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ˆ§³¥·¥´¨Ö ³¨±·µ¤µ§¨³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ¨µ´µ¢ 12C

�¶¨¸ ´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö ¶ · ³¥É·µ¢ ¶ÊÎ±  ¨µ´µ¢
12C ¸ ´ Î ²Ó´µ° Ô´¥·£¨¥° 500 ŒÔ‚/´Ê±²µ´ ´  ´Ê±²µÉ·µ´¥ �ˆŸˆ. ƒ²Ê¡¨´´Ò¥
¤µ§´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¨§³¥·Ö²¨¸Ó ¸ ¶µ³µÐÓÕ  ²³ §´µ£µ ¤¥É¥±Éµ· . ‘¶¥±É·Ò ²¨-
´¥°´µ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨ (‹��) ¨§³¥·Ö²¨¸Ó ¢ ´¥¸±µ²Ó±¨Ì ÉµÎ± Ì ´  · §²¨Î´ÒÌ
£²Ê¡¨´ Ì ¶·µ´¨±´µ¢¥´¨Ö ¶ÊÎ±  µÉ ¢Ìµ¤  ¤µ µ¡² ¸É¨ §  ¶¨±µ³ �·Ô££  ¸ ¶µ³µÐÓÕ
É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢. � · ³¥É·Ò É·¥±µ¢ ¨§³¥·Ö²¨¸Ó ¸ ¶µ³µÐÓÕ  ¢Éµ³ É¨Î¥¸±µ£µ
µ¶É¨Î¥¸±µ£µ  ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨° LUCIA-G ´  ¡ §¥ Leitz-³¨±·µ¸±µ¶ . ‚¥-
²¨Î¨´  µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ¸É¨ RBWE, Ì · ±-
É¥·¨§ÊÕÐ¥° ¢µ§¤¥°¸É¢¨¥ Î ¸É¨Í ¸ · §²¨Î´Ò³¨ ‹�� ´  ¡¨µ²µ£¨Î¥¸±¨¥ É± ´¨ ¶µ
±·¨É¥·¨Õ ¢Ò¦¨¢ ¥³µ¸É¨ µ¡²ÊÎ ¥³ÒÌ ±²¥Éµ±, ¢ÒÎ¨¸²Ö² ¸Ó ¨§ ¨§³¥·¥´´ÒÌ ¸¶¥±-
É·µ¢ ‹�� ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¡¨µ²µ£¨Î¥¸±µ° ¢¥¸µ¢µ° ËÊ´±Í¨¨. ‚¥²¨Î¨´  RBWE
¢µ§· ¸É ¥É ¸ £²Ê¡¨´µ° Ë ´Éµ³ , ¤µ¸É¨£ Ö §´ Î¥´¨Ö ∼3 ¶¥·¥¤ ¶¨±µ³ �·Ô££ , ¶µ-
¸²¥ Î¥£µ ·¥§±µ Ê³¥´ÓÏ ¥É¸Ö. �Éµ ¤µ²¦´µ ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¶·¨ Ëµ·³¨·µ¢ ´¨¨ ¨
¤µ§¨³¥É·¨¨ ¶ÊÎ±  ¤²Ö ¨µ´´µ° ²ÊÎ¥¢µ° É¥· ¶¨¨.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ ¨³. ‚. �. „¦¥²¥¶µ¢  ¨
‹ ¡µ· Éµ·¨¨ ¢Ò¸µ±¨Ì Ô´¥·£¨° ¨³. ‚. ˆ. ‚¥±¸²¥·  ¨ �. Œ. � ²¤¨´  �ˆŸˆ.

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

Molokanov A. G., Spurn	y F. P16-2005-86
Measurements of the 12C Ion Beam Microdosimetric Characteristics

The results of experimental studies of the 12C ion beam with the primary energy
of 500 MeV/amu from the JINR Nuclotron are presented. Depth-dose distributions
have been measured by means of a diamond detector. The spectra of the linear
energy transfer (LET) were studied at various beam penetration depths at several
points from the beam entrance up to the region behind the Bragg peak by means of
chemically etched track detectors. The track parameters were measured by means
of an automatic optical image analyzer LUCIA-G based on a Leitz microscope. The
value of the relative biological weighted effectiveness (RBWE), characterizing the
value of the RBE during tumours radiotherapy, was calculated from the measured
LET spectra on the basis of a biological weighting function. RBWE increases with
the depth in the phantom, reaching the maximum value of about 3 just before the
Bragg peak. Afterwards it decreases rather rapidly, which is to be considered when
extended tumours are to be treated.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems and Veksler and Baldin Laboratory of High Energies, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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� ¤¨µÉ¥· ¶¨Ö ¶ÊÎ± ³¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö
Ö¢²Ö¥É¸Ö ¤µ¸É ÉµÎ´µ · ¸¶·µ¸É· ´¥´´Ò³ ³¥Éµ¤µ³ ²¥Î¥´¨Ö. �ÊÎ±¨ ¶·µÉµ´µ¢ ¨
¨µ´µ¢ ¶µ§¢µ²ÖÕÉ Ëµ·³¨·µ¢ ÉÓ ¸ÊÐ¥¸É¢¥´´µ ²ÊÎÏ¨¥ ¶·µ¸É· ´¸É¢¥´´Ò¥ ¤µ§´Ò¥
· ¸¶·¥¤¥²¥´¨Ö ¶µ ¸· ¢´¥´¨Õ ¸ ¤·Ê£¨³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨Ö. �É¨ ¶·¥¨³ÊÐ¥-
¸É¢  ¨³¥ÕÉ µ¸µ¡¥´´µ ¢ ¦´µ¥ §´ Î¥´¨¥ ¶·¨ ±µ´Ëµ·³´µ³ µ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥°
¸²µ¦´µ° ¶·µ¸É· ´¸É¢¥´´µ° ±µ´Ë¨£Ê· Í¨¨, · ¸¶µ²µ¦¥´´ÒÌ ¢¡²¨§¨ ±·¨É¨Î¥-
¸±¨Ì µ·£ ´µ¢. „µ ±µ´Í  2004 £. ¢ ³¨·¥ ´  ¶·µÉµ´´ÒÌ ¶ÊÎ± Ì ¡Ò²µ µ¡²ÊÎ¥´µ
¡µ²¥¥ 40 ÉÒ¸ÖÎ ¶ Í¨¥´Éµ¢. ‚ É¥Î¥´¨¥ ¤²¨É¥²Ó´µ£µ ¢·¥³¥´¨ · ¡µÉÒ ¶µ ¶·µ-
Éµ´´µ° ²ÊÎ¥¢µ° É¥· ¶¨¨ ¶·µ¢µ¤ÖÉ¸Ö ´  Ë §µÉ·µ´¥ ‹Ÿ� �ˆŸˆ.

�ÊÎ±¨ ¨µ´µ¢ ±·µ³¥ Ìµ·µÏ¥£µ ¶·µ¸É· ´¸É¢¥´´µ£µ ¤µ§´µ£µ · ¸¶·¥¤¥²¥´¨Ö
¨³¥ÕÉ ¤µ¶µ²´¨É¥²Ó´Ò¥ ¶·¥¨³ÊÐ¥¸É¢  ¶·¨ ²¥Î¥´¨¨ ´¥±µÉµ·ÒÌ · ¤¨µ·¥§¨-
¸É¥´É´ÒÌ µ¶ÊÌµ²¥° ¡² £µ¤ ·Ö ¢Ò¸µ±¨³ §´ Î¥´¨Ö³ ²¨´¥°´µ° ¶¥·¥¤ Î¨ Ô´¥·£¨¨
(‹��). �±µ²µ ¤¢ÊÌ ÉÒ¸ÖÎ ¶ Í¨¥´Éµ¢ Ê¦¥ µ¡²ÊÎ¥´µ ´  ¶ÊÎ± Ì ¨µ´µ¢ Ê£²¥·µ¤ 
12C ¢ É·¥Ì Í¥´É· Ì Å HIMAC, Ÿ¶µ´¨Ö; GSI, ƒ¥·³ ´¨Ö; HIBMC, Hyogo,
Ÿ¶µ´¨Ö [1]. �Ò²¨ ´ Î ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ ³¥¤¨Í¨´¸±µ³Ê ¶·¨³¥´¥´¨Õ Ê£²¥-
·µ¤´µ£µ ¶ÊÎ±  ´  ´Ê±²µÉ·µ´¥ ‹‚� �ˆŸˆ.

ˆ¸¶µ²Ó§µ¢ ´¨¥ ¨µ´´ÒÌ ¶ÊÎ±µ¢ ¢ ²ÊÎ¥¢µ° É¥· ¶¨¨ É·¥¡Ê¥É ¶·µ¢¥¤¥´¨Ö ¨¸-
¸²¥¤µ¢ ´¨° µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±µ° ÔËË¥±É¨¢´µ¸É¨ (���) ¶·¨ ¢µ§¤¥°-
¸É¢¨¨ ´  · §²¨Î´Ò¥ ¡¨µ²µ£¨Î¥¸±¨¥ ¸¨¸É¥³Ò. ��� ¶ÊÎ±  ¨µ´µ¢ ¨§³¥´Ö¥É¸Ö ¸
£²Ê¡¨´µ° ¶·µ´¨±´µ¢¥´¨Ö ¶ÊÎ±  ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¨§³¥´¥´¨¥³ ¢¥²¨Î¨´Ò ‹��.
‚¥²¨Î¨´Ê ��� ¶ÊÎ±  ³µ¦´µ µÍ¥´¨ÉÓ ´  µ¸´µ¢¥ ³¨±·µ¤µ§¨³¥É·¨Î¥¸±¨Ì ¨§³¥-
·¥´¨° ¸¶¥±É·µ¢ ‹��. �¥¤ ¢´µ ¡Ò²¨ µ¶Ê¡²¨±µ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ ¶µ¤µ¡´ÒÌ ¨¸-
¸²¥¤µ¢ ´¨°, ¶·µ¢¥¤¥´´ÒÌ ´  ±²¨´¨Î¥¸±µ³ ¶·µÉµ´´µ³ ¶ÊÎ±¥ Ë §µÉ·µ´  ‹Ÿ�
�ˆŸˆ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¸¶¥±É·µ³¥É·  ‹�� ´  µ¸´µ¢¥ É·¥±µ¢ÒÌ ¤¥É¥±Éµ-
·µ¢ [2].

‚ ¤ ´´µ° · ¡µÉ¥ µ¶¨¸Ò¢ ÕÉ¸Ö ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ -
´¨° ³¨±·µ¤µ§¨³¥É·¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ¨µ´µ¢ 12C ¸ ´µ³¨´ ²Ó´µ°
Ô´¥·£¨¥° 500 ŒÔ‚/´Ê±²µ´ ´Ê±²µÉ·µ´  ‹‚� �ˆŸˆ, ¶·µ¢¥¤¥´´ÒÌ ¢ É¥Î¥´¨¥
2004 £.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š� �� �“—Š… ˆ���‚ 12C

ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ´  ¶ÊÎ±¥ ¨µ´µ¢ 12C ¸ Ô´¥·£¨¥° 500 ŒÔ‚/´Ê±²µ´,
¢Ò¢¥¤¥´´µ³ ¢ Ô±¸¶¥·¨³¥´É ²Ó´Ò° § ² 205 ´Ê±²µÉ·µ´  ‹‚�. ‚·¥³¥´´	 Ö ¸É·Ê±-
ÉÊ·  ¶ÊÎ±  Å ¨³¶Ê²Ó¸Ò ¤²¨É¥²Ó´µ¸ÉÓÕ 2 ¸ ¸ ¶¥·¨µ¤µ³ 9 ¸. ‘·¥¤´ÖÖ ¢¥²¨Î¨´ 
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¶µÉµ±  ¨µ´µ¢ ¢ ¶ÊÎ±¥ ¸µ¸É ¢²Ö²  5·108 ¨µ´µ¢ ¢ ¨³¶Ê²Ó¸¥. ‘Ì¥³  Ô±¸¶¥·¨³¥´-
É ²Ó´µ° Ê¸É ´µ¢±¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. “¸É ´µ¢±  ¸µ¸Éµ¨É ¨§ ¸²¥¤ÊÕÐ¨Ì
Ê¸É·µ°¸É¢:

�¨¸. 1. ‘Ì¥³  µ¡µ·Ê¤µ¢ ´¨Ö ¤²Ö ¨§³¥·¥´¨Ö ¶ · ³¥É·µ¢ ¶ÊÎ±  ¨µ´µ¢ 12C

• ¶·µË¨²µ³¥É· ¤²Ö ¨§³¥·¥´¨Ö £µ·¨§µ´É ²Ó´µ£µ ¨ ¢¥·É¨± ²Ó´µ£µ ¶·µË¨-
²¥° ¶ÊÎ±  ´  ¢Ìµ¤¥ ¢ Ê¸É ´µ¢±Ê;

• ¤¨¸É ´Í¨µ´´µ Ê¶· ¢²Ö¥³Ò° ¶²¥±¸¨£² ¸µ¢Ò° ±²¨´ ¸ ¤µ¶µ²´¨É¥²Ó´Ò³
¶²¥±¸¨£² ¸µ¢Ò³ § ³¥¤²¨É¥²¥³ ¤²Ö ·¥£Ê²¨·µ¢ ´¨Ö Éµ²Ð¨´Ò ¢¥Ð¥¸É¢  t ´  ¶ÊÉ¨
¶ÊÎ±  ¶·¨ ¨§³¥·¥´¨¨ £²Ê¡¨´´µ£µ ¤µ§´µ£µ · ¸¶·¥¤¥²¥´¨Ö;

• ¤¢¥ ¢µ§¤ÊÏ´Ò¥ ¶²µ¸±µ¶ · ²²¥²Ó´Ò¥ É· ´¸³¨¸¸¨µ´´Ò¥ ¨µ´¨§ Í¨µ´´Ò¥
± ³¥·Ò ´  ¢Ìµ¤¥ ¢ Ê¸É ´µ¢±Ê ¤²Ö ³µ´¨Éµ·¨·µ¢ ´¨Ö ¶ÊÎ±  ¨ §  ¶¥·¥³¥Ð ¥³Ò³
±²¨´µ³;

• ¤µ§¨³¥É· ¸  ²³ §´Ò³ ¤¥É¥±Éµ·µ³ ¤²Ö ¨§³¥·¥´¨Ö ¶µ£²µÐ¥´´µ° ¤µ§Ò.

ƒ²Ê¡¨´´Ò¥ ¤µ§´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¡Ò²¨ ¨§³¥·¥´Ò ¤µ§¨³¥É·µ³ „Š„ -01
®ˆ”’�¯ ¸  ²³ §´Ò³ ¤¥É¥±Éµ·µ³, · §· ¡µÉ ´´Ò³ ¢ ˆ”’�, „Ê¡´ . �²³ §´Ò°
¤¥É¥±Éµ· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ±·¨¸É ²² ¶·¨·µ¤´µ£µ  ²³ §  Éµ²Ð¨´µ° 0,4 ³³ ¸
ÎÊ¢¸É¢¨É¥²Ó´Ò³ µ¡Ñ¥³µ³ 7 ³³3. �²³ §´Ò° ¤¥É¥±Éµ· ¨³¥¥É ¢Ò¸µ±ÊÕ ÎÊ¢¸É¢¨-
É¥²Ó´µ¸ÉÓ, Ìµ·µÏ¥¥ ¶·µ¸É· ´¸É¢¥´´µ¥ · §·¥Ï¥´¨¥ ¡² £µ¤ ·Ö ³ ²Ò³ · §³¥· ³,
¢Ò¸µ±ÊÕ · ¤¨ Í¨µ´´ÊÕ ¸Éµ°±µ¸ÉÓ ¨ Ìµ·µÏÊÕ É± ´¥Ô±¢¨¢ ²¥´É´µ¸ÉÓ [3].

ƒ²Ê¡¨´´µ¥ ¤µ§´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¨µ´µ¢ 12‘ (±·¨¢ Ö �·Ô££ ), ¨§³¥-
·¥´´µ¥  ²³ §´Ò³ ¤¥É¥±Éµ·µ³, ¶·¥¤¸É ¢²¥´µ ´  ·¨¸. 2. ˆ§³¥·¥´´Ò° ¸·¥¤´¨°
¶·µ¡¥£ ¨µ´µ¢ ¸µµÉ¢¥É¸É¢Ê¥É Ô´¥·£¨¨ ¶ÊÎ±  ´  ¢Ìµ¤¥ ¢ Ê¸É ´µ¢±Ê 480 ŒÔ‚/´Ê±-
²µ´. �É±²µ´¥´¨¥ ¢¥²¨Î¨´Ò ¨§³¥·¥´´µ° Ô´¥·£¨¨ ¶ÊÎ±  µÉ ¥¥ ´µ³¨´ ²Ó´µ£µ
§´ Î¥´¨Ö ¢µ§³µ¦´µ µ¡ÑÖ¸´¨ÉÓ ¶µÉ¥·Ö³¨ Ô´¥·£¨¨ ¶·¨ É· ´¸¶µ·É¨·µ¢±¥ ¶ÊÎ± 
Î¥·¥§ Ô²¥³¥´ÉÒ ¸¨¸É¥³Ò ³µ´¨Éµ·¨·µ¢ ´¨Ö ¨ ¤¨ £´µ¸É¨±¨.

2



�¨¸. 2. ƒ²Ê¡¨´´µ¥ ¤µ§´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¶ÊÎ±  ¨µ´µ¢, ¨§³¥·¥´´µ¥  ²³ §´Ò³ ¤¥É¥±Éµ-
·µ³

2. ‘�…Š’��Œ…’� ‹�� �� �‘��‚… ’�…Š�‚›• „…’…Š’���‚

‘¶¥±É·µ³¥É· ‹�� ´  µ¸´µ¢¥ Ì¨³¨Î¥¸±¨ É· ¢²¥´´ÒÌ É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢
CR-39, · §· ¡µÉ ´´Ò° ¢ µÉ¤¥²¥ · ¤¨ Í¨µ´´µ° ¤µ§¨³¥É·¨¨ ˆ´¸É¨ÉÊÉ  Ö¤¥·´µ°
Ë¨§¨±¨ �± ¤¥³¨¨ ´ Ê± —¥Ï¸±µ° �¥¸¶Ê¡²¨±¨ ¢ �· £¥, ¸²Ê¦¨É ¤²Ö ¨§³¥·¥´¨Ö
¸¶¥±É·µ¢ ‹�� ¢ ¶ÊÎ± Ì ¨ ¶µ²ÖÌ ¨µ´¨§¨·ÊÕÐ¥£µ ¨§²ÊÎ¥´¨Ö [4, 5].

�·¨´Í¨¶ ¤¥°¸É¢¨Ö ¤¨Ô²¥±É·¨Î¥¸±¨Ì É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ µ¸´µ¢ ´ ´  · §-
´¨Í¥ ¢ ¸±µ·µ¸É¨ · ¸É¢µ·¥´¨Ö ³ É¥·¨ ²  ¤¥É¥±Éµ·  ¢ · ¸É¢µ·¥ ±¨¸²µÉÒ ²¨¡µ
Ð¥²µÎ¨ ¢ µ¡² ¸É¨ ¢¤µ²Ó É·¥±  ¤µ¸É ÉµÎ´µ ¶²µÉ´µ¨µ´¨§¨·ÊÕÐ¥° Î ¸É¨ÍÒ ¶µ
¸· ¢´¥´¨Õ ¸ µ¡² ¸ÉÖ³¨ ¢´¥ É·¥± . ‚¸²¥¤¸É¢¨¥ ÔÉµ° · §´¨ÍÒ ´  ¶µ¢¥·Ì´µ¸É¨
¤¥É¥±Éµ·  µ¡· §ÊÕÉ¸Ö µ¡Ñ¥±ÉÒ (É·¥±¨), ±µÉµ·Ò¥ ³µ¦´µ · ¸¸³ É·¨¢ ÉÓ ¨ µ¶·¥-
¤¥²ÖÉÓ ¨Ì · §³¥·Ò ¨ Ëµ·³Ê ¶·¨ ¶µ³µÐ¨ µ¡ÒÎ´ÒÌ µ¶É¨Î¥¸±¨Ì ³¨±·µ¸±µ¶µ¢.

„²Ö ¨§³¥·¥´¨° ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤¥É¥±Éµ·Ò CR-39 Page Å ¶² ¸É¨´±¨ · §-
³¥· ³¨ 1,5×1,5 ¸³ Éµ²Ð¨´µ° 0,5 ³³ ´  µ¸´µ¢¥ ¶µ²¨ ²²¨²¤¨£²¨±µ²Ó± ·¡µ-
´ É , ¨§£µÉµ¢²¥´´Ò¥ Page Moulding (Pershore) Limited, �´£²¨Ö. �µ¸²¥ µ¡-
²ÊÎ¥´¨Ö ¶² ¸É¨´±¨ ¤¥É¥±Éµ·  ¶µ¤¢¥·£ ²¨¸Ó É· ¢²¥´¨Õ ¢ 5N -· ¸É¢µ·¥ NaOH
¶·¨ É¥³¶¥· ÉÊ·¥ 70 ◦C. ‘É ´¤ ·É´µ¥ ¢·¥³Ö É· ¢²¥´¨Ö ¤¥É¥±Éµ·µ¢ ¸µ¸É ¢²Ö¥É
18 Î, ¶·¨ ÔÉµ³ · ¸É¢µ·Ö¥É¸Ö ¸²µ° Éµ²Ð¨´µ° µ±µ²µ 17 ³±³ ¸ ± ¦¤µ° ¸Éµ·µ´Ò
¤¥É¥±Éµ· . �¥·¥¤ É· ¢²¥´¨¥³ µ¤¨´ ¨§ Ê£²µ¢ ± ¦¤µ° ¶² ¸É¨´±¨ É·¥±µ¢µ£µ ¤¥-
É¥±Éµ·  µ¡²ÊÎ ¥É¸Ö Ë· £³¥´É ³¨ ¤¥²¥´¨Ö ¨¸ÉµÎ´¨±  252Cf, ¤·Ê£µ° Ê£µ² µ¡²Ê-
Î ¥É¸Ö  ²ÓË -Î ¸É¨Í ³¨ µÉ ¨¸ÉµÎ´¨±  241Am. �Éµ ¤¥² ¥É¸Ö ¤²Ö ¶·µ¢¥·±¨ ¨
±µ´É·µ²Ö Ê¸²µ¢¨° É· ¢²¥´¨Ö.

� · ³¥É·Ò É·¥±µ¢ ¨§³¥·ÖÕÉ¸Ö ¸ ¶µ³µÐÓÕ  ¢Éµ³ É¨Î¥¸±µ£µ µ¶É¨Î¥¸±µ£µ
 ´ ²¨§ Éµ·  ¨§µ¡· ¦¥´¨° LUCIA-G (Laboratory Universal Computer Image
Analyzer), · ¡µÉ ÕÐ¥£µ ´  µ¸´µ¢¥ Leitz-³¨±·µ¸±µ¶ . ˆ§³¥·¥´´Ò¥ ¶ · ³¥É·Ò
É·¥±µ¢ ¶·¥µ¡· §ÊÕÉ¸Ö ¢ ¸¶¥±É·Ò ‹�� ´  µ¸´µ¢¥ ± ²¨¡·µ¢±¨ ¸¶¥±É·µ³¥É·  ´ 
¶ÊÎ± Ì ¨µ´µ¢ [6, 7].
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‘¶¥±É·µ³¥É· ¶µ§¢µ²Ö¥É ¨§³¥·ÖÉÓ ¢¥²¨Î¨´Ò ‹�� ¢ ¤¨ ¶ §µ´¥ µÉ 7 ¤µ 700
±Ô‚/³±³ ¢ ¡¨µ²µ£¨Î¥¸±µ° É± ´¨. �É¨ ¤¥É¥±Éµ·Ò ¶µ§¢µ²ÖÕÉ ¶·µ¢µ¤¨ÉÓ ¶·Ö³ÊÕ
·¥£¨¸É· Í¨Õ ± ¦¤µ£µ µÉ¤¥²Ó´µ£µ ¨µ´  ¢ ¶ÊÎ±¥ 12‘ ¨ µ¶·¥¤¥²ÖÉÓ ¢¥²¨Î¨´Ê ¥£µ
‹��.

3. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰ ‘�…Š’��‚ ‹��

’·¥±µ¢Ò¥ ¤¥É¥±Éµ·Ò ¡Ò²¨ µ¡²ÊÎ¥´Ò ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì t ¶²¥±¸¨£² -
¸µ¢µ£µ Ë ´Éµ³  ¢ ¤¢ÊÌ ¸¥ ´¸ Ì · ¡µÉÒ ´Ê±²µÉ·µ´ . “·µ¢¥´Ó Ô±¸¶µ§¨Í¨¨ ¤¥É¥±-

�¨¸. 3. ˆ§µ¡· ¦¥´¨Ö É·¥±µ¢ ¨µ´µ¢ 12C ´  Ô±· ´¥ ³µ´¨Éµ·  ¸¶¥±É·µ³¥É· 
‹�� LUCIA-G ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì ¶²¥±¸¨£² ¸µ¢µ£µ Ë ´Éµ³  (· §³¥· ¶µ²Ö
276×247 ³±³)
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Éµ·µ¢ ¡Ò² ¢Ò¡· ´ ¨§ Ê¸²µ¢¨° µ¶É¨³ ²Ó´µ° ¶²µÉ´µ¸É¨ É·¥±µ¢ ´  ¶µ¢¥·Ì´µ¸É¨
¤¥É¥±Éµ·µ¢, ¤²Ö Î¥£µ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¡Ò²  ¸´¨¦¥´  ¤µ 104Ä105 ¨µ´µ¢
¢ ¨³¶Ê²Ó¸¥, É·¥±µ¢Ò¥ ¤¥É¥±Éµ·Ò ¡Ò²¨ µ¡²ÊÎ¥´Ò Éµ²Ó±µ µ¤´¨³ ¨³¶Ê²Ó¸µ³
¶ÊÎ± . „¨ ¶ §µ´ £²Ê¡¨´, ´  ±µÉµ·ÒÌ ¡Ò²¨ µ¡²ÊÎ¥´Ò ¤¥É¥±Éµ·Ò, Å µÉ ¢Ìµ¤ 
¶ÊÎ±  ¢ Ê¸É ´µ¢±Ê ¤µ µ¡² ¸É¨ Ë· £³¥´É Í¨¨ §  ¶¨±µ³ �·Ô££ . �¡· §ÍÒ ¨§µ-
¡· ¦¥´¨° É·¥±µ¢ ¸ Ô±· ´  ³µ´¨Éµ·  ¸¶¥±É·µ³¥É·  LUCIA-G ¤²Ö ´¥¸±µ²Ó±¨Ì
£²Ê¡¨´ t ¶µ± § ´Ò ´  ·¨¸. 3.

�  ·¨¸. 4, 5 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸¶¥±É·µ¢ ‹�� ´  · §²¨Î-
´ÒÌ £²Ê¡¨´ Ì ¶²¥±¸¨£² ¸µ¢µ£µ Ë ´Éµ³ . �µ£·¥Ï´µ¸É¨, Ê± § ´´Ò¥ ´  ·¨-

�¨¸. 4. ‘¶¥±É·Ò ‹�� ¨µ´µ¢ 12C ¤²Ö · §²¨Î´ÒÌ £²Ê¡¨´ Ë ´Éµ³  (¶ · ³¥É·Ò Å Éµ²-
Ð¨´Ò ¶²¥±¸¨£² ¸  ¢ £/¸³2)

�¨¸. 5. ‘¶¥±É·Ò ‹�� ¨µ´µ¢ 12C ¤²Ö · §²¨Î´ÒÌ £²Ê¡¨´ Ë ´Éµ³  (£²Ê¡¨´Ò ¢ µ¡² ¸É¨
¶¨±  �·Ô££ ; ¶ · ³¥É·Ò Å Éµ²Ð¨´Ò ¶²¥±¸¨£² ¸  ¢ £/¸³2)
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¸Ê´± Ì, ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ¸É É¨¸É¨Î¥¸±¨¥ ¶µ£·¥Ï´µ¸É¨ µ¡· ¡µÉ±¨ É·¥±µ¢ ¨
¶µ£·¥Ï´µ¸É¨ ± ²¨¡·µ¢±¨ ¸¶¥±É·µ³¥É·  [6].

ˆ§ ¶·¨¢¥¤¥´´ÒÌ ·¨¸Ê´±µ¢ ¢¨¤´µ, ÎÉµ ¸ Ê¢¥²¨Î¥´¨¥³ £²Ê¡¨´Ò ¸¶¥±É·Ò
‹�� ¸³¥Ð ÕÉ¸Ö ¢ ¸Éµ·µ´Ê ¡	µ²ÓÏ¨Ì §´ Î¥´¨°,   É ±¦¥ Ï¨·¨´  ¶¨±µ¢ Ê¢¥-
²¨Î¨¢ ¥É¸Ö ¢¸²¥¤¸É¢¨¥ ¸É· ££²¨´£ , ¤µ¸É¨£ Ö ³ ±¸¨³ ²Ó´µ° Ï¨·¨´Ò ¢ ¶¨±¥
�·Ô££ . ‚ µ¡² ¸É¨ Ë· £³¥´É Í¨¨ §  ¶¨±µ³ �·Ô££  Î ¸É¨ÍÒ ¸ ¢Ò¸µ±¨³¨ §´ Î¥-
´¨Ö³¨ ‹�� ¶· ±É¨Î¥¸±¨ ¨¸Î¥§ ÕÉ.

4. ˆ�’…ƒ��‹œ�›… „�‡ˆŒ…’�ˆ—…‘Šˆ… •���Š’…�ˆ‘’ˆŠˆ
�“—Š�

�µ ¨§³¥·¥´´Ò³ ¸¶¥±É· ³ ‹�� ¢µ§³µ¦´µ µ¶·¥¤¥²¨ÉÓ ¨´É¥£· ²Ó´Ò¥ Ì -
· ±É¥·¨¸É¨±¨ ¶ÊÎ±  Å ¶µ£²µÐ¥´´ÊÕ ¤µ§Ê DL µÉ Î ¸É¨Í ¸ ¢¥²¨Î¨´µ° ‹��
¢ÒÏ¥ 7 ±Ô‚/³±³, ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´ÊÕ ÔËË¥±É¨¢´ÊÕ ¤µ§Ê BWEDL ¨
¢¥²¨Î¨´Ê µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ¸É¨ RBWE
[2]. BWEDL µ¶·¥¤¥²Ö¥É¸Ö ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¡¨µ²µ£¨Î¥¸±µ° ¢¥¸µ¢µ° ËÊ´±-
Í¨¨ r(L), ±µÉµ· Ö Ì · ±É¥·¨§Ê¥É ¢µ§¤¥°¸É¢¨¥ Î ¸É¨Í ¸ · §²¨Î´Ò³¨ ‹�� ´ 
¡¨µ²µ£¨Î¥¸±¨¥ É± ´¨ ¶µ ±·¨É¥·¨Õ ¢Ò¦¨¢ ¥³µ¸É¨ µ¡²ÊÎ ¥³ÒÌ ±²¥Éµ±.

DL =
∫

(dN/dL) L dL ,

BWEDL =
∫

(dN/dL) L r(L) dL ,

£¤¥ dN/dL Å ±µ²¨Î¥¸É¢µ É·¥±µ¢ ¢ ¨´É¥·¢ ²¥ dL; L Å ¢¥²¨Î¨´  ‹��;
r(L) Å ¡¨µ²µ£¨Î¥¸± Ö ¢¥¸µ¢ Ö ËÊ´±Í¨Ö.

„ ´´ Ö ¡¨µ²µ£¨Î¥¸± Ö ¢¥¸µ¢ Ö ËÊ´±Í¨Ö r(L) (·¨¸. 6) ¡Ò²  ¶·¥¤²µ¦¥´ 
¸ Í¥²ÓÕ µ¶¨¸ ´¨Ö ±µÔËË¨Í¨¥´É  ± Î¥¸É¢  ²ÊÎ¥¢µ° É¥· ¶¨¨ · §²¨Î´Ò³¨ ¢¨-
¤ ³¨ ¨§²ÊÎ¥´¨Ö [8, 9]. …¥ µ¶É¨³¨§ Í¨Ö ¡Ò²  ¶·µ¢¥¤¥´  É ±¨³ µ¡· §µ³, ÎÉµ¡Ò
µÍ¥´¨ÉÓ ¢¥²¨Î¨´Ò ��� · §²¨Î´ÒÌ ¢¨¤µ¢ ¨§²ÊÎ¥´¨° ´  µ¸´µ¢¥ ¨Ì ³¨±·µ¤µ§¨-
³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·µ¢.

‚¥²¨Î¨´  µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ¸É¨ RBWE
³µ¦¥É ¡ÒÉÓ µ¶·¥¤¥²¥´  ¨§ ¸µµÉ´µÏ¥´¨Ö

RBWE = BWEDL / DL

‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ±  ¨µ´µ¢ 12C, ¶µ²ÊÎ¥´´Ò¥ ´ 
µ¸´µ¢¥ ¨§³¥·¥´¨° É·¥±µ¢Ò³¨ ¤¥É¥±Éµ· ³¨ ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì ¶²¥±¸¨£² -
¸µ¢µ£µ Ë ´Éµ³ : µ¸É ÉµÎ´ Ö Ô´¥·£¨Ö ¨ ¸·¥¤´¨¥ §´ Î¥´¨Ö ‹��, · ¸¸Î¨É ´´Ò¥
´  µ¸´µ¢¥ ·¥±µ³¥´¤ Í¨° ICRU [10]; ¨§³¥·¥´´Ò¥ ¶µ²µ¦¥´¨Ö ³ ±¸¨³Ê³µ¢ ¢
¸¶¥±É· Ì ‹��. ‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò É ±¦¥ ¢¥²¨Î¨´Ò ¶µ£²µÐ¥´´µ° ¤µ§Ò DL

¨ ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ° ¤µ§Ò BWEDL, ´  µ¸´µ¢¥ ±µÉµ·ÒÌ
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�¨¸. 6. �¨µ²µ£¨Î¥¸± Ö ¢¥¸µ¢ Ö ËÊ´±Í¨Ö r(L)

³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¢¥²¨Î¨´Ò µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ°
ÔËË¥±É¨¢´µ¸É¨ RBWE, Ì · ±É¥·¨§ÊÕÐ¨¥ ��� ¶ÊÎ±  ¶·¨ ²ÊÎ¥¢µ° É¥· ¶¨¨.

� ¡²Õ¤ ¥É¸Ö Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ ¨§³¥·¥´´ÒÌ §´ Î¥´¨° ‹�� ¸ · ¸Î¥É´Ò³¨
¶·¨ ³ ²ÒÌ Éµ²Ð¨´ Ì § ³¥¤²¨É¥²Ö. �·¨ ¡µ²ÓÏ¨Ì Éµ²Ð¨´ Ì · ¸Ìµ¦¤¥´¨Ö
¸É ´µ¢ÖÉ¸Ö ¡µ²¥¥ ¸ÊÐ¥¸É¢¥´´Ò³¨ ¨§-§  ¢²¨Ö´¨Ö ¸É· ££²¨´£ .

ƒ²Ê¡¨´´ Ö § ¢¨¸¨³µ¸ÉÓ Ì · ±É¥·¨¸É¨± ¶ÊÎ±  ¨µ´µ¢ 12C, ¨§³¥·¥´´ÒÌ
É·¥±µ¢Ò³¨ ¤¥É¥±Éµ· ³¨

’µ²Ð¨´  �¸É ÉµÎ´ Ö � ¸Î¥É´Ò¥ ˆ§³¥·¥´´Ò¥
DL,
³ƒ·

BWEDL RBWE¶²¥±¸¨£² ¸ , Ô´¥·£¨Ö, ‹��, ‹��,
t, £/¸³2 MÔ‚/´Ê±²µ´ ±Ô‚/³±³ ±Ô‚/³±³

0* 480 9,8 9,5 0,155 0,165 1,07
28,0* 207 15,5 16,2 0,036 0,042 1,19
32,1* 134 19,5 19,5 0,0587 0,0758 1,29
34,6 96 26,5 22,1 0,236 0,421 1,79
35,2 82 29,9 25,0 0,189 0,324 1,71
35,7 67 35,2 27,3 0,219 0,435 1,99
36,3 48 45,7 40,8 0,331 1,018 3,08
36,9 �¨± �·Ô££  0,48 0,94 1,93
38,0 ‡  ¶¨±µ³ 0,066 0,01 1,52

∗’·¥±µ¢Ò¥ ¤¥É¥±Éµ·Ò ¢ ÔÉ¨Ì ÉµÎ± Ì ¡Ò²¨ µ¡²ÊÎ¥´Ò ¢ ¶¥·¢µ³ ¸¥ ´¸¥ · ¡µÉÒ.

ƒ²Ê¡¨´´µ¥ · ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò ¶µ£²µÐ¥´´µ° ¤µ§Ò DL, ¨§³¥·¥´´µ¥
É·¥±µ¢Ò³¨ ¤¥É¥±Éµ· ³¨, ¢µ§³µ¦´µ ¸· ¢´¨ÉÓ ¸ £²Ê¡¨´´Ò³ ¤µ§´Ò³ · ¸¶·¥¤¥-
²¥´¨¥³, ¨§³¥·¥´´Ò³  ²³ §´Ò³ ¤¥É¥±Éµ·µ³. �  ·¨¸. 7 ¶·¨¢µ¤ÖÉ¸Ö ¢ ¸· ¢´¥´¨¨
µÉ´µ¸¨É¥²Ó´Ò¥ £²Ê¡¨´´Ò¥ ¤µ§´Ò¥ · ¸¶·¥¤¥²¥´¨Ö. �¡  · ¸¶·¥¤¥²¥´¨Ö µÉ´µ·-
³¨·µ¢ ´Ò ¢ ÉµÎ±¥ ¶·¨ Éµ²Ð¨´¥ ¶²¥±¸¨£² ¸  28,0 £/¸³2. ˆ§ ÔÉµ£µ ·¨¸Ê´± 
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�¨¸. 7. ‘· ¢´¥´¨¥ µÉ´µ¸¨É¥²Ó´ÒÌ £²Ê¡¨´´ÒÌ ¤µ§´ÒÌ · ¸¶·¥¤¥²¥´¨°, ¨§³¥·¥´´ÒÌ  ²-
³ §´Ò³ ¤¥É¥±Éµ·µ³ (Å) ¨ ‹��-¸¶¥±É·µ³¥É·µ³ (◦)

¢¨¤´µ, ÎÉµ µ¡  · ¸¶·¥¤¥²¥´¨Ö Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê ¸µ¡µ° ¶·¨ ³ ²ÒÌ
Éµ²Ð¨´ Ì § ³¥¤²¨É¥²Ö, · ¸Ìµ¦¤¥´¨¥ ¢ 25% ´ ¡²Õ¤ ¥É¸Ö Éµ²Ó±µ ¢ ¶¨±¥ �·Ô£-
£ . �·¥¤¶µ² £ ¥³µ° ¶·¨Î¨´µ° ÔÉµ£µ · ¸Ìµ¦¤¥´¨Ö Ö¢²Ö¥É¸Ö · §²¨Î´ Ö Éµ²Ð¨´ 
ÎÊ¢¸É¢¨É¥²Ó´µ° µ¡² ¸É¨ ¤¥É¥±Éµ·µ¢ (20 ³±³ ¤²Ö É·¥±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ¨ 0,4 ³³
¤²Ö  ²³ § ) ¨ ¶µ¢ÒÏ¥´¨¥ ·¥±µ³¡¨´ Í¨¨ § ·Ö¤µ¢ ¶·¨ ¢Ò¸µ±¨Ì §´ Î¥´¨ÖÌ ‹��
¢ µ¡² ¸É¨ ¶¨±  �· ££ .

‚¥²¨Î¨´  µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ¸É¨
RBWE ¢ µ¡² ¸É¨ ¶¨±  �·Ô££  Ê£²¥·µ¤´µ£µ ¶ÊÎ±  ± ± ËÊ´±Í¨Ö Éµ²Ð¨´Ò ¶²¥±-
¸¨£² ¸  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 8. RBWE ¸ Ê¢¥²¨Î¥´¨¥³ £²Ê¡¨´Ò ¢µ§· ¸É ¥É µÉ
¢¥²¨Î¨´Ò 1,07 ´  ¢Ìµ¤¥ ¶ÊÎ±  ¤µ ¢¥²¨Î¨´Ò ∼3 ´  £²Ê¡¨´¥ 36,3 £/¸³2 ´¥¶µ-
¸·¥¤¸É¢¥´´µ ¶¥·¥¤ ¶¨±µ³ �·Ô££ . ‚ ¸ ³µ³ ¶¨±¥ �·Ô££ , ¢¸¥£µ ´  0,6 £/¸³2

£²Ê¡¦¥, RBWE ·¥§±µ ¸¶ ¤ ¥É ¤µ 2 ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ Ê³¥´ÓÏ¥´¨¥³ ËÊ´±Í¨¨
r(L) ¤²Ö §´ Î¥´¨° ‹�� ¢ÒÏ¥ 70 ±Ô‚/³±³.

�¨¸. 8. RBWE ¢ § ¢¨¸¨³µ¸É¨ µÉ £²Ê¡¨´Ò Ë ´Éµ³ 
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�‘��‚�›… ‚›‚�„›

1. ‘ ¶µ³µÐÓÕ ¸¶¥±É·µ³¥É·  ‹�� ´  µ¸´µ¢¥ Ì¨³¨Î¥¸±¨ É· ¢²¥´´ÒÌ É·¥-
±µ¢ÒÌ ¤¥É¥±Éµ·µ¢ ¡Ò²¨ ¨§³¥·¥´Ò ¸¶¥±É·Ò ‹�� ¶ÊÎ±  ¨µ´µ¢ Ê£²¥·µ¤  12C ¸
Ô´¥·£¨¥° 500 ŒÔ‚/´Ê±²µ´ ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì ¶²¥±¸¨£² ¸µ¢µ£µ Ë ´Éµ³ .

2. ‘¶¥±É·Ò ‹��, ¨§³¥·¥´´Ò¥ ´  · §²¨Î´ÒÌ £²Ê¡¨´ Ì Ë ´Éµ³ , Ìµ·µÏµ
¸µ£² ¸ÊÕÉ¸Ö ¸ · ¸Î¥É´Ò³¨ ´  ³ ²ÒÌ £²Ê¡¨´ Ì, ¸ Ê¢¥²¨Î¥´¨¥³ £²Ê¡¨´Ò ¨§-§ 
¢²¨Ö´¨Ö ¸É· ££²¨´£  · ¸Ìµ¦¤¥´¨¥ Ê¢¥²¨Î¨¢ ¥É¸Ö.

3. ƒ²Ê¡¨´´ Ö § ¢¨¸¨³µ¸ÉÓ ¶µ£²µÐ¥´´µ° ¤µ§Ò É ±¦¥ Ìµ·µÏµ ¸µ£² ¸Ê¥É¸Ö ¸
¨§³¥·¥´¨Ö³¨  ²³ §´Ò³ ¤¥É¥±Éµ·µ³ §  ¨¸±²ÕÎ¥´¨¥³ µ¡² ¸É¨ ¶¨±  �·Ô££ , £¤¥
· ¸Ìµ¦¤¥´¨¥ ¤µ¸É¨£ ¥É 25% ¨§-§  · §´µ° Éµ²Ð¨´Ò ÎÊ¢¸É¢¨É¥²Ó´ÒÌ µ¡² ¸É¥°
¤¥É¥±Éµ·µ¢ ¨ ·¥±µ³¡¨´ Í¨¨ § ·Ö¤µ¢ ¢  ²³ §´µ³ ¤¥É¥±Éµ·¥ ¢ µ¡² ¸É¨ ¶¨± 
�·Ô££ .

4. ‚¥²¨Î¨´Ò µÉ´µ¸¨É¥²Ó´µ° ¡¨µ²µ£¨Î¥¸±¨ ¢§¢¥Ï¥´´µ° ÔËË¥±É¨¢´µ¸É¨
RBWE, ¢ÒÎ¨¸²¥´´Ò¥ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¡¨µ²µ£¨Î¥¸±µ° ¢¥¸µ¢µ° ËÊ´±Í¨¨ r(L),
Ì · ±É¥·¨§ÊÕÐ¥° ¢µ§¤¥°¸É¢¨¥ Î ¸É¨Í ¸ · §²¨Î´Ò³¨ ‹�� ´  ¡¨µ²µ£¨Î¥¸±¨¥
É± ´¨ ¶µ ±·¨É¥·¨Õ ¢Ò¦¨¢ ¥³µ¸É¨ µ¡²ÊÎ ¥³ÒÌ ±²¥Éµ±, ¢µ§· ¸É ÕÉ ¸ £²Ê¡¨´µ°
Ë ´Éµ³ , ¤µ¸É¨£ Ö ¢¥²¨Î¨´Ò ∼ 3 ¶¥·¥¤ ¶¨±µ³ �·Ô££ , ¶µ¸²¥ Î¥£µ ·¥§±µ Ê³¥´Ó-
Ï ÕÉ¸Ö. �Éµ ¤µ²¦´µ ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¶·¨ Ëµ·³¨·µ¢ ´¨¨ ¨ ¤µ§¨³¥É·¨¨ ¶ÊÎ±  ¤²Ö
¨µ´´µ° ²ÊÎ¥¢µ° É¥· ¶¨¨.

� ¡µÉ  ¶µ¤¤¥·¦ ´  £· ´É ³¨ No. 202/04/0795 GA CR ¨ IRP
AV0Z10480505.
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