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� ¸¸³ É·¨¢ ¥É¸Ö ¢²¨Ö´¨¥ ¨§²ÊÎ¥´¨° ¸ · §´Ò³¨ Ë¨§¨Î¥¸±¨³¨ Ì · ±É¥·¨¸É¨± ³¨ ´  ¨´¤Ê±Í¨Õ
¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ê ¡ ±É¥·¨° Escherichia coli. ˆ¸¸²¥¤µ¢ ´Ò § ±µ´µ³¥·´µ¸É¨ ÉµÎ´µ° Ô±¸Í¨§¨¨
É· ´¸¶µ§µ´  Tn10 ¶·¨ µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ 4He ¨ 12C ¸ · §´µ° ²¨´¥°´µ° ¶¥·¥¤ Î¥°
Ô´¥·£¨¨ (‹��). ˆ§ÊÎ¥´Ò ¤µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± ¨ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ ÉµÎ-
´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´ . �µ± § ´µ, ÎÉµ § ¢¨¸¨³µ¸ÉÓ Î ¸ÉµÉÒ ÉµÎ´µ° Ô±¸Í¨§¨¨ Tn10 µÉ ¤µ§Ò
µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ µ¶¨¸Ò¢ ¥É¸Ö ¸É¥¶¥´´µ° ËÊ´±Í¨¥°. �¶·¥¤¥²¥´Ò § ¢¨¸¨³µ¸É¨ µÉ´µ-
¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±µ° ÔËË¥±É¨¢´µ¸É¨ (���) ¨§²ÊÎ¥´¨° µÉ ¢¥²¨Î¨´Ò ‹�� Î ¸É¨Í ¶µ ±·¨É¥·¨Õ
¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± ¨ Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´ .

The induction of structural mutations in bacteria Escherichia coli by ionizing radiation with different
physical characteristics is considered. The regularities of precise transposon Tn10 excision after 4He and
12C heavy ions with different linear energy transfer (LET) are studied. The dose-response relationships
for survival cells and transposon excision are obtained. It is shown that the frequency of precise
transposon Tn10 excision as a function of the dose of heavy ions is described by a power function.
The dependences of relative biological effectiveness (RBE) on LET for survival cells and transposon
excision are studied.

‚‚…„…�ˆ…

ˆ¸¸²¥¤µ¢ ´¨¥ § ±µ´µ³¥·´µ¸É¥° ¨´¤ÊÍ¨·µ¢ ´´µ£µ ³ÊÉ £¥´¥§  Ê ¶·µ± ·¨µÉ ¶·¨ ¤¥°-
¸É¢¨¨ ¨µ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° · §´µ£µ ± Î¥¸É¢  ¸²Ê¦¨É ´¥µ¡Ìµ¤¨³Ò³ ËÊ´¤ ³¥´Éµ³
¶·¨ ¨´É¥·¶·¥É Í¨¨ ¸²µ¦´ÒÌ ³¥Ì ´¨§³µ¢, ²¥¦ Ð¨Ì ¢ µ¸´µ¢¥ ³ÊÉ Í¨µ´´ÒÌ ¶·µÍ¥¸¸µ¢ Ê
¢Ò¸Ï¨Ì µ·£ ´¨§³µ¢. B ÔÉµ° ¸¢Ö§¨ ¨¸¸²¥¤µ¢ ´¨Ö § ±µ´µ³¥·´µ¸É¥° ¨ ³¥Ì ´¨§³µ¢ ³ÊÉ £¥´-
´µ£µ ¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨° ¸ · §´µ° ‹�� ´  ¡ ±É¥·¨ ²Ó´Ò¥ ±²¥É±¨ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢¥¸Ó³ 
 ±ÉÊ ²Ó´Ò³¨ [1, 2]. Š Î¨¸²Ê ´ ¨³¥´¥¥ ¨§ÊÎ¥´´ÒÌ ¢µ¶·µ¸µ¢ · ¤¨ Í¨µ´´µ° £¥´¥É¨±¨ ¶·µ-
± ·¨µÉ µÉ´µ¸ÖÉ¸Ö ¨¸¸²¥¤µ¢ ´¨Ö § ±µ´µ³¥·´µ¸É¥° ¢µ§´¨±´µ¢¥´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°:
¤¥²¥Í¨°, ¨´¸¥·Í¨°, É· ´¸²µ± Í¨°. �Éµ ¸¢Ö§ ´µ ± ± ¸ ³¥Éµ¤¨Î¥¸±¨³¨ É·Ê¤´µ¸ÉÖ³¨ ¢Ò-
Ö¢²¥´¨Ö É ±¨Ì ¨§³¥´¥´¨° £¥´¥É¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, É ± ¨ ¸ µÉ´µ¸¨É¥²Ó´µ ´¨§±µ° Î ¸ÉµÉµ°
(¶µ ¸· ¢´¥´¨Õ ¸ £¥´´Ò³¨ ³ÊÉ Í¨Ö³¨) µ¡· §µ¢ ´¨Ö ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨°. ‡ ±µ´µ³¥·´µ-
¸É¨ ¨´¤Ê±Í¨¨ ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° Ê ±²¥Éµ± ¶·µ± ·¨µÉ ¨§²ÊÎ¥´¨Ö³¨ ¸ ¢Ò¸µ±µ° ‹��
¶· ±É¨Î¥¸±¨ ´¥ ¨§ÊÎ¥´Ò.

‚ ±²¥É± Ì E. ¸oli ¸É·Ê±ÉÊ·´Ò¥ ³ÊÉ Í¨¨ ¸ ¢Ò¸µ±µ° Î ¸ÉµÉµ° ¢µ§´¨± ÕÉ ¶·¨ É· ´¸¶µ§¨-
Í¨¨ ³µ¡¨²Ó´ÒÌ Ô²¥³¥´Éµ¢. ’· ´¸¶µ§¨Í¨Ö Ö¢²Ö¥É¸Ö ¸¶¥Í¨Ë¨Î´Ò³ SOS-³ÊÉ £¥´´Ò³ ¶·µ-
Í¥¸¸µ³, ±µÉµ·Ò° ¨´¤ÊÍ¨·Ê¥É¸Ö Ì¨³¨Î¥¸±¨³¨ ³ÊÉ £¥´ ³¨ [3], Ê²ÓÉ· Ë¨µ²¥Éµ¢Ò³ ¸¢¥Éµ³
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[4, 5],   É ±¦¥ ¨µ´¨§¨·ÊÕÐ¥° · ¤¨ Í¨¥°. � ´¥¥ ´ ³¨ ¢Ò¶µ²´¥´Ò ¨¸¸²¥¤µ¢ ´¨Ö ¨´¤ÊÍ¨·µ-
¢ ´´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10 ¢ ±²¥É± Ì ¸ ´µ·³ ²Ó´Ò³ ·¥¶ · Í¨µ´´Ò³ £¥´µÉ¨¶µ³
¨ Ê rec-³ÊÉ ´Éµ¢ E. coli ¶·¨ ¤¥°¸É¢¨¨ γ-¨§²ÊÎ¥´¨Ö 137Cs [6]. �Ò²  ¶µ²ÊÎ¥´  ¤µ§µ¢ Ö § ¢¨-
¸¨³µ¸ÉÓ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ Ô²¨³¨´ Í¨¨ É· ´¸¶µ§µ´  Tn10, ¨³¥ÕÐ Ö Ëµ·³Ê ±·¨¢µ°
¸ ´ ¸ÒÐ¥´¨¥³. �µ± § ´µ, ÎÉµ ¡µ²ÓÏµ¥ §´ Î¥´¨¥ ¢ ¶·µÍ¥¸¸¥ Ô±¸Í¨§¨¨ ¨³¥ÕÉ ¨´¤ÊÍ¨¡¥²Ó-
´Ò¥ £¥´Ò ·¥¶ · Í¨¨: ¢ ±²¥É± Ì ³ÊÉ ´É  recA ¨´¤ÊÍ¨·µ¢ ´´ Ö Ô²¨³¨´ Í¨Ö É· ´¸¶µ§µ´ 
Tn10 µÉ¸ÊÉ¸É¢Ê¥É ¶µ²´µ¸ÉÓÕ,   ¢ ±²¥É± Ì ³ÊÉ ´É  recN Å ¸¨²Ó´µ ·¥¤ÊÍ¨·µ¢ ´ .

‡ ¤ Î¥° ´ ¸ÉµÖÐ¥£µ ¨¸¸²¥¤µ¢ ´¨Ö Ö¢²Ö²µ¸Ó ¨§ÊÎ¥´¨¥ ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´ 
Tn10 ¢ ±²¥É± Ì E. coli ¶·¨ µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ‹��
Î ¸É¨Í.

Œ�’…�ˆ�‹› ˆ Œ…’�„›

� ±É¥·¨ ²Ó´Ò¥ ¸·¥¤Ò, ÏÉ ³³Ò. „²Ö ¶µ²ÊÎ¥´¨Ö ¸Ê¸¶¥´§¨¨ ¡ ±É¥·¨ ²Ó´ÒÌ ±²¥Éµ±
¡Ò²  ¨¸¶µ²Ó§µ¢ ´  ¦¨¤± Ö ¶¨É É¥²Ó´ Ö ¸·¥¤  Luria-Bertrani (LB), ¸µ¤¥·¦ Ð Ö: 0,5 %
¤·µ¦¦¥¢µ£µ Ô±¸É· ±É , 1 % Ì²µ·¨¤  ´ É·¨Ö ¨ 1 % É·¨¶Éµ´ . �·¨ µ¶·¥¤¥²¥´¨¨ ¢Ò¦¨¢ ¥-
³µ¸É¨ ¡ ±É¥·¨° ¨¸¶µ²Ó§µ¢ ²¨ É¢¥·¤ÊÕ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê LB ¸ ¤µ¡ ¢²¥´¨¥³ 1,5 % ¡ ±-
Éµ £ · , ¶·µ¨§¢¥¤¥´´µ£µ Ë¨·³µ° ®Difco¯, ‘˜�. �·¨  ´ ²¨§¥ ·¥¢¥·¸¨°, ¢Ò§¢ ´´ÒÌ ÉµÎ-
´µ° Ô±¸Í¨§¨¥° É· ´¸¶µ§µ´  Tn10, ¨¸¶µ²Ó§µ¢ ²¨ ³¨´¨³ ²Ó´ÊÕ ¶¨É É¥²Ó´ÊÕ ¸·¥¤Ê M56,
¶·¨£µÉµ¢²¥´´ÊÕ ´  µ¸´µ¢¥ ¸µ²¥¢µ£µ ¡ÊË¥· : 11,4 £/² Na2HPO4·2H2O, 2,7 £/² KH2PO4,
1 £/² (NH4)2SO4, 100 ³£/² MgSO4·7HO2, 7 ³£/² ‘aNO3·4H2O ¨ 0,2 £/² D-£²Õ±µ§Ò. ‚
± Î¥¸É¢¥ É¥¸É-¸¨¸É¥³Ò ¤²Ö  ´ ²¨§  ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10 ¡Ò² ¨¸¶µ²Ó§µ¢ ´
¡ ±É¥·¨ ²Ó´Ò° ÏÉ ³³ DB 5872 [7]. �´ ´¥¸¥É ³ÊÉ Í¨Õ £¥´  cysC95, ±µÉµ·Ò° µ¶·¥¤¥²Ö¥É
¶µÉ·¥¡´µ¸ÉÓ ±²¥É±¨ ¢ Í¨¸É¥¨´¥. ŒÊÉ Í¨Ö ¶µ²ÊÎ¥´  ³¥Éµ¤µ³ ¢¸É· ¨¢ ´¨Ö É· ´¸¶µ§µ´ 
Tn10 ¨ ¶·¨¢µ¤¨É ± Éµ³Ê, ÎÉµ ±²¥É±¨ ´¥ µ¡· §ÊÕÉ ±µ²µ´¨° ´  ³¨´¨³ ²Ó´µ° ¶¨É É¥²Ó´µ°
¸·¥¤¥.

�¡²ÊÎ¥´¨¥ ±²¥Éµ±. �±¸¶¥·¨³¥´ÉÒ ¶µ µ¡²ÊÎ¥´¨Õ ±²¥Éµ± E. coli ÉÖ¦¥²Ò³¨ ¨µ´ ³¨
¶·µ¢µ¤¨²¨ ´  Ê¸É ´µ¢±¥ ®ƒ¥´µ³¯, ¸±µ´¸É·Ê¨·µ¢ ´´µ° ¤²Ö µ¡²ÊÎ¥´¨Ö ¡¨µ²µ£¨Î¥¸±¨Ì µ¡Ñ-
¥±Éµ¢ [8]. „²Ö ¨´¤Ê±Í¨¨ ÉµÎ´µ° Ô±¸Í¨§¨¨ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¨µ´Ò £¥²¨Ö 4�¥ ¸ ‹��: 20,
50 ¨ 100 ±Ô‚/³±³ Å ¨ Ê¸±µ·¥´´Ò¥ ¨µ´Ò Ê£²¥·µ¤  12‘ ¸ ‹�� 200 ±Ô‚/³±³. Š²¥ÉµÎ´ÊÕ
¸Ê¸¶¥´§¨Õ ´ ´µ¸¨²¨ ´  ³¨±·µ¶µ·¨¸ÉÒ° Ë¨²ÓÉ·, ¶µ³¥Ð¥´´Ò° ¢ ¸¶¥Í¨ ²Ó´Ò° ±µ´É¥°´¥·
´  ¶µ¢¥·Ì´µ¸É¨  £ ·¨§µ¢ ´´µ° ¸·¥¤Ò, § É¥³ µ¡²ÊÎ ²¨ ¶ÊÎ±µ³ Ê¸±µ·¥´´ÒÌ ¨µ´µ¢. �µ¸²¥
µ¡²ÊÎ¥´¨Ö Ë¨²ÓÉ·, ¸µ¤¥·¦ Ð¨° ´  ¸¢µ¥° ¶µ¢¥·Ì´µ¸É¨ ¡ ±É¥·¨ ²Ó´Ò¥ ±²¥É±¨, ¢¸É·ÖÌ¨-
¢ ²¨ ¢ 1 ³² ¡ÊË¥·  Œ56, µÉ¡¨· ²¨ 100 ³±² ¤²Ö µ¶·¥¤¥²¥´¨Ö ¢Ò¦¨¢ ¥³µ¸É¨,   µ¸É ²Ó´µ¥
±µ²¨Î¥¸É¢µ ¢Ò¸¥¨¢ ²¨ ´  ¶µ¢¥·Ì´µ¸ÉÓ ³¨´¨³ ²Ó´µ° ¶¨É É¥²Ó´µ° ¸·¥¤Ò Œ56 ¸  £ ·µ³.
Œ ±·µ±µ²µ´¨¨, Ëµ·³¨·ÊÕÐ¨¥¸Ö ¨§ ±²¥Éµ±, ¢ ±µÉµ·ÒÌ ¶·µ¨§µÏ²  ÉµÎ´ Ö Ô±¸Í¨§¨Ö É· ´¸-
¶µ§µ´  Tn10 ¨§ ²µ±Ê¸  cysC95, ¶µ¤¸Î¨ÉÒ¢ ²¨ Î¥·¥§ 72 Î ¨´±Ê¡ Í¨¨ ¶·¨ 37 ◦‘.
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�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò ±·¨¢Ò¥ ¢Ò¦¨¢ ¥³µ¸É¨ ¶·¨ µ¡²ÊÎ¥´¨¨ ¨¸¶µ²Ó§µ¢ ´´Ò³¨ ¢¨-
¤ ³¨ ¨§²ÊÎ¥´¨°. Š ± ³µ¦´µ ¢¨¤¥ÉÓ, ³ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ±²¥-
Éµ± 0,027 ƒ·−1 ¢ÒÖ¢²¥´µ ¶·¨ ¤¥°¸É¢¨¨ ¨µ´µ¢ £¥²¨Ö 4�¥, ¤²Ö ±µÉµ·ÒÌ ‹�� ¢ ¡¨µ-
²µ£¨Î¥¸±µ³ µ¡· §Í¥ ¸µ¸É ¢²Ö¥É 100 ±Ô‚/³±³. ˆµ´Ò £¥²¨Ö ¸ ‹�� 20 ±Ô‚/³±³ ¨³¥ÕÉ
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�¨¸. 1. ‚Ò¦¨¢ ¥³µ¸ÉÓ ¡ ±É¥·¨° E. coli ¶·¨ µ¡-
²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨: 1 Å 12‘, ‹�� =

200 ±Ô‚/³±³; 2 Å 4�¥, ‹�� = 20 ±Ô‚/³±³;

3 Å 4�¥, ‹�� = 50 ±Ô‚/³±³; 4 Å 4�¥, ‹�� =

100 ±Ô‚/³±³

³¥´ÓÏ¥¥ §´ Î¥´¨¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Å 0,018 ƒ·. �·¨ µ¡²ÊÎ¥´¨¨ ¨µ´ ³¨ Ê£²¥-
·µ¤  ¸ ‹�� 200 ±Ô‚/³±³ ¶µ²ÊÎ¥´µ ³¨´¨³ ²Ó´µ¥ §´ Î¥´¨¥ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨, · ¢-
´µ¥ 0,015 ƒ·−1, ±µÉµ·µ¥ ´¥§´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ¥É · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ E. coli ¶·¨
γ-µ¡²ÊÎ¥´¨¨ 137Cs [9].

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸-
¶µ§µ´  Tn10 µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨. ‚¨¤´µ, ÎÉµ µÉ´µ¸¨É¥²Ó´ Ö Î ¸ÉµÉ 
ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Ö¢²Ö¥É¸Ö ¸É¥¶¥´´µ° ËÊ´±Í¨¥°. „²Ö ±·¨¢ÒÌ, ¶µ²ÊÎ¥´´ÒÌ
¶·¨ µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ £¥²¨Ö 4�¥ ¸ ‹�� 20, 50 ¨ 100 ±Ô‚/³±³ ³µ¦´µ
¢¢¥¸É¨ µ¡Ð¨° ¢¨¤ ËÊ´±Í¨¨:

N

NR
= 10kD+C ,

£¤¥ µÉ´µÏ¥´¨¥ Î¨¸²  ·¥¢¥·¸¨° ± µ¡Ð¥³Ê Î¨¸²Ê ¢Ò¦¨¢Ï¨Ì ±²¥Éµ± N/NR Ö¢²Ö¥É¸Ö µÉ-
´µ¸¨É¥²Ó´µ° Î ¸ÉµÉµ° ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10. ‘É¥¶¥´´Ò³  ·£Ê³¥´Éµ³ ÔÉµ°
ËÊ´±Í¨¨ Ö¢²Ö¥É¸Ö ¤µ§  (D), ±µÉµ· Ö ¢³¥¸É¥ ¸ ±µÔËË¨Í¨¥´É ³¨ (k, C) ¢Ìµ¤¨É ¢ ¶µ± § É¥²Ó
É ±¨³ µ¡· §µ³, ÎÉµ¡Ò µ´ µ± § ²¸Ö ¡¥§· §³¥·´µ° ¢¥²¨Î¨´µ° ¢ ¤¨ ¶ §µ´¥ 10−10−10−4.

�µ ±·¨¢Ò³, ±µÉµ·Ò¥ µ¶¨¸Ò¢ ÕÉ § ¢¨¸¨³µ¸É¨ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ ÉµÎ´µ° Ô±¸Í¨§¨¨
É· ´¸¶µ§µ´  Tn10 µÉ ¤µ§Ò µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨, ¡Ò²¨ µ¶·¥¤¥²¥´Ò µ¡· É´Ò¥
§´ Î¥´¨Ö ¤µ§Ò D−1

R , ¶·¨ ±µÉµ·ÒÌ µÉ´µ¸¨É¥²Ó´ Ö Î ¸ÉµÉ  ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´ 
¢µ§· ¸É ¥É ´  µ¤¨´ ¶µ·Ö¤µ±. �É¨ §´ Î¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥, ¨ ¶µ ´¨³ · ¸¸Î¨É ´Ò
¢¥²¨Î¨´Ò µÉ´µ¸¨É¥²Ó´µ° £¥´¥É¨Î¥¸±µ° ÔËË¥±É¨¢´µ¸É¨ (�ƒ�) Î ¸É¨Í.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³µ¸É¨ ���, ¶µ ±·¨É¥·¨Õ ²¥É ²Ó´µ£µ ÔËË¥±É , ¨ �ƒ�,
¶µ ±·¨É¥·¨Õ ÔËË¥±É¨¢´µ¸É¨ ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  µÉ ‹��. ‚¨¤´µ, ÎÉµ ³ ±-
¸¨³ ²Ó´µ §´ Î¥´¨¥ ��� ¶·¨Ìµ¤¨É¸Ö ´  §´ Î¥´¨¥ ‹��, · ¢´µ¥ µ±µ²µ 100 ±Ô‚/³±³. ‚
µÉ²¨Î¨¥ µÉ ÔÉµ£µ, ³ ±¸¨³Ê³ �ƒ� ´ ¡²Õ¤ ¥É¸Ö ¶·¨ ³¥´ÓÏ¥³ §´ Î¥´¨¨ ‹�� Å ¢ ¤¨ ¶ -
§µ´¥ 20Ä50 ±Ô‚/³±³.

�¨¸. 2. „µ§µ¢Ò¥ § ¢¨¸¨³µ¸É¨ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ

ÉµÎ´µ° Ô±¸Í¨§¨¨ Tn10 ¶·¨ ¤¥°¸É¢¨¨ Ê¸±µ·¥´´ÒÌ ÉÖ-

¦¥²ÒÌ ¨µ´µ¢: 1 Å 4�¥, ‹�� = 20 ±Ô‚/³±³; 2 Å 4�¥,
‹��= 50 ±Ô‚/³±³; 3 Å 4�¥, ‹�� = 100 ±Ô‚/³±³;

4 Å 12‘, ‹�� = 200 ±Ô‚/³±³. �Ê´±É¨·´µ° ²¨´¨¥°

¶µ± § ´  ´µ·³¨·µ¢±  ¶µ γ-¨§²ÊÎ¥´¨Õ
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‡´ Î¥´¨Ö · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸É¨, ±µÔËË¨Í¨¥´Éµ¢ ��� ¨ �ƒ� ¶·¨ µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨
¨µ´ ³¨ ¸ · §´µ° ‹��

‚¨¤ ¨§²ÊÎ¥´¨Ö ‹��, ±Ô‚/³±³ D−1
0 , ƒ·−1 D−1

R , ƒ·−1 ��� �ƒ�

γ-¨§²ÊÎ¥´¨¥ 137Cs 0,3 0,014 ± 0,003 0,005 ± 0,001 1,0 ± 0,2 1,0 ± 0,2
4He 20 0,018 ± 0,004 0,012 ± 0,003 1,3 ± 0,4 2,4 ± 0,6
4He 50 0,025 ± 0,005 0,010 ± 0,002 1,8 ± 0,3 2,0 ± 0,4
4He 100 0,027 ± 0,006 0,006 ± 0,002 1,9 ± 0,5 1,2 ± 0,4
12C 200 0,015 ± 0,004 0,003 ± 0,001 1,1 ± 0,4 0,6 ± 0,2

‘µ¶µ¸É ¢²¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢ ¸ ¤ ´´Ò³¨, · ´¥¥ µ¶Ê¡²¨±µ¢ ´´Ò³¨ ¤·Ê£¨³¨
 ¢Éµ· ³¨, ¶µ§¢µ²Ö¥É µÍ¥´¨ÉÓ µ¸µ¡¥´´µ¸É¨ ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10 ¶·¨ µ¡²Ê-

�¨¸. 3. ‡ ¢¨¸¨³µ¸É¨ ��� ¨ �ƒ� µÉ ‹��:

1 Å �ƒ� (‹��); 2 Å ��� (‹��)

Î¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ ¸ · §´µ° ‹��. ‚ ´ -
Ï¥° · ¡µÉ¥ ¶µ²ÊÎ¥´Ò Ô±¸¶µ´¥´Í¨ ²Ó´Ò¥ § ¢¨¸¨-
³µ¸É¨ ¢Ò¦¨¢ ¥³µ¸É¨ ±²¥Éµ± E. coli µÉ ¤µ§Ò µ¡-
²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ (·¨¸. 1). �·¨ µ¡-
²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ £¥²¨Ö ¸ ‹�� µÉ 20
¤µ 100 ±Ô‚/³±³ ´ ¡²Õ¤ ¥É¸Ö Ê¢¥²¨Î¥´¨¥ Ê£²  ´ -
±²µ´  ¤µ§µ¢µ° § ¢¨¸¨³µ¸É¨ ¢Ò¦¨¢ ¥³µ¸É¨. �·¨
ÔÉµ³ ��� ¶µ ±·¨É¥·¨Õ ²¥É ²Ó´µ£µ ¢ÒÌµ¤  Ê¢¥-
²¨Î¨¢ ¥É¸Ö µÉ §´ Î¥´¨Ö 1,3 ¤µ §´ Î¥´¨Ö 1,9 (É -
¡²¨Í ). ‚µ§· ¸É ´¨¥ ±µÔËË¨Í¨¥´Éµ¢ ��� ¸¢Ö-
§ ´µ ¸ Ê¢¥²¨Î¥´¨¥³ ¢ÒÌµ¤  ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢µ¢
„�Š, ±µÉµ·Ò¥ Ö¢²ÖÕÉ¸Ö µ¸´µ¢´Ò³¨ ²¥É ²Ó´Ò³¨
¶µ¢·¥¦¤¥´¨Ö³¨ ¢ ±²¥É± Ì E. coli ¤¨±µ£µ É¨¶  [1].
„ ²Ó´¥°Ï¥¥ Ê¢¥²¨Î¥´¨¥ ‹�� Î ¸É¨Í ¶·¨¢µ¤¨É ±
Ê³¥´ÓÏ¥´¨Õ Ê£²  ´ ±²µ´  ±·¨¢ÒÌ,   ¶·¨ µ¡²Ê-
Î¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ Ê£²¥·µ¤  ��� ¸µ¸É -

¢²Ö¥É 1,1. ‡ ¢¨¸¨³µ¸ÉÓ ��� (‹��) ¢¸²¥¤¸É¢¨¥ ÔÉµ£µ ¨³¥¥É ²µ± ²Ó´Ò° ³ ±¸¨³Ê³ ¶·¨
§´ Î¥´¨¨ ‹��, · ¢´µ³ ¶·¨¡²¨§¨É¥²Ó´µ 100 ±Ô‚/³±³. ’ ±µ° Ì · ±É¥· § ¢¨¸¨³µ¸É¨ ¸µ£² -
¸Ê¥É¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¤·Ê£¨Ì  ¢Éµ·µ¢, ±µÉµ·Ò¥ · ´¥¥ ¨¸¸²¥¤µ¢ ²¨ · ¤¨µÎÊ¢¸É¢¨É¥²Ó´µ¸ÉÓ
E. coli ¶·¨ µ¡²ÊÎ¥´¨¨ Ê¸±µ·¥´´Ò³¨ ¨µ´ ³¨ [10].

‚ µÉ¸ÊÉ¸É¢¨e µ¡²ÊÎ¥´¨Ö Î ¸ÉµÉ  ÉµÎ´µ° Ô±¸Í¨§¨¨ ´¥ ¶·¥¢ÒÏ ¥É 10−10−10−8 ´  ±²¥É±Ê
E. coli. �ÉµÉ ¶ · ³¥É· ¡Ò² µ¶·¥¤¥²¥´ ¤²Ö ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10 ¨§ · §-
²¨Î´ÒÌ ¶µ²µ¦¥´¨° ´  ¡ ±É¥·¨ ²Ó´µ° Ì·µ³µ¸µ³¥ [11]. �·¨ Ê¢¥²¨Î¥´¨¨ ¤µ§Ò µ¡²ÊÎ¥´¨Ö
¶·µ¨¸Ìµ¤¨É ¨´¤Ê±Í¨Ö µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  ¤µ §´ Î¥´¨Ö
10−4 ¸µ¡ÒÉ¨° ´  ±²¥É±Ê. ‚¶¥·¢Ò¥ ÔËË¥±É ¨´¤Ê±Í¨¨ ¡Ò² ¶·µ¤¥³µ´¸É·¨·µ¢ ´ ¶·¨ µ¡· -
¡µÉ±¥ Ì¨³¨Î¥¸±¨³¨ ³ÊÉ £¥´ ³¨ ¨ µ¡²ÊÎ¥´¨¨ · §´Ò³¨ ¤µ§ ³¨ Ê²ÓÉ· Ë¨µ²¥Éµ¢µ£µ ¸¢¥É 
[3, 4]. �¢Éµ· ³¨ ¶µ± § ´µ, ÎÉµ µÉ´µ¸¨É¥²Ó´ Ö Î ¸ÉµÉ  ÉµÎ´µ° Ô±¸Í¨§¨¨ É· ´¸¶µ§µ´  Tn10
³µ¦¥É ¢µ§· ¸É ÉÓ ¤µ 10−5 ¸µ¡ÒÉ¨° ´  ±²¥É±Ê. ’µÎ´ Ö Ô±¸Í¨§¨Ö ¶·¨ µ¡²ÊÎ¥´¨¨ Ê²ÓÉ· Ë¨-
µ²¥Éµ¢Ò³¨ ²ÊÎ ³¨ ¢Ò§Ò¢ ¥É¸Ö SOS-µÉ¢¥Éµ³ ±²¥É±¨ ´  Ê¢¥²¨Î¥´¨¥ ¢ÒÌµ¤  ¶µ¢·¥¦¤¥´¨°
„�Š Å ¶·¥¨³ÊÐ¥¸É¢¥´´µ É¨³¨´µ¢ÒÌ ¤¨³¥·µ¢. ‚ ¸²ÊÎ ¥ µ¡²ÊÎ¥´¨Ö Ê¸±µ·¥´´Ò³¨ ¨µ-
´ ³¨ §´ Î¨É¥²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ µÉ´µ¸¨É¥²Ó´µ° Î ¸ÉµÉÒ ÉµÎ´µ° Ô±¸Í¨§¨¨, ¶µ-¢¨¤¨³µ³Ê,
¢Ò§¢ ´µ Ê¢¥²¨Î¥´¨¥³ ¢ÒÌµ¤  ±² ¸É¥·´ÒÌ ¶µ¢·¥¦¤¥´¨° µ¤´µ° ´¨É¨ „�Š [2], ¢Ò§Ò¢ ¥³ÒÌ
δ-Ô²¥±É·µ´ ³¨ É·¥±µ¢ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ¨´¤ÊÍ¨·ÊÕÐ¨Ì SOS-µÉ¢¥É ±²¥Éµ±.
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‚ÒÌµ¤ É ±¨Ì ¶µ¢·¥¦¤¥´¨° ¢ § ¢¨¸¨³µ¸É¨ µÉ ‹�� Î ¸É¨Í µ¶¨¸Ò¢ ¥É¸Ö ±·¨¢Ò³¨ ¸ ²µ-
± ²Ó´Ò³ ³ ±¸¨³Ê³µ³, ¶µ²µ¦¥´¨¥ ±µÉµ·µ£µ ¢ ·Ó¨·Ê¥É ¢ § ¢¨¸¨³µ¸É¨ µÉ ¸É¥¶¥´¨ ÉÖ¦¥¸É¨
¨´¤ÊÍ¨·Ê¥³ÒÌ ¶µ¢·¥¦¤¥´¨° „�Š [12]. ˆ§ ¶·¥¤¸É ¢²¥´´ÒÌ ³ É¥·¨ ²µ¢ ¸²¥¤Ê¥É, ÎÉµ ¶µ
¸· ¢´¥´¨Õ ¸ ²¥É ²Ó´Ò³ ÔËË¥±Éµ³ µ¡²ÊÎ¥´¨Ö, ³ ±¸¨³Ê³ § ¢¨¸¨³µ¸É¨ �ƒ� (‹��) ¸¤¢¨´ÊÉ
¢ µ¡² ¸ÉÓ ³¥´ÓÏ¨Ì §´ Î¥´¨° ‹��. �Éµ ¸¢Ö§ ´µ ¸ É¥³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³, ÎÉµ ³ ±¸¨³ ²Ó-
´Ò¥ §´ Î¥´¨Ö ¢ÒÌµ¤  ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢µ¢ „�Š ´  ¥¤¨´¨ÍÊ ¤µ§Ò µ¡²ÊÎ¥´¨Ö ¶·¨Ìµ¤ÖÉ¸Ö
´  §´ Î¥´¨Ö ‹��, · ¢´Ò¥ ≈ 200 ±Ô‚/³±³. Œ ±¸¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¢ÒÌµ¤  ±² ¸É¥·´ÒÌ
¶µ¢·¥¦¤¥´¨° µ¤´µ° ´¨É¨ „�Š ·¥ ²¨§ÊÕÉ¸Ö ¶·¨ ¸ÊÐ¥¸É¢¥´´µ ³¥´ÓÏ¨Ì ¢¥²¨Î¨´ Ì ‹��
Î ¸É¨Í. ‚¸²¥¤¸É¢¨¥ ÔÉµ£µ ³ ±¸¨³ ²Ó´Ò¥ ¢¥²¨Î¨´Ò �ƒ�, µ¶·¥¤¥²Ö¥³Ò¥ ¶µ ±·¨É¥·¨Õ
ÔËË¥±É¨¢´µ¸É¨ ÉµÎ´µ° Ô±¸Í¨§¨¨ Tn10, ¸¤¢¨´ÊÉÒ ¢ µ¡² ¸ÉÓ ³¥´ÓÏ¨Ì §´ Î¥´¨° ‹��.
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