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–¥²Ó ´ ¸ÉµÖÐ¥° · ¡µÉÒ Å ¨§ÊÎ¥´¨¥ ¢µ§³µ¦´µ¸É¨ ¸¨´Ì·µ´¨§ Í¨¨ ¨´Ëµ·³ Í¨¨, ¸Î¨ÉÒ¢ ¥³µ°
¸ ± Éµ¤´µ° ¸É·¨¶µ¢µ° ± ³¥·Ò (CSC) ³Õµ´´µ° ¸É ´Í¨¨ Œ…1/1 ¤¥É¥±Éµ·  CMS ¸ ¢·¥³¥´´Ò³ ¨´-
É¥·¢ ²µ³ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ±µ²² °¤¥· . �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ¶·¨ ¨¸¸²¥-
¤µ¢ ´¨¨ ¶ · ³¥É·µ¢ ¶µ²´µ³ ¸ÏÉ ¡´µ£µ ¶·µÉµÉ¨¶  �2 ³Õµ´´µ° ¸É ´Í¨¨ Œ…1/1 ¢ ¶ÊÎ±¥ ³Õµ´µ¢
¸ Ô´¥·£¨¥° 225 ƒÔ‚ ´  ± ´ ²¥ �2 (–…��). �´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ± §Ò¢ ¥É, ÎÉµ
¡Ò¸É·Ò¥ ¸¨£´ ²Ò, ¶·¨Ìµ¤ÖÐ¨¥ ¸  ´µ¤´ÒÌ ¶²µ¸±µ¸É¥°, µ¡¥¸¶¥Î¨¢ ÕÉ µ¤´µ§´ Î´µ¥ µ¶·¥¤¥²¥´¨¥
¢·¥³¥´´µ£µ ¨´É¥·¢ ²  ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ±µ²² °¤¥· : ¶¥·¢Ò° ¨ ¢Éµ·µ° ¸¨£´ ²Ò ³µ£ÊÉ ¡ÒÉÓ
¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö Ê± § ´¨Ö ³µ³¥´É  ¢§ ¨³µ¤¥°¸É¢¨Ö,   ³ ¦µ·¨É ·´µ¥ ¸µ¢¶ ¤¥´¨¥ ¸¨£´ ²µ¢ ¸ Ï¥¸É¨
¶²µ¸±µ¸É¥° µ¶·¥¤¥²Ö¥É ¶·¨´ ¤²¥¦´µ¸ÉÓ ¸µ¡ÒÉ¨Ö ± É·¥±Ê § ·Ö¦¥´´µ° Î ¸É¨ÍÒ. ‚·¥³Ö, ´¥µ¡Ìµ-
¤¨³µ¥ ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ É·¥± , ³µ¦¥É ¡ÒÉÓ ³¥´ÓÏ¥, Î¥³ ¤¢  ¨´É¥·¢ ²  ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢
±µ²² °¤¥·  (50 ´¸).

The goal of this work is to investigate synchronization of the readout information from Œ…1/1
Cathode Strip Chamber (CSC) of the detector CMS with bunch crossing. The experimental results were
taken during a test of the P2 large size prototype of Œ…1/1 CSC with 225 GeV muons at the �2 CERN
beam. The analysis of the experimental data shows, that the fast signals coming from anode planes
provide an unambiguous deˇnition of the bunch crossing: the 1st and 2nd signal can be used for the
bunch crossing identiˇcation, and majority coincidence of signals from 6 layers determine a track of the
charged particle. The time necessary for track identiˇcation can be shorter than two bunches crossing
(50 ns).

‚‚…„…�ˆ…

„²Ö Ëµ·³¨·µ¢ ´¨Ö ³Õµ´´µ£µ É·¨££¥·  ¤¥É¥±Éµ·  CMS É·¥¡Ê¥É¸Ö ¨§³¥·ÖÉÓ ¨³¶Ê²Ó¸
³Õµ´µ¢ ¨ µ¶·¥¤¥²ÖÉÓ ¢·¥³¥´´µ° ¨´É¥·¢ ² ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ±µ²² °¤¥·  (banch
crossing Å ‚•), ¢ ±µÉµ·µ³ ¢µ§´¨±²¨ ÔÉ¨ ³Õµ´Ò [1, 2]. �É³¥É¨³, ÎÉµ ¢§ ¨³µ¤¥°¸É¢¨¥
¶ÊÎ±µ¢ ±µ²² °¤¥·  ¶·µ¨¸Ìµ¤¨É ± ¦¤Ò¥ 25 ´¸ [2].

’µÎ´µ¥ µ¶·¥¤¥²¥´¨¥ ¢·¥³¥´¨ § ·¥£¨¸É·¨·µ¢ ´´µ£µ ¸µ¡ÒÉ¨Ö Å µ¤´  ¨§ ¢ ¦´¥°Ï¨Ì
ËÊ´±Í¨° É·¨££¥·´µ° Î ¸É¨ Ô²¥±É·µ´¨±¨, · ¸¶µ² £ ¥³µ° ´¥¶µ¸·¥¤¸É¢¥´´µ ´  ± Éµ¤´µ°
¸É·¨¶µ¢µ° ± ³¥·¥ ¨ ·¥ ²¨§ÊÕÐ¥° µ¤´µ ¨§ ¤µ¸Éµ¨´¸É¢ ¤¥É¥±Éµ·  Å ´ ²¨Î¨¥ ¡Ò¸É·µ°
¨´Ëµ·³ Í¨¨ µ ·¥£¨¸É· Í¨¨ ¸µ¡ÒÉ¨°. ˆ´Ëµ·³ Í¨Ö µ ¢·¥³¥´´µ° ¶·¨¢Ö§±¥ ± ³µ³¥´ÉÊ ¢§ -
¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ¸µ¶·µ¢µ¦¤ ¥É ± ¦¤µ¥ ¸µ¡ÒÉ¨¥ ¨ ¶·¨ ¶·¥¤¢ ·¨É¥²Ó´µ° µ¡· ¡µÉ±¥
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¤ ¥É ¢µ§³µ¦´µ¸ÉÓ ®¸Ï¨¢ ÉÓ¯ É·¥±¨, ¢µ¸¸É ´µ¢²¥´´Ò¥ ¢ · §²¨Î´ÒÌ ¤¥É¥±Éµ· Ì Ê¸É ´µ¢±¨.
�ËË¥±É¨¢´µ¸ÉÓ É·¨££¥·  ¶¥·¢µ£µ Ê·µ¢´Ö µ¶·¥¤¥²Ö¥É¸Ö ÉµÎ´µ¸ÉÓÕ ¢·¥³¥´´µ° ¶·¨¢Ö§±¨,
±µÉµ· Ö § ¢¨¸¨É µÉ ¡Ò¸É·µ¤¥°¸É¢¨Ö Ô²¥±É·µ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö ¸ ± Éµ¤´ÒÌ ¸É·¨¶µ¢ÒÌ ± -
³¥·.

�´ ²¨§¨·Ê¥³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ²ÊÎ¥´Ò ¶·¨ ¨¸¸²¥¤µ¢ ´¨¨ ¢ ¶ÊÎ±¥
³Õµ´µ¢ ¸ Ô´¥·£¨¥° 225 ƒÔ‚ (�2, –…��) ¶ · ³¥É·µ¢ ¶µ²´µ³ ¸ÏÉ ¡´µ£µ ¶·µÉµÉ¨¶  �2
± Éµ¤´µ° ¸É·¨¶µ¢µ° ± ³¥·Ò ³Õµ´´µ° ¸É ´Í¨¨ Œ…1/1 ±µ³¶ ±É´µ£µ ³Õµ´´µ£µ ¸µ²¥´µ¨¤ 
(CMS) [2].

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

1.1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨ [3]
¶µ± § ´  ´  ·¨¸. 1. �·µÉµÉ¨¶ ± Éµ¤´µ° ± ³¥·Ò �2 ³Õµ´´µ° ¸É ´Í¨¨ (´  ·¨¸. 1 µ¡µ§´ Î¥´
± ± ME1) ¡Ò² ¶µ³¥Ð¥´ ¢ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¨° ³ £´¨É RD5 ¸ µ¤´µ·µ¤´Ò³ ³ £´¨É´Ò³ ¶µ²¥³,
· ¢´Ò³ 3 ’², ´ ¶· ¢²¥´´Ò³ ¢¤µ²Ó µ¸¨ ¶ÊÎ± . �¡²ÊÎ¥´¨¥ ¶·µ¢µ¤¨²µ¸Ó ¢ ¶ÊÎ±¥ ³Õµ´µ¢ ¸
Ô´¥·£¨¥° 225 ƒÔ‚. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´ ¡¨· ²¨¸Ó ¤²Ö · §²¨Î´ÒÌ §´ Î¥´¨° Ê£² 
θ ¶µ¢µ·µÉ  ± ³¥·Ò ¶µ µÉ´µÏ¥´¨Õ ± ¶ÊÎ±Ê: 0, 10, 16, 24◦. „¨ ¶ §µ´ Ê£²µ¢ θ = 10 ÷ 24◦

¸µµÉ¢¥É¸É¢Ê¥É  ±¸¥¶É ´¸Ê ± ³¥· ³Õµ´´µ° ¸É ´Í¨¨ Œ…1/1 ¢ ·¥ ²Ó´µ° £¥µ³¥É·¨¨ Ê¸É ´µ¢±¨
CMS.

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨

‚ É·¨££¥· Ô±¸¶¥·¨³¥´É  ¡Ò²¨ ¢±²ÕÎ¥´Ò ¸Í¨´É¨²²ÖÍ¨µ´´Ò¥ ¸Î¥ÉÎ¨±¨ S1ÄS5 Ê¸É -
´µ¢±¨ RD5 [4]. ‚·¥³¥´´µ¥ · §·¥Ï¥´¨¥ É·¨££¥·  ¡Ò²µ ´¥ ÌÊ¦¥ 1,1 ´¸.

1.2. �·µÉµÉ¨¶ �2 ± Éµ¤´µ° ¸É·¨¶µ¢µ° ± ³¥·Ò. �¸±¨§ ¶·µÉµÉ¨¶  �2 ± Éµ¤´µ° ¸É·¨-
¶µ¢µ° ± ³¥·Ò ¶µ± § ´ ´  ·¨¸. 2. Š ³¥·  ¸µ¸Éµ¨É ¨§ Ï¥¸É¨ ¶²µ¸±µ¸É¥°. �´µ¤´Ò¥ ¶·µ¢µ-
²µÎ±¨, ¨³¥ÕÐ¨¥ Ï £ 2,5 ³³, µ¡Ñ¥¤¨´¥´Ò ¢ £·Ê¶¶Ò ¶µ 22. �´µ¤´Ò¥ ¶·µ¢µ²µÎ±¨ ´ ±²µ-
´¥´Ò ¶µ µÉ´µÏ¥´¨Õ ± µ¸¨ Í¥´É· ²Ó´µ£µ ¸É·¨¶  ´  Ê£µ² ‹µ·¥´Í  24,8◦, ±µ³¶¥´¸¨·ÊÕÐ¨°
ÔËË¥±É ¢²¨Ö´¨Ö ³ £´¨É´µ£µ ¶µ²Ö ´  ¤·¥°Ë ¶¥·¢¨Î´ÒÌ Ô²¥±É·µ´µ¢. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò
¶·µÉµÉ¨¶  �2 ± Éµ¤´µ° ± ³¥·Ò ¶·¨¢¥¤¥´Ò ¢ É ¡². 1.

1.3. �²¥±É·µ´¨±  ¸Î¨ÉÒ¢ ´¨Ö. Šµ³¶²¥±É Ô²¥±É·µ´¨±¨ ¶·µÉµÉ¨¶  �2 ± Éµ¤´µ° ¸É·¨-
¶µ¢µ° ± ³¥·Ò ¢±²ÕÎ ¥É ± ·ÉÒ ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëµ·³ Í¨¨ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¨ ± -
Éµ¤´ÒÌ ¸É·¨¶µ¢, · ¸¶µ²µ¦¥´´Ò¥ ´  ± ³¥·¥, ¡²µ±¨ ¶·¨¥³  ¨ µÍ¨Ë·µ¢±¨ ¨´Ëµ·³ Í¨¨,  
É ±¦¥ É·¨££¥·´Ò¥ ¡²µ±¨. Šµ³¶²¥±É Ô²¥±É·µ´¨±¨ · §· ¡µÉ ´ ¨ ¨§£µÉµ¢²¥´ ¢ ‹”— �ˆŸˆ.
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�¨¸. 2. �¸±¨§ ¶·µÉµÉ¨¶  �2 ± Éµ¤´µ° ¸É·¨¶µ¢µ° ± ³¥·Ò

’ ¡²¨Í  1. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ¶·µÉµÉ¨¶  �2 ± Éµ¤´µ° ± ³¥·Ò

� · ³¥É· ‡´ Î¥´¨¥

P §³¥· ± ³¥·Ò: ¢Ò¸µÉ , ³ 1,086
Ï¨·¨´  (¢¥·Ì), ³ 0,58
Ï¨·¨´  (´¨§), ³ 0,41

Kµ²¨Î¥¸É¢µ ¶²µ¸±µ¸É¥° 6
‡ §µ·  ´µ¤Ä± Éµ¤, ³³ 2,5
˜ £  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±, ³³ 2,5
„¨ ³¥É·  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±, ³±³ 30
”µ·³  ± Éµ¤´ÒÌ ¸É·¨¶µ¢ É· ¶¥Í¥¨¤ ²Ó´ Ö

Ï¨·¨´  ¸É·¨¶  (¢¥·Ì), ³³ 6,4
Ï¨·¨´  ¸É·¨¶  (´¨§), ³³ 4,27

� ±²µ´  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± 24,8◦

� ¡µÎ Ö £ §µ¢ Ö ¸³¥¸Ó 40 %Ar + 50 %CO2 + 10%CF4

� ¡µÎ¥¥ ´ ¶·Ö¦¥´¨¥, ±‚ 2,8

1.3.1. �´µ¤´ Ö Ô²¥±É·µ´¨± . �  ± ³¥·¥ ¡Ò²µ Ê¸É ´µ¢²¥´µ ¢µ¸¥³´ ¤Í ÉÓ 4-± ´ ²Ó´ÒÌ
± ·É ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëµ·³ Í¨¨ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±. ‚ ± Î¥¸É¢¥ ¶·¥¤Ê¸¨²¨É¥²Ö ¶·¨-
³¥´¥´  ³¨±·µ¸Ì¥³  MSD-2 Ë¨·³Ò ®Laben¯ (ˆÉ ²¨Ö). Šµ³¶ · Éµ·Ò MVL407 (LeCroy)
¡Ò²¨ · ¸¶µ²µ¦¥´Ò ´  µÉ¤¥²Ó´µ° 12-± ´ ²Ó´µ° ± ·É¥ (µ¤´  ´  ¶²µ¸±µ¸ÉÓ). ‚ É ¡². 2
¶·¥¤¸É ¢²¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ³¨±·µ¸Ì¥³Ò MSD-2. � ¡µÎ¨° ¶µ·µ£ ¤²Ö ¢¸¥Ì  ´µ¤-
´ÒÌ ± ´ ²µ¢ ¸µ¸É ¢¨² ¶µ·Ö¤±  0,5 ³±�.
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’ ¡²¨Í  2. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ³¨±·µ¸Ì¥³Ò MSD-2

� · ³¥É· ‡´ Î¥´¨¥
C¤¥É = 0 ¶” C¤¥É = 100 ¶”

�±¢¨¢ ²¥´É´Ò° ÏÊ³, r.m.s., ´� 15 50
ŠµÔËË¨Í¨¥´É ¶·¥µ¡· §µ¢ ´¨Ö, ³‚/³±� 35 25
‚·¥³Ö ´ · ¸É ´¨Ö, ´¸ 3 8
	Ò¸É·µ¤¥°¸É¢¨¥, ŒƒÍ 35 20

‚Ìµ¤´µ¥ ¸µ¶·µÉ¨¢²¥´¨¥, �³ 120
Œ ±¸. ´ ¢µ¤±  ¸ ± ´ ²  ´  ± ´ ², % 4
�µ²µ¦¨É¥²Ó´µ¥ ¶¨É ´¨¥, Vcc, B 3,5÷ 10
�É·¨Í É¥²Ó´µ¥ ¶¨É ´¨¥, Vee, B Ä2÷ Ä1
Šµ²¨Î¥¸É¢µ ± ´ ²µ¢ 4
�µÉ·¥¡²Ö¥³ Ö ³µÐ´µ¸ÉÓ, ³‚É/± ´ ² 15

1.3.2. Š Éµ¤´ Ö Ô²¥±É·µ´¨± . �²¥±É·µ´¨±  ¸Î¨ÉÒ¢ ´¨Ö ¨´Ëµ·³ Í¨¨ ¸ ± Éµ¤´ÒÌ ¸É·¨-
¶µ¢ · §· ¡µÉ ´  ´  ¡ §¥ ³¨±·µ¸Ì¥³Ò GASPLEX [5], µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ±µÉµ·µ° ¶·¨-
¢¥¤¥´Ò ¢ É ¡². 3. GASPLEX Å ÔÉµ 16-± ´ ²Ó´Ò° ³ ²µÏÊ³ÖÐ¨° ¶·µÍ¥¸¸µ·  ´ ²µ£µ¢µ£µ
¸¨£´ ² , ¸¶¥Í¨ ²Ó´µ · §· ¡µÉ ´´Ò° ¤²Ö · ¡µÉÒ ¸ £ §µ¢Ò³¨ ¤¥É¥±Éµ· ³¨.

’ ¡²¨Í  3. �¸´µ¢´Ò¥ ¶ · ³¥É·Ò ³¨±·µ¸Ì¥³Ò GASPLEX

� · ³¥É· ‡´ Î¥´¨¥

‚Ìµ¤´µ° ¨³¶¥¤ ´¸, �³ < 500
�±¢¨¢ ²¥´É´Ò° ÏÊ³, r.m.s., ´� 580e− + 15e−/¶”
‚Ìµ¤´ Ö ¥³±µ¸ÉÓ (³ ±¸.), ¶” 50
‚·¥³Ö ¶¨±  ¨³¶Ê²Ó¸ , ´¸ 450
‘±µ·µ¸ÉÓ ÎÉ¥´¨Ö, ŒƒÍ 2
ŠµÔËË¨Í¨¥´É ¶·¥µ¡· §µ¢ ´¨Ö, ³‚/ËŠ² 10
„¨´ ³¨Î¥¸±¨° ¤¨ ¶ §µ´, ËŠ² 0÷ 200
Šµ²¨Î¥¸É¢µ ± ´ ²µ¢ 16
�µÉ·¥¡²Ö¥³ Ö ³µÐ´µ¸ÉÓ, ³‚É/± ´ ² 10

�µ¸²¥ § ·Ö¤µ¢µ-ÎÊ¢¸É¢¨É¥²Ó´µ£µ Ê¸¨²¨É¥²Ö, µ¶É¨³¨§¨·µ¢ ´´µ£µ ´  · ¡µÉÊ ¸ ¤¥É¥±Éµ-
· ³¨, ¨³¥ÕÐ¨³¨ ¡µ²ÓÏÊÕ ¥³±µ¸ÉÓ, ¸Éµ¨É ¤¥±µ´¢µ²ÕÍ¨µ´´Ò° Ë¨²ÓÉ·, ±µ³¶¥´¸¨·ÊÕÐ¨°
²µ£ ·¨Ë³¨Î¥¸±ÊÕ Ëµ·³Ê § ·Ö¤µ¢µ£µ ¸¨£´ ² . ‘Ì¥³  µ¡¥¸¶¥Î¨¢ ¥É ¢µ¸¸É ´µ¢²¥´¨¥ ¡ §µ-
¢µ° ²¨´¨¨ §  ®ÔËË¥±É¨¢´µ¥¯ ¢·¥³Ö 3,7 ³±¸ [6]. GASPLEX ¨³¥¥É ¨´¤¨¢¨¤Ê ²Ó´ÊÕ ± -
²¨¡·µ¢±Ê ± ¦¤µ£µ ± ´ ² . ‚Ìµ¤´Ò¥ ¨ ¢ÒÌµ¤´Ò¥ ²µ£¨Î¥¸±¨¥ ¸¨£´ ²Ò ¨³¥ÕÉ ECL-Ê·µ¢´¨
¤²Ö µ¡¥¸¶¥Î¥´¨Ö ¶µ³¥ÌµÊ¸Éµ°Î¨¢µ¸É¨.

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

2.1. �ËË¥±É¨¢´µ¸ÉÓ ¨ ÉµÎ´µ¸ÉÓ µÉ¤¥²Ó´µ° ¶²µ¸±µ¸É¨ ± ³¥·Ò. �  ·¨¸. 3 ¶µ± § ´  Ì -
· ±É¥·´ Ö ¤²Ö ¢¸¥Ì ¶²µ¸±µ¸É¥° ± ³¥·Ò § ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ¨´Ëµ·-
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³ Í¨¨ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± µÉ ¢¥²¨Î¨´Ò ´ ¶·Ö¦¥´¨Ö ´  ± ³¥·¥ ¶·¨ ¶µ·µ£¥ ·¥£¨¸É· Í¨¨
0,5 ³±�. �² Éµ ±·¨¢µ° ¸µµÉ¢¥É¸É¢Ê¥É §´ Î¥´¨Õ ÔËË¥±É¨¢´µ¸É¨ ε = 99,8 %.

�·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ µ¤´µ° ¨§ Ï¥¸É¨ ± Éµ¤´ÒÌ ¶²µ¸±µ¸É¥° ¶µ± § ´µ ´ 
·¨¸. 4 ¨ ¸µ¸É ¢²Ö¥É σ ≈ 53 ³±³. ‚ÒÎ¨¸²¥´¨¥ ±µµ·¤¨´ É É·¥±µ¢ ¶·µ¨§¢µ¤¨²µ¸Ó ³¥Éµ¤µ³

�¨¸. 3. ‡ ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ¨´Ëµ·³ Í¨¨ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± µÉ ¢¥²¨Î¨´Ò

´ ¶·Ö¦¥´¨Ö ´  ± ³¥·¥

�¨¸. 4. �·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ µ¤´µ° ¨§ Ï¥¸É¨ ± Éµ¤´ÒÌ ¶²µ¸±µ¸É¥° ¶·µÉµÉ¨¶  �2. ‘¶²µÏ-

´ Ö ±·¨¢ Ö Å  ¶¶·µ±¸¨³ Í¨Ö ËÊ´±Í¨¥° ƒ Ê¸¸ 

�¨¸. 5. ‚·¥³¥´´µ° ¸¶¥±É· ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö µ¤´µ° ¶²µ¸±µ¸É¨ ± ³¥·Ò ¤²Ö θ = 0◦

�¨¸. 6. ‚·¥³¥´´µ° ¸¶¥±É· ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö ´ ±²µ´´ÒÌ É·¥±µ¢ (10 < θ < 24◦)
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µÉ´µÏ¥´¨° [7, 8]. � ¡µÎ Ö ÉµÎ±  ¶µ ¢Ò¸µ±µ³Ê ´ ¶·Ö¦¥´¨Õ ´  ± ³¥·¥ ¸µµÉ¢¥É¸É¢µ¢ ² 
2,8 ±‚.

2.2. ‚·¥³¥´´µ° ¸¶¥±É· ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö µ¤´µ° ¶²µ¸±µ¸É¨ ± -
³¥·Ò. ’¨¶¨Î´Ò° ¢·¥³¥´´µ° ¸¶¥±É· ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö µ¤´µ° ¶²µ¸±µ¸É¨
± ³¥·Ò ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 5. ‘¶¥±É· ¶µ²ÊÎ¥´ ¤²Ö ¸²ÊÎ Ö ¶µ²µ¦¥´¨Ö ± ³¥·Ò ¶¥·¶¥´¤¨-
±Ê²Ö·´µ ± ¶ÊÎ±Ê (θ = 0◦). ˜¨·¨´  ¸¶¥±É·  ¶µ µ¸´µ¢ ´¨Õ (¤²Ö 99 % ¸µ¡ÒÉ¨°) ¸µ¸É ¢²Ö¥É
51 ´¸. ˜¨·¨´  ¸¶¥±É·  ¸¨£´ ²µ¢ ¸ ¶·µ¢µ²µÎ¥± § ¢¨¸¨É µÉ Ê£²  ´ ±²µ´  É·¥±  ¢ ± ³¥·¥
(¢ ´ Ï¥³ ¸²ÊÎ ¥ Ê£µ² θ◦) ¨ Ê³¥´ÓÏ ¥É¸Ö ¶·¨ ·µ¸É¥ θ◦.

’¨¶¨Î´Ò° ¢·¥³¥´´µ° ¸¶¥±É· ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö µ¤´µ° ¶²µ¸±µ¸É¨
± ³¥·Ò ¶·¨ ´ ±²µ´´ÒÌ ³Õµ´´ÒÌ É·¥± Ì ¢ ¤¨ ¶ §µ´¥ θ = 10−24◦ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 6.

ˆ§³¥·¥´´µ¥ §´ Î¥´¨¥ Ï¨·¨´Ò ¸¶¥±É·  ¶µ µ¸´µ¢ ´¨Õ (¤²Ö 99 % ¸µ¡ÒÉ¨°) ¸µ¸É ¢²Ö¥É
34 ´¸. ’ ±¨³ µ¡· §µ³, ¢¨¤´µ, ÎÉµ ¤²Ö ´ ±²µ´´ÒÌ É·¥±µ¢ ¸¶¥±É· ¸É ² ¢ 1,5 · §  Ê¦¥.

2.3. ‚·¥³¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥±, ¶·¨Ìµ¤ÖÐ¨Ì ¸ Ï¥-
¸É¨ ¶²µ¸±µ¸É¥° ± ³¥·Ò. „²Ö ¨§ÊÎ¥´¨Ö ¢µ§³µ¦´µ¸É¨ ¢·¥³¥´´µ° ¶·¨¢Ö§±¨ ± ·¥£¨¸É·¨·Ê-
¥³Ò³ ¢ ± ³¥·¥ ¸µ¡ÒÉ¨Ö³ ¶µ²ÊÎ¥´Ò ¢·¥³¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶¥·¢ÒÌ Ï¥¸É¨ ¶µ¸²¥¤µ¢ -
É¥²Ó´µ ¶·¨Ìµ¤ÖÐ¨Ì ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö ¢¸¥Ì ¶²µ¸±µ¸É¥° ± ³¥·Ò (·¨¸. 7).

�¨¸. 7. ‚·¥³¥´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶¥·¢ÒÌ Ï¥¸É¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¶·¨Ìµ¤ÖÐ¨Ì ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ
¶·µ¢µ²µÎ¥± ¤²Ö ¢¸¥Ì ¶²µ¸±µ¸É¥° ± ³¥·Ò
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ˆ§³¥·¥´´Ò¥ §´ Î¥´¨Ö µ¸´µ¢ ´¨° ¸¶¥±É·µ¢ ¤²Ö 99 % ¸µ¡ÒÉ¨° ¸µ¸É ¢²ÖÕÉ: ¤²Ö ¶¥·¢µ£µ
¶·¨Ìµ¤ÖÐ¥£µ ¸¨£´ ²  ¸ Ï¥¸É¨ ¶²µ¸±µ¸É¥° Å 14 ´¸ (a), ¤²Ö ¢Éµ·µ£µ Å 17 ´¸ (¡), ¤²Ö
É·¥ÉÓ¥£µ Å 24 ´¸ (¢), ¤²Ö Î¥É¢¥·Éµ£µ Å 28 ´¸ (£), ¤²Ö ¶ÖÉµ£µ Å 33 ´¸ (¤), ¤²Ö Ï¥¸Éµ£µ Å
38 ´¸ (¥).

‚¨¤´µ, ÎÉµ ¸¶¥±É·Ò ¶¥·¢ÒÌ É·¥Ì ¸¨£´ ²µ¢ Ê±² ¤Ò¢ ÕÉ¸Ö ¢ ¨´É¥·¢ ² ¢·¥³¥´¨ 25 ´¸,
¸µµÉ¢¥É¸É¢ÊÕÐ¨° Í¨±²Ê · ¡µÉÒ LHC, Éµ ¥¸ÉÓ ÔÉ¨ ¸¨£´ ²Ò ³µ£ÊÉ ¸²Ê¦¨ÉÓ ¢·¥³¥´´µ°
³¥É±µ° ¸µ¡ÒÉ¨° (BX).

„²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¶·¨´ ¤²¥¦´µ¸É¨ ¸µ¡ÒÉ¨Ö ¸ ¢·¥³¥´´µ° ³¥É±µ° (BX), ¶µ²ÊÎ¥´´µ°
¶µ ¶¥·¢µ³Ê ¨²¨ ¢Éµ·µ³Ê ¸¨£´ ²Ê, ± ³Õµ´´µ³Ê É·¥±Ê ´¥µ¡Ìµ¤¨³µ ®¶µ¤É¢¥·¦¤¥´¨¥¯ ´¥
³¥´¥¥ Î¥³ Î¥ÉÒ·¥Ì ¶²µ¸±µ¸É¥° ± ³¥·Ò. ’ ±µ¥ ®¶µ¤É¢¥·¦¤¥´¨¥¯ ³µ¦¥É ¡ÒÉÓ µ·£ ´¨§µ-
¢ ´µ ¸ ¶µ³µÐÓÕ ¸É·µ¡¨·Ê¥³µ° ³ ¦µ·¨É ·´µ° ¸Ì¥³Ò ¸µ¢¶ ¤¥´¨Ö (4/6, 5/6 ¨²¨ 6/6). ‚
´ Ï¥³ ¸²ÊÎ ¥ ¶¥·¥¤´¨° Ë·µ´É ¸É·µ¡¨·ÊÕÐ¥£µ ¸¨£´ ²  ¸µµÉ¢¥É¸É¢Ê¥É ¢´¥Ï´¥³Ê É·¨££¥·Ê,
  ¢¶µ¸²¥¤¸É¢¨¨ ¡Ê¤¥É ¸¨´Ì·µ´¨§¨·µ¢ ´ ¸ Í¨±²µ³ ±µ²² °¤¥· .

�  ·¨¸. 8 ¶µ± § ´  ÔËË¥±É¨¢´µ¸ÉÓ ³ ¦µ·¨É ·´ÒÌ ¸µ¢¶ ¤¥´¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤²¨-
É¥²Ó´µ¸É¨ ¸É·µ¡¨·ÊÕÐ¥£µ ¸¨£´ ² .

�¨¸. 8. �ËË¥±É¨¢´µ¸ÉÓ ³ ¦µ·¨É ·´ÒÌ ¸µ¢¶ ¤¥´¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ¤²¨É¥²Ó´µ¸É¨ ¸É·µ¡¨·ÊÕÐ¥£µ

¸¨£´ ² 

Œ ¦µ·¨É ·´ Ö ¸Ì¥³  ¸µ¢¶ ¤¥´¨° ¶µ§¢µ²Ö¥É ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ ¶·¨´ ¤²¥¦´µ¸ÉÓ ¸µ¡Ò-
É¨°, ·¥£¨¸É·¨·Ê¥³ÒÌ ¢ ± Éµ¤´µ° ¸É·¨¶µ¢µ° ± ³¥·¥, ± ³Õµ´´µ³Ê É·¥±Ê ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ
µ±µ²µ 100 % ¢µ ¢·¥³¥´´µ³ ¸É·µ¡¥: 32 ´¸ ¤²Ö ¸µ¢¶ ¤¥´¨° 4/6, 38 ´¸ ¤²Ö ¸µ¢¶ ¤¥´¨° 5/6
¨ 44 ´¸ ¤²Ö ¸µ¢¶ ¤¥´¨° 6/6. ’ ±¨³ µ¡· §µ³, ¨¤¥´É¨Ë¨± Í¨Ö É·¥±  ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥-
¸É¢²¥´  §  ¢·¥³Ö ³¥´ÓÏ¥¥, Î¥³ ¤¢  ‚• (50 ´¸).

‡�Š‹�—…�ˆ…

ˆ§ÊÎ¥´¨¥ ¢·¥³¥´´ÒÌ ¸¶¥±É·µ¢ ¸¨£´ ²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¤²Ö ´ ±²µ´´ÒÌ ³Õµ´-
´ÒÌ É·¥±µ¢ ¢ ¨´É¥·¢ ²¥ Ê£²µ¢ 10 < θ < 24◦ ¶µ± §Ò¢ ¥É, ÎÉµ §´ Î¥´¨¥ Ï¨·¨´Ò ¸¶¥±É· 
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¶µ µ¸´µ¢ ´¨Õ Ê³¥´ÓÏ ¥É¸Ö ¢ 1,5 · §  ¶µ ¸· ¢´¥´¨Õ ¸µ ¸¶¥±É·µ³ ¸¨£´ ²µ¢ ¤²Ö É·¥±µ¢,
µ·Éµ£µ´ ²Ó´ÒÌ ± ± ³¥·¥.

�´ ²¨§ ¢·¥³¥´´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶¥·¢ÒÌ Ï¥¸É¨ ¶µ¸²¥¤µ¢ É¥²Ó´µ ¶·¨Ìµ¤ÖÐ¨Ì ¸¨£´ -
²µ¢ ¸  ´µ¤´ÒÌ ¶·µ¢µ²µÎ¥± ¢¸¥Ì ¶²µ¸±µ¸É¥° ± ³¥·Ò ¶µ± §Ò¢ ¥É ¢µ§³µ¦´µ¸ÉÓ µ¤´µ§´ Î´µ°
¶·¨¢Ö§±¨ ± ¢·¥³¥´¨ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ¢ ±µ²² °¤¥·¥. �·¨ ÔÉµ³ ¶¥·¢Ò¥ ¤¢  ¸¨£´ ² ,
¶·¨Ìµ¤ÖÐ¨¥ ¸ Ï¥¸É¨ ¶²µ¸±µ¸É¥°, ³µ£ÊÉ ¸²Ê¦¨ÉÓ ¢·¥³¥´´µ° ³¥É±µ° ¸µ¡ÒÉ¨°,   ³ ¦µ·¨-
É ·´µ¥ ¸µ¢¶ ¤¥´¨¥ ¸¨£´ ²µ¢ ¸ Ï¥¸É¨ ¶²µ¸±µ¸É¥° µ¶·¥¤¥²Ö¥É ¶·¨´ ¤²¥¦´µ¸ÉÓ ¸µ¡ÒÉ¨Ö ±
É·¥±Ê § ·Ö¦¥´´µ° Î ¸É¨ÍÒ.

ˆ¤¥´É¨Ë¨± Í¨Ö É·¥±  ³µ¦¥É ¡ÒÉÓ µ¸ÊÐ¥¸É¢²¥´  §  ¢·¥³Ö ³¥´ÓÏ¥e, Î¥³ ¤¢  ¢·¥³¥´´ÒÌ
¨´É¥·¢ ²  ¢§ ¨³µ¤¥°¸É¢¨Ö ¶ÊÎ±µ¢ ±µ²² °¤¥·  (2 ‚• = 50 ´¸).
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