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�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Î¨¸²¥´´µ£µ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ Ëµ·³¨·µ¢ ´¨Ö Ô²¥±É·µ´´ÒÌ ¶ÊÎ-
±µ¢ ¢ ´¥¸±µ²Ó±¨Ì ¶·µ¸ÉÒÌ ¤·¥°Ëµ¢ÒÌ ¨ ¤¨µ¤´ÒÌ £¥µ³¥É·¨ÖÌ ¨ ¤²Ö ¶ÊÏ±¨ ¸ ¡µ²ÓÏµ° ±µ³¶·¥¸¸¨¥°
É·Ê¡Î Éµ£µ ¶ÊÎ±  ¶µ · ¤¨Ê¸Ê. �¡¸Ê¦¤ ÕÉ¸Ö Ë¨§¨Î¥¸±¨¥ ¶·¨Î¨´Ò ¢µ§´¨± ÕÐ¨Ì £¨¸É¥·¥§¨¸´ÒÌ
ÔËË¥±Éµ¢.

The results of computer simulation of beam dynamics are presented for several simple drift and
diode geometries and for the gun with large radial compression of annular beam. Physics reasons of
hysteresis behaviour of the beams are discussed.
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‚ ¨¸ÉµÎ´¨± Ì Ô²¥±É·µ´´ÒÌ ¶ÊÎ±µ¢ ¢Ò¸µ±µ° Ö·±µ¸É¨ ¤²Ö ² §¥·µ¢ ´  ¸¢µ¡µ¤´ÒÌ Ô²¥±-
É·µ´ Ì ¨ ²¨´¥°´ÒÌ ±µ²² °¤¥·µ¢ ¶·¨³¥´ÖÕÉ¸Ö ËµÉµ± Éµ¤Ò, ¶µ§¢µ²ÖÕÐ¨¥ § ¤ ¢ ÉÓ ¢·¥-
³¥´´ÊÕ ¸É·Ê±ÉÊ·Ê Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¸É·Ê±ÉÊ·µ° ² §¥·´µ£µ ¨§²ÊÎ¥´¨Ö.
‚µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö ¢ ËµÉµ¶ÊÏ± Ì Éµ±µ¢, ¶·¥¢ÒÏ ÕÐ¨Ì ¶·¥¤¥²Ó´Ò° Éµ± — °²Ó¤ Ä
‹¥´£³Õ· , µ¡¸Ê¦¤ ²¨¸Ó ¢ ·Ö¤¥ · ¡µÉ, £¤¥ µÉ³¥Î ²µ¸Ó, ÎÉµ É ±µ¥ ¶·¥¢ÒÏ¥´¨¥ ¢µ§³µ¦´µ
²¨ÏÓ ¤²Ö ¸£Ê¸É±µ¢, ¤²¨´  ±µÉµ·ÒÌ ³¥´ÓÏ¥ ¨²¨ ¶µ·Ö¤±  ¤²¨´Ò Ê¸±µ·ÖÕÐ¥£µ ¶·µ³¥¦ÊÉ± .

Š² ¸¸¨Î¥¸±¨° § ±µ´ — °²Ó¤ Ä‹¥´£³Õ·  ¶·¨³¥´¨³ ¶·¨ ¸²¥¤ÊÕÐ¨Ì Ê¸²µ¢¨ÖÌ: 1) ´ -
¶·Ö¦¥´¨¥ ´  ¶ÊÏ±¥ ¶µ¸ÉµÖ´´µ; 2) ¶µ¶¥·¥Î´Ò¥ · §³¥·Ò Ô³¨É¨·ÊÕÐ¥° ¶µ¢¥·Ì´µ¸É¨ ¸ÊÐ¥-
¸É¢¥´´µ ¶·¥¢ÒÏ ÕÉ Ì · ±É¥·´Ò¥ ¶·µ¤µ²Ó´Ò¥ · §³¥·Ò Ê¸±µ·ÖÕÐ¥£µ ¶·µ³¥¦ÊÉ± ; 3) Ô³¨¸-
¸¨µ´´ Ö ¸¶µ¸µ¡´µ¸ÉÓ ± Éµ¤  ´¥ µ£· ´¨Î¥´ .

�¥·¢µ¥ ¨§ ÔÉ¨Ì Ê¸²µ¢¨° ¸µµÉ¢¥É¸É¢Ê¥É ¸É Í¨µ´ ·´µ¸É¨ Éµ±  ¨ ¶·¥¤¶µ² £ ¥É, ÎÉµ ¥£µ ¢¥-
²¨Î¨´  § ¤ ¥É¸Ö Ê¸±µ·ÖÕÐ¨³ ´ ¶·Ö¦¥´¨¥³. ”µÉµÔ³¨ÉÉ¥·Ò ¸ ² §¥·´Ò³ µ¡²ÊÎ¥´¨¥³ ¤ ÕÉ
¢µ§³µ¦´µ¸ÉÓ ´¥§ ¢¨¸¨³µ£µ ¢ ·Ó¨·µ¢ ´¨Ö Éµ±  Ô³¨¸¸¨¨, ÎÉµ ´ ·Ö¤Ê ¸ ¢µ§³µ¦´µ¸ÉÓÕ ¢ -
·Ó¨·µ¢ ´¨Ö ´ ¶·Ö¦¥´¨Ö ¶·¨¢µ¤¨É ± ± Î¥¸É¢¥´´µ ¨´µ° ¸¨ÉÊ Í¨¨. ‚Éµ·µ¥ Ê¸²µ¢¨¥ Å µ¤´µ-
³¥·´µ¸ÉÓ £¥µ³¥É·¨¨, Å µÎ¥¢¨¤´µ, ´ ·ÊÏ ¥É¸Ö ¢ ·¥ ²Ó´ÒÌ Ê¸²µ¢¨ÖÌ, ¢ Î ¸É´µ¸É¨ ¢¡²¨§¨
±· ¥¢ Ô³¨É¨·ÊÕÐ¥° ¶µ¢¥·Ì´µ¸É¨.
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� ¸¸³µÉ·¨³ ¢´ Î ²¥ ¢²¨Ö´¨¥ ±· ¥¢ÒÌ ÔËË¥±Éµ¢ ´  ¶·¨³¥·¥ ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ± , ¨´-
¦¥±É¨·Ê¥³µ£µ ¢ Ô±¢¨¶µÉ¥´Í¨ ²Ó´µ¥ ¤·¥°Ëµ¢µ¥ ¶·µ¸É· ´¸É¢µ. �µ¤µ¡´ Ö § ¤ Î  ¤²Ö ´¥·¥-
²ÖÉ¨¢¨¸É¸±µ£µ ¸É Í¨µ´ ·´µ£µ µ¤´µ³¥·´µ£µ ¨ ´¥µ£· ´¨Î¥´´µ£µ ¢ ¶µ¶¥·¥Î´µ³ ´ ¶· ¢²¥´¨¨
¶µÉµ±  ·¥Ï ¥É¸Ö ¢ Ô²¥³¥´É ·´ÒÌ ËÊ´±Í¨ÖÌ [1] ¨ § ¢¨¸¨³µ¸ÉÓ ¶·µÌµ¤ÖÐ¥£µ Éµ±  Iout µÉ
Éµ±  ¨´¦¥±Í¨¨ Iinj ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° É. ´. ®λ-±·¨¢ÊÕ¯ (·¨¸. 1).



52 �£ Ëµ´µ¢ �. ‚., ‹¥¡¥¤¥¢ �. �.

„²Ö ÊÎ ¸É±  µÉ Icr1 ¤µ Icr2 ¢ É ±µ³ ¶µÉµ±¥ ¢µ§³µ¦´µ ¸ÊÐ¥¸É¢µ¢ ´¨¥ É·¥Ì ·¥Ï¥´¨°,
µ¤´µ ¨§ ±µÉµ·ÒÌ ¸ ¢¨·ÉÊ ²Ó´Ò³ ± Éµ¤µ³ ¨ Î ¸É¨Î´Ò³ ¶·µÌµ¦¤¥´¨¥³ ¶ÊÎ±  (´¨¦´ÖÖ Î ¸ÉÓ
±·¨¢µ°), ¤¢  ¤·Ê£¨Ì (¸ ¶µ²´Ò³ ¶·µÌµ¦¤¥´¨¥³ ¶ÊÎ± , ¸²¨¢Ï¨¥¸Ö ¢ µ¤´Ê ±·¨¢ÊÕ) ¸Î¨É ÕÉ¸Ö

�¨¸. 1. ‡ ¢¨¸¨³µ¸ÉÓ ¶·µÌµ¤ÖÐ¥£µ Éµ±  µÉ
Éµ±  ¨´¦¥±Í¨¨ (®λ-±·¨¢ Ö¯)

´¥Ê¸Éµ°Î¨¢Ò³¨, ¢¸¥£¤  ¶¥·¥Ìµ¤ÖÐ¨³¨ ´  ´¨¦-
´ÕÕ Î ¸ÉÓ ±·¨¢µ°. �·¨ Ê¢¥²¨Î¥´¨¨ ¨´¦¥±-
É¨·Ê¥³µ£µ Éµ±  ¶·µÌµ¤ÖÐ¨° Éµ±  ¸¨³¶ÉµÉ¨Î¥-
¸±¨ ¸É·¥³¨É¸Ö ± Éµ±Ê — °²Ó¤ Ä‹¥´£³Õ·  ICL

¤²Ö ¶²µ¸±µ£µ ¤¨µ¤  É¥Ì ¦¥ · §³¥·µ¢ ¸ ´ ¶·Ö-
¦¥´¨¥³, ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ Ô´¥·£¨¨ ¨´¦¥±Í¨¨,
  ¢¨·ÉÊa²Ó´Ò° ± Éµ¤ ¶·¨¦¨³ ¥É¸Ö ± ¶²µ¸±µ-
¸É¨ ¨´¦¥±Í¨¨. „²Ö ´¥·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í
Icr1 = 4ICL, Icr2 = 2Icr1.

‚ [2] ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¥¸²¨ ¶µ¶¥·¥Î´µ¥
¸¥Î¥´¨¥ ¤·¥°Ëµ¢µ£µ ¶·µ¸É· ´¸É¢  µ£· ´¨Î¥´µ ¨
¶µ²´µ¸ÉÓÕ § ´ÖÉµ Ô²¥±É·µ´´Ò³ ¶µÉµ±µ³ (· ¸-
¸³ É·¨¢ ² ¸Ó ¶µ²Ê¡¥¸±µ´¥Î´ Ö ¶²µ¸± Ö Ð¥²Ó ¸
Éµ·Í¥¢µ° ¨´¦¥±Í¨¥°), ¶·µÌµ¤ÖÐ¨° Éµ± ³µ¦¥É

· ¸É¨ ´¥µ£· ´¨Î¥´´µ (Iout ∝
√

Iinj) §  ¸Î¥É ®¶·µ¸ Î¨¢ ´¨Ö¯ Î ¸É¨Í ¢ Éµ´±µ³ ¸²µ¥ ¢¡²¨§¨
¸É¥´±¨ ± ³¥·Ò, Éµ£¤  ± ± µ¸É ²Ó´ Ö Î ¸ÉÓ ¶ÊÎ±  § ¶¨· ¥É¸Ö, ¨ ¢¨·ÉÊ ²Ó´Ò° ± Éµ¤ ¶·¨-
µ¡·¥É ¥É Ëµ·³Ê É ±µ° ¦¥ Ð¥²¨ ¸µ ¸±·Ê£²¥´´Ò³¨ ±· Ö³¨.

� ¸¸³µÉ·¨³ ¸²ÊÎ °, ±µ£¤  ±· ¥¢Ò¥ ÔËË¥±ÉÒ ¶·µÖ¢²ÖÕÉ¸Ö ´ ¨¡µ²¥¥ Ö·±µ. „²Ö ÔÉµ£µ
¢Ò¡¥·¥³ µ¡² ¸ÉÓ ¤·¥°Ë  ¢ ¢¨¤¥ Í¨²¨´¤·  ¤¨ ³¥É·µ³ D = 5 ¸³ ¨ ¤²¨´µ° d = 1 ¸³, ¤¨ -
³¥É· ¨´¦¥±É¨·Ê¥³µ£µ ¶ÊÎ±  (2re = 1 ¸³) ¨ Ô´¥·£¨Õ Ô²¥±É·µ´µ¢ W = 20 ±Ô‚. �  ·¨¸. 1
§´ Î¥´¨Ö Éµ±µ¢ ¶·¨¢¥¤¥´Ò ¢ ¥¤¨´¨Í Ì Î °²Ó¤-²¥´£³Õ·µ¢¸±µ£µ Éµ±  (ICL = πr2

ejCL, £¤¥
jCLd2 = 6,6 � ¶·¨ 20 ±‚). ‘¶²µÏ´Ò³¨ ²¨´¨Ö³¨ ¶µ± § ´Ò § ¢¨¸¨³µ¸É¨ ¤²Ö µ¤´µ³¥·-
´µ£µ ¸É Í¨µ´ ·´µ£µ ¶µÉµ± , ¶Ê´±É¨·´µ° Å · ¸Î¥É´ Ö § ¢¨¸¨³µ¸ÉÓ ¤²Ö Ê¸É ´µ¢¨¢Ï¥£µ¸Ö
·¥¦¨³  ¶·¨ ¨´¦¥±Í¨¨ ¶ÊÎ±µ¢ ¸ · §²¨Î´Ò³¨ Éµ± ³¨ ¨ Ë·µ´Éµ³ ´ · ¸É ´¨Ö 4 ´¸. “¸É ´µ-
¢¨¢Ï Ö¸Ö ±µ´Ë¨£Ê· Í¨Ö ¶ÊÎ±  ¢¥¸Ó³  ¶µÌµ¦  ´  · ¸¸³µÉ·¥´´ÊÕ ¢ [2]. �É²¨Î¨Ö ¸µ¸ÉµÖÉ
¢ Éµ³, ÎÉµ ¶ÊÎµ± ¨¤¥É ¢¤ ²¨ µÉ ¡µ±µ¢ÒÌ ¸É¥´µ± ¨ ¸ ·µ¸Éµ³ ¨´¦¥±É¨·Ê¥³µ£µ Éµ±  ¶·µÌµ-
¤ÖÐ¨° Éµ± ´¥ · ¸É¥É. �¸´µ¢´ Ö ¤µ²Ö Éµ±  ¸µ¸·¥¤µÉµÎ¥´  ¢ ¶·¨¸É¥´µÎ´µ³ ¸²µ¥, Éµ²Ð¨´ 
±µÉµ·µ£µ Ê³¥´ÓÏ ¥É¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨ ¨´¦¥±É¨·Ê¥³µ£µ Éµ± ,   ¢´ÊÉ·¥´´ÖÖ Î ¸ÉÓ ¶ÊÎ± 
¶µ²´µ¸ÉÓÕ § ¶¥·É . ‘ Ê¢¥²¨Î¥´¨¥³ ¤¨ ³¥É·  ¶ÊÎ±  Ô±· ´¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ ¸²µÖ µ¸² ¡¥-
¢ ¥É ¨ Ô²¥±É·µ´Ò ´ Î¨´ ÕÉ ¶·µÌµ¤¨ÉÓ ¨ ¢ ¶·¨µ¸¥¢µ° µ¡² ¸É¨, ¶²µÉ´µ¸ÉÓ Éµ±  ¢ ±µÉµ·µ°
¸É·¥³¨É¸Ö ± Î °²Ó¤-²¥´£³Õ·µ¢¸±µ°.
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ƒ¨¸É¥·¥§¨¸´Ò¥ ÔËË¥±ÉÒ ¶·µÖ¢¨²¨¸Ó ¢ ¶·µÍ¥¸¸¥ · §· ¡µÉ±¨ Ô²¥±É·µ´´µ° ¶ÊÏ±¨
(400 ±‚, 100 �) ¸ ¡µ²ÓÏµ° ±µ³¶·¥¸¸¨¥° É·Ê¡Î Éµ£µ ¶ÊÎ± , ¶·¥¤´ §´ Î¥´´µ£µ ¤²Ö £¥´¥· -
Í¨¨ ³µÐ´µ£µ ³¨±·µ¢µ²´µ¢µ£µ ¨ ˆŠ-¨§²ÊÎ¥´¨Ö [3, 4]. „²Ö · ¸Î¥É  ¶·¨³¥´Ö²¸Ö Ô²¥±É·µ-
³ £´¨É´Ò° ±µ¤ KARAT [5] ¸ ³µ¤¥²¨·µ¢ ´¨¥³ Ô³¨¸¸¨¨ Î ¸É¨Í ¤¢Ê³Ö ¸¶µ¸µ¡ ³¨:  ) ´ -
· ¸É ´¨¥³ ´ ¶·Ö¦¥´¨Ö ¶·¨ ¶µ¸ÉµÖ´´µ³ Éµ±¥ Ô³¨¸¸¨¨ (É¥·³µ± Éµ¤) ¨ ¡) ¢±²ÕÎ¥´¨¥³
Ô³¨¸¸¨¨ ¶·¨ ¶µ¸ÉµÖ´´µ³ ´ ¶·Ö¦¥´¨¨ (ËµÉµ± Éµ¤). �¥§Ê²ÓÉ ÉÒ É¥¸É¨·µ¢ ²¨¸Ó ¸ ¶µ³µÐÓÕ
¸É Í¨µ´ ·´µ£µ ±µ¤  SAM [6].
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�  ·¨¸. 2 ¶µ± § ´µ Ê¸·¥¤´¥´´µ¥ ¶µ¢¥¤¥´¨¥ Éµ±  ¶ÊÎ±  ¶·¨ · ¡µÉ¥ ¸ ËµÉµ± Éµ¤µ³ (Éµ±
Ô³¨¸¸¨¨ ´ · ¸É ¥É ¤µ 195 � (1), 210 � (2) ¨ 310 � (3) ¸µ ¸±µ·µ¸ÉÓÕ 28 �/´¸) ¨ ¸
É¥·³µ± Éµ¤µ³ (Éµ± Ô³¨¸¸¨¨ 400 � (4),   ´ ¶·Ö¦¥´¨¥ ´ · ¸É ¥É ¤µ 400 ±‚ §  8 ´¸). ‚¨¤´ 
Î¥É± Ö Ë¨±¸ Í¨Ö Éµ±  ´  Ê·µ¢´¥ 195 � ¸ ¶µ¸²¥¤ÊÕÐ¨³ ¥£µ ¸·Ò¢µ³ ´  §´ Î¥´¨Ö, ¡²¨§±¨¥
± ¶µ²ÊÎ¥´´Ò³ ¶µ ±µ¤Ê SAM.

�¨¸. 2. �µ¢¥¤¥´¨¥ Éµ±  ¶ÊÎ±  ´  ¢ÒÌµ¤¥

¶ÊÏ±¨ ¢ · §²¨Î´ÒÌ ·¥¦¨³ Ì

�¨¸. 3. � ¸Î¥É´ Ö λ-±·¨¢ Ö ¤²Ö ¶ÊÏ±¨ ¸
Ê¶· ¢²Ö¥³Ò³ Ô³¨ÉÉ¥·µ³

�  ·¨¸. 3 ¶µ± § ´  λ-±·¨¢ Ö ¤²Ö ¶ÊÏ±¨ ¸ ËµÉµ± Éµ¤µ³, ¶µ²ÊÎ¥´´ Ö µ¡· ¡µÉ±µ° ·¥-
§Ê²ÓÉ Éµ¢, Î ¸É¨Î´µ ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 2. �·¨ Ie � Icr1 ¢¸¥ Ô²¥±É·µ´Ò ¤µ¸É¨£ ÕÉ  ´µ¤ .
‚ ¨´É¥·¢ ²¥ Icr1 � Ie � Icr2 ¢µ§³µ¦´Ò ± ± ¶µ²´µ¥ ¶·µÌµ¦¤¥´¨¥ (¶Ê´±É¨·), É ± ¨ ¢µ§-
¢· É (¸¶ ¤ ÕÐ Ö Î ¸ÉÓ) Î ¸É¨ Ô²¥±É·µ´µ¢, ¶·¨Î¥³ ¢·¥³Ö ¸ÊÐ¥¸É¢µ¢ ´¨Ö ³¥É ¸É ¡¨²Ó´ÒÌ
¸µ¸ÉµÖ´¨° ¸ ¡µ²ÓÏ¨³ Éµ±µ³ ¸µ¸É ¢²Ö¥É ´¥¸±µ²Ó±µ ´ ´µ¸¥±Ê´¤ ¨ Ê³¥´ÓÏ ¥É¸Ö ¸ ·µ¸Éµ³
Ie. � ±µ´¥Í, ¶·¨ Ie > Icr2,  ³¶²¨ÉÊ¤  Éµ±  (¸³. ¢Ò¡·µ¸Ò ´  ·¨¸. 2) µ£· ´¨Î¨¢ ¥É¸Ö Ê·µ¢-
´¥³ Icr2 (¶Ê´±É¨·),   Ê¸É ´µ¢¨¢Ï¨°¸Ö Éµ± ¶ÊÎ±  ¸¶ ¤ ¥É ¤µ ´¥±µÉµ·µ£µ ¸É Í¨µ´ ·´µ£µ
§´ Î¥´¨Ö.
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—¨¸²¥´´µ¥ ³µ¤¥²¨·µ¢ ´¨¥ Ëµ·³¨·µ¢ ´¨Ö ¶ÊÎ±  ¢ Ô²¥±É·µ´´µ° ¶ÊÏ±¥ ¶µ± §Ò¢ ¥É ´ -
²¨Î¨¥ £¨¸É¥·¥§¨¸´ÒÌ ÔËË¥±Éµ¢. �·¨Î¥³ ´  ¢¥·Ì´¥° (³¥É ¸É ¡¨²Ó´µ°) Î ¸É¨ £¨¸É¥·¥§¨¸-
´µ° ±·¨¢µ° Éµ± ¶ÊÎ±  ¶·¥¢µ¸Ìµ¤¨É Î °²Ó¤-²¥´£³Õ·µ¢¸±¨°. �±¸¶¥·¨³¥´É ²Ó´µ¥ ´ ¡²Õ-
¤¥´¨¥ ¶µ¤µ¡´ÒÌ ³¥É ¸É ¡¨²Ó´ÒÌ ¸µ¸ÉµÖ´¨° ¢µ§³µ¦´µ ¶·¨ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢µ§³µ¦´µ¸É¨
Ê¶· ¢²¥´¨Ö Éµ±µ³ Ô³¨¸¸¨¨, É. ¥. ¢ ËµÉµ¶ÊÏ± Ì.

� ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ �””ˆ (£· ´É 03-02-17301).
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