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a �¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, „Ê¡´ 
¡ ˆ´¸É¨ÉÊÉ É¥μ·¥É¨Î¥¸±μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ë¨§¨±¨, Œμ¸±¢ 

„²Ö μ¡¥¸¶¥Î¥´¨Ö £ · ´É¨¨ ± Î¥¸É¢  ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨, ¶·μ¢μ¤¨³μ° ¢ ³¥¤¨±μ-
É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥ �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, ¡Ò²  · §· ¡μÉ ´  ¨ ¸μ-
§¤ ´  ¸¨¸É¥³  ±μ´É·μ²Ö ¶·μË¨²¥° ¨ ¶·μ¡¥£  ¶·μÉμ´´μ£μ ¶ÊÎ± , ËÊ´±Í¨μ´¨·ÊÕÐ Ö ¢ ·¥ ²Ó´μ³
³ ¸ÏÉ ¡¥ ¢·¥³¥´¨.

„²Ö ¨§³¥·¥´¨Ö £μ·¨§μ´É ²Ó´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¶·μË¨²¥° ¶ÊÎ±  ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ ¡Ò² 
· §· ¡μÉ ´  ¨ ¨§£μÉμ¢²¥´  ³´μ£μ¶·μ¢μ²μÎ´ Ö ¨μ´¨§ Í¨μ´´ Ö ± ³¥· . Š ³¥·  ¢±²ÕÎ ¥É ¤¢   ´μ¤´ÒÌ
¨ É·¨ ± Éμ¤´ÒÌ Ô²¥±É·μ¤ . Š ¦¤Ò°  ´μ¤´Ò° Ô²¥±É·μ¤ ¸μ¸Éμ¨É ¨§ 30 ¶·μ¢μ²μÎ¥± ¤¨ ³¥É·μ³ 0,1 ³³,
´ ÉÖ´ÊÉÒÌ ¸ Ï £μ³ 3 ³³.

„²Ö ±μ´É·μ²Ö ¶·μ¡¥£  ¶ÊÎ±  § ¤¥°¸É¢μ¢ ´Ò Î¥ÉÒ·¥ ¶·μ³ÒÏ²¥´´ÒÌ ¤¨μ¤  É¨¶  2„212�, ¶·¥¤-
´ §´ Î¥´´ÒÌ ¤²Ö ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ · ¤¨μÉ¥Ì´¨±¥. ‘¨¸É¥³  Ê¸É ´μ¢²¥´  ¶¥·¥¤ ¶¥·¢Ò³ ±μ²²¨³ Éμ·μ³
¢ ¶¥·¨Ë¥·¨Î¥¸±μ° §μ´¥ ¶ÊÎ±  ¨ ´¥ ¢´μ¸¨É ¨¸± ¦¥´¨Ö ¢ ¥£μ ¨¸¶μ²Ó§Ê¥³ÊÕ Î ¸ÉÓ.

‚ÒÌμ¤´Ò¥ ¸¨£´ ²Ò ¸ ± ³¥·Ò ¨ ¤¨μ¤μ¢ μÍ¨Ë·μ¢Ò¢ ÕÉ¸Ö ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´Ò³ ¡²μ±μ³,
¸¢Ö§ ´´Ò³ ¸ ¶¥·¸μ´ ²Ó´Ò³ ±μ³¶ÓÕÉ¥·μ³. ‚ ¡²μ±¥ ¨¸¶μ²Ó§μ¢ ´ É ± ´ §Ò¢ ¥³Ò° ®TERA¯-Î¨¶, ¶·¥¤-
¸É ¢²ÖÕÐ¨° ¸μ¡μ° 64-± ´ ²Ó´Ò° 16-¡¨É´Ò° ¶·¥μ¡· §μ¢ É¥²Ó ®Éμ±ÄÎ ¸ÉμÉ ¯.

‘¨¸É¥³  ¢ É¥Î¥´¨¥ £μ¤  ¶·μ· ¡μÉ ²  ¢ ¸¥ ´¸ Ì ¶·μÉμ´´μ° É¥· ¶¨¨ ¨ ¶·μ¤¥³μ´¸É·¨·μ¢ ²  ¸¢μÕ
´ ¤¥¦´μ¸ÉÓ ¨ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ¶ · ³¥É· ³ ¶·μÉμ´´μ£μ ¶ÊÎ± . ’μÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö  ¸¨³³¥É·¨¨
¶·μË¨²Ö ¶ÊÎ±  ¸μ¸É ¢²Ö¥É 2 %,   ¨§³¥´¥´¨Ö ¶·μ¡¥£  Å 0,2 ³³ ¢μ¤Ò.

A system for the on-line control of the proton beam proˇles and range has been designed and con-
structed to guarantee the quality assurance of radiotherapy carried out in a Medical-Technical Complex
of the Joint Institute for Nuclear Research.

To measure horizontal and vertical proˇles of the beam in the treatment room, a multiwire ionization
chamber has been designed and constructed. The chamber consists of two anode and three cathode
planes. Each anode plane contains 30 wires 0.1 mm in diameter separated by 3 mm.

To control the range of the beam, four semiconductor diodes 2D212A for radio engineering appli-
cation were used. The system is installed upstream a ˇrst collimator at a peripheral part of the beam,
so it does not disturb the useful part of the beam.

Output signals from the ionization chamber and the diodes are processed by a specially constructed
electronics connected to a personal computer. It utilizes 64-input 16-bit charge integrators (TERA chip).

One-year experience of the system operation in the proton therapy treatment sessions showed its
high reliability and sensibility to the proton beam parameters. The accuracy of controlling the symmetry
of the beam proˇles is 2% and the range deviations Å 0.2 mm of water.

‚‚…„…�ˆ…

�ÊÎ±¨ Ê¸±μ·¥´´ÒÌ ¶·μÉμ´μ¢ ¢ ²ÊÎ¥¢μ° É¥· ¶¨¨ ¶μ§¢μ²ÖÕÉ Ëμ·³¨·μ¢ ÉÓ ¤μ§´Ò¥ ¶μ²Ö
¸ÊÐ¥¸É¢¥´´μ ¡μ²¥¥ ±μ´Ëμ·³´Ò¥ μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨, Î¥³ ÔÉμ ¢μ§³μ¦´μ ¶·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ ±μ´¢¥´Í¨μ´ ²Ó´μ£μ ¨§²ÊÎ¥´¨Ö (£ ³³ -±¢ ´Éμ¢, Ô²¥±É·μ´μ¢). �Éμ μ¡ÑÖ¸´Ö¥É¸Ö μÉ´μ¸¨-
É¥²Ó´μ ³ ²Ò³ ¡μ±μ¢Ò³ · ¸¸¥Ö´¨¥³ ¶·μÉμ´´μ£μ ¶ÊÎ± ,   É ±¦¥ ´ ²¨Î¨¥³ ¢ ±μ´Í¥ ¶·μ¡¥£ 
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Î ¸É¨Í ³ ±¸¨³Ê³  ¨μ´¨§ Í¨¨ Å ¶¨±  �·Ô££ , §  ±μÉμ·Ò³ ¤μ§  ·¥§±μ ¸¶ ¤ ¥É ¶· ±É¨Î¥¸±¨
¤μ ´Ê²Ö.

�·μÉμ´´Ò¥ ¶·μ¸É· ´¸É¢¥´´Ò¥ ¤μ§´Ò¥ ¶μ²Ö Ì · ±É¥·¨§ÊÕÉ¸Ö ·¥§±¨³ £· ¤¨¥´Éμ³ ¶μ
±· Õ ¶μ²Ö Å Ê³¥´ÓÏ¥´¨¥ ¤μ§Ò ¸ 80 ¤μ 20 % ¶·μ¨¸Ìμ¤¨É ´  · ¸¸ÉμÖ´¨¨ ´¥¸±μ²Ó±¨Ì ³¨²-
²¨³¥É·μ¢, ÎÉμ ¶μ§¢μ²Ö¥É Ê³¥´ÓÏ¨ÉÓ ²ÊÎ¥¢ÊÕ ´ £·Ê§±Ê ´  μ±·Ê¦ ÕÐ¨¥ ³¨Ï¥´Ó §¤μ·μ¢Ò¥
É± ´¨ ¨ ¶μ¢Ò¸¨ÉÓ ¢¥²¨Î¨´Ê ¶μ£²μÐe´´μ° ¤μ§Ò ¢ · ¤¨μ·¥§¨¸É¥´É´ÒÌ μ¶ÊÌμ²ÖÌ.

�É¨ ¶·¥¨³ÊÐ¥¸É¢  ¶·μÉμ´´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ (�‹’) ¶μ§¢μ²ÖÕÉ ¢· ÎÊ-· ¤¨μ²μ£Ê ¸
¶μ³μÐÓÕ ±μ³¶ÓÕÉ¥·´μ° ¶·μ£· ³³Ò ¶² ´¨·μ¢ ´¨Ö ³μ¤¥²¨·μ¢ ÉÓ μ¡²ÊÎ¥´¨¥ ³¨Ï¥´¥°, ´¥-
¶μ¸·¥¤¸É¢¥´´μ ¶·¨²¥£ ÕÐ¨Ì ± · ¤¨μÎÊ¢¸É¢¨É¥²Ó´Ò³ ¸É·Ê±ÉÊ· ³ ¨ μ·£ ´ ³ É¥²  ¶ Í¨¥´É 
(¸É¢μ² ³μ§£ , §·¨É¥²Ó´Ò¥ ´¥·¢Ò ¨ ¤·.)

„²Ö ¶·¥Í¨§¨μ´´μ£μ ¢μ¸¶·μ¨§¢¥¤¥´¨Ö · ¸¸Î¨É ´´ÒÌ ¤μ§´ÒÌ ¶μ²¥° ¢ ¸¥ ´¸ Ì ¶·μÉμ´-
´μ° ²ÊÎ¥¢μ° É¥· ¶¨¨ ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò ·¥ ²Ó´Ò¥ ¶ · ³¥É·Ò ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨
μ¡²ÊÎ¥´¨¨ ¶μ²´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢μ¢ ²¨ § ²μ¦¥´´Ò³ ¢ ¶·μ£· ³³Ê ¶² ´¨·μ¢ ´¨Ö. Š É ±¨³
¶ · ³¥É· ³, ¢ Î ¸É´μ¸É¨, μÉ´μ¸ÖÉ¸Ö: £μ·¨§μ´É ²Ó´Ò° ¨ ¢¥·É¨± ²Ó´Ò° ¶·μË¨²¨ ¶ÊÎ± , ¥£μ
£²Ê¡¨´´μ¥ ¤μ§´μ¥ · ¸¶·¥¤¥²¥´¨¥ (±·¨¢ Ö �·Ô££ ), ¢¥²¨Î¨´  ¶μ£²μÐ¥´´μ° ¤μ§Ò ¸ ± ¦¤μ£μ
¶μ²Ö μ¡²ÊÎ¥´¨Ö.

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢¨²¨¸Ó · §· ¡μÉ±  ¨ ¸μ§¤ ´¨¥ ±μ³¶ÓÕÉ¥·¨§¨·μ¢ ´´μ° ¸¨-
¸É¥³Ò ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¶·μÉμ´´μ£μ ¶ÊÎ±  ´¥¶μ¸·¥¤¸É¢¥´´μ ¶·¨ ¶·μ¢¥¤¥´¨¨ �‹’
¶ Í¨¥´Éμ¢ ¢ ³¥¤¨±μ-É¥Ì´¨Î¥¸±μ³ ±μ³¶²¥±¸¥ (Œ’Š) ‹Ÿ� �ˆŸˆ [1]. ‘¨¸É¥³  ¢±²ÕÎ ¥É
¸²¥¤ÊÕÐ¨¥ μ¸´μ¢´Ò¥ Ô²¥³¥´ÉÒ:

• Ï¨·μ±μ ¶¥·ÉÊ·´ÊÕ ¶·μÌμ¤´ÊÕ ¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê Å ³μ´¨Éμ· ¨´É¥´¸¨¢´μ¸É¨
¶ÊÎ± ;

• ¶·μË¨²μ³¥É· Å Ê¸É ´μ¢²¥´´ÊÕ ´  ¢Ìμ¤¥ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ ¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê
³´μ£μ¶·μ¢μ²μÎ´ÊÕ ¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê, ¶·¥¤´ §´ Î¥´´ÊÕ ¤²Ö ±μ´É·μ²Ö £μ·¨§μ´É ²Ó-
´μ£μ ¨ ¢¥·É¨± ²Ó´μ£μ ¶·μË¨²¥° ¶ÊÎ± ;

• c¨¸É¥³Ê ¶μ²Ê¶·μ¢μ¤´¨±μ¢ÒÌ ¤¨μ¤μ¢, ¨¸¶μ²Ó§Ê¥³ÒÌ ¢ ± Î¥¸É¢¥ ¤¥É¥±Éμ·μ¢ ¨μ´¨§ Í¨-
μ´´ÒÌ ¶μÉ¥·Ó ¶ÊÎ±  ¶·¨ ¶·μÌμ¦¤¥´¨¨ ¥£μ Î¥·¥§ ¢¥Ð¥¸É¢μ ¨ ¶μ§¢μ²ÖÕÐ¨Ì ±μ´É·μ²¨·μ¢ ÉÓ
¶·μ¡¥£ ¶ÊÎ± ;

• ³´μ£μ± ´ ²Ó´Ò° ¡²μ± ¶·¥μ¡· §μ¢ É¥²¥° Éμ±ÄÎ ¸ÉμÉ  ¤²Ö ¨§³¥·¥´¨Ö ¢ÒÌμ¤´ÒÌ ¸¨£-
´ ²μ¢ ¶·μË¨²μ³¥É·  ¨ ¤¨μ¤μ¢;

• ¨´É¥·Ë¥°¸ Š�Œ�Š ¤²Ö ¶¥·¥¤ Î¨ ¤ ´´ÒÌ ¸ ¨§³¥·¨É¥²Ó´ÒÌ ¶·¨¡μ·μ¢ ¢ ¶¥·¸μ´ ²Ó-
´Ò° ±μ³¶ÓÕÉ¥·;

• ±μ³¶ÓÕÉ¥·´ÊÕ ¶·μ£· ³³Ê μ¡· ¡μÉ±¨ ¨ ¢¨§Ê ²¨§ Í¨¨ ¶μ²ÊÎ ¥³ÒÌ ¤ ´´ÒÌ;
• c¨¸É¥³Ê ±μ´É·μ²Ö μÉ¶Ê¸±  ¤μ§Ò ¶·¨ μ¡²ÊÎ¥´¨¨ ¶ Í¨¥´Éμ¢.
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“¸É·μ°¸É¢μ ³´μ£μ¶·μ¢μ²μÎ´μ£μ ¶·μË¨²μ³¥É·  Å ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò (ˆŠ) Å
¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 1. ˆŠ ¸μ¸Éμ¨É ¨§ É·¥Ì ¢Ò¸μ±μ¢μ²ÓÉ´ÒÌ, ¤¢ÊÌ ¸¨£´ ²Ó´ÒÌ ( ´μ¤´ÒÌ)
¨ ¤¢ÊÌ § Ð¨É´ÒÌ Ô²¥±É·μ¤μ¢, · §¤¥²¥´´ÒÌ ¤¨Ô²¥±É·¨Î¥¸±¨³¨ · ³± ³¨-¶·μ±² ¤± ³¨ Éμ²-
Ð¨´μ° 5 ³³. ‚Ò¸μ±μ¢μ²ÓÉ´Ò¥ ¨ § Ð¨É´Ò¥ Ô²¥±É·μ¤Ò ¢Ò¶μ²´¥´Ò ¨§  ²Õ³¨´¨¥¢μ° Ëμ²Ó£¨
Éμ²Ð¨´μ° 17 ¨ 50 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ. �´μ¤´Ò° Ô²¥±É·μ¤ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° · ³±Ê, ¨§-
£μÉμ¢²¥´´ÊÕ ¨§ Ëμ²Ó£¨·μ¢ ´´μ£μ ¸É¥±²μÉ¥±¸Éμ²¨É , ´  ±μÉμ·ÊÕ ´ ÉÖ´ÊÉÒ ¨ · ¸¶ Ö´Ò 30
¶·μ¢μ²μÎ¥± ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò ¤¨ ³¥É·μ³ 100 ³±³ ¸ Ï £μ³ 3 ³³. �·μ¢μ²μÎ±¨ ¤¢ÊÌ
Ô²¥±É·μ¤μ¢ μ·¨¥´É¨·μ¢ ´Ò μ·Éμ£μ´ ²Ó´μ ¤·Ê£ ¤·Ê£Ê, ÎÉμ ¶μ§¢μ²Ö¥É ´¥§ ¢¨¸¨³μ ¨§³¥·ÖÉÓ



‘¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ · ¤¨μÉ¥· ¶¨¨ 103

£μ·¨§μ´É ²Ó´Ò° ¨ ¢¥·É¨± ²Ó´Ò° ¶·μË¨²¨ ¶·μÉμ´´μ£μ ¶ÊÎ± . ‘¨£´ ²Ó´Ò¥ ¶·μ¢μ²μÎ±¨
¸μ¥¤¨´ÖÕÉ¸Ö ¸ ±μ´É ±É ³¨ ¤¢ÊÌ 32-ÏÉÒ·Ó±μ¢ÒÌ ¢ÒÌμ¤´ÒÌ · §Ñ¥³μ¢, Ê¸É ´μ¢²¥´´ÒÌ ´ 
±μ·¶Ê¸¥ ± ³¥·Ò.

�¨¸. 1. “¸É·μ°¸É¢μ ³´μ£μ¶·μ¢μ²μÎ´μ° ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò

	  ¢Ò¸μ±μ¢μ²ÓÉ´Ò¥ Ô²¥±É·μ¤Ò μÉ ¢´¥Ï´¥£μ ¸É ¡¨²¨§¨·μ¢ ´´μ£μ ¨¸ÉμÎ´¨±  ¶¨É ´¨Ö
¶μ¤ ¥É¸Ö ¶μ¸ÉμÖ´´μ¥ μÉ·¨Í É¥²Ó´μ¥ ´ ¶·Ö¦¥´¨¥ 1000 ‚, μ¡¥¸¶¥Î¨¢ ÕÐ¥¥ ²¨´¥°´Ò° ·¥-
¦¨³ · ¡μÉÒ ± ³¥·Ò ¢ · ¡μÎ¥³ ¤¨ ¶ §μ´¥ ¨´É¥´¸¨¢´μ¸É¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¨ ´¥§´ Î¨-
É¥²Ó´μ³ Ê·μ¢´¥ Éμ±μ¢ ÊÉ¥Î±¨ ´  ¸¨£´ ²Ó´Ò¥ ¶·μ¢μ²μÎ±¨.

Šμ´¸É·Ê±Í¨Ö ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò Å ³μ´¨Éμ·  ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  Å  ´ ²μ-
£¨Î´  ±μ´¸É·Ê±Í¨¨ ¶·μË¨²μ³¥É·  §  É¥³ ¨¸±²ÕÎ¥´¨¥³, ÎÉμ  ´μ¤´ Ö ¶²μ¸±μ¸ÉÓ ¢Ò¶μ²´¥´ 
É ± ¦¥, ± ± ± Éμ¤´ Ö.

2. Š��’��‹œ ����…ƒ� �“—Š�
‘ ��Œ�™œ� ��‹“���‚�„�ˆŠ�‚›• „ˆ�„�‚

�¸´μ¢´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ¶·μÉμ´μ¢ ¨ ¤·Ê£¨Ì ÉÖ¦e²ÒÌ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¶¥·¥¤ ¤·Ê-
£¨³¨ ¢¨¤ ³¨ ¨§²ÊÎ¥´¨Ö ¶·¨³¥´¨É¥²Ó´μ ± ²ÊÎ¥¢μ° É¥· ¶¨¨ Ö¢²Ö¥É¸Ö Ê¢¥²¨Î¥´¨¥ ¨Ì ¨μ-
´¨§¨·ÊÕÐ¥° ¸¶μ¸μ¡´μ¸É¨ ¶μ ³¥·¥ ¶·μ´¨±´μ¢¥´¨Ö ¢ ¢¥Ð¥¸É¢μ. Š·¨¢ Ö £²Ê¡¨´´μ£μ ¤μ§-
´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¤²Ö ÔÉ¨Ì Î ¸É¨Í ¨³¥¥É Ì · ±É¥·´Ò° ³ ±¸¨³Ê³ ¢ ±μ´Í¥ ¶·μ¡¥£  (¶¨±
�·Ô££ ), §  ±μÉμ·Ò³ ¤μ§  ·¥§±μ ¸¶ ¤ ¥É ¤μ ´Ê²Ö. ‚¥²¨Î¨´  Ô´¥·£¨¨, ¢Ò¤¥²Ö¥³μ° ¶·μ-
Éμ´ ³¨ ¢ ¶¨±¥, ³μ¦¥É ¢ ´¥¸±μ²Ó±μ · § ¶·¥¢ÒÏ ÉÓ ÔÉÊ ¦¥ ¢¥²¨Î¨´Ê ´  ¢Ìμ¤¥ ¢ μ¡Ñ¥±É.
�Éμ ¶μ§¢μ²Ö¥É ¶μ¤¢¥¸É¨ ´¥μ¡Ìμ¤¨³ÊÕ ¤μ§Ê ± μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨, ³ ±¸¨³ ²Ó´μ ¸´¨§¨¢
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²ÊÎ¥¢ÊÕ ´ £·Ê§±Ê ´  É± ´¨ ¨ μ·£ ´Ò, · ¸¶μ²μ¦¥´´Ò¥ ´  ¶ÊÉ¨ ¶ÊÎ± , ¨ ¶· ±É¨Î¥¸±¨ ´¥
μ¡²ÊÎ Ö μ¡² ¸ÉÓ §  μ¶ÊÌμ²ÓÕ.

’ ± ± ± ¸¶ ¤ ¤μ§Ò μÉ ³ ±¸¨³ ²Ó´μ£μ ¤μ ´Ê²¥¢μ£μ §´ Î¥´¨Ö §  ¶¨±μ³ �·Ô££  ¶·μ¨¸-
Ìμ¤¨É ¢¸¥£μ ´  ´¥¸±μ²Ó±¨Ì ³¨²²¨³¥É· Ì ¢μ¤Ò, Éμ ¤ ¦¥ ¶·¨ ´¥§´ Î¨É¥²Ó´μ³ ¨§³¥´¥´¨¨
£²Ê¡¨´Ò ¶·μ´¨±´μ¢¥´¨Ö ¶ÊÎ±  ¢ É± ´Ó ¶·μ¸É· ´¸É¢¥´´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¤μ§Ò μÉ´μ¸¨-
É¥²Ó´μ · ¸¸Î¨É ´´μ£μ ¶·μ£· ³³μ° ¶² ´¨·μ¢ ´¨Ö ³μ¦¥É ¸¨²Ó´μ ¨¸± §¨ÉÓ¸Ö. �Éμ, ¢ ¸¢μÕ
μÎ¥·¥¤Ó, ³μ¦¥É ¶·¨¢¥¸É¨ ± ´¥¤μμ¡²ÊÎ¥´¨Õ μ¶ÊÌμ²¨ ¨²¨ ± ¶¥·¥μ¡²ÊÎ¥´¨Õ ±·¨É¨Î¥¸±¨Ì
¸É·Ê±ÉÊ·, ´¥¶μ¸·¥¤¸É¢¥´´μ ¶·¨²¥£ ÕÐ¨Ì ± μ¡²ÊÎ ¥³μ° ³¨Ï¥´¨. �μÔÉμ³Ê ¶μ · ¤¨μ²μ£¨-
Î¥¸±¨³ É·¥¡μ¢ ´¨Ö³ μÉ±²μ´¥´¨¥ £²Ê¡¨´Ò ¶·μ´¨±´μ¢¥´¨Ö ¶ÊÎ±  μÉ É·¥¡Ê¥³μ£μ §´ Î¥´¨Ö
´¥ ¤μ²¦´μ ¶·¥¢ÒÏ ÉÓ 1 ³³.

“¸²μ¢¨Ö Ëμ·³¨·μ¢ ´¨Ö ¨ É· ´¸¶μ·É¨·μ¢±¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  μÉ Ë §μÉ·μ´  ‹Ÿ�
�ˆŸˆ ± ¶·μÍ¥¤Ê·´Ò³ ± ¡¨´ ³ Œ’Š É ±μ¢Ò, ÎÉμ ¸·¥¤´ÖÖ Ô´¥·£¨Ö Î ¸É¨Í ¢ ¶ÊÎ±¥ ¢
³¥¸É¥ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢ ³μ¦¥É ¢ ·Ó¨·μ¢ ÉÓ¸Ö ¢ ¤μ¢μ²Ó´μ Ï¨·μ±¨Ì ¶·¥¤¥² Ì ¢ É¥Î¥-
´¨¥ ¸¥ ´¸  É¥· ¶¨¨. �Éμ μ¡Ê¸²μ¢²¥´μ, ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó, ´ ²¨Î¨¥³ · §²¨Î´μ£μ ·μ¤  ´¥-
¸É ¡¨²Ó´μ¸É¥° ³ £´¨É´μ£μ ¶μ²Ö ¢ ¶μ¢μ·μÉ´ÒÌ ³ £´¨É Ì É· ±É  É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ± .
�μÔÉμ³Ê ´¥μ¡Ìμ¤¨³μ ±μ´É·μ²¨·μ¢ ÉÓ ¶·μ¡¥£ ¶·μÉμ´´μ£μ ¶ÊÎ±  ´¥¶μ¸·¥¤¸É¢¥´´μ ¢μ ¢·¥³Ö
μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢.

‚ · §· ¡μÉ ´´μ° ¸¨¸É¥³¥ ¤²Ö ¨§³¥·¥´¨Ö μÉ´μ¸¨É¥²Ó´ÒÌ §´ Î¥´¨° ¨μ´¨§ Í¨μ´´ÒÌ ¶μ-
É¥·Ó ¶·μÉμ´μ¢ ¨¸¶μ²Ó§μ¢ ´Ò ¶·μ³ÒÏ²¥´´Ò¥ · ¤¨μÉ¥Ì´¨Î¥¸±¨¥ ¤¨μ¤Ò 2„212� [2]. —Ê¢-
¸É¢¨É¥²Ó´Ò° μ¡Ñ¥³ ¤¨μ¤μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¨¸± ¤¨ ³¥É·μ³ 3 ³³ ¨ Éμ²Ð¨´μ° μ±μ²μ
0,2 ³³, ÎÉμ ¶μ§¢μ²Ö¥É ±μ´É·μ²¨·μ¢ ÉÓ ¶μ²μ¦¥´¨¥ ¶¨±  �·Ô££  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ Ìμ-
·μÏ¨³ · §·¥Ï¥´¨¥³ ¶μ £²Ê¡¨´¥ ¶·μ´¨±´μ¢¥´¨Ö ¢ ¢¥Ð¥¸É¢¥. Š·μ³¥ Éμ£μ, μ´¨ Ö¢²ÖÕÉ¸Ö
¤μ¸É ÉμÎ´μ · ¤¨ Í¨μ´´μ-¸Éμ°±¨³¨ ¨ ³μ£ÊÉ ¨¸¶μ²Ó§μ¢ ÉÓ¸Ö ¡¥§ § ³¥´Ò ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó-
±¨Ì ²¥É · ¡μÉÒ ¢ ¸¥ ´¸ Ì ¶·μÉμ´´μ° É¥· ¶¨¨.

Š ± ¶· ¢¨²μ, ¶·¨ ¶·μ¢¥¤¥´¨¨ ¸¥ ´¸  É¥· ¶¨¨ ¢ ¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê ¢Ò¢μ¤¨É¸Ö ¶Ê-
Îμ± Éμ²Ó±μ ¸ μ¤´μ° Ë¨±¸¨·μ¢ ´´μ° Ô´¥·£¨¥°. �¥·¥¤ ´ Î ²μ³ ¸¥ ´¸  ¶·μ¡¥£ ¶ÊÎ±  ¨§-
³¥·Ö¥É¸Ö  ´ ²¨§ Éμ·μ³ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ ³¨´¨ ÉÕ·´μ£μ ¤μ§¨³¥É·¨Î¥¸±μ£μ ±·¥³´¨¥¢μ£μ
¤¥É¥±Éμ· , ¶¥·¥³¥Ð ¥³μ£μ ¢ ¢μ¤´μ³ Ë ´Éμ³¥ ¶μ¤ Ê¶· ¢²¥´¨¥³ ±μ³¶ÓÕÉ¥·  [3]. �μ-
¸²¥ ÔÉμ£μ Ê¸É ´μ¢²¥´´μ¥ §´ Î¥´¨¥ ¶·μ¡¥£  ´Ê¦´μ ±μ´É·μ²¨·μ¢ ÉÓ ´  ¶·μÉÖ¦¥´¨¨ ¢¸¥£μ
¸¥ ´¸  É¥· ¶¨¨. ˆ§ ÔÉμ£μ ¸²¥¤Ê¥É, ÎÉμ ± ¸¨¸É¥³¥ ±μ´É·μ²Ö ¶·μ¡¥£  ´¥ ¶·¥¤ÑÖ¢²Ö¥É¸Ö É·¥-
¡μ¢ ´¨e ¨§³¥·¥´¨Ö  ¡¸μ²ÕÉ´μ£μ §´ Î¥´¨Ö ¶·μ¡¥£  ¶ÊÎ± , ´¥μ¡Ìμ¤¨³μ ²¨ÏÓ ¨§³¥·ÖÉÓ ¥£μ
¸³¥Ð¥´¨¥.

�Ò²μ ¶·μ¢¥¤¥´μ ±μ³¶ÓÕÉ¥·´μ¥ ³μ¤¥²¨·μ¢ ´¨¥ ¸ Í¥²ÓÕ μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢  ¤¨-
μ¤μ¢, ´¥μ¡Ìμ¤¨³μ£μ ¤²Ö ¨§³¥·¥´¨Ö ¶·μ¡¥£  ¶ÊÎ±  ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ. �± § ²μ¸Ó,
ÎÉμ ¤²Ö ·¥Ï¥´¨Ö ¶μ¸É ¢²¥´´μ° § ¤ Î¨ ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¢¸¥£μ Î¥ÉÒ·¥ ¤¨μ¤ , ¥¸²¨
¤¢  ¨§ ´¨Ì Ê¸É ´μ¢¨ÉÓ ´  ¶μ¤Ñ¥³¥ ¶¨±  �·Ô££ ,   ¤¢  ¤·Ê£¨Ì Å ´  ¥£μ ¸¶ ¤¥ (·¨¸. 2).
‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨ ´¥ μÎ¥´Ó ¡μ²ÓÏ¨Ì μÉ±²μ´¥´¨ÖÌ ¶·μ¡¥£  μÉ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö
(¤μ 10 ³³ ¢μ¤Ò) ¶μ± § ´¨Ö ¤¨μ¤μ¢ Ìμ·μÏμ  ¶¶·μ±¸¨³¨·ÊÕÉ¸Ö £¨¶¥·¡μ²μ° ¨ ¸³¥Ð¥´¨¥
¶·μ¡¥£  ³μ¦¥É ¡ÒÉÓ ¢ÒÎ¨¸²¥´μ ¸ ´¥μ¡Ìμ¤¨³μ° ÉμÎ´μ¸ÉÓÕ.

�·μ¢¥¤¥´´Ò¥ ¨§³¥·¥´¨Ö ±·¨¢μ° �·Ô££  ¸ ¶μ³μÐÓÕ ¤¨μ¤  2„212� ¶μ± § ²¨, ÎÉμ ¨§-
³¥´¥´¨¥ ¸·¥¤´¥° Ô´¥·£¨¨ ¶ÊÎ± , ¶·¨ ±μÉμ·μ³ ¶·μ¡¥£ ¸³¥Ð ¥É¸Ö ´  1 ³³ ¢μ¤Ò, ¶·¨-
¢μ¤¨É ± ¨§³¥´¥´¨Õ ¸¨£´ ²  ¤¨μ¤  (¢ μ¡² ¸É¨ ¶¨±  ´  ¥£μ £· ¤¨¥´É Ì) ¢ ¸·¥¤´¥³ ´ 
5%, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ ¶·¥¢ÒÏ ¥É ¸É É¨¸É¨Î¥¸±ÊÕ ¨  ¶¶ · ÉÊ·´ÊÕ ÉμÎ´μ¸ÉÓ ¨§³¥·¥´¨°
(μ±μ²μ 2 %).

�¶¶ · É´ Ö ·¥ ²¨§ Í¨Ö ÔÉμ° ¨¤¥¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 3. ‡ ³¥¤²¨É¥²Ó ¨ ¤¨μ¤Ò Ê¸É -
´μ¢²¥´Ò ´¨¦¥  ¶¥·ÉÊ·Ò ±μ²²¨³ Éμ· , · ¸¶μ²μ¦¥´´μ£μ ´  ¢Ìμ¤¥ ¶ÊÎ±  ¢ ¶·μÍ¥¤Ê·´ÊÕ
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�¨¸. 2. ‚¨¤ ±·¨¢ÒÌ �·Ô££  ¨ ¢Ò¡¨· ¥³μ¥ ´  ´¨Ì · ¸¶μ²μ¦¥´¨¥ ÉμÎ¥± ±μ´É·μ²Ö: 1 Å ´μ·³ ²Ó´ Ö

±·¨¢ Ö; 2 Å ¸³¥Ð¥´´ Ö ±·¨¢ Ö

± ¡¨´Ê. ’ ±¨³ μ¡· §μ³, ¢ ¶μ²¥§´ÊÕ Î ¸ÉÓ ¶ÊÎ± , ¶·μÌμ¤ÖÐÊÕ ¸±¢μ§Ó  ¶¥·ÉÊ·Ê ±μ²²¨-
³ Éμ·  ¨ ¨¸¶μ²Ó§Ê¥³ÊÕ ¤²Ö μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢, ´¥ ¢´μ¸¨É¸Ö ´¨± ±¨Ì ¤μ¶μ²´¨É¥²Ó´ÒÌ
¨¸± ¦¥´¨°.

‚ ± Î¥¸É¢¥ ³ É¥·¨ ²  § ³¥¤²¨É¥²Ö ¡Ò² ¢Ò¡· ´ ¤Õ· ²Õ³¨´¨°, ´μ ¢μ§³μ¦´μ É ±¦¥
¨¸¶μ²Ó§μ¢ ´¨¥ ¨ ¤·Ê£¨Ì ³ É¥·¨ ²μ¢, ´ ¶·¨³¥· ¸É ²¨, Éa± ±a± ¨§³¥·¥´¨Ö ¶·μ¡¥£  ¶ÊÎ± 
Ö¢²ÖÕÉ¸Ö μÉ´μ¸¨É¥²Ó´Ò³¨. �´ ¸μ¸Éμ¨É ¨§ É·¥Ì ¸±·¥¶²Ö¥³ÒÌ ¢³¥¸É¥ ¤¥É ²¥°. „¥É ²Ó 1
¶·¥¤´ §´ Î¥´  ¤²Ö ÊÎ¥É  · §´μ¸É¥° Éμ²Ð¨´ ¤μ¶μ²´¨É¥²Ó´μ£μ § ³¥¤²¨É¥²Ö ¤²Ö ± ¦¤μ£μ ¨§
¤¨μ¤μ¢,   É ±¦¥ ¤²Ö ±·¥¶²¥´¨Ö ¢¸¥° ±μ´¸É·Ê±Í¨¨ ¨ ¤¨μ¤μ¢ ± ±μ²²¨³ Éμ·Ê.

�¨¸. 3. � ¸¶μ²μ¦¥´¨¥ ¤¨μ¤μ¢ ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ § ³¥¤²¨É¥²Ö μÉ´μ¸¨É¥²Ó´μ ¶¥·¢μ£μ ±μ²²¨³ Éμ· 

¨ ¶·μÉμ´´μ£μ ¶ÊÎ± 

‚Éμ· Ö Î ¸ÉÓ § ³¥¤²¨É¥²Ö (¤¥É ²Ó 2), ²¥£±μ¸Ñe³´ Ö, ¶·¥¤´ §´ Î¥´  ¤²Ö μ¸´μ¢´μ£μ
£ Ï¥´¨Ö Ô´¥·£¨¨ ¶·μÉμ´μ¢. �·¨ ¢Ò¢μ¤¥ ¢ ¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê ¶ÊÎ±  ¸ ¤·Ê£μ° Ô´¥·£¨¥°
ÔÉ  ¤¥É ²Ó ³μ¦¥É ¡ÒÉÓ ²¥£±μ § ³¥´¥´  ´  ¤·Ê£ÊÕ ¤¥É ²Ó ´Ê¦´μ° Éμ²Ð¨´Ò. „¥É ²Ó 3
¶·¥¤´ §´ Î¥´  ¤²Ö μ±μ´Î É¥²Ó´μ£μ ¶μ¤¡μ·  ¸Ê³³ ·´μ° Éμ²Ð¨´Ò § ³¥¤²¨É¥²Ö ¸ ¶μ³μÐÓÕ
¤Õ· ²Õ³¨´¨¥¢ÒÌ ¶² ¸É¨´ Éμ²Ð¨´μ° 1 ³³.
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3. 	‹…Š’���ˆŠ� ‘š…Œ� ˆ�”��Œ�–ˆˆ

‚ · ¡μÎ¥³ ·¥¦¨³¥ ¶·¨ ¶·μÌμ¦¤¥´¨¨ Î¥·¥§ ¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê ¨ ¤¨μ¤Ò É¥· ¶¥¢É¨-
Î¥¸±μ£μ ¶ÊÎ±  ¶·μÉμ´μ¢ ¸ ¸¨£´ ²Ó´ÒÌ ¶·μ¢μ²μÎ¥± ¨ ¤¨μ¤μ¢ ¢μ§´¨± ¥É Éμ± ¶μ·Ö¤±  0,1 ´�.
„²Ö ¨§³¥·¥´¨Ö ÔÉ¨Ì ¸¨£´ ²μ¢ ¡Ò² · §· ¡μÉ ´ ¨ ¨§£μÉμ¢²¥´ ³μ¤Ê²Ó ¢ ¸É ´¤ ·É¥ Š�Œ�Š ´ 
μ¸´μ¢¥ ³¨±·μ¸Ì¥³Ò TERA [4]. Œ¨±·μ¸Ì¥³  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° 64-± ´ ²Ó´Ò° 16-¡¨É´Ò°
¸É·μ¡¨·Ê¥³Ò° ¶·¥μ¡· §μ¢ É¥²Ó ¢Ìμ¤´μ£μ Éμ±  ¢ ¶·μ¶μ·Í¨μ´ ²Ó´Ò° ¥³Ê Í¨Ë·μ¢μ° ±μ¤.
Š ¦¤Ò° ± ´ ² ¸μ¸Éμ¨É ¨§ ¤¢ÊÌ Î ¸É¥°:  ´ ²μ£μ¢μ° ¨ Í¨Ë·μ¢μ° (·¨¸. 4). �´ ²μ£μ¢ Ö
Î ¸ÉÓ ¸μ¸Éμ¨É ¨§ ±μ´¢¥·É¥·  Éμ±ÄÎ ¸ÉμÉ . ®Š¢ ´É¯ Éμ± , ¸μμÉ¢¥É¸É¢ÊÕÐ¨° μ¤´μ³Ê ¨³-
¶Ê²Ó¸Ê, ¸μ¸É ¢²Ö¥É 600 ËŠ², ÎÉμ ¶μ§¢μ²Ö¥É ¨§³¥·ÖÉÓ ¢Ìμ¤´Ò¥ Éμ±¨ ¢ ¤¨ ¶ §μ´¥ μÉ 0,1 ´�
¤μ 1 ³±� ¸ ÉμÎ´μ¸ÉÓÕ ´¥ ÌÊ¦¥ 1 %.

�¨¸. 4. �²μ±-¸Ì¥³  μ¤´μ£μ ¨§ ± ´ ²μ¢ �ˆ‘ ®TERA¯

ˆ³¶Ê²Ó¸Ò ¸ ±μ´¢¥·É¥·  Éμ±ÄÎ ¸ÉμÉ  ¶μ¸ÉÊ¶ ÕÉ ´  16-¡¨É´Ò° ¸Î¥ÉÎ¨± ¨ ¢ÒÌμ¤´μ° ¡Ê-
Ë¥·. ‚´¥Ï´¥° ±μ³ ´¤μ° ®Latch¯ ¤ ´´Ò¥ ¸μ ¢¸¥Ì ¸Î¥ÉÎ¨±μ¢ μ¤´μ¢·¥³¥´´μ § ¶¨¸Ò¢ ÕÉ¸Ö
¢ ¢ÒÌμ¤´Ò¥ ¡ÊË¥·Ò ¨ § É¥³ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸Î¨ÉÒ¢ ÕÉ¸Ö ¢ ¶ ³ÖÉÓ ±μ³¶ÓÕÉ¥· .

�²μ± ¶·¥μ¡· §μ¢ É¥²¥° Ê¸É ´μ¢²¥´ ¢ ¶·μÍ¥¤Ê·´μ° ± ¡¨´¥ ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ° ¡²¨§μ-
¸É¨ μÉ ± ³¥·Ò ¨ ¤¨μ¤μ¢, ÎÉμ ¶μ§¢μ²Ö¥É ¸¢¥¸É¨ ± ³¨´¨³Ê³Ê Ê·μ¢¥´Ó ¢´¥Ï´¨Ì ´ ¢¥¤¥´´ÒÌ
¸¨£´ ²μ¢ ¨ ±·μ¸¸-Éμ±μ¢ ³¥¦¤Ê ± ´ ² ³¨. „²Ö ¥£μ ¸μ¶·Ö¦¥´¨Ö ¸ ±μ³¶ÓÕÉ¥·μ³ ¨¸¶μ²Ó§Ê-
ÕÉ¸Ö ¸É ´¤ ·É´Ò¥ ¡²μ±¨ Š�Œ�Š: ·¥£¨¸É· ¢¢μ¤ -¢Ò¢μ¤  Šˆ015 [5] ¨ ±μ´É·μ²²¥· ±·¥°É 
ŠŠ009 [6], Ê¸É ´μ¢²¥´´Ò¥ ¢ ¶Ê²ÓÉμ¢μ³ ¶μ³¥Ð¥´¨¨.

4. ‘ˆ‘’…Œ� �’�“‘Š� „�‡›

‚ ¸μ¸É ¢ ¸¨¸É¥³Ò μÉ¶Ê¸±  ¤μ§Ò ¢Ìμ¤ÖÉ: ³μ´¨Éμ·´ Ö ¶²μ¸±μ¶ · ²²¥²Ó´ Ö ¨μ´¨§ Í¨-
μ´´ Ö ± ³¥· , ¶·¥μ¡· §μ¢ É¥²Ó Éμ±ÄÎ ¸ÉμÉ , ¸Î¥ÉÎ¨±-Î ¸ÉμÉμ³¥·, Ï¥¸É¨· §·Ö¤´Ò° ¤¥¸Ö-
É¨Î´Ò° Ê¸É ´μ¢μÎ´Ò° ¸Î¥ÉÎ¨± ¨ Ê¶· ¢²ÖÕÐ¨° ¡²μ± (·¨¸. 5).

Œμ´¨Éμ·´ Ö ± ³¥·  Ê¸É ´μ¢²¥´  ´  ¢Ìμ¤¥ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ ¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê
(¶μ¸²¥ ³´μ£μ¶·μ¢μ²μÎ´μ° ± ³¥·Ò). ’μ± ¸  ´μ¤´ÒÌ ¶²μ¸±μ¸É¥° ± ³¥·Ò ¶μ¤ ¥É¸Ö ´  ¶·¥-
μ¡· §μ¢ É¥²Ó Éμ±ÄÎ ¸ÉμÉ , ¢Ò¶μ²´¥´´Ò° ¢ ³¥Ì ´¨Î¥¸±μ³ ¸É ´¤ ·É¥ Š�Œ�Š. ‘ ¢ÒÌμ¤ 
¶·¥μ¡· §μ¢ É¥²Ö ¨³¶Ê²Ó¸Ò ¶μ¸ÉÊ¶ ÕÉ ´  ¸Î¥ÉÎ¨±-Î ¸ÉμÉμ³¥· ¤²Ö ±μ´É·μ²Ö ¨´É¥´¸¨¢´μ-
¸É¨ ¶ÊÎ±  ¨ ´  Ï¥¸É¨· §·Ö¤´Ò° ¤¥¸ÖÉ¨Î´Ò° Ê¸É ´μ¢μÎ´Ò° ¸Î¥ÉÎ¨± ¡²μ±  μÉ¶Ê¸±  ¤μ§Ò.

“¸É ´μ¢μÎ´Ò° ¸Î¥ÉÎ¨± ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¸μ¡¸É¢¥´´μ Ï¥¸É¨· §·Ö¤´Ò° ¤¥¸ÖÉ¨Î´Ò° ¸Î¥É-
Î¨±, Ï¥¸É¨· §·Ö¤´Ò° ¤¥¸ÖÉ¨Î´Ò° ·¥£¨¸É· ¸ Ê¸É·μ°¸É¢μ³ ¢¢μ¤  Î¨¸²  ¨ ¸Ì¥³Ò ¸· ¢´¥´¨Ö
Î¨¸¥². ‘Î¥ÉÎ¨± ¨ ·¥£¨¸É· ¨³¥ÕÉ ¢¨§Ê ²Ó´ÊÕ ¨´¤¨± Í¨Õ ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ´¨Ì §´ Î¥´¨°.

�·¨ · ¢¥´¸É¢¥ § ¶¨¸ ´´μ£μ ¢ ·¥£¨¸É· Î¨¸²  ¨ ´ ¡· ´´μ£μ Î¨¸²  ¨³¶Ê²Ó¸μ¢ ¸Î¥ÉÎ¨±μ³
¸Ì¥³  ¸· ¢´¥´¨Ö Î¨¸¥² ¡²μ±¨·Ê¥É ¤ ²Ó´¥°Ï¨° ´ ¡μ· Î¨¸²  ¸Î¥ÉÎ¨±μ³ ¨ ¶μ¤ ¥É ¸¨£´ ² ´ 
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Ê¶· ¢²ÖÕÐ¨° ¡²μ±. ‘ Ê¶· ¢²ÖÕÐ¥£μ ¡²μ±  § ¶·¥Ð ÕÐ¨° ¸¨£´ ² ¶μ¤ ¥É¸Ö ´  ¡²μ±¨ Ê¶· -
¢²¥´¨Ö Ê¸±μ·¨É¥²¥³ ¤²Ö ¡Ò¸É·μ£μ (μ±μ²μ 50 ³±¸) ¶·¥·Ò¢ ´¨Ö ¶ÊÎ± ,   É ±¦¥ ¤Ê¡²¨·Ê¥É¸Ö
´  ¸¨¸É¥³Ê ¡²μ±¨·μ¢μ± μÉ±²ÕÎ¥´¨Ö ‚—-¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö.

�¨¸. 5. �²μ±-¸Ì¥³  ¸¨¸É¥³Ò μÉ¶Ê¸±  ¤μ§Ò

‚ ´ Î ²¥ ± ¦¤μ£μ ¸¥ ´¸  · ¤¨μÉ¥· ¶¨¨ ¶·μ¢μ¤¨É¸Ö ± ²¨¡·μ¢±  ¸¨¸É¥³Ò μÉ¶Ê¸±  ¤μ§Ò
¸ ¶μ³μÐÓÕ ¶μ¢¥·¥´´μ£μ ±²¨´¨Î¥¸±μ£μ ¤μ§¨³¥É· , Ê¸É ´ ¢²¨¢ ¥³μ£μ ¢ ³¥¸É¥ μ¡²ÊÎ¥´¨Ö
¶ Í¨¥´Éμ¢. �É¨ ¨§³¥·¥´¨Ö ¤ ÕÉ ¢μ§³μ¦´μ¸ÉÓ ¶¥·¥¸Î¨É ÉÓ ¤μ§Ê, ¶μ²ÊÎ ¥³ÊÕ ¶ Í¨¥´Éμ³
¶·¨ μ¡²ÊÎ¥´¨¨ ¶·μÉμ´´Ò³ ¶ÊÎ±μ³, ¢ Î¨¸²μ ¨³¶Ê²Ó¸μ¢ ¶·¥μ¡· §μ¢ É¥²Ö Éμ±ÄÎ ¸ÉμÉ .

�¥·¥¤ μ¡²ÊÎ¥´¨¥³ ¶ Í¨¥´É  ¢ ·¥£¨¸É· Ê¸É ´μ¢μÎ´μ£μ ¸Î¥ÉÎ¨±  § ´μ¸¨É¸Ö Î¨¸²μ, ¸μμÉ-
¢¥É¸É¢ÊÕÐ¥¥ § ¤ ´´μ° ¢· Îμ³ ¤μ§¥. �·¨ ¢±²ÕÎ¥´¨¨ Ê¸±μ·¨É¥²Ö ´ Î¨´ ¥É¸Ö ¶μ¤¸Î¥É ¸Î¥É-
Î¨±μ³ Î¨¸²  ¨³¶Ê²Ó¸μ¢, ¶μ¸ÉÊ¶ ÕÐ¨Ì ¸ ¶·¥μ¡· §μ¢ É¥²Ö Éμ±ÄÎ ¸ÉμÉ . �·¨ ¤μ¸É¨¦¥´¨¨
· ¢¥´¸É¢  §´ Î¥´¨°, ¸μ¤¥·¦ Ð¨Ì¸Ö ¢ ·¥£¨¸É·¥ ¨ ¢ ¸Î¥ÉÎ¨±¥ (§ ¤ ´´ Ö ¤μ§  ¨ μÉ¶ÊÐ¥´´ Ö
¤μ§ ), ¸· ¡ ÉÒ¢ ¥É ¸Ì¥³  ¸· ¢´¥´¨Ö Î¨¸¥² ¨ ¶·μ¨¸Ìμ¤¨É μÉ±²ÕÎ¥´¨¥ Ê¸±μ·¨É¥²Ö.

5. Š�Œ�œ�’…���Ÿ ���ƒ��ŒŒ� “���‚‹…�ˆŸ ˆ‡Œ…�…�ˆŸŒˆ

„²Ö ¸Î¨ÉÒ¢ ´¨Ö, μ¡· ¡μÉ±¨ ¨ ¢¨§Ê ²Ó´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¨´Ëμ·³ Í¨¨ ¸ ¨μ´¨§ Í¨μ´-
´μ° ± ³¥·Ò ¨ ¤¨μ¤μ¢ ¢ ¸·¥¤¥ ®Turbo Pascal¯ ¡Ò²  ´ ¶¨¸ ´  ¸¶¥Í¨ ²Ó´ Ö ±μ³¶ÓÕÉ¥·´ Ö
¶·μ£· ³³  ®Beam Control¯. �·μ£· ³³  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¢ · §²¨Î´ÒÌ ·¥-
¦¨³ Ì, ¢Ò¡¨· ¥³ÒÌ ¢ § ¢¨¸¨³μ¸É¨ μÉ É¥±ÊÐ¥° § ¤ Î¨. �¸´μ¢´Ò¥ ·¥¦¨³Ò μ¶¨¸ ´Ò ´¨¦¥.

ˆ§³¥·¥´¨¥ Ëμ´μ¢μ£μ ¸¨£´ ² . �ÉμÉ ·¥¦¨³ ¸²Ê¦¨É ¤²Ö ¨§³¥·¥´¨Ö ¸¨£´ ²μ¢, ¶μ¸ÉÊ¶ Õ-
Ð¨Ì ¡¥§ ¶·μÌμ¦¤¥´¨Ö Î¥·¥§ ¤¥É¥±Éμ·Ò ¶·μÉμ´´μ£μ ¶ÊÎ± , É. ¥. Éμ±μ¢ ÊÉ¥Î±¨, ¥¸²¨ É ±μ¢Ò¥
¶·¨¸ÊÉ¸É¢ÊÕÉ. ˆ§³¥·¥´´Ò¥ ¤ ´´Ò¥ § ´μ¸ÖÉ¸Ö ¢ Ë °² ¨ ¸μÌ· ´ÖÕÉ¸Ö ´  ¦e¸É±μ³ ¤¨¸±¥
±μ³¶ÓÕÉ¥· . ‡ É¥³ ¢μ ¢·¥³Ö ¨§³¥·¥´¨Ö ¸¨£´ ²μ¢ Ê¦¥ ¶·¨ ´ ²¨Î¨¨ ¶ÊÎ±  ÔÉ¨ §´ Î¥´¨Ö
¢ÒÎ¨É ÕÉ¸Ö ¨§ ¶μ± § ´¨° ¤¥É¥±Éμ·μ¢.

�¥¦¨³ ¶μ¤¡μ·  Éμ²Ð¨´Ò ¤μ¶μ²´¨É¥²Ó´μ£μ § ³¥¤²¨É¥²Ö ¶·¥¤´ §´ Î¥´ ¤²Ö ¨§³¥·¥´¨Ö
¶¨±  �·Ô££  ¢ ¤Õ· ²Õ³¨´¨¨ ¸ ¶μ³μÐÓÕ ¤¨μ¤μ¢ ¸¨¸É¥³Ò. �´ ¶μ§¢μ²Ö¥É ¶μ¤μ¡· ÉÓ ¸Ê³-
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³ ·´ÊÕ Éμ²Ð¨´Ê ¤μ¶μ²´¨É¥²Ó´μ£μ § ³¥¤²¨É¥²Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ¢Ò¡· ´´ÒÌ ®·¥¶¥·´ÒÌ¯
ÉμÎ¥± ´  ¶μ²ÊÎ¥´´μ° ±·¨¢μ°.

�¥¦¨³ ± ²¨¡·μ¢±¨. Š ± Ê¦¥ ¡Ò²μ ¸± § ´μ ¢ÒÏ¥, ¶¥·¥¤ ´ Î ²μ³ ± ¦¤μ£μ ¸¥ ´¸  É¥-
· ¶¨¨ ¶·μË¨²¨ ¨ ¶·μ¡¥£ ¶ÊÎ±  ¢ ³¥¸É¥ μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢ ´ ¸É· ¨¢ ÕÉ¸Ö ¸ ¶μ³μÐÓÕ
¸¶¥Í¨ ²Ó´μ£μ ¶·¨¡μ·  Å  ´ ²¨§ Éμ·  ¶ÊÎ± . ‘· §Ê ¶μ¸²¥ ÔÉμ£μ § ¶Ê¸± ¥É¸Ö ·¥¦¨³ ± -
²¨¡·μ¢±¨ ± ³¥·Ò ¨ ¤¨μ¤μ¢. ‚ÒÌμ¤´Ò¥ ¸¨£´ ²Ò § ¶¨¸Ò¢ ÕÉ¸Ö ¢ ¸¶¥Í¨ ²Ó´Ò° Ë °² ¨ ¢
¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¢ ± Î¥¸É¢¥ ÔÉ ²μ´  ¤²Ö ¸· ¢´¥´¨Ö ¸ É¥±ÊÐ¨³¨ §´ Î¥´¨Ö³¨.

Šμ´É·μ²Ó ¶ · ³¥É·μ¢ ¶ÊÎ± . ‚ ÔÉμ³ ·¥¦¨³¥ ¶·μ£· ³³  ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¢¨§Ê-
 ²Ó´μ¥ ´ ¡²Õ¤¥´¨¥ ± ± §  £μ·¨§μ´É ²Ó´Ò³ ¨ ¢¥·É¨± ²Ó´Ò³ ¶·μË¨²Ö³¨ ¶·μÉμ´´μ£μ ¶ÊÎ± 
¨ ¶¨±μ³ �·Ô££ , μÉμ¡· ¦ ¥³ÒÌ ´  ³μ´¨Éμ·¥ ±μ³¶ÓÕÉ¥·  ¢ ¢¨¤¥ £¨¸Éμ£· ³³, É ± ¨ §  Î¨-
¸²μ¢Ò³¨ §´ Î¥´¨Ö³¨ ¢¥²¨Î¨´ μÉ±²μ´¥´¨Ö ±μ´É·μ²¨·Ê¥³ÒÌ ¶ · ³¥É·μ¢ μÉ ¨Ì §´ Î¥´¨°,
Ê¸É ´μ¢²¥´´ÒÌ ¶·¨ ± ²¨¡·μ¢±¥ (·¨¸. 6). �·¨ ¶·¥¢ÒÏ¥´¨¨ ÌμÉÖ ¡Ò μ¤´μ£μ ¨§ ¶ · ³¥É·μ¢
§ ¤ ´´μ£μ ¢ ¶·μ£· ³³¥ ¶·¥¤¥²  ±μ³¶ÓÕÉ¥· ¶μ¤ ¥É §¢Ê±μ¢μ° ¸¨£´ ² ¶·¥¤Ê¶·¥¦¤¥´¨Ö ¨
μ±· Ï¨¢ ¥É ¸μμÉ¢¥É¸É¢ÊÕÐÊÕ £¨¸Éμ£· ³³Ê ¢ ±· ¸´Ò° Í¢¥É.

�¨¸. 6. �±· ´ · ¡μÉÒ ¶·μ£· ³³Ò ¢ ·¥¦¨³¥ ®±μ´É·μ²Ö¯ ¶·¨ ´μ·³ ²Ó´ÒÌ ¶ · ³¥É· Ì ¶·μÉμ´´μ£μ

¶ÊÎ± 

�¸¨³³¥É·¨Ö ¶·μË¨²Ö ¶ÊÎ±  μÉ´μ¸¨É¥²Ó´μ ¥£μ μ¸¨ ¢ÒÎ¨¸²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³.
�μ ¨§³¥·¥´´Ò³ §´ Î¥´¨Ö³ ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· Éμ¢ ¶·μ¢μ¤¨É¸Ö Ê¸·¥¤´e´´ Ö ¶·Ö-
³ Ö. “£μ² ´ ±²μ´  ÔÉμ° ¶·Ö³μ° μÉ´μ¸¨É¥²Ó´μ μ¸¨  ¡¸Í¨¸¸ Ì · ±É¥·¨§Ê¥É ¸É¥¶¥´Ó  ¸¨³³¥-
É·¨¨ ¶ÊÎ±  ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥³ ´ ¶· ¢²¥´¨¨. ’μÎ´μ¸ÉÓ ±μ´É·μ²¨·μ¢ ´¨Ö ÔÉμ£μ ¶ · ³¥É· 
¸μ¸É ¢²Ö¥É μ±μ²μ 2 %.
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„²Ö Ê¤μ¡¸É¢  ¢¨§Ê ²Ó´μ£μ ´ ¡²Õ¤¥´¨Ö §  ¨§³¥´¥´¨¥³ ¶·μ¡¥£  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¢ £¨-
¸Éμ£· ³³Ê ®BRAGG¯ ³¥¦¤Ê ¸Éμ²¡Í ³¨ ¸¨´¥£μ Í¢¥É , ¶μ± §Ò¢ ÕÐ¨³¨ É¥±ÊÐ¨¥ ¸¨£´ ²Ò
¸ ¤¨μ¤μ¢, ¢¸É ¢²ÖÕÉ¸Ö ±· ¸´Ò¥ ¸Éμ²¡ÍÒ, ¶μ± §Ò¢ ÕÐ¨¥ ®¨¤¥ ²Ó´Ò¥¯ ¸¨£´ ²Ò, ¶μ²ÊÎ¥´-
´Ò¥ ¶·¨ ± ²¨¡·μ¢±¥ ¨ ¸Î¨ÉÒ¢ ¥³Ò¥ ¨§ Ë °² . …¸²¨ ¶·μ¡¥£ Ê³¥´ÓÏ ¥É¸Ö, Éμ ¤¢  ²¥¢ÒÌ
¸¨´¨Ì ¸Éμ²¡Í  £¨¸Éμ£· ³³Ò ¸É ´μ¢ÖÉ¸Ö ¢ÒÏ¥ ®¨¤¥ ²Ó´ÒÌ¯ ±· ¸´ÒÌ,   ¤¢  ¶· ¢ÒÌ, ¸μ-
μÉ¢¥É¸É¢¥´´μ, ´¨¦¥. …¸²¨ ¶·μ¡¥£ ¶ÊÎ±  Ê¢¥²¨Î¨¢ ¥É¸Ö, Éμ ¢¸e ¶·μ¨¸Ìμ¤¨É ¢ μ¡· É´μ³
¶μ·Ö¤±¥.

„²Ö μ¶·¥¤¥²¥´¨Ö ±μ²¨Î¥¸É¢¥´´μ£μ μÉ±²μ´¥´¨Ö ¶·μ¡¥£  μÉ ÔÉ ²μ´´μ£μ §´ Î¥´¨Ö ¶μ-
± § ´¨Ö ¤¨μ¤μ¢  ¶¶·μ±¸¨³¨·ÊÕÉ¸Ö £¨¶¥·¡μ²μ°. ‘³¥Ð¥´¨¥, ¢Ò· ¦¥´´μ¥ ¢ ³¨²²¨³¥É· Ì
¶·μ¡¥£  ¢ ¤Õ· ²Õ³¨´¨¨, ¶·¥μ¡· §Ê¥É¸Ö ¢ ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ §´ Î¥´¨¥ ¤²Ö ¢μ¤Ò ¨ ¢Ò¢μ-
¤¨É¸Ö ´  Ô±· ´ ³μ´¨Éμ·  (®delta¯). ’μÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¸³¥Ð¥´¨Ö ¶¨±  ¸μ¸É ¢²Ö¥É
0,2 ³³ ¢μ¤Ò.

6. ��›’ 	Š‘�‹“�’�–ˆˆ ‘ˆ‘’…Œ›

	  ·¨¸. 6 ¶·¨¢¥¤¥´μ ¨§μ¡· ¦¥´¨¥ Ô±· ´  ³μ´¨Éμ·  ±μ³¶ÓÕÉ¥·  ¢ ·¥¦¨³¥ ®±μ´É·μ²Ö¯
¶·¨ ´μ·³ ²Ó´ÒÌ ¶ · ³¥É· Ì ¶·μÉμ´´μ£μ ¶ÊÎ± . �¡  ¶·μË¨²Ö, £μ·¨§μ´É ²Ó´Ò° ¨ ¢¥·É¨-
± ²Ó´Ò°, ´¥ ¶¥·¥±μÏ¥´Ò ¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶· ±É¨Î¥¸±¨ ¶·Ö³ÊÕ ²¨´¨Õ. ˆ§³¥·¥´´Ò°
¶¨± �·Ô££  É ±¦¥ ¶μÎÉ¨ ¶μ²´μ¸ÉÓÕ ¸μ¢¶ ¤ ¥É ¸ ®¨¤¥ ²Ó´Ò³¯.

�¨¸. 7. �±· ´ · ¡μÉÒ ¶·μ£· ³³Ò ¢ ·¥¦¨³¥ ®±μ´É·μ²Ö¯ ¶·¨ ´¥¸¨³³¥É·¨Î´μ³ ¢ £μ·¨§μ´É ²Ó´μ³
´ ¶· ¢²¥´¨¨ ¶·μË¨²¥ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨ Ê¢¥²¨Î¥´¨¨ ¶·μ¡¥£  ¶ÊÎ±  ´  2 ³³ ¢μ¤Ò
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	  ·¨¸. 7 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ Ô±· ´  ³μ´¨Éμ·  ¢ ¸²ÊÎ ¥, ±μ£¤  ¶·μÉμ´´Ò°
¶ÊÎμ± ¸ ¶μ³μÐÓÕ μÉ±²μ´ÖÕÐ¨Ì ³ £´¨Éμ¢ ¡Ò² ¨¸±Ê¸¸É¢¥´´μ ¶¥·¥±μÏ¥´ ¶μ £μ·¨§μ´É ²¨

�¨¸. 8. ƒμ·¨§μ´É ²Ó´Ò° ¶·μË¨²Ó, ¨§³¥-
·¥´´Ò° ¸ ¶μ³μÐÓÕ  ´ ²¨§ Éμ·  ¶ÊÎ± 

¨ ¥£μ ¶·μ¡¥£ ¡Ò² Ê¢¥²¨Î¥´ ¶·¨³¥·´μ ´  2 ³³
¢μ¤Ò. �¤´μ¢·¥³¥´´μ ¸ ¶μ³μÐÓÕ  ´ ²¨§ Éμ· 
¶ÊÎ±  ¨ ³¨´¨ ÉÕ·´μ£μ ±·¥³´¨¥¢μ£μ ¤¥É¥±Éμ· 
¡Ò² ¨§³¥·¥´ £μ·¨§μ´É ²Ó´Ò° ¶·μË¨²Ó ¢ ³¥¸É¥
μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´É  (·¨¸. 8). Š ± ³μ¦´μ ¢¨¤¥ÉÓ,
¨³¥¥É¸Ö ¤μ¸É ÉμÎ´μ Ìμ·μÏ¥¥ ¸μ¢¶ ¤¥´¨¥ ¨§³¥-
·¥´´ÒÌ ¤¢Ê³Ö ¶·¨¡μ· ³¨ ¶·μË¨²¥°. 	¥±μÉμ·μ¥
¢μ§· ¸É ´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¶μ ±· Ö³ ¶·μ-
Ë¨²Ö ´  ·¨¸. 8 μ¡Ê¸²μ¢²¥´μ É ± ´ §Ò¢ ¥³Ò³ ±μ²-
²¨³ Éμ·´Ò³ ÔËË¥±Éμ³ Å ¢±² ¤μ³ · ¸¸¥Ö´´ÒÌ
´  ¸É¥´± Ì ±μ²²¨³ Éμ·  Î ¸É¨Í.

‘¨¸É¥³  ±μ´É·μ²Ö ¶ · ³¥É·μ¢ ¶ÊÎ±  ¨¸¶μ²Ó-
§μ¢ ² ¸Ó ¢ É¥Î¥´¨¥ £μ¤  ¢ ¸¥ ´¸ Ì ¶·μÉμ´´μ° É¥-
· ¶¨¨, ¶·μ¢μ¤¨³ÒÌ ¢ Œ’Š ‹Ÿ� �ˆŸˆ, ¨ ¶μ-

± § ²  ¸¢μÕ ¨¸±²ÕÎ¨É¥²Ó´ÊÕ ¶μ²¥§´μ¸ÉÓ ± ± ¤²Ö Ê¸±μ·¥´¨Ö ¶·μÍ¥¸¸  ¢Ò¢μ¤  ¶ÊÎ±  ¢
¶·μÍ¥¤Ê·´ÊÕ ± ¡¨´Ê, É ± ¨ ¤²Ö μ¡¥¸¶¥Î¥´¨Ö £ · ´É¨¨ ± Î¥¸É¢  μ¡²ÊÎ¥´¨Ö ¶ Í¨¥´Éμ¢.
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