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�Ô·μ£¥²Ó Ê¸¶¥Ï´μ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥ · ¤¨ Éμ·  ¢ Î¥·¥´±μ¢¸±¨Ì ¤¥É¥±Éμ· Ì.
‚ 2004 £. ¡Ò² ¶·¥¤²μ¦¥´ ¨ ¨§£μÉμ¢²¥´ ³´μ£μ¸²μ°´Ò°  Ô·μ£¥²Ó, ¶μ§¢μ²ÖÕÐ¨° Ëμ±Ê¸¨-
·μ¢ ÉÓ Î¥·¥´±μ¢¸±μ¥ ±μ²ÓÍμ. �  μ¸´μ¢¥ É ±μ£μ  Ô·μ£¥²Ö · §· ¡ ÉÒ¢ ÕÉ¸Ö ¤¥É¥±Éμ·Ò
FARICH (Focusing Aerogel Rich Imaging CHerenkov), É ±¨¥ ± ± ARICH ¤²Ö Ô±¸¶¥-
·¨³¥´É  Belle-II (KEK, Ÿ¶μ´¨Ö), Forward RICH ¤²Ö Ô±¸¶¥·¨³¥´É  PANDA (FAIR,
ƒ¥·³ ´¨Ö),   É ±¦¥ FARICH ¤²Ö ¶·μ¥±É  Ë ¡·¨±¨ ‘Ê¶¥· — ·³-’ Ê (ˆŸ”, �μ¢μ¸¨-
¡¨·¸±). ‚ Ìμ¤¥ ¤ ´´μ° · §· ¡μÉ±¨ ¸μ§¤ ´Ò ¨ ¨¸¶ÒÉ ´Ò ¶·μÉμÉ¨¶Ò ¤¥É¥±Éμ·  FARICH
´  μ¸´μ¢¥ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ MRS APD ¨ Philips DPC. „μ¸É¨£´ÊÉμ Ê£²μ¢μ¥ · §·¥-
Ï¥´¨¥ ·¥£¨¸É· Í¨¨ Î¥·¥´±μ¢¸±μ£μ ±μ²ÓÍ  3,6 ³· ¤.

Aerogel has been successfully used as a radiator in Cherenkov detectors. In 2004,
a multilayer aerogel was proposed and produced which allows one to focus Cherenkov
ring. FARICH (Focusing Aerogel Rich Imaging CHerenkov) detectors such as ARICH for
Belle-II (KEK, Japan), Forward RICH for PANDA (FAIR, Germany), and FARICH for
the Super Charm-Tau factory project (BINP, Novosibirsk) are developed on the basis of
this aerogel. In the course of this development, prototypes of FARICH detector based on
photosensors MRS APD and Philips DPC have been created and tested. Angular resolution
of Cherenkov rings 3.6 mrad was obtained.
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Š��–…�–ˆŸ „…’…Š’��� FARICH

‚ μ¸´μ¢¥ ¤¥É¥±Éμ·  FARICH ²¥¦¨É  Ô·μ£¥²¥¢Ò° · ¤¨ Éμ·, · ¸¶μ² £ Õ-
Ð¨°¸Ö ¶¥·¥¤ ËμÉμÎÊ¢¸É¢¨É¥²Ó´μ° ³ É·¨Í¥°. Œ É·¨Í  ¸²Ê¦¨É ¤²Ö ·¥£¨¸É· Í¨¨
Î¥·¥´±μ¢¸±μ£μ ±μ²ÓÍ , ¶μ · ¤¨Ê¸Ê ±μÉμ·μ£μ μ¶·¥¤¥²Ö¥É¸Ö ¸±μ·μ¸ÉÓ ¶·μ²¥É Õ-
Ð¥° Î ¸É¨ÍÒ. ”μ±Ê¸¨·ÊÕÐ¨¥  Ô·μ£¥²¥¢Ò¥ · ¤¨ Éμ·Ò ¶μ§¢μ²ÖÕÉ § ·¥£¨¸É·¨-
·μ¢ ÉÓ ¡μ²ÓÏ¥¥ Î¨¸²μ ËμÉμ´μ¢ §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö Éμ²Ð¨´Ò · ¤¨ Éμ·  ¡¥§

Многослойный аэрогель

Детектирующая
матрица

Заряженная
частица

n n�

�¨¸. 1. ‘Ì¥³  Ëμ±Ê¸¨·μ¢±¨ ³´μ£μ¸²μ°-
´μ£μ  Ô·μ£¥²Ö

Ê¢¥²¨Î¥´¨Ö Ï¨·¨´Ò Î¥·¥´±μ¢¸±μ£μ
±μ²ÓÍ . ”μ±Ê¸¨·ÊÕÐ¨°  Ô·μ£¥²¥¢Ò°
· ¤¨ Éμ· ¸μ¸Éμ¨É ¨§ ´¥¸±μ²Ó±¨Ì ¸²μ¥¢,
±μÔËË¨Í¨¥´ÉÒ ¶·¥²μ³²¥´¨Ö ±μÉμ·ÒÌ
¶μ¤μ¡· ´Ò É ±, ÎÉμ Î¥·¥´±μ¢¸±¨¥
±μ²ÓÍ  μÉ ± ¦¤μ£μ ¸²μÖ ´ ±² ¤Ò¢ ÕÉ¸Ö
μ¤´μ ´  ¤·Ê£μ¥ (·¨¸. 1). �¸μ¡¥´´μ¸ÉÓ
¨§£μÉμ¢²¥´¨Ö ³´μ£μ¸²μ°´ÒÌ  Ô·μ£¥²¥-
¢ÒÌ · ¤¨ Éμ·μ¢ § ±²ÕÎ ¥É¸Ö ¢ μÉ-
¸ÊÉ¸É¢¨¨ ¢μ§¤ÊÏ´μ° ¶·μ¸²μ°±¨ ³¥¦¤Ê
¸²μÖ³¨, ÎÉμ ¨¸±²ÕÎ ¥É ¢´ÊÉ·¥´´¥¥ μÉ-
· ¦¥´¨¥ ¨ ¶μÉ¥·Õ ¸¢¥É . ‚ ´ ¸ÉμÖ-
Ð¥¥ ¢·¥³Ö ¢ ˆ´¸É¨ÉÊÉ¥ ± É ²¨§  ‘�
��� Ê¦¥ ¶μ²ÊÎ¥´Ò Ô±¸¶¥·¨³¥´É ²Ó-
´Ò¥ μ¡· §ÍÒ ®£· ¤¨¥´É´ÒÌ¯  Ô·μ£¥²¥°, ¢ ±μÉμ·ÒÌ ±μÔËË¨Í¨¥´É ¶·¥²μ³²¥´¨Ö
¶² ¢´μ ³¥´Ö¥É¸Ö ¶μ £²Ê¡¨´¥ · ¤¨ Éμ· , ÎÉμ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¥Ð¥ ¡μ²¥¥ Ê§-
±¨¥ Î¥·¥´±μ¢¸±¨¥ ±μ²ÓÍ .

”μÉμÎÊ¢¸É¢¨É¥²Ó´ Ö ³ É·¨Í  ¢ ¤¥É¥±Éμ·¥ FARICH ¤μ²¦´  μ¡² ¤ ÉÓ Ìμ-
·μÏ¨³ ¶·μ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³,   É ±¦¥ ¨³¥ÉÓ ³ ²Ò° É¥³´μ¢μ° Éμ±
¤²Ö Ìμ·μÏ¥£μ ¢Ò¤¥²¥´¨Ö ¶μ²¥§´μ£μ ¸¨£´ ²  ¨ ¢μ§³μ¦´μ¸É¨ ·¥£¨¸É·¨·μ¢ ÉÓ
¸¢¥É ¢ μ¤´μËμÉμ´´μ³ ·¥¦¨³¥.

���’�’ˆ� „…’…Š’��� FARICH �� �‘��‚… MRS APD

‚ 2009 £. ¡Ò² ¸μ¡· ´ μ¤¨´ ¨§ ¶¥·¢ÒÌ ¶·μÉμÉ¨¶μ¢ ¤¥É¥±Éμ·  FARICH ¸
ËμÉμÎÊ¢¸É¢¨É¥²Ó´μ° ³ É·¨Í¥° ´  μ¸´μ¢¥ ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢ MRS APD.
MRS APD ´¥ÎÊ¢¸É¢¨É¥²Ó´Ò ± ³ £´¨É´μ³Ê ¶μ²Õ, ÎÉμ · ¸Ï¨·Ö¥É ¸Ë¥·Ê ¶·¨-
³¥´¨³μ¸É¨ ÔÉμ£μ ¤¥É¥±Éμ· . �¨± ËμÉμÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ MRS APD ´ Ìμ¤¨É¸Ö
¢ · °μ´¥ ¤²¨´Ò ¢μ²´Ò 650 ´³ ¨ ¸μ¸É ¢²Ö¥É 33%. „²Ö ·¥£¨¸É· Í¨¨ Î¥·¥´±μ¢-
¸±μ£μ ¸¢¥É  MRS APD ¨¸¶μ²Ó§μ¢ ² ¸Ó ¸¶¥Í¨ ²Ó´ Ö ±· ¸±  ¤²Ö ¸¤¢¨£  ¤²¨´Ò
¢μ²´Ò Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ μ¡² ¸ÉÓ ¢Ò¸μ±μ° ±¢ ´Éμ¢μ° ÔËË¥±É¨¢´μ¸É¨
APD. �·¨ ÔÉμ³ ¶·¨ ¤²¨´¥ ¢μ²´Ò ¢ 410 ´³ ¶μ²´ Ö ±¢ ´Éμ¢ Ö ÔËË¥±É¨¢´μ¸ÉÓ
PDE ¸μ¸É ¢²Ö¥É 11%. ‡ ¢¨¸¨³μ¸ÉÓ PDE MRS APD μÉ ¤²¨´Ò ¢μ²´Ò ¸¢¥É 
¶·¨¢¥¤¥´  ´  ·¨¸. 2. ŠμÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ËμÉμ¤¨μ¤μ¢ ¸μ¸É ¢²Ö¥É 5 · 105
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ PDE ËμÉμ¤¨μ¤μ¢ MRS APD μÉ ¤²¨´Ò ¢μ²´Ò ¸¢¥É 
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�¨¸. 3. �·μÉμÉ¨¶ FARICH ´  μ¸´μ¢¥ MRS APD

¶·¨ · ¡μÎ¥³ ´ ¶·Ö¦¥´¨¨ 50 ‚. — ¸ÉμÉ  ¨³¶Ê²Ó¸μ¢ É¥³´μ¢μ£μ Éμ±  MRS
APD ¶·¨ ±μ³´ É´μ° É¥³¶¥· ÉÊ·¥ · ¢´  1 ŒƒÍ. �·¨ ¶μ´¨¦¥´¨¨ É¥³¶¥· ÉÊ·Ò
¶·¨ ¶μ³μÐ¨ Ô²¥³¥´Éμ¢ �¥²ÓÉÓ¥ ¨ ¢μ¤Ö´μ£μ μÌ² ¦¤¥´¨Ö ¤μ −25 ◦‘ É¥³´μ¢μ°
Éμ± ¸´¨¦ ¥É¸Ö ¤μ 200 ±ƒÍ, ÎÉμ ¶μ§¢μ²Ö¥É ·¥£¨¸É·¨·μ¢ ÉÓ Î¥·¥´±μ¢¸±¨° ¸¢¥É ¢
μ¤´μËμÉμ´´μ³ ·¥¦¨³¥ [1]. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ ËμÉμ μ¸´μ¢´ÒÌ ¸μ¸É ¢²ÖÕ-
Ð¨Ì ¶·μÉμÉ¨¶ :  Ô·μ£¥²Ö ´  ¶μ¤¢¨¦´μ³ ¤¥·¦ É¥²¥ ¨ ¶·μÉμÉ¨¶  ¤¥É¥±É¨·ÊÕ-
Ð¥° ³ É·¨ÍÒ. �Ô·μ£¥²Ó´Ò° · ¤¨ Éμ· ¨³¥¥É Î¥ÉÒ·¥ ¸²μÖ ¸ ±μÔËË¨Í¨¥´É ³¨
¶·¥²μ³²¥´¨Ö ¶μ·Ö¤±  1,04. � §³¥· · ¤¨ Éμ·  ¸μ¸É ¢²Ö¥É 100 × 100 × 31 ³³.
„¥É¥±É¨·ÊÕÐ Ö ³ É·¨Í  ¸μ¸ÉμÖ²  ¨§ ¶ÖÉ¨ ¸¥±Éμ·μ¢. ‚¸¥£μ ¡Ò²μ § ¤¥°¸É¢μ-
¢ ´μ 84 ¤¨μ¤ , ÎÊ¢¸É¢¨É¥²Ó´ Ö ¶²μÐ ¤Ó ± ¦¤μ£μ ¸μ¸É ¢²Ö²  1 ³³2. ‚ ± -
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Î¥¸É¢¥ ¸Î¨ÉÒ¢ ÕÐ¥° Ô²¥±É·μ´¨±¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶² É  TRB2, μ¸´μ¢ ´´ Ö
´  Î¨¶¥ NINO. ˆ¸¶ÒÉ ´¨Ö ¶·μÉμÉ¨¶  ¶·μÌμ¤¨²¨ ´  Ê¸±μ·¨É¥²¥ PS (–…��,
˜¢¥°Í ·¨Ö) ´  É¥¸Éμ¢μ³ ¶ÊÎ±¥ T10. �μ ·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨Ö, ¨§-§  ³ -
²μ° £¥μ³¥É·¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨, ´  ±μ²ÓÍμ ¶·¨Ìμ¤¨²μ¸Ó ´¥ ¡μ²¥¥ ¤¢ÊÌ
ËμÉμÔ²¥±É·μ´μ¢, ÎÉμ Ê¸²μ¦´Ö²μ ¢Ò¤¥²¥´¨¥ ¶μ²¥§´μ£μ ¸¨£´ ²  ¨§ ÏÊ³ . „²Ö
Ê²ÊÎÏ¥´¨Ö ·¥£¨¸É· Í¨¨ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¶² ´¨·μ¢ ²μ¸Ó ¨¸¶μ²Ó§μ¢ ÉÓ Ëμ-
±Ê¸¨·ÊÕÐ¨¥ ±μ´Ê¸Ò ‚¨´¸Éμ´ ,   É ±¦¥ ·¥ ²¨§μ¢ ÉÓ μÌ² ¦¤¥´¨¥ ³ É·¨ÍÒ ¢
¶·μÉμÉ¨¶¥. �¤´ ±μ ¤ ²Ó´¥°Ï Ö · §· ¡μÉ±  ÔÉμ£μ ¶·μÉμÉ¨¶  ´¥ ¡Ò²  ·¥ ²¨§μ-
¢ ´  ¢ ¸¢Ö§¨ ¸ · §· ¡μÉ±μ° ´μ¢μ£μ ¶·μÉμÉ¨¶  ´  μ¸´μ¢¥ Í¨Ë·μ¢ÒÌ ±·¥³´¨¥¢ÒÌ
ËμÉμÊ³´μ¦¨É¥²¥° Philips DPC.

���’�’ˆ� „…’…Š’��� FARICH �� �‘��‚… PHILIPS DPC

”μÉμ¸¥´¸μ·Ò DPC (Digital Photon Counter) Å ÔÉμ ´μ¢ Ö É¥Ì´μ²μ£¨Ö Í¨-
Ë·μ¢ÒÌ ±·¥³´¨¥¢ÒÌ ËμÉμÊ³´μ¦¨É¥²¥°, · §· ¡μÉ ´´ Ö ±μ³¶ ´¨¥° Philips.
�¸μ¡¥´´μ¸ÉÓ DPC § ±²ÕÎ ¥É¸Ö ¢ · ¸¶μ²μ¦¥´¨¨ ²μ£¨Î¥¸±μ° ¸Ì¥³Ò ¸Î¨ÉÒ¢ -
´¨Ö ¸¨£´ ²μ¢ ´  μ¤´μ° ³¨±·μ¸Ì¥³¥ ¸ ³ É·¨Í¥° ² ¢¨´´ÒÌ ËμÉμ¤¨μ¤μ¢. ’ ± Ö
±μ´¸É·Ê±Í¨Ö ¤ ¥É ³´μ¦¥¸É¢μ ¶·¥¨³ÊÐ¥¸É¢ ¶μ μÉ´μÏ¥´¨Õ ± É· ¤¨Í¨μ´´μ°
¸Ì¥³¥, ¢ ±μÉμ·μ° ¸Î¨ÉÒ¢ ÕÐ Ö Ô²¥±É·μ´¨±  · ¸¶μ² £ ¥É¸Ö μÉ¤¥²Ó´μ μÉ ËμÉμ-
ÎÊ¢¸É¢¨É¥²Ó´μ° ³ É·¨ÍÒ. Š ¦¤Ò° ² ¢¨´´Ò° ËμÉμ¤¨μ¤ ¨³¥¥É ¸¢μ° ¸μ¡¸É¢¥´-
´Ò° Ô²¥±É·μ´´Ò° ³μ¤Ê²Ó, ±μÉμ·Ò° μÉ¢¥Î ¥É §   ±É¨¢´μ¥ £ Ï¥´¨¥ · §·Ö¤ 
¨ ¶¥·¥§ ·Ö¤±Ê ¤¨μ¤ , £¥´¥· Í¨Õ ²μ£¨Î¥¸±μ£μ ¸¨£´ ²  ¨ ¨§³¥·¥´¨¥ ¢·¥³¥´¨
¥£μ ¶·¨Ìμ¤ . ’ ±¨³ μ¡· §μ³, ¨¸±²ÕÎ ÕÉ¸Ö ¶μ³¥Ì¨ ¨ μ¸² ¡²¥´¨¥  ´ ²μ£μ¢μ£μ
¸¨£´ ² , ±μÉμ·Ò¥ ¡Ò²¨ ¡Ò ¶·¨ ¥£μ ¶¥·¥¤ Î¥ ´  ¢´¥Ï´ÕÕ ¤¥É¥±Éμ·´ÊÕ Ô²¥±-
É·μ´¨±Ê. ˆ´¤¨¢¨¤Ê ²Ó´μ¥ Ê¶· ¢²¥´¨¥ ± ¦¤Ò³ ² ¢¨´´Ò³ ¤¨μ¤μ³ ¶μ§¢μ²Ö¥É
μÉ±²ÕÎ¨ÉÓ Î ¸ÉÓ ¸¨²Ó´μ ÏÊ³ÖÐ¨Ì ËμÉμ¤¨μ¤μ¢. �·¨ μÉ±²ÕÎ¥´¨¨ 5% ¤¨μ¤μ¢
É¥³´μ¢μ° Éμ± ³μ¦¥É ¶μ´¨§¨ÉÓ¸Ö ´  ¶μ·Ö¤μ± [2].

‚ 2012 £. ¡Ò² ¸¶·μ¥±É¨·μ¢ ´ ¨ ¸μ§¤ ´ ¶·μÉμÉ¨¶ ¤¥É¥±Éμ·  FARICH ¸
¤¥É¥±É¨·ÊÕÐ¥° ³ É·¨Í¥° ËμÉμ¸¥´¸μ·μ¢ Philips DPC (·¨¸. 4). Œ É·¨Í  ¨³¥¥É
· §³¥· 20 × 20 ¸³ ¨ ¸μ¤¥·¦¨É 48 × 48 ¶¨±¸¥²¥° · §³¥·μ³ 3,2 × 3,9 ³³, ¶μ-
±·Ò¢ ÕÐ¨Ì ¶²μÐ ¤Ó ³ É·¨ÍÒ ¸ ÔËË¥±É¨¢´μ¸ÉÓÕ 69 %. �ËË¥±É¨¢´μ¸ÉÓ ·¥£¨-
¸É· Í¨¨ ËμÉμ´μ¢ μ¤´¨³ ¶¨±¸¥²¥³ ¶μ ¤ ´´Ò³ ¶·μ¨§¢μ¤¨É¥²Ö ¸μ¸É ¢²Ö¥É 36 %
¶·¨ ¤²¨´¥ ¢μ²´Ò 430 ´³. „²Ö ¶μ´¨¦¥´¨Ö É¥³´μ¢μ£μ Éμ±  ³ É·¨Í  μÌ² ¦¤ -
¥É¸Ö ¤μ −40 ◦‘ ¸ ¶μ³μÐÓÕ Ô²¥³¥´Éμ¢ �¥²ÓÉÓ¥ ¨ É¥·³μ¸É É  LAUDA Integral
XT 150. �·¨ ÔÉμ° É¥³¶¥· ÉÊ·¥ Î ¸ÉμÉ  É¥³´μ¢ÒÌ ¸· ¡ ÉÒ¢ ´¨° ËμÉμ¸¥´¸μ-
·μ¢ DPC ¸μ¸É ¢¨²  2 ±ƒÍ/³³2. �·μÉμÉ¨¶ · §³¥Ð ¥É¸Ö ¢ É¥¶²μ- ¨ ¸¢¥Éμ¨§μ-
²¨·μ¢ ´´μ³ ¡μ±¸¥ ¨ ¶·μ¤Ê¢ ¥É¸Ö ¸ÊÌ¨³  §μÉμ³. �Ô·μ£¥²Ó ¶μ³¥Ð ¥É¸Ö ¢´ÊÉ·¨
¡μ±¸  ¢ £¥·³¥É¨Î´Ò° ±μ´É¥°´¥· ¸ μ±´μ³ ¨§ ¶μ²¨³¥É¨²³¥É ±·¨² É  Éμ²Ð¨-
´μ° 5 ³³.

�Ô·μ£¥²Ó ¨³¥² Î¥ÉÒ·¥ ¸²μÖ ¨ · §³¥·Ò 115×115×37,5 ³³,   ±μÔËË¨Í¨¥´É
¶·¥²μ³²¥´¨Ö ¢ ¸·¥¤´¥³ ¡Ò² · ¢¥´ 1,04. � ¸¸ÉμÖ´¨¥ μÉ · ¤¨ Éμ·  ¤μ ³ É·¨ÍÒ
¢ ·Ó¨·μ¢ ²μ¸Ó ¢ ¤¨ ¶ §μ´¥ μÉ 170 ¤μ 220 ³³.
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�¨¸. 4. �·μÉμÉ¨¶ FARICH ¸ ³ É·¨Í¥° ´  μ¸´μ¢¥ Philips dSiPM

ˆ¸¶ÒÉ ´¨Ö ¶·μÉμÉ¨¶  FARICH ´  ¡ §¥ DPC ¶·μ¢μ¤¨²¨¸Ó ´  Ê¸±μ·¨É¥²¥
PS ´  ¶ÊÎ±¥ (e+, μ+, π+, K+, p) ¸ ¨³¶Ê²Ó¸ ³¨ μÉ 1 ¤μ 6 ƒÔ‚/c. ’·¨££¥·
¶μ¤ ¢ ²¸Ö μÉ ¤¢ÊÌ ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¸Î¥ÉÎ¨±μ¢ ´  ¡ §¥ ”�“-187, ¸ÉμÖÐ¨Ì
¤μ ¨ ¶μ¸²¥ ¶·μÉμÉ¨¶ . ‚ ¸·¥¤´¥³ ´  ±μ²ÓÍμ ¶·¨Ìμ¤¨²μ¸Ó 12 ËμÉμ´μ¢, ÎÉμ
¶μ§¢μ²¨²μ · ¸¶μ§´ ¢ ÉÓ Î¥·¥´±μ¢¸±μ¥ ±μ²ÓÍμ ¤²Ö ± ¦¤μ£μ ¸μ¡ÒÉ¨Ö. ‚·¥³¥´-
´μ¥ · §·¥Ï¥´¨¥ ¸μ¸É ¢¨²μ 48 ¶c. „²Ö ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í ¡Ò²μ ¶μ²ÊÎ¥´μ
· §·¥Ï¥´¨¥ ¶μ Î¥·¥´±μ¢¸±μ³Ê Ê£²Ê (3,61 ± 0,04) ³· ¤, · §¤¥²¥´¨¥ ¶¨μ´μ¢ ¨
± μ´μ¢ ¸μ¸É ¢¨²μ 3,5σ ¶·¨ ¨³¶Ê²Ó¸¥ 6 ƒÔ‚/c,   · §¤¥²¥´¨¥ ³Õμ´μ¢ ¨ ¶¨μ-
´μ¢ Å 5,3σ ¶·¨ ¨³¶Ê²Ó¸¥ 1 ƒÔ‚/c [3].

���’�’ˆ� „…’…Š’��� FARICH �� �‘��‚… ”�’�‘…�‘���‚
PHILIPS DPC C ƒ��„ˆ…�’�›Œ ����ƒ…‹…Œ

� · ¢´¥ ¸ ³´μ£μ¸²μ°´Ò³¨  Ô·μ£¥²Ö³¨ ¢ ˆŠ ‘� ��� ¨ ˆŸ” ‘� ���
¢ �μ¢μ¸¨¡¨·¸±¥ ¶μ²ÊÎ¥´  Ô·μ£¥²¥¢Ò° · ¤¨ Éμ· ¸ ±μÔËË¨Í¨¥´Éμ³ ¶·¥²μ³-
²¥´¨Ö, ´¥¶·¥·Ò¢´μ ³¥´ÖÕÐ¨³¸Ö ¶μ Éμ²Ð¨´¥ · ¤¨ Éμ· . �  ·¨¸. 5 ¶μ± § ´ 
§ ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  ¶·¥²μ³²¥´¨Ö μÉ £²Ê¡¨´Ò ¢ μ¡· §Í¥ £· ¤¨¥´É´μ£μ
 Ô·μ£¥²Ö.

ˆ¸¶ÒÉ ´¨¥ ¶·μÉμÉ¨¶  ¤¥É¥±Éμ·  FARICH ¸ ËμÉμ¸¥´¸μ· ³¨ DPC ¸ £· ¤¨-
¥´É´Ò³  Ô·μ£¥²¥³ ¶·μ¢¥¤¥´μ ¢ 2013 £. ´  ¢Ò¢¥¤¥´´μ³ ¶ÊÎ±¥ Ô²¥±É·μ´μ¢ Ê¸±μ-
·¨É¥²Ö ‚���-4Œ (ˆŸ”, �μ¢μ¸¨¡¨·¸±). �´¥·£¨Ö Ô²¥±É·μ´μ¢ ¸μ¸É ¢¨²  1 ƒÔ‚.
�μ²μ¦¥´¨¥ Ô²¥±É·μ´μ¢ ·¥£¨¸É·¨·μ¢ ²μ¸Ó ¸ ¶μ³μÐÓÕ Î¥ÉÒ·¥Ì ±μμ·¤¨´ É´ÒÌ
¤¥É¥±Éμ·μ¢ GEM ¸ · §·¥Ï¥´¨¥³ 7 ³±³. ‚ ± ¦¤μ³ ¶¨±¸¥²¥ ËμÉμÎÊ¢¸É¢¨É¥²Ó-
´μ° ³ É·¨ÍÒ ¡Ò²  μ¸É ¢²¥´  · ¡μÎ Ö μ¡² ¸ÉÓ · §³¥·μ³ 1 × 1 ³³ ¸ Í¥²ÓÕ
Ê²ÊÎÏ¨ÉÓ £¥μ³¥É·¨Î¥¸±μ¥ · §·¥Ï¥´¨¥. � ¸¸ÉμÖ´¨¥ μÉ · ¤¨ Éμ·  ¤μ ËμÉμÎÊ¢-
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�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ±μÔËË¨Í¨¥´É  ¶·¥²μ³²¥´¨Ö ¶μ μ¶É¨Î¥¸±μ° μ¸¨ μ¡· §Í   Ô·μ£¥²Ö

¸É¢¨É¥²Ó´μ° ³ É·¨ÍÒ ¸μ¸É ¢¨²μ 190 ³³. � §·¥Ï¥´¨¥ ¶μ · ¤¨Ê¸Ê Î¥·¥´±μ¢-
¸±μ£μ ±μ²ÓÍ  ¸μ¸É ¢¨²μ 2,6 ³³. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ ÎÉμ ¨§-§  ¡μ²ÓÏμ£μ ±μ²¨Î¥-
¸É¢  ³ É¥·¨ ²  ³¥¦¤Ê ¤¥É¥±Éμ· ³¨ GEM ¨  Ô·μ£¥²¥¢Ò³ · ¤¨ Éμ·μ³ ÉμÎ´μ¸ÉÓ
μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ É Î ¸É¨Í μ± § ² ¸Ó ³¥´ÓÏ¥ μ¦¨¤ ¥³μ°. ˆ§-§  ³ ²μ°
ÎÊ¢¸É¢¨É¥²Ó´μ° μ¡² ¸É¨ ± ¦¤μ£μ ¤¨μ¤  Î¨¸²μ ËμÉμÔ²¥±É·μ´μ¢ ¸μ¸É ¢¨²μ ¢
¸·¥¤´¥³ ¤μ É·¥Ì ´  ±μ²ÓÍμ, ÎÉμ ´¥ ¶μ§¢μ²¨²μ · ¸¶μ§´ ¢ ÉÓ Î¥·¥´±μ¢¸±μ¥
±μ²ÓÍμ ¶μ¸μ¡ÒÉ¨°´μ [4].

‡�Š‹�—…�ˆ…

�·μÉμÉ¨¶ ¤¥É¥±Éμ·  FARICH ´  μ¸´μ¢¥ DPC ¶μ± § ² μÉ²¨Î´Ò¥ ·¥§Ê²Ó-
É ÉÒ: · §·¥Ï¥´¨¥ ¶μ Î¥·¥´±μ¢¸±μ³Ê Ê£²Ê (3,61±0,04) ³· ¤, π/K-· §¤¥²¥´¨¥
3,5σ ¶·¨ ¨³¶Ê²Ó¸¥ 6 ƒÔ‚/c,   μ/π-· §¤¥²¥´¨¥ 5,3σ ¶·¨ ¨³¶Ê²Ó¸¥ 1 ƒÔ‚/c. �·μ-
ÉμÉ¨¶ ´  μ¸´μ¢¥ DPC ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö ¶·¥Í¨§¨μ´´μ£μ ¨§³¥·¥´¨Ö
Ì · ±É¥·¨¸É¨±  Ô·μ£¥²¥° ´  ¶ÊÎ±¥ Î ¸É¨Í.
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