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—¥·¥´±μ¢¸±¨° ¢μ¤´Ò° ¤¥É¥±Éμ· (—‚„) �…‚�„, ¨³¥ÕÐ¨° ¢ μÉ²¨Î¨¥ μÉ ±·Ê¶´μ-
³ ¸ÏÉ ¡´ÒÌ —‚„ ¶²μÉ´ÊÕ ·¥Ï¥É±Ê ¨§³¥·¨É¥²Ó´ÒÌ ³μ¤Ê²¥°, ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¶·μ-
¸É· ´¸É¢¥´´ÊÕ ± ·É¨´Ê · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÉ ± ¸± ¤´ÒÌ ²¨¢´¥°
¸ ¤¥É ²¨§ Í¨¥° ¤μ 0,5 ³ (¶· ±É¨Î¥¸±¨ ¤μ μ¤´μ° · ¤¨ Í¨μ´´μ° ¥¤¨´¨ÍÒ ¤²¨´Ò, · ¢-
´μ° 36 ¸³). �·¥¤²μ¦¥´  ³¥Éμ¤¨±  ¨¸¸²¥¤μ¢ ´¨Ö Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ± ¸± ¤´ÒÌ
²¨¢´¥° ¢ ¢μ¤¥. ‚¶¥·¢Ò¥ ¨§³¥·¥´  ¨´É¥´¸¨¢´μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ £²Ê¡¨´Ò
· §¢¨É¨Ö ²¨¢´Ö ´  · §´ÒÌ · ¸¸ÉμÖ´¨ÖÌ μÉ ¥£μ μ¸¨. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¸μ¶μ-
¸É ¢²¥´Ò ¸ · ¸Î¥É ³¨ · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¤²Ö · §²¨Î´ÒÌ ³μ¤¥²¥°
· ¸¸¥Ö´¨Ö ± ¸± ¤´ÒÌ Î ¸É¨Í.

The Cherenkov water detector (CWD) NEVOD is equipped with, unlike large-scale
CWDs, a dense lattice of measuring modules, which allows one to get the spatial picture
of the distribution of Cherenkov radiation from cascade showers detailed down to 0.5 m
(almost to one radiation length equal to 36 cm). A technique of investigating Cherenkov
radiation of cascade showers in water is proposed. For the ˇrst time, the dependence
of the intensity of radiation on the depth of the shower at different distances from its
axis is measured. Experimental results are compared with calculations of distribution of
Cherenkov radiation for different models of cascade particle scattering.

PACS: 29.40.Ka
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—¥·¥´±μ¢¸±¨¥ ¢μ¤´Ò¥ ¤¥É¥±Éμ·Ò (—‚„)  ±É¨¢´μ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ¨¸¸²¥¤μ-
¢ ´¨ÖÌ ³Õμ´μ¢ ¨ ´¥°É·¨´μ ¸¢¥·Ì¢Ò¸μ±¨Ì Ô´¥·£¨°. �μ¸±μ²Ó±Ê Ô´¥·£¥É¨Î¥¸±¨¥
Ì · ±É¥·¨¸É¨±¨ ÔÉ¨Ì Î ¸É¨Í μÍ¥´¨¢ ÕÉ¸Ö ¶μ ·μ¦¤ ¥³Ò³ ¨³¨ ¢ —‚„ ± ¸± ¤-
´Ò³ ²¨¢´Ö³,  ±ÉÊ ²Ó´μ° § ¤ Î¥° Ö¢²Ö¥É¸Ö ¨§ÊÎ¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢-
¸±μ£μ ¸¢¥É  μÉ ± ¸± ¤´ÒÌ ²¨¢´¥° ¢ ¢μ¤¥. …¥ ·¥Ï¥´¨¥ ¶μ§¢μ²¨É ¶·μ¢¥·¨ÉÓ
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³μ¤¥²¨ · §¢¨É¨Ö ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì ²¨¢´¥°,   É ±¦¥ ¶·μ¤¢¨´ÊÉÓ¸Ö ¢ ·¥-
Ï¥´¨¨ § ¤ Î¨ · ¸¶μ§´ ¢ ´¨Ö ± ¸± ¤μ¢ ¨ ¢μ¸¸É ´μ¢²¥´¨Ö ¨Ì Ì · ±É¥·¨¸É¨±.
‚ ¡μ²ÓÏ¨Ì —‚„, É ±¨Ì ± ± 	�’-200+ [1], ANTARES [2] ¨²¨ IceCube [3],
¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ ¤¥É ²Ó´μ · ¸¸³μÉ·¥ÉÓ ²¨¢¥´Ó ¢ Î¥·¥´±μ¢¸±μ³ ¸¢¥É¥
¨§-§  ¡μ²ÓÏμ£μ Ï £  ¤¥É¥±É¨·ÊÕÐ¥° ·¥Ï¥É±¨ ÔÉ¨Ì Ê¸É ´μ¢μ±.

‚ ¤ ´´μ° · ¡μÉ¥ ÔÉ  § ¤ Î  ·¥Ï ² ¸Ó ´  Ô±¸¶¥·¨³¥´É ²Ó´μ³ ±μ³¶²¥±¸¥
�…‚�„ [4], ¨³¥ÕÐ¥³ ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏμ° (9 × 9 × 26 ³) —‚„ ¸ ¶²μÉ-
´μ° ¨§³¥·¨É¥²Ó´μ° ·¥Ï¥É±μ° (·¨¸. 1). ‚ Ê§² Ì ·¥Ï¥É±¨ Å ±¢ §¨¸Ë¥·¨Î¥¸±¨¥
³μ¤Ê²¨ (Š‘Œ), ·¥£¨¸É·¨·ÊÕÐ¨¥ Î¥·¥´±μ¢¸±μ¥ ¨§²ÊÎ¥´¨¥ μÉ ·¥²ÖÉ¨¢¨¸É¸±¨Ì
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í (¢¸¥£μ 91 Š‘Œ). Š‘Œ ¨³¥¥É Ï¥¸ÉÓ ËμÉμÊ³´μ¦¨É¥²¥°
”�“-200 ¸ ¶²μ¸±¨³ ËμÉμ± Éμ¤μ³, μ·¨¥´É¨·μ¢ ´´ÒÌ ¢¤μ²Ó μ¸¥° μ·Éμ£μ´ ²Ó-
´μ° ¸¨¸É¥³Ò ±μμ·¤¨´ É.

Œ ²Ò° Ï £ ¤¥É¥±É¨·ÊÕÐ¥° ·¥Ï¥É±¨ (2,5 ³ ¢¤μ²Ó ¤¥É¥±Éμ· , 2 ³ ¶μ¶¥-
·¥± ¨ 2 ³ ¶μ £²Ê¡¨´¥) ¨ Ï¨·μ±¨° ¤¨´ ³¨Î¥¸±¨° ¤¨ ¶ §μ´ ·¥£¨¸É·¨·Ê¥³ÒÌ
¸¨£´ ²μ¢ (1Ä105 ËμÉμÔ²¥±É·μ´μ¢ ¤²Ö ± ¦¤μ£μ ”�“ [5]) ¶μ§¢μ²ÖÕÉ ¨§³¥·ÖÉÓ
¶μ²´ÊÕ ± ¸± ¤´ÊÕ ±·¨¢ÊÕ ²¨¢´Ö ¢ μÉ¤¥²Ó´μ³ ¸μ¡ÒÉ¨¨ ¨ · ¸¶·¥¤¥²¥´¨¥ Î¥-
·¥´±μ¢¸±μ£μ ¸¢¥É  μÉ ²¨¢´Ö ¸ ¤¥É ²¨§ Í¨¥° ¤μ 0,5 ³ (μ£· ´¨Î¥´¨¥ ¸¢Ö§ ´μ ¸
· §³¥· ³¨ μ¶É¨Î¥¸±μ£μ ³μ¤Ê²Ö).

„²Ö  ´ ²¨§  ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  μÉ
± ¸± ¤´ÒÌ ²¨¢´¥° μÉμ¡· ´Ò ¸μ¡ÒÉ¨Ö ¸ ²¨¢´Ö³¨, ·μ¦¤¥´´Ò³¨ ¢ —‚„ μ±μ²μ-
£μ·¨§μ´É ²Ó´Ò³¨ ³Õμ´ ³¨, É·¥±¨ ±μÉμ·ÒÌ μ¶·¥¤¥²Ö²¨¸Ó ´  μ¸´μ¢¥ ¤ ´´ÒÌ
±μμ·¤¨´ É´μ-É·¥±μ¢μ£μ ¤¥É¥±Éμ·  „…Š�� [6]. �É¡¨· ²¨¸Ó ¸μ¡ÒÉ¨Ö ¸ ¶·μÌμ-

�¨¸. 1. ‘Ì¥³  · ¸¶μ²μ¦¥´¨Ö μ¸´μ¢´ÒÌ ¤¥É¥±Éμ·μ¢ ±μ³¶²¥±¸  �…‚�„: ±·¥¸É¨±¨ Å
μ¶É¨Î¥¸±¨¥ ³μ¤Ê²¨ —‚„; ¡μ²ÓÏ¨¥ ¶·Ö³μÊ£μ²Ó´¨±¨ (¢¤μ²Ó ¡μ±μ¢ÒÌ ¸É¥´ ¡ ¸¸¥°´ ) Å
¸Ê¶¥·³μ¤Ê²¨ ±μμ·¤¨´ É´μ-É·¥±μ¢μ£μ ¤¥É¥±Éμ·  „…Š��; ³ ²¥´Ó±¨¥ ¶·Ö³μÊ£μ²Ó´¨±¨
(´  ¤´¥ ¨ ±·ÒÏ±¥ ¡ ¸¸¥°´ ) Å ¤¥É¥±Éμ·Ò ¸¨¸É¥³Ò ± ²¨¡·μ¢μÎ´ÒÌ É¥²¥¸±μ¶μ¢
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¦¤¥´¨¥³ ³Õμ´  Î¥·¥§ ¶ ·Ê ¸Ê¶¥·³μ¤Ê²¥° „…Š��, ´ Ìμ¤ÖÐ¨Ì¸Ö ´  ¶·μÉ¨¢μ¶μ-
²μ¦´ÒÌ ±μ·μÉ±¨Ì ¸Éμ·μ´ Ì ¡ ¸¸¥°´  —‚„. ‡¥´¨É´Ò¥ Ê£²Ò É ±¨Ì ³Õμ´μ¢ Å
85Ä90◦, ¸·¥¤´ÖÖ Ô´¥·£¨Ö Å μ±μ²μ 100 ƒÔ‚.

� · ³¥É·Ò ± ¸± ¤´ÒÌ ²¨¢´¥° ¢μ¸¸É ´ ¢²¨¢ ²¨¸Ó ¶μ · ´¥¥ ¶·¥¤²μ¦¥´´μ°
³¥Éμ¤¨±¥ [7], ¨¸¶μ²Ó§ÊÕÐ¥° ¤μ¶ÊÐ¥´¨¥, ÎÉμ ¢¸¥ ²¨¢´¥¢Ò¥ Î ¸É¨ÍÒ ¤¢¨¦ÊÉ¸Ö
¢¤μ²Ó μ¸¨ ²¨¢´Ö ¨ ¨§²ÊÎ ÕÉ ËμÉμ´Ò ¶μ¤ μ¤´¨³ ¨ É¥³ ¦¥ Ê£²μ³,   ¸ ³  μ¸Ó
¸μ¢¶ ¤ ¥É ¸ É·¥±μ³ ³Õμ´ -·μ¤¨É¥²Ö. Š ¸± ¤´ Ö ±·¨¢ Ö ²¨¢´Ö ¨§³¥·Ö¥É¸Ö ¶Ê-
É¥³ ¶¥·¥¸Î¥É  μÉ±²¨±μ¢ ”�“, ·¥£¨¸É·¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨¥ μÉ Î ¸É¨Í ²¨¢´Ö, ¢
Î¨¸²μ ÔÉ¨Ì Î ¸É¨Í. ‘ ÔÉμ° Í¥²ÓÕ ÊÎ ¸Éμ± μ¸¨ ²¨¢´Ö, ²¥¦ Ð¨° ¢ ¶·¥¤¥² Ì ¢μ¤-
´μ£μ ·¥§¥·¢Ê ·  —‚„, ¤¥²¨É¸Ö ´  μÉ·¥§±¨-¡¨´Ò ¸ ¤²¨´μ° ¢ μ¤´Ê · ¤¨ Í¨μ´´ÊÕ
¥¤¨´¨ÍÊ, · ¢´ÊÕ ¤²Ö ¢μ¤Ò 36,1 £/¸³2. �É±²¨± ± ¦¤μ£μ ”�“, ±μÉμ·Ò° ®¢¨¤¨É¯
¨§²ÊÎ¥´¨¥ ¸ § ¤ ´´μ£μ ¡¨´  ¶μ¤ Î¥·¥´±μ¢¸±¨³ Ê£²μ³ (∼ 42◦), ¶¥·¥¸Î¨ÉÒ¢ -
¥É¸Ö ¢ ±μ²¨Î¥¸É¢μ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶·¨Ìμ¤ÖÐ¨Ì¸Ö ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
¡¨´. …¸²¨ ¡¨´ ®¢¨¤ÖÉ¯ ´¥¸±μ²Ó±μ ”�“, ·¥§Ê²ÓÉ ÉÒ Ê¸·¥¤´ÖÕÉ¸Ö ¸ ÊÎ¥Éμ³
¶μ£·¥Ï´μ¸É¥°. �´¥·£¨Ö ²¨¢´Ö ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö ¢ ·¥§Ê²ÓÉ É¥ Ë¨É¨·μ¢ ´¨Ö
Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¥´´μ° § ¢¨¸¨³μ¸É¨ Î¨¸²  Î ¸É¨Í ²¨¢´Ö μÉ £²Ê¡¨´Ò
¥£μ · §¢¨É¨Ö  ¶¶·μ±¸¨³ Í¨¥° ƒ·¥°§¥´  [8] ¢ μ¤´μ³¥·´μ³ ¶·¨¡²¨¦¥´¨¨.

„²Ö ¨§ÊÎ¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  μÉ-
¡¨· ²¨¸Ó ²¨¢´¨ ¸ ¢μ¸¸É ´μ¢²¥´´μ° Ô´¥·£¨¥° μÉ 100 ¤μ 500 ƒÔ‚. „²Ö ²¨¢´¥°
¢ ÔÉμ³ ¤¨ ¶ §μ´¥ ³ ±¸¨³ ²Ó´ Ö · §´¨Í  ¢ · ¸¸ÉμÖ´¨¨ μÉ ÉμÎ±¨ £¥´¥· Í¨¨
¤μ ³ ±¸¨³Ê³  ²¨¢´Ö, Ì · ±É¥·¨§ÊÕÐ¥³ ¶·μ¤μ²Ó´Ò° · §³¥· ²¨¢´Ö, ¸μ¸É ¢²Ö¥É
μ±μ²μ 0,5 ³. ‚±²ÕÎ¥´¨¥ ¢ ¢Ò¡μ·±Ê ¸μ¡ÒÉ¨° ¸ ²¨¢´Ö³¨ ¡μ²ÓÏ¨Ì Ô´¥·£¨°,
¨³¥ÕÐ¨Ì ¡μ²ÓÏ¨¥ ¶·μ¤μ²Ó´Ò¥ · §³¥·Ò, ³μ¦¥É ¢´¥¸É¨ ¨¸± ¦¥´¨Ö ¢ ± ·É¨´Ê
· ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¸¢¥É . ‚ ¨Éμ£¥ ¨§ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´μ°
¸¥·¨¨ ¤²¨É¥²Ó´μ¸ÉÓÕ μ±μ²μ 11 900 Î ¦¨¢μ£μ ¢·¥³¥´¨ ¡Ò²μ μÉμ¡· ´μ 522 ± ¸-
± ¤  ¸ Ô´¥·£¨¥° ¢ Ê± § ´´μ³ ¤¨ ¶ §μ´¥.

���‘’���‘’‚…���… ��‘��…„…‹…�ˆ… ‘‚…’� �’ ‹ˆ‚�…‰

ˆ§³¥·Ö²¸Ö μÉ±²¨± ±¢ §¨¸Ë¥·¨Î¥¸±¨Ì ³μ¤Ê²¥° ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¸¸Éμ-
Ö´¨Ö ¤μ μ¸¨ ¨ μÉ £²Ê¡¨´Ò · §¢¨É¨Ö ²¨¢´Ö, μÉ¸Î¨ÉÒ¢ ¥³μ° ¢¤μ²Ó ¥£μ μ¸¨ ¸
´ Î ²μ³ ±μμ·¤¨´ É ¢ ÉμÎ±¥ ³ ±¸¨³ ²Ó´μ£μ · §¢¨É¨Ö ²¨¢´Ö tmax (ÎÉμ ¸μμÉ-
¢¥É¸É¢Ê¥É ¢μ§· ¸ÉÊ ²¨¢´Ö s = 1). �É±²¨± Š‘Œ · ¸¸Î¨ÉÒ¢ ²¸Ö ± ± ±μ·¥´Ó ¨§
¸Ê³³Ò ±¢ ¤· Éμ¢  ³¶²¨ÉÊ¤ ¸· ¡μÉ ¢Ï¨Ì ”�“. „²Ö ±¢ §¨¸Ë¥·¨Î¥¸±μ£μ ³μ¤Ê²Ö
¸ Ï¥¸ÉÓÕ ”�“ ÔÉ  ¢¥²¨Î¨´  ¸² ¡μ § ¢¨¸¨É μÉ ´ ¶· ¢²¥´¨Ö ¶·¨Ìμ¤  ¸¢¥É  [9].
�É±²¨±¨ ´μ·³¨·μ¢ ²¨¸Ó ´  Ô´¥·£¨Õ ± ¸± ¤ :

B =
ε0

ε

√∑
A2

i ,

£¤¥ ε0 Å Ô´¥·£¨Ö 200 ƒÔ‚ (¡²¨§± Ö ± ¸·¥¤´¥° Ô´¥·£¨¨ ²¨¢´¥° ¢ ¢Ò¡μ·±¥);
ε Å ¢μ¸¸É ´μ¢²¥´´ Ö Ô´¥·£¨Ö ²¨¢´Ö ¢ ¸μ¡ÒÉ¨¨; Ai Å  ³¶²¨ÉÊ¤  ¸¨£´ ²  i-£μ
”�“ Š‘Œ (¢ ËμÉμÔ²¥±É·μ´ Ì).
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‚¥²¨Î¨´  B ¢ § ¢¨¸¨³μ¸É¨ μÉ £²Ê¡¨´Ò ¨ · ¸¸ÉμÖ´¨Ö Ê¸·¥¤´Ö² ¸Ó ¤²Ö
¢¸¥Ì ¸μ¡ÒÉ¨° ¢Ò¡μ·±¨. �  ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨
Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÉ ± ¸± ¤  ¢²¨ÖÕÉ ¢ μ¸´μ¢´μ³ ¤¢  Ë ±Éμ· : μ¸² -
¡²¥´¨¥ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ ¢μ¤¥ (¢±²ÕÎ Ö Í¨²¨´¤·¨Î¥¸±μ¥ · ¸Ìμ¦¤¥´¨¥
¸¢¥Éμ¢ÒÌ ²ÊÎ¥° ¨ ¶μ£²μÐ¥´¨¥ ¸¢¥É  ¢ ¢μ¤¥) ¨ μÉ±²μ´¥´¨¥ ± ¸± ¤´ÒÌ Î -
¸É¨Í μÉ ´ ¶· ¢²¥´¨Ö μ¸¨ ²¨¢´Ö ¢¸²¥¤¸É¢¨¥ ¨Ì ³´μ£μ±· É´μ£μ · ¸¸¥Ö´¨Ö. �μ-
¸²¥¤´¥¥ Ö¢²Ö¥É¸Ö ¶·¨Î¨´μ° μÉ±²μ´¥´¨Ö ¨§²ÊÎ ¥³ÒÌ ËμÉμ´μ¢ μÉ μ¸´μ¢´μ£μ
Î¥·¥´±μ¢¸±μ£μ ±μ´Ê¸ . ‚²¨Ö´¨¥ Ô´¥·£¥É¨Î¥¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö ± ¸± ¤´ÒÌ
Î ¸É¨Í Å Ë ±Éμ· £μ· §¤μ ³¥´ÓÏ¥£μ ³ ¸ÏÉ ¡ , ±μÉμ·Ò³ §¤¥¸Ó ³μ¦´μ ¶·¥´¥-
¡·¥ÎÓ.

‚ ¨¸¸²¥¤μ¢ ´¨¨ ± ¸± ¤´ÒÌ ²¨¢´¥° ¡μ²ÓÏμ° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É Ê£²μ¢μ¥
· ¸¶·¥¤¥²¥´¨¥ ± ¸± ¤´ÒÌ Î ¸É¨Í. „²Ö ¥£μ μÉ¤¥²Ó´μ£μ ¨§ÊÎ¥´¨Ö ´¥μ¡Ìμ¤¨³μ
¨¸±²ÕÎ¨ÉÓ ¢²¨Ö´¨¥ μ¸² ¡²¥´¨Ö ¸¢¥É  ¢ · ¸¶·¥¤¥²¥´¨¨ ¢¥²¨Î¨´Ò B. ’ ± ± ±
¶ · ³¥É·Ò μ¸² ¡²¥´¨Ö ¸¢¥É  ¢ ¢μ¤¥ μ¤¨´ ±μ¢Ò ¤²Ö ± ¸± ¤  ¨ ¤²Ö μ¤¨´μÎ´μ£μ
³Õμ´ , ¤ ²¥¥ · ¸¸³ É·¨¢ ¥É¸Ö μÉ´μÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¸¢¥É  ¤²Ö ± ¸± ¤μ¢
(B) ± ¨´É¥´¸¨¢´μ¸É¨, ¨§³¥·¥´´μ° ¤²Ö μ¤¨´μÎ´ÒÌ ³Õμ´μ¢ (Bμ). �·μ¸É· ´-
¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤ ´´μ° ¢¥²¨Î¨´Ò ¶·¨¢¥¤¥´μ ´  ·¨¸. 2.

‚¨¤´μ ¨§³¥´¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ § -
¢¨¸¨³μ¸É¨ μÉ Ê£²  ¸ μ¸ÓÕ ²¨¢´Ö. ƒ· ´¨ÍÒ ³¥¦¤Ê §μ´ ³¨ · §²¨Î´μ° ¨´É¥´-
¸¨¢´μ¸É¨, · ¸Ìμ¤ÖÐ¨³¨¸Ö ¢¥¥·μμ¡· §´μ μÉ ´ Î ²  ±μμ·¤¨´ É, ¶·¥¤¸É ¢²ÖÕÉ
¸μ¡μ° ¶μÎÉ¨ ¶·Ö³Ò¥ ²¨´¨¨, ± ± ÔÉμ ¨ μ¦¨¤ ²μ¸Ó ¶·¨ ¨¸±²ÕÎ¥´¨¨ ¢²¨Ö´¨Ö
μ¸² ¡²¥´¨Ö ¸¢¥É . �μ¸±μ²Ó±Ê ± ¸± ¤´Ò° ²¨¢¥´Ó ¢ · ¸¸³ É·¨¢ ¥³μ³ ³ ¸ÏÉ ¡¥
´¥ Ö¢²Ö¥É¸Ö ÉμÎ¥Î´Ò³ ¨¸ÉμÎ´¨±μ³, §μ´  ´ ¨¡μ²ÓÏ¥° ¨´É¥´¸¨¢´μ¸É¨, · ¸¶μ-
² £ ÕÐ Ö¸Ö ¢¡²¨§¨ Î¥·¥´±μ¢¸±μ£μ Ê£²  (¶μ± § ´ ´  £· Ë¨±¥ ÏÉ·¨Ìμ¢μ° ²¨-
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t t� max, м

(B � ��� �� �

0,1

409,6
204,8
102,4
51,2
25,6
12,8
6,4
3,2
1,6
0,8
0,4
0,2

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö μÉ±²¨±  ´  ± ¸± ¤ ± μÉ±²¨±Ê ´  μ¤¨´μÎ´Ò° ³Õμ´ μÉ
£²Ê¡¨´Ò · §¢¨É¨Ö ²¨¢´Ö (t − tmax) ´  · §´ÒÌ · ¸¸ÉμÖ´¨ÖÌ (R) μÉ ¥£μ μ¸¨
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´¨¥°), ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° μ¡· É´Ò° ±²¨´. �¸´μ¢´μ¥ Ô´¥·£μ¢Ò¤¥²¥´¨¥ ²¨¢´Ö
¶·¨Ìμ¤¨É¸Ö ´  ÊÎ ¸Éμ± ¸ ¶·μ¤μ²Ó´Ò³ · §³¥·μ³ μ±μ²μ 2 ³ (5Ä6 · ¤¨ Í¨μ´´ÒÌ
¥¤¨´¨Í).

‘��‚�…�ˆ… ‘ ��‘—…’�Œˆ

�·μ¢¥¤¥´μ ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¸ · ¸Î¥É ³¨ · ¸¶·¥¤¥²¥´¨Ö
Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö c ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¢ÊÌ ³μ¤¥²¥° Ê£²μ¢μ£μ · ¸¶·¥-
¤¥²¥´¨Ö ²¨¢´¥¢ÒÌ Î ¸É¨Í. �¤´  Å · ¸Î¥É ¸·¥¤´¥£μ Ê£²μ¢μ£μ · ¸¶·¥¤¥²¥-
´¨Ö ²¨¢´¥¢ÒÌ Î ¸É¨Í ´  μ¸´μ¢¥ ± ¸± ¤´ÒÌ Ê· ¢´¥´¨°, ¢Ò¶μ²´¥´´Ò° £·Ê¶¶μ°
ˆ.�.ˆ¢ ´¥´±μ [10]. „·Ê£ Ö Å ¨¸¶μ²Ó§Ê¥³ Ö ¢ ±μ²² ¡μ· Í¨¨ IceCube [11]  ¶-
¶·μ±¸¨³ Í¨Ö ·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ¢ GEANT 3, ¢Ò¶μ²´¥´´μ£μ Š.•. ‚¨-
¡ÊÏ¥³ [12]. “£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±¨Ì ËμÉμ´μ¢ ¤²Ö ¤ ´´ÒÌ ³μ-
¤¥²¥° ¡Ò²¨ · ¸¸Î¨É ´Ò ´  μ¸´μ¢¥ ¤μ¶ÊÐ¥´¨Ö, ÎÉμ μÉ ± ¦¤μ£μ ± ¸± ¤´μ£μ
Ô²¥±É·μ´  ¸¢¥É · ¸¶·μ¸É· ´Ö¥É¸Ö ¸É·μ£μ ¶μ¤ Î¥·¥´±μ¢¸±¨³ Ê£²μ³ ± ¥£μ É·¥±Ê.

’ ±¦¥ ¤²Ö ÔÉ¨Ì ³μ¤¥²¥° ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¶·μ¸É· ´¸É¢¥´´μ£μ
· ¸¶·¥¤¥²¥´¨Ö Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  μÉ ± ¸± ¤´ÒÌ ²¨¢´¥°. ‚ ± Î¥¸É¢¥ § ¢¨-
¸¨³μ¸É¨ Î¨¸²  ± ¸± ¤´ÒÌ Î ¸É¨Í μÉ £²Ê¡¨´Ò · §¢¨É¨Ö ²¨¢´Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó
 ¶¶·μ±¸¨³ Í¨Ö ƒ·¥°§¥´  [8].

‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ · ¸¶·μ¸É· ´¥´¨¨ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É  ¢ ¤¥-
É¥±Éμ·¥ �…‚�„ ¨³¥¥É ³¥¸Éμ μÉ· ¦¥´¨¥ ¸¢¥É  μÉ ¶μ¢¥·Ì´μ¸É¨ ¢μ¤Ò ¢´ÊÉ·Ó
¡ ¸¸¥°´ . �ËË¥±É μÉ· ¦¥´¨Ö ¡Ò² ÊÎÉ¥´ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨, ¶·¨ ÔÉμ³ ¶·¨-
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�¨¸. 3. ‡´ Î¥´¨Ö (B − Bμ)/Bμ ¤²Ö É·¥Ì ¤¨ ¶ §μ´μ¢ · ¸¸ÉμÖ´¨° μÉ μ¸¨ ²¨¢´Ö: ±¢ -
¤· ÉÒ, ±·Ê¦±¨ ¨ É·¥Ê£μ²Ó´¨±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö · ¸¸ÉμÖ´¨° 0,5Ä1,0,
2,5Ä3,0 ¨ 4,5Ä5,0 ³ ¸μμÉ¢¥É¸É¢¥´´μ; ¸¶²μÏ´Ò¥ ²¨´¨¨ Å · ¸Î¥É ¤²Ö ³μ¤¥²¨ £·Ê¶¶Ò
ˆ. �.ˆ¢ ´¥´±μ [10]; ÏÉ·¨Ìμ¢Ò¥ Å · ¸Î¥É ¤²Ö ³μ¤¥²¨ Š. •.‚¨¡ÊÏ  [12]
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´ÖÉμ ¤μ¶ÊÐ¥´¨¥ μ ¶μ²´μ³ ¢´ÊÉ·¥´´¥³ μÉ· ¦¥´¨¨ Î¥·¥´±μ¢¸±μ£μ ¸¢¥É , ¶μ-
¶ ¤ ÕÐ¥£μ ´  ¶μ¢¥·Ì´μ¸ÉÓ ¢μ¤Ò. „ ´´ Ö ¶μ¶· ¢±  ´ ¨¡μ²¥¥ ¸ÊÐ¥¸É¢¥´´ 
´  ¡μ²ÓÏ¨Ì £²Ê¡¨´ Ì (t − tmax > 6 ³), ±Ê¤  ¢ Ê¸²μ¢¨ÖÌ £¥μ³¥É·¨¨ ¤ ´´μ£μ
Ô±¸¶¥·¨³¥´É  ¶μ¶ ¤ ¥É μÉ· ¦¥´´Ò° ¸¢¥É μÉ μ¡² ¸É¨ ³ ±¸¨³Ê³  ²¨¢´Ö.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨ · ¸¸Î¨É ´´Ò¥ ¶·μË¨²¨ · ¸-
¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò (B − Bμ)/Bμ ¤²Ö É·¥Ì ¨´É¥·¢ ²μ¢ · ¸¸ÉμÖ´¨° μÉ μ¸¨
²¨¢´Ö. ˆ§ ·¨¸. 3 ¢¨¤´μ, ÎÉμ μ¡¥ · ¸¸³μÉ·¥´´Ò¥ ³μ¤¥²¨ · ¸¸¥Ö´¨Ö ± ¸± ¤´ÒÌ
Î ¸É¨Í Ìμ·μÏμ ¢μ¸¶·μ¨§¢μ¤ÖÉ ¨§³¥·¥´´Ò° ¶·μ¤μ²Ó´Ò° ¶·μË¨²Ó ± ¸± ¤ . Š -
Î¥¸É¢¥´´μ Ô±¸¶¥·¨³¥´ÉÊ ¢ ¡μ²ÓÏ¥° ¸É¥¶¥´¨ ¸μμÉ¢¥É¸É¢Ê¥É ³μ¤¥²Ó ‚¨¡ÊÏ .
�¸μ¡¥´´μ ÔÉμ ¢¨¤´μ ¶μ ¶μ¢¥¤¥´¨Õ ¶·μË¨²¥° ´  ¢μ¸Ìμ¤ÖÐ¥³ ÊÎ ¸É±¥, μÉ¢¥-
Î ÕÐ¥³ §  · ¸¶·μ¸É· ´¥´¨¥ ¸¢¥É  ¢ μ¡· É´ÊÕ ¶μ²Ê¸Ë¥·Ê ¶μ μÉ´μÏ¥´¨Õ ±
´ ¶· ¢²¥´¨Õ · §¢¨É¨Ö ²¨¢´Ö.

‡�Š‹
—…�ˆ…

�  —‚„ �…‚�„ ¡² £μ¤ ·Ö ´ ²¨Î¨Õ ¶²μÉ´μ° ·¥Ï¥É±¨ μ¶É¨Î¥¸±¨Ì ³μ¤Ê-
²¥° ¨ ¨Ì ¨§³¥·¨É¥²Ó´Ò³ Ì · ±É¥·¨¸É¨± ³ ¢¶¥·¢Ò¥ ¨§³¥·¥´μ ¶·μ¸É· ´¸É¢¥´-
´μ¥ · ¸¶·¥¤¥²¥´¨¥ Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÉ ·μ¦¤¥´´ÒÌ ³Õμ´ ³¨ ¢ ¢μ¤¥
± ¸± ¤´ÒÌ ²¨¢´¥° ¸ Ô´¥·£¨¥° ¢ ¤¨ ¶ §μ´¥ 100Ä500 ƒÔ‚. ˆ§ ± ·É¨´Ò · ¸¶·¥-
¤¥²¥´¨Ö ¢¨¤´  Ìμ·μÏ Ö ´ ¶· ¢²¥´´μ¸ÉÓ Î¥·¥´±μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¶μ¤ Ê£²μ³,
¡²¨§±¨³ ± Î¥·¥´±μ¢¸±μ³Ê Ê£²Ê ¢ ¢μ¤¥. �·μ¢¥¤¥´μ ¶·¥¤¢ ·¨É¥²Ó´μ¥ ¸· ¢´¥-
´¨¥ ¨§³¥·¥´´ÒÌ Ì · ±É¥·¨¸É¨± · ¸¸¥Ö´¨Ö ± ¸± ¤´ÒÌ Î ¸É¨Í ¸ ³μ¤¥²Ó´Ò³¨
· ¸Î¥É ³¨, ¶μ± § ¢Ï¥¥ ¨Ì Ìμ·μÏ¥¥ ¸μ£² ¸¨¥.

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ §  ¶μ¤¤¥·¦±Ê Œ¨´μ¡·´ Ê±¨ �” (¶·μ¥±É
RFMEFI 59114X0002 ¨ £μ¸§ ¤ ´¨¥) ¨ �””ˆ (£· ´É º15-02-07763).
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