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Djobava T. D. et al. Ð1-2004-95
Study of Collective Properties of � Hyperons Produced in Ñ–Ñ Collisions
at a Momentum of 4.2 GeV/c per Nucleon

The collective properties of � hyperons produced in C–C collisions at a momentum
of 4.2 GeV/c per nucleon have been investigated. Characteristics of protons and �

� mesons,
co-produced with �Ns, were also studied.

The directed (in-plane) flow of � hyperons and co-produced protons have been observed
by investigating the dependence of the mean transverse momentum in the reaction plane px

on the rapidity y in the c. m. system for C–C collisions. �Ns and protons flow consistently
in the same direction. However, the magnitude of the � flow is smaller than that of protons.
From the transverse momentum distributions of � hyperons and protons with respect to the reac-
tion plane, the flow F (the measure of the collective transverse momentum transfer in the reac-
tion plane) has been extracted. The mean transverse momentum of �Ns in the reaction plane
in the forward rapidity region y�0 has also been estimated.

Temperatures have been obtained from the non-invariant kinetic energy ( )E
k

, transverse
momentum and transverse mass distributions of � hyperons, protons and �

� mesons, produced
associatively with �Ns. The temperatures of protons produced with and without �Ns do not
reveal any significant difference when compared. A similar tendency has also been observed
for �

� mesons.
The Quark-Gluon String Model reproduces quite well the experimental results.

The investigation has been performed at the Veksler and Baldin Laboratory of High Ener-
gies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2004

Äæîáàâà Ò. Ä. è äð. Ð1-2004-95
Èçó÷åíèå êîëëåêòèâíûõ ýôôåêòîâ â ÑÑ-âçàèìîäåéñòâèÿõ
ñ ðîæäåíèåì �-ãèïåðîíîâ ïðè èìïóëüñå 4,2 ÃýÂ/c íà íóêëîí

Èññëåäîâàëèñü êîëëåêòèâíûå ñâîéñòâà �-ãèïåðîíîâ, îáðàçîâàííûõ â CC-âçàèìîäåé-
ñòâèÿõ ïðè èìïóëüñå 4,2 ÃýÂ/c íà íóêëîí, à òàêæå õàðàêòåðèñòèêè ïðîòîíîâ è �

�-ìåçîíîâ,
ðîæäåííûõ âìåñòå ñ �-ãèïåðîíàìè.

Íàïðàâëåííûå ïîòîêè �-ãèïåðîíîâ è ïðîòîíîâ èç ñîáûòèé ñ �-ãèïåðîíàìè îáíàðó-
æåíû ïðè èçó÷åíèè çàâèñèìîñòè ñðåäíåãî ïîïåðå÷íîãî èìïóëüñà ýòèõ ÷àñòèö â ïëîñêîñòè
ðåàêöèè px îò áûñòðîòû y â ñ. ö. ì. CC-ñîóäàðåíèé. Ïîòîêè �-ãèïåðîíîâ è ïðîòîíîâ
èìåþò îäèíàêîâîå íàïðàâëåíèå. Îäíàêî âåëè÷èíà �-ïîòîêà ìåíüøå âåëè÷èíû ïðîòîííî-
ãî ïîòîêà. Îïðåäåëåí òàêæå ñðåäíèé èìïóëüñ �-ãèïåðîíîâ â ïëîñêîñòè ðåàêöèè y�0
â ñ. ö. ì.

Ïî ðàñïðåäåëåíèÿì �-ãèïåðîíîâ, ïðîòîíîâ è �
�-ìåçîíîâ ïî êèíåòè÷åñêîé ýíåðãèè,

ïîïåðå÷íîìó èìïóëüñó è ïîïåðå÷íîé ìàññå îïðåäåëåíû òåìïåðàòóðû ýòèõ ÷àñòèö.
Êâàðê-ãëþîííàÿ ñòðóííàÿ ìîäåëü õîðîøî âîñïðîèçâîäèò ýêñïåðèìåíòàëüíûå äàí-

íûå.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè âûñîêèõ ýíåðãèé èì. Â. È. Âåêñëåðà è À. Ì. Áàë-
äèíà ÎÈßÈ.

Ñîîáùåíèå Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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ˆ§ÊÎ¥´¨¥ ¸¢µ°¸É¢ ¸É· ´´ÒÌ Î ¸É¨Í, µ¡· §µ¢ ´´ÒÌ ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¸µ-
Ê¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ ¨µ´µ¢, ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¨ÉÓ ¢ ¦´ÊÕ ¨´Ëµ·³ Í¨Õ µ
¢Ò¸µ±µ¶²µÉ´µ° Ö¤¥·´µ° ³ É¥·¨¨. �² £µ¤ ·Ö ¸µÌ· ´¥´¨Õ ¸É· ´´µ¸É¨ ¨ ¡µ²Ó-
Ï¥³Ê ¸·¥¤´¥³Ê ¶·µ¡¥£Ê ¢ Ö¤¥·´µ° ³ É¥·¨¨, ¶µ ¸· ¢´¥´¨Õ ¸ π−-³¥§µ´ ³¨,
µ¡· §µ¢ ´¨¥ ¸É· ´´ÒÌ Î ¸É¨Í, ¢ Î ¸É´µ¸É¨ Λ-£¨¶¥·µ´µ¢, ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¡µ²ÓÏ¥ ¨´Ëµ·³ Í¨¨ µ · ´´¥° ¸É ¤¨¨ ¸µÊ¤ ·¥´¨Ö Ö¤¥· ¨ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ
¶·µ¢µ¤¨ÉÓ ¨¸¸²¥¤µ¢ ´¨¥ Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö Ö¤¥·´µ° ³ É¥·¨¨ [1]. �ËË¥±ÉÒ,
¸¢Ö§ ´´Ò¥ ¸ ¶µÉµ± ³¨ Λ-£¨¶¥·µ´µ¢, Ö¢²ÖÕÉ¸Ö Ìµ·µÏ¥° ¶·µ¡µ° ¤²Ö ¨Ì ¶µÉ¥´-
Í¨ ²µ¢ ¢ ¸·¥¤¥ [2Ä4].

’¥µ·¥É¨Î¥¸±µ¥ ¨§ÊÎ¥´¨¥ ´ ¶· ¢²¥´´ÒÌ ¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢ ¶µ± §Ò¢ ¥É,
ÎÉµ ÔÉ¨ ¶µÉµ±¨ ´¥ÎÊ¢¸É¢¨É¥²Ó´Ò ± ¢¥²¨Î¨´¥ ¸¥Î¥´¨Ö Λ-´Ê±²µ´´µ£µ ¢§ ¨³µ-
¤¥°¸É¢¨Ö, ´µ ¨³¥ÕÉ ¡µ²ÓÏÊÕ ÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ ± Λ-´Ê±²µ´´µ³Ê ¶µÉ¥´Í¨ ²Ê
[4, 5].

’ ±¨³ µ¡· §µ³, ¢ ¦´µ ¶µ²ÊÎ¨ÉÓ ¤ ´´Ò¥ µ ¶µÉµ± Ì Λ-Î ¸É¨Í ¢ ¨´É¥·-
¢ ²¥ Ô´¥·£¨° 1Ä10 ƒÔ‚ ´  ´Ê±²µ´. ‘ ÔÉµ° Í¥²ÓÕ ±µ²² ¡µ· Í¨Ö …895 ´ 
AGS ¢ �·Ê±Ì¥°¢¥´¸±µ° ´ Í¨µ´ ²Ó´µ° ² ¡µ· Éµ·¨¨ (BNL) ¨¸¸²¥¤µ¢ ²  µ¡· -
§µ¢ ´¨¥ Λ-£¨¶¥·µ´µ¢ ¨ K0-³¥§µ´µ¢ ¨ ¨Ì ±µ²²¥±É¨¢´Ò¥ ¸¢µ°¸É¢  ¢ AuAu-
¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ 2; 4 ¨ 6 ƒÔ‚ ´  ´Ê±²µ´ (¶ · ³¥É· ¸µÊ¤ ·¥-
´¨Ö b < 5Ä6 Ë³) [6]. �Ò²¨ ¢Ò¶µ²´¥´Ò ¨§³¥·¥´¨Ö ´ ¶· ¢²¥´´ÒÌ ¶µÉµ±µ¢
Λ-£¨¶¥·µ´µ¢, ¨ ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´Ò ¸ ¶µÉµ± ³¨ ¶·µÉµ´µ¢, µ¡· -
§µ¢ ´´ÒÌ ¢ É¥Ì ¦¥ AuAu-¸µÊ¤ ·¥´¨ÖÌ. ˆ§³¥·¥´¨Ö ¶µ± § ²¨, ÎÉµ ´ ¶· ¢²¥´¨Ö
¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¸µ¢¶ ¤ ÕÉ, ´µ ¶µÉµ± Λ-Î ¸É¨Í ¨³¥¥É ³¥´Ó-
ÏÊÕ ¢¥²¨Î¨´Ê ¶µ ¸· ¢´¥´¨Õ ¸ ¶·µÉµ´´Ò³ ¶µÉµ±µ³. ’ ±µ° ¶µ²µ¦¨É¥²Ó´Ò°
¶µÉµ± ¤²Ö Λ ¡Ò² ¶·¥¤¸± § ´ ¢ · ¸Î¥É Ì, ±µÉµ·Ò¥ ¢±²ÕÎ ²¨ ¢²¨Ö´¨¥ ΛÄN -
¶µÉ¥´Í¨ ² .

‚ ÔÉµ° · ¡µÉ¥ ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö
±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢ ¢ CC-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¸ µ¡· §µ¢ ´¨¥³ Λ-£¨¶¥·µ´µ¢
¶·¨ 4,2 ƒÔ‚/¸ ´  ´Ê±²µ´. �¶·¥¤¥²¥´Ò ´ ¶· ¢²¥´´Ò¥ ¶µÉµ±¨ Λ-Î ¸É¨Í ¨ ¶·µÉµ-
´µ¢, µ¡· §µ¢ ´´ÒÌ ¢ CC-¢§ ¨³µ¤¥°¸É¢¨ÖÌ,   É ±¦¥ É¥³¶¥· ÉÊ·Ò Λ-£¨¶¥·µ´µ¢,
¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢ ¢ ¸µ¡ÒÉ¨ÖÌ ¸ ·µ¦¤¥´¨¥³ Λ-£¨¶¥·µ´µ¢. �µÉµ±¨ ¶·µ-
Éµ´µ¢ ¨ π−-³¥§µ´µ¢ ´ ¡²Õ¤ ²¨¸Ó ¢ „Ê¡´¥ ¢ Í¥´É· ²Ó´ÒÌ CNe- ¨ CCu-¢§ ¨³µ-
¤¥°¸É¢¨ÖÌ ¶·¨ 4,5 ƒÔ‚/¸ ´  ´Ê±²µ´ SKM-200 GIBS-±µ²² ¡µ· Í¨¥° [7, 8] ¨
¶µ²ÊÍ¥´É· ²Ó´ÒÌ CC-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ 4,2 ƒÔ‚/¸ ´  ´Ê±²µ´, § ·¥£¨¸É·¨-
·µ¢ ´´ÒÌ ¢ 2-³ ¶·µ¶ ´µ¢µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·¥ [9].
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1. �Š‘�…�ˆŒ…�’�‹œ�›‰ Œ�’…�ˆ�‹

‚ · ¡µÉ¥ ¨¸¶µ²Ó§µ¢ ´ Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ², ¶µ²ÊÎ¥´´Ò° ¶·¨ µ¡-
²ÊÎ¥´¨¨ 2-³ ¶·µ¶ ´µ¢µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·Ò ‹‚� �ˆŸˆ, ¶µ³¥Ð¥´´µ° ¢
³ £´¨É´µ¥ ¶µ²¥ 1,5 ’², Ö¤· ³¨ Ê£²¥·µ¤  ¸ ¨³¶Ê²Ó¸µ³ 4,2 ƒÔ‚/¸ ´  ´Ê±²µ´.
Œ¥Éµ¤ ¢Ò¤¥²¥´¨Ö ‘‘-¸µÊ¤ ·¥´¨° ¨§ ¢¸¥Ì ¢§ ¨³µ¤¥°¸É¢¨° Ö¤¥· Ê£²¥·µ¤  ¸ ¶·µ-
¶ ´µ³ (C3H8), ¨¤¥´É¨Ë¨± Í¨Ö Î ¸É¨Í ¨ µ¶·¥¤¥²¥´¨¥ ¶µ¶· ¢µ± ¶µ¤·µ¡´µ µ¶¨-
¸ ´Ò ¢ [10]. ‚ ¸µ¸É ¢ ¨¸¶µ²Ó§µ¢ ´´µ£µ  ´¸ ³¡²Ö ‘‘-¢§ ¨³µ¤¥°¸É¢¨° ¢µÏ²¨
µ¤´µ§´ Î´µ ¨¤¥´É¨Ë¨Í¨·µ¢ ´´Ò¥ ‘‘-¸µ¡ÒÉ¨Ö ¸ ®¢¥¸µ³¯ W = 1 ¨ ¸µ¡ÒÉ¨Ö ¸
W = 0, 21 ¨§ £·Ê¶¶Ò ´¥· §¤¥²¥´´ÒÌ CC- ¨²¨ Cp-¸µ¡ÒÉ¨°.

� °¤¥´´Ò¥ ¢ ‘‘-¸µ¡ÒÉ¨ÖÌ V 0-Î ¸É¨ÍÒ ¨§³¥·Ö²¨¸Ó ¨ ¨¤¥´É¨Ë¨Í¨·µ¢ -
²¨¸Ó. Œ¥Éµ¤¨±  µ¡· ¡µÉ±¨ ¨  ´ ²¨§  V 0-Î ¸É¨Í ¶µ¤·µ¡´µ µ¶¨¸ ´  ¢ [11]. ‚
¨Éµ£¥ ¸É É¨¸É¨±  ¸É· ´´ÒÌ Î ¸É¨Í ¸µ¸É ¢¨²  687 Λ-£¨¶¥·µ´µ¢ ¸ ³µ¤µ° · ¸-
¶ ¤  ´  p ¨ π− ¨ 287 K0

s -Î ¸É¨Í (K0
s → π+π−).

ˆ§ÊÎ¥´¨¥ ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢ É·¥¡Ê¥É  ´ ²¨§  ± ¦¤µ£µ µÉ¤¥²Ó´µ£µ
¸µ¡ÒÉ¨Ö (event-by-event  ´ ²¨§). „²Ö ¨§ÊÎ¥´¨Ö ±µ²²¥±É¨¢´ÒÌ ÔËË¥±Éµ¢ ¨¸-
¶µ²Ó§µ¢ ´Ò É. ´. ¶µ²ÊÍ¥´É· ²Ó´Ò¥ ‘‘-¸µ¡ÒÉ¨Ö ¸ NpÊÎ � 3. ’ ±¨Ì ¸µ¡ÒÉ¨°
µ± § ²µ¸Ó 13004 ¸ NpÊÎ = 76002 ¨ Nπ− = 23781.

„²Ö µ¶·¥¤¥²¥´¨Ö ´ ¶· ¢²¥´´ÒÌ ¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¨¸¶µ²Ó-
§µ¢ ²¨¸Ó Éµ²Ó±µ ¶·µÉµ´Ò-ÊÎ ¸É´¨±¨ ¸ ¨³¶Ê²Ó¸µ³ p > 0,25 ƒÔ‚/¸ ¡¥§ ¸É·¨¶¨´-
£µ¢ÒÌ Ë· £³¥´Éµ¢ ¸ p > 3,5 ƒÔ‚/¸ ¨ θ < 3◦.

„²Ö Λ-£¨¶¥·µ´µ¢, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ ¶µ²ÊÍ¥´É· ²Ó´ÒÌ ¸µ¡ÒÉ¨ÖÌ, ¢¢µ-
¤¨²¨¸Ó ¸²¥¤ÊÕÐ¨¥ ¶µ¶· ¢±¨:

1) ´  ¶µÉ¥·Õ Λ ¢¡²¨§¨ ¢¥·Ï¨´Ò ·µ¤¨É¥²Ó¸±µ° §¢¥§¤Ò ¨ ¢´¥ ÔËË¥±É¨¢´µ°
µ¡² ¸É¨ ± ³¥·Ò (w = 1, 35),

2) ´   §¨³ÊÉ ²Ó´ÊÕ  ´¨§µÉ·µ¶¨Õ (w = 1,16),
3) ´  ¶µÉ¥·Õ Λ-Î ¸É¨Í ¢ ¶¥·¥¤´¥° ¶µ²Ê¸Ë¥·¥ ¸. Í. ³. (w = 1,10).
—¨¸²  ¢ ¸±µ¡± Ì ¶·¥¤¸É ¢²ÖÕÉ Ê¸·¥¤´¥´´Ò¥ ¶µ¶· ¢±¨, ¢ Ìµ¤¥ ±µ··¥±É¨-

·µ¢±¨ ¶µÉ¥·Ó ¶µ¶· ¢±¨ ¢¢µ¤¨²¨¸Ó ´  ± ¦¤µ¥ µÉ¤¥²Ó´µ¥ ¸µ¡ÒÉ¨¥.
“¸·¥¤´¥´´ Ö µ¡Ð Ö ¶µ¶· ¢±  ¤²Ö Λ-£¨¶¥·µ´µ¢ µÍ¥´¥´  ± ± ws = 1,72 ±

0,04.
Š ¦¤Ò° Λ-£¨¶¥·µ´ ¢±²ÕÎ ²¸Ö ¢ · ¸¶·¥¤¥²¥´¨¥ ¸µ ¸¢µ¨³ ¨´¤¨¢¨¤Ê ²Ó´Ò³

®¢¥¸µ³¯.

2. ���…�…—�›‰ ��’�Š Λ-ƒˆ�…����‚

„²Ö ¨§ÊÎ¥´¨Ö ±µ²²¥±É¨¢´ÒÌ ¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢, ¸µ¶·µ¢µ-
¦¤ ÕÐ¨Ì ·µ¦¤¥´¨¥ Λ-£¨¶¥·µ´µ¢, ¨¸¶µ²Ó§µ¢ ²¸Ö ³¥Éµ¤ Danielewicz ¨ Odyniec
[12].

�µ²ÓÏ¨´¸É¢µ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨ Ô´¥·£¨¨ ³¥´¥¥ 4 ƒÔ‚ ´ 
´Ê±²µ´  ´ ²¨§¨·µ¢ ²µ¸Ó ÔÉ¨³ ³¥Éµ¤µ³. �´ ¤ ¥É Ê¤µ¢²¥É¢µ·¨É¥²Ó´Ò¥ ·¥§Ê²Ó-
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É ÉÒ ¤ ¦¥ ¶·¨ ³ ²µ° ¸É É¨¸É¨±¥, ¶µ²ÊÎ¥´´µ° ´  Ë¨²Ó³µ¢ÒÌ ¤¥É¥±Éµ· Ì. �ÉµÉ
³¥Éµ¤ µ¸´µ¢ ´ ´  ¸Ê³³¨·µ¢ ´¨¨ ¶µ¶¥·¥Î´ÒÌ ¨³¶Ê²Ó¸µ¢ ¢Ò¤¥²¥´´ÒÌ Î ¸É¨Í.

�²µ¸±µ¸ÉÓ ·¥ ±Í¨¨ µ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É·µ³ ¸µÊ¤ ·¥´¨Ö ¸É ²±¨¢ ÕÐ¨Ì-
¸Ö Ö¤¥· b ¨ µ¸ÓÕ ¶ÊÎ± . ’ ± ± ± Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µ¶·¥¤¥²¥´¨¥ b ´¥¢µ§-
³µ¦´µ, ¢ ³¥Éµ¤¥ Danielewicz ¨ Odyniec ¢¥±Éµ· b § ³¥´¥´ ¢¥±Éµ·µ³ Q. ‚¥±Éµ·
Q µ¶·¥¤¥²Ö²¸Ö ¢ ± ¦¤µ³ ¨´¤¨¢¨¤Ê ²Ó´µ³ ¸µ¡ÒÉ¨¨ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ Éµ²Ó±µ
¶·µÉµ´µ¢-ÊÎ ¸É´¨±µ¢:

Q =
n∑

i=1

ωpti, (1)

£¤¥ pti Å ¢¥±Éµ· ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ i, ®¢¥¸µ¢µ°¯ Ë ±Éµ· ωi = 1
¤²Ö yi > 0 ¨ ωi = −1 ¤²Ö yi < 0, £¤¥ yi Å ¡Ò¸É·µÉ  Î ¸É¨ÍÒ i,   n Å Î¨¸²µ
¶·µÉµ´µ¢-ÊÎ ¸É´¨±µ¢ ¢ ¸µ¡ÒÉ¨¨.

ŒÒ § ³¥´¨³ ®¢¥¸µ¢µ°¯ Ë ±Éµ· ωi ´  ´¥¶·¥·Ò¢´ÊÕ ËÊ´±Í¨Õ ωi =
= yi− < y >, ± ± ¸¤¥² ´µ ¢ [7, 8, 13], £¤¥ < y > Å ¸·¥¤´ÖÖ ¡Ò¸É·µÉ ,
· ¸¸Î¨É ´´ Ö ¶µ ¢¸¥³ ¶·µÉµ´ ³-ÊÎ ¸É´¨± ³ ¤²Ö ± ¦¤µ£µ ¸µ¡ÒÉ¨Ö. „²Ö µ¶·¥-
¤¥²¥´¨Ö ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¢ ± ¦¤µ³ ¨´¤¨¢¨¤Ê ²Ó´µ³ ¸µ¡ÒÉ¨¨ ¢Ò¤¥²Ö²¨¸Ó
¸µ¡ÒÉ¨Ö ¸ Î¨¸²µ³ ¶·µÉµ´µ¢-ÊÎ ¸É´¨±µ¢ ´¥ ³¥´¥¥ É·¥Ì. —Éµ¡Ò ¨§¡¥¦ ÉÓ  ¢-
Éµ±µ··¥²ÖÍ¨°, Danielewicz ¨ Odyniec [12] ¶·¥¤²µ¦¨²¨ µÍ¥´¨¢ ÉÓ ¶²µ¸±µ¸ÉÓ
·¥ ±Í¨¨ ¤²Ö ± ¦¤µ° Î ¸É¨ÍÒ j, ¨¸¶µ²Ó§ÊÖ ¢¥±Éµ· Qj :

Qj =
n∑

i�=j

ωpti, (2)

É. ¥. ¸Ê³³ ·´Ò° ¢¥±Éµ· ¢¸¥Ì Î ¸É¨Í ¢ ¸µ¡ÒÉ¨¨, ±·µ³¥ Î ¸É¨ÍÒ j. �µ¶¥·¥Î-
´Ò° ¨³¶Ê²Ó¸ ± ¦¤µ° Î ¸É¨ÍÒ,   ¨³¥´´µ Λ-£¨¶¥·µ´  ¨ ¶·µÉµ´ , ¢ µÍ¥´¥´´µ°
¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ · ¸¸Î¨ÉÒ¢ ²¸Ö ± ±

p′xj = {Qj · ptj/|Qj |}. (3)

’ ± Ö ¶·µÍ¥¤Ê·  ¨¸±²ÕÎ ¥É ²Õ¡ÊÕ  ¢Éµ±µ··¥²ÖÍ¨Õ.
„ ²¥¥ µ¶·¥¤¥²Ö² ¸Ó § ¢¨¸¨³µ¸ÉÓ ¸·¥¤´¥£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ

¢ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ < px > µÉ ¡Ò¸É·µÉÒ.
‘·¥¤´¨° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ < px(y) > ¶µ²ÊÎ¥´ ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö ¶µ

¢¸¥³ ¸µ¡ÒÉ¨Ö³ ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ² Ì ¡Ò¸É·µÉÒ.
ˆ§¢¥¸É´µ [13], ÎÉµ µÍ¥´¥´´ Ö ¶²µ¸±µ¸ÉÓ ·¥ ±Í¨¨ µÉ²¨Î ¥É¸Ö µÉ ¨¸É¨´-

´µ° ¨§-§  µ£· ´¨Î¥´´µ£µ Î¨¸²  Î ¸É¨Í ¢ ± ¦¤µ³ ¸µ¡ÒÉ¨¨. Šµ³¶µ´¥´É  px ¢
¨¸É¨´´µ° ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¸¨¸É¥³ É¨Î¥¸±¨ ¡µ²ÓÏ¥, Î¥³ p′x ¢ µÍ¥´¥´´µ°
¶²µ¸±µ¸É¨:

< px >=< p′x > / < cos ϕ >, (4)
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£¤¥ ϕ Å Ê£µ² ³¥¦¤Ê µÍ¥´¥´´µ° ¨ ¨¸É¨´´µ° ¶²µ¸±µ¸ÉÖ³¨. ” ±Éµ· K =
1/ < cos ϕ > Å µ¡Ñ¥±É ¡µ²ÓÏµ° ´¥µ¶·¥¤¥²¥´´µ¸É¨, µ¸µ¡¥´´µ ¤²Ö ¸µ¡ÒÉ¨° ¸
³ ²µ° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ.

‚ [12] ¡Ò² ¶·¥¤²µ¦¥´ ³¥Éµ¤ ¤²Ö µ¶·¥¤¥²¥´¨Ö Ë ±Éµ·  K . �µ ÔÉµ³Ê ³¥-
Éµ¤Ê ± ¦¤µ¥ ¸µ¡ÒÉ¨¥ ¤¥²¨É¸Ö ´  ¤¢  ¶µÎÉ¨ · ¢´ÒÌ ¶µ¤¸µ¡ÒÉ¨Ö, ¢ ´¨Ì µ¶·¥-
¤¥²ÖÕÉ¸Ö ¢¥±Éµ·Ò Q1 ¨ Q2 ¨ ¸É·µ¨É¸Ö · ¸¶·¥¤¥²¥´¨¥ ¶µ  §¨³ÊÉ ²Ó´µ³Ê Ê£²Ê
³¥¦¤Ê ÔÉ¨³¨ ¤¢Ê³Ö ¢¥±Éµ· ³¨. „¨¸¶¥·¸¨Ö ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö µ¶·¥¤¥²Ö¥É
· §²¨Î¨¥ ³¥¦¤Ê ¨¸É¨´´µ° ¨ µÍ¥´¥´´µ° ¶²µ¸±µ¸ÉÖ³¨ ·¥ ±Í¨¨. ŠµÔËË¨Í¨¥´É
K § ¢¨¸¨É µÉ ³´µ¦¥¸É¢¥´´µ¸É¨ Î ¸É¨Í ¢ ¸µ¡ÒÉ¨¨, ¨, ¥¸É¥¸É¢¥´´µ, ¶µ¶· ¢± 
¡µ²ÓÏ¥ ¤²Ö ¸µ¡ÒÉ¨° ¸ ³ ²µ° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ. ˆ§-§  µ£· ´¨Î¥´´µ° ¸É É¨-
¸É¨±¨ Λ-£¨¶¥·µ´µ¢ ±µÔËË¨Í¨¥´É K ¢ ¤ ´´µ° · ¡µÉ¥ µ¶·¥¤¥²Ö²¸Ö ¤²Ö ¢¸¥£µ
 ´¸ ³¡²Ö ¶µ²ÊÍ¥´É· ²Ó´ÒÌ CC-¸µ¡ÒÉ¨° (13004 ¸µ¡ÒÉ¨°) ¶ÊÉ¥³ Ê¸·¥¤´¥´¨Ö
¶µ ¢¸¥³ ³´µ¦¥¸É¢¥´´µ¸ÉÖ³: K = 1,35 ± 0,7.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ ¸±µ··¥±É¨·µ¢ ´´µ£µ < px > µÉ y
¤²Ö Λ-£¨¶¥·µ´µ¢ (·¨¸. 1,  ) ¨ ¶·µÉµ´µ¢, ·µ¦¤¥´´ÒÌ ¢³¥¸É¥ ¸ Λ-£¨¶¥·µ´ ³¨
(·¨¸. 1, ¡) ¢ ¶µ²ÊÍ¥´É· ²Ó´ÒÌ CC-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ¨³¶Ê²Ó¸¥ 4,2 ƒÔ‚/¸ ´ 
´Ê±²µ´. Š ± ³µ¦´µ ¢¨¤¥ÉÓ, ÔÉ  § ¢¨¸¨³µ¸ÉÓ ¨³¥¥É s-µ¡· §´ÊÕ Ëµ·³Ê, ±µÉµ· Ö
¤¥³µ´¸É·¨·Ê¥É ¶¥·¥¤ ÎÊ ±µ²²¥±É¨¢´µ£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  ³¥¦¤Ê § ¤´¥°
¨ ¶¥·¥¤´¥° ¶µ²Ê¸Ë¥· ³¨ ¢ ¸. Í. ³.

�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ < px > µÉ y ¤²Ö Λ-£¨¶¥·µ´µ¢ ( ) ¨ ¶·µÉµ´µ¢, ·µ¦¤¥´´ÒÌ ¢³¥¸É¥
¸ Λ (¡) ¢ CC-¸µÊ¤ ·¥´¨ÖÌ ¢ ¸. Í. ³.: µ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ∗ Å ¤ ´´Ò¥
QGSM. �·Ö³Ò¥ Å ·¥§Ê²ÓÉ É ²¨´¥°´µ°  ¶¶·µ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ
¢ ¨´É¥·¢ ²¥ y µÉ Ä0,5 ¤µ 0,5 ¤²Ö Λ-£¨¶¥·µ´µ¢ ¨ µÉ Ä0,75 ¤µ 0,75 ¤²Ö ¶·µÉµ´µ¢.
‘¶²µÏ´ Ö ±·¨¢ Ö Å ·¥§Ê²ÓÉ É  ¶¶·µ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ²¨´µ³µ³
4-£µ ¶µ·Ö¤± 
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�  ·¨¸. 1 ´ £²Ö¤´µ ¢¨¤´µ, ÎÉµ ¶µÉµ±¨ Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¨³¥ÕÉ
µ¤¨´ ±µ¢µ¥ ´ ¶· ¢²¥´¨¥. �´ ²¨§ § ¢¨¸¨³µ¸É¨ < px > µÉ y ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ
¶µ²ÊÎ¨ÉÓ ¢¥²¨Î¨´Ò, ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ± Ê· ¢´¥´¨Õ ¸µ¸ÉµÖ´¨Ö Ö¤¥·´µ° ³ É¥·¨¨.
�¤´  ¨§ ´¨Ì Å ¸·¥¤´¨° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Î ¸É¨ÍÒ ¢ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¢
µ¡² ¸É¨ y > 0. „·Ê£ Ö Å ´ ±²µ´ ¨³¶Ê²Ó¸´µ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ÉµÎ±¥ y = 0,
´ §Ò¢ ¥³ Ö ¶µÉµ±µ³ F :

F =
d|px|
dy

/y¸.Í.³ = 0.

F ¥¸ÉÓ ³¥·  ±µ²²¥±É¨¢´µ£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸ , ¶¥·¥¤ ¢ ¥³µ£µ ¢ ¶²µ¸±µ¸ÉÓ
·¥ ±Í¨¨, É. ¥. ³¥·  ¨´É¥´¸¨¢´µ¸É¨ Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö. ‚¥²¨Î¨´  F
³¥´¥¥ ¶µ¤¢¥·¦¥´  Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¶µ£·¥Ï´µ¸ÉÖ³, Î¥³ ³ ±¸¨³Ê³ px, ¨
ÔÉµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ¸· ¢´¨¢ ÉÓ · §²¨Î´Ò¥ ·¥ ±Í¨¨ ¨ ·¥§Ê²ÓÉ ÉÒ · §²¨Î´ÒÌ
Ô±¸¶¥·¨³¥´Éµ¢ ³¥¦¤Ê ¸µ¡µ°.

‚¥²¨Î¨´  F = 117±15 ŒÔ‚/¸ ¤²Ö Λ-£¨¶¥·µ´µ¢ ¨ F = 130±11 ŒÔ‚/¸ ¤²Ö
¶·µÉµ´µ¢ ¨§ ¸µ¡ÒÉ¨° ¸ Λ-£¨¶¥·µ´ ³¨. �É¨ ¤ ´´Ò¥ ¶µ²ÊÎ¥´Ò ¶·¨ ²¨´¥°´µ°
 ¶¶·µ±¸¨³ Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ÉµÎ¥± ¢ ¨´É¥·¢ ² Ì y µÉ Ä0,5 ¤µ +0,5 ¤²Ö
Λ ¨ µÉ Ä 0,75 ¤µ + 0,75 ¤²Ö ¶·µÉµ´µ¢ (·¨¸. 1). „²Ö  ´¸ ³¡²Ö ¶µ²ÊÍ¥´É· ²Ó´ÒÌ
9490 ‘‘-¸µÊ¤ ·¥´¨° ¸ ¡µ²¥¥ ¦¥¸É±¨³¨ ±·¨É¥·¨Ö³¨ µÉ¡µ·  ¶µÉµ± ¶·µÉµ´µ¢
F = 136±11 ŒÔ‚/¸ [9].

Œµ¦´µ ¢¨¤¥ÉÓ, ÎÉµ ¢¥²¨Î¨´Ò ¶·µÉµ´´ÒÌ ¶µÉµ±µ¢ ¸µ¢¶ ¤ ÕÉ ¤²Ö ¶·µ-
Éµ´µ¢, µ¡· §µ¢ ´´ÒÌ ¢³¥¸É¥ ¸ Λ-£¨¶¥·µ´ ³¨ ¨ ¡¥§ ´¨Ì ¢ ¶µ²ÊÍ¥´É· ²Ó´ÒÌ
¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¸ · §²¨Î´Ò³¨ ±·¨É¥·¨Ö³¨ µÉ¡µ· . ‚ Éµ ¦¥ ¢·¥³Ö ¢¥²¨Î¨´ 
Λ-¶µÉµ±  ³¥´ÓÏ¥, Î¥³ ¤²Ö ¶·µÉµ´µ¢. �ÉµÉ ·¥§Ê²ÓÉ É ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¥¤Ò¤Ê-
Ð¨³¨ ¨§³¥·¥´¨Ö³¨ ¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢, ¢Ò¶µ²´¥´´ÒÌ ±µ²² ¡µ· Í¨¥° …895
´  AGS ¢ AuAu-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ 2; 4; 6 ƒÔ‚/¸ ´  ´Ê±²µ´ [6]
(F = 140±35 ŒÔ‚/¸ ¶·¨ 2 ƒÔ‚ ´  ´Ê±²µ´, F = 85±15 ŒÔ‚/¸ ¶·¨ 4 ƒÔ‚ ´ 
´Ê±²µ´ ¨ F = 65±5 ŒÔ‚/¸ ¶·¨ 6 ƒÔ‚ ´  ´Ê±²µ´). Šµ²² ¡µ· Í¨Ö EOS ¢ LBL
¤²Ö ¶µÉµ±  Λ-£¨¶¥·µ´µ¢ ¢ NiCu-¸µÊ¤ ·¥´¨ÖÌ ¶·¨ 2 ƒÔ‚ ´  ´Ê±²µ´ ¶µ²ÊÎ¨² 
F = 85±43 ŒÔ‚/¸. �¥²ÖÉ¨¢¨¸É¸± Ö É· ´¸¶µ·É´ Ö ³µ¤¥²Ó RVUU ¶·¥¤¸± -
§Ò¢ ¥É ¤²Ö Λ-¶µÉµ±  ¢ NiCu-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨¨ 2 ƒÔ‚ ´  ´Ê±²µ´
¢¥²¨Î¨´Ê F = 96 ± 17 ŒÔ‚/¸ [14], ±µÉµ· Ö ¸µ¢¶ ¤ ¥É ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³
·¥§Ê²ÓÉ Éµ³. ’ ±¨³ µ¡· §µ³, ¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ Ê± §Ò¢ ÕÉ ´  ¶µ-
¸É¥¶¥´´µ¥ Ê³¥´ÓÏ¥´¨¥ Λ-¶µÉµ±  ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¶ÊÎ± . ‘²¥¤Ê¥É ¶µ¤-
Î¥·±´ÊÉÓ, ÎÉµ ‘‘ Å ¸ ³ Ö ²¥£± Ö ¸¨¸É¥³  ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·, ¢ ±µÉµ·µ°
´ ¡²Õ¤ ²¸Ö ¶µ¶¥·¥Î´Ò° (´ ¶· ¢²¥´´Ò°) ¶µÉµ± Λ-£¨¶¥·µ´µ¢.

� ¡²Õ¤ ¥³ Ö É¥´¤¥´Í¨Ö ± Ê³¥´ÓÏ¥´¨Õ Λ-¶µÉµ±µ¢ ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨
¶µÌµ¦  ´  É ±µ¢ÊÕ, ´ ¡²Õ¤ ¥³ÊÕ ¤²Ö ¶·µÉµ´µ¢ ± ± ¢ ¸µ¡ÒÉ¨ÖÌ ¸ µ¡· §µ¢ -
´¨¥³ Λ-£¨¶¥·µ´µ¢, É ± ¨ ¡¥§ ´¨Ì [6, 15]. “³¥´ÓÏ¥´¨¥ F ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·-
£¨¨ ¶ÊÎ±  ¸µ£² ¸Ê¥É¸Ö ¸ ¶·¥¤¶µ²µ¦¥´¨¥³, ÎÉµ ¶µÉµ± Λ-£¨¶¥·µ´µ¢ µÉ· ¦ ¥É
±µ²²¥±É¨¢´Ò° ¶µÉµ± ¡ ·¨µ´-¡ ·¨µ´´ÒÌ ¨ ¶¨µ´-¡ ·¨µ´´ÒÌ ¶ ·, µÉ ±µÉµ·ÒÌ
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µ´¨ (Λ) µ¡· §ÊÕÉ¸Ö [6]. �É  É¥´¤¥´Í¨Ö É ±¦¥ ³µ¦¥É ¡ÒÉÓ ·¥§Ê²ÓÉ Éµ³ µ¸² -
¡²¥´¨Ö ÔËË¥±Éµ¢ ¶¥·¥· ¸¸¥Ö´¨Ö ¨(¨²¨) ¶µÉ¥´Í¨ ²  ¶·¨ÉÖ¦¥´¨Ö ΛÄ´Ê±²µ´ [6].

‘·¥¤´¨° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Λ-£¨¶¥·µ´µ¢ ¢ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¢ µ¡² -
¸É¨ y>0 µ± § ²¸Ö · ¢´Ò³ < px >y>0 = 82±11 ŒÔ‚/¸.

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ´ ¶· ¢²¥´´µ³Ê ¶µÉµ±Ê Λ-£¨¶¥·µ´µ¢
¸· ¢´¨¢ ²¨¸Ó ¸ ¶·¥¤¸± § ´¨Ö³¨ ³µ¤¥²¨ ±¢ ·±-£²Õµ´´ÒÌ ¸É·Ê´ (Quark-Gluon-
String Model Å QGSM). „¥É ²Ó´µ¥ µ¶¨¸ ´¨¥ QGSM ³µ¦´µ ´ °É¨ ¢ [16,
17]. ŒÒ £¥´¥·¨·µ¢ ²¨ ´¥Ê¶·Ê£¨¥ ‘‘-¸µÊ¤ ·¥´¨Ö, ¨¸¶µ²Ó§ÊÖ COLLI ³µ´É¥-
± ·²µ¢¸±¨° £¥´¥· Éµ· [18], µ¸´µ¢ ´´Ò° ´  QGSM. ˆ§ ´ £¥´¥·¨·µ¢ ´´ÒÌ ¸µ-
Ê¤ ·¥´¨° ¶·¨ 4,2 ƒÔ‚/¸ ¡Ò²µ § ·¥£¨¸É·¨·µ¢ ´µ 7578 ¸µ¡ÒÉ¨° ¸ Λ-£¨¶¥·µ´ ³¨.
Š QGSM-¸µ¡ÒÉ¨Ö³ ¶·¨³¥´¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ±·¨É¥·¨¨ µÉ¡µ·  ¶·µÉµ-
´µ¢-ÊÎ ¸É´¨±µ¢ (p > 0,25 ƒÔ‚/¸ ¡¥§ ¸É·¨¶¶¨´£µ¢ÒÌ Ë· £³¥´Éµ¢ ¸ p > 3,5 ƒÔ‚/¸
¨ θ < 3◦). „²Ö  ´ ²¨§  Λ-¶µÉµ±µ¢ ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¸µ¡ÒÉ¨Ö ¸ npÊÎ � 3.

� ¸¶·¥¤¥²¥´¨¥ < px > ¶µ y ¤²Ö ³µ¤¥²¨·µ¢ ´´ÒÌ Λ-£¨¶¥·µ´µ¢ (·¨¸. 1,  )
Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚¥²¨Î¨´  ¶µÉµ±  Λ,
¶µ²ÊÎ¥´´ Ö ¶µ QGSM, F = 120± 9 É ±¦¥ ¸µ£² ¸Ê¥É¸Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³
§´ Î¥´¨¥³. �µ ³µ¤¥²¨ ¢¥²¨Î¨´  ¸·¥¤´¥£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  Λ-£¨¶¥·µ´µ¢
¢ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¢ µ¡² ¸É¨ y >0 · ¢´  < px >y>0 = 94±7 ŒÔ‚/¸.

3. ’…Œ�…��’“�› Λ-ƒˆ�…����‚, ���’���‚ ˆ π−-Œ…‡���‚,
����‡�‚���›• ‚Œ…‘’… ‘ Λ-ƒˆ�…����Œˆ

ˆ§³¥·¥´¨¥  ¤·µ´´ÒÌ ¸¶¥±É·µ¢ ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó ¢ µ¶·¥¤¥²¥´¨¨ Ê¸²µ-
¢¨° µ¡· §µ¢ ´¨Ö Ë °¥·¡µ²µ¢ ¢ Í¥´É· ²Ó´ÒÌ Ö¤·µ-Ö¤¥·´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¨ ³µ-
¦¥É ¶µ³µÎÓ ¢ ¶µ´¨³ ´¨¨ ¤¨´ ³¨±¨ ·¥ ±Í¨°.

’ ±¨¥ ± ´µ´¨Î¥¸±¨¥ ¶ · ³¥É·Ò Ê· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö Ö¤¥·´µ° ³ É¥·¨¨
(EOS), ± ± É¥³¶¥· ÉÊ· , ¶²µÉ´µ¸ÉÓ, ¤ ¢²¥´¨¥, ³µ£ÊÉ ¡ÒÉÓ Ô±¸¶¥·¨³¥´É ²Ó´µ
µ¶·¥¤¥²¥´Ò Éµ²Ó±µ ¶µ ±µ´¥Î´Ò³ ¶·µ¤Ê±É ³ ·¥ ±Í¨¨. „²Ö ¶µ²ÊÎ¥´¨Ö É¥³¶¥-
· ÉÊ·Ò ¢Éµ·¨Î´ÒÌ  ¤·µ´µ¢ µ¡ÒÎ´µ µÍ¥´¨¢ ÕÉ ¢¥²¨Î¨´Ê ¶ · ³¥É·  ´ ±²µ´ 
¨´±²Õ§¨¢´µ£µ ¸¶¥±É· . ‚ ¦´µ ¶µ´ÖÉÓ, ± ± ±µ³Ê ³µ³¥´ÉÊ ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥-
µ¡Ìµ¤¨³µ µÉ´¥¸É¨ ¨§³¥·¥´´ÊÕ ¢¥²¨Î¨´Ê. �¥Ï¥´¨¥ ÔÉµ° ¶·µ¡²¥³Ò § ¢¨¸¨É µÉ
¨¸¶µ²Ó§µ¢ ´´µ£µ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ³¥Éµ¤ . �·¥¤¶µ² £ ¥É¸Ö, ÎÉµ ´ ±²µ´Ò
¸¶¥±É·µ¢ £µ¢µ·ÖÉ ´ ³ µ É¥³¶¥· ÉÊ·¥, ¶·¨ ±µÉµ·µ° · ¸¸³ É·¨¢ ¥³Ò¥ Î ¸É¨ÍÒ
¶¥·¥¸É ÕÉ ¢§ ¨³µ¤¥°¸É¢µ¢ ÉÓ (freeze-out). –¥²Ó ¶µ²ÊÎ¥´¨Ö É ±¨Ì É¥³¶¥· ÉÊ·
¤²Ö Λ-£¨¶¥·µ´µ¢, ´Ê±²µ´µ¢, ³¥§µ´µ¢ ¨ ±² ¸É¥·µ¢, ´ ¡²Õ¤ ¥³ÒÌ ¢ µ¤´µ° ¨
Éµ° ¦¥ ·¥ ±Í¨¨, ¸µ¸Éµ¨É ¢ ¶·µ¤²¥´¨¨ ¤¨´ ³¨Î¥¸±µ° É· ¥±Éµ·¨¨ ¸¨¸É¥³Ò ¶µ
¢¸¥³Ê ¶·µÍ¥¸¸Ê · ¸Ï¨·¥´¨Ö [19].

ˆ§³¥·¥´´Ò¥ ¸¶¥±É·Ò Î ¸É¨Í ¶µ¸²¥ ¶¥·¥¢µ¤  ¨Ì ¢ ¸¨¸É¥³Ê Í¥´É·  ³ ¸¸
¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥· ³µ£ÊÉ ¡ÒÉÓ µ¶¨¸ ´Ò ¶·µ¸ÉÒ³ ±² ¸¸¨Î¥¸±¨³ ¸µµÉ´µÏ¥-
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´¨¥³ [19Ä21]:

d3σ

dp3
=

d3σ

E · p · dEdΩ
= const · exp (

−E

T
), (5)

ÎÉµ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ É¥³¶¥· ÉÊ·Ê Î ¸É¨ÍÒ ¶µ ´ ±²µ´Ê ¸¶¥±É· . � ³¨
µÍ¥´¥´Ò É¥³¶¥· ÉÊ·Ò Λ-£¨¶¥·µ´µ¢, ¶·µÉµ´µ¢ ¨ ¶¨µ´µ¢ ¶ÊÉ¥³ ¨¸¶µ²Ó§µ¢ ´¨Ö:
1) ¨´±²Õ§¨¢´ÒÌ ¸¶¥±É·µ¢ ±¨´¥É¨Î¥¸±¨Ì Ô´¥·£¨° Ek, 2) ¸¶¥±É·µ¢ ¶µ¶¥·¥Î´ÒÌ
¨³¶Ê²Ó¸µ¢ pt ¨ 3) ¸¶¥±É·µ¢ ¶µ¶¥·¥Î´ÒÌ ³ ¸¸ mt =

√
p2

t + m2
0.

„²Ö Ë¨É  ± ¦¤µ£µ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¸¶¥±É·  ¨¸¶µ²Ó§µ¢ ²¸Ö ¶·µ¸Éµ°
Ô±¸¶µ´¥´Í¨ ²Ó´Ò° § ±µ´

F (Ek) = (Ep)−1dn/dEk = A · exp (
−Ek

T
), (6)

£¤¥ E Å ¶µ²´ Ö,   Ek Å ±¨´¥É¨Î¥¸± Ö Ô´¥·£¨Ö Î ¸É¨Í ¢ ¸. Í. ³.; p Å ¨³¶Ê²Ó¸
Î ¸É¨ÍÒ. ’¥³¶¥· ÉÊ·  ¸¢Ö§ ´  ¸µ ¸·¥¤´¥° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¥° ¤ ´´µ£µ
É¨¶  Î ¸É¨Í ¨, ¸²¥¤µ¢ É¥²Ó´µ, Ì · ±É¥·¨§Ê¥É É¥³¶¥· ÉÊ·Ê Ö¤¥·´µ° ³ É¥·¨¨ ´ 
¸É ¤¨¨ ¨¸¶Ê¸± ´¨Ö Î ¸É¨Í.

� · ³¥É· T µ¡ÒÎ´µ ´ §Ò¢ ÕÉ ¸·¥¤´¥° ¨²¨ ¨´±²Õ§¨¢´µ° É¥³¶¥· ÉÊ·µ°.
‚µ ³´µ£¨Ì Ô±¸¶¥·¨³¥´É Ì [22Ä25] T µ¶·¥¤¥²Ö¥É¸Ö ¶µ ¨´¢ ·¨ ´É´Ò³ ¸¶¥±É· ³
Î ¸É¨Í.

’¥³¶¥· ÉÊ·  É ±¦¥ ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  ¶µ · ¸¶·¥¤¥²¥´¨Õ ¶µ¶¥·¥Î-
´ÒÌ ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í. �ÉµÉ ³¥Éµ¤ ¡Ò² ¶·¥¤²µ¦¥´ ¢ É¥·³µ¤¨´ ³¨Î¥¸±µ°
³µ¤¥²¨ • £¥¤µ·´  (Hagedorn) [26]. �¥±µÉµ·Ò¥  ¢Éµ·Ò [26, 27] ¸Î¨É ÕÉ, ÎÉµ
· ¸¶·¥¤¥²¥´¨Ö ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¶·¥¤¶µÎÉ¨É¥²Ó´¥¥ ¤²Ö µ¶·¥¤¥²¥´¨Ö
T ¨§-§  ²µ·¥´Í¥¢¸±µ° ¨´¢ ·¨ ´É´µ¸É¨ pt. � ¸¶·¥¤¥²¥´¨Ö ¶µ ¶µ¶¥·¥Î´µ³Ê
¨³¶Ê²Ó¸Ê Î ¸É¨Í µ¶¨¸Ò¢ ²¨¸Ó ¸²¥¤ÊÕÐ¥° ËÊ´±Í¨¥° [20, 26]:

dN/dpt = const · pt · mt · K1(mt/T ) ≈ const · pt(T · mt)1/2 · exp (
−mt

T
), (7)

K1(x) Å ËÊ´±Í¨Ö Œ ±-„µ´ ²Ó¤  (Mac-Donald) [28].
„²Ö µ¶¨¸ ´¨Ö · ¸¶·¥¤¥²¥´¨° ¶µ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ ¨¸¶µ²Ó§µ¢ ² ¸Ó ËÊ´±-

Í¨Ö

F (mt) =
1

m2
t

· dN/dmt = A · exp (
−mt

T
). (8)

’¥³¶¥· ÉÊ·Ò, µ¶·¥¤¥²¥´´Ò¥ ¶µ · ¸¶·¥¤¥²¥´¨Ö³ ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨
(Ek), ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  (pt) ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸Ò (mt) ¤²Ö Λ-£¨¶¥·µ´µ¢,
¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢³¥¸É¥ ¸ Λ-£¨¶¥·µ´ ³¨,   É ±¦¥ ¢
µ¡ÒÎ´ÒÌ (¡¥§ ·µ¦¤¥´¨Ö Λ) ‘‘-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¢ µ¡² ¸É¨ ¡Ò¸É·µÉ |y∗| < 0,6
¢ ¸. Í. ³., ¤ ÕÉ¸Ö ¢ É ¡²¨Í¥. � ¸¶·¥¤¥²¥´¨Ö ¶µ ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨, ¶µ¶¥-
·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ Λ-£¨¶¥·µ´µ¢, ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢,
µ¡· §µ¢ ´´ÒÌ ¸ ¨ ¡¥§ Λ-£¨¶¥·µ´µ¢ ¢ CC-¸µÊ¤ ·¥´¨ÖÌ, ¢³¥¸É¥ ¸ ·¥§Ê²ÓÉ -
É ³¨ Ë¨É  ¶µ± § ´Ò ´  ·¨¸. 2Ä4. ˆ§ É ¡²¨ÍÒ ³µ¦´µ ¢¨¤¥ÉÓ, ÎÉµ ¢¸¥ É·¨

8



’¨¶ Î ¸É¨ÍÒ ’¨¶ ¸µ¡ÒÉ¨Ö —¨¸²µ Î ¸É¨Í
T , ŒÔ‚

dN/dpt dN/dEk dN/dmt

Λ
�±¸¶. 687 105±7 111±7 103±6
QGSM 7578 106±3 105±3 102±3

p ¸ Λ
�±¸¶. 3961 135±5 132±4 128±4
QGSM 33653 133±3 128±3 129±3

p ¡¥§ Λ
�±¸¶. 76002 140±3 136±3 134±3
QGSM 213560 136±2 133±2 130±2

π−¸ Λ
�±¸¶. 1146 94±2 85±2 81±2
QGSM 12005 93±2 88±2 81±2

π− ¡¥§ Λ
�±¸¶. 23781 98±2 86±2 85±2
QGSM 66820 96±2 90±2 84±2

�¨¸. 2. � ¸¶·¥¤¥²¥´¨Ö Λ-£¨¶¥·µ´µ¢ ¢ CC-¸µÊ¤ ·¥´¨ÖÌ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ( ),
±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Ek(¡) ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ mt (¢). o Ä Ô±¸¶¥·¨³¥´É, ∗ Å QGSM
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö ¶·µÉµ´µ¢ ¨§ ¸µ¡ÒÉ¨° ¸ Λ-£¨¶¥·µ´ ³¨ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê
( ), ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Ek (¡) ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ mt (¢); £, ¤, ¥ Å ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶·µÉµ´µ¢ ¨§ ¸µ¡ÒÉ¨° ¡¥§ Λ-£¨¶¥·µ´µ¢ ¢ CC-¸µÊ¤ ·¥´¨ÖÌ. µ Å
Ô±¸¶¥·¨³¥´É, ∗ Å QGSM

¶µ¤Ìµ¤  ¤ ÕÉ ¸µ£² ¸ÊÕÐ¨¥¸Ö ¢¥²¨Î¨´Ò É¥³¶¥· ÉÊ· ¤²Ö ¢¸¥Ì Î ¸É¨Í. „²Ö
Λ-£¨¶¥·µ´µ¢ ¶µ²ÊÎ¥´Ò É¥³¶¥· ÉÊ·Ò TΛ = 103÷111, ±µÉµ·Ò¥ ³¥´ÓÏ¥ É¥³¶¥-
· ÉÊ·, ¶µ²ÊÎ¥´´ÒÌ ¤²Ö ¶·µÉµ´µ¢, µ¡· §µ¢ ´´ÒÌ ¸ (Tp =128÷135 ŒÔ‚) ¨ ¡¥§
Λ-£¨¶¥·µ´µ¢ (Tp =134÷140 ŒÔ‚). Š ± ¢¨¤´µ ¨§ ¶·¨¢¥¤¥´´ÒÌ ¤ ´´ÒÌ, µ¡· -
§µ¢ ´¨¥ Λ-£¨¶¥·µ´µ¢ ´¥ ¢²¨Ö¥É ´  É¥³¶¥· ÉÊ·Ê ¶·µÉµ´µ¢ ¢ CC-¸µÊ¤ ·¥´¨ÖÌ
¶·¨ 4,2 ƒÔ‚/¸ ´  ´Ê±²µ´ (¸³. É ¡²¨ÍÊ). �´ ²µ£¨Î´Ò° ·¥§Ê²ÓÉ É ¶µ²ÊÎ¥´ ¤²Ö
π−-³¥§µ´µ¢. � £²Ö¤´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ ¡²¨§µ¸É¨ ±¨´¥³ É¨Î¥¸±¨Ì Ì · ±É¥-
·¨¸É¨± (Ek, pt, mt) ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢ ¢ ¸µ¡ÒÉ¨ÖÌ ¸ Λ-£¨¶¥·µ´ ³¨ ¨ ¡¥§
´¨Ì ¤ ÕÉ ·¨¸. 3,  , ¡, ¢ ¸ Λ ¨ ·¨¸. 3, £, ¤, ¥, 4, £, ¤, ¥ ¡¥§ Λ. „²Ö π−-³¥§µ´µ¢
µ¡² ¸ÉÓ ¡Ò¸É·µÉ |y|< 0,8 ¢ ¸. Í. ³. � ´¥¥ É¥³¶¥· ÉÊ·  π−-³¥§µ´µ¢ ¸ ·µ¦¤¥-
´¨¥³ Λ-£¨¶¥·µ´µ¢ ¡Ò²  µ¶·¥¤¥²¥´  ¢ Í¥´É· ²Ó´ÒÌ MgMg-¢§ ¨³µ¤¥°¸É¢¨ÖÌ
¶·¨ 4,3 ƒÔ‚/¸ ´  ´Ê±²µ´ [29]: Tπ− = 91±2 ŒÔ‚ [29].

’¥³¶¥· ÉÊ·Ò Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¢ NiCu-¸µÊ¤ ·¥´¨ÖÌ ¶µ²ÊÎ¥´Ò ±µ²-
² ¡µ· Í¨¥° EOS (Bevalak) [14]. �·¨³¥´¥´¨¥ Ëµ·³Ê²Ò SiemensÄRasmussen
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�¨¸. 4. � ¸¶·¥¤¥²¥´¨Ö π−-³¥§µ´µ¢ ¨§ ¸µ¡ÒÉ¨° ¸ Λ-£¨¶¥·µ´ ³¨ ¶µ ¶µ¶¥·¥Î´µ³Ê ¨³-
¶Ê²Ó¸Ê ( ), ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Ek (¡) ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ mt (¢); £, ¤, ¥ Å ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö π−-³¥§µ´µ¢ ¨§ ¸µ¡ÒÉ¨° ¡¥§ Λ-£¨¶¥·µ´µ¢ ¢ CC-¸µÊ¤ ·¥´¨ÖÌ.
o Å Ô±¸¶¥·¨³¥´É, ∗ Å QGSM

[30] ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ mt-· ¸¶·¥¤¥²¥´¨Ö³ ¶·¨ Ë¨±¸¨·µ¢ ´´µ° ¸±µ·µ-
¸É¨ · ¤¨ ²Ó´µ£µ ¶µÉµ±  βr (βr = 0) ¤ ¥É §´ Î¥´¨Ö TΛ =106±5 ŒÔ‚ [14],
Tp =142±1 ŒÔ‚ [14]. ARC ± ¸± ¤´ Ö ³µ¤¥²Ó ¤ ¥É ¤²Ö É¥Ì ¦¥ ¢§ ¨³µ¤¥°¸É¢¨°
TΛ =91±2 ŒÔ‚ ¨ Tp = 121±1 ŒÔ‚ [14].

‚ Í¥´É· ²Ó´ÒÌ AuAu-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¸ ·µ¦¤¥´¨¥³ Λ-£¨¶¥·µ´µ¢ ¶·¨
Ô´¥·£¨ÖÌ AGS (±µ²² ¡µ· Í¨Ö E891) ¢ ¨´É¥·¢ ²¥ ¡Ò¸É·µÉ µÉ 1,7 ¤µ 3,2 ¨ ¨´É¥·-
¢ ²¥ ¶µ¶¥·¥Î´ÒÌ ±¨´¥É¨Î¥¸±¨Ì Ô´¥·£¨° µÉ 0,0 ¤µ 0,7 ƒÔ‚ [31] · ¸¶·¥¤¥²¥´¨¥
Λ-£¨¶¥·µ´µ¢ ¶µ ¶µ¶¥·¥Î´µ° ³ ¸¸¥ ¡Ò²µ ¶ · ³¥É·¨§¨·µ¢ ´µ ¢ É¥·³¨´ Ì Blast
Wave  ¶¶·µ±¸¨³ Í¨¨ ¨ ¶µ²ÊÎ¥´  É¥³¶¥· ÉÊ·  Λ-£¨¶¥·µ´µ¢ TΛ = 96±37 ŒÔ‚
[31] ¶µ¸²¥ freeze-out Ö¤¥·´µ° ³ É¥·¨¨.

�·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¸ · ¸Î¥É ³¨ ¶µ ³µ¤¥²¨
QGSM. ’¥³¶¥· ÉÊ·Ò Λ-£¨¶¥·µ´µ¢, ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢, µ¡· §µ¢ ´´ÒÌ
¢³¥¸É¥ ¸ Λ-Î ¸É¨Í ³¨ ¨ ¡¥§ ´¨Ì, µÍ¥´¥´´Ò¥ ¶µ · ¸¶·¥¤¥²¥´¨Ö³ ¸³µ¤¥²¨-
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·µ¢ ´´ÒÌ CC-¸µ¡ÒÉ¨° ¶µ ´¥¨´¢ ·¨ ´É´µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ Ek, ¶µ¶¥-
·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥, ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. ‘µµÉ¢¥É¸É¢Ê-
ÕÐ¨¥ · ¸¶·¥¤¥²¥´¨Ö ¸³µ¤¥²¨·µ¢ ´´ÒÌ ¸µ¡ÒÉ¨° ¶µ± § ´Ò ´  ·¨¸. 2Ä4 ¢³¥¸É¥
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨. Œµ¦´µ ¢¨¤¥ÉÓ, ÎÉµ QGSM ¢µ¸¶·µ¨§¢µ¤¨É Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨ ¤ ¥É §´ Î¥´¨Ö É¥³¶¥· ÉÊ·, ¸µ¢¶ ¤ ÕÐ¨¥ ¸ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò³¨ (¸³. ·¨¸. 1Ä4 ¨ É ¡²¨ÍÊ).

‡�Š‹�—…�ˆ…

ˆ¸¸²¥¤µ¢ ´Ò ±µ²²¥±É¨¢´Ò¥ ¸¢µ°¸É¢  Λ-£¨¶¥·µ´µ¢, µ¡· §µ¢ ´´ÒÌ ¢ CC-
¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ¨³¶Ê²Ó¸¥ 4,2 ƒÔ‚/¸ ´  ´Ê±²µ´. ˆ¸¸²¥¤µ¢ ´Ò É ±¦¥ Ì -
· ±É¥·¨¸É¨±¨ ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢ É¥Ì ¦¥ ¸µ¡ÒÉ¨ÖÌ,
ÎÉµ ¨ Λ-£¨¶¥·µ´Ò.

1. �µ²ÊÎ¥´µ ¤µ± § É¥²Ó¸É¢µ ¸ÊÐ¥¸É¢µ¢ ´¨Ö ´ ¶· ¢²¥´´ÒÌ ¶µÉµ±µ¢ ¢ ¶²µ¸-
±µ¸É¨ CC-·¥ ±Í¨¨ ¤²Ö Λ-£¨¶¥·µ´µ¢ ¨ µ¡· §µ¢ ¢Ï¨Ì¸Ö ¢³¥¸É¥ ¸ ´¨³¨ ¶·µÉµ-
´µ¢. � ¶· ¢²¥´¨Ö ¶µÉµ±µ¢ Λ-£¨¶¥·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¸µ¢¶ ¤ ÕÉ. �¤´ ±µ ¢¥²¨-
Î¨´  Λ-¶µÉµ±  ³¥´ÓÏ¥, Î¥³ ¤²Ö ¶·µÉµ´µ¢: FΛ = 117±15, Fp = 132±17. � ¶µ-
³´¨³, ÎÉµ ¶µÉµ± F ¸²Ê¦¨É ³¥·µ° ±µ²²¥±É¨¢´µ£µ ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸ , ¶¥-
·¥¤ ¢ ¥³µ£µ ¢ ¶²µ¸±µ¸ÉÓ ·¥ ±Í¨¨. ‘·¥¤´¨° ¶µ¶¥·¥Î´Ò° ¨³¶Ê²Ó¸ Λ-£¨¶¥·µ´µ¢
¢ ¶²µ¸±µ¸É¨ ·¥ ±Í¨¨ ¢ µ¡² ¸É¨ ¡Ò¸É·µÉ y > 0 µ± § ²¸Ö · ¢´Ò³ < px >y>0=
82 ± 11 ŒÔ‚/¸.

2. �µ²ÊÎ¥´Ò É¥³¶¥· ÉÊ·Ò Λ-£¨¶¥·µ´µ¢,   É ±¦¥ ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢,
¸µ¶·µ¢µ¦¤ ÕÐ¨Ì µ¡· §µ¢ ´¨¥ Λ-£¨¶¥·µ´µ¢. „²Ö ¶µ²ÊÎ¥´¨Ö É¥³¶¥· ÉÊ· Λ-
£¨¶¥·µ´µ¢, ¶·µÉµ´µ¢ ¨ π−-³¥§µ´µ¢ ¨¸¶µ²Ó§µ¢ ´Ò ¨Ì · ¸¶·¥¤¥²¥´¨Ö ¶µ ±¨-
´¥É¨Î¥¸±µ° Ô´¥·£¨¨, ¶µ¶¥·¥Î´µ³Ê ¨³¶Ê²Ó¸Ê ¨ ¶µ¶¥·¥Î´µ° ³ ¸¸¥. ‚¸¥ É·¨
¶µ¤Ìµ¤  ¤ ÕÉ ¸µ£² ¸ÊÕÐ¨¥¸Ö §´ Î¥´¨Ö É¥³¶¥· ÉÊ· ¤²Ö ¢¸¥Ì Î ¸É¨Í. „²Ö Λ-
£¨¶¥·µ´µ¢ ¶µ²ÊÎ¥´  TΛ = 107±6 ŒÔ‚, ±µÉµ· Ö ³¥´ÓÏ¥ É¥³¶¥· ÉÊ·Ò ¶·µ-
Éµ´µ¢, µ¡· §µ¢ ¢Ï¨Ì¸Ö ¸ (TΛ = 128÷135 ŒÔ‚) ¨ ¡¥§ (134÷140 ŒÔ‚) Λ-
£¨¶¥·µ´µ¢.

’¥³¶¥· ÉÊ·  π−-³¥§µ´µ¢ ³¥´ÓÏ¥ TΛ ¨ Tp (Tπ = 86±6 ŒÔ‚), ´µ, ± ± ¨
¤²Ö ¶·µÉµ´µ¢, ¶· ±É¨Î¥¸±¨ µ¤¨´ ±µ¢  ¢ ¸µ¡ÒÉ¨ÖÌ ¸ Λ-£¨¶¥·µ´ ³¨ ¨ ¡¥§ ´¨Ì.

3. ‚¸¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´Ò ¸ ¶·¥¤¸± § ´¨Ö³¨ ±¢ ·±-
£²Õµ´´µ° ¸É·Ê´´µ° ³µ¤¥²¨. Œµ¤¥²Ó Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤¨É Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ ¤ ´´Ò¥.

�² £µ¤ ·´µ¸É¨
�¢Éµ·Ò £²Ê¡µ±µ ¡² £µ¤ ·´Ò �. ‘. �³ £²µ¡¥²¨ §  ¥£µ ¶µ¸ÉµÖ´´ÊÕ ¶µ¤-

¤¥·¦±Ê · ¡µÉÒ. �¢Éµ·Ò ¶·¨§´ É¥²Ó´Ò �. ‘. �³¥²¨´Ê §  µ¡¥¸¶¥Î¥´¨¥ QGSM-
±µ¤µ¢µ° ¶·µ£· ³³µ° COLLI. �¤¨´ ¨§  ¢Éµ·µ¢ (‹. ‚. —Ì ¨¤§¥) ¡² £µ¤ ·¨É ¤¨-
·¥±Í¨Õ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ. ‚¥±¸²¥·  ¨ �. Œ. � ²¤¨´ 
�ˆŸˆ §  É¥¶²Ò° ¶·¨¥³,   É ±¦¥ 	. ‹Ê±¸É¨´ÓÏ  ¨ �. �µ£ Î¥¢¸±µ£µ §  ¶µ-
³µÐÓ ¶·¨ ¶µ¤£µÉµ¢±¥ · ¡µÉÒ ± ¶¥Î É¨.
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