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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 
¡ ˆ¸¸²¥¤µ¢ É¥²Ó¸±¨° Í¥´É· ¢ �²¨Ì¥, ƒ¥·³ ´¨Ö

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö ¶ÊÎ±  ¶·µÉµ-
´µ¢ ´  ´ ±µ¶¨É¥²¥ COSY (�²¨Ì, ƒ¥·³ ´¨Ö). ˆ´É¥´¸¨¢´µ¸ÉÓ µÌ² ¦¤¥´´µ£µ ¶ÊÎ±  µ£· ´¨Î¨¢ ¥É¸Ö
¤¢Ê³Ö Ë ±Éµ· ³¨: ¶µÉ¥·Ö³¨ ¨µ´µ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ¨´¦¥±Í¨¨ ¢ ¶·¨¸ÊÉ¸É¢¨¨ Ô²¥±É·µ´´µ£µ
¶ÊÎ±  ¨ · §¢¨É¨¥³ ´¥Ê¸Éµ°Î¨¢µ¸É¨ ¢ Ìµ·µÏµ µÌ² ¦¤¥´´µ³ ¶ÊÎ±¥. �¶¨¸ ´Ò ¸¶µ¸µ¡Ò ¶µ¤ ¢²¥´¨Ö
´¥Ê¸Éµ°Î¨¢µ¸É¨, ¶µ§¢µ²ÖÕÐ¨¥ ¶µ¢Ò¸¨ÉÓ ¨´É¥´¸¨¢´µ¸ÉÓ µÌ² ¦¤¥´´µ£µ ¶ÊÎ± . �·¨¢µ¤ÖÉ¸Ö É·¥¡µ¢ -
´¨Ö ± µ¸´µ¢´Ò³ ¶ · ³¥É· ³ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¡Ê¸É¥·  ¸¨´Ì·µÉ·µ´  ®�Ê±²µÉ·µ´¯.

Results of experimental investigations of the electron cooling of a proton beam at COSY (Juelich,
Germany) are presented. Intensity of the ion beam is limited by two general effects: particle loss directly
after the injection and development of instability in a deep-cooled ion beam. Methods of the instability
suppression, which allow one to increase the cooled beam intensity, are described. Requirements to
general parameters of the Nuclotron booster electron cooling system are discussed.

‚‚…„…�ˆ…

�·µ¡²¥³  Ëµ·³¨·µ¢ ´¨Ö ¨´É¥´¸¨¢´ÒÌ ¨µ´´ÒÌ ¶ÊÎ±µ¢ Ö¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ µ¡Ð¥° ¤²Ö
¸µ¢·¥³¥´´ÒÌ ´ ±µ¶¨É¥²¥°. �µ²ÓÏµ° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¶ÊÎ±¨ ¶µ²Ö·¨§µ¢ ´´ÒÌ Î ¸É¨Í
¨ ¨µ´µ¢ · ¤¨µ ±É¨¢´ÒÌ ¨§µÉµ¶µ¢. ˆ¸ÉµÎ´¨±¨ É ±¨Ì Î ¸É¨Í, ± ± ¶· ¢¨²µ, ¨³¥ÕÉ ´¥¢Ò-
¸µ±ÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ, ¨ ¶µ²ÊÎ¥´¨¥ ¢Ò¸µ±µ° ¸¢¥É¨³µ¸É¨ Ô±¸¶¥·¨³¥´É  ¸¢Ö§ ´µ ¸ ¶·¥¤-
¢ ·¨É¥²Ó´Ò³ ´ ±µ¶²¥´¨¥³ ¨µ´µ¢. �¤´¨³ ¨§ ´ ¨¡µ²¥¥ ÔËË¥±É¨¢´ÒÌ ³¥Éµ¤µ¢ ¨´¦¥±Í¨¨,
¶·¨³¥´Ö¥³ÒÌ ¤²Ö ´ ±µ¶²¥´¨Ö ¨µ´´ÒÌ ¶ÊÎ±µ¢, Ö¢²Ö¥É¸Ö ¶¥·¥§ ·Ö¤´ Ö ¨´¦¥±Í¨Ö. �·¨
´¨§±µ° ¨´É¥´¸¨¢´µ¸É¨ ¨µ´´µ£µ ¶ÊÎ±  ¨§ ¨¸ÉµÎ´¨±  ¶·¨³¥´Ö¥É¸Ö ³´µ£µµ¡µ·µÉ´ Ö ¶¥·¥§ -
·Ö¤´ Ö ¨´¦¥±Í¨Ö. �·¨ ³´µ£µµ¡µ·µÉ´µ° ¨´¦¥±Í¨¨ ¶ÊÎµ± ¨µ´µ¢ § ¶µ²´Ö¥É ¢¥¸Ó  ±¸¥¶É ´¸
´ ±µ¶¨É¥²Ö, ¨ ¥£µ ÔËË¥±É¨¢´µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ § É·Ê¤´¥´µ ¡¥§ ¶·¨³¥´¥´¨Ö µÌ² ¦¤¥´¨Ö.
‘µÎ¥É ´¨¥ ³´µ£µµ¡µ·µÉ´µ° ¶¥·¥§ ·Ö¤´µ° ¨´¦¥±Í¨¨ ¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨¸¶µ²Ó-
§Ê¥É¸Ö ¤²Ö ´ ±µ¶²¥´¨Ö ¨ Ëµ·³¨·µ¢ ´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±µ¢ ¶·µÉµ´µ¢ ¨ ¤¥°É·µ´µ¢ (´¥
¶µ²Ö·¨§µ¢ ´´ÒÌ ¨ ¶µ²Ö·¨§µ¢ ´´ÒÌ) ´  ´ ±µ¶¨É¥²¥ COSY (ˆ¸¸²¥¤µ¢ É¥²Ó¸±¨° Í¥´É· ¢
�²¨Ì¥, ƒ¥·³ ´¨Ö) [1]. ˆ¸¶µ²Ó§µ¢ ´¨¥ ¸¨¸É¥³ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶² ´¨·Ê¥É¸Ö ¢
´¥¸±µ²Ó±¨Ì ¸µµ·Ê¦ ¥³ÒÌ ¨²¨ · §· ¡ ÉÒ¢ ¥³ÒÌ ´µ¢ÒÌ Ê¸É ´µ¢± Ì. � ¶·¨³¥·, ¢ ·¥ ²¨-
§Ê¥³µ³ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ ˆ’�” (Œµ¸±¢ ) ¶·µ¥±É¥ ’‚� (É¥· ¢ ÉÉ´Ò° ´ ±µ¶¨É¥²Ó)
¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö ´ ±µ¶²¥´¨Ö ¶ÊÎ±µ¢ ÉÖ-
¦¥²ÒÌ ¨µ´µ¢ ¸ ¶²µÉ´µ¸ÉÓÕ, ¶·¥¤¥²Ó´µ° ¶µ ¶·µ¸É· ´¸É¢¥´´µ³Ê § ·Ö¤Ê [2]. �·µ¥±ÉÒ ´µ-
¢ÒÌ ´ ±µ¶¨É¥²Ó´ÒÌ ±µ³¶²¥±¸µ¢ · ¤¨µ ±É¨¢´ÒÌ ¨µ´µ¢ MUSES (RIKEN, Ÿ¶µ´¨Ö) ¨ GSI
(„ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö) É ±¦¥ ¶·¥¤¶µ² £ ÕÉ ¨¸¶µ²Ó§µ¢ ´¨¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
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¤²Ö Ëµ·³¨·µ¢ ´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±µ¢ ¨µ´µ¢. �¤´¨³ ¨§ ¢µ§³µ¦´ÒÌ ´ ¶· ¢²¥´¨° · §¢¨-
É¨Ö Ê¸±µ·¨É¥²Ó´µ£µ ±µ³¶²¥±¸  ®�Ê±²µÉ·µ´¯ (�ˆŸˆ, „Ê¡´ ) Ö¢²Ö¥É¸Ö ¸µ§¤ ´¨¥ ¡Ê¸É¥· 
¸  ±¸¥¶É ´¸µ³, ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢ÒÏ ÕÐ¨³  ±¸¥¶É ´¸ ´Ê±²µÉ·µ´ , µ¸´µ¢´µ¥ ´ §´ Î¥´¨¥
±µÉµ·µ£µ Å ¶µ¢ÒÏ¥´¨¥ ¸¢¥É¨³µ¸É¨ Ô±¸¶¥·¨³¥´Éµ¢ ¸ ¶ÊÎ± ³¨ ¶µ²Ö·¨§µ¢ ´´ÒÌ ¤¥°É·µ-
´µ¢ ¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢ [3]. ˆ¸¶µ²Ó§µ¢ ´¨¥ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ´  ¡Ê¸É¥·¥
³µ¦¥É ¸ÊÐ¥¸É¢¥´´µ ¶µ¢Ò¸¨ÉÓ ¥£µ É¥Ì´¨Î¥¸±¨¥ ¢µ§³µ¦´µ¸É¨. �¤´ ±µ ¤²Ö ³´µ£µµ¡µ·µÉ´µ°
¨´¦¥±Í¨¨ Ì · ±É¥·´  ¡µ²ÓÏ Ö ¢¥²¨Î¨´  Ï¥¸É¨³¥·´µ£µ Ë §µ¢µ£µ µ¡Ñ¥³  ¨´¦¥±É¨·µ¢ ´-
´µ£µ ¶ÊÎ± , ÎÉµ ³µ¦¥É ¶·¨¢µ¤¨ÉÓ ± ¸¶¥Í¨Ë¨Î¥¸±¨³ µ£· ´¨Î¥´¨Ö³ ¥£µ ¨´É¥´¸¨¢´µ¸É¨
¶·¨ ¶·¨³¥´¥´¨¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö. �¢Éµ· ³¨ ¤ ´´µ° · ¡µÉÒ ¶·¨¢µ¤ÖÉ¸Ö ·¥§Ê²Ó-
É ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¶·¨·µ¤Ò µ£· ´¨Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  ¶·µÉµ´µ¢
´  ¸¨´Ì·µÉ·µ´¥ COSY ¨ µÍ¥´±¨ ÔËË¥±É¨¢´µ¸É¨ ¶·¨³¥´¥´¨Ö Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
¢ ¡Ê¸É¥·¥ ¸¨´Ì·µÉ·µ´  ®�Ê±²µÉ·µ´¯.

1. �‘��…���‘’ˆ ���–…‘‘� �‹…Š’�����ƒ� �•‹�†„…�ˆŸ
�“—Š� ���’���‚ �� ‘ˆ�•��’���… COSY

�·µÉµ´´Ò° ´ ±µ¶¨É¥²Ó-¸¨´Ì·µÉ·µ´ COSY (Cooler Synchrotron), µ¡µ·Ê¤µ¢ ´´Ò° ¸¨-
¸É¥³ ³¨ Ô²¥±É·µ´´µ£µ ¨ ¸ÉµÌ ¸É¨Î¥¸±µ£µ µÌ² ¦¤¥´¨Ö, ¶·¥¤´ §´ Î¥´ ¤²Ö Ï¨·µ±µ£µ ±·Ê£ 
¨¸¸²¥¤µ¢ ´¨° ¢ µ¡² ¸É¨ Ë¨§¨±¨ Î ¸É¨Í ¨ Ö¤¥·´µ° Ë¨§¨±¨. � ±µ¶¨É¥²Ó COSY ¨³¥¥É
Ëµ·³Ê ·¥°¸É·¥± . ‚ ¤¢ÊÌ ¤²¨´´ÒÌ ¶·Ö³µ²¨´¥°´ÒÌ ¶·µ³¥¦ÊÉ± Ì · ¸¶µ²µ¦¥´Ò Ê¸É·µ°¸É¢ 
¨´¦¥±Í¨¨, Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¨ Ê¸±µ·¥´¨Ö (‚—-¸É ´Í¨Ö). �¸´µ¢´Ò¥ ¶ · ³¥É·Ò
´ ±µ¶¨É¥²Ö ¨ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

’ ¡²¨Í  1. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ´ ±µ¶¨É¥²Ö ¨ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö

�a·a³¥É·Ò ´ ±µ¶¨É¥²Ö

�¥·¨³¥É· ´ ±µ¶¨É¥²Ö, ³ 183,473
�´¥·£¨Ö ¨´¦¥±Í¨¨, ŒÔ‚ 45 Å ¶·µÉµ´Ò, 75 Å ¤¥°É·µ´Ò
Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö, ƒÔ‚ 2,7
„²¨´  ¶·Ö³µ²¨´¥°´ÒÌ ¶·µ³¥¦ÊÉ±µ¢, ³ 40
�¥É É·µ´´Ò¥ Î¨¸²  Qx, Qy 3,62; 3,66
•·µ³ É¨Î´µ¸ÉÓ ξx, ξy −10,28; 1,31
Š·¨É¨Î¥¸± Ö Ô´¥·£¨Ö, Mc2 2,2
�±¸¥¶É ´¸ Ax, Ay , π·³³ · ³· ¤ 60, 24
�¥É É·µ´´Ò¥ ËÊ´±Í¨¨ ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö βx, βy , ³ 7, 17
„¨¸¶¥·¸¨Ö ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö, ³ −6,3

� · ³¥É·Ò ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö

�´¥·£¨Ö Ô²¥±É·µ´µ¢, ±Ô‚ 24,5
’µ± Ô²¥±É·µ´µ¢, � 0,05−0,6
	 ¤¨Ê¸ ¶ÊÎ± , ¸³ 1,27
„²¨´  ÊÎ ¸É±  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, ³ 2,0
� ¶·Ö¦e´´µ¸ÉÓ ³ £´¨É´µ£µ ¶µ²Ö, ƒ¸ 800



�¥·¥§ ·Ö¤´ Ö ¨´¦¥±Í¨Ö ¢ ¸¨´Ì·µÉ·µ´ ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ 45

ˆ´¦¥±Éµ·µ³ ¸²Ê¦¨É Í¨±²µÉ·µ´, ¢ ±µÉµ·µ³ Ê¸±µ·ÖÕÉ¸Ö µÉ·¨Í É¥²Ó´µ § ·Ö¦¥´´Ò¥
¨µ´Ò H− ¨ D−. ‚ ´ ±µ¶¨É¥²¥ COSY ¨¸¶µ²Ó§Ê¥É¸Ö É¥Ì´¨±  ¶¥·¥§ ·Ö¤´µ° ¨´¦¥±Í¨¨
¸ ¶µ²´µ° µ¡¤¨·±µ° ¨µ´µ¢ ¢ ³¨Ï¥´¨. �ÊÎµ± ¨µ´µ¢ H− ¨²¨ D− ¨§ Í¨±²µÉ·µ´  µ¡¤¨· -
¥É¸Ö Ê£²¥·µ¤´µ° ¶²¥´±µ° Éµ²Ð¨´µ° 20Ä25 ³±£/¸³2 ¨  ±±Ê³Ê²¨·Ê¥É¸Ö §  ´¥¸±µ²Ó±µ ÉÒ¸ÖÎ
µ¡µ·µÉµ¢ ¤µ ¶µ²´µ£µ § ¶µ²´¥´¨Ö  ±¸¥¶É ´¸  ´ ±µ¶¨É¥²Ö. ‚ ¶·µÍ¥¸¸¥ ¨´¦¥±Í¨¨ Í¨·±Ê-
²¨·ÊÕÐ¨° ¶ÊÎµ± ³´µ£µ±· É´µ ¶¥·¥¸¥± ¥É ³¨Ï¥´Ó, ¨  ³¶²¨ÉÊ¤  ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨°
Î ¸É¨Í ¢µ§· ¸É ¥É ¤µ ¢¥²¨Î¨´Ò, µ¶·¥¤¥²Ö¥³µ°  ±¸¥¶É ´¸µ³ ´ ±µ¶¨É¥²Ö. �·¨ ÔËË¥±-
É¨¢´µ¸É¨ ¨´¦¥±Í¨¨ ¶µ·Ö¤±  20 %, Éµ±¥ Í¨±²µÉ·µ´  6 ³±� ¨ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸ 
¨´¦¥±Í¨¨ 15 ³¸ É¨¶¨Î´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¶µ¸²¥ µ¤´µ±· É´µ° ¨´¦¥±Í¨¨ ¸µ¸É ¢²Ö¥É
1011 ¶·µÉµ´µ¢.

	¨¸. 1. ˆ§³¥´¥´¨¥ ¢µ ¢·¥³¥´¨ Éµ±  ¶·µÉµ´-
´µ£µ ¶ÊÎ±  (±·¨¢ Ö 1) ¨ ¸±µ·µ¸É¨ ¸ÎeÉ  ´¥°-

É· ²Ó´ÒÌ  Éµ³µ¢ (±·¨¢ Ö 2) ¶·¨ µ¤´µ±· É-
´µ° ¨´¦¥±Í¨¨. Œ ¸ÏÉ ¡ ¶µ µ¸¨ ¢·¥³¥´¨ Å

5 ¸/¤¥²¥´¨¥, Éµ± ¶·µÉµ´µ¢ 100 ³‚/¤¥²¥´¨¥

≈ 1,25 · 1010 ¶·µÉµ´µ¢, É¥³¶ ¸Î¥É  H0

1 ‚/¤¥²¥´¨¥ = 3000 ƒÍ

�·¨³¥· ¨§³¥´¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¢ ¶·µÍ¥¸¸¥ µÌ² ¦¤¥´¨Ö ¶µ¸²¥ ¨´-
¦¥±Í¨¨ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1, ´  ±µÉµ·µ³ ¶·¨¢¥¤¥´Ò µ¸Í¨²²µ£· ³³Ò ¸¨£´ ²µ¢ ¤ ÉÎ¨± 
Éµ±  Í¨·±Ê²¨·ÊÕÐ¥£µ ¶ÊÎ±  ¨ ¤ ÉÎ¨±  ¨´É¥´¸¨¢´µ¸É¨ ¶µÉµ±   Éµ³µ¢ ¢µ¤µ·µ¤ , µ¡· §Ê-
ÕÐ¨Ì¸Ö ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö ¶·¨ ·¥±µ³¡¨´ Í¨¨ ¨µ´µ¢ ¸ Ô²¥±É·µ´ ³¨ µÌ² ¦¤ ÕÐ¥£µ
¶ÊÎ± . ‚ É¥Î¥´¨¥ ¶¥·¢ÒÌ ¶·¨³¥·´µ ¤¥¸ÖÉ¨ ¸¥±Ê´¤ ¶µ¸²¥ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ ¨´É¥´¸¨¢-
´µ¸ÉÓ Í¨·±Ê²¨·ÊÕÐ¥£µ ¶ÊÎ±  (±·¨¢ Ö 1) ¡Ò¸É·µ Ê¡Ò¢ ¥É. �·¨ ÔÉµ³ ¸±µ·µ¸ÉÓ ¸ÎeÉ 
´¥°É· ²Ó´ÒÌ  Éµ³µ¢ (±·¨¢ Ö 2) ¢µ§· ¸É ¥É. �Éµ µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ ¶µ¸²¥ ¨´¦¥±Í¨¨
¨µ´´Ò° ¶ÊÎµ± § ´¨³ ¥É ¶µ²´Ò°  ±¸¥¶É ´¸ ´ ±µ¶¨É¥²Ö ¨ ¥£µ · ¤¨Ê¸ ¢ ¸¥±Í¨¨ µÌ² ¦¤¥-
´¨Ö ¡µ²ÓÏ¥ · ¤¨Ê¸  Ô²¥±É·µ´´µ£µ ¶ÊÎ± . ‚±² ¤ ¢ ·¥±µ³¡¨´ Í¨Õ ¤ ÕÉ Éµ²Ó±µ ¨µ´Ò,
¶¥·¥¸¥± ÕÐ¨¥ ¸¥±Í¨Õ µÌ² ¦¤¥´¨Ö ¢´ÊÉ·¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± . ‘· §Ê ¶µ¸²¥ ¨´¦¥±Í¨¨
¶·µ¨¸Ìµ¤ÖÉ ¶µÉ¥·¨ Î ¸É¨ ¨µ´µ¢ ¸ ¡µ²ÓÏ¨³¨  ³¶²¨ÉÊ¤ ³¨ ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨°, Ê ¤·Ê-
£µ° Î ¸É¨ ¨µ´µ¢  ³¶²¨ÉÊ¤  ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨° Ê³¥´ÓÏ ¥É¸Ö §  ¸Î¥É µÌ² ¦¤¥´¨Ö Å
¶ÊÎµ± ¶·µÉµ´µ¢ ¸¦¨³ ¥É¸Ö, ¨´É¥´¸¨¢´µ¸ÉÓ ¥£µ ¢ Í¥´É· ²Ó´µ° Î ¸É¨ · ¸ÉeÉ. ‚ ¶¥·¨µ¤ 10Ä
20 ¸ ¨´É¥´¸¨¢´µ¸ÉÓ ¨ ¸±µ·µ¸ÉÓ ¸Î¥É  ¶µÎÉ¨ ¶µ¸ÉµÖ´´Ò Å ¢¸¥ ¶·µÉµ´Ò ´ Ìµ¤ÖÉ¸Ö ¢´ÊÉ·¨
Ô²¥±É·µ´´µ£µ ¶ÊÎ± , ¨¤eÉ ¶·µÍ¥¸¸ µÌ² ¦¤¥´¨Ö. —¥·¥§ 25Ä30 ¸ ¶µ¸²¥ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨
¢´µ¢Ó ´ Î¨´ ¥É¸Ö ¡Ò¸É· Ö £¨¡¥²Ó ¶·µÉµ´µ¢. Š ÔÉµ³Ê ¢·¥³¥´¨ ¶·µÉµ´´Ò° ¶ÊÎµ± Ìµ·µÏµ
µÌ² ¦¤e´ ¨ ¶²µÉ´µ¸ÉÓ ¥£µ ¤µ¸É¨£ ¥É ´¥±µÉµ·µ£µ ¶µ·µ£µ¢µ£µ §´ Î¥´¨Ö, ¤µ¸É ÉµÎ´µ£µ ¤²Ö
· §¢¨É¨Ö ´¥Ê¸Éµ°Î¨¢µ¸É¨.

�·¨ ¢Ò±²ÕÎ¥´´µ° ¸¨¸É¥³¥ µÌ² ¦¤¥´¨Ö ¢·¥³Ö ¦¨§´¨ ¶·µÉµ´µ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥
¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ ¸ÊÐ¥¸É¢¥´´µ ¢ÒÏ¥, ¨ µ´µ ¸´¨¦ ¥É¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ Éµ±  Ô²¥±É·µ´-
´µ£µ ¶ÊÎ± . ‘µ±· Ð¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¨µ´µ¢, ¨³¥ÕÐ¨Ì ¡µ²ÓÏ¨¥  ³¶²¨ÉÊ¤Ò ¡¥É É·µ´-
´ÒÌ ±µ²¥¡ ´¨°, ¢ ¶·¨¸ÊÉ¸É¢¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢¶¥·¢Ò¥ ´ ¡²Õ¤ ²µ¸Ó ´  ´ ±µ¶¨É¥²¥
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CELSIUS (“¶¸ ² , ˜¢¥Í¨Ö) ¨ ¶µ²ÊÎ¨²µ ´ §¢ ´¨¥ ®Ô²¥±É·µ´´Ò° ´ £·¥¢¯ [4]. ‘ÊÐ¥¸É¢¥´-
´Ò³¨ µ¸µ¡¥´´µ¸ÉÖ³¨ ¶·µÍ¥¸¸  Ö¢²Ö¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¶·µÉµ´´µ£µ ¶ÊÎ± 
¶·¨ Ê¢¥²¨Î¥´¨¨ Éµ±  Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¨²¨ ¨´É¥´¸¨¢´µ¸É¨ ¨µ´´µ£µ ¶ÊÎ± . �  ´ ¸ÉµÖ-
Ð¥¥ ¢·¥³Ö ¶·¥¤²µ¦¥´Ò ¤¢   ²ÓÉ¥·´ É¨¢´ÒÌ µ¡ÑÖ¸´¥´¨Ö ÔËË¥±É  ®Ô²¥±É·µ´´µ£µ ´ £·¥¢ ¯.
�¥·¢µ¥ ¨§ ´¨Ì Å ¢²¨Ö´¨¥ ´¥²¨´¥°´µ¸É¥° ¸µ¡¸É¢¥´´µ£µ ¶µ²Ö Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ´  ¤¨-
´ ³¨±Ê ¤¢¨¦¥´¨Ö ¨µ´µ¢,  ³¶²¨ÉÊ¤Ò ¶µ¶¥·¥Î´ÒÌ ±µ²¥¡ ´¨° Ê ±µÉµ·ÒÌ ¡µ²ÓÏ¥ · ¤¨Ê¸ 
Ô²¥±É·µ´´µ£µ ¶ÊÎ±  [4]. „·Ê£µ¥ µ¡ÑÖ¸´¥´¨¥ [5] µ¸´µ¢ ´µ ´  Éµ³, ÎÉµ ¢ ¸¥±Í¨¨ µÌ² -
¦¤¥´¨Ö Ô²¥±É·µ´Ò ¨ ¨µ´Ò ¸µ¢¥·Ï ÕÉ ¶² §³¥´´Ò¥ ±µ²¥¡ ´¨Ö ¢ ¸µ¡¸É¢¥´´ÒÌ ¶µ²ÖÌ. �·¨
¶·¥¢ÒÏ¥´¨¨ ´¥±µÉµ·µ£µ ¶µ·µ£µ¢µ£µ §´ Î¥´¨Ö ¶·µ¨§¢¥¤¥´¨Ö ¶²µÉ´µ¸É¥° ¶ÊÎ±µ¢ ÔÉ¨ ±µ²¥-
¡ ´¨Ö ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¢µ§· ¸É ´¨Õ Ë²Ê±ÉÊ Í¨¨ ¶²µÉ´µ¸É¨ ¢ ¨µ´´µ³ ¶ÊÎ±¥ ¨ · ¸± Î±¥
±µ£¥·¥´É´ÒÌ ¶µ¶¥·¥Î´ÒÌ ±µ²¥¡ ´¨° µÌ² ¦¤¥´´µ£µ Ö¤·  ¨µ´´µ£µ ¶ÊÎ± . ˜Ê³Ò, ¢Ò§¢ ´-
´Ò¥ ±µ²¥¡ ´¨Ö³¨ ¢ Í¥´É· ²Ó´µ° Î ¸É¨ ¶ÊÎ± , ¨ ¶·¨¢µ¤ÖÉ ± ¸µ±· Ð¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨
¨µ´µ¢ ¸ ¡µ²ÓÏ¨³¨  ³¶²¨ÉÊ¤ ³¨ ¶µ¶¥·¥Î´ÒÌ ±µ²¥¡ ´¨°. ‚µ§³µ¦´Ò° ³¥Ì ´¨§³ ¶µÉ¥·Ó
¨µ´µ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ¨´¦¥±Í¨¨ ¢ COSY ¸¢Ö§ ´ ¸ µ¸µ¡¥´´µ¸ÉÖ³¨ ¶µ²µ¦¥´¨Ö ¥£µ
· ¡µÎ¥° ÉµÎ±¨, ¢¥²¨Î¨´ Ì·µ³ É¨Î´µ¸É¨ ¢ £² ¢´ÒÌ ¶²µ¸±µ¸ÉÖÌ ¨ ´ ²¨Î¨¥³ ¤¨¸¶¥·¸¨¨ ¢
¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö. —¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ ¤¨´ ³¨±¨ ¨µ´µ¢ ¶µ± § ²µ, ÎÉµ ¢ ¶·¥¤¥² Ì
¶µ¶¥·¥Î´µ£µ  ±¸¥¶É ´¸  ´ ±µ¶¨É¥²Ö ´ Ìµ¤¨É¸Ö µ¡² ¸ÉÓ ¶ · ³¥É·¨Î¥¸±µ£µ ·¥§µ´ ´¸  ¢¥·-
É¨± ²Ó´ÒÌ ±µ²¥¡ ´¨° ¨µ´µ¢. ˆ´±·¥³¥´É ´ · ¸É ´¨Ö  ³¶²¨ÉÊ¤Ò ±µ²¥¡ ´¨° ¢ ¥¥ Í¥´É·¥
¸µ¸É ¢²Ö¥É ¶·¨³¥·´µ 104 ¸−1. ‘²¥¤µ¢ É¥²Ó´µ, ¢¸¥ Î ¸É¨ÍÒ, ¶µ¶ ¢Ï¨¥ ¢ §µ´Ê ·¥§µ´ ´¸ ,
¶µ£¨¡ ÕÉ ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ ¨´¦¥±Í¨¨. “ Î ¸É¨Í, ´ Ìµ¤ÖÐ¨Ì¸Ö ¢¡²¨§¨ §µ´Ò ·¥§µ-
´ ´¸ ,  ³¶²¨ÉÊ¤  ¢¥·É¨± ²Ó´ÒÌ ±µ²¥¡ ´¨° µ¸Í¨²²¨·Ê¥É ¢ Ï¨·µ±¨Ì ¶·¥¤¥² Ì ¸ Î ¸ÉµÉµ°
´¥¸±µ²Ó±µ ±ƒÍ. �Éµ Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ ´¨§±µÎ ¸ÉµÉ´µ£µ ÏÊ³  ¨ ¶·¨¢µ¤¨É ± ¸´¨¦¥´¨Õ
¢·¥³¥´¨ ¦¨§´¨ Î ¸É¨Í ¸ ¡µ²ÓÏ¨³¨  ³¶²¨ÉÊ¤ ³¨ ±µ²¥¡ ´¨°.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¡¥§ ¶·¨³¥´¥´¨Ö µÌ² ¦¤¥´¨Ö ¶·¨ £·Ê¶¶¨·µ¢±¥ ¨ Ê¸±µ·¥´¨¨ ¨´-
¦¥±É¨·µ¢ ´´µ£µ ¶ÊÎ±  É¥·Ö¥É¸Ö ¤µ 90 % Î ¸É¨Í ¨§-§  ¡µ²ÓÏµ£µ ´ Î ²Ó´µ£µ · §¡·µ¸  ¶µ
¨³¶Ê²Ó¸ ³. ƒ·Ê¶¶¨·µ¢±  ¨ Ê¸±µ·¥´¨¥ ¶·¥¤¢ ·¨É¥²Ó´µ µÌ² ¦¤¥´´µ£µ ¶ÊÎ±  ¶· ±É¨Î¥¸±¨
´¥ ¸µ¶·µ¢µ¦¤ ÕÉ¸Ö ¶µÉ¥·Ö³¨ Î ¸É¨Í. �¶É¨³¨§ Í¨Ö ¶ · ³¥É·µ¢ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ ¨ ¸¨-
¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¶µ§¢µ²Ö¥É ¶µ¸²¥ µ¤´µ±· É´µ° ¨´¦¥±Í¨¨ Ê¸±µ·¨ÉÓ ¶ÊÎµ±
¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ (1,5−2) · 1010 Î ¸É¨Í.

�µ¢ÒÏ¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  ¢µ§³µ¦´µ §  ¸Î¥É ³´µ£µ±· É´µ£µ ¶µ-
¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨. �µ¢Éµ·¥´¨¥ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ ¡¥§ µÌ² ¦¤¥´¨Ö ¶·¨¢µ-
¤¨É ± ¶µÉ¥·¥ Í¨·±Ê²¨·ÊÕÐ¥£µ ¶ÊÎ± , ¢¢¨¤Ê Éµ£µ, ÎÉµ µ·¡¨É  ¸´µ¢  ¸³¥Ð ¥É¸Ö ± ¶¥·¥§ -
·Ö¤´µ° ³¨Ï¥´¨. �·¨³¥´¥´¨¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö Ê³¥´ÓÏ ¥É  ³¶²¨ÉÊ¤Ò ¡¥É É·µ´-
´ÒÌ ±µ²¥¡ ´¨° ¨ ¢´µ¢Ó ¨´¦¥±É¨·µ¢ ´´ Ö ¶µ·Í¨Ö ¨µ´µ¢ ¤µ¡ ¢²Ö¥É¸Ö ± µÌ² ¦¤¥´´µ³Ê
Í¨·±Ê²¨·ÊÕÐ¥³Ê ¶ÊÎ±Ê ¨ ´ ± ¶²¨¢ ¥É¸Ö Å ®¸ÉÔ±¨·Ê¥É¸Ö¯ ¢ ¶µ¶¥·¥Î´µ³ Ë §µ¢µ³ µ¡Ñ-
¥³¥. �·¨ ³´µ£µ±· É´µ ¶µ¢Éµ·Ö¥³µ° ¨´¦¥±Í¨¨ ¸ ¶·¨³¥´¥´¨¥³ ¶·µÍ¥¸¸  ®¸ÉÔ±¨·µ¢ ´¨ÖÄ
µÌ² ¦¤¥´¨Ö¯ ¨´É¥´¸¨¢´µ¸ÉÓ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  ³µ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´  ¢ ´¥¸±µ²Ó±µ · §,
ÎÉµ ¨³¥¥É ¶·¨´Í¨¶¨ ²Ó´ÊÕ ¢ ¦´µ¸ÉÓ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ´  ¶ÊÎ±¥ ¶µ²Ö·¨§µ¢ ´´ÒÌ ¨µ´µ¢
¸ ¢´ÊÉ·¥´´¥° ³¨Ï¥´ÓÕ. �·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤ ´´µ° ¸Ì¥³Ò ¨´¦¥±Í¨¨ ¨´É¥´¸¨¢´µ¸ÉÓ ¨µ´-
´µ£µ ¶ÊÎ±  ¤µ¸É¨£ ¥É ´ ¸ÒÐ¥´¨Ö ¶µ ¨¸É¥Î¥´¨¨ ´¥±µÉµ·µ£µ ¢·¥³¥´¨ ´ ±µ¶²¥´¨Ö (·¨¸. 2).
‚ ´ ¸ÒÐ¥´¨¨ ¨´É¥´¸¨¢´µ¸ÉÓ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  µ¸Í¨²²¨·Ê¥É ¸ ¶¥·¨µ¤µ³ ¶µ¢Éµ·¥´¨Ö
¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨ ¢ µ±·¥¸É´µ¸É¨ ´¥±µÉµ·µ£µ ¸·¥¤´¥£µ Ê·µ¢´Ö, ¢¥²¨Î¨´  ±µÉµ·µ£µ µ¶·¥-
¤¥²Ö¥É¸Ö ¶ · ³¥É· ³¨ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨, ± Î¥¸É¢µ³ ´ ¸É·µ°±¨ ¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö ¨
¢¥²¨Î¨´µ° Éµ±  Ô²¥±É·µ´´µ£µ ¶ÊÎ± . �·¨ ÔÉµ³ ¨´É¥´¸¨¢´µ¸ÉÓ ¶µÉµ±   Éµ³µ¢ ¢µ¤µ·µ¤  ¨§
¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö µ¸É ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¶µ¸ÉµÖ´´µ°. �Éµ £µ¢µ·¨É µ Éµ³, ÎÉµ ¶·¨ ´ ¸Ò-
Ð¥´¨¨ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¨´¦¥±Í¨¨ ¶·µ¨¸Ìµ¤ÖÉ ¶µÉ¥·¨ ¢´µ¢Ó ¨´¦¥±É¨·µ¢ ´´ÒÌ ¨µ´µ¢,



�¥·¥§ ·Ö¤´ Ö ¨´¦¥±Í¨Ö ¢ ¸¨´Ì·µÉ·µ´ ¸ Ô²¥±É·µ´´Ò³ µÌ² ¦¤¥´¨¥³ 47

  ¨´É¥´¸¨¢´µ¸ÉÓ µÌ² ¦¤¥´´µ£µ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  µ¸É ¥É¸Ö ¶·¨³¥·´µ ¶µ¸ÉµÖ´´µ°. �·¨-
Î¨´µ° ¡Ò¸É·ÒÌ ¶µÉ¥·Ó ¢´µ¢Ó ¨´¦¥±É¨·µ¢ ´´ÒÌ ¨µ´µ¢, ¨³¥ÕÐ¨Ì ¡µ²ÓÏ¨¥  ³¶²¨ÉÊ¤Ò ¡¥-
É É·µ´´ÒÌ ±µ²¥¡ ´¨°, ³µ¦¥É ¡ÒÉÓ ³µÐ´Ò° ¤¨ËËÊ§¨µ´´Ò° ¶·µÍ¥¸¸, ¢Ò§¢ ´´Ò° ÏÊ³µ¢Ò³
¢µ§¤¥°¸É¢¨¥³. …¸É¥¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¨¸ÉµÎ´¨±µ³ ÏÊ³  Ö¢²ÖÕÉ¸Ö ±µ£¥·¥´É´Ò¥
±µ²¥¡ ´¨Ö ¸ ³µ£µ µÌ² ¦¤¥´´µ£µ Ö¤·  ¶ÊÎ±  ´ ±µ¶²¥´´ÒÌ ¨µ´µ¢.

	¨¸. 2. „¨´ ³¨±  ¶·µÍ¥¸¸  ´ ±µ¶²¥´¨Ö ¨µ´-
´µ£µ ¶ÊÎ±  ¶·¨ ³´µ£µ±· É´µ° ¨´¦¥±Í¨¨: ¤²¨-

É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ 5 ³¸, ¤²¨É¥²Ó-

´µ¸ÉÓ ¸³¥Ð¥´¨Ö · ¢´µ¢¥¸´µ° µ·¡¨ÉÒ ´  ¶¥·¥-
§ ·Ö¤´ÊÕ ³¨Ï¥´Ó 15 ³¸, ¶¥·¨µ¤ ¶µ¢Éµ·¥´¨Ö

¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨ 2 ¸, Éµ± Ô²¥±É·µ´´µ£µ
¶ÊÎ±  100 ³A. K·¨¢ Ö 1 Å ¸¨£´ ² ¤ ÉÎ¨± 

Éµ±  (1,275 · 1010 ¶·µÉµ´µ¢/100 ³‚); ±·¨¢ Ö

2 Å ¶µ± § ´¨¥ ¨§³¥·¨É¥²Ö ¶µÉµ±   Éµ³µ¢ H0.
Œ ¸ÏÉ ¡ ¶µ µ¸¨ ¢·¥³¥´¨ Å 50 ¸/¤¥²¥´¨¥.

�Ê´±É¨·´ Ö ²¨´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É ´Ê²¥¢µ³Ê

Ê·µ¢´Õ ¤²Ö µ¡¥¨Ì ËÊ´±Í¨°

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ³µ´µÉµ´´Ò° Ì · ±É¥· ¨§³¥´¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ´ ±µ¶²¥´´µ£µ
¶ÊÎ±  ¸µ ¢·¥³¥´¥³, ¶·¥¤¸É ¢²¥´´Ò° ´  ·¨¸. 2, ´ ¡²Õ¤ ¥É¸Ö Éµ²Ó±µ ¶·¨ µ¶·¥¤¥²¥´´ÒÌ
¶ · ³¥É· Ì ¨³¶Ê²Ó¸  ¨´¦¥±Í¨¨ ¨ Éµ± Ì Ô²¥±É·µ´´µ£µ ¶ÊÎ± . ‚ µ¡Ð¥³ ¸²ÊÎ ¥ ¶·µÍ¥¸¸
´ ±µ¶²¥´¨Ö ¸µ¶·µ¢µ¦¤ ¥É¸Ö ´¥·¥£Ê²Ö·´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ¨´É¥´¸¨¢´µ¸É¨ ¶·¨ ¤µ¸É¨¦¥-
´¨¨ ´¥±µÉµ·µ° ¶µ·µ£µ¢µ° ¢¥²¨Î¨´Ò. ’ ±µ° Ì · ±É¥· ´¥Ê¸Éµ°Î¨¢µ¸É¨ £µ¢µ·¨É µ Éµ³, ÎÉµ
±µ£¥·¥´É´Ò¥ ±µ²¥¡ ´¨Ö µÌ² ¦¤¥´´µ£µ Ö¤·  ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  ¢ µ¤´¨Ì ¸²ÊÎ ÖÌ ¢Ò§Ò-
¢ ÕÉ ²¨ÏÓ ¡Ò¸É·Ò¥ ¶µÉ¥·¨ ¢´µ¢Ó ¨´¦¥±É¨·µ¢ ´´ÒÌ ¨µ´µ¢, ¢ ¤·Ê£¨Ì ¸²ÊÎ ÖÌ ¶·¨¢µ¤ÖÉ
¨ ± ¶µÉ¥·Ö³ Ê¦¥ ´ ±µ¶²¥´´µ£µ ¶ÊÎ± . „¥É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÍ¥¸¸  µÌ² ¦¤¥´¨Ö ¢
·¥¦¨³¥ ¸ ´¨§±µ° Î ¸ÉµÉµ° ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨ ¶µ± § ²¨ [6], ÎÉµ ¢ ¶ÊÎ±¥
³µ£ÊÉ · §¢¨¢ ÉÓ¸Ö ± ± £µ·¨§µ´É ²Ó´Ò¥, É ± ¨ ¢¥·É¨± ²Ó´Ò¥ ±µ£¥·¥´É´Ò¥ ±µ²¥¡ ´¨Ö. �·¨
ÔÉµ³ ± ¶µÉ¥·Ö³ Ê¦¥ ´ ±µ¶²¥´´µ£µ ¶ÊÎ±  ¶·¨¢µ¤ÖÉ ¢ µ¸´µ¢´µ³ ¢¥·É¨± ²Ó´Ò¥ ±µ²¥¡ ´¨Ö
¢¢¨¤Ê ³¥´ÓÏ¥° ¢¥²¨Î¨´Ò ¢¥·É¨± ²Ó´µ£µ  ±¸¥¶É ´¸ .

’ ±¨³ µ¡· §µ³, µ£· ´¨Î¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¨µ´´µ£µ ¶ÊÎ±  ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ Ô²¥±-
É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¸¢Ö§ ´µ ¢ µ¸´µ¢´µ³ ¸ ¤¢Ê³Ö ¶·µÍ¥¸¸ ³¨. �¥·¢Ò° ¶·µÍ¥¸¸ Å ¸´¨-
¦¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¨µ´µ¢, ¨³¥ÕÐ¨Ì ¡µ²ÓÏ¨¥  ³¶²¨ÉÊ¤Ò ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨°, ¢
¶·¨¸ÊÉ¸É¢¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , Å µ£· ´¨Î¨¢ ¥É ¨´É¥´¸¨¢´µ¸ÉÓ ¨µ´´µ£µ ¶ÊÎ±  ¶·¨
µ¤´µ±· É´µ° ¨´¦¥±Í¨¨. �·¨ ³´µ£µ±· É´µ ¶µ¢Éµ·Ö¥³µ° ¨´¦¥±Í¨¨ ¨´É¥´¸¨¢´µ¸ÉÓ ´ -
±µ¶²¥´´µ£µ ¶ÊÎ±  µ£· ´¨Î¥´  · §¢¨É¨¥³ ´¥Ê¸Éµ°Î¨¢µ¸É¨ ¨µ´´µ£µ ¶ÊÎ±  ¶·¨ ¥£µ £²Ê-
¡µ±µ³ µÌ² ¦¤¥´¨¨. „²Ö ¶µ¤ ¢²¥´¨Ö ¶µÉ¥·Ó Î ¸É¨Í ¶·¨ · §¢¨É¨¨ É ±µ° ´¥Ê¸Éµ°Î¨¢µ¸É¨
´  COSY ¡Ò²µ ¶·¥¤²µ¦¥´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¸¨¸É¥³Ê µ¡· É´µ° ¸¢Ö§¨ ¶µ ¢¥·É¨± ²Ó´µ° ¸É¥-
¶¥´¨ ¸¢µ¡µ¤Ò. ‚ ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¢ ¨Õ´¥ 2003 £. É ± Ö ¸¨¸É¥³  ¡Ò²  ¢¢¥¤¥´  ¢
¤¥°¸É¢¨¥, ¨ ¢ ·¥¦¨³¥ ³´µ£µ±· É´µ£µ ¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨ ¨´É¥´¸¨¢´µ¸ÉÓ ´ -
±µ¶²¥´´µ£µ ¶ÊÎ±  ¡Ò²  ¤µ¢¥¤¥´  ¶·¨³¥·´µ ¤µ 1011 ¶·µÉµ´µ¢ ¶·¨ Ê¸Éµ°Î¨¢µ³ ¶·µÍ¥¸¸¥
´ ±µ¶²¥´¨Ö.
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�·¨³¥´¥´¨¥ ¶¥·¥§ ·Ö¤´µ° ¨´¦¥±Í¨¨ ¨ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¤²Ö Ëµ·³¨·µ¢ ´¨Ö
¨µ´´µ£µ ¶ÊÎ± , ± ± ¨ ¸Ìµ¤¸É¢µ ´ ÊÎ´µ° ¶·µ£· ³³Ò, ¤¥² ¥É ´ ±µ¶¨É¥²Ó COSY ¡²¨¦ °Ï¨³
 ´ ²µ£µ³ ±µ³¶²¥±¸  ®�Ê±²µÉ·µ´¯. ‚ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¶¥·¢µ´ Î ²Ó´Ò³ ¶·µ¥±Éµ³ ¨´¦¥±-
Í¨µ´´Ò° ±µ³¶²¥±¸ ´Ê±²µÉ·µ´  ¤µ²¦¥´ ¢±²ÕÎ ÉÓ ¢ ¸¥¡Ö ¡Ê¸É¥·´Ò° ¸¨´Ì·µÉ·µ´, ²¨´¥°´Ò°
Ê¸±µ·¨É¥²Ó ¨µ´µ¢ ¨ ´¥¸±µ²Ó±µ É¨¶µ¢ ¨µ´´ÒÌ ¨¸ÉµÎ´¨±µ¢ [7]. ‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¨³¥-
´Ö¥É¸Ö µ¤´µµ¡µ·µÉ´ Ö ¨´¦¥±Í¨Ö ¢ ´Ê±²µÉ·µ´ ¶ÊÎ± , Ê¸±µ·¥´´µ£µ ¢ ²¨´¥°´µ³ Ê¸±µ·¨É¥²¥.
Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¶·¨ A/Z = 2 ¸µ¸É ¢²Ö¥É 5 ŒÔ‚/´Ê±²µ´. �³¨ÉÉ ´¸ ¶ÊÎ±  ´  ¢Ò-
Ìµ¤¥ ²¨´¥°´µ£µ Ê¸±o·¨É¥²Ö ¸µ¸É ¢²Ö¥É ∼ 50 π·³³ ·³· ¤ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¨
∼ 30 π·³³ ·³· ¤ ¢ ¢¥·É¨± ²Ó´µ° (ÎÉµ ¶·¨³¥·´µ ¸µµÉ¢¥É¸É¢Ê¥É  ±¸¥¶É ´¸Ê ¸¨´Ì·µÉ·µ´ ),
µÉ´µ¸¨É¥²Ó´Ò° · §¡·µ¸ ¶µ ¨³¶Ê²Ó¸ ³ Å ¶·¨³¥·´µ ±2 · 10−3. Œ ±¸¨³ ²Ó´ Ö Î ¸ÉµÉ 
¶µ¢Éµ·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨´¦¥±Í¨¨ ¸µ¸É ¢²Ö¥É 1 ƒÍ.

� ¨¡µ²¥¥  ±ÉÊ ²Ó´  ¶·µ¡²¥³  ¶µ¢ÒÏ¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ¸ ¶µ-
²Ö·¨§µ¢ ´´Ò³¨ ¤¥°É·µ´ ³¨ ¢¢¨¤Ê ³ ²µ° ¨´É¥´¸¨¢´µ¸É¨ ¨¸ÉµÎ´¨± . ˆ¸¶µ²Ó§µ¢ ´¨¥ ¡Ê-
¸É¥·  ¶µ§¢µ²¨É µ¶É¨³¨§¨·µ¢ ÉÓ ¶·µÍ¥¸¸ ¨´¦¥±Í¨¨, Ê¢¥²¨Î¨ÉÓ ¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸ 
¨´¦¥±Í¨¨ ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¶·¨ Éµ° ¦¥ ¨´É¥´¸¨¢´µ¸É¨ ¨¸ÉµÎ´¨±  ¶µ²Ö·¨§µ¢ ´´ÒÌ µÉ-
·¨Í É¥²Ó´µ § ·Ö¦¥´´ÒÌ ¨µ´µ¢ ¤¥°É¥·¨Ö, ¸ÊÐ¥¸É¢¥´´µ ¶µ¢Ò¸¨ÉÓ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ± ,
¨´¦¥±É¨·Ê¥³µ£µ ¢ ´Ê±²µÉ·µ´ §  µ¤¨´ ¨³¶Ê²Ó¸. �¤´  ¨§ ¢µ§³µ¦´ÒÌ ¸Ì¥³ · ¡µÉÒ ¡Ê¸É¥· 
§ ±²ÕÎ ¥É¸Ö ¢ ¸²¥¤ÊÕÐ¥³: ¶ÊÎµ± ¸ÊÐ¥¸É¢ÊÕÐ¥£µ ²¨´¥°´µ£µ Ê¸±µ·¨É¥²Ö ¸ ¶·¨³¥´¥´¨¥³
³´µ£µµ¡µ·µÉ´µ° ¶¥·¥§ ·Ö¤´µ° ¨´¦¥±Í¨¨ ¨´¦¥±É¨·Ê¥É¸Ö ¢ ¡Ê¸É¥· ¸ ¡µ²ÓÏµ° ¢¥²¨Î¨´µ°
 ±¸¥¶É ´¸ . �µ¸²¥ ÔÉµ£µ, ´  Ô´¥·£¨¨ ¨´¦¥±Í¨¨, ¶·µ¨§¢µ¤¨É¸Ö Ô²¥±É·µ´´µ¥ µÌ² ¦¤¥´¨¥
¶ÊÎ±  ¨µ´µ¢ ¨ §  ¶·µ³¥¦ÊÉµ± ¢·¥³¥´¨ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¨´¦¥±Í¨¨ Ô³¨ÉÉ ´¸ Í¨·±Ê²¨-
·ÊÕÐ¥£µ ¶ÊÎ±  Ê³¥´ÓÏ ¥É¸Ö ¤µ ¢¥²¨Î¨´Ò, ´¥µ¡Ìµ¤¨³µ° ¤²Ö ÔËË¥±É¨¢´µ£µ ¶¥·¥¢µ¤  ¢
´Ê±²µÉ·µ´. ‡ É¥³, ¡¥§ Ê¸±µ·¥´¨Ö ¢ ¡Ê¸É¥·¥, ¶ÊÎµ± ¶¥·¥¢µ¤¨É¸Ö ¢ ´Ê±²µÉ·µ´ ¸ ¶µ³µÐÓÕ
¸ÊÐ¥¸É¢ÊÕÐ¨Ì Ô²¥³¥´Éµ¢ ¸¨¸É¥³Ò ¨´¦¥±Í¨¨. �·µ¥±É ¡Ê¸É¥·  [3] ¶·¥¤¶µ² £ ¥É ´ ²¨-
Î¨¥ ¶·Ö³µ²¨´¥°´ÒÌ ¸¥±Í¨° ¤²¨´µ° 6,5 ³, ¢ µ¤´µ° ¨§ ±µÉµ·ÒÌ ³µ¦¥É ¡ÒÉÓ · §³¥Ð¥´ 
¸¨¸É¥³  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¸ ÔËË¥±É¨¢´µ° ¤²¨´µ° ∼ 4 ³. � · ³¥É·Ò ¸¨¸É¥³Ò
Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö, µ¶·¥¤¥²Ö¥³Ò¥ ¨§ £¥µ³¥É·¨Î¥¸±¨Ì ¨ É¥Ì´¨Î¥¸±¨Ì µ£· ´¨Î¥´¨°,
¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

�·¥¤¥²Ó´µ ¤µ¸É¨¦¨³ Ö ÔËË¥±É¨¢´µ¸ÉÓ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö · ¸¸Î¨ÉÒ-
¢ ² ¸Ó ¶·¨ ¶µ³µÐ¨ ¶·µ£· ³³Ò BETACOOL [8]. �·¨³¥´¥´¨¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö
¢ É¥Î¥´¨¥ 1 ¸ ¶µ§¢µ²Ö¥É ¶¥·¥¢¥¸É¨ ¨§ ¡Ê¸É¥·  ¢ ´Ê±²µÉ·µ´ ¶·¨³¥·´µ 20 % ¨´¦¥±É¨·µ¢ ´-
´ÒÌ ¢ ¡Ê¸É¥· ¤¥°É·µ´µ¢. �²µÉ´µ¸ÉÓ Î ¸É¨Í ¢ Ë §µ¢µ³ µ¡Ñ¥³¥ ¢ ¶·¥¤¥² Ì ¤µ 50 π·³³ ·³· ¤
¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¨ ¤µ 30 π·³³ ·³· ¤ ¢ ¢¥·É¨± ²Ó´µ° Ê¢¥²¨Î¨¢ ¥É¸Ö ¶·¨ ÔÉµ³
¶·¨³¥·´µ ¢ 15 · §. �ÊÎµ± ¨µ´µ¢, ¶µ²´µ¸ÉÓÕ § ¶µ²´ÖÕÐ¨°  ±¸¥¶É ´¸ ¡Ê¸É¥·  ( ±¸¥¶-
É ´¸ ¡Ê¸É¥·  ¸µ¸É ¢²Ö¥É 400 π·³³ ·³· ¤ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¨ 225 π·³³ ·³· ¤
¢ ¢¥·É¨± ²Ó´µ°), ³µ¦¥É ¡ÒÉÓ µÌ² ¦¤¥´ ¤µ É·¥¡Ê¥³µ° ¢¥²¨Î¨´Ò Ô³¨ÉÉ ´¸  ¶·¨³¥·´µ § 
4Ä5 ¸.

‚¢¨¤Ê ¡µ²ÓÏµ° ¢¥²¨Î¨´Ò  ±¸¥¶É ´¸  ¡Ê¸É¥·  ¸¥·Ó¥§´µ° ¶·µ¡²¥³µ° Ö¢²Ö¥É¸Ö ³¨´¨-
³¨§ Í¨Ö ÏÊ³µ¢, ¢´µ¸¨³ÒÌ ¢ ´ ±µ¶¨É¥²Ó Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³. �¸´µ¢´Ò¥ ¨¸ÉµÎ´¨±¨ ÏÊ-
³µ¢ Å ÔÉµ ´¥Ê¸Éµ°Î¨¢µ¸ÉÓ ¶¥·¢¥ ´¸  Ô²¥±É·µ´´µ° ¶ÊÏ±¨ ¨ ´ ²¨Î¨¥ ´¥±µ´É·µ²¨·Ê¥³µ°
´¥°É· ²¨§ Í¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¨µ´ ³¨ µ¸É ÉµÎ´µ£µ £ § . �É¨ ÔËË¥±ÉÒ ¡Ò²¨ ¨¸-
¸²¥¤µ¢ ´Ò ´  ¸É¥´¤¥ Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö �ˆŸˆ, ¨ ´ °¤¥´Ò ´ ¤¥¦´Ò¥ ¶ÊÉ¨ ¨Ì
¶·¥µ¤µ²¥´¨Ö [9, 10].
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’ ¡²¨Í  2. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ¡Ê¸É¥·  ´Ê±²µÉ·µ´ 

�ËË¥±É¨¢´ Ö ¤²¨´  ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö, ³ 4

�¥É  ËÊ´±Í¨¨ ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö, ³:
£µ·¨§µ´É ²Ó´ Ö 4
¢¥·É¨± ²Ó´ Ö 8

	 ¤¨Ê¸ ± Éµ¤  Ô²¥±É·µ´´µ° ¶ÊÏ±¨, ¸³ 2

	 ¤¨Ê¸ ¶ÊÎ±  ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö, ¸³ 2Ä4

’µ± Ô²¥±É·µ´´µ£µ ¶ÊÎ± , � 0,2Ä0,4

‚¥²¨Î¨´  ³ £´¨É´µ£µ ¶µ²Ö ´  ± Éµ¤¥, ’² 0,2Ä0,8

‚¥²¨Î¨´  ³ £´¨É´µ£µ ¶µ²Ö ¢ ¸¥±Í¨¨ µÌ² ¦¤¥´¨Ö, ’² 0,1Ä0,2

’¥³¶¥· ÉÊ·  Ô²¥±É·µ´µ¢, ³Ô‚:
¶µ¶¥·¥Î´ Ö ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò 200
¶·µ¤µ²Ó´ Ö ¸É¥¶¥´Ó ¸¢µ¡µ¤Ò 0,5

�µ²ÓÏ Ö ¢¥²¨Î¨´  Éµ±  Ô²¥±É·µ´µ¢ ¨ ´¨§± Ö Ô´¥·£¨Ö ¶·¨¢µ¤ÖÉ ± ¡µ²¥¥ ¸ÊÐ¥¸É¢¥´-
´µ³Ê ¢²¨Ö´¨Õ ¸µ¡¸É¢¥´´µ£µ ¶µ²Ö Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ´  ¤¨´ ³¨±Ê ¨µ´µ¢, ÎÉµ ´ ±² ¤Ò-
¢ ¥É ¤µ¶µ²´¨É¥²Ó´Ò¥ µ£· ´¨Î¥´¨Ö ´  ¢Ò¡µ· · ¡µÎ¥° ÉµÎ±¨ ¨ ¤·Ê£¨¥ ¶ · ³¥É·Ò ¡Ê¸É¥· .
�¸´µ¢´Ò¥ ÔËË¥±ÉÒ: ¶·µ¢¨¸ ´¨¥ ¶µÉ¥´Í¨ ²  ¶µ · ¤¨Ê¸Ê Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¨ ¸³¥Ð¥´¨¥
Î ¸ÉµÉ ¡¥É É·µ´´ÒÌ ±µ²¥¡ ´¨° §  ¸Î¥É ¤¥°¸É¢¨Ö ¶µ²Ö Ô²¥±É·µ´´µ£µ ¶ÊÎ±  Å ´¥µ¡Ìµ¤¨³µ
ÊÎ¨ÉÒ¢ ÉÓ ¶·¨ · ¸Î¥É¥ ¤¨´ ³¨Î¥¸±µ°  ¶¥·ÉÊ·Ò ¡Ê¸É¥·  ¨ ¢Ò¡µ·¥ ¥£µ · ¡µÎ¥° ÉµÎ±¨.

—Éµ¡Ò ¨§¡¥¦ ÉÓ · §¢¨É¨Ö ±µ£¥·¥´É´µ° ´¥Ê¸Éµ°Î¨¢µ¸É¨ µÌ² ¦¤¥´´µ£µ Ö¤·  ¨µ´´µ£µ
¶ÊÎ±  ¤µ²¦´Ò ¡ÒÉÓ ¶·¥¤Ê¸³µÉ·¥´Ò ³¥·Ò ¶µ ¥¥ ¶µ¤ ¢²¥´¨Õ. � ¨¡µ²¥¥ ÔËË¥±É¨¢´Ò³¨ ¨§
´¨Ì Ö¢²ÖÕÉ¸Ö ¸¨¸É¥³  µ¡· É´ÒÌ ¸¢Ö§¥° ¨ ¶¥·¨µ¤¨Î¥¸± Ö ³µ¤Ê²ÖÍ¨Ö Ô´¥·£¨¨ Ô²¥±É·µ´´µ£µ
¶ÊÎ± , ±µÉµ· Ö ´¥ ¶·¨¢µ¤¨É ± ¸´¨¦¥´¨Õ ÔËË¥±É¨¢´µ¸É¨ µÌ² ¦¤¥´¨Ö ¨µ´µ¢ ¸ ¡µ²ÓÏ¨³¨
 ³¶²¨ÉÊ¤ ³¨ ±µ²¥¡ ´¨°, ´µ ¶µ§¢µ²Ö¥É ¨§¡¥¦ ÉÓ £²Ê¡µ±µ£µ µÌ² ¦¤¥´¨Ö Î ¸É¨Í ¸ ³ ²Ò³¨
 ³¶²¨ÉÊ¤ ³¨ ±µ²¥¡ ´¨°.

‡�Š‹	—…�ˆ…

Š ± ¶µ± § ²¨ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÍ¥¸¸  Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö ´  COSY ¨ ·Ö¤¥ ¤·Ê-
£¨Ì ´ ±µ¶¨É¥²¥°, Ê¸Éµ°Î¨¢µ¸ÉÓ · ¡µÉÒ ¸¨¸É¥³Ò Ô²¥±É·µ´´µ£µ µÌ² ¦¤¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö
´¥ Éµ²Ó±µ ¶ · ³¥É· ³¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , ´µ ¸ÊÐ¥¸É¢¥´´µ § ¢¨¸¨É É ±¦¥ ¨ µÉ ¢Ò¡µ· 
· ¡µÎ¥° ÉµÎ±¨ ¨ ± Î¥¸É¢  ´ ¸É·µ°±¨ ¸ ³µ£µ ´ ±µ¶¨É¥²Ö. ‚Ò¡µ· ¶ · ³¥É·µ¢ ´ ±µ¶¨É¥²Ö
¨ ¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö ¤µ²¦´Ò µ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¢§ ¨³µ¸µ£² ¸µ¢ ´´µ.
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