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‡ ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨ ¨ ·¥¶ · Í¨¨ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š
¢ ²¨³ËμÍ¨É Ì Î¥²μ¢¥±  ¶·¨ ¤¥°¸É¢¨¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ¨μ´μ¢
Ê£²¥·μ¤ 

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤  „�Š-±μ³¥É ¨¸¸²¥¤μ¢ ´Ò § ±μ´μ³¥·´μ¸É¨ ¨´¤Ê±Í¨¨
¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ („�) „�Š ¢ ±²¥É± Ì ²¨³ËμÍ¨Éμ¢ Î¥²μ¢¥±  ¶·¨ μ¡²ÊÎ¥-
´¨¨ · §²¨Î´Ò³¨ ¤μ§ ³¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤  ¸ Ô´¥·£¨¥° 480 ŒÔ‚/´Ê±²μ´
(‹�� = 10,6 ±Ô‚/³±³) ¨ γ-±¢ ´Éμ¢ 60‘μ. “¸É ´μ¢²¥´μ, ÎÉμ § ¢¨¸¨³μ¸ÉÓ ¢Ò-
Ìμ¤  „� ± ± ¶·¨ ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢, É ± ¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤ 
²¨´¥°´μ ¢μ§· ¸É ¥É ¸ ¤μ§μ° μ¡²ÊÎ¥´¨Ö. �¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨μ´μ¢
Ê£²¥·μ¤  ¶μ ¤ ´´μ³Ê ±·¨É¥·¨Õ μ¡²ÊÎ¥´¨Ö ¸· ¢´¨³  ¸ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢. ˆ¸-
¸²¥¤μ¢ ´  ±¨´¥É¨±  ·¥¶ · Í¨¨ „� „�Š ¢ ²¨³ËμÍ¨É Ì Î¥²μ¢¥±  ¶·¨ ¤¥°¸É¢¨¨
Ê± § ´´ÒÌ ¢¨¤μ¢ ¨§²ÊÎ¥´¨°. ‚ÒÖ¢²¥´μ, ÎÉμ ·¥¶ · Í¨Ö ÔËË¥±É¨¢´μ ¶·μÉ¥± ¥É ¢
±²¥É± Ì, μ¡²ÊÎ¥´´ÒÌ ± ± γ-±¢ ´É ³¨, É ± ¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î´Ò³¨ ¨μ´ ³¨ Ê£²¥-
·μ¤ .

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

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2005

BoreykoA.V., Tronov V.A. P19-2005-166
The Regularities of the Induction and Reparation of DNA Double
Strand Breaks in Human Lymphocytes after Irradiation by Carbon
Ions with High Energy

The regularities of the induction of DNA double strand breaks (DSB) in hu-
man lymphocytes after irradiation by different doses of accelerated carbon ions
(480 MeV/nucleon, LET = 10.6 keV/μm) and γ-rays 60‘μ by using of comet assay
were investigated. It was shown that dependence of DSB formation increases linearly
with growing of the dose of carbon ions and γ-rays. The biological effectiveness of
carbon ions with high energy was similar to γ-rays. The kinetics of DSB reparation
in human lymphocytes after irradiation by both carbon ions and γ-rays was stud-
ied. It is revealed that the reparation proceeds effectively with heavy ion and γ-ray
irradiation.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2005



„¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò („�) „�Š μÉ´μ¸ÖÉ¸Ö ± ´ ¨¡μ²¥¥ ÉÖ¦¥²Ò³ ¶μ¢·¥¦¤¥-
´¨Ö³ £¥´μ³ . �´¨ Ö¢²ÖÕÉ¸Ö ³μ²¥±Ê²Ö·´Ò³ ¸Ê¡¸É· Éμ³ Ëμ·³¨·μ¢ ´¨Ö · §-
²¨Î´μ£μ ¢¨¤  ¸É·Ê±ÉÊ·´ÒÌ ³ÊÉ Í¨° £¥´μ¢,  ¡¥·· Í¨° Ì·μ³μ¸μ³, ÊÎ ¸É¢ÊÕÉ ¢
¨´¨Í¨ Í¨¨ ±²¥ÉμÎ´μ° É· ´¸Ëμ·³ Í¨¨. „� μ¡· §ÊÕÉ¸Ö ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨-
·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°, · §²¨Î´ÒÌ Ì¨³¨Î¥¸±¨Ì ³ÊÉ £¥´μ¢ ¨ ± ´Í¥·μ£¥´μ¢. Š·μ³¥
Éμ£μ, μ´¨ ³μ£ÊÉ ¢μ§´¨± ÉÓ ¢ Ìμ¤¥ ·¥¶²¨± Í¨¨ „�Š, ±μ£¤  ·¥¶²¨± É¨¢´Ò°
±μ³¶²¥±¸ ¢¸É·¥Î ¥É μ¤´μ´¨É¥¢μ° · §·Ò¢,   É ±¦¥ μ¡· §ÊÕÉ¸Ö ± ± ¨´É¥·³¥-
¤¨ É ¢ ¶·μÍ¥¸¸¥ ¸ °É-¸¶¥Í¨Ë¨Î¥¸±μ° ·¥±μ³¡¨´ Í¨¨. ‘¢¥¤¥´¨Ö, ± ¸ ÕÐ¨¥¸Ö
§ ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö „� „�Š ¢ ±²¥É± Ì · §²¨Î´ÒÌ μ·£ ´¨§³μ¢ ¶·¨
¤¥°¸É¢¨¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢, ±· °´¥ μ£· ´¨Î¥´Ò. ‚³¥¸É¥
¸ É¥³ ¶μ²ÊÎ¥´¨¥ É ±μ£μ ·μ¤  ¤ ´´ÒÌ ¢¥¸Ó³   ±ÉÊ ²Ó´μ. �Éμ μ¡Ê¸²μ¢²¨¢ ¥É¸Ö
´¥μ¡Ìμ¤¨³μ¸ÉÓÕ ·¥Ï¥´¨Ö ·Ö¤  ¶· ±É¨Î¥¸±¨Ì § ¤ Î, ¸ÉμÖÐ¨Ì ¶¥·¥¤ ±μ¸³¨-
Î¥¸±μ° · ¤¨μ¡¨μ²μ£¨¥°, ¶·¨³¥´¥´¨¥³ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶·¨ ²¥-
Î¥´¨¨ μ´±μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨°, ·¥Ï¥´¨¥³ ¢μ¶·μ¸μ¢ ´μ·³¨·μ¢ ´¨Ö ²ÊÎ¥-
¢ÒÌ ´ £·Ê§μ± ´  ¶¥·¸μ´ ², · ¡μÉ ÕÐ¨° ¢ ¸³¥Ï ´´ÒÌ ¶μ²ÖÌ ¨μ´¨§¨·ÊÕÐ¨Ì
¨§²ÊÎ¥´¨°.

“¸É ´μ¢²¥´μ, ÎÉμ Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì, É ± ¦¥ ± ± ¨ Ê ¶·μ± ·¨μÉ, μ¡-
²ÊÎ¥´´ÒÌ ¸¢¥·Ì²¥É ²Ó´Ò³¨ ¨ ²¥É ²Ó´Ò³¨ ¤μ§ ³¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°,
´ ¡²Õ¤ ¥É¸Ö ²¨´¥°´ Ö ¤μ§μ¢ Ö § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤  „�. ’ ±μ° É¨¶ § ¢¨¸¨³μ-
¸É¨ ¢ÒÖ¢²Ö¥É¸Ö ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · §²¨Î´ÒÌ ³¥Éμ¤μ¢ μ¶·¥¤¥²¥´¨Ö „� „�Š
[1, 2]. ˆÌ ¢ÒÌμ¤, ¸μ£² ¸´μ μÍ¥´± ³ · §²¨Î´ÒÌ  ¢Éμ·μ¢, ¸μ¸É ¢²Ö¥É ∼ 40Ä
50 ƒ·−1 £¥´μ³−1 (Blocher, 1982) ¨ ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨° Î ¸ÉμÉ 
μ¡· §μ¢ ´¨Ö „� „�Š Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì, É ± ¦¥ ± ± ¨ Ê ¶·μ± ·¨μÉ,
¢μ§· ¸É ¥É ¤μ ³ ±¸¨³ ²Ó´ÒÌ §´ Î¥´¨° ¶·¨ ‹�� ≈ 200 ±Ô‚/³±³ [3, 4]. �μ²Ó-
Ï¨´¸É¢μ ·¥§Ê²ÓÉ Éμ¢, ± ¸ ÕÐ¨Ì¸Ö ¨´¤Ê±Í¨¨ „� „�Š ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ±
§ ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨, ¶μ²ÊÎ¥´μ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ
¨μ´μ¢ ´¨§±¨Ì Ô´¥·£¨°. ‚³¥¸É¥ ¸ É¥³ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´Ò³ ¨§ÊÎ¨ÉÓ § ±μ-
´μ³¥·´μ¸É¨ μ¡· §μ¢ ´¨Ö „� „�Š ¶·¨ μ¡²ÊÎ¥´¨¨ ±²¥Éμ± ÉÖ¦¥²Ò³¨ § ·Ö¦¥´-
´Ò³¨ Î ¸É¨Í ³¨ ¸ Ô´¥·£¨Ö³¨, ¤μ¸É¨£ ÕÐ¨³¨ ´¥¸±μ²Ó±¨Ì ¸μÉ¥´ ŒÔ‚/´Ê±²μ´.
’ ±¨¥ ¤ ´´Ò¥ ¢ ²¨É¥· ÉÊ·¥ ¶· ±É¨Î¥¸±¨ μÉ¸ÊÉ¸É¢ÊÕÉ.

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö · §· ¡ ÉÒ¢ ÕÉ¸Ö ÔËË¥±É¨¢´Ò¥ ³¥Éμ¤Ò μ¶·¥¤¥²¥´¨Ö
¶μ¢·¥¦¤¥´¨° „�Š, ¶μ§¢μ²ÖÕÐ¨¥ ¶μ²ÊÎ¨ÉÓ ±μ²¨Î¥¸É¢¥´´ÊÕ ¨´Ëμ·³ Í¨Õ μ
§ ±μ´μ³¥·´μ¸ÉÖÌ ¨´¤Ê±Í¨¨ ¨ ·¥¶ · Í¨¨ μ¤´μ- ¨ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š.
Š ´¨³, ¢ Î ¸É´μ¸É¨, μÉ´μ¸¨É¸Ö ³¥Éμ¤ ®„�Š-±μ³¥É¯, ±μÉμ·Ò° μ¸´μ¢ ´ ´  Ô²¥±-
É·μËμ·¥§¥ „�Š ¨´¤¨¢¨¤Ê ²Ó´ÒÌ ±²¥Éμ± ¢ ¶μ¸ÉμÖ´´μ³ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥.
�·¨ ´ ¡²Õ¤¥´¨¨ ¢μ Ë²Êμ·¥¸Í¥´É´μ³ ³¨±·μ¸±μ¶¥ £¥´μ³ μÉ¤¥²Ó´ÒÌ ±²¥Éμ±
¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ Ô²¥±É·μËμ·¥É¨Î¥¸±μ£μ ¸²¥¤ . „²¨´  ¸²¥¤  ¨ ¤μ²Ö ¢ ´¥³
„�Š ¸¢Ö§ ´Ò ¸ ¶μ¢·¥¦¤¥´´μ¸ÉÓÕ ±²¥ÉμÎ´μ° „�Š.
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‘ ÊÎ¥Éμ³ ¢ÒÏ¥¨§²μ¦¥´´μ£μ § ¤ Î¥° ´ ¸ÉμÖÐ¥£μ ¨¸¸²¥¤μ¢ ´¨Ö Ö¢¨²μ¸Ó
¸· ¢´¨É¥²Ó´μ¥ ¨§ÊÎ¥´¨¥ § ±μ´μ³¥·´μ¸É¥° ¨´¤Ê±Í¨¨ ¨ ·¥¶ · Í¨¨ ¤¢Ê´¨É¥¢ÒÌ
· §·Ò¢μ¢ „�Š ¢ ±²¥É± Ì ²¨³ËμÍ¨Éμ¢ Î¥²μ¢¥±  ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨ ¤¥°¸É¢¨¨
Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤  ¸ Ô´¥·£¨¥° 480 ŒÔ‚/´Ê±²μ´.

Œ�’…�ˆ�‹ ˆ Œ…’�„›

‹¨³ËμÍ¨ÉÒ ¢Ò¤¥²Ö²¨ ¨§ ¸¢¥¦¥° Í¥²Ó´μ° £¥¶ ·¨´¨§¨·μ¢ ´´μ° (15 ¥¤./³²)
¤μ´μ·¸±μ° ±·μ¢¨. Š·μ¢Ó (7Ä10 ³²) ¸³¥Ï¨¢ ²¨ ¸ · ¢´Ò³ μ¡Ñ¥³μ³ ¶¨É É¥²Ó´μ°
¸·¥¤Ò RPMI 1640 ¨²¨ Ëμ¸Ë É´μ£μ ¡ÊË¥·  (PBS) ¨ μ¸Éμ·μ¦´μ, ´¥ ´ ·ÊÏ Ö
£· ´¨ÍÒ · §¤¥² , ´ ´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¥´¨¥ 20 ³¨´, μÉ¡¨· ²¨ ¨´É¥·Ë §Ê, ¸μ¤¥·¦ ÐÊÕ ²¨³ËμÍ¨ÉÒ.
Š²¥É±¨ ¤¢ ¦¤Ò μÉ³Ò¢ ²¨ ¢ PBS, Í¥´É·¨ËÊ£¨·ÊÖ 5 ³¨´ ¶·¨ 400 g. ‘Ê¶¥·´ -
É ´É ¸²¨¢ ²¨, ¨ ¶μ²ÊÎ¥´´Ò° μ¸ ¤μ± · §¢μ¤¨²¨ ´¥μ¡Ìμ¤¨³Ò³ μ¡Ñ¥³μ³ ¸·¥¤Ò
¨²¨ PBS, ¤μ¢μ¤Ö ±μ´Í¥´É· Í¨Õ ¤μ 2·106 ±²./³².

�¡²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ ¶·μ¢μ¤¨²¨ ´  Ê¸É ´μ¢±¥ ®�μ±Ê¸¯ (³μÐ´μ¸ÉÓ ¤μ§Ò
0,3 ƒ·/¸). �±¸¶¥·¨³¥´ÉÒ ¸ ¢Ò¸μ±μÔ´¥·£¥É¨Î´Ò³¨ ¨μ´ ³¨ Ê£²¥·μ¤ 
(480 ŒÔ‚/´Ê±²μ´, ‹�� = 10,2 ±Ô‚/³±³) ¢Ò¶μ²´Ö²¨ ´  Ê¸±μ·¨É¥²¥ ®�Ê±²μ-
É·μ´¯ ‹ ¡μ· Éμ·¨¨ ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨³. ‚.ˆ. ‚¥±¸²¥·  ¨ �.Œ. � ²¤¨´ . „μ-
§¨³¥É·¨Õ μ¸ÊÐ¥¸É¢²Ö²¨, ¨¸¶μ²Ó§ÊÖ ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´´ÊÕ Ê¸É ´μ¢±Ê ¸ ±μ³-
¶²¥±¸μ³ Ô²¥±É·μ´´μ-Ë¨§¨Î¥¸±μ°  ¶¶ · ÉÊ·Ò [5]. �¡²ÊÎ¥´¨¥ ±²¥Éμ± ¶·μ¢μ-
¤¨²¨ ¢ ¶² ¸É¨±μ¢ÒÌ ¶·μ¡¨·± Ì μ¡Ñ¥³μ³ 1,5 ³².

�·¨ μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨ ¶·μ¡¨·±¨ ¶μ³¥Ð ²¨ ¢ ²¥¤Ö´ÊÕ ¡ ´Õ (0 ◦‘)
¤²Ö ¨´£¨¡¨·μ¢ ´¨Ö ¶·μÍ¥¸¸μ¢ ·¥¶ · Í¨¨. �¡Ñ¥³ μ¡²ÊÎ ¥³μ° ¸Ê¸¶¥´§¨¨ ´ 
± ¦¤ÊÕ ¤μ§Ê ¸μ¸É ¢²Ö² 200 ³±². Š²¥É±¨ ²¨³ËμÍ¨Éμ¢ ·¥¸Ê¸¶¥´¤¨·μ¢ ²¨ ¢
¶¨É É¥²Ó´μ° ¸·¥¤¥ RPMI 1640. �¡Ñ¥³ μ¡²ÊÎ ¥³μ° ¸Ê¸¶¥´§¨¨ ¸μ¸É ¢²Ö² μÉ
200 ¤μ 800 ³±² ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö.

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¨ ¢ PBS, 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¥´¨¥ 6 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�), ¸¶μ¸μ¡¸É¢ÊÕÐ Ö ¶·¨²¨¶ ´¨Õ ¸² °¤  ± ¸É¥±²Ê [6]. �  ¶μ¤-
²μ¦±¥ ´¥ · ´¥¥ Î¥³ §  1 Î £μÉμ¢¨²¨ ®¶μ¤ÊÏ±Ê¯. „²Ö ÔÉμ£μ ´  ¶·¥¤³¥É´μ¥
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¸É¥±²μ ´ ´μ¸¨²¨ 150 ³±² ´μ·³ ²Ó´μ° 1%-°  £ ·μ§Ò ¢ PBS ¨ ´ ±·Ò¢ ²¨ ¶μ-
±·μ¢´Ò³ ¸É¥±²μ³ · §³¥·μ³ 24×24 ³³, ±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 ¢ PBS, ¨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¢ ³ ²Ò³
¶μ±·μ¢´Ò³ ¸É¥±²μ³ (18×18 ³³), ¶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´¨±. ‹¨§¨¸
¸²¥¤Ê¥É ¶·μ¢μ¤¨ÉÓ ¢ É¥³´μÉ¥.

�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, Í¥²¨±μ³ § ¶μ²´ÖÖ Ô²¥±É·μËμ·¥É¨Î¥¸±ÊÕ ± ³¥·Ê, ¨ ± ¦¤Ò° · § £μ-
Éμ¢¨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 ´  ¶μ¤´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. �¸Éμ·μ¦´μ ¸²¨¢ ²¨ Ð¥²μÎÓ ¸μ ¸² °¤μ¢ ¨ ¶·μ¢μ¤¨²¨ ´¥°É· ²¨§ Í¨Õ
0,4 Œ · ¸É¢μ·μ³ TrisÄHCl (·� 7,4), · ¸± ¶Ò¢ Ö ¥£μ ¶μ 0,45Ä1,0 ³² ´  ± ¦¤Ò°
¸² °¤. „ ´´ÊÕ ¶·μÍ¥¤Ê·Ê ¶μ¢Éμ·Ö²¨ É·¨¦¤Ò. �μ¸²¥ Éμ£μ ± ± ¸² °¤Ò Ìμ·μÏμ
¢Ò¸ÒÌ ²¨ ´  ¢μ§¤ÊÌ¥ (¤μ ¶μÖ¢²¥´¨Ö ¸¥ÉμÎ±¨ ±·¨¸É ²²μ¢ ´  ¨Ì ¶μ¢¥·Ì´μ¸É¨),
¨Ì 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 ÔÉμ£μ
£μÉμ¢¨²¨ ¸³¥¸Ó  ´É¨Ë¥°¤  ¸ 20 ³Œ Tris HCl (pH 7Ä8), ¢ ±μÉμ·μ° · §¢μ-
¤¨²¨ PI ¤μ ±μ´Í¥´É· Í¨¨ 6 ³±£/³². �  ¸² °¤ μ¸Éμ·μ¦´μ ´ ´μ¸¨²¨ 50Ä60 ³±²
±· ¸±¨ ¨ ´ ±·Ò¢ ²¨ ¶μ±·μ¢´Ò³ ¸É¥±²μ³ (24×24 ³³). —¥·¥§ 5Ä10 ³¨´ ¶·μ-
¢μ¤¨²¨ ¨§³¥·¥´¨Ö. „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¨ ¥¥ Ë²Ê-
μ·¥¸Í¥´Í¨¨, ´  ±μÉμ·μ³ ²¥£±μ ¨¤¥´É¨Ë¨Í¨·ÊÕÉ¸Ö £μ²μ¢  ¨ Ì¢μ¸É ±μ³¥ÉÒ.
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�¡· ¡μÉ±Ê ¨§μ¡· ¦¥´¨Ö ±μ³¥ÉÒ ¶·μ¢μ¤¨²¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò CASP [7].
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) [6]. � · 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¨ ¢ Excel-É ¡²¨ÍÊ, ´  μ¸´μ¢ ´¨¨ ±μÉμ·μ°
· ¸¸Î¨ÉÒ¢ ²¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ (x) ¨ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ (STDEV ):

STDEV =

√
(x − xi)2

n − 1
, (2)

£¤¥ n Å Î¨¸²μ ¨§³¥·¥´¨°.
ƒ· Ë¨±¨ ¨ £¨¸Éμ£· ³³Ò ¸É·μ¨²¨ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò OriginPro70.

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

�  ·¨¸. 1 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ ¨´¤Ê±Í¨¨ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š μÉ
¤μ§Ò γ-±¢ ´Éμ¢ ¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤ . ‚¨¤´μ, ÎÉμ ¤²Ö μ¡μ¨Ì ¢¨¤μ¢
¨§²ÊÎ¥´¨° § ¢¨¸¨³μ¸ÉÓ ¢ÒÌμ¤  „� μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö μ¶¨¸Ò¢ ¥É¸Ö ²¨´¥°´μ°
ËÊ´±Í¨¥°. ‹¨´¥°´Ò° Ì · ±É¥· § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  „� „�Š μÉ ¤μ§Ò μ¡²ÊÎ¥-
´¨Ö ¡Ò² ¶μ²ÊÎ¥´ ¨ ¤·Ê£¨³¨  ¢Éμ· ³¨, ¨¸¶μ²Ó§μ¢ ¢Ï¨³¨ · §²¨Î´Ò¥ ³¥Éμ¤Ò
μ¶·¥¤¥²¥´¨Ö „� „�Š [1, 2]. ‚ÒÌμ¤ „� „�Š Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ¶·¨-
³¥·´μ ¢ 25 · § ³¥´ÓÏ¥, Î¥³ μ¤´μ´¨É¥¢ÒÌ · §·Ò¢μ¢ (��). …¸²¨ μ¡²ÊÎ¥´¨¥
¤μ§μ° 1 ƒ· ¢ £¥´μ³¥ ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ¢Ò§Ò¢ ¥É μ¡· §μ¢ ´¨¥ ∼ 103 ��,
Éμ ¢ÒÌμ¤ „� „�Š ¸μ¸É ¢²Ö¥É ∼ 40Ä50 · §·Ò¢μ¢/ƒ·/£¥´μ³ [1]. Š ± ³μ¦´μ
¢¨¤¥ÉÓ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 1 ¤ ´´ÒÌ, ¢ÒÌμ¤ „� „�Š, μ¶·¥¤¥²Ö¥³Ò°
¸ ¶μ³μÐÓÕ ¨¸¶μ²Ó§μ¢ ´´μ£μ ´ ³¨ ³¥Éμ¤  ®„�Š-±μ³¥É¯, ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²Ê-
Î¥´´Ò³ · ´¥¥ ·¥§Ê²ÓÉ É ³ ¶μ ¢ÒÌμ¤Ê „� „�Š  ¢Éμ· ³¨, ¨¸¶μ²Ó§μ¢ ¢Ï¨³¨
¤·Ê£¨¥ ³¥Éμ¤Ò μ¶·¥¤¥²¥´¨Ö ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢.

�¨μ²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨μ´μ¢ Ê£²¥·μ¤ , ± ± ÔÉμ ¢¨¤´μ ¨§ ¶·¥¤-
¸É ¢²¥´´ÒÌ ´  ·¨¸. 1 ¤ ´´ÒÌ, ¡²¨§±  ± ´ ¡²Õ¤ ¥³μ° ¶·¨ γ-μ¡²ÊÎ¥´¨¨. ‘
Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨° Î ¸ÉμÉ  μ¡· §μ¢ ´¨Ö „� ± ± Ê ¶·μ± ·¨μÉ, É ±
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�¨¸. 1. ˆ´¤Ê±Í¨Ö ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š ¢ ±²¥É± Ì ²¨³ËμÍ¨Éμ¢ ±·μ¢¨ Î¥²μ¢¥± 
¶·¨ μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨ 60‘μ (−•−) ¨ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ Ê£²¥·μ¤  12C (−�−)
¸ Ô´¥·£¨¥° 480 ŒÔ‚/´Ê±²μ´.   Å § ¢¨¸¨³μ¸ÉÓ ¶ · ³¥É·  mt μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö, ¡ Å
§ ¢¨¸¨³μ¸ÉÓ ±μ²¨Î¥¸É¢  „� „�Š ´  £¥´μ³ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö

¨ Ê ±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ¢μ§· ¸É ¥É ¤μ ³ ±¸¨³ ²Ó´ÒÌ §´ Î¥´¨° ¶·¨
‹�� ≈ 200 ±Ô‚/³±³ [4, 8Ä10]. ‚ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì ³Ò ¨¸¶μ²Ó§μ¢ ²¨
Ê¸±μ·¥´´Ò¥ ¨μ´Ò Ê£²¥·μ¤  ¢Ò¸μ±¨Ì Ô´¥·£¨°. ‚¥²¨Î¨´  ‹�� Î ¸É¨Í ¢ ÔÉμ³
¸²ÊÎ ¥ ¸μ¸É ¢²Ö²  10,6 ±Ô‚/³±³. ‚ Ì · ±É¥·¥ § ¢¨¸¨³μ¸É¨ ¢ÒÌμ¤  „� „�Š
μÉ ‹�� Î ¸É¨Í ¢ ÔÉμ° μ¡² ¸É¨ ‹�� ¨§²ÊÎ¥´¨°, ·¥ ²¨§Ê¥³ÒÌ ²¥£±¨³¨ § -
·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ¸ ´¨§±μ° Ô´¥·£¨¥°, ¢ÒÖ¢²ÖÕÉ¸Ö ±μÔËË¨Í¨¥´ÉÒ ���,
¡²¨§±¨¥ ± 1. � Ï¨ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò¸μ±μÔ´¥·£¥-
É¨Î´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤ , μ¡² ¤ ÕÐ¨Ì ¸· ¢´¨É¥²Ó´μ ³ ²Ò³¨ §´ Î¥´¨Ö³¨ ‹��,
É ±¦¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¨μ´Ò Ê£²¥·μ¤  ¨´¤ÊÍ¨·ÊÕÉ „� „�Š ¸ ÔË-
Ë¥±É¨¢´μ¸ÉÓÕ, ¡²¨§±μ° ± γ-μ¡²ÊÎ¥´¨Õ ±²¥Éμ±.

�  ·¨¸. 2 ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥ μ ±¨´¥É¨±¥ ·¥¶ · Í¨¨ „� „�Š ¶·¨
γ-μ¡²ÊÎ¥´¨¨ ¤μ§μ° 80 ƒ· ¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ Ê£²¥·μ¤  ¢Ò¸μ±¨Ì Ô´¥·£¨° ¢ ¤μ§¥
6 ƒ·. Š ± ³μ¦´μ ¢¨¤¥ÉÓ ¨§ ¶·¥¤¸É ¢²¥´´ÒÌ ³ É¥·¨ ²μ¢, ±·¨¢Ò¥, μ¶¨¸Ò¢ Õ-
Ð¨¥ ±¨´¥É¨±Ê ·¥¶ · Í¨¨ „� „�Š, ¶·¨ γ-μ¡²ÊÎ¥´¨¨ ¨ ¤¥°¸É¢¨¨ ¢Ò¸μ±μÔ´¥·-
£¥É¨Î´ÒÌ ¨μ´μ¢ ¡²¨§±¨ ³¥¦¤Ê ¸μ¡μ°.

‚ Ô±¸¶¥·¨³¥´É Ì ·Ö¤   ¢Éμ·μ¢ ¡Ò²μ ¶μ± § ´μ, ÎÉμ Ê · §²¨Î´ÒÌ É¨¶μ¢
±²¥Éμ± ³²¥±μ¶¨É ÕÐ¨Ì ·¥¶ · Í¨Ö „� ¶·μÌμ¤¨É ÔËË¥±É¨¢´μ ± ± ¢ ·μ¸Éμ¢ÒÌ,
É ± ¨ ¢ ´¥ ·μ¸Éμ¢ÒÌ Ê¸²μ¢¨ÖÌ ¶μ ³μ´μË §´μ° ¨²¨ ¡¨Ë §´μ° ±¨´¥É¨±¥ [11Ä
14]. � ¶·¨³¥·, ´  ±²¥É± Ì ³ÒÏ¥° ¨  ¸Í¨É´μ° ± ·Í¨´μ³Ò �·²¨Ì  [15] ¢
¶μ¸É· ¤¨ Í¨μ´´Ò° ¶¥·¨μ¤ ¢ÒÖ¢²¥´μ, ÎÉμ ·¥¶ · Í¨Ö „� ¶·μ¨¸Ìμ¤¨É ¶μ Ô±¸-
¶μ´¥´Í¨ ²Ó´μ° ±¨´¥É¨±¥ ´¥§ ¢¨¸¨³μ μÉ ¤μ§Ò μ¡²ÊÎ¥´¨Ö. ‚ ·Ö¤¥ · ¡μÉ ¡Ò² 
¶·μ¤¥³μ´¸É·¨·μ¢ ´  ´¥§ ¢¨¸¨³μ¸ÉÓ ¸±μ·μ¸É¨ ·¥¶ · Í¨¨ „� μÉ Ë §Ò ±²¥ÉμÎ-
´μ£μ Í¨±²  [4, 13]. � ·Ö¤Ê ¸ ÔÉ¨³ ¨³¥ÕÉ¸Ö ¸¢¨¤¥É¥²Ó¸É¢  § ¢¨¸¨³μ¸É¨ ¸±μ-
·μ¸É¨ ¨ μ¡Ñ¥³  ·¥¶ · Í¨¨ „� μÉ ±²¥ÉμÎ´μ£μ Í¨±²  [11]. �¢Éμ·Ò ¶μ² £ ÕÉ,
ÎÉμ ·¥ ²¨§ÊÕÉ¸Ö ¤¢  ¶ÊÉ¨ ·¥¶ · Í¨¨ „� „�Š: μ¤¨´ ¨§ ´¨Ì μ¸ÊÐ¥¸É¢²Ö¥É¸Ö,
£² ¢´Ò³ μ¡· §μ³, ¢ ¶μ§¤´¥° S-Ë §¥, ¤·Ê£μ° Å ´  ¶·μÉÖ¦¥´¨¨ ¢¸¥£μ ±²¥ÉμÎ-
´μ£μ Í¨±² .
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�¨¸. 2. Š¨´¥É¨±  ·¥¶ · Í¨¨ „� „�Š ¶·¨ γ-μ¡²ÊÎ¥´¨¨ (• Å γ-±¢ ´ÉÒ, 80 ƒ·) ¨ ¤¥°-
¸É¢¨¨ ¨μ´μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤  (�Å 12C, 6 ƒ·) ¸ Ô´¥·£¨¥° 480 ŒÔ‚/´Ê±²μ´μ¢

�·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¸ ¢Ò¸μ±μ° ‹�� ¤ ´´Ò¥ μ ¸±μ-
·μ¸É¨ ·¥¶ · Í¨¨ „� ±²¥É± ³¨ ÔÊ± ·¨μÉ ¶·μÉ¨¢μ·¥Î¨¢Ò. ˆ³¥ÕÉ¸Ö ¸¢¥¤¥´¨Ö,
ÎÉμ ·¥¶ · Í¨Ö ¶·μÉ¥± ¥É ¸ μ¤¨´ ±μ¢μ° ¸±μ·μ¸ÉÓÕ [16] ¨²¨ § ³¥¤²¥´  [14] ¶μ
¸· ¢´¥´¨Õ ¸ ¢μ§¤¥°¸É¢¨¥³ ·¥¤±μ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°. �´ ²¨§ ¶μ²ÊÎ¥´-
´ÒÌ ´ ³¨ ³ É¥·¨ ²μ¢, ¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 2, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ
·¥¶ · Í¨Ö „� „�Š ¶·μÉ¥± ¥É ¶μ Ô±¸¶μ´¥´Í¨ ²Ó´μ° ±¨´¥É¨±¥ ¨ §´ Î¨É¥²Ó´ Ö
Î ¸ÉÓ „� ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ±²¥Éμ± γ-±¢ ´É ³¨ ¢ ¤μ§¥ 80 ƒ· ¢μ¸¸É ´ ¢²¨¢ ¥É¸Ö
¸¶Ê¸ÉÖ 4Ä6 Î. �·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤  ¤μ§μ° μ¡²ÊÎ¥´¨Ö,
· ¢´μ° 6 ƒ·, ·¥¶ · Í¨Ö „� „�Š ¢ μ¡²ÊÎ¥´´ÒÌ ±²¥É± Ì μ¸ÊÐ¥¸É¢²Ö¥É¸Ö É ±¦¥
ÔËË¥±É¨¢´μ. ‚¨¤´μ, ÎÉμ ±¨´¥É¨Î¥¸±¨¥ ±·¨¢Ò¥ ·¥¶ · Í¨¨ „� ¨³¥ÕÉ ¸Ìμ¤´Ò°
Ì · ±É¥·, ÎÉμ ³μ¦¥É μ¡ÑÖ¸´ÖÉÓ¸Ö ´¨§±¨³¨ §´ Î¥´¨Ö³¨ ‹�� ¨μ´μ¢ Ê£²¥·μ¤  ¸
Ô´¥·£¨¥° 480 ŒÔ‚/´Ê±²μ´.

’ ±¨³ μ¡· §μ³, ¶μ²ÊÎ¥´´Ò¥ ´ ³¨ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ Éμ³, ÎÉμ ¡¨μ-
²μ£¨Î¥¸± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ¨μ´μ¢ Ê£²¥·μ¤ , ¢ÒÖ¢²¥´´ Ö
¶μ ±·¨É¥·¨Õ ¨´¤Ê±Í¨¨ ¤¢Ê´¨É¥¢ÒÌ · §·Ò¢μ¢ „�Š, ¨ ®¸É ´¤ ·É´μ£μ¯ ¢¨¤  ¨μ-
´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö Å γ-±¢ ´Éμ¢ 60‘μ Å μ¤¨´ ±μ¢ . �¥¶ · Í¨Ö „� „�Š
¢ ²¨³ËμÍ¨É Ì ¶¥·¨Ë¥·¨Î¥¸±μ° ±·μ¢¨ Î¥²μ¢¥±  ÔËË¥±É¨¢´μ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
± ± ¶·¨ γ-μ¡²ÊÎ¥´¨¨, É ± ¨ ¶·¨ ¤¥°¸É¢¨¨ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ ¨μ´μ¢ Ê£²¥-
·μ¤ .
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