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ˆ§ÊÎ¥´μ ¢²¨Ö´¨¥ ¨´£¨¡¨Éμ·μ¢ ·¥¶ · É¨¢´μ£μ ¨ ·¥¶²¨± É¨¢´μ£μ ¸¨´É¥§  „	Š 1-β-D-
 · ¡¨´μËÊ· ´μ§¨²Í¨Éμ§¨´  ¨ £¨¤·μ±¸¨³μÎ¥¢¨´Ò ´  Ëμ·³¨·μ¢ ´¨¥ ¨ ±¨´¥É¨±Ê ·¥¶ · Í¨¨ ¤¢Ê´¨É¥-
¢ÒÌ · §·Ò¢μ¢ („�) „	Š ¢ ²¨³ËμÍ¨É Ì ¶¥·¨Ë¥·¨Î¥¸±μ° ±·μ¢¨ Î¥²μ¢¥±  ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸
· §´μ° ²¨´¥°´μ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨ (‹��): γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. �μ± § ´μ, ÎÉμ
¨μ´Ò ²¨É¨Ö ¨ ¡μ·  ¸ ‹��, · ¢´μ° 20 ¨ 40 ±Ô‚/³±³ ¸μμÉ¢¥É¸É¢¥´´μ, μ¡² ¤ ÕÉ ¡μ²ÓÏ¥° ¡¨μ²μ£¨Î¥-
¸±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ „� „	Š. ‚¥²¨Î¨´  μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ°
ÔËË¥±É¨¢´μ¸É¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ²¨É¨Ö ¨ ¡μ·  ¸μ¸É ¢²Ö¥É 1,5 ± 0,1 ¨ 1,6 ± 0,1. “¸É ´μ¢²¥´μ,
ÎÉμ ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± γ-±¢ ´É ³¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ¨´£¨¡¨Éμ·μ¢ ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¨´±Ê¡ Í¨¨
´ ¡²Õ¤ ¥É¸Ö ÔËË¥±É¨¢´ Ö ·¥¶ · Í¨Ö „� „	Š. ‚ Ê¸²μ¢¨ÖÌ ¨´±Ê¡¨·μ¢ ´¨Ö ±²¥Éμ± ¢ ¸·¥¤¥ ¸ ¨´£¨¡¨-
Éμ· ³¨ ´ ¡²Õ¤ ¥É¸Ö ´¥ Ê³¥´ÓÏ¥´¨¥ ±μ²¨Î¥¸É¢  „� „	Š,  , ´ μ¡μ·μÉ, ¥£μ ´¥±μÉμ·μ¥ ¢μ§· ¸É ´¨¥
¶μ¸²¥ 5-Î ¸μ¢μ° ¨´±Ê¡ Í¨¨. �·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¡μ·  ¢ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ, É ±
¦¥ ± ± ¨ ¶·¨ γ-μ¡²ÊÎ¥´¨¨, ¶·μ¨¸Ìμ¤¨É ÔËË¥±É¨¢´ Ö ·¥¶ · Í¨Ö ¨´¤ÊÍ¨·Ê¥³ÒÌ ¶μ¢·¥¦¤¥´¨° „	Š.
‚ μÉ²¨Î¨¥ μÉ ¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢, ¶·¨ ¨´±Ê¡ Í¨¨ ±²¥Éμ± ¢ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö · ¤¨μ³μ¤¨Ë¨± Éμ-
·μ¢ ´ ¡²Õ¤ ¥É¸Ö Ê³¥´ÓÏ¥´¨¥ ±μ²¨Î¥¸É¢  ¨´¤ÊÍ¨·μ¢ ´´ÒÌ „� „	Š. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ³μ£ÊÉ
¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ μ Éμ³, ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�� ´  ±²¥É±¨
³²¥±μ¶¨É ÕÐ¨Ì ¢ Ê¸²μ¢¨ÖÌ ¤¥°¸É¢¨Ö ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š �· -– ¨ ƒŒ ¶·μ¨¸Ìμ¤¨É ·¥¶ · -
Í¨Ö ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „	Š. ‘¤¥² ´ ¢Ò¢μ¤ μ Éμ³, ÎÉμ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ±²¥Éμ± ·¥¶ · Í¨Ö „�
„	Š ´¥ ¢ÒÖ¢²Ö¥É¸Ö ¢¸²¥¤¸É¢¨¥ §´ Î¨É¥²Ó´μ£μ ¢±² ¤  ¨´Í¨§¨μ´´ÒÌ μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢ „	Š,
μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¶μ¸É· ¤¨ Í¨μ´´Ò° ¶¥·¨μ¤ ¢ ¶·μÍ¥¸¸¥ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨ ´Ê±²¥μÉ¨¤μ¢.

The in
uence is studied of 1-β-D-arabinofuranosylcytosine and hydroxyurea (Ara-C and HU, re-
spectively) Å inhibitors of repair and replicative DNA synthesis Å on the formation and repair kinetics
of DNA double-strand breaks (DSB) in peripheral human blood lymphocytes under radiations of dif-
ferent linear energy transfer (LET): gamma quanta and accelerated heavy ions. It is shown that lithium
and boron ions with a LET of 20 and 40 keV/μm, respectively, have greater biological effectiveness
against the DNA DSB induction criterion. The relative biological effectiveness of accelerated boron and
lithium ions is 1.5±0.1 ¨ 1.6±0.1, respectively. Under gamma-irradiation in the absence of inhibitors,
efˇcient DNA DSB repair is observed during incubation. After ˇve-hour cell incubation in the presence
of inhibitors, some increase rather than decrease in the DNA DSB yield is observed. Under accelerated
boron ions in normal conditions, as well as under gamma-irradiation, efˇcient repair of induced DNA
lesions takes place. During cell incubation after gamma-irradiation, the effect of radiomodiˇers results
in a decrease in the amount of induced DNA DSB. The obtained results may indicate that under the
effect of ionizing radiations of different LET on mammalian cells in the presence of DNA synthesis
inhibitors Ara-C and HU, DNA DSB repair takes place. It is concluded that under gamma-irradiation of
cells, no DNA DSB repair is observed due to a large contribution of DNA single-strand incision breaks,
which are formed in the post-irradiation period during the excision repair of nucleotides.
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ˆ§¢¥¸É´μ, ÎÉμ ·Ö¤ ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š ( · ¡¨´μ§¨¤Í¨Éμ§¨´, μ±¸¨³μÎ¥¢¨´ ,
ËÉμ·¤¥§μ±¸¨Ê·¨¤¨´ ¨ ´¥±μÉμ·Ò¥ ¤·Ê£¨¥) ¶μ¤ ¢²ÖÕÉ Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ´¥ Éμ²Ó±μ
·¥¶²¨± É¨¢´Ò°, ´μ ¨ ·¥¶ · É¨¢´Ò° ¸¨´É¥§ „	Š [1, 2]. ‚ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö ÔÉ¨Ì  £¥´-
Éμ¢ ¢ ¶μ¸É· ¤¨ Í¨μ´´Ò° ¶¥·¨μ¤ ´ ¡²Õ¤ ¥É¸Ö §´ Î¨É¥²Ó´μ¥ ¶μ¢ÒÏ¥´¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
±²¥Éμ± ± γ-μ¡²ÊÎ¥´¨Õ [3]. Œμ²¥±Ê²Ö·´Ò° ³¥Ì ´¨§³ ¨Ì ¸¥´¸¨¡¨²¨§¨·ÊÕÐ¥£μ ¢²¨Ö´¨Ö
¸¢Ö§ ´ ¸ ¶·¥¶ÖÉ¸É¢¨¥³ § ¸É·μ°±¨ μ¤´μ´¨É¥¢ÒÌ ¡·¥Ï¥° ¢ Í¥¶¨ „	Š. ‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ
μ¶¶μ§¨É´ Ö ± ¤²¨É¥²Ó´μ ´¥·¥¶ ·¨·Ê¥³Ò³ ¡·¥Ï ³ ´¨ÉÓ „	Š ³μ¦¥É ¶μ¤¢¥·£ ÉÓ¸Ö  É ±¥ Ô´-
¤μ´Ê±²¥ § É¨¶  S1 ¸ Ëμ·³¨·μ¢ ´¨¥³ Ô´§¨³ É¨Î¥¸±¨Ì ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ („�) „	Š [4].
‚³¥¸É¥ ¸ É¥³ ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ ¢Ò¸μ±μ° ²¨´¥°´μ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨ (‹��)
³μ¤¨Ë¨Í¨·ÊÕÐ¥¥ ¢²¨Ö´¨¥ ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š ´  ¢Ò¦¨¢ ¥³μ¸ÉÓ ±²¥Éμ± ³²¥±μ-
¶¨É ÕÐ¨Ì μÉ¸ÊÉ¸É¢Ê¥É [4, 5]. …¸ÉÓ μ¸´μ¢ ´¨Ö ¶μ² £ ÉÓ, ÎÉμ ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� Î ¸É¨Í
¸ÊÐ¥¸É¢¥´´μ ¢μ§· ¸É ¥É ±μ²¨Î¥¸É¢μ ¶·Ö³ÒÌ „� „	Š, ´¥¶μ¸·¥¤¸É¢¥´´μ ¨´¤ÊÍ¨·Ê¥³ÒÌ
ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨, ¨ ¢ÒÌμ¤ ¨Ì μ¶·¥¤¥²Ö¥É¸Ö ²¨ÏÓ Ë¨§¨Î¥¸±¨³¨ ¸¢μ°-
¸É¢ ³¨ ¨§²ÊÎ¥´¨° [6]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´Ò³ ¨§ÊÎ¨ÉÓ § ±μ´μ³¥·´μ¸É¨
¢²¨Ö´¨Ö ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š ´  ¢ÒÌμ¤ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ ¶·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨
¨§²ÊÎ¥´¨° Ï¨·μ±μ£μ ¤¨ ¶ §μ´  ‹��.

�μ± § ´μ, ÎÉμ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ±²¥Éμ± ¢ ¶·¨¸ÊÉ¸É¢¨¨ 1-β-D- · ¡¨´μËÊ· ´μ§¨²Í¨Éμ-
§¨´  (A·a-–) ¨ £¨¤·μ±¸¨³μÎ¥¢¨´Ò (ƒŒ) ¶·μ¨¸Ìμ¤¨É ´ ±μ¶²¥´¨¥ · §·Ò¢μ¢ ¢ ´¨ÉÖÌ
„	Š [2, 7]. �· -– ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ÔËË¥±É¨¢´Ò° ¨´£¨¡¨Éμ· „	Š-¶μ²¨³¥· §Ò α,
¨ ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨ β, ¢¥¤ÊÐ¨Ì ·¥¶ · É¨¢´Ò° ¸¨´É¥§ „	Š. ƒ¨¤·μ±¸¨³μÎ¥¢¨´ , Ö¢²ÖÖ¸Ó
¨´£¨¡¨Éμ·μ³ ·¨¡μ´Ê±²¥μÉ¨¤ ·¥¤Ê±É §Ò [8], ¢²¨Ö¥É ´  ¢´ÊÉ·¨±²¥ÉμÎ´Ò° ¶Ê² ´Ê±²¥μÉ¨¤μ¢
¨, ¢ Î ¸É´μ¸É¨, Í¨Éμ§¨´ , ¨ ¸´¨¦ ¥É ¥£μ. ‚¸²¥¤¸É¢¨¥ ÔÉμ£μ ¢ ¶·μÍ¥¸¸¥ ¸¨´É¥§  „	Š ±²¥É±¨
¨¸¶μ²Ó§ÊÕÉ A·a-–,   ¸ °É ¸ ¢±²ÕÎ¥´´Ò³ ¢ „	Š A·a-– Ö¢²Ö¥É¸Ö ¶²μÌ¨³ ¶· °³¥·μ³ ¤²Ö
¤ ²Ó´¥°Ï¥° Ô²μ´£ Í¨¨ Í¥¶¨ „	Š [9]. ‚ ·¥§Ê²ÓÉ É¥ ±μ´±Ê·¥´Í¨¨ �· -– É·¨Ëμ¸Ë É  ¸
¤¥§μ±¸¨Í¨Éμ§¨´ É·¨Ëμ¸Ë Éμ³ ¢±²ÕÎ¨¢Ï¨°¸Ö ¢ „	Š �· -– ¨´£¨¡¨·Ê¥É „	Š-¶μ²¨³¥· §Ê
¨ Éμ¶μ¨§μ³¥· §Ê I ¨ ¨§³¥´Ö¥É É·¥É¨Î´ÊÕ ¸É·Ê±ÉÊ·Ê „	Š. Š·μ³¥ Éμ£μ, �· -– ¸¶μ¸μ¡¥´
¡²μ±¨·μ¢ ÉÓ · ¡μÉÊ „	Š-²¨£ § [10]. ‚ ·¥§Ê²ÓÉ É¥ ÔÉμ£μ ¶·μ¨¸Ìμ¤¨É ¤²¨É¥²Ó´ Ö Ë¨±¸ -
Í¨Ö ¢μ§´¨± ÕÐ¨Ì ¶·Ö³ÒÌ μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢ (��) „	Š ²¨¡μ ��, Ëμ·³¨·ÊÕÐ¨Ì¸Ö ¢
Ìμ¤¥ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨.

�±¸¶¥·¨³¥´É ²Ó´μ¥ μ¶·¥¤¥²¥´¨¥ ¨ ³¨±·μ¤μ§¨³¥É·¨Î¥¸±¨°  ´ ²¨§ Î ¸ÉμÉÒ μ¡· §μ¢ -
´¨Ö �� ¨ „� „	Š ¢ § ¢¨¸¨³μ¸É¨ μÉ ‹�� ¨§²ÊÎ¥´¨° ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¢ÒÌμ¤
�� ¨ ¶μ¢·¥¦¤¥´´ÒÌ μ¸´μ¢ ´¨° Ê³¥´ÓÏ ¥É¸Ö ¸ ¢μ§· ¸É ´¨¥³ ‹�� [6, 11]. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³
³μ¦´μ μ¦¨¤ ÉÓ Ê³¥´ÓÏ¥´¨Ö ¢²¨Ö´¨Ö ¨´£¨¡¨Éμ·μ¢ ·¥¶ · É¨¢´μ£μ ¸¨´É¥§  „	Š ´  ¢ÒÌμ¤ ¨
±¨´¥É¨±Ê ·¥¶ · Í¨¨ „� „	Š ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ ¢μ§· ¸É ÕÐ¨³¨ §´ Î¥´¨Ö³¨ ‹��.
ˆ§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö ¨ ±¨´¥É¨±¨ ·¥¶ · Í¨¨ „� „	Š ¢ ²¨³ËμÍ¨É Ì
Î¥²μ¢¥±  ¢ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö ¨´£¨¡¨Éμ·μ¢ ·¥¶ · Í¨¨ 1-β-D- · ¡¨´μËÊ· ´μ§¨²Í¨Éμ§¨´ 
¨ £¨¤·μ±¸¨³μÎ¥¢¨´Ò ¶·¨ ¤¥°¸É¢¨¨ ¨§²ÊÎ¥´¨° ¸ · §´μ° ‹�� ¨ Ö¢²Ö²μ¸Ó Í¥²ÓÕ ´ ¸ÉμÖÐ¥£μ
¨¸¸²¥¤μ¢ ´¨Ö.
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‹¨³ËμÍ¨ÉÒ ¢Ò¤¥²Ö²¨ ¨§ ¸¢¥¦¥° Í¥²Ó´μ° £¥¶ ·¨´¨§¨·μ¢ ´´μ° (15 ¥¤/³²) ¤μ´μ·¸±μ°
±·μ¢¨. Š·μ¢Ó ¸³¥Ï¨¢ ²¨ ¸ · ¢´Ò³ μ¡Ñ¥³μ³ ¶¨É É¥²Ó´μ° ¸·¥¤Ò RPMI 1640 ¨²¨ Ëμ¸Ë É-
´μ£μ ¡ÊË¥·  (”�) ¨ ´ ´μ¸¨²¨ ¸³¥¸Ó ´  ¶μ¢¥·Ì´μ¸ÉÓ ¨§μÉμ´¨Î¥¸±μ£μ · ¸É¢μ·  Ë¨±μ²² 
(Ë¨±μ²²+ ¢¨·μ£· Ë¨´, ρ = 1,077 £/³²). �μ¸²¥ Í¥´É·¨ËÊ£¨·μ¢ ´¨Ö ¶·¨ 800 g ¢ É¥Î¥-



672 �μ·¥°±μ �. ‚. ¨ ¤·.

´¨¥ 20 ³¨´ μÉ¡¨· ²¨ ¨´É¥·Ë §´Ò° ¸²μ°, ¸μ¤¥·¦ Ð¨° ²¨³ËμÍ¨ÉÒ. ‚Ò¤¥²¥´´Ò¥ ±²¥É±¨
¤¢ ¦¤Ò μÉ³Ò¢ ²¨ ¢ ”�, Í¥´É·¨ËÊ£¨·ÊÖ 5 ³¨´ ¶·¨ 400 g. ‘Ê¶¥·´ É ´É ¸²¨¢ ²¨ ¨ ¶μ²Ê-
Î¥´´Ò° ±²¥ÉμÎ´Ò° μ¸ ¤μ± · §¢μ¤¨²¨ ´¥μ¡Ìμ¤¨³Ò³ μ¡Ñ¥³μ³ ¸·¥¤Ò RPMI 1640 ¨²¨ ”�,
¤μ¢μ¤Ö ±μ´Í¥´É· Í¨Õ ¢ ¸Ê¸¶¥´§¨¨ ¤μ 2 · 106 ±²/³².

„μ μ¡²ÊÎ¥´¨Ö ¢ ¸Ê¸¶¥´§¨Õ ±²¥Éμ± ¤μ¡ ¢²Ö²¨ · ¸É¢μ· �· -– ¨ ƒŒ ¢ ±μ´¥Î´μ° ±μ´-
Í¥´É· Í¨¨ 20 ³±³μ²Ó ¨ 2 ³³μ²Ó ¸μμÉ¢¥É¸É¢¥´´μ,   § É¥³ ¸Ê¸¶¥´§¨Õ ¢Ò¤¥·¦¨¢ ²¨ ¢ É¥·-
³μ¸É É¥ ¢ É¥Î¥´¨¥ 1 Î.

�¡²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ ¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢±¥ ®�μ±Ê¸¯ (³μÐ´μ¸ÉÓ ¤μ§Ò 0,3 ƒ·/¸).
�¡²ÊÎ¥´¨¥ ±²¥Éμ± ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¶·μ¢μ¤¨²¨ ´  Ê¸±μ·¨É¥²¥ ÉÖ¦¥-
²ÒÌ ¨μ´μ¢ “-400Œ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. 	.”²¥·μ¢  �ˆŸˆ ´  Ê¸É ´μ¢±¥
®ƒ¥´μ³¯ ¸ ±μ³¶²¥±¸μ³ Ë¨§¨±μ-¤μ§¨³¥É·¨Î¥¸±μ°  ¶¶ · ÉÊ·Ò, μ¡¥¸¶¥Î¨¢ ÕÐ¥° Ëμ·³¨-
·μ¢ ´¨¥ ¶ÊÎ± , μ¶·¥¤¥²¥´¨¥ ‹�� Î ¸É¨Í ¨ ¤μ§Ò μ¡²ÊÎ¥´¨Ö ¢ ¡¨μμ¡Ñ¥±É¥,  ¢Éμ³ É¨Î¥-
¸±ÊÕ ¸³¥´Ê μ¡²ÊÎ ¥³ÒÌ μ¡· §Íμ¢ [12]. ‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¶μ²Ó§μ¢ ²¨ ¨μ´Ò ²¨É¨Ö 7Li
(Ô´¥·£¨Ö 40 ŒÔ‚/´Ê±²μ´, ‹�� ≈ 20 ±Ô‚/³±³) ¨ ¡μ·  11B (Ô´¥·£¨Ö 35 ŒÔ‚/´Ê±²μ´ ¨
‹�� ≈ 40 ±Ô‚/³±³) ¸ ³μÐ´μ¸ÉÓÕ ¤μ§Ò 1,5 ƒ·/³¨´ ¸μμÉ¢¥É¸É¢¥´´μ. �¡²ÊÎ¥´¨¥ ±²¥-
Éμ± ¶·μ¢μ¤¨²¨ ¢ ¸¶¥Í¨ ²Ó´μ ¸±μ´¸É·Ê¨·μ¢ ´´ÒÌ Î Ï± Ì £²Ê¡¨´μ° 4 ³³ ¨ ¢´ÊÉ·¥´-
´¨³ ¤¨ ³¥É·μ³ 12 ³³, ¢Ò¶μ²´¥´´ÒÌ ¨§ μ·£ ´¨Î¥¸±μ£μ ¸É¥±² . — Ï±¨ § ±·Ò¢ ²¨ ¶μ-
²¨± ·¡μ´ É´μ° ¶²¥´±μ° Éμ²Ð¨´μ° 8 ³±³. � §³¥·Ò Î Ï¥± μ¶·¥¤¥²Ö²¨¸Ó ¤¨ ³¥É·μ³ £¥-
´¥·¨·Ê¥³μ£μ Ê¸±μ·¨É¥²¥³ ¶ÊÎ±  ¨μ´μ¢, · ¢´μ£μ 15 ³³, ¨ ¶·μ¡¥£μ³ Î ¸É¨Í ¢ μ¡²ÊÎ -
¥³μ° ¸·¥¤¥. „²Ö Ê¸É· ´¥´¨Ö ¢²¨Ö´¨Ö ±· ¥¢ÒÌ ÔËË¥±Éμ¢ Î Ï±¨ ¨³¥²¨ ³¥´ÓÏ¨° ¤¨ -
³¥É·, Î¥³ · §³¥· ¶ÊÎ±  ¨μ´μ¢. — Ï±¨ ¸ ¶·μ¡ ³¨ ²¨³ËμÍ¨Éμ¢ § ±·¥¶²Ö²¨¸Ó ¢ ¤¨¸±¥-
±μ´É¥°´¥·¥, ¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ¶μ § ¤ ´´μ° ¶·μ£· ³³¥ ¶·μ¡Ò ¢¢μ¤¨²¨¸Ó ¢ §μ´Ê μ¡²Ê-
Î¥´¨Ö.

�·¨ μ¡²ÊÎ¥´¨¨ μ¡· §ÍÒ ¶μ³¥Ð ²¨ ¢ ²¥¤Ö´ÊÕ ¡ ´Õ (0− + 4 ◦C) ¤²Ö ¨´£¨¡¨·μ¢ ´¨Ö
¶·μÍ¥¸¸μ¢ ·¥¶ · Í¨¨. �¡Ñ¥³ μ¡²ÊÎ ¥³μ° ¸Ê¸¶¥´§¨¨ ´  ± ¦¤ÊÕ ¤μ§Ê ¸μ¸É ¢²Ö² 200 ³±².
ˆ§ μ¡²ÊÎ¥´´μ° ¨ ±μ´É·μ²Ó´μ° ±²¥ÉμÎ´μ° ¸Ê¸¶¥´§¨¨ μÉ¡¨· ²¨ ´¥μ¡Ìμ¤¨³Ò¥ μ¡Ñ¥³Ò ¤²Ö
¶·¨£μÉμ¢²¥´¨Ö ¸² °¤μ¢,   μ¸É ¢ÏÊÕ¸Ö ¸Ê¸¶¥´§¨Õ ¶μ³¥Ð ²¨ ¢ ‘�2-É¥·³μ¸É É ´  37 ◦‘,
¶·¥¤¢ ·¨É¥²Ó´μ ¤μ¡ ¢¨¢ ¢ RPMI 1640 Ô³¡·¨μ´ ²Ó´ÊÕ É¥²ÖÎÓÕ ¸Ò¢μ·μÉ±Ê (10 %). …¸²¨
μ¡²ÊÎ¥´¨¥ ¶·μ¢μ¤¨²¨ ¢ ”�, Éμ ¥£μ É ±¦¥ § ³¥´Ö²¨ ´  ¸³¥¸Ó RPMI 1640 ¸ Ô³¡·¨μ-
´ ²Ó´μ° É¥²ÖÎÓ¥° ¸Ò¢μ·μÉ±μ°, ¤¢ ¦¤Ò μÉ³Ò¢ ±²¥É±¨ Í¥´É·¨ËÊ£¨·μ¢ ´¨¥³. „²Ö ¨§ÊÎ¥-
´¨Ö ±¨´¥É¨±¨ ·¥¶ · Í¨¨ ¨§ ¶·μ¡¨·μ±, ¢Ò¤¥·¦¨¢ ¥³ÒÌ ¢ É¥·³μ¸É É¥ Î¥·¥§ μ¶·¥¤¥²¥´´Ò¥
¶·μ³¥¦ÊÉ±¨ ¢·¥³¥´¨ ¢ É¥Î¥´¨¥ 5 Î, ¶¥·¨μ¤¨Î¥¸±¨ μÉ¡¨· ²¨ ¶·μ¡Ò ¤²Ö ¶·¨£μÉμ¢²¥´¨Ö
¸² °¤μ¢.

„²Ö ¶μ²ÊÎ¥´¨Ö Éμ´±¨Ì £¥²Ó-¸² °¤μ¢ ¨¸¶μ²Ó§μ¢ ²¨ ¶·¥¤³¥É´Ò¥ ¸É¥±² , ´  ¶μ¢¥·Ì´μ¸ÉÓ
±μÉμ·ÒÌ ¡Ò²  ´ ´¥¸¥´  ®¶μ¤²μ¦± ¯ (200 ³±² ´μ·³ ²Ó´μ° 1 %  £ ·μ§Ò ¢ 	2�) ¤²Ö  ¤-
£¥§¨¨ ¸² °¤  ¸  £ ·μ§μ° ¨ ²ÊÎÏ¥£μ § ±·¥¶²¥´¨Ö £¥²Ó-¸² °¤  ´  ¶·¥¤³¥É´μ³ ¸É¥±²¥ [13].
	  ¶μ¤²μ¦±¥ £μÉμ¢¨²¨ ®¶μ¤ÊÏ±Ê¯. „²Ö ÔÉμ£μ ´  ¶·¥¤³¥É´μ¥ ¸É¥±²μ ´ ´μ¸¨²¨ 150 ³±²
´μ·³ ²Ó´μ° 1 %  £ ·μ§Ò ¢ ”� ¨ ´ ±·Ò¢ ²¨ ¶μ±·μ¢´Ò³ ¸É¥±²μ³, ±μÉμ·μ¥ Ê¤ ²Ö²¨ Î¥-
·¥§ 1Ä2 ³¨´, ¨ ¸² °¤ Ê¡¨· ²¨ ¢ Ìμ²μ¤¨²Ó´¨± ¤μ ³μ³¥´É  ¨¸¶μ²Ó§μ¢ ´¨Ö. ‘Ê¸¶¥´§¨Õ
±²¥Éμ± ¸³¥Ï¨¢ ²¨ ¶·¨ 37 ◦‘ ¸ 1%-³ · ¸É¢μ·μ³  £ ·μ§Ò ¢ ”�, ¨³¥ÕÐ¥° ´¨§±ÊÕ É¥³-
¶¥· ÉÊ·Ê § É¢¥·¤¥¢ ´¨Ö (low melting temperature agarose), ¢ ¸μμÉ´μÏ¥´¨¨ 1:2. 	 ´μ¸¨²¨
´  ®¶μ¤ÊÏ±Ê¯ 50 ³±² ¶·¨£μÉμ¢²¥´´μ° ¸³¥¸¨ ¨, ´ ±·Ò¢ ¶μ±·μ¢´Ò³ ¸É¥±²μ³, ¶μ³¥Ð ²¨
¸² °¤ ´  ²¥¤. —¥·¥§ 2Ä5 ³¨´ ¶μ±·μ¢´μ¥ ¸É¥±²μ μ¸Éμ·μ¦´μ Ê¤ ²Ö²¨. �μ²ÊÎ¥´´Ò¥ ¸² °¤Ò
μ¶Ê¸± ²¨ ¢ ¥³±μ¸ÉÓ ¸ ²¨§¨·ÊÕÐ¨³ · ¸É¢μ·μ³ (2,5 Œ NaCl; 0,1 M EDTA Na2 Å pH 10;
0,02 M Tris Å pH 10; 1 % X-100, 10% DMSO), Ê¸É ´μ¢²¥´´ÊÕ ¢ Ìμ²μ¤¨²Ó´¨±. ‹¨§¨¸
¶·μ¢μ¤¨²¨ ¢ É¥³´μÉ¥.
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�²¥±É·μËμ·¥§ ´¥°É· ²Ó´μ ²¨§¨·μ¢ ´´ÒÌ ±²¥Éμ± ¶·μ¢μ¤¨²¨ ¢ ´¨§±μ¸μ²¥¢μ³ ’�…-
¡ÊË¥·¥ (·	 8,3): 10 ³Œ Tris-	Cl, 25 ³Œ EDTA Na2. „²Ö ¢Ò· ¢´¨¢ ´¨Ö ¸μ²¥¢μ° ¸·¥¤Ò
¢ £¥²¥ ¸² °¤ 2Ä3 · §  μ¶μ² ¸±¨¢ ²¨ ¢ 	2� ¨ ¶μ³¥Ð ²¨ ¢ ± ³¥·Ê ¤²Ö Ô²¥±É·μËμ·¥§ ,
§ ¶μ²´¥´´ÊÕ ’�…-¡ÊË¥·μ³ ¨ Ê¸É ´μ¢²¥´´ÊÕ ¢ Ìμ²μ¤¨²Ó´¨±¥. ‚ É ±¨Ì Ê¸²μ¢¨ÖÌ ¸² °¤Ò
¢Ò¤¥·¦¨¢ ²¨ 40 ³¨´ ¤²Ö ¤¥´ ÉÊ· Í¨¨ „	Š. ‚ ¦´μ μÉ³¥É¨ÉÓ, ÎÉμ ¢μ¸¶·μ¨§¢μ¤¨³μ¸ÉÓ
·¥§Ê²ÓÉ Éμ¢ ¢ ¡μ²ÓÏμ° ³¥·¥ § ¢¨¸¥²  μÉ μ¤´μ·μ¤´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ ¶μ²Ö ¨ ± Î¥¸É¢ 
Ô²¥±É·μËμ·¥É¨Î¥¸±μ£μ ¡ÊË¥· . �μÔÉμ³Ê ¸É¥±²  ¸μ ¸² °¤ ³¨ Ê¸É ´ ¢²¨¢ ²¨ ¶²μÉ´μ ¤·Ê£
± ¤·Ê£Ê, ¶μ²´μ¸ÉÓÕ § ¶μ²´ÖÖ Ô²¥±É·μËμ·¥É¨Î¥¸±ÊÕ ¢ ´´Ê ¢ ¶μ¶¥·¥Î´¨±¥, ¨ ± ¦¤Ò° · §
£μÉμ¢¨²¨ ¸¢¥¦¨° ¡ÊË¥·. �²¥±É·μËμ·¥§ ¢ ´¥°É· ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ¶·μ¢μ¤¨²¨ ¶·¨ ´ ¶·Ö-
¦¥´¨¨ 15 ‚ ¢ É¥Î¥´¨¥ 40 ³¨´. �μ¸²¥ Ô²¥±É·μËμ·¥§  μ¸Éμ·μ¦´μ ¢Ò´¨³ ²¨ ¸² °¤Ò ¨§
’�…-¡ÊË¥· , Ê±² ¤Ò¢ ²¨ ¨Ì £μ·¨§μ´É ²Ó´μ, · ¸± ¶Ò¢ ²¨ ´  ´¨Ì Ð¥²μÎÓ ¶μ 400 ³±²
(0,3 Œ NaOH, 10 ³Œ EDTA Na2) ¨ ¢Ò¤¥·¦¨¢ ²¨ 15 ³¨´ ¢ Ìμ²μ¤¨²Ó´¨±¥ (¢ É¥³´μÉ¥).
�É  ¶·μÍ¥¤Ê·  ´¥μ¡Ìμ¤¨³  ¤²Ö μ¸ÊÐ¥¸É¢²¥´¨Ö ¤¥£· ¤ Í¨¨ �	Š, ¸¨²Ó´μ § É·Ê¤´ÖÕÐ¥°
¤¥É¥±Í¨Õ ±μ³¥É. 	¥°É· ²¨§ Í¨Õ ¶·μ¢μ¤¨²¨ 0,4 Œ · ¸É¢μ·μ³ Tris-HCl (·	 7,4), · ¸-
± ¶Ò¢ Ö ¥£μ ¶μ 0,45Ä1,0 ³² ´  ± ¦¤Ò° ¸² °¤. „ ´´ÊÕ ¶·μÍ¥¤Ê·Ê ¶μ¢Éμ·Ö²¨ É·¨¦¤Ò.
�·μ¸ÊÏ¥´´Ò¥ ´  ¢μ§¤ÊÌ¥ ¸² °¤Ò μ¡· ¡ ÉÒ¢ ²¨ ³¥É ´μ²μ³ (15 ³¨´) ¤²Ö μ±μ´Î É¥²Ó´μ°
¤¥£¨¤· É Í¨¨ ¨ Ë¨±¸ Í¨¨ „	Š.

�μ²ÊÎ¥´´Ò¥ ¸² °¤Ò ¶·μ±· Ï¨¢ ²¨ °μ¤¨¸ÉÒ³ ¶·μ¶¨¤¨¥³ (PI). „²Ö ·¥£¨¸É· Í¨¨ ¨§μ-
¡· ¦¥´¨° ±μ³¥É ¨¸¶μ²Ó§μ¢ ²¨ Ë²Êμ·¥¸Í¥´É´Ò° ³¨±·μ¸±μ¶ ®Axiolab¯ Ë¨·³Ò Carl Zeiss
¸ Í¨Ë·μ¢μ° Color chilled CCD ± ³¥·μ° Ë¨·³Ò Hamamatsu. ‘ ± ¦¤μ£μ ¸² °¤  ·¥£¨¸É·¨-
·μ¢ ²¨ 100Ä200 ±μ³¥É.

‘± ´¨·μ¢ ´¨¥ ± ¦¤μ° ±μ³¥ÉÒ ¤ ¢ ²μ ¶·μË¨²Ó ¨´É¥´¸¨¢´μ¸É¨ ¥¥ Ë²Êμ·¥¸Í¥´Í¨¨, ´ 
±μÉμ·μ³ ²¥£±μ ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö £μ²μ¢  ¨ Ì¢μ¸É ±μ³¥ÉÒ. �¡· ¡μÉ±Ê ¨§μ¡· ¦¥´¨Ö ±μ-
³¥ÉÒ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò CASP [14]. Š ¦¤ÊÕ ±μ³¥ÉÊ Ì · ±É¥·¨§μ¢ ²¨
μ¡Ð¥¶·¨´ÖÉÒ³ ¶ · ³¥É·μ³ Å ³μ³¥´Éμ³ Ì¢μ¸É  ±μ³¥ÉÒ mt, Ö¢²ÖÕÐ¨³¸Ö ¶·μ¨§¢¥¤¥´¨¥³
¤μ²¨ „	Š ¢ Ì¢μ¸É¥ (Ft) ¨ ¥£μ ³¥¤¨ ´Ò (Xm) [13]. � · ³¥É·Ò ¢ÒÎ¨¸²Ö²¨ ¶μ Ëμ·³Ê² ³

mt = Xm · Ft, Xm =

[∑
t

(Ii · Xi)
]

∑
t

Ii
, F t =

(∑
t

Ii

)
(∑

c
Ii

) . (1)

‡¤¥¸Ó Ii Å ¨´É¥´¸¨¢´μ¸ÉÓ Ë²Êμ·¥¸Í¥´Í¨¨ ¢ ÉμÎ±¥ i; Xi Å · ¸¸ÉμÖ´¨¥ μÉ ³¥¤¨ ´Ò £μ²μ¢Ò
±μ³¥ÉÒ ¤μ ÉμÎ±¨ i. ˆ´¤¥±¸Ò ¶μ¤ §´ ±μ³ ¸Ê³³Ò μ¡μ§´ Î ÕÉ μ¡² ¸ÉÓ ¸Ê³³¨·μ¢ ´¨Ö:
t Å ¸Ê³³¨·μ¢ ´¨¥ ¶·μ¢μ¤¨É¸Ö Éμ²Ó±μ ¢ ¶·¥¤¥² Ì Ì¢μ¸É  ±μ³¥ÉÒ, c Å ¸Ê³³¨·μ¢ ´¨¥ ¢
¶·¥¤¥² Ì ¢¸¥° ±μ³¥ÉÒ.

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶¥·¥¢μ¤¨²¨ ¢ Excell-É ¡²¨ÍÊ, ´  μ¸´μ¢ ´¨¨ ±μÉμ·μ° · ¸¸Î¨ÉÒ-
¢ ²¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ (x̄) ¨ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ (STDEV).

STDEV =

√
(x̄ − xi)2

n − 1
, (2)

£¤¥ n Å Î¨¸²μ ¨§³¥·¥´¨°.
�μ¸É·μ¥´¨¥ £· Ë¨±μ¢ ¨  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Orig-

inPro. � ¸Î¥ÉÒ ±μÔËË¨Í¨¥´Éμ¢ ´ ±²μ´  § ¢¨¸¨³μ¸É¥° ®¤μ§ ÄÔËË¥±É¯ (k) ¢Ò¶μ²´Ö²¨ ¸
¶μ³μÐÓÕ ¶·μ£· ³³Ò Mathematics.
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�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

	  ·¨¸. 1 ¶·¥¤¸É ¢²¥´Ò § ¢¨¸¨³μ¸É¨ ³μ³¥´É  Ì¢μ¸É  ±μ³¥ÉÒ μÉ ¤μ§Ò γ-±¢ ´Éμ¢ ¨
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ²¨É¨Ö ¨ ¡μ· . ‹¨´¥°´Ò° É¨¶ § ¢¨¸¨³μ¸É¨ ¢ÒÖ¢²¥´ ¤²Ö ¢¸¥Ì ¨¸¶μ²Ó§μ-
¢ ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°, ÎÉμ Ì · ±É¥·´μ ¶·¨ μ¶·¥¤¥²¥´¨¨ ¢ÒÌμ¤  ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢
„	Š ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö · §²¨Î´Ò³¨ ³¥Éμ¤ ³¨ Ê ±²¥Éμ± ¶·μ- ¨ ÔÊ± ·¨μÉ.
‚¥²¨Î¨´  μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ²¨É¨Ö ¨ ¡μ· ,
μ¶·¥¤¥²Ö¥³ Ö ± ± ��� = Dγ/D¨μ´Ò, £¤¥ Dγ/D¨μ´Ò ¥¸ÉÓ μÉ´μÏ¥´¨¥ ¤μ§, ¨´¤ÊÍ¨·ÊÕÐ¨Ì
· ¢´Ò¥ ÔËË¥±ÉÒ ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ¸μ¸É ¢²Ö¥É
1,5 ± 0,1 ¨ 1,6 ± 0,1 ¸μμÉ¢¥É¸É¢¥´´μ.

�¨¸. 1. ‡ ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·  mt μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¨ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ ²¨É¨Ö ¨

¡μ· 

	  ·¨¸. 2 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¶ · ³¥É·  mt μÉ ¤μ§Ò γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´´ÒÌ
¨μ´μ¢ ¡μ·  ¢ · §²¨Î´Ò¥ ¸·μ±¨ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¢ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ¨´±Ê¡¨·μ-
¢ ´¨Ö ¨ ¢ ¶·¨¸ÊÉ¸É¢¨¨ �· -– ¨ ƒŒ. Š ± ³μ¦´μ ¢¨¤¥ÉÓ, ²¨´¥°´Ò° Ì · ±É¥· ±·¨-
¢ÒÌ ®¤μ§ ÄÔËË¥±É¯ ¸μÌ· ´Ö¥É¸Ö ¤²Ö ¢¸¥Ì Ê¸²μ¢¨° μ¡²ÊÎ¥´¨Ö. �·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢
´  ±²¥É±¨ ¢ μÉ¸ÊÉ¸É¢¨¥ ¨´£¨¡¨Éμ·μ¢ ¸ É¥Î¥´¨¥³ ¢·¥³¥´¨ ¨´±Ê¡ Í¨¨ ´ ¡²Õ¤ ¥É¸Ö ÔË-
Ë¥±É¨¢´ Ö ·¥¶ · Í¨Ö „� „	Š. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  k, Ì · ±É¥·¨§ÊÕÐ¥£μ ¢¥²¨-
Î¨´Ê ´ ±²μ´  § ¢¨¸¨³μ¸É¨ ®¤μ§ ÄÔËË¥±É¯, Ê³¥´ÓÏ ÕÉ¸Ö ¡μ²¥¥ Î¥³ ¢ Î¥ÉÒ·¥ · §  ¶μ¸²¥
5-Î ¸μ¢μ° ¨´±Ê¡ Í¨¨ ±²¥Éμ±, ¸´¨¦ Ö¸Ó ¸ ¢¥²¨Î¨´Ò, · ¢´μ° 1,14 ± 0,22, ¤μ 0,26 ± 0,11
(É ¡². 1). ‚ Éμ ¦¥ ¢·¥³Ö ¢ Ê¸²μ¢¨ÖÌ ¨´±Ê¡¨·μ¢ ´¨Ö ±²¥Éμ± ¢ ¸·¥¤¥ ¸ ¨´£¨¡¨Éμ· ³¨
´ ¡²Õ¤ ¥É¸Ö ¨´ Ö ± ·É¨´ . ‡´ Î¥´¨Ö k ´¥ Éμ²Ó±μ ´¥ Ê³¥´ÓÏ ÕÉ¸Ö ¢ ¶·μÍ¥¸¸¥ ¨´±Ê¡¨-
·μ¢ ´¨Ö,   ¤ ¦¥ ´¥¸±μ²Ó±μ ¢μ§· ¸É ÕÉ ¸ ¢¥²¨Î¨´Ò 1,37 ± 0,30, μ¶·¥¤¥²Ö¥³μ° ´¥¶μ¸·¥¤-
¸É¢¥´´μ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö, ¤μ §´ Î¥´¨°, · ¢´ÒÌ 1,63 ± 0,28 ¶μ¸²¥ 5-Î ¸μ¢μ° ¨´±Ê¡ Í¨¨.
�Éμ μÉÎ¥É²¨¢μ ¢¨¤´μ ¶·¨  ´ ²¨§¥ ¢¥²¨Î¨´Ò Ë ±Éμ·  ¨§³¥´¥´¨Ö ¤μ§Ò (”ˆ„), μ¶·¥¤¥-
²Ö¥³μ° ± ± ”ˆ„ = k³μ¤/k´μ·³, £¤¥ k³μ¤ ¨ k´μ·³ Å ¶ · ³¥É·Ò ´ ±²μ´  § ¢¨¸¨³μ¸É¥°
®¤μ§ ÄÔËË¥±É¯ ¶·¨ ¤¥°¸É¢¨¨ · ¤¨μ³μ¤¨Ë¨± Éμ·μ¢ ¨ ¢ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ ¨´±Ê¡ -
Í¨¨ ¸μμÉ¢¥É¸É¢¥´´μ. ‡´ Î¥´¨Ö ”ˆ„ ¨§³¥´ÖÕÉ¸Ö μÉ 1,20 ± 0,35, μ¶·¥¤¥²Ö¥³ÒÌ ´¥¶μ-
¸·¥¤¸É¢¥´´μ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö, ¤μ ¢¥²¨Î¨´Ò 6,30 ± 2,00 ¶μ¸²¥ 5-Î ¸μ¢μ° ¨´±Ê¡ Í¨¨ ±²¥-
Éμ±.

�·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¡μ·  ¢ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ, É ± ¦¥
± ± ¨ ¶·¨ γ-μ¡²ÊÎ¥´¨¨, ¶·μ¨¸Ìμ¤¨É ÔËË¥±É¨¢´ Ö ·¥¶ · Í¨Ö ¨´¤ÊÍ¨·Ê¥³ÒÌ ¶μ¢·¥¦¤¥-
´¨° „	Š. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  k Ê³¥´ÓÏ ÕÉ¸Ö ¢ Î¥ÉÒ·¥ · § : μÉ ¢¥²¨Î¨´Ò, · ¢´μ°
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·  mt ¢ · §²¨Î´μ¥ ¢·¥³Ö ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¨ Ê¸±μ·¥´´Ò³¨

¨μ´ ³¨ ¡μ·  ¢ μ¡ÒÎ´ÒÌ Ê¸²μ¢¨ÖÌ (1) ¨ ¢ ¶·¨¸ÊÉ¸É¢¨¨ �· -– ¨ ƒŒ (2)

1,74 ± 0,16 ¶·¨ μ¶·¥¤¥²¥´¨¨ § ¢¨¸¨³μ¸É¨ ®¤μ§ ÄÔËË¥±É¯ ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ μ¡²Ê-
Î¥´¨Ö, ¤μ 0,42 ± 0,12 ¸¶Ê¸ÉÖ 5 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö (É ¡². 2). ‚³¥¸É¥ ¸ É¥³ ¢ μÉ²¨Î¨¥
μÉ ¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ ¶·¨ ¨´±Ê¡ Í¨¨ ±²¥Éμ± ¢ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö · ¤¨μ³μ¤¨Ë¨± Éμ·μ¢
´ ¡²Õ¤ ¥É¸Ö Ê³¥´ÓÏ¥´¨¥ Ê£²  ´ ±²μ´  § ¢¨¸¨³μ¸É¥° μÉ §´ Î¥´¨°, · ¢´ÒÌ 2,32± 0,14, ¤μ
¢¥²¨Î¨´Ò 0,81±0,18. �·¨ ÔÉμ³ §´ Î¥´¨Ö ”ˆ„ ¨§³¥´ÖÕÉ¸Ö ´¥§´ Î¨É¥²Ó´μ, ¢ ¶·¥¤¥² Ì μÉ
1,33± 0,15, ¢ÒÖ¢²Ö¥³ÒÌ ´¥¶μ¸·¥¤¸É¢¥´´μ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±²¥Éμ±, ¤μ 1,93± 0,39 ¸¶Ê¸ÉÖ
5 Î ¶μ¸²¥ ¨´±Ê¡ Í¨¨.

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ ¤ ´´Ò¥ μ ¢²¨Ö´¨¨ ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š Å
 · ¡¨´μ§¨¤Í¨Éμ§¨´  ¨ £¨¤·μ±¸¨³μÎ¥¢¨´Ò Å ´  ¨´¤Ê±Í¨Õ ¨ ·¥¶ · Í¨Õ ¶μ¢·¥¦¤¥´¨°
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’ ¡²¨Í  1. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  ´ ±²μ´  ¶·Ö³μ° ¨ ”ˆ„ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨

‚·¥³Ö ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö, Î

ŠμÔËË¨Í¨¥´É ´ ±²μ´  ¶·Ö³μ°, k
”ˆ„

	μ·³ ²Ó´Ò¥ Ê¸²μ¢¨Ö A·a-–+ ƒŒ

0 1,14 ± 0,22 1,37 ± 0,30 1,20 ± 0,35
2 0,29 ± 0,08 1,47 ± 0,21 5,07 ± 1,62
5 0,26 ± 0,11 1,63 ± 0,28 6,30 ± 2,00

’ ¡²¨Í  2. ‡´ Î¥´¨Ö ±μÔËË¨Í¨¥´É  ´ ±²μ´  ¶·Ö³μ° ¨ ”ˆ„ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¨μ´ ³¨ ¡μ· 

‚·¥³Ö ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö, Î

ŠμÔËË¨Í¨¥´É ´ ±²μ´  ¶·Ö³μ°, k
”ˆ„

	μ·³ ²Ó´Ò¥ Ê¸²μ¢¨Ö A·a-–+ ƒŒ

0 1,74 ± 0,16 2,32 ± 0,14 1,33 ± 0,15
2 0,75 ± 0,08 1,36 ± 0,22 1,81 ± 0,36
5 0,42 ± 0,12 0,81 ± 0,18 1,93 ± 0,39

„	Š ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ · §²¨Î´μ³ Ì · ±É¥·¥ ¨Ì ³μ¤¨Ë¨Í¨·ÊÕÐ¥£μ ¢²¨Ö´¨Ö ¶·¨ ¤¥°-
¸É¢¨¨ ´  ±²¥É±¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° · §´μ£μ ± Î¥¸É¢ . ‚ ´μ·³ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ
¶·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢ ´ ¡²Õ¤ ¥É¸Ö ¡μ²¥¥ ÔËË¥±É¨¢´ Ö ¨´¤Ê±Í¨Ö „� „	Š. ‚¥-
²¨Î¨´  μÉ´μ¸¨É¥²Ó´μ° ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨ (���) ¶μ ÔÉμ³Ê ±·¨É¥·¨Õ ¤²Ö
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¡μ·  ¸μ¸É ¢²Ö¥É 1,6 ± 0,1. �μ²ÊÎ¥´´Ò¥ ´ ³¨ ·¥§Ê²ÓÉ ÉÒ ¸μ£² ¸Ê-
ÕÉ¸Ö ¸ ¤ ´´Ò³¨ ¤·Ê£¨Ì  ¢Éμ·μ¢, ¨¸¶μ²Ó§μ¢ ¢Ï¨Ì ¤·Ê£¨¥ ³¥Éμ¤Ò μ¶·¥¤¥²¥´¨Ö ¢ÒÌμ¤  „�
„	Š [15, 16]. �´¨ Ê± §Ò¢ ÕÉ ´  Ê¢¥²¨Î¥´¨¥ ¢ÒÌμ¤  ¶·Ö³ÒÌ „� „	Š ¸ ·μ¸Éμ³ ‹��
¨§²ÊÎ¥´¨°. „ ´´Ò¥ ´ Ï¨Ì ¨¸¸²¥¤μ¢ ´¨° ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ ¨ μ¡ ÔËË¥±É¨¢´μ° ·¥¶ · Í¨¨
„� „	Š ¶·¨ ¤¥°¸É¢¨¨ ¨¸¶μ²Ó§μ¢ ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°. Š ± ¨§¢¥¸É´μ, Ê · §²¨Î´ÒÌ É¨-
¶μ¢ ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ·¥¶ · Í¨Ö „� ÔËË¥±É¨¢´μ ¶·μÌμ¤¨É ± ± ¢ ·μ¸Éμ¢ÒÌ, É ± ¨
¢ ´¥ ·μ¸Éμ¢ÒÌ Ê¸²μ¢¨ÖÌ ¶μ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ±¨´¥É¨±¥ [16Ä20]. 	¥¸³μÉ·Ö ´  ´¥¸±μ²Ó±μ
¶·μÉ¨¢μ·¥Î¨¢Ò° Ì · ±É¥· ¤ ´´ÒÌ μ ¸±μ·μ¸É¨ ·¥¶ · Í¨¨ „� „	Š ±²¥É± ³¨ ÔÊ± ·¨μÉ
¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ ¢Ò¸μ±μ° ‹��, ³μ¦´μ ¶·¨°É¨ ± § ±²ÕÎ¥´¨Õ
μ Éμ³, ÎÉμ ¶·¨ μ¡²ÊÎ¥´¨¨ Ê¸±μ·¥´´Ò³¨ ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ ·¥¶ · Í¨Ö „� „	Š ¢ ±²¥É-
± Ì ¶·μÉ¥± ¥É É ± ¦¥ ÔËË¥±É¨¢´μ, ± ± ¨ ¶·¨ ¤¥°¸É¢¨¨ ·¥¤±μ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥-
´¨° [21, 22], ¨²¨ ¸²¥£±  § ³¥¤²¥´  [16, 19]. �·¨ ÔÉμ³ μÉ³¥Î ¥É¸Ö, ÎÉμ Ë· ±Í¨Ö ´¥¢μ¸-
¸É ´μ¢²¥´´ÒÌ „� „	Š ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö ¶²μÉ´μ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ÊÐ¥¸É¢¥´´μ
¢ÒÏ¥ [23, 24].

‚ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö ¨´£¨¡¨Éμ·μ¢ ´ ¡²Õ¤ ÕÉ¸Ö §´ Î¨É¥²Ó´Ò¥ · §²¨Î¨Ö ¢ Ì · ±É¥·¥
¶μ²ÊÎ¥´´ÒÌ ´ ³¨ ±·¨¢ÒÌ ®¤μ§ ÄÔËË¥±É¯ ¶·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´-
´ÒÌ ¨μ´μ¢ ¡μ· . Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ³ É¥·¨ ²μ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 2 ¨ ¢ É ¡². 1,
¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š ´ ¡²Õ¤ ¥É¸Ö ´¥ Éμ²Ó±μ μÉ-
¸ÊÉ¸É¢¨¥ ·¥¶ · Í¨¨ „� „	Š, ´μ μÉ³¥Î ¥É¸Ö ´¥±μÉμ·μ¥ Ê¢¥²¨Î¥´¨¥ ±μ²¨Î¥¸É¢  „� ¸μ
¢·¥³¥´¥³ ¨´±Ê¡ Í¨¨ ±²¥Éμ±. ’ ±μ¥ ¶μ²μ¦¥´¨¥ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´μ, ¸ μ¤´μ° ¸Éμ-
·μ´Ò, ¢μ§³μ¦´Ò³ ¨´£¨¡¨·μ¢ ´¨¥³ ¶·μÍ¥¸¸μ¢ ·¥¶ · Í¨¨ „� „	Š, μ¸ÊÐ¥¸É¢²Ö¥³μ°, ± ±
¨§¢¥¸É´μ, ¤¢Ê³Ö ³¥Ì ´¨§³ ³¨: £μ³μ²μ£¨Î´μ° ·¥±μ³¡¨´ Í¨¥° (ƒ�) ¨ ´¥£μ³μ²μ£¨Î´Ò³ ¸μ-
¥¤¨´¥´¨¥³ (	ƒ‘) ±μ´Íμ¢. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ÔÉμ ³μ¦¥É ¡ÒÉÓ ¸¢Ö§ ´μ ¸ Ëμ·³¨·μ¢ ´¨¥³
Ô´§¨³ É¨Î¥¸±¨Ì „� „	Š ¨§ μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢ (��) „	Š, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¶·μ-
Í¥¸¸¥ ¨´Í¨§¨¨ ³μ¤¨Ë¨Í¨·μ¢ ´´ÒÌ ´Ê±²¥μÉ¨¤μ¢ ¢ Ìμ¤¥ Ô±¸Í¨§¨μ´´μ° ·¥¶ · Í¨¨. �μ± -
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§ ´μ [25], ÎÉμ Ê¤ ²¥´¨¥ ¶μ¢·¥¦¤¥´´ÒÌ ´Ê±²¥μÉ¨¤μ¢ ¢ ¶·μÍ¥¸¸¥ Ô±¸Í¨§¨μ´´μ° ·¥¶ · -
Í¨¨ Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ¶·μ¨¸Ìμ¤¨É ¢ É¥Î¥´¨¥ 3Ä4 Î ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö. ‚ ÔÉμ³
¸²ÊÎ ¥ Ëμ·³¨·ÊÕÐ¨¥¸Ö �� ¢ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š ³μ£ÊÉ ¡ÒÉÓ
¸ °É ³¨ ¤²Ö Ëμ·³¨·μ¢ ´¨Ö Ô´§¨³ É¨Î¥¸±¨Ì „� ¢ ·¥§Ê²ÓÉ É¥  É ±¨ S1-Ô´¤μ´Ê±²¥ § ³¨
μ¶¶μ§¨É´ÒÌ ¨´Í¨§¨μ´´Ò³ �� ´¨É¥° „	Š. �·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ¨μ-
´μ¢ ¡μ·  ¢ Ê¸²μ¢¨ÖÌ ¢²¨Ö´¨Ö �· -– ¨ ƒŒ ´ ¡²Õ¤ ¥É¸Ö ·¥¶ · Í¨Ö „� „	Š ¢ μÉ²¨Î¨¥
μÉ γ-±¢ ´Éμ¢ (·¨¸. 2). ‡´ Î¥´¨Ö ¶ · ³¥É·  k ¢ ÔÉ¨Ì Ê¸²μ¢¨ÖÌ ¸´¨¦ ÕÉ¸Ö μÉ ¢¥²¨Î¨´Ò,
· ¢´μ° 2,32 ± 0,14, ¤μ 0,81 ± 0,18. Œ¥´ÓÏ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ”ˆ„ ¶·¨ μ¡²ÊÎ¥-
´¨¨ ±²¥Éμ± ÉÖ¦¥²Ò³¨ ¨μ´ ³¨ (É ¡². 2), ¶μ-¢¨¤¨³μ³Ê, ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ Ê³¥´ÓÏ¥´¨¥³
±μ²¨Î¥¸É¢  ¨´¤ÊÍ¨·Ê¥³ÒÌ �� „	Š ¨ ¶μ¢·¥¦¤¥´´ÒÌ μ¸´μ¢ ´¨° ¸ ·μ¸Éμ³ ‹�� ¨§²ÊÎ¥-
´¨° [11, 26]. � ¨³¥´´μ ÔÉμÉ É¨¶ ¶μ¢·¥¦¤¥´¨° „	Š Ö¢²Ö¥É¸Ö ³μ²¥±Ê²Ö·´Ò³ ¸Ê¡¸É· Éμ³
¤²Ö ·¥ ²¨§ Í¨¨ ¸¥´¸¨¡¨²¨§¨·ÊÕÐ¥£μ ¢²¨Ö´¨Ö ¨¸¶μ²Ó§μ¢ ´´ÒÌ ´ ³¨ ¨´£¨¡¨Éμ·μ¢ ¸¨´-
É¥§  „	Š.

’ ±¨³ μ¡· §μ³, ´  μ¸´μ¢ ´¨¨ ¶μ²ÊÎ¥´´ÒÌ ´ ³¨ ·¥§Ê²ÓÉ Éμ¢ ³μ¦´μ ¶·¨°É¨ ± § ±²ÕÎ¥-
´¨Õ μ Éμ³, ÎÉμ ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´  ±²¥É±¨ ³²¥±μ¶¨É ÕÐ¨Ì ¢ Ê¸²μ-
¢¨ÖÌ ¤¥°¸É¢¨Ö ¨´£¨¡¨Éμ·μ¢ ¸¨´É¥§  „	Š �· -– ¨ ƒŒ ¶·μ¨¸Ìμ¤¨É ·¥¶ · Í¨Ö ¤¢Ê´¨É¥¢ÒÌ
· §·Ò¢μ¢ „	Š. �¥¶ · Í¨Ö „�, ¶μ-¢¨¤¨³μ³Ê, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ± ± ¶·¨ γ-μ¡²ÊÎ¥´¨¨, É ±
¨, ± ± ÔÉμ ¡Ò²μ ´ ³¨ ¶μ± § ´μ, ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¡μ· . �μ²ÓÏμ° ¢±² ¤
Ô´§¨³ É¨Î¥¸±¨Ì „� „	Š, Ëμ·³¨·ÊÕÐ¨Ì¸Ö ¨§ ¡²μ±¨·μ¢ ´´ÒÌ ¨´£¨¡¨Éμ· ³¨ ±μ´Í¥¢ÒÌ
£·Ê¶¶ ¶·Ö³ÒÌ �� ¨ �� Ô´§¨³ É¨Î¥¸±μ° ¶·¨·μ¤Ò, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¶·μÍ¥¸¸¥ Ô±¸Í¨§¨μ´-
´μ° ·¥¶ · Í¨¨, ¶μ-¢¨¤¨³μ³Ê, ¶¥·¥±·Ò¢ ¥É ± ·É¨´Ê ·¥¶ · Í¨¨ „� „	Š ¶·¨ γ-μ¡²ÊÎ¥´¨¨,
±μÉμ· Ö ¢¨¤´  ¶·¨ ¤¥°¸É¢¨¨ ´  ±²¥É±¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ¡μ· . ‚ ¤ ²Ó´¥°Ï¨Ì ¨¸¸²¥-
¤μ¢ ´¨ÖÌ ¶·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ ¨¸¶μ²Ó§μ¢ ÉÓ ÉÖ¦¥²Ò¥ § ·Ö¦¥´´Ò¥ Î ¸É¨ÍÒ ¸ ¥Ð¥ ¡μ²¥¥
¢Ò¸μ±¨³¨ §´ Î¥´¨Ö³¨ ‹�� � 200 ±Ô‚/³±³, ¶·¨ ±μÉμ·ÒÌ ¨´¤ÊÍ¨·ÊÕÉ¸Ö, £² ¢´Ò³ μ¡· -
§μ³, ®¶·Ö³Ò¥¯ „� „	Š,   ¢±² ¤ „� Ô´§¨³ É¨Î¥¸±μ° ¶·¨·μ¤Ò ³¨´¨³ ²¥´.
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