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� ¸¸³µÉ·¥´Ò ÔÉ ¶Ò · §¢¨É¨Ö ¨ ¸µ¢·¥³¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ³¥Éµ¤¨±¨ £ §µ´ ¶µ²´¥´´ÒÌ
É·¥Ì±µµ·¤¨´ É´ÒÌ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢, ³¥Éµ¤µ¢ ¸Î¨ÉÒ¢ ´¨Ö ¨ ·¥£¨¸É· Í¨¨ Éµ¶µ-
²µ£¨° ¸²µ¦´ÒÌ ¸µ¡ÒÉ¨°, ·¥£¨¸É·¨·Ê¥³ÒÌ ¸ ¶µ³µÐÓÕ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢. �¡¸Ê¦-
¤ ÕÉ¸Ö µ¸µ¡¥´´µ¸É¨ É ±¨Ì É·¥Ì±µµ·¤¨´ É´ÒÌ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢, ± ± ¢·¥³Ö¶·µ¥±-
Í¨µ´´Ò¥ ± ³¥·Ò, ®µ¡· §´Ò¥¯ (jet) ± ³¥·Ò, ¢¥±Éµ·´Ò¥ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò ¨ ¢¥·Ï¨´-
´Ò¥ ¤¥É¥±Éµ·Ò, ¸µ§¤ ¢ ¥³Ò¥ ´  ¡ §¥ ®¸µ²µ³¥´´ÒÌ É·Ê¡µ±¯. �·¨¢µ¤ÖÉ¸Ö É ¡²¨ÍÒ,
¸µ¤¥·¦ Ð¨¥ ¶ · ³¥É·Ò ´ ¨¡µ²¥¥ ¨§¢¥¸É´ÒÌ £ §µ´ ¶µ²´¥´´ÒÌ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢,
¨¸¶µ²Ó§Ê¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Ë¨±¸¨·µ¢ ´´µ° ³¨Ï¥´ÓÕ ¨ ´  ±µ²² °¤¥· Ì.

Modern state and development of the technique gaseous three-coordinate (three-dimen-
sional) detectors are considered. The methods of the readout and registration complicated
events registered by gaseous vertex detectors are described. The peculiarity such three-
coordinate vertex detectors as time projection chambers, pictorial (jet) chambers, vector
chambers and chambers which based on straw tubes are discussed. The tables having
characteristics most well-known gaseous three-coordinate detectors used in both fixed target
and experiment and on colliders are given.

1. ‚‚…„…�ˆ…

�µ¸²¥ µÉ±·ÒÉ¨Ö J 6 ψ-Î ¸É¨ÍÒ ¢ ´µÖ¡·¥ 1974 £. ´ Î ²¸Ö ´µ¢Ò° ÔÉ ¶ ¢
· §¢¨É¨¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, Ô²¥±É·µ´´ÒÌ ³¥Éµ¤µ¢ Ë¨§¨±¨ ¢Ò-
¸µ±¨Ì Ô´¥·£¨° ¨ Ê¸±µ·¨É¥²Ó´µ° É¥Ì´¨±¨, ¶µÉ·¥¡µ¢ ¢Ï¨° ¨§ÊÎ¥´¨Ö ¸¢µ°¸É¢

±µ·µÉ±µ¦¨¢ÊÐ¨Ì Î ¸É¨Í ¸ ¢·¥³¥´¥³ ¦¨§´¨ ³¥´ÓÏ¥ 10−8 c. ‚ ¸µµÉ¢¥É¸É¢¨¨
¸ ¶·¨´ÖÉµ° ±² ¸¸¨Ë¨± Í¨¥° ¶µ ¢·¥³¥´¨ ¦¨§´¨ [1] Ô²¥³¥´É ·´Ò¥ Î ¸É¨ÍÒ ¨
·¥§µ´ ´¸Ò · §¤¥²ÖÕÉ¸Ö ´  É·¨ £·Ê¶¶Ò.

1. „µ²£µ¦¨¢ÊÐ¨¥ Î ¸É¨ÍÒ ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¸¢ÒÏ¥ 10−8 c. �µ·µ¦¤ ¥-
³Ò¥ ¢ ¸Éµ²±´µ¢¥´¨ÖÌ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ, µ´¨ ¨³¥ÕÉ ¤²¨´Ê · ¸¶ ¤ 

¶µ·Ö¤±  1 ³ ¨ ¡µ²¥¥ (K ±, π±, µ±Á). „¥É¥±É¨·µ¢ ´¨¥ ¨ ´ ¡²Õ¤¥´¨¥ É ±¨Ì
Î ¸É¨Í ¸ ¶µ³µÐÓÕ µ¡ÒÎ´ÒÌ É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ´¥ ¶·¥¤¸É ¢²Ö¥É µ¸µ¡ÒÌ
É·Ê¤´µ¸É¥°,   ¤²Ö ¨Ì ¨¤¥´É¨Ë¨± Í¨¨ ¤µ¶µ²´¨É¥²Ó´µ ¨¸¶µ²Ó§ÊÕÉ¸Ö Î¥·¥´-
±µ¢¸±¨¥ ¸Î¥ÉÎ¨±¨.
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2. �¥°É· ²Ó´Ò¥ Î ¸É¨ÍÒ (γ, KL
 0, nÁ), ´ ¡²Õ¤ ¥³Ò¥ ¸ ¶µ³µÐÓÕ ± ²µ·¨-

³¥É·µ¢.

3. — ¸É¨ÍÒ ¸ ¢·¥³¥´¥³ ¦¨§´¨ ¶µ·Ö¤±  10−10 c (Ks
 0, Σ±, Λ Á). ˆ§ÊÎ¥´¨¥

¸¢µ°¸É¢ É ±¨Ì Î ¸É¨Í ´¥ É·¥¡Ê¥É ¶·¨³¥´¥´¨Ö ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢.
˜¨·µ±¨° ¸¶¥±É· ¶·µ¡²¥³ ¢ Ë¨§¨±¥ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ´ Î¨´ Ö ¸ ¸¥·¥-
¤¨´Ò 70-Ì £µ¤µ¢, ¢µ§´¨± ¢ ¸¢Ö§¨ ¸ ¨§ÊÎ¥´¨¥³ ¸¢µ°¸É¢ ±µ·µÉ±µ¦¨¢ÊÐ¨Ì Î ¸-

É¨Í ¸ ¢·¥³¥´¥³ ¦¨§´¨ ³¥´ÓÏ¥ 10−11 c.
�¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É, ´ ¶·¨³¥·, ¸¥³¥°¸É¢µ É ±¨Ì Ô²¥³¥´É ·-

´ÒÌ Î ¸É¨Í, ± ± τ-²¥¶Éµ´Ò,  ¤·µ´Ò, µÎ ·µ¢ ´´Ò¥ ¨ ¶·¥²¥¸É´Ò¥ Î ¸É¨ÍÒ

(10−12−10−13 c), ¤²¨´  · ¸¶ ¤  ±µÉµ·ÒÌ ¸µ¸É ¢²Ö¥É ¸µÉ´¨ ³¨±·µ³¥É·µ¢. �É¨
Î ¸É¨ÍÒ ¤¥É¥±É¨·ÊÕÉ¸Ö ¨ ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö ¸ ¶µ³µÐÓÕ Ë¨§¨Î¥¸±¨Ì Ê¸É -
´µ¢µ±, ̧ µ¤¥·¦ Ð¨Ì ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò. �¡ÒÎ´µ ́  ·Ö¤Ê ̧  ¶¥·¢¨Î´µ° ¢¥·-
Ï¨´µ° · ¸¶ ¤  ¨³¥ÕÉ¸Ö ¤¢¥ ¨²¨ ¡µ²¥¥ ¢Éµ·¨Î´ÒÌ ¢¥·Ï¨´, ´ Ìµ¤ÖÐ¨Ì¸Ö ´ 
· ¸¸ÉµÖ´¨¨ L µ¤´  µÉ ¤·Ê£µ°. ’¨¶¨Î´µ¥ §´ Î¥´¨¥ L ̧ µ¸É ¢²Ö¥É ¸µÉ´¨ ³¨±·µ-
³¥É·µ¢ (·¨¸.1) [1]. Š § ²µ¸Ó ¡Ò, ¶ÊÉ¥³ ´¥¶µ¸·¥¤¸É¢¥´´µ£µ ¨§³¥·¥´¨Ö ÔÉµ°
¢¥²¨Î¨´Ò ¨ Ì · ±É¥·¨¸É¨± ¶·µ¤Ê±Éµ¢ · ¸¶ ¤  ³µ¦´µ ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ
´ °É¨ ¢·¥³Ö ¦¨§´¨ τ. �¤´ ±µ É ±µ° ³¥Éµ¤ ¨§³¥·¥´¨Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
¶· ±É¨Î¥¸±¨ ´¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¢¸²¥¤¸É¢¨¥ ·Ö¤  ¶·¨Î¨´: ¢Ò¸µ±µ£µ Ê·µ¢´Ö
Ëµ´  ¢ Ô±¸¶¥·¨³¥´É Ì ¨ ¢Ò¢¥¤¥´´ÒÌ ¶ÊÎ± Ì ¢Ò¸µ±¨Ì Ô´¥·£¨°, ¶·µ¢µ¤¨³ÒÌ
´  ±µ²² °¤¥pax; ´¥¢µ§³µ¦´µ¸É¨ ´¥¶µ¸·¥¤¸É¢¥´´µ£µ ¨§³¥·¥´¨Ö ±µµ·¤¨´ ÉÒ
¶¥·¢¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤ , ±µÉµ· Ö ´ Ìµ¤¨É¸Ö ¢´ÊÉ·¨ ¨µ´µ¶·µ¢µ¤ , £¤¥
¸É ²±¨¢ ÕÉ¸Ö ¢¸É·¥Î´Ò¥ ¶ÊÎ±¨; ´¥¢µ§³µ¦´µ¸É¨ µ¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸  Î ¸-
É¨ÍÒ ¢ ¸²ÊÎ ¥ · ¸¶ ¤  ´¥°É· ²Ó´ÒÌ Î ¸É¨Í. �µÔÉµ³Ê ¤²Ö µ¶·¥¤¥²¥´¨Ö ±µµ·-
¤¨´ É ¢¥·Ï¨´ · ¸¶ ¤  ¶·¨³¥´Ö¥É¸Ö ±µ¸¢¥´´Ò° ³¥Éµ¤, µ¸´µ¢ ´´Ò° ´  ¨§³¥-
·¥´¨¨ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  ± ¦¤µ£µ É·¥±  (·¨¸.2).

�·¨Í¥²Ó´Ò° ¶ · ³¥É· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° · ¸¸ÉµÖ´¨¥ h, ´  ±µÉµ·µ¥
É·¥± ¨§ ¢Éµ·¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤  ¶·¨ Ô±¸É· ¶µ²ÖÍ¨¨ ´ § ¤ µÉ±²µ´Ö¥É¸Ö

�¨¸.1. ’µ¶µ²µ£¨Ö É¨¶¨Î´µ£µ ¸µ¡ÒÉ¨Ö, ¸µ¤¥·¦ Ð¥£µ ´¥¸±µ²Ó±µ ¢¥·Ï¨´ · ¸¶ ¤ 

(¤²Ö π0-³¥§µ´µ¢ ¸ Ô´¥·£¨¥° 350 ƒÔ‚/¸). ‘µ¡ÒÉ¨¥ § ·¥£¨¸É·¨·µ¢ ´µ ¸ ¶µ³µÐÓÕ
ËµÉµÔ³Ê²Ó¸¨¨

1500   �ˆŠˆ’�Š �.Œ.



µÉ ¶¥·¢¨Î´µ° ¢¥·Ï¨´Ò. ‘ÊÐ¥¸É¢¥´´Ò³ Ö¢²Ö¥É¸Ö Éµ, ÎÉµ §´ Î¥´¨¥ ÔÉµ£µ
¶ · ³¥É·  ´¥ § ¢¨¸¨É µÉ ¨³¶Ê²Ó¸  Î ¸É¨ÍÒ, ¨ ¶µÔÉµ³Ê µ´ ¨¸¶µ²Ó§Ê¥É¸Ö ± ±
¤²Ö µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ É ¢¥·Ï¨´ · ¸¶ ¤ , É ± ¨ ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨
¦¨§´¨ ±µ·µÉ±µ¦¨¢ÊÐ¨Ì Î ¸É¨Í [2]. �µ¦ ²Ê°, ¢¶¥·¢Ò¥ ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó-
§µ¢ ´¨Ö ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  ¤²Ö µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ É ¢¥·Ï¨´ · ¸¶ ¤ 
Î ¸É¨Í ¡Ò²  ¶µ± § ´  ¢ [3]. ‘ ÊÎ¥Éµ³ ³ ²µ° ¢¥²¨Î¨´Ò ¢·¥³¥´¨ ¦¨§´¨ τ
ÉµÎ´µ¸ÉÓ ¨§³¥·¥´¨Ö ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É· , µ¸µ¡¥´´µ ¢ µ¡² ¸É¨, ¡²¨§±µ° ±
³¨Ï¥´¨, ¤µ²¦´  ¸µ¸É ¢²ÖÉÓ ¤¥¸ÖÉ±¨ ¨ ¤ ¦¥ ¥¤¨´¨ÍÒ ³¨±·µ³¥É·µ¢. „²Ö
¤µ¸É¨¦¥´¨Ö ¸Éµ²Ó ¢Ò¸µ±µ° ÉµÎ´µ¸É¨ ¶·¨³¥´ÖÕÉ¸Ö · §²¨Î´Ò¥ É¨¶Ò ¤¥É¥±Éµ-
·µ¢: ËµÉµÔ³Ê²Ó¸¨µ´´Ò¥ ¶² ¸É¨´Ò, ¶Ê§Ò·Ó±µ¢Ò¥ ± ³¥·Ò, ¢Ò¸µ±µ¶·¥Í¨§¨µ´-
´Ò¥ £ §µ´ ¶µ²´¥´´Ò¥ ¤¥É¥±Éµ·Ò, ³¨±·µ¢¥·Ï¨´´Ò¥ ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò¥
¤¥É¥±Éµ·Ò,   É ±¦¥ ³¨±·µ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò ´  µ¸´µ¢¥ ¸Í¨´É¨²²ÖÍ¨µ´-
´ÒÌ ¢µ²µ±µ´´µ-µ¶É¨Î¥¸±¨Ì ¸¢¥Éµ¢µ¤µ¢ (‘‚�‘).

‚Ò¸µ± Ö ÉµÎ´µ¸ÉÓ, ¶·¨¸ÊÐ Ö ¶Ê§Ò·Ó±µ¢Ò³ ± ³¥· ³, ¶µ§¢µ²Ö¥É ´¥¶µ-
¸·¥¤¸É¢¥´´µ ´ ¡²Õ¤ ÉÓ ¨ ¨§³¥·ÖÉÓ ¶ · ³¥É·Ò ¨ Éµ¶µ²µ£¨¨ ¸µ¡ÒÉ¨° ¸
±µ·µÉ±µ¦¨¢ÊÐ¨³¨ Î ¸É¨Í ³¨. �·¨ ¤¨ ³¥É·¥ ¶Ê§Ò·Ó±  20 ³±³ · §·¥Ï¥´¨¥
¤¢ÊÌ É·¥±µ¢ ¸µ¸É ¢²Ö¥É 20 ³±³,   ÉµÎ´µ¸ÉÓ ¨§³¥·¥´¨Ö ±µµ·¤¨´ ÉÒ ÉµÎ±¨
¢¤µ²Ó É·¥±  5 ³±³. �´ ²µ£¨Î´ Ö ÉµÎ´µ¸ÉÓ ¶µ²ÊÎ ¥É¸Ö ¨ ¸ ¶µ³µÐÓÕ ËµÉµ-
Ô³Ê²Ó¸¨µ´´µ° ³¥Éµ¤¨±¨, µ¤´ ±µ ¶·¨ ¥¥ ¨¸¶µ²Ó§µ¢ ´¨¨ µ¸É ¢²Ö¥É ¦¥² ÉÓ
²ÊÎÏ¥£µ ¸±µ·µ¸ÉÓ ´ ¡µ·  ¸É É¨¸É¨±¨, ¨, ±·µ³¥ Éµ£µ, µ´  ´¥ ¶µ§¢µ²Ö¥É ¨¸-
¶µ²Ó§µ¢ ÉÓ Ô²¥±É·µ´´Ò¥ ³¥Éµ¤Ò µÉ¡µ·  ¨ ·¥±µ´¸É·Ê±Í¨¨ ¶µ²¥§´ÒÌ ¸µ¡ÒÉ¨°
¸ ¶µ³µÐÓÕ ³´µ£µÊ·µ¢´¥¢ÒÌ É·¨££¥·´ÒÌ ¸¨¸É¥³ ·¥£¨¸É· Í¨¨ ¨ Ë¨²ÓÉ· Í¨¨
Ë¨§¨Î¥¸±µ° ¨´Ëµ·³ Í¨¨. �µÔÉµ³Ê ± ± ¢ ¸µ¢·¥³¥´´ÒÌ, É ± ¨ ¢µ ¢´µ¢Ó
¶² ´¨·Ê¥³ÒÌ Ô±¸¶¥·¨³¥´É Ì ¢ µ¡² ¸É¨ Ë¨§¨±¨ ¢Ò¸µ±¨Ì ¨ ¸¢¥·Ì¢Ò¸µ±¨Ì
Ô´¥·£¨° ¶·¨³¥´ÖÕÉ¸Ö Ô²¥±É·µ´´ Ö ¨ Ô²¥±É·µ´´µ-µ¶É¨Î¥¸± Ö ³¥Éµ¤¨±¨, £¤¥
¢ ± Î¥¸É¢¥ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢ ¨¸¶µ²Ó§ÊÕÉ¸Ö ³´µ£µÖÎ¥¥Î´Ò¥ ¤·¥°Ëµ¢Ò¥
É·¥Ì±µµ·¤¨´ É´Ò¥ ¤¥É¥±Éµ·Ò, ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò¥ ¤¥É¥±Éµ·Ò · §²¨Î´ÒÌ
³µ¤¨Ë¨± Í¨° ¨ ‘‚�‘.

‚ É ¡².1 ¶·¨¢¥¤¥´Ò ¸· ¢´¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò ¶¥·¸¶¥±É¨¢´ÒÌ ¢¥·Ï¨´-
´ÒÌ ¤¥É¥±Éµ·µ¢.

�¨¸.2. �¶·¥¤¥²¥´¨¥ ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É· 
h ¢ ̧ ²ÊÎ ¥, ±µ£¤  ́ ¥¨§¢¥¸É´  ±µµ·¤¨´ É  ¶¥·-
¢¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤  (�‚); 1,2,3 Å µ¸¨
±µµ·¤¨´ É. ‚‚ Å ¢Éµ·¨Î´ Ö ¢¥·Ï¨´  · ¸-
¶ ¤ 
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�Ò¸É·µ¤¥°¸É¢¨¥ ¢·¥³Ö¶·µ¥±Í¨µ´´ÒÌ ± ³¥· ¢ µ¸´µ¢´µ³ µ¶·¥¤¥²Ö¥É¸Ö
¢·¥³¥´¥³ ¤·¥°Ë , ¨ ¢¸²¥¤¸É¢¨¥ ¡µ²ÓÏµ£µ ¤·¥°Ëµ¢µ£µ ¶·µ³¥¦ÊÉ±  ¢·¥³Ö
¤·¥°Ë  Ô²¥±É·µ´µ¢ ¸µ¸É ¢²Ö¥É ¤¥¸ÖÉ±¨ ³¨±·µ¸¥±Ê´¤. �Éµ ¶·¨¢µ¤¨É ± Éµ³Ê,
ÎÉµ ¨´Ëµ·³ Í¨Ö, ·¥£¨¸É·¨·Ê¥³ Ö ¢ ‚�Š, ´¥ ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¤²Ö ¢Ò-
· ¡µÉ±¨ ¡Ò¸É·µ£µ É·¨££¥·´µ£µ ̧ ¨£´ ²  ¶¥·¢µ£µ Ê·µ¢´Ö. Š ³¥·Ò É¨¶  ®¤¦¥É¯
¸ ¢·¥³¥´´µ° · ¸ÉÖ¦±µ°, ³Ê²ÓÉ¨¤·¥°Ëµ¢Ò¥ ¨ ¸µ²µ³¥´´Ò¥ É·Ê¡±¨ ¨³¥ÕÉ ´ 
¶µ·Ö¤µ± ¡µ²¥¥ ¢Ò¸µ±µ¥ ¡Ò¸É·µ¤¥°¸É¢¨¥ ¶µ ¸· ¢´¥´¨Õ ¸ ‚�Š, ¶µÔÉµ³Ê µ´¨
´¥ µ£· ´¨Î¨¢ ÕÉ ¢µ§³µ¦´µ¸É¨ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·µ´´µ°  ¶¶ · ÉÊ·Ò.
�¸É ²Ó´Ò³ É¨¶ ³ ¤¥É¥±Éµ·µ¢ ¶·¨¸ÊÐ¥ ¢Ò¸µ±µ¥ ¡Ò¸É·µ¤¥°¸É¢¨¥, ±µÉµ·µ¥
¶· ±É¨Î¥¸±¨ É·Ê¤´µ ·¥ ²¨§µ¢ ÉÓ ¨§-§  ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ± ´ ²µ¢
·¥£¨¸É· Í¨¨. �µÔÉµ³Ê Î Ð¥ ¢¸¥£µ ¤²Ö ÎÉ¥´¨Ö ¤ ´´ÒÌ µÉ ³¨±·µ¶µ²µ¸±µ¢ÒÌ
¤¥É¥±Éµ·µ¢ ¨¸¶µ²Ó§ÊÕÉ¸Ö ³Ê²ÓÉ¨¶²¥±¸µ·Ò. —É¥´¨¥ ¨´Ëµ·³ Í¨¨ µÉ �‡‘-
³ É·¨Í ̈  ‘‚�‘ ¢Ò¶µ²´Ö¥É¸Ö ¶µ¸²¥¤µ¢ É¥²Ó´Ò³ ̧ ¶µ¸µ¡µ³, ¶µÔÉµ³Ê µ´µ É·¥-
¡Ê¥É ¢·¥³¥´¨ ¶µ·Ö¤±  ¤¥¸ÖÉ±µ¢ ³¨²²¨¸¥±Ê´¤.

–¥²Ó ¤ ´´µ£µ µ¡§µ·  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ¢ ¸¦ Éµ° Ëµ·³¥ ¸¨¸É¥³ É¨-
§¨·µ¢ ÉÓ ³´µ£µÎ¨¸²¥´´Ò¥ ¶Ê¡²¨± Í¨¨, ¶µ¸¢ÖÐ¥´´Ò¥ ¶·¥Í¨§¨µ´´Ò³ £ §µ´ -
¶µ²´¥´´Ò³ ¢¥·Ï¨´´Ò³ ¤¥É¥±Éµ· ³,  ¸¸µÍ¨¨·µ¢ ´´Ò³¨ ¸ ´¨³¨ Ô²¥±É·µ´-
´Ò³¨ ¸¨¸É¥³ ³¨ ¸Î¨ÉÒ¢ ´¨Ö ¨ ¸¶¥Í¨ ²¨§¨·µ¢ ´´Ò³¨ ¶·µÍ¥¸¸µ· ³¨ ¤²Ö ¤¥-
É¥±É¨·µ¢ ´¨Ö ¢¥·Ï¨´ · ¸¶ ¤  Î ¸É¨Í ̈  ¢ÒÎ¨¸²¥´¨Ö ¶·¨Í¥²Ó´µ£µ ¶ · ³¥Épa.
‚ · §¤.2 · ¸¸³µÉ·¥´Ò µ¸µ¡¥´´µ¸É¨ ³¥Éµ¤¨±¨ Ô±¸¶¥·¨³¥´Éµ¢ ¸ Ë¨±¸¨·µ¢ ´-
´µ° ³¨Ï¥´ÓÕ ¨ Ô±¸¶¥·¨³¥´Éµ¢ ´  ¸É ²±¨¢ ÕÐ¨Ì¸Ö ¶ÊÎ± Ì. ‚ · §¤.3 ±· É±µ
· ¸¸³µÉ·¥´Ò ¢µ¶·µ¸Ò · §¢¨É¨Ö ¨ µ¸µ¡¥´´µ¸É¨ É·¥Ì³¥·´ÒÌ £ §µ´ ¶µ²´¥´-
´ÒÌ ¤¥É¥±Éµ·µ¢. ‚ · §¤.4 µ¶¨¸ ´Ò ±µ´¸É·Ê±É¨¢´Ò¥ µ¸µ¡¥´´µ¸É¨ ¨ Ì · ±-
É¥·¨¸É¨±¨ ´ ¡µ²¥¥ ¨§¢¥¸É´ÒÌ ¢·¥³Ö¶·µ¥±Í¨µ´´ÒÌ ± ³¥·. �ÖÉÒ° · §¤¥²
¶µ¸¢ÖÐ¥´ ¡µ²¥¥ ¡Ò¸É·Ò³ ¨ ÉµÎ´Ò³ ¶µ ¸· ¢´¥´¨Õ ¸ ‚�Š ¤¦¥É-± ³¥· ³.

’ ¡²¨Í  1. ‘· ¢´¨É¥²Ó´Ò¥ ¶ · ³¥É·Ò ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢

� · ³¥É·
„¥É¥±Éµ·

‚�Š* jet-**
± ³¥·Ò

ŒÊ²ÓÉ¨-
¤·¥°Ëµ¢Ò¥

É·Ê¡±¨

Œ¨±·µ-
¶µ²µ¸±µ¢Ò°
¤¥É¥±Éµ·

�‡‘ ‘‚�‘

�·µ¸É· ´¸É¢¥´´µ¥
· §·¥Ï¥´¨¥, ³±³ 200 20Å100 10Å50 2Å20 3Å5 25

� §·¥Ï¥´¨¥ ¤¢ÊÌ
É·¥±µ¢, ³±³ 2500 35Å500 Å 50Å60 40Å50 52

’µÎ´µ¸ÉÓ
µ¶·¥¤¥²¥´¨Ö
¶·¨Í¥²Ó´µ£µ
¶ · ³¥É· , ³±³

Å 35Å100 35Å100 40 30 10

 *B�Š Å ¢·¥³Ö¶·µ¥±Í¨µ´´Ò¥ ± ³¥·Ò.
**jet Å £ §µ´ ¶µ²´¥´´Ò¥ ³¨±·µ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò.
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‚ · §¤.6 µ¶¨¸ ´Ò ¢¥±Éµ·´Ò¥ ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò ¨ ± ³¥·Ò ¸ ¢·¥³¥´´µ°
· ¸ÉÖ¦±µ°. ‘¥¤Ó³µ° · §¤¥² ¶µ¸¢ÖÐ¥´ É ±¨³ ¶¥·¸¶¥±É¨¢´Ò³ £ §µ´ ¶µ²´¥´-
´Ò³ ¢¥·Ï¨´´Ò³ ¤¥É¥±Éµ· ³, ¢ ±µÉµ·ÒÌ ¨¸¶µ²Ó§ÊÕÉ¸Ö ³Ê²ÓÉ¨¤·¥°Ëµ¢Ò¥ ¨
®¸µ²µ³¥´´Ò¥¯ É·Ê¡±¨.

2. �‘��…���‘’ˆ Œ…’�„ˆŠˆ �Š‘�…�ˆŒ…�’�‚
‘ ”ˆŠ‘ˆ��‚����‰ Œˆ˜…�œ�

ˆ �Š‘�…�ˆŒ…�’�‚ �� ‘’�‹Šˆ‚��™ˆ•‘Ÿ �“—Š�•

‘ÊÐ¥¸É¢Ê¥É ¤¢  É¨¶  Ô±¸¶¥·¨³¥´Éµ¢ ¶µ Ë¨§¨±¥ ¢Ò¸µ±¨Ì Ô´¥·£¨°, ¢Ò-
¶µ²´Ö¥³ÒÌ ´  Ê¸±µ·¨É¥²ÖÌ.

‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¢§ ³µ¤¥°¸É¢¨¥ Ê¸±µ·Ö¥³µ° ¶ÊÎ±µ¢µ° Î ¸-
É¨ÍÒ ¸ ¶µ±µÖÐ¥°¸Ö Î ¸É¨Í¥° ³¨Ï¥´¨ (Ô±¸¶¥·¨³¥´ÉÒ ¸ Ë¨±¸¨·µ¢ ´´µ°
³¨Ï¥´ÓÕ). ‚ ÔÉ¨Ì Ê¸²µ¢¨ÖÌ Ô´¥·£¨Ö ¸¨¸É¥³Ò Í¥´É·  ³ ¸¸ · ¸É¥É ± ± ±µ·¥´Ó
±¢ ¤· É´Ò° ¨§ Ô´¥·£¨¨ ¶ÊÎ±  Î ¸É¨Í. �·¨ ÔÉµ³ ¡µ²ÓÏ¨´¸É¢µ ¶·µ¤Ê±Éµ¢
¢§ ¨³µ¤¥°¸É¢¨Ö · ¸¶·µ¸É· ´Ö¥É¸Ö µÉ ³¨Ï¥´¨ ¶µ¤ ´¥¡µ²ÓÏ¨³ Ê£²µ³ ± µ¸¨
¶ÊÎ± .

‚Éµ·µ° ¸²ÊÎ ° Å ¨¸¶µ²Ó§µ¢ ´¨¥ ±µ²² °¤¥·µ¢, £¤¥ Ê¸±µ·Ö¥³Ò¥ Î ¸É¨ÍÒ
Í¨·±Ê²¨·ÊÕÉ ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÒÌ ´ ¶· ¢²¥´¨ÖÌ ¨ ¸É ²±¨¢ ÕÉ¸Ö ¢´ÊÉ·¨ ³ -
²µ° µ¡² ¸É¨ ¶¥·¥¸¥Î¥´¨Ö ¶ÊÎ±µ¢. �´¥·£¨Ö ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸ · ¸É¥É
²¨´¥°´µ ¸ Ô´¥·£¨¥° ¶ÊÎ±µ¢. �µÔÉµ³Ê É ±¨¥ Ê¸±µ·¨É¥²¨ ¨³¥ÕÉ ¡µ²ÓÏ¨¥ ¶¥·-
¸¶¥±É¨¢Ò · §¢¨É¨Ö. „µ¸É¨£´ÊÉ Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ô´¥·£¨Ö ¶ÊÎ±  ´  ¶·µ-
Éµ´´µ³ ±µ²² °¤¥·¥ ¢ ‘˜� ¸µ¸É ¢²Ö¥É 1 ’Ô‚.

�¸µ¡¥´´µ¸É¨ Ô±¸¶¥·¨³¥´Éµ¢ ¸ Ë¨±¸¨·µ¢ ´´µ° ³¨Ï¥´ÓÕ ¢ É¥· Ô²¥±É·µ´-
¢µ²ÓÉ´µ° µ¡² ¸É¨ Ô´¥·£¨° § ±²ÕÎ ÕÉ¸Ö ¢ ¸²¥¤ÊÕÐ¥³: ¢¸¥ É·¥±¨ ±µ´Í¥´É-
·¨·ÊÕÉ¸Ö ¢ ³ ²µ³ Ê£²¥ ¶µ·Ö¤±  100 ³· ¤; ¡µ²ÓÏ Ö ³´µ¦¥¸É¢¥´´µ¸ÉÓ
·¥£¨¸É·¨·Ê¥³ÒÌ É·¥±µ¢ ¢ ¸µ¡ÒÉ¨ÖÌ; ¢Ò¸µ± Ö ¸±µ·µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨°
(´¥¸±µ²Ó±µ ¸µÉ ±¨²µ£¥·Í); ¡µ²ÓÏµ° ¨³¶Ê²Ó¸ Î ¸É¨Í. ‚ ¸¢Ö§¨ ¸ ¶µ¸²¥¤´¨³¨
µ¡¸ÉµÖÉ¥²Ó¸É¢ ³¨ ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ³µ¦´µ ¶·¥´¥¡·¥ÎÓ ÔËË¥±Éµ³ ³´µ£µ±· É-
´µ£µ · ¸¸¥Ö´¨Ö, ¨ ¶µÔÉµ³Ê ¢¥·Ï¨´´Ò° ¤¥É¥±Éµ· ³µ¦¥É ¸µ¸ÉµÖÉÓ ¨§ ´¥¸±µ²Ó-
±¨Ì · ¸¶µ²µ¦¥´´ÒÌ ¶¥·¶¥´¤¨±Ê²Ö·´µ ¶ÊÎ±Ê £µ¤µ¸±µ¶¨Î¥¸±¨Ì ¶²µ¸±µ¸É¥° ¸
¢Ò¸µ±¨³ ¶·µ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³, ¶·¨Î¥³ · ¸¸ÉµÖ´¨¥ µÉ ¶¥·¢µ°
¶²µ¸±µ¸É¨ ¤µ ³¨Ï¥´¨ ̈ §¢¥¸É´µ: µ´µ ¤µ²¦´µ ¡ÒÉÓ ¶µ·Ö¤±  ¢¥²¨Î¨´Ò γcτ, £¤¥
γ Å ·¥²ÖÉ¨¢¨¸É¸±¨° Ë ±Éµ·, c Å ¸±µ·µ¸ÉÓ ¸¢¥É , τ ~ 10−13 Å Ì · ±É¥·´µ¥
¢·¥³Ö ¦¨§´¨ µÎ ·µ¢ ´´ÒÌ Î ¸É¨Í.

‘ ÉµÎ±¨ §·¥´¨Ö ³¥Éµ¤¨±¨ Ë¨§¨Î¥¸±µ£µ Ô±¸¶¥·¨³¥´É  µ¶ÒÉÒ ´  ±µ²-
² °¤¥· Ì µÉ²¨Î ÕÉ¸Ö µÉ µ¶ÒÉµ¢ ¸ Ë¨±¸¨·µ¢ ´´µ° ³¨Ï¥´ÓÕ ¢ ´¥¸±µ²Ó±¨Ì
 ¸¶¥±É Ì.

1) �µ¸±µ²Ó±Ê ¸Éµ²±´µ¢¥´¨¥ Î ¸É¨Í ¶·µ¨¸Ìµ¤¨É ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸,
Éµ µ´¨ ³µ£ÊÉ · §²¥É ÉÓ¸Ö ¨§µÉ·µ¶´µ, ¨ ¶µÔÉµ³Ê ¤¥É¥±Éµ· ¤µ²¦¥´ ¶µ±·Ò¢ ÉÓ

¢¸Õ ¨²¨ ¡o′ ²ÓÏÊÕ Î ¸ÉÓ ¶·µ¸É· ´¸É¢  ¢§ ¨³µ¤¥°¸É¢¨Ö.
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2) Œ´µ¦¥¸É¢¥´´µ¸ÉÓ Î ¸É¨Í, ·µ¦¤ ¥³ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ¸Éµ²±´µ¢¥´¨Ö, ¸Ê-
Ð¥¸É¢¥´´µ ¶µ¢ÒÏ ¥É¸Ö ¸ ·µ¸Éµ³ Ô´¥·£¨¨ ¨ ³µ¦¥É ¸µ¸É ¢²ÖÉÓ 100 ¨ ¡µ²¥¥.
� ¡²Õ¤ ¥É¸Ö ¤ ¦¥ É ±µ° Ë¥´µ³¥´, ´ §Ò¢ ¥³Ò° ¸É·Ê¥° (jet), ±µ£¤  ¢¡²¨§¨
³¨Ï¥´¨ ¸µ¤¥·¦¨É¸Ö ³´µ¦¥¸É¢µ É·¥±µ¢ Î ¸É¨Í, · ¸Ìµ¤ÖÐ¨Ì¸Ö ¶µ¤ ´¥¡µ²Ó-
Ï¨³¨ Ê£² ³¨ ¤·Ê£ ± ¤·Ê£Ê.

3) �µ¸±µ²Ó±Ê ÉµÎ±  ¢§ ¨³µ¤¥°¸É¢¨Ö ´ Ìµ¤¨É¸Ö ¢´ÊÉ·¨ ¨µ´µ¶·µ¢µ¤ , Éµ
¥¥ ±µµ·¤¨´ É  ³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  ²¨ÏÓ ¶ÊÉ¥³ Ô±¸É· ¶µ²ÖÍ¨¨ § ·¥£¨¸É-
·¨·µ¢ ´´ÒÌ É·¥±µ¢ Î ¸É¨Í. ’¨¶¨Î´ Ö ¢¥²¨Î¨´  µ¡² ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢
´ ¶· ¢²¥´¨¨ ¶ÊÎ±  (z-±µµ·¤¨´ É ) ¸µ¸É ¢²Ö¥É 50 ¸³,   ¢ ¶µ¶¥·¥Î´µ³ ¸¥Î¥-
´¨¨ Å 1 ³³.

4) Œ¥´ÓÏ Ö, Î¥³ ¢ µ¶ÒÉ Ì ¸ Ë¨±¸¨·µ¢ ´´µ° ³¨Ï¥´ÓÕ, ±·¨¢¨§´  É·¥±µ¢
´¥ ¶µ§¢µ²Ö¥É ¶·¥´¥¡·¥£ ÉÓ ³´µ£µ±· É´Ò³ · ¸¸¥Ö´¨¥³ Î ¸É¨Í.

5) ‚µ§´¨± ¥É É ±¦¥ ¶·µ¡²¥³  · ¤¨ Í¨µ´´µ° ¸Éµ°±µ¸É¨ Ô²¥±É·µ´¨±¨,
· ¸¶µ²µ¦¥´´µ° ¡²¨§±µ ¢µ±·Ê£ ¨µ´µ¶·µ¢µ¤ .

‚¸¥ ÔÉ¨ ¨ ¤·Ê£¨¥ Ë ±Éµ·Ò ¸± §Ò¢ ÕÉ¸Ö ´  ¸²µ¦´µ¸É¨ Ë¨§¨Î¥¸±¨Ì Ê¸É -
´µ¢µ± ¢ Í¥²µ³, ¨Ì ±µ´Ë¨£Ê· Í¨¨ ¨ ³¥Éµ¤ Ì µ¡· ¡µÉ±¨ É·¥±µ¢µ° ¨´Ëµ·-
³ Í¨¨ ¨ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í. �µÔÉµ³Ê ¢¥·Ï¨´´Ò° ¤¥É¥±Éµ·, ¶µ ¸ÊÐ¥¸É-
¢Ê, ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ±µ³¶µ§¨Í¨Õ µÉ¤¥²Ó´ÒÌ ¤¥É¥±Éµ·µ¢, ¨³¥ÕÐ¨Ì · §-
²¨Î´Ò° ¶·¨´Í¨¶ ¤¥°¸É¢¨Ö, · §·¥Ï ÕÐÊÕ ¸¶µ¸µ¡´µ¸ÉÓ ¨ · §³¥·Ò. �  ·¨¸.3
¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´µ ¸Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ Ê¸É ´µ¢±¨
ALEPH, ¶·¥¤´ §´ Î¥´´µ° ¤²Ö ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ¢ –…�� [4]. “¸É -
´µ¢±  ¸µ¤¥·¦¨É ·Ö¤ µÉ¤¥²Ó´ÒÌ ¨ ¤µ¢µ²Ó´µ ¸²µ¦´ÒÌ ¤¥É¥±Éµ·µ¢, ¢Ò¶µ²´Ö-
ÕÐ¨Ì ¸¢µ¨ ¸¶¥Í¨Ë¨Î¥¸±¨¥ ËÊ´±Í¨¨. —¥·¥§ Í¥´É· Ê¸É ´µ¢±¨ ¶·µÌµ¤¨É

¨µ´µ¶·µ¢µ¤, £¤¥ ¶·µ¨¸Ìµ¤¨É ¢¸É·¥Î  e+e−-¶ÊÎ±µ¢. ’¨¶¨Î´Ò° ¤¨ ³¥É· ¨µ´µ-
¶·µ¢µ¤  · ¢¥´ 2,5 ¸³. ’·¥±µ¢ Ö ¸¨¸É¥³  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö É·¨ ¤¥É¥±Éµ· :
¢¥·Ï¨´´Ò° ¤¥É¥±Éµ·, ¸µ¸ÉµÖÐ¨° ¨§ ¤¢ÊÌ ¸²µ¥¢ ³¨±·µ¶µ²µ¸±µ¢ÒÌ ¤¥É¥±Éµ-
·µ¢ ¸ ¤¢Ê¸Éµ·µ´´¨³ ¸Î¨ÉÒ¢ ´¨¥³, ¤·¥°Ëµ¢ Ö ± ³¥·  ¸ ¢´¥Ï´¨³ · ¤¨Ê¸µ³
35 ¸³, ±µÉµ· Ö ± Éµ³Ê ¦¥ Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ É·¨££¥·´µ° ¸¨¸É¥³Ò, ¨ ¢·¥³Ö¶·µ-
¥±Í¨µ´´ Ö ± ³¥·  ¸ ¢´¥Ï´¨³ · ¤¨Ê¸µ³ 125 ¸³. �¥·¢µ´ Î ²Ó´µ ¢³¥¸Éµ
¶µ²Ê¶·µ¢µ¤´¨±µ¢µ£µ ¢¥·Ï¨´´µ£µ ¤¥É¥±Éµ·  ¨¸¶µ²Ó§µ¢ ² ¸Ó £ §µ´ ¶µ²´¥´-
´ Ö ± ³¥·  É¨¶  ¤¦¥É. ‘²¥¤Ê¥É µ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¤¢  É¨¶  ¤¥É¥±Éµ·µ¢,
±µÉµ·Ò¥ ¡Ê¤ÊÉ µ¶¨¸ ´Ò ¡µ²¥¥ ¤¥É ²Ó´µ ¢ ¸²¥¤ÊÕÐ¨Ì · §¤¥² Ì µ¡§µ· . �¥·-
¢Ò° ¨§ ´¨Ì · ¸¶µ²µ¦¥´ ´¥¶µ¸·¥¤¸É¢¥´´µ Ê ¨µ´µ¶·µ¢µ¤ , £¤¥ ¶²µÉ´µ¸ÉÓ É·¥-
±µ¢ ´ ¨¡µ²¥¥ ¢Ò¸µ± . �Éµ É ± ´ §Ò¢ ¥³ Ö ¤¦¥É-± ³¥· , ±µÉµ· Ö ¢Ò¶µ²´Ö¥É
ËÊ´±Í¨¨ ³¨±·µ¢¥·Ï¨´´µ£µ ¶·¥Í¨§¨µ´´µ£µ ¤¥É¥±Éµ· . ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¢
± Î¥¸É¢¥ ³¨±·µ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢ ¶·¨³¥´ÖÕÉ¸Ö É ±¦¥ �‡‘-³ É·¨ÍÒ.
‘ ¶µ³µÐÓÕ ‚�Š (¢´¥Ï´¨° ¤¨ ³¥É· 2 ³) ·¥£¨¸É·¨·ÊÕÉ¸Ö É·¥±¨, · ¸¶µ²µ-
¦¥´´Ò¥ ¢¤ ²¨ µÉ ¶¥·¢¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤ . ‚·¥³Ö¶·µ¥±Í¨µ´´ Ö ± ³¥· 
¶µ³¥Ð¥´  ¢ ³ £´¨É´µ¥ ¶µ²¥, ´¥µ¡Ìµ¤¨³µ¥ ¤²Ö ¨§³¥·¥´¨Ö ±·¨¢¨§´Ò É·¥±µ¢.
“¸É ´µ¢±  ¸µ¤¥·¦¨É É ±¦¥ ·Ö¤ ¤¥É¥±Éµ·µ¢, ¸ ¶µ³µÐÓÕ ±µÉµ·ÒÌ ¶µ²ÊÎ ¥É¸Ö
¤µ¶µ²´¨É¥²Ó´ Ö ¨´Ëµ·³ Í¨Ö. ’ ±, ¸ ¶µ³µÐÓÕ ± ²µ·¨³¥É·µ¢ ¨§³¥·Ö¥É¸Ö
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Ô´¥·£¨Ö Î ¸É¨Í,   ¸ ¶µ³µÐÓÕ £µ¤µ¸±µ¶¨Î¥¸±¨Ì ± ²µ·¨³¥É·µ¢ Å ±µµ·¤¨-
´ ÉÒ ¨ · §³¥·Ò ±² ¸É¥·µ¢.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶·¥Í¨§¨µ´´Ò¥ ¤¥É¥±Éµ·Ò ¡Ê¤ÊÉ ̈ £· ÉÓ É ±¦¥ ¢ ¦-
´ÊÕ ËÊ´±Í¨Õ ¨ ¢ ¡Ê¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì ´  �µ²ÓÏµ³  ¤·µ´´µ³ ±µ²² °¤¥-
·¥. Š ± µÉ³¥Î ¥É¸Ö ¢ [5], ¤¥É¥±É¨·µ¢ ´¨¥ ¢¥·Ï¨´ · ¸¶ ¤  ¶·¥¸²¥¤Ê¥É ¤¢¥
Í¥²¨: µÉ¤¥²¥´¨¥ ¶¥·¢¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤  ¢ ̧ µ¡ÒÉ¨ÖÌ ¸ ¡µ²ÓÏµ° ³´µ¦¥¸É-
¢¥´´µ¸ÉÓÕ ¨ · §¤¥²¥´¨¥ ¶¥·¢¨Î´µ° ¨ ¢Éµ·¨Î´µ° ¢¥·Ï¨´ · ¸¶ ¤ , ¸µ¤¥·-
¦ Ð¨Ì ±µ·µÉ±µ¦¨¢ÊÐ¨¥ Î ¸É¨ÍÒ.

‚ § ·Ê¡¥¦´µ° ²¨É¥· ÉÊ·¥ ¢¥·Ï¨´´Ò³ ¤¥É¥±Éµ· ³ Ê¤¥²Ö¥É¸Ö ³´µ£µ ¢´¨-
³ ´¨Ö. ‚ · ¡µÉ¥ [2] µ¡¸Ê¦¤ ÕÉ¸Ö · §²¨Î´Ò¥  ¸¶¥±ÉÒ É¥Ì´¨±¨ ¨§³¥·¥´¨Ö
¢·¥³¥´¨ ¦¨§´¨ ±µ·µÉ±µ¦¨¢ÊÐ¨Ì Î ¸É¨Í; · ¸¸³ É·¨¢ ¥É¸Ö Ë¨§¨±  ¶·µÍ¥¸-
¸µ¢, ¶·¨¢µ¤ÖÐ¨Ì ± Éµ¶µ²µ£¨Ö³ ¸µ¡ÒÉ¨°, ¸µ¤¥·¦ Ð¨Ì ¶¥·¢¨Î´Ò¥ ¨ ¢Éµ·¨Î-
´Ò¥ ¢¥·Ï¨´Ò · ¸¶ ¤ ; ¶·¨¢µ¤ÖÉ¸Ö ¶·¨³¥·Ò ¶·¨³¥´¥´¨Ö ¢¥·Ï¨´´ÒÌ ¤¥É¥±-
Éµ·µ¢ · §²¨Î´µ£µ ±² ¸¸ . ‚ · ¡µÉ¥ [1] ¶µ¤·µ¡´µ · ¸¸³ É·¨¢ ¥É¸Ö Ë¨§¨± 
¶µ²Ê¶·µ¢µ¤´¨±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ¨ ¨Ì ¶·¨³¥´¥´¨¥ ¢ ± Î¥¸É¢¥ ¢¥·Ï¨´´ÒÌ ¤¥-

�¨¸.3. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ Ê¸É ´µ¢±¨ ALEPH: 1 Å ³Õµ´´Ò¥ ± ³¥·Ò,
2 Å  ¤·µ´´Ò° ± ²µ·¨³¥É·, 3 Å ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨° ³ £´¨É, 4 Å Ô²¥±É·µ-
³ £´¨É´Ò° ± ²µ·¨³¥É·, 5 Å ¢·¥³Ö¶·µ¥±Í¨µ´´ Ö ± ³¥· , 6 Å ¸¨¸É¥³  ¨´¤¨-
± Í¨¨ ¶ÊÎ± , 7 Å ¢´ÊÉ·¥´´ÖÖ É·¥±µ¢ Ö ± ³¥· , 8 Å ¶·¥Í¨§¨µ´´Ò° ¢¥·Ï¨´´Ò°
¤¥É¥±Éµ·
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É¥±Éµ·µ¢, µ¡¸Ê¦¤ ÕÉ¸Ö ¶·µ¡²¥³Ò · ¤¨ Í¨µ´´µ° ¸Éµ°±µ¸É¨ ¨ ¶·¨´Í¨¶¨ ²Ó-
´Ò¥ µ£· ´¨Î¥´¨Ö, ´ ±² ¤Ò¢ ¥³Ò¥ ´  ÉµÎ´µ¸ÉÓ ·¥£¨¸É· Í¨¨ É·¥±µ¢ Î ¸É¨Í,  
É ±¦¥ ¶·¨¢µ¤ÖÉ¸Ö ¶·¨³¥·Ò ¶µ¸É·µ¥´¨Ö · §²¨Î´ÒÌ É¨¶µ¢ ¢¥·Ï¨´´ÒÌ ¶µ²Ê-
¶·µ¢µ¤´¨±µ¢ÒÌ ¤¥É¥±Éµ·µ¢, ³¥Éµ¤Ò ·¥£¨¸É· Í¨¨ ¨ ¸Î¨ÉÒ¢ ´¨Ö ¤ ´´ÒÌ. ‚
[6] · ¸¸³ É·¨¢ ÕÉ¸Ö · §²¨Î´Ò¥ É·¥¡µ¢ ´¨Ö, ±µÉµ·Ò¥ ¶·¥¤ÑÖ¢²ÖÕÉ¸Ö ± ¢¥·-
Ï¨´´Ò³ ¤¥É¥±Éµ· ³, ¶·¥¤´ §´ Î¥´´Ò³ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ± ± ¸ Ë¨±¸¨·µ-
¢ ´´µ° ³¨Ï¥´ÓÕ, É ± ¨ ´  ±µ²² °¤¥· Ì.

3. ’�…•Š���„ˆ��’�›… ƒ�‡�‚›… „…’…Š’��›

‘·¥¤¨ ±µµ·¤¨´ É´ÒÌ ¤¥É¥±Éµ·µ¢ ¢ 70-Ì £µ¤ Ì ´ ¨¡µ²¥¥ ¶µ¶Ê²Ö·´Ò³¨
Ö¢²Ö²¨¸Ó ³´µ£µ¶·µ¢µ²µÎ´Ò¥ ¶·µ¶µ·Í¨µ´ ²Ó´Ò¥ ± ³¥·Ò (Œ�Š). �É¨ ¤¥É¥±-
Éµ·Ò ¸É ²¨ ±² ¸¸¨Î¥¸±¨³¨, ¨Ì ¶µ¤·µ¡´µ¥ µ¶¨¸ ´¨¥ ³µ¦´µ ´ °É¨ ¢ · ¡µÉ¥
[7]. �¸µ¡¥´´µ ¶²µ¤µÉ¢µ·´µ° µ± § ² ¸Ó ¨¤¥Ö ± Éµ¤´µ£µ ¸Î¨ÉÒ¢ ´¨Ö. �¡ ÔÉµ³
³¥Éµ¤¥ ¸Éµ¨É · ¸¸± § ÉÓ ¶µ¤·µ¡´¥¥, ¶µ¸±µ²Ó±Ê µ´ ¶µ²ÊÎ¨² Ï¨·µ±µ¥ ¶·¨³¥-
´¥´¨¥ ¢ ¸µ¢·¥³¥´´ÒÌ É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ´ ¶µ²´¥´´ÒÌ ¤¥É¥±Éµ· Ì. � 
± Éµ¤´µ° ¶²µ¸±µ¸É¨ Œ�Š ´ ¢µ¤¨É¸Ö ¸¨£´ ² ¶µ²µ¦¨É¥²Ó´µ° ¶µ²Ö·´µ¸É¨,
¶·¨Î¥³ ± Éµ¤´ Ö ¶²µ¸±µ¸ÉÓ ³µ¦¥É ¸µ¸ÉµÖÉÓ ¨§ ¶·µ¢µ²µ±, ¶µ²µ¸±µ¢ÒÌ ²¨´¨°
(¸É·¨¶µ¢) ¨²¨ £·Ê¶¶ ¶·µ¢µ²µ± (·¨¸.4). �É¨ Ô²¥±É·µ¤Ò ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö
¨§³¥·¥´¨Ö ´ ¢¥¤¥´´µ£µ § ·Ö¤ , Í¥´É· ±µÉµ·µ£µ ¸µ¢¶ ¤ ¥É ¸ Í¥´É·µ³ µ¡² ± 
Ô²¥±É·µ´µ¢, ¢µ§´¨± ÕÐ¥£µ ¢ ·¥§Ê²ÓÉ É¥ ¨µ´¨§ Í¨¨ § ·Ö¦¥´´µ° Î ¸É¨Í¥° £ § -

�¨¸.4. Œ�Š ¸ ÎÉ¥´¨¥³ ¸¨£´ ²µ¢ ¶µ²µ¦¨É¥²Ó´µ° ¶µ²Ö·´µ¸É¨ µÉ ± Éµ¤´µ° ¶²µ¸-
±µ¸É¨. ‘¶· ¢  ´  ·¨¸Ê´±¥ ¶µ± § ´ ³¥Éµ¤ µ¶·¥¤¥²¥´¨Ö Í¥´É·  ÉÖ¦¥¸É¨ ² ¢¨´Ò
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´ ¶µ²´¨É¥²Ö ± ³¥·Ò. ‚ ¦´µ, ÎÉµ  ³¶²¨ÉÊ¤  ¨ · §¢¨É¨¥ ¢µ ¢·¥³¥´¨ ́  ¢¥¤¥´-
´ÒÌ ´  ¸É·¨¶ Ì ¨³¶Ê²Ó¸µ¢ § ¢¨¸¨É µÉ ¶µ§¨Í¨¨ ² ¢¨´Ò Ô²¥±É·µ´µ¢ ¶µ µÉ´µ-
Ï¥´¨Õ ± ± Éµ¤´Ò³ Ô²¥±É·µ¤ ³. �Éµ Ö¢²¥´¨¥ ¨¸¶µ²Ó§Ê¥É¸Ö ¤²Ö ¨§³¥·¥´¨Ö
¶·µ¸É· ´¸É¢¥´´µ£µ ¶µ²µ¦¥´¨Ö ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ¢Éµ·µ° ±µµ·¤¨´ ÉÒ
¢§ ¨³µ¤¥°¸É¢¨Ö Î ¸É¨ÍÒ ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¤µ 30 ³±³, ¶µ¸±µ²Ó±Ê µÍ¨Ë-
·µ¢±   ´ ²µ£µ¢ÒÌ ¸¨£´ ²µ¢ ¢Ò¶µ²´Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¶·¥Í¨§¨µ´´ÒÌ �–�
(¸¢ÒÏ¥ ¤¥¸ÖÉ¨ ¡¨É) [8].

„ ²Ó´¥°Ï¥¥ Ê¸µ¢¥·Ï¥´¸É¢µ¢ ´¨¥ Œ�Š ¸É¨³Ê²¨·µ¢ ²µ¸Ó ´¥µ¡Ìµ¤¨-
³µ¸ÉÓÕ ¨¤¥´É¨Ë¨± Í¨¨ ¸²µ¦´ÒÌ ¸µ¡ÒÉ¨° ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ° ³´µ¦¥¸É¢¥´-
´µ¸É¨ ¨ ¢Ò¸µ±µ° ¶²µÉ´µ¸É¨ É·¥±µ¢. ’ ± ¶µÖ¢¨² ¸Ó ¤·¥°Ëµ¢ Ö ± ³¥· , ¸
¶µ³µÐÓÕ ±µÉµ·µ° ¶ÊÉ¥³ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¤·¥°Ë  Ô²¥±É·µ´µ¢ ³¥¦¤Ê ¸¨£-
´ ²Ó´Ò³¨ ¶·µ¢µ²µÎ± ³¨ ¶µÖ¢¨² ¸Ó ¢µ§³µ¦´µ¸ÉÓ ¨§³¥·ÖÉÓ ¸ ¢Ò¸µ±µ° ÉµÎ-
´µ¸ÉÓÕ µ¤´Ê ¨§ ±µµ·¤¨´ É É·¥±  [9]. ’ ±¨³ µ¡· §µ³, ¢ É·¥Ì³¥·´µ³ £ §µ-
´ ¶µ²´¥´´µ³ ¤¥É¥±Éµ·¥ µ¤´  ±µµ·¤¨´ É  É· ¥±Éµ·¨¨ Î ¸É¨ÍÒ Å ÔÉµ ¶µ§¨-
Í¨Ö ¸¨£´ ²Ó´µ° ¶·µ¢µ²µÎ±¨, ¤·Ê£ Ö Å ¶µ§¨Í¨Ö Í¥´É·  ² ¢¨´Ò, ´ ¢µ¤¨³µ°
´  ± Éµ¤´ÒÌ ¸É·¨¶ Ì,   É·¥ÉÓÖ ±µµ·¤¨´ É  ¢ÒÎ¨¸²Ö¥É¸Ö ¶µ ¢·¥³¥´¨ ¤·¥°Ë 
Ô²¥±É·µ´´µ° ² ¢¨´Ò. �¥·¥¤±µ µ¤´  ¨§ ±µµµ·¤¨´ É µ¶·¥¤¥²Ö¥É¸Ö ³¥Éµ¤µ³
¤¥²¥´¨Ö § ·Ö¤ , ´ ¢µ¤¨³µ£µ ´  ·¥§¨¸É¨¢´µ° ÎÊ¢¸É¢¨É¥²Ó´µ° ¶·µ¢µ²µÎ±¥ ¨²¨
¸ ¶µ³µÐÓÕ ²¨´¨¨ § ¤¥·¦±¨. ‚ ¦´µ, ÎÉµ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò ³µ£ÊÉ ¨³¥ÉÓ
· §²¨Î´ÊÕ ±µ´Ë¨£Ê· Í¨Õ. � ¨¡µ²¥¥ Ï¨·µ±µ¥ ¶·¨³¥´¥´¨¥ ´ Ï²¨ Í¨²¨´¤-
·¨Î¥¸±¨¥ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò. ’·Ê¤´µ¸ÉÓ, ¸¢Ö§ ´´ Ö ¸ ²¥¢µ-¶· ¢µ° ´¥µ¤´µ-
§´ Î´µ¸ÉÓÕ, ±µÉµ· Ö ¢µ§´¨± ¥É ¢ ¤·¥°Ëµ¢ÒÌ ± ³¥· Ì ¶·¨ ¨¤¥´É¨Ë¨± Í¨¨
É·¥±µ¢ Î ¸É¨Í, Ê¸É· ´Ö¥É¸Ö ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ° ¶²µ¸±µ¸É¨ ¨²¨
¤·Ê£¨³¨ ±µ´¸É·Ê±É¨¢´Ò³¨ ³¥Éµ¤ ³¨ (¸³. ´¨¦¥). ’ ±¨³ µ¡· §µ³, ¤·¥°Ëµ¢Ò¥
± ³¥·Ò, ¨ ¶·¥¦¤¥ ¢¸¥£µ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò ¸ ¡µ²ÓÏ¨³ ¤·¥°Ëµ¢Ò³ ¶·µ-
³¥¦ÊÉ±µ³, ¶µ¸²Ê¦¨²¨ ¶·µÉµÉ¨¶ ³¨ É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ´ ¶µ²´¥´´ÒÌ
¤¥É¥±Éµ·µ¢, ± ±µÉµ·Ò³ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö µÉ´µ¸ÖÉ¸Ö ¢·¥³Ö¶·µ¥±Í¨µ´´Ò¥
± ³¥·Ò (‚�Š), ¸É·Ê°´Ò¥ (jet), ¢¥±Éµ·´Ò¥ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò ¨ ³Ê²ÓÉ¨¤·¥°-
Ëµ¢Ò¥ ¨ ®¸µ²µ³¥´´Ò¥¯ É·Ê¡±¨ (straw tube). �É¨ ¤¥É¥±Éµ·Ò Ï¨·µ±µ ¨¸¶µ²Ó-
§ÊÕÉ¸Ö, ¢ Î ¸É´µ¸É¨, ¢ ± Î¥¸É¢¥ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢.

4. ‚�…ŒŸ���…Š–ˆ���›… Š�Œ…�›

�¤´  ¨§ ¶¥·¢ÒÌ · §· ¡µÉµ± µ¶¨¸ ´  ¢ [10,11]. �  ¶¥·¢Ò° ¢§£²Ö¤, ‚�Š
¨³¥¥É ¶·µ¸ÉÊÕ ±µ´¸É·Ê±Í¨Õ. �µ Ëµ·³¥ µ´  Î Ð¥ ¢¸¥£µ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°
Í¨²¨´¤·, ´ ¶µ²´¥´´Ò° ¸³¥¸ÓÕ  ·£µ´  ¨ ³¥É ´ , ¢ Í¥´É·¥ ±µÉµ·µ£µ ¶·µ-
Ìµ¤¨É ¨µ´µ¶·µ¢µ¤ Ê¸±µ·¨É¥²Ö. –¥´É· ²Ó´ Ö ¶·µ¢µ¤ÖÐ Ö ³¥³¡· ´ , ´ -
Ìµ¤ÖÐ Ö¸Ö ¶µ¤ ¶µÉ¥´Í¨ ²µ³ 150 ±‚, · §¤¥²Ö¥É Í¨²¨´¤· ´  ¤¢¥ ¶µ²µ¢¨´Ò.
“ Éµ·Íµ¢ ± ³¥·Ò · ¸¶µ²µ¦¥´Ò Œ�Š ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³, ±µÉµ·Ò¥
· §¤¥²¥´Ò ´  Ï¥¸ÉÓ ¸¥£³¥´Éµ¢. ‚ ¸¢µÕ µÎ¥·¥¤Ó, ± ¦¤Ò° ¸¥£³¥´É ¸µ¤¥·¦¨É
192 ¶·µ¶µ·Í¨µ´ ²Ó´Ò¥ ¶·µ¢µ²µ±¨, · ¸¶µ²µ¦¥´´Ò¥ ¶µ¤ Ê£²µ³ ± · ¤¨ ²Ó-
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´µ³Ê ´ ¶· ¢²¥´¨Õ ± ³¥·Ò. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¶·µ¢µ²µ± ³¨ · ¢´µ 4 ³³.
Š ¦¤µ° ¶·µ¢µ²µ±¥ ¸µµÉ¢¥É¸É¢Ê¥É ± Éµ¤´Ò° ¸É·¨¶, · §¤¥²¥´´Ò° ´  12 ¶²µ-
Ð ¤µ± (¶Ô¤µ¢) · §³¥·µ³ 0,8 × 0,8 ³³. –¨²¨´¤· ¶µ³¥Ð¥´ ¢ ³ £´¨É´µ¥ ¶µ²¥.

‚ ·¥§Ê²ÓÉ É¥ ¨µ´¨§ Í¨¨ § ·Ö¦¥´´µ° Î ¸É¨Í¥° £ §µ¢µ° ¸³¥¸¨ ¢¤µ²Ó
É· ¥±Éµ·¨¨ Î ¸É¨ÍÒ µ¡· §ÊÕÉ¸Ö £·Ê¶¶Ò Ô²¥±É·µ´µ¢, ±µÉµ·Ò¥ ¶µ¤ ¤¥°¸É¢¨¥³
Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ¤·¥°ËÊÕÉ ¸µ ¸±µ·µ¸ÉÓÕ ¶µ·Ö¤±  50 ³±³/´¸ ¢ ´ ¶· ¢-
²¥´¨¨ Œ�Š, £¤¥ µ´¨ ¤¥É¥±É¨·ÊÕÉ¸Ö. „¢¥ ±µµ·¤¨´ ÉÒ r ¨ ϕ µ¶·¥¤¥²ÖÕÉ¸Ö ¶µ
¶µ§¨Í¨¨ ¸É·¨¶µ¢ ¨ ¶·µ¢µ²µÎ¥±,   É·¥ÉÓÖ ±µµ·¤¨´ É  z ¶µ ¢·¥³¥´¨ ¤·¥°Ë 
Ô²¥±É·µ´µ¢ ¢¤µ²Ó µ¸¨ ¶ÊÎ±  Î ¸É¨Í. ’ ±¨³ µ¡· §µ³, µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¨§-
³¥·¥´¨¥ É·¥Ì ±µµ·¤¨´ É ́   ± ¦¤µ³ É·¥±¥. „¨¶µ²Ó´Ò° ³ £´¨É ¢Ò¶µ²´Ö¥É ¤¢¥
ËÊ´±Í¨¨: µÉ±²µ´Ö¥É § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¢ ¶²µ¸±µ¸É¨ Œ�Š ¸ Í¥²ÓÕ ¨§³¥-

�¨¸.5. ‘²µ¦´µ¥ ̧ µ¡ÒÉ¨¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ̧  ¶µ³µÐÓÕ ¢·¥³Ö¶·µ¥±Í¨µ´´µ° ± ³¥-
·Ò (¢¨¤ ´  ¤¨¸¶²¥¥ ¶µ¸²¥ µ¡· ¡µÉ±¨ ´  �‚Œ)
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·¥´¨Ö ̈ ³¶Ê²Ó¸  Î ¸É¨Í ̈  Ê³¥´ÓÏ ¥É
¤¨ËËÊ§¨Õ ¨µ´¨§ Í¨µ´´ÒÌ Ô²¥±É·µ-
´µ¢. ”Ê´±Í¨¨ É·¥±µ¢µ£µ ¤¥É¥±Éµ· 
µ¡¥¸¶¥Î¨¢ ÕÉ¸Ö É¥³, ÎÉµ ÔÉ¨ Ô²¥±É-
·µ´Ò ¤¥É¥±É¨·ÊÕÉ¸Ö ¶µ ³¥·¥ ¶µ¤Ìµ-
¤  ± Ô²¥±É·µ¤ ³ Œ�Š.

�·¨³¥´¥´¨¥ ¸µ¢·¥³¥´´µ° Ô²¥±É-
·µ´´µ°  ¶¶ · ÉÊ·Ò ¶µ§¢µ²Ö¥É ·¥-
£¨¸É·¨·µ¢ ÉÓ ¸µÉ´¨ É·¥±µ¢ ¸ ¢Ò¸µ±µ° · §·¥Ï ÕÐ¥° ¸¶µ¸µ¡´µ¸ÉÓÕ
(¸µÉ´¨ ³±³). �  ·¨¸.5 ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´µ ¸²µ¦´µ¥ ¸µ¡ÒÉ¨¥, § -
·¥£¨¸É·¨·µ¢ ´´µ¥ ¸ ¶µ³µÐÓÕ ‚�Š �…�-4 ¢ �¥·±²¨ [12]. • · ±É¥·¨¸É¨±¨
ÔÉµ° ± ³¥·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡².2. —¨¸²µ ± ´ ²µ¢ ·¥£¨¸É· Í¨¨ ¢ É ±µ° ± ³¥-
·¥ · ¢´µ 16020, ¨§ ´¨Ì 2196 ± ´ ²µ¢ ¸²Ê¦ É ¤²Ö ¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ¶·µ¢µ-
²µÎ¥± ¨ 13824 ¶·¥¤´ §´ Î¥´µ ¤²Ö ± Éµ¤´ÒÌ ¸É·¨¶µ¢. ‚ [13] µ¶¨¸ ´  ¸Ì¥³ 
É¨¶¨Î´µ£µ ± ´ ²  ·¥£¨¸É· Í¨¨, ±µÉµ· Ö ¸µ¸Éµ¨É ¨§ Ê¸¨²¨É¥²Ö,  ´ ²µ£µ¢µ°
§ ¤¥·¦±¨, ¸µ§¤ ´´µ° ´  µ¸´µ¢¥ �‡‘-³ É·¨ÍÒ ¨ ¸Ì¥³Ò µÍ¨Ë·µ¢±¨. „²Ö
¡Ò¸É·ÒÌ ³´µ£µ¸Éµ¶µ¢ÒÌ ¢·¥³¥´´ÒÌ ¨§³¥·¥´¨° ¨¸¶µ²Ó§ÊÕÉ¸Ö ³´µ£µ± ´ ²Ó-
´Ò¥ ±µ¤¨·µ¢Ð¨±¨ ´  µ¸´µ¢¥ ³µ¤Ê²¥° ¶ ³ÖÉ¨ [14].

Š ± ¡Ê¤¥É ¶µ± § ´µ ´¨¦¥, ¶·¨³¥´¥´¨¥ ´ Ìµ¤ÖÉ É ±¦¥ ‚�Š ¶·Ö³µÊ£µ²Ó-
´µ° Ëµ·³Ò, ± ± ÔÉµ ¶µ± § ´µ ´  ·¨¸.6. ‚·¥³Ö¶·µ¥±Í¨µ´´ Ö ± ³¥·  ¸µ¸Éµ¨É
¨§ ´ ¶µ²´¥´´µ£µ £ §µ³ ¡µ²ÓÏµ£µ ¤·¥°Ëµ¢µ£µ µ¡Ñ¥³ , £¤¥ ¢¸²¥¤¸É¢¨¥ ¶·µ²¥-
É  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢µ§´¨± ¥É ¨µ´¨§ Í¨Ö. �  µ¤´µ³ ¨²¨ ¤¢ÊÌ Éµ·Í Ì · ¸-
¶µ² £ ÕÉ¸Ö Œ�Š ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³. ‘ Í¥²ÓÕ ·¥£¨¸É· Í¨¨ É·¥±µ¢ ¢
¶·µ¸É· ´¸É¢¥, ´ ·Ö¤Ê ¸ ¤¢Ê³Ö ¸¶·µ¥Í¨·µ¢ ´´Ò³¨ ±µµ·¤¨´ É ³¨, ¨§³¥·Ö¥-
³Ò³¨ ¸ ¶µ³µÐÓÕ Œ�Š (·¨¸.7), µ¶·¥¤¥²Ö¥É¸Ö É ±¦¥ ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·µ-
´µ¢. „²Ö µ¡¥¸¶¥Î¥´¨Ö ·¥£¨¸É· Í¨¨ É·¥±µ¢ (¡µ²ÓÏ¥ µ¤´µ£µ) ± Éµ¤´ Ö ¶²µ¸-
±µ¸ÉÓ ¸µ¸Éµ¨É ¨§ ³´µ¦¥¸É¢  ¶Ô¤µ¢ (¶²µÐ ¤µ±) [15]. ‘ ¶µ³µÐÓÕ ¸µµÉ¢¥É¸É-
¢ÊÕÐ¥° Ô²¥±É·µ´´µ° ¸¨¸É¥-
³Ò ¸Î¨ÉÒ¢ ´¨Ö ÔÉ¨ ¸¨£´ ²Ò
¤²¨É¥²Ó´µ¸ÉÓÕ 50 ´¸ Ê¸¨²¨-
¢ ÕÉ¸Ö, µÍ¨Ë·µ¢Ò¢ ÕÉ¸Ö ¨
¶¥·¥¤ ÕÉ¸Ö ¤²Ö ¤ ²Ó´¥°Ï¥£µ
 ´ ²¨§ . “Î¨ÉÒ¢ Ö · §³¥·Ò

�¨¸.6. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥
‚�Š ¶·Ö³µÊ£µ²Ó´µ° Ëµ·³Ò

�¨¸.7. �·µË¨²Ó § ·Ö¤ , ´ ¢¥¤¥´-
´µ£µ ´  ¶Ô¤ Ì ¢·¥³Ö¶·µ¥±Í¨µ´-
´µ° ± ³¥·Ò
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± ³¥· ¨ ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·µ´µ¢, · ¢´µ¥ 50 ³±³/´¸, ³ ±¸¨³ ²Ó´µ¥ ¢·¥³Ö
¤·¥°Ë  ³µ¦¥É ¸µ¸É ¢²ÖÉÓ ¸µÉ´¨ ³¨±·µ¸¥±Ê´¤. �· ±É¨Î¥¸±¨ ÔÉµ §´ Î¨É, ÎÉµ
¤ ´´Ò¥, ·¥£¨¸É·¨·Ê¥³Ò¥ µÉ ‚�Š, ́ ¥ ³µ£ÊÉ ̈ ¸¶µ²Ó§µ¢ ÉÓ¸Ö ¢ É·¨££¥·´µ° ̧ ¨¸-
É¥³¥ ¶¥·¢µ£µ Ê·µ¢´Ö.

–¥´´Ò³ ± Î¥¸É¢µ³ ‚�Š Ö¢²Ö¥É¸Ö É ±¦¥ ¢µ§³µ¦´µ¸ÉÓ ̈ ¸¶µ²Ó§µ¢ ´¨Ö É -
±µ° ¨´Ëµ·³ Í¨¨, ± ± ¶µÉ¥·¨ Ô´¥·£¨¨ Î ¸É¨Í ³¨ (dE6 dx) (·¨¸.8) ¤²Ö ¨Ì
¨¤¥´É¨Ë¨± Í¨¨. ˆ¸¶µ²Ó§µ¢ ´¨¥ ÔÉµ° ¢¥²¨Î¨´Ò ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í,
µ¸µ¡¥´´µ ¢ ·¥²ÖÉ¨¢¨¸É¸±µ° µ¡² ¸É¨, É·¥¡Ê¥É · §·¥Ï¥´¨Ö ²ÊÎÏ¥£µ, Î¥³ 3%.
Š²ÕÎµ³ ± ·¥Ï¥´¨Õ ÔÉµ° ¶·µ¡²¥³Ò Ö¢²Ö¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö ¤µ
¸µÉ´¨ ´¥§ ¢¨¸¨³ÒÌ ¨§³¥·¥´¨° dE6 dx ¤²Ö ± ¦¤µ£µ É·¥± . �É  ¨´Ëµ·³ Í¨Ö
¶µ²ÊÎ ¥É¸Ö ¶ÊÉ¥³ ¨§³¥·¥´¨Ö § ·Ö¤ , ¸µ¡¨· ¥³µ£µ ´  ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ-
²µ± Ì. �µ²¥¥ Éµ£µ, ¨¸¶µ²Ó§ÊÖ ¡Ò¸É·µ¤¥°¸É¢ÊÕÐ¨¥ �–� ¸ Î ¸ÉµÉµ° µÍ¨Ë-
·µ¢±¨ ¤µ 100 ŒƒÍ [16], ³µ¦´µ ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·ÖÉÓ É ±¦¥ ¨ Ëµ·-
³Ê ¸¨£´ ² , ÎÉµ ¶µ§¢µ²Ö¥É Ê²ÊÎÏ¨ÉÓ É ±µ° ¢ ¦´Ò° ¶ · ³¥É·, ± ± · §-
·¥Ï¥´¨¥ ¤¢ÊÌ É·¥±µ¢. �¨¦¥ ¡Ê¤ÊÉ · ¸¸³µÉ·¥´Ò µ¸µ¡¥´´µ¸É¨ ·Ö¤  ‚�Š,
¨¸¶µ²Ó§Ê¥³ÒÌ ¢ ±·Ê¶´ÒÌ Ë¨§¨Î¥¸±¨Ì Ê¸É ´µ¢± Ì.

‚�Š TOPAZ. ‚�Š (�…�-4) ¸É ²  ¶·µÉµÉ¨¶µ³ ¤²Ö · §· ¡µÉ±¨ ·Ö¤  ¤·Ê-
£¨Ì ¤¥É¥±Éµ·µ¢ ÔÉµ£µ ±² ¸¸ , ¶·µ¢¥¤¥´´µ° ¸ ÊÎ¥Éµ³ ´µ¢ÒÌ ¤µ¸É¨¦¥´¨° ¢
³¥Éµ¤¨±¥ Ë¨§¨Î¥¸±µ£µ Ô±¸¶¥·¨³¥´É . ‚ [17] µ¶¨¸ ´  ‚�Š TOPAZ, ¢ ±µÉµ-
·µ° ± Éµ¤´Ò¥ ¶Ô¤Ò, ̈ ¸¶µ²Ó§Ê¥³Ò¥ ¤²Ö ·¥£¨¸É· Í¨¨  §¨³ÊÉ ²Ó´ÒÌ ±µµ·¤¨´ É
φ, ¨³¥ÕÉ ¡o′ ²ÓÏ¨¥ · §³¥·Ò, ´¥¦¥²¨ ¢ ± ³¥·¥ �…�-4, ¨, ÎÉµ ¢ ¦´µ, §¨£§ £µ-
µ¡· §´ÊÕ Ëµ·³Ê, ÎÉµ ¶µ§¢µ²Ö¥É ¶·¨ ³¥´ÓÏ¥³ Î¨¸²¥ ± ´ ²µ¢ ·¥£¨¸É· Í¨¨

�¨¸.8. ‡ ¢¨¸¨³µ¸ÉÓ ¶µÉ¥·Ó Ô´¥·£¨¨ µÉ ¨³¶Ê²Ó¸µ¢
Î ¸É¨Í
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¶µ²ÊÎ¨ÉÓ ¡µ²¥¥ ¢Ò¸µ±ÊÕ ÉµÎ´µ¸ÉÓ ¢ µ¶·¥¤¥²¥´¨¨ ±µµ·¤¨´ É. �µ²¥¥ ¶µ¤·µ¡-
´µ ±µ´¸É·Ê±Í¨Ö Ô²¥±É·µ¤µ¢ ¤ ´´µ° ± ³¥·Ò µ¶¨¸ ´  ¢ [18].

�¡Ð¨° ¢¨¤ ‚�Š TOPAZ ¨§µ¡· ¦¥´ ´  ·¨¸.9. Š ³¥·  ¶·¥¤´ §´ Î¥´ 

¤²Ö ¶·µ¢¥¤¥´¨Ö e+e−-Ô±¸¶¥·¨³¥´Éµ¢ ´  Ê¸±µ·¨É¥²¥ TRISTAN ¨ µ¡¥¸¶¥Î¨¢ -
¥É Ìµ·µÏ¥¥ ¨³¶Ê²Ó¸´µ¥ · §·¥Ï¥´¨¥ ∆p 6 p = 1%p (¤²Ö p > 2 ƒÔ‚/¸) ¨ ¢Ò¸µ-
±µ¥ §´ Î¥´¨¥ dE6 dx ¶µ·Ö¤±  4%. �´ ²µ£µ¢Ò¥ ¸¨£´ ²Ò ¶µ¸²¥ Ê¸¨²¥´¨Ö ¨
Ëµ·³¨·µ¢ ´¨Ö ¸Î¨ÉÒ¢ ÕÉ¸Ö ¸ Î ¸ÉµÉµ° 10 ŒƒÍ ¸ ¶µ³µÐÓÕ �‡‘-³ É·¨Í ¨
¶µ¸²¥ ¢·¥³¥´´µ£µ Ì· ´¥´¨Ö µÍ¨Ë·µ¢Ò¢ ÕÉ¸Ö ¸ ¶µ³µÐÓÕ �–�. „²Ö µ¡· ¡µÉ-
±¨ Í¨Ë·µ¢ÒÌ ¤ ´ÒÌ ¨ ¶¥·¥¤ Î¨ ¨Ì ¢ �‚Œ ¨¸¶µ²Ó§Ê¥É¸Ö ¸¨¸É¥³  FASTBUS.
Š·µ³¥ Éµ£µ, ¤²Ö ‚�Š ¨ · ¸¶µ²µ¦¥´´µ° ¢´ÊÉ·¨ ± ³¥·Ò É¨¶  ®¤¦¥É¯ · §· -
¡µÉ ´  µ·¨£¨´ ²Ó´ Ö É·¨££¥·´ Ö ¸¨¸É¥³  ¨ ¸¶¥Í¨ ²¨§¨·µ¢ ´´Ò° ¶·µÍ¥¸¸µ·
¤²Ö µ¶·¥¤¥²¥´¨Ö ±µµ·¤¨´ É ¢¥·Ï¨´ · ¸¶ ¤  Î ¸É¨Í (¸³. ´¨¦¥).

‚�Š HISS. ‚ �·Ê±ÌÔ°¢¥´¸±µ° ² ¡µ· Éµ·¨¨ (BNL) ‚�Š ¶·Ö³µÊ£µ²Ó´µ°
Ëµ·³Ò, ¸µ¸ÉµÖÐ Ö ¨§ É·¥Ì ³µ¤Ê²¥°, ¶·¥¤´ §´ Î¥´  ¤²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ´ 
¶ÊÎ±¥ ÉÖ¦¥²ÒÌ ·¥²ÖÉ¨¢¨¸É±¨Ì ¨µ´µ¢ ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ° ³´µ¦¥¸É¢¥´´µ¸É¨
Î ¸É¨Í (¶µ·Ö¤±  100), ÎÉµ ¸²¥¤Ê¥É ¨§ ·¨¸.10, £¤¥ ¶µ± § ´µ ¢µ¸¸É ´µ¢²¥´´µ¥

�¨¸.9. �¡Ð¨° ¢¨¤ ¢·¥³Ö¶·µ¥±Í¨µ´´µ° ± ³¥·Ò ’�PAZ: 1 Å
 ´É¨É·¥±µ¢ Ö ± ³¥· , 2 Å ± ³¥· , ¸µ§¤ ÕÐ Ö ´ ¶· ¢²ÖÕÐ¥¥
¶µ²¥, 3 Å ¢´ÊÉ·¥´´¥¥ ±µ²ÓÍµ, 4 Å § ±·¥¶²ÖÕÐ¥¥ ±µ²ÓÍµ,
5 Å Éµ·¥Í, 6 Å ¢´¥Ï´¥¥ ±µ²ÓÍµ ±·¥¶²¥´¨Ö, 7 Å ¸¥±Éµ·, 8 Å
¢´¥Ï´¥¥ ±µ²ÓÍµ, 9 Å ¢´¥Ï´ÖÖ ¶µ²¥¢ Ö ± ³¥· , 10 Å ¢´ÊÉ-
·¥´´ÖÖ ¶µ²¥¢ Ö ± ³¥· , 11 Ä Í¥´É· ²Ó´ Ö ³¥³¡· ´ , 12 Å
¢´¥Ï´¨° Í¨²¨´¤·
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�¨¸.10. ‘µ¡ÒÉ¨¥, ¸µ¸ÉµÖÐ¥¥ ¨§ 102 É·¥±µ¢:  ) ¶·µ¥±Í¨Ö ´  ¶²µ¸±µ¸ÉÓ
Ìz, ¡) ¶·µ¥±Í¨Ö ´  ¶²µ¸±µ¸ÉÓ yz, ¢) ¶·µ¥±Í¨Ö ´  ¶²µ¸±µ¸ÉÓ ÌÊ, £) ¨§µ¡-
· ¦¥´¨¥, ¶µ¢¥·´ÊÉµ¥ ´  180Æ
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¸µ¡ÒÉ¨¥, ¸µ¤¥·¦ Ð¥¥ 102 É·¥± . •µ·µÏ¥¥ ¤¢ÊÌÉ·¥±µ¢µ¥ · §·¥Ï¥´¨¥ ¶µ²ÊÎ¥-
´µ ¡² £µ¤ ·Ö ¡µ²ÓÏµ³Ê Î¨¸²Ê ´¥§ ¢¨¸¨³ÒÌ ± ´ ²µ¢ ÎÉ¥´¨Ö ¸ ¨¸¶µ²Ó§µ¢ -
´¨¥³ ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ ¨´É¥£· ²Ó´ÒÌ ³¨±·µ¸Ì¥³. ‚ Î ¸É´µ¸É¨, ¡Ò² 
¶·¨³¥´¥´  ¸¨¸É¥³  ¨§ ±µ·µÉ±¨Ì (1 ¸³)  ´µ¤´ÒÌ ¶·µ¢µ²µ±, · ¸¶µ²µ¦¥´´ÒÌ
¶ · ²²¥²Ó´µ ¶ÊÎ±Ê, ¨ ¸³¥¸Ó £ §µ¢ ¸ ³ ²Ò³ ±µÔËË¨Í¨¥´Éµ³ ¤¨ËËÊ§¨¨ [19].

�¨¸.10¢,£
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‚ ¸¢µÕ µÎ¥·¥¤Ó, ¨¸¶µ²Ó§µ¢ ´¨¥ ±µ·µÉ±¨Ì  ´µ¤´ÒÌ ¶·µ¢µ²µ± ¶µ§¢µ²¨²µ
Ê²ÊÎÏ¨ÉÓ É ±µ° ¶ · ³¥É·, ± ± dE6 dx, ¨¸¶µ²Ó§Ê¥³Ò° ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨
Î ¸É¨Í ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ° ³´µ¦¥¸É¢¥´´µ¸É¨.

’ ¡²¨Í  2. � · ³¥É·Ò ‚�Š

• · ±-
É¥·¨¸É¨± 

“¸É ´µ¢± 

HISS
[20]

PEP-4
[10,11]

ALEPH
[26Å29]

TOPAZ
[17Å18]

DELPHI
[23Å25]

CDF
[32]

„¨ ³¥É·, ¸³: 
¢´¥Ï´¨° Å 180 360 260 280
( ±É¨¢´Ò°) 116 21

¢´ÊÉ·¥´´¨° Å 31 70 Å 120
( ±É¨¢´Ò°) 32,5 7
„²¨´ , ¸³ Å 200 220 300 2 × 150
(a±É¨¢´ Ö) 2 × 134 35,3
� §³¥· ± Éµ¤´µ°
¶²µ¸±µ¸É¨, ³ 1,5 × 1 Å Å Å Å
—¨¸²µ Ô²¥³¥´Éµ¢
¸Î¨ÉÒ¢ ´¨Ö (¶Ô¤µ¢) 120 × 128 13824 44000 4096 2 ⋅ 104

� §³¥· ¶Ô¤ , ³³ 12 × 8 7,5 × 75 6,2 × 30 12 × 10 4,12 × 4
�·µ¸É· ´¸É¢¥´´µ¥
· §·¥Ï¥´¨¥, ³±³ Å 100 ± 3 150 ± 5 Å Å

„ ¢²¥´¨¥,  É³ 1 10 1 3 4 1
„·¥°Ëµ¢µ¥
· ¸¸ÉµÖ´¨¥, ¸³ 2 × 75 2 × 1 2 × 20 2 × 20 368 15,25
— ¸ÉµÉ  ¢Ò¡µ·±¨
dE6 dx, MƒÍ 100 10 11,4 1,4 14 10,6
ŠµÔËË¨Í¨¥´É
£ §µ¢µ£µ Ê¸¨²¥´¨Ö 3000 Å Å Å
Œ £´¨É´µ¥ ¶µ²¥, ±ƒ¸ 13 13 1 T² 1 T²    12 1,5 T²
� ¡µÎ¥¥
´ ¶·Ö¦¥´¨¥, ±‚ − 50

�²¥±É·¨Î¥¸±µ¥ 
¶µ²¥, ‚/¸³ 120 Å 260 Å 150 320
—¨¸²µ ± ´ ²µ¢
·¥£¨¸É· Í¨¨ 15360 16020 5 × 103 Å Å 3072

� §·¥Ï¥´¨¥
¤¢ÊÌ É·¥±µ¢, ¸³ 2,5 Å Å Å 1,5
‘±µ·µ¸ÉÓ ¤·¥°Ë , 
³±³/¸ 50 70 Å Å 64 46
‚·¥³Ö ¤·¥°Ë , ³±¸ 75 Å Å 24 20 3,5
—¨¸²µ ¶·µ¢µ²µ± Œ�Š Å 2196 6336 2300
‘³¥¸Ó £ §µ¢ 90%Ar +

+ 10%CH4

80%Ar +
+ 20%CH4

91%Ar +
+ 9%CH4

90%Ar +
+ 10%CH4

80%Ar +
+ 20%CH4

50%Ar +
+ 50%CH4

�·¨³¥Î ´¨¥: (Å) µ§´ Î ¥É, ÎÉµ ¤ ´´ÒÌ ´¥É.

1514   �ˆŠˆ’�Š �.Œ.



�µ²¥¥ ¸µ¢¥·Ï¥´´ Ö · §· ¡µÉ±  ‚�Š ¶·Ö³µÊ£µ²Ó´µ° Ëµ·³Ò HISS É ±¦¥
¶·¥¤´ §´ Î¥´  ¤²Ö ¨§ÊÎ¥´¨Ö ³´µ¦¥¸É¢¥´´ÒÌ ¸µ¡ÒÉ¨°, ¶µ·µ¦¤ ¥³ÒÌ ¢ ¸Éµ²±-
´µ¢¥´¨ÖÌ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¨µ´µ¢ [20], ´µ ¸ £µ· §¤µ ¡µ²ÓÏ¥° ³´µ¦¥¸É¢¥´-
´µ¸ÉÓÕ (³´µ¦¥¸É¢¥´´µ¸ÉÓ t ¶µ·Ö¤±  200). � · ³¥É·Ò ± ³¥·Ò ¶·¨¢¥¤¥´Ò ¢
É ¡².2.

Š ³¥·  HISS, ¨³¥ÕÐ Ö  ±É¨¢´ÊÕ µ¡² ¸ÉÓ 150 × 96 × 75 ¸³, ¶·¥¤´ §´ -
Î¥´  ¤²Ö · ¡µÉÒ ¶·¨  É³µ¸Ë¥·´µ³ ¤ ¢²¥´¨¨. �´  ¶µ³¥Ð¥´  ³¥¦¤Ê ¤¨¶µ-
²Ö³¨ ³ £´¨É . �¡² ¸ÉÓ ¤·¥°Ë  Ô²¥±É·µ´µ¢ ¸µ¸É ¢²ÖÕÉ, ¸ µ¤´µ° ¸Éµ·µ´Ò,
Œ�Š ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³,   ¸ ¤·Ê£µ° Å ¶²µ¸±¨° Ô²¥±É·µ¤, ´ Ìµ¤Ö-
Ð¨°¸Ö ¶µ¤ ¢Ò¸µ±¨³ ´ ¶·Ö¦¥´¨¥³. Œ¥¦¤Ê ´¨³¨ · ¸¶µ²µ¦¥´  ¶·Ö³µÊ£µ²Ó-
´ Ö ¸¥ÉµÎ´ Ö ± ³¥·  ¢Ò¸µÉµ° 15 ¸³, µ¡¥¸¶¥Î¨¢ ÕÐ Ö ¶·µÎ´µ¸ÉÓ ¤¥É¥±Éµ· 
¨ µ¤´µ·µ¤´µ¸ÉÓ ¶µ²Ö ¢ ± Éµ¤´µ° ¶²µ¸±µ¸É¨. Š Éµ¤´ Ö ¶²µ¸±µ¸ÉÓ ¸µ¤¥·¦¨É
15360 ¶Ô¤µ¢ ¸ · §³¥· ³¨ 1,2 × 0,8 ¸³, ±µÉµ·Ò¥ § ´¨³ ÕÉ ¶²µÐ ¤Ó
150 × 95 ¸³. �´µ¤´Ò¥ ¶·µ¢µ²µ±¨ ´ Ìµ¤ÖÉ¸Ö ¶µ¤ ´ ¶·Ö¦¥´¨¥³ 1170 ‚ ¨
µ¡¥¸¶¥Î¨¢ ÕÉ ±µÔËË¨Í¨¥´É £ §µ¢µ£µ Ê¸¨²¥´¨Ö ¶µ·Ö¤±  3000.

�¸µ¡¥´´µ¸ÉÓ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·µ´´µ° ¸¨¸É¥³Ò ‚�Š HISS § ±²Õ-
Î ¥É¸Ö ¢ Éµ³, ÎÉµ ´¥ Éµ²Ó±µ Ê¸¨²¨É¥²¨, ´µ ¨ É ±¨¥ ¸Ì¥³Ò, ± ± Ëµ·³¨·µ¢ -
É¥²¨,  ´ ²µ£µ¢ Ö ¶ ³ÖÉÓ ¨ ³Ê²ÓÉ¨¶²¥±¸µ·Ò, · ¸¶µ²µ¦¥´Ò ´¥¶µ¸·¥¤¸É¢¥´´µ
´  ± Éµ¤´µ° ¶²µ¸±µ¸É¨. �´ ²µ£µ¢Ò¥ ¸¨£´ ²Ò § ¶µ³¨´ ÕÉ¸Ö ¢ ³´µ£µ± ´ ²Ó-
´µ° ¸¶¥Í¨ ²¨§¨·µ¢ ´´µ° ³¨±·µ¸Ì¥³¥, ¸µ¸ÉµÖÐ¥° ¨§ ³ É·¨ÍÒ ¶¥·¥±²ÕÎ ¥-
³ÒÌ ³¨±·µ±µ´¤¥´¸ Éµ·µ¢, ¢Ò¶µ²´¥´´ÒÌ ¶µ ŠŒ��-É¥Ì´µ²µ£¨¨. ‚µ§³µ¦´µ
É ±¦¥ ¸Î¨ÉÒ¢ ´¨¥ ¤ ´´ÒÌ ¸ ¶µ³µÐÓÕ �‡‘-³ É·¨Í.

‚�Š, · §· ¡µÉ ´´ Ö ¢ �ˆŸˆ. ‚ [21,22] o¶¨¸ ´ ¤¥É¥±Éµ· ´  µ¸´µ¢¥
¶·µ¶µ·Í¨µ´ ²Ó´ÒÌ ± ³¥· (�Š) ¸ ¤·¥°Ëµ¢Ò³ ¶·µ³¥¦ÊÉ±µ³, ±µÉµ·Ò° ¢³¥¸É¥
¸ ³´µ£µ± ´ ²Ó´µ° Ô²¥±É·µ´´µ° ¸¨¸É¥³µ° ¸Î¨ÉÒ¢ ´¨Ö ¨ ·¥£¨¸É· Í¨¨, ¶µ ¸Ê-
Ð¥¸É¢Ê, ¶·¥¤¸É ¢²Ö¥É ̧ µ¡µ° ‚�Š. �·¨¡µ· ̧ µ¸Éµ¨É ̈ § ¤¢ÊÌ ³µ¤Ê²¥°: ¢Ìµ¤´µ°
�Š ¨ �Š ¸ ¤·¥°Ëµ¢Ò³ ¶·µ³¥¦ÊÉ±µ³. ‚Ìµ¤´ Ö �Š ¶·¥¤´ §´ Î¥´  ¤²Ö µ¶·¥-
¤¥²¥´¨Ö ±µµ·¤¨´ É Y ¨ Z Î ¸É¨ÍÒ ´  ¢Ìµ¤¥ ¥¥ ¢ ¤¥É¥±Éµ·. ‘ ¶µ³µÐÓÕ ¢Éµ-
·µ£µ ³µ¤Ê²Ö ¨§³¥·ÖÕÉ¸Ö É ±¨¥ ¢¥²¨Î¨´Ò, ± ± ¨µ´¨§ Í¨Ö Î ¸É¨ÍÒ ¢¤µ²Ó ¥¥
É·¥± , ¤²¨´  ¶·µ¡¥£  Î ¸É¨ÍÒ, ¥¸²¨ µ´  µ¸É ´µ¢¨² ¸Ó ¢´ÊÉ·¨ ³µ¤Ê²Ö, ¢·¥³Ö
¤·¥°Ë  Ô²¥±É·µ´µ¢, ÎÉµ ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ É· ¥±Éµ·¨Õ Î ¸É¨ÍÒ ¢ ¶²µ¸-
±µ¸É¨ XZ, ¶¥·¶¥´¤¨±Ê²Ö·´µ° ´¨ÉÖ³, ¨ ¤¥²¥´¨¥ § ·Ö¤  ² ¢¨´Ò ´  µ³¨Î¥¸±µ³
¸µ¶·µÉ¨¢²¥´¨¨ ´¥±µÉµ·ÒÌ ¸¨£´ ²Ó´ÒÌ ´¨É¥°, ÎÉµ ¤ ¥É Y-±µµ·¤¨´ ÉÊ ÉµÎ¥±
´  É·¥±¥. �¶¨¸ ´´Ò° ¶·¨¡µ· Ö¢²Ö¥É¸Ö Ìµ·µÏ¨³ ¨´¸É·Ê³¥´Éµ³ ¤²Ö ¨¤¥´É¨-
Ë¨± Í¨¨ ¨ ¸¶¥±É·µ³¥É·¨¨ ³¥¤²¥´´ÒÌ Î ¸É¨Í. ‘ £¥²¨¥¢Ò³ ´ ¶µ²´¨É¥²¥³ µ´
³µ¦¥É ¸²Ê¦¨ÉÓ ¶µ²Ö·¨³¥É·µ³ ¶·µÉµ´µ¢ ¨ ¤¥°É·µ´µ¢.

‚�Š DELPHI. ‚�Š ´  Ê¸É ´µ¢±¥ DELPHI Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ É·¥±µ-
¢Ò³ ¤¥É¥±Éµ·µ³ ¨ ¢Ò¶µ²´Ö¥É ËÊ´±Í¨¨ Í¥´É· ²Ó´µ£µ ¤¥É¥±Éµ· . Š ³¥· 
¨³¥¥É ̧ ²¥¤ÊÕÐ¨¥ · §³¥·Ò: · ¤¨Ê¸ R = 120 ¸³ ̈  ¤²¨´a L = 2 × 150 ¸³, ¶µ²¥§-

´Ò° µ¡Ñ¥³ 14 ³3. ’µ·Í¥¢ Ö Í¨²¨´¤·¨Î¥¸± Ö ¶µ¢¥·Ì´µ¸ÉÓ, £¤¥ · ¸¶µ²µ¦¥´ 
Œ�Š, · §¤¥²¥´  ´  6 ¸¥±Éµ·µ¢, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¸µ¤¥·¦¨É ¶µ
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192 ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¶·µ¢µ²µ±¨ ¨ ¶µ 16 ¶Ô¤µ¢. �·¥¤Ê¸¨²¨É¥²¨ · ¸¶µ²µ¦¥´Ò
´¥¶µ¸·¥¤¸É¢¥´´µ ´  Œ�Š. �µ¸²¥ ¤¢ÊÌ± ¸± ¤´µ£µ Ê¸¨²¥´¨Ö ¸¨£´ ²Ò ¶µ¸ÉÊ-
¶ ÕÉ ´  ¢Ìµ¤Ò 8-· §·Ö¤´ÒÌ ¶ · ²²¥²Ó´ÒÌ �–�, ±µÉµ·Ò¥ µ¡¥¸¶¥Î¨¢ ÕÉ
µÍ¨Ë·µ¢±Ê ¸¨£´ ²µ¢ ¸ Î ¸ÉµÉµ° 14 ŒƒÍ. �  Éµ·Í¥ ± ³¥·Ò · ¸¶µ²µ¦¥´Ò
É ±¦¥ Ï¥¸ÉÓ ³¨´¨ ÉÕ·´ÒÌ ² §¥·µ¢, ±µÉµ·Ò¥ µ¡¥¸¶¥Î¨¢ ÕÉ ¨³¨É Í¨Õ É·¥-
±µ¢ ¢ ¶·µÍ¥¸¸¥ ¤¨ £´µ¸É¨±¨ ¤¥É¥±Éµ· .

‚ ·¥§Ê²ÓÉ É¥ É¥¸É¨·µ¢ ´¨Ö ‚�Š, ¨¸¶µ²Ó§Ê¥³µ° ´  Ê¸É ´µ¢±¥ DELPHI
[23,25], ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò: ¸±µ·µ¸ÉÓ ¤·¥°Ë  64 ³±³/´¸, · §-
·¥Ï¥´¨¥ σ(dE6 dx) = 5,5 ± 0,5%, · §·¥Ï¥´¨¥ ¢ ¶²µ¸±µ¸É¨  rφ · ¢´µ 180Å
280 ³±³ ¨ · §·¥Ï¥´¨¥ ¤¢ÊÌ É·¥±µ¢ ¸µ¸É ¢²Ö¥É 1,5 ¸³. ˆ´Ëµ·³ Í¨Ö, ¸Î¨ÉÒ-
¢ ¥³ Ö µÉ ‚�Š, ¨¸¶µ²Ó§Ê¥É¸Ö É ±¦¥ ¤²Ö ¢Ò· ¡µÉ±¨ É·¨££¥·´µ£µ ¸¨£´ ²  ¨
¢µ¸¸É ´µ¢²¥´¨Ö É·¥±µ¢ ¸ ¶µ³µÐÓÕ ¸¶¥Í¨ ²¨§¨·µ¢ ´´µ£µ É·¥±µ¢µ£µ ¶·µÍ¥¸-

�¨¸.11. „¨¸¶²¥°´ Ö ± ·É¨´  ¶·µÌµ¦¤¥´¨Ö Î ¸É¨Í ¸±¢µ§Ó ³¨±·µ¢¥·Ï¨´´Ò°
¤¥É¥±Éµ·, ¢´ÊÉ·¥´´¨° ¤¥É¥±Éµ· ¨ Î¥·¥§ ¡²¨¦ °ÏÊÕ ¸¥±Í¨Õ ‚�Š DELPHI
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¸µ· , µ¸´µ¢ ´´µ£µ ́   Ìµ·µÏµ ̈ §¢¥¸É´µ³  ²£µ·¨É³¥ ́ ¥¶·¥·Ò¢´µ° ³ ¸±¨ [24].
–¥´É· ²Ó´Ò° ¤¥É¥±Éµ· ¢Ò¶µ²´Ö¥É ¸²¥¤ÊÕÐ¨¥¥ ËÊ´±Í¨¨: 1) ¨§³¥·¥´¨¥ ±µ-
µ·¤¨´ É É·¥±µ¢ Î ¸É¨Í; 2) ÔËË¥±É¨¢´µ¥ e6 π-· §¤¥²¥´¨¥; 3) ¢ ¸µÎ¥É ´¨¨ ¸
¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò³ ³¨±·µ¢¥·Ï¨´´Ò³, ¢´ÊÉ·¥´´¨³ ¨ ¢´¥Ï´¨³ ¤¥É¥±Éµ·µ³
¨§³¥·¥´¨¥ ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í.

�  ·¨¸.11 ¶µ± § ´µ ¸µ¡ÒÉ¨¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ¸ ¶µ³µÐÓÕ É·¥±µ¢µ°
¸¨¸É¥³Ò ¤¥É¥±Éµ·  DELPHI, ¸µ¸ÉµÖÐ¥° ¨§ ¶µ²Ê¶·µ¢µ¤´¨±µ¢µ£µ ³¨±·µ¢¥·-
Ï¨´´µ£µ ¤¥É¥±Éµ· , ¢´ÊÉ·¥´´¥° ¤¦¥É-± ³¥·Ò ¨ ‚�Š.

‚�Š ALEPH (ALEPH: ®A detector for LEP Physics¯). ‚�Š ±µ²² -
¡µ· Í¨¨ ALEPH Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥ ±·Ê¶´µ° ± ³¥·µ°, · §· ¡µÉ ´´µ° ¤²Ö
Ô±¸¶¥·¨³¥´Éµ¢ ´  LEP. ‚ Í¥²µ³ Ê¸É ´µ¢±  ¸µ§¤ ´  ¤²Ö ·¥Ï¥´¨Ö Ï¨·µ±µ£µ
±·Ê£  § ¤ Î ̈ , ¢ Î ¸É´µ¸É¨, ¤²Ö ¤¥É ²Ó´µ£µ ̈ §ÊÎ¥´¨Ö ¶ · ³¥É·µ¢ ̧ É ´¤ ·É´µ°

³µ¤¥²¨ ¸² ¡ÒÌ ¢§ ¨³µ¤¥°¸É¢¨°, É ±¨Ì ± ± ¶·µ¤Ê±ÉÒ ¨ · ¸¶ ¤Ò ³µ¤ Z 0- ¨

W ±-¡µ§µ´µ¢, ¤²Ö ¶·µ¢¥·±¨ Š•„ ¶·¨ ¡µ²ÓÏ¨Ì Q 2, ¤²Ö ¶µ¨¸±  Éµ¶-±¢ ·±  ¨
É.¤. [24Å26]. �¥¶µ¸·¥¤¸É¢¥´´µ ‚�Š, ± ± É·¥±µ¢Ò° ¤¥É¥±Éµ·, ¨¸¶µ²Ó§Ê¥É¸Ö
¤²Ö ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸µ¢ ¨ Ê£²µ¢ ¢Ò²¥É  § ·Ö¦¥´´ÒÌ Î ¸É¨Í ̧  ¢Ò¸µ±¨³ · §-
·¥Ï¥´¨¥³ ¨ µ¶·¥¤¥²¥´¨Ö ¶²µÉ´µ¸É¨ ¨µ´¨§ Í¨¨ dE6 dx, ¸ ¶µ³µÐÓÕ ±µÉµ·µ°
µÉ¤¥²ÖÕÉ¸Ö É·¥±¨ ¶¨µ´µ¢ ¨ Ô²¥±É·µ´µ¢. Šµµ·¤¨´ É  Z ¶µ²ÊÎ ¥É¸Ö ¶ÊÉ¥³
¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¤·¥°Ë  ¶·¨ ¨§¢¥¸É´µ° ¸±µ·µ¸É¨ ¤·¥°Ë , · ¢´µ°
5,2 ¸³/³±¸, rφ-±µµ·¤¨´ É  ´ Ìµ¤¨É¸Ö ¶ÊÉ¥³ ¨´É¥·¶µ²ÖÍ¨¨ ¸¨£´ ²µ¢, ¸Î¨ÉÒ-
¢ ¥³ÒÌ ¸ ¶Ô¤µ¢, ¨ ¤²Ö ´ Ìµ¦¤¥´¨Ö r-±µµ·¤¨´ ÉÒ ¨¸¶µ²Ó§Ê¥É¸Ö ¶µ²µ¦¥´¨¥
¶Ô¤  ¢ · ¤¨ ²Ó´µ³ ´ ¶· ¢²¥´¨¨. ‘ ¶µ³µÐÓÕ ‚�Š ¨ ¡Ò¸É·ÒÌ �–� ¨§³¥-
·Ö¥É¸Ö 21 ÉµÎ±  ¤²Ö ± ¦¤µ£µ É·¥± . ’· ¥±Éµ·¨¨ § ·Ö¦¥´´µ° Î ¸É¨ÍÒ ¢´ÊÉ·¨
µ¡Ñ¥³  ± ³¥·Ò ¶·¥¤¸É ¢²ÖÕÉ ̧ µ¡µ° ¢¨´Éµ¢Ò¥ ²¨´¨¨,   ¢ ¶·µ¥±Í¨¨ ´  Éµ·Í Ì
¶µ²ÊÎ ÕÉ¸Ö ¤Ê£¨ ¨²¨ µ±·Ê¦´µ¸É¨. ‚ [26] ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö
¢¥²¨Î¨´Ò ¶·µ¸É· ´¸É¢¥´´µ£µ · §·¥Ï¥´¨Ö ‚�Š ALEPH, ±µÉµ· Ö · ¢´ 
(150 ± 5) ³±³. ‚ É ¡².3 ¶·¨¢¥¤¥´Ò ´¥±µÉµ·Ò¥ ¢ ¦´Ò¥ Ì · ±É¥·¨¸É¨±¨ ‚�Š
(¸³. É ±¦¥ É ¡².2).

’ ¡²¨Í  3. �¥±µÉµ·Ò¥ Ì · ±É¥·¨¸É¨±¨ ‚�Š ALEPH

� §·¥Ï¥´¨¥ ¢ ¶²µ¸±µ¸É¨ rφ 160 ³±³ ¶·¨ Ê£²¥ ¶¥·¥¸¥Î¥´¨Ö ¶Ô¤  0Æ

400 ³±³ ¶·¨ Ê£²¥ ¶¥·¥¸¥Î¥´¨Ö ¶Ô¤a 10Æ

� §·¥Ï¥´¨¥ z-±µo·¤¨´ ÉÒ

¶·¨ ¶µ²Ö·´µ³ Ê£²¥ 90Æ 45Æ 20Æ

¤²Ö ¶Ô¤µ¢, ³³ 0,7 1,7 2,3

¤²Ö ¶·µ¢µ²µ±, ³³ 3 2 2

� §·¥Ï¥´¨¥ ¶µ ¨³¶Ê²Ó¸Ê ∆p 6 p2 1,5 ⋅ 10−3 (ƒÔ‚/¸)−1

� §·¥Ï¥´¨¥ dE 6 dx 4,5% ¤²Ö 280 ¶·µ¢µ²µ±
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‚�Š ALEPH ¢Ìµ¤¨É ¢ ¸µ¸É ¢ ¡µ²ÓÏµ£µ Í¥´É· ²Ó´µ£µ ¤¥É¥±Éµ· , ¢ ±µÉµ-
·Ò° ¢Ìµ¤ÖÉ ¢´ÊÉ·¥´´ÖÖ É·¥±µ¢ Ö ± ³¥·  ̈  ‚�Š. �µ Ëµ·³¥ ¢·¥³Ö¶·µ¥±Í¨µ´-
´ Ö ± ³¥·  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Í¨²¨´¤· (·¨¸.12) ¸  ±¸¨ ²Ó´µ-¶ · ²²¥²Ó´Ò³
³ £´¨É´Ò³ ¨ Ô²¥±É·¨Î¥¸±¨³ ¶µ²¥³. ‚ ¸¥·¥¤¨´¥ ± ³¥·Ò ¨³¥¥É¸Ö Í¥´É· ²Ó-
´ Ö ³¥³¡· ´ , ±µÉµ· Ö · §¤¥²Ö¥É ± ³¥·Ê ´  ¤¢¥ ¶µ²µ¢¨´Ò. �²¥±É·µ´Ò, ¶µ-
·µ¦¤ ¥³Ò¥ ¶·µ²¥É ÕÐ¥° § ·Ö¦¥´´µ° Î ¸É¨Í¥°, ¤·¥°ËÊÕÉ ¢ ´ ¶· ¢²¥´¨¨
µ¤´µ£µ ¨§ Éµ·Íµ¢ ± ³¥·Ò, £¤¥ · ¸¶µ²µ¦¥´Ò ÎÊ¢¸É¢¨É¥²Ó´Ò¥ Ô²¥±É·µ¤Ò
Œ�Š. Œ�Š, · ¸¶µ²µ¦¥´´Ò¥ Ê Éµ·Íµ¢ ± ³¥·Ò, · §¤¥²¥´Ò ´  18 ¸¥±Éµ·µ¢.
�  ·¨¸.13,  ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ¶·¨¢¥¤¥´  £¥µ³¥É·¨Ö Éµ·Í¥¢µ£µ ¤¥É¥±Éµ· 
(Œ�Š ¸ ± Éµ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³). �  ·¨¸.13,¡ ¡µ²¥¥ ¤¥É ²Ó´µ ¶µ± § ´Ò ¸Ì¥-
³Ò ¸¥±Éµ·µ¢ M,W ¨ Š. Š Éµ¤´Ò¥ ¶Ô¤Ò ´ Ìµ¤ÖÉ¸Ö ´  · ¸¸ÉµÖ´¨¨ 4 ³³ µÉ
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ±. �·¨Î¥³ ± ¦¤Ò° ¨§ ¸¥±Éµ·µ¢ ¸µ¤¥·¦¨É · §²¨Î´µ¥
Î¨¸²µ ¶Ô¤µ¢, µ¡Ð¥¥ Î¨¸²µ ±µÉµ·ÒÌ · ¢´µ 41004 (±µ²¨Î¥¸É¢µ  ´µ¤´ÒÌ ¶·µ-
¢µ²µ± · ¢´µ 6000). ‘ ÊÎ¥Éµ³ ¢·¥³¥´¨ ¤·¥°Ë  ¶µ·Ö¤±  45 ³±¸ ¨´Ëµ·³ Í¨Ö,
¸Î¨ÉÒ¢ ¥³ Ö µÉ ‚�Š, ¨¸¶µ²Ó§Ê¥É¸Ö ´  ¢Éµ·µ³ Ê·µ¢´¥ µÉ¡µ·  ¸µ¡ÒÉ¨°.
‘ ¶µ³µÐÓÕ ¶ · ²²¥²Ó´ÒÌ �–�  ´ ²µ£µ¢Ò¥ ¸¨£´ ²Ò µÍ¨Ë·µ¢Ò¢ ÕÉ¸Ö ¨
§ ¶µ³¨´ ÕÉ¸Ö ¢ ¡ÊË¥·´µ° ¶ ³ÖÉ¨. �  µ¤´µ ¸µ¡ÒÉ¨¥ ¶·¨Ìµ¤¨É¸Ö 25 ³¡ °É
¤ ´´ÒÌ [28]. ‚ ¦´µ, ÎÉµ ¨´Ëµ·³ Í¨Ö µ É·¥± Ì, ¶µ²ÊÎ¥´´ Ö ¸ ¶µ³µÐÓÕ ¤ ´-
´µ° ± ³¥·Ò, ¡Ò²  µ¡· ¡µÉ ´  ¸ ¶µ³µÐÓÕ ´¥°·µ´´µ° ¸¥É¨ [29]. �µ²ÊÎ¥´Ò
± Î¥¸É¢¥´´Ò¥ ¨§µ¡· ¦¥´¨Ö É·¥±µ¢ Î ¸É¨Í ¢ ·¥¦¨³¥ ®µË-² °´¯, µ¤´µ ¨§
±µÉµ·ÒÌ ¶·¨¢¥¤¥´µ ´  ·¨¸.14.

�¨¸.12. �¡Ð¨° ¢¨¤ ‚�Š ALEPH ´  ± ´ ²¥ ¶ÊÎ±  Î ¸É¨Í
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ˆ¸¶µ²Ó§µ¢ ´¨¥ ‚�Š ¢ Ô±¸¶¥·¨³¥´É¥ WA71. �¥·¥¤±µ ‚�Š ¶µ³¥Ð ÕÉ-
¸Ö ¢ Éµ° Î ¸É¨ Ê¸É ´µ¢±¨, £¤¥ É·¥±¨ Î ¸É¨Í ¨³¥ÕÉ ³¥´ÓÏÊÕ ¶²µÉ´µ¸ÉÓ ¨
¡µ²ÓÏµ° Ê£µ² · §²¥É  É·¥±µ¢. �µÔÉµ³Ê É ±¨¥ ¤¥É¥±Éµ·Ò ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¸µ-
Î¥É ´¨¨ ¸ ¤¥É¥±Éµ· ³¨ ³¥´ÓÏ¨Ì · §³¥·µ¢ ¨ ¸ ¡µ²¥¥ ¢Ò¸µ±µ° · §·¥Ï ÕÐ¥°
¸¶µ¸µ¡´µ¸ÉÓÕ. ‚ Ô±¸¶¥·¨³¥´É¥, µ¶¨¸ ´´µ³ ¢ [30,31], ¤¢¥ ‚�Š ¶·Ö³µÊ£µ²Ó-
´µ° Ëµ·³Ò · ¡µÉ ÕÉ ¸µ¢³¥¸É´µ ¸ ³¨±·µ¶µ²µ¸±µ¢Ò³ ±·¥³´¨¥¢Ò³ É¥²¥¸±µ-

�¨¸.13.  ) ƒ¥µ³¥É·¨Ö ± Éµ¤´µ° ¶²µ¸±µ¸É¨ ‚�Š ALEPH.
¡) �µ²¥¥ ¤¥É ²Ó´µ¥ ¨§µ¡· ¦¥´¨¥ ¸¥±Éµ·µ¢ Š, �, ¨ W
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¶µ³. Š ³¥·Ò · ¡µÉ ÕÉ ¢ ³ £´¨É´µ³ ¶µ²¥ ¸¶¥±É·µ³¥É·  ®Omega¯ ¨ Ö¢²ÖÕÉ-
¸Ö Î ¸ÉÓÕ ¢¥·Ï¨´´µ£µ ¤¥É¥±Éµ· , ¸Ì¥³  ±µÉµ·µ£µ ¶·¨¢¥¤¥´  ´  ·¨¸.15. �´
¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ¨¸±  ¶·¥²¥¸É´ÒÌ Î ¸É¨Í, ¶µ·µ¦¤ ¥³ÒÌ ¢ Ô³Ê²Ó¸¨¨,

µ¡²ÊÎ ¥³µ° ¶ÊÎ±µ³ π−-³¥§µ´µ¢ ¶·¨ Ô´¥·£¨¨ 350 ƒÔ‚/¸. ‘ ¶µ³µÐÓÕ ³¨±·µ-
¶µ²µ¸±µ¢µ£µ É¥²¥¸±µ¶  ·¥£¨¸É·¨·ÊÕÉ¸Ö ±µµ·¤¨´ ÉÒ Î ¸É¨Í ¸ ¢Ò¸µ±µ° ÉµÎ-
´µ¸ÉÓÕ ¢ ´¥¡µ²ÓÏ¨Ì Ê£² Ì θ ≤ 90 ³· ¤. �·¨ ÔÉµ³ · §·¥Ï¥´¨¥ ¤¢ÊÌ É·¥±µ¢
· ¢´µ 150 ³±³.

�¨¸.14. ‘µ¡ÒÉ¨¥, § ·¥£¨¸É·¨·µ¢ ´-
´µ¥ ¢ ·¥¦¨³¥ ®µ´-² °´¯ ¸ ¶µ³µÐÓÕ
‚�Š ALEPH

�¨¸.15. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥´¨¥ ¸¶¥±É·µ³¥É·  WA71
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� §´ Î¥´¨¥ ‚�Š ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ·¥£¨¸É·¨·µ¢ ÉÓ É·¥±¨ Î ¸É¨Í ¢
µ¡² ¸É¨ 65 ≤ θ < 600 ³· ¤. ‚ ¦´Ò³ ± Î¥¸É¢µ³ ‚�Š Ö¢²Ö¥É¸Ö É ±¦¥ ³ ² Ö
Éµ²Ð¨´  ¢¥Ð¥¸É¢  (¢ ¥¤¨´¨Í Ì · ¤¨ Í¨µ´´µ° ¤²¨´Ò), ¢´µ¸¨³ Ö ±µ´¸É·Ê±-
Í¨¥° ± ³¥·Ò. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ‚�Š ¶·¨¢¥¤¥´Ò ¢ É ¡².4.

„²Ö  ̈ §³¥·¥´¨Ö  ̈ ³¶Ê²Ó¸µ¢  Î ¸É¨Í  ̈   ¢¥²¨Î¨´Ò dE6 dx ¨¸¶µ²Ó§ÊÕÉ¸Ö
7-· §·Ö¤´Ò¥ ¶ · ²²¥²Ó´Ò¥ �–�. TµÎ´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ¢¥·Ï¨´Ò · ¸¶ ¤ 
¶µ µ¸¨ z · ¢´  800 ³±³ ¨ ¶µ µ¸¨ x Å 1 ³³ (´ ¶· ¢²¥´¨¥ ¶ÊÎ± ).

‚�Š ¤²Ö Ô±¸¶¥·¨³¥´É  CDF. ‘²¥¤Ê¥É É ±¦¥ µÉ³¥É¨ÉÓ ‚�Š, ¨¸¶µ²Ó§Ê¥-
³ÊÕ ¢ Ô±¸¶¥·¨³¥´É¥ CDF [32], ±µÉµ· Ö Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ µ¸´µ¢´ÒÌ É·¥±µ-
¢ÒÌ ¤¥É¥±Éµ·µ¢ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ´  ±µ²² °¤¥·¥ ¢ ‹ ¡µ· Éµ·¨¨ ¨³.”¥·³¨
(CDF Å Collider Detector at Fermilab). Šµ´¸É·Ê±É¨¢´µ ¢·¥³Ö¶·µ¥±Í¨µ´´ Ö
± ³¥·  ¸µ¸Éµ¨É ¨§ ¢µ¸Ó³¨ ¸¤¢µ¥´´ÒÌ ‚�Š (³µ¤Ê²¥°), µ±·Ê¦ ÕÐ¨Ì ¨µ´µ-
¶·µ¢µ¤ (·¨¸.16) ¨ ¸¤¢¨´ÊÉÒÌ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£  ´  11,3Æ. Š ¦¤Ò° ¨§
³µ¤Ê²¥° ¨³¥¥É Í¥´É· ²Ó´ÊÕ ¸¥É±Ê, ´ Ìµ¤ÖÐÊÕ¸Ö ¶µ¤ ¢Ò¸µ±¨³ ¶µÉ¥´Í¨ ²µ³
¨ · §¤¥²ÖÕÐÊÕ ± ³¥·Ê ́   ¤¢  ¤·¥°Ëµ¢ÒÌ ¶·µ³¥¦ÊÉ±  ¤²¨´µ° 15,25 ̧ ³ ± ¦-
¤Ò°. �·¨ ¸±µ·µ¸É¨ ¤·¥°Ë  46 ³±³/´¸ ³ ±¸¨³ ²Ó´µ¥ ¢·¥³Ö ¤·¥°Ë  ¸µ¸É ¢-
²Ö¥É 3,5 ³±¸ ¨ Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸ ¢·¥³¥´¥³ ¢¸É·¥Î¨ ¶ÊÎ±µ¢ 3,5 ³±¸.
�²¥±É·µ´Ò ¤·¥°ËÊÕÉ µÉ Í¥´É·  ¸¥É±¨, ¶·µÌµ¤ÖÉ Î¥·¥§ ± Éµ¤´Ò¥ Ô²¥±É·µ¤Ò
¨ ¶µ¶ ¤ ÕÉ ́   ¶·µ¢µ²µ±¨ Œ�Š. ’µ·Í¥¢Ò¥ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¶²µ¸±µ¸É¨ · §¤¥-
²¥´Ò ´  µ±É ´ÉÒ, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¸µ¸Éµ¨É ¨§ ¶·µ¢µ²µÎ¥± ¨ ¶Ô¤µ¢.
‚ É ¡².2 ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ‚�Š.

�¸´µ¢´Ò¥ ËÊ´±Í¨¨, ¢Ò¶µ²´Ö¥³Ò¥ ¢¥·Ï¨´´µ° ¢·¥³Ö¶·µ¥±Í¨µ´´µ° ± -
³¥·µ°, § ±²ÕÎ ÕÉ¸Ö ¢ ¸²¥¤ÊÕÐ¥³.

1) � Ìµ¦¤¥´¨¥ ±µµ·¤¨´ ÉÒ z-¢¥·Ï¨´Ò · ¸¶ ¤ .
2) ‚µ¸¸É ´µ¢²¥´¨¥ Éµ¶µ²µ£¨° ¢¸¥Ì ¸µ¡ÒÉ¨° ¢ ¶·¥¤¥² Ì ¶µ²Ö·´µ£µ Ê£² 

3,5Æ ≤ γ ≤ 176,5Æ.

’ ¡²¨Í  4. � · ³¥É·Ò ‚�Š WA71

„¨ ³¥É·  ´µ¤´µ° ¶·µ¢µ²µ±¨, ³±³ 20
„¨ ³¥É· ± Éµ¤´µ° ¶·µ¢µ²µ±¨, ³±³ 100
„¨ ³¥É· ¶µ²¥¢µ° ¶·µ¢µ²µ±¨, ³±³ 100
� ¸¸ÉµÖ´¨¥ ³¥¦¤Ê  ´µ¤´Ò³¨ ¶·µ¢µ²µ± ³¨, ³³ 12
�·µ¶µ·Í¨µ´ ²Ó´Ò° ¶·µ³¥¦ÊÉµ±, ³³ 6
„·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ±, ³³ 160
� §³¥· ¶Ô¤ , ³³ 6 × 8
Šµ²¨Î¥¸É¢µ  ´µ¤´ÒÌ ¶·µ¢µ²µ± 16
Šµ²¨Î¥¸É¢µ ¶µ²µ¸±µ¢ÒÌ ¶Ô¤µ¢ 3
Šµ²¨Î¥¸É¢µ ¶Ô¤µ¢ ´  ¶µ²µ¸±¥ 32
ƒ §µ¢ Ö ¸³¥¸Ó 70%  ·£µ´ + 29% ¨§µ¡ÊÉ ´

+ 1% ¸¶¨·É
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3) ‚µ¸¸É ´µ¢²¥´¨¥ É·¥±µ¢ ¢ ¸µ¡ÒÉ¨ÖÌ ¸ ¡µ²ÓÏµ° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ.
4) „¥É¥±É¨·µ¢ ´¨¥ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢¡²¨§¨ ¢¥·Ï¨´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö,

£¤¥ ¸µ¤¥·¦¨É¸Ö ³ ²µ¥ ±µ²¨Î¥¸É¢µ ¢¥Ð¥¸É¢ .
5) �¥£¨¸É· Í¨Ö É·¥±µ¢ ¢ ¤¨ ¶ §µ´¥ Ê£²µ¢ 10Æ ≤ θ ≤ 30Æ. ‚ ÔÉµ° Ê£²µ¢µ°

µ¡² ¸É¨ ¤ ´´Ò¥, ¶µ²ÊÎ ¥³Ò¥ µÉ ‚�Š ¨ Í¥´É· ²Ó´µ£µ ¤¥É¥±Éµ· , ¨¸¶µ²Ó§Ê-
ÕÉ¸Ö ± ± ¤²Ö ·¥£¨¸É· Í¨¨ É·¥±µ¢, É ± ¨ ¤²Ö ¨§³¥·¥´¨Ö ¨³¶Ê²Ó¸µ¢.

6) ̂ ´Ëµ·³ Í¨Ö, ¶µ²ÊÎ ¥³ Ö µÉ ¶·µ¢µ²µ± Œ�Š, ̈ ¸¶µ²Ó§Ê¥É¸Ö ¢ ¶²µ¸±µ¸-
É¨ rz ¤²Ö ¶¥·¥¤´¥£µ ± ²µ·¨³¥É·  ¨ É.¤.

5. ��ˆŒ…�…�ˆ… Š�Œ…� ’ˆ�� ®„†…’¯

‚�Š ¨³¥ÕÉ ¤¢  ¸ÊÐ¥¸É¢¥´´ÒÌ ´¥¤µ¸É É± : µÉ´µ¸¨É¥²Ó´µ ³ ²µ¥ ¡Ò¸É·µ-
¤¥°¸É¢¨¥, µ¶·¥¤¥²Ö¥³µ¥ ¢·¥³¥´¥³ ¤·¥°Ë , ¨ É·Ê¤´µ¸É¨ ¨¤¥´É¨Ë¨± Í¨¨
¸µ¡ÒÉ¨° ¢ µ¡² ¸É¨, £¤¥ ¨³¥¥É ³¥¸Éµ ¡µ²ÓÏ Ö ¶²µÉ´µ¸ÉÓ É·¥±µ¢. �É¨Ì ´¥¤µ-
¸É É±µ¢ ²¨Ï¥´Ò ¡µ²¥¥ ¸²µ¦´Ò¥ ¤¥É¥±Éµ·Ò Å ¤¦¥É-± ³¥·Ò (³¨±·µ¢¥·Ï¨´-
´Ò¥ ¤¥É¥±Éµ·Ò), ±µÉµ·Ò¥ µ¡ÒÎ´µ · ¸¶µ² £ ÕÉ¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ µ±µ²µ
¨µ´µ¶·µ¢µ¤ . �¥·¥¤±µ µ´¨ ¥Ð¥ ´ §Ò¢ ÕÉ¸Ö ¢´ÊÉ·¥´´¨³¨ ¤·¥°Ëµ¢Ò³¨ ± ³¥-
· ³¨, ¶µ¸±µ²Ó±Ê · ¸¶µ² £ ÕÉ¸Ö ¢´ÊÉ·¨ ‚�Š. �¡§µ· [33] ¶µ¸¢ÖÐ¥´ ¨¸Éµ·¨¨
· §¢¨É¨Ö ¤¦¥É-± ³¥· ¨ ¡µ²¥¥ ¸µ¢¥·Ï¥´´ÒÌ É·¥Ì³¥·´ÒÌ £ §µ¢ÒÌ ¤¥É¥±-
Éµ·µ¢ Å ¢¥±Éµ·´ÒÌ ¤¥É¥±Éµ·µ¢. ˆÌ ¶·µÉµÉ¨¶µ³ Ö¢²Ö¥É¸Ö ¤¥É¥±Éµ· MARK I,
¸µ¸ÉµÖÐ¨° ̈ § Î¥ÉÒ·¥Ì Í¨²¨´¤·¨Î¥¸±¨Ì ¨¸±·µ¢ÒÌ ± ³¥·. ‘ ¶µ³µÐÓÕ É ±µ£µ

¤¥É¥±Éµ·  ¡Ò² § ·¥£¨¸É·¨·µ¢ ´ · ¸¶ ¤ ψ′ → ψπ+π− (·¨¸.17, ). „ ²Ó´¥°Ï¨°
·µ¸É Ô´¥·£¨° Î ¸É¨Í, ¨Ì ¨³¶Ê²Ó¸µ¢ ¨ ³´µ¦¥¸É¢¥´´µ¸É¨ ¨§ÊÎ ¥³ÒÌ ¸µ¡ÒÉ¨°
¸É¨³Ê²¨·µ¢ ² ¸µ¢¥·Ï¥´¸É¢µ¢ ´¨¥ É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ¢ÒÌ ¤¥É¥±Éµ·µ¢.

�¨¸.16. �¡Ð¨° ¢¨¤ ‚�Š CDF:
1 Å ³¨±·µ¶µ²µ¸±¨ ¤²Ö ÎÉ¥´¨Ö
¸¨£´ ²µ¢; 2 Å Ê£²¥·µ¤´ Ö ¢µ²µ-
±µ´´ Ö ¶·µ±² ¤± ; 3 Å · -
¤¨ ²Ó´ Ö ±·ÒÏ± ; 4 Å Í¥´É-
· ²Ó´ Ö ¢Ò¸µ±µ¢µ²ÓÉ´ Ö ¸¥É± ;
5 Å ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¶·µ¢µ²µÎ-
±¨; 6 Å ±µ´É ±ÉÒ ¤²Ö ÎÉ¥´¨Ö
¸¨£´ ²µ¢; 7 Å ± Éµ¤´Ò¥ ³¨±·µ-
¶µ²µ¸±¨; 8 Å Ê£²¥·µ¤´Ò¥ ¢µ-
²µ±´ ; 9 Å ¢´ÊÉ·¥´´ÖÖ ¶µ²¥¢ Ö
±²¥É± ; 10 Å ± Éµ¤´Ò¥ ³¨±·µ-
¶µ²µ¸±¨; 11 Å ¢´¥Ï´ÖÖ ¶µ²¥-
¢ Ö ±²¥É± ; 12 Å ·¥§¨¸É¨¢´Ò°
¤¥²¨É¥²Ó
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� ³¥É¨²¨¸Ó ¤¢¥ É¥´¤¥´Í¨¨, ±µÉµ·Ò¥ ¡Ò²¨ ·¥ ²¨§µ¢ ´Ò ¢ ¶µ¸²¥¤ÊÕÐ¨Ì
· §· ¡µÉ± Ì. ‚ Ê¸É ´µ¢±¥ MARK II ¤¥É¥±Éµ· ¸µ¸Éµ¨É ¨§ Î¥ÉÒ·¥Ì ±µ´Í¥´É-
·¨Î¥¸±¨Ì ¸²µ¥¢, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ § ¶µ²´¥´ ³´µ¦¥¸É¢µ³ ´¥§ ¢¨¸¨³ÒÌ
¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±. �µÖ¢¨² ¸Ó ¢µ§³µ¦´o¸ÉÓ ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·ÖÉÓ
É·¨ ±µµ·¤¨´ ÉÒ ¢ ¶·µ¸É· ´¸É¢¥: z, r ¨ φ (·¨¸.17,¡). �É  ³¥Éµ¤¨±  ¶µ²ÊÎ¨² 
Ï¨·µ±µ¥ ¶·¨³¥´¥´¨¥ ¨ ¢ ¤·Ê£¨Ì ¸¶¥±É·µ³¥É· Ì. � ¶·¨³¥·, ¤¥É¥±Éµ· ¢ Ê¸É -
´µ¢±¥ TASSO [34] ¸µ¤¥·¦¨É 15 ¸²µ¥¢ (2430 ÖÎ¥¥±) ¸ ¤·¥°Ëµ¢Ò³ ¶·µ³¥¦ÊÉ-
±µ³ 16 ³³. �µ²¥¥ ¸µ¢¥·Ï¥´´Ò° É¨¶ ¤¥É¥±Éµ·  JADE, ¶µ²ÊÎ¨¢Ï¨° ´ §¢ ´¨¥
®o′¡· §´µ°¯ (pictorial) ± ³¥·Ò [35], ¨³¥¥É ¤²¨´Ê 2,4 ³, ¢´¥Ï´¨° ¤¨ ³¥É·
1,6 ³ ¨ ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· 0,4 ³. …¸²¨ · ¸¸³ É·¨¢ ÉÓ ¢¤µ²Ó µ±·Ê¦´µ¸É¨,
Éµ µ¡Ñ¥³ ± ³¥·Ò · §¤¥²¥´ ´  24 ´¥§ ¢¨¸¨³ÒÌ ³µ¤Ê²Ö. ‚ ¸¢µÕ µÎ¥·¥¤Ó, ± ¦-
¤Ò° ³µ¤Ê²Ó, ¥¸²¨ · ¸¸³ É·¨¢ ÉÓ ¢ · ¤¨ ²Ó´µ³ ´ ¶· ¢²¥´¨¨, ¸µ¸Éµ¨É ¨§
Î¥ÉÒ·¥Ì ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±, ¶µ 16  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¢ ± ¦¤µ° ÖÎ¥°±¥. �¥-
µ¶·¥¤¥²¥´´µ¸ÉÓ É¨¶  ®¸²¥¢ -¸¶· ¢ ¯ · §·¥Ï ¥É¸Ö ¶ÊÉ¥³ ̧ ¤¢¨£  ́   ́ ¥¸±µ²Ó±µ
¸µÉ ³¨±·µ´ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µÎ¥± ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£ . ‚Ò¸µ± Ö
¶²µÉ´µ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ÉµÎ¥± ¢ µ¡Ñ¥³¥ ± ³¥·Ò µ¡¥¸¶¥Î¨¢ ¥É ·¥±µ´¸É-
·Ê±Í¨Õ ¸µ¡ÒÉ¨° ¸ ¥Ð¥ ¡µ²ÓÏ¥° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ (·¨¸.17,¢).

�¨¸.17.  ) � ¸¶ ¤ ψ′ → ψπ+π−, § ·¥£¨¸É·¨·µ¢ ´´Ò° ¸ ¶µ³µÐÓÕ Î¥ÉÒ·¥Ì ±µ´-

Í¥´É·¨Î¥¸±¨Ì ̈ ¸±·µ¢ÒÌ ± ³¥· (¤¥É¥±Éµ· MARK I). ¡) ‘µ¡ÒÉ¨¥ e+e− →  ¤·µ´Ò,
§ ·¥£¨¸É·¨·µ¢ ´´µ¥ ¸ ¶µ³µÐÓÕ ¤¥É¥±Éµ·  TASSO, ¸µ¤¥·¦ Ð¥£µ 2430 ¤·¥°-
Ëµ¢ÒÌ ÖÎ¥¥±. ¢) ’¨¶¨Î´µ¥ ̧ µ¡ÒÉ¨¥, § ·¥£¨¸É·¨·µ¢ ´´µ¥ ̧  ¶µ³µÐÓÕ ¤¥É¥±Éµ· 
¤¦¥É-± ³¥·Ò JADE
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‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ±µ´Í¥¶Í¨Ö ®o′¡· §´ÒÌ¯ ± ³¥· ¶µ²ÊÎ¨²  ¢¥¸Ó³ 
Ï¨·µ±µ¥   · ¸¶·µ¸É· ´¥´¨¥  ̈   ̧ É¨³Ê²¨·µ¢ ²   · §· ¡µÉ±Ê  ÔËË¥±É¨¢´µ°
·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·µ´´µ°  ¶¶ · ÉÊ·Ò ¨ ³¥Éµ¤¨±Ê ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ
¶·µÍ¥¸¸µ·µ¢. �Ò¸É·µ¤¥°¸É¢¨¥ ÔÉµ£µ ±² ¸¸  É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ¢ÒÌ
¤¥É¥±Éµ·µ¢ ´  ¶µ·Ö¤µ± ¡µ²¥¥ ¢Ò¸µ±µ¥ ¶µ ¸· ¢´¥´¨Õ ¸ ‚�Š. ‘± § ´´µ¥ ¡Ê-
¤¥É ¶·µ¨²²Õ¸É·¨·µ¢ ´µ ´  ±µ´±·¥É´ÒÌ ¶·¨³¥· Ì. �¨¦¥ ¤ ¥É¸Ö É ±¦¥ ±· É-
±µ¥ µ¶¨¸ ´¨¥ ±µ´¸É·Ê±Í¨° ´ ¨¡µ²¥¥ ¨§¢¥¸É´ÒÌ ³¨±·µ¢¥·Ï¨´´ÒÌ ¤¦¥É-
¤¥É¥±Éµ·µ¢.

Œ¨±·µ¢¥·Ï¨´´ Ö ± ³¥·  TOPAZ [34]. “¸É ´µ¢±  ¨³¥¥É 4π-£¥µ³¥É·¨Õ
¨ · §· ¡µÉ ´  ¤²Ö ¤¥É¥±É¨·µ¢ ´¨Ö § ·Ö¦¥´´ÒÌ ¨ ´¥°É· ²Ó´ÒÌ Î ¸É¨Í ´ 
Ê¸±µ·¨É¥²¥ TRISTAN (Ÿ¶µ´¨Ö). �´  ¸µ¸Éµ¨É ¨§ ‚�Š, ¢·¥³Ö¶·µ²¥É´ÒÌ
¸Î¥ÉÎ¨±µ¢ ¨ ¢´ÊÉ·¥´´¥° ¤¦¥É-± ³¥·Ò.

Œ¨±·µ¢¥·Ï¨´´ Ö ± ³¥· , ¨¸¶µ²Ó§Ê¥³ Ö ¢ Ê¸É ´µ¢±¥ TOPAZ, ¢Ò¶µ²´Ö¥É
¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨: ¢Ò· ¡µÉ±  ¡Ò¸É·ÒÌ É·¨££¥·´ÒÌ ¸¨£´ ²µ¢ ¨ ¶·¥Í¨-
§¨µ´´µ¥ ¨§³¥·¥´¨¥ ¶µ§¨Í¨° É·¥±µ¢ ¢ rφ- ¨ rz-¶²µ¸±µ¸ÉÖÌ. „²Ö ¤µ¸É¨¦¥´¨Ö
ÔÉ¨Ì Í¥²¥° ¶·¨³¥´¥´Ò ¸¶¥Í¨ ²Ó´Ò¥ ±µ´¸É·Ê±É¨¢´Ò¥ · §· ¡µÉ±¨. ‚ Î ¸É-
´µ¸É¨, ± ³¥·  ̧ µ¤¥·¦¨É 10 ̧ ²µ¥¢, § ¶µ²´¥´ÒÌ ¤·¥°Ëµ¢Ò³¨ ÖÎ¥°± ³¨. ‚  §¨-
³ÊÉ ²Ó´µ³ ´ ¶· ¢²¥´¨¨ 4 ¢´ÊÉ·¥´´¨Ì ¸²µÖ, É ± ¦¥, ± ± ¨ 6 µ¸É ²Ó´ÒÌ
¢´¥Ï´¨Ì ¸²µ¥¢, ¸µ¤¥·¦ É ¶µ 128 ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±. „²Ö ÉµÎ´µ£µ ¨§³¥·¥´¨Ö
z-±µµ·¤¨´ ÉÒ ¢¢¥¤¥´Ò 8 §¨£§ £µµ¡· §´ÒÌ ²¨´¨° § ¤¥·¦±¨ Í¨²¨´¤·¨Î¥¸±µ°
Ëµ·³Ò. „²Ö ÔËË¥±É¨¢´µ£µ µÉ¡µ·  É·¥±µ¢ ¸ ¶µ³µÐÓÕ ¸¶¥Í¨ ²¨§¨·µ¢ ´´ÒÌ
¶·µÍ¥¸¸µ·µ¢ ¶µ¨¸± ¢¥¤¥É¸Ö ´¥§ ¢¨¸¨³µ ¢ ¶²µ¸±µ¸ÉÖÌ rφ ¨ rz. �  ·¨c.18 ¶·¨-
¢¥¤¥´  ¡²µ±-cÌ¥³  Ô²¥±É·µ´´µ° ¸¨¸É¥³Ò. �·¥¤Ê¸¨²¨É¥²¨, ¢Ò¶µ²´¥´´Ò¥ ¶µ
£¨¡·¨¤´µ° É¥Ì´µ²µ£¨¨ ¸ ±µÔËË¨Í¨¥´Éµ³ Ê¸¨²¥´¨Ö 200 ¤²Ö  ´µ¤´ÒÌ ²¨´¨°
¨ 700 ¤²Ö ²¨´¨° § ¤¥·¦¥± · ¸¶µ² £ ÕÉ¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ´  ¤¥É¥±Éµ·¥.
‘ ¶µ³µÐÓÕ ¸±·ÊÎ¥´´ÒÌ ¶ · ¶·µ¢µ¤µ¢ ¤²¨´µ° 25 ³ ¸¨£´ ²Ò ¶¥·¥¤ ÕÉ¸Ö ´ 

¢Ìµ¤Ò ¤¨¸±·¨³¨´ Éµ·µ¢, ¢ÒÌµ¤Ò ±µ-
Éµ·ÒÌ ¢Ò¶µ²´ÖÕÉ É ±¦¥ ËÊ´±Í¨¨
· §¢¥É¢¨É¥²¥° ²µ£¨Î¥¸±¨Ì ¸¨£´ ²µ¢ ¸
Ê·µ¢´Ö³¨ ’’‹ ¨ ECL. ‘¨£´ ²Ò, ¶µ²Ê-
Î ¥³Ò¥ µÉ ¤¦¥É-± ³¥·Ò, ¶·¥¦¤¥ ¢¸¥£µ
¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ¢Ò· ¡µÉ±¨ ¨³¶Ê²Ó-
¸  ¶·¥¤¢ ·¨É¥²Ó´µ£µ § ¶Ê¸±  ¸¶¥±É·µ-
³¥É· . ‘ ÊÎ¥Éµ³ Éµ£µ, ÎÉµ ¢·¥³Ö
¢¸É·¥Î¨ ¶ÊÎ±µ¢ ´  Ê¸±µ·¨É¥²¥, £¤¥
´ Ìµ¤¨É¸Ö ¤ ´´ Ö Ê¸É ´µ¢± , · ¢´µ
2,5 ³±¸, ·¥Ï ÕÐ¥¥ Ê¸É·µ°¸É¢µ ¤µ²¦´µ

�¨¸.18. �²µ±-¸Ì¥³  Ô²¥±É·µ´´µ° ¸¨¸É¥³Ò
¤¦¥É-± ³¥·Ò TOPAZ: „� Å ¤¨¸±·¨³¨´ -
Éµ·Ò-· §³´µ¦¨É¥²¨, ‚�Š Å ¢·¥³Ö ³¶²¨-
ÉÊ¤´Ò¥ ±µ´¢¥·Éµ·Ò
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¨³¥ÉÓ ³¥·É¢µ¥ ¢·¥³Ö ´¥ ¡µ²¥¥ 2 ³±¸. „²Ö ¤µ¸É¨¦¥´¨Ö É ±µ£µ ¡Ò¸É·µ¤¥°¸É-
¢¨Ö ¨¸¶µ²Ó§ÊÕÉ¸Ö ± ± µ¸µ¡¥´´µ¸É¨ £¥µ³¥É·¨¨ ¨ ±µ´¸É·Ê±Í¨¨ ± ³¥·Ò, É ± ¨
É ¡²¨Î´Ò¥ ³¥Éµ¤Ò ·¥Ï¥´¨Ö.

�  ·¨¸.19 ¶·¨¢¥¤¥´  ¸É·Ê±ÉÊ·   ´µ¤´ÒÌ ÖÎ¥¥±, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö
¶µ¨¸±  É·¥±µ¢ ¢ ¶²µ¸±µ¸É¨ rφ. ‘¨£´ ²Ò ¸µ¢¶ ¤¥´¨Ö µÉ ¤¢ÊÌ ¸µ¸¥¤´¨Ì ¸²µ¥¢
¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ¶µ²ÊÎ¥´¨Ö ¨³¶Ê²Ó¸µ¢ ’1 ÷ ’15. ŸÎ¥°±¨, ´ Ìµ¤ÖÐ¨¥¸Ö ¢
¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¸²µÖÌ, £·Ê¶¶¨·ÊÕÉ¸Ö ¶µ  §¨³ÊÉÊ, µ¡· §ÊÖ 64 ¸¥±Éµ· . �µ-
± § ´´Ò° ́   ·¨¸.19 µ¤¨´ ̈ § ̧ ¥±Éµ·µ¢ ̧ µ¸Éµ¨É ̈ § 4-3-2-3-2 ÖÎ¥¥±. ‚ ¶·µ£· ³-
³¨·Ê¥³µ° ¶ ³ÖÉ¨ ¶·¥¤¢ ·¨É¥²Ó´µ § ¶¨¸Ò¢ ÕÉ¸Ö µ¡· §Ò ´ ¨¡µ²¥¥ ¢¥·µÖÉ-
´ÒÌ É·¥±µ¢, ¨ ¶µ ³¥·¥ ¸µ¢¶ ¤¥´¨Ö ¸ § ·¥£¨¸É·¨·µ¢ ´´Ò³¨ É·¥± ³¨ Î¥·¥§
150 ´¸ ¢Ò· ¡ ÉÒ¢ ¥É¸Ö ¸¨£´ ² ¸µ¢¶ ¤¥´¨Ö. �¡· §ÍÒ É· ¥±Éµ·¨°, § ¶¨¸ ´-
´Ò¥ ¢ ¶ ³ÖÉ¨, ¢ ¸²ÊÎ ¥ ´¥µ¡Ìµ¤¨³µ¸É¨ ³µ£ÊÉ ³¥´ÖÉÓ¸Ö.

�¨¸.19. ‘É·Ê±ÉÊ·  ÖÎ¥¥±, ¨¸¶µ²Ó§Ê¥³ÒÌ ¤²Ö ¶µ¨¸±  É·¥-
±µ¢ ¢ ¶²µ¸±µ¸É¨ rφ: Si Å ¸¥±Éµ·Ò ¤¥É¥±Éµ· , ‹‡ Å

²¨´¨¨ § ¤¥·¦±¨, �‡“ Å ¶·µ£· ³³¨·Ê¥³µ¥ § ¶µ³¨´ Õ-
Ð¥¥ Ê¸É·µ°¸É¢µ
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Œ¥Éµ¤ ¶µ¨¸±  É·¥±µ¢ ¢ ¶²µ¸±µ¸É¨ rz ¶µÖ¸´Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ·¨¸.20, ,¡.
‹¨´¨¨ § ¤¥·¦±¨ ´ Ìµ¤ÖÉ¸Ö ¢ 8 · ¤¨ ²Ó´ÒÌ ¸²µÖÌ, ¨ ¶µ  §¨³ÊÉÊ µ´¨ · §¤¥-
²¥´Ò ´  32 ¸¥£³¥´É , ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¨³¥¥É ¸¢µ° É·¥±µ¢Ò° ¶·µÍ¥¸¸µ·.
�¸´µ¢Ê ²µ£¨Î¥¸±µ° ¸Ì¥³Ò ¶·µÍ¥¸¸µ·  ¸µ¸É ¢²ÖÕÉ ³µ¤Ê²¨ ‚�Š, ³ ¦µ·¨É ·-
´Ò¥ ¸Ì¥³Ò ¸µ¢¶ ¤¥´¨° Œ‘‘ ¨ ¸¤¢¨£µ¢Ò¥ ·¥£¨¸É·Ò.

� ¸¸³µÉ·¨³ ±· É±µ · ¡µÉÊ ¶·µÍ¥¸¸µ· . �¥·¢Ò° ¶µ ¢·¥³¥´¨ ¸¨£´ ², ¶µ-
¸ÉÊ¶ ÕÐ¨° µÉ µ¤´µ£µ ̈ § ±µ´Íµ¢ ²¨´¨¨ § ¤¥·¦±¨, § ¶Ê¸± ¥É £¥´¥· Éµ· ¶ Î¥±
¨³¶Ê²Ó¸µ¢ ƒ�—ˆ. �ÊÉ¥³ ̈ §³¥·¥´¨Ö ¢·¥³¥´¨ ¶·¨Ìµ¤  ¸¨£´ ²  ³µ¦´µ Ê§´ ÉÓ,
¶µ ± ±ÊÕ ¸Éµ·µ´Ê Å ¶· ¢ÊÕ ¨²¨ ²¥¢ÊÕ µÉ ÉµÎ±¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ Å
´ Ìµ¤¨É¸Ö É·¥±. ‘¨£´ ²Ò µÉ ¤·Ê£µ£µ ±µ´Í  ²¨´¨¨ § ¤¥·¦±¨ § ¶¨¸Ò¢ ÕÉ¸Ö ¢
¸¤¢¨£µ¢Ò° ·¥£¨¸É·, ¶·¨Î¥³ Î ¸ÉµÉ  ¸¤¢¨£  ¶¥·¥³¥´´ Ö (µ´  § ¢¨¸¨É µÉ ¶µ²µ-
¦¥´¨Ö ²¨´¨¨ § ¤¥·¦±¨). �µ¸²¥ § ¶¨¸¨ ¢¸¥Ì ¸¨£´ ²µ¢ ¸ ¶µ³µÐÓÕ Œ‘‘
 ´ ²¨§¨·Ê¥É¸Ö ±µ²¨Î¥¸É¢µ ¥¤¨´¨Í, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ · ¤¨ ²Ó´µ³ ´ -
¶· ¢²¥´¨¨ ¨, ¥¸²¨ ÔÉ  ¢¥²¨Î¨´  · ¢´  ¶·¥¤¢ ·¨É¥²Ó´µ Ê¸É ´µ¢²¥´´µ³Ê §´ -
Î¥´¨Õ, ¢Ò· ¡ ÉÒ¢ ¥É¸Ö ¸¨£´ ². ‚·¥³Ö ¶µ¨¸±  É·¥±  ¢ ¶²µ¸±µ¸É¨ rz ¸±² ¤Ò-
¢ ¥É¸Ö ¨§ ¸²¥¤ÊÕÐ¨Ì ¢¥²¨Î¨´: ³ ±¸¨³ ²Ó´µ¥ ¢·¥³Ö ¤·¥°Ë  Ô²¥±É·µ´µ¢
(250 ́ ¸), ¢·¥³Ö · ¸¶·µ¸É· ´¥´¨Ö ̧ ¨£´ ²  ¢ ¶µ²µ¢¨´¥ ¤²¨´Ò ²¨´¨¨ § ¤¥·¦±¨
(260 ´¸), § ¤¥·¦±  ¢ ± ¡¥²ÖÌ (130 ´¸), § ¤¥·¦±  ¢ ¤¨¸±·¨³¨´ Éµ· Ì (50 ´¸),
¢·¥³Ö ·¥Ï¥´¨Ö É·¥±µ¢µ£µ ¶·µÍ¥¸¸µ·  (750 ´¸) ¨ § ¤¥·¦±  ¢ Œ‘‘ (60 ´¸).

‘µ¢¶ ¤¥´¨¥ ¸¨£´ ²µ¢, ¢Ò· ¡ ÉÒ¢ ¥³ÒÌ ¢ µ¡µ¨Ì É·¥±µ¢ÒÌ ¶·µÍ¥¸¸µ· Ì,
´¥µ¡Ìµ¤¨³µ ¤²Ö § ´¥¸¥´¨Ö ¨´Ëµ·³ Í¨¨, ¶µ¸ÉÊ¶ ÕÐ¥° µÉ ³µ¤Ê²¥° ‚�Š ´ 
·¥Ï ÕÐÊÕ ¸¨¸É¥³Ê ¢Éµ·µ£µ Ê·µ¢´Ö, £¤¥ ¶·µ¨¸Ìµ¤¨É ¶µ¨¸± ¢¥·Ï¨´ ¢§ ¨³µ-
¤¥°¸É¢¨Ö. �·¨ ÔÉµ³ ¨¸¶µ²Ó§Ê¥É¸Ö É ±¦¥ ¨´Ëµ·³ Í¨Ö, ¶µ¸ÉÊ¶ ÕÐ Ö µÉ ‚�Š
¨ ¸¨¸É¥³Ò ¢·¥³Ö¶·µ²¥É´ÒÌ ¸Î¥ÉÎ¨±µ¢, ¸²¥¤ÊÕÐ¨³ µ¡· §µ³ [37].

�¨¸.20. �µÖ¸´¥´¨¥ ³¥Éµ¤  ¶µ¨¸±  É·¥±µ¢ ¢ ¶²µ¸±µ¸É¨ rz:  ) É ±Éµ¢Ò¥ ¨³¶Ê²Ó¸Ò, ¨¸-
¶µ²Ó§Ê¥³Ò¥ ¤²Ö ¸¤¢¨£  ¤ ´´ÒÌ µÉ ²¨´¨° § ¤¥·¦¥± ¢ ¸¤¢¨£µ¢Ò¥ ·¥£¨¸É·Ò; ¶µ µ¸¨ Y Å
Î ¸ÉµÉÒ ¸¤¢¨£ ; ¡) Ê¸É·µ°¸É¢µ ¤²Ö ¶µ¨¸±  É·¥±µ¢: � Å ¶· ¢Ò°, ‹ Å ²¥¢Ò°, ’ˆ Å
É ±Éµ¢Ò¥ ¨³¶Ê²Ó¸Ò, RG Å ·¥£¨¸É· ¸¤¢¨£ , Œ‘‘ Å ³ ¦µ·¨É ·´ Ö ¸Ì¥³  ¸µ¢¶ ¤¥´¨°

1526   �ˆŠˆ’�Š �.Œ.



�·µ¶µ·Í¨µ´ ²Ó´ Ö ± ³¥· , · ¸¶µ²µ¦¥´´ Ö ´  Éµ·Í¥ ‚�Š, · §¤¥²¥´  ´ 
8 ¸¥±Éµ·µ¢ ¶µ 176 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µÎ¥± ¢ ± ¦¤µ³ ¸¥±Éµ·¥. �·¨Î¥³
± ¦¤Ò° ¸¥±Éµ· ¨³¥¥É ¸µ¡¸É¢¥´´Ò° É·¥±µ¢Ò° ¶·µÍ¥¸¸µ·. ’¥ 88 ¶·µ¢µ²µÎ¥±
¨§ 176, ±µÉµ·Ò¥ ´ Ìµ¤ÖÉ¸Ö ¡²¨¦¥ ± ¶ÊÎ±Ê, ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ·¥±µ´¸É·Ê±Í¨¨
É·¥±µ¢. ‘ Í¥²ÓÕ Ê¢¥²¨Î¥´¨Ö ¶µ³¥ÌµÊ¸Éµ°Î¨¢µ¸É¨ ¸ ¶µ³µÐÓÕ Ô²¥³¥´Éµ¢
®ˆ‹ˆ¯ µ´¨ µ¡Ñ¥¤¨´¥´Ò ¢ 11 £·Ê¶¶, ´  ¢ÒÌµ¤ Ì ±µÉµ·ÒÌ ¢ ¸²ÊÎ ¥ ¶·µÌµ¦-
¤¥´¨Ö É·¥±  Ëµ·³¨·ÊÕÉ¸Ö ¸¨£´ ²Ò W1 ÷ W11 (·¨¸.21), ±µÉµ·Ò¥ ¶µ¸ÉÊ¶ ÕÉ
´  ²µ£¨Î¥¸±ÊÕ Í¥¶µÎ±Ê (·¨¸.22). �µ¸±µ²Ó±Ê ¸¨£´ ²Ò ¶µ¸ÉÊ¶ ÕÉ ¢ · §´Ò¥
³µ³¥´ÉÒ ¢·¥³¥´¨, Éµ ¤²Ö ¶µ²ÊÎ¥´¨Ö ̧ µ¢¶ ¤¥´¨Ö µ´¨ ̧ µµÉ¢¥É¸É¢ÊÕÐ¨³ µ¡· -
§µ³ § ¤¥·¦¨¢ ÕÉ¸Ö. �¥É·Ê¤´µ § ³¥É¨ÉÓ, ÎÉµ ̧ ¨£´ ² ́   ¢ÒÌµ¤¥ RW1 ¶µÖ¢¨É¸Ö
¢ Éµ³ ¸²ÊÎ ¥, ¥¸²¨ µ¤´µ¢·¥³¥´´µ ¶µÖ¢ÖÉ¸Ö ¸¨£´ ²Ò ´  ¢Ìµ¤ Ì RW1 ¨ RW2.
„·Ê£¨³¨ ¸²µ¢ ³¨, ¸Ì¥³ , ¨§µ¡· ¦¥´´ Ö ´  ·¨¸.22, ¢µ¸¸É ´ ¢²¨¢ ¥É É·¥±
Î ¸É¨ÍÒ. „²Ö ÔÉµ£µ ¤µ¸É ÉµÎ´µ µÉ³¥É¨ÉÓ ¤¢¥ ¢·¥³¥´´Ò¥ ÉµÎ±¨ RW1 ¨ RW6.
�·¨ ÔÉµ³ ¶·¥¤¶µ² £ ¥É¸Ö, ÎÉµ É·¥±¨ ¨³¥ÕÉ ³ ²ÊÕ ±·¨¢¨§´Ê.

�¨¸.21. ‘¨£´ ²Ò, ¶µ¸ÉÊ¶¨ ÕÐ¨¥ µÉ
¶·µ¢µ²µÎ¥± Œ�Š ¢·¥³Ö¶·µ¥±-
Í¨µ´´µ° ± ³¥·Ò. ˆ� Å ¨µ´µ¶·µ-
¢µ¤; W1 ÷ W6 ± ´ ²Ò ·¥£¨¸É· Í¨¨

�¨¸.22. ‹µ£¨Î¥¸± Ö Í¥¶µÎ± , ¨¸-
¶µ²Ó§Ê¥³ Ö ¤²Ö ®¶·µÉÖ¦±¨¯ É·¥± 

�¨¸.23. ‘Ì¥³  µ¶·¥¤¥²¥´¨Ö ±µµ·-
¤¨´ ÉÒ ¶¥·¢¨Î´µ£µ ¢§ ¨³µ¤¥°¸É-
¢¨Ö. ˆ� Å ¨µ´µ¶·µ¢µ¤
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�µ¸²¥ ´ Ìµ¦¤¥´¨Ö É·¥±µ¢ ¢ ¤·Ê£µ³ ¶·µÍ¥¸¸µ·¥ ´ Ìµ¤ÖÉ¸Ö ±µµ·¤¨´ ÉÒ
¢¥·Ï¨´Ò · ¸¶ ¤  (·¨¸.23). �¸´µ¢Ê ¢¥·Ï¨´´µ£µ ¶·µÍ¥¸¸µ·  ¸µ¸É ¢²ÖÕÉ
¸¤¢¨£µ¢Ò¥ ·¥£¨¸É·Ò, ¢ ±µÉµ·ÒÌ § ¶µ³¨´ ÕÉ¸Ö ¢·¥³¥´´Ò¥ µÉ³¥É±¨, ¸µµÉ¢¥É-
¸É¢ÊÕÐ¨¥ ´ °¤¥´´µ³Ê É·¥±Ê, ¨ ¶µ²ÊÎ¥´´Ò¥ É ±¨³ ¸¶µ¸µ¡µ³ ¤ ´´Ò¥ ¸ ÊÎ¥-
Éµ³ ¶µ¶· ¢µÎ´ÒÌ ±µÔËË¨Í¨¥´Éµ¢ ¸· ¢´¨¢ ÕÉ¸Ö ¸ ³ ¸± ³¨, µ¡· §Ò ±µÉµ·ÒÌ
Ì· ´ÖÉ¸Ö ¢ ³µ¤Ê²¥ ¶ ³ÖÉ¨ ¥³±µ¸ÉÓÕ 256 Š¡ °É. ’µÎ´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ±µµ·-
¤¨´ ÉÒ ¢¥·Ï¨´Ò · ¸¶ ¤  ¸µ¸É ¢²Ö¥É 10 ¸³,   ¢·¥³Ö · ¸Î¥É  30 ³±¸.

„¦¥É-± ³¥·  ¢ Ê¸É ´µ¢±¥ OPAL [36Å39]. ‘µ¢³¥¸É´µ ¸ É·¥±µ¢Ò³ ¶·µ-
Í¥¸¸µ·µ³ ³¨±·µ¢¥·Ï¨´´ Ö ± ³¥·  ¶·¨³¥´Ö¥É¸Ö, ´ ¶·¨³¥·, ¤²Ö ´ Ìµ¦¤¥´¨Ö
¶¥·¢¨Î´µ° ¢¥·Ï¨´Ò · ¸¶ ¤  ¢ ¸¶¥±É·µ³¥É·¥ OPAL ¨ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨
Î ¸É¨Í. „²Ö ¢Ò· ¡µÉ±¨ É·¨££¥·  ¨¸¶µ²Ó§Ê¥É¸Ö ¨´Ëµ·³ Í¨Ö µ É ±¨Ì Ë¨§¨-

Î¥¸±¨Ì ¶·µÍ¥¸¸ Ì, ± ± 1) e+e−, 2) qq
_
, 3) γγ, 4) τ+τ−, 5) µ+µ−, 6) e+e−q+q− ¨

7) · §²¨Î´Ò¥ Ô±§µÉ¨Î¥¸±¨¥ ¸µ¡ÒÉ¨Ö. Cµ¡ÒÉ¨Ö 1Å3 ¤¥É¥±É¨·ÊÕÉ¸Ö ¸
¶µ³µÐÓÕ ± ²µ·¨³¥É·  ¨ ¶µÔÉµ³Ê ´¥¶µ¸·¥¤¸É¢¥´´µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ¢Ò· -
¡µÉ±¨ É·¨££¥· . —Éµ ± ¸ ¥É¸Ö ¸µ¡ÒÉ¨° 4Å7, Éµ µ´¨ ¢Ò¤¥²ÖÕÉ ³ ²µ Ô´¥·£¨¨,
¨ ¤²Ö ¨Ì ¤¥É¥±É¨·µ¢ ´¨Ö ¨ ·¥±µ´¸É·Ê±Í¨¨ É·¥¡Ê¥É¸Ö ¸¶¥Í¨ ²¨§¨·µ¢ ´´Ò°
¶·µÍ¥¸¸µ· ¸ ¢·¥³¥´¥³ ·¥Ï¥´¨Ö ´¥ ¡µ²¥¥ 22 ³±¸ (¶¥·¨µ¤ ¢¸É·¥Î¨ ¡ ´Î¥°).

‚¥·Ï¨´´Ò° ¤¥É¥±Éµ· ¸µ¸Éµ¨É ¨§ ³ ²µ° ¢Ò¸µ±µ¶·¥Í¨§¨µ´´µ° ¤·¥°Ëµ-
¢µ° ± ³¥·Ò, ´¥¶µ¸·¥¤¸É¢¥´´µ ¶·¨³Ò± ÕÐ¥° ± ¨µ´µ¶·µ¢µ¤Ê ¨ ¢Éµ·µ° ¤¦¥É-
± ³¥·Ò, ±µÉµ· Ö, ¢ ¸¢µÕ µÎ¥·¥¤Ó, µ±·Ê¦ ¥É ³ ²ÊÕ ± ³¥·Ê (·¨¸.24). Œ ² Ö
± ³¥·  ¨³¥¥É ¤¨ ³¥É· 47 ¸³, ¤²¨´Ê 100 ¸³ ¨ ´ Ìµ¤¨É¸Ö ¢ ³ £´¨É´µ³ ¶µ²¥
0,4 T². Š ¦¤ Ö ± ³¥·  ¢ ´ ¶· ¢²¥´¨¨ rφ ¨³¥¥É ¶µ 36 ÖÎ¥¥±, ¸É·Ê±ÉÊ·  ±µÉµ-
·ÒÌ ¶·¨¢¥¤¥´  ´  ·¨¸.25.

Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± , ¤·¥°Ëµ¢ Ö ÖÎ¥°±  ¢´ÊÉ·¥´´¥° ± ³¥·Ò ¶µ±·Ò¢ ¥É
10Æ ¢ ́  ¶· ¢²¥´¨¨ φ-±µµ·¤¨´ ÉÒ ¨ ¸µ¤¥·¦¨É ¶µ 12 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ  ´µ¤´ÒÌ
¶·µ¢µ²µ± ¸ · ¤¨Ê¸ ³¨ 103 ÷ 162 ³³. ‚´¥Ï´¨¥ ±µ²ÓÍ  ¸É¥·¥µÖÎ¥¥±, · c¶µ-
²µ¦¥´´ÒÌ ¶µ¤ Ê£²µ³ 5Æ ± µ¸¨ z, ¨³¥ÕÉ ¶µ Ï¥¸ÉÓ É ±¨Ì ¶·µ¢µ²µ± ¸ · ¤¨y¸ -
³¨ 188 ÷ 213 ³³. ‚ Í¥²µ³ ¨³¥¥É¸Ö 648 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ±. Œ¨±·µ-

¢¥·Ï¨´´ Ö ± ³¥·  · ¡µÉ ¥É ¶µ¤
¤ ¢²¥´¨¥³ 4 ¡ · ¸ £ §µ¢µ°
¸³¥¸ÓÕ ̈ §  ·£µ´ , ³¥É ´  ̈  ̈ §µ-
¡ÊÉ ´  ¢ µÉ´µÏ¥´¨¨ 89 : 8 : 3,
¨³¥¥É ¸±µ·µ¸ÉÓ ¤·¥°Ë  45, £ §µ-

¢µ¥ Ê¸¨²¥´¨¥ 105 ¨ ³ ±¸¨³ ²Ó-

�¨¸.24. ‘Ì¥³ É¨Î¥¸±µ¥ ¨§µ¡· ¦¥-
´¨¥ ¤¦¥É-± ³¥· OPAL ¢ ¶²µ¸±µ¸É¨
rφ: 1 Å ³ ² Ö ¤¦¥É-± ³¥·  (³¨±·µ-
¢¥·Ï¨´´Ò° ¤¥É¥±Éµ·); 2 Å ¢Éµ· Ö
¤¦¥É-± ³¥· ; ¢´¥Ï´¨¥ ¤·¥°Ëµ¢Ò¥
± ³¥·Ò
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´Ò° ¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ± 20 ³³. �´  µ¡¥¸¶¥Î¨¢ ¥É ÉµÎ´µ¸ÉÓ ·¥£¨¸É· Í¨¨
±µµ·¤¨´ É Î ¸É¨Í ¢ ¶²µ¸±µ¸É¨ rφ, µ¶·¥¤¥²Ö¥³ÒÌ ¸ ¶µ³µÐÓÕ ¢·¥³Ö ³¶²¨-
ÉÊ¤´ÒÌ ¶·¥µ¡· §µ¢ É¥²¥°, ¶µ·Ö¤±  50 ³±³ ¨ ¶µ µ¸¨ z 3 ¸³. �É  ±µµ·¤¨´ É 
µ¶·¥¤¥²Ö¥É¸Ö ¶ÊÉ¥³ ¢ÒÎ¨¸²¥´¨Ö · §´¨ÍÒ ¢µ ¢·¥³¥´¨ ¶·¨Ìµ¤  ¸¨£´ ²µ¢ ´ 
±µ´ÍÒ ¶·µ¢µ²µ±¨.

�µ²ÓÏ Ö ¤¦¥É-± ³¥·  ¨³¥¥É ¤²¨´Ê 4 ³ ¨ · §¤¥²¥´  ´  24 ¸¥±Éµ·  ¶µ
 §¨³ÊÉÊ (φ). Š ¦¤Ò° ¸¥±Éµ· ¸µ¤¥·¦¨É ¶µ 159  ±¸¨ ²Ó´ÒÌ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ
¶·µ¢µ²µ±.  �¨¦¥  ¡Ê¤¥É  · ¸¸³µÉ·¥´µ,  ± ±¨³  µ¡· §µ³ µ¸µ¡¥´´µ¸É¨ ¤¦¥É-
± ³¥· ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤²Ö ¶µ¸É·µ¥´¨Ö ÔËË¥±É¨¢´µ£µ É·¥±µ¢µ£µ ¶·µÍ¥¸¸µ· 
[41]. Š ± µ± § ²µ¸Ó, ́  ¨¡µ²¥¥ ¶·µ¸Éµ É·¥±¨, ̈ ¸Ìµ¤ÖÐ¨¥ ̈ § ¢¥·Ï¨´Ò ¢§ ¨³µ-
¤¥°¸É¢¨Ö, ¨ÐÊÉ¸Ö ¢ ¶²µ¸±µ¸É¨ rz.

�¨¸.25. ƒ¥µ³¥É·¨Ö µ¤´µ°  ±¸¨ ²Ó´µ° ¨ µ¤´µ° ¸É¥·¥µÖÎ¥°±¨
¤¦¥É-± ³¥·Ò OPAL
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�·¨´Í¨¶ ¤¥°¸É¢¨Ö ¶·µÍ¥¸¸µ·  ¶µÖ¸´Ö¥É¸Ö ̧  ¶µ³µÐÓÕ ·¨¸.26. …c²¨ É·¥±
¨¸Ìµ¤¨É ¨§ ¢¥·Ï¨´Ò ¢§ ¨³µ¤¥°¸É¢¨Ö, Éµ ¤²Ö ¢¸¥Ì ¸²µ¥¢ ± ³¥·Ò µÉ´µÏ¥´¨¥
z6 r µ¸É ¥É¸Ö ¶µ¸ÉµÖ´´µ° ¢¥²¨Î¨´µ°. �·¨ ÔÉµ³ É·¥±¨ ´ Ìµ¤ÖÉ¸Ö ¶µ ¶¨±Ê ´ 
£¨¸Éµ£· ³³¥, ±µÉµ· Ö ¢ÒÎ¨¸²Ö¥É¸Ö ¸ ¶µ³µÐÓÕ ¡Ò¸É·µ£µ ¶·µÍ¥¸¸µ· .
‚ [39Å41] ¤¥É ²Ó´µ µ¶¨¸ ´  É·¨££¥·´ Ö ¸¨¸É¥³  ¢¸¥° Ê¸É ´µ¢±¨ ¨ Ô²¥±É-
·µ´´ Ö ¸¨¸É¥³  ¸Î¨ÉÒ¢ ´¨Ö ¨ ·¥£¨¸É· Í¨¨. ‚ [41] ¶·¨¢¥¤¥´µ µ¶¨¸ ´¨¥ ¡µ²¥¥
¸µ¢¥·Ï¥´´µ£µ É·¥±µ¢µ£µ ¶·µÍ¥¸¸µ· , ¢ ±µÉµ·µ³ ´ ·Ö¤Ê ¸ £¨¸Éµ£· ³³¨·µ¢ -
´¨¥³ ¨¸¶µ²Ó§Ê¥É¸Ö ¸¨¸Éµ²¨Î¥¸±¨° ¶·µÍ¥¸¸µ· ¨ ³¥Éµ¤ É· ´¸Ëµ·³ Í¨¨ ¶¥·¥-
³¥´´ÒÌ, µ¸´µ¢ ´´Ò° ´  ¶·¥µ¡· §µ¢ ´¨¨ ƒµË . ‚ [42] ¶·¨¢¥¤¥´  ¶·µÍ¥¤Ê· 
± ²¨¡·µ¢±¨, ¨¸¶µ²Ó§Ê¥³ Ö ¤²Ö ¨§³¥·¥´¨Ö ¶µÉ¥·Ó Ô´¥·£¨¨ Î ¸É¨Í. �µ²ÊÎ¥´µ

�¨¸.26. Œ¥Éµ¤ ¢µ¸¸É ´µ¢²¥´¨Ö
±µµ·¤¨´ ÉÒ ¢¥·Ï¨´Ò · ¸¶ ¤ 
¢ ¢¥·Ï¨´´µ³ ¤¥É¥±Éµ·¥ OPAL
¢ ¶²µ¸±µ¸É¨ rz: „Š Å ¤·¥°Ëµ-
¢ Ö ± ³¥· ; ‚Š Å ³¨±·µ¢¥·-
Ï¨´´ Ö ± ³¥· ; Z Å ÉµÎ± 
¢§ ¨³µ¤¥°¸É¢¨Ö

�¨¸.27. ‡ ¢¨¸¨³µ¸ÉÓ dE 6 dx µÉ
¨³¶Ê²Ó¸µ¢ Î ¸É¨Í
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· §·¥Ï¥´¨¥ 3Å4%, ¶µ§¢µ²ÖÕÐ¥¥ ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ Î ¸É¨ÍÒ, ¸µ¶·µ¢µ¦-

¤ ÕÐ¨¥ ¸µ¡ÒÉ¨Ö ¸ Z 0-· ¸¶ ¤µ³ ¸ ¨³¶Ê²Ó¸µ³ ¤µ 20 ƒÔB/¸. �  ·¨¸.27 ¶·¨¢¥-
¤¥´Ò ±·¨¢Ò¥ ¶µÉ¥·Ó Ô´¥·£¨¨ ¢ ³Ê²ÓÉ¨ ¤·µ´´ÒÌ ¨ ¢ ¤¨³Õµ´´ÒÌ ¸µ¡ÒÉ¨ÖÌ ¢
§ ¢¨¸¨³µ¸É¨ µÉ ¨³¶Ê²Ó¸µ¢ Î ¸É¨Í.

Œ¨±·µ¢¥·Ï¨´´Ò° ¤¥É¥±Éµ· ¤²Ö Ô±¸¶¥·¨³¥´É  UA1. „²Ö ¨§¢¥¸É´µ£µ
Ô±¸¶¥·¨³¥´É  UA1 ¡Ò²  · §· ¡µÉ ´  ¶·¥Í¨§¨µ´´ Ö ¤¦¥É-± ³¥· , · ¡µÎ¥¥
¤ ¢²¥´¨¥ £ §  ¢ ±µÉµ·µ° · ¢´µ 3  É³ ¨ · §·¥Ï ÕÐ Ö ¸¶µ¸µ¡´µ¸ÉÓ ¤²Ö µ¤´µ°
¶·µ¢µ²µ±¨ · ¢´  50 ³±³. Œ ²µ¥ · ¸¸ÉµÖ´¨¥ (1,58 ³³) ³¥¦¤Ê ÎÊ¢¸É¢¨É¥²Ó-
´µ° ¨ ¶µÉ¥´Í¨ ²Ó´µ° ¶·µ¢µ²µ± ³¨ µ¡¥¸¶¥Î¨¢ ¥É ¢Ò¡µ·±Ê ¤µ 16 ±µµ·¤¨´ É
´  ¤²¨´¥ 5 ¸³ ¢¤µ²Ó · ¤¨Ê¸  [43]. �¡Ð¨¥ ¶ · ³¥É·Ò ¤¦¥É-± ³¥·Ò ¶·¨¢¥¤¥´Ò
¢ É ¡².6. �µ  §¨³ÊÉÊ ± ³¥·  · §¤¥²¥´  ´  16 ÖÎ¥¥±. Š ¦¤ Ö ÖÎ¥°±  ̧ µ¤¥·¦¨É
¶µ 16 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ±, ³¥¦¤Ê ±µÉµ·Ò³¨ · ¸¶µ² £ ÕÉ¸Ö ¶·µ¢µ²µ±¨,
¸µ§¤ ÕÐ¨¥ Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥, ¶·¨Î¥³ ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¶·µ¢µ²µ±¨ ¸¤¢¨´Ê-
ÉÒ µÉ´µ¸¨É¥²Ó´µ ¶µ¸²¥¤´¨Ì ´  100 ³±³, ÎÉµ ¶µ§¢µ²Ö¥É · §·¥Ï ÉÓ ´¥µ¶·¥¤¥-
²¥´´µ¸ÉÓ É¨¶  ®¸²¥¢ -¸¶· ¢ ¯. Œ ±¸¨³ ²Ó´Ò° ¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ±
· ¢¥´ 16 ³³, ÎÉµ µ¡¥¸¶¥Î¨¢ ¥É Ìµ·µÏ¥¥ · §·¥Ï¥´¨¥ É·¥±µ¢. ‚ 1985 £. ¢
É¥Î¥´¨¥ É·¥Ì ´¥¤¥²Ó ¤¥É¥±Éµ· ¸É ¡¨²Ó´µ · ¡µÉ ² ´  ¶ÊÎ±¥ ±µ²² °¤¥· .

„¦¥É-± ³¥·  ¤²Ö Ô±¸¶¥·¨³¥´É  UA2. „¥É¥±Éµ· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°
Í¨²¨´¤·¨Î¥¸±ÊÕ ¤·¥°Ëµ¢ÊÕ ± ³¥·Ê, ±µÉµ· Ö · ¸¶µ² £ ¥É¸Ö ¡²¨§±µ ± ¨µ´µ-
¶·µ¢µ¤Ê, £¤¥ ´ Ìµ¤¨É¸Ö ¢´ÊÉ·¥´´¨° ¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò° ¢¥·Ï¨´´Ò° ¤¥É¥±-
Éµ·. �´ ¶·¥¤´ §´ Î¥´ ¤²Ö Ô±¸¶¥·¨³¥´É  UA2 [44] ¨ ¶µ§¢µ²Ö¥É ¨§³¥·ÖÉÓ ¸
¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ É·¥±¨ Î ¸É¨Í ¢¡²¨§¨ ̈ µ´µ¶·µ¢µ¤ , £¤¥ ¨³¥ÕÉ ³¥¸Éµ · ¸-
¶ ¤Ò ±µ·µÉ±µ¦¨¢ÊÐ¨Ì Î ¸É¨Í. Š ³¥·  Ê¸¶¥Ï´µ · ¡µÉ ¥É ¸ 1987 £. ¢ CERN.

�  ·¨¸.28 ¶·¨¢¥¤¥´  £¥µ³¥É·¨Ö µ¤´µ£µ
¸¥±Éµ·  ± ³¥·Ò. Š ³¥·  ¸µ¤¥·¦¨É 16 É ±¨Ì
¸¥±Éµ·µ¢. ‚ É ¡².5 ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ¶ -
· ³¥É·Ò ¤¥É¥±Éµ· .

‘ Í¥²ÓÕ · §·¥Ï¥´¨Ö ´¥µ¶·¥¤¥²¥´´µ¸-
É¥° É¨¶  ®¸²¥¢ -¸¶· ¢ ¯ ¸µ¸¥¤´¨¥ ÎÊ¢¸É-
¢¨É¥²Ó´Ò¥ ¶·µ¢µ²µ±¨, · ¸¸ÉµÖ´¨¥ ³¥¦¤Ê
±µÉµ·Ò³¨ · ¢´µ 6,44 ³³, ¸¤¢¨´ÊÉÒ ¤·Ê£
µÉ´µ¸¨É¥²Ó´µ ¤·Ê£  ´  ± 200 ³±³. �  ·¨¸.29
¶µ± § ´µ ¤¢ÊÌÉ·¥±µ¢µ¥ ¸µ¡ÒÉ¨¥, ¢µ¸¸É ´µ¢-
²¥´´µ¥ ¸ ¶µ³µÐÓÕ ¢·¥³Ö¶·µ²¥É´µ° Ô²¥±É-
·µ´´µ° ¸¨¸É¥³Ò ´  µ¸´µ¢¥ ¨§³¥·¥´¨Ö ¢·¥-
³¥´¨ ¤·¥°Ë  Ô²¥±É·µ´µ¢. �Í¨Ë·µ¢±  ¸¨£´ -

�¨¸. 28. ƒ¥µ³¥É·¨Ö µ¤´µ£µ ¸¥±Éµ·  ¤¦¥É-± ³¥·Ò
UA2: 1 Å ± ³¥· ; 2 Å ¶·µ¢µ²µÎ±¨, Ëµ·³¨·ÊÕÐ¨¥
¶µ²¥; 3 Å § Ð¨É´Ò¥ ¶·µ¢µ²µÎ±¨; 4 Å ÎÊ¢¸É¢¨É¥²Ó-
´Ò¥ ¶·µ¢µ²µÎ±¨; 5 Å ¡¥·¨²²¨¥¢ Ö É·Ê¡± ; 6 Å
¶µ²Ê¶·µ¢µ¤´¨±µ¢Ò° ³¨±·µ¢¥·Ï¨´´Ò° ¤¥É¥±Éµ·
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²µ¢ ¢Ò¶µ²´Ö² ¸Ó ¸ ¶µ³µÐÓÕ
¶ · ²²¥²Ó´ÒÌ �–�. ‚¨¤´µ, ÎÉµ
¤ ¦¥ ¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ̈ ³¶Ê²Ó¸Ò
¶¥·¥±·Ò¢ ÕÉ¸Ö, · ¤¨ ²Ó´ Ö ±µµ·-
¤¨´ É  Î ¸É¨ÍÒ µ¶·¥¤¥²Ö¥É¸Ö
¢¶µ²´¥ ÉµÎ´µ. Œ ±¸¨³ ²Ó´µ¥ ¢·¥-
³Ö ¤·¥°Ë  500 ´¸.

Œ¨±·µ¢¥·Ï¨´´Ò° ¤¥É¥±Éµ·
Mark II [45,46]. „¥É¥±Éµ· ¸µ§¤ ´
¤²Ö ·¥£¨¸É· Í¨¨ ¨ ¨¸¸²¥¤µ¢ ´¨Ö

Z 0-· ¸¶ ¤µ¢ ¶ÊÉ¥³ ¨¤¥´É¨Ë¨± -
Í¨¨ ÉÖ¦¥²ÒÌ Í¢¥É´ÒÌ ±¢ ·±µ¢, ¨§-
³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ÉÖ¦¥²ÒÌ
±¢ ·±µ¢ ¨ ²¥¶Éµ´µ¢ ´  ²¨´¥°´µ³
Ê¸±µ·¨É¥²¥ ¢ ‘Ée´Ëµ·¤¥ (SLAC).
�¸´µ¢´ Ö ¶·µ¡²¥³  ¶·¨ ¸µ§¤ ´¨¨
¤¥É¥±Éµ·  § ±²ÕÎ ² ¸Ó ¢ ¶µ²ÊÎ¥-
´¨¨ ¢Ò¸µ±µ£µ ¶·µ¸É· ´¸É¢¥´´µ£µ
· §·¥Ï¥´¨Ö ¶µ·Ö¤±  30 ³±³ ¨ Ìµ-
·µÏ¥£µ · §·¥Ï¥´¨Ö ¤¢ÊÌ É·¥±µ¢ Å

�¨¸.29. �·¨³¥· ¨¸¶µ²Ó§µ¢ ´¨Ö ¤¦¥É-
± ³¥·Ò ¤²Ö ·¥±µ´¸É·Ê±Í¨¨ É·¥±µ¢. � ¸-
¸ÉµÖ´¨¥ ³¥¦¤Ê Í¥´É· ³¨ ®ÉÖ¦¥¸É¨¯ µÉ
· ¸¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸µ¢ · ¢´µ 4 ³³

’ ¡²¨Í  5. � · ³¥É·Ò ¤¦¥É-± ³¥·Ò UA2

—Ê¢¸É¢¨É¥²Ó´ Ö ¤²¨´ , ³³ 1000
‚´ÊÉ·¥´´¨° · ¤¨Ê¸, ³³ 34
‚´¥Ï´¨° · ¤¨Ê¸, ³³ 128,5
‚´ÊÉ·¥´´¨° ÎÊ¢¸É¢¨É¥²Ó´Ò° · ¤¨Ê¸, ³³ 40
‚´¥Ï´¨° ÎÊ¢¸É¢¨É¥²Ó´Ò° · ¤¨Ê¸, ³³ 123,8
—¨¸²µ ¸¥±Éµ·µ¢ 16
—¨¸²µ ¶·µ¢µ²µ± ¢ ¸¥±Éµ·¥ 13
˜ £ ¶·µ¢µ²µ±, ³³ 6,44
‘¤¢¨£ ¶·µ¢µ²µ±, ³³ 0,2
‘³¥¸Ó £ §µ¢  ·£µ´ (60%) + ÔÉ ´ (40%)
„ ¢²¥´¨¥,  É³ 1
‘±µ·µ¸ÉÓ ¤·¥°Ë , ³±³/´¸ 51,8 ‡ 0,3
�²¥±É·¨Î¥¸±µ¥ ¶µ²¥, ±‚/¸³ − 1,05
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´¥ ³¥´¥¥ 1000 ³±³. „²Ö ·¥Ï¥´¨Ö ÔÉ¨Ì ¶·µ¡²¥³, ´ ·Ö¤Ê ¸ ¸µ§¤ ´¨¥³ ±µ´¸É-
·Ê±Í¨¨ ± ³¥·Ò ¨ ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥± ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ, ¡µ²ÓÏµ¥ ¢´¨³ -
´¨¥ Ê¤¥²¥´µ ±µ´É·µ²Õ §  ¤ ¢²¥´¨¥³ ¢´ÊÉ·¨ ± ³¥·Ò ¨ É¥³¶¥· ÉÊ·µ°.
�±É¨¢´ Ö µ¡² ¸ÉÓ ¤¥É¥±Éµ·  ¨³¥¥É ¤²¨´Ê 55 ¸³ ¨ µÉ 5 ¤µ 17 ¸³ ¢ · ¤¨ ²Ó-
´µ³ ´ ¶· ¢²¥´¨¨. �¡Ñ¥³ ± ³¥·Ò · §¤¥²¥´ ´  10 ¤¦¥É-ÖÎ¥¥±, ±µÉµ·Ò¥ ´ -
±²µ´¥´Ò ¢ · ¤¨ ²Ó´µ³ ´ ¶· ¢²¥´¨¨. �É  µ¸µ¡¥´´µ¸ÉÓ £¥µ³¥É·¨¨ ÖÎ¥¥±
µ¡²¥£Î ¥É · §·¥Ï¥´¨¥ ´¥µ¶·¥¤¥²¥´´µ¸É¨ É¨¶  ®¸¶· ¢ -¸²¥¢ ¯, µ¡²¥£Î ¥É
¨§³¥·¥´¨¥ ¸±µ·µ¸É¨ ¤·¥°Ë  ¢ ¶·µÍ¥¸¸¥ ± ²¨¡·µ¢±¨ ¨ µ¡¥¸¶¥Î¨¢ ¥É ¡µ²¥¥
± Î¥¸É¢¥´´ÊÕ ·¥£¨¸É· Í¨Õ É·¥±µ¢.

Š ¦¤ Ö ÖÎ¥°±  ¸µ¤¥·¦¨É  ´µ¤´ÊÕ ¶²µ¸±µ¸ÉÓ, ¸µ¸ÉµÖÐÊÕ ¨§ ÎÊ¢¸É¢¨-
É¥²Ó´ÒÌ ¶·µ¢µ²µ± ¤¨ ³¥É·µ³ 20 ³±³ ¨ · ¸¶µ²µ¦¥´´ÒÌ ³¥¦¤Ê ´¨³¨ ¶µÉ¥´-
Í¨ ²Ó´ÒÌ ¶·µ¢µ²µ± ¤¨ ³¥É·µ³ 225 ³±³. �  £· ´¨Í Ì ÖÎ¥°±¨ ¨³¥ÕÉ¸Ö ¸¥-

’ ¡²¨Í  6. � · ³¥É·Ò ¤¦¥É-± ³¥·

�±¸¶¥-
·¨³¥´É

MARK II

[45,46]

MARK J

[55Å56]

SLD

[53]

CDF

[53]

ZEUS

[50]

�1

[52]

ALEP�

[27]

OPAL

[38Å41]

TOPAZ

[36,37]

UA1

[43]

� ¤¨Ê¸, ³³:

¢´ÊÉ·¥´´¨° 192 100 200 277 162 200 160 89 106 25

¢´¥Ï´¨° 1440 242 961 1320 785 769 260 233 293 89

 ±É¨¢´Ò° 250 Å 238 309 190 215 Å Å Å Å

�±É¨¢´ Ö
¤²¨´ , ³³ 2300 576 1800 3214 2050 2400 2000 1000 1500 800

Šµ²¨Î¥¸É¢µ ̧ ²µ¥¢ 72 Å 80 84 72 64 8 2 10 Å

¸Ê¶¥·¸²µ¥¢ 12 × 16 Å 10 × 8 12 +
+ 6 + 6

9 × 8 2 × 32 Å Å Å Å

—¨¸²µ
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ
¶·µ¢µ²µ± 5832 168 5120 6156 4608 2560 960 648 Å 256

‘É¥·¥µÊ£µ² 3,8Æ Å 1,7Æ 3Æ 5Æ 7Æ Å Å Å Å

Œ ±¸. ¤·¥°Ë.
¶·µ³¥¦ÊÉµ±, ³³ 33 27,5 26 35 25 51 20 Å 16 Å

‘±µ·µ¸ÉÓ
¤·¥°Ë , ³±³/´¸ 52 7 9 50 50 35 49 52,7 Å 51

Œ ±¸. ¢·¥³Ö
¤·¥°Ë , ´¸ 600 Å 3000 700 500 1500 140 5800 Å Å

Œ £´¨É´µ¥
¶µ²¥, ’² Å Å Å Å Å Å Å 0,435

— ¸ÉµÉ 
¢Ò¡µ·±¨, ŒƒÍ 100
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ÉµÎ´Ò¥ ¶²µ¸±µ¸É¨ ¨§ ¶·µ¢µ²µ± ¤¨ ³¥É·µ³ 150 ³±³, ±µÉµ·Ò¥ Ê³¥´ÓÏ ÕÉ
¶¥·¥±·¥¸É´Ò¥ ¶µ³¥Ì¨ ̈  ¶µ¢ÒÏ ÕÉ ̧ É ¡¨²Ó´µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö ÎÊ¢¸É-
¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ±, · ¸¶µ²µ¦¥´´ÒÌ ¤·Ê£ µÉ ¤·Ê£  ´  · ¸¸ÉµÖ´¨¨ 2,9 ³³.
‘¥ÉµÎ´ Ö (µÌ· ´´ Ö) ¶²µ¸±µ¸ÉÓ ´ Ìµ¤¨É¸Ö ´  · ¸¸ÉµÖ´¨¨ 1,8 ³³ µÉ  ´µ¤´µ°
¶²µ¸±µ¸É¨. Š ³¥·  · ¡µÉ ¥É ¶·¨ ¤ ¢²¥´¨¨ ¢ 3  É³ ¶·¨ ¸³¥¸¨ £ §µ¢
CO2 6 C2H6 (92/8). Š Éµ¤´Ò¥ ¶²µ¸±µ¸É¨, ¸µ¸ÉµÖÐ¨¥ ¨§ ¶·µ¢µ²µ± ¤¨ ³¥É·µ³

225 ³±³, ́  Ìµ¤ÖÉ¸Ö ¶µ¸·¥¤¨´¥ ³¥¦¤Ê µÌ· ´´Ò³¨ ¶²µ¸±µ¸ÉÖ³¨. ‚Ò¸µ±µ¢µ²ÓÉ-
´µ¥ ´ ¶·Ö¦¥´¨¥ µ¡¥¸¶¥Î¨¢ ¥É Ô²¥±É·¨Î¥¸±µ¥ ¶µ²¥ 2,3 ±B. „²Ö ¸Î¨ÉÒ¢ ´¨Ö
¨ µÍ¨Ë·µ¢Ò¢ ´¨Ö ¸¨£´ ²µ¢ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶ · ²²¥²Ó´Ò¥ �–�, · ¡µÉ ÕÐ¨¥
´  Î ¸ÉµÉ¥ 100 ŒƒÍ.

‚ É ¡².6 ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¤¦¥É-± ³¥· ̈  ¢¥±Éµ·´ÒÌ ¤·¥°-
Ëµ¢ÒÌ ± ³¥·.

�µ²ÓÏ Ö Í¨²¨´¤·¨Î¥¸± Ö ± ³¥·  ¤²Ö ¤¥É¥±Éµ·  VENUS. „¥É¥±Éµ·
VENUS ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ê¸É ´µ¢±Ê µ¡Ð¥£µ ´ §´ Î¥´¨Ö ¤²Ö ¶·µ¢¥¤¥´¨Ö
Ô±¸¶¥·¨³¥´Éµ¢ ´  Ê¸±µ·¨É¥²¥ TRISTAN (Ô´¥·£¨Ö ±µÉµ·µ£µ · ¢´  70 ƒÔ‚).
[47,48]. –¨²¨´¤·¨Î¥¸± Ö ¤·¥°Ëµ¢ Ö ± ³¥·  Ö¢²Ö¥É¸Ö µ¸´µ¢´Ò³ É·¥±µ¢Ò³
¤¥É¥±Éµ·µ³ ´  Ê¸É ´µ¢±¥. „²Ö µ¡¥¸¶¥Î¥´¨Ö ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨° ¸ ¡µ²ÓÏµ°
³´µ¦¥¸É¢¥´´µ¸ÉÓÕ (> 20) ¨ Ê§±¨Ì ¸É·Ê° ¸ ¶·µ¸É· ´¸É¢¥´´µ° ÉµÎ´µ¸ÉÓÕ
150Å200 ³±³ ̧ ¥·Ó¥§´µ¥ ¢´¨³ ´¨¥ ¡Ò²µ Ê¤¥²¥´µ ̧ É·Ê±ÉÊ·¥ ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±.
�·µÉµÉ¨¶µ³ §¤¥¸Ó ¶µ¸²Ê¦¨²  ¤¦¥É-± ³¥·  �…�-4. Š ³¥·  ̈ ³¥¥É ¢´ÊÉ·¥´´¨°
· ¤¨Ê¸ 25 ¸³, ¢´¥Ï´¨° · ¤¨Ê¸ 126 ¸³ ¨ ¤²¨´Ê 300 ¸³. �¡Ð¥¥ Î¨¸²µ ÎÊ¢¸É-
¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ± 7104 ¨ ¶µÉ¥´Í¨ ²Ó´ÒÌ Å 21312.

�  ·¨¸.30 ¶·¨¢¥¤¥´  ¸Ì¥³  Î¥É¢¥·É¨ ± ³¥·Ò ¨ £¥µ³¥É·¨Ö ÖÎ¥°±¨ [47].
„²Ö ¨§³¥·¥´¨° ¢ ¶·µ¥±Í¨¨ rφ (¶²µ¸±µ¸ÉÓ, ¶¥·¶¥´¤¨±Ê²Ö·´ Ö ± µ¸¨ ¶ÊÎ± )
¨³¥¥É¸Ö 20  ±¸¨ ²Ó´ÒÌ ¸²µ¥¢ ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥±. Š·µ³¥ Éµ£µ, ± ¦¤Ò¥ ¤¢ 
¸²µÖ, ¸¤¢¨´ÊÉÒ¥ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£  ´  ¶µ²-ÖÎ¥°±¨, µ¡· §ÊÕÉ ¸¤¢µ¥´-
´Ò° ¸²µ°. �µ¸±µ²Ó±Ê ¢ É ±µ° ¶ ·¥ ¸²µ¥¢ ± ¦¤ Ö Î ¸É¨Í  ¸· ¡ ÉÒ¢ ¥É ¤¢ ¦-
¤Ò, Éµ ¨³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¨§³¥·ÖÉÓ ±µµ·¤¨´ ÉÒ Î ¸É¨Í ¢ ¶²µ¸±µ¸É¨ rφ ¨
¢¤µ²Ó É·¥± . ’ ±¨¥ Ê´¨± ²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ¶µ§¢µ²ÖÕÉ ¡µ²¥¥ Î¥É±µ · ¸-
¶µ§´ ¢aÉÓ É·¥±¨ ¸ ¡µ²ÓÏµ° ±·¨¢¨§´µ°, · §·¥Ï ÉÓ ´¥µ¶·¥¤¥²¥´´µ¸É¨ É¨¶ 
®¸²¥¢ -¸¶· ¢ ¯ ¨ ¶µ¢Ò¸¨ÉÓ ÔËË¥±É¨¢´µ¸ÉÓ · ¡µÉÒ ± ³¥·Ò ¢ Í¥²µ³. ‚ [49]
µ¶¨¸ ´ ³¥Éµ¤ ·¥±µ´¸É·Ê±Í¨¨ É·¥±µ¢ ¢ ·¥¦¨³¥ ®µË-² °´¯.

„·Ê£¨¥ É¨¶Ò ¤¦¥É-± ³¥·. � §· ¡µÉ ´ ¨ ¨¸¶ÒÉ ´ ´  Ê¸±µ·¨É¥²¥ HERA
¶·µÉµÉ¨¶ ³¨±·µ¢¥·Ï¨´´µ£µ ¤¥É¥±Éµ·  ¤²Ö Ê¸É ´µ¢±¨ ZEUS [50]. �·¨ ¸Éµ²±-
´µ¢¥´¨¨ ¶·µÉµ´µ¢ ¸ Ô´¥·£¨¥° ¢ 1 ’Ô‚ ¸ Ô²¥±É·µ´ ³¨ ¸ Ô´¥·£¨¥° 30 ƒÔ‚
µ¦¨¤ ¥É¸Ö ¡µ²ÓÏµ° ¶µÉµ± ÉÖ¦¥²ÒÌ Í¢¥É´ÒÌ Î ¸É¨Í, ¶µ·µ¦¤ ¥³ÒÌ ¶·¨
Ô²¥±É·µ¸² ¡µ³ ¢§ ¨³µ¤¥°¸É¢¨¨. �Î ·µ¢ ´´Ò¥ ¨ ¶·¥²¥¸É´Ò¥ Î ¸É¨ÍÒ ¨³¥ÕÉ
¤²¨´Ê ¶·µ¡¥£  ¢ ́ ¥¸±µ²Ó±µ ³¨±·µ³¥É·µ¢ ¢ ¶²µ¸±µ¸É¨ rφ, ¶µ¶¥·¥Î´µ° ± ¶ÊÎ±Ê.
‘ ÊÎ¥Éµ³ ÔÉµ£µ Ë ±Éµ·  ¨ · §· ¡µÉ ´  ³¨±·µ¢¥·Ï¨´´ Ö ± ³¥· . ‚´¥Ï´¨°
· ¤¨Ê¸ ± ³¥·Ò 159 ³³ ¨ ¢´ÊÉ·¥´´¨° 99 ³³. „·¥°Ëµ¢ Ö ÖÎ¥°±  ¨³¥¥É É·¨
· ¤¨ ²Ó´Ò¥ ¶²µ¸±µ¸É¨: Í¥´É· ²Ó´ Ö ¶²µ¸±µ¸ÉÓ ¸µ¤¥·¦¨É 13 ¶µ²¥¢ÒÌ ¶·µ¢µ-
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²µ±, ³¥¦¤Ê ±µÉµ·Ò³¨ ¨³¥¥É¸Ö 12 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ Ô²¥±É·µ¤µ¢ ¨ ¤¢¥ ¡µ±µ¢Ò¥
¶²µ¸±µ¸É¨, ¸µ¤¥·¦ Ð¨e ¶µ 25 ¤·¥°Ëµ¢ÒÌ ¶·µ¢µ²µ±. “£µ² ´ ±²µ´ , · ¢´Ò°
1,5Æ ³¥¦¤Ê ¶²µ¸±µ¸ÉÖ³¨, ¤ ¥É ¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ± µÉ 2,6 ¤µ 3,6 ³³.
�µ²ÊÎ¥´  ÔËË¥±É¨¢´µ¸ÉÓ 96% ¨ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ 35 ³±³ ¢
Í¥´É· ²Ó´µ° µ¡² ¸É¨ ± ³¥·Ò.

„·¥°Ëµ¢ Ö ± ³¥·  ARGUS ¸µ§¤ ´  ¤²Ö Ô±¶¥·¨³¥´Éµ¢ ́   ́  ±µ¶¨É¥²Ó´µ³

e+e−-±µ²ÓÍ¥ Ê¸±µ·¨É¥²Ö DORIS-II [51]. ‘µ²¥´µ¨¤ ²Ó´Ò° ³ £´¨É µ¡¥¸¶¥Î¨¢ -
¥É ³ £´¨É´µ¥ ¶µ²¥ 0,8 ’². ‚´ÊÉ·¨ ¸µ²¥´µ¨¤  ´ Ìµ¤¨É¸Ö ¤·¥°Ëµ¢ Ö ± ³¥· ,
¢·¥³Ö¶·µ²¥É´Ò¥ ¨ ²¨¢´¥¢Ò¥ ¸Î¥ÉÎ¨±¨. �±¸¶¥·¨³¥´É ¶·¥¤´ §´ Î¥´ ¤²Ö ¨§Ê-
Î¥´¨Ö ¨ ¶·¥²¥¸É´ÒÌ ³¥§µ´µ¢, ¢±²ÕÎ Ö Ô±¸±²Õ§¨¢´Ò¥ ·¥ ±Í¨¨ ¸ ¡µ²ÓÏµ°
³´µ¦¥¸É¢¥´´µ¸ÉÓÕ. ‡ ¤ Î  § ±²ÕÎ ² ¸Ó ¢ Éµ³, ÎÉµ¡Ò µ¡¥¸¶¥Î¨ÉÓ ¢Ò¸µ±µ¥
¨³¶Ê²Ó¸´µ¥ · §·¥Ï¥´¨¥ ¢ ¶·¥¤¥² Ì 50 ŒÔ‚/¸ ¤µ 5 ƒÔ‚/¸.

�¨¸.30. ‘Ì¥³  µ¤´µ° Î¥É¢¥·É¨ ± ³¥·Ò ¨ £¥µ³¥É·¨Ö ¤·¥°Ëµ¢µ°
ÖÎ¥°±¨ ¤¦¥É-± ³¥·Ò TRISTAN
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‚¥±Éµ·´Ò¥ ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò. „ ²Ó´¥°Ï¨¥ Ê¸µ¢¥·Ï¥´¸É¢µ¢ ´¨Ö
É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ´ ¶· ¢²¥´Ò ´  ¶µ¢ÒÏ¥´¨¥ ± Î¥¸É¢ 
·¥±µ´¸É·Ê±Í¨¨ É·¥±µ¢ ¸ ¡µ²ÓÏµ° ±·¨¢¨§´µ°,   É ±¦¥ ¢µ§³µ¦´µ¸ÉÓ µ¶·¥¤¥-
²¥´¨Ö ´ ¶· ¢²¥´¨Ö É·¥±µ¢ ¸µ¡ÒÉ¨°. �É¨ ± ³¥·Ò ¶µ²ÊÎ¨²¨ ´ §¢ ´¨¥ ¢¥±Éµ·-
´ÒÌ ¤·¥°Ëµ¢ÒÌ ± ³¥· [33]. ’ ±¨¥ ± ³¥·Ò ¨³¥ÕÉ ³´µ£µ¸²µ°´ÊÕ ¸É·Ê±ÉÊ·Ê.
‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¨³ ¤¢¥ ¢¥±Éµ·´Ò¥ ± ³¥·Ò Å CDF ̈  MARK III.

‚¥±Éµ·´ Ö ± ³¥·  CDF ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¡µ²ÓÏÊÕ ¤·¥°Ëµ¢ÊÕ ± ³¥-
·Ê, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ£µ
³ £´¨É´µ£µ ¶µ²Ö ¨ ¡µ²ÓÏµ° ¶²µÉ´µ¸É¨ ¨§µ£´ÊÉÒÌ É·¥±µ¢ ´   ¤·µ´´µ³ ±µ²-
² °¤¥·¥ ¢ ‹ ¡µ· Éµ·¨¨ ¨³.�.”¥·³¨ [53]. „¥É¥±Éµ· ¨³¥¥É ¸²µ¦´ÊÕ £¥µ³¥É-
·¨Õ, µ´ ¸µ¤¥·¦¨É 84 ¸²µÖ, ±µÉµ·Ò¥, ¢ ¸¢µÕ µÎ¥·¥¤Ó, µ¡· §ÊÕÉ 9 ̧ Ê¶¥·¸²µ¥¢.
’¥ ¶ÖÉÓ ¸Ê¶¥·¸²µ¥¢, Ê ±µÉµ·ÒÌ ¶·µ¢µ²µ±¨ ¶ · ²²¥²Ó´Ò µ¸¨ ¶ÊÎ± , ¸µ¤¥·¦ É
¶µ 12 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ± ¢ ¸²µ¥. �É¨ ¶ÖÉÓ  ±¸¨ ²Ó´ÒÌ ¸²µ¥¢ · ¸¶µ-
²µ¦¥´Ò ¢¶¥·¥³¥¦±Ê ¸ Î¥ÉÒ·Ó³Ö ¸Ê¶¥·¸²µÖ³¨ ¸É¥·¥µ¶·µ¢µ²µ±, ¢ ±µÉµ·ÒÌ
ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¶·µ¢µ²µ±¨ ¸¤¢¨´ÊÉÒ ¤·Ê£ µÉ´µ¸¨É¥²Ó´µ ¤·Ê£  ´  ± 3Æ. Š ¦-
¤Ò° ¸É¥·¥µ¸Ê¶¥·¸²µ° ¸µ¤¥·¦¨É ¶µ 6 ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ±. �¡  ¸Ê¶¥·-
¸²µÖ · §¤¥²¥´Ò ´  ¤·¥°Ëµ¢Ò¥ ÖÎ¥°±¨, É ± ÎÉµ ³ ±¸¨³ ²Ó´µ¥ ¤·¥°Ëµ¢µ¥ · ¸-
¸ÉµÖ´¨¥ ´¥ ¶·¥¢ÒÏ ¥É 40 ³³, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É 800 ´¸ ¢·¥³¥´¨ ¤·¥°Ë .
‚ É ¡².6 ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¢¥·Ï¨´´µ£µ ¤¥É¥±Éµ·  CDF.

‚¥±Éµ·´ Ö ¤·¥°Ëµ¢ Ö ± ³¥·  ¢ ¸¶¥±É·µ³¥É·¥ MARK III [54Å55] ¨³¥¥É
8 ¸²µ¥¢. �¥·¢Ò° ¸²µ° ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ³ ²ÊÕ ¤·¥°Ëµ¢ÊÕ ± ³¥·Ê ¸
Î¥ÉÒ·Ó³Ö ̧ ²µÖ³¨. ‚Éµ·µ° ̧ ²µ°, ¶µ ̧ ÊÐ¥¸É¢Ê, ¶·¥¤¸É ¢²Ö¥É ̧ µ¡µ° ¤¦¥É-± ³¥-
·Ê, ¸µ¸ÉµÖÐÊÕ ¨§ 32 ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥± (·¨¸.31). �´  ¨³¥¥É ¶²µÉ´ÊÕ ¸¥ÉÓ
ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ÖÎ¥¥±, ÎÉµ ¶µ§¢µ²Ö¥É ·¥±µ´¸É·Ê¨·µ¢ ÉÓ ¨§µ£´ÊÉÒ¥ É·¥±¨ ¨ ¸

¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ ¨§³¥·ÖÉÓ §´ Î¥´¨¥
dE/dx. • · ±É¥·´µ° µ¸µ¡¥´´µ¸ÉÓÕ ¸Ê¶¥·-
¸²µ¥¢ 3Å8 Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥ É·¥Ì ¸¤¢¨-
´ÊÉÒÌ ́   300 ³±³ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ-
²µ± ¢ ± ¦¤µ° ¤·¥°Ëµ¢µ° ÖÎ¥°±¥ (·¨¸.32).

Œ¥Éµ¤ ¶µ¨¸±  É·¥±µ¢ ¢ ¢¥±Éµ·´ÒÌ
¤·¥°Ëµ¢ÒÌ ± ³¥· Ì µ¶¨¸ ´ ¢ [54]. C
Í¥²ÓÕ ¤µ¸É¨¦¥´¨Ö ¡Ò¸É·µ£µ ̈  ÔËË¥±É¨¢-
´µ£µ ¶µ¨¸±  É·¥±µ¢ ¨¸¶µ²Ó§ÊÕÉ¸Ö ± ±
¶·µ£· ³³´Ò¥, É ± ¨ ¸µ¢·¥³¥´´Ò¥  ¶¶ -
· É´Ò¥ ¸·¥¤¸É¢ , ±µÉµ·Ò¥ µ¡¥¸¶¥Î¨¢ ÕÉ

�¨¸.31. ƒ¥µ³¥É·¨Ö ¤·¥°Ëµ¢µ° ÖÎ¥°±¨ ¢´ÊÉ·¥´-
´¥£µ ¸²µÖ ¢¥±Éµ·´µ° ¤·¥°Ëµ¢µ° ± ³¥·Ò
MARK III
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¶µ²´ÊÕ ·¥±µ´¸É·Ê±Í¨Õ ¸µ¡ÒÉ¨° ¸ É·¥± ³¨ ¡µ²ÓÏµ° ±·¨¢¨§´Ò §  37 ³¸. � 
·¨¸.32 ¨ 33 ¶µ± § ´µ, ± ±¨³ µ¡· §µ³ · §·¥Ï ¥É¸Ö ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ É¨¶ 
®¸²¥¢ -¸¶· ¢ ¯. „²Ö É·¨¶²¥É  ¶·µ¢µ²µ±, ¸¤¢¨´ÊÉÒÌ ´  ¢¥²¨Î¨´Ê ± δ, ¢¥²¨-
Î¨´  ∆, µ¶·¥¤¥²ÖÕÐ Ö · ¸¸ÉµÖ´¨¥ ¶·µÌµ¦¤¥´¨Ö É·¥±  § ·Ö¦¥´´µ° Î ¸É¨ÍÒ
µÉ ÎÊ¢¸É¢¨É¥²Ó´µ° ¶·µ¢µ²µ±¨, ¢ÒÎ¨¸²Ö¥É¸Ö ¨§ ¢Ò· ¦¥´¨Ö [54]:

∆ = vd[(t1 + t
3
)6 2 − t

2
],

£¤¥ t1, t2 ¨ t3 Å ¨§³¥·Ö¥³Ò¥ ¢¥²¨Î¨´Ò ¢·¥³¥´¨ ¤²Ö Î ¸É¨ÍÒ, ¶·µÌµ¤ÖÐ¥°

Î¥·¥§ ¤ ´´ÊÕ ÖÎ¥°±Ê. Š ± ¢¨¤´µ ¨§ ·¨¸.33, ¢¥²¨Î¨´  ∆  ¨³¥¥É ¤¢  ¶¨± ,   ¥¥
§´ ± ¤ ¥É ¨´Ëµ·³ Í¨Õ µ Éµ³, ¶µ ± ±ÊÕ ¸Éµ·µ´Ê µÉ ÖÎ¥°±¨ ¶·µÏ²  Î ¸É¨Í .

Œ¨±·µ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò ¸ ¢·¥³¥´´µ° · ¸ÉÖ¦±µ° [57Å59]. „²Ö
¶µ²ÊÎ¥´¨Ö ¢Ò¸µ±µ° ÉµÎ´µ¸É¨ ¨§³¥·¥´¨Ö ¶·¨Í¥²Ó´µ£µ ¶ · ³¥É·  (¢¶²µÉÓ ¤µ
100 ³±³) ¨¸¶µ²Ó§ÊÕÉ¸Ö É ±¦¥ É ± ´ §Ò¢ ¥³Ò¥ ¤·¥°Ëµ¢Ò¥ ± ³¥·Ò ¸ ¢·¥³¥´-
´µ° · ¸ÉÖ¦±µ° (time expansion chambers). ˆÌ µ¸µ¡¥´´µ¸É¨ § ±²ÕÎ ÕÉ¸Ö ¢
¸²¥¤ÊÕÐ¥³ [55].

1. � ²¨Î¨¥ µ¡² ¸É¨ ¸ ´¥¡µ²ÓÏµ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ¶µ²Ö (¸±µ·µ¸ÉÓ ¤·¥°-
Ë  5 ³±³/´¸ ¢³¥¸Éµ 50 ³±³/´¸ ¢ µ¡ÒÎ´ÒÌ ¤¦¥É-± ³¥· Ì), µÉ¤¥²¥´´µ° µÉ
µ¡² ¸É¨ ¸ ¡µ²ÓÏµ° ´ ¶·Ö¦¥´´µ¸ÉÓÕ ¶µ²Ö.

2. ˆ¸¶µ²Ó§µ¢ ´¨¥ ¶ · ²²¥²Ó´ÒÌ �–� ¸ Î ¸ÉµÉµ° µÍ¨Ë·µ¢±¨ 100 ŒƒÍ
¤²Ö ¡µ²¥¥ ÉµÎ´µ£µ ¢ÒÎ¨¸²¥´¨Ö ¢·¥³¥´¨ ¤·¥°Ë  ³¥Éµ¤µ³ µ¶·¥¤¥²¥´¨Ö Í¥´É· 

�¨¸.32. ƒ¥µ³¥É·¨Ö ¤·¥°Ëµ¢µ°
ÖÎ¥°±¨ µ¤´µ£µ ¨§ ¢´¥Ï´¨Ì ¸²µ¥¢
¢¥±Éµ·´µ° ¤·¥°Ëµ¢µ° ± ³¥·Ò
MARK III

�¨¸.33. � ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò ∆ ¢
§ ¢¨¸¨³µ¸É¨ µÉ ³¥¸É  ¶·µÌµ¦¤¥´¨Ö
Î ¸É¨ÍÒ ¶µ µÉ´µÏ¥´¨Õ ± ¤·¥°Ëµ¢µ°
ÖÎ¥°±¥. „¢  ¶¨±  ¸µµÉ¢¥É¸É¢ÊÕÉ É·¥± ³,
¶·µÌµ¤ÖÐ¨³ ¸²¥¢  ¨ ¸¶· ¢  µÉ ÖÎ¥°±¨
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®ÉÖ¦¥¸É¨¯. �·¨³¥´¥´¨¥ £ §µ¢µ° ¸³¥¸¨ ¶µ ¢µ§³µ¦´µ¸É¨ ¸ ³¥´ÓÏ¨³ ±µÔËË¨-
Í¨¥´Éµ³ ¤¨ËËÊ§¨¨ ¨ ³ ²Ò³ Ê£²µ³ ‹µ·¥´Í .

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¤¥É¥±Éµ·µ¢ ÔÉµ£µ É¨¶  ³µ¦´µ ´ §¢ ÉÓ ¤¦¥É-± ³¥·Ê
MARK J, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö Ô±¸¶¥·¨³¥´Éµ¢ ´  Ê¸±µ·¨É¥²¥ ¢ DESY.
‚ É ¡².7 ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¤¥É¥±Éµ· .

‚·¥³Ö¶·µ¥±Í¨µ´´ Ö ± ³¥·  ´ Ï²  É ±¦¥ ¶·¨³¥´¥´¨¥ ¢ Ô±¸¶¥·¨³¥´É¥
L3 [59], £¤¥ ¶µ²ÊÎ¥´µ · §·¥Ï¥´¨¥ ¤²Ö µ¤´µ° ¶·µ¢µ²µÎ±¨ 51 ³±³ ¨ · §·¥Ï¥-
´¨¥ ¤¢ÊÌ É·¥±µ¢ 650 ³±³. �·¨´Í¨¶ · ¡µÉÒ ± ³¥·Ò ¶µÖ¸´Ö¥É¸Ö ¸ ¶µ³µÐÓÕ
·¨¸.34, £¤¥ ¶µ± § ´  £¥µ³¥É·¨Ö ÖÎ¥°±¨. ‡¤¥¸Ó µ¡² ¸ÉÓ ¤·¥°Ë  Ô²¥±É·µ´µ¢
· §¤¥²¥´  ´  µ¡² ¸ÉÓ ¸ ³ ²Ò³ £µ³µ£¥´´Ò³ ¶µ²¥³ ¨ µ¡² ¸ÉÓ ¸ ¡µ²ÓÏ¨³
Ô²¥±É·¨Î¥¸±¨³ ¶µ²¥³ (µ¡² ¸ÉÓ Ê¸¨²¥´¨Ö), £¤¥ ´ Ìµ¤¨É¸Ö ÎÊ¢¸É¢¨É¥²Ó´ Ö
¶²µ¸±µ¸ÉÓ. �É¨ µ¡² ¸É¨ · §¤¥²¥´Ò ¶²µ¸±µ¸ÉÓÕ, ´aÌµ¤ÖÐ¥°¸Ö ¶µ¤ ´Ê²¥¢Ò³
¶µÉ¥´Í¨ ²µ³. Œ¥¦¤Ê  ´µ¤´Ò³¨ ¶·µ¢µ²µ± ³¨ ¨³¥ÕÉ¸Ö É ± ´ §Ò¢ ¥³Ò¥ Ëµ±Ê-
¸¨·ÊÕÐ¨¥ ¶·µ¢µ²µ±¨, ¸ ¶µ³µÐÓÕ ±µÉµ·ÒÌ ¶µ¢ÒÏ ¥É¸Ö ÉµÎ´µ¸ÉÓ ·¥£¨¸É· -
Í¨¨ É·¥±µ¢. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ± ³¥·Ò: ¢´¥Ï´¨° ¨ ¢´ÊÉ·¥´´¨° ¤¨ ³¥É·Ò
937 ¨ 170 ³³ ¸µµÉ¢¥É¸É¢¥´´µ, ¤²¨´  1260 ³³, ³ ±¸¨³ ²Ó´µ¥ ¢·¥³Ö ¤·¥°Ë 
´¥ ¡µ²¥¥ 10 ³±¸. �¡Ñ¥³ ± ³¥·Ò · §¤¥²¥´ ́   ¤¢  ±µ´Í¥´É·¨Î¥¸±¨Ì Í¨²¨´¤· :
¢´ÊÉ·¥´´¨° Í¨²¨´¤·, ¸µ¤¥·¦ Ð¨° 12 ¸¥±Éµ·µ¢, ¨ ¢´¥Ï´¨° Í¨²¨´¤·,
¸µ¸ÉµÖÐ¨° ¨§ 24 ¸¥±Éµ·µ¢. Œ ±¸¨³ ²Ó´Ò° ¤·¥°Ëµ¢Ò° ¶·µ³¥¦ÊÉµ± · ¢¥´
35,4 ³³ ¤²Ö ¢´ÊÉ·¥´´¥° ± ³¥·Ò ¨ 53,2 ³³ ¤²Ö ¢´¥Ï´¥° ± ³¥·Ò.

„¥É¥±Éµ·Ò ¸ ¶·¥Í¨§¨µ´´Ò³¨ ÖÎ¥°± ³¨. …Ð¥ µ¤´µ ´ ¶· ¢²¥´¨¥ ¢ · §-
¢¨É¨¨ ¡Ò¸É·µ¤¥°¸É¢ÊÕÐ¨Ì ¨ ¶·¥Í¨§¨µ´´ÒÌ É·¥Ì³¥·´ÒÌ £ §µ¢ÒÌ ¤¥É¥±Éµ·µ¢
¸¢Ö§ ´µ ¸ · §· ¡µÉ±µ° ¤·¥°Ëµ¢ÒÌ ÖÎ¥¥± ¸ ¢Ò¸µ±µ° · §·¥Ï ÕÐ¥° ¸¶µ¸µ¡-
´µ¸ÉÓÕ. ‡¤¥¸Ó ³µ¦´µ ¢Ò¤¥²¨ÉÓ ¤¢¥ µ·¨£¨´ ²Ó´Ò¥ · §· ¡µÉ±¨. ‚ [60] µ¶¨¸ -

’ ¡²¨Í  7. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò 
¢·¥³Ö¶·µ¥±Í¨µ´´µ° ± ³¥·Ò MARK J

‚´ÊÉ·¥´´¨° ¤¨ ³¥É·, ³³ 100
‚´¥Ï´¨° ¤¨ ³¥É·, ³³ 242
—Ê¢¸É¢¨É¥²Ó´ Ö ¤²¨´ , ³³ 576

Šµ²¨Î¥¸É¢µ ¸¥£³¥´Éµ¢   12
Šµ²¨Î¥¸É¢µ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ± ¢ ¸¥£³¥´É¥   14
�¡Ð¥¥ Î¨¸²µ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ ¶·µ¢µ²µ± 168
� ¸¸ÉµÖ´¨¥ ³¥¦¤Ê  ´µ¤ ³¨, ³³ 2,4
� ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¶µÉ¥´Í¨ ²Ó´Ò³¨ 
¶·µ¢µ²µ± ³¨, ³³ 2,54
� ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸¥ÉµÎ´Ò³¨ Ô²¥±É·µ¤ ³¨, ³³ 0,6
‘±µ·µ¸ÉÓ ¤·¥°Ë , ³±³/´¸ 7,0
‘³¥¸Ó £ §µ¢ CO2 − i − CH4 (80% + 20%)
�·µ¸É· ´¸É¢¥´´ Ö ÉµÎ´µ¸ÉÓ, ³±³ 35
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´Ò ¤¢¥ ± ³¥·Ò, µ¸´µ¢Ê ±µÉµ·ÒÌ
¸µ¸É ¢²ÖÕÉ ³´µ¦¥¸É¢µ ¤·¥°Ëµ¢ÒÌ
ÖÎ¥¥± ±¢ ¤· É´µ° Ëµ·³Ò · §³¥·µ³
21 × 21 ³³ ¸ ¤·¥°Ëµ¢Ò³ ¶·µ³¥-
¦ÊÉ±µ³ 10,5 ³³ ¨ Ï¥¸É¨Ê£µ²Ó´µ°
Ëµ·³Ò ¸ ¤·¥°Ëµ¢Ò³ ¶·µ³¥¦ÊÉ±µ³
25 ³³. „µ¸É¨£´ÊÉµ ¶·µ¸É· ´¸É-
¢¥´´µ¥ · §·¥Ï¥´¨¥ 25Å30 ³±³.
�É³¥Î ¥É¸Ö, ÎÉµ É ±µ¥ ´ ¶· ¢²¥´¨¥
¢ · §¢¨É¨¨ ¶·¥Í¨§¨µ´´ÒÌ É·¥Ì±µ-
µ·¤¨´ É´ÒÌ £ §µ¢ÒÌ ¤¥É¥±Éµ·µ¢, ¢ ±µÉµ·ÒÌ ¨¸¶µ²Ó§ÊÕÉ¸Ö ÖÎ¥°±¨, Ëµ·³¨-
·ÊÕÐ¨¥ Í¨²¨´¤·¨Î¥¸±µ¥ ¤·¥°Ëµ¢µ¥ ¶µ²¥, ¢ ¸µÎ¥É ´¨¨ ¸ £ §µ¢µ° ¸³¥¸ÓÕ ¸
³ ²µ° ¤¨ËËÊ§¨¥°, ¨³¥¥É ²ÊÎÏ¨¥ ¶¥·¸¶¥±É¨¢Ò ¶µ ¸· ¢´¥´¨Õ ¸ ± ³¥· ³¨ ¸
¢·¥³¥´´µ° · ¸ÉÖ¦±µ° ¢ ¸¨²Ê ¡µ²¥¥ ¶·µ¸Éµ° ±µ´¸É·Ê±Í¨¨ ¤¥É¥±Éµ· .

7. Œ“‹œ’ˆ„�…‰”�‚›… ˆ ‘�‹�Œ…��›… ’�“�Šˆ

�·¨£¨´ ²Ó´ Ö · §· ¡µÉ±  ¸µ§¤ ´  ´  ¡ §¥ ³Ê²ÓÉ¨¤·¥°Ëµ¢ÒÌ É·Ê¡µ±
[61]. ‡ ¤ Î  ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ¡Ò ¸µ§¤ ÉÓ ¶·¥Í¨§¨µ´´Ò° É·¥Ì³¥·´Ò° £ §µ-

¢Ò° ¤¥É¥±Éµ·, · ¡µÉ ÕÐ¨° ¢ Ê¸²µ¢¨ÖÌ ¡µ²ÓÏµ° ¸¢¥É¨³µ¸É¨ ¶ÊÎ±  1033 ¨
c ³ ²µ° ¶ ³ÖÉÓÕ ¶µ·Ö¤±  30Å50 ´¸. „·¥°Ëµ¢Ò¥ ÖÎ¥°±¨ ¨³¥ÕÉ Ï¥¸É¨Ê£µ²Ó-
´ÊÕ Ëµ·³Ê ¨ µ¡Ñ¥¤¨´¥´Ò ¢ ¢¨¤¥ ³µ¤Ê²Ö. �´ ¸µ¸Éµ¨É ¨§ ³´µ¦¥¸É¢  ¤·¥°-
Ëµ¢ÒÌ É·Ê¡µ± · ¤¨Ê¸µ³ 1,45 ³³. 70 É ±¨Ì ÖÎ¥¥± ¶µ³¥Ð ÕÉ¸Ö ¢ É·Ê¡±¥ ¤¨ -
³¥É·µ³ 30 ³³ ¨ ¤²¨´µ° 80 ¸³. Š ¦¤µ°  ´µ¤´µ° ¶·µ¢µ²µÎ±¥ ¸µµÉ¢¥É¸É¢ÊÕÉ
Ï¥¸ÉÓ ± Éµ¤´ÒÌ. ˆ§ É ±¨Ì ³µ¤Ê²¥° ¡Ò² ¨§£µÉµ¢²¥´ ¤¥É¥±Éµ·, ¸µ¤¥·¦ Ð¨°
8000  ´µ¤´ÒÌ ·¥§¨¸É¨¢´ÒÌ ¶·µ¢µ²µÎ¥±. �·¨ ÔÉµ³ ¤µ¸É¨£´ÊÉ  ÉµÎ´µ¸ÉÓ ¶µ-
§¨Í¨¨ ¶·µ¢µ²µÎ¥± ²ÊÎÏ¥ Î¥³ 30 ³±³. �·µ¡²¥³Ò, ¢µ§´¨± ÕÐ¨¥ ¶·¨ ¨¸¶µ²Ó-
§µ¢ ´¨¨ ³Ê²ÓÉ¨¤·¥°Ëµ¢ÒÌ É·Ê¡µ± ¢ ± Î¥¸É¢¥ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢ ¢ Ê¸²µ-
¢¨ÖÌ ¡µ²ÓÏ¨Ì § £·Ê§µ±, µ¡¸Ê¦¤ ÕÉ¸Ö ¢ [62]. ‚ Î ¸É´µ¸É¨, É·¥¡Ê¥É¸Ö · §· -
¡µÉ±  ´µ¢µ£µ ¶µ¤Ìµ¤  ± ¸µ§¤ ´¨Õ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·µ´¨±¨. �·¨
³¥·É¢µ³ ¢·¥³¥´¨ ¶µ·Ö¤±  50 ́ ¸ ¨ ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö ¤µ 50 ¢Ò¡µpµ± ́  
É·¥± É ±µ° ¤¥É¥±Éµ· ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´ ¢ É·¨££¥·´µ° ¸¨¸É¥³¥.

�¨¸.34. ‘Ì¥³  ÖÎ¥°±¨ ‚�Š ¸ ¢·¥³¥´-
´µ° · ¸ÉÖ¦±µ°: 1 Å Ëµ±Ê¸; 2 Å  ´µ¤;
3 Å ¸¥ÉµÎ´Ò¥ ¶·µ¢µ²µÎ±¨; 4 Å ¢¥²¨-
Î¨´   ±¸¥¶É ´¸ ; 5 Å É·¥± § ·Ö¦¥´´µ°
Î ¸É¨ÍÒ; 6 Å ± Éµ¤´Ò¥ ¶·µ¢µ²µÎ±¨;
7 Å ±² ¸É¥·; 8 Å µ¡² ¸ÉÓ ¤·¥°Ë ;
9 Å µ¡² ¸ÉÓ ¤¥É¥±É¨·µ¢ ´¨Ö
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‘µ²µ³¥´´Ò¥ É·Ê¡±¨ (straw-tube). …Ð¥ µ¤´¨³ ¶¥·¸¶¥±É¨¢´Ò³ ´ ¶· ¢²¥-
´¨¥³ ¢ ¸µ§¤ ´¨¨ ¡Ò¸É·µ¤¥°¸É¢ÊÕÐ¨Ì ¶·¥Í¨§¨µ´´ÒÌ ¢¥·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢
Ö¢²ÖÕÉ¸Ö ¤¥É¥±Éµ·Ò, ±µÉµ·Ò¥ ¤¥² ÕÉ ´  µ¸´µ¢¥ Éµ´±¨Ì ³ °² ·µ¢ÒÌ É·Ê¡µ±
¤¨ ³¥É·µ³ 3 ÷ 5 ¸³ ¨ Éµ²Ð¨´µ° 25 ÷ 300 ³±³. ‚ Í¥´É·¥ µÉ¤¥²Ó´µ° É·Ê¡±¨
¤²¨´µ° 45 ÷ 100 ³³ · ¸¶µ²µ¦¥´   ´µ¤´ Ö ¶·µ¢µ²µÎ± ,   ¢ ± Î¥¸É¢¥ §¥³²Ö-
´µ° Ï¨´Ò ¸²Ê¦¨É  ²Õ³¨´¨§¨·µ¢ ´´ Ö ¸É¥´±  É·Ê¡±¨. �É³¥Î ÕÉ¸Ö ¸²¥¤ÊÕ-
Ð¨¥ ¶µ²µ¦¨É¥²Ó´Ò¥ ± Î¥¸É¢  É ±¨Ì ¤¥É¥±Éµ·µ¢.

1. �É´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏ Ö ¸Éµ¨³µ¸ÉÓ.
2. ‚ µÉ²¨Î¨¥ µÉ ±² ¸¸¨Î¥¸±¨Ì ¤·¥°Ëµ¢ÒÌ ± ³¥· ¸µ²µ³¥´´Ò¥ É·Ê¡±¨

¨§µ²¨·µ¢ ´Ò µ¤´  µÉ ¤·Ê£µ° ¨ ¶µÔÉµ³Ê ¶µ¢·¥¦¤¥´¨¥ µ¤´µ° É·Ê¡±¨ ´¥
¢²¨ÖeÉ ´  · ¡µÉÊ ¤·Ê£¨Ì.

3. Œ¥´ÓÏ¥ ¸± §Ò¢ ÕÉ¸Ö ¶¥·¥±·¥¸É´Ò¥ ¶µ³¥Ì¨.
4. M ²µ¥ ¢·¥³Ö ¤·¥°Ë  Å 30 ÷ 100 ´¸.
5. ‚Ò¸µ± Ö ÉµÎ´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ±µµ·¤¨´ É Å ´¥¸±µ²Ó±µ ³¨±·µ³¥É·µ¢.
‚ ± Î¥¸É¢¥ ¸ÊÐ¥¸É¢¥´´µ£µ ´¥¤µ¸É É±  ³µ¦´µ µÉ³¥É¨ÉÓ ´ ²¨Î¨¥ ¤µ¶µ²-

´¨É¥²Ó´µ£µ ³ É¥·¨ ²  Å ³ °² · , ÎÉµ ¶·¨¢µ¤¨É ± Ê³¥´ÓÏ¥´¨Õ · §·¥Ï Õ-
Ð¥° ¸¶µ¸µ¡´µ¸É¨ ¤¥É¥±Éµ·  ¶µ ¨³¶Ê²Ó¸Ê. ‚¥¤ÊÉ¸Ö ¨¸¸²¥¤µ¢ ´¨Ö, ´ ¶· ¢²¥´-
´Ò¥ ´  Ê³¥´ÓÏ¥´¨¥ ÔËË¥±É  ³´µ£µ±· É´µ£µ · ¸¸¥Ö´¨Ö [63]. ‚ [64] ¶·¨¢¥-
¤¥´Ò ¶ · ³¥É·Ò ·Ö¤  ¤¥É¥±Éµ·µ¢, ¸µ§¤ ´´ÒÌ ´  µ¸´µ¢¥ ¸µ²µ³¥´´ÒÌ É·Ê¡µ±
(¸³. É ¡².8).

‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¨³ ±· É±µ Ê¸É·µ°¸É¢µ ³¨±·µ¢¥·Ï¨´´µ°
± ³¥·Ò MARK III [65]. �´  ¸µ¸Éµ¨É ¨§ 12 ±µ´Í¥´É·¨Î¥¸±¨Ì ¸²µ¥¢ É·Ê¡µ±,
· ¸¶µ²µ¦¥´´ÒÌ ³¥¦¤Ê · ¤¨Ê¸ ³¨ 5,4 ¸³ ¨ 13 ¸³ µÉ ÉµÎ±¨ ¢§ ¨³µ¤¥°¸É¢¨Ö.
�¡Ð¥¥ ±µ²¨Î¥¸É¢µ É·Ê¡µ± · ¢´µ 640, ¤¨ ³¥É· É·Ê¡±¨ 8 ³³.

’ ¡²¨Í  8. � · ³¥É·Ò ¤¥É¥±Éµ·µ¢ ¸ ¸µ²µ³¥´´Ò³¨ É·Ê¡± ³¨ [64]

�±¸¶¥·¨³¥´É HRS MAC MARK
II

MARK 
III

CLEO TPC AMY

„¨ ³¥É· É·Ê¡±¨, ³³ 8,0 8,0 5,9Å7 8 5,3Å5,9

„²¨´ , ¸³ 41Å46 43 75 84 51 40Å60 56

„¨ ³¥É·
¶·µ¢µ²µ±¨, ³±³ 20 30 20 50 15 30 15

’µ²Ð¨´  É·Ê¡±¨, ³±³ 85 100 75 75 32 100 38

Šµ²¨Î¥¸É¢µ É·Ê¡µ± 352 324 552 640 192 984 144

� §·¥Ï¥´¨¥, ³±³ 100 45 90 49 90 50 85

„ ¢²¥´¨¥,  É³ 1 4 1 3 1 4 1,5

ƒ § Ar/Et ArCo2 CH4Ar/Et Ar/Et Ar/Et ArCo2CH4 Ar/Et

� ¶·Ö¦¥´¨¥, ±‚ 1,65 3,9 1,9 3,9 1,6 4 1,75
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‚ [66] µ¶¨¸ ´ ³¥Éµ¤ ·¥±µ´¸É·Ê±Í¨¨ É·¥±µ¢ ̈  ̈ Ì ¶¥·¥¸¥Î¥´¨° ¤²Ö ¤¥É¥±-
Éµ· , ¸µ§¤ ´´µ£µ ´  ¡ §¥ ¸µ²µ³¥´´ÒÌ ¤·¥°Ëµ¢ÒÌ É·Ê¡µ± ¤²Ö Ô±¸¶¥·¨³¥´É 
…735. �·¨´Í¨¶ ·¥±µ´¸É·Ê±Í¨¨ É·¥±µ¢ ¶µ± § ´ ´  ·¨¸.35. ‡¤¥¸Ó ¢¨¤´Ò ¤¢ 
¸²µÖ É·Ê¡µ± ¸ · ¤¨Ê¸ ³¨ r1 ¨ r2. ’·¥±¨ 1 ÷ 4 Ê¤µ¢²¥É¢µ·ÖÕÉ ¸²¥¤ÊÕÐ¥°

¸¨¸É¥³¥ Ê· ¢´¥´¨°:

sin (t) (X
2
 − X

1
) − cos (t) (Z

2
 − Z

1
) + (r

2
 − r

1
) = 0,

sin (t) (X
2
 − X

1
) − cos (t) (Z

2
 − Z

1
) − (r

2
 − r

1
) = 0,

sin (t) (X
2
 − X

1
) − cos (t) (Z

2
 − Z

1
) − (r

2
 + r

1
) = 0,

sin (t) (X
2
 − X

2
) − cos (t) (Z

2
 − Z

2
) + (r

2
 + r

1
) = 0.

�µ¸²¥ ¢ÒÎ¨¸²¥´¨Ö t ̈ § ± ¦¤µ£µ Ê· ¢´¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö ́  ±²µ´ tan t ̈  ÉµÎ± 
¶¥·¥¸¥Î¥´¨Ö. �µ¸²¥ ´ Ìµ¦¤¥´¨Ö É ±µ° ¶·Ö³µ° µ´  ¶·µ¥Í¨·Ê¥É¸Ö ´  ¸²¥¤ÊÕ-
ÐÊÕ ¶²µ¸±µ¸ÉÓ, ¨ ¢Ò¶µ²´Ö¥É¸Ö ¸· ¢´¥´¨¥ ¸ ¨§³¥·¥´´µ° ±µµ·¤¨´ Éµ°. …¸²¨
· §´¨Í  ´¥ ¶·¥¢µ¸Ìµ¤¨É § ¤ ´´ÊÕ ¢¥²¨Î¨´Ê, Éµ ¶·Ö³ Ö ´ °¤¥´ , ¨ É.¤.

�·¨Î¥³ ¢ ± Î¥¸É¢¥ ±·¨É¥·¨Ö ¨¸¶µ²Ó§Ê¥É¸Ö ËÊ´±Í¨Ö χ2.

8. ‡�Š‹�—…�ˆ…

Œ¥Éµ¤¨±  É·¥Ì±µµ·¤¨´ É´ÒÌ £ §µ´ ¶µ²´¥´´ÒÌ ¢e·Ï¨´´ÒÌ ¤¥É¥±Éµ·µ¢
¸µ¢³¥¸É´µ ¸ ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·µ´¨±µ° ¨ ¢ÒÎ¨¸²¨É¥²Ó´Ò³¨ ¸·¥¤¸É¢ ³¨
µÉ¡µ·  ¨ ¢µ¸¸É ´µ¢²¥´¨Ö Éµ¶µ²µ£¨° ¸²µ¦´ÒÌ ¸µ¡ÒÉ¨° ¤µ¸É¨£²  ¢Ò¸µ±µ£µ
¸µ¢¥·Ï¥´¸É¢ . �ÉµÉ ±² ¸¸ ¤¥É¥±Éµ·µ¢ µÉ²¨Î ¥É¸Ö · ¤¨ Í¨µ´´µ° ̧ Éµ°±µ¸ÉÓÕ,
Ìµ·µÏ¨³ · §·¥Ï¥´¨¥³ ¤¢ÊÌ É·¥±µ¢ ¨ µÉ´µ¸¨É¥²Ó´µ ¢Ò¸µ±¨³ ¡Ò¸É·µ¤¥°¸É-
¢¨¥³. Š·µ³¥ Éµ£µ, ¢µ§³µ¦´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨° ¸ ¡µ²ÓÏ¨³ Ê£²µ³ · §-
²¥É  Î ¸É¨Í ¶µ§¢µ²Ö¥É Ê¸¶¥Ï´µ ¨¸¶µ²Ó§µ¢ ÉÓ É·¥Ì³¥·´Ò¥ £ §µ´ ¶µ²´¥´´Ò¥
¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò ¢ ¸µÎ¥É ´¨¨ ¸ ¤·Ê£¨³¨ É¨¶ ³¨ ¤¥É¥±Éµ·µ¢ ¢ Ô±¸¶¥·¨-
³¥´É Ì ¸ ¢Ò¸µ±µ° ¸¢¥É¨³µ¸ÉÓÕ ´  ¸µ¢·¥³¥´´ÒÌ ¨ ¡Ê¤ÊÐ¨Ì ±µ²² °¤¥· Ì.
˜¨·µ±¨¥ ¶¥·¸¶¥±É¨¢Ò · §¢¨É¨Ö ¨³¥ÕÉ É ±¦¥ £ §µ´ ¶µ²´¥´´Ò¥ ³¨±·µ¶µ-
²µ¸±µ¢Ò¥ ³¨±·µ¢¥·Ï¨´´Ò¥ ¤¥É¥±Éµ·Ò, ¸µ§¤ ¢ ¥³Ò¥ ³¥Éµ¤ ³¨ ¶µ²Ê¶·µ¢µ¤-
´¨±µ¢µ° É¥Ì´µ²µ£¨¨, ±µÉµ·Ò¥ · ¸¸³µÉ·¥´Ò ¢ µ¡§µ·¥ [67].

�¨¸.35. Š ¶µÖ¸´¥´¨Õ  ²£µ·¨É³  ·¥-
±µ´¸É·Ê±Í¨¨ ¶·Ö³ÒÌ É·¥±µ¢, ·¥£¨¸É·¨·Ê¥-
³ÒÌ ¸ ¶µ³µÐÓÕ ¸µ²µ³¥´´ÒÌ ¤·¥°Ëµ¢ÒÌ
É·Ê¡µ±
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