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� ¸¸³μÉ·¥´Ò ´¥±μÉμ·Ò¥ ´¥¸É Í¨μ´ ·´Ò¥ ÔËË¥±ÉÒ ¶·¨ ¨´¦¥±Í¨¨ ¸¨²Ó´μÉμÎ´μ£μ Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ¢ ¶² §³Ê ¸·¥¤´¥° ¶²μÉ´μ¸É¨. —¨¸²¥´´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μÍ¥¸¸μ¢ ¢Ò¶μ²´¥´μ ¸ ¶μ³μÐÓÕ
Ô²¥±É·μ³ £´¨É´μ£μ ±μ¤  Š���’.

Non-stationary effects under injection of a high-current electron beam in medium density plasma
are considered. Different beam-plasma systems were considered by means of computer simulation.
Computer simulation was performed using electromagnetic PIC code KARAT.

PACS: 29.25.-t
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‚μ§³μ¦´μ¸ÉÓ ¶·¥¢ÒÏ¥´¨Ö Éμ±  �²Ó¢¥´  ¶·¨ Ê¸²μ¢¨¨ μÉ¸ÊÉ¸É¢¨Ö Éμ±μ¢μ° ´¥°É· ²¨-
§ Í¨¨ ¡Ò²  ¶μ± § ´  ¢ · ¡μÉ¥ [1], ¢ ±μÉμ·μ° · ¸¸³ É·¨¢ ²μ¸Ó ±¨´¥É¨Î¥¸±μ¥ · ¢´μ¢¥¸¨¥
¸¨²Ó´μÉμÎ´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  (‘��), Î ¸É¨Î´μ ´¥°É· ²¨§μ¢ ´´μ£μ ´¥¶μ¤¢¨¦´Ò³¨
¨μ´ ³¨ ¸ § ¤ ´´Ò³ ±μÔËË¨Í¨¥´Éμ³ ´¥°É· ²¨§ Í¨¨. �¡ÒÎ´μ ¢ Ô±¸¶¥·¨³¥´É Ì ÔÉμ ¶·¥-
¢ÒÏ¥´¨¥ ¸μ¸É ¢²Ö¥É μÉ 2 ¤μ 5 [2Ä4], ¢ Éμ ¦¥ ¢·¥³Ö É¥μ·¥É¨Î¥¸± Ö ³μ¤¥²Ó Ê± §Ò¢ ¥É ´ 
¢μ§³μ¦´μ¸ÉÓ ´¥μ£· ´¨Î¥´´μ£μ ·μ¸É  Éμ± . —Éμ¡Ò · ¸¸³μÉ·¥ÉÓ Ë ±Éμ·Ò, μ£· ´¨Î¨¢ ÕÐ¨¥
¢¥²¨Î¨´Ê É· ´¸¶μ·É¨·Ê¥³μ£μ Éμ± , ¸· ¢´¨³ ·¥§Ê²ÓÉ ÉÒ, ¸²¥¤ÊÕÐ¨¥ ¨§  ´ ²¨É¨Î¥¸±μ° ³μ-
¤¥²¨, ¸ ¤ ´´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ Î¨¸²¥´´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³.
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‚ · ¡μÉ¥ [5] μ¡¸Ê¦¤ ² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¶·¥¢ÒÏ¥´¨Ö ¶·¥¤¥²Ó´μ£μ Éμ±  �²Ó¢¥´ 
(¸³. ¶·¨¢¥¤¥´´Ò¥ ¢ ´¥° ¸¸Ò²±¨), ¢ Éμ³ Î¨¸²¥ ´  ¶·¨³¥·¥ ¶·μ¸Éμ°, ´μ ¸ ³μμ·£ ´¨§Ê-
ÕÐ¥°¸Ö £¨¤·μ¤¨´ ³¨Î¥¸±μ° ³μ¤¥²¨. ‚ ¸²ÊÎ ¥ ¨´¦¥±Í¨¨ ¶ÊÎ±  ¢ ¶² §³Ê ¶·¨Ìμ¤¨É¸Ö
¨¸¶μ²Ó§μ¢ ÉÓ ¶μ¤Ìμ¤ [1], ¢ ±μÉμ·μ³ · ¸¸³ É·¨¢ ²μ¸Ó ±¨´¥É¨Î¥¸±μ¥ · ¢´μ¢¥¸¨¥ ‘��,
´¥°É· ²¨§μ¢ ´´μ£μ ´¥¶μ¤¢¨¦´Ò³¨ ¨μ´ ³¨ ¸ § ¤ ´´Ò³ ±μÔËË¨Í¨¥´Éμ³ § ·Ö¤μ¢μ° ´¥°-
É· ²¨§ Í¨¨. “¶·μ¸É¨³ § ¤ ÎÊ, ¶μÉ·¥¡μ¢ ¢ ¶μ²´μ° ´¥°É· ²¨§ Í¨¨ § ·Ö¤  Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ´¥¶μ¤¢¨¦´Ò³¨ ¨μ´ ³¨.

‚Ò¡¥·¥³ ËÊ´±Í¨Õ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

f(γ, Pz, M) = δ(γ − γ0)δ(Pz − mcγ0βz0)F (M)C,

£¤¥ ¶·μ¨§¢μ²Ó´ Ö ËÊ´±Í¨Ö μ¡μ¡Ð¥´´μ£μ ³μ³¥´É  F (M) Î¥É´ Ö, ¥¸²¨ ´¥É ¢Ò¤¥²¥´´μ£μ
´ ¶· ¢²¥´¨Ö ¢· Ð¥´¨Ö ¶ÊÎ±  ± ± Í¥²μ£μ, É. ¥. ¥¸²¨ μÉ¸ÊÉ¸É¢Ê¥É ¢´¥Ï´¥¥ ³ £´¨É´μ¥ ¶μ²¥,
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C Å ´μ·³¨·μ¢μÎ´ Ö ¶μ¸ÉμÖ´´ Ö. „ ²Ó´¥°Ï Ö ±μ´±·¥É¨§ Í¨Ö ¸¢Ö§ ´  ¸ ¶·¥¤¶μ²μ¦¥´¨¥³
μ ³μ´μÌ·μ³ É¨Î´μ¸É¨ (f ∼ δ(γ−γ0), £¤¥ δ Å ËÊ´±Í¨Ö „¨· ± ), γ ¨ γ0 Å É¥±ÊÐ¨° ·¥²Ö-
É¨¢¨¸É¸±¨° Ë ±Éμ· Ô²¥±É·μ´μ¢ ¨ Ë ±Éμ·, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¶μ²´μ° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢
¶·¨ ¨§μ¸±μ·μ¸É´μ³ Ì · ±É¥·¥ ¶μÉμ±  Î ¸É¨Í (f ∼ δ(Pz − mcγ0βz0)), Pz Å μ¡μ¡Ð¥´´Ò°
¶·μ¤μ²Ó´Ò° ¨³¶Ê²Ó¸. �μ¸²¥¤´¥¥ μ§´ Î ¥É, ÎÉμ ¶·μ¤μ²Ó´Ò° ¨³¶Ê²Ó¸ ¨ ¸±μ·μ¸ÉÓ ¢¸¥Ì
Î ¸É¨Í ´  ¤ ´´μ³ · ¤¨Ê¸¥ μ¤¨´ ±μ¢Ò. �  Éμ³ · ¤¨Ê¸¥, £¤¥ ¢¥±Éμ·-¶μÉ¥´Í¨ ² Az = 0,
¶·μ¤μ²Ó´ Ö ¸±μ·μ¸ÉÓ · ¢´  βz0; ¢ ± Î¥¸É¢¥ É ±μ° ÉμÎ±¨ ¢Ò¡¥·¥³ μ¸Ó r = 0. „²Ö Ê¶·μ-
Ð¥´¨Ö μ£· ´¨Î¨³¸Ö ¸²ÊÎ ¥³ F (M) = const, ±μ£¤  ¢¸¥ ¢μ§³μ¦´Ò¥ ³μ³¥´ÉÒ ±μ²¨Î¥¸É¢ 
¤¢¨¦¥´¨Ö · ¢´μ¶· ¢´μ ¶·¥¤¸É ¢²¥´Ò ¢ ¶ÊÎ±¥ ¨ ± ± Í¥²μ¥ μ´ ´¥ ¢· Ð ¥É¸Ö.

‚ÒÎ¨¸²ÖÖ ¶²μÉ´μ¸ÉÓ § ·Ö¤  ¨ ¶²μÉ´μ¸É¨ Éμ± , ´¥É·Ê¤´μ ¶μ± § ÉÓ, ÎÉμ ¤²Ö · ¸¸³ -
É·¨¢ ¥³μ° ³μ¤¥²¨ ´¥°É· ²¨§μ¢ ´´μ£μ ¶ÊÎ±  ¶²μÉ´μ¸ÉÓ § ·Ö¤  ¶μ¸ÉμÖ´´  ¶μ ¸¥Î¥´¨Õ,
 §¨³ÊÉ ²Ó´ Ö ¶²μÉ´μ¸ÉÓ Éμ±  Éμ¦¤¥¸É¢¥´´μ · ¢´  ´Ê²Õ,   ¶·μ¤μ²Ó´ Ö ¶²μÉ´μ¸ÉÓ Éμ± 
Ê¤μ¢²¥É¢μ·Ö¥É Ê· ¢´¥´¨Õ
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¶μ¸±μ²Ó±Ê Az(0) = 0. …£μ ·¥Ï¥´¨¥ ¶·¨ Ê¸²μ¢¨¨ ±μ´¥Î´μ¸É¨ ¶²μÉ´μ¸É¨ Éμ±  ´  μ¸¨ ¨³¥¥É
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,

£¤¥ I0(r/r0) Å ³μ¤¨Ë¨Í¨·μ¢ ´´ Ö ËÊ´±Í¨Ö 	¥¸¸¥²Ö. �μ¸ÉμÖ´´ Ö r0 = (8π2Cem)−1/2,
¢Ò· ¦¥´´ Ö Î¥·¥§ ¶²μÉ´μ¸ÉÓ, ¨³¥¥É ¢¨¤ r0 = c/ω0, £¤¥ ω0 = (4πeρ/mγ0)1/2 Å ¶² §-
³¥´´ Ö Î ¸ÉμÉ  ¶ÊÎ± , ¶μ¸ÉμÖ´´ Ö ¢ ¤ ´´μ° ³μ¤¥²¨ ¶μ ¸¥Î¥´¨Õ. ’ ±¨³ μ¡· §μ³, Éμ±
¶ÊÎ± 

I =
IA

2
a

r0

I1(a/r0)
I0(a/r0)

³μ¦¥É ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÉÓ Éμ± �²Ó¢¥´ ,   ¶μ¢¥¤¥´¨¥ Î ¸É¨Í ¢ ¶ÊÎ±¥ ¨ · ¸¶·¥¤¥²¥´¨¥
Éμ±  ¶μ ¸¥Î¥´¨Õ μ± §Ò¢ ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ÕÐ¨³¨¸Ö ¢ ¶·¥¤¥²¥ ³ ²ÒÌ (I � IA) ¨
¡μ²ÓÏ¨Ì (I � IA) Éμ±μ¢. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥ r0/a = (1/2)(IA/I) � 1, É ± ÎÉμ ¶²μÉ´μ¸ÉÓ
Éμ±  ¶· ±É¨Î¥¸±¨ μ¤´μ·μ¤´  ¶μ ¸¥Î¥´¨Õ. �¡· É´Ò° ¶·¥¤¥²Ó´Ò° ¸²ÊÎ ° I � IA ¨, ¸μμÉ-
¢¥É¸É¢¥´´μ, a � r0 Ì · ±É¥·¥´ É¥³, ÎÉμ ¶· ±É¨Î¥¸±¨ ¢¥¸Ó Éμ± ¨ ¥£μ μ¸´μ¢´μ¥ ³ £´¨É´μ¥
¶μ²¥ ¢ÒÉ¥¸´Ö¥É¸Ö ´  ¶¥·¨Ë¥·¨Õ ¢ ¸²μ° Éμ²Ð¨´Ò ¶μ·Ö¤±  r0.

�…‘’�–ˆ������Ÿ ˆ�†…Š–ˆŸ �“—Š� ‚ �‹�‡Œ“

�·¨ É¥μ·¥É¨Î¥¸±μ³ · ¸¸³μÉ·¥´¨¨ ¶·μÍ¥¸¸ ´¥°É· ²¨§ Í¨¨ § ·Ö¤  ¸¢μ¤¨É¸Ö ± ³£´μ¢¥´-
´μ³Ê ¢ÒÉ¥¸´¥´¨Õ ¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ ¨§ μ¡Ñ¥³  ¶ÊÎ±  ¨ ±μ³¶¥´¸ Í¨¨ ¥£μ § ·Ö¤ 
´¥¶μ¤¢¨¦´Ò³¨ ¨μ´ ³¨. “¶μ³Ö´ÊÉÒ¥ ¶·μÍ¥¸¸Ò Ö¢²ÖÕÉ¸Ö ´¥¸É Í¨μ´ ·´Ò³¨, ¨ ´¥°É· ²¨-
§ Í¨Ö § ·Ö¤  ¶ÊÎ±  ¢ ¶² §³¥ É·¥¡Ê¥É ´¥±μÉμ·μ£μ ¢·¥³¥´¨, É·¥¡Ê¥É ÊÉμÎ´¥´¨Ö ¨ ¶·¥¤¶μ-
²μ¦¥´¨¥ μ ´¥¶μ¤¢¨¦´μ¸É¨ ¨μ´μ¢. „ ¦¥ ¶·¨ ´¥ μÎ¥´Ó ¡μ²ÓÏμ° ¶²μÉ´μ¸É¨ ¤²Ö ¶² §³Ò
´  Ê·μ¢´¥ 1014 ¸³−3, ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÐ¥° Ì · ±É¥·´Ò¥ ¶²μÉ´μ¸É¨ ¸¨²Ó´μÉμÎ´ÒÌ
Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢, ´¥¨§¡¥¦´μ ¢μ§¡Ê¦¤¥´¨¥ ¶² §³¥´´ÒÌ ±μ²¥¡ ´¨° ¸ ¢Ò¸μ±¨³ Ê·μ¢´¥³
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Ô²¥±É·¨Î¥¸±¨Ì ¶μ²¥°. ‚ ÔÉ¨Ì ¶μ²ÖÌ ²¥£±¨¥ ¨μ´Ò ´ ¡¨· ÕÉ Ô´¥·£¨Õ ¢ ¤¥¸ÖÉ±¨ ¨ ¸μÉ´¨ ±¨-
²μÔ²¥±É·μ´¢μ²ÓÉ, ¨, ¸²¥¤μ¢ É¥²Ó´μ, §  Ì · ±É¥·´Ò¥ ¢·¥³¥´  ¤²¨É¥²Ó´μ¸É¨ Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ¸³¥Ð¥´¨¥ ¨μ´μ¢ ³μ¦¥É ¸É ÉÓ μ¶·¥¤¥²ÖÕÐ¨³.

� ¸¸³μÉ·¨³ ÔÉ¨ ¶·μÍ¥¸¸Ò ¢ ¶·μ¸Éμ° £¥μ³¥É·¨¨, ¶μ± § ´´μ° ´  ·¨¸. 1. �² §³¥´´Ò°
¸Éμ²¡ ¸ μ¤´μ·μ¤´μ° ¶²μÉ´μ¸ÉÓÕ § ·Ö¤  3 · 1013 ¸³−3 ¶¥·¥³Ò± ¥É ¤·¥°Ëμ¢ÊÕ ± ³¥·Ê.
‘²¥¢  ´ ¶· ¢μ ¢ ± ³¥·Ê ¸ Éμ·Í , · ¸¶μ²μ¦¥´´μ£μ ¶·¨ z = 1 ¸³, ¨´¦¥±É¨·Ê¥É¸Ö Ô²¥±-
É·μ´´Ò° ¶ÊÎμ± c Éμ±μ³ Ib ¸ μ¤´μ·μ¤´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ Éμ±  ¶μ ¸¥Î¥´¨Õ,
· ¢´μ³¥·´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶μ Ô´¥·£¨¨ ¢ ¤¨ ¶ §μ´¥ 80Ä100 ±Ô‚ ¨ ¸ ¤²¨É¥²Ó´μ¸ÉÓÕ
Ë·μ´É  Éμ±  1 ´¸. �·¨ ¸·¥¤´¥° Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 90 ±Ô‚ Éμ± �²Ó¢¥´  IA = 17βγ
¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 10,5 ±�. �  Éμ·Í¥ ± ³¥·Ò ¶·¨ z = 4 ¸³ ·¥£¨¸É·¨·Ê¥É¸Ö Éμ± ¶·μ-
Ï¥¤Ï¥£μ Î¥·¥§ ± ³¥·Ê ¶ÊÎ±  (Iba), Éμ± ¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ (Ipa) ¨ Éμ± ¨μ´μ¢ (Iia)
(¥¸²¨ ¨μ´Ò ´¥ ¡¥¸±μ´¥Î´μ ÉÖ¦¥²Ò¥) ¢ ¶·¥¤¥² Ì · ¤¨Ê¸  ¶² §³¥´´μ£μ ¸Éμ²¡ .

�¨¸. 1. ƒ¥μ³¥É·¨Ö ¶·μÍ¥¸¸μ¢

�¨¸. 2. „¨´ ³¨±  Éμ±μ¢

—Éμ¡Ò ¶·μ¢¥¸É¨ ¸· ¢´¥´¨¥ ¸  ´ ²¨É¨Î¥¸±μ° ³μ¤¥²ÓÕ, ¶·¥¤¶μ²μ¦¨³, ÎÉμ ¨μ´Ò ¶² §³Ò
¡¥¸±μ´¥Î´μ ÉÖ¦¥²Ò¥, ¨ ¡Ê¤¥³ · ¸¸³ É·¨¢ ÉÓ ¨Ì ± ± Ëμ´. �  ·¨¸. 2 ¶μ± § ´μ ¶μ¢¥¤¥-
´¨¥ Éμ±μ¢ ¶ÊÎ±μ¢ÒÌ ¨ ¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ ¢ ± ³¥·¥ ¶·¨ ¨´¦¥±Í¨¨ ¶ÊÎ±  ¸ Éμ±μ³
Ib = 70 ±�. ‘·¥¤´ÖÖ ¶²μÉ´μ¸ÉÓ Ô²¥±É·μ´μ¢ ¢ ¶ÊÎ±¥ ¶·¨³¥·´μ · ¢´  ¶²μÉ´μ¸É¨ ¶² §³Ò.
„μ ±μ´Í  ± ³¥·Ò ¤μÌμ¤¨É Éμ± Iba ≈ 40 ±� (ÎÉμ ¸μ¸É ¢²Ö¥É μ±μ²μ Î¥ÉÒ·¥Ì  ²Ó¢¥´μ¢¸±¨Ì
Éμ±μ¢), μ¸É ²Ó´Ò¥ ¶ÊÎ±μ¢Ò¥ Ô²¥±É·μ´Ò É¥·ÖÕÉ¸Ö ¨§ ¶² §³¥´´μ£μ ± ´ ²  ¶·¨³¥·´μ ¶μ-
·μ¢´Ê ¢ ¶μ¶¥·¥Î´μ³ ´ ¶· ¢²¥´¨¨ ¨ μÉ· ¦ ÕÉ¸Ö μ¡· É´μ ¢ ¸Éμ·μ´Ê ¶²μ¸±μ¸É¨ ¨´¦¥±Í¨¨.
(	μ²ÓÏ¨¥ ¶μÉ¥·¨ μ¡ÑÖ¸´ÖÕÉ¸Ö É¥³, ÎÉμ Ô²¥±É·μ´Ò ¶ÊÎ±  ´¥·¥²ÖÉ¨¢¨¸É¸±¨¥. �·¨ Ê¢¥²¨-
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Î¥´¨¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢, ´ ¶·¨³¥·, ¤μ 1 ŒÔ‚ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ²ÊÎÏ Ö É· ´¸¶μ·É¨·μ¢± 
¶ÊÎ± .) ’μ± ¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ Ipa, ¤μ¸É¨£ ÕÐ¨° ¢´ Î ²¥ 20 ±�, Ê³¥´ÓÏ ¥É¸Ö ¤μ
 ³¶¥·´μ£μ Ê·μ¢´Ö ¨§-§  ¶· ±É¨Î¥¸±¨ ¶μ²´μ£μ ¢ÒÉ¥¸´¥´¨Ö ¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ ¶ÊÎ±μ-
¢Ò³¨.

• · ±É¥· · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ § ·Ö¤  ¶ÊÎ±μ¢ÒÌ Ô²¥±É·μ´μ¢ ¨ ¶²μÉ´μ¸É¨ Éμ± 
¶ÊÎ±  ¢ ±μ´¥Î´μ³ ¸μ¸ÉμÖ´¨¨ ´¥ ¸¨²Ó´μ μÉ²¨Î ¥É¸Ö μÉ Ì · ±É¥·  · ¸¶·¥¤¥²¥´¨°, ¶μ²ÊÎ¥´-
´ÒÌ ¢  ´ ²¨É¨Î¥¸±μ° ¸É Í¨μ´ ·´μ° ³μ¤¥²¨. �²μÉ´μ¸ÉÓ § ·Ö¤  ¶ÊÎ±  ¶·¨³¥·´μ μ¤´μ·μ¤´ 
¶μ ¸¥Î¥´¨Õ, ¢ Éμ ¢·¥³Ö ± ± ¶²μÉ´μ¸ÉÓ Éμ±  ¨³¥¥É Ö·±μ ¢Ò· ¦¥´´Ò° É·Ê¡Î ÉÒ° Ì · ±-
É¥· (¸³. ·¨¸. 3).

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Éμ±  ¶ÊÎ±  ¢

¢μ¤μ·μ¤´μ° ¶² §³¥ ¢ É·¥Ì ¸¥Î¥´¨ÖÌ

�¨¸. 4. „¨´ ³¨±  Î¨¸²  ¨μ´μ¢, ¶ÊÎ±μ¢ÒÌ ¨

¶² §³¥´´ÒÌ Ô²¥±É·μ´μ¢ ¢ ¢μ¤μ·μ¤´μ° ¶² §³¥

�·¨ Ê¢¥²¨Î¥´¨¨ Éμ±  ¨´¦¥±Í¨¨ ¤μ Ib = 100 ±� (¸·¥¤´ÖÖ ¶²μÉ´μ¸ÉÓ Ô²¥±É·μ´μ¢
¢ ¶ÊÎ±¥ ¸μ¸É ¢²Ö¥É nb = 5 · 1013 ¸³−3) ¶·μÌμ¤ÖÐ¨° Éμ± Ê³¥´ÓÏ ¥É¸Ö ¶·¨³¥·´μ ¤μ
Iba ≈ 35 ±� ¨§-§  Ê¢¥²¨Î¥´¨Ö ¶μÉ¥·Ó ¶ÊÎ±μ¢ÒÌ Ô²¥±É·μ´μ¢ ¨§ ¶² §³Ò, ¶²μÉ´μ¸ÉÓ ±μÉμ-
·μ° ´¥¸±μ²Ó±μ ³¥´ÓÏ¥ ¸·¥¤´¥° ¶²μÉ´μ¸É¨ Ô²¥±É·μ´μ¢ ¢ ¶ÊÎ±¥. ‚ Éμ ¦¥ ¢·¥³Ö Ê¢¥²¨Î¥´¨¥
¶²μÉ´μ¸É¨ ¶² §³Ò ¤μ 1014 ¸³−3 ¶μ§¢μ²Ö¥É ¶·¨ ¨´¦¥±É¨·Ê¥³μ³ Éμ±¥ Ib = 100 ±� ¤μ¢¥¸É¨
¤μ ±μ´Í  ± ³¥·Ò ¶ÊÎμ± ¸ Éμ±μ³ Iba ≈ 60 ±�, ÎÉμ Ê¦¥ ¢ Ï¥¸ÉÓ · § ¶·¥¢μ¸Ìμ¤¨É IA.

‘¨ÉÊ Í¨Ö ±μ·¥´´Ò³ μ¡· §μ³ ³¥´Ö¥É¸Ö, ¥¸²¨ ¶² §³  μ¡· §μ¢ ´  ²¥£±¨³¨ (¢μ¤μ·μ¤)
¨μ´ ³¨. �·¨ ¸μÌ· ´¥´¨¨ ¢¸¥Ì μ¸É ²Ó´ÒÌ Ê¸²μ¢¨° Éμ± É· ´¸¶μ·É¨·Ê¥³μ£μ ¶ÊÎ±  ·¥§±μ
¶ ¤ ¥É (¸ 40 ¤μ 15 ±�), Î¨¸²μ ¨μ´μ¢ ¢ ± ³¥·¥ É ±¦¥ Ê³¥´ÓÏ ¥É¸Ö ¨§-§  ÊÌμ¤  ´  ¸É¥´±¨
(¸³. ·¨¸. 4). Š Î¥¸É¢¥´´μ¥ ¨§³¥´¥´¨¥ ¶μ¢¥¤¥´¨Ö ¸¨¸É¥³Ò ¸¢Ö§ ´μ ¸ ¨§³¥´¥´¨¥³ ¶μ¶¥-
·¥Î´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶²μÉ´μ¸É¥° Ô²¥±É·μ´μ¢ ¶ÊÎ±  ¨ ¨μ´μ¢. ‚ ¶·¨μ¸¥¢μ° μ¡² ¸É¨ ¸¨-
¸É¥³Ò Ëμ·³¨·Ê¥É¸Ö ¨μ´´Ò° μ¸Éμ¢ ¸ Ê¢¥²¨Î¥´´μ° ¶μÎÉ¨ ´  ¶μ·Ö¤μ± ¶²μÉ´μ¸ÉÓÕ § ·Ö¤ 
¶μ ¸· ¢´¥´¨Õ ¸ μ¤´μ·μ¤´μ° ¨¸Ìμ¤´μ°. �´ ²μ£¨Î´μ ¢¥¤¥É ¸¥¡Ö ¨ ¶²μÉ´μ¸ÉÓ Ô²¥±É·μ´μ¢
¶ÊÎ±  (·¨¸. 5). ‘μμÉ¢¥É¸É¢¥´´μ, ¢³¥¸Éμ É·Ê¡Î Éμ° ±μ´Ë¨£Ê· Í¨¨ Éμ± ¶ÊÎ±  É ±¦¥ ¸μ¸·¥-

�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ § ·Ö¤  ¶² §³¥´´ÒÌ ¨μ´μ¢ ¨ Ô²¥±É·μ´μ¢ ¶ÊÎ±  ¶μ ¸¥Î¥´¨Õ
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¤μÉμÎ¨¢ ¥É¸Ö ¢ ¶·¨μ¸¥¢μ° μ¡² ¸É¨,   ¶μ²´Ò° Éμ± ´¥ ¶·¥¢ÒÏ ¥É Ê¤¢μ¥´´μ£μ  ²Ó¢¥´μ¢¸±μ£μ.
‘ Ê¢¥²¨Î¥´¨¥³ ³ ¸¸Ò ¨μ´μ¢ ¶·μÍ¥¸¸ · ¸¶ ¤  ¶² §³Ò § ³¥¤²Ö¥É¸Ö, μ¤´ ±μ ¤ ¦¥ ¤²Ö ¨μ´μ¢
Xe ¤²¨É¥²Ó´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ Éμ±μ¢, ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ÕÐ¨Ì  ²Ó¢¥´μ¢¸±¨°, ´¥
¶·¥¢ÒÏ ¥É ¤¥¸ÖÉ±μ¢ ´ ´μ¸¥±Ê´¤.

� ¡μÉ  ¶μ¤¤¥·¦ ´  �””ˆ ¶μ £· ´ÉÊ 09-02-00715.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Hammer D. A., Rostoker N. Propagation of High-Current Relativistic Electron Beams // Phys. Fluids.
1970. V. 13, No. 3. P. 1831Ä1850.

2. �£ Ëμ´μ¢ �. ‚. ¨ ¤·. � ¸¶·μ¸É· ´¥´¨¥ ¨ Ëμ±Ê¸¨·μ¢±  ¸¨²Ó´μÉμÎ´ÒÌ Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢ ¢
¤¨Ô²¥±É·¨Î¥¸±¨Ì ± ´ ² Ì // ”¨§¨±  ¶² §³Ò. 1981. ’. 7, º2. ‘. 267Ä275.

3. �£ Ëμ´μ¢ �. ‚. ¨ ¤·. — ¸É¨Î´μ-´¥°É· ²¨§μ¢ ´´Ò¥ ¸¨²Ó´μÉμÎ´Ò¥ Ô²¥±É·μ´´Ò¥ ¶ÊÎ±¨ // ”¨§¨± 
¶² §³Ò. 1988. ’. 14, º5. ‘. 559Ä565.

4. �§Ê· ƒ. …., �μ¶μ¢ ‘. �., ”¥¤ÊÐ ± ‚. ”. ”μ·³¨·μ¢ ´¨¥ Ê§±μ´ ¶· ¢²¥´´ÒÌ ´¨§±μÔ´¥·£¥É¨Î¥¸±¨Ì
¢Ò¸μ±μ¨´É¥´¸¨¢´ÒÌ Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢ // †’”. 2008. ’. 78, º 7. ‘. 103Ä110.

5. �£ Ëμ´μ¢ �. ‚. Š¢ §¨´¥°É· ²Ó´Ò¥ ¤¢ÊÌ±μ³¶μ´¥´É´Ò¥ ¸¨¸É¥³Ò // �¨¸Ó³  ¢ �—�Ÿ. 2010. ’. 7,
º7(163). ‘. 793Ä797.


