
‚ 2004 £. ´ ÊÎ´ Ö ¶·µ£· ³³  ‹ ¡µ· Éµ·¨¨ ¢Ò-
¸µ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ. ‚¥±¸²¥·  ¨ �. Œ. � ²¤¨´ 
(‹‚�), ± ± ¨ ¢ ¶·¥¤Ò¤ÊÐ¨¥ £µ¤Ò, ¡Ò²  ¸±µ´Í¥´-
É·¨·µ¢ ´  ´  ¨¸¸²¥¤µ¢ ´¨ÖÌ ¢§ ¨³µ¤¥°¸É¢¨° ·¥²Ö-
É¨¢¨¸É¸±¨Ì Ö¤¥· ¢ µ¡² ¸É¨ Ô´¥·£¨° µÉ ´¥¸±µ²Ó-
±¨Ì ¸µÉ¥´ ŒÔ‚ ¤µ ´¥¸±µ²Ó±¨Ì ’Ô‚/´Ê±²µ´ ¸ Í¥-
²ÓÕ µ¡´ ·Ê¦¥´¨Ö ±¢ ·±-£²Õµ´´ÒÌ ¸É¥¶¥´¥° ¸¢µ¡µ¤Ò
¢ Ö¤· Ì, ¶µ¨¸±   ¸¨³¶ÉµÉ¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥°
Ö¤¥·´µ° ³ É¥·¨¨ ¢ ¸µÊ¤ ·¥´¨ÖÌ ¢Ò¸µ±µ° Ô´¥·£¨¨,
  É ±¦¥ ´  ¨§ÊÎ¥´¨¨ ¸¶¨´µ¢µ° ¸É·Ê±ÉÊ·Ò ²¥£Î °-
Ï¨Ì Ö¤¥· [1, 2]. ‚ ÔÉ¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ ¨¸¶µ²Ó§µ-
¢ ²¨¸Ó · §²¨Î´Ò¥ ¶ÊÎ±¨, ¶µ²ÊÎ¥´´Ò¥ ´  Ê¸±µ·¨É¥²Ó-
´µ³ ±µ³¶²¥±¸¥ ‹‚�,   É ±¦¥ ´  Ê¸±µ·¨É¥²ÖÌ –…��,
�·Ê±Ì¥°¢¥´¸±µ° ´ Í¨µ´ ²Ó´µ° ² ¡µ· Éµ·¨¨, GSI ¨
¤·Ê£¨Ì ´ ÊÎ´ÒÌ Í¥´É·µ¢. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´  Ê¸±µ-
·¨É¥²Ó´µ³ ±µ³¶²¥±¸¥ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨°
³µ¦´µ ¶·µ¢µ¤¨ÉÓ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ¨¸¸²¥¤µ¢ -

´¨Ö ¢ µ¡² ¸É¨ Ô´¥·£¨° ´¥¸±µ²Ó±µ ƒÔ‚/´Ê±²µ´, ¶·¨
±µÉµ·ÒÌ ¨³¥¥É ³¥¸Éµ ¶¥·¥Ìµ¤ µÉ ¢²¨Ö´¨Ö ´Ê±²µ´-
´µ° ¸É·Ê±ÉÊ·Ò Ö¤·  ±  ¸¨³¶ÉµÉ¨Î¥¸±µ³Ê ¶µ¢¥¤¥´¨Õ
¢ Ö¤¥·´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ. �·µ£· ³³  ¨¸¸²¥¤µ¢ -
´¨°, ¢ Î ¸É´µ¸É¨, ¶·¥¤Ê¸³ É·¨¢ ¥É: ¶µ²ÊÎ¥´¨¥ ´µ-
¢µ° ¨´Ëµ·³ Í¨¨ µ ¸¢µ°¸É¢ Ì ¶·µÍ¥¸¸µ¢ ³´µ¦¥¸É¢¥´-
´µ£µ ·µ¦¤¥´¨Ö Î ¸É¨Í ¢ ¸Éµ²±´µ¢¥´¨ÖÌ · §²¨Î´ÒÌ
Ö¤¥·; ¨§ÊÎ¥´¨¥ ¸¢µ°¸É¢ ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥°
³ É¥·¨¨ ¶·¨ Ô±¸É·¥³ ²Ó´µ° ¶²µÉ´µ¸É¨ Ô´¥·£¨¨ ¨ ¢
¶¥·¥Ìµ¤´µ° µ¡² ¸É¨ µÉ  ¤·µ´´µ° ³ É¥·¨¨ ± ±¢ ·±-
£²Õµ´´µ° ¶² §³¥.

‹ ¡µ· Éµ·¨Ö ¨³¥¥É Ï¨·µ±µ¥ ³¥¦¤Ê´ ·µ¤´µ¥ ¸µ-
É·Ê¤´¨Î¥¸É¢µ ¸ –…��, ´ ÊÎ´Ò³¨ Í¥´É· ³¨ ¸É· ´-
ÊÎ ¸É´¨Í �ˆŸˆ,   É ±¦¥ ¸ ´ ÊÎ´Ò³¨ Í¥´É· ³¨
‘˜�, ƒ¥·³ ´¨¨, Ÿ¶µ´¨¨, ˆ´¤¨¨, …£¨¶É  ¨ ¤·Ê£¨Ì
¸É· ´.
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�Ê±²µÉ·µ´ Ö¢²Ö¥É¸Ö ¡ §µ¢µ° Ê¸É ´µ¢±µ° �ˆŸˆ.
�´ µ¡¥¸¶¥Î¨¢ ¥É Ë¨§¨Î¥¸±¨¥ £·Ê¶¶Ò ¶ÊÎ± ³¨ ¶·µÉµ-
´µ¢, ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ (  É ±¦¥ ´¥°É·µ´µ¢
¨ ¶·µÉµ´µ¢) ¨ ³´µ£µ§ ·Ö¤´ÒÌ ¨µ´µ¢. ‚ 2004 £. Ê¸±µ-
·¨É¥²Ó´Ò° ±µ³¶²¥±¸ ‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·-
£¨° ¶·µ· ¡µÉ ² ¢ µ¡Ð¥° ¸²µ¦´µ¸É¨ 2304 Î. ‘µ-
¸ÉµÖ²µ¸Ó É·¨ ¶·µ¤µ²¦¨É¥²Ó´ÒÌ ¸¥ ´¸ . 14 µ¸´µ¢-
´ÒÌ ®¶µ²Ó§µ¢ É¥²¥°¯ · ¡µÉ ²¨ ´  ¶ÊÎ± Ì p, d, He,
Li, C, B, Mg. �´¥·£¨Ö Ê¸±µ·¥´´ÒÌ Î ¸É¨Í ¡Ò² 
¢ ¨´É¥·¢ ²¥ 0,5Ä3,0 ƒÔ‚/´Ê±²µ´ ¤²Ö Ö¤¥· ¨ ¤µ-
¸É¨£ ²  5,7 ƒÔ‚ ¤²Ö ¶·µÉµ´µ¢. Œ ±¸¨³ ²Ó´ Ö · -
¡µÎ Ö Ô´¥·£¨Ö ¤¥°É·µ´µ¢ ¢ ¤¥± ¡·Ó¸±µ³ ¸¥ ´¸¥ Å
3,685 ƒÔ‚/´Ê±²µ´.

�¸´µ¢´ Ö § ¤ Î  · §¢¨É¨Ö Ê¸±µ·¨É¥²Ó´µ£µ ±µ³-
¶²¥±¸  ¢ 2004 £. ¸µ¸ÉµÖ²  ¢ Ê¸±µ·¥´¨¨ ¶ÊÎ±  ¤¥°É·µ-
´µ¢ ¤µ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨ 6 A · ƒÔ‚. � ¡µÉÒ ¶µ
¢Ò¶µ²´¥´¨Õ ÔÉµ° § ¤ Î¨ ¶·µ¢µ¤¨²¨¸Ó ¢ ¤¥± ¡·Ó¸±µ³
¸¥ ´¸¥ · ¡µÉÒ ´Ê±²µÉ·µ´ .

� · ³¥É·Ò ¶ÊÎ±µ¢ Î ¸É¨Í ´  ´Ê±²µÉ·µ´¥, ¨³¥Õ-
Ð¨Ì¸Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨ ¶² ´¨·Ê¥³ÒÌ ´  2005 £.,
¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥ [3, 4].

‚ É¥Î¥´¨¥ 2004 £. ¡Ò²µ § ¢¥·Ï¥´µ ¸µµ·Ê¦¥´¨¥
¨ É¥¸É¨·µ¢ ´¨¥ ¢ ±µ²ÓÍ¥ ´Ê±²µÉ·µ´  ´µ¢µ° ¸É ´Í¨¨
¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ [5, 6]. ‚ ÔÉµ° · ¡µÉ¥ ¶·¨´Ö²¨
ÊÎ ¸É¨¥ �· ¦¸±¨° ¢ ±ÊÊ³´Ò° § ¢µ¤ ¨ ”¨§¨Î¥¸±¨°
¨´¸É¨ÉÊÉ ‘²µ¢ Í±µ°  ± ¤¥³¨¨ ´ Ê± ¢ �· É¨¸² ¢¥.

‚ ¦´Ò³ ¸µ¡ÒÉ¨¥³ ¤²Ö ¤ ²Ó´¥°Ï¥£µ · §¢¨É¨Ö
Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ‹‚� ¢ 2004 £. ¡Ò²µ ¶µ¤-
¶¨¸ ´¨¥ ¸µ£² Ï¥´¨Ö ³¥¦¤Ê “´¨¢¥·¸¨É¥Éµ³ ¢ ˆ´¤¨-
 ´¥ ¨ �ˆŸˆ µ ¶¥·¥¤ Î¥ ¶µ²Ö·¨§µ¢ ´´µ£µ ¨¸ÉµÎ´¨± 
¨µ´µ¢ CIPIOS ¤²Ö Ê¸É ´µ¢±¨ ¥£µ ´  ´Ê±²µÉ·µ´. � -
· ³¥É·Ò ¨¸ÉµÎ´¨±  ¸²¥¤ÊÕÐ¨¥: Î ¸ÉµÉ  ¨³¶Ê²Ó¸µ¢
µÉ 1 ¤µ 4 ƒÍ; Ô´¥·£¨Ö ¶ÊÎ±  25 ±Ô‚; ¶µ²Ö·¨§µ¢ ´-
´Ò¥ H ¨²¨ d; ´µ·³ ²Ó´ Ö ¶µ²Ö·¨§ Í¨Ö ¡µ²ÓÏ¥ 80 %;
1,5 ³� (¶¨±) µÉ ¨¸ÉµÎ´¨± ; ¡µ²ÓÏ¥ 25 ³� (¶¨±) Å
´¥¶µ²Ö·¨§µ¢ ´´Ò° ¶ÊÎµ±.
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� · ³¥É·Ò ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ±µ¢ ´  ´Ê±²µÉ·µ´¥

— ¸É¨Í 
ˆ´É¥´¸¨¢´µ¸ÉÓ, Î ¸É¨Í/Í¨±²

2002 £. 2004 £. 2005 £.

p 3 · 1010 1 · 1011 2 · 1011

d 5 · 1010 5 · 1010 1 · 1011

4He 8 · 108 3 · 109 2 · 1010

7Li 8 · 108 1 · 109 2 · 109

10B 2, 3 · 107 2 · 108 2 · 109

12C 1 · 109 2 · 109 1 · 1010

14N Å 1 · 107 5 · 107

16O 5 · 108 7 · 108 1 · 109

24Mg 2 · 107 1 · 108 3 · 108

40Ar 1 · 106 3 · 107 2 · 109

56Fe Å 1, 2 · 106 5 · 107

84Kr 1 · 103 Å 5 · 106

131Xe Å Å 1 · 106

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¨¸ÉµÎ´¨±  CIPIOS ´  ´Ê±²µ-
É·µ´¥ ¶µ§¢µ²¨É µ¡¥¸¶¥Î¨ÉÓ ¨´É¥´¸¨¢´µ¸ÉÓ ¢Ò¢¥¤¥´-
´µ£µ ¶ÊÎ±  ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ´µ¢ ¤µ 5·1010 § 
Í¨±². �µ²ÊÎ¥´¨¥ É ±µ° ¨´É¥´¸¨¢´µ¸É¨ ¶µ²Ö·¨§µ¢ ´-
´ÒÌ ¤¥°É·µ´µ¢ Ö¢²Ö¥É¸Ö µ¤´µ° ¨§ µ¸´µ¢´ÒÌ § ¤ Î ¢
2005Ä2007 ££. �±É¨¢´µ¥ ÊÎ ¸É¨¥ ¢ ÔÉ¨Ì · ¡µÉ Ì ¶·¨-

³¥É ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ��� (’·µ¨Í±).
‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ÔÉµÉ ¨¸ÉµÎ´¨± £µÉµ¢ ± É· ´¸¶µ·-
É¨·µ¢±¥ ¢ „Ê¡´Ê (·¨¸. 1).

�·¥¤²µ¦¥´  ¨ ¶·µ¢¥¤¥´  ³µ¤¥·´¨§ Í¨Ö ¸Ì¥³Ò
±·¨µ¸É É¨·µ¢ ´¨Ö ´Ê±²µÉ·µ´  ¸ ¶·¨³¥´¥´¨¥³ ¸É·Ê°-
´ÒÌ  ¶¶ · Éµ¢, ÎÉµ ¶µ§¢µ²¨²µ §´ Î¨É¥²Ó´µ Ê¢¥²¨Î¨ÉÓ
¶µÉµ± ¦¨¤±µ£µ £¥²¨Ö, ¶·µ± Î¨¢ ¥³µ£µ Î¥·¥§ ¸¢¥·Ì-
¶·µ¢µ¤ÖÐ¨¥ ³ £´¨ÉÒ Ê¸±µ·¨É¥²Ö. ‚ ·¥§Ê²ÓÉ É¥ ¶µ-
¢ÒÏ¥´  ´ ¤¥¦´µ¸ÉÓ ¨ Ê¸Éµ°Î¨¢µ¸ÉÓ · ¡µÉÒ ¸¢¥·Ì-
¶·µ¢µ¤ÖÐ¥° ³ £´¨É´µ° ¸¨¸É¥³Ò ´Ê±²µÉ·µ´ , ±µ²¨-
Î¥¸É¢µ Ô²¥±É·µÔ´¥·£¨¨, ¶µÉ·¥¡²Ö¥³µ¥ Ê¸±µ·¨É¥²¥³,
Ê³¥´ÓÏ¥´µ ´¥ ³¥´¥¥ Î¥³ ´  600 ±‚É. �·µ¢¥¤¥´Ò
¶·¥¤¢ ·¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ£µ ³ ¸¸µ-
¢µ£µ · ¸Ìµ¤  ¦¨¤±µ£µ £¥²¨Ö, ¶µ²ÊÎ¥´´µ£µ ¶ÊÉ¥³ ¨¸-
¶µ²Ó§µ¢ ´¨Ö ¸É·Ê°´ÒÌ  ¶¶ · Éµ¢.

�±¸¶¥·¨³¥´ÉÒ ´  ´Ê±²µÉ·µ´¥ µÉ±·Ò¢ ÕÉ ´µ¢Ò¥
¢µ§³µ¦´µ¸É¨ ¤²Ö · §²¨Î´ÒÌ ´ ÊÎ´ÒÌ ¶·µ£· ³³ ¸
¨µ´´Ò³¨ ¶ÊÎ± ³¨ ¨ ¶ÊÎ± ³¨ ¶µ²Ö·¨§µ¢ ´´ÒÌ ¨µ´µ¢.
�¶ÒÉ µ¡¥¸¶¥Î¥´¨Ö · ¡µÉÒ ¨ µ¡¸²Ê¦¨¢ ´¨Ö ´Ê±²µ-
É·µ´  ¢¥¸Ó³  ¶µ²¥§¥´ ¤²Ö ¶·µ¥±É¨·µ¢ ´¨Ö ¨ ¸É·µ¨-
É¥²Ó¸É¢  ´µ¢ÒÌ Ê¸±µ·¨É¥²¥°.

�¨¸. 1. �µ²Ö·¨§µ¢ ´´Ò° ¨¸ÉµÎ´¨± CIPIOS
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‚ 2004 £. ´  ¢´ÊÉ·¥´´¥³ ¨ ¢Ò¢¥¤¥´´µ³ ¶ÊÎ± Ì
´Ê±²µÉ·µ´  ¶·µ¤µ²¦ ²¨¸Ó ¨¸¸²¥¤µ¢ ´¨Ö, ¢¥¤ÊÐ¨¥¸Ö
´ ÊÎ´Ò³¨ ±µ²²¥±É¨¢ ³¨ ¨§ · §´ÒÌ ¸É· ´,   É ±¦¥
¶·µ¢µ¤¨²¸Ö  ´ ²¨§ · ´¥¥ ¶µ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ. �¨¦¥
¶·¨¢¥¤¥´Ò ´¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨°.

�±¸¶¥·¨³¥´É ®„¥²ÓÉ -2¯

‚ 2004 £. ´  ´Ê±²µÉ·µ´¥ ´ Î ÉÒ · ¡µÉÒ ¶µ ¸¨¸É¥-
³ É¨Î¥¸±µ³Ê ¨§ÊÎ¥´¨Õ ÔËË¥±É  ·¥§µ´ ´¸´µ£µ Ê¸¨²¥-
´¨Ö ¢ÒÌµ¤  ¶¨µ´µ¢ ¢ ¶·µÉµ´- ¨ ¤¥°É·µ´-Ö¤¥·´ÒÌ ·¥-

 ±Í¨ÖÌ ¶·¨ Ô´¥·£¨¨ ¶ÊÎ±  ∼ 350 ŒÔ‚/´Ê±²µ´. ˆ§³¥-
·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¸ ¶µ³µÐÓÕ Ê¸É ´µ¢±¨ ®„¥²ÓÉ -2¯
´  ¢´ÊÉ·¥´´¥³ ¶ÊÎ±¥ ´Ê±²µÉ·µ´  ¶·¨ ¨¸¶µ²Ó§µ¢ -
´¨¨ ³¨Ï¥´¥° ¨§ ¸¥·¥¡· , ³¥¤¨,  ²Õ³¨´¨Ö ¨ Ê£²¥-
·µ¤  ¢ É¥Î¥´¨¥ ¤¢ÊÌ ¸¥ ´¸µ¢ ¢ ³ ·É¥ ¨ ¨Õ´¥ 2004 £.
‘Ì¥³  Ê¸É ´µ¢±¨ ®„¥²ÓÉ -2¯ ¨ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2. ‚¨¤´µ,
ÎÉµ ¤²Ö ¡µ²¥¥ ÉÖ¦¥²ÒÌ ³¨Ï¥´¥°, ´ Î¨´ Ö ¸ Cu, ¶µ-
Ö¢²Ö¥É¸Ö Ê§±¨° ³ ±¸¨³Ê³ ¢ µ¡² ¸É¨ Ô´¥·£¨¨ ¶ÊÎ± 
350 ŒÔ‚/´Ê±²µ´. �Éµ µ§´ Î ¥É, ÎÉµ ¤ ´´Ò° ÔËË¥±É
³µ¦¥É ¨³¥ÉÓ Ö¤¥·´ÊÕ ¶·¨·µ¤Ê.
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„²Ö µ¡ÑÖ¸´¥´¨Ö ´ ¡²Õ¤ ¥³µ£µ ÔËË¥±É  É·¥¡Ê-
ÕÉ¸Ö ¤µ¶µ²´¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥.

‚ 2005Ä2006 ££. ¶² ´¨·Ê¥É¸Ö ¨§ÊÎ¨ÉÓ ÔÉµÉ ÔË-
Ë¥±É ¡µ²¥¥ ¤¥É ²Ó´µ ¤²Ö · §²¨Î´ÒÌ ³¨Ï¥´¥°,
¡µ³¡ ·¤¨·ÊÕÐ¨Ì Î ¸É¨Í ¨ Ê£²µ¢ ¨¸¶Ê¸± ´¨Ö
¶¨µ´µ¢.

�¥·¢Ò¥ ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨
¤µ²µ¦¥´Ò ´  XVII Œ¥¦¤Ê´ ·µ¤´µ³ ¸¥³¨´ ·¥
¨³. �. Œ. � ²¤¨´  ¶µ ¶·µ¡²¥³ ³ Ë¨§¨±¨ ¢Ò¸µ±¨Ì
Ô´¥·£¨° ®�¥²ÖÉ¨¢¨¸É¸± Ö Ö¤¥·´ Ö Ë¨§¨±  ¨ ±¢ ´-
Éµ¢ Ö Ì·µ³µ¤¨´ ³¨± ¯ 27 ¸¥´ÉÖ¡·Ö Å 2 µ±ÉÖ¡·Ö
2004 £.

�¨¸. 2.  ) ‘Ì¥³  Ê¸É ´µ¢±¨ ®„¥²ÓÉ -2¯; ¡) ¶·¥¤¢ ·¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¶µ¨¸±Ê ·¥§µ´ ´¸´µ£µ Ê¸¨²¥´¨Ö ¢ÒÌµ¤  ¶¨µ´µ¢
(µÉ´µ·³¨·µ¢ ´´Ò¥ ¢ÒÌµ¤Ò ¶¨µ´µ¢ ¢ d + A- ¨ p + A-·¥ ±Í¨ÖÌ ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¶ÊÎ± )

�±¸¶¥·¨³¥´É ”�‡�

ˆ§ÊÎ¥´¨¥ · ¸¶ ¤  £µ·ÖÎ¨Ì Ö¤¥· Ö¢²Ö¥É¸Ö µ¤´µ°
¨§ Í¥´É· ²Ó´ÒÌ § ¤ Î ¸µ¢·¥³¥´´µ° Ö¤¥·´µ° Ë¨§¨±¨,
·¥Ï¥´¨¥ ±µÉµ·µ° ¶·¨¢¥¤¥É ± ¶µ²ÊÎ¥´¨Õ ¨´Ëµ·³ -
Í¨¨ µ Ö¤¥·´µ³ Ê· ¢´¥´¨¨ ¸µ¸ÉµÖ´¨Ö ¶·¨ É¥³¶¥· -
ÉÊ· Ì ´¨¦¥ Tc Å ±·¨É¨Î¥¸±µ° É¥³¶¥· ÉÊ·Ò ¤²Ö
Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¦¨¤±µ¸ÉÓÄ£ §. ƒ² ¢´Ò³ É¨¶µ³
· ¸¶ ¤  ¢Ò¸µ±µ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥· Ö¢²Ö¥É¸Ö ³´µ¦¥-
¸É¢¥´´ Ö Ô³¨¸¸¨Ö Ë· £³¥´Éµ¢ ¸ ¶·µ³¥¦ÊÉµÎ´µ° ³ ¸-
¸µ° (”�Œ), ±µÉµ·Ò¥ ÉÖ¦¥²¥¥ α-Î ¸É¨Í, ´µ ²¥£Î¥
µ¸±µ²±µ¢ ¤¥²¥´¨Ö. ˆ¸±²ÕÎ¨É¥²Ó´ Ö  ±É¨¢´µ¸ÉÓ ¢
ÔÉµ° µ¡² ¸É¨ µ¡Ê¸²µ¢²¥´  µ¦¨¤ ´¨¥³ Éµ£µ, ÎÉµ ÔÉµÉ
¶·µÍ¥¸¸ ¨³¥¥É µÉ´µÏ¥´¨¥ ± Ë §µ¢µ³Ê ¶¥·¥Ìµ¤Ê ¢
Ö¤¥·´µ³ ¢¥Ð¥¸É¢¥. �É¨ ¶·¥¤¶µ²µ¦¥´¨Ö ¡Ò²¨ ¶µ¤-
É¢¥·¦¤¥´Ò ¢ ¶·µ¥±É¥ ”�‡�, ±µÉµ·Ò° ´ Í¥²¥´ ´ 
´ ¡²Õ¤¥´¨¥ ¨ ¨§ÊÎ¥´¨¥ É¥¶²µ¢µ° ³Ê²ÓÉ¨Ë· £³¥´-
É Í¨¨. �ÉµÉ ¶·µÍ¥¸¸ ´ ¨¡µ²¥¥ ¶µ¤Ìµ¤¨É ¤²Ö ¨¸¸²¥-
¤µ¢ ´¨Ö É¥·³µ¤¨´ ³¨±¨ £µ·ÖÎ¨Ì Ö¤¥·. ˆ¸¶µ²Ó§µ¢ -
² ¸Ó 4π-Ê¸É ´µ¢±  ”�‡� ´  ¢Ò¢¥¤¥´´µ³ ¶ÊÎ±¥ ²¥£-
±¨Ì ¨µ´µ¢ ´Ê±²µÉ·µ´ . �Ò²µ ¤µ± § ´µ, ÎÉµ É¥¶²µ¢ Ö
³Ê²ÓÉ¨Ë· £³¥´É Í¨Ö Ö¢²Ö¥É¸Ö ¸²¥¤¸É¢¨¥³ Ö¤¥·´µ£µ
Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¦¨¤±µ¸ÉÓÄÉÊ³ ´ [7, 8]. �·¨¢¥-
¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ ¶µ¸²¥¤´¥³Ê, ´ ¨¡µ²¥¥ · Ë¨´¨-
·µ¢ ´´µ³Ê, ¨§³¥·¥´¨Õ Tc. � °¤¥´µ [7], ÎÉµ Tc =
(17 ± 2) ŒÔ‚, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥, Î¥³ É¥³¶¥· -

�¨¸. 3. ‡ ·Ö¤µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ Ë· £³¥´Éµ¢, ¨§³¥·¥´´µ¥
¤²Ö ·¥ ±Í¨¨ p (8,1 ƒÔ‚) + Au (±¢ ¤· ÉÒ) ¨ · ¸¸Î¨É ´´µ¥
¢ ³µ¤¥²¨ ¶·µÍ¥¸¸  ¶·¨ · §²¨Î´ÒÌ ¢¥²¨Î¨´ Ì µ¡Ñ¥³  ¸¨-
¸É¥³Ò ´  ¸É ¤¨¨ Ëµ·³¨·µ¢ ´¨Ö Ë· £³¥´Éµ¢
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ÉÊ·  ¸¨¸É¥³Ò (5Ä6 ŒÔ‚). �Éµ µÎ¥´Ó ¢ ¦´µ¥ ´ ¡²Õ-
¤¥´¨¥ ¢ ¶µ²Ó§Ê ³¥Ì ´¨§³  ¡Ò¸É·µ£µ · §¢ ²  ¸¨¸É¥³Ò,
¶µ¶ ¢Ï¥° ¢ ¸¶¨´µ¤ ²Ó´ÊÕ µ¡² ¸ÉÓ Ë §µ¢µ° ´¥Ê¸Éµ°-
Î¨¢µ¸É¨.

‚ · ¡µÉ¥ [8] ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ Ô±¸¶¥·¨-
³¥´É ²Ó´µ³Ê µ¶·¥¤¥²¥´¨Õ ¶·µ¸É· ´¸É¢¥´´ÒÌ Ì · ±-
É¥·¨¸É¨± ¤²Ö Ë· £³¥´É Í¨¨ ¸¶¥±É Éµ·  ³¨Ï¥´¨ ¢ ¸µ-
Ê¤ ·¥´¨ÖÌ p (8, 1 ƒÔ‚) + Au (·¨¸. 3). ‚ · ³± Ì ¸É -
É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ SMM ¡Ò²¨ ¶·µ ´ ²¨§¨·µ¢ ´Ò
¨´±²Õ§¨¢´Ò¥ ¤ ´´Ò¥ ¶µ § ·Ö¤µ¢Ò³ · ¸¶·¥¤¥²¥´¨Ö³
Y (Z) ¨ ¸¶¥±É· ³ ±¨´¥É¨Î¥¸±¨Ì Ô´¥·£¨° Ë· £³¥´Éµ¢.
ˆ§ Ëµ·³Ò Y (Z) ´ °¤¥´µ, ÎÉµ § ·Ö¤µ¢µ¥ · ¸¶·¥¤¥²¥-
´¨¥ Ëµ·³¨·Ê¥É¸Ö ¶µ¸²¥ · ¸Ï¨·¥´¨Ö ¢µ§¡Ê¦¤¥´´µ£µ
¸¶¥±É Éµ·  ³¨Ï¥´¨ (§  ¸Î¥É É¥¶²µ¢µ£µ ¤ ¢²¥´¨Ö) ¤µ
µ¡Ñ¥³  Vt = (2,9 ± 0,2)V0, £¤¥ V0 Å µ¡Ñ¥³ Ìµ²µ¤-
´µ£µ Ö¤·  (·¨¸. 4). �¤´ ±µ ¨§  ´ ²¨§  ¸¶¥±É·  ±¨-
´¥É¨Î¥¸±¨Ì Ô´¥·£¨° ´ °¤¥´µ ¤·Ê£µ¥ §´ Î¥´¨¥ µ¡Ñ¥³ 
¸¨¸É¥³Ò: Vf = (11 ± 3)V0. ‘ÊÐ¥¸É¢µ¢ ´¨¥ ¤¢ÊÌ
· §²¨Î´ÒÌ Ì · ±É¥·¨¸É¨Î¥¸±¨Ì µ¡Ñ¥³µ¢ ¢ Ë· £³¥´-
É Í¨¨ ¨³¥¥É ¶·µ§· Î´µ¥ §´ Î¥´¨¥. �¥·¢Ò° ¸µµÉ¢¥É-
¸É¢Ê¥É ±µ´Ë¨£Ê· Í¨¨, ±µ£¤  ¶µ¸²¥ · ¸Ï¨·¥´¨Ö ¸¶¥±-
É Éµ·  ¶·¨³¥·´µ ¢ É·¨ · §  ¢ ´¥³ ¶·µ¨¸Ìµ¤ÖÉ ²µ± ²Ó-
´Ò¥ Ë²Ê±ÉÊ Í¨¨ ¶²µÉ´µ¸É¨, ¶·¨¢µ¤ÖÐ¨¥ ± µ¡· §µ¢ -
´¨Õ ®¶·¥Ë· £³¥´Éµ¢¯. Œ¥¦¤Ê ´¨³¨ ¥Ð¥ ¤¥°¸É¢ÊÕÉ
Ö¤¥·´Ò¥ ¸¨²Ò. �Éµ ¶·µ¨¸Ìµ¤¨É ´  ¢¥·Ï¨´¥ ¶µÉ¥´-
Í¨ ²Ó´µ£µ ¡ ·Ó¥·  Ë· £³¥´É Í¨¨. �µ¤ ¤¥°¸É¢¨¥ ±Ê-
²µ´µ¢¸±µ£µ · ¸É ²±¨¢ ´¨Ö ¸¨¸É¥³  ®¸¶Ê¸± ¥É¸Ö¯ ¸
¢¥·Ï¨´Ò ¡ ·Ó¥· , ¨, ´ ±µ´¥Í, Ë· £³¥´ÉÒ ¸É ´µ¢ÖÉ¸Ö
¸¢µ¡µ¤´Ò³¨. �·¨ ÔÉµ³ ÔËË¥±É¨¢´Ò° µ¡Ñ¥³ ¸¨¸É¥³Ò
· ¢¥´ Vf (®freeze-out volume¯). ŠÊ²µ´µ¢¸±µ¥ Ê¸±µ-
·¥´¨¥ ¶µ¸²¥ ÔÉµ£µ ¨ µ¶·¥¤¥²Ö¥É 70Ä80 % ±¨´¥É¨Î¥-
¸±µ° Ô´¥·£¨¨ Ë· £³¥´Éµ¢. Š ·É¨´  ¶µÌµ¦  ´  ÉÊ,
ÎÉµ ¨³¥¥É¸Ö ¶·¨ µ¡ÒÎ´µ³ ¤¥²¥´¨¨: · ¸¶·¥¤¥²¥´¨¥
µ¸±µ²±µ¢ ¶µ ³ ¸¸¥ Ëµ·³¨·Ê¥É¸Ö, ±µ£¤  Ö¤·µ ¶µ¶ ¤ ¥É
´  ¢¥·Ï¨´Ê ¡ ·Ó¥·  ¤¥²¥´¨Ö. �µ Ö¤¥·´µ¥ ¢§ ¨³µ-
¤¥°¸É¢¨¥ ³¥¦¤Ê µ¸±µ²± ³¨ µ± ´Î¨¢ ¥É¸Ö Éµ²Ó±µ ¶·¨
¤µ¸É¨¦¥´¨¨ ®ÉµÎ±¨ · §·Ò¢ ¯. ‚ ¸²ÊÎ ¥ ³Ê²ÓÉ¨Ë· £-

�¨¸. 4. ‡´ Î¥´¨¥ χ2 ¢ § ¢¨¸¨³µ¸É¨ µÉ µ¡Ñ¥³  ¸¨¸É¥³Ò
Vt/V0, ¶µ²ÊÎ¥´´µ¥ ¶·¨ ¸· ¢´¥´¨¨ ¨§³¥·¥´´ÒÌ ¨ · ¸Î¥É-
´ÒÌ § ·Ö¤µ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶µ ³¥Éµ¤Ê ´ ¨³¥´ÓÏ¨Ì ±¢ -
¤· Éµ¢. � ¨²ÊÎÏ¥³Ê ¸µ£² ¸¨Õ µÉ¢¥Î ¥É Vt = (2,9±0,2) V0

³¥´É Í¨¨ ¸²¥¤Ê¥É £µ¢µ·¨ÉÓ µ ®³´µ£µ±· É´µ° ÉµÎ±¥
· §·Ò¢ ¯.

�·¨ ¸É É¨¸É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ Ö¤¥·´µ° ³Ê²ÓÉ¨-
Ë· £³¥´É Í¨¨ ¤µ ¸¨Ì ¶µ· ¨¸¶µ²Ó§µ¢ ²¸Ö Éµ²Ó±µ
µ¤¨´ · §³¥·´Ò° ¶ · ³¥É·. ’¥¶¥·Ó ¤µ± § ´µ, ÎÉµ
ÔÉµ ´¥ É ±.

�±¸¶¥·¨³¥´É ®„¥²ÓÉ Ä‘¨£³ ¯

�µ²ÊÎ¥´Ò ´µ¢Ò¥ ÉµÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°
· §´µ¸É¨ ∆σL(np) ´¥°É·µ´-¶·µÉµ´´µ£µ § ¢¨¸ÖÐ¥£µ
µÉ ¸¶¨´  ¶µ²´µ£µ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ¶·¨ ¸²¥¤ÊÕ-
Ð¨Ì §´ Î¥´¨ÖÌ ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ ´¥°É·µ´´µ£µ
¶ÊÎ± : 1,39, 1,69, 1,89 ¨ 1,99 ƒÔ‚ [9].

�µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ∆σL(np) ¸µ¢¶ ¤ ÕÉ ¸ ¸Ê-
Ð¥¸É¢ÊÕÐ¨³¨ ·¥§Ê²ÓÉ É ³¨ ¶µ np-¢§ ¨³µ¤¥°¸É¢¨Õ,

�¨¸. 5. �´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³µ¸ÉÓ ∆σL(np) (a) ¨ ∆σL (I = 0) (¡). � Å ´ Ï¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥; �, � Å ´ Ï¨
· ´¥¥ ¶µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥; � Å ¤ ´´Ò¥ PSI; � Å ¤ ´´Ò¥ LAMPF; � Å ¤ ´´Ò¥ SATURNE II
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· ¸¸Î¨É ´´Ò³¨ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ®¸¢µ¡µ¤´ÒÌ ´¥°-
É·µ´µ¢¯. �µ¤É¢¥·¦¤ ¥É¸Ö ¡Ò¸É·µ¥ Ê³¥´ÓÏ¥´¨¥ §´ -
Î¥´¨° ∆σL(np) ¶·¨ Ô´¥·£¨¨ ¢ÒÏ¥ 1,1 ƒÔ‚ ¨ ´ ¡²Õ-
¤ ¥É¸Ö ³¨´¨³Ê³ ¨²¨ ®¶²¥Îµ¯ ¢¡²¨§¨ 1,8 ƒÔ‚. �¥§Ê²Ó-
É ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5.

�·¥¤¸É ¢²¥´Ò É ±¦¥ ¢¥²¨Î¨´Ò ∆σL (I = 0),
¶µ²ÊÎ¥´´Ò¥ ´  µ¸´µ¢ ´¨¨ ¨§³¥·¥´´ÒÌ §´ Î¥´¨°
∆σL(np) ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¤ ´´ÒÌ ¶µ ∆σL(np). �´¨
¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥ ´¥±µ¥£µ ¶² Éµ ¨²¨ ¸² ¡µ£µ ³ ±-
¸¨³Ê³  ¢¡²¨§¨ 1,4 ƒÔ‚, ±µÉµ·µ¥ ¸µ¶·µ¢µ¦¤ ¥É¸Ö ¡Ò-
¸É·Ò³ ¶ ¤¥´¨¥³ ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¨ ³¨´¨³Ê³µ³
¢¡²¨§¨ 1,8 ƒÔ‚.

�Ò²µ ¶·µ¢¥¤¥´µ ¸· ¢´¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ -
Éµ¢ ¸ ¶·¥¤¸± § ´¨Ö³¨, ¸¤¥² ´´Ò³¨ ¸ ¶·¨³¥´¥´¨¥³
¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨, ¨ ¸ ´¥¤ ¢´¨³¨ ·¥§Ê²ÓÉ É ³¨
Ë¨É¨·µ¢ ´¨Ö ¶µ ED GW/VPI PSA. �¥µ¡Ìµ¤¨³µ ¶·µ-
¢¥¸É¨ ÉµÎ´Ò¥ ¨§³¥·¥´¨Ö ∆σL(np) ¢¡²¨§¨ 1,8 ƒÔ‚
¨ ¶µ²ÊÎ¨ÉÓ ´µ¢Ò¥ ¤ ´´Ò¥ ¢ µ¡² ¸É¨ ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ ¢ÒÏ¥ 1,1 ƒÔ‚. �¥§Ê²ÓÉ ÉÒ ¶µ § ¢¨¸¨³µ-
¸É¨ µÉ ¸¶¨´  ¡Ò²¨ ¤µ¶µ²´¥´Ò ¨§³¥·¥´¨¥³ ¶µ²´ÒÌ
´¥¶µ²Ö·¨§µ¢ ´´ÒÌ ¶µ¶¥·¥Î´ÒÌ ¸¥Î¥´¨° σ0tot(np) ¨
σ0tot(nC).

�·µ¥±É BECQUEREL

�·µ¥±É BECQUEREL (Beryllium (Boron) Cluster-
ing Quest in Relativistic Multifragmentation) µ·¨¥´É¨-
·µ¢ ´ ´  µ¡²ÊÎ¥´¨¥ ËµÉµÔ³Ê²Ó¸¨¨ ²¥£±¨³¨ ¸É ¡¨²Ó-
´Ò³¨ ¨ · ¤¨µ ±É¨¢´Ò³¨ Ö¤· ³¨ ¸ Ô´¥·£¨¥° ¶µ·Ö¤± 
´¥¸±µ²Ó±¨Ì ƒÔ‚/´Ê±²µ´.

�µ § Ö¢± ³ ¸µÉ·Ê¤´¨Î¥¸É¢  BECQUEREL ´  ´Ê-
±²µÉ·µ´¥ ¢Ò¶µ²´¥´µ µ¡²ÊÎ¥´¨¥ Ô³Ê²Ó¸¨µ´´ÒÌ ¸Éµ-
¶µ± ¶ÊÎ± ³¨ µ¡µ£ Ð¥´´ÒÌ ²¥£±¨Ì Ö¤¥· 7Be, 8B, 9Be
¨ 9C ¸ Ô´¥·£¨¥° 1,2 A · ƒÔ‚. „²Ö Ëµ·³¨·µ¢ ´¨Ö
¶ÊÎ±  Ö¤¥· 7Be ¡Ò²  ¢Ò¡· ´  ·¥ ±Í¨Ö ¶¥·¥§ ·Ö¤±¨
¶¥·¢¨Î´ÒÌ Ö¤¥· 7Li. ‘Ê³³ ·´Ò° ¶µÉµ± ¶·¨ µ¡²ÊÎ¥-
´¨¨ Ô³Ê²Ó¸¨° ¸µ¸É ¢¨² 40000 Ö¤¥· 7Be §  ¢·¥³Ö µ¡-

²ÊÎ¥´¨Ö µ±µ²µ 1,5 Î. ‡ ·Ö¤µ¢Ò° ¸¶¥±É· ¶ÊÎ±  ¶·¥¤-
¸É ¢²¥´ ´  ·¨¸. 6. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö µ¡· -
¡µÉ±  µ¡²ÊÎ¥´´µ£µ ³ É¥·¨ ² . …¸ÉÓ µ¸´µ¢ ´¨Ö ¶µ² -
£ ÉÓ, ÎÉµ ¡Ê¤¥É ¸ÊÐ¥¸É¢¥´´µ Ê¢¥²¨Î¥´  ¸É É¨¸É¨±  ¶µ
Ë· £³¥´É Í¨¨ ÔÉµ£µ Ö¤· .

�ÊÎ±¨ Ö¤¥· 9Be ¨ 8B ¡Ò²¨ ¸Ëµ·³¨·µ¢ ´Ò ´ 
µ¸´µ¢¥ ·¥ ±Í¨¨ ¸É·¨¶¶¨´£  ¶¥·¢¨Î´ÒÌ Ö¤¥· 10B,  
Ö¤¥· 9C Å ¶·¨ Ë· £³¥´É Í¨¨ 12‘. „µ²Ö µ¡µ£ Ð¥´¨Ö
¶ÊÎ±  ÔÉ¨³¨ Ö¤· ³¨ ¸µ¸É ¢¨²  µ±µ²µ 80 %; Ëµ´ Å
¡µ²¥¥ ²¥£±¨¥ Ö¤·  ¸ ¡²¨§±¨³ µÉ´µÏ¥´¨¥³ § ·Ö¤  ±
³ ¸¸¥.

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¶·¨ ¶·µ¸³µÉ·¥ Ô³Ê²Ó¸¨°,
µ¡²ÊÎ¥´´ÒÌ Ö¤· ³¨ 9Be, ´ °¤¥´µ µ±µ²µ 200 ¢§ ¨-
³µ¤¥°¸É¢¨°, ¢ ±µÉµ·ÒÌ ¸Ê³³ ·´Ò° § ·Ö¤ ¢Éµ·¨Î´ÒÌ
É·¥±µ¢ ¢ ±µ´Ê¸¥ ·¥²ÖÉ¨¢¨¸É¸±µ° Ë· £³¥´É Í¨¨ · ¢¥´
¶¥·¢¨Î´µ³Ê (¶·¨³¥·Ò ¸³. ´  ·¨¸. 7). �  ·¨¸. 8 ¶·¥¤-
¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ ¶µ ¶¥·¥³¥´´µ° bik (±¢ ¤· É

�¨¸. 6. ‘¶¥±É· ¸¨£´ ²µ¢ ¸µ ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ ¸Î¥ÉÎ¨± ,
±µ´É·µ²¨·ÊÕÐ¥£µ ¶µÉµ± Ö¤¥· ´  Ô³Ê²Ó¸¨µ´´ÊÕ ¸Éµ¶±Ê.
‘¶· ¢  ´ ²¥¢µ: ¶¨±¨ µÉ Ö¤¥· 7Be ¨ 3He,   É ±¦¥ Ëµ´
¨ ¸É·µ¡-¸¨£´ ²Ò

�¨¸. 7. �·¨³¥·Ò ¸µ¡ÒÉ¨° ¶¥·¨Ë¥·¨Î¥¸±¨Ì ¢§ ¨³µ¤¥°¸É¢¨° Ö¤¥· 9Be ¢ Ô³Ê²Ó¸¨¨ ¶·¨ Ô´¥·£¨¨ 1,3 A · ƒÔ‚ ¸ · ¸Ð¥¶²¥´¨¥³
´  ¤¢  Ö¤· : ¡¥§ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ³¨Ï¥´¨ ¨²¨ µÉ¤ Î¨ (a), ¸ ¶·µÉµ´µ³ µÉ¤ Î¨ (¡) ¨ Ö¤¥·´Ò³ µ¸±µ²±µ³ (¢)

61



�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ ¶µ ¶¥·¥³¥´´µ° bik ¤²Ö ¶ · ¤¢ÊÌ§ -
·Ö¤´ÒÌ Ë· £³¥´Éµ¢ ¶·¨ ¤¨¸¸µÍ¨ Í¨¨ Ö¤·  9Be c Ô´¥·£¨¥°
1,2 A ·ƒÔ‚. �  ¢¸É ¢±¥ ¢¨¤´  ±µ´Í¥´É· Í¨Ö 8 ¸µ¡ÒÉ¨° ¤²Ö
bik < 2 ·10−4, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö · ¸¶ ¤Ê ´¥¸¢Ö§ ´´µ£µ Ö¤· 
8Be ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö

· §´µ¸É¨ µÉ´µ¸¨É¥²Ó´µ° 4-¸±µ·µ¸É¨) ¤²Ö ¶ · ¤¢ÊÌ§ -
·Ö¤´ÒÌ Ë· £³¥´Éµ¢ ¨§ 31 ¨§³¥·¥´´µ£µ ¸µ¡ÒÉ¨Ö. � ¸-
¶·¥¤¥²¥´¨¥ µ£· ´¨Î¥´µ µ¡² ¸ÉÓÕ, Ì · ±É¥·´µ°, ¶µ
µ¶·¥¤¥²¥´¨Õ �. Œ. � ²¤¨´ , ¤²Ö Ö¤¥·´µ° Ë¨§¨±¨. � 
¢¸É ¢±¥ ·¨¸. 8 Î ¸ÉÓ ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö ¢¡²¨§¨ ´Ê²Ö
¶·¥¤¸É ¢²¥´  ¢ Ê¢¥²¨Î¥´´µ³ ³ ¸ÏÉ ¡¥. ‚¨¤´  ±µ´-
Í¥´É· Í¨Ö 8 ¸µ¡ÒÉ¨° ¤²Ö bik < 2 · 10−4, ¸µµÉ¢¥É¸É¢Ê-
ÕÐ Ö · ¸¶ ¤Ê ´¥¸¢Ö§ ´´µ£µ Ö¤·  8Be ¨§ µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö. �´¥·£¨Ö · ¸¶ ¤ , µ¶·¥¤¥²¥´´ Ö ± ± · §-
´µ¸ÉÓ ³¥¦¤Ê ¨´¢ ·¨ ´É´µ° ³ ¸¸µ° ¶ ·Ò Ë· £³¥´Éµ¢
¨ ¨Ì ¸Ê³³ ·´µ° ³ ¸¸µ°, · ¢´  (88±10) ±Ô‚. �ÉµÉ ·¥-
§Ê²ÓÉ É ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ± ± ¤²Ö ¨§ÊÎ¥´¨Ö ¸µ¡-
¸É¢¥´´µ · ¸¶ ¤µ¢ Ö¤·  8Be, É ± ¨ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö
¥£µ ·µ²¨ ¢ ³Ê²ÓÉ¨Ë· £³¥´É Í¨¨ ¡µ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥·.

‘µÉ·Ê¤´¨Î¥¸É¢µ³ BECQUEREL ¸¨¸É¥³ É¨§¨·µ-
¢ ´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ Éµ¶µ²µ£¨¨ § ·Ö¤µ¢ÒÌ ¸µ¸ÉµÖ-
´¨° ¶·¨ ³Ê²ÓÉ¨Ë· £³¥´É Í¨¨ ²¥£±¨Ì ·¥²ÖÉ¨¢¨¸É¸±¨Ì
Ö¤¥· [10, 11]. �Ò²¨ µÉµ¡· ´Ò ¸µ¡ÒÉ¨Ö É¨¶  ®¡¥-
² Ö §¢¥§¤ ¯, ±µÉµ·Ò¥ ¸µ¤¥·¦ É Éµ²Ó±µ ¸²¥¤Ò Ë· £-
³¥´Éµ¢ ·¥²ÖÉ¨¢¨¸É¸±µ£µ Ö¤·  ¨ ´¥ ¸µ¤¥·¦ É ´¨ ¸²¥-
¤µ¢ § ·Ö¦¥´´ÒÌ ³¥§µ´µ¢, ´¨ ¸²¥¤µ¢ Ë· £³¥´Éµ¢ Ö¤· 
³¨Ï¥´¨. „²Ö ÔÉ¨Ì ¸µ¡ÒÉ¨° · ¸¸³µÉ·¥´  Éµ¶µ²µ£¨Ö
³Ê²ÓÉ¨Ë· £³¥´É Í¨¨. • · ±É¥·´ Ö µ¸µ¡¥´´µ¸ÉÓ § -
·Ö¤µ¢µ° Éµ¶µ²µ£¨¨ ¶·¨ Ë· £³¥´É Í¨¨ Ö¤¥· Ne, Mg,
Si ¨ S ¸µ¸Éµ¨É ¢ ¶· ±É¨Î¥¸±¨ ¶µ²´µ³ ¶µ¤ ¢²¥´¨¨
¶ ·´ÒÌ · ¸Ð¥¶²¥´¨° Ö¤¥· ´  Ë· £³¥´ÉÒ ¸ § ·Ö¤µ³
¡µ²ÓÏ¥ 2. „µ³¨´¨·ÊÕÉ ¶·µÍ¥¸¸Ò ¸ µÉ¤¥²¥´¨¥³ µ¤¨-
´µÎ´ÒÌ Ë· £³¥´Éµ¢, ¶·µÉ¥± ÕÐ¨¥ ¶·¨ ³¨´¨³ ²Ó´ÒÌ
Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö. ‚µ§· ¸É ´¨¥ ¸É¥¶¥´¨ Ë· £-
³¥´É Í¨¨ Ö¤¥· ¶·µÖ¢²Ö¥É¸Ö ¢ ·µ¸É¥ ³´µ¦¥¸É¢¥´´µ¸É¨
Ë· £³¥´Éµ¢ ¸ § ·Ö¤ ³¨ 1 ¨ 2 ¶·¨ Ê³¥´ÓÏ¥´¨¨ § ·Ö¤ 
µ¸´µ¢´µ° ´¥¢µ§¡Ê¦¤¥´´µ° Î ¸É¨ Ë· £³¥´É¨·ÊÕÐ¥£µ
Ö¤· .

‚ ¶·µÍ¥¸¸ Ì ³Ê²ÓÉ¨Ë· £³¥´É Í¨¨ Ö¤¥· 7Li [12],
10B ¨ 14N µ¶·¥¤¥²¥´Ò µ¸µ¡¥´´µ¸É¨ µ¡· §µ¢ ´¨Ö ¸¨-
¸É¥³ ¨§ ²¥£Î °Ï¨Ì Ö¤¥· α, d ¨ t. ’ ±, ¢ ¤µ¶µ²´¥´¨¥ ±

α-±² ¸É¥·¨§ Í¨¨ Ê¸É ´µ¢²¥´  ±² ¸É¥·¨§ Í¨Ö ´Ê±²µ-
´µ¢ ¢ ¢¨¤¥ ¤¥°É·µ´µ¢ ¢ · ¸¶ ¤ Ì 6Li ¨ 10B,   É ±¦¥
É·¨Éµ´µ¢ ¢ · ¸¶ ¤ Ì 7Li. ‚¥¤¥É¸Ö  ´ ²¨§ Ô³Ê²Ó-
¸¨°, µ¡²ÊÎ¥´´ÒÌ ·¥²ÖÉ¨¢¨¸É¸±¨³¨ ¨§µÉµ¶ ³¨ 14N ¨
11B, ¤²Ö ¨§ÊÎ¥´¨Ö ÔÉ¨Ì É¨¶µ¢ ±² ¸É¥·¨§ Í¨¨. ‚Ò¶µ²-
´¥´Ò µ¡²ÊÎ¥´¨Ö Ô³Ê²Ó¸¨° Ö¤· ³¨ 7Be, 8B ¨ 9C ¨ ¢¥-
¤¥É¸Ö ´ ±µ¶²¥´¨¥ ¸É É¨¸É¨±¨ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¢ ´¨Ì
3He-±² ¸É¥·¨§ Í¨¨.

“¸É ´µ¢±  LNS

�´µ³ ²Ó´µ¥ ¶µ¢¥¤¥´¨¥ dp-Ê¶·Ê£µ£µ ¶µ¶¥·¥Î´µ£µ
¸¥Î¥´¨Ö ´ §¢ ´µ · ¸Ìµ¦¤¥´¨¥³ ‘ £ ·Ò. �Éµ Ö¢²¥-
´¨¥ µÉ· ¦ ¥É ÉµÉ Ô±¸¶¥·¨³¥´É ²Ó´Ò° Ë ±É, ÎÉµ ¸µ-
¢·¥³¥´´Ò¥ ´Ê±²µ´-´Ê±²µ´´Ò¥ ¶µÉ¥´Í¨ ²Ò ´¥ ³µ-
£ÊÉ ¢µ¸¶·µ¨§¢¥¸É¨ ¶µ¢¥¤¥´¨¥ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ¢
¤¥°É·µ´-¶·µÉµ´´µ³ Ê¶·Ê£µ³ · ¸¸¥Ö´¨¨ ¢¡²¨§¨ 120◦

¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ (·¨¸. 9). ’µ²Ó±µ §´ Î¨É¥²Ó´Ò°
ÊÎ¥É ¢±² ¤  É·¥Ì´Ê±²µ´´ÒÌ ¸¨² ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ
¸µ£² ¸¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨. ‚²¨Ö´¨¥
É·¥Ì´Ê±²µ´´ÒÌ ¸¨² ´  ÔÉµ Ö¢²¥´¨¥ ¨¸¸²¥¤Ê¥É¸Ö ´ 
Ê¸É ´µ¢±¥ LNS. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤¥É¥±Éµ·Ò Ê¸É -
´µ¢±¨ LNS ´ Ìµ¤ÖÉ¸Ö ¢ ¸É ¤¨¨ É¥¸É¨·µ¢ ´¨Ö ¨ ± ²¨-
¡·µ¢±¨, ´ Î¨´ ÕÉ¸Ö ¶¥·¢Ò¥ ¨§³¥·¥´¨Ö (·¨¸. 10).

�¨¸. 9. � ¸Ìµ¦¤¥´¨¥ ‘ £ ·Ò

�  ¢´ÊÉ·¥´´¥° ³¨Ï¥´´µ° ¸É ´Í¨¨ ´Ê±²µÉ·µ´ 
¢ · ³± Ì Ô±¸¶¥·¨³¥´É  ®”µÉµ´¯ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
90-± ´ ²Ó´µ£µ Î¥·¥´±µ¢¸±µ£µ γ-¸¶¥±É·µ³¥É·  ‹‚�
¨§³¥·¥´Ò ¸¥Î¥´¨Ö ¨´±²Õ§¨¢´µ£µ µ¡· §µ¢ ´¨Ö π0-³¥-
§µ´µ¢ ¢ ·¥ ±Í¨ÖÌ d+C → π0 +X ¨ d+Cu → π0 +X
¶·¨ ¨³¶Ê²Ó¸¥ 4,5 ƒÔ‚/c ´  ´Ê±²µ´ ¤²Ö ±¨´¥³ É¨Î¥-
¸±µ° µ¡² ¸É¨ θπ � 16◦; Eπ � 2 ƒÔ‚ (². ¸. ±.). � ¸¶·¥-
¤¥²¥´¨¥ ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ Mγγ ¶·¥¤¸É ¢²¥´µ
´  ·¨¸. 11.

�µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ.
1. ˆ§ µÉ´µÏ¥´¨Ö ¸¥Î¥´¨° £¥´¥· Í¨¨ π0-³¥§µ´µ¢

´  Ö¤· Ì Ê£²¥·µ¤  ¨ ³¥¤¨ ¶µ²ÊÎ¥´  § ¢¨¸¨³µ¸ÉÓ ¶µ± -
§ É¥²Ö n ¢ ¶ · ³¥É·¨§ Í¨¨ Ed3σ/d3p ∼ An µÉ ±Ê³Ê-
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�¨¸. 10. a) ‚·¥³Ö ¦¨§´¨ ¶ÊÎ±  ¤¥°É·µ´µ¢ ´  ¸É ´Í¨¨ ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ ´Ê±²µÉ·µ´  ¢ § ¢¨¸¨³µ¸É¨ µÉ ±¨´¥É¨Î¥¸±µ°
Ô´¥·£¨¨ ¤¥°É·µ´  Td; ¡) ¤¥É¥±Éµ·Ò Ê¸É ´µ¢±¨ LNS

�¨¸. 11. � ¸¶·¥¤¥²¥´¨Ö ¶µ ÔËË¥±É¨¢´µ° ³ ¸¸¥ ¶µ¶ ·´µ ¸±µ³¡¨´¨·µ¢ ´´ÒÌ γ-±¢ ´Éµ¢ ¢ ·¥ ±Í¨ÖÌ d + C → π0 + x (a)
¨ d + Cu → π0 + x (¡). ’µÎ¥Î´Ò¥ £¨¸Éµ£· ³³Ò Å Ëµ´µ¢Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¶ÊÉ¥³ ¸²ÊÎ °´µ£µ µÉ¡µ·  γ-±¢ ´Éµ¢ ¨§ · §´ÒÌ
¸µ¡ÒÉ¨°. ˜É·¨Ìµ¢ Ö £¨¸Éµ£· ³³  ( ) ¶µ²ÊÎ¥´  ³µ¤¥²¨·µ¢ ´¨¥³ ¶µ ³¥Éµ¤Ê Œµ´É¥-Š ·²µ ¸ ÊÎ¥Éµ³ ·¥ ²Ó´ÒÌ Ê¸²µ¢¨° · ¡µÉÒ
Ô±¸¶¥·¨³¥´É ²Ó´µ°  ¶¶ · ÉÊ·Ò ¨ ±·¨É¥·¨¥¢ µ¡· ¡µÉ±¨

²ÖÉ¨¢´µ£µ Î¨¸²  Xc ¢ ¨´É¥·¢ ²¥ 0,6 � Xc � 1,8 ¨ µÉ
±¢ ¤· É  ¶µ¶¥·¥Î´µ£µ ¨³¶Ê²Ó¸  ¢ ¨´É¥·¢ ²¥ 0,04 �
P 2

t � 0,40 (ƒÔ‚/c)2. �´ ¸µ¸É ¢²Ö¥É n = 0,39± 0,02 ¨
¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ Xc ¨ Pt.

2. ˆ§  ´ ²¨§  ¤ ´´ÒÌ ÔÉµ° · ¡µÉÒ ¸µ¢³¥¸É´µ ¸
¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ · ´¥¥, ¢Ò¶µ²´¥´Ò µÍ¥´±¨ ¢¥-
·µÖÉ´µ¸É¨ p6 µ¡· §µ¢ ´¨Ö 6-±¢ ·±µ¢ÒÌ ±µ´Ë¨£Ê· -

Í¨° ¢ Ö¤· Ì 2d, 4He ¨ 12C: p6(2d) ≈ 2 %; p6(4He) =
5 ÷ 10 %; p6(12C) = 20 ÷ 40%.

3. �  ¸É É¨¸É¨±¥ ¡µ²¥¥ Î¥³ 40000 π0-³¥§µ´µ¢
(·¨¸. 11,  ) ¢¶¥·¢Ò¥ µ¶·¥¤¥²¥´µ ¤¢ ¦¤Ò ¤¨ËË¥·¥´-
Í¨ ²Ó´µ¥ ¨´¢ ·¨ ´É´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ d + C →
π0 + X ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¨ Ê£²  ¢Ò²¥É 
π0-³¥§µ´µ¢.

�…‡“‹œ’�’›, ��‹“—…��›… ‚ „�“ƒˆ• “‘Š��ˆ’…‹œ�›• –…�’��•

�±¸¶¥·¨³¥´ÉÒ ´  RHIC

ƒ·Ê¶¶  Ë¨§¨±µ¢ ‹‚� ¶·¨´¨³ ²  ÊÎ ¸É¨¥ ¢ · §-
· ¡µÉ±¥ ¨ ¨§£µÉµ¢²¥´¨¨  Ô·µ£¥²¨¥¢µ£µ ¤¥É¥±Éµ·  ¤²Ö
Ô±¸¶¥·¨³¥´É  PHENIX. ‚ 2004 £. ¤¥É¥±Éµ·´ Ö ¸¨-
¸É¥³ , ¸µ¸ÉµÖÐ Ö ¨§ 80  Ô·µ£¥²¨¥¢ÒÌ ¸Î¥ÉÎ¨±µ¢,

¡Ò²  ¸µ¡· ´ , Ê¸É ´µ¢²¥´  ¨ ¨¸¶ÒÉ ´  ´  Ê¸É ´µ¢±¥
PHENIX ¸ Í¥²ÓÕ ¶µ²ÊÎ¥´¨Ö ´µ¢µ° Ô±¸¶¥·¨³¥´É ²Ó-
´µ° ¨´Ëµ·³ Í¨¨ ´  RHIC.

�  Ê¸É ´µ¢±¥ PHENIX ¶µ²ÊÎ¥´Ò ´µ¢Ò¥ ¤ ´´Ò¥
¶µ ¨§ÊÎ¥´¨Õ ÔËË¥±É  ®¶µ¤ ¢²¥´¨Ö  ¤·µ´µ¢¯ ¸ ¡µ²Ó-
Ï¨³¨ §´ Î¥´¨Ö³¨ pt ¢ d + Au-¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¢
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¤µ¶µ²´¥´¨¥ ± · ´¥¥ ¶µ²ÊÎ¥´´Ò³ ¤ ´´Ò³ ¶µ ¶µ-
¤ ¢²¥´¨Õ ¢ÒÌµ¤   ¤·µ´µ¢ ¢ Au + Au-¸µÊ¤ ·¥´¨ÖÌ
(·¨¸. 12). ˆ§ ·¨¸. 13 ¢¨¤´µ, ÎÉµ §´ Î¨É¥²Ó´µ¥ ¶µ-
¤ ¢²¥´¨¥ ´ ¡²Õ¤ ¥É¸Ö ¢ Au + Au-¢§ ¨³µ¤¥°¸É¢¨ÖÌ,

�¨¸. 12. �µ¤ ¢²¥´¨¥  ¤·µ´µ¢ ¸ ¡µ²ÓÏ¨³¨ pt ¢ Au + Au-
¸µÊ¤ ·¥´¨ÖÌ (a) ¨ ¢ d + Au-¸µÊ¤ ·¥´¨ÖÌ (¡), ¶µ²ÊÎ¥´´µ¥ ¢
Ô±¸¶¥·¨³¥´É¥ PHENIX ´  RHIC

�¨¸. 13. �µ¤ ¢²¥´¨¥  ¤·µ´µ¢ ¸ ¡µ²ÓÏ¨³¨ pt ¢ Au + Au- ¨
d + Au-¸µÊ¤ ·¥´¨ÖÌ, ¶µ²ÊÎ¥´´µ¥ ¢ Ô±¸¶¥·¨³¥´É¥ STAR ´ 
RHIC

¢ Éµ ¢·¥³Ö ± ± ¢ d + Au-¢§ ¨³µ¤¥°¸É¢¨ÖÌ µ´µ ´¥
´ ¡²Õ¤ ¥É¸Ö [13]. �µ¤ ¢²¥´¨¥  ¤·µ´µ¢ ¸ ¡µ²ÓÏ¨³¨
pt ¢ Au + Au-¸µÊ¤ ·¥´¨ÖÌ ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ·¥-
§Ê²ÓÉ É ¡µ²ÓÏ¨Ì ¶µÉ¥·Ó Ô´¥·£¨¨ ¢ ±¢ ·±-£²Õµ´´µ°
¶² §³¥ ¢ Í¥´É· ²Ó´ÒÌ ¸µÊ¤ ·¥´¨ÖÌ ¶·¨ Ô´¥·£¨ÖÌ ´ 
Ê¸É ´µ¢±¥ RHIC (Jet Quenching Effect).

�µ¤µ¡´Ò° ·¥§Ê²ÓÉ É ¡Ò² ¶µ²ÊÎ¥´ ¢ Ô±¸¶¥·¨³¥´É¥
STAR ´  RHIC. ƒ·Ê¶¶  ¸¶¥Í¨ ²¨¸Éµ¢ ‹‚�, ¢µ§£² -
¢²Ö¥³ Ö 	. �. � ´¥¡· ÉÍ¥¢Ò³, ¶·¨´¨³ ²   ±É¨¢´µ¥
ÊÎ ¸É¨¥ ¢ ÔÉµ° · ¡µÉ¥ (·¨¸. 13).

�µ¤ ¢²¥´¨¥  ¤·µ´µ¢ ¸ ¡µ²ÓÏ¨³¨ pt ¢ Í¥´É· ²Ó-
´ÒÌ Au + Au-,   ´¥ ¢ d+Au-¸µÊ¤ ·¥´¨ÖÌ ¤µ± §Ò¢ ¥É,
ÎÉµ ÔËË¥±É £ Ï¥´¨Ö ¸É·Ê° ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ö¢²¥-
´¨¥ ±µ´¥Î´µ£µ ¸µ¸ÉµÖ´¨Ö, Ê± §Ò¢ ÕÐ¥¥ ´  µÎ¥´Ó
¸¨²Ó´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¦¥¸É±µ· ¸¸¥Ö´´ÒÌ ¶ ·Éµ-
´µ¢ ¨²¨ ¨Ì Ë· £³¥´Éµ¢ ¸ ¶²µÉ´µ° · ¸¸¥¨¢ ÕÐ¥°
¸·¥¤µ°.

“Î ¸É¨¥ ¢ Ô±¸¶¥·¨³¥´É Ì PHENIX ¨ STAR ´ 
RHIC ¡Ê¤¥É ¶·µ¤µ²¦¥´µ ¢ 2005Ä2007 ££.

�µ¢ Ö ² ¡µ· Éµ·¨Ö ¤¥É¥±Éµ·µ¢ ¢ ‹‚� �ˆŸˆ

‚ ‹‚� �ˆŸˆ ¢ ±µ·¶. 40 ¸µ§¤ ´  ´µ¢ Ö ² ¡µ· Éµ-
·¨Ö ¶µ · §· ¡µÉ±¥ ¨ ¸µ§¤ ´¨Õ £ §µ¢ÒÌ ±µµ·¤¨´ É´ÒÌ
¤¥É¥±Éµ·µ¢. ‚ ¥¥ ¸µ¸É ¢ ¢Ìµ¤ÖÉ É·¨ ®Î¨¸ÉÒ¥¯ ±µ³-
´ ÉÒ µ¡Ð¥° ¶²µÐ ¤ÓÕ 120 ³2, ´µ¢µ¥ ´ ³µÉµÎ´µ¥
Ê¸É·µ°¸É¢µ, Ê¶· ¢²Ö¥³µ¥ ¸ ¶µ³µÐÓÕ ±µ³¶ÓÕÉ¥· ,  
É ±¦¥ · §²¨Î´Ò¥ ¸µ¢·¥³¥´´Ò¥ ¶·¨¡µ·Ò ¨ µ¡µ·Ê¤µ-
¢ ´¨¥, ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¸µ§¤ ´¨Ö ¤¥É¥±Éµ·µ¢.

‡¤¥¸Ó ¸µ§¤ ÕÉ¸Ö ¶¥·¢Ò¥ ± ³¥·Ò · §³¥·µ³
∼ 1 × 1 ³ ¤²Ö ¤¥É¥±Éµ·  ¶¥·¥Ìµ¤´µ£µ ¨§²ÊÎ¥´¨Ö
(TRD) Ô±¸¶¥·¨³¥´É  ALICE ´  LHC ¢ –…��. �ÉµÉ
±·Ê¶´¥°Ï¨° ¤¥É¥±Éµ· ¸µ§¤ ¥É¸Ö ¸µ¢³¥¸É´µ ¸ “´¨¢¥·-
¸¨É¥Éµ³ ¢ ƒ¥°¤¥²Ó¡¥·£¥, GSI („ ·³ÏÉ ¤É), “´¨¢¥·¸¨-
É¥Éµ³ ”· ´±ËÊ·É  (ƒ¥·³ ´¨Ö) ¨ NIPNE (�ÊÌ ·¥¸É).

�·µ¥±É pHe3

–¥²ÓÕ ¸µÉ·Ê¤´¨Î¥¸É¢  £·Ê¶¶ Ô±¸¶¥·¨³¥´É Éµ·µ¢
¨§ ‹‚� ¨§ –¥´É·  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° “´¨¢¥·¸¨-
É¥É  ’µ±¨µ, ¸¶¥Í¨ ²¨§¨·ÊÕÐ¨Ì¸Ö ¢ µ¡² ¸É¨ ¸¶¨´µ-
¢µ° Ë¨§¨±¨, Ö¢²Ö¥É¸Ö ¨¸¸²¥¤µ¢ ´¨¥ ¸¶¨´µ¢µ° ¸É·Ê±-
ÉÊ·Ò ²¥£±¨Ì Ö¤¥· ¶·¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ ¨ ¢Ò¸µ±¨Ì
Ô´¥·£¨ÖÌ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¶ÊÎ±µ¢ ¶µ²Ö·¨§µ¢ ´´ÒÌ
Î ¸É¨Í Ê¸±µ·¨É¥²¥° ´Ê±²µÉ·µ´  ¨ RIKEN.

„ ´´µ¥ ¸µÉ·Ê¤´¨Î¥¸É¢µ ´ Î ²µ¸Ó ¢ 1999 £., ±µ-
£¤  ¶·µ£· ³³´µ-±µ´¸Ê²ÓÉ É¨¢´Ò° ±µ³¨É¥É (�ŠŠ)
RIKEN µ¤µ¡·¨² ¸µ¢³¥¸É´Ò° Ô±¸¶¥·¨³¥´É ¶µ ¨§ÊÎ¥-
´¨Õ ¸¶¨´µ¢µ° ¸É·Ê±ÉÊ·Ò 3He ¸ ¶¥·¢Ò³ ¶·¨µ·¨É¥-
Éµ³. �ÉµÉ Ô±¸¶¥·¨³¥´É ¡Ò² ¢Ò¶µ²´¥´ ´  Ê¸±µ·¨É¥²¥
RARF ¢ RIKEN ¢ 2000 £.

„ ´´Ò¥ ¶µ É¥´§µ·´µ°  ´ ²¨§¨·ÊÕÐ¥° ¸¶µ¸µ¡´µ-
¸É¨ T20 ·¥ ±Í¨° dd → 3Hen ¨ dd → 3Hp [14] ¶µ-
± § ²¨ ´¥µ¡ÑÖ¸´¨³µ¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶µ¢¥¤¥´¨¥ ¢
§ ¢¨¸¨³µ¸É¨ µÉ ´ Î ²Ó´µ° Ô´¥·£¨¨ ´ ²¥É ÕÐ¥£µ ¶ÊÎ-
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�¨¸. 14. �µ¢¥¤¥´¨¥ É¥´§µ·´µ°  ´ ²¨§¨·ÊÕÐ¥° ¸¶µ¸µ¡´µ-
¸É¨ T20 ¢ ·¥ ±Í¨ÖÌ dd → 3Hen ¨ dd → 3Hp [14], ¶µ± § ´-
´µ¥ ¸µµÉ¢¥É¸É¢¥´´µ É¥³´Ò³¨ ¨ ¸¢¥É²Ò³¨ ¸¨³¢µ² ³¨. Š·¨-
¢Ò¥ Å ¶·¥¤¸± § ´¨Ö, µ¸´µ¢ ´´Ò¥ ´  É· ¤¨Í¨µ´´µ° ± ·-
É¨´¥ ¸¶¨´µ¢µ° ¸É·Ê±ÉÊ·Ò ²¥£±¨Ì Ö¤¥· ´  ³ ²ÒÌ ³¥¦´Ê-
±²µ´´ÒÌ · ¸¸ÉµÖ´¨ÖÌ

±  (·¨¸. 14). ’ ±µ¥ ¶µ¢¥¤¥´¨¥, ¡Ê¤ÊÎ¨ Î·¥§¢ÒÎ °´µ
ÎÊ¢¸É¢¨É¥²Ó´Ò³ ± D-¢µ²´¥ ¢ Ö¤· Ì 3He ¨ 3H, ´ -
Ìµ¤¨É¸Ö ¢ ¶µ²´µ³ ¶·µÉ¨¢µ·¥Î¨¨ ¸ ¶·¥¤¸± § ´¨Ö³¨,
µ¸´µ¢ ´´Ò³¨ ´  É· ¤¨Í¨µ´´µ° ± ·É¨´¥ ¸¶¨´µ¢µ°
¸É·Ê±ÉÊ·Ò ²¥£±¨Ì Ö¤¥· ´  ³ ²ÒÌ ³¥¦´Ê±²µ´´ÒÌ · ¸-
¸ÉµÖ´¨ÖÌ. „ ´´Ò¥ ¶µ Ê£²µ¢µ³Ê ¶µ¢¥¤¥´¨Õ É¥´§µ·´ÒÌ
 ´ ²¨§¨·ÊÕÐ¨Ì ¸¶µ¸µ¡´µ¸É¥° ¶·¨ Ô´¥·£¨¨ 270 ŒÔ‚,
¶µ²ÊÎ¥´´Ò¥ ¢ Éµ³ ¦¥ Ô±¸¶¥·¨³¥´É¥, Ê¦¥ ¤µ±² ¤Ò¢ -
²¨¸Ó ´  · §²¨Î´ÒÌ ³¥¦¤Ê´ ·µ¤´ÒÌ ±µ´Ë¥·¥´Í¨ÖÌ ¨
´ Ìµ¤ÖÉ¸Ö ¢ ¸É ¤¨¨ ¶µ¤£µÉµ¢±¨ ¶Ê¡²¨± Í¨¨.

�±¸¶¥·¨³¥´É ¶µ ¨§³¥·¥´¨Õ ¶µ²Ö·¨§ Í¨µ´´ÒÌ
´ ¡²Õ¤ ¥³ÒÌ ¢ ·¥ ±Í¨¨ d3He → p4He ´  ´Ê±²µÉ·µ´¥
¡Ò² µ¤µ¡·¥´ �ŠŠ �ˆŸˆ ¸ ¶¥·¢Ò³ ¶·¨µ·¨É¥Éµ³ ¢
 ¶·¥²¥ 2002 £. „²Ö ÔÉµ£µ Ô±¸¶¥·¨³¥´É  É·¥¡Ê¥É¸Ö
¢Ò¸µ±µ¨´É¥´¸¨¢´Ò° ¶ÊÎµ± ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ-
´µ¢ ´Ê±²µÉ·µ´  ¨ ¸¥·Ó¥§´ Ö ³µ¤¨Ë¨± Í¨Ö ¶µ²Ö·¨-
§µ¢ ´´µ° 3He-³¨Ï¥´¨, ¸µ§¤ ´´µ° Ö¶µ´¸±¨³¨ ±µ²² -
¡µ· ´É ³¨ [15]. „²Ö ¸µµÉ¢¥É¸É¢¨Ö Ê¸²µ¢¨Ö³ ¶·µ¢¥-
¤¥´¨Ö Ô±¸¶¥·¨³¥´É  ´  ´Ê±²µÉ·µ´¥ ´¥µ¡Ìµ¤¨³µ ¸Ê-
Ð¥¸É¢¥´´µ Ê¢¥²¨Î¨ÉÓ ¤²¨´Ê ³¨Ï¥´¨, ¶²µÉ´µ¸ÉÓ £ § 
¨ µ¡¥¸¶¥Î¨ÉÓ ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ¸¨¸É¥³Ò µ¶É¨Î¥-
¸±µ° ´ ± Î±¨ ¶µ²Ö·¨§ Í¨¨.

‚ ¶¥·¨µ¤ ¸ 10 ¶µ 21 ¤¥± ¡·Ö 2004 £. ‹ ¡µ· Éµ·¨Õ
¢Ò¸µ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ. ‚¥±¸²¥·  ¨ �. Œ. � ²¤¨´ 
¶µ¸¥É¨²¨ ¶·µË. ’. “¥¸ ±  ¨ ¤-· Š. ‘Ê¤  ¨§ CNS. –¥-
²ÓÕ ¨Ì ¢¨§¨É  ¡Ò²  ¶·µ¢¥·±  µ¡µ·Ê¤µ¢ ´¨Ö ¨ ¶µ¤£µ-
Éµ¢±  Ê¸É ´µ¢±¨ ¤²Ö ¶µ²Ö·¨§ Í¨µ´´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
´  ¸É ´Í¨¨ ¢´ÊÉ·¥´´¥° ³¨Ï¥´¨ ´Ê±²µÉ·µ´ . �·¨-
¢¥§¥´´Ò¥ ¨§ Ÿ¶µ´¨¨ ¤¥É¥±Éµ·Ò, É·¨££¥·´ Ö ¸¨¸É¥³ 
¨ ¸¨¸É¥³  ¸¡µ·  ¤ ´´ÒÌ, µ¸´µ¢ ´´ Ö ´  ¸É ´¤ ·É Ì
Š�Œ�Š ¨ ‚Œ…, ¡Ò²¨ ¶·µ¢¥·¥´Ò ¨ ¶µ¤£µÉµ¢²¥´Ò
¤²Ö ¨§³¥·¥´¨° ¢ 2005 £.

�µ²Ö·¨³¥É· ¤¥°É·µ´µ¢ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¡Ê¤¥É
¶·µ± ²¨¡·µ¢ ´ ¢ 2005 £. ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¶ÊÎ± ,

µ¡¥¸¶¥Î¨¢ ¥³µ£µ ¶µ²Ö·¨§µ¢ ´´Ò³ ¨µ´´Ò³ ¨¸ÉµÎ-
´¨±µ³ ��‹Ÿ�ˆ‘. �µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¡Ê¤ÊÉ ¶·¨³¥-
´ÖÉÓ¸Ö ¢ ¡Ê¤ÊÐ¥³ ¤²Ö ¨§³¥·¥´¨Ö ¶µ²Ö·¨§ Í¨¨ ¶ÊÎ± 
¤¥°É·µ´µ¢, µ¡¥¸¶¥Î¨¢ ¥³µ£µ ´µ¢Ò³ ³µ¤¨Ë¨Í¨·µ¢ ´-
´Ò³ ¨µ´´Ò³ ¨¸ÉµÎ´¨±µ³ CIPIOS ´  ´Ê±²µÉ·µ´¥,  
É ±¦¥ ´  ´µ¢µ³ Ê¸±µ·¨É¥²¥ RIBF ¢ RIKEN. �µ-
²Ö·¨³¥É· ¢Ò¸µ±¨Ì Ô´¥·£¨°, ¨§£µÉµ¢²¥´´Ò° ¤²Ö ´Ê-
±²µÉ·µ´ , ¡Ê¤¥É ¨¸¶µ²Ó§µ¢ ´ ¢ ± Î¥¸É¢¥ ¡ §µ¢µ£µ
µ¡µ·Ê¤µ¢ ´¨Ö ¤²Ö Ï¨·µ±µ° ¸¶¨´µ¢µ° ¶·µ£· ³³Ò
¢ ‹‚�.

�±¸¶¥·¨³¥´É CMS

ƒ·Ê¶¶  ÊÎ¥´ÒÌ ‹‚� ¶·¨´¨³ ¥É ÊÎ ¸É¨¥ ¢ · §· -
¡µÉ±¥ ¶·µ£· ³³Ò ¶µ ¨¸¸²¥¤µ¢ ´¨Õ ÉÖ¦¥²ÒÌ ¨µ´µ¢
(Heavy Ion Programme) ¤²Ö CMS ¨ ¢ ¨¸¶ÒÉ ´¨ÖÌ
 ¤·µ´´µ£µ ± ²µ·¨³¥É·  ¨ Ô²¥±É·µ´¨±¨ ¢ –…�� ¢
2004 £. �² ´¨·Ê¥É¸Ö · ¸Ï¨·¨ÉÓ ÊÎ ¸É¨¥ ¢ ¶·µ¥±É¥
CMS. ‘¤¥² ´ Ô±¸¶·¥¸¸- ´ ²¨§ ¢ ·¥¦¨³¥ ®on line¯
·Ö¤  ¤ ´´ÒÌ. ‚ Î ¸É´µ¸É¨, ¡Ò²¨ ¶µ²ÊÎ¥´Ò µÉ´µÏ¥-
´¨Ö ± ²¨¡·µ¢µÎ´ÒÌ ±µÔËË¨Í¨¥´Éµ¢ ¤²Ö · §´ÒÌ É¨-
¶µ¢ Î ¸É¨Í. �É¨ ±µÔËË¨Í¨¥´ÉÒ ¤ ²¨ ¢µ§³µ¦´µ¸ÉÓ
¶µ²ÊÎ¨ÉÓ · §·¥Ï¥´¨¥  ¤·µ´´µ£µ Éµ·Í¥¢µ£µ ± ²µ·¨-
³¥É·  σE/E ≈ 12,5 % ¤²Ö ¶ÊÎ±  ¶¨µ´µ¢ ¸ Ô´¥·£¨¥°
150 ƒÔ‚ (·¨¸. 15).

�¨¸. 15. ‘¨£´ ² µÉ ¶¨µ´µ¢ ¸ Ô´¥·£¨¥° 150 ƒÔ‚ ¢  ¤·µ´´µ³
Éµ·Í¥¢µ³ ± ²µ·¨³¥É·¥ (Hadron Endcap Calorimeter)

ƒ·Ê¶¶  ‹‚� ¶·µ¤µ²¦¨²  É ±¦¥  ´ ²¨§ ¤ ´´ÒÌ
± ²¨¡·µ¢±¨ ¶·µ¢µ²µÎ´µ£µ ¨¸ÉµÎ´¨±  ¤²Ö  ¤·µ´´µ£µ
Éµ·Í¥¢µ£µ ± ²µ·¨³¥É· . � §· ¡µÉ ´ ¶µ²Ê ¢Éµ³ É¨Î¥-
¸±¨° ¸¶µ¸µ¡ ¶µ²ÊÎ¥´¨Ö ± ²¨¡·µ¢µÎ´ÒÌ ¶µ¸ÉµÖ´´ÒÌ.
ˆ§ÊÎ¥´µ ¢²¨Ö´¨¥ £¥µ³¥É·¨¨, § ¢¨¸ÖÐ¥° µÉ · §²¨Î´ÒÌ
· §³¥·µ¢ ¸Í¨´É¨²²ÖÉµ·µ¢, ¶µ²ÊÎ¥´´µ¥ ± ± µÉ´µÏ¥-
´¨¥ ¸¨£´ ²µ¢ µÉ ¶·µ¢µ²µÎ´µ£µ ¨ ±µ²²¨³¨·µ¢ ´´µ£µ
¨¸ÉµÎ´¨±µ¢. �ÉµÉ ÔËË¥±É ¸µ¸É ¢²Ö² ´¥¸±µ²Ó±µ ¶·µ-
Í¥´Éµ¢, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ ¤²Ö ¶· ¢¨²Ó´µ° ± ²¨¡·µ¢±¨
 ¤·µ´´µ£µ ± ²µ·¨³¥É· .
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�µ¤£µÉµ¢±  ± ¡Ê¤ÊÐ¨³ Ô±¸¶¥·¨³¥´É ³

‹‚� ÊÎ ¸É¢Ê¥É ¢ · §· ¡µÉ±¥ ¨ ¸µ§¤ ´¨¨ ´µ¢µ£µ
µ¡µ·Ê¤µ¢ ´¨Ö ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ‘‚Œ ¨ PANDA ¢
GSI (FAIR Å Facility for Antiproton and Ion Research)
(Ê¸±µ·¨É¥²¨, ¤¥É¥±Éµ·Ò, Ë¨§¨± ):

Å ¡Ò¸É·µÍ¨±²¨·ÊÕÐ¨¥ ³ £´¨ÉÒ (´Ê±²µÉ·µ´´µ£µ
É¨¶ ),

Å µ¶É¨³¨§ Í¨Ö SIS100/SIS300,
Å ±·¨µ£¥´´ Ö ³ £´¨É´ Ö ¸¨¸É¥³ , ¸¢¥·Ì¶·µ¢µ¤Ö-

Ð¨¥ ± ´ ²Ò ¶ÊÎ±µ¢,
Å ¤¥É¥±Éµ· TRD ¤²Ö ¶·µ¥±É  ‘‚Œ,
Å ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨¥ ³ £´¨ÉÒ ¤²Ö Ê¸É ´µ¢µ± ‘‚Œ

¨ PANDA,
Å ³µ¤¥²¨·µ¢ ´¨¥ Ê¸É ´µ¢µ± (É·¥±¨´£),
Å Ë¨§¨Î¥¸± Ö ¶·µ£· ³³  ¨¸¸²¥¤µ¢ ´¨°.

ˆ�’…���…’�–ˆŸ �Š‘�…�ˆŒ…�’�‹œ�›• „���›•

‚ ·¥ ±Í¨¨ np → npK+K− ¶·¨ ¨³¶Ê²Ó¸¥ ¶ ¤ -
ÕÐ¨Ì ´¥°É·µ´µ¢ Pn = (5,20 ± 0,12) ƒÔ‚/c ¨¸¸²¥¤µ-
¢ ´µ µ¡· §µ¢ ´¨¥ ¨ ¸¢µ°¸É¢  ¡ ·¨µ´´ÒÌ ·¥§µ´ ´¸µ¢
¸µ ¸É· ´´µ¸ÉÓÕ S = +1 ¢ ¸¨¸É¥³¥ nK+. �¡´ ·Ê-
¦¥´ ·Ö¤ µ¸µ¡¥´´µ¸É¥° ¢ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸
Ê± § ´´µ° ¸¨¸É¥³Ò. ‚¸¥ ·¥§µ´ ´¸Ò ¨³¥ÕÉ ¢Ò¸µ±ÊÕ
¸É É¨¸É¨Î¥¸±ÊÕ §´ Î¨³µ¸ÉÓ. ˆÌ Ï¨·¨´Ò ¸· ¢´¨³Ò ¸
· §·¥Ï¥´¨¥³ ¶µ ³ ¸¸ ³. �·µ¨§¢¥¤¥´  µÍ¥´±  ¸¶¨´µ¢
·¥§µ´ ´¸µ¢ ¨ ¶µ¸É·µ¥´  ·µÉ Í¨µ´´ Ö ¶µ²µ¸ , ¸¢Ö§Ò-
¢ ÕÐ Ö ³ ¸¸Ò ·¥§µ´ ´¸µ¢ ¸ ¨Ì ¸¶¨´ ³¨ [16, 17].

ˆ¸¸²¥¤µ¢ ´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ³ É¥·¨ ²¥ ¸ µ¤-
´µ³¥É·µ¢µ° ¢µ¤µ·µ¤´µ° ¶Ê§Ò·Ó±µ¢µ° ± ³¥·Ò ‹‚�
�ˆŸˆ, µ¡²ÊÎ¥´´µ° ¶ÊÎ± ³¨ ±¢ §¨³µ´µÌ·µ³ É¨Î¥-
¸±¨Ì ´¥°É·µ´µ¢ ¨§ ¸¨´Ì·µË §µÉ·µ´  ‹‚�.

�  ·¨¸. 16 ¶·¨¢¥¤¥´µ · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢-
´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨° ¨§ ¢¸¥Ì ¸µ¡ÒÉ¨° ·¥ ±Í¨¨
np → npK+K− ¶·¨ Pn = (5,20 ± 0,12) ƒÔ‚/c. � ¸-
¶·¥¤¥²¥´¨¥  ¶¶·µ±¸¨³¨·µ¢ ´µ ´¥±µ£¥·¥´É´µ° ¸Ê³-
³µ° Ëµ´µ¢µ° ±·¨¢µ°, ¢§ÖÉµ° ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥-
¦ ´¤·  8-° ¸É¥¶¥´¨, ¨ 10 ·¥§µ´ ´¸´Ò³¨ ±·¨¢Ò³¨
¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· . ‘É·¥²± ³¨ µÉ³¥Î¥´Ò ¶µ-
¤µ¡· ´´Ò¥ §´ Î¥´¨Ö ³ ¸¸ ·¥§µ´ ´¸µ¢. „µ²Ö Ëµ´  ¢
ÔÉµ³ · ¸¶·¥¤¥²¥´¨¨ ¸µ¸É ¢²Ö¥É 75,8 %. ’·¥¡µ¢ ´¨Ö
± Ëµ´µ¢µ° ±·¨¢µ° § ±²ÕÎ ÕÉ¸Ö, ¢µ-¶¥·¢ÒÌ, ¢ Éµ³,
ÎÉµ¡Ò µÏ¨¡±¨ ¢ ±µÔËË¨Í¨¥´É Ì ± ¦¤µ£µ Î²¥´  ¶µ-
²¨´µ³  ¶·¨ ¥£µ ¶µ¤¡µ·¥ ¡Ò²¨ ´¥ ¡µ²¥¥ 50 % ¨, ¢µ-
¢Éµ·ÒÌ, ÎÉµ¡Ò ¶µ²¨´µ³ µ¶¨¸Ò¢ ² Ô±¸¶¥·¨³¥´É ²Ó-
´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶µ¸²¥ ®¢Ò¡· ¸Ò¢ ´¨Ö¯ ·¥§µ´ ´¸-
´ÒÌ µ¡² ¸É¥° ¸ χ2 = 1,0 ¨

√
D = 1,4 (Ì · ±É¥·¨-

¸É¨±¨ χ2-· ¸¶·¥¤¥²¥´¨Ö ¸ µ¤´µ° ¸É¥¶¥´ÓÕ ¸¢µ¡µ¤Ò).
„²Ö · ¸¶·¥¤¥²¥´¨Ö, ¶·¨¢¥¤¥´´µ£µ ´  ·¨¸. 16, χ2 =
0,92 ± 0,29 ¨

√
D = 1,33 ± 0,20. �É¨ ¦¥ §´ Î¥´¨Ö

¤²Ö Ëµ´µ¢µ° ±·¨¢µ°, ´µ·³¨·µ¢ ´´µ° ´  100 % ¸µ-
¡ÒÉ¨° ¢ £· Ë¨±¥ (¸ ·¥§µ´ ´¸´Ò³¨ µ¡² ¸ÉÖ³¨), · ¢´Ò
χ2 = 1,40 ± 0,19 ¨

√
D = 2,38 ± 0,14. ‘É É¨¸É¨Î¥-

¸± Ö §´ Î¨³µ¸ÉÓ ·¥§µ´ ´¸  ¸ M = 1,541 ƒÔ‚/c2 · ¢´ 
4,5 S. D.

�  Éµ³ ¦¥ £· Ë¨±¥ ¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥
ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-±µ³¡¨´ Í¨°, µÉµ¡· ´´ÒÌ ¸
Ê¸²µ¢¨¥³ cos Θ∗

n < −0,85∪ cos Θ∗
n > 0,85, £¤¥ Θ∗

n Å
Ê£µ² ¢Ò²¥É  ´¥°É·µ´  ¢ µ¡Ð¥° ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸.
‚¨¤´µ, ÎÉµ ÔÉµ · ¸¶·¥¤¥²¥´¨¥ ´¥ ¨³¥¥É ¸ÊÐ¥¸É¢¥´-
´ÒÌ ¢Ò¡·µ¸µ¢, ¨ Ê¸É· ´¥´¨¥ ÔÉ¨Ì ¸µ¡ÒÉ¨° ³µ¦¥É
¸´¨§¨ÉÓ Ê·µ¢¥´Ó Ëµ´  ¤²Ö ·¥§µ´ ´¸µ¢.

�¨¸. 16. � ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-±µ³-
¡¨´ Í¨° ¨§ ¢¸¥Ì ¸µ¡ÒÉ¨° ·¥ ±Í¨¨ np → npK+K− ¶·¨
Pn = (5,20 ± 0,12) ƒÔ‚/c. �Ê´±É¨·´ Ö ²¨´¨Ö Å Ëµ´µ-
¢ Ö ±·¨¢ Ö, ¢§ÖÉ Ö ¢ ¢¨¤¥ ¶µ²¨´µ³  ‹¥¦ ´¤·  8-° ¸É¥-
¶¥´¨; ¸¶²µÏ´ Ö ²¨´¨Ö Å ¸Ê³³  Ëµ´µ¢µ° ±·¨¢µ° ¨ 10
·¥§µ´ ´¸´ÒÌ ±·¨¢ÒÌ ¢ Ëµ·³¥ �·¥°É Ä‚¨£´¥· ; ´¨¦´ÖÖ
£¨¸Éµ£· ³³  Å · ¸¶·¥¤¥²¥´¨¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸ nK+-
±µ³¡¨´ Í¨°, µÉµ¡· ´´ÒÌ ¸ Ê¸²µ¢¨¥³ cos Θ∗

n < −0,85 ∪
cos Θ∗

n > 0,85

�Í¥´±  ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö ·¥§µ´ ´¸  ¸ ³ ¸-
¸µ° M = 1,541 ƒÔ‚/c2 ¢ ¸¨¸É¥³¥ nK+ ¨§ ·¥ ±Í¨¨
np → npK+K− ¶·¨ Pn = (5,20 ± 0,12) ƒÔ‚/c ¤ ¥É
σ = (3,5 ± 0,7) ³±¡.

�¥§Ê²ÓÉ ÉÒ ´ ¡²Õ¤¥´¨° ¶¥´É ±¢ ·±µ¢ ¡Ò²¨ ¶·¥¤-
¸É ¢²¥´Ò É ±¦¥ ¤·Ê£µ° £·Ê¶¶µ° ÊÎ¥´ÒÌ, ¨¸¶µ²Ó-
§µ¢ ¢Ï¥° ¤ ´´Ò¥ ¸ ¤¢ÊÌ³¥É·µ¢µ° ¶·µ¶ ´µ¢µ° ¶Ê-
§Ò·Ó±µ¢µ° ± ³¥·Ò ‹‚�. �É  £·Ê¶¶  ¨§ÊÎ ²  ·¥ ±-
Í¨Õ C + C3H8 → K0

sp + x ¶·¨ ¨³¶Ê²Ó¸ Ì ¶ÊÎ± 
Ê£²¥·µ¤  PC = 4,2 A · ƒÔ‚/c. “§±¨° ¶¨± ¸
M = (1532 ± 6) ŒÔ‚/c2 ¨ Ï¨·¨´µ° Γ ≈ (26 ±
4) ŒÔ‚/c2 ´ ¡²Õ¤ ²¸Ö ¢ ¸¶¥±É·¥ ÔËË¥±É¨¢´ÒÌ ³ ¸¸
K0

sp (·¨¸. 17) [18].
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�¨¸. 17. ‘¶¥±É· ÔËË¥±É¨¢´ÒÌ ³ ¸¸ K0
s p ¢ ·¥ ±Í¨¨

C + C3H8 → K0
s p + x ¶·¨ ¨³¶Ê²Ó¸¥ ¶ÊÎ±  Ê£²¥·µ¤ 

PC = 4, 2 A · ƒÔ‚/c

‘¶¥Í¨ ²¨¸ÉÒ ² ¡µ· Éµ·¨¨ ¶·¨´¨³ ²¨  ±É¨¢´µ¥
ÊÎ ¸É¨¥ ¨ ¢ ¤·Ê£¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ.

ˆ§ÊÎ¥´Ò ¸²¥¤¸É¢¨Ö ÔËË¥±É  ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¶µ-
¢µ·µÉ  ¸¶¨´  ¤²Ö ¸¨¸É¥³Ò ¤¢ÊÌ ¸¢µ¡µ¤´ÒÌ Î ¸É¨Í
¸ ´¥´Ê²¥¢Ò³ ¢¥±Éµ·µ³ µÉ´µ¸¨É¥²Ó´µ£µ ¨³¶Ê²Ó¸  ¨
¸¶¨´µ¢Ò³¨ ¸µ¸ÉµÖ´¨Ö³¨, § ¤ ´´Ò³¨ ¢ ¸¨¸É¥³ Ì ¶µ-
±µÖ ÔÉ¨Ì Î ¸É¨Í. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¡Ò²¨ · ¸¸³µÉ·¥´Ò
¶·¥µ¡· §µ¢ ´¨Ö ±µ³¶µ´¥´É ±µ··¥²ÖÍ¨µ´´µ£µ É¥´§µ· 
¸¨¸É¥³Ò ¤¢ÊÌ Î ¸É¨Í ¸µ ¸¶¨´µ³ 1/2 ¶·¨ ¶¥·¥Ìµ¤¥
¨§ ¸¨¸É¥³Ò Í¥´É·  ¨´¥·Í¨¨ ¶ ·Ò Î ¸É¨Í ¢ ² ¡µ· -
Éµ·´ÊÕ ¸¨¸É¥³Ê µÉ¸Î¥É  ¸ ¶ · ²²¥²Ó´Ò³¨ µ¤´µ¨³¥´-
´Ò³¨ ±µµ·¤¨´ É´Ò³¨ µ¸Ö³¨. ‚ ¸²ÊÎ ¥, ±µ£¤  ¢¥±-
Éµ·Ò ¸±µ·µ¸É¥° ¤¢ÊÌ Î ¸É¨Í ¢ ² ¡µ· Éµ·´µ° ¸¨¸É¥³¥
µÉ¸Î¥É  ´¥ ±µ²²¨´¥ ·´Ò, Ê£²Ò ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¶µ-
¢µ·µÉ  ¸¶¨´  ¤²Ö ¶¥·¢µ° ¨ ¢Éµ·µ° Î ¸É¨Í · §²¨Î´Ò.
�µ± § ´µ, ÎÉµ ¸ ÊÎ¥Éµ³ ÔÉµ£µ · §²¨Î¨Ö µÉ´µ¸¨É¥²Ó-
´Ò¥ ¤µ²¨ ¸¨´£²¥É´µ£µ ¨ É·¨¶²¥É´µ£µ ¸µ¸ÉµÖ´¨° ¢
·¥²ÖÉ¨¢¨¸É¸±µ° ¸¨¸É¥³¥ ¤¢ÊÌ Î ¸É¨Í ¸µ ¸¶¨´µ³ 1/2
§ ¢¨¸ÖÉ µÉ ±µ´±·¥É´µ° ¸¨¸É¥³Ò µÉ¸Î¥É , ¢ ±µÉµ·µ°
 ´ ²¨§¨·Ê¥É¸Ö ¤¢ÊÌÎ ¸É¨Î´ Ö ¸¨¸É¥³ . ’ ±¨³ µ¡· -
§µ³, ¤²Ö ¸¨¸É¥³Ò ¤¢ÊÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¸ ´¥-
´Ê²¥¢Ò³ ¢¥±Éµ·µ³ µÉ´µ¸¨É¥²Ó´µ° ¸±µ·µ¸É¨ ±¢ ¤· É
¶µ²´µ£µ ¸¶¨´  ´¥ Ö¢²Ö¥É¸Ö ²µ·¥´Í¥¢¸±¨³ ¨´¢ ·¨ ´-
Éµ³ [19, 20].

�·µ¤µ²¦¥´µ ¨§ÊÎ¥´¨¥ ¸¶¨´µ¢ÒÌ ±µ··¥²ÖÍ¨° ¢
¤¢ÊÌÎ ¸É¨Î´ÒÌ ±¢ ´Éµ¢ÒÌ ¸¨¸É¥³ Ì. �µ¸É·µ¥´  µ¡-
Ð Ö Ë¥´µ³¥´µ²µ£¨Î¥¸± Ö É¥µ·¨Ö Ê£²µ¢ÒÌ ±µ··¥²Ö-
Í¨° ¶·¨ · ¸¶ ¤ Ì ¶µ²Ö·¨§µ¢ ´´ÒÌ Î ¸É¨Í (·¥§µ´ ´-
¸µ¢) ¢ É¥·³¨´ Ì ³Ê²ÓÉ¨¶µ²Ó´ÒÌ ¶ · ³¥É·µ¢ ·µ¦¤¥-
´¨Ö ¸¨¸É¥³Ò ¤¢ÊÌ ´¥¸É ¡¨²Ó´ÒÌ Î ¸É¨Í ¨ ³Ê²ÓÉ¨-
¶µ²Ó´ÒÌ ¶ · ³¥É·µ¢ ¨Ì · ¸¶ ¤µ¢. �·¨³¥´ÖÖ ³µ¤¥²Ó
´¥§ ¢¨¸¨³ÒÌ µ¤´µÎ ¸É¨Î´ÒÌ ¨¸ÉµÎ´¨±µ¢, ¨¸¶Ê¸± Õ-
Ð¨Ì ´¥¶µ²Ö·¨§µ¢ ´´Ò¥ Î ¸É¨ÍÒ ¸ ´¥´Ê²¥¢Ò³ ¸¶¨-
´µ³, ³Ò ¨¸¸²¥¤µ¢ ²¨ Ê£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ ¶·¨ · ¸-
¶ ¤ Ì ¤¢ÊÌ Éµ¦¤¥¸É¢¥´´ÒÌ ´¥¸É ¡¨²Ó´ÒÌ Î ¸É¨Í ¸
¡²¨§±¨³¨ ¨³¶Ê²Ó¸ ³¨. �É¨ Ê£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ µÉ-
· ¦ ÕÉ ¸¶¨´µ¢Ò¥ ±µ··¥²ÖÍ¨¨, µ¡Ê¸²µ¢²¥´´Ò¥ ÔË-
Ë¥±É ³¨ ±¢ ´Éµ¢µ° ¸É É¨¸É¨±¨ ¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢
±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ [21].

�  µ¸´µ¢¥ Ëµ·³ ²¨§³  ¸¶¨· ²Ó´ÒÌ  ³¶²¨ÉÊ¤
¶·µ ´ ²¨§¨·µ¢ ´Ò ¶µ²Ö·¨§ Í¨µ´´Ò¥ ÔËË¥±ÉÒ ¢ ¶·Ö-
³µ° ·¥ ±Í¨¨ p + 3He → π+ + 4He ¨ ¢ µ¡· É´µ³ ¶·µ-
Í¥¸¸¥ π+ + 4He → p + 3He. �µ± § ´µ, ÎÉµ ¢¢¨¤Ê
T -¨´¢ ·¨ ´É´µ¸É¨ § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ£µ ¸¥Î¥-
´¨Ö ·¥ ±Í¨¨ p + 3He → π+ + 4He µÉ ¢¥±Éµ·µ¢ ¶µ²Ö-
·¨§ Í¨¨ ¶·µÉµ´  ¨ Ö¤·  3He µ¤´µ§´ Î´µ µ¶·¥¤¥²Ö¥É
¢¥±Éµ·Ò ¶µ²Ö·¨§ Í¨¨ ¨ ¸¶¨´µ¢Ò¥ ±µ··¥²ÖÍ¨¨ ±µ´¥Î-
´ÒÌ Î ¸É¨Í ¢ ·¥ ±Í¨¨ π+ + 4He → p + 3He. “¸É ´µ-
¢²¥´µ, ÎÉµ ¢ ÔÉµ° ·¥ ±Í¨¨ ¸¨¸É¥³  ®¶·µÉµ´ + 3He¯
¢¸¥£¤  ·µ¦¤ ¥É¸Ö ¢ ´¥Ë ±Éµ·¨§Ê¥³µ³ É·¨¶²¥É´µ³ ¸µ-
¸ÉµÖ´¨¨ ¸µ ¸É·µ£µ ±µ··¥²¨·µ¢ ´´Ò³¨ ¸¶¨´ ³¨. �µ-
± § ´µ, ÎÉµ ¢ ·¥ ±Í¨¨ π+ + 4He → p + 3He µ¡Ö§ -
É¥²Ó´µ ´ ·ÊÏ ¥É¸Ö µ¤´µ ¨§ ´¥· ¢¥´¸É¢ ´¥±µ£¥·¥´É-
´µ¸É¨ ¤²Ö ¸Ê³³Ò ¤¢ÊÌ ¤¨ £µ´ ²Ó´ÒÌ ±µ³¶µ´¥´É ±µ·-
·¥²ÖÍ¨µ´´µ£µ É¥´§µ· , Ê¸É ´µ¢²¥´´ÒÌ · ´¥¥ ¢ ¸²ÊÎ ¥
´¥±µ£¥·¥´É´µ° ¸³¥¸¨ Ë ±Éµ·¨§Ê¥³ÒÌ ¤¢ÊÌÎ ¸É¨Î´ÒÌ
¸µ¸ÉµÖ´¨° [22].

�  µ¸´µ¢¥ ¸µµÉ´µÏ¥´¨° ´¥µ¶·¥¤¥²¥´´µ¸É¥° ¤²Ö
Ô´¥·£¨¨Ä¢·¥³¥´¨ ¨ ¨³¶Ê²Ó¸ Ä±µµ·¤¨´ ÉÒ ¡Ò²¨ ¢¢¥-
¤¥´Ò ¶µ´ÖÉ¨Ö ¢·¥³¥´¨ ¦¨§´¨ ¨ ¤²¨´Ò ¶·µ¡¥£  ¢¨·-
ÉÊ ²Ó´µ° Î ¸É¨ÍÒ. �µ± § ´µ, ÎÉµ ¢¡²¨§¨ ³ ¸¸µ¢µ°
¶µ¢¥·Ì´µ¸É¨ ·¥ ²Ó´µ° Î ¸É¨ÍÒ ÔÉ¨ ¢¥²¨Î¨´Ò ¸µ¸É -
¢²ÖÕÉ 4-¢¥±Éµ·. �µ²ÊÎ¥´Ò Ëµ·³Ê²Ò ¤²Ö ¢·¥³¥´¨
¦¨§´¨ ¨ ¤²¨´Ò ¶·µ¡¥£  Ê²ÓÉ· ·¥²ÖÉ¨¢¨¸É¸±µ£µ ¢¨·-
ÉÊ ²Ó´µ£µ Ô²¥±É·µ´  ¢ ¶·µÍ¥¸¸¥ Éµ·³µ§´µ£µ ¨§²ÊÎ¥-
´¨Ö ¢ ±Ê²µ´µ¢¸±µ³ ¶µ²¥ Ö¤· ,   É ±¦¥ ¤²Ö ¢·¥³¥´¨
¦¨§´¨ ¨ ¤²¨´Ò ¶·µ¡¥£  ¢¨·ÉÊ ²Ó´µ£µ ËµÉµ´  ¶·¨ ¥£µ
±µ´¢¥·¸¨¨ ¢ Ô²¥±É·µ´-¶µ§¨É·µ´´ÊÕ ¶ ·Ê. “¸É ´µ-
¢²¥´  ¸¢Ö§Ó ³¥¦¤Ê ¤²¨´µ° ¶·µ¡¥£  ¢¨·ÉÊ ²Ó´µ° Î -
¸É¨ÍÒ ¨ ±µ£¥·¥´É´µ° ¤²¨´µ° (¤²¨´µ° Ëµ·³¨·µ¢ -
´¨Ö) [23].

��ˆŠ‹�„�›… ˆ‘‘‹…„�‚��ˆŸ

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶ÊÎ±  12C ¢ µ´±µ²µ£¨Î¥¸±µ°
É¥· ¶¨¨

�·µ£· ³³´Ò° ±µ³¨É¥É �ˆŸˆ µ¤µ¡·¨² ¢ 2004 £.
´µ¢Ò° ¶·µ¥±É ®�Ê±²µÉ·µ´ �ˆŸˆ ¤²Ö ³¥¤¨Í¨´Ò¯.

�  ¶¥·¢µ³ ÔÉ ¶¥ ¶² ´¨·Ê¥É¸Ö ¶µ¤£µÉµ¢¨ÉÓ Ê£²¥·µ¤-
´Ò° ¶ÊÎµ± ¸ ¶ · ³¥É· ³¨, ´¥µ¡Ìµ¤¨³Ò³¨ ¤²Ö µ¡²Ê-
Î¥´¨Ö ¶ Í¨¥´Éµ¢. �·µ¢¥¤¥´Ò ¶¥·¢Ò¥ ¨§³¥·¥´¨Ö ³ ±-
¸¨³Ê³  �·Ô££  ´  ¶ÊÎ±¥ 12‘ ¸ Ô´¥·£¨¥° 500 A · ŒÔ‚
(·¨¸. 18). ‚ É¥Î¥´¨¥ ¶µ¸²¥¤ÊÕÐ¨Ì É·¥Ì ²¥É ¶² ´¨·Ê-
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�¨¸. 18. �¨± �·Ô££  ´  ¶ÊÎ±¥ ¨µ´µ¢ 12‘ ¸ Ô´¥·£¨¥°
500 A · ŒÔ‚, ¶µ²ÊÎ¥´´Ò° ´  ´Ê±²µÉ·µ´¥

¥É¸Ö ¶µ¤£µÉµ¢¨ÉÓ É·¥¡Ê¥³Ò° Ê£²¥·µ¤´Ò° ¶ÊÎµ± ¨
¸¶¥Í¨ ²Ó´µ¥ ³¥¸Éµ ¤²Ö µ¡²ÊÎ¥´¨Ö ¡¨µ²µ£¨Î¥¸±¨Ì
µ¡· §Íµ¢.

�¥±µÉµ·Ò¥ ¤·Ê£¨¥ ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥ ¸µ-
É·Ê¤´¨± ³¨ ² ¡µ· Éµ·¨¨, ¶·¨¢¥¤¥´Ò ¢ · ¡µ-
É Ì [24Ä28].

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Malakhov A. I. Selected Problems of Relativistic Nu-
clear Physics and Multiple Particle Production // Proc.
of the XXXII Intern. Symp. on Multiparticle Dynamics,
Alushta, Ukraine, Sept. 7Ä13, 2002. Singapore, 2003.
P. 348Ä352.

2. Malakhov A. I. Selected Problems of Relativistic Nuclear
Physics // Proc. of Intern. Conf. ®Hadron Structure-
2002¯, Herlany, Slovak Republic, Sept. 23Ä27, 2002.
Kosice, 2003. P. 188Ä203.

3. Kovalenko A. D., Butenko A. V. The Nuclotron Å New
Superconducting Ion Synchrotron at JINR // Proc. of the
Second Intern. COSPAR Colloquium ®Radiation Safety
for Manned Mission to Mars¯, Dubna, Sept. 28 Å Oct.
2, 2003.

4. �£ ¶µ¢ �. �., Šµ¢ ²¥´±µ �. „., Œ ² Ìµ¢ �. ˆ. // ��.
2002. ’. 93, ¢Ò¶. 6. ‘. 479Ä485.

5. �´¨¸¨³µ¢ �. ‘. ¨ ¤·. �µ²Ö·¨³¥É· ¤²Ö ¢´ÊÉ·¥´´¥£µ
¶ÊÎ±  ´Ê±²µÉ·µ´  // �¨¸Ó³  ¢ �—�Ÿ. 2004. ’. 1,
º 1(118). ‘. 68Ä79.

6. Isupov A. Yu. DAQ Systems for the High Energy and Nu-
clotron Internal Target Polarimeters with Network Access
to Polarization Calculation Results and Raw Data. JINR
Preprint E10-2004-13. Dubna, 2004.

7. Karnaukhov V. A. et al. Multifragmentation and Nuclear
Phase Transitions (LiquidÄFog and LiquidÄGas) // Nucl.
Phys. A. 2004. V. 734. P. 520.

8. Karnaukhov V. A. et al. Two Characteristic Volumes in
Thermal Nuclear Multifragmentation // Phys. Rev. C.
2004. V. 70. P. 041601(R).

9. Sharov V. I. et al. Measurement of the np Total Cross
Section Difference ∆σL(np) at 1.39, 1.69, 1.89 and
1.99 GeV // Eur. Phys. J. C. 2004. V. 37. P. 79Ä90.

10. Bradnova V. et al. // Acta Physica Slovaca. 2004. V. 54,
No. 4. P. 351Ä365.

11. �´¤·¥¥¢  �. �. ¨ ¤·. �·¥¶·¨´É �ˆŸˆ P1-2004-91.
„Ê¡´ , 2004.

12. Adamovich M. I. et al. // J. Phys. G. 2004. V. 30. P. 1479Ä
1485.

13. Adler S. S. et al. High-pT Charged Hadron Suppression
in Au+Au Collisions at

√
SNN = 200 GeV // Phys. Rev.

C. 2004. V. 69. P. 034910.
14. Ladygin V. P. et al. // Phys. Lett. B. 2004. V. 598. P. 47.
15. Uesaka T. et al. // Phys. Lett. B. 2002. V. 533. P. 1.
16. Troyan Yu. A. et al. JINR, D1-2004-39. Dubna, 2004;

hep-ex/0404003.
17. Troyan Yu. A. et al. // Proc. of the Romanian Acad. of

Sciences. Ser. A. 2004. V. 5, No. 3. P. 257Ä269.
18. Togoo P. et al. // Proc. of the Mongolian Acad. of Sci-

ences. 2003. V. 170, No. 4. P. 3.
19. Lednicky R., Lyuboshitz V. L., Lyuboshitz V. V. Effect of

the Relativistic Spin Rotation on Two-Particle Spin Com-
position // Phys. Rev. A. 2004. V. 69, No. 3. P. 034102.

20. Lednicky R., Lyuboshitz V. L., Lyuboshitz V. V. Effect of
the Relativistic Spin Rotation on Two-Particle Spin Com-
position // Proc. of X Advanced Research Workshop on
High Energy Spin Physics (Spin-03), Dubna, Sept. 16Ä
20, 2003. Dubna, 2004. P. 119Ä124.

21. Lednicky R., Lyuboshitz V. L., Lyuboshitz V. V. Spin Cor-
relations in the Decays of Two Unstable Particles // Proc.
of the 19th Intern. Conf. ®Symmetries and SPIN¯ Prague,
July 12Ä19, 2003; Czech. J. Phys. Suppl. B. 2004. V. 54.
P. B43ÄB56.

22. Lyuboshitz V. L., Lyuboshitz V. V. Polarization Effects in
the Reactions p + 3He → π + 4He, π+ + 4He → p +
3He and Veriˇcation of the Consequences of Quantum-
Mechanical Coherence for the Correlation Tensor // Proc.
of the 16th Intern. Spin Physics Symp. (SPIN 2004), Tri-
este, Italy, Oct. 10Ä16, 2004 (¢ ¶¥Î É¨).

23. ‹Õ¡µÏ¨Í ‚. ‹., ‹Õ¡µÏ¨Í ‚. ‚. ‚·¥³Ö ¶·µ²¥É  ¨ ¤²¨´ 
¶·µ¡¥£  ¢¨·ÉÊ ²Ó´µ° Î ¸É¨ÍÒ // Ÿ”. 2005. ’. 68, º 3
(¢ ¶¥Î É¨).

24. Šµ¸³ Î¥¢ �. ‘. ”¨§¨Î¥¸± Ö ¨´É¥·¶·¥É Í¨Ö ´¥±µÉµ-
·ÒÌ £·Ê¶¶µ¢ÒÌ  ²£¥¡· // �¨¸Ó³  ¢ �—�Ÿ. 2004. ’. 1,
º 5(122). ‘. 50Ä57.

25. Šµ¸³ Î¥¢ �. ‘. ‚µ²´µ¢µ¥ Ê· ¢´¥´¨¥ ¤²Ö ±¢ ·É¥É  ´¥°-
É·¨´µ // ’ ³ ¦¥. ‘. 58Ä65.

26. Ladygina N. B., Shebeko A. V. Study of DeuteronÄProton
Charge Exchange Reaction at Small Transfer Momen-
tum // Eur. Phys. J. A. 2004. V. 22. P. 29Ä35.

27. �¤ ³ ˆ. ¨ ¤·. ˆ¸¸²¥¤µ¢ ´¨¥ µ¡· §µ¢ ´¨Ö ¶·µ¤Ê±Éµ¢
¶·µÉµ´-Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ ³¨Ï¥´¨ 129I ¶·¨ Ô´¥·£¨¨
¶·µÉµ´µ¢ 660 ŒÔ‚ // �¨¸Ó³  ¢ �—�Ÿ. 2004. ’. 1,
º 4(121). ‘. 53Ä64.

28. �£ ¶µ¢ H. H., � É¨´ ‚. ˆ., ‚ ¸¥´¥¢  �. �. �·¨³¥´¥-
´¨¥ ¸É·Ê°´ÒÌ  ¶¶ · Éµ¢ ¢ ±·¨µ£¥´´µ° ¸¨¸É¥³¥ ´Ê±²µ-
É·µ´  Å ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥£µ Ê¸±µ·¨É¥²Ö ·¥²ÖÉ¨¢¨¸É-
¸±¨Ì Ö¤¥· // ’ ³ ¦¥. ‘. 65Ä71.

68


