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‚ Œ¥¤¨±μ-É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥ ‹Ÿ� �ˆŸˆ · §· ¡μÉ ´ ¨ ¸μ§¤ ´  ¢Éμ³ -
É¨§¨·μ¢ ´´Ò° § ³¥¤²¨É¥²Ó ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò ¤²Ö ·¥£Ê²¨·μ¢±¨ Ô´¥·£¨¨ ¶·μ-
Éμ´´μ£μ ¶ÊÎ± , ±μÉμ·Ò° ¡Ê¤¥É ¶·¨³¥´ÖÉÓ¸Ö ¢ ³¥Éμ¤¨±¥ É·¥Ì³¥·´μ° ±μ´Ëμ·³´μ°
· ¤¨μÉ¥· ¶¨¨ ¶·¨ ²¥Î¥´¨¨ μ´±μ²μ£¨Î¥¸±¨Ì § ¡μ²¥¢ ´¨° μ¡² ¸É¨ £μ²μ¢Ò ¨ Ï¥¨.
“¸É·μ°¸É¢μ ¶·μÏ²μ ¸¥·¨Õ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶·μ¢¥·μ±, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·ÒÌ
Ê¤μ¢²¥É¢μ·ÖÕÉ ¶μ¸É ¢²¥´´Ò³ § ¤ Î ³. ’ ±¦¥ § ³¥¤²¨É¥²Ó ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò
¡Ê¤¥É ¨¸¶μ²Ó§μ¢ ´ ± ± μ¤´μ ¨§ μ¸´μ¢´ÒÌ Ê¸É·μ°¸É¢ ¢ ´μ¢μ° ¸¨¸É¥³¥ ¤¨´ ³¨Î¥-
¸±μ£μ μ¡²ÊÎ¥´¨Ö £²Ê¡μ±μ· ¸¶μ²μ¦¥´´ÒÌ ³¨Ï¥´¥° ¸²μ¦´μ° Ëμ·³Ò.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2015

Agapov A.V., Mitsyn G.V., Shipulin K.N. P13-2015-97
Automated Range Shifter for Proton Radiotherapy

The article considers the construction of a device for the proton beam energy
adjustment in 3D conformal proton radiotherapy of oncological diseases of head and
neck region carried out at the Medico-technical complex of DLNP, JINR. The results
of experimental tests of the device satisfy the required objectives. Also, the range
shifter will be used as one of the main parts in a new system for dynamic irradiation
of deep-seated targets of complex shape.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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‚ 1985 £. ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ �ˆŸˆ ´  ¡ §¥ Ê¸±μ·¨É¥²Ö
¶·μÉμ´μ¢ Å Ë §μÉ·μ´  Å ¸μ§¤ ´ Œ¥¤¨±μ-É¥Ì´¨Î¥¸±¨° ±μ³¶²¥±¸ (Œ’Š), ¶μ-
§¢μ²ÖÕÐ¨° ¶·μ¢μ¤¨ÉÓ  ¤·μ´´ÊÕ É¥· ¶¨Õ · §²¨Î´ÒÌ § ¡μ²¥¢ ´¨°. ‚ 1999 £.
¢ Œ’Š · §· ¡μÉ ´  ¨ ¢´¥¤·¥´  ¸μ¢·¥³¥´´ Ö É·¥Ì³¥·´ Ö ³¥Éμ¤¨±  ¶·μÉμ´´μ°
· ¤¨μÉ¥· ¶¨¨, ¶μ§¢μ²ÖÕÐ Ö ±μ´Ëμ·³´μ μ¡²ÊÎ ÉÓ μ¶ÊÌμ²¨ · §²¨Î´ÒÌ ²μ± -
²¨§ Í¨° [1].

” §μÉ·μ´ Å Ê¸±μ·¨É¥²Ó ¸ Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¥° ¶·μÉμ´μ¢ ´  ¢ÒÌμ¤¥
¨§ Ê¸±μ·¨É¥²Ó´μ° ± ³¥·Ò. „²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¢ ²ÊÎ¥-
¢μ° É¥· ¶¨¨ ´¥μ¡Ìμ¤¨³μ ³¥´ÖÉÓ ¥£μ Ô´¥·£¨Õ ¢ ´¥±μÉμ·μ³ ¤¨ ¶ §μ´¥. ’ ±,
¤²Ö μ¡²ÊÎ¥´¨Ö μ¶ÊÌμ²¥° £μ²μ¢Ò ¨ Ï¥¨ É·¥¡Ê¥É¸Ö ¶ÊÎμ± ¸ Ô´¥·£¨¥° μÉ 50
¤μ 170 ŒÔ‚. „²Ö Ê³¥´ÓÏ¥´¨Ö Ô´¥·£¨¨ ¶·¨ ³¥Éμ¤¥ É·¥Ì³¥·´μ° ±μ´Ëμ·³´μ°
· ¤¨μÉ¥· ¶¨¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¶¥Í¨ ²Ó´Ò¥ ¶²μ¸±μ¶ · ²²¥²Ó´Ò¥ ¡²μ±¨ § ³¥¤-
²¨É¥²Ö ¨§ μ·£¸É¥±²  · §²¨Î´μ° Éμ²Ð¨´Ò. �É  μ¸μ¡¥´´μ¸ÉÓ ¨³¥¥É ·Ö¤ ´¥-
£ É¨¢´ÒÌ Ë ±Éμ·μ¢: ¢μ-¶¥·¢ÒÌ, ¸³¥´Ê ¡²μ±μ¢ ¢μ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¶¥·¸μ´ ²
¶·μ¨§¢μ¤¨É ¢·ÊÎ´ÊÕ, ÎÉμ ¢²¨Ö¥É ´  ¶μ¢ÒÏ¥´¨¥ · ¤¨ Í¨μ´´μ° μ¶ ¸´μ¸É¨ ÔÉμ°
¶·μÍ¥¤Ê·Ò,   É ±¦¥ É·¥¡Ê¥É ´ ²¨Î¨Ö ¸¶¥Í¨ ²Ó´μ μÉ¢¥¤¥´´μ£μ ³¥¸É  ¤²Ö Ì· ´¥-
´¨Ö ¨¸¶μ²Ó§Ê¥³ÒÌ ¡²μ±μ¢ ¸ ´ ¢¥¤¥´´μ° · ¤¨μ ±É¨¢´μ¸ÉÓÕ; ¢μ-¢Éμ·ÒÌ, ¡²μ±¨
¨§£μÉμ¢²¥´Ò ¸ μ¶·¥¤¥²¥´´Ò³ Ï £μ³ ¨ ¨³¥ÕÉ Ë¨±¸¨·μ¢ ´´ÊÕ Éμ²Ð¨´Ê, ÎÉμ
´¥ ¶μ§¢μ²Ö¥É ³¥´ÖÉÓ Ô´¥·£¨Õ ¶ÊÎ±  ´¥¶·¥·Ò¢´μ; ¢-É·¥ÉÓ¨Ì, ´¥É ¢μ§³μ¦´μ¸É¨
¤¨¸É ´Í¨μ´´μ ³¥´ÖÉÓ Éμ²Ð¨´Ê § ³¥¤²¨É¥²Ö (´¥ ¢Ìμ¤Ö ¢ ¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê),
ÎÉμ É·¥¡Ê¥É¸Ö ¶·¨ · §²¨Î´ÒÌ ¤μ§¨³¥É·¨Î¥¸±¨Ì ¨§³¥·¥´¨ÖÌ ¨ ¤²Ö ·¥ ²¨§ Í¨¨
¤·Ê£¨Ì ³¥Éμ¤¨± ²¥Î¥´¨Ö. �É¨ ´¥¤μ¸É É±¨ ÊÎÉ¥´Ò ¶·¨ · §· ¡μÉ±¥ ¸¶¥Í¨ ²Ó-
´μ£μ  ¢Éμ³ É¨§¨·μ¢ ´´μ£μ Ê¸É·μ°¸É¢  Å § ³¥¤²¨É¥²Ö ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò
(‡�’), ¶μ§¢μ²ÖÕÐ¥£μ ³¥´ÖÉÓ Éμ²Ð¨´Ê § ³¥¤²¨É¥²Ö ¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥.

‘μ§¤ ´¨¥ ‡�’ Å ¶¥·¢Ò° Ï £ ± · §· ¡μÉ±¥ ¸¨¸É¥³Ò ¤¨´ ³¨Î¥¸±μ£μ μ¡-
²ÊÎ¥´¨Ö £²Ê¡μ±μ· ¸¶μ²μ¦¥´´ÒÌ ³¨Ï¥´¥° ¸²μ¦´μ° Ëμ·³Ò [2]. �μ¤ ¸¨¸É¥³μ°
¤¨´ ³¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É  ¶μ¤· §Ê³¥¢ ¥É¸Ö ¶·μ£· ³³´μ- ¶¶ · É´Ò°
±μ³¶²¥±¸, ¢±²ÕÎ ÕÐ¨° ¢ ¸¥¡Ö ‡�’,  ¢Éμ³ É¨Î¥¸±¨° ³´μ£μ²¥¶¥¸É±μ¢Ò° ±μ²-
²¨³ Éμ·, · §· ¡ ÉÒ¢ ¥³Ò° ¢ Œ’Š [3],   É ±¦¥ ¸¶¥Í¨ ²¨§¨·μ¢ ´´μ¥ ¶·μ-
£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥, ¶μ§¢μ²ÖÕÐ¥¥ μ¡²ÊÎ ÉÓ μ¶ÊÌμ²Ó ¶·μÉμ´´Ò³ ¶ÊÎ±μ³ ¸
´¥³μ¤¨Ë¨Í¨·μ¢ ´´Ò³ (Ê§±¨³) ¶¨±μ³ 	·Ô££  ¡μ²¥¥ ±μ´Ëμ·³´μ ¶μ ¸· ¢´¥´¨Õ
¸ ¨¸¶μ²Ó§Ê¥³μ° ³¥Éμ¤¨±μ°.
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‡ ³¥¤²¨É¥²Ó ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò ¨§£μÉμ¢²¥´ ´  ¡ §¥ ³μ¤Ê²Ö ²¨´¥°-
´μ£μ ¶¥·¥³¥Ð¥´¨Ö Ë¨·³Ò THK (Ÿ¶μ´¨Ö) [4] ¸ ³ ±¸¨³ ²Ó´Ò³ Ìμ¤μ³ ± ·¥É±¨
370 ³³ (·¨¸. 1). ˆ¸¶μ²´ÖÕÐ¨° Ô²¥³¥´É ³μ¤Ê²Ö Å ¢Ò¸μ±μÉμÎ´ Ö Ï ·¨±μ-
¢¨´Éμ¢ Ö ¶¥·¥¤ Î , ¶μ§¢μ²ÖÕÐ Ö ¶¥·¥³¥Ð ÉÓ ± ·¥É±Ê ¶μ¶¥·¥± ¶·μÉμ´´μ£μ
¶ÊÎ± . �¥·¥³¥Ð¥´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ï £μ¢Ò³ ¤¢¨£ É¥²¥³, ¢ ² ±μÉμ·μ£μ ¸μ-
¥¤¨´¥´ ¸ ±μ´Íμ³ Î¥·¢Ö±  Ï ·¨±μ-¢¨´Éμ¢μ° ¶¥·¥¤ Î¨ ¸ ¶μ³μÐÓÕ ³ÊËÉÒ. Š
± ·¥É±¥ ³μ¤Ê²Ö ¶·¨±·¥¶²¥´ μ¸´μ¢´μ° Ô²¥³¥´É ‡�’ Å § ³¥¤²¨É¥²Ó ¢ ¢¨¤¥
±²¨´ , ¢Ò¶μ²´¥´´Ò° ¨§ μ·£¸É¥±² , ¨³¥ÕÐ¨° ¢ £μ·¨§μ´É ²Ó´μ³ ¸¥Î¥´¨¨ ¶·Ö-
³μÊ£μ²Ó´Ò° É·¥Ê£μ²Ó´¨±. ’μÎ±  ±·¥¶²¥´¨Ö ± ± ·¥É±¥ Å Í¥´É· ³ ¸¸ ±²¨´ ,
¸¶·μ¥Í¨·μ¢ ´´Ò° ´  μ¸´μ¢ ´¨¥. Š· °´¨¥ ¶μ²μ¦¥´¨Ö ± ·¥É±¨ μ£· ´¨Î¨¢ ÕÉ¸Ö
±μ´Í¥¢Ò³¨ ¢Ò±²ÕÎ É¥²Ö³¨ ¨ É¥³ ¸ ³Ò³ μ¶·¥¤¥²ÖÕÉ ³ ±¸¨³ ²Ó´ÊÕ ¨ ³¨´¨-
³ ²Ó´ÊÕ Éμ²Ð¨´Ê § ³¥¤²¨É¥²Ö, ¢Ò¸É ¢²¥´´ÊÕ ¸ ¶μ³μÐÓÕ ‡�’ ´  μ¸¨ ¶·μÉμ´-
´μ£μ ¶ÊÎ± . ‚¸¶μ³μ£ É¥²Ó´Ò° ±²¨´ É ±¦¥ ¢Ò¶μ²´¥´ ¨§ μ·£¸É¥±²  ¨ ¨³¥¥É ¢
£μ·¨§μ´É ²Ó´μ³ ¸¥Î¥´¨¨ ¶·Ö³μÊ£μ²Ó´Ò° É·¥Ê£μ²Ó´¨± ¸ É¥³ ¦¥ μ¸É·Ò³ Ê£²μ³,
ÎÉμ ¨ Ê μ¸´μ¢´μ£μ ±²¨´ . ‚¸¶μ³μ£ É¥²Ó´Ò° ±²¨´ ´¥¶μ¤¢¨¦¥´ ¨ § ±·¥¶²¥´
´  μ¸¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  É ±¨³ μ¡· §μ³, ÎÉμ¡Ò ¥£μ ¶μ¢¥·Ì´μ¸ÉÓ ¶μ²´μ¸ÉÓÕ
¶¥·¥±·Ò¢ ²   ¶¥·ÉÊ·Ê ¶·μÉμ´´μ£μ ¶ÊÎ± . �¸´μ¢´μ° ¨ ¢¸¶μ³μ£ É¥²Ó´Ò° ±²¨-
´ÓÖ μ¡· Ð¥´Ò ¤·Ê£ ± ¤·Ê£Ê £· ´Ö³¨, ±μÉμ·Ò¥ ¸μμÉ¢¥É¸É¢ÊÕÉ ¡μ²ÓÏ¨³ ± É¥É ³
É·¥Ê£μ²Ó´¨±μ¢, ¸ § §μ·μ³, ´¥ ¶·¥¢ÒÏ ÕÐ¨³ 2 ³³.

‘²¥¦¥´¨¥ §  ¶μ²μ¦¥´¨¥³ μ¸´μ¢´μ£μ ±²¨´  ¢Ò¶μ²´Ö¥É ¨´±·¥³¥´É ²Ó´Ò°
Ô´±μ¤¥· ¸ É·μ¸μ¢Ò³ ¢Ò¢μ¤μ³ Ë¨·³Ò Kubler (ƒ¥·³ ´¨Ö) [5]. ‚Ò¢μ¤´μ° ±μ´¥Í

�¨¸. 1. Šμ´¸É·Ê±Í¨Ö § ³¥¤²¨É¥²Ö ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò: 1 Å ³μ¤Ê²Ó ²¨´¥°´μ£μ ¶¥-
·¥³¥Ð¥´¨Ö; 2 Å ± ·¥É± ; 3 Å Ï £μ¢Ò° ¤¢¨£ É¥²Ó; 4 Å Î¥·¢Ö±; 5 Å ³ÊËÉ ; 6 Å
μ¸´μ¢´μ° ±²¨´ § ³¥¤²¨É¥²Ö; 7 Å ±μ´Í¥¢Ò¥ ¢Ò±²ÕÎ É¥²¨; 8 Å μ¸Ó ¶·μÉμ´´μ£μ ¶ÊÎ± ;
9 Å ¢¸¶μ³μ£ É¥²Ó´Ò° ±²¨´ § ³¥¤²¨É¥²Ö; 10 Å Ô´±μ¤¥· ¸ É·μ¸μ¢Ò³ ¢Ò¢μ¤μ³
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É·μ¸  ¤ ÉÎ¨±  ¶·¨±·¥¶²¥´ ± ± ·¥É±¥, ¶·¨ ¤¢¨¦¥´¨¨ ±μÉμ·μ° É·μ¸ ¢· Ð ¥É
±μ¤¨·ÊÕÐ¨° ¡ · ¡ ´ ¢´ÊÉ·¨ ¤ ÉÎ¨± , ¶μ Ê£²Ê ¶μ¢μ·μÉ  ±μÉμ·μ£μ μ¶·¥¤¥²Ö¥É¸Ö
¶μ²μ¦¥´¨¥ μ¸´μ¢´μ£μ ±²¨´ .

‚¸Ö ±μ´¸É·Ê±Í¨Ö Ê¸É·μ°¸É¢  · §³¥Ð ¥É¸Ö ´  ¶μ¤¢¨¦´μ° ¶² ÉËμ·³¥ ²Ê-
Î¥¢μ£μ ¸É¥´¤ , ¶·¨Î¥³ ‡�’ ²¥£±μ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¢ §μ´¥ ¶·μÉμ´´μ£μ ¶ÊÎ± 
¨ ¢Ò¢μ¤¨É¸Ö ¨§ ÔÉμ° §μ´Ò. …¸²¨ ´¥μ¡Ìμ¤¨³μ Ê¡· ÉÓ ‡�’ ¸ μ¸¨ ¶ÊÎ± , ¥£μ
¸²¥¤Ê¥É ¶¥·¥³¥¸É¨ÉÓ ¢¢¥·Ì ´  ¸¶¥Í¨ ²Ó´ÒÌ ´ ¶· ¢²ÖÕÐ¨Ì ¸É¥·¦´ÖÌ ¸ ¶μ³μ-
ÐÓÕ Ê¸É ´μ¢²¥´´ÒÌ ´  ´¥¸ÊÐ¨Ì ¶² ÉËμ·³ Ì ¢ÉÊ²μ± (´  ·¨¸. 1 ´¥ μÉ³¥Î¥´Ò).
‚ ¢¥·Ì´¥³ ¶μ²μ¦¥´¨¨ ‡�’ Ë¨±¸¨·Ê¥É¸Ö § Ð¥²± ³¨,   ¢ ´¨¦´¥³ ¶μ²μ¦¥-
´¨¨ Å ¸Éμ¶μ· ³¨.

��ˆ�–ˆ� ����’›
ˆ ’…•�ˆ—…‘Šˆ… •���Š’…�ˆ‘’ˆŠˆ “‘’��‰‘’‚�

‡�’ ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¢ Œ’Š ¶·¨ ¶·μ¢¥¤¥´¨¨ ·¥£Ê²Ö·´ÒÌ ¸¥ ´-
¸μ¢ ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ ´  ¶ÊÎ± Ì Ë §μÉ·μ´ ,   É ±¦¥ ± ± Ê¸É·μ°¸É¢μ
ÉμÎ´μ° ·¥£Ê²¨·μ¢±¨ Ô´¥·£¨¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ · §· ¡μÉ±¥ ³¥Éμ¤  ¤¨´ -
³¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö.

Š ¦¤Ò° ¶ Í¨¥´É, ±μÉμ·μ³Ê ´ §´ Î¥´  ¶·μÉμ´´ Ö É¥· ¶¨Ö, ¶·μÌμ¤¨É ÉÐ -
É¥²Ó´ÊÕ ¶·¥¤²ÊÎ¥¢ÊÕ Éμ¶μ³¥É·¨Î¥¸±ÊÕ ¶μ¤£μÉμ¢±Ê. �μ ¤ ´´Ò³ Œ�’ ¨ Š’
¢· Î-· ¤¨μ²μ£ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò ¶² ´¨·μ¢ ´¨Ö μ¡²ÊÎ¥´¨Ö μÎ¥·Î¨¢ ¥É
μ¶ÊÌμ²Ó (³¨Ï¥´Ó) ¨ ¢Ò¡¨· ¥É ´ ¶· ¢²¥´¨Ö μ¡²ÊÎ¥´¨Ö [1]. �¤´¨³ ¨§ ·¥§Ê²Ó-
É Éμ¢ · ¡μÉÒ ¶·μ£· ³³Ò ¶² ´¨·μ¢ ´¨Ö Ö¢²ÖÕÉ¸Ö §´ Î¥´¨Ö Éμ²Ð¨´ § ³¥¤²¨-
É¥²Ö ¢ ³¨²²¨³¥É· Ì ¢μ¤´μ£μ Ô±¢¨¢ ²¥´É  (³³ ¢. Ô.), ¢Ò¸É ¢²Ö¥³Ò¥ ´  ¶ÊÎ±¥,
±μÉμ·Ò¥ § ¤ ÕÉ · §²¨Î´Ò¥ Ô´¥·£¨¨ ¶·μÉμ´´μ£μ ¶ÊÎ± , ´¥μ¡Ìμ¤¨³Ò¥ ¤²Ö μ¡-
²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¸ · §´ÒÌ ´ ¶· ¢²¥´¨°. ’ ±, ¢ ¸·¥¤´¥³ ¤²Ö μ¤´μ£μ ¶ Í¨¥´É 
¢Ò¡¨· ÕÉ¸Ö Î¥ÉÒ·¥ ´ ¶· ¢²¥´¨Ö μ¡²ÊÎ¥´¨Ö ¨, ¸μμÉ¢¥É¸É¢¥´´μ, Î¥ÉÒ·¥ §´ Î¥-
´¨Ö Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö ¶·μÉμ´´μ£μ ¶ÊÎ±  ¤²Ö ÔÉ¨Ì ´ ¶· ¢²¥´¨°, ±μÉμ·Ò¥
¡Ê¤¥É ¢Ò¸É ¢²ÖÉÓ ‡�’.

‚ ‡�’ ¶·¨ ¤¢¨¦¥´¨¨ μ¸´μ¢´μ£μ ±²¨´  μÉ´μ¸¨É¥²Ó´μ ´¥¶μ¤¢¨¦´μ£μ ¢¸¶μ-
³μ£ É¥²Ó´μ£μ ±²¨´  ¨§³¥´Ö¥É¸Ö μ¡Ð Ö Éμ²Ð¨´  ³ É¥·¨ ²  § ³¥¤²¨É¥²Ö ´ 
¶ÊÉ¨ ¶ÊÎ±  ¶·μÉμ´μ¢, ¸²¥¤μ¢ É¥²Ó´μ, Ô´¥·£¨Ö ¶ÊÎ±  ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö, ¨ ³ ±-
¸¨³Ê³ ¨μ´¨§ Í¨¨ (¶¨± 	·Ô££ ) ¡Ê¤¥É ³¥´ÖÉÓ ¸¢μ¥ ¶μ²μ¦¥´¨¥ ¢¤μ²Ó μ¸¨ ¶ÊÎ± 
¢ É¥²¥ ¶ Í¨¥´É .

�·¨ ¤¨´ ³¨Î¥¸±μ³ ³¥Éμ¤¥ μ¡²ÊÎ¥´¨¥ ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¶·¥¨³ÊÐ¥¸É¢¥´´μ
¸ μ¤´μ£μ ´ ¶· ¢²¥´¨Ö ¶ÊÎ±μ³ ¸ ´¥³μ¤¨Ë¨Í¨·μ¢ ´´Ò³ ¶¨±μ³ 	·Ô££ . ‡�’ ¢
ÔÉμ³ ¸²ÊÎ ¥ ¡Ê¤¥É · ¡μÉ ÉÓ ¸μ¢³¥¸É´μ ¸ ³´μ£μ²¥¶¥¸É±μ¢Ò³ ±μ²²¨³ Éμ·μ³,
¢  ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¶μ § ¤ ´´μ° ¶·μ£· ³³¥ ¢Ò¸É ¢²ÖÉÓ ´¥μ¡Ìμ¤¨³Ò¥
Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö, É¥³ ¸ ³Ò³ μ¡²ÊÎ Ö μ¶ÊÌμ²Ó ¶μ¸²μ°´μ.

’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ · §· ¡μÉ ´´μ£μ § ³¥¤²¨É¥²Ö ¶¥·¥³¥´´μ° Éμ²-
Ð¨´Ò ¤²Ö ·¥£Ê²¨·μ¢±¨ Ô´¥·£¨¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1.
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’ ¡²¨Í  1. ’¥Ì´¨Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ Ê¸É·μ°¸É¢  ‡�’

� · ³¥É· ‡´ Î¥´¨¥

’¨¶ ¤¢¨£ É¥²Ö ˜ £μ¢Ò°

Œ É¥·¨ ² § ³¥¤²¨É¥²Ö �·£¸É¥±²μ

‘±μ·μ¸ÉÓ ¨§³¥´¥´¨Ö Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö 5 ³³ ¢. Ô./¸

„¨¸±·¥É´μ¸ÉÓ Ê¸É ´μ¢±¨ Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö
¢  ¢Éμ³ É¨Î¥¸±μ³ ¨ ·ÊÎ´μ³ ·¥¦¨³¥ ±0,1 ³³ ¢. Ô.

„¨ ¶ §μ´ ¨§³¥´¥´¨Ö Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö 24,5Ä112,0 ³³ ¢. Ô.
„ ÉÎ¨± ¶μ²μ¦¥´¨Ö “£²μ¢μ°, Ô´±μ¤¥·

Œ ±¸¨³ ²Ó´ Ö  ¶¥·ÉÊ·  ¶·μÉμ´´μ£μ ¶ÊÎ±  100 × 100 ³³

ƒ ¡ ·¨ÉÒ ‡�’ („×˜×B) 530 × 150 × 160 ³³
Œ ¸¸  5 ±£

�‹�Š “���‚‹…�ˆŸ “‘’��‰‘’‚�Œ

�¸´μ¢´μ° Ô²¥³¥´É ¡²μ±  Ê¶· ¢²¥´¨Ö ‡�’ Å ¤· °¢¥· ¤²Ö Ê´¨¶μ²Ö·´ÒÌ
Ï £μ¢ÒÌ ¤¢¨£ É¥²¥° (˜„), ¸μ¡· ´´Ò° ´  ¡ §¥ ³¨±·μ¸Ì¥³Ò SLA1024M.
“¶· ¢²ÖÕÐ¨³¨ ¸¨£´ ² ³¨ ¤²Ö ¤· °¢¥·  Ö¢²ÖÕÉ¸Ö ¸¨£´ ² § ¶Ê¸±  (¸É ·É/¸Éμ¶)
¨ ¸¨£´ ² ´ ¶· ¢²¥´¨Ö (¢¶¥·¥¤/´ § ¤). ’ ±Éμ¢Ò° £¥´¥· Éμ· ¢¸É·μ¥´ ¢ ¤· °-
¢¥· ˜„.

“¶· ¢²¥´¨¥ § ³¥¤²¨É¥²¥³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢ ¤¢ÊÌ ·¥¦¨³ Ì: μÉ ¶¥·¸μ´ ²Ó-
´μ£μ ±μ³¶ÓÕÉ¥·  ( ¢Éμ³ É) ¨ ¶μ²Ê ¢Éμ³ É¨Î¥¸±μ³ (·ÊÎ´μ³). „²Ö ÔÉμ£μ ¡²μ±
Ê¶· ¢²¥´¨Ö · §¤¥²¥´ ´  ¤¢¥ ´¥§ ¢¨¸¨³Ò¥ ¸Ì¥³Ò ¨´É¥·Ë¥°¸μ¢ ¨ ¶² ÉÊ ±μ³³ÊÉ -
Í¨¨ ¸ ¤· °¢¥·μ³ ˜„ (·¨¸. 2). �¥·¢ Ö ¸Ì¥³ , μÉ¢¥Î ÕÐ Ö §  ·¥¦¨³ ® ¢Éμ³ É¯,
¢±²ÕÎ ¥É ¢ ¸¥¡Ö ·Ö¤ ¡²μ±μ¢ ¸É ´¤ ·É  Š�Œ�Š [6] ¨ ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥·
�Š, ´ Ìμ¤ÖÐ¨¥¸Ö ¢ ¶Ê²ÓÉμ¢μ° ±μ³´ É¥, ¨ ¶μ§¢μ²Ö¥É ¤¨¸É ´Í¨μ´´μ Ê¶· ¢²ÖÉÓ
‡�’ ¶μ § ¤ ´´Ò³ ¶·μ£· ³³ ³. ‚Éμ· Ö ¸Ì¥³ , μÉ¢¥Î ÕÐ Ö §  ·¥¦¨³ ®·ÊÎ´μ°¯,
¸μ§¤ ´  ´  ¡ §¥ ³¨±·μ±μ´É·μ²²¥·  (ŒŠ) Atmega16A ¨ ¶μ§¢μ²Ö¥É Ê¶· ¢²ÖÉÓ
‡�’ ¸ ¶μ³μÐÓÕ ·ÊÎ´μ£μ ¶Ê²ÓÉ  ¶ÊÉ¥³ ¢¢¥¤¥´¨Ö μ¶¥· Éμ·μ³ §´ Î¥´¨° ¢Ò-
¸É ¢²Ö¥³ÒÌ Éμ²Ð¨´ § ³¥¤²¨É¥²Ö ¸ ±² ¢¨ ÉÊ·Ò. ‚Ò¡μ· ·¥¦¨³  μ¶·¥¤¥²Ö¥É¸Ö
¶¥·¥±²ÕÎ¥´¨¥³ ÉÊ³¡²¥·  ´  ²¨Í¥¢μ° ¶ ´¥²¨ ·ÊÎ´μ£μ ¶Ê²ÓÉ . �·¨ ÔÉμ³ ¶² É 
±μ³³ÊÉ Í¨¨ ¶μ¤±²ÕÎ ¥É ± ¤· °¢¥·Ê ˜„ ¸¨£´ ²Ò ¶¥·¢μ° ¨²¨ ¢Éμ·μ° ¸Ì¥³
¨´É¥·Ë¥°¸μ¢.

�·¨ ¶¥·¢μ³ ¢±²ÕÎ¥´¨¨ ¶¨É ´¨Ö § ³¥¤²¨É¥²Ó  ¢Éμ³ É¨Î¥¸±¨ ± ²¨¡·Ê¥É¸Ö:
μ¸´μ¢´μ° ±²¨´ ¶¥·¥³¥Ð ¥É¸Ö ¢ ¶μ²μ¦¥´¨¥ ³¨´¨³ ²Ó´μ° Éμ²Ð¨´Ò, ¶μ±  ´¥
¸· ¡μÉ ¥É ±μ´Í¥¢μ° ¢Ò±²ÕÎ É¥²Ó ®³¨´.¯. „ ²¥¥ μ¶¥· Éμ· ¢Ò¡¨· ¥É ·¥¦¨³
Ê¶· ¢²¥´¨Ö ® ¢Éμ³ É¯ ¨²¨ ®·ÊÎ´μ°¯.

‚ ·¥¦¨³¥ ®·ÊÎ´μ°¯  ±É¨¢´  ¸Ì¥³  Ê¶· ¢²¥´¨Ö ¸ ¶μ³μÐÓÕ ŒŠ. �¶¥-
· Éμ· ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ± ¡¨´¥ μ¡²ÊÎ¥´¨Ö ¸ ¶μ³μÐÓÕ ±² ¢¨ ÉÊ·Ò ·ÊÎ´μ£μ
¶Ê²ÓÉ  ¢¢μ¤¨É ´¥μ¡Ìμ¤¨³μ¥ §´ Î¥´¨¥ Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö ¢ ³³ ¢. Ô. ¨ ´ -
¦¨³ ¥É ®¶Ê¸±¯. ‘ ŒŠ Î¥·¥§ ¶² ÉÊ ±μ³³ÊÉ Í¨¨ ´  ¤· °¢¥· ˜„ ¶μ¤ ÕÉ¸Ö
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�¨¸. 2. ”Ê´±Í¨μ´ ²Ó´ Ö ¸Ì¥³  ¡²μ±  Ê¶· ¢²¥´¨Ö § ³¥¤²¨É¥²¥³ ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò

´¥μ¡Ìμ¤¨³Ò¥ ¸¨£´ ²Ò § ¶Ê¸±  ¨ ´ ¶· ¢²¥´¨Ö. �  ¨´¤¨± Éμ·¥ ¢Ò¸¢¥Î¨¢ ¥É¸Ö
¢¢¥¤¥´´μ¥ §´ Î¥´¨¥ ¤²Ö ¶·μ¢¥·±¨ ±μ··¥±É´μ¸É¨ ¢¢μ¤ , § É¥³ μÉμ¡· ¦ ¥É¸Ö
É¥±ÊÐ¥¥ §´ Î¥´¨¥ ¶μ²μ¦¥´¨Ö § ³¥¤²¨É¥²Ö. �´±μ¤¥· ¢μ ¢·¥³Ö ¤¢¨¦¥´¨Ö § -
³¥¤²¨É¥²Ö £¥´¥·¨·Ê¥É ¨³¶Ê²Ó¸´ÊÕ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ, ±μÉμ· Ö Î¥·¥§ ¶² ÉÊ
±μ³³ÊÉ Í¨¨ ¸Î¨ÉÒ¢ ¥É¸Ö ¢´ÊÉ·¥´´¨³ ¸Î¥ÉÎ¨±μ³ ŒŠ. �μ²ÊÎ¥´´Ò° É¥±ÊÐ¨°
±μ¤ § ¶·μ£· ³³¨·μ¢ ´´μ ¶¥·¥¢μ¤¨É¸Ö ¢ ³³ ¢. Ô. ¨ ¶μ¸ÉμÖ´´μ ¸· ¢´¨¢ ¥É¸Ö ¸
§ ¤ ´´Ò³ μ¶¥· Éμ·μ³ §´ Î¥´¨¥³. Š ± Éμ²Ó±μ §´ Î¥´¨Ö ¸· ¢´ÖÕÉ¸Ö, ŒŠ £¥-
´¥·¨·Ê¥É ¸¨£´ ² ®¸Éμ¶¯ ´  ¤· °¢¥· ˜„. ˆ´¤¨± Éμ· ¢Ò¸¢¥Î¨¢ ¥É §´ Î¥´¨¥,
§ ¤ ´´μ¥ μ¶¥· Éμ·μ³. „²Ö Ê¸É ´μ¢±¨ ¸²¥¤ÊÕÐ¥£μ §´ Î¥´¨Ö § ³¥¤²¨É¥²Ö ´ 
¶ÊÎ±¥ Í¨±² · ¡μÉÒ ¶μ¢Éμ·Ö¥É¸Ö.

‚ ·¥¦¨³¥ ® ¢Éμ³ É¯  ±É¨¢´  ¸Ì¥³  Ê¶· ¢²¥´¨Ö ¸ ¶μ³μÐÓÕ Ô²¥±É·μ´´ÒÌ
¡²μ±μ¢ ¸É ´¤ ·É  Š�Œ�Š ¨ �Š. �¶¥· Éμ· �Š ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Ê¶· -
¢²¥´¨Ö § ³¥¤²¨É¥²¥³ ZPT.exe, · §· ¡μÉ ´´μ° ¢ ¸·¥¤¥ Borland Pascal, § ¤ ¥É
¸ ±² ¢¨ ÉÊ·Ò §´ Î¥´¨¥ Éμ²Ð¨´Ò, ±μÉμ·ÊÕ ´¥μ¡Ìμ¤¨³μ Ê¸É ´μ¢¨ÉÓ, ²¨¡μ § -
£·Ê¦ ¥É Ë °² ¸ ¤ ´´Ò³¨ §´ Î¥´¨° Éμ²Ð¨´, ±μÉμ·Ò¥ ´¥μ¡Ìμ¤¨³μ Ê¸É ´μ¢¨ÉÓ
¶μ¸²¥¤μ¢ É¥²Ó´μ (´ ¶·¨³¥·, É ±μ° ·¥¦¨³ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨ ¤¨´ ³¨Î¥¸±μ³
³¥Éμ¤¥ μ¡²ÊÎ¥´¨Ö). –¨±² · ¡μÉÒ ÔÉμ£μ ·¥¦¨³  ¸Ìμ¦ ¸ ·¥¦¨³μ³ ®·ÊÎ´μ°¯,
Éμ²Ó±μ ¸¨£´ ²Ò § ¶Ê¸±  ®¸É ·É/¸Éμ¶¯ ¨ ®´ ¶· ¢²¥´¨¥¯ ¢ ÔÉμ³ ¸²ÊÎ ¥ £¥´¥·¨·Ê-
ÕÉ¸Ö ¡²μ± ³¨ Š�Œ�Š ¨ Î¥·¥§ ¶² ÉÊ ±μ³³ÊÉ Í¨¨ ¶μ¸ÉÊ¶ ÕÉ ´  ¤· °¢¥· ˜„,
  ¨³¶Ê²Ó¸´ Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ ¸ Ô´±μ¤¥·  Î¥·¥§ ¶² ÉÊ ±μ³³ÊÉ Í¨¨ ¶μ-
¸ÉÊ¶ ¥É ´  ¸Î¥ÉÎ¨± ¡²μ±  Š�Œ�Š, ¶·¥μ¡· §Ê¥É¸Ö ¢ ³³ ¢. Ô. ¨ ¶¥·¥¤ ¥É¸Ö
´  �Š.
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ˆ¸¶ÒÉ ´¨Ö · §· ¡μÉ ´´μ£μ § ³¥¤²¨É¥²Ö ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò ¶·μ¢μ¤¨-
²¨¸Ó ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ Œ’Š, ±Ê¤  ¡Ò² ¢Ò¢¥¤¥´ É¥· ¶¥¢É¨Î¥¸±¨° ¶·μÉμ´-
´Ò° ¶ÊÎμ± ¸ Ô´¥·£¨¥° 170 ŒÔ‚ ¸ Ë¨±¸¨·μ¢ ´´Ò³ ¤μ¶μ²´¨É¥²Ó´Ò³ § ³¥¤²¨-
É¥²¥³ 50 ³³ ¢. Ô. ‡ ¤ Î¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¢¥·±¨ Å  ¶·μ¡ Í¨Ö ³¥Ì ´¨-
Î¥¸±¨Ì, Ô²¥±É·μ´´ÒÌ Ê§²μ¢ ¨ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö,   É ±¦¥ ¶μ²ÊÎ¥´¨¥
£²Ê¡¨´´μ-¤μ§μ¢ÒÌ · ¸¶·¥¤¥²¥´¨° ¢Ò¢¥¤¥´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ‡�’. „²Ö ¨§-
³¥·¥´¨Ö ÔÉ¨Ì · ¸¶·¥¤¥²¥´¨° ¨¸¶μ²Ó§μ¢ ²¸Ö ¶·¨¡μ· ®³¨´¨-¤μ§μ£· Ë¯ Å μ¤-
´μ³¥·´Ò°  ´ ²¨§ Éμ· ¤μ§´μ£μ ¶μ²Ö, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° ¢μ¤´Ò° Ë ´Éμ³,
¢´ÊÉ·¨ ±μÉμ·μ£μ ¸ ¶μ³μÐÓÕ ²¨´¥°´μ£μ ¶·¨¢μ¤  ¶¥·¥³¥Ð ¥É¸Ö ³¨´¨ ÉÕ·´Ò°
¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¤ ÉÎ¨± [7].

�±¸¶¥·¨³¥´É ²Ó´ Ö ¶·μ¢¥·±  ¢±²ÕÎ ²  ¤¢  ÔÉ ¶ . �  ¶¥·¢μ³ ÔÉ ¶¥ ´ 
μ¸¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ‡�’ ¢ ·ÊÎ´μ³ ·¥¦¨³¥ ¡Ò² ¢Ò¸É ¢²¥´ ·Ö¤
§´ Î¥´¨° Éμ²Ð¨´ § ³¥¤²¨É¥²Ö ¢ ³³ ¢. Ô. (24,5; 40,0; 60,0; 80,0), ¤²Ö ±μÉμ-
·ÒÌ ¸ ¶μ³μÐÓÕ ³¨´¨-¤μ§μ£· Ë  ¡Ò²¨ ¨§³¥·¥´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ £²Ê¡¨´´μ-
¤μ§μ¢Ò¥ ±·¨¢Ò¥ DATA 1Ä4 (·¨¸. 3). ‘·¥¤´¨¥ ¶·μ¡¥£¨ ¶μ²ÊÎ¥´´ÒÌ ¶ÊÎ±μ¢
R82(1−4), ¨§³¥·¥´´Ò¥ ¶μ § ¤´¥³Ê ¸¶ ¤Ê ¶¨±  	·Ô££  ´  Ê·μ¢´¥ 82%, ¸· ¢-
´¨¢ ²¨¸Ó ¸μ §´ Î¥´¨¥³ ¸·¥¤´¥£μ ¶·μ¡¥£  ´¥§ ³¥¤²¥´´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ± 
(±·¨¢ Ö DATA 0). �¥§Ê²ÓÉ ÉÒ ¶·μ¢¥·±¨ ¸¢¥¤¥´Ò ¢ É ¡². 2. �É±²μ´¥´¨Ö ¨§³¥-
·¥´´ÒÌ §´ Î¥´¨° ¶·μ¡¥£μ¢ ´¥ ¶·¥¢ÒÏ ÕÉ 0,5 ³³, ÎÉμ Ö¢²Ö¥É¸Ö ¶·¨¥³²¥³Ò³
¤²Ö ¤ ´´ÒÌ ¨§³¥·¥´¨°.

�  ¢Éμ·μ³ ÔÉ ¶¥ ¸· ¢´¨¢ ²¨¸Ó ¤¢¥ £²Ê¡¨´´μ-¤μ§μ¢Ò¥ ±·¨¢Ò¥ ¢Ò¢¥¤¥´´μ£μ
¶·μÉμ´´μ£μ ¶ÊÎ±  c Ô´¥·£¨¥° 170 ŒÔ‚ ¸ Ë¨±¸¨·μ¢ ´´Ò³ ¤μ¶μ²´¨É¥²Ó´Ò³

�¨¸. 3. ƒ²Ê¡¨´´μ-¤μ§μ¢Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  ¶·μÉμ´μ¢, ¨§³¥·¥´´Ò¥ ³¨´¨-¤μ§μ-
£· Ëμ³ ¶·¨ · §²¨Î´ÒÌ Éμ²Ð¨´ Ì § ³¥¤²¨É¥²Ö, ¢Ò¸É ¢²¥´´ÒÌ ¸ ¶μ³μÐÓÕ ‡�’
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’ ¡²¨Í  2. �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´μ° ¶·μ¢¥·±¨ Ê¸É·μ°¸É¢  ‡�’

„ ´´Ò¥
’μ²Ð¨´  ‘·¥¤´¨° � §´¨Í  �É±²μ´¥´¨Ö

§ ³¥¤²¨É¥²Ö ¶·μ¡¥£ R82, ¶·μ¡¥£μ¢, ¶μ ¶·μ¡¥£Ê
‡�’, ³³ ¢. Ô. ³³ ¢. Ô. ³³ ¢. Ô. ¶ÊÎ± , ³³ ¢. Ô.

DATA 0 0,0 109,3 Å Å

DATA 1 24,5 84,8 24,5 0,0

DATA 2 40,0 69,6 39,7 0,3

DATA 3 60,0 49,1 60,2 0,2

DATA 4 80,0 28,8 80,5 0,5

�¨¸. 4. ‘· ¢´¥´¨¥ £²Ê¡¨´´μ-¤μ§μ¢ÒÌ ±·¨¢ÒÌ ´¥³μ¤¨Ë¨Í¨·μ¢ ´´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ± ,
¶μ²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ ³¨´¨-¤μ§μ£· Ë  (±·Ê£²Ò¥ ³ ·±¥·Ò, DATA 5) ¨ § ³¥¤²¨É¥²Ö
¶¥·¥³¥´´μ° Éμ²Ð¨´Ò (±·¥¸Éμμ¡· §´Ò¥ ³ ·±¥·Ò, DATA 6)

§ ³¥¤²¨É¥²¥³ 62,5 ³³ ¢. Ô. (·¨¸. 4). Š·¨¢ Ö DATA 5 ¶μ²ÊÎ¥´  ¸ ¶μ³μÐÓÕ
³¨´¨-¤μ§μ£· Ë ,   ±·¨¢ Ö DATA 6 Å ¸ ¶μ³μÐÓÕ ‡�’, ±μÉμ·Ò° · ¡μÉ ² ¢
 ¢Éμ³ É¨Î¥¸±μ³ ·¥¦¨³¥ ¨ ¶μ ¸¶¥Í¨ ²Ó´μ° ¶·μ£· ³³¥ ¢Ò¸É ¢²Ö² ´  μ¸¨ ¶ÊÎ± 
Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö μÉ 25 ¤μ 111 ³³ ¢. Ô. ¸ Ï £μ³ 2 ³³ ¢. Ô. „ ´´Ò¥
¸´ÖÉÒ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³ ¤ ÉÎ¨±μ³ ³¨´¨-¤μ§μ£· Ë . � §´¨Í  ¸·¥¤´¨Ì ¶·μ-
¡¥£μ¢ ¶ÊÎ±μ¢, ¨§³¥·¥´´ÒÌ ³¨´¨-¤μ§μ£· Ëμ³ R82(M) ¨ ‡�’ R82(‡), £¤¥ M Å
³¨´¨-¤μ§μ£· Ë, ‡ Å ‡�’, ¸μ¸É ¢¨²  0,3 ³³, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¶Ê¸É¨³Ò³, ¸ ÊÎ¥-
Éμ³ ´¥μ¶·¥¤¥²¥´´μ¸É¨ Ô´¥·£¨¨ ¢Ò¢¥¤¥´´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ±  (±0,5 ŒÔ‚) ¨
¶μ£·¥Ï´μ¸É¨ ¶·μ¢¥¤¥´´ÒÌ ¨§³¥·¥´¨°.

� §´¨Í  ¢  ³¶²¨ÉÊ¤ Ì ¶¨±μ¢ ¨§³¥·¥´´ÒÌ ±·¨¢ÒÌ ¸μ¸É ¢¨²  1,6 %
(Qmax(M)/Qmax(‡) = 1,016), ÎÉμ Ö¢²Ö¥É¸Ö ´¥§´ Î¨É¥²Ó´Ò³. �ÉÊ · §´¨ÍÊ ³μ¦´μ
μ¡ÑÖ¸´¨ÉÓ · §´Ò³¨ ¸·¥¤ ³¨ § ³¥¤²¨É¥²¥°, ¨¸¶μ²Ó§μ¢ ´´Ò³¨ ¢ Ô±¸¶¥·¨³¥´É¥
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(¤²Ö DATA 5 ÔÉμ ¢μ¤ , ¤²Ö DATA 6 Å μ·£¸É¥±²μ), ¨ · §²¨Î´μ° £¥μ³¥É·¨¥°
¶·μ¢¥¤¥´¨Ö ¨§³¥·¥´¨°.

ˆ§ ¶μ²ÊÎ¥´´ÒÌ ¤ ´´ÒÌ ¢¨¤´μ, ÎÉμ · §· ¡μÉ ´´μ¥ Ê¸É·μ°¸É¢μ ¶μ§¢μ²Ö¥É
±μ··¥±É´μ ¸ Ê¤μ¢²¥É¢μ·¨É¥²Ó´μ° ÉμÎ´μ¸ÉÓÕ Ê¸É ´ ¢²¨¢ ÉÓ ´¥μ¡Ìμ¤¨³ÊÕ Éμ²-
Ð¨´Ê § ³¥¤²¨É¥²Ö ´  μ¸¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ± ± ¢ ·ÊÎ´μ³, É ± ¨  ¢Éμ³ É¨Î¥-
¸±μ³ ·¥¦¨³ Ì.

‡�Š‹
—…�ˆ…

‡ ³¥¤²¨É¥²Ó ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò,   É ±¦¥ · §· ¡μÉ ´´μ¥ ± ´¥³Ê ¶·μ-
£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥ ¶μ§¢μ²¨É Ê¸±μ·¨ÉÓ ¥¦¥¤´¥¢´ÊÕ ¶·μÍ¥¤Ê·Ê μ¡²ÊÎ¥´¨Ö
μ´±μ²μ£¨Î¥¸±¨Ì ¡μ²Ó´ÒÌ ³¥Éμ¤μ³ É·¥Ì³¥·´μ° ±μ´Ëμ·³´μ° · ¤¨μÉ¥· ¶¨¨, ¸Ê-
Ð¥¸É¢¥´´μ Ê¶·μ¸É¨É ¶·μÍ¥¸¸ ¨§³¥·¥´¨Ö £²Ê¡¨´´μ-¤μ§μ¢μ£μ · ¸¶·¥¤¥²¥´¨Ö ¢Ò-
¢¥¤¥´´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ± , ¸É ´¥É Î ¸ÉÓÕ · §· ¡ ÉÒ¢ ¥³μ° ¢ Œ’Š ‹Ÿ�
�ˆŸˆ ¸¨¸É¥³Ò ¤¨´ ³¨Î¥¸±μ£μ μ¡²ÊÎ¥´¨Ö ²μ± ²¨§ Í¨° ¸²μ¦´μ° Ëμ·³Ò.

“¸É·μ°¸É¢μ ¶μ²´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢Ê¥É ¶μ¸É ¢²¥´´Ò³ § ¤ Î ³, ²¥£±μ ¢ Ô±¸-
¶²Ê É Í¨¨, ±μ³¶ ±É´μ. ‡ ³¥¤²¨É¥²Ó ¶¥·¥³¥´´μ° Éμ²Ð¨´Ò ³μ¦¥É ¡ÒÉÓ ¢¢¥¤¥´
¢ É¥±ÊÐ¨° ¶·μÍ¥¸¸ μ¡²ÊÎ¥´¨Ö ¸ ´ ¨³¥´ÓÏ¨³¨ É·Ê¤μ§ É· É ³¨.
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