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„²Ö ·¥Ï¥´¨Ö ¶·μ¡²¥³Ò ¨§¡ÒÉ±  ³Õμ´μ¢ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¶·¨ ¸¢¥·Ì¢Ò¸μ±¨Ì
Ô´¥·£¨ÖÌ ´¥μ¡Ìμ¤¨³  ´ ²¨§ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ³Õμ´´μ° ±μ³¶μ´¥´ÉÒ Ï¨-
·μ±¨Ì  É³μ¸Ë¥·´ÒÌ ²¨¢´¥° (˜�‹). ‚μ§³μ¦´Ò³ ¶μ¤Ìμ¤μ³ ± É ±¨³ ¨¸¸²¥¤μ¢ ´¨Ö³
Ö¢²ÖÕÉ¸Ö ¨§³¥·¥´¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶ ³Õμ´μ¢ ¢ ¤¥É¥±Éμ·¥, ±μÉμ·Ò¥ ¤ ÕÉ ¨´-
Ëμ·³ Í¨Õ μ ¸·¥¤´¥° Ô´¥·£¨¨ ³Õμ´μ¢. ‚ Ô±¸¶¥·¨³¥´É¥, ¶·μ¢μ¤¨³μ³ ´  ±μ³¶²¥±¸¥
�…‚�„-„…Š��, ²μ± ²Ó´ Ö ¶²μÉ´μ¸ÉÓ ³Õμ´μ¢ ¨ ´ ¶· ¢²¥´¨¥ ¶·¨Ìμ¤  ²¨¢´Ö μ¶·¥¤¥-
²ÖÕÉ¸Ö ¶μ ¤ ´´Ò³ ±μμ·¤¨´ É´μ-É·¥±μ¢μ£μ ¤¥É¥±Éμ· ,   Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¨§³¥·Ö¥É¸Ö ¸
¶μ³μÐÓÕ Î¥·¥´±μ¢¸±μ£μ ± ²μ·¨³¥É· . �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö Ô´¥·£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶
§  17 400 Î ´ ¡²Õ¤¥´¨° ¸μ¶μ¸É ¢²¥´Ò ¸ · ¸Î¥É ³¨, ¢Ò¶μ²´¥´´Ò³¨ ¸ ¶μ³μÐÓÕ ¶·μ-
£· ³³Ò CORSIKA.

To solve the problem of the muon excess observed in cosmic rays at ultrahigh energies,
the analysis of the energy characteristics of the muon component of extensive air showers
(EAS) is necessary. A possible approach to such investigations is the measurement of the
energy deposit of muon bundles in the detector, which carries information on the mean
muon energy. In the experiment conducted at the NEVOD-DECOR complex, the local
muon density and the shower arrival direction are determined according to the data of
the coordinate-tracking detector, whereas the energy deposit is measured by means of the
Cherenkov calorimeter. Results of the measurements of the energy deposit of the bundles
based on the data accumulated during 17 400 h are compared with simulations performed
by means of the CORSIKA program.
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‚ ·Ö¤¥ Ô±¸¶¥·¨³¥´Éμ¢, ¶·μ¢¥¤¥´´ÒÌ ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì ¶·¨ Ê²ÓÉ· -
¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ, ¡Ò² μ¡´ ·Ê¦¥´ ¨§¡ÒÉμ± ³´μ£μ³Õμ´´ÒÌ ¸μ¡ÒÉ¨° (Î¨¸²μ
³Õμ´μ¢ ¢ ˜�‹, ¨´É¥´¸¨¢´μ¸ÉÓ £·Ê¶¶ ³Õμ´μ¢) ¶μ ¸· ¢´¥´¨Õ ¸ ·¥§Ê²ÓÉ -
É ³¨ · ¸Î¥Éμ¢, ¢Ò¶μ²´¥´´ÒÌ ´  μ¸´μ¢¥ Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥³ÒÌ ³μ¤¥²¥° ¢§ -
¨³μ¤¥°¸É¢¨Ö  ¤·μ´μ¢ [1Ä4]. ‚ ¶·¨´Í¨¶¥, ÔÉμÉ ¨§¡ÒÉμ± ³μ¦¥É ¡ÒÉÓ ¢Ò§¢ ´
± ± ±μ¸³μË¨§¨Î¥¸±¨³¨ (Ê¢¥²¨Î¥´¨¥ ¸μ¤¥·¦ ´¨Ö ÉÖ¦¥²ÒÌ Ö¤¥· ¢ ±μ¸³¨Î¥¸±μ³
¨§²ÊÎ¥´¨¨), É ± ¨ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨³¨ ¶·¨Î¨´ ³¨ (¨§³¥´¥´¨¥ Ì · ±É¥·¨¸É¨±
¢§ ¨³μ¤¥°¸É¢¨Ö ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢ ¨ Ö¤¥· ¸ Ö¤· ³¨  Éμ³μ¢  É³μ¸Ë¥·Ò). �¤-
´ ±μ ¶·¨ Ô´¥·£¨ÖÌ ¶μ·Ö¤±  1018 Ô‚ ¨ ¢ÒÏ¥ ¨§¡ÒÉμ± ³´μ£μ³Õμ´´ÒÌ ¸μ¡ÒÉ¨°
´¥ Ê¤ ¥É¸Ö μ¡ÑÖ¸´¨ÉÓ ¢ · ³± Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³μ¤¥²¥° ¢§ ¨³μ¤¥°¸É¢¨Ö ¤ ¦¥ ¢
¶·¥¤¶μ²μ¦¥´¨¨ ¶·¥¤¥²Ó´μ ÉÖ¦¥²μ£μ (Ö¤·  ¦¥²¥§ ) ¶¥·¢¨Î´μ£μ ¸μ¸É ¢  [3Ä5].
�μÔÉμ³Ê ¥¸É¥¸É¢¥´´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¸μ¢·¥³¥´´Ò¥ ³μ¤¥²¨ · §¢¨É¨Ö Ö¤¥·-
´μ£μ ± ¸± ¤  ¢  É³μ¸Ë¥·¥ É·¥¡ÊÕÉ ¶¥·¥¸³μÉ· . Š²ÕÎμ³ ± ·¥Ï¥´¨Õ ¤ ´´μ°
¶·μ¡²¥³Ò, Î ¸Éμ ´ §Ò¢ ¥³μ° ®³Õμ´´μ° § £ ¤±μ°¯ (muon puzzle), ³μ£ÊÉ ¸É ÉÓ
¨¸¸²¥¤μ¢ ´¨Ö Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ³Õμ´´μ° ±μ³¶μ´¥´ÉÒ ˜�‹ ¨
¨Ì ¨§³¥´¥´¨° ¸ ¶¥·¢¨Î´μ° Ô´¥·£¨¥° [6].

‚μ§³μ¦´Ò³ ¶μ¤Ìμ¤μ³ ± É ±¨³ ¨¸¸²¥¤μ¢ ´¨Ö³ Ö¢²Ö¥É¸Ö ¨§³¥·¥´¨¥ Ô´¥·-
£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶ ³Õμ´μ¢ ¶·¨ ¨Ì ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ¢¥Ð¥¸É¢μ ¤¥É¥±Éμ· .
“¤¥²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ³Õμ´μ¢ ¢ μ¡² ¸É¨ §´ Î¥´¨° Ô´¥·£¨¨ ¢ÒÏ¥ ¸μÉ¥´ £¨-
£ Ô²¥±É·μ´¢μ²ÓÉ ¶μÎÉ¨ ²¨´¥°´μ · ¸ÉÊÉ ¸ ¨Ì Ô´¥·£¨¥°, ¨ ¶μÖ¢²¥´¨¥ ¨§¡ÒÉμÎ-
´μ£μ ¶μÉμ±  ¢Ò¸μ±μÔ´¥·£¨Î´ÒÌ ³Õμ´μ¢ ¤μ²¦´μ ¶·¨¢¥¸É¨ ± ¨§³¥´¥´¨Õ § ¢¨-
¸¨³μ¸É¨ ¸·¥¤´¥£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö μÉ Ô´¥·£¨¨ ¶¥·¢¨Î´μ° Î ¸É¨ÍÒ. �±¸¶¥-
·¨³¥´É ¶μ ¨¸¸²¥¤μ¢ ´¨Õ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ³Õμ´´ÒÌ £·Ê¶¶ ´ Î É ´  Ô±¸¶¥·¨-
³¥´É ²Ó´μ³ ±μ³¶²¥±¸¥ �…‚�„ ¢ 2012 £. Šμ³¶²¥±¸ ¢±²ÕÎ ¥É Î¥·¥´±μ¢¸±¨°
¢μ¤´Ò° ± ²μ·¨³¥É· [7, 8] ¨ ±μμ·¤¨´ É´μ-É·¥±μ¢Ò° ¤¥É¥±Éμ· [9], μ¡¥¸¶¥Î¨¢ -
ÕÐ¨° ´ ¤¥¦´ÊÕ ¨¤¥´É¨Ë¨± Í¨Õ ³´μ£μ³Õμ´´ÒÌ ¸μ¡ÒÉ¨°. �¥£¨¸É· Í¨Ö £·Ê¶¶
³Õμ´μ¢ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ ³´μ¦¥¸É¢¥´´μ¸É¨ ¨ §¥´¨É´ÒÌ Ê£²μ¢ μ¡¥¸¶¥Î¨-
¢ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨§ÊÎ¥´¨Ö Ï¨·μ±μ£μ ¨´É¥·¢ ²  ¶¥·¢¨Î´ÒÌ Ô´¥·£¨° ¢ · ³± Ì
μ¤´μ£μ Ô±¸¶¥·¨³¥´É . ‚ ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¸·¥¤´¥£μ
Ô´¥·£μ¢Ò¤¥²¥´¨Ö ´ ±²μ´´ÒÌ £·Ê¶¶ ³Õμ´μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ¤¢ÊÌ ¸¥-
·¨ÖÌ ¨§³¥·¥´¨° ¸Ê³³ ·´μ° ¶·μ¤μ²¦¨É¥²Ó´μ¸ÉÓÕ ¡μ²¥¥ 17 000 Î, ¨ ¨Ì ¸· ¢-
´¥´¨¥ ¸ μ¦¨¤ ¥³Ò³¨ Ô´¥·£¥É¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨, · ¸¸Î¨É ´´Ò³¨ ´ 
μ¸´μ¢¥ ¶·μ£· ³³Ò CORSIKA [10].

1. �Š‘�…�ˆŒ…�’�‹œ�›… „���›…

ˆ§³¥·¨É¥²Ó´ Ö ¸¨¸É¥³  Î¥·¥´±μ¢¸±μ£μ ¢μ¤´μ£μ ¤¥É¥±Éμ·  (—‚„) �…‚�„
¸ ¢´ÊÉ·¥´´¨³ μ¡Ñ¥³μ³ 9×9×26 ³ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·μ¸É· ´¸É¢¥´´ÊÕ ·¥-
Ï¥É±Ê ±¢ §¨¸Ë¥·¨Î¥¸±¨Ì ³μ¤Ê²¥° (Š‘Œ) [7]. Š ¦¤Ò° Š‘Œ ¢±²ÕÎ ¥É Ï¥¸ÉÓ
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ËμÉμÊ³´μ¦¨É¥²¥° ”�“-200 ¸ ¶²μ¸±¨³ ËμÉμ± Éμ¤μ³ ¤¨ ³¥É·μ³ 15 ¸³, ´ ¶· -
¢²¥´´ÒÌ ¶μ μ¸Ö³ μ·Éμ£μ´ ²Ó´μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É. ‚¸¥£μ ¨§³¥·¨É¥²Ó´ Ö
¸¨¸É¥³  ¸μ¤¥·¦¨É 91 Š‘Œ, ±μÉμ·Ò¥ · §³¥Ð¥´Ò ¢ ¢¨¤¥ ¢¥·É¨± ²Ó´ÒÌ £¨·²Ö´¤
(¶μ 3 ¨²¨ 4 Š‘Œ ¢ ± ¦¤μ°) ¸ · ¸¸ÉμÖ´¨Ö³¨ 2,5 ³ ¢¤μ²Ó ¢μ¤´μ£μ ¡ ¸¸¥°´  ¨ 2 ³
¶μ¶¥·¥± ¨ ¶μ ¥£μ £²Ê¡¨´¥. �μ¸²¥ ´¥¤ ¢´¥° ³μ¤¥·´¨§ Í¨¨ [8] Ô²¥±É·μ´´ Ö ¸¨-
¸É¥³  ¤¥É¥±Éμ·  ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ ¸¨£´ ²Ò ¢ Ï¨·μ±μ³ ¤¨´ ³¨Î¥¸±μ³ ¤¨ ¶ -
§μ´¥ (μÉ 1 ¤μ 105 ËμÉμÔ²¥±É·μ´μ¢) ¤²Ö ± ¦¤μ£μ ”�“. Šμμ·¤¨´ É´μ-É·¥±μ¢Ò°
¤¥É¥±Éμ· „…Š�� [9] μ¡Ð¥° ¶²μÐ ¤ÓÕ μ±μ²μ 70 ³2 ¢±²ÕÎ ¥É 8 ¸Ê¶¥·³μ¤Ê²¥°
(‘Œ), · §³¥Ð¥´´ÒÌ ¢ £ ²¥·¥ÖÌ §¤ ´¨Ö �…‚�„ ¸ É·¥Ì ¸Éμ·μ´ μÉ ¢μ¤´μ£μ ¡ ¸-
¸¥°´ . —Ê¢¸É¢¨É¥²Ó´ Ö ¶²μÐ ¤Ó ± ¦¤μ£μ ‘Œ ¸μ¸É ¢²Ö¥É 8,4 ³2. ‘Ê¶¥·³μ¤Ê²¨
¸μ¸ÉμÖÉ ¨§ 8 ¢¥·É¨± ²Ó´ÒÌ ¶²μ¸±μ¸É¥° ¶² ¸É¨±μ¢ÒÌ ¸É·¨³¥·´ÒÌ É·Ê¡μ± ¸
¢´¥Ï´¨³ ¤¢ÊÌ±μμ·¤¨´ É´Ò³ ¸Î¨ÉÒ¢ ´¨¥³ ¨ μ¡¥¸¶¥Î¨¢ ÕÉ ¶·μ¸É· ´¸É¢¥´´ÊÕ
¨ Ê£²μ¢ÊÕ ÉμÎ´μ¸ÉÓ ²μ± ²¨§ Í¨¨ ³Õμ´´ÒÌ É·¥±μ¢ ²ÊÎÏ¥, Î¥³ 1 ¸³ ¨ 1◦ ¸μμÉ-
¢¥É¸É¢¥´´μ. �·¨³¥· ·¥£¨¸É· Í¨¨ £·Ê¶¶Ò ³Õμ´μ¢ ¢ Ê¸É ´μ¢±¥ �…‚�„-„…Š��
¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1.

‚ ´ ¸ÉμÖÐ¥³  ´ ²¨§¥ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤ ´´Ò¥ ¤¢ÊÌ ¸¥·¨° ¨§³¥·¥´¨°, ¶·μ-
¢¥¤¥´´ÒÌ ¸ ³ Ö 2012 ¶μ ³ ·É 2013 £. ¨ ¸ ¨Õ²Ö 2013 ¶μ  ¶·¥²Ó 2015 £. �μ²´μ¥
¦¨¢μ¥ ¢·¥³Ö ´ ¡²Õ¤¥´¨° ¸μ¸É ¢¨²μ 17 439 Î. � °¤¥´μ 29 335 ¸μ¡ÒÉ¨°, ¸μ-
¤¥·¦ Ð¨Ì £·Ê¶¶Ò ³Õμ´μ¢ ¸ ³´μ¦¥¸É¢¥´´μ¸ÉÓÕ m � 5 ¨ §¥´¨É´Ò³ Ê£²μ³
¶·¨Ìμ¤  θ � 55◦. ‘μ¡ÒÉ¨Ö μÉ¡¨· ²¨¸Ó ¢ ¤¢ÊÌ ¸¥±Éμ· Ì  §¨³ÊÉ ²Ó´μ£μ Ê£² ,
£¤¥ ¡μ²ÓÏ¨´¸É¢μ ¸Ê¶¥·³μ¤Ê²¥° „…Š�� (Ï¥¸ÉÓ ¨§ ¢μ¸Ó³¨) Ô±· ´¨·μ¢ ´Ò ¢μ¤-
´Ò³ ¡ ¸¸¥°´μ³, ¶·¨Î¥³ ¤²Ö ¶μ¤¸Î¥É  É·¥±μ¢ ¨¸¶μ²Ó§μ¢ ²¨¸Ó Éμ²Ó±μ ¤ ´´Ò¥

�¨¸. 1. �·¨³¥· ¸μ¡ÒÉ¨Ö ¸ £·Ê¶¶μ° ³Õμ´μ¢ ¢ Ê¸É ´μ¢±¥ �…‚�„-„…Š��. ’μ´±¨¥ ²¨-
´¨¨ Å ¢μ¸¸É ´μ¢²¥´´Ò¥ É·¥±¨ ³Õμ´μ¢; ³ ²¥´Ó±¨¥ ±·Ê¦±¨ Å ¸· ¡μÉ ¢Ï¨¥ ËμÉμ-
Ê³´μ¦¨É¥²¨ Î¥·¥´±μ¢¸±μ£μ ¤¥É¥±Éμ· ; ¡μ²ÓÏ¨¥ ¶·Ö³μÊ£μ²Ó´¨±¨ ¢μ±·Ê£ ¢μ¤´μ£μ ± -
²μ·¨³¥É·  Å ¸Ê¶¥·³μ¤Ê²¨ „…Š��; ³ ²¥´Ó±¨¥ ¶·Ö³μÊ£μ²Ó´¨±¨ ¢¢¥·ÌÊ ¨ ¢´¨§Ê Å
¸· ¡μÉ ¢Ï¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¸Î¥ÉÎ¨±¨ ¸¨¸É¥³Ò ± ²¨¡·μ¢μÎ´ÒÌ É¥²¥¸±μ¶μ¢
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ÔÉ¨Ì § Ð¨Ð¥´´ÒÌ ‘Œ; ¸·¥¤´ÖÖ ¶μ·μ£μ¢ Ö Ô´¥·£¨Ö ³Õμ´μ¢ ¢ £·Ê¶¶ Ì ¤²Ö
É ±¨Ì Ê¸²μ¢¨° μÉ¡μ·  ¸μ¸É ¢²Ö¥É μ±μ²μ 2 ƒÔ‚.

‚ ± Î¥¸É¢¥ ³¥·Ò Ô´¥·£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶ ³Õμ´μ¢ ³Ò ¨¸¶μ²Ó§Ê¥³ ¸Ê³³ ·-
´Ò° ¸¨£´ ² Σ ¢¸¥Ì ¸· ¡μÉ ¢Ï¨Ì ”�“ ¢μ¤´μ£μ ± ²μ·¨³¥É·  (¢ ¥¤¨´¨Í Ì ËμÉμ-
Ô²¥±É·μ´μ¢, Ë. Ô.). �·¨ ÔÉμ³ ¶·¥¤¶μ² £ ¥É¸Ö, ÎÉμ ¶μ²´Ò° ¢ÒÌμ¤ Î¥·¥´±μ¢¸±¨Ì
ËμÉμ´μ¢ ¶·μ¶μ·Í¨μ´ ²¥´ ¶μ²´Ò³ ¶μÉ¥·Ö³ Ô´¥·£¨¨ ³Õμ´μ¢ ¢ ¢¥Ð¥¸É¢¥ ¤¥É¥±-
Éμ·  (¢±²ÕÎ Ö μ¡· §μ¢ ´´Ò¥ ³Õμ´ ³¨ ¢Éμ·¨Î´Ò¥ Î ¸É¨ÍÒ ¨ ± ¸± ¤Ò μÉ ´¨Ì).
‹μ± ²Ó´ Ö ¶²μÉ´μ¸ÉÓ D (³−2) ³Õμ´μ¢ ¢ ¸μ¡ÒÉ¨¨ μÍ¥´¨¢ ¥É¸Ö ´  μ¸´μ¢¥ Î¨¸² 
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ³Õμ´μ¢ m ¸ ÊÎ¥Éμ³ ÔËË¥±É¨¢´μ° ¶²μÐ ¤¨ S¤¥É Ï¥¸É¨
¸Ê¶¥·³μ¤Ê²¥° „…Š�� ¤²Ö ¤ ´´μ£μ ´ ¶· ¢²¥´¨Ö ¶·¨Ìμ¤  £·Ê¶¶Ò.

Š ± ¶μ± § ² ¶·¥¤¢ ·¨É¥²Ó´Ò°  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° [11], ¢ ¶¥·-
¢μ³ ¶·¨¡²¨¦¥´¨¨ ¸Ê³³ ·´μ¥ Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¢ —‚„ ¶·μ¶μ·Í¨μ´ ²Ó´μ ²μ-
± ²Ó´μ° ¶²μÉ´μ¸É¨ ³Õμ´μ¢. �μÔÉμ³Ê ¤ ²¥¥ ³Ò · ¸¸³ É·¨¢ ¥³ Ê¤¥²Ó´μ¥ Ô´¥·-
£μ¢Ò¤¥²¥´¨¥ Σ/D (É. ¥. μÉ±²¨± Î¥·¥´±μ¢¸±μ£μ ± ²μ·¨³¥É· , ´μ·³¨·μ¢ ´´Ò°
´  μÍ¥´±Ê ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ³Õμ´μ¢ ¢ ¤ ´´μ³ ¸μ¡ÒÉ¨¨).

2. �…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö §¥´¨É´μ-Ê£²μ¢μ° § ¢¨¸¨³μ¸É¨ ¸·¥¤´¥£μ Ê¤¥²Ó´μ£μ
Ô´¥·£μ¢Ò¤¥²¥´¨Ö ³Õμ´´ÒÌ £·Ê¶¶, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ¢ ¨´É¥·¢ ²¥ §¥´¨É´ÒÌ
Ê£²μ¢ 55 � θ � 85◦, ¶·¥¤¸É ¢²¥´Ò ÉμÎ± ³¨ ´  ·¨¸. 2. ‚ ÔÉμ³ ¨´É¥·¢ ²¥
Ê£²μ¢ ·¥£¨¸É·¨·Ê¥É¸Ö ¶· ±É¨Î¥¸±¨ Î¨¸É Ö ³Õμ´´ Ö ±μ³¶μ´¥´É  (¨ ¢Éμ·¨Î´Ò¥
¶μ μÉ´μÏ¥´¨Õ ± ´¥° Î ¸É¨ÍÒ) [11]. ‘É·¥²±¨ ¢ ´¨¦´¥° Î ¸É¨ ·¨¸Ê´±  Ê± -
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ³Õμ´´ÒÌ £·Ê¶¶ μÉ §¥´¨É´μ£μ
Ê£² . ’μÎ±¨ Å ·¥§Ê²ÓÉ É ¨§³¥·¥´¨°; ±·¨¢Ò¥ Å μ¦¨¤ ¥³ Ö § ¢¨¸¨³μ¸ÉÓ, · ¸¸Î¨É ´´ Ö
´  μ¸´μ¢¥ ¶·μ£· ³³Ò CORSIKA ¤²Ö ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢ (p) ¨ Ö¤¥· ¦¥²¥§  (Fe)
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§Ò¢ ÕÉ Ì · ±É¥·´Ò¥ Ô´¥·£¨¨ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í (· ¸Î¥É´Ò¥ ¸·¥¤´¥²μ£ ·¨Ë-
³¨Î¥¸±¨¥ §´ Î¥´¨Ö [3]), ¤ ÕÐ¨Ì ¢±² ¤ ¢ Ëμ·³¨·μ¢ ´¨¥ £·Ê¶¶ ³Õμ´μ¢ ¶·¨
· §´ÒÌ Ê£² Ì. Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  Ê± §Ò¢ ÕÉ ´  ¢μ§-
· ¸É ´¨¥ Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¸ Ê¢¥²¨Î¥´¨¥³ §¥´¨É´μ£μ Ê£² . Š·¨¢Ò¥
´  ·¨¸. 2 ¶·¥¤¸É ¢²ÖÕÉ μ¦¨¤ ¥³ÊÕ Ê£²μ¢ÊÕ § ¢¨¸¨³μ¸ÉÓ Ô´¥·£μ¢Ò¤¥²¥´¨Ö, ¶μ-
²ÊÎ¥´´ÊÕ ´  μ¸´μ¢¥ ³μ¤¥²¨·μ¢ ´¨Ö ³Õμ´´μ° ±μ³¶μ´¥´ÉÒ ˜�‹ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò CORSIKA [10] ¤²Ö ¶·μÉμ´μ¢ ¨ Ö¤¥· ¦¥²¥§  ¢ ± Î¥¸É¢¥ ¶¥·¢¨Î´ÒÌ
Î ¸É¨Í. �·¨ ³μ¤¥²¨·μ¢ ´¨¨ ³Ò ¨¸¶μ²Ó§μ¢ ²¨ ¸μÎ¥É ´¨¥ ³μ¤¥²¥° ¢§ ¨³μ¤¥°-
¸É¢¨Ö  ¤·μ´μ¢ SIBYLL2.1 ¨ FLUKA ¤²Ö  ¤·μ´μ¢ ¸ Ô´¥·£¨¥° ¢ÒÏ¥ ¨ ´¨¦¥
80 ƒÔ‚ ¸μμÉ¢¥É¸É¢¥´´μ. Š ± ¶μ± § ²¨ · ¸Î¥ÉÒ, ¢¥²¨Î¨´  ¸·¥¤´¥° Ô´¥·£¨¨
³Õμ´μ¢, ·¥£¨¸É·¨·Ê¥³ÒÌ ¢ ¸μ¸É ¢¥ £·Ê¶¶, ¡Ò¸É·μ · ¸É¥É ¸ §¥´¨É´Ò³ Ê£²μ³ ¨
¤μ¸É¨£ ¥É ¶·¨³¥·´μ 500 ƒÔ‚ ¢¡²¨§¨ £μ·¨§μ´É . � ¸Î¥É´ Ö § ¢¨¸¨³μ¸ÉÓ ¸·¥¤-
´¥£μ Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö, ¶·¨¢¥¤¥´´ Ö ´  ·¨¸. 2, ¡Ò²  ¶μ²ÊÎ¥´  ¸²¥¤Ê-
ÕÐ¨³ μ¡· §μ³. ‘´ Î ²  ¤²Ö ± ¦¤μ£μ §¥´¨É´μ£μ Ê£²  · ¸¸Î¨ÉÒ¢ ²¨¸Ó ¸·¥¤´¨¥
Ê¤¥²Ó´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ³Õμ´μ¢ 〈dE/dX〉 ¸ ¶μ³μÐÓÕ É ¡²¨Í Ô´¥·£¥É¨Î¥-
¸±¨Ì ¶μÉ¥·Ó [12]. ‡ É¥³ ¨¸¶μ²Ó§μ¢ ²μ¸Ó Ê¶μ³Ö´ÊÉμ¥ ¢ÒÏ¥ ¶·¥¤¶μ²μ¦¥´¨¥,
ÎÉμ ¶μ²´Ò° ¢ÒÌμ¤ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ ± ²μ·¨³¥É·¥ ¶·μ¶μ·Í¨μ´ ²¥´ ¶μÉ¥-
·Ö³ Ô´¥·£¨¨ ³Õμ´μ¢. � ±μ´¥Í,  ¡¸μ²ÕÉ´ Ö ± ²¨¡·μ¢±  ¡Ò²  ¶μ²ÊÎ¥´  ¶ÊÉ¥³
´μ·³¨·μ¢±¨ · ¸Î¥É´μ° ±·¨¢μ° ¤²Ö ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢ ± ·¥§Ê²ÓÉ É ³ ¨§³¥-
·¥´¨° ¢ ¨´É¥·¢ ²¥ 55Ä65◦. ‚ Í¥²μ³ ¨§³¥·¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ Ê¤¥²Ó-
´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö μÉ §¥´¨É´μ£μ Ê£²  ¶μ¤É¢¥·¦¤ ¥É ¢μ§· ¸É ´¨¥ ¸·¥¤´¥°
Ô´¥·£¨¨ ³Õμ´μ¢ ¢ £·Ê¶¶ Ì ¨ ´ Ìμ¤¨É¸Ö ¢ · §Ê³´μ³ ¸μ£² ¸¨¨ ¸ μ¦¨¤ ¥³μ°,
ÌμÉÖ ¶·¨ Ê£² Ì ¡μ²¥¥ 70◦ (¶¥·¢¨Î´Ò¥ Ô´¥·£¨¨ ¶μ·Ö¤±  1017 Ô‚) ´ ¡²Õ¤ ¥É¸Ö
Ê± § ´¨¥ ´  ¶·¥¢ÒÏ¥´¨¥ ¶μ ¸· ¢´¥´¨Õ ¸ · ¸Î¥Éμ³ ¤ ¦¥ ¤²Ö ÉÖ¦¥²ÒÌ Ö¤¥·.
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�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ ¸·¥¤´¥£μ Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶ ³Õμ´μ¢ ¸ Ê£² ³¨ θ �
55◦ μÉ ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ³Õμ´μ¢. �¡μ§´ Î¥´¨Ö É¥ ¦¥, ÎÉμ ¨ ´  ·¨¸. 2
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�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸·¥¤´¥£μ Ê¤¥²Ó´μ£μ Ô´¥·-
£μ¢Ò¤¥²¥´¨Ö £·Ê¶¶ ³Õμ´μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ³Õμ´μ¢.
” ±É¨Î¥¸±¨ ¶μ¤μ¡´Ò°  ´ ²¨§ ¤²Ö Ë¨±¸¨·μ¢ ´´μ£μ ¨´É¥·¢ ²  §¥´¨É´ÒÌ Ê£²μ¢
¶μ§¢μ²Ö¥É ¶·μ¸²¥¤¨ÉÓ ¢μ§³μ¦´Ò¥ ¨§³¥´¥´¨Ö μÉ±²¨±  ¤¥É¥±Éμ·  (¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, ¸·¥¤´¥° Ô´¥·£¨¨ ³Õμ´μ¢ ¢ £·Ê¶¶ Ì) ¸ ¶¥·¢¨Î´μ° Ô´¥·£¨¥°. Š·¨¢Ò¥
´  ·¨¸Ê´±¥ ¶μ²ÊÎ¥´Ò ´  μ¸´μ¢¥ ³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö ¶¥·¢¨Î´ÒÌ ¶·μÉμ´μ¢ ¨
Ö¤¥· ¦¥²¥§  ¤²Ö §¥´¨É´μ£μ Ê£²  60◦; ¨¸¶μ²Ó§μ¢ ´ ÉμÉ ¦¥ ´μ·³¨·μ¢μÎ´Ò° ±μ-
ÔËË¨Í¨¥´É, ÎÉμ ¨ ´  ·¨¸. 2. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¤¥³μ´¸É·¨·ÊÕÉ É¥´-
¤¥´Í¨Õ ± Ê³¥´ÓÏ¥´¨Õ ¸·¥¤´¥° Ô´¥·£¨¨ ³Õμ´μ¢ ¢ £·Ê¶¶ Ì ¸ ·μ¸Éμ³ ¶¥·¢¨Î´μ°
Ô´¥·£¨¨; ¤ ´´Ò¥ ¨§³¥·¥´¨°, ´ ¶·μÉ¨¢, Ê± §Ò¢ ÕÉ ´  ´¥±μÉμ·μ¥ ¢μ§· ¸É ´¨¥
Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ 1017 Ô‚. „²Ö ¡μ²¥¥ μ¶·¥¤¥-
²¥´´μ£μ ¢Ò¢μ¤  μ ´ ²¨Î¨¨ ¨§¡ÒÉ±  ³Õμ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ £·Ê¶¶ Ì ´¥μ¡-
Ìμ¤¨³μ ¤ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ ¸É É¨¸É¨±¨ ¨ ÉÐ É¥²Ó´Ò°  ´ ²¨§ ¢μ§³μ¦´ÒÌ
¸¨¸É¥³ É¨Î¥¸±¨Ì ¨¸± ¦¥´¨°.

‡�Š‹	—…�ˆ…

�  ±μ³¶²¥±¸¥ �…‚�„-„…Š�� ¶·μ¢μ¤¨É¸Ö Ô±¸¶¥·¨³¥´É ¶μ ¨¸¸²¥¤μ¢ -
´¨Õ Ô´¥·£¥É¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± £·Ê¶¶ ³Õμ´μ¢ ¢ ´ ±²μ´´ÒÌ ˜�‹, μ¡· -
§μ¢ ´´ÒÌ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³μ¤¥°¸É¢¨° ¶¥·¢¨Î´ÒÌ Î ¸É¨Í ¸ Ô´¥·£¨Ö³¨ 1016Ä
1018 Ô‚. –¥²ÓÕ Ô±¸¶¥·¨³¥´É  Ö¢²Ö¥É¸Ö ¶μ¨¸± ¢μ§³μ¦´ÒÌ ¶·¨Î¨´ ¶μÖ¢²¥´¨Ö
¨§¡ÒÉ±  ³´μ£μ³Õμ´´ÒÌ ¸μ¡ÒÉ¨° ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ Ì Ê²ÓÉ· ¢Ò¸μ±¨Ì Ô´¥·-
£¨°. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸·¥¤´¥£μ Ê¤¥²Ó´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö
£·Ê¶¶ ¢ § ¢¨¸¨³μ¸É¨ μÉ §¥´¨É´μ£μ Ê£²  ¨ ²μ± ²Ó´μ° ¶²μÉ´μ¸É¨ ³Õμ´μ¢ ´ -
Ìμ¤ÖÉ¸Ö ¢ · §Ê³´μ³ ¸μ£² ¸¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ³μ¤¥²¨·μ¢ ´¨Ö ³Õμ´´μ° ±μ³¶μ-
´¥´ÉÒ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò CORSIKA, ÌμÉÖ ¨ ¨³¥¥É¸Ö ´¥±μÉμ·μ¥ Ê± § ´¨¥
´  ¶·¥¢ÒÏ¥´¨¥ ¨§³¥·¥´´μ£μ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¶μ ¸· ¢´¥´¨Õ ¸ · ¸Î¥Éμ³ ¢
μ¡² ¸É¨ ¶¥·¢¨Î´ÒÌ Ô´¥·£¨° ¢ÒÏ¥ 1017 Ô‚. ‚ ¸²ÊÎ ¥ ¶μ¤É¢¥·¦¤¥´¨Ö ¶·¨
¤ ²Ó´¥°Ï¥³ Ê¢¥²¨Î¥´¨¨ ¸É É¨¸É¨±¨ ÔÉμ μÉ±²μ´¥´¨¥ ¡Ê¤¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ
μ ¢±²ÕÎ¥´¨¨ ´μ¢μ£μ ³¥Ì ´¨§³  μ¡· §μ¢ ´¨Ö ¢Ò¸μ±μÔ´¥·£¨Î´ÒÌ ³Õμ´μ¢ ¶·¨
¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ ¶¥·¢¨Î´ÒÌ Î ¸É¨Í.

� ¡μÉ  ¢Ò¶μ²´¥´  ´  Ê´¨± ²Ó´μ° ´ ÊÎ´μ° Ê¸É ´μ¢±¥ ®�±¸¶¥·¨³¥´-
É ²Ó´Ò° ±μ³¶²¥±¸ �…‚�„¯ ¶·¨ ¶μ¤¤¥·¦±¥ Œ¨´μ¡·´ Ê±¨ �” (¶·μ¥±É
RFMEFI59114X0002, £μ¸Ê¤ ·¸É¢¥´´μ¥ § ¤ ´¨¥ ¨ ¶·μ£· ³³  ¶μ¤¤¥·¦±¨ ¢¥-
¤ÊÐ¨Ì ´ ÊÎ´ÒÌ Ï±μ² �”).
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