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‚ · ¡μÉ¥ ¶·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ § ¢¨¸¨³μ¸É¨ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° μÉ ¶ · ³¥É·μ¢ ¶ÊÎ± 
Ô²¥±É·μ´´μ£μ Ê¸±μ·¨É¥²Ö ¢ ¸²ÊÎ ¥ · ¤¨μÉ¥· ¶¥¢É¨Î¥¸±μ° Ê¸É ´μ¢±¨ É¨¶  CyberKnife (Accuray,
‘˜�). „²Ö μ¶¨¸ ´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶·μ¢¥¤¥´μ ³μ¤¥²¨·μ¢ ´¨¥ ²¨´¥°´μ£μ Ô²¥±É·μ´´μ£μ
Ê¸±μ·¨É¥²Ö ¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ¢ ¶ÊÎ±¥ ´  ¢ÒÌμ¤¥ Ê¸±μ·¨É¥²Ö. ‚
·¥§Ê²ÓÉ É¥ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·μ´μ¢ ¶μ · ¤¨Ê¸Ê  ¶¶·μ±¸¨³¨·μ¢ ²μ¸Ó Ô±¸¶μ´¥´Éμ°,   ¶μ Ô´¥·-
£¨¨ Å ³μ´μÔ´¥·£¥É¨Î¥¸±¨³ ¨ ¶·Ö³μÊ£μ²Ó´Ò³ ¸¶¥±É·μ³. � ¸Î¥ÉÒ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¶μ± § ²¨
¸² ¡ÊÕ § ¢¨¸¨³μ¸ÉÓ £²Ê¡¨´´μ° ¤μ§Ò ¢ Ë ´Éμ³¥ μÉ Ëμ·³Ò ¸¶¥±É·  ¶ÊÎ± . ‚ ¦´Ò³ ´μ¢Ò³ ´ ¡²Õ-
¤¥´¨¥³ Ö¢²Ö¥É¸Ö ¢Ò· ¦¥´´ Ö § ¢¨¸¨³μ¸ÉÓ ¶·μË¨²Ö · ¤¨ Í¨μ´´μ£μ ¶μ²Ö μÉ · §³¥·  Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ´¥ Éμ²Ó±μ ¢ ¶μ²ÊÉ¥´¨, ´μ ¨ ¢ μÉ±·ÒÉμ° Î ¸É¨.

The paper presents investigation of in
uence of initial electron beam parameters on absorbed dose
distribution using radiotherapy accelerator such as CyberKnife (Accuray, USA). Simulation of linear
accelerator was performed for description of characteristics of the initial electron beam. The electron
distributions in the beam at the linac output were analyzed. The radial distributions of electrons were
assumed exponential, energy distributions were approximated by monoenergetic and rectangular spectra.
No signiˇcant in
uence was observed in depth dose curves with respect to form of electron spectra.
New considerable observation was dependence dose proˇle of size electron beam not only in penumbra
region but also in open part.
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‹ÊÎ¥¢ Ö É¥· ¶¨Ö ¶·¥¤ÑÖ¢²Ö¥É ¢Ò¸μ±¨¥ É·¥¡μ¢ ´¨Ö ± ÉμÎ´μ¸É¨ ¶μ¤¢¥¤¥´¨Ö ¤μ§Ò. ‘Ê³-
³ ·´ Ö ¶μ£·¥Ï´μ¸ÉÓ ¢  ¡¸μ²ÕÉ´μ° ¤μ§¥ ´¥ ¤μ²¦´  ¶·¥¢ÒÏ ÉÓ 5%, ¢±²ÕÎ Ö ¶μ£·¥Ï´μ¸É¨
¨§³¥·¥´¨°. ’ ±ÊÕ ÉμÎ´μ¸ÉÓ ¢ ¶·μ¨§¢μ²Ó´ÒÌ ±²¨´¨Î¥¸±¨Ì ¸¨ÉÊ Í¨ÖÌ ´¥·¥£Ê²Ö·´ÒÌ ¶μ²¥°
¨ ¡μ²ÓÏμ° £¥É¥·μ£¥´´μ¸É¨ ¸·¥¤Ò ³μ¦¥É μ¡¥¸¶¥Î¨ÉÓ Éμ²Ó±μ ³¥Éμ¤ Œμ´É¥-Š ·²μ. „²Ö ¥£μ
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·¥ ²¨§ Í¨¨ É·¥¡Ê¥É¸Ö ³μ¤¥²Ó ¨¸ÉμÎ´¨±  ¨μ´¨§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö. � ¨¡μ²¥¥ μ¡Ð¨³
¶μ¤Ìμ¤μ³ Ö¢²Ö¥É¸Ö ¶·Ö³μ¥ ³μ¤¥²¨·μ¢ ´¨¥ £¥´¥· Í¨¨ ¨§²ÊÎ¥´¨Ö ¨ ¥£μ ¶¥·¥´μ¸  ¢´ÊÉ·¨
· ¤¨ Í¨μ´´μ° £μ²μ¢±¨, ¶μ¤· §Ê³¥¢ ÕÐ¥¥ §´ ´¨¥ ¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¶·μ¨§-
¢¥¤¥´´μ£μ Ê¸±μ·¨É¥²¥³. ‘μ¸ÉμÖ´¨¥ ¨ ¶·μ¡²¥³Ò ¶·¥¤³¥É´μ° μ¡² ¸É¨ ¨¸Î¥·¶Ò¢ ÕÐ¥ ¨§²μ-
¦¥´Ò ¢ μ¡§μ·¥ �. ‚. „ ²¥Î¨´μ° ¨ ¤·. [1]. ˆ§-§  μ¡μ¸μ¡²¥´´μ¸É¨ μ¡² ¸É¥° Ê¸±μ·¨É¥²Ó´μ°
É¥Ì´¨±¨ ¨ · ¤¨ Í¨μ´´μ° ¤μ§¨³¥É·¨¨ ¸¶¥Í¨ ²¨¸ÉÒ ¢ ¶μ¸²¥¤´¥° μ¶¨· ÕÉ¸Ö ´  ¶·μ¸ÉÒ¥  ¶-
¶·μ±¸¨³ Í¨¨ ¶ · ³¥É·μ¢ Ê¸±μ·¥´´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  £ Ê¸¸μ¢Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨
¶μ Ô´¥·£¨¨ ¨ · ¤¨Ê¸Ê. �¤´μ° ¨§ μ¸´μ¢´ÒÌ ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ μ¡² ¸É¨ ¤μ§¨³¥É·¨Î¥¸±μ£μ
³μ¤¥²¨·μ¢ ´¨Ö Ö¢²Ö¥É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö · ¡μÉ  E. Loewenthal ¨ ¤·. [2]. ‚ ´¥° μ¶·¥-
¤¥²¥´ · §³¥· · ¤¨ Í¨μ´´μ£μ ¨¸ÉμÎ´¨±  É¨¶¨Î´μ£μ ³¥¤¨Í¨´¸±μ£μ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö,
· ¢´Ò° (1,5 ± 0,1) ³³ ¶μ Ï¨·¨´¥ ´  ¶μ²Ê¢Ò¸μÉ¥ ( ´£². FWHM). ’μÉ Ë ±É, ÎÉμ ¶·Ö³μ¥
³μ¤¥²¨·μ¢ ´¨¥ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ´¥ μ¡¥¸¶¥Î¨¢ ¥É ¶·¨¥³-
²¥³μ° ÉμÎ´μ¸É¨ ¢μ¸¶·μ¨§¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ²¥£ ¢ μ¸´μ¢Ê ¶·¥¤¸É ¢²¥´-
´μ£μ ³¥¦¤¨¸Í¨¶²¨´ ·´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö. �¸´μ¢´μ° £¨¶μÉ¥§μ° Ö¢²Ö²μ¸Ó ¶·¥¤¶μ²μ¦¥´¨¥
μ ´¥ÉμÎ´μ¸É¨ É· ¤¨Í¨μ´´μ£μ μ¶¨¸ ´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ± , ¶ ¤ ÕÐ¥£μ ´  · ¤¨ Í¨μ´´ÊÕ
³¨Ï¥´Ó. ‚ ¤ ´´μ° · ¡μÉ¥ ¢ ± Î¥¸É¢¥ ¸É ·Éμ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ´  ³¨Ï¥´¨
¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ·¥§Ê²ÓÉ ÉÒ Ô²¥±É·μË¨§¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö Ô²¥±É·μ´´μ£μ Ê¸±μ-
·¨É¥²Ö.
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‘ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ · ¤¨ Í¨μ´´ÒÌ ¶ · ³¥É·μ¢ ± ¶ · ³¥É· ³ Ê¸±μ-
·¥´´μ£μ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¡Ò²μ ¶·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥, ¢±²ÕÎ ÕÐ¥¥ Ô²¥±É·μË¨§¨Î¥-
¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ Ê¸±μ·¨É¥²Ö É¨¶  CyberKnife (Accuray, ‘˜�) ¸ Ô´¥·£¨¥° 6 ŒÔ‚,
· ¡μÉ ÕÐ¥£μ ¢ ‘-¤¨ ¶ §μ´¥, ³μ¤¥²¨·μ¢ ´¨¥ · ¤¨ Í¨μ´´μ£μ É· ´¸¶μ·É  ³¥Éμ¤μ³ Œμ´É¥-
Š ·²μ ¨ ¸· ¢´¥´¨¥ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤μ§¨³¥É·¨Î¥¸±¨³¨ ¤ ´´Ò³¨ ·¥ ²Ó´μ° Ê¸É -
´μ¢±¨. �·¨ Ô²¥±É·μË¨§¨Î¥¸±μ³ ³μ¤¥²¨·μ¢ ´¨¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¶·μ£· ³³  BEAMDULAC-
BL [3]. Œμ¤¥²¨·μ¢ ´¨¥ · ¤¨ Í¨μ´´μ£μ É· ´¸¶μ·É  μ¸ÊÐ¥¸É¢²Ö²μ¸Ó ¸ ¶μ³μÐÓÕ ¸μ¡¸É¢¥´-
´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ´ ¶¨¸ ´´μ£μ ´  Ö§Ò±¥ C++ ¨ ¢μ¸¶·μ¨§¢μ¤ÖÐ¥£μ Ë¨§¨±Ê
¨  ²£μ·¨É³Ò É· ´¸¶μ·É  ¶ ±¥É  EGS4 [4].

� ¤¨μË¨§¨Î¥¸±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¶·μ¢μ¤¨²μ¸Ó ¤²Ö É¨¶¨Î´μ£μ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö
Ô²¥±É·μ´μ¢ ‘-¤¨ ¶ §μ´  ¸ · ¡μÎ¥° Î ¸ÉμÉμ° 5700 ŒƒÍ. �¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¶·¥¤¸É ¢²¥´Ò ¢
¢¨¤¥ £· Ë¨±μ¢ · ¸¶·¥¤¥²¥´¨° (·¨¸. 1) ¨ ¢ Í¨Ë·μ¢μ³ ¢¨¤¥, ¸μ¤¥·¦ Ð¥³ Ô´¥·£¨Õ, ¶μ²μ¦¥-
´¨¥ ¨ ´ ¶· ¢²¥´¨¥ ¤¢¨¦¥´¨Ö ± ¦¤μ£μ Ô²¥±É·μ´  ´  Ê·μ¢´¥ ³¨Ï¥´¨. 	Ò²  ¶·μ¢¥¤¥´  ¸¥·¨Ö
· ¸Î¥Éμ¢, ¢ ±μÉμ·ÒÌ ¢ ·Ó¨·μ¢ ²¨¸Ó Éμ±¨ ¨´¦¥±Í¨¨ ¨ ´ ¶·Ö¦¥´´μ¸ÉÓ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö.
Š ¦¤Ò° ·¥§Ê²ÓÉ É ³μ¤¥²¨·μ¢ ´¨Ö ´  ¢ÒÌμ¤¥ ¸μ¤¥·¦ ² μÉ 15 ¤μ 20 ÉÒ¸ÖÎ Ô²¥±É·μ´μ¢.
� ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ¡Ò²¨ ¤μ¶μ²´¨É¥²Ó´μ ¶·μ ´ ²¨§¨·μ¢ ´Ò ¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò
¤²Ö Ê¤μ¢²¥É¢μ·¥´¨Ö É·¥¡μ¢ ´¨Ö³ ³μ¤¥²¨·μ¢ ´¨Ö · ¤¨ Í¨μ´´μ£μ É· ´¸¶μ·É .

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´  £¥μ³¥É·¨Ö ³μ¤¥²¨·μ¢ ´¨Ö ¢ Éμ³ ¢¨¤¥, ¢ ± ±μ³ μ´  ¡Ò²  § ²μ-
¦¥´  ¢ ±μ´Ë¨£Ê· Í¨Õ Ô±¸¶¥·¨³¥´É  ¨ ¢Ò¢¥¤¥´  ¢ £· Ë¨Î¥¸±μ³ Ëμ·³ É¥ ¶·μ£· ³³´Ò³
μ¡¥¸¶¥Î¥´¨¥³. ‚ ± Î¥¸É¢¥ · ¤¨ Í¨μ´´μ° ³¨Ï¥´¨ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢μ²ÓË· ³μ¢ Ö ¶² ¸É¨´ 
Éμ²Ð¨´μ° 2 ³³. �¥·¢¨Î´Ò° ¨ μ¸´μ¢´μ° ±μ²²¨³ Éμ·Ò · ¤¨ Í¨μ´´μ£μ ¶μ²Ö μ¶¨¸Ò¢ ²¨¸Ó ¢
¸μμÉ¢¥É¸É¢¨¨ ¸ É¥Ì´¨Î¥¸±μ° ¤μ±Ê³¥´É Í¨¥°  ¶¶ · É . � ¸¸ÉμÖ´¨¥ μÉ ¨¸ÉμÎ´¨± , ´  ±μÉμ-
·μ³ Ê± §Ò¢ ¥É¸Ö · §³¥· · ¤¨ Í¨μ´´μ£μ ¶μ²Ö, · ¢´μ 80 ¸³. „¨ ³¥É· ³μ¤¥²¨·Ê¥³μ£μ ¶μ²Ö
· ¢´Ö²¸Ö 6 ¸³. ‚μ¤Ö´μ° Ë ´Éμ³ · ¸¶μ² £ ²¸Ö ´  · ¸¸ÉμÖ´¨¨ 70 ¸³ μÉ ¨¸ÉμÎ´¨± . Œ É·¨Í 
´ ±μ¶²¥´¨Ö ¤μ§Ò ¨§²ÊÎ¥´¨Ö ¸μ¸ÉμÖ²  ¨§ ±μ´¨Î¥¸±¨Ì ±μ²¥Í Éμ²Ð¨´μ° 1 ³³ ¶μ £²Ê¡¨´¥
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�¨¸. 1. � · ³¥É·Ò Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  ¢ÒÌμ¤¥ ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö C-¤¨ ¶ §μ´  ¶μ ·¥§Ê²Ó-

É É ³ ³μ¤¥²¨·μ¢ ´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³´μ£μ ¶ ±¥É  BEAMDULAC-BL:  ) ¶ÊÎμ± ¢ Ë §μ¢μ°
¶²μ¸±μ¸É¨; ¡) ¶μ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ± ; ¢) ¸¶¥±É· ¶ÊÎ± ; £) μ£¨¡ ÕÐ Ö ¶ÊÎ± 
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�¨¸. 2. ƒ¥μ³¥É·¨Ö ³μ¤¥²¨·μ¢ ´¨Ö É· ´¸¶μ·É  ¨§²ÊÎ¥´¨Ö ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ

¨ · ¤¨Ê¸Ê. �·¨ ± ¦¤μ³ ´ ¡μ·¥ ¶ · ³¥É·μ¢ ¶ÊÎ±  ¤μ§μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ · ¸¸Î¨ÉÒ¢ -
²μ¸Ó ¤²Ö 109 Ô²¥±É·μ´μ¢. „²Ö Ê²ÊÎÏ¥´¨Ö ¸É É¨¸É¨±¨ ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° Î ¸É¨ÍÒ,
¤μ¸É¨£Ï¨¥ ¢ÒÌμ¤  ¨§ Ê¸É ´μ¢±¨, ¶¥·¥¤ ¤ ²Ó´¥°Ï¨³ É· ´¸¶μ·Éμ³ ¢ ¢μ§¤ÊÌ¥ ¨ Ë ´Éμ³¥
· ¸Ð¥¶²Ö²¨¸Ó ´  100 Î ¸É¨Í ¸ ³¥´ÓÏ¥° Ô´¥·£¨¥°. ’¨¶¨Î´μ¥ ¢·¥³Ö · ¸Î¥É  μ¤´μ£μ ¸²ÊÎ Ö
´  ´ ¸Éμ²Ó´μ³ ±μ³¶ÓÕÉ¥·¥ ¸ 12 ¶ · ²²¥²Ó´Ò³¨ ¶·μÍ¥¸¸ ³¨ ¸μ¸É ¢²Ö²μ 40 ³¨´.

‚ ± Î¥¸É¢¥ ÔÉ ²μ´  ¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° Ê¸É ´μ¢±¨ É¨¶  CyberKnife ¨¸¶μ²Ó§μ¢ ´Ò
¤μ§μ¢Ò¥ ¶·μË¨²¨ ¨ £²Ê¡¨´´Ò¥ ¤μ§μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö, ¨§³¥·¥´´Ò¥ ¢ �ˆˆ ´¥°·μÌ¨·Ê·-
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£¨¨ ¨³.�.�. 	Ê·¤¥´±μ. ‚ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  ¨¸¶μ²Ó§μ¢ ² ¸Ó ¨μ´¨§ Í¨μ´´ Ö ± ³¥·  PTW
PinPoint ¸ Ì · ±É¥·´Ò³ · §³¥·μ³ ¢ ´ ¶· ¢²¥´¨¨ ¸± ´¨·μ¢ ´¨Ö 1 ³³. �·¨ É ±μ³ ³ ²μ³
· §³¥·¥ ¤¥É¥±Éμ·  £¥μ³¥É·¨Î¥¸±¨¥ ¨¸± ¦¥´¨Ö ´¥ ¸ÊÐ¥¸É¢¥´´Ò. �³¶²¨ÉÊ¤  ÏÊ³μ¢ ¨§³¥-
·¥´¨° ´ Ìμ¤¨² ¸Ó ¢ ¶·¥¤¥² Ì 0,5 %. ˆ³¥´´μ ÔÉÊ ¢¥²¨Î¨´Ê ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ±
¶μ£·¥Ï´μ¸ÉÓ μÉ´μ¸¨É¥²Ó´ÒÌ ¨§³¥·¥´¨° ¤μ§μ¢ÒÌ ¶·μË¨²¥° · ¤¨ Í¨μ´´ÒÌ ¶μ²¥°.

�…‡“‹œ’�’› ˆ ��‘“†„…�ˆ…

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò Ô´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¨ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·μ´μ¢ ¶μ · -
¤¨Ê¸Ê ´  ¢ÒÌμ¤¥ Ê¸±μ·¨É¥²Ö, ¶μ²ÊÎ¥´´Ò¥ ¶μ¸²¥ μ¡· ¡μÉ±¨ Ë °²μ¢ Ô²¥±É·μË¨§¨Î¥¸±¨Ì
¸¨³Ê²ÖÍ¨°. �´¥·£¥É¨Î¥¸±¨¥ ¸¶¥±É·Ò ¨³¥ÕÉ ¢Ò· ¦¥´´ÊÕ § ¢¨¸¨³μ¸ÉÓ μÉ Ê¸²μ¢¨° · ¡μÉÒ
Ê¸±μ·¨É¥²Ö. �·μ¸²¥¦¨¢ ¥É¸Ö § ±μ´μ³¥·´μ¸ÉÓ ´ ²¨Î¨Ö ¤¢ÊÌ ¶¨±μ¢ ¸ · §´Ò³¨  ³¶²¨ÉÊ-
¤ ³¨. ‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ ¨Ì ´ ²μ¦¥´¨¥ ¶·¨¢μ¤¨É ± ¶·Ö³μÊ£μ²Ó´μ° Ëμ·³¥ ¸¶¥±É· .
�·μË¨²Ó ¶ÊÎ±  ¶μ · ¤¨Ê¸Ê ¨³¥¥É ¢Ò· ¦¥´´ÊÕ Ô±¸¶μ´¥´Í¨ ²Ó´ÊÕ Ëμ·³Ê ¢ μÉ²¨Î¨¥ μÉ
· ¸¶·μ¸É· ´¥´´μ° £ Ê¸¸μ¢μ°  ¶¶·μ±¸¨³ Í¨¨.

� ¸¸Î¨É ´´Ò¥ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¤μ§μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¢ ¸· ¢´¥´¨¨ ¸ Ô±¸¶¥·¨-
³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4. ƒ²Ê¡¨´´Ò¥ ¤μ§μ¢Ò¥ ±·¨¢Ò¥ μÉ· ¦ ÕÉ
Ô´¥·£¥É¨Î¥¸±μ¥ · ¸¶·¥¤¥²¥´¨¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ÊÏ¨·¥´¨¥
¸¶¥±É·  Ô²¥±É·μ´μ¢ ´¥ ¶·¨¢μ¤¨É ± § ³¥É´μ³Ê ¨§³¥´¥´¨Õ £²Ê¡¨´´ÒÌ · ¸¶·¥¤¥²¥´¨°. ˆ§-
³¥´¥´¨¥ ¦¥ ¸·¥¤´¥° Ô´¥·£¨¨ ¸ÊÐ¥¸É¢¥´´μ ¢²¨Ö¥É ´  ´¨Ì. �¤´ ±μ Ëμ·³  · ¸¶·¥¤¥²¥-
´¨Ö ¢μ¸¶·μ¨§¢μ¤¨É¸Ö ´¥ ¨¤¥ ²Ó´μ ¤ ¦¥ ¶·¨ μ¶É¨³ ²Ó´μ° Ô´¥·£¨¨. ‚¥·μÖÉ´μ, ÔÉμ ³μ¦¥É
¡ÒÉÓ μ¡ÑÖ¸´¥´μ ¶μ£·¥Ï´μ¸ÉÖ³¨ ¸¥Î¥´¨° ¢§ ¨³μ¤¥°¸É¢¨Ö, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ · ¸Î¥É Ì, ¨ ´¥-
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�¨¸. 3. ‘¶¥±É·Ò Ô²¥±É·μ´μ¢ (a) ¨ · ¸¶·¥¤¥²¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¶μ · ¤¨Ê¸Ê (¡) ¶μ ·¥-

§Ê²ÓÉ É ³ Ô²¥±É·μË¨§¨Î¥¸±¨Ì ¸¨³Ê²ÖÍ¨°. ƒ· Ë¨±¨ ¸¶¥±É·μ¢ ¶·¥¤¸É ¢²¥´Ò ¶·¨ · §²¨Î´ÒÌ Éμ± Ì
¨´¦¥±Í¨¨ (I) ¨ ´ ¶·Ö¦¥´´μ¸ÉÖÌ Ê¸±μ·ÖÕÐ¥£μ ¶μ²Ö (E)



�´ ²¨§ ¢²¨Ö´¨Ö ¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ²¨´¥°´μ£μ Ê¸±μ·¨É¥²Ö 1267
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�¨¸. 4. ƒ²Ê¡¨´´Ò¥ ¤μ§μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö (a) ¨ ¶μ¶¥·¥Î´Ò¥ ¶·μË¨²¨ · ¤¨ Í¨μ´´ÒÌ ¶μ²¥° (¡),
· ¸¸Î¨É ´´Ò¥ ³¥Éμ¤μ³ Œμ´É¥-Š ·²μ ¨ ¨§³¥·¥´´Ò¥ ´  Ê¸É ´μ¢±¥ CyberKnife. ƒ²Ê¡¨´´Ò¥ · ¸¶·¥-
¤¥²¥´¨Ö ¶·¥¤¸É ¢²¥´Ò ¤²Ö ¸¥·¨¨ ³μ´μÔ´¥·£¥É¨Î¥¸±¨Ì Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢ ¨ μ¤´μ£μ ¶ÊÎ±  ¸ ¶·Ö-

³μÊ£μ²Ó´Ò³ ¸¶¥±É·μ³ μÉ 6 ¤μ 8 ŒÔ‚. � · ³¥É· r0 ´  £· Ë¨± Ì ¶·μË¨²¥° ¸μμÉ¢¥É¸É¢Ê¥É · ¤¨Ê¸Ê,
´  ±μÉμ·μ³ ¨´É¥´¸¨¢´μ¸ÉÓ ¶ÊÎ±  Ô²¥±É·μ´μ¢ μ¸² ¡²Ö¥É¸Ö ¢ e · §

ÉμÎ´μ¸ÉÓÕ §´ ´¨Ö ³ É¥·¨ ²  ¨ ±μ´¸É·Ê±Í¨¨ ³¨Ï¥´¨, ¢²¨ÖÕÐ¨Ì ´  ¸¶¥±É· Éμ·³μ§´μ£μ
¨§²ÊÎ¥´¨Ö.

”μ·³  ¶·μË¨²¥° · ¤¨ Í¨μ´´ÒÌ ¶ÊÎ±μ¢ μ± § ² ¸Ó ¸¨²Ó´μ § ¢¨¸ÖÐ¥° μÉ · §³¥·  Ô²¥±-
É·μ´´μ£μ ¶ÊÎ± , ¶·¨Î¥³ ´¥ Éμ²Ó±μ ¢ ¶μ²ÊÉ¥´¨, ´μ ¨ ¢ ¸ ³μ³ ¶μ²¥. �¥¸±μ²Ó±μ ²ÊÎÏ¨°
·¥§Ê²ÓÉ É ¶μ μ¤´μ¢·¥³¥´´μ³Ê ¢μ¸¶·μ¨§¢¥¤¥´¨Õ · ¸¶·¥¤¥²¥´¨° ¢ μ¡¥¨Ì μ¡² ¸ÉÖÌ ¤ ¥É
Ô±¸¶μ´¥´Í¨ ²Ó´ Ö  ¶¶·μ±¸¨³ Í¨Ö ¶·μË¨²Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶μ ¸· ¢´¥´¨Õ ¸ £ Ê¸¸μ-
¢μ°. ‚ · ¡μÉ¥ D. Bagheri ¨ ¤·. [5] ¸  ´ ²μ£¨Î´μ° § ¤ Î¥° ¨¸¸²¥¤μ¢ ´¨Ö ¤²Ö Ê¸±μ·¨É¥²¥°
¸ ¡μ²ÓÏ¨³¨ · ¤¨ Í¨μ´´Ò³¨ ¶μ²Ö³¨ ¶μ¤μ¡´μ° § ¢¨¸¨³μ¸É¨ ´¥ μ¡´ ·Ê¦¥´μ. �·¨Î¨´  ¢
Éμ³, ÎÉμ ¢ ¸²ÊÎ ¥ Ê¸É ´μ¢±¨ É¨¶  CyberKnife ¨¸¶μ²Ó§ÊÕÉ¸Ö Ê§±¨¥ ¶ÊÎ±¨ ¨ ¶¥·¢¨Î´Ò°
±μ²²¨³ Éμ· ¨³¥¥É ¤¨ ³¥É·, ¸μ¶μ¸É ¢¨³Ò° ¸ · §³¥·μ³ Ô²¥±É·μ´´μ£μ ¶ÊÎ± . ‚ ·¥§Ê²ÓÉ É¥
ÔÉμÉ ±μ²²¨³ Éμ· ¨§³¥´Ö¥É Ô±· ´¨·μ¢ ´¨¥ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ³¥¸É 
·μ¦¤¥´¨Ö ËμÉμ´μ¢.

‡�Š‹	—…�ˆ…

�¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö É· ´¸¶μ·É  ¨§²ÊÎ¥´¨Ö ¢ Ê¸É ´μ¢±¥ É¨¶  CyberKnife ¸ Ê§-
±¨³¨ ±μ²²¨³ Éμ· ³¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ²¨ ¸ÊÐ¥¸É¢¥´´μ¥, ¢ μÉ´μÏ¥´¨¨ ¤μ§¨³¥É·¨¨ ²ÊÎ¥-
¢μ° É¥· ¶¨¨, ¢²¨Ö´¨¥ ¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Ê¸±μ·¨É¥²Ö ´  ¤μ§μ¢Ò¥ · ¸¶·¥¤¥²¥-
´¨Ö · ¤¨ Í¨μ´´ÒÌ ¶μ²¥°. �¸μ¡¥´´μ ¢ ¦´Ò³¨ ¶ · ³¥É· ³¨ Ö¢²ÖÕÉ¸Ö Éμ²Ð¨´  Ô²¥±É·μ´-
´μ£μ ¶ÊÎ±  ¨ ¥£μ ¶·μË¨²Ó. �´¨ μ¶·¥¤¥²ÖÕÉ ´¥ Éμ²Ó±μ · §³¥· ¶μ²ÊÉ¥´¨ · ¤¨ Í¨μ´´μ£μ
¶μ²Ö, ´μ ¨ Ëμ·³Ê ¥£μ ¶μ¶¥·¥Î´μ£μ ¤μ§μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö. ‚²¨Ö´¨¥ ¸¶¥±É·  Ô²¥±É·μ´-
´μ£μ ¶ÊÎ±  ´  · ¤¨ Í¨μ´´Ò¥ ¶ · ³¥É·Ò μ± § ²μ¸Ó ´¥ ¸ÊÐ¥¸É¢¥´´Ò³ ´¨ ¸ ÉμÎ±¨ §·¥´¨Ö
£²Ê¡¨´´μ£μ ¤μ§μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö, ´¨ ¸ ÉμÎ±¨ §·¥´¨Ö Ëμ·³Ò ¶μ¶¥·¥Î´ÒÌ ¶·μË¨²¥°
· ¤¨ Í¨μ´´ÒÌ ¶μ²¥°.
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