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”¨§¨Î¥¸±¨° ¨´¸É¨ÉÊÉ ¨³. �. �.‹¥¡¥¤¥¢  ��� (”ˆ��) ¨ � ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ¨´-
¸É¨ÉÊÉ Ö¤¥·´μ° Ë¨§¨±¨ ¨³. „. ‚. ‘±μ¡¥²ÓÍÒ´  Œμ¸±μ¢¸±μ£μ £μ¸Ê¤ ·¸É¢¥´´μ£μ Ê´¨¢¥·¸¨É¥É 
¨³. Œ.‚. ‹μ³μ´μ¸μ¢  (�ˆˆŸ” Œƒ“) ¶·μ¢¥²¨ ¶¥·¢ÊÕ ¢ �μ¸¸¨¨ ¸¥·¨Õ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨° ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò ±·Ê¶´ÒÌ ¶·¨·μ¤´ÒÌ ¨
¶·μ³ÒÏ²¥´´ÒÌ μ¡Ñ¥±Éμ¢ ³¥Éμ¤μ³ ³Õμ´´μ° · ¤¨μ£· Ë¨¨. ‚ ·¥§Ê²ÓÉ É¥ ¡Ò²¨ ¢Ò· ¡μÉ ´Ò μ¶É¨-
³ ²Ó´Ò¥ Ê¸²μ¢¨Ö ¶μ¸É ´μ¢±¨ Ô±¸¶¥·¨³¥´Éμ¢ ¨  ²£μ·¨É³Ò μ¡· ¡μÉ±¨ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ, ¨§ÊÎ¥´Ò
μ¸μ¡¥´´μ¸É¨ ³¥Éμ¤ . �·¥¤¸É ¢²¥´Ò ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´Éμ¢, ¢ Éμ³ Î¨¸²¥ ´ ÉÊ·´μ£μ Å ¢ Ï ÌÉ¥ ƒ¥μ-
Ë¨§¨Î¥¸±μ° ¸²Ê¦¡Ò ���, ¶μ¤É¢¥·¤¨¢Ï¨Ì ¶¥·¸¶¥±É¨¢´μ¸ÉÓ ³¥Éμ¤  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ É·¥±μ¢ÒÌ
¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨° ¸ Ê´¨± ²Ó´μ ¢Ò¸μ±¨³ ¶·μ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥-
´¨¥³ ¶·¨ Ê¸²μ¢¨¨ ¨Ì ¢Ò¸μ±μÉ¥Ì´μ²μ£¨Î´μ°  ¢Éμ³ É¨§¨·μ¢ ´´μ° μ¡· ¡μÉ±¨.

The Lebedev Physical Institute of the Russian Academy of Sciences (FIAN) and the Skobeltsyn
Institute of Nuclear Physics of the Lomonosov Moscow State University (SINP MSU) opened in Russia
a series of pilot muon radiography experiments with nuclear emulsion detectors for study of interior
structure of large-scale natural and industrial objects. As a result the optimal conditions of experiment
organization were determined, algorithms of data processing were worked out and peculiarities of the
method were ultimately investigated. Here are presented the experiment data including ˇeld observations
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(in the mine of the Geophysical Department of the Russian Academy of Sciences) conˇrming availability
of the method with track detectors on the base of nuclear emulsions with uniquely high spatial resolution
provided their high-tech automated processing.

PACS: 14.60.Ef; 29.40.Rg
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Œ¥Éμ¤ ³Õμ´´μ° · ¤¨μ£· Ë¨¨ Å ÔÉμ ³¥Éμ¤ ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ· ³ ¸¸¨¢´ÒÌ ¶·¨-
·μ¤´ÒÌ ¨ ¶·μ³ÒÏ²¥´´ÒÌ μ¡Ñ¥±Éμ¢, ±μÉμ·Ò° § ±²ÕÎ ¥É¸Ö ¢ ·¥£¨¸É· Í¨¨ ¨´É¥´¸¨¢´μ¸É¨
¶μÉμ±  ³Õμ´μ¢ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö Î¥·¥§ ¢¥Ð¥¸É¢μ ¨§ÊÎ ¥³μ£μ μ¡Ñ¥±É . ‚ ± Î¥¸É¢¥ ¶·μ-
¸¢¥Î¨¢ ÕÐ¥£μ ¶ÊÎ±  ¨¸¶μ²Ó§ÊÕÉ¸Ö ¶μÉμ±¨ ³Õμ´μ¢ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° Ê ¶μ¢¥·Ì´μ¸É¨
‡¥³²¨. �¥£¨¸É·¨·ÊÕÐ¨³¨ Ê¸É·μ°¸É¢ ³¨ ³μ£ÊÉ ¸²Ê¦¨ÉÓ ± ± Ô²¥±É·μ´´Ò¥, É ± ¨ Ô³Ê²Ó-
¸¨μ´´Ò¥ ¤¥É¥±Éμ·Ò Î ¸É¨Í. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤¸É ¢²¥´Ò ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¶·¨³¥-
´¥´¨Õ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ´  μ¸´μ¢¥ Ö¤¥·´ÒÌ ËμÉμÔ³Ê²Ó¸¨° Å  ¢Éμ´μ³´ÒÌ, ³μ¤Ê²Ó´ÒÌ
¨ ²¥£±μ ¶¥·¥³¥Ð ¥³ÒÌ ¤¥É¥±Éμ·μ¢ Å ¤²Ö ¨¸¸²¥¤μ¢ ´¨° μ¡Ñ¥±Éμ¢ ³¥Éμ¤μ³ ³Õμ´´μ° · -
¤¨μ£· Ë¨¨.

ŒÕμ´´ Ö · ¤¨μ£· Ë¨Ö ´ Ìμ¤¨É ¸¢μ¥ ¶·¨³¥´¥´¨¥ ± ± ¶¥·¸¶¥±É¨¢´μ¥ ¤μ¶μ²´¥´¨¥ ±
£¥μË¨§¨Î¥¸±¨³ ¨ £¥μ²μ£¨Î¥¸±¨³ ³¥Éμ¤ ³ [1] ¶·¨  ´ ²¨§¥ ¸¥°¸³¨Î¥¸±¨Ì ¨ ± ·¸Éμ¢ÒÌ
¶·μÍ¥¸¸μ¢ [2], · §¢¥¤±¥ ¶μ²¥§´ÒÌ ¨¸±μ¶ ¥³ÒÌ, ¤²Ö · ¤¨ Í¨μ´´μ£μ ³μ´¨Éμ·¨´£  Ê¸É ´μ-
¢μ± Ö¤¥·´μ-Ô´¥·£¥É¨Î¥¸±μ£μ ±μ³¶²¥±¸  [3], ¤²Ö μ¸ÊÐ¥¸É¢²¥´¨Ö ´¥· §·ÊÏ ÕÐ¥£μ ±μ´É·μ²Ö
¶·μ³ÒÏ²¥´´ÒÌ μ¡Ñ¥±Éμ¢ (¤μ³¥´´ÒÌ ¶¥Î¥°, μ¶μ· ³μ¸Éμ¢ÒÌ ±μ´¸É·Ê±Í¨° ¨ É. ¤.) [4]. Œ¥-
Éμ¤ ¶μ§¢μ²Ö¥É ¨¸¸²¥¤μ¢ ÉÓ ¶μ¤§¥³´Ò¥ ¶¥Ð¥·Ò ¨ ±·Ê¶´Ò¥ ¶μ²μ¸É¨ ¨¸±Ê¸¸É¢¥´´μ£μ ¶·μ-
¨¸Ìμ¦¤¥´¨Ö. �´ ¶·¨³¥´Ö¥É¸Ö ¤²Ö ±μ´É·μ²Ö ¸μ¸ÉμÖ´¨Ö ¤μ²£μ¢·¥³¥´´ÒÌ ¶μ¤§¥³´ÒÌ Ì· -
´¨²¨Ð, £¤¥ É·¥¡Ê¥É¸Ö ¤¥É ²Ó´μ¥ §´ ´¨¥ £¥μ²μ£¨Î¥¸±μ£μ μ±·Ê¦¥´¨Ö (¸μ¸É ¢  ¨ £· ´¨Í
· §²¨Î´ÒÌ ¶² ¸Éμ¢), ¤²Ö ³μ´¨Éμ·¨´£  ¢ £μ·´μ¤μ¡Ò¢ ÕÐ¥° ¶·μ³ÒÏ²¥´´μ¸É¨,   É ±¦¥ ¤²Ö
³´μ£¨Ì ¤·Ê£¨Ì ¶·¨²μ¦¥´¨°.

Œ¥Éμ¤ μ¸´μ¢ ´ ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¶μÉμ±μ¢ ³Õμ´μ¢ ±μ¸³¨Î¥¸±μ£μ ¶·μ¨¸Ìμ¦¤¥´¨Ö, ¸μ-
¸É ¢²ÖÕÐ¨Ì μ±μ²μ 80 % ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ Î ¸É¨Í ¢Éμ·¨Î´μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö
´  Ê·μ¢´¥ ³μ·Ö. ŒÕμ´Ò ¢μ§´¨± ÕÉ ¢ ·¥§Ê²ÓÉ É¥ · ¸¶ ¤  § ·Ö¦¥´´ÒÌ π- ¨ K-³¥§μ´μ¢,
±μÉμ·Ò¥ μ¡· §ÊÕÉ¸Ö ¢ ¢¥·Ì´¨Ì ¸²μÖÌ  É³μ¸Ë¥·Ò ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ Ö¤¥·´μ- ±É¨¢´ÒÌ
Î ¸É¨Í ¶¥·¢¨Î´μ£μ ±μ¸³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¸ Ö¤· ³¨  Éμ³μ¢  É³μ¸Ë¥·Ò ‡¥³²¨. ‚·¥³Ö
¦¨§´¨ ³Õμ´μ¢ t0 ¸μ¸É ¢²Ö¥É μ±μ²μ 2,197 · 10−6 ¸, μ¤´ ±μ ³Õμ´Ò ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°
¶·¨ ¸±μ·μ¸É¨ v, ¡²¨§±μ° ± ¸±μ·μ¸É¨ ¸¢¥É , ¦¨¢ÊÉ ¸ÊÐ¥¸É¢¥´´μ ¤μ²ÓÏ¥ ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¸μμÉ´μÏ¥´¨¥³

t =
t0√

1 −
(v

c

)2

¨ ³μ£ÊÉ · ¸¶·μ¸É· ´ÖÉÓ¸Ö ´  §´ Î¨É¥²Ó´Ò¥ · ¸¸ÉμÖ´¨Ö.
ŒÕμ´Ò, ´¥ Ö¢²ÖÖ¸Ó Ö¤¥·´μ- ±É¨¢´Ò³¨ Î ¸É¨Í ³¨, É¥·ÖÕÉ ¸¢μÕ Ô´¥·£¨Õ ¢ μ¸´μ¢´μ³

§  ¸Î¥É Ô²¥±É·μ³ £´¨É´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¸ Ô²¥±É·μ´ ³¨ ¨ Ö¤· ³¨ ¢¥Ð¥¸É¢ . �É¸ÊÉ¸É¢¨¥
¸¨²Ó´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨° ¨ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏ Ö ³ ¸¸  ¶μ±μÖ ³Õμ´μ¢ μ¡Ê¸²μ¢²¨¢ ÕÉ ¨Ì
¢Ò¸μ±ÊÕ ¶·μ´¨± ÕÐÊÕ ¸¶μ¸μ¡´μ¸ÉÓ ¶μ ¸· ¢´¥´¨Õ ¸  ¤·μ´ ³¨, Ô²¥±É·μ´ ³¨ ¨ γ-±¢ ´-
É ³¨. ‚ ·¥§Ê²ÓÉ É¥ ³Õμ´Ò ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥° ´¥ Éμ²Ó±μ ¶·¥μ¤μ²¥¢ ÕÉ  É³μ¸Ë¥·Ê ‡¥³²¨,
´μ ¨ ¶·μ´¨± ÕÉ £²Ê¡μ±μ ¢ £·Ê´É ¢ § ¢¨¸¨³μ¸É¨ μÉ ¨Ì Ô´¥·£¨¨. ŒÕμ´Ò ¸ Ô´¥·£¨Ö³¨
Eμ ∼ 1012−1013 Ô‚, ¤μ¸É¨£Ï¨¥ Ê·μ¢´Ö ³μ·Ö, ·¥£¨¸É·¨·ÊÕÉ¸Ö ¢ ¶μ¤§¥³´ÒÌ Ô±¸¶¥·¨³¥´É Ì
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´  £²Ê¡¨´¥ ¤μ 8,6 ±³ ¢μ¤´μ£μ Ô±¢¨¢ ²¥´É . �μÉμ± ¶·μ´¨± ÕÐ¨Ì ³Õμ´μ¢ ¸μ¸É ¢²Ö¥É ´ 
Ê·μ¢´¥ ³μ·Ö μ±μ²μ 104 ³−2 ·³¨´−1.

�¸μ¡¥´´μ¸É¨ · ¸¶·μ¸É· ´¥´¨Ö  É³μ¸Ë¥·´ÒÌ ³Õμ´μ¢ ¶μ§¢μ²ÖÕÉ ¨¸¶μ²Ó§μ¢ ÉÓ ¨Ì ¢
³¥Éμ¤¥ ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¤²Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ±·Ê¶´ÒÌ ¶·¨·μ¤´ÒÌ ¨ ¨¸±Ê¸-
¸É¢¥´´ÒÌ μ¡Ñ¥±Éμ¢. ˆ§³¥´¥´¨¥ · ¸¶·¥¤¥²¥´¨Ö ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ¢´ÊÉ·¨ μ¡Ñ¥±É  μ¸Ê-
Ð¥¸É¢²Ö¥É¸Ö ¶ÊÉ¥³ ·¥£¨¸É· Í¨¨ ³Õμ´μ¢, ¶·¨Ï¥¤Ï¨Ì ¸μ ¸Éμ·μ´Ò μ¡Ñ¥±É , ¤¥É¥±Éμ· ³¨
§ ·Ö¦¥´´ÒÌ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í (´ ¶·¨³¥·, Ö¤¥·´μ° Ô³Ê²Ó¸¨¥°). ‘· ¢´¨¢ Ö ¶²μÉ´μ¸ÉÓ
³Õμ´´μ£μ ¶μÉμ±  Φ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö Î¥·¥§ ³¨Ï¥´Ó ¸μ ¸¢μ¡μ¤´μ ¶ ¤ ÕÐ¨³ ¨§  É³μ-
¸Ë¥·Ò ¶μÉμ±μ³ Φ0, ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ´¥¶·μ§· Î´μ¸ÉÓ ς ¨¸¸²¥¤Ê¥³ÒÌ ¶²μÉ´ÒÌ ¸É·Ê±ÉÊ·
¨ ¨Ì μÉ¤¥²Ó´ÒÌ μ¡² ¸É¥°. ‘¶¥±É·  É³μ¸Ë¥·´ÒÌ ³Õμ´μ¢ ´¥¶·¥·Ò¢¥´, ¨ ¶μÉμ± ³Õμ´μ¢,
¢ÒÌμ¤ÖÐ¨Ì ¨§ μ¡Ñ¥±É  ¨¸¸²¥¤μ¢ ´¨Ö, Ö¢²Ö¥É¸Ö ¨´É¥£· ²μ³ ¶μÉμ±  ¶μ Ô´¥·£¨¨, ±μÉμ· Ö
¨§³¥´Ö¥É¸Ö μÉ ³¨´¨³ ²Ó´μ° ´ Î ²Ó´μ° Ô´¥·£¨¨ Emin(ς), ´¥μ¡Ìμ¤¨³μ° ¤²Ö ¶¥·¥¸¥Î¥´¨Ö
¤ ´´μ° ¸·¥¤Ò Éμ²Ð¨´μ° L, ¤μ ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö:

Φ =

∞∫
Emin(ς)

Φ(E) dE.

�±μ´Î É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ³Õμ´μ¢ § ¢¨¸¨É μÉ ¨´É¥´¸¨¢´μ¸É¨
³Õμ´´μ£μ ¶μÉμ± , ¶¥·¥¸¥± ÕÐ¥£μ ³¨Ï¥´Ó, ¢·¥³¥´¨ Ô±¸¶μ§¨Í¨¨, ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨ ¶²μ-
Ð ¤¨ ¤¥É¥±Éμ·  ¨ ³μ¦¥É ¡ÒÉÓ μÍ¥´¥´μ ´  μ¸´μ¢¥ ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢ ¸ ÊÎ¥Éμ³ Ê¸²μ-
¢¨° Ô±¸¶¥·¨³¥´É . �´ ²¨§ Ê£²μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ³Õμ´μ¢ ¶μ¸²¥ ¨Ì ¶·μÌμ¦¤¥´¨Ö Î¥·¥§
μ¡Ñ¥±É, ´ Ìμ¤ÖÐ¨°¸Ö ¢ÒÏ¥ Ê·μ¢´Ö ´ ¡²Õ¤¥´¨Ö, ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ § ±²ÕÎ¥´¨¥ μ · ¸¶·¥-
¤¥²¥´¨¨ ¶²μÉ´μ¸É¨ ¢¥Ð¥¸É¢  ÔÉμ£μ μ¡Ñ¥±É , ¢ Éμ³ Î¨¸²¥ μ ´ ²¨Î¨¨ ´¥μ¤´μ·μ¤´μ¸É¥° ¢
¥£μ Éμ²Ð¥.

� ¶· ¢²¥´¨¥ ± ¦¤μ£μ ³Õμ´  ¢ ¤¥É¥±Éμ·¥ μ¶·¥¤¥²Ö¥É¸Ö §´ Î¥´¨Ö³¨  §¨³ÊÉ ²Ó´μ£μ ¨
§¥´¨É´μ£μ Ê£²μ¢ (ϕ, θ) μÉ´μ¸¨É¥²Ó´μ μ¸¨, ¶¥·¶¥´¤¨±Ê²Ö·´μ° ¶²μ¸±μ¸É¨ ¤¥É¥±Éμ· , · §-
³¥·Ò ±μÉμ·μ£μ §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ · §³¥·μ¢ ¨§ÊÎ ¥³μ£μ μ¡Ñ¥±É . ŒÕμ´Ò, Ëμ·³¨·ÊÕ-
Ð¨¥ ¨§μ¡· ¦¥´¨¥ μ¡Ñ¥±É , Ê¤μ¢²¥É¢μ·ÖÕÉ ¸²¥¤ÊÕÐ¥³Ê Ê¸²μ¢¨Õ: · ¸¸ÉμÖ´¨¥ μÉ ÉμÎ±¨
¢Ìμ¦¤¥´¨Ö ³Õμ´  ¢ μ¡Ñ¥±É ¤μ ÉμÎ±¨, ¢ ±μÉμ·μ° ¥£μ Ô´¥·£¨Ö ¸É ´μ¢¨É¸Ö · ¢´μ° ´Ê²Õ,
¤μ²¦´μ ¡ÒÉÓ ¡μ²ÓÏ¥ ¤²¨´Ò ¶ÊÉ¨ ³Õμ´  ¢ μ¡Ñ¥±É¥. —¨¸²μ ³Õμ´μ¢, ¶·μÏ¥¤Ï¨Ì ¸±¢μ§Ó
μ¡Ñ¥±É, § ¢¨¸¨É μÉ ´ ¶· ¢²¥´¨Ö ¨Ì ¶·¨Ìμ¤  (§´ Î¥´¨° θ ¨ ϕ) ¨ ¶²μÉ´μ¸É¨ ³ É¥·¨ ² 
¸·¥¤Ò ρ(θ, ϕ). Œμ¤¥²¨·μ¢ ´¨¥ ¶·μÌμ¦¤¥´¨Ö ¶μÉμ±  ³Õμ´μ¢ Î¥·¥§ μ¡Ñ¥±É ¨ ¸· ¢´¥´¨¥
·¥§Ê²ÓÉ Éμ¢ ³μ¤¥²¨·μ¢ ´¨Ö ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶μ§¢μ²ÖÕÉ ·¥±μ´¸É·Ê¨·μ¢ ÉÓ
μ¸μ¡¥´´μ¸É¨ ¢´ÊÉ·¥´´¥° ¸É·Ê±ÉÊ·Ò μ¡Ñ¥±É .

��…ˆŒ“™…‘’‚� ˆ‘��‹œ‡�‚��ˆŸ �Œ“‹œ‘ˆ���›•
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„μ ´¥¤ ¢´¥£μ ¢·¥³¥´¨ ¢ ³¨·μ¢μ° ¶· ±É¨±¥ ¨¸¸²¥¤μ¢ ´¨° ³¥Éμ¤μ³ ³Õμ´´μ° · ¤¨μ£· -
Ë¨¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ μ¸´μ¢´μ³ Ô²¥±É·μ´´ Ö  ¶¶ · ÉÊ·  [5, 6], £μ· §¤μ ¡μ²¥¥ £·μ³μ§¤± Ö
¨ ¸²μ¦´ Ö ¢ Ô±¸¶²Ê É Í¨¨, Î¥³ É·¥±μ¢Ò¥ ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨°, ±μÉμ-
·Ò¥ ¸É ²¨  ±É¨¢´μ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ³´μ£¨³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ £·Ê¶¶ ³¨ ¢ ¶μ¸²¥¤´¥¥
¢·¥³Ö (·¨¸. 1). Š μ¸´μ¢´Ò³ ¶·¥¨³ÊÐ¥¸É¢ ³ Ô³Ê²Ó¸¨μ´´ÒÌ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢, ¶μ-
³¨³μ ´¥¡μ²ÓÏ¨Ì · §³¥·μ¢ ¨ ¶·μ¸ÉμÉÒ ±μ´¸É·Ê±Í¨¨, μÉ´μ¸ÖÉ¸Ö Ìμ·μÏ¥¥ ¶·μ¸É· ´¸É¢¥´-
´μ¥ (< 1 ³±³) ¨ Ê£²μ¢μ¥ (∼ 1 ³¸·) · §·¥Ï¥´¨¥, ¡μ²ÓÏ Ö ¨´Ëμ·³ Í¨μ´´ Ö ¥³±μ¸ÉÓ, Ê¤μ¡-
¸É¢μ É· ´¸¶μ·É¨·μ¢±¨ ¨ ¶·μ¸ÉμÉ  Ô±¸¶²Ê É Í¨¨ ¢ ¸²μ¦´ÒÌ Ê¸²μ¢¨ÖÌ (´ ¶·¨³¥·, ¢ · °μ´¥
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�¨¸. 1. ‘· ¢´¥´¨¥ · §³¥·μ¢ Ô²¥±É·μ´´ÒÌ [6] ( ) ¨ Ô³Ê²Ó¸¨μ´´ÒÌ (¡) É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¤²Ö

³Õμ´´μ° · ¤¨μ£· Ë¨¨ (¡, ¸¶· ¢  Å ´  ³¥É ²²¨Î¥¸±μ° ¶² ¸É¨´¥ ²¥¦ É Ï¥¸ÉÓ ¸²μ¥¢ Ô³Ê²Ó¸¨¨,

Ê¶ ±μ¢ ´´ÒÌ ¢ ³¥É ²²¨§¨·μ¢ ´´Ò° ¶ ±¥É; ¡, ¸²¥¢  Å ¢¥·Ì´ÖÖ ³¥É ²²¨Î¥¸± Ö ¶² ¸É¨´  ¤²Ö Ë¨±-
¸ Í¨¨ Ô³Ê²Ó¸¨°). �³Ê²Ó¸¨μ´´ Ö ¶ ´¥²Ó Éμ²Ð¨´μ° 0,5 ¸³ ¸ ´¥¸±μ²Ó±¨³¨ ¸²μÖ³¨ Ô³Ê²Ó¸¨° (·¨¸. ¡)
¶·¥¢μ¸Ìμ¤¨É ¶μ Ê£²μ¢μ³Ê · §·¥Ï¥´¨Õ Ô²¥±É·μ´´Ò° É¥²¥¸±μ¶ ¸ ¡ §μ° � 1 ³2, ¶μ± § ´´Ò° ´  ·¨¸.  

¢Ê²± ´μ¢). ‚ ¦´¥°Ï¨³¨ ¶·¥¨³ÊÐ¥¸É¢ ³¨ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨° Ö¢²ÖÕÉ¸Ö ¨Ì ´¥§ ¢¨¸¨³μ¸ÉÓ
μÉ ¨¸ÉμÎ´¨±μ¢ Ô´¥·£μ¸´ ¡¦¥´¨Ö ¨ μÉ¸ÊÉ¸É¢¨¥ ´¥μ¡Ìμ¤¨³μ¸É¨ Ô²¥±É·μ´´μ° ¸Î¨ÉÒ¢ ÕÐ¥°
¸¨¸É¥³Ò ¢ ¶·μÍ¥¸¸¥ Ô±¸¶μ§¨Í¨¨.

� §³¥· ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ¢¥¸ Ô³Ê²Ó¸¨μ´´μ£μ É·¥±μ¢μ£μ ¤¥É¥±Éμ·  ³μ¦¥É ¡ÒÉÓ μÉ´μ-
¸¨É¥²Ó´μ ´¥¡μ²ÓÏ¨³ ¶·¨ ¸μÌ· ´¥´¨¨ ´¥μ¡Ìμ¤¨³μ° ÔËË¥±É¨¢´μ¸É¨ ¡² £μ¤ ·Ö ¢Ò¸μ±μ³Ê
±μμ·¤¨´ É´μ³Ê · §·¥Ï¥´¨Õ Ô³Ê²Ó¸¨°. �³Ê²Ó¸¨μ´´ Ö ¶ ´¥²Ó Éμ²Ð¨´μ° 0,5 ¸³ ¸ ´¥¸±μ²Ó-
±¨³¨ ¸²μÖ³¨ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨° ¶μ Ê£²μ¢μ³Ê · §·¥Ï¥´¨Õ ¡Ê¤¥É ¶·¥¢μ¸Ìμ¤¨ÉÓ Ô²¥±É·μ´-
´Ò° É¥²¥¸±μ¶ ¸ ¡ §μ° ∼ 1 ³2,  ´ ²μ£¨Î´Ò° ¶μ± § ´´μ³Ê ´  ·¨¸. 1,  . �¤´ ±μ ÔÉμ ´¥
μ§´ Î ¥É, ÎÉμ Ô³Ê²Ó¸¨μ´´Ò° ¤¥É¥±Éμ· ¤μ²¦¥´ ¨³¥ÉÓ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏÊÕ ¶²μÐ ¤Ó ¶μ
¸· ¢´¥´¨Õ ¸ Ô²¥±É·μ´´Ò³, ¶μ¸±μ²Ó±Ê μÉ ¢¥²¨Î¨´Ò ¶²μÐ ¤¨ ¤¥É¥±Éμ·  § ¢¨¸¨É μ¡Ñ¥³
´ ¡· ´´μ° ¸É É¨¸É¨±¨. � §³¥· ¤¥É¥±Éμ·  (¶²μÐ ¤Ó ¨ Î¨¸²μ ¸²μ¥¢ ËμÉμÔ³Ê²Ó¸¨¨) μ¶·¥¤¥-
²Ö¥É¸Ö É·¥¡Ê¥³μ° ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ ¢ § ¢¨¸¨³μ¸É¨ μÉ μ¦¨¤ ¥³ÒÌ Ê£²μ¢ÒÌ ¨ ²¨´¥°´ÒÌ
· §³¥·μ¢ ¨§ÊÎ ¥³μ£μ μ¡Ñ¥±É .

�±¸¶¥·¨³¥´ÉÒ, ¶·μ¢μ¤¨³Ò¥ ³¥Éμ¤μ³ ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô³Ê²Ó-
¸¨μ´´ÒÌ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢, Ê¸¶¥Ï´μ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö ¢ ·Ö¤¥ ´ ÊÎ´ÒÌ Í¥´É·μ¢ ¡² -
£μ¤ ·Ö · §¢¨É¨Õ  ¢Éμ³ É¨§¨·μ¢ ´´ÒÌ ³¥Éμ¤μ¢ μ¡· ¡μÉ±¨ Ô³Ê²Ó¸¨μ´´ÒÌ ¤ ´´ÒÌ [6, 7].
‚ �μ¸¸¨¨ Ô±¸¶¥·¨³¥´ÉÒ É ±μ£μ ·μ¤  ¤μ ´¥¤ ¢´¥£μ ¢·¥³¥´¨ ´¥ ¶·μ¢μ¤¨²¨¸Ó ¨§-§  μÉ-
¸ÊÉ¸É¢¨Ö ´ ¤¥¦´μ£μ ¶·μ¨§¢μ¤¨É¥²Ö Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨°. �¤´ ±μ ¢ ¶μ¸²¥¤´¨¥ £μ¤Ò ¶·μ¨§-
¢μ¤¸É¢μ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨° ¸ Ì · ±É¥·¨¸É¨± ³¨, ´¥μ¡Ìμ¤¨³Ò³¨ ¤²Ö ·¥£¨¸É· Í¨¨ ·¥²ÖÉ¨-
¢¨¸É¸±¨Ì Î ¸É¨Í, ´ ² ¦¥´μ ´  ��� ®‘² ¢¨Î¯ ¢ £. �¥·¥¸² ¢²Ó-‡ ²¥¸¸±¨° Ÿ·μ¸² ¢¸±μ°
μ¡² ¸É¨, ÎÉμ ¶μ§¢μ²¨²μ ¸μÉ·Ê¤´¨± ³ ”ˆ�� ¨ �ˆˆŸ” Œƒ“ ¶·μ¢¥¸É¨ ¶¥·¢Ò¥ É¥¸Éμ¢Ò¥
Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶·¨³¥´¥´¨Õ ³¥Éμ¤ .

’…‘’�‚›… �Š‘�…�ˆŒ…�’› �� Œ…’�„“ Œ�����‰ ��„ˆ�ƒ��”ˆˆ

‚ 2012Ä2014 ££. ¸μÉ·Ê¤´¨± ³¨ ”ˆ�� ¨ �ˆˆŸ” Œƒ“ ¡Ò² ¶·μ¢¥¤¥´ ·Ö¤ É¥¸Éμ¢ÒÌ
Ô±¸¶¥·¨³¥´Éμ¢ ¸ Í¥²ÓÕ ¢´¥¤·¥´¨Ö ³¥Éμ¤  ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¢
± Î¥¸É¢¥ ¤¥É¥±Éμ·μ¢ ³Õμ´μ¢ ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨°. �¡Ñ¥±Éμ³ ¶¥·¢μ£μ É¥¸Éμ-
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�¨¸. 2. Œμ´É ¦ Ô³Ê²Ó¸¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢ ¤²Ö ¶¥·¢μ£μ Ô±¸¶¥·¨³¥´É  ¶μ ³Õμ´´μ° · ¤¨μ£· Ë¨¨

”ˆ��Ä�ˆˆŸ” Œƒ“:  ) ¸Ì¥³  · ¸¶μ²μ¦¥´¨Ö ¸²μ¥¢ Ô³Ê²Ó¸¨¨ ³¥¦¤Ê ³¥É ²²¨Î¥¸±¨³¨ ¶² ¸É¨-

´ ³¨; ¡) ¨§μ¡· ¦¥´¨¥ Ê¸É ´μ¢²¥´´ÒÌ ¤¥É¥±Éμ·μ¢ ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¢ É¥²¥ ¸É ²Ó´μ° ±μ²μ´´Ò-
¶μ£²μÉ¨É¥²Ö ¨ ¢´¥ ¥¥

¢μ£μ Ô±¸¶¥·¨³¥´É  ¶μ ³¥Éμ¤Ê ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¡Ò²  ¸É ²Ó´ Ö ±μ²μ´´  ¢¥¸μ³ 23 É
(Ö·³μ ³ £´¨É  Í¨±²μÉ·μ´  �ˆˆŸ” Œƒ“), ±μÉμ· Ö ¨£· ²  ·μ²Ó ³ ¸¸¨¢´μ£μ ¶μ£²μÉ¨É¥²Ö
 É³μ¸Ë¥·´ÒÌ ³Õμ´μ¢ ¨ ¸μ§¤ ¢ ²  ®É¥´Ó¯ ¢ ¶μÉμ±¥ ÔÉ¨Ì Î ¸É¨Í (·¨¸. 2).

‚ Ô±¸¶¥·¨³¥´É¥ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò Ö¤¥·´Ò¥ Ô³Ê²Ó¸¨¨ ¶·μ¨§¢μ¤¸É¢  ·μ¸¸¨°¸±μ° ±μ³-
¶ ´¨¨ ��� ®‘² ¢¨Î¯ ¨ Ö¶μ´¸±μ° ±μ³¶ ´¨¨ ®Fuji Photo Film¯, ¶·¨³¥´Ö¥³Ò¥ ¢ ³¥¦¤Ê-
´ ·μ¤´μ³ Ô±¸¶¥·¨³¥´É¥ OPERA [8]. „¥É¥±Éμ·Ò, ¶μ¤£μÉμ¢²¥´´Ò¥ ¤²Ö ¨¸¶ÒÉ ´¨°, ¶·¥¤-
¸É ¢²Ö²¨ ¸μ¡μ° ¶²μÉ´μ Ê¶ ±μ¢ ´´Ò¥ ¸Éμ¶±¨ Ô³Ê²Ó¸¨μ´´ÒÌ ¶² ¸É¨´ · §³¥·μ³ 10× 12 ¸³,
¦¥¸É±μ § ±·¥¶²¥´´Ò¥ ¢ ± ·± ¸ Ì ¨§  ²Õ³¨´¨¥¢ÒÌ ¶² ¸É¨´. �μ¤·μ¡´μ¸É¨ ¸¡μ·±¨ ¤¥É¥±-
Éμ·μ¢ ¶μ± § ´Ò ´  ·¨¸. 1, ¡ ¨ 2,  .

„¥É¥±Éμ·Ò, Ê¸É ´μ¢²¥´´Ò¥ ¢ É¥²¥ ¸É ²Ó´μ° ±μ²μ´´Ò ¨ ¢´¥ ±μ²μ´´Ò ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ ·¨¸. 2, ¡, Ô±¸¶μ´¨·μ¢ ²¨¸Ó ¢ É¥Î¥´¨¥ 49 ¸ÊÉ.

�¡· ¡μÉ±  Ô³Ê²Ó¸¨μ´´ÒÌ ¤ ´´ÒÌ ¶·μ¢μ¤¨² ¸Ó ´  ¨³¥ÕÐ¨Ì¸Ö ¢ · ¸¶μ·Ö¦¥´¨¨ ¸μÉ·Ê¤-
´¨±μ¢ ”ˆ�� ¨ �ˆˆŸ” Œƒ“ ±μ³¶²¥±¸ Ì ¨§³¥·¨É¥²Ó´μ°  ¶¶ · ÉÊ·Ò, μ¸´ Ð¥´´ÒÌ μ¶É¨-
Î¥¸±¨³¨ ¸Éμ² ³¨ ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ ¶¥·¥³¥Ð¥´¨Ö ¨ Í¨Ë·μ¢Ò³¨ ¢¨¤¥μ± ³¥· ³¨ ¢Ò¸μ-
±μ£μ · §·¥Ï¥´¨Ö ¤²Ö ·¥£¨¸É· Í¨¨ ¨ μÍ¨Ë·μ¢±¨ μ¶É¨Î¥¸±¨Ì ¨§μ¡· ¦¥´¨°. �¢Éμ³ É¨§¨·μ-
¢ ´´Ò¥ ¨§³¥·¨É¥²Ó´Ò¥ ±μ³¶²¥±¸Ò ��‚ˆŠ�Œ (”ˆ��) ¨ ‚ˆ‘Š��-500 (�ˆˆŸ” Œƒ“),
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�¨¸. 3. “£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶μÉμ±μ¢ ³Õμ-
´μ¢ ¶·¨ · §´ÒÌ  §¨³ÊÉ ²Ó´ÒÌ Ê£² Ì ϕ ¨ Ë¨±-

¸¨·μ¢ ´´μ³ ¤¨ ¶ §μ´¥ §¥´¨É´ÒÌ Ê£²μ¢ θ, ¶μ-
²ÊÎ¥´´Ò¥ ¢ ·¥§Ê²ÓÉ É¥ ¶¥·¢μ£μ É¥¸Éμ¢μ£μ Ô±¸-

¶¥·¨³¥´É , ¢ ¸· ¢´¥´¨¨ ¸ ·¥§Ê²ÓÉ É ³¨ ³μ-

¤¥²Ó´ÒÌ · ¸Î¥Éμ¢: ¸¶²μÏ´ Ö ±·¨¢ Ö Å · ¸-
Î¥É; É¥³´Ò¥ ±·Ê¦±¨ Å Ô±¸¶¥·¨³¥´É; ¸¢¥-

É²Ò¥ ±·Ê¦±¨ Å Ô±¸¶¥·¨³¥´É ¸ ¢ÒÎ¥Éμ³ Ëμ´ 

§  2 ³¥¸

�¨¸. 4.  ) ˆ¸¶ÒÉ É¥²Ó´Ò° ¸É¥´¤, ³ ¸¸¨¢´Ò¥ Î ¸É¨ ±μÉμ·μ£μ (¤¨ ³¥É·μ³ 3 ³ ± ¦¤ Ö) ·¥£¨¸É·¨·μ¢ -
²¨¸Ó ³¥Éμ¤μ³ ³Õμ´´μ° · ¤¨μ£· Ë¨¨; ¡) · ¸¶μ²μ¦¥´¨¥ ¤¥É¥±Éμ·μ¢ ´  ¨¸¶ÒÉ É¥²Ó´μ³ ¸É¥´¤¥
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· §· ¡μÉ ´´Ò¥ ¸ ÊÎ¥Éμ³ ´¥μ¡Ìμ¤¨³ÒÌ É·¥¡μ¢ ´¨°, ¶μ§¢μ²ÖÕÉ μ¸ÊÐ¥¸É¢²ÖÉÓ ¢Ò¸μ±μ¸±μ-
·μ¸É´μ¥ ¸± ´¨·μ¢ ´¨¥ Ö¤¥·´ÒÌ Ô³Ê²Ó¸¨° ¨ μ¡· ¡μÉ±Ê ¶μ²ÊÎ¥´´ÒÌ ¨§μ¡· ¦¥´¨° ¢ ·¥¦¨³¥
·¥ ²Ó´μ£μ ¢·¥³¥´¨.

�¥§Ê²ÓÉ Éμ³ ¸± ´¨·μ¢ ´¨Ö ± ¦¤μ° Ô³Ê²Ó¸¨μ´´μ° ¶² ¸É¨´Ò Ö¢²Ö¥É¸Ö ³ ¸¸¨¢ ¤ ´´ÒÌ,
±μÉμ·Ò° § ¤ ¥É ¸ ¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ É· ¥±Éμ·¨Õ ± ¦¤μ° § ·¥£¨¸É·¨·μ¢ ´´μ° ¢ ¤¥É¥±-
Éμ·¥ Î ¸É¨ÍÒ, ¢±²ÕÎ Ö §¥´¨É´Ò° ¨  §¨³ÊÉ ²Ó´Ò° Ê£²Ò ¶ ¤¥´¨Ö, ¨¸¶μ²Ó§Ê¥³Ò¥ ¢ ¤ ´´μ°
³¥Éμ¤¨±¥. �μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¢ ¶·μÍ¥¸¸¥  ¢Éμ³ É¨Î¥¸±μ£μ  ´ ²¨§  ¶μ¤¢¥·£ ÕÉ¸Ö ¶·μ-

�¨¸. 5. “£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ³Õμ´μ¢ ¢ ¤¥É¥±Éμ·¥ º 1 ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¢¥Ð¥¸É¢  ¨¸¶ÒÉ É¥²Ó-

´μ£μ ¸É¥´¤ :  ) Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ¶μ²ÊÎ¥´´Ò¥ ¢ Ö¤¥·´μ° Ô³Ê²Ó¸¨¨ ¤¥É¥±Éμ·  º1;
¡) ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢
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Í¥¤Ê·¥ ¢ÒÎ¨É ´¨Ö Ëμ´ , ±μÉμ· Ö ¸μ¸Éμ¨É ¢ ÊÎ¥É¥ ¨´¸É·Ê³¥´É ²Ó´ÒÌ ÔËË¥±Éμ¢ ²μ¦´μ
·¥±μ´¸É·Ê¨·μ¢ ´´ÒÌ É·¥±μ¢, ÔËË¥±Éμ¢, ¸¢Ö§ ´´ÒÌ ¸ É· ´¸¶μ·É¨·μ¢±μ° ¤¥É¥±Éμ· , ¨ É. ¶.

“£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö Î ¸É¨Í, ¶μ²ÊÎ¥´´Ò¥ ¢ ¶¥·¢μ³ É¥¸Éμ¢μ³ Ô±¸¶¥·¨³¥´É¥, ¶·μ¤¥-
³μ´¸É·¨·μ¢ ²¨ ¨§³¥´¥´¨Ö ¶μÉμ±μ¢ ³Õμ´μ¢, ¶·¨Ìμ¤ÖÐ¨Ì ´  ¤¥É¥±Éμ· ¶·¨ Ë¨±¸¨·μ¢ ´´μ³
¤¨ ¶ §μ´¥ Ê£²μ¢, ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤²¨´Ò ¶ÊÉ¨ ¢ ¦¥²¥§´μ³ ¶μ£²μÉ¨É¥²¥ (±μ²μ´´¥). � ¸¶·¥-
¤¥²¥´¨Ö ´ Ìμ¤ÖÉ¸Ö ¢ ¶μ²´μ³ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¥¤¸± § ´¨Ö³¨ ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢ (·¨¸. 3).

‚Éμ·μ° É¥¸Éμ¢Ò° Ô±¸¶¥·¨³¥´É ¡Ò² ¶·μ¢¥¤¥´ ´  É¥··¨Éμ·¨¨ �ˆˆ Ï¨´´μ° ¶·μ³ÒÏ-
²¥´´μ¸É¨ ¢ Œμ¸±¢¥ ¢ ¶¥·¨μ¤ ¸ 13 ¨Õ´Ö ¶μ 25 μ±ÉÖ¡·Ö 2013 £., É. ¥. Ô±¸¶μ§¨Í¨Ö ¤¥É¥±Éμ·μ¢
¸μ¸É ¢¨²  135 ¸ÊÉ. �¡Ñ¥±Éμ³ ´ ¡²Õ¤¥´¨Ö ¡Ò²¨ ¤¨¸±¨ ¡¥£μ¢μ£μ ¡ · ¡ ´  Å ¨´¥·Í¨μ´´μ£μ
Ô²¥³¥´É  ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  μ¡Ð¨³ ¢¥¸μ³ 40 É (·¨¸. 4). ‘Ì¥³  ¸¡μ·±¨ Ô³Ê²Ó¸¨μ´-
´ÒÌ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¡Ò²   ´ ²μ£¨Î´  ¶·¥¤Ò¤ÊÐ¥³Ê Ô±¸¶¥·¨³¥´ÉÊ, Éμ²Ó±μ ¢ ± ¦¤μ³
¤¥É¥±Éμ·¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ´¥ ¶μ ¤¢ ,   ¶μ É·¨ ¶ ±¥É  ¸ ¤¢Ê³Ö ¸²μÖ³¨ Ô³Ê²Ó¸¨°.

�  ·¨¸. 5 ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ Ê£²μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ³Õμ´μ¢ (·¨¸. 5,  ) ¨
¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ ³μ¤¥²Ó´Ò¥ · ¸Î¥ÉÒ (·¨¸. 5, ¡) ¤²Ö ¤¥É¥±Éμ·  º1. ®’¥´Ó¯ μÉ ¡¥£μ-
¢μ£μ ¡ · ¡ ´  ¨¸¶ÒÉ É¥²Ó´μ£μ ¸É¥´¤  Ìμ·μÏμ ¢¨¤´  ´  μ¡μ¨Ì £· Ë¨± Ì Å ¶μ²ÊÎ¥´´Ò¥
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ Ìμ·μÏμ ¸μ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ · ¸Î¥Éμ¢.

„²Ö ¶·¥¤¸É ¢²¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ ¡Ò²¨ ¢Ò¡· ´Ò ¶¥·¥³¥´´Ò¥ tx ¨ ty Å É ´£¥´¸Ò Ê£²μ¢
´ ±²μ´  É·¥±μ¢ ¢ ¶·μ¥±Í¨ÖÌ ´  ¶²μ¸±μ¸É¨ xz, yz, £¤¥ tx = dx/dz = tg θ cos ϕ ¨ ty =
dy/dz = tg θ sin ϕ ¢ ±μμ·¤¨´ É Ì Ô³Ê²Ó¸¨μ´´μ° ¶²¥´±¨. „²Ö Ê¤μ¡¸É¢  ¢μ¸¶·¨ÖÉ¨Ö ´ 
¶²μ¸±μ¸ÉÓ tx−ty ·¨¸. 5,   ´ ²μ¦¥´  ±μμ·¤¨´ É´ Ö ¸¥É±  (θ, ϕ) (θ Å ±·Ê£¨, ϕ Å ²ÊÎ¨,

�¨¸. 6. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¢ Ï ÌÉ¥ ´  £²Ê¡¨´¥ 30 ³: ¡μ±μ¢μ¥ ¨§μ¡· ¦¥´¨¥ Ï ÌÉÒ ²¨ËÉ  ¨

¶μ¤§¥³´ÒÌ ¤¥É¥±Éμ·μ¢. �μ± § ´ ¤¨ ¶ §μ´ Ê£²  θ (20Ä35◦), ¢ ±μÉμ·μ³ ¤μ²¦¥´ ´ ¡²Õ¤ ÉÓ¸Ö ®¸¨£´ ²¯

μÉ Ï ÌÉÒ
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¢ÒÌμ¤ÖÐ¨¥ ¨§ ´ Î ²  ±μμ·¤¨´ É) ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¸μμÉ´μÏ¥´¨Ö³¨ tg ϕ = ty/tx ¨ tg2 θ =
tx2 + ty2.

’·¥É¨° Ô±¸¶¥·¨³¥´É ¶μ ³¥Éμ¤Ê ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¡Ò² ¶μ¸É ¢²¥´ ´  £²Ê¡¨´¥ 30 ³
¢ ¶μ¤§¥³´μ° Ï ÌÉ¥, · ¸¶μ²μ¦¥´´μ° ´  É¥··¨Éμ·¨¨ ƒ¥μË¨§¨Î¥¸±μ° ¸²Ê¦¡Ò ���
(�¡´¨´¸±). ‚ ·¥§Ê²ÓÉ É¥ Ô±¸¶¥·¨³¥´É  ¶·¥¤¶μ² £ ²μ¸Ó § ·¥£¨¸É·¨·μ¢ ÉÓ · §´¨ÍÊ ¶μÉμ±μ¢
 É³μ¸Ë¥·´ÒÌ ³Õμ´μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ §¥³²¨ ¨ ´  £²Ê¡¨´¥ ¢ Ï ÌÉ¥ ¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö
¸²μÖ £·Ê´É , ¤²Ö Î¥£μ ¤¥É¥±Éμ·Ò ¡Ò²¨ Ê¸É ´μ¢²¥´Ò ´  ¤¢ÊÌ Ê·μ¢´ÖÌ ´ ¡²Õ¤¥´¨Ö (·¨¸. 6, 7).
‚ Î¨¸²μ § ¤ Î Ô±¸¶¥·¨³¥´É  ¢Ìμ¤¨²  É ±¦¥ μÍ¥´±  ¢μ§³μ¦´μ¸É¨ ®μ¡´ ·Ê¦¥´¨Ö¯ ¶μ²μ¸É¨
(Ï ÌÉÒ ²¨ËÉ ) ¢ Éμ²Ð¥ £·Ê´É  ¸ ¶μ³μÐÓÕ ¤¥É¥±Éμ·  ¸ Ö¤¥·´μ° ËμÉμÔ³Ê²Ó¸¨¥°, · ¸¶μ-
²μ¦¥´´μ£μ ´  £²Ê¡¨´¥ 30 ³. �·¨ θ ∼ 25◦ ¨ ϕ ∼ 135◦, É. ¥. ¢ ´ ¶· ¢²¥´¨¨ Ï ÌÉÒ ²¨ËÉ 
(·¨¸. 6, 7), ¶μ£²μÐ¥´¨¥ ³Õμ´μ¢ μ¸² ¡²¥´μ ´ ²¨Î¨¥³ ¶μ²μ¸É¨, ¸²¥¤μ¢ É¥²Ó´μ, ¶μÉμ± ³Õ-
μ´μ¢ ¸ ÔÉμ£μ ´ ¶· ¢²¥´¨Ö ¤μ²¦¥´ § ³¥É´μ ¶·¥¢μ¸Ìμ¤¨ÉÓ Ëμ´.

„²Ö Éμ£μ ÎÉμ¡Ò μ¶·¥¤¥²¨ÉÓ μ¶É¨³ ²Ó´μ¥ ¢·¥³Ö Ô±¸¶μ§¨Í¨¨, ¤μ¸É ÉμÎ´μ¥ ¤²Ö ¶μ²ÊÎ¥-
´¨Ö ´¥μ¡Ìμ¤¨³μ° ¨´Ëμ·³ Í¨¨, ¤¥É¥±Éμ·Ò Ô±¸¶μ´¨·μ¢ ²¨¸Ó ¢ É¥Î¥´¨¥ · §´ÒÌ ¶·μ³¥¦ÊÉ-
±μ¢ ¢·¥³¥´¨ (2 ¨ 4 ³¥¸).

�·μ¢¥¤¥´´Ò¥ ³μ¤¥²Ó´Ò¥ · ¸Î¥ÉÒ ¶μ¤É¢¥·¦¤ ÕÉ, ÎÉμ ®¸¨£´ ²¯ μÉ Ï ÌÉÒ ²¨ËÉ  ¤μ²¦¥´
§ ³¥É´μ ¶·μÖ¢²ÖÉÓ¸Ö ¢ ¶μÉμ±¥ ³Õμ´μ¢, ¶ ¤ ÕÐ¨Ì ´  ¤¥É¥±Éμ·. �  ·¨¸. 8 ¶·¥¤¸É ¢²¥´
· ¸Î¥É´Ò° £· Ë¨± · ¸¶·¥¤¥²¥´¨Ö ¶μÉμ±μ¢ ³Õμ´μ¢ ± ± ËÊ´±Í¨Ö Ê£²μ¢ θ ¨ ϕ ¢ ´ ¶· ¢²¥´¨¨
Ï ÌÉÒ ²¨ËÉ .

�μ²ÊÎ¥´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ³Õμ´μ¢, ¶·μÏ¥¤Ï¨Ì Î¥·¥§ ¤¥É¥±-
Éμ· º6, Ô±¸¶μ´¨·μ¢ ¢Ï¨°¸Ö ´  £²Ê¡¨´¥ 30 ³ ¢ É¥Î¥´¨¥ 4 ³¥¸, ¶·¨¢¥¤¥´Ò ´  ·¨¸. 9,   ¨ ¡.

—Éμ¡Ò ¢Ò¤¥²¨ÉÓ É·¥±¨ μÉ Ô±¸¶μ§¨Í¨¨ §  ¢·¥³Ö Ô±¸¶¥·¨³¥´É  μÉ μ¸É ²Ó´ÒÌ Ëμ´μ¢ÒÌ
É·¥±μ¢, ¨§ ¨¸Ìμ¤´μ£μ · ¸¶·¥¤¥²¥´¨Ö (tx, ty) ¢ÒÎÉ¥´ Ê¸·¥¤´¥´´Ò° ¶μ  §¨³ÊÉ ²Ó´μ³Ê

�¨¸. 7. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ¢ Ï ÌÉ¥ ´  £²Ê¡¨´¥ 30 ³: μÉ´μ¸¨É¥²Ó´μ¥ · ¸¶μ²μ¦¥´¨¥ Ï ÌÉÒ ²¨ËÉ 

¨ ¶μ¤§¥³´ÒÌ ¤¥É¥±Éμ·μ¢ (¢¨¤ ¸¢¥·ÌÊ). �μ± § ´  μ·¨¥´É Í¨Ö μ¸¥° x ¨ y ¢ ¸¨¸É¥³¥ ¤¥É¥±Éμ·  ¨

´ ¶· ¢²¥´¨¥ ´  Ï ÌÉÊ ²¨ËÉ 
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�¨¸. 8. ’·¥Ì³¥·´μ¥ ¨§μ¡· ¦¥´¨¥ Ê£²μ¢μ° § ¢¨¸¨³μ¸É¨ ¶μÉμ±μ¢ ³Õμ´μ¢ ¢ ÉμÎ±¥ · ¸¶μ²μ¦¥´¨Ö
¤¥É¥±Éμ·μ¢ ¶μ¤ §¥³²¥°

Ê£²Ê (ϕ) Ëμ´. �ÉμÉ ³¥Éμ¤ ¤ ¥É ¡μ²¥¥ ´ £²Ö¤´ÊÕ ± ·É¨´Ê ¶¥·¥¶ ¤  ¶²μÉ´μ¸É¨ É·¥±μ¢.
�¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 9,  . �  ¤ ´´μ³ · ¸¶·¥¤¥²¥´¨¨ Ö¢´μ ¢¨¤¥´ ¸¨£´ ² μÉ
Ï ÌÉÒ ²¨ËÉ  (¢Ò¤¥²¥´ ¡¥²μ° · ³±μ°) ¨ ¤·Ê£¨¥ ´¥μ¤´μ·μ¤´μ¸É¨ ¢ £·Ê´É¥. �  ·¨¸. 9, ¡
¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ ¶μ Ê£²Ê ϕ ¢ ¸¨¸É¥³¥ ±μμ·¤¨´ É Ô³Ê²Ó¸¨μ´´ÒÌ ¶²¥´μ±. ‡¤¥¸Ó
É ±¦¥ ¢¨¤¥´ Î¥É±¨° ¶¨± ¢ ´ ¶· ¢²¥´¨¨ · ¸¶μ²μ¦¥´¨Ö Ï ÌÉÒ ²¨ËÉ  ϕ ∼ 135◦. � ²¨Î¨¥
¤·Ê£¨Ì μ¸μ¡¥´´μ¸É¥° · ¸¶·¥¤¥²¥´¨Ö ¶μ ϕ ¸¢Ö§ ´μ ¸ ´¥μ¤´μ·μ¤´μ¸ÉÖ³¨ ¸μ¸É ¢  £·Ê´É  ¢
· °μ´¥ Ï ÌÉÒ Å ¡μ²ÓÏ¨¥ ¶μÉμ±¨ ³Õμ´μ¢ ¢ ´ ¶· ¢²¥´¨¨ ®¶μ¶¥·¥±¯ ±μ·¨¤μ·  Ï ÌÉÒ,
· ¸¶μ²μ¦¥´´μ° ¢ ²¨´§¥ ³· ³μ·μ¢¨¤´μ£μ ¨§¢¥¸É´Ö± .

�¨¸. 9.  ) „¢Ê³¥·´μ¥ · ¸¶·¥¤¥²¥´¨¥ (tx, ty) ¶μÉμ±  ³Õμ´μ¢ ´  £²Ê¡¨´¥ 30 ³ ¶μ¸²¥ ¢ÒÎ¥É  Ëμ´ ,

Ê¸·¥¤´¥´´μ£μ ¶μ Ê£²Ê ϕ; ¡) · ¸¶·¥¤¥²¥´¨¥ ¶μÉμ±μ¢ ³Õμ´μ¢ ´  £²Ê¡¨´¥ 30 ³ ¶μ  §¨³ÊÉ ²Ó´μ³Ê
Ê£²Ê ϕ; ¶¨± ¢ · °μ´¥ 135◦ ¸μμÉ¢¥É¸É¢Ê¥É ´ ¶· ¢²¥´¨Õ ´  Ï ÌÉÊ ²¨ËÉ 
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�¨¸. 10. ‘· ¢´¥´¨¥ ¢¥²¨Î¨´Ò ¶·¥¢ÒÏ¥´¨Ö ¶μÉμ±  ³Õμ´μ¢ ´ ¤ Ëμ´μ³ ¢ μ¡² ¸É¨ Ï ÌÉÒ ¶μ Ê£²Ê

ϕ ∼ 135◦ ¨ ¢ ´¥¸±μ²Ó±¨Ì ¸¥±Éμ· Ì ¶μ Ê£²Ê θ. �¨³¸±¨³¨ Í¨Ë· ³¨ μ¡μ§´ Î¥´Ò ¤¨ ¶ §μ´Ò Ê£²μ¢ θ:

I Å 0Ä10◦; II Å 10Ä20◦; III Å 20Ä30◦; IV Å 30Ä40◦; V Å 40Ä50◦. †¨·´Ò³¨ ²¨´¨Ö³¨ Li μÉ³¥-
Î¥´Ò μÉ·¥§±¨ ¶ÊÉ¨ ³Õμ´μ¢ ¢ Ï ÌÉ¥ ¢ · §´ÒÌ ¤¨ ¶ §μ´ Ì θ (LI = LII = 0). ‡ É¥³´¥´´Ò¥ ÊÎ ¸É±¨

¸¥±Éμ·μ¢ ¶·μ¶μ·Í¨μ´ ²Ó´Ò ¶·¥¢ÒÏ¥´¨Õ ¶μÉμ±  ³Õμ´μ¢ ´ ¤ Ëμ´μ³ ( ³¶²¨ÉÊ¤  ®¸¨£´ ² ¯ Ai) ¢

· §´ÒÌ ¤¨ ¶ §μ´ Ì θ. „²¨´Ò μÉ·¥§±μ¢ · ¢´Ò LIII = 8,3 ³, LIV = 6,1 ³, LV = 4,9 ³. �·¥¢ÒÏ¥´¨¥
¶μÉμ±μ¢ (¶·μ¨§¢μ²Ó´Ò¥ ¥¤¨´¨ÍÒ): AIII = 1700; AIV = 1340; AV = 830. �É´μÏ¥´¨¥ ¤²¨´ μÉ·¥§-

±μ¢: LIII : LIV = 1,36; LIV : LV = 1,53. �É´μÏ¥´¨¥ ¢¥²¨Î¨´ ¨§³¥·¥´´ÒÌ ¶μÉμ±μ¢: AIII : AIV =

1,26; AIV : AV = 1,41

�μÉμ±¨ ³Õμ´μ¢ ¢ ´ §¥³´ÒÌ ¨ ¶μ¤§¥³´ÒÌ ¤¥É¥±Éμ· Ì ´  £²Ê¡¨´¥ 30 ³ μÉ²¨Î ÕÉ¸Ö
¶·¨³¥·´μ ¢ 50 · §, ÎÉμ Ìμ·μÏμ ¸μ£² ¸Ê¥É¸Ö ¸ · ¸Î¥É´Ò³¨ μÍ¥´± ³¨.

�  ·¨¸. 10 ¶·¥¤¸É ¢²¥´ ·¥§Ê²ÓÉ É ¡μ²¥¥ ¤¥É ²Ó´μ£μ  ´ ²¨§  ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¢
É¥Î¥´¨¥ Î¥ÉÒ·¥Ì³¥¸ÖÎ´μ° Ô±¸¶μ§¨Í¨¨ ¶μ¤ §¥³²¥° ¤¥É¥±Éμ·  º6 ¢ �¡´¨´¸±¥. �·¨¢¥¤¥´μ
¸· ¢´¥´¨¥ ¢¥²¨Î¨´Ò ¶·¥¢ÒÏ¥´¨Ö ¶μÉμ±  ³Õμ´μ¢ ´ ¤ Ëμ´μ³ ¢ μ¡² ¸É¨ Ï ÌÉÒ ¶μ Ê£²Ê
ϕ ∼ 135◦ ¨ ¢ ´¥¸±μ²Ó±¨Ì ¸¥±Éμ· Ì ¶μ Ê£²Ê θ (I Å 0Ä10◦; II Å 10Ä20◦; III Å 20Ä30◦;
IV Å 30Ä40◦; V Å 40Ä50◦). Š ± ¨ μ¦¨¤ ²μ¸Ó, ¢ ¸¥±Éμ· Ì I ¨ II ®¸¨£´ ²¯ μÉ Ï ÌÉÒ μÉ¸ÊÉ-
¸É¢Ê¥É. ‘μμÉ´μÏ¥´¨¥ ¶μÉμ±μ¢ ¢ ¸¥±Éμ· Ì III, IV ¨ V ¶·¨³¥·´μ ¸μμÉ¢¥É¸É¢Ê¥É μÉ´μÏ¥´¨Õ
¤²¨´ μÉ·¥§±μ¢, ¶·μÌμ¤¨³ÒÌ ³Õμ´ ³¨ ¢´ÊÉ·¨ Ï ÌÉÒ ¢ É¥Ì ¦¥ ¸¥±Éμ· Ì. �μ²´μ£μ ¸μ¢¶ -
¤¥´¨Ö ¡ÒÉÓ ´¥ ¤μ²¦´μ, É ± ± ± ¸¢Ö§Ó ³¥¦¤Ê ¶·μÌμ¤¨³Ò³¨ ¢ £·Ê´É¥ Î ¸É¨Í ³¨ ¶ÊÉÖ³¨ ¨
μ¸É ÉμÎ´Ò³ ¶μÉμ±μ³ ´¥²¨´¥°´ Ö.
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�´ ²¨§ ·¥§Ê²ÓÉ Éμ¢, ¶μ²ÊÎ¥´´ÒÌ ¢ É¥¸Éμ¢ÒÌ Ô±¸¶¥·¨³¥´É Ì ¸μÉ·Ê¤´¨± ³¨ ”ˆ�� ¨
�ˆˆŸ” Œƒ“ ¶μ ³¥Éμ¤Ê ³Õμ´´μ° · ¤¨μ£· Ë¨¨, ¶μ± §Ò¢ ¥É, ÎÉμ, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·¥¤-
¸± § ´¨Ö³¨ ³μ¤¥²Ó´ÒÌ · ¸Î¥Éμ¢, Ô³Ê²Ó¸¨μ´´ Ö É·¥±μ¢ Ö ³¥Éμ¤¨±  ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ
´ ¤¥¦´Ò¥ ¤ ´´Ò¥ μ¡ μ¸μ¡¥´´μ¸ÉÖÌ ¸É·Ê±ÉÊ·Ò ¨¸¸²¥¤Ê¥³ÒÌ μ¡Ñ¥±Éμ¢. �·μ¸É· ´¸É¢¥´´Ò¥
· ¸¶·¥¤¥²¥´¨Ö ¶μÉμ±μ¢ ³Õμ´μ¢, ¨§³¥·¥´´Ò¥ ¢ É¥¸Éμ¢ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¨ · ¸Î¥É´Ò°
¶·μ£´μ§ ´¥μ¤´μ·μ¤´μ¸É¥° ¢ ¸É·Ê±ÉÊ·¥ μ¡Ñ¥±Éμ¢ ¢ Í¥²μ³ ¤ ÕÉ Ìμ·μÏ¥¥ ¸μ£² ¸¨¥. �Éμ
¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¢μ§³μ¦´μ¸É¨ · §¢¨É¨Ö ³¥Éμ¤  ³Õμ´´μ° · ¤¨μ£· Ë¨¨ ¢ �μ¸¸¨¨ ¸ ¨¸-
¶μ²Ó§μ¢ ´¨¥³ Ô³Ê²Ó¸¨μ´´ÒÌ É·¥±μ¢ÒÌ ¤¥É¥±Éμ·μ¢ ¶·¥¤²μ¦¥´´μ° ±μ´¸É·Ê±Í¨¨ ¨ ¸·¥¤¸É¢
μ¡· ¡μÉ±¨ Ô³Ê²Ó¸¨μ´´ÒÌ ¤ ´´ÒÌ, ±μÉμ·Ò³¨ · ¸¶μ² £ ÕÉ ·μ¸¸¨°¸±¨¥ ¨´¸É¨ÉÊÉÒ.

‘�ˆ‘�Š ‹ˆ’…��’“�›

1. Marteau J. et al. Muons Tomography Applied to Geosciences and Volcanology // Nucl. Instr.
Meth. A. 2012. V. 695, No. 23Ä28.

2. Tanaka H.K. M. et al. Cosmic Muon Imaging of Hidden Seismic Fault Zones: Rainwater Permeation
into the Mechanical Fractured Zones in ItoigawaÄShizuoka Tectonic Line, Japan // EPSL. 2011.
V. 306, No. 3Ä4. P. 156Ä162.

3. Morris C. L. et al. Tomographic Imaging with Cosmic Ray Muons // Science & Global Security.
2008. V. 16, No. 1Ä2. P. 37Ä53.

4. Gilboy W. B. et al. Muon Radiography of Large Industrial Structures // Nucl. Instr. Meth. B. 2007.
V. 263. P. 317Ä319.

5. Lesparre N. et al. Design and Operation of a Field Telescope for Cosmic Ray Geophysical Tomog-
raphy // Geosci. Instr. Meth. Data Syst. 2012. V. 1. P. 33Ä42.

6. Carloganu C. et al. Towards a Muon Radiography of the Puy de Dome // Geosci. Instr. Meth. Data
Syst. 2013. V. 2. P. 55Ä60.

7. Tanaka H.K.M. Evaluation of Positioning and Density Proˇling Accuracy of Muon Radiography
by Utilizing a 15-Ton Steel Block // Ibid. P. 79Ä83.

8. �£ Ëμ´μ¢  �.
. ¨ ¤·. �μ¨¸± μ¸Í¨²²ÖÍ¨° ´¥°É·¨´μ ¢ ± ´ ²¥ νμ → ντ ¸ ¶μ³μÐÓÕ £¨¡·¨¤´μ£μ

¤¥É¥±Éμ·  Ô±¸¶¥·¨³¥´É  OPERA // �—�Ÿ. 2013. ’. 44, º4. ‘. 1345Ä1387.

�μ²ÊÎ¥´μ 10 ³ ·É  2015 £.


