Ò° ¶μ¨¸± μÉ¸Î¥Éμ¢,  ²£μ·¨É³
±μÉμ·μ£μ μ¶¨¸ ´ ´¨¦¥. „²Ö ± ¦¤μ£μ ´ °¤¥´´μ£μ μÉ¸Î¥É  μ¶·¥¤¥²Ö¥É¸Ö, ¶μ¶ ²
²¨ μ´ ¢ μ¡² ¸ÉÓ ¶μ¨¸±  ¨²¨ ´¥É. …¸²¨ ¶μ¶ ², Éμ ¸μ§¤ ¥É¸Ö μÉ¢¥É¢²¥´¨¥ É·¥± ,
¥¸²¨ ´¥É, Éμ ¶·μ¢¥·Ö¥É¸Ö ±μ²¨Î¥¸É¢μ Ê¦¥ ¶·μ¶ÊÐ¥´´ÒÌ μÉ¸Î¥Éμ¢. ‚ ¸²ÊÎ ¥,
±μ£¤  ±μ²¨Î¥¸É¢μ ¶·μ¶ÊÐ¥´´ÒÌ μÉ¸Î¥Éμ¢ ³¥´ÓÏ¥ μ¶·¥¤¥²¥´´μ£μ ¶μ·μ£ , Éμ
μÉ¢¥É¢²¥´¨¥ ¢¸¥ · ¢´μ ¸μ§¤ ¥É¸Ö. �μ¸²¥ ÔÉμ£μ ± ¦¤ Ö ¨§ ¸μ§¤ ´´ÒÌ ¢¥É¢¥°
É·¥±  Ô±¸É· ¶μ²¨·Ê¥É¸Ö ± ¸²¥¤ÊÕÐ¥³Ê ¤¥É¥±É¨·ÊÕÐ¥³Ê ¸²μÕ, ¨ ÔÉμ ¶μ¢Éμ-
·Ö¥É¸Ö ¤μ É¥Ì ¶μ·, ¶μ±  ´¥ ¤μ¸É¨£ ¥É¸Ö ¶μ¸²¥¤´¨° ¤¥É¥±É¨·ÊÕÐ¨° ¸²μ° ¢
¸É ´Í¨¨. � °¤¥´´Ò¥ ¶μ¸²¥ ± ¦¤μ° ¸É ´Í¨¨ É·¥±¨ Ö¢²ÖÕÉ¸Ö ¨´¨Í¨¨·ÊÕÐ¨³¨
¤²Ö ¸²¥¦¥´¨Ö ¢ ¸²¥¤ÊÕÐ¥° ¸É ´Í¨¨. ’ ± Ö ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö¥É¸Ö ¤μ É¥Ì ¶μ·,
¶μ±  ´¥ ¡Ê¤¥É ¤μ¸É¨£´ÊÉ  ¶μ¸²¥¤´ÖÖ ¸É ´Í¨Ö. ‚ ·¥§Ê²ÓÉ É¥ ¶μ¨¸±  ¢ÒÌμ¤´μ°
³ ¸¸¨¢ ¸μ¤¥·¦¨É É·¥±¨-± ´¤¨¤ ÉÒ.

�·¨³¥´¥´¨¥ ¶·μÍ¥¤Ê·Ò ¶·¥¤¢ ·¨É¥²Ó´μ£μ ¡Ò¸É·μ£μ ¶μ¨¸±  μÉ¸Î¥Éμ¢ ´¥-
μ¡Ìμ¤¨³μ ¤²Ö ¸μ±· Ð¥´¨Ö ±μ³¡¨´ Éμ·¨±¨ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢·¥³¥´´ÒÌ § -
É· É  ²£μ·¨É³ , ¨¡μ ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ ¢μ§´¨± ¥É ´¥μ¡Ìμ¤¨³μ¸ÉÓ ¢ ¶¥·¥¡μ·¥
¢¸¥Ì μÉ¸Î¥Éμ¢ ´  ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥ ¨ ¶·μ¢¥·±¥ ¨Ì ¶·¨´ ¤²¥¦´μ¸É¨ μ¡² -
¸É¨ ¶μ¨¸± . �¤´ ±μ ´ ²¨Î¨¥ ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸É¨ μÉ¸Î¥Éμ¢ (¶μ·Ö¤± 
1000 μÉ¸Î¥Éμ¢ ¢ ± ¦¤μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥) ´¥¨§¡¥¦´μ ¤¥² ¥É É ±μ°  ²£μ-
·¨É³ ´¥¤μ¶Ê¸É¨³μ ³¥¤²¥´´Ò³. „²Ö ·¥Ï¥´¨Ö ÔÉμ° ¶·μ¡²¥³Ò ¡Ò² · §· ¡μÉ ´
 ²£μ·¨É³ ¡Ò¸É·μ£μ ¶μ¨¸±  μÉ¸Î¥Éμ¢, ¸ÊÉÓ ±μÉμ·μ£μ ¸μ¸Éμ¨É ¢ μ¶·¥¤¥²¥´¨¨
³ ±¸¨³ ²Ó´μ£μ ¨ ³¨´¨³ ²Ó´μ£μ ¨´¤¥±¸μ¢ μÉ¸Î¥Éμ¢ ¢ ³ ¸¸¨¢¥, ¢Ìμ¤ÖÐ¨Ì ¢
μ¡² ¸ÉÓ ¶μ¨¸± . ‘μμÉ¢¥É¸É¢¥´´μ, ¶¥·¥¡μ· ¤¥² ¥É¸Ö ´¥ ¶μ ¢¸¥³ μÉ¸Î¥É ³,  
Éμ²Ó±μ ¶μ ´ Ìμ¤ÖÐ¨³¸Ö ¢ ´ °¤¥´´μ³ ¨´É¥·¢ ²¥ ¨´¤¥±¸μ¢. �·¥¤²μ¦¥´´Ò°  ²-
£μ·¨É³ ¶μ¨¸±  · ¡μÉ ¥É ¸ μÉ¸μ·É¨·μ¢ ´´Ò³¨ ³ ¸¸¨¢ ³¨ μÉ¸Î¥Éμ¢, ÎÉμ ¶μ§¢μ-
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�¨¸. 11. 	²μ±-¸Ì¥³   ²£μ·¨É³  ¸²¥¦¥´¨Ö
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²Ö¥É Ê¸±μ·¨ÉÓ ¥£μ ¶ÊÉ¥³ ¶·¨³¥´¥´¨Ö  ²£μ·¨É³  ¡¨´ ·´μ£μ ¶μ¨¸± . �É¸Î¥ÉÒ
¸μ·É¨·ÊÕÉ¸Ö ´  ± ¦¤μ³ ¨§ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¶μ μ¤´μ° ¨§ ±μμ·¤¨´ É, x
¨²¨ y, ¢ § ¢¨¸¨³μ¸É¨ μÉ ³ ±¸¨³ ²Ó´μ° μÏ¨¡±¨ ¨§³¥·¥´¨Ö ´  ¤¥É¥±É¨·ÊÕÐ¥³
¸²μ¥.

‘Ì¥³ É¨Î¥¸±¨ ¡Ò¸É·Ò° ¶μ¨¸± μÉ¸Î¥Éμ¢ ¶μ± § ´ ´  ·¨¸. 12. ‚ ´¥³ ÊÎ ¸É-
¢Ê¥É Éμ²Ó±μ μ¤´  ¨§ ±μμ·¤¨´ É μÉ¸Î¥É . �·¨ μ¶·¥¤¥²¥´¨¨ μ¡² ¸É¨ ¶μ¨¸± 
μÉ¸Î¥Éμ¢, ±μÉμ· Ö μÉ±² ¤Ò¢ ¥É¸Ö ¢ μ¡¥ ¸Éμ·μ´Ò μÉ ¶·¥¤¸± § ´´μ° ¶μ§¨Í¨¨
É·¥± , ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ μÏ¨¡±¨ ¨§³¥·¥´¨Ö ¨ μÏ¨¡±¨ ¨§ ±μ¢ ·¨ Í¨μ´´μ°
³ É·¨ÍÒ ´¥§ ¢¨¸¨³Ò ¨ · ¸¶·¥¤¥²¥´Ò ¶μ ´μ·³ ²Ó´μ³Ê § ±μ´Ê, ÎÉμ ¶μ§¢μ²Ö¥É
¢ÒÎ¨¸²¨ÉÓ μ¡² ¸ÉÓ ¶μ¨¸±  μÉ¸Î¥Éμ¢ ¸²¥¤ÊÕÐ¨³ μ¡· §μ³:

dX = k(covx + errx),
dY = k(covy + erry), (13)

£¤¥ covx ¨ covy Å §´ Î¥´¨Ö σ ¨§ ±μ¢ ·¨ Í¨μ´´μ° ³ É·¨ÍÒ, errx ¨ erry Å
³ ±¸¨³ ²Ó´Ò¥ μÏ¨¡±¨ ¨§³¥·¥´¨Ö ´  ¤ ´´μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥, k Å ±μ-
ÔËË¨Í¨¥´É, μ¶·¥¤¥²ÖÕÐ¨° ¢¥²¨Î¨´Ê μ¡² ¸É¨.

�¤´ ±μ É ±μ£μ Ê¸±μ·¥´¨Ö ¶μ¨¸±  μ± §Ò¢ ¥É¸Ö ´¥¤μ¸É ÉμÎ´μ, É ± ± ± ¶·μ-
¢¥·Ö¥É¸Ö Éμ²Ó±μ μ¤´  ¨§ ±μμ·¤¨´ É,   ¨§-§  ¡μ²ÓÏμ° ¶²μÉ´μ¸É¨ μÉ¸Î¥Éμ¢ ¢
μ¡² ¸ÉÓ ¶μ¨¸±  ¶μ¶ ¤ ¥É ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ²μ¦´ÒÌ μÉ¸Î¥Éμ¢. �¥μ¡Ìμ¤¨³ 
¤μ¶μ²´¨É¥²Ó´ Ö ¶·μ¢¥·± , ±μÉμ· Ö ¤¥² ¥É¸Ö ¤²Ö ± ¦¤μ£μ μÉ¸Î¥É  ¨´¤¨¢¨¤Ê-
 ²Ó´μ. ƒ¥μ³¥É·¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ÔÉμ° ¶·μ¢¥·±¨ ¶μ± § ´  ´  ·¨¸. 13.

�¨¸. 12. ‘Ì¥³  ¡Ò¸É·μ£μ ¶μ¨¸±  μÉ¸Î¥-
Éμ¢

�¨¸. 13. �¡² ¸ÉÓ ¶μ¨¸±  μÉ¸Î¥Éμ¢
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�¨¸. 14. ‘Ì¥³  · ¡μÉÒ  ²£μ·¨É³  ¸²¥¦¥´¨Ö É·¥±μ¢

‚¥²¨Î¨´Ò dX ¨ dY ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶μ Ëμ·³Ê²¥ (13), μ¤´ ±μ μÏ¨¡±¨ ¨§³¥-
·¥´¨Ö errx ¨ erry ¢ÒÎ¨¸²ÖÕÉ¸Ö ¤²Ö ± ¦¤μ£μ ±μ´±·¥É´μ£μ μÉ¸Î¥É .

�  ·¨¸. 14 ¸Ì¥³ É¨Î¥¸±¨ ¶μ± § ´μ, ± ± · ¡μÉ ¥É ¶·μÍ¥¤Ê·  ¸²¥¦¥´¨Ö É·¥-
±μ¢. ‚ ¤ ´´μ³ ¶·¨³¥·¥ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ Ê ± ¦¤μ£μ É·¥±  ³μ¦¥É ¡ÒÉÓ ´¥
¡μ²¥¥ μ¤´μ£μ ¶·μ¶ÊÐ¥´´μ£μ μÉ¸Î¥É . �μ± § ´μ, ± ± ¶·μ¨¸Ìμ¤¨É · §¢¥É¢²¥´¨¥
É·¥±  ´  ¶·¨³¥·¥ ¤¢ÊÌ É·¥±μ¢ ´  ¢Ìμ¤¥. „²Ö É·¥±  1 ´  ¶¥·¢μ³ ¤¥É¥±É¨·Ê-
ÕÐ¥³ ¸²μ¥ ¢ μ¡² ¸ÉÓ ¶μ¨¸±  ¶μ¶ ² μ¤¨´ μÉ¸Î¥É, ¢ ·¥§Ê²ÓÉ É¥ ¸μ§¤ ¥É¸Ö ¤¢ 
· §¢¥É¢²¥´¨Ö: μ¤´μ Å ¤²Ö μÉ¸Î¥É , ¢Éμ·μ¥ Å ¤²Ö ¶·μ¶ÊÐ¥´´μ£μ μÉ¸Î¥É .
Š ¦¤ Ö ¨§ ¢¥É¢¥° É·¥±  ¤ ²ÓÏ¥ ¶·μ¸²¥¦¨¢ ¥É¸Ö ´¥§ ¢¨¸¨³μ. �  ¢Éμ·μ³ ¤¥-
É¥±É¨·ÊÕÐ¥³ ¸²μ¥ μÉ ± ¦¤μ° ¢¥É¢¨ É·¥±  μÉ±² ¤Ò¢ ¥É¸Ö ¸¢μÖ μ¡² ¸ÉÓ ¶μ¨¸± ,
¶·μ¨¸Ìμ¤¨É ¶μ¨¸± μÉ¸Î¥Éμ¢, ¸μ§¤ ´¨¥ ´μ¢ÒÌ ¢¥É¢¥° É·¥± . ˆ É ± ¤ ²¥¥, ¶μ± 
´¥ ¡Ê¤¥É ¤μ¸É¨£´ÊÉ ¶μ¸²¥¤´¨° ¤¥É¥±É¨·ÊÕÐ¨° ¸²μ° ¢ ¸É ´Í¨¨. �  ¶·¨³¥·¥
¢¥É¢¨ 5 ¢¨¤´μ, ÎÉμ ¤μ¶μ²´¨É¥²Ó´μ¥ μÉ¢¥É¢²¥´¨¥ É·¥±  ¤²Ö ¶·μ¶ÊÐ¥´´μ£μ μÉ-
¸Î¥É  ´  ¸²μÖÌ 1, 2, 4 ´¥ ¸μ§¤ ¥É¸Ö, É ± ± ± ´  ¶¥·¢μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥
Ê¦¥ ¡Ò² ¶·μ¶ÊÐ¥´ μÉ¸Î¥É. ’ ±¨³ μ¡· §μ³, ¤²Ö É·¥±  1 ¡Ò²μ ¸μ§¤ ´μ ¶ÖÉÓ
μÉ¢¥É¢²¥´¨°, ¤¢  ¨§ ±μÉμ·ÒÌ ¤μÏ²¨ ¤μ ¶μ¸²¥¤´¥£μ ¤¥É¥±É¨·ÊÕÐ¥£μ ¸²μÖ ¸É ´-
Í¨¨ ¨ ¡Ê¤ÊÉ ÊÎ ¸É¢μ¢ ÉÓ ¢ ¤ ²Ó´¥°Ï¥³ ¶μ¨¸±¥; ¤²Ö É·¥±  2 ¡Ò²μ ¸μ§¤ ´μ ¤¢ 
μÉ¢¥É¢²¥´¨Ö, μ¤´μ ¨§ ±μÉμ·ÒÌ μ± § ²μ¸Ó Ìμ·μÏ¨³. ƒ ²μÎ± ³¨ μÉ³¥Î¥´Ò É·¨
É·¥± , ¶·μ¸²¥¦¥´´Ò¥ ¤μ ±μ´Í .

3.3.2. ƒ²μ¡ ²Ó´Ò° ¶μ¨¸± É·¥±μ¢. ‚ ¢ÒÌμ¤´μ³ ³ ¸¸¨¢¥ É·¥±μ¢-± ´¤¨¤ Éμ¢
¶μ¸²¥  ²£μ·¨É³  ¸²¥¦¥´¨Ö ´ Ìμ¤¨É¸Ö ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ É·¥±μ¢-±²μ´μ¢ (É. ¥.
É·¥±μ¢, ¸μ¸ÉμÖÐ¨Ì ¨§ ¸Ìμ¦¥£μ ´ ¡μ·  μÉ¸Î¥Éμ¢),   É ±¦¥ ²μ¦´μ ´ °¤¥´´ÒÌ
É·¥±μ¢. ‡ ¤ Î   ²£μ·¨É³  £²μ¡ ²Ó´μ£μ ¶μ¨¸±  É·¥±μ¢ Å ÔÉμ ¶μ¨¸± ¨ μÉ¡μ·
®Ìμ·μÏ¨Ì¯ (É. ¥. É¥Ì, ±μÉμ·Ò¥ ´¥ Ö¢²ÖÕÉ¸Ö ±μ³¡¨´ Í¨Ö³¨ ¸²ÊÎ °´ÒÌ μÉ¸Î¥-
Éμ¢ ¨²¨ ´¥ ¸μ¸ÉμÖÉ ¨§ Î ¸É¥° ¤·Ê£¨Ì É·¥±μ¢) É·¥±μ¢ ¨ μÉ¸¥¢ ±²μ´μ¢ ¨ ²μ¦´ÒÌ
É·¥±μ¢ ¸·¥¤¨ ¢¸¥Ì É·¥±μ¢-± ´¤¨¤ Éμ¢. �  ¢Ìμ¤ ¶·μÍ¥¤Ê·Ò ¶μ¤ ¥É¸Ö ³ ¸¸¨¢ ¸
´ °¤¥´´Ò³¨ É·¥± ³¨-± ´¤¨¤ É ³¨.
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�¨¸. 15. 	²μ±-¸Ì¥³  μÉ¡μ·  É·¥±μ¢ ¶μ ±·¨É¥·¨Õ ± Î¥¸É¢ 

‚ Í¥²ÖÌ μ¶É¨³¨§ Í¨¨ ¸· ¢´¨¢ ²μ¸Ó ´¥¸±μ²Ó±μ · §· ¡μÉ ´´ÒÌ ¶μ¤Ìμ¤μ¢
¢Ò¡μ·  ±·¨É¥·¨Ö ± Î¥¸É¢  É·¥±μ¢. 	Ò²¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò ¶μ·μ£μ¢Ò¥ ±·¨-
É¥·¨¨ μÉ¡μ·  É·¥±μ¢ ¸μ£² ¸´μ É ±¨³ ¶ · ³¥É· ³, ± ± ¤²¨´ , ±μ²¨Î¥¸É¢μ μÉ-
¸Î¥Éμ¢, ¨³¶Ê²Ó¸, χ2 ¨ ¤·. �  μ¸´μ¢¥ ÔÉμ£μ  ´ ²¨§  ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ± -
Î¥¸É¢  ¡Ò²μ ¶·¥¤²μ¦¥´μ ¨¸¶μ²Ó§μ¢ ÉÓ §´ Î¥´¨¥ χ2 ¨ ¤²¨´Ê É·¥± . ‘ ÊÎ¥Éμ³
¢μ§³μ¦´μ° ´¥ÔËË¥±É¨¢´μ¸É¨ ¸É ´Í¨° ¤²¨´  É·¥±  μ¶·¥¤¥²Ö¥É¸Ö ± ± ±μ²¨-
Î¥¸É¢μ ¸É ´Í¨° ³¥¦¤Ê ¶¥·¢μ° ¨ ¶μ¸²¥¤´¥°, ¢ ±μÉμ·ÒÌ ¡Ò² § ·¥£¨¸É·¨·μ¢ ´
É·¥±. 	²μ±-¸Ì¥³  ¶·μÍ¥¤Ê·Ò μÉ¡μ·  É·¥±μ¢ ´  μ¸´μ¢¥ ÔÉμ£μ ±·¨É¥·¨Ö ¶μ± -
§ ´  ´  ·¨¸. 15. ’·¥±¨ ¸μ·É¨·ÊÕÉ¸Ö ¢ ¶μ·Ö¤±¥ ¨Ì ± Î¥¸É¢ . �μ¸²¥ ÔÉμ£μ ¢Ò-
¶μ²´Ö¥É¸Ö  ²£μ·¨É³, ¶·μ¢¥·ÖÕÐ¨° μ¡Ð¨¥ μÉ¸Î¥ÉÒ ¤²Ö É·¥±μ¢, ÎÉμ ¶μ§¢μ²Ö¥É
¨¤¥´É¨Ë¨Í¨·μ¢ ÉÓ É·¥±¨-±²μ´Ò.

�·μ¢¥·±  μ¡Ð¨Ì μÉ¸Î¥Éμ¢ ¤²Ö É·¥±μ¢, μÉ¸μ·É¨·μ¢ ´´ÒÌ ¶μ ± Î¥¸É¢Ê,
¢Ò¶μ²´Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �μ¸²¥¤μ¢ É¥²Ó´μ ¤²Ö ± ¦¤μ£μ É·¥±  ¢ÒÎ¨-
¸²Ö¥É¸Ö ±μ²¨Î¥¸É¢μ μÉ¸Î¥Éμ¢, ¶·¨´ ¤²¥¦ Ð¨Ì É·¥± ³ ¸ ¡μ²¥¥ ¢Ò¸μ±¨³ ± Î¥-
¸É¢μ³. …¸²¨ ±μ²¨Î¥¸É¢μ μÉ¸Î¥Éμ¢ ´¥ ¡μ²¥¥ μ¶·¥¤¥²¥´´μ£μ ¶μ·μ£ , Éμ É ±μ°
É·¥± ¸Î¨É ¥É¸Ö ®Ìμ·μÏ¨³¯, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ Å ®¶²μÌ¨³¯.

’ ±¨³ μ¡· §μ³, μ±μ´Î É¥²Ó´Ò°  ²£μ·¨É³ £²μ¡ ²Ó´μ£μ ¶μ¨¸±  ¶μ²ÊÎ¥´
± ± ·¥§Ê²ÓÉ É ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¶·¨³¥´¥´¨Ö ´¥¸±μ²Ó±¨Ì ¶·μ¸ÉÒÌ  ²£μ·¨É³μ¢
¸μ·É¨·μ¢±¨ ¨ μÉ¡μ· .

4. �…‡“‹œ’�’›

‚ ÔÉμ³ · §¤¥²¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¡μÉÒ  ²£μ·¨É³  ·¥±μ´¸É·Ê±-
Í¨¨ É·¥±μ¢.

’ ± ± ± Ô±¸¶¥·¨³¥´É CBM ´ Ìμ¤¨É¸Ö ´  ¸É ¤¨¨ ¶·μ¥±É¨·μ¢ ´¨Ö, ¤ ´-
´Ò¥ ¡Ò²¨ ¸³μ¤¥²¨·μ¢ ´Ò ¸ ¶μ³μÐÓÕ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö Ô±¸¶¥·¨-
³¥´É  [5].

�ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ μ¶·¥¤¥²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¨§¢¥¸É-
´μ° ¨´Ëμ·³ Í¨¨ Œμ´É¥-Š ·²μ μ ³μ¤¥²Ó´ÒÌ É·¥± Ì. �¶·¥¤¥²¨³ ¶· ¢¨²Ó´μ
´ °¤¥´´Ò° É·¥± ± ± É·¥±, Ê ±μÉμ·μ£μ ¡μ²¥¥ 70% μÉÎ¥Éμ¢ ¶·¨´ ¤²¥¦ É μ¤´μ³Ê
³μ¤¥²Ó´μ³Ê É·¥±Ê, ¢ ¶·μÉ¨¢´μ³ ¸²ÊÎ ¥ É·¥± μ¶·¥¤¥²Ö¥É¸Ö ± ± ²μ¦´Ò°. „²Ö
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¶· ¢¨²Ó´μ ´ °¤¥´´ÒÌ É·¥±μ¢ ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¸¨ÉÊ Í¨Ö, ±μ£¤  ¤¢  (¨²¨ ¡μ-
²¥¥) É·¥±  ¡Ê¤ÊÉ  ¸¸μÍ¨¨·μ¢ ´Ò ¸ μ¤´¨³ ¨ É¥³ ¦¥ ³μ¤¥²Ó´Ò³ É·¥±μ³, ¢ ÔÉμ³
¸²ÊÎ ¥ ÊÎ¨ÉÒ¢ ¥É¸Ö Éμ²Ó±μ μ¤¨´ ®Ìμ·μÏ¨°¯ É·¥± ¸ ´ ¨¡μ²ÓÏ¨³ ±μ²¨Î¥¸É¢μ³
¶· ¢¨²Ó´ÒÌ μÉ¸Î¥Éμ¢,   μ¸É ²Ó´Ò¥ ¸Î¨É ÕÉ¸Ö ±²μ´ ³¨.

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ÔËË¥±É¨¢´μ¸ÉÓ ¶μ¨¸±  É·¥±μ¢ μ¶·¥¤¥²Ö¥É¸Ö ¢ ¶·μÍ¥´É Ì
± ±

eff =
Nrec

Nac
100 %,

£¤¥ Nrec Å ±μ²¨Î¥¸É¢μ ¶· ¢¨²Ó´μ ´ °¤¥´´ÒÌ É·¥±μ¢, Nac Å ±μ²¨Î¥¸É¢μ ¶·¨-
´ÖÉÒÌ É·¥±μ¢, É. ¥. É·¥±μ¢, ±μÉμ·Ò¥ ¶μÉ¥´Í¨ ²Ó´μ ¢μ§³μ¦´μ ·¥±μ´¸É·Ê¨·μ¢ ÉÓ
(¢ · ¡μÉ¥ ÔÉμ ±μ²¨Î¥¸É¢μ É·¥±μ¢ μ¶·¥¤¥²Ö²μ¸Ó ¶μ ³¨´¨³ ²Ó´μ ¤μ¶Ê¸É¨³μ³Ê
±μ²¨Î¥¸É¢Ê μÉ¸Î¥Éμ¢ ¢ ¸³μ¤¥²¨·μ¢ ´´μ³ É·¥±¥, ±μÉμ·μ¥ ¶·¨´¨³ ²μ¸Ó · ¢´Ò³
±μ²¨Î¥¸É¢Ê ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¢ ¤¥É¥±Éμ·¥).

�ËË¥±É¨¢´μ¸ÉÓ ¶μ¨¸±  É·¥±μ¢ ¶·¨´ÖÉμ ±² ¸¸¨Ë¨Í¨·μ¢ ÉÓ ¤²Ö · §²¨Î´ÒÌ
± É¥£μ·¨° É·¥±μ¢:

• All Å ¢¸¥ É·¥±¨;
• Reference Å ¶¥·¢¨Î´Ò¥ É·¥±¨ ¸ ¨³¶Ê²Ó¸μ³ ¡μ²ÓÏ¥ 1 ƒÔ‚ ¤²Ö TRD ¨

2 ƒÔ‚ ¤²Ö MUCH;
• Primary Å ¶¥·¢¨Î´Ò¥ É·¥±¨;
• Secondary Å ¢Éμ·¨Î´Ò¥ É·¥±¨;
• Muon Å ¶¥·¢¨Î´Ò¥ ³Õμ´´Ò¥ É·¥±¨ (Éμ²Ó±μ ¤²Ö MUCH);
• Ghost Å ²μ¦´μ ´ °¤¥´´Ò¥ É·¥±¨;
• Clone Å É·¥±¨-±²μ´Ò, ¸Ëμ·³¨·μ¢ ´´Ò¥ ¨§ ¸Ìμ¦¥£μ ´ ¡μ·  μÉ¸Î¥Éμ¢.
„²Ö ¶·¥¤¸É ¢²¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¸²¥¤ÊÕÐ¨¥ ¢Ò¡μ·±¨

¸μ¡ÒÉ¨°, ¸³μ¤¥²¨·μ¢ ´´ÒÌ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ É·¥¡μ¢ ´¨Ö³¨ Ë¨§¨±μ¢-Ô±¸¶¥·¨-
³¥´É Éμ·μ¢:

• TRD: 1000 Í¥´É· ²Ó´ÒÌ AuÄAu-¸Éμ²±´μ¢¥´¨° ¶·¨ 25 AƒÔ‚;
• MUCH: 1000 Í¥´É· ²Ó´ÒÌ AuÄAu-¸Éμ²±´μ¢¥´¨° ¶·¨ 25 AƒÔ‚ ¤²Ö

³μ¤¥²¨·μ¢ ´¨Ö Ëμ´ ; ¤μ¶μ²´¨É¥²Ó´μ ¢ ± ¦¤μ¥ ¸μ¡ÒÉ¨¥ ¤μ¡ ¢²¥´μ ¶μ ¶ÖÉÓ
μ+ ¨ μ−.

4.1. 	ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ TRD. ‚ TRD ¡Ò²¨ ·¥ ²¨-
§μ¢ ´Ò ¨ ¶·μÉ¥¸É¨·μ¢ ´Ò ¤¢  · §²¨Î´ÒÌ ¶μ¤Ìμ¤  ¤²Ö ·¥±μ´¸É·Ê±Í¨¨: 1) ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ É·¥±μ¢, ´ °¤¥´´ÒÌ ¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥ STS, ¢ ± Î¥¸É¢¥ ¨´¨-
Í¨¨·ÊÕÐ¨Ì É·¥±μ¢ ¨ 2)  ¢Éμ´μ³´Ò° ¶μ¨¸± É·¥±μ¢, £¤¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö Éμ²Ó±μ
μÉ¸Î¥ÉÒ ¨§ TRD. ‚μ ¢Éμ·μ³ ¸²ÊÎ ¥ ³ ¸¸¨¢ ¨´¨Í¨¨·ÊÕÐ¨Ì É·¥±μ¢ ¸μ§¤ ¥É¸Ö
¶ÊÉ¥³ ±μ³¡¨´ Éμ·´μ£μ ¶¥·¥¡μ·  μÉ¸Î¥Éμ¢ ¢ ¶¥·¢μ° ¸É ´Í¨¨.

�ËË¥±É¨¢´μ¸ÉÓ  ²£μ·¨É³  · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¤²Ö ¸É ´¤ ·É´μ° £¥μ³¥-
É·¨¨ ¸ 12 ¤¥É¥±É¨·ÊÕÐ¨³¨ ¸²μÖ³¨ ¶·¥¤¸É ¢²¥´  ´¨¦¥ ´  ·¨¸. 16.

‘·¥¤´¨¥ §´ Î¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ · ¸¶μ§´ ¢ ´¨Ö ¤²Ö ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ
¢ ·¨ ´Éμ¢ ¶μ¨¸±  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.

�²£μ·¨É³Ò ¨ ¶·μ£· ³³Ò ¤²Ö · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ TRD ¡Ò²¨ ¨¸¶μ²Ó-
§μ¢ ´Ò ¢ ¨¸¸²¥¤μ¢ ´¨¨ [7] ¶μ μ¶É¨³¨§ Í¨¨ ¸É·Ê±ÉÊ·Ò ÔÉμ£μ ¤¥É¥±Éμ· .
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�¨¸. 16. �ËË¥±É¨¢´μ¸ÉÓ  ²£μ·¨É³  · ¸¶μ§´ ¢ ´¨Ö É· ¥±Éμ·¨° Î ¸É¨Í ¢ § ¢¨¸¨³μ¸É¨
μÉ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ ¤²Ö ¶μ¨¸±  ¸ ¨´¨Í¨¨·ÊÕÐ¨³¨ É·¥± ³¨, ·¥±μ´¸É·Ê¨·μ¢ ´´Ò³¨ ¢
STS (¸²¥¢ ),  ¢Éμ´μ³´μ£μ ¶μ¨¸±  É·¥±μ¢ (¸¶· ¢ )

’ ¡²¨Í  1. 	ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ TRD

’¨¶ É·¥± 
�μ¨¸±

1 2
All 95,5 89,1
Reference 95,8 94,4
Primary 95,6 94,3
Secondary 93,9 77,1
Ghost 3,7 6,2
Clone 0,0 0,0

4.2. 	ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ MUCH-¤¥É¥±Éμ·¥.
‚ MUCH-¤¥É¥±Éμ·¥ ¢ ± Î¥¸É¢¥ ¨´¨Í¨¨·ÊÕÐ¨Ì É·¥±μ¢ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò
É·¥±¨, ´ °¤¥´´Ò¥ ¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥ STS. �²£μ·¨É³ ¶μ¨¸±  É·¥±μ¢ ¢
MUCH ¤μ²¦¥´ ± ± ³μ¦´μ ²ÊÎÏ¥ ¨¸± ÉÓ ³Õμ´´Ò¥ É·¥±¨ ¨ ± ± ³μ¦´μ ³¥´ÓÏ¥
´ Ìμ¤¨ÉÓ ¢¸¥ μ¸É ²Ó´Ò¥, ±μÉμ·Ò¥ ¸μ¸É ¢²ÖÕÉ Ëμ´. ˆ¤¥ ²Ó´Ò° ¢ ·¨ ´É Å
´ °É¨ Éμ²Ó±μ ¶¥·¢¨Î´Ò¥ · ¸¶ ¤´Ò¥ ¶ ·Ò μ+ ¨ μ−. „²Ö ÔÉμ£μ ¢ ± ¦¤μ¥
³μ¤¥²Ó´μ¥ ¸μ¡ÒÉ¨¥ ¡Ò²μ ¸¶¥Í¨ ²Ó´μ ¤μ¡ ¢²¥´μ ¶μ ¶ÖÉÓ μ+ ¨ μ−. �ËË¥±É¨¢-
´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö ³Õμ´ÒÌ É·¥±μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨³¶Ê²Ó¸  ¶μ± § ´  ´ 
·¨¸. 17 ¤²Ö ¤¢ÊÌ ¢ ·¨ ´Éμ¢ ¤¥É¥±Éμ·  MUCH Å ±μ³¶ ±É´μ£μ ¨ ¸É ´¤ ·É´μ£μ.

�ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö ¤²Ö · §²¨Î´ÒÌ É¨¶μ¢ É·¥±μ¢ ¶·¨¢¥¤¥´  ¢
É ¡². 2.

�²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢±²ÕÎ¥´ ¢ ¶·μ£· ³³´ÊÕ μ¡μ²μÎ±Ê Ô±¸¶¥-
·¨³¥´É  ¨ Ê¸¶¥Ï´μ ¨¸¶μ²Ó§Ê¥É¸Ö Ë¨§¨± ³¨ ±μ²² ¡μ· Í¨¨ CBM. ‚ ± Î¥¸É¢¥
¶·¨³¥·  ¶·¨¢¥¤¥³ ¸¶¥±É· ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸, ¶μ²ÊÎ¥´´Ò° ¶·¨ μ¡· ¡μÉ±¥
¸μ¡ÒÉ¨° ¢ MUCH-¤¥É¥±Éμ·¥, ¤²Ö ¶μ¨¸±  ω-³¥§μ´  (¸³. ·¨¸. 18) [8].
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�¨¸. 17. �ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ MUCH-¤¥É¥±Éμ·¥ ¤²Ö ±μ³¶ ±É´μ£μ
(¸²¥¢ ) ¨ ¸É ´¤ ·É´μ£μ (¸¶· ¢ )

’ ¡²¨Í  2. 	ËË¥±É¨¢´μ¸ÉÓ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ ¢ MUCH-¤¥É¥±Éμ·¥

’¨¶ É·¥±  Šμ³¶ ±É´Ò° MUCH ‘É ´¤ ·É´Ò° MUCH
All 96,2% 97,5%
Reference 97,1% 97,6%
Primary 96,4% 97,5%
Secondary 89,2% 89,0%
Muons 96,8% 97,5%
Ghost 1,5% 0,21%
Clone 0,0% 0,0%

�¨¸. 18. ‘¶¥±É· ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¤²Ö ¸μ¡ÒÉ¨° ¸ ω-³¥§μ´μ³
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� §· ¡μÉ ´ ÔËË¥±É¨¢´Ò°  ²£μ·¨É³ ¨ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¤²Ö ·¥-
±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢ ¤¥É¥±Éμ· Ì TRD ¨ MUCH Ô±¸¶¥·¨³¥´É  CBM. �²£μ-
·¨É³ · ¸¶μ§´ ¢ ´¨Ö É· ¥±Éμ·¨° μ¸´μ¢ ´ ´  ³¥Éμ¤¥ ¸²¥¦¥´¨Ö ¸ ¨¸¶μ²Ó§μ¢ -
´¨¥³ ¶·μÍ¥¤Ê·Ò ¢¥É¢²¥´¨Ö. 	Ò² ¶·¥¤²μ¦¥´  ²£μ·¨É³ ¡Ò¸É·μ£μ ¶μ¨¸±  μÉ¸Î¥-
Éμ¢, ¶·¨´ ¤²¥¦ Ð¨Ì É·¥±Ê ¢ μ¡² ¸É¨ ¶·¥¤¸± § ´¨Ö, ±μÉμ·Ò° ¶μ§¢μ²¨² §´ Î¨-
É¥²Ó´μ Ê¸±μ·¨ÉÓ ¶·μÍ¥¸¸ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢. Š Î¥¸É¢μ · ¸¶μ§´ ¢ ´¨Ö ¡Ò²μ
¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ¥´μ ¡² £μ¤ ·Ö ¤¥É ²Ó´μ³Ê ÊÎ¥ÉÊ ´¥μ¤´μ·μ¤´μ¸É¥° ³ £´¨É-
´μ£μ ¶μ²Ö ¨ Ë¨§¨Î¥¸±¨Ì ÔËË¥±Éμ¢ μÉ ¶·μÌμ¦¤¥´¨Ö Î ¸É¨ÍÒ Î¥·¥§ ¢¥Ð¥¸É¢μ,
É ±¨Ì ± ± ³´μ£μ±· É´μ¥ · ¸¸¥Ö´¨¥ ¨ Ô´¥·£¥É¨Î¥¸±¨¥ ¶μÉ¥·¨ ¶·¨ ¢ÒÎ¨¸²¥´¨ÖÌ
¤²Ö Ô±¸É· ¶μ²ÖÍ¨¨ É·¥±  ¢ ¤¥É¥±Éμ·¥. �·¨ μÍ¥´±¥ ¶ · ³¥É·μ¢ É·¥±μ¢ ¶·¨³¥-
´Ö¥É¸Ö Ë¨²ÓÉ· Š ²³ ´ ,  ¤ ¶É¨·μ¢ ´´Ò° ¤²Ö ¨¸¸²¥¤Ê¥³ÒÌ É¨¶μ¢ ¤¥É¥±Éμ·μ¢.
	Ò²¨ ¢¢¥¤¥´Ò ±·¨É¥·¨¨ ± Î¥¸É¢  ´ °¤¥´´μ£μ É·¥± , ¶μ§¢μ²¨¢Ï¨¥ ¢Ò¶μ²´¨ÉÓ
£²μ¡ ²Ó´Ò° ¶μ¨¸± É·¥±μ¢.

� §· ¡μÉ ´´Ò¥  ²£μ·¨É³Ò ¨ ¶·μ£· ³³Ò Ê¸Éμ°Î¨¢Ò ± · §²¨Î´Ò³ ¢ ·¨-
 ´É ³ ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ, Ê¤μ¡´Ò ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ¨ ²¥£±μ ´ ¸É· ¨¢ ¥³Ò ´ 
· §²¨Î´Ò¥ ¢ ·¨ ´ÉÒ £¥μ³¥É·¨° ¤¥É¥±Éμ·μ¢. ’¥¸É¨·μ¢ ´¨¥  ²£μ·¨É³  ·¥±μ´-
¸É·Ê±Í¨¨ É·¥±μ¢ ´  ¡μ²ÓÏμ° ¸É É¨¸É¨±¥ ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨°
¤¥É¥±Éμ·μ¢ ¶μ± § ²μ ¥£μ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ. ‚¸¥ · §· ¡μÉ ´´Ò¥  ²£μ-
·¨É³Ò ¢±²ÕÎ¥´Ò ¢ ¶·μ£· ³³´ÊÕ μ¡μ²μÎ±Ê Ô±¸¶¥·¨³¥´É  ¨ Ï¨·μ±μ ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ÊÎ ¸É´¨± ³¨ ±μ²² ¡μ· Í¨¨ CBM ¤²Ö Ë¨§¨Î¥¸±μ£μ  ´ ²¨§  ¨ μ¶É¨³¨§ -
Í¨¨ ¸É·Ê±ÉÊ·Ò ¤¥É¥±Éμ·μ¢ TRD ¨ MUCH.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ¶μ¶ÒÉ±¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ ¢
MUCH-¤¥É¥±Éμ·¥ É ±¦¥ ¶·μ£· ³³Ò L1, μ¸´μ¢ ´´μ° ´  ¶·¨³¥´¥´¨¨ ±²¥ÉμÎ-
´ÒÌ  ¢Éμ³ Éμ¢ [25], μ¤´ ±μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¶μ± §Ò¢ ¥É ¶·¥¨³ÊÐ¥¸É¢μ
´ Ï¥£μ ³¥Éμ¤  ¢ ÔËË¥±É¨¢´μ¸É¨ ¨ £¨¡±μ¸É¨ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö [8].

� ± Î¥¸É¢¥ ¶·¥¤²μ¦¥´´ÒÌ ¢ · ¡μÉ¥ ³¥Éμ¤μ¢ ¨ ¶·μ£· ³³ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ
Ê¸¶¥Ï´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨Ì ¸· ¢´¥´¨Ö ¸ ¶ ±¥Éμ³ Ô±¸É· ¶μ²ÖÍ¨¨ GEANE, ¶·¨-
¢¥¤¥´´Ò¥ ¢ [6],   É ±¦¥ μ¡´ ¤¥¦¨¢ ÕÐ¨¥ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨Ì
¨¸¶μ²Ó§μ¢ ´¨Ö ¤²Ö ´μ¢μ° ±μ´Ë¨£Ê· Í¨¨ MUCH-¤¥É¥±Éμ·  ´  μ¸´μ¢¥ É¥Ì´μ-
²μ£¨¨ ®straw tube¯ [31].

—Éμ ± ¸ ¥É¸Ö ¤ ²Ó´¥°Ï¥£μ · §¢¨É¨Ö · §· ¡μÉ ´´ÒÌ  ²£μ·¨É³μ¢ ¨ ¶·μ-
£· ³³, Éμ ¢ ¸¨²Ê ¢¥¸Ó³  ¦¥¸É±¨Ì μ£· ´¨Î¥´¨° ¢ ¶·μ¥±É¥ ‘‚Œ ¶μ ¸±μ·μ¸É¨
¨Ì · ¡μÉÒ μ¸´μ¢´μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ³Ê Ê¸±μ·¥´¨Õ ¶·μ£· ³³
± ± §  ¸Î¥É ¨Ì ÉÐ É¥²Ó´μ° μ¶É¨³¨§ Í¨¨ ¶μ ¸±μ·μ¸É¨ ¶·¨ ¸μÌ· ´¥´¨¨ ÉμÎ´μ-
¸É¨ ¨ ÔËË¥±É¨¢´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢, É ± ¨ £² ¢´Ò³ μ¡· §μ³ §  ¸Î¥É
¢¢¥¤¥´¨Ö ¶ · ²²¥²¨§³  ¢ ¨Ì · ¡μÉÊ.

�¢Éμ·Ò ¡² £μ¤ ·ÖÉ ·Ê±μ¢μ¤¨É¥²Ö ±μ²² ¡μ· Í¨¨ ‘‚Œ ¶·μË.�. ‡¥´£¥·  § 
¶μ¸É ´μ¢±Ê § ¤ Î¨ ¨ ¶μ¤¤¥·¦±Ê, ¤¨·¥±Éμ·  ‹ˆ’ �ˆŸˆ ¶·μË. ‚.‚.ˆ¢ ´μ¢  § 
¶μ¸ÉμÖ´´μ¥ ¢´¨³ ´¨¥ ¨ Í¥´´Ò¥ Ê± § ´¨Ö ¶μ ¸É¨²Õ ¨ ±μ³¶μ´μ¢±¥ ¤ ´´μ° ¸É -
ÉÓ¨,   É ±¦¥ ÊÎ ¸É´¨±μ¢ ±μ²² ¡μ· Í¨¨ ‘‚Œ ”.”·¨§¥, Š.•¥´¥, ˆ. ‚.Š¨¸¥²Ö
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¨ ‘.�. ‹¥¡¥¤¥¢  §  ³´μ£μÎ¨¸²¥´´Ò¥ ¤¨¸±Ê¸¸¨¨ ¨ ¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö,
¸¶μ¸μ¡¸É¢μ¢ ¢Ï¨¥ ¢Ò¶μ²´¥´¨Õ ¤ ´´μ° · ¡μÉÒ.

‹ˆ’…��’“��

1. CBM Collab. Compressed Baryonic Matter Experiment. Technical Status Report. GSI,
Darmstadt, 2005.

2. Lebedev A., Ososkov G. Track Reconstruction in the CBM TRD. JINR Commun.
E10-2008-3. Dubna, 2008.

3. Fruehwirth R. Application of Kalman Filtering to Track and Vertex Fitting // Nucl.
Instr. Meth. A. 1987. V. 262. P. 444.

4. Fruehwirth R. et al. Data Analysis Techniques for High-Energy Physics. Second
edition, Cambridge Univ. Press, 2000.

5. FairRoot Framework. https://fairroot.gsi.de

6. Lebedev A., Ososkov G. LIT Track Propagation for CBM, CBM note. GSI, Darmstadt,
2008;
http://www.gsi.de/documents/DOC-2008-Dec-182-1.pdf

7. ˆ¢ ´μ¢ ‚. ‚. ¨ ¤·. Š ¢μ¶·μ¸Ê μ¡ μ¶É¨³¨§ Í¨¨ £¥μ³¥É·¨¨ ¤¥É¥±Éμ·  ¶¥·¥Ìμ¤´μ£μ
¨§²ÊÎ¥´¨Ö ¤²Ö Ô±¸¶¥·¨³¥´É  CBM. ‘μμ¡Ð¥´¨¥ �ˆŸˆ �10-2008-152. „Ê¡´ , 2008.

8. Kiseleva A. Status of Muon Simulations. „μ±² ¤ ´  12-³ ¸μ¢¥Ð ´¨¨ ±μ²² ¡μ· Í¨¨
CBM, 13Ä18 μ±ÉÖ¡·Ö 2008 £., �ˆŸˆ, „Ê¡´ ;
http://www.gsi.de/documents/DOC-2008-Oct-157-1.ppt

9. Press W. H. et al. Numerical Recipes: The Art of Scientiˇc Computing. Third edition,
Cambridge Univ. Press, 2007.

10. � ¸¶μ§´ ¢ ´¨¥ μ¡· §μ¢ ¶·¨ ¶μ³μÐ¨ Í¨Ë·μ¢ÒÌ ¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ³ Ï¨´: ‘¡. ¸É. /
¶μ¤ ·¥¤. ‹. • ·³μ´ , ¶¥·. ¸  ´£². ¸ ¶·¥¤¨¸². �. �. ƒμ¢μ·Ê´ . Œ.: Œ¨·, 1974. 163 ¸.

11. Abt I., Emeliyanov D., Kisel I., Masciocchi S. CATS: A Cellular Automaton for
Tracking in Silicon for the HERA-B Vertex Detector // Nucl. Instr. Meth. A. 2002.
V. 489. P. 389.

12. Gyulassy M., Harlander M. High Resolution Multiparticle Tracking without Pre-
processing via Elastic Tracking // Nucl. Instr. Meth. A. 1992. V. 316. P. 238Ä245.

13. Lohmann W. et al. Energy losses of muons in the energy range 1Ä10000 GeV. CERN
85-03. Experimental Physics Division. 1985.

14. Amsler C. et al. The Review of Particle Physics // Phys. Lett. B. 2008. V. 667. P. 1.

15. Sternheimer R. M. // Phys. Rev. 1952. V. 88. P. 851.

28



16. Stampfel D. et al. Track Fitting with Energy Loss // Computer Physics Communica-
tions. 1994. V. 79. P. 157Ä164.

17. Bethe H. A., Heitler W. // Proc. R. Soc. (London) A. 1934. V. 146. P. 83.

18. Groom D. E., Mokhov N. V., Striganov S. I. Muon Stopping Power and Range Tables
10 MeVÄ100 TeV // Atomic Data and Nuclear Tables. 2001. V. 78.

19. Fontana A. et al. Track Following in Dense Media and Inhomogeneous Magnetic
Fields. PANDA Report PV/01-07.

20. Wolin E. J., Ho L. L. Covariance Matrices for Track Fitting with the Kalman Filter //
Nucl. Instr. Meth. A. 1993. V. 329. P. 493.

21. ROOT Å An Object-Oriented Data Analysis Framework. User's Guide, July 2008.
V. 5.20.;
http://root.cern.ch

22. GEANT Å Detector Description and Simulation Tool. CERN Program Library Long
Writeup W5013.

23. Dolgoshein B. Transition Radiation Detectors // Nucl. Instr. Meth. A. 1993. V. 326.
P. 434Ä469.

24. Denisov D. Detection of Muons. Academic Lecture Fermilab, 5 April 2000;
http://www-ppd.fnal.gov/EPPOfˇce-w/Academic Lectures/Denisov %20Lecture.pdf

25. Kiseleva A. et al. The Muon Detection System for the CBM Experiment. CBM
Progress Report. 2007. P. 26.

26. ATLAS TDR 14, CERN/LHCC 99-14.

27. Aamodt K. et al. (ALICE Collab.). The ALICE Experiment at the CERN LHC //
Journal of Instrumentation. 2008. V. 3. P. S08002.

28. Chatrchyan S. et al. (ALICE Collab.). The CMS experiment at the CERN LHC //
Journal of Instrumentation. 2008. V. 3. P. S08004.

29. The DØ Experiment. http://www-d0.fnal.gov/

30. Strandlie A., Wittek W. Propagation of Covariance Matrices of Track Parameters in
Homogeneous Magnetic Fields in CMS. CMS NOTE 2006/001.

31. Lebedev A., Ososkov G. Track Reconstruction in MUCH // 13th CBM Collab. Meeting,
March 9Ä13 2009, GSI, Darmstadt, Germany.

�μ²ÊÎ¥´μ 21 Ö´¢ ·Ö 2010 £.



�¥¤ ±Éμ· �. ˆ. �¥É·μ¢¸± Ö

�μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 25.03.2010.
”μ·³ É 60× 90/16. 	Ê³ £  μË¸¥É´ Ö. �¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 2,00. “Î.-¨§¤. ². 2,41. ’¨· ¦ 290 Ô±§. ‡ ± § º 56966.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@jinr.ru
www.jinr.ru/publish/


