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  �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ � Í¨μ´ ²Ó´Ò° ´ ÊÎ´μ-μ¡· §μ¢ É¥²Ó´Ò° Í¥´É· Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨ Î ¸É¨Í

	¥²μ·Ê¸¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É , Œ¨´¸±
¢ –Õ·¨Ì¸±¨° Ê´¨¢¥·¸¨É¥É, –Õ·¨Ì, ˜¢¥°Í ·¨Ö

‚ ˆ´¸É¨ÉÊÉ¥ ¨³. �. ˜¥··¥·  (PSI, ˜¢¥°Í ·¨Ö) ´  ¸¶¥±É·μ³¥É·¥ PIBETA § ¢¥·Ï¥´ ´ ¡μ· ¸É -
É¨¸É¨±¨ μÉ´μ¸¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  π+ → e+ν. ‘ Í¥²ÓÕ ·¥£¨¸É· Í¨¨ Î ¸É¨Í ¢ ¶ÊÎ±¥
¶¨μ´μ¢ ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´  ¨ ¸μ§¤ ´  ³¨´¨ ÉÕ·´ Ö ¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  (mTPC). Šμ-
²¨Î¥¸É¢μ ¢¥Ð¥¸É¢  ± ³¥·Ò ´  ¶ÊÉ¨ Î ¸É¨Í ¸μ¸É ¢²Ö¥É 14 ·10−3 £/¸³2. Š ³¥·  Ê¸¶¥Ï´μ ¶·μ· ¡μÉ ² 
¢ É¥Î¥´¨¥ £μ¤μ¢μ£μ ¸¥ ´¸ . �·¨¢μ¤ÖÉ¸Ö ±μ´¸É·Ê±Í¨Ö ± ³¥·Ò ¨ ¥¥ Ì · ±É¥·¨¸É¨±¨.

The PEN collaboration carries out precision measurements of the π+ → e+ν decay branching ratio
at the Paul Scherrer Institute (PSI, Switzerland). A special mini time-projection chamber (mTPC) has
been developed for registrations of particles in the pion beam. The chamber contains 14 · 10−3 g/cm2

of matter on the particle path. The chamber was successfully used during one-year-long run. Design
and characteristics of the mTPC are described.

PACS: 29.40.Gx

Šμ²² ¡μ· Í¨Ö PEN ¶·μ¢μ¤¨É ¢ ˆ´¸É¨ÉÊÉ¥ ¨³. �.˜¥··¥·  (PSI, ˜¢¥°Í ·¨Ö) ¶·¥Í¨-
§¨μ´´μ¥ ¨§³¥·¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  π+ → e+ν [1] ¸ Í¥²ÓÕ ¤μ¸É¨¦¥-
´¨Ö ÉμÎ´μ¸É¨ ´¥ ÌÊ¦¥ 5 · 10−4. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨Ö μÉ´μ¸¨É¥²Ó´μ°
¢¥·μÖÉ´μ¸É¨ · ¸¶ ¤  ¢ 40 · § ÌÊ¦¥ É¥μ·¥É¨Î¥¸±¨Ì ¢ÒÎ¨¸²¥´¨° [2, 3]. •μ·μÏ¥¥ É¥μ·¥É¨-
Î¥¸±μ¥ ¶μ´¨³ ´¨¥ · ¸¶ ¤  π+ → e+ν ¤¥² ¥É ¥£μ ¨§ÊÎ¥´¨¥ ´ ¨¡μ²¥¥ ¶·¥¤¶μÎÉ¨É¥²Ó´Ò³
¤²Ö μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ ´μ¢ÒÌ Ë¨§¨Î¥¸±¨Ì ³μ¤¥²¥° [4] §  ¶·¥¤¥² ³¨ ¸É ´¤ ·É´μ°
³μ¤¥²¨ Ô²¥±É·μ¸² ¡ÒÌ ¢§ ¨³μ¤¥°¸É¢¨°.

ˆ§³¥·¥´¨Ö ¢¥¤ÊÉ¸Ö ´  ¸¶¥±É·μ³¥É·¥ PIBETA [5], ¶·μÏ¥¤Ï¥³ ³μ¤¥·´¨§ Í¨Õ ± ¤ ´-
´μ³Ê Ô±¸¶¥·¨³¥´ÉÊ, § ±²ÕÎ ÕÐÊÕ¸Ö ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ ´μ¢μ° ·¥£¨¸É·¨·ÊÕÐ¥° Ô²¥±É·μ-
´¨±¨ ¢ ¸É ´¤ ·É¥ VME, ´μ¢μ° ³¨Ï¥´¨ ¸ 10-c³ ¢μ§¤ÊÏ´Ò³ ¸¢¥Éμ¢μ¤μ³ ¨ ¶ÊÎ±μ¢μ° ³¨´¨-
¢·¥³Ö¶·μ¥±Í¨μ´´μ° ± ³¥·Ò (mTPC).

‘Ì¥³  Í¥´É· ²Ó´μ° Î ¸É¨ ¸¶¥±É·μ³¥É·  ¶μ± § ´  ´  ·¨¸. 1. �ÊÎμ± ¶μ²μ¦¨É¥²Ó´ÒÌ
¶¨μ´μ¢ ¸ ¨³¶Ê²Ó¸μ³ 65Ä80 ŒÔ‚/c É¥·Ö¥É Î ¸ÉÓ Ô´¥·£¨¨ ¢  ±É¨¢´μ³ § ³¥¤²¨É¥²¥ (AD) ¨

1E-mail: kuchinski@jinr.ru
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�¨¸. 1. ‘Ì¥³  Í¥´É· ²Ó´μ° Î ¸É¨ ¸¶¥±É·μ³¥É·  PIBETA, ¨¸¶μ²Ó§μ¢ ¢Ï¥°¸Ö ¢ ¸¥ ´¸¥ 2010 £.:
 ±É¨¢´Ò¥ § ³¥¤²¨É¥²Ó (AD) ¨ ³¨Ï¥´Ó (AT), mTPC Å ³¨´¨-¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥· . �É¨ ¶ÊÎ-

±μ¢Ò¥ ¤¥É¥±Éμ·Ò μ±·Ê¦¥´Ò Í¨²¨´¤·¨Î¥¸±¨³¨ ³´μ£μ¶·μ¢μ²μÎ´Ò³¨ ¶·μ¶μ·Í¨μ´ ²Ó´Ò³¨ ± ³¥· ³¨

(MWPC1,2), ¤¢ ¤Í É¨¸¥£³¥´É´Ò³ ¶² ¸É¨±μ¢Ò³ £μ¤μ¸±μ¶μ³ ¸ ¤¢Ê¸Éμ·μ´´¨³ ¸Î¨ÉÒ¢ ´¨¥³ (PV) ¨
¸Ë¥·¨Î¥¸±¨³ ± ²μ·¨³¥É·μ³. �¶¥·ÉÊ·  240-Ô²¥³¥´É´μ£μ ± ²μ·¨³¥É·  ´  μ¸´μ¢¥ Î¨¸Éμ£μ CsI (12RL)

¶μ± § ´  ÏÉ·¨Ì¶Ê´±É¨·´Ò³¨ ²¨´¨Ö³¨

μ¸É ´ ¢²¨¢ ¥É¸Ö ¢  ±É¨¢´μ° ³¨Ï¥´¨ (AT). ˆ³¶Ê²Ó¸Ò ¢ ³¨Ï¥´¨ μÉ μ¸É ´μ¢±¨ ¶¨μ´  ¨
Î ¸É¨Í ¶μ¸²¥ ¥£μ · ¸¶ ¤  ·¥£¨¸É·¨·ÊÕÉ¸Ö ”�“ Î¥·¥§ Í¨²¨´¤·¨Î¥¸±¨° ¢μ§¤ÊÏ´Ò° ¸¢¥Éμ-
¢μ¤ ¤²¨´μ° 10 ¸³. ”μ·³  ¨³¶Ê²Ó¸μ¢ ¸ ³¨Ï¥´¨ μÍ¨Ë·μ¢Ò¢ ¥É¸Ö ¸ Î ¸ÉμÉμ° 2 ƒƒÍ, ÎÉμ
¶μ§¢μ²Ö¥É · §¤¥²ÖÉÓ · ¸¶ ¤Ò π+ → e+ν ¨ π+ → μ+ → e+ ¢ ³¨Ï¥´¨. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò,
mTPC, £μ¤μ¸±μ¶ (PV), ³´μ£μ¶·μ¢μ²μÎ´Ò¥ Í¨²¨´¤·¨Î¥¸±¨¥ ¶·μ¶μ·Í¨μ´ ²Ó´Ò¥ ± ³¥·Ò ¨
CsI (Î¨¸ÉÒ°)-± ²μ·¨³¥É· ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¢μ¸¸É ´μ¢¨ÉÓ ¶μ²´ÊÕ £¥μ³¥É·¨Õ ¸μ¡ÒÉ¨Ö.

Œ¨´¨-¢·¥³Ö¶·μ¥±Í¨μ´´ Ö ± ³¥·  (mTPC) ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´  ¤²Ö ¤ ´´μ£μ Ô±¸-
¶¥·¨³¥´É . �´  ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ μ¶·¥¤¥²ÖÉÓ É· ¥±Éμ·¨Õ ¶¨μ´  ¶¥·¥¤ ³¨Ï¥´ÓÕ, ÎÉμ
¶μ§¢μ²Ö¥É:

Å ¢¥¸É¨ ³μ´¨Éμ·¨´£ · ¸¶·¥¤¥²¥´¨Ö μ¸É ´μ¢μ± π+ ¨ μ+ ¢ ³¨Ï¥´¨, ÎÉμ ´¥μ¡Ìμ¤¨³μ
¤²Ö ¢ÒÎ¨¸²¥´¨Ö  ±¸¥¶É ´¸  ¤¥É¥±Éμ· ;

Å ¢μ¸¸É ´ ¢²¨¢ ÉÓ ¢¥·Ï¨´Ò · ¸¶ ¤  ¶¨μ´  ¢  ±É¨¢´μ° ³¨Ï¥´¨ ¨ ¶·μ¢μ¤¨ÉÓ ±μ·-
·¥±Í¨Õ ¶μÉ¥·Ó Ô´¥·£¨¨ π+, μ+ ¨ e+ ¸ ÊÎ¥Éμ³ ´¥μ¤´μ·μ¤´μ¸É¨ ¸¢¥Éμ¸¡μ·  ¢  ±É¨¢´μ°
³¨Ï¥´¨;

Å ¢μ¸¸É ´ ¢²¨¢ ÉÓ ¤²¨´Ò É·¥±μ¢ e+ ¢ ³¨Ï¥´¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¶μÉ¥·Ó Ô´¥·£¨¨ e+

¤²Ö ± ¦¤μ£μ μÉ¤¥²Ó´μ£μ ¸μ¡ÒÉ¨Ö;
Å ¨¸±²ÕÎ ÉÓ ¸μ¡ÒÉ¨Ö ¸ π+ ¨ μ+, ±μÉμ·Ò¥ · ¸¶ ¤ ÕÉ¸Ö ´  ²¥ÉÊ.
‚ ¸¥ ´¸¥ 2009 £. mTPC · ¸¶μ² £ ² ¸Ó ¶¥·¥¤ ³¨Ï¥´ÓÕ ¢´¥  ¶¥·ÉÊ·Ò ± ²μ·¨³¥É· .

�¶É¨³ ²Ó´μ¥ ¶μ²μ¦¥´¨¥ mTPC ¢ Ô±¸¶¥·¨³¥´É¥ Å ¶·¨¡²¨¦¥´¨¥ ¥¥ ± ³¨Ï¥´¨. �Éμ ¶μ-
§¢μ²Ö¥É ³ ±¸¨³ ²Ó´μ ¨¸±²ÕÎ ÉÓ ¸μ¡ÒÉ¨Ö ¸ · ¸¶ ¤ ³¨ ¶¨μ´μ¢ ´  ²¥ÉÊ ³¥¦¤Ê  ±É¨¢´Ò³
§ ³¥¤²¨É¥²¥³ ¨ ³¨Ï¥´ÓÕ, ¶·¨¢μ¤ÖÐ¨³¨ ± μÏ¨¡± ³ ¢ ¨§³¥·¥´¨ÖÌ. �·¨ ÔÉμ³ ± ³¥· 
¶¥·¥±·Ò¢ ¥É Î ¸ÉÓ  ¶¥·ÉÊ·Ò ± ²μ·¨³¥É· , ÎÉμ É·¥¡Ê¥É, ÎÉμ¡Ò ¥¥ ±μ´¸É·Ê±Í¨Ö ¡Ò²  ¶·μ-
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�¨¸. 2. ”μÉμ£· Ë¨Ö mTPC ´  ¨¸-

¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥. �·μ¶μ·Í¨μ´ ²Ó´ Ö

± ³¥·  · ¸¶μ²μ¦¥´  ¢ ¢¥·Ì´¥° Î ¸É¨
mTPC. ‚¨¤´Ò Ô²¥±É·μ¤Ò, Ëμ·³¨·ÊÕÐ¨¥

¤·¥°Ëμ¢μ¥ ¶μ²¥

�¨¸. 3. Œμ¤¥²¨·μ¢ ´´μ¥ ¶·μ£· ³³μ° GARFIELD Ô²¥±-

É·¨Î¥¸±μ¥ ¶μ²¥ mTPC ¢ £ ¡ ·¨É Ì ¤¥É¥±Éμ· :  1Ä 4 Å

 ´μ¤´Ò¥ ¶·μ¢μ²μÎ±¨ (¶μ¤ ´ ¶·Ö¦¥´¨¥³ HV ´μ¤); c1Ä
c7 Å ¶μ²¥Ëμ·³¨·ÊÕÐ¨¥ Ô²¥±É·μ¤Ò; HV¤·¥°Ë Å Ô²¥±-

É·μ¤, ´  ±μÉμ·Ò° ¶μ¤ ¥É¸Ö ´ ¶·Ö¦¥´¨¥ ¤·¥°Ë . ‚´¥Ï-

´¨¥ £ ¡ ·¨ÉÒ mTPC 56×50×51 ³³. ‘¥·Ò³ Í¢¥Éμ³ ¶μ-
± § ´Ò ¤¥É ²¨ ¨§ ¶¥´μ¶² ¸É  ¶²μÉ´μ¸ÉÓÕ 0,1Ä0,2 £/¸³3

§· Î´μ°. ’ ±μ° ¢ ·¨ ´É ³ ±¸¨³ ²Ó´μ μ¡²¥£Î¥´´μ° ± ³¥·Ò ¡Ò² ¸¤¥² ´ ± ¸¥ ´¸Ê 2010 £.
�Éμ ¶μ§¢μ²¨²μ ¶·¨¡²¨§¨ÉÓ mTPC ¢¶²μÉ´ÊÕ ± ³¨Ï¥´¨ (·¨¸. 1).

�μ¸±μ²Ó±Ê ¶μ²ÊÎ¥´´ Ö ÉμÎ´μ¸ÉÓ ¤²Ö μ¡¥¨Ì ± ³¥· ¨¤¥´É¨Î´ , ´¨¦¥ ¶·¨¢μ¤¨É¸Ö ¶μ-
¤·μ¡´μ¥ μ¶¨¸ ´¨¥ Éμ²Ó±μ ± ³¥·Ò, ¨¸¶μ²Ó§μ¢ ¢Ï¥°¸Ö ¢ ¸¥ ´¸¥ 2010 £.

‚´¥Ï´¨¥ £ ¡ ·¨ÉÒ ± ³¥·Ò 56 × 50 × 51 ³³ μ¶·¥¤¥²ÖÕÉ¸Ö · §³¥· ³¨ Í¥´É· ²Ó´μ°
Î ¸É¨ ¤¥É¥±Éμ·  PIBETA. „²¨´  ¤·¥°Ëμ¢μ£μ ¶·μ³¥¦ÊÉ±  ¨  ´μ¤´μ° ¶·μ¢μ²μÎ±¨ 40 ³³.
Š ³¥·  ¨§£μÉμ¢²¥´  ¨§ ¶¥´μ¶² ¸É  ¶²μÉ´μ¸ÉÓÕ 0,1Ä0,2 £/¸³3. Œ ±¸¨³ ²Ó´ Ö Éμ²Ð¨´ 
±μ´¸É·Ê±É¨¢´ÒÌ Ô²¥³¥´Éμ¢ 4 ³³. „²Ö Ê³¥´ÓÏ¥´¨Ö ±μ²¨Î¥¸É¢  ¢¥Ð¥¸É¢  ¢ ¸É¥´± Ì ± ³¥·Ò
¢Ò·¥§ ´Ò μ±´ , § ±²¥¥´´Ò¥ ² ¢¸ ´μ¢μ° ¶²¥´±μ°, Éμ²Ð¨´μ° 20 ³±³ (·¨¸. 2).

�¤´μ·μ¤´μ¸ÉÓ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ¤·¥°Ëμ¢μ³ μ¡Ñ¥³¥ mTPC μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¢Ò-
¸μ±μ¢μ²ÓÉ´Ò³ Ô²¥±É·μ¤μ³ HV¤·¥°Ë ¨ ¸¥³ÓÕ ¶μ²¥Ëμ·³¨·ÊÕÐ¨³¨ Ô²¥±É·μ¤ ³¨, ±μÉμ·Ò¥
¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° · ¸¶μ²μ¦¥´´Ò¥ ¶μ ¶¥·¨³¥É·Ê ¤·¥°Ëμ¢μ£μ μ¡Ñ¥³  ¶μ²μ¸±¨ ¨§  ²Õ-
³¨´¨¥¢μ° Ëμ²Ó£¨ Ï¨·¨´μ° 0,5 ³³ ¨ Éμ²Ð¨´μ° 5 ³±³. �μÉ¥´Í¨ ²Ò ´  ¶μ²¥Ëμ·³¨·ÊÕÐ¨Ì
Ô²¥±É·μ¤ Ì § ¤ ÕÉ¸Ö ¸ ¤¥²¨É¥²¥³ ³¥¦¤Ê ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ Ô²¥±É·μ¤μ³ HV¤·¥°Ë ¨ §¥³²¥°.
�´μ¤´Ò¥ ¶·μ¢μ²μÎ±¨ ¢Ò¶μ²´¥´Ò ¨§ ´¨Ì·μ³μ¢μ° ¶·μ¢μ²μ±¨ (NiCr) ¤¨ ³¥É·μ³ 12 ³±³
¸ ²¨´¥°´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ 60 ± 1 �³/¸³. �·μ¢μ²μÎ±¨ · ¸¶μ²μ¦¥´Ò ¶¥·¶¥´¤¨±Ê²Ö·´μ
¶ÊÎ±Ê ¸ Ï £μ³ 12 ³³. Š ³¥·  ¶·μ¤Ê¢ ² ¸Ó £ §μ¢μ° ¸³¥¸ÓÕ CH4 (10 %) +Ar (90 %) ¶·¨
´μ·³ ²Ó´μ³ ¤ ¢²¥´¨¨.

�  ·¨¸. 3 ¶μ± § ´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò GARFIELD
Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¢ ¤·¥°Ëμ¢μ³ μ¡Ñ¥³¥ mTPC. ’ ±¦¥ ´  ÔÉμ³ ·¨¸Ê´±¥ ¶·¨¢¥¤¥´Ò
£ ¡ ·¨ÉÒ ± ³¥·Ò ¨ · ¸¶μ²μ¦¥´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì Ô²¥±É·μ¤μ¢.
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Šμμ·¤¨´ ÉÒ É·¥±  ¶·μÏ¥¤Ï¥° Î¥·¥§ ± ³¥·Ê Î ¸É¨ÍÒ μ¶·¥¤¥²ÖÕÉ¸Ö:
X Å ³¥Éμ¤μ³ ¤¥²¥´¨Ö Éμ±  μÉ ² ¢¨´Ò ´  ¸μ¶·μÉ¨¢²¥´¨¨  ´μ¤´μ° ¶·μ¢μ²μÎ±¨;
Y Å ¶μ ¢·¥³¥´¨ ¤·¥°Ë  Ô²¥±É·μ´μ¢ μÉ É·¥±  ¤μ  ´μ¤´μ° ¶·μ¢μ²μÎ±¨;
Z Å ¶μ ¶μ²μ¦¥´¨Õ ¸· ¡μÉ ¢Ï¥° ¶·μ¢μ²μÎ±¨ μÉ´μ¸¨É¥²Ó´μ ³¨Ï¥´¨.
‘¨£´ ²Ò ¸ ¤¢ÊÌ ¸Éμ·μ´  ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± ¸´¨³ ÕÉ¸Ö Î¥·¥§ ¢Ò¸μ±μ¢μ²ÓÉ´Ò¥ · §-

¤¥²¨É¥²Ó´Ò¥ ±μ´¤¥´¸ Éμ·Ò ¨ Ê¸¨²¨¢ ÕÉ¸Ö ¢μ¸Ó³¨± ´ ²Ó´Ò³ Ê¸¨²¨É¥²¥³ AMPL-8.3 [6]
¸ ±μÔËË¨Í¨¥´Éμ³ Ê¸¨²¥´¨Ö 70 ³‚/³±�. „ ²¥¥ Î¥·¥§ 6-³ ± ¡¥²Ó ¸¨£´ ²Ò ¶μ¸ÉÊ¶ ²¨ ´ 
¡²μ± CAEN V1720, £¤¥ μÍ¨Ë·μ¢Ò¢ ²¨¸Ó ¸ Î ¸ÉμÉμ° ¤¨¸±·¥É¨§ Í¨¨ 250 ŒƒÍ. �¥μ¡Ìμ-
¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¨¸¶μ²Ó§μ¢ ´¨¥ μÍ¨Ë·μ¢Ò¢ ´¨Ö Ëμ·³Ò ¨³¶Ê²Ó¸  ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ
± ± ¨´Ëμ·³ Í¨Õ μ ¢·¥³¥´¨ ¤·¥°Ë , É ± ¨ ¸μμÉ´μÏ¥´¨¥ ¸¨£´ ²μ¢ ¸ · §´ÒÌ ¸Éμ·μ´ ¶·μ-
¢μ²μÎ¥±, μ¶·¥¤¥²ÖÕÐ¥¥ ¶μ²μ¦¥´¨¥ ² ¢¨´Ò ¢¤μ²Ó ¶·μ¢μ²μÎ±¨.

Œ¥Éμ¤ μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ ÉÒ ¶μ ¤¥²¥´¨Õ Éμ±μ¢ ´   ´μ¤´μ° ¶·μ¢μ²μÎ±¥ ¡Ò² ¨¸-
¶μ²Ó§μ¢ ´ ± ± ´ ¨¡μ²¥¥ ¶μ¤Ìμ¤ÖÐ¨° ¤²Ö ´ Ï¥£μ ¤¥É¥±Éμ·  [7, 8]. �Éμ ¸¢Ö§ ´μ ¸ μ£· ´¨-
Î¥´´μ¸ÉÓÕ ¶·μ¸É· ´¸É¢  ¢ Í¥´É· ²Ó´μ° μ¡² ¸É¨ ¸¶¥±É·μ³¥É·  ¨ ¢μ§³μ¦´μ¸ÉÓÕ ¨¸¶μ²Ó§μ-
¢ ´¨Ö μ¤´μ£μ ±μ³¶²¥±É  Ô²¥±É·μ´¨±¨ ¤²Ö μ¶·¥¤¥²¥´¨Ö XÄY -±μμ·¤¨´ É É·¥± . ’μÎ´μ¸ÉÓ
μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ ÉÒ É ±¨³ ³¥Éμ¤μ³ μ¶·¥¤¥²Ö¥É¸Ö μÏ¨¡±μ° ¢ ¨§³¥·¥´¨¨ § ·Ö¤ , ±μÉμ-
· Ö § ¢¨¸¨É μÉ ³¥¸É  ² ¢¨´Ò ¢¤μ²Ó ¶·μ¢μ²μÎ±¨ ¨ ¶·¨¢¥¤¥´´μ£μ ± ¢Ìμ¤Ê ÏÊ³  Ê¸¨²¨É¥²¥°.
�μ²ÊÎ¥´´ Ö ¤²Ö mTPC ÉμÎ´μ¸ÉÓ ¸μ¸É ¢¨²  σx ∼ 1,3 ³³ ¨ σy ∼ 0,35 ³³ [9].

�¨¸. 4Ä6 ¨²²Õ¸É·¨·ÊÕÉ · ¡μÉÊ mTPC. ’ ±, ´  ·¨¸. 4 ¶μ± § ´Ò ¸μ¡ÒÉ¨Ö ¸ μ¤´¨³ ¨
¤¢Ê³Ö ¶¨μ´ ³¨ ¢ mTPC ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ¸¨£´ ²Ò ¢ ³¨Ï¥´¨. �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´μ
· ¸¶·¥¤¥²¥´¨¥ ¶μ ±μ²¨Î¥¸É¢Ê É·¥±μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ μ¤´μ³ ¸μ¡ÒÉ¨¨. ’·¥±μ¢ Ö
´¥ÔËË¥±É¨¢´μ¸ÉÓ, ±μ£¤  Î¨¸²μ ÉμÎ¥± ´  É·¥±¥ ³¥´ÓÏ¥ 3, ¶·¨³¥·´μ 5 · 10−3.

ˆÉ ±, ¢ ¸¥ ´¸ Ì 2009Ä2010 ££. ± ³¥·Ò ¶·μ· ¡μÉ ²¨ ¡μ²¥¥ ¢μ¸Ó³¨ ³¥¸ÖÍ¥¢. �¸É ´μ-
¢²¥´μ 3,94 · 1011 ¶¨μ´μ¢ ¨ § ·¥£¨¸É·¨·μ¢ ´μ 2,12 · 107 É·¨££¥·μ¢, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸É -
É¨¸É¨Î¥¸±μ° ´¥μ¶·¥¤¥²¥´´μ¸É¨ ∼ 5 · 10−5. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢¥¤¥É¸Ö μ¡· ¡μÉ±  Ô±¸¶¥-
·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ. � ¡· ´´ Ö ¸É É¨¸É¨±  ¢ Ô±¸¶¥·¨³¥´É¥ PEN Ê¤¢ ¨¢ ¥É ¸É É¨¸É¨±Ê

�¨¸. 4. �Í¨Ë·μ¢ ´´Ò¥ ¸¨£´ ²Ò ¸ mTPC ¨ ³¨Ï¥´¨ ¤²Ö É¨¶¨Î´ÒÌ ¸μ¡ÒÉ¨° ¸ μ¤´¨³ ( ) ¨ ¤¢Ê³Ö (¡)
É·¥± ³¨ ¶¨μ´μ¢. „¢  ¢¥·Ì´¨Ì ·Ö¤  Å ¸¨£´ ²Ò ¸ ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ¸Éμ·μ´ Î¥ÉÒ·¥Ì  ´μ¤´ÒÌ ¶·μ¢μ-
²μÎ¥± mTPC. �¨¦´¨° ·Ö¤ Å ¸¨£´ ²Ò ¢ ³¨Ï¥´¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ μ¸É ´μ¢± ³ ¶¨μ´μ¢ ¨ ¶μ§¨É·μ-

´ ³ μÉ ¨Ì · ¸¶ ¤ . ‘¨£´ ²Ò ¸ μ¤´μ£μ ±μ´Í   ´μ¤´ÒÌ ¶·μ¢μ²μÎ¥± ¤ ´Ò ¸ ¶μ¸ÉμÖ´´Ò³ ¢·¥³¥´´Ò³

¸¤¢¨£μ³. „²Ö ¤¢ÊÌÉ·¥±μ¢μ£μ ¸μ¡ÒÉ¨Ö ¢·¥³Ö ³¥¦¤Ê ¶¨μ´ ³¨ Å μ±μ²μ 150 ´¸
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�¨¸. 5. ƒ¨¸Éμ£· ³³  ³´μ¦¥¸É¢¥´´μ¸É¨ É·¥±μ¢, ·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ ¢ mTPC

�¨¸. 6. �·μ¥±Í¨Ö É·¥±μ¢ ¶ÊÎ±μ¢ÒÌ ¶¨μ´μ¢ ´  ³¨Ï¥´Ó. �Ê´±É¨·´μ° μ±·Ê¦´μ¸ÉÓÕ ¶μ± § ´ · §³¥·

³¨Ï¥´¨ (¤¨ ³¥É· 30 ³³). Šμμ·¤¨´ É  X ¨§ ¤¥²¥´¨Ö Éμ±μ¢ σx < 1,3 ³³, ±μμ·¤¨´ É  Y ¶μ ¢·¥³¥´¨
¤·¥°Ë  σy < 0,35 ³³

¤²Ö · ¤¨ Í¨μ´´ÒÌ · ¸¶ ¤μ¢ ¶¨μ´μ¢ ¨ ³Õμ´μ¢, ¶·¨¢μ¤Ö ± ¤ ²Ó´¥°Ï¥³Ê Ê²ÊÎÏ¥´¨Õ ÉμÎ-
´μ¸É¨ ¨Ì ¨§³¥·¥´¨° ¢ ¶·¥¤Ò¤ÊÐ¨Ì Ô±¸¶¥·¨³¥´É Ì.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ £· ´É  �””ˆ 08-02-00652 .
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