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�¶·¥¤¥²¥´¨¥ Í¥´É· ²Ó´μ¸É¨ Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
± ²μ·¨³¥É·  ¸¶¥±É Éμ·μ¢ ¤²Ö Ê¸É ´μ¢±¨ MPD ´  ±μ²² °¤¥·¥ NICA

ˆ¸¸²¥¤μ¢ ´Ò Ê¸²μ¢¨Ö · ¡μÉÒ  ¤·μ´´μ£μ ± ²μ·¨³¥É·  ¤²Ö ·¥£¨¸É· Í¨¨ ¸¶¥±-
É Éμ·μ¢ (Zero Degree Calorimeter, ZDC) ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ´  ±μ²-
² °¤¥·¥ ¸ ¨´¢ ·¨ ´É´μ° Ô´¥·£¨¥° ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ƒÔ‚. �·μ¢¥¤¥´μ ³μ¤¥²¨-
·μ¢ ´¨¥ · ¡μÉÒ ZDC ¤²Ö ³´μ£μÍ¥²¥¢μ£μ ¤¥É¥±Éμ·  MPD (Multi-Purpose Detector)
±μ²² °¤¥·  NICA (Nuclotron-based Ion Collider fAcility), ¶·¨´ÖÉμ£μ ± ·¥ ²¨§ Í¨¨
¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (�ˆŸˆ, „Ê¡´ ). �μ± § ´μ, ÎÉμ
ÊÎ¥É ·μ¦¤¥´¨Ö Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢ ¶·¨¢μ¤¨É ± ´¥³μ´μÉμ´´μ° § ¢¨-
¸¨³μ¸É¨ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . C ¨¸¶μ²Ó§μ¢ ´¨¥³ ´¥¸±μ²Ó±¨Ì
£¥´¥· Éμ·μ¢ ·μ¦¤¥´¨Ö ¶·μ¤¥³μ´¸É·¨·μ¢ ´μ, ÎÉμ É ± Ö § ¢¨¸¨³μ¸ÉÓ μ¶·¥¤¥²Ö¥É¸Ö
Í¥´É· ²Ó´Ò³ μÉ¢¥·¸É¨¥³ ¢ ZDC, ¶·¥¤´ §´ Î¥´´Ò³ ¤²Ö ¶·μÌμ¦¤¥´¨Ö ¶¥·¢¨Î´μ£μ
¶ÊÎ± . �μ± § ´μ, ÎÉμ ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨, ±·μ³¥ ¤ ´´ÒÌ ZDC, ´¥μ¡-
Ìμ¤¨³  ¨´Ëμ·³ Í¨Ö ¸ ¤·Ê£¨Ì ¤¥É¥±Éμ·´ÒÌ ¶μ¤¸¨¸É¥³ MPD@NICA.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥· 
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Golubeva M.B. et al. E13-2011-127
NucleusÄNucleus Collision Centrality Determination by the Spectators Calorimeter
for the MPD Setup at the NICA Facility

The work conditions of the hadron calorimeter for spectators registration (Zero
Degree Calorimeter, ZDC) were studied for the heavy nuclei collisions with the
several GeV invariant energy. The ZDC simulations were performed for the MPD
(Multi-Purpose Detector) at the NICA (Nuclotron-based Ion Collider fAcility) col-
lider, which are under development at the Joint Institute for Nuclear Research (JINR,
Dubna). Taking into account the spectator nuclear fragments leads to a nonmonotonic
dependence of the ZDC response on the impact parameter. The reason for this de-
pendence studied with several event generators is the primary beam hole in the ZDC
center. It is shown that the ZDC signal should be combined with data from other
MPD@NICA detector subsystems to determine centrality.

The investigation has been performed at the Veksler and Baldin Laboratory of
High Energy Physics, JINR.
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�·μ¥±É Ê¸É ´μ¢±¨ MPD (Multi-Purpose Detector) ´  ±μ²² °¤¥·¥ NICA
(Nuclotron-based Ion Collider fAcility) ¶·¨´ÖÉ ± ·¥ ²¨§ Í¨¨ ¢ �¡Ñ¥¤¨´¥´´μ³
¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° (�ˆŸˆ, „Ê¡´ ) (¸³. [1]). �¸´μ¢´μ° § ¤ Î¥°
¶·μ¥±É  MPD@NICA Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ ¸¢μ°¸É¢ ¸¨²Ó´μ ¢μ§¡Ê¦¤¥´´μ°  ¤·μ´-
´μ° ³ É¥·¨¨ ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨°

√
SNN = 3Ä

11 ƒÔ‚ (¸³. [1Ä4]). ‚ ¤ ´´μ° · ¡μÉ¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¢μ¶·μ¸Ò ±² ¸¸¨Ë¨± Í¨¨
¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨ ¸Éμ²±´μ¢¥´¨° ¢ Ô±¸¶¥·¨³¥´É¥ MPD@NICA.

‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¸¢μ°¸É¢ ¸¨²Ó´μ ¢μ§¡Ê¦¤¥´´μ° (´ £·¥-
Éμ° ¨/¨²¨ ¸¦ Éμ°)  ¤·μ´´μ° ³ É¥·¨¨, ¢μ§´¨± ÕÐ¥° ¶·¨ ¸Éμ²±´μ¢¥´¨ÖÌ ·¥²Ö-
É¨¢¨¸É¸±¨Ì Ö¤¥·, § ¤ Î  ±² ¸¸¨Ë¨± Í¨¨ ¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨ Ö¢²Ö¥É¸Ö
μ¤´μ° ¨§ ±²ÕÎ¥¢ÒÌ. �·¥¦¤¥ ¢¸¥£μ ¶μÉμ³Ê, ÎÉμ ¤²Ö ¨¸¸²¥¤μ¢ ´¨° ´ ¨¡μ²¥¥
¢μ§¡Ê¦¤¥´´μ° Î ¸É¨ Ö¤¥·´μ° ³ É¥·¨¨, ±μÉμ· Ö ³μ¦¥É ¢μ§´¨±´ÊÉÓ ¶·¨ § ¤ ´-
´μ° Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨°, É·¥¡Ê¥É¸Ö ¢Ò¤¥²¥´¨¥ Í¥´É· ²Ó´ÒÌ ¸μ¡ÒÉ¨°. “¦¥
¸ ³  ¶·μÍ¥¤Ê·  · §¤¥²¥´¨Ö ¸μ¡ÒÉ¨° ´  Í¥´É· ²Ó´Ò¥ ¨ ¶¥·¨Ë¥·¨Î¥¸±¨¥ É·¥-
¡Ê¥É ±μ²¨Î¥¸É¢¥´´ÒÌ ±·¨É¥·¨¥¢.

�¤´ ±μ ±² ¸¸¨Ë¨± Í¨Ö ¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨ ´¥ ¸¢μ¤¨É¸Ö ± ¶·μ-
¸Éμ³Ê ¤¥²¥´¨Õ ¸μ¡ÒÉ¨° ´  ¶¥·¨Ë¥·¨Î¥¸±¨¥ ¨ Í¥´É· ²Ó´Ò¥ ¸Éμ²±´μ¢¥´¨Ö.
ˆ§ÊÎ¥´¨¥ ´ ¡²Õ¤ ¥³ÒÌ ¢¥²¨Î¨´ ¢ · §²¨Î´ÒÌ ¨´É¥·¢ ² Ì ¶μ Í¥´É· ²Ó´μ¸É¨
μ± §Ò¢ ¥É¸Ö ¢¥¸Ó³  ¨´Ëμ·³ É¨¢´Ò³ ¨ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¤ ´´Ò¥ ± ± μ ¶·μ-
¸É· ´¸É¢¥´´μ-¢·¥³¥´´μ° ± ·É¨´¥ Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨°, É ± ¨ μ ·Ö¤¥
¸¢μ°¸É¢  ¤·μ´´μ° ³ É¥·¨¨, ±μÉμ·Ò¥ ´¥ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¡¥§ ¨§ÊÎ¥´¨Ö
Í¥´É· ²Ó´μ¸É¨ (¸³. [5Ä8]).

‚ ¶μ¤É¢¥·¦¤¥´¨¥ ¸± § ´´μ£μ ³μ¦´μ ¶·¨¢¥¸É¨ ¸²¥¤ÊÕÐ¨¥ ¶·¨³¥·Ò.
• ‚ Ô±¸¶¥·¨³¥´É Ì ´  RHIC ¶μ²ÊÎ¥´μ, ÎÉμ μÉ´μÏ¥´¨¥ Ô²²¨¶É¨Î¥¸±μ£μ ¶μ-

Éμ±  ± ¶·μ¸É· ´¸É¢¥´´μ³Ê Ô±¸Í¥´É·¨¸¨É¥ÉÊ μ¡² ¸É¨ ¢§ ¨³μ¤¥°¸É¢¨Ö μ¸É ¥É¸Ö
¶μ¸ÉμÖ´´Ò³ ¤²Ö Ï¨·μ±μ° μ¡² ¸É¨ ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢ [9, 10]. 
Éμ μ¡-
¸ÉμÖÉ¥²Ó¸É¢μ, ´ ·Ö¤Ê ¸ ¡μ²ÓÏμ° ¢¥²¨Î¨´μ° Ô²²¨¶É¨Î¥¸±μ£μ ¶μÉμ± , Ö¢²Ö¥É¸Ö
¸¨²Ó´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³  ·£Ê³¥´Éμ³ ¢ ¶μ²Ó§Ê ³ ²μ£μ (� 1 Ë³/c) ¢·¥³¥´¨
É¥·³ ²¨§ Í¨¨ (¸³. [5Ä8]). ’ ±μ£μ ·μ¤  ¨§³¥·¥´¨Ö ´¥¢μ§³μ¦´Ò ¡¥§ ±² ¸¸¨Ë¨-
± Í¨¨ ¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨, ¶μ¸±μ²Ó±Ê ¨³¥´´μ Í¥´É· ²Ó´μ¸ÉÓ Ö¢²Ö¥É¸Ö
¨¸Ìμ¤´μ° ¢¥²¨Î¨´μ° ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ Ô±¸Í¥´É·¨¸¨É¥É .

• �·¨ μ¶¨¸ ´¨¨ ÔËË¥±É  £ Ï¥´¨Ö ¸É·Ê° [11, 12] ¨ ¶μ¤ ¢²¥´¨Ö ¢ÒÌμ¤μ¢
J/ψ [13] ¨¸¶μ²Ó§Ê¥É¸Ö ±μÔËË¨Í¨¥´É ³μ¤¨Ë¨± Í¨¨ Ö¤¥·´μ° ¸·¥¤μ°. „²Ö ¢ÒÎ¨-
¸²¥´¨Ö ÔÉμ£μ ±μÔËË¨Í¨¥´É  ´¥μ¡Ìμ¤¨³μ §´ ÉÓ Î¨¸²μ ¡¨´ ·´ÒÌ ¸Éμ²±´μ¢¥´¨°,
É. ¥. ¢ ±μ´¥Î´μ³ ¸Î¥É¥ Å Í¥´É· ²Ó´μ¸ÉÓ ¸Éμ²±´μ¢¥´¨°.
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�¨¸. 1. ‘Ì¥³ É¨Î´Ò° ¢¨¤ Au+Au-¸Éμ²±´μ¢¥´¨Ö ¤²Ö ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  b

Œμ¦´μ ¶·¨¢¥¸É¨ ¥Ð¥ ³´μ£μ ¶·¨³¥·μ¢ ´ ¡²Õ¤ ¥³ÒÌ, ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö
±μÉμ·ÒÌ ´¥μ¡Ìμ¤¨³  ±² ¸¸¨Ë¨± Í¨Ö ¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨. �¤´ ±μ ¤μ-
¸É ÉμÎ´μ μÉ³¥É¨ÉÓ, ÎÉμ ¢μ¶·μ¸ ³ μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ É ± ¦¥, ± ±
¨ ¢μ¶·μ¸ ³ ¸¢Ö§¨ ÔÉμ° ¢¥²¨Î¨´Ò ¸ ´ ¡²Õ¤ ¥³Ò³¨, Ê¤¥²Ö¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ¥
¢´¨³ ´¨¥ ¢ ¤¥°¸É¢ÊÕÐ¨Ì ¨ ¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶μ ¸Éμ²±´μ¢¥´¨Ö³
·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· (¸³. [14] ¨ ¸¸Ò²±¨ ¢ ´¥°).

„²Ö ¶μÖ¸´¥´¨Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ Ê¤μ¡´μ ¶μ²Ó§μ¢ ÉÓ¸Ö ¶·μ¸Éμ°
£¥μ³¥É·¨Î¥¸±μ° ¸Ì¥³μ°, ¶μ± § ´´μ° ´  ·¨¸. 1. ‘É¥¶¥´Ó Í¥´É· ²Ó´μ¸É¨ μ¶·¥-
¤¥²Ö¥É¸Ö ³μ¤Ê²¥³ ¤¢Ê³¥·´μ£μ ¢¥±Éμ·  �b, ±μÉμ·Ò° ´ §Ò¢ ¥É¸Ö ¶·¨Í¥²Ó´Ò³
¶ · ³¥É·μ³ ¨ ¸μ¥¤¨´Ö¥É ¶·μ¥±Í¨¨ Í¥´É·μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ´  ¶²μ¸-
±μ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ μ¸¨ ¸Éμ²±´μ¢¥´¨°. ‡´ Ö ¶·¨Í¥²Ó´Ò° ¶ · ³¥É· b,
³μ¦´μ ¢ · ³± Ì ³μ¤¥²¥°, μ¶¨¸Ò¢ ÕÐ¨Ì ´ Î ²Ó´ÊÕ ¸É ¤¨Õ ¸Éμ²±´μ¢¥´¨°,
¢ÒÎ¨¸²¨ÉÓ ¢¥²¨Î¨´Ò, É· ¤¨Í¨μ´´μ ¨¸¶μ²Ó§ÊÕÐ¨¥¸Ö ¤²Ö μ¶¨¸ ´¨Ö £¥μ³¥É·¨-
Î¥¸±¨Ì ¸¢μ°¸É¢ ´ Î ²Ó´μ° ¸É ¤¨¨ ·¥ ±Í¨¨, É ±¨Ì ± ± (¸³. [15] ¨ ¸¸Ò²±¨ ¢
´¥°):

• Npart Å Î¨¸²μ ´Ê±²μ´μ¢-ÊÎ ¸É´¨±μ¢, É. ¥. Î¨¸²μ ´Ê±²μ´μ¢, ¨¸¶ÒÉ ¢Ï¨Ì
ÌμÉÖ ¡Ò μ¤´μ ¸Éμ²±´μ¢¥´¨¥;

• Ncoll Å Î¨¸²μ ¶ ·´ÒÌ ¸Éμ²±´μ¢¥´¨°;
• Ns Å Î¨¸²μ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, É. ¥. Î¨¸²μ ´Ê±²μ´μ¢, ´¥ ¨¸¶ÒÉ ¢-

Ï¨Ì ´¨ μ¤´μ£μ ¸Éμ²±´μ¢¥´¨Ö.
‚ ¡μ²ÓÏ¨´¸É¢¥ £¥´¥· Éμ·μ¢, ¨¸¶μ²Ó§ÊÕÐ¨Ì¸Ö ¤²Ö μ¶¨¸ ´¨Ö ¸Éμ²±´μ¢¥-

´¨Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· (´ ¶·¨³¥· HIJING [16], VENUS [17], RQMD [18],
UrQMD [19] ¨ ¤·.), ¸¢Ö§Ó ³¥¦¤Ê ¶·¨Í¥²Ó´Ò³ ¶ · ³¥É·μ³ ¨ ¶¥·¥Î¨¸²¥´´Ò³¨
¢ÒÏ¥ ¢¥²¨Î¨´ ³¨ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢ · ³± Ì £² Ê¡¥·μ¢¸±μ£μ ¶·¨¡²¨¦¥´¨Ö (¶μ-
¤·μ¡´μ¥ μ¡¸Ê¦¤¥´¨¥ ¨ ¸¸Ò²±¨ ¸³. ¢ [15]).
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�·¨ ±² ¸¸¨Ë¨± Í¨¨ ¸μ¡ÒÉ¨° ¶μ Í¥´É· ²Ó´μ¸É¨ Ê± §Ò¢ ÕÉ ²¨¡μ ¨´É¥·-
¢ ² ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢ [bmin, bmax] Ë³, ²¨¡μ ¤μ²Õ μÉ ¶μ²´μ£μ £¥μ³¥-
É·¨Î¥¸±μ£μ ¸¥Î¥´¨Ö, ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ ¢Ò¡· ´´μ³Ê ¨´É¥·¢ ²Ê [(bmin/(2RA))2,
(bmax/(2RA))2] %, £¤¥ RA Å · ¤¨Ê¸ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·, ±μÉμ·Ò¥ ¢ ÔÉμ³
¶·¨³¥·¥ ¸Î¨É ÕÉ¸Ö μ¤¨´ ±μ¢Ò³¨. ˆ´μ£¤  ¤²Ö ±² ¸¸¨Ë¨± Í¨¨ Í¥´É· ²Ó´μ-
¸É¨ ¨¸¶μ²Ó§ÊÕÉ ¸·¥¤´¥¥ Î¨¸²μ ´Ê±²μ´μ¢-ÊÎ ¸É´¨±μ¢ Npart ¤²Ö ¤ ´´μ£μ ¨´-
É¥·¢ ²  ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢. ‘¢Ö§Ó ÔÉ¨Ì ±² ¸¸¨Ë¨± Í¨° μ¡¸Ê¦¤ ¥É¸Ö ¢
· ¡μÉ¥ [20]. ‡¤¥¸Ó ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ±² ¸¸¨Ë¨± Í¨Ö ¶μ ¨´É¥·¢ ²Ê ¶·¨-
Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢.

�μ¸±μ²Ó±Ê ¶·¨Í¥²Ó´Ò° ¶ · ³¥É· (± ± ¨ Î¨¸²μ Npart) ´¥ Ö¢²Ö¥É¸Ö ¨§³¥·Ö-
¥³μ° ¢¥²¨Î¨´μ°, Éμ μ¸É ´μ¢¨³¸Ö ±· É±μ ´  ´ ¡²Õ¤ ¥³ÒÌ, ±μÉμ·Ò¥ É· ¤¨Í¨-
μ´´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨. — Ð¥ ¢¸¥£μ ¶·¨³¥´ÖÕÉ
¤¢  ¶μ¤Ìμ¤ , ¸³Ò¸² ±μÉμ·ÒÌ ¶μ´ÖÉ¥´ ¨§ ·¨¸. 1. ‚ ¶¥·¢μ³ Í¥´É· ²Ó´μ¸ÉÓ
μ¶·¥¤¥²Ö¥É¸Ö ¶μ Ô´¥·£¨¨, Ê´μ¸¨³μ° Ë· £³¥´É ³¨. �·¨ ÔÉμ³ ¸ÊÐ¥¸É¢ÊÕÉ ¢¥-
¸±¨¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥  ·£Ê³¥´ÉÒ ¢ ¶μ²Ó§Ê Éμ£μ, ÎÉμ Í¥´É· ²Ó´μ¸ÉÓ ¤μ²¦´ 
μ¶·¥¤¥²ÖÉÓ¸Ö ¨³¥´´μ ¶μ Ô´¥·£¨¨ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢,   ´¥ ¶μ ¨Ì Î¨¸²Ê
(¸³. · §¤. 1). �Î¥¢¨¤´μ, ÎÉμ ¶·¨ ¶¥·¥Ìμ¤¥ μÉ ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¸Éμ²±´μ¢¥´¨°
± Í¥´É· ²Ó´Ò³ · ¸É¥É ± ± Î¨¸²μ ´Ê±²μ´μ¢-ÊÎ ¸É´¨±μ¢, É ± ¨ Î¨¸²μ ¶ ·´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨°. 
Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¨¸¶μ²Ó§Ê¥É¸Ö ¢μ ¢Éμ·μ³ ¶μ¤Ìμ¤¥, ¢ ±μÉμ-
·μ³ Í¥´É· ²Ó´μ¸ÉÓ μ¶·¥¤¥²Ö¥É¸Ö ¶μ Î¨¸²Ê Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ¢ μ¡² ¸É¨, ´¥
¶·¨´ ¤²¥¦ Ð¥° μ¡² ¸ÉÖ³ Ë· £³¥´É Í¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·.

‚ ± Î¥¸É¢¥ ¶·¨³¥·μ¢ ¶¥·¥Î¨¸²¨³ ¸¶μ¸μ¡Ò μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨,
±μÉμ·Ò¥ ¨¸¶μ²Ó§μ¢ ´Ò ¢ ´¥±μÉμ·ÒÌ Ô±¸¶¥·¨³¥´É Ì:

• ¢ Ô±¸¶¥·¨³¥´É¥ NA49 (SPS, CERN) ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ ¨¸-
¶μ²Ó§μ¢ ²¸Ö ± ²μ·¨³¥É· ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³ (É ± ´ §Ò¢ ¥³Ò° ¢¥Éμ-± ²μ·¨³¥É·
VCAL) [21], ¨§³¥·Ö¢Ï¨° Ô´¥·£¨Õ ¸¶¥±É Éμ·μ¢;

• ¢ Ô±¸¶¥·¨³¥´É¥ STAR (RHIC, BNL) Í¥´É· ²Ó´μ¸ÉÓ μ¶·¥¤¥²Ö¥É¸Ö ¶μ
³´μ¦¥¸É¢¥´´μ¸É¨ ·μ¦¤¥´´ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í (Î¨¸²μ É·¥±μ¢ ¢ TPC) ¢ ¨´-
É¥·¢ ²¥ ¡Ò¸É·μÉ |Y | � 1 (§ ³¥É¨³, ÎÉμ ¶·¨ ¶μ²´μ° Ô´¥·£¨¨ RHIC ¶ÊÎ±μ¢Ò¥
Î ¸É¨ÍÒ ¨³¥ÕÉ ¡Ò¸É·μÉÒ Ybeam ≈ 5,4) [22];

• ¢ Ô±¸¶¥·¨³¥´É¥ PHENIX (RHIC, BNL) ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ-
¸É¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö μ¡  ¶¥·¥Î¨¸²¥´´ÒÌ ±·¨É¥·¨Ö. � ¨³¥´´μ, Í¥´É· ²Ó´μ¸ÉÓ
μ¶·¥¤¥²Ö¥É¸Ö ¶·¨ ´ ²μ¦¥´¨¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ê¸²μ¢¨° ´  ¤¢Ê³¥·´μ¥ · ¸¶·¥-
¤¥²¥´¨¥ ¶μ ³´μ¦¥¸É¢¥´´μ¸É¨ Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ¢ ¨´É¥·¢ ²¥ ¶¸¥¢¤μ¡Ò¸É·μÉ
3,1 < |η| < 3,9, ¨ ¶μ Ô´¥·£¨¨, μ¸É ¢²¥´´μ° ´¥°É·μ´ ³¨-¸¶¥±É Éμ· ³¨ ¢ ± ²μ-
·¨³¥É· Ì ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³ [10].

‚ ¤ ´´μ° · ¡μÉ¥  ´ ²¨§¨·ÊÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ-
¸É¨ ´  Ê¸É ´μ¢±¥ MPD@NICA. „²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ê¸É ´μ¢±¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó
£¥μ³¥É·¨Ö Í¥´É· ²Ó´μ£μ ¤¥É¥±Éμ·  MPD, ¶·¥¤²μ¦¥´´ Ö ¢ Conceptual Design
Report (CDR) (¸³. [23]). ‚´¥Ï´¨° ¢¨¤ Í¥´É· ²Ó´μ° Î ¸É¨ ¤¥É¥±Éμ·  ¶μ± § ´
´  ·¨¸. 2.
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�¨¸. 2. ‚´¥Ï´¨° ¢¨¤ ¤¥É¥±Éμ·  MPD. „²Ö ¤ ²Ó´¥°Ï¥£μ ¨§²μ¦¥´¨Ö ¸ÊÐ¥¸É¢¥´´Ò ¸²¥¤Ê-
ÕÐ¨¥ ¤¥É¥±Éμ·´Ò¥ ¶μ¤¸¨¸É¥³Ò: TPC Å ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  (Time-Projection
Chamber), ZDC Å ± ²μ·¨³¥É· ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³ (Zero Degree Calorimeter). �¨¸Ê´μ±
¢§ÖÉ ¨§ CDR (¸³. [23])

1. ��ˆ�–ˆ� ˆ “‘‹�‚ˆŸ ����’› ZDC@MPD

‚ ¤ ´´μ³ · §¤¥²¥ ¶·¨¢¥¤¥´Ò μÍ¥´±¨, ±μÉμ·Ò¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¶·¨ ¢Ò¡μ·¥
±μ´¸É·Ê±Í¨¨ ± ²μ·¨³¥É· . 
É¨ μÍ¥´±¨ É ±¦¥ ¶μ§¢μ²ÖÕÉ ´  ± Î¥¸É¢¥´´μ³
Ê·μ¢´¥ ¶μ´ÖÉÓ ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö, ±μÉμ·Ò¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¢ ¸²¥¤ÊÕÐ¨Ì
· §¤¥² Ì.

Š ± Ê¦¥ μÉ³¥Î ²μ¸Ó, ¶·¨´Í¨¶ · ¡μÉÒ ± ²μ·¨³¥É·μ¢ ¶μ¤ ´Ê²¥¢Ò³ Ê£²μ³
ZDC μ¶¨· ¥É¸Ö ´  ¶·μ¸ÉÊÕ £¥μ³¥É·¨Î¥¸±ÊÕ ¸Ì¥³Ê Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥-
´¨°, ¶μ± § ´´ÊÕ ´  ·¨¸. 1. 	Ê±²μ´Ò, ´¥ ¶μ¶ ¤ ÕÐ¨¥ ¢ μ¡² ¸ÉÓ ¶¥·¥¸¥Î¥´¨Ö
Ö¤¥·, ´¥ ÊÎ ¸É¢ÊÕÉ ¢ ¸Éμ²±´μ¢¥´¨¨ ¨ ´ §Ò¢ ÕÉ¸Ö ´Ê±²μ´ ³¨-¸¶¥±É Éμ· ³¨.

É¨ ´Ê±²μ´Ò ¤¢¨¦ÊÉ¸Ö ¢ ´ ¶· ¢²¥´¨¨, ¡²¨§±μ³ ± ´ ¶· ¢²¥´¨Õ ¶¥·¢¨Î´μ£μ
¶ÊÎ± . — ¸ÉÓ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¶μ¶ ¤ ¥É ¢ ZDC. �·¨ Ê¢¥²¨Î¥´¨¨ ¶·¨-
Í¥²Ó´μ£μ ¶ · ³¥É·  Î¨¸²μ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ · ¸É¥É, ¨, ¸²¥¤μ¢ É¥²Ó´μ,
· ¸É¥É Ê´μ¸¨³ Ö ¨³¨ Ô´¥·£¨Ö. �·¨ · ¸¸³μÉ·¥´¨¨ É ±μ° £¥μ³¥É·¨Î¥¸±μ° ± ·-
É¨´Ò ´¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ¸²¥¤ÊÕÐ¨¥ μ¡¸ÉμÖÉ¥²Ó¸É¢ .

1. 	Ê±²μ´Ò ¤¢¨¦ÊÉ¸Ö ¢´ÊÉ·¨ Ö¤· , É. ¥. ¨³¥ÕÉ Ë¥·³¨-¨³¶Ê²Ó¸. 
Éμ ¶·¨-
¢μ¤¨É ± Éμ³Ê, ÎÉμ Î ¸É¨ÍÒ ¨§ ¸¶¥±É Éμ·´μ° μ¡² ¸É¨ ¨³¥ÕÉ · §¡·μ¸ ¶μ ¨³-
¶Ê²Ó¸Ê ¨ Ê£²Ê ¢Ò²¥É . ’ ±μ° · §¡·μ¸ ¸¶¥±É Éμ·μ¢ ¶μ Ê£² ³ ´¥μ¡Ìμ¤¨³μ ÊÎ¨-
ÉÒ¢ ÉÓ ¶·¨ ¢Ò¡μ·¥ £¥μ³¥É·¨¨ ZDC.
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2. — ¸ÉÓ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ·μ¦¤ ¥É¸Ö ¸¢Ö§ ´´Ò³¨ ¢ Ö¤¥·´Ò¥ Ë· £-
³¥´ÉÒ. 
±¸¶¥·¨³¥´É ²Ó´μ ÔÉμÉ ¢μ¶·μ¸ ¶μ¤·μ¡´μ ¨¸¸²¥¤μ¢ ²¸Ö ¢ · ¡μÉ¥ [24],
¨§ ±μÉμ·μ° ¸²¥¤Ê¥É, ÎÉμ Ô´¥·£¨Ö, Ê´μ¸¨³ Ö ¸¢μ¡μ¤´Ò³¨ (´¥ ¸¢Ö§ ´´Ò³¨ ¢ Ö¤¥·-
´Ò¥ Ë· £³¥´ÉÒ) ´Ê±²μ´ ³¨-¸¶¥±É Éμ· ³¨, ´¥ Ö¢²Ö¥É¸Ö ³μ´μÉμ´´μ° ËÊ´±Í¨¥°
¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  (¸³. ·¨¸. 3). 
Éμ μ§´ Î ¥É, ÎÉμ ZDC ¤²Ö ¤ ´´μ£μ ¤¥-
É¥±Éμ·  ¤μ²¦¥´ ¡ÒÉÓ ¸¶·μ¥±É¨·μ¢ ´ É ±, ÎÉμ¡Ò ¢ ´¥£μ ¶μ¶ ¤ ²¨ ´¥ Éμ²Ó±μ
´Ê±²μ´Ò-¸¶¥±É Éμ·Ò (¶·μÉμ´Ò ¨ ´¥°É·μ´Ò), ´μ ¨ Ö¤· -¸¶¥±É Éμ·Ò. 	 ¶·¨-
³¥·, ¢ Ô±¸¶¥·¨³¥´É Ì ´  RHIC [25,26] ZDC ·¥£¨¸É·¨·ÊÕÉ Éμ²Ó±μ ´¥°É·μ´Ò-
¸¶¥±É Éμ·Ò. ‘²¥¤¸É¢¨¥³ ´¥³μ´μÉμ´´μ° § ¢¨¸¨³μ¸É¨ Î¨¸²  ´¥°É·μ´μ¢-¸¶¥±É -
Éμ·μ¢ μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ´¨ μ¤¨´ ¨§ Ô±¸¶¥·¨³¥´Éμ¢
´  RHIC ´¥ ¨¸¶μ²Ó§Ê¥É ZDC ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨. ‚ ²ÊÎÏ¥³ ¸²Ê-
Î ¥ ¤²Ö ÔÉ¨Ì Í¥²¥° ¨¸¶μ²Ó§Ê¥É¸Ö ZDC ¢ ±μ³¡¨´ Í¨¨ ¸ ¤·Ê£¨³¨ ¤¥É¥±Éμ· ³¨,
´ ¶·¨³¥· ´  PHENIX (¸³. [27]).

�¨¸. 3. 
´¥·£¨Ö, Ê´μ¸¨³ Ö · §²¨Î´Ò³¨ ¢¨¤ ³¨ ¸¶¥±É Éμ·μ¢ (´¥°É·μ´ ³¨, ¶·μÉμ´ ³¨ ¨
Ö¤¥·´Ò³¨ Ë· £³¥´É ³¨), ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  (¢¥·Ì´ÖÖ Ï± ² ) ¨
μÉ Ô´¥·£¨¨ (´¨¦´ÖÖ Ï± ² ), ¨§³¥·¥´´μ° ±μ²ÓÍ¥¢Ò³ ± ²μ·¨³¥É·μ³ (Ring Calorimeter).
�¨¸Ê´μ± ¢§ÖÉ ¨§ · ¡μÉÒ [24]. „ ´´Ò¥ ¶μ²ÊÎ¥´Ò ±μ²² ¡μ· Í¨¥° NA49 ¤²Ö Ë¨±¸¨·μ¢ ´-
´μ° ³¨Ï¥´¨ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ Pb+Pb ¶·¨ Ô´¥·£¨¨ 158 ƒÔ‚/´Ê±²μ´ (

√
SNN = 17,3 ƒÔ‚).

Šμ²ÓÍ¥¢μ° ± ²μ·¨³¥É· ¨§³¥·Ö¥É Ô´¥·£¨Õ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ¢ μ¡² ¸É¨ ¡Ò¸É·μÉ
0,29 < y < 2 (¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸)
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�¨¸. 4. ”·μ´É ²Ó´Ò° ¢¨¤ ZDC. � §-
³¥· ³ ²¥´Ó±μ° ÖÎ¥°±¨ ¸μ¸É ¢²Ö¥É 50 ×
50 ³³

�·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¤²Ö ± ¦¤μ£μ
¨§ ¤¢ÊÌ (· ¸¶μ²μ¦¥´´ÒÌ ¶μ μ¡¥ ¸Éμ-
·μ´Ò μÉ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö) ¨¤¥´-
É¨Î´ÒÌ ZDC-± ²μ·¨³¥É·μ¢ ¨¸¶μ²Ó§μ-
¢ ² ¸Ó ¸²¥¤ÊÕÐ Ö £¥μ³¥É·¨Ö:

• · ¸¸ÉμÖ´¨¥ μÉ ÉμÎ±¨ ¶¥·¥¸¥Î¥´¨Ö
¶ÊÎ±μ¢ (Í¥´É·  MPD ¶μ μ¸¨ ¶ÊÎ±μ¢ Z)
LZ(ZDC) = 2870 ³³;

• Ë·μ´É ²Ó´ Ö ¸É·Ê±ÉÊ· , ¶μ± § ´-
´ Ö ´  ·¨¸. 4, ¶μ¶¥·¥Î´Ò° · §³¥· ³μ-
¤Ê²Ö 50 × 50 ³³;

• ¶·μ¤μ²Ó´ Ö ¸É·Ê±ÉÊ·  ± ²μ·¨-
³¥É·  ¢ ¢¨¤¥ 60 Î¥·¥¤ÊÕÐ¨Ì¸Ö ¸²μ¥¢
¸¢¨´Í  (16 ³³) ¨ ¸Í¨´É¨²²ÖÉμ· 
(4 ³³). ’ ±¨³ μ¡· §μ³, ¶·μ¤μ²Ó´ Ö
¸É·Ê±ÉÊ·  ³μ¤Ê²Ö ± ²μ·¨³¥É·  ¸μμÉ-
¢¥É¸É¢Ê¥É º4 ¨§ É ¡². 1.

	  ¤ ´´μ³ ÔÉ ¶¥ ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó
Éμ´±¨¥ ±μ´¸É·Ê±É¨¢´Ò¥ μ¸μ¡¥´´μ¸É¨

ZDC, É ±¨¥ ± ± ´ ²¨Î¨¥ ¶·μ¸É· ´¸É¢  ¤²Ö ¸¢¥Éμ¢μ¤μ¢, ÔËË¥±É¨¢´μ¸ÉÓ ¸¢¥-
Éμ¸¡μ·  ¨ É. ¤. 
É¨ ¤¥É ²¨ ±μ´¸É·Ê±Í¨¨ ¨³¥¥É ¸³Ò¸² ÊÎ¨ÉÒ¢ ÉÓ ¶μ¸²¥ ¶·μ¢¥-
¤¥´¨Ö É¥¸Éμ¢ÒÌ ¨§³¥·¥´¨° ´  ¶ÊÎ±¥, ±μÉμ·Ò¥ ¶μ§¢μ²ÖÉ μ±μ´Î É¥²Ó´μ § Ë¨±-
¸¨·μ¢ ÉÓ ¢¸¥ ±μ´¸É·Ê±É¨¢´Ò¥ ·¥Ï¥´¨Ö ¤²Ö ZDC ¨ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¢´¥¸É¨
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ Ô³¶¨·¨Î¥¸±¨¥ ¶μ¶· ¢±¨.

� ¸¸³μÉ·¨³ ¢²¨Ö´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ´  ¤¢¨¦¥´¨¥ ¸¶¥±É Éμ·μ¢. �·¨ ÔÉμ³
¡Ê¤¥³ ¶μ²Ó§μ¢ ÉÓ¸Ö ¸¨¸É¥³μ° ±μμ·¤¨´ É, μ¸Ó Z ±μÉμ·μ° ´ ¶· ¢²¥´  ¶μ μ¸¨
¶ÊÎ± ,   ¶²μ¸±μ¸ÉÓ (X , Y ) ¶¥·¶¥´¤¨±Ê²Ö·´  ± ÔÉμ° μ¸¨, μ¸Ó Y ´ ¶· ¢²¥´ 
¢¢¥·Ì. ‘μ£² ¸´μ ¶·μ¥±ÉÊ [23], ³ £´¨É´μ¥ ¶μ²¥ ¢ MPD ¶μ¸ÉμÖ´´μ ¨ ´ ¶· ¢²¥´μ
¢¤μ²Ó μ¸¨ ¶ÊÎ±  (É. ¥. ¢¤μ²Ó μ¸¨ Z). ‚ É ±μ³ ¶μ²¥ Î ¸É¨Í  ¤¢¨¦¥É¸Ö ¶μ

’ ¡²¨Í  1. �·μ¤μ²Ó´ Ö ¸É·Ê±ÉÊ·  · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ³μ¤Ê²¥° ± ²μ·¨³¥É· , ¤²Ö
±μÉμ·ÒÌ ¶·μ¢μ¤¨²μ¸Ó ¸· ¢´¨É¥²Ó´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö

	μ³¥· ‘É·Ê±ÉÊ·  —¨¸²μ �μ¶¥·¥Î´Ò° �μ¢¥·Ì´μ¸É´ Ö �μ²´ Ö „²¨´ 
³μ¤Ê²Ö ¸²μÖ ¸²μ¥¢, · §³¥·, ¶²μÉ´μ¸ÉÓ, ¤²¨´  L/λint

¶μ ¶ÊÎ±Ê, ³³ ÏÉ. ³³ £/¸³2 L, ³³

1 20 Fe + 5 sci 40 400 × 400 649,6 1000 5

2 20 Pb + 5 sci 40 400 × 400 928 1000 4,9

3 10 Pb + 2,5 sci 80 400 × 400 928 1000 4,9

4 16 Pb + 4 sci 60 400 × 400 1113,6 1200 5,9

5 5 W + 5 sci 120 400 × 400 1218 1200 7
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É· ¥±Éμ·¨¨, Ö¢²ÖÕÐ¥°¸Ö ¢¨´Éμ¢μ° ²¨´¨¥°:

x =
pT A

0,3QB
sin

(
0,3QBz

pzA

)
,

y =
pT A

0,3QB

[
cos

(
0,3QBz

pzA

)
− 1

]
,

(1)

£¤¥ Q Å § ·Ö¤ ¸¶¥±É Éμ·  ¢ ¥¤¨´¨Í Ì Ô²¥³¥´É ·´μ£μ § ·Ö¤ ; A Å  Éμ³´ Ö
³ ¸¸  ¸¶¥±É Éμ·  ¢ ¥¤¨´¨Í Ì ³ ¸¸ ´Ê±²μ´ ; pT ¨ pz Å ¶μ¶¥·¥Î´Ò° ¨ ¶·μ-
¤μ²Ó´Ò° ¨³¶Ê²Ó¸Ò ´  ´Ê±²μ´ ¤²Ö Î ¸É¨ÍÒ-¸¶¥±É Éμ·  (¢ ƒÔ‚/(A · c)); B Å
³ £´¨É´μ¥ ¶μ²¥ ¢ É¥¸² Ì,   · ¸¸ÉμÖ´¨Ö x, y, z ¨§³¥·ÖÕÉ¸Ö ¢ ³¥É· Ì. ˆ§ ÔÉμ£μ
Ê· ¢´¥´¨Ö ¸²¥¤Ê¥É, ÎÉμ · ¸¸ÉμÖ´¨¥ ρ μÉ μ¸¨ ¶ÊÎ± 

ρ(B, z) =
√

x2 + y2 =
pT A

0,3QB

√
2

(
1 − cos

(
0,3QBz

pzA

))
. (2)

ˆ´¤Ê±Í¨Ö ³ £´¨É´μ£μ ¶μ²Ö B ¢ MPD ¶·¥¤¶μ² £ ¥É¸Ö < 1 ’², ¶μ¶¥·¥Î´Ò°
¨³¶Ê²Ó¸ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ pT � 0,3 ƒÔ‚/c,   ¶·μ¤μ²Ó´Ò° pz ≈ pbeam

(pbeam Å ¨³¶Ê²Ó¸ ´  ´Ê±²μ´ ¢ μ¤´μ³ ¨§ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·). „²Ö Ô´¥·£¨°
NICA  ·£Ê³¥´É ±μ¸¨´Ê¸  ¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö ZDC (z = 2,8 ³) μ± §Ò¢ ¥É¸Ö
³ ²Ò³ ¤ ¦¥ ¤²Ö ¶·μÉμ´μ¢-¸¶¥±É Éμ·μ¢ (¤²Ö Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢
μ´ ³¥´ÓÏ¥ ´  Ë ±Éμ· Q/A < 1). ’ ±, ¤²Ö B = 1 ’² ¨ pbeam = 3 ƒÔ‚/c ¨³¥¥³

0,3QBz

pzA
= 0,3, (3)

¨ Ê· ¢´¥´¨¥ (2) ¶·¨´¨³ ¥É ¢¨¤

ρ(B, z) =
pT

pz
z. (4)


Éμ μ§´ Î ¥É, ÎÉμ ³ £´¨É´μ¥ ¶μ²¥ MPD ´¥ ¨§³¥´Ö¥É ¶μ²Ö·´Ò° Ê£μ² ¸¶¥±É -
Éμ·μ¢ ¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö ZDC. …¤¨´¸É¢¥´´μ¥ μÉ²¨Î¨¥ μÉ ¸²ÊÎ Ö ´Ê²¥¢μ£μ
³ £´¨É´μ£μ ¶μ²Ö ¸¢μ¤¨É¸Ö ± ¶μ¢μ·μÉÊ É· ¥±Éμ·¨¨ ¢ ¶²μ¸±μ¸É¨ (X , Y ). 
Éμ
¶·¨¢μ¤¨É ± ´¥¡μ²ÓÏμ³Ê ¨§³¥´¥´¨Õ  §¨³ÊÉ ²Ó´μ£μ Ê£²  ¸¶¥±É Éμ·μ¢ ´  ¢Ìμ¤¥
¢ ZDC ¶μ ¸· ¢´¥´¨Õ c  §¨³ÊÉ ²Ó´Ò³ Ê£²μ³ ¢ ÉμÎ±¥ ·μ¦¤¥´¨Ö:

Δφ =
0,3QBz

2pzA
� 0,1 ≈ 6◦. (5)

ˆ§ ÔÉ¨Ì μÍ¥´μ± ¸²¥¤Ê¥É, ÎÉμ ³ £´¨É´μ¥ ¶μ²¥ ´¥ ¢²¨Ö¥É ´  £¥μ³¥É·¨Î¥-
¸±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ § ·Ö¦¥´´ÒÌ Ë· £³¥´Éμ¢ ¢ ZDC, É. ¥. ¶·¨
± Î¥¸É¢¥´´ÒÌ μÍ¥´± Ì ³ £´¨É´μ¥ ¶μ²¥,   ¸²¥¤μ¢ É¥²Ó´μ, ¨ ¸²μ¦´Ò° ¢¨¤ É· -
¥±Éμ·¨¨ ¸¶¥±É Éμ·μ¢ ³μ¦´μ ´¥ ¶·¨´¨³ ÉÓ ¢μ ¢´¨³ ´¨¥.
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�¶¨· Ö¸Ó ´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ¨§ÊÎ¥´¨Õ § ¢¨¸¨³μ¸É¨ Î¨¸² 
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  [24], ¶μ± § ´´Ò¥ ´  ·¨¸. 3,
μÍ¥´¨³ ´¥μ¡Ìμ¤¨³μ¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ZDC. ‘μ£² ¸´μ [24] ¶·¨
´ ¨¡μ²¥¥ Í¥´É· ²Ó´ÒÌ Pb+Pb-¸Éμ²±´μ¢¥´¨ÖÌ (b � 2,1 ± 0,9 Ë³) ·μ¦¤ ¥É¸Ö
¢ ¸·¥¤´¥³ 18 ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢. …¸²¨ ÊÎ¥¸ÉÓ · §´¨ÍÊ ¢ Î¨¸²¥ ´Ê±²μ´μ¢
¢ Ö¤· Ì Au ¨ Pb, Éμ ¤²Ö Í¥´É· ²Ó´ÒÌ Au+Au-¸Éμ²±´μ¢¥´¨° ¸²¥¤Ê¥É μ¦¨¤ ÉÓ
¨¸¶Ê¸± ´¨Ö 17 ´Ê±²μ´μ¢. �¤´ ±μ ¨§-§  ±μ´¥Î´ÒÌ · §³¥·μ¢ ZDC ¨ ´ ²¨Î¨Ö
μÉ¢¥·¸É¨Ö ¤²Ö ¶·μ¶Ê¸± ´¨Ö ¶¥·¢¨Î´ÒÌ ¶ÊÎ±μ¢ ¡Ê¤ÊÉ ·¥£¨¸É·¨·μ¢ ÉÓ¸Ö ´¥ ¢¸¥
´Ê±²μ´Ò-¸¶¥±É Éμ·Ò.

„²Ö μÍ¥´±¨ Î¨¸²  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ¶μ¶ ¢Ï¨Ì ¢ ZDC, ¢¢¥¤¥³ £¥μ³¥-
É·¨Î¥¸±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ εZDC, ¶μ¤ ±μ-
Éμ·μ° ¡Ê¤¥³ ¶μ´¨³ ÉÓ μÉ´μÏ¥´¨¥ Î¨¸²  § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ZDC ´Ê±²μ´μ¢-
¸¶¥±É Éμ·μ¢ Ns,ZDC ± ¶μ²´μ³Ê Î¨¸²Ê ¨¸¶ÊÐ¥´´ÒÌ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ Ns

(´Ê±²μ´ ³¨-¸¶¥±É Éμ· ³¨ ¸Î¨É ¥³ ´Ê±²μ´Ò ¸ ¨³¶Ê²Ó¸μ³ ps < 0,3 ƒÔ‚/c ¢
¸¨¸É¥³¥ ¶μ±μÖ Ë· £³¥´É¨·ÊÕÐ¥£μ Ö¤· ):

εZDC =
Ns,ZDC

Ns
. (6)

�¶·¥¤¥²¥´´ Ö É ±¨³ μ¡· §μ³ £¥μ³¥É·¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ § ¢¨¸¨É μÉ
¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . ‚ ¶·¨¢¥¤¥´´ÒÌ ´¨¦¥ μÍ¥´± Ì ¡Ê¤¥³ ¨³¥ÉÓ ¢ ¢¨¤Ê
£¥μ³¥É·¨Î¥¸±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¤²Ö Í¥´É· ²Ó´ÒÌ (� 5 %) ¸Éμ²±´μ¢¥´¨°.

‘·¥¤´ÖÖ Ô´¥·£¨Ö ´Ê±²μ´ -¸¶¥±É Éμ·  · ¢´  Ô´¥·£¨¨ ´Ê±²μ´  ¢ μ¤´μ³ ¨§
¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·: Es =

√
SNN/2. �Ê¸ÉÓ ¸·¥¤´¥¥ Î¨¸²μ ¸¶¥±É Éμ·μ¢,

¨¸¶ÊÐ¥´´ÒÌ ¶·¨ ´¥±μÉμ·μ³ ¶·¨Í¥²Ó´μ³ ¶ · ³¥É·¥ ¢ μ¤¨´ ¨§ ZDC, · ¢´μ
Ns, ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¸·¥¤´ÖÖ Ô´¥·£¨Ö ¸¶¥±É Éμ·μ¢, ¶μ¶ ¢Ï¨Ì ¢ μ¡  ZDC,
· ¢´ 

EZDC = 2εZDCEsNs. (7)

”²Ê±ÉÊ Í¨¨ ±μ²¨Î¥¸É¢  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¶·¨¢μ¤ÖÉ ± · §¡·μ¸Ê ¢ Ô´¥·-
£¨¨, ·¥£¨¸É·¨·Ê¥³μ° ¢ μ¡μ¨Ì ZDC, ΔEZDC. �·¥¤¶μ²μ¦¨³, ÎÉμ Î¨¸²μ ¸¶¥±-
É Éμ·μ¢ ¶·¨ Ë¨±¸¨·μ¢ ´´μ³ ¶·¨Í¥²Ó´μ³ ¶ · ³¥É·¥ μ¶¨¸Ò¢ ¥É¸Ö · ¸¶·¥¤¥²¥-
´¨¥³ �Ê ¸¸μ´ . ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¢¥²¨Î¨´  · §¡·μ¸  Ô´¥·£¨¨ §  ¸Î¥É Ë²Ê±ÉÊ -
Í¨° Î¨¸²  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢

ΔEZDC = εZDC

√
2NsEs. (8)

� §¡·μ¸ Ô´¥·£¨¨ ´Ê±²μ´ -¸¶¥±É Éμ·  ¢ ¸¨¸É¥³¥ Í¥´É·  ¨³¶Ê²Ó¸  §  ¸Î¥É
Ë¥·³¨-¤¢¨¦¥´¨Ö

ΔEs,ZDC =
pbeam pF

mN
, (9)

£¤¥ pbeam Å ¨³¶Ê²Ó¸ ´  ´Ê±²μ´ ¢ ¶¥·¢¨Î´μ³ Ö¤·¥; pF � 0,3 ƒÔ‚/c Å Ë¥·³¨-
¨³¶Ê²Ó¸; mN Å ³ ¸¸  ´Ê±²μ´ . 
Éμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ μÉ´μ¸¨É¥²Ó´ Ö
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Ë²Ê±ÉÊ Í¨Ö Ô´¥·£¨¨ ¸¶¥±É Éμ·μ¢ ¢ ZDC

ΔEZDC

EZDC
=

√
1

2Ns
+

(
pbeam pF

EbeammN

)2

. (10)

„²Ö Au+Au-¸Éμ²±´μ¢¥´¨° ¶·¨ Ô´¥·£¨ÖÌ NICA ¨ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· -
Í¨¨ εZDC � 0,4 ¨§ (10) ¶μ²ÊÎ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ μ£· ´¨Î¥´¨Ö ´  μÉ´μ¸¨É¥²Ó´μ¥
Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ZDC:

¶·¨
√

SNN = 3 ƒÔ‚, Ns = 17 · 0,4 = 7

ΔEZDC

EZDC
� 30 %; EZDC = 10 ƒÔ‚; (11)

¶·¨
√

SNN = 11 ƒÔ‚, Ns = 17 · 0,4 = 7

ΔEZDC

EZDC
� 36 %; EZDC = 37 ƒÔ‚. (12)

…¸²¨ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ZDC ²ÊÎÏ¥ ¶·¨¢¥¤¥´´ÒÌ μÍ¥´μ±, Éμ
ÉμÎ´μ¸ÉÓ ¨§¢²¥Î¥´¨Ö ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  μ¶·¥¤¥²Ö¥É¸Ö Ë²Ê±ÉÊ Í¨Ö³¨ Î¨-
¸²  ¸¶¥±É Éμ·μ¢ (8) ¨ Ë¥·³¨-¤¢¨¦¥´¨¥³ ´Ê±²μ´μ¢ ¢ ¶¥·¢¨Î´μ³ Ö¤·¥ (9), É. ¥.
μ£· ´¨Î¥´  ÉμÎ´μ¸ÉÓÕ ³¥Éμ¤ ,   ´¥ ±μ´±·¥É´μ° ·¥ ²¨§ Í¨¥° ZDC.

�¸É ´μ¢¨³¸Ö ´  ¸¶¥Í¨Ë¨±¥ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ± ²μ·¨³¥É·  ¶·¨
¨¸¶μ²Ó§μ¢ ´¨¨ ¥£μ ¢ ± Î¥¸É¢¥ ZDC. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨  ¤·μ´´μ£μ ± ²μ·¨³¥-
É·  ¤²Ö μ¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¤¥É¥±É¨·Ê¥³μ° Î ¸É¨ÍÒ μÉ´μ¸¨É¥²Ó´μ¥ Ô´¥·£¥-
É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  § ¶¨¸Ò¢ ÕÉ ¢ ¢¨¤¥ (¸³., ´ ¶·¨³¥·, [28])

ΔEZDC

EZDC
=

β√
E

+ γ. (13)

„²Ö ´Ê±²μ´μ¢ E μ§´ Î ¥É ±¨´¥É¨Î¥¸±ÊÕ Ô´¥·£¨Õ. 	Ê±²μ´Ò, ·¥£¨¸É·¨·Ê-
¥³Ò¥ ZDC, ¥¸ÉÓ ´Ê±²μ´Ò-¸¶¥±É Éμ·Ò, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¨³¥¥É Ô´¥·£¨Õ,
¡²¨§±ÊÕ ± Ô´¥·£¨¨ ´  ´Ê±²μ´ ¢ ¶¥·¢¨Î´ÒÌ Ö¤· Ì. ‚ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¶μ-
¸ÉμÖ´´Ò° Î²¥´ γ ¤μ²¦¥´ ¡ÒÉÓ ³ ², ¸É·μ£μ £μ¢μ·Ö, · ¢¥´ ´Ê²Õ, ¥¸²¨ ¢¸¥
´Ê±²μ´Ò-¸¶¥±É Éμ·Ò ¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ Ô´¥·£¨Õ. „¥°¸É¢¨É¥²Ó´μ, ¢ ¸²ÊÎ ¥,
±μ£¤  ´Ê±²μ´-¸¶¥±É Éμ· ¨³¥¥É Ë¨±¸¨·μ¢ ´´ÊÕ Ô´¥·£¨Õ

EZDC = NZDCEs, (14)

¨³¥¥³ · §¡·μ¸ ¢ Ô´¥·£¨¨

ΔEZDC = σ(EZDC) =
√

NZDCσ(Es), (15)
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£¤¥ Es ¨ EZDC Å Ô´¥·£¨¨ μ¤´μ£μ ´Ê±²μ´ -¸¶¥±É Éμ·  ¨ £·Ê¶¶Ò ¨§ NZDC

´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ¶μ¶ ¢Ï¨Ì ¢ ZDC. ‘μμÉ¢¥É¸É¢¥´´μ, σ(Es) ¨ σ(EZDC) Å
¤¨¸¶¥·¸¨¨ μÉ±²¨±  ZDC ´  μ¤¨´ ´Ê±²μ´-¸¶¥±É Éμ· ¨ ´  £·Ê¶¶Ê ¨§ NZDC

¸¶¥±É Éμ·μ¢, ¶μ¶ ¢Ï¨Ì ¢ ZDC.
ˆ§ ¢Ò· ¦¥´¨° (13)Ä(15) ¸²¥¤Ê¥É, ÎÉμ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ZDC

¨³¥¥É ¢¨¤
ΔEZDC

EZDC
=

σ(EZDC)
EZDC

=
σ(Es)/

√
Es√

EZDC

=
β√
E

, (16)

É. ¥., ± ± ¨ ÊÉ¢¥·¦¤ ²μ¸Ó, ¶μ¸ÉμÖ´´Ò° Î²¥´ ¢ ¢Ò· ¦¥´¨¨ ¤²Ö · §·¥Ï¥´¨Ö
(13) · ¢¥´ ´Ê²Õ. �·¨ ÔÉμ³ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ μ¶·¥¤¥²Ö¥É¸Ö Ô´¥·£¥-
É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ¤²Ö μ¤´μ£μ ´Ê±²μ´ -¸¶¥±É Éμ· . �·¨¢¥¤¥´´Ò¥ ´¨¦¥
·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ÊÎ¥Éμ³ ¢²¨Ö´¨Ö Ë¥·³¨-¤¢¨¦¥´¨Ö ´  Ô´¥·£¨Õ
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¶μ¤É¢¥·¦¤ ÕÉ ¢Ò¢μ¤ μ ³ ²μ° ¢¥²¨Î¨´¥ ¶μ¸ÉμÖ´´μ£μ
Î²¥´  ¢ Ëμ·³Ê²¥ ¤²Ö Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ZDC.

‚¥·´¥³¸Ö ± μÍ¥´±¥ ´¥μ¡Ìμ¤¨³μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö ZDC. „²Ö
ÔÉμ£μ ¸μ£² ¸´μ (7) ´¥μ¡Ìμ¤¨³μ μÍ¥´¨ÉÓ £¥μ³¥É·¨Î¥¸±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ZDC,
¤²Ö Î¥£μ ³Ò ¡Ê¤¥³ ¨¸¶μ²Ó§μ¢ ÉÓ ¸¶¥±É·Ò ¨¸¶ ·¨É¥²Ó´ÒÌ ´Ê±²μ´μ¢. „²Ö ¸·¥¤-
´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤¥· (A � 27) ¸¶¥±É·Ò ¨¸¶ ·¨É¥²Ó´ÒÌ ´Ê±²μ´μ¢ Ìμ·μÏμ  ¶-
¶·μ±¸¨³¨·ÊÕÉ¸Ö Ô±¸¶μ´¥´Í¨ ²Ó´μ° § ¢¨¸¨³μ¸ÉÓÕ μÉ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¢
¸¨¸É¥³¥ ¶μ±μÖ Ë· £³¥´É¨·ÊÕÐ¥£μ Ö¤·  (¸³., ´ ¶·¨³¥·, [29Ä31]):

E
d3σ

dp3
= C exp (−T/T0), (17)

£¤¥ T Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¨¸¶ ·¨É¥²Ó´μ£μ ´Ê±²μ´  ¨ T0 ≈ 10 ŒÔ‚ ¤²Ö
Ö¤¥· ¸ A � 27. �·¨ É ±μ°  ¶¶·μ±¸¨³ Í¨¨ ¤²Ö ¢Ò¡· ´´μ° £¥μ³¥É·¨¨ ZDC ¨
¥£μ ¶μ²μ¦¥´¨Ö μÉ´μ¸¨É¥²Ó´μ ¢¥·Ï¨´Ò ¢§ ¨³μ¤¥°¸É¢¨Ö ¶μ²ÊÎ ¥³ εZDC ≈ 0,5
¤²Ö Ô´¥·£¨° NICA 3 <

√
SNN < 11 ƒÔ‚. �Í¥´±¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨

´¨§±¨Ì Ô´¥·£¨ÖÌ ´Ê±²μ´Ò-¸¶¥±É Éμ·Ò É¥·ÖÕÉ¸Ö §  ¸Î¥É ±μ´¥Î´ÒÌ ¶μ¶¥·¥Î-
´ÒÌ · §³¥·μ¢ ZDC, Éμ£¤  ± ± ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´ÊÕ
·μ²Ó ´ Î¨´ ÕÉ ¨£· ÉÓ ¶μÉ¥·¨ §  ¸Î¥É μÉ¢¥·¸É¨Ö ¤²Ö ¶·μÌμ¦¤¥´¨Ö ¶¥·¢¨Î´μ£μ
¶ÊÎ± . 
Éμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ £¥μ³¥É·¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¢ ZDC μ± §Ò¢ ¥É¸Ö ¸² ¡μ § ¢¨¸ÖÐ¥° μÉ Ô´¥·£¨¨ ¸Éμ²±-
´μ¢¥´¨°. ‚ ¸¨¸É¥³¥ ¶μ±μÖ Ë· £³¥´É¨·ÊÕÐ¥£μ Ö¤·  ¸μ£² ¸´μ £¨¶μÉ¥§¥ ¶·¥-
¤¥²Ó´μ° Ë· £³¥´É Í¨¨ [32], ±μÉμ· Ö ¶μ¤É¢¥·¦¤ ¥É¸Ö ´  Ô±¸¶¥·¨³¥´É¥ (¸³.,
´ ¶·¨³¥·, [33, 34]), ¸¶¥±É·Ò ¨¸¶ ·¨É¥²Ó´ÒÌ ´Ê±²μ´μ¢ ¸² ¡μ § ¢¨¸ÖÉ μÉ ¶¥·-
¢¨Î´μ° Ô´¥·£¨¨. ’ ±¨³ μ¡· §μ³, ¶·¨ ¤ ´´μ³ ¶·¨Í¥²Ó´μ³ ¶ · ³¥É·¥ Î¨¸²μ
´Ê±²μ´μ¢ ¸² ¡μ § ¢¨¸¨É μÉ Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨°. �É³¥É¨³ μ¸μ¡μ, ÎÉμ ÔÉ¨
μÍ¥´±¨ ¶μ²ÊÎ¥´Ò ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μ Éμ³, ÎÉμ ¸¶¥±É Éμ· ³¨ Ö¢²ÖÕÉ¸Ö Éμ²Ó±μ
¨¸¶ ·¨É¥²Ó´Ò¥ ´Ê±²μ´Ò. ‚ ·¥ ²Ó´μ¸É¨ ÔÉμ ´¥ É ± (¸³. [24] ¨ ·¨¸. 3). Œμ¤¥²¨-
·μ¢ ´¨¥ ¸ ·¥ ²¨¸É¨Î¥¸±¨³¨ £¥´¥· Éμ· ³¨ ·μ¦¤¥´¨Ö ¶·μ¢¥¤¥´μ ¢ ¸²¥¤ÊÕÐ¨Ì
· §¤¥² Ì, μ¤´ ±μ ¶·¨ ¢Ò¡μ·¥ ¢μ§³μ¦´μ° ±μ´¸É·Ê±Í¨¨ ZDC ¢ÒÏ¥¶·¨¢¥¤¥´´ÒÌ
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¶·¥¤¶μ²μ¦¥´¨° ¤μ¸É ÉμÎ´μ, É¥³ ¡μ²¥¥ ÎÉμ ¶·¥¤¸É ¢²¥´´Ò¥ ´¨¦¥ ·¥§Ê²ÓÉ ÉÒ
³μ¤¥²¨·μ¢ ´¨Ö ÊÎ¨ÉÒ¢ ÕÉ ·¥ ²Ó´μ¥ · §·¥Ï¥´¨¥.

‘ ÊÎ¥Éμ³ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ¸¶¥±É Éμ·μ¢ ¢ ZDC ¸ εZDC ≈ 0,5,
Î¨¸²  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ¨¸¶ÊÐ¥´´ÒÌ ¢ Í¥´É· ²Ó´μ³ ¸Éμ²±´μ¢¥´¨¨, ¨ ´¥-
μ¡Ìμ¤¨³μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö (11) ¨ (12) ¶μ²ÊÎ ¥³ μ£· ´¨Î¥´¨Ö ´ 
Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶·¨ ·¥£¨¸É· Í¨¨ μ¤´μ£μ ´Ê±²μ´ -¸¶¥±É Éμ·  ¤²Ö
Au+Au-¸Éμ²±´μ¢¥´¨°:

¶·¨
√

SNN = 3 ƒÔ‚
ΔEs

Es
� 180 %, (18)

¶·¨
√

SNN = 11 ƒÔ‚
ΔEs

Es
� 210 %. (19)

„²Ö Ô´¥·£¨° NICA ¸μ£² ¸´μ (13) ¶μ²ÊÎ¨³ β � 150% ƒÔ‚1/2. Š ± ¸²¥¤Ê¥É
¨§ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö (¸³. ´¨¦¥), É ±μ¥ · §·¥Ï¥´¨¥ ¤μ¸É¨£ ¥É¸Ö ¤²Ö
Ï¨·μ±μ£μ ±² ¸¸   ¤·μ´´ÒÌ ± ²μ·¨³¥É·μ¢ É¨¶  ®¸Ô´¤¢¨Î¯. —Éμ ± ¸ ¥É¸Ö · §-
·¥Ï¥´¨Ö ZDC, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´É Ì, Éμ, ´ ¶·¨³¥·, ¤²Ö ¢¥Éμ-
± ²μ·¨³¥É·  VCAL Ô±¸¶¥·¨³¥´É  NA49 ¶ · ³¥É· β = 100% ƒÔ‚1/2 [35].

…¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ZDC ¤²Ö ¢Ò¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ ¶·¨ ¸Éμ²±´μ¢¥-
´¨ÖÌ ¡μ²¥¥ ²¥£±¨Ì Ö¤¥·, Éμ μ£· ´¨Î¥´¨Ö ´  · §·¥Ï¥´¨¥ μ± §Ò¢ ÕÉ¸Ö ¡μ²¥¥
¦¥¸É±¨³¨. ’ ±, ¤²Ö Í¥´É· ²Ó´ÒÌ ¸μ¡ÒÉ¨° (0Ä5 %) ¢ Cu+Cu-¸Éμ²±´μ¢¥´¨ÖÌ
μ£· ´¨Î¥´¨¥ ´  Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥ ¶·¨ ·¥£¨¸É· Í¨¨ μ¤´μ£μ ´Ê±²μ´ -
¸¶¥±É Éμ·  ¨³¥¥É ¢¨¤

¶·¨
√

SNN = 3 ƒÔ‚
ΔEs

Es
� 130 %, (20)

¶·¨
√

SNN = 11 ƒÔ‚
ΔEs

Es
� 150 %. (21)

2. Œ�„…‹ˆ��‚��ˆ… 	�…�ƒ…’ˆ—…‘Š�ƒ� ��‡�…˜…�ˆŸ
�„����›• Š�‹��ˆŒ…’��‚ ’ˆ�� ®‘	�„‚ˆ—¯

‚ ˆ�’…�‚�‹… 	�…�ƒˆ‰ NICA

’¨¶¨Î´ Ö ¤²Ö ±μ²² °¤¥·  NICA Ô´¥·£¨Ö ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ´ Ìμ¤¨É¸Ö
¢ ¨´É¥·¢ ²¥ Es = 1,5Ä5,5 ƒÔ‚. �·¨ É ±¨Ì ´¥¡μ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢ ± ²μ·¨-
³¥É·¥ ´¥ μ¡· §Ê¥É¸Ö · §¢¨Éμ° ² ¢¨´Ò. ’ ±, ¤²Ö Ô´¥·£¨¨ ´¥°É·μ´  4,5 ƒÔ‚
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(
√

SNN = 9 ƒÔ‚) ¢ ± ²μ·¨³¥É·¥, ¢Ò¡· ´´μ³ ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ (± ²μ·¨-
³¥É· º 4 ¨§ É ¡². 1), μ¡· §Ê¥É¸Ö ¢ ¸·¥¤´¥³ ¤¢  ¶¨μ´  ´  μ¤¨´ ¶¥·¢¨Î´Ò°
´Ê±²μ´, ¨§ ±μÉμ·ÒÌ Éμ²Ó±μ μ¤¨´ ¶μ¶ ¤ ¥É ¢ ÎÊ¢¸É¢¨É¥²Ó´ÊÕ μ¡² ¸ÉÓ ¤¥É¥±-
Éμ·  (¸Í¨´É¨²²ÖÉμ·). „²Ö ¸· ¢´¥´¨Ö, ¶·¨ Ô´¥·£¨¨ ´¥°É·μ´  42 ƒÔ‚ (¢¥²¨Î¨´ √

SNN = 9 ƒÔ‚) ´  Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´¨ Î¨¸²μ ¶¨μ´μ¢ ´  μ¤¨´ ¶ ¤ ÕÐ¨°
´Ê±²μ´ · ¢´μ 20 ¶μ ¢¸¥³Ê ± ²μ·¨³¥É·Ê ¨ 15 ¢ ÎÊ¢¸É¢¨É¥²Ó´μ° μ¡² ¸É¨.

�μÔÉμ³Ê ¤²Ö Éμ£μ ÎÉμ¡Ò ¢Ò¡· ÉÓ ¶·μ¤μ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ³ É¥·¨ ² ¶μ-
£²μÉ¨É¥²Ö ¤²Ö ± ²μ·¨³¥É·  ZDC@MPD, ¶·μ¢μ¤¨²μ¸Ó ³μ¤¥²¨·μ¢ ´¨¥ Ô´¥·£¥-
É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö · §²¨Î´ÒÌ É¨¶μ¢ ± ²μ·¨³¥É·μ¢ ¶·¨ Ì · ±É¥·´ÒÌ ¤²Ö
NICA Ô´¥·£¨ÖÌ. —Éμ¡Ò ´¥ · ¸¸³ É·¨¢ ÉÓ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ Ê³¥´ÓÏ¥´¨¥³
¸¨£´ ²  §  ¸Î¥É ¢ÒÌμ¤  ² ¢¨´Ò Î¥·¥§ ¡μ±μ¢ÊÕ £· ´¨ÍÊ ³μ¤Ê²Ö, ¶μ¶¥·¥Î´Ò¥
· §³¥·Ò ¢¸¥Ì ³μ¤Ê²¥° ¢Ò¡¨· ²¨¸Ó 400×400 ³³. ‚ ·¨ ´ÉÒ ¶·μ¤μ²Ó´μ° ¸É·Ê±-
ÉÊ·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

„²Ö ³μ¤¥²¨·μ¢ ´¨Ö ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·μ£· ³³´Ò° ¶ ±¥É GEANT3 [36] (¢¥·-
¸¨Ö 3.21). –¥²ÓÕ ³μ¤¥²¨·μ¢ ´¨Ö ¡Ò²μ ¶μ²ÊÎ¥´¨¥ ¸· ¢´¨É¥²Ó´ÒÌ Ì · ±É¥·¨-
¸É¨± Ô´¥·£¥É¨Î¥¸±μ£μ · §·¥Ï¥´¨Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ZDC@MPD. ‚ ± -
¦¤μ° ¸¥·¨¨ · ¸Î¥Éμ¢ ¶·μÉμ´Ò ¸ Ë¨±¸¨·μ¢ ´´Ò³ ¨³¶Ê²Ó¸μ³ ¶ ¤ ²¨ ¶μ ´μ·-
³ ²¨ ¢ Í¥´É· ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ³μ¤Ê²Ö ± ²μ·¨³¥É· ,   Ô´¥·£¨Ö, μ¸É ¢²¥´-
´ Ö ¢ ± ¦¤μ³ ¨§ ¸²μ¥¢ ¸Í¨´É¨²²ÖÉμ· , ¸Ê³³¨·μ¢ ² ¸Ó. 
É  ¸Ê³³ ·´ Ö Ô´¥·£¨Ö
¸Î¨É ² ¸Ó μÉ±²¨±μ³ ± ²μ·¨³¥É·  ¨ μ¡μ§´ Î ² ¸Ó ± ± ΔEsci. �·¨³¥· μÉ±²¨± 
± ²μ·¨³¥É·  ´  μ¤¨´μÎ´Ò° ´Ê±²μ´ ¶μ± § ´ ´  ·¨¸. 5. „²Ö ± ¦¤μ£μ ¢ ·¨ ´É 
³μ¤Ê²Ö ± ²μ·¨³¥É·  ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò μÉ±²¨±¨ μÉ ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸ ³¨
3, 4 ¨ 5 ƒÔ‚/c, É¨¶¨Î´Ò³¨ ¤²Ö Ô´¥·£¨¨

√
SNN = 9 ƒÔ‚. �¥§Ê²ÓÉ ÉÒ ³μ¤¥-

²¨·μ¢ ´¨Ö ¶μ± § ´Ò ´  ·¨¸. 6. ˆ§ ÔÉμ£μ ·¨¸Ê´±  ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ
· ¸¸³ É·¨¢ ¥³Ò° ¢ ·¨ ´É ± ²μ·¨³¥É·  ´¥ ¶μ§¢μ²Ö¥É ¸ · §Ê³´μ° ÉμÎ´μ¸ÉÓÕ
(´¥¸±μ²Ó±μ ¶·μÍ¥´Éμ¢) · §¤¥²¨ÉÓ ¶·μÉμ´Ò ¸ ¨³¶Ê²Ó¸ ³¨ 3 ¨ 5 ƒÔ‚/c. ‚μ§³μ¦-
´μ¸É¨ · §¤¥²¥´¨Ö ³¥¦¤Ê μ¤´¨³, ¤¢Ê³Ö ¨ É·¥³Ö ´Ê±²μ´ ³¨ ¤¥³μ´¸É·¨·ÊÕÉ¸Ö
´  ·¨¸. 5, μÉ±Ê¤  ¢¨¤´μ, ÎÉμ ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  3Ä5 % · ¸¸³ É·¨¢ ¥³Ò°
± ²μ·¨³¥É· ¶μ§¢μ²Ö¥É · §¤¥²¨ÉÓ μ¤¨´ ¨ É·¨ ´Ê±²μ´  ¸ ¨³¶Ê²Ó¸ ³¨ 4 ƒÔ‚/c.

‹¨´¥°´μ¸ÉÓ μÉ±²¨±  ± ²μ·¨³¥É·  μ¶·¥¤¥²Ö² ¸Ó ¸ ¶μ³μÐÓÕ ¨§ÊÎ¥´¨Ö ¶μ-
¢¥¤¥´¨Ö ¸·¥¤´¥£μ §´ Î¥´¨Ö Ô´¥·£¨¨, μ¸É ¢²Ö¥³μ° ¢ ¸Í¨´É¨²²ÖÉμ·¥ £·Ê¶¶ ³¨
´Ê±²μ´μ¢ ¸ Ì · ±É¥·´Ò³¨ ¤²Ö NICA ¨³¶Ê²Ó¸ ³¨ 3, 4 ¨ 5 ƒÔ‚/c. �μ¸±μ²Ó±Ê
Ô´¥·£¨Ö, ±μÉμ· Ö ¢Ò¤¥²Ö¥É¸Ö ´Ê±²μ´μ³ ¢ ± ²μ·¨³¥É·¥, ¤μ²¦´  ¡ÒÉÓ ¶·μ¶μ·-
Í¨μ´ ²Ó´  ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ (Ti(pi) =

√
p2

i + mN − mN ), Éμ ¤²Ö ¶·μ-
¢¥·±¨ ²¨´¥°´μ¸É¨ μÉ±²¨±  ³¨´¨³¨§¨·μ¢ ²μ¸Ó ¸²¥¤ÊÕÐ¥¥ ¢Ò· ¦¥´¨¥:

χ2 =
1

N − 1

Ni,Nj,Nk∑
i,j,k=1

(
Ti,j,k − α〈ΔEsci〉i,j,k

ασ(ΔEsci)i,j,k

)2

, (22)

£¤¥ Ti,j,k = iTi(pi) + jTj(pj) + kTk(pk) Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö ¶¥·¢¨Î´μ£μ
´Ê±²μ´  ¨²¨ £·Ê¶¶Ò, ±μÉμ· Ö ¸μ¤¥·¦¨É i ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ pi = 3 ƒÔ‚/c,
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�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨ (ƒÔ‚), μ¸É ¢²¥´´μ° ¢ ¸Í¨´É¨²²ÖÉμ·¥ μ¤´¨³, ¤¢Ê³Ö
¨ É·¥³Ö ¶·μÉμ´ ³¨ ¸ ¨³¶Ê²Ó¸μ³ PN = 4 ƒÔ‚/c

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ¶μ Ô´¥·£¨¨ (ƒÔ‚), μ¸É ¢²¥´´μ° ¢ ¸Í¨´É¨²²ÖÉμ·¥ ¶·μÉμ´ ³¨ ¸
¨³¶Ê²Ó¸ ³¨ PN = 3, 4, 5 ƒÔ‚/c

j ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ pj = 4 ƒÔ‚/c ¨ k ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ pk = 5 ƒÔ‚/c.
‚ ± Î¥¸É¢¥ μÉ±²¨±  ± ²μ·¨³¥É·  〈ΔEsci〉i,j,k · ¸¸³ É·¨¢ ² ¸Ó ¸·¥¤´ÖÖ Ô´¥·-
£¨Ö, μ¸É ¢²¥´´ Ö ÔÉμ° £·Ê¶¶μ° ´Ê±²μ´μ¢ ¢μ ¢¸¥Ì ¸²μÖÌ ¸Í¨´É¨²²ÖÉμ·  ± ²μ-
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·¨³¥É· . � §·¥Ï¥´¨¥³ ± ²μ·¨³¥É·  ¸Î¨É ² ¸Ó ¤¨¸¶¥·¸¨Ö σ(ΔEsci)i,j,k Ô´¥·-
£¨¨, μ¸É ¢²¥´´μ° · ¸¸³ É·¨¢ ¥³μ° £·Ê¶¶μ° ´Ê±²μ´μ¢ ¢μ ¢¸¥Ì ¸Í¨´É¨²²ÖÉμ· Ì
³μ¤Ê²Ö ± ²μ·¨³¥É· . ˆ§ (22) ¢¨¤´μ, ÎÉμ §  μÏ¨¡±Ê ¸·¥¤´¥£μ ¶·¨´¨³ ² ¸Ó
¤¨¸¶¥·¸¨Ö · ¸¶·¥¤¥²¥´¨Ö.

�μ ¶μ²ÊÎ¥´´Ò³ ¤¨¸¶¥·¸¨Ö³ μÉ±²¨±  ± ²μ·¨³¥É·  ¶·μ¢¥·Ö² ¸Ó § ¢¨¸¨-
³μ¸ÉÓ · §·¥Ï¥´¨Ö μÉ Ô´¥·£¨¨, ±μÉμ· Ö μ¡ÒÎ´μ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥

( σ

T

)2

=
(

β√
T

)2

+ γ2. (23)

‹¨´¥°´μ¸ÉÓ μÉ±²¨±  ± ²μ·¨³¥É·  º 4 ¨ § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ£μ · §-
·¥Ï¥´¨Ö μÉ Ô´¥·£¨¨ ¶μ± § ´Ò ´  ·¨¸. 7, 8. �¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö ¤²Ö ¢¸¥Ì
· ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´Éμ¢ ³μ¤Ê²Ö ± ²μ·¨³¥É·  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

�μ²ÊÎ¥´´ Ö ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ²¨´¥°´μ¸É¨ μÉ±²¨±  ± ¦¤μ£μ ¨§ ¢ ·¨ ´Éμ¢
³μ¤Ê²¥° ¢¥²¨Î¨´  χ2 ¢ (22),   É ±¦¥ ±μÔËË¨Í¨¥´É α, ¸¢Ö§Ò¢ ÕÐ¨° μÉ±²¨±
± ²μ·¨³¥É·  ¸ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¥° £·Ê¶¶Ò ´Ê±²μ´μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ ± ²μ-
·¨³¥É·, ¶·¨¢¥¤¥´Ò ¢ É ¡². 2. ‚ Éμ° ¦¥ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ±μÔËË¨Í¨¥´ÉÒ β ¨
γ, μ¶·¥¤¥²ÖÕÐ¨¥ · §·¥Ï¥´¨¥ (23), ¨ ¶μ²ÊÎ¥´´μ¥ ¨§ ³μ¤¥²¨·μ¢ ´¨Ö · §·¥Ï¥-
´¨¥ ¤²Ö ¶·μÉμ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ 4 ƒÔ‚/c (¢ ¶·μÍ¥´É Ì) ¤²Ö · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨-
 ´Éμ¢ ³μ¤Ê²¥° ¨§ É ¡². 1. ˆ§ É ¡². 2 ¢¨¤´μ, ÎÉμ ¢¸¥ ³μ¤Ê²¨ ¨³¥ÕÉ ¤μ¸É ÉμÎ´μ
Ìμ·μÏ¥¥ (¸³. μÍ¥´±¨ ¨§ ¶·¥¤Ò¤ÊÐ¥£μ · §¤¥² ) Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥.

�¨¸. 7. ‹¨´¥°´μ¸ÉÓ μÉ±²¨±  ± ²μ·¨³¥É·  ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ £·Ê¶¶ ´Ê±²μ´μ¢:
±·Ê¦±¨ Å £·Ê¶¶Ò ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ PN = 3 ƒÔ‚/c; ±¢ ¤· ÉÒ Å PN = 4 ƒÔ‚/c;
É·¥Ê£μ²Ó´¨±¨ Å PN = 5 ƒÔ‚/c. ‘¶²μÏ´ Ö Î¥·´ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É Ë¨É¨·μ¢ ´¨Ö
μÉ±²¨±  ²¨´¥°´μ° § ¢¨¸¨³μ¸ÉÓÕ. 
´¥·£¨Ö · ¸É¥É §  ¸Î¥É Éμ£μ, ÎÉμ ¢ ± ²μ·¨³¥É·
¶μ¶ ¤ ¥É · §´μ¥ Î¨¸²μ ´Ê±²μ´μ¢, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¨³¥¥É Ë¨±¸¨·μ¢ ´´Ò° ¨³¶Ê²Ó¸
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�¨¸. 8. �É´μ¸¨É¥²Ó´μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  ¢ § ¢¨¸¨³μ¸É¨ μÉ Ô´¥·£¨¨ £·Ê¶¶
´Ê±²μ´μ¢: ±·Ê¦±¨ Å £·Ê¶¶Ò ´Ê±²μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ PN = 3 ƒÔ‚/c; ±¢ ¤· ÉÒ Å
PN = 4 ƒÔ‚/c; É·¥Ê£μ²Ó´¨±¨ Å PN = 5 ƒÔ‚/c. ‘¶²μÏ´ Ö Î¥·´ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É
Ë¨É¨·μ¢ ´¨Ö · §·¥Ï¥´¨Ö § ¢¨¸¨³μ¸ÉÓÕ (23). 
´¥·£¨Ö · ¸É¥É §  ¸Î¥É Éμ£μ, ÎÉμ ¢ ± ²μ-
·¨³¥É· ¶μ¶ ¤ ¥É · §´μ¥ Î¨¸²μ ´Ê±²μ´μ¢, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ ¨³¥¥É Ë¨±¸¨·μ¢ ´´Ò°
¨³¶Ê²Ó¸

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö § ¢¨¸¨³μ¸É¨ · §·¥Ï¥´¨Ö μÉ Ô´¥·£¨¨ ¤²Ö · §-
²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ ³μ¤Ê²¥° ± ²μ·¨³¥É· 

	μ³¥·

³μ¤Ê²Ö
χ2 α β, % ƒÔ‚1/2 γ, %

ΔEs/Es, %
√

SNN = 3 ƒÔ‚
√

SNN = 11 ƒÔ‚

1 0,6 26,0 ± 0,1 65 ± 11 0,0 ± 0,9 34 ± 6 25 ± 5

2 0,2 33,2 ± 0,1 72 ± 12 0,1 ± 0,9 37 ± 7 28 ± 5

3 0,3 32,4 ± 0,1 62 ± 11 0,1 ± 0,8 32 ± 6 24 ± 4

4 0,2 32,6 ± 0,1 67 ± 12 0,1 ± 0,9 35 ± 6 26 ± 5

5 0,6 13,8 ± 0,1 52 ± 9 0,0 ± 0,7 27 ± 5 20 ± 4

Š·μ³¥ Éμ£μ, ³μ¦´μ § ³¥É¨ÉÓ, ÎÉμ ¢ ¶·¥¤¥² Ì ÉμÎ´μ¸É¨  ¶¶·μ±¸¨³ Í¨¨ ¢¸¥
¢ ·¨ ´ÉÒ · ¸¸³μÉ·¥´´ÒÌ ³μ¤Ê²¥° ± ²μ·¨³¥É·  ¨³¥ÕÉ ¡²¨§±μ¥ · §·¥Ï¥´¨¥.
	  ¤ ´´Ò° ³μ³¥´É ¢ ± Î¥¸É¢¥ ¡ §μ¢μ£μ ¢Ò¡· ´ ³μ¤Ê²Ó º4.

„μ¶μ²´¨É¥²Ó´μ ± Ô´¥·£¥É¨Î¥¸±μ³Ê · §·¥Ï¥´¨Õ É ±¦¥ ¨¸¸²¥¤μ¢ ²¨¸Ó ¶μ-
É¥·¨ Ô´¥·£¨¨, μ¸É ¢²¥´´μ° ¢ ¸Í¨´É¨²²ÖÉμ·¥ ³μ¤Ê²Ö ± ²μ·¨³¥É·  §  ¸Î¥É ¢Ò-
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�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¢¥²¨Î¨´Ò μÉ±²¨±  ³μ¤Ê²Ö ± ²μ·¨³¥É·  μÉ ÉμÎ±¨
¶ ¤¥´¨Ö ´Ê±²μ´  ¸ Ô´¥·£¨¥° EN = 4,5 ƒÔ‚ (¶· ¢ Ö ¶ ´¥²Ó). 	  ²¥¢μ° ¶ ´¥²¨ ¶μ± § ´
Ë·μ´É ²Ó´Ò° ¢¨¤ ¨¸¸²¥¤μ¢ ´´μ£μ ³μ¤Ê²Ö ¨ ²¨´¨¨, ¢¤μ²Ó ±μÉμ·ÒÌ ³μ¤¥²¨·μ¢ ² ¸Ó
·¥£¨¸É· Í¨Ö ´Ê±²μ´μ¢, ¢ § ¢¨¸¨³μ¸É¨ μÉ £μ·¨§μ´É ²Ó´μ° ±μμ·¤¨´ ÉÒ x. „ ´´Ò¥ ¤²Ö
x < 0 ´¥ · ¸¸Î¨ÉÒ¢ ²¨¸Ó,   ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ÉμÎ±¨ ¶μ²ÊÎ¥´Ò ¸ ¶μ³μÐÓÕ §¥·± ²Ó´μ£μ
μÉ· ¦¥´¨Ö

Ìμ¤  Î ¸É¨ ² ¢¨´Ò Î¥·¥§ ¥£μ ¡μ±μ¢ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ. „²Ö ÔÉμ£μ ¶·μ¢μ¤¨²μ¸Ó
³μ¤¥²¨·μ¢ ´¨¥, ¢ ±μÉμ·μ³ ¨¸¸²¥¤μ¢ ²¸Ö μÉ±²¨± ³μ¤Ê²Ö ± ²μ·¨³¥É·  º4 ¸
¶μ¶¥·¥Î´Ò³ · §³¥·μ³ 400 × 400 ³³ ´  ¶·μÉμ´, ¶ ¤ ÕÐ¨° ¶μ ´μ·³ ²¨ ±
Ë·μ´É ²Ó´μ° ¶μ¢¥·Ì´μ¸É¨ ³μ¤Ê²Ö ¢ · §²¨Î´Ò¥ ÉμÎ±¨ μÉ´μ¸¨É¥²Ó´μ Í¥´É· 
³μ¤Ê²Ö (·¨¸. 9). ‚¥²¨Î¨´  ¶μÉ¥·Ó ² ¢¨´Ò μÍ¥´¨¢ ² ¸Ó ¨§ μÉ´μÏ¥´¨Ö ¸·¥¤´¥°
Ô´¥·£¨¨ ΔEsci(x, y), ¢Ò¤¥²¨¢Ï¥°¸Ö ¢ ¸Í¨´É¨²²ÖÉμ·¥ ¤²Ö ¤ ´´μ£μ ¶μ²μ¦¥´¨Ö
ÉμÎ±¨ ¢Ìμ¤  ¶¥·¢¨Î´μ£μ ¶·μÉμ´  (x, y), ± ¸·¥¤´¥° Ô´¥·£¨¨ ΔEsci(0, 0), ¢Ò¤¥-
²¨¢Ï¥°¸Ö ¢ ¸Í¨´É¨²²ÖÉμ·¥ ¶·¨ ¶ ¤¥´¨¨ ¶¥·¢¨Î´μ£μ ¶·μÉμ´  ¢ Í¥´É· ³μ¤Ê²Ö:

ε(x, y) =
ΔEsci(x, y)
ΔEsci(0, 0)

. (24)

�μÉ¥·Ö ¶·μ¸É· ´¸É¢¥´´μ° ÔËË¥±É¨¢´μ¸É¨ μ±μ²μ £· ´¨Í ³μ¤Ê²Ö ± ²μ·¨-
³¥É·  ¶·¨¢μ¤¨É ± ÊÌÊ¤Ï¥´¨Õ · §·¥Ï¥´¨Ö ± ²μ·¨³¥É· . Œμ¤¥²¨·μ¢ ´¨¥ · §-
·¥Ï¥´¨Ö ¤²Ö ·¥ ²Ó´μ° £¥μ³¥É·¨¨ ³μ¤Ê²Ö ± ²μ·¨³¥É·  (¸³. ·¨¸. 4) ¸ ¶·μ¤μ²Ó-
´μ° ¸É·Ê±ÉÊ·μ° º4 ¨§ É ¡². 1 ¶·¨¢μ¤¨É ± ¸²¥¤ÊÕÐ¨³ ·¥§Ê²ÓÉ É ³ (¸³. É ±¦¥
·¨¸. 10):

1) ¢¥²¨Î¨´  μÉ±²¨±  ¨§-§  £· ´¨Î´ÒÌ ÔËË¥±Éμ¢ ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö-
¥É¸Ö (±μÔËË¨Í¨¥´É α ¨§ É ¡². 2 ¤²Ö ·¥ ²Ó´μ° £¥μ³¥É·¨¨ ³μ¤Ê²Ö ± ²μ·¨³¥É· 
Ê¢¥²¨Î¨¢ ¥É¸Ö ´  5 %);

2) · §·¥Ï¥´¨¥ ÊÌÊ¤Ï ¥É¸Ö ´  15%, ¸μμÉ¢¥É¸É¢¥´´μ, ±μÔËË¨Í¨¥´É β ¨§
É ¡². 2 ¤²Ö ·¥ ²Ó´μ° £¥μ³¥É·¨¨ ³μ¤Ê²Ö ± ²μ·¨³¥É·  · ¢¥´ 78% ƒÔ‚1/2.

Š ± ¡Ò²μ ¶μ± § ´μ ¢ ¶·¥¤Ò¤ÊÐ¥³ · §¤¥²¥ (¸³. (18)Ä(21)), É ±μ¥ · §·¥Ï¥-
´¨¥ μ± §Ò¢ ¥É¸Ö ¤μ¸É ÉμÎ´Ò³ ¤²Ö ·¥Ï¥´¨Ö § ¤ Î¨ μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨
¢ ¸Éμ²±´μ¢¥´¨ÖÌ ¶μ ±· °´¥° ³¥·¥ ¤²Ö Ö¤¥· ¡μ²¥¥ ÉÖ¦¥²ÒÌ, Î¥³ Cu.
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�¨¸. 10. �μÉ¥·¨ Ô´¥·£¨¨ ¢ ¸Í¨´É¨²²ÖÉμ·¥ ZDC ¶·¨ · ¢´μ³¥·´μ³ ¶μ ¶²μÐ ¤¨ ¶ ¤¥´¨¨
¶·μÉμ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ 4 ƒÔ‚/c: Î¥·´ Ö ²μ³ ´ Ö Å ·¥ ²Ó´ Ö £¥μ³¥É·¨Ö ZD‘ (±· ¥¢Ò¥
ÔËË¥±ÉÒ ÊÎ¨ÉÒ¢ ÕÉ¸Ö); ¸¥· Ö Å  ¤·μ´´Ò° ± ²μ·¨³¥É· ¡¥§ μÉ¢¥·¸É¨Ö ¤²Ö ¶ÊÎ±  ¸μ
¢¤¢μ¥ ¡μ²ÓÏ¨³¨, Î¥³ Ê ·¥ ²Ó´μ£μ ± ²μ·¨³¥É· , · §³¥· ³¨ (±· ¥¢Ò¥ ÔËË¥±ÉÒ μÉ¸ÊÉ-
¸É¢ÊÕÉ)

3. Œ�„…‹ˆ��‚��ˆ… ���…„…‹…�ˆŸ –…�’��‹œ��‘’ˆ

�·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¶·μ¡²¥³Ò μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ Ö¤·μ-Ö¤¥·´ÒÌ
¸Éμ²±´μ¢¥´¨° ¢ Ô±¸¶¥·¨³¥´É¥ MPD@NICA ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò É·¨ £¥´¥· -
Éμ· : UrQMD [19], LAQGSM [37] ¨ SHIELD [38]. 	¨¦¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²Ó-
É ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö ¸Éμ²±´μ¢¥´¨° Au+Au ¶·¨ ¤¢ÊÌ Ô´¥·£¨ÖÌ

√
SNN = 9

¨ 5 ƒÔ‚. ˆ¸¶μ²Ó§μ¢ ´¨¥ · §²¨Î´ÒÌ £¥´¥· Éμ·μ¢ ¡Ò²μ ¶·μ¤¨±Éμ¢ ´μ ¸²¥¤ÊÕ-
Ð¨³¨ μ¡¸ÉμÖÉ¥²Ó¸É¢ ³¨:

• £¥´¥· Éμ· UrQMD Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ö¤·μ-Ö¤¥·-
´ÒÌ ¸Éμ²±´μ¢¥´¨°. �¤´ ±μ μ´ ´¥ μ¶¨¸Ò¢ ¥É ·μ¦¤¥´¨Ö Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-
¸¶¥±É Éμ·μ¢, ±μÉμ·Ò¥ Ê´μ¸ÖÉ ¤μ 80% Ô´¥·£¨¨ ¶·¨ ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¸Éμ²±´μ-
¢¥´¨ÖÌ (¸³. ·¨¸. 3 ¨ [24]);

• £¥´¥· Éμ·Ò LAQGSM ¨ SHIELD ¶μ§¢μ²ÖÕÉ ³μ¤¥²¨·μ¢ ÉÓ ·μ¦¤¥´¨¥
Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢, ´μ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ³μ¤¥²¨·μ¢ -
´¨Ö Ô±¶¥·¨³¥´Éμ¢ ¶μ ¨§ÊÎ¥´¨Õ Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨° ´¥ ¸Éμ²Ó Ï¨-
·μ±μ, ± ± UrQMD. ‡ ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· 
¨³¥¥É ± Î¥¸É¢¥´´μ · §²¨Î´μ¥ ¶μ¢¥¤¥´¨¥ ¤²Ö ¸μ¡ÒÉ¨°, ·μ¦¤¥´´ÒÌ £¥´¥· -
Éμ· ³¨ UrQMD ¨ LAQGSM. ‡  ·μ¦¤¥´¨¥ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢ μÉ¢¥É-
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¸É¢¥´´Ò · §²¨Î´Ò¥ Ë¨§¨Î¥¸±¨¥ ³¥Ì ´¨§³Ò (μÉ ±μ ²¥¸Í¥´Í¨¨ ¤μ ¤¥²¥´¨Ö).
�μÔÉμ³Ê ¡Ò²μ ¶·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ¸ £¥´¥· Éμ-
· ³¨ SHIELD ¨ LAQGSM, ÎÉμ ¶μ§¢μ²Ö¥É ¶μ´ÖÉÓ, ´ ¸±μ²Ó±μ ¨§³¥´ÖÕÉ¸Ö ·¥-
§Ê²ÓÉ ÉÒ ¶·¨ ¤μ¡ ¢²¥´¨¨ É ±¨Ì ¸²μ¦´ÒÌ ¶·μÍ¥¸¸μ¢, ± ± ·μ¦¤¥´¨¥ Ë· £³¥´-
Éμ¢-¸¶¥±É Éμ·μ¢.

„²Ö μÉ¢¥É  ´  ¢μ¶·μ¸ μ Éμ³, ± ± ¢²¨Ö¥É ·μ¦¤¥´¨¥ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-
¸¶¥±É Éμ·μ¢ ´  § ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· , ¡Ò²μ
¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ £¥´¥· Éμ·μ¢ UrQMD ¨ LAQGSM
(¶μ¸²¥¤´ÖÖ ¢¥·¸¨Ö). �·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¨¸¶μ²Ó§μ¢ ²¸Ö É· ´¸¶μ·É´Ò° ±μ¤
GEANT4 [39] (Î¥·¥§ ¨´É¥·Ë¥°¸ geant4 vmc) ¢ ¸·¥¤¥ MpdRoot [40]. ‡ ¢¨-
¸¨³μ¸ÉÓ Ô´¥·£¨¨, μ¸É ¢²¥´´μ° ¢ ZDC, μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  ¤²Ö ¤¢ÊÌ
´ Î ²Ó´ÒÌ Ô´¥·£¨°

√
SNN = 9 ¨ 5 ƒÔ‚ ¶μ± § ´  ´  ·¨¸. 11 ¨ 12 ¤²Ö ¸μ¡ÒÉ¨°

μÉ £¥´¥· Éμ·μ¢ UrQMD ¨ LAQGSM. ˆ§ ÔÉ¨Ì ·¨¸Ê´±μ¢ ¢¨¤´μ, ÎÉμ ¸μ¡ÒÉ¨Ö, £¥-
´¥·¨·Ê¥³Ò¥ LAQGSM ¨ UrQMD, ¶·¨¢μ¤ÖÉ ± ± Î¥¸É¢¥´´μ · §²¨Î´Ò³ § ¢¨¸¨-
³μ¸ÉÖ³ Ô´¥·£¨¨, μ¸É ¢²¥´´μ° ¢ ZDC, μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . „²Ö ¸μ¡ÒÉ¨°,
·μ¦¤¥´´ÒÌ £¥´¥· Éμ·μ³ UrQMD, § ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ
¶ · ³¥É·  Ö¢²Ö¥É¸Ö ³μ´μÉμ´´μ°. „²Ö ¸μ¡ÒÉ¨° μÉ £¥´¥· Éμ·  LAQGSM ÔÉ 
§ ¢¨¸¨³μ¸ÉÓ Ö¢²Ö¥É¸Ö ´¥³μ´μÉμ´´μ°,   ³ ±¸¨³Ê³ ÔÉμ° § ¢¨¸¨³μ¸É¨ c ·μ¸Éμ³
Ô´¥·£¨¨ ¸Éμ²±´μ¢¥´¨° ¸¤¢¨£ ¥É¸Ö ¢ ¸Éμ·μ´Ê ³¥´ÓÏ¨Ì ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢.

Œμ´μÉμ´´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ZDC ¸²¥¤Ê¥É ¨§ ¶·μ¸Éμ° £¥μ³¥É·¨Î¥-
¸±μ° ¸Ì¥³Ò Ö¤·μ-Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨° (¸³. ·¨¸. 1). „¥°¸É¢¨É¥²Ó´μ, ¶·¨ Ê¢¥-
²¨Î¥´¨¨ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  Ê³¥´ÓÏ ¥É¸Ö μ¡² ¸ÉÓ ¶¥·¥±·ÒÉ¨Ö ¸É ²±¨¢ -
ÕÐ¨Ì¸Ö Ö¤¥·, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, · ¸É¥É Î¨¸²μ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢. ‚ ¸¢μÕ
μÎ¥·¥¤Ó, ´Ê±²μ´Ò-¸¶¥±É Éμ·Ò ¢ ¸¨¸É¥³¥ ¶μ±μÖ Ë· £³¥´É¨·ÊÕÐ¥£μ Ö¤·  ¨³¥ÕÉ
μ¤¨´ ±μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨, μ¶·¥¤¥²Ö¥³μ¥ Ë¥·³¨-

�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¸¶¥±É Éμ·μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ ZDC, μÉ ¶·¨-
Í¥²Ó´μ£μ ¶ · ³¥É·  ¤²Ö Au+Au-¸Éμ²±´μ¢¥´¨° ¶·¨

√
SNN = 5 ƒÔ‚. ‹¥¢ Ö ¶ ´¥²Ó Å

¸μ¡ÒÉ¨Ö μÉ UrQMD; ¶· ¢ Ö Å LAQGSM
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�¨¸. 12. ‡ ¢¨¸¨³μ¸ÉÓ ±¨´¥É¨Î¥¸±μ° Ô´¥·£¨¨ ¸¶¥±É Éμ·μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ ZDC, μÉ ¶·¨-
Í¥²Ó´μ£μ ¶ · ³¥É·  ¤²Ö Au+Au-¸Éμ²±´μ¢¥´¨° ¶·¨

√
SNN = 9 ƒÔ‚. ‹¥¢ Ö ¶ ´¥²Ó Å

¸μ¡ÒÉ¨Ö μÉ UrQMD; ¶· ¢ Ö Å LAQGSM

¨³¶Ê²Ó¸μ³ ¢μ Ë· £³¥´É¨·ÊÕÐ¥³ Ö¤·¥ ( [29], [41]). 
Éμ μ§´ Î ¥É, ÎÉμ ¸¶¥±É·Ò
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ´¥ § ¢¨¸ÖÉ μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  ¨, ¸²¥¤μ¢ É¥²Ó´μ,
¶·μ¸É· ´¸É¢¥´´ Ö ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸¶¥±É Éμ·μ¢ É ±¦¥ ´¥ § ¢¨¸¨É
μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . �μ¸±μ²Ó±Ê ¤²Ö UrQMD-£¥´¥· Éμ·  ¢¸¥ ¸¶¥±É Éμ·Ò
Ö¢²ÖÕÉ¸Ö ´Ê±²μ´ ³¨, Éμ ·μ¸É μÉ±²¨±  ZDC (¤²Ö ¸μ¡ÒÉ¨° μÉ UrQMD) μÉ· ¦ ¥É
É·¨¢¨ ²Ó´Ò° Ë ±É ·μ¸É  Î¨¸²  ¸¶¥±É Éμ·μ¢ ¸ ·μ¸Éμ³ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· 
¨ ¶·¥¤¸É ¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´Ò³.

�¥ ²Ó´ Ö ¸¨ÉÊ Í¨Ö μÉ²¨Î ¥É¸Ö μÉ μ¶¨¸ ´´μ° ¢ÒÏ¥ É¥³, ÎÉμ ¸ ·μ¸Éμ³ ¶·¨-
Í¥²Ó´μ£μ ¶ · ³¥É·  Ê¢¥²¨Î¨¢ ¥É¸Ö Î¨¸²μ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ±μÉμ·Ò¥ ¸¢Ö-
§ ´Ò ¢ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ (·¨¸. 3). ”· £³¥´ÉÒ-¸¶¥±É Éμ·Ò ¨³¥ÕÉ ¡μ²¥¥ Ê§-
±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ ¶μ²Ö·´μ³Ê Ê£²Ê [42], ÎÉμ ¶·¨¢μ¤¨É ± Ê¢¥²¨Î¥´¨Õ Î¨¸² 
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ (¸¢Ö§ ´´ÒÌ ¢ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ), ±μÉμ·Ò¥ ¶μ¶ ¤ ÕÉ ¢
Í¥´É· ²Ó´μ¥ μÉ¢¥·¸É¨¥, ¶·¥¤´ §´ Î¥´´μ¥ ¤²Ö ¶·μÌμ¦¤¥´¨Ö ¶¥·¢¨Î´ÒÌ ¶ÊÎ±μ¢.

—Éμ¡Ò μÍ¥´¨ÉÓ ¢¥²¨Î¨´Ê ÔÉμ£μ ÔËË¥±É , ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò · ¸¶·¥¤¥-
²¥´¨Ö ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ (¢±²ÕÎ Ö ´Ê±²μ´Ò, ¸¢Ö§ ´´Ò¥ ¢ Ö¤¥·´Ò¥ Ë· £-
³¥´ÉÒ) ¶μ ¶²μÐ ¤¨ Í¥´É· ²Ó´μ£μ μÉ¢¥·¸É¨Ö, ±μÉμ·Ò¥ ¶μ± § ´Ò ´  ·¨¸. 13
¤²Ö É·¥Ì §´ Î¥´¨° Í¥´É· ²Ó´μ¸É¨. ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ Ï¨·¨´  ÔÉμ£μ · ¸-
¶·¥¤¥²¥´¨Ö Ê³¥´ÓÏ ¥É¸Ö ¸ ·μ¸Éμ³ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . �É´μÏ¥´¨Ö Î¨¸² 
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ μÉ¢¥·¸É¨¥ ¤²Ö ¶ÊÎ± , ± ¶μ²´μ³Ê Î¨¸²Ê
´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 3 ¤²Ö É·¥Ì ¨´É¥·¢ ²μ¢ Í¥´É· ²Ó´μ-
¸É¨, ¨§ ±μÉμ·μ° ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¤²Ö ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¸Éμ²±´μ¢¥´¨°
¶μ¤ ¢²ÖÕÐ Ö Î ¸ÉÓ ¸¶¥±É Éμ·μ¢ ¶μ¶ ¤ ¥É ¢ μÉ¢¥·¸É¨¥ ¤²Ö ¶¥·¢¨Î´μ£μ ¶ÊÎ± .
’ ±¨³ μ¡· §μ³, ´¨± ±¨³ · §Ê³´Ò³ Ê³¥´ÓÏ¥´¨¥³ · §³¥·μ¢ μÉ¢¥·¸É¨Ö ¤²Ö ¶¥·-
¢¨Î´μ£μ ¶ÊÎ±  ´¥²Ó§Ö § ³¥É´μ Ê¢¥²¨Î¨ÉÓ Î¨¸²μ ·¥£¨¸É·¨·Ê¥³ÒÌ ¸¶¥±É Éμ·μ¢
¨§-§  ¨Ì μÎ¥´Ó Ê§±μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¶·¨Í¥²Ó´ÒÌ ¶ · ³¥É·μ¢ > 9 Ë³.
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�¨¸. 13. �·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ²´μ£μ Î¨¸²  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ (¢±²Õ-
Î Ö ´Ê±²μ´Ò ¨§ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢) ¶μ ¶²μÐ ¤¨ μÉ¢¥·¸É¨Ö ¤²Ö ¶ÊÎ±  ¢
ZDC μÉ Au+Au-¸Éμ²±´μ¢¥´¨° ¶·¨

√
SNN = 5 ƒÔ‚: ²¥¢ Ö ¶ ´¥²Ó Å ¤²Ö Í¥´É· ²Ó´μ¸É¨

< 60%; ¸·¥¤´ÖÖ Å 60Ä80 %; ¶· ¢ Ö Å > 80%

’ ¡²¨Í  3. —¨¸²μ ¸¶¥±É Éμ·μ¢, ·¥£¨¸É·¨·Ê¥³ÒÌ ¢ · §²¨Î´ÒÌ ¶·μ¸É· ´¸É¢¥´´ÒÌ
μ¡² ¸ÉÖÌ ¢ ³¥¸É¥ · ¸¶μ²μ¦¥´¨Ö ZDC, ¶μ²ÊÎ¥´´μ¥ ¸ ¶μ³μÐÓÕ £¥´¥· Éμ·  LAQGSM.
‡¤¥¸Ó NZDC Å ¶μ²´μ¥ Î¨¸²μ ¸¶¥±É Éμ·μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ ZDC; Nhole Å ¶μ²´μ¥
Î¨¸²μ ¸¶¥±É Éμ·μ¢, ¶μ¶ ¤ ÕÐ¨Ì ¢ μÉ¢¥·¸É¨¥ ¤²Ö ¶ÊÎ± . �¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò ¤²Ö
1000 ´¥¨¸± ¦¥´´ÒÌ (minimal bias) ¸Éμ²±´μ¢¥´¨° Au+Au ¶·¨ Ô´¥·£¨¨

√
SNN =

9 ƒÔ‚

—¨¸²μ ‚¥²¨Î¨´  Í¥´É· ²Ó´μ¸É¨

¸¶¥±É Éμ·μ¢ < 60 % 60Ä80 % > 80 %

NZDC 71041 22848 4787
Nhole 19707 47826 60431

Ntot = NZDC + Nhole 90748 70674 65218
ε = Nhole/Ntot 22 % 68 % 93 %


É¨ ·¥§Ê²ÓÉ ÉÒ ¶μ¤É¢¥·¦¤ ÕÉ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ´¥³μ´μÉμ´´ Ö § ¢¨¸¨³μ¸ÉÓ
μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  μ¶·¥¤¥²Ö¥É¸Ö ¶μÉ¥·¥° £¥μ³¥É·¨Î¥-
¸±μ° ÔËË¥±É¨¢´μ¸É¨ §  ¸Î¥É Í¥´É· ²Ó´μ£μ μÉ¢¥·¸É¨Ö, ¢ ±μÉμ·μ¥ ¶μ¶ ¤ ¥É
¸ÊÐ¥¸É¢¥´´ Ö Î ¸ÉÓ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢.

�¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö § ¢¨¸¨³μ¸É¨ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ -
· ³¥É·  ¤²Ö ¸μ¡ÒÉ¨° μÉ £¥´¥· Éμ·  SHIELD ¨ £¥´¥· Éμ·  LAQGSM ¤²Ö ¶¥-
·¨Ë¥·¨Î¥¸±¨Ì ¸Éμ²±´μ¢¥´¨° (b > 9,5 Ë³) ¶·¨¢μ¤ÖÉ ± ¡²¨§±μ° § ¢¨¸¨³μ¸É¨
μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . 
Éμ ¸μ£² ¸Ê¥É¸Ö ¸ É¥³, ÎÉμ ´Ê±²μ´Ò-¸¶¥±É Éμ·Ò
(¢±²ÕÎ Ö ¸¢Ö§ ´´Ò¥ ¢ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ) ¨³¥ÕÉ ¡²¨§±μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ
¶μ²Ö·´μ³Ê Ê£²Ê (¸³. ·¨¸. 14). …¸²¨ ¨¸Ìμ¤¨ÉÓ ¨§ Éμ£μ, ÎÉμ £¥´¥· Éμ·Ò SHIELD
¨ LAQGSM Ìμ·μÏμ μ¶¨¸Ò¢ ÕÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö Ê£²μ¢ÒÌ · ¸-
¶·¥¤¥²¥´¨° ¸¶¥±É Éμ·μ¢, Éμ ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó´μ¸É¨ ´¥μ¡Ìμ¤¨³μ ¶·¨-
¢²¥± ÉÓ ¤μ¶μ²´¨É¥²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μÉ ¤·Ê£¨Ì ¤¥É¥±Éμ·´ÒÌ ¶μ¤¸¨¸É¥³ ¢
±μ³¡¨´ Í¨¨ ¸ ¤ ´´Ò³¨ ZDC. �¥§Ê²ÓÉ ÉÒ ¸μ¢³¥¸É´μ° μ¡· ¡μÉ±¨ ¸³μ¤¥²¨·μ-
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�¨¸. 14. � ¸¶·¥¤¥²¥´¨¥ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¤²Ö ¶¥·¨Ë¥·¨Î¥¸±¨Ì (b > 9,5 Ë³) ¸μ¡Ò-
É¨° μÉ ¸Éμ²±´μ¢¥´¨° Au + Au ¶μ ±μ¸¨´Ê¸Ê ¶μ²Ö·´μ£μ Ê£²  ¶·¨

√
SNN = 5 ƒÔ‚ (²¥¢ Ö

¶ ´¥²Ó) ¨ 9 ƒÔ‚ (¶· ¢ Ö ¶ ´¥²Ó)

�¨¸. 15. � ¸¶·¥¤¥²¥´¨¥ ¸μ¡ÒÉ¨° ¸ · §²¨Î´μ° Í¥´É· ²Ó´μ¸ÉÓÕ μÉ Au + Au-¸Éμ²±-
´μ¢¥´¨° ¶μ Ô´¥·£¨¨, ¢Ò¤¥²¥´´μ° ¢ ZDC, ¨ Î¨¸²Ê É·¥±μ¢ ¢ TPC: ²¥¢ Ö ¶ ´¥²Ó Å√

SNN = 5 ƒÔ‚; ¶· ¢ Ö Å 9 ƒÔ‚. ‘μ¡ÒÉ¨Ö, μÉ¢¥Î ÕÐ¨¥ · §²¨Î´Ò³ Í¥´É· ²Ó´μ¸ÉÖ³,
¶μ± § ´Ò μÉÉ¥´± ³¨ ¸¥·μ£μ. Šμ·μÉ±¨¥ ²¨´¨¨ · §¤¥²ÖÕÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨´É¥·¢ ²Ò
Í¥´É· ²Ó´μ¸É¨

¢ ´´ÒÌ ¸¨£´ ²μ¢ ¸ ZDC ¨ ±μ²¨Î¥¸É¢ É·¥±μ¢ ¢ TPC ¶μ± § ´Ò ´  ·¨¸. 15, ¨§
±μÉμ·μ£μ ¸²¥¤Ê¥É, ÎÉμ ¤²Ö Au+Au-¸Éμ²±´μ¢¥´¨° ¶·¨ Ô´¥·£¨ÖÌ NICA Í¥´É· ²Ó-
´μ¸É¨ ³μ£ÊÉ ¡ÒÉÓ μ¶·¥¤¥²¥´Ò ¤μ §´ Î¥´¨° < 70%.

‚ § ±²ÕÎ¥´¨¥ ¶·μ¢¥¤¥³ ¸· ¢´¨É¥²Ó´Ò°  ´ ²¨§ · ¸¶·¥¤¥²¥´¨° ¶μ Ê£² ³
¢Ò²¥É  ¸¶¥±É Éμ·μ¢ μÉ £¥´¥· Éμ·μ¢ UrQMD [19], LAQGSM [37] ¨
SHIELD [38]. ˆ³¥´´μ É ±¨¥ · ¸¶·¥¤¥²¥´¨Ö μ¶·¥¤¥²ÖÕÉ ÔËË¥±É¨¢´μ¸ÉÓ ·¥-
£¨¸É· Í¨¨ ¸¶¥±É Éμ·μ¢ ¢ ZDC. 	  ·¨¸. 14, 16, 17 ¶μ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¶μ
±μ¸¨´Ê¸Ê ¶μ²Ö·´μ£μ Ê£²  ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢, ¢±²ÕÎ Ö ´Ê±²μ´Ò, ¸¢Ö§ ´´Ò¥
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�¨¸. 16. � ¸¶·¥¤¥²¥´¨¥ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¤²Ö Í¥´É· ²Ó´ÒÌ (b � 3,5 Ë³) ¸μ¡ÒÉ¨°
μÉ Au + Au-¸Éμ²±´μ¢¥´¨° ¶μ ±μ¸¨´Ê¸Ê ¶μ²Ö·´μ£μ Ê£²  ¶·¨

√
SNN = 5 ƒÔ‚ (²¥¢ Ö

¶ ´¥²Ó) ¨ 9 ƒÔ‚ (¶· ¢ Ö ¶ ´¥²Ó)

�¨¸. 17. � ¸¶·¥¤¥²¥´¨¥ ´Ê±²μ´μ¢-¸¶¥±É Éμ·μ¢ ¤²Ö ¸μ¡ÒÉ¨° ¸ ¶·μ³¥¦ÊÉμÎ´μ° Í¥´É· ²Ó-
´μ¸ÉÓÕ (3,5 Ë³ < b � 9, 5 Ë³) μÉ Au + Au-¸Éμ²±´μ¢¥´¨° ¶μ ±μ¸¨´Ê¸Ê ¶μ²Ö·´μ£μ Ê£² 
¶·¨

√
SNN = 5 ƒÔ‚ (²¥¢ Ö ¶ ´¥²Ó) ¨ 9 ƒÔ‚ (¶· ¢ Ö ¶ ´¥²Ó)

¢ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ. �É³¥É¨³, ÎÉμ · ¤¨Ê¸ μ±·Ê¦´μ¸É¨, ¢¶¨¸ ´´μ° ¢ μÉ¢¥·-
¸É¨¥ ¤²Ö ¶·μ¶Ê¸± ´¨Ö ¶¥·¢¨Î´ÒÌ ¶ÊÎ±μ¢ ¢ ZDC (50 ³³) (¸³. ·¨¸. 4), ¢¨¤¥´
¨§ ÉμÎ±¨ ¢§ ¨³μ¤¥°¸É¢¨Ö (¸ · ¸¸ÉμÖ´¨Ö 2870 ³³) ¶μ¤ Ê£²μ³ θhole ≈ 1◦, É. ¥.
cos (θhole) = 0,99985. � ¤¨Ê¸ ¦¥ μ±·Ê¦´μ¸É¨, ¢¶¨¸ ´´μ° ¢μ ¢´¥Ï´ÕÕ £· ´¨ÍÊ
ZDC (250 ³³), μÉ¢¥Î ¥É Ê£²Ê θZDC ≈ 5◦, É. ¥. cos (θZDC) = 0,99620.

‡�Š‹
—…�ˆ…

� ¸¸³μÉ·¥´Ò Ê¸²μ¢¨Ö · ¡μÉÒ  ¤·μ´´μ£μ ± ²μ·¨³¥É·  ¤²Ö ·¥£¨¸É· Í¨¨
¸¶¥±É Éμ·μ¢ ¢ ¸Éμ²±´μ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ´  ±μ²² °¤¥·¥ ¸ ¨´¢ ·¨ ´É´μ°
Ô´¥·£¨¥° ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ƒÔ‚. �¸´μ¢´Ò¥ ¢Ò¢μ¤Ò ¸¢μ¤ÖÉ¸Ö ± ¸²¥¤ÊÕÐ¨³.

1. �μ± § ´μ, ÎÉμ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ê¸²μ¢¨° · ¡μÉÒ ± ²μ·¨³¥É·  ¶μ¤
´Ê²¥¢Ò³ Ê£²μ³ (ZDC), ¤¥É¥±É¨·ÊÕÐ¥£μ  ¤·μ´Ò-¸¶¥±É Éμ·Ò, ´¥μ¡Ìμ¤¨³μ ¨¸-
¶μ²Ó§μ¢ ÉÓ £¥´¥· Éμ·Ò, μ¶¨¸Ò¢ ÕÐ¨¥ ·μ¦¤¥´¨¥ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É -
Éμ·μ¢. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ÔÉμ £¥´¥· Éμ·Ò LAQGSM ¨ SHIELD.
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2. �É±²¨±  ¤·μ´´μ£μ ± ²μ·¨³¥É·  ZDC ¤²Ö MPD@NICA Ö¢²Ö¥É¸Ö ´¥-
³μ´μÉμ´´μ° ËÊ´±Í¨¥° ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  ¤²Ö ¸μ¡ÒÉ¨° μÉ £¥´¥· Éμ· 
LAQGSM, μ¶¨¸Ò¢ ÕÐ¥£μ ·μ¦¤¥´¨¥ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢, ÎÉμ
± Î¥¸É¢¥´´μ μÉ²¨Î ¥É ¨Ì μÉ £¥´¥· Éμ·  UrQMD, ±μÉμ·Ò° É ±μ¥ ·μ¦¤¥´¨¥
´¥ μ¶¨¸Ò¢ ¥É.

3. �μ± § ´μ, ÎÉμ ´¥³μ´μÉμ´´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ
¶ · ³¥É·  μ¶·¥¤¥²Ö¥É¸Ö Í¥´É· ²Ó´Ò³ μÉ¢¥·¸É¨¥³ ¢ ZDC, ¶·¥¤´ §´ Î¥´´Ò³
¤²Ö ¶·μÌμ¦¤¥´¨Ö ¶¥·¢¨Î´μ£μ ¶ÊÎ± . �É´μ¸¨É¥²Ó´μ¥ Ê¢¥²¨Î¥´¨¥ Î¨¸²  Ö¤¥·-
´ÒÌ Ë· £³¥´Éμ¢-¸¶¥±É Éμ·μ¢ ¸ ·μ¸Éμ³ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  [24] ¶·¨¢μ¤¨É
± Éμ³Ê, ÎÉμ £¥μ³¥É·¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ZDC ¶ ¤ ¥É ¢¸²¥¤¸É¢¨¥ ¶μ¶ ¤ ´¨Ö
§´ Î¨É¥²Ó´μ° Î ¸É¨ Ö¤¥·´ÒÌ Ë· £³¥´Éμ¢ ¢ μÉ¢¥·¸É¨¥ ¤²Ö ¶·μ¶Ê¸± ´¨Ö ¶¥·¢¨Î-
´ÒÌ ¶ÊÎ±μ¢. 	¥μ¡Ìμ¤¨³μ¸ÉÓ ·¥£¨¸É·¨·μ¢ ÉÓ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ-¸¶¥±É Éμ·Ò
¨ μ¤´μ¢·¥³¥´´μ ¶·μ¶Ê¸± ÉÓ ¶¥·¢¨Î´Ò¥ ¶ÊÎ±¨ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ¶μ¤μ¡´ Ö
´¥³μ´μÉμ´´μ¸ÉÓ μÉ±²¨±  ¡Ê¤¥É É¨¶¨Î´μ° ¤²Ö ²Õ¡μ£μ ZDC, ±μÉμ·Ò° ¡Ê¤¥É
¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¢ ±μ²² °¤¥·´μ³ Ô±¸¶¥·¨³¥´É¥.

4. 	  μ¸´μ¢ ´¨¨ ³μ¤¥²¨·μ¢ ´¨Ö ¶μ± § ´μ, ÎÉμ ¤²Ö μ¶·¥¤¥²¥´¨Ö Í¥´É· ²Ó-
´μ¸É¨ ´  Ê¸É ´μ¢±¥ MPD@NICA ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ±μ··¥²ÖÍ¨Õ ³´μ¦¥-
¸É¢¥´´μ¸É¨ Î ¸É¨Í, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨, ¨ μÉ±²¨±  ZDC.

5. �·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¶μ ±μ¸¨´Ê¸Ê ¶μ²Ö·´μ£μ Ê£²  ´Ê±²μ-
´μ¢-¸¶¥±É Éμ·μ¢ (¢±²ÕÎ Ö ´Ê±²μ´Ò, ¸¢Ö§ ´´Ò¥ ¢ Ö¤¥·´Ò¥ Ë· £³¥´ÉÒ) ¤²Ö ¸μ-
¡ÒÉ¨° μÉ £¥´¥· Éμ·μ¢ UrQMD [19], LAQGSM [37] ¨ SHIELD [38], μÉ±Ê¤ 
¢¨¤´μ, ÎÉμ ¢¸¥ É·¨ £¥´¥· Éμ·  ¶·¨¢μ¤ÖÉ ± · §²¨Î´Ò³ Ê£²μ¢Ò³ § ¢¨¸¨³μ¸ÉÖ³.
�·¨ ÔÉμ³ £¥´¥· Éμ·Ò LAQGSM ¨ SHIELD ¤ ÕÉ ·¥§±μ ¢Ò· ¦¥´´Ò° ³ ±¸¨-
³Ê³ ¶·¨ ´Ê²¥¢μ³ Ê£²¥. ’ ±¨³ μ¡· §μ³, μÉ³¥Î¥´´ Ö ¢ÒÏ¥ ´¥³μ´μÉμ´´ Ö § ¢¨-
¸¨³μ¸ÉÓ μÉ±²¨±  ZDC μÉ ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É·  ¤²Ö ¸μ¡ÒÉ¨° μÉ £¥´¥· Éμ· 
LAQGSM ¨³¥¥É ³¥¸Éμ ¨ ¤²Ö ¸μ¡ÒÉ¨° μÉ £¥´¥· Éμ·  SHIELD.

6. �μ¸±μ²Ó±Ê · §²¨Î´Ò¥ £¥´¥· Éμ·Ò ¶·¨¢μ¤ÖÉ ± · §²¨Î´Ò³ § ¢¨¸¨³μ¸ÉÖ³,
´¥μ¡Ìμ¤¨³Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ÊÉμÎ´¥´¨Ö ³¥Ì ´¨§³μ¢ μ¡· §μ¢ -
´¨Ö ¸¶¥±É Éμ·μ¢, ÎÉμ ¶μ¢Ò¸¨²μ ¡Ò ÉμÎ´μ¸ÉÓ μ¶¨¸ ´¨Ö ¸¶¥±É Éμ·μ¢ (¸μ¸É ¢ ¨
¸¶¥±É·Ò) ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° ¶·¨Í¥²Ó´μ£μ ¶ · ³¥É· . 	  ¶¥·¢μ³ ÔÉ ¶¥
³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´Ò ¤ ´´Ò¥ ¶·¨ ³¥´ÓÏ¨Ì Ô´¥·£¨ÖÌ, ±μÉμ·Ò¥ ³μ¦´μ
¶μ²ÊÎ¨ÉÓ ¢ Ô±¸¶¥·¨³¥´É Ì ´  Ë¨±¸¨·μ¢ ´´μ° ³¨Ï¥´¨ ´  Ö¤¥·´ÒÌ ¶ÊÎ± Ì
´Ê±²μÉ·μ´  ‹”‚
 �ˆŸˆ.

�‹�ƒ�„����‘’ˆ

‘ÊÐ¥¸É¢¥´´ Ö Î ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¶μ²ÊÎ¥´  ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¢ ¸·¥¤¥
MpdRoot. �Ê±μ¢μ¤¸É¢μ ¸μ§¤ ´¨¥³ ¨ · §¢¨É¨¥³ ÔÉμ° ¸·¥¤Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
�. ‚. �μ£ Î¥¢¸±¨³, ±μÉμ·μ³Ê  ¢Éμ·Ò · ¡μÉÒ ¶·¨´μ¸ÖÉ ¨¸±·¥´´ÕÕ ¡² £μ¤ ·-
´μ¸ÉÓ. �¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò �·¨Õ ŒÊ·¨´Ê, ±μÉμ·Ò° μ¡· É¨² ¨Ì ¢´¨³ ´¨¥
´  ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö £¥´¥· Éμ·  LAQGSM ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö Ö¤·μ-
Ö¤¥·´ÒÌ ¸Éμ²±´μ¢¥´¨° ¶·¨ Ô´¥·£¨ÖÌ NICA. �¢Éμ·Ò ¡² £μ¤ ·ÖÉ Šμ´¸É ´É¨´ 
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ƒÊ¤¨³Ê ¨ Œ¨·ÎÊ � §´ É  §  ¸¶¥Í¨ ²Ó´μ ¢Ò¶μ²´¥´´Ò¥ ¸ ¶μ³μÐÓÕ £¥´¥· Éμ· 
LAQGSM · ¸Î¥ÉÒ Au + Au-¸Éμ²±´μ¢¥´¨° ¶·¨ Ô´¥·£¨ÖÌ ¢ ¸¨¸É¥³¥ Í¥´É· 
³ ¸¸

√
SNN = 5 ¨ 9 ƒÔ‚.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´Éμ¢ �””ˆ 10-02-01036-  ¨
11-02-01026- .
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