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‚ · ¡µÉ¥ ¸¤¥² ´Ò µÍ¥´±¨ ³´µ¦¥¸É¢¥´´µ¸É¨  ¤·µ´µ¢, µ¡· §ÊÕÐ¨Ì¸Ö ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°-
¸É¢¨Ö Ö¤¥· ¶·¨ Ô´¥·£¨ÖÌ LHC. �¡¸Ê¦¤¥´Ò · §²¨Î´Ò¥ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢¨°, ¢²¨Ö´¨¥ ´  ¶¸¥¢¤µ-
¡Ò¸É·µÉ´ÊÕ ¶²µÉ´µ¸ÉÓ  ¤·µ´µ¢ ÔËË¥±Éµ¢ ¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨Í ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¸ Ö¤¥·´µ°
¸·¥¤µ°. �µ± § ´µ, ÎÉµ ¢Éµ·¨Î´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨¢µ¤ÖÉ ± Ê¢¥²¨Î¥´¨Õ ¶²µÉ´µ¸É¨  ¤·µ´µ¢ ¢
Í¥´É· ²Ó´µ° µ¡² ¸É¨ ¶¸¥¢¤µ¡Ò¸É·µÉ ¶·¨³¥·´µ ¢ 2 · § .

The hadron multiplicity for the LHC energy is calculated. The various models of the nucleus-nucleus
interactions and an in	uence of the ˇnal state interactions on the central pseudorapidity hadron density
are discussed. It is shown that ˇnal state interactions lead to hadron density increasing up to 2 times.

�¸´µ¢´Ò¥ ¤µ¸É¨¦¥´¨Ö ¶µ¸²¥¤´¨Ì ²¥É É¥µ·¥É¨Î¥¸±µ° Ö¤¥·´µ° Ë¨§¨±¨ ¸¢Ö§ ´Ò ¸ É¥µ-
·¨¥° ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° Å ±¢ ´Éµ¢µ° Ì·µ³µ¤¨´ ³¨±µ° (Š•„), ¢ · ³± Ì ±µÉµ·µ°
µ¶¨¸Ò¢ ÕÉ¸Ö ³´µ£¨¥ Ö¤¥·´Ò¥ ÔËË¥±ÉÒ (Ô±· ´¨·µ¢ ´¨¥ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨°, £ Ï¥´¨¥
¸É·Ê°, ¤¨Ë· ±Í¨µ´´Ò¥ ¶·µÍ¥¸¸Ò ¨ É.¤.) [1, 2, 3].

�¡Ï¨·´Ò¥ ¤¨¸±Ê¸¸¨¨ ¢Ò§Ò¢ ¥É ¢µ§³µ¦´µ¸ÉÓ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ³¥¦¤Ê  ¤·µ´´µ° ³ -
É¥·¨¥° ¨ ¸¨¸É¥³µ° ¸¢µ¡µ¤´ÒÌ ±¢ ·±µ¢ ¨ £²Õµ´µ¢ Å ±¢ ·±-£²Õµ´´µ° ¶² §³µ° (Šƒ�), É.¥.
¤µ¸É¨¦¥´¨Ö ¤¥±µ´Ë °³¥´É   ¤·µ´´µ° ³ É¥·¨¨ [4, 5]. „·Ê£µ° ËÊ´¤ ³¥´É ²Ó´Ò° ¢µ¶·µ¸
É¥µ·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ´  ±µÉµ·Ò° ³µ¦¥É µÉ¢¥É¨ÉÓ ·¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨-
§¨± , Å ÔÉµ ¢µ¸¸É ´µ¢²¥´¨¥ ±¨· ²Ó´µ° ¸¨³³¥É·¨¨ ¨ µ¡· §µ¢ ´¨¥ ¤¥§µ·¨¥´É¨·µ¢ ´´µ£µ
±¨· ²Ó´µ£µ ±µ´¤¥´¸ É  [6].

ˆ§ÊÎ¥´¨¥ ¸¢µ°¸É¢ Ö¤¥·´µ° ³ É¥·¨¨ ¶·¨ ¢Ò¸µ±¨Ì ¶²µÉ´µ¸ÉÖÌ ¨ É¥³¶¥· ÉÊ· Ì ¢ ¦´µ
É ±¦¥ ¤²Ö ¶µ´¨³ ´¨Ö Ë¨§¨±¨ · ´´¥° ‚¸¥²¥´´µ°, µ¡· §µ¢ ´¨Ö ´¥°É·µ´´ÒÌ §¢¥§¤ ¨ É.¤.

�¥¸³µÉ·Ö ´  §´ Î¨É¥²Ó´Ò¥ Ê¸¶¥Ì¨ ¶¥·ÉÊ·¡ É¨¢´µ° Š•„, ¶·µ¡²¥³  ±µ´Ë °³¥´É  µ¸É -
¥É¸Ö ¤µ ¸¨Ì ¶µ· ´¥ ·¥Ï¥´´µ°. �µ¸²¥¤´¨¥ ·¥§Ê²ÓÉ ÉÒ ³µ´É¥-± ·²µ¢¸±µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¢
· ³± Ì ± ²¨¡·µ¢µÎ´µ° É¥µ·¨¨ ´  ·¥Ï¥É± Ì ¢µ¸¶·µ¨§¢µ¤ÖÉ ±µ´Ë °³¥´É Éµ²Ó±µ ¢ ¤¢Ê³¥·-
´µ³ ¶·µ¸É· ´¸É¢¥. 
µ²¥¥ Éµ£µ, ±µ´Ë °³¥´É Ö¢²Ö¥É¸Ö ´¥ ¢´ÊÉ·¥´´¨³ ¸¢µ°¸É¢µ³ Š•„,  
¨¸±Ê¸¸É¢¥´´µ ´ ² £ ¥³Ò³ µ£· ´¨Î¥´¨¥³, ¤²Ö µ¡ÑÖ¸´¥´¨Ö ´¥´ ¡²Õ¤ ¥³µ¸É¨ ¨§µ²¨·µ¢ ´-
´ÒÌ Í¢¥É´ÒÌ § ·Ö¤µ¢. „²Ö µ¶¨¸ ´¨Ö ¢ · ³± Ì ¥¤¨´µ° É¥µ·¨¨ ¸¨²Ó´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¨
±µ´Ë °³¥´É  ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö · §¢¨¢ ÕÉ¸Ö ·Ö¤ É¥µ·¨° [7].

’ ±¦¥ ¤µ ¸¨Ì ¶µ· ´¥ Ö¸´Ò ³´µ£¨¥ ËÊ´¤ ³¥´É ²Ó´Ò¥  ¸¶¥±ÉÒ ¤¨´ ³¨±¨ ¢§ ¨³µ¤¥°-
¸É¢¨Ö Ö¤¥· ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ´¥ ¸ÊÐ¥¸É¢Ê¥É É¥µ·¨¨ Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, ÊÎ¨-
ÉÒ¢ ÕÐ¥° ¢¸¥ ÔËË¥±ÉÒ Ö¤¥·´µ° ¸·¥¤Ò ¨ ¶µ§¢µ²ÖÕÐ¥° µ¤´µ§´ Î´Ò³ µ¡· §µ³ ¸¤¥² ÉÓ
µÍ¥´±¨ ¶µ²´µ£µ ¸¥Î¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨°, ¶²µÉ´µ¸É¨ ³´µ¦¥¸É¢¥´´µ¸É¨, ¶µ¶¥·¥Î´µ° Ô´¥·-
£¨¨ ¨ É.¤.

� ¸¶·¥¤¥²¥´¨Ö £²µ¡ ²Ó´ÒÌ Ì · ±É¥·¨¸É¨± (³´µ¦¥¸É¢¥´´µ¸É¨, ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨)
³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ¶· ±É¨Î¥¸±¨ ¸ ´¥µ£· ´¨Î¥´´µ° ÉµÎ´µ¸ÉÓÕ ¤²Ö ¸É ²±¨¢ ÕÐ¨Ì¸Ö
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Ö¤¥· · §´ÒÌ É¨¶µ¢ ¶ÊÉ¥³ ¶·Ö³µ£µ ¨§³¥·¥´¨Ö ¶µÉµ±µ¢ ³´µ¦¥¸É¢¥´´µ¸É¨ ¨ Ô´¥·£¨¨. ‘µ-
§¤ ¢ ¥³Ò° ¢ –…�� 
µ²ÓÏµ°  ¤·µ´´Ò° ±µ²² °¤¥· ¶·¥¤µ¸É ¢²Ö¥É Ê´¨± ²Ó´ÊÕ ¢µ§³µ¦-
´µ¸ÉÓ ¤²Ö ¶·µ¢¥¤¥´¨Ö Í¨±²  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ´  ¶ÊÎ± Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢
¨ ¶·µ¢¥·±¨ ÔÉ¨Ì É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨°.

‘ÊÐ¥¸É¢ÊÕÐ¨¥ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ³µ¤¥²¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨° ¸¨²Ó´µ
µÉ²¨Î ÕÉ¸Ö ¤·Ê£ µÉ ¤·Ê£  ± ± ¶µ ¢´ÊÉ·¥´´¥³Ê Ë¨§¨Î¥¸±µ³Ê ¸µ¤¥·¦ ´¨Õ, É ± ¨ ¶µ Î¨-
¸²¥´´Ò³ ¶·¥¤¸± § ´¨Ö³ µ¸´µ¢´ÒÌ ´ ¡²Õ¤ ¥³ÒÌ Ì · ±É¥·¨¸É¨±.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¨ · ¸Î¥É Ì ³´µ¦¥¸É¢¥´´µ¸É¨, ¶µ¶¥·¥Î´µ° Ô´¥·£¨¨ ¨ ¤·Ê£¨Ì
Ì · ±É¥·¨¸É¨± ¨¸¶µ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ ³µ¤¥²¨ ¢§ ¨³µ¤¥°¸É¢¨°, É ±¨¥, ± ± HIJING [8],
FRITIOF [9], VNI [10], VENUS [11], RQMD [12], PYTHIA [13] ¨ É.¤. �É¨ ³µ¤¥²¨,
µ¸´µ¢ ´´Ò¥ ´  · §²¨Î´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¶µ²µ¦¥´¨ÖÌ, ¤ ÕÉ ¢¥¸Ó³  µÉ²¨Î ÕÐ¨¥¸Ö
¶·¥¤¸± § ´¨Ö ¤²Ö §´ Î¥´¨° ³´µ¦¥¸É¢¥´´µ¸É¨  ¤·µ´µ¢ nh.

‚µ ³´µ£¨Ì ³µ¤¥²ÖÌ (HIJING, VNI, PYTHIA) ³´µ¦¥¸É¢¥´´µ¥ ·µ¦¤¥´¨¥ Î ¸É¨Í ¢ Ö¤·µ-
Ö¤¥·´ÒÌ (´Ê±²µ´-´Ê±²µ´´ÒÌ) ¢§ ¨³µ¤¥°¸É¢¨ÖÌ · ¸¸³ É·¨¢ ¥É¸Ö ´  µ¸´µ¢¥ ±µ²²¨´¥ ·´µ°
Ë ±Éµ·¨§ Í¨¨ ± ± ±µ³¡¨´ Í¨Ö ¦¥¸É±¨Ì ¨²¨ ¶µ²Ê¦¥¸É±¨Ì (¸ pT ≥ p0) ¨ ³Ö£±¨Ì ¶·µÍ¥¸¸µ¢
·µ¦¤¥´¨Ö Î ¸É¨Í.

�µ¤ ³Ö£±¨³¨ ³Ò ¶µ´¨³ ¥³ ¶·µÍ¥¸¸Ò, ´¥ · ¸¸Î¨ÉÒ¢ ¥³Ò¥ ¢ · ³± Ì ¶¥·¥´µ·³¨·Ê¥³µ°
Š•„. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³Ö£± Ö Î ¸ÉÓ ¢§ ¨³µ¤¥°¸É¢¨° · ¸¸³ É·¨¢ ¥É¸Ö ± ± ¤µ¡ ¢µÎ´Ò° ¢±² ¤
¢ ¶µ²´µ¥ ¸¥Î¥´¨¥, µ¶·¥¤¥²Ö¥³Ò° ¢ µ¸´µ¢´µ³ ¦¥¸É±µ° Î ¸ÉÓÕ σtot = σhard +σsoft. ‚ ·Ö¤¥
¸²ÊÎ ¥¢ (HIJING) ¸¥Î¥´¨¥ ³Ö£±¨Ì ¢§ ¨³µ¤¥°¸É¢¨° µ¶·¥¤¥²Ö¥É¸Ö ¨§ Ô±¸¶¥·¨³¥´É  (SPS)
¨ ¤²Ö

√
S ≥ 50 ƒÔ‚/´Ê±²µ´ ¥£µ §´ Î¥´¨¥ · ¢´µ 57 ³¡ [14]. �·¨ ÔÉµ³ ³Ö£±¨° ¢±² ¤

³µ¤¥²¨·Ê¥É¸Ö ¸ ¶µ³µÐÓÕ · ¸¸³µÉ·¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¸É·Ê´´ÒÌ ±µ´Ë¨£Ê· Í¨° É¨¶ 
±¢ ·±Ä¤¨±¢ ·±, ¢ ±µÉµ·ÒÌ ¢§ ¨³µ¤¥°¸É¢¨¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö £²Õµ´´Ò³ ±¨´±µ³ [9, 11].
‚ ¤·Ê£¨Ì (PYTHIA) ¸µ¡ÒÉ¨Ö ¸ ³ ²Ò³¨ pT · §Ò£·Ò¢ ÕÉ¸Ö ¸µ£² ¸´µ Ô±¸¶¥·¨³¥´É ²Ó´µ
´ °¤¥´´µ° ËÊ´±Í¨¨ · ¸¶·¥¤¥²¥´¨Ö ¸µ¡ÒÉ¨°.

‚¥²¨Î¨´  ¶ · ³¥É·  µ¡·¥§ ´¨Ö p0 µÎ¥´Ó ¸¨²Ó´µ ¢²¨Ö¥É ´  ·¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¨
§ ¢¨¸¨É µÉ ¨¸¶µ²Ó§Ê¥³µ£µ ´ ¡µ·  ¶ · ³¥É·¨§ Í¨° ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ±¢ ·±µ¢ ¨ £²Õµ-
´µ¢. �¡ÒÎ´µ p0 ≈ 1−2 ƒÔ‚. �¸´µ¢´Ò³ ¨¸ÉµÎ´¨±µ³ ³´µ¦¥¸É¢¥´´µ¸É¨ ¨ ¶µÉµ±µ¢ ¶µ¶¥·¥Î-
´µ° Ô´¥·£¨¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨ ´¥§ ¢¨¸¨³ÒÌ ¤¢µ°´ÒÌ ¶ ·Éµ´-¶ ·Éµ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°
Ö¢²Ö¥É¸Ö ·µ¦¤¥´¨¥ ³¨´¨-¸É·Ê°, É.¥. ¸É·Ê° ¸ pT ∼ p0, ·¥£¨¸É· Í¨Ö ±µÉµ·ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥
´¥¢µ§³µ¦´ . ‘¥Î¥´¨¥ ·µ¦¤¥´¨Ö ³¨´¨-¸É·Ê° · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢ £² ¢´µ³ ¶µ·Ö¤±¥ Š•„ ´ 
Ê·µ¢´¥ NN -¢§ ¨³µ¤¥°¸É¢¨°,   ¤²Ö ÊÎ¥É  ¢Ò¸Ï¨Ì ¶µ·Ö¤±µ¢ Š•„ ¢¢µ¤¨É¸Ö ³´µ¦¨É¥²Ó K ,
±µÉµ·Ò° · ¢¥´ ≈ 2 ¤²Ö Ô´¥·£¨° LHC. Š·µ³¥ Éµ£µ, ± ¶¥·¢µ´ Î ²Ó´µ³Ê ¶·µÍ¥¸¸Ê ¦¥¸É±µ£µ
· ¸¸¥Ö´¨Ö ¤µ¡ ¢²ÖÕÉ¸Ö ¶µ¶· ¢±¨, µ¡Ê¸²µ¢²¥´´Ò¥ ¨§²ÊÎ¥´¨¥³ (¶ ·Éµ´´Ò³¨ ²¨¢´Ö³¨) ¢
´ Î ²Ó´µ³ ¨ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨. ‹¨¢´¨ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¶¥·¥-
Ìµ¤µ¢ a → bc, É ±¨Ì, ± ± q → qg, g → gg, g → qq̄, q → qγ, l → lγ. ”µÉµ´´Ò¥ ¶¥·¥Ìµ¤Ò
γ → qq̄, γ → ll̄ ³ ²µ¢¥·µÖÉ´Ò ¨ ¶µÔÉµ³Ê ´¥ · ¸¸³ É·¨¢ ÕÉ¸Ö. ‚¥·µÖÉ´µ¸ÉÓ ¤²Ö ¶ ·Éµ´µ¢
¸µ¢¥·Ï¨ÉÓ ¶¥·¥Ìµ¤ µ¶¨¸Ò¢ ¥É¸Ö Ê· ¢´¥´¨Ö³¨ Ô¢µ²ÕÍ¨¨ „ƒ‹�� [15].

�µ²´µ¥ ¸¥Î¥´¨¥ Ö¤·µ-Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨ § ¤ ´´µ³ ¶·¨Í¥²Ó´µ³ ¶ · ³¥É·¥
¢ÒÎ¨¸²Ö¥É¸Ö ´  µ¸´µ¢ ´¨¨ Ô°±µ´ ²Ó´µ£µ Ëµ·³ ²¨§³  [14, 16]:

σtot
AA 


∫
d2b(1 − exp [−A2σtot

NNTA(b)]), (1)
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’ ¡²¨Í  1. ‚±² ¤ ¢ ¶µ²´µ¥ ¸¥Î¥´¨¥ ¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ Ô´¥·£¨¨
√

S = 5, 5 ’Ô‚/´Ê±²µ´ ¤¨ £· ³³
· §²¨Î´µ£µ É¨¶  (PYTHIA6157)

�·µÍ¥¸¸ ‘¥Î¥´¨¥, ³¡

qiqj → qiqj 1,79

qiq̄i → qj q̄j 1,88 ·10−2

qiq̄i → gg 1,41 ·10−2

gg → qiq̄i 6,77 ·10−1

qig → qig 15,1

gg → gg 29,37

‚§ ¨³µ¤¥°¸É¢¨Ö ¶·¨ ³ ²ÒÌ pT 5,08 ·10−3

�µ²´µ¥ ¸¥Î¥´¨¥ 46,96

¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ËÊ´±Í¨¨ Ö¤¥·´µ£µ ¶·µË¨²Ö TA(b):

TA(s) =
∫ +∞

−∞
dzρA(s, z), s = (x, y), (2)

¢ÒÎ¨¸²¥´´µ° ¢ ¶·¥¤¶µ²µ¦¥´¨¨ · ¸¶·¥¤¥²¥´¨Ö ‚Ê¤¸ Ä‘ ±¸µ´  ¤²Ö Ö¤¥·´µ° ¶²µÉ´µ¸É¨

ρA(r) =
ρ0

1 + exp [(r − RWS)/d]
, £¤¥ RWS = 1, 12A1/3 − 0, 86A−1/3 ¨ d = 0, 54 Ë³ Å

¸µµÉ¢¥É¸É¢¥´´µ ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · ¤¨Ê¸ ¨ Éµ²Ð¨´  Ö¤· ,   ρ0 Å ´µ·³¨·µ¢µÎ´Ò°
±µÔËË¨Í¨¥´É, · ¢´Ò° 0,17 Ë³−3.

�¸´µ¢´µ° ¢±² ¤ ¢ ¦¥¸É±ÊÕ Î ¸ÉÓ ¶µ²´µ£µ ¸¥Î¥´¨Ö ¶·¨ Ô´¥·£¨ÖÌ LHC ¤ ¥É ¤¨ £· ³³ ,
É¨¶  gg → gg (É ¡². 1), É.¥. £²Õµ´´Ò¥ ¸É¥¶¥´¨ ¸¢µ¡µ¤Ò Ö¢²ÖÕÉ¸Ö µ¶·¥¤¥²ÖÕÐ¨³¨ ¶·¨
· ¸¸³µÉ·¥´¨¨ ± ·É¨´Ò ¢§ ¨³µ¤¥°¸É¢¨°.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ ¶¸¥¢¤µ¡Ò¸É·µÉ´µ° ¶²µÉ´µ¸É¨  ¤·µ´µ¢ µÉ ¶·¨-
Í¥²Ó´µ£µ ¶ · ³¥É·  ¤²Ö ¸²ÊÎ ¥ ¢§ ¨³µ¤¥°¸É¢¨Ö Ö¤¥· Pb, Nb, Ca. � ¸Î¥ÉÒ ¢Ò¶µ²´Ö-
²¨¸Ó ¢ · ³± Ì ³µ¤¥²¨ HIJING. � Ï¨ ¢ÒÎ¨¸²¥´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ¶²µÉ´µ¸É¨  ¤·µ-
´µ¢ ´  ¥¤¨´¨ÍÊ ¶¸¥¢¤µ¡Ò¸É·µÉÒ ¢ ¸²ÊÎ ¥ Í¥´É· ²Ó´ÒÌ AA-¢§ ¨³µ¤¥°¸É¢¨° ¶·¨ Ô´¥·£¨¨√

S = 5, 5 ’Ô‚/´Ê±²µ´ ¸µ¸É ¢²ÖÕÉ (¶·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥ ÔËË¥±É Ô±· ´¨·µ¢ ´¨Ö ¸É·Ê±-
ÉÊ·´ÒÌ ËÊ´±Í¨°, ´µ ¡¥§ ÊÎ¥É  ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ ·Éµ´µ¢ ¸µ ¸·¥¤µ° ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨):

dnPb

dη

∣∣∣∣
η=0

= 2650,
dnNb

dη

∣∣∣∣
η=0

= 1200,
dnCa

dη

∣∣∣∣
η=0

= 490.

�·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¶·µ¸É¥°Ï¥° ³µ¤¥²¨ Ö¤·µ-Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, µ¸´µ¢ ´´µ° ´ 
¶·¨¡²¨¦¥´¨¨ ±µ³¡¨´ Í¨¨ ´¥§ ¢¨¸¨³ÒÌ ´Ê±²µ´-´Ê±²µ´´ÒÌ ¸µÊ¤ ·¥´¨° (PYTHIA6.157)
[17]:

dnh

dη

∣∣∣∣
A1A2

= 0, 8
√

Aα1
1 Aα2

2

dnh

dη

∣∣∣∣
pp

, αi ≈ 1, 2 − 1, 1, ¤²Ö Pb − Ca, (3)

³´µ¦¥¸É¢¥´´µ¸ÉÓ  ¤·µ´µ¢ ´¥³´µ£µ Ê³¥´ÓÏ ¥É¸Ö:

dnPb

dη

∣∣∣∣
η=0

= 2200,
dnNb

dη

∣∣∣∣
η=0

= 850,
dnCa

dη

∣∣∣∣
η=0

= 310.
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�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ  ¤·µ´´µ° ¶²µÉ-
´o¸É¨ ¶·¨ η = 0 µÉ ¶·¨Í¥²Ó´µ£µ

¶ · ³¥É·  ¢§ ¨³µ¤¥°¸É¢¨°. PbPb-,
NbNb-, CaCa-¢§ ¨³µ¤¥°¸É¢¨Ö ¶·¨

Ô´¥·£¨¨
√

S = 5, 5 ’Ô‚/´Ê±²µ´ c ÊÎ¥-

Éµ³ ÔËË¥±Éµ¢ ¶ ·Éµ´´µ£µ Ô±· ´¨·µ-
¢ ´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° ¨ ¢§ ¨-

³µ¤¥°¸É¢¨Ö ¶ ·Éµ´µ¢ ¸ ¶²µÉ´µ° Ö¤¥·-

´µ° ¸·¥¤µ°

�¤´ ±µ ¸²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¸¥Î¥´¨Ö ¢§ ¨³µ¤¥°-
¸É¢¨° ¸¨²Ó´µ § ¢¨¸ÖÉ µÉ ¨¸¶µ²Ó§Ê¥³µ£µ ´ ¡µ·  ±¢ ·-
±µ¢ÒÌ ¨ £²Õµ´´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨°. �·¨¢¥¤¥´-
´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¤²Ö ´ ¡µ·µ¢ ´Ê-
±²µ´´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° DO1 (xg(x) ∼ const,
¶·¨ x 
 1), ±µÉµ·Ò¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö, ¡¥§Ê¸²µ¢´µ,
¸¨²Ó´µ Ê¸É ·¥²¨ ¨ ´¥ ¤¥±¢ É´µ µ¶¨¸Ò¢ ÕÉ ¶µ¢¥¤¥´¨¥
¸¥Î¥´¨° ·µ¦¤¥´¨Ö ³¨´¨-¸É·Ê° ¶·¨ ³ ²ÒÌ §´ Î¥´¨ÖÌ
x. �¥·¥Ìµ¤ ± ´µ¢Ò³ ËÊ´±Í¨Ö³ · ¸¶·¥¤¥²¥´¨Ö ¤µ-
¢µ²Ó´µ ¸¨²Ó´µ ³¥´Ö¥É ·¥§Ê²ÓÉ É (É ¡². 2).

�  ³´µ¦¥¸É¢¥´´µ¸ÉÓ  ¤·µ´µ¢ ¸¨²Ó´µ¥ ¢²¨Ö´¨¥
É ±¦¥ µ± §Ò¢ ¥É [18] (·¨¸. 2) Ö¤¥·´µ¥ Ô±· ´¨·µ¢ -
´¨¥ ¶ ·Éµ´´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ ËÊ´±Í¨° [19]. �¸µ¡¥´´µ
§´ Î¨É¥²Ó´Ò³ ÔÉµÉ ÔËË¥±É ¡Ê¤¥É ´  Ô´¥·£¥É¨Î¥¸±µ³
³ ¸ÏÉ ¡¥ LHC, É.±. ¶·¨ É ±¨Ì Ô´¥·£¨ÖÌ ¡µ²ÓÏµ¥ ±µ-
²¨Î¥¸É¢µ ¶ ·Éµ´µ¢ (¤µ 80 %) ¡Ê¤ÊÉ ·µ¦¤ ÉÓ¸Ö ¶·¨
§´ Î¥´¨ÖÌ x ≤ 10−3, ¤²Ö ±µÉµ·ÒÌ Ô±· ´¨·µ¢ ´¨¥
¢¥¸Ó³  ¸ÊÐ¥¸É¢¥´´µ.

Š·µ³¥ Éµ£µ, ¢Éµ·¨Î´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö · §²¨Î-
´µ° ¶·¨·µ¤Ò (¢Ò´Ê¦¤¥´´µ¥ ¨§²ÊÎ¥´¨¥, ¶¥·¥· ¸¸¥Ö-
´¨¥, ±¢ ·±-£²Õµ´´Ò° ± ¸± ¤) ¶·¨¢µ¤ÖÉ ± ·¥§±µ³Ê Ê¢¥-
²¨Î¥´¨Õ ³´µ¦¥¸É¢¥´´µ¸É¨ §  ¸Î¥É ·µ¦¤¥´¨Ö ´µ¢ÒÌ
Î ¸É¨Í,   É ±¦¥ §  ¸Î¥É ¨Ì ¶¥·¥£·Ê¶¶¨·µ¢±¨ ¢ ¶¸¥¢-
¤µ¡Ò¸É·µÉ´µ³ ¶·µ¸É· ´¸É¢¥ [20, 21].

’ ±, ´ ¶·¨³¥·, ÊÎ¥É ¶µÉ¥·Ó Ô´¥·£¨¨ ¤²Ö ¶ ·Éµ-
´µ¢, ¶·µÌµ¤ÖÐ¨Ì ¸±¢µ§Ó ¶²µÉ´ÊÕ ¸¨²Ó´µ¢µ§¡Ê¦¤¥´-
´ÊÕ Ö¤¥·´ÊÕ ¸·¥¤Ê [22], ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ³´µ-
¦¥¸É¢¥´´µ¸É¨ ¢ µ¡² ¸É¨ ³ ²ÒÌ ¶¸¥¢¤µ¡Ò¸É·µÉ ¶·¨-
³¥·´µ ¢ 2 · §  ¤²Ö Ö¤¥· ¸¢¨´Í  (·¨¸. 2) [20]. ‡ ³¥É¨³, ÎÉµ ¨ ÔËË¥±É Ô±· ´¨·µ¢ ´¨Ö, ¨ ÔË-
Ë¥±É £ Ï¥´¨Ö ¸É·Ê° µ¸µ¡¥´´µ ¸¨²Ó´µ ¶·µÖ¢²ÖÕÉ¸Ö ¤²Ö Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨° ¨ µ± §Ò-
¢ ÕÉ § ³¥É´µ ³¥´ÓÏ¥¥ ¢²¨Ö´¨¥ ´  ¶²µÉ´µ¸ÉÓ  ¤·µ´µ¢ ¶·¨ ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¸µÊ¤ ·¥´¨ÖÌ.
’ ±¨³ µ¡· §µ³, ³µ¤¥²Ó HIJING ¶·¥¤¸± §Ò¢ ¥É §´ Î¥´¨Ö  ¤·µ´´µ° ¶²µÉ´µ¸É¨, ²¥¦ Ð¨¥ ¢
¤¨ ¶ §µ´¥ 1800Ä8000 ¤²Ö PbPb-¢§ ¨³µ¤¥°¸É¢¨°, 750Ä4800 Å ¤²Ö NbNb-¢§ ¨³µ¤¥°¸É¢¨°,
280Ä1100 Å ¤²Ö CaCa-¢§ ¨³µ¤¥°¸É¢¨°.

’ ¡²¨Í  2. �¸¥¢¤µ¡Ò¸É·µÉ´ Ö ¶²µÉ´µ¸ÉÓ  ¤·µ´µ¢ ¤²Ö · §´ÒÌ ´ ¡µ·µ¢ ¶ ·Éµ´´ÒÌ ¸É·Ê±-
ÉÊ·´ÒÌ ËÊ´±Í¨° (PYTHIA6.157) ¤²Ö Í¥´É· ²Ó´ÒÌ AA-¸Éµ²±´µ¢¥´¨° ¶·¨ Ô´¥·£¨¨

√
S =

5, 5 ’Ô‚/´Ê±²µ´. � ·Éµ´´µ¥ Ô±· ´¨·µ¢ ´¨¥ ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö. ” ±Éµ· K ≈ 2

dnh/dη|η=0 DO1 CTEQ3L CTEQ5L GRV 92L GRV 94L

Pb 2200 3300 5300 5800 6600

Nb 850 1300 2030 2200 2500
Ca 310 460 740 800 920
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�¨¸. 2. ‡ ¢¨¸¨³µ¸ÉÓ  ¤·µ´´µ° ¶²µÉ-

´µ¸É¨ ¶·¨ η = 0 µÉ ¶·¨Í¥²Ó´µ£µ

¶ · ³¥É·  ¤²Ö PbPb-¢§ ¨³µ¤¥°¸É¢¨Ö
¶·¨ Ô´¥·£¨¨

√
S = 5, 5 ’Ô‚/´Ê±²µ´.

‘¢¥·ÌÊ ¢´¨§: ´¥É Ô±· ´¨·µ¢ ´¨Ö,

ÊÎÉ¥´ ÔËË¥±É £ Ï¥´¨Ö ¸É·Ê° (1),
ÊÎÉ¥´Ò ¨ ÔËË¥±É Ô±· ´¨·µ¢ ´¨Ö, ¨

ÔËË¥±É £ Ï¥´¨Ö ¸É·Ê° (2), Ô±· ´¨·µ-
¢ ´¨¥ ÊÎÉ¥´µ, ´¥É ¶µÉ¥·Ó ¢ Ö¤¥·´µ°

¸·¥¤¥ (3)

‚ ¤·Ê£¨Ì ³µ¤¥²ÖÌ (VENUS) ¢¢¥¤¥´¨¥ ¶·µÍ¥¸¸ 
 ¤·µ´- ¤·µ´´µ£µ ¶¥·¥· ¸¸¥Ö´¨Ö Ê¢¥²¨Î¨¢ ¥É ¶²µÉ-
´µ¸ÉÓ  ¤·µ´µ¢ ¢ 1,8 · §  (¤²Ö PbPb-¢§ ¨³µ¤¥°¸É¢¨°)
[20, 23]:

dnPb

dη

∣∣∣∣
η=0

= 7500 − ¸ ¶¥·¥· ¸¸¥Ö´¨¥³,

dnPb

dη

∣∣∣∣
η=0

= 4400 − ¡¥§ ¶¥·¥· ¸¸¥Ö´¨Ö.

� ¸¸³µÉ·¥´¨¥ ¶ ·Éµ´´µ£µ ± ¸± ¤  (VNI) ¶·¨¢µ-
¤¨É ± §´ Î¨É¥²Ó´µ³Ê Ê¢¥²¨Î¥´¨Õ ³´µ¦¥¸É¢¥´´µ¸É¨
(¤µ 100 %) ¶·¨ η = 0 Ê¦¥ ¶·¨ Ô´¥·£¨¨ ¢§ ¨³µ¤¥°-
¸É¢¨Ö

√
S ∼ 200 ƒÔ‚/´Ê±²µ´ [10].

‚ ¶·µÉ¨¢µ¶µ²µ¦´µ¸ÉÓ ³µ¤¥²Ö³, µ·¨¥´É¨·µ¢ ´-
´Ò³, ¢ µ¸´µ¢´µ³, ´  ³µ¤¥²¨·µ¢ ´¨¥ ¦¥¸É±¨Ì ¶·µ-
Í¥¸¸µ¢, ·Ö¤ ¤·Ê£¨Ì £¥´¥· Éµ·µ¢ ¸µ¡ÒÉ¨° µ¶¨¸Ò¢ ÕÉ
¶·¥¨³ÊÐ¥¸É¢¥´´µ ³Ö£±¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö. �É¨ ³µ-
¤¥²¨ ³µ¦´µ · §¤¥²¨ÉÓ ´  ³ ±·µ¸±µ¶¨Î¥¸±¨¥, µ¶¨¸Ò-
¢ ÕÐ¨¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¶µ³µÐÓÕ Ê· ¢´¥´¨° ¸µ-
¸ÉµÖ´¨Ö · ¢´µ¢¥¸´ÒÌ ¸¨¸É¥³, ¨ ³¨±·µ¸±µ¶¨Î¥¸±¨¥,
É ±¨¥, ± ± DPM [24], FRITIOF, RQMD, VENUS.
Š ³ ±·µ¸±µ¶¨Î¥¸±¨³ µÉ´µ¸ÖÉ¸Ö £¨¤·µ¤¨´ ³¨Î¥¸± Ö
¨ ¸É É¨¸É¨Î¥¸± Ö ³µ¤¥²¨ [25]. Œ¨±·µ¸±µ¶¨Î¥¸±¨¥
³µ¤¥²¨ · ¸¸³ É·¨¢ ÕÉ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¨´¤¨¢¨¤Ê-
 ²Ó´ÒÌ  ¤·µ´- ¤·µ´´ÒÌ, ¶ ·Éµ´-¶ ·Éµ´´ÒÌ ¢§ ¨³µ-
¤¥°¸É¢¨° ´  µ¸´µ¢ ´¨¨ É¥µ·¨¨ ¶¥·¥´µ¸ , ¶ ·Éµ´´µ£µ
± ¸± ¤  ¨ É.¤.

‚¸¥ ÔÉ¨ ³µ¤¥²¨ ³µ¦´µ Ê¸²µ¢´µ ´ §¢ ÉÓ ®¸É·Ê´´Ò³¨¯, É.±. ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ ´¨Ì µ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ · ¸¸³µÉ·¥´¨Ö ¢§ ¨³µ¤¥°¸É¢¨Ö ¸É·Ê´, ´ ÉÖ£¨¢ ¥³ÒÌ ³¥¦¤Ê ±¢ ·±µ³ ¨
¤¨±¢ ·±µ³ ¶·¨ ¸¡²¨¦¥´¨¨ Ö¤¥·.

‚ ÔÉµ³ ¸²ÊÎ ¥ ¦¥¸É±¨¥ ¶·µÍ¥¸¸Ò ÊÎ¨ÉÒ¢ ÕÉ¸Ö ± ± ¤µ¡ ¢±  ± ¶µ²´µ³Ê ¸¥Î¥´¨Õ ¢§ ¨-
³µ¤¥°¸É¢¨Ö, µ¶·¥¤¥²Ö¥³ Ö ¸ ¶µ³µÐÓÕ ËÊ´±Í¨¨ Ô°±µ´ ² .

‘É·Ê´´Ò¥ ³µ¤¥²¨ ¤ ÕÉ ¡µ²¥¥ ¢Ò¸µ±µ¥ §´ Î¥´¨¥ (± ± ¶· ¢¨²µ, ¢ 2Ä2,5 · § ) §´ Î¥´¨¥
¤²Ö ³´µ¦¥¸É¢¥´´µ¸É¨, ÎÉµ ¸¢Ö§ ´µ ¸ µÉ¸ÊÉ¸É¢¨¥³ ¢ ÔÉ¨Ì ³µ¤¥²ÖÌ ³¥Ì ´¨§³µ¢ ¸µÌ· ´¥´¨Ö
Ô´¥·£¨¨-¨³¶Ê²Ó¸  §  ¸Î¥É ¶µ²Ê¦¥¸É±¨Ì ¨ ¦¥¸É±¨Ì ¶·µÍ¥¸¸µ¢ ¸ ¡µ²ÓÏ¨³¨ pT (¸³. É ¡². 3).

’ ¡²¨Í  3. ‘· ¢´¥´¨¥ ¶²µÉ´µ¸É¨  ¤·µ´µ¢ ¤²Ö Í¥´É· ²Ó´ÒÌ AA-¸Éµ²±´µ¢¥´¨° ¶·¨ Ô´¥·£¨¨√
S = 5, 5 ’Ô‚/´Ê±²µ´ ¢ · ³± Ì · §²¨Î´ÒÌ ³µ¤¥²¥° ¢§ ¨³µ¤¥°¸É¢¨°. �·¥¤¸± § ´¨Ö ¸É É¨-

¸É¨Î¥¸±µ° ³µ¤¥²¨, ³µ¤¥²¨ DPMJET ¨ ¶ · ³¥É·¨§ Í¨Ö WA98 ¢§ÖÉÒ ¨§ · ¡µÉ [25], [28], [27]
¸µµÉ¢¥É¸É¢¥´´µ

dnh/dη|η=0 ‘É É¨¸É. VENUS FRITIOF HIJING pQCD DPMJET WA98

Pb 8000 7500 5000 6000 3300 2800 2500
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Š·µ³¥ Éµ£µ, ÔÉµ ¸¢Ö§ ´µ ¸ ¶·¥´¥¡·¥¦¥´¨¥³ ¢ ÔÉ¨Ì ³µ¤¥²ÖÌ ÔËË¥±É ³¨ Ö¤¥·´µ£µ Ô±· ´¨-
·µ¢ ´¨Ö ¨ Ô±· ´¨·µ¢ ´¨Ö ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¶·µÍ¥¸¸µ¢ ³Ö£±µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¸µ-
¡ÒÉ¨Ö³¨ ¸ ¡µ²ÓÏ¨³ ¶¥·¥¤ ´´Ò³¨ ¨³¶Ê²Ó¸ ³¨ [26], É.¥. Ê¶µ·Ö¤µÎ¥´¨¥³ ¶·µÍ¥¸¸µ¢ ¶µ pT .

—¨¸²¥´´Ò¥ µÍ¥´±¨ ³´µ¦¥¸É¢¥´´µ¸É¨, ¶µ²ÊÎ¥´´Ò¥ Ô±¸É· ¶µ²ÖÍ¨¥° Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ (WA98), µÎ¥´Ó ³ ²Ò [27] (É ¡². 3). ’µ ¥¸ÉÓ ¶·¨ ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ
(LHC) ³µ¦´µ µ¦¨¤ ÉÓ µÎ¥´Ó ¡µ²ÓÏµ£µ (¤µ 400 %) ´ ·ÊÏ¥´¨Ö ¸±¥°²¨´£  ¶µ ³´µ¦¥¸É¢¥´-
´µ¸É¨ ¨ ¥Ð¥ ¡µ²ÓÏ¥£µ ®· §³µ· ¦¨¢ ´¨Ö¯ ±¢ ·±-£²Õµ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò (¢ µ¸´µ¢´µ³
£²Õµ´´ÒÌ), ¶·¨¢µ¤ÖÐ¨Ì ± ·¥§±µ³Ê Ê¢¥²¨Î¥´¨Õ ¸¥Î¥´¨Ö ·µ¦¤¥´¨Ö Î ¸É¨Í §  ¸Î¥É ¶·µ¤¢¨-
¦¥´¨Ö µ¡² ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨° ¢ µ¡² ¸ÉÓ ³ ²ÒÌ §´ Î¥´¨° ¡Ó¥·±¥´µ¢¸±µ° ¶¥·¥³¥´´µ° x.

’ ±¨³ µ¡· §µ³, µ¸´µ¢Ò¢ Ö¸Ó ´  · ¸¸³µÉ·¥´´ÒÌ ³µ¤¥²ÖÌ, ³µ¦´µ ±µ´¸É É¨·µ¢ ÉÓ, ÎÉµ
§´ Î¥´¨¥ ¶¸¥¢¤µ¡Ò¸É·µÉ´µ° ¶²µÉ´µ¸É¨  ¤·µ´µ¢ ¤²Ö Í¥´É· ²Ó´ÒÌ PbPb-¸Éµ²±´µ¢¥´¨°,
¶·¥¤¸± §Ò¢ ¥³µ¥ ¸µ¢·¥³¥´´Ò³¨ ³µ¤¥²Ö³¨, ²¥¦¨É ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ µÉ 2200 ¤µ 8000
Î ¸É¨Í ´  ¥¤¨´¨ÍÊ ¶¸¥¢¤µ¡Ò¸É·µÉÒ.

�¥ ²¨§ Í¨Ö Ë¨§¨Î¥¸±¨Ì ¶·µ£· ³³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´µ¢µ± CMS ¨ ALICE ¶µ-
§¢µ²¨É § Ë¨±¸¨·µ¢ ÉÓ ³´µ£¨¥ ¶ · ³¥É·Ò ¸µ¢·¥³¥´´ÒÌ ³µ¤¥²¥° ¨ É¥µ·¨° ¢§ ¨³µ¤¥°¸É¢¨°
¨ ¶·¨¡²¨§¨ÉÓ ´ ¸ ± ¶µ´¨³ ´¨Õ ¶·¨·µ¤Ò Ö¤¥·´ÒÌ ¸¨².

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ¸µÉ·Ê¤´¨±Ê ”ˆ�� ¨³. �.�.‹¥¡¥¤¥¢ 
�.‚.‹¥µ´¨¤µ¢Ê, ¸µÉ·Ê¤´¨± ³ �ˆŸˆ ‘.�.— É·Î ´Ê ¨ ‚.‚.“¦¨´¸±µ³Ê §  µ¡¸Ê¦¤¥´¨Ö ¨
±·¨É¨Î¥¸±¨¥ § ³¥Î ´¨Ö.
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