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‚ · ¡μÉ¥ μÉ· ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É´μ-É¥μ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ³¥Éμ¤  ¤¥É¥±É¨·μ¢ ´¨Ö
¶μ²μ¦¥´¨Ö ¶¨±  	·Ô££  ¢ ¢μ¤´μ³ Ë ´Éμ³¥ ¢ ·¥¦¨³¥ ·¥ ²Ó´μ£μ ¢·¥³¥´¨, μ¸´μ¢ ´´μ£μ ´  ·¥£¨¸É· -
Í¨¨ ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢, ·μ¦¤¥´´ÒÌ ¢ ´¥Ê¶·Ê£¨Ì Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ Î ¸É¨Í ¶¥·¢¨Î´μ£μ
¸± ´¨·ÊÕÐ¥£μ ´¨É¥¢¨¤´μ£μ ¶ÊÎ±  ¶·μÉμ´μ¢, ¨¸¶ÊÐ¥´´ÒÌ ¢ μ·Éμ£μ´ ²Ó´μ³ ´ ¶· ¢²¥´¨¨. �·¨¢μ-
¤ÖÉ¸Ö μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¶·μÉμÉ¨¶  ±²¨´¨Î¥¸±μ° Ê¸É ´μ¢±¨, ´ °¤¥´´Ò¥ ´  μ¸´μ¢¥ ¶μ²´μ³ ¸-
ÏÉ ¡´μ£μ ¸É É¨¸É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¸¢Ö§ ´´μ£μ ¶¥·¥´μ¸  ³´μ£μ±μ³¶μ´¥´É´μ£μ ¨§²ÊÎ¥´¨Ö ¢
· ³± Ì ±μ³¶²¥±¸  RTS&T [1],   É ±¦¥ μÍ¥´±  ÉμÎ´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ ¶¨± 
	·Ô££ .

In this paper we report a result of theoretical studies of the method for real-time monitoring of the
Bragg peak position in a water phantom during scanned proton pencil-beam irradiation. This method
is based on the detection of the prompt γ rays emitted orthogonally to the beam direction produced as
a result of inelastic nuclear interactions of primary particles. The principal parameters of clinical setup
prototype, the accuracy of determining the longitudinal coordinates of the Bragg peak position were
found on the basis of statistical simulation using the RTS&T [1] Monte-Carlo multi-particle transport
code.
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‚ ¶μ¸²¥¤´¥¥ ¢·¥³Ö ¶ÊÎ±¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, É ±¨Ì, ´ ¶·¨³¥·, ± ± ¶·μÉμ´Ò
¨ ¨μ´Ò Ê£²¥·μ¤ , ´ Ìμ¤ÖÉ ¢¸¥ ¡μ²¥¥ Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ¢ ²ÊÎ¥¢μ° É¥· ¶¨¨ μ´±μ²μ£¨Î¥-
¸±¨Ì § ¡μ²¥¢ ´¨°, ÎÉμ μ¡Ê¸²μ¢²¥´μ ¶·¨´Í¨¶¨ ²Ó´μ° ¢μ§³μ¦´μ¸ÉÓÕ ± Î¥¸É¢¥´´μ£μ Ê²ÊÎ-
Ï¥´¨Ö ¶·μ¸É· ´¸É¢¥´´ÒÌ ¤μ§´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶μ ¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨μ´´μ ¨¸¶μ²Ó-
§Ê¥³Ò³¨ ¢ · ¤¨ Í¨μ´´μ° É¥· ¶¨¨ ¨¸ÉμÎ´¨± ³¨ Ô²¥±É·μ´μ¢ ¨ γ-±¢ ´Éμ¢, ÎÉμ ¶μ§¢μ²Ö¥É
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· ¤¨± ²Ó´μ ¸´¨§¨ÉÓ ¤μ§´ÊÕ ´ £·Ê§±Ê ´  ¶·¨²¥£ ÕÐ¨¥ ± μ¶ÊÌμ²¨ ´¥¶μ· ¦¥´´Ò¥ ÊÎ ¸É±¨
É± ´¨. �·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ÉÖ¦¥²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¢μ§· ¸É ´¨¥ ¢¥²¨Î¨´Ò ²¨´¥°´μ°
¶¥·¥¤ Î¨ Ô´¥·£¨¨ ¸ £²Ê¡¨´μ° ¶·μ´¨±´μ¢¥´¨Ö Î ¸É¨ÍÒ ¶·¨¢μ¤¨É ± Ëμ·³¨·μ¢ ´¨Õ ³ ±¸¨-
³Ê³  ¶²μÉ´μ¸É¨ ¨μ´¨§ Í¨¨ ¢ ±μ´Í¥ ¶·μ¡¥£  Å ¶¨±  	·Ô££ . �·¨ ¢Ò¡μ·¥ É ±μ° Ô´¥·£¨¨
¶ÊÎ± , ¶·¨ ±μÉμ·μ° ¶¨± 	·Ô££  ¸μ¢¶ ¤ ¥É ¸ £²Ê¡¨´μ° · ¸¶μ²μ¦¥´¨Ö μ¶ÊÌμ²¨, É± ´¨, · ¸-
¶μ²μ¦¥´´Ò¥ ¶¥·¥¤ ´¥°, μ¡²ÊÎ ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¨³¨ ¤μ§ ³¨,   · ¸¶μ²μ¦¥´´Ò¥ § 
μ¶ÊÌμ²ÓÕ μ¸É ÕÉ¸Ö ¶· ±É¨Î¥¸±¨ ´¥μ¡²ÊÎ¥´´Ò³¨. ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É, ÎÉμ · ¤¨μÉ¥· ¶¨Ö ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ¶·μÉμ´´ÒÌ ¨ É¥³ ¡μ²¥¥ ¨μ´´ÒÌ ¶ÊÎ±μ¢ Ì · ±É¥·¨§Ê¥É¸Ö ¡μ²¥¥ ¢Ò¸μ±¨³
§´ Î¥´¨¥³ ±μÔËË¨Í¨¥´É  ¡¨μ²μ£¨Î¥¸±μ° ÔËË¥±É¨¢´μ¸É¨, μ¶·¥¤¥²ÖÕÐ¥£μ ¸É¥¶¥´Ó Ê³¥´Ó-
Ï¥´¨Ö Ë¨§¨Î¥¸±μ° ¤μ§Ò ¶μ ¸· ¢´¥´¨Õ ¸ É· ¤¨Í¨μ´´μ° £ ³³ -É¥· ¶¨¥° ¤²Ö ¤μ¸É¨¦¥´¨Ö
Ô±¢¨¢ ²¥´É´μ£μ ¡¨μ²μ£¨Î¥¸±μ£μ ÔËË¥±É .

�¤´¨³ ¨§ ±²ÕÎ¥¢ÒÌ  ¸¶¥±Éμ¢ ·¥ ²¨§ Í¨¨ ÔËË¥±É¨¢´μ° ¶·μÉμ´´μ° ¨ ¨μ´´μ° · ¤¨μÉ¥-
· ¶¨¨ £²Ê¡μ±μ· ¸¶μ²μ¦¥´´ÒÌ μ¶ÊÌμ²¥°, ´ ·Ö¤Ê ¸ ± Î¥¸É¢¥´´Ò³ ¶² ´¨·μ¢ ´¨¥³, Ö¢²Ö¥É¸Ö
μ¸ÊÐ¥¸É¢²¥´¨¥ ±μ´É·μ²Ö ±μ··¥±É´μ¸É¨ μ¡²ÊÎ¥´¨Ö. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¤²Ö ±μ´É·μ²Ö ¶· -
¢¨²Ó´μ¸É¨ μ¡²ÊÎ¥´¨Ö Ï¨·μ±μ ¨¸¶μ²Ó§Ê¥É¸Ö ³¥Éμ¤ ¶μ§¨É·μ´´μ-Ô³¨¸¸¨μ´´μ° Éμ³μ£· Ë¨¨
(��’), μ¸´μ¢ ´´Ò° ´  ·¥£¨¸É· Í¨¨ ¶ ·Ò γ-±¢ ´Éμ¢, ·μ¦¤ ÕÐ¨Ì¸Ö ¶·¨  ´´¨£¨²ÖÍ¨¨ ¶μ-
§¨É·μ´μ¢ μÉ β+-· ¸¶ ¤  · ¤¨μ´Ê±²¨¤μ¢, μ¡· §μ¢ ´´ÒÌ ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö (¨§μÉμ¶Ò
11C, 15O, 13N, 18F, É. ¥. · ¤¨μ¨§μÉμ¶Ò Ô²¥³¥´Éμ¢, ±μÉμ·Ò¥ ¢¸É·¥Î ÕÉ¸Ö ¢ ¡¨μ²μ£¨Î¥-
¸±¨Ì ³μ²¥±Ê² Ì). Œ¥Éμ¤ ��’ ´¥ Ö¢²Ö¥É¸Ö on-line ³¥Éμ¤μ³: ¶·μ¸É· ´¸É¢¥´´Ò¥ ��’-
· ¸¶·¥¤¥²¥´¨Ö ¸· ¢´¨¢ ÕÉ¸Ö ¸ § ¶² ´¨·μ¢ ´´Ò³¨ ¶μ¸²¥ ¶·μ¢¥¤¥´¨Ö ¸¥ ´¸  μ¡²ÊÎ¥´¨Ö.
ˆ´Ò³ ³¥Éμ¤μ³ on-line ³μ´¨Éμ·¨·μ¢ ´¨Ö μ¡²ÊÎ¥´¨Ö Ö¢²Ö¥É¸Ö ³¥Éμ¤, ¶·¥¤²μ¦¥´´Ò° ¢ · -
¡μÉ Ì [2] ¨ μ¸´μ¢ ´´Ò° ´  ·¥£¨¸É· Í¨¨ ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢, ¨¸¶Ê¸± ¥³ÒÌ ¢ ¶·μÍ¥¸¸¥
μ¡²ÊÎ¥´¨Ö ¢ μ·Éμ£μ´ ²Ó´μ³ ´ ¶· ¢²¥´¨¨ (¶μ μÉ´μÏ¥´¨Õ ± ´ ¶· ¢²¥´¨Õ É¥· ¶¥¢É¨Î¥-
¸±μ£μ ¶ÊÎ± ). ‚ · ¡μÉ¥ [3] ¸μμ¡Ð ¥É¸Ö μ ¶¥·¢μ³ ±²¨´¨Î¥¸±μ³ ¶·¨³¥´¥´¨¨ Ê¸É ´μ¢±¨,
μ¸´μ¢ ´´μ° ´  ¤ ´´μ³ ³¥Éμ¤¥ ³μ´¨Éμ·¨·μ¢ ´¨Ö.
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‚Ò¡μ·μÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É´μ-Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢μ§³μ¦´μ¸É¨
·¥ ²¨§ Í¨¨ ¤ ´´μ£μ ³¥Éμ¤  ³μ´¨Éμ·¨·μ¢ ´¨Ö ´  ±μ³¶²¥±¸¥ ¶·μÉμ´´μ° É¥· ¶¨¨ ®�·μ-
³¥É¥Ê¸¯ μÉ· ¦¥´Ò ¢ · ¡μÉ¥ [4]. –¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö²μ¸Ó ¶μ²´μ³ ¸ÏÉ ¡´μ¥
¸É É¨¸É¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¸¢Ö§ ´´μ£μ ¶¥·¥´μ¸  ³´μ£μ±μ³¶μ´¥´É´μ£μ ¨§²ÊÎ¥´¨Ö ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ ·¥ ²¨¸É¨Î´μ° 3D-³μ¤¥²¨ ¶·μÉμÉ¨¶  ±²¨´¨Î¥¸±μ° Ê¸É ´μ¢±¨ ¶μ on-line
³μ´¨Éμ·¨·μ¢ ´¨Õ ¶μ²μ¦¥´¨Ö ¶¨±  	·Ô££  ´  ±μ³¶²¥±¸¥ ¶·μÉμ´´μ° É¥· ¶¨¨ ®�·μ³¥É¥Ê¸¯
¨ ¸¨¸É¥³Ò Ð¥²¥¢ÒÌ ±μ²²¨³ Éμ·μ¢ ¤²Ö μ¶·¥¤¥²¥´¨Ö ¤μ¸É¨¦¨³μ° ÉμÎ´μ¸É¨ ¤¥É¥±É¨·μ¢ ´¨Ö
¨ ¢Ò¡μ·  ¥¥ μ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·μ¢. Œμ¤¥²¨·μ¢ ´¨¥ ¶·μ¨§¢μ¤¨²μ¸Ó ¢ · ³± Ì ¶·¥Í¨-
§¨μ´´μ£μ ±μ³¶²¥±¸  RTS&T [1] ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ë °²μ¢ μÍ¥´¥´´ÒÌ Ö¤¥·´ÒÌ ¤ ´´ÒÌ
¡¨¡²¨μÉ¥± ENDF/B VII.1 ¨ LA-150.

�¨¸. 1 ¨²²Õ¸É·¨·Ê¥É ²¨´¥°´Ò¥ ¶μÉ¥·¨ Ô´¥·£¨¨ ¨ ·μ¦¤¥´¨¥ ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢
¢ ´¥Ê¶·Ê£¨Ì Ö¤¥·´ÒÌ ¢§ ¨³μ¤¥°¸É¢¨ÖÌ Î ¸É¨Í ¶¥·¢¨Î´μ£μ ´¨É¥¢¨¤´μ£μ ¶ÊÎ±  ¶·μÉμ´μ¢
¢ ¢μ¤´μ³ Ë ´Éμ³¥. �μ´ÖÉ´μ, ÎÉμ μ¶·¥¤¥²¥´¨¥ ±μμ·¤¨´ ÉÒ Zp ¶μ²μ¦¥´¨Ö ¶¨±  	·Ô££ 
¸¢μ¤¨É¸Ö ± § ¤ Î¥ μ¶·¥¤¥²¥´¨Ö ±μμ·¤¨´ ÉÒ Zγ ÉμÎ±¨, ¢ ±μÉμ·μ° ¶²μÉ´μ¸ÉÓ ·μ¦¤¥´¨Ö
³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢ ¸´¨¦ ¥É¸Ö ¶· ±É¨Î¥¸±¨ ¤μ ´Ê²Ö: Zp = Zγ − ΔZ, £¤¥ ΔZ ¥¸ÉÓ
· ¸Î¥É´ Ö · §´¨Í .



986 � ² ±¨´ ‚. …. ¨ ¤·.

�¨¸. 1. ƒ²Ê¡¨´´μ¥ · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£μ¢Ò¤¥²¥´¨Ö ¶·μÉμ´μ¢ (a) ¨ ¶²μÉ´μ¸É¨ ·μ¦¤¥´¨Ö ³£´μ¢¥´´ÒÌ

γ-±¢ ´Éμ¢ (¡) ¢ ¢μ¤´μ³ Ë ´Éμ³¥ μÉ ¶¥·¢¨Î´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° 100 ŒÔ‚

�¨¸. 2. � ¸Î¥É´ Ö ¸Ì¥³  ±²¨´¨Î¥¸±μ° Ê¸-
É ´μ¢±¨ (μ¡Ð¨° ¢¨¤)

�·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢
· ¸Î¥É´μ° ¸¨¸É¥³Ò (¢μ¤´Ò° Ë ´Éμ³, Ð¥²¥¢μ°
±μ²²¨³ Éμ·, ¢Ò¶μ²´¥´´Ò° ¨§ ÉÖ¦¥²ÒÌ ¸¶² ¢μ¢
³ ·μ± ‚�† (¢μ²ÓË· ³Ä´¨±¥²ÓÄ¦¥²¥§μ), ¨ ³ -
É·¨Í  ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¤¥É¥±Éμ·μ¢) ¶·¥¤¸É -
¢²¥´  ´  ·¨¸. 2. ‚μ¤´Ò° Ë ´Éμ³ ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° Í¨²¨¤· ¤²¨´μ° 20 ¸³ ¨ · ¤¨Ê¸μ³ 10 ¸³,
¢ Í¥´É· ±μÉμ·μ£μ ¸¡· ¸Ò¢ ¥É¸Ö ¶·μÉμ´´Ò° ¶Ê-
Îμ± ¸ Ô´¥·£¨¥° 100 ŒÔ‚. � ¸¸ÉμÖ´¨¥ ¶μ ¶ÊÎ±Ê
μÉ ¶¥·¥¤´¥° ±·μ³±¨ ±μ²²¨³ Éμ·  ¤μ Ë ´Éμ³ 
¸μ¸É ¢²Ö¥É 19,2 ¸³. �Éμ · ¸¸ÉμÖ´¨¥ ¡Ò²μ ¢Ò-
¡· ´μ É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¶·μ¤μ²Ó´ Ö ±μμ·-
¤¨´ É  ÉμÎ±¨ (8,3 ¸³, ·¨¸. 1), ¢ ±μÉμ·μ° · ¸Î¥É-
´ÊÕ ¶²μÉ´μ¸ÉÓ ·μ¦¤¥´¨Ö ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢
¢ ¢μ¤¥ ³μ¦´μ ¡Ò²μ Ê¦¥ ¸Î¨É ÉÓ · ¢´μ° ´Ê²Õ, ¸μ-
μÉ¢¥É¸É¢μ¢ ²  Í¥´É·Ê ¢Éμ·μ° Ð¥²¨ ±μ²²¨³ Éμ· 
(19,2 + 8,3 = 27,5 ¸³). �  · ¸¸ÉμÖ´¨¨ μÉ 30
¤μ 34 ¸³ μÉ μ¸¨ ¢μ¤´μ£μ Ë ´Éμ³  · ¸¶μ²μ¦¥´

±μ²²¨³ Éμ· Éμ²Ð¨´μ° 4 ¸³ ¨ ¶μ¶¥·¥Î´Ò³¨ · §³¥· ³¨ 60 × 60 ¸³. ‚ ±μ²²¨³ Éμ·¥ ¥¸ÉÓ
¶¥·¶¥´¤¨±Ê²Ö·´Ò¥ ´ ¶· ¢²¥´¨Õ ¶·μÉμ´´μ£μ ¶ÊÎ±  Ð¥²¨ ¸ ¸±·Ê£²¥´´Ò³¨ ±· Ö³¨, ±μÉμ-
·Ò¥ ¨ Ëμ·³¨·ÊÕÉ ¶μÉμ± ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢. � ¸¸ÉμÖ´¨¥ ¶μ ¶ÊÎ±Ê μÉ ´ Î ²  ±μ²²¨-
³ Éμ·  ¤μ Í¥´É·  Ð¥²¥° ¸μ¸É ¢²Ö¥É 16, 27,5 ¨ 40 ¸³, Ï¨·¨´  Ð¥²¥° · ¢´  3, 3 ¨ 5 ¸³
¸μμÉ¢¥É¸É¢¥´´μ. �  · ¸¸ÉμÖ´¨¨ 60 ¸³ μÉ μ¸¨ ¢μ¤´μ£μ Ë ´Éμ³  ¸É·μ£μ ´ ¤ ±μ²²¨³ Éμ·μ³
· ¸¶μ²μ¦¥´ ¤¥É¥±Éμ· γ-±¢ ´Éμ¢ ¸ ¶μ¶¥·¥Î´Ò³¨ · §³¥· ³¨ É ±¦¥ 60 × 60 ¸³. „²Ö μ¡Ð-
´μ¸É¨ ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ¤¥É¥±Éμ· ¸μ¸Éμ¨É ¨§ 120 ¸Í¨´É¨²²ÖÍ¨μ´´ÒÌ ¶² ¸É¨´ ¤²¨´μ°
60 ¸³ (¶ · ²²¥²Ó´μ Ð¥²Ö³ ±μ²²¨³ Éμ· ), Ï¨·¨´μ° 0,5 ¸³ (¶μ ´ ¶· ¢²¥´¨Õ ¶ÊÎ± ) ¨
Éμ²Ð¨´μ° 5 ¸³, É. ¥. ¤¥É¥±É¨·Ê¥É¸Ö Éμ²Ó±μ ¶·μ¤μ²Ó´ Ö ±μμ·¤¨´ É  γ-±¢ ´Éμ¢.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò Ô´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö γ-±¢ ´Éμ¢ ¨ ´¥°É·μ´μ¢ ´ 
¤¥É¥±Éμ·¥. ‘ ÊÎ¥Éμ³ ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¡Ò² ´ °¤¥´ μ¶É¨³ ²Ó´Ò° É¨¶ ¸Í¨´É¨²²Ö-
Éμ·  Å BGO.
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�¨¸. 3. �´¥·£¥É¨Î¥¸±¨¥ · ¸¶·¥¤¥²¥´¨Ö ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢ ¨ ´¥°É·μ´μ¢ ´  ¤¥É¥±Éμ·¥ μÉ ¶¥·-

¢¨Î´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° 100 ŒÔ‚

�¨¸. 4. � ¸Î¥É´ Ö ¸Ì¥³  ±²¨´¨Î¥¸±μ° Ê¸É ´μ¢±¨ (¢¨¤ ¸¡μ±Ê)

�  ·¨¸. 4 ¶μ± § ´ ¶·¨´Í¨¶ Ëμ·³¨·μ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨Ö γ-±¢ ´Éμ¢ ´  ¤¥É¥±Éμ·¥
¶μ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ É¥. ‚ ¢¥·Ì´¥° Î ¸É¨ ·¨¸Ê´±  ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ ¢ ¸²ÊÎ ¥
¨¸¶μ²Ó§μ¢ ´¨Ö  ¡¸μ²ÕÉ´μ Î¥·´μ£μ ±μ²²¨³ Éμ·  ¨ ¡¥§ ÊÎ¥É  ´¥°É·μ´μ¢ (· ¸¶·¥¤¥²¥´¨¥
¨§ ·¨¸. 5, a). Œ£´μ¢¥´´Ò¥ γ-±¢ ´ÉÒ ·μ¦¤ ÕÉ¸Ö ¢ ¢μ¤´μ³ Ë ´Éμ³¥ ¢ ÉμÎ± Ì, ¶·μ¤μ²Ó´Ò¥
±μμ·¤¨´ ÉÒ ±μÉμ·ÒÌ ´ Ìμ¤ÖÉ¸Ö ¢ ¨´É¥·¢ ²¥ μÉ ´Ê²Ö (ÉμÎ±  A) ¤μ 8,3 ¸³ (ÉμÎ±  B). ‚¨¤´μ,
ÎÉμ ²¨´¨¨, ¶·μ¢¥¤¥´´Ò¥ ¨§ ÉμÎ¥± A ¨ B ± ¤¥É¥±Éμ·Ê ¨ ± ¸ É¥²Ó´Ò¥ ± Ð¥± ³ ±μ²²¨³ Éμ· ,
μ¶·¥¤¥²ÖÕÉ ´  ¤¥É¥±Éμ·¥ μ¡² ¸É¨, ¢ ±μÉμ·ÒÌ ¨ · ¸¶μ²μ¦¥´Ò É·¨ ¶¨±  ¢ · ¸¶·¥¤¥²¥´¨¨
γ-±¢ ´Éμ¢, ²¥¢Ò¥ ±· Ö ±μÉμ·ÒÌ ´ Î¨´ ÕÉ¸Ö ¢ ÉμÎ± Ì B1, B2 ¨ B3.



988 � ² ±¨´ ‚. …. ¨ ¤·.

�¨¸. 5. � ¸¶·¥¤¥²¥´¨¥ ¶μ ¶·μ¤μ²Ó´μ° ±μμ·¤¨´ É¥ ¨´É¥´¸¨¢´μ¸É¨ ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢ ´  ¤¥É¥±-

Éμ·¥. ˆ¤¥ ²¨§¨·μ¢ ´´μ¥ · ¸¶·¥¤¥²¥´¨¥ (Éμ²¸É Ö ²¨´¨Ö) Å ¡¥§ ÊÎ¥É  ¢±² ¤  ´¥°É·μ´μ¢ ¸ ¨¸¶μ²Ó§μ-

¢ ´¨¥³  ¡¸μ²ÕÉ´μ Î¥·´ÒÌ ±μ²²¨³ Éμ·μ¢; ·¥ ²¨¸É¨Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ (Éμ´± Ö ²¨´¨Ö) Å ¸ ÊÎ¥Éμ³
´¥°É·μ´´μ£μ Ëμ´  ¨ ·¥ ²¨¸É¨Î´ÒÌ ‚�†-±μ²²¨³ Éμ·μ¢: a) ·¥ ²¨¸É¨Î´μ¥ ¨ ¨¤¥ ²¨§¨·μ¢ ´´μ¥ · ¸-

¶·¥¤¥²¥´¨Ö; ¡) μ¶·¥¤¥²¥´¨¥ Ëμ´  ¤²Ö ·¥ ²¨¸É¨Î´μ£μ · ¸¶·¥¤¥²¥´¨Ö; ¢) ·¥ ²¨¸É¨Î´μ¥ ¡¥§ Ëμ´  ¨
¨¤¥ ²¨§¨·μ¢ ´´μ¥ · ¸¶·¥¤¥²¥´¨Ö; £) ²¥¢Ò¥ Î ¸É¨ ¶¨±μ¢ ·¥ ²¨¸É¨Î´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¡¥§ Ëμ´ 

„²Ö ·¥Ï¥´¨Ö μ¡· É´μ° § ¤ Î¨ (É. ¥. μ¶·¥¤¥²¥´¨Ö ¶μ²μ¦¥´¨Ö ¶¨±  	·Ô££ ) ¶·μ¨§¢μ¤ÖÉ¸Ö
¸²¥¤ÊÕÐ¨¥ £¥μ³¥É·¨Î¥¸±¨¥ ¶μ¸É·μ¥´¨Ö ¤²Ö ± ¦¤μ£μ ¶¨±  · ¸¶·¥¤¥²¥´¨Ö ³£´μ¢¥´´ÒÌ
γ-±¢ ´Éμ¢ ´  ¤¥É¥±Éμ·¥: ¸´ Î ²  μ¶·¥¤¥²Ö¥É¸Ö ±μμ·¤¨´ É  ´ Î ²  ²¥¢μ£μ ±· Ö ¶¨±  (É. ¥.
ÉμÎ±  Bi), § É¥³ ¨§ ÔÉμ° ÉμÎ±¨ ¶·μ¢μ¤¨É¸Ö ± ¸ É¥²Ó´ Ö ± Ð¥±¥ ±μ²²¨³ Éμ· . �É  ²¨-
´¨Ö ¶¥·¥¸¥Î¥É μ¸Ó ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ ÉμÎ±¥ B, ±μÉμ· Ö ¨ ¡Ê¤¥É ¨¸±μ³μ°. Œμ¦´μ ¸Î¨-
É ÉÓ, ÎÉμ ¢ ÔÉμ° ÉμÎ±¥ ¶²μÉ´μ¸ÉÓ ·μ¦¤¥´¨Ö ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢ ¸´¨¦ ¥É¸Ö ¤μ ´Ê²Ö.
‚ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö ·¥ ²¨¸É¨Î´μ£μ ‚�†-±μ²²¨³ Éμ·  ¨ ¸ ÊÎ¥Éμ³ ¢±² ¤  ´¥°É·μ´μ¢
· ¸¶·¥¤¥²¥´¨¥ ³£´μ¢¥´´ÒÌ γ-±¢ ´Éμ¢ ´  ¤¥É¥±Éμ·¥ ¨³¥¥É ¶μÌμ¦¨° ¢¨¤, ´μ ¸ Ëμ´μ¢μ°
¶μ¤²μ¦±μ° (·¨¸. 5, a), ±μÉμ·ÊÕ ´¥μ¡Ìμ¤¨³μ ¢ÒÎ¥¸ÉÓ ¨§ · ¸¶·¥¤¥²¥´¨Ö. ”μ´μ¢ Ö ¶μ¤-
²μ¦±  μ¶·¥¤¥²Ö¥É¸Ö Ë¨É¨·μ¢ ´¨¥³ Î ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ¢´¥ ¶¨±μ¢ ±¢ ¤· É¨Î´μ° ËÊ´±-
Í¨¥° (·¨¸. 5, ¡). �μ²ÊÎ¥´´μ¥ ¶μ¸²¥ ¢ÒÎ¨É ´¨Ö Ëμ´  ·¥ ²¨¸É¨Î´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸É ´μ-
¢¨É¸Ö ¶μ¤μ¡´Ò³ ¨¤¥ ²¨§¨·μ¢ ´´μ³Ê (·¨¸. 5, ¢). ‹¥¢Ò¥ Î ¸É¨ ¶¨±μ¢ ·¥ ²¨¸É¨Î´μ£μ · ¸-
¶·¥¤¥²¥´¨Ö ¶μ¸²¥ ¢ÒÎ¨É ´¨Ö Ëμ´  (·¨¸. 5, £) Ë¨É¨·μ¢ ²¨¸Ó ±¢ ¤· É¨Î´Ò³¨ ËÊ´±Í¨Ö³¨,



� ¸Î¥É´μ-É¥μ·¥É¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö ¨ · §· ¡μÉ±  ¶·μÉμÉ¨¶  ±²¨´¨Î¥¸±μ° Ê¸É ´μ¢±¨ 989

¶¥·¥¸¥Î¥´¨Ö ±μÉμ·ÒÌ ¸ μ¸ÓÕ  ¡¸Í¨¸¸ μ¶·¥¤¥²Ö²¨ ±μμ·¤¨´ ÉÒ ÉμÎ¥± Bi ¤²Ö ¤ ²Ó´¥°Ï¥£μ
¶μ¸É·μ¥´¨Ö.

„²Ö μ¶·¥¤¥²¥´¨Ö ¶μ£·¥Ï´μ¸É¨ ³μ´¨Éμ·¨·μ¢ ´¨Ö ¶μ²μ¦¥´¨Ö ¶¨±  	·Ô££  ¡Ò²  ¶·μ¢¥-
¤¥´  ¸¥·¨Ö ¨§ 24 · ¸Î¥Éμ¢ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ · §²¨Î´ÒÌ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¥° ¶¸¥¢¤μ¸²Ê-
Î °´ÒÌ Î¨¸¥² ¤²Ö ¶μ¸É·μ¥´¨Ö É· ¥±Éμ·¨° Î ¸É¨Í ¢ ¸¨¸É¥³¥. RMS-μÏ¨¡±  μ¶·¥¤¥²¥´¨Ö
¶·μ¤μ²Ó´μ° ±μμ·¤¨´ ÉÒ ¸μ¸É ¢¨²  1,5 ³³.
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