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„Ê ²Ó´μ¸ÉÓ É¥·³μ¤¨´ ³¨Î¥¸±μ£μ ¨ ¤¨´ ³¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö
¶·μÍ¥¸¸μ¢ ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢ Í¥´É· ²Ó´ÒÌ Ö¤·μ-Ö¤¥·´ÒÌ
¸Éμ²±´μ¢¥´¨ÖÌ

�·¥¤² £ ¥É¸Ö ¶·¨´Í¨¶ ¤Ê ²Ó´μ¸É¨, μ§´ Î ÕÐ¨° ¶μ¤μ¡¨¥ É¥·³ ²Ó´ÒÌ ¸¶¥±-
É·μ¢  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¨μ´-¨μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ, ¨ ¨´±²Õ§¨¢´ÒÌ ¸¶¥±-
É·μ¢, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¶μ²ÊÎ¥´Ò ¢ ¤¨´ ³¨Î¥¸±μ° ±¢ ´Éμ¢μ° É¥μ·¨¨ · ¸¸¥Ö´¨Ö.
‚ · ³± Ì É ±μ£μ ¶μ¤Ìμ¤  ¶μ± § ´μ, ÎÉμ ¸·¥¤´¨° ±¢ ¤· É ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ 
 ¤·μ´μ¢, ¢ Î ¸É´μ¸É¨ ³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Ö¤·μ-Ö¤¥·´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ, · ¸É¥É,
  § É¥³ ¢Ò¶μ² ¦¨¢ ¥É¸Ö (´ ¸ÒÐ ¥É¸Ö) ¸ ·μ¸Éμ³ ´ Î ²Ó´μ° Ô´¥·£¨¨, ÎÉμ ´ ¡²Õ-
¤ ¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ É¥μ·¥É¨Î¥¸±μ° Ë¨§¨±¨ ¨³. �.�. �μ£μ²Õ¡μ¢ 
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Duality between Thermodynamical and Dynamical Descriptions
of Hadron Production in Central NucleusÄNucleus Collisions

A new duality principle is proposed according to which there exists a similar-
ity between the thermal spectra of hadrons produced in heavy-ion collisions and
the inclusive spectra obtained in the framework of dynamical quantum scattering
theory. Within the suggested approach it is shown that the mean square of the
hadron transverse momentum, in particular that of mesons, which are produced in
nucleusÄnucleus collisions, grows monotonically and then saturates a plateau. This
phenomenon is experimentally observed when the initial energy increases.

The investigation has been performed at the Bogoliubov Laboratory of Theoretical
Physics, JINR.
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�¤´¨³ ¨§ ¤μ¸É¨¦¥´¨° ¸μ¢·¥³¥´´μ° ÉÖ¦¥²μ¨μ´´μ° Ê¸±μ·¨É¥²Ó´μ° Ë¨-
§¨±¨ Ö¢²Ö¥É¸Ö ¢μ§³μ¦´μ¸ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö Š•„-³ É¥·¨¨, μ£· ´¨Î¥´´μ° Î·¥§-
¢ÒÎ °´μ ³ ²Ò³¨ ¶·μ¸É· ´¸É¢¥´´μ-¢·¥³¥´´Ò³¨ · §³¥· ³¨. ‘μμÉ¢¥É¸É¢ÊÕÐ¨°
· §¤¥² Ë¨§¨±¨ ³μ¦´μ ´ §¢ ÉÓ ®Ë¥³ÉμË¨§¨±μ°¯ ¶μ  ´ ²μ£¨¨ ¸ ¶μ¶Ê²Ö·´μ°
¸¥°Î ¸ ´ ´μË¨§¨±μ° Å ËÊ´¤ ³¥´É ²Ó´μ° μ¸´μ¢μ° ´ ´μÉ¥Ì´μ²μ£¨°. � ¨¡μ-
²¥¥  ±ÉÊ ²Ó´μ° § ¤ Î¥° ¢ ÔÉμ° μ¡² ¸É¨ Ö¢²Ö¥É¸Ö ¶μ¨¸± ´μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì
Ö¢²¥´¨° ¨ ¸μ¸ÉμÖ´¨° Ö¤¥·´μ° ³ É¥·¨¨, ¢μ§´¨± ÕÐ¨Ì ¢ ¶·μÍ¥¸¸¥ ¸μÊ¤ ·¥´¨Ö
ÉÖ¦¥²ÒÌ ¨μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨°. ˆ³¥´´μ ÔÉμ Ö¢²Ö¥É¸Ö Í¥²ÓÕ Ô±¸¶¥·¨³¥´-
Éμ¢ ´  Ê¸É ´μ¢± Ì LHC (CERN, ˜¢¥°Í ·¨Ö) ¨ RHIC (BNL, ‘˜�),   É ±¦¥
¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  ¡Ê¤ÊÐ¨Ì Ê¸±μ·¨É¥²Ó´ÒÌ ±μ³¶²¥±¸ Ì NICA
(�ˆŸˆ, „Ê¡´ ) ¨ FAIR (GSI, ƒ¥·³ ´¨Ö).

‚¸¥ ÔÉμ ¸É¨³Ê²¨·Ê¥É, ¢ ¸¢μÕ μÎ¥·¥¤Ó,  ±É¨¢´μ¸ÉÓ É¥μ·¥É¨Î¥¸±¨Ì ¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ ¤ ´´μ³ ´ ¶· ¢²¥´¨¨ [1]. ’ ±, ¢ �ˆŸˆ
´  μ¸´μ¢¥ ¸ÊÐ¥¸É¢ÊÕÐ¥£μ ¨μ´´μ£μ Ê¸±μ·¨É¥²Ö ´Ê±²μÉ·μ´  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¸É·μ¨É¥²Ó¸É¢μ ´μ¢μ£μ ÉÖ¦¥²μ¨μ´´μ£μ ±μ²² °¤¥·  NICA ¸ Ô´¥·£¨Ö³¨ μÉ 4 ¤μ
11 ƒÔ‚/´Ê±²μ´ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ (¸. Í. ³.). �¸´μ¢´ Ö Í¥²Ó ¡Ê¤ÊÐ¨Ì Ô±¸-
¶¥·¨³¥´Éμ¢ ´  NICA Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸¢μ°¸É¢ £μ·ÖÎ¥° ¨
¶²μÉ´μ° Ö¤¥·´μ° ³ É¥·¨¨ ¨ ¸¨£´ ²μ¢ ¢μ§³μ¦´μ£μ Ëμ·³¨·μ¢ ´¨Ö ¸³¥Ï ´´μ°
Ë §Ò, ¸μ¸ÉμÖÐ¥° ± ± ¨§ ±¢ ·±μ¢ ¨ £²Õμ´μ¢, É ± ¨ ¨§  ¤·μ´μ¢. ‚ ¦´ Ö μÉ-
²¨Î¨É¥²Ó´ Ö μ¸μ¡¥´´μ¸ÉÓ ¶² ´¨·Ê¥³ÒÌ ´  ±μ²² °¤¥·¥ NICA Ô±¸¶¥·¨³¥´Éμ¢
§ ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¶μ ¸· ¢´¥´¨Õ ¸ Ô±¸¶¥·¨³¥´É ³¨ ´  ÉÖ¦¥²μ¨μ´´ÒÌ
Ê¸±μ·¨É¥²ÖÌ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° (RHIC, LHC) ¡ ·¨μ´´ Ö ¶²μÉ´μ¸ÉÓ ¸¨²Ó-
´μ¢§ ¨³μ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨ §¤¥¸Ó μ¦¨¤ ¥É¸Ö ³ ±¸¨³ ²Ó´μ ¤μ¸É¨¦¨³μ° ¢
Ê¸±μ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì. Š·μ³¥ ÔÉμ£μ, ´  NICA É ±¦¥ ¡Ê¤¥É ¢μ§³μ¦¥´
¶μ¨¸± ¸¨£´ ²μ¢ ¶¥·¥Ìμ¤   ¤·μ´´μ° ³ É¥·¨¨ ¢ ±¢ ·±-£²Õμ´´ÊÕ ¶² §³Ê. �¤´¨³
¨§ É ±¨Ì ¸¨£´ ²μ¢ ³μ¦¥É ¡ÒÉÓ ´ ¡²Õ¤ ¥³ Ö ¢ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ® ´μ³ ²Ó´ Ö¯
Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·μ¢ μÉ ¶μ¶¥·¥Î´μ° ³ ¸¸Ò ¶¨-
μ´μ¢ ¨ ± μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ Au+Au ¨ Pb + Pb.
�¡· É´Ò° ´ ±²μ´ (ÔËË¥±É¨¢´ Ö ¶μ¶¥·¥Î´ Ö É¥³¶¥· ÉÊ· ) ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
¸¶¥±É·μ¢ ± ± ËÊ´±Í¨Ö ´ Î ²Ó´μ° Ô´¥·£¨¨ μÎ¥´Ó ¡Ò¸É·μ ¢μ§· ¸É ¥É ¸ ·μ¸Éμ³
Ô´¥·£¨¨ (¶·¨ Ô´¥·£¨ÖÌ FAIR, NICA [1], AGS [2]),   § É¥³ ¢Ò¶μ² ¦¨¢ ¥É¸Ö
(¶·¨ Ô´¥·£¨ÖÌ SPS [3] ¨ RHI‘ [4]).
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‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ³Ò μ¡¸Ê¤¨³ Ë¨§¨Î¥¸±¨° ¸³Ò¸² É¥·³ ²Ó´ÒÌ ¸¶¥±-
É·μ¢  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¨μ´-¨μ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ (¸³., ´ ¶·¨³¥·, [5, 6]),
¸ Í¥²ÓÕ ¶·μÖ¸´¥´¨Ö ¨Ì ¤¨´ ³¨Î¥¸±μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö. ‡ É¥³ ³Ò ¶·¥¤¸É ¢¨³
¢μ§³μ¦´ÊÕ É¥μ·¥É¨Î¥¸±ÊÕ ¨´É¥·¶·¥É Í¨Õ ´¥É·¨¢¨ ²Ó´μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ
¶μ¢¥¤¥´¨Ö μ¡· É´μ£μ ´ ±²μ´  ¨´±²Õ§¨¢´μ£μ ¸¶¥±É·  ³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢
Í¥´É· ²Ó´ÒÌ ¨μ´-¨μ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ° ³ ¸¸Ò.

1. ��ˆ�–ˆ� „“�‹œ��‘’ˆ

‘μ£² ¸´μ ³´μ£¨³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ ¨´±²Õ§¨¢´Ò¥ ¸¶¥±É·Ò  ¤·μ-
´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¨μ´-¨μ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ, ³μ£ÊÉ ¡ÒÉÓ  ¶¶·μ±¸¨³¨·μ¢ ´Ò
· ¸¶·¥¤¥²¥´¨¥³ ”¥·³¨Ä„¨· ± , ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ É¥·³μ¤¨´ ³¨Î¥¸±μ³Ê · ¢-
´μ¢¥¸¨Õ ¸¨¸É¥³Ò ±μ´¥Î´ÒÌ  ¤·μ´μ¢ (¸³., ´ ¶·¨³¥·, [5, 6]):

fA
h = CA

T {exp ((εh − μh)/T )± 1}−1 , (1)

£¤e §´ ±¨ ®+¯ ¨ ®−¯ ¸μμÉ¢¥É¸É¢ÊÕÉ Ë¥·³¨μ´ ³ ¨ ¡μ§μ´ ³; εh ¨ μh Å ±¨´¥É¨-
Î¥¸± Ö Ô´¥·£¨Ö ¨ Ì¨³¨Î¥¸±¨° ¶μÉ¥´Í¨ ²  ¤·μ´  h; CA

T Å ´μ·³¨·μ¢μÎ´Ò° ±μ-
ÔËË¨Í¨¥´É, § ¢¨¸ÖÐ¨° μÉ É¥³¶¥· ÉÊ·Ò T . �Î¥¢¨¤´μ, ÎÉμ ¶μ¸²¥¤´ÖÖ § ¢¨¸¨É
μÉ ´ Î ²Ó´μ° Ô´¥·£¨¨

√
s ¢ ¸. Í. ³. ´Ê±²μ´-´Ê±²μ´´μ£μ NÄN -¢§ ¨³μ¤¥°¸É¢¨Ö.

„²Ö ¶·μ¸ÉμÉÒ,  ´ ²¨§¨·ÊÖ ¸¶¥±É·Ò ³¥§μ´μ¢, ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ μh = 0
(¢ ¤¥°¸É¢¨É¥²Ó´μ¸É¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ÔÉ  ¢¥²¨Î¨´ , ¸É·μ£μ £μ¢μ·Ö, ³μ¦¥É ¡ÒÉÓ
³ ²μ°, ´μ ´¥ ´Ê²¥¢μ° [7]); Éμ£¤  ¢Ò· ¦¥´¨¥ (1) ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´μ
¢ ¢¨¤¥

fA
h = CA

T exp (−εh/T ). (2)

‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¸μ£² ¸´μ É¥μ·¨¨ �¥¤¦¥ ¨ ¤Ê ²Ó´μ° ¶ ·Éμ´´μ° ³μ¤¥²¨
(„�Œ) [8] ¨²¨ ³μ¤¥²¨ ±¢ ·±-£²Õμ´´ÒÌ ¸É·Ê´ (ŒŠƒ‘) [9], μ¸´μ¢ ´´ÒÌ ´ 
1/Nc-· §²μ¦¥´¨¨ ¢ Š•„, ¨´±²Õ§¨¢´Ò° ¸¶¥±É·  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ, ´ ¶·¨-
³¥·, ¢ N−N -¸μÊ¤ ·¥´¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ¨³¥¥É ¸±¥°²¨´£μ¢ÊÕ Ëμ·³Ê,
É. ¥. § ¢¨¸¨É Éμ²Ó±μ μÉ M2

X/s, £¤¥ MX Å ÔËË¥±É¨¢´ Ö ³ ¸¸  ·μ¦¤¥´´ÒÌ  ¤·μ-
´μ¢; s Å ±¢ ¤· É ´ Î ²Ó´μ° Ô´¥·£¨¨ ¢ ¸. Í. ³. N−N -¸μÊ¤ ·¥´¨Ö. �μ¤μ¡´ Ö
¸±¥°²¨´£μ¢ Ö Ëμ·³  ¤²Ö ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·μ¢  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ ¢  ¤·μ´-
 ¤·μ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ, ¶·¥¤² £ ² ¸Ó ¨ ¢ [10]. ‘±¥°²¨´£μ¢ Ö ¶¥·¥³¥´´ Ö
M2

X/s ´¥¶μ¸·¥¤¸É¢¥´´μ ¸¢Ö§ ´  ¸ É ± ´ §Ò¢ ¥³μ° · ¤¨ ²Ó´μ° Ë¥°´³ ´μ¢¸±μ°
¶¥·¥³¥´´μ° xr ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: M2

X/s = 1 − xr, £¤¥ xr = 2E∗
h/

√
s,  

E∗
h Å Ô´¥·£¨Ö ·μ¦¤¥´´μ£μ  ¤·μ´  ¢ ¸. Í. ³. N−N -¸μÊ¤ ·¥´¨Ö. ’¥μ·¨Ö �¥-

¤¦¥ [11], ¶μ¤Ìμ¤Ò „�Œ ¨²¨ ŒŠƒ‘ ¨ Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö  ¶¶·μ±¸¨³ Í¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ (¸³., ´ ¶·¨³¥·, [12]) ¶μ± §Ò¢ ÕÉ, ÎÉμ ¨´±²Õ§¨¢-
´Ò° ¸¶¥±É· ¶¨μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ NÄN -¸μÊ¤ ·¥´¨ÖÌ, É. ¥. ¶·¨
³ ²ÒÌ xr, ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

ρNN
m (xr) = CN (1 − xr)dN . (3)
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Šμ£¤  xr � 1, ¢Ò· ¦¥´¨¥ (3) ³μ¦¥É ¡ÒÉÓ § ¶¨¸ ´μ ¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ°
Ëμ·³¥:

ρNN
m = CN exp (−dNxr). (4)

�μ¤¸É ¢²ÖÖ ¢Ò· ¦¥´¨¥ ¤²Ö xr ¢ (4), ³Ò ¶μ²ÊÎ ¥³ ¨´±²Õ§¨¢´Ò° ¸¶¥±É· ³¥§μ-
´μ¢ ¢ Ëμ·³¥, ¶μ¤μ¡´μ° Ëμ·³¥ É¥·³ ²Ó´μ£μ ¸¶¥±É·  (2):

ρNN
m = CN exp (−dnxr) ≡ CN exp (−E∗

h/T N
s ), (5)

£¤¥ T N
s =

√
s/2dN .

�¨¸. 1 ¨²²Õ¸É·¨·Ê¥É ¤μ¢μ²Ó´μ Ìμ·μÏÊÕ Ô±¢¨¢ ²¥´É´μ¸ÉÓ ¸É¥¶¥´´μ° Ëμ·-
³Ò ¤²Ö ρNN

m , ¤ ¢ ¥³μ° ¢Ò· ¦¥´¨¥³ (3), ¨ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Ëμ·³Ò (5) ÔÉμ£μ
¸¶¥±É·  ¶·¨ Ô´¥·£¨ÖÌ ·μ¦¤¥´´ÒÌ ³¥§μ´μ¢ ¢¶²μÉÓ ¤μ ´¥¸±μ²Ó±¨Ì ƒÔ‚ ¶·¨
¢Ò¸μ±¨Ì ´ Î ²Ó´ÒÌ Ô´¥·£¨ÖÌ. �μÔÉμ³Ê ¸¶¥±É· ρNN

m ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´
¢ Ô±¸¶μ´¥´Í¨ ²Ó´μ° Ëμ·³¥ (5) ± ± ¶·¨ ³ ²ÒÌ, É ± ¨ ¶·¨ Ê³¥·¥´´ÒÌ Ô´¥·£¨ÖÌ
±μ´¥Î´ÒÌ ¶¨μ´μ¢.

�¨¸. 1. f1(xr) = exp (−dxr) ¨ f2(xr) = (1 − xr)
d ± ± ËÊ´±Í¨¨ Eh

�¤´ ±μ, ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ¸ÉÓ (2), ¢ Ëμ·³¥ (5) ¨´±²Õ§¨¢´μ£μ ¸¶¥±É·  ³¥-
§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ N−N -¸μÊ¤ ·¥´¨¨, T N

s , ¸É·μ£μ £μ¢μ·Ö, ´¥ Ö¢²Ö¥É¸Ö É¥³-
¶¥· ÉÊ·μ° ·μ¦¤¥´´ÒÌ ³¥§μ´μ¢. �μ²¥¥ Éμ£μ, μ´  · ¸É¥É ¸ ·μ¸Éμ³ ´ Î ²Ó´μ°
Ô´¥·£¨¨, ¶μ¸±μ²Ó±Ê ¢¥²¨Î¨´  dN ´¥¶μ¸·¥¤¸É¢¥´´μ ¸¢Ö§ ´  ¸ ¶¥·¥¸¥Î¥´¨¥³ ¨
´ ±²μ´μ³ ·¥¤¦¥¢¸±¨Ì É· ¥±Éμ·¨°, ±μÉμ·Ò¥ Ìμ·μÏμ ¨§¢¥¸É´Ò, ¨ ´¥ § ¢¨¸¨É μÉ
´ Î ²Ó´μ° Ô´¥·£¨¨ [8, 9]. ’ ±¨³ μ¡· §μ³, ÌμÉÖ ¢´¥Ï´¥ Ëμ·³Ò É¥·³ ²Ó´μ£μ
¸¶¥±É·  (2) ¨ ¸¶¥±É·  (5) ¶¨μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ NÄN -¢§ ¨³μ¤¥°¸É¢¨¨ ¶·¨ ¢Ò-
¸μ±¨Ì Ô´¥·£¨ÖÌ, ¶μÌμ¦¨ ¤·Ê£ ´  ¤·Ê£ , ¨Ì Ë¨§¨Î¥¸± Ö ¶·¨·μ¤  ¨ § ¢¨¸¨³μ¸ÉÓ
μÉ ´ Î ²Ó´μ° Ô´¥·£¨¨ · §´Ò¥.
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‘¨ÉÊ Í¨Ö ³¥´Ö¥É¸Ö, ±μ£¤  ³Ò · ¸¸³ É·¨¢ ¥³ ¨´±²Õ§¨¢´μ¥ ·μ¦¤¥´¨¥ É¥Ì
¦¥ ¶¨μ´μ¢ ¢ Éμ° ¦¥ Í¥´É· ²Ó´μ° ¶μ ¡Ò¸É·μÉ ³ μ¡² ¸É¨, ´μ ¢ Ö¤·μ-Ö¤¥·´ÒÌ
¸μÊ¤ ·¥´¨ÖÌ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. ‚²¨Ö´¨¥ Ö¤¥·´μ° ¸·¥¤Ò ´  ¨´±²Õ§¨¢-
´Ò¥ ¸¶¥±É·Ò É ±¨Ì ¶¨μ´μ¢ ³μ¦¥É μ± § ÉÓ¸Ö ¤μ¢μ²Ó´μ ¸¨²Ó´Ò³. �μ¶ÒÉ ¥³¸Ö
¶μ´ÖÉÓ, ± ± ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö ¨Ì Ëμ·³  ¸¶¥±É·  ¶μ ¸· ¢´¥´¨Õ ¸ ¨´±²Õ§¨¢-
´Ò³ ¸¶¥±É·μ³ ¶¨μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¸¢μ¡μ¤´ÒÌ NÄN -¸μÊ¤ ·¥´¨ÖÌ, ¶·¥¤¸É -
¢²¥´´Ò³ ¢Ò· ¦¥´¨¥³ (5). �·¥¤¶μ²μ¦¨³, ÎÉμ ¢ Í¥´É· ²Ó´μ³ Ö¤·μ-Ö¤¥·´μ³
A−A-¢§ ¨³μ¤¥°¸É¢¨¨ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¶·¨ ¶¥·¢ÒÌ ¦¥ ¸μÊ¤ ·¥´¨ÖÌ ´Ê-
±²μ´μ¢ ¨§ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¶μ ¨¸É¥Î¥´¨¨ ´¥±μÉμ·μ£μ ¢·¥³¥´¨ μ¡· §Ê¥É¸Ö
¸É·ÊÖ (qq̄)-¶ ·, ±μÉμ·Ò¥ ¥Ð¥ ´¥ μ¡· §μ¢ ²¨ ±μ´¥Î´Ò¥ ³¥§μ´Ò. ‹μ£¨Î´μ É ±¦¥
¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ Ëμ·³  · ¸¶·¥¤¥²¥´¨Ö ÔÉ¨Ì ¶ · ¢ ¸É·Ê¥ É ± Ö ¦¥, ± ± ¨
Ëμ·³  (5) ¸¶¥±É·  ¶¨μ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¸¢μ¡μ¤´μ³ NÄN -¢§ ¨³μ¤¥°¸É¢¨¨:

f jet
qq̄ = CA(1 − xr)dA = CA exp

(
−

E∗
qq̄

T A
s

)
, (6)

£¤¥ T A
s =

√
s/2dA. �μ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¶ · ³¥É· dA ´¥ ¸μ¢¶ ¤ ¥É ¸ dN . �μ²¥¥

Éμ£μ, dA Ê¦¥ § ¢¨¸¨É μÉ Î¨¸²  (qq̄)-¶ · n ¢ ¸É·Ê¥. 	ÉÊ ËÊ´±Í¨Õ dA(n) ³μ¦´μ
´ °É¨, ¢ÒÎ¨¸²ÖÖ ¶¥·¥±·ÒÉ¨¥ ·¥²ÖÉ¨¢¨¸É¸±¨-¨´¢ ·¨ ´É´ÒÌ Ë §μ¢ÒÌ μ¡Ñ¥³μ¢
n (qq̄)-¶ · ¢ ¸É·Ê¥ ³¥Éμ¤μ³ ŠÊÉ¨Ä‚ °¸±μ¶Ë  [13], ±μÉμ·Ò° ¶μ¤·μ¡´μ · ¸-
¸³μÉ·¥´ ¢ [14] ¨ [15]. ˆ¸¶μ²Ó§ÊÖ ÔÉμÉ ³¥Éμ¤, ³μ¦´μ ¶μ± § ÉÓ, ÎÉμ dA(n)
¶·μ¶μ·Í¨μ´ ²Ó´μ n. „²Ö ¤ ²Ó´¥°Ï¨Ì μÍ¥´μ± ¢²¨Ö´¨Ö ¸·¥¤Ò ´  ·μ¦¤¥´¨¥
³¥§μ´μ¢ ¢ Í¥´É· ²Ó´ÒÌ AÄA-¸μÊ¤ ·¥´¨ÖÌ ³Ò § ³¥´¨³ n ´  ¸·¥¤´ÕÕ ³´μ-
¦¥¸É¢¥´´μ¸ÉÓ ¶¨μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¸¢μ¡μ¤´μ³ NÄN -¸Éμ²±´μ¢¥´¨¨, 〈n〉NN

π ,
±μÉμ· Ö § ¢¨¸¨É μÉ ´ Î ²Ó´μ° Ô´¥·£¨¨, É. ¥. dA(n) ¶·μ¶μ·Í¨μ´ ²Ó´μ 〈n〉NN

π .
„ ²¥¥ ³Ò ¶μ± ¦¥³, ÎÉμ μ¡· É´Ò° ´ ±²μ´ ¨´±²Õ§¨¢´μ£μ ¸¶¥±É·  ¶μ ¶μ¶¥·¥Î-
´μ° ³ ¸¸¥ ³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ AÄA-¸μÊ¤ ·¥´¨ÖÌ ¶·¨ ¢Ò¸μ±¨Ì
Ô´¥·£¨ÖÌ É¨¶  SPS ¨ RHIC, ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö¥É¸Ö ¶·¨ ¢Ò¡μ·¥ · §´ÒÌ ¢¨-
¤μ¢ § ¢¨¸¨³μ¸É¨ dA μÉ Ô´¥·£¨¨.

� §μ¢¥³ É¥¶¥·Ó £¨¶μÉ¥§Ê μ Ëμ·³¥ (6) · ¸¶·¥¤¥²¥´¨Ö (qq̄)-¶ · ¢ ¸É·Ê¥,
μ¡· §ÊÕÐ¥°¸Ö ¢ Í¥´É· ²Ó´ÒÌ ¨μ´-¨μ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¢ ± ±μ°-Éμ ³μ³¥´É
¢·¥³¥´¨ ¶μ¸²¥ ¶¥·¢ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ´Ê±²μ´μ¢ ¨§ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·,
¤¨´ ³¨Î¥¸±¨³  ´§ ÉÍ¥³ („A),   Ëμ·³Ê É¥·³ ²Ó´μ£μ ¸¶¥±É·  (2) ´ §μ¢¥³
²μ± ²Ó´Ò³ · ¢´μ¢¥¸¨¥³ (‹�). ŒÒ É ±¦¥ ¶·¥¤¶μ² £ ¥³ ¶·¨´Í¨¶ ¤Ê ²Ó´μ¸É¨
(�„), ±μÉμ·Ò° μ§´ Î ¥É ¶μ¤μ¡¨¥ É¥·³ ²Ó´ÒÌ ¸¶¥±É·μ¢ (2) ¨ ¤¨´ ³¨Î¥¸±¨Ì
¸¶¥±É·μ¢ (6).

2. ‚‹ˆŸ�ˆ… ‘�…„› �� ���’���›… ��‘��…„…‹…�ˆŸ ‚ �„���…

‚²¨Ö´¨¥ Ö¤¥·´μ° ¸·¥¤Ò ´  · ¸¶·¥¤¥²¥´¨Ö ¶ ·Éμ´μ¢ ¢ ±¢ ·±μ¢ÒÌ ¸¨¸É¥-
³ Ì É¨¶   ¤·μ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ Í¥´É· ²Ó´ÒÌ ¨μ´-¨μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ,
¨¸¸²¥¤μ¢ ²μ¸Ó ¢ [15] ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ÔÉ¨ ±¢ ·±μ¢Ò¥ μ¡Ñ¥±ÉÒ ¢ ± ±μ°-
Éμ ³μ³¥´É ¢·¥³¥´¨ ´ Ìμ¤ÖÉ¸Ö ¢ ²μ± ²Ó´μ³ É¥·³μ¤¨´ ³¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨.
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�Ò²μ ¶μ± § ´μ, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ ¢ ²¥´É´ÒÌ ±¢ ·±μ¢ ¢ É ±μ³ μ¡Ñ¥±É¥ ³μ-
¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´μ É¥³ ¦¥ ³¥Éμ¤μ³ ŠÊÉ¨Ä‚ °¸±μ¶Ë  [13] ¨ ¶·¥¤¸É ¢²¥´μ ¢
¸²¥¤ÊÕÐ¥° Ëμ·³¥:

fA
qv

(x,pt) =

1∫
0

dx1

1∫
0

dxh

∫
d2p1td

2phtq
h
v (x,pt)qh

r (x1,p1t)×

× fA
h (xh,pht)δ(x + x1 − xh)δ(2)(pt + p1t − pht), (7)

£¤¥ fA
h (xh,pht) Å · ¸¶·¥¤¥²¥´¨¥ ±¢ ·±μ¢μ£μ ±² ¸É¥·  É¨¶   ¤·μ´  (´μ ¥Ð¥

¶μ²´μ¸ÉÓÕ ´¥ ¸Ëμ·³¨·μ¢ ¢Ï¥£μ¸Ö ¨ ´¥ ¢Ò²¥É¥¢Ï¥£μ §  ¶·¥¤¥²Ò A−A-¢§ ¨³μ-
¤¥°¸É¢¨Ö), ´ Ìμ¤ÖÐ¥£μ¸Ö ¢ ²μ± ²Ó´μ³ É¥·³μ¤¨´ ³¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨ ¢ Ö¤¥·-
´μ° ¸·¥¤¥; qh

v , qh
r Å ¢¥·μÖÉ´μ¸É¨ ´ °É¨ ¢ ²¥´É´Ò° ±¢ ·± ¨ ¤·Ê£¨¥ ¶ ·Éμ´Ò Å

¢ ²¥´É´Ò¥ ¨ ³μ·¸±¨¥ ±¢ ·±¨ ( ´É¨±¢ ·±¨) ¨ £²Õμ´Ò Å ¢ ±¢ ·±μ¢μ³ ±² -
¸É¥·¥; x1, xh, x Å Ë¥°´³ ´μ¢¸±¨¥ ¶¥·¥³¥´´Ò¥; pt, p1t, pht Å ¶μ¶¥·¥Î´Ò¥
¨³¶Ê²Ó¸Ò. ”μ·³  ¤²Ö fA

h (xh,pht) ¢ [15] ¶·¥¤¶μ² £ ² ¸Ó ¢ ¢¨¤¥ É¥·³μ¤¨-
´ ³¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö (2), ´ §¢ ´´μ£μ ´ ³¨ ²μ± ²Ó´Ò³ · ¢´μ¢¥¸¨¥³.
’μÎ´μ É ±¨³ ¦¥ μ¡· §μ³ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ (7) ³μ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´μ ±¢ ·-
±μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ fA

h (xh,pht) ¨ ¢ ¸²ÊÎ ¥ „�, ´μ fA
h ¶·¨ ÔÉμ³ ¤μ²¦´μ

¡· ÉÓ¸Ö ¢ ¢¨¤¥ (6). �·¥¤¶μ² £ Ö Ë ±Éμ·¨§μ¢ ´´ÊÕ Ëμ·³Ê ¤²Ö fh
q (x, pt), É. ¥.

fh
q (x, pt) = fq(x)gq(pt), ± ± ¨ ¢ [15], ³Ò ³μ¦¥³ ¢ÒÎ¨¸²¨ÉÓ ¸·¥¤´¨° ±¢ ¤· É

¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ¢ ²¥´É´μ£μ ±¢ ·±  〈p2
q,t〉 ¢ ¸¨¸É¥³¥ (qq̄), ´ Ìμ¤ÖÐ¥°¸Ö

¢ ¸É·Ê¥, μ¡· §μ¢ ´´μ° ¢ Í¥´É· ²Ó´μ³ AÄA-¸Éμ²±´μ¢¥´¨¨. ‘²¥¤ÊÖ ¸Ì¥³¥ ¢Ò-
Î¨¸²¥´¨Ö, ¨§²μ¦¥´´μ° ¢ [15], ³Ò ¶μ²ÊÎ ¥³ ¶·¨ ³ ²ÒÌ x

〈p2
q,t〉Aq,appr =

〈p2
t 〉hq + T̃

√
m2

h + s/4

1 + T̃
√

m2
h + s/4/(2〈p2

t 〉hq )
, (8)

£¤¥ 〈p2
t 〉hq Å ±¢ ¤· É ¸·¥¤´¥£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ±¢ ·±  ¢ ¸¢μ¡μ¤´μ³

 ¤·μ´¥; T̃ = T ¤²Ö ‹� (¸³. (2)) ¨ T̃ = Ts =
√

s/2dA ¤²Ö „� (¸³. (6)).
Š ± ¢¨¤´μ ¨§ (8), 〈p2

q,t〉Aq,appr · ¸É¥É ¸ ·μ¸Éμ³
√

s, § É¥³ ¢Ò¶μ² ¦¨¢ ¥É¸Ö ¶·¨
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¨  ¸¨³¶ÉμÉ¨Î¥¸±¨ ¸É·¥³¨É¸Ö ± ¢¥²¨Î¨´¥, · ¢´μ° Ê¤¢μ¥´-
´μ³Ê ±¢ ¤· ÉÊ ¸·¥¤´¥£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ±¢ ·±  ¢ ¸¢μ¡μ¤´μ³  ¤·μ´¥.
‡ ³¥É¨³, ÎÉμ  ¸¨³¶ÉμÉ¨Î¥¸±¨, É. ¥. ¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, 〈p2

q,t〉Aq,appr

Ê¦¥ ´¥ § ¢¨¸¨É μÉ ¢¥²¨Î¨´Ò T̃ , É. ¥. ´¥ § ¢¨¸¨É μÉ Éμ£μ, ± ±¨³  ´§ ÉÍ¥³,
‹� ¨²¨ „�, ³Ò ¶μ²Ó§Ê¥³¸Ö. ” ±É¨Î¥¸±¨ ÔÉμ Å ³μ¤¥²Ó´μ-´¥§ ¢¨¸¨³Ò° ¢Ò-
¢μ¤. �μ ¶·¥¤ ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ¶μ¢¥¤¥´¨¥ 〈p2

q,t〉Aq,appr Å · §´μ¥ ¤²Ö ‹� ¨ „�.
‚ ¸²ÊÎ ¥ „� ¢Ò¶μ² ¦¨¢ ´¨¥ ÔÉμ° ´ ¡²Õ¤ ¥³μ° ¢¥²¨Î¨´Ò ¶·μ¨¸Ìμ¤¨É ¡Ò-
¸É·¥¥ ¸ ·μ¸Éμ³

√
s, Î¥³ ¢ ¸²ÊÎ ¥ ‹�. Š ± ¡Ò²μ ¶μ± § ´μ ¢ [15], ¢ ¸²ÊÎ ¥ ²μ-

± ²Ó´μ£μ · ¢´μ¢¥¸¨Ö (Ëμ·³  (2))
√

s Å ´¥± Ö ³ ¸ÏÉ ¡´ Ö Ô´¥·£¨Ö, ±μÉμ· Ö
´¥ · ¢´  ´ Î ²Ó´μ° Ô´¥·£¨¨ ¢ AÄA-¸Éμ²±´μ¢¥´¨¨. ‚ ¸²ÊÎ ¥ ¦¥ ¤¨´ ³¨Î¥-
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¸±μ£μ  ´§ ÉÍ  (Ëμ·³  (6))
√

s Å ÔÉμ ¨³¥´´μ ´ Î ²Ó´ Ö Ô´¥·£¨Ö ¢ ¸. Í. ³.
NÄN -¢§ ¨³μ¤¥°¸É¢¨Ö. ‚ ÔÉμ³ ¥¸ÉÓ ¸ÊÐ¥¸É¢¥´´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ ¶·¥¤² £ ¥-
³μ£μ ¶μ¤Ìμ¤ , ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ „�.

„²Ö ³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ A−A-¸μÊ¤ ·¥´¨ÖÌ, ³Ò É ±¦¥
¶μ²ÊÎ ¥³ ¶μ¤μ¡´μ¥ ÊÏ¨·¥´¨¥ ¨Ì ¸·¥¤´¥£μ ±¢ ¤· É  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ 
〈p2

h1t〉. �·μ¤¥²Ò¢ Ö É ±¨¥ ¦¥ ¢ÒÎ¨¸²¥´¨Ö, ± ± ¨ ¢ [15], ³Ò ¶μ²ÊÎ ¥³ ¸²¥¤ÊÕ-
Ð¥¥ ¶·¨¡²¨¦¥´´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö 〈p2

q,t〉:

〈p2
h1t〉AA

appr =
〈p2

h1t〉NN/(1 + r) + T̃
√

m2
m + s/4

1 + T̃
√

m2
m + s/4(1 + r)/(2〈p2

h1t〉NN )
+ r〈p2

h1t〉NN , (9)

£¤¥ 〈p2
h1t〉NN Å ¸·¥¤´¥¥ §´ Î¥´¨¥ ±¢ ¤· É  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  ³¥§μ´  h1,

·μ¦¤¥´´μ£μ ¢ Í¥´É· ²Ó´μ³ N−N -¸μÊ¤ ·¥´¨¨; r = γq/γc; T̃ = T ¢ ¸²ÊÎ ¥
‹� ¨²¨ T̃ =

√
s/2dA ¢ ¸²ÊÎ ¥ „�. ‡¤¥¸Ó γq ¨ γc Å ´ ±²μ´Ò ¢ £ Ê¸¸μ¢μ°

Ëμ·³¥ · ¸¶·¥¤¥²¥´¨Ö ±¢ ·±μ¢ ¶μ ¶μ¶¥·¥Î´μ³Ê ¨³¶Ê²Ó¸Ê ¢ ¸¢μ¡μ¤´μ³ ¶¨μ´¥
¨ ¢ ËÊ´±Í¨¨ Ë· £³¥´É Í¨¨ ±¢ ·±  ¢ ±μ´¥Î´Ò°  ¤·μ´ h1, ¤¥É ²¨ ¸³. ¢ [15].
Š ± μÉ³¥Î¥´μ ¢ [16], r = 1/3 ÷ 1/4. �·μ¸Éμ°  ´ ²¨§ (8), (9) ¶μ± §Ò-
¢ ¥É, ÎÉμ ¸¢μ°¸É¢  ¢Ò¶μ² ¦¨¢ ´¨Ö 〈p2

q,t〉Aq ¨ 〈p2
h1t〉AA ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ

´¥ § ¢¨¸ÖÉ μÉ ¢¥²¨Î¨´Ò T̃ , ¢ Éμ ¢·¥³Ö ± ± ¸É¥¶¥´Ó ·μ¸É  ÔÉ¨Ì Ì · ±É¥·¨-
¸É¨± ¶·¨

√
s ≤ 20−30 ƒÔ‚ μÎ¥´Ó ÎÊ¢¸É¢¨É¥²Ó´  ± ¢¥²¨Î¨´¥ dA. —Éμ¡Ò

ÌμÉÖ ¡Ò ± Î¥¸É¢¥´´μ μ¶¨¸ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ ÔËË¥±É¨¢´μ³Ê
μ¡· É´μ³Ê ´ ±²μ´Ê T AA

eff ¸¶¥±É·  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¶μ¶¥·¥Î´μ° ³ ¸¸Ò K-³¥-
§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´μ³ Pb−Pb-¸μÊ¤ ·¥´¨¨ ¶·¨

√
s ≤ 20 − 30 ƒÔ‚,

¤²Ö dA = d0〈n〉NN
π ³Ò ¨¸¶μ²Ó§μ¢ ²¨ d0 = 0,5,   Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨-

³μ¸ÉÓ 〈n〉NN
π ¢§ÖÉ  ¨§ [18]. ŒÒ É ±¦¥ ÊÎ²¨ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨³μ¸ÉÓ

¸·¥¤´¥£μ ±¢ ¤· É  ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  K-³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¸¢μ¡μ¤-
´μ³ N−N -¢§ ¨³μ¤¥°¸É¢¨¨, ¶μ²ÊÎ¥´´ÊÕ ¶·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ [19].

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  μÍ¥´±  ±¢ ¤· É  ¸·¥¤´¥£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸ 
K−-³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´μ³ Pb−Pb-¸μÊ¤ ·¥´¨¨, 〈p2

t 〉AA
K =

2mKT AA
eff , £¤¥ mK Å ³ ¸¸  K-³¥§μ´ ; T AA

eff , T pp
eff Å ÔËË¥±É¨¢´Ò¥ μ¡· É-

´Ò¥ ´ ±²μ´Ò ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·μ¢ K−-³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ A−A- ¨
p−p-¸μÊ¤ ·¥´¨ÖÌ ¸μμÉ¢¥É¸É¢¥´´μ. ‡ ³¥É¨³, ÎÉμ ¶·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ Å ¶·¨-
¡²¨¦¥´´Ò¥, ´¥μ¡Ìμ¤¨³μ ¢ ¡Ê¤ÊÐ¥³ ¨Ì Ê²ÊÎÏ¨ÉÓ ¨ ÊÎ¥¸ÉÓ μ¡ÒÎ´Ò¥ Ö¤¥·´Ò¥
ÔËË¥±ÉÒ É¨¶  ¶¥·¥· ¸¸¥Ö´¨Ö ¨ É. ¤. ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ ¥¸²¨ ¶·¥´¥¡·¥ÎÓ § -
¢¨¸¨³μ¸ÉÓÕ T NN

eff μÉ ´ Î ²Ó´μ° Ô´¥·£¨¨ ¨ ¸Î¨É ÉÓ, ÎÉμ T NN
eff Å ¶μ¸ÉμÖ´´ Ö

¢¥²¨Î¨´ , Éμ  ¸¨³¶ÉμÉ¨Î¥¸±¨ T AA
eff É ±¦¥ ¢ÒÌμ¤¨É ´  ¶μ¸ÉμÖ´´ÊÕ ¢¥²¨Î¨´Ê,

· ¢´ÊÕ Ê¤¢μ¥´´μ° ¢¥²¨Î¨´¥ T NN
eff . …¸²¨ ¦¥ ÊÎ¥¸ÉÓ Ô´¥·£¥É¨Î¥¸±ÊÕ § ¢¨¸¨-

³μ¸ÉÓ T NN
eff , ±μÉμ· Ö ³¥¤²¥´´μ, ´μ · ¸É¥É ¸ ·μ¸Éμ³ Ô´¥·£¨¨ ¸μ£² ¸´μ Ô±¸¶¥-

·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³ [19], Éμ ³Ò ¶μ²ÊÎ ¥³ É ±¦¥ ³¥¤²¥´´Ò° ·μ¸É T AA
eff ¶·¨

¢μ§· ¸É ´¨¨ ´ Î ²Ó´μ° Ô´¥·£¨¨ μÉ SPS ¤μ RHIC. ‚ ¶·μÉ¨¢μ¶μ²μ¦´μ¸ÉÓ ÔÉμ³Ê
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�¨¸. 2. Š¢ ¤· É ¸·¥¤´¥£μ ¶μ¶¥·¥Î´μ£μ ¨³¶Ê²Ó¸  K−-³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó-
´μ³ Pb−Pb-¸Éμ²±´μ¢¥´¨¨, ± ± ËÊ´±Í¨Ö Ô´¥·£¨¨/´Ê±²μ´ ¢ ¸. Í. ³. N−N-¸μÊ¤ ·¥´¨Ö.
‘¶²μÏ´ Ö ±·¨¢ Ö ¸μμÉ¢¥É¸É¢Ê¥É ¸²ÊÎ Õ „�, ±μ£¤  T pp

eff (s) § ¢¨¸¨É μÉ s ¸μ£² ¸´μ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³. ˜É·¨Ìμ¢ Ö ±·¨¢ Ö Å · ¸Î¥É ¤²Ö „�, ¶Ê´±É¨·´ Ö ±·¨¢ Ö Å
· ¸Î¥É ¤²Ö ‹� ¶·¨ É¥³¶¥· ÉÊ·¥ T = 150 ŒÔ‚; T pp

eff Å ¶μ¸ÉμÖ´´ Ö ¢¥²¨Î¨´  ¢ μ¡μ¨Ì
¸²ÊÎ ÖÌ. 	±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¢§ÖÉÒ ¨§ [2, 3]

É¥·³μ¤¨´ ³¨Î¥¸±¨¥ ³μ¤¥²¨ ¶·¥¤¸± §Ò¢ ÕÉ £μ· §¤μ ¡μ²ÓÏ¨° ·μ¸É T AA
eff ¤ ¦¥

¶·¨ μÎ¥´Ó ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ [17]. �μÔÉμ³Ê ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ¢
¶·¨¡²¨¦¥´¨¨ „� ³μ£ÊÉ ¡ÒÉÓ ¶·μ¢¥·¥´Ò ¢ ¤ ²Ó´¥°Ï¥³ ¶·¨ Ô´¥·£¨¨ SPS,  
É ±¦¥ ¢ ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´  LHC.

‡�Š‹�—…�ˆ…

�·¥¤²μ¦¥´ ´μ¢Ò° ¶·¨´Í¨¶ ¤Ê ²Ó´μ¸É¨, ±μÉμ·Ò° μ§´ Î ¥É ¶μ¤μ¡¨¥ É¥·-
³ ²Ó´ÒÌ ¸¶¥±É·μ¢ (2) ¨ ¤¨´ ³¨Î¥¸±¨Ì ¸¶¥±É·μ¢ (6). 	´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±-
É·Ò  ¤·μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ ¨μ´-¨μ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ, ¢ ¶·¥¤¶μ²μ¦¥´¨¨ μ¡
¨Ì É¥·³μ¤¨´ ³¨Î¥¸±μ³ · ¢´μ¢¥¸¨¨ ¶μ¤μ¡´Ò ¨´±²Õ§¨¢´Ò³ ¸¶¥±É· ³  ¤·μ´μ¢,
¶μ²ÊÎ ¥³Ò³ ¢ · ³± Ì ±¢ ´Éμ¢μ° É¥μ·¨¨ · ¸¸¥Ö´¨Ö ¡¥§ ¢¢¥¤¥´¨Ö ± ±μ£μ-²¨¡μ
É¥³¶¥· ÉÊ·´μ£μ ¶ · ³¥É· . � §¢¨É  ³μ¤¥²Ó ·μ¦¤¥´¨Ö ³¥§μ´μ¢ ¢ Í¥´É· ²Ó´μ³
¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±μ³ A−A-· ¸¸¥Ö´¨¨ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ ¶·¨ ¶¥·¢ÒÌ ¦¥
¸μÊ¤ ·¥´¨ÖÌ ´Ê±²μ´μ¢ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¶μ ¨¸É¥Î¥´¨¨ ´¥±μÉμ·μ£μ ¢·¥-
³¥´¨ μ¡· §Ê¥É¸Ö ¸É·ÊÖ (qq̄)-¶ ·, ±μÉμ·Ò¥ ´¥ μ¡· §μ¢ ²¨ ±μ´¥Î´Ò¥ ³¥§μ´Ò. ‚
· ³± Ì ÔÉμ° ³μ¤¥²¨ ¨¸¸²¥¤μ¢ ´μ ´¥¤ ¢´μ μ¡´ ·Ê¦¥´´μ¥ ® ´μ³ ²Ó´μ¥¯ Ô´¥·-
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£¥É¨Î¥¸±μ¥ ¶μ¢¥¤¥´¨¥ ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·μ¢ ¶μ ¶μ¶¥·¥Î´μ° ³ ¸¸¥ ¶¨μ´μ¢ ¨
± μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ Au + Au ¨ Pb + Pb.

�μ± § ´μ, ÎÉμ ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ Ô´¥·£¨° SPS ´ ¡²Õ¤ ¥³μ¥ ¢Ò¶μ² -
¦¨¢ ´¨¥ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ ¢ · ³± Ì · §¢¨¢ ¥³μ£μ ¶μ¤Ìμ¤  ¡¥§ ¢¢¥¤¥-
´¨Ö ± ±¨Ì-²¨¡μ ¶ · ³¥É·μ¢ É¨¶  É¥³¶¥· ÉÊ·Ò. 	ÉμÉ ·¥§Ê²ÓÉ É ³μ¤¥²Ó´μ-
´¥§ ¢¨¸¨³ ¨ Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ¶·¥¤²μ¦¥´´μ° £¨¶μÉ¥§Ò ¤Ê ²Ó´μ¸É¨ É¥·³μ-
¤¨´ ³¨Î¥¸±μ£μ ¨ ¤¨´ ³¨Î¥¸±μ£μ μ¶¨¸ ´¨Ö ·μ¦¤¥´¨Ö  ¤·μ´μ¢ ¢ A−A-¸Éμ²±´μ-
¢¥´¨ÖÌ ¶·¨ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ. �·¨ ÔÉμ³ ¶·¥¤ ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ® ´μ³ ²Ó´μ¥¯
¶μ¢¥¤¥´¨¥ ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·μ¢ ³¥§μ´μ¢, ·μ¦¤¥´´ÒÌ ¢ A−A-¸μÊ¤ ·¥´¨ÖÌ,
´¥ μ¡ÑÖ¸´Ö¥É¸Ö ¤ ´´Ò³ ¶μ¤Ìμ¤μ³, ÎÉμ ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¶·¥¤² £ -
¥³Ò° ¶·¨´Í¨¶ ¤Ê ²Ó´μ¸É¨ ¶·¨³¥´¨³ Éμ²Ó±μ  ¸¨³¶ÉμÉ¨Î¥¸±¨ ¶·¨ μÎ¥´Ó ¢Ò¸μ-
±¨Ì Ô´¥·£¨ÖÌ. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ± ± ¢¨¤´μ ¨§ ·¨¸. 2, ´  É ±ÊÕ ® ´μ³ ²¨Õ¯
Ê± §Ò¢ ÕÉ ¢¸¥£μ ²¨ÏÓ ¤¢¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ AGS [2] ¸ ¡μ²ÓÏ¨³¨
μÏ¨¡± ³¨. ‚ ÔÉμ° ¸¢Ö§¨ ¡Ò²μ ¡Ò ¨´É¥·¥¸´Ò³ ¨¸¸²¥¤μ¢ ÉÓ Ì · ±É¥·¨¸É¨±Ê,
¶·¥¤¸É ¢²¥´´ÊÕ ´  ·¨¸. 2, ¢ ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´  ±μ²² °¤¥·¥ NICA
(¸³., ´ ¶·¨³¥·, [1, 20] ¨ ¶·¨¢¥¤¥´´Ò¥ É ³ ¸¸Ò²±¨).

�·¥¤²μ¦¥´´Ò° ¶·¨´Í¨¶ ¤Ê ²Ó´μ¸É¨ ³μ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´μ¢μ¥
ËÊ´¤ ³¥´É ²Ó´μ¥ ¶·μÖ¢²¥´¨¥ ±¢ ´Éμ¢μ-³¥Ì ´¨Î¥¸±μ£μ ¶·¨´Í¨¶  ¤μ¶μ²´¨É¥²Ó-
´μ¸É¨. ‚ ·¥§Ê²ÓÉ É¥ ¶μ´ÖÉ¨¥ É¥³¶¥· ÉÊ·Ò ³μ¦¥É ¨³¥ÉÓ ´¥μ¦¨¤ ´´μ¥ ´μ¢μ¥
¤¨´ ³¨Î¥¸±μ¥ ¶·μ¨¸Ìμ¦¤¥´¨¥ ¨ ¢μ§´¨± ÉÓ ± ± ¸¶¥Í¨Ë¨Î¥¸±μ¥ ¶·μÖ¢²¥´¨¥
§ ±μ´μ¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°. � ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¨´É¥·¥¸´Ò³
¤ ²Ó´¥°Ï¨°  ´ ²¨§ ÔÉμ£μ ¶·¨´Í¨¶ .

�² £μ¤ ·´μ¸É¨. ŒÒ ¡² £μ¤ ·´Ò �.�´¤·μ´¨±Ê, �. �· Ê´-ŒÕ´Í¨´£¥·Ê,
�. ‚. …Ë·¥³μ¢Ê, ‹. ‹.”· ´±ËÊ·ÉÊ, Œ. ƒ §¤§¨Í±μ³Ê, ‘. �. ƒ¥· ¸¨³μ¢Ê,
„¦. Š²¥°³ ´¸Ê, A.�. Š °¤ ²μ¢Ê, ƒ. ‘ ÉÍÊ, 
.‘¨´Õ±μ¢Ê ¨ ‚.„. ’μ´¥¥¢Ê § 
³´μ£μÎ¨¸²¥´´Ò¥ ¶²μ¤μÉ¢μ·´Ò¥ μ¡¸Ê¦¤¥´¨Ö. ŒÒ É ±¦¥ ¶·¨§´ É¥²Ó´Ò
‚.‚. ‹Õ¡ÊÏ±¨´Ê §  ¶μ³μÐÓ ¶·¨ ¶μ¤£μÉμ¢±¥ ·Ê±μ¶¨¸¨ ± ¶¥Î É¨. � ¡μÉ  ¶μ¤-
¤¥·¦ ´  £· ´Éμ³ �””ˆ 08-02-01003- .
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