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‚¸¥·μ¸¸¨°¸±¨° Ô²¥±É·μÉ¥Ì´¨Î¥¸±¨° ¨´¸É¨ÉÊÉ Å Ë¨²¨ ² ”ƒ“� �”Ÿ–-‚�ˆˆ’”, Œμ¸±¢ 

� ¸¸Î¨É ´Ò Ëμ·³¨·ÊÕÐ¨¥ Ô²¥±É·μ¤Ò, μ¡· §ÊÕÐ¨¥ ¸É¥´±¨ ± ´ ² , ¨ ¸¨²μ¢Ò¥ ²¨´¨¨ ³ £´¨É´μ£μ
¶μ²Ö ¤²Ö Éμ·μ¨¤ ²Ó´μ° ¢Ò·¥§±¨ ¸ ±·Ê£²Ò³ ¸¥Î¥´¨¥³ ¨§ ¸¶²μÏ´μ£μ ·¥²ÖÉ¨¢¨¸É¸±μ£μ ¡·¨²²ÕÔ´μ¢-
¸±μ£μ ¶μÉμ±  ¸ μ¤´μ° μÉ²¨Î´μ° μÉ ´Ê²Ö  §¨³ÊÉ ²Ó´μ° ±μ³¶μ´¥´Éμ° ¸±μ·μ¸É¨.

The beam-forming electrodes and magnetic ˇeld strength lines are calculated for toroidal cut with
circular cross-section from solid relativistic Brillouin 	ow with single azimuthal component of velocity.

PACS: 41.85.Ct

1. �μ¸²¥¤ÊÕÐ¨¥ ¸μμÉ´μÏ¥´¨Ö ¶·¨¢μ¤ÖÉ¸Ö ¢ ·¥²ÖÉ¨¢¨¸É¸±μ° ´μ·³¨·μ¢±¥ (¸¨³¢μ²Ò ¸
Î¥·Éμ°), ¨¸±²ÕÎ ÕÐ¥° ¨§ Ê· ¢´¥´¨° ¶²μÉ´μ£μ ¶ÊÎ±  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢¸¥ Ë¨§¨Î¥¸±¨¥
±μ´¸É ´ÉÒ, ¸¢Ö§ ´´Ò¥ ¸ ¨¸¶μ²Ó§Ê¥³μ° ¸¨¸É¥³μ° ¥¤¨´¨Í:
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‡¤¥¸Ó L∗ Å Ì · ±É¥·´ Ö ¤²¨´ ; V , ϕ, ρ, J , H , A Å ¸±μ·μ¸ÉÓ, ¶μÉ¥´Í¨ ² Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö, ¶²μÉ´μ¸ÉÓ ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ , ¶²μÉ´μ¸ÉÓ Éμ± , ´ ¶·Ö¦¥´´μ¸ÉÓ ³ £´¨É´μ£μ
¶μ²Ö, ¢¥±Éμ·´Ò° ¶μÉ¥´Í¨ ²; c, ε0, μ0, η Å ¸±μ·μ¸ÉÓ ¸¢¥É , ¤¨Ô²¥±É·¨Î¥¸± Ö ¨ ³ £´¨É´ Ö
¶·μ´¨Í ¥³μ¸É¨ ¢ ±ÊÊ³ , Ê¤¥²Ó´Ò° § ·Ö¤ Î ¸É¨ÍÒ; ¶μ¸²¥ ´μ·³¨·μ¢±¨ Î¥·É  μ¶Ê¸± ¥É¸Ö ¨
¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¤·Ê£¨Ì Í¥²¥°.

�¥§Ê²ÓÉ ÉÒ ¸¶· ¢¥¤²¨¢Ò ¤²Ö Î ¸É¨Í ²Õ¡μ£μ ¸μ·É  ¶·¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ¨§³¥´¥´¨¨
Ì · ±É¥·´ÒÌ ¢¥²¨Î¨´, ¨¸¶μ²Ó§Ê¥³ÒÌ ¶·¨ μ¡¥§· §³¥·¨¢ ´¨¨. „²Ö Ô²¥±É·μ´μ¢ ¶μÉ¥´Í¨ ²
´μ·³¨·Ê¥É¸Ö ´  511 ±‚. ‚ ± Î¥¸É¢¥ ¥¤¨´¨ÍÒ ¤²¨´Ò Ê¤μ¡´μ ¢Ò¡· ÉÓ · ¤¨Ê¸ ± ³¥·Ò Ra ¢
·¥Ï¥´¨¨ ¸¶²μÏ´μ£μ ¡·¨²²ÕÔ´μ¢¸±μ£μ ¶μÉμ±  [1], μ¶¨¸Ò¢ ¥³μ£μ ¸²¥¤ÊÕÐ¨³¨ ¸μμÉ´μÏ¥-
´¨Ö³¨:
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1
R
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=

4
R∗

[
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− 1

(1 − R̄2
a)2

]
,

R̄ ≡ R

R∗
, R∗ = Ra

(
γa + 1
γa − 1

)1/2

, γ = 1 + ϕ.

‡¤¥¸Ó R, ψ, z Å Í¨²¨´¤·¨Î¥¸±¨¥ ±μμ·¤¨´ ÉÒ; Hz0, Hzs Å ¢´¥Ï´¥¥ ¨ ¸μ¡¸É¢¥´´μ¥
¶·μ¤μ²Ó´μ¥ ³ £´¨É´μ¥ ¶μ²¥; Aψ , vψ Å  §¨³ÊÉ ²Ó´Ò¥ ±μ³¶μ´¥´ÉÒ ¢¥±Éμ·´μ£μ ¶μÉ¥´Í¨ ² 
¨ ¸±μ·μ¸É¨; ϕa Å §´ Î¥´¨¥ ¶μÉ¥´Í¨ ²  ´  ¢´¥Ï´¥° £· ´¨Í¥ ¶ÊÎ±  R = Ra.

�  ·¨¸. 1,   ¶·¥¤¸É ¢²¥´ ¸¶²μÏ´μ° ¡·¨²²ÕÔ´μ¢¸±¨° ¶μÉμ±; ·¨¸. 1, ¡ ¨²²Õ¸É·¨·Ê¥É
¢Ò¤¥²¥´¨¥ ¨§ ´¥£μ ¢ ¶²μ¸±μ¸É¨ R, z ±μ´ÉÊ·  ¢ ¢¨¤¥ μ±·Ê¦´μ¸É¨ · ¤¨Ê¸  a, ¢· Ð¥´¨¥
±μÉμ·μ° ¢μ±·Ê£ μ¸¨ z μ¶·¥¤¥²Ö¥É É¥²μ Éμ·μ¨¤  ¸ Í¥´É·μ³, μÉ¸ÉμÖÐ¨³ ´  · ¸¸ÉμÖ´¨¥ R0

μÉ μ¸¨.

�¨¸. 1. ‘¶²μÏ´μ° ¡·¨²²ÕÔ´μ¢¸±¨° ¶μÉμ± (a) ¨ ¢Ò¤¥²¥´¨¥ ±μ´ÉÊ·  ¢ ¢¨¤¥ μ±·Ê¦´μ¸É¨ · ¤¨Ê¸  a

¨§ ¸¶²μÏ´μ£μ ¡·¨²²ÕÔ´μ¢¸±μ£μ ¶μÉμ±  ¢ ¶²μ¸±μ¸É¨ R, z (¡)

2. „²Ö ·¥ ²¨§ Í¨¨ Éμ·μ¨¤ ²Ó´μ° ¢Ò·¥§±¨ ¨§ É¥Î¥´¨Ö (2) ´¥μ¡Ìμ¤¨³μ · ¸¸Î¨É ÉÓ ² -
¶² ¸μ¢¸±μ¥ ¶μ²¥ ¢´¥ ¶ÊÎ±  ¸ Ê¸²μ¢¨¥³ ´¥¶·¥·Ò¢´μ¸É¨ ¶μÉ¥´Í¨ ²  ¨ ¥£μ ¶·μ¨§¢μ¤´μ°
´  Éμ·¥,   É ±¦¥ ¸μ¡²Õ¸É¨ ´¥¶·¥·Ò¢´μ¸ÉÓ ±μ³¶μ´¥´É ³ £´¨É´μ£μ ¶μ²Ö ´  ÔÉμ° ¶μ¢¥·Ì´μ-
¸É¨. �¥Ï¥´¨¥ § ¤ Î¨ ¢ ±·¨¢μ²¨´¥°´ÒÌ ±μμ·¤¨´ É Ì u, v ¸ ±μ´Ëμ·³´μ° ³¥É·¨±μ° (· ¢´Ò¥
±μÔËË¨Í¨¥´ÉÒ ‹Ö³¥ hu = hv = h), ¸¢Ö§ ´´ÒÌ ¸ ¶μ¢¥·Ì´μ¸ÉÓÕ ¶ÊÎ±  v = 0, μ¶·¥¤¥²¥´μ
Ëμ·³Ê² ³¨ [2]
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r2 = [R(u + iξ, η) − R(u, v)]2 + [z(u + iξ, η) − z(u, v)]2 .
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‡¤¥¸Ó ϕi, Ai Å ËÊ´±Í¨¨ ¢ ¶ÊÎ±¥ ¨§ (2), μ¡¥¸¶¥Î¨¢ ÕÐ¨¥ Ê¶μ³¨´ ¢Ï¨¥¸Ö É·¥¡μ¢ ´¨Ö
´¥¶·¥·Ò¢´μ¸É¨ ´  £· ´¨Í¥ ¶μÉμ± , ¤¢μ°´Ò¥ ¨´É¥£· ²Ò ¤ ÕÉ ´Ê²¥¢μ° ¢±² ¤ ¢ ËÊ´±Í¨¨ ¨
¨Ì ´μ·³ ²Ó´Ò¥ ¶·μ¨§¢μ¤´Ò¥ ´  Éμ·¥; F Å £¨¶¥·£¥μ³¥É·¨Î¥¸± Ö ËÊ´±Í¨Ö ƒ Ê¸¸ ; ËÊ´±-
Í¨¨ vψ, ρ, R, h2 ¤¢ÊÌ  ·£Ê³¥´Éμ¢ u, v ¶μ¤ ¨´É¥£· ² ³¨ ¶·¥É¥·¶¥¢ ÕÉ  ´ ²¨É¨Î¥¸±μ¥
¶·μ¤μ²¦¥´¨¥ ¶μ u → u + iξ ¨ § ³¥´Ê v → η. �²£μ·¨É³Ò ¢ÒÎ¨¸²¥´¨Ö ¤¥°¸É¢¨É¥²Ó´μ° ¨
³´¨³μ° Î ¸É¥° £¨¶¥·£¥μ³¥É·¨Î¥¸±¨Ì ËÊ´±Í¨° ¶·¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ |λ| μ¡¸Ê¦¤ ÕÉ¸Ö
¢ · ¡μÉ¥ [3].

‘¨¸É¥³  u, v ¸¢Ö§ ´  ¸ ±μμ·¤¨´ É ³¨ R, z ¸μμÉ´μÏ¥´¨Ö³¨

z = −d
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1 + b2 e2v + 2b ev cos u
, R = d
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;
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1
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(
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√
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)
; (4)

h2 =
4b2d2 e2v

(1 + b2 e2v + 2b ev cos u)2
.

Šμμ·¤¨´ É´Ò¥ ²¨´¨¨ u = const ¶μ± § ´Ò ´  ·¨¸. 1, ¡, ²¨´¨¨ v = const μ·Éμ£μ´ ²Ó´Ò
± ´¨³. Šμ´ÉÊ· ¶ÊÎ±  v = 0 μ¶·¥¤¥²¥´ ¶ · ³¥É·¨Î¥¸±¨³¨ Ê· ¢´¥´¨Ö³¨

Re = d
1 − b2

1 + b2 + 2b cos u
, Ze = −d

2b sin u

1 + b2 + 2b cos u
. (5)

3. �¥Ï¥´¨¥ (2) Ì · ±É¥·¨§Ê¥É¸Ö ¢¥¸Ó³  ·¥§±¨³¨ · ¤¨ ²Ó´Ò³¨ £· ¤¨¥´É ³¨: ¶·¨ R̄ → 1
¸±μ·μ¸ÉÓ ¸É·¥³¨É¸Ö ± ¸±μ·μ¸É¨ ¸¢¥É ,   ¶·μÎ¨¥ ¶ · ³¥É·Ò Å ± ¡¥¸±μ´¥Î´μ¸É¨. �·¨¥³-
²¥³Ò¥ §´ Î¥´¨Ö ¸É¥¶¥´¨ ´¥μ¤´μ·μ¤´μ¸É¨ Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ³μ¦´μ ¶μ¤¡¨· ÉÓ §  ¸Î¥É
· ¤¨Ê¸  Éμ·μ¨¤  a ¨ ¡²¨§μ¸É¨ vψ ± ¸±μ·μ¸É¨ ¸¢¥É . � ¨¡μ²¥¥ ¨´É¥·¥¸´Ò³ ¢ ¸¨²Ê ¸± -
§ ´´μ£μ Ö¢²Ö¥É¸Ö ¸²ÊÎ ° ³ ²ÒÌ §´ Î¥´¨° a. „²Ö · ¸Î¥É  ¡Ò²¨ ¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥
£¥μ³¥É·¨Î¥¸±¨¥ ¨ Ë¨§¨Î¥¸±¨¥ ¶ · ³¥É·Ò Éμ·μ¨¤ :

Ra = 1, a = 0,02, γa = 6, R∗ =
√

1,4, R0 = 0,98, Hz0 = 41,435. (6)

� ¸É¥¶¥´¨ ´¥μ¤´μ·μ¤´μ¸É¨ Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ³μ¦´μ ¸Ê¤¨ÉÓ ¶μ ¤ ´´Ò³, ¶·¨¢¥¤¥´-
´Ò³ ¢ É ¡²¨Í¥.

R −vψ ϕ ρ −Hzs

1,00 0,9860 5,000 420,07 0
0,98 0,9826 4,369 311,19 7,15
0,96 0,9786 3,853 237,51 12,48

�  ·¨¸. 2,  , ¡ ¶·¥¤¸É ¢²¥´Ò Ô±¢¨¶μÉ¥´Í¨ ²¨ ϕ = const ¨ ¸¨²μ¢Ò¥ ²¨´¨¨ ³ £´¨É´μ£μ
¶μ²Ö A = const ¢ μ¡² ¸É¨, ¢´¥Ï´¥° ± ¶ÊÎ±Ê.

‚ÒÏ¥ ´¥ μ¡¸Ê¦¤ ²¨¸Ó ¢μ¶·μ¸Ò ¢μ§³μ¦´μ° ·¥ ²¨§ Í¨¨ ¶μ²ÊÎ¥´´μ£μ ·¥Ï¥´¨Ö. ‡ -
³¥É¨³, μ¤´ ±μ, ÎÉμ ¤²Ö § ¤ Î¨ μ¡ Ô²¥±É·μ´´μ³ ¸£Ê¸É±¥ ¢ ²μ¢ÊÏ±¥ �¥´´¨´£ , ·¥Ï¥´¨¥
±μÉμ·μ° ´¥ Ö¢²Ö¥É¸Ö ³¥´¥¥ Ëμ·³ ²Ó´Ò³ ¶μ ¸· ¢´¥´¨Õ ¸μ ¸²ÊÎ ¥³ Éμ·μ¨¤ ²Ó´μ£μ ¡·¨²-
²ÕÔ´μ¢¸±μ£μ ¶ÊÎ± , ¡Ò² ´ °¤¥´ ¸¶μ¸μ¡ ¥£μ ·¥ ²¨§ Í¨¨ [4].
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�¨¸. 2. �±¢¨¶μÉ¥´Í¨ ²¨ ϕ = const (a) ¨ ¸¨²μ¢Ò¥ ²¨´¨¨ ³ £´¨É´μ£μ ¶μ²Ö A = const (¡) ¢ μ¡² ¸É¨,
¢´¥Ï´¥° ± ¶ÊÎ±Ê
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