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ƒ·Ò§¨´¸±¨° Œ.�. ¨ ¤·. P16-2009-78
ˆ§³¥·¥´¨Ö ¤μ§´ÒÌ ¶μ²¥° μÉ μ¡²ÊÎ ¥³μ£μ Ë ´Éμ³  ¢ ± ¡¨´¥ ¶·μÉμ´´μ° É¥· ¶¨¨

Œ¥¤¨±μ-É¥Ì´¨Î¥¸±¨° ±μ³¶²¥±¸ ‹Ÿ� �ˆŸˆ ¶·μ¢μ¤¨É ·¥£Ê²Ö·´Ò¥ ¸¥ ´¸Ò ¶·μÉμ´´μ°
É¥· ¶¨¨ ¤²Ö ²¥Î¥´¨Ö μ´±μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨°.

‚μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É ´ Ìμ¤¨É¸Ö μ¤¨´ ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥. 	Éμ μ¡μ¸´μ-
¢ ´μ ³´μ£μ²¥É´¥° ¶· ±É¨±μ°, ¢ μ¸μ¡¥´´μ¸É¨ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ·¥´É£¥´μ¢¸±μ° ¨ £ ³³ -
É¥· ¶¨¨. �¤´ ±μ ¶·¨ ¶·μ¢¥¤¥´¨¨ ¶·μÉμ´´μ° É¥· ¶¨¨ ¢μ§³μ¦´μ μ¦¨¤ ÉÓ ¸´¨¦¥´¨Ö  ³¡¨-
¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò H*(10) ¢μ±·Ê£ ¶ Í¨¥´É .

‘ Í¥²ÓÕ μÍ¥´±¨ · ¤¨ Í¨μ´´μ° μ¡¸É ´μ¢±¨ ¢ ± ¡¨´¥ É¥· ¶¥¢É¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö
¶ Í¨¥´É  ¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 170 ŒÔ‚ ¶·μ¢¥¤¥´Ò ¨§³¥·¥´¨Ö ¤μ§´μ£μ ¶μ²Ö ¢μ±·Ê£ μ¡-
²ÊÎ ¥³μ£μ Ë ´Éμ³ . �É´μÏ¥´¨¥  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ´  · ¸¸ÉμÖ´¨¨ 0,5 ³ μÉ
Ë ´Éμ³  ± ³ ±¸¨³ ²Ó´μ° ¶μ£²μÐ¥´´μ° ¤μ§¥ ¢ Ë ´Éμ³¥ ¸μ¸É ¢²Ö²μ 0,05 ³‡¢/ƒ·. 	ËË¥±-
É¨¢´Ò° ±μÔËË¨Í¨¥´É ± Î¥¸É¢  ¢Éμ·¨Î´μ£μ ¨§²ÊÎ¥´¨Ö ¶· ±É¨Î¥¸±¨ ¶μ¸ÉμÖ´¥´ ¢ ¶·μ¸É· ´-
¸É¢¥ ¢μ±·Ê£ Ë ´Éμ³  ¨ ¸μ¸É ¢²Ö¥É 3,5. ’ ±μ¥ §´ Î¥´¨¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¶·¥μ¡² ¤ ÕÐ¥°
·μ²¨ ´¥°É·μ´μ¢.

�μ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ μ ¢μ§³μ¦´μ¸É¨ ´ Ìμ¦¤¥´¨Ö ¸μ¶·μ¢μ¦¤ Õ-
Ð¥£μ ¶ Í¨¥´É  Î¥²μ¢¥±  ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ ¶·¨ μ¶·¥¤¥²¥´´ÒÌ Ê¸²μ¢¨ÖÌ, ¸¢Ö§ ´´ÒÌ ¸
³¥¤¨Í¨´¸±¨³¨ ¨²¨ ¶¸¨Ìμ²μ£¨Î¥¸±¨³¨ μ¸μ¡¥´´μ¸ÉÖ³¨ ¶ Í¨¥´É .

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚. �. „¦¥²¥¶μ¢  �ˆŸˆ.

‘μμ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2009

Gryzinski M. A. et al. P16-2009-78
Measurement of Dose Equivalent Fields Near Phantom in the Treatment Room
for Proton Therapy in Dubna

At present regular sessions on proton therapy of cancer and some other diseases are carried
out at the Medical-Technical facility of the Laboratory of Nuclear Problems, Joint Institute
for Nuclear Research.

During irradiation a patient is alone in the treatment room. This is fully justiˇed in case
of X-ray or gamma therapy. In case of proton therapy, the ambient dose equivalent, H*(10),
around the patient is expected to be signiˇcantly lower.

Dose measurements around the irradiated phantom have been performed in the treatment
room for proton therapy using proton at 170 MeV energy. The ratio of the ambient dose
equivalent to the maximum absorbed dose in the phantom was equal to 0.05 mSv/Gy at 0.5 m
distance from the phantom in the condition similar to real patient irradiation. The effective
quality factor of secondary radiation is almost constant in space around the phantom, its value
is equal to 3.5. This value shows a predominant role of neutrons.

The obtained data should be taken into account if the possibility of presence of accompa-
nying person in the treatment room is considered because of some medical or psychological
reasons.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems,
JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2009
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�·μÉμ´´ Ö · ¤¨μÉ¥· ¶¨Ö ¶·μ¢μ¤¨É¸Ö ¢ ‹Ÿ� �ˆŸˆ ¸ 1967 £. [1]. ‚μ
¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É μ¡ÒÎ´μ ´ Ìμ¤¨É¸Ö μ¤¨´ ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥. 	Éμ
¸¢Ö§ ´μ ¸ ³¨·μ¢μ° ³´μ£μ²¥É´¥° ¶· ±É¨±μ° μ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨μ´´μ° ¡¥§μ-
¶ ¸´μ¸É¨ ¶¥·¸μ´ ²  ¨ ¶μ¸Éμ·μ´´¨Ì ²¨Í ¶·¨ ²ÊÎ¥¢μ° É¥· ¶¨¨ ´  ·¥´É£¥´μ¢-
¸±¨Ì ¨ £ ³³ -Ê¸É ´μ¢± Ì. �·μÉμ´Ò ¢ μÉ²¨Î¨¥ μÉ ËμÉμ´μ¢ ·¥´É£¥´μ¢¸±μ£μ ¨
£ ³³ -¨§²ÊÎ¥´¨° ¨³¥ÕÉ μ¶·¥¤¥²¥´´Ò° ¶·μ¡¥£ ¨ ´¥ ¢ÒÌμ¤ÖÉ §  ¶·¥¤¥²Ò É¥² 
¶ Í¨¥´É . �μ±μ¢μ¥ · ¸¸¥Ö´¨¥ ¶ÊÎ±μ¢ ¶·μÉμ´μ¢ É ±¦¥ §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥
· ¸¸¥Ö´¨Ö ËμÉμ´μ¢ ¨ Ô²¥±É·μ´μ¢. �μÔÉμ³Ê ¶·¨ ¶·μÉμ´´μ° · ¤¨μÉ¥· ¶¨¨ ¸²¥-
¤Ê¥É μ¦¨¤ ÉÓ ¡μ²¥¥ ´¨§±¨Ì Ëμ´μ¢ÒÌ Ê·μ¢´¥° ÔËË¥±É¨¢´μ° ¤μ§Ò (¢¥²¨Î¨´Ò,
²¨³¨É¨·Ê¥³μ° ´μ·³ ³¨ · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨) ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥,
¢ ´¥¶μ¸·¥¤¸É¢¥´´μ° ¡²¨§μ¸É¨ μÉ ¶ Í¨¥´É , Î¥³ ¶·¨ ²ÊÎ¥¢μ° É¥· ¶¨¨ ´  ·¥´É-
£¥´μ¢¸±¨Ì ¨ £ ³³ -Ê¸É ´μ¢± Ì. 	Éμ ¶·¥¤¶μ²μ¦¥´¨¥ ¡Ò²μ ¶μ¤É¢¥·¦¤¥´μ ´ ³¨
Ô±¸¶¥·¨³¥´É ²Ó´μ ¡μ²¥¥ ¤¥¸ÖÉ¨ ²¥É Éμ³Ê ´ § ¤ [2]. �Ò²μ ¶μ± § ´μ, ÎÉμ  ³¡¨-
¥´É´ Ö Ô±¢¨¢ ²¥´É´ Ö ¤μ§  �∗(10) ´  · ¸¸ÉμÖ´¨¨ 0,5 ³ μÉ ¸¥·¥¤¨´Ò μ¡²ÊÎ ¥-
³μ£μ Ë ´Éμ³  ¢ ± ¡¨´¥ º1 Œ¥¤¨±μ-Ë¨§¨Î¥¸±μ£μ ±μ³¶²¥±¸  ‹Ÿ� �ˆŸˆ ´¥
¶·¥¢ÒÏ ²  0,4 ³‡¢ §  μ¤¨´ ¸¥ ´¸ μ¡²ÊÎ¥´¨Ö ¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 200 ŒÔ‚
¶·¨ ¶μ£²μÐ¥´´μ° ¤μ§¥ ¢ ¶¨±¥ �·Ô££  ¢ Ë ´Éμ³¥ (¨²¨ É¥²¥ ¶ Í¨¥´É ), · ¢´μ°
1 ƒ·, ¢ Ê¸²μ¢¨ÖÌ, ¢ ±μÉμ·ÒÌ ¶·μ¢μ¤¨²¨¸Ó μ¡²ÊÎ¥´¨Ö ¢ Éμ ¢·¥³Ö. �Ò²¨ ¢Ò-
¸± § ´Ò ¶·¥¤¶μ²μ¦¥´¨Ö μ ¢μ§³μ¦´μ¸É¨ ¶·¥¡Ò¢ ´¨Ö (¢ Ô±¸É·¥´´ÒÌ ¸²ÊÎ ÖÌ) ¢
± ¡¨´¥ ¢³¥¸É¥ ¸ ¶ Í¨¥´Éμ³ ²¨Í, ´¥ Ö¢²ÖÕÐ¨Ì¸Ö Î²¥´ ³¨ ¶¥·¸μ´ ² . ‚ ´μ¢ÒÌ
·¥±μ³¥´¤ Í¨ÖÌ Œ¥¦¤Ê´ ·μ¤´μ° ±μ³¨¸¸¨¨ · ¤¨μ²μ£¨Î¥¸±μ° § Ð¨ÉÒ (ŒŠ�‡-
2007) [3] μ¶·¥¤¥²¥´ ²¨³¨É ÔËË¥±É¨¢´μ° ¤μ§Ò ¤²Ö ¶μ¶¥Î¨É¥²¥° ¶ Í¨¥´É  Å
5 ³‡¢/Ô¶¨§μ¤. ’¥·³¨´ Ô¶¨§μ¤ §¤¥¸Ó ± ¸ ¥É¸Ö ¸Ê³³ ·´μ° ¤μ§Ò, ±μÉμ·ÊÕ ³μ¦¥É
¶μ²ÊÎ¨ÉÓ · ¸¸³ É·¨¢ ¥³μ¥ ²¨Íμ §  ¢¥¸Ó Í¨±² μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É , ±μÉμ·μ£μ
¸μ¶·μ¢μ¦¤ ¥É ÔÉμ ²¨Íμ ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö.

‚ É¥Î¥´¨¥ ¶μ¸²¥¤´¥£μ ¢·¥³¥´¨ ¸ÊÐ¥¸É¢¥´´μ ¨§³¥´¨² ¸Ó ³¥Éμ¤¨±  μ¡-
²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢ ´  Ë §μÉ·μ´¥ ‹Ÿ� �ˆŸˆ. ‚³¥¸Éμ ¶·μ¢μ¤¨³ÒÌ · ´¥¥
μ¡²ÊÎ¥´¨° ³¨Ï¥´¥° ¢ μ¡² ¸É¨ £·Ê¤´μ° ±²¥É±¨ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ μ¸´μ¢-
´μ³ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤¨±  É·¥Ì³¥·´μ° ±μ´Ëμ·³´μ° ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥-
· ¶¨¨ [4]. ‹μ± ²¨§ Í¨¨, μ¡²ÊÎ ¥³Ò¥ ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥, · ¸¶μ²μ¦¥´Ò ¢
μ¸´μ¢´μ³ ¢ μ¡² ¸É¨ £μ²μ¢Ò ¨ Ï¥¨. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¡Ò²  ¸´¨¦¥´  Ô´¥·£¨Ö ¶·μ-
Éμ´´μ£μ ¶ÊÎ±  ¤μ 170 ŒÔ‚ ¨ μ¶É¨³¨§¨·μ¢ ´  ¸¨¸É¥³  Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±  ¢
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¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ [5, 6].
–¥²ÓÕ ¤ ´´μ° · ¡μÉÒ Ö¢²Ö¥É¸Ö μ¶·¥¤¥²¥´¨¥  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ°

¤μ§Ò ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ ¶·¨ ´μ¢ÒÌ Ê¸²μ¢¨ÖÌ
μ¡²ÊÎ¥´¨Ö, ¸· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¸ ¶μ²ÊÎ¥´´Ò³¨ ¢ 1998 £. ¨ ¸μ¶μ¸É ¢²¥-
´¨¥ ¸ ´μ·³ ³¨ · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ ¢ ³¥¤¨Í¨´¥, ¶·¥¤¸É ¢²¥´´Ò³¨ ¢
·¥±μ³¥´¤ Í¨ÖÌ ŒŠ�‡-2007.

Œ…’�„ˆŠ� ˆ‡Œ…�…�ˆ‰

�·μÉμ´´Ò° ¶ÊÎμ± ¸μ ¸·¥¤´¥° Ô´¥·£¨¥° 170 ŒÔ‚ ¢ÒÌμ¤¨É ¢ ± ¡¨´Ê ¨§
¢ ±ÊÊ³´μ£μ ± ´ ²  ¨ ¶·μÌμ¤¨É Î¥·¥§ ³ ¸¸¨¢´Ò° ±μ²²¨³ Éμ· Š1, μ¡·¥§ ÕÐ¨°
¶¥·¨Ë¥·¨Î¥¸±ÊÕ Î ¸ÉÓ ¶ÊÎ±  ¨ Ëμ´ μÉ ¶·μÉμ´μ¢, · ¸¸¥Ö´´ÒÌ ´  ¸É¥´± Ì ¢ -
±ÊÊ³´μ£μ ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  (·¨¸. 1). �  ¢ÒÌμ¤¥ ±μ²²¨³ Éμ· 
Š1 Ê¸É ´ ¢²¨¢ ¥É¸Ö μ¤¨´ ¨§ ¸³¥´´ÒÌ £·¥¡¥´Î ÉÒÌ Ë¨²ÓÉ·μ¢. �·μ³¥¦ÊÉμÎ´Ò°
±μ²²¨³ Éμ· Š2 μ¡·¥§ ¥É ¶·μÉμ´Ò, · ¸¸¥Ö¢Ï¨¥¸Ö ¢ ¸¨¸É¥³¥ ³μ´¨Éμ·¨·μ¢ ´¨Ö
¶ÊÎ± , ±μ²²¨³ Éμ·¥ Š1 ¨ ¢ £·¥¡¥´Î Éμ³ Ë¨²ÓÉ·¥. ”μ·³¨·ÊÕÐ¨° ±μ²²¨³ -
Éμ· ”Š, Ëμ·³  ±μÉμ·μ£μ ¢ÒÎ¨¸²Ö¥É¸Ö ¤²Ö ± ¦¤μ£μ ¶μ²Ö μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É ,
· ¸¶μ² £ ¥É¸Ö ¶¥·¥¤ ¶ Í¨¥´Éμ³ ¨ Ëμ·³¨·Ê¥É ¶μ¶¥·¥Î´μ¥ ¸¥Î¥´¨¥ ¶ÊÎ± , ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¥¥ Ëμ·³¥ μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨.

‘±μ²²¨³¨·μ¢ ´Ò° ¶ÊÎμ± ¶·μÉμ´μ¢ ¡Ò² ´ ¶· ¢²¥´ ´  Ë ´Éμ³ · §³¥· ³¨
32×32×32 ¸³3, ´ ¶μ²´¥´´Ò° ¢μ¤μ° ¨ Ê¸É ´μ¢²¥´´Ò° ´ ¤ ±·¥¸²μ³ ¶ Í¨¥´É .
�¥¶μ¸·¥¤¸É¢¥´´μ ¶¥·¥¤ Ë ´Éμ³μ³, ¢ ´ ¶· ¢²¥´¨¨ ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶ÊÎ± 
¡Ò²  Ê¸É ´μ¢²¥´  ¶²μ¸± Ö É± ´¥Ô±¢¨¢ ²¥´É´ Ö ± ³¥·  É¨¶  KR-13 [7, 8].

�¨¸. 1. ‘Ì¥³  Ëμ·³¨·μ¢ ´¨Ö ¨ ¨§³¥·¥´¨Ö ¶ · ³¥É·μ¢ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ ± ¡¨´¥ º 1:
Š1, Š2 Å ±μ²²¨³ Éμ·Ò; ”Š Å Ëμ·³¨·ÊÕÐ¨° ±μ²²¨³ Éμ·; Œ Å ³μ´¨Éμ·´ Ö ± ³¥· 
(Ê± § ´Ò ¤¢  ¶μ²μ¦¥´¨Ö); ” Å μ¡²ÊÎ ¥³Ò° Ë ´Éμ³; Š Å μ¤´μ ¨§ É·¥Ì ¶μ²μ¦¥´¨°
¤¥É¥±Éμ·   ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò; S Å ¢μ§³μ¦´μ¥ ´ ¶· ¢²¥´¨¥ · ¸¸¥Ö´¨Ö
¶·μÉμ´μ¢
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„μ¸É ÉμÎ´μ ³ ²Ò° ³¥¦¤ÊÔ²¥±É·μ¤´Ò° § §μ· (1,75 ³³) £ · ´É¨·μ¢ ² ¶· ±É¨-
Î¥¸±¨ ¶μ²´μ¥ ´ ¸ÒÐ¥´¨¥ Éμ±  ± ³¥·Ò ¶·¨ ´ ¶·Ö¦¥´¨¨ 1500 ‚ ³¥¦¤Ê ¥¥
Ô²¥±É·μ¤ ³¨, ¨ É¥³ ¸ ³Ò³ ¡Ò²  ¶μ²´μ¸ÉÓÕ μ¡¥¸¶¥Î¥´  ¶·μ¶μ·Í¨μ´ ²Ó´μ¸ÉÓ
Éμ±  ± ³¥·Ò ¨´É¥´¸¨¢´μ¸É¨ ³μ´¨Éμ·¨·Ê¥³μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ± .

„¥É¥±Éμ·  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¶μ³¥Ð ²¸Ö ¢ · §´ÒÌ ÉμÎ± Ì
¶·μÍ¥¤Ê·´μ° ± ¡¨´Ò, ´  ¢Ò¸μÉ¥ ¢Ò¢μ¤¨³μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ± . �  ·¨¸. 1 ¶μ-
± § ´μ · ¸¶μ²μ¦¥´¨¥ ¤¥É¥±Éμ·  ¢ Ìμ¤¥ Ô±¸¶¥·¨³¥´É . �μ²μ¦¥´¨¥, μ¡μ§´ -
Î¥´´μ¥ Í¨Ë·μ° 1, ¸ÊÐ¥¸É¢¥´´μ ¸ ÉμÎ±¨ §·¥´¨Ö · ¸¸³μÉ·¥´¨Ö ¢μ§³μ¦´μ¸É¨
¶·¥¡Ò¢ ´¨Ö ¢ ÔÉμ³ ³¥¸É¥ ²¨Í , ¸μ¶·μ¢μ¦¤ ÕÐ¥£μ ¶ Í¨¥´É  ¢μ ¢·¥³Ö μ¡²ÊÎ¥-
´¨Ö.

‚ ± Î¥¸É¢¥ ¤¥É¥±Éμ·   ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¡Ò²  ¨¸¶μ²Ó§μ¢ ´ 
·¥±μ³¡¨´ Í¨μ´´ Ö ± ³¥·  REM-2 [7, 9]. 	Éμ ¡Ò²  É  ¦¥ ± ³¥· , ±μÉμ· Ö ¨¸-
¶μ²Ó§μ¢ ² ¸Ó ¤²Ö ¨§³¥·¥´¨° ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ ¢ 1998 £. �μ¸ÉμÖ´¸É¢μ
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ³¥·Ò, Éμ ¥¸ÉÓ μÉ´μÏ¥´¨¥ ¥¥ Éμ±  ¶·¨ · ¡μÎ¥³ ³¥¦¤Ê-
Ô²¥±É·μ¤´μ³ ´ ¶·Ö¦¥´¨¨ (1200 ‚) ± ³μÐ´μ¸É¨  ³¡¨¥´É´μ° ¶μ£²μÐ¥´´μ°
¤μ§Ò, ¡Ò²μ ¶·μ¢¥·¥´μ ¢ ¶μ²¥ · ¸¸¥Ö´´μ£μ ¨§²ÊÎ¥´¨Ö ¨§μÉμ¶  60‘μ Ê¸É ´μ¢±¨
��Š“‘, É ± ± ± ³μÐ´μ¸ÉÓ ¤μ§Ò ¢ ¶·μÉμ´´μ³ ¶ÊÎ±¥ Ê¸É ´μ¢±¨ ¡Ò²  ¸²¨Ï-
±μ³ ¢¥²¨±  ¤²Ö Í¥²¥° £· ¤Ê¨·μ¢±¨ ± ³¥·Ò. ŒμÐ´μ¸ÉÓ É± ´¥¢μ° ±¥·³Ò ¢
· ¸¸¥Ö´´μ³ ¨§²ÊÎ¥´¨¨ ¡Ò²  ¨§³¥·¥´  ± ³¥·μ° KR-13 ¸ Ìμ·μÏμ ¨§¢¥¸É´μ°
ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓÕ. ŒμÐ´μ¸ÉÓ  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò �∗(10) ¡Ò² 
¶¥·¥¸Î¨É ´  ¨§ ±¥·³Ò ¸μ£² ¸´μ É ¡²¨Î´Ò³ ¤ ´´Ò³ ¢ ¶·¥¤¶μ²μ¦¥´¨¨, ÎÉμ
¸·¥¤´ÖÖ Ô´¥·£¨Ö · ¸¸¥Ö´´ÒÌ ËμÉμ´μ¢ ´ Ìμ¤¨É¸Ö ¢ ¶·¥¤¥² Ì ´¥¸±μ²Ó±¨Ì ¸μÉ¥´
±Ô‚. � °¤¥´´μ¥ É ±¨³ μ¡· §μ³ §´ Î¥´¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ³¥·Ò REM-2
(340 ³±Š²/ƒ·) ²¨ÏÓ ´¥§´ Î¨É¥²Ó´μ μÉ²¨Î ²μ¸Ó μÉ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¸ 1998 £.,
Éμ ¥¸ÉÓ, ± ± ¶μÎÉ¨ Ê ¢¸¥Ì ± ³¥· ÔÉμ£μ É¨¶ , ¸´¨¦¥´¨¥ ¥¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨
(μ¡ÑÖ¸´¨³μ¥ ¢μ§³μ¦´μ° ¤¨ËËÊ§¨¥° £ § , ´ ¶μ²´ÖÕÐ¥£μ ± ³¥·Ê Î¥·¥§ ¸É¥´±Ê
¨ ¶·μ¶Ê¸±´Ò¥ ¨§μ²ÖÉμ·Ò) ¸μ¸É ¢²Ö¥É μ±μ²μ 0,4 % ¢ £μ¤.

�· ±É¨Î¥¸±μ¥ ¶μ¸ÉμÖ´¸É¢μ ¤ ¢²¥´¨Ö É± ´¥Ô±¢¨¢ ²¥´É´μ£μ £ §  ¢ ¨¸¶μ²Ó-
§Ê¥³μ° ± ³¥·¥ ¡Ò²μ ¶μ²´μ¸ÉÓÕ ¶μ¤É¢¥·¦¤¥´μ É ±¦¥ ¨§³¥·¥´´Ò³ §´ Î¥´¨¥³
ÔËË¥±É¨¢´μ¸É¨ ¸μ¡¨· ´¨Ö ¨μ´μ¢ ¢ ¶μ²¥ · ¸¸¥Ö´´μ£μ £ ³³ -¨§²ÊÎ¥´¨Ö ¶·¨ ´ -
¶·Ö¦¥´¨¨ 40 ‚ : fγ = 0,957. ‚ 1998 £. ÔËË¥±É¨¢´μ¸ÉÓ ¸μ¡¨· ´¨Ö ¨μ´μ¢ ¡Ò² 
¨§³¥·¥´  ¢ ¶μ²¥ £ ³³ -¨§²ÊÎ¥´¨Ö ¨§μÉμ¶  137Cs ¨ ¸μ¸É ¢²Ö²  0,955 ± 0,002
¶·¨ ´ ¶·Ö¦¥´¨¨ 41 ‚. 	ËË¥±É¨¢´μ¸ÉÓ ¸μ¡¨· ´¨Ö ¨μ´μ¢ ¢ ¶μ²ÖÌ Ô²¥±É·μ-
³ £´¨É´μ£μ ¨§²ÊÎ¥´¨Ö ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É μÉ Ô´¥·£¨¨ ËμÉμ´μ¢, ¶μÔÉμ³Ê
´¥±μÉμ· Ö ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ Ô´¥·£¨¨ · ¸¸¥Ö´´ÒÌ ËμÉμ´μ¢ Ê¸É ´μ¢±¨ ��Š“‘
´¥ ¨³¥¥É §¤¥¸Ó ¸ÊÐ¥¸É¢¥´´μ£μ §´ Î¥´¨Ö. ’ ±¨³ μ¡· §μ³, ´ ¶·Ö¦¥´¨¥ 40 ‚
Ö¢²Ö¥É¸Ö μ¶É¨³ ²Ó´Ò³ (μ¡¥¸¶¥Î¨¢ ÕÐ¨³ ÔËË¥±É¨¢´μ¸ÉÓ ²μ± ²Ó´μ° ·¥±μ³¡¨-
´ Í¨¨ ¨μ´μ¢ ¢ ¶μ²¥ £ ³³ -¨§²ÊÎ¥´¨Ö ( 4± 1)%) ¤²Ö μ¶·¥¤¥²¥´¨Ö ·¥±μ³¡¨´ -
Í¨μ´´μ£μ ¶ · ³¥É·  ± Î¥¸É¢  ¨  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò [10].

�·¨ ¨§³¥·¥´¨ÖÌ ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ º1 ´  ± ³¥·Ê REM-2 ¶μ¤ ¢ ²μ¸Ó
¶μμÎ¥·¥¤´μ ´ ¶·Ö¦¥´¨¥ 1200 ‚ ¨ 40 ‚. �·¨ ÔÉμ³ ¨§³¥·Ö²¨¸Ó Éμ±¨ iS (¡²¨§-
±¨° ± Éμ±Ê ´ ¸ÒÐ¥´¨Ö) ¨ iR (Éμ± ¢ ·¥¦¨³¥ ·¥±μ³¡¨´ Í¨¨) ¸μμÉ¢¥É¸É¢¥´´μ.
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�¨¸. 2. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  ¶μ¤±²ÕÎ¥´¨Ö ¨μ´¨§ Í¨μ´´ÒÌ ± ³¥·: 	1, 	2 Å Ô²¥±-
É·μ³¥É·¨Î¥¸±¨¥ Ê¸¨²¨É¥²¨; �–� Å ± ·É   ´ ²μ£μ-Í¨Ë·μ¢μ£μ ¶·¥μ¡· §μ¢ É¥²Ö, ¢¸É·μ-
¥´´μ£μ ¢ ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· (�Š)

�¤´μ¢·¥³¥´´μ ·¥£¨¸É·¨·μ¢ ²¨¸Ó ¶μ± § ´¨Ö ³μ´¨Éμ·  MS ¨ MR. ’ ±¨¥ ¨§-
³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¤²Ö ± ¦¤μ£μ ¶μ²μ¦¥´¨Ö ± ³¥·Ò ¢ ± ¡¨´¥.

’μ±¨ · ¡μÎ¥° ¨ ³μ´¨Éμ·´μ° ± ³¥·Ò ¨§³¥·Ö²¨¸Ó ¸ ¶μ³μÐÓÕ ¶μ²Ê¶·μ¢μ¤-
´¨±μ¢ÒÌ Ô²¥±É·μ³¥É·μ¢ ¸ ¶μ²´μ° μÉ·¨Í É¥²Ó´μ° μ¡· É´μ° ¸¢Ö§ÓÕ (·¨¸. 2).
’μÎ´Ò¥ §´ Î¥´¨Ö ¢Ò¸μ±μμ³´ÒÌ ¸μ¶·μÉ¨¢²¥´¨°, ¶μ¤±²ÕÎ ¥³ÒÌ ± Ô²¥±É·μ³¥-
É·Ê, ¡Ò²¨ μ¶·¥¤¥²¥´Ò ¸ ¶μ³μÐÓÕ ÔÉ ²μ´´μ£μ £¥´¥· Éμ·  ¶μ¸ÉμÖ´´μ£μ Éμ± 
¨ Í¨Ë·μ¢μ£μ ¢μ²ÓÉ³¥É· . � · ²²¥²Ó´μ ¸ ¢Ò¸μ±μμ³´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ¶μ¤-
±²ÕÎ ²¨¸Ó ¶μ²¨¸É¨·μ²μ¢Ò¥ ±μ´¤¥´¸ Éμ·Ò ¸ ¥³±μ¸ÉÓÕ, μ¡¥¸¶¥Î¨¢ ÕÐ¥° ¶μ-
¸ÉμÖ´´ÊÕ ¢·¥³¥´¨ RC ¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¸¥±Ê´¤ ¢ Í¥¶¨ μ¡· É´μ° ¸¢Ö§¨.
�É¸Î¥É ¶μ± § ´¨° ¶·μ¨§¢μ¤¨²¸Ö ¢ Ê¸É ´μ¢¨¢Ï¥³¸Ö ·¥¦¨³¥ (¶μ ¨¸É¥Î¥´¨¨ ¢·¥-
³¥´¨, · ¢´μ£μ ¶·¨³¥·´μ ¤¥¸ÖÉ¨ RC) 40 · § ± ¦¤Ò¥ 5 ¸, ÎÉμ ·¥£¨¸É·¨·μ¢ ²μ¸Ó
¢ ¶¥·¸μ´ ²Ó´μ³ ±μ³¶ÓÕÉ¥·¥. �¥·¥±²ÕÎ¥´¨¥ ´ ¶·Ö¦¥´¨Ö, ¶·¨±² ¤Ò¢ ¥³μ£μ ±
± ³¥·¥, ¨ § ±μ· Î¨¢ ´¨¥ ¢Ò¸μ±μμ³´ÒÌ ¸μ¶·μÉ¨¢²¥´¨° É ±¦¥ μ¸ÊÐ¥¸É¢²Ö²μ¸Ó
¶μ¸·¥¤¸É¢μ³ ±μ³¶ÓÕÉ¥· .

�¥±μ³¡¨´ Í¨μ´´Ò° ¶ · ³¥É· ± Î¥¸É¢  QR ´ Ìμ¤¨²¸Ö ¶μ Ëμ·³Ê²¥

QR =
1
R

[
1 − iR

MR

MS

iS

]
,
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£¤¥ R = 1 − fγ ≈ 1 − (iR/iS)γ = 0,043 Å ÔËË¥±É¨¢´μ¸ÉÓ ²μ± ²Ó´μ° ·¥±μ³-
¡¨´ Í¨¨ ¨μ´μ¢ ¢ ¶μ²¥ £ ³³ -¨§²ÊÎ¥´¨Ö.

ŒμÐ´μ¸ÉÓ  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò μ¶·¥¤¥²Ö² ¸Ó ¶μ Ëμ·³Ê²¥

Ḣ∗(10) = Ḋ∗(10)∗Q∗(10) ≈ kγgiS∗QR,

£¤¥ kγ = 340 ³±Š²/ƒ·−1 Å ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ³¥·Ò REM-2, ¸μ£² ¸´μ £· -
¤Ê¨·μ¢±¥, ¢ ¶μ²¥ £ ³³ -¨§²ÊÎ¥´¨Ö; Q∗(10) Å  ³¡¨¥´É´Ò° ±μÔËË¨Í¨¥´É ± -
Î¥¸É¢  ¨§²ÊÎ¥´¨Ö; g Å ¶μ¶· ¢μÎ´Ò° ±μÔËË¨Í¨¥´É, ÊÎ¨ÉÒ¢ ÕÐ¨° ¢μ§³μ¦´μ¥
· §²¨Î¨¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ± ³¥·Ò ¤²Ö · §´ÒÌ ¨§²ÊÎ¥´¨° ¨ ¢μ§³μ¦´μ¥ · §-
²¨Î¨¥ ³¥¦¤Ê Ë ±Éμ·μ³ ± Î¥¸É¢  ¨ ·¥±μ³¡¨´ Í¨μ´´Ò³ ¶ · ³¥É·μ³ ± Î¥¸É¢ 
¨§²ÊÎ¥´¨Ö. ‚ ¤ ´´ÒÌ ¨§³¥·¥´¨ÖÌ ¶·¨´¨³ ²μ¸Ó g = 1, ÎÉμ ¢¶μ²´¥ ¤μ¶Ê¸É¨³μ
¤²Ö ¸³¥Ï ´´μ£μ ¨§²ÊÎ¥´¨Ö, ±μÔËË¨Í¨¥´É ± Î¥¸É¢  ±μÉμ·μ£μ ´¥ ¶·¥¢ÒÏ ¥É
5 ‡¢/ƒ· [11, 12].

��‹“—…��›… �…‡“‹œ’�’›

ŒμÐ´μ¸ÉÓ  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò, ¨§³¥·¥´´ Ö ´  · ¸¸ÉμÖ´¨¨
0,5 ³ μÉ Í¥´É·  μ¡²ÊÎ ¥³μ£μ Ë ´Éμ³ , ¸μ¸É ¢²Ö¥É ¶·¨¡²¨§¨É¥²Ó´μ 3 ³‡¢/Î,
¶·¨ ³μÐ´μ¸É¨ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¶¨±¥ �·Ô££  1 ƒ·/³¨´. ‚ ¤·Ê£¨Ì ÉμÎ± Ì
¶·μÍ¥¤Ê·´μ° ± ¡¨´Ò §´ Î¥´¨¥ ³μÐ´μ¸É¨  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò
³¥´ÓÏ¥, ¨§³¥´Ö¥É¸Ö ¶·¨¡²¨§¨É¥²Ó´μ μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´μ · ¸¸ÉμÖ´¨Õ
μÉ Í¥´É·  Ë ´Éμ³ .

‚ ¸²ÊÎ ¥ ±· É±μ¸·μÎ´ÒÌ μ¡²ÊÎ¥´¨° ¶ Í¨¥´É  §  1Ä2 ¸¥ ´¸ , ¢ ±μÉμ·ÒÌ
μ¡²ÊÎ ¥É¸Ö ³¨Ï¥´Ó ³ ²μ£μ · §³¥·  ¨ ¶μÖ¢²Ö¥É¸Ö ´¥μ¡Ìμ¤¨³μ¸ÉÓ ´ Ìμ¦¤¥´¨Ö
¢ ± ¡¨´¥ ¸μ¶·μ¢μ¦¤ ÕÐ¥£μ ²¨Í , ¶μ²´ Ö ¶μ£²μÐ¥´´ Ö ¤μ§  ¢ μ¡²ÊÎ ¥³μ°
³¨Ï¥´¨ ³μ¦¥É ¸μ¸É ¢²ÖÉÓ ¤μ 30 ƒ·, ¶·¨ ÔÉμ³  ³¡¨¥´É´ Ö Ô±¢¨¢ ²¥´É´ Ö ¤μ§ 
´  · ¸¸ÉμÖ´¨¨ 0,5 ³ μÉ ¶ Í¨¥´É  Å ¶μ·Ö¤±  1,5 ³‡¢. 	Éμ ´¨¦¥ ¶·¥¤¥² ,
¶·¥¤¸É ¢²¥´´μ£μ ¢ ³¥¦¤Ê´ ·μ¤´ÒÌ ·¥±μ³¥´¤ Í¨ÖÌ ŒŠ�‡-2007 ¤²Ö ²¨Í (´¥
Ö¢²ÖÕÐ¨Ì¸Ö ¶¥·¸μ´ ²μ³), ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì ¶ Í¨¥´ÉÊ ¶·¨ μ¡²ÊÎ¥´¨ÖÌ.

�³¡¨¥´É´Ò° ±μÔËË¨Í¨¥´É ± Î¥¸É¢  ¨§²ÊÎ¥´¨Ö ¶· ±É¨Î¥¸±¨ μ¤¨´ ±μ¢ ¢
± ¦¤μ³ ¶·¥¤¸É ¢²ÖÕÐ¥³ ¨´É¥·¥¸ · °μ´¥ ± ¡¨´Ò ¨ ¸μ¸É ¢²Ö¥É 3,5 ‡¢/ƒ·. ’ -
±μ¥ §´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ± Î¥¸É¢  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¶·¥μ¡² ¤ ÕÐ¥° ·μ²¨
¡Ò¸É·ÒÌ ´¥°É·μ´μ¢.

�¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì ¨§³¥·¥´¨° ¶· ±É¨Î¥¸±¨ ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ÕÉ ¸ ¤ ´-
´Ò³¨, ¶μ²ÊÎ¥´´Ò³¨ ¢ 1998 £., ´¥¸³μÉ·Ö ´  Éμ, ÎÉμ Ê¸²μ¢¨Ö μ¡²ÊÎ¥´¨Ö ¨
μ¡μ·Ê¤μ¢ ´¨¥ ± ¡¨´Ò ¸ Éμ£μ ¢·¥³¥´¨ ¨§³¥´¨²μ¸Ó. �¤´ ±μ É¥¶¥·Ó ¡Ò²  μ¡´ -
·Ê¦¥´  ¢μ§³μ¦´μ¸ÉÓ ¶μÖ¢²¥´¨Ö ¡μ²¥¥ ¢Ò¸μ±μ£μ Ê·μ¢´Ö ³μÐ´μ¸É¨  ³¡¨¥´É´μ°
Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¢ ´¥±μÉμ·ÒÌ ÉμÎ± Ì ¶·μÍ¥¤Ê·´μ° ± ¡¨´Ò. 	Éμ ³μ¦¥É
¨³¥ÉÓ ³¥¸Éμ ¢ ¸²ÊÎ ¥, ¥¸²¨ ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¶ÊÎ±¥, ¶¥·¥¤ Ë ´Éμ³μ³ (¨²¨
¶ Í¨¥´Éμ³), ´ Ìμ¤¨É¸Ö ¶·¥¤³¥É, ´  ±μÉμ·μ³ ¶·μÉμ´Ò ³μ£ÊÉ · ¸¸¥¨¢ ÉÓ¸Ö ¨ ¸
¤μ¸É ÉμÎ´μ° Ô´¥·£¨¥° ¤μ¸É¨£ ÉÓ ¨´É¥·¥¸ÊÕÐ¥° ÉμÎ±¨.
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Œμ´¨Éμ·´ Ö ± ³¥·  ¸ ³ ¸¸μ° 1,4 £/¸³2, μÉμ¤¢¨´ÊÉ Ö μÉ ¶μ¢¥·Ì´μ¸É¨ Ë ´-
Éμ³  ´  10 ¸³ (¢ ¶μ²μ¦¥´¨¥, μ¡μ§´ Î¥´´μ¥ ´  ·¨¸. 1 ´¥§ ÏÉ·¨Ìμ¢ ´´Ò³ ¶·Ö-
³μÊ£μ²Ó´¨±μ³), Ö¢¨² ¸Ó ¶·¨Î¨´μ° ¸ÊÐ¥¸É¢¥´´μ£μ (¶μÎÉ¨ É·¥Ì±· É´μ£μ Ê¢¥-
²¨Î¥´¨Ö ³μÐ´μ¸É¨  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¢ ÉμÎ±¥, ´ Ìμ¤ÖÐ¥°¸Ö ´ 
· ¸¸ÉμÖ´¨¨ 0,5 ³ ¸¡μ±Ê Ë ´Éμ³ ). �·¨ ÔÉμ³ ±μÔËË¨Í¨¥´É ± Î¥¸É¢  ¨§²ÊÎ¥´¨Ö
Ê³¥´ÓÏ¨²¸Ö ¢ 1,5 · § . 	ÉμÉ Ë ±É ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ ¤μ¶μ²´¨É¥²Ó´Ò³ ¢±² ¤μ³
· ¸¸¥Ö´´ÒÌ ¶·μÉμ´μ¢ (·¨¸. 1).

‚›‚�„›

�É´μÏ¥´¨¥  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¢¡²¨§¨ Ë ´Éμ³  (´  · ¸¸Éμ-
Ö´¨¨ 0,5 ³ μÉ ¥£μ Í¥´É· ), μ¡²ÊÎ ¥³μ£μ ¶·μÉμ´ ³¨ ¸ Ô´¥·£¨¥° 170 ŒÔ‚, ±
³ ±¸¨³ ²Ó´μ° ¶μ£²μÐ¥´´μ° ¤μ§¥ ¢ · ¸Ï¨·¥´´μ³ ¶¨±¥ �·Ô££  ¢ Ë ´Éμ³¥ ¸μ-
¸É ¢²Ö¥É μ±μ²μ 0,05 ³‡¢/ƒ·. ’ ±μ¥ ¦¥ §´ Î¥´¨¥ ¡Ò²μ ¶μ²ÊÎ¥´μ 10 ²¥É Éμ³Ê
´ § ¤ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¶·μÉμ´μ¢ 200 ŒÔ‚ ¢ Ê¸²μ¢¨ÖÌ, ¢ ´¥±μÉμ·μ° ¸É¥¶¥´¨
μÉ²¨Î ÕÐ¨Ì¸Ö μÉ ´Ò´¥Ï´¨Ì. 	Éμ ³μ¦¥É ¸¢¨¤¥É¥²Ó¸É¢μ¢ ÉÓ, ÎÉμ μÉ´μÏ¥´¨¥
 ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ·Ö¤μ³ ¸ ¶ Í¨¥´Éμ³ ± ³ ±¸¨³ ²Ó´μ° ¶μ£²μ-
Ð¥´´μ° ¤μ§¥ ¢ É¥²¥ μ¡²ÊÎ ¥³μ£μ ¶ Í¨¥´É  ¶μÎÉ¨ μ¤¨´ ±μ¢μ (Éμ£μ ¦¥ ¶μ·Ö¤± )
¢μ ¢¸¥Ì ¶·μÍ¥¤Ê·´ÒÌ ¶μ³¥Ð¥´¨ÖÌ ²ÊÎ¥¢μ° ¶·μÉμ´´μ° É¥· ¶¨¨ ¶·¨ ¶μ¤μ¡´μ°
£¥μ³¥É·¨¨ μ¡²ÊÎ¥´¨Ö.

�³¡¨¥´É´Ò° ±μÔËË¨Í¨¥´É ± Î¥¸É¢  ¨§²ÊÎ¥´¨Ö ¢μ±·Ê£ Ë ´Éμ³  ¸μ¸É -
¢²Ö¥É 3,5. ’ ±μ¥ §´ Î¥´¨¥ ±μÔËË¨Í¨¥´É  ± Î¥¸É¢  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¶·¥-
μ¡² ¤ ÕÐ¥³ ¢±² ¤¥ ´¥°É·μ´μ¢ ¢  ³¡¨¥´É´ÊÕ ¤μ§Ê.

‘μ¶μ¸É ¢²ÖÖ ¶μ²ÊÎ¥´´μ¥ μÉ´μÏ¥´¨¥ ¸ ²¨³¨Éμ³, ¶·¥¤¸É ¢²¥´´Ò³ ¢ ³¥¦-
¤Ê´ ·μ¤´ÒÌ ·¥±μ³¥´¤ Í¨ÖÌ ŒŠ�‡-2007, ³μ¦´μ ¸Î¨É ÉÓ ¢μ§³μ¦´Ò³ (¸ ÉμÎ±¨
§·¥´¨Ö É·¥¡μ¢ ´¨° ŒŠ�‡) ¤μ¶Ê¸É¨ÉÓ ¢ Ô±¸É·¥´´ÒÌ ¸²ÊÎ ÖÌ ¶·¥¡Ò¢ ´¨¥ ¢ ± -
¡¨´¥ ²¨Í, ¸μ¶·μ¢μ¦¤ ÕÐ¨Ì ¶ Í¨¥´É  ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö. ‘²¥¤Ê¥É, μ¤´ ±μ,
ÊÎ¨ÉÒ¢ ÉÓ ¢μ§³μ¦´μ¸ÉÓ ¨§³¥´¥´¨Ö Ê·μ¢´Ö  ³¡¨¥´É´μ° Ô±¢¨¢ ²¥´É´μ° ¤μ§Ò ¢
¸²ÊÎ ¥ Ê¸É ´μ¢±¨ ± ±μ£μ-²¨¡μ · ¸¸¥¨¢ É¥²Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¶ÊÎ±¥ ¶·μÉμ-
´μ¢.
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