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‚ ¸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.

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.

PACS: 29.85.Fj
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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 Projection 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¦¤¥´¨¨
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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 ¶μ²μ¦¨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± .

�¡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¥´¨¥ ¶·μ-
³¥¦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.

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ μ¡· §μ¢ ´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  ¢ ¤·¥°Ëμ¢μ³ μ¡Ñ¥³¥
TPC. a) i-¥ ¸μ¡ÒÉ¨¥; ¡) (i + 1)-¥ ¸μ¡ÒÉ¨¥
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„²Ö μ¶·¥¤¥²¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤  ¶μ²μ¦¨É¥²Ó´ÒÌ
¨μ´μ¢ ρ(x, y, z, t) ¢ ÎÊ¢¸É¢¨É¥²Ó´μ³ μ¡Ñ¥³¥ TPC, ¨¸Ìμ¤Ö ¨§ ±μÉμ·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 ¶μ²μ¦¨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.

�¨¸. 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¨°

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

99 ¨ 100%

‘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 ¶μÉμ±  ¶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.

‚›—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)

£¤¥ 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· ¢-
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶μÉ¥´Í¨ ²  ¶μ²Ö ¶μ²μ¦¨É¥²Ó´ÒÌ ¨μ´μ¢ ¢¤μ²Ó μ¸¨ TPC ¶·¨ ÔËË¥±É¨¢´μ¸ÉÖÌ
§ ¶¨· ´¨Ö 99 ¨ 100%

´¥´¨¥ (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¥ ±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·¨¨.
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ · ¤¨ ²Ó´μ° ¤¨¸Éμ·¸¨¨ É· ¥±Éμ·¨° Ô²¥±É·μ´μ¢ ¶·¨ ÔËË¥±É¨¢´μ¸É¨ § ¶¨· ´¨Ö

100% ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° · ¤¨Ê¸ 

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

�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¥.
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—¨¸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 ´¥ ¶·¥¢ÒÏ 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%.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. “¸±μ·¨É¥²Ó´μ-´ ±μ¶¨É¥²Ó´Ò° ±μ³¶²¥±¸ NICA. ’¥Ì´¨Î¥¸±¨° ¶·μ¥±É / �μ¤ μ¡Ð. ·¥¤. ˆ.�. Œ¥Ï-
±μ¢  ¨ �. �.‘¨¤μ·¨´ . „Ê¡´ , 2009. 72 ¸.

2. “¸±μ·¨É¥²Ó´μ-´ ±μ¶¨É¥²Ó´Ò° ±μ³¶²¥±¸ NICA Å ¡ §  ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¨ ¨´-
´μ¢ Í¨μ´´ÒÌ · §· ¡μÉμ± /�μ¤ μ¡Ð. ·¥¤. ‚. „. Š¥±¥²¨¤§¥; ‘μ¸É.: �. „.Šμ¢ ²¥´±μ ¨ ¤·. „Ê¡´ ,
2011. 32 ¸.

3. Abraamyan Kh. U. et al. The MPD Detector at the NICA Heavy-Ion Collider at JINR // Nucl. Instr.
Meth. A. 2011. V. 628. P. 99Ä102.

4. ALICE Technical Design Report of the Time Projection Chamber. CERN/LHCC 2000-001, ALICE
TDR 7. 2000. 208 p.

5. Ackermann K.H. et al. Time Projection Chamber // Nucl. Phys. A. 1999. V. 661. P. 681Ä685.

6. Van Burena G. et al. Correcting for Distortions due to Ionization in the STAR TPC // Nucl. Instr.
Meth. A. 2006. V. 566. P. 22Ä25.

7. Rossegger S. Simulation & Calibration of the ALICE TPC Including Innovative Space Charge
Calculations. CERN-THESIS-2009-124. 2009. 145 p.

8. Palestini S., McDonald K. Space Charge in Ionization Detectors. LARTPC-doc-528-v1. 2010. 6 p.

9. Palestini S. Space Charge in Ionization Detectors and the NA48 Electromagnetic Calorimeter //
Nucl. Instr. Meth. A. 1998. V. 421. P. 75Ä89.

10. Bass S. A. et al. Microscopic Models for Ultrarelativistic Heavy Ion Collisions // Prog. Part. Nucl.
Phys. 1998. P. 225Ä370.

11. Bleicher M. et al. Relativistic HadronÄHadron Collisions in the Ultra-Relativistic Quantum Molec-
ular Dynamics Model // Nucl. Part. Phys. 1999. V. 25. P. 1859Ä1896.

�μ²ÊÎ¥´μ 29 ³ Ö 2012 £.


