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Š ¢μ¶·μ¸Ê μ¡ μ¶É¨³¨§ Í¨¨ £¥μ³¥É·¨¨ ¤¥É¥±Éμ· 
¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö Ô±¸¶¥·¨³¥´É  CBM

‚ · ¡μÉ¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥ ¶·μ£· ³³ ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¨ ¨Ì ¨¤¥´É¨Ë¨± Í¨¨ ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·  ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö TRD
(Transition Radiation Detector) ¢ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ. �²£μ·¨É³ · ¸¶μ§´ ¢ ´¨Ö
É· ¥±Éμ·¨° Î ¸É¨Í μ¸´μ¢ ´ ´  ³¥Éμ¤¥ ¸²¥¦¥´¨Ö ¶μ É·¥±Ê ¸ ¶·¨³¥´¥´¨¥³ Ë¨²Ó-
É·  Š ²³ ´ . ˆ¤¥´É¨Ë¨± Í¨Ö Ô²¥±É·μ´μ¢/¶¨μ´μ¢ ¶·μ¢μ¤¨É¸Ö ¸ ¶μ³μÐÓÕ ¶·Ö³μ-
ÉμÎ´μ° ´¥°·μ´´μ° ¸¥É¨, ¨¸¶μ²Ó§ÊÕÐ¥° ¢ ± Î¥¸É¢¥ ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨ ¶μÉ¥·¨
Ô´¥·£¨¨ ¢ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖÌ TRD. �·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ μ¶É¨-
³¨§ Í¨¨ £¥μ³¥É·¨¨ TRD ¸ ÊÎ¥Éμ³ ÔËË¥±É¨¢´μ¸É¥° ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨°,
¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ¨´Ëμ·³ Í¨μ´´ÒÌ É¥Ì´μ²μ£¨° �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2008

Ivanov V.V. et al. P10-2008-152
Geometry Optimization of the Transition Radiation Detector
for the CBM Experiment

A description of the software for charged particles track reconstruction and their
identiˇcation by the Transition Radiation Detector (TRD) is given in this paper.
The algorithm for track reconstruction is based on track following method together
with the Kalman ˇlter application. An artiˇcial neural network, which uses as
input samples the particles energy losses in the TRD layers, has been applied for
electron/pion identiˇcation. First results on the optimization of the TRD geometry
with regard for efˇciencies of track reconstruction, electron identiˇcation and pion
suppression are presented.

The investigation has been performed at the Laboratory of Information Tech-
nologies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2008



‚‚…„…�ˆ…

‚ Ô±¸¶¥·¨³¥´É¥ ‘‚Œ (Compressed Baryonic Matter) ´  ¸É·μÖÐ¥³¸Ö ¢ ¨´-
¸É¨ÉÊÉ¥ GSI („ ·³ÏÉ ¤É, ƒ¥·³ ´¨Ö) Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥ FAIR (Facility
for Antiproton and Ion Research) ¶² ´¨·Ê¥É¸Ö ¨§ÊÎ¥´¨¥ ´μ¢ÒÌ ¸μ¸ÉμÖ´¨° Ö¤¥·-
´μ° ³ É¥·¨¨, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¸μÊ¤ ·¥´¨ÖÌ ÉÖ¦¥²ÒÌ Ö¤¥· ¶·¨ Ô´¥·£¨ÖÌ μÉ 8
¤μ 45 A ƒÔ‚ [1].

�  ·¨¸. 1 ¶·¨¢¥¤¥´  ¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ‘‚Œ, ±μÉμ· Ö
¸μ¤¥·¦¨É ¸²¥¤ÊÕÐ¨¥ Ô²¥³¥´ÉÒ: ±μμ·¤¨´ É´Ò¥ STS (Silicon Tracking System)
¨ MVD (Micro-Vertex Detector) ¤¥É¥±Éμ·Ò, ±μÉμ·Ò¥ · ¸¶μ² £ ÕÉ¸Ö ¢´ÊÉ·¨
¤¨¶μ²Ó´μ£μ ³ £´¨É  ¨ ¶·¥¤´ §´ Î¥´Ò ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö-
¦¥´´ÒÌ Î ¸É¨Í ¨ μ¶·¥¤¥²¥´¨Ö ¨Ì ¨³¶Ê²Ó¸μ¢; ¤¥É¥±Éμ·Ò Î¥·¥´±μ¢¸±μ£μ RICH
(Ring Image CHerenkov) ¨ ¶¥·¥Ìμ¤´μ£μ TRD (Transition Radiation Detector)
¨§²ÊÎ¥´¨Ö μ¡· §ÊÕÉ ¸¨¸É¥³Ê ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢; ¤¥É¥±Éμ· RPC (Re-

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ‘‚Œ (¶μ± § ´Ò É·¨ ¸É ´Í¨¨ TRD)
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sistive Plate Chamber) ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨  ¤·μ´μ¢ ¶μ ¨§³¥·¥-
´¨Ö³ ¨Ì ¢·¥³¥´ ¶·μ²¥É ; Ô²¥±É·μ³ £´¨É´Ò° ± ²μ·¨³¥É· ECAL (Electromag-
netic Calorimeter) ¶·¥¤´ §´ Î¥´ ¤²Ö ·¥£¨¸É· Í¨¨ ËμÉμ´μ¢.

� ¸ÉμÖÐ Ö · ¡μÉ  ¶·¥¤¸É ¢²Ö¥É ¶·μ¤μ²¦¥´¨¥ ¨¸¸²¥¤μ¢ ´¨°, ¢Ò¶μ²´¥´-
´ÒÌ ¢ · ¡μÉ¥ [2]. ‚ ´¥° · ¸¸³μÉ·¥´μ É¥±ÊÐ¥¥ ¸μ¸ÉμÖ´¨¥ ¶·μ£· ³³ ·¥±μ´-
¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¸ ¶μ³μÐÓÕ
¤¥É¥±Éμ·  TRD, ¶·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ÔËË¥±É¨¢´μ¸É¨ ·¥-
±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨°, ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ ¢
§ ¢¨¸¨³μ¸É¨ μÉ Î¨¸²  ¸²μ¥¢ TRD. –¥²Ó ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨° Å μ¶É¨³¨§ Í¨Ö
£¥μ³¥É·¨¨ TRD ¨ Ê³¥´ÓÏ¥´¨¥ ¥£μ ¸Éμ¨³μ¸É¨.

‚ · §¤. 1 ¶·¨¢μ¤¨É¸Ö μ¶¨¸ ´¨¥ ¤¥É¥±Éμ·  TRD ¨ Ëμ·³Ê²¨·ÊÕÉ¸Ö ·¥Ï -
¥³Ò¥ ¸ ¥£μ ¶μ³μÐÓÕ § ¤ Î¨. ‚ · §¤. 2 ¤ ¥É¸Ö ±· É±μ¥ μ¶¨¸ ´¨¥  ²£μ·¨É³μ¢,
¨¸¶μ²Ó§Ê¥³ÒÌ ¤²Ö ·¥±μ´¸É·Ê±Í¨¨ É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨¤¥´É¨Ë¨-
± Í¨¨ Ô²¥±É·μ´μ¢/¶¨μ´μ¢. ‚ · §¤. 3 ¶·¨¢μ¤ÖÉ¸Ö ÔËË¥±É¨¢´μ¸É¨ ·¥±μ´¸É·Ê±-
Í¨¨ É· ¥±Éμ·¨° ¨ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨
TRD. ‚ § ±²ÕÎ¥´¨¥ μ¡¸Ê¦¤ ÕÉ¸Ö ¶μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨ ¤¥² ÕÉ¸Ö ¢Ò¢μ¤Ò.

1. „…’…Š’�� �…�…•�„��ƒ� ˆ‡‹“—…�ˆŸ Å TRD

‚ ´ ¸ÉμÖÐ¨° ³μ³¥´É ¸É ´¤ ·É´Ò° ¢ ·¨ ´É GEANT3 [3] ³μ¤¥²¨ Ê¸É ´μ¢±¨
‘‚Œ ¤¥É¥±Éμ· TRD ¸μ¤¥·¦¨É É·¨ ¸É ´Í¨¨ (¸³. ·¨¸. 1), · ¸¶μ²μ¦¥´´Ò¥, ¸μμÉ-
¢¥É¸É¢¥´´μ, ´  · ¸¸ÉμÖ´¨ÖÌ 5, 7 ¨ 9 ³ μÉ ³¨Ï¥´¨. �É¤¥²Ó´ Ö ¸É ´Í¨Ö ¢±²ÕÎ ¥É
Î¥ÉÒ·¥ ¨¤¥´É¨Î´ÒÌ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖ, ± ¦¤Ò° ¨§ ±μÉμ·ÒÌ Ëμ·³¨·Ê¥É¸Ö ¨§
· §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ ¸ μ¡Ð¥° Éμ²Ð¨´μ° 6 ¸³. „¥É¥±É¨·ÊÕÐ¨¥ ¸²μ¨ ¨³¥ÕÉ
³¥²±μÖÎ¥¨¸ÉÊÕ ¸É·Ê±ÉÊ·Ê ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò. �·¨¥´É Í¨Ö ÖÎ¥¥± ³¥´Ö¥É¸Ö
´  90 ◦ μÉ ¸²μÖ ± ¸²μÕ. ’ ±¨³ μ¡· §μ³, Ê¤ ¥É¸Ö ¤μ¸É¨ÎÓ ¢Ò¸μ±μ£μ ¶·μ¸É· ´-
¸É¢¥´´μ£μ · §·¥Ï¥´¨Ö ¤¥É¥±Éμ· , ±μÉμ·μ¥ ¸μ¸É ¢²Ö¥É 0,03−0,05 ¸³ ¶μ¶¥·¥±
ÖÎ¥°±¨ ¨ 0,27−3,3 ¸³ ¢¤μ²Ó ´¥¥.

‚ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ ± ¦¤Ò° ¤¥É¥±É¨·ÊÕÐ¨° ¸²μ° TRD ¸μ¤¥·¦ ²
´ ¡μ· ³ É¥·¨ ²μ¢ ¢ ¸²¥¤ÊÕÐ¨Ì ¶·μ¶μ·Í¨ÖÌ (¸³. ·¨¸. 2): 29 ³³ ¶μ²¨¶·μ¶¨-
²¥´  (· ¤¨ Éμ·), 6 ³³ £ § ; § ¤´ÖÖ ¶² É  ¸μ¸ÉμÖ²  ¨§ 0,03 ³³ ³¥¤¨, ¶μ±·ÒÉμ°
§μ²μÉμ³; 1,5 ³³ ³ °² · ,   É ±¦¥ ¢ ´ ¡μ·¥ ¡Ò²μ 0,07 ³³ ³¥¤¨, ¶μ±·ÒÉμ°
§μ²μÉμ³; 23,4 ³³ ¢μ§¤ÊÌ .

�¡· ¡μÉ±  ¸μ¡ÒÉ¨° ¢ ¤¥É¥±Éμ·¥ TRD ¶·μ¨§¢μ¤¨É¸Ö ¢ ¤¢  ÔÉ ¶  (¸³. ·¨¸. 3).
‚´ Î ²¥ ¢Ò¶μ²´Ö¥É¸Ö ·¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨° § ·Ö¦¥´´ÒÌ Î ¸É¨Í, § ·¥£¨-
¸É·¨·μ¢ ´´ÒÌ ÖÎ¥°± ³¨ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢. �·¨ ÔÉμ³  ²£μ·¨É³ ·¥±μ´-
¸É·Ê±Í¨¨ É·¥±μ¢ Ëμ·³¨·Ê¥É ¨§ ´ ¡μ·  Ì¨Éμ¢ (x, y, z) ±μμ·¤¨´ É ¸· ¡μÉ ¢Ï¨Ì
ÖÎ¥¥± ¶·μ¸É· ´¸É¢¥´´Ò° É·¥±. �  ¢Éμ·μ³ ÔÉ ¶¥ ´  μ¸´μ¢¥ ¤ ´´ÒÌ μ¡ Ô´¥·£¥É¨-
Î¥¸±¨Ì ¶μÉ¥·ÖÌ ¢ ÖÎ¥°± Ì, μÉ¢¥Î ÕÐ¨Ì ¢μ¸¸É ´μ¢²¥´´μ³Ê É·¥±Ê, ¢Ò¶μ²´Ö¥É¸Ö
¨¤¥´É¨Ë¨± Í¨Ö § ·¥£¨¸É·¨·μ¢ ´´μ° Î ¸É¨ÍÒ.
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�¨¸. 2. ‘É·Ê±ÉÊ·  μ¤´μ£μ ¤¥É¥±É¨·ÊÕÐ¥£μ ¸²μÖ TRD

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¸ÊÐ¥¸É¢¥´´ Ö · §´¨Í  ¢ ¶·μ¤μ²Ó´μ³ ¨ ¶μ¶¥·¥Î´μ³
· §³¥· Ì ÖÎ¥¥± ¶·¨¢μ¤¨É ± ³¥´ÖÕÐ¥°¸Ö μÉ ¸²μÖ ± ¸²μÕ ÉμÎ´μ¸É¨ μ¶·¥¤¥²¥´¨Ö
(x, y)-±μμ·¤¨´ É É·¥± , ÎÉμ ´ ·Ö¤Ê ¸ ¡μ²ÓÏμ° ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ ¸μ¡ÒÉ¨° (¤μ
1200 É·¥±μ¢ ´  μ¤´μ ¸· ¡ ÉÒ¢ ´¨¥ Ê¸É ´μ¢±¨) ¨ ¡μ²ÓÏ¨³ ³´μ£μ±· É´Ò³ ±Ê-
²μ´μ¢¸±¨³ · ¸¸¥Ö´¨¥³ ¸¨²Ó´μ μ¸²μ¦´Ö¥É § ¤ ÎÊ ¢μ¸¸É ´μ¢²¥´¨Ö É· ¥±Éμ·¨°,
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ TRD.

	ËË¥±É¨¢´μ¸ÉÓ  ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢ μ¶·¥¤¥²Ö¥É¸Ö μÉ´μÏ¥-
´¨¥³ ¶· ¢¨²Ó´μ ´ °¤¥´´ÒÌ É·¥±μ¢ ± μ¡Ð¥³Ê Î¨¸²Ê É·¥±μ¢, § ·¥£¨¸É·¨·μ-
¢ ´´ÒÌ TRD. Š·μ³¥ Éμ£μ, μÉ¤¥²Ó´μ ¶μ¤¸Î¨ÉÒ¢ ÕÉ¸Ö ÔËË¥±É¨¢´μ¸É¨ · ¡μÉÒ
 ²£μ·¨É³  ¤²Ö · §²¨Î´ÒÌ É¨¶μ¢ É·¥±μ¢: ¨¸¶Ê¸± ¥³ÒÌ ¨§ ¶¥·¢¨Î´μ° ¢¥·Ï¨´Ò,
®¦¥¸É±¨Ì¯ ¸ ¡μ²ÓÏ¨³ ¨³¶Ê²Ó¸μ³ ¨ ¤·.

‘ ± ¦¤μ° ¨§ ¢μ¸¸É ´μ¢²¥´´ÒÌ É· ¥±Éμ·¨°  ¸¸μÍ¨¨·Ê¥É¸Ö ´ ¡μ· ¶μÉ¥·Ó
Ô´¥·£¨¨, μ¸É ¢²¥´´ÒÌ § ·Ö¦¥´´μ° Î ¸É¨Í¥° ¢ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖÌ. ‘ ¶μ-
³μÐÓÕ Ê± § ´´μ£μ ´ ¡μ·  ¶μÉ¥·Ó Ô´¥·£¨¨ ·¥Ï ¥É¸Ö § ¤ Î  ¨¤¥´É¨Ë¨± Í¨¨
Î ¸É¨ÍÒ,   ¨³¥´´μ, ¸μμÉ¢¥É¸É¢¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ · ¸¸³ É·¨¢ ¥³μ° ¢Ò¡μ·±¨
· ¸¶·¥¤¥²¥´¨Õ ¶μÉ¥·Ó Ô´¥·£¨¨ (¨μ´¨§ Í¨μ´´ÒÌ ¨ ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö)
Ô²¥±É·μ´μ¢ (´Ê²¥¢ Ö £¨¶μÉ¥§  H0), ²¨¡μ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¶¨-
μ´μ¢ ( ²ÓÉ¥·´ É¨¢´ Ö £¨¶μÉ¥§  H1). ˆ¤¥´É¨Ë¨± Í¨Ö Î ¸É¨Í ¶·μ¢μ¤¨É¸Ö ¸
¶μ³μÐÓÕ μ¡ÊÎ¥´´μ° ¶·Ö³μÉμÎ´μ° ´¥°·μ´´μ° ¸¥É¨, ±μÉμ· Ö ¢Ò¶μ²´Ö¥É ·μ²Ó
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�¨¸. 3. �²μ±-¸Ì¥³  ·¥±μ´¸É·Ê±Í¨¨
¸μ¡ÒÉ¨Ö ¢ TRD

¶·μ¢¥·μÎ´μ° ¸É É¨¸É¨±¨ ¢ § ¤ Î¥ ¸É É¨¸É¨-
Î¥¸±μ° ¶·μ¢¥·±¨ £¨¶μÉ¥§. �μ·μ£ ´  ¢¥²¨-
Î¨´Ê ¢ÒÌμ¤´μ£μ ¸¨£´ ²  ´  ¢ÒÌμ¤¥ ´¥°·μ´-
´μ° ¸¥É¨ ¢Ò¡¨· ¥É¸Ö É ±¨³ μ¡· §μ³, ÎÉμ¡Ò
¶μÉ¥·Ö Ô²¥±É·μ´μ¢ ´¥ ¶·¥¢ÒÏ ²  ´ ¶¥·¥¤
§ ¤ ´´μ£μ Ê·μ¢´Ö §´ Î¨³μ¸É¨ α (μÏ¨¡± 
¶¥·¢μ£μ ·μ¤ ); ¶·¨ ÔÉμ³ ¢±² ¤ ¶¨μ´μ¢ ¢ ¤μ-
¶Ê¸É¨³ÊÕ μ¡² ¸ÉÓ β (μÏ¨¡±  ¢Éμ·μ£μ ·μ¤ )
¶μ§¢μ²Ö¥É μ¶·¥¤¥²¨ÉÓ ®±μÔËË¨Í¨¥´É ¶μ¤ -
¢²¥´¨Ö ¶¨μ´μ¢¯, ±μÉμ·Ò° · ¢´Ö¥É¸Ö 100/β.

‡  ¸Î¥É ¸μ±· Ð¥´¨Ö Î¨¸²  ¤¥É¥±É¨·ÊÕ-
Ð¨Ì ¸²μ¥¢ TRD ³μ¦´μ ¤μ¡¨ÉÓ¸Ö §´ Î¨É¥²Ó-
´μ° Ô±μ´μ³¨¨ ¸·¥¤¸É¢ ´  ¶·μ¨§¢μ¤¸É¢μ ¤¥-
É¥±Éμ· . �¤´ ±μ ÔÉμ ¸ ´¥¨§¡¥¦´μ¸ÉÓÕ ¢¥¤¥É
± ¶ ¤¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ ·¥±μ´¸É·Ê±Í¨¨
É· ¥±Éμ·¨° ¨ ¶μ´¨¦¥´¨Õ ±μÔËË¨Í¨¥´É  ¶μ-
¤ ¢²¥´¨Ö ¶¨μ´μ¢. �μÔÉμ³Ê ´¥μ¡Ìμ¤¨³μ ¶μ-
¤μ¡· ÉÓ μ¶É¨³ ²Ó´μ¥ ±μ²¨Î¥¸É¢μ ¤¥É¥±É¨-
·ÊÕÐ¨Ì ¸²μ¥¢ TRD É ±¨³ μ¡· §μ³, ÎÉμ¡Ò

μ¡¥¸¶¥Î¨ÉÓ ¢Ò¸μ±ÊÕ ÔËË¥±É¨¢´μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´¨Ö É·¥±μ¢ (´¥ ´¨¦¥ 90 %) ¨
¶μ²ÊÎ¨ÉÓ ¶·¨¥³²¥³Ò° ±μÔËË¨Í¨¥´É ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢: 100Ä150 [1].

2. �‹ƒ��ˆ’Œ› ������’Šˆ ‘��›’ˆ‰ ‚ TRD

2.1. �¥±μ´¸É·Ê±Í¨Ö É· ¥±Éμ·¨°. �²£μ·¨É³ ¶μ¨¸±  É·¥±μ¢ μ¸´μ¢ ´ ´  ³¥-
Éμ¤¥ ¸²¥¦¥´¨Ö ¶μ É·¥±Ê ¸ ¶·¨³¥´¥´¨¥³ Ë¨²ÓÉ·  Š ²³ ´  [4]. Š·μ³¥ Éμ£μ,
¢ ´¥³ ¨¸¶μ²Ó§Ê¥É¸Ö É ± ´ §Ò¢ ¥³μ¥ ¢¥É¢²¥´¨¥ (branching), ¶·¨ ±μÉμ·μ³ ¤²Ö
± ¦¤μ£μ Ì¨É , ¶·μÏ¥¤Ï¥£μ ¶·μ¢¥·±Ê ´  ¶·¨¸μ¥¤¨´¥´¨¥ ± ¸¥£³¥´ÉÊ É·¥± , ¸μ-
§¤ ¥É¸Ö μÉ¤¥²Ó´μ¥, ´¥§ ¢¨¸¨³μ¥ μÉ¢¥É¢²¥´¨¥ É·¥± .

�¡Ð Ö ¸Ì¥³   ²£μ·¨É³  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 4. ‚¨¤´μ, ÎÉμ ¶·μÍ¥¤Ê· 
¶μ¨¸±  É·¥±μ¢ ´μ¸¨É ¨É¥· Í¨μ´´Ò° Ì · ±É¥·, É. ¥. ¶μ¸²¥ ± ¦¤μ° ¨É¥· Í¨¨
¶μ¨¸± É·¥±μ¢ ³μ¦´μ ¢μ§μ¡´μ¢¨ÉÓ, ¨§³¥´¨¢ ¶ · ³¥É·Ò ¶μ¨¸± . Š·μ³¥ Éμ£μ,
Ì¨ÉÒ, ±μÉμ·Ò¥ ¢±²ÕÎ¥´Ò ¢ ´ °¤¥´´Ò¥ · ´¥¥ É·¥±¨, ¶μ³¥Î ÕÉ¸Ö ± ± Ê¦¥ ¨¸-
¶μ²Ó§μ¢ ´´Ò¥, É¥³ ¸ ³Ò³ ¸ ± ¦¤μ° ¶μ¸²¥¤ÊÕÐ¥° ¨É¥· Í¨¥° ±μ²¨Î¥¸É¢μ ¸¢μ-
¡μ¤´ÒÌ Ì¨Éμ¢ Ê³¥´ÓÏ ¥É¸Ö, ¨ ¸²¥¦¥´¨¥ ³μ¦´μ ¶·μ¢μ¤¨ÉÓ ¸ ¡μ²¥¥ ³Ö£±¨³¨
μ£· ´¨Î¥´¨Ö³¨.

‚ ± Î¥¸É¢¥ ¢Ìμ¤´μ° ¨´Ëμ·³ Í¨¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ³ ¸¸¨¢ ¸ Ì¨É ³¨ ¨ ³ ¸-
¸¨¢ ¸ ¨´¨Í¨¨·ÊÕÐ¨³¨ É·¥± ³¨, § ¤ ÕÐ¨³¨ ´ ¶· ¢²¥´¨¥ ¤²Ö ´ Î ²Ó´μ£μ ¶μ-
¨¸± . �²£μ·¨É³ ¶μ¨¸±  ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ μ¸´μ¢´ÒÌ Î ¸É¥°: ¸²¥¦¥´¨¥ ¨ ¢Ò-
¡μ· Ìμ·μÏ¨Ì É·¥±μ¢. ‘Ì¥³  ¶·μÍ¥¤Ê·Ò ¸²¥¦¥´¨Ö ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 5.
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�¨¸. 4. ‘Ì¥³   ²£μ·¨É³  ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢

�·¨ ¢Ò¡μ·¥ Ìμ·μÏ¨Ì É·¥±μ¢ ÊÎ¨ÉÒ¢ ÕÉ¸Ö Î¨¸²μ Ì¨Éμ¢ ´  É·¥±¥ (¥£μ ¤²¨´ ),
¢¥²¨Î¨´  χ2, ¢ÒÎ¨¸²Ö¥³ Ö ¶·¨ ¶μ¤£μ´±¥ Ì¨Éμ¢ ´ °¤¥´´μ£μ É·¥±  ¸ ¶μ³μ-
ÐÓÕ Ë¨²ÓÉ·  Š ²³ ´ ,   É ±¦¥ ´ ²¨Î¨¥ μ¡Ð¨Ì Ì¨Éμ¢ ¸ ´ °¤¥´´Ò³¨ · ´¥¥
É·¥± ³¨.

„²Ö TRD μ± § ²¨¸Ó ¢μ¸É·¥¡μ¢ ´´Ò³¨ ¤¢  · §²¨Î´ÒÌ ¶μ¤Ìμ¤  ¶μ¨¸±  É· -
¥±Éμ·¨°. �¥·¢Ò°, É ± ´ §Ò¢ ¥³Ò° ®STS based¯, ¨¸¶μ²Ó§Ê¥É ¨´Ëμ·³ Í¨Õ É·¥-
±μ¢, ¶·¥¤¢ ·¨É¥²Ó´μ ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¢ ¢¥·Ï¨´´μ³ ¤¥É¥±Éμ·¥ STS, ¤²Ö
§ ¤ ´¨Ö ¢Ìμ¤´μ£μ ³ ¸¸¨¢  ¸ ¨´¨Í¨¨·ÊÕÐ¨³¨ É·¥± ³¨. ‚μ ¢Éμ·μ³,  ¢Éμ´μ³-
´μ³ (standalone) ¢ ·¨ ´É¥ ¶μ¨¸±  ¨¸¶μ²Ó§Ê¥É¸Ö Éμ²Ó±μ ¨´Ëμ·³ Í¨Ö μÉ¸Î¥Éμ¢
¨§ TRD. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨´¨Í¨¨·ÊÕÐ¨¥ É·¥±¨ ¸μ§¤ ÕÉ¸Ö ¶ÊÉ¥³ ¶¥·¥¡μ·  ¢μ§-
³μ¦´ÒÌ É·¥±μ¢ÒÌ Ô²¥³¥´Éμ¢ ¢ ¶¥·¢μ° TRD-¸É ´Í¨¨.

2.2. ˆ¤¥´É¨Ë¨± Í¨Ö Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ ¨¸±Ê¸¸É¢¥´´μ°
´¥°·μ´´μ° ¸¥É¨. „²Ö ¨¤¥´É¨Ë¨± Í¨Ö Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö · §-
²¨Î¨Ö ¢ · ¸¶·¥¤¥²¥´¨ÖÌ ¶μÉ¥·Ó Ô´¥·£¨¨ Ô²¥±É·μ´ ³¨ ¨ ¶¨μ´ ³¨ ¢ ¤¥É¥±É¨-
·ÊÕÐ¨Ì ¸²μÖÌ TRD. �·¥¤¸É ¢²¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ ¶μ²ÊÎ¥´Ò
¤²Ö ¶¨μ´μ¢ ¨ Ô²¥±É·μ´μ¢, ¨¸¶ÊÐ¥´´ÒÌ ¨§ ¶¥·¢¨Î´μ° ¢¥·Ï¨´Ò (¸³. ·¨¸. 1)
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�¨¸. 5. ‘Ì¥³  · ¡μÉÒ  ²£μ·¨É³  ¸²¥¦¥´¨Ö (¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ μ¤¨´ Ì¨É ´  É·¥±¥
³μ¦¥É μÉ¸ÊÉ¸É¢μ¢ ÉÓ)

¸ ´ Î ²Ó´Ò³ ¨³¶Ê²Ó¸μ³ 1,5 ƒÔ‚/¸. Š·μ³¥ Éμ£μ, ¤²Ö Éμ£μ, ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ
μ¸´μ¢´ÊÕ ³ ¸¸Ê ¢Éμ·¨Î´ÒÌ Ô²¥±É·μ´μ¢, ÊÎ¨ÉÒ¢ ²¨¸Ó Éμ²Ó±μ É ±¨¥ ¸μ¡ÒÉ¨Ö,
¤²Ö ±μÉμ·ÒÌ ¨³¶Ê²Ó¸ Î ¸É¨Í ¢ μ¡² ¸É¨ ¶¥·¢μ° ¸É ´Í¨¨ TRD ¶·¥¢Ò-
Ï ² 0,5 ƒÔ‚/c.

�  ·¨¸. 6 ¶·¨¢¥¤¥´Ò · ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ¤²Ö Ô²¥±É·μ´μ¢ ¢ ¶¥·-
¢μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥:  ) ¶μÉ¥·¨ ´  ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥, ¡) ¨μ´¨§ Í¨μ´-
´Ò¥ ¶μÉ¥·¨, ¢) ¶μ²´Ò¥ ¶μÉ¥·¨. �  ·¨¸. 7 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ ±μ²¨Î¥¸É¢ 
¸²μ¥¢ TRD, ¢ ±μÉμ·ÒÌ ¤²Ö μÉ¤¥²Ó´μ£μ Ô²¥±É·μ´´μ£μ É·¥±  ¶μÉ¥·Ö Ô´¥·£¨¨ ´ 
¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥ μÉ¸ÊÉ¸É¢Ê¥É. ˆ§ ÔÉμ£μ · ¸¶·¥¤¥²¥´¨Ö ¢¨¤´μ, ÎÉμ ¶·¨
·¥£¨¸É· Í¨¨ Ô²¥±É·μ´  ¤²Ö ¡μ²¥¥ ¶μ²μ¢¨´Ò ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¢±² ¤ ¶μ-
É¥·Ó Ô´¥·£¨¨ ´  ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥ μÉ¸ÊÉ¸É¢Ê¥É. 	Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¸
μÎ¥¢¨¤´μ¸ÉÓÕ § ³¥É´μ μ¸²μ¦´Ö¥É ¨¤¥´É¨Ë¨± Í¨Õ Ô²¥±É·μ´μ¢.

�  ·¨¸. 8 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¶¨μ-
´ ³¨ ¢ ÔÉμ³ ¦¥ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥ TRD.

‚ · ¡μÉ¥ [5] ¡Ò²  ¨¸¸²¥¤μ¢ ´  ¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ¨¤¥´-
É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¤²Ö ‘‚Œ TRD ¸ ¶μ³μÐÓÕ ¨¸±Ê¸cÉ¢¥´´μ°
´¥°·μ´´μ° ¸¥É¨ (ˆ�‘) Å ³´μ£μ¸²μ°´μ£μ ¶¥·¸¥¶É·μ´  ¨§ ¶ ±¥É  JETNET [6].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¢ ± Î¥¸É¢¥ ˆ�‘ ´ ³¨ ¨¸¶μ²Ó§μ¢ ²¸Ö ³´μ£μ¸²μ°´Ò°
¶¥·¸¥¶É·μ´ ¨§ ¶ ±¥É  ROOT [3]. ‘¥ÉÓ ¸μ¸ÉμÖ²  ¨§ É·¥Ì ¸²μ¥¢: n ´¥°·μ-
´μ¢ (¶μ Î¨¸²Ê ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ TRD) ¢μ ¢Ìμ¤´μ³ ¸²μ¥, 2n ´¥°·μ´μ¢ ¢
¸±·ÒÉμ³ ¸²μ¥ ¨ μ¤¨´ ¢ÒÌμ¤´μ° ´¥°·μ´. „²Ö μ¡ÊÎ¥´¨Ö ¸¥É¨ ¨¸¶μ²Ó§μ¢ ²¨¸Ó
¢Ò¡μ·±¨ ¨§ 3000 Ô²¥±É·μ´μ¢ ¨ 3000 ¶¨μ´μ¢, ¸£¥´¥·¨·μ¢ ´´ÒÌ ¸ ¶μ³μÐÓÕ ¶ -
±¥É  GEANT3 ¢ ¸·¥¤¥ ‘‚Œ ROOT [8]; ¶·¨ ÔÉμ³ ¶μ² £ ²μ¸Ó, ÎÉμ ¤²Ö ¶¨μ´μ¢
¢ÒÌμ¤´μ° ¸¨£´ ² ¤μ²¦¥´ ¡ÒÉÓ · ¢¥´ −1,   ¤²Ö Ô²¥±É·μ´μ¢ +1.
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�¨¸. 6. � ¸¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ ¤²Ö Ô²¥±É·μ´μ¢ ¢ ¶¥·¢μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥:
a) ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥, ¡) ¨μ´¨§ Í¨μ´´Ò¥ ¶μÉ¥·¨, ¢) ¸Ê³³ ·´ Ö ¶μÉ¥·Ö Ô´¥·£¨¨

ˆ¸¶μ²Ó§μ¢ ´¨¥ ¢ ± Î¥¸É¢¥ ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ ¤²Ö ˆ�‘ ¢Ò¡μ·μ±, ¸μ¸É ¢²¥´-
´ÒÌ ¨§ ¨¸Ìμ¤´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨, ´¥ ¶μ§¢μ²¨²μ ¤μ¸É¨ÎÓ ¶·¨¥³²¥³μ° ¸±μ·μ¸É¨
μ¡ÊÎ¥´¨Ö ´¥°·μ´´μ° ¸¥É¨ ¨ Ê·μ¢´Ö ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í. „²Ö ·¥Ï¥´¨Ö Ê± -
§ ´´μ° ¶·μ¡²¥³Ò ¢ · ¡μÉ¥ [5] ¡Ò²μ ¶·¥¤²μ¦¥´μ ¶·¥μ¡· §μ¢ ´¨¥ ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ ¸μ£² ¸´μ ¸²¥¤ÊÕÐ¥° Ëμ·³Ê²¥:

λi =
ΔEi − ΔEi

mp

ξi
− 0,225, i = 0, 1, ..., n, (1)

£¤¥ ΔEi Å §´ Î¥´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¢ i-³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥; ΔEi
mp Å

´ ¨¡μ²¥¥ ¢¥·μÖÉ´μ¥ §´ Î¥´¨¥ ¶μÉ¥·¨ Ô´¥·£¨¨; ξi = 1
4,02 FWHM · ¸¶·¥¤¥²¥´¨Ö

Ô´¥·£¥É¨Î¥¸±¨Ì ¶μÉ¥·Ó ¤²Ö ¶¨μ´μ¢ ¢ i-³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥. ‚ ´ Ï¥³ ¸²ÊÎ ¥
ΔEi

mp = 1,17,   ξi = 0,52.
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�¨¸. 7. � ¸¶·¥¤¥²¥´¨¥ ±μ²¨Î¥¸É¢  ¸²μ¥¢ TRD ¤²Ö μÉ¤¥²Ó´μ£μ Ô²¥±É·μ´´μ£μ É·¥± , ¢
±μÉμ·ÒÌ μÉ¸ÊÉ¸É¢Ê¥É ¶μÉ¥·Ö Ô´¥·£¨¨ ´  ¶¥·¥Ìμ¤´μ¥ ¨§²ÊÎ¥´¨¥

�¨¸. 8. � ¸¶·¥¤¥²¥´¨¥ ¨μ´¨§ Í¨μ´´ÒÌ ¶μÉ¥·Ó Ô´¥·£¨¨ ¶¨μ´μ¢ ¢ ¶¥·¢μ³ ¤¥É¥±É¨·ÊÕ-
Ð¥³ ¸²μ¥

�μ¸²¥ ¶·¥μ¡· §μ¢ ´¨Ö ³ ¸¸¨¢ ¢¥²¨Î¨´ λi ¸μ·É¨·Ê¥É¸Ö ¢ ¶μ·Ö¤±¥ ¢μ§· -
¸É ´¨Ö ¨ ¤²Ö ± ¦¤μ£μ λi ¢ÒÎ¨¸²Ö¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ¥³Ê §´ Î¥´¨¥ ËÊ´±Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ‹ ´¤ Ê li [9]. �μ¤£μÉμ¢²¥´´Ò¥ É ±¨³ μ¡· §μ³ ´ ¡μ·Ò ¢¥²¨Î¨´
li ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ± Î¥¸É¢¥ ¢Ìμ¤´ÒÌ ¤ ´´ÒÌ ¤²Ö ˆ�‘.

8



�¥§Ê²ÓÉ ÉÒ ¶·¨³¥´¥´¨Ö ¤ ´´μ£μ ¶μ¤Ìμ¤  ¢ § ¤ Î¥ ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±-
É·μ´μ¢ ¨ ¶¨μ´μ¢ ¸ ¶μ³μÐÓÕ ˆ�‘ ¶·¨¢¥¤¥´Ò ¢ · §¤. 3.3.

3. �…‡“‹œ’�’›

3.1. �¶É¨³¨§ Í¨Ö ±μ²¨Î¥¸É¢  ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¢ TRD. �¶É¨³¨§ -
Í¨Ö TRD-¤¥É¥±Éμ·  ¶·μ¢μ¤¨² ¸Ó ¶ÊÉ¥³ ¸μ±· Ð¥´¨Ö ±μ²¨Î¥¸É¢  ¤¥É¥±É¨·ÊÕ-
Ð¨Ì ¸²μ¥¢ ¨ ¨Ì · ¸¶μ²μ¦¥´¨Ö. ‚ ´ ¸ÉμÖÐ¨° ³μ³¥´É ¢ TRD ¶μ Ê³μ²Î ´¨Õ
§ ¤ ¥É¸Ö 12 ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢, ±μÉμ·Ò¥ ¸£·Ê¶¶¨·μ¢ ´Ò ¢ É·¨ ¸É ´Í¨¨
(¸³. ·¨¸. 9).

�¨¸. 9. ‘Ì¥³  TRD ¸ 12 ¤¥É¥±É¨·ÊÕ-
Ð¨³¨ ¸²μÖ³¨ 4Ä4Ä4

‚´ Î ²¥ ¤²Ö ¸μ±· Ð¥´¨Ö Î¨¸² 
¸²μ¥¢ ¨§ ± ¦¤μ° ¸É ´Í¨¨ ¡Ò²¨ ¨¸-
±²ÕÎ¥´Ò ¶μ μ¤´μ³Ê (·¨¸. 10,  ) ¨ ¶μ ¤¢ 
(·¨¸. 10, ¡) ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖ, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ¶·¨³¥·´μ 25- ¨ 50 %-³Ê
Ê³¥´ÓÏ¥´¨Õ ¸Éμ¨³μ¸É¨ ¤¥É¥±Éμ· .

�¤´ ±μ μ¡  ÔÉ¨Ì ¢ ·¨ ´É  ´¥ μ¡¥¸-
¶¥Î¨²¨ ´¥μ¡Ìμ¤¨³μ£μ Ê·μ¢´Ö · ¸¶μ§´ -
¢ ´¨Ö É·¥±μ¢ ¢ ¸²ÊÎ ¥  ¢Éμ´μ³´μ£μ ¶μ¤-
Ìμ¤ . ‚ ÔÉμ° ¸¢Ö§¨ ¡Ò²¨ · ¸¸³μÉ·¥´Ò
¤¢  ¤·Ê£¨Ì ¢ ·¨ ´É  · ¸¶μ²μ¦¥´¨Ö ¤¥-
É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´ 
·¨¸. 11. 	É¨ ¢ ·¨ ´ÉÒ ´¥ ¸Éμ²Ó Ô±μ´μ-
³¨Î´Ò ¶μ ¸Éμ¨³μ¸É¨, ± ± ¶·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 10, ´μ ¶μ§¢μ²ÖÕÉ ¸μ±· É¨ÉÓ
· ¸Ìμ¤Ò ´  ¨§£μÉμ¢²¥´¨¥ TRD ¶·¨³¥·´μ ´  17% (¤²Ö £¥μ³¥É·¨¨ 4Ä3Ä3) ¨
33 % (¤²Ö £¥μ³¥É·¨¨ 4Ä2Ä2).

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ÔËË¥±É¨¢´μ¸É¨  ²£μ·¨É³  ¶μ¨¸±  É· ¥±Éμ·¨° Î ¸É¨Í
¤²Ö · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD-¤¥É¥±Éμ·  ¶·¨¢¥¤¥´Ò ´¨¦¥.

�¨¸. 10. ‘Ì¥³  TRD:  ) ¸ ¤¥¢ÖÉÓÕ ¤¥É¥±É¨·ÊÕÐ¨³¨ ¸²μÖ³¨ (3Ä3Ä3), ¡) ¸ Ï¥¸ÉÓÕ
¤¥É¥±É¨·ÊÕÐ¨³¨ ¸²μÖ³¨ (2Ä2Ä2)
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�¨¸. 11. ‘Ì¥³  TRD:  ) ¸ ¤¥¸ÖÉÓÕ ¤¥É¥±É¨·ÊÕÐ¨³¨ ¸²μÖ³¨ (4Ä3Ä3), ¡) ¸ ¢μ¸¥³ÓÕ
¤¥É¥±É¨·ÊÕÐ¨³¨ ¸²μÖ³¨ (4Ä2Ä2)

3.2. 	ËË¥±É¨¢´μ¸É¨  ²£μ·¨É³μ¢ ¶μ¨¸±  É· ¥±Éμ·¨° Î ¸É¨Í. 	ËË¥±É¨¢-
´μ¸É¨  ²£μ·¨É³μ¢ ¶μ¨¸±  É·¥±μ¢ Î ¸É¨Í ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ¨³¶Ê²Ó¸  ¤²Ö
¸É ´¤ ·É´μ° £¥μ³¥É·¨¨ TRD ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 12. �·¨ ¢ÒÎ¨¸²¥´¨¨ ÔË-
Ë¥±É¨¢´μ¸É¨ ÊÎ¨ÉÒ¢ ² ¸Ó ¸É¥¶¥´Ó ¸μμÉ¢¥É¸É¢¨Ö ´ °¤¥´´μ£μ É·¥±  ³μ¤¥²Ó´Ò³
É·¥± ³. �´  μÍ¥´¨¢ ² ¸Ó ¶μ Î¨¸²Ê Ì¨Éμ¢ ¨§ ³μ¤¥²Ó´ÒÌ É·¥±μ¢, ¢´¥¸Ï¨Ì ¢±² ¤
¢ ¢μ¸¸É ´μ¢²¥´´Ò° É·¥±. �·¨ ÔÉμ³ ¶μ² £ ²μ¸Ó, ÎÉμ ³μ¤¥²Ó´Ò° É·¥±, ¤ ¢Ï¨°
³ ±¸¨³ ²Ó´μ¥ ±μ²¨Î¥¸É¢μ Ì¨Éμ¢, μÉ¢¥Î ¥É ´ °¤¥´´μ³Ê É·¥±Ê. ’·¥± ¸Î¨É ²¸Ö
¶· ¢¨²Ó´μ ¢μ¸¸É ´μ¢²¥´´Ò³, ¥¸²¨ ¡μ²¥¥ 70 % ¥£μ Ì¨Éμ¢ ¸μ¢¶ ¤ ²¨ ¸ Ì¨É ³¨
 ¸¸μÍ¨¨·μ¢ ´´μ£μ ¸ ´¨³ ³μ¤¥²Ó´μ£μ É·¥± .

	ËË¥±É¨¢´μ¸É¨  ²£μ·¨É³μ¢ ¶μ¨¸±  É· ¥±Éμ·¨° Î ¸É¨Í ¤²Ö · §²¨Î´ÒÌ ¢ -
·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1 ¨ 2. �´¨ ¤ ´Ò ¢ ¶·μÍ¥´É Ì
¶μ μÉ´μÏ¥´¨Õ ± μ¡Ð¥³Ê Î¨¸²Ê ¸³μ¤¥²¨·μ¢ ´´ÒÌ É·¥±μ¢. ‚ É ¡²¨Í Ì ¶·¨¢¥-

�¨¸. 12. 	ËË¥±É¨¢´μ¸É¨ ¶μ¨¸±  É·¥±μ¢ Î ¸É¨Í ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì ¨³¶Ê²Ó¸  ¤²Ö
 ) ®STS based¯ ¶μ¤Ìμ¤ , ¡) ¶μ¤Ìμ¤  ®stand-alone¯
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’ ¡²¨Í  1. 	ËË¥±É¨¢´μ¸É¨ ¶μ¨¸±  É· ¥±Éμ·¨° Î ¸É¨Í ¤²Ö · §´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ-
³¥É·¨¨ TRD ¢ ¸²ÊÎ ¥ ¶μ¤Ìμ¤  ®STS based¯

’¨¶ É·¥± 
ƒ¥μ³¥É·¨Ö

2Ä2Ä2 3Ä3Ä3 4Ä4Ä4 4Ä2Ä2 4Ä3Ä3
All 95,7 95,2 95,5 95,5 95,5
Vertex 95,9 95,4 95,6 95,7 95,7
Reference 96,3 95,7 95,8 96,0 95,9
Non vertex 94,1 93,4 93,9 93,8 93,9
Ghost 5,8 5,2 3,7 4,1 3,2

’ ¡²¨Í  2. 	ËË¥±É¨¢´μ¸É¨ ¶μ¨¸±  É· ¥±Éμ·¨° Î ¸É¨Í ¤²Ö · §´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ-
³¥É·¨¨ TRD ¢ ¸²ÊÎ ¥  ²£μ·¨É³   ¢Éμ´μ³´μ£μ ¶μ¨¸± 

’¨¶ É·¥± 
ƒ¥μ³¥É·¨Ö

4Ä4Ä4 4Ä2Ä2 4Ä3Ä3
All 89,1 88,8 88,9
Vertex 94,3 94,6 94,3
Reference 94,4 94,7 94,4
Non vertex 77,1 75,8 76,6
Ghost 6,2 7,1 5,9

¤¥´Ò ¸²¥¤ÊÕÐ¨¥ É¨¶Ò É·¥±μ¢: All Å ¶μ²´μ¸ÉÓÕ ·¥±μ´¸É·Ê¨·μ¢ ´´Ò¥ É·¥±¨
(¶·μÌμ¤ÖÐ¨¥ Î¥·¥§ ¢¸¥ ¤¥É¥±É¨·ÊÕÐ¨¥ ¸²μ¨ TRD); Vertex Å É·¥±¨, μ¡· -
§μ¢ ¢Ï¨¥¸Ö ¢ μ¡² ¸É¨ ³¨Ï¥´¨; Non vertex Å É·¥±¨, μ¡· §μ¢ ¢Ï¨¥¸Ö ´¥ ¢
μ¡² ¸É¨ ³¨Ï¥´¨; Reference Å ÔÉμ Vertex-É·¥±¨ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸μ³ ¡μ²¥¥
1 ƒÔ‚/c; Ghost Å ²μ¦´Ò¥ É·¥±¨, Ê ±μÉμ·ÒÌ ³¥´¥¥ 70 % Ì¨Éμ¢ ¶·¨´ ¤²¥¦ É
μ¤´μ³Ê ³μ¤¥²Ó´μ³Ê É·¥±Ê.

ˆ§ É ¡². 1 ¢¨¤´μ, ÎÉμ ¤²Ö ¶μ¤Ìμ¤  ®STS based¯  ²£μ·¨É³ μ¡¥¸¶¥Î¨¢ ¥É
¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢Ò¥ ÔËË¥±É¨¢´μ¸É¨ ¤²Ö ¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´Éμ¢
£¥μ³¥É·¨¨ TRD. ‘²¥¤Ê¥É Éμ²Ó±μ § ³¥É¨ÉÓ, ÎÉμ ¶·¨ Ê³¥´ÓÏ¥´¨¨ Î¨¸²  ¸²μ¥¢
· ¸É¥É ¤μ²Ö ²μ¦´ÒÌ É·¥±μ¢.

‚ ¨¸¶ÒÉ ´¨ÖÌ  ²£μ·¨É³   ¢Éμ´μ³´μ£μ ¶μ¨¸±  ¡Ò²¨ · ¸¸³μÉ·¥´Ò Éμ²Ó±μ
É·¨ ¢ ·¨ ´É  £¥μ³¥É·¨¨ TRD (¸³. É ¡². 2). ’ ± ± ± ¢ TRD ´¥É ³ £´¨É´μ£μ
¶μ²Ö, Éμ É· ¥±Éμ·¨Ö § ·Ö¦¥´´μ° Î ¸É¨ÍÒ §¤¥¸Ó ¨³¥¥É ¢¨¤ ¶·Ö³μ° ²¨´¨¨, ¤²Ö
§ ¤ ´¨Ö ´ ¶· ¢²¥´¨Ö ±μÉμ·μ° É·¥¡ÊÕÉ¸Ö ³¨´¨³Ê³ ¤¢¥ ÉμÎ±¨. ’ ±¨³ μ¡· §μ³,
¢ ¶¥·¢μ° TRD ¸É ´Í¨¨ ´¥μ¡Ìμ¤¨³μ ¨³¥ÉÓ ¤¢  Ì¨É  ¸ Ìμ·μÏ¨³ · §·¥Ï¥´¨¥³
¶μ ± ¦¤μ° ¨§ x-, y-±μμ·¤¨´ É. � É ± ± ± ¨§-§  ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³Ò ÖÎ¥¥±
¢ ± ¦¤μ³ ¤¥É¥±É¨·ÊÕÐ¥³ ¸²μ¥ ³Ò ¨³¥¥³ Ìμ·μÏ¥¥ · §·¥Ï¥´¨¥ Éμ²Ó±μ ¶μ
μ¤´μ° ¨§ x- ¨²¨ y-±μμ·¤¨´ É, Éμ ¶¥·¢ Ö ¸É ´Í¨Ö ¤μ²¦´  ¸μ¤¥·¦ ÉÓ ³¨´¨³Ê³
Î¥ÉÒ·¥ ¸²μÖ.
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ˆ§ É ¡². 2 ¢¨¤´μ, ÎÉμ  ²£μ·¨É³  ¢Éμ´μ³´μ£μ ¶μ¨¸±  μ¡¥¸¶¥Î¨¢ ¥É ¡²¨§±¨¥
ÔËË¥±É¨¢´μ¸É¨ ¤²Ö ¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD. ’ ±¨³
μ¡· §μ³, ¸ ÊÎ¥Éμ³ ÔËË¥±É¨¢´μ¸É¨  ²£μ·¨É³μ¢ ¶μ¨¸±  É·¥±μ¢ μ¶É¨³ ²Ó´Ò³
¶μ ¸Éμ¨³μ¸É¨ ¤¥É¥±Éμ·  Ö¢²Ö¥É¸Ö ¢ ·¨ ´É £¥μ³¥É·¨¨ 4Ä2Ä2.

„²Ö μ±μ´Î É¥²Ó´μ£μ ¢Ò¡μ·  μ¶É¨³ ²Ó´μ° £¥μ³¥É·¨¨ ¤¥É¥±Éμ·  ´¥μ¡Ìμ-
¤¨³μ ¨¸¸²¥¤μ¢ ÉÓ ÔËË¥±É¨¢´μ¸ÉÓ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¸ ¶μ³μÐÓÕ ˆ�‘
¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD.

3.3. �¥§Ê²ÓÉ ÉÒ · ¡μÉÒ  ²£μ·¨É³  ¨¤¥´É¨Ë¨± Í¨¨. �¥§Ê²ÓÉ ÉÒ · ¡μÉÒ
 ²£μ·¨É³  ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¤²Ö ¸É ´¤ ·É´μ° £¥μ³¥É·¨¨ ¤¥É¥±Éμ·  (4Ä
4Ä4) ¶·¨¢¥¤¥´Ò ´  ·¨¸. 13. ‡¤¥¸Ó ¢ ²μ£ ·¨Ë³¨Î¥¸±μ³ ³ ¸ÏÉ ¡¥ ¶·¥¤¸É ¢²¥´Ò
¢ÒÌμ¤´Ò¥ §´ Î¥´¨Ö ˆ�‘ ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö ²¨´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±-
É¨·´ Ö ²¨´¨Ö), μ¡ÊÎ¥´´μ° ¶μ ³¥Éμ¤Ê μ¡· É´μ£μ · ¸¶·μ¸É· ´¥´¨Ö μÏ¨¡±¨ [6].

�μ·μ£ ´  ¢ÒÌμ¤´μ¥ §´ Î¥´¨¥ ˆ�‘ ¢Ò¡¨· ²¸Ö ¨¸Ìμ¤Ö ¨§ § ¤ ´´μ£μ Ê·μ¢´Ö
§´ Î¨³μ¸É¨ α = 10 % Å ¤μ¶Ê¸É¨³μ£μ Ê·μ¢´Ö ¶μÉ¥·¨ Ô²¥±É·μ´μ¢. �  ·¨¸. 14
¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ´ ±μ¶²¥´´μ° ¢¥·μÖÉ´μ¸É¨ ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö ²¨-
´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±É¨·´ Ö ²¨´¨Ö) μÉ ¢¥²¨Î¨´Ò ¢ÒÌμ¤´μ£μ ¸¨£´ ²  ¸¥É¨.
ˆ§ ÔÉ¨Ì § ¢¨¸¨³μ¸É¥° ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨¸±μ³μ¥ §´ Î¥´¨¥ ¶μ·μ£ , ±μÉμ·μ¥ ¢
´ Ï¥³ ¸²ÊÎ ¥ · ¢´Ö¥É¸Ö 0,855. �·¨ ÔÉμ³ μÏ¨¡±  ¢Éμ·μ£μ ·μ¤  β = 0,314 %,
  Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ ¸μ¸É ¢²Ö¥É 318.

�  ·¨¸. 15 ¨ 16 ¶·¥¤¸É ¢²¥´Ò  ´ ²μ£¨Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨ § ¢¨¸¨³μ¸É¨
¤²Ö £¥μ³¥É·¨¨ TRD ¸ Ï¥¸ÉÓÕ ¤¥É¥±É¨·ÊÕÐ¨³¨ ¶²μ¸±μ¸ÉÖ³¨ (¸³. ·¨¸. 10, ¡).
�μ·μ£μ¢μ¥ §´ Î¥´¨¥ ¤²Ö ÔÉμ£μ ¸²ÊÎ Ö · ¢´Ö¥É¸Ö 0,3,   Ë ±Éμ· ¶μ¤ ¢²¥´¨Ö
¶¨μ´μ¢ ¸μ¸É ¢²Ö¥É Éμ²Ó±μ 23.

�¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö  ²£μ·¨É³  ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¤²Ö ¢¸¥Ì · ¸-
¸³μÉ·¥´´ÒÌ ¢ÒÏ¥ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 3.

�¨¸. 13. ƒ¨¸Éμ£· ³³  ¢ÒÌμ¤´ÒÌ §´ -
Î¥´¨° ˆ�‘ ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö
²¨´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±É¨·´ Ö
²¨´¨Ö) ¤²Ö ¸É ´¤ ·É´μ£μ ¢ ·¨ ´É 
£¥μ³¥É·¨¨ (4Ä4Ä4) TRD

�¨¸. 14. ‡ ¢¨¸¨³μ¸É¨ ´ ±μ¶²¥´´ÒÌ ¢¥-
·μÖÉ´μ¸É¥° ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö ²¨-
´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±É¨·´ Ö ²¨´¨Ö)
μÉ ¢¥²¨Î¨´Ò ¢ÒÌμ¤´μ£μ ¸¨£´ ²  ˆ�‘
¤²Ö ¸É ´¤ ·É´μ£μ ¢ ·¨ ´É  £¥μ³¥É·¨¨
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�¨¸. 15. ƒ¨¸Éμ£· ³³  ¢ÒÌμ¤´ÒÌ §´ -
Î¥´¨° ˆ�‘ ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö
²¨´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±É¨·´ Ö ²¨-
´¨Ö) ¤²Ö TRD ¸ Ï¥¸ÉÓÕ ¤¥É¥±É¨·ÊÕ-
Ð¨³¨ ¸²μÖ³¨

�¨¸. 16. ‡ ¢¨¸¨³μ¸É¨ ´ ±μ¶²¥´´ÒÌ ¢¥-
·μÖÉ´μ¸É¥° ¤²Ö ¶¨μ´μ¢ (¸¶²μÏ´ Ö ²¨-
´¨Ö) ¨ Ô²¥±É·μ´μ¢ (¶Ê´±É¨·´ Ö ²¨´¨Ö)
μÉ ¢¥²¨Î¨´Ò ¢ÒÌμ¤´μ£μ ¸¨£´ ²  ˆ�‘
¤²Ö TRD ¸ Ï¥¸ÉÓÕ ¤¥É¥±É¨·ÊÕÐ¨³¨
¸²μÖ³¨

’ ¡²¨Í  3. �¥§Ê²ÓÉ ÉÒ É¥¸É¨·μ¢ ´¨Ö  ²£μ·¨É³  ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í ¤²Ö · §²¨Î-
´μ£μ ±μ²¨Î¥¸É¢  ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ TRD ¶·¨ 10 %-³ Ê·μ¢´¥ ¶μÉ¥·Ó Ô²¥±É·μ´μ¢

Šμ²¨Î¥¸É¢μ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ 12 11 10 9 8 7 6
�μ¤ ¢²¥´¨¥ ¶¨μ´μ¢ 318 250 148 94 57 34 23

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¶·¨¥³²¥³Ò° Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢ (μ±μ²μ
100) ¸μÌ· ´Ö¥É¸Ö ¢¶²μÉÓ ¤μ ¤¥¢ÖÉ¨ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢, ÎÉμ ¶μ§¢μ²Ö¥É ¸Ô±μ-
´μ³¨ÉÓ μ±μ²μ 25 % μÉ ¸Éμ¨³μ¸É¨ ¸É ´¤ ·É´μ£μ ¢ ·¨ ´É  TRD.

‡�Š‹
—…�ˆ…

�·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ μ¶É¨³¨§ Í¨¨ £¥μ³¥É·¨¨ ¤¥É¥±Éμ· 
¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö Ô±¸¶¥·¨³¥´É  ‘‚Œ. �¶É¨³¨§ Í¨Ö TRD ¶·μ¢μ¤¨-
² ¸Ó ¶μ ¶ÊÉ¨ ³¨´¨³¨§ Í¨¨ Î¨¸²  ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¨ ¨Ì · ¸¶μ²μ¦¥´¨Ö ¢
¶·μ¸É· ´¸É¢¥ ¸ Í¥²ÓÕ ¸μ±· Ð¥´¨Ö Ë¨´ ´¸μ¢ÒÌ § É· É ´  ¨§£μÉμ¢²¥´¨¥ ¤¥É¥±-
Éμ· . �·¨ ÔÉμ³ ´¥μ¡Ìμ¤¨³μ ¡Ò²μ μ¡¥¸¶¥Î¨ÉÓ É·¥¡Ê¥³Ò¥ ÔËË¥±É¨¢´μ¸É¨ ¤²Ö
 ²£μ·¨É³μ¢ ·¥±μ´¸É·Ê±Í¨¨ É·¥±μ¢, ¨¤¥´É¨Ë¨± Í¨¨ Ô²¥±É·μ´μ¢ ¨ ¶μ¤ ¢²¥´¨Ö
¶¨μ´μ¢.

�Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ¶ÖÉÓ · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ £¥μ³¥É·¨¨ TRD. ‘ ÊÎ¥Éμ³
ÔËË¥±É¨¢´μ¸É¨ · ¸¶μ§´ ¢ ´¨Ö É·¥±μ¢ (¤²Ö  ²£μ·¨É³μ¢ ´  μ¸´μ¢¥ STS-based ¨
 ¢Éμ´μ³´μ£μ ¶μ¤Ìμ¤μ¢) μ¶É¨³ ²Ó´Ò³ ¶μ ±μ²¨Î¥¸É¢Ê ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μ¥¢ ¨
¨Ì · ¸¶μ²μ¦¥´¨Õ μ± § ²¸Ö ¢ ·¨ ´É £¥μ³¥É·¨¨ 4Ä2Ä2. �´ ¶μ§¢μ²Ö¥É ¸Ô±μ´μ-
³¨ÉÓ ¶·¨³¥·´μ 33 % μÉ ¸Éμ¨³μ¸É¨ ¸É ´¤ ·É´μ£μ ¢ ·¨ ´É  TRD. �¤´ ±μ, ± ±
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¶μ± § ² ¶μ¸²¥¤ÊÕÐ¨°  ´ ²¨§ ¸ ¶μ³μÐÓÕ  ²£μ·¨É³  ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í,
É ±μ£μ ±μ²¨Î¥¸É¢  ¸²μ¥¢ ´¥¤μ¸É ÉμÎ´μ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö É·¥¡Ê¥³μ£μ Ê·μ¢´Ö
¶μ¤ ¢²¥´¨Ö ¶¨μ´μ¢.

�²£μ·¨É³ ¨¤¥´É¨Ë¨± Í¨¨ Î ¸É¨Í É¥¸É¨·μ¢ ²¸Ö ´  Ô²¥±É·μ´ Ì ¨ ¶¨μ´ Ì
¸ ¨³¶Ê²Ó¸μ³ 1,5 ƒÔ‚/c, ¨¸¶ÊÐ¥´´ÒÌ ¨§ ¶¥·¢¨Î´μ° ¢¥·Ï¨´Ò. �Ò²μ ¶μ± -
§ ´μ, ÎÉμ ¶·¨ ¶μÉ¥·¥ μ±μ²μ 10% Ô²¥±É·μ´μ¢ ¶·¨¥³²¥³Ò° Ê·μ¢¥´Ó ¶μ¤ ¢²¥´¨Ö
¶¨μ´μ¢ (μ±μ²μ 100) ¤μ¸É¨£ ¥É¸Ö Ê¦¥ ¶·¨ ¤¥¢ÖÉ¨ ¤¥É¥±É¨·ÊÕÐ¨Ì ¸²μÖÌ, ÎÉμ
¶μ§¢μ²Ö¥É ¸Ô±μ´μ³¨ÉÓ μ±μ²μ 25% μÉ ¸Éμ¨³μ¸É¨ ¸É ´¤ ·É´μ£μ ¢ ·¨ ´É  £¥μ³¥-
É·¨¨ TRD. ‚ ¤ ²Ó´¥°Ï¥³ ¸²¥¤Ê¥É ¢Ò¶μ²´¨ÉÓ  ´ ²μ£¨Î´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¤²Ö
Ô²¥±É·μ´μ¢ ¨ ¶¨μ´μ¢ ¸ ¨³¶Ê²Ó¸ ³¨ μÉ 1 ¤μ 15 ƒÔ‚/¸.

� §· ¡μÉ ´´Ò¥  ²£μ·¨É³Ò ¨ ¶·μ£· ³³Ò ¢±²ÕÎ¥´Ò ¢ ¶·μ£· ³³´ÊÕ ¸·¥¤Ê
Ô±¸¶¥·¨³¥´É  ‘‚Œ ROOT [8].
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