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‚ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ.ˆ. 	Ê¤±¥·  ¢¥¤¥É¸Ö · §· ¡μÉ±  Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· ³¨²-
²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´. ’ ±¨¥ ¸É·Ê±ÉÊ·Ò ¨´É¥·¥¸´Ò ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ²ÊÎ¥´¨Ö ± ± ¢Ò-
¸μ±¨Ì £· ¤¨¥´Éμ¢, É ± ¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥° Ô²¥±É·μ´´ÒÌ ¸£Ê¸É±μ¢ ¸ ³¨²²¨³¥É·μ¢Ò³ ¶¥·¨μ¤μ³,
±μÉμ·Ò¥ ¶¥·¸¶¥±É¨¢´Ò ¢ ¶² ´¥ ¢μ§¡Ê¦¤¥´¨Ö ¢Ò¸μ±¨Ì Ô²¥±É·¨Î¥¸±¨Ì ¶μ²¥° ¢ ¶² §³¥´´μ³ ±¨²Ó¢ -
É¥·´μ³ Ê¸±μ·¥´¨¨. �·¨¢μ¤ÖÉ¸Ö É¥μ·¥É¨Î¥¸±¨¥ μÍ¥´±¨ ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ·¥§μ´ Éμ·μ¢,   É ±¦¥
¨Ì ¸· ¢´¥´¨¥ ¸ ·¥§Ê²ÓÉ É ³¨ ³μ¤¥²¨·μ¢ ´¨Ö. �μ²ÊÎ¥´Ò É·¥¡μ¢ ´¨Ö ± Ëμ±Ê¸¨·ÊÕÐ¥° ³ £´¨É´μ°
¸¨¸É¥³¥, ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´μ° ±μ´Ë¨£Ê· Í¨¨ ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ
¶ÊÎ±  ¢ ³¨²²¨³¥É·μ¢μ° ¸É·Ê±ÉÊ·¥. �·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¨§£μÉμ¢²¥´´μ£μ ¶·μÉμÉ¨¶ 
³¨²²¨³¥É·μ¢μ° ¸É·Ê±ÉÊ·Ò.

At the Budker Institute of Nuclear Physics mm-wave accelerating structures are being developed.
These structures are of interest for both high gradient studies and plasma wakeˇeld acceleration where
electron bunch trains with millimeter period are highly promising for high electric ˇeld excitation.
Estimations of mm-wave structure excitation are provided and compared with simulations results. Re-
quirements for the focusing magnetic system are obtained; exciting beam dynamics in the mm-wave
structure was performed taking into account possible magnetic ˇeld conˇguration. Measurements of the
manufactured mm-wave structure prototype are presented.
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‚ ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. ƒ. ˆ. 	Ê¤±¥·  ‘� ��� (ˆŸ” ‘� ���) · §¢¨¢ ¥É¸Ö
±μ³¶²¥±¸ ¸ ±μ·μÉ±¨³¨ ¶ÊÎ± ³¨ Ô²¥±É·μ´μ¢ ´  μ¸´μ¢¥ ‘‚—-ËμÉμ¶ÊÏ±¨ [1]. �¤´¨³ ¨§
¢μ§³μ¦´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ´  É ±μ³ ±μ³¶²¥±¸¥ Ö¢²Ö¥É¸Ö ¢μ§¡Ê¦¤¥´¨¥ ¸É·Ê±ÉÊ·Ò ³¨²²¨-
³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´. ’ ±¨¥ ¸É·Ê±ÉÊ·Ò ¶¥·¸¶¥±É¨¢´Ò ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ²ÊÎ¥´¨Ö
¢Ò¸μ±¨Ì £· ¤¨¥´Éμ¢ Ê¸±μ·¥´¨Ö [2]. ‚ ˆŸ” ‘� ��� É ±¨¥ ¢μ§¡Ê¦¤¥´´Ò¥ ¸É·Ê±ÉÊ·Ò ¶² -
´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ³μ¤Ê²ÖÍ¨¨ ®¤²¨´´μ£μ¯ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ ¶μ¸²¥¤μ¢ É¥²Ó-
´μ¸ÉÓ ¸£Ê¸É±μ¢ ¸ ³ ²Ò³ ¶·μ¸É· ´¸É¢¥´´Ò³ ¶¥·¨μ¤μ³, ±μÉμ· Ö § É¥³ ¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö
¤²Ö ¢μ§¡Ê¦¤¥´¨Ö ¶² §³Ò. ˆ³¥´´μ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸ ³ ²Ò³ ¶·μ¸É· ´¸É¢¥´´Ò³ ¶¥·¨-
μ¤μ³ (¶μ·Ö¤±  ¤²¨´Ò ²¥´£³Õ·μ¢¸±¨Ì ¢μ²´) ¶·¥¤¸É ¢²Ö¥É ´ ¨¡μ²ÓÏ¨° ¨´É¥·¥¸ ¸ ÉμÎ±¨
§·¥´¨Ö ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±¨Ì £· ¤¨¥´Éμ¢ ¢ ¶² §³¥ [3].

1E-mail: mariemaltseva@yahoo.fr
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1. ”��Œˆ��‚��ˆ… Š���’Šˆ• �“—Š�‚

‘Ì¥³  ¶μ²ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¶ÊÎ±μ¢ ¤²Ö ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ³¨²²¨³¥É·μ¢μ£μ ¤¨ -
¶ §μ´  ¤²¨´ ¢μ²´ ¶·¨¢¥¤¥´  ´  ·¨¸. 1.

‹ §¥·´Ò° ²ÊÎ ¢Ò¡¨¢ ¥É ¨§ ‘‚—-¶ÊÏ±¨ ´  μ¸´μ¢¥ ËμÉμ± Éμ¤  ¶ÊÎμ± Ô²¥±É·μ´μ¢ ¸
£ Ê¸¸μ¢Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ¸É¨ ¸μ ¸·¥¤´¥±¢ ¤· É¨Î´μ° (RMS Å Root Mean Square)
¤²¨É¥²Ó´μ¸ÉÓÕ ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¶¨±μ¸¥±Ê´¤ ¨ Ô´¥·£¨¥° ¶μ·Ö¤±  3 ŒÔ‚. „ ²¥¥ ¶ÊÎμ±
´ ¡¨· ¥É Ô´¥·£¨Õ ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·¥ ´  μ¸´μ¢¥ ¤¨ Ë· £³¨·μ¢ ´´μ£μ ¢μ²´μ¢μ¤ .
‡ É¥³ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¶·μÌμ¤¨É Î¥·¥§ ¸É·Ê±ÉÊ·Ê ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´
¢μ²´, ¢μ§¡Ê¦¤ Ö ¥¥ ¨ ´ ¢μ¤Ö ¢ ´¥° Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥.

‘‚—-ËμÉμ¶ÊÏ±  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸É·Ê±ÉÊ·Ê ¨§ 1,5 ¸¢Ö§ ´´ÒÌ Ê¸±μ·ÖÕÐ¨Ì ÖÎ¥¥±,
· ¡μÉ ÕÐ¨Ì ´  ³μ¤¥ ’Œ010, ¥¥ ¨§£μÉμ¢²¥´´Ò° ¶·μÉμÉ¨¶ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2, ¶μ²ÊÎ¥´-
´Ò¥ ¸ ¶μ³μÐÓÕ ±μ¤  ASTRA [4] ¶ · ³¥É·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

�³¨ÉÉ ´¸ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ‘‚—-¶ÊÏ±¨ § ¢¨¸¨É μÉ § ·Ö¤  ¨ ¤²¨É¥²Ó-
´μ¸É¨ ¶ÊÎ± . Œμ¤¥²¨·μ¢ ´¨¥ ¶μ± § ²μ, ÎÉμ ¶·¨ § ·Ö¤¥ 2 ´Š ¨ RMS-¤²¨É¥²Ó´μ¸É¨ 2 ¶¸

�¨¸. 1. ‘Ì¥³  ¶μ²ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¶ÊÎ±μ¢ ¤²Ö ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´ 
¤²¨´ ¢μ²´

�¨¸. 2. ˆ§£μÉμ¢²¥´´Ò° ¶·μÉμÉ¨¶
‘‚—-¶ÊÏ±¨ ´  μ¸´μ¢¥ ËμÉμ± Éμ¤ 

’ ¡²¨Í  1. � · ³¥É·Ò ‘‚—-¶ÊÏ±¨ ´  μ¸´μ¢¥ ËμÉμ-
± Éμ¤ 

� · ³¥É· ‡´ Î¥´¨¥

� ¡μÎ Ö Î ¸ÉμÉ , ŒƒÍ 2856
Š‘‚ ´  ³μ¤¥ ’Œ010 1,1
‘μ¡¸É¢¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ 12 000
�´¥·£¨Ö ¶ÊÎ±  ´  ¢ÒÌμ¤¥, ŒÔ‚ ¤μ 5
„²¨´  ¶¥·¢μ° ÖÎ¥°±¨, ³³ 24,8
„²¨´  ¢Éμ·μ° ÖÎ¥°±¨, ³³ 52,3
„¨ ³¥É· ÖÎ¥¥±, ³³ 82
RMS-¤²¨É¥²Ó´μ¸ÉÓ ¶ÊÎ± , ¶¸ 1Ä10
‡ ·Ö¤ ¶ÊÎ± , ´Š ¤μ 2
— ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ¢Ò¸É·¥²μ¢, ƒÍ 10
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³μ¦´μ ¶μ²ÊÎ¨ÉÓ ´μ·³ ²¨§μ¢ ´´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ‘‚—-¶ÊÏ±¨. „ ´´Ò¥ ¶ · -
³¥É·Ò ¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¤²Ö ¤ ²Ó´¥°Ï¨Ì μÍ¥´μ± ¶μ¶¥·¥Î´μ° ¤¨´ ³¨±¨ Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ¢ ¸É·Ê±ÉÊ·¥ ¨ ¥¥ ¢μ§¡Ê¦¤¥´¨Ö ÔÉ¨³ ¶ÊÎ±μ³.

2. ‚�‡�“†„…�ˆ… ‘’�“Š’“�› 
‹…Š’����›Œ �“—Š�Œ

� ¸¸³μÉ·¨³  ´ ²¨É¨Î¥¸±¨¥ μÍ¥´±¨ ¢μ§¡Ê¦¤¥´¨Ö ·¥§μ´ Éμ·μ¢ ¸É·Ê±ÉÊ·Ò. „²Ö ´ Î ² 
μÍ¥´¨³ ¢μ§¡Ê¦¤¥´¨¥ Í¨²¨´¤·¨Î¥¸±μ£μ ·¥§μ´ Éμ·  ÉμÎ¥Î´Ò³ ¶ÊÎ±μ³ ¸ § ·Ö¤μ³ q. ‚ ¸μμÉ-
¢¥É¸É¢¨¨ ¸ ËÊ´¤ ³¥´É ²Ó´μ° É¥μ·¥³μ° μ ´ £·Ê§±¥ ·¥§μ´ Éμ·  Éμ±μ³ ¶ÊÎ±  [5], ¶·μ²¥É Ö
·¥§μ´ Éμ· ¢¤μ²Ó ¥£μ μ¸¨, É ±μ° ¶ÊÎμ± ´ ¢μ¤¨É ´ ¶·Ö¦¥´¨¥

Up = 2 kq, (1)

£¤¥
k =

ω0rsh

4Q0
. (2)

‡¤¥¸Ó rsh Å ÏÊ´Éμ¢μ¥ ¸μ¶·μÉ¨¢²¥´¨¥; Q0 Å ¸μ¡¸É¢¥´´ Ö ¤μ¡·μÉ´μ¸ÉÓ ·¥§μ´ Éμ·  ´ 
³μ¤¥, ¸μμÉ¢¥É¸É¢ÊÕÐ¥° Î ¸ÉμÉ¥ ω0. �ÊÎμ± É¥·Ö¥É ¢ ·¥§μ´ Éμ·¥ Ô´¥·£¨Õ

W = kq2. (3)

˜Ê´Éμ¢μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ ¢Ò· ¦ ¥É¸Ö ± ±

rsh =

(
L∫
0

E0z(z) dz

)2

Ploss
, (4)

£¤¥ E0z(z) Å · ¸¶·¥¤¥²¥´¨¥ z-±μ³¶μ´¥´ÉÒ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ¶ · ²²¥²Ó´μ° μ¸¨ ·¥-
§μ´ Éμ· ; L Å ¤²¨´  ·¥§μ´ Éμ· ; Ploss Å ¶μ²´ Ö ³μÐ´μ¸ÉÓ, · ¸¸¥¨¢ ¥³ Ö ¢ ·¥§μ´ Éμ·¥.
ˆ¸¶μ²Ó§ÊÖ μ¶·¥¤¥²¥´¨Ö ¸μ¡¸É¢¥´´μ° ¤μ¡·μÉ´μ¸É¨ Q0 = ω0(W/Ploss) ¨ ÏÊ´Éμ¢μ£μ ¸μ¶·μ-
É¨¢²¥´¨Ö (4), ¶¥·¥¶¨Ï¥³ ¶ · ³¥É· ¶μÉ¥·Ó k:

k =

(
L∫
0

E0z(z) dz

)2

4W
. (5)

� ¸¸³μÉ·¨³ ¶μ¤·μ¡´¥¥ ¢μ§¡Ê¦¤¥´¨¥ ¢ ¨¤¥ ²Ó´μ³ Í¨²¨´¤·¨Î¥¸±μ³ ·¥§μ´ Éμ·¥ ³μ¤Ò
’Œ010. ‡ ¢¨¸¨³μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö μÉ · ¤¨Ê¸  r ¨ μÉ ¢·¥³¥´¨ t ¤ ¥É¸Ö ¢Ò· ¦¥´¨¥³

Ez(z, r, t) = E0z(z)J0(k01r) cos (ω0t). (6)

„²Ö ¤ ´´μ° ³μ¤Ò · ¸¶·¥¤¥²¥´¨¥  ³¶²¨ÉÊ¤Ò Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¶μ¸ÉμÖ´´μ ¢¤μ²Ó μ¸¨
·¥§μ´ Éμ· , É. ¥. E0z(z) = const, J0 Å ËÊ´±Í¨Ö 	¥¸¸¥²Ö ´Ê²¥¢μ£μ ¶μ·Ö¤± ; k01 Å ±·¨-
É¨Î¥¸±μ¥ ¢μ²´μ¢μ¥ Î¨¸²μ ¤²Ö ³μ¤Ò ’Œ01 ¢ ±·Ê£²μ³ ¢μ²´μ¢μ¤¥. ‘ ÊÎ¥Éμ³ Ô²¥±É·¨Î¥¸±μ£μ
· ¸¶·¥¤¥²¥´¨Ö (6) ³μ¦´μ ¢Ò· §¨ÉÓ § ¶ ¸¥´´ÊÕ ¢ ·¥§μ´ Éμ·¥ Ô´¥·£¨Õ

W =
ε0

2

∫
V

|Ez |2dV =
ε0E

2
0L

2

∫
r

∫
ϕ

J2
0 (k01r)rdrdϕ =

ε0πR2LJ2
1 (ν01)

2
E2

0z . (7)
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‡¤¥¸Ó ε0 = 8,85 · 10−12 ”/³ Å ¤¨Ô²¥±É·¨Î¥¸± Ö ¶μ¸ÉμÖ´´ Ö; R Å · ¤¨Ê¸ ·¥§μ´ Éμ· ;
E0z Å  ³¶²¨ÉÊ¤  Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ Í¥´É·¥ ·¥§μ´ Éμ· . �μ¤¸É ¢²ÖÖ §´ Î¥´¨¥ § ¶ -
¸¥´´μ° Ô´¥·£¨¨ W ¢ ¢Ò· ¦¥´¨¥ (5), ¶μ²ÊÎ ¥³ μ±μ´Î É¥²Ó´μ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¶ · ³¥É· 
¶μÉ¥·Ó

k =
LT 2

2πε0R2J2
1 (ν01)

. (8)

�±μ´Î É¥²Ó´μ ¶μ²ÊÎ ¥³ ¢Ò· ¦¥´¨¥ ¤²Ö ´ ¶·Ö¦¥´¨Ö, ´ ¢¥¤¥´´μ£μ ÉμÎ¥Î´Ò³ ¶ÊÎ±μ³ ¢
·¥§μ´ Éμ·¥

Up =
qLT 2

πε0R2J2
1 (ν01)

. (9)

‘ ÊÎ¥Éμ³ ¸¢Ö§¨ ´ ¢¥¤¥´´μ£μ ´ ¶·Ö¦¥´¨Ö ¨ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤μ²Ó´μ£μ Ô²¥±É·¨Î¥-

¸±μ£μ ¶μ²Ö |Up| =
L∫
0

E0z(z) dz = E0zL μ¶·¥¤¥²Ö¥³, ÎÉμ ¢¥²¨Î¨´  Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö,

´ ¢¥¤¥´´μ£μ ÉμÎ¥Î´Ò³ ¶ÊÎ±μ³, ¸μ¸É ¢²Ö¥É

E0z(z) =
qT 2

πε0R2J2
1 (ν01)

. (10)

� ¸¸³μÉ·¨³ É¥¶¥·Ó ¶·μÌμ¦¤¥´¨¥ ¶ÊÎ±  § ·Ö¤  q ¸ £ Ê¸¸μ¢Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶²μÉ´μ-
¸É¨ Éμ±  I(t) ¨ RMS-¤²¨É¥²Ó´μ¸ÉÓÕ σt,

I(t) =
q√

2πσt

e−t2/2σ2
t . (11)

�Ê¸ÉÓ ÉμÎ¥Î´Ò° § ·Ö¤ Éμ£μ ¦¥ § ·Ö¤  q ´ ¢μ¤¨É ´ ¶·Ö¦¥´¨¥ Up. �Ê¸ÉÓ, ¢ ¶·¥¤¶μ-
²μ¦¥´¨¨ £ ·³μ´¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ ´ ¢¥¤¥´´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ·¥§μ´ Éμ·¥ μÉ
¢·¥³¥´¨, ÉμÎ¥Î´Ò° § ·Ö¤ dq(τ), ¢²¥É ÕÐ¨° ¢ ·¥§μ´ Éμ· ¢ ³μ³¥´É ¢·¥³¥´¨ τ , ´ ¢μ¤¨É
´ ¶·Ö¦¥´¨¥ dU(t, τ). ’μ£¤  Up ¨ dU(t, τ) ¸¢Ö§ ´Ò ¢Ò· ¦¥´¨¥³

dU(t, τ) =
Up

q
eiω0(t−τ) dq(τ). (12)

‘ ÊÎ¥Éμ³ ¶²μÉ´μ¸É¨ · ¸¶·¥¤¥²¥´¨Ö Éμ±  ¢ ¶ÊÎ±¥ (11) ´ Ìμ¤¨³, ÎÉμ ¶ÊÎμ± ³ ²μ°
¤²¨É¥²Ó´μ¸É¨ dτ , ±μÉμ·Ò° ³μ¦´μ ¸Î¨É ÉÓ ÉμÎ¥Î´Ò³, ¨³¥¥É § ·Ö¤

dq(τ) =
q√

2πσt

e−t2/2σ2
t dτ (13)

¨ ´ ¢μ¤¨É ¢ ·¥§μ´ Éμ·¥ ´ ¶·Ö¦¥´¨¥

dU(t, τ) =
Up√
2πσt

eiω0(t−τ) e−t2/2σ2
t dτ. (14)

ˆ´É¥£·¨·ÊÖ ÔÉμ ¢Ò· ¦¥´¨¥ ¶μ τ , ³μ¦´μ ¶μ²ÊÎ¨ÉÓ § ¢¨¸¨³μ¸ÉÓ ´ ¢¥¤¥´´μ£μ ¶ÊÎ±μ³
´ ¶·Ö¦¥´¨Ö μÉ ¢·¥³¥´¨

U(t) = Up eiω0t e−ω2
0σ

2
t
/2, (15)

¶·¨Î¥³  ³¶²¨ÉÊ¤  ´ ¶·Ö¦¥´¨Ö ¸μ¸É ¢¨É

U = Up e−ω2
0σ

2
t
/2, (16)
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É. ¥. μÉ²¨Î ¥É¸Ö μÉ ´ ¶·Ö¦¥´¨Ö, ´ ¢¥¤¥´´μ£μ ÉμÎ¥Î´Ò³ ¶ÊÎ±μ³ (9) ´  ³´μ¦¨É¥²Ó F =
e−ω2

0σ
2
t
/2.

�³¶²¨ÉÊ¤  ´ ¢¥¤¥´´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö É ±¦¥ μÉ²¨Î ¥É¸Ö μÉ ¸²ÊÎ Ö ÉμÎ¥Î´μ£μ
¶ÊÎ±  ´  ³´μ¦¨É¥²Ó F :

E0z(z) =
qT 2

πε0R2J2
1 (ν01)

e−ω2
0σ

2
t /2. (17)

Š Î¥¸É¢¥´´Ò°  ´ ²¨§ ¢μ§¡Ê¦¤¥´¨Ö ¢Ò¸Ï¨Ì ³μ¤ £μ¢μ·¨É μ Éμ³, ÎÉμ  ³¶²¨ÉÊ¤  Ô²¥±É·¨-
Î¥¸±μ£μ ¶μ²Ö ÔÉ¨Ì ³μ¤ ¨³¥¥É É ±¦¥ § ¢¨¸¨³μ¸ÉÓ μÉ ¤²¨É¥²Ó´μ¸É¨ ¶ÊÎ±  σt, ¢Ò· ¦ ¥³μ° ¢
³´μ¦¨É¥²¥ F , £¤¥ ¢³¥¸Éμ Î ¸ÉμÉÒ ËÊ´¤ ³¥´É ²Ó´μ° ³μ¤Ò ’Œ010ω0 ¸Éμ¨É Î ¸ÉμÉ  ¸μμÉ¢¥É-
¸É¢ÊÕÐ¥° ³μ¤Ò ω. ‘²¥¤μ¢ É¥²Ó´μ, ³μ¦¥³ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢Ò¸Ï¨¥ ³μ¤Ò §´ Î¨É¥²Ó´μ
¶μ¤ ¢²¥´Ò ¶μ ¸· ¢´¥´¨Õ ¸ ËÊ´¤ ³¥´É ²Ó´μ° ’Œ010.

‘ μ¤´μ° ¸Éμ·μ´Ò, ³ ² Ö RMS-¤²¨É¥²Ó´μ¸ÉÓ ¶ÊÎ±  ¶·¨¢μ¤¨É ± §´ Î¨É¥²Ó´μ³Ê ¢μ§¡Ê-
¦¤¥´¨Õ ¢Ò¸Ï¨Ì ³μ¤. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ´ ¢¥¤¥´´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ËÊ´¤ ³¥´É ²Ó´μ°
³μ¤¥ ’Œ010 Éμ¦¥ ¶ ¤ ¥É Ô±¸¶μ´¥´Í¨ ²Ó´μ ¸ ±¢ ¤· Éμ³ Î ¸ÉμÉÒ. ’ ±¨³ μ¡· §μ³, ´¥μ¡Ìμ-
¤¨³μ ´ °É¨ μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¤²¨É¥²Ó´μ¸É¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± . �¥·¥¤ ¢Ò¡μ·μ³
ÔÉμ£μ ¶ · ³¥É·  ¸´ Î ²  μ¶·¥¤¥²¨³ £¥μ³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ·¥§μ´ Éμ·μ¢ ¸É·Ê±ÉÊ·Ò.

„²Ö Ê¶·μÐ¥´¨Ö  ´ ²¨§ ,   É ±¦¥ ¶μ¤ ¢²¥´¨Ö ¸¢Ö§ ´´ÒÌ ±μ²¥¡ ´¨° ¸μ¸¥¤´¨Ì ·¥§μ´ -
Éμ·μ¢ ¢Ò¡¥·¥³ É ±ÊÕ £¥μ³¥É·¨Õ, ÎÉμ¡Ò ²Õ¡Ò¥ ¸μ¸¥¤´¨¥ ·¥§μ´ Éμ·Ò ´¥ ¡Ò²¨ ¸¢Ö§ ´Ò
¶μ Ô²¥±É·μ³ £´¨É´μ³Ê ¶μ²Õ. �Éμ ¶μ§¢μ²¨É ¢Ò¶μ²´ÖÉÓ ³μ¤¥²¨·μ¢ ´¨¥ ¶μ²¥° Éμ²Ó±μ μ¤-
´μ£μ ¨§ ·¥§μ´ Éμ·μ¢ ¸É·Ê±ÉÊ·Ò. —Éμ¡Ò ¸¢Ö§Ó ³¥¦¤Ê ¤¢Ê³Ö ¸μ¸¥¤´¨³¨ ·¥§μ´ Éμ· ³¨ ¡Ò² 
¶·¥´¥¡·¥¦¨³μ ³ ²μ°, ¨Ì Í¥´É· ²Ó´ Ö  ¶¥·ÉÊ·  ¤μ²¦´  ¡ÒÉÓ ¤μ¸É ÉμÎ´μ ³ ²μ°,   ³¥¦-
·¥§μ´ Éμ·´Ò° ¶·μ³¥¦ÊÉμ± Å ¤μ¸É ÉμÎ´μ ¡μ²ÓÏ¨³. 	Ê¤¥³ ¸Î¨É ÉÓ, ÎÉμ ·¥§μ´ Éμ·Ò ´¥
¸¢Ö§ ´Ò, ¥¸²¨ ¶μ²¥ ¢ Í¥´É·¥ ³¥¦·¥§μ´ Éμ·´μ£μ ¶·μ³¥¦ÊÉ±  ¸μ¸É ¢²Ö¥É ³¥´¥¥ 1 % μÉ
 ³¶²¨ÉÊ¤Ò ¶μ²Ö ¢ Í¥´É·¥ ·¥§μ´ Éμ· . „²¨´  ¢μ²´Ò, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö ³μ¤¥ ’Œ010 ¶·¨
Î ¸ÉμÉ¥ 96 ƒƒÍ, · ¢´  3 ³³. ‘ ÊÎ¥Éμ³ ¢μ§³μ¦´μ¸É¥° ¶·μ¨§¢μ¤¸É¢  ¡Ò²μ ·¥Ï¥´μ ¢Ò¡· ÉÓ
¶¥·¨μ¤ ¸É·Ê±ÉÊ·Ò 3 ³³, ¨§ ±μÉμ·ÒÌ 1,5 ³³ ¶·¨Ìμ¤¨É¸Ö ´  ¤²¨´Ê μ¤´μ£μ ·¥§μ´ Éμ· ,  
¤·Ê£¨¥ 1,5 ³³ Å ´  ¤²¨´Ê ³¥¦·¥§μ´ Éμ·´μ£μ ¶·μ³¥¦ÊÉ± . ’ ±μ° ¢Ò¡μ· ¶·μ¤μ²Ó´ÒÌ · §-
³¥·μ¢ ·¥§μ´ Éμ·μ¢ μÉ·¨Í É¥²Ó´μ ¸± §Ò¢ ¥É¸Ö ´  §´ Î¥´¨¨ ¢·¥³Ö¶·μ²¥É´μ£μ Ë ±Éμ· , ÎÉμ,
¢ ¸¢μÕ μÎ¥·¥¤Ó, Ê³¥´ÓÏ ¥É  ³¶²¨ÉÊ¤Ê ´ ¢¥¤¥´´μ£μ ¶μ²Ö. �¤´ ±μ ¸ ÉμÎ±¨ §·¥´¨Ö ¶·μ-
¨§¢μ¤¸É¢  É ±¨¥ · §³¥·Ò Ö¢²ÖÕÉ¸Ö μ¶É¨³ ²Ó´Ò³¨,   ¨§£μÉμ¢¨ÉÓ ¸É·Ê±ÉÊ·Ê ¸ ¶¥·¨μ¤μ³,
· ¢´Ò³ ¶μ²μ¢¨´¥ ¤²¨´Ò ¢μ²´Ò, ¡Ò²μ ¡Ò ¶·μ¡²¥³ É¨Î´μ. �  ·¨¸. 3 ¶·¨¢¥¤¥´μ ¨§μ¡· -
¦¥´¨¥ ÊÎ ¸É±  ¸É·Ê±ÉÊ·Ò ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´ ¸ Ê± § ´¨¥³ ¢Ò¡· ´´ÒÌ
£¥μ³¥É·¨Î¥¸±¨Ì · §³¥·μ¢.

�¨¸. 3. “Î ¸Éμ± ¸É·Ê±ÉÊ·Ò ¸ Ê± § ´¨¥³ £¥μ³¥É·¨Î¥¸±¨Ì · §³¥·μ¢



684 �·¸¥´ÉÓ¥¢  Œ. ‚. ¨ ¤·.

‘ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö Ô²¥±É·μ³ £´¨É´ÒÌ ¶μ²¥° ¶μ²ÊÎ¥´μ, ÎÉμ ¶·¨ ¤¨ ³¥É·¥
Í¥´É· ²Ó´μ°  ¶¥·ÉÊ·Ò 0,7 ³³ ¶μ²¥ ¢ Í¥´É·¥ ³¥¦·¥§μ´ Éμ·´μ£μ ¶·μ³¥¦ÊÉ±  ¤μ¸É ÉμÎ´μ
³ ²μ, ÎÉμ¡Ò ¸Î¨É ÉÓ ·¥§μ´ Éμ·Ò ´¥¸¢Ö§ ´´Ò³¨ (·¨¸. 4).

‘Î¨É Ö ¢μ§¡Ê¦¤ ÕÐ¨° Ô²¥±É·μ´´Ò° ¶ÊÎμ± ·¥²ÖÉ¨¢¨¸É¸±¨³ ¨ ¸ ÊÎ¥Éμ³ ¢Ò¡· ´´μ°
¤²¨´Ò ·¥§μ´ Éμ· , ´ Ìμ¤¨³, ÎÉμ ¢·¥³Ö¶·μ²¥É´Ò° Ë ±Éμ· T = 0,63. ‚ ÔÉμ³ ¸²ÊÎ ¥
§ ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò ´ ¢¥¤¥´´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö μÉ RMS-¤²¨É¥²Ó´μ¸É¨ ¢μ§¡Ê-
¦¤ ÕÐ¥£μ ¶ÊÎ±  ¨³¥¥É ¢¨¤, ¨§μ¡· ¦¥´´Ò° ´  ·¨¸. 5.

�¨¸. 4. �²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ¢ ·¥§μ´ Éμ·¥ ¸É·Ê±ÉÊ·Ò. ‚¢¥·ÌÊ Å · ¸¶·¥¤¥²¥´¨¥ ¶μ²Ö ¢ ³¥¤¨ ´´μ°

¶²μ¸±μ¸É¨ ·¥§μ´ Éμ· ; ¢´¨§Ê Å · ¸¶·¥¤¥²¥´¨¥ ¶μ²Ö ¢ ²μ£ ·¨Ë³¨Î¥¸±μ° Ï± ²¥, ´μ·³¨·μ¢ ´´μ¥

´   ³¶²¨ÉÊ¤Ê ¢ Í¥´É·¥ ·¥§μ´ Éμ· . ‚¥·É¨± ²Ó´Ò³¨ ÏÉ·¨Ìμ¢Ò³¨ ²¨´¨Ö³¨ μ¡μ§´ Î¥´Ò ¸¥·¥¤¨´Ò
³¥¦·¥§μ´ Éμ·´ÒÌ ¶·μ³¥¦ÊÉ±μ¢

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò ´ ¢¥¤¥´´μ£μ ¶μ²Ö μÉ RMS-¤²¨É¥²Ó´μ¸É¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± 
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„²Ö μ¶·¥¤¥²¥´¨Ö μ¶É¨³ ²Ó´μ° RMS-¤²¨É¥²Ó´μ¸É¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ±  ¡Ò²μ ¶·μ-
¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ¢ CST Particle Studio [6], ¸Ì¥³  ±μÉμ·μ£μ
¨§μ¡· ¦¥´  ´  ·¨¸. 6. � ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ±  Ê± § ´μ £μ·¨§μ´-
É ²Ó´Ò³¨ ¸É·¥²± ³¨, Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥ ¨§³¥·Ö¥É¸Ö ¢ ¸¥·¥¤¨´¥ μ¤´μ£μ ¨§ ·¥§μ´ Éμ·μ¢
¸É·Ê±ÉÊ·Ò.

�·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ¤²Ö ´¥¸±μ²Ó±¨Ì §´ Î¥´¨° σt. �  ·¨¸. 7 ¨§μ¡· ¦¥´  § ¢¨-
¸¨³μ¸ÉÓ ·¥£¨¸É·¨·Ê¥³μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¤²Ö σt = 1 ¶¸.

�  ·¨¸. 7 ¢¨¤´μ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ ¶μ²Ö ´¥ Ö¢²Ö¥É¸Ö £ ·³μ´¨Î¥¸±¨³ μ¤´μÎ ¸ÉμÉ´Ò³
¸¨£´ ²μ³, ± ± ¡Ò²μ ¡Ò ¢ ¸²ÊÎ ¥ ¢μ§¡Ê¦¤¥´¨Ö Éμ²Ó±μ μ¤´μ° ³μ¤Ò. 	μ²¥¥ Éμ£μ, ¤²Ö É ±μ°
¤²¨É¥²Ó´μ¸É¨ ¶ÊÎ±   ³¶²¨ÉÊ¤  ¶μ²Ö ¤²Ö ³μ¤Ò ’Œ010  ´ ²¨É¨Î¥¸±¨ μÍ¥´¨¢ ¥É¸Ö ¨§ (17)
± ± 60 Œ‚/³. Œ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¨§³¥·¥´´μ£μ ¶μ²Ö ¶·¥¢μ¸Ìμ¤¨É ÔÉÊ μÍ¥´±Ê ¶μÎÉ¨ ¢
¤¢  · §  ¨ ¸μ¸É ¢²Ö¥É μ±μ²μ 110 Œ‚/³, ÎÉμ É ±¦¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¢μ§¡Ê¦¤¥´¨¨ ¢Ò¸Ï¨Ì
³μ¤ ¶μ³¨³μ ’Œ010. �Éμ É ±¦¥ ¢¨¤´μ ¨§ ¸¶¥±É·  ”Ê·Ó¥ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö (·¨¸. 8).

�¨¸. 6. ‘Ì¥³  ³μ¤¥²¨·μ¢ ´¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò ¶ÊÎ±μ³, Ê± § ´ ³μ´¨Éμ· Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ·¥§μ´ Éμ·¥ ¶·¨ σt = 1 ¶¸

�¨¸. 8. ‘¶¥±É· ”Ê·Ó¥ ·¥£¨¸É·¨·Ê¥³μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ´ ¢¥¤¥´´μ£μ ¶ÊÎ±μ³ ¸ σt = 1 ¶¸
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�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ·¥§μ´ Éμ·¥ ¶·¨ σt = 2 ¶¸

�¨¸. 10. ‘¶¥±É· ”Ê·Ó¥ ·¥£¨¸É·¨·Ê¥³μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö, ´ ¢¥¤¥´´μ£μ ¶ÊÎ±μ³ ¸ σt = 2 ¶¸

Œμ¤¥²¨·μ¢ ´¨¥ ¶·μ¢¥¤¥´μ É ±¦¥ ¤²Ö ¤·Ê£¨Ì §´ Î¥´¨° ¤²¨É¥²Ó´μ¸É¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ
¶ÊÎ± , ¢ Éμ³ Î¨¸²¥ ¤²Ö σt = 2 ¶¸, § ¢¨¸¨³μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö μÉ ¢·¥³¥´¨ ¨§μ¡· -
¦¥´  ´  ·¨¸. 9.

Š ± ¢¨¤´μ ¨§ ·¨¸. 9, ¶ÊÎμ± ¸ σt = 2 ¶¸ ´ ¢μ¤¨É Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥, ±μÉμ·μ¥ ¨³¥¥É
²¨ÏÓ ´¥¡μ²ÓÏμ¥ μÉ±²μ´¥´¨¥ μÉ £ ·³μ´¨Î¥¸±μ° μ¤´μÎ ¸ÉμÉ´μ° § ¢¨¸¨³μ¸É¨. ‚ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ (17) ´ ¢¥¤¥´´μ¥ ¶μ²¥ ´  ³μ¤¥ ’Œ010 μÍ¥´¨¢ ¥É¸Ö ± ± 46 Œ‚/³, ¢ Éμ ¢·¥³Ö ± ±
³ ±¸¨³ ²Ó´μ¥ ¶μ²¥ ¨§ ·¨¸. 9 · ¢´μ 50 Œ‚/³, É. ¥. μÉ±²μ´¥´¨¥ μÉ É¥μ·¥É¨Î¥¸±¨Ì μÍ¥´μ±
¸μ¸É ¢¨²μ ³¥´¥¥ 10 %. ‘¶¥±É· ”Ê·Ó¥ ´ ¢¥¤¥´´μ£μ ¶μ²Ö ¶μ¤É¢¥·¦¤ ¥É ÉμÉ Ë ±É, ÎÉμ
¢Ò¸Ï¨¥ ³μ¤Ò ¢μ§¡Ê¦¤ ÕÉ¸Ö ¢ §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥° ¸É¥¶¥´¨ (·¨¸. 10).

‚ ·¥§Ê²ÓÉ É¥ ³μ¤¥²¨·μ¢ ´¨Ö §´ Î¥´¨¥ σt = 2 ¶¸ ¢Ò¡· ´μ μ¶É¨³ ²Ó´Ò³ ¸ ÉμÎ±¨ §·¥´¨Ö
¶μ¤ ¢²¥´¨Ö ¢μ§¡Ê¦¤¥´¨Ö ¢Ò¸Ï¨Ì ³μ¤ ¨ ³ ±¸¨³¨§ Í¨¨ ´ ¢¥¤¥´´μ£μ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö.

’¥¶¥·Ó, ¨³¥Ö §´ Î¥´¨Ö ´¥±μÉμ·ÒÌ ¶ · ³¥É·μ¢ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± , ¶¥·¥°¤¥³ ± · ¸-
¸³μÉ·¥´¨Õ ¥£μ ¶μ¶¥·¥Î´μ° ¤¨´ ³¨±¨,   É ±¦¥ μ¶·¥¤¥²¨³ É·¥¡μ¢ ´¨Ö ± ³ £´¨É´μ° Ëμ±Ê-
¸¨·ÊÕÐ¥° ¸¨¸É¥³¥.

3. ���…�…—��Ÿ „ˆ��ŒˆŠ� ‚�‡�“†„��™…ƒ� �“—Š�

’ ± ± ± ·¥§μ´ Éμ·Ò ¨³¥ÕÉ ³ ²ÊÕ Í¥´É· ²Ó´ÊÕ  ¶¥·ÉÊ·Ê 0,7 ³³, ´¥μ¡Ìμ¤¨³μ μ¶·¥-
¤¥²¨ÉÓ Ê¸²μ¢¨Ö, ¶·¨ ±μÉμ·ÒÌ ¢μ§³μ¦´μ Ê¸¶¥Ï´μ ¶·μ¢¥¸É¨ ¢μ§¡Ê¦¤ ÕÐ¨° ¶ÊÎμ± Î¥·¥§
¸É·Ê±ÉÊ·Ê. �¶·¥¤¥²¨³ μ¶É¨³ ²Ó´ÊÕ Ô´¥·£¨Õ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± ,   É ±¦¥ ¶ · ³¥-
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É·Ò Ëμ±Ê¸¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö. ‘ ÔÉμ° Í¥²ÓÕ · ¸¸³μÉ·¨³ Ê· ¢´¥´¨¥ μ£¨¡ ÕÐ¥°
¶ÊÎ±  [7]

r′′(z) +
(

eBz(z)
2βγmc

)2

r(z) − eI

2πε0mγ3v3r(z)
−

(
2εn

βγ

)2 1

r(z)3
= 0. (18)

‡¤¥¸Ó r(z) Å · ¤¨Ê¸ μ£¨¡ ÕÐ¥° ¶ÊÎ± ; Bz(z) Å ¶·μ¤μ²Ó´μ¥ ¢´¥Ï´¥¥ ³ £´¨É´μ¥ ¶μ²¥;
β Å μÉ´μÏ¥´¨¥ ¸±μ·μ¸É¨ Î ¸É¨ÍÒ v ± ¸±μ·μ¸É¨ ¸¢¥É  c; γ = 1/(

√
1 − β2); I Å Éμ±

¶ÊÎ± ; εn Å ´μ·³ ²¨§μ¢ ´´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ± . —Éμ¡Ò μÍ¥´¨ÉÓ ¢¥²¨Î¨´Ê ´¥μ¡Ìμ¤¨³μ£μ
³ £´¨É´μ£μ ¶μ²Ö, μ£· ´¨Î¨³¸Ö ¸²ÊÎ ¥³ Bz(z) = B0 = const.

‚¢¥¤¥³ ¥Ð¥ ´¥¸±μ²Ó±μ μ¡μ§´ Î¥´¨°. ‚Éμ·μ¥ ¸² £ ¥³μ¥ ¢ (18), μ¡Ê¸²μ¢²¥´´μ¥ ´ ²¨-
Î¨¥³ ¢´¥Ï´¥£μ ³ £´¨É´μ£μ ¶μ²Ö, Ê¤μ¡´μ ¶¥·¥¶¨¸ ÉÓ Î¥·¥§

k0 =
eB0

2βγmc
. (19)

’μ± �²ÓË¢¥´  [7] μ¶·¥¤¥²Ö¥É¸Ö ± ±

I0 =
4πε0mc3

|e| ≈ 17 ±�. (20)

�¡μ¡Ð¥´´Ò° ¶¥·¢¥ ´¸ ¶ÊÎ±  μ¶·¥¤¥²Ö¥É¸Ö ± ±

K =
2I

I0β3γ3
. (21)

‚ É ±¨Ì μ¡μ§´ Î¥´¨ÖÌ Ê· ¢´¥´¨¥ (18) ¶¥·¥¶¨¸Ò¢ ¥É¸Ö ± ±

r′′(z) + k2
0r(z) − K

r(z)
−

(
εn

βγ

)2 1

r(z)3
= 0. (22)

‚ μ¡Ð¥³ ¸²ÊÎ ¥ ¤ ´´μ¥ Ê· ¢´¥´¨¥ ´¥ ¨³¥¥É  ´ ²¨É¨Î¥¸±μ£μ ·¥Ï¥´¨Ö, μ¤´ ±μ ¥¸ÉÓ Î ¸É´μ¥
·¥Ï¥´¨¥ r(z) = const = a, £¤¥

a2 =
K +

√
K2 + 4k2

0

(
εn

βγ

)2

k2
0

. (23)

�Éμ ·¥Ï¥´¨¥ ·¥ ²¨§Ê¥É¸Ö ¶·¨ ´ Î ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ

r′(0) = 0, r(0) = a. (24)

	Ê¤¥³ ´ §Ò¢ ÉÓ a · ¢´μ¢¥¸´Ò³ · ¤¨Ê¸μ³ ¤²Ö ¤ ´´μ£μ ¶μ¸ÉμÖ´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö.
ˆ§ (23) ¢¨¤´μ, ÎÉμ ¤²Ö ¤ ´´μ£μ μ¤´μ·μ¤´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢¸¥£¤  ³μ¦´μ ´ °É¨ ÔÉμÉ
· ¤¨Ê¸. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ¨§ (22) É ±¦¥ ¶μ · ¢´μ¢¥¸´μ³Ê · ¤¨Ê¸Ê a ¨ ¶ · ³¥É· ³ ¶ÊÎ± 
¢¸¥£¤  ³μ¦´μ ´ °É¨, ± ±μ¢  ¢¥²¨Î¨´  ´¥μ¡Ìμ¤¨³μ£μ ³ £´¨É´μ£μ ¶μ²Ö B0:

B0 =
2 βγmc

q

√
K

a2
+

1
a4

(
εn

βγ

)2

. (25)

�  μ¸´μ¢¥ [1] ¨ É ¡². 1 ¢Ò¡¥·¥³ ¶ · ³¥É·Ò ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± : § ·Ö¤ 2 ´Š, RMS-
¤²¨É¥²Ó´μ¸ÉÓ 2 ¶¸, ´μ·³ ²¨§μ¢ ´´Ò° Ô³¨ÉÉ ´¸ 10 ³±³. � ¸¸³μÉ·¨³ § ¢¨¸¨³μ¸ÉÓ ¢¥²¨-
Î¨´Ò ´¥μ¡Ìμ¤¨³μ£μ ³ £´¨É´μ£μ ¶μ²Ö μÉ Ô´¥·£¨¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ±  (·¨¸. 11).
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�¨¸. 11. ‡ ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò ´¥μ¡Ìμ¤¨³μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¤²Ö a = 0,2 ³³

�  μ¸´μ¢¥ ÔÉμ° § ¢¨¸¨³μ¸É¨ μ¶É¨³ ²Ó´μ° ¡Ò²  ¢Ò¡· ´  Ô´¥·£¨Ö ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± 
20 ŒÔ‚. Œ¥´ÓÏ Ö Ô´¥·£¨Ö ¶μÉ·¥¡μ¢ ²  ¡Ò Ê¢¥²¨Î¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö,   ¤ ²Ó´¥°Ï¥¥
Ê¢¥²¨Î¥´¨¥ Ô´¥·£¨¨ ´¥ ¨³¥¥É ¸³Ò¸² , É ± ± ± ´¥ ¶μ§¢μ²¨É §´ Î¨É¥²Ó´μ Ê³¥´ÓÏ¨ÉÓ ´¥-
μ¡Ìμ¤¨³μ¥ ¶μ²¥. ’ ±¨³ μ¡· §μ³, ³μ¦´μ μÍ¥´¨ÉÓ, ÎÉμ ¤²Ö Ê¸¶¥Ï´μ£μ ¶·μ¢¥¤¥´¨Ö ¢μ§-
¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ±  Î¥·¥§ Í¥´É· ²Ó´ÊÕ  ¶¥·ÉÊ·Ê ¸É·Ê±ÉÊ·Ò ´¥μ¡Ìμ¤¨³μ ³ £´¨É´μ¥ ¶μ²¥
B0 ≈ 2 ’². ‡ ³¥É¨³, ÎÉμ  ´ ²¨É¨Î¥¸±¨¥ · ¸Î¥ÉÒ ¤ ÕÉ ²¨ÏÓ ¶·¥¤¢ ·¨É¥²Ó´ÊÕ μÍ¥´±Ê
¤²Ö ¢¥²¨Î¨´Ò ³ £´¨É´μ£μ ¶μ²Ö: ¤²Ö ¡μ²¥¥ ÉμÎ´ÒÌ ¢ÒÎ¨¸²¥´¨° ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ
³μ¤¥²¨·μ¢ ´¨¥ ¤¨´ ³¨±¨ ¶ÊÎ± .

‚ ± Î¥¸É¢¥ Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¶μ¸ÉμÖ´´Ò¥ ³ £´¨ÉÒ,
Ëμ·³¨·ÊÕÐ¨¥ ¸μ²¥´μ¨¤ ²Ó´μ¥ ¶μ²¥. �·¨³¥· É ±¨Ì ³ £´¨Éμ¢ ¸ · ¤¨ ²Ó´μ° ´ ³ £´¨Î¥´-
´μ¸ÉÓÕ ¶·¨¢¥¤¥´ ´  ·¨¸. 12 [8].

�¨¸. 12.  ) �¤¨´μÎ´Ò° ³ £´¨É; ¡) ¤¢  ³ £´¨É  ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ° ´ ³ £´¨Î¥´´μ¸ÉÓÕ; ¢) ¶μ²¥

μ¤¨´μÎ´μ£μ ³ £´¨É ; £) ¶μ²¥ ¤¢ÊÌ ³ £´¨Éμ¢ ¸ ¶·μÉ¨¢μ¶μ²μ¦´μ° ´ ³ £´¨Î¥´´μ¸ÉÓÕ
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�±μ´Î É¥²Ó´Ò° ¤¨§ °´ ³ £´¨Éμ¢ ´ Ìμ¤¨É¸Ö ¢ ¶·μÍ¥¸¸¥ · §· ¡μÉ±¨, ¤²Ö ¶·μ¢¥¤¥´¨Ö
³μ¤¥²¨·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¶μ²¥ ³ £´¨Éμ¢,  ´ ²μ-
£¨Î´μ¥ ·¨¸. 12.

‚ É ¡². 2 ¶·¨¢¥¤¥´Ò ¶ · ³¥É·Ò ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± , ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¶·¨ ³μ¤¥²¨-
·μ¢ ´¨¨ ¢ ASTRA.

‚ ± Î¥¸É¢¥ ´ Î ²Ó´μ£μ · ¤¨Ê¸  ¶ÊÎ±  ¢§ÖÉ ¶·¥¤¶μ² £ ¥³Ò° · ¤¨Ê¸ ¶μ¸²¥ Ê¸±μ·ÖÕÐ¥°
¸É·Ê±ÉÊ·Ò ´  μ¸´μ¢¥ ¤¨ Ë· £³¨·μ¢ ´´μ£μ ¢μ²´μ¢μ¤ . „²Ö ¸μ£² ¸μ¢ ´¨Ö ¶ÊÎ±  É ±μ£μ · §-
³¥·  ¸  ¶¥·ÉÊ·μ° 0,7 ³³ ¸É·Ê±ÉÊ·Ò ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´ ´¥μ¡Ìμ¤¨³μ
¨¸¶μ²Ó§μ¢ ÉÓ ¸μ£² ¸ÊÕÐ¥¥ Ê¸É·μ°¸É¢μ, ´ ¶·¨³¥·, ¸μ²¥´μ¨¤. �  ·¨¸. 13 ¨§μ¡· ¦¥´μ ¸Ê³-
³ ·´μ¥ ¶μ²¥ ¸μ£² ¸ÊÕÐ¥£μ ¸μ²¥´μ¨¤  ¨ Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ´  μ¸´μ¢¥ ¶μ¸ÉμÖ´´ÒÌ
³ £´¨Éμ¢, μ¶É¨³¨§¨·μ¢ ´´μ¥ ¸ ÉμÎ±¨ §·¥´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ± , ¶ · ³¥É·Ò ¶μ²Ö ¶·¨¢¥¤¥´Ò
¢ É ¡². 3.

�  ·¨¸. 14 ¨§μ¡· ¦¥´  μ£¨¡ ÕÐ Ö ¶ÊÎ±  ¢ É ±μ³ ³ £´¨É´μ³ ¶μ²¥. Š ± ¢¨¤´μ, ¢ ¶μ²¥
É ±¨Ì ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ ³μ¦´μ ¶μ¤¤¥·¦¨¢ ÉÓ · ¤¨Ê¸ ¶μÎÉ¨ ¶μ¸ÉμÖ´´Ò³ ¸ ´¥¡μ²Ó-
Ï¨³¨ μ¸Í¨²²ÖÍ¨Ö³¨, ¶·¨Î¥³ ¶ÊÎμ± ¢¶¨¸Ò¢ ¥É¸Ö ¢ Í¥´É· ²Ó´ÊÕ  ¶¥·ÉÊ·Ê ¸É·Ê±ÉÊ·Ò.

’ ¡²¨Í  2. � · ³¥É·Ò ¢μ§¡Ê¦¤ ÕÐ¥£μ
¶ÊÎ± , ¨¸¶μ²Ó§μ¢ ´´Ò¥ ¤²Ö ³μ¤¥²¨·μ¢ ´¨Ö
¤¨´ ³¨±¨

� · ³¥É· ‡´ Î¥´¨¥

� Î ²Ó´Ò° · ¤¨Ê¸, ³³ 5
‡ ·Ö¤, ´Š 2
RMS-¤²¨É¥²Ó´μ¸ÉÓ, ¶¸ 2
�μ·³ ²¨§μ¢ ´´Ò° Ô³¨ÉÉ ´¸, ³±³ 10
�´¥·£¨Ö, ŒÔ‚ 20

�¨¸. 13. �μ²¥ ¸μ£² ¸ÊÕÐ¥£μ ¸μ²¥´μ¨¤  ¨ ¶μ¸Éμ-
Ö´´ÒÌ ³ £´¨Éμ¢

’ ¡²¨Í  3. � · ³¥É·Ò ³ £´¨É´μ° ¸¨¸É¥³Ò

� · ³¥É· ‡´ Î¥´¨¥

�μ²¥ ¸μ£² ¸ÊÕÐ¥£μ ¸μ²¥´μ¨¤ , ’² 0,4
�³¶²¨ÉÊ¤  ¶μ²Ö ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢, ’² 1,8
�¥·¨μ¤ Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò ´  ¶μ¸ÉμÖ´´ÒÌ ³ £´¨É Ì, ³³ 120

�¨¸. 14. �£¨¡ ÕÐ Ö ¶ÊÎ±  ¢ ¶μ²¥ ¶μ¸ÉμÖ´´ÒÌ ³ £´¨Éμ¢ ¨ ¸μ£² ¸ÊÕÐ¥£μ ¸μ²¥´μ¨¤ 
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4. ˆ‡ƒ�’�‚‹…�ˆ… ���’�’ˆ�� ‘’�“Š’“�›
Œˆ‹‹ˆŒ…’��‚�ƒ� „ˆ���‡��� „‹ˆ� ‚�‹�

„²Ö μÉ· ¡μÉ±¨ É¥Ì´μ²μ£¨¨ ¶·μ¨§¢μ¤¸É¢  ¡Ò² ¨§£μÉμ¢²¥´ ´ ¡μ· ³¥¤´ÒÌ ·¥§μ´ Éμ·μ¢
³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´, ¶·¨³¥· ±μÉμ·ÒÌ ¶·¨¢¥¤¥´ ´  ·¨¸. 15.

�¨¸. 15. ˆ§£μÉμ¢²¥´´Ò¥ ·¥§μ´ Éμ·Ò ³¨²²¨-

³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´

� §³¥·Ò ´¥¸±μ²Ó±¨Ì μ¡· §Íμ¢ ·¥§μ´ Éμ·μ¢
¶·μ±μ´É·μ²¨·μ¢ ´Ò ¶·¨ ¶μ³μÐ¨ ±μμ·¤¨´ É´μ-
¨§³¥·¨É¥²Ó´μ° ³ Ï¨´Ò (ŠˆŒ). �μ± § ´μ, ÎÉμ
£¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò ·¥§μ´ Éμ·μ¢ ¸μμÉ¢¥É-
¸É¢ÊÕÉ ¶·μ¥±É´Ò³ §´ Î¥´¨Ö³ ¶·¨ ¶μ£·¥Ï´μ-
¸É¨ ¨§³¥·¥´¨Ö ŠˆŒ ¢ 2,5 ³±³. ’ ±¦¥ ¶μ± -
§ ´μ, ÎÉμ ¢´ÊÉ·¥´´¨° · ¤¨Ê¸ ¨ Í¥´É· ²Ó´μ¥ μÉ-
¢¥·¸É¨¥ μ¡· §Íμ¢ ·¥§μ´ Éμ·μ¢ ±μ´Í¥´É·¨Î´Ò ¸
ÉμÎ´μ¸ÉÓÕ ¤μ ¶μ£·¥Ï´μ¸É¨ ¨§³¥·¥´¨Ö ŠˆŒ.

�¥§μ´ Éμ·Ò ¡Ò²¨ ¸¶ Ö´Ò ¢³¥¸É¥ ¢ ¶·μÉμ-
É¨¶ ¸É·Ê±ÉÊ·Ò ¶·¨ ´ Ìμ¦¤¥´¨¨ ¢ ¢¥·É¨± ²Ó´μ³
¶μ²μ¦¥´¨¨ (·¨¸. 16,  ). „²Ö ±μ´É·μ²Ö ± Î¥¸É¢ 
¶ °±¨ ¶·μÉμÉ¨¶ § É¥³ ¡Ò² · ¸¶¨²¥´ ¢ ¶·μ¤μ²Ó-
´μ³ ´ ¶· ¢²¥´¨¨ (·¨¸. 16, ¡).

„²Ö ¶μ²ÊÎ¥´¨Ö ¨´Ëμ·³ Í¨¨ μ ¸μμ¸´μ¸É¨ ·¥§μ´ Éμ·μ¢ ¢ ¶·μÉμÉ¨¶¥ ¸É·Ê±ÉÊ·Ò ¨§³¥·¥´μ
μÉ±²μ´¥´¨¥ ± ¦¤μ£μ ·¥§μ´ Éμ·  ¶μ ¢´¥Ï´¥³Ê · ¤¨Ê¸Ê μÉ μ¡Ð¥° μ¸¨ ¶·μÉμÉ¨¶ . �¶·¥¤¥-
²¥´μ, ÎÉμ ± ¦¤Ò° ·¥§μ´ Éμ· ¨³¥¥É μÉ±²μ´¥´¨¥ ´¥ ¡μ²¥¥ 0,03 ³³, ÎÉμ μ§´ Î ¥É, ÎÉμ μÉ±²μ-
´¥´¨¥ ³¥¦¤Ê ²Õ¡Ò³¨ ¤¢Ê³Ö ·¥§μ´ Éμ· ³¨ ¸μ¸É ¢²Ö¥É ´¥ ¡μ²¥¥ 0,06 ³³. ‘Ê³³¨·ÊÖ ¢ÒÏ¥-
¶¥·¥Î¨¸²¥´´Ò¥ ¶μ£·¥Ï´μ¸É¨, ³μ¦´μ ¶μ²ÊÎ¨ÉÓ §´ Î¥´¨¥ · ¤¨Ê¸  ®μ¡Ð¥£μ¯ Í¥´É· ²Ó´μ£μ
μÉ¢¥·¸É¨Ö ·¥§μ´ Éμ·μ¢ (É. ¥. ³ ±¸¨³ ²Ó´Ò° · ¤¨Ê¸ ¶ÊÎ± , ±μÉμ·Ò° ³μ¦´μ ¶·μ¶Ê¸É¨ÉÓ Î¥-
·¥§ ¤ ´´Ò° ¶·μÉμÉ¨¶), ¸μ¸É ¢²ÖÕÐ¥¥ ´¥ ³¥´¥¥ 0,635 ³³, ÎÉμ ´  10 % ³¥´ÓÏ¥ ¶·μ¥±É´μ£μ
§´ Î¥´¨Ö 0,7 ³³. �  É¥±ÊÐ¥³ ÔÉ ¶¥ · ¡μÉÒ ¤ ´´Ò° ·¥§Ê²ÓÉ É Ö¢²Ö¥É¸Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó-
´Ò³, μ¤´ ±μ Ö¸´μ, ÎÉμ ´ ¨¡μ²ÓÏÊÕ μÏ¨¡±Ê ¢ ¸μμ¸´μ¸ÉÓ ·¥§μ´ Éμ·μ¢ ¢ ¶·μÉμÉ¨¶¥ ¢´μ¸ÖÉ
¨³¥´´μ μÏ¨¡±¨ ¢ ¸¡μ·±¥/¶ °±¥,   μÏ¨¡±¨ ¶·¨ ¨§£μÉμ¢²¥´¨¨ ·¥§μ´ Éμ·μ¢ ¢´μ¸ÖÉ ¢±² ¤
´  ¶μ·Ö¤μ± ³¥´ÓÏ¥. �μ ÔÉμ° ¶·¨Î¨´¥ ¶·¨ ¨§£μÉμ¢²¥´¨¨ ¸²¥¤ÊÕÐ¨Ì ¶·μÉμÉ¨¶μ¢ ¨³¥´´μ
¸¡μ·±¥ ¨ ¶ °±¥ ¡Ê¤¥É Ê¤¥²¥´μ ¡μ²ÓÏμ¥ ¢´¨³ ´¨¥.

�¨¸. 16.  ) �·μÉμÉ¨¶ ¸É·Ê±ÉÊ·Ò ¶μ¸²¥ ¨§£μÉμ¢²¥´¨Ö; ¡) ¶·μÉμÉ¨¶ ¶μ¸²¥ · ¸¶¨²¨¢ ´¨Ö ¢ ¶·μ¤μ²Ó´μ³

´ ¶· ¢²¥´¨¨
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‡�Š‹�—…�ˆ…

�μ²μ¦¥´μ ´ Î ²μ · §· ¡μÉ±¥ Ê¸±μ·ÖÕÐ¨Ì ¸É·Ê±ÉÊ· ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´
¢μ²´ ¢ ˆŸ” ‘� ���. „²Ö ¢μ§¡Ê¦¤¥´¨Ö É ±¨Ì ¸É·Ê±ÉÊ· ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ±μ·μÉ-
±¨¥ ¶ÊÎ±¨ Ô²¥±É·μ´μ¢ ¨§ ‘‚—-¶ÊÏ±¨ ´  μ¸´μ¢¥ ËμÉμ± Éμ¤ .

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò  ´ ²¨É¨Î¥¸±¨¥ μÍ¥´±¨ ¢μ§¡Ê¦¤¥´¨Ö ¸É·Ê±ÉÊ·Ò, ¶·μ¢¥¤¥´μ
¨Ì ¸· ¢´¥´¨¥ ¸ Î¨¸²¥´´Ò³ ³μ¤¥²¨·μ¢ ´¨¥³.

‚¢¨¤Ê ±·¨É¨Î¥¸±¨ ³ ²ÒÌ · §³¥·μ¢ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·Ò ³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ -
§μ´  μ¸μ¡ÊÕ ¢ ¦´μ¸ÉÓ ¶·¥¤¸É ¢²Ö¥É ¶μ¶¥·¥Î´ Ö ¤¨´ ³¨±  ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± . „²Ö ¥£μ
Ëμ±Ê¸¨·μ¢±¨ ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ §´ ±μ¶¥·¥³¥´´μ¥ ¸μ²¥´μ¨¤ ²Ó´μ¥ ¶μ²¥ ¶μ¸ÉμÖ´-
´ÒÌ ³ £´¨Éμ¢. ‚ ± Î¥¸É¢¥ ¶¥·¢μ£μ ¶·¨¡²¨¦¥´¨Ö ¤²Ö μÍ¥´±¨ ¶ · ³¥É·μ¢ Ëμ±Ê¸¨·ÊÕÐ¨Ì
Ô²¥³¥´Éμ¢ · ¸¸³μÉ·¥´μ Ê· ¢´¥´¨¥ μ£¨¡ ÕÐ¥° ¢μ§¡Ê¦¤ ÕÐ¥£μ ¶ÊÎ± , ¤ ²Ó´¥°Ï Ö μ¶É¨³¨-
§ Í¨Ö ¶ · ³¥É·μ¢ ¶·μ¢¥¤¥´  ¶·¨ ¶μ³μÐ¨ ³μ¤¥²¨·μ¢ ´¨Ö ¤¨´ ³¨±¨ ¶ÊÎ±  ¢ ±μ¤¥ ASTRA.
�¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò Ëμ±Ê¸¨·ÊÕÐ¥° ¸¨¸É¥³Ò, ¶·¨¢¥¤¥´ ¶·¥¤¢ ·¨É¥²Ó´Ò° ¤¨§ °´ ³ £-
´¨É´ÒÌ Ô²¥³¥´Éμ¢, ¶μ§¢μ²ÖÕÐ¨° ¶μ²ÊÎ¨ÉÓ ´¥μ¡Ìμ¤¨³ÊÕ ±μ´Ë¨£Ê· Í¨Õ ³ £´¨É´μ£μ ¶μ²Ö.

„²Ö μÍ¥´±¨ ± Î¥¸É¢  É¥Ì´μ²μ£¨¨ ¶·μ¨§¢μ¤¸É¢  ¨§£μÉμ¢²¥´ ¶¥·¢Ò° ¶·μÉμÉ¨¶ ¸É·Ê±ÉÊ·Ò
³¨²²¨³¥É·μ¢μ£μ ¤¨ ¶ §μ´  ¤²¨´ ¢μ²´, ¨§³¥·¥´Ò ¥£μ £¥μ³¥É·¨Î¥¸±¨¥ · §³¥·Ò. �μ²ÊÎ¥´-
´Ò° ·¥§Ê²ÓÉ É Ö¢²Ö¥É¸Ö Ê¤μ¢²¥É¢μ·¨É¥²Ó´Ò³ ¸ ÉμÎ±¨ §·¥´¨Ö Ê¸¶¥Ï´μ£μ ¶·μ¢¥¤¥´¨Ö Î¥·¥§
Í¥´É· ²Ó´ÊÕ  ¶¥·ÉÊ·Ê ¸É·Ê±ÉÊ·Ò ¢μ§¡Ê¦¤ ÕÐ¥£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ± .

‘²¥¤ÊÕÐ¨³ ÔÉ ¶μ³ · ¡μÉÒ ¸É ´¥É ¨§£μÉμ¢²¥´¨¥ ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢ Ëμ±Ê¸¨·ÊÕÐ¥°
¸¨¸É¥³Ò,   É ±¦¥ ¨§£μÉμ¢²¥´¨¥ ¶·μÉμÉ¨¶  ¸É·Ê±ÉÊ·Ò, ±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´
´¥¶μ¸·¥¤¸É¢¥´´μ ¢ Ô±¸¶¥·¨³¥´É Ì ¶μ ¢μ§¡Ê¦¤¥´¨Õ ¸É·Ê±ÉÊ·Ò Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³.
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