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a �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ Œμ´£μ²Ó¸±¨° ´ Í¨μ´ ²Ó´Ò° Ê´¨¢¥·¸¨É¥É, “² ´-� Éμ·

� §· ¡μÉ ´Ò ³μ¤¥²Ó´Ò¥ ¶μ¤Ìμ¤Ò ± μ¶¨¸ ´¨Õ ³¥Ì ´¨§³  Ëμ·³¨·μ¢ ´¨Ö · §²¨Î´ÒÌ É¨¶μ¢ ¶μ-
¢·¥¦¤¥´¨° „	Š ´   Éμ³ ·´μ³ Ê·μ¢´¥ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢. � ¸¸Î¨É ´μ · ¤¨-
 ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ μ¡Ñ¥³´μ° Ô´¥·£¨¨ ¨ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ É·¥±¥ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ 4He, 12C,
40Ar ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 3Ä20 ŒÔ‚/´Ê±²μ´. �·μ¢¥¤¥´μ ¸μ¶μ¸É ¢²¥´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¥-
´¨Ö  Éμ³μ¢ ¶ ·Ò ´Ê±²¥μÉ¨¤μ¢  ¤¥´¨´ÄÉ¨³¨´ ¸ · ¸¸Î¨É ´´Ò³ · ¤¨ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¤μ§Ò ¨
μ¡Ñ¥³´μ° Ô´¥·£¨¨.

Model approaches are developed to the description of the mechanism of the formation of different
types of atomic-level DNA lesions under accelerated heavy ions. The radial distribution of volumic
radiant energy and the absorbed dose are calculated in accelerated 4He, 12C, and 40Ar ion tracks in the
energy range of 3Ä20 MeV/nucleon. The spatial location of the atoms of an adenineÄthymine nucleotide
pair is compared with the calculated radial dose and volumic radiant energy distribution.
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ˆ§¢¥¸É´μ, ÎÉμ ¤¥°¸É¢¨¥ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´  ±²¥É±¨ ¦¨¢ÒÌ μ·£ ´¨§³μ¢
¢Ò§Ò¢ ¥É Ëμ·³¨·μ¢ ´¨¥ Ï¨·μ±μ£μ ¸¶¥±É·  ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨° „	Š. 	 ¨¡μ²¥¥
§´ Î¨³Ò³¨, ¨£· ÕÐ¨³¨ ·¥Ï ÕÐÊÕ ·μ²Ó ¢ ²¥É ²Ó´μ³ ¨ ³ÊÉ £¥´´μ³ ¤¥°¸É¢¨¨ § ·Ö¦¥´-
´ÒÌ Î ¸É¨Í Ö¢²ÖÕÉ¸Ö μ¤´μ´¨É¥¢Ò¥ ¨ ¤¢Ê´¨É¥¢Ò¥ · §·Ò¢Ò „	Š, ¶μ¢·¥¦¤¥´¨Ö μ¸´μ¢ ´¨°,
  É ±¦¥ · §²¨Î´Ò¥ ¢¨¤Ò ±² ¸É¥·¨§ Í¨¨ ¤ ´´ÒÌ ¶μ¢·¥¦¤¥´¨°. �μ¢·¥¦¤¥´¨Õ ³μ²¥±Ê²Ò
„	Š ¸¶μ¸μ¡¸É¢Ê¥É ·Ö¤ Ë ±Éμ·μ¢ ± ± Ë¨§¨Î¥¸±μ°, É ± ¨ ¡¨μ²μ£¨Î¥¸±μ° ¶·¨·μ¤Ò, ±μÉμ-
·Ò¥ μ± §Ò¢ ÕÉ ¸ÊÐ¥¸É¢¥´´μ¥ ¢²¨Ö´¨¥ ´  ¤ ²Ó´¥°ÏÊÕ ¸Ê¤Ó¡Ê ¢μ§´¨±Ï¨Ì ¢ „	Š ¶μ¢·¥¦¤¥-
´¨°. �·¨ ¤¥°¸É¢¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢²¨Ö´¨¥ Ë ±Éμ·μ¢ Ë¨§¨Î¥¸±μ° ¶·¨·μ¤Ò
μ¡Ê¸²μ¢²¥´μ, ¶·¥¦¤¥ ¢¸¥£μ, μ¸μ¡¥´´μ¸ÉÖ³¨ ³¨±·μ· ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¢ ¸É·Ê±ÉÊ· Ì
¡¨μ³μ²¥±Ê² [1].

�¥·¢¨Î´Ò¥ ¶μ¢·¥¦¤¥´¨Ö £¥´¥É¨Î¥¸±μ£μ  ¶¶ · É  ±²¥Éμ± Ö¢²ÖÕÉ¸Ö ²¨ÏÓ ´ Î ²Ó´Ò³
ÔÉ ¶μ³ ¢ ¸²μ¦´μ° ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸μ¡ÒÉ¨°, ¢Ò§Ò¢ ÕÐ¨Ì £¨¡¥²Ó ±²¥É±¨ ¨²¨ ¶·¨¢μ¤Ö-
Ð¨Ì ± É· ´¸Ëμ·³ Í¨¨ ÔÉ¨Ì ¶μ¢·¥¦¤¥´¨° ¢ ³ÊÉ Í¨¨. �μ²ÊÎ¥´´Ò¥ ± ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨
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¤ ´´Ò¥ μ¡ μ¸μ¡¥´´μ¸ÉÖÌ Ëμ·³¨·μ¢ ´¨Ö ³ÊÉ Í¨° ¶·¨ ¤¥°¸É¢¨¨ ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨°
¸ · §²¨Î´μ° ²¨´¥°´μ° ¶¥·¥¤ Î¥° Ô´¥·£¨¨ (‹��) ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¸²μ¦´μ³ ¨ ³´μ£μÔÉ ¶-
´μ³ Ì · ±É¥·¥ ³ÊÉ Í¨μ´´μ£μ ¶·μÍ¥¸¸ , ¨´¤ÊÍ¨·μ¢ ´´μ£μ ¨μ´¨§¨·ÊÕÐ¨³¨ ¨§²ÊÎ¥´¨Ö³¨.

Œμ¤¥²Ó´μ¥ μ¶¨¸ ´¨¥ ¤¥°¸É¢¨Ö ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´  ¸É·Ê±ÉÊ·Ê „	Š Ö¢²Ö-
¥É¸Ö ¶¥·¢Ò³ ÔÉ ¶μ³ ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨ ¸μ¡ÒÉ¨°, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¶μ-
¸²¥ ¢μ§¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ´  £¥´¥É¨Î¥¸±¨°  ¶¶ · É ¦¨¢ÒÌ μ·£ ´¨§³μ¢.
ˆ§¢¥¸É´μ, ÎÉμ ¸ Ê¢¥²¨Î¥´¨¥³ ‹�� ¨§²ÊÎ¥´¨° ¢μ§· ¸É ¥É ¢²¨Ö´¨¥ Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ § -
·Ö¦¥´´ÒÌ Î ¸É¨Í ´  · ¤¨ Í¨μ´´μ-¨´¤ÊÍ¨·μ¢ ´´Ò¥ ÔËË¥±ÉÒ. „²Ö ¡μ²¥¥ ÉμÎ´ÒÌ μÍ¥´μ±
¢ÒÌμ¤  ¶·¥³ÊÉ Í¨μ´´ÒÌ ¶μ¢·¥¦¤¥´¨° „	Š ¸ ÊÎ¥Éμ³ μ¸μ¡¥´´μ¸É¥° ¶¥·¥¤ Î¨ Ô´¥·£¨¨
ÉÖ¦¥²Ò³¨ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨ ´¥μ¡Ìμ¤¨³μ ±μ··¥±É´μ¥ ±μ²¨Î¥¸É¢¥´´μ¥ μ¶¨¸ ´¨¥
¶·μÍ¥¸¸  Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¢ ÎÊ¢¸É¢¨É¥²Ó´ÒÌ μ¡Ñ¥³ Ì ³μ²¥±Ê²Ò „	Š.

1. Œ…’�„›

1.1. Œ¨±·μ¤μ§¨³¥É·¨Î¥¸±¨¥  ¸¶¥±ÉÒ · ¸Î¥Éμ¢. ‚ÒÎ¨¸²¥´¨Ö, ¸¢Ö§ ´´Ò¥ ¸ ¶·μ¸É· ´-
¸É¢¥´´Ò³ · ¸¶·¥¤¥²¥´¨¥³ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨ μ¡Ñ¥³´μ° Ô´¥·£¨¨ ¢ ¸É·Ê±ÉÊ·¥ „	Š,
¶·μ¢μ¤¨²¨¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤  DOSE, ¶·¥¤´ §´ Î¥´´μ£μ ¤²Ö · ¸Î¥É  · ¤¨ ²Ó´μ£μ
Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¢ Ô²¥±É·μ´´μ° ¶μ¤¸¨¸É¥³¥ ¢ ³μ³¥´É ¢·¥³¥´¨ t ¢ ÉμÎ±¥ ´  · ¸¸ÉμÖ´¨¨
r μÉ Í¥´É·  É· ¥±Éμ·¨¨ · §²¨Î´ÒÌ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢, ¤¢¨¦ÊÐ¨Ì¸Ö ¢ ¦¨¤±¨Ì ¨ É¢¥·¤ÒÌ
¸·¥¤ Ì [2].

Šμ¤ DOSE ¶μ§¢μ²Ö¥É · ¸¸Î¨ÉÒ¢ ÉÓ · ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤μ§Ò ¢ É·¥±¥ ÉÖ¦¥²μ£μ
¨μ´  ´  μ¸´μ¢¥ ¤¥²ÓÉ -Ô²¥±É·μ´´μ° ³μ¤¥²¨ É·¥± , Î ¸Éμ ¶·¨³¥´Ö¥³μ° ¢ ³¨±·μ¤μ§¨³¥-
É·¨¨ [3]. Œμ¤¥²Ó ÊÎ¨ÉÒ¢ ¥É ¶¥·¥¤ ÎÊ Ô´¥·£¨¨, μ¡Ê¸²μ¢²¥´´ÊÕ ± ± ¶¥·¢¨Î´Ò³ ¢μ§¡Ê¦¤¥-
´¨¥³ ¨ ¨μ´¨§ Í¨¥°  Éμ³μ¢, É ± ¨ δ-Ô²¥±É·μ´ ³¨. �´¥·£¨Ö, § É· Î¨¢ ¥³ Ö ´  ¨μ´¨§ Í¨Õ,
ÊÎÉ¥´  ¢ ¤ ´´μ° ³μ¤¥²¨ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸·¥¤´¥£μ §´ Î¥´¨Ö ¶μÉ¥´Í¨ ²  ¨μ´¨§ Í¨¨,
¸μ¸É ¢²ÖÕÐ¥£μ ¶μ·Ö¤±  10 Ô‚. ’μ·³μ§´ Ö ¸¶μ¸μ¡´μ¸ÉÓ ¢ ±μ¤¥ DOSE ¢ÒÎ¨¸²Ö¥É¸Ö ± ±
¨´É¥£· ² · ¸¶·¥¤¥²¥´¨Ö ¤μ§Ò ¶μ · ¤¨Ê¸Ê ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ · ¸Î¥É ³¨, ¢Ò¶μ²´Ö¥³Ò³¨ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ±μ¤  SRIM [4].

‚Ìμ¤´Ò³¨ ¶ · ³¥É· ³¨ ¤²Ö ±μ¤  DOSE Ö¢²ÖÕÉ¸Ö:  Éμ³´ Ö ³ ¸¸ , § ·Ö¤ ¨ Ô´¥·£¨Ö
´ ²¥É ÕÐ¥£μ ¨μ´ ,  Éμ³´ Ö ³ ¸¸  ¨ § ·Ö¤ ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ¸É ¢ ¢¥Ð¥¸É¢  ³¨Ï¥´¨ Ö¤¥·,
±μ²¨Î¥¸É¢μ É ±¨Ì Ö¤¥· ¢ ³μ²¥±Ê²¥, Î¨¸²μ Ö¤¥·´ÒÌ ±μ³¶μ´¥´Éμ¢, μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ  Éμ³μ¢
¢ ³μ²¥±Ê²¥, ¶²μÉ´μ¸ÉÓ ¨ ³μ²Ö·´ Ö ³ ¸¸  ¢¥Ð¥¸É¢ .

1.2. Œμ¤¥²Ó „�Š. ˆ§¢¥¸É´μ ´¥¸±μ²Ó±μ μ¸´μ¢´ÒÌ ³μ¤¥²¥° „	Š, ´ ¨¡μ²¥¥ Î ¸Éμ
¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ³¨±·μ¤μ§¨³¥É·¨Î¥¸±¨Ì · ¸Î¥É Ì. ‚ ¶·μ¸ÉÒÌ ³μ¤¥²ÖÌ „	Š ¶·¥¤¸É -
¢²¥´  ¢ ¢¨¤¥ Í¨²¨´¤·¨Î¥¸±¨Ì ¸¥£³¥´Éμ¢ ¤¨ ³¥É·μ³ 2 ´³ ¨ ¢Ò¸μÉμ° 3,4 ´³. �·μ¸ÉÒ¥
³μ¤¥²¨, μ¶¨¸Ò¢ ÕÐ¨¥ „	Š ± ± ¤¢Ê´¨É¥¢ÊÕ ¸É·Ê±ÉÊ·Ê, ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° Í¨²¨´¤·
¤¨ ³¥É·μ³ 2,3 ´³, · §¤¥²¥´´Ò° ´  ´¥¸±μ²Ó±μ ¢´ÊÉ·¥´´¨Ì ¸¥£³¥´Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì
· §²¨Î´Ò³ ¸É·Ê±ÉÊ·´Ò³ ¥¤¨´¨Í ³ „	Š. ’ ±, ³μ¦´μ ¢Ò¤¥²¨ÉÓ Í¥´É· ²Ó´ÊÕ Í¨²¨´¤·¨-
Î¥¸±ÊÕ μ¡² ¸ÉÓ ¤¨ ³¥É·μ³ 1 ´³, ±μÉμ· Ö ¸μμÉ¢¥É¸É¢Ê¥É ¶μ²μ¦¥´¨Õ  §μÉ¨¸ÉÒÌ μ¸´μ¢ ´¨°,
¨ μ¡² ¸É¨, § ´¨³ ¥³Ò¥ ¸ Ì ·μËμ¸Ë É´Ò³ μ¸Éμ¢μ³, ±μÉμ·Ò¥ ³μ£ÊÉ ¡ÒÉÓ ¶·¥¤¸É ¢²¥´Ò ¢
Ëμ·³¥ μ¡Ñ¥³´ÒÌ ¶μ²Ê ·μ± Éμ²Ð¨´μ° 0,6 ´³ ¨ ¢Ò¸μÉμ° 0,34 ´³. „²Ö μ¶¨¸ ´¨Ö ¸¶¨· ²Ó´μ°
Ëμ·³Ò ³μ²¥±Ê²Ò ± ¦¤μ³Ê ¸¥£³¥´ÉÊ, Ì · ±É¥·¨§ÊÕÐ¥³Ê  §μÉ¨¸Éμ¥ μ¸´μ¢ ´¨¥, ¶·¨¤ ¥É¸Ö
¸¤¢¨£ ´  36◦ ¢¤μ²Ó ¶μ ¤²¨´¥ Í¥¶¨ „	Š. �μ¤μ¡´Ò¥ ³μ¤¥²¨ Î ¸Éμ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¢
¡μ²¥¥ Ê¸²μ¦´¥´´μ³ ¢ ·¨ ´É¥, ¶μ§¢μ²ÖÕÐ¥³ · §¤¥²ÖÉÓ ¸É·Ê±ÉÊ·Ê „	Š ´  ¡μ²¥¥ ³¥²±¨¥
¸¥£³¥´ÉÒ.
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�¨¸. 1. ‘Ì¥³  ¶·μ¸É· ´¸É¢¥´´μ° μ·¨¥´É Í¨¨ ¶ ·Ò ´Ê±²¥μÉ¨¤μ¢  ¤¥´¨´ÄÉ¨³¨´ μÉ´μ¸¨É¥²Ó´μ É·¥± 

Ê¸±μ·¥´´μ£μ ¨μ´ 

	 ¨¡μ²¥¥ ¶μ¤·μ¡´Ò³ ¢ ·¨ ´Éμ³ μ¶¨¸ ´¨Ö ¸É·Ê±ÉÊ·Ò „	Š Ö¢²Ö¥É¸Ö ´ Ìμ¦¤¥´¨¥ ÉμÎ-
´μ£μ ¶·μ¸É· ´¸É¢¥´´μ£μ ¶μ²μ¦¥´¨Ö μÉ¤¥²Ó´ÒÌ  Éμ³μ¢ ³μ²¥±Ê²Ò. ‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ³¥Éμ¤μ¢ ¸μ¢·¥³¥´´μ° ±·¨¸É ²²μ£· Ë¨¨ ¶μ²ÊÎ¥´μ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ
¤ ´´ÒÌ, Ì · ±É¥·¨§ÊÕÐ¨Ì É·¥Ì³¥·´ÊÕ ¶·μ¸É· ´¸É¢¥´´ÊÕ ¸É·Ê±ÉÊ·Ê · §²¨Î´ÒÌ ¡¥²±μ¢.
�²¥±É·μ´´Ò¥ ¡ §Ò ¤ ´´ÒÌ, ¢ ±μÉμ·ÒÌ ¶Ê¡²¨±ÊÕÉ¸Ö ¨§¢¥¸É´Ò¥ ±·¨¸É ²²¨Î¥¸±¨¥ ¸É·Ê±-
ÉÊ·Ò, ¶μ§¢μ²ÖÕÉ ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ ¶·μ¸É· ´¸É¢¥´´μ³ ¸É·μ¥´¨¨ ÊÎ ¸É±μ¢ „	Š ¸
ÊÎ¥Éμ³ ±μμ·¤¨´ É μÉ¤¥²Ó´ÒÌ  Éμ³μ¢ [5, 6]. ’ ±μ° Ê·μ¢¥´Ó ¤¥É ²¨§ Í¨¨ Ö¢²Ö¥É¸Ö ´¥μ¡Ìμ-
¤¨³Ò³ ¤²Ö ¢Ò¶μ²´¥´¨Ö ±μ··¥±É´μ° μÍ¥´±¨ ¶·Ö³μ£μ ¨ ±μ¸¢¥´´μ£μ ¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕ-
Ð¥° · ¤¨ Í¨¨ ´  ¸É·Ê±ÉÊ·Ê „	Š.

‚ Ìμ¤¥ · ¡μÉÒ ´  μ¸´μ¢ ´¨¨ ±·¨¸É ²²¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· „	Š, ¤μ¸ÉÊ¶´ÒÌ ¨§ ¡ §Ò
¤ ´´ÒÌ PDB [5], ¡Ò²  ¸μ§¤ ´  ¶·μ¸É· ´¸É¢¥´´ Ö ³μ¤¥²Ó ¶ ·Ò ´Ê±²¥μÉ¨¤μ¢  ¤¥´¨´ÄÉ¨³¨´,
μ·¨¥´É¨·μ¢ ´´μ° ¢¤μ²Ó ±μμ·¤¨´ É´μ° μ¸¨ OZ ¶μ ´ ¶· ¢²¥´¨Õ Í¥¶¨ „	Š. �·¨¥´É Í¨Ö
¶ ·Ò ´Ê±²¥μÉ¨¤μ¢ μÉ´μ¸¨É¥²Ó´μ É·¥±  Ê¸±μ·¥´´μ£μ ¨μ´  ¶μ± § ´  ´  ·¨¸. 1. � ¸¸ÉμÖ´¨¥
μÉ Í¥´É·  ´¨É¨ „	Š ¤μ £¥μ³¥É·¨Î¥¸±μ° μ¸¨ É·¥±  ¡Ò²μ ¶·¨´ÖÉμ · ¢´Ò³ 5 ´³. ‚ ± Î¥¸É¢¥
Í¥´É·  „	Š ¡Ò²  ¢Ò¡· ´  ÉμÎ± , · ¢´μÊ¤ ²¥´´ Ö μÉ ±· °´¨Ì  Éμ³μ¢, ±μÉμ·Ò³¨ Ö¢²ÖÕÉ¸Ö
 Éμ³Ò ±¨¸²μ·μ¤  Ëμ¸Ë É´μ° £·Ê¶¶Ò.

2. �…‡“‹œ’�’›

‚ Ìμ¤¥ · ¡μÉÒ ¡Ò² ¢Ò¶μ²´¥´ · ¸Î¥É · ¤¨ ²Ó´μ£μ · ¸¶·¥¤¥²¥´¨Ö μ¡Ñ¥³´μ° Ô´¥·£¨¨
¨ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ É·¥± Ì ¨μ´μ¢ 4He, 12C, 40Ar ¸ Ô´¥·£¨¥° 3Ä20 ŒÔ‚/´Ê±²μ´ ¶·¨
¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ÊÎ ¸Éμ± ´¨É¨ „	Š,   É ±¦¥ ¨¸¸²¥¤μ¢ ´ ¶·μÍ¥¸¸ ¶¥·¥¤ Î¨ Ô´¥·£¨¨
Ê¸±μ·¥´´ÒÌ Î ¸É¨Í μÉ¤¥²Ó´Ò³  Éμ³ ³ ¶ ·Ò ´Ê±²¥μÉ¨¤μ¢  ¤¥´¨´ÄÉ¨³¨´.

	  ·¨¸. 2 ¨ 3 ¶·¨¢¥¤¥´Ò £· Ë¨±¨, Ì · ±É¥·¨§ÊÕÐ¨¥ · ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤μ§Ò,
μ¡Ê¸²μ¢²¥´´μ° ¶¥·¢¨Î´μ° ¨μ´¨§ Í¨¥° ¨ δ-Ô²¥±É·μ´ ³¨,   É ±¦¥ · ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥-
²¥´¨¥ μ¡Ñ¥³´μ° Ô´¥·£¨¨ ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ £¥²¨Ö, Ê£²¥·μ¤  ¨  ·£μ´  ¸
Ô´¥·£¨Ö³¨ 3, 10 ¨ 20 ŒÔ‚/´Ê±²μ´. �μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²¨²¨ ¢Ò¶μ²´¨ÉÓ · ¸Î¥É
¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤μ§Ò ¨ ¶¥·¥¤ ´´μ° Ô´¥·£¨¨ ¤²Ö  Éμ³μ¢ ¶ ·Ò ´Ê±²¥μ-
É¨¤μ¢  ¤¥´¨´ÄÉ¨³¨´ ¶·¨ ¶·μÌμ¦¤¥´¨¨ É·¥±μ¢ Ê¸±μ·¥´´ÒÌ ¨μ´μ¢ ´  · ¸¸ÉμÖ´¨¨ 5 ´³ μÉ
£¥μ³¥É·¨Î¥¸±μ° μ¸¨ „	Š (·¨¸. 4).



Œμ¤¥²¨·μ¢ ´¨¥ ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö μ¡Ñ¥³´μ° Ô´¥·£¨¨ 165

�¨¸. 2. � ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö (D) ¶·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ £¥²¨Ö (a),
Ê£²¥·μ¤  (¡) ¨  ·£μ´  (¢) ¸ Ô´¥·£¨Ö³¨ 3 ŒÔ‚/´Ê±²μ´ (1), 10 ŒÔ‚/´Ê±²μ´ (2), 20 ŒÔ‚/´Ê±²μ´ (3).
r Å · ¸¸ÉμÖ´¨¥ ¤μ £¥μ³¥É·¨Î¥¸±μ° μ¸¨ „	Š

�¨¸. 3. � ¤¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ μ¡Ñ¥³´μ° Ô´¥·£¨¨ ¨§²ÊÎ¥´¨Ö (Ed) ¶·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ £¥²¨Ö (a),
Ê£²¥·μ¤  (¡) ¨  ·£μ´  (¢) ¸ Ô´¥·£¨Ö³¨ 3 ŒÔ‚/´Ê±²μ´ (2), 10 ŒÔ‚/´Ê±²μ´ (2), 20 ŒÔ‚/´Ê±²μ´ (3).
r Å · ¸¸ÉμÖ´¨¥ ¤μ £¥μ³¥É·¨Î¥¸±μ° μ¸¨ „	Š
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�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ μ¤¨´ ±μ¢ÒÌ Ô´¥·£¨ÖÌ ¨μ´μ¢ ³ ±¸¨³ ²Ó´μ¥
§´ Î¥´¨¥ ¤μ§Ò ¢ μ¡² ¸É¨ ¡²¨¦ °Ï¥£μ ± Í¥´É·Ê É·¥±   Éμ³  „	Š Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·μ¸Éμ³
μÉ´μ¸¨É¥²Ó´μ°  Éμ³´μ° ³ ¸¸Ò Î ¸É¨ÍÒ. ’ ±, ¶·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢ Ê£²¥·μ¤  ¸ Ô´¥·£¨¥°
3 ŒÔ‚/´Ê±²μ´ ³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥ ¤μ§Ò ¤²Ö ¡²¨¦ °Ï¥£μ ± É·¥±Ê  Éμ³  É¨³¨´  ¢
∼ 8,5 · § ¢ÒÏ¥ ¶μ ¸· ¢´¥´¨Õ ¸ ÔËË¥±Éμ³ ¨μ´μ¢ £¥²¨Ö ¨ ¢ ∼ 6 · § ´¨¦¥, Î¥³ ¶·¨
¤¥°¸É¢¨¨ ¨μ´μ¢  ·£μ´  ¸ Éμ° ¦¥ Ô´¥·£¨¥°. �·¨ Ê¢¥²¨Î¥´¨¨ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì Î ¸É¨Í
¤μ 10 ŒÔ‚/´Ê±²μ´ · §²¨Î¨Ö ¢ ³ ±¸¨³ ²Ó´ÒÌ §´ Î¥´¨ÖÌ ¤μ§Ò ¸É ´μ¢ÖÉ¸Ö ¡μ²¥¥ ¸ÊÐ¥-
¸É¢¥´´Ò³¨ ¸ ·μ¸Éμ³ μÉ´μ¸¨É¥²Ó´μ°  Éμ³´μ° ³ ¸¸Ò Î ¸É¨ÍÒ. ’ ±, ¶·¨ ¤¥°¸É¢¨¨ ¨μ´μ¢
Ê£²¥·μ¤  · §²¨Î¨Ö ¸μ¸É ¢²ÖÕÉ ∼ 9,5 · § ¶μ ¸· ¢´¥´¨Õ ¸ ¨μ´ ³¨ £¥²¨Ö ¨ ∼ 8 · § ¶μ
¸· ¢´¥´¨Õ ¸ ¨μ´ ³¨  ·£μ´ . �´¥·£¨Ö 20 ŒÔ‚/´Ê±²μ´ Ì · ±É¥·¨§Ê¥É¸Ö ¸Ìμ¤´Ò³¨ · §²¨-
Î¨Ö³¨ ¢ ³ ±¸¨³ ²Ó´ÒÌ §´ Î¥´¨ÖÌ ¤μ§Ò: ¶μ ¸· ¢´¥´¨Õ ¸ ¤¥°¸É¢¨¥³ ¨μ´μ¢ £¥²¨Ö Î ¸É¨ÍÒ
Ê£²¥·μ¤  ¢Ò§Ò¢ ÕÉ ¢μ§· ¸É ´¨¥ ¤μ§Ò ¢ ∼ 9,3 · § , ¢ Éμ ¢·¥³Ö ± ± · §²¨Î¨Ö ¶μ ¸· ¢´¥´¨Õ
¸ ¤¥°¸É¢¨¥³ ¨μ´μ¢  ·£μ´  ¸μ¸É ¢²ÖÕÉ ∼ 8 · §.
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�·μ¢¥¤¥´´Ò° · ¸Î¥É ¶·μ¸É· ´¸É¢¥´´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨ μ¡Ñ¥³-
´μ° Ô´¥·£¨¨ ¶μ§¢μ²¨É ³μ¤¥²¨·μ¢ ÉÓ ³¥Ì ´¨§³ ¢μ§´¨±´μ¢¥´¨Ö ¶¥·¢¨Î´ÒÌ ¶μ¢·¥¦¤¥´¨°
„	Š · §²¨Î´ÒÌ É¨¶μ¢ ¸ ÊÎ¥Éμ³ ÉμÎ´μ£μ ¶μ²μ¦¥´¨Ö μÉ¤¥²Ó´ÒÌ  Éμ³μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ ¸μ-
¸É ¢ ´Ê±²¥μÉ¨¤μ¢. ’ ±μ° ³μ¤¥²Ó´Ò° ¶μ¤Ìμ¤ ¶μ§¢μ²¨É É ±¦¥ ÊÎ¨ÉÒ¢ ÉÓ ¢²¨Ö´¨¥ ³¥Ì ´¨§³ 
· §·Ò¢  ¸¢Ö§¨ ³¥¦¤Ê  Éμ³ ³¨ ³μ²¥±Ê²Ò ´  μ¸μ¡¥´´μ¸É¨ ¢ÒÌμ¤  ¶μ¢·¥¦¤¥´¨° „	Š. ’ -
±¨³ μ¡· §μ³, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶·¥¤¸É ¢²Ö¥É¸Ö ¢μ§³μ¦´Ò³ μÍ¥-
´¨ÉÓ ¢¥·μÖÉ´μ¸ÉÓ Ëμ·³¨·μ¢ ´¨Ö · §·Ò¢μ¢ „	Š · §²¨Î´ÒÌ É¨¶μ¢,   É ±¦¥ ¢μ§´¨±´μ¢¥´¨Ö
³μ¤¨Ë¨± Í¨° ¸É·Ê±ÉÊ·Ò „	Š ¶·¨ ¤¥°¸É¢¨¨ Ê¸±μ·¥´´ÒÌ ÉÖ¦¥²ÒÌ ¨μ´μ¢.
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