
P1-2012-60

‘.�.Œ¥·Í, ‘. ‚. � §¨´, �. ‚. �μ£ Î¥¢¸±¨°

��Š��‹…�ˆ… ���‘’���‘’‚…���ƒ� ‡��Ÿ„�
‚� ‚�…ŒŸ���…Š–ˆ����‰ Š�Œ…�…
„…’…Š’��� MPD

� ¶· ¢²¥´μ ¢ ¦Ê·´ ² ®�¨¸Ó³  ¢ �—�Ÿ¯



Œ¥·Í ‘.�., � §¨´ ‘. ‚., �μ£ Î¥¢¸±¨° �.‚. P1-2012-60
� ±μ¶²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢μ ¢·¥³Ö¶·μ¥±Í¨μ´´μ°
± ³¥·¥ ¤¥É¥±Éμ·  MPD

‚ ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  ´ -
±μ¶²¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ ± ³¥·¥ TPC ³´μ£μÍ¥²¥-
¢μ£μ ¤¥É¥±Éμ·  MPD ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ NICA �ˆŸˆ. �  μ¸´μ¢¥ ¶·μ-
¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤μ¢ ·¥Ï¥´  § ¤ Î  ´ Ìμ¦¤¥´¨Ö ¶μÉ¥´Í¨ ² 
Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶μ²Ö, ¸μ§¤ ¢ ¥³μ£μ ÔÉ¨³¨ § ·Ö¤ ³¨. ‚ÒÎ¨¸²¥´Ò · ¤¨ ²Ó-
´Ò¥, Ê£²μ¢Ò¥ ¨ μ¸¥¢Ò¥ μÉ±²μ´¥´¨Ö ¢ ¤¢¨¦¥´¨¨ Ô²¥±É·μ´μ¢ μÉ ÉμÎ±¨ ¨μ´¨§ Í¨¨
± Éμ·Í¥¢Ò³ ¸Î¨ÉÒ¢ ÕÐ¨³ ¶²μ¸±μ¸ÉÖ³.
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The article presents results of numerical simulation of spatial positive charge
accumulation in the TPC of Multipurpose Detector at NICA, JINR. Based on the
spatial distribution of the charges problem of calculating the electrostatic potential
of ˇeld created by these charges is solved. The radial, angular and axial distortions
of electrons movement from the point of ionization to readout planes are calculated.
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‚ · ³± Ì ´ ÊÎ´μ° ¶·μ£· ³³Ò ¨§ÊÎ¥´¨Ö £μ·ÖÎ¥° ¨ ¶²μÉ´μ° ¡ ·¨μ´´μ°
³ É¥·¨¨ ¢ �ˆŸˆ („Ê¡´ ) ·¥ ²¨§Ê¥É¸Ö ¶·μ¥±É ¸μ§¤ ´¨Ö ´μ¢μ£μ Ê¸±μ·¨É¥²Ó-
´μ£μ ±μ³¶²¥±¸  ¸ ¢¸É·¥Î´Ò³¨ ¶ÊÎ± ³¨ NICA (Nuclotron-based Ion Collider
fAcility) [1, 2] ´  ¡ §¥ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ Ê¸±μ·¨É¥²Ö ´Ê±²μÉ·μ´ . �μ¢Ò° Ê¸±μ-
·¨É¥²Ó´Ò° ±μ³¶²¥±¸ ¶μ§¢μ²¨É ¨¸¸²¥¤μ¢ ÉÓ ¢§ ¨³μ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢
Ï¨·μ±μ³ ¤¨ ¶ §μ´¥  Éμ³´ÒÌ ³ ¸¸ μÉ ²¥£±¨Ì Ö¤¥· ¤μ Ö¤¥· §μ²μÉ  ¶·¨ Ô´¥·£¨¨
3Ä11 ƒÔ‚/´Ê±²μ´ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¨ ¸¢¥É¨³μ¸É¨ 1027 ¸³−2 · ¸−1 ¶·¨
Î ¸ÉμÉ¥ 6 · 103 ¸Éμ²±´μ¢¥´¨° ¢ ¸¥±Ê´¤Ê.

�  ±μ²² °¤¥·¥ ¶·¥¤Ê¸³ É·¨¢ ÕÉ¸Ö ¤¢¥ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±μ¢, ¢ μ¤´μ°
¨§ ±μÉμ·ÒÌ ¡Ê¤¥É · ¸¶μ² £ ÉÓ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ³´μ£μÍ¥²¥¢μ°
¤¥É¥±Éμ· (MPD), μ¶É¨³¨§¨·μ¢ ´´ Ö ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ¸Éμ²±´μ¢¥´¨° ÉÖ¦¥²ÒÌ
¨μ´μ¢ [3]. ‘É·Ê±ÉÊ·  MPD ¶μ¤μ¡´  ¸É·Ê±ÉÊ·¥ Ê¸É ´μ¢μ±, Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥-
³ÒÌ ¢μ ³´μ£¨Ì Ô±¸¶¥·¨³¥´É Ì ¸ ¶ÊÎ± ³¨ ¨μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°. �¸´μ¢´Ò³
¤¥É¥±Éμ·μ³ ¤²Ö ·¥£¨¸É· Í¨¨ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨Ì ¨¤¥´É¨Ë¨± Í¨¨
¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ MPD Ö¢²Ö¥É¸Ö ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  (Time Pro-
jection Chamber, TPC). Šμ´¸É·Ê±É¨¢´μ μ´  ¶μ¤μ¡´  ± ³¥· ³, ¨¸¶μ²Ó§Ê¥³Ò³
¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´É Ì [4,5]. �±É¨¢´Ò° μ¡Ñ¥³ TPC ¸ ¢´ÊÉ·¥´´¨³ · ¤¨Ê¸μ³
35 ¸³, ¢´¥Ï´¨³ · ¤¨Ê¸μ³ 100 ¸³ ¨ ¤²¨´μ° 300 ¸³ § ¶μ²´¥´ £ §μ¢μ° ¸³¥¸ÓÕ
90% Ar + 10% CH4 ¨ · §¤¥²¥´ ´  ¤¢¥ μ¤¨´ ±μ¢Ò¥ Î ¸É¨ · ¸¶μ²μ¦¥´´Ò³ ¢
Í¥´É·¥ ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ μÉ·¨Í É¥²Ó´Ò³ Ô²¥±É·μ¤μ³. �²¥±É·μ´Ò, μ¡· §μ¢ ´-
´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¨μ´¨§ Í¨¨ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§  ±É¨¢´Ò° μ¡Ñ¥³ § ·Ö¦¥´-
´μ° Î ¸É¨ÍÒ, ¤¢¨¦ÊÉ¸Ö ¢ μ¤´μ·μ¤´μ³ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥ ¨ ·¥£¨¸É·¨·ÊÕÉ¸Ö
¢μ ¢·¥³¥´¨ ¶·μ¢μ²μÎ´Ò³¨ ¶·μ¶μ·Í¨μ´ ²Ó´Ò³¨ ± ³¥· ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ¢
Éμ·Í Ì TPC, μ¡¥¸¶¥Î¨¢ Ö ±μμ·¤¨´ ÉÒ É·¥±  ¢ ¶·μ¸É· ´¸É¢¥. �μ²μ¦¨É¥²Ó´Ò¥
¨μ´Ò ¤·¥°ËÊÕÉ ± ¢Ò¸μ±μ¢μ²ÓÉ´μ³Ê Ô²¥±É·μ¤Ê.

�μ³¨³μ ¤¨ËËÊ§¨¨, μÉ±²μ´¥´¨Ö ¢ É· ¥±Éμ·¨¨ ¤¢¨¦¥´¨Ö Ô²¥±É·μ´μ¢ ¨μ-
´¨§ Í¨¨ Î¥·¥§ ¤·¥°Ëμ¢Ò° μ¡Ñ¥³ ¢μ§´¨± ÕÉ μÉ ´¥μ¤´μ·μ¤´μ¸É¥° ³ £´¨É´μ£μ
¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²¥° ¨ ¨Ì ¢§ ¨³´μ° μ·¨¥´É Í¨¨ (¸É É¨Î¥¸±¨¥ ¤¨¸Éμ·¸¨¨),
  É ±¦¥ μÉ ´¥μ¤´μ·μ¤´μ¸É¥° Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢¸²¥¤¸É¢¨e ´ ±μ¶²¥´¨Ö ¶μ-
²μ¦¨É¥²Ó´μ£μ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ . ˆ¸ÉμÎ´¨±μ³ ¶μ²μ¦¨É¥²Ó´μ£μ ¶·μ-
¸É· ´¸É¢¥´´μ£μ § ·Ö¤  Ö¢²ÖÕÉ¸Ö ¨μ´Ò μÉ ¨μ´¨§ Í¨¨,   É ±¦¥ μ¡· É´Ò° ¶μÉμ±
¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢ ¤·¥°Ëμ¢Ò° μ¡Ñ¥³ ¨§ ¶·μ¶μ·Í¨μ´ ²Ó´μ° ± ³¥·Ò. „²Ö
¶·¥¤μÉ¢· Ð¥´¨Ö ÔÉμ£μ ¶μÉμ±  ¢ ± ³¥·¥ ¶·¥¤Ê¸³μÉ·¥´  § ¶¨· ÕÐ Ö ¸¥É± .
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�¡Ñ¥³´Ò° ¶μ²μ¦¨É¥²Ó´Ò° § ·Ö¤ ³μ¦¥É μ± § ÉÓ ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥
´  · ¡μÉÊ TPC. �¶·¥¤¥²¥´¨¥ ¢μ§³μ¦´μ° ¢¥²¨Î¨´Ò § ·Ö¤ , ËÊ´±Í¨¨ ¥£μ · ¸-
¶·¥¤¥²¥´¨Ö ¢ μ¡Ñ¥³¥ ¨ ¢¥²¨Î¨´Ò ¢Ò§¢ ´´ÒÌ ¨³ ¨¸± ¦¥´¨° Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö ¢ ¤·¥°Ëμ¢μ³ ¶·μ³¥¦ÊÉ±¥ Ö¢²Ö¥É¸Ö ·¥Ï ÕÐ¨³ Ë ±Éμ·μ³ ¢ · §· ¡μÉ±¥
¨ ¸μ§¤ ´¨¨ ¢·¥³Ö¶·μ¥±Í¨μ´´μ° ± ³¥·Ò μ¸μ¡¥´´μ ¶·¨ ¥¥ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢
Ô±¸¶¥·¨³¥´É¥ ¸ ¡μ²ÓÏμ° Î ¸ÉμÉμ° ¢§ ¨³μ¤¥°¸É¢¨° [6Ä9].

��Š��‹…�ˆ… ���‘’���‘’‚…���ƒ� ‡��Ÿ„� ‚ TPC

�·μÍ¥¸¸ μ¡· §μ¢ ´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ TPC
¸Ì¥³ É¨Î¥¸±¨ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1. �·μÌμ¤Ö Î¥·¥§ ¢·¥³Ö¶·μ¥±Í¨μ´´ÊÕ ± -
³¥·Ê, § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¨μ´¨§¨·ÊÕÉ ´ Ìμ¤ÖÐÊÕ¸Ö ¢ TPC £ §μ¢ÊÕ ¸³¥¸Ó.
�²¥±É·μ´´Ò¥ ±² ¸É¥·Ò, ·μ¦¤¥´´Ò¥ ¢ ¶·μÍ¥¸¸¥ ¨μ´¨§ Í¨¨, ¤·¥°ËÊÕÉ ± Éμ·-
Í ³ ± ³¥·Ò, ¢ ¸Éμ·μ´Ê ¸Î¨ÉÒ¢ ÕÐ¨Ì ¶Ô¤μ¢ÒÌ ¶²μ¸±μ¸É¥°. �μ²μ¦¨É¥²Ó´Ò¥
¨μ´Ò, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¤¢¨£ ÕÉ¸Ö ¢ ¶·μÉ¨¢μ¶μ²μ¦´ÊÕ ¸Éμ·μ´Ê, ± Í¥´É· ²Ó-
´μ³Ê Ô²¥±É·μ¤Ê. �μ¸±μ²Ó±Ê ¶μ¤¢¨¦´μ¸ÉÓ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ´  3Ä4 ¶μ-
·Ö¤±  ´¨¦¥, Î¥³ Ê Ô²¥±É·μ´μ¢, μ´¨ ´¥ ¢¸¥ ¤μ¸É¨£ ÕÉ Í¥´É· ²Ó´μ£μ Ô²¥±É·μ¤  ¢
É¥Î¥´¨¥ ¶·μ³¥¦ÊÉ±  ¢·¥³¥´¨ ³¥¦¤Ê ¶μ¸²¥¤ÊÕÐ¨³¨ ¢§ ¨³μ¤¥°¸É¢¨Ö³¨ ¨ ¶·μ-
¨¸Ìμ¤¨É ¨Ì ´ ±μ¶²¥´¨¥ ¢ ¤·¥°Ëμ¢μ³ μ¡Ñ¥³¥. �μ ¨¸É¥Î¥´¨¨ ´¥±μÉμ·μ£μ ¢·¥-
³¥´¨ ¶μÉμ± ¨¸Ìμ¤ÖÐ¨Ì ¨§ ± ³¥·Ò (¢¸²¥¤¸É¢¨¥ ¤μ¸É¨¦¥´¨Ö ¨³¨ Í¥´É· ²Ó´μ£μ
Ô²¥±É·μ¤ ) ¨μ´μ¢ ¸É ´¥É · ¢¥´ ¶μÉμ±Ê ¢Ìμ¤ÖÐ¨Ì ¢ ± ³¥·Ê ¨μ´μ¢. �Éμ ¶·¨¢¥-
¤¥É ± ´ ¸ÉÊ¶²¥´¨Õ ¤¨´ ³¨Î¥¸±μ£μ · ¢´μ¢¥¸¨Ö ¢´ÊÉ·¨ ± ³¥·Ò, ±μ£¤  ¸·¥¤´¨°
¸Ê³³ ·´Ò° ¶μ²μ¦¨É¥²Ó´Ò° § ·Ö¤ ¡Ê¤¥É ±¢ §¨¸É Í¨μ´ ·´Ò³.

„²Ö μ¶·¥¤¥²¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤  ¶μ-
²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ρ(x, y, z, t) ¢ ÎÊ¢¸É¢¨É¥²Ó´μ³ μ¡Ñ¥³¥ TPC, ¨¸Ìμ¤Ö ¨§ ±μÉμ-

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ μ¡· §μ¢ ´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢ ¤·¥°Ëμ-
¢μ³ μ¡Ñ¥³¥ TPC.  ) i-¥ ¸μ¡ÒÉ¨¥. ¡) (i + 1)-¥ ¸μ¡ÒÉ¨¥
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¸Ê³³ ·´μ£μ § ·Ö¤  ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢ TPC μÉ ¢·¥³¥´¨ ¤²Ö
· §²¨Î´ÒÌ Î ¸ÉμÉ £¥´¥· Í¨¨ ¸μ¡ÒÉ¨°

·μ£μ ¢ÒÎ¨¸²ÖÕÉ¸Ö · ¸¶·¥¤¥²¥´¨¥ ¶μÉ¥´Í¨ ²  ¢ ± ³¥·¥ ¨ ¤¨¸Éμ·¸¨¨ ±μμ·¤¨´ É
É· ¥±Éμ·¨° Ô²¥±É·μ´μ¢, ¢Ò¶μ²´Ö²μ¸Ó ³μ¤¥²¨·μ¢ ´¨¥ Au + Au-¸Éμ²±´μ¢¥´¨°
¶·¨ Ô´¥·£¨¨

√
sNN = 9 ƒÔ‚. ƒ¥´¥· Í¨Ö ¢§ ¨³μ¤¥°¸É¢¨° ¶·μ¨§¢μ¤¨² ¸Ó ´ 

μ¸´μ¢¥ ³μ¤¥²¨ UrQMD [10,11] ¢ ¶·μ£· ³³´μ° ¸·¥¤¥ MPDRoot.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò £· Ë¨±¨ § ¢¨¸¨³μ¸É¨ ¸Ê³³ ·´μ£μ μ¡Ñ¥³´μ£μ ¶μ-
²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ TPC μÉ ¢·¥³¥´¨ ¤²Ö · §²¨Î´ÒÌ Î ¸ÉμÉ ¶μ¸ÉÊ¶²¥´¨Ö ¸μ-
¡ÒÉ¨°. „²Ö · ¸¸³μÉ·¥´´ÒÌ Î ¸ÉμÉ ¢·¥³Ö Ê¸É ´μ¢²¥´¨Ö · ¢´μ¢¥¸¨Ö ¸μ¸É ¢²Ö¥É
¶·¨³¥·´μ 0,25 ¸,   ¢¥²¨Î¨´  § ·Ö¤  ¤²Ö Î ¸ÉμÉÒ 6 ±ƒÍ Å μ±μ²μ 3 · 109 e.

‘Î¨ÉÒ¢ ´¨¥ ¸¨£´ ²μ¢ ¸ TPC μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¶·μ¢μ²μÎ´ÒÌ
¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ± ³¥·, ±μÉμ·Ò¥ · ¡μÉ ÕÉ ¶·¨ £ §μ¢μ³ Ê¸¨²¥´¨¨ ∼ 104,
¶·¨ ÔÉμ³ ¢¥²¨Î¨´  ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ ¤·¥°Ëμ¢μ³
μ¡Ñ¥³¥ μ¶·¥¤¥²Ö¥É¸Ö μ¡· É´Ò³ ¶μÉμ±μ³ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢. „²Ö Ê¶· ¢²¥-
´¨Ö μ¡· É´Ò³ ¶μÉμ±μ³ ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢ ± ³¥·¥ ¶·¥¤Ê¸³μÉ·¥´a § ¶¨-
· ÕÐ Ö ¸¥É± .

�  ·¨¸. 3 ¶μ± § ´Ò § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´Ò ¸Ê³³ ·´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ
¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢ TPC μÉ ÔËË¥±É¨¢´μ¸É¨ ¶μ¤ ¢²¥´¨Ö μ¡· É´μ£μ ¶μ-
Éμ±  ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ § ¶¨· ÕÐ¥° ¸¥É±μ°. �·¨ ¶·μ¶Ê¸± ´¨¨ ¸¥É±μ° 1 %
μ¡· É´ÒÌ ¨μ´μ¢ ¢¥²¨Î¨´  ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¨É¥²Ó´μ£μ § ·Ö¤  ¢ TPC
¢μ§· ¸É ¥É ´  ¤¢  ¶μ·Ö¤±  ¶μ μÉ´μÏ¥´¨Õ ± § ·Ö¤Ê μÉ ¨μ´¨§ Í¨¨ ·¥£¨¸É·¨·Ê-
¥³ÒÌ Î ¸É¨Í. Š ± ¢¨¤´μ ¨§ ·¨¸. 4, ¶·¨ ÔÉμ³  ±É¨¢´Ò° μ¡Ñ¥³ TPC ¶μ²´μ¸ÉÓÕ
· ¢´μ³¥·´μ § ¶μ²´Ö¥É¸Ö ¶μ²μ¦¨É¥²Ó´Ò³¨ ¨μ´ ³¨, ÎÉμ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ±
´¥· ¡μÉμ¸¶μ¸μ¡´μ¸É¨ TPC.
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¸Ê³³ ·´μ£μ § ·Ö¤  ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢ TPC μÉ ¢·¥³¥´¨ ¤²Ö
· §²¨Î´ÒÌ §´ Î¥´¨° ÔËË¥±É¨¢´μ¸É¨ § ¶¨· ÕÐ¥° ¸¥É±¨

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢¤μ²Ó μ¸¨ ’�‘ ¶·¨ ÔËË¥±É¨¢´μ¸ÉÖÌ
§ ¶¨· ´¨Ö 99 ¨ 100%

‚›—ˆ‘‹…�ˆ… ��’…�–ˆ�‹� ˆ ����Ÿ†…���‘’ˆ
�‹…Š’��‘’�’ˆ—…‘Š�ƒ� ��‹Ÿ

„²Ö ´ Ìμ¦¤¥´¨Ö Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶μÉ¥´Í¨ ²  ´¥μ¡Ìμ¤¨³μ ·¥Ï¨ÉÓ § -
¤ ÎÊ „¨·¨Ì²¥ ¤²Ö Ê· ¢´¥´¨Ö �Ê ¸¸μ´ . ‚ ¸¨¸É¥³¥ ‘ƒ‘ ÔÉ  § ¤ Î  ¨³¥¥É ¢¨¤

{
ΔΦ(x, y, z) = −4πρ(x, y, z),
ΦΓ = 0,

(1)
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£¤¥ ρ(x, y, z) Å ¶²μÉ´μ¸ÉÓ ¨μ´μ¢ ¢ ± ³¥·¥; Φ(x, y, z) Å ¸μ§¤ ¢ ¥³Ò° ¨μ´ ³¨
¶μÉ¥´Í¨ ²; Γ Å £· ´¨Í  μ¡² ¸É¨; Δ Å μ¶¥· Éμ· ‹ ¶² ¸ .

‚·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Í¨²¨´¤·, ¸²¥¤μ¢ É¥²Ó´μ,
¥¸É¥¸É¢¥´´Ò³ Ö¢²Ö¥É¸Ö ¶¥·¥Ìμ¤ μÉ ¤¥± ·Éμ¢μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É ± Í¨²¨´-
¤·¨Î¥¸±μ°. ‚ ´¥° Ê· ¢´¥´¨¥ (1) ¶·¨³¥É ¸²¥¤ÊÕÐ¨° ¢¨¤:

1
r

∂

∂r
(r

∂Φ(z, r, φ)
∂r

) +
∂2Φ(z, r, φ)

∂z2
+

1
r2

∂2Φ(z, r, φ)
∂φ2

= −4πρ(x, y, z). (2)

„²Ö ´ Ìμ¦¤¥´¨Ö Φ(x, y, z) ¢ μ¡² ¸É¨ ± ³¥·Ò ¡Ò²  ¢¢¥¤¥´  Í¨²¨´¤·¨Î¥-
¸± Ö · §´μ¸É´ Ö ¸¥É± , ¶·μ¨§¢¥¤¥´  § ³¥´  ¶·μ¨§¢μ¤´ÒÌ ´  ±μ´¥Î´μ-· §´μ¸É-
´Ò¥  ¶¶·μ±¸¨³ Í¨¨ ¨ ·¥Ï ²μ¸Ó ³ É·¨Î´μ¥ Ê· ¢´¥´¨¥.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥´Í¨ ²  ¢¤μ²Ó μ¸¨ ± ³¥·Ò ¶·¨
ÔËË¥±É¨¢´μ¸ÉÖÌ § ¶¨· ´¨Ö 99 ¨ 100%. �·¨ ¢¥²¨Î¨´¥ ÔËË¥±É¨¢´μ¸É¨ § ¶¨-
· ´¨Ö 99 % ³ ±¸¨³Ê³ ¶μÉ¥´Í¨ ²  ¸¤¢¨£ ¥É¸Ö ¢ Í¥´É· ± ³¥·Ò. �Éμ ¸¢Ö§ ´μ ¸
· ¢´μ³¥·´Ò³ § ¶μ²´¥´¨¥³ ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³  TPC ¨μ´ ³¨ μ¡· É´μ£μ ¶μÉμ± .

‘¢Ö§Ó ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶μ²Ö ¸ ¥£μ ¶μÉ¥´Í¨ -
²μ³ ¢ Í¨²¨´¤·¨Î¥¸±μ° ¸¨¸É¥³¥ ±μμ·¤¨´ É μ¶·¥¤¥²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ ¢Ò· ¦¥-
´¨¥³:

�E(z, r, φ) = −∂Φ(z, r, φ)
∂r

�i − 1
r

∂Φ(z, r, φ)
∂φ

�j − ∂Φ(z, r, φ)
∂z

�k. (3)

‡ ³¥´ÖÖ ¢ ¢Ò· ¦¥´¨¨ (3) μ¶¥· Éμ·Ò ¤¨ËË¥·¥´Í¨·μ¢ ´¨Ö ¨Ì ±μ´¥Î´μ-· §-
´μ¸É´Ò³¨  ¶¶·μ±¸¨³ Í¨Ö³¨ ¨ · §¤¥²ÖÖ ÔÉμ ¢Ò· ¦¥´¨¥ ´  ¶·μ¸É· ´¸É¢¥´´Ò¥

�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶μÉ¥´Í¨ ²  ¶μ²Ö ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢¤μ²Ó μ¸¨ TPC ¶·¨
ÔËË¥±É¨¢´μ¸ÉÖÌ § ¶¨· ´¨Ö 99 ¨ 100%
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±μ³¶μ´¥´ÉÒ, μ¶·¥¤¥²Ö¥³ ¶·μ¥±Í¨¨ ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·μ¸É É¨Î¥-
¸±μ£μ ¶μ²Ö ´  ±μμ·¤¨´ É´Ò¥ μ¸¨.

‚›—ˆ‘‹…�ˆ… „ˆ‘’��‘ˆ‰ �‹…Š’����‚

�μ¸²¥ ¢ÒÎ¨¸²¥´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ ±μ³¶μ´¥´É ¢¥±Éμ·  ´ ¶·Ö¦¥´´μ¸É¨
Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¶μ²Ö ¢μ ¢¸¥Ì ÉμÎ± Ì Í¨²¨´¤·¨Î¥¸±μ° ¸¥É±¨ · ¸¸Î¨ÉÒ-
¢ ÕÉ¸Ö μÉ±²μ´¥´¨Ö ¤¢¨¦¥´¨Ö Ô²¥±É·μ´μ¢, ¢μ§´¨±Ï¨Ì ¶·¨ ¨μ´¨§ Í¨¨ £ § , μÉ
¶·Ö³μ²¨´¥°´μ° É· ¥±Éμ·¨¨.

�μ ·¥§Ê²ÓÉ É ³ ¢ÒÎ¨¸²¥´¨° ¡Ò²¨ ¶μ¸É·μ¥´Ò § ¢¨¸¨³μ¸É¨ · ¤¨ ²Ó´μ£μ,
Ê£²μ¢μ£μ ¨ μ¸¥¢μ£μ μÉ±²μ´¥´¨° Ô²¥±É·μ´μ¢ μÉ ¶·Ö³μ²¨´¥°´μ£μ ¤¢¨¦¥´¨Ö ¤²Ö
· §²¨Î´ÒÌ ¸É ·Éμ¢ÒÌ ¶μ§¨Í¨° ¢¤μ²Ó μ¸¨ ± ³¥·Ò. „ ´´Ò¥ § ¢¨¸¨³μ¸É¨ ¶·¥¤-
¸É ¢²¥´Ò ´  ·¨¸. 6 ¨ 7. “£²μ¢ Ö ¨ μ¸¥¢ Ö ¤¨¸Éμ·¸¨¨ É· ¥±Éμ·¨° Ô²¥±É·μ´μ¢ ´ 
´¥¸±μ²Ó±μ ¶μ·Ö¤±μ¢ ³¥´ÓÏ¥, Î¥³ · ¤¨ ²Ó´ Ö, ¨ μ´¨ ´¥ ¢´μ¸ÖÉ ¸±μ²Ó-´¨¡Ê¤Ó
¸¥·Ó¥§´ÒÌ ¶μ£·¥Ï´μ¸É¥° ¢ ¶·μÍ¥¤Ê·Ê ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í. � ¤¨ ²Ó´ Ö ¤¨¸Éμ·¸¨Ö ´¥ ¶·¥¢ÒÏ ¥É 200 ³±³ ¤²Ö ÔËË¥±É¨¢´μ¸É¨ § -
¶¨· ´¨Ö 100 %. �·¨ ÔËË¥±É¨¢´μ¸É¨ § ¶¨· ´¨Ö 99% · ¤¨ ²Ó´ Ö ¤¨¸Éμ·¸¨Ö
¤μ¸É¨£ ¥É ¶·¨³¥·´μ 1,5 c³.

�Î¥¢¨¤´μ, ÎÉμ ±·¨É¨Î¥¸±¨³ ¶ · ³¥É·μ³ ¢ · ¡μÉ¥ TPC Ö¢²Ö¥É¸Ö ÔËË¥±-
É¨¢´μ¸ÉÓ § ¶¨· ´¨Ö μ¡· É´μ£μ ¶μÉμ±  ¨μ´μ¢. �É  ¢¥²¨Î¨´  ¤μ²¦´  ¡ÒÉÓ ¶· ±-
É¨Î¥¸±¨ · ¢´  100%. “¦¥ ¶·¨ ¶·μ¶Ê¸± ´¨¨ ¢ ± ³¥·Ê ¢¸¥£μ 1 % μÉ μ¡· É´μ£μ
¶μÉμ±  ¨μ´μ¢ ¤¨¸Éμ·¸¨¨ ¸É ´μ¢ÖÉ¸Ö É ±¨³¨, ÎÉμ ± ³¥·  ´¥ ¸³μ¦¥É · ¡μÉ ÉÓ
¢ ´μ·³ ²Ó´μ³ ·¥¦¨³¥.

�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ · ¤¨ ²Ó´μ° ¤¨¸Éμ·¸¨¨ É· ¥±Éμ·¨° Ô²¥±É·μ´μ¢ ¶·¨ ÔËË¥±É¨¢´μ¸É¨
§ ¶¨· ´¨Ö 100% ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° · ¤¨Ê¸ 
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�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ · ¤¨ ²Ó´μ° ¤¨¸Éμ·¸¨¨ É· ¥±Éμ·¨° Ô²¥±É·μ´μ¢ ¶·¨ ÔËË¥±É¨¢´μ¸É¨
§ ¶¨· ´¨Ö 99% ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° · ¤¨Ê¸ 

‡�Š‹�—…�ˆ…

—¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ ´ ±μ¶²¥´¨Ö ¶μ²μ¦¨É¥²Ó´μ£μ ¶·μ-
¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢μ ¢·¥³Ö¶·μ¥±Í¨μ´´μ° ± ³¥·¥ ¤¥É¥±Éμ·  MPD ´  Ê¸±μ-
·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ NICA ¶μ± § ²μ, ÎÉμ ´ ±μ¶²¥´´Ò° § ·Ö¤ ¨ ¢Ò§¢ ´´Ò¥
¨³ · ¤¨ ²Ó´Ò¥ ¤¨¸Éμ·¸¨¨ ±μμ·¤¨´ É É·¥±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´¥ ¶·¥¢Ò-
Ï ÕÉ 200 ³±³ ¶·¨ Î ¸ÉμÉ¥ Au + Au-¸Éμ²±´μ¢¥´¨° 6 ±ƒÍ, ÎÉμ ¸μ¶μ¸É ¢¨³μ
¶μ ¢¥²¨Î¨´¥ ¸ ¤ ´´Ò³¨ ¤¥°¸É¢ÊÕÐ¨Ì TPC. �¥¦¨³ · ¡μÉÒ § ¶¨· ÕÐ¥° ¸¥É±¨
¤μ²¦¥´ ¡ÒÉÓ ¢Ò¡· ´ É ±¨³, ÎÉμ¡Ò μ¡¥¸¶¥Î¨¢ ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¶μ¤ ¢²¥´¨Ö
μ¡· É´μ£μ ¶μÉμ±  ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¨§ ± ³¥·Ò ¸Î¨ÉÒ¢ ´¨Ö ¢ ¤·¥°Ëμ¢Ò°
μ¡Ñ¥³ ¶· ±É¨Î¥¸±¨ 100 %.
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