
�¨¸Ó³  ¢ �—�Ÿ. 2014. ’. 11, º1(185). ‘. 51Ä56

Œ…’�„ˆŠ� ”ˆ‡ˆ—…‘Š�ƒ� �Š‘�…�ˆŒ…�’�

Š�‘Š�„�›… ‹ˆ‚�ˆ ‚ —…�…�Š�‚‘Š�Œ ‚�„��Œ
„…’…Š’��… �…‚�„

‘.‘. •μÌ²μ¢1, �. ‘. � ·¡ Ï¨´ , �. ƒ. �μ£¤ ´μ¢, �. �. „³¨É·¨¥¢ ,
‹.ˆ.„ÊÏ±¨´, …. �. ‡ ¤¥¡ , ‚. ‚. Š¨´¤¨´, …. �. Šμ¢Ò²Ö¥¢ , �. �. Šμ±μÊ²¨´,

Š. ƒ. Šμ³¶ ´¨¥Í, ‚. ‘. Š·Ê£²¨±μ¢ , �. �. �¥É·ÊÌ¨´, ‚. �. •μ³Ö±μ¢,
„. ‚. —¥·´μ¢, ‚. ‚. ˜ÊÉ¥´±μ, ˆ. ˆ. ŸÏ¨´

� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ö¤¥·´Ò° Ê´¨¢¥·¸¨É¥É ®Œˆ”ˆ¯, Œμ¸±¢ 

�¡¸Ê¦¤ ¥É¸Ö ³¥Éμ¤¨±  ¨§³¥·¥´¨Ö Ô´¥·£¨¨ ± ¸± ¤´ÒÌ ²¨¢´¥° ¢ Î¥·¥´±μ¢¸±μ³ ¢μ¤´μ³ ¤¥É¥±Éμ·¥
(—‚„) �…‚�„ ¸ ¶·μ¸É· ´¸É¢¥´´μ° ·¥Ï¥É±μ° ±¢ §¨¸Ë¥·¨Î¥¸±¨Ì ³μ¤Ê²¥° (Š‘Œ), ±μÉμ· Ö ¶μ§¢μ²Ö¥É
·¥±μ´¸É·Ê¨·μ¢ ÉÓ Î¨¸²μ Î ¸É¨Í ¢ ± ¸± ¤¥, ¤¢¨£ ÕÐ¨Ì¸Ö ¢¡²¨§¨ μ¸¨ ²¨¢´Ö, ´  μ¸´μ¢¥  ´ ²¨§ 
 ³¶²¨ÉÊ¤ μÉ±²¨±μ¢ ¸· ¡μÉ ¢Ï¨Ì ”�“. Œ¥Éμ¤¨±  ¢μ¸¸É ´μ¢²¥´¨Ö ± ¸± ¤´μ° ±·¨¢μ° μ¶·μ¡μ¢ ´  ´ 
± ¸± ¤´ÒÌ ²¨¢´ÖÌ, £¥´¥·¨·Ê¥³ÒÌ μ±μ²μ£μ·¨§μ´É ²Ó´Ò³¨ ³Õμ´ ³¨ ¢Ò¸μ±¨Ì Ô´¥·£¨°, ¢Ò¤¥²¥´´Ò³¨
¶·¨ ¶μ³μÐ¨ · §³¥Ð¥´´μ£μ ¢μ±·Ê£ —‚„ ±μμ·¤¨´ É´μ-É·¥±μ¢μ£μ ¤¥É¥±Éμ·  „…Š��. �·¥¤¸É ¢²¥´Ò
¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ± ¸± ¤´ÒÌ ²¨¢´¥° ¢ ¨´É¥·¢ ²¥ 10Ä1000 ƒÔ‚.

The technique of cascade shower energy measurements with a Cherenkov water detector (ChWD)
NEVOD having a spatial lattice of quasi-spherical modules (QSM) is discussed. This technique allows
one to reconstruct the number of cascade particles moving near the shower axis on the basis of analysis
of PMT response amplitudes. The technique of cascade curve reconstruction was applied to showers
generated by nearly horizontal high-energy muons selected by means of a coordinate tracking detec-
tor DECOR deployed around the ChWD. First results of cascade energy spectrum measurements are
presented for the interval 10Ä1000 GeV.

PACS: 29.40.-n; 29.40.Ka

‚‚…„…�ˆ…

�±¸¶¥·¨³¥´É ²Ó´Ò° ±μ³¶²¥±¸ �…‚�„Ä„…Š�� (·¨¸. 1) ¸μ§¤ ¢ ²¸Ö ¤²Ö ·¥£¨¸É· Í¨¨
¢¸¥Ì μ¸´μ¢´ÒÌ ±μ³¶μ´¥´Éμ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ´  ¶μ¢¥·Ì´μ¸É¨ ‡¥³²¨ [1, 2]. Šμ³-
¶²¥±¸ · ¸¶μ² £ ¥É¸Ö ´  É¥··¨Éμ·¨¨ � Í¨μ´ ²Ó´μ£μ ¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ Ö¤¥·´μ£μ Ê´¨¢¥·-
¸¨É¥É  ®Œˆ”ˆ¯ ¢ ¸¶¥Í¨ ²Ó´μ³ Î¥ÉÒ·¥ÌÔÉ ¦´μ³ §¤ ´¨¨, μ¡μ·Ê¤μ¢ ´´μ³ ´¥μ¡Ìμ¤¨³Ò³¨
¸¨¸É¥³ ³¨, μ¡¥¸¶¥Î¨¢ ÕÐ¨³¨ ¥£μ · ¡μÉÊ. �¸´μ¢μ° ±μ³¶²¥±¸  Ö¢²Ö¥É¸Ö · §³¥Ð¥´´Ò°
¢´ÊÉ·¨ §¤ ´¨Ö Î¥·¥´±μ¢¸±¨° ¢μ¤´Ò° ¤¥É¥±Éμ· �…‚�„ ¸ · §³¥· ³¨ ¢μ¤´μ£μ ·¥§¥·¢Ê · 
9 × 9 × 26 ³. „¥É¥±É¨·ÊÕÐ Ö ¸¨¸É¥³  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·μ¸É· ´¸É¢¥´´ÊÕ ·¥Ï¥É±Ê
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�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´Ò° ±μ³¶²¥±¸ �…‚�„Ä„…Š��

μ¶É¨Î¥¸±¨Ì ±¢ §¨¸Ë¥·¨Î¥¸±¨Ì ³μ¤Ê²¥° (Š‘Œ). Š ¦¤Ò° ³μ¤Ê²Ó ¸μ¸Éμ¨É ¨§ Ï¥¸É¨ ËμÉμ-
Ê³´μ¦¨É¥²¥° ¸ ¶²μ¸±¨³ ËμÉμ± Éμ¤μ³, ±μÉμ·Ò¥ μ·¨¥´É¨·μ¢ ´Ò ¢¤μ²Ó μ¸¥° μ·Éμ£μ´ ²Ó´μ°
¸¨¸É¥³Ò ±μμ·¤¨´ É. �·μ¸É· ´¸É¢¥´´ Ö ·¥Ï¥É±  Š‘Œ ¶μ§¢μ²Ö¥É ¤¥É¥±É¨·μ¢ ÉÓ Î¥·¥´±μ¢-
¸±μ¥ ¨§²ÊÎ¥´¨¥ ¸ ²Õ¡μ£μ ´ ¶· ¢²¥´¨Ö ¸ μ¤¨´ ±μ¢μ° ÔËË¥±É¨¢´μ¸ÉÓÕ. „²Ö Ëμ·³¨·μ¢ ´¨Ö
¶·μ¸É· ´¸É¢¥´´μ° ·¥Ï¥É±¨ ³μ¤Ê²¨ μ¡Ñ¥¤¨´¥´Ò ¢ £¨·²Ö´¤Ò ¶μ É·¨ ¨²¨ Î¥ÉÒ·¥ Š‘Œ ¢
± ¦¤μ° ¸ Ï £μ³ 2,5 ³ ¢¤μ²Ó ¤¥É¥±Éμ· , 2 ³ ¶μ¶¥·¥± ¨ 2 ³ ¶μ £²Ê¡¨´¥. ‚¸¥£μ ¢ ¸μ¸É ¢
¤¥É¥±É¨·ÊÕÐ¥° ¸¨¸É¥³Ò ¢Ìμ¤¨É 91 Š‘Œ (546 ”�“).

„²Ö ¨§³¥·¥´¨Ö Ê£²μ¢ÒÌ Ì · ±É¥·¨¸É¨± ·¥£¨¸É·¨·Ê¥³ÒÌ Î ¸É¨Í ¢μ±·Ê£ Î¥·¥´±μ¢¸±μ£μ
¢μ¤´μ£μ ± ²μ·¨³¥É·  ¡Ò² · §¢¥·´ÊÉ ±μμ·¤¨´ É´μ-É·¥±μ¢Ò° ¤¥É¥±Éμ· „…Š�� [2, 3], ±μ-
Éμ·Ò° ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ³μ¤Ê²Ó´ÊÕ ³´μ£μ¸²μ°´ÊÕ ¸¨¸É¥³Ê £ §μ· §·Ö¤´ÒÌ É·Ê¡μ± ¸
·¥§¨¸É¨¢´Ò³ ¶μ±·ÒÉ¨¥³ ± Éμ¤ . 	μ±μ¢ Ö Î ¸ÉÓ „…Š�� ¸μ¸Éμ¨É ¨§ ¢μ¸Ó³¨ ¢¥·É¨± ²Ó´ÒÌ
8-¸²μ°´ÒÌ ¸¡μ·μ± ± ³¥· (¸Ê¶¥·³μ¤Ê²¥°, ‘Œ) μ¡Ð¥° ¶²μÐ ¤ÓÕ μ±μ²μ 70 ³2. �²μ¸±μ¸É¨
± ³¥· μ¸´ Ð¥´Ò ¤¢ÊÌ±μμ·¤¨´ É´μ° ¸¨¸É¥³μ° ¢´¥Ï´¨Ì ¸É·¨¶μ¢, ±μÉμ· Ö ¶μ§¢μ²Ö¥É μ¶·¥-
¤¥²¨ÉÓ ¶μ²μ¦¥´¨¥ É·¥±  § ·Ö¦¥´´μ° Î ¸É¨ÍÒ ¸ ÉμÎ´μ¸ÉÓÕ 1 ¸³ ¶μ μ¡¥¨³ ±μμ·¤¨´ É ³
(X, Y ). “£²μ¢ Ö ÉμÎ´μ¸ÉÓ ·¥±μ´¸É·Ê±Í¨¨ ³Õμ´μ¢, ¶¥·¥¸¥± ÕÐ¨Ì ‘Œ, ²ÊÎÏ¥ 0,7 ¨ 0,8◦

¤²Ö §¥´¨É´μ£μ ¨  §¨³ÊÉ ²Ó´μ£μ Ê£²μ¢ ¸μμÉ¢¥É¸É¢¥´´μ.
„²Ö · ¸Ï¨·¥´¨Ö ¢μ§³μ¦´μ¸É¨ ¨§³¥·¥´¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨° ³Õμ´μ¢ (± ± μ¤¨´μÎ´ÒÌ,

É ± ¨ £·Ê¶¶) ¡Ò²  ¶·μ¢¥¤¥´  ³μ¤¥·´¨§ Í¨Ö ¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò —‚„ �…‚�„, ¢ ·¥-
§Ê²ÓÉ É¥ ±μÉμ·μ° ËμÉμÊ³´μ¦¨É¥²¨ ¢ Š‘Œ § ³¥´¥´Ò ¸ ”�“-49	 ´  ”�“-200, ¨³¥ÕÐ¨¥
´¨§±¨° É¥³¶ ¸Î¥É  É¥³´μ¢ÒÌ ÏÊ³μ¢ ¨ ¡μ²¥¥ ¢Ò¸μ±ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ,   É ±¦¥ ¡Ò²
·¥ ²¨§μ¢ ´ ¤¢ÊÌ¤¨´μ¤´Ò° ¸Ñ¥³ ¸¨£´ ²μ¢ ¸ ”�“, ÎÉμ ¶μ§¢μ²¨²μ ¤μ¸É¨ÎÓ ¤¨´ ³¨Î¥¸±μ£μ
¤¨ ¶ §μ´  μÉ 1 ¤μ 105 ËμÉμÔ²¥±É·μ´μ¢ [4].

Œ¥Éμ¤¨±  ¨§³¥·¥´¨° Ô´¥·£μ¢Ò¤¥²¥´¨° ¢ μ¡Ñ¥³¥ —‚„ μÉ· ¡ ÉÒ¢ ² ¸Ó ´  μ¤¨´μÎ´ÒÌ
μ±μ²μ£μ·¨§μ´É ²Ó´ÒÌ ³Õμ´ Ì. …¸²¨ ¸· ¡μÉ ²¨ ¤¢  ¨ Éμ²Ó±μ ¤¢  ‘Œ „…Š��, · ¸¶μ²μ-
¦¥´´Ò¥ ´  ¶·μÉ¨¢μ¶μ²μ¦´ÒÌ ±μ·μÉ±¨Ì ¸Éμ·μ´ Ì ¡ ¸¸¥°´ , ¨ ÊÎ ¸É±¨ É·¥± , ·¥±μ´¸É·Ê-
¨·μ¢ ´´Ò¥ ± ¦¤Ò³ ‘Œ ¢´ÊÉ·¨ ¸¡μ·±¨ ± ³¥·, ¸μ¢¶ ¤ ÕÉ ¢ ¶·¥¤¥² Ì Ê£²  ³¥´ÓÏ¥ 5◦, Éμ
É ±μ¥ ¸μ¡ÒÉ¨¥ ´ §Ò¢ ¥É¸Ö ®OneTrack¯. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¸Î¨É ¥É¸Ö, ÎÉμ É·¥±¨ ¢ μÉ¤¥²Ó-
´ÒÌ ‘Œ ¶·¨´ ¤²¥¦ É μ¤´μ° Î ¸É¨Í¥. ‹¨´¨Ö, ¸μ¥¤¨´ÖÕÐ Ö ¸¥·¥¤¨´Ò ÊÎ ¸É±μ¢ É·¥±μ¢ ¢
¶·¥¤¥² Ì ± ¦¤μ£μ ‘Œ, ¶·¨´¨³ ¥É¸Ö §  É·¥± ³Õμ´  (¸³. ·¨¸. 1). �·¨ ¤ ´´μ° £¥μ³¥É·¨¨
¶μ·μ£μ¢ Ö Ô´¥·£¨Ö ·¥£¨¸É· Í¨¨ ³Õμ´μ¢ ¸μ¸É ¢²Ö¥É μ±μ²μ 7 ƒÔ‚ ¨ ¡μ²¥¥ 30 % ¢¸¥Ì Î -
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¸É¨Í, ¶¥·¥¸¥± ÕÐ¨Ì μ¡Ñ¥³ ¤¥É¥±Éμ· , ¨³¥ÕÉ Ô´¥·£¨Õ ¡μ²¥¥ 100 ƒÔ‚. ‡´ Î¨É¥²Ó´ Ö Î ¸ÉÓ
³Õμ´μ¢ ¶·¨ ÔÉμ³ £¥´¥·¨·Ê¥É ± ¸± ¤´Ò¥ ²¨¢´¨ ¢ ¢¥Ð¥¸É¢¥ ¤¥É¥±Éμ· .

1. Œ…’�„ˆŠ� ‚�‘‘’���‚‹…�ˆŸ Š�‘Š�„��‰ Š�ˆ‚�‰

�·μ¸É· ´¸É¢¥´´ Ö ·¥Ï¥É±  Š‘Œ ¶μ§¢μ²Ö¥É ·¥±μ´¸É·Ê¨·μ¢ ÉÓ Î¨¸²μ Î ¸É¨Í ¢ ± ¸± ¤¥,
¤¢¨£ ÕÐ¨Ì¸Ö ¢¤μ²Ó μ¸¨ ²¨¢´Ö (± ¸± ¤´ÊÕ ±·¨¢ÊÕ), ´  μ¸´μ¢¥  ´ ²¨§   ³¶²¨ÉÊ¤ μÉ±²¨±μ¢
¸· ¡μÉ ¢Ï¨Ì ”�“.

Œ¥Éμ¤¨±  ¢μ¸¸É ´μ¢²¥´¨Ö ± ¸± ¤´μ° ±·¨¢μ° μ¸´μ¢ ´  ´  ¶¥·¥¸Î¥É¥ μÉ±²¨±  ± ¦¤μ£μ
”�“, ±μÉμ·Ò° ®¢¨¤¨É¯ ®OneTrack¯, ¢ Î¨¸²μ ¨§²ÊÎ ÕÐ¨Ì ·¥²ÖÉ¨¢¨¸É¸±¨Ì Î ¸É¨Í (·¨¸. 2).

�¨¸. 2. ƒ¥μ³¥É·¨Ö ¸μ¡ÒÉ¨Ö ¶·¨ ¶¥·¥¸Î¥É¥
μÉ±²¨±  ”�“ ¢ ±μ²¨Î¥¸É¢μ § ·Ö¦¥´´ÒÌ Î -

¸É¨Í

�·¨ ÔÉμ³ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ´ ¶· ¢²¥´¨¥ ¤¢¨-
¦¥´¨Ö ·μ¦¤¥´´ÒÌ ¢ ²¨¢´¥ Ô²¥±É·μ´μ¢ ¨ ¶μ§¨-
É·μ´μ¢ ¸μ¢¶ ¤ ¥É ¸ μ¸ÓÕ ²¨¢´Ö,   ¸ ³  μ¸Ó ¸μ-
¢¶ ¤ ¥É ¸ É·¥±μ³ ³Õμ´ . Šμ²¨Î¥¸É¢μ § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í ¢¤μ²Ó É·¥±  μÍ¥´¨¢ ¥É¸Ö ¢ μÉ·¥§-
± Ì (¡¨´ Ì), ´  ±μÉμ·Ò¥ ¶·¥¤¢ ·¨É¥²Ó´μ · §-
¡¨É É·¥±. „²¨´  ± ¦¤μ£μ ¡¨´  Å μ¤´  · ¤¨ -
Í¨μ´´ Ö ¥¤¨´¨Í . �μ¸²¥  ´ ²¨§  μÉ±²¨±μ¢ ¢¸¥Ì
¸· ¡μÉ ¢Ï¨Ì ”�“ ¶μ²ÊÎ¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥
Ë¨É¨·Ê¥É¸Ö ¶·¨¡²¨¦¥´´Ò³  ´ ²¨É¨Î¥¸±¨³ ¢Ò-
· ¦¥´¨¥³ ¤²Ö ± ¸± ¤´μ° ±·¨¢μ° [5]:

N É¥μ·(y0, t0, t) =

=
(

0,32
√

y0

)
exp

(
(t − t0)(1 − 1,5 ln s)

)
, (1)

£¤¥ y0 = ln (E0/ε), ε = 73 ŒÔ‚ Å ±·¨É¨Î¥¸± Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¢ ¢μ¤¥; S =
3(t − t0)/(t − t0 + 2y0) Å ¢μ§· ¸É ²¨¢´Ö; E0 Å Ô´¥·£¨Ö ²¨¢´Ö; t0 Å ±μμ·¤¨´ É  ÉμÎ±¨
£¥´¥· Í¨¨ ²¨¢´Ö.

”¨É¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨ ËÊ´±Í¨μ´ ² 

W =
1

(m − k)

i=m∑
i=1

(N É¥μ·
i − N Ô±¸¶

i )2

N É¥μ·
i

, (2)

£¤¥ m Å Î¨¸²μ ¡¨´μ¢; k = 2 Å ±μ²¨Î¥¸É¢μ ¨¸±μ³ÒÌ ¶ · ³¥É·μ¢.
„²Ö μ¶·¥¤¥²¥´¨Ö Î¨¸²  ¨§²ÊÎ ÕÐ¨Ì ´  ÊÎ ¸É±¥ É·¥±  Î ¸É¨Í Ni ´¥μ¡Ìμ¤¨³μ μÉ±²¨±

”�“ ´  ¤ ´´μ¥ ¸μ¡ÒÉ¨¥ A”�“ · §¤¥²¨ÉÓ ´  μÉ±²¨± ”�“ μÉ μ¤¨´μÎ´μ° Î ¸É¨ÍÒ ¸ É¥³¨
¦¥ £¥μ³¥É·¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨ É·¥± , A1 §.Î (¸³. ·¨¸. 2):

N Ô±¸¶
i =

A”�“

A1 §.Î(R, α)
. (3)

—¨¸²μ Î ¸É¨Í ¢ ¡¨´¥ Ê¸·¥¤´Ö¥É¸Ö ¶μ ¢¸¥³ ”�“, ±μÉμ·Ò¥ ®¢¨¤ÖÉ¯ É·¥±.
�É±²¨± ”�“ ´  μ¤¨´μÎ´ÊÕ § ·Ö¦¥´´ÊÕ Î ¸É¨ÍÊ · ¸¸Î¨ÉÒ¢ ²¸Ö ¶μ Ëμ·³Ê²¥

A1 §.Î(R, α) =
S”�“ cosα

2π(R + r”�“) sin θC

λmax∫
λmin

dN

dλ
η(λ) exp

(
− R

L(λ) sin θC

)
dλ, (4)
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£¤¥ S”�“ ¨ r”�“ Å ¶²μÐ ¤Ó ¨ · ¤¨Ê¸ ËμÉμ± Éμ¤ ; dN/dλ Å · ¸¶·¥¤¥²¥´¨¥ Î¥·¥´±μ¢¸±¨Ì
ËμÉμ´μ¢ ¶μ ¤²¨´ ³ ¢μ²´; α Å Ê£μ² ¶ ¤¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ´  ËμÉμ± Éμ¤;
θC Å Ê£μ² ¨§²ÊÎ¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ ¢μ¤¥; η(λ) Å ±¢ ´Éμ¢ Ö ÔËË¥±É¨¢´μ¸ÉÓ ”�“;
L(λ) Å ¤²¨´  ¶μ£²μÐ¥´¨Ö ¸¢¥É  ¢ ¢μ¤¥; λmin ¨ λmax Å £· ´¨ÍÒ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ”�“.

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  A1 §.Î ¤²Ö α = 0◦ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3 ÉμÎ± ³¨. ‡ ¢¨¸¨³μ¸ÉÓ
Ë¨É¨·μ¢ ² ¸Ó ËÊ´±Í¨¥°

A1 §.Î(R, α) =
C cosα

R + r”�“

(
exp

(
− R

Lshort

)
+ 0,5 exp

(
− R

Llong

))
(5)

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ μÉ±²¨±  ”�“ ´  ¶·μÌμ¦¤¥-
´¨¥ μ¤¨´μÎ´μ° Î ¸É¨ÍÒ μÉ · ¸¸ÉμÖ´¨Ö ¤μ É·¥± 

¸ ¶ · ³¥É· ³¨ C = 8,9 ËμÉμÔ²¥±É·μ-
´μ¢ ·³, Lshort = 0,7 ³ ¨ Llong = 3,8 ³.

Œ¥Éμ¤¨±  ¢μ¸¸É ´μ¢²¥´¨Ö ± ¸± ¤´μ°
±·¨¢μ° ¡Ò²  μ¶·μ¡μ¢ ´  ´  ¸μ¡ÒÉ¨ÖÌ, ¢
±μÉμ·ÒÌ ¢ ¶·μ£· ³³´μ³ ¶ ±¥É¥ Geant4.9.4
³μ¤¥²¨·μ¢ ²¸Ö μÉ±²¨± —‚„ �…‚�„ ´ 
± ¸± ¤´Ò¥ ²¨¢´¨ ¸ Ë¨±¸¨·μ¢ ´´Ò³¨ Ô´¥·-
£¨Ö³¨ 10, 31,6, 100, 316, 1000 ¨ 3160 ƒÔ‚.
�·¨³¥· ¢μ¸¸É ´μ¢²¥´´μ° ± ¸± ¤´μ° ±·¨-
¢μ° ³μ¤¥²¨·μ¢ ´´μ£μ ²¨¢´Ö ¸ Ô´¥·£¨¥°
316 ƒÔ‚ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 4. �  ·¨¸. 5
¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´-
´μ° Ô´¥·£¨¨ ± ¸± ¤´μ£μ ²¨¢´Ö μÉ Ô´¥·£¨¨
³μ¤¥²¨·μ¢ ´´μ£μ ²¨¢´Ö. �·¨ Ë¨É¨·μ¢ -
´¨¨ § ¢¨¸¨³μ¸É¨ ¶·Ö³μ° ²¨´¨¥° ±μÔËË¨-

Í¨¥´É ´ ±²μ´  · ¢¥´ 1,02 ± 0,03, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ±μ··¥±É´μ¸É¨ ³¥Éμ¤¨±¨ ¢μ¸¸É -
´μ¢²¥´¨Ö ± ¸± ¤´μ° ±·¨¢μ°.

�¨¸. 4. �·¨³¥· ¢μ¸¸É ´μ¢²¥´´μ° ± ¸± ¤´μ°
±·¨¢μ° ³μ¤¥²¨·μ¢ ´´μ£μ ²¨¢´Ö

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ¢μ¸¸É ´μ¢²¥´´μ° Ô´¥·£¨¨
± ¸± ¤  μÉ Ô´¥·£¨¨ ³μ¤¥²¨·μ¢ ´´μ£μ ²¨¢´Ö

�É±²¨± —‚„ ´  ± ¸± ¤´Ò¥ ²¨¢´¨ ¸ Ô´¥·£¨¥° ³¥´¥¥ 5Ä7 ƒÔ‚ ¸² ¡μ μÉ²¨Î¨³ μÉ μÉ±²¨± 
´  μ¤¨´μÎ´Ò° μ±μ²μ£μ·¨§μ´É ²Ó´Ò° ³Õμ´, ÎÉμ μ¶·¥¤¥²Ö¥É ´¨¦´ÕÕ £· ´¨ÍÊ ¤¨ ¶ §μ´ 
¨§³¥·¥´¨° Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É· . —¥·¥´±μ¢¸±¨° ± ²μ·¨³¥É· ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ Ô´¥·-
£¨¨ ± ¸± ¤´ÒÌ ²¨¢´¥° ¤μ 10 ’Ô‚.
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2. ˆ‡Œ…�…�ˆ… ‘�…Š’�� Š�‘Š�„�›• ‹ˆ‚�…‰

�´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ± ¸± ¤´ÒÌ ²¨¢´¥°, £¥´¥·¨·μ¢ ´´ÒÌ μ±μ²μ£μ·¨§μ´É ²Ó´Ò³¨
³Õμ´ ³¨ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°, ¨§³¥·Ö²¸Ö ¢ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¸¥·¨¨ ¸ 23 ¤¥± ¡·Ö
2011 £. ¶μ 22 ¨Õ´Ö 2012 £. μ¡Ð¥° ¤²¨É¥²Ó´μ¸ÉÓÕ 3000 Î ¸μ¢ ®¦¨¢μ£μ ¢·¥³¥´¨¯. �μ
·¥§Ê²ÓÉ É ³ ¨§³¥·¥´¨° ¡Ò²μ μÉμ¡· ´μ 7,6 · 105 ¸μ¡ÒÉ¨° É¨¶  ®OneTrack¯, ¢ ±μÉμ·ÒÌ
¡Ò²¨ ¢μ¸¸É ´μ¢²¥´Ò 8947 ± ¸± ¤´ÒÌ ²¨¢´¥° ¸ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ 7 ƒÔ‚.

�¨¸. 6. �·¨³¥· ¢μ¸¸É ´μ¢²¥´´μ° ± ¸± ¤´μ°

±·¨¢μ° ³μÐ´μ£μ ²¨¢´Ö

�¨¸. 7. ˆ§³¥·¥´´Ò° Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ± ¸-

± ¤´ÒÌ ²¨¢´¥°

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´ ¶·¨³¥· μ¤´μ£μ ¨§ ´ ¨¡μ²¥¥ ³μÐ´ÒÌ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ± ¸± -
¤μ¢ ¸ Ô´¥·£¨¥° 1,2 ’Ô‚. �  ·¨¸. 7 ¶·¥¤¸É ¢²¥´ Ô´¥·£¥É¨Î¥¸±¨° ¸¶¥±É· ± ¸± ¤´ÒÌ ²¨¢´¥°,
¨§³¥·¥´´Ò° ¢ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É . �·μ¢¥¤¥´´Ò¥ μÍ¥´±¨ ¶μ± §Ò¢ ÕÉ, ÎÉμ ± ¸± ¤-
´Ò¥ ²¨¢´¨ ¸ Ô´¥·£¨Ö³¨ ³¥´¥¥ 100 ƒÔ‚ ¢ μ¸´μ¢´μ³ £¥´¥·¨·ÊÕÉ¸Ö δ-Ô²¥±É·μ´ ³¨ ¨ ¸¶¥±É·
¢ ÔÉμ° μ¡² ¸É¨ ´¥ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¸¶¥±É·  ³Õμ´μ¢. �¤´ ±μ
μ¡² ¸ÉÓ ¸¶¥±É·  ¢ÒÏ¥ 100 ƒÔ‚ ¶·¨ Ê¢¥²¨Î¥´¨¨ ¸É É¨¸É¨±¨ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´  ¤²Ö
¢μ¸¸É ´μ¢²¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ³Õμ´μ¢.
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� §· ¡μÉ ´  ¨ μ¶·μ¡μ¢ ´  ³¥Éμ¤¨±  ¨¸¸²¥¤μ¢ ´¨Ö ± ¸± ¤´ÒÌ ²¨¢´¥° ¸ Ô´¥·£¨Ö³¨ ¢
¤¨ ¶ §μ´¥ μÉ 7 ƒÔ‚ ¤μ 10 ’Ô‚, £¥´¥·¨·Ê¥³ÒÌ ³Õμ´ ³¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ Î¥·¥´±μ¢¸±μ³
¢μ¤´μ³ ¤¥É¥±Éμ·¥ ¸ ³ ²Ò³ Ï £μ³ ¶·μ¸É· ´¸É¢¥´´μ° ·¥Ï¥É±¨. „ ´´ Ö ³¥Éμ¤¨±  ¶μ§¢μ²Ö¥É
¨§³¥·¨ÉÓ Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò μ¤¨´μÎ´ÒÌ ³Õμ´μ¢ ¨ £·Ê¶¶ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°
¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ §¥´¨É´ÒÌ Ê£²μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ � ÊÎ´μ-μ¡· §μ¢ É¥²Ó´μ³ Í¥´É·¥ �…‚�„ ¢ · ³± Ì ¢¥¤ÊÐ¥° ´ ÊÎ-
´μ° Ï±μ²Ò �˜-6817.2012.2 ¶·¨ ¶μ¤¤¥·¦±¥ Œ¨´¨¸É¥·¸É¢  μ¡· §μ¢ ´¨Ö ¨ ´ Ê±¨ �μ¸¸¨°-
¸±μ° ”¥¤¥· Í¨¨ ¨ £· ´É  �””ˆ 11-02-12222-μË¨-³-2011.
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