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�Í¥´±  Ê·μ¢´Ö ÔËË¥±É¨¢´ÒÌ ¤μ§ μÉ ·¥´É£¥´μ¢¸±¨Ì ¢¥·¨Ë¨± Í¨μ´´ÒÌ
¸´¨³±μ¢ ¶·¨ ¶·μ¢¥¤¥´¨¨ ¶·μÉμ´´μ° · ¤¨μÉ¥· ¶¨¨

„²Ö ¶·μ¢¥·±¨ ÉμÎ´μ¸É¨ ¶μ§¨Í¨μ´¨·μ¢ ´¨Ö ¶ Í¨¥´É  ¶·¨ ¶·μ¢¥¤¥´¨¨ ±μ´-
Ëμ·³´μ° ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ ¶·¨³¥´Ö¥É¸Ö ³¥Éμ¤ ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥-
´¨° Å ¸¥·¨¨ ·¥´É£¥´μ¢¸±¨Ì ¢¥·¨Ë¨± Í¨μ´´ÒÌ ¸´¨³±μ¢ ¤²Ö ± ¦¤μ£μ ´ ¶· ¢²¥-
´¨Ö μ¡²ÊÎ¥´¨Ö. ’ ±¨³ μ¡· §μ³, ¶·¨ ± ¦¤μ° ¶·μÍ¥¤Ê·¥ ¢¨§Ê ²¨§ Í¨¨ ¶ Í¨¥´É
¶μ²ÊÎ ¥É μ¶·¥¤¥²¥´´ÊÕ ¤μ§Ê ¢ ± ¦¤μ³ ¸¥ ´¸¥ μ¡²ÊÎ¥´¨Ö.

„²Ö Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ²¥Î¥´¨Ö ¨ ÊÎ¥É  μÉ¤ ²¥´´ÒÌ ¶μ¸²¥¤¸É¢¨° ²ÊÎ¥¢ÒÌ
μ¸²μ¦´¥´¨° μÉ ·¥´É£¥´μ¢¸±¨Ì ¢¥·¨Ë¨± Í¨μ´´ÒÌ ¸´¨³±μ¢ ¶·μ¨§¢¥¤¥´  μÍ¥´± 
Ê·μ¢´Ö ÔËË¥±É¨¢´ÒÌ ¤μ§ ¤¢Ê³Ö ³¥Éμ¤ ³¨: ¸ ¶·¨³¥´¥´¨¥³ ·¥£² ³¥´É¨·μ¢ ´´ÒÌ
³¥Éμ¤¨Î¥¸±¨Ì ·¥±μ³¥´¤ Í¨° ¨ ¸ ¶μ³μÐÓÕ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨§³¥·¥´¨°.

	·μ¢¥¤¥´´Ò° · ¸Î¥É ÔËË¥±É¨¢´ÒÌ ¤μ§ ¶ Í¨¥´Éμ¢, ¶·μÌμ¤ÖÐ¨Ì ±μ´Ëμ·³´ÊÕ
¶·μÉμ´´ÊÕ É¥· ¶¨Õ ¢ Œ¥¤¨±μ-É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥ ‹Ÿ	 �ˆŸˆ, ¶μ± § ² ¡¥-
§μ¶ ¸´μ¸ÉÓ ³¥Éμ¤  ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨°.

� ¡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¡´ , 2015

Agapov A.V., Baeva A.N. P16-2015-104
Assessment of Effective Doses from X-Ray Veriˇcation in the Conformal
Proton Radiotherapy

To verify the accuracy of patient positioning during conformal proton radiother-
apy, portal images a set of X-ray veriˇcation ˇlms for each direction are used. Thus,
in each imaging procedure the patient receives a dose of radiation.

To improve the quality of treatment and consideration of long-term effects of
X-ray veriˇcation images complications, the level of effective doses was calculated
by two techniques: applying modern guidelines and using the experimental measure-
ments.

The calculation of effective doses of patients receiving conformal proton radio-
therapy in Medicotechnical complex (JINR LNP) demonstrated safety of the method
of portal images.

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

Communication of the Joint Institute for Nuclear Research. Dubna, 2015
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„μ ±μ´Í  1990-Ì ££. ·¥´É£¥´μ¢¸± Ö ¢¨§Ê ²¨§ Í¨Ö ¢ ²ÊÎ¥¢μ° É¥· ¶¨¨ ¡Ò² 
μ£· ´¨Î¥´  ±μ³¶ÓÕÉ¥·´μ° Éμ³μ£· Ë¨¥° ¤²Ö ¶² ´¨·μ¢ ´¨Ö μ¡²ÊÎ¥´¨Ö ¨ μ¤-
´¨³-¤¢Ê³Ö ¸´¨³± ³¨ ¢ ´ Î ²¥ ±Ê·¸  μ¡²ÊÎ¥´¨Ö. ‚ μ¸´μ¢¥ É ±μ£μ ¶μ¤Ìμ¤ 
²¥¦ ²μ ¶·¥¤¶μ²μ¦¥´¨¥ μ Éμ³, ÎÉμ ¤μ¶Ê¸± ÕÉ¸Ö μÏ¨¡±¨ Í¥´É· Í¨¨ ¶ÊÎ±  ¶μ-
·Ö¤±  5Ä15 ³³. � §¢¨É¨¥ ³¥Éμ¤¨± ±μ´Ëμ·³´μ£μ 3D-μ¡²ÊÎ¥´¨Ö ¶μÉ·¥¡μ¢ ²μ
Ê³¥´ÓÏ¥´¨Ö ¤μ¶Ê¸É¨³μ° ¶μ£·¥Ï´μ¸É¨ ¶·¨ Ê±² ¤±¥ ¶ Í¨¥´É  ¤μ 1 ³³. „²Ö
ÔÉμ£μ ¡Ò² ¶·¥¤²μ¦¥´ ³¥Éμ¤ ¸ ¶·¨³¥´¥´¨¥³ ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨° [1].
‘ 1999 £. É ±μ° ³¥Éμ¤ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ Œ¥¤¨±μ-É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥ (Œ’Š)
‹Ÿ	 �ˆŸˆ ¶·¨ ¶·μ¢¥¤¥´¨¨ ±μ´Ëμ·³´μ° ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨. Œ¥-
Éμ¤ ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨° (	ˆ) ¢±²ÕÎ ¥É ¤¢  ¸´¨³±  ¢ μ·Éμ£μ´ ²Ó´ÒÌ
¶·μ¥±Í¨ÖÌ ¶·¨ ±μ´É·μ²¥ Ê±² ¤±¨ ¶ Í¨¥´É  ¶¥·¥¤ μ¡²ÊÎ¥´¨¥³,   É ±¦¥ ¸¥·¨Õ
¸´¨³±μ¢ ¤²Ö ± ¦¤μ£μ ´ ¶· ¢²¥´¨Ö μ¡²ÊÎ¥´¨Ö. 	ˆ ¶μ§¢μ²ÖÕÉ Í¥´É·¨·μ¢ ÉÓ
¶ Í¨¥´É  μÉ´μ¸¨É¥²Ó´μ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ ÉμÎ´μ¸ÉÓÕ ¤μ 1 ³³. „²Ö ¶μ²ÊÎ¥-
´¨Ö Éμ¶μ³¥É·¨Î¥¸±¨Ì ¤ ´´ÒÌ μ¡² ¸É¨ μ¡²ÊÎ¥´¨Ö ¶·¨³¥´Ö¥É¸Ö ±μ³¶ÓÕÉ¥·´ Ö
Éμ³μ£· Ë¨Ö (Š’).

Œ¥Éμ¤ 	ˆ ¢ ±μ³¡¨´ Í¨¨ ¸ Š’ ¢ ±Ê·¸¥ Ë· ±Í¨μ´¨·μ¢ ´´μ° · ¤¨μÉ¥· ¶¨¨
³μ¦¥É ¶·¨¢¥¸É¨ ± §´ Î¨É¥²Ó´μ° ¸Ê³³ ·´μ° ¤μ§¥ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö,
¶μ²ÊÎ¥´´μ° ¶ Í¨¥´Éμ³. �ÉÊ ¤μ§Ê ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ¨ ¤μ±Ê³¥´É¨·μ¢ ÉÓ ¶·¨
¶² ´¨·μ¢ ´¨¨ μ¡²ÊÎ¥´¨Ö, ÎÉμ¡Ò ¸μ¡²Õ¸É¨ É ± ´ §Ò¢ ¥³Ò° · ¤¨μ²μ£¨Î¥¸±¨°
¶·¨´Í¨¶ ®As Low As Reasonably Achievable¯ (ALARA) (®´ ¸Éμ²Ó±μ ³ ²μ,
´ ¸±μ²Ó±μ É·¥¡Ê¥É¸Ö¯) ¤²Ö ³¨´¨³¨§ Í¨¨ ¢·¥¤´μ£μ ¢μ§¤¥°¸É¢¨Ö ¨μ´¨§¨·ÊÕÐ¥°
· ¤¨ Í¨¨ [2].

Šμ´É·μ²Ó ¤μ§Ò μÉ 	ˆ ¢μ ¢·¥³Ö ²ÊÎ¥¢μ° É¥· ¶¨¨ Ö¢²Ö¥É¸Ö ¡μ²¥¥ ¸²μ¦´μ°
¶·μ¡²¥³μ°, Î¥³ É ±μ° ¦¥ ±μ´É·μ²Ó ¢μ ¢·¥³Ö ¶·μ¢¥¤¥´¨Ö μ¡ÒÎ´ÒÌ ¤¨ £´μ¸É¨-
Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°. ‘Ê³³ ·´ Ö ¤μ§  μÉ ¶μ·É ²Ó´ÒÌ ¸´¨³±μ¢ ³¥²±μË· ±-
Í¨μ´¨·μ¢ ´ , É. ¥. ÔÉμ ¸Ê³³  ³ ²ÒÌ ¤μ§, ¶μ²ÊÎ¥´´ÒÌ ¶ Í¨¥´Éμ³ §  ¢¥¸Ó ±Ê·¸
²¥Î¥´¨Ö (4Ä7 ´¥¤¥²Ó). Šμ²¨Î¥¸É¢μ ³ ²ÒÌ ¤μ§ (±μ²¨Î¥¸É¢μ ¸´¨³±μ¢) ¨´μ£¤ 
¤μ¸É¨£ ¥É 180.

„μ§Ò, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ 	ˆ ¨ Š’, ¶·¨¢μ¤ÖÉ ± ¤μ¶μ²´¨É¥²Ó-
´Ò³ ·¨¸± ³, ¨ μ´¨ ¤μ²¦´Ò ¡ÒÉÓ ÊÎÉ¥´Ò ¨ ³¨´¨³¨§¨·μ¢ ´Ò ¤ ¦¥ ¤²Ö ¶ Í¨-
¥´Éμ¢, ¶μ²ÊÎ¨¢Ï¨Ì ¡μ²ÓÏÊÕ ²μ± ²Ó´ÊÕ É¥· ¶¥¢É¨Î¥¸±ÊÕ ¤μ§Ê μÉ ¶·μÉμ´´μ£μ
μ¡²ÊÎ¥´¨Ö. �¤´ ±μ ³¨´¨³¨§ Í¨Ö ¤μ§Ò ¤μ²¦´  § ¢¨¸¥ÉÓ μÉ ¸μμÉ´μÏ¥´¨Ö ¢·¥¤ 
¨ ¶μ²Ó§Ò, ÎÉμ ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ±μ´±·¥É´μ£μ ¶ Í¨¥´É .
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„²Ö μÍ¥´±¨ ¢·¥¤´μ£μ ¢μ§¤¥°¸É¢¨Ö ¨§²ÊÎ¥´¨Ö ¢¢μ¤¨É¸Ö ¶μ´ÖÉ¨¥ ®ÔËË¥±-
É¨¢´μ° ¤μ§Ò¯ Å ¢¥²¨Î¨´Ò, ¨¸¶μ²Ó§Ê¥³μ° ± ± ³¥·  ·¨¸±  ¢μ§´¨±´μ¢¥´¨Ö μÉ-
¤ ²¥´´ÒÌ ¶μ¸²¥¤¸É¢¨° μ¡²ÊÎ¥´¨Ö ¢¸¥£μ É¥²  Î¥²μ¢¥±  ¨ μÉ¤¥²Ó´ÒÌ ¥£μ μ·£ ´μ¢
¨ É± ´¥° ¸ ÊÎ¥Éμ³ ¨Ì · ¤¨μÎÊ¢¸É¢¨É¥²Ó´μ¸É¨.

�ËË¥±É¨¢´ Ö ¤μ§  E μ¶·¥¤¥²Ö¥É¸Ö ± ± ¸Ê³³  ¶·μ¨§¢¥¤¥´¨° Ô±¢¨¢ ²¥´É-
´μ° ¤μ§Ò Ht ¢ É± ´ÖÌ ¨ μ·£ ´ Ì t ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢§¢¥Ï¨¢ ÕÐ¨¥ ±μÔË-
Ë¨Í¨¥´ÉÒ ¤²Ö É± ´¥° ¨ μ·£ ´μ¢ ωt [2]:

E =
∑

t

ωtHt. (1)

‚§¢¥Ï¨¢ ÕÐ¨¥ ±μÔËË¨Í¨¥´ÉÒ ωt ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° μÉ´μ¸¨É¥²Ó´Ò°
¢±² ¤ · §²¨Î´ÒÌ μ·£ ´μ¢ ¨²¨ É± ´¥° ¢ μ¡Ð¨° ·¨¸± (¢¥·μÖÉ´μ¸ÉÓ) ¢μ§´¨±´μ-
¢¥´¨Ö μÉ¤ ²¥´´ÒÌ ´¥¡² £μ¶·¨ÖÉ´ÒÌ ÔËË¥±Éμ¢ ¢ μ·£ ´¨§³¥ ¶·¨ · ¢´μ³¥·´μ³
μ¡²ÊÎ¥´¨¨ É¥² . ‚¥²¨Î¨´Ò ¢§¢¥Ï¨¢ ÕÐ¨Ì ±μÔËË¨Í¨¥´Éμ¢ ωt ¶·¨¢¥¤¥´Ò ¢
³¥¦¤Ê´ ·μ¤´ÒÌ ·¥±μ³¥´¤ Í¨ÖÌ ŒŠ�‡ [2] ¨ ÊÉ¢¥·¦¤ ÕÉ¸Ö ¸ ´¨É ·´Ò³¨ ´μ·-
³ ³¨ �” [3]. ‘Ê³³ ·´Ò° ¢§¢¥Ï¨¢ ÕÐ¨° ±μÔËË¨Í¨¥´É ¤²Ö É± ´¥° ¨ μ·£ ´μ¢
μ¡² ¸É¨ £μ²μ¢Ò (¶μ¢¥·Ì´μ¸ÉÓ ±μ¸É¨, ±μ¦ , £μ²μ¢´μ° ³μ§£, ¸²Õ´´Ò¥ ¦¥²¥§Ò)∑

ωt = 0,04.
�±¢¨¢ ²¥´É´ Ö ¤μ§  Ht ¤²Ö ²Õ¡μ£μ ¢¨¤  ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö r

μ¶·¥¤¥²Ö¥É¸Ö ± ± ¶·μ¨§¢¥¤¥´¨¥ ¸·¥¤´¥° ¶μ£²μÐ¥´´μ° ¤μ§Ò Dt,r ¤ ´´μ£μ ¢¨¤ 
¨§²ÊÎ¥´¨Ö ¢ μ·£ ´¥ ¨²¨ É± ´¨ t ´  ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ÔÉμ³Ê ¢¨¤Ê ¨§²ÊÎ¥´¨Ö
¢§¢¥Ï¨¢ ÕÐ¨° ±μÔËË¨Í¨¥´É ωr:

Ht =
∑

r

ωrDt,r. (2)

‘·¥¤´ÖÖ ¶μ£²μÐ¥´´ Ö ¤μ§  ¢ μ·£ ´¥ ¨²¨ É± ´¨ t:

Dt =

∫

t

D(x, y, z)ρ(x, y, z)dV

∫

t

ρ(x, y, z)dV

, (3)

£¤¥ V Å μ¡Ñ¥³ μ·£ ´  ¨²¨ É± ´¨ t; D Å ¶μ£²μÐ¥´´ Ö ¤μ§  ¢ ÉμÎ±¥ (x, y, z)
ÔÉμ° É± ´¨; ρ Å ³ ¸¸μ¢ Ö ¶²μÉ´μ¸ÉÓ μ·£ ´  ¢ ÔÉμ° ÉμÎ±¥.

‚ ¸²ÊÎ ¥ Š’ · ¸¶·¥¤¥²¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¨¸¸²¥¤Ê¥³μ³ μ¡Ñ¥³¥ ¶μ-
ÎÉ¨ μ¤´μ·μ¤´μ §  ¸Î¥É ·μÉ Í¨μ´´μ° £¥μ³¥É·¨¨ μ¡²ÊÎ¥´¨Ö. 	¥·¥¶ ¤ ¤μ§Ò μÉ
±· Ö ± Í¥´É·Ê μ¡²ÊÎ ¥³μ£μ μ¡Ñ¥³  (¤²Ö ¸·¥¤´¨Ì · §³¥·μ¢ É¥²  Î¥²μ¢¥± ) ¸μ-
¸É ¢²Ö¥É 2Ä3 · § , ¢ Éμ ¢·¥³Ö ± ± ¤²Ö ·¥´É£¥´μ£· Ë¨¨ ¶¥·¥¶ ¤ ¤μ§Ò ¢ ¶¥·¥¤´¥-
§ ¤´¥° ¶·μ¥±Í¨¨ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É  ¢ 5Ä10 · § ¡μ²ÓÏ¥. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤μ§ 
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μÉ Š’ ¢´μ¸¨É ¸ÊÐ¥¸É¢¥´´Ò° ¢±² ¤ ¢ ¸Ê³³ ·´ÊÕ ¤μ§Ê, ¶μ²ÊÎ¥´´ÊÕ ¶ Í¨¥´Éμ³
¶·¨ ·¥´É£¥´μ¢¸±μ° ¢¨§Ê ²¨§ Í¨¨.

�¸´μ¢´Ò¥ ¤μ§¨³¥É·¨Î¥¸±¨¥ ¶ · ³¥É·Ò ¶·¨ ¶·μ¢¥¤¥´¨¨ Š’ [4]:
• Šμ³¶ÓÕÉ¥·´μ-Éμ³μ£· Ë¨Î¥¸±¨° ¨´¤¥±¸ ¤μ§Ò (Computed Tomography

Dose Index, ¤ ²¥¥ Å CTDI, ³ƒ·) Å ¨´É¥£· ² ¶·μË¨²Ö ¤μ§Ò §  μ¤¨´ μ¡μ·μÉ
·¥´É£¥´μ¢¸±μ° É·Ê¡±¨, ´μ·³ ²¨§μ¢ ´´Ò° ± Ï¨·¨´¥ ·¥´É£¥´μ¢¸±μ£μ ²ÊÎ , ±μ-
Éμ·Ò° ¸²Ê¦¨É ³¥·μ° ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö §  μ¤¨´ μ¡μ·μÉ ·¥´É£¥´μ¢-
¸±μ° É·Ê¡±¨. ‚¥²¨Î¨´  CTDI μ¶·¥¤¥²Ö¥É¸Ö É¥Ì´¨Î¥¸±¨³¨ ¶ · ³¥É· ³¨ ¶·μÉμ-
±μ²  Š’-¨¸¸²¥¤μ¢ ´¨Ö (¸¨²μ° Éμ±  ¨ ´ ¶·Ö¦¥´¨¥³ ·¥´É£¥´μ¢¸±μ° É·Ê¡±¨, ¢·¥-
³¥´¥³ ·μÉ Í¨¨, ±μ²²¨³ Í¨¥° ¸·¥§ ), ±μ´¸É·Ê±É¨¢´Ò³¨ μ¸μ¡¥´´μ¸ÉÖ³¨ ¸± -
´¥·  ¨ ´¥ § ¢¨¸¨É μÉ Ì · ±É¥·¨¸É¨± ¶ Í¨¥´É .

• 	·μ¨§¢¥¤¥´¨¥ ¤μ§Ò ´  ¤²¨´Ê (Dose Length Product, ¤ ²¥¥ Å DLP) Å
³¥·  ¶μ£²μÐ¥´´μ° ¤μ§Ò ¨§²ÊÎ¥´¨Ö §  ¢¸¥ Š’-¨¸¸²¥¤μ¢ ´¨¥ ¸ ÊÎ¥Éμ³ ¤²¨´Ò
¸± ´¨·Ê¥³μ° μ¡² ¸É¨ ¨ ±μ²¨Î¥¸É¢  ¸± ´¨·μ¢ ´¨°, ±μÉμ·μ¥ μ¶·¥¤¥²Ö¥É¸Ö ¶ -
· ³¥É·μ³ CTDI.

• �ËË¥±É¨¢´ Ö ¤μ§  ± ± ¶·μ¨§¢μ¤´Ò° · ¸Î¥É´Ò° ¶ · ³¥É· μÉ §´ Î¥-
´¨Ö DLP.

„²Ö · ¸Î¥É  ÔËË¥±É¨¢´μ° ¤μ§Ò ¶·¨ Š’ ¨¸¶μ²Ó§Ê¥É¸Ö Ëμ·³Ê² 

EKT =
∑

i

DLPi ei
DLP, ³‡¢, (4)

£¤¥ DLPi Å ¶·μ¨§¢¥¤¥´¨¥ ¤μ§Ò ´  ¤²¨´Ê §  i-¥ ¸± ´¨·μ¢ ´¨¥, ³ƒ· · ¸³;
ei
DLP Å ¤μ§μ¢Ò° ±μÔËË¨Í¨¥´É ¤²Ö i-°  ´ Éμ³¨Î¥¸±μ° μ¡² ¸É¨, ³‡¢/(³ƒ· · ¸³).

’…��…’ˆ—…‘Šˆ‰ ��‘—…’ �””…Š’ˆ‚�›• „�‡

‚ Œ’Š ‹Ÿ	 �ˆŸˆ §  1999Ä2015 ££. ±Ê·¸ ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ ¸
¶·¨³¥´¥´¨¥³ Š’ ¨ 	ˆ ¶·μÏ²¨ ¡μ²¥¥ 1000 ¶ Í¨¥´Éμ¢ ¸ ¤¨ £´μ¸É¨·μ¢ ´´Ò³¨
μ´±μ²μ£¨Î¥¸±¨³¨ § ¡μ²¥¢ ´¨Ö³¨ μ¡² ¸É¨ £μ²μ¢Ò ¨ Ï¥¨. ‡ É¥³ ¡Ò²  ¶·μ-
¨§¢¥¤¥´  ¸É É¨¸É¨Î¥¸± Ö ¢Ò¡μ·±  ¸·¥¤¨ ÔÉ¨Ì ¶ Í¨¥´Éμ¢ ¶μ ³ ±¸¨³ ²Ó´μ³Ê
±μ²¨Î¥¸É¢Ê ´ ¶· ¢²¥´¨° μ¡²ÊÎ¥´¨Ö ¨ ¤²¨É¥²Ó´μ¸É¨ ±Ê·¸  ²¥Î¥´¨Ö. ‘ ÊÎ¥Éμ³
ÔÉ¨Ì ±·¨É¥·¨¥¢ ¢Ò¡· ²¨ ¶ Í¨¥´É  ¸ ¶ÖÉÓÕ ´ ¶· ¢²¥´¨Ö³¨ μ¡²ÊÎ¥´¨Ö ¨ ¤²¨-
É¥²Ó´μ¸ÉÓÕ ±Ê·¸  ¢ 32 ¸¥ ´¸ . „²Ö μ¶·¥¤¥²¥´¨Ö ÔËË¥±É¨¢´μ° ¤μ§Ò μ¡²ÊÎ¥´¨Ö
¤²Ö ´¥£μ ¢μ¸¶μ²Ó§Ê¥³¸Ö ³¥Éμ¤¨Î¥¸±¨³¨ Ê± § ´¨Ö³¨ Œ“ 2.6.1.2944-11 ®Šμ´-
É·μ²Ó ÔËË¥±É¨¢´ÒÌ ¤μ§ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢ ¶·¨ ¶·μ¢¥¤¥´¨¨ ³¥¤¨Í¨´¸±¨Ì
·¥´É£¥´μ²μ£¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°¯ [4].

„²Ö ¶μ²ÊÎ¥´¨Ö 	ˆ ¢ Œ’Š ¨¸¶μ²Ó§Ê¥É¸Ö ·¥´É£¥´μ¢¸±¨°  ¶¶ · É ®�¥´¥±¸¯
¸ Ê¸É ´μ¢²¥´´μ° ·¥´É£¥´μ¢¸±μ° É·Ê¡±μ° 20-50�„22-150 ¸ ¤¨ ¶ §μ´μ³ ´ -
¶·Ö¦¥´¨Ö 40Ä125 ±‚ ¨ Éμ±  50Ä200 ³� (‡�� ®‘¢¥É² ´ -�¥´É£¥´¯, ‘ ´±É-
	¥É¥·¡Ê·£) [5].
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‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ¶ · ³¥É·Ò ·¥´É£¥´μ¢¸±μ£μ  ¶¶ · É  ¶·¨ ³¥Éμ¤¥ 	ˆ
¤²Ö · §´ÒÌ ¶·μ¥±Í¨°.

�  ·¨¸. 1 ¶μ± § ´  £¥μ³¥É·¨Ö · ¸¶μ²μ¦¥´¨Ö ·¥´É£¥´μ¢¸±μ£μ μ¡μ·Ê¤μ¢ ´¨Ö
¢ ± ¡¨´¥ μ¡²ÊÎ¥´¨Ö.

’ ¡²¨Í  1. � · ³¥É·Ò ·¥´É£¥´μ¢¸±μ£μ  ¶¶ · É  ¶·¨ ³¥Éμ¤¥ �ˆ

	 · ³¥É·
	¥·¥¤´¥-
§ ¤´ÖÖ

¶·μ¥±Í¨Ö

�μ±μ¢ Ö
¶·μ¥±Í¨Ö

Šμ¸ Ö
¶·μ¥±Í¨Ö

‡´ Î¥´¨¥  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ´  ·¥´É£¥-
´μ¢¸±μ° É·Ê¡±¥, ±‚ 90 63 66

‡´ Î¥´¨¥ ±μ²¨Î¥¸É¢  Ô²¥±É·¨Î¥¸É¢ , ³� · ¸ 40 80 80

� §³¥·Ò ¶μ²Ö ¨§²ÊÎ¥´¨Ö (Ï¨·¨´  ¨ ¢Ò¸μÉ )
´  ¶·¨¥³´¨±¥ ¨§μ¡· ¦¥´¨Ö, ¸³× ¸³; 24× 30 24× 30 24× 30

”μ±Ê¸´μ¥ · ¸¸ÉμÖ´¨¥ (μÉ Ëμ±Ê¸  ·¥´É£¥´μ¢-
¸±μ° É·Ê¡±¨ ¤μ ¶ Í¨¥´É  (�ˆ	)), ¸³ 180 180 180

ŒμÐ´μ¸ÉÓ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¢μ§¤ÊÌ¥, ¨§-
³¥·¥´´μ° ´  · ¸¸ÉμÖ´¨¨ 1 ³ μÉ Ëμ±Ê¸  ·¥´É-
£¥´μ¢¸±μ° É·Ê¡±¨, ³ƒ·/¸ 1,4 1,2 1,3

�¨¸. 1. ƒ¥μ³¥É·¨Ö · ¸¶μ²μ¦¥´¨Ö ³¥¤¨Í¨´¸±μ£μ μ¡μ·Ê¤μ¢ ´¨Ö ¢ Œ’Š ‹Ÿ	 �ˆŸˆ:
1 Å £μ²μ¢  ¶ Í¨¥´É  ¢ ¸¨¸É¥³¥ Ê£²μ¢ÒÌ ±μμ·¤¨´ É; 2 Å ·¥´É£¥´μ¢¸± Ö É·Ê¡± ; 3 Å
¶·¨¥³´¨± ¨§μ¡· ¦¥´¨Ö

ƒμ²μ¢  ¶ Í¨¥´É  (·¨¸. 1, 1) Ë¨±¸¨·Ê¥É¸Ö ¨´¤¨¢¨¤Ê ²Ó´μ° É¥·³μ¶² ¸É¨±μ-
¢μ° ³ ¸±μ° ¢ ¶μ¤£μ²μ¢´¨±¥, Ê¸É ´μ¢²¥´´μ³ ´  É¥· ¶¥¢É¨Î¥¸±μ³ ±·¥¸²¥. �¥´É-
£¥´μ¢¸± Ö É·Ê¡±  (·¨¸. 1, 2) · ¸¶μ²μ¦¥´  ´  μ¸¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨ ´ Ìμ-
¤¨É¸Ö ´  · ¸¸ÉμÖ´¨¨ �ˆ	 μÉ ¶μ¢¥·Ì´μ¸É¨ ¶ Í¨¥´É  (·¨¸. 1, 3). ’¥· ¶¥¢É¨Î¥-
¸±μ¥ ±·¥¸²μ ¶μ§¢μ²Ö¥É ¢· Ð ÉÓ ¶ Í¨¥´É  μÉ´μ¸¨É¥²Ó´μ ¸μ¡¸É¢¥´´μ° μ¸¨ μÉ 0
¤μ 360◦ ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢Ò¡¨· ÉÓ Ê£μ² ¨ ´ ¶· ¢²¥´¨¥ μ¡²ÊÎ¥´¨Ö. ‚ § ¢¨-
¸¨³μ¸É¨ μÉ Ê£²  μ¡²ÊÎ¥´¨Ö · §¤¥²ÖÕÉ ¶·μ¥±Í¨¨ ´  ¶¥·¥¤´¥§ ¤´ÕÕ ¨ § ¤´¥-
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¶¥·¥¤´ÕÕ (	‡), ¡μ±μ¢ÊÕ (�) ¨ ±μ¸ÊÕ (Š). „¨ ¶ §μ´ Ê£²μ¢ ¤²Ö 	‡-¶·μ¥±Í¨¨:
330Ä30◦, 150Ä210◦; ¤²Ö �-¶·μ¥±Í¨¨: 60Ä120◦, 240Ä300◦; ¤²Ö Š-¶·μ¥±Í¨¨:
30Ä60◦, 120Ä150◦, 210Ä240◦, 300Ä330◦.

�¶·¥¤¥²¨³ Ê·μ¢¥´Ó ÔËË¥±É¨¢´μ° ¤μ§Ò μ¡²ÊÎ¥´¨Ö ´  μ¸´μ¢¥ §´ Î¥´¨°
· ¤¨ Í¨μ´´μ£μ ¢ÒÌμ¤  ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ É¥²Ö.

	μ¤ · ¤¨ Í¨μ´´Ò³ ¢ÒÌμ¤μ³ R ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ É¥²Ö ¶μ´¨³ ¥É¸Ö μÉ-
´μÏ¥´¨¥ ³μÐ´μ¸É¨ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¢μ§¤ÊÌ¥ ¢ ³ƒ·/¸, ¨§³¥·¥´´μ° ´  · ¸-
¸ÉμÖ´¨¨ 1 ³ μÉ Ëμ±Ê¸  ·¥´É£¥´μ¢¸±μ° É·Ê¡±¨ ´  μ¸¨ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ·¥´É-
£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¶·¨ § ¤ ´´ÒÌ §´ Î¥´¨ÖÌ  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö, ± §´ -
Î¥´¨Õ  ´μ¤´μ£μ Éμ±  i:

R =
Dr2

it
,
³ƒ· · ³2

³� · ¸ . (5)

� ¸¸Î¨É ¥³ · ¤¨ Í¨μ´´Ò¥ ¢ÒÌμ¤Ò ¤²Ö · §´ÒÌ ¶·μ¥±Í¨°, ¨¸¶μ²Ó§ÊÖ ¤ ´-
´Ò¥ ¨§ É ¡². 1:

R	‡ =
1,4
40

= 0,035; R� =
1,2 · 12

80
= 0,015; RŠ =

1,3 · 12

80
= 0,016.

‡´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ§Ò En μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É  ¶·¨ ¶·μ¢¥¤¥´¨¨
n-£μ 	ˆ μ¶·¥¤¥²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¢Ò· ¦¥´¨Ö

En = RitKe, ³±‡¢, (6)

£¤¥ Ke Å ±μÔËË¨Í¨¥´É ¶¥·¥Ìμ¤  μÉ §´ Î¥´¨Ö · ¤¨ Í¨μ´´μ£μ ¢ÒÌμ¤  ·¥´É£¥-
´μ¢¸±μ£μ ¨§²ÊÎ É¥²Ö ± ÔËË¥±É¨¢´μ° ¤μ§¥ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É  ¤ ´´μ£μ ¢μ§· -
¸É  ¸ ÊÎ¥Éμ³ ¢¨¤  ¶·μ¢¥¤¥´´μ£μ ·¥´É£¥´μ²μ£¨Î¥¸±μ£μ ¨¸¸²¥¤μ¢ ´¨Ö, ¶·μ¥±Í¨¨,
· §³¥·μ¢ ¶μ²Ö, Ëμ±Ê¸´μ£μ · ¸¸ÉμÖ´¨Ö ¨  ´μ¤´μ£μ ´ ¶·Ö¦¥´¨Ö ´  ·¥´É£¥´μ¢-
¸±μ° É·Ê¡±¥, ³±‡¢/(³ƒ· ·³2).

	·¨¢¥¤¥´´Ò¥ ¢ É ¡²¨Í Ì Œ“ 2.6.1.2944-11 [4] §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢
¶¥·¥Ìμ¤  Ke, · ¸¸Î¨É ´´Ò¥ ¤²Ö �ˆ	 = 100 ¸³, ³μ£ÊÉ ¡ÒÉÓ ¶¥·¥¸Î¨É ´Ò μÉ
�ˆ	É ¡ ± ¤·Ê£¨³ §´ Î¥´¨Ö³ �ˆ	′ ¸ ¶μ³μÐÓÕ ¸μμÉ´μÏ¥´¨Ö

K ′
e = Ke

(�ˆ	É ¡)2

(�ˆ	′)2
. (7)

� ¸¸Î¨É ¥³ §´ Î¥´¨Ö ±μÔËË¨Í¨¥´Éμ¢ ¶¥·¥Ìμ¤  K ′
e ¤²Ö · §´ÒÌ ¶·μ¥±Í¨°

¶·¨ Ê¸²μ¢¨¨, ÎÉμ �ˆ	 = 18 ¸³.

K ′
e 	‡ = 50

(100)2

(180)2
= 15,4; K ′

e � = 23
(100)2

(180)2
= 7,1; K ′

e Š = 36
(100)2

(180)2
= 11,1.

�ËË¥±É¨¢´Ò¥ ¤μ§Ò, ¶μ²ÊÎ ¥³Ò¥ ¶ Í¨¥´Éμ³ ¶·¨ μ¡²ÊÎ¥´¨¨ ¸ · §´ÒÌ ¶·μ-
¥±Í¨°, · ¸¸Î¨ÉÒ¢ ÕÉ¸Ö ¶μ Ëμ·³Ê²¥ (6):

E	‡ = 0,035 · 40 · 15,4 ≈ 21,6 ³±‡¢;
E� = 0,015 · 80 · 7,1 ≈ 8,5 ³±‡¢;
EŠ = 0,016 · 80 · 11,1 ≈ 14,2 ³±‡¢.
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„²Ö ¶μ²ÊÎ¥´¨Ö Éμ¶μ³¥É·¨Î¥¸±μ° ¨´Ëμ·³ Í¨¨ ¶·¨ ¶² ´¨·μ¢ ´¨¨ μ¡²ÊÎ¥-
´¨Ö ¢ Œ’Š ‹Ÿ	 �ˆŸˆ ¨¸¶μ²Ó§Ê¥É¸Ö ·¥´É£¥´μ¢¸±¨° ±μ³¶ÓÕÉ¥·´Ò° 128-¸²μ°-
´Ò° Éμ³μ£· Ë SOMATOM Deˇnition As Ë¨·³Ò Siemens [6].

„²Ö ¢¸¥Ì ¶ Í¨¥´Éμ¢, ¶·μÌμ¤ÖÐ¨Ì ¶·¥¤²ÊÎ¥¢ÊÕ ¶μ¤£μÉμ¢±Ê, ¶ · ³¥É·Ò ¶·¨
Š’-¨¸¸²¥¤μ¢ ´¨¨ μ¤¨´ ±μ¢Ò¥: ´ ¶·Ö¦¥´¨¥ ´  É·Ê¡±¥ 120 ±‚, Éμ± 340 ³�· ¸,
±μ²¨Î¥¸É¢μ ¸·¥§μ¢ 200, Éμ²Ð¨´  ¸·¥§  1 ³³.

	μ ¤ ´´Ò³ ³¥Éμ¤¨Î¥¸±¨Ì ·¥±μ³¥´¤ Í¨° [4] ¤²Ö  ´ Éμ³¨Î¥¸±μ° μ¡² ¸É¨
¨¸¸²¥¤μ¢ ´¨Ö (£μ²μ¢Ò) ¤μ§μ¢Ò° ±μÔËË¨Í¨¥´É ei

DLP = 0,0023; ¶·μ¨§¢¥¤¥´¨¥
¤μ§Ò ´  ¤²¨´Ê ¸± ´¨·Ê¥³μ° μ¡² ¸É¨ DLP= 1367 ³ƒ· · ¸³. ’ ±¨³ μ¡· §μ³,
ÔËË¥±É¨¢´ Ö ¤μ§ , ¶μ²ÊÎ ¥³ Ö ¶·¨ ¶·μ¢¥¤¥´¨¨ Š’, ¢ÒÎ¨¸²Ö¥É¸Ö ¶μ Ëμ·-
³Ê²¥ (4):

EŠ’ = 1367 · 0,0023 = 3,14 ³‡¢.

„²Ö · ¸Î¥É  ¸Ê³³ ·´μ° ¤μ§Ò Etot ¸²μ¦¨³ · ¸¸Î¨É ´´Ò¥ ÔËË¥±É¨¢´Ò¥
¤μ§Ò, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¶·μ¢¥¤¥´¨¨ Š’ (EŠ’) ¨ 	ˆ (E„), £¤¥ E„ Å ¸Ê³³ 
ÔËË¥±É¨¢´ÒÌ ¤μ§, ¶μ²ÊÎ¥´´ÒÌ μÉ n-Ì 	ˆ:

E„ =
∑

n

En, (8)

Etot = EŠ’ + NE„. (9)

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ ³¥Éμ¤¨Î¥¸±¨Ì · ¸Î¥Éμ¢ ¸Ê³³ ·´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò

	μ²¥ “£μ², ◦ Ei, ³±‡¢
„μ§  ¢ ¸ÊÉ±¨ E„, Šμ²¨Î¥¸É¢μ

EŠ’, ³±‡¢ Etot, ³±‡¢
³±‡¢ ¸ÊÉμ±

	‡ 0 21,6

� 270 8,5

� 90 8,5

Š 240 14,2 84 32 3140 5831

� 290 8,5

� 65 8,5

Š 120 14,2

‡´ Î¥´¨¥ ¸Ê³³ ·´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò, ¢ÒÎ¨¸²¥´´μ° ¶μ ³¥Éμ¤¨Î¥¸±¨³
·¥±μ³¥´¤ Í¨Ö³, μÉ ·¥´É£¥´μ¢¸±μ° ¢¨§Ê ²¨§ Í¨¨ (	ˆ ¨ Š’) §  ¢¥¸Ó ±Ê·¸ ²¥-
Î¥´¨Ö ¤²Ö ¢Ò¡· ´´μ£μ ¶ Í¨¥´É  ¸μ¸É ¢¨²μ 5831 ³±‡¢.
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„²Ö ¶·μ¢¥·±¨ ¤μ¸Éμ¢¥·´μ¸É¨ §´ Î¥´¨Ö ¸Ê³³ ·´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò § 
±Ê·¸ ²¥Î¥´¨Ö, ¶μ²ÊÎ¥´´μ° ¶μ ³¥Éμ¤¨Î¥¸±¨³ ·¥±μ³¥´¤ Í¨Ö³, ¢ Œ’Š ‹Ÿ	
�ˆŸˆ ¡Ò² ¶·μ¢¥¤¥´ ¤μ§¨³¥É·¨Î¥¸±¨° Ô±¸¶¥·¨³¥´É. „²Ö ÔÉμ£μ ¢ ± ¡¨´¥ μ¡-
²ÊÎ¥´¨Ö ¢ μ¡² ¸É¨ · §³¥Ð¥´¨Ö ¶ Í¨¥´É  ¡Ò² ¶μ³¥Ð¥´ Ë ´Éμ³, ¸¤¥² ´´Ò° ¨§
μ·£¸É¥±² , ¶μ Ëμ·³¥ ¶ · ²²¥²¥¶¨¶¥¤  · §³¥·μ³ 20× 20× 25 ¸³, § ¶μ²´¥´-
´Ò° ¤¨¸É¨²²¨·μ¢ ´´μ° ¢μ¤μ°. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ¶·¥¤¸É ¢²¥´  ´ 
·¨¸. 2. ˆ§³¥·¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¶·μ¢μ¤¨²μ¸Ó ¸ ¶μ³μÐÓÕ ¤μ§¨³¥É· 
UNIDOSE ¨ Í¨²¨´¤·¨Î¥¸±μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò Farmer Ë¨·³Ò PTW
(ƒ¥·³ ´¨Ö) [7], ¶μ£·Ê¦¥´´μ° ¢ ¢μ¤´ÊÕ ¸·¥¤Ê. � ¡μÎ¨° μ¡Ñ¥³ ± ³¥·Ò Ê¸É ´μ-
¢²¥´ ´  μ¸¨ ·¥´É£¥´μ¢¸±μ° É·Ê¡±¨.

�¨¸. 2. ” ´Éμ³ ¤²Ö ¨§³¥·¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¶μ£²μÐ¥´´μ° ¤μ§Ò ¢ ¢μ¤¥

Š ³¥·  ¶¥·¥³¥Ð ² ¸Ó ¢¤μ²Ó μ¸¨ ¸ Ï £μ³ 30 ³³. Œ¥´ÖÖ ¶μ²μ¦¥´¨¥ ¨μ-
´¨§ Í¨μ´´μ° ± ³¥·Ò ¢ Ë ´Éμ³¥, ¡Ò²¨ ¶μ²ÊÎ¥´Ò ±·¨¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¤μ§Ò
¢ ¢μ¤¥ ¤²Ö ¤¢ÊÌ ·¥¦¨³μ¢ · ¡μÉÒ ·¥´É£¥´μ¢¸±μ° É·Ê¡±¨: ¶·¨ 	‡-¶·μ¥±Í¨¨
90 ±‚/40 ³� · ¸, ¶·¨ �-¶·μ¥±Í¨¨ 63 ±‚/80 ³� · ¸ (·¨¸. 3). 	μ¸²¥  ¶¶·μ±-
¸¨³ Í¨¨ ±·¨¢ÒÌ ¡Ò²¨ ¶μ²ÊÎ¥´Ò §´ Î¥´¨Ö ¨Ì ËÊ´±Í¨°: ¤²Ö 	‡-¶·μ¥±Í¨¨
D = 1,8651 e−0,205x; ¤²Ö �-¶·μ¥±Í¨¨ D = 1,4998 e−0,235x. „²Ö ±μ¸μ° ¶·μ¥±-
Í¨¨ ¨¸¶μ²Ó§μ¢ ²¨ Ê¸·¥¤´¥´´μ¥ §´ Î¥´¨¥.

‘· ¢´¨³ ¸Ê³³ ·´ÊÕ ÔËË¥±É¨¢´ÊÕ ¤μ§Ê, ¶μ²ÊÎ¥´´ÊÕ É¥³ ¦¥ ¶ Í¨¥´Éμ³,
¸ É¥μ·¥É¨Î¥¸±¨³ · ¸Î¥Éμ³. 	μ Éμ³μ£· Ë¨Î¥¸±¨³ ¤ ´´Ò³ ¡Ò²  ¶μ¸É·μ¥´ 
É¢¥·¤μÉ¥²Ó´ Ö ¢μ¤μÔ±¢¨¢ ²¥´É´ Ö 3D-³μ¤¥²Ó ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò É·¥Ì³¥·-
´μ£μ ¶·μ¥±É¨·μ¢ ´¨Ö Š�Œ	�‘-3D [8]. „²Ö · ¸Î¥É  ¸Ê³³ ·´μ° ¸·¥¤´¥° ¶μ-
£²μÐ¥´´μ° ¤μ§Ò ¶μ²ÊÎ¥´´Ò° É·¥Ì³¥·´Ò° μ¡Ñ¥³ ¡Ò² · §¡¨É ´  ¸²μ¨ Éμ²Ð¨´μ°
15 ³³, ¶¥·¶¥´¤¨±Ê²Ö·´Ò¥ ´ ¶· ¢²¥´¨Ö³ μ¡²ÊÎ¥´¨Ö ¸ · §´ÒÌ Ê£²μ¢ ¤²Ö ÔÉμ£μ
¶ Í¨¥´É . „²Ö ± ¦¤μ£μ ¸²μÖ ¡Ò²  μ¶·¥¤¥²¥´  Ê¸·¥¤´¥´´ Ö ¶μ£²μÐ¥´´ Ö ¤μ§ 
¶μ £¨¸Éμ£· ³³ ³ (·¨¸. 4), ¶μ¸É·μ¥´´Ò³ ¶μ ¤ ´´Ò³, ¶·¥¤¸É ¢²¥´´Ò³ ´  ·¨¸. 3.
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨¥ ¶μ£²μÐ¥´´μ° ¤μ§Ò ¶μ £²Ê¡¨´¥ ¶·¨ ¤¢ÊÌ ·¥¦¨³ Ì · ¡μÉÒ ·¥´É£¥-
´μ¢¸±μ° É·Ê¡±¨: ±¢ ¤· É´Ò¥ ³ ·±¥·Ò Å ¶·¨ 	‡-¶·μ¥±Í¨¨; ·μ³¡Ò Å ¶·¨ �-¶·μ¥±Í¨¨

�¨¸. 4. ƒ¨¸Éμ£· ³³Ò · ¸¶·¥¤¥²¥´¨Ö ¤μ§Ò μÉ £²Ê¡¨´Ò ¸²μÖ ¤²Ö 	‡-¶·μ¥±Í¨¨ ( ) ¨
�-¶·μ¥±Í¨¨ (¡)

’ ±¨³ μ¡· §μ³, Ëμ·³Ê²Ê (3) ³μ¦´μ ¶¥·¥¶¨¸ ÉÓ ¢ ¢¨¤¥

D =
∑

i

DiVi

V
, (10)

£¤¥ Di Å Ê¸·¥¤´¥´´ Ö ¶μ£²μÐ¥´´ Ö ¤μ§  ¢ i-³ ¸²μ¥; Vi Å μ¡Ñ¥³ i-£μ ¸²μÖ;
V Å ¶μ²´Ò° μ¡Ñ¥³ £μ²μ¢Ò ¶ Í¨¥´É .

ƒμ²μ¢  ¶ Í¨¥´É  ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö Ë¨±¸¨·Ê¥É¸Ö ¨´¤¨¢¨¤Ê ²Ó´μ° É¥·³μ-
¶² ¸É¨±μ¢μ° ³ ¸±μ° ¢ ¶μ¤£μ²μ¢´¨±¥. 	μ¤£μ²μ¢´¨± § ±·¥¶²¥´ ´  ¶² ¸É¨´¥ ¨§
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μ·£¸É¥±²  Éμ²Ð¨´μ° 20 ³³ ¨ · §³¥·μ³ 300 (Ï¨·¨´ )× 400 (¢Ò¸μÉ ) ³³. ˆ§-§ 
´ ²¨Î¨Ö ¶μ¤£μ²μ¢´¨±  ¶μ£²μÐ¥´´ Ö ¤μ§  ¸ ´ ¶· ¢²¥´¨° ¶μ¤ Ê£² ³¨ 0, 65 ¨
290◦ ¡Ê¤¥É ³¥´ÓÏ¥, É ± ± ± μ´ ¶μ£²μÐ ¥É Î ¸ÉÓ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö.

‚ ·¥§Ê²ÓÉ É¥ ¶μ Ëμ·³Ê²¥ (10) ¶μ²ÊÎ¨²¨ §´ Î¥´¨Ö ¸·¥¤´¨Ì ¶μ£²μÐ¥´´ÒÌ
¤μ§ ¶·¨ 	ˆ ¤²Ö Ê£²μ¢ μ¡²ÊÎ¥´¨Ö ¸ ÊÎ¥Éμ³ ¶μ¤£μ²μ¢´¨± :

D (0◦) = 332,91 ³±ƒ·; D (90, 270◦) = 458,76 ³±ƒ·;
D (240, 120◦) = 496,58 ³±ƒ·; D (290, 65◦) = 386,95 ³±ƒ·.

‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ §´ Î¥´¨Ö ¸·¥¤´¨Ì ¶μ£²μÐ¥´´ÒÌ ¤μ§ ¡Ò²¨ · ¸¸Î¨-
É ´Ò ¨ ¤²Ö ¤·Ê£¨Ì ¢μ§³μ¦´ÒÌ Ê£²μ¢ μ¡²ÊÎ¥´¨Ö. �É¨ ¤ ´´Ò¥ ¢ ¤ ²Ó´¥°Ï¥³
¡Ê¤ÊÉ ¨¸¶μ²Ó§μ¢ ´Ò ¶·¨ · ¸Î¥É Ì Ê·μ¢´¥° ÔËË¥±É¨¢´ÒÌ ¤μ§ ¤²Ö ²Õ¡μ£μ ¶ -
Í¨¥´É .

� ¸¸Î¨É ¥³ Ô±¢¨¢ ²¥´É´ÊÕ ¤μ§Ê ¶μ Ëμ·³Ê²¥ (2). „²Ö ·¥´É£¥´μ¢¸±μ£μ ¨§-
²ÊÎ¥´¨Ö ¢§¢¥Ï¨¢ ÕÐ¨° ±μÔËË¨Í¨¥´É · ¢¥´ ¥¤¨´¨Í¥.

�ËË¥±É¨¢´ Ö ¤μ§  Ei, ¶μ²ÊÎ¥´´ Ö ¶μ Ëμ·³Ê²¥ (1), ¸ ÊÎ¥Éμ³ · ¸¸Î¨É ´´ÒÌ
Ht ¶·¨ · §´ÒÌ Ê£² Ì μ¡²ÊÎ¥´¨Ö, ¤μ§  ¢ ¤¥´Ó E„ ¨ · ¸¸Î¨É ´´ Ö ¸Ê³³ ·´ Ö
¤μ§  Etot μÉ 	ˆ ¨ Š’ §  ¢¥¸Ó ±Ê·¸ ²¥Î¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

’ ¡²¨Í  3. �¥§Ê²ÓÉ ÉÒ · ¸Î¥Éμ¢ ¸Ê³³ ·´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò ´  μ¸´μ¢¥ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ

	μ²¥ “£μ², ◦ Ei, ³±‡¢
„μ§  ¢ ¸ÊÉ±¨ E„, Šμ²¨Î¥¸É¢μ

EŠ’, ³±‡¢ Etot, ³±‡¢³±‡¢ ¸ÊÉμ±

	‡ 0 13,3

� 270 18,4
� 90 18,4

Š 240 19,9 121 32 3140 7002

� 290 15,5
� 65 15,5

Š 120 19,9

’ ±¨³ μ¡· §μ³, §´ Î¥´¨¥ ¸Ê³³ ·´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò, ¢ÒÎ¨¸²¥´´μ° ¶μ
Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¤ ´´Ò³, μÉ ·¥´É£¥´μ¢¸±μ° ¢¨§Ê ²¨§ Í¨¨ (	ˆ ¨ Š’) § 
¢¥¸Ó ±Ê·¸ ²¥Î¥´¨Ö ¤²Ö ¢Ò¡· ´´μ£μ ¶ Í¨¥´É  ¸μ¸É ¢¨²μ 7002 ³±‡¢.

�…‡“‹œ’�’› ˆ‘‘‹…„�‚��ˆŸ

Š ± ¢¨¤´μ ¨§ É ¡². 2 ¨ 3, §´ Î¥´¨Ö ¸Ê³³ ·´ÒÌ ÔËË¥±É¨¢´ÒÌ ¤μ§, ¶μ²Ê-
Î¥´´ÒÌ ¶μ É¥μ·¥É¨Î¥¸±¨³ · ¸Î¥É ³ ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¨§³¥·¥´¨Ö³, ¤μ¸É -
ÉμÎ´μ ¡²¨§±¨ ¶μ §´ Î¥´¨Õ (5831 ¨ 7002 ³±‡¢). �É±²μ´¥´¨¥ ¸μ¸É ¢²Ö¥É 16,7 %.
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‡´ Î¥´¨Ö ¶μ Œ“ 2.6.1.2944-11 ´¥¸±μ²Ó±μ § ´¨¦¥´Ò, ÎÉμ ³μ¦´μ μ¡ÑÖ¸´¨ÉÓ
Ê¶·μÐ¥´´μ° ³μ¤¥²ÓÕ · ¸Î¥É ,   É ±¦¥ §´ Î¥´¨Ö³¨ ±μÔËË¨Í¨¥´Éμ¢, ¡μ²¥¥
 ¤ ¶É¨·μ¢ ´´Ò³¨ ¤²Ö ¸É ´¤ ·É´ÒÌ ¶·μÍ¥¤Ê· ·¥´É£¥´μ¢¸±¨Ì ¨¸¸²¥¤μ¢ ´¨°.

‘· ¢´¨³ ¶μ²ÊÎ¥´´ÊÕ ¤μ§Ê (7 ³‡¢) ¸ ¶·¥¤¥²Ó´μ ¤μ¶Ê¸É¨³μ°. �¥±μ³¥´¤Ê-
¥³Ò° ¶·¥¤¥² ¤μ§Ò ¢ ¸¨ÉÊ Í¨ÖÌ ¶² ´¨·Ê¥³μ£μ μ¡²ÊÎ¥´¨Ö ¤²Ö ¶·μË¥¸¸¨μ´ ²Ó-
´μ£μ μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢²Ö¥É 20 ³‡¢ ¢ £μ¤ ¸ Ê¸·¥¤´¥´¨¥³ §  μ¶·¥¤¥²¥´´Ò¥ ¶Ö-
É¨²¥É´¨¥ ¶¥·¨μ¤Ò. �ÉμÉ ¶·¥¤¥² ¤μ§Ò §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ¥É · ¸¸Î¨É ´´ÊÕ.
	μ³¨³μ ¶·¥¤¥²μ¢ ¶μ ÔËË¥±É¨¢´μ° ¤μ§¥ Ê¸É ´μ¢²¥´Ò ¶·¥¤¥²Ò Ô±¢¨¢ ²¥´É´μ°
¤μ§Ò. ’ ±, ¤²Ö Ì·Ê¸É ²¨±  £² § , ± ± ´ ¨¡μ²¥¥ ÎÊ¢¸É¢¨É¥²Ó´μ£μ ± ¨§²ÊÎ¥´¨Õ,
¶·¥¤¥² ¤μ§Ò Å 150 ³‡¢ ¢ £μ¤ ¤²Ö ¶·μË¥¸¸¨μ´ ²Ó´μ£μ μ¡²ÊÎ¥´¨Ö. 	·¨ ¶·μ¢¥-
¤¥´¨¨ 	ˆ Ô±¢¨¢ ²¥´É´ Ö ¤μ§ , ¶·¨Ìμ¤ÖÐ Ö¸Ö ´  Ì·Ê¸É ²¨± £² §  ¢Ò¡· ´´μ£μ
¶ Í¨¥´É , ¸μ¸É ¢¨²  177 ³‡¢. „ ´´μ¥ §´ Î¥´¨¥ ²¥¦¨É ¢ μ¡² ¸É¨ ¶·¥¤¥²Ó´ÒÌ
¤μ§ ¨ ¤²Ö ¶ Í¨¥´Éμ¢ ¸ ³ ±¸¨³ ²Ó´Ò³ ±μ²¨Î¥¸É¢μ³ ´ ¶· ¢²¥´¨° μ¡²ÊÎ¥´¨Ö ¨
¤²¨É¥²Ó´μ¸É¨ ±Ê·¸  ²¥Î¥´¨Ö, ¢μ§³μ¦´μ, ¸²¥¤Ê¥É ³¨´¨³¨§¨·μ¢ ÉÓ ±μ²¨Î¥¸É¢μ
¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨° ¨²¨ Ê³¥´ÓÏ ÉÓ ¶ · ³¥É·Ò ¸´¨³±  ·¥´É£¥´μ¢¸±μ£μ
 ¶¶ · É . �¸´μ¢´μ° ¦¥ ¶μÉμ± ¶ Í¨¥´Éμ¢ ¶μ²ÊÎ ¥É £μ· §¤μ ³¥´ÓÏÊÕ ¸Ê³³ ·-
´ÊÕ ÔËË¥±É¨¢´ÊÕ ¤μ§Ê, ¶μÔÉμ³Ê ³μ¦´μ ¸ Ê¢¥·¥´´μ¸ÉÓÕ ¸± § ÉÓ μ ¡¥§μ¶ ¸´μ-
¸É¨ ³¥Éμ¤  ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨°.

�  ¸¥£μ¤´ÖÏ´¨° ¤¥´Ó ±μÔËË¨Í¨¥´É ŒŠ�‡ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¢¥·μÖÉ´μ-
¸É¨ ¶μÖ¢²¥´¨Ö Ë É ²Ó´μ£μ · ±  μÉ μ¤´μ° Ô±¸¶μ§¨Í¨¨ ¶·¨ ·¥´É£¥´μ£· Ë¨¨
· ¢¥´ 5 · 10−5 ´  1 ³‡¢ ÔËË¥±É¨¢´μ° ¤μ§Ò [2]. 	·μ¢¥¤¥´´Ò° · ¸Î¥É ÔËË¥±-
É¨¢´ÒÌ ¤μ§ ·¥ ²Ó´ÒÌ ¶ Í¨¥´Éμ¢, ¶·μÌμ¤ÖÐ¨Ì ±μ´Ëμ·³´ÊÕ ¶·μÉμ´´ÊÕ É¥· -
¶¨Õ ¢ Œ’Š ‹Ÿ	 �ˆŸˆ, ¶μ§¢μ²¨² μÍ¥´¨ÉÓ ·¨¸±¨ ¸ÉμÌ ¸É¨Î¥¸±¨Ì ÔËË¥±Éμ¢
μÉ ¶μ·É ²Ó´ÒÌ ¨§μ¡· ¦¥´¨°. ‚¥·μÖÉ´μ¸ÉÓ ¶μÖ¢²¥´¨Ö Ë É ²Ó´μ£μ · ±  · ¢´ 
3,5 · 10−4, ÎÉμ Ö¢²Ö¥É¸Ö ¶·¥´¥¡·¥¦¨É¥²Ó´μ ³ ²Ò³.

‡�Š‹	—…�ˆ…

„²Ö μ¡¥¸¶¥Î¥´¨Ö · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ ¡μ²Ó´μ£μ ¶·¥¤² £ ¥É¸Ö ¶μ-
¸²¥ ¶·μÌμ¦¤¥´¨Ö ±Ê·¸  ¶·μÉμ´´μ° É¥· ¶¨¨ ¢Ò¤ ¢ ÉÓ ¶ Í¨¥´ÉÊ Ëμ·³Ê ¸ Ê± § -
´¨¥³ Ê·μ¢´Ö ¶μ²ÊÎ¥´´μ° ÔËË¥±É¨¢´μ° ¤μ§Ò μÉ ¶μ·É ²Ó´ÒÌ ¸´¨³±μ¢. „ ´´ÊÕ
Ëμ·³Ê ·¥±μ³¥´¤Ê¥É¸Ö ¢±² ¤Ò¢ ÉÓ ¢ ± ·ÉÊ ¶ Í¨¥´É  ¤²Ö ÊÎ¥É  ¤ ´´μ° ¤μ§Ò
¶·¨ ¶·μ¢¥¤¥´¨¨ ¶μ¸²¥¤ÊÕÐ¨Ì ¶·μÍ¥¤Ê·, ¢ ±μÉμ·ÒÌ ³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¤μ¶μ²-
´¨É¥²Ó´ÊÕ ¤μ§Ê μ¡²ÊÎ¥´¨Ö. �  μ¸´μ¢ ´¨¨ ¢ÒÏ¥ ¶·¨¢¥¤¥´´ÒÌ ¤ ´´ÒÌ ¡Ò² 
· §· ¡μÉ ´  ³¥Éμ¤¨±  · ¸Î¥É  ÔËË¥±É¨¢´μ° ¤μ§Ò ¤²Ö ²Õ¡μ£μ ¶ Í¨¥´É  ¸ · §-
²¨Î´Ò³ ´ ¡μ·μ³ Ê£²μ¢ μ¡²ÊÎ¥´¨Ö ¨ ¤²¨É¥²Ó´μ¸ÉÓÕ ±Ê·¸ .

�¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ƒ. ‚.Œ¨ÍÒ´Ê ¨ �. ƒ.Œμ²μ± ´μ¢Ê §  ¶μ-
³μÐÓ ¢ ¶·μ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´É , Í¥´´Ò¥ Ê± § ´¨Ö ¨ § ³¥Î ´¨Ö.
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