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ˆ¸¸²¥¤Ê¥É¸Ö Ë §µ¢ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¢µ²´Ò ¨ Ê¸Éµ°Î¨¢µ¸ÉÓ £·Ê¶¶¨·µ¢±¨ Ô²¥±É·µ´µ¢ ¢ ¤· °¢¥·¥ ¸
¸µ¶·µ¢µ¦¤ ÕÐ¥° ¢µ²´µ° ¸ ÊÎ¥Éµ³ Ë §µ¢ÒÌ ¢µ§³ÊÐ¥´¨° ¶·¨ ¢Ò¢µ¤¥ ‘‚—-³µÐ´µ¸É¨. ‘¶¥Í¨ ²Ó´µ¥
· ¸¸³µÉ·¥´¨¥ ÔÉµ£µ ¢µ¶·µ¸  ¶µ§¢µ²Ö¥É ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¤µ¶µ²´¨É¥²Ó´Ò¥ É·¥¡µ¢ ´¨Ö ± Ê¸É·µ°¸É¢ ³
¢Ò¢µ¤  ³µÐ´µ¸É¨. �·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ ¤· °¢¥·¥ ¢ § ¢¨-
¸¨³µ¸É¨ µÉ ¢¥²¨Î¨´Ò Ë §µ¢ÒÌ ¢µ§³ÊÐ¥´¨°. ‘Ëµ·³Ê²¨·µ¢ ´µ Ê¸²µ¢¨¥, ¶·¨ ±µÉµ·µ³ ¸µÌ· ´Ö¥É¸Ö
±¢ §¨¸É Í¨µ´ ·´µ¥ ¸µ¸ÉµÖ´¨¥ ¶ÊÎ±  ¤· °¢¥·  ¸ ¢Ò¸µ±¨³ ¶µ± § É¥²¥³ £·Ê¶¶¨·µ¢±¨.

The phase stability of the wave and steady bunching of the electrons in the driver with accompa-
nying wave taking into account phase perturbation at RF power extraction is investigated. A special
consideration of this pattern allows one to state additional requirements for the systems of power extrac-
tion. Results of numerical simulations of beam dynamics in the driver subject to the amount of phase
perturbations are presented. A criterium of preservation of quasi-stationary of the driver beam with high
bunching factor is formulated.

‚‚…„…�ˆ…

Šµ´Í¥¶Í¨Ö ¤¢ÊÌ¶ÊÎ±µ¢µ£µ Ê¸±µ·¨É¥²Ö („�“), ± ± µ¤´  ¨§ ¢µ§³µ¦´ÒÌ ¸Ì¥³ ·¥ ²¨§ Í¨¨
Ô²¥±É·µ´-¶µ§¨É·µ´´µ£µ ±µ²² °¤¥· , ¡Ò²  ¶·¥¤²µ¦¥´  �. ‘¥¸¸²¥·µ³ [1]. � §²¨Î´Ò¥ ¸Ì¥³Ò
¤· °¢¥·  ¤¢ÊÌ¶ÊÎ±µ¢µ£µ Ê¸±µ·¨É¥²Ö („�“) ´  ¡ §¥ ²¨´¥°´ÒÌ ¨´¤Ê±Í¨µ´´ÒÌ Ê¸±µ·¨É¥²¥°
(‹ˆ“) µ¡¸Ê¦¤ ²¨¸Ó ¢ [2Ä4].

‚ · ¡µÉ Ì [5, 6] ¡Ò²  ¶·¥¤²µ¦¥´  ´µ¢ Ö ¸Ì¥³  ¤· °¢¥·  „�“ ´  µ¸´µ¢¥ ‹ˆ“. …¥
µÉ²¨Î¨É¥²Ó´Ò¥ Î¥·ÉÒ:

 ) £·Ê¶¶¨·µ¢±  Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¶·µ¨§¢µ¤¨É¸Ö ¶·¨ ¤µ¸É ÉµÎ´µ ´¨§±µ° ´ Î ²Ó´µ°
Ô´¥·£¨¨ (∼ 1 ŒÔ‚);

¡) ¤ ²Ó´¥°Ï¥¥ Ê¸±µ·¥´¨¥ ¸£·Ê¶¶¨·µ¢ ´´µ£µ ¶ÊÎ±  ¶·µ¨¸Ìµ¤¨É ¢ ¸µ¶·µ¢µ¦¤ ÕÐ¥°
Ê¸¨²¥´´µ° ¢µ²´¥, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É Ê¸Éµ°Î¨¢ÊÕ ¶·µ¤µ²Ó´ÊÕ £·Ê¶¶¨·µ¢±Ê ¶ÊÎ±  ´  ¶·µ-
ÉÖ¦¥´¨¨ ¢¸¥£µ ¤· °¢¥· ;

¢) ´¨£¤¥ ¢ ¤· °¢¥·¥ ´¥ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶µ²´Ò° ¢Ò¢µ¤ ‘‚—-³µÐ´µ¸É¨, ¨ ¶ÊÎµ± · ¸-
¶·µ¸É· ´Ö¥É¸Ö ¸¨´Ì·µ´´µ ¸ ¸µ¶·µ¢µ¦¤ ÕÐ¥° ¢µ²´µ°.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³ É·¨¢ ¥É¸Ö ¤· °¢¥· (¸³. ·¨¸. 1), ±µÉµ·Ò° ¸µ¸Éµ¨É ¨§ ¨´-
¦¥±Éµ· , £·Ê¶¶¨·µ¢ É¥²Ö ¶ÊÎ±  ¨ ¶·µÉÖ¦¥´´µ° (¢µ§³µ¦´µ, ´¥¸±µ²Ó±µ ¸µÉ¥´ ³¥É·µ¢) ¶µ-
¸²¥¤µ¢ É¥²Ó´µ¸É¨ µÉ¤¥²Ó´ÒÌ Ê¸±µ·¨É¥²Ó´µ-£¥´¥· Éµ·´ÒÌ ¸¥±Í¨°. ‚ ´¨Ì ¶µÉ¥·¨ ¶ÊÎ±  ´ 
¨§²ÊÎ¥´¨¥ ±µ³¶¥´¸¨·ÊÕÉ¸Ö ¢´¥Ï´¥° Ê¸±µ·ÖÕÐ¥° ¸¥±Í¨¥° ‹ˆ“. ‘¥±Í¨¨ ¶¥·¥³¥¦ ÕÉ¸Ö ¸
¶¥·¥Ìµ¤´Ò³¨ ÊÎ ¸É± ³¨, ¢ ±µÉµ·ÒÌ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö Î ¸É¨Î´Ò° ¢Ò¢µ¤ ‘‚—-³µÐ´µ¸É¨.
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�¨¸. 1. ‘Ì¥³  ¤· °¢¥·  „�“: 1 Å Ô²¥±É·µ´´Ò° ¶ÊÎµ±; 2 Å ¢µ²´µ¢µ¤; 3 Å ³ £´¥É·µ´; 4 Å

Ëµ±Ê¸¨·ÊÕÐ¨¥ ³ £´¨É´Ò¥ ²¨´§Ò; 5 Å ¸µ²¥´µ¨¤; 6 Å ‹�‚; 7 Å ÊÎ ¸É±¨ ¢Ò¢µ¤  ‘‚—-³µÐ´µ¸É¨;
8 Å Ê¸±µ·ÖÕÐ¨¥ ¸¥±Í¨¨; 9 Å £µË·¨·µ¢ ´´Ò° ¢µ²´µ¢µ¤ Å § ³¥¤²ÖÕÐ Ö Ô²¥±É·µ¤¨´ ³¨Î¥¸± Ö

¸É·Ê±ÉÊ· 

�²¥±É·µ´´Ò° ¶ÊÎµ± ¸ Ô´¥·£¨¥° 1Ä2 ŒÔ‚, ¸µ§¤ ¢ ¥³Ò° ¢ ¨´¦¥±Éµ·¥, ¢¢µ¤¨É¸Ö ¢ £·Ê¶-
¶¨·µ¢ É¥²Ó. ‚ ± Î¥¸É¢¥ ¶µ¸²¥¤´¥£µ ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ² ³¶  ¡¥£ÊÐ¥° ¢µ²´Ò (‹�‚)
¢ ·¥¦¨³¥ Ê¸¨²¥´¨Ö. ‚ · ¡µÉ Ì [7, 8] ¶µ± § ´µ, ÎÉµ ¢Ò¸µ± Ö ¸É¥¶¥´Ó £·Ê¶¶¨·µ¢±¨ ³µ¦¥É
¡ÒÉÓ ¤µ¸É¨£´ÊÉ  ´  · ¸¸ÉµÖ´¨¨ ∼ 1 ³. “¸¨²¥´¨¥ ‘‚—-¢µ²´Ò ¨ £·Ê¶¶¨·µ¢±  ¶ÊÎ±  ¢ ‹�‚
¡Ò²¨ ¨¸¸²¥¤µ¢ ´Ò ¨ § ·¥£¨¸É·¨·µ¢ ´Ò ¢ Ô±¸¶¥·¨³¥´É Ì.

„ ²¥¥ ¶µ Ìµ¤Ê ¤· °¢¥·  Ô²¥±É·µ´´Ò¥ ¸£Ê¸É±¨ ¶·µ¤µ²¦ ÕÉ ¤¢¨¦¥´¨¥ ¢ ‹ˆ“ ¢ ¸µ¶·µ-
¢µ¦¤¥´¨¨ ‘‚—-¢µ²´Ò, Ê¸¨²¨¢ ¥³µ° ¢ Ô²¥±É·µ¤¨´ ³¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· Ì. “¸±µ·ÖÕÐ¥¥
Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ ³µ¦¥É ¡ÒÉÓ ¶·¨²µ¦¥´µ ´¥¶·¥·Ò¢´µ ¶µ ¢¸¥° ¤²¨´¥ ¤· °¢¥·  ²¨¡µ ´ 
µÉ¤¥²Ó´ÒÌ Ê¸±µ·ÖÕÐ¨Ì ¶·µ³¥¦ÊÉ± Ì. ‚Ò¢µ¤ ‘‚—-³µÐ´µ¸É¨ ¨§ ¤· °¢¥·  ¶·µ¨§¢µ¤¨É¸Ö
Éµ²Ó±µ ´  ¶¥·¥Ìµ¤´ÒÌ ÊÎ ¸É± Ì. ‘¨¸É¥³  ¤µ¸É¨£ ¥É ¸É Í¨µ´ ·´µ£µ ¸µ¸ÉµÖ´¨Ö ´  ¶¥·¢ÒÌ
´¥¸±µ²Ó±¨Ì ¤¥¸ÖÉ± Ì ³¥É·µ¢, £¤¥ Ô´¥·£¨Ö ¸£Ê¸É±µ¢ ¢µ§· ¸É ¥É ¤µ Ê·µ¢´Ö ∼ 10 ŒÔ‚. ‡ É¥³
¸²¥¤Ê¥É µ¡² ¸ÉÓ ±¢ §¨¸É Í¨µ´ ·´µ° £¥´¥· Í¨¨ ‘‚—-¢µ²´Ò: ¢¸Ö ³µÐ´µ¸ÉÓ, ¶¥·¥¤ ¢ ¥³ Ö
Ê¸±µ·ÖÕÐ¨³ ¶µ²¥³ ¶ÊÎ±Ê, ¶·¥µ¡· §Ê¥É¸Ö ¢ ‘‚—-³µÐ´µ¸ÉÓ.

‘Ì¥³  µ¡² ¤ ¥É ¸²¥¤ÊÕÐ¨³¨ ¤µ¸Éµ¨´¸É¢ ³¨:
1) ¥¸ÉÓ ¢µ§³µ¦´µ¸ÉÓ µ¡¥¸¶¥Î¥´¨Ö Ë §µ¢µ° ¨  ³¶²¨ÉÊ¤´µ° ¸É ¡¨²Ó´µ¸É¨ ‘‚—-¢µ²´Ò.

” §µ¢ Ö ¸É ¡¨²Ó´µ¸ÉÓ ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´  §  ¸Î¥É ±¢ §¨´¥¶·¥·Ò¢´µ¸É¨ ¸¨¸É¥³Ò. �Éµ
µ§´ Î ¥É, ÎÉµ ¸ÊÐ¥¸É¢¥´´Ò ²¨ÏÓ ³¥Ì ´¨Î¥¸±¨¥ ¤µ¶Ê¸±¨;

2) É ± ± ± Ê¸±µ·Ö¥É¸Ö ¶·¥¤¢ ·¨É¥²Ó´µ ¸£·Ê¶¶¨·µ¢ ´´Ò° ¶ÊÎµ±, ´¥É ´¥µ¡Ìµ¤¨³µ¸É¨ ¢
£·Ê¶¶¨·µ¢±¥ ¶·¨ Ô´¥·£¨ÖÌ ∼ 10 ŒÔ‚.

‘µ£² ¸´µ ·¥§Ê²ÓÉ É ³ · ¡µÉÒ [5], ¶·¨ ¸µ¶·µ¢µ¦¤¥´¨¨ ¶ÊÎ±  ¸¨´Ì·µ´´µ° ¢µ²´µ° ± Î¥-
¸É¢µ £·Ê¶¶¨·µ¢±¨ ¸µÌ· ´Ö¥É¸Ö ´  ¶·µÉÖ¦¥´¨¨ ¸µÉ¥´ ³¥É·µ¢. …¸²¨ Ô²¥±É·µ´´Ò¥ ¸£Ê¸É±¨,
¸µ¶·µ¢µ¦¤ ¥³Ò¥ Ê¸¨²¥´´µ° ‘‚—-¢µ²´µ°, µ¤´µ¢·¥³¥´´µ Ê¸±µ·ÖÕÉ¸Ö ¢µ ¢´¥Ï´¥³ Ô²¥±É·¨-
Î¥¸±µ³ ¶µ²¥, ¸ÊÐ¥¸É¢Ê¥É ±¢ §¨¸É Í¨µ´ ·´µ¥ ¸µ¸ÉµÖ´¨¥ ¶ÊÎ± , ¢ ±µÉµ·µ³ ¢¸Ö ³µÐ´µ¸ÉÓ,
¶¥·¥¤ ¢ ¥³ Ö ¶ÊÎ±Ê Ê¸±µ·ÖÕÐ¨³ ¶µ²¥³, ¶·¥µ¡· §Ê¥É¸Ö ¢ ‘‚—-³µÐ´µ¸ÉÓ.

‡¤¥¸Ó ¨¸¸²¥¤ÊÕÉ¸Ö Ë §µ¢ Ö ¸É ¡¨²Ó´µ¸ÉÓ ¨ Ê¸Éµ°Î¨¢µ¸ÉÓ £·Ê¶¶¨·µ¢±¨ Ô²¥±É·µ´µ¢ ¸
ÊÎ¥Éµ³ ¢²¨Ö´¨Ö Ë §µ¢ÒÌ ¢µ§³ÊÐ¥´¨° ¶·¨ ¢Ò¢µ¤¥ ‘‚—-³µÐ´µ¸É¨.

1. Œ�„…‹œ

„²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¸ ÊÎ¥Éµ³ Ë §µ¢µ£µ ¢µ§³ÊÐ¥´¨Ö ¶·¨ ¢Ò¢µ¤¥ ‘‚—-
³µÐ´µ¸É¨ ¨¸¶µ²Ó§µ¢ ² ¸Ó ³µ¤¨Ë¨Í¨·µ¢ ´´ Ö ¸¨¸É¥³  Ê· ¢´¥´¨° [9]:
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dWj

dζ
= −F cosψj + ε0, (1)

dθj

dζ
= 2γ2

0

(
∆0 +

1
βzj

− 1
βz0

)
, (2)

dF

dζ
= 2πJ〈cosψj〉 − ΓF, (3)

dϕ

dζ
=

2πJ

F
〈sin ψj〉 − Φ. (4)

‡¤¥¸Ó Wj = γj/γ0 Å ´µ·³¨·µ¢ ´´ Ö Ô´¥p£¨Ö j-° Î ¸É¨ÍÒ; ζ = k0z/2γ2
0 Å ¡¥§p §³¥p´ Ö

¶pµ¤µ²Ó´ Ö ±µµp¤¨´ É ; k0 = ω0/c Å ¢µ²´µ¢µ¥ Î¨¸²µ; ω0 = 2πf0 Å Î ¸ÉµÉ  ‘‚—-¢µ²´Ò;
θj Å Ë §  j-£µ Ô²¥±Épµ´  µÉ´µ¸¨É¥²Ó´µ Ô²¥±Épµ³ £´¨É´µ£µ ¶µ²Ö; ϕ Å Ë §  ¢µ²´Ò, ±µ³-
¶²¥±¸´ Ö  ³¶²¨ÉÊ¤  ¢µ²´Ò F̂ = F eiϕ; ψj = ϕ + θj Å ¶µ²´ Ö ¶µ´¤¥pµ³µÉµp´ Ö Ë § .
‚¥²¨Î¨´  F = 2γ0eEz/mcω0 ¥¸ÉÓ ¡¥§p §³¥p´ Ö  ³¶²¨ÉÊ¤  ¶·µ¤µ²Ó´µ£µ Ô²¥±Ép¨Î¥¸±µ£µ
¶µ²Ö ¢µ²´Ò. � · ³¥É· ∆0 = 1/βz0 − 1/βph µ¶·¥¤¥²Ö¥É ´ Î ²Ó´ÊÕ · ¸¸É·µ°±Ê ¸¨´Ì·µ-
´¨§³  ¢µ²´Ò ¸ ¶ÊÎ±µ³; βzj Å ¶·µ¤µ²Ó´ Ö ¡¥§· §³¥·´ Ö ¸±µ·µ¸ÉÓ Ô²¥±É·µ´µ¢; βph Å
Ë §µ¢ Ö ¸±µ·µ¸ÉÓ ‘‚—-¢µ²´Ò, ´  ±µÉµ·ÊÕ ¤µ²¦¥´ ¡ÒÉÓ · ¸¸Î¨É ´ ¢µ²´µ¢µ¤. “£²µ¢Ò¥
¸±µ¡±¨ ¢ Êp ¢´¥´¨ÖÌ (3) ¨ (4) µ§´ Î ÕÉ Ê¸p¥¤´¥´¨¥ ¶µ ¸£Ê¸É±Ê.

� · ³¥É· ε0 = 2γ0eEa/mcω0 Å ¡¥§· §³¥·´ Ö ¢¥²¨Î¨´  ¢´¥Ï´¥£µ Ô²¥±É·¨Î¥¸±µ£µ
¶µ²Ö Ea; ¶ · ³¥É· Γ Å ¶µ¸ÉµÖ´´ Ö µ¸² ¡²¥´¨Ö, Ì · ±É¥·¨§ÊÕÐ Ö · ¸¶·¥¤¥²¥´´Ò¥ ¶µ-
É¥·¨ ‘‚—-³µÐ´µ¸É¨ ¢¤µ²Ó ¤· °¢¥· . ” §µ¢µ¥ ¢µ§³ÊÐ¥´¨¥ ³µ¤¥²¨·Ê¥É¸Ö ³´¨³µ° ¤µ¡ ¢-
±µ° ± ¶ · ³¥É·Ê Γ; ¢ ¤ ´´µ° § ¶¨¸¨ ÔÉµ³Ê ¸µµÉ¢¥É¸É¢Ê¥É ¶µÖ¢²¥´¨¥ ¢Éµ·µ£µ ¸² £ ¥³µ£µ ¢
¶· ¢µ° Î ¸É¨ (4).

� · ³¥É· ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±  ¸ ¢µ²´µ° J ¶·µ¶µ·Í¨µ´ ²¥´ ±Ê¡Ê ¶ · ³¥É·  �¨·¸ :

J =
2γ3

0

πmc2/e
IZ, (5)

£¤¥

Z =
|E2

z |
22
0N

(6)

Å ¨³¶¥¤ ´¸ ¸¢Ö§¨ ¶ÊÎ±  ¸ ¢µ²´µ° (N Å ³µÐ´µ¸ÉÓ ¢µ²´Ò ¢ ¤ ´´µ° ³µ¤¥).

2. �–…��—�›‰ Š�ˆ’…�ˆ‰

� · ³¥É·Ò ¸É Í¨µ´ ·´µ£µ ¸µ¸ÉµÖ´¨Ö ¡¥§ ÊÎ¥É  Ë §µ¢µ£µ ¢µ§³ÊÐ¥´¨Ö µÍ¥´¨¢ ÕÉ¸Ö ¨§
¸µµÉ´µÏ¥´¨° [9]

ψ � π/2 − ε0/F , Γ � 2πε0J/F 2, 2γ2
0

(
∆0 +

1
βzj

− 1
βz0

)
− 2πJ/F = 0. (7)

ˆ§ (4) ¢¨¤´µ, ÎÉµ ¢²¨Ö´¨¥ Ë §µ¢µ£µ ¢µ§³ÊÐ¥´¨Ö ¤µ²¦´µ ¡ÒÉÓ ´¥¸ÊÐ¥¸É¢¥´´Ò³ ¶·¨
Ê¸²µ¢¨¨

|Φ| � 2πJ/F. (8)

�µ¸±µ²Ó±Ê µ¡² ¸ÉÓ Ê¸Éµ°Î¨¢ÒÌ Ë § ´ Ìµ¤¨É¸Ö ¢ µ±·¥¸É´µ¸É¨ π/2, ¶·¨ µÍ¥´±¥ §´ Î¥-
´¨¥ 〈sin ψj〉 § ³¥´¥´µ ´  1.
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3. �…‡“‹œ’�’› Œ�„…‹ˆ��‚��ˆŸ

–¨±² · ¸Î¥Éµ¢ ¢Ò¶µ²´¥´ ¤²Ö ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ Ê¸±µ·ÖÕÐ¨Ì ¸¥±Í¨° ¶·µÉÖ¦¥´´µ-
¸ÉÓÕ ls = 50 ¸³, Î¥·¥¤ÊÕÐ¨Ì¸Ö ¸ ¶¥·¥Ìµ¤´Ò³¨ ÊÎ ¸É± ³¨ (lt = 25 ¸³) [5]. ‚Ò¢µ¤
‘‚—-³µÐ´µ¸É¨ ¡Ò² ²µ± ²¨§µ¢ ´ Éµ²Ó±µ ¢ ¶¥·¥Ìµ¤´ÒÌ ÊÎ ¸É± Ì. ˆ¸Ìµ¤´Ò¥ Ì · ±É¥·¨-
¸É¨±¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , Ê¸±µ·ÖÕÐ¨Ì ¶µ²¥° ¨ ¢Ò¢µ¤  ‘‚—-¢µ²´Ò ¶·¨´¨³ ²¨¸Ó ¡²¨§-
±¨³¨ ± Ê¸²µ¢¨Ö³, ¨¸¸²¥¤µ¢ ¢Ï¨³¸Ö ¢ [5] (¸³. É ¡²¨ÍÊ). �µ¸ÉµÖ´´ Ö µ¸² ¡²¥´¨Ö ¸µ¸É -
¢²Ö²  Γ � 0,112.

� · ³¥É·Ò ¶ÊÎ±  ¨ ¢µ²´Ò

�´¥·£¨Ö Ô²¥±É·µ´´µ£µ ¶ÊÎ± , ŒÔ‚ ∼ 2,2 (γ0 ∼ 5,31)
�²¥±É·µ´´Ò° Éµ± Ib, A ∼ 500
� ¤¨Ê¸ Ô²¥±É·µ´´µ£µ ¶ÊÎ± , ¸³ ∼ 0,5
� ¡µÎ Ö ³µ¤  ¢µ²´µ¢µ¤  E01

— ¸ÉµÉ  ¢µ²´Ò f0, ƒƒÍ 17 (λ ∼ 1,76 ¸³)
‡ É· ¢µÎ´ Ö ³µÐ´µ¸ÉÓ ¢ ‹�‚, Œ‚É 10
‚´¥Ï´¥¥ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ Ea, Œ‚/³ 1,5

Œ¥·µ° Ë §µ¢µ£µ ¢µ§³ÊÐ¥´¨Ö ¸²Ê¦¨É ¤µ¶µ²´¨É¥²Ó´Ò° ´ ¡¥£ Ë §Ò ¢µ²´Ò ∆ϕ ´  ¶¥·¥-
Ìµ¤´µ³ ÊÎ ¸É±¥, ¸¢Ö§ ´´Ò° ¸ ¡¥§· §³¥·´µ° ¤²¨´µ° ¶¥·¥Ìµ¤´µ£µ ÊÎ ¸É±  ζt ¸µµÉ´µÏ¥´¨¥³
Φ = ∆ϕ/ζt. �Í¥´±  ¶µ ±·¨É¥·¨Õ (8) ¤²Ö ¢Ò¡· ´´ÒÌ ¶ · ³¥É·µ¢ ³µ¤¥²¨·µ¢ ´¨Ö ¤ ¥É
∆ϕ � 1,3.

Œµ¤¥²¨·µ¢ ´¨¥ ¶·µ¢µ¤¨²µ¸Ó ¶µ ¸¨¸É¥³¥ (1)Ä(4) ³¥Éµ¤µ³ ±·Ê¶´ÒÌ Î ¸É¨Í
(100Ä400 Î ¸É¨Í ´  ¸£Ê¸Éµ±). „²Ö ±µ´É·µ²Ö ¶µ£·¥Ï´µ¸É¨ · ¸Î¥Éµ¢ ´  ± ¦¤µ³ Ï £¥ ¢ÒÎ¨-
¸²Ö²µ¸Ó §´ Î¥´¨¥ ¨´É¥£· ²  ¸¨¸É¥³Ò Ê· ¢´¥´¨°

Ξ = 〈Wj〉 +
F 2

4πJ
+

∫ (
ΓF 2

2πJ
− ε0

)
dζ. (9)

�É±²µ´¥´¨Ö µÉ ¶µ¸ÉµÖ´´µ£µ §´ Î¥´¨Ö ´ Ìµ¤¨²¨¸Ó ´  Ê·µ¢´¥ 10−6 ¢ µÉ´µ¸¨É¥²Ó´µ³
³ ¸ÏÉ ¡¥.

�  ·¨¸. 2, 3 ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´Ò¥ § ¢¨¸¨³µ¸É¨ ³µÐ´µ¸É¨ ¢µ²´Ò ´  ¤¢ÊÌ ÊÎ ¸É± Ì
¤· °¢¥·  (z = 100−102 ³ ¨ z = 175−177 ³).

Š ± ¢¨¤´µ ¨§ ·¨¸. 3, ¶·¨ Ê³¥·¥´´ÒÌ µÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨ÖÌ ∆ϕ < 0 ´ ¡²Õ¤ -
¥É¸Ö ¶µ¢ÒÏ¥´¨¥ É¥³¶  ¢µ¸¸É ´µ¢²¥´¨Ö ³µÐ´µ¸É¨ ¢ ± ¦¤µ° Ê¸±µ·¨É¥²Ó´µ-£¥´¥· Éµ·´µ°
¸¥±Í¨¨. �Éµ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ Î ¸É¨Î´µ° ±µ³¶¥´¸ Í¨¥° ´ £·Ê§±¨ ¢µ²´Ò ¶ÊÎ±µ³, ÎÉµ
Ê²ÊÎÏ ¥É ¸µµÉ´µÏ¥´¨¥ ¸¨´Ì·µ´¨§³ .

�  ·¨¸. 4 ¨ 5 ¸µµÉ¢¥É¸É¢¥´´µ ¶·¥¤¸É ¢²¥´Ò · ¸Î¥É´Ò¥ § ¢¨¸¨³µ¸É¨ ¶µ± § É¥²Ö £·Ê¶-
¶¨·µ¢±¨ B = |〈eiψ〉| ¨ ¸·¥¤´¥° Ô´¥·£¨¨ ¶ÊÎ±  ¶·¨ · §´ÒÌ §´ Î¥´¨ÖÌ ∆ϕ.

ˆ¸¸²¥¤µ¢ ´¨¥ ¶µ¢¥¤¥´¨Ö ¸£Ê¸É±µ¢ ¢ Ë §µ¢µ³ ¶·µ¸É· ´¸É¢¥ ¶µ± §Ò¢ ¥É, ÎÉµ, ± ± ¨ ¢ [5],
´ ¡²Õ¤ ¥É¸Ö ¶¥·¥³¥Ï¨¢ ´¨¥ ¸£Ê¸É±µ¢ §  ¸Î¥É ®µÉ¸É ÕÐ¨Ì¯ Î ¸É¨Í. ‘ ·µ¸Éµ³ ¢¥²¨Î¨´Ò
∆ϕ ÔÉµÉ ÔËË¥±É Ê¸¨²¨¢ ¥É¸Ö. ‚µ§· ¸É ¥É Ô´¥·£¥É¨Î¥¸±¨° · §¡·µ¸; ¶·¨ ÔÉµ³ Î ¸É¨ÍÒ, ¢
µ¸´µ¢´µ³, µ¸É ÕÉ¸Ö ±¢ §¨§ Ì¢ Î¥´´Ò³¨, ´ Ìµ¤Ö¸Ó ¢ µ¡² ¸É¨ § ³¥¤²ÖÕÐ¨Ì Ë §. �  ·¨¸. 6
¶µ± § ´Ò Ë §µ¢Ò¥ ¶µ·É·¥ÉÒ ¢ µ¡² ¸É¨ z ≈ 200 ³ ¤²Ö ¸²ÊÎ ¥¢ ∆ϕ = 0 ¨ ∆ϕ = 0,5π.

‘É¥¶¥´Ó £·Ê¶¶¨·µ¢±¨ ¶ÊÎ±  µ¸É ¥É¸Ö ¸É ¡¨²Ó´µ ¢Ò¸µ±µ°,   Î ¸É¨ÍÒ ¶· ±É¨Î¥¸±¨ Ê¤¥·-
¦¨¢ ÕÉ¸Ö ¢ ¶·¥¤¥² Ì ¸¥¶ · É·¨¸Ò µ¤´µ£µ ¸£Ê¸É±  ¶·¨ |∆ϕ| � 0,3. �Éµ ¸µµÉ¢¥É¸É¢Ê¥É
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�¨¸. 2. �·µ¸É· ´¸É¢¥´´Ò¥ § ¢¨¸¨³µ¸É¨ ³µÐ´µ¸É¨ ‘‚—-¢µ²´Ò ´  ¤¢ÊÌ ÊÎ ¸É± Ì ¤· °¢¥·  ¤²Ö

¶µ²µ¦¨É¥²Ó´ÒÌ §´ Î¥´¨° ´ ¡¥£  Ë §Ò ´  ÖÎ¥°±Ê: 1 Å ∆ϕ = 0; 2 Å ∆ϕ = 0,1π; 3 Å ∆ϕ = 0,5π.

“¸²µ¢´µ ¶µ± § ´µ ¶µ²µ¦¥´¨¥ Ê¸±µ·ÖÕÐ¨Ì ¸¥±Í¨° (“‘) ¨ ÊÎ ¸É±µ¢ ¢Ò¢µ¤  ³µÐ´µ¸É¨ (“‚)

�¨¸. 3. �·µ¸É· ´¸É¢¥´´Ò¥ § ¢¨¸¨³µ¸É¨ ³µÐ´µ¸É¨ ‘‚—-¢µ²´Ò ´  ¤¢ÊÌ ÊÎ ¸É± Ì ¤· °¢¥·  ¤²Ö

µÉ·¨Í É¥²Ó´ÒÌ §´ Î¥´¨° ´ ¡¥£  Ë §Ò ´  ÖÎ¥°±Ê: 1 Å ∆ϕ = 0; 2 Å ∆ϕ = −0,1π; 3 Å ∆ϕ = −0,5π

µÍ¥´±¥ ¶µ ±·¨É¥·¨Õ (8). ‘ ·µ¸Éµ³ ¢¥²¨Î¨´Ò ´ ¡¥£  Ë §Ò ´  ÖÎ¥°±Ê ¢ ¶µ¢¥¤¥´¨¨ ¶ · -
³¥É·  £·Ê¶¶¨·µ¢±¨ ¶·µÖ¢²Ö¥É¸Ö ¸¶ ¤. …£µ, ¶µ-¢¨¤¨³µ³Ê, ¸²¥¤Ê¥É ¸¢Ö§Ò¢ ÉÓ ¸ ¶¥·¥Ìµ¤µ³
Î ¸É¨ ¸£Ê¸É±  ¢ µ¡² ¸ÉÓ Ê¸±µ·ÖÕÐ¨Ì Ë §.

�·¨ ¶µ²µ¦¨É¥²Ó´ÒÌ Ë §µ¢ÒÌ ´ ¡¥£ Ì ´  ÖÎ¥°±Ê (∆ϕ > 0) ¤²Ö ´ ·ÊÏ¥´¨Ö ¸É Í¨µ´ ·-
´µ£µ ¸µ¸ÉµÖ´¨Ö µ± §Ò¢ ¥É¸Ö ¤µ¸É ÉµÎ´µ §´ Î¥´¨°, ³¥´ÓÏ¨Ì ¶µ  ¡¸µ²ÕÉ´µ³Ê §´ Î¥´¨Õ.
‚ ÔÉµ³ ¸²ÊÎ ¥ Î ¸É¨ÍÒ ¡Ò¸É·¥¥ ¶µ¶ ¤ ÕÉ ¢ µ¡² ¸ÉÓ Ê¸±µ·ÖÕÐ¨Ì Ë §, ÎÉµ ¸± §Ò¢ ¥É¸Ö ´ 
± Î¥¸É¢¥ £·Ê¶¶¨·µ¢±¨ ¶ÊÎ± .

ˆ¸¸²¥¤µ¢ ´¨¥ § ¢¨¸¨³µ¸É¨ ·¥§Ê²ÓÉ Éµ¢ ³µ¤¥²¨·µ¢ ´¨Ö µÉ Î¨¸²  ±·Ê¶´ÒÌ Î ¸É¨Í Np

¶µ± § ²µ, ÎÉµ ¶·¨ ´¥¡µ²ÓÏ¨Ì §´ Î¥´¨ÖÌ ∆ϕ � 0,1π ·¥§Ê²ÓÉ ÉÒ ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö-
ÕÉ¸Ö, µ¸É ¢ Ö¸Ó ¡²¨§±¨³¨ ± ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¨¸Ìµ¤´µ³Ê ±¢ §¨¸É Í¨µ´ ·´µ³Ê ·¥¦¨³Ê.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 7 ¶·¨¢¥¤¥´Ò Ë §µ¢Ò¥ ¶µ·É·¥ÉÒ ¢ µ¡² ¸É¨ z ≈ 200 ³ ¶·¨
∆ϕ = −0,1π ¤²Ö Np = 100 (a) ¨ Np = 200 (¡).
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�¨¸. 4. �·µ¸É· ´¸É¢¥´´Ò¥ § ¢¨¸¨³µ¸É¨ ¶ · ³¥É·  £·Ê¶¶¨·µ¢±¨. a) 1 Å ∆ϕ = 0; 2 Å ∆ϕ = 0,1π;

3 Å ∆ϕ = 0,4π; 4 Å ∆ϕ = 0,5π; 5 Å ∆ϕ = 0,7π; 6 Å ∆ϕ = π. ¡) 1 Å ∆ϕ = 0; 2 Å

∆ϕ = −0,1π; 3 Å ∆ϕ = −0,5π; 4 Å ∆ϕ = −π

�¨¸. 5. �·µ¸É· ´¸É¢¥´´Ò¥ § ¢¨¸¨³µ¸É¨ ¸·¥¤´¥° Ô´¥·£¨¨ ¶ÊÎ± . a) 1 Å ∆ϕ = 0; 2 Å ∆ϕ = 0,1π;

3 Å ∆ϕ = 0,5π. ¡) 1 Å ∆ϕ = 0; 2 Å ∆ϕ = −0,1π; 3 Å ∆ϕ = −0,5π

�¨¸. 6. ” §µ¢Ò¥ ¶µ·É·¥ÉÒ ¸£Ê¸É±µ¢ ¢ µ¡² ¸É¨ z ≈ 200 ³ ¶·¨ ∆ϕ = 0 (a) ¨ ∆ϕ = 0,5π (¡)

„²Ö ¡µ²ÓÏ¨Ì §´ Î¥´¨° ∆ϕ ÉµÎ´µ¸ÉÓ · ¸Î¥Éµ¢ ¸´¨¦ ¥É¸Ö, ´ ¡²Õ¤ ¥É¸Ö ¡µ²¥¥ ¸¨²Ó´ Ö
§ ¢¨¸¨³µ¸ÉÓ µÉ Np. �µ ¸ Ê¢¥²¨Î¥´¨¥³ Np ¤µ 300Ä400 ·¥§Ê²ÓÉ ÉÒ ¸É ´µ¢ÖÉ¸Ö ¤µ¸É ÉµÎ´µ
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�¨¸. 7. ” §µ¢Ò¥ ¶µ·É·¥ÉÒ ¸£Ê¸É±µ¢ ¢ µ¡² ¸É¨ z ≈ 200 ³ ¶·¨ ∆ϕ = −0,1π ¢ § ¢¨¸¨³µ¸É¨ µÉ Î¨¸² 

±·Ê¶´ÒÌ Î ¸É¨Í ¢ ³µ¤¥²¨·µ¢ ´¨¨: Np = 100 ( ) ¨ Np = 200 (¡)

�¨¸. 8. �·µ¸É· ´¸É¢¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ · ³¥É·  £·Ê¶¶¨·µ¢±¨ ( ) ¨ ¸·¥¤´¥° Ô´¥·£¨¨ ¸£Ê¸É±µ¢
(¡) ¶·¨ ∆ϕ = 0,5π ¢ § ¢¨¸¨³µ¸É¨ µÉ Î¨¸²  ±·Ê¶´ÒÌ Î ¸É¨Í ¢ ³µ¤¥²¨·µ¢ ´¨¨: 1 Å Np = 100; 2 Å

Np = 200; 3 Å Np = 400

Ê¸Éµ°Î¨¢Ò³¨. �  ·¨¸. 8 ¶µ± § ´Ò · ¸¶·¥¤¥²¥´¨Ö ¶ · ³¥É·  £·Ê¶¶¨·µ¢±¨ ¨ ¸·¥¤´¥° Ô´¥·-
£¨¨ ¸£Ê¸É±µ¢ ¢ § ¢¨¸¨³µ¸É¨ µÉ Np ¤²Ö ∆ϕ = 0,5π.

‡�Š‹�—…�ˆ…

‚ Î¨¸²¥´´µ³ ³µ¤¥²¨·µ¢ ´¨¨ ¨¸¸²¥¤µ¢ ´µ ¢²¨Ö´¨¥ Ë §µ¢ÒÌ ¢µ§³ÊÐ¥´¨° ¶·¨ ¢Ò¢µ¤¥
‘‚—-³µÐ´µ¸É¨ ´  Ë §µ¢ÊÕ ¸É ¡¨²Ó´µ¸ÉÓ ¨ Ê¸Éµ°Î¨¢µ¸ÉÓ £·Ê¶¶¨·µ¢±¨ ¢ ¸Ì¥³¥ ¤· °¢¥· 
¤¢ÊÌ¶ÊÎ±µ¢µ£µ Ê¸±µ·¨É¥²Ö ¸ ¸µ¶·µ¢µ¦¤ ÕÐ¥° ¢µ²´µ°. �µ± § ´µ, ÎÉµ ¶·¨ Ê³¥·¥´´µ³ ´ -
¡¥£¥ Ë §Ò ´  ÖÎ¥°±Ê ¢Ò¢µ¤  ³µÐ´µ¸É¨ Å µ±µ²µ 0,1π · ¤, Å ³µ¦´µ ¶µ¤¤¥·¦¨¢ ÉÓ ±¢ -
§¨¸É Í¨µ´ ·´µ¥ ¸µ¸ÉµÖ´¨¥ ¤· °¢¥· . ’·¥¡µ¢ ´¨¥ ´  ¢¥²¨Î¨´Ê ´ ¡¥£  Ë §Ò ¸µ£² ¸Ê¥É¸Ö ¸
µÍ¥´±µ° ¶µ ¸Ëµ·³Ê²¨·µ¢ ´´µ³Ê Î¨¸²¥´´µ³Ê ±·¨É¥·¨Õ.

	² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ �.�. ‹¥¡¥¤¥¢Ê, µ¡· É¨¢Ï¥³Ê ¢´¨-
³ ´¨¥ ´  ¶·µ¡²¥³Ê Ë §µ¢µ£µ ¸¤¢¨£  ¶·¨ ¢Ò¢µ¤¥ ³µÐ´µ¸É¨,   É ±¦¥ �.Š.Š ³¨´¸±µ³Ê,
‘.�. ‘¥¤ÒÌ, �.�. ‘¥·£¥¥¢Ê ¨ �.ˆ. ‘¨¤µ·µ¢Ê §  ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö.



‚²¨Ö´¨¥ Ë §µ¢µ£µ ¸¤¢¨£  ¸µ¶·µ¢µ¦¤ ÕÐ¥° ¢µ²´Ò 81

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Sessler A. M. The free electron laser as a power source for a high-gradient accelerating structure //
Proc. of Workshop on the Laser Acceleration of Particles. AIP Conf. Proc. 1982. V. 91. P. 154Ä159.

2. Sessler A.M. et al. Standing-wave free-electron laser two-beam accelerator // Nucl. Instr. Meth. A.
1991. V. 306. P. 592Ä605.

3. Houck T. et al. Prototype microwave source for a relativistic klystron two-beam accelerator // IEEE
Trans. Plasma Sci. 1996. V. 24, No. 3. P. 938Ä946.

4. Denisov G.G. et al. Problems of autobunching and phase stability for the TBA-driver: calculations
and design for a modeling experiment // Nucl. Instr. Meth. A. 1995. V. 358. P. 528Ä531.

5. Elzhov A. V., Kazacha V. I., Perelstein E. A. New scheme of two beam accelerator driver on base
of linear induction accelerator // ‚µ¶·.  Éµ³´µ° ´ Ê±¨ ¨ É¥Ì´¨±¨. ‘¥·. ®Ÿ¤¥·´µ-Ë¨§. ¨¸¸²¥¤.¯.
1997. ‚Ò¶. 4, 5 (31, 32). ‘. 129Ä131; ’·. II � ÊÎ. ¸¥³¨´ ·  ¶ ³ÖÉ¨ ‚.�. ‘ · ´Í¥¢ . „Ê¡´ ,
1998. C. 119Ä124.

6. Elzhov A. V. et al. New scheme of two beam accelerator driver based on linear induction accelera-
tor // Proc. of Sixth Eur. Particle Accelerator Conf. (EPAC'98), Stockholm, 1998. P. 472Ä474.

7. Perelstein E. A. et al. Theoretical study of power relativistic ampliˇers for electron beam bunching //
Proc. of 1997 Particle Accelerator Conf. (PAC'97), Vancouver, Canada, 1997. P. 488Ä490;
�¥·¥²ÓÏÉ¥°´ �. �. ¨ ¤·. ’¥µ·¥É¨Î¥¸±µ¥ ¨¸¸²¥¤µ¢ ´¨¥ £·Ê¶¶¨·µ¢±¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ¢ ·¥-
²ÖÉ¨¢¨¸É¸±¨Ì Ê¸¨²¨É¥²ÖÌ ³µÐ´µ¸É¨ // †’”. 1999. ’. 69, ¢Ò¶. 2. ‘. 98Ä102.

8. Elzhov A. V. et al. Study of modiˇed TBA driver scheme // Proc. of 1999 Particle Accelerator Conf.
(PAC'99), New York, 1999. P. 3393Ä3395.

9. Elzhov A. V. et al. Study of scheme of two beam accelerator driver with accompanying electromag-
netic wave. JINR Commun. E9-2000-294. Dubna, 2000. 17 p.

�µ²ÊÎ¥´µ 24 ³ Ö 2004 £.


