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‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³¥Éµ¤  ¸µ¡¸É¢¥´´ÒÌ ËÊ´Í¨° ¨ ³¥Éµ¤  ±µ´¥Î´ÒÌ Ô²¥³¥´Éµ¢ ¶·¥¤²µ¦¥´ ¥¤¨-
´Ò° ³¥Éµ¤ µ¶¨¸ ´¨Ö ¢Ò´Ê¦¤¥´´ÒÌ Ô²¥±É·µ³ £´¨É´ÒÌ ¶µ²¥° ¢ ·¥£Ê²Ö·´µ³ ·¥§µ´ Éµ·¥ ¸ ¶·µ¨§-
¢µ²Ó´Ò³ ¶µ¶¥·¥Î´Ò³ ¸¥Î¥´¨¥³, ¢µ§¡Ê¦¤ ¥³ÒÌ ¸£Ê¸É±µ³ ¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓÕ ¸£Ê¸É±µ¢ · §²¨Î-
´ÒÌ Ëµ·³ ¨ ¸ · §²¨Î´Ò³ · ¸¶·¥¤¥²¥´¨¥³ § ·Ö¤ . �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¢µ§¡Ê¦¤ ¥³ÒÌ
Ô²¥±É·µ³ £´¨É´ÒÌ ¶µ²¥° ¤²Ö · §²¨Î´ÒÌ ±µ´Ë¨£Ê· Í¨° ¡¨Í¨²¨´¤·¨Î¥¸±¨Ì ¨ ¶¥´É Í¨²¨´¤·¨Î¥¸±¨Ì
·¥§µ´ Éµ·µ¢.

The description method of stimulated electromagnetic ˇeld in the regular resonator with the arbitrary
cross section, generated by sequence of bunches of various shapes and with a various charge distribution,
is offered using the eigenfunction method and the ˇnite element method. The calculation results in
excited electromagnetic ˇelds for various conˇgurations of bicylindrical and pentacylindrical resonators
are given.

‚‚…„…�ˆ…

‚ · ¡µÉ¥ [1] ¨§²µ¦¥´Ò µ¸´µ¢´Ò¥ ¶·¨´Í¨¶Ò · ¸Î¥É  ¢µ§¡Ê¦¤¥´¨Ö ¢Ò´Ê¦¤¥´´ÒÌ Ô²¥±-
É·µ³ £´¨É´ÒÌ ¶µ²¥° ¢ ¶·µ¸Éµ³ Í¨²¨´¤·¨Î¥¸±µ³ ·¥§µ´ Éµ·¥ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓÕ § ·Ö-
¦¥´´ÒÌ ¸£Ê¸É±µ¢ ¨ ¶·µ¢¥¤¥´  µ¶É¨³¨§ Í¨Ö ¶µ Ô´¥·£µµ¡³¥´Ê ¤¢ÊÌ¶ÊÎ±µ¢µ° ¸Ì¥³Ò ¸ ¸µ-
¢³¥Ð¥´´Ò³¨ É· ¥±Éµ·¨Ö³¨ ¢¥¤ÊÐ¨Ì ¨ ¢¥¤µ³ÒÌ ¸£Ê¸É±µ¢. Œ¥Éµ¤ · ¸Î¥É  ¨ ¶µ²ÊÎ¥´´Ò¥
·¥§Ê²ÓÉ ÉÒ, ´¥ Ê³ ²ÖÖ µ¡Ð´µ¸É¨, ³µ£ÊÉ ¡ÒÉÓ · ¸¶·µ¸É· ´¥´Ò ´  ¸²ÊÎ ° ·¥£Ê²Ö·´ÒÌ ·¥-
§µ´ Éµ·µ¢ ¸µ ¸²µ¦´Ò³ ¶µ¶¥·¥Î´Ò³ ¸¥Î¥´¨¥³ ¤²Ö ¸Ì¥³ Ê¸±µ·¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸
¶·µ¸É· ´¸É¢¥´´µ-· §´¥¸¥´´Ò³¨ É· ¥±Éµ·¨Ö³¨ ¢¥¤ÊÐ¨Ì ¨ Ê¸±µ·Ö¥³ÒÌ ¸£Ê¸É±µ¢.

1. ��‘—…’�›… ‚›��†…�ˆŸ

…¸²¨ ¡µ±µ¢Ò¥ ¸É¥´±¨, ¨³¥ÕÐ¨¥ ±µµ·¤¨´ ÉÒ z = 0 ¨ z = a, ¶¥·¥¸¥±²  ¶µ¸²¥¤µ¢ -
É¥²Ó´µ¸ÉÓ ¨§ N µ¤¨´ ±µ¢ÒÌ ¸£Ê¸É±µ¢ ¸ ¶·µ¨§¢µ²Ó´µ° ¶²µÐ ¤ÓÕ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö S,
¸ µ¤´µ·µ¤´µ · ¸¶·¥¤¥²¥´´Ò³ § ·Ö¤µ³ q ¶µ ¤²¨´¥ L ¨ ¤¢¨¦ÊÐ Ö¸Ö ¢¤µ²Ó µ¸¨ z ¸µ ¸±µ-
·µ¸ÉÓÕ v, Éµ ¤²Ö ¢µ§¡Ê¦¤¥´´µ° ¶·µ¤µ²Ó´µ° ±µ³¶µ´¥´ÉÒ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö, ¢ ¸²ÊÎ ¥



Š § ¤ Î¥ µ ¢µ§¡Ê¦¤¥´¨¨ ·¥§µ´ Éµ·  ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓÕ § ·Ö¦¥´´ÒÌ ¸£Ê¸É±µ¢ 73

¨¤¥ ²Ó´µ£µ ·¥§µ´ Éµ· , ¨³¥¥³
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, £¤¥ n = 0, 1, 2 . . . Å ¨´¤¥±¸ ³µ¤Ò ¶µ²Ö, µ¶·¥¤¥²ÖÕÐ¨° Î¨¸²µ ¢ ·¨ Í¨° ¢¤µ²Ó

µ¸¨ 0z,   λlm Å ¸µ¡¸É¢¥´´Ò¥ ¶µ¶¥·¥Î´Ò¥ ¢µ²´µ¢Ò¥ §´ Î¥´¨Ö.
‚ ¸²ÊÎ ¥ £ Ê¸¸µ¢¸±µ£µ · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤  ¢¤µ²Ó ¤²¨´Ò ¸£Ê¸É±  ¶·µ¤µ²Ó´ Ö ±µ³¶µ-

´¥´É  ¢µ§¡Ê¦¤¥´´µ£µ ¶µ²Ö ¶·¨³¥É ¢¨¤
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£¤¥ l2 ¨³¥¥É ¸³Ò¸² ÔËË¥±É¨¢´µ° ¶µ²ÊÏ¨·¨´Ò £ Ê¸¸µ¢¸±µ£µ · ¸¶·¥¤¥²¥´¨Ö. „²Ö µ¤´µ-
·µ¤´ÒÌ ³µ¤ ¶·¨ ¢Ò¶µ²´¥´¨¨ Ê¸²µ¢¨°

ωml0 =
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L
, £¤¥ k = 1, 2, 3 . . . , (3)

Î ¸ÉµÉ  fml0 =
ωml0

2π
¸¢µ¡µ¤´ÒÌ ±µ²¥¡ ´¨° ·¥§µ´ Éµ·  µ± §Ò¢ ¥É¸Ö · ¢´µ° k-° £ ·³µ´¨±¥

Î ¸ÉµÉÒ ¸²¥¤µ¢ ´¨Ö ¸£Ê¸É±µ¢ fml0 = v/d ¨ ´  ·¥§µ´ ´¸´µ° ³µ¤¥, ¨´¤¥±¸Ò ±µÉµ·µ° Ê¤µ-
¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Õ (3), ´ ¶·Ö¦¥´´µ¸ÉÓ ¶µ²Ö ·¥§±µ ¢µ§· ¸É ¥É ¨ ¤²Ö ¸²ÊÎ Ö, ±µ£¤  ¢¸¥ N
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¸£Ê¸É±µ¢ ¶¥·¥¸¥±²¨ ·¥§µ´ Éµ·, µ± §Ò¢ ¥É¸Ö · ¢´µ° Ez,m,l(x, y, z, t) = NE0
z,m,l,(x, y, z, t),

£¤¥ E0
z,m,l,(x, y, z, t) Å ¶µ²¥ ¨§²ÊÎ¥´¨Ö µ¤´µ£µ ¸£Ê¸É± . ’ ±¨³ µ¡· §µ³, ¶·¨ ¢Ò¶µ²´¥´¨¨

Ê¸²µ¢¨Ö (3) ´  ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¸µ¡¸É¢¥´´µ° Î ¸ÉµÉ¥ ·¥§µ´ Éµ·  ¢Ò¶µ²´Ö¥É¸Ö ·¥§µ´ ´¸-
´µ¥ Ê¸²µ¢¨¥.

Š ± ¸²¥¤Ê¥É ¨§ · §²µ¦¥´¨° (1) ¨ (2), ¢±² ¤ µÉ¤¥²Ó´ÒÌ ³µ¤ ¤ ¥É¸Ö ±µÔËË¨Í¥´Éµ³
· §²µ¦¥´¨Ö ± ±

εn

λ2
lmϕlm(x, y) cos ((πn)/a)z)

∫
S

ϕlm(x′, y′)dx′dy′

(λ2
lm + (1 − β2ε)χ2

n)ωlmn
, (4)

£¤¥ ¨´É¥£·¨·µ¢ ´¨¥ ¸µ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¶·µ¨§¢µ¤¨É¸Ö ¶µ ¶µ¶¥·¥Î´µ³Ê ¸¥Î¥´¨Õ ¸£Ê¸É± .
�µÔÉµ³Ê ¢¥²¨Î¨´  ¢µ§¡Ê¦¤ ¥³µ£µ ¶µ²Ö, ¤ ¦¥ ¶·¨ ¢Ò¶µ²´¥´¨¨ ·¥§µ´ ´¸´µ£µ Ê¸²µ¢¨Ö, § -
¢¨¸¨É µÉ µ¡² ¸É¨ ¶·µ²¥É  ¢µ§¡Ê¦¤ ÕÐ¥£µ ¶ÊÎ± , É. ¥. É ³, £¤¥ §´ Î¥´¨¥ ¨´É¥£· ²  ¶µ
¶µ¶¥·¥Î´µ³Ê ¸¥Î¥´¨Õ ¸£Ê¸É±  µÉ²¨Î´µ µÉ ´Ê²Ö, ¤²Ö ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ³µ¤Ò. �·¨ ¢Ò¶µ²-
´¥´¨¨ Ê¸²µ¢¨° ¤²Ö ·¥§µ´ ´¸´µ£µ µÉ¡µ·  Ô´¥·£¨¨ µÉ ¶ÊÎ±  [2] ¶µÉ¥·¨ µÉ¤¥²Ó´ÒÌ ¸£Ê¸É±µ¢
µ± §Ò¢ ÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´Ò ±¢ ¤· ÉÊ ¤ ´´µ£µ ¨´É¥£· ² , É. ¥.
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�É¡µ· Ô´¥·£¨¨ µÉ ¶µ²Ö Ê¸±µ·Ö¥³Ò³ ¸£Ê¸É±µ³ ¶·µ¶µ·Í¨µ´ ²¥´
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∫
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ϕlm(x′′, y′′) dx′′dy′′
∫
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‚ (6) ¨´É¥£·¨·µ¢ ´¨¥ ¢¥¤¥É¸Ö ¶µ µ¡² ¸ÉÖ³ ¶·µ²¥É  ¢¥¤ÊÐ¨Ì ¨ ¢¥¤µ³µ£µ ¸£Ê¸É± .
ˆ§ ¢ÒÏ¥¸± § ´´µ£µ ¸²¥¤Ê¥É, ÎÉµ ¶·¨ ¢Ò¡µ·¥ £¥µ³¥É·¨¨ ·¥§µ´ Éµ·  ¤²Ö ¤¢ÊÌ¶ÊÎ±µ¢µ°

¸Ì¥³Ò Ê¸±µ·¥´¨Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¶·µ¸É· ´¸É¢¥´´µ-· §´¥¸¥´´Ò³¨ É· ¥±Éµ·¨Ö³¨ ¢¥-
¤ÊÐ¨Ì ¨ Ê¸±µ·Ö¥³ÒÌ ¸£Ê¸É±µ¢ ¢ ¦´Ò³ ¶ · ³¥É·µ³ µ± §Ò¢ ÕÉ¸Ö ¸µ¡¸É¢¥´´Ò¥ ³µ¤Ò ·¥§µ-
´ Éµ· , ¨³¥ÕÐ¨¥ · §²¨Î´Ò¥ §´ Î¥´¨Ö Ô±¸É·¥³Ê³µ¢ ¶·µ¤µ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° Ô²¥±É·¨-
Î¥¸±µ£µ ¶µ²Ö ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ ·¥§µ´ Éµ· . ’ ±µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶·µ¤µ²Ó´µ° ¸µ¸É -
¢²ÖÕÐ¥° ¶µ²Ö Ì · ±É¥·´µ ¤²Ö ´¥±µÉµ·ÒÌ ³µ¤ ¡¨Í¨²¨´¤·¨Î¥¸±µ£µ ·¥§µ´ Éµ·  [3] ¸ · §-
²¨Î´Ò³¨ · ¤¨Ê¸ ³¨ Í¨²¨´¤·¨Î¥¸±¨Ì µ¡² ¸É¥°,   É ±¦¥ ¤²Ö ·¥§µ´ Éµ· , ¸µ¸É ¢²¥´´µ£µ ¨§
¡µ²ÓÏ¥£µ Î¨¸²  Í¨²¨´¤·µ¢, É ±µ£µ ± ± ¶¥´É Í¨²¨´¤·¨Î¥¸±¨°. �Í¥´±Ê η-ÔËË¥±É¨¢´µ¸É¨
¤¢ÊÌ¶ÊÎ±µ¢µ° ¸Ì¥³Ò Ê¸±µ·¥´¨Ö ¤²Ö ¢Ò¡· ´´µ£µ ·¥§µ´ Éµ·  ³µ¦´µ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨³
µ¡· §µ³, · ¸¸³ É·¨¢ Ö µÉ´µÏ¥´¨¥ Ô´¥·£¨¨ ¶µÉ¥·Ó ¢¥¤ÊÐ¥£µ ¨ Ê¸±µ·Ö¥³µ£µ ¸£Ê¸É±µ¢ ¶·¨
¶·¨ ¶·µÎ¨Ì · ¢´ÒÌ Ê¸²µ¢¨ÖÌ, É ± ± ± · ¢¥´¸É¢µ § ·Ö¤µ¢ ¨ · §³¥·µ¢ ¸£Ê¸É±µ¢
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£¤¥ ℘ex Å Ô´¥·£¨Ö ¶µÉ¥·Ó ¢¥¤ÊÐ¥£µ ¸£Ê¸É± , ℘acc Å ¶µ²ÊÎ ¥³ Ö Ô´¥·£¨Ö ¢¥¤µ³µ£µ ¸£Ê¸É± .
�É´µÏ¥´¨¥ (7) ¶µ± §Ò¢ ¥É ´  ´¥µ¡Ìµ¤¨³µ¥ Î¨¸²µ ¢¥¤ÊÐ¨Ì ¸£Ê¸É±µ¢, ¢µ§¡Ê¦¤ ÕÐ¨Ì ¶µ²¥,
¸¶µ¸µ¡´µ¥ Ê´¥¸É¨ µ¤¨´ Ê¸±µ·Ö¥³Ò° ¸£Ê¸Éµ±. �É¸Õ¤  É ±¦¥ ¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¢µ§¡Ê¦¤¥´¨Ö
´¥µ¡Ìµ¤¨³µ£µ ¶µ²Ö ¢¥¤ÊÐ¨¥ ¸£Ê¸É±¨ ³µ£ÊÉ ¨³¥ÉÓ ¢ η · § ³¥´ÓÏÊÕ Ô´¥·£¨Õ, Î¥³ ¢ ¸²Ê-
Î ¥ ¤¢ÊÌ¶ÊÎ±µ¢µ° ¸Ì¥³Ò Ê¸±µ·¥´¨Ö ¸ ¸µ¢³¥Ð¥´´Ò³¨ É· ¥±Éµ·¨Ö³¨ ¢¥¤ÊÐ¨Ì ¨ ¢¥¤µ³ÒÌ
¸£Ê¸É±µ¢.

2. ���‹ˆ‡ �…‡“‹œ’�’�‚ ��‘—…’�

„²Ö ´ Ìµ¦¤¥´¨Ö ¸µ¡¸É¢¥´´ÒÌ ËÊ´±Í¨° ¨ ¸µ¡¸É¢¥´´ÒÌ Î ¸ÉµÉ ¡¨Í¨²¨´¤·¨Î¥¸±¨Ì ¨
¶¥´É Í¨²¨´¤·¨Î¥¸±¨Ì ·¥§µ´ Éµ·µ¢,   É ±¦¥ ¶·¨  ´ ²¨§¥ · §²µ¦¥´¨° (1), (2) ¨ µÉ´µÏ¥-
´¨¨Ö (7) ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¶·µ£· ³³Ò, ´ ¶¨¸ ´´Ò¥ ´  Ö§Ò±¥ Matlab ¸ ¢Ò§µ¢µ³ ËÊ´±Í¨° ¨§
¨´É¥£·¨·µ¢ ´´µ£µ ¶ ±¥É  PDE (Partial Differential Equation) Matlab, ¶µ§¢µ²ÖÕÐ¥£µ ·¥Ï ÉÓ
³¥Éµ¤µ³ ±µ´¥Î´ÒÌ Ô²¥³¥´Éµ¢ ¤¢Ê³¥·´Ò¥ £· ´¨Î´Ò¥ § ¤ Î¨ ´  ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¤²Ö ¶¥·¢ÒÌ 15 ³µ¤ ¡¨Í¨²¨´¤·¨Î¥¸±µ£µ
·¥§µ´ Éµ·  ¸ · ¤¨Ê¸ ³¨ µ±·Ê¦´µ¸É¥° R1 = 1 ¨ R2 = 0, 5 ¸³ · ¸¸ÉµÖ´¨¥³ ³¥¦¤Ê Í¥´-
É· ³¨ ÔÉ¨Ì µ±·Ê¦´µ¸É¥° D = 1, 45 ¸³. � ¸¶·¥¤¥²¥´¨¥ ¶·µ¤µ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° Ô²¥±-
É·¨Î¥¸±µ£µ ¶µ²Ö ¶µ± § ´µ ¦¨·´µ° ²¨´¨¥°,   Éµ´±¨¥ ²¨´¨¨ ¢´ÊÉ·¨ µ¡² ¸É¨ ³µ£ÊÉ ¡ÒÉÓ
¨´É¥·¶·¥É¨·µ¢ ´Ò ± ± ³ £´¨É´Ò¥ ¸¨²µ¢Ò¥ ²¨´¨¨.

„²Ö ¤¢ÊÌ¶ÊÎ±µ¢µ° ¸Ì¥³Ò Ê¸±µ·¥´¨Ö ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ Î¥É¢¥·É Ö ¨ ¸¥¤Ó³ Ö ³µ¤Ò
¸ ·¥§µ´ ´¸´Ò³¨ Î ¸ÉµÉ ³¨ f4 = 22,557 ƒƒÍ ¨ f7 = 26,367 ƒƒÍ.

‚ · ¸Î¥É´µ° ¶·µ£· ³³¥ ¤²Ö ¸£Ê¸É±µ¢ ¸ ¶µ¶¥·¥Î´Ò³¨ · ¤¨Ê¸ ³¨ 0,1 ¸³ ±µµ·¤¨´ ÉÒ
¶·µ²¥É  ¢¥¤ÊÐ¥£µ ¸£Ê¸É±  ¡· ²¨¸Ó · ¢´Ò³¨ (−1,56 ¸³, 0 ¸³),   ¢¥¤µ³µ£µ (0,45 ¸³, 0 ¸³).
�  Î¥É¢¥·Éµ° ³µ¤¥ · ¸Î¥É´ Ö η µ± § ² ¸Ó · ¢´µ° 7,543. �  ¸¥¤Ó³µ° ³µ¤¥ ¶·¨ ¶·µ²¥É¥
¢¥¤ÊÐ¥£µ ¸£Ê¸É±  ¸ ±µµ·¤¨´ É ³¨ (0,65 ¸³, 0 ¸³),   ¢¥¤µ³µ£µ ¸ (−0,98 ¸³, 0 ¸³) η = 8,1976.
�É¨ ¸²ÊÎ ¨ ¶·µ¨²²Õ¸É·¨·µ¢ ´Ò ´  ·¨¸. 2, £¤¥ É ±¦¥ ´ ´¥¸¥´Ò µ¡² ¸É¨ ¶·µ²¥É  ¸£Ê¸±µ¢.

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¢ ¡¨Í¨²¨´¤·¨Î¥¸±µ³ ·¥§µ´ Éµ·¥
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¢ ¡¨Í¨²¨´¤·¨Î¥¸±µ³ ·¥§µ´ Éµ·¥ ´  Î¥É¢¥·Éµ° (a) ¨ ¸¥¤Ó³µ° (¡) ³µ¤ Ì.

a) f4 = 22,557 ƒƒÍ; η = 7,543; ¡) f7 = 26,367 ƒƒÍ; η = 8, 1976

�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶µ²¥° ¢ · §²¨Î´ÒÌ ±µ´Ë¨£Ê· Í¨ÖÌ ¶¥´É Í¨²¨´¤·¨Î¥¸±µ£µ ·¥§µ´ Éµ· .

a) f10 = 26,438 ƒƒÍ; η = 108,5; ¡) f5 = 15,168 ƒƒÍ; η = 204

�¥µ¡Ìµ¤¨³µ µÉ³¥É¨ÉÓ, ÎÉµ ¸ Ê¢¥²¨Î¥´¨¥³ D-· ¸¸ÉµÖ´¨Ö ³¥¦¤Ê Í¥´É· ³¨ µ±·Ê¦´µ¸É¥° η
· ¸É¥É ´  µ¡¥¨Ì ³µ¤ Ì.

�µ  ´ ²µ£¨¨ ¸ · ¸¸³ É·¨¢ ¥³Ò³¨ ³µ¤ ³¨ ¡¨Í¨²¨´¤·¨Î¥¸±µ£µ ·¥§µ´ Éµ·  ¡Ò²¨ ¸µ¸É -
¢²¥´Ò ¨ ¶·µ¸Î¨É ´Ò ¤¢¥ ±µ´Ë¨£Ê· Í¨¨ ¶¥´É Í¨²¨´¤·¨Î¥¸±µ£µ ·¥§µ´ Éµ·  ¸ D = 1,48 ¸³
³¥¦¤Ê Í¥´É· ³¨ ¸µ¸É ¢²ÖÕÐ¨Ì µ±·Ê¦´µ¸É¥°. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ R1 = 1 ¸³ ¨ R2,3,4,5 =
0,5 ¸³ ´  ¤¥¸ÖÉµ° ³µ¤¥ ¸ ·¥§µ´ ´¸´µ° Î ¸ÉµÉµ° f10 = 26,438 ƒƒÍ, η = 108,5. �·¨ µ¡· É-
´µ° ±µ´Ë¨£Ê· Í¨¨ ·¥§µ´ Éµ·  ¢ ¸²ÊÎ ¥ R1 = 1 ¸³ ¨ R2,3,4,5 = 0,5 ¸³ ´  ¶ÖÉµ° ³µ¤¥ ¸
¸µ¡¸É¢¥´´µ° Î ¸ÉµÉµ° f5 = 15,168 ƒƒÍ, η = 204. � ¸¶·¥¤¥²¥´¨¥ ¶µ²Ö ¤²Ö ÔÉ¨Ì ¸²ÊÎ ¥¢
¨§µ¡· ¦¥´µ ´  ·¨¸. 3 ¸ Ê± § ´¨¥³ µ¡² ¸É¥° ¶·µ²¥É  ¸£Ê¸É±µ¢.

�¥§Ê²ÓÉ É ¸Ê³³¨·µ¢ ´¨Ö ¢ Ëµ·³Ê² Ì (1) ¨ (2) ¤²Ö µ¶·¥¤¥²¥´¨Ö ¢·¥³¥´´ÒÌ § ¢¨¸¨³µ-
¸É¥° ¢µ§¡Ê¦¤ ¥³ÒÌ ¶µ²¥° ÉµÎ´µ ¸µ£² ¸Ê¥É¸Ö ¸ · ¸Î¥É ³¨, ¶·µ¢¥¤¥´´Ò³¨ ¤²Ö ¶·µ¸Éµ£µ
Í¨²¨´¤·¨Î¥¸±µ£µ ·¥§µ´ Éµ·  ± ± ¢ ¨¤¥ ²Ó´µ³ ¸²ÊÎ ¥, É ± ¨ ¸ ÊÎ¥Éµ³ ±µ´¥Î´µ° ¤µ¡·µÉ´µ-
¸É¨. �¶É¨³¨§ Í¨Ö ¶·µ¤µ²Ó´ÒÌ · §³¥·µ¢ ·¥§µ´ Éµ·  ¶µ ³ ±¸¨³Ê³Ê ´ ¶·Ö¦¥´´µ¸É¨ ¶·µ-
¤µ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö §  ¢·¥³Ö ¶·µ²¥É  ¸£Ê¸É±µ¢ É ±¦¥ ¨¤¥´É¨Î´ 
¶·µÍ¥¤Ê· ³ [1].
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�·¥¤²µ¦¥´´Ò° ³¥Éµ¤ · ¸Î¥É  ¢Ò´Ê¦¤¥´´ÒÌ Ô²¥±É·µ³ £´¨É´ÒÌ ¶µ²¥° ¢ ·¥§µ´ Éµ·¥
¸ ¶·µ¨§¢µ²Ó´Ò³ ¶µ¶¥·¥Î´Ò³ ¸¥Î¥´¨¥³ µ± §Ò¢ ¥É¸Ö ¢¥·´Ò³ Éµ²Ó±µ ¢ ¸²ÊÎ ¥ ·¥£Ê²Ö·´ÒÌ
·¥§µ´ Éµ·µ¢, É. ¥. ¤²Ö ·¥§µ´ Éµ·µ¢, ¨³¥ÕÐ¨Ì · ¢´Ò° ¶·µ¤µ²Ó´Ò° · §³¥·. �·¨ µ¶É¨³¨-
§ Í¨¨ ¶·µ¤µ²Ó´ÒÌ · §³¥·µ¢ ¸µ¸É ¢´ÒÌ Î ¸É¥° ¢ÒÏ¥µ¶¨¸ ´´ÒÌ ·¥§µ´ Éµ·µ¢ µ± §Ò¢ ¥É¸Ö
¶µ²¥§´Ò³ ¤·Ê£µ¥ · ¸Ï¨·¥´¨¥ Matlab Å FEMLAB, ¶µ§¢µ²ÖÕÐ¨° ´ Ìµ¤¨ÉÓ ¸µ¡¸É¢¥´´Ò¥
ËÊ´±Í¨¨ ¨ ¸µ¡¸É¢¥´´Ò¥ §´ Î¥´¨Ö ¤²Ö É·¥Ì³¥·´ÒÌ µ¡² ¸É¥°.
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