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Œ¥Éμ¤ ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶μ²¥° ´¥°É·μ´μ¢ ¢μ±·Ê£ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì
Ê¸±μ·¨É¥²¥°

� ¤¨ Í¨μ´´Ò° ±μ´É·μ²Ó ´¥°É·μ´´μ£μ ¨§²ÊÎ¥´¨Ö ´  Ê¸±μ·¨É¥²ÖÌ ¢Ò¸μ±¨Ì
Ô´¥·£¨° ´¥ ³μ¦¥É ¡ÒÉÓ μ·£ ´¨§μ¢ ´ Éμ²Ó±μ ´  μ¸´μ¢¥ ¸É ´¤ ·É´ÒÌ (¶·μ¨§¢μ¤¨-
³ÒÌ ¢ �”) ¤μ§¨³¥É·μ¢ ¨ · ¤¨μ³¥É·μ¢ ´¥°É·μ´μ¢, ¶μ¸±μ²Ó±Ê ¨Ì · ¡μÎ¨° ¤¨ ¶ §μ´
μ£· ´¨Î¥´ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¥° ´¥°É·μ´μ¢ ≈ 10 ŒÔ‚. �·¨ ÔÉμ³ ´¥°É·μ´Ò
¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨° ³μ£ÊÉ ¤ ¢ ÉÓ §´ Î¨É¥²Ó´Ò° ¢±² ¤ ¢ ¤μ§Ê, ¶μ²ÊÎ ¥³ÊÕ
¶¥·¸μ´ ²μ³ ± ± ´¥¶μ¸·¥¤¸É¢¥´´μ §  § Ð¨É ³¨ Ê¸±μ·¨É¥²¥°, É ± ¨ ¢ ¶μ²ÖÌ · ¸-
¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö ´  Ê¤ ²¥´¨¨ μÉ ´¨Ì. ‚ ¸É ÉÓ¥ ¶·¥¤² £ ¥É¸Ö ³¥Éμ¤ ¨§³¥·¥-
´¨Ö  ³¡¨¥´É´μ° ¤μ§Ò ´¥°É·μ´μ¢ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ ´¥°É·μ´μ¢ μÉ 10−2 ŒÔ‚
¤μ 1 ƒÔ‚ ¶·¨¡μ·μ³ ´  μ¸´μ¢¥ ¤¢ÊÌ ¶μ²¨ÔÉ¨²¥´μ¢ÒÌ Ï ·μ¢ (¤¨ ³¥É·Ò 3 ¤Õ°³ 
¨ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢Ò³ ±μ´¢¥·Éμ·μ³ (10′′ + Pb)) ¸ ¤¥É¥±Éμ· ³¨ ³¥¤²¥´´ÒÌ
´¥°É·μ´μ¢ ¢´ÊÉ·¨. „ ´´Ò° ³¥Éμ¤ ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¢
¸É Í¨μ´ ·´ÒÌ ¶μ¸É Ì §μ´´μ£μ · ¤¨ Í¨μ´´μ£μ ±μ´É·μ²Ö ¢μ±·Ê£ Ê¸±μ·¨É¥²¥°.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ · ¤¨ Í¨μ´´μ° ¡¨μ²μ£¨¨ �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2017

Beskrovnaia L. G., Guseva S.V., Timoshenko G.N. P16-2017-87
Method for Monitoring Neutron Fields around High-Energy Accelerators

Neutron monitoring around high-energy accelerators cannot be organized only on
the basis of standard (produced in the Russian Federation) dosimeters and neutron ra-
diometers, since their operating range is limited by the neutron energy of ≈ 10 MeV.
At the same time, higher-energy neutrons can make a signiˇcant contribution to the
personnel dose both directly behind the accelerator shield and in the ˇelds of scat-
tered radiation in the environment. In this paper, we propose a method for measuring
the ambient dose of neutrons in the neutron energy range of 10−2 MeV to 1 GeV
based on two polyethylene spheres (3 and 10 inches in diameter with a lead converter
(10′′ + Pb)) with slow neutron detectors inside. This method can be used mainly in
ˇxed stations for area radiation monitoring around accelerators.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.
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ˆ§³¥·¥´¨¥ ¤μ§Ò ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ´¥°É·μ´μ¢ Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ¶·μ-
¡²¥³ ¤μ§¨³¥É·¨¨ ´  Ê¸±μ·¨É¥²ÖÌ ¢Ò¸μ±¨Ì Ô´¥·£¨°. �¥°É·μ´Ò ¸ Ô´¥·£¨¥°
¡μ²ÓÏ¥ 0,1 ŒÔ‚ ¤ ÕÉ μ¸´μ¢´μ° ¢±² ¤ ¢ ÔËË¥±É¨¢´ÊÕ ¤μ§Ê ± ± ´¥¶μ¸·¥¤-
¸É¢¥´´μ §  § Ð¨É ³¨ Ê¸±μ·¨É¥²¥°, É ± ¨ ¢ ¶μ²ÖÌ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö ´ 
Ê¤ ²¥´¨¨ μÉ ´¨Ì. „ ´´ Ö · ¡μÉ  ¶μ¸¢ÖÐ¥´  ³¥Éμ¤Ê ¨§³¥·¥´¨Ö  ³¡¨¥´É´μ°
¤μ§Ò ( ³¡¨¥´É´μ£μ Ô±¢¨¢ ²¥´É  ¤μ§Ò) ´¥°É·μ´μ¢ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨¨ ´¥°É·μ-
´μ¢ μÉ 10−2 ŒÔ‚ ¤μ 1 ƒÔ‚ ´  Ê¸±μ·¨É¥²ÖÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ±μ³¶²¥±¸  NICA
‹ ¡μ· Éμ·¨¨ Ë¨§¨±¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° (‹”‚	) �ˆŸˆ („Ê¡´ ) ¨ ´  ¤·Ê£¨Ì
¶μ¤μ¡´ÒÌ ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì Ê¸±μ·¨É¥²ÖÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í.

‘ÊÐ¥¸É¢¥´´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¸É·μÖÐ¥£μ¸Ö ±μ³¶²¥±¸  NICA Ö¢²Ö¥É¸Ö ¥£μ
· §³¥Ð¥´¨¥ ´  μ£· ´¨Î¥´´μ° É¥··¨Éμ·¨¨ ¶²μÐ ¤±¨ ‹”‚	 ¢¡²¨§¨ ¸É ·μ£μ
§¤ ´¨Ö ¸¨´Ì·μË §μÉ·μ´ , ¢ ±μÉμ·μ³ ´ Ìμ¤ÖÉ¸Ö ¤¢  μ¸´μ¢´ÒÌ Ê¸±μ·¨É¥²Ö ±μ³-
¶²¥±¸  Å ¡Ê¸É¥· ¨ ´Ê±²μÉ·μ´. ˆ§-§  μ£· ´¨Î¥´´μ° É¥··¨Éμ·¨¨ ¨¸ÉμÎ´¨±¨ ¨§-
²ÊÎ¥´¨Ö · ¸¶μ²μ¦¥´Ò ¡²¨§±μ ± £· ´¨Í¥ É¥··¨Éμ·¨¨ ¶²μÐ ¤±¨ (³¨´¨³ ²Ó´μ¥
· ¸¸ÉμÖ´¨¥ μÉ ±μ²² °¤¥·  ¤μ μ£· ¦¤¥´¨Ö ¸μ¸É ¢²Ö¥É 55 ³,   μÉ ±μ·¶Ê¸  º1
‹”‚	 Å 70 ³). ’ ±μ¥ · §³¥Ð¥´¨¥ Ô²¥³¥´Éμ¢ ±μ³¶²¥±¸  μ¡Ê¸² ¢²¨¢ ¥É ¶μ-
¢ÒÏ¥´´Ò¥ É·¥¡μ¢ ´¨Ö ± ¤μ¸Éμ¢¥·´μ¸É¨ · ¤¨ Í¨μ´´μ£μ ±μ´É·μ²Ö (�Š) ¢ μ±·Ê-
¦ ÕÐ¥° ¸·¥¤¥, ¶μ¸±μ²Ó±Ê ¸μ£² ¸´μ ´μ·³ É¨¢´Ò³ ¤μ±Ê³¥´É ³ [1, 2] ¨ ¶·μ¥±ÉÊ
±μ²² °¤¥·  [3] §  £· ´¨Í¥° É¥··¨Éμ·¨¨ ¶²μÐ ¤±¨ ‹”‚	 ¤μ²¦´μ ¡ÒÉÓ μ¡¥¸-
¶¥Î¥´μ ´¥¶·¥¢ÒÏ¥´¨¥ ¶·¥¤¥²  £μ¤μ¢μ° ¤μ§Ò 1,0 ³‡¢. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ
Ê± § ´´Ò° ¶·¥¤¥² ¤μ§Ò ¤²Ö ´ ¸¥²¥´¨Ö ´¥ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤μ§Ê μÉ ¶·¨·μ¤´μ£μ
Ëμ´  (¶μ ³´μ£μ²¥É´¨³ ´ ¡²Õ¤¥´¨Ö³ ¥¸É¥¸É¢¥´´Ò° £ ³³ -Ëμ´ ¢ „Ê¡´¥ μÉ ±μ¸-
³¨Î¥¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¶μÎ¢Ò ¸μ¸É ¢²Ö¥É ¢ ¸·¥¤´¥³ 0,8 ³‡¢/£μ¤) ¨ Ö¢²Ö¥É¸Ö
¶·¥¤¥²Ó´Ò³ Ê·μ¢´¥³ É¥Ì´μ£¥´´μ£μ μ¡²ÊÎ¥´¨Ö ´ ¸¥²¥´¨Ö.

�μ²Ö ¨§²ÊÎ¥´¨Ö ´  ¢Ò¸μ±μÔ´¥·£¥É¨Î¥¸±¨Ì Ê¸±μ·¨É¥²ÖÌ § ·Ö¦¥´´ÒÌ Î -
¸É¨Í ´¥¶μ¸·¥¤¸É¢¥´´μ §  ¡¨μ²μ£¨Î¥¸±μ° § Ð¨Éμ° ¨³¥ÕÉ ¸²μ¦´Ò° ±μ³¶μ-
´¥´É´Ò° ¸μ¸É ¢, ´μ μ¸´μ¢´ Ö ¤μ§μ¢ Ö ´ £·Ê§±  ´  ¶¥·¸μ´ ² μ¡Ê¸²μ¢²¥´  ´¥°-
É·μ´ ³¨ Ï¨·μ±μ£μ ¤¨ ¶ §μ´  Ô´¥·£¨¨ (´¥°É·μ´ ³¨ ÊÉ¥Î±¨ ¨§ § Ð¨ÉÒ). �μ-
¸±μ²Ó±Ê Ô´¥·£¨Ö Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¢ ´Ê±²μÉ·μ´¥ ¨ ±μ²² °¤¥·¥ ¸μ¸É ¢²Ö¥É
4,5 ƒÔ‚/´Ê±²μ´, ¸¶¥±É· ´¥°É·μ´μ¢ ÊÉ¥Î±¨ ¨§ § Ð¨ÉÒ ¢ §´ Î¨É¥²Ó´μ° ³¥·¥
μ¡μ£ Ð¥´ ´¥°É·μ´ ³¨ ¢Ò¸μ±μ° Ô´¥·£¨¨ (¡μ²¥¥ ∼ 20 ŒÔ‚). � ¤¨ Í¨μ´´ Ö
μ¡¸É ´μ¢±  ´  ¶·¨²¥£ ÕÐ¥° ± Ê¸±μ·¨É¥²Ö³ É¥··¨Éμ·¨¨ Ëμ·³¨·Ê¥É¸Ö ´¥°É·μ-
´ ³¨ ÊÉ¥Î±¨ ¨§ ¡¨μ²μ£¨Î¥¸±μ° § Ð¨ÉÒ, ³´μ£μ±· É´μ · ¸¸¥Ö´´Ò³¨ ¢ ¢μ§¤ÊÌ¥
¨ £·Ê´É¥ (ÔËË¥±É ®skyshine¯). ˆ§-§  ®¦¥¸É±μ¸É¨¯ ¸¶¥±É·  ´¥°É·μ´μ¢ ÊÉ¥Î±¨
¨ ¨§-§  Éμ£μ, ÎÉμ ¤²¨´  ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£  ´¥°É·μ´μ¢ ¢ ¢μ§¤ÊÌ¥ ·¥§±μ · ¸É¥É
¸ Ô´¥·£¨¥°, ¢ ¸¶¥±É· Ì ´¥°É·μ´μ¢ ®skyshine¯ É ±¦¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ´¥°É·μ´Ò
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�¨¸. 1. ‘¶¥±É·Ò ´¥°É·μ´μ¢ ®skyshine¯, · ¸¸Î¨É ´´Ò¥ ¶μ ¶·μ£· ³³¥ GEANT4 ¤²Ö
· ¸¸ÉμÖ´¨° 50 ¨ 100 ³ μÉ Í¥´É·  ´Ê±²μÉ·μ´ 

¢Ò¸μ±¨Ì Ô´¥·£¨°. �  ·¨¸. 1 ¶μ± § ´Ò ¸¶¥±É·Ò ´¥°É·μ´μ¢ ®skyshine¯, · ¸¸Î¨-
É ´´Ò¥ ¶μ ¶·μ£· ³³¥ GEANT4 ¤²Ö · ¸¸ÉμÖ´¨° 50 ¨ 100 ³ μÉ Í¥´É·  ±μ·¶Ê¸ 
º1 ‹”‚	 ¤²Ö ´Ê±²μÉ·μ´  ¸ 2-³¥É·μ¢μ° ¢¥·Ì´¥° § Ð¨Éμ° ÉÊ´´¥²Ö ¨§ μ¡ÒÎ-
´μ£μ ¡¥Éμ´  ¶·¨ Ê¸±μ·¥´¨¨ Ö¤¥· Ê· ´  ¤μ Ô´¥·£¨¨ 4,5 ƒÔ‚/´Ê±²μ´∗.

�·¨¸ÊÉ¸É¢¨¥ ¢ ¸¶¥±É· Ì ´¥°É·μ´μ¢ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¸μ§¤ ¥É ¨§¢¥¸É´ÊÕ
¶·μ¡²¥³Ê �Š ´  Ê¸±μ·¨É¥²ÖÌ, ¶μ¸±μ²Ó±Ê ¢ ¶·μ³ÒÏ²¥´´μ¸É¨, μ·¨¥´É¨·μ¢ ´-
´μ° ´  Ö¤¥·´ÊÕ Ô´¥·£¥É¨±Ê, ¶·μ¨§¢μ¤ÖÉ ¤μ§¨³¥É·Ò ´¥°É·μ´μ¢ ¸ · ¡μÎ¨³ ¤¨ -
¶ §μ´μ³ Éμ²Ó±μ ¤μ 10Ä20 ŒÔ‚. �¸ÊÐ¥¸É¢²¥´¨¥ �Š ¸ ¶μ³μÐÓÕ ¶·μ³ÒÏ²¥´-
´ÒÌ ¤μ§¨³¥É·μ¢ ¶·¨¢¥¤¥É ± ¸ÊÐ¥¸É¢¥´´μ° ´¥¤μμÍ¥´±¥ ¤μ§Ò μÉ ¢Ò¸μ±μÔ´¥·-
£¥É¨Î´ÒÌ ´¥°É·μ´μ¢. �μÔÉμ³Ê ¸¶¥Í¨ ²¨¸ÉÒ ¸²Ê¦¡ · ¤¨ Í¨μ´´μ£μ ±μ´É·μ²Ö
Ê¸±μ·¨É¥²Ó´ÒÌ Í¥´É·μ¢ ¢Ò´Ê¦¤¥´Ò · §· ¡ ÉÒ¢ ÉÓ ¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¸¶¥Í¨ ²Ó-
´Ò¥ ¸·¥¤¸É¢  ¤μ§¨³¥É·¨¨ ¨ ³μ´¨Éμ·¨·μ¢ ´¨Ö ®¦¥¸É±¨Ì¯ ¶μ²¥° ´¥°É·μ´μ¢, ´¥
¸¥·É¨Ë¨Í¨·μ¢ ´´Ò¥ ¨ ´¥ μ¡¥¸¶¥Î¥´´Ò¥ § ±μ´μ¤ É¥²Ó´μ° ³¥É·μ²μ£¨¥°.

� ¨¡μ²¥¥ ¤μ¸Éμ¢¥·´ÊÕ ¨´Ëμ·³ Í¨Õ μ ¤μ§¥ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ²¨ÏÓ ´ 
μ¸´μ¢¥ ¨§³¥·¥´´ÒÌ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢. �·¨ ¨§³¥·¥´¨¨ ¸¶¥±É·μ¢ ´¥°É·μ-
´μ¢ Ï¨·μ±μ£μ Ô´¥·£¥É¨Î¥¸±μ£μ ¤¨ ¶ §μ´  ¡ §μ¢μ° ³¥Éμ¤¨±μ° Ö¢²Ö¥É¸Ö ³´μ-

∗� ¸Î¥ÉÒ ¢Ò¶μ²´¥´Ò Œ.� · ¨¶ ´.
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£μÏ ·μ¢μ° ³¥Éμ¤ ¸¶¥±É·μ³¥É·¨¨ ´¥°É·μ´μ¢, μ¸´μ¢ ´´Ò° ´  · §´¨Í¥ ¤²¨´
§ ³¥¤²¥´¨Ö ´¥°É·μ´μ¢ · §´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶ ¢ ¢μ¤μ·μ¤¸μ¤¥·¦ Ð¥°
¸·¥¤¥ (Î Ð¥ ¢¸¥£μ ¢ ¶μ²¨ÔÉ¨²¥´¥). ‚ ³´μ£μÏ ·μ¢μ³ ¸¶¥±É·μ³¥É·¥ ¨¸¶μ²Ó-
§Ê¥É¸Ö ¤¥É¥±Éμ· ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢, ¶μ³¥Ð¥´´Ò° ¢´ÊÉ·Ó § ³¥¤²¨É¥²¥° ¨§
¶μ²¨ÔÉ¨²¥´  · §²¨Î´μ£μ ¤¨ ³¥É· . �  μ¸´μ¢¥ ±μ³¡¨´ Í¨¨ ¶μ± § ´¨° ¤¥É¥±-
Éμ·  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ ¸ · §´Ò³¨ § ³¥¤²¨É¥²Ö³¨ ¢ ¤ ´´μ³ ¶μ²¥ ¢μ¸¸É -
´ ¢²¨¢ ¥É¸Ö ¨¸Ìμ¤´Ò° ¸¶¥±É· ´¥°É·μ´μ¢. — Ð¥ ¢¸¥£μ ´ ¨¡μ²ÓÏ¨° ¤¨ ³¥É·
§ ³¥¤²¨É¥²Ö ¸μ¸É ¢²Ö¥É 12 ¤Õ°³μ¢ (·¥¤±μ 18 ¤Õ°³μ¢), ¶·¨ ÔÉμ³ ÎÊ¢¸É¢¨-
É¥²Ó´μ¸ÉÓ ¤¥É¥±Éμ·  ¸ ÔÉ¨³ § ³¥¤²¨É¥²¥³ § ³¥É´μ ¶ ¤ ¥É Ê¦¥ ¶·¨ Ô´¥·£¨¨
´¥°É·μ´μ¢ 10Ä15 ŒÔ‚. ˆ§³¥·¥´´Ò¥ ¸¶¥±É·Ò ¶μ§¢μ²ÖÕÉ μ¶·¥¤¥²¨ÉÓ ¤μ§Ê ´¥°-
É·μ´μ¢ ¢ ¨§³¥·Ö¥³μ° ÉμÎ±¥ ´¥°É·μ´´μ£μ ¶μ²Ö. „²Ö Ê¢¥²¨Î¥´¨Ö ÎÊ¢¸É¢¨É¥²Ó-
´μ¸É¨ ¸¶¥±É·μ³¥É·  ± ´¥°É·μ´ ³ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ ¥£μ ¸μ¸É ¢ ¢¢μ¤ÖÉ £¥É¥·μ-
£¥´´Ò° § ³¥¤²¨É¥²Ó, ¢ ±μÉμ·μ³ ¶μ³¨³μ ¶μ²¨ÔÉ¨²¥´  ¸μ¤¥·¦¨É¸Ö ±μ´¢¥·Éμ·
¨§ ÉÖ¦¥²μ£μ ³¥É ²² , ¶·μ¨§¢μ¤ÖÐ¨° ¡μ²ÓÏμ¥ Î¨¸²μ ¢Éμ·¨Î´ÒÌ ± ¸± ¤´ÒÌ
¨ ¨¸¶ ·¨É¥²Ó´ÒÌ ´¥°É·μ´μ¢ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¸ ´¨³ ´¥°É·μ´μ¢ ¢Ò¸μ±μ°
Ô´¥·£¨¨. ‚ ¸μ¸É ¢¥ ³´μ£μÏ ·μ¢μ£μ ¸¶¥±É·μ³¥É·  �ˆŸˆ ´  μ¸´μ¢¥ ¸Í¨´É¨²²Ö-
Éμ·  LiI(Eu) É ±¦¥ ¨³¥¥É¸Ö ¶μ²¨ÔÉ¨²¥´μ¢Ò° § ³¥¤²¨É¥²Ó ¤¨ ³¥É·μ³ 10 ¤Õ°-
³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢±μ° ¢´ÊÉ·¨ ¤¨ ³¥É·μ³ 8 ¸³. �¤´ ±μ ¨¸¶μ²Ó§μ¢ ´¨¥
³´μ£μÏ ·μ¢μ£μ ¸¶¥±É·μ³¥É·  ¢ Í¥²ÖÌ μ¶¥· É¨¢´μ° ¤μ§¨³¥É·¨¨ ¨ §μ´´μ£μ �Š
´¥¢μ§³μ¦´μ ¨§-§  ¤²¨É¥²Ó´μ£μ ¶·μÍ¥¸¸  ¨§³¥·¥´¨° ¨ ¸²μ¦´μ° ¶·μÍ¥¤Ê·Ò ¢μ¸-
¸É ´μ¢²¥´¨Ö ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ¸¶¥Í¨ ²Ó´Ò³¨ ³ É¥³ É¨Î¥¸±¨³¨ ³¥Éμ¤ ³¨.
�μ ÔÉμ° ¶·¨Î¨´¥ ¸μ§¤ ¢ ¥³Ò¥ ¢ Ê¸±μ·¨É¥²Ó´ÒÌ Í¥´É· Ì ¸·¥¤¸É¢  ¨§³¥·¥´¨Ö
¤μ§Ò ¨ Ë²Õ¥´¸  ´¥°É·μ´μ¢ ¢ ®¦¥¸É±¨Ì¯ ¶μ²ÖÌ ¨§²ÊÎ¥´¨Ö § Î ¸ÉÊÕ ¡ §¨·ÊÕÉ¸Ö
´  ¨¸¶μ²Ó§μ¢ ´¨¨ Ê¶·μÐ¥´´μ£μ ³´μ£μÏ ·μ¢μ£μ ³¥Éμ¤ . �·¨³¥·μ³ ³μ£ÊÉ ¸²Ê-
¦¨ÉÓ ¶·¨¡μ·Ò LINUS [4] (”�ƒ) ¨ WENDI-II [5] (‘˜�), ¶·¥¤¸É ¢²ÖÕÐ¨¥
¸μ¡μ° Í¨²¨´¤·¨Î¥¸±¨¥ ¶μ²¨ÔÉ¨²¥´μ¢Ò¥ § ³¥¤²¨É¥²¨ ¡μ²ÓÏμ£μ ¤¨ ³¥É·  ¸μ
¸¢¨´Íμ¢Ò³ ¨²¨ ¢μ²ÓË· ³μ¢Ò³ ±μ´¢¥·Éμ·μ³ ¢´ÊÉ·¨ ¨ ¤¥É¥±Éμ· ³¨ É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢. �¥¸³μÉ·Ö ´  ¡μ²ÓÏμ° ¢¥¸, ÔÉ¨ ¶·¨¡μ·Ò ³μ£ÊÉ ¡ÒÉÓ ¨¸¶μ²Ó§μ-
¢ ´Ò ¢ ¤μ§¨³¥É·¨Î¥¸±μ³ ±μ´É·μ²¥ ´  Ê¸±μ·¨É¥²ÖÌ, ´μ ¨Ì ¸Éμ¨³μ¸ÉÓ ¢¥¸Ó³ 
¢Ò¸μ± .

‚ ¤ ´´μ° · ¡μÉ¥ · ¸¸³ É·¨¢ ¥É¸Ö ¨´μ° Ê¶·μÐ¥´´Ò° ³´μ£μÏ ·μ¢μ° ³¥-
Éμ¤ ¤²Ö ·¥Ï¥´¨Ö ¶·¨¡μ·´μ£μ μ¡¥¸¶¥Î¥´¨Ö §μ´´μ£μ �Š ´  ±μ³¶²¥±¸¥ NICA,
±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ¨¸¶μ²Ó§μ¢ ´ ²¨¡μ ¢  ¢Éμ³ É¨§¨·μ¢ ´´μ° ¸¨¸É¥³¥ �Š
( ±É¨¢´Ò¥ ¤¥É¥±Éμ·Ò), ¶μ§¢μ²ÖÕÐ¥° ¸²¥¤¨ÉÓ §  · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±μ° ¢
·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, ²¨¡μ ¢ ¸¨¸É¥³¥ ¨´É¥£· ²Ó´μ£μ ±μ´É·μ²Ö ¶ ¸¸¨¢-
´Ò³¨ ¤¥É¥±Éμ· ³¨, ¶·¨ ÔÉμ³ ±μ´É·μ²¨·Ê¥É¸Ö ¨´É¥£· ²Ó´ Ö ¤μ§  §  μ¶·¥¤¥²¥´-
´Ò° ¶¥·¨μ¤,   ´¥ É¥±ÊÐ¨¥ §´ Î¥´¨Ö ³μÐ´μ¸É¨ ¤μ§Ò ¢ ÉμÎ± Ì ´ ¡²Õ¤¥´¨Ö.

‚¨¤ ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨¤¥ ²Ó´μ£μ ¤μ§¨³¥É·  ´¥°É·μ´μ¢ ¤μ²¦¥´
¡ÒÉÓ ¶μ²´μ¸ÉÓÕ ¶μ¤μ¡¥´ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨ Ê¤¥²Ó´μ°  ³¡¨¥´É´μ°
¤μ§Ò ´¥°É·μ´μ¢ h∗(10, En) [2]. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨§³¥·Ö¥³μ¥ ¤μ§¨³¥É·μ³ §´ -
Î¥´¨¥ ¤μ§Ò ¶·¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° £· ¤Ê¨·μ¢±¥ ¶·¨¡μ·  ¸μ¢¥·Ï¥´´μ ´¥ § -
¢¨¸¥²μ ¡Ò μÉ ¢¨¤  ¸¶¥±É·  ´¥°É·μ´μ¢. �¥§Ê¸²μ¢´μ, ¸μ§¤ ÉÓ ¶·¨¡μ· ¸ ÉμÎ´μ
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É ±μ° Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸ÉÓÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ´¥¢μ§³μ¦´μ. � ¨¡μ²¥¥
¡²¨§±¨° ¢¨¤ ± h∗(10, En) ¨³¥¥É Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ-
¸É¨ ¤¥É¥±Éμ·  ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ ¢´ÊÉ·¨ 10-¤Õ°³μ¢μ£μ ¶μ²¨ÔÉ¨²¥´μ¢μ£μ
Ï · . �  ÔÉμ° μ¸´μ¢¥ ¡Ò² ¸μ§¤ ´ ·Ö¤ ¤μ§¨³¥É·μ¢ ´¥°É·μ´μ¢ ¶·¨ Ô´¥·£¨¨
¤μ ∼ 10 ŒÔ‚.

� ³¨ ¶·¥¤² £ ¥É¸Ö ³¥Éμ¤ ¸μ§¤ ´¨Ö ËÊ´±Í¨¨ ±¢ §¨ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
fa(En) ¶·¨¡μ· , ³ ±¸¨³ ²Ó´μ ¶μ¤μ¡´μ° ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¨¤¥ ²Ó-
´μ£μ ¤μ§¨³¥É· , ¤²Ö μÍ¥´±¨  ³¡¨¥´É´μ° ¤μ§Ò ´¥°É·μ´μ¢ Ï¨·μ±μ£μ ¸¶¥±É· 
Ô´¥·£¨°. „²Ö ÔÉμ£μ ¢Ò¡· ´  ²¨´¥°´ Ö ±μ³¡¨´ Í¨Ö ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
¤¥É¥±Éμ·μ¢ ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ¶μ²¨ÔÉ¨²¥´μ¢μ³ Ï ·¥ ¤¨ ³¥É·μ³ 3 ¤Õ°³ 
(R3(En)) ¨ ¶μ²¨ÔÉ¨²¥´μ¢μ³ Ï ·¥ ¤¨ ³¥É·μ³ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢-
±μ° ¤¨ ³¥É·μ³ 8 ¸³ (R10+Pb(En)). „²Ö ¤μ§¨³¥É·   ³¡¨¥´É´μ° ¤μ§Ò É ± Ö
²¨´¥°´ Ö ±μ³¡¨´ Í¨Ö μ¶·¥¤¥²Ö² ¸Ó ¡Ò ±μÔËË¨Í¨¥´É ³¨ aj , ¶·¨ ±μÉμ·ÒÌ

∑
j

ajRj(En) = fa(En) ≈ h∗(10, En),

£¤¥ Rj(En) Å Ô´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ³´μ£μ-
Ï ·μ¢μ£μ ¸¶¥±É·μ³¥É·  ¸ j-§ ³¥¤²¨É¥²¥³. �·¨¡²¨¦¥´´μ¥ §´ Î¥´¨¥  ³¡¨¥´É-
´μ° ¤μ§Ò H∗(10), ¸μ§¤ ¢ ¥³μ° ´¥°É·μ´ ³¨ ¸μ ¸¶¥±É·μ³ Φ(En) ¨ μ¶·¥¤¥²Ö¥-
³μ° ± ±

H∗(10) =
∫

Φ(En)h∗(10, En) dEn,

³μ¦¥É ¡ÒÉÓ ´ °¤¥´μ ¢ ÔÉμ³ ¸²ÊÎ ¥ ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§ ¶μ± § ´¨° ¶·¨¡μ· :

H∗(10) ≈
∫

dEn Φ(En)
∑

j

ajRj(En) =

=
∑

j

aj

∫
Φ(En)Rj(En) dEn =

∑
j

ajNj ,

£¤¥ Nj Å ¶μ± § ´¨¥ ¶·¨¡μ·  ¸ j-§ ³¥¤²¨É¥²¥³, μ¶·¥¤¥²Ö¥³μ¥ ± ± Nj =∫
Φj(En)Rj(En) dEn.

‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ aj ¶μ¤¡¨· ²¨¸Ó ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· -
Éμ¢ (¶·μ£· ³³  DFUMIL [6]), ¸ É¥³, ÎÉμ¡Ò μ¡¥¸¶¥Î¨ÉÓ ³ ±¸¨³ ²Ó´μ¥ ¸μ-
£² ¸¨¥ ËÊ´±Í¨° fa(En) ¨ h∗(10, En). ‚ ± Î¥¸É¢¥ Rj(En) ¨¸¶μ²Ó§μ¢ ²¨¸Ó
ËÊ´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ R3(En) ¨ R10+Pb(En) ³´μ£μÏ ·μ¢μ£μ ¸¶¥±É·μ³¥-
É·  �ˆŸˆ ¸μ ¸Í¨´É¨²²ÖÍ¨μ´´Ò³ ¤¥É¥±Éμ·μ³ ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ LiI(Eu)
¤¨ ³¥É·μ³ 4 ³³ ¨ ¢Ò¸μÉμ° 4,3 ³³, · ¸¸Î¨É ´´Ò¥ ¶μ ¶·μ£· ³³¥ MCNPX [7]
(·¨¸. 2). „²Ö É ±μ° ±μ³¡¨´ Í¨¨ § ³¥¤²¨É¥²¥° ¡Ò² ¶μ¤μ¡· ´ ¸²¥¤ÊÕÐ¨° ¢¨¤
ËÊ´±Í¨¨ ±¢ §¨ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨:

fa(En) = −7,9 · 10−10R3(En) + 2,09 · 10−9R10+Pb(En). (1)
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�¨¸. 2. ”Ê´±Í¨¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤¥É¥±Éμ·  LiI(Eu) ¢ ¶μ²¨ÔÉ¨²¥´μ¢ÒÌ Ï · Ì ¤¨ ³¥-

É·μ³ 3 ¤Õ°³  ¨ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢±μ° ¢´ÊÉ·¨ ¤¨ ³¥É·μ³ 8 ¸³ [7]. ˜É·¨-
Ìμ¢μ° ±·¨¢μ° ¶μ± § ´  ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ É¥·³μ²Õ³¨´¥¸Í¥´É´μ£μ ¤¥É¥±Éμ·  ’‹„-600

¢ 3-¤Õ°³μ¢μ³ Ï ·¥ [10]

’ ±¨³ μ¡· §μ³, ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ±μÔËË¨Í¨¥´Éμ¢ aj  ³-
¡¨¥´É´ Ö ¤μ§  (‡¢) ¶μ ¶μ± § ´¨Ö³ ¤¢ÊÌ § ³¥¤²¨É¥²¥° μ¶·¥¤¥²Ö¥É¸Ö ± ±

H∗(10) =
∑

j

ajNj. (2)

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ¤²Ö ¸· ¢´¥´¨Ö ËÊ´±Í¨¨ fa(En) ¨ h∗(10, En) ¢
¤¨ ¶ §μ´¥ μÉ 10 ±Ô‚ ¤μ 1 ƒÔ‚. ‡´ Î¥´¨Ö  ³¡¨¥´É´μ° ¤μ§Ò ¤μ Ô´¥·£¨¨ ´¥°-
É·μ´μ¢ 158 ŒÔ‚ ¢§ÖÉÒ ¨§ ICRP74 [8],   ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ Å
¨§ [9]. �£· ´¨Î¥´¨¥ ËÊ´±Í¨¨ fa(En) Ô´¥·£¨¥° 1 ƒÔ‚ ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ
¤²Ö ¶· ±É¨Î¥¸±¨Ì Í¥²¥°, ¶μ¸±μ²Ó±Ê ±μ²¨Î¥¸É¢μ ´¥°É·μ´μ¢ ÊÉ¥Î±¨ ¨§ § Ð¨ÉÒ
Ê¸±μ·¨É¥²¥° ¸ Ô´¥·£¨¥° ¡μ²¥¥ 1 ƒÔ‚ ¶·¥´¥¡·¥¦¨³μ ³ ²μ. � ¨¡μ²ÓÏ¥¥ · §-
²¨Î¨¥ ¢ ¶μ¢¥¤¥´¨¨ ËÊ´±Í¨° fa(En) ¨ h∗(10, En) (¤μ ±μÔËË¨Í¨¥´É , · ¢´μ£μ
2) ´ ¡²Õ¤ ¥É¸Ö ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨¨ ´¥°É·μ´μ¢ μÉ 10 ¤μ 100 ŒÔ‚. �¤´ ±μ
¢ ÔÉμ³ Ô´¥·£¥É¨Î¥¸±μ³ ¨´É¥·¢ ²¥ Ê¤¥²Ó´ Ö  ³¡¨¥´É´ Ö ¤μ§  ¸ ³  ¶·¥¢ÒÏ ¥É
§´ Î¥´¨¥ Ê¤¥²Ó´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò ¶·¨ ¨§μÉ·μ¶´μ³ μ¡²ÊÎ¥´¨¨ Î¥²μ¢¥± 
¶·¨³¥·´μ ¢ 2 · § , ¶·¨ ÔÉμ³ ÔËË¥±É¨¢´ Ö ¤μ§  Ö¢²Ö¥É¸Ö ´μ·³¨·Ê¥³μ° ¢¥²¨-
Î¨´μ°, ¶μ¤²¥¦ Ð¥° ±μ´É·μ²Õ. ’ ±¨³ μ¡· §μ³, § ´¨¦¥´¨¥ ËÊ´±Í¨¨ fa(En) ¢
Ê± § ´´μ³ Ô´¥·£¥É¨Î¥¸±μ³ ¨´É¥·¢ ²¥ ´¥²Ó§Ö É· ±Éμ¢ ÉÓ ± ± ´¥¤μ¸É Éμ± ¶·¥¤-
²μ¦¥´´μ° ³¥Éμ¤¨±¨. �¨¦¥ Ô´¥·£¨¨ 10 ±Ô‚ §´ Î¥´¨Ö ±¢ §¨ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
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�¨¸. 3. ‘· ¢´¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨  ³¡¨¥´É´μ° ¤μ§Ò [8, 9] ¸ · ¸Î¥É ³¨ (1)
¶μ ¶μ± § ´¨Ö³ ¶·¨¡μ·  ¸ ¤¢Ê³Ö § ³¥¤²¨É¥²Ö³¨: 1 Å  ³¡¨¥´É´ Ö ¤μ§ ; 2 Å ´ Ï¨
¤ ´´Ò¥

¸É ´μ¢ÖÉ¸Ö μÉ·¨Í É¥²Ó´Ò³¨, ÎÉμ, ¢ ¶·¨´Í¨¶¥, ³μ¦¥É ¶·¨¢¥¸É¨ ± § ´¨¦¥´¨Õ
§´ Î¥´¨°  ³¡¨¥´É´μ° ¤μ§Ò, ¢ÒÎ¨¸²¥´´μ° ¶μ Ëμ·³Ê²¥ (2). �μ ¢ ¸¨²Ê Éμ£μ, ÎÉμ
¢ § Ð¨É¥ ¨ μ±·Ê¦ ÕÐ¥° ¸·¥¤¥ ¸μ¤¥·¦ ´¨¥ ¢μ¤μ·μ¤  ´¥§´ Î¨É¥²Ó´μ, ¢ ¸¶¥±-
É· Ì ´¥°É·μ´μ¢ ÊÉ¥Î±¨ ¨ ¸¶¥±É· Ì ´¥°É·μ´μ¢ ®skyshine¯ ¤μ²Ö ·¥§μ´ ´¸´ÒÌ
´¥°É·μ´μ¢ ¸· ¢´¨É¥²Ó´μ ´¥¢¥²¨± , ¨Ì Ê¤¥²Ó´ Ö  ³¡¨¥´É´ Ö ¤μ§  ³´μ£μ ´¨¦¥,
Î¥³ Ê ´¥°É·μ´μ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨. Š Éμ³Ê ¦¥, ± ± Ê¦¥ £μ¢μ·¨²μ¸Ó ¢ÒÏ¥,
Í¥²ÓÕ · ¤¨ Í¨μ´´μ£μ §μ´´μ£μ ³μ´¨Éμ·¨´£  Ö¢²Ö¥É¸Ö ¢ ±μ´¥Î´μ³ ¸Î¥É¥ ¶μ¤-
É¢¥·¦¤¥´¨¥ ´¥¶·¥¢ÒÏ¥´¨Ö ¶·¥¤¥²  ÔËË¥±É¨¢´μ° ¤μ§Ò ¤²Ö ´ ¸¥²¥´¨Ö,    ³-
¡¨¥´É´ Ö ¤μ§  ¶·¥¤´ §´ Î¥´  ¤²Ö § ¢¥¤μ³μ § ¢ÒÏ¥´´μ° μÍ¥´±¨ ÔËË¥±É¨¢´μ°
¤μ§Ò (ISO). ’¥³ ´¥ ³¥´¥¥ ¤²Ö ¶·μ¢¥·±¨ · ¡μÉÒ ¶·¥¤²μ¦¥´´μ° ³¥Éμ¤¨±¨ ¡Ò²
¢Ò¶μ²´¥´ · ¸Î¥É´Ò° Ô±¸¶¥·¨³¥´É ´  μ¸´μ¢¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ®skyshine¯
´  · ¸¸ÉμÖ´¨ÖÌ 50 ¨ 100 ³ μÉ Í¥´É·  ´Ê±²μÉ·μ´  (·¨¸. 1). ‡  ¨¸É¨´´Ò¥ Ë¨§¨-
Î¥¸±¨¥ ¢¥²¨Î¨´Ò ¶·¨´¨³ ²¨¸Ó · ¸¸Î¨É ´´Ò¥ ¶μ ¸¶¥±É· ³  ³¡¨¥´É´Ò¥ ¤μ§Ò
´¥°É·μ´μ¢ ¨ ¢±² ¤ ¢ ÔÉ¨ ¢¥²¨Î¨´Ò ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ³¥´¥¥ 10 ±Ô‚. „ -
²¥¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò §´ Î¥´¨Ö ¶μ± § ´¨° ¤ ÉÎ¨±  Nj ¸ ¤¥É¥±Éμ·μ³ LiI(Eu)
¢ § ³¥¤²¨É¥²ÖÌ ¤¨ ³¥É·μ³ 3 ¤Õ°³  ¨ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢±μ° ¶Ê-
É¥³ ¸¢¥·É±¨ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ®skyshine¯ c ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ËÊ´±Í¨Ö³¨
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ (·¨¸. 2), ¨ ¶μ Ëμ·³Ê²¥ (2) ¡Ò²¨ · ¸¸Î¨É ´Ò  ³¡¨¥´É´Ò¥
¤μ§Ò ¶·¨ Ê± § ´´ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¶μ ²¨´¥°´μ° ±μ³¡¨´ Í¨¨ ¶μ± § ´¨° ¤¢ÊÌ
§ ³¥¤²¨É¥²¥°. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸¢¥¤¥´Ò ¢ É ¡²¨ÍÊ.

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò É ±¦¥ §´ Î¥´¨Ö Ë²Õ¥´¸μ¢ ´¥°É·μ´μ¢ ¶μ ¸¶¥±É· ³
¨ ¤μ²¨ ¢ ¶μ²´μ³ Ë²Õ¥´¸¥ ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ³¥´¥¥ 10 ±Ô‚. ‡´ Î¥´¨Ö ÔË-
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‘· ¢´¥´¨¥ §´ Î¥´¨°  ³¡¨¥´É´μ° ¤μ§Ò ´¥°É·μ´μ¢, · ¸¸Î¨É ´´ÒÌ ¶μ ¸¶¥±É· ³
¨ μ¶·¥¤¥²¥´´ÒÌ ¶μ ¶·¥¤²μ¦¥´´μ° ³¥Éμ¤¨±¥ ¤²Ö · §´ÒÌ · ¸¸ÉμÖ´¨° μÉ Í¥´É·  ´Ê-
±²μÉ·μ´  (50 ¨ 100 ³)

� · ³¥É· 50 ³ 100 ³

”²Õ¥´¸ ´¥°É·μ´μ¢, ¸−1 · ¸³−2 · ¨μ´−1 2,1 · 10−7 1,1 · 10−8

„μ²Ö ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ³¥´¥¥ 10 ±Ô‚ ¢μ Ë²Õ¥´¸¥, % 29,4 20,9

�³¡¨¥´É´ Ö ¤μ§  ¶μ ¸¶¥±É·Ê, ¶‡¢ · ¸−1 ·¨μ´−1 4,9 · 10−5 2,4 · 10−6

„μ²Ö ´¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ³¥´¥¥ 10 ±Ô‚ ¢  ³¡¨¥´É´μ°
¤μ§¥ ¶μ ¸¶¥±É·Ê, % 1,3 1,4

	ËË¥±É¨¢´ Ö ¤μ§  ¶μ ¸¶¥±É·Ê (ISO), ¶‡¢ · ¸−1 · ¨μ´−1 4,1 · 10−5 1,4 · 10−6

�³¡¨¥´É´ Ö ¤μ§  ¶μ Ëμ·³Ê²¥ (2), ¶‡¢ · ¸−1 · ¨μ´−1 6,4 · 10−5 3,7 · 10−6

Ë¥±É¨¢´ÒÌ ¤μ§ ´¥°É·μ´μ¢ ¡Ò²¨ · ¸¸Î¨É ´Ò ¤²Ö ¸²ÊÎ Ö ¨§μÉ·μ¶´μ£μ μ¡²ÊÎ¥-
´¨Ö Î¥²μ¢¥± , ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Ì · ±É¥·Ê μ¡²ÊÎ¥´¨Ö ´¥°É·μ´ ³¨ ®skyshine¯
¢ μ±·Ê¦ ÕÐ¥° ¸·¥¤¥. ‡´ Î¥´¨Ö Ê¤¥²Ó´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò ´¥°É·μ´μ¢ ¤²Ö
£¥μ³¥É·¨¨ ¨§μÉ·μ¶´μ£μ μ¡²ÊÎ¥´¨Ö (ISO) ¸ Ô´¥·£¨¥° ¤μ 30 ŒÔ‚ ¡· ²¨¸Ó ¨§
¤μ±² ¤  ICRP74 [8],   ¶·¨ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ô´¥·£¨ÖÌ Å ¨§ · ¡μÉÒ [11]. ˆ§
É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ, ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ ¤μ²Ö ·¥§μ´ ´¸´ÒÌ ´¥°É·μ´μ¢ ¢ ¸¶¥±-
É· Ì ®skyshine¯ ¸μ¸É ¢²Ö¥É μ±μ²μ 20 %, ¨Ì ¢±² ¤ ¢ ¤μ§Ê ¶·¥´¥¡·¥¦¨³μ ³ ².

�·¥¤²μ¦¥´´ Ö ¢ ± Î¥¸É¢¥ ´¥°É·μ´´μ£μ ³μ´¨Éμ·  ±μ³¡¨´ Í¨Ö ¤¢ÊÌ § ³¥¤-
²¨É¥²¥° ¨³¥¥É ¶·¥¨³ÊÐ¥¸É¢  ¶¥·¥¤ ¶·μ¨§¢μ¤¨³Ò³¨ §  ·Ê¡¥¦μ³ ¶·¨¡μ· ³¨,

�¨¸. 4. ‘· ¢´¥´¨¥ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸É¨  ³¡¨¥´É´μ° ¤μ§Ò ´¥°É·μ´μ¢ h∗(10) ¸
μÉ±²¨± ³¨ ¶·¨¡μ·μ¢: LINUS [4] ¶·¨ ¡μ±μ¢μ³ μ¡²ÊÎ¥´¨¨ Í¨²¨´¤·¨Î¥¸±μ£μ § ³¥¤²¨-
É¥²Ö (£¨¸É·μ£· ³³ ), WENDI-II [5] ¶·¨ ¡μ±μ¢μ³ ¨ Éμ·Í¥¢μ³ μ¡²ÊÎ¥´¨¨ (ÏÉ·¨Ìμ¢ Ö ¨
ÏÉ·¨Ì¶Ê´±É¨·´ Ö ²¨´¨¨ ¸μμÉ¢¥É¸É¢¥´´μ), GSI ball [12] ¸ ’‹„-600/700 ¨ ¶·¨¡μ·  ´ 
μ¸´μ¢¥ ¤¢ÊÌ Ï ·μ¢ (3′′ + (10′′ + Pb))
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É ±¨³¨ ± ± LINUS, WENDI-II ¨ GSI ball, ÎÉμ ¤¥³μ´¸É·¨·Ê¥É ·¨¸. 4, £¤¥ ¶·¨-
¢¥¤¥´Ò μÉ±²¨±¨ ÔÉ¨Ì ¶·¨¡μ·μ¢ ¢ ¸· ¢´¥´¨¨ ¸ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸ÉÓÕ
 ³¡¨¥´É´μ° ¤μ§Ò.

‘· ¢´¥´¨¥ ·¨¸. 3 ¨ 4 ¶μ± §Ò¢ ¥É, ÎÉμ LINUS ¨ WENDI-II, É ± ¦¥ ± ±
¨ ¶·¥¤²μ¦¥´´ Ö ´ ³¨ ³¥Éμ¤¨± , § ´¨¦ ÕÉ ¶μ± § ´¨Ö ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨¨
´¥°É·μ´μ¢ 10Ä100 ŒÔ‚, ´μ ¢ μ¡² ¸É¨ 10−2Ä10−1 ŒÔ‚ ¨ ¢ÒÏ¥ 100 ŒÔ‚ ÔÉ¨
¶·¨¡μ·Ò ¸¨²Ó´μ ¶¥·¥μÍ¥´¨¢ ÕÉ  ³¡¨¥´É´ÊÕ ¤μ§Ê. Š Éμ³Ê ¦¥ ¨§-§  Í¨²¨´¤·¨-
Î¥¸±μ° Ëμ·³Ò § ³¥¤²¨É¥²¥° ¶μ± § ´¨Ö ¶·¨¡μ·μ¢ LINUS ¨ WENDI-II § ¢¨¸ÖÉ
μÉ Ê£²  ¶ ¤¥´¨Ö ´¥°É·μ´μ¢, ¢ Éμ ¢·¥³Ö ± ± Ï ·μ¢Ò¥ § ³¥¤²¨É¥²¨ μ¡² ¤ ÕÉ
¨§μÉ·μ¶´μ¸ÉÓÕ.

�  ¶· ±É¨±¥ ¶·¥¤²μ¦¥´´Ò° ¤¢ÊÌÏ ·μ¢μ° ³¥Éμ¤ ³μ¦¥É ¡ÒÉÓ ·¥ ²¨§μ¢ ´
¢ ¤¢ÊÌ ¢ ·¨ ´É Ì:  ±É¨¢´μ³ ¨ ¶ ¸¸¨¢´μ³. �±É¨¢´Ò° ³¥Éμ¤ ¶μ¤· §Ê³¥¢ ¥É
¨¸¶μ²Ó§μ¢ ´¨¥ ¤¢ÊÌ ¡²¨§±μ · ¸¶μ²μ¦¥´´ÒÌ § ³¥¤²¨É¥²¥° ¸μ ¸Í¨´É¨²²ÖÍ¨μ´-
´Ò³¨ ¤ ÉÎ¨± ³¨, ¶μ¤±²ÕÎ¥´´Ò³¨ ±  ¢Éμ³ É¨§¨·μ¢ ´´μ° ¸¨¸É¥³¥ · ¤¨ Í¨μ´-
´μ£μ ±μ´É·μ²Ö Ê¸±μ·¨É¥²Ö ¤²Ö ³μ´¨Éμ·¨·μ¢ ´¨Ö · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±¨ ¢
·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨. � ¸¸¨¢´Ò° ³¥Éμ¤ § ±²ÕÎ ¥É¸Ö ¢ · §³¥Ð¥´¨¨ · §-
²¨Î´ÒÌ ¢¨¤μ¢ ¶ ¸¸¨¢´ÒÌ ¤¥É¥±Éμ·μ¢ ³¥¤²¥´´ÒÌ ´¥°É·μ´μ¢ ( ±É¨¢ Í¨μ´´ÒÌ,
É¥·³μ²Õ³¨´¥¸Í¥´É´ÒÌ) ¢´ÊÉ·¨ § ³¥¤²¨É¥²¥°, ´ ± ¶²¨¢ ÕÐ¨Ì ¨´É¥£· ²Ó´Ò°
μÉ±²¨± ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨.

‚ ¨´É¥£· ²Ó´μ³ ±μ´É·μ²¥ Í¥²¥¸μμ¡· §´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶ ·Ê É¥·³μ²Õ³¨-
´¥¸Í¥´É´ÒÌ ¤¥É¥±Éμ·μ¢ (’‹„) É¨¶  LiF(Mg, Ti), ±μÉμ·Ò¥ Ê¸¶¥Ï´μ ¶·¨³¥-
´ÖÕÉ¸Ö ¢ ¨´¤¨¢¨¤Ê ²Ó´μ³ ¤μ§¨³¥É·¨Î¥¸±μ³ ±μ´É·μ²¥ ¢ �ˆŸˆ ¶μ ´¥°É·μ-
´ ³. „¥É¥±Éμ·Ò ¤¢ÊÌ É¨¶μ¢ Å ’‹„-600 ¨ ’‹„-700 Å μ¡μ£ Ð¥´Ò ¨§μÉμ-
¶ ³¨ 6Li ¨ 7Li ¸μμÉ¢¥É¸É¢¥´´μ ¨ ¶·μ¨§¢μ¤ÖÉ¸Ö ¢ ¢¨¤¥ É ¡²¥Éμ± · §³¥· ³¨
3,2 × 3,2 × 0,5 ³³. �¥·¢Ò° ¤¥É¥±Éμ· ¶·¥¤´ §´ Î¥´ ¤²Ö ·¥£¨¸É· Í¨¨ ´¥°É·μ-
´μ¢,   É ±¦¥ £ ³³ -±¢ ´Éμ¢ ¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í,   ¢Éμ·μ° ·¥£¨¸É·¨·Ê¥É
¶· ±É¨Î¥¸±¨ Éμ²Ó±μ £ ³³ -±¢ ´ÉÒ ¨ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ. �·¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¥° £· ¤Ê¨·μ¢±¥ · §´μ¸ÉÓ ¶μ± § ´¨° μ¡μ¨Ì ¤¥É¥±Éμ·μ¢ ¶·μ¶μ·Í¨μ´ ²Ó´ 
´ ±μ¶²¥´´μ³Ê μÉ±²¨±Ê μÉ ´¥°É·μ´μ¢. „¥É¥±Éμ·Ò ³μ£ÊÉ ±μ¶¨ÉÓ ¨´Ëμ·³ Í¨Õ
Ë ±É¨Î¥¸±¨ ¡¥§ ¶μÉ¥·Ó ¢ É¥Î¥´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨, ³ ²μÎÊ¢¸É¢¨É¥²Ó´Ò ±
¨§³¥´¥´¨Ö³ Ê¸²μ¢¨° μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò, ¶·μÍ¥¸¸ ¸Î¨ÉÒ¢ ´¨Ö ¨Ì ¶μ± § ´¨°
 ¢Éμ³ É¨§¨·μ¢ ´ ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ·ÊÉ¨´´ÊÕ ¶·μÍ¥¤Ê·Ê. �μ²¥§´Ò³ μ¡-
¸ÉμÖÉ¥²Ó¸É¢μ³ Ö¢²Ö¥É¸Ö É ±¦¥ Éμ, ÎÉμ ¨´É¥£· ²Ó´Ò° ±μ´É·μ²Ó ´  μ¸´μ¢¥ ’‹„
¢ ¤¢ÊÌÏ ·μ¢μ° ³¥Éμ¤¨±¥ ¶μ§¢μ²Ö¥É ¡¥§ μ¸μ¡ÒÌ É¥Ì´¨Î¥¸±¨Ì É·Ê¤´μ¸É¥° ¸ÊÐ¥-
¸É¢¥´´μ · ¸Ï¨·¨ÉÓ §μ´Ê ´ ¡²Õ¤¥´¨Ö, ÎÉμ ¢ ¦´μ ¤²Ö ¶·μÉÖ¦¥´´μ° É¥··¨Éμ·¨¨
±μ³¶²¥±¸  NICA.

	´¥·£¥É¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ’‹„-600 ± ´¥°É·μ´ ³ ¶μ-
¤μ¡´  ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  LiI(Eu) [10], É ± ± ±
¶·¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö μ¤´  ¨ É  ¦¥ ·¥ ±Í¨Ö. �  ·¨¸. 2
¶μ± § ´  ÏÉ·¨Ìμ¢μ° ²¨´¨¥°, ¤²Ö ¸· ¢´¥´¨Ö, ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ´¥°É·μ´ ³
¤¥É¥±Éμ·  ’‹„-600 ¢ ¶μ²¨ÔÉ¨²¥´μ¢μ³ Ï ·¥ ¤¨ ³¥É·μ³ 3 ¤Õ°³ . �μ  ¡¸μ-
²ÕÉ´μ° ¢¥²¨Î¨´¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ’‹„-600 ¶·¨³¥·´μ ¢ 5 · § ´¨¦¥, Î¥³ Ê
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LiI(Eu), ´μ, ¥¸²¨ ÊÎ¨ÉÒ¢ ÉÓ ¤²¨É¥²Ó´Ò° ¶¥·¨μ¤ ´ ¡μ·  ¨´Ëμ·³ Í¨¨, ÔÉμ ´¥
¸± ¦¥É¸Ö ´  ± Î¥¸É¢¥ ±μ´É·μ²Ö. ‘μ£² ¸´μ ¶ ¸¶μ·É´Ò³ ¤ ´´Ò³, ³¨´¨³ ²Ó´μ
¨§³¥·Ö¥³ Ö ’‹„-¤μ§  ¸μ¸É ¢²Ö¥É 0,05 ³‡¢, ÎÉμ ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ ¤²Ö ±μ´-
É·μ²Ö ´¥¶·¥¢ÒÏ¥´¨Ö ¶·¥¤¥²  ¤μ§Ò ¤²Ö ´ ¸¥²¥´¨Ö.

‚›‚�„›

‚ · ¡μÉ¥ ¶·¥¤²μ¦¥´ ³¥Éμ¤ μ¶¥· É¨¢´μ° μÍ¥´±¨  ³¡¨¥´É´μ° ¤μ§Ò ´¥°-
É·μ´μ¢ ¸ Ô´¥·£¨¥° μÉ 10−2 ŒÔ‚ ¤μ 1 ƒÔ‚ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥É¥±Éμ·μ¢ ³¥¤-
²¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ¶μ²¨ÔÉ¨²¥´μ¢μ³ Ï ·¥ ¤¨ ³¥É·μ³ 3 ¤Õ°³  ¨ ¶μ²¨ÔÉ¨-
²¥´μ¢μ³ Ï ·¥ ¤¨ ³¥É·μ³ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢±μ° ¤¨ ³¥É·μ³ 8 ¸³
´  Ê¸±μ·¨É¥²ÖÌ ¢Ò¸μ±¨Ì Ô´¥·£¨°, ¢ Éμ³ Î¨¸²¥ ´  Ê¸±μ·¨É¥²Ó´μ³ ±μ³¶²¥±¸¥
NICA �ˆŸˆ, ±μÉμ·Ò° ³μ¦¥É ¡ÒÉÓ ·¥ ²¨§μ¢ ´ ¢ ¤¢ÊÌ ¢ ·¨ ´É Ì:  ±É¨¢´μ³ ¨
¶ ¸¸¨¢´μ³.

‘· ¢´¥´¨¥ ËÊ´±Í¨° ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¤¥É¥±Éμ·  LiI(Eu) ¢ ¶μ²¨ÔÉ¨²¥´μ-
¢ÒÌ Ï · Ì ¤¨ ³¥É·μ³ 3 ¤Õ°³  ¨ 10 ¤Õ°³μ¢ ¸μ ¸¢¨´Íμ¢μ° ¢¸É ¢±μ° ¢´ÊÉ·¨
¤¨ ³¥É·μ³ 8 ¸³ ¸ Ô´¥·£¥É¨Î¥¸±μ° § ¢¨¸¨³μ¸ÉÓÕ Ê¤¥²Ó´μ°  ³¡¨¥´É´μ° ¤μ§Ò
´¥°É·μ´μ¢ ¶μ± §Ò¢ ¥É ¡μ²¥¥ ¢Ò¸μ±μ¥ ¸μ£² ¸¨¥ ¸ ÔÉμ° ¤μ§μ° ¶μ ¸· ¢´¥´¨Õ ¸
¶·¨¡μ· ³¨ LINUS ¨ WENDI-II.

�·¥¤² £ ¥³Ò° ³¥Éμ¤ ¤²Ö μ¶·¥¤¥²¥´¨Ö  ³¡¨¥´É´μ° ¤μ§Ò ¢Ò¸μ±μÔ´¥·£¥-
É¨Î´ÒÌ ´¥°É·μ´μ¢ ¢ ¶μ²ÖÌ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö ´  Ê¸±μ·¨É¥²ÖÌ ¢Ò¸μ±¨Ì
Ô´¥·£¨° ¶μ§¢μ²Ö¥É ¸ ¶·¨¥³²¥³μ° ÉμÎ´μ¸ÉÓÕ μ¡¥¸¶¥Î¨¢ ÉÓ §μ´´Ò° ±μ´É·μ²Ó ¸
Í¥²ÓÕ ¸μ¡²Õ¤¥´¨Ö ´μ·³ É¨¢´ÒÌ ¢¥²¨Î¨´ ¶·¥¤¥²  ¤μ§Ò ¤²Ö ´ ¸¥²¥´¨Ö.
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