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„²Ö ¤µ¸É¨¦¥´¨Ö ¢Ò¸µ±µ° ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ ³´µ£µ¶·µ¢µ²µÎ´ÒÌ ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥·
¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ¨´Ëµ·³ Í¨¨ (Œ�Š) ¢ ¸±·¥Ð¥´´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¨ ³ £´¨É´ÒÌ ¶µ²ÖÌ
´¥µ¡Ìµ¤¨³µ §´ ÉÓ ¢¥²¨Î¨´Ê ÔËË¥±É¨¢´µ£µ Ê£²  ‹µ·¥´Í . � §· ¡µÉ ´  ´µ¢ Ö ³¥Éµ¤¨±  ¨§³¥·¥´¨Ö
ÔËË¥±É¨¢´µ£µ Ê£² , ´¥ É·¥¡ÊÕÐ Ö ¸µ§¤ ´¨Ö ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ ¤¥É¥±Éµ·µ¢. ‚Ò¶µ²´¥´Ò Ô±¸¶¥·¨-
³¥´É ²Ó´Ò¥ ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´µ£µ Ê£²  ´ ±²µ´   ´µ¤´µ° ¶·µ¢µ²µ±¨ Œ�Š ¢ · §²¨Î´ÒÌ £ §µ¢ÒÌ
¸³¥¸ÖÌ ¶·¨ · ¡µÉ¥ ¢ ³ £´¨É´µ³ ¶µ²¥, ¡²¨§±µ³ ± ¶µ²Õ CMS. �µ± § ´µ ¢²¨Ö´¨¥ ±µ³¶µ´¥´Éµ¢ ³ £-
´¨É´µ£µ ¶µ²Ö ´  ±µµ·¤¨´ É´ÊÕ ÉµÎ´µ¸ÉÓ.

For achievement of a high spatial resolution of the Cathode Strip Chamber (CSC) in crossed electric
and magnetic ˇelds it's necessary to know the effective Lorentz angle. A new method has been proposed
for the effective Lorentz angle measurement without using special detectors. The experimental results
have been used for CSC anode wire incident angle measurement for different gas mixtures and a
magnetic ˇeld similar to that of Compact Muon Solenoid (CMS) set-up. The magnetic ˇeld components
in�uence on the spatial resolution has been shown.

�¥·¢ Ö ³Õµ´´ Ö ¸É ´Í¨Ö (ME1/1) · ¸¶µ²µ¦¥´  ¢ Éµ·Ío¢µ° Î ¸É¨ Ê¸É ´µ¢±¨ ±µ³¶ ±É-
´Ò° ³Õµ´´Ò° ¸µ²¥´µ¨¤ (CMS) [1] ¨ ¶·¥¤´ §´ Î¥´  ¤²Ö ·¥£¨¸É· Í¨¨ ³Õµ´µ¢ ¢ ³ £´¨É´µ³
¶µ²¥ ¶µ·Ö¤±  3 ’² (¸³. ·¨¸. 1) [2].

Œ…1/1 ¢Ò¶µ²´¥´  ¢ ¢¨¤¥ ±µ²ÓÍ¥¢µ£µ ¤¥É¥±Éµ·  (¸ ¢´ÊÉ·¥´´¨³ · ¤¨Ê¸µ³, · ¢´Ò³
1060 ³³, ¢´¥Ï´¨³ Å 2565 ³³ ¨ Éµ²Ð¨´µ° 552 ³³), ¸µ¸É ¢²¥´´µ£µ ¨§ É· ¶¥Í¥¢¨¤-
´ÒÌ ³´µ£µ¶·µ¢µ²µÎ´ÒÌ ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥· ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ¨´Ëµ·³ Í¨¨
(Œ�Š) [1, 3]. Š ¦¤ Ö Œ�Š ¸µ¸Éµ¨É ¨§ Ï¥¸É¨ ·¥£¨¸É·¨·ÊÕÐ¨Ì ¸²µ¥¢, µ¤¨´ ¨§ ±µÉµ·ÒÌ
¸Ì¥³ É¨Î¥¸±¨ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2.

Œ�Š Ö¢²Ö¥É¸Ö £ §µ¢Ò³ ¤¥É¥±Éµ·µ³, ¢ ±µÉµ·µ³ Ô²¥±É·µ´Ò ¨µ´¨§ Í¨¨, ¤·¥°ËÊÕÐ¨¥
¢ Ô²¥±É·¨Î¥¸±µ³ ¶µ²¥ ±  ´µ¤´µ° ¶·µ¢µ²µ±¥, ¶µ¤ ¤¥°¸É¢¨¥³ ³ £´¨É´µ£µ ¶µ²Ö ¸´µ¸ÖÉ¸Ö,
ÎÉµ ¶·¨¢µ¤¨É ± ¶µÉ¥·¥ ÉµÎ´µ¸É¨ ¢µ¸¸É ´ ¢²¨¢ ¥³µ° ±µµ·¤¨´ ÉÒ ³Õµ´ . �¨¦¥ ¡Ê¤¥É ¶µ-
± § ´µ, ÎÉµ ¶µ¢µ·µÉ Œ�Š ²¨¡µ  ´µ¤´µ° ¶·µ¢µ²µ±¨ ¶µ§¢µ²Ö¥É ¢ µ¸´µ¢´µ³ ¸µÌ· ´¨ÉÓ
ÉµÎ´µ¸ÉÓ. ’· ¤¨Í¨µ´´Ò¥ ³¥Éµ¤Ò Ô±¸¶¥·¨³¥´É ²Ó´µ£µ µ¶·¥¤¥²¥´¨Ö ´¥µ¡Ìµ¤¨³µ£µ Ê£² 
¶µ¢µ·µÉ  µ¸´µ¢ ´Ò ´  ¨¸¶µ²Ó§µ¢ ´¨¨ ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ ¤¥É¥±Éµ·µ¢ (´ ¶·¨³¥·, ¸ ³¥-
Ì ´¨Î¥¸±¨ ¶µ¢µ· Î¨¢ ¥³µ° ¶²µ¸±µ¸ÉÓÕ  ´µ¤´ÒÌ ¶·µ¢µ²µ± ¨ É.¶.) [4]. ‚ ¤ ´´µ° · ¡µÉ¥
¶·¥¤²µ¦¥´Ò ³¥Éµ¤Ò ¢ÒÎ¨¸²¥´¨Ö ¡¥§ ¶·¨³¥´¥´¨Ö ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ ¤¥É¥±Éµ·µ¢.
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�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ · ¤¨ ²Ó´µ° (a) ¨ ´µ·³ ²Ó´µ° (¡) ¸µ¸É ¢²ÖÕÐ¨Ì ³ £´¨É´µ£µ ¶µ²Ö ¢ · ¡µÎ¥³
µ¡Ñ¥³¥ ¸É ´Í¨¨ ME1/1

�¨¸. 2. ‘Ì¥³  µ¤´µ£µ ·¥£¨¸É·¨·ÊÕÐ¥£µ
¸²µÖ ³´µ£µ¶·µ¢µ²µÎ´µ° ¶·µ¶µ·Í¨µ´ ²Ó´µ°

± ³¥·Ò ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³

ˆ§ ·¨¸. 1 ¢¨¤´µ, ÎÉµ ³ £´¨É´µ¥ ¶µ²¥ ¢ · -
¡µÎ¥³ µ¡Ñ¥³¥ ME1/1 ¸µ¸Éµ¨É ± ± ¨§ ´µ·³ ²Ó-
´µ° (µÉ 2,5 ¤µ 3,1 ’²), É ± ¨ · ¤¨ ²Ó´µ° (µÉ
−0,1 ¤µ 0,5 ’²) ¸µ¸É ¢²ÖÕÐ¥°. �·¨´¨³ Ö ¢µ
¢´¨³ ´¨¥ ´¥µ¤´µ·µ¤´µ¸ÉÓ ³ £´¨É´µ£µ ¶µ²Ö ¢
µ¡Ñ¥³¥ Œ…1/1, ¤²Ö ¢Ò¡µ·  µ¶É¨³ ²Ó´µ£µ (¸
ÉµÎ±¨ §·¥´¨Ö ¸·¥¤´¥° ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨
¶µ ¢¸¥° ÎÊ¢¸É¢¨É¥²Ó´µ° ¶²µÐ ¤¨ Œ�Š) Ê£² ,
´¥µ¡Ìµ¤¨³µ ´ °É¨ ¥£µ § ¢¨¸¨³µ¸ÉÓ µÉ ± ¦¤µ°
¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö.

� ¸¸³µÉ·¨³ ¶µ¤·µ¡´¥¥ ¤¢¨¦¥´¨¥ Ô²¥±-
É·µ´  ¢ £ §µ¢µ³ µ¡Ñ¥³¥, ¢ ¸±·¥Ð¥´´ÒÌ Ô²¥±-
É·¨Î¥¸±µ³ ¨ ³ £´¨É´µ³ ¶µ²ÖÌ. ‚ · ³± Ì ³ -
±·µ¸±µ¶¨Î¥¸±µ£µ ¶µ¤Ìµ¤  ´¥µ¡Ìµ¤¨³µ¥ Ê· ¢-
´¥´¨¥ ¤¢¨¦¥´¨Ö Ô²¥±É·µ´  ³µ¦´µ ¶·¥¤¸É -
¢¨ÉÓ ± ±

m
dv
dt

= eE + e[vB] − Kv,

£¤¥ m Å ³ ¸¸  Ô²¥±É·µ´ ; e Å § ·Ö¤ Ô²¥±É·µ´ ; v Å ¢¥±Éµ· ¸±µ·µ¸É¨ Ô²¥±É·µ´ ; E Å
¢¥±Éµ· Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö; B Å ¢¥±Éµ· ³ £´¨É´µ£µ ¶µ²Ö; K Å ±µÔËË¨Í¨¥´É, Ì · ±-
É¥·¨§ÊÕÐ¨° ¸µ¶·µÉ¨¢²¥´¨¥ ¸·¥¤Ò (¢¥²¨Î¨´  τ ≡ m/K ¨³¥¥É · §³¥·´µ¸ÉÓ ¢·¥³¥´¨ ¨
µ¶·¥¤¥²Ö¥É ¸·¥¤´¥¥ ¢·¥³Ö ¸¢µ¡µ¤´µ£µ ¶·µ¡¥£  Ô²¥±É·µ´  ¢ ¸±·¥Ð¥´´ÒÌ Ô²¥±É·¨Î¥¸±µ³ ¨
³ £´¨É´µ³ ¶µ²ÖÌ).
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„²Ö ¸²ÊÎ Ö, ±µ£¤  t � τ ,

dv
dt

= 0, v =
µ

1 + (ωτ)2

[
E +

ωτ

B
[EB] + (ωτ)2

EB
B2

B
]

,

£¤¥ ω (² ·³µ·µ¢  Î ¸ÉµÉ ) ¨ µ Å ÔÉµ: ω = (e/m)B, µ = (e/m)τ .
� ¸¸³µÉ·¨³ ¶µ¤·µ¡´¥¥ ¢²¨Ö´¨¥ ± ¦¤µ° ¨§ ¸µ¸É ¢²ÖÕÐ¨Ì ³ £´¨É´µ£µ ¶µ²Ö ´  ¤¢¨¦¥-

´¨¥ Ô²¥±É·µ´ . ‚¢¥¤¥³ ¶· ¢ÊÕ ¶·Ö³µÊ£µ²Ó´ÊÕ ¤¥± ·Éµ¢Ê ¸¨¸É¥³Ê ±µµ·¤¨´ É (xyz) É ±ÊÕ,
ÎÉµ µ¸Ó x ´ ¶· ¢²¥´  ¢¤µ²Ó  ´µ¤´µ° ¶·µ¢µ²µ±¨,   µ¸Ó y ²¥¦¨É ¢ ¶²µ¸±µ¸É¨  ´µ¤´ÒÌ ¶·µ-
¢µ²µ± (¸³. ·¨¸. 2). ‚ Ê¶·µÐ¥´´µ° ³µ¤¥²¨ ¤·¥°Ë Ô²¥±É·µ´  ±  ´µ¤´µ° ¶·µ¢µ²µ±¥ ³µ¦´µ
· §¡¨ÉÓ ´  ¤¢  ÔÉ ¶ :

Å ¤¢¨¦¥´¨¥ ± ¶²µ¸±µ¸É¨  ´µ¤´ÒÌ ¶·µ¢µ²µ±, £¤¥ E = (0, 0,±Ez);
Å ¤¢¨¦¥´¨¥ ±  ´µ¤´µ° ¶·µ¢µ²µ±¥, £¤¥ E = (0,±Ey, 0).
‚ ¤ ²Ó´¥°Ï¨Ì ¢Ò±² ¤± Ì ¡Ê¤¥³ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ Ê£µ² ¶µ¢µ·µÉ   ´µ¤´µ° ¶·µ¢µ²µ±¨

(ψ) · ¢¥´ ´Ê²Õ.

‘‹“—�‰ ��„ˆ�‹œ��‰ ‘�‘’�‚‹Ÿ�™…‰

„²Ö ¸²ÊÎ Ö · ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ¶¥·¢µ³ ÔÉ ¶¥ ¤¢¨¦¥´¨Ö
B = (0, By, 0) ¨

vx = ∓ µ

1 + (ωτ)2
ωτEz , vy = 0, vz = ± µ

1 + (ωτ)2
ωτ.

‚ ÔÉµ³ ¸²ÊÎ ¥ É ´£¥´¸ Ê£²  ‹µ·¥´Í  (αL) · ¢¥´ tg (αL) = vx/vz = −ωτ . ‘²¥¤Ê¥É
µ¦¨¤ ÉÓ ²¨´¥°´µ° § ¢¨¸¨³µ¸É¨ αL µÉ ¢¥²¨Î¨´Ò ³ £´¨É´µ£µ ¶µ²Ö, É ± ± ± ω § ¢¨¸¨É
¶·Ö³µ ¶·µ¶µ·Í¨µ´ ²Ó´µ µÉ B,   τ ¤²Ö Ê¸²µ¢¨° ´ Ï¥° § ¤ Î¨ ¸² ¡µ § ¢¨¸¨É µÉ B. � 
¢Éµ·µ³ ÔÉ ¶¥ ¤¢¨¦¥´¨Ö

vx = 0, vy = ±µEy, vz = 0,

É.¥. ´¨± ±µ£µ ¸´µ¸  Ô²¥±É·µ´µ¢ ´¥É. Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¢²¨Ö´¨¥ ¸´µ¸  Ô²¥±É·µ´µ¢ ´ 
ÉµÎ´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ ÉÒ ¤²Ö ¶ · ²²¥²Ó´ÒÌ É·¥±µ¢ ±µ³¶¥´¸¨·Ê¥É¸Ö ¶µ¢µ·µÉµ³
¤¥É¥±Éµ·  ´  Ê£µ² ‹µ·¥´Í  ¢ ¶²µ¸±µ¸É¨ xz. �  ·¨¸. 3 [1] ¶·¥¤¸É ¢²¥´µ ¢²¨Ö´¨¥ · ¤¨-
 ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ¸´µ¸ Ô²¥±É·µ´µ¢ ¢¤µ²Ó  ´µ¤´µ° ¶·µ¢µ²µ±¨. ˆ§
·¨¸. 3 ¢¨¤´µ, ÎÉµ ¶·¨ Ê£²¥ ´ ±²µ´  É·¥± , · ¢´µ³ αL, Ô²¥±É·µ´Ò ¨µ´¨§ Í¨¨ ¸µ¡¨· ÕÉ¸Ö
¢ µ¤´µ° ÉµÎ±¥, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É ¸µÌ· ´¥´¨¥ ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨.

�Î¥¢¨¤´µ, ÎÉµ Ê£µ² ‹µ·¥´Í  ´¥¶µ¸ÉµÖ´¥´ ¢ · ¡µÎ¥³ µ¡Ñ¥³¥ Œ�Š, É.±. ´¥¶µ¸ÉµÖ´´ 
´ ¶·Ö¦¥´´µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö, ¶µÔÉµ³Ê ´  ¶· ±É¨±¥ ¢ÒÎ¨¸²Ö¥É¸Ö ´¥±¨° ¸·¥¤´¨°
Ê£µ², ´ §Ò¢ ¥³Ò° ÔËË¥±É¨¢´Ò³ Ê£²µ³ ‹µ·¥´Í  (ψ) [4]. �µ¢¥¤¥´¨¥ ψ ¢ § ¢¨¸¨³µ¸É¨ µÉ
· ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ¡Ò²µ ¨§ÊÎ¥´µ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¶·µÉµÉ¨¶  �0 [1] ´  ±µ¸³¨-
Î¥¸±¨Ì ³Õµ´ Ì ¢ ³ £´¨É´µ³ ¶µ²¥, µ·¨¥´É¨·µ¢ ´´µ³ ¢¤µ²Ó ¸É·¨¶µ¢ ´  Ê¸É ´µ¢±¥ RD5
(–…��, ˜¢¥°Í ·¨Ö). „²Ö ¢ÒÎ¨¸²¥´¨Ö Ê£²  ψ ±µ´É·µ²¨·µ¢ ²¨¸Ó ¶ ·Ò §´ Î¥´¨° ¸²ÊÎ °-
´ÒÌ ¢¥²¨Î¨´ (´ ±²µ´ É·¥±  ¢ ¶²µ¸±µ¸É¨ xz ¨ µÉ±²µ´¥´¨¥ ¨§³¥·¥´´µ° ±µµ·¤¨´ ÉÒ ³Õµ´ 
µÉ ·¥±µ´¸É·Ê¨·µ¢ ´´µ£µ É·¥± ). �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´µ · ¸¶·¥¤¥²¥´¨¥ ¶ ·Ò ¸²ÊÎ °´ÒÌ
¢¥²¨Î¨´ ¤²Ö ³ £´¨É´µ£µ ¶µ²Ö By = 3 T². �´ ²¨§¨·ÊÖ ·¨¸. 4, ²¥£±µ ´ °É¨ §´ Î¥´¨¥ ´¥µ¡-
Ìµ¤¨³µ£µ Ê£² , ¶·¨´¨³ Ö ¢µ ¢´¨³ ´¨¥, ÎÉµ ´ ¨²ÊÎÏ Ö ±µµ·¤¨´ É´ Ö ÉµÎ´µ¸ÉÓ ¤µ¸É¨£ ¥É¸Ö
Éµ£¤ , ±µ£¤  Ê£µ² ´ ±²µ´  É·¥±  ¸µ¢¶ ¤ ¥É ¸ ÔËË¥±É¨¢´Ò³ Ê£²µ³. �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´ 
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�¨¸. 3. ‚²¨Ö´¨¥ · ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ¸´µ¸ Ô²¥±É·µ´µ¢ ¢¤µ²Ó  ´µ¤´µ°
¶·µ¢µ²µ±¨ ¤²Ö · §²¨Î´ÒÌ Ê£²µ¢ ´ ±²µ´  É·¥±µ¢ ³Õµ´µ¢

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ ¶ · ¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´ (µÉ±²µ´¥´¨¥ ·¥±µ´¸É·Ê¨·µ¢ ´´µ° ±µµ·¤¨´ ÉÒ ³Õµ´ 

µÉ É·¥±  ¨ Ê£µ² ´ ±²µ´  É·¥±  ³Õµ´ )

�¨¸. 5. ‡ ¢¨¸¨³µ¸ÉÓ ÉµÎ´µ¸É¨ ·¥±µ´¸É·Ê¨·µ¢ ´´µ° ±µµ·¤¨´ ÉÒ ³Õµ´  µÉ Ê£²  ´ ±²µ´  É·¥±  ¢

¶²µ¸±µ¸É¨ xz ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° · ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö: � Å B = 0 T²;
� Å B = 1,5 T²; � Å B = 3 T²

§ ¢¨¸¨³µ¸ÉÓ ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ µÉ Ê£²  ´ ±²µ´  É·¥±  ¢ ¶²µ¸±µ¸É¨ xz ¤²Ö · §²¨Î´ÒÌ
§´ Î¥´¨° ³ £´¨É´µ£µ ¶µ²Ö.
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Š ± ¢¨¤´µ ´  ·¨¸. 5, É ´£¥´¸ ÔËË¥±É¨¢´µ£µ Ê£²  ¶· ±É¨Î¥¸±¨ ²¨´¥°´µ § ¢¨¸¨É µÉ
· ¤¨ ²Ó´µ° ±µ³¶µ´¥´ÉÒ ¨ tg (ψ) ≈ 0,157By.

‘‹“—�‰ ���Œ�‹œ��‰ ‘�‘’�‚‹Ÿ�™…‰

„²Ö ¸²ÊÎ Ö ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ¶¥·¢µ³ ÔÉ ¶¥ ¤¢¨¦¥´¨Ö
Ô²¥±É·µ´  B = (0, 0, Bz) ¨

vx = 0, vy = 0, vz = ±µEz,

É. ¥. ´¨± ±µ£µ ¸´µ¸  Ô²¥±É·µ´µ¢ ´¥É. �  ¢Éµ·µ³ ÔÉ ¶¥

vx = ± µ

1 + (ωτ)2
ωτEy , vy = ± µ

1 + (ωτ)2
Ey , vz = 0.

‚ ÔÉµ³ ¸²ÊÎ ¥ tg (α) = vz/vy = ωτ ¨ ¸²¥¤Ê¥É µ¦¨¤ ÉÓ, ± ± ¨ ¢ ¸²ÊÎ ¥ · ¤¨ ²Ó´µ° ¸µ¸É -
¢²ÖÕÐ¥°, ²¨´¥°´ÊÕ § ¢¨¸¨³µ¸ÉÓ tg (αL) µÉ ¢¥²¨Î¨´Ò ³ £´¨É´µ£µ ¶µ²Ö. �¤´ ±µ §´ Î¥´¨Ö
Ê£²µ¢ ¤²Ö ¤¢ÊÌ · ¸¸³µÉ·¥´´ÒÌ ¸²ÊÎ ¥¢, ¸±µ·¥¥ ¢¸¥£µ, ¡Ê¤ÊÉ · §²¨Î´Ò, É.±. τ § ¢¨¸¨É µÉ
¢¥²¨Î¨´Ò ³ £´¨É´µ° ¨´¤Ê±Í¨¨ ¨ ´ ¶·Ö¦¥´´µ¸É¨ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö, ´¥¶µ¸ÉµÖ´´µ° ¢
· ¡µÎ¥³ µ¡Ñ¥³¥ Œ�Š. Š¸É É¨, ²¥£±µ ´ °É¨, ÎÉµ v(E, B) = v(E, B = 0) cos (αL) [5].
Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¶µ¢µ·µÉ  ´µ¤´µ° ¶·µ¢µ²µ±¨ ´  Ê£µ² αL ¢ ¶²µ¸±µ¸É¨ xy ±µ³¶¥´¸¨-
·Ê¥É ¢²¨Ö´¨¥ ¸´µ¸  Ô²¥±É·µ´µ¢ ´  ÉµÎ´µ¸ÉÓ ¢µ¸¸É ´ ¢²¨¢ ¥³µ° ±µµ·¤¨´ ÉÒ ³Õµ´  (¸³.
·¨¸. 6) [1].

�¨¸. 6. ‚²¨Ö´¨¥ ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ¸´µ¸ Ô²¥±É·µ´µ¢ ¤²Ö · §²¨Î´ÒÌ
Ê£²µ¢ ¶µ¢µ·µÉ   ´µ¤´µ° ¶·µ¢µ²µ±¨

„²Ö ¨§ÊÎ¥´¨Ö ¢²¨Ö´¨Ö ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ´  ÔËË¥±É¨¢´Ò°
Ê£µ² ¶µ¢µ·µÉ   ´µ¤´µ° ¶·µ¢µ²µ±¨ ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ° §µ´¥ H2 (–…��) ¡Ò²  ¸µ¡· ´ 
Ê¸É ´µ¢± , ¶·¥¤¸É ¢²¥´´ Ö ´  ·¨¸. 7.
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�¨¸. 7. ‘Ì¥³  Ê¸É ´µ¢±¨ ¤²Ö ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´µ£µ Ê£² : P Å ¶·µÉµÉ¨¶ Œ�Š; C1, C2 Å
¶ÊÎ±µ¢Ò¥ ± ³¥·Ò; S1, S2, S3 Å É·¨££¥·´Ò¥ ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨; β Å Ê£µ² ¶µ¢µ·µÉ 

Œ�Š

�¨¸. 8. ‡ ¢¨¸¨³µ¸ÉÓ ±µµ·¤¨´ É´µ° ÉµÎ-

´µ¸É¨ µÉ ¢¥²¨Î¨´Ò ³ £´¨É´µ£µ ¶µ²Ö

�¥µ¡Ìµ¤¨³Ò¥ ¨§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ¶·µÉµ-
É¨¶ Ì Œ�Š P2, �3 [6] ¨ �4 [7], ¶·¨ ÔÉµ³ ¢¥±Éµ·
³ £´¨É´µ£µ ¶µ²Ö ¡Ò² µ·¨¥´É¨·µ¢ ´ ¢¤µ²Ó ¶ÊÎ± .
„²Ö ¶µ¤ ¢²¥´¨Ö ¸¨¸É¥³ É¨±¨ ¸´µ¸  Ô²¥±É·µ´µ¢ ¢
¤¥É¥±É¨·ÊÕÐ¨Ì ¸²µÖÌ Œ�Š ¡Ò²  ¶µ¢¥·´ÊÉ  ´  Ê£µ²
β = 2◦, ¶·¨ ÔÉµ³ · ¤¨ ²Ó´ Ö ¸µ¸É ¢²ÖÕÐ Ö ³ £-
´¨É´µ£µ ¶µ²Ö ´ ¸Éµ²Ó±µ ³ ² , ÎÉµ ¥¥ ¢²¨Ö´¨¥³ ´ 
±µµ·¤¨´ É´ÊÕ ÉµÎ´µ¸ÉÓ ³µ¦´µ ¶·¨´¥¡·¥ÎÓ. „²Ö
µ¶·¥¤¥²¥´¨Ö § ¢¨¸¨³µ¸É¨ ÔËË¥±É¨¢´µ£µ Ê£²  µÉ
´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ±µ´É·µ²¨·µ¢ ² ¸Ó ±µµ·-
¤¨´ É´ Ö ÉµÎ´µ¸ÉÓ ¸²µÖ Œ�Š (¸  ´µ¤´Ò³¨ ¶·µ-
¢µ²µ± ³¨, ¶µ¢¥·´ÊÉÒ³¨ ´  Ê£µ² ¢ 21,2◦) ¶·¨ ¨§-
³¥´¥´¨¨ ³ £´¨É´µ£µ ¶µ²Ö. �Î¥¢¨¤´µ, ÎÉµ ´ ¨²ÊÎ-
Ï Ö ±µµ·¤¨´ É´ Ö ÉµÎ´µ¸ÉÓ ¤µ¸É¨£ ¥É¸Ö Éµ£¤ , ±µ-
£¤  Ê£µ² ¶µ¢µ·µÉ   ´µ¤´µ° ¶·µ¢µ²µ±¨ ¸µ¢¶ ¤ ¥É ¸
ÔËË¥±É¨¢´Ò³ Ê£²µ³ (¸³. ·¨¸. 8).

�¨¸. 9. ‡ ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ£µ Ê£²  µÉ ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ

¶µ²Ö ¤²Ö · §²¨Î´ÒÌ £ §µ¢ÒÌ ¸³¥¸¥°: 1 Å Ar(40 %) + CF4(10 %) + CO2(50 %); 2 Å

Ar(30 %) + CF4(20 %) + CO2(50 %); 3 Å Ar(30 %) + CF4(10 %) + CO2(60 %)
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�  ·¨¸. 9 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ É ´£¥´¸  ÔËË¥±É¨¢´µ£µ Ê£²  µÉ ¢¥²¨Î¨´Ò ´µ·-
³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ³ £´¨É´µ£µ ¶µ²Ö ¤²Ö · §²¨Î´ÒÌ £ §µ¢ÒÌ ¸³¥¸¥°. ’·¨ Ô±¸¶¥·¨³¥´-
É ²Ó´Ò¥ ÉµÎ±¨ ´  Í¥´É· ²Ó´µ° ¶·Ö³µ° ¸µµÉ¢¥É¸É¢ÊÕÉ ·¥§Ê²ÓÉ É ³ ¨¸¸²¥¤µ¢ ´¨Ö ´  É·¥Ì
¶·µÉµÉ¨¶ Ì Œ�Š ¸ · §²¨Î´Ò³¨ Ê£² ³¨ ¶µ¢µ·µÉ   ´µ¤´ÒÌ ¶·µ¢µ²µ±. Š ± ¢¨¤´µ ¨§ ·¨¸. 9,
tg (ψ)≈0,18Bz ¤²Ö £ §µ¢µ° ¸³¥¸¨ Ar(30 %)+CF4(20 %)+CO2(50 %).

‘‹“—�‰ Š�Œ	ˆ�ˆ��‚����ƒ� ��‹Ÿ

„²Ö ¨§ÊÎ¥´¨Ö ±µ³¡¨´¨·µ¢ ´´µ£µ ¢²¨Ö´¨Ö · ¤¨ ²Ó´µ° ¨ ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¨Ì ´ 
ÔËË¥±É¨¢´Ò° Ê£µ² ¨¸¶µ²Ó§µ¢ ² ¸Ó ¢ÒÏ¥¨§²µ¦¥´´ Ö ³¥Éµ¤¨± , ¶·¨ ÔÉµ³ ¶·µÉµÉ¨¶ Œ�Š

�¨¸. 10. ‡ ¢¨¸¨³µ¸ÉÓ ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ ¸²µÖ Œ�Š µÉ ³ £´¨É´µ£µ ¶µ²Ö (� Å Br/Bz =

0,44 T²; � Å Br/Bz = 0,176 T²; � Å Br/Bz = 0,268 T²) ¤²Ö · §²¨Î´ÒÌ £ §µ-

¢ÒÌ ¸³¥¸¥°: a) (¶·µÉµÉ¨¶ �3 [3]), Ar(30 %) + CF4(20 %) + CO2(50 %); ¡) (¶·µÉµÉ¨¶ �4 [7]),
Ar(40 %) + CF4(10 %) + CO2(50 %); ¢) (¶·µÉµÉ¨¶ �4 [7]), Ar(30 %) + CF4(10 %) + CO2(60 %)
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�¨¸. 11. ‚±² ¤ · ¤¨ ²Ó´µ° ¸µ¸É ¢²Ö-

ÕÐ¥° ¢ ¤¥£· ¤ Í¨Õ ±µµ·¤¨´ É´µ° ÉµÎ-
´µ¸É¨ ¤²Ö · §²¨Î´ÒÌ £ §µ¢ÒÌ ¸³¥¸¥°

(σr ≈ 80 ³±³·Br , T²): � Å Ar(30 %) +

CF4(10%) + CO2(60 %); � Å Ar(30 %)
+ CF4(20%) + CO2(50 %); � Å

Ar(40 %) + CF4(10%) + CO2(50 %)

¶µ¢µ· Î¨¢ ²¸Ö ´  2,5◦, 10◦ ¨ 15◦, ÎÉµ µ¡¥¸¶¥Î¨-
¢ ²µ · §²¨Î´µ¥ ¸µµÉ´µÏ¥´¨¥ ±µ³¶µ´¥´Éµ¢ ³ £´¨É-
´µ£µ ¶µ²Ö. Œµ¦´µ ¶µ± § ÉÓ, ÎÉµ ¤²Ö ÔÉ¨Ì Ê¸²µ¢¨°
´ ±²µ´ É·¥±  ´¥ ¢²¨Ö¥É ´  §´ Î¥´¨¥ ÔËË¥±É¨¢´µ£µ
Ê£² . �  ·¨¸. 10, a,¡,¢ ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨
±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ µÉ ¢¥²¨Î¨´Ò ³ £´¨É´µ£µ
¶µ²Ö ¤²Ö · §²¨Î´ÒÌ £ §µ¢ÒÌ ¸³¥¸¥°.

ˆ§ ·¨¸. 10, a,¡,¢ ²¥£±µ µÍ¥´¨ÉÓ ¢±² ¤ · -
¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ¢ ¤¥£· ¤ Í¨Õ ±µµ·¤¨´ É-
´µ° ÉµÎ´µ¸É¨ (¸³. ·¨¸. 11).

�µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ§¢µ²ÖÕÉ ¶µ¸É·µ¨ÉÓ
±Ê¸µÎ´µ-²¨´¥°´ÊÕ  ¶¶·µ±¸¨³ Í¨Õ § ¢¨¸¨³µ¸É¨
ÔËË¥±É¨¢´µ£µ Ê£²  µÉ · ¤¨ ²Ó´µ° ¨ ´µ·³ ²Ó´µ°
¸µ¸É ¢²ÖÕÐ¨Ì ³ £´¨É´µ£µ ¶µ²Ö ¤²Ö · §²¨Î´ÒÌ £ -
§µ¢ÒÌ ¸³¥¸¥° (¸³. ·¨¸. 12, a,¡,¢).

ˆ´É¥·¥¸´µ, ÎÉµ ´  ¢¥²¨Î¨´Ê ÔËË¥±É¨¢´µ£µ Ê£² 
¶µ¢µ·µÉ   ´µ¤´µ° ¶·µ¢µ²µ±¨ ¢²¨Ö¥É ± ± ´µ·³ ²Ó-
´ Ö, É ± ¨ · ¤¨ ²Ó´ Ö ¸µ¸É ¢²ÖÕÐ Ö ³ £´¨É´µ£µ
¶µ²Ö. ˆ´Ò³¨ ¸²µ¢ ³¨, ¶µ¢µ·µÉ  ´µ¤´µ° ¶·µ¢µ²µ±¨
¢ µ¶·¥¤¥²¥´´µ° ¸É¥¶¥´¨ ±µ³¶¥´¸¨·Ê¥É ´¥£ É¨¢´µ¥
¢²¨Ö´¨¥ · ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ´  ±µµ·¤¨´ É-
´ÊÕ ÉµÎ´µ¸ÉÓ ¤¥É¥±Éµ· .

‚›—ˆ‘‹…�ˆ… “ƒ‹� ��Š‹��� ���„��‰ ���‚�‹�Šˆ

‚ÒÏ¥ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ¢²¨Ö´¨¥ · ¤¨ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ¢ µ¸´µ¢´µ³ ±µ³¶¥´¸¨-
·Ê¥É¸Ö ¶µ¢µ·µÉµ³ Œ�Š, µ¤´ ±µ ¢µ¸¶µ²Ó§µ¢ ÉÓ¸Ö ÔÉ¨³ ·¥§Ê²ÓÉ Éµ³ ¤²Ö Ê¸²µ¢¨° ´ Ï¥°
§ ¤ Î¨ ¸²µ¦´µ, É ± ± ± Œ�Š ¨³¥ÕÉ · ¤¨ ²Ó´ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ³Õµ´Ò ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ
§´ ±µ¢ ·µ¦¤ ÕÉ¸Ö · ¢´µ¢¥·µÖÉ´µ ¢ ¨§ÊÎ ¥³ÒÌ Ë¨§¨Î¥¸±¨Ì ¶·µÍ¥¸¸ Ì. Š ± ¢¨¤´µ ¨§
·¨¸. 11, ¤¥£· ¤ Í¨Ö ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ ·¥£¨¸É·¨·ÊÕÐ¥£µ ¸²µÖ ¨§-§  ¢²¨Ö´¨Ö · ¤¨-
 ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ¢ ÌÊ¤Ï¥³ ¸²ÊÎ ¥ ´¥ ¶·¥¢ÒÏ ¥É 50 ³±³, ¶µÔÉµ³Ê ´¨¦¥ ·¥ÎÓ ¶µ°¤¥É
Éµ²Ó±µ µ ¢²¨Ö´¨¨ ´µ·³ ²Ó´µ° ¸µ¸É ¢²ÖÕÐ¥° ´  ÔËË¥±É¨¢´Ò° Ê£µ² ¢ Ê¸²µ¢¨ÖÌ ´¥µ¤´µ-
·µ¤´µ£µ ³ £´¨É´µ£µ ¶µ²Ö.

�¸µ¡¥´´µ¸ÉÓ § ¤ Î¨ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¢ · ¡µÎ¥³ µ¡Ñ¥³¥ ¸É ´Í¨¨ Œ…1/1 ¶²µÉ´µ¸ÉÓ
³Õµ´µ¢ ´¥¶µ¸ÉµÖ´´ , ÔËË¥±É¨¢´Ò° Ê£µ² (ψ) ³¥´Ö¥É¸Ö ¢ § ¢¨¸¨³µ¸É¨ µÉ ¨§³¥´¥´¨Ö ³ £-
´¨É´µ£µ ¶µ²Ö, ¸ÊÐ¥¸É¢Ê¥É ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ ¶ · ³¥É·µ¢ ¡Ê¤ÊÐ¥£µ ³ £´¨É , ¨ · ¤¨ ²Ó´ Ö
¸É·Ê±ÉÊ·  ¸É ´Í¨¨ ´¥ ¶µ§¢µ²Ö¥É ¶µ²´µ¸ÉÓÕ ±µ³¶¥´¸¨·µ¢ ÉÓ ¢²¨Ö´¨¥ ³ £´¨É´µ£µ ¶µ²Ö
¶µ ¢¸¥° ¶²µÐ ¤¨ ´  ±µµ·¤¨´ É´ÊÕ ÉµÎ´µ¸ÉÓ. ‘·¥¤´ÖÖ ±µµ·¤¨´ É´ Ö ÉµÎ´µ¸ÉÓ ¶µ ¢¸¥³Ê
· ¡µÎ¥³Ê µ¡Ñ¥³Ê ³µ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´  ± ±

σ(ψ) =

√√√√√ ∞∫
−∞

∞∫
−∞

∞∫
−∞

∞∫
−∞

σ2(ψ, B, R, ϕ, z)Pb(B)Pµ(R, ϕ, z) d(B) d(R) d(ϕ) d(z),
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�¨¸. 12. ‡ ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ£µ Ê£²  µÉ · ¤¨ ²Ó´µ° ¨ ´µ·³ ²Ó´µ° ¸µ¸É ¢²Ö-

ÕÐ¨Ì ³ £´¨É´µ£µ ¶µ²Ö ¤²Ö £ §µ¢µ° ¸³¥¸¨: a) Ar(30 %) + CF4(20 %) + CO2(50 %); ¡)
Ar(40 %) + CF4(10 %) + CO2(50 %); ¢) Ar(30 %) + CF4(10 %) + CO2(60 %)

£¤¥ σ Å ¸É ´¤ ·É´µ¥ µÉ±²µ´¥´¨¥ ¶²µÉ´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö µÏ¨¡µ± ¨§³¥·¥´¨Ö ±µµ·¤¨-
´ ÉÒ ³Õµ´ ; Pb Å ¶²µÉ´µ¸ÉÓ, Ì · ±É¥·¨§ÊÕÐ Ö ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ ¶ · ³¥É·µ¢ ³ £´¨É ;
Pµ Å ¶²µÉ´µ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö ³Õµ´µ¢ ¢ · ¡µÎ¥³ µ¡Ñ¥³¥; B Å §´ Î¥´¨¥ ³ £´¨É´µ£µ
¶µ²Ö ¢ Í¥´É·¥ CMS; R Å · ¤¨Ê¸; ϕ Å  §¨³ÊÉ ²Ó´Ò° Ê£µ²; z Å ¶·µ¤µ²Ó´ Ö ±µµ·¤¨´ É .

�  ·¨¸. 13 ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³µ¸ÉÓ ¸·¥¤´¥° ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ µÉ ÔËË¥±É¨¢-
´µ£µ Ê£²  ¤²Ö · ¢´µ³¥·´µ° ¶²µÉ´µ¸É¨ Pb ¢ ¨´É¥·¢ ²¥ µÉ 3,5 ¤µ 4 ’².

Š ± ¢¨¤´µ ¨§ ·¨¸. 13, Ê£µ² ψ ≈ 27◦. Šµ³¡¨´¨·ÊÖ ·¥§Ê²ÓÉ ÉÒ ³µ¤¥²¨·µ¢ ´¨Ö ¨ Ô±¸¶¥-
·¨³¥´É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¶·µÉµÉ¨¶µ¢ Œ�Š ³µ¦´µ ¶·¥¤¸± § ÉÓ · ¸¶·¥¤¥²¥´¨¥ ±µµ·-
¤¨´ É´µ° ÉµÎ´µ¸É¨ ¶µ ¶²µÐ ¤¨ Œ�Š (¸³. ·¨¸. 14).

„²Ö £ §µ¢µ° ¸³¥¸¨ Ar(30 %) + CF4(10 %) + CO2(60 %) ÔËË¥±É¨¢´Ò° Ê£µ² ´ ±²µ´   ´µ¤-
´µ° ¶·µ¢µ²µ±¨ ψ ≈ 29,5◦.
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�¨¸. 13. ‡ ¢¨¸¨³µ¸ÉÓ ¸·¥¤´¥° ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ ¸É ´Í¨¨ ME1/1 µÉ ÔËË¥±É¨¢´µ£µ Ê£²  ´ -

±²µ´   ´µ¤´µ° ¶·µ¢µ²µ±¨ ¤²Ö £ §µ¢µ° ¸³¥¸¨ Ar(30 %) + CF4(10 %) + CO2(60 %)

�¨¸. 14. � ¸¶·¥¤¥²¥´¨¥ ±µµ·¤¨´ É´µ° ÉµÎ´µ¸É¨ ¶µ ¶²µÐ ¤¨ µÉ¤¥²Ó´µ£µ ¸²µÖ Œ�Š ¤²Ö £ §µ¢µ°
¸³¥¸¨ Ar(30 %) + CF4(10 %) + CO2(60 %) (¡¥§ ÊÎ¥É  ¢²¨Ö´¨Ö ± Î¥¸É¢  ¨§£µÉµ¢²¥´¨Ö Œ�Š)

‡�Š‹�—…�ˆ…

� §· ¡µÉ ´  ´µ¢ Ö ³¥Éµ¤¨±  ¨§³¥·¥´¨Ö ÔËË¥±É¨¢´µ£µ Ê£²  ‹µ·¥´Í , ´¥ É·¥¡ÊÕÐ Ö ¸µ-
§¤ ´¨Ö ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ ¤¥É¥±Éµ·µ¢. ‚Ò¶µ²´¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨§³¥·¥´¨Ö ÔË-
Ë¥±É¨¢´µ£µ Ê£²  ´ ±²µ´   ´µ¤´µ° ¶·µ¢µ²µ±¨ Œ�Š ¤²Ö · §²¨Î´ÒÌ £ §µ¢ÒÌ ¸³¥¸¥° ¶·¨
· ¡µÉ¥ ¢ ³ £´¨É´µ³ ¶µ²¥, ¡²¨§±µ³ ± ¶µ²Õ CMS. �µ± § ´µ ¢²¨Ö´¨¥ ±µ³¶µ´¥´Éµ¢ ³ £´¨É-
´µ£µ ¶µ²Ö Br ¨ Bz ´  ±µµ·¤¨´ É´ÊÕ ÉµÎ´µ¸ÉÓ.

�¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ˆ.�. ƒµ²ÊÉ¢¨´Ê §  ¶µ¸ÉµÖ´´Ò° ¨´É¥·¥¸ ± · ¡µÉ¥ ¨
¥¥ ¶µ¤¤¥·¦±Ê,   É ±¦¥ �.‚. ‡ ·Ê¡¨´Ê §  ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö.
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