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�²¥±É·μ´´μ¥ μÌ² ¦¤¥´¨¥ ¸¥£μ¤´Ö ¨³¥¥É ³´μ£μÎ¨¸²¥´´Ò¥ μ¡² ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö, ´μ ¢¸¥ ¥Ð¥
μ¸É ÕÉ¸Ö ´¥¤μ¸É ÉμÎ´μ ¨¸¸²¥¤μ¢ ´´Ò³¨ ´¥±μÉμ·Ò¥ ¢μ¶·μ¸Ò ¶μ¢¥¤¥´¨Ö ¨μ´´μ£μ ¶ÊÎ±  ¶μ¤ ¤¥°-
¸É¢¨¥³ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö. „ ´´Ò° ¤μ±² ¤ ¶·¥¤¸É ¢²Ö¥É Î ¸ÉÓ É ±¨Ì ¢μ¶·μ¸μ¢ ¤²Ö ¡μ²¥¥
Ï¨·μ±μ£μ μ¡¸Ê¦¤¥´¨Ö ¢ ´ ¤¥¦¤¥, ÎÉμ ¶μ´¨³ ´¨¥ ¤¨´ ³¨±¨ μÌ² ¦¤¥´¨Ö ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  ¨μ´μ¢
μÉ±·μ¥É ´μ¢Ò¥ ¶¥·¸¶¥±É¨¢Ò ¤²Ö ¶·¨³¥´¥´¨Ö Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö.

The electron cooling has a lot of applications, but some questions of the ion beams behavior under
the action of the electron cooling are still not clearly understood. In this report we will concentrate on
these questions with hope that discussion of the dynamics of cooling will open up new prospects for
electron cooling using.
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�μ¸²¥ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³ ± § ²μ¸Ó, ÎÉμ ¤¢ÊÌÎ -
¸É¨Î´ Ö É¥μ·¨Ö É¥¶²μμ¡³¥´  ¨μ´ÄÔ²¥±É·μ´ ¢¶μ²´¥ μ¶¨¸Ò¢ ¥É ·¥§Ê²ÓÉ ÉÒ [1]. �¤´ ±μ
¶μÎÉ¨ ¸· §Ê ¢ÒÖ¸´¨²μ¸Ó, ÎÉμ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¶μ¸²¥ Ê¸±μ·¥´¨Ö ¨³¥¥É ¸¢¥·Ì³ ²ÊÕ
¶·μ¤μ²Ó´ÊÕ É¥³¶¥· ÉÊ·Ê,   ¶·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥, § ³ £´¨Î¨¢ Ö ¶μ¶¥·¥Î´μ¥ ¤¢¨¦¥-
´¨¥ Ô²¥±É·μ´μ¢, ¶·¥¢· Ð ¥É ¸· ¢´¨É¥²Ó´μ ®£μ·ÖÎ¨°¯ Ô²¥±É·μ´´Ò° £ § (1000 Š) ¢ ¸¢¥·Ì-
Ìμ²μ¤´ÊÕ ¶² §³Ê ¸ ÔËË¥±É¨¢´μ° É¥³¶¥· ÉÊ·μ° ¤μ²¨ ±¥²Ó¢¨´  [2] ¶μ μÉ´μÏ¥´¨Õ ± ¨μ´-
Ô²¥±É·μ´´Ò³ ¸Éμ²±´μ¢¥´¨Ö³. �±¸¶¥·¨³¥´É ²Ó´μ¥ ¨ É¥μ·¥É¨Î¥¸±μ¥ ¶μ´¨³ ´¨¥ ÔÉμ° ¢μ§-
³μ¦´μ¸É¨ μÉ±·Ò²μ ´μ¢Ò° ±² ¸¸ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ´¨§±μÉ¥³¶¥· ÉÊ·´Ò³¨ ¨μ´´Ò³¨ ¶ÊÎ-
± ³¨. �·¨ ÔÉμ³ Ô´¥·£¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¨μ´ ³¨ ¸· ¢´¨¢ ¥É¸Ö ¸ É¥³¶¥· ÉÊ·´Ò³ · §¡·μ-
¸μ³ Ô´¥·£¨°, ¨ ¶μÖ¢²ÖÕÉ¸Ö ¢μ§³μ¦´μ¸É¨ ±μ··¥²ÖÍ¨¨ ³¥¦¤Ê Î ¸É¨Í ³¨ ¨ ¤ ¦¥ ¶¥·¥Ìμ¤ ±
±·¨¸É ²²¨Î¥¸±¨³ ¶ÊÎ± ³ [3Ä5].

�¥·¥Ìμ¤ ± ¨¸¶μ²Ó§μ¢ ´¨Õ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö ¶μ¤£μÉμ¢±¨ ¨´É¥´¸¨¢´ÒÌ
¶ÊÎ±μ¢ ¢ Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´É Ì μ¡´ ·Ê¦¨² ´¥¶·¨ÖÉ´Ò¥ Ö¢²¥´¨Ö ¡Ò¸É·ÒÌ ¶μÉ¥·Ó
¶ÊÎ± . �¢Éμ·Ò μ¤´μ° ¨§ ¶¥·¢ÒÌ ¶Ê¡²¨± Í¨° ´  ÔÉÊ É¥³Ê [6] ÊÉ¢¥·¦¤ ²¨, ÎÉμ ¶μÉ¥·¨ ¸¢Ö-
§ ´Ò ¸ ´¥²¨´¥°´Ò³¨ Ô²¥±É·¨Î¥¸±¨³¨ ¶μ²Ö³¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¨ ´ ¤¥Ö²¨¸Ó, ÎÉμ ¶μ¸²¥
Ê¢¥²¨Î¥´¨Ö ¤¨ ³¥É·  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ÔËË¥±ÉÒ ¶μÉ¥·Ó § ³¥É´μ Ê³¥´ÓÏ É¸Ö. �¤´ ±μ
¢ ¤ ²Ó´¥°Ï¥³ ÔÉμ Ê¢¥²¨Î¥´¨¥ ¤¨ ³¥É·  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´¥ ¶·¨¢¥²μ ± § ³¥É´μ³Ê
Ê²ÊÎÏ¥´¨Õ ¸¨ÉÊ Í¨¨. �²ÓÉ¥·´ É¨¢´ Ö ÉμÎ±  §·¥´¨Ö, ÎÉμ ÔÉμ ¸¢Ö§ ´μ ¸ · §¢¨É¨¥³ ¶² §-
³¥´´ÒÌ Ï¨·μ±μ¶μ²μ¸´ÒÌ ±μ²¥¡ ´¨°, μ¡¸Ê¦¤ ² ¸Ó ´  ÔÉμ³ ¦¥ ¸μ¢¥Ð ´¨¨ [7]. �¸´μ¢´ Ö
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¨¤¥Ö § ±²ÕÎ ² ¸Ó ¢ Éμ³, ÎÉμ ¸£Ê¸Éμ± ¨μ´μ¢ ¨¸¶ÒÉÒ¢ ¥É ¸¨²Ê É·¥´¨Ö ¶·μ¶μ·Í¨μ´ ²Ó´μ
±¢ ¤· ÉÊ Î¨¸²  Î ¸É¨Í,   ³ ¸¸  ¸£Ê¸É±  · ¸É¥É Éμ²Ó±μ ¶·μ¶μ·Í¨μ´ ²Ó´μ Î¨¸²Ê Î ¸É¨Í.
�·¨ ¡μ²ÓÏμ° ¨´É¥´¸¨¢´μ¸É¨ Î·¥§³¥·´μ¥ ¢μ§· ¸É ´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ³μ¦¥É ¶·¨¢μ¤¨ÉÓ
± ´¥Ê¸Éμ°Î¨¢μ¸É¨.

�¸μ¡¥´´μ¸ÉÓÕ § ³ £´¨Î¥´´μ£μ μÌ² ¦¤¥´¨Ö Ö¢²Ö¥É¸Ö ¶· ±É¨Î¥¸±μ¥ μÉ¸ÊÉ¸É¢¨¥ ¶·¥¤¥² 
μÌ² ¦¤¥´¨Ö, ´ ² £ ¥³μ£μ ¢¥²¨Î¨´μ° Ô²¥±É·μ´´μ° É¥³¶¥· ÉÊ·Ò, ±μÉμ· Ö ¢¸¥£¤  ¸²¨Ï±μ³
³ ² . �Ì² ¦¤¥´¨¥ ¨¤¥É ¤μ ¸¨ÉÊ Í¨¨, ±μ£¤  ¶·μ¸É· ´¸É¢¥´´Ò° § ·Ö¤ ¨μ´´μ£μ ¶ÊÎ±  ´ -
Î¨´ ¥É ³¥Ï ÉÓ ¤ ²Ó´¥°Ï¥³Ê μÌ² ¦¤¥´¨Õ. ‚ ¶μ¶¥·¥Î´μ³ μÌ² ¦¤¥´¨¨ ± ÔÉμ³Ê ¶·¨¢μ¤¨É
μ£· ´¨Î¥´¨¥, ¸¢Ö§ ´´μ¥ ¸μ ¸¤¢¨£μ³ ¶μ¶¥·¥Î´ÒÌ ±μ²¥¡ ´¨° ¸μ¡¸É¢¥´´Ò³ ¶·μ¸É· ´¸É¢¥´-
´Ò³ § ·Ö¤μ³ ¶ÊÎ± , ´ ¢μ¤ÖÐ¨³ Î ¸É¨ÍÒ ´  ·¥§μ´ ´¸. �·¨ ³ ²μ° ¨´É¥´¸¨¢´μ¸É¨ ³μ¦¥É
¶·μÖ¢²ÖÉÓ¸Ö ¤ ¦¥ ¢§ ¨³´ Ö ±μ··¥²ÖÍ¨Ö Î ¸É¨Í, ¢¶²μÉÓ ¤μ μ¡· §μ¢ ´¨Ö ±·¨¸É ²²¨Î¥¸±¨Ì
¸μ¸ÉμÖ´¨°. ‚ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ¶·¨ μÌ² ¦¤¥´¨¨ ¸£·Ê¶¶¨·μ¢ ´´μ£μ ¶ÊÎ±  ¶·μ¨¸-
Ìμ¤¨É μÌ² ¦¤¥´¨¥ ¤μ ¶μ²´μ° ±μ³¶¥´¸ Í¨¨ ¶·μ¤μ²Ó´μ£μ ‚—-¶μ²Ö, ¸μ§¤ ¢ ¥³μ£μ ·¥§μ´ Éμ-
·μ³, ¨, ¸μμÉ¢¥É¸É¢¥´´μ, μ¡´Ê²¥´¨¥ Î ¸ÉμÉÒ ¸¨´Ì·μÉ·μ´´μ£μ ¤¢¨¦¥´¨Ö Î ¸É¨Í. �μ¤·μ¡´μ
ÔÉ¨ Ö¢²¥´¨Ö ¨¸¸²¥¤μ¢ ²¨¸Ó ¢ [8]. �¢Éμ· ¶·¨¤¥·¦¨¢ ¥É¸Ö ³μ¤¥²¨ ¢§ ¨³μ¤¥°¸É¢¨Ö, μ¸´μ-
¢ ´´μ° ´  ¶¥·¨μ¤¨Î¥¸±μ³ ¢Ìμ¤¥ ¨ ¢ÒÌμ¤¥ ¶² §³Ò ¨μ´´μ£μ ¶ÊÎ±  ¢ ¶² §³Ê Ô²¥±É·μ´´ÊÕ
´  ÊÎ ¸É±¥ μÌ² ¦¤¥´¨Ö.

�…�‚›… ���‹	„…�ˆŸ
�� ���-Œ ®�…“„��…�ˆŸ¯ ���’����ƒ� �“—Š�

„²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸±μ·μ¸É¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ´  ¶² ¸É¨´Ò ¢¶Ê¸±´μ£μ ¨´Ë²¥±-
Éμ·  ¶μ¤ ¢ ²¸Ö ¨³¶Ê²Ó¸ ´ ¶·Ö¦¥´¨Ö, ¢Ò§Ò¢ ÕÐ¨° ±μ£¥·¥´É´Ò¥ ±μ²¥¡ ´¨Ö ¢¸¥£μ ¶·μÉμ´-
´μ£μ ¶ÊÎ± . ’μ´± Ö ³ £´¨¥¢ Ö ¸É·ÊÖ ¨§³¥·Ö²  ¶²μÉ´μ¸ÉÓ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ Í¥´É·¥, ¨ ¶μ
 ³¶²¨ÉÊ¤¥ μ¸É ÉμÎ´μ£μ ¸¨£´ ²  ¶μ¸²¥ ®Ê¤ · ¯ μ¶·¥¤¥²Ö² ¸Ó ´ Î ²Ó´ Ö  ³¶²¨ÉÊ¤  ±μ²¥-

�¨¸. 1. �³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¨μ´´μ£μ ¶ÊÎ±  ¶μ¸²¥ Ê¤ ·  ¨´Ë²¥±Éμ·μ³ ¶·¨ · §²¨Î´ÒÌ Éμ± Ì

μÌ² ¦¤ ÕÐ¥£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 



�É±·ÒÉÒ¥ ¢μ¶·μ¸Ò ¢ Ô²¥±É·μ´´μ³ μÌ² ¦¤¥´¨¨ 529

¡ ´¨° ¶ÊÎ± . �  ·¨¸. 1 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ÔÉμ°  ³¶²¨ÉÊ¤Ò μÉ §´ Î¥´¨Ö Ô²¥±É·μ´´μ£μ
Éμ±  Ie = 0, 100, 200, 400 ³�. •μ·μÏμ ¢¨¤´μ, ÎÉμ ¶·¨ μÉ¸ÊÉ¸É¢¨¨ Ô²¥±É·μ´´μ£μ Éμ±   ³-
¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ²¨´¥°´μ ´ · ¸É ¥É μÉ  ³¶²¨ÉÊ¤Ò Ê¤ ·  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¦¨¤ ¥³Ò³¨
μÍ¥´± ³¨ ¤²Ö ¶ · ³¥É·μ¢ ´ ±μ¶¨É¥²Ö ���-Œ. �μ ¶·¨ ¢¢¥¤¥´¨¨ μÌ² ¦¤¥´¨Ö  ³¶²¨-
ÉÊ¤  ±μ²¥¡ ´¨° ¶μ¸²¥ Ê¤ ·  ¤μ¢μ²Ó´μ §´ Î¨É¥²Ó´μ ¶ ¤ ¥É ¸ Éμ±μ³ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
6,5, 2,5, 1,25 ³³.

‘· §Ê ¢μ§´¨±²  ¨¤¥Ö, ÎÉμ ÔÉμ ·¥§Ê²ÓÉ É ±μ£¥·¥´É´μ£μ § ÉÊÌ ´¨Ö ¶¥·¢μ´ Î ²Ó´ÒÌ ±μ-
²¥¡ ´¨° ¶·μÉμ´´μ£μ ¶ÊÎ±  ¤μ Éμ£μ ± ± μ´¨ (±μ²¥¡ ´¨Ö) ¶μÉ¥·ÖÕÉ ±μ£¥·¥´É´μ¸ÉÓ §  ¸Î¥É
¶¥·¥³¥Ï¨¢ ´¨Ö ¨§-§  · §¡·μ¸  Î ¸ÉμÉ μ¡· Ð¥´¨Ö. �±¸¶¥·¨³¥´É ¶μ ¨¸±Ê¸¸É¢¥´´μ³Ê Ê¢¥-

�¨¸. 2. �³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ  ³¶²¨ÉÊ¤Ò ³μ¤Ê²ÖÍ¨¨ ¶·μ¤μ²Ó´μ° ¸±μ·μ¸É¨ Ô²¥±-

É·μ´´μ£μ ¶ÊÎ± . Ep = 65 ŒÔ‚, Ie = 400 ³�

�¨¸. 3. ‚²¨Ö´¨¥ ¶·μÉμ´´μ£μ Éμ±  ´   ³¶²¨ÉÊ¤Ê · ¸± Î±¨ ¶μ¸²¥ Ê¤ ·  ¨´Ë²¥±Éμ·μ³ 5 ±‚. �·μÉμ´-
´Ò° Éμ± ¨§³¥´Ö²¸Ö μÉ 55 ³±� ¤μ, ¶·¨³¥·´μ, 1 ³±�,    ³¶²¨ÉÊ¤  μÉ 2 ¤μ 5 ³³
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²¨Î¥´¨Õ · §¡·μ¸  ¨³¶Ê²Ó¸μ¢ ¶ÊÉ¥³ ³μ¤Ê²ÖÍ¨¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶μ¤É¢¥·¦¤ ¥É
ÔÉμ ¶·¥¤¶μ²μ¦¥´¨¥. �  ·¨¸. 2 ¶μ± § ´μ, ± ± ¢μ§· ¸É ¥É  ³¶²¨ÉÊ¤  ±μ²¥¡ ´¨° ¶·¨ ³μ¤Ê-
²ÖÍ¨¨ Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . ’ ±, ¶·¨ ¸¨²Ó´μ° ³μ¤Ê²ÖÍ¨¨  ³¶²¨ÉÊ¤  ¶·¨¡²¨¦ -
¥É¸Ö ± ³ ±¸¨³ ²Ó´μ³Ê §´ Î¥´¨Õ 6 ³³, ±μÉμ·μ¥ ¸μμÉ¢¥É¸É¢Ê¥É · ¸± Î±¥ ¡¥§ Ô²¥±É·μ´´μ£μ
¶ÊÎ± . �·¨ Ê³¥´ÓÏ¥´¨¨ ¶·μÉμ´´μ£μ Éμ±   ³¶²¨ÉÊ¤  Éμ¦¥ ¸¨²Ó´μ ¢μ§· ¸É ² , ± ± ¶μ± -
§ ´μ ´  ·¨¸. 3.

�Éμ Ö¢²¥´¨¥, ±μ´¥Î´μ, μÉ· ¦ ¥É ¢ ¦´ÊÕ ·μ²Ó ±μ£¥·¥´É´μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö ¶·μÉμ´-
´μ£μ ¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±μ¢ ¤ ¦¥ ¶·¨ 55 ³±�. �¥·¢μ´ Î ²Ó´Ò¥ ±μ²¥¡ ´¨Ö ¸  ³¶²¨-
ÉÊ¤μ° 5Ä6 ³³ Ê¸¶¥¢ ÕÉ ¸¨²Ó´μ § ÉÊÌ´ÊÉÓ §  ¢·¥³Ö ®¶¥·¥³¥Ï¨¢ ´¨Ö Î ¸É¨Í¯ ¢ ¶·μÉμ´-
´μ³ ¶ÊÎ±¥.

CELSIUS �Š‘�…�ˆŒ…�’›

‚ Ô±¸¶¥·¨³¥´É Ì ´  ´ ±μ¶¨É¥²¥ CELSIUS, £¤¥ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢Ò¸μ± Ö Ô´¥·£¨Ö ¨´-
¦¥±Í¨¨ ¨ ¶¥·¥§ ·Ö¤´ Ö ¨´¦¥±Í¨Ö ¤²Ö ´ ±μ¶²¥´¨Ö ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ ¢Ò¸μ±μ° ¨´É¥´-
¸¨¢´μ¸ÉÓÕ (¢¶²μÉÓ ¤μ 10 ³�), ´ ²¨Î¨¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶·¨¢μ¤¨²μ ± ¸ÊÐ¥¸É¢¥´´Ò³
¶μÉ¥·Ö³ (·¨¸. 4).

�·¨ ¨´¦¥±Í¨¨ ¢ ´ ±μ¶¨É¥²Ó CELSIUS ´ ¡²Õ¤ ²¨¸Ó ¡Ò¸É·Ò¥ ¶μÉ¥·¨ ¶·μÉμ´´μ£μ
Éμ± , ¨ μÉ ´ Î ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ 4 ³� μÌ² ¦¤ ²μ¸Ó Éμ²Ó±μ μ±μ²μ 100 ³±�. ‚·¥³Ö
¦¨§´¨ μÌ² ¦¤¥´´μ£μ ¶ÊÎ±  ¸É ´μ¢¨²μ¸Ó §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥. � ²¨Î¨¥ ¨²¨ μÉ¸ÊÉ¸É¢¨¥ ¸ -
³μ£μ μÌ² ¦¤¥´¨Ö (μÌ² ¦¤¥´¨¥ ®¢Ò±²ÕÎ ²μ¸Ó¯ ¸¨²Ó´μ° μÉ¸É·μ°±μ° Ô´¥·£¨¨ Ô²¥±É·μ´´μ£μ
¶ÊÎ± ) ´¥ ³¥´Ö²μ ¶μÉ¥·¨ ´  ´ Î ²Ó´μ³ ÔÉ ¶¥.

�·¨ ¨§³¥´¥´¨¨ ´ Î ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ´ ¡²Õ¤ ²μ¸Ó Ê³¥´ÓÏ¥´¨¥ ´ Î ²Ó´ÒÌ ¶μÉ¥·Ó
¶·¨ ¨´¦¥±Í¨¨ ¢ μÉ¸É·μ¥´´Ò° ¶μ Ô´¥·£¨¨ Ô²¥±É·μ´´Ò° ¶ÊÎμ± (·¨¸. 5).

�¨¸. 4. �μ¢¥¤¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ ¶·¨ · §²¨Î´ÒÌ
¶ · ³¥É· Ì Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ Éμ±  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ μÉ¸É·μ¥´´μ° μÉ μ¶É¨³ ²Ó´μ° Ô´¥·£¨¨

μÌ² ¦¤ ÕÐ¨Ì Ô²¥±É·μ´μ¢ ¨ ¶·¨ · §´ÒÌ ´ Î ²Ó´ÒÌ ¨´É¥´¸¨¢´μ¸ÉÖÌ ¶·μÉμ´´μ£μ ¶ÊÎ± 

LEIR �•‹�†„…�ˆ… ˆ���‚ ‘‚ˆ�–�

‚μ ¢·¥³Ö ¨¸¶ÒÉ ´¨Ö ¸¨¸É¥³Ò Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö ¤²Ö LEIR ´ ¡²Õ¤ ²¨¸Ó ¨´É¥-
·¥¸´Ò¥ Ö¢²¥´¨Ö ¨§³¥´¥´¨Ö ¤¨´ ³¨±¨ μÌ² ¦¤¥´¨Ö ¤²Ö ¢Éμ·μ£μ ¨´¦¥±É¨·μ¢ ´´μ£μ ¸£Ê¸É± ,
± ± ¶μ± § ´μ ´  ·¨¸. 6.

‚¨¤´μ, ÎÉμ ¢Éμ· Ö ¨´¦¥±Í¨Ö μÌ² ¦¤ ¥É¸Ö § ³¥É´μ ¡Ò¸É·¥¥ ¶¥·¢μ°. ‚¨¤¨³μ, ¸ÊÐ¥-
¸É¢¥´´ÊÕ ·μ²Ó ¨£· ¥É ¢´ÊÉ·¨¶ÊÎ±μ¢ Ö ·¥² ±¸ Í¨Ö, ±μ£¤  £μ·ÖÎ¨° ¢´μ¢Ó ¨´¦¥±É¨·μ¢ ´-
´Ò° ¶ÊÎμ± ¸³¥Ï¨¢ ¥É¸Ö ¸ Ê¦¥ μÌ² ¦¤¥´´μ° ¶¥·¢μ° ¶μ·Í¨¥°, ¨ § É¥³ ¨¤¥É Ô²¥±É·μ´´μ¥
μÌ² ¦¤¥´¨¥ Ê¦¥ ¶¥·¥³¥Ï ´´μ£μ ¨μ´´μ£μ ¶ÊÎ±  ¸ ³¥´ÓÏ¥° ´ Î ²Ó´μ° É¥³¶¥· ÉÊ·μ°.

�¨¸. 6. �·μÍ¥¸¸ μÌ² ¦¤¥´¨Ö ¨μ´μ¢ ¸¢¨´Í  ¶·¨ ¤¢ÊÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¨´¦¥±Í¨ÖÌ ¢ ´ ±μ¶¨É¥²¥

LEIR. �μ± § ´ ¶·μË¨²Ó Ô²¥±É·μ´´μ£μ ¶ÊÎ± . �μ £μ·¨§μ´É ²¨ ³¥¦¤Ê ³¥É± ³¨ 10 ³³, ¶μ ¢¥·É¨± ²¨

¢´¨§ μÉ³¥É±¨ ¢·¥³¥´¨ Î¥·¥§ 1 ¸
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CSRm ¨ CSRe �Š‘�…�ˆŒ…�’›

‚ ´ ±μ¶¨É¥²¥ CSRe ¢ 2009 £. ¶·μ¢μ¤¨²¨¸Ó Ô±¸¶¥·¨³¥´ÉÒ ¶μ μÌ² ¦¤¥´¨Õ Ê£²¥·μ¤´μ£μ
¶ÊÎ±  ¸ Ô´¥·£¨¥° 200 ¨ 400 ŒÔ‚/´Ê±². �Éμ ¡Ò²¨ Éμ²Ó±μ ¸ ³Ò¥ ¶¥·¢Ò¥ ¶μ¶ÒÉ±¨ μÌ² ¦¤ ÉÓ
¶ÊÎ±¨ ¢ CSRe, ¨ ¢·¥³Ö, μÉ¢¥¤¥´´μ¥ ´  ÔÉ¨ Ô±¸¶¥·¨³¥´ÉÒ, ¡Ò²μ ¸¨²Ó´μ μ£· ´¨Î¥´μ.
�  ·¨¸. 7Ä13 ¶μ± § ´μ, ± ± ¶·μ¨¸Ìμ¤¨É ¶·μÍ¥¸¸ £·Ê¶¶¨·μ¢±¨ ¶¥·¢μ´ Î ²Ó´μ · ¢´μ³¥·´μ
· ¸¶·¥¤¥²¥´´μ£μ ¶ÊÎ±  ¢ ±μ·μÉ±¨° ¸£Ê¸Éμ±.

�¨¸. 7. �·Ö³μ¥ ´ ¡²Õ¤¥´¨¥ ¸¨£´ ²μ¢ ´  ¶¨± ¶¥ ¶·¨ £·Ê¶¶¨·μ¢±¥ 200 ŒÔ‚/´Ê±². ¶·¨ Ô²¥±É·μ´´μ³

μÌ² ¦¤¥´¨¨. �μ± § ´Ò ¶¥·¢Ò¥ 700 ¸ μÌ² ¦¤¥´¨Ö, ¢ ±μÉμ·Ò¥ ´ ¡²Õ¤ ÕÉ¸Ö μ¡· §μ¢ ´¨¥ ´¥¸±μ²Ó±¨Ì
¶ · §¨É´ÒÌ ¸£Ê¸É±μ¢ ¨ ¤μ¢μ²Ó´μ ¡Ò¸É·Ò¥ ¶μÉ¥·¨ ¶ÊÎ± 

�¨¸. 8. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò Ê£²¥·μ¤´μ£μ ¶ÊÎ±  ´  ¶¥·¢ÒÌ ÔÉ ¶ Ì μÌ² ¦¤¥´¨Ö. ˆ§ ·¨¸. 5, 6 ¢¨¤´μ,

ÎÉμ ¶¥·¢μ´ Î ²Ó´μ ¶¨±μ¢Ò° Éμ± ´ · ¸É ¥É ¤μ 3 ³� ¨ ¢ ÔÉμ ¢·¥³Ö ´ ¡²Õ¤ ÕÉ¸Ö ¶μÉ¥·¨ ¶ÊÎ±  ¸

μ¡· §μ¢ ´¨¥³ ´¥¸±μ²Ó±¨Ì ¡μ±μ¢ÒÌ ¸£Ê¸É±μ¢
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�¨¸. 9. � Î ²Ó´Ò¥ ¸É ¤¨¨ μÌ² ¦¤¥´¨Ö ¶·¨ DC ¶·¨ ¨μ´´μ³ Éμ±¥ 0,7 ³�, ¢¨¤´Ò ¤μ¶μ²´¨É¥²Ó´Ò¥

¸£Ê¸É±¨

�¨¸. 10. Œ ±¸¨³ ²Ó´Ò° ¶¨±μ¢Ò° Éμ± Å 3 ³�, ¨ ¢ ¸¨£´ ²¥ ¸ ¶¨± ¶-Ô²¥±É·μ¤  ´ ¡²Õ¤ ¥É¸Ö ´¥¡μ²Ó-

Ïμ° ®Ì¢μ¸É¯ ±μ²¥¡ ´¨° ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¸£Ê¸É± . �¸É ²¸Ö DC (¶μ¸ÉμÖ´´Ò°) Éμ± 0,14 ³�, § Éμ
¢¸¥ ³¨±·μ¸£Ê¸É±¨ ¨¸Î¥§²¨

�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ ¤²¨´Ò (¸¨£³Ò ¶μ ¢·¥³¥´¨) ¨μ´´μ£μ ¸£Ê¸É±  μÉ §´ Î¥´¨Ö ¸·¥¤´¥£μ Éμ± , ¢ÒÏ¥

150 ³±� ´ ¡²Õ¤ ¥É¸Ö § ³¥É´μ¥ ¶·¥¢ÒÏ¥´¨¥ ¤²¨´Ò
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�¨¸. 12. ‘· ¢´¥´¨¥ Ô²¥±É·¨Î¥¸±¨Ì ¶μ²¥° ‚— ¨ ¶μ²¥° · ¸É ²±¨¢ ´¨Ö ¢ ¸£Ê¸É±¥ ¶·¨ ¸·¥¤´¥³ Éμ±¥

μ±μ²μ 150 ³±�

� ¡²Õ¤ ¥É¸Ö § ³¥É´ Ö ±μ³¶¥´¸ Í¨Ö ¶μ²Ö μÉ ‚—-¸É ´Í¨¨ ¶μ²¥³ ¨μ´´μ£μ ¸£Ê¸É± .

‘¢¥¦¨¥ ´μ¢μ¸É¨ ¸ CSRm ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¢ ´ Î ²¥ 2011 £. Ÿ ¶μ§¢μ²Õ ¸¥¡¥ ¶·¨¢¥¸É¨
Ë· £³¥´É ¨§ Î ¸É´μ£μ ¸μμ¡Ð¥´¨Ö ¨§ IMP (Lanzou):

®Not long ago, a DR experiment was carried out at CSRm. The ion beam was 6.4 MeV/u
Ni19+ for current about 15 μA. The electron current was 105 mA. We found the oscillations
are stronger than previously test, even under the situation of small pulse width. The signals
are shown in ˇgure. During the test, 400 V positive pulses were applied to the cathode¯.

�¨¸. 13. „²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ³μ¤Ê²ÖÍ¨¨ Å 10 ³¸. ˆ´É¥·¢ ² ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ Å 80 ¨ 100 ³¸
´  ²¥¢μ³ ¨ ¶· ¢μ³ ·¨¸Ê´±¥ ¸μμÉ¢¥É¸É¢¥´´μ
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�¥ÎÓ ¨¤¥É μ¡ μ¶ÒÉ Ì ¸ ·¥±μ³¡¨´ Í¨¥° ³¥¦¤Ê ¨μ´ ³¨ Ni19+ ¨ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³.
ˆŸ” ¶μ¸É ¢¨² ´  μÌ² ¤¨É¥²Ó CSRm Ô²¥±É·μ´´Ò° ¡²μ±, ¶μ§¢μ²ÖÕÐ¨° ´  ´¥±μÉμ·μ¥ ´ -
¶·Ö¦¥´¨¥ ¨³¶Ê²Ó¸´μ μÉ¸É· ¨¢ ÉÓ Ô´¥·£¨Õ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¨ ¨§³¥·ÖÉÓ ¢ ÔÉμ ¢·¥³Ö
·¥±μ³¡¨´ Í¨Õ. Š ± ¢¨¤´μ ¨§ É¥±¸É , ¶·¨ ¶¥·¨μ¤¨Î¥¸±¨Ì ®¸± Î± Ì¯ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢
¢ ¸¨¸É¥³¥ ¨μ´´Ò° ¶ÊÎμ± Å Ô²¥±É·μ´´Ò° ¶ÊÎμ± · §¢¨¢ ÕÉ¸Ö ¤¢ÊÌ¶ÊÎ±μ¢Ò¥ ´¥¦¥² É¥²Ó´Ò¥
±μ²¥¡ ´¨Ö, § É·Ê¤´ÖÕÐ¨¥ ¨§³¥·¥´¨Ö.

‚�‡Œ�†�›… Œ…•��ˆ‡Œ›

Œ´μ£¨¥ ¨§ ¶¥·¥Î¨¸²¥´´ÒÌ Ö¢²¥´¨° ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ · §¢¨É¨¥³ ´¥Ê¸Éμ°Î¨¢μ¸É¨ ¢
¸¨¸É¥³¥ ®¶² §³  Ô²¥±É·μ´´μ£μ ¶ÊÎ± Ä¶² §³  ¨μ´´μ£μ ¶ÊÎ± ¯. ˆμ´´Ò° ¶ÊÎμ± ¸ ¶¥·¨μ-
¤μ³ μ¡· Ð¥´¨Ö ¢ ´ ±μ¶¨É¥²¥ ¶μ¶ ¤ ¥É ¢ ¸¢¥¦¨° Ô²¥±É·μ´´Ò° ¶ÊÎμ±, ¨ ¢ ÔÉμ° ¸¨¸É¥³¥
· §¢¨¢ ÕÉ¸Ö ±μ²¥¡ ´¨Ö, μ¶¨¸Ò¢ ¥³Ò¥ Ê· ¢´¥´¨¥³ [9]:

d2xi

dt2
=

Ze

Mi
Ep, . . . ,

d2xe

dt2
= − e

mi
Ep, . . . , Ep = 4πe(nnxe − nixi),

£¤¥ Ep Å Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ¶² §³¥´´ÒÌ ±μ²¥¡ ´¨° ¤¢ÊÌ±μ³¶μ´¥´É´μ° ¶² §³Ò. ‚ μÉ²¨-
Î¨¥ μÉ μ¡ÒÎ´μ° ¶² §³Ò ÔÉμ ¸μ¸ÉμÖ´¨¥ ¸ÊÐ¥¸É¢Ê¥É Éμ²Ó±μ ¢ É¥Î¥´¨¥ ±μ·μÉ±μ£μ ¢·¥³¥´¨
¶·μ²¥É  ÊÎ ¸É±  μÌ² ¦¤¥´¨Ö. �  ¸²¥¤ÊÕÐ¥³ μ¡μ·μÉ¥ ¨μ´´ Ö Ë²Ê±ÉÊ Í¨Ö ¢¸É·¥Î ¥É¸Ö ¸μ
¸¢¥¦¥° ¶μ·Í¨¥° Ô²¥±É·μ´μ¢. „¥É¥·³¨´ ´É ³ É·¨ÍÒ, μ¶¨¸Ò¢ ÕÐ¥° ·¥Ï¥´¨¥ ÔÉμ£μ Ê· ¢-
´¥´¨Ö, ´¥ · ¢¥´ 1 ¨ ¸μ¸É ¢²Ö¥É

|A| = 1 − 2
ω2

eω
2
i

ω4
p

(
1 − cos (ωpτ) +

ω2
eω2

i τ

ω3
p

sin (ωpτ)
)

.

ˆ§ ·¨¸. 14 ¢¨¤´μ, ÎÉμ 100 ³� Ô²¥±É·μ´´Ò° Éμ± ¸¨²Ó´μ ¶·¥¢ÒÏ ¥É ¶μ·μ£ ¢μ§³μ¦´μ£μ
¢μ§´¨±´μ¢¥´¨Ö ±μ²¥¡ ´¨°. �Éμ ¤ ¦¥ Ê¤¨¢¨É¥²Ó´μ, ÎÉμ ³μ¦´μ ¶μ²ÊÎ ÉÓ ¸Éμ²Ó ¡μ²ÓÏμ°
Éμ±. ‘±μ·¥¥ ¢¸¥£μ, ÔÉμ μ§´ Î ¥É, ÎÉμ ³μ¤¥²Ó ¸²¨Ï±μ³ ¶·μ¸É Ö ¨ ¸ÊÐ¥¸É¢ÊÕÉ ¤·Ê£¨¥ Ë ±-
Éμ·Ò.

�¨¸. 14. ‚ÒÎ¨¸²¥´¨¥ ¤¥É¥·³¨´ ´É  ³ É·¨ÍÒ ¶² §³¥´´ÒÌ ±μ²¥¡ ´¨° ¢¤μ²Ó ÊÎ ¸É±  μÌ² ¦¤¥´¨Ö

CSRm
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‡�Š‹	—…�ˆ…

Š ± ¶μ± §Ò¢ ÕÉ ³´μ£μÎ¨¸²¥´´Ò¥ ¨§³¥·¥´¨Ö ¶ÊÎ±μ¢ ¸ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³,
ÔËË¥±ÉÒ ¨´É¥´¸¨¢´μ¸É¨ ³μ£ÊÉ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ¨ÉÓ ¨²¨ ÊÌÊ¤Ï¨ÉÓ ¸¢μ°¸É¢  ¨μ´´μ£μ
¶ÊÎ± . �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ô²¥±É·μ´´μ£μ μÌ² ¦¤¥´¨Ö μÎ¥´Ó ¢ ¦´μ ¨³¥ÉÓ ÔÉμ ¢ ¢¨¤Ê ¨ ¸É -
· ÉÓ¸Ö ¸μ§¤ ¢ ÉÓ Ê¸²μ¢¨Ö, ±μ£¤  ÔÉ¨ μ¸μ¡¥´´μ¸É¨ ¶μ³μ£ ÕÉ ·¥Ï¨ÉÓ ¶μ¸É ¢²¥´´ÊÕ § ¤ ÎÊ.

�² £μ¤ ·´μ¸É¨. �¢Éμ· ÔÉμ£μ μ¡§μ·  ¢Ò· ¦ ¥É ¡μ²ÓÏÊÕ ¡² £μ¤ ·´μ¸ÉÓ ±μ²²¥±É¨¢Ê, ¸μ-
§¤ ¢Ï¥³Ê Ê¸É ´μ¢±Ê ���-Œ, ƒ.ˆ. 	Ê¤±¥·Ê, �.�. ‘±·¨´¸±μ³Ê, �. ‘. „¨± ´¸±μ³Ê,
ˆ.�.Œ¥Ï±μ¢Ê, „. ‚.�¥¸É·¨±μ¢Ê, 	. �. ‘ÊÌ¨´¥ §  ³´μ£μÎ¨¸²¥´´Ò¥ μ¡¸Ê¦¤¥´¨Ö, £·Ê¶¶¥ · -
¡μÉ ÕÐ¨Ì ´  CELSIUS (μ¸μ¡¥´´μ „ £Ê �¥°¸É ¤Ê), ±μ²²¥±É¨¢Ê ´ ±μ¶¨É¥²Ö LEIR,
G. Tranquil ¨ �. 	Ê¡²¥Õ, ¨ ±μ²²¥±É¨¢Ê ´ ±μ¶¨É¥²¥° CSRm ¨ CSRe X.D.Yang, ‚. 	. �¥¢  ¨
³´μ£¨³ ´¥ Ê¶μ³Ö´ÊÉÒ³ Î²¥´ ³ ÔÉ¨Ì ±μ²²¥±É¨¢μ¢ §  ¢μ§³μ¦´μ¸ÉÓ μ¡Ð¥´¨Ö ¨ ¸μ¢³¥¸É´μ°
· ¡μÉÒ ´ ¤ Ô²¥±É·μ´´Ò³ μÌ² ¦¤¥´¨¥³.
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