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“¸É·μ°¸É¢μ ¤²Ö ¨§³¥·¥´¨Ö μ¶É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨±
¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´

	·¨¢μ¤¨É¸Ö μ¶¨¸ ´¨¥ Ê¸É·μ°¸É¢ , ¶μ§¢μ²ÖÕÐ¥£μ ¤μ¸É ÉμÎ´μ ¡Ò¸É·μ ¨ ¸ ¢Ò-
¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¨§³¥·ÖÉÓ μ¶É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ (¸¢¥Éμ¢ÒÌμ¤ ¨ ¤²¨´Ò § -
ÉÊÌ ´¨Ö) ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´. “¸É·μ°¸É¢μ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¤²Ö É¥¸É¨·μ-
¢ ´¨Ö ¨ μÉ¡μ·  ¢μ²μ±μ´ ´  ÊÎ ¸É±¥ ¸¡μ·±¨ É·¥±μ¢μ° ¸¨¸É¥³Ò Í¥²¥Ê± § ´¨Ö Ê¸É -
´μ¢±¨ OPERA. 	μ¸²¥ ³μ¤¨Ë¨± Í¨¨ Ê¸É·μ°¸É¢μ ¡Ò²μ ¶·¨³¥´¥´μ ¤²Ö ¨§ÊÎ¥´¨Ö
¨ μÉ¡μ·  ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´ Ô²¥±É·μ³ £´¨É´μ£μ ± ²μ·¨³¥É·  ECAL0
Ê¸É ´μ¢±¨ COMPASS.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.	. „¦¥²¥¶μ¢  ¢
· ³± Ì ÊÎ ¸É¨Ö �ˆŸˆ ¢ ¶·μ¥±É¥ OPERA ¢ 2002 £. ¨ COMPASS ¢ 2011 £.

	·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Kruchonak U. et al. P13-2012-11
The Device for Measuring Light Attenuation in the WLS Fibers

The device that allows accurate and fast measurement of optical characteristics
(light output and attenuation length) of wavelength shifting (WLS) ˇbers is described.
This device was used for test and selection of ˇbers for the Target Tracker detector
of OPERA experiment. After modiˇcation the device was used for the studying and
selection of WLS ˇbers for the electromagnetic calorimeter ECAL0 of the COMPASS
detector.

The investigation was performed at the Dzhelepov Laboratory of Nuclear Prob-
lems in connection with JINR's participation in the OPERA project in 2002 and
COMPASS in 2011.
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‚μ ³´μ£¨Ì ¸μ¢·¥³¥´´ÒÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ· Ì [1Ä5] ¸¡μ· ¨ ¶¥-
·¥¤ Î  ¸¢¥É  μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¶μ¸·¥¤¸É¢μ³ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´
(WLS Å Wave Length Shift). ’ ±μ° ¸¶μ¸μ¡ ¨³¥¥É ·Ö¤ ¶·¥¨³ÊÐ¥¸É¢: ¢μ§³μ¦-
´μ¸ÉÓ £¨¡±μ ¨§³¥´ÖÉÓ £¥μ³¥É·¨Õ ¤¥É¥±Éμ· , Ê³¥´ÓÏ¨ÉÓ · §³¥· ËμÉμ¤¥É¥±Éμ· 
¨ ¸μ§¤ ÉÓ ´ ¨¡μ²¥¥ ±μ³¶ ±É´Ò¥ ¸¨¸É¥³Ò ¸¢¥Éμ¸¡μ· . ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ¦´μ°
§ ¤ Î¥° Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ Ì · ±É¥·¨¸É¨± WLS-¢μ²μ±μ´, É ±¨Ì ± ± ¸¢¥Éμ¢Ò-
Ìμ¤ ¨ ¤²¨´  § ÉÊÌ ´¨Ö. „²Ö ·¥Ï¥´¨Ö ÔÉμ° § ¤ Î¨ ¡Ò²μ ¸μ§¤ ´μ Ê¸É·μ°¸É¢μ,
¶μ§¢μ²ÖÕÐ¥¥ ¡Ò¸É·μ ¨§³¥·ÖÉÓ ¸¢¥Éμ¢Ò¥ Ì · ±É¥·¨¸É¨±¨ ¢μ²μ±μ´. “¸É·μ°¸É¢μ
¶·¨³¥´Ö²μ¸Ó ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¢μ²μ±μ´ ´  ÊÎ ¸É±¥ ¸¡μ·±¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ
³μ¤Ê²¥° ¸¨¸É¥³Ò Í¥²¥Ê± § ´¨Ö ¤¥É¥±Éμ·  OPERA [1, 2]. ‡ É¥³ Ê¸É·μ°¸É¢μ
¡Ò²μ ³μ¤¨Ë¨Í¨·μ¢ ´μ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¢μ²μ±μ´ (¤μ 0,5 ³) ¨ ¨¸¶μ²Ó-
§μ¢ ´μ ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¢μ²μ±μ´ ¤²Ö ³μ¤Ê²¥° ± ²μ·¨³¥É·  Ô±¸¶¥·¨³¥´É 
COMPASS [4, 5].

OPERA. 	·¨´Í¨¶ ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸É·¨¶ ³¨
Ô±¸¶¥·¨³¥´É  OPERA ¶μ± § ´ ´  ·¨¸. 1. ‚ ± Î¥¸É¢¥ ¸¢¥Éμ¢μ¤μ¢ ¨¸¶μ²Ó§μ-
¢ ²¨¸Ó ³´μ£μμ¡μ²μÎ¥Î´Ò¥ ¸¶¥±É·μ¸³¥Ð ÕÐ¨¥ ¢μ²μ±´  S-É¨¶  Y11(175), ¨§-
£μÉμ¢²¥´´Ò¥ Ë¨·³μ° ®Kuraray¯ (Ÿ¶μ´¨Ö). ‘¥·¤Í¥¢¨´  ¢μ²μ±μ´ ¨§£μÉμ¢²¥´ 
¨§ ¶μ²¨¸É¨·μ²  ¸ ¤μ¡ ¢±μ° 0,02 % ¸³¥¸É¨É¥²Ö ¸¶¥±É·  Y11. ‚´ÊÉ·¥´´ÖÖ μ¡μ-
²μÎ±  ¸μ¸Éμ¨É ¨§ ¶μ²¨³¥É¨²³¥É ±·¨² É  (�ŒŒ�), ¢´¥Ï´ÖÖ Å ¨§ Š‡ ËÉμ·¨-
·μ¢ ´´μ£μ �ŒŒ�. 
ËË¥±É¨¢´μ¸ÉÓ § Ì¢ É  ¸¢¥É  É ±¨³¨ ¢μ²μ±´ ³¨ ¸μ¸É -
¢²Ö¥É 5,34 % [6].

“¸É·μ°¸É¢μ ¶·¨³¥´Ö²μ¸Ó ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¨ μÉ¡μ·  ¢μ²μ±μ´ ´  ÊÎ ¸É±¥
¸¡μ·±¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³μ¤Ê²¥° ¸¨¸É¥³Ò Í¥²¥Ê± § ´¨Ö ¤¥É¥±Éμ·  OPERA.

COMPASS. �  Ê¸É ´μ¢±¥ COMPASS [3] ¶² ´¨·Ê¥É¸Ö ¸μ§¤ ´¨¥ ¤μ¶μ²´¨-
É¥²Ó´μ£μ Ô²¥±É·μ³ £´¨É´μ£μ ± ²μ·¨³¥É·  ECAL0 [5] ¸ ±μ´¸É·Ê±Í¨¥° ³μ¤Ê²¥°
É¨¶  ®Ï Ï²Ò±¯, ¶·¥¤¸É ¢²ÖÕÐ¨Ì ¸μ¡μ° ´ ¡μ· Î¥·¥¤ÊÕÐ¨Ì¸Ö ¸¢¨´Íμ¢ÒÌ ¨
¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¶² ¸É¨´, ¶·μ´¨§ ´´ÒÌ WLS-¢μ²μ±´ ³¨, ±μÉ·Ò¥ É· ´¸¶μ·-
É¨·ÊÕÉ ¸¢¥É ± ËμÉμ¤¥É¥±Éμ· ³ (·¨¸. 2).

„²¨´  · ¡μÎ¥° Î ¸É¨ ³μ¤Ê²Ö ¸μ¸É ¢²Ö¥É 25 ¸³, ¶μÔÉμ³Ê Ê¸É·μ°¸É¢μ ¡Ò²μ
 ¤ ¶É¨·μ¢ ´μ ¨ ¨¸¶μ²Ó§μ¢ ´μ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¢μ²μ±μ´ (∼ 0,5 ³)
¸ Í¥²ÓÕ ¢Ò¡μ·  ¨Ì ¶·μ¨§¢μ¤¨É¥²Ö. ‚ ± Î¥¸É¢¥ ± ´¤¨¤ Éμ¢ ¡Ò²¨ ¢Ò¡· ´Ò
¢μ²μ±´  Ë¨·³ ®Bicron¯ ¨ ®Kuraray¯.
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�¨¸. 1. 	·¨´Í¨¶ ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¸É·¨¶ ³¨ [1]

�¨¸. 2. 	·¨´Í¨¶ ¸¢¥Éμ¸¡μ·  ¢ ± ²μ·¨³¥É·¨Î¥¸±¨Ì ³μ¤Ê²ÖÌ É¨¶  ®Ï Ï²Ò±¯

1. “‘’��‰‘’‚� „‹Ÿ ˆ‡Œ…�…�ˆŸ
��’ˆ—…‘Šˆ• •���Š’…�ˆ‘’ˆŠ ‚�‹�Š��

“¸É·μ°¸É¢μ ¤²Ö ¨§³¥·¥´¨Ö μ¶É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¢μ²μ±μ´ ³μ¦´μ
Ê¸²μ¢´μ ¶·¥¤¸É ¢¨ÉÓ ¸μ¸ÉμÖÐ¨³ ¨§ É·¥Ì Î ¸É¥°: ¨§³¥·¨É¥²Ó´μ£μ ¸É¥´¤ , Ô²¥±-
É·μ´´μ£μ ¡²μ±  Ê¶· ¢²¥´¨Ö ¨ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö.
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1.1. ˆ§³¥·¨É¥²Ó´Ò¥ ¸É¥´¤Ò.
ˆ§³¥·¨É¥²Ó´Ò° ¸É¥´¤ ¤²Ö ¨§ÊÎ¥´¨Ö ¤²¨´´ÒÌ ¢μ²μ±μ´ ¸μ¸Éμ¨É ¨§ ¡μ¡¨´Ò

¨ ”
“. ‚ ¡μ¡¨´Ê ¢³μ´É¨·μ¢ ´Ò 16 ¸¢¥Éμ¤¨μ¤μ¢. 	¥·¢Ò¥ (μÉ ”
“) 10 ¸¢¥Éμ-
¤¨μ¤μ¢ · ¸¶μ²μ¦¥´Ò ¸ Ï £μ³ 50 ¸³ (¤²Ö ÉμÎ´μ£μ ¨§³¥·¥´¨Ö ±μ·μÉ±μ¢μ²´μ¢μ°
¸μ¸É ¢²ÖÕÐ¥°), ¨ μ¸É ¢Ï¨¥¸Ö 6 Å ¸ Ï £μ³ 1 ³ (·¨¸. 3).

�¨¸. 3. ‘É¥´¤ ¤²Ö ¨§³¥·¥´¨Ö ¤²¨´´ÒÌ ¢μ²μ±μ´ ¢ ¸¢¥Éμ§ Ð¨É´μ³ ±μ¦ÊÌ¥ ¸ ¡μ¡¨´μ° ¨
Ô²¥±É·μ´´Ò° ¡²μ± Ê¶· ¢²¥´¨Ö

‚μ²μ±´μ ¸¶¨· ²Ö³¨ Ê±² ¤Ò¢ ¥É¸Ö ¢ ¸¶¥Í¨ ²Ó´Ò¥ ± ´ ¢±¨ ´  ¡μ¡¨´¥.
�É·¥§μ± ¢μ²μ±´  ³¥¦¤Ê ¡μ¡¨´μ° ¨ ”
“ ¤μ²¦¥´ ¡ÒÉÓ Ë¨±¸¨·μ¢ ´´μ° ¤²¨´Ò,
É ± ± ± § ÉÊÌ ´¨¥ § ¢¨¸¨É μÉ · ¸¸ÉμÖ´¨Ö μÉ ¸¢¥Éμ¤¨μ¤  ¤μ ”
“. Šμ´¥Í ¢μ-
²μ±´  ¢¸É ¢²Ö¥É¸Ö ¢ μÉ¢¥·¸É¨¥  ¤ ¶É¥·  ”
“.

‚ ¨§³¥·¨É¥²Ó´μ³ ¸É¥´¤¥ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¢μ²μ±μ´ ¢³¥¸Éμ ¡μ¡¨´Ò
¨¸¶μ²Ó§Ê¥É¸Ö ¶² ¸É¨´  ¸ ± ´ ¢±μ° ¤²Ö ¢μ²μ±´  ¨ 16 μÉ¢¥·¸É¨Ö³¨, ¢ ±μÉμ-
·ÒÌ ´ Ìμ¤ÖÉ¸Ö ¸¢¥Éμ¤¨μ¤Ò (·¨¸. 4). � ¸¸ÉμÖ´¨¥ ³¥¦¤Ê ¸¢¥Éμ¤¨μ¤ ³¨ ¸μ¸É -
¢²Ö¥É 2,1 ¸³. ‚μ²μ±´μ Ê±² ¤Ò¢ ¥É¸Ö ¢ ± ´ ¢±Ê ¶² ¸É¨´Ò, ¨ ¸¢¥É ¸ ´¥£μ ·¥£¨-
¸É·¨·Ê¥É¸Ö É ±¦¥ ¸ ¶μ³μÐÓÕ ”
“.

�¡  Ê¸É·μ°¸É¢  ¶μ³¥Ð ÕÉ¸Ö ¢ ¸¢¥Éμ¨§μ²¨·ÊÕÐ¨¥ ±μ¦ÊÌ¨ (·¨¸. 3, 4), ¢ ±μ-
Éμ·ÒÌ Ê¸É ´μ¢²¥´Ò ¤ ÉÎ¨±¨ É¥³¶¥· ÉÊ·Ò.

1.2. �²¥±É·μ´´Ò° ¡²μ± Ê¶· ¢²¥´¨Ö. 
²¥±É·μ´´Ò° ¡²μ± Ê¶· ¢²¥´¨Ö
(Control Unit WLS Fiber Tester) ¶μ¤ ¥É ¨ ±μ´É·μ²¨·Ê¥É ´ ¶·Ö¦¥´¨¥ ´  ”
“,
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�¨¸. 4. ‘É¥´¤ ¤²Ö ¨§³¥·¥´¨Ö ±μ·μÉ±¨Ì ¢μ²μ±μ´ ¢ ¸¢¥Éμ§ Ð¨É´μ³ ±μ¦ÊÌ¥

¶¥·¥±²ÕÎ ¥É ¸¢¥Éμ¤¨μ¤Ò ¨ Ê¸É ´ ¢²¨¢ ¥É · ¡μÎ¨¥ Éμ±¨ ¤²Ö ± ¦¤μ£μ ¨§ ´¨Ì,
¸Î¨ÉÒ¢ ¥É  ³¶²¨ÉÊ¤Ê ¸¨£´ ²  ¸ ”
“ ¨ É¥³¶¥· ÉÊ·Ê ¢´ÊÉ·¨ ¨§³¥·¨É¥²Ó´μ°
¸¨¸É¥³Ò. Ÿ¤·μ³ ¡²μ±  Ö¢²Ö¥É¸Ö μ¤´μ¶² É´Ò° ±μ³¶ÓÕÉ¥· Flashlite-V25, ¶μ¤-
±²ÕÎ¥´´Ò° ¶μ ¨´É¥·Ë¥°¸Ê RS-232 ± ¶¥·¸μ´ ²Ó´μ³Ê ±μ³¶ÓÕÉ¥·Ê, ¸ Ê¸É ´μ-
¢²¥´´Ò³ ¶ ±¥Éμ³ LabView ¨ · ¡μÎ¥° ¶·μ£· ³³μ° TestLight.vi. �²μ±-¸Ì¥³ 
Ê¸É·μ°¸É¢  ¸ ¡²μ±μ³ Ê¶· ¢²¥´¨Ö ¶·¨¢¥¤¥´  ´  ·¨¸. 5.

� ¸¸³μÉ·¨³, ± ± ¶·μ¨¸Ìμ¤¨É ¨§³¥·¥´¨¥ μ¤¨´μÎ´μ£μ ¸¨£´ ²  (·¨¸. 6, 7).
�  μ¤¨´ ¨§ ¸¢¥Éμ¤¨μ¤μ¢, ¢Ò¡· ´´Ò° ¢±²ÕÎ¥´¨¥³ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ³¨±·μ-
·¥²¥, ¶μ¤ ¥É¸Ö ¨³¶Ê²Ó¸ Éμ±  ¢Ò¡· ´´μ°  ³¶²¨ÉÊ¤Ò ¤²¨É¥²Ó´μ¸ÉÓÕ μ±μ²μ
20 ³±¸. ‡  ÔÉμ ¢·¥³Ö ¶·μÌμ¤ÖÉ ¢¸¥ ¶¥·¥Ìμ¤´Ò¥ ¶·μÍ¥¸¸Ò (¸É ¡¨²¨§¨·ÊÕÉ¸Ö
¨§²ÊÎ¥´¨¥ ¸¢¥Éμ¤¨μ¤  ¨ ¸¨£´ ² μÉ±²¨±  ”
“, ¶μ¤ ´´Ò° ´  ¢Ìμ¤ �–	). 	μ¸²¥
¢±²ÕÎ¥´¨Ö ¸¢¥Éμ¤¨μ¤  Î¥·¥§ Ë¨±¸¨·μ¢ ´´Ò° ¶·μ³¥¦ÊÉμ± ¢·¥³¥´¨ ¢ 15 ³±¸ ´ 
�–	 ¶μ¤ ¥É¸Ö ¸¨£´ ² ¢Ò¡μ·±¨/Ì· ´¥´¨Ö,  ³¶²¨ÉÊ¤  ¢ÒÌμ¤´μ£μ ¸¨£´ ²  ”
“
μÍ¨Ë·μ¢Ò¢ ¥É¸Ö, ¸¢¥Éμ¤¨μ¤ ¢Ò±²ÕÎ ¥É¸Ö ¨ ¨¤¥É ¸Î¨ÉÒ¢ ´¨¥ ¸¨£´ ²  ¸ �–	.
‡ É¥³ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö¥É¸Ö, É ±¨³ μ¡· §μ³ Ëμ·³¨·ÊÖ ¶ ±¥É ¨§³¥·¥´¨° ¶·¨
μ¤´¨Ì ¨ É¥Ì ¦¥ Ê¸É ´μ¢± Ì (·¨¸. 7). 	μ¸²¥ ÔÉμ£μ ·¥²¥ ¢±²ÕÎ ¥É ¸²¥¤ÊÕ-
Ð¨° ¸¢¥Éμ¤¨μ¤ ¨ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö¥É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ ¶μ ¢¸¥³ 16 ÉμÎ± ³
¸¢¥Éμ¢μ¤ .

“¶· ¢²¥´¨¥ Ô²¥±É·μ´´Ò³ ¡²μ±μ³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μ¸·¥¤¸É¢μ³ ³¨±·μ±μ³-
¶ÓÕÉ¥·  Flashlite-V25.
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�¨¸. 5. �²μ±-¸Ì¥³  Ê¸É·μ°¸É¢ 

�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ³¨±·μ±μ³¶ÓÕÉ¥· :
• ³¨±·μ¶·μÍ¥¸¸μ· NEC V-25, 10 ŒƒÍ;
• 512 ±¡ °É μ¶¥· É¨¢´μ° ¶ ³ÖÉ¨;
• 512 ±¡ °É Ô´¥·£μ´¥§ ¢¨¸¨³μ° Flash-¶ ³ÖÉ¨ (· ¸Ï¨·Ö¥É¸Ö ¤μ 1 Œ¡ °É);
• 2 ¢Ò¸μ±μ¸±μ·μ¸É´ÒÌ 	Š-¸μ¢³¥¸É¨³ÒÌ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ ¶μ·É  RS-232;
• 2 	Š-¸μ¢³¥¸É¨³ÒÌ ¸Î¥ÉÎ¨±/É °³¥·;
• 2 DMA-± ´ ² ;
• 20 Í¨Ë·μ¢ÒÌ ²¨´¨° ¢¢μ¤ /¢Ò¢μ¤ ;
• ·¥£Ê²ÖÉμ· ¶μÉ·¥¡²Ö¥³μ° ³μÐ´μ¸É¨;
• DOS 3.3 ¸μ¢³¥¸É¨³ Ö μ¶¥· Í¨μ´´ Ö ¸¨¸É¥³ ;
• ´ ¡μ· ¶·μ£· ³³´ÒÌ ÊÉ¨²¨É: BASIC, Upload, Flash disk formatter,

Line editor.

1.3. �·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥. Flashlite-V25 ¨³¥¥É 2 ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ
¶μ·É ; μ¤¨´ ¶μ·É ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ± ± É¥·³¨´ ²,   ¢Éμ·μ° ¤²Ö μ¡³¥´  ¤ ´-
´Ò³¨ ¸ 	Š. ‘μμÉ¢¥É¸É¢¥´´μ ¤²Ö ³¨±·μ±μ³¶ÓÕÉ¥·  ¡Ò²μ · §· ¡μÉ ´μ 2 ¶·μ-
£· ³³Ò (CHANNEL.CPP ¨ BLOCK.CPP). 	·μ£· ³³Ò ¡Ò²¨ ´ ¶¨¸ ´Ò ¢ ¸·¥¤¥
Borland C++, ¸±μ³¶¨²¨·μ¢ ´Ò ¤²Ö IBM 8086-¸μ¢³¥¸É¨³ÒÌ ¶·μÍ¥¸¸μ·μ¢ ¨
É· ´¸²¨·μ¢ ´Ò ¢ ¢¨¤¥ exe-Ë °²μ¢.
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�¨¸. 6. ‚·¥³¥´´ Ö ¤¨ £· ³³  μ¤´μ£μ ¨§³¥·¥´¨Ö: 1, 3 Å ¸¨£´ ², ¶μ¤ ¢ ¥³Ò° ´  ¸¢¥-
Éμ¤¨μ¤, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¢¥ÉÊ ¤¨μ¤  μÉ±²¨± ”
“; 2 Å ¸¨£´ ² ¢Ò¡μ·±¨/Ì· ´¥´¨Ö
�–	 ¤²Ö § ¶¨¸¨  ³¶²¨ÉÊ¤Ò ”
“

�¨¸. 7. 	 ±¥É ¨§ 100 ¨§³¥·¥´¨°: 1 Å ¸¨£´ ²Ò, ¶μ¤ ´´Ò¥ ´  ¸¢¥Éμ¤¨μ¤; 2 Å μÉ±²¨-
±¨ ”
“ 6



CHANNEL

• � ¡μÉ ¥É ¢ É¥·³¨´ ²Ó´μ³ ·¥¦¨³¥, Ê¶· ¢²¥´¨¥ ¶·μ¨§¢μ¤¨É¸Ö ¸ ±² -
¢¨ ÉÊ·Ò.

• 	μ§¢μ²Ö¥É Ê¸É ´ ¢²¨¢ ÉÓ ¢Ò¸μ±μ¥ ´ ¶·Ö¦¥´¨¥, ¶μ¤ ¢ ÉÓ § ¤ ´´Ò° ¨³-
¶Ê²Ó¸ Éμ±  ´  ²Õ¡μ° ¸¢¥Éμ¤¨μ¤, Î¨É ÉÓ ¸¨£´ ² ”
“, ´ ¶·Ö¦¥´¨¥ ”
“, É¥³-
¶¥· ÉÊ·Ê.

• ˆ¸¶μ²Ó§Ê¥É¸Ö ¤²Ö μÉ² ¤±¨ ¶·¨¡μ· .

BLOCK

	·μ£· ³³  · ¡μÉ ¥É ¶μ¤ Ê¶· ¢²¥´¨¥³ 	Š ¶μ ¨´É¥·Ë¥°¸Ê RS-232. 	·¨¥³
¨ ¶¥·¥¤ Î  ¶·μ¨¸Ìμ¤ÖÉ ¶μ ¤¢  ¡ °É . 	¥·¢Ò° ¡ °É Ê± §Ò¢ ¥É ±μ¤ ±μ³ ´¤Ò
(¨¸¶μ²Ó§μ¢ ´μ 7 ±μ³ ´¤ ÎÉ¥´¨Ö/ § ¶¨¸¨), ¢Éμ·μ° Å ¡ °É ¤ ´´ÒÌ. 	·μ£· ³³ 
BLOCK ¢§ ¨³μ¤¥°¸É¢Ê¥É ¸ ¶·μ£· ³³μ° ¶μ²Ó§μ¢ É¥²Ó¸±μ£μ ¨´É¥·Ë¥°¸ , ´ ¶¨-
¸ ´μ£μ ¢ ¸·¥¤¥ LabView. 	μ²Ó§μ¢ É¥²Ó¸±¨° ¨´É¥·Ë¥°¸ ¶·μ£· ³³Ò ¶μ± § ´
´  ·¨¸. 8.

�¨¸. 8. ˆ´É¥·Ë¥°¸ ¶·μ£· ³³Ò Ê¶· ¢²¥´¨Ö Ê¸É·μ°¸É¢μ³

	·μ£· ³³  ¶μ§¢μ²Ö¥É ¶·μ¨§¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¢ ¤¢ÊÌ ·¥¦¨³ Ì: ¥¤¨´¨Î´μ³
¨ ¸¥·¨°´μ³.

„²Ö ¶·μ¢¥¤¥´¨Ö ¥¤¨´¨Î´μ£μ ¨§³¥·¥´¨Ö ¢ ¶μ²¥ ®Led Number¯ ¢Ò¸É ¢²Ö-
¥É¸Ö ´μ³¥· ¸¢¥Éμ¤¨μ¤  (μÉ 0 ¤μ 15), ¢ ®Led Current¯ Å Éμ± Î¥·¥§ ¸¢¥Éμ¤¨μ¤
(μÉ 0 ¤μ 255, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É 0Ä16 ³�), ¢ ®Number per point¯ Å ±μ²¨Î¥-
¸É¢μ ¨§³¥·¥´¨°, ± ± ¶μ± §Ò¢ ¥É μ¶ÒÉ, ´¥ ³¥´ÓÏ¥ 50, ÎÉμ¡Ò ”
“ ¢ÒÏ¥² ´ 
¸É ¡¨²Ó´Ò° ·¥¦¨³ · ¡μÉÒ. ‚ ¶μ²ÖÌ ®Mean¯ ¨ ®Sigma¯ μÉμ¡· ¦ ÕÉ¸Ö ¨§³¥-
·¥´´Ò¥ §´ Î¥´¨Ö ¸·¥¤´¥£μ ¸¨£´ ²  ¸ ”
“ ¨ ¸·¥¤´¥±¢ ¤· É¨Î´μ£μ μÉ±²μ´¥´¨Ö.
‡´ Î¥´¨Ö Ê¸É ´μ¢²¥´´ÒÌ Éμ±μ¢ § ´μ¸ÖÉ¸Ö ¢ ³ ¸¸¨¢,   ¶μ²ÊÎ¥´´Ò¥ ¸¨£´ ²Ò ¸
”
“ Å ¢ ®Calibration Array¯.
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	¥·¥¤ ¶·μ¢¥¤¥´¨¥³ ¸¥·¨°´ÒÌ ¨§³¥·¥´¨° ¶μ²Ó§μ¢ É¥²Ó ¤μ²¦¥´ § ¶μ²´¨ÉÓ
± ²¨¡·μ¢μÎ´Ò° ³ ¸¸¨¢: ¢ ¶μ²¥ ®Set Currents¯ ¤²Ö ± ¦¤μ£μ ¸¢¥Éμ¤¨μ¤  ¤μ²-
¦¥´ ¡ÒÉÓ ¶μ¸É ¢²¥´ ¢ ¸μμÉ¢¥É¸É¢¨¥ Éμ± Î¥·¥§ ´¥£μ,   ¢ ¶μ²¥ ®Calibration
Array¯ Å §´ Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¸¢¥É  ¢ ¶·μ¨§¢μ²Ó´ÒÌ ¥¤¨´¨Í Ì ¶·¨ ¤ ´-
´μ³ Éμ±¥. ‚ ·¥¦¨³¥ ¸¥·¨°´ÒÌ ¨§³¥·¥´¨° ¶μ²Ó§μ¢ É¥²Ó § ¤ ¥É Éμ²Ó±μ ±μ-
²¨Î¥¸É¢μ ¨§³¥·¥´¨° ´  ¸¢¥Éμ¤¨μ¤. 	·μ£· ³³   ¢Éμ³ É¨Î¥¸±¨ ³¥´Ö¥É ´μ³¥· 
¸¢¥Éμ¤¨μ¤μ¢ μÉ 0 ¤μ 15, ¢Ò¸É ¢²ÖÖ Éμ± ´  ± ¦¤μ³ ¸¢¥Éμ¤¨μ¤¥ ¨§ ³ ¸¸¨¢  ®Set
Currents¯. ‚ ·¥§Ê²ÓÉ É¥ ¨§³¥·¥´¨° ¶·μ£· ³³  ¢Ò¤ ¥É É ¡²¨ÍÊ ¨§ ¸·¥¤´¨Ì
§´ Î¥´¨° μÉ±²¨±  μÉ ± ¦¤μ£μ ¤¨μ¤  ®Mean¯ ¨ ¨Ì ¸·¥¤´¥±¢ ¤· É¨Î´ÒÌ μÉ±²μ-
´¥´¨° ®Sigma¯. „²Ö ±μ³¶¥´¸ Í¨¨ · §¡·μ¸  Ö·±μ¸É¨ ¸¢¥Éμ¤¨μ¤μ¢ ¨§³¥·¥´´Ò¥
μÉ±²¨±¨ ± ¦¤μ£μ ¸¢¥Éμ¤¨μ¤  ¤¥²ÖÉ¸Ö ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ¨´É¥´¸¨¢-
´μ¸É¥° ¨§ ®Calibration Array¯.

„ ²¥¥ ¶μ ¶μ²ÊÎ¥´´μ° ¨ ¶μ¶· ¢²¥´´μ° É ¡²¨Í¥ ¸É·μ¨É¸Ö § ¢¨¸¨³μ¸ÉÓ ¸¨£-
´ ²  ¸ ”
“ μÉ · ¸¸ÉμÖ´¨Ö ¤μ ¸¢¥Éμ¤¨μ¤ , ±μÉμ·ÊÕ ¤²Ö ¤²¨´´ÒÌ ¢μ²μ±μ´
¶·¨¡²¨¦¥´´μ ³μ¦´μ μ¶¨¸ ÉÓ Ô³¶¨·¨Î¥¸±μ° Ëμ·³Ê²μ° ¢ ¢¨¤¥ ¸Ê³³Ò ¤¢ÊÌ
Ô±¸¶μ´¥´Í¨ ²Ó´ÒÌ · ¸¶·¥¤¥²¥´¨°:

I = I0

(
e−x/λ1 + be−x/λ2

)
,

£¤¥ λ1 ¨ λ2 Å ¤²¨´Ò § ÉÊÌ ´¨Ö.
� ¶·¨³¥·, ¤²Ö ¢μ²μ±μ´ ®Kuraray¯ Y11(175) ¤¨ ³¥É·μ³ 1,2 ³³ (·¨¸. 9)

É¨¶¨Î´ Ö ±μ·μÉ± Ö ¤²¨´  § ÉÊÌ ´¨Ö ∼ 1 ³ ¨ ¤²¨´´ Ö ∼ 7 ³.
	·μÍ¥¸¸ ¨§³¥·¥´¨Ö ¶μ²´μ¸ÉÓÕ  ¢Éμ³ É¨§¨·μ¢ ´, § ´¨³ ¥É ´¥¸±μ²Ó±μ ³¨-

´ÊÉ, ¤ ´´Ò¥ ¸μÌ· ´ÖÕÉ¸Ö ¢ Ë °², ¸²Ê¦ Ð¨° ¶ ¸¶μ·Éμ³ ¤²Ö ± ¦¤μ° ¶ ·É¨¨
¢μ²μ±μ´.

�¨¸. 9. �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö É¨¶¨Î´μ£μ ¢μ²μ±´  ®Kuraray¯ Y11(175)
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2. Œ…’�„ˆŠ� ˆ‡Œ…�…�ˆ‰

„²Ö ¨§ÊÎ¥´¨Ö Ì · ±É¥·¨¸É¨± ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ±μ´ ´¥μ¡Ìμ¤¨³μ
´ ¤²¥¦ Ð¨³ μ¡· §μ³ ¶μ¤£μÉμ¢¨ÉÓ ¨§ÊÎ ¥³Ò¥ ¢μ²μ±´ , ¶·μ¨§¢¥¸É¨ ± ²¨¡·μ¢±Ê
¸¢¥Éμ¤¨μ¤μ¢ ¨ ¶·μ¢¥¸É¨ ¨§³¥·¥´¨Ö ¨  ´ ²¨§ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ.

1. 	μ¤£μÉμ¢±  ¢μ²μ±μ´. 	¥·¥¤ ¨§³¥·¥´¨Ö³¨ ´ ·¥§ ÕÉ¸Ö ¢μ²μ±´  μ¶·¥¤¥-
²¥´´μ° ¤²¨´Ò ¨ ¶·μ¢¥·ÖÕÉ¸Ö ´  μÉ¸ÊÉ¸É¢¨¥ É·¥Ð¨´, ¢´ÊÉ·¥´´¨Ì ¶μ²μ¸É¥°,
³¥Ì ´¨Î¥¸±¨Ì ¤¥Ë¥±Éμ¢ ¨ ¤·. ‚ § ¢¨¸¨³μ¸É¨ μÉ Í¥²¨ ¨§³¥·¥´¨°, μ¤¨´ ¨§
Éμ·Íμ¢ ¢μ²μ±μ´ ²¨¡μ ¶μ²¨·Ê¥É¸Ö, ²¨¡μ § Î¥·´Ö¥É¸Ö, ²¨¡μ ±· ¸¨É¸Ö §¥·± ²Ó-
´μ° ±· ¸±μ°. „²Ö Ê²ÊÎÏ¥´¨Ö ¸¢¥Éμ¸¡μ·  ´  ”
“ ¤·Ê£μ° Éμ·¥Í ¶μ²¨·Ê¥É¸Ö.

2. Š ²¨¡·μ¢±  ¸¢¥Éμ¤¨μ¤μ¢ ¶·μ¢μ¤¨É¸Ö ¤²Ö ¢Ò· ¢´¨¢ ´¨Ö ¨´É¥´¸¨¢´μ¸É¥°
¨Ì ¨§²ÊÎ¥´¨Ö ¶μ¸·¥¤¸É¢μ³ ·¥£Ê²¨·μ¢±¨ ¶·μÉ¥± ÕÐ¥£μ Î¥·¥§ ´¨Ì Éμ± . 	·¨
ÔÉμ³ Éμ±¨, ¶·μÉ¥± ÕÐ¨¥ Î¥·¥§ ¸¢¥Éμ¤¨μ¤Ò, ¤μ²¦´Ò μ± § ÉÓ¸Ö É ±¨³¨, ÎÉμ¡Ò
¶·¨ ¨§³¥·¥´¨ÖÌ ¸¨£´ ²Ò ¸ ”
“ ´¥ ¶·¥¢ÒÏ ²¨ ³ ±¸¨³ ²Ó´μ£μ ¤μ¶Ê¸É¨³μ£μ
§´ Î¥´¨Ö Ï± ²Ò �–	. „²Ö ÔÉμ£μ ¸´ Î ²  ¶μ¤¡¨· ¥É¸Ö Éμ± Î¥·¥§ ¸ ³Ò° ¡²¨§-
±¨° ± ”
“ ¸¢¥Éμ¤¨μ¤,   § É¥³ μ¸É ²Ó´Ò¥ ¸¢¥Éμ¤¨μ¤Ò ¢Ò· ¢´¨¢ ÕÉ¸Ö ¶μ ¤ ´-
´μ³Ê. ’ ±¨³ μ¡· §μ³, ¶·¨ ± ²¨¡·μ¢±¥ 16 ¸¢¥Éμ¤¨μ¤μ¢ ¶μ²ÊÎ ¥É¸Ö ± ²¨¡·μ-
¢μÎ´Ò° ³ ¸¸¨¢ ¨§ §´ Î¥´¨° Éμ±μ¢ ¨ μÉ±²¨±μ¢ ”
“, ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö
¤²Ö ¨§³¥·¥´¨° § ÉÊÌ ´¨Ö ¸¢¥É  ¢ ¢μ²μ±´ Ì.

3. 	·μ¢¥¤¥´¨¥ ¨§³¥·¥´¨°: ¨¸¸²¥¤Ê¥³μ¥ ¢μ²μ±´μ Ê±² ¤Ò¢ ¥É¸Ö ¢ ± ´ ¢±Ê
¨§³¥·¨É¥²Ó´μ£μ Ê¸É·μ°¸É¢ , ¸¢¥Éμ¨§μ²¨·ÊÕÐ¨° ±μ¦ÊÌ § ±·Ò¢ ¥É¸Ö, ¶μ¤ ¥É¸Ö
´ ¶·Ö¦¥´¨¥ ¶¨É ´¨Ö ´  ”
“, ¨ ¤ ²¥¥ ¨§³¥·¥´¨Ö ¶·μ¨¸Ìμ¤ÖÉ ¢  ¢Éμ³ É¨Î¥-
¸±μ³ ·¥¦¨³¥. 	μ²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¤ ´´Ò¥  ¶¶·μ±¸¨³¨·ÊÕÉ¸Ö ¶μ¤Ìμ-
¤ÖÐ¥°  ´ ²¨É¨Î¥¸±μ° ËÊ´±Í¨¥°, ¢ ·¥§Ê²ÓÉ É¥ Î¥£μ ¢ÒÎ¨¸²ÖÕÉ¸Ö ¶ · ³¥É·Ò,
Ì · ±É¥·¨§ÊÕÐ¨¥ ± Î¥¸É¢μ ¨¸¸²¥¤Ê¥³μ£μ ¢μ²μ±´ .

3. ��ˆŒ…�…�ˆ… “‘’��‰‘’‚�

“¸É·μ°¸É¢μ ¤²Ö ¨§ÊÎ¥´¨Ö ¤²¨´´ÒÌ ¢μ²μ±μ´. “¸É·μ°¸É¢μ ¶·¨³¥´Ö²μ¸Ó
¤²Ö É¥¸É¨·μ¢ ´¨Ö ¢μ²μ±μ´ ´  ÊÎ ¸É±¥ ¸¡μ·±¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ³μ¤Ê²¥° ¸¨-
¸É¥³Ò Í¥²¥Ê± § ´¨Ö ¤¥É¥±Éμ·  OPERA.

“¸É·μ°¸É¢μ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¢μ²μ±μ´. 	·μ¢¥¤¥´μ ¨§ÊÎ¥´¨¥ ¤¢ÊÌ
£·Ê¶¶ ¢μ²μ±μ´ (¤¨ ³¥É·μ³ 1,2 ³³ ¨ ¤²¨´μ° 40 ¸³) Ë¨·³ ®Bicron¯ BCF91AMC
¨ ®Kuraray¯ Y11(175); ¢ ± ¦¤μ³ ¸²ÊÎ ¥ ¶·μÉ¨¢μ¶μ²μ¦´Ò° ± ”
“ Éμ·¥Í ¶μ-
²¨·μ¢ ²¸Ö ¨ ±· ¸¨²¸Ö §¥·± ²Ó´μ° ±· ¸±μ°.

�  ·¨¸. 10 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ ¸¨£´ ²  ¸ ”
“ μÉ · ¸¸ÉμÖ´¨Ö ¤μ ¸¢¥-
Éμ¤¨μ¤ . ‚Ò¤¥²¥´  Î ¸ÉÓ ¸¶¥±É·  μÉ 0,16 ¤μ 0,4 ³, ¸μμÉ¢¥É¸É¢ÊÕÐ Ö · ¸-
¸ÉμÖ´¨Ö³, ¢ ±μÉμ·ÒÌ ¢ ± ²μ·¨³¥É·¨Î¥¸±μ³ ³μ¤Ê²¥ · §¢¨¢ ¥É¸Ö Ô²¥±É·μ´´μ-
ËμÉμ´´Ò° ²¨¢¥´Ó. ‚¨¤´μ, ÎÉμ · §´¨Í  ¢ ¸¢¥Éμ¢ÒÌμ¤¥ ³¥¦¤Ê ¢μ²μ±´ ³¨ ¤¢ÊÌ
Ë¨·³ ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 20 %,   ¶μ¢¥¤¥´¨¥ § ÉÊÌ ´¨Ö ¶·¨³¥·´μ μ¤¨´ -
±μ¢μ¥. ‚ Í¥²μ³, μ¡  É¨¶  ¢μ²μ±μ´ Ê¤μ¢²¥É¢μ·ÖÕÉ ¶·¥¤ÑÖ¢²Ö¥³Ò³ É·¥¡μ¢ ´¨Ö³
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�¨¸. 10. ‡ ¢¨¸¨³μ¸ÉÓ § ÉÊÌ ´¨Ö ¸¢¥É  ¢ ¢μ²μ±´ Ì Ë¨·³ ®Bicron¯ ¨ ®Kuraray¯

¶μ ¸¢¥Éμ¸¡μ·Ê, ¶μ μÍ¥´± ³ (Œμ´É¥-Š ·²μ) ¢±² ¤ § ÉÊÌ ´¨Ö ¸¢¥É  ¢ Ô´¥·£¥É¨-
Î¥¸±μ¥ · §·¥Ï¥´¨¥ ± ²μ·¨³¥É·  ´¥§´ Î¨É¥²¥´. �Ò²¨ ¢Ò¡· ´Ò ¢μ²μ±´  Ë¨·³Ò
®Bicron¯, ÌμÉÖ μ´¨ ´¥¸±μ²Ó±μ Ê¸ÉÊ¶ ÕÉ ¶μ μ¶É¨Î¥¸±¨³ Ì · ±É¥·¨¸É¨± ³, μ¤-
´ ±μ §´ Î¨É¥²Ó´μ ¤¥Ï¥¢²¥.

�…‡“‹œ’�’›

1. � §· ¡μÉ ´μ Ê¸É·μ°¸É¢μ, ¶μ§¢μ²ÖÕÐ¥¥ ¡Ò¸É·μ ¨ ÉμÎ´μ (¶μ£·¥Ï-
´μ¸ÉÓ < 2%) ¨§³¥·ÖÉÓ μ¶É¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ ¸¶¥±É·μ¸³¥Ð ÕÐ¨Ì ¢μ²μ-
±μ´. ‚ �
�‚	 ‹Ÿ	 �ˆŸˆ ¡Ò²μ ¸μ¡· ´μ 3 Ê¸É·μ°¸É¢ .

2. “¸É·μ°¸É¢μ ¶·¨³¥´Ö²μ¸Ó ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¨ μÉ¡μ·  ¢μ²μ±μ´ ´  ÊÎ ¸É±¥
¸¡μ·±¨ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸É·¨¶μ¢ ³¨Ï¥´´μ£μ ¤¥É¥±Éμ·  Ô±¸¶¥·¨³¥´É 
OPERA.

3. �¤´μ ¨§ Ê¸É·μ°¸É¢ ¡Ò²μ ³μ¤¨Ë¨Í¨·μ¢ ´μ ¤²Ö ¨§ÊÎ¥´¨Ö ±μ·μÉ±¨Ì ¢μ-
²μ±μ´ (¤μ 0,5 ³). ‘ ¥£μ ¶μ³μÐÓÕ ¨§ÊÎ¥´Ò ±μ·μÉ±¨¥ ¢μ²μ±´  Ë¨·³ ®Bicron¯
¨ ®Kuraray¯. 	μ± § ´μ, ÎÉμ ¤²Ö ³μ¤Ê²¥° ± ²μ·¨³¥É·  ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ
¡μ²¥¥ ¤¥Ï¥¢Ò¥ ¢μ²μ±´  Ë¨·³Ò ®Bicron¯.

4. “¸É·μ°¸É¢μ ¶·¨³¥´Ö¥É¸Ö ¶·¨ μÉ¡μ·¥ ¨ ±μ´É·μ²¥ ¢μ²μ±μ´ ¤²Ö ³μ¤Ê²¥°
Ô²¥±É·μ³ £´¨É´μ£μ ± ²μ·¨³¥É·  ECAL0 Ê¸É ´μ¢±¨ COMPASS.

5. 	² ´¨·Ê¥É¸Ö ¶·¨³¥´¥´¨¥ Ê¸É·μ°¸É¢  ¤²Ö É¥¸É¨·μ¢ ´¨Ö ¢μ²μ±μ´ Ô²¥±-
É·μ³ £´¨É´μ£μ ± ²μ·¨³¥É·  ¤²Ö MPD/NICA [7] (∼ 150 ±³ ¢μ²μ±μ´).
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