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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�·¨¢µ¤¨É¸Ö ±· É±¨° µ¡§µ· ´ ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´ÒÌ ¨ ¨´É¥·¥¸´ÒÌ ¤µ¸É¨¦¥´¨° ¢ · §¢¨É¨¨ ³¥-
Éµ¤  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, ¶µ²ÊÎ¥´´ÒÌ ¢ É¥Î¥´¨¥ ¶µ¸²¥¤´¨Ì ²¥É. �¡¸Ê¦¤ ÕÉ¸Ö µ¸´µ¢´Ò¥
¶·¨²µ¦¥´¨Ö ³¥Éµ¤ , ¶·¨¢¥¤¥´µ µ¶¨¸ ´¨¥ Ê¸É ´µ¢µ±, · ¡µÉ ÕÐ¨Ì ¸ ¶·¨³¥´¥´¨¥³ Ô²¥±É·µ´´µ£µ
µÌ² ¦¤¥´¨Ö, ´ ±µ¶¨É¥²Ó´ÒÌ ±µ²¥Í ¨ ²µ¢ÊÏ¥±, ± ± ¤¥°¸É¢ÊÕÐ¨Ì, É ± ¨ ´ Ìµ¤ÖÐ¨Ì¸Ö ¢ ¸É ¤¨¨
· §· ¡µÉ±¨. ‘·¥¤¨ ¸µ¢·¥³¥´´ÒÌ ¶·µ¡²¥³ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ´ ¨¡µ²ÓÏ¥¥ ¢´¨³ ´¨¥ Ê¤¥-
²¥´µ · §¢¨É¨Õ É¥µ·¨¨ ¨ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö, ¶·¨³¥´¥´¨Õ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ´ 
´¨§±¨Ì Ô´¥·£¨ÖÌ, Ëµ·³¨·µ¢ ´¨Õ ±·¨¸É ²²¨Î¥¸±¨Ì ¶ÊÎ±µ¢ ¢ ´ ±µ¶¨É¥²ÖÌ, · §¢¨É¨Õ ³¥Éµ¤  ¢ µ¡² -
¸É¨ ¸·¥¤´¨Ì ¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨µ´µ¢, Ô²¥±É·µ´´µ³Ê µÌ² ¦¤¥´¨Õ ¨ £¥´¥· Í¨¨  ´É¨¢µ¤µ·µ¤  ¢
²µ¢ÊÏ± Ì, Ô²¥±É·µ´´µ³Ê µÌ² ¦¤¥´¨Õ ¶µ§¨É·µ´µ¢ ¨ £¥´¥· Í¨¨ ¶µÉµ±µ¢  Éµ³µ¢  ´É¨¢µ¤µ·µ¤  ¨
¶µ§¨É·µ´¨Ö.

A brief review of the most signiˇcant and interesting achievements in electron cooling method
development that took place during the last few years is presented. The description of the electron
cooling facilities Å storage rings and traps, both in service today and being under development Å is
given; electron cooling method application is considered. Modern problems in the method development
are discussed. Among them are progress in theory and numerical simulations, low-energy electron
cooling and its applications, crystalline beam formation, expansion into middle- and high-energy electron
cooling, electron cooling in traps, antihydrogen generation, crystalline beam in traps, electron cooling
of positrons and antihydrogen in-�ight.

‚‚…„…�ˆ…

‡  ¤²¨É¥²Ó´Ò° ¶¥·¨µ¤ ¸¢µ¥£µ · §¢¨É¨Ö, ¸ ³µ³¥´É  ¶¥·¢µ£µ ¸µµ¡Ð¥´¨Ö ƒ. ˆ. �Ê¤±¥· 
¢ 1966 £. [1], ³¥Éµ¤ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶µ²ÊÎ¨² ¸ÊÐ¥¸É¢¥´´µ¥ · §¢¨É¨¥. �µ¸²¥
¥£µ ¤¥³µ´¸É· Í¨¨ ¨ ¨¸¸²¥¤µ¢ ´¨Ö ¢ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´É Ì ¢ ˆŸ” CO �� ‘‘‘	, �µ-
¢µ¸¨¡¨·¸± (1974, ·¨¸. 1) [2], ¢ –…	� (1980) [3] ¨ ¢ ‹ ¡µ· Éµ·¨¨ ¨³. �. ”¥·³¨, ‘˜�
(1982) [4], ³¥Éµ¤ ´ Î ² ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ë¨§¨±¨ ± ± µ¤´µ ¨§ ¸·¥¤¸É¢
¶µ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°.

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö 10 ´ ±µ¶¨É¥²¥°, µ¡µ·Ê¤µ¢ ´´ÒÌ ¸¨¸É¥³ ³¨ Ô²¥±É·µ´´µ£µ µÌ² -
¦¤¥´¨Ö (É ± ´ §Ò¢ ¥³Ò¥ ®±Ê²¥·Ò¯), ´ Ìµ¤ÖÉ¸Ö ¢ Ô±¸¶²Ê É Í¨¨ ¨ ¸µµ·Ê¦ ¥É¸Ö ¥Ð¥ ¤¢¥
Ê¸É ´µ¢±¨ (¸³. É ¡²¨ÍÊ). Š·µ³¥ Éµ£µ, ´¥¸±µ²Ó±µ ¶·µ¥±Éµ¢, µ·¨¥´É¨·µ¢ ´´ÒÌ ´  ¨¸¶µ²Ó-
§µ¢ ´¨¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶·¨ ¸·¥¤´¨Ì ¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, ´ Ìµ¤ÖÉ¸Ö ¢ ¸É ¤¨¨
¨´É¥´¸¨¢´µ£µ · §¢¨É¨Ö. Š ± ¨ · ´¥¥, ¢¸¥ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ±Ê²¥·Ò · ¡µÉ ÕÉ ¢ ¤¨ ¶ §µ´¥
´¨§±¨Ì Ô´¥·£¨° ¨µ´µ¢ Å ³¥´¥¥ 700 ŒÔ‚/´Ê±²µ´. �²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥ ¡Ò²µ ÔË-
Ë¥±É¨¢´µ ¨¸¶µ²Ó§µ¢ ´µ ¤²Ö ¨µ´µ¢ ¶· ±É¨Î¥¸±¨ ¢¸¥Ì Ô²¥³¥´Éµ¢ É ¡²¨ÍÒ Œ¥´¤¥²¥¥¢  ¨
 ´É¨¶·µÉµ´µ¢. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö · §· ¡ ÉÒ¢ ÕÉ¸Ö ¶·µ¥±ÉÒ ¨¸¶µ²Ó§µ¢ ´¨Ö Ô²¥±É·µ´´µ£µ

1http://lepta.jinr.ru
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	¨¸. 1. � Î ²µ Ô¶µÌ¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö: ¶¥·¢ Ö ¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ���•�
(Ô²¥±É·µ´´Ò° ¶ÊÎµ±, µÌ² ¦¤ ÕÐ¨°  ´É¨¶·µÉµ´Ò) ¢ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥· , �µ¢µ¸¨¡¨·¸±

µÌ² ¦¤¥´¨Ö ¤²Ö ³µ²¥±Ê²Ö·´ÒÌ ¨µ´µ¢ ¨ ³ ±·µÎ ¸É¨Í. Œ ² Ö ¢¥²¨Î¨´  ´ ¶· ¢²¥´´µ°
±µ³¶µ´¥´ÉÒ ¸±µ·µ¸É¨ Ô²¥±É·µ´µ¢ ¢ É ±¨Ì ¸¨¸É¥³ Ì ¸¡²¨¦ ¥É ¨Ì ¸ Ô²¥±É·µ´´Ò³ µÌ² -
¦¤¥´¨¥³ ¢ ²µ¢ÊÏ± Ì, ¨¸¶µ²Ó§Ê¥³Ò³ ¤²Ö ¶µ²ÊÎ¥´¨Ö  ´É¨¢µ¤µ·µ¤ . ‘µµ·Ê¦ ¥É¸Ö ¶¥·¢Ò°
´ ±µ¶¨É¥²Ó ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ ¶µ§¨É·µ´µ¢. 	 §· ¡ ÉÒ¢ ÕÉ¸Ö ¶·µ¥±ÉÒ ¶·µ¤¢¨-
¦¥´¨Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¢ µ¡² ¸ÉÓ Ô´¥·£¨° ¨µ´µ¢ ¤µ 100 ƒÔ‚/´Ê±²µ´.

1. ��‹�‘’ˆ ��ˆŒ…�…�ˆŸ �‹…Š’�����ƒ� �•‹�†„…�ˆŸ

‘·¥¤¨ ´ ¨¡µ²¥¥ § ³¥É´ÒÌ ·¥§Ê²ÓÉ Éµ¢, ¶µ²ÊÎ¥´´ÒÌ ¸ ¶µ³µÐÓÕ Ô²¥±É·µ´´µ£µ µÌ² -
¦¤¥´¨Ö, ³µ¦´µ µÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¨¥.

1) ”¨§¨±  Î ¸É¨Í. �±¸¶¥·¨³¥´ÉÒ ¸ µÌ² ¦¤¥´´Ò³¨ ¨ ¢Ò¢¥¤¥´´Ò³¨ ¶ÊÎ± ³¨  ´É¨¶·µ-
Éµ´µ¢ ´  ´ ±µ¶¨É¥²¥ LEAR ¢ –…	� ¶·¨´¥¸²¨ ·Ö¤ ´µ¢ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¢ Ë¨§¨±¥ Î ¸É¨Í.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  ³µ¦´µ Ê± § ÉÓ ´  Ô±¸¶¥·¨³¥´É ²Ó´µ¥ µÉ±·ÒÉ¨¥ ´ ·ÊÏ¥´¨Ö ¶· ¢¨² 
�±Ê¡µÄ–¢¥°£ Äˆ¨¤§Ê±¨ ¢ ¶·µÉµ´- ´É¨¶·µÉµ´´ÒÌ ¢§ ¨³µ¤¥°¸É¢¨ÖÌ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ,
ÎÉµ ¶µ¤É¢¥·¦¤ ¥É ¸²µ¦´ÊÕ ¸É·Ê±ÉÊ·Ê ´Ê±²µ´µ¢ [5].

‚ ¦´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ Ë¨§¨±¥ Î ¸É¨Í ¸·¥¤´¨Ì Ô´¥·£¨° (®Ë¨§¨±¥ ³¥-
§µ´µ¢¯) ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ ¢§ ¨³µ¤¥°¸É¢¨Õ ¶·µÉµ´µ¢ Ô´¥·£¨¥° ¢ 1Ä2 ƒÔ‚ ¸ ¢´ÊÉ·¥´´¥°
¨²¨ ¢´¥Ï´¥° ³¨Ï¥´ÓÕ ´  É·¥Ì ´ ±µ¶¨É¥²Ó´ÒÌ ±µ²ÓÍ Ì ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³:
IUCF (‘˜�), COSY (ƒ¥·³ ´¨Ö), CELSIUS (˜¢¥Í¨Ö).

2) ”¨§¨±  Ö¤· . ˆ¸¸²¥¤µ¢ ´¨Ö ¶µ Ë¨§¨±¥ · ¤¨µ ±É¨¢´ÒÌ Ö¤¥· ¨ ·¥¤±¨Ì ¨§µÉµ¶µ¢,
Ô±§µÉ¨Î¥¸±¨Ì ¸µ¸ÉµÖ´¨°  Éµ³´µ£µ Ö¤·  ¶·µ¢µ¤ÖÉ¸Ö ´  ´ ±µ¶¨É¥²ÖÌ ESR ¨ SIS (GSI, ƒ¥·-
³ ´¨Ö). � ¶·¨³¥·, ´  ESR ¡Ò²¨ µ¸ÊÐ¥¸É¢²¥´Ò ¸¢¥·ÌÉµÎ´Ò¥ ¨§³¥·¥´¨Ö ³ ¸¸ · §²¨Î´ÒÌ
¨§µÉµ¶µ¢ ¸ µÉ´µ¸¨É¥²Ó´µ° ¶µ£·¥Ï´µ¸ÉÓÕ ³¥´¥¥ Î¥³ ∆M/M � 10−6.
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3) �Éµ³´ Ö Ë¨§¨± . �µ¢Ò° ÔÉ ¶ ¢ ¨§ÊÎ¥´¨¨  Éµ³´µ° ¨ ³µ²¥±Ê²Ö·´µ° Ë¨§¨±¨ ¸É ² ¢µ§-
³µ¦¥´ ¡² £µ¤ ·Ö ´ ±µ¶¨É¥²Ö³ TSR (ƒ¥·³ ´¨Ö), CRYRING (˜¢¥Í¨Ö), ASTRID („ ´¨Ö).
�ÊÎµ± Ô²¥±É·µ´µ¢ ´  ÔÉ¨Ì Ê¸É ´µ¢± Ì ¨¸¶µ²Ó§Ê¥É¸Ö ¨ ¤²Ö µÌ² ¦¤¥´¨Ö ¨µ´µ¢, ¨ ¢ ± Î¥¸É¢¥
Ô²¥±É·µ´´µ° ³¨Ï¥´¨, ÎÉµ ¶µ§¢µ²Ö¥É ¨¸¸²¥¤µ¢ ÉÓ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨µ´µ¢ ¸ Ô²¥±É·µ´ ³¨ ¢
Î¨¸ÉÒÌ ¢ ±ÊÊ³´ÒÌ Ê¸²µ¢¨ÖÌ.

4) ƒ¥´¥· Í¨Ö  ´É¨¢µ¤µ·µ¤ . �¥·¢Ò¥  Éµ³Ò  ´É¨¢µ¤µ·µ¤  ¡Ò²¨ ¶µ²ÊÎ¥´Ò ®¢ ¶µ²¥É¥¯
´  ´ ±µ¶¨É¥²¥ LEAR ¢ 1996 £. [6]. �µ§¤´¥¥ ¢¢µ¤ ¢ Ô±¸¶²Ê É Í¨Õ ¸¨´Ì·µÉ·µ´ -±Ê²¥·  AD
¸¤¥² ² ¢µ§³µ¦´Ò³ ¶µ¸É ´µ¢±Ê Ô±¸¶¥·¨³¥´Éµ¢ ¶µ £¥´¥· Í¨¨  ´É¨¢µ¤µ·µ¤  ®¢ ¶µ±µ¥¯ Å ´ 
Ê¸É ´µ¢± Ì ATHENA ¨ ATRAP. “¸¶¥Ï´µ¥ ¶µ²ÊÎ¥´¨¥  ´É¨¢µ¤µ·µ¤  ´  µ¡¥¨Ì Ê¸É ´µ¢± Ì,
µ Î¥³ ¡Ò²µ ¸µµ¡Ð¥´µ ¢ 2003 £., ¡Ò²µ ¡Ò ´¥¢µ§³µ¦´Ò³ ± ± ¡¥§ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
 ´É¨¶·µÉµ´µ¢ ¢ ¶·µÍ¥¸¸¥ ¨Ì § ³¥¤²¥´¨Ö ¢ AD, É ± ¨ ¡¥§ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¢
²µ¢ÊÏ± Ì, ±µÉµ·µ¥ ¡Ò²µ ¢¶¥·¢Ò¥ ·¥ ²¨§µ¢ ´µ ´  ÔÉ¨Ì Ê¸É ´µ¢± Ì.

5) ”¨§¨±  ¶ÊÎ±µ¢. �ËË¥±É ¸± Î±µµ¡· §´µ£µ Ê³¥´ÓÏ¥´¨Ö · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸Ê µÌ² -
¦¤ ¥³µ£µ ¶ÊÎ±  ¶·¨ ³¥¤²¥´´µ³ Ê¡Ò¢ ´¨¨ ¥£µ ¨´É¥´¸¨¢´µ¸É¨, ¢¶¥·¢Ò¥ µ¡´ ·Ê¦¥´´Ò° ´ 
Ê¸É ´µ¢±¥ ���-Œ, ¡Ò² ¢¶µ¸²¥¤¸É¢¨¨ ¤¥É ²Ó´µ ¨¸¸²¥¤µ¢ ´ ´  ESR, SIS [7] ¨ CRYRING
[8]. �´ ¡Ò² ¨´É¥·¶·¥É¨·µ¢ ´ ± ± Ê¶µ·Ö¤µÎ¨¢ ´¨¥ ¨µ´´µ£µ ¶ÊÎ± , Í¨·±Ê²¨·ÊÕÐ¥£µ ¢
´ ±µ¶¨É¥²¥ (®±·¨¸É ²²¨§ Í¨Ö¯), ¨ ´¥¤ ¢´µ É·¥Ì³¥·´Ò¥ ±·¨¸É ²²¨Î¥¸±¨¥ ¶ÊÎ±¨ ¡Ò²¨ ¶µ-
²ÊÎ¥´Ò ´  ´¥¡µ²ÓÏµ³ ´ ±µ¶¨É¥²Ó´µ³ ±µ²ÓÍ¥ PALLAS (ƒ¥·³ ´¨Ö) [9].

	 §¢¨É¨¥ ³¥Éµ¤  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨´¨Í¨¨·µ¢ ²µ ¢ Ë¨§¨±¥ ¶ÊÎ±µ¢ ¢µ§´¨±´µ-
¢¥´¨¥ ´µ¢µ£µ ³¥Éµ¤  µÌ² ¦¤¥´¨Ö Å ² §¥·´µ£µ. ‚ ·¥§Ê²ÓÉ É¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
¨µ´´µ£µ ¶ÊÎ±  ¥£µ É¥³¶¥· ÉÊ·  ¸ÊÐ¥¸É¢¥´´µ Ê³¥´ÓÏ ¥É¸Ö ¨ ¤µ¸É¨£ ¥É É ±µ° ¢¥²¨Î¨´Ò,
¶·¨ ±µÉµ·µ° ³µ¦´µ ÔËË¥±É¨¢´µ ¨¸¶µ²Ó§µ¢ ÉÓ ² §¥·´µ¥ µÌ² ¦¤¥´¨¥, ÎÉµ ¨ ¡Ò²µ ¶·µ¤¥-
³µ´¸É·¨·µ¢ ´µ ´  ´ ±µ¶¨É¥²ÖÌ TSR, ASTRID, ESR.

6) ˆ¸¶µ²Ó§µ¢ ´¨¥ ®µÌ² ¦¤¥´´ÒÌ Ô²¥±É·µ´ ³¨¯ ¨µ´µ¢ ¢ É¥· ¶¨¨ · ±µ¢ÒÌ § ¡µ²¥¢ ´¨°.
�¤´µ ¨§ ´ ¨¡µ²¥¥ ¢ ¦´ÒÌ ¶·¨³¥´¥´¨° Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, ¢µ§´¨±Ï¨Ì ¢ ¶µ¸²¥¤-
´¥¥ ¢·¥³Ö, ¡Ò²µ · §· ¡µÉ ´µ ¢ NIRS (Ÿ¶µ´¨Ö), £¤¥ ¶ÊÎµ± ¨µ´µ¢ 13C6+ Ê¸±µ·Ö¥É¸Ö ¨
µÌ² ¦¤ ¥É¸Ö ¢ ¸¨´Ì·µÉ·µ´¥ HIMAC (Heavy Ion Medicine Accelerator), ¨, ¶µ¸²¥ ¢Ò¢µ¤ ,
¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¶µ§¨É·µ´´µ° Éµ³µ£· Ë¨¨. ‚µ§³µ¦´Ò ¨ ¤·Ê£¨¥ ³¥¤¨Í¨´¸±¨¥ ¶·¨³¥´¥´¨Ö
¶ÊÎ±µ¢ ¸ ³ ²µ° ¢¥²¨Î¨´µ° Ô³¨ÉÉ ´¸ .

2. ‘���“†�…Œ›… “‘’���‚Šˆ

Œ¥Éµ¤ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶¥·¥¦¨¢ ¥É ¸É ¤¨Õ ¡Ê·´µ£µ · §¢¨É¨Ö Å ¶µ¸ÉµÖ´´µ
¶µÖ¢²ÖÕÉ¸Ö ´µ¢Ò¥ ¨¤¥¨ ¢ É¥µ·¨¨ ¨ É¥Ì´µ²µ£¨¨, ¢µ§´¨± ÕÉ ´µ¢Ò¥ µ¡² ¸É¨ ¥£µ ¶·¨³¥´¥´¨Ö.
‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¸µ§¤ ¥É¸Ö ´¥¸±µ²Ó±µ ´µ¢ÒÌ Ê¸É ´µ¢µ± ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³. ‚
¶¥·¢ÊÕ µÎ¥·¥¤Ó ÔÉµ ÉÖ¦¥²µ¨µ´´Ò° ±µ³¶²¥±¸ HIRFLÄCSR ¢ ˆ´¸É¨ÉÊÉ¥ ¸µ¢·¥³¥´´µ° Ë¨-
§¨±¨ (‹ ´Î¦µÊ, Š¨É °), ¸µ¸ÉµÖÐ¨° ¨§ ¤¢ÊÌ ´ ±µ¶¨É¥²¥°, ¶µ¤µ¡´µ ¶·µ¥±ÉÊ K4ÄK10 [10],
· §· ¡µÉ ´´µ³Ê ¢ �ˆŸˆ ¢ 90-Ì £µ¤ Ì. ‚ µÉ²¨Î¨¥ µÉ ¶·µ¥±É  K4ÄK10, · ¡µÉÒ ¶µ ±µÉµ-
·µ³Ê ¡Ò²¨ ¶·¥±· Ð¥´Ò ¨§-§  µÉ¸ÊÉ¸É¢¨Ö Ë¨´ ´¸¨·µ¢ ´¨Ö, µ¡  ´ ±µ¶¨É¥²Ö ¢ ‹ ´Î¦µÊ
Ê¦¥ ¨§£µÉµ¢²¥´Ò, ¤¢¥ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¤²Ö ´¨Ì ¶µ¸É·µ¥´Ò ¢ ˆŸ”
¨³. ƒ. ˆ. �Ê¤±¥·  (·¨¸. 2).

� ±µ¶¨É¥²Ó LEAR (Low Energy Antiproton Ring), Ê¸¶¥Ï´µ ¨¸¶µ²Ó§µ¢ ¢Ï¨°¸Ö ¢ –…	�
¢ 90-¥ £µ¤Ò, ± ± µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ¡Ê¤¥É É· ´¸Ëµ·³¨·µ¢ ´ ¢ ´ ±µ¶¨É¥²Ó ¨µ´µ¢ (LEIR)
¤²Ö ´ ±µ¶²¥´¨Ö ¨µ´µ¢ ¸¢¨´Í  ¨ ¨´¦¥±Í¨¨ ¢ ± ¸± ¤ Ê¸±µ·¨É¥²¥° –…	� Å PSB, PS, SPS
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	¨¸. 2. ’¥¸É¨·µ¢ ´¨¥ ¢ ‹ ´Î¦µÊ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ±µ³¶²¥±¸  HIRFLÄCSR (¨§£µ-
Éµ¢²¥´  ¢ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥· )

¨, µ±µ´Î É¥²Ó´µ, ¢ LHC. �ÉµÉ ¶·µ¥±É Ê¦¥ ·¥ ²¨§Ê¥É¸Ö, ¨ ´µ¢ Ö ¸¨¸É¥³  µÌ² ¦¤¥´¨Ö ¤²Ö
´¥£µ · §· ¡µÉ ´  ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥· .

�·µ¥±É MUSES, ·¥ ²¨§Ê¥³Ò° ¢ RIKEN (Ÿ¶µ´¨Ö), ¶·¥É¥·¶¥² ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥-
´¨Ö ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¢¢¨¤Ê ¸µ±· Ð¥´¨Ö µ¡Ñ¥³µ¢ Ë¨´ ´¸¨·µ¢ ´¨Ö. �¥¸³µÉ·Ö ´  ÔÉµ,
Ô²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥ µ¸É ¥É¸Ö µ¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ ¥£µ Ô²¥³¥´Éµ¢.

ˆ§ Ê¸É ´µ¢µ± Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¢ µ¡² ¸É¨ ¸·¥¤´¨Ì Ô´¥·£¨° ´ ¨¡µ²¥¥ ¡²¨§± 
± Ë¨§¨Î¥¸±µ³Ê ¢µ¶²µÐ¥´¨Õ ¸¨¸É¥³  µÌ² ¦¤¥´¨Ö ¤²Ö  ´É¨¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° 9 ƒÔ‚, ¸µ-
µ·Ê¦ ¥³ Ö ¢ · ³± Ì ¶·µ£· ³³Ò ¶µ¢ÒÏ¥´¨Ö ¸¢¥É¨³µ¸É¨ ÉÔ¢ É·µ´  ¢ ‹ ¡µ· Éµ·¨¨
¨³. �. ”¥·³¨. �¸´µ¢´Ò¥ Ô²¥³¥´ÉÒ ÔÉµ° ¸¨¸É¥³Ò ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¨§£µÉµ¢²¥´Ò ¨ ´ Î Éµ
¨Ì É¥¸É¨·µ¢ ´¨¥.

‚ �ˆŸˆ ¸µ§¤ ¥É¸Ö ´¥¡µ²ÓÏµ° ´ ±µ¶¨É¥²Ó ‹…�’�, µ¸´µ¢´µ¥ ´ §´ Î¥´¨¥ ±µÉµ·µ£µ Å
¨§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö Ô²¥±É·µ´  ¨ ¶µ§¨É·µ´ , É ± ´ §Ò¢ ¥³µ£µ
¶µ§¨É·µ´¨Ö. �  ÔÉµ° Ê¸É ´µ¢±¥ ¶² ´¨·Ê¥É¸Ö ·¥ ²¨§µ¢ ÉÓ ¨ ¨¸¸²¥¤µ¢ ÉÓ ¶·µÍ¥¸¸ Ô²¥±É·µ´-
´µ£µ µÌ² ¦¤¥´¨Ö ¶µ§¨É·µ´µ¢. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µ¸´µ¢´Ò¥ Ô²¥³¥´ÉÒ ´ ±µ¶¨É¥²Ö ‹…�’�
¨ ¥£µ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨§£µÉµ¢²¥´Ò. �¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶µÔÉ ¶´ Ö ¸¡µ·± 
¨ É¥¸É¨·µ¢ ´¨¥ ´ ±µ¶¨É¥²Ö ¸ ¶µ³µÐÓÕ ³µ¤¥²Ó´µ£µ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  [11].

3. �‹…Š’�����… �•‹�†„…�ˆ… �� �ˆ‡Šˆ• ��…�ƒˆŸ•

3.1. �Ì² ¦¤¥´¨¥ ¶ÊÎ±µ¢ ¢Ò¸µ±µ° ¨´É¥´¸¨¢´µ¸É¨. �µ¢Ò° Ê·µ¢¥´Ó ¶µ´¨³ ´¨Ö ¶·¨-
·µ¤Ò µ£· ´¨Î¥´¨° ¨´É¥´¸¨¢´µ¸É¨ µÌ² ¦¤ ¥³µ£µ ¨µ´´µ£µ ¶ÊÎ±  ¡Ò² ¤µ¸É¨£´ÊÉ ¢ ¶µ¸²¥¤-
´¨¥ £µ¤Ò. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¨´¦¥±Í¨¨ ¨ ´ ±µ¶²¥´¨Ö ¶·µÉµ´µ¢, ¶·µ¢¥-
¤¥´´Ò¥ ´  COSY [12], ¶µ± § ²¨, ÎÉµ ¶µÉ¥·¨ Î ¸É¨Í ¶·µ¨¸Ìµ¤ÖÉ ¢¸²¥¤¸É¢¨¥ ¤¢ÊÌ Ö¢²¥´¨°:

1) ¶µÉ¥·¨ Î ¸É¨Í ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ¨´¦¥±Í¨¨;
2) ¶µÉ¥·¨ ¢ µÌ² ¦¤¥´´µ³ ¶ÊÎ±¥ ¨µ´µ¢ ¢¸²¥¤¸É¢¨¥ · §¢¨É¨Ö ±µ£¥·¥´É´µ° ´¥Ê¸Éµ°Î¨-

¢µ¸É¨ ¸ É· ´¸Ëµ·³ Í¨¥° £µ·¨§µ´É ²Ó´ÒÌ ±µ²¥¡ ´¨° ¢ ¢¥·É¨± ²Ó´Ò¥. � Î ²Ó´Ò¥ ¶µÉ¥·¨,



‘µ¸ÉµÖ´¨¥ ¨ ¶¥·¸¶¥±É¨¢Ò · §¢¨É¨Ö ³¥Éµ¤  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö 27

¢µ§³µ¦´µ, ¢Ò§¢ ´Ò ´¥²¨´¥°´µ¸ÉÓÕ ¸µ¡¸É¢¥´´ÒÌ ¶µ²¥° Ô²¥±É·µ´´µ£µ ¶ÊÎ± . „·Ê£µ¥ µ¡Ñ-
Ö¸´¥´¨¥ ¸¢Ö§ ´µ ¸ · §¢¨É¨¥³ ¶² §³¥´´ÒÌ ±µ²¥¡ ´¨° ¢ Ô²¥±É·µ´´µ³ ¨ ¨µ´´µ³ ¶ÊÎ± Ì,
¶·¨¢µ¤ÖÐ¨Ì ± ¢µ§´¨±´µ¢¥´¨Õ ÏÊ³  ¨ ¸µ±· Ð¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ¨µ´µ¢ ¸ ¡µ²ÓÏ¨³¨
 ³¶²¨ÉÊ¤ ³¨ ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨°. �´ ²µ£¨Î´Ò° ÔËË¥±É Å É ± ´ §Ò¢ ¥³Ò° ®Ô²¥±-
É·µ´´Ò° ´ £·¥¢¯ Å ¢¶¥·¢Ò¥ ¡Ò² µ¡´ ·Ê¦¥´ ´  ´ ±µ¶¨É¥²¥ CELSIUS [13].

‚Éµ· Ö ¸É ¤¨Ö ¶µÉ¥·Ó ¨³¥¥É ³¥¸Éµ, ±µ£¤  ¢ µÌ² ¦¤¥´´µ³ ¶ÊÎ±¥ ¢µ§´¨± ÕÉ ±µ£¥·¥´É-
´Ò¥ ±µ²¥¡ ´¨Ö. �µÉ¥·¨ Î ¸É¨Í ¢Ò§Ò¢ ÕÉ¸Ö, ± ± ¶· ¢¨²µ, ¢¥·É¨± ²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨
¶ÊÎ±  ¨§-§  ³¥´ÓÏ¥° ¢¥²¨Î¨´Ò ¢¥·É¨± ²Ó´µ£µ  ±¸¥¶É ´¸ . ’· ´¸Ëµ·³ Í¨Ö £µ·¨§µ´É ²Ó-
´ÒÌ ±µ²¥¡ ´¨° ¢ ¢¥·É¨± ²Ó´Ò¥, ¢¶¥·¢Ò¥ ´ ¡²Õ¤ ¢Ï Ö¸Ö ´  COSY, ¢¶µ¸²¥¤¸É¢¨¨ ¡Ò² 
µ¡´ ·Ê¦¥´  ¨ ´  ¸¨´Ì·µÉ·µ´¥ HIMAC (NIRS, Ÿ¶µ´¨Ö) [14]. ˆ¸Î¥·¶Ò¢ ÕÐ¥£µ µ¡ÑÖ¸´¥-
´¨Ö ÔÉµ£µ ÔËË¥±É  ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´¥ ¸ÊÐ¥¸É¢Ê¥É, ¶µÔÉµ³Ê ´¥µ¡Ìµ¤¨³Ò ¤ ²Ó´¥°Ï¨¥
¤¥É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö.

3.2. �É Ê¶µ·Ö¤µÎ¨¢ ´¨Ö ¶ÊÎ±µ¢ ± ±·¨¸É ²²¨Î¥¸±¨³ ¶ÊÎ± ³. �µ¢Ò° ¶·¨²¨¢ ¨´É¥·¥¸ 
± Ê¶µ·Ö¤µÎ¥´´Ò³ ¶ÊÎ± ³ ¢ ¨µ´´ÒÌ ´ ±µ¶¨É¥²ÖÌ ¢µ§´¨± ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¢ ¸¢Ö§¨ ¸ § ¤ -
Î¥° ¶µ²ÊÎ¥´¨Ö ¢Ò¸µ±µ° ¸¢¥É¨³µ¸É¨ ¶·¨ ¸Éµ²±´µ¢¥´¨¨ Ô²¥±É·µ´´ÒÌ ¶ÊÎ±µ¢ ¸ ¶ÊÎ± ³¨ · -
¤¨µ ±É¨¢´ÒÌ ¨µ´µ¢. �¨§± Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±µ¢ · ¤¨µ ±É¨¢´ÒÌ ¨µ´µ¢, ¶µ²ÊÎ ¥³ Ö ´ 
¢ÒÌµ¤¥ Ë· £³¥´É-¸¥¶ · Éµ· , ¨ ³ ²µ¥ ¢·¥³Ö ¦¨§´¨ Ö¤¥· ¶·¨¢µ¤ÖÉ ± ´¨§±µ° ¨´É¥´¸¨¢´µ-
¸É¨ ¶ÊÎ± , ´ ±µ¶²¥´´µ£µ ¢ ±µ²ÓÍ¥, Å ¶µ·Ö¤±  105Ä106 Î ¸É¨Í. �·¨ µ¡ÒÎ´ÒÌ ¶µ¶¥·¥Î´ÒÌ
· §³¥· Ì ¶ÊÎ±  É ± Ö ¨´É¥´¸¨¢´µ¸ÉÓ ´¥¤µ¸É ÉµÎ´  ¤²Ö ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤ 
¢´ÊÉ·¨ Ö¤· . �±¸¶¥·¨³¥´ÉÒ ´  ESR ¶µ± § ²¨, ÎÉµ Ê¶µ·Ö¤µÎ¨¢ ´¨¥ (®±·¨¸É ²²¨§ Í¨Ö¯)
¨µ´´µ£µ ¶ÊÎ±  ¢¥¤¥É ± ·¥§±µ³Ê Ê³¥´ÓÏ¥´¨Õ ¥£µ · ¤¨Ê¸  Å ¢¶²µÉÓ ¤µ ´¥¸±µ²Ó±¨Ì ³¨-
±·µ´. ‚ ¶·¨´Í¨¶¥, ÔÉµ ¶µ§¢µ²Ö¥É Ê³¥´ÓÏ¨ÉÓ · ¤¨Ê¸ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢ ÉµÎ±¥ ¢¸É·¥Î¨
¨, ¢ ·¥§Ê²ÓÉ É¥, ¶µ¢Ò¸¨ÉÓ ¸¢¥É¨³µ¸ÉÓ ´  ´¥¸±µ²Ó±µ ¶µ·Ö¤±µ¢. „²Ö ¤µ¸É¨¦¥´¨Ö ÔÉµ° Í¥²¨
´¥µ¡Ìµ¤¨³µ ¶µ¢Ò¸¨ÉÓ ¨´É¥´¸¨¢´µ¸ÉÓ ¨µ´´µ£µ ¶ÊÎ±  ¢ Ê¶µ·Ö¤µÎ¥´´µ³ ¸µ¸ÉµÖ´¨¨ ¶·¨-
³¥·´µ ´  É·¨ ¶µ·Ö¤±  ¶µ ¸· ¢´¥´¨Õ ¸ ¤µ¸É¨£´ÊÉµ° ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö. ’¥µ·¥É¨Î¥¸±¨¥
¨¸¸²¥¤µ¢ ´¨Ö [15] ¨ ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¸µ ¸£·Ê¶¶¨·µ¢ ´´Ò³¨ Ê¶µ·Ö¤µÎ¥´´Ò³¨ ¶ÊÎ-
± ³¨, ¢Ò¶µ²´¥´´Ò¥ ´  ESR ¨ CRYRING, ¤ ²¨ ¢¥¸Ó³  ³´µ£µµ¡¥Ð ÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ. „²Ö
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§³µ¦´µ¸É¨ ·¥ ²¨§ Í¨¨ ¸Éµ²±´µ¢¥´¨° Ô²¥±É·µ´µ£µ
¶ÊÎ±  ¸ Ê¶µ·Ö¤µÎ¥´´Ò³ ¶ÊÎ±µ³ ¨µ´µ¢ ¢ · ³± Ì ¶·µ¥±É  MUSES ¶² ´¨·Ê¥É¸Ö ¶¥·¥¢¥§É¨
´ ±µ¶¨É¥²Ó TARN II ¨§ KEK ¢ RIKEN ¨ ¢¢¥¸É¨ ¥£µ ¢ Ô±¸¶²Ê É Í¨Õ ¸ É·¥¡Ê¥³Ò³¨ ¨§³¥-
´¥´¨Ö³¨ ³ £´¨É´µ° ¸É·Ê±ÉÊ·Ò.

�¥§ ¢¨¸¨³µ µÉ ¢µ§³µ¦´µ¸É¨ ¥£µ ¶· ±É¨Î¥¸±µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ¤²Ö Ö¤¥·´µ-Ë¨§¨Î¥¸±µ-
£µ Ô±¸¶¥·¨³¥´É , Ê¶µ·Ö¤µÎ¥´´Ò° ¶ÊÎµ± ¨µ´µ¢ ¢ ´ ±µ¶¨É¥²¥ Ö¢²Ö¥É¸Ö ¸ ³µ¸ÉµÖÉ¥²Ó´Ò³
¨´É¥·¥¸´Ò³ µ¡Ñ¥±Éµ³ ¨¸¸²¥¤µ¢ ´¨°. ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¨µ´´Ò¥ ±·¨¸É ²²Ò ¡Ò²¨ ¶µ²Ê-
Î¥´Ò ´  ´¥¡µ²ÓÏµ³ ´ ±µ¶¨É¥²¥ PALLAS (¤¨ ³¥É· ´ ±µ¶¨É¥²Ö ¶·¨³¥·´µ 20 ¸³, Ô´¥·£¨Ö
¨µ´µ¢ ¢¸¥£µ ´¥¸±µ²Ó±µ Ô‚). �µ²ÊÎ¥´¨¥ ¤¢Ê³¥·´ÒÌ ¨ É·¥Ì³¥·´ÒÌ ¨µ´´ÒÌ ±·¨¸É ²²µ¢
Ö¢²Ö¥É¸Ö µ¤´µ° ¨§ Í¥²¥° ¶·µ¥±É  ´µ¢µ£µ ´ ±µ¶¨É¥²Ö (¶·µ¥±É S-LRS), · §· ¡ ÉÒ¢ ¥³µ£µ ¢
“´¨¢¥·¸¨É¥É¥ Š¨µÉµ [16].

3.3. �·µ£·¥¸¸ ¢ É¥µ·¨¨ ¨ Î¨¸²¥´´µ³ ³µ¤¥²¨·µ¢ ´¨¨. ‚µ§³µ¦´µ¸ÉÓ ¶·¨³¥´¥´¨Ö ¸¨-
¸É¥³ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¸ ¶ · ³¥É· ³¨, ²¥¦ Ð¨³¨ §  ¶·¥¤¥² ³¨ É¥Ì´¨Î¥¸±¨ µ¸¢µ-
¥´´µ£µ ¤¨ ¶ §µ´ , ¸É¨³Ê²¨·Ê¥É ´µ¢Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö É¥µ·¨¨ ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö. �·¥-
¦¤¥ ¢¸¥£µ, ÔÉµ µÉ´µ¸¨É¸Ö ± É ±¨³ ¶·µ¥±É ³, ± ± ¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö  ´-
É¨¶·µÉµ´µ¢ ‹ ¡µ· Éµ·¨¨ ¨³. �. ”¥·³¨, ¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¤²Ö RHIC
(BNL, ‘˜�), ´µ¢Ò° ¶·µ¥±É GSI ¶µ µÌ² ¦¤¥´¨Õ  ´É¨¶·µÉµ´µ¢, Ô²¥±É·µ´´µ¥ µÌ² ¦¤¥-
´¨¥ ¶µ§¨É·µ´µ¢ ´  ´ ±µ¶¨É¥²¥ ‹…�’� (�ˆŸˆ). “¦¥ ¤¨ ¶ §µ´ §´ Î¥´¨° ³ £´¨É´ÒÌ
¶µ²¥°, ±µÉµ·Ò¥ ¶·¥¤¶µ² £ ¥É¸Ö ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö Ëµ±Ê¸¨·µ¢±¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢
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¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö (µÉ 50 ƒ¸ ¢ ‹ ¡µ· Éµ·¨¨ ¨³. �. ”¥·³¨, ¤µ 2 ’² ´  RHIC), ¸¢¨-
¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ ÔËË¥±ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ § ³ £´¨Î¥´´µ¸ÉÓÕ Ô²¥±É·µ´´µ£µ ¶ÊÎ± ,
¶µ-¶·¥¦´¥³Ê ´Ê¦¤ ÕÉ¸Ö ¢ É¥µ·¥É¨Î¥¸±µ³ µ¸³Ò¸²¥´¨¨. �µ¢ Ö ³µ¤¥²Ó ¶ ·´ÒÌ ¸µÊ¤ ·¥´¨°
¨µ´µ¢ ¸ § ³ £´¨Î¥´´Ò³¨ Ô²¥±É·µ´ ³¨ · §· ¡µÉ ´  £·Ê¶¶µ° É¥µ·¥É¨±µ¢ ¨§ �·² ´£¥´¸±µ£µ
Ê´¨¢¥·¸¨É¥É  (ƒ¥·³ ´¨Ö) ¢ ¸µÉ·Ê¤´¨Î¥¸É¢¥ ¸ –…	�. ’¥µ·¥É¨Î¥¸±¨¥ ¨ Î¨¸²¥´´Ò¥ ¨¸¸²¥-
¤µ¢ ´¨Ö ¶·µÍ¥¸¸  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶µ§¨É·µ´µ¢ ¶·µ¢µ¤ÖÉ¸Ö ¢ · ³± Ì ¶·µ¥±É 
‹…�’�.

�¶·¥¤¥²¥´´Ò° ¶·µ£·¥¸¸, ¤µ¸É¨£´ÊÉÒ° ¢ ¶µ´¨³ ´¨¨ ¶·µÍ¥¸¸  Ê¶µ·Ö¤µÎ¨¢ ´¨Ö ¨µ´-
´µ£µ ¶ÊÎ± , ¸¢Ö§ ´ ¸ ±·¨É¥·¨Ö³¨ µ¡· §µ¢ ´¨Ö µ¤´µ³¥·´ÒÌ ¨ ¤¢Ê³¥·´ÒÌ ¨µ´´ÒÌ ±·¨-
¸É ²²µ¢. �É¨ ±·¨É¥·¨¨ ¶µ²ÊÎ¥´Ò ´  µ¸´µ¢¥ ³µ¤¥²¨ ¶ ·´ÒÌ ¸µÊ¤ ·¥´¨° ¨µ´µ¢ ¢ ´ ±µ¶¨-
É¥²¥.

„²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö · §· ¡µÉ ´µ ´¥¸±µ²Ó±µ ±µ³¶ÓÕÉ¥·´ÒÌ ±µ-
¤µ¢. Šµ¤ MOCAC, · §· ¡µÉ ´´Ò° ¢ ˆ’�”, µ¸´µ¢ ´ ´  ¨¸¶µ²Ó§µ¢ ´¨¨ ³¥Éµ¤  Œµ´É¥-
Š ·²µ ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, ¢´ÊÉ·¨¶ÊÎ±µ¢µ£µ · ¸¸¥Ö´¨Ö, ¢§ -
¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±  ¸ ¢´ÊÉ·¥´´¥° ³¨Ï¥´ÓÕ ¨ É. ¶. �É  ¶·µ£· ³³  ¨¸¶µ²Ó§µ¢ ² ¸Ó ± ±
¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸  ´ ±µ¶²¥´¨Ö ¨µ´µ¢ ¢ ´ ±µ¶¨É¥²¥ ’‚� ¢ ˆ’�”, É ± ¨
¶·¨ ¶·µ¥±É¨·µ¢ ´¨¨ ´µ¢ÒÌ ¨µ´´ÒÌ ´ ±µ¶¨É¥²¥° ¢ Ÿ¶µ´¨¨ ¨ ƒ¥·³ ´¨¨. �·µ£· ³³ 
SIMCOOL · §· ¡µÉ ´  ¢ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥·  ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö
¢ ±µ²² °¤¥·¥ RHIC. ‚ �·Ê±Ì¥°¢¥´¸±µ° ² ¡µ· Éµ·¨¨ ¸µ¢³¥¸É´µ ¸ “´¨¢¥·¸¨É¥Éµ³ Š ²¨-
Ëµ·´¨¨ ´ Î Éµ É ±¦¥ ¸µ§¤ ´¨¥ ¶ ±¥É  ¶·µ£· ³³ ¤²Ö · ¸Î¥É  ¸¨²Ò É·¥´¨Ö, ¤¥°¸É¢ÊÕÐ¥°
´  ¨µ´ ¢ § ³ £´¨Î¥´´µ³ Ô²¥±É·µ´´µ³ ¶ÊÎ±¥. ‘¥±Éµ· Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö �ˆŸˆ
¸µ¢³¥¸É´µ ¸ GSI, RIKEN, BNL ¨ ˆ’�” µ¸ÊÐ¥¸É¢²Ö¥É ¤ ²Ó´¥°Ï¥¥ · §¢¨É¨¥ ¶·µ£· ³³Ò
BETACOOL [17], ¤µ¸É ÉµÎ´µ Ï¨·µ±µ ¨¸¶µ²Ó§Ê¥³µ° ¶·¨ ¶·µ¥±É¨·µ¢ ´¨¨ ¸¨¸É¥³ µÌ² -
¦¤¥´¨Ö. �¤´  ¨§ Í¥²¥° ¥¥ ¤ ²Ó´¥°Ï¥£µ · §¢¨É¨Ö Å Î¨¸²¥´´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ¶·µÍ¥¸¸ 
Ëµ·³¨·µ¢ ´¨Ö ±·¨¸É ²²¨Î¥¸±¨Ì ¶ÊÎ±µ¢.

3.4. � §¢¨É¨¥ É¥Ì´¨±¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö. �µ¢Ò¥ É¥Ì´¨Î¥¸±¨¥ Ê¸µ¢¥·Ï¥´-
¸É¢µ¢ ´¨Ö ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, ¶·¥¤²µ¦¥´´Ò¥ ¢ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥·  ´ 
¸É ¤¨¨ ¶·µ¥±É¨·µ¢ ´¨Ö ¸¨¸É¥³ µÌ² ¦¤¥´¨Ö ¤²Ö ¶·µ¥±É  HIRFLÄCSR, ¡Ò²¨ ·¥ ²¨§µ¢ ´Ò
¨ ¶·µÉ¥¸É¨·µ¢ ´Ò. � ¨¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§ ´¨Ì:

Å Ëµ·³¨·µ¢ ´¨¥ ¢ Ô²¥±É·µ´´µ° ¶ÊÏ±¥ É·Ê¡Î Éµ£µ (®¶µ²µ£µ¯) Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¸
Í¥²ÓÕ ¶·¥¤µÉ¢· Ð¥´¨Ö · §¢¨É¨Ö ´¥Ê¸Éµ°Î¨¢µ¸É¨ µÌ² ¦¤¥´´µ£µ ¶ÊÎ±  ¨µ´µ¢;

Å ¨¸¶µ²Ó§µ¢ ´¨¥ Ô²¥±É·µ¸É É¨Î¥¸±µ£µ ¶µ²Ö ¤²Ö ±µ³¶¥´¸ Í¨¨ Í¥´É·µ¡¥¦´µ£µ ¤·¥°Ë 
Ô²¥±É·µ´µ¢ ¢ Éµ·µ¨¤ ²Ó´ÒÌ ¸µ²¥´µ¨¤ Ì ¸ Í¥²ÓÕ ¶µ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´µ¸É¨ ·¥±Ê¶¥· Í¨¨
Ô²¥±É·µ´´µ£µ ¶ÊÎ± ;

Å ¨¸¶µ²Ó§µ¢ ´¨¥ ±µ²²¥±Éµ·  Ô²¥±É·µ´µ¢ ¸¶¥Í¨ ²Ó´µ° ±µ´¸É·Ê±Í¨¨, µ¡¥¸¶¥Î¨¢ ÕÐ¥°
·¥±µ·¤´µ ¢Ò¸µ±ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ § Ì¢ É  Ô²¥±É·µ´µ¢.

�  ´ ±µ¶¨É¥²¥ TSR ¡Ò²µ ¨§£µÉµ¢²¥´µ ¨ Ê¸É ´µ¢²¥´µ Ê¸É·µ°¸É¢µ ´µ¢µ£µ É¨¶  (ÌµÉÖ
¶µ ¶·¨´Í¨¶Ê ±µ´¸É·Ê±Í¨¨ µ´µ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ²¨ÏÓ ´¥¸±µ²Ó±µ ³µ¤¨Ë¨Í¨·µ¢ ´-
´ÊÕ ¸¨¸É¥³Ê Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö) Å Ô²¥±É·µ´´ Ö ³¨Ï¥´Ó ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ¶µ
 Éµ³´µ° Ë¨§¨±¥, Å ¢ ±µÉµ·µ³ ·¥ ²¨§µ¢ ´  ¨¤¥Ö  ¤¨ ¡ É¨Î¥¸±µ£µ Ê¸±µ·¥´¨Ö Ô²¥±É·µ´-
´µ£µ ¶ÊÎ±  [18]. ‚ ±µ³¡¨´ Í¨¨ ¸ ±·¨µ£¥´´µ° Ô²¥±É·µ´´µ° ¶ÊÏ±µ° ¸ ËµÉµ± Éµ¤µ³
¨  ¤¨ ¡ É¨Î¥¸±¨³ · ¸Ï¨·¥´¨¥³ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢ ¶·Ö³µ²¨´¥°´µ° ¸¥±Í¨¨ ÔÉµ ¶µ-
§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ Ô²¥±É·µ´´Ò° ¶ÊÎµ± ¸ Ô±¸É·¥³ ²Ó´µ ´¨§±µ° É¥³¶¥· ÉÊ·µ° ¢ ¸¨¸É¥³¥
Î ¸É¨Í.
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4. ��‡‚ˆ’ˆ… Œ…’�„� ‚ ��‹�‘’œ ‘�…„�ˆ• ˆ ‚›‘�Šˆ• ��…�ƒˆ‰

�µ¸²¥ ¶·¥±· Ð¥´¨Ö · ¡µÉ ¶µ ¸µ§¤ ´¨Õ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ´  ´ ±µ-
¶¨É¥²¥ PETRA (DESY, ƒ¥·³ ´¨Ö) ¶¥·¸¶¥±É¨¢Ò ¨¸¶µ²Ó§µ¢ ´¨Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
´  ¡µ²¥¥ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¸¢Ö§Ò¢ ÕÉ¸Ö ¢ µ¸´µ¢´µ³ ¸ Î¥ÉÒ·Ó³Ö ¶·µ¥±É ³¨, ¨´É¥´¸¨¢´µ
· §¢¨¢ ÕÐ¨³¨¸Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö. ‚ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ÔÉµ ¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² -
¦¤¥´¨Ö ‹ ¡µ· Éµ·¨¨ ¨³. �. ”¥·³¨, ¸µ§¤ ´¨¥ ±µÉµ·µ° ´ Ìµ¤¨É¸Ö ¢ § ¢¥·Ï ÕÐ¥° ¸É ¤¨¨.
�  · §´ÒÌ ¸É ¤¨ÖÌ ¶·µ· ¡µÉ±¨ ´ Ìµ¤ÖÉ¸Ö ¶·µ¥±ÉÒ ¸¨¸É¥³ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ±µ²-
² °¤¥·  RHIC, ´ ±µ¶¨É¥²Ö HESR (High Energy Storage Ring) ¢ ´µ¢µ³ ¶·µ¥±É¥ GSI ¨
´ ±µ¶¨É¥²Ö COSY ´  ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨ ¨µ´´µ£µ ¶ÊÎ± .

�·µ¥±É ³¥¦¤Ê´ ·µ¤´µ£µ Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ´µ¢µ£µ ¶µ±µ²¥´¨Ö, · §· ¡ ÉÒ¢ -
¥³Ò° ¢ GSI, ¶·¥¤¶µ² £ ¥É ¨¸¶µ²Ó§µ¢ ´¨¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¤²Ö  ´É¨¶·µÉµ´µ¢
¸ Ô´¥·£¨¥° ´¥¸±µ²Ó±µ ƒÔ‚ ´  ´ ±µ¶¨É¥²¥ HESR ¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨µ´µ¢ ¢
´ ±µ¶¨É¥²¥ NESR (New Experimental Storage Ring) ¶·¨ Ô´¥·£¨¨ 800 ŒÔ‚/´Ê±²µ´. �¡¥
¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö, · §· ¡ ÉÒ¢ ¥³Ò¥ ¢ ¸µÉ·Ê¤´¨Î¥¸É¢¥ ¸ ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥· , ¡ §¨-
·ÊÕÉ¸Ö ´  É· ¤¨Í¨µ´´µ° ¸Ì¥³¥ ¸ ¶µ¢ÒÏ¥´¨¥³ Ô´¥·£¨¨ Ô²¥±É·µ¸É É¨Î¥¸±¨ Ê¸±µ·¥´´ÒÌ
Ô²¥±É·µ´µ¢.

ˆ´µ¥ ·¥Ï¥´¨¥, ¶µ§¢µ²ÖÕÐ¥¥ Ê¢¥²¨Î¨ÉÓ Ô´¥·£¨Õ Ô²¥±É·µ´µ¢ ¤µ 50 ŒÔ‚, ¶·¥¤²µ¦¥´µ
£·Ê¶¶µ° ˆŸ” ¨³. ƒ. ˆ. �Ê¤±¥·  ¤²Ö ¶·µ¥±É  ¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö RHIC, ¸ ¢µ§³µ¦´µ¸ÉÓÕ
¨¸¶µ²Ó§µ¢ ´¨Ö ¤²Ö ÔÉµ° Í¥²¨ ²¨´¥°´µ£µ ·¥§µ´ ´¸´µ£µ Ê¸±µ·¨É¥²Ö. ‘£·Ê¶¶¨·µ¢ ´´Ò° ¨
Ê¸±µ·¥´´Ò° Ô²¥±É·µ´´Ò° ¶ÊÎµ± ¶µ¤¢¥·£ ¥É¸Ö ¶·¥µ¡· §µ¢ ´¨Õ ¶·µ¤µ²Ó´µ£µ Ô³¨ÉÉ ´¸  ¤²Ö
Ê³¥´ÓÏ¥´¨Ö · §¡·µ¸  ¶µ ¨³¶Ê²Ó¸Ê ¨ µ¶É¨³¨§ Í¨¨ ¤²¨´Ò ¸£Ê¸É±  ¨ § É¥³ ¨´¦¥±É¨·Ê¥É¸Ö
¢ ¸µ²¥´µ¨¤ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö. �µ¸²¥ ¶·µ²¥É  ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö Ô´¥·£¨Ö Ô²¥±É·µ´µ¢
·¥±Ê¶¥·¨·Ê¥É¸Ö ¢ Éµ³ ¦¥ ¸ ³µ³ ²¨´¥°´µ³ Ê¸±µ·¨É¥²¥.

�¤´  ¨§ ¢µ§³µ¦´µ¸É¥° µ¸ÊÐ¥¸É¢²¥´¨Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶·µÉµ´µ¢ ¨²¨ ¤¥°-
É·µ´µ¢ ¢ COSY ´  Ô´¥·£¨¨ Ô±¸¶¥·¨³¥´É  § ±²ÕÎ ¥É¸Ö ¢ ¨¸¶µ²Ó§µ¢ ´¨¨ ´¥¡µ²ÓÏµ£µ ´ -
±µ¶¨É¥²Ö Ô²¥±É·µ´µ¢ ¨ µÌ² ¦¤¥´¨¨ ¨µ´µ¢ Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³, Í¨·±Ê²¨·ÊÕÐ¨³ ¢ ÔÉµ³
´ ±µ¶¨É¥²¥. ‚µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö Í¨·±Ê²¨·ÊÕÐ¥£µ ¶ÊÎ±  Ô²¥±É·µ´µ¢ É·¥¡Ê¥³µ£µ ± -
Î¥¸É¢  ¡Ê¤¥É ¨¸¸²¥¤µ¢ ´  ¢ · ³± Ì ¶·µ¥±É  ‹…�’�, µ¤´  ¨§ Í¥²¥° ±µÉµ·µ£µ Ä ¨§ÊÎ¥´¨¥
¤¨´ ³¨±¨ Ô²¥±É·µ´´µ£µ (¨²¨ ¶µ§¨É·µ´´µ£µ) ¶ÊÎ±  ¢ ´ ±µ¶¨É¥²¥ ¸ Ëµ±Ê¸¨·µ¢±µ° ¶·µ-
¤µ²Ó´Ò³ ³ £´¨É´Ò³ ¶µ²¥³. ‘ ¤·Ê£µ° ¸Éµ·µ´Ò, ·¥ ²¨§ Í¨Ö ¶·µ¥±É  ‹…�’� µÉ±·µ¥É ¶ÊÉÓ
± £¥´¥· Í¨¨ ¶µÉµ±µ¢  Éµ³µ¢  ´É¨¢µ¤µ·µ¤  [19].

5. �‹…Š’�����… �•‹�†„…�ˆ… ‚ ‹�‚“˜Š�•,
ƒ…�…��–ˆŸ ��’ˆ‚�„���„�

�²¥±É·µ´´µ¥ (¨ ¶µ§¨É·µ´´µ¥) µÌ² ¦¤¥´¨¥  ´É¨¶·µÉµ´µ¢ ¢ ³ £´¨É´µ° ²µ¢ÊÏ±¥ ¶¥´-
´¨´£µ¢¸±µ£µ É¨¶  Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ ¶·µÍ¥¸¸µ¢, ¶µ§¢µ²¨¢Ï¨Ì µ¸ÊÐ¥¸É¢¨ÉÓ
£¥´¥· Í¨Õ  ´É¨¢µ¤µ·µ¤  ¢ –…	� ¢ 2002 £. ‚ µÉ²¨Î¨¥ µÉ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¢
´ ±µ¶¨É¥²Ó´ÒÌ ±µ²ÓÍ Ì Ô²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥ ¢ ²µ¢ÊÏ± Ì ¨³¥¥É · ¤ ¸¶¥Í¨Ë¨Î¥¸±¨Ì
µ¸µ¡¥´´µ¸É¥°: Ô²¥±É·µ´´µ¥ µ¡² ±µ ¨³¥¥É µ¡· É´Ò° Ì · ±É¥· ®¸¶²ÕÐ¥´´µ£µ¯ · ¸¶·¥¤¥-
²¥´¨Ö ¶µ ¸±µ·µ¸ÉÖ³: · §¡·µ¸ ¶µ ¶·µ¤µ²Ó´µ° ±µ³¶µ´¥´É¥ ¸±µ·µ¸É¨ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥,
Î¥³ ¶µ ¶µ¶¥·¥Î´µ°; ¶µ¶¥·¥Î´ Ö ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò Ô²¥±É·µ´´µ£µ ¨²¨ ¶µ§¨É·µ´´µ£µ ¶ÊÎ± 
µÌ² ¦¤ ¥É¸Ö §  ¸Î¥É ¸¨´Ì·µÉ·µ´´µ£µ ¨§²ÊÎ¥´¨Ö ¢ ¸¢¥·Ì¸¨²Ó´µ³ ³ £´¨É´µ³ ¶µ²¥; ¶µ§¨-
É·µ´´µ¥ µÌ² ¦¤¥´¨¥  ´É¨¶·µÉµ´µ¢ É·¥¡Ê¥É § Ì¢ É  Î ¸É¨Í ¸ ¶·µÉ¨¢µ¶µ²µ¦´Ò³ §´ ±µ³
Ô²¥±É·¨Î¥¸±µ£µ § ·Ö¤  ¢ µ¤´µ³ ¨ Éµ³ ¦¥ ³¥¸É¥ ²µ¢ÊÏ±¨ [20].
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�±¸¶¥·¨³¥´É ²Ó´µ¥ ¨ É¥µ·¥É¨Î¥¸±µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ÔÉµ£µ ¶·µÍ¥¸¸  ´¥µ¡Ìµ¤¨³µ ¤²Ö
¶µ¤£µÉµ¢±¨ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¸  Éµ³ ³¨, § Ì¢ Î¥´´Ò³¨ ¢ ²µ¢ÊÏ±Ê. “¸¶¥Ï´ Ö £¥´¥-
· Í¨Ö  ´É¨¢µ¤µ·µ¤  ¢ ²µ¢ÊÏ± Ì ¸É¨³Ê²¨·Ê¥É ¨´É¥·¥¸ ± £¥´¥· Í¨¨ ¶µÉµ±µ¢  ´É¨ Éµ³µ¢ ¸
¨¸¶µ²Ó§µ¢ ´¨¥³ ´ ±µ¶¨É¥²Ó´ÒÌ ±µ²¥Í, ÎÉµ ¶µ§¢µ²¨É ·¥ ²¨§µ¢ ÉÓ Ô±¸¶¥·¨³¥´ÉÒ ¢ ¤·Ê£µ°
¶µ¸É ´µ¢±¥ ¨ µ¸ÊÐ¥¸É¢¨ÉÓ ±µ³¶²¥±¸´µ¥ ¨¸¸²¥¤µ¢ ´¨¥ ¸¢µ°¸É¢  ´É¨¢¥Ð¥¸É¢  [19].

�·µ¡²¥³Ò, ¡²¨§±¨¥ ± ¢µ§´¨± ÕÐ¨³ ¶·¨ Ô²¥±É·µ´´µ³ µÌ² ¦¤¥´¨¨ ¢ ²µ¢ÊÏ± Ì, ¶·¨Ìµ-
¤¨É¸Ö ·¥Ï ÉÓ ¨ ¶·¨ µÌ² ¦¤¥´¨¨ ³µ²¥±Ê²Ö·´ÒÌ ¨µ´µ¢ ´¨§±µ° Ô´¥·£¨¨ ¨²¨ ¶ÊÎ±µ¢ ³ ±·µ-
Î ¸É¨Í: ´ ¶· ¢²¥´´ Ö ±µ³¶µ´¥´É  ¸±µ·µ¸É¨ Ô²¥±É·µ´µ¢ ¶·¨ ÔÉµ³ ³µ¦¥É ¡ÒÉÓ ¸· ¢´¨³  ¸
É¥³¶¥· ÉÊ·´Ò³ · §¡·µ¸µ³ Ô²¥±É·µ´µ¢ ¶µ ¸±µ·µ¸ÉÖ³. �  Ô²¥±É·µ¸É É¨Î¥¸±µ³ ´ ±µ¶¨É¥²¥,
¸µµ·Ê¦ ¥³µ³ ¢ KEK, ¶² ´¨·Ê¥É¸Ö µÌ² ¦¤ ÉÓ Í¨·±Ê²¨·ÊÕÐ¨° ¶ÊÎµ± ¸¢¥·ÌÉÖ¦¥²ÒÌ ¨µ´µ¢
¶·¨ ¶µ³µÐ¨ Ô²¥±É·µ´´µ£µ µ¡² ± , · ¸¶µ² £ ÕÐ¥£µ¸Ö ´  µ·¡¨É¥ ´ ±µ¶¨É¥²Ö ¢ ¸¶¥Í¨ ²Ó-
´µ° ²µ¢ÊÏ±¥ [21].

‡�Š‹	—…�ˆ…

�µ²¥¥ Î¥³ É·¨¤Í É¨²¥É´ÖÖ ¨¸Éµ·¨Ö · §¢¨É¨Ö ³¥Éµ¤  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶µ± -
§ ²  ¥£µ ¢Ò¸µ±ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ ± ± ¸·¥¤¸É¢  · ¸Ï¨·¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢µ§³µ¦-
´µ¸É¥° ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ë¨§¨±¨. �²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥ ¨ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
Ö¢²Ö¥É¸Ö ¤¨´ ³¨Î´µ · §¢¨¢ ÕÐ¥°¸Ö µ¡² ¸ÉÓÕ É¥Ì´¨±¨ ¨ Ë¨§¨±¨, ¶·µ¤µ²¦ Ö ¶·¨¢²¥± ÉÓ
¨´É¥·¥¸ ± ± ¸ ÉµÎ±¨ §·¥´¨Ö ¶·¨³¥´¥´¨Ö ¥£µ ¢ ´µ¢ÒÌ µ¡² ¸ÉÖÌ ´ Ê±¨, É ± ¨ ¸ ÉµÎ±¨ §·¥´¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¸ ³µ£µ ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö.

	 ¡µÉ  ¶µ¤¤¥·¦ ´  	””ˆ (£· ´É º 02-02-16911).
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