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‡ ¢¨¸¨³μ¸ÉÓ ¡¨μ²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢ μÉ ³ ²ÒÌ ¤μ§
¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¢ · §²¨Î´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ

‘ÊÐ´μ¸ÉÓ ¡¨μ²μ£¨Î¥¸±¨Ì ÔËË¥±Éμ¢ ¶·¨ ¤¥°¸É¢¨¨ ³ ²ÒÌ ¤μ§ ¨μ´¨§¨·ÊÕ-
Ð¨Ì ¨§²ÊÎ¥´¨° μ¸É ¥É¸Ö ´¥Ö¸´μ°, ÎÉμ Ö¢²Ö¥É¸Ö ¶·¨Î¨´μ° ¤¥±·¥É´μ¸É¨ ²¨´¥°-
´μ° ¡¥¸¶μ·μ£μ¢μ° ³μ¤¥²¨, ´  ±μÉμ·ÊÕ μ¶¨· ÕÉ¸Ö ·¥±μ³¥´¤ Í¨¨ ŒŠ�‡. �¤´μ°
¨§ μ¸´μ¢´ÒÌ ¶·¨Î¨´ ´¥Ö¸´μ¸É¨ Ö¢²Ö¥É¸Ö, ´  ´ Ï ¢§£²Ö¤, μÉ¸ÊÉ¸É¢¨¥ ´¥μ¡Ìμ¤¨-
³μ° ¨ ¤μ¸É ÉμÎ´μ° ¨´Ëμ·³ Í¨¨ μ · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢
¡¨μ²μ£¨Î¥¸±¨Ì μ¡Ñ¥±Éμ¢. ‚ · §²¨Î´ÒÌ ³μ¤¥²ÖÌ ¸ · §´μ° ¸É¥¶¥´ÓÕ ¤μ¸Éμ¢¥·´μ-
¸É¨ Ë¨É¨·ÊÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ ¨ ´ ¡²Õ¤¥´¨°,   § É¥³ ¨§ Ê¸²μ¢¨Ö
´ ¨²ÊÎÏ¥£μ ¸μ£² ¸¨Ö · ¸¸Î¨É ´´ÒÌ ¨ ¨§³¥·¥´´ÒÌ ¤ ´´ÒÌ μ¶·¥¤¥²Ö¥É¸Ö · ¤¨μ-
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ. � ¨¡μ²¥¥  ¤¥±¢ É´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ë¨É¨·μ¢ ´¨Ö ¶μ± §Ò¢ ¥É
³μ¤¥²Ó ¤¢ÊÌ § Ð¨É´ÒÌ ·¥ ±Í¨°.

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2014

Komochkov M.M. P19-2014-76
Low Dose Dependence of the Biological Effects
of Ionizing Radiation in Different Representations

The essence of the biological effects of low doses of ionizing radiation is still
unclear, which determines the decree character of the linear no-threshold model un-
derlying the ICRP recommendations. In our opinion, one of the main causes of this
ambiguity is the absence of necessary and sufˇcient information on the radiosen-
sitivity of the main elements of biological objects. Different models ˇt results of
experiments and observations with a different degree of reliability and themselves
evaluate radiosensitivity based on the best agreement between the calculated and
measured data. The best ˇtting results are produced by the model of two protective
reactions.

The investigation has been performed at the Laboratory of Radiation Biology,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2014



�±ÉÊ ²Ó´μ¸ÉÓ ¨ Í¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¸²¥¤ÊÕÉ ¨§  ´ ²¨§  ¤ ´´ÒÌ
·¨¸. 1, ´  ±μÉμ·μ³ ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¨§¡ÒÉμÎ´μ£μ  ¡¸μ²ÕÉ´μ£μ ·¨¸± 
¸³¥·É¨ μÉ · ±  (EAR) ¦¨É¥²¥° •¨·μ¸¨³Ò ¨ � £ ¸ ±¨, ¢Ò¦¨¢Ï¨Ì ¶μ¸²¥
 Éμ³´μ° ¡μ³¡ ·¤¨·μ¢±¨, μÉ ¶μ²ÊÎ¥´´μ° ¤μ§Ò μ¡²ÊÎ¥´¨Ö. �¶¨¤¥³¨μ²μ£¨Î¥-
¸±¨¥ ·¥§Ê²ÓÉ ÉÒ ´ ¡²Õ¤¥´¨° ¨§μ¡· ¦¥´Ò ±·Ê¦± ³¨; ¢ ¸²ÊÎ ÖÌ ¸μ²¨¤´μ£μ · ± 
¤ ´´Ò¥ ´ ¡²Õ¤¥´¨° ¸±μ³¶¨²¨·μ¢ ´Ò ´  μ¸´μ¢¥ ¤¢ÊÌ ±μ£μ·É: ¶·¨ ¤μ§ Ì ¡μ²¥¥
10 ¸‡¢ ¢ ±μ£μ·ÉÊ ¢μÏ²¨ ¢¸¥ ¦¨É¥²¨ ¨§ £·Ê¶¶Ò ´ ¡²Õ¤¥´¨Ö [1],   ¶·¨ ¤μ§ Ì
³¥´¥¥ 14 ¸‡¢ ¤ ´´Ò¥ ¶·¥¤¸É ¢²¥´Ò ±μ£μ·Éμ° ³Ê¦Î¨´, ±μÉμ·Ò³ ¶·¨ μ¡²ÊÎ¥´¨¨
¡Ò²μ μ±μ²μ 30 ²¥É [2]. ‘É·¥²± ³¨ ´  μ¸¨  ¡¸Í¨¸¸ Ê± § ´Ò ¶·¥¤¥²Ò ¤μ§ ¤²Ö
´ ¸¥²¥´¨Ö (¸²¥¢ ) ¨ ¤²Ö ¶¥·¸μ´ ² , · ¡μÉ ÕÐ¥£μ ¸ ¨¸ÉμÎ´¨± ³¨ ¨μ´¨§¨·ÊÕ-
Ð¥£μ ¨§²ÊÎ¥´¨Ö. ‹¨´¨Ö³¨ ¨§μ¡· ¦¥´Ò ³μ¤¥²Ó´Ò¥ § ¢¨¸¨³μ¸É¨ EAR μÉ ¤μ§Ò.
„μ¶μ²´¨É¥²Ó´Ò¥ ¶μÖ¸´¥´¨Ö ± ·¨¸. 1 ³μ¦´μ ´ °É¨ ¢ · ¡μÉ¥ [3]. Š ± ¢¨¤´μ

�¨¸. 1. 	·¥¢ÒÏ¥´¨Ö  ¡¸μ²ÕÉ´μ£μ ·¨¸±  ¸³¥·É¨ μÉ · ±  (…�R) ¢Ò¦¨¢Ï¨Ì ¶μ¸²¥  Éμ³-
´μ° ¡μ³¡ ·¤¨·μ¢±¨ Ö¶μ´Í¥¢: •, ◦ Å ¶μ ·¥§Ê²ÓÉ É ³ ´ ¡²Õ¤¥´¨Ö §  1950Ä1990 ££.;
1Ä3 Å ·¥§Ê²ÓÉ ÉÒ  ¶¶·μ±¸¨³ Í¨¨ ¤ ´´ÒÌ ´ ¡²Õ¤¥´¨Ö ´  μ¸´μ¢¥ ³μ¤¥²¨ ¤¢ÊÌ § -
Ð¨É´ÒÌ ·¥ ±Í¨°; 4 Å ·¥±μ³¥´¤ Í¨¨ ŒŠ�‡ 1990 £. (¶μ ·¥§Ê²ÓÉ É ³ ´ ¡²Õ¤¥´¨Ö § 
1950Ä1985 ££.)
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¨§ ·¨¸. 1, ¢ §μ´Ê Ô±¸É· ¶μ²ÖÍ¨¨ ¶μ¶ ¤ ¥É ¶· ±É¨Î¥¸±¨ ¢¥¸Ó ¦¨§´¥´´μ ¢ ¦´Ò°
¤¨ ¶ §μ´ ¤μ§, ±μÉμ·Ò³¨ μ¡²ÊÎ ¥É¸Ö ´ ¸¥²¥´¨¥ ‡¥³²¨. ˆ§ ·¨¸. 1 É ±¦¥ ¸²¥¤Ê¥É
§´ Î¨³μ¸ÉÓ ³μ¤¥²¨ Ô±¸É· ¶μ²ÖÍ¨¨, É ± ± ± μ¡² ¸ÉÓ Ô±¸É· ¶μ²ÖÍ¨¨ ¶·μ¸É¨· -
¥É¸Ö ¡μ²¥¥ Î¥³ ´  É·¨ ¶μ·Ö¤±  ± ± ¶μ ¤μ§¥, É ± ¨ ¶μ ÔËË¥±ÉÊ. Š ´ ¸ÉμÖÐ¥³Ê
¢·¥³¥´¨ ¶·¥¤²μ¦¥´μ §´ Î¨É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ ³μ¤¥²¥°  ¶¶·μ±¸¨³ Í¨¨ ¤μ§ Ä
ÔËË¥±É (´ ¶·¨³¥·, [4, 5]). � ¸¸³μÉ·¨³ ´ ¨¡μ²¥¥  ±ÉÊ ²Ó´Ò¥ ¨§ ´¨Ì.

Œ�„…‹ˆ ‡�‚ˆ‘ˆŒ�‘’ˆ �””…Š’� �’ „�‡›

Œ¥¦¤Ê´ ·μ¤´ Ö ±μ³¨¸¸¨Ö ¶μ · ¤¨μ²μ£¨Î¥¸±μ° § Ð¨É¥ (ŒŠ�‡) ¸μÎ²  Í¥-
²¥¸μμ¡· §´Ò³ μ¶¥·¥ÉÓ¸Ö ¢ ¸¢μ¨Ì ·¥±μ³¥´¤ Í¨ÖÌ ´  ²¨´¥°´ÊÕ ¡¥¸¶μ·μ£μ¢ÊÕ
(‹��) ³μ¤¥²Ó [4]. ‘μ£² ¸´μ ÔÉμ° ³μ¤¥²¨ ²Õ¡μ¥ ¸±μ²Ó Ê£μ¤´μ ³ ²μ¥ ±μ²¨Î¥-
¸É¢μ ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö ³μ¦¥É ¶·¨¢¥¸É¨ ± μ¶ ¸´Ò³ ¶μ¸²¥¤¸É¢¨Ö³ ¢
¸μμÉ¢¥É¸É¢¨¨ ¸ ¶·Ö³μ²¨´¥°´μ° § ¢¨¸¨³μ¸ÉÓÕ ÔËË¥±É  μÉ ¤μ§Ò. „μ ±μ´Í  ¶·μ-
Ï²μ£μ ¸Éμ²¥É¨Ö ¢ ÔÉμ° ¶ · ¤¨£³¥ ¶· ±É¨Î¥¸±¨ ´¥ ¸μ³´¥¢ ²¨¸Ó. ‹¨ÏÓ ¶μ¸²¥
μÉ±·ÒÉ¨Ö É ±¨Ì Ö¢²¥´¨°, ± ± £¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ±, ´¥¸É ¡¨²Ó´μ¸ÉÓ
£¥´μ³ , ÔËË¥±É ´ ¡²Õ¤ É¥²Ö,  ¤ ¶É¨¢´Ò° μÉ¢¥É, ·¥§±μ ¢μ§·μ¸²  ±·¨É¨±  ‹�	-
³μ¤¥²¨ [6] c Í¥²ÓÕ ¥¥ ¶μ¶· ¢±¨. Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¸É ²μ μÎ¥¢¨¤´μ, ÎÉμ
‹�	-³μ¤¥²Ó μ¡μ¸´μ¢ ´  ¡μ²¥¥ ¤¥±·¥É´μ, Î¥³ ´ ÊÎ´μ.

‚ μ¡² ¸É¨ ³ ²ÒÌ ¤μ§ ´¥É ¤μ¸É ÉμÎ´ÒÌ μ¸´μ¢ ´¨° ¸Î¨É ÉÓ ¶μ¤Ìμ¤ÖÐ¥°
²¨´¥°´μ-±¢ ¤· É¨Î´ÊÕ (‹Š) ³μ¤¥²Ó. �¤´¨³ ¨§ ¶μ¤É¢¥·¦¤¥´¨° ÔÉμ³Ê Ö¢²Ö-
ÕÉ¸Ö ¤ ´´Ò¥ · ¡μÉÒ [7] μ § ¢¨¸¨³μ¸É¨ ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥Éμ± ²¨´¨¨ �’29
μ¶ÊÌμ²¨ Î¥²μ¢¥±  ¶·¨ ¤μ§ Ì ³¥´¥¥ 1 ƒ·. ‚ ÔÉμ° μ¡² ¸É¨ ¤μ§ ·¥´É£¥´μ¢¸±μ£μ
¨§²ÊÎ¥´¨Ö μÉ´μÏ¥´¨¥ ´ ¡²Õ¤ ¥³μ° ¤μ²¨ ¶μ£¨¡Ï¨Ì ±²¥Éμ± ± μ¦¨¤ ¥³μ° ¤μ²¥
¸μ£² ¸´μ ‹Š-§ ¢¨¸¨³μ¸É¨ ¤μÌμ¤¨É ¤μ ¶μ·Ö¤±  ¢¥²¨Î¨´Ò. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³
 ¢Éμ·Ò [7] ¶·¥¤²μ¦¨²¨ ¤¢  ¢ ·¨ ´É  ¨§³¥´¥´¨Ö ± ´μ´¨§¨·μ¢ ´´μ° ŒŠ�‡
Ëμ·³Ò ‹Š-§ ¢¨¸¨³μ¸É¨. ‚ ¶¥·¢μ³ ¢ ·¨ ´É¥ ¶·¥¤¶μ² £ ¥É¸Ö ¸ÊÐ¥¸É¢μ¢ ´¨¥
¤¢ÊÌ ¶μ¶Ê²ÖÍ¨° („�) ±²¥Éμ± ¢ μ¡Ð¥° ¶μ¶Ê²ÖÍ¨¨. ‘μμÉ´μÏ¥´¨¥ ³¥¦¤Ê ¤¢Ê³Ö
¶μ¶Ê²ÖÍ¨Ö³¨ μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ¶ · ³¥É·μ³. ‚¸¥£μ ¢ § ¢¨¸¨-
³μ¸ÉÓ ¢¢¥¤¥´Ò Î¥ÉÒ·¥ ¸¢μ¡μ¤´ÒÌ ¶ · ³¥É· . ‚μ ¢Éμ·μ³ ¢ ·¨ ´É¥ ±μÔËË¨-
Í¨¥´É α ¢ ²¨´¥°´μ° ¸μ¸É ¢²ÖÕÐ¥° ‹Š-³μ¤¥²¨ ¶·¥¤¸É ¢²Ö¥É¸Ö § ¢¨¸ÖÐ¨³ μÉ
¤μ§Ò, ÎÉμ, ¶μ § ³Ò¸²Ê  ¢Éμ·μ¢, ¤μ²¦´μ ÊÎ¥¸ÉÓ ¤¥°¸É¢¨¥ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ -
· Í¨° (ˆ�).

‚ ± Î¥¸É¢¥ Ê´¨¢¥·¸ ²Ó´μ° § ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨ Í¨Éμ£¥´¥É¨Î¥¸±¨Ì ¶μ-
¢·¥¦¤¥´¨° μÉ ¤μ§Ò ¶·¥¤² £ ¥É¸Ö ±Ê¸μÎ´μ-²¨´¥°´ Ö (Š‹) [8], μ¡μ¸´μ¢ ´´ Ö
¤ ´´Ò³¨ μ ¢ÒÌμ¤¥  ¡¥·· ´É´ÒÌ ±²¥Éμ± ¢ ±μ·´¥¢μ° ³¥·¨¸É¥³¥ ¶·μ·μ¸É±μ¢
ÖÎ³¥´Ö ¢ ¤¨ ¶ §μ´¥ ¤μ§ ³¥´¥¥ 100 ¸ƒ· [9].

	·¨´Í¨¶¨ ²Ó´μ μÉ²¨Î´Ò³ ¶μ¤Ìμ¤μ³ ± μ¶¨¸ ´¨Õ ¸¢Ö§¨ ¤μ§ ÄÔËË¥±É ± ±
´  ±²¥ÉμÎ´μ³ ¨ É± ´¥¢μ³ Ê·μ¢´ÖÌ, É ± ¨ ¤²Ö μÍ¥´±¨ ·¨¸±  Ö¢²Ö¥É¸Ö ³μ¤¥²Ó ¤Ê-
 ²Ó´μ° ¢¥·μÖÉ´μ¸É¨ [10]. Œμ¤¥²Ó μ¸´μ¢ ´  ´  ·¥§Ê²ÓÉ É Ì Ô±¸¶¥·¨³¥´Éμ¢ ¨
μ¡Ð¨Ì ¸μμ¡· ¦¥´¨ÖÌ μ ¶·¥¤¶μ² £ ¥³μ³ ³¥Ì ´¨§³¥ ¶μ¢·¥¦¤ ÕÐ¨Ì ¨ ·¥¶ · -
Í¨μ´´ÒÌ ¶·μÍ¥¸¸μ¢. ‚ ·¥§Ê²ÓÉ É¥ ¶·¨´ÖÉμ£μ  ²£μ·¨É³  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö
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Ëμ·³Ê²  ¸¢Ö§¨ ¤μ§ ÄÔËË¥±É ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ ËÊ´±Í¨°: ¶·Ö³μ²¨´¥°´μ° ËÊ´±-
Í¨¨ (¤²Ö μ¶¨¸ ´¨Ö ¶¥·¢¨Î´ÒÌ ³μ²¥±Ê²Ö·´ÒÌ ¶μ¢·¥¦¤¥´¨°, μ¸μ¡¥´´μ „�Š)
¨ ´¥²¨´¥°´μ° (¤²Ö μ¶¨¸ ´¨Ö ¨´¤ÊÍ¨·μ¢ ´´ÒÌ ¤¥Ë¥±Éμ¢ ¨²¨ § Ð¨ÉÒ μÉ ¶μ-
¢·¥¦¤¥´¨° μÉ ± ±¨Ì-²¨¡μ Ë ±Éμ·μ¢ ¢ μ¡²ÊÎ ¥³μ° É± ´¨ ¨²¨ ±²¥É± Ì). �¥-
§Ê²ÓÉ¨·ÊÕÐ Ö ËÊ´±Í¨Ö μÉ²¨Î´  μÉ ²¨´¥°´μ° ¨ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ
μ¶¨¸Ò¢ ¥É Ö¢²¥´¨Ö £μ·³¥§¨¸ , ÎÉμ  ¢Éμ·Ò ¨ ¤¥³μ´¸É·¨·ÊÕÉ ¢ · ¡μÉ¥ [10]. �¥-
§Ê²ÓÉ¨·ÊÕÐ Ö ËÊ´±Í¨Ö ¶·¥¤¸É ¢²¥´ , ± ¸μ¦ ²¥´¨Õ, ´¥ ¢ Ö¢´μ³ ¢¨¤¥, ÎÉμ ´¥
¶μ§¢μ²Ö¥É ¶·μ¢¥¸É¨ ¢¸¥¸Éμ·μ´´¥¥ ¸· ¢´¥´¨¥ ÔÉμ° ³μ¤¥²¨ ¸ ¤·Ê£¨³¨.

Œμ¤¥²Ó ¤Ê ²Ó´μ° ¢¥·μÖÉ´μ¸É¨ ¡²¨§±  ¶μ  ²£μ·¨É³Ê ³μ¤¥²¨ ¤¢ÊÌ § Ð¨É-
´ÒÌ ·¥ ±Í¨° („‡�) [11Ä13]. �¤´ ±μ ³μ¤¥²Ó „‡� ¢Ò£μ¤´μ μÉ²¨Î ¥É¸Ö μÉ [10]
Ö¢´μ° Ëμ·³μ° § ¢¨¸¨³μ¸É¨ ÔËË¥±É  μÉ ¤μ§Ò ´  ±²¥ÉμÎ´μ³, É± ´¥¢μ³ ¨ μ·£ -
´¨§³¥´´μ³ Ê·μ¢´ÖÌ. Œμ¤¥²Ó μ¶¨· ¥É¸Ö ´  ¶·¥¤¸É ¢²¥´¨¥ μ Éμ³, ÎÉμ ·¥ ±Í¨Ö
±²¥É±¨ ´  ¶μ¢·¥¦¤¥´¨Ö, Î¨´¨³Ò¥, ¢ Î ¸É´μ¸É¨, ¨μ´¨§¨·ÊÕÐ¨³ ¨§²ÊÎ¥´¨¥³,
¸±² ¤Ò¢ ¥É¸Ö ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ¨§ ¤¢ÊÌ ¸μ¸É ¢²ÖÕÐ¨Ì: ±μ´¸É¨ÉÊÉ¨¢´μ° ¨ ¨´¤Ê-
Í¨¡¥²Ó´μ°. �  μ·£ ´¨§³¥´´μ³ Ê·μ¢´¥, £¤¥ ËÊ´±Í¨μ´¨·Ê¥É ¨³³Ê´´ Ö ¸¨¸É¥³ ,
¢ ¶·¥¤¸É ¢²¥´¨ÖÌ ³μ¤¥²¨ É ±¦¥ ¤¥°¸É¢ÊÕÉ ¤¢¥ ¸μ¸É ¢²ÖÕÐ¨¥: ¢·μ¦¤¥´´ Ö
§ Ð¨É´ Ö ·¥ ±Í¨Ö, ¨²¨ ¢·μ¦¤¥´´Ò° ¨³³Ê´¨É¥É, ¨ ¨´¤ÊÍ¨¡¥²Ó´Ò° ¨³³Ê´¨É¥É.

�¨¸. 2. ‘· ¢´¥´¨¥ ± Î¥¸É¢   ¶¶·μ±¸¨³ Í¨¨ Î ¸ÉμÉÒ  ¡¥·· ´É´ÒÌ ±²¥Éμ± (F ) ¢ ¶·μ-
·μ¸É± Ì ÖÎ³¥´Ö · §²¨Î´Ò³¨ ³μ¤¥²Ö³¨: • Å ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  (ƒ¥· ¸Ó±¨´ ‘. �.
¨ ¤·.); 1 Å ±Ê¸μÎ´μ-²¨´¥°´ Ö ³μ¤¥²Ó, „“ = 90%; 2 Å ³μ¤¥²Ó ¤¢ÊÌ § Ð¨É´ÒÌ ·¥ ±-
Í¨°, „“ = 96%; 3 Å ²¨´¥°´μ-±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ, „“ = 33 %; 4 Å ²¨´¥°´ Ö
§ ¢¨¸¨³μ¸ÉÓ, „“ = 35%; 5 Å ³μ¤¥²Ó ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ · Í¨°, „“ = 95 %. „“ Å
¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó ´  μ¸´μ¢¥ É¥¸É  χ2
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	μ¤ ¨´¤ÊÍ¨¡¥²Ó´μ° ¸μ¸É ¢²ÖÕÐ¥° §¤¥¸Ó ¶μ´¨³ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ ¢μ§³μ¦´Ò¥
ÔËË¥±ÉÒ: £¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ±²¥Éμ±, ´¥¸É ¡¨²Ó´μ¸ÉÓ £¥´μ³ , ÔËË¥±É ´ -
¡²Õ¤ É¥²Ö,   É ±¦¥  ¤ ¶É¨¢´Ò° μÉ¢¥É. „¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö ¶·¥¤¶μ-
² £ ¥³μ£μ ¶·μÍ¥¸¸  ¢§ ¨³μ¤¥°¸É¢¨Ö ÔÉ¨Ì ¤¢ÊÌ ¸μ¸É ¢²ÖÕÐ¨Ì ¸¨¸É¥³Ò ± ± ´ 
±²¥ÉμÎ´μ³ Ê·μ¢´¥, É ± ¨ ´  μ·£ ´¨§³¥´´μ³ μ¤¨´ ±μ¢Ò. Š·¨¢Ò¥, ¶·¥¤¸É ¢²¥´-
´Ò¥ ´  ·¨¸Ê´± Ì ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨ μÉ´μ¸ÖÐ¨¥¸Ö ± ³μ¤¥²¨ „‡�, Ö¢²ÖÕÉ¸Ö
·¥Ï¥´¨Ö³¨ ¸¨¸É¥³Ò ¨§ ¤¢ÊÌ ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨°. ‚μ§³μ¦´μ¸É¨ ³μ-
¤¥²¨ ¨²²Õ¸É·¨·ÊÕÉ¸Ö ·¨¸. 2.

‘��‚�…�ˆ… Œ�„…‹…‰

‚ · §¤¥² ¤²Ö ¸· ¢´¥´¨Ö ´¥ ¢μÏ¥² ·Ö¤ ³μ¤¥²¥°, ¶·¥¤¸É ¢²¥´¨¥ ¨  ´ -
²¨§ ±μÉμ·ÒÌ ¢Ò¶μ²´¥´ ¢ · ¡μÉ¥ [14]. �²£μ·¨É³ ÔÉ¨Ì ³μ¤¥²¥° ¡Ò² § ¢¥·Ï¥´
¤μ Éμ£μ ± ± ¨¸¸²¥¤μ¢ É¥²¨ μ¡´ ·Ê¦¨²¨ ¢ μ¡² ¸É¨ ³ ²ÒÌ ¤μ§ Ö¢²¥´¨¥ ¶¥·¥-
Ìμ¤  μÉ É ± ´ §Ò¢ ¥³μ° £¨¶¥·ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ¶μ¢ÒÏ¥´´μ° ·¥§¨¸É¥´É´μ-
¸É¨, ÎÉμ ¸´¨§¨²μ  ±ÉÊ ²Ó´μ¸ÉÓ [14]. ˆ§ ¸· ¢´¥´¨Ö ¢Ò¶ ²¨ ¡¨³μ¤ ²Ó´ Ö [15]
¨ ¶μ²¨³μ¤ ²Ó´ Ö ³μ¤¥²¨ [16], ±μÉμ·Ò¥ ¢μ§´¨±²¨ ´  μ¸´μ¢¥ ¨§³¥·¥´¨° ¡¨μ-
Ì¨³¨Î¥¸±¨Ì ¨ ¡¨μË¨§¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¡¨μμ¡Ñ¥±Éμ¢ ¨ ¶μ¶Ê²ÖÍ¨°. �É¨
¨¸¸²¥¤μ¢ ´¨Ö ¢¥´Î ²¨¸Ó ¢¥¸Ó³  μ¡Ð¨³¨ § ±μ´μ³¥·´μ¸ÉÖ³¨ ¨ £· Ë¨± ³¨, ´ 
±μÉμ·ÒÌ ÔËË¥±É ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò ¶·¥¤¸É ¢²¥´ ¢ μÉ´μ¸¨É¥²Ó´ÒÌ ¥¤¨-
´¨Í Ì, ÎÉμ ´¥ ¶μ§¢μ²¨²μ ¶·μ¢¥¸É¨ ±μ²¨Î¥¸É¢¥´´μ¥ ¸· ¢´¥´¨¥ ¸ ¤·Ê£¨³¨ ³μ-
¤¥²Ö³¨. Š Î¥¸É¢¥´´μ¥ ¦¥ ¸· ¢´¥´¨¥ ´¥ ¶·¨¢μ¤¨É ± Ö¢´μ³Ê ¶·μÉ¨¢μ·¥Î¨Õ ´¨
¸ μ¤´μ° ¨§ ³μ¤¥²¥°. ‚ ¸· ¢´¨É¥²Ó´Ò°  ´ ²¨§ ´¥ ¢μÏ²  É ±¦¥ ¢§ ¨³μ¸¢Ö§Ó
¤μ§ ÄÔËË¥±É, ¶·¥¤¸É ¢²¥´´ Ö ¢ μ¡§μ·¥ [17], ±μÉμ· Ö Ö¢²Ö¥É¸Ö ³μ¤¨Ë¨± Í¨¥°
²¨´¥°´μ-±¢ ¤· É¨Î´μ° § ¢¨¸¨³μ¸É¨ ¸ ´¥Ö¢´μ ¢Ò· ¦¥´´μ° ¤μ¶μ²´¨É¥²Ó´μ°
ËÊ´±Í¨¥° μÉ ¤μ§Ò ± ± ³´μ¦¨É¥²Ö [17]. �¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö ³μ¤¥²¥° ¶·¥¤-
¸É ¢²¥´Ò ´  ·¨¸. 3Ä6. �  ·¨¸. 3 ¤¥³μ´¸É·¨·ÊÕÉ¸Ö ± Î¥¸É¢¥´´Ò¥ ¨ ±μ²¨Î¥-
¸É¢¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö Ï¥¸É¨ ³μ¤¥²¥° ´  μ¸´μ¢¥ ¤ ´´ÒÌ μ ¢ÒÌμ¤¥
Í¨Éμ£¥´¥É¨Î¥¸±¨Ì ¶μ¢·¥¦¤¥´¨° ¢ ¶·μ·μ¸É± Ì ÖÎ³¥´Ö. ‚Ò¸μ±¨° ¤μ¢¥·¨É¥²Ó-
´Ò° Ê·μ¢¥´Ó („“) ¶μ± §Ò¢ ÕÉ ³μ¤¥²¨ „‡�, ˆ� ¨ Š‹ (� 90%). �¸É ²Ó´Ò¥
³μ¤¥²¨ ¤¥³μ´¸É·¨·ÊÕÉ ´¨§±¨° „“ (� 35%). �´ ²μ£¨Î´μ¥ ¸· ¢´¥´¨¥ ¶·¥¤-
¸É ¢²Ö¥É ·¨¸. 4 ´  μ¸´μ¢¥ ¤ ´´ÒÌ μ ¢ÒÌμ¤¥ ¤¨Í¥´É·¨±μ¢ ¢ ±Ê²ÓÉÊ·¥ ²¨³ËμÍ¨-
Éμ¢ Î¥²μ¢¥± . ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶μ²ÊÎ¥´Ò ¨´Ò¥ ¤ ´´Ò¥ μ ¢μ§³μ¦´μ¸ÉÖÌ ³μ¤¥²¥°.
� ¨ÌÊ¤Ï¨¥ ¢μ§³μ¦´μ¸É¨ ¤¥³μ´¸É·¨·Ê¥É ±Ê¸μÎ´μ-²¨´¥°´ Ö ³μ¤¥²Ó („“ < 4 %)
¨§-§  ´ ²¨Î¨Ö É·¥Ì ±Ê¸μÎ´μ-²¨´¥°´ÒÌ ÊÎ ¸É±μ¢ ¨, ± ± ¸²¥¤¸É¢¨¥, μÉ¸ÊÉ¸É¢¨Ö
¸É¥¶¥´¥° ¸¢μ¡μ¤Ò, ¨£· ÕÐ¨Ì ¢ ¦´ÊÕ ·μ²Ó ¢ É¥¸É¥ χ2, ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ
μ¶·¥¤¥²Ö²¨ „“ [14]. � ¨¢Ò¸Ï¥¥ Î¨¸²μ ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò (5) ¨³¥¥É ²¨´¥°´ Ö
§ ¢¨¸¨³μ¸ÉÓ, ¨ ¶μÔÉμ³Ê „“ = 50%. Œμ¤¥²Ó „‡� ¸ É·¥³Ö ¸É¥¶¥´Ö³¨ ¸¢μ¡μ¤Ò
¨³¥¥É „“ = 60%. Œμ¤¥²¨ ‹Š, ˆ� ¨ „	 ´¥· §²¨Î¨³Ò ´  ·¨¸. 4, μ¤´ ±μ ‹Š-
§ ¢¨¸¨³μ¸ÉÓ ¨³¥¥É ¡μ²ÓÏ¨° ¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó (38 %) ¨§-§  ¡μ²ÓÏ¥£μ
Î¨¸²  ¸É¥¶¥´¥° ¸¢μ¡μ¤Ò (4). �  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¸· ¢´¥´¨Ö
³μ¤¥²¥° ¶μ ± Î¥¸É¢Ê Ë¨É¨·μ¢ ´¨Ö ¤ ´´ÒÌ ´ ¡²Õ¤¥´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥Éμ±
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²¨´¨¨ �’29 μ¶ÊÌμ²¨ Î¥²μ¢¥±  [7]. ‡¤¥¸Ó ´ ¨²ÊÎÏ¨° ¤μ¢¥·¨É¥²Ó´Ò° Ê·μ-
¢¥´Ó ¶μ± § ²¨ ³μ¤¥²¨ ¤¢ÊÌ ¶μ¶Ê²ÖÍ¨° ¨ ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ · Í¨°, ±μÉμ·Ò¥
¨ ¡Ò²¨ ¶·¥¤²μ¦¥´Ò ¶μ ·¥§Ê²ÓÉ É ³ ÔÉμ£μ Ô±¸¶¥·¨³¥´É . ŠÊ¸μÎ´μ-²¨´¥°´ Ö
³μ¤¥²Ó ¢ ¸· ¢´¥´¨¨ ´¥ ÊÎ ¸É¢μ¢ ² , É ± ± ± ¥¥  ¢Éμ·Ò ¶·¥¤²μ¦¨²¨ ³μ¤¥²Ó
¤²Ö μ¶¨¸ ´¨Ö ¢ÒÌμ¤  Í¨Éμ£¥´¥É¨Î¥¸±¨Ì ¶μ¢·¥¦¤¥´¨°.

‚ · ¡μÉ¥ [18] μ¡¸ÉμÖÉ¥²Ó´μ ¨¸¸²¥¤μ¢ ²¨ § ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨  ¡¥·· -
Í¨° Ì·μ³μ¸μ³ ¢ ±Ê²ÓÉÊ·¥ ²¨³ËμÍ¨Éμ¢ ±·μ¢¨ Î¥²μ¢¥±  in vitro ¶·¨ ¢μ§¤¥°¸É¢¨¨
³ ²ÒÌ ¤μ§ (30Ä600 ³ƒ·) ¶·¨ ³μÐ´μ¸É¨ ¤μ§Ò 0,7, 5,05 ¨ 59,2 ³ƒ·/³¨´) £ ³³ -
¨§²ÊÎ¥´¨Ö ±μ¡ ²ÓÉ -60. �¡´ ·Ê¦¥´μ, ÎÉμ ´¥²¨´¥°´Ò° ÔËË¥±É ´  ¤μ§μ¢μ°
±·¨¢μ° ¢ ¤¨ ¶ §μ´¥ 30Ä250 ³ƒ· Ö¢´μ ¶·μÖ¢²Ö¥É¸Ö Éμ²Ó±μ ¤²Ö μ¡Ð¥° Î ¸ÉμÉÒ
 ¡¥·· Í¨° Ì·μ³μ¸μ³´μ£μ É¨¶  ¶·¨ μ¤´μ° ³μÐ´μ¸É¨ ¤μ§Ò 59,2 ³ƒ·/³¨´. 	·¨
ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¶·¥¢ÒÏ¥´¨¥ ´ ¤ ²¨´¥°´μ-±¢ ¤· É¨Î´μ° § ¢¨¸¨³μ¸ÉÓÕ ¸μ¸É -
¢²Ö¥É ´¥¸±μ²Ó±μ · §.

Œμ¤¥²¨, ´ Í¥²¥´´Ò¥ ´  Ô±¸É· ¶μ²ÖÍ¨Õ ·¥§Ê²ÓÉ Éμ¢ Ô¶¨¤¥³¨μ²μ£¨Î¥¸±¨Ì
´ ¡²Õ¤¥´¨° ¢ μ¡² ¸ÉÓ ³ ²ÒÌ ¤μ§ ¤²Ö μÍ¥´±¨ · ¤¨ Í¨μ´´μ£μ ·¨¸± , ¦¥² -

�¨¸. 3. ‘· ¢´¥´¨¥ ± Î¥¸É¢  ¢μ¸¶·μ¨§¢¥¤¥´¨Ö ¢ÒÌμ¤  ¤¨Í¥´É·¨±μ¢ ¢ ±Ê²ÓÉÊ·¥ ²¨³Ëμ-
Í¨Éμ¢ Î¥²μ¢¥±  · §²¨Î´Ò³¨ ³μ¤¥²Ö³¨: • Å ¤ ´´Ò¥ Ô±¸¶¥·¨³¥´É  (Lloyd D.C. et al.);
1 Å ±Ê¸μÎ´μ-²¨´¥°´ Ö § ¢¨¸¨³μ¸ÉÓ, „“ < 4%; 2 Å ³μ¤¥²Ó ¤¢ÊÌ § Ð¨É´ÒÌ ·¥ ±Í¨°,
„“ = 60%; 3 Å ²¨´¥°´μ-±¢ ¤· É¨Î´ Ö § ¢¨¸¨³μ¸ÉÓ, „“ ∼= 38%; 4 Å ³μ¤¥²Ó ¤¢ÊÌ ¶μ-
¶Ê²ÖÍ¨°, ³μ¤¥²Ó ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ · Í¨°, „“ ∼= 14%; [5] Å ²¨´¥°´ Ö § ¢¨¸¨³μ¸ÉÓ,
„“ = 50%. „“ Å ¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó ´  μ¸´μ¢¥ É¥¸É  χ2
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�¨¸. 4. ‘· ¢´¥´¨¥ ± Î¥¸É¢  Ë¨É¨·μ¢ ´¨Ö ¢Ò¦¨¢ ¥³μ¸É¨ ±²¥Éμ± μ¶ÊÌμ²¨ Î¥²μ¢¥±  (Sf)
¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö 240 ±‚ ¸ ¶μ³μÐÓÕ · §²¨Î´ÒÌ ³μ-
¤¥²¥°: ◦ Å ¤ ´´Ò¥ Ô±¸¶e·¨³¥´É  (Lambin P. et al.); 1 Å ³μ¤¥²Ó ¤¢ÊÌ ¶μ¶Ê²ÖÍ¨°,
„“ = 85%; 2 Å ³μ¤¥²Ó ¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ · Í¨°, „“ = 85%; 3 Å ³μ¤¥²Ó ¤¢ÊÌ
§ Ð¨É´ÒÌ ·¥ ±Í¨°, „“ = 65%; 4 Å ²¨´¥°´ Ö ¡¥¸¶μ·μ£μ¢ Ö ³μ¤¥²Ó, „“ < 1%; 5 Å
²¨´¥°´μ-±¢ ¤· É¨Î´ Ö ³μ¤¥²Ó, „“ < 1%. „“ Å ¤μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó ´  μ¸´μ¢¥
É¥¸É  χ2

É¥²Ó´μ ¨ É¥¸É¨·μ¢ ÉÓ ´  É ±¨Ì ¤ ´´ÒÌ. �¤´ ±μ, ´¥ · ¸¶μ² £ Ö ´¥μ¡Ìμ¤¨³Ò³¨
¤²Ö É¥¸É¨·μ¢ ´¨Ö ¶μ χ2 ¤ ´´Ò³¨, μ£· ´¨Î¨³¸Ö ± Î¥¸É¢¥´´Ò³ ¸· ¢´¥´¨¥³ ³μ-
¤¥²¥°, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö Ë¨É¨·μ¢ ´¨Ö ¨ Ô±¸É· ¶μ²ÖÍ¨¨ ¤ ´´ÒÌ Ô¶¨¤¥-
³¨μ²μ£¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨° (·¨¸. 4). ˆ§ ·¨¸Ê´±  ¢¨¤´μ, ÎÉμ ¢ μ¡² ¸É¨ ³ ²ÒÌ
¤μ§ (³¥´¥¥ 10 ¸‡¢) · ¸Ìμ¦¤¥´¨¥ ³¥¦¤Ê μ¦¨¤ ¥³Ò³¨ ¶μ ³μ¤¥²Ö³ ‹�	, ‹Š ¨
´ ¡²Õ¤ ¥³Ò³¨ ¤ ´´Ò³¨ ¤μÌμ¤¨É ¤μ ¶μ·Ö¤±  ¢¥²¨Î¨´Ò ¶·¥¢ÒÏ¥´¨Ö μÉ´μ¸¨-
É¥²Ó´μ£μ ·¨¸± . �Éμ£μ ´¥¤μ¸É É±  ²¨Ï¥´  ³μ¤¥²Ó „‡�.

‚ § ±²ÕÎ¥´¨¥ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ ¸²¥¤ÊÕÐ¥¥.
	·¨ ³ ²ÒÌ ¤μ§ Ì ¢¸¥ ³μ¤¥²¨ ¶·¥¤¸É ¢²¥´Ò ²¨´¥°´μ° (¨²¨ ¡²¨§±μ° ±

´¥°) ¡¥¸¶μ·μ£μ¢μ° ¸μ¸É ¢²ÖÕÐ¥° ¢ÒÌμ¤  ¶μ¢·¥¦¤¥´¨°, ±μÉμ· Ö ¤²Ö ²¨´¥°-
´μ° ¡¥¸¶μ·μ£μ¢μ° ³μ¤¥²¨ Ö¢²Ö¥É¸Ö ¨ ·¥§Ê²ÓÉ¨·ÊÕÐ¥°. �ÉμÉ Ë ±É μÉ· ¦ ¥É
§ ±μ´μ³¥·´μ¸ÉÓ ¢ Éμ³, ÎÉμ ¶¥·¢μ¶·¨Î¨´  ¢¸¥Ì ¸ÉμÌ ¸É¨Î¥¸±¨Ì · ¤¨μ¡¨μ²μ-
£¨Î¥¸±¨Ì ÔËË¥±Éμ¢ (¢¨¤¨³μ, · §·Ò¢Ò „�Š) ²¨´¥°´μ ¨ ¡¥¸¶μ·μ£μ¢μ § ¢¨¸¨É
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�¨¸. 5. ‘· ¢´¥´¨¥ ³μ¤¥²¥° Ë¨É¨·μ¢ ´¨Ö ·¥§Ê²ÓÉ Éμ¢ Ô¶¨¤¥³¨μ²μ£¨Î¥¸±¨Ì ´ ¡²Õ¤¥´¨°
(♦) §  Ö¶μ´Í ³¨, ¢Ò¦¨¢Ï¨³¨ ¶μ¸²¥  Éμ³´μ° ¡μ³¡ ·¤¨·μ¢±¨: ERR Å ¶·¥¢ÒÏ¥´¨¥ μÉ-
´μ¸¨É¥²Ó´μ£μ ·¨¸±  ¸³¥·É¨ μÉ ¢¸¥Ì · ±μ¢, ±·μ³¥ ²¥°±¥³¨¨; 1 Å ³μ¤¥²Ó ¤¢ÊÌ § Ð¨É´ÒÌ
·¥ ±Í¨°; 2 Å ²¨´¥°´ Ö ¡¥¸¶μ·μ£μ¢ Ö ³μ¤¥²Ó; 3 Å ²¨´¥°´μ-±¢ ¤· É¨Î´ Ö ³μ¤¥²Ó

μÉ ¤μ§Ò. �¤´ ±μ ²¨´¥°´ Ö ¸μ¸É ¢²ÖÕÐ Ö ÔËË¥±É  ´¥μ¡Ìμ¤¨³ , ´μ ´¥ ¤μ-
¸É ÉμÎ´  ¤²Ö  ¤¥±¢ É´μ¸É¨ ³μ¤¥²¨ ¢ μ¡Ð¥³ ¸²ÊÎ ¥ ·¥§Ê²ÓÉ É ³ ´ ¡²Õ¤¥´¨Ö.
‹¨´¥°´μ-±¢ ¤· É¨Î´ Ö ³μ¤¥²Ó ³μ¦¥É ¡ÒÉÓ  ¤¥±¢ É´  ·¥§Ê²ÓÉ É ³ ´ ¡²Õ¤¥´¨°
´  ±²¥ÉμÎ´μ³ Ê·μ¢´¥ ¶·¨ ¤μ§ Ì ¡μ²¥¥ 1 ƒ·, μ¤´ ±μ ¶·¨ ³¥´ÓÏ¨Ì ¤μ§ Ì  ¤¥-
±¢ É´μ¸ÉÓ Î ¸Éμ ´ ·ÊÏ ¥É¸Ö. ŠÊ¸μÎ´μ-²¨´¥°´ Ö ³μ¤¥²Ó [8] Ìμ·μÏμ μ¶¨¸Ò¢ ¥É
¢ÒÌμ¤  ¡¥·· ´É´ÒÌ ±²¥Éμ± ¶·μ·μ¸É±μ¢ ÖÎ³¥´Ö ¶·¨ ¤μ§ Ì ´¨¦¥ 1 ƒ·. Œμ¤¥²Ó
¨´¤ÊÍ¨¡¥²Ó´ÒÌ ·¥¶ · Í¨°  ¤¥±¢ É´  ·¥§Ê²ÓÉ É ³ ´ ¡²Õ¤¥´¨° ´  ±²¥ÉμÎ´μ³
Ê·μ¢´¥ [7]. „μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó ³μ¤¥²¨ ¤¢ÊÌ ¶μ¶Ê²ÖÍ¨° ±²¥Éμ± [7] ¨§¡¨-
· É¥²Ó´μ  ¤¥±¢ É¥´ ¤ ´´Ò³ Ô±¸¶¥·¨³¥´Éμ¢. 	μ²Ê±μ²¨Î¥¸É¢¥´´ Ö ³μ¤¥²Ó [10],
μ¡² ¤ Ö ¢Ò¸μ±¨³ ´ ÊÎ´Ò³ Ê·μ¢´¥³, ´¥ ¶μ§¢μ²Ö¥É, μ¤´ ±μ, ¢Ò¶μ²´¨ÉÓ ±μ²¨Î¥-
¸É¢¥´´μ¥ ¸· ¢´¥´¨¥ ¸ ¤·Ê£¨³¨ ³μ¤¥²Ö³¨. „μ¢¥·¨É¥²Ó´Ò° Ê·μ¢¥´Ó ³μ¤¥²¨ ¤¢ÊÌ
§ Ð¨É´ÒÌ ·¥ ±Í¨° [11Ä13] ¶μ ¸μ¢μ±Ê¶´μ¸É¨ ·¥§Ê²ÓÉ Éμ¢ Å ´ ¨¡μ²ÓÏ¨° ¨§
¸· ¢´¥´´ÒÌ ¨ ¶·¨£μ¤¥´ ¤²Ö ¢¸¥Ì Ê·μ¢´¥° μ·£ ´¨§ Í¨¨ μ·£ ´¨§³ . �¤´ ±μ ¢
¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ ³μ¤¥²Ó ¸ ³ Ö ¸²μ¦´ Ö ¨§ ¸· ¢´¨¢ ¥³ÒÌ. „²Ö Ê¡¥¤¨É¥²Ó´μ£μ
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¨ ¡¥¸¸¶μ·´μ£μ μ¶·¥¤¥²¥´¨Ö ¤μ¢¥·¨É¥²Ó´μ£μ Ê·μ¢´Ö ³μ¤¥²¥° ¤μ¸É ÉμÎ´μ¸ÉÓ
¡μ²ÓÏ¨´¸É¢  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶·¨ ¤μ§ Ì ³¥´¥¥ 50 ¸ƒ· μ¸É ¢²Ö¥É
¦¥² ÉÓ ²ÊÎÏ¥£μ.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢Ê¥É ¢μ§³μ¦´μ¸ÉÓ § ³¥´¨ÉÓ ²¨-
´¥°´ÊÕ ¡¥¸¶μ·μ£μ¢ÊÕ ³μ¤¥²Ó ´  ²Õ¡ÊÕ ¨§ ¤μ¸ÉÊ¶´ÒÌ ´ ³ ³μ¤¥²¥°, ± ± ¨§ · ¸-
¸³μÉ·¥´´ÒÌ §¤¥¸Ó, É ± ¨ ´¥ ¢±²ÕÎ¥´´ÒÌ ¢ ´ ¸ÉμÖÐ¨° μ¡§μ·. �¤´ ±μ ¸²¥¤Ê¥É
¢¢¥¸É¨ ¨§³¥´¥´¨Ö ¢  ²£μ·¨É³ ¨¸¶μ²Ó§μ¢ ´¨Ö ‹�	-³μ¤¥²¨ ¢ μ¡² ¸É¨ ³ ²ÒÌ
¤μ§ ¨§²ÊÎ¥´¨Ö, ¨§³¥´¨¢ §´ Î¥´¨¥ DDREF (Dose and Dose-Rate Effectiveness
Factor Å ±μÔËË¨Í¨¥´É, ÊÎ¨ÉÒ¢ ÕÐ¨° ÔËË¥±É¨¢´μ¸ÉÓ ¨ ³μÐ´μ¸ÉÓ ¤μ§Ò).

‹ˆ’…��’“��

1. Pierce D. A. et al. // Rad. Res. 1996. V. 146. P. 1.
2. Preston D. L. Low Dose Radiation and Human Health. Risk estimates // Proc. of An

International Conf. on Low Doses of Radiation: Biological Effects and Regulatory
Control. Invited Papers and Discussions. IAEA, Vienna, 1998. P. 217.

3. Šμ³μÎ±μ¢ Œ.Œ. 	·¥¶·¨´É �ˆŸˆ �19-2000-237. „Ê¡´ , 2000.
4. �μ¦¤¥¸É¢¥´¸±¨° ‹. Œ. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 2011. ’. 51, º5.

‘. 576Ä594.
5. Feinendegen L. E., Brooks A. L., Morgan W. F. Modeling of dose-risk functions //

Health Phys. 2011. V. 100. P. 331.
6. ƒ §¨¥¢ �.ˆ. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 2011. ’. 51, º5.

‘. 512Ä529.
7. Lambin P. et al. // Intern. J. Radiat. Biol. 1993. V. 63. P. 639.
8. ƒ¥· ¸Ó±¨´ ‘. �., ‘¥¢ ´Ó± ¥¢ �. ‚. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 1999.

’. 39. ‘. 35.
9. ƒ¥· ¸Ó±¨´ ‘. �. ¨ ¤·. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 1999. ’. 39. ‘. 373.

10. Feinendegen L. E., Neumann R.D., Pollicove M. // Health Phys. 2011. V. 100. P. 274.
11. Šμ³μÎ±μ¢ Œ.Œ. ‘μμ¡Ð. �ˆŸˆ �16-96-323. „Ê¡´ , 1996.
12. Komochkov M.M. // Proc. of the NATO Advanced Research Workshop on Funda-

mentals for the Assessment of Risks from Environmental Radiation. Brno, Czech
Republic, 6Ä10 Oct. 1997. NATO Sci. Ser.: 2. Environmental Security. V. 55. P. 25Ä
34. Dordrecht: Kluwer Acad. Publ., 1999.

13. Šμ³μÎ±μ¢ Œ.Œ. ‘μμ¡Ð. �ˆŸˆ �19-2002-77. „Ê¡´ , 2002.
14. ”¨²ÕÏ±¨´ ˆ. ‚., �¥ÉμÖ´ ˆ.Œ. ’¥μ·¨Ö ± ´Í¥·μ£¥´´μ£μ ·¨¸±  ¢μ§¤¥°¸É¢¨Ö ¨μ´¨-

§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö. Œ.: �´¥·£μ Éμ³¨§¤ É, 1988.
15. �Ê·² ±μ¢  …. �. ¨ ¤·. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 1996. ’. 36. ‘. 610.
16. �Ê·² ±μ¢  …. �. ¨ ¤·. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μÔ±μ²μ£¨Ö. 1999. ’. 39. ‘. 26.
17. �Ö¡ÊÌ¨´ �.‘. // Œ¥¤¨Í¨´¸± Ö · ¤¨μ²μ£¨Ö ¨ · ¤¨ Í¨μ´´ Ö ¡¥§μ¶ ¸´μ¸ÉÓ. 2000.

’. 45. ‘. 5.
18. Nikasa K. et al. // Phys. Rev. D. 1992. V. 45. P. III.34.
19. ‘¥¢ ´Ó± ¥¢ �. ‚., •¢μ¸ÉÊ´μ¢ ˆ.Š., �μÉ¥É´Ö ‚. // � ¤¨ Í¨μ´´ Ö ¡¨μ²μ£¨Ö. � ¤¨μ-

Ô±μ²μ£¨Ö. 2012. ’. 52. ‘. 11.

	μ²ÊÎ¥´μ 11 ¸¥´ÉÖ¡·Ö 2014 £.



�¥¤ ±Éμ· …. ‚. ‘ ¡ ¥¢ 

	μ¤¶¨¸ ´μ ¢ ¶¥Î ÉÓ 13.10.2014.
”μ·³ É 60× 90/16. �Ê³ £  μË¸¥É´ Ö. 	¥Î ÉÓ μË¸¥É´ Ö.

“¸². ¶¥Î. ². 0,7. “Î.-¨§¤. ². 0,8. ’¨· ¦ 205 Ô±§. ‡ ± § º 58351.

ˆ§¤ É¥²Ó¸±¨° μÉ¤¥² �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°
141980, £. „Ê¡´ , Œμ¸±μ¢¸± Ö μ¡²., Ê².†μ²¨μ-ŠÕ·¨, 6.

E-mail: publish@jinr.ru
www.jinr.ru/publish/


