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‚ µ¡§µ·¥ · ¸¸³ É·¨¢ ÕÉ¸Ö ¸¶µ¸µ¡Ò ·¥£¨¸É· Í¨¨ ¨ µ¶·¥¤¥²¥´¨Ö µ¸´µ¢´ÒÌ ¶ · ³¥É·µ¢ ¸¢¥·Ì-
¶²µÉ´µ°  ¤·µ´´µ° ³ É¥·¨¨, µ¡· §ÊÕÐ¥°¸Ö ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥·. �¡¸Ê-
¦¤ ÕÉ¸Ö ¢µ¶·µ¸Ò, ¸¢Ö§ ´´Ò¥ ¸ ±¢ ·±- ¤·µ´´Ò³ Ë §µ¢Ò³ ¶¥·¥Ìµ¤µ³ ¨ Ê¸²µ¢¨Ö³¨ ¥£µ ·¥ ²¨§ Í¨¨,
 ´ ²¨§¨·ÊÕÉ¸Ö · §²¨Î´Ò¥ ¶µ¤Ìµ¤Ò ¤²Ö µ¶¨¸ ´¨Ö Ô¢µ²ÕÍ¨¨ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨°: ³¨±·µ-
¸±µ¶¨Î¥¸±¨¥ £¥´¥· Éµ·Ò Œµ´É¥-Š ·²µ ¨ £¨¤·µ¤¨´ ³¨Î¥¸±¨¥ ³µ¤¥²¨. � ¸¸³ É·¨¢ ÕÉ¸Ö µ¸´µ¢´Ò¥
É¥¸ÉÒ, ¶·¥¤² £ ¥³Ò¥ ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ Ö¤¥·´µ° ³ É¥·¨¨, ´ Ìµ¤ÖÐ¥°¸Ö
¢ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ. �·¨¢µ¤ÖÉ¸Ö ¢µ§³µ¦´Ò¥ ¨´É¥·¶·¥É Í¨¨ µ¸µ¡¥´´µ¸É¥°, ´ ¡²Õ¤ ¥³ÒÌ
¢ Ô±¸¶¥·¨³¥´É Ì ¶µ ·¥²ÖÉ¨¢¨¸É¸±¨³ ¸Éµ²±´µ¢¥´¨Ö³ Ö¤¥· ´  ¤¥°¸É¢ÊÕÐ¨Ì Ê¸±µ·¨É¥²ÖÌ (AGS,
SPS), ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨ ¸µÊ¤ ·¥´¨Ö³¨: ÊÏ¨·¥´¨Ö ¨³¶Ê²Ó¸-
´ÒÌ ¸¶¥±É·µ¢  ¤·µ´µ¢, ¶µ¢ÒÏ¥´´µ£µ ¢ÒÌµ¤  ¤¨²¥¶Éµ´µ¢ ´¥¡µ²ÓÏ¨Ì ³ ¸¸, Ê¸¨²¥´´µ£µ ·µ¦¤¥´¨Ö
¸É· ´´ÒÌ Î ¸É¨Í, ¶µ¤ ¢²¥´¨Ö ¢ÒÌµ¤  Ψ-·¥§µ´ ´¸µ¢ ¨ ¤·. �¡¸Ê¦¤ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò ¡Ê¤ÊÐ¨Ì
Ô±¸¶¥·¨³¥´Éµ¢ ´  ±µ²² °¤¥· Ì RHIC ¨ LHC.

�µ²ÓÏµ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö ª¦¥¸É±¨³ª É¥¸É ³, ¤ ÕÐ¨³ ¨´Ëµ·³ Í¨Õ µ · ´´¨Ì ¸É ¤¨ÖÌ
Ô¢µ²ÕÍ¨¨ ª£µ·ÖÎ¥°ª ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨. �  µ¸´µ¢¥ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨°
 ´ ²¨§¨·ÊÕÉ¸Ö ÔËË¥±ÉÒ, µ¦¨¤ ¥³Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¶·µÌµ¦¤¥´¨Ö ¦¥¸É±¨Ì ¸É·Ê° Í¢¥Éµ§ ·Ö¦¥´´ÒÌ
¶ ·Éµ´µ¢ Î¥·¥§ ¶²µÉ´ÊÕ ¸·¥¤Ê, ¨ µ¶·¥¤¥²ÖÕÉ¸Ö ¶ · ³¥É·Ò ¸·¥¤Ò, ¢²¨ÖÕÐ¨¥ ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó
´  ¨§³¥´¥´¨¥ Ì · ±É¥·¨¸É¨± ¸É·Ê° ¨ ¢µ§³µ¦´µ¸ÉÓ ¨Ì Ô±¸¶¥·¨³¥´É ²Ó´µ£µ µ¡´ ·Ê¦¥´¨Ö. �¡¸Ê-
¦¤ ¥É¸Ö É ±¦¥ ¢µ¶·µ¸ ¨¤¥´É¨Ë¨± Í¨¨ ¦¥¸É±¨Ì Š•„-¸É·Ê° ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ´ 
Ëµ´¥ ¡µ²ÓÏ¨Ì ¸É É¨¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ¶µÉµ±  ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨, µ¡Ê¸²µ¢²¥´´ÒÌ ¡µ²ÓÏµ°
³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í.

We provide an overview of the possibilities for the detection and determination of main pa-
rameters of hadronic superdense matter, created in ultrarelativistic collisions of nuclei. We discuss
the problems related with quark-hadron transition and conditions for it to take place, and analyze the
different approaches to the description of nucleus-nucleus collision evolution: microscopical Monte
Carlo generators and hydrodynamical models. The main observables, that have been proposed for
the experimental study of nuclear matter properties under extremal conditions, are considered. We
present the possible interpretations of peculiarities being observed in relativistic nuclei collisions
experiments at existing accelerators (AGS, SPS), as compared to hadron-hadron collisions: hadron
momentum spectra ªbroadeningª, enhanced production of low mass dileptons, strangeness enhance-
ment, Ψ-resonances suppression etc. The prospects for future experiments at colliders RHIC and
LHC are discussed.

Much attention is paid to ªhardª probes, which carry information about the early stages of
the ªhotª strong interacting matter evolution. Basing on model concepts we analyze the effects
expected as a result of hard parton jet passing through the dense matter and determine the medium
parameters, which primarily in
uence on the change in jet characteristics and the possibility of their
experimental observation. The problem is also discussed of hard QCD-jets recognition in heavy ion



„ˆ�ƒ��‘’ˆŠ� ‘‚…�•�‹�’��‰ Œ�’…�ˆˆ 661

collisions against the background of statistical 
uctuation of the transverse energy 
ux due to a huge
multiplicity of secondary particles.

1. ‚‚…„…�ˆ…

�±¸¶¥·¨³¥´É ²Ó´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨°
Ö¤¥· ´  ¤¥°¸É¢ÊÕÐ¨Ì ¨ ¶² ´¨·Ê¥³ÒÌ Ê¸±µ·¨É¥²ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ [1] ¶·¥-
¤µ¸É ¢²Ö¥É Ê´¨± ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢Ê-
ÕÐ¥° ³ É¥·¨¨ ¸ É ±µ° ¢Ò¸µ±µ° ¶²µÉ´µ¸ÉÓÕ Ô´¥·£¨¨, ¶·¨ ±µÉµ·µ° µ¦¨¤ ¥É¸Ö
¤µ¸É¨¦¥´¨¥ ¤¥±µ´Ë °´³¥´É   ¤·µ´´µ° ³ É¥·¨¨ (µ¤´µ ¨§ µ¸´µ¢´ÒÌ ¶·¥¤¸± -
§ ´¨° ¸É É¨¸É¨Î¥¸±µ° ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±¨ (Š•„) ¤²Ö ¸¨¸É¥³ ¸ ¤µ¸É -
ÉµÎ´µ ¢Ò¸µ±µ° É¥³¶¥· ÉÊ·µ° ¨²¨ ¶²µÉ´µ¸ÉÓÕ ¡ ·¨µ´´µ£µ § ·Ö¤ ) ¨ µ¡· §µ-
¢ ´¨¥ £ §   ¸¨³¶ÉµÉ¨Î¥¸±¨ ¸¢µ¡µ¤´ÒÌ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ Å É ± ´ §Ò¢ ¥³µ°
±¢ ·±-£²Õµ´´µ° ¶² §³Ò (Šƒ�), ¢ ±µÉµ·µ° ¢ ¸¨²Ê ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢
Ô±· ´¨·Ê¥É¸Ö Í¢¥Éµ¢µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ³¥¦¤Ê ¶ ·Éµ´ ³¨ [2Ä7]. …¸²¨ ¶·¨ ´¨§-
±¨Ì Ô´¥·£¨ÖÌ (´¥ ¡µ²¥¥ ¤¥¸ÖÉ±µ¢ ¨ ¸µÉ¥´ ŒÔ‚) Ö¤·µ ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö
± ± ¸¨¸É¥³  ´Ê±²µ´µ¢, ¶µ¤Î¨´ÖÕÐ¨Ì¸Ö § ±µ´ ³ ´¥·¥²ÖÉ¨¢¨¸É¸±µ° ±¢ ´Éµ¢µ°
³¥Ì ´¨±¨, Éµ ¢ µ¡² ¸É¨ µÉ´µ¸¨É¥²Ó´ÒÌ ¸±µ·µ¸É¥° Ö¤¥·, ¡²¨§±¨Ì ± ¸±µ·µ¸É¨
¸¢¥É  c, ¢ ± Î¥¸É¢¥ ¸µ¸É ¢²ÖÕÐ¨Ì Î ¸É¨Í Ö¤¥·´µ° ³ É¥·¨¨ ´ Î¨´ ÕÉ ¶·µ-
Ö¢²ÖÉÓ¸Ö ±¢ ·±¨ ¨ £²Õµ´Ò, ¤¨´ ³¨±  ¢§ ¨³µ¤¥°¸É¢¨° ±µÉµ·ÒÌ µ¶·¥¤¥²Ö¥É¸Ö
Ê· ¢´¥´¨Ö³¨ Š•„ [8,9].

‘ ³ Ë ±É ¨ ¢µ§³µ¦´Ò¥ ¸Í¥´ ·¨¨ µ¡· §µ¢ ´¨Ö Šƒ� ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ Ö¢²ÖÕÉ¸Ö ¶·¥¤³¥Éµ³ ´ ÊÎ´ÒÌ ¤¨¸±Ê¸¸¨°. ‚ ²Õ¡µ³
¸²ÊÎ ¥ ¶·¨ É· ´¸Ëµ·³ Í¨¨ §´ Î¨É¥²Ó´µ° Î ¸É¨ Ô´¥·£¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·
¢ Ô´¥·£¨Õ ±µ´¸É¨ÉÊ¥´Éµ¢ ªÉ¥·³ ²¨§µ¢ ´´µ°ª ¸¨¸É¥³Ò ÔÉµ° Ô´¥·£¨¨ ¤µ²¦´µ
Ì¢ É¨ÉÓ ¤²Ö µ¡· §µ¢ ´¨Ö Šƒ� ¢ ¤µ¸É ÉµÎ´µ ¡µ²ÓÏ¨Ì (¶µ µÉ´µÏ¥´¨Õ ± Ì · ±-
É¥·´Ò³  ¤·µ´´Ò³ ³ ¸ÏÉ ¡ ³) µ¡Ñ¥³ Ì, ±µ£¤  µ¡¸Ê¦¤¥´¨¥ É¥µ·¥É¨Î¥¸±¨Ì ¨
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶·µ¡²¥³ ¥¥ µ¡´ ·Ê¦¥´¨Ö ¨³¥¥É ¸³Ò¸² [10]. Œµ¦´µ ¢Ò¤¥-
²¨ÉÓ É·¨ µ¸´µ¢´ÒÌ ´ ¶· ¢²¥´¨Ö ¢ µ¶¨¸ ´¨¨ ¤¨´ ³¨±¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±-
´µ¢¥´¨° Ö¤¥·: £¨¤·µ¤¨´ ³¨Î¥¸±¨° ¶µ¤Ìµ¤, ³µ¤¥²¨ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´ ¨
¶ ·Éµ´´Ò¥ ± ¸± ¤´Ò¥ ³µ¤¥²¨. ‘µ£² ¸´µ ¶¥·¢µ³Ê ³´µ¦¥¸É¢¥´´µ¥ ·µ¦¤¥´¨¥
Î ¸É¨Í ¶·µ¨¸Ìµ¤¨É ¢ ³µ³¥´É ¶¥·¥±·ÒÉ¨Ö Ö¤¥·, ´ Î ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥ ±µÉµ·ÒÌ
¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¤¢  ²µ·¥´Í-¸¦ ÉÒÌ ¤¨¸± , ¶²µ¸-
±µ¸É¨ ±µÉµ·ÒÌ ¶¥·¶¥´¤¨±Ê²Ö·´Ò µ¸¨ ¸Éµ²±´µ¢¥´¨Ö. „ ²Ó´¥°Ï¨° Ì · ±É¥·
¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° Ô¢µ²ÕÍ¨¨ · ¸Ï¨·ÖÕÐ¥°¸Ö ¸¨¸É¥³Ò ·µ¦¤¥´´ÒÌ
Î ¸É¨Í µ¶·¥¤¥²Ö¥É¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ê· ¢´¥´¨Ö³¨ ·¥²ÖÉ¨¢¨¸É¸±µ° £¨¤·µ¤¨-
´ ³¨±¨. ‘É·Ê´´Ò¥ ³µ¤¥²¨ ¶·¥¤¶µ² £ ÕÉ, ÎÉµ ¢ ³µ³¥´É ¸µ¶·¨±µ¸´µ¢¥´¨Ö Ö¤¥·
¶·µ¨¸Ìµ¤ÖÉ ¨´É¥´¸¨¢´Ò¥ ±¢ ·±-£²Õµ´´Ò¥ µ¡³¥´Ò, ¶·¨¢µ¤ÖÐ¨¥ ± µ¡· §µ¢ -
´¨Õ ¢µ§¡Ê¦¤¥´´ÒÌ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´, ±µÉµ·Ò¥ § É¥³ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ
¤·Ê£ ¸ ¤·Ê£µ³ ¨ · ¸¶ ¤ ÕÉ¸Ö ´  ¢Éµ·¨Î´Ò¥  ¤·µ´Ò. ‚ ¶ ·Éµ´´ÒÌ ± ¸± ¤´ÒÌ
³µ¤¥²ÖÌ ¸É ²±¨¢ ÕÐ¨¥¸Ö Ö¤·  · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¤¢  ªµ¡² ± ª ±¢ ·±µ¢ ¨
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£²Õµ´µ¢, ¢§ ¨³µ¤¥°¸É¢¨¥ ±µÉµ·ÒÌ ¶·¨¢µ¤¨É ± · §¢¨É¨Õ ¨´É¥´¸¨¢´µ£µ ±¢ ·±-
£²Õµ´´µ£µ ± ¸± ¤  ¸ ¥£µ ¶µ¸²¥¤ÊÕÐ¥°  ¤·µ´¨§ Í¨¥°∗.

’· ¤¨Í¨µ´´µ · §¤¥²ÖÕÉ ¤¢¥ µ¡² ¸É¨ ±¨´¥³ É¨Î¥¸±¨Ì ¶¥·¥³¥´´ÒÌ, § ´¨-
³ ¥³ÒÌ Î ¸É¨Í ³¨, µ¡· §µ¢ ¢Ï¨³¨¸Ö ¢ Ö¤·µ-Ö¤¥·´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨: Í¥´-
É· ²Ó´ÊÕ µ¡² ¸ÉÓ ¡Ò¸É·µÉ (µ¡² ¸ÉÓ ¶¨µ´¨§ Í¨¨), ¢ ±µÉµ·µ° µ¦¨¤ ¥É¸Ö ³ ±-
¸¨³ ²Ó´ Ö É¥³¶¥· ÉÊ·  ¨ ³¨´¨³ ²Ó´ Ö (¢ ¨¤¥ ²Ó´µ³ ¸²ÊÎ ¥ Å ´Ê²¥¢ Ö) ¶²µÉ-
´µ¸ÉÓ ¡ ·¨µ´´µ£µ § ·Ö¤ , ¨ µ¡² ¸ÉÓ ¡Ò¸É·µÉ Ë· £³¥´É Í¨¨, £¤¥ ³µ¦¥É ¤µ-
¸É¨£ ÉÓ¸Ö ¢Ò¸µ± Ö ¶²µÉ´µ¸ÉÓ ¡ ·¨µ´´µ£µ § ·Ö¤  ¶µ ¸· ¢´¥´¨Õ ¸ µ¡ÒÎ´Ò³
Ö¤¥·´Ò³ ¢¥Ð¥¸É¢µ³. ‚ Ô±¸¶¥·¨³¥´É Ì ¶µ ·¥²ÖÉ¨¢¨¸É¸±¨³ ¸µÊ¤ ·¥´¨Ö³ ÉÖ¦¥-
²ÒÌ ¨µ´µ¢ Ë ±É¨Î¥¸±¨ ¶·¥¤¶·¨´¨³ ¥É¸Ö ¶µ¶ÒÉ±  ¢µ¸¸µ§¤ ´¨Ö ¢ ² ¡µ· Éµ·-
´ÒÌ Ê¸²µ¢¨ÖÌ ³ É¥·¨¨, ±µÉµ· Ö, ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¸µ¢·¥³¥´´Ò³¨ ±µ¸³µ²µ-
£¨Î¥¸±¨³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨, ¸ÊÐ¥¸É¢µ¢ ²  ¢ ¶¥·¢Ò¥ ³¨±·µ¸¥±Ê´¤Ò Ô¢µ²ÕÍ¨¨
ª£µ·ÖÎ¥°ª ¨ ª¡¥§¡ ·¨µ´´µ°ª ‚¸¥²¥´´µ° (¢ É¥Î¥´¨¥ ¢·¥³¥´¨ t ¶·¨ É¥³¶¥· ÉÊ·¥

T ∼ 106

t1/2
ŒÔ‚, ¶·¥¢ÒÏ ÕÐ¥° ±·¨É¨Î¥¸±ÊÕ É¥³¶¥· ÉÊ·Ê ±¢ ·±- ¤·µ´´µ£µ Ë -

§µ¢µ£µ ¶¥·¥Ìµ¤  Tc ∼ 200 ŒÔ‚ [11]),   É ±¦¥, ¶·¥¤¶µ²µ¦¨É¥²Ó´µ, ´  ¶µ§¤´¨Ì
¸É ¤¨ÖÌ ¨¸¶ ·¥´¨Ö ªÎ¥·´ÒÌ ¤Ò·ª [12]. ‚ Éµ ¦¥ ¢·¥³Ö Ê¸²µ¢¨Ö, ´¥µ¡Ìµ¤¨³Ò¥
¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¤·Ê£µ£µ ¶·¥¤¥²Ó´µ£µ ¸¢¥·Ì¶²µÉ´µ£µ ¸µ¸ÉµÖ´¨Ö Å ªÌµ²µ¤-
´µ°ª ±¢ ·±µ¢µ° ³ É¥·¨¨, ³µ£ÊÉ ¤µ¸É¨£ ÉÓ¸Ö ¢ ´¥¤· Ì ´¥°É·µ´´ÒÌ §¢¥§¤ [13].
�¥ ¨¸±²ÕÎ¥´µ É ±¦¥, ÎÉµ ¸ ³¨  Éµ³´Ò¥ Ö¤·  Ö¢²ÖÕÉ¸Ö £¥É¥·µË §´Ò³¨ ¸¨-
¸É¥³ ³¨ ¨ ¢ ¸¢µ¥³ ¸µ¸É ¢¥ ¶µ³¨³µ ´Ê±²µ´µ¢ ¸µ¤¥·¦ É ª± ¶¥²Ó±¨ª ªÌµ²µ¤-
´µ°ª Šƒ� ¢ ³¥¸É Ì ¸¨²Ó´µ£µ ¶·¥¢ÒÏ¥´¨Ö Ë²Ê±ÉÊ Í¨° Ö¤¥·´µ° ¶²µÉ´µ¸É¨ ´ ¤
¥¥ ¸·¥¤´¨³ §´ Î¥´¨¥³ [14, 15]. ‚ Î ¸É´µ¸É¨, ´  µ¸´µ¢¥ ÔÉµ° ¨¤¥¨ ´ Ìµ¤ÖÉ
µ¡ÑÖ¸´¥´¨¥ ¶·¥¤¸± § ´´Ò¥ �.Œ.� ²¤¨´Ò³ ¨ µÉ±·ÒÉÒ¥ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ 
¸¨´Ì·µË §µÉ·µ´¥ ¢ „Ê¡´¥ ±Ê³Ê²ÖÉ¨¢´Ò¥ ¶·µÍ¥¸¸Ò Å ·µ¦¤¥´¨¥ ¢Éµ·¨Î´ÒÌ
Î ¸É¨Í ´  Ö¤·¥ §  ¶·¥¤¥² ³¨ ±¨´¥³ É¨Î¥¸±¨ ¤µ¸ÉÊ¶´µ° µ¡² ¸É¨ ¶·¨ ¸µÊ¤ ·¥-
´¨¨ ¸ µ¤´¨³ ¸¢µ¡µ¤´Ò³ ´Ê±²µ´µ³ [15Ä17].

…¸É¥¸É¢¥´´Ò³ ¨¸ÉµÎ´¨±µ³ ¢Ò¸µ±µÔ´¥·£¨Î´ÒÌ Ö¤¥· Ö¢²Ö¥É¸Ö ¶¥·¢¨Î´µ¥
±µ¸³¨Î¥¸±µ¥ ¨§²ÊÎ¥´¨¥, ¶·¨ ¨§ÊÎ¥´¨¨ ¸¢µ°¸É¢ ±µÉµ·µ£µ É ±¦¥ ¢µ§´¨± ¥É ¢µ-
¶·µ¸ µ ¢µ§³µ¦´µ¸É¨ µ¡· §µ¢ ´¨Ö Šƒ� [18]. ‚ Î ¸É´µ¸É¨, ¢ Ô³Ê²Ó¸¨µ´´µ³
Ô±¸¶¥·¨³¥´É¥ ´  ¡ ²²µ´ Ì JACEE ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¸µ¡ÒÉ¨Ö ¸ ª ´µ³ ²Ó´µª
¢Ò¸µ±µ° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ¨ ¸·¥¤´¨³ ¶µ¶¥·¥Î´Ò³ ¨³¶Ê²Ó¸µ³ ¢Éµ·¨Î´ÒÌ
Î ¸É¨Í , ´¥ ¸µ£² ¸ÊÕÐ¨e¸Ö ¸ ¶·¥¤¸± § ´¨Ö³¨ É· ¤¨Í¨µ´´ÒÌ ³µ¤¥²¥° ³Ö£-
±¨Ì  ¤·µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨ Ô±¸É· ¶µ²ÖÍ¨¥° ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì ¤ ´-
´ÒÌ [19,20]. ’ ±¦¥ ¢Ò¸± §Ò¢ ²¨¸Ó ¶·¥¤¶µ²µ¦¥´¨Ö, ÎÉµ Ô±§µÉ¨Î¥¸±¨¥ ¸µ¡ÒÉ¨Ö
É¨¶  ª–¥´É ¢·ª [21,22], ´ ¡²Õ¤ ¢Ï¨¥¸Ö ¶·¨ ¶·µÌµ¦¤¥´¨¨ ¶¥·¢¨Î´µ£µ ±µ¸³¨-
Î¥¸±µ£µ ¨§²ÊÎ¥´¨Ö Î¥·¥§ §¥³´ÊÕ  É³µ¸Ë¥·Ê, ³µ£ÊÉ ¡ÒÉÓ ¸¢Ö§ ´Ò ¸ Ëµ·³¨·µ-
¢ ´¨¥³ Šƒ� ¶·¨ ¸Éµ²±´µ¢¥´¨¨ ±µ¸³¨Î¥¸±µ° Î ¸É¨ÍÒ ¸ Ö¤·µ³  É³µ¸Ë¥·Ò, É ±

∗�µ²¥¥ ¶µ¤·µ¡´µ ³µ¤¥²¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ µ¡¸Ê¦¤ ÕÉ¸Ö
¢µ ¢Éµ·µ³ · §¤¥²¥.
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± ± ¢ ·¥§Ê²ÓÉ É¥  ¤·µ´¨§ Í¨¨ ±¢ ·±µ¢µ° ³ É¥·¨¨ ¢µ§³µ¦´µ µ¡· §µ¢ ´¨¥ É ±
´ §Ò¢ ¥³µ£µ ª¤¥§µ·¨¥´É¨·µ¢ ´´µ£µ ±¨· ²Ó´µ£µ ±µ´¤¥´¸ É ª ¸  ¸¨³³¥É·¨Î´Ò³
¢ÒÌµ¤µ³ § ·Ö¦¥´´ÒÌ ¨ ´¥°É· ²Ó´ÒÌ ¶¨µ´µ¢ [23, 24]. �¤´ ±µ ¸²¨Ï±µ³ ³ -
²Ò° ¶µÉµ± ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ E >∼ 106 ƒÔ‚ § É·Ê¤´Ö¥É
¶·µ¢¥¤¥´¨¥ ¸¨¸É¥³ É¨Î¥¸±µ£µ  ´ ²¨§  É ±µ£µ ·µ¤  ª ´µ³ ²Ó´ÒÌª ¸µ¡ÒÉ¨°. ‚
Éµ ¦¥ ¢·¥³Ö, ¶µ¸±µ²Ó±Ê Ö¤·  Ö¢²ÖÕÉ¸Ö ¢ ¦´µ° ¸µ¸É ¢´µ° Î ¸ÉÓÕ ±µ¸³¨Î¥¸±¨Ì
²ÊÎ¥°, ¤²Ö µ¶¨¸ ´¨Ö ¨Ì ¶·µÌµ¦¤¥´¨Ö Î¥·¥§ ³¥¦§¢¥§¤´ÊÕ ¸·¥¤Ê ¨  É³µ¸Ë¥·Ê
¢ ¦´Ò µ¸µ¡¥´´µ¸É¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ¨ ¶µ²ÊÎ ¥³Ò¥ ´  Ê¸±µ·¨-
É¥²ÖÌ ¤ ´´Ò¥ ³µ£ÊÉ ¸²Ê¦¨ÉÓ µ¶µ·µ° ¤²Ö ¨´É¥·¶·¥É Í¨¨ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨-
³¥´Éµ¢ ¸ ±µ¸³¨Î¥¸±¨³¨ ²ÊÎ ³¨.

‚¶¥·¢Ò¥ ¶ÊÎ±¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¶·¨ Ô´¥·£¨¨ E = 1 ÷ 4 ƒÔ‚/´Ê±²µ´
¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ 1970 £µ¤Ê ´  ¸¨´Ì·µË §µÉ·µ´¥ �ˆŸˆ. ‚ ¶µ¸²¥¤ÊÕÐ¥³ Ö¤· 
¡Ò²¨ Ê¸±µ·¥´Ò ¤µ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨ ¢ ¤·Ê£¨Ì Ö¤¥·´ÒÌ Í¥´É· Ì, ¢ Î ¸É´µ¸É¨,
´  Ê¸±µ·¨É¥²ÖÌ AGS ¢ �·Ê±Ì¥°¢¥´¸±µ° ´ Í¨µ´ ²Ó´µ° ² ¡µ· Éµ·¨¨ (��‹)
‘˜� (Ô´¥·£¨Ö ¶ÊÎ±  E = 11÷15 ƒÔ‚/´Ê±²µ´, Ô±¢¨¢ ²¥´É´ Ö Ô´¥·£¨Ö ¢ ¸.Í.³.√
s ' 4, 5 ÷ 5, 5 ƒÔ‚/´Ê±²µ´) ¨ SPS ¢ –…�� (E = 160 ÷ 200 ƒÔ‚/´Ê±²µ´,√
s ' 18 ÷ 20 ƒÔ‚/´Ê±²µ´). ŒµÐ´Ò³ ¸·¥¤¸É¢µ³ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ª£µ·Ö-

Î¥°ª ¨ ¸¢¥·Ì¶²µÉ´µ° Ö¤¥·´µ° ³ É¥·¨¨ ¢ ´ ¨¡µ²¥¥ Ô±¸É·¥³ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ
¤µ²¦´Ò ¸É ÉÓ ¸µ§¤ ¢ ¥³Ò¥ ±µ²² °¤¥·Ò ÉÖ¦¥²ÒÌ ¨µ´µ¢ RHIC ¢ ��‹ (Ô´¥·£¨Ö
¢ ¸.Í.³. ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±µ¢

√
s = 200 ƒÔ‚/´Ê±²µ´) [25] ¨ LHC ¢ –…��

(
√
s = 6 ’Ô‚/´Ê±²µ´) [26]. �É³¥É¨³, ÎÉµ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ �ˆŸˆ ´ 

Ê¸±µ·¨É¥²¥ ª�Ê±²µÉ·µ´ª ¢ ¸µÎ¥É ´¨¨ ¸ ¸¨´Ì·µË §µÉ·µ´µ³ ¢¥¤ÊÉ¸Ö ¨¸¸²¥¤µ¢ -
´¨Ö µ¸µ¡¥´´µ¸É¥° Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ ¡µ²¥¥ ´¨§±¨Ì Ô´¥·£¨ÖÌ
(E ≤ 6 ƒÔ‚/´Ê±²µ´): ±Ê³Ê²ÖÉ¨¢´ÒÌ ¶·µÍ¥¸¸µ¢, ¸¶¨´µ¢ÒÌ ÔËË¥±Éµ¢, ¸¢µ°¸É¢
¢µ§¡Ê¦¤¥´´ÒÌ ³Ê²ÓÉ¨¡ ·¨µ´´ÒÌ ±² ¸É¥·µ¢, £¨¶¥·Ö¤¥·, ³¥É ¸É ¡¨²Ó´ÒÌ Ö¤¥·-
´ÒÌ ¸µ¸ÉµÖ´¨° ¨ ¤·. [27],  ´ ²¨§ ±µÉµ·ÒÌ ¢ÒÌµ¤¨É §  · ³±¨ ¤ ´´µ£µ µ¡§µ· .

O¸µ¡¥´´µ¸ÉÓÕ, µÉ²¨Î ÕÐ¥° ¸Éµ²±´µ¢¥´¨Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ ¢Ò¸µ±¨Ì
Ô´¥·£¨ÖÌ µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì  ¤·µ´- ¤·µ´´ÒÌ ¸µÊ¤ ·¥´¨°, Ö¢²Ö¥É¸Ö ¢µ§³µ¦-
´µ¸ÉÓ £¥´¥· Í¨¨ ¸¢¥·Ì¶²µÉ´µ° ³ É¥·¨¨ ¢ µ¡Ñ¥³ Ì, ±µÉµ·Ò¥ ¶µ µÉ´µÏ¥´¨Õ ±
Ì · ±É¥·´Ò³  ¤·µ´´Ò³ ³ ¸ÏÉ ¡ ³ Ö¢²ÖÕÉ¸Ö ±¢ §¨³ ±·µ¸±µ¶¨Î¥¸±¨³¨, ÎÉµ,
¥¸²¨ ¸²¥¤µ¢ ÉÓ ¨¤¥Ö³ ƒ¥°§¥´¡¥·£  [28], ”¥·³¨ [29], �µ³¥· ´ÎÊ±  [30] ¨ ‹ ´-
¤ Ê [31], µÉ±·Ò¢ ¥É ¶·¨´Í¨¶¨ ²Ó´Ò° ¶ÊÉÓ ¤²Ö ¶·¨³¥´¥´¨Ö É¥·³µ¤¨´ ³¨±¨
¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° (¸³., ´ ¶·¨³¥·, µ¡§µ· [32]).

“· ¢´¥´¨¥ ¸µ¸ÉµÖ´¨Ö ±¢ ·±-£²Õµ´´µ° ¸¨¸É¥³Ò ¡ §¨·Ê¥É¸Ö ´  ËÊ´¤ ³¥´-
É ²Ó´µ³ ² £· ´¦¨ ´¥ Š•„

LQCD =
1

4

∑
F aµνF

aµν +

Nf∑
f=1

ψ̄

(
iγµ∂µ − gγµAaµ

λa

2
−mf

)
ψ, (1)

£¤¥ ¨´¤¥±¸ f ¶·µ¡¥£ ¥É ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³ ±¢ ·±µ¢Ò³  ·µ³ É ³ u, d, s, c ¨
¤·., ¨ ´¥ ¡¥²¥¢µ £²Õµ´´µ¥ ¶µ²¥ § ¤ ¥É¸Ö ¢ ¢¨¤¥

F aµν = ∂µA
a
ν − ∂νAaµ + gfabcA

b
µA

c
ν . (2)
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�·µ¢¥¤¥´¨¥ ´¥¶¥·ÉÊ·¡ É¨¢´ÒÌ Î¨¸²¥´´ÒÌ · ¸Î¥Éµ¢ ³¥Éµ¤µ³ Œµ´É¥-Š ·-
²µ ¢ ·¥Ï¥ÉµÎ´µ° ± ²¨¡·µ¢µÎ´µ° É¥µ·¨¨ µ¸´µ¢ ´µ ´   ¶¶·µ±¸¨³ Í¨¨ ´¥¶·¥-
·Ò¢´µ£µ ¶·µ¸É· ´¸É¢ -¢·¥³¥´¨ ¤¨¸±·¥É´µ° ¸µ¢µ±Ê¶´µ¸ÉÓÕ ÉµÎ¥± Å ·¥Ï¥É±µ°
¨ ¢ÒÎ¨¸²¥´¨¨ ¸·¥¤´¨Ì (¸É É¨¸É¨Î¥¸±µ° ¸Ê³³Ò ¨ ¤·Ê£¨Ì É¥·³µ¤¨´ ³¨Î¥¸±¨Ì
ËÊ´±Í¨°) ¶µ ±¢ ´Éµ¢Ò³ Ë²Ê±ÉÊ Í¨Ö³ ¶µ²¥°, · ¸¶·¥¤¥²¥´´ÒÌ ¶µ ³´µ£¨³ Ê§-
² ³ ·¥Ï¥É±¨ [33]. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ê²ÊÎÏ¥´¨¥ ¶¥·¢µ´ Î ²Ó´ÒÌ  ²£µ·¨É³µ¢
´ ·Ö¤Ê ¸ ¸ÊÐ¥¸É¢¥´´Ò³ ·µ¸Éµ³ ±µ³¶ÓÕÉ¥·´ÒÌ ¢µ§³µ¦´µ¸É¥° ¶·¨¢¥²µ ± § -
³¥É´µ³Ê ¶·µ£·¥¸¸Ê ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ, ¸¢Ö§ ´´ÒÌ ¸ µ¶·¥¤¥²¥´¨¥³ ¶ · ³¥É·µ¢
±¢ ·±- ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¨ Ê¸²µ¢¨Ö³¨ ¥£µ ·¥ ²¨§ Í¨¨ [34]. �µ-
¸²¥¤´¨¥ ·¥§Ê²ÓÉ ÉÒ ± ²¨¡·µ¢µÎ´µ° SU(3)-É¥µ·¨¨ ¢ ¶·¨¡²¨¦¥´¨¨ ¢ ²¥´É´ÒÌ
±¢ ·±µ¢ (É.¥. ¡¥§ ÊÎ¥É  ·µ¦¤¥´¨Ö ¨§ ¢ ±ÊÊ³  ¤¨´ ³¨Î¥¸±¨Ì ±¢ ·±µ¢ Å ¢¨·-
ÉÊ ²Ó´ÒÌ qq̄-¶ ·) ´  ·¥Ï¥É±¥ ¸ Nσ = 323 Ê§² ³¨ ¢ ¶·µ¸É· ´¸É¢¥ ¨ Nτ = 12
Ê§² ³¨ ¢µ ¢·¥³¥´¨ [35] Ê± §Ò¢ ÕÉ ´  §´ Î¥´¨¥ ±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·Ò Tc '
' 265 ŒÔ‚, ´¨¦¥ ±µÉµ·µ° ¸¢µ¡µ¤´ Ö Ô´¥·£¨Ö ¨§µ²¨·µ¢ ´´µ£µ ±¢ ·±  ¡¥¸±µ-
´¥Î´ ,   ¢ÒÏ¥ Å ±µ´¥Î´ , É.¥. ±¢ ·±µ¢Ò° ±µ´Ë °´³¥´É ´ ·ÊÏ ¥É¸Ö ¢ ¢Ò¸µ±µ-
É¥³¶¥· ÉÊ·´µ° Ë §¥. ‚ Éµ ¦¥ ¢·¥³Ö ¶ · ³¥É· ¶µ·Ö¤±  ±¨· ²Ó´µ° ¸¨³³¥É·¨¨
(¸¨³³¥É·¨¨ ² £· ´¦¨ ´  Š•„ µÉ´µ¸¨É¥²Ó´µ ¶·¥µ¡· §µ¢ ´¨°, ³¥´ÖÕÐ¨Ì Î¥É-
´µ¸ÉÓ) Å ±¢ ·±µ¢Ò° ±µ´¤¥´¸ É < ψ̄ψ > µÉ²¨Î¥´ µÉ ´Ê²Ö ¶·¨ T = 0, ±µ£¤ 
¸¶µ´É ´´µ¥ ´ ·ÊÏ¥´¨¥ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨ ¶·¨¢µ¤¨É ± ¤¨´ ³¨Î¥¸±µ° £¥-
´¥· Í¨¨ ³ ¸¸ ±¢ ·±µ¢ ¶µ·Ö¤±  ´¥¸±µ²Ó±¨Ì ¸µÉ¥´ ŒÔ‚/c2, ¨ Ê³¥´ÓÏ ¥É¸Ö ¸
·µ¸Éµ³ É¥³¶¥· ÉÊ·Ò. Š¨· ²Ó´ Ö ¸¨³³¥É·¨Ö ¢µ¸¸É ´ ¢²¨¢ ¥É¸Ö ¶·¨ É¥³¶¥· -
ÉÊ·¥, ¡²¨§±µ° ± É¥³¶¥· ÉÊ·¥ ¤¥±µ´Ë °´³¥´É  [34], Tchiral ' Tc. ‚ ÔÉµ³ ¸²ÊÎ ¥
¢¸²¥¤¸É¢¨¥ ¢¥±Éµ·´µ£µ Ì · ±É¥·  ¢§ ¨³µ¤¥°¸É¢¨Ö ±¢ ·±µ¢ ¸ £²Õµ´ ³¨ ³µ¦´µ
´¥§ ¢¨¸¨³µ ¢· Ð ÉÓ ²¥¢Ò¥ ¨ ¶· ¢Ò¥ ¸µ¸É ¢²ÖÕÐ¨¥ ¶µ²¥° ¡¥§³ ¸¸µ¢ÒÌ u-, d-
¨ s-±¢ ·±µ¢, ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„ ¶·¨
¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì, ¢ · ³± Ì ±µÉµ·µ° ±¨· ²Ó´ Ö ¸¨³³¥É·¨Ö ´¥ ´ ·ÊÏ¥´ .

‡´ Î¨É¥²Ó´Ò° ¶· ±É¨Î¥¸±¨° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¢µ¶·µ¸ µ ¢¨¤¥ ±¢ ·±-
 ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ : ¢ ¸²ÊÎ ¥, ¥¸²¨ ¶¥·¥Ìµ¤ ¶¥·¢µ£µ ·µ¤ , ±¢ ·±-
£²Õµ´´ Ö ¨  ¤·µ´´ Ö ³ É¥·¨¨ ³µ£ÊÉ ¸µ¸ÊÐ¥¸É¢µ¢ ÉÓ ¢ ¸³¥Ï ´´µ° Ë §¥ ¶·¨
±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·¥ Tc ¤µ¢µ²Ó´µ ¤µ²£µ¥ ¢·¥³Ö, Éµ£¤  ± ± ¶¥·¥Ìµ¤ ¢Éµ-
·µ£µ ·µ¤  ¶·µ¨¸Ìµ¤¨É ¡Ò¸É·µ, É.¥. ¸É¥¶¥´Ó ¢²¨Ö´¨Ö ¸³¥Ï ´´µ° Ë §Ò ´  Ô±¸¶¥-
·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³Ò¥ Ì · ±É¥·¨¸É¨±¨ ±µ´¥Î´µ£µ ¸µ¸ÉµÖ´¨Ö (´ ¶·¨³¥·,
¸¶¥±É· ªÉ¥·³ ²Ó´ÒÌª ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨ÖÌ
Ö¤¥·) ¢ ÔÉ¨Ì ¤¢ÊÌ ¸²ÊÎ ÖÌ ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÉÓ¸Ö. �¥Ï¥ÉµÎ´ Ö SU(3)-
É¥µ·¨Ö ¡¥§ ¤¨´ ³¨Î¥¸±¨Ì ±¢ ·±µ¢ ¶·¥¤¸± §Ò¢ ¥É ±¢ ·±- ¤·µ´´Ò° Ë §µ¢Ò°
¶¥·¥Ìµ¤ ¶¥·¢µ£µ ·µ¤ . ‚±²ÕÎ¥´¨¥ ¤¨´ ³¨Î¥¸±¨Ì ±¢ ·±µ¢ ¶·¨¢µ¤¨É ± ¸ÊÐ¥-
¸É¢¥´´µ³Ê ¸´¨¦¥´¨Õ ±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·Ò ¤µ Tc ' 140 ŒÔ‚ (·¥Ï¥É± 
163 × 4 ¶·¨ ´Ê²¥¢µ° ¡ ·¨µ´´µ° ¶²µÉ´µ¸É¨ µb = 0 [36]). ‚¨¤ Ë §µ¢µ£µ ¶¥-
·¥Ìµ¤  É·¥¡Ê¥É ¢ ÔÉµ³ ¸²ÊÎ ¥ ¤ ²Ó´¥°Ï¥£µ ¶·µÖ¸´¥´¨Ö: ¤²Ö Î¨¸²   ±É¨¢´ÒÌ
±¢ ·±µ¢ÒÌ  ·µ³ Éµ¢ Nf > 3 ¶¥·¥Ìµ¤ ³µ¦¥É ¡ÒÉÓ ¶¥·¢µ£µ ·µ¤ , ¢ Éµ ¢·¥³Ö
± ± ¤²Ö ³¥´ÓÏ¥£µ Î¨¸²  Nf ¸ÊÐ¥¸É¢ÊÕÉ Ê± § ´¨Ö ´  ¶¥·¥Ìµ¤ ¢Éµ·µ£µ ·µ¤ .
‡ ¢¨¸¨³µ¸ÉÓ ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ µÉ É¥³¶¥· ÉÊ·Ò, ¢§ÖÉ Ö ¨§ [36], ¶·¥¤¸É ¢²¥´ 
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�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ µÉ´µÏ¥´¨Ö ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ε ± Î¥É¢¥·Éµ° ¸É¥¶¥´¨ É¥³¶¥· -
ÉÊ·Ò T 4 µÉ T/Tc [36] ¤²Ö Nf = 4  ±É¨¢´ÒÌ ±¢ ·±µ¢ÒÌ  ·µ³ Éµ¢. ’µÎ¥Î´Ò¥ ¨ ¸¶²µÏ-
´Ò¥ ±·¨¢Ò¥ ¶µ± §Ò¢ ÕÉ ·¥§Ê²ÓÉ ÉÒ · §´ÒÌ  ²£µ·¨É³µ¢ · ¸Î¥É  ε. ‚¥·Ì´¨³ ±·¨¢Ò³
¸µµÉ¢¥É¸É¢ÊÕÉ ¡µ²ÓÏ¨¥ §´ Î¥´¨Ö ³ ¸¸ ±¢ ·±µ¢, m = 0, 4T ; ´¨¦´¨³ Å ³¥´ÓÏ¨¥,
m = 0, 2T . ƒµ·¨§µ´É ²Ó´Ò¥ ²¨´¨¨ ¶·¥¤¸É ¢²ÖÕÉ ·¥§Ê²ÓÉ É ¤²Ö ¨¤¥ ²Ó´µ£µ £ §  ¶·¨
·¥Ï¥ÉµÎ´µ³ ¶ · ³¥É·¥ Nτ = 4 ¨ ¢ ±µ´É¨´Ê ²Ó´µ³ ¶·¥¤¥²¥ (Nτ →∞)

´  ·¨¸.1 ¤²Ö Nf = 4 ¢ ¸· ¢´¥´¨¨ ¸µ ¸²ÊÎ ¥³ ¨¤¥ ²Ó´µ£µ £ §  ¶·¨ Nτ = 4
Ê§² Ì ·¥Ï¥É±¨ ¢µ ¢·¥³¥´¨ ¨ ¢ ±µ´É¨´Ê ²Ó´µ³ ¶·¥¤¥²¥ (Nτ →∞).

‚ ¦´Ò° ·¥§Ê²ÓÉ É § ±²ÕÎ ¥É¸Ö ¢ Éµ³, ÎÉµ ± ± ¢ ¸²ÊÎ ¥ ¸ ¤¨´ ³¨Î¥¸±¨³¨
±¢ ·± ³¨, É ± ¨ ¢ Î¨¸Éµ £²Õµ´´µ° ¶² §³¥ · §´¨Í  ¢ ·¥§Ê²ÓÉ É¥ ¤²Ö ¶²µÉ´µ¸É¨
Ô´¥·£¨¨ ¶µ ¸· ¢´¥´¨Õ ¸ ¨¤¥ ²Ó´Ò³ £ §µ³ ´¥ ¶·¥¢ÒÏ ¥É 15% ¶·¨ É¥³¶¥· ÉÊ·¥
T ≥ 2Tc, É.¥. ¶·¨¡²¨¦¥´¨¥ ±¢ §¨¨¤¥ ²Ó´µ£µ ¸² ¡µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ £ § 
±¢ ·±µ¢ ¨ £²Õµ´µ¢ Ö¢²Ö¥É¸Ö Ìµ·µÏ¥° ³µ¤¥²ÓÕ ±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¶·¨
¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì. ‚ Éµ ¦¥ ¢·¥³Ö ¸¢µ°¸É¢  ±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¨²¨
 ¤·µ´´µ£µ £ §  ¶·¨ É¥³¶¥· ÉÊ·¥ ¶µ·Ö¤±  ±·¨É¨Î¥¸±µ° T ∼ Tc ¸ÊÐ¥¸É¢¥´´µ
µÉ²¨Î ÕÉ¸Ö µÉ ¸¢µ°¸É¢ ¨¤¥ ²Ó´ÒÌ ¸¨¸É¥³ ¨ µ¶·¥¤¥²ÖÕÉ¸Ö Ì · ±É¥·µ³ ´¥¶¥·-
ÉÊ·¡ É¨¢´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¢¡²¨§¨ ±·¨É¨Î¥¸±µ° ÉµÎ±¨ ±¢ ·±- ¤·µ´´µ£µ Ë -
§µ¢µ£µ ¶¥·¥Ìµ¤ . �·¨ ÔÉµ³ ¢ ¦´ÊÕ ·µ²Ó ³µ£ÊÉ ¨£· ÉÓ ¶·¥¤¶¥·¥Ìµ¤´Ò¥ Ë²Ê±-
ÉÊ Í¨µ´´Ò¥ ÔËË¥±ÉÒ, ¶·¨¢µ¤ÖÐ¨¥ ± ±µ´¥Î´µ° ¢¥·µÖÉ´µ¸É¨ Ëµ·³¨·µ¢ ´¨Ö
±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¶·¨ É¥³¶¥· ÉÊ·¥ ´¨¦¥ ±·¨É¨Î¥¸±µ° T < Tc ¨²¨
 ¤·µ´´ÒÌ ±² ¸É¥·µ¢ ¶·¨ T > Tc [32].

2. Œ�„…‹ˆ Ÿ„��-Ÿ„…��›• ‚‡�ˆŒ�„…‰‘’‚ˆ‰

2.1. Œ¨±·µ¸±µ¶¨Î¥¸±¨¥ ³µ¤¥²¨. ‘ ÉµÎ±¨ §·¥´¨Ö ¶·¨³¥´¨³µ¸É¨ ± Î¥¸É-
¢¥´´ÒÌ ¢Ò¢µ¤µ¢ ·¥Ï¥ÉµÎ´ÒÌ É¥µ·¨° ± ¤¨´ ³¨±¥ ±¢ ·±- ¤·µ´´ÒÌ Ë §µ¢ÒÌ
¶¥·¥Ìµ¤µ¢, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ ·¥ ²¨§µ¢ ´Ò ¢ Ô±¸¶¥·¨³¥´É Ì ´  Ê¸±µ·¨É¥-
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²ÖÌ, ¢ ¦´Ò³ Ö¢²Ö¥É¸Ö ¢µ¶·µ¸ µ ¸ ³µ° ¢µ§³µ¦´µ¸É¨ ¤µ¸É¨¦¥´¨Ö · ¢´µ¢¥¸´µ£µ
(¸ ÉµÎ±¨ §·¥´¨Ö É¥·³µ¤¨´ ³¨±¨) ¸µ¸ÉµÖ´¨Ö ¸¨¸É¥³µ° ¢Éµ·¨Î´ÒÌ ¶ ·Éµ´µ¢,
£¥´¥·¨·Ê¥³ÒÌ ¢ ¶·µÍ¥¸¸¥ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±µ£µ Ö¤·µ-Ö¤¥·´µ£µ ¸µÊ¤ ·¥´¨Ö.
‚ ¶·¨´Í¨¶¥, µÉ¢¥É ´  ÔÉµÉ ¢µ¶·µ¸ ³µ£ÊÉ ¤ ÉÓ ³¨±·µ¸±µ¶¨Î¥¸±¨¥ ³µ¤¥²¨
Œµ´É¥-Š ·²µ (É ± ´ §Ò¢ ¥³Ò¥ ª£¥´¥· Éµ·Ò ¸µ¡ÒÉ¨°ª), µ¸´µ¢ ´´Ò¥ ²¨¡µ ´ 
¶¥·ÉÊ·¡ É¨¢´ÒÌ · ¸Î¥É Ì ¶ ·Éµ´´ÒÌ ± ¸± ¤µ¢ (PCM [37,38]), ²¨¡µ ´  ¸É·Ê´-
´µ° Ë¥´µ³¥´µ²µ£¨¨ (HIJING [39], FRITIOF [40], VENUS [41], QGSM [42],
DPM [43] ¨ ¤·.).

�¶¨¸ ´¨¥ ¤¨´ ³¨±¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° ¨§ ¶¥·¢ÒÌ
¶·¨´Í¨¶µ¢ Š•„ µ£· ´¨Î¥´µ, ± ± ¶· ¢¨²µ, ¢ÒÎ¨¸²¥´¨¥³ ¸¢µ°¸É¢ ¦¥¸É±¨Ì ¶·µ-
Í¥¸¸µ¢ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö, ¨¤ÊÐ¨Ì ´  ³ ²ÒÌ · ¸¸ÉµÖ´¨ÖÌ (¸ ¡µ²Ó-
Ï¨³¨ ¶¥·¥¤ Î ³¨ ¨³¶Ê²Ó¸ ). ‚ Éµ ¦¥ ¢·¥³Ö µ¸´µ¢´ÊÕ Î ¸ÉÓ  ¤·µ´´ÒÌ ¸¥-
Î¥´¨° ¶·¨ Ô´¥·£¨ÖÌ ¤¥°¸É¢ÊÕÐ¨Ì Ê¸±µ·¨É¥²¥° ÉÖ¦¥²ÒÌ ¨µ´µ¢ (AGS, SPS)
¸µ¸É ¢²ÖÕÉ ¨¤ÊÐ¨¥ ¸ ³ ²Ò³¨ ¶¥·¥¤ Î ³¨ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  ³Ö£±¨¥ ¶·µ-
Í¥¸¸Ò. �µÔÉµ³Ê ¤²Ö ±µ²¨Î¥¸É¢¥´´µ£µ  ´ ²¨§  Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°
¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ · §· ¡µÉ ´ ·Ö¤ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ³µ¤¥²¥°, ±µÉµ-
·Ò¥ ¸µ¤¥·¦ É ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ ¶ · ³¥É·µ¢, ¶µ¤¡¨· ¥³ÒÌ ¨§ ¸· ¢´¥´¨Ö
·¥§Ê²ÓÉ Éµ¢ ¤²Ö µ¸´µ¢´ÒÌ Ì · ±É¥·¨¸É¨±  ¤·µ´- ¤·µ´´ÒÌ,  ¤·µ´-Ö¤¥·´ÒÌ ¨
Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° (± ±, ´ ¶·¨³¥·, ¸¥Î¥´¨Ö · §²¨Î´ÒÌ ± ´ ²µ¢
·¥ ±Í¨°, · ¸¶·¥¤¥²¥´¨¥ ¶µ ³´µ¦¥¸É¢¥´´µ¸É¨ ¨ ¨´±²Õ§¨¢´Ò¥ ¸¶¥±É·Ò ¢Éµ-
·¨Î´ÒÌ Î ¸É¨Í) ¸ ¨³¥ÕÐ¨³¨¸Ö ¤ ´´Ò³¨ ´  Ê¸±µ·¨É¥²ÖÌ ¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¸
±µ¸³¨Î¥¸±¨³¨ ²ÊÎ ³¨.

�·¨ · §· ¡µÉ±¥ ³µ¤¥²¥°, µ¶¨¸Ò¢ ÕÐ¨Ì  ¤·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¨ ³Ö£±¨¥
 ¤·µ´´Ò¥ ¨ Ö¤¥·´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö, Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö ¸É·Ê´´ Ö ±µ´Í¥¶-
Í¨Ö, ¢ÒÉ¥± ÕÐ Ö ¨§ ¨¸¸²¥¤µ¢ ´¨Ö ¸¢µ°¸É¢ Š•„ ¢ ´¥¶¥·ÉÊ·¡ É¨¢´µ° µ¡² -
¸É¨ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨° [44]. �¸´µ¢´Ò³ µ¡Ñ¥±Éµ³ É ±¨Ì ³µ¤¥²¥° Ö¢²Ö-
¥É¸Ö ±² ¸¸¨Î¥¸± Ö ·¥²ÖÉ¨¢¨¸É¸± Ö ¸É·Ê´ , ¶·¥¤¸É ¢²ÖÕÐ Ö ¸µ¡µ° ¤¢ÊÌ³¥·-
´ÊÕ ¶µ¢¥·Ì´µ¸ÉÓ ¢ Î¥ÉÒ·¥Ì³¥·´µ³ ¶·µ¸É· ´¸É¢¥ Œ¨´±µ¢¸±µ£µ, ª´ ÉÖ¦¥´¨¥ª
±µÉµ·µ° µ¶·¥¤¥²Ö¥É Ô´¥·£¨Õ ¸¢Ö§¨  ¤·µ´´µ£µ ¸µ¸ÉµÖ´¨Ö. ‚ ³µ³¥´É ¸µ¶·¨-
±µ¸´µ¢¥´¨Ö Ö¤¥· ¢ ·¥§Ê²ÓÉ É¥ µÉ¤¥²Ó´ÒÌ ´¥Ê¶·Ê£¨Ì ´Ê±²µ´-´Ê±²µ´´ÒÌ ¢§ -
¨³µ¤¥°¸É¢¨° ¶·µ¨¸Ìµ¤ÖÉ ¨´É¥´¸¨¢´Ò¥ ±¢ ·±-£²Õµ´´Ò¥ µ¡³¥´Ò, ¶·¨¢µ¤ÖÐ¨¥
± µ¡· §µ¢ ´¨Õ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´ ¸ ¨Ì ¶µ¸²¥¤ÊÕÐ¨³ ¢µ§¡Ê¦¤¥´¨¥³ ¨
· ¸¶ ¤µ³ ´   ¤·µ´Ò ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ § ²µ¦¥´´Ò³¨ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³¨
ËÊ´±Í¨Ö³¨ Ë· £³¥´É Í¨¨ (¨Ì ¶ · ³¥É·Ò ¶µ¤¡¨· ÕÉ¸Ö ¨§ ¸· ¢´¥´¨Ö ¸ e+e−-
¨ pp-¤ ´´Ò³¨). �·¨ ÔÉµ³ ¸¥Î¥´¨Ö µÉ¤¥²Ó´ÒÌ ¶·µÍ¥¸¸µ¢ ¢ÒÎ¨¸²ÖÕÉ¸Ö, ± ±
¶· ¢¨²µ, ¢ ¶·¨¡²¨¦¥´¨¨ ¸ ±¢ §¨Ô°±µ´ ²Ó´µ° ¶µ³¥·µ´´µ° ¶ · ³¥É·¨§ Í¨¥°
´Ê±²µ´-´Ê±²µ´´µ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö [45Ä48].

‘ÊÐ¥¸É¢Ê¥É ¢µ§³µ¦´µ¸ÉÓ ¢±²ÕÎ¥´¨Ö · §´µ£µ ·µ¤  ±µ²²¥±É¨¢´ÒÌ ÔËË¥±-
Éµ¢ ¢ ¸É·Ê´´Ò¥ ³µ¤¥²¨ ¤²Ö ¸µ£² ¸µ¢ ´¨Ö ¶µ²ÊÎ ¥³ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¸ Ô±¸¶¥-
·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚ Î ¸É´µ¸É¨, ¥¸²¨ ¡Ò¸É·Ò¥ Î ¸É¨ÍÒ Ëµ·³¨·ÊÕÉ¸Ö
¢´¥ Ö¤· -³¨Ï¥´¨ ¨ Ö¤· -¸´ ·Ö¤ , Éµ ³¥¤²¥´´Ò¥ Î ¸É¨ÍÒ ³µ£ÊÉ µ¡· §µ¢Ò¢ ÉÓ¸Ö
¢´ÊÉ·¨ Ö¤·  ¨, ¢§ ¨³µ¤¥°¸É¢ÊÖ ¸ ´Ê±²µ´ ³¨-¸¶¥±É Éµ· ³¨, ¨´¨Í¨¨·µ¢ ÉÓ · §-
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¢¨É¨¥ ªÌµ²µ¤´µ£µª ¢´ÊÉ·¨Ö¤¥·´µ£µ ± ¸± ¤ , ÊÎ¥É ±µÉµ·µ£µ ¢ ´¥±µÉµ·ÒÌ ¸É·Ê´-
´ÒÌ ³µ¤¥²ÖÌ (VENUS, DPM) ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ³´µ¦¥¸É¢¥´´µ¸É¨ ¢
µ¡² ¸ÉÖÌ ¡Ò¸É·µÉ Ë· £³¥´É Í¨¨ ³¨Ï¥´¨ ¨²¨ ¶ÊÎ±  ¨ Ê¢¥²¨Î¥´¨Õ µÉ´µ¸¨-
É¥²Ó´µ° ¤µ²¨ ¸É· ´´ÒÌ Î ¸É¨Í. ‚ Éµ ¦¥ ¢·¥³Ö ª£µ·ÖÎ¥¥ª ± ¸± ¤¨·µ¢ ´¨¥,
¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¢§ ¨³µ¤¥°¸É¢¨Õ ³¥¦¤Ê ·µ¦¤¥´´Ò³¨ Î ¸É¨Í ³¨, ³µ¦¥É ¶·¨-
¢µ¤¨ÉÓ ± ´¥±µÉµ·Ò³ ¨§³¥´¥´¨Ö³ ¢ ¨³¶Ê²Ó¸´µ³ · ¸¶·¥¤¥²¥´¨¨  ¤·µ´µ¢ ¨ ¨Ì
¸µ¸É ¢¥ ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¡Ò¸É·µÉ, ¶·¨ µ¶·¥¤¥²¥´´ÒÌ Ê¸²µ¢¨ÖÌ ¶·¨¢µ¤Ö
¸¨¸É¥³Ê ¢ É¥·³ ²Ó´µ¥ ¨²¨ Ì¨³¨Î¥¸±µ¥ · ¢´µ¢¥¸¨¥ [49].

„·Ê£¨³¨ ±µ²²¥±É¨¢´Ò³¨ ÔËË¥±É ³¨, ¶·¨¢µ¤ÖÐ¨³¨ ± ¡µ²¥¥ ¦¥¸É±µ³Ê
¸¶¥±É·Ê ¢Éµ·¨Î´ÒÌ  ¤·µ´µ¢ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¨ ¶µ¢ÒÏ¥´´µ³Ê ¢ÒÌµ¤Ê
¸É· ´´ÒÌ Î ¸É¨Í, Ö¢²ÖÕÉ¸Ö ¢§ ¨³µ¤¥°¸É¢¨¥ (µÉÉ ²±¨¢ ´¨¥ ¨²¨ ¸²¨Ö´¨¥) ¸É·Ê´
(QGSM [50] ¨ DPM [51]) ¨ ¨Ì ±µ²²¥±É¨¢´µ¥ ¨§²ÊÎ¥´¨¥ Å ³µ¤¥²Ó ªµ£´¥´´ÒÌ
±·¥±¥·µ¢ª (FRITIOF [49]). Š ¸µ¦ ²¥´¨Õ, É¥µ·¨Ö ¶µ±  ´¥ ¤ ¥É µ¤´µ§´ Î-
´µ£µ µÉ¢¥É  ´  ¢µ¶·µ¸, ± ±¨³ ¨³¥´´µ µ¡· §µ³ ¢§ ¨³µ¤¥°¸É¢¨¥ ¸É·Ê´ ³µ¦¥É
¡ÒÉÓ ±µ··¥±É´µ ¢±²ÕÎ¥´µ ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ³µ¤¥²¨, ÌµÉÖ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É 
ÔÉ¨Ì ÔËË¥±Éµ¢ ¶·¨ ¢Ò¸µ±µ° ¶²µÉ´µ¸É¨ Î¨¸²  ¸É·Ê´ (¨, ¸²¥¤µ¢ É¥²Ó´µ, ¨Ì ¶¥-
·¥±·ÒÉ¨¨ ¢ ¶µ¶¥·¥Î´µ° ¶²µ¸±µ¸É¨ ¨ ¶µ ¡Ò¸É·µÉ¥) ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì
¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¥¤¸É ¢²Ö¥É¸Ö µÎ¥¢¨¤´µ°.

�·¨ Ô´¥·£¨ÖÌ ±µ²² °¤¥·µ¢ (
√
s >∼ 100 ƒÔ‚) § ³¥É´Ò° ¢±² ¤ ¢ Ëµ·³¨·µ¢ -

´¨¥ ±µ´¥Î´µ£µ  ¤·µ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¢´µ¸ÖÉ ¦¥¸É±¨¥ ¨ ¶µ²Ê¦¥¸É±¨¥ ¶·µÍ¥¸¸Ò
¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö ¸ ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  Q2 > 1 (ƒÔ‚/c)2 (³´µ£µ
¡µ²ÓÏ¥ ³ cÏÉ ¡´µ£µ ¶ · ³¥É·  Š•„ Λ ' 200 ŒÔ‚), ±µÉµ·Ò¥ ¢±²ÕÎ ÕÉ¸Ö
¢ ¸É·Ê´´Ò¥ ³µ¤¥²¨ ²¨¡µ ¢ · ³± Ì ·¥¤¦¨µ´´µ£µ Ô°±µ´ ²Ó´µ£µ Ëµ·³ ²¨§³  ¸
µ¡³¥´µ³ ª¦¥¸É±¨³¨ª ¶µ³¥·µ´ ³¨ (VENUS, QGSM), ²¨¡µ ¸ ¤µ¡ ¢²¥´¨¥³ ¢Ò-
Î¨¸²¥´´µ£µ ¢ ¶¥·ÉÊ·¡ É¨¢´µ° Š•„ ¨´±²Õ§¨¢´µ£µ ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ¤¢ÊÌ
¦¥¸É±¨Ì ¸É·Ê° ¢ µÉ¤¥²Ó´µ³ ´Ê±²µ´-´Ê±²µ´´µ³ ¸Ê¡¸Éµ²±´µ¢¥´¨¨ (FRITIOF,
HIJING). “¢¥²¨Î¥´¨¥ Ô´¥·£¨¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±µ¢ ¶·¨¢µ¤¨É ± ¡Ò¸É·µ³Ê
·µ¸ÉÊ ¸¥Î¥´¨Ö ¦¥¸É±¨Ì ¶·µÍ¥¸¸µ¢ [39, 52], ±µÉµ·Ò¥ ¤ ÕÉ ¢±² ¤ ¶·¨³¥·´µ
¢ ¶µ²µ¢¨´Ê ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ (¢Ò¤¥²Ö¥³µ° ¢ ¶¥·¶¥´¤¨±Ê²Ö·´µ³ µÉ´µ¸¨-
É¥²Ó´µ µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥· ´ ¶· ¢²¥´¨¨) ¢ ¸µÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢
¶·¨ Ô´¥·£¨ÖÌ RHIC (

√
s ∼ 200 ƒÔ‚/´Ê±²µ´) ¨ ¡µ²¥¥ 80% ¶·¨ Ô´¥·£¨ÖÌ LHC

(
√
s ∼ 6 ’Ô‚/´Ê±²µ´) [53]. ‚ Éµ ¦¥ ¢·¥³Ö ³Ö£±¨¥ ¶·µÍ¥¸¸Ò ¸ ³ ²µ° ¶¥·¥-

¤ Î¥° ¨³¶Ê²Ó¸  Q2 ∼ Λ2 ³µ£ÊÉ Î ¸É¨Î´µ ¨²¨ ¶µ²´µ¸ÉÓÕ ¶µ¤ ¢²ÖÉÓ¸Ö ¢¸²¥¤-
¸É¢¨¥ Ô±· ´¨·µ¢±¨ Í¢¥Éµ¢µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¶²µÉ´µ° ¶ ·Éµ´´µ° ³ É¥·¨¨,
Ëµ·³¨·Ê¥³µ° ¨§ ¸¨¸É¥³Ò ³¨´¨¸É·Ê° ´  ¸ ³ÒÌ · ´´¨Ì ¸É ¤¨ÖÌ ·¥ ±Í¨¨ [54].
’ ±¨³ µ¡· §µ³, ¶·¨ Ô´¥·£¨ÖÌ LHC ´ ¸ÉÊ¶ ¥É ¸¢µ¥£µ ·µ¤  ¸³¥·ÉÓ ª³Ö£±µ°ª
Ë¨§¨±¨, ±µ£¤ , ± ± µ¦¨¤ ¥É¸Ö, ¦¥¸É±¨¥ ¨ ¶µ²Ê¦¥¸É±¨¥ ¶·µÍ¥¸¸Ò · ¸¸¥Ö´¨Ö
¡Ê¤ÊÉ ¤ ¢ ÉÓ µ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ ¢ Ëµ·³¨·µ¢ ´¨¥ ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö [55].
�·¨³¥´¨³µ¸ÉÓ ¸É·Ê´´µ° Ë¥´µ³¥´µ²µ£¨¨ ª³Ö£±¨Ìª ¶·µÍ¥¸¸µ¢ ¢ ÔÉµ³ ¸²ÊÎ ¥,
¶µ ±· °´¥° ³¥·¥ ´  · ´´¥°, ª¤µ ¤·µ´¨§ Í¨µ´´µ°ª ¸É ¤¨¨ ·¥ ±Í¨¨, ¢Ò§Ò¢ ¥É
µ¶·¥¤¥²¥´´Ò¥ ¸µ³´¥´¨Ö, ¨ ¡µ²¥¥ ¶· ¢µ³¥·´Ò³ ¶µ¤Ìµ¤µ³ ¶·¨ µÎ¥´Ó ¢Ò¸µ±¨Ì
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Ô´¥·£¨ÖÌ ¶·¥¤¸É ¢²Ö¥É¸Ö ³µ¤¥²¨·µ¢ ´¨¥ Ô¢µ²ÕÍ¨¨ ¶ ·Éµ´´ÒÌ ± ¸± ¤µ¢ ¢ · ³-
± Ì É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„ [56].

� ·Éµ´´ Ö ± ¸± ¤´ Ö ³µ¤¥²Ó (PCM) · ¸¸³ É·¨¢ ¥É ¸É ²±¨¢ ÕÐ¨¥¸Ö Ö¤· 
± ± ¤¢  ªµ¡² ± ª ¢ ²¥´É´ÒÌ ¨ ³µ·¸±¨Ì ±¢ ·±µ¢ ¨ £²Õµ´µ¢, ±µÉµ·Ò¥ ¶·µÌµ¤ÖÉ
¤·Ê£ Î¥·¥§ ¤·Ê£  ¨ ¶¥·ÉÊ·¡ É¨¢´µ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ, ¶·¨¢µ¤Ö ¸¨¸É¥³Ê ± ¸µ¸Éµ-
Ö´¨Õ ²µ± ²Ó´µ£µ É¥·³ ²Ó´µ£µ · ¢´µ¢¥¸¨Ö. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¨³
· ¡µÉÊ £¥´¥· Éµ·  Œµ´É¥-Š ·²µ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° PCM, · §· -
¡µÉ ´´µ£µ Š.ƒ¥°£¥·µ³ [37,38,57]. Œµ¤¥²Ó ¸µ¸Éµ¨É ¨§ É·¥Ì µ¸´µ¢´ÒÌ ¡²µ±µ¢.

1) ‡ ¤ ´¨¥ ´ Î ²Ó´µ° ±µ´Ë¨£Ê· Í¨¨ Ö¤·µ-Ö¤¥·´µ° ¸¨¸É¥³Ò, É.¥. µ¶·¥¤¥²¥-
´¨¥ ¢ÒÌµ¤  ´ Î ²Ó´ÒÌ  ·µ³ Éµ¢ ±¢ ·±µ¢, ¨³¶Ê²Ó¸´µ£µ ¨ ¶·µ¸É· ´¸É¢¥´´µ£µ
· ¸¶·¥¤¥²¥´¨Ö ¶ ·Éµ´µ¢. �·¨ ÔÉµ³ ¢ ¦´ÊÕ ·µ²Ó ¢ ¶·µÍ¥¸¸¥ Ëµ·³¨·µ¢ ´¨Ö
´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¨£· ¥É ÔËË¥±É Ö¤¥·´µ° Ô±· ´¨·µ¢±¨, ´ ¡²Õ¤ ¢Ï¨°¸Ö
¢ Ô±¸¶¥·¨³¥´É Ì ¶µ £²Ê¡µ±µ´¥Ê¶·Ê£µ³Ê · ¸¸¥Ö´¨Õ [58], ±µÉµ·Ò° ¶·¨¢µ¤¨É
± ³µ¤¨Ë¨± Í¨¨ (ª´ ¸ÒÐ¥´¨Õª) ¶ ·Éµ´´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ´Ê±²µ´  ¢
Ö¤·¥: fAi (x,Q2) < Afpi (x,Q2) ¤²Ö §´ Î¥´¨° Ê´µ¸¨³µ° ¶ ·Éµ´µ³ ¤µ²¨ ¨³-
¶Ê²Ó¸  x <∼ 0, 1. Š Î¥¸É¢¥´´µ¥ µ¡ÑÖ¸´¥´¨¥ ¤ ´´µ£µ ÔËË¥±É  ¶·¨¢µ¤¨É¸Ö, ± ±
¶· ¢¨²µ, ´  Ö§Ò±¥ ª¶¥·¥±·Ò¢ ÕÐ¨Ì¸Ö ¶ ·Éµ´µ¢ª (¸³., ´ ¶·¨³¥·, [55]): ¥¸²¨
¶·µ¤µ²Ó´ Ö ¤²¨´  ¢µ²´Ò ¶ ·Éµ´  ∼ 1/(xp) (p Å ¨³¶Ê²Ó¸ ´Ê±²µ´ ) ¶·¥¢Ò-
Ï ¥É ¶·µ¤µ²Ó´Ò° · §³¥· ´Ê±²µ´  ¢ Ö¤·¥ ∼ 2rnmn/p, Ô±· ´¨·µ¢ ´¨¥ ¤µ²¦´µ
´ ¡²Õ¤ ÉÓ¸Ö ¶·¨ x <∼ 1/(2mnrn) ∼ 0, 1 ¨ Ê¸¨²¨¢ ÉÓ¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³ x. ’ ±
± ± ´¥ ¸ÊÐ¥¸É¢Ê¥É ¸É·µ£¨Ì µ¤´µ§´ Î´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨° µ ±µ´-
±·¥É´µ³ ¢¨¤¥ ³µ¤¨Ë¨Í¨·µ¢ ´´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ´Ê±²µ´  ¢ Ö¤·¥, Éµ
¢ ³µ¤¥²ÖÌ µ´¨ § ¤ ÕÉ¸Ö Ë¥´µ³¥´µ²µ£¨Î¥¸±¨³ ¶ÊÉ¥³ ´  µ¸´µ¢¥  ¶¶·µ±¸¨³ -
Í¨¨ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ  ¤·µ´-Ö¤¥·´Ò³ ¸µÊ¤ ·¥´¨Ö³.
‘Éµ¨É, µ¤´ ±µ, µÉ³¥É¨ÉÓ, ÎÉµ ¢ ²¨É¥· ÉÊ·¥ ¶µ¸²¥¤´¥¥ ¢·¥³Ö  ±É¨¢´µ · §¢¨-
¢ ÕÉ¸Ö ¶·¥¤¸É ¢²¥´¨Ö µ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨ÖÌ Ö¤¥· ± ± ¸µ¢µ±Ê¶´µ¸É¨ ±¢ ´-
Éµ¢ÒÌ Ë²Ê±ÉÊ Í¨° ´  Ëµ´¥ ±² ¸¸¨Î¥¸±¨Ì £²Õµ´´ÒÌ ¶µ²¥° Ÿ´£  Å Œ¨²²¸ ,
£¥´¥·¨·Ê¥³ÒÌ ¤¢¨¦ÊÐ¨³¨¸Ö ¸µ ¸±µ·µ¸ÉÖ³¨, ¡²¨§±¨³¨ ± ¸±µ·µ¸É¨ ¸¢¥É ,
qq̄-¶ · ³¨ (¸³., ´ ¶·¨³¥·, µ¡§µ· [59]).

2) Œµ¤¥²¨·µ¢ ´¨¥ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° Ô¢µ²ÕÍ¨¨ ¶ ·Éµ´´µ£µ ± ¸-
± ¤ , µ¸´µ¢ ´´µ¥ ´  ¶¥·ÉÊ·¡ É¨¢´ÒÌ · ¸Î¥É Ì Ô²¥³¥´É ·´ÒÌ  ±Éµ¢ ¶ ·Éµ´-
¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö ¨ ¢±²ÕÎ ÕÐ¥¥ · §¢¨É¨¥ ¶·µ¸É· ´¸É¢¥´´µ- ¨ ¢·¥³¥´¨-
¶µ¤µ¡´ÒÌ ª²¨¢´¥°ª µÉ · ¸¸¥Ö´´ÒÌ ¶ ·Éµ´µ¢. Œ É¥³ É¨Î¥¸±¨ § ¤ Î  ¸¢µ¤¨É¸Ö
± ·¥Ï¥´¨Õ ±¨´¥É¨Î¥¸±µ£µ Ê· ¢´¥´¨Ö[

∂

∂t
− v

∂

∂r

]
Fa(p, r, t) =

∑
i

Ci(p, r, t), (3)

£¤¥ µ¤´µÎ ¸É¨Î´ Ö ËÊ´±Í¨Ö · ¸¶·¥¤¥²¥´¨Ö Fa(p, r, t)d3pd3r Å ¸·¥¤´¥¥ Î¨¸²µ
¶ ·Éµ´µ¢ É¨¶  a ¢ ¶·µ¸É· ´¸É¢¥´´µ³ µ¡Ñ¥³¥ d3r ¢ µ±·¥¸É´µ¸É¨ ÉµÎ±¨ r ¨ ¢
¨³¶Ê²Ó¸´µ³ µ¡Ñ¥³¥ d3p ¢ µ±·¥¸É´µ¸É¨ p ¢ ³µ³¥´É ¢·¥³¥´¨ t; ¸±µ·µ¸ÉÓ v =
= p/

√
p2 +m2

a; Ci(p, r, t) Å ¨´É¥£· ² ¸Éµ²±´µ¢¥´¨° i-£µ ¶·µÍ¥¸¸ , ¢ ±µ-
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�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ µÉ´µÏ¥´¨Ö Ô´É·µ¶¨¨ ¸¨¸É¥³Ò S ± ³´µ¦¥¸É¢¥´´µ¸É¨ ¶ ·Éµ´µ¢
N ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¡Ò¸É·µÉ µÉ ¢·¥³¥´¨, ¢ÒÎ¨¸²¥´´ Ö ¢ PCM ¤²Ö Í¥´É· ²Ó´ÒÌ
¸µÊ¤ ·¥´¨° AuÅAu ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±µ¢

√
s [37]: (2) Å

200, (◦) Å 1000, (4) Å 2000, (3) Å 4000, (∇) Å 6300 A·ƒÔ‚

Éµ·µ³ ¨ § ²µ¦¥´  ¶¥·ÉÊ·¡ É¨¢´ Ö ¤¨´ ³¨± . ‡ ³¥É¨³, ÎÉµ F 0
a (p, r, t0) ¶·¥¤-

¸É ¢²Ö¥É ¸µ¡µ° ¸É·Ê±ÉÊ·´ÊÕ ËÊ´±Í¨Õ ¶ ·Éµ´µ¢ É¨¶  a ¢ ´ Î ²Ó´Ò° ³µ³¥´É
t = t0, ±µÉµ· Ö Ô¢µ²ÕÍ¨µ´¨·Ê¥É ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¶µ ³¥·¥ · §¢¨É¨Ö ± ¸-
± ¤ .

3) ”µ·³¨·µ¢ ´¨¥ ±µ´¥Î´µ£µ  ¤·µ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ´¥¶¥·ÉÊ·¡ É¨¢´µ³
·¥¦¨³¥ Š•„, ¢Ò¶µ²´¥´´µ¥ ¢ · ³± Ì Ë¥´µ³¥´µ²µ£¨Î¥¸±µ° ±² ¸É¥·- ¤·µ´¨§ -
Í¨µ´´µ° ¸Ì¥³Ò: ¨§ ¶ ·Éµ´µ¢ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ Ëµ·³¨·ÊÕÉ¸Ö ¡¥¸Í¢¥É´Ò¥
±² ¸É¥·Ò, ¨ ¶·µ¨¸Ìµ¤¨É ´¥§ ¢¨¸¨³ Ö Ë· £³¥´É Í¨Ö ± ¦¤µ£µ ±² ¸É¥·  ´  ·¥-
§µ´ ´¸Ò, · ¸¶ ¤ ÕÐ¨¥¸Ö ¢¶µ¸²¥¤¸É¢¨¨ ´  ±µ´¥Î´Ò¥  ¤·µ´Ò [57].

Š ¸± ¤´ Ö ³µ¤¥²Ó ¶·¥¤¸± §Ò¢ ¥É ¤µ¸É ÉµÎ´µ ¡Ò¸É·ÊÕ É¥·³ ²¨§ Í¨Õ £²Õ-
µ´´µ° ³ É¥·¨¨ ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¡Ò¸É·µÉ ¢ ¸µÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥·,
µ¡Ê¸²µ¢²¥´´ÊÕ ±µ³¡¨´ Í¨¥° ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ¶ ·Éµ´-¶ ·Éµ´´ÒÌ · ¸¸¥Ö´¨° ¨
£²Õµ´´µ° · ¤¨ Í¨¥° ¶ ·Éµ´µ¢: ¶·¥¤¸± §Ò¢ ¥³µ¥ ¢·¥³Ö É¥·³ ²¨§ Í¨¨ τeq ¸µ-
¸É ¢²Ö¥É 0, 5÷ 1 Ë³/c ¤²Ö RHIC ¨ 0, 1÷ 0, 5 Ë³/c ¤²Ö LHC [37,38,53,55,60].
‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨ ´  ·¨¸.2 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ µÉ´µÏ¥´¨Ö Ô´-
É·µ¶¨¨ ¸¨¸É¥³Ò S ± ³´µ¦¥¸É¢¥´´µ¸É¨ ¶ ·Éµ´µ¢ N ¢ Í¥´É· ²Ó´µ° µ¡² -
¸É¨ ¡Ò¸É·µÉ µÉ ¢·¥³¥´¨, ¢ÒÎ¨¸²¥´´ Ö ¢ PCM ¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨°
AuÅAu ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ±µ¢

√
s [37]. ˆ§ ·¨¸.2

¢¨¤´µ, ÎÉµ Ê¸É ´µ¢¨¢Ï¨¥¸Ö §´ Î¥´¨Ö S/N(τ ≥ τeq) ¡²¨§±¨ ± ·¥§Ê²ÓÉ É ³ ¤²Ö
¨¤¥ ²Ó´µ£µ £ §  ¡¥§³ ¸¸µ¢ÒÌ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ (S/N)ideal (· §´¨Í  ¸µ¸É ¢²Ö-
¥É ³¥´¥¥ 10% ¤²Ö Ô´¥·£¨¨ RHIC

√
s = 200A· ƒÔ‚ ¨ Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³

√
s).

� ¸¶·¥¤¥²¥´¨¥ £²Õµ´µ¢ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê G(pT , τ = τeq) Ìµ·µÏµ  ¶-
¶·µ±¸¨³¨·Ê¥É¸Ö ·¥²ÖÉ¨¢¨¸É¸±¨³ ¡µ²ÓÍ³ ´µ¢¸±¨³ · ¸¶·¥¤¥²¥´¨¥³, ¢ Éµ ¢·¥³Ö
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± ± ¸¨²Ó´Ò° ¶µÉµ± ¢ ´ ¶· ¢²¥´¨¨ µ¸¨ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ¶·¨¢µ¤¨É ± ª±µ-
²µ±µ²µµ¡· §´µ°ª Ëµ·³¥ · ¸¶·¥¤¥²¥´¨Ö ¶µ ¡Ò¸É·µÉ¥ G(y, τ = τeq):

G (y, pT , τ = τeq) = G0

∫
dη exp

[
−pT
T

cosh (y − η)
]
, (4)

£¤¥ T (τ) Å É¥³¶¥· ÉÊ· , µÍ¥´±¨ ±µÉµ·µ° ¸µ¸É ¢²ÖÕÉ 0, 3 ÷ 0, 5 ƒÔ‚ ¤²Ö
RHIC ¨ 0, 8 ÷ 1 ƒÔ‚ ¤²Ö LHC. Œ¥´ÓÏ¥¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¨ ³¥´ÓÏ Ö ¢¥-
·µÖÉ´µ¸ÉÓ £¥´¥· Í¨¨ ±¢ ·±µ¢ ¢ ¶ ·Éµ´´µ³ ²¨¢´¥ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ¨Ì
Î¨¸²µ ¢ ´ Î ²Ó´µ° ¶² §³¥ ³´µ£µ ³¥´ÓÏ¥ ª· ¢´µ¢¥¸´µ£µª §´ Î¥´¨Ö (¸Í¥´ -
·¨° ª£µ·ÖÎ¥°ª £²Õµ´´µ° ¶² §³Ò ¸³. ¢ [61], Nf ' 0), ¨ Ì¨³¨Î¥¸±¨ · ¢´µ-
¢¥¸´ Ö ±¢ ·±-£²Õµ´´ Ö ¶² §³  ³µ¦¥É ¸Ëµ·³¨·µ¢ ÉÓ¸Ö ´¥ · ´ÓÏ¥, Î¥³ Î¥·¥§
´¥¸±µ²Ó±µ Ë³/c ¨²¨ ¢µµ¡Ð¥ ´¥ ¸Ëµ·³¨·µ¢ ÉÓ¸Ö ¶¥·¥¤ µÌ² ¦¤¥´¨¥³ ¸¨¸É¥³Ò
¤µ ±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·Ò Tc ¨ ´ Î ²µ³  ¤·µ´¨§ Í¨¨. ‡ ³¥É¨³, ÎÉµ ÊÎ¥É
¢Ò¸Ï¨Ì ¶µ·Ö¤±µ¢ Š•„-¶·µÍ¥¸¸µ¢ É¨¶  2 → 2 + (n ≥ 1) ³µ¦¥É ´¥¸±µ²Ó±µ
Ê¸±µ·¨ÉÓ ¶·µÍ¥¸¸ É¥·³ ²¨§ Í¨¨ [62], ´µ ¢µ¶·µ¸ µ ¢µ§³µ¦´µ¸É¨ ¤µ¸É¨¦¥´¨Ö
¸¨¸É¥³µ° ¶ ·Éµ´µ¢ Ì¨³¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö ¢¸¥ ¦¥ µ¸É ¥É¸Ö µÉ±·ÒÉÒ³ ¤ ¦¥
¢ ¸Éµ²±´µ¢¥´¨ÖÌ ¸ ³ÒÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¶·¨ ³ ±¸¨³ ²Ó´ÒÌ Ô´¥·£¨ÖÌ LHC.

�É³¥É¨³ É ±¦¥ ¤·Ê£µ° ¨´É¥·¥¸´Ò°  ¸¶¥±É, ¸¢Ö§ ´´Ò° ¸ ¢µ§³µ¦´µ° ´¥-
£µ³µ£¥´´µ¸ÉÓÕ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨° Ëµ·³¨·µ¢ ´¨Ö ¶ ·Éµ´´µ° ³ É¥·¨¨: · §¢¨-
É¨¥ ¶ ·Éµ´´ÒÌ ± ¸± ¤µ¢ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± ¡µ²ÓÏ¨³ Ë²Ê±ÉÊ Í¨Ö³ ²µ± ²Ó´µ°
¶²µÉ´µ¸É¨ Ô´¥·£¨¨ (ª£µ·ÖÎ¨³ ¶ÖÉ´ ³ª) ¨ µ¡· §µ¢ ´¨Õ ÉÊ·¡Ê²¥´É´µ¸É¥° ±µ²-
²¥±É¨¢´µ£µ ¶µÉµ±  (ª ¤·µ´´ÒÌ ¢Ê²± ´µ¢ª), ±µÉµ·Ò¥ ³µ£ÊÉ ´ ¡²Õ¤ ÉÓ¸Ö ± ±
´¥¸É É¨¸É¨Î¥¸±¨¥ Ë²Ê±ÉÊ Í¨¨ ¢ ±µ´¥Î´µ³ · ¸¶·¥¤¥²¥´¨¨  ¤·µ´µ¢ [63].

�¡Ð¥° ¶·µ¡²¥³µ° ±² ¸¸¨Î¥¸±¨Ì ± ¸± ¤´ÒÌ ³µ¤¥²¥° Ö¢²Ö¥É¸Ö É·Ê¤´µ¸ÉÓ
±µ··¥±É´µ£µ ¢±²ÕÎ¥´¨Ö ¢ ´¨Ì ±¢ ´Éµ¢ÒÌ ±µ£¥·¥´É´ÒÌ ÔËË¥±Éµ¢, ±µÉµ·Ò¥
³µ£ÊÉ µ± §Ò¢ ÉÓ ¸ÊÐ¥¸É¢¥´´µ¥ ¢²¨Ö´¨¥ ´  ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÊÕ Ô¢µ-
²ÕÍ¨Õ ³ É¥·¨¨ [60]. ‚ Î ¸É´µ¸É¨, ÊÎ¥É ±µ´¥Î´µ£µ ¢·¥³¥´¨ Ëµ·³¨·µ¢ ´¨Ö ¨§-
²ÊÎ¥´´ÒÌ £²Õµ´µ¢ ¤µ²¦¥´ ¶·¨¢µ¤¨ÉÓ ± ¤¥¸É·Ê±É¨¢´µ° ¨´É¥·Ë¥·¥´Í¨¨ ³¥¦¤Ê
· §²¨Î´Ò³¨  ³¶²¨ÉÊ¤ ³¨ · ¸¸¥Ö´¨Ö ¤²Ö £²Õµ´µ¢ ¸ ¢·¥³¥´¥³ Ëµ·³¨·µ¢ ´¨Ö
¡µ²ÓÏ¥ ¤²¨´Ò ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  ´ Î ²Ó´µ£µ ¶ ·Éµ´  (Š•„- ´ ²µ£ ÔËË¥±É 
‹ ´¤ Ê Å �µ³¥· ´ÎÊ±  Å Œ¨£¤ ²  ¢ Š�„ [64]). „¥²µ, µ¤´ ±µ, ¢ Éµ³, ÎÉµ
¨´É¥·Ë¥·¥´Í¨Ö ¶·µ¨¸Ìµ¤¨É ³¥¦¤Ê  ³¶²¨ÉÊ¤ ³¨, ¢ ±µÉµ·ÒÌ ´ Î ²Ó´Ò° ¶ ·-
Éµ´ ¨³¥¥É · §²¨Î´Ò¥ ¢¨·ÉÊ ²Ó´µ¸É¨: ¢·¥³¥´¨¶µ¤µ¡´ÊÕ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨
(· ¤¨ Í¨Ö ¶µ¸²¥ µÎ¥·¥¤´µ£µ  ±É  · ¸¸¥´¨Ö) ¨ ¶·µ¸É· ´¸É¢¥´´µ¶µ¤µ¡´ÊÕ ¢ ´ -
Î ²Ó´µ³ ¸µ¸ÉµÖ´¨¨ (· ¤¨ Í¨Ö ¶µ¸²¥ ¶·¥¤Ï¥¸É¢ÊÕÐ¥£µ  ±É  · ¸¸¥Ö´¨Ö). ‚ Éµ
¦¥ ¢·¥³Ö ¢ ¶·µÍ¥¸¸¥ ³µ¤¥²¨·µ¢ ´¨Ö Œµ´É¥-Š ·²µ · §¢¨É¨Ö ± ¸± ¤  ¶ ·Éµ´
¤µ²¦¥´ ¢¸¥£¤  µ¸É ¢ ÉÓ¸Ö ¢·¥³¥´¨¶µ¤µ¡´Ò³ ³¥¦¤Ê ¤¢Ê³Ö · ¸¸¥Ö´¨Ö³¨. ’· ¤¨-
Í¨µ´´Ò³ ¶µ¤Ìµ¤µ³ ± ·¥Ï¥´¨Õ ¤ ´´µ£µ ¢µ¶·µ¸  Ö¢²Ö¥É¸Ö µÉ´¥¸¥´¨¥ £²Õµ´´µ°
· ¤¨ Í¨¨ ± ± ¢ ´ Î ²Ó´µ³, É ± ¨ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ± µ¤´µ³Ê  ±ÉÊ · ¸¸¥Ö-
´¨Ö, ¨ ¨´É¥·Ë¥·¥´Í¨µ´´Ò° ÔËË¥±É ÊÎ¨ÉÒ¢ ¥É¸Ö ¶·¨ ÔÉµ³ ¶ÊÉ¥³ ³µ¤¨Ë¨± -
Í¨¨ ¸¶¥±É·  ªÉµ·³µ§´ÒÌª £²Õµ´µ¢; ´µ ¢µ¶·µ¸ µ ¤µ¸É ÉµÎ´µ° µ¡µ¸´µ¢ ´´µ¸É¨
É ±µ° ¶·µÍ¥¤Ê·Ò µ¸É ¥É¸Ö µÉ±·ÒÉÒ³.
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‚ § ±²ÕÎ¥´¨¥ µÉ³¥É¨³, ÎÉµ ¤¥É ²Ó´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ · §¢¨É¨Ö ¶ ·Éµ´´ÒÌ
± ¸± ¤µ¢ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥¸Ó³  É·Ê¤µ¥³±ÊÕ § ¤ ÎÊ, É·¥¡ÊÕÐÊÕ §´ Î¨-
É¥²Ó´ÒÌ ±µ³¶ÓÕÉ¥·´ÒÌ Ê¸¨²¨° ¨ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ³ Ï¨´´µ£µ ¢·¥³¥´¨.
…¸²¨ ¢ ´ ¸ÉµÖÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ¢ CERN ´  Ê¸±µ·¨É¥²¥ SPS ¢ Í¥´É· ²Ó´ÒÌ
¸Éµ²±´µ¢¥´¨ÖÌ PbÅPb ·¥£¨¸É·¨·Ê¥É¸Ö µ±µ²µ 700 § ·Ö¦¥´´ÒÌ  ¤·µ´µ¢ [65],
Éµ ¶·¥¤¸± § ´¨Ö · §²¨Î´ÒÌ ³µ¤¥²¥° Œµ´É¥-Š ·²µ ¤²Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ¢Éµ-
·¨Î´ÒÌ Î ¸É¨Í ¢ ¸µÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¸µ¸É ¢²ÖÕÉ Ê¦¥ µÉ ´¥¸±µ²Ó-
±¨Ì ÉÒ¸ÖÎ ¶·¨ Ô´¥·£¨ÖÌ RHIC ¤µ ´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ±µ¢ ÉÒ¸ÖÎ ¶·¨ Ô´¥·£¨ÖÌ
LHC [1]. �Î¥¢¨¤´µ, ÎÉµ ¢ É ±¨Ì Ê¸²µ¢¨ÖÌ É·Ê¤´µ ¶µ¸É·µ¨ÉÓ ¶· ¢¨²Ó´ÊÕ
³¨±·µ¸±µ¶¨Î¥¸±ÊÕ É¥µ·¨Õ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ¶·¥¤¸± § ´¨Ö ±µÉµ-
·µ° ¢ ²Õ¡µ³ ¸²ÊÎ ¥ ¡Ê¤ÊÉ ´µ¸¨ÉÓ ³µ¤¥²Ó´µ-§ ¢¨¸¨³Ò° Ì · ±É¥·. ‚µ§³µ¦´µ,
´  µ¶·¥¤¥²¥´´µ³ ÔÉ ¶¥ ¡Ò²µ ¡Ò Í¥²¥¸µµ¡· §´µ ¶¥·¥°É¨ µÉ · ¸¸³µÉ·¥´¨Ö ¢¸¥Ì
¤¥É ²¥° ¤¨´ ³¨±¨ Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨° ± ³ ±·µ¸±µ¶¨Î¥¸±µ³Ê  ´ ²¨§Ê ·¥-
 ±Í¨° ¨ ¢Ò¤¥²¥´¨Õ ¨§ Ô±¸¶¥·¨³¥´É  É ±¨Ì ³ ±·µ¶ · ³¥É·µ¢, ± ± Ê· ¢´¥´¨¥
¸µ¸ÉµÖ´¨Ö ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨, Ô´É·µ¶¨Ö, É¥³¶¥· ÉÊ·  ¨ ¤·.
Š ±, ³µ¦¥É ¡ÒÉÓ, ´¥¸±µ²Ó±µ µ¡· §´µ ¸± § ² ….‚.˜Ê·Ö± ¢µ ¢¸ÉÊ¶¨É¥²Ó´µ°
·¥Î¨ ´  ¸µ¢¥Ð ´¨¨ ªŠ¢ ·±µ¢ Ö ³ É¥·¨Ö'90ª: ª‚µ§³µ¦´µ, ±¢ ·±-£²Õµ´´ Ö
¶² §³  ´ ¸Éµ²Ó±µ ¶·µÐ¥ ¶·µÉµ´ , ´ ¸±µ²Ó±µ µ¶¨¸ ´¨¥ ¶·µÍ¥¸¸µ¢ É¥Î¥´¨Ö
¢µ¤Ò ¢ É·Ê¡¥ ¨²¨ ¥¥ ±¨¶¥´¨Ö Ê· ¢´¥´¨¥³ ¸µ¸ÉµÖ´¨Ö ¶·µÐ¥ · ¸Î¥É   ³¶²¨-
ÉÊ¤Ò · ¸¸¥Ö´¨Ö ³µ²¥±Ê²Ò H2O ª [10].

2.2. Œ ±·µ¸±µ¶¨Î¥¸±¨¥ ³µ¤¥²¨. ‚ µ¸´µ¢¥ ³ ±·µ¸±µ¶¨Î¥¸±µ£µ ¶µ¤Ìµ¤  ±
µ¶¨¸ ´¨Õ ¤¨´ ³¨±¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ²¥¦¨É ±µ´Í¥¶Í¨Ö ±µ²²¥±É¨¢´µ£µ ¤¢¨-
¦¥´¨Ö ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨, ¶µ¤Î¨´ÖÕÐ¥£µ¸Ö § ±µ´ ³ ·¥²ÖÉ¨-
¢¨¸É¸±µ° £¨¤·µ¤¨´ ³¨±¨ [4, 31, 66], ±µ£¤  ³Ò ³µ¦¥³ ²µ± ²Ó´µ µ¶·¥¤¥²¨ÉÓ
¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨ ε(x) ¨ Ô´É·µ¶¨¨ s(x), ¤ ¢²¥´¨¥ p(x), É¥³¶¥· ÉÊ·Ê T (x),  
É ±¦¥ 4-¸±µ·µ¸ÉÓ uµ(x) ± ± ËÊ´±Í¨¨ ±µµ·¤¨´ É x. ‡ ±µ´ ¸µÌ· ´¥´¨Ö É¥´§µ· 
Ô´¥·£¨¨-¨³¶Ê²Ó¸ 

T µν = (ε + p)uµuν − gµνp (5)

(§¤¥¸Ó gµν = diag(+,−,−,−) Å ³¥É·¨Î¥¸±¨° É¥´§µ·) § ¶¨Ï¥É¸Ö ¢ ¢¨¤¥

∂µT
µν = 0. (6)

ˆ¸¶µ²Ó§ÊÖ É¥·³µ¤¨´ ³¨Î¥¸±¨¥ Éµ¦¤¥¸É¢ 

ε+ p = Ts, s =
dp

dT
(7)

(Ì¨³¨Î¥¸±¨° ¶µÉ¥´Í¨ ² ¤²Ö ¶·µ¸ÉµÉÒ ¶µ² £ ¥É¸Ö §¤¥¸Ó · ¢´Ò³ ´Ê²Õ), Ê· ¢-
´¥´¨Ö (6) ³µ¦´µ ¶¥·¥¶¨¸ ÉÓ ¢ ¢¨¤¥

(uµuν − gµν)∂µ(lnT ) + uµ∂µu
ν = 0, (8)

∂µ(suµ) = 0, (9)
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¨ ¶µ µ¶·¥¤¥²¥´¨Õ
uµu

µ = 1. (10)

‚³¥¸É¥ ¸ Ê· ¢´¥´¨¥³ ¸µ¸ÉµÖ´¨Ö p = p(ε) Ê· ¢´¥´¨Ö (8)Å(10) µ¡· -
§ÊÕÉ § ³±´ÊÉÊÕ ¸¨¸É¥³Ê, ¨§ ±µÉµ·µ°, ¢ ¶·¨´Í¨¶¥, ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ²µ-
± ²Ó´ÊÕ É¥³¶¥· ÉÊ·Ê T ¨ 4-¸±µ·µ¸ÉÓ uµ ¶·¨ § ¤ ´¨¨ £· ´¨Î´ÒÌ ¨ ´ Î ²Ó-
´ÒÌ Ê¸²µ¢¨°, ¢Ò¡µ· ±µÉµ·ÒÌ µ¡ÒÎ´µ ¤¨±ÉÊ¥É¸Ö É¨¶µ³ ¸¨³³¥É·¨¨ § ¤ Î¨.
�¤´ ±µ ¶·Ö³µ¥ ·¥Ï¥´¨¥ £¨¤·µ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ ¶·µ¨§-
¢µ¤´ÒÌ (8)Å(10) ¤²Ö ±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ ¸ Ë §µ¢Ò³ ¶¥·¥Ìµ¤µ³ ¢µ§-
³µ¦´µ ²¨ÏÓ ¤²Ö µ¶·¥¤¥²¥´´µ£µ É¨¶  ´ Î ²Ó´ÒÌ Ê¸²µ¢¨°, ¨, ± ± ¶· ¢¨²µ,
µ´µ ¶·¨¢µ¤¨É ± ¤µ¢µ²Ó´µ ¸²µ¦´Ò³ ±µ³¶ÓÕÉ¥·´Ò³ · ¸Î¥É ³. �µÔÉµ³Ê ¶·¨
¨¸¸²¥¤µ¢ ´¨¨ Ô¢µ²ÕÍ¨¨ ³ É¥·¨¨, Ëµ·³¨·Ê¥³µ° ¢ ¸¨³³¥É·¨Î´ÒÌ Ê²ÓÉ· ·¥²Ö-
É¨¢¨¸É¸±¨Ì ¸µÊ¤ ·¥´¨ÖÌ Ö¤¥·, ±µ£¤  ¥¸ÉÓ ¢Ò¤¥²¥´´µ¥ ´ ¶· ¢²¥´¨¥, ´ ¨¡µ²¥¥
Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥É¸Ö µ¤´µ³¥·´ Ö ¸±¥°²¨´£µ¢ Ö £¨¤·µ¤¨´ ³¨± , µ¶¨¸Ò¢ Õ-
Ð Ö ²µ·¥´Í-¨´¢ ·¨ ´É´µ¥ ¤¢¨¦¥´¨¥ ³ É¥·¨¨ ¢¤µ²Ó µ¸¨ ¸Éµ²±´µ¢¥´¨Ö: ¶·¨
²µ·¥´Í-¨´¢ ·¨ ´É´ÒÌ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ £¨¤·µ¤¨´ ³¨Î¥¸±¨¥ Ê· ¢´¥´¨Ö ¸µ-
Ì· ´ÖÕÉ ÔÉµÉ É¨¶ ¸¨³³¥É·¨¨∗. ‚ ¸±¥°²¨´£µ¢µ° £¨¤·µ¤¨´ ³¨±¥ Ëµ·³¨·µ¢ ´¨¥
Î ¸É¨Í ¶·µ¨¸Ìµ¤¨É ´  £¨¶¥·¶µ¢¥·Ì´µ¸É¨ µ¤¨´ ±µ¢µ£µ ¸µ¡¸É¢¥´´µ£µ ¢·¥³¥´¨
τ =

√
t2 − z2,   ¢¸¥ É¥·³µ¤¨´ ³¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò ´¥ § ¢¨¸ÖÉ µÉ ¶·µ¸É· ´-

¸É¢¥´´µ° ¡Ò¸É·µÉÒ η = 1
2 ln t+z

t−z [67]. �  ·¨¸.3 ¶µ± § ´Ò µ¸´µ¢´Ò¥ ÔÉ ¶Ò
µ¡· §µ¢ ´¨Ö ¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° Ô¢µ²ÕÍ¨¨ ³ É¥·¨¨ ¢ ·¥²ÖÉ¨¢¨¸É-
¸±µ³ Ö¤·µ-Ö¤¥·´µ³ ¸µÊ¤ ·¥´¨¨ ¢ ¸±¥°²¨´£µ¢µ° £¨¤·µ¤¨´ ³¨±¥ (Ëµ·³¨·µ¢ -
´¨¥ ¨ · ¸Ï¨·¥´¨¥ Šƒ�, ±¢ ·±- ¤·µ´´Ò° Ë §µ¢Ò° ¶¥·¥Ìµ¤, · ¸Ï¨·¥´¨¥ ¨
· ¸¶ ¤  ¤·µ´´µ° ¦¨¤±µ¸É¨), µ¶·¥¤¥²¥´¨¥ ¢·¥³¥´´µ£µ ³ ÏÉ ¡  ± ¦¤µ£µ ¨§
±µÉµ·ÒÌ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¤µ¢µ²Ó´µ ¸²µ¦´ÊÕ Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ § ¤ ÎÊ.

�·¨ ¸±¥°²¨´£µ¢µ³ §´ Î¥´¨¨ 4-¸±µ·µ¸É¨

uµ =
1√

t2 − z2
{t, 0, 0, z} (11)

¨§ Ê· ¢´¥´¨Ö (9) µ¶·¥¤¥²Ö¥É¸Ö ¶²µÉ´µ¸ÉÓ Ô´É·µ¶¨¨

s(τ) =
s(τ0) · τ0

τ
, (12)

¢ Éµ ¢·¥³Ö ± ± Ê· ¢´¥´¨Õ (8) Ê¤µ¢²¥É¢µ·Ö¥É ²Õ¡ Ö ËÊ´±Í¨Ö T = ϕ(τ), ¤²Ö
´ Ìµ¦¤¥´¨Ö ±µÉµ·µ° É·¥¡Ê¥É¸Ö § ¤ ´¨¥ Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö. ‚ Î ¸É´µ¸É¨,
¤²Ö Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±µ£µ Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö p = ε/3, ±µÉµ·µ¥, ± ± ¸²¥-
¤Ê¥É ¨§ ·¥Ï¥ÉµÎ´ÒÌ · ¸Î¥Éµ¢, Ö¢²Ö¥É¸Ö Ìµ·µÏ¨³ ¶·¨¡²¨¦¥´¨¥³ ¤²Ö Šƒ� ¶·¨

∗�µ²¥¥ Éµ£µ, ¨ ¢ É·¥Ì³¥·´µ³ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ³ ¸²ÊÎ ¥ Í¥´É· ²Ó´ Ö µ¡² ¸ÉÓ
¦¨¤±µ¸É¨, ¤µ ±µÉµ·µ° ´¥ ¤µÏ¥² Ë·µ´É ¢µ²´Ò · §·¥¦¥´¨Ö, ¤¢¨¦¥É¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ µ¤´µ³¥·´Ò³
¸±¥°²¨´£-·¥Ï¥´¨¥³, ¥¸²¨ ¸±¥°²¨´£ § ¤ ¥É¸Ö ± ± ´ Î ²Ó´µ¥ Ê¸²µ¢¨¥ [67].
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�¨¸. 3. ‘Ì¥³ É¨Î¥¸± Ö ± ·É¨´  µ¸´µ¢´ÒÌ ÔÉ ¶µ¢ µ¡· §µ¢ ´¨Ö ¨ Ô¢µ²ÕÍ¨¨ ³ É¥·¨¨ ¢ ·¥-
²ÖÉ¨¢¨¸É¸±µ³ Ö¤·µ-Ö¤¥·´µ³ ¸µÊ¤ ·¥´¨¨ ¢ ¸±¥°²¨´£µ¢µ° £¨¤·µ¤¨´ ³¨±¥: ¸µ¡¸É¢¥´´µ³Ê
¢·¥³¥´¨ τ0 ¸µµÉ¢¥É¸É¢Ê¥É ³µ³¥´É Ëµ·³¨·µ¢ ´¨Ö Šƒ�, τp Å ´ Î ²µ ±¢ ·±- ¤·µ´´µ£µ
Ë §µ¢µ£µ ¶¥·¥Ìµ¤  (¸³¥Ï ´´ Ö Ë § ), τh Å § ¢¥·Ï¥´¨¥ ¸³¥Ï ´´µ° Ë §Ò, τf Å · ¸¶ ¤
 ¤·µ´´µ° ¦¨¤±µ¸É¨ (ª¢Ò³µ· ¦¨¢ ´¨¥ª)

¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì T � Tc (¸³. ·¨¸.1), ¶µ²ÊÎ¨³:

T = T0

(τ0
τ

)1/3

, (13)

¨ ¢·¥³Ö ¦¨§´¨ ¸¨¸É¥³Ò, µÌ² ¦¤ ÕÐ¥°¸Ö ¤µ É¥³¶¥· ÉÊ·Ò Tc, ³µ¦¥É ¡ÒÉÓ
µ¶·¥¤¥²¥´µ ± ± τp = τ0(T0/Tc)

3.
�·µ¸ÉµÉ  ¸±¥°²¨´£-·¥Ï¥´¨Ö ¶·¨¢µ¤¨É ± ¢µ§³µ¦´µ¸É¨ · ¸¸³µÉ·¥´¨Ö ´ 

¥£µ µ¸´µ¢¥ ¤¨´ ³¨±¨ ±¢ ·±- ¤·µ´´ÒÌ Ë §µ¢ÒÌ ¶¥·¥Ìµ¤µ¢ ¢ Ö¤¥·´ÒÌ ¸µÊ¤ ·¥-
´¨ÖÌ [68] ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³µ¤¥²¨ ª³¥Ï±µ¢ª [69]. ‚ ÔÉµ³ ¸²ÊÎ ¥ · ¸Ï¨·¥´¨¥
¦¨¤±µ¸É¨ µ¶·¥¤¥²Ö¥É¸Ö ¶·µ¤µ²Ó´Ò³ ¶µÉµ±µ³ ¡µ²ÓÏµ£µ Î¨¸²  É¥·³ ²Ó´ÒÌ ¨¸-
ÉµÎ´¨±µ¢ (É ± ´ §Ò¢ ¥³ÒÌ ªË °¥·¡µ²µ¢ª), ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¶·¥¤¸É ¢²Ö¥É
¸µ¡µ° ¶·¨ T > Tc ±¢ §¨¨¤¥ ²Ó´Ò° ±¢ ·±-£²Õµ´´Ò° £ §:

εp = σpT
4 +B0, pp =

1

3
σpT

4 −B0,

sp =
4

3
σpT

3, σp =
π2

30
gp, gp = 16 +

21

2
Nf , (14)

¶·¨ T < Tc Å ¨¤¥ ²Ó´Ò° £ § ¡¥§³ ¸¸µ¢ÒÌ ¶¨µ´µ¢:

εh = σhT
4, ph =

1

3
σhT

4, sh =
4

3
σhT

3, σh =
π2

30
gh, gh = 3. (15)

�·¨ ¶µ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ·Ò ¢ÒÏ¥ ±·¨É¨Î¥¸±µ° ¤ ¢²¥´¨¥ ª³¥Ï± ª B0 (§´ -
Î¥´¨¥ ±µÉµ·µ£µ µ¶·¥¤¥²Ö¥É¸Ö ¨§ Ê¸²µ¢¨Ö · ¢¥´¸É¢  ¤ ¢²¥´¨° ¶ ·Éµ´´µ° ¨
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 ¤·µ´´µ° ³ É¥·¨¨ ¢ ¸³¥Ï ´´µ° Ë §¥ pp(Tc) = ph(Tc)) ¡Ê¤¥É ´¥ ¢ ¸µ¸ÉµÖ´¨¨
Ê¤¥·¦¨¢ ÉÓ ±¢ ·±¨ ¨ £²Õµ´Ò ¢ ¸¢Ö§ ´´µ³ ¸µ¸ÉµÖ´¨¨.

�·¨ ÔÉµ³ ±µ²²¥±É¨¢´Ò° ¶µÉµ± ¢ ¶µ¶¥·¥Î´µ³ (µÉ´µ¸¨É¥²Ó´µ µ¸¨ ¸Éµ²±-
´µ¢¥´¨Ö Ö¤¥·) ´ ¶· ¢²¥´¨¨ r ³µ¦¥É · ¸¸³ É·¨¢ ÉÓ¸Ö ± ± ´¥±µÉµ· Ö ¶µ¶· ¢± 
´  Ëµ´¥ ¸¨²Ó´µ£µ ¶·µ¤µ²Ó´µ£µ ¤¢¨¦¥´¨Ö ³ É¥·¨¨. —¨¸²¥´´µ¥ ·¥Ï¥´¨¥ £¨¤·µ-
¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨° (8)Å(10) ¤²Ö É·¥Ì³¥·´µ£µ · ¸Ï¨·¥´¨Ö ¨¤¥ ²Ó´µ°
Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° ±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ ¶µ¤É¢¥·¦¤ ¥É ÔÉÊ
± ·É¨´Ê [70]: Í¥´É· ²Ó´µ¥ ¶² Éµ | η |< η0− cs ln (τ/τ0) ¨ r < R0− cs(τ − τ0),
É.¥. µ¡² ¸ÉÓ, ¤µ ±µÉµ·µ° ´¥ ¤µÏ¥² Ë·µ´É ¢µ²´Ò · §·¥¦¥´¨Ö, µ¶¨¸Ò¢ ¥É¸Ö
µ¤´µ³¥·´Ò³ ¸±¥°²¨´£-·¥Ï¥´¨¥³, ¥¸²¨ ¸±¥°²¨´£ § ¤ ¥É¸Ö ± ± ´ Î ²Ó´µ¥ Ê¸²µ-
¢¨¥ (η0 ¨ R0 Å ´ Î ²Ó´ Ö Ï¨·¨´  ¶·µ¤µ²Ó´µ£µ ¨ ¶µ¶¥·¥Î´µ£µ ¶² Éµ ¸µµÉ-
¢¥É¸É¢¥´´µ, cs =

√
dp/dε Å ¸±µ·µ¸ÉÓ §¢Ê± ). �¤´ ±µ ¢ ¸²ÊÎ ¥ Ëµ·³¨·µ¢ ´¨Ö

¤µ²£µ¦¨¢ÊÐ¥£µ ¸µ¸ÉµÖ´¨Ö ¢ Ö¤·µ-Ö¤¥·´µ³ ¸µÊ¤ ·¥´¨¨ ¶µ¶¥·¥Î´µ¥ · ¸Ï¨·¥-
´¨¥ ³µ¦¥É ¨£· ÉÓ ¸ÊÐ¥¸É¢¥´´ÊÕ ·µ²Ó ´  ¡µ²¥¥ ¶µ§¤´¨Ì ¸É ¤¨ÖÌ  ¤·µ´¨§ Í¨¨
¨ ª¢Ò³µ· ¦¨¢ ´¨Öª  ¤·µ´µ¢, ¨ ¥£µ ³µ¤¥²Ó´Ò° ÊÎ¥É Ö¢²Ö¥É¸Ö ¢¶µ²´¥  ±ÉÊ ²Ó-
´µ° § ¤ Î¥°.

�¤´¨³ ¨§ · ¸¶·µ¸É· ´¥´´ÒÌ ³¥Éµ¤µ¢ ¶·¨¡²¨¦¥´´µ£µ ·¥Ï¥´¨Ö É·¥Ì³¥·-
´ÒÌ £¨¤·µ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨° Ö¢²Ö¥É¸Ö Ê¸·¥¤´¥´¨¥ É¥·³µ¤¨´ ³¨Î¥¸±¨Ì
¢¥²¨Î¨´ ¶µ · ¤¨ ²Ó´µ³Ê (¤²Ö ¸Ë¥·¨Î¥¸±µ° ¸¨³³¥É·¨¨ [71]) ¨²¨ ¶µ¶¥·¥Î-
´µ³Ê (¤²Ö Í¨²¨´¤·¨Î¥¸±µ° ¸¨³³¥É·¨¨ [72Ä76]) ´ ¶· ¢²¥´¨Õ. ‚ ·¥§Ê²ÓÉ É¥
¶·¨³¥´¥´¨Ö ÔÉµ° ¶·µÍ¥¤Ê·Ò Ê· ¢´¥´¨Ö ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ ¸¢µ¤ÖÉ¸Ö ±
µ¡Ò±´µ¢¥´´Ò³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨Ö³. �·¨ ÔÉµ³, ± ± ¶· ¢¨²µ, É¥·-
³µ¤¨´ ³¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò ¶µ² £ ÕÉ¸Ö µ¤´µ·µ¤´Ò³¨ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥-
´¨¨, É.¥. Ë ±É¨Î¥¸±¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ´¥±µÉµ·Ò¥ ¨Ì ¸·¥¤´¨¥ §´ Î¥´¨Ö, ÎÉµ ¤ ¥É
¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ÉÓ É ±¨¥ ³µ¤¥²¨ ¤²Ö µÉ´µ¸¨É¥²Ó´µ ¶·µ¸Éµ£µ ¢ÒÎ¨¸²¥-
´¨Ö ¨´É¥£· ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± ·¥ ±Í¨¨ (´ ¶·¨³¥·, ¨´É¥´¸¨¢´µ¸É¨ ¨§²ÊÎ¥-
´¨Ö ËµÉµ´µ¢ ¨ ¤¨²¥¶Éµ´µ¢ ¨§ ¢¸¥£µ µ¡Ñ¥³  · ¸Ï¨·ÖÕÐ¥°¸Ö ³ É¥·¨¨,  ¤·µ´-
´ÒÌ ¸¶¥±É·µ¢, Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó ¦¥¸É±¨Ì ¶ ·Éµ´µ¢ ¢ ¸·¥¤¥). ‚·¥³¥´¥³
ª¢±²ÕÎ¥´¨Öª ¶µ¶¥·¥Î´µ£µ · ¸Ï¨·¥´¨Ö τtr ¢ ÔÉµ³ ¸²ÊÎ ¥ ³µ¦´µ ¸Î¨É ÉÓ, ´ -
¶·¨³¥·, ³µ³¥´É, ±µ£¤  ¢ ¶µ¶¥·¥Î´µ¥ ¤¢¨¦¥´¨¥ ¢µ¢²¥± ¥É¸Ö ¶µ²µ¢¨´  µ¡Ñ¥³ 
¦¨¤±µ¸É¨ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Î¨¸²¥´´Ò³ ·¥Ï¥´¨¥³ Ê· ¢´¥´¨° ·¥²ÖÉ¨¢¨¸É¸±µ°
£¨¤·µ¤¨´ ³¨±¨ ¸µ ¸±¥°²¨´£µ¢Ò³ ´ Î ²Ó´Ò³ Ê¸²µ¢¨¥³ ¶·¨ τ = τ0 [76], É.¥.:

τtr ∼= τ0 +
R0

cs

√
2− 1√

2
. (16)

‚ µ¡Ð¥³ ¸²ÊÎ ¥ ¶·µË¨²Ó ±µ²²¥±É¨¢´µ° ¸±µ·µ¸É¨ ¦¨¤±µ¸É¨, § ±²ÕÎ¥´´µ°
¢ Í¨²¨´¤·¥ ¶¥·¥³¥´´µ£µ ÔËË¥±É¨¢´µ£µ · ¤¨Ê¸  R(τ), ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· -
¢²¥´¨¨ r ³µ¦¥É ¡ÒÉÓ ¶ · ³¥É·¨§µ¢ ´ ¢ ¢¨¤¥

ur =
dR

dτ

( r
R

)n
(17)
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(ª£¨¤· ¢²¨Î¥¸±µ¥ ¶·¨¡²¨¦¥´¨¥ª). �·¨ ÔÉµ³ ´  · §´ÒÌ ÔÉ ¶ Ì Ô¢µ²ÕÍ¨¨
±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ ÉµÎ´µ³Ê ·¥Ï¥´¨Õ £¨¤·µ¤¨´ ³¨Î¥¸±¨Ì Ê· ¢´¥´¨°
¸ Í¨²¨´¤·¨Î¥¸±µ° ¸¨³³¥É·¨¥° ³µ¦¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ · §²¨Î´ Ö ¶ · ³¥É·¨-
§ Í¨Ö ¶·µË¨²Ö ¶µ¶¥·¥Î´µ° ¸±µ·µ¸É¨. ‚ Î ¸É´µ¸É¨, ¸²ÊÎ ° n = 1 ¸µµÉ¢¥É-
¸É¢Ê¥É ·¥Ï¥´¨Õ ´¥·¥²ÖÉ¨¢¨¸É¸±µ£µ Ê· ¢´¥´¨Ö ´¥¶·¥·Ò¢´µ¸É¨ ¸ µ¤´µ·µ¤´µ°
¶²µÉ´µ¸ÉÓÕ ¨ ³µ¦¥É ¸²Ê¦¨ÉÓ Ìµ·µÏ¨³ ¶·¨¡²¨¦¥´¨¥³ ¶·¨ ´¥ ¸²¨Ï±µ³ ¢Ò-
¸µ±¨Ì ¶µ¶¥·¥Î´ÒÌ ¸±µ·µ¸ÉÖÌ [73,75,76]. ‡ ³¥É¨³, ÎÉµ ¢Ò¡µ· ¶ · ³¥É·  n ´¥
¢²¨Ö¥É ´  ËÊ´±Í¨µ´ ²Ó´ÊÕ § ¢¨¸¨³µ¸ÉÓ µ¸´µ¢´ÒÌ Ì · ±É¥·¨¸É¨± µÉ ¢·¥³¥´¨
(´ ¶·¨³¥·, É¥³¶¥· ÉÊ·Ò, ÔËË¥±É¨¢´µ£µ · ¤¨Ê¸  ¨²¨ ¤µ²¨ ¶ ·Éµ´´µ° ³ É¥·¨¨
¢ ¸³¥Ï ´´µ° Ë §¥) ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ¶µ¸ÉµÖ´´µ£µ Î¨¸²¥´´µ£µ ±µÔËË¨Í¨¥´É .

‚ ¸²ÊÎ ¥ Ëµ·³¨·µ¢ ´¨Ö ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ£µ (T0 � Tc) ´ Î ²Ó´µ£µ ¸µ-
¸ÉµÖ´¨Ö ±µ²²¥±É¨¢´µ¥ ¶µ¶¥·¥Î´µ¥ ¤¢¨¦¥´¨¥ ³µ¦¥É ¨£· ÉÓ ¢ ¦´ÊÕ ·µ²Ó ¢µ
¢·¥³Ö ¸³¥Ï ´´µ° Ë §Ò, ¶·¨¢µ¤Ö ± §´ Î¨É¥²Ó´µ³Ê Ê³¥´ÓÏ¥´¨Õ ¶·µ¤µ²¦¨-
É¥²Ó´µ¸É¨ ±¢ ·±- ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¶¥·¢µ£µ ¶µ·Ö¤±  ¶µ ¸· ¢´¥´¨Õ
¸ µ¤´µ³¥·´Ò³ ¸±¥°²¨´£-·¥Ï¥´¨¥³ [76]. ‘²¥¤¸É¢¨¥³ ÔÉµ£µ ³µ¦¥É ¸É ÉÓ ¸Ê-
Ð¥¸É¢¥´´µ¥ Ê³¥´ÓÏ¥´¨¥ ¢±² ¤  ¸³¥Ï ´´µ° Ë §Ò (¶µ ¸· ¢´¥´¨Õ ¸ ´ Î ²Ó´Ò³
¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´Ò³ ¸µ¸ÉµÖ´¨¥³ Šƒ�) ¢ Ëµ·³¨·µ¢ ´¨¥ ´¥±µÉµ·ÒÌ Ô±¸¶¥-
·¨³¥´É ²Ó´µ ·¥£¨¸É·¨·Ê¥³ÒÌ Ì · ±É¥·¨¸É¨± ·¥ ±Í¨¨, ± ±, ´ ¶·¨³¥·, ¸¶¥±É·
ªÉ¥·³ ²Ó´ÒÌª ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢, ¨§²ÊÎ ¥³ÒÌ ´  ¶·µÉÖ¦¥´¨¨ ¢¸¥° Ô¢µ-
²ÕÍ¨¨ ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨ [77].

„·Ê£¨³ ¨´É¥·¥¸´Ò³ Ö¢²¥´¨¥³, ¸¢Ö§ ´´Ò³ ¸ ¸ÊÐ¥¸É¢µ¢ ´¨¥³ ¸¨²Ó´µ£µ
±µ²²¥±É¨¢´µ£µ ¶µÉµ±   ¤·µ´´µ° ³ É¥·¨¨ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨, ³µ¦¥É
¸É ÉÓ Ì · ±É¥·´µ¥ ª¢Ò¶µ² ¦¨¢ ´¨¥ª pT -¸¶¥±É·  ÉÖ¦¥²ÒÌ  ¤·µ´µ¢ (¸ÊÐ¥¸É-
¢¥´´µ ´¥Ô±¸¶µ´¥´Í¨ ²Ó´Ò° ·¥¦¨³) ¢ µ¡² ¸É¨ ¶µ¶¥·¥Î´ÒÌ ¡Ò¸É·µÉ  ¤·µ´ ,
´¥ ¶·¥¢ÒÏ ÕÐ¨Ì §´ Î¥´¨Ö ±µ²²¥±É¨¢´µ° ¶µ¶¥·¥Î´µ° ¡Ò¸É·µÉÒ ¦¨¤±µ¸É¨
YT : pT <∼ m sinhY max

T (É.¥. ¢ µ¡² ¸É¨ ¤µ³¨´¨·µ¢ ´¨Ö ±µ²²¥±É¨¢´µ£µ ¶µ¶¥-
·¥Î´µ£µ ¤¢¨¦¥´¨Ö ´ ¤ ªÉ¥·³ ²Ó´Ò³ª) [75]. � ¡²Õ¤¥´¨¥ É ±µ£µ ÔËË¥±É  ¢
¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´  ±µ²² °¤¥· Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢ ³µ£²µ ¡Ò ±µ¸¢¥´´µ
¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ Ëµ·³¨·µ¢ ´¨¨ ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ£µ ¸µ¸ÉµÖ´¨Ö ´  ´ -
Î ²Ó´µ° ¸É ¤¨¨ ·¥ ±Í¨¨.

�¥·¥¤±µ ¢¢µ¤¨É¸Ö ¶µ´ÖÉ¨¥ ª¢Ö§±µ¸É¨ª ±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨, ´ ²¨-
Î¨¥ ±µÉµ·µ° ¶·¨¢µ¤¨É ± ¶µÖ¢²¥´¨Õ ¤µ¶µ²´¨É¥²Ó´µ£µ ´¥²¨´¥°´µ£µ Î²¥´  ¢
£¨¤·µ¤¨´ ³¨Î¥¸±µ³ Ê· ¢´¥´¨¨ ¤²Ö Ô¢µ²ÕÍ¨¨ ¸·¥¤Ò. ‚ ¸²ÊÎ ¥ µ¤´µ³¥·´µ£µ
¶·µ¤µ²Ó´µ£µ · ¸Ï¨·¥´¨Ö ¢Ö§±µ° ±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ Ê· ¢´¥´¨¥ Ô¢µ²Õ-
Í¨¨ ¨³¥¥É ¢¨¤ [78Ä81]:

dε

dτ
+
ε+ p

τ
− χ

τ2
= 0, (18)

£¤¥ ¶µ¸²¥¤´¨° ´¥²¨´¥°´Ò° Î²¥´, ´ ·ÊÏ ÕÐ¨° ¸±¥°²¨´£, ¸µ¤¥·¦¨É ±µÔË-
Ë¨Í¨¥´É χ(τ) = 4η(τ)/3 + ζ(τ); η ¨ ζ Å ±µÔËË¨Í¨¥´ÉÒ ¶µ¢¥·Ì´µ¸É´µ°
¨ µ¡Ñ¥³´µ° ¢Ö§±µ¸É¨ ¸µµÉ¢¥É¸É¢¥´´µ, ±µÉµ·Ò¥ ³µ£ÊÉ ¡ÒÉÓ µÍ¥´¥´Ò ¢ · ³-
± Ì ·¥²ÖÉ¨¢¨¸É¸±µ° ±¨´¥É¨Î¥¸±µ° É¥µ·¨¨ ± ± ¶¥·¢Ò° ¶µ·Ö¤µ± µÉ±²µ´¥´¨Ö
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µÉ ²µ± ²Ó´µ£µ É¥·³ ²Ó´µ£µ · ¢´µ¢¥¸¨Ö ¢ ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ³ ¶·¨¡²¨¦¥´¨¨
T � Tc [78Ä81]:

η(T ) =
CηT

3

α∗2s ln (1/α∗s)
, ζ/η ' 0, (19)

¸ ÔËË¥±É¨¢´µ° É¥·³ ²Ó´µ° ±µ´¸É ´Éµ° ¸¢Ö§¨:

α∗s =
12π

(33− 2Nf) ln (4T/Tc)2
. (20)

�Í¥´±¨ ¶ · ³¥É·  Cη · §²¨Î ÕÉ¸Ö µÉ Cη = 0, 06 (Cη = 0, 35) ¢ [79] ¤µ
Cη = 0, 34 (Cη = 1, 4) ¢ [81] ¤²Ö Nf = 0 (Nf = 3).

�É³¥É¨³, ÎÉµ ´¥¶¥·ÉÊ·¡ É¨¢´Ò°  ´ ²¨§ ·¥§Ê²ÓÉ Éµ¢ ·¥Ï¥ÉµÎ´ÒÌ ± ²¨-
¡·µ¢µÎ´ÒÌ É¥µ·¨° [82, 83] Ê± §Ò¢ ¥É ´  ¢µ§³µ¦´µ¸ÉÓ ¸¨²Ó´µ£µ ¢µ§· ¸É ´¨Ö
±µÔËË¨Í¨¥´Éµ¢ ¢Ö§±µ¸É¨ ¢¡²¨§¨ ±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·Ò ±¢ ·±- ¤·µ´´µ£µ
Ë §µ¢µ£µ ¶¥·¥Ìµ¤  T ∼ Tc ¶µ ¸· ¢´¥´¨Õ ¸ ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´Ò³ ¶·¨¡²¨¦¥-
´¨¥³ (19).

�ËË¥±É ¢Ö§±µ¸É¨, ¶·¨¢µ¤ÖÐ¨° ± ´¥±µÉµ·µ³Ê § ³¥¤²¥´¨Õ µ¸ÉÒ¢ ´¨Ö
±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ ¨ Ê¢¥²¨Î¥´¨Õ ¥¥ ¢·¥³¥´¨ ¦¨§´¨ ¶µ ¸· ¢´¥´¨Õ ¸
µ¤´µ³¥·´Ò³ ¸±¥°²¨´£-·¥Ï¥´¨¥³ (13), ³µ¦¥É ¨£· ÉÓ ¢ ¦´ÊÕ ·µ²Ó ¶·¨ ¨¸¸²¥-
¤µ¢ ´¨¨ ¶·µÍ¥¸¸µ¢, ÎÊ¢¸É¢¨É¥²Ó´ÒÌ, £² ¢´Ò³ µ¡· §µ³, ± · ´´¥° ¶ ·Éµ´´µ°
¤¨´ ³¨±¥, ± ±, ´ ¶·¨³¥·, ¶¥·¥· ¸¸¥Ö´¨¥ ¦¥¸É±¨Ì ¸É·Ê° ¢ ¶²µÉ´µ° ³ É¥·¨¨,
¨ ÔÉµÉ ¢µ¶·µ¸ ¡Ê¤¥É µ¡¸Ê¦¤ ÉÓ¸Ö ¢ · §¤.5 ´ ¸ÉµÖÐ¥£µ µ¡§µ· .

3. ªŒŸƒŠˆ…ª ’…‘’› �‹�’��‰ Œ�’…�ˆˆ
‚ “‹œ’���…‹Ÿ’ˆ‚ˆ‘’‘Šˆ• ‘�“„��…�ˆŸ• Ÿ„…�

3.1. C¶¥±É·Ò  ¤·µ´µ¢. ˆ³¶Ê²Ó¸´Ò¥ ¸¶¥±É·Ò ±µ´¥Î´ÒÌ  ¤·µ´µ¢ · ¸¸³ É-
·¨¢ ÕÉ¸Ö ± ± ¢ ¦´Ò° ¨´¸É·Ê³¥´É ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢  ¤·µ´´µ° ³ É¥·¨¨, Ëµ·-
³¨·Ê¥³µ° ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ¢ Î ¸É´µ-
¸É¨, ¸É¥¶¥´¨ ¥¥ É¥·³ ²¨§ Í¨¨ ¨ ±µ²²¥±É¨¢´ÒÌ ¶µÉµ±µ¢ÒÌ ÔËË¥±Éµ¢ [72, 75,
84Ä89]. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ Ëµ·³¨·µ¢ ´¨¥ ª¤µ²£µ¦¨¢ÊÐ¥£µª (¶µ ¸· ¢´¥´¨Õ
¸ Ì · ±É¥·´Ò³ ¢·¥³¥´¥³ τtr (16)) ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ£µ ¸µ¸ÉµÖ´¨Ö ¤µ²¦´µ
¶·¨¢µ¤¨ÉÓ ± § ³¥É´µ³Ê ¶µ¶¥·¥Î´µ³Ê · ¸Ï¨·¥´¨Õ ´  ¶µ§¤´¨Ì ¸É ¤¨ÖÌ Ô¢µ-
²ÕÍ¨¨ ¸¨¸É¥³Ò, §´ Î¨É¥²Ó´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨§ÊÎ¥´¨¥ ±µ²²¥±É¨¢´ÒÌ
¶µÉµ±µ¢ ¢ ¶µ¶¥·¥Î´µ³ (µÉ´µ¸¨É¥²Ó´µ µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·) ´ ¶· ¢²¥´¨¨.

‚ £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ ¸¶¥±É· ±µ´¥Î´ÒÌ  ¤·µ´µ¢ § ¤ ¥É¸Ö ¢ ¢¨¤¥
¸Ê¶¥·¶µ§¨Í¨¨ É¥·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¨ ±µ²²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö [84]:

E
d3N

d3p
=

∫
σ

f(x, p) pµdσµ (21)
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¸ ¨´¢ ·¨ ´É´µ° ËÊ´±Í¨¥° · ¸¶·¥¤¥²¥´¨Ö �µ§¥ Å �°´ÏÉ¥°´  (”¥·³¨ Å „¨-
· ± ):

f(x, p) =
gh

(2π)3

e
−u

µ(x)pµ
T − 1

−1

, (22)

pµ ¨ uµ Å 4-¨³¶Ê²Ó¸  ¤·µ´  ¨ ²µ± ²Ó´ Ö 4-¸±µ·µ¸ÉÓ ¦¨¤±µ¸É¨ ¸µµÉ¢¥É-
¸É¢¥´´µ, gh Å Î¨¸²µ  ¤·µ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò. ˆ´É¥£·¨·µ¢ ´¨¥ ¶·µ¢µ-
¤¨É¸Ö ¶µ £¨¶¥·¶µ¢¥·Ì´µ¸É¨ σ ¸ É¥³¶¥· ÉÊ·µ° · ¸¶ ¤   ¤·µ´´µ° ¦¨¤±µ¸É¨
(É ± ´ §Ò¢ ¥³ Ö É¥³¶¥· ÉÊ·  ª¢Ò³µ· ¦¨¢ ´¨Öª) T = Tf , ±µÉµ· Ö ³µ¦¥É ¡ÒÉÓ
µ¶·¥¤¥²¥´  ¶·¨ Ê¸²µ¢¨¨ ¶·¥¢ÒÏ¥´¨Ö ¤²¨´Ò ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£   ¤·µ´  (¶·¨-
¡²¨¦¥´´µ µ¡· É´µ ¶·µ¶µ·Í¨µ´ ²Ó´µ° É¥³¶¥· ÉÊ·¥) ´ ¤ £¥µ³¥É·¨Î¥¸±¨³ · §-
³¥·µ³ ¸¨¸É¥³Ò.

‡ ³¥É¨³, ÎÉµ ¶·¥¤¶µ²µ¦¥´¨¥ µ¡ µ¤´µ³µ³¥´É´µ³ ª¢Ò³µ· ¦¨¢ ´¨¨ª  ¤·µ-
´µ¢ ¢ ´¥±µÉµ·Ò° Ë¨±¸¨·µ¢ ´´Ò° ³µ³¥´É ¸µ¡¸É¢¥´´µ£µ ¢·¥³¥´¨ τf Ö¢²Ö¥É¸Ö,
¢¥·µÖÉ´¥¥ ¢¸¥£µ, ¸²¨Ï±µ³ ¨¤¥ ²¨§¨·µ¢ ´´Ò³, ¨ ¢ ¤¥°¸É¢¨É¥²Ó´µ¸É¨ ¨³¥¥É
³¥¸Éµ ¶µ¸É¥¶¥´´Ò° · ¸¶ ¤  ¤·µ´´µ° ¦¨¤±µ¸É¨, ª· §³ § ´´Ò°ª ¢ ¶·µ¸É· ´-
¸É¢¥ ¨ ¢·¥³¥´¨ [90]. Š·µ³¥ Éµ£µ, É ± ± ± ¸¥Î¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö  ¤·µ´µ¢
(  ¸²¥¤µ¢ É¥²Ó´µ, ¨ ¤²¨´Ò ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  ¢  ¤·µ´´µ° ³ É¥·¨¨) · §´µ£µ
É¨¶  · §²¨Î ÕÉ¸Ö, Éµ ¢¶µ²´¥ ¢µ§³µ¦´Ò³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥
· §²¨Î¨¥ ¢ §´ Î¥´¨¨ É¥³¶¥· ÉÊ·Ò ª¢Ò³µ· ¦¨¢ ´¨Öª [87].

� ¸¸³µÉ·¨³ µ¸´µ¢´Ò¥ Ì · ±É¥·´Ò¥ µ¸µ¡¥´´µ¸É¨ ¸¶¥±É·µ¢  ¤·µ´µ¢ ¢ ·¥-
²ÖÉ¨¢¨¸É¸±¨Ì Í¥´É· ²Ó´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ´  Ê¸±µ·¨É¥²ÖÌ AGS
¶·¨ Ô´¥·£¨ÖÌ 11 ÷ 15 ƒÔ‚/´Ê±²µ´ (SiÅAl, SiÅAu, AuÅAu ¨ ¤·.) [91Ä94] ¨
SPS ¶·¨ Ô´¥·£¨ÖÌ 160÷ 200 ƒÔ‚/´Ê±²µ´ (SÅS, SÅPb, PbÅPb ¨ ¤·.) [65,95Ä
101] ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨ ¸µÊ¤ ·¥´¨Ö³¨.

� ¸¶·¥¤¥²¥´¨¥ ¶µ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉ¥. ˆ³¥¥É ³¥¸Éµ ª±µ²µ±µ²µµ¡· §-
´µ¥ª · ¸¶·¥¤¥²¥´¨¥  ¤·µ´µ¢ ¶µ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉ¥ ¢ ‘–Œ dN/dyÍ³, Ï¨-
·¨´  ±µÉµ·µ£µ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥, Î¥³ ´ ¡²Õ¤ ¥É¸Ö ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
´Ê±²µ´-´Ê±²µ´´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¨ µ¦¨¤ ¥É¸Ö ¤²Ö ¨§µÉ·µ¶´µ£µ É¥·³ ²Ó´µ£µ
· ¸¶·¥¤¥²¥´¨Ö �µ²ÓÍ³ ´ , ÎÉµ Ê± §Ò¢ ¥É ´  ´ ²¨Î¨¥ ¸¨²Ó´µ£µ ¶·µ¤µ²Ó´µ£µ
±µ²²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö  ¤·µ´´µ° ³ É¥·¨¨ ¢¤µ²Ó µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥· (¸³.
·¨¸.4, ¢§ÖÉÒ° ¨§ · ¡µÉÒ [102]). �·¨ ÔÉµ³ ¸·¥¤´ÖÖ ±µ²²¥±É¨¢´ Ö ¶·µ¤µ²Ó-
´ Ö ¸±µ·µ¸ÉÓ < βl > ¸² ¡µ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ ³ ¸¸Ò ¸É ²±¨¢ ÕÐ¨Ì¸Ö
Ö¤¥· (µÉ Si ¨ S ¤µ Pb ¨ Au) ¨ ¸ÊÐ¥¸É¢¥´´µ Å ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¶ÊÎ±µ¢,
µÉ < βl >= 0, 5 (AGS, AuÅAu) ¤µ < βl >= 0, 75 (SPS, PbÅPb). ˆ´É¥-
·¥¸´µ, ÎÉµ · ¸¶·¥¤¥²¥´¨¥ ¶·µÉµ´µ¢, ·µ¦¤¥´´ÒÌ ¢ Í¥´É· ²Ó´ÒÌ Ö¤·µ-Ö¤¥·´ÒÌ
¸µÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ AGS ¨ SPS, É ±¦¥ ¨³¥¥É ª±¢ §¨¶² Éµª ¢ Í¥´É· ²Ó-
´µ° µ¡² ¸É¨ ¡Ò¸É·µÉ ¢ ‘–Œ, ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ §´ Î¨É¥²Ó´µ° Éµ·³µ§´µ°
¸¶µ¸µ¡´µ¸É¨ ÉÖ¦¥²ÒÌ Ö¤¥· ¢ ¤ ´´µ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨°.

� ¸¶·¥¤¥²¥´¨¥ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê (¶µ¶¥·¥Î´µ° ³ ¸¸¥). � ¸¶·¥¤¥²¥-
´¨¥  ¤·µ´µ¢ ¶µ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ m−1

T dN/dmT (mT =
√
p2
T +m2) ¢ ¡µ²Ó-
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�¨¸. 4. ‘¶¥±É·Ò  ¤·µ´µ¢ ¶µ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉ¥ ¢ ¸.Í.³. ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·
¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨°:  ) AuÅAu ¶·¨ Ô´¥·£¨¨ AGS 11A ·ƒÔ‚, Ô±¸¶¥·¨³¥´ÉÒ
E866 [92], E877 [93] ¨ E891 [94]; ¡) PbÅPb ¶·¨ Ô´¥·£¨¨ SPS 158A ·ƒÔ‚, Ô±¸¶¥·¨³¥´É
NA49 [65]. ˜É·¨Ìµ¢Ò¥ ±·¨¢Ò¥ Å ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ¨§µÉ·µ¶´µ£µ
É¥·³ ²Ó´µ£µ ¨¸ÉµÎ´¨±  ¶·¨ É¥³¶¥· ÉÊ·¥ T = 0, 13 ƒÔ‚ ( ) ¨²¨ T = 0, 16 ƒÔ‚ (¡),
¸¶²µÏ´Ò¥ Å ¤²Ö ¶·µ¤µ²Ó´µ · ¸Ï¨·ÖÕÐ¥£µ¸Ö ¸µ ¸·¥¤´¥° ¸±µ·µ¸ÉÓÕ βl = 0, 5 ( ) ¨²¨
βl = 0, 75 (¡) ¨¸ÉµÎ´¨±  [102]
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�¨¸. 5. � ±²µ´ T ¸¶¥±É·   ¤·µ´µ¢ ¶µ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ ± ± ËÊ´±Í¨Ö ³ ¸¸Ò  ¤·µ´  ¢
p− p (N), Í¥´É· ²Ó´ÒÌ SÅS (�) ¨ PbÅPb (•) ¸Éµ²±´µ¢¥´¨ÖÌ ¶·¨ Ô´¥·£¨¨ SPS [100]

Ï¨´¸É¢¥ ¸²ÊÎ ¥¢ Ìµ·µÏµ  ¶¶·µ±¸¨³¨·Ê¥É¸Ö Ô±¸¶µ´¥´Í¨ ²Ó´µ° § ¢¨¸¨³µ¸ÉÓÕ,
µ¤´ ±µ ´ ¡²Õ¤ ¥É¸Ö ¶µ¢ÒÏ¥´´Ò° ¢ÒÌµ¤ ¶¨µ´µ¢ ¢ µ¡² ¸É¨ ³ ²ÒÌ ¶µ¶¥·¥Î-
´ÒÌ ³ ¸¸ mT − m <∼ 200 ŒÔ‚ ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ´Ê±²µ´-
´Ê±²µ´´Ò³¨ ¤ ´´Ò³¨ ¶·¨ Ô´¥·£¨ÖÌ AGS ¨ SPS, ¶·¨Î¥³ ÔËË¥±É ¶·µÖ¢²Ö¥É¸Ö
¢ ¡µ²ÓÏ¥° ¸É¥¶¥´¨ ¤²Ö µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´ÒÌ ¶¨µ´µ¢. � ¨¡µ²¥¥ ¶µ¶Ê²Ö·-
´Ò³ µ¡ÑÖ¸´¥´¨¥³ ¤ ´´µ£µ ÔËË¥±É  Ö¢²ÖÕÉ¸Ö ¢²¨Ö´¨¥ · ¸¶ ¤  ·¥§µ´ ´¸µ¢ [87]
(± ±, ´ ¶·¨³¥·, ρ0 → π+π−, ω → π+π0π− ¨²¨ ∆ → Nπ−),   É ±¦¥ ±Ê²µ-
´µ¢¸±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¶¨µ´µ¢ ¸ ¸µ¶ÊÉ¸É¢ÊÕÐ¨³¨ ¶·µÉµ´ ³¨ [103]. ‚ Éµ
¦¥ ¢·¥³Ö ·¥£¨¸É·¨·Ê¥É¸Ö ¶µ¢ÒÏ¥´´Ò° ¢ÒÌµ¤  ¤·µ´µ¢ ¢¸¥Ì É¨¶µ¢ ¢ Í¥´-
É· ²Ó´ÒÌ Ö¤·µ-Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
´Ê±²µ´-´Ê±²µ´´Ò³¨ ¸µÊ¤ ·¥´¨Ö³¨ ¢ µ¡² ¸É¨ ¡µ²ÓÏ¨Ì ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó-
¸µ¢ pT ≥ 1 ƒÔ‚, ¨ ÔÉµÉ ÔËË¥±É ¡µ²¥¥ Ö·±µ ¢Ò· ¦¥´ ¤²Ö ¸ ³ÒÌ ÉÖ¦¥²ÒÌ Ö¤¥·,
ÎÉµ ¢¶µ²´¥ ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¶µ²µ¦¥´¨¥³ µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¶µ¶¥·¥Î´µ£µ ¶µ-
Éµ±   ¤·µ´´µ° ³ É¥·¨¨. �·¨ ÔÉµ³ Ô±¸¶¥·¨³¥´É ²Ó´Ò° Ë ±É ·µ¸É  ¸·¥¤´¥£µ
¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸   ¤·µ´  ¸ Ê¢¥²¨Î¥´¨¥³ ¥£µ ³ ¸¸Ò ¢ ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥·
¶·¨ Ô´¥·£¨ÖÌ AGS ¨ SPS (¸³., ´ ¶·¨³¥·, [102, 104] ¨ ·¨¸.5 [100]) ´ Ìµ¤¨É
¥¸É¥¸É¢¥´´µ¥ ¨ ¶·µ¸Éµ¥ µ¡ÑÖ¸´¥´¨¥ ¢ £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ [4], ±µ£¤ 
¨§³¥´¥´¨¥ ¨³¶Ê²Ó¸  ∆pT (r)  ¤·µ´  ¸ ³ ¸¸µ° m §  ¸Î¥É ¶µ¶¥·¥Î´µ£µ ¤¢¨¦¥´¨Ö
Ô²¥³¥´É  ¦¨¤±µ¸É¨ ¢ ÉµÎ±¥ r ³µ¦´µ § ¶¨¸ ÉÓ ¢ ¢¨¤¥ ∆pT (r) = m sinhYT (r),
£¤¥ YT Å ±µ²²¥±É¨¢´ Ö ¶µ¶¥·¥Î´ Ö ¡Ò¸É·µÉ .

‚ ¸¢Ö§¨ ¸ ¢µ§³µ¦´µ¸ÉÓÕ  ²ÓÉ¥·´ É¨¢´µ° ¨´É¥·¶·¥É Í¨¨ ªÊÏ¨·¥´¨Öª
mT -¸¶¥±É·   ¤·µ´µ¢ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸µÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶µ ¸· ¢-
´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ´Ê±²µ´-´Ê±²µ´´Ò³¨ ¸Éµ²±´µ¢¥´¨Ö³¨ ¶·¥¤¸É -
¢²Ö¥É ¨´É¥·¥¸ ¤¢ÊÌ±µ³¶µ´¥´É´ Ö ³µ¤¥²Ó ¶·µ¤µ²Ó´µ · ¸Ï¨·ÖÕÐ¥£µ¸Ö ¨¸ÉµÎ-
´¨±  [86], ¢ ±µÉµ·µ° ¶µ³¨³µ µ¡² ¸É¨ ª¢Ò³µ· ¦¨¢ ´¨Öª  ¤·µ´Ò ¨§²ÊÎ ÕÉ¸Ö
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¨§ ¸³¥Ï ´´µ° Ë §Ò ¸ Ì · ±É¥·´Ò³ ¨³¶Ê²Ó¸µ³, µ¶·¥¤¥²ÖÕÐ¨³¸Ö ±·¨É¨Î¥¸±µ°
É¥³¶¥· ÉÊ·µ° ±¢ ·±- ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  Tc, É.¥. ´ ±²µ´ ªÌ¢µ¸É ª
¸¶¥±É·  ¢ ÔÉµ³ ¸²ÊÎ ¥ ¶·Ö³µ · ¢¥´ Tc. “¶µ³Ö´¥³ É ±¦¥ ¶·¥¤²µ¦¥´´ÊÕ ´¥-
¤ ¢´µ ¶·µ¸ÉÊÕ ³µ¤¥²Ó ¸²ÊÎ °´ÒÌ ¡²Ê¦¤ ´¨° ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö É¥·³ ²Ó-
´ÒÌ ªË °¥·¡µ²µ¢ª, ¢ · ³± Ì ±µÉµ·µ° ¢ÒÎ¨¸²ÖÕÉ¸Ö ¥¤¨´Ò³ µ¡· §µ³ ¸¶¥±É·Ò
 ¤·µ´µ¢ ¢ ¶·µÉµ´-Ö¤¥·´ÒÌ ¨ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¡¥§ ÊÎ¥É  ¶µ¶¥·¥Î-
´µ£µ ±µ²²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö [89]. „ ´´ Ö ³µ¤¥²Ó ¨³¥¥É ¢¸¥£µ ²¨ÏÓ µ¤¨´
¶ · ³¥É· δ, µ¶·¥¤¥²ÖÕÐ¨° ¨§³¥´¥´¨¥ ¶µ¶¥·¥Î´µ° ¡Ò¸É·µÉÒ ªË °¥·¡µ² ª § 
µ¤´µ ´ Î ²Ó´µ¥ ´Ê±²µ´-´Ê±²µ´´µ¥ ¸Ê¡¸Éµ²±´µ¢¥´¨¥. � · ³¥É· δ ¨§¢²¥± ¥É¸Ö
¨§  ¤·µ´-Ö¤¥·´ÒÌ ¤ ´´ÒÌ. �¤´ ±µ ³µ¤¥²Ó [89] ´¥ ³µ¦¥É µ¤´µ¢·¥³¥´´µ ¢µ¸-
¶·µ¨§¢¥¸É¨ ¸¶¥±É·Ò ¶¨µ´µ¢, ± µ´µ¢ ¨ ¶·µÉµ´µ¢ ¸ µ¤¨´ ±µ¢Ò³¨ §´ Î¥´¨Ö³¨
ªÊÏ¨·¥´¨Öª δ ¨ É¥³¶¥· ÉÊ·Ò ª¢Ò³µ· ¦¨¢ ´¨Öª Tf ¤²Ö ¸µÊ¤ ·¥´¨° A − A
(A = S, Pb) [100].

„¥É ²Ó´Ò°  ´ ²¨§ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¤ ´´ÒÌ ¶µ ¸¶¥±É· ³  ¤·µ´µ¢ ¶·¨ Ô´¥·-
£¨¨ CERN-SPS 200 ƒÔ‚/´Ê±²µ´ (Ô±¸¶¥·¨³¥´ÉÒ WA80 [95], HELIOS [96],
NA35 [97]) ¢ · ³± Ì É·¥Ì³¥·´µ° ·¥²ÖÉ¨¢¨¸É¸±µ° £¨¤·µ¤¨´ ³¨±¨ ¸ ¤µ¶µ²´¨-
É¥²Ó´Ò³¨ ¶·¥¤¶µ²µ¦¥´¨Ö³¨ µ ¸¢µ°¸É¢ Ì ±µ´Ë °´³¥´É  ¡Ò² ¢Ò¶µ²´¥´, ´ ¶·¨-

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ¶µ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉ¥ yÍ³ ¢ ¸.Í.³. ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ( );
pT -· ¸¶·¥¤¥²¥´¨¥ (2 < ylab < 3) (¡) µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´ÒÌ ¶¨µ´µ¢ ¢ £¨¤·µ¤¨´ ³¨-
Î¥¸±µ° ³µ¤¥²¨ ¸ ¶µ¶¥·¥Î´Ò³ · ¸Ï¨·¥´¨¥³ [75] ¨ ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  NA35 S + S
200A· ƒÔ‚ [97]. ˜É·¨Ìµ¢ Ö £¨¸Éµ£· ³³  ¸µµÉ¢¥É¸É¢Ê¥É ·¥§Ê²ÓÉ É ³ FRITIOF 7.02
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³¥·, ¢ · ¡µÉ¥ [88]. �·¨ ÔÉµ³ ¤ ´´Ò¥ ¡Ò²¨ µ¶¨¸ ´Ò ¸ ´ Î ²Ó´Ò³¨ Ê¸²µ¢¨Ö³¨,
¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ Ëµ·³¨·µ¢ ´¨Õ Šƒ� ¶·¨ É¥³¶¥· ÉÊ·¥ T0 ' 170÷200 ŒÔ‚
¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨° ¶ÊÎ±µ¢ S ¨ O ¨ ³¨Ï¥´¥° µÉ Al ¤µ Pb (§´ Î¥´¨Ö
¤·Ê£¨Ì ¶ · ³¥É·µ¢: τ0 = 1 Ë³/c, Tc = 160 ŒÔ‚, Tf = mπ = 140 ŒÔ‚). �·µ-
¢¥¤¥´´Ò° ¢ · ¡µÉ¥ [105]  ´ ²¨§ ¶·¥¤¢ ·¨É¥²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¸¶¥±É· ³  ¤·µ´µ¢
¢µ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ PbÅPb ¶·¨ Ô´¥·£¨¨ 158A ·ƒÔ‚ (Ô±¸¶¥·¨³¥´É NA49 [65])
É ±¦¥ Ê± §Ò¢ ¥É ´  ¢µ§³µ¦´µ¸ÉÓ ¨Ì µ¶¨¸ ´¨Ö ¢ £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ ¸
ÊÎ¥Éµ³ ´ Î ²Ó´µ£µ Ëµ·³¨·µ¢ ´¨Ö ±¢ ·±-£²Õµ´´µ° Ë §Ò.

‚ · ¡µÉ¥ [75] ¢ · ³± Ì ¶·µ¸Éµ° ³µ¤¥²¨ ÊÎ¥É  ¶µ¶¥·¥Î´µ£µ · ¸Ï¨·¥´¨Ö
±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨ ¸ Ë §µ¢Ò³ ¶¥·¥Ìµ¤µ³ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¨³¥Õ-
Ð¨¥¸Ö ¤ ´´Ò¥ ³µ£ÊÉ ¡ÒÉÓ ¸µ£² ¸µ¢ ´Ò ¸ Ëµ·³¨·µ¢ ´¨¥³ ¸³¥Ï ´´µ° Ë §Ò ´ 
´ Î ²Ó´µ° ¸É ¤¨¨ ·¥ ±Í¨¨ ¶·¨ T0 = Tc = 160 ŒÔ‚. ‚ ± Î¥¸É¢¥ ¶·¨³¥· 
´  ·¨¸.6 ¶·¨¢¥¤¥´µ µ¶¨¸ ´¨¥ ¤ ´´ÒÌ ¶µ ¸¶¥±É· ³ µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´-
´ÒÌ ¶¨µ´µ¢ ¢ Í¥´É· ²Ó´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ S + S Ô±¸¶¥·¨³¥´É  NA35 [97]
£¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²ÓÕ [75] ¸ ¶ · ³¥É· ³¨ ª¢Ò³µ· ¦¨¢ ´¨Öª Å É¥³-
¶¥· ÉÊ·µ° Tf = 140 ŒÔ‚ ¨ ¸·¥¤´¥° ±µ²²¥±É¨¢´µ° ¶µ¶¥·¥Î´µ° ¸±µ·µ¸ÉÓÕ
< βT >= 0, 38. „²Ö ¨²²Õ¸É· Í¨¨ ¢ ¦´µ¸É¨ ÊÎ¥É  ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢ ´ 
·¨¸Ê´±¥ ¶·¥¤¸É ¢²¥´Ò É ±¦¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¸¶¥±É·µ¢,
¢Ò¶µ²´¥´´µ£µ ¸ ¶µ³µÐÓÕ ²Ê´¤µ¢¸±µ° ³µ¤¥²¨ Œµ´É¥-Š ·²µ ±¢ ·±-£²Õµ´´ÒÌ
¸É·Ê´ FRITIOF 7.02 [40] ¢ ¶·¨¡²¨¦¥´¨¨ ´¥§ ¢¨¸¨³ÒÌ ´Ê±²µ´-´Ê±²µ´´ÒÌ
¸Ê¡¸Éµ²±´µ¢¥´¨°. ‚¨¤´µ, ÎÉµ FRITIOF 7.02 ¶·¥¤¸± §Ò¢ ¥É ¡µ²¥¥ ³Ö£±¨°
pT -¸¶¥±É·  ¤·µ´µ¢, Î¥³ ÔÉµ ´ ¡²Õ¤ ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É¥, ÎÉµ ¶·¨¢¥²µ ±
´¥µ¡Ìµ¤¨³µ¸É¨ ¢±²ÕÎ¥´¨Ö ¢ ³µ¤¥²Ó ¤µ¶µ²´¨É¥²Ó´ÒÌ ±µ²²¥±É¨¢´ÒÌ ÔËË¥±-
Éµ¢, É ±¨Ì ± ± ª£µ·ÖÎ¥¥ª ± ¸± ¤¨·µ¢ ´¨¥  ¤·µ´µ¢ ¨ ±µ²²¥±É¨¢´µ¥ ¨§²ÊÎ¥´¨¥
¸É·Ê´ [49]. ‡ ³¥É¨³, ÎÉµ É ±µ£µ ·µ¤  ÔËË¥±ÉÒ ± ± · § ¨ ³µ£ÊÉ ¶·¥¤¸É ¢-
²ÖÉÓ ¸µ¡µ° ³¨±·µ¸±µ¶¨Î¥¸±ÊÕ ·¥ ²¨§ Í¨Õ ±µ²²¥±É¨¢´ÒÌ ¶µ¶¥·¥Î´ÒÌ ¶µÉµ-
±µ¢ ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨.

‚ ¦´µ, µ¤´ ±µ, µÉ³¥É¨ÉÓ, ÎÉµ É¥·³ ²¨§µ¢ ´´ Ö ¸¨¸É¥³ , Ô¢µ²ÕÍ¨µ´¨·ÊÖ
¢µ ¢·¥³¥´¨, ´¥ ª¶µ³´¨Éª µ ¸¢µ¥³ ¶·¥¤Ò¤ÊÐ¥³ Ë §µ¢µ³ ¸µ¸ÉµÖ´¨¨, ¨ ·¥£¨-
¸É·¨·Ê¥³µ¥ ¢ ·¥ ²Ó´µ³ Ô±¸¶¥·¨³¥´É¥ ±µ´¥Î´µ¥  ¤·µ´´µ¥ ¸µ¸ÉµÖ´¨¥ ´¥ ´¥¸¥É
¶·Ö³µ° ¨ µ¤´µ§´ Î´µ° ¨´Ëµ·³ Í¨¨ µ ´ Î ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ Ëµ·³¨·µ¢ ´¨Ö ³ -
É¥·¨¨, µÉ· ¦ Ö ¸¢µ°¸É¢  ¸¨¸É¥³Ò ´  ¸É ¤¨¨ ª¢Ò³µ· ¦¨¢ ´¨Öª. �µÔÉµ³Ê ¸ÊÐ¥-
¸É¢Ê¥É ¡µ²ÓÏµ° ´ ¡µ· · §´µ£µ ·µ¤  ´ Î ²Ó´ÒÌ Ê¸²µ¢¨°, ±µÉµ·Ò¥ ¢ · ³± Ì É¥Ì
¨²¨ ¨´ÒÌ ³µ¤¥²¥° ³µ£ÊÉ ¡ÒÉÓ ¸µ£² ¸µ¢ ´Ò ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨
¶µ ¨³¶Ê²Ó¸´Ò³ ¸¶¥±É· ³  ¤·µ´µ¢ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ. ‚ Î ¸É´µ-
¸É¨, ¤µ¶µ²´¨É¥²Ó´µ¥ ¢±²ÕÎ¥´¨¥ ·µ¦¤¥´¨Ö ¨ · ¸¶ ¤  ·¥§µ´ ´¸µ¢ ¢ ·¥ ±Í¨¨
´ ·Ö¤Ê ¸ ÊÎ¥Éµ³ ¶·µ¤µ²Ó´µ£µ ±µ²²¥±É¨¢´µ£µ · ¸Ï¨·¥´¨Ö  ¤·µ´´µ° ³ É¥·¨¨
¶µ§¢µ²Ö¥É µ¶¨¸ ÉÓ ¶· ±É¨Î¥¸±¨ ¢¸¥ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ ¶µ ¸¶¥±É· ³  ¤·µ´µ¢
¶·¨ Ô´¥·£¨ÖÌ SPS ¢ · ³± Ì ¶·µ¸Éµ° ªÉ¥·³ ²Ó´µ°ª ³µ¤¥²¨ [87] ¡¥§ ¶·¥¤¶µ²µ-
¦¥´¨° µ Ëµ·³¨·µ¢ ´¨¨ ±¢ ·±-£²Õµ´´µ° ¨²¨ ¸³¥Ï ´´µ° Ë §Ò ´  ´ Î ²Ó´µ³
ÔÉ ¶¥ ·¥ ±Í¨¨. ˆ§³¥·¥´¨Ö  ¤·µ´´ÒÌ ¸¶¥±É·µ¢ ¢ Ô±¸¶¥·¨³¥´É Ì ´  ¡Ê¤ÊÐ¨Ì
±µ²² °¤¥· Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢ (STAR [106], PHOBOS [107], BRAHMS [108] ´ 
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RHIC ¨ ALICE [109] ´  LHC) ³µ£ÊÉ µ¡¥¸¶¥Î¨ÉÓ ´ ¸ ¤¥É ²Ó´µ° ¨´Ëµ·³ Í¨¥°
µ ±µ²²¥±É¨¢´ÒÌ ÔËË¥±É Ì ¢ ¸¨¸É¥³ Ì Î ¸É¨Í ¸ ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ¢ ¤¥¸ÖÉ±¨
¨ ¸µÉ´¨ · § ¢ÒÏ¥, Î¥³ ¤µ¸É¨£ ¥É¸Ö ´  ¸µ¢·¥³¥´´ÒÌ Ê¸±µ·¨É¥²ÖÌ.

„¢ÊÌÎ ¸É¨Î´Ò¥ ±µ··¥²ÖÍ¨¨. ’· ¤¨Í¨µ´´Ò³ ¨´¸É·Ê³¥´Éµ³ ¶µ²ÊÎ¥´¨Ö ¨´-
Ëµ·³ Í¨¨ µ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ · §³¥· Ì µ¡² ¸É¨ ¨¸ÉµÎ´¨±  Î ¸É¨Í
¢  ¤·µ´- ¤·µ´´ÒÌ,  ¤·µ´-Ö¤¥·´ÒÌ ¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ Ö¢²Ö¥É¸Ö
¤¢ÊÌÎ ¸É¨Î´ Ö ¨´É¥·Ë¥·µ³¥É·¨Ö ¨¤¥´É¨Î´ÒÌ Î ¸É¨Í [110Ä112], ¨¤¥Ö ¨¸¶µ²Ó-
§µ¢ ´¨Ö ±µÉµ·µ° ¶·µ¨¸Ìµ¤¨É ¨§ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§³¥·¥´¨Õ £¥µ³¥É·¨Î¥-
¸±µ£µ · §³¥·  §¢¥§¤ ¸ ¶µ³µÐÓÕ ¨´É¥·Ë¥·µ³¥É·¨¨ ËµÉµ´µ¢. ‚ µÉ²¨Î¨¥ µÉ
 ¸É·µ´µ³¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¸µ ¸É Í¨µ´ ·´Ò³ ¨¸ÉµÎ´¨±µ³, ¢ Ö¤¥·´µ° Ë¨§¨±¥
±µ··¥²ÖÍ¨µ´´Ò°  ´ ²¨§ µ¶·¥¤¥²Ö¥É ´¥ £¥µ³¥É·¨Î¥¸±¨° · §³¥· ¨¸ÉµÎ´¨± ,  
É ± ´ §Ò¢ ¥³ÊÕ ª¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÊÕ µ¡² ¸ÉÓ £µ³µ£¥´´µ¸É¨ª, ¨§ ±µ-
Éµ·µ° ¨¸¶Ê¸± ÕÉ¸Ö Î ¸É¨ÍÒ ¸ ¡²¨§±¨³¨ §´ Î¥´¨Ö³¨ ¨³¶Ê²Ó¸ . �Éµ ¶·¨¢µ¤¨É
± Éµ³Ê, ÎÉµ (É ± ± ± ¤²Ö · ¸Ï¨·ÖÕÐ¥£µ¸Ö ¨¸ÉµÎ´¨±  ¸ÊÐ¥¸É¢Ê¥É § ¢¨¸¨³µ¸ÉÓ
¨³¶Ê²Ó¸  Î ¸É¨ÍÒ µÉ ÉµÎ±¨ ª¢Ò³µ· ¦¨¢ ´¨Öª) ¨§³¥·Ö¥³Ò° ª· ¤¨Ê¸ £µ³µ£¥´-
´µ¸É¨ª ¸ÊÐ¥¸É¢¥´´µ § ¢¨¸¨É µÉ ¨³¶Ê²Ó¸  ¶ ·Ò Î ¸É¨Í [90,113Ä117].

ˆ¤¥Ö ³¥Éµ¤  ¸µ¸Éµ¨É ¢ ¨§³¥·¥´¨¨ ¤¢ÊÌÎ ¸É¨Î´µ° ±µ··¥²ÖÍ¨µ´´µ° ËÊ´±-
Í¨¨

C2 =
< n >2

< n(n− 1) >

d6N/(dp3
1dp

3
2)

d3N/dp3
1d

3N/dp3
2

= 1 + λ | F12 |2, (23)

£¤¥ n Å ³´µ¦¥¸É¢¥´´µ¸ÉÓ Î ¸É¨Í, d3N/dpi ¨ d6N/(dp3
1dp

3
2) Å µ¤´µ- ¨ ¤¢ÊÌ-

Î ¸É¨Î´Ò¥ ¨´±²Õ§¨¢´Ò¥ · ¸¶·¥¤¥²¥´¨Ö, F12 =< exp (iq12rk) >p1,2 Å ËÊ·Ó¥-
µ¡· § ¨¸ÉµÎ´¨± , pi Å 4-¨³¶Ê²Ó¸ Î ¸É¨ÍÒ, λ Å ¶ · ³¥É·, ¸É·¥³ÖÐ¨°¸Ö ±
¥¤¨´¨Í¥ ¤²Ö ¶µ²´µ¸ÉÓÕ Ì µÉ¨Î´µ£µ ¨¸ÉµÎ´¨± .

„²Ö ¨¸ÉµÎ´¨±  Î ¸É¨Í ¸ £ Ê¸¸µ¢¸±¨³ · ¸¶·¥¤¥²¥´¨¥³ ¶²µÉ´µ¸É¨ ¶µ ¶·µ¸É-
· ´¸É¢¥´´µ-¢·¥³¥´´Ò³ ±µµ·¤¨´ É ³ ¨¸¶µ²Ó§ÊÕÉ µ¡ÒÎ´µ ¸É ´¤ ·É´ÊÕ ¶ · -
³¥É·¨§ Í¨Õ ±µ··¥²ÖÍ¨µ´´µ° ËÊ´±Í¨¨

C2 = 1 + λ exp

− ∑
i,j=l,o,s

R2
i,jqiqj

 , (24)

£¤¥ q = p1−p2 Å ¢¥±Éµ· µÉ´µ¸¨É¥²Ó´µ£µ ¨³¶Ê²Ó¸  ¤¢ÊÌ Î ¸É¨Í, ¶·¨Î¥³ ql Å
¶·µ¥±Í¨Ö ¢¥±Éµ·  q ´  ´ ¶· ¢²¥´¨¥ µ¸¨ ¶ÊÎ±  (ÎÊ¢¸É¢¨É¥²Ó´  ± ¶·µ¤µ²Ó´µ³Ê
· §³¥·Ê ¨¸ÉµÎ´¨± ), q0 Å ´  ´ ¶· ¢²¥´¨¥ ¢¤µ²Ó ¸Ê³³ ·´µ£µ ¶µ¶¥·¥Î´µ£µ
¨³¶Ê²Ó¸  ¶ ·Ò Î ¸É¨Í KT (ÎÊ¢¸É¢¨É¥²Ó´  ± ¢·¥³¥´¨ ¦¨§´¨ ¨¸ÉµÎ´¨± ), qs
Å ´  ´ ¶· ¢²¥´¨¥, ¶¥·¶¥´¤¨±Ê²Ö·´µ¥ ¤¢Ê³ ¶·¥¤Ò¤ÊÐ¨³ (ÎÊ¢¸É¢¨É¥²Ó´  ±
¶µ¶¥·¥Î´µ³Ê · §³¥·Ê ¨¸ÉµÎ´¨± ).

‘ÊÐ¥¸É¢Ê¥É É ±¦¥ ¤·Ê£ Ö Ëµ·³  ¶ · ³¥É·¨§ Í¨¨ ±µ··¥²ÖÍ¨µ´´µ° ËÊ´±-
Í¨¨ (Ë¨É Ÿ´  Å Šµ´¨´  Å �µ¤£µ·¥Í±µ£µ [118,119]):

C2 = 1 + λ exp
[
−R⊥q⊥ −R‖

(
q2
l − (q0)2

)
−
(
R2

0 +R2
‖

)
(q · U)2

]
, (25)
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£¤¥ q2
⊥ = q2

0 + q2
s , q

0 = q ·K/
√
m2 + K2, K = KT + Kl = (p1 + p2)/2 ¨

4-¸±µ·µ¸ÉÓ ¨¸ÉµÎ´¨±  ¸ ¶·µ¤µ²Ó´µ° ±µ³¶µ´¥´Éµ° U(K) = γ(K) (1, 0, 0, v(K)),
γ = (1 − v2)−1/2. �·¥¨³ÊÐ¥¸É¢µ³ ¤ ´´µ° ¶ · ³¥É·¨§ Í¨¨ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ
µ´  ´¥ § ¢¨¸¨É µÉ ¶·µ¤µ²Ó´µ° ¸±µ·µ¸É¨ ¨¸ÉµÎ´¨± , ¨ ¨§³¥·¥´¨¥ ¶ · ³¥É·µ¢
R⊥(K) =< y2 >1/2, R‖(K) ≈< z2 >1/2 ¨ R0(K) ≈< t2 >1/2 ¤ ¥É ¶·Ö³µ¥
§´ Î¥´¨¥ ÔËË¥±É¨¢´ÒÌ ¶µ¶¥·¥Î´µ£µ · ¤¨Ê¸ , ¶·µ¤µ²Ó´µ£µ · §³¥·  ¨ ¢·¥³¥´¨
¦¨§´¨ ¨¸ÉµÎ´¨±  ¸µµÉ¢¥É¸É¢¥´´µ. ‚ Î ¸É´µ¸É¨, ¢ ¸²ÊÎ ¥ µÉ¸ÊÉ¸É¢¨Ö ¶µ¶¥·¥Î-
´µ£µ · ¸Ï¨·¥´¨Ö ¨¸ÉµÎ´¨±  ¶µ¶¥·¥Î´Ò° · ¤¨Ê¸ R⊥ ´¥ ¤µ²¦¥´ § ¢¨¸¥ÉÓ µÉ
¶µ¶¥·¥Î´µ° ³ ¸¸Ò ¶ ·Ò Î ¸É¨Í MT =

√
K2
T +m2 (MT -¸±¥°²¨´£), ¢ Éµ

¢·¥³Ö ± ± ´ ²¨Î¨¥ ¶µ¶¥·¥Î´µ£µ ¶µÉµ±  ¤µ²¦´µ ¶·¨¢µ¤¨ÉÓ ± Ê³¥´ÓÏ¥´¨Õ R⊥
¸ ·µ¸Éµ³ MT [114,116,117].

�  ´ ¸ÉµÖÐ¨° ³µ³¥´É ¨³¥ÕÉ¸Ö ³´µ£µÎ¨¸²¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´-
´Ò¥ ¶µ ±µ··¥²ÖÍ¨µ´´Ò³ ËÊ´±Í¨Ö³ ¶¨µ´µ¢ ¨ ± µ´µ¢ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥-
´¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ AGS ¨ SPS (¸³, ´ ¶·¨³¥·, [120]), ¶µ¤·µ¡´Ò°  ´ ²¨§ ±µÉµ-
·ÒÌ ¢ÒÌµ¤¨É §  · ³±¨ ´ Ï¥£µ µ¡§µ· . �É³¥É¨³ ²¨ÏÓ, ÎÉµ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥
¸µ£² ¸ÊÕÉ¸Ö ¸ ³µ¤¥²ÓÕ ¶·µ¤µ²Ó´µ · ¸Ï¨·ÖÕÐ¥£µ¸Ö ¨¸ÉµÎ´¨± , §´ Î¥´¨Ö ÔË-
Ë¥±É¨¢´ÒÌ ¶µ¶¥·¥Î´µ£µ · ¤¨Ê¸  R⊥ =

√
R2
s +R2

0 ¨ ¶·µ¤µ²Ó´µ£µ · §³¥·  Rl
±µÉµ·µ£µ ¸µ¨§³¥·¨³Ò ¤·Ê£ ¸ ¤·Ê£µ³ ¨ Ê¢¥²¨Î¨¢ ÕÉ¸Ö ¸ ·µ¸Éµ³ · ¤¨Ê¸  ´ ²¥-
É ÕÐ¥£µ Ö¤·  RA [121,122]: R⊥ ≈ Rl > RA. �·¨ ÔÉµ³ ± µ´Ò ¨§²ÊÎ ÕÉ¸Ö
¨§ ¡µ²¥¥ ¶²µÉ´ÒÌ ¨ ª£µ·ÖÎ¨Ìª µ¡² ¸É¥°, Î¥³ ¶¨µ´Ò, RK < Rπ, ÎÉµ Ê± §Ò¢ ¥É
´  ¡µ²¥¥ · ´´¥¥ ª¢Ò³µ· ¦¨¢ ´¨¥ª ± µ´µ¢ ¢¸²¥¤¸É¢¨¥ ¨Ì ³¥´ÓÏ¥£µ ¸¥Î¥´¨Ö
¢§ ¨³µ¤¥°¸É¢¨Ö ¢  ¤·µ´´µ° ³ É¥·¨¨; ¢ Éµ ¦¥ ¢·¥³Ö ¶ · ³¥É· ªÌ µÉ¨Î´µ¸É¨ª λ
§ ³¥É´µ µÉ²¨Î ¥É¸Ö µÉ ¥¤¨´¨ÍÒ, ¨ ¥£µ §´ Î¥´¨¥ ´¥¸±µ²Ó±µ ¡µ²ÓÏ¥ ¤²Ö ± µ´µ¢,
Î¥³ ¤²Ö ¶¨µ´µ¢, λK > λπ, ÎÉµ, ¢¥·µÖÉ´µ, Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ ¢²¨Ö´¨Ö ¤µ²-
£µ¦¨¢ÊÐ¨Ì ·¥§µ´ ´¸µ¢ ´  Ëµ·³¨·µ¢ ´¨¥ ±µ´¥Î´µ£µ ¶¨µ´´µ£µ ¨, ¢ ³¥´ÓÏ¥°
¸É¥¶¥´¨, ± µ´´µ£µ ¸µ¸ÉµÖ´¨Ö [123].

ˆ´É¥·¥¸´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ Ë ±Éµ³ ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¡²Õ¤ ¥³µ¥
¸² ¡µ¥ ´ ·ÊÏ¥´¨¥ MT -¸±¥°²¨´£  ¶µ¶¥·¥Î´µ£µ · ¤¨Ê¸  R⊥ ¨¸ÉµÎ´¨±  ¶¨µ-
´µ¢, ¢ Î ¸É´µ¸É¨, ¢ ¸Éµ²±´µ¢¥´¨ÖÌ PbÅPb ´  SPS (Ô±¸¶¥·¨³¥´É NA49 [124]),
ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¸± § ´¨¥³ É ±µ£µ ÔËË¥±É  ¢ ¸²ÊÎ ¥ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¶µ-
¶¥·¥Î´µ£µ ±µ²²¥±É¨¢´µ£µ ¤¢¨¦¥´¨Ö  ¤·µ´´µ° ³ É¥·¨¨ [114,116,117].

�µ¤Î¥·±´¥³, µ¤´ ±µ, ÎÉµ  ´ ²¨§ É ±µ£µ ·µ¤  ±µ··¥²ÖÍ¨µ´´ÒÌ ÔËË¥±Éµ¢
Ö¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ Éµ´±¨³ ¨¸¸²¥¤µ¢ ´¨¥³, ¶·¨ ±µÉµ·µ³ ´¥µ¡Ìµ¤¨³µ ÊÎ¨ÉÒ-
¢ ÉÓ ¢±² ¤ ¢¸¥Ì ¢µ§³µ¦´ÒÌ ÔËË¥±Éµ¢ ¢ µ¡² ¸É¨ ³ ²ÒÌ ¨³¶Ê²Ó¸µ¢. ŒÒ Ê¦¥
Ê¶µ³Ö´Ê²¨ µ ¢µ§³µ¦´µ³ ¢²¨Ö´¨¨ · ¸¶ ¤  ·¥§µ´ ´¸µ¢, ¶·¨¢µ¤ÖÐ¥³ ± ª¸³ -
§Ò¢ ´¨Õª µ¡Ð¥° ±µ··¥²ÖÍ¨µ´´µ° ± ·É¨´Ò, ¢ Éµ³ Î¨¸²¥ ¨ ± ¸² ¡µ³Ê ´ ·Ê-
Ï¥´¨Õ MT -¸±¥°²¨´£ . „·Ê£¨³ ¢ ¦´Ò³ ÔËË¥±Éµ³, ¢²¨ÖÕÐ¨³ ´  ¶µ¢¥¤¥´¨¥
±µ··¥²ÖÍ¨µ´´ÒÌ ËÊ´±Í¨° ¢ µ¡² ¸É¨ ³ ²ÒÌ µÉ´µ¸¨É¥²Ó´ÒÌ ¨³¶Ê²Ó¸µ¢ q, Ö¢²Ö-
¥É¸Ö ±Ê²µ´µ¢¸±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ Î ¸É¨Í, ±µÉµ·µ¥ ÊÎ¨ÉÒ¢ ¥É¸Ö ¶·µ¸É¥°Ï¨³
µ¡· §µ³ µ¡ÒÎ´µ ¢¢¥¤¥´¨¥³ ¶µ¶· ¢±¨, É ± ´ §Ò¢ ¥³µ£µ Ë ±Éµ·  ƒ ³µ¢  Å
±¢ ¤· É  µÉ´µ¸¨É¥²Ó´µ° ±Ê²µ´µ¢¸±µ° ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¶ ·Ò ¶¨µ´µ¢ ¶·¨
´Ê²¥¢µ³ ¶·µ¸É· ´¸É¢¥´´µ³ · §·¥Ï¥´¨¨ [125], ÌµÉÖ ·Ö¤ É¥µ·¥É¨Î¥¸±¨Ì · ¡µÉ
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¡Ò² ¶µ¸¢ÖÐ¥´ · §· ¡µÉ±¥ ¡µ²¥¥ ±µ··¥±É´µ£µ  ²£µ·¨É³  ÊÎ¥É  ±Ê²µ´µ¢¸±¨Ì
¶µ¶· ¢µ±, ´ ¶·¨³¥·, [114, 126Ä128]. �¥ÊÎ¥É ±Ê²µ´µ¢¸±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö
¢µ§³µ¦¥´ ²¨ÏÓ ¶·¨ ¶·µ¢¥¤¥´¨¨  ´ ²¨§  ±µ··¥²ÖÍ¨µ´´ÒÌ ÔËË¥±Éµ¢ ¤²Ö ´¥°-
É· ²Ó´ÒÌ ¡µ§µ´µ¢, É ±¨Ì, ± ± ¶·Ö³Ò¥ ËµÉµ´Ò, ´µ ¶· ±É¨Î¥¸±µ¥ µ¸ÊÐ¥¸É¢²¥-
´¨¥ É ±µ£µ ¨¸¸²¥¤µ¢ ´¨Ö, ± ± ¶· ¢¨²µ, ¶·¥¤¸É ¢²Ö¥É¸Ö ³ ²µ¶·µ¤Ê±É¨¢´Ò³
¢¸²¥¤¸É¢¨¥ ¡µ²ÓÏµ£µ Ëµ´  µÉ · ¸¶ ¤   ¤·µ´µ¢, É¨¶  π0 → γγ. …Ð¥ µ¤´µ°
¶·µ¡²¥³µ° ¤¢ÊÌÎ ¸É¨Î´µ° ¨´É¥·Ë¥·µ³¥É·¨¨ Ö¢²Ö¥É¸Ö µÉ¸ÊÉ¸É¢¨¥ ´ ¤¥¦´ÒÌ
 ²£µ·¨É³µ¢, ¶µ§¢µ²ÖÕÐ¨Ì ±µ··¥±É´µ · ¸¸Î¨ÉÒ¢ ÉÓ ³´µ£µÎ ¸É¨Î´Ò¥ ±µ··¥²Ö-
Í¨µ´´Ò¥ ËÊ´±Í¨¨ [129, 130], ¢²¨Ö´¨¥ ±µÉµ·ÒÌ ´  µ¡ÐÊÕ ±µ··¥²ÖÍ¨µ´´ÊÕ
± ·É¨´Ê ¢ ¶²µÉ´ÒÌ  ¤·µ´´ÒÌ ¸¨¸É¥³ Ì, µ¸µ¡¥´´µ ¶·¨ Ô´¥·£¨ÖÌ ¡Ê¤ÊÐ¨Ì ±µ²-
² °¤¥·µ¢ RHIC ¨ LHC, ³µ¦¥É ¡ÒÉÓ §´ Î¨É¥²Ó´Ò³, ¥¸²¨ ´¥ µ¶·¥¤¥²ÖÕÐ¨³.

3.2. C¶¥±É·Ò ²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢. ˆ¤¥Ö ²¥¶Éµ´´µ° ¨ ËµÉµ´´µ° ¤¨ £´µ-
¸É¨±¨ · ¢´µ¢¥¸´µ° Ö¤¥·´µ° ³ É¥·¨¨ ¢ ¶·µÍ¥¸¸ Ì ³´µ¦¥¸É¢¥´´µ£µ ·µ¦¤¥´¨Ö
¡Ò²  ¢¶¥·¢Ò¥ ¢Ò¤¢¨´ÊÉ  ….‹.”¥°´¡¥·£µ³ [131] ¨ § É¥³ · §¢¨É  ¢ ¡µ²ÓÏµ³ Î¨-
¸²¥ · ¡µÉ( [73,77,132Ä138] ¨ ¤·.). ‚ µÉ²¨Î¨¥ µÉ  ¤·µ´µ¢ ²¥¶Éµ´Ò ¨ ËµÉµ´Ò,
´¥ ¨¸¶ÒÉÒ¢ Ö ¸¨²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ³µ£ÊÉ ¶µÎÉ¨ ¸¢µ¡µ¤´µ ·µ¦¤ ÉÓ¸Ö ¨
¶µ±¨¤ ÉÓ Ö¤¥·´ÊÕ ³ É¥·¨Õ ´  ¶·µÉÖ¦¥´¨¨ ¢¸¥Ì ÔÉ ¶µ¢ ¥¥ Ô¢µ²ÕÍ¨¨. �·¨ ÔÉµ³
¸¶¥±É·Ò É¥·³ ²Ó´ÒÌ ËµÉµ´µ¢ ¨ ¶ · ²¥¶Éµ´µ¢ (¤¨²¥¶Éµ´µ¢) ¢¥¸Ó³  ÎÊ¢¸É¢¨-
É¥²Ó´Ò ± É¥³¶¥· ÉÊ·¥ ¸·¥¤Ò, ÎÉµ ¸µ§¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¨§³¥·¥´¨Ö ´ Î ²Ó´µ°
É¥³¶¥· ÉÊ·Ò ¨ ¤·Ê£¨Ì É¥·³µ¤¨´ ³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¸¨¸É¥³Ò,   É ±¦¥
¨¸¸²¥¤µ¢ ´¨Ö ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ£µ · §¢¨É¨Ö ¤¨´ ³¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢
¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥· ¸ ¶µ³µÐÓÕ Ô³¨¸¸¨¨ ËµÉµ´µ¢ ¨
¤¨²¥¶Éµ´µ¢.

‡¤¥¸Ó ³Ò ´¥ ¡Ê¤¥³ µ¸É ´ ¢²¨¢ ÉÓ¸Ö ´   ´ ²¨§¥ ¸µ¢·¥³¥´´ÒÌ ³¥Éµ¤µ¢ · ¸-
Î¥É  ¶·Ö³ÒÌ ¸¶¥±É·µ¢ ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢, ±µÉµ·Ò¥ ¶µ¤·µ¡´µ · ¸¸³ É·¨-
¢ ²¨¸Ó, ´ ¶·¨³¥·, ¢ µ¡§µ·¥ [139]. ‚ ¡µ²ÓÏ¨´¸É¢¥ · ¡µÉ ¢ÒÌµ¤ ´¨§±µÔ´¥·£¥-
É¨Î´ÒÌ ËµÉµ´µ¢ (pT <∼ 2 ƒÔ‚/c) ¨ ¤¨²¥¶Éµ´µ¢ ´¥¡µ²ÓÏ¨Ì ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸

M12 =
√

(E2
1 + E2

2 )− (p2
1 + p2

2) <∼ 2Å4 ƒÔ‚/c2 ¢ÒÎ¨¸²Ö¥É¸Ö ¢ ³Ö£±µ¢µ²´µ-
¢µ³ ¶·¨¡²¨¦¥´¨¨ [140] ¨ ¨´É¥£·¨·Ê¥É¸Ö ¶µ ¢¸¥° ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ°
Ô¢µ²ÕÍ¨¨ ª£µ·ÖÎ¥°ª ³ É¥·¨¨. �¥·¥Î¨¸²¨³ ²¨ÏÓ µ¸´µ¢´Ò¥ µ¸µ¡¥´´µ¸É¨ ³¥-
Ì ´¨§³µ¢ £¥´¥· Í¨¨ ²¥¶Éµ´-²¥¶Éµ´´ÒÌ ¶ · l+l− (l = e, µ) ¨ ËµÉµ´µ¢ γ ¢
Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ.

� ¨¡µ²¥¥ ¨´É¥·¥¸ÊÕÐ¨³ ´ ¸ §¤¥¸Ó ¸²ÊÎ ¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö Ëµ·³¨·µ¢ -
´¨¥ ±¢ ·±-£²Õµ´´µ° ¨²¨ ¸³¥Ï ´´µ° Ë §Ò ¢ Ö¤·µ-Ö¤¥·´µ³ ¸µÊ¤ ·¥´¨¨, ±µ-
£¤  ¨´É¥´¸¨¢´µ¥ ¨§²ÊÎ¥´¨¥ ¤¨²¥¶Éµ´µ¢ ¶·µ¨¸Ìµ¤¨É ¢ ·¥§Ê²ÓÉ É¥ ¶·µÍ¥¸¸ 
 ´´¨£¨²ÖÍ¨¨ ±¢ ·±- ´É¨±¢ ·±µ¢ÒÌ ¶ · qq → µ+µ−,   ¨§²ÊÎ¥´¨¥ ËµÉµ´µ¢
Å ¢ ·¥§Ê²ÓÉ É¥  ´´¨£¨²ÖÍ¨¨ qq → gγ ¨ ³Ö£±µ£µ ±µ³¶Éµ´µ¢¸±µ£µ · ¸¸¥Ö´¨Ö
qg → qγ. ‡ ³¥É¨³, ÎÉµ ¶µ³¨³µ É· ¤¨Í¨µ´´µ£µ µ¡Ñ¥³´µ£µ ³¥Ì ´¨§³  ¨§²ÊÎ¥-
´¨Ö ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢ ´  £· ´¨Í¥ ª£µ·ÖÎ¥°ª ¸·¥¤Ò ³µ¦¥É ¢µ§´¨± ÉÓ ¨§-
²ÊÎ¥´¨¥ ³ £´¨É´µ-Éµ·³µ§´µ£µ É¨¶ , µ¡Ê¸²µ¢²¥´´µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥³ ±¢ ·±µ¢
¸ ±µ²²¥±É¨¢´Ò³ Í¢¥Éµ¢Ò³ ¶µ²¥³, µ¡¥¸¶¥Î¨¢ ÕÐ¨³ ¨Ì Ê¤¥·¦ ´¨¥ [135, 136].
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�·¨ ÔÉµ³ ¤²Ö ±¢ ·±-£²Õµ´´ÒÌ ¸¨¸É¥³ ¸ · §³¥· ³¨ ∼ 1 ÷ 10 Ë³, µ¡· §µ¢ -
´¨¥ ±µÉµ·ÒÌ µ¦¨¤ ¥É¸Ö ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥·, É ±µ¥
ª¶µ¢¥·Ì´µ¸É´µ¥ª ¨§²ÊÎ¥´¨¥ ¶µ ¨´É¥´¸¨¢´µ¸É¨ ¸· ¢´¨³µ ¸ µ¡Ñ¥³´Ò³ ³¥Ì -
´¨§³µ³ ¨ Ì · ±É¥·¨§Ê¥É¸Ö ¤²Ö Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° Šƒ� ¡µ²ÓÏµ°
¸É¥¶¥´ÓÕ ¶µ²Ö·¨§ Í¨¨ ËµÉµ´µ¢ ¨ ´ ²¨Î¨¥³ Ê£²µ¢µ°  ¸¨³³¥É·¨¨ ²¥¶Éµ´´ÒÌ
¶ · ¢ ¶²µ¸±µ¸É¨, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ¸Ê³³ ·´µ³Ê ¨³¶Ê²Ó¸Ê ¶ ·Ò. �·µÍ¥¸¸Ò
¶¨µ´-¶¨µ´´µ° ¨ ± µ´-± µ´´µ°  ´´¨£¨²ÖÍ¨¨, π+π− → l+l− ¨ K+K− → l+l−,
  É ±¦¥ · ¸¸¥Ö´¨Ö É¨¶  πρ → πγ ¢ ª£µ·ÖÎ¥°ª  ¤·µ´´µ° Ë §¥ É ±¦¥ ¢´µ¸ÖÉ
¢±² ¤ ¢ ¸¶¥±É· ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ, ¢¥²¨Î¨´  ±µÉµ·µ£µ
µ¶·¥¤¥²Ö¥É¸Ö É¥³¶¥· ÉÊ·µ°  ¤·µ´´µ£µ £ § .

Š·µ³¥ É¥¶²µ¢ÒÌ ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢ ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤, µ¶·¥¤¥²ÖÕ-
Ð¨° ¨´É¥´¸¨¢´µ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¢ µ¡² ¸É¨ ³ ²ÒÌ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ËµÉµ-
´µ¢ qT ¨ ´¥¡µ²ÓÏ¨Ì ³ ¸¸ ¤¨²¥¶Éµ´µ¢ M ≤ 0, 5 ƒÔ‚/c2, ¤ ÕÉ ¤ ²¨ÉÍ¥¢¸±¨¥
· ¸¶ ¤Ò π0, η, ω É¨¶  π0, η → l+l−γ, ω → l+l−π0. �  ¶µ§¤´¨Ì ¸É ¤¨ÖÌ Ô¢µ-
²ÕÍ¨¨  ¤·µ´´µ° ¸¨¸É¥³Ò ¨³¥¥É ³¥¸Éµ ¶·Ö³µ° · ¸¶ ¤ ·¥§µ´ ´¸µ¢ ρ0, ω, φ, ψ
(  ¶·¨ Ô´¥·£¨ÖÌ ±µ²² °¤¥·µ¢ ¨ Υ) ´  ¶ ·Ê l+l−, ¤ ÕÐ¨° ¢±² ¤ ¢ µ¡² ¸ÉÓ ³ ¸¸
¤¨²¥¶Éµ´µ¢, ¡²¨§±¨° ± ³ ¸¸¥ ·¥§µ´ ´¸ . �µ²ÓÏµ° ¢±² ¤ ¢ ¸¶¥±É· ËµÉµ´µ¢
¤ ¥É Ô²¥±É·µ³ £´¨É´Ò° · ¸¶ ¤ ´¥°É· ²Ó´ÒÌ ¶¨µ´µ¢ π0 → γγ, ¢ Éµ ¢·¥³Ö ± ±
¢²¨Ö´¨¥ ´¥±µ··¥²¨·µ¢ ´´µ£µ · ¸¶ ¤  ¶¨µ´µ¢ ¨ ± µ´µ¢ π±,K± → µ±+ ν (ν)
´  ¸¶¥±É· ¤¨²¥¶Éµ´µ¢ ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´Ò³ Éµ²Ó±µ ¶·¨ µÎ¥´Ó ¡µ²ÓÏ¨Ì §´ Î¥-
´¨ÖÌ ³´µ¦¥¸É¢¥´´µ¸É¨ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨
Ô´¥·£¨ÖÌ RHIC ¨, µ¸µ¡¥´´µ, LHC. �µ²Ê²¥¶Éµ´´Ò° · ¸¶ ¤ ¶ · Î ·³¨·µ¢ ´´ÒÌ
 ¤·µ´µ¢ DD̄ → l+l− (  ¶·¨ Ô´¥·£¨ÖÌ ±µ²² °¤¥·µ¢ ¨ BB̄) ¤ ¥É µ¸´µ¢´µ° ¢±² ¤
¢ ¶·µ³¥¦ÊÉµÎ´ÊÕ µ¡² ¸ÉÓ ³ ¸¸ ¸¶¥±É·  ¤¨²¥¶Éµ´µ¢ 1, 5 ≤M ≤ 2, 5 ƒÔ‚/c2.

� ±µ´¥Í, ¶·µÍ¥¸¸Ò ´ Î ²Ó´µ£µ ¦¥¸É±µ£µ · ¸¸¥Ö´¨Ö É¨¶  qg → qγ,
qq → gγ ¨ ·µ¦¤¥´¨¥ ¶ · „·¥²²  Å Ÿ´  qq → l+l−, ¶·µ¨¸Ìµ¤ÖÐ¨¥ ´  ¸ ³µ°
· ´´¥° ´¥· ¢´µ¢¥¸´µ° ¸É ¤¨¨ Ô¢µ²ÕÍ¨¨ Ö¤·µ-Ö¤¥·´µ£µ ¸µÊ¤ ·¥´¨Ö ¢ ·¥§Ê²Ó-
É É¥ µÉ¤¥²Ó´ÒÌ ¦¥¸É±¨Ì ´Ê±²µ´-´Ê±²µ´´ÒÌ · ¸¸¥Ö´¨°, ¤µ³¨´¨·ÊÕÉ ¢ µ¡² ¸É¨
¡µ²ÓÏ¨Ì qT ËµÉµ´µ¢ ¨ M ≥ 4 ƒÔ‚/c2 ¤¨²¥¶Éµ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ.

’ ±¨³ µ¡· §µ³, ¤²Ö ´ ¤¥¦´µ° ¤¨ £´µ¸É¨±¨ ´ Î ²Ó´µ£µ É¥·³ ²¨§µ¢ ´´µ£µ
¸µ¸ÉµÖ´¨Ö ´¥µ¡Ìµ¤¨³µ ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ É¥¶²µ¢Ò¥ ¤¨²¥¶Éµ´Ò ¨ ËµÉµ´Ò ´ 
Ëµ´¥ · ¸¶ ¤  ·¥§µ´ ´¸µ¢, ´¥±µ··¥²¨·µ¢ ´´µ£µ · ¸¶ ¤   ¤·µ´µ¢ ¨ ¦¥¸É±¨Ì
Š•„-¶·µÍ¥¸¸µ¢ ¢ ´¥±µÉµ·µ³ ªµ±´¥ª ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ ¸¶¥±É·  ¤¨²¥¶Éµ´µ¢
¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ËµÉµ´µ¢.

ˆ§¡ÒÉµ± ¶ · ²¥¶Éµ´µ¢ ¶µ ¸· ¢´¥´¨Õ ¸ µ¦¨¤ ¥³Ò³ §´ Î¥´¨¥³ µÉ ¨§¢¥¸É-
´ÒÌ ´¥É¥¶²µ¢ÒÌ ¨¸ÉµÎ´¨±µ¢, ¤ ÕÐ¨Ì ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¢±² ¤ ¢  ¤·µ´- ¤·µ´-
´Ò¥ ¨  ¤·µ´-Ö¤¥·´Ò¥ ¸µÊ¤ ·¥´¨Ö, ´ ¡²Õ¤ ²¸Ö ¢ ·Ö¤¥ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¸Éµ²±-
´µ¢¥´¨Ö³ Ö¤¥· ¸ Ô´¥·£¨¥° 200A·ƒÔ‚ ´  Ê¸±µ·¨É¥²¥ SPS ¢ –…��. ‚ É ¡².1
¶·¥¤¸É ¢²¥´Ò ¢¥²¨Î¨´Ò µÉ´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨§²ÊÎ¥´´ÒÌ ¤¨²¥¶Éµ´µ¢ ±
¨Ì µ¦¨¤ ¥³µ³Ê §´ Î¥´¨Õ ¢ µ¡² ¸É¨ ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ 1, 5 < M < 2, 5 ƒÔ‚/¸2

¤²Ö µ+µ− ¨ 0, 2 < M < 1, 5 ƒÔ‚/c2 ¤²Ö e+e− ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ
Ö¤¥·. ‚¨¤´µ, ÎÉµ ´ ¡²Õ¤ ¥³Ò° ¨§¡ÒÉµ± ¤¨²¥¶Éµ´µ¢ ²¥¦¨É §  ¶·¥¤¥² ³¨
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’ ¡²¨Í  1. �É´µÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¨§²ÊÎ¥´´ÒÌ ¤¨²¥¶Éµ´µ¢ E ± ¨Ì µ¦¨¤ ¥³µ³Ê
§´ Î¥´¨Õ ¢ µ¡² ¸É¨ ³ ¸¸ 1, 5 < M < 2, 5 ƒÔ‚/¸2 ¤²Ö µ+µ− ¨ 0, 2 < M < 1, 5 ƒÔ‚/c2

¤²Ö e+e−

�±¸¶¥·¨³¥´É ‘¨¸É¥³  „¨²¥¶Éµ´Ò ªˆ§¡ÒÉµ±ª E ‘¸Ò²± 

NA38 S− U µ+µ− 1, 3 ± 0, 1 [141]
HELIOS-3 S−W µ+µ− 2, 4 ± 0, 4 [142]
NA50 PbÅPb µ+µ− 2, 0 ± 0, 1 [143]
CERES S−Au e+e− 5, 0 ± 2, 7 [144]
CERES/NA45 Pb−Au e+e− 4, 7 ± 4, 6 [145]

�¨¸. 7. ‘¶¥±É· ³ ¸¸ e+e−-¶ · ¢ ¸Éµ²±´µ¢¥´¨ÖÌ a) p−Au ¶·¨ 450 ƒÔ‚, p⊥ > 50 ŒÔ‚/¸
¨ ¡) S− Au ¶·¨ 200A · ƒÔ‚, p⊥ > 200 ŒÔ‚/¸ (Ô±¸¶¥·¨³¥´É CERES) ¢ ¸· ¢´¥´¨¨ ¸
¢±² ¤µ³ µÉ  ¤·µ´´ÒÌ · ¸¶ ¤µ¢ [144]

¸É É¨¸É¨Î¥¸±¨Ì ¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì µÏ¨¡µ±. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸.7 ¶µ-
± § ´ ¸¶¥±É· ³ ¸¸ Ô²¥±É·µ´-¶µ§¨É·µ´´ÒÌ ¶ · ¢ ¸Éµ²±´µ¢¥´¨ÖÌ pÅAu ¶·¨
450 ƒÔ‚ ¨ SÅAu (Ô±¸¶¥·¨³¥´É CERES) ¢ ¸· ¢´¥´¨¨ ¸ · §²¨Î´Ò³¨ ¢±² -
¤ ³¨ µÉ  ¤·µ´´ÒÌ · ¸¶ ¤µ¢ [144]. ˆ´É¥·¥¸´Ò³ Ë ±Éµ³ ¶·¨ ÔÉµ³ Ö¢²Ö¥É¸Ö
Éµ, ÎÉµ ·µ¸É ³´µ¦¥¸É¢¥´´µ¸É¨ e+e−-¶ · ¸ Ê¢¥²¨Î¥´¨¥³ ¶µ²´µ° ³´µ¦¥¸É¢¥´-
´µ¸É¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í dN±/dy ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¡²¨¦¥ ± ±¢ -
¤· É¨Î´µ° § ¢¨¸¨³µ¸É¨, ¸µ£² ¸ÊÕÐ¥°¸Ö ¸ ³¥Ì ´¨§³µ³ É¥·³ ²Ó´µ° · ¤¨ Í¨¨
¨§ ª£µ·ÖÎ¥°ª ¶ ·Éµ´´µ° ¨²¨  ¤·µ´´µ° ³ É¥·¨¨ (¨´É¥´¸¨¢´µ¸ÉÓ  ´´¨£¨²ÖÍ¨¨
¶·µ¶µ·Í¨µ´ ²Ó´  Î¨¸²Ê ¶ · Î ¸É¨Í Å ´É¨Î ¸É¨Í  [146]), Î¥³ ± ²¨´¥°´µ°,
±µÉµ· Ö µ¦¨¤ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥  ¤·µ´´ÒÌ · ¸¶ ¤µ¢.
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‡ ³¥É¨³, µ¤´ ±µ, ÎÉµ ÌµÉÖ ¢¢¥¤¥´¨¥ ¤µ¶µ²´¨É¥²Ó´µ£µ ³¥Ì ´¨§³  ¨§²Ê-
Î¥´¨Ö ¤¨²¥¶Éµ´µ¢ ¨§ ¤µ²£µ¦¨¢ÊÐ¥° ±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¨²¨ ¸³¥Ï ´´µ°
Ë §Ò ¶·¨ É¥³¶¥· ÉÊ·¥ ¶µ·Ö¤±  160 ŒÔ‚ [147] § ³¥É´µ Ê²ÊÎÏ ¥É µ¶¨¸ ´¨¥
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ¶µ²´µ¸ÉÓÕ ¸µ£² ¸µ¢ ÉÓ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¸
´ ¡²Õ¤ ¥³Ò³ ¨§¡ÒÉ±µ³ ¶ · ³Õµ´µ¢ ¨ Ô²¥±É·µ´µ¢ ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥ ¨´¢ ·¨-
 ´É´ÒÌ ³ ¸¸ ¢¸¥ ¦¥ ´¥ Ê¤ ¥É¸Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É §´ Î¨É¥²Ó´Ò°
¨´É¥·¥¸ ¢µ§³µ¦´µ¸ÉÓ ³µ¤¨Ë¨± Í¨¨ ¸¢µ°¸É¢ ¢¥±Éµ·´ÒÌ ³¥§µ´µ¢ ¢ ¶²µÉ´µ°
³ É¥·¨¨: ¶ ¤¥´¨¥ ³ ¸¸Ò ¨ Ê¢¥²¨Î¥´¨¥ Ï¨·¨´Ò · ¸¶ ¤  ¸ ·µ¸Éµ³ ¶²µÉ´µ-
¸É¨ ¡ ·¨µ´´µ£µ § ·Ö¤  ¨ Ê¢¥²¨Î¥´¨¥³ É¥³¶¥· ÉÊ·Ò, ¸¢Ö§ ´´µ¥ ¸ Î ¸É¨Î´Ò³
¢µ¸¸É ´µ¢²¥´¨¥³ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨ [148, 149]. ‚ Î ¸É´µ¸É¨, ÊÎ¥É ³µ¤¨-
Ë¨± Í¨¨ ³ ¸¸Ò ρ-,ω- ¨ η-³¥§µ´µ¢ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ¶· ¢¨² ¸Ê³³
Š•„ [149] ¶µ§¢µ²Ö¥É µ¶¨¸ ÉÓ ¸¶¥±É· e+e−-¶ · ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ
¡¥§ ¶·¨¢²¥Î¥´¨Ö ³¥Ì ´¨§³  É¥·³ ²Ó´µ° · ¤¨ Í¨¨ [150].

‚ Éµ ¦¥ ¢·¥³Ö ¨§³¥·¥´¨Ö ¸¶¥±É·µ¢ ËµÉµ´µ¢ ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ
Ö¤¥· ´¥ ¤ ÕÉ ¶µ±  µ¸´µ¢ ´¨° £µ¢µ·¨ÉÓ µ¡ µ¡´ ·Ê¦¥´¨¨ ¶·Ö³ÒÌ É¥¶²µ¢ÒÌ
ËµÉµ´µ¢: ´¥ ´ ¡²Õ¤ ²µ¸Ó ¨§¡ÒÉ±  ËµÉµ´µ¢ ¶µ ¸· ¢´¥´¨Õ ¸ µ¦¨¤ ¥³Ò³ §´ -
Î¥´¨¥³ µÉ  ¤·µ´´ÒÌ · ¸¶ ¤µ¢ ´  Ê·µ¢´¥ 10%-° ¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¨ ¢
Ô±¸¶¥·¨³¥´É¥ CERES [144] (SÅAu) ¢ ¤¨ ¶ §µ´¥ 0, 4 ≤ qT ≤ 2 ƒÔ‚/c ¨ ¢ Ô±¸-
¶¥·¨³¥´É¥ HELIOS-2 [151] (OÅW, SÅW) ¢ ¤¨ ¶ §µ´¥ 0, 1 ≤ qT ≤ 1, 5 ƒÔ‚/c;
¸² ¡Ò° ¨§¡ÒÉµ± ËµÉµ´µ¢ 5% ¢ µ¡² ¸É¨ 0, 5 ≤ qT ≤ 2, 5 ƒÔ‚/c ²¥¦¨É ¢ ¶·¥¤¥-
² Ì 5, 8%-° ¸¨¸É¥³ É¨Î¥¸±µ° µÏ¨¡±¨ ¢ Ô±¸¶¥·¨³¥´É¥ WA80 [152] (SÅAu).
�·¨ ÔÉµ³ ³´µ¦¥¸É¢¥´´µ¸ÉÓ ËµÉµ´µ¢ · ¸É¥É ²¨´¥°´µ ¸ ¶µ²´µ° ³´µ¦¥¸É¢¥´-
´µ¸ÉÓÕ, ÎÉµ ¢¶µ²´¥ ¸µ£² ¸Ê¥É¸Ö ¸µ ¸É ´¤ ·É´Ò³¨ ³¥Ì ´¨§³ ³¨  ¤·µ´´ÒÌ
· ¸¶ ¤µ¢.

Œµ¦´µ ´ ¤¥ÖÉÓ¸Ö, ÎÉµ ¡Ê¤ÊÐ¨¥ Ô±¸¶¥·¨³¥´ÉÒ PHENIX [153] ¨ ALICE
[109] ´  ±µ²² °¤¥· Ì RHIC ¨ LH‘ ¤ ¤ÊÉ ¤µ¶µ²´¨É¥²Ó´ÊÕ ¨´Ëµ·³ Í¨Õ µ ³¥-
Ì ´¨§³ Ì £¥´¥· Í¨¨ ¤¨²¥¶Éµ´µ¢ ¨ ËµÉµ´µ¢ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ.
�¸´µ¢´µ° ¶·µ¡²¥³µ°, ¢µ§´¨± ÕÐ¥° ¶·¨ ¶µ¨¸±¥ ¶·Ö³ÒÌ ¤¨²¥¶Éµ´µ¢ ¨ Ëµ-
Éµ´µ¢ µÉ ±¢ ·±-£²Õµ´´µ° ¶² §³Ò ¢ ÔÉµ³ ¸²ÊÎ ¥, Ö¢²Ö¥É¸Ö ¡µ²ÓÏµ° Ëµ´ µÉ
´¥±µ··¥²¨·µ¢ ´´µ£µ · ¸¶ ¤   ¤·µ´µ¢, µ¡Ê¸²µ¢²¥´´Ò° µ£·µ³´µ° ³´µ¦¥¸É¢¥´-
´µ¸ÉÓÕ Î ¸É¨Í ¢ ¸µ¡ÒÉ¨¨. �¥Ï¥´¨¥ § ¤ Î¨ ¶µ¤ ¢²¥´¨Ö É ±µ£µ Ëµ´  µÉ´µ¸¨-
É¥²Ó´µ Ô²¥±É·µ³ £´¨É´ÒÌ ¸¨£´ ²µ¢ (¤µ Ê·µ¢´Ö < 0, 1%) ¶·¥¤¸É ¢²Ö¥É¸Ö ¢µ§-
³µ¦´Ò³ ¶·¨ Ê¸²µ¢¨¨ ¸µÎ¥É ´¨Ö · §²¨Î´ÒÌ É¨¶µ¢ ¤¥É¥±Éµ·µ¢ ¤²Ö ¤µ¸É¨¦¥´¨Ö
¸ ³µ° ÉÐ É¥²Ó´µ° ¨¤¥´É¨Ë¨± Í¨¨ É·¥±µ¢ Î ¸É¨Í.

3.3. �µ¦¤¥´¨¥ ¸É· ´´ÒÌ Î ¸É¨Í. ‚ ¦´Ò³ ¸²¥¤¸É¢¨¥³ ¤µ¸É¨¦¥´¨Ö ¤¥-
±µ´Ë °´³¥´É  Ö¤¥·´µ° ³ É¥·¨¨ Ö¢²Ö¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ Ê¸¨²¥´´µ£µ ·µ¦¤¥´¨Ö
 ¤·µ´µ¢, ¸µ¤¥·¦ Ð¨Ì ¸É· ´´Ò¥ ±¢ ·±¨ [154, 155]. ‚ ¸²ÊÎ ¥ Ëµ·³¨·µ¢ ´¨Ö
Šƒ� ¢ÒÌµ¤ ¸É· ´´ÒÌ  ¤·µ´µ¢ ¤µ²¦¥´ ¤µ¸É¨£ ÉÓ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ£µ
§´ Î¥´¨Ö, É ± ± ± s-±¢ ·±µ¢ Ö ¸µ¸É ¢²ÖÕÐ Ö ¶² §³Ò ¡Ò¸É·µ ¶·¨Ìµ¤¨É ¢ ¸µ-
¸ÉµÖ´¨¥ Ì¨³¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö ¢ ·¥§Ê²ÓÉ É¥ ¨´É¥´¸¨¢´ÒÌ £²Õµ´-£²Õµ´´ÒÌ
¢§ ¨³µ¤¥°¸É¢¨°, gg → ss̄, ¢ Éµ ¢·¥³Ö ± ± ¶·¨ ´¥´Ê²¥¢µ° ¡ ·¨µ´´µ° ¶²µÉ´µ-
¸É¨ ²¥£±¨¥  ´É¨±¢ ·±¨ ū ¨ d̄ ¤µ²¦´Ò ¶µ¤ ¢²ÖÉÓ¸Ö ¢ ¸¨²Ê ¶·¨´Í¨¶  � Ê²¨.
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‚ Ì¨³¨Î¥¸±¨ · ¢´µ¢¥¸´µ³  ¤·µ´´µ³ £ §¥ µÉ´µÏ¥´¨¥ ³´µ¦¥¸É¢¥´´µ¸É¨ ¸É· ´-
´ÒÌ ¨ ´¥¸É· ´´ÒÌ Î ¸É¨Í ¤µ²¦´µ µ¶·¥¤¥²ÖÉÓ¸Ö ²¨ÏÓ µÉ´µÏ¥´¨¥³ ¨Ì ³ ¸¸
Ä ´ ¶·¨³¥·, ± µ´Ò ¡Ê¤ÊÉ ªÉ¥·³ ²Ó´µª ¶µ¤ ¢²¥´Ò ¶µ ¸· ¢´¥´¨Õ ¸ ¶¨µ´ -
³¨ ¢ exp (mK/Tf)/ exp (mπ/Tf) · §, É.¥. K±/π± ' 0, 2 ¶·¨ Tf ' mπ

(' 140 ŒÔ‚).

�¨¸. 8. „µ²Ö ¶µ²´µ° Ô´¥·£¨¨,
¢Ò¤¥²Ö¥³µ° ¢ Í¥´É· ²Ó´ÒÌ Ö¤·µ-
Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ, ±µÉµ· Ö
Ê´µ¸¨É¸Ö ¢¸¥³¨ ¸É· ´´Ò³¨ Î ¸É¨-
Í ³¨, ± ± ËÊ´±Í¨Ö ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ ¢ ¸.Í.³. ¸É ²±¨¢ ÕÐ¨Ì¸Ö
´Ê±²µ´µ¢ [104]. ’·¥Ê£µ²Ó´¨±¨
¸µµÉ¢¥É¸É¢ÊÕÉ ´Ê±²µ´-´Ê±²µ´´Ò³
¢§ ¨³µ¤¥°¸É¢¨Ö³, ±·Ê¦±¨ Å ¢§ ¨-
³µ¤¥°¸É¢¨Ö³ ²¥£±¨Ì Ö¤¥· (Al+
+Al = Si + Al, S + S), ±¢ ¤· ÉÒ
Å ¢§ ¨³µ¤¥°¸É¢¨Ö³ ÉÖ¦¥²ÒÌ Ö¤¥·
(Ah + Ah = Au + Au, Pb + Pb)

ˆ§¡ÒÉµ± ¸É· ´´ÒÌ Î ¸É¨Í ¢ ¸Éµ²±´µ¢¥-
´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨ ¸µÊ¤ ·¥´¨-
Ö³¨ ´ ¡²Õ¤ ²¸Ö ¢ ·Ö¤¥ Ô±¸¶¥·¨³¥´Éµ¢ ´ 
Ê¸±µ·¨É¥²ÖÌ AGS (¨§ ¶µ¸²¥¤´¨Ì ·¥§Ê²ÓÉ -
Éµ¢ Ê¶µ³Ö´¥³ ¤ ´´Ò¥ E866 [92], E877 [93],
E891 [94]) ¨ SPS (NA36 [156], WA85 [157],
WA94 [158], WA97 [99], NA44 [100],
NA49 [65]) ¤²Ö K , Λ, Λ̄, Ξ, Ξ̄, Ω- ¨ Ω̄-
¡ ·¨µ´µ¢; É ±¦¥ ´ ¡²Õ¤ ²¸Ö ¶µ¢ÒÏ¥´´Ò°
¢ÒÌµ¤ φ-³¥§µ´µ¢ ¶µ µÉ´µÏ¥´¨Õ ± ρ ¨ ω ¢
Ô±¸¶¥·¨³¥´É¥ NA38 [168]. “¦¥ ¶·¨ Ô´¥·-
£¨ÖÌ AGS µÉ´µÏ¥´¨Ö ¢ÒÌµ¤  ¸É· ´´ÒÌ ¨
´¥¸É· ´´ÒÌ Î ¸É¨Í ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ-
¤¥°¸É¢¨ÖÌ ¡²¨§±¨ ± ¨Ì ªÉ¥·³ ²Ó´Ò³ª §´ -
Î¥´¨Ö³, ÎÉµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¢µ§³µ¦´µ³
¤µ¸É¨¦¥´¨¨ ¸¨¸É¥³µ°  ¤·µ´µ¢ Ì¨³¨Î¥¸±µ£µ
· ¢´µ¢¥¸¨Ö ¢ ÔÉµ³ ¸²ÊÎ ¥ [102]. �  ·¨¸.8 ¶µ-
± § ´  ¤µ²Ö ¶µ²´µ° ¢Ò¤¥²Ö¥³µ° ¢ Í¥´É· ²Ó-
´ÒÌ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ Ô´¥·£¨¨, ±µ-
Éµ· Ö Ê´µ¸¨É¸Ö ¢¸¥³¨ ¸É· ´´Ò³¨ Î ¸É¨Í ³¨
(Al + Al = Si + Al, S + S ¨ Ah + Ah =
= Au + Au, Pb + Pb) [104]. ‚¨¤´µ, ÎÉµ
Ê¦¥ ¶·¨ Ô´¥·£¨ÖÌ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸

¸É ²±¨¢ ÕÐ¨Ì¸Ö ´Ê±²µ´µ¢
√
s >∼ 2 ƒÔ‚ ¤µ²Ö Ê´µ¸¨³µ° ¸É· ´´Ò³¨ Î ¸É¨-

Í ³¨ Ô´¥·£¨¨ §´ Î¨É¥²Ó´µ ¢ÒÏ¥ ¢ Ö¤·µ-Ö¤¥·´ÒÌ, Î¥³ ¢ ´Ê±²µ´-´Ê±²µ´´ÒÌ
¸Éµ²±´µ¢¥´¨ÖÌ.

‚ Éµ ¦¥ ¢·¥³Ö Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¶µ¨¸±Ê ³¥É ¸É ¡¨²Ó´µ° ¸É· ´´µ° ³ É¥-
·¨¨ (¸É· ´´Ò¥ ªÖ¤· ª ¸ ±¢ ´Éµ¢Ò³ Î¨¸²µ³ S > 1, ¡ ·¨µ´´Ò³ Î¨¸²µ³ B > 1,
µÉ´µÏ¥´¨¥³ § ·Ö¤  ± ³ ¸¸¥ | Z | /M <∼ 0, 1 (ƒÔ‚/c2)−1 ¨ ¢·¥³¥´¥³ ¦¨§´¨
¶µ·Ö¤±  10−4 ¸, ·µ¦¤¥´¨¥ ±µÉµ·ÒÌ ¢ ¸²ÊÎ ¥ Ëµ·³¨·µ¢ ´¨Ö Šƒ� ¶·¥¤¸± §Ò-
¢ ¥É¸Ö ·Ö¤µ³ ³µ¤¥²¥° [161Ä164]) E878 [165], E864 [166] ´  AGS ¨ NA52 [167]
´  SPS ¶µ±  ´¥ ¤ ²¨ ¶µ²µ¦¨É¥²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢.

�É³¥É¨³, ÎÉµ ´  ´ ¸ÉµÖÐ¨° ³µ³¥´É ´¥É µ¸´µ¢ ´¨° ¤²Ö µ¤´µ§´ Î´µ° ¨´-
É¥·¶·¥É Í¨¨ Ê¸¨²¥´´µ£µ ·µ¦¤¥´¨Ö ¸É· ´´ÒÌ Î ¸É¨Í ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±-
´µ¢¥´¨ÖÌ Ö¤¥· ± ± ¸¨£´ ²  Ëµ·³¨·µ¢ ´¨Ö Šƒ�, É ± ± ± ¶µ¢ÒÏ¥´´Ò° ¢ÒÌµ¤
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¡µ²ÓÏ¨´¸É¢  ¸É· ´´ÒÌ Î ¸É¨Í ³µ¦¥É ¡ÒÉÓ ¸µ£² ¸µ¢ ´ ¸ ·¥§Ê²ÓÉ É ³¨  ¤·µ´-
´ÒÌ ± ¸± ¤´ÒÌ ³µ¤¥²¥° [49, 159, 160], ¢ ±µÉµ·ÒÌ ¢Éµ·¨Î´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö
³¥¦¤Ê ·µ¦¤¥´´Ò³¨  ¤·µ´ ³¨ ¶·¨¢µ¤ÖÉ ¸¨¸É¥³Ê ± ¸µ¸ÉµÖ´¨Õ É¥·³ ²Ó´µ£µ ¨
Ì¨³¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö (´ ¶·¨³¥·, §  ¸Î¥É ·¥ ±Í¨° É¨¶  ππ → KK ¨²¨
πN → KΣ, KΛ ¨ ¤·.). �¤´ ±µ É¥ ¦¥ ³µ¤¥²¨ ¸É ²±¨¢ ÕÉ¸Ö ¸ ´¥±µÉµ·Ò³¨
É·Ê¤´µ¸ÉÖ³¨ ¶·¨ µ¶¨¸ ´¨¨ ¢ÒÌµ¤  ¸É· ´´ÒÌ  ´É¨¡ ·¨µ´µ¢. Š·µ³¥ Éµ£µ, ¸±µ-
·µ¸ÉÓ Ëµ·³¨·µ¢ ´¨Ö ¸É· ´´ÒÌ Î ¸É¨Í ¢  ¤·µ´´µ³ £ §¥ ¸ÊÐ¥¸É¢¥´´µ ´¨¦¥, Î¥³
¢ Šƒ�, ¨ ¸µµÉ¢¥É¸É¢¥´´µ ¤²Ö ¤µ¸É¨¦¥´¨Ö Ì¨³¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö ¢  ¤·µ´-
´µ³ £ §¥ É·¥¡Ê¥É¸Ö £µ· §¤µ ¡µ²ÓÏ¥ ¢·¥³¥´¨. Œµ¦´µ ´ ¤¥ÖÉÓ¸Ö, ÎÉµ ¶·¨·µ¤ 
¶µ¢ÒÏ¥´´µ£µ ¢ÒÌµ¤  ¸É· ´´ÒÌ Î ¸É¨Í ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¶µ ¸· ¢´¥-
´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨ ¸Éµ²±´µ¢¥´¨Ö³¨ ¡Ê¤¥É ¶·µÖ¸´¥´ 
¢ ´µ¢ÒÌ Ô±¸¶¥·¨³¥´É Ì ´  ±µ²² °¤¥· Ì RHIC ¨ LHC.

4. ª†…‘’Šˆ…ª ’…‘’› �‹�’��‰ Œ�’…�ˆˆ
‚ “‹œ’���…‹Ÿ’ˆ‚ˆ‘’‘Šˆ• ‘�“„��…�ˆŸ• Ÿ„…�.

I. ’Ÿ†…‹›… Š‚��Š��ˆˆ

4.1. ”¥´µ³¥´µ²µ£¨Ö ·µ¦¤¥´¨Ö ±¢ ·±µ´¨¥¢ ¢ Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ.
‚ ¶µ¸²¥¤´¨¥ £µ¤Ò ¨´É¥´¸¨¢´µ ¨§ÊÎ ÕÉ¸Ö É ± ´ §Ò¢ ¥³Ò¥ ª¦¥¸É±¨¥ª É¥¸ÉÒ
¸¢¥·Ì¶²µÉ´µ° Ö¤¥·´µ° ³ É¥·¨¨ Å ÉÖ¦¥²Ò¥ ±¢ ·±µ´¨¨ ¨ ¦¥¸É±¨¥ ¶ ·Éµ´´Ò¥
¸É·Ê¨, ±µÉµ·Ò¥, ´¥ Ö¢²ÖÖ¸Ó Î ¸ÉÓÕ É¥·³ ²¨§µ¢ ´´µ° ¸¨¸É¥³Ò, ´¥¸ÊÉ ¨´Ëµ·-
³ Í¨Õ µ · ´´¨Ì ¸É ¤¨ÖÌ ¥¥ Ô¢µ²ÕÍ¨¨. �·¥¤¸± §Ò¢ ¥³µ¥ ¶µ¤ ¢²¥´¨¥ ¢ÒÌµ¤ 
Ψ-·¥§µ´ ´¸µ¢ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¢ ¸²ÊÎ ¥ Ëµ·³¨-
·µ¢ ´¨Ö Šƒ� ¶¥·¢µ´ Î ²Ó´µ ¡Ò²µ µ¸´µ¢ ´µ ´  ¶·µ¸Éµ° ¨ ±· ¸¨¢µ° ¨¤¥¥,
ÎÉµ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ cc̄-¶ ·Ò ´¥ ³µ¦¥É ¸ÊÐ¥¸É¢µ¢ ÉÓ, ±µ£¤  ¤²¨´  Í¢¥-
Éµ¢µ° Ô±· ´¨·µ¢±¨ ¢ ¶² §³¥ rD ³¥´ÓÏ¥, Î¥³ · ¤¨Ê¸ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö

< r2
Ψ >

1/2
[169,170]. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö Ï¨·µ±µ · ¸¸³ É·¨¢ ¥É¸Ö É ±¦¥ ¤¨-

´ ³¨Î¥¸±¨° ³¥Ì ´¨§³ ¤¨¸¸µÍ¨ Í¨¨ ±¢ ·±µ´¨¥¢ ¢ ·¥§Ê²ÓÉ É¥ ¨Ì ¸Éµ²±´µ¢¥´¨°
¸ ¸µ¶ÊÉ¸É¢ÊÕÐ¨³¨ (É.¥. ¤¢¨¦ÊÐ¨³¨¸Ö ¸ É ±µ° ¦¥ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉµ°) £²Õ-
µ´ ³¨ [171Ä173]. ‘¥Î¥´¨¥ · ¸Ð¥¶²¥´¨Ö Î ·³µ´¨Ö ¸ Ô´¥·£¨¥° ¸¢Ö§¨ εΨ £²Õµ-
´µ³ ¸ ¨³¶Ê²Ó¸µ³ pg ³µ¦¥É ¡ÒÉÓ µÍ¥´¥´µ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ëµ·³Ê²µ° [171]:

σgΨ(pg) =
2π

3

(
32

3

)2(
mc

εΨ

)1/2
1

m2
c

(pg/εΨ − 1)3/2

(pg/εΨ)5
, (26)

£¤¥ mc Å ³ ¸¸  c-±¢ ·± . • · ±É¥·´ Ö ¶¥·¥¤ Î  ¨³¶Ê²Ó¸  ¢ ¸²ÊÎ ¥ ¤¨¸¸µÍ¨ -
Í¨¨ ¢ Šƒ� ¶·¨ É¥³¶¥· ÉÊ·¥ T ¶·¨³¥·´µ · ¢´  ¸·¥¤´¥³Ê ¨³¶Ê²Ó¸Ê ªÉ¥·³ ²Ó-
´µ£µª £²Õµ´  < pg >T' 3T , ¨ Ê¦¥ ¤²Ö T = 200 ŒÔ‚ ¶µ²ÊÎ¨³ < pg >T'
' 0, 6 ƒÔ‚ Å ¶µ·Ö¤±  Ô´¥·£¨¨ ¸¢Ö§¨ J/Ψ, εJ/Ψ ' 0, 64 ƒÔ‚, ÎÉµ ¤µ¸É ÉµÎ´µ
¤²Ö · ¸Ð¥¶²¥´¨Ö ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö. ‚  ¤·µ´´µ³ £ §¥ ¶·¨ É¥³¶¥· ÉÊ·¥ T
¸·¥¤´¨° ¨³¶Ê²Ó¸  ¤·µ´  < ph >T' 3T ,   · ¸¶·¥¤¥²¥´¨¥ ª¦¥¸É±¨Ìª £²Õµ´µ¢
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¢ ¶¨µ´¥ (x = pg/ph → 1) ¨³¥¥É ¢¨¤ g(x) ' 0, 5(1− x)3, É.¥. ¸·¥¤´¨° ¨³¶Ê²Ó¸
ª±µ´Ë °´³¨·µ¢ ´´µ£µª £²Õµ´  ¸µ¸É ¢²Ö¥É < pg >h'< ph > /5 ' 3T/5, ÎÉµ
´¥¤µ¸É ÉµÎ´µ ¤²Ö ¤¨¸¸µÍ¨ Í¨¨ J/Ψ ¶·¨ T <∼ 1 ƒÔ‚. ‚ Éµ ¦¥ ¢·¥³Ö ´¥¡µ²ÓÏµ¥
§´ Î¥´¨¥ Ô´¥·£¨¨ ¸¢Ö§¨ Ψ′-·¥§µ´ ´¸  εΨ′ ' 0, 06 ƒÔ‚ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ µ´
³µ¦¥É · ¸Ð¥¶²ÖÉÓ¸Ö ± ± ¢ ¶ ·Éµ´´µ°, É ± ¨ ¢  ¤·µ´´µ° ª£µ·ÖÎ¥°ª ³ É¥·¨¨.

�µ³¨³µ ¤¨¸¸µÍ¨ Í¨¨ ¢ Šƒ� ¨²¨  ¤·µ´´µ³ £ §¥ ¢ ¦´Ò³ ³¥Ì ´¨§³µ³ ¶µ-
¤ ¢²¥´¨Ö ¢ÒÌµ¤  ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ Ö¢²Ö¥É¸Ö ¶·¥¤·¥§µ´ ´¸´µ¥ ¶µ£²µÐ¥´¨¥
¢ ªÌµ²µ¤´µ°ª Ö¤¥·´µ° ³ É¥·¨¨, ±µÉµ·µ¥ ¤µ²¦´µ ¶·µÖ¢²ÖÉÓ¸Ö Ê¦¥ ¢  ¤·µ´-
Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ [174,175]. ‚¥·µÖÉ´µ¸ÉÓ ª¢Ò¦¨¢ ´¨Öª Ψ-·¥§µ´ ´¸µ¢
¢ p−A-¸Éµ²±´µ¢¥´¨ÖÌ S ¢ · ³± Ì ³µ¤¥²¨ ƒ² Ê¡¥·  Å ‘¨É¥´±µ µ¶·¥¤¥²Ö¥É¸Ö
¢Ò· ¦¥´¨¥³ (¸³., ´ ¶·¨³¥·, [174,176]):

SGl
pA =

σpA→Ψ

AσpN→Ψ
=

∫
d2b dz ρA(b, z) exp

[
−(A− 1)

∫ ∞
z

dz′ρA(b, z′)σabs

]
,

(27)
£¤¥ ρA Å ¸É ´¤ ·É´µ¥ · ¸¶·¥¤¥²¥´¨¥ Ö¤¥·´µ° ¶²µÉ´µ¸É¨ ‚Ê¤¸  Å ‘ ±¸µ´ ,
σabs Å ¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö Ψ ¢ Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥, ¨´É¥£·¨·µ¢ ´¨¥ ¶·µ¢µ-
¤¨É¸Ö ¶µ ¶·¨Í¥²Ó´µ³Ê ¶ · ³¥É·Ê b ´ ²¥É ÕÐ¥£µ ¶·µÉµ´  ¨ ÉµÎ±¥ ·µ¦¤¥´¨Ö z
¶·¥¤·¥§µ´ ´¸´µ£µ ¸µ¸ÉµÖ´¨Ö cc̄. �µ²ÊÎ¥´´µ¥ ¶ÊÉ¥³ ¸· ¢´¥´¨Ö ¸ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ p − A-¢§ ¨³µ¤¥°¸É¢¨Ö³ (A = C,Al,Cu,Ca,Fe,W,U)
¶·¨ Ô´¥·£¨ÖÌ ´ ²¥É ÕÐ¥£µ ¶·µÉµ´  200 (NA38, [177]), 450 (NA38/NA51, [177,
178]) ¨ 800 ƒÔ‚ (E772, [179]) ¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö J/Ψ ¸µ¸É ¢²Ö¥É σabs =
= 7, 3 ± 0, 6 ³¡ ¸ χ2/d.f. ' 1, 4 [176], ÎÉµ ¶·¨³¥·´µ ´  ¶µ·Ö¤µ± ¢ÒÏ¥, Î¥³
¶·¥¤¸± § ´¨Ö ¤²Ö ¸¥Î¥´¨Ö ¶µ£²µÐ¥´¨Ö ¸¨´£²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö cc̄, ¶µ²ÊÎ¥´´Ò¥
´  µ¸´µ¢¥ ¶· ¢¨² ¸Ê³³ Š•„ [171, 180]. Š·µ³¥ Éµ£µ, ¶µ¸ÉµÖ´´µ¥ (¢ ¶·¥¤¥² Ì
µÏ¨¡±¨) µÉ´µÏ¥´¨¥ ¢ÒÌµ¤  J/Ψ ¨ Ψ′ ¤²Ö · §²¨Î´ÒÌ Ö¤¥· A Ê± §Ò¢ ¥É ´ 
µ¤¨´ ±µ¢µ¥ ¸¥Î¥´¨¥ ¨Ì ¶µ£²µÐ¥´¨Ö ¢ Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥, ÌµÉÖ · §´ Ö Ô´¥·£¨Ö
¸¢Ö§¨ Ë¨§¨Î¥¸±¨Ì Î ·³µ´¨¥¢ ¤µ²¦´  ¡Ò²  ¡Ò ¶·¨¢µ¤¨ÉÓ ± § ³¥É´µ³Ê µÉ²¨-
Î¨Õ ¢ ¸É¥¶¥´¨ ¨Ì ¶µ¤ ¢²¥´¨Ö. �·¨Î¨´µ° É ±µ£µ · ¸Ìµ¦¤¥´¨Ö Ö¢²Ö¥É¸Ö Éµ,
ÎÉµ ¢ ¸¥Î¥´¨¥ ·µ¦¤¥´¨Ö Ψ-·¥§µ´ ´¸µ¢ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¸ÊÐ¥¸É¢¥´´Ò°
¢±² ¤ ¤ ÕÉ ¶·¥¤·¥§µ´ ´¸´Ò¥ µ±É¥É´Ò¥ ¸µ¸ÉµÖ´¨Ö cc̄−g [181], ¨ ÔÉµÉ Ë ±É Ìµ-
·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ ¶µ¸²¥¤´¨³¨ ¤ ´´Ò³¨ ¶µ pp̄-¸Éµ²±´µ¢¥´¨Ö³ Ô±¸¶¥·¨³¥´É 
CDF ´  ÉÔ¢ É·µ´¥ [182]. �µ²ÓÏµ¥ ¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö Î ·³µ´¨¥¢ ¢ ªÌµ²µ¤-
´µ³ª Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥ ¨ ¥£µ µ¤¨´ ±µ¢µ¥ §´ Î¥´¨¥ ¤²Ö J/Ψ ¨ Ψ′ Ö¢²ÖÕÉ¸Ö
¸²¥¤¸É¢¨¥³ ¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö ¸µ¸ÉµÖ´¨Ö Í¢¥Éµ¢µ£µ µ±É¥É  cc̄− g.

„¥°¸É¢¨É¥²Ó´µ, ·µ¦¤¥´¨¥ Î ·³µ´¨Ö ¢ ·¥§Ê²ÓÉ É¥ ¸²¨Ö´¨Ö ¶ ·Ò ¶ ·Éµ´µ¢
(¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¶·¥¨³ÊÐ¥¸É¢¥´´µ £²Õµ´µ¢) ¢ cc̄-¶ ·Ò (¸³., ´ ¶·¨-
³¥·, [183]) ¶·µ¨¸Ìµ¤¨É ¶· ±É¨Î¥¸±¨ ³£´µ¢¥´´µ ¨§-§  ¡µ²ÓÏµ° ³ ¸¸Ò c-±¢ ·± :
¢ ¸¨¸É¥³¥ ¶µ±µÖ cc̄-¶ ·Ò ¢·¥³Ö Ëµ·³¨·µ¢ ´¨Ö τc ' (2mc)

−1 ' 0, 07 Ë³/c.
�¤´ ±µ cc̄-¶ ·Ò ·µ¦¤ ÕÉ¸Ö, ¢µµ¡Ð¥ £µ¢µ·Ö, ¢ Í¢¥Éµ¢µ³ ¸µ¸ÉµÖ´¨¨, ¨ ¤²Ö
´¥°É· ²¨§ Í¨¨ Í¢¥É  ¨ Ëµ·³¨·µ¢ ´¨Ö ¸¨´£²¥É´µ£µ cc̄-¸µ¸ÉµÖ´¨Ö J/Ψ ¨²¨ Ψ′

É·¥¡Ê¥É¸Ö Ê¦¥ §´ Î¨É¥²Ó´µ ¡µ²ÓÏ¥¥ ¢·¥³Ö ∼ 0, 3 Ë³/c [184]. ’ ±¨³ µ¡· -
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§µ³, ¶·¨ ³ ²ÒÌ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸ Ì ¶·¥¤·¥§µ´ ´¸´µ¥ ¸µ¸ÉµÖ´¨¥ Î ·³µ-
´¨Ö ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢ É¥Î¥´¨¥ ¶¥·¢ÒÌ 0, 3 Ë³/c ¢ µ¸´µ¢´µ³ ¸¢Ö§ ´´µ¥
¸µ¸ÉµÖ´¨¥ Í¢¥Éµ¢µ£µ µ±É¥É  cc̄ ¸ ³Ö£±¨³ ±µ²²¨´¥ ·´Ò³ £²Õµ´µ³, µ¡¥¸¶¥Î¨-
¢ ÕÐ¨³ Í¢¥Éµ¢ÊÕ ´¥°É· ²Ó´µ¸ÉÓ cc̄ − g-¸¨¸É¥³Ò ¢ Í¥²µ³. „²Ö Ô´¥·£¨° SPS
Ö¤·µ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ²µ·¥´Í-¸¦ ÉÒ° ¢¤µ²Ó µ¸¨ ¸Éµ²±´µ¢¥´¨Ö ¤¨¸± Éµ²-
Ð¨´µ° 1 − 2 Ë³, ¨ ¸¶Ê¸ÉÖ 0, 5 ÷ 1 Ë³/c ¡µ²ÓÏ¨´¸É¢µ ´Ê±²µ´µ¢ ¶·µ²¥É¨É
³¨³µ µ¡· §µ¢ ¢Ï¥£µ¸Ö Î ·³µ´¨Ö, ªÊ¢¨¤¥¢ª ²¨ÏÓ ¶·¥¤·¥§µ´ ´¸´µ¥ ¸µ¸ÉµÖ´¨¥;
Ë¨§¨Î¥¸±µ¥ ¸¨´£²¥É´µ¥ ¸µ¸ÉµÖ´¨¥ Ψ Ëµ·³¨·Ê¥É¸Ö ¢´¥ Ö¤·  ¢ ¤µ¸É¨¦¨³µ° ±¨-
´¥³ É¨Î¥¸±µ° µ¡² ¸É¨ ¢ p − A-¸Éµ²±´µ¢¥´¨ÖÌ (xF ≥ 0). �·¥¤¸± §Ò¢ ¥³µ¥
¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö µ±É¥É´µ£µ ¸µ¸ÉµÖ´¨Ö cc̄− g ¢ ªÌµ²µ¤´µ³ª Ö¤¥·´µ³ ¢¥Ð¥-
¸É¢¥ ¸µ¸É ¢²Ö¥É σabs ' 6−7 ³¡ [184], ÎÉµ ´ Ìµ¤¨É¸Ö ¢ ¶µ²´µ³ ¸µµÉ¢¥É¸É¢¨¨ ¸
¨³¥ÕÐ¨³¨¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. �·Ö³µ¥ ¨§³¥·¥´¨¥ ¸¥Î¥´¨Ö σabs

¤²Ö Ë¨§¨Î¥¸±µ£µ ¸¨´£²¥É´µ£µ ¸µ¸ÉµÖ´¨Ö J/Ψ ¢µ§³µ¦´µ ¢ Ô±¸¶¥·¨³¥´É¥, ±µ£¤ 
Ö¤·µ ´ ²¥É ¥É ´  ¶µ±µÖÐ¨°¸Ö ¶·µÉµ´, ¨ ¢ ¤µ¸É¨¦¨³µ° ¢ ÔÉµ³ ¸²ÊÎ ¥ ±¨´¥-
³ É¨Î¥¸±µ° µ¡² ¸É¨ xF <∼ −0, 5 ³¥¤²¥´´Ò¥ ¢ ¸¨¸É¥³¥ ¶µ±µÖ Ö¤·  Î ·³µ´¨¨
¶· ±É¨Î¥¸±¨ ´¥ ¤µ²¦´Ò ¶µ£²µÐ ÉÓ¸Ö ¢ Ö¤¥·´µ° ³ É¥·¨¨ [176].

‚ ¸Éµ²±´µ¢¥´¨ÖÌ ¤¢ÊÌ Ö¤¥· ¢ÒÌµ¤ ±¢ ·±µ´¨¥¢ ³µ¦¥É ¡ÒÉÓ ¨§³¥·¥´ ± ±
ËÊ´±Í¨Ö Í¥´É· ²Ó´µ¸É¨ ¸Éµ²±´µ¢¥´¨Ö, ¨ ¢¥·µÖÉ´µ¸ÉÓ ª¢Ò¦¨¢ ´¨Öª Ψ-·¥§µ´ ´-
¸µ¢ ¢ A−B-¸µÊ¤ ·¥´¨ÖÌ ¶·¨ Ë¨±¸¨·µ¢ ´´µ³ ¶·¨Í¥²Ó´µ³ ¶ · ³¥É·¥ b ¨³¥¥É
¢¨¤ [174,176]:

dSGl
AB(b)

d2b
=

1

ABσNN→Ψ

[
dσAB→Ψ

d2b

]
=

=

∫
d2sdzdz′ρA(s, z)ρB(b− s, z′)SA(z, s)SB(z′, s), (28)

£¤¥ SA(z, s) = exp
[
−(A− 1)

∫∞
z
dzAρA(s, zA)σabs

]
¨  ´ ²µ£¨Î´µ ¤²Ö

SB(z′, s); s µ¶·¥¤¥²Ö¥É ¶µ²µ¦¥´¨¥ ÉµÎ±¨ ·µ¦¤¥´¨Ö cc-¶ ·Ò ¢ ¶²µ¸±µ¸É¨, ¶¥·-
¶¥´¤¨±Ê²Ö·´µ° µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·, z ¨ z′ Å ¶·µ¤µ²Ó´Ò¥ ±µµ·¤¨´ ÉÒ
ÔÉµ° ÉµÎ±¨ ¢´ÊÉ·¨ Ö¤·  A ¨ B ¸µµÉ¢¥É¸É¢¥´´µ. „²Ö Éµ£µ ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ´µ·-
³¨·µ¢ ´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥·µÖÉ´µ¸É¨ ª¢Ò¦¨¢ ´¨Öª, ³Ò ¤µ²¦´Ò ¶µ¤¥²¨ÉÓ[
dSGl

AB(b)/d2b
]

´ 
[
dSGl

AB(b;σabs = 0)/d2b
]
.

‡ ³¥É¨³, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µ¶·¥¤¥²¥´¨¥ Í¥´É· ²Ó´µ¸É¨ ¢§ ¨³µ¤¥°-
¸É¢¨Ö ¶·µ¨§¢µ¤¨É¸Ö, ± ± ¶· ¢¨²µ, ¸ ¶µ³µÐÓÕ ± ²µ·¨³¥É·¨Î¥¸±¨Ì ¨§³¥·¥´¨°
¢Ò¤¥²¥´´µ° ¢ ¸µ¡ÒÉ¨¨ ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ ET , Ê¢¥²¨Î¥´¨¥ ±µÉµ·µ° ±µ··¥-
²¨·µ¢ ´µ ¸ Ê³¥´ÓÏ¥´¨¥³ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  b.

„ ´´Ò¥ ¶µ ·µ¦¤¥´¨Õ J/Ψ-·¥§µ´ ´¸µ¢ (¨¤¥´É¨Ë¨Í¨·Ê¥³ÒÌ ± ± ¶¨±¨ ¢
¸¶¥±É·¥ ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ µ+µ−-¶ ·) ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ
¶·¨ Ô´¥·£¨¨ CERN-SPS 200 ƒÔ‚/´Ê±²µ´ ¸µ£² ¸ÊÕÉ¸Ö ¸µ ¸É ´¤ ·É´Ò³ ¸Í¥´ -
·¨¥³ ¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö ¢ ªÌµ²µ¤´µ³ª Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥ ¢¶²µÉÓ
¤µ ¸µÊ¤ ·¥´¨° SÅU (NA38, [177,185,186]); µ¤´ ±µ ´¥¤ ¢´µ § ·¥£¨¸É·¨·µ¢ ´µ
 ´µ³ ²Ó´µ ¸¨²Ó´µ¥ ¶µ£²µÐ¥´¨¥ J/Ψ (¢ ¶·¥¤¥² Ì 10 ¸É ´¤ ·É´ÒÌ µÉ±²µ´¥´¨°
µÉ ¸É ´¤ ·É´µ£µ ¸Í¥´ ·¨Ö) ¢ ¸µÊ¤ ·¥´¨ÖÌ PbÅPb ¶·¨ Ô´¥·£¨¨ 158 ƒÔ‚/´Ê±²µ´
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’ ¡²¨Í  2. ‚¥·µÖÉ´µ¸ÉÓ ª¢Ò¦¨¢ ´¨Öª J/Ψ ¢ A − B-¸µÊ¤ ·¥´¨ÖÌ Sexp
J/Ψ [177, 187]

(¤ ´´Ò¥ ¤²Ö ¢¸¥Ì ´¥Ê¶·Ê£¨Ì ¢§ ¨³µ¤¥°¸É¢¨°) ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ³µ¤¥²¨
¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö SGl

J/Ψ (Ë-²  (28)) ¸ ¸¥Î¥´¨¥³ σabs = 7, 3±0, 6 ³¡ [176]

‘¨¸É¥³  Sexp
J/Ψ

SGl
J/Ψ

O− Cu 0, 57 ± 0, 06 0, 63 ± 0, 02
O− U 0, 53 ± 0, 05 0, 52 ± 0, 03
S− U 0, 46 ± 0, 05 0, 49 ± 0, 03
PbÅPb 0, 27 ± 0, 02 0, 39 ± 0, 03

¢ Ô±¸¶¥·¨³¥´É¥ NA50 [187] (¸³. É ¡².2 [176] ¨ ·¨¸.9 [186]), ±µÉµ·µ¥ Ê¸¨²¨-
¢ ¥É¸Ö ¸ ·µ¸Éµ³ Í¥´É· ²Ó´µ¸É¨ ¶·µÌµ¤¨³µ£µ ¶ ·µ° cc̄ ¢ Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥
¸Éµ²±´µ¢¥´¨Ö ¨ ³µ¦¥É ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´µ ± ± ·¥§Ê²ÓÉ É Ëµ·³¨·µ¢ -
´¨Ö Šƒ� [176,188,189].‡ ³¥É¨³, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´ Ö ´µ·³¨·µ¢±  ¢ÒÌµ¤ 

�¨¸. 9. ‘¥Î¥´¨¥ ·µ¦¤¥´¨Ö J/Ψ ¨
Ψ′ ¢ p− A- ¨ A−B-¸µÊ¤ ·¥´¨ÖÌ
± ± ËÊ´±Í¨Ö ¸·¥¤´¥£µ · ¸¸ÉµÖ-
´¨Ö L, ¶·µÌµ¤¨³µ£µ ¶ ·µ° cc̄ ¢
Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥ (L = (3/4)×
×{RA(A−1)/A+RB(B−1)/B}
¤²Ö Í¥´É· ²Ó´ÒÌ ¸Éµ²±´µ¢¥´¨°
¨ Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³ ¶ · ³¥É-
·  Ê¤ ·  b). �ÖÉÓ ÉµÎ¥± SÅU
¨ PbÅPb ¸µµÉ¢¥É¸É¢ÊÕÉ · §²¨Î-
´Ò³ §´ Î¥´¨Ö³ b. �·Ö³Ò¥ ²¨-
´¨¨ ¸µµÉ¢¥É¸É¢ÊÕÉ exp(−ρσabsL)
¸ ρσabs = 0, 088 Ë³−1 [186]

Î ·³µ´¨¥¢ ¶·µ¢µ¤¨² ¸Ó ´  ¸¥Î¥´¨¥ ª´¥¶µ-
¤ ¢²Ö¥³µ£µª ¶·µÍ¥¸¸  Å ·µ¦¤¥´¨Ö ¦¥¸É±¨Ì
³Õµ´´ÒÌ ¶ · „·¥²²a Å Ÿ´  (qq → µ+µ−),
±µÉµ·µ¥ ¶·µ¶µ·Í¨µ´ ²Ó´µ Î¨¸²Ê ¡¨´ ·´ÒÌ
´Ê±²µ´-´Ê±²µ´´ÒÌ ¸Ê¡¸Éµ²±´µ¢¥´¨° ¢ Ö¤·µ-
Ö¤¥·´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨, σAB→Ψ/σ

DY
AB ¨

σDYAB = ABσDYNN . ‚ Éµ ¦¥ ¢·¥³Ö ª ´µ³ ²Ó-
´µ¥ª ¶µ£²µÐ¥´¨¥ Ψ′-·¥§µ´ ´¸  ´ ¡²Õ¤ ¥É¸Ö
Ê¦¥ ¢ ¸Éµ²±´µ¢¥´¨ÖÌ SÅU ¨ Ê¸¨²¨¢ ¥É¸Ö ¢
¸µÊ¤ ·¥´¨ÖÌ PbÅPb.

”µ·³¨·µ¢ ´¨¥ ª£µ·ÖÎ¥£µª ¤¥±µ´Ë °´-
³¨·µ¢ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ³µ¦¥É ¶·µ¨§µ°É¨ ¢
·¥§Ê²ÓÉ É¥ ³´µ£µ±· É´ÒÌ ´¥Ê¶·Ê£¨Ì ¢§ ¨-
³µ¤¥°¸É¢¨° ³¥¦¤Ê ª· ´¥´Ò³¨ª ´Ê±²µ´ ³¨
(´Ê±²µ´ ³¨-ÊÎ ¸É´¨± ³¨), ¶µÔÉµ³Ê Ê¤µ¡´µ
¢¢¥¸É¨ ¶µ´ÖÉ¨¥ ª¶²µÉ´µ¸É¨ ¢§ ¨³µ¤¥°-
¸É¢¨°ª [176] κ ≡ Nc/Nω ≥ 0, 5, £¤¥ Nc ¨ Nω
Å Î¨¸²µ ´Ê±²µ´-´Ê±²µ´´ÒÌ ¸Ê¡¸Éµ²±´µ¢¥-
´¨° ¨ ª· ´¥´ÒÌª ´Ê±²µ´µ¢ ¸µµÉ¢¥É¸É¢¥´´µ.
�·¨ ÔÉµ³ κ = 0, 5 ¤²Ö p − p-¸µÊ¤ ·¥´¨°,
0, 5 ≤ κ ≤ 1 ¤²Ö p − A-¸µÊ¤ ·¥´¨°, ¨ κ
³µ¦¥É ¡ÒÉÓ ¡µ²ÓÏ¥ 1 Éµ²Ó±µ ¤²Ö A − B-
¸µÊ¤ ·¥´¨°, ±µ£¤  ¸ÊÐ¥¸É¢Ê¥É Ê¢¥²¨Î¨¢ Õ-
Ð Ö¸Ö ¸ Í¥´É· ²Ó´µ¸ÉÓÕ ¸Éµ²±´µ¢¥´¨Ö ¢¥-
·µÖÉ´µ¸ÉÓ ¶¥·¥· ¸¸¥Ö´¨Ö ª· ´¥´ÒÌª ´Ê±²µ-
´µ¢. ’µ£¤  ¤¥±µ´Ë °´³¥´É ³µ¦¥É ¤µ¸É¨-
£ ÉÓ¸Ö ¶·¨ ´¥±µÉµ·µ³ ±·¨É¨Î¥¸±µ³ §´ Î¥-
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´¨¨ κc = κ(b, sc) (sc Å · ¤¨Ê¸ ª£µ·ÖÎ¥°ª µ¡² ¸É¨ ¶·¨ Ë¨±¸¨·µ¢ ´´µ³ b),
¨ ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ¢¥·µÖÉ´µ¸ÉÓ ª¢Ò¦¨¢ ´¨Öª Ψ ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢
¢¨¤¥

Sdec
ψ (b)/SGl(b) = [1− fΨ(b)] , (29)

£¤¥ ¤µ²Ö Î ·³µ´¨¥¢ ¢´ÊÉ·¨ ª£µ·ÖÎ¥°ª µ¡² ¸É¨ ¶µ ¸· ¢´¥´¨Õ ¸ ¶µ²´Ò³ µ¡Ñ-
¥³µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö · ¢´ 

fΨ(b) =

∫ sc
0

d2sNc(b, s)SGl(b, s)

/∫ ∞
0

d2sNc(b, s)SGl(b, s). (30)

�Í¥´¨¢ ¥³µ¥ ¢ · ¡µÉ¥ [176] ±·¨É¨Î¥¸±µ¥ §´ Î¥´¨¥ κc ' 2, 9 ¤²Ö ¸Éµ²±´µ¢¥´¨°
PbÅPb ¤ ¥É Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶µ ·µ¦¤¥´¨Õ
J/Ψ, É ± ¦¥, ± ± ¨ µÍ¥´¨¢ ¥³ Ö ¢ · ¡µÉ¥ [189] ¶²µÉ´µ¸ÉÓ Ô´¥·£¨¨ ¢ ª£µ·Ö-
Î¥°ª Ë §¥ εc ' 3, 4 ƒÔ‚/Ë³3, §´ Î¥´¨¥ ±µÉµ·µ° ¡²¨§±µ ± ¶·¥¤¸± §Ò¢ ¥³µ³Ê
·¥Ï¥ÉµÎ´µ° Š•„ §´ Î¥´¨Õ ±·¨É¨Î¥¸±µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ±¢ ·±- ¤·µ´´µ£µ
Ë §µ¢µ£µ ¶¥·¥Ìµ¤  [35,36].

•µÉÖ ¨´É¥·¶·¥É Í¨Ö ª ´µ³ ²Ó´µ£µª ¶µ¤ ¢²¥´¨Ö ¢ÒÌµ¤  J/Ψ ¢ ¸µÊ¤ ·¥-
´¨ÖÌ PbÅPb ± ± ·¥§Ê²ÓÉ É Ëµ·³¨·µ¢ ´¨Ö Šƒ� ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¶µ²´¥ ¶· ¢-
¤µ¶µ¤µ¡´µ°, É¥³ ´¥ ³¥´¥¥ Ê¦¥ ¶·¥¤² £ ÕÉ¸Ö  ²ÓÉ¥·´ É¨¢´Ò¥ µ¡ÑÖ¸´¥´¨Ö ¤ ´-
´µ£µ Ö¢²¥´¨Ö §  ¸Î¥É Ψ−h-¶¥·¥· ¸¸¥Ö´¨° ´  ¸µ¶ÊÉ¸É¢ÊÕÐ¨Ì  ¤·µ´ Ì, h+Ψ→
→ D + D̄ + X , ¡¥§ ¤µ¶µ²´¨É¥²Ó´µ£µ ¶·¥¤¶µ²µ¦¥´¨Ö µ ·¥ ²¨§ Í¨¨ ¸Í¥´ ·¨Ö
¤¥±µ´Ë °´³¥´É  [190,191]. � Î ²Ó´ Ö ¶²µÉ´µ¸ÉÓ  ¤·µ´´µ£µ £ §  É ±¦¥ µ¶·¥-
¤¥²Ö¥É¸Ö Î¨¸²µ³ ª· ´¥´ÒÌª ´Ê±²µ´µ¢:

nh(b, s) = Nh

[
dNω(b, s)

d2s

]
, (31)

£¤¥ Nh Å ¸·¥¤´¥¥ Î¨¸²µ  ¤·µ´µ¢, ·µ¦¤¥´´ÒÌ ± ¦¤Ò³ ª· ´¥´Ò³ª ´Ê±²µ´µ³.
’µ£¤  ¢¥·µÖÉ´µ¸ÉÓ ª¢Ò¦¨¢ ´¨Öª Ψ ¢  ¤·µ´´µ³ £ §¥, ¨¸¶ÒÉÒ¢ ÕÐ¥³ ±¢ §¨µ¤-
´µ³¥·´µ¥ ¸±¥°²¨´£µ¢µ¥ · ¸Ï¨·¥´¨¥, § ¶¨Ï¥É¸Ö ¢ ¢¨¤¥

ShΨ =

∫
d2s exp [−vσΨ−hnh ln (nh/nf)]

[
d2SGl

d2bd2s
(b, s)

]
[ ∫

d2s d
2SGl

d2bd2s
(b, s;σabs = 0)

] , (32)

£¤¥ σΨ−h Å ¸¥Î¥´¨¥ · ¸Ð¥¶²¥´¨Ö Î ·³µ´¨Ö ¸µ¶ÊÉ¸É¢ÊÕÐ¨³¨  ¤·µ´ ³¨, v
Å ¸·¥¤´ÖÖ ¸±µ·µ¸ÉÓ Ψ µÉ´µ¸¨É¥²Ó´µ  ¤·µ´µ¢, nf Å ±µ´¥Î´ Ö ¶²µÉ´µ¸ÉÓ
 ¤·µ´´µ£µ £ §  ´  ¸É ¤¨¨ ª¢Ò³µ· ¦¨¢ ´¨Öª.

‚ · ¡µÉ¥ [190] SÅU ¨ PbÅPb ¤ ´´Ò¥ ¶µ ·µ¦¤¥´¨Õ J/Ψ ¡Ò²¨ µ¶¨¸ ´Ò
¥¤¨´Ò³ µ¡· §µ³ ¢ ³µ¤¥²¨ ¸µ¶ÊÉ¸É¢ÊÕÐ¨Ì  ¤·µ´µ¢ ¸ ¸¥Î¥´¨Ö³¨ ¶µ£²µÐ¥´¨Ö
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¢ ªÌµ²µ¤´µ³ª Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥ ¨ ¢ ª£µ·ÖÎ¥³ª  ¤·µ´´µ³ £ §¥ σ
J/Ψ−N
abs '

' 4, 8 ³¡ ¨ σ
J/Ψ−h
dis = 2σ

J/Ψ−N
abs /3 ' 3, 2 ³¡ ¸µµÉ¢¥É¸É¢¥´´µ. •µÉÖ §´ Î¥´¨¥

¸¥Î¥´¨Ö ¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö σ
J/Ψ−N
abs ¢ ÔÉµ³ ¸²ÊÎ ¥ ¶·¥¤¸É ¢²Ö-

¥É¸Ö ´¥¸±µ²Ó±µ § ´¨¦¥´´Ò³ ¶µ ¸· ¢´¥´¨Õ ¸ ²ÊÎÏ¨³ Ë¨Éµ³ p − A-¤ ´´ÒÌ
7, 3 ³¡ [176], ¡µ²ÓÏ¨¥ µÏ¨¡±¨ Ô±¸¶¥·¨³¥´É  µ¸É ¢²ÖÕÉ ¢µ§³µ¦´µ¸ÉÓ ¨ ¤²Ö

σ
J/Ψ−N
abs = 4, 8 ³¡.

„¥É ²Ó´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ³¥Ì ´¨§³  ¤¨¸¸µÍ¨ Í¨¨ Ψ-·¥§µ´ ´¸µ¢ ¢  ¤·µ´-
´µ³ £ §¥, ÊÎ¨ÉÒ¢ ÕÐ¥¥ ¢¥·µÖÉ´µ¸É¨ ¶¥·¥Ìµ¤µ¢ J/Ψ + π → Ψ′ + X ¨ Ψ′ +
π → J/Ψ + X , ¡Ò²µ ¢Ò¶µ²´¥´µ ¢ · ¡µÉ¥ [191]. ‹ÊÎÏ¥¥ µ¶¨¸ ´¨¥ ¤ ´´ÒÌ
¶µ ·µ¦¤¥´¨Õ J/Ψ ¨ Ψ′ ¢  ¤·µ´-Ö¤¥·´ÒÌ ¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ,
¢±²ÕÎ Ö PbÅPb, ¡Ò²µ ¤µ¸É¨£´ÊÉµ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸¥Î¥´¨° ¶µ£²µÐ¥´¨Ö

σabs = 4, 1 ³¡, σJ/Ψ−hdis = 0, 4 ³¡, σΨ′−h
dis = 2, 6 ³¡,   É ±¦¥ ¸¥Î¥´¨° ¶¥-

·¥Ìµ¤µ¢ σJ/Ψ→Ψ′ = 0, 1 ³¡ ¨ σΨ′→J/Ψ = 0, 65 ³¡.
‚ ¸¢Ö§¨ ¸ ´¥µ¤´µ§´ Î´µ¸ÉÓÕ ¨´É¥·¶·¥É Í¨¨ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó-

´ÒÌ ¤ ´´ÒÌ ¶µ ·µ¦¤¥´¨Õ Î ·³µ´¨¥¢ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¢µ§´¨-
± ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ · ¸¸³µÉ·¥´¨Ö ¤µ¶µ²´¨É¥²Ó´ÒÌ Ì · ±É¥·¨¸É¨±, ÎÊ¢¸É¢¨-
É¥²Ó´ÒÌ ± · ´´¥° ¤¨´ ³¨±¥ ·¥ ±Í¨°. ‚ Î ¸É´µ¸É¨, ¢ · ¡µÉ¥ [192] ¶·¥¤² £ -
¥É¸Ö ¨¸¸²¥¤µ¢ ÉÓ · ¸¶·¥¤¥²¥´¨¥ Î ·³µ´¨¥¢ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê, ¸·¥¤´¥¥
§´ Î¥´¨¥ ±µÉµ·µ£µ ¤µ²¦´µ Ê¢¥²¨Î¨¢ ÉÓ¸Ö ¸ ·µ¸Éµ³ ¢Ò¤¥²Ö¥³µ° ¢ ¸µ¡ÒÉ¨ÖÌ
¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ ET (¨²¨ c Ê³¥´ÓÏ¥´¨¥³ ¶ · ³¥É·  Ê¤ ·  b) ¢ ¸É ´¤ ·É-
´µ° ³µ¤¥²¨ ¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö ¨, ´ Î¨´ Ö ¸ ´¥±µÉµ·µ£µ ±·¨É¨Î¥-
¸±µ£µ §´ Î¥´¨Ö ET , ¶ ¤ ÉÓ ¢ ª£µ·ÖÎ¥°ª ¤¥±µ´Ë °´³¨·µ¢ ´´µ° ¸·¥¤¥. ’ ±µ£µ
Ì · ±É¥·´µ£µ ¨§³¥´¥´¨Ö ¢ ¶µ¢¥¤¥´¨¨ ¸·¥¤´¥£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  J/Ψ
± ± ËÊ´±Í¨¨ ET ´¥ ´ ¡²Õ¤ ²µ¸Ó (¢ ¶·¥¤¥² Ì µÏ¨¡µ±) ¢ ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥·
¢¶²µÉÓ ¤µ S−U, ¶µ¤µ¡´Ò° ¦¥  ´ ²¨§ ¸¶¥±É·  Î ·³µ´¨¥¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢
¸µÊ¤ ·¥´¨ÖÌ PbÅPb, ¶µ±  ¥Ð¥ Éµ²Ó±µ ¶·µ¢µ¤¨É¸Ö. ‚ ²Õ¡µ³ ¸²ÊÎ ¥ Ô±¸¶¥-
·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ¥³µ¥ ª ´µ³ ²Ó´µ¥ª ¶µ¤ ¢²¥´¨¥ ·µ¦¤¥´¨Ö Ψ-·¥§µ´ ´¸µ¢
¶·¥¤¸É ¢²Ö¥É¸Ö ¨´É·¨£ÊÕÐ¨³ Ö¢²¥´¨¥³, ¶·¨·µ¤Ê ±µÉµ·µ£µ ¢ ¶µ²´µ° ³¥·¥
Éµ²Ó±µ ¶·¥¤¸Éµ¨É ¢ÒÖ¸´¨ÉÓ.

4.2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¶¥·¸¶¥±É¨¢Ò. „²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ ¸¨¸É¥³ (bb̄)
¶µ¤µ¡´Ò° ÔËË¥±É ¶µ¤ ¢²¥´¨Ö ¢ ¸¢¥·Ì¶²µÉ´µ° ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ -
É¥·¨¨ µ¦¨¤ ¥É¸Ö ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì, Î¥³ ¤²Ö (cc̄), ¤µ¸É¨¦¥´¨¥
±µÉµ·ÒÌ µ¦¨¤ ¥É¸Ö ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢ ´  ¡Ê¤ÊÐ¨Ì
±µ²² °¤¥· Ì RHIC ¨ LHC. �·¨ ÔÉµ³ ¸É¥¶¥´Ó ¶µ¤ ¢²¥´¨Ö Υ-, Υ′- ¨ Υ′′-·¥-
§µ´ ´¸µ¢, ¨³¥ÕÐ¨Ì · §´Ò¥ · ¤¨Ê¸Ò ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¨ Ô´¥·£¨Õ ¸¢Ö§¨,
¡Ê¤¥É · §²¨Î ÉÓ¸Ö. �¥£¨¸É· Í¨Ö ¶µ¤ ¢²¥´¨Ö Υ-·¥§µ´ ´¸µ¢ ¢ ¶²µÉ´µ° ³ É¥·¨¨
Ö¢²Ö¥É¸Ö µ¤´µ° ¨§ µ¸´µ¢´ÒÌ § ¤ Î Ë¨§¨Î¥¸±µ° ¶·µ£· ³³Ò ¶µ ¸Éµ²±´µ¢¥´¨Ö³
ÉÖ¦¥²ÒÌ ¨µ´µ¢ ¢ Ô±¸¶¥·¨³¥´É¥ CMS ´  ±µ²² °¤¥·¥ LHC [193].

Šµ³¶ ±É´Ò° ³Õµ´´Ò° ¸µ²¥´µ¨¤ (CMS) Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ¤¢ÊÌ ¤¥É¥±Éµ-
·µ¢, ¶·¥¤²µ¦¥´´ÒÌ ¶¥·¢µ´ Î ²Ó´µ ¤²Ö £² ¢´µ° Í¥²¨ pp-¶·µ£· ³³Ò ´  LHC
Å ¶µ¨¸±  Ì¨££¸µ¢¸±µ£µ ¡µ§µ´  [26]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤¥É¥±Éµ· µ¶É¨³¨§¨·Ê¥É¸Ö
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¤²Ö ÉµÎ´µ£µ ¨§³¥·¥´¨Ö Ì · ±É¥·¨¸É¨± ¢Ò¸µ±µÔ´¥·£¨Î´ÒÌ ³Õµ´µ¢, ËµÉµ´µ¢,
Ô²¥±É·µ´µ¢ ¨  ¤·µ´´ÒÌ ¸É·Ê°, ÎÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨Ö ª¦¥¸É±¨Ìª
É¥¸Éµ¢ Šƒ� ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢. �É²¨Î¨É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ
Ê¸É ´µ¢±¨ CMS Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ ³¥²±µ£· ´Ê²¨·µ¢ ´´ÒÌ Ô²¥±É·µ³ £´¨É´µ£µ
¨  ¤·µ´´µ£µ ± ²µ·¨³¥É·µ¢, ¶µ³¥Ð¥´´ÒÌ ¢ ¸¨²Ó´µ¥ ¸µ²¥´µ¨¤ ²Ó´µ¥ ³ £´¨É-
´µ¥ ¶µ²¥ B = 4 ’². –¥´É· ²Ó´ Ö ¡ ··¥²-Î ¸ÉÓ ¶µ±·Ò¢ ¥É ¤¨ ¶ §µ´ ¡Ò¸É·µÉ
| η |< 1, 5. �±¸¶¥·¨³¥´É ²Ó´µ Υ-·¥§µ´ ´¸Ò ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö ± ± ¶¨±¨ ¢
¸¶¥±É·¥ ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ ³Õµ´´ÒÌ ¶ · (¨¸¶µ²Ó§Ê¥É¸Ö ± ´ ² · ¸¶ ¤ 
Υ → µ+µ−). ’ ±¨³ µ¡· §µ³, ¤²Ö ´ ¤¥¦´µ° ·¥£¨¸É· Í¨¨ ¨ ÉµÎ´µ£µ ¨§³¥·¥-
´¨Ö Ì · ±É¥·¨¸É¨± Υ-·¥§µ´ ´¸µ¢ ´¥µ¡Ìµ¤¨³µ ·¥Ï¨ÉÓ ¶·µ¡²¥³Ê · ¸¶µ§´ ¢ -
´¨Ö ³Õµ´´ÒÌ É·¥±µ¢ ¶·¨ µ¦¨¤ ¥³µ° ¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨° ÉÖ¦¥²ÒÌ
Ö¤¥· ¸¨²Ó´µ° § £·Ê§±¥ ¤¥É¥±Éµ·µ¢ É·¥±¥· . ‚ ¸²ÊÎ ¥ CMS ¨³¶Ê²Ó¸ ³Õµ´  ³µ-
¦¥É ¡ÒÉÓ ¨§³¥·¥´ ¢ Í¥´É· ²Ó´µ³ É·¥±¥·¥ ¤¥É¥±Éµ·  ´  · ¸¸ÉµÖ´¨¨ ´¥ ¡µ²¥¥
1,3 ³ ¤µ ¢¥·Ï¨´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö. ‡ É¥³ ³Õµ´Ò ¶·µÌµ¤ÖÉ Î¥·¥§ ± ²µ·¨³¥É·Ò
¨ ·¥£¨¸É·¨·ÊÕÉ¸Ö ¢ ³Õµ´´ÒÌ ± ³¥· Ì ¢ ¤¨ ¶ §µ´¥ ¡Ò¸É·µÉ | η |< 2, 6. �µ-
¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ³Õµ´  ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¸ ÉµÎ´µ¸ÉÓÕ
≤ 1% ¢ ³ £´¨É´µ³ ¶µ²¥ 4 ’² [193].

�¶É¨³¨§ Í¨Ö  ²£µ·¨É³  ¤¨³Õµ´´µ° ·¥±µ´¸É·Ê±Í¨¨ µ¸´µ¢ ´  ´  ¶µ¨¸±¥
±·¨É¥·¨¥¢, ±µÉµ·Ò¥ ¶µ§¢µ²¨²¨ ¡Ò ¶µ²ÊÎ ÉÓ ³ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ ¤¨³Õµ-
´µ¢ µÉ · ¸¶ ¤  Υ ¨ ¢ Éµ ¦¥ ¢·¥³Ö ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´Ò³ µ¡· §µ³ ¶µ¤ ¢¨ÉÓ
Ëµ´ µÉ ´¥±µ··¥²¨·µ¢ ´´ÒÌ ¶ · ³Õµ´µ¢ µÉ · ¸¶ ¤  ¶¨µ´µ¢ ¨ ± µ´µ¢, ¤ ¢Ï¨Ì
µÉ±²¨±¨ ¢ ³Õµ´´ÒÌ ¸É ´Í¨ÖÌ. �ËË¥±É¨¢´µ¸ÉÓ ¢µ¸¸É ´µ¢²¥´¨Ö § ¢¨¸¨É µÉ
³´µ¦¥¸É¢¥´´µ¸É¨ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í: µÉ 66% ¤²Ö ³ ±¸¨³ ²Ó´µ° ³´µ¦¥¸É¢¥´-
´µ¸É¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° Í¥´É· ²Ó´µ³Ê ¢§ ¨³µ¤¥°¸É¢¨Õ PbÅPb, ¤µ 90% ¤²Ö
³´µ¦¥¸É¢¥´´µ¸É¨ ¢ É·¨ · §  ³¥´ÓÏ¥°. �·¨ ÔÉµ³ ÔËË¥±É¨¢´µ¸ÉÓ ¢µ¸¸É ´µ¢²¥-
´¨Ö ¤¨³Õµ´µ¢ µÉ Ëµ´µ¢ÒÌ ¸µ¡ÒÉ¨° ¢ Ï¥¸ÉÓ · § ³¥´ÓÏ¥ ¨ ¶· ±É¨Î¥¸±¨ ´¥
§ ¢¨¸¨É µÉ ³´µ¦¥¸É¢¥´´µ¸É¨. �É´µÏ¥´¨¥ ¸¨£´ ²  ± Ëµ´Ê ¶·¨ ´ ¨¡µ²¥¥ ª¶¥¸-
¸¨³¨¸É¨Î´ÒÌª µÍ¥´± Ì ¸¥Î¥´¨Ö ·µ¦¤¥´¨Ö Υ ¨ ³ ±¸¨³ ²Ó´µ° ³´µ¦¥¸É¢¥´-
´µ¸É¨ ´¥ ´¨¦¥ 7% ¨ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ Ê³¥´ÓÏ¥´¨¥³ ³´µ¦¥¸É¢¥´´µ¸É¨ [193],
ÎÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ·¥£¨¸É· Í¨¨ Υ-·¥§µ´ ´¸µ¢ ¨ ¨¸¸²¥¤µ¢ ´¨Ö ¨Ì ¸¢µ°¸É¢
¢ ¸¢Ö§¨ ¸ ¶µ¨¸±µ³ ¸¨£´ ²µ¢ Ëµ·³¨·µ¢ ´¨Ö ¸¢¥·Ì¶²µÉ´µ° ³ É¥·¨¨ ¢ Ö¤·µ-
Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ´  LHC.

5. ª†…‘’Šˆ…ª ’…‘’› �‹�’��‰ Œ�’…�ˆˆ
‚ “‹œ’���…‹Ÿ’ˆ‚ˆ‘’‘Šˆ• ‘�“„��…�ˆŸ• Ÿ„…�.

II. �„����›… ‘’�“ˆ

5.1. �¥·¥· ¸¸¥Ö´¨¥ ¦¥¸É±¨Ì ¶ ·Éµ´´ÒÌ ¸É·Ê° ¢ ¶²µÉ´µ° ³ É¥·¨¨. � -
·Ö¤Ê ¸ ¶µ¤ ¢²¥´¨¥³ ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ µ¤´¨³ ¨§ ¶·µÍ¥¸¸µ¢, ±µÉµ·Ò° ³µ£
¡Ò ¤ ÉÓ ¨´Ëµ·³ Í¨Õ µ ¸ ³ÒÌ · ´´¨Ì ¸É ¤¨ÖÌ Ô¢µ²ÕÍ¨¨ ¸¢¥·Ì¶²µÉ´µ° ³ É¥-
·¨¨, µ¡· §ÊÕÐ¥°¸Ö ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸Éµ²±´µ¢¥´¨ÖÌ Ö¤¥· ¶·¨ Ô´¥·£¨ÖÌ
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±µ²² °¤¥·µ¢ RHIC ¨ LHC, Ö¢²Ö¥É¸Ö ¶·µÌµ¦¤¥´¨¥ Î¥·¥§ ´¥¥ ¦¥¸É±¨Ì ¸É·Ê°
Í¢¥Éµ§ ·Ö¦¥´´ÒÌ ¶ ·Éµ´µ¢, ·µ¦¤¥´¨¥ ¶ · ±µÉµ·ÒÌ ¶·µ¨¸Ìµ¤¨É ¢ ¸ ³µ³ ´ -
Î ²¥ ¶·µÍ¥¸¸  ¸µÊ¤ ·¥´¨Ö (τform ∼ 1/pT <∼ 0, 01 Ë³/¸) ¢ ·¥§Ê²ÓÉ É¥ µÉ¤¥²Ó´ÒÌ
¦¥¸É±¨Ì ´Ê±²µ´-´Ê±²µ´´ÒÌ (¶ ·Éµ´-¶ ·Éµ´´ÒÌ) · ¸¸¥Ö´¨°. ’ ±¨¥ ¸É·Ê¨ ¶·µ-
Ìµ¤ÖÉ Î¥·¥§ ¶²µÉ´ÊÕ ¶ ·Éµ´´ÊÕ ³ É¥·¨Õ, Ëµ·³¨·Ê¥³ÊÕ ¨§ ¸¨¸É¥³Ò ³¨´¨-
¸É·Ê° ¢ É¥Î¥´¨¥ ¡µ²ÓÏ¥£µ ³ ¸ÏÉ ¡  ¢·¥³¥´¨ (>∼ 0, 1 Ë³/¸) [37,38,53Ä55,60],
¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ±µ´¸É¨ÉÊ¥´É ³¨ ¸·¥¤Ò, ¨§³¥´ÖÖ ¢ ·¥§Ê²ÓÉ É¥ ¤µ¶µ²´¨-
É¥²Ó´ÒÌ ¶¥·¥· ¸¸¥Ö´¨° ¸¢µ¨ ¶¥·¢µ´ Î ²Ó´Ò¥ ¸¢µ°¸É¢ .

�µ²¥§´Ò³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³ ¶·¨ ÔÉµ³ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ ·µ¦¤¥´¨¥ ¦¥¸É-
±¨Ì  ¤·µ´´ÒÌ ¸É·Ê° ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ e+e−- ´´¨£¨²ÖÍ¨¨, ¢ ep-, pp- ¨
pp-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ´  ±µ²² °¤¥· Ì Å ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¨§ÊÎ¥´´µ¥ Ö¢²¥-
´¨¥, ±µÉµ·µ¥ Ö¢¨²µ¸Ó ´ £²Ö¤´Ò³ É¥¸Éµ³ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„, ¶µ¤É¢¥·-
¤¨¢ ´  µ¶ÒÉ¥ ¸¶· ¢¥¤²¨¢µ¸ÉÓ ³´µ£¨Ì ¥¥ ¶·¥¤¸± § ´¨°∗ (¸³., ´ ¶·¨³¥·, µ¡-
§µ·Ò [194,195]). Œµ¤¨Ë¨± Í¨Ö ¸¢µ°¸É¢ ¦¥¸É±¨Ì ¸É·Ê°, µ¡· §µ¢ ´´ÒÌ ¢ Ö¤·µ-
Ö¤¥·´ÒÌ ¸Éµ²±´µ¢¥´¨ÖÌ, ¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨
¸µÊ¤ ·¥´¨Ö³¨ ¸¢¨¤¥É¥²Ó¸É¢µ¢ ²  ¡Ò µ ¸¶¥Í¨Ë¨Î¥¸±¨Ì Ö¤¥·´ÒÌ ÔËË¥±É Ì, ¢
Î ¸É´µ¸É¨, µ ¶¥·¥· ¸¸¥Ö´¨¨ ¸É·Ê° ¢ ¸·¥¤¥. ’ ±¨³ µ¡· §µ³, ¶µ¨¸± ¢µ§³µ¦-
´ÒÌ ¨´¸É·Ê³¥´Éµ¢ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ¸¢¥·Ì¶²µÉ´µ° ³ É¥·¨¨ ¶·¨¢µ¤¨É ± ´¥µ¡-
Ìµ¤¨³µ¸É¨ ¢ÒÖ¢²¥´¨Ö Ì · ±É¥·¨¸É¨± ¶ ·Éµ´´ÒÌ ¸É·Ê°, ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ± ¥¥
¶ · ³¥É· ³ ¨ Ì · ±É¥·Ê ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° Ô¢µ²ÕÍ¨¨.

�  ·¨¸.10 ¸Ì¥³ É¨Î´µ ¶µ± § ´  £¥µ³¥É·¨Ö § ¤ Î¨ µ ¶·µÌµ¦¤¥´¨¨ ¶ ·Ò
¦¥¸É±¨Ì ¶ ·Éµ´´ÒÌ ¸É·Ê° Î¥·¥§ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÊÕ ¶²µÉ´ÊÕ ³ -
É¥·¨Õ, µ¡· §µ¢ ´¨¥ ±µÉµ·µ° µ¦¨¤ ¥É¸Ö ¢ Í¥´É· ²Ó´ÒÌ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì
A − A-¸µÊ¤ ·¥´¨ÖÌ. � ·  ¦¥¸É±¨Ì ¸É·Ê° Í¢¥Éµ§ ·Ö¦¥´´ÒÌ ¶ ·Éµ´µ¢ ·µ¦¤ -
¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ µÉ¤¥²Ó´µ£µ ¦¥¸É±µ£µ ´Ê±²µ´-´Ê±²µ´´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢
¢¥·Ï¨´¥ P (R,ϕ) (RT Å · ¸¸ÉµÖ´¨¥ µÉ µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥· z ¤µ ¢¥·Ï¨´Ò
P , ϕ Å  §¨³ÊÉ ²Ó´Ò° Ê£µ², µ¶·¥¤¥²ÖÕÐ¨° ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¸É·Ê¨),
θ Å ¶µ²Ö·´Ò° Ê£µ² (¤²Ö pjet

T � pjet
L , θ ∼ π/2). ‚ ¶·µ¸É¥°Ï¥° ¶ ·Éµ´´µ° ³µ-

¤¥²¨ ¡¥§ ÊÎ¥É  £²Õµ´´µ° · ¤¨ Í¨¨ ¢ ´ Î ²Ó´µ³ ¸µ¸ÉµÖ´¨¨ ´ Î ²Ó´µ¥ ¦¥¸É±µ¥
· ¸¸¥Ö´¨¥ ¶·µ¨¸Ìµ¤¨É ¢ ¶²µ¸±µ¸É¨, ¨ ¸É·Ê¨ ±µ··¥²¨·µ¢ ´Ò ¶µ  §¨³ÊÉ ²Ó´µ³Ê
Ê£²Ê ¢Ò²¥É : ϕjet1 + ϕjet2 = π. Œµ¦´µ µ¶·¥¤¥²¨ÉÓ ´¥±µ³¶² ´ ·´µ¸ÉÓ ¶ ·Ò
¸É·Ê° KT ± ± ¸Ê³³Ê ¶·µ¥±Í¨° ¨³¶Ê²Ó¸µ¢ ¸É·Ê° ´  µ¸Ó, ¶¥·¶¥´¤¨±Ê²Ö·´ÊÕ
¶²µ¸±µ¸É¨ ´ Î ²Ó´µ£µ · ¸¸¥Ö´¨Ö, ¨ ¤²Ö ³ ²ÒÌ KT � pjet1,2

T ¶µ²ÊÎ¨³

KT ' 0, 5(pjet1
T + pjet2

T ) sin (ϕjet1 + ϕjet2). (33)

‡ ³¥É¨³, ÎÉµ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶²µ¸±µ¸ÉÓ ´ Î ²Ó´µ£µ · ¸¸¥Ö´¨Ö µ¶·¥-
¤¥²Ö¥É¸Ö ± ± ¶²µ¸±µ¸ÉÓ, ¢ ±µÉµ·µ° ³¨´¨³ ²Ó´  ´¥±µ³¶² ´ ·´µ¸ÉÓ KT . ‚

∗Šµ··¥±É´µ¥ ¸µ¶µ¸É ¢²¥´¨¥ ¸¢µ°¸É¢ ¸É·Ê° ´  ¶ ·Éµ´´µ³ ¨  ¤·µ´´µ³ Ê·µ¢´ÖÌ ¶µ§¢µ²Ö¥É
¶·µ¢¥¸É¨ £¨¶µÉ¥§  ª³Ö£±µ£µ µ¡¥¸Í¢¥Î¨¢ ´¨Öª, ¶·¥¤¶µ² £ ÕÐ Ö, ÎÉµ  ¤·µ´¨§ Í¨Ö ´¥ ¶·¨¢µ¤¨É ±
± Î¥¸É¢¥´´µ° ¶¥·¥¸É·µ°±¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í ¢ ¸É·Ê¥.
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�¨¸. 10. ‘Ì¥³  ¶·µÌµ¦¤¥´¨Ö ¦¥¸É±¨Ì ¸É·Ê° Î¥·¥§ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´ÊÕ ¶²µÉ-
´ÊÕ ³ É¥·¨Õ: z Å ´ ¶· ¢²¥´¨¥ µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥·, P (R,ϕ) Å ¢¥·Ï¨´  ·µ¦¤¥´¨Ö
¶ ·Ò ¸É·Ê°:  ) ¸·¥§ z = 0, ¡) ¶·µ¥±Í¨Ö ´  ¶²µ¸±µ¸ÉÓ ´ Î ²Ó´µ£µ · ¸¸¥Ö´¨Ö. ‘¶²µÏ-
´Ò¥ ²¨´¨¨ µ£· ´¨Î¨¢ ÕÉ µ¡² ¸ÉÓ, § ´¨³ ¥³ÊÕ ¶²µÉ´µ° ³ É¥·¨¥°, ÏÉ·¨Ìµ¢Ò¥ ²¨´¨¨
¶·¥¤¸É ¢²ÖÕÉ ¶·µ¥±Í¨Õ ´  ¶²µ¸±µ¸ÉÓ · ¸¸¥Ö´¨Ö ¶·Ö³µ°, ¶ · ²²¥²Ó´µ° µ¸¨ z ¨ ¶·µ-
Ìµ¤ÖÐ¥° Î¥·¥§ ÉµÎ±Ê, ¢ ±µÉµ·µ° ¸É·ÊÖ ¢ÒÌµ¤¨É ¨§ ¸·¥¤Ò

· ¡µÉ¥ [196] ¢¶¥·¢Ò¥ ¶·¥¤² £ ²µ¸Ó ¨¸¶µ²Ó§µ¢ ÉÓ · ¸¶·¥¤¥²¥´¨¥ ¶µ ´¥±µ³-
¶² ´ ·´µ¸É¨ ¶ ·Ò ¦¥¸É±¨Ì ¸É·Ê° ± ± ¤¨ £´µ¸É¨Î¥¸±µ¥ ¸·¥¤¸É¢µ Šƒ�: ¡Ò²µ
¶µ± § ´µ ¢ ¶·µ¸É¥°Ï¥° ³µ¤¥²¨ ¸Ë¥·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° ¶² §³Ò, ÎÉµ ´¥-
±µ³¶² ´ ·´µ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´  ± ³´µ£µ±· É´µ³Ê · ¸¸¥Ö´¨Õ ¸É·Ê° ´  ±µ´-
¸É¨ÉÊ¥´É Ì ¸·¥¤Ò ¨ ³µ¦¥É ¡ÒÉÓ ¶·¨³¥´¥´  ¤²Ö ¨§³¥·¥´¨Ö ´ Î ²Ó´µ° É¥³¶¥-
· ÉÊ·Ò Šƒ�. � ¸¶·¥¤¥²¥´¨Ö ¶µ ´¥±µ³¶² ´ ·´µ¸É¨ µÍ¥´¨¢ ²¨¸Ó É ±¦¥ ¤²Ö
¸²ÊÎ Ö ¨¤¥ ²Ó´µ° ¶·µ¤µ²Ó´µ-· ¸Ï¨·ÖÕÐ¥°¸Ö ¶² §³Ò ¢ · ¡µÉ¥ [197] ¨ ¤²Ö
¸²ÊÎ Ö  ¤·µ´´µ£µ £ §  ¢ [198]. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö  ±É¨¢´µ ¢¥¤ÊÉ¸Ö ¶µ¨¸±¨
¸¢Ö§ ´´ÒÌ ¸ ´¥±µ³¶² ´ ·´µ¸ÉÓÕ ¢¥²¨Î¨´, ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ± ´ Î ²Ó´Ò³ ¶ · -
³¥É· ³ ¶²µÉ´µ° ¸·¥¤Ò [199,200] ¨ ± Ì · ±É¥·Ê ¥¥ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ°
Ô¢µ²ÕÍ¨¨ [201Ä203]. ‡ ³¥É¨³, µ¤´ ±µ, ÎÉµ ¨§¢²¥Î¥´¨¥ ¨´Ëµ·³ Í¨¨ µ ¸¢µ°-
¸É¢ Ì ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ° ¸·¥¤Ò ¨§ · ¸¶·¥¤¥²¥´¨Ö ¶µ ´¥±µ³¶² ´ ·´µ¸É¨
¸É·Ê° ¢ ·¥ ²Ó´µ³ Ô±¸¶¥·¨³¥´É¥ ¸¨²Ó´µ § É·Ê¤´¥´µ · §´µ£µ ·µ¤  Ëµ´µ¢Ò³¨
ÔËË¥±É ³¨. ‚ Î ¸É´µ¸É¨, £²Õµ´´ Ö · ¤¨ Í¨Ö ¢ ´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸Éµ-
Ö´¨ÖÌ, Ë¥·³¨-¤¢¨¦¥´¨¥ ´Ê±²µ´µ¢ ¢ Ö¤·¥ ¨ ±¢ ·±µ¢ ¢ ´Ê±²µ´¥,  ¤·µ´¨§ Í¨Ö,
µ¸µ¡¥´´µ¸É¨ ± ²µ·¨³¥É·¨¨ ¨  ²£µ·¨É³  ¶µ¨¸±  ¸É·Ê° ¡Ê¤ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¤µ-
¶µ²´¨É¥²Ó´µ° ´¥±µ³¶² ´ ·´µ¸É¨, ±µÉµ· Ö ³µ¦¥É ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢ÒÏ ÉÓ ´¥-
±µ³¶² ´ ·´µ¸ÉÓ, ¸¢Ö§ ´´ÊÕ ¸ ¶¥·¥· ¸¸¥Ö´¨¥³ [197Ä199], ¢µ¶·µ¸ µ ´ ¤¥¦´µ³
¢Ò¤¥²¥´¨¨ ±µÉµ·µ°, É ±¨³ µ¡· §µ³, µ¸É ¥É¸Ö µÉ±·ÒÉÒ³.

„·Ê£¨³ ¨´É¥·¥¸´Ò³ ÔËË¥±Éµ³, µ¦¨¤ ¥³Ò³ ¶·¨ ¶·µÌµ¦¤¥´¨¨ ¦¥¸É±µ°
¶ ·Éµ´´µ° ¸É·Ê¨ Î¥·¥§ Šƒ�, Ö¢²Ö¥É¸Ö · §¢¨É¨¥ ¤¨´ ³¨Î¥¸±¨Ì ´¥Ê¸Éµ°Î¨¢µ-
¸É¥° ¢ ¸·¥¤¥, ±µÉµ·Ò¥ ¤µ²¦´Ò ¶·¨¢µ¤¨ÉÓ ± ¶·µ¸É· ´¸É¢¥´´µ-´¥µ¤´µ·µ¤´µ³Ê
· ¸¶·¥¤¥²¥´¨Õ Í¢¥Éµ¢µ£µ § ·Ö¤  ¨ ¸µ¶·µ¢µ¦¤ ÉÓ¸Ö Ì · ±É¥·´Ò³ ¨§²ÊÎ¥´¨¥³
¶¨µ´µ¢ ¨ ËµÉµ´µ¢ [204, 205]. �¤´ ±µ ¢µ§³µ¦´µ¸ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ° ·¥£¨-
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�¨¸. 11. ”¥°´³ ´µ¢¸±¨¥ ¤¨ £· ³³Ò ¤²Ö Ô²¥³¥´É ·´µ£µ  ±É  · ¸¸¥Ö´¨Ö ¦¥¸É±µ£µ ¶ ·-
Éµ´  ¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° E � m0 ∼ 3T ¢ ¶²µÉ´µ° ³ É¥·¨¨ ¶·¨ É¥³¶¥· ÉÊ·¥ T
(m0 Å Ì · ±É¥·´ Ö Ô´¥·£¨Ö ±µ´¸É¨ÉÊ¥´É  ¸·¥¤Ò) ¸ ÊÎ¥Éµ³ ¸Éµ²±´µ¢¨É¥²Ó´ÒÌ ν ¨
· ¤¨ Í¨µ´´ÒÌ ω Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó

¸É· Í¨¨ ÔÉµ£µ ÔËË¥±É  ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸µÊ¤ ·¥´¨ÖÌ Ö¤¥· ´¥ ¶·¥¤¸É ¢-
²Ö¥É¸Ö µÎ¥¢¨¤´µ°, ¢¸²¥¤¸É¢¨¥ ¡µ²ÓÏ¨Ì Ëµ´µ¢ÒÌ ÔËË¥±Éµ¢, ¨ É·¥¡Ê¥É ¤ ²Ó´¥°-
Ï¥£µ ¨§ÊÎ¥´¨Ö.

‚ ¦´Ò³ ¢µ¶·µ¸µ³ Ö¢²Ö¥É¸Ö ¨¸¸²¥¤µ¢ ´¨¥ ³¥Ì ´¨§³µ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ¶µ-
É¥·Ó ¦¥¸É±¨Ì ¶ ·Éµ´µ¢ ¢ ª£µ·ÖÎ¥°ª ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨. �·¨
ÔÉµ³ ¸²¥¤Ê¥É · §²¨Î ÉÓ ¸Éµ²±´µ¢¨É¥²Ó´Ò¥ ¶µÉ¥·¨, µ¡Ê¸²µ¢²¥´´Ò¥ Ê¶·Ê£¨³ ¶¥-
·¥· ¸¸¥Ö´¨¥³ ¦¥¸É±µ£µ ¶ ·Éµ´  ´  ±µ´¸É¨ÉÊ¥´É Ì ¸·¥¤Ò [202, 203, 206, 207],
¨ · ¤¨ Í¨µ´´Ò¥ ¶µÉ¥·¨, ¸¢Ö§ ´´Ò¥ ¸ ¨¸¶Ê¸± ´¨¥³ ªÉµ·³µ§´ÒÌª £²Õµ-
´µ¢ [208Ä216] (¸³. ·¨¸.11). ‚ · ¡µÉ Ì [208] ¨ [212] ¡Ò²µ ¢¶¥·¢Ò¥ ¶·¥¤²µ¦¥´µ
¨¸¶µ²Ó§µ¢ ÉÓ ¶µ¤ ¢²¥´¨¥ ¢ÒÌµ¤  ¶ · ¦¥¸É±¨Ì ¸É·Ê° ¨ ¶µ¢ÒÏ¥´´µ¥ µÉ´µÏ¥-
´¨¥ ¢ÒÌµ¤  µ¤¨´µÎ´ÒÌ ³µ´µ¸É·Ê° ± ¶ · ³ ¸É·Ê°, ¸µµÉ¢¥É¸É¢¥´´µ, µ¡Ê¸²µ¢²¥´-
´Ò¥ Ô´¥·£¥É¨Î¥¸±¨³¨ ¶µÉ¥·Ö³¨ ¶ ·Éµ´µ¢ ¢ ¸·¥¤¥, ± ± ¶·¨§´ ± Ëµ·³¨·µ¢ ´¨Ö
¸¢¥·Ì¶²µÉ´µ£µ ¸µ¸ÉµÖ´¨Ö Šƒ� ¢ ¸µÊ¤ ·¥´¨ÖÌ Ö¤¥·. �·¨ ÔÉµ³ Ê± §Ò¢ ²µ¸Ó ´ 
¢µ§³µ¦´µ¥ ¨§³¥´¥´¨¥ ³¥Ì ´¨§³  · ¤¨ Í¨µ´´ÒÌ ¶µÉ¥·Ó ¦¥¸É±µ£µ ¶ ·Éµ´  ¢µ
¢·¥³Ö ±¢ ·±- ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ .

…Ð¥ µ¤´¨³ ¸ÊÐ¥¸É¢¥´´Ò³ ¸²¥¤¸É¢¨¥³ ¨´É¥´¸¨¢´ÒÌ ¶µÉ¥·Ó Ô´¥·£¨¨ c- ¨
b-±¢ ·±µ¢ ¢ ¶²µÉ´µ° ¸·¥¤¥ ³µ¦¥É ¸É ÉÓ ³µ¤¨Ë¨± Í¨Ö ¸¶¥±É·  ¤¨²¥¶Éµ´µ¢ ¢
µ¡² ¸É¨ ¨´¢ ·¨ ´É´ÒÌ ³ ¸¸ 1, 5 ≤ M ≤ 2, 5 ƒÔ‚/c2: ¤µ³¨´¨·µ¢ ´¨¥ ¢±² ¤ 
µÉ ¶·Ö³ÒÌ ¤¨²¥¶Éµ´µ¢ ¨ · ¸¸¥Ö´¨Ö „·¥²²a Å Ÿ´  ´ ¤ ¢±² ¤µ³ µÉ ¶µ²Ê-
²¥¶Éµ´´µ£µ · ¸¶ ¤  DD̄ (BB̄) → l+l−, µ¡Ê¸²µ¢²¥´´µ¥ ¶µ¤ ¢²¥´¨¥³ ¢ÒÌµ¤ 
Î ·³¨·µ¢ ´´ÒÌ ¨ ¡µÉÉµ³¨·µ¢ ´´ÒÌ  ¤·µ´µ¢ DD̄ ¨ BB̄ [217,218].

•µÉÖ £²Õµ´´ Ö · ¤¨ Í¨Ö Ö¢²Ö¥É¸Ö ¢¥¸Ó³  ÔËË¥±É¨¢´Ò³ ³¥Ì ´¨§³µ³ Ô´¥·-
£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó ¦¥¸É±µ£µ ¶ ·Éµ´  ¢ ¶²µÉ´µ° ¸·¥¤¥ [209Ä211], ¢  ¸¨³¶Éµ-
É¨Î¥¸±µ³ ·¥¦¨³¥ �¥É¥ Å ƒ °É²¥·  ´¥§ ¢¨¸¨³ÒÌ ¨§²ÊÎ¥´¨° (¢·¥³¥´  Ëµ·-
³¨·µ¢ ´¨Ö ¨§²ÊÎ ¥³ÒÌ £²Õµ´µ¢ τf ³´µ£µ ³¥´ÓÏ¥ ¤²¨´Ò ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£ 
¦¥¸É±µ£µ ¶ ·Éµ´  λ) ªÉµ·³µ§´Ò¥ª £²Õµ´Ò ¨¸¶Ê¸± ÕÉ¸Ö ¢ Ê§±µ³ ±µ´Ê¸¥ ¸É·Ê¨
θBH <∼

√
m0/E (m0 Å É¨¶¨Î´ Ö Ô´¥·£¨Ö ±µ´¸É¨ÉÊ¥´É  ¸·¥¤Ò), ¨ ¥¸²¨ ¨§-

³¥·ÖÉÓ Ô´¥·£¨Õ ¸É·Ê¨, ¸Ê³³¨·ÊÖ Ô´¥·£¨Õ ¢¸¥Ì  ¤·µ´µ¢ ¢ ¤µ¸É ÉµÎ´µ Ï¨·µ-



„ˆ�ƒ��‘’ˆŠ� ‘‚…�•�‹�’��‰ Œ�’…�ˆˆ 699

±µ³ ±µ´Ê¸¥ θ > θBH , Éµ µ¸´µ¢´ Ö Î ¸ÉÓ Ô´¥·£¨¨ ´ Î ²Ó´µ£µ ¶ ·Éµ´  ³µ¦¥É
¡ÒÉÓ ¢µ¸¸É ´µ¢²¥´  [209]. �¤´ ±µ ¢ ´¥¤ ¢´¨Ì · ¡µÉ Ì [213, 214] ¡Ò²µ ¶µ-
± § ´µ, ÎÉµ µÉ²¨Î¨É¥²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¶¥±É·  ªÉµ·³µ§-
´ÒÌª £²Õµ´µ¢ ¢ Š•„-¸·¥¤¥ Ö¢²Ö¥É¸Ö Ì · ±É¥·´µ¥ ÊÏ¨·¥´¨¥ ±µ´Ê¸  ¨§²ÊÎ¥´¨Ö
(θr >∼

√
m0/E), ¸¢Ö§ ´´µ¥ ¸ ¤¥¸É·Ê±É¨¢´µ° ¨´É¥·Ë¥·¥´Í¨¥° ³¥¦¤Ê · §²¨Î-

´Ò³¨  ³¶²¨ÉÊ¤ ³¨ · ¸¸¥Ö´¨Ö ¸ ÊÎ¥Éµ³ ¤¨ £· ³³, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶¥·¥· ¸-
¸¥Ö´¨Õ ªÉµ·³µ§´ÒÌª £²Õµ´µ¢ ¢ ³ É¥·¨¨ (Š•„- ´ ²µ£ ÔËË¥±É  ‹ ´¤ Ê Å �µ-
³¥· ´ÎÊ±  Å Œ¨£¤ ²  ¢ Š�„ [64]). ‚ Éµ ¦¥ ¢·¥³Ö ªÉ¥·³ ²Ó´Ò¥ª Î ¸É¨ÍÒ,
Ê¶·Ê£µ ¶·µ¢§ ¨³µ¤¥°¸É¢µ¢ ¢Ï¨¥ ¸ ¦¥¸É±¨³ ¶ ·Éµ´µ³, ²¥ÉÖÉ ¶·¥¨³ÊÐ¥¸É¢¥´´µ
¢ ´ ¶· ¢²¥´¨¨, µ·Éµ£µ´ ²Ó´µ³ ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö ¸É·Ê¨, ¶µÔÉµ³Ê ¡µ²Ó-
Ï Ö Î ¸ÉÓ ¸Éµ²±´µ¢¨É¥²Ó´ÒÌ ¶µÉ¥·Ó, ¢ µÉ²¨Î¨¥ µÉ · ¤¨ Í¨µ´´ÒÌ, Ö¢²Ö¥É¸Ö
ª´¥¢µ¸¸É ´µ¢¨³µ°ª ¸ Ô±¸¶¥·¨³¥´É ²Ó´µ° ÉµÎ±¨ §·¥´¨Ö.

�É³¥É¨³, ÎÉµ ´¥¶µ¸·¥¤¸É¢¥´´µ¥ ¨§³¥·¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó ¦¥¸É-
±¨Ì ¶ ·Éµ´µ¢ ¢ Ô±¸¶¥·¨³¥´É¥ ³µ£²µ ¡Ò ¤ ÉÓ ¢ ¦´ÊÕ ¨´Ëµ·³ Í¨Õ µ ³¥Ì ´¨§³¥
³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö Í¢¥Éµ§ ·Ö¦¥´´µ£µ µ¡Ñ¥±É  ¢ Š•„-¸·¥¤¥. ‚ ¸¢Ö§¨ ¸
ÔÉ¨³ ´¥¸µ³´¥´´Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É ¨¸¸²¥¤µ¢ ´¨¥ ´¥ Éµ²Ó±µ ¤¢ÊÌ- ¨ ³µ-
´µ¸É·Ê°´ÒÌ ¸µ¡ÒÉ¨°, ´µ ¨ ¸µ¡ÒÉ¨°, £¤¥ ¶ ·Éµ´´ Ö ¸É·ÊÖ ·µ¦¤ ¥É¸Ö ¢³¥¸É¥ ¸
ª´¥¶µ¤ ¢²Ö¥³µ°ª Î ¸É¨Í¥°, ±µÉµ· Ö, ´¥ ¨¸¶ÒÉÒ¢ Ö ¸¨²Ó´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö,
³µ¦¥É ¶µÎÉ¨ ¸¢µ¡µ¤´µ ¶µ±¨¤ ÉÓ ¶²µÉ´ÊÕ ³ É¥·¨Õ ´  ¶·µÉÖ¦¥´¨¨ ¢¸¥Ì ÔÉ ¶µ¢
¥¥ Ô¢µ²ÕÍ¨¨, ± ±, ´ ¶·¨³¥·, ¦¥¸É±¨° ËµÉµ´ [219] (¶·µÍ¥¸¸ É¨¶  q+g → q+γ
¨²¨ q + q → g + γ) ¨²¨ Z0-¡µ§µ´ [220] (q + g → q + Z → q + µ+ + µ− ¨²¨
q + q → g + Z → g + µ+ + µ−). ª�µ³¥Î¥´´ Öª É ±¨³ µ¡· §µ³ ¶ ·Éµ´´ Ö
¸É·ÊÖ ¨¸¶ÒÉÒ¢ ¥É ¶¥·¥· ¸¸¥Ö´¨¥ ¢ ¶²µÉ´µ° ³ É¥·¨¨, ¢ Éµ ¢·¥³Ö ± ± ²¥ÉÖ-
Ð Ö ¢ ¶·µÉ¨¢µ¶µ²µ¦´µ³ ´ ¶· ¢²¥´¨¨ ª´¥¶µ¤ ¢²Ö¥³ Öª Î ¸É¨Í  ·¥£¨¸É·¨·Ê-
¥É¸Ö ¸ Ô´¥·£¨¥°, ¡²¨§±µ° ± ´ Î ²Ó´µ° Ô´¥·£¨¨ ¸É·Ê¨. ‡ ³¥É¨³, µ¤´ ±µ, ÎÉµ
³ ²µ¥ ¸¥Î¥´¨¥ É ±¨Ì ¶·µÍ¥¸¸µ¢ (¶µ ¸· ¢´¥´¨Õ ¸ ¸¥Î¥´¨¥³ ¦¥¸É±µ£µ ¶ ·Éµ´-
¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö, É¨¶  gg (gq, qq)→ gg (gq, qq) ¨ ¤·.), µ¶·¥¤¥²ÖÕÐ¥¥¸Ö
³ ²µ¸ÉÓÕ ±µ´¸É ´ÉÒ Ô²¥±É·µ³ £´¨É´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ³µ¦¥É § É·Ê¤´¨ÉÓ
§ ¤ ÎÊ ¶µ²ÊÎ¥´¨Ö ¸É É¨¸É¨±¨, ´¥µ¡Ìµ¤¨³µ° ¤²Ö ¸¨¸É¥³ É¨Î¥¸±µ£µ  ´ ²¨§  ¨
µ¤´µ§´ Î´µ° ¨´É¥·¶·¥É Í¨¨ ¤ ´´ÒÌ.

‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ ¸²ÊÎ ¥  ¤·µ´- ¤·µ´´ÒÌ ¸µÊ¤ ·¥´¨° Éµ²Ó±µ ¦¥¸É-
±¨¥ ¶ ·Éµ´-¶ ·Éµ´´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  ³´µ£µ ¡µ²ÓÏ¥
³ ¸ÏÉ ¡´µ£µ ¶ · ³¥É·  Š•„ Λ ' 200 ŒÔ‚ ³µ£ÊÉ ¡ÒÉÓ · ¸¸³µÉ·¥´Ò ¢ · ³-
± Ì É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„, ¢ Éµ ¢·¥³Ö ± ± ³Ö£±¨¥ ´¥¶¥·ÉÊ·¡ É¨¢´Ò¥ ¢§ ¨-
³µ¤¥°¸É¢¨Ö µ¡ÒÎ´µ µ¶¨¸Ò¢ ÕÉ¸Ö ¸ ¶µ³µÐÓÕ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ¸É·Ê´´ÒÌ
³µ¤¥²¥°. �¤´ ±µ ¢ ¸¢¥·Ì¶²µÉ´µ° ±¢ ·±-£²Õµ´´µ° ¸¨¸É¥³¥ (n1/3 � Λ, £¤¥
n Å ¶²µÉ´µ¸ÉÓ Î¨¸²  Î ¸É¨Í), ¢ ±µÉµ·µ° ¢ ¸¨²Ê ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢
Ô±· ´¨·Ê¥É¸Ö Í¢¥Éµ¢µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥, ¶ ·Éµ´Ò ¶µ² £ ÕÉ¸Ö  ¸¨³¶ÉµÉ¨Î¥¸±¨
¸¢µ¡µ¤´Ò³¨, ÎÉµ ¶µ§¢µ²Ö¥É · ¸¸³µÉ·¥ÉÓ § ¤ ÎÊ µ · ¸¸¥Ö´¨¨ ¦¥¸É±µ£µ ¶ ·Éµ´ 
¢ Šƒ� ¢ · ³± Ì É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„ [209, 210]. �·¨ ÔÉµ³ ¤¥¡ ¥¢¸± Ö
Ô±· ´¨·ÊÕÐ Ö ³ ¸¸  µD Ö¢²Ö¥É¸Ö ¥¸É¥¸É¢¥´´Ò³ ¶ · ³¥É·µ³, ·¥£Ê²Ö·¨§ÊÕÐ¨³
¸¥Î¥´¨¥ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö.
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5.2. Œµ¤¥²Ó´Ò° ÊÎ¥É ¶µÉ¥·Ó Ô´¥·£¨¨ ¦¥¸É±µ° ¶ ·Éµ´´µ° ¸É·Ê¨ ¢ · ¸-
Ï¨·ÖÕÐ¥°¸Ö ¶²µÉ´µ° ³ É¥·¨¨. ‚ ´ ¸ÉµÖÐ¥³ · §¤¥²¥ ³Ò · ¸¸³µÉ·¨³ ¶·µ-
¸ÉÊÕ ±¨´¥É¨Î¥¸±ÊÕ ³µ¤¥²Ó [197, 202, 203, 216] ÊÎ¥É  Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó
¦¥¸É±µ° ¶ ·Éµ´´µ° ¸É·Ê¨ ¢ Í¨²¨´¤·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° · ¸Ï¨·ÖÕÐ¥°¸Ö
¶²µÉ´µ° ³ É¥·¨¨. ˆ§³¥´¥´¨¥ 4-¨³¶Ê²Ó¸  ¸É·Ê¨ ¢ ·¥§Ê²ÓÉ É¥ ¥¥ ³´µ£µ±· É-
´µ£µ · ¸¸¥Ö´¨Ö ´  ¤¢¨¦ÊÐ¨Ì¸Ö ¸ É ±µ° ¦¥ ¶·µ¤µ²Ó´µ° ¡Ò¸É·µÉµ° ±µ´¸É¨-
ÉÊ¥´É Ì ¸·¥¤Ò ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ·¥§Ê²ÓÉ É Ê¸·¥¤´¥´¨Ö ¶µ ¢¸¥³ ¢µ§³µ¦´Ò³
¢¥·Ï¨´ ³ ·µ¦¤¥´¨Ö ¸É·Ê¨ ¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´µ° Ô¢µ²ÕÍ¨¨ ³ É¥·¨¨.
‘·¥¤´¥¥ Î¨¸²µ · ¸¸¥Ö´¨° < Nrsc > ¦¥¸É±µ£µ ¶ ·Éµ´  ¸É·Ê¨, µ¡· §µ¢ ´´µ°
¢ Í¥´É· ²Ó´µ³ AA-¸µÊ¤ ·¥´¨¨ ¢ µ¡² ¸É¨ ¡Ò¸É·µÉ y ≈ 0, ¢ÒÎ¨¸²Ö¥É¸Ö ¶µ
Ëµ·³Ê²¥

< Nrsc >=

2π∫
0

dϕ

2π

RA∫
0

dR · PA(R)

τL∫
τ0

dτ
∑
b

σab(τ) · nb(τ), (34)

£¤¥ nb Å ¶²µÉ´µ¸ÉÓ b-£µ ¸µ·É  ±µ´¸É¨ÉÊ¥´Éµ¢ ¸·¥¤Ò, σab Å ¸¥Î¥´¨¥ ¢§ ¨³µ-
¤¥°¸É¢¨Ö ¶ ·Éµ´  ¸É·Ê¨ a ¸ ±µ´¸É¨ÉÊ¥´Éµ³ b, τ0 ¨ τL (> τ0) Å ¸µ¡¸É¢¥´´Ò¥
¢·¥³¥´  Ëµ·³¨·µ¢ ´¨Ö ¸·¥¤Ò ¨ ¢ÒÌµ¤  ¸É·Ê¨ ¨§ ¸·¥¤Ò ¸µµÉ¢¥É¸É¢¥´´µ, R Å
· ¸¸ÉµÖ´¨¥ µÉ µ¸¨ ¸Éµ²±´µ¢¥´¨Ö Ö¤¥· z ¤µ ¢¥·Ï¨´Ò ·µ¦¤¥´¨Ö ¸É·Ê¨, ϕ Å  §¨-
³ÊÉ ²Ó´Ò° Ê£µ², µ¶·¥¤¥²ÖÕÐ¨° ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¸É·Ê¨, RA Å · ¤¨Ê¸
¸É ²±¨¢ ÕÐ¥£µ¸Ö Ö¤·  (¸³. ·¨¸.10). ’ ± ± ± ¢ ´ Î ²Ó´µ³ ¦¥¸É±µ³ ¶ ·Éµ´-
¶ ·Éµ´´µ³ · ¸¸¥Ö´¨¨ ÊÎ ¸É¢ÊÕÉ ¤¢  ´Ê±²µ´ , Éµ · ¸¶·¥¤¥²¥´¨¥ ¶µ ¢¥·Ï¨´¥
·µ¦¤¥´¨Ö ¶ ·Ò ¸É·Ê° PA(R) ∝ T 2

A(R), £¤¥ TA(b) = A
∫
dzρA(b, z) Å ËÊ´±-

Í¨Ö Ö¤¥·´µ° Éµ²Ð¨´Ò. ‚ ¸²ÊÎ ¥ ¨§µÉ·µ¶´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ ´Ê-
±²µ´µ¢ ¢ Ö¤·¥, ÎÉµ ³µ¦¥É ¸²Ê¦¨ÉÓ Ìµ·µÏ¨³ ¶·¨¡²¨¦¥´¨¥³ ¤²Ö Í¥´É· ²Ó´ÒÌ
¸µÊ¤ ·¥´¨° (¶·µË¨²Ó ¢§ ¨³µ¤¥°¸É¢¨Ö σAApr (| b |� RA) ≈ 1), ¶µ²ÊÎ¨³

PA(R) =
3

2

1

RA

(
1− R2

R2
A

)
, R ≤ RA. (35)

…¸²¨ ³Ò ¶·¥´¥¡·¥£ ¥³ ¶µ¶¥·¥Î´Ò³ · ¸Ï¨·¥´¨¥³ ¸·¥¤Ò ´  · ´´¨Ì ¸É ¤¨ÖÌ
Ô¢µ²ÕÍ¨¨, Éµ ¢·¥³Ö ¢ÒÌµ¤  τL ¸É·Ê¨ ¨§ ¸·¥¤Ò

τL =
√
R2
A −R2 sin2 ϕ−R cosϕ. (36)

‚ ± Î¥¸É¢¥ ³¥Éµ¤  ·¥Ï¥´¨Ö, ¶µ§¢µ²ÖÕÐ¥£µ ¶µ²ÊÎ ÉÓ · ¸¶·¥¤¥²¥´¨Ö ¶µ
²Õ¡Ò³ ±¨´¥³ É¨Î¥¸±¨³ Ì · ±É¥·¨¸É¨± ³ ¸É·Ê° (¨ ¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨ ÊÎ¨-
ÉÒ¢ ÉÓ ÔËË¥±ÉÒ  ¤·µ´¨§ Í¨¨, µ¸µ¡¥´´µ¸É¨ ± ²µ·¨³¥É·¨¨ ¨  ²£µ·¨É³  ¶µ¨¸± 
¸É·Ê°, ÎÉµ ¢ ¦´µ ¶·¨ ¨§ÊÎ¥´¨¨  ¤·µ´´ÒÌ ¸É·Ê°, ´ ¡²Õ¤ ¥³ÒÌ ¢ ·¥ ²Ó´µ³ Ô±¸-
¶¥·¨³¥´É¥), Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ Î¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¸¢µ¡µ¤´µ£µ ¶·µ-
¡¥£  ¦¥¸É±µ£µ ¶ ·Éµ´  ¢ ¸·¥¤¥ ¢ · ³± Ì ²¨´¥°´µ° ±¨´¥É¨Î¥¸±µ° É¥µ·¨¨, ±µ£¤ 
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¨´É¥·¢ ² ³¥¦¤Ê ¤¢Ê³Ö ªÊ¸¶¥Ï´Ò³¨ª ¶¥·¥· ¸¸¥Ö´¨Ö³¨ li = τi+1 − τi µ¶·¥¤¥-
²Ö¥É¸Ö ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¶²µÉ´µ¸ÉÓÕ ¢¥·µÖÉ´µ¸É¨:

dP

dli
= λ−1(τi+1) · exp (−

li∫
0

λ−1(τi + s)ds), (37)

£¤¥ µ¡· É´ Ö ¸·¥¤´ÖÖ ¤²¨´  ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  λ−1
a (τ) =

∑
b

σab(τ)nb(τ).

…¸²¨ ¤²¨´  ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  §´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ¥É ¤¥¡ ¥¢¸±¨° · ¤¨Ê¸
Í¢¥Éµ¢µ° Ô±· ´¨·µ¢±¨ µ−1

D ¢ ¶² §³¥ λ � µ−1
D , Éµ · ¸¸¥Ö´¨Ö ³µ¦´µ · ¸¸³ -

É·¨¢ ÉÓ ± ± ´¥§ ¢¨¸¨³Ò¥, ¨ ÔËË¥±É¨¢´µ¥ Í¢¥Éµ¢µ¥ ¶µ²¥ ³µ¦´µ  ¶¶·µ±¸¨³¨-
·µ¢ ÉÓ ¸É É¨Î¥¸±¨³ ¤¥¡ ¥¢¸±¨³ Ô±· ´¨·ÊÕÐ¨³ ¶µÉ¥´Í¨ ²µ³ [210]. ‚ ÔÉµ³
¸²ÊÎ ¥ ¤µ³¨´¨·ÊÕÐ¨° ¢±² ¤ ¢ ¤¨ËË¥·¥´Í¨ ²Ó´µ¥ ¸¥Î¥´¨¥ · ¸¸¥Ö´¨Ö ¶ ·Éµ´ 
¸É·Ê¨ ¸ Ô´¥·£¨¥° E ´  É¥·³ ²Ó´ÒÌ ¶ ·Éµ´ Ì ¸ Ô´¥·£¨¥° m0 ∼ 3T ¨³¥¥É ¢¨¤

dσab

dt
∼= Cab

2πα2
s(t)

t2
, (38)

£¤¥ Cab = 9/4, 1, 4/9 ¤²Ö gg-, gq- ¨ qq-· ¸¸¥Ö´¨° ¸µµÉ¢¥É¸É¢¥´´µ, t Å ±¢ ¤· É
¶¥·¥¤ ´´µ£µ 4-¨³¶Ê²Ó¸ , αs(t) Å ¡¥£ÊÐ Ö ±µ´¸É ´É  ¸¢Ö§¨ Š•„:

αs =
12π

(33− 2Nf) ln (t/Λ2)
(39)

¤²Ö Nf  ±É¨¢´ÒÌ ±¢ ·±µ¢ÒÌ  ·µ³ Éµ¢, ¨ Λ ' 200 ŒÔ‚ Å ³ ¸ÏÉ ¡´Ò° ¶ · -
³¥É· Š•„. �·¨ ÔÉµ³ ¨´É¥£· ²Ó´µ¥ ¸¥Î¥´¨¥ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö

σab =

m0(τ)E/2∫
µ2
D(τ)

dt
dσab

dt
(40)

·¥£Ê²Ö·¨§¨·Ê¥É¸Ö ±¢ ¤· Éµ³ ¤¥¡ ¥¢¸±µ° Ô±· ´¨·ÊÕÐ¥° ³ ¸¸Ò, ±µÉµ· Ö ³µ¦¥É
¡ÒÉÓ µÍ¥´¥´  ¤²Ö Šƒ� ¢ ´¨§Ï¥³ ¶µ·Ö¤±¥ É¥µ·¨¨ ¢µ§³ÊÐ¥´¨° Š•„ [221]:

µ2
D
∼= 4πα∗sT

2(1 +Nf/6) (41)

c É¥·³ ²Ó´µ° ±µ´¸É ´Éµ° ¸¢Ö§¨ α∗s = αs(16T 2) (20), ÎÉµ ¤µ¢µ²Ó´µ ¡²¨§±µ ±
·¥§Ê²ÓÉ ÉÊ ·¥Ï¥ÉµÎ´ÒÌ ¢ÒÎ¨¸²¥´¨° [222] µD ' 2T ¤²Ö Nf = 0 ¢ ¢Ò¸µ±µÉ¥³-
¶¥· ÉÊ·´µ° µ¡² ¸É¨ T � Tc.

‘·¥¤´¨¥ Ô´¥·£¥É¨Î¥¸±¨¥ ¶µÉ¥·¨ ¶ ·Éµ´  ¸É·Ê¨ ¢ · ¸Ï¨·ÖÕÐ¥°¸Ö Í¨²¨´¤-
·¨Î¥¸±¨-¸¨³³¥É·¨Î´µ° ¶²µÉ´µ° ³ É¥·¨¨ ³µ£ÊÉ ¡ÒÉÓ ¢ÒÎ¨¸²¥´Ò ± ± ¸Ê³³ 
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¢±² ¤µ¢ ¸Éµ²±´µ¢¨É¥²Ó´ÒÌ ¨ · ¤¨ Í¨µ´´ÒÌ ¶µÉ¥·Ó (¸³. ·¨¸.11):

∆Etot =

2π∫
0

dϕ

2π

RA∫
0

dR · PA(R) ·∆E(R,ϕ), (42)

∆E(R,ϕ) =

τL∫
τ0

dτ

(∑
b

σab(τ) · nb(τ) · ν(τ) +
dE

dx

rad

(τ)

)
, (43)

£¤¥ É¥·³ ²Ó´µ-Ê¸·¥¤´¥´´ Ö ¶¥·¥¤ Î  Ô´¥·£¨¨ ¶ ·Éµ´  ¸É·Ê¨ ±µ´¸É¨ÉÊ¥´ÉÊ ¸·¥-
¤Ò ¸ Ô´¥·£¨¥° m0 ¢ ·¥§Ê²ÓÉ É¥ µÉ¤¥²Ó´µ£µ Ê¶·Ê£µ£µ ¶¥·¥· ¸¸¥Ö´¨Ö ν(τ) ¶·¨
E � m0 ∼ 3T µÍ¥´¨¢ ¥É¸Ö∗ ± ±

ν(τ) =<
t

2m0
>' 1

4T (τ)σab(τ)

3T (τ)E/2∫
µ2
D(τ)

dt
dσab

dt
t. (44)

�´ ²µ£¨Î´Ò¥ ¢Ò· ¦¥´¨Ö ³µ£ÊÉ ¡ÒÉÓ § ¶¨¸ ´Ò ¤²Ö ²Õ¡µ° Ê¸·¥¤´Ö¥³µ° Ì · ±-
É¥·¨¸É¨±¨ ¸É·Ê¨ (± ±, ´ ¶·¨³¥·, ´¥±µ³¶² ´ ·´µ¸ÉÓ ¨²¨ Ê£µ² · ¸¸¥Ö´¨Ö), ¤²Ö
Î¨¸²¥´´µ£µ ¢ÒÎ¨¸²¥´¨Ö ±µÉµ·µ° ´¥µ¡Ìµ¤¨³µ § ¤ ÉÓ ¨§³¥´¥´¨¥ ÔÉµ° Ì · ±-
É¥·¨¸É¨±¨ §  ¨´¤¨¢¨¤Ê ²Ó´Ò°  ±É ¶¥·¥· ¸¸¥Ö´¨Ö ¨ Ê· ¢´¥´¨Ö, µ¶¨¸Ò¢ ÕÐ¨¥
¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÊÕ Ô¢µ²ÕÍ¨Õ ¸·¥¤Ò.

‡ ³¥É¨³, ÎÉµ ¤²Ö ¤µ¸É ÉµÎ´µ ¢Ò¸µ±¨Ì ´ Î ²Ó´ÒÌ É¥³¶¥· ÉÊ· T0 � Tc
³µ¦´µ ¶·¥´¥¡·¥ÎÓ ¢²¨Ö´¨¥³ ¶µ¶¥·¥Î´µ£µ · ¸Ï¨·¥´¨Ö ³ É¥·¨¨ ´  ¨´É¥´-
¸¨¢´µ¸ÉÓ ¶¥·¥· ¸¸¥Ö´¨Ö ¶ ·Éµ´µ¢ ¸É·Ê¨ [203] ¨ · ¸¸³ É·¨¢ ÉÓ µ¤´µ³¥·´µ¥
¡Ê¸É-¨´¢ ·¨ ´É´µ¥ ¤¢¨¦¥´¨¥ ±¢ ·±-£²Õµ´´µ° ¦¨¤±µ¸É¨. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¸É·ÊÖ
¶µ±¨¤ ¥É µ¡² ¸ÉÓ, § ´¨³ ¥³ÊÕ ¶²µÉ´µ° ³ É¥·¨¥°, ¶¥·¥¤ ´ Î ²µ³ ¸³¥Ï ´´µ°
Ë §Ò (τL <∼ τp), ¨ ¢Ò¸µ±µÉ¥³¶¥· ÉÊ·´µ¥ ¶·¨¡²¨¦¥´¨¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¶·¨³¥-
´¨³Ò³. ‚ ¸Í¥´ ·¨¨ ¸ ÊÎ¥Éµ³ ¶µ¶¥·¥Î´µ£µ · ¸Ï¨·¥´¨Ö, Ê¸±µ·ÖÕÐ¥£µ µ¸ÉÒ¢ -
´¨¥ £µ·ÖÎ¥° ³ É¥·¨¨, ¢ ¶·¨´Í¨¶¥, ¢µ§³µ¦´  ¸¨ÉÊ Í¨Ö, ±µ£¤  ¸É·ÊÖ ¶·µÌµ¤¨É
Î¥·¥§ ¸³¥Ï ´´ÊÕ Ë §Ê, ´µ ¨´É¥´¸¨¢´µ¸ÉÓ ¶¥·¥· ¸¸¥Ö´¨Ö ¶ ·Éµ´µ¢ ¸É·Ê¨ ¢
¸·¥¤¥ Ö¢²Ö¥É¸Ö ¸¨²Ó´µ ¢µ§· ¸É ÕÐ¥° ËÊ´±Í¨¥° É¥³¶¥· ÉÊ·Ò T ¨ µ¶·¥¤¥²Ö-
¥É¸Ö, £² ¢´Ò³ µ¡· §µ³, ¸ ³Ò³¨ · ´´¨³¨ ¸É ¤¨Ö³¨ Ô¢µ²ÕÍ¨¨. ‚²¨Ö´¨¥ ´  ´¥¥
¸³¥Ï ´´µ° Ë §Ò ¶·¨ T = Tc (¨ É¥³ ¡µ²¥¥ Ë §Ò  ¤·µ´´µ£µ £ § ) ¶µ ¸· ¢´¥´¨Õ
¸ ª£µ·ÖÎ¥°ª Šƒ� ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥§´ Î¨É¥²Ó´Ò³.

‚ÒÎ¨¸²¥´´µ¥ ¢ · ¡µÉ¥ [202] · ¸¶·¥¤¥²¥´¨¥ ¸Ê³³ ·´ÒÌ ¸Éµ²±´µ¢¨É¥²Ó´ÒÌ
¶µÉ¥·Ó Ô´¥·£¨¨ ¶ ·Ò gg-¸É·Ê° ¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° Ejet1 = Ejet2 = 100 ƒÔ‚,

∗ŒÒ §¤¥¸Ó ¤²Ö ¶·µ¸ÉµÉÒ ´¥ · ¸¸³ É·¨¢ ¥³ ¢µ§³µ¦´µ¸ÉÓ ¸Éµ²±´µ¢¨É¥²Ó´ÒÌ ¶µÉ¥·Ó Ô´¥·£¨¨
¢ ·¥§Ê²ÓÉ É¥ ³Ö£±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ ·Éµ´µ¢ ¸É·Ê¨ ¸ ±µ²²¥±É¨¢´Ò³¨ ³µ¤ ³¨ Šƒ� (¶µ²Ö·¨-
§ Í¨Ö ¶² §³Ò) [206, 207], ¢±²ÕÎ¥´¨¥ ±µÉµ·µ£µ ´¥ ¢²¨Ö¥É ´  ± Î¥¸É¢¥´´Ò¥ ¢Ò¢µ¤Ò ¶·µ¢µ¤¨³µ£µ
¨¸¸²¥¤µ¢ ´¨Ö.
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�¨¸. 12. � ¸¶·¥¤¥²¥´¨¥ ¸Ê³³ ·´ÒÌ ¸Éµ²±-
´µ¢¨É¥²Ó´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì ¶µÉ¥·Ó ¶ ·Ò
gg-¸É·Ê° ¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° Ejet1 =
= Ejet2 = 100 ƒÔ‚ ¶·¨ · §²¨Î´ÒÌ §´ -
Î¥´¨ÖÌ ±µÔËË¨Í¨¥´É  ¢Ö§±µ¸É¨ Cη ¢ ¶·µ-
¤µ²Ó´µ · ¸Ï¨·ÖÕÐ¥°¸Ö Šƒ�, T0 = 1 ƒÔ‚
[202]: Cη = 0 (¸¶²µÏ´ Ö ²¨´¨Ö), 0,06
(¶Ê´±É¨·´ Ö), 0,34 (ÏÉ·¨Ìµ¢ Ö)

µ¡· §µ¢ ´´ÒÌ ¢ Í¥´É· ²Ó´µ° µ¡-
² ¸É¨ ¡Ò¸É·µÉ y1 = y2 = 0
¢ ¸µÊ¤ ·¥´¨ÖÌ PbÅPb (RA '
' 1, 2 · (207)1/3 Ë³), ¢ ¢Ö§±µ°
¶·µ¤µ²Ó´µ · ¸Ï¨·ÖÕÐ¥°¸Ö ±¢ ·±-
£²Õµ´´µ° ¦¨¤±µ¸É¨ ¤²Ö · §²¨Î-
´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  ¢Ö§±µ¸É¨
Cη ¶·¥¤¸É ¢²¥´µ ´  ·¨¸.12. �·¨
ÔÉµ³ ´ Î ²Ó´Ò¥ Ê¸²µ¢¨Ö Ëµ·³¨·µ-
¢ ´¨Ö £²Õµ´´µ-¨§¡ÒÉµÎ´µ° ³ É¥·¨¨
(Nf ∼ 0) ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ÉÖ¦¥-
²ÒÌ ¨µ´µ¢ (PbÅPb) ¶·¨ Ô´¥·£¨¨
LHC (

√
s ' 6A ’Ô‚) ¡Ò²¨ § ¤ ´Ò,

¤²Ö µ¶·¥¤¥²¥´´µ¸É¨, ¢ ¸µµÉ¢¥É¸É¢¨¨
¸ ´¥¤ ¢´¨³¨ ¶¥·ÉÊ·¡ É¨¢´Ò³¨ µÍ¥´-
± ³¨, ¸¤¥² ´´Ò³¨ ¢ · ¡µÉ¥ [55] ¨
µ¸´µ¢ ´´Ò³¨ ´  ¨¸¶µ²Ó§µ¢ ´¨¨ ´µ-
¢ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¨§ Ô±¸¶¥-
·¨³¥´Éµ¢ ¶µ ep-· ¸¸¥Ö´¨Õ ´  Ê¸±µ-
·¨É¥²¥ HERA [223, 224]: τ0 ∼
∼ 0, 1 Ë³/c, T0 ∼ 1 ƒÔ‚∗. ‘Éµ²±´µ-
¢¨É¥²Ó´Ò¥ ¶µÉ¥·¨ ¸±² ¤Ò¢ ÕÉ¸Ö ´¥-
±µ£¥·¥´É´µ ¢ ·¥§Ê²ÓÉ É¥ ³´µ£¨Ì ¥¤¨´¨Î´ÒÌ  ±Éµ¢ · ¸¸¥Ö´¨Ö ´  ±µ´¸É¨ÉÊ¥´É Ì
¶²µÉ´µ° ³ É¥·¨¨ ¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸ÖÉ µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ¸É·Ê¨ Ejet

¶·¨ Ejet � T (¸³. Ê·.(44)), µ¶·¥¤¥²ÖÖ¸Ó ¸¢µ°¸É¢ ³¨ ¸·¥¤Ò. � ²¨Î¨¥ ¢Ö§±µ¸É¨
¶·¨¢µ¤¨É ± §´ Î¨É¥²Ó´µ³Ê § ³¥¤²¥´¨Õ µ¸ÉÒ¢ ´¨Ö Šƒ�, ¸É·ÊÖ ¢ ÔÉµ³ ¸²ÊÎ ¥
¶·µ¢µ¤¨É ¡µ²ÓÏ¥ ¢·¥³¥´¨ ¢ ¸ ³ÒÌ £µ·ÖÎ¨Ì ¨ ¶²µÉ´ÒÌ µ¡² ¸ÉÖÌ ¸·¥¤Ò, ¨ ¨´-
É¥´¸¨¢´µ¸ÉÓ ¶¥·¥· ¸¸¥Ö´¨Ö (±µÉµ· Ö Ö¢²Ö¥É¸Ö ¸¨²Ó´µ ¢µ§· ¸É ÕÐ¥° ËÊ´±Í¨¥°
É¥³¶¥· ÉÊ·Ò) · ¸É¥É ¸ Ê¢¥²¨Î¥´¨¥³ ±µÔËË¨Í¨¥´É  ¢Ö§±µ¸É¨.

�µ²¥¥ ¸²µ¦´µ° ¶·µ¡²¥³µ° Ö¢²Ö¥É¸Ö ±µ··¥±É´Ò° ÊÎ¥É · ¤¨ Í¨µ´´ÒÌ ¶µ-
É¥·Ó ¸É·Ê¨, ±µÉµ·Ò¥ ¸ÊÐ¥¸É¢¥´´µ § ¢¨¸ÖÉ µÉ ¥¥ Ê£²µ¢µ£µ · §³¥· . ‚ · ¡µ-
É Ì [213,214] ¡Ò²µ Ê± § ´µ ´  ¢µ§³µ¦´µ¸ÉÓ ¸ÊÐ¥¸É¢µ¢ ´¨Ö É·¥Ì  ¸¨³¶ÉµÉ¨Î¥¸-
±¨Ì ·¥¦¨³µ¢ · ¤¨ Í¨µ´´ÒÌ ¶µÉ¥·Ó ¢ ¶·¥¤¥²¥ E → ∞: ·¥¦¨³ �¥É¥ Å ƒ °É-
²¥·  ´¥§ ¢¨¸¨³ÒÌ ¨§²ÊÎ¥´¨° (dE/dx ∝ µ2

b ¶·¨ τf � λ), ·¥¦¨³ ‹ ´¤ Ê Å
�µ³¥· ´ÎÊ±  ±µ£¥·¥´É´µ£µ ¶µ¤ ¢²¥´¨Ö (dE/dx ∝

√
E ¶·¨ λ � τf � τL)

¨ Ë ±Éµ·¨§ Í¨µ´´Ò° ·¥¦¨³ (dE/dx ∝ E ¸ ÉµÎ´µ¸ÉÓÕ ¤µ ²µ£ ·¨Ë³¨Î¥-

∗‘²¥¤Ê¥É ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉµ ÔÉ¨ µÍ¥´±¨ Ö¢²ÖÕÉ¸Ö ¤µ¢µ²Ó´µ ¶·¨¡²¨¦¥´´Ò³¨ ¨ ³µ¤¥²Ó´µ-
§ ¢¨¸¨³Ò³¨. ‚ Î ¸É´µ¸É¨, ÊÎ¥É ¢Ò¸Ï¨Ì ¶µ·Ö¤±µ¢ ¶µ αs ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ´ Î ²Ó´µ° ¶²µÉ´µ¸É¨
Ô´¥·£¨¨ ¸¨¸É¥³Ò ³¨´¨¸É·Ê°, ÔËË¥±É Ö¤¥·´µ° Ô±· ´¨·µ¢±¨ ¨ ´¥µ¶·¥¤¥²¥´´µ¸É¨ ¸É·Ê±ÉÊ·´ÒÌ
ËÊ´±Í¨° ¢ µ¡² ¸É¨ ³ ²ÒÌ ¡Ó¥·±¥´µ¢¸±¨Ì x ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¸ÊÐ¥¸É¢¥´´Ò³ ¢ ·¨ Í¨Ö³ ´ Î ²Ó-
´µ° É¥³¶¥· ÉÊ·Ò T0.
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¸±µ£µ ³´µ¦¨É¥²Ö lnE ¶·¨ τf � τL). ‚µ§³µ¦´µ¸ÉÓ ·¥ ²¨§ Í¨¨ ± ±µ£µ-²¨¡µ
¨§  ¸¨³¶ÉµÉ¨Î¥¸±¨Ì ·¥¦¨³µ¢ § ¢¨¸¨É µÉ Î ¸ÉµÉÒ ¨§²ÊÎ ¥³µ£µ £²Õµ´  ¨ µÉ
¸¢µ°¸É¢ ¸·¥¤Ò. Šµ²¨Î¥¸É¢¥´´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ Ê£²µ¢µ£µ · ¸¶·¥¤¥²¥´¨Ö Î ¸-
É¨Í ¢´ÊÉ·¨ ¸É·Ê¨ µ¸²µ¦´Ö¥É¸Ö É¥³, ÎÉµ ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¨§²ÊÎ¥´´µ£µ
£²Õµ´  Ö¢²Ö¥É¸Ö ¶²µÌµ µ¶·¥¤¥²Ö¥³µ° ¢¥²¨Î¨´µ° ¢¸²¥¤¸É¢¨¥ ±µ£¥·¥´É´ÒÌ ÔË-
Ë¥±Éµ¢ ¢ Š•„-¸·¥¤¥ [213]. Š Î¥¸É¢¥´´Ò°  ´ ²¨§ ¶µ± §Ò¢ ¥É [216], ÎÉµ · ¤¨ -
Í¨µ´´Ò¥ ¶µÉ¥·¨ µÎ¥´Ó ªÊ§±¨Ìª ¸É·Ê° ¸² ¡µ § ¢¨¸ÖÉ µÉ ¸¢µ°¸É¢ ¸·¥¤Ò, µ¶·¥¤¥-
²ÖÕÉ¸Ö, £² ¢´Ò³ µ¡· §µ³, ´ Î ²Ó´µ° Ô´¥·£¨¥° ¸É·Ê¨ ¨ ³µ£ÊÉ ¡ÒÉÓ §´ Î¨É¥²Ó-
´Ò³¨ ¶µ ¸· ¢´¥´¨Õ ¸µ ¸Éµ²±´µ¢¨É¥²Ó´Ò³¨ ¶µÉ¥·Ö³¨: ∆Erad(∆θjet → 0) ∼
∼ Ejet � ∆Ecol. �·¨ ÔÉµ³ · ¤¨ Í¨µ´´Ò¥ ¶µÉ¥·¨ ¸É·Ê¨ ¡Ò¸É·µ ¶ ¤ ÕÉ ¸
Ê¢¥²¨Î¥´¨¥³ ¥¥ Ê£²µ¢µ£µ · §³¥·  ¨ ¸É ´µ¢ÖÉ¸Ö ¸· ¢´¨³Ò³¨ ¸µ ¸Éµ²±´µ¢¨-
É¥²Ó´Ò³¨ ¶µÉ¥·Ö³¨ ¶·¨ ∆θjet & 5− 10◦.

ª˜¨·µ±µÊ£²µ¢Ò¥ª ¶µÉ¥·¨ Ô´¥·£¨¨ ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¸ÊÐ¥¸É¢¥´´µ³Ê ¶µ-
¤ ¢²¥´¨Õ ¢ÒÌµ¤  ¶ · ¦¥¸É±¨Ì ¸É·Ê° ¸ ¶µ¶¥·¥Î´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ¡µ²ÓÏ¥ ¶µ-
·µ£µ¢µ£µ §´ Î¥´¨Ö pcut, Rdijet(pT1, pT2 > pcut), ¨ ¶µ¢ÒÏ¥´´µ³Ê µÉ´µÏ¥´¨Õ
¢ÒÌµ¤  ³µ´µ¸É·Ê° Rmono(pT1 > pcut, pT2 < pcut) ± ¶ · ³ ¸É·Ê° ¢ Í¥´É· ²Ó-
´ÒÌ AA-¸Éµ²±´µ¢¥´¨ÖÌ:

Rdijet
AA (pT1, pT2 > pcut, y = 0) =

=

∫
dy1

∫
dy2

∫
pcut

dpT1

∫
pcut

dpT2

∑
i,j

(
dNdijet

ij

dy1dy2dpT1dpT2
)AA, (45)

Rmono
AA (pT1 > pcut, pT2 < pcut, y = 0) =

=

∫
dy1

∫
dy2

∫
pcut

dpT1

∫ pcut

dpT2

∑
i,j

(
dNdijet

ij

dy1dy2dpT1dpT2
)AA, (46)

£¤¥ Î¨¸²µ ¶ · ¸É·Ê° É¨¶  ij ¸ ¨³¶Ê²Ó¸ ³¨ pT1, pT2, µ¡· §µ¢ ´´ÒÌ ¢ ´ Î ²Ó´ÒÌ
¦¥¸É±¨Ì ¶·µÍ¥¸¸ Ì · ¸¸¥Ö´¨Ö, µ¶·¥¤¥²Ö¥É¸Ö ± ±

dNdijet
ij

dy1dy2dpT1dpT2
= TAA(0)

2π∫
0

dϕ

2π

RA∫
0

dR · PA(R)

∫
dp2
T

dσij

dp2
T

δ(pT1 − pT+

+∆Ei(ϕ,R)) δ(pT2 − pT + ∆Ej(π − ϕ,R)), (47)

TAA(b) =
∫
d2sTA(s)TA(b − s) Å ¸É ´¤ ·É´ Ö ËÊ´±Í¨Ö Ö¤¥·´µ£µ ¶¥·¥±·Ò-

É¨Ö ¸ ´Ê²¥¢Ò³ ¶·¨Í¥²Ó´Ò³ ¶ · ³¥É·µ³ b = 0, dσij/dp2
T Å ¤¨ËË¥·¥´Í¨ ²Ó-

´µ¥ ¸¥Î¥´¨¥ ´ Î ²Ó´µ£µ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö ¢ µÉ¤¥²Ó´µ³ ´Ê±²µ´-
´Ê±²µ´´µ³ ¢§ ¨³µ¤¥°¸É¢¨¨.
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‡ ³¥É¨³, ÎÉµ ¤²Ö Éµ£µ, ÎÉµ¡Ò ¨§¡¥¦ ÉÓ µÏ¨¡µ±, ¸¢Ö§ ´´ÒÌ ¸ ´µ·³¨·µ¢-
±µ° ¸¢¥É¨³µ¸É¨ ±µ²² °¤¥·  ¤²Ö · §´ÒÌ Ö¤¥·, Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µ¶·¥¤¥²¥´¨¥
Ë ±Éµ·  ¶µ¤ ¢²¥´¨Ö ¶ · ¸É·Ê° ³µ¦¥É ¡ÒÉÓ ¶·µ¨§¢¥¤¥´µ µÉ´µ¸¨É¥²Ó´µ ¨§¢¥¸É-
´µ£µ ¸¥Î¥´¨Ö ± ±µ£µ-²¨¡µ ª´¥¶µ¤ ¢²Ö¥³µ£µª ¶·µÍ¥¸¸  (±µÉµ·µ¥ ¶·µ¶µ·Í¨µ-
´ ²Ó´µ Î¨¸²Ê ¡¨´ ·´ÒÌ ´Ê±²µ´-´Ê±²µ´´ÒÌ ¸µÊ¤ ·¥´¨° ¢ Ö¤·µ-Ö¤¥·´µ³ ¢§ ¨-
³µ¤¥°¸É¢¨¨), ± ±, ´ ¶·¨³¥·, ·µ¦¤¥´¨¥ ¦¥¸É±¨Ì ³Õµ´´ÒÌ ¶ · „·¥²²aÅŸ´ 
(qq → µ+µ−) ¨²¨ Z0(→ µ+µ−) ¡µ§µ´ :

Rdijet
AA /Rdijet

pp =
(
σdijet
AA /σdijet

pp

)
/
(
σDY,ZAA /σDY,Zpp

)
, (48)

¢ Éµ ¢·¥³Ö ± ± µ¶·¥¤¥²¥´¨¥ µÉ´µÏ¥´¨Ö Rmono/Rdijet ´¥ É·¥¡Ê¥É ± ±µ°-²¨¡µ
¢´¥Ï´¥° ´µ·³¨·µ¢±¨.

5.3. �·¨·µ¤   ¤·µ´´ÒÌ ¸É·Ê° ¢ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸µÊ¤ ·¥´¨ÖÌ Ö¤¥·
¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¶¥·¸¶¥±É¨¢Ò. � ¶µ³´¨³, ÎÉµ ¸ Ô±¸¶¥·¨³¥´É ²Ó´µ°
ÉµÎ±¨ §·¥´¨Ö ¸É·ÊÖ (jet) µ¶·¥¤¥²Ö¥É¸Ö ± ± ¸µ¢µ±Ê¶´µ¸ÉÓ ²¥ÉÖÐ¨Ì ¢ Ê§±µ³ ±µ-
´Ê¸¥ Ê£²µ¢ Î ¸É¨Í (¶·¥¨³ÊÐ¥¸É¢¥´´µ  ¤·µ´µ¢), ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ K⊥i µÉ-
´µ¸¨É¥²Ó´µ µ¸¨ ¸É·Ê¨ ±µÉµ·ÒÌ ³´µ£µ ³¥´ÓÏ¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶·µ¤µ²Ó´µ£µ
¨³¶Ê²Ó¸  KLi, K⊥i � KLi. �É¡µ· ¸É·Ê°´ÒÌ ¸µ¡ÒÉ¨°, ± ± ¶· ¢¨²µ, µ¸´µ¢ ´
¶·¥¦¤¥ ¢¸¥£µ ´  É·¥¡µ¢ ´¨¨, ÎÉµ¡Ò ¶µ¶¥·¥Î´ Ö Ô´¥·£¨Ö ±² ¸É¥·  (¸µ¢µ±Ê¶-
´µ¸É¨ ¸¥£³¥´Éµ¢ ± ²µ·¨³¥É· ) Ejet =

∑
i

Ei sin θi ¡Ò²  ¡µ²ÓÏ¥ ´¥±µÉµ·µ£µ

¶µ·µ£  (¸Ê³³  ¡¥·¥É¸Ö ¶µ ²µ± ²Ó´µ³Ê ¢Ò¤¥²¥´¨Õ Ô´¥·£¨¨ ¢ ÖÎ¥°± Ì ± ²µ·¨-
³¥É·  i, ¨ θi Å ¶µ²Ö·´Ò° Ê£µ², µÉ¸Î¨ÉÒ¢ ¥³Ò° µÉ ´ ¶· ¢²¥´¨Ö ¶ÊÎ± ). ‘É·Ê¨
µ¶·¥¤¥²ÖÕÉ¸Ö ¢ ·¥§Ê²ÓÉ É¥ ±µ³¡¨´ Í¨¨ ¸¨£´ ²µ¢ µÉ ¸µ¸¥¤´¨Ì ÖÎ¥¥± ± ²µ·¨-
³¥É· , ´ Î¨´ ÕÐ¨Ì¸Ö ¸ ÖÎ¥°±¨ ¸ ´ ¨¡µ²ÓÏ¥° ¶µ¶¥·¥Î´µ° Ô´¥·£¨¥° ¨ µÉ¤¥-
²¥´´ÒÌ µÉ ´¥¥ · ¸¸ÉµÖ´¨¥³ R =

√
(∆η2 + ∆ϕ2), ³¥´ÓÏ¨³, Î¥³ · ¤¨Ê¸ ¸É·Ê¨

Å ¶ · ³¥É· Rjet [225]. ‡ ³¥É¨³, ÎÉµ ¢ [226] ¡Ò² · ¸¸³µÉ·¥´ ¡µ²¥¥ µ¡Ð¨°
¨´¢ ·¨ ´É´Ò° ³¥Éµ¤ ¢Ò¤¥²¥´¨Ö ¸É·Ê°´ÒÌ ¸µ¡ÒÉ¨° ¢ ¶·µ¸É· ´¸É¢¥ µÉ´µ¸¨-
É¥²Ó´ÒÌ Î¥ÉÒ·¥Ì³¥·´ÒÌ ¸±µ·µ¸É¥° ui = pi/mi (pi ¨ mi Å ¸µµÉ¢¥É¸É¢¥´´µ
4-¨³¶Ê²Ó¸ i-° Î ¸É¨ÍÒ ¨ ¥¥ ³ ¸¸ ), ±µÉµ·Ò°, µ¤´ ±µ, ¥Ð¥ ´¥ ¨¸¶µ²Ó§µ¢ ²¸Ö
¶·¨  ´ ²¨§¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ ±µ²² °¤¥·´ÒÌ Ô±¸¶¥·¨³¥´É Ì.

ˆ¸¶µ²Ó§µ¢ ´¨¥ Ì · ±É¥·¨¸É¨± ¸É·Ê° ¤²Ö ¨§ÊÎ¥´¨Ö Ê¸²µ¢¨° Ëµ·³¨·µ¢ -
´¨Ö ¸¢¥·Ì¶²µÉ´µ° ³ É¥·¨¨ ¢ ·¥ ²Ó´µ³ Ô±¸¶¥·¨³¥´É¥ ¶µ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É-
¸±¨³ ¸Éµ²±´µ¢¥´¨Ö³ ÉÖ¦¥²ÒÌ Ö¤¥· ¸¨²Ó´µ § É·Ê¤´¥´µ Ëµ´µ³ ª²µ¦´ÒÌª ¸É·Ê°
Å ¸É É¨¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ¶µÉµ±  ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨, µ¡Ê¸²µ¢²¥´´ÒÌ
µ£·µ³´µ° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ¸µ¡ÒÉ¨¨ (¶·¥¤¸± § ´¨Ö · §-
²¨Î´ÒÌ ³µ¤¥²¥° Œµ´É¥-Š ·²µ ¸µ¸É ¢²ÖÕÉ µÉ 3000 ¤µ 8000 § ·Ö¦¥´´ÒÌ Î ¸É¨Í
´  ¥¤¨´¨ÍÊ ¡Ò¸É·µÉÒ ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ PbÅPb ¤²Ö Ô´¥·£¨¨ LHC√
s = 6A ’Ô‚). ‚¸¥ ÖÎ¥°±¨ ± ²µ·¨³¥É·  § ¶µ²´¥´Ò ¢ ÔÉµ³ ¸²ÊÎ ¥ (· §³¥·

ÖÎ¥°±¨ ¢ ¶·µ¸É· ´¸É¢¥ η Å φ ¶µ·Ö¤±  ∆η×∆φ ∼ 0, 1× 0, 1), ¨ µÉ±²¨± ± ²µ-
·¨³¥É·  ´  ¶µÉµ± ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ ¡µ²ÓÏµ£µ Î¨¸²  ªÉ¥·³ ²Ó´ÒÌª Î ¸É¨Í,
¶µ¶ ¤ ÕÐ¨Ì ¢ ¤ ´´ÊÕ ÖÎ¥°±Ê, ³µ¦¥É ¨³¨É¨·µ¢ ÉÓ ¸¨£´ ² µÉ µ¤´µ° Î ¸É¨ÍÒ
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¸ ¡µ²ÓÏ¨³ pT . ‚ É ±¨Ì Ê¸²µ¢¨ÖÌ ¢µ¶·µ¸ µ¡ ¨¤¥´É¨Ë¨± Í¨¨ ª¨¸É¨´´ÒÌª
Š•„-¸É·Ê° µÉ ¦¥¸É±µ£µ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö ¶·¨µ¡·¥É ¥É µ¸µ¡ÊÕ
 ±ÉÊ ²Ó´µ¸ÉÓ ¤²Ö Ë¨§¨Î¥¸±µ° ¶·µ£· ³³Ò ¶µ ¸Éµ²±´µ¢¥´¨Ö³ ÉÖ¦¥²ÒÌ ¨µ´µ¢
´  ±µ²² °¤¥· Ì.

‚Ò¤¥²¥´¨¥ ¢ Ô±¸¶¥·¨³¥´É¥ ¸É·Ê° ¸ µÎ¥´Ó ¡µ²ÓÏ¨³¨ ¶µ¶¥·¥Î´Ò³¨ ¨³-
¶Ê²Ó¸ ³¨ ¶·¨¢µ¤¨É ± ³ ²µ° ¢¥·µÖÉ´µ¸É¨ É ±¨Ì ¸µ¡ÒÉ¨° (¶·¨¡²¨¦¥´´µ σhard

∝ 1/p2
T min). �¤´ ±µ ¨§-§  ¸¨²Ó´µ£µ Ê¶µ·Ö¤µÎ¥´¨Ö ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í ¢´Ê-

É·¨ ¦¥¸É±µ° Š•„-¸É·Ê¨ É ±¨¥ ¸É·Ê¨ ³µ¦´µ µÉ²¨Î¨ÉÓ µÉ ªÉ¥·³ ²Ó´ÒÌª ¸² -
¡µ±µ··¥²¨·µ¢ ´´ÒÌ ¸É·Ê° ¶·¨ ³¥´ÓÏ¨Ì §´ Î¥´¨ÖÌ ¶ · ³¥É·  µ¡·¥§ ´¨Ö ¶µ
¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê, ¨ ÔÉ¨³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³ ³µ¦´µ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö ¤²Ö
µ¶É¨³¨§ Í¨¨  ²£µ·¨É³  ¶µ¨¸±  ¸É·Ê° ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ. ’ ±,
¢ · ¡µÉ¥ [227] ´  µ¸´µ¢¥ ¸· ¢´¨É¥²Ó´µ£µ  ´ ²¨§  ¸¢µ°¸É¢ ¦¥¸É±¨Ì Š•„-¸É·Ê°
¨ ª²µ¦´ÒÌª ¸É É¨¸É¨Î¥¸±¨Ì ¸É·Ê° ¡Ò²µ Ê± § ´µ ´  ¸ÊÐ¥¸É¢¥´´Ò¥ · §²¨Î¨Ö ¢
¨Ì ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·¥:

1) · §´ Ö § ¢¨¸¨³µ¸ÉÓ ³´µ¦¥¸É¢¥´´µ¸É¨ Î ¸É¨Í ¢ ¸É·Ê¥ < n > µÉ Ô´¥·£¨¨
¸É·Ê¨ Ejet:

< n >QCD∝ exp

√
2Nc
πb

ln
E2

jet

Λ2 , (49)

< n >T∝
(
Ejet

T

)3

(1 − cos θ0); (50)

2) · §´ Ö § ¢¨¸¨³µ¸ÉÓ ¶µ²µ¦¥´¨Ö ³ ±¸¨³Ê³  ¢ · ¸¶·¥¤¥²¥´¨¨ ¶µ ¤µ²¨
Ê´µ¸¨³µ£µ Î ¸É¨Í¥° ¸É·Ê¨ ¶·µ¤µ²Ó´µ£µ ¨³¶Ê²Ó¸  z µÉ Ô´¥·£¨¨ ¸É·Ê¨ Ejet:

zmax QCD '
√

Q0

2Ejet
, (51)

zmax T ∝
(

T

Ejet

)3

(1− cos θ0)−1; (52)

3) · §´ Ö ¤¨¸¶¥·¸¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶µ ³´µ¦¥¸É¢¥´´µ¸É¨ Î ¸É¨Í ¢ ¸É·Ê¥,
D =

√
(< n(n− 1)− < n >2)/ < n >2,

Dg =
1√
3
, Dq =

√
3

2
, E2

jet � Q2
0 (53)

DT ∝

√(
T

Ejet

)3

(1− cos θ0)−1, (54)

(¨´¤¥±¸Ò g ¨ q µÉ´µ¸ÖÉ¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ± £²Õµ´´µ° ¨ ±¢ ·±µ¢µ° ¸É·ÊÖ³);
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4) · §´ Ö § ¢¨¸¨³µ¸ÉÓ ¸·¥¤´¥£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  < K⊥ > µÉ Ô´¥·-
£¨¨ ¸É·Ê¨ Ejet:

< K2
⊥ >QCD∝

E2
jet

ln
E2

jet

Λ2

, (55)

< K2
⊥ >T∝ E2

jet, (56)

£¤¥ T Å É¥³¶¥· ÉÊ·  ¸¨¸É¥³Ò, θ0 Å Ê£²µ¢µ° · §³¥· ¸É·Ê¨, Λ ' 200 ŒÔ‚,
Q2

0 ' 1 ƒÔ‚2, Nc = 3, b = (11Nc − 2Nf)/12π.
�·¨ ÔÉµ³ µÉ²¨Î¨É¥²Ó´Ò¥ µ¸µ¡¥´´µ¸É¨ ªÉ¥·³ ²Ó´ÒÌª ¨ Š•„-¸É·Ê° ¤µ²¦´Ò

¶·µÖ¢²ÖÉÓ¸Ö ¢ ¸¢µ°¸É¢ Ì ·¥£¨¸É·¨·Ê¥³ÒÌ  ¤·µ´´ÒÌ ¸É·Ê° ¢ Ê¸²µ¢¨ÖÌ ·¥ ²Ó-
´µ£µ Ô±¸¶¥·¨³¥´É . ‚ Î ¸É´µ¸É¨, ¢ · ¡µÉ¥ [227] ¡Ò²µ ¶·µ¢¥¤¥´µ ³µ¤¥²¨-
·µ¢ ´¨¥ ·µ¦¤¥´¨Ö ¨ ¤¥É¥±É¨·µ¢ ´¨Ö ¸É·Ê° ¢ Ê¸²µ¢¨ÖÌ ¶·µ¥±É¨·Ê¥³µ£µ Ô±¸-
¶¥·¨³¥´É  CMS ´  ±µ²² °¤¥·¥ LHC [193], ÊÎ¨ÉÒ¢ ÕÐ¥¥ ³ £´¨É´µ¥ ¶µ²¥
B = 4 ’², Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥, £· ´Ê²ÖÍ¨Õ ¨ £¥µ³¥É·¨Î¥¸±¨¥ · §-
³¥·Ò  ¤·µ´´µ£µ ± ²µ·¨³¥É· , Í¥´É· ²Ó´ÊÕ µ¡² ¸ÉÓ ¡Ò¸É·µÉ | η |< 1, 5,
  É ±¦¥ µ¶¨¸ ´¨¥ ªÉ¥·³ ²Ó´µ£µª Ëµ´  ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ PbÅPb
¢ · ³± Ì £¨¤·µ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ (¸·¥¤´¨° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ ªÉ¥·-
³ ²Ó´ÒÌª  ¤·µ´µ¢ ¢ ÔÉµ³ ¸²ÊÎ ¥ · ¢¥´ < pπT >= 0, 5 ƒÔ‚ ¤²Ö ¶¨µ´µ¢ ¨
< pKT >= 0, 7 ƒÔ‚ ¤²Ö ± µ´µ¢, ÎÉµ ¤µ¢µ²Ó´µ ¡²¨§±µ ± ¶·¥¤¸± § ´¨Ö³ ¶ ·-
Éµ´´µ° ± ¸± ¤´µ° ³µ¤¥²¨ (PCM) [57] ¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨° ¸ ³ÒÌ
ÉÖ¦¥²ÒÌ Ö¤¥·, A ∼ 200, ¶·¨ Ô´¥·£¨¨ LHC; ¶·¨ ÔÉµ³ ± µ´Ò ¶µ² £ ²¨¸Ó ªÉ¥·-
³ ²Ó´µª ¶µ¤ ¢²¥´´Ò³¨ ¢¸²¥¤¸É¢¨¥ ¨Ì ¡µ²¥¥ ÉÖ¦¥²µ° ³ ¸¸Ò, K±/π± ' 0, 2).
‡ ³¥É¨³, ÎÉµ É·¨££¥·µ³ ¤²Ö Í¥´É· ²Ó´ÒÌ ¸µ¡ÒÉ¨° ³µ¦¥É ¸²Ê¦¨ÉÓ µÉ¡µ· ¸µ¡Ò-
É¨° ¸ ³ ±¸¨³ ²Ó´Ò³ ¢Ò¤¥²¥´¨¥³ ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ ¢ Í¥´É· ²Ó´µ° ¡ ··¥²-
Î ¸É¨ ± ²µ·¨³¥É·µ¢ CMS, Ê¢¥²¨Î¥´¨¥ ±µÉµ·µ° ±µ··¥²¨·µ¢ ´µ ¸ Ê³¥´ÓÏ¥´¨¥³
¶ · ³¥É·  Ê¤ ·  b.

‘µ¡ÒÉ¨Ö ³µ¤¥²¨·µ¢ ²¨¸Ó ± ± ¸Ê¶¥·¶µ§¨Í¨Ö ªÉ¥·³ ²Ó´µ£µª ¸µ¡ÒÉ¨Ö ¨
¦¥¸É±µ£µ ¶ ·Éµ´-¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö, £¥´¥·¨·Ê¥³µ£µ ¸ ¶µ³µÐÓÕ ³µ¤¥²¨
Œµ´É¥-Š ·²µ  ¤·µ´- ¤·µ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° PYTHIA [228] (¸ ÊÎ¥Éµ³ · §-
¢¨É¨Ö ´ Î ²Ó´µ£µ ¦¥¸É±µ£µ Š•„-²¨¢´Ö ¨  ¤·µ´¨§ Í¨¨ ¸É·Ê° ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸
²Ê´¤µ¢¸±µ° ¸É·Ê´´µ° ³µ¤¥²ÓÕ). �·¨ ÔÉµ³ Î¨¸²µ ´ Î ²Ó´ÒÌ ¦¥¸É±¨Ì ¶ ·Éµ´-
¶ ·Éµ´´ÒÌ · ¸¸¥Ö´¨° ¸ Ô´¥·£¨¥° ET (hard) > ET ¢ Í¥´É· ²Ó´µ³ Ö¤·µ-Ö¤¥·´µ³
¸Éµ²±´µ¢¥´¨¨ ¢Ò· ¦ ¥É¸Ö Î¥·¥§ ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ´Ê±²µ´-´Ê±²µ´´µ¥ ¸¥Î¥´¨¥
σjet
pp (ET ,

√
s = 6 ’Ô‚) (¢ÒÎ¨¸²Ö¥³µ¥ ¢ ¶¥·ÉÊ·¡ É¨¢´µ° Š•„ ¸ ¶µ³µÐÓÕ

PYTHIA) ¢ · ³± Ì ³µ¤¥²¨ ´¥§ ¢¨¸¨³ÒÌ ¡¨´ ·´ÒÌ ¸Ê¡¸Éµ²±´µ¢¥´¨° ± ±

N jet
AA = σjet

AA/σ
in
AA(c) ' A2σjet

pp /πR
2
A, (57)

£¤¥ RA ' 1, 2A1/3 Ë³ Å · ¤¨Ê¸ Ö¤·  ¨ σin
AA(c) Å ´¥Ê¶·Ê£µ¥ ¸¥Î¥´¨¥ Í¥´É-

· ²Ó´µ£µ AA-¢§ ¨³µ¤¥°¸É¢¨Ö.
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�·µ¨§¢µ¤¨² ¸Ó ¢Ò¡µ·±  ¸É·Ê° ¸ Ê£²µ¢Ò³ · §³¥·µ³ ±µ´Ê¸  Rjet = 0, 5;
¶·¨ ÔÉµ³ ¥¸²¨ ¢ ¸µ¡ÒÉ¨¨ ´ ¡²Õ¤ ²µ¸Ó ¡µ²¥¥ ¤¢ÊÌ ¸É·Ê°, Éµ ¨¤¥´É¨Ë¨± Í¨Ö
¶ ·Ò ¸É·Ê° ¶·µ¨¸Ìµ¤¨²  ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ µÉ¡µ·µ³:
1) ±² ¸É¥·  ¸ ³ ±¸¨³ ²Ó´µ° ¶µ¶¥·¥Î´µ° Ô´¥·£¨¥°,
2) ±² ¸É¥·  ¸ ³ ±¸¨³ ²Ó´µ° ¶·µ¥±Í¨¥° ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  ´  ´ ¶· ¢²¥-
´¨¥, ¶·µÉ¨¢µ¶µ²µ¦´µ¥ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¶¥·¢µ£µ ±² ¸É¥· , É.¥.

ET (jet1) = max
i = 1, n

(ETi),

ET (jet2) = max
i = 2, n

(ETi · cos(φ1 + φi − π)). (58)

�¨¸. 13. ˆ´É¥£· ²Ó´Ò¥ ¢¥·µÖÉ´µ-
¸É¨ ¢ÒÌµ¤  ¶ ·Ò ¸É·Ê° ¢ ªÉ¥·-
³ ²Ó´ÒÌª ¸µ¡ÒÉ¨ÖÌ PbÅPb ¢
¡ ··¥²-Î ¸É¨ CMS (ÉµÎ±¨), ÏÉ·¨-
Ìµ¢Ò¥ ²¨´¨¨ ¶·¥¤¸É ¢²ÖÕÉ  ¶-
¶·µ±¸¨³ Í¨Õ ËÊ´±Í¨¥° ƒ Ê¸¸ .
‘¶²µÏ´ Ö ±·¨¢ Ö Å ¢¥·µÖÉ´µ¸ÉÓ
·µ¦¤¥´¨Ö ¶ ·Ò ¦¥¸É±¨Ì Š•„-
¸É·Ê° ¸ ¶·µ¤µ²Ó´Ò³¨ ¡Ò¸É·µÉ ³¨
| yjet1,2 |< 1, 5 ¢ ¸µÊ¤ ·¥´¨ÖÌ PbÅ
Pb, Ejet1,2 > ET [227]: 1 Å
dN±/dy = 8000, 2 Å dN±/dy =
= 3000

�  ·¨¸.13 ¶·¥¤¸É ¢²¥´Ò ¨´É¥£· ²Ó´Ò¥
¢¥·µÖÉ´µ¸É¨ ¢ÒÌµ¤  ¶ ·Ò ¸É·Ê° ¢ ªÉ¥·³ ²Ó-
´ÒÌª ¸µ¡ÒÉ¨ÖÌ PbÅPb ¢ ¡ ··¥²-Î ¸É¨ CMS
¨ ·µ¦¤¥´¨Ö ¶ ·Ò ¦¥¸É±¨Ì Š•„-¸É·Ê° ¸
¶·µ¤µ²Ó´Ò³¨ ¡Ò¸É·µÉ ³¨ | yjet1,2 |< 1, 5
¢ ¸µÊ¤ ·¥´¨ÖÌ PbÅPb ¶·¨ Ô´¥·£¨¨ LHC.
‘ÊÐ¥¸É¢¥´´µ¥ · §²¨Î¨¥ ¢ Ëµ·³¥ Ô´¥·£¥É¨-
Î¥¸±µ£µ ¸¶¥±É·  ªÉ¥·³ ²Ó´ÒÌª (Ìµ·µÏµ  ¶-
¶·µ±¸¨³¨·Ê¥É¸Ö ËÊ´±Í¨¥° ƒ Ê¸¸ ) ¨ Š•„-
¸É·Ê° (¸É¥¶¥´´ Ö ET -§ ¢¨¸¨³µ¸ÉÓ) ¶µ§¢µ-
²Ö¥É ª· ¸¶µ§´ ¢ ÉÓª ¦¥¸É±¨¥ ¤¢ÊÌ¸É·Ê°´Ò¥
¸µ¡ÒÉ¨Ö ¢ ¸²ÊÎ ¥, ±µ£¤  Ô´¥·£¥É¨Î¥¸±¨¥ ¶µ-
É¥·¨ ¶ ·Éµ´µ¢ ¸É·Ê¨ ¢ ¸·¥¤¥ ´¥ ÊÎ¨ÉÒ¢ ÕÉ-
¸Ö, ´ Î¨´ Ö ¸ ³¨´¨³ ²Ó´µ° Ô´¥·£¨¨ ¸É·Ê¨
Emin

jet ∼ 100 ƒÔ‚ ¤²Ö dN±/dy = 8000

¨ Emin
jet ∼ 85 ƒÔ‚ ¤²Ö dN±/dy = 3000.

’µ¶µ²µ£¨Ö É¨¶¨Î´µ£µ ª¦¥¸É±µ£µª ¸µ¡ÒÉ¨Ö
PbÅPb (dN±/dy = 8000) ¸ ET (hard) =
= 100 ƒÔ‚ ¢ ¶·µ¸É· ´¸É¢¥ η Å ϕ ± ²µ·¨-
³¥É·  CMS ¶µ± § ´  ´  ·¨¸.14 (¶µ ¢¥·É¨-
± ²Ó´µ° Ï± ²¥ µÉ²µ¦¥´  ¶µ¶¥·¥Î´ Ö Ô´¥·-
£¨Ö ÖÎ¥°±¨). �É¡µ· Éµ²Ó±µ µ¤¨´µÎ´ÒÌ ¸É·Ê°
(³µ´µ¸É·Ê°) ¨²¨ ¢²¨Ö´¨¥ ¶µÉ¥·Ó Ô´¥·£¨¨
¦¥¸É±¨Ì ¶ ·Éµ´µ¢ ¸É·Ê¨ ¢ ¸·¥¤¥ ´  ¢ÒÌµ¤
¶ · ¸É·Ê° ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± § ³¥É´µ³Ê
¶µ¢ÒÏ¥´¨Õ Ô´¥·£¥É¨Î¥¸±µ£µ ¶µ·µ£  ª· ¸¶µ-

§´ ¢ ´¨Öª Š•„-¸É·Ê°, ´µ ÔËË¥±É¨¢´µ¥ · §¤¥²¥´¨¥ ªÉ¥·³ ²Ó´ÒÌª ¨ ¦¥¸É±¨Ì
¸É·Ê° ¢¸¥ ¦¥ µ¸É ¥É¸Ö ¢µ§³µ¦´Ò³ ¶·¨ ¶µ·µ£¥ Emin

jet ∼ 100 ƒÔ‚ ¢ ¸²ÊÎ ¥ ¨¸-
¶µ²Ó§µ¢ ´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ ±·¨É¥·¨Ö, µ¶·¥¤¥²Ö¥³µ£µ · §´µ° § ¢¨¸¨³µ¸ÉÓÕ
¸·¥¤´¥£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ ¢ ¸É·Ê¥ µÉ Ô´¥·£¨¨ Ejet. ‚ Î ¸É´µ¸É¨,
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�¨¸. 14. ’µ¶µ²µ£¨Ö É¨¶¨Î´µ£µ ª¦¥¸É±µ£µª ¸µ¡ÒÉ¨Ö PbÅPb ¸ ET (hard) = 100 ƒÔ‚ ( )
¨ Ëµ·³  ¶ ·Ò ¸É·Ê° ¶µ¸²¥ Ê¤ ²¥´¨Ö ªÉ¥·³ ²Ó´µ£µª Ëµ´  (¡) ¢ ¶·µ¸É· ´¸É-
¢e ηÅϕ ± ²µ·¨³¥É·  CMS, ¶µ ¢¥·É¨± ²Ó´µ° Ï± ²¥ oÉ²µ¦¥´  ¶µ¶¥·¥Î´ Ö Ô´¥·£¨Ö
ÖÎ¥°±¨, dN±/dy = 8000

¥¸²¨ ³Ò ¢¢¥¤¥³ ¸·¥¤´¥¢§¢¥Ï¥´´Ò° · ¤¨Ê¸ ¸É·Ê¨ < R > ± ±

< R >=
∑
i

Ri0 · Ei/Ejet, Ejet =
∑
i

Ei, (59)

£¤¥ Ri0 Å · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ÖÎ¥°±µ° ¸É·Ê¨ i ¨ Í¥´É·µ³ ¸É·Ê¨ ¢ ¶·µ¸É· ´-
¸É¢¥ η Å ϕ, Éµ µÉ¡µ· ¸É·Ê° ¸ < R > /Rjet <∼ 0, 5 ¶·¨¢¥¤¥É ± Ê¤ ²¥´¨Õ
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�¨¸. 15. ‘·¥¤´¥¢§¢¥Ï¥´´Ò° · ¤¨Ê¸ ¦¥¸É±µ° (£¨¸Éµ£· ³³Ò) ¨ ªÉ¥·³ ²Ó´µ°ª (ÉµÎ±¨)
¸É·Ê¨ < R > (59) ± ± ËÊ´±Í¨Ö ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ Ejet, dN

±/dy = 8000 [227]

ª²µ¦´ÒÌª ¸É·Ê° ¸ Ejet >∼ 100 ƒÔ‚ (¸³. ·¨¸.15, dN±/dy = 8000). �ËË¥±É
¶¥·¥· ¸¸¥Ö´¨Ö ¶ ·Éµ´µ¢ ¢ ¸·¥¤¥ ¶·¨¢µ¤¨É ± ´¥±µÉµ·µ³Ê ªÊÏ¨·¥´¨Õª ¸É·Ê¨,
´µ µ¸´µ¢´µ° ¢±² ¤ ¢ ¸Ê³³ ·´Ò° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ µÉ´µ¸¨É¥²Ó´µ µ¸¨ ¸É·Ê¨
¤ ¥É ´ Î ²Ó´Ò° ¦¥¸É±¨° Š•„-²¨¢¥´Ó, ¨ ¢Ò¢µ¤ µ · §²¨Î´µ° ¢´ÊÉ·¥´´¥° ¸É·Ê±-
ÉÊ·¥ ªÉ¥·³ ²Ó´ÒÌª ¨ Š•„-¸É·Ê° ¨ ¢µ§³µ¦´µ¸É¨ µ¶É¨³¨§ Í¨¨ ´  ÔÉµ° µ¸´µ¢¥
 ²£µ·¨É³  ¶µ¨¸±  ¸É·Ê° ¢ ¤ ´´µ³ ¸²ÊÎ ¥ É ±¦¥ ¶·¥¤¸É ¢²Ö¥É¸Ö ¸¶· ¢¥¤²¨¢Ò³.

6. ‡�Š‹�—…�ˆ…

‡´ Î¨É¥²Ó´Ò° ¶·µ£·¥¸¸, ¤µ¸É¨£´ÊÉÒ° ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¢ ³µ¤¥²¨·µ¢ -
´¨¨ Š•„-¸¨¸É¥³ ´  ·¥Ï¥É±¥, ¢ Î ¸É´µ¸É¨, ¸ ¢±²ÕÎ¥´¨¥³ ¤¨´ ³¨Î¥¸±¨Ì ±¢ ·-
±µ¢, ¶µ§¢µ²Ö¥É ¸ ¡µ²ÓÏµ° ¸É¥¶¥´ÓÕ Ê¢¥·¥´´µ¸É¨ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¤µ¸É¨¦¥´¨¥
¤¥±µ´Ë °´³¥´É   ¤·µ´´µ° ³ É¥·¨¨ ¨ ¢µ¸¸É ´µ¢²¥´¨¥ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨
¤µ²¦´µ ¨³¥ÉÓ ³¥¸Éµ ¶·¨ ¤µ¸É ÉµÎ´µ ¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ· Ì Tc ∼ 200 ŒÔ‚ ¨
(¨²¨) ¶²µÉ´µ¸ÉÖÌ ¡ ·¨µ´´µ£µ § ·Ö¤ . �·¥¤¶µ² £ ¥É¸Ö, ÎÉµ Ê¸²µ¢¨Ö ¤²Ö ·¥ ²¨-
§ Í¨¨ ±¢ ·±- ¤·µ´´µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ , ¨³¥¢Ï¥£µ, ¸µ£² ¸´µ ¸µ¢·¥³¥´´Ò³
±µ¸³µ²µ£¨Î¥¸±¨³ ¶·¥¤¸É ¢²¥´¨Ö³, ³¥¸Éµ ¢ ¶¥·¢Ò¥ ³¨±·µ¸¥±Ê´¤Ò Ô¢µ²ÕÍ¨¨
‚¸¥²¥´´µ°, ³µ£ÊÉ ¡ÒÉÓ ¤µ¸É¨£´ÊÉÒ ¢ ·¥§Ê²ÓÉ É¥ £¥´¥· Í¨¨ ¸¨²Ó´µ¢µ§¡Ê¦¤¥´-
´µ° ³ É¥·¨¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±¨³ ¸Éµ²±´µ¢¥´¨Ö³ Ö¤¥·
´  ¤¥°¸É¢ÊÕÐ¨Ì (AGS, SPS) ¨ ¶² ´¨·Ê¥³ÒÌ (RHIC, LHC) Ê¸±µ·¨É¥²ÖÌ.

‚ ´ ¸ÉµÖÐ¥³ µ¡§µ·¥ ³Ò · ¸¸³µÉ·¥²¨ µ¸´µ¢´Ò¥ É¥¸ÉÒ, ¶·¥¤² £ ¥³Ò¥ ¤²Ö
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢ ¸¢¥·Ì¶²µÉ´µ° Ö¤¥·´µ° ³ É¥·¨¨. ‘É·Ê´-
´Ò¥ ³¨±·µ¸±µ¶¨Î¥¸±¨¥ ³µ¤¥²¨ Œµ´É¥-Š ·²µ ¤µ¢µ²Ó´µ Ê¸¶¥Ï´µ µ¶¨¸Ò¢ ÕÉ
¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ ¶µ ¸Éµ²±´µ¢¥´¨Ö³ ÉÖ¦¥²ÒÌ ¨µ´µ¢, ¢ Î ¸É´µ¸É¨, · ¸¶·¥-
¤¥²¥´¨Ö ¶µ ³´µ¦¥¸É¢¥´´µ¸É¨ ¨ ¨´±²Õ§¨¢´Ò¥ ¸¶¥±É·Ò ¢Éµ·¨Î´ÒÌ  ¤·µ´µ¢, ¢
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¤¨ ¶ §µ´¥ Ô´¥·£¨°
√
s <∼ 10 ƒÔ‚/´Ê±²µ´, ±µ£¤  µ¸´µ¢´ÊÕ Î ¸ÉÓ  ¤·µ´´ÒÌ ¸¥-

Î¥´¨° ¸µ¸É ¢²ÖÕÉ ³Ö£±¨¥ ¶·µÍ¥¸¸Ò. �·¨ ÔÉµ³ ¸µ£² ¸µ¢ ´¨¥ ¸ Ô±¸¶¥·¨³¥´Éµ³
¤µ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ ³µ¤¨Ë¨± Í¨¨ ¸Í¥´ ·¨Ö ´¥§ ¢¨¸¨³ÒÌ ´Ê±²µ´-´Ê±²µ´´ÒÌ
¸Ê¡¸Éµ²±´µ¢¥´¨° Å ¢±²ÕÎ¥´¨¥³ · §´µ£µ ·µ¤  ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢, É -
±¨Ì ± ±  ¤·µ´´µ¥ ± ¸± ¤¨·µ¢ ´¨¥ ¨ ¢§ ¨³µ¤¥°¸É¢¨¥ ¸É·Ê´. �·¨ Ô´¥·£¨ÖÌ ¡Ê-
¤ÊÐ¨Ì ±µ²² °¤¥·µ¢ RHIC ¨ LHC, ±µ£¤  µ¶·¥¤¥²ÖÕÐ¨° ¢±² ¤ ¢ Ëµ·³¨·µ¢ -
´¨¥ ´ Î ²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¢´µ¸ÖÉ ¦¥¸É±¨¥ ¨ ¶µ²Ê¦¥¸É±¨¥ ¶·µÍ¥¸¸Ò ¶ ·Éµ´-
¶ ·Éµ´´µ£µ · ¸¸¥Ö´¨Ö ¸ ¶¥·¥¤ Î¥° ¨³¶Ê²Ó¸  ³´µ£µ ¡µ²ÓÏ¥ ³ ¸ÏÉ ¡´µ£µ ¶ -
· ³¥É·  Š•„, ¶· ¢µ³¥·´Ò³ ¶µ¤Ìµ¤µ³ ± µ¶¨¸ ´¨Õ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°-
¸É¢¨° ¶·¥¤¸É ¢²Ö¥É¸Ö ³µ¤¥²¨·µ¢ ´¨¥ ¶ ·Éµ´´ÒÌ ± ¸± ¤µ¢ ¢ · ³± Ì É¥µ·¨¨
¢µ§³ÊÐ¥´¨° Š•„. Š ¸± ¤´Ò¥ ³µ¤¥²¨ ¶·¥¤¸± §Ò¢ ÕÉ ¤µ¸É ÉµÎ´µ ¡Ò¸É·ÊÕ
É¥·³ ²¨§ Í¨Õ ¶ ·Éµ´´µ° ³ É¥·¨¨ ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¡Ò¸É·µÉ, µ¤´ ±µ ¢µ-
¶·µ¸ µ ¢µ§³µ¦´µ¸É¨ ¤µ¸É¨¦¥´¨Ö ¸¨¸É¥³µ° Ì¨³¨Î¥¸±µ£µ · ¢´µ¢¥¸¨Ö µ¸É ¥É¸Ö
µÉ±·ÒÉÒ³, ¨ ´ ¨¡µ²¥¥ ¢¥·µÖÉ´Ò³ ¸Í¥´ ·¨¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö Ëµ·³¨·µ¢ ´¨¥
ª£µ·ÖÎ¥°ª £²Õµ´´µ° ¶² §³Ò. „¥É ²Ó´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ · §¢¨É¨Ö ¶ ·Éµ´´ÒÌ
± ¸± ¤µ¢ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥¸Ó³  É·Ê¤µ¥³±ÊÕ § ¤ ÎÊ, É·¥¡ÊÕÐÊÕ §´ Î¨-
É¥²Ó´ÒÌ ±µ³¶ÓÕÉ¥·´ÒÌ Ê¸¨²¨° ¨ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ¸Î¥É´µ£µ ¢·¥³¥´¨. ‘
¤·Ê£µ° ¸Éµ·µ´Ò, ¢ ¸²ÊÎ ¥, ±µ£¤  ¸¨¸É¥³  ¤µ¸É¨£ ¥É ²µ± ²Ó´µ£µ É¥·³ ²Ó´µ£µ
· ¢´µ¢¥¸¨Ö, ¥¥ ¤ ²Ó´¥°Ï Ö Ô¢µ²ÕÍ¨Ö ³µ¦¥É ¡ÒÉÓ µ¶¨¸ ´  ¢ · ³± Ì ·¥²ÖÉ¨-
¢¨¸É¸±µ° £¨¤·µ¤¨´ ³¨±¨. �É´µ¸¨É¥²Ó´µ ¶·µ¸ÉÒ¥ ³ ±·µ¸±µ¶¨Î¥¸±¨¥ £¨¤·µ¤¨-
´ ³¨Î¥¸±¨¥ ³µ¤¥²¨ Ê¸¶¥Ï´µ ¢µ¸¶·µ¨§¢µ¤ÖÉ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥ ¶·¨ Ô´¥·£¨ÖÌ AGS ¨ SPS ¨ Ï¨·µ±µ ¶·¨³¥´ÖÕÉ¸Ö ¤²Ö É¥µ·¥É¨Î¥-
¸±µ£µ ¨¸¸²¥¤µ¢ ´¨Ö Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸µ¢ ¢ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ
¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ.

ˆ³¶Ê²Ó¸´Ò¥ ¸¶¥±É·Ò  ¤·µ´µ¢ ¨ ¤¢ÊÌÎ ¸É¨Î´Ò¥ ±µ··¥²ÖÍ¨¨ ¨¤¥´É¨Î´ÒÌ
Î ¸É¨Í ´¥¸ÊÉ ¨´Ëµ·³ Í¨Õ µ ¸¢µ°¸É¢ Ì  ¤·µ´´µ° ³ É¥·¨¨ ´  ¶µ§¤´¨Ì ¸É ¤¨ÖÌ
ª¢Ò³µ· ¦¨¢ ´¨Öª, ¢ Î ¸É´µ¸É¨, µ ¸É¥¶¥´¨ ¥¥ É¥·³ ²¨§ Í¨¨, ±µ²²¥±É¨¢´ÒÌ
¶µÉµ±µ¢ÒÌ ÔËË¥±É Ì ¨ ¶·µ¸É· ´¸É¢¥´´µ-¢·¥³¥´´ÒÌ · §³¥· Ì µ¡² ¸É¨ ¨¸ÉµÎ-
´¨±  Î ¸É¨Í. ˆ³¥ÕÐ¨¥¸Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ (ªÊÏ¨·¥´¨¥ª ¸¶¥±É·µ¢
¶µ ¸· ¢´¥´¨Õ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨  ¤·µ´- ¤·µ´´Ò³¨ ¸µÊ¤ ·¥´¨Ö³¨ ¨ § ¢¨-
¸¨³µ¸ÉÓ ª· ¤¨Ê¸  £µ³µ£¥´´µ¸É¨ª µÉ ¨³¶Ê²Ó¸  ¶ ·Ò Î ¸É¨Í) Ê± §Ò¢ ÕÉ ´ 
²µ± ²Ó´ÊÕ É¥·³ ²¨§ Í¨Õ  ¤·µ´´µ° ³ É¥·¨¨ ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ÉÖ-
¦¥²ÒÌ Ö¤¥·, ¸¨²Ó´Ò° ¶·µ¤µ²Ó´Ò° ¶µÉµ± Î ¸É¨Í ¢¤µ²Ó µ¸¨ ¸Éµ²±´µ¢¥´¨Ö ¨,
¢¥·µÖÉ´µ, ¸² ¡Ò° ¶µÉµ± ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨. � ¡²Õ¤ ¥³Ò° ª¨§¡ÒÉµ±ª
¤¨²¥¶Éµ´µ¢ ´¥¡µ²ÓÏ¨Ì ³ ¸¸ ³µ¦¥É ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´ ± ± ·¥§Ê²ÓÉ É ¨§-
²ÊÎ¥´¨Ö ¨§ ±¢ ·±-£²Õµ´´µ° Ë §Ò ¨²¨ ³µ¤¨Ë¨± Í¨¨ ³ ¸¸ ¨ Ï¨·¨´ · ¸¶ ¤ 
¢¥±Éµ·´ÒÌ ³¥§µ´µ¢ ¢ ¶²µÉ´µ° ³ É¥·¨¨, ¸¢Ö§ ´´µ° ¸ Î ¸É¨Î´Ò³ ¢µ¸¸É ´µ¢²¥-
´¨¥³ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨. “¸¨²¥´´µ¥ ·µ¦¤¥´¨¥ ¸É· ´´ÒÌ  ¤·µ´µ¢ É ±¦¥
¸µ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¶µ²µ¦¥´¨Ö³¨ µ ¤¥±µ´Ë °´³¥´É¥ ¨ ¢µ¸¸É ´µ¢²¥´¨¨ ±¨· ²Ó-
´µ° ¸¨³³¥É·¨¨, ÌµÉÖ ³µ¦¥É ¡ÒÉÓ µ¶¨¸ ´µ ¨ ¢ · ³± Ì ¸É ´¤ ·É´ÒÌ ³µ¤¥²¥°
 ¤·µ´´ÒÌ ± ¸± ¤µ¢. ˆ´É·¨£ÊÕÐ¨³ Ö¢²¥´¨¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö ´ ¡²Õ¤ ¥³µ¥ ¢
¸Éµ²±´µ¢¥´¨ÖÌ PbÅPb ¢ Ô±¸¶¥·¨³¥´É¥ NA50 (SPS) ¨ ´¥ ¸µ£² ¸ÊÕÐ¥¥¸Ö ¸µ
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¸É ´¤ ·É´µ° ³µ¤¥²ÓÕ ¶·¥¤·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö ¢ ªÌµ²µ¤´µ³ª Ö¤¥·´µ³
¢¥Ð¥¸É¢¥  ´µ³ ²Ó´µ¥ ¶µ¤ ¢²¥´¨¥ ¢ÒÌµ¤  Ψ-·¥§µ´ ´¸µ¢, ¶·¨·µ¤Ê ±µÉµ·µ£µ ¢
¶µ²´µ° ³¥·¥ ¥Ð¥ Éµ²Ó±µ ¶·¥¤¸Éµ¨É ¢ÒÖ¸´¨ÉÓ.

‚ ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´  ±µ²² °¤¥· Ì RHIC ¨ LHC ¶·¥¤¸É ¢²Ö¥É¸Ö
¢¥¸Ó³  ¶¥·¸¶¥±É¨¢´Ò³ ¨¸¶µ²Ó§µ¢ ´¨¥ ª¦¥¸É±¨Ìª É¥¸Éµ¢ ¸¢¥·Ì¶²µÉ´µ° ³ É¥-
·¨¨, ´¥¸ÊÐ¨Ì ¨´Ëµ·³ Í¨Õ µ ¸ ³ÒÌ · ´´¨Ì ¸É ¤¨ÖÌ ¥¥ Ô¢µ²ÕÍ¨¨. � ·Ö¤Ê ¸
¶µ¤ ¢²¥´¨¥³ ÉÖ¦¥²ÒÌ ±¢ ·±µ´¨¥¢ Ψ ¨ Υ, ¶·¨³¥·µ³ É ±µ£µ É¥¸É  Ö¢²Ö¥É¸Ö
¶·µÌµ¦¤¥´¨¥ Î¥·¥§ ¸·¥¤Ê ¦¥¸É±¨Ì ¸É·Ê° Í¢¥Éµ§ ·Ö¦¥´´ÒÌ ¶ ·Éµ´µ¢, ±µÉµ-
·Ò¥ ·µ¦¤ ÕÉ¸Ö ¢ ¸ ³µ³ ´ Î ²¥ ¶·µÍ¥¸¸  ¸µÊ¤ ·¥´¨Ö ¢ ·¥§Ê²ÓÉ É¥ µÉ¤¥²Ó´ÒÌ
¦¥¸É±¨Ì ´Ê±²µ´-´Ê±²µ´´ÒÌ · ¸¸¥Ö´¨°, ¶·µÌµ¤ÖÉ Î¥·¥§ ¶²µÉ´ÊÕ ³ É¥·¨Õ ¨
¢§ ¨³µ¤¥°¸É¢ÊÕÉ ¸ ¥¥ ¸µ¶ÊÉ¸É¢ÊÕÐ¨³¨ ±µ´¸É¨ÉÊ¥´É ³¨, ÎÉµ ¶·¨¢µ¤¨É ± ·Ö¤Ê
¨´É¥·¥¸´ÒÌ ÔËË¥±Éµ¢: ¸Éµ²±´µ¢¨É¥²Ó´Ò³ ¨ · ¤¨ Í¨µ´´Ò³ ¶µÉ¥·Ö³ Ô´¥·£¨¨
¸É·Ê¨, ¶µ¤ ¢²¥´¨Õ ¢ÒÌµ¤  ¶ · ¦¥¸É±¨Ì  ¤·µ´´ÒÌ ¸É·Ê° ¨ Ê¢¥²¨Î¥´¨Õ ¢Ò-
Ìµ¤  ³µ´µ¸É·Ê°, ´¥±µ³¶² ´ ·´µ¸É¨ ¨³¶Ê²Ó¸  ¶ ·Ò ¸É·Ê°, ¢µ§¡Ê¦¤¥´¨Õ ¤¨-
´ ³¨Î¥¸±¨Ì ´¥Ê¸Éµ°Î¨¢µ¸É¥° ¢ ¸·¥¤¥ ¨ ¥¥ ¶µ²Ö·¨§ Í¨¨. �¥Ï¥´¨¥ ¶·µ¡²¥³Ò
¨¤¥´É¨Ë¨± Í¨¨ ¦¥¸É±¨Ì Š•„-¸É·Ê° ´  Ëµ´¥ ª²µ¦´ÒÌª ¸É·Ê° Å ¸É É¨¸É¨Î¥-
¸±¨Ì Ë²Ê±ÉÊ Í¨° ¶µÉµ±  ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨, µ¡Ê¸²µ¢²¥´´ÒÌ µ£·µ³´µ° ³´µ-
¦¥¸É¢¥´´µ¸ÉÓÕ ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¢ ¸µ¡ÒÉ¨¨, ¤¥² ¥É, É ±¨³ µ¡· §µ³, ¢µ§³µ¦-
´Ò³ ¨¸¶µ²Ó§µ¢ ´¨¥ Ì · ±É¥·¨¸É¨± ¸É·Ê° ¤²Ö ¨§ÊÎ¥´¨Ö Ê¸²µ¢¨° Ëµ·³¨·µ¢ ´¨Ö
¸¢¥·Ì¶²µÉ´µ° ³ É¥·¨¨ ¢ ¶·µ¥±É¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´É Ì ¶µ Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É-
¸±¨³ ¸Éµ²±´µ¢¥´¨Ö³ ÉÖ¦¥²ÒÌ Ö¤¥·.
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