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‚. ‚. �¥·¥²Ò£¨´ ∗ μÉ ¨³¥´¨ ±μ²² ¡μ· Í¨¨ CMS

�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 

‘É ´Í¨Ö ME1/1 Ö¢²Ö¥É¸Ö Î ¸ÉÓÕ ³Õμ´´μ° ¸¨¸É¥³Ò Éμ·Í¥¢μ£μ ¤¥É¥±Éμ·  Ê¸É -
´μ¢±¨ CMS, · ¸¶μ²μ¦¥´´μ° ´  	μ²ÓÏμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ ¢ –…��. �´  ¨£· ¥É
±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ ¤¥É¥±É¨·μ¢ ´¨¨ ³Õμ´μ¢, É ± ± ± μ¡¥¸¶¥Î¨¢ ¥É ¸μ£² ¸μ¢ ´¨¥ É·¥-
±μ¢ ³Õμ´´μ° ¸¨¸É¥³Ò ¨ ¢´ÊÉ·¥´´¥£μ É·¥±¥·  Ê¸É ´μ¢±¨ CMS. ME1/1 ¤μ²¦´  μ¡² -
¤ ÉÓ ¢Ò¸μ±¨³ ¶·μ¸É· ´¸É¢¥´´Ò³ ¨ ¢·¥³¥´´Ò³ · §·¥Ï¥´¨¥³. ‘É ´Í¨Ö ¢±²ÕÎ ¥É ¢ ¸¥¡Ö
72 ± Éμ¤´μ-¸É·¨¶μ¢Ò¥ ± ³¥·Ò, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ μ¡Ñ¥¤¨´Ö¥É ¢ ¸¥¡¥ Ï¥¸ÉÓ μÉ¤¥²Ó´ÒÌ
¸Ê¡± ³¥·. Š ³¥·Ò ¡Ò²¨ ¸¶·μ¥±É¨·μ¢ ´Ò ¨ ¨§£μÉμ¢²¥´Ò ¢ �ˆŸˆ („Ê¡´ ). ME1/1 Å
³Õμ´´Ò° ¤¥É¥±Éμ·, ´ ¨¡μ²¥¥ ¡²¨§±μ · ¸¶μ²μ¦¥´´Ò° ± Í¥´É· ²Ó´μ° Î ¸É¨ Ê¸É ´μ¢±¨
CMS ¨ · ¡μÉ ÕÐ¨° ¢ ¸¨²Ó´μ³  ±¸¨ ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ (B = 3 ’²) ¶·¨ ´ ²¨Î¨¨
§´ Î¨É¥²Ó´μ£μ Ëμ´  ¢Éμ·¨Î´ÒÌ Î ¸É¨Í. ‚ · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò μ¸μ¡¥´´μ¸É¨ ±μ´-
¸É·Ê±Í¨¨ ± ³¥· ¨ Ì · ±É¥·¨¸É¨±¨ ¸É ´Í¨¨ ME1/1, ¶μ²ÊÎ¥´´Ò¥ ¢ ¸¥ ´¸ Ì ¶μ ´ ¡μ·Ê
¤ ´´ÒÌ ´  CMS ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ.

ME1/1 is a part of the Endcap muon System of the CMS detector at LHC (CERN).
It plays the key role in the muon detection providing muon track matching with the CMS
inner tracker. ME1/1 should provide high spatial and timing resolution. The station
is composed of 72 six-layer cathode strip chambers. The chambers were designed and
produced at JINR (Dubna). ME1/1 is the innermost muon detector which operates in the
strong axial magnetic ˇeld (B = 3 T) with the presence of high background. The paper
presents chamber construction features and ME1/1 station characteristics in the CMS runs
with protonÄproton collisions.

PACS: 29.40.Gx

‚‚…„…�ˆ…

„¥É¥±Éμ· CMS [1] (¢ ¶¥·. ¸  ´£². Compact Muon Solenoid Å ®Šμ³¶ ±É-
´Ò° ³Õμ´´Ò° ¸μ²¥´μ¨¤¯) Å ³´μ£μÍ¥²¥¢ Ö Ê¸É ´μ¢± , · ¸¶μ²μ¦¥´´ Ö ´  	μ²Ó-
Ïμ³  ¤·μ´´μ³ ±μ²² °¤¥·¥ (	�Š) ¢ –…�� ¨ ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö ¨§ÊÎ¥´¨Ö
¶·μÉμ´-¶·μÉμ´´ÒÌ ¨ PbÄPb-¢§ ¨³μ¤¥°¸É¢¨° ¸ Í¥²ÓÕ ¶·μ¢¥¤¥´¨Ö ±μ³¶²¥±¸-
´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ μ¡² ¸É¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í. Œ´μ£μ¸²μ°´Ò¥
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�¨¸. 1. ‚¥·É¨± ²Ó´μ¥ ¸¥Î¥´¨¥ ¤¥É¥±Éμ·  CMS (1/4 Î ¸ÉÓ)

± Éμ¤´μ-¸É·¨¶μ¢Ò¥ ± ³¥·Ò (Š‘Š) ¡Ò²¨ ¶·¥¤²μ¦¥´Ò ¢ ± Î¥¸É¢¥ μ¸´μ¢´μ£μ
¤¥É¥±Éμ·  Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò Ê¸É ´μ¢±¨ CMS [2]. „ ´´ Ö ¸¨¸É¥³ 
¸μ¸Éμ¨É ¨§ ³Õμ´´ÒÌ ¸É ´Í¨° ±μ²ÓÍ¥¢μ° ¸É·Ê±ÉÊ·Ò (¢Ò¤¥²¥´Ò ´  ·¨¸. 1), ¶¥·¥-
±·Ò¢ ÕÐ¨Ì μ¡² ¸ÉÓ ¶¸¥¢¤μ¡Ò¸É·μÉ 0,9 < |η| < 2,4. Š‘Š ¶·¥Í¨§¨μ´´μ μ¶·¥-
¤¥²ÖÕÉ  §¨³ÊÉ ²Ó´ÊÕ ±μμ·¤¨´ ÉÊ É·¥±  ³Õμ´  ¶ÊÉ¥³ ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥-
´¨Ö § ·Ö¤μ¢, ´ ¢¥¤¥´´ÒÌ ´  ´¥¸±μ²Ó±μ ± Éμ¤´ÒÌ ¸É·¨¶μ¢, ¨ ¨§³¥·ÖÕÉ · ¤¨ ²Ó-
´ÊÕ ±μμ·¤¨´ ÉÊ É·¥±  ¸ ÉμÎ´μ¸ÉÓÕ ¤μ Ï £  £·Ê¶¶Ò  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥±. ŒÕ-
μ´´ Ö ¸É ´Í¨Ö ME1/1 · ¸¶μ²μ¦¥´  ´ ¨¡μ²¥¥ ¡²¨§±μ ± ÉμÎ±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¤¥É¥±Éμ·  CMS. �´  ¨£· ¥É ±²ÕÎ¥¢ÊÕ ·μ²Ó ¢ Ô±¸¶¥·¨³¥´É¥, É ± ± ± μ¡¥¸¶¥Î¨-
¢ ¥É ¸μ£² ¸μ¢ ´¨¥ É·¥±μ¢ Éμ·Í¥¢μ° ³Õμ´´μ° ¸¨¸É¥³Ò ¨ ¢´ÊÉ·¥´´¥£μ É·¥±¥· .
Œμ¤¥²¨·μ¢ ´¨¥ ¶μ± § ²μ [3], ÎÉμ ME1/1 ¤μ²¦´  ¨³¥ÉÓ ¸ÊÐ¥¸É¢¥´´μ ²ÊÎÏ¥¥
¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¶μ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ³Õμ´´Ò³¨ ¸É ´Í¨-
Ö³¨ Å ¶μ·Ö¤±  75 ³±³. Š·μ³¥ ÔÉμ£μ, ¢·¥³¥´´μ¥ · §·¥Ï¥´¨¥ ME1/1 ¤μ²¦´μ
¸μ¸É ¢²ÖÉÓ μ±μ²μ 4 ´¸ ¤²Ö ÔËË¥±É¨¢´μ° ¨¤¥´É¨Ë¨± Í¨¨ ³μ³¥´É  ¸Éμ²±´μ¢¥-
´¨Ö ¶ÊÎ±μ¢. ‘É ´Í¨Ö · ¸¶μ² £ ¥É¸Ö ¢´ÊÉ·¨ ³ £´¨É´μ£μ ¸μ²¥´μ¨¤  CMS ¢ ¶·μ-
³¥¦ÊÉ±¥ ³¥¦¤Ê Éμ·Í¥¢Ò³  ¤·μ´´Ò³ ± ²μ·¨³¥É·μ³ ¨ ¦¥²¥§´Ò³ ¢μ§¢· É´Ò³
Ö·³μ³ ¨ ¤μ²¦´  · ¡μÉ ÉÓ ¢ ¸¨²Ó´μ³  ±¸¨ ²Ó´μ³ ³ £´¨É´μ³ ¶μ²¥ B ∼ 3 ’².

1. Œ�����Ÿ ‘’��–ˆŸ ME1/1

‘É ´Í¨Ö ME1/1 ¸μ¸Éμ¨É ¨§ 72 Š‘Š, ±μÉμ·Ò¥ ¡Ò²¨ ¸¶·μ¥±É¨·μ¢ ´Ò ¨
¨§£μÉμ¢²¥´Ò ¢ �ˆŸˆ („Ê¡´ ) [4]. �ÉÊ · ¡μÉÊ ¶·¥¤¢ ·Ö²  ¸¥·¨Ö ³´μ£μ²¥É´¨Ì
³¥Éμ¤¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°, ¢ Ìμ¤¥ ±μÉμ·ÒÌ ¡Ò²¨ ¨§ÊÎ¥´Ò ÔËË¥±ÉÒ ¢²¨Ö´¨Ö
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�¨¸. 2. �¡Ð¨° ¢¨¤ Š‘Š ¸É ´Í¨¨ ME1/1 (· §³¥·Ò ¤ ´Ò ¢ ³¨²²¨³¥É· Ì)

¸¨²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ´  ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ Š‘Š ¨ ¸¶μ¸μ¡Ò
¨Ì ±μ³¶¥´¸ Í¨¨ [5], ¡Ò²μ μ¶É¨³¨§¨·μ¢ ´μ ±μ²¨Î¥¸É¢μ ¸²μ¥¢ ± ³¥·Ò (¸Ê¡± -
³¥·) ¤²Ö μ¡¥¸¶¥Î¥´¨Ö ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ É·¥±μ¢ ³Õμ´μ¢ ¸
ÊÎ¥Éμ³ ¨Ì · ¤¨ Í¨μ´´μ£μ ¸μ¶·μ¢μ¦¤¥´¨Ö,   É ±¦¥ ¶·μ¢μ¤¨²¨¸Ó É¥¸ÉÒ ¶·μÉμ-
É¨¶μ¢ ³μ¤Ê²¥° Ô²¥±É·μ´¨±¨ ¸Î¨ÉÒ¢ ´¨Ö ¢ ¸¨²Ó´ÒÌ · ¤¨ Í¨μ´´ÒÌ ¶μ²ÖÌ.

�¡Ð¨° ¢¨¤ ± ³¥·Ò ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2. Š‘Š ¸É ´Í¨¨ ME1/1 μ¡Ñ¥¤¨-
´Ö¥É ¢ ¸¥¡¥ Ï¥¸ÉÓ ¨¤¥´É¨Î´ÒÌ ¶·μ¶μ·Í¨μ´ ²Ó´ÒÌ ¸Ê¡± ³¥· É· ¶¥Í¥¨¤ ²Ó´μ°
Ëμ·³Ò ¸ ± Éμ¤´Ò³ ¸Î¨ÉÒ¢ ´¨¥³. ‘É·¨¶μ¢Ò° Ô²¥±É·μ¤ ¶¥·¥±·Ò¢ ¥É  §¨³Ê-
É ²Ó´Ò° Ê£μ² φ = 10,8 ◦. �Éμ ¶μ§¢μ²¨²μ · ¸¶μ²μ¦¨ÉÓ ¸μ¸¥¤´¨¥ ± ³¥·Ò ¸ ¶¥-
·¥±·ÒÉ¨¥³ ¨Ì ·¥£¨¸É·¨·ÊÕÐ¨Ì μ¡Ñ¥³μ¢ ¨ ¶·¥¤μÉ¢· É¨ÉÓ ¶μÖ¢²¥´¨¥ ®³¥·É¢ÒÌ
§μ´¯ ´  ¸É ´Í¨¨ ME1/1. � ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ § £·Ê§±  ± ³¥·Ò Ëμ´μ¢Ò³¨
¸μ¡ÒÉ¨Ö³¨ ¡Ê¤¥É ´¥μ¤´μ·μ¤´  ¢¤μ²Ó ¸É·¨¶μ¢ [6, 7]. „²Ö Ê³¥´ÓÏ¥´¨Ö § £·Ê§±¨
± ´ ²μ¢ ± Éμ¤´μ° Ô²¥±É·μ´¨±¨ ¸É·¨¶μ¢Ò° Ô²¥±É·μ¤ · §¤¥²¥´ ´  ¤¢¥ Î ¸É¨ Å
Ï¨·μ±ÊÕ, ME1/1b, ¸ ¤²¨´μ° ¸É·¨¶μ¢ ¶μ μ¸¨ ± ³¥·Ò 1065 ³³ (64 ¸É·¨¶ ,
¶¥·¥±·Ò¢ ÕÐ Ö μ¡² ¸ÉÓ ¶¸¥¢¤μ¡Ò¸É·μÉ |η| = 1,6−2,1) ¨ Ê§±ÊÕ, ME1/1a, ¸
¤²¨´μ° 440 ³³ (48 ¸É·¨¶μ¢, μ¡² ¸ÉÓ ¶¸¥¢¤μ¡Ò¸É·μÉ |η| = 2,1−2,4). ” ±É¨-
Î¥¸±¨ ¢ μ¤´μ³ £ §μ¢μ³ μ¡Ñ¥³¥ ´ Ìμ¤ÖÉ¸Ö ¤¢¥ Š‘Š. Œ £´¨É´μ¥ ¶μ²¥ ¸μ²¥-



•���Š’…�ˆ‘’ˆŠˆ Œ
����‰ ‘’��–ˆˆ ME1/1 “‘’���‚Šˆ CMS 689

´μ¨¤  CMS (B = 3,8 ’²) ÊÌÊ¤Ï ¥É ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ± ³¥·Ò,
¶μ¸±μ²Ó±Ê ¶μ¤ ¤¥°¸É¢¨¥³ ¸¨²Ò ‹μ·¥´Í  ¶·μ¨¸Ìμ¤¨É ¸´μ¸ ¤·¥°ËÊÕÐ¨Ì ¢¤μ²Ó
¸¨²μ¢ÒÌ ²¨´¨° ¶μ²Ö Ô²¥±É·μ´μ¢ ¶·¨ ¨Ì ¤¢¨¦¥´¨¨ ±  ´μ¤´μ° ¶·μ¢μ²μ±¥. �ÉμÉ
ÔËË¥±É ±μ³¶¥´¸¨·Ê¥É¸Ö ¶μ¢μ·μÉμ³ ¶·μ¢μ²μ± μÉ´μ¸¨É¥²Ó´μ ¶¥·¶¥´¤¨±Ê²Ö·  ±
μ¸¨ ¸¨³³¥É·¨¨ ± ³¥·Ò ´  Ê£μ² 29 ◦ [5].

‘É ´Í¨Ö ME1/1 ¨³¥¥É ¡μ²¥¥ 20 ÉÒ¸.  ´μ¤´ÒÌ ± ´ ²μ¢ ¸Î¨ÉÒ¢ ´¨Ö, ¡μ²¥¥
42 ÉÒ¸. ± Éμ¤´ÒÌ ± ´ ²μ¢ ¨ ¶¥·¥±·Ò¢ ¥É ÎÊ¢¸É¢¨É¥²Ó´ÊÕ μ¡² ¸ÉÓ 228 ³2.

2. ‘’��–ˆŸ ME1/1 ‚ �…�ˆ�„ ������ „���›•
‚ ���’��-���’���›• ‚‡�ˆŒ�„…‰‘’‚ˆŸ• ‚ 2010Ä2012 ƒƒ.

‚ ¸¥ ´¸ Ì 2010Ä2012 ££. ¶·μ¢μ¤¨²¸Ö ´ ¡μ· ¤ ´´ÒÌ ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ
¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¶·¨ Ô´¥·£¨¨ ¢ ¸¨¸É¥³¥ Í¥´É·  ³ ¸¸

√
s = 7 ’Ô‚. �  ·¨¸. 3

¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ É·¥±-¸¥£³¥´Éμ¢ (Î ¸ÉÓ É· ¥±Éμ·¨¨ ³Õμ´ , § ·¥-
£¨¸É·¨·μ¢ ´´ Ö ¢ Š‘Š) ¢ ± ³¥· Ì ³Õμ´´ÒÌ ¸É ´Í¨° ¶·¨ ´ ¡μ·¥ ¤ ´´ÒÌ
¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¸Éμ²±´μ¢¥´¨ÖÌ. � ¨¡μ²ÓÏ Ö ¶²μÉ´μ¸ÉÓ ¸μ¡ÒÉ¨° ´ -
¡²Õ¤ ¥É¸Ö ¢ · °μ´¥ ³Õμ´´μ° ¸É ´Í¨¨ ME1/1 (´  ·¨¸. 3 Å ÔÉμ ¢´ÊÉ·¥´´¥¥
±μ²ÓÍμ). �ËË¥±É¨¢´μ¸ÉÓ ·¥±μ´¸É·Ê±Í¨¨ É·¥±-¸¥£³¥´Éμ¢ ¢ ³Õμ´´ÒÌ ¸É ´Í¨ÖÌ
μ¶·¥¤¥²Ö² ¸Ó ¶μ ³¥Éμ¤Ê ®tag and probe¯ ¸ ·¥£¨¸É· Í¨¥° ³Õμ´μ¢ · ¸¶ ¤ 
Z → μ+μ− [8] ¨ ¸μ¸É ¢¨²  94 % ¤²Ö ME1/1.

�·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ Å ÔÉμ ¶μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨Ö ±μμ·¤¨-
´ ÉÒ Î ¸É¨ÍÒ. „²Ö μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ ÉÒ É·¥±  ¢ ¸Ê¡± ³¥·¥ ¶μ §´ Î¥´¨Ö³
§ ·Ö¤  ¢ ¸É·¨¶ Ì, ¸μ¸É ¢²ÖÕÐ¨Ì ±² ¸É¥·, ¨¸¶μ²Ó§Ê¥É¸Ö ËÊ´±Í¨Ö ƒ ÉÉ¨ [9].
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ É·¥±-¸¥£³¥´Éμ¢ ¢ Š‘Š ¶¥·¥¤´¨Ì ³Õμ´´ÒÌ ¸É ´Í¨° Éμ·Í¥¢μ°
³Õμ´´μ° ¸¨¸É¥³Ò Ê¸É ´μ¢±¨ CMS. ‚´ÊÉ·¥´´¥¥ ±μ²ÓÍμ Å ¸É ´Í¨Ö ME1/1
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�μ ´ °¤¥´´Ò³ ¢ Ï¥¸É¨ ¸Ê¡± ³¥· Ì ±μμ·¤¨´ É ³ É·¥±  ³¥Éμ¤μ³ ´ ¨³¥´Ó-
Ï¨Ì ±¢ ¤· Éμ¢ ¶·μ¢μ¤¨É¸Ö ¶·Ö³ Ö (É·¥±-¸¥£³¥´É). „²Ö ± ¦¤μ° ¸Ê¡± ³¥·Ò
μ¶·¥¤¥²Ö¥É¸Ö μÉ±²μ´¥´¨¥ ±μμ·¤¨´ ÉÒ ³Õμ´ , ¨§³¥·¥´´μ° ´¥¶μ¸·¥¤¸É¢¥´´μ
¢ ¸Ê¡± ³¥·¥, μÉ · ¸¸Î¨É ´´μ° ±μμ·¤¨´ ÉÒ É·¥±-¸¥£³¥´É . �μ²ÊÎ¥´´μ¥ É ±¨³
μ¡· §μ³ · ¸¶·¥¤¥²¥´¨¥ (·¨¸. 4) Ì · ±É¥·¨§Ê¥É ±μμ·¤¨´ É´μ¥ · §·¥Ï¥´¨¥ ¸Ê¡-
± ³¥·Ò. „ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ¸É·μ¥´μ ¢ ¥¤¨´¨Í Ì Ï¨·¨´Ò ¸É·¨¶  ¤²Ö
¸Ê¡± ³¥· ME1/1a. Šμμ·¤¨´ É´μ¥ · §·¥Ï¥´¨¥ ¸Ê¡± ³¥·Ò ¶μ²ÊÎ ¥É¸Ö ¢ ·¥§Ê²Ó-

�¨¸. 4. �É±²μ´¥´¨¥ ±μμ·¤¨´ ÉÒ ³Õμ´ , ¨§³¥·¥´´μ° ¢ ¸Ê¡± ³¥· Ì ME1/1a, μÉ · ¸¸Î¨-
É ´´μ° ±μμ·¤¨´ ÉÒ É·¥±-¸¥£³¥´É 

CMS 2010
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É É¥ Ê³´μ¦¥´¨Ö ¸É ´¤ ·É´μ£μ μÉ±²μ´¥´¨Ö ¤²Ö Ë¨É¨·ÊÕÐ¥£μ · ¸¶·¥¤¥²¥´¨Ö
ƒ Ê¸¸  ´  ¸·¥¤´ÕÕ Ï¨·¨´Ê ¸É·¨¶ : σL = 0,03257 · 5 ³³ = 162 ³±³. ‘ ÊÎ¥Éμ³
Éμ£μ, ÎÉμ Š‘Š ¸μ¸ÉμÖÉ ¨§ Ï¥¸É¨ ¸Ê¡± ³¥·, ¨³¥¥³ ¢¥²¨Î¨´Ê ¶·μ¸É· ´¸É¢¥´-
´μ£μ · §·¥Ï¥´¨Ö ¤²Ö ¸É ´Í¨¨ σstn = σL/

√
6 ≈ 66 ³±³. „²Ö Î ¸É¨ ME1/1b

¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢¨²μ 57 ³±³.
�·μ¢μ¤¨²μ¸Ó ¨§ÊÎ¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¤²Ö ³Õμ´´ÒÌ ¸É ´-

Í¨° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢¥²¨Î¨´Ò ³£´μ¢¥´´μ° ¸¢¥É¨³μ¸É¨ ¢ ÉμÎ±¥ ¢§ ¨³μ¤¥°-
¸É¢¨Ö CMS. �μ ¤ ´´Ò³ 2011Ä2012 ££. ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¸É -
¡¨²Ó´μ ¢ ¶·¥¤¥² Ì 2Ä3% ¤²Ö ¢¸¥Ì ³Õμ´´ÒÌ ¸É ´Í¨°, ¢±²ÕÎ Ö ME1/1,
¢ ¤¨ ¶ §μ´¥ ¸¢¥É¨³μ¸É¥° (2,7−5,6) · 1033 ¸³−2 · ¸−1. �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´μ
¢·¥³¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ É·¥±-¸¥£³¥´Éμ¢ ¢ Š‘Š. ”¨É¨·μ¢ ´¨¥ · ¸¶·¥¤¥²¥-
´¨Ö ËÊ´±Í¨¥° ƒ Ê¸¸  μ¶·¥¤¥²Ö¥É ¢¥²¨Î¨´Ê ¸·¥¤´¥±¢ ¤· É¨Î´μ£μ μÉ±²μ´¥´¨Ö:
σt = 3 ´¸ [10].

�μ ·¥§Ê²ÓÉ É ³ · ¡μÉÒ ³Õμ´´μ° ¸É ´Í¨¨ ME1/1 ¢ ¶¥·¨μ¤ ´ ¡μ·  ¤ ´´ÒÌ
¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢ 2010Ä2012 ££. ¸²¥¤Ê¥É § ±²ÕÎ¨ÉÓ, ÎÉμ
¥¥ Ì · ±É¥·¨¸É¨±¨ Ê¤μ¢²¥É¢μ·ÖÕÉ É·¥¡μ¢ ´¨Ö³ É¥Ì´¨Î¥¸±μ£μ ¶·μ¥±É  ³Õμ´-
´μ° ¸¨¸É¥³Ò CMS [3].

3. Œ�„…��ˆ‡�–ˆŸ ‘’��–ˆˆ ME1/1, ˆ�’…ƒ��–ˆŸ ‘’��–ˆˆ
‚ Œ����“� ‘ˆ‘’…Œ“ CMS ˆ …… •���Š’…�ˆ‘’ˆŠˆ
‚ �…�ˆ�„ ������ „���›• ‚ ���’��-���’���›•

‚‡�ˆŒ�„…‰‘’‚ˆŸ• ‚ 2015 ƒ.

‚ ¶¥·¨μ¤ μ¸É ´μ¢±¨ 	�Š ¢ 2013Ä2014 ££. ¶·μ¢μ¤¨² ¸Ó ±μ³¶²¥±¸´ Ö ³μ-
¤¥·´¨§ Í¨Ö μÉ¤¥²Ó´ÒÌ ¸¨¸É¥³ ¨ ¤¥É¥±Éμ·μ¢ Ê¸É ´μ¢±¨ CMS. �É  · ¡μÉ  ¡Ò² 
Î ¸ÉÓÕ ¶·μ¥±É  ³μ¤¥·´¨§ Í¨¨ CMS [11], Í¥²ÓÕ ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö μ¡¥¸¶¥-
Î¥´¨¥ ÔËË¥±É¨¢´μ° · ¡μÉÒ Ê¸É ´μ¢±¨ ¢ Ê¸²μ¢¨ÖÌ ¶μ¢ÒÏ¥´´μ° ¸¢¥É¨³μ¸É¨
	�Š (¤μ 2 · 1034 ¸³−2 · ¸−1). „²Ö ¸É ´Í¨¨ ME1/1 ¡Ò²μ § ¶² ´¨·μ¢ ´μ ¶¥·¥-
μ¸´ Ð¥´¨¥ ´μ¢μ°, μ¡² ¤ ÕÐ¥° ¶μ¢ÒÏ¥´´Ò³ ¡Ò¸É·μ¤¥°¸É¢¨¥³ Ô²¥±É·μ´¨±μ°.
�·μ¢μ¤¨² ¸Ó § ³¥´  ± ± ´ ± ³¥·´μ° Ô²¥±É·μ´¨±¨, É ± ¨ Ô²¥±É·μ´¨±¨ ¸¨-
¸É¥³Ò ¸Î¨ÉÒ¢ ´¨Ö ¤ ´´ÒÌ ¢ ¶¥·¨Ë¥·¨°´ÒÌ ±·¥°É Ì. Š·μ³¥ Éμ£μ, ¡Ò²μ Ê¢¥-
²¨Î¥´μ ±μ²¨Î¥¸É¢μ ³μ¤Ê²¥° ¸Î¨ÉÒ¢ ´¨Ö ± Éμ¤´μ° ¨´Ëμ·³ Í¨¨ DCFEB ¢ Î -
¸É¨ ME1/1a ¸ μ¤´μ£μ ¤μ É·¥Ì, ÎÉμ ¶μ§¢μ²¨²μ Ê³¥´ÓÏ¨ÉÓ ÏÊ³μ¢ÊÕ ´ £·Ê§±Ê ´ 
± ´ ² Ô²¥±É·μ´¨±¨ ¨ μ¡¥¸¶¥Î¨ÉÓ ´ ¤¥¦´μ¥ É·¨££¨·μ¢ ´¨¥ ¢ μ¡² ¸É¨ ¶¸¥¢¤μ-
¡Ò¸É·μÉ 2,1 < |η| < 2,4. �μ ³¥·¥ £μÉμ¢´μ¸É¨ ± ³¥·Ò Ê¸É ´ ¢²¨¢ ²¨¸Ó μ¡· É´μ
¢ ¤¥É¥±Éμ· CMS, £¤¥ ¶·μ¢μ¤¨²μ¸Ó ¨Ì ¶μÔÉ ¶´μ¥ É¥¸É¨·μ¢ ´¨¥. ‚´μ¢Ó ¸μ§¤ ´-
´ Ö ¸É ´Í¨Ö ME1/1 ¶·μÏ²  É¥¸É¨·μ¢ ´¨¥ ¢ £²μ¡ ²Ó´μ° ¸¨¸É¥³¥ ¸¡μ·  ¤ ´´ÒÌ
CMS ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¢ 2014 £. • · ±É¥·¨¸É¨±¨ ¸É ´Í¨¨ ME1/1 ¨§ÊÎ -
²¨¸Ó ¢ Ìμ¤¥ ´ ¡μ·  ¤ ´´ÒÌ ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ¢ 2015 £.
“¢¥²¨Î¥´¨¥ ±μ²¨Î¥¸É¢  ³μ¤Ê²¥° ¸Î¨ÉÒ¢ ´¨Ö ± Éμ¤´μ° ¨´Ëμ·³ Í¨¨ ¢ Î ¸É¨
ME1/1a ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ ¢ É·¨ · §  ¡μ²¥¥ · ¢´μ³¥·´ÊÕ ± ·É¨´Ê § £·Ê§±¨
± Éμ¤´ÒÌ ± ´ ²μ¢ ± ³¥·Ò (·¨¸. 6).
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�¨¸. 6. — ¸ÉμÉ  ¸· ¡ ÉÒ¢ ´¨Ö ± ´ ²μ¢ ± Éμ¤´μ° Ô²¥±É·μ´¨±¨ ¤²Ö μ¤´μ° ¸Ê¡± ³¥·Ò
³Õμ´´μ° ¸É ´Í¨¨ ME1/1 ¶·¨ ´ ¡μ·¥ ¤ ´´ÒÌ ¢ ¶·μÉμ´-¶·μÉμ´´ÒÌ ¸μÊ¤ ·¥´¨ÖÌ ¢
2012 £. (a) ¨ 2015 £. (¡)

�·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ³Õμ´´ÒÌ ¸É ´Í¨° Ê¸É ´μ¢±¨ CMS

‘É ´Í¨Ö
�·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥, ³±³

2012 £. 2015 £.

ME1/1a 66 50
ME1/1b 57 55
ME1/2 93 95
ME1/3 108 112
ME2/1 132 133
ME2/2 140 145
ME3/1 125 128
ME3/2 142 147
ME4/1 127 130
ME4/2 147 146

‚ ·¥¦¨³¥ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ¶·μ¢μ¤¨²μ¸Ó ¨§ÊÎ¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ
· §·¥Ï¥´¨Ö ³Õμ´´ÒÌ ¸É ´Í¨° Éμ·Í¥¢μ° Î ¸É¨ Ê¸É ´μ¢±¨ CMS. ‚ É ¡²¨Í¥
¶·¨¢¥¤¥´Ò §´ Î¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¤²Ö ¢¸¥Ì ³Õμ´´ÒÌ ¸É ´-
Í¨°, ¶μ²ÊÎ¥´´Ò¥ ¢ 2012 ¨ 2015 ££. „²Ö ¸É ´Í¨¨ ME1/1a ´ ¡²Õ¤ ¥É¸Ö Ê²ÊÎ-
Ï¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¡μ²¥¥ Î¥³ ´  20 %, ÎÉμ μ¡Ê¸²μ¢²¥´μ
§ ³¥´μ° ³μ¤Ê²¥° ¸Î¨ÉÒ¢ ´¨Ö ± Éμ¤´μ° ¨´Ëμ·³ Í¨¨ ¨ Ê¢¥²¨Î¥´¨¥³ ¨Ì Î¨¸² .
�¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ 2012 ¨ 2015 ££. ¤²Ö μ¸É ²Ó´ÒÌ ¸É ´Í¨°, Ìμ·μÏμ
¸μ£² ¸ÊÕÉ¸Ö.
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‡�Š‹�—…�ˆ…

ˆ§ÊÎ ²¨¸Ó Ì · ±É¥·¨¸É¨±¨ ¸É ´Í¨¨ ME1/1 ¶·¨ ´ ¡μ·¥ ¤ ´´ÒÌ ¢ ¶·μÉμ´-
¶·μÉμ´´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ ´  Ê¸É ´μ¢±¥ CMS (–…��). �μ²ÊÎ¥´´Ò¥ ¢ ¶¥-
·¨μ¤ ´ ¡μ·  ¤ ´´ÒÌ ¢ 2011Ä2012 ££. §´ Î¥´¨Ö ¢·¥³¥´´μ£μ · §·¥Ï¥´¨Ö σt =
3 ´¸ ¤²Ö ME1/1, ¶·μ¸É· ´¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö σstn = 66 ³±³ ¤²Ö Î ¸É¨
ME1/1a ¨ σstn = 57 ³±³ ¤²Ö ME1/1b Ê¤μ¢²¥É¢μ·ÖÕÉ É·¥¡μ¢ ´¨Ö³ É¥Ì´¨Î¥-
¸±μ£μ ¶·μ¥±É  ³Õμ´´μ° ¸¨¸É¥³Ò. �·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ¸É ¡¨²Ó´μ ¢
¶·¥¤¥² Ì 2Ä3% ¢ ¤¨ ¶ §μ´¥ ¸¢¥É¨³μ¸É¥° (2,7−5,6) · 1033 ¸³−2 · ¸−1.

�·μ¢¥¤¥´´ Ö ¢ ¶¥·¨μ¤ μ¸É ´μ¢±¨ 	�Š ¢ 2013Ä2014 ££. ³μ¤¥·´¨§ Í¨Ö
¸É ´Í¨¨ ME1/1 ¶μ§¢μ²¨²  μ¡¥¸¶¥Î¨ÉÓ ´ ¤¥¦´μ¥ É·¨££¨·μ¢ ´¨¥ ¢ μ¡² ¸É¨
¶¸¥¢¤μ¡Ò¸É·μÉ 2,1 < |η| < 2,4, Ê³¥´ÓÏ¨ÉÓ ÏÊ³μ¢ÊÕ ´ £·Ê§±Ê ´  ± ´ ² ± -
Éμ¤´μ° Ô²¥±É·μ´¨±¨ ¨ Ê²ÊÎÏ¨ÉÓ ¶·μ¸É· ´¸É¢¥´´μ¥ · §·¥Ï¥´¨¥ ME1/1a
(σstn = 50 ³±³).
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