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„²Ö ·¥ ²¨§ Í¨¨ ¶·μ¤μ²Ó´μ£μ ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¶ÊÎ±μ¢ § ·Ö¦¥´´ÒÌ Î ¸É¨Í ´  ´Ê-
±²μÉ·μ´¥ (�ˆŸˆ, „Ê¡´ ) ¡Ò² · §· ¡μÉ ´ ¨ ¸μ§¤ ´ Ê´¨± ²Ó´Ò° μ¶É¨Î¥¸±¨° £·¥¡¥´Î ÉÒ° Ë¨²ÓÉ·.
‘μ§¤ ´´Ò° Ë¨²ÓÉ· ¨³¥¥É ±μ³¶ ±É´Ò¥ · §³¥·Ò, ³ ²Ò¥ ¢´μ¸¨³Ò¥ ¶μÉ¥·¨ ¨ ¤¨¸¶¥·¸¨Õ. � ¸É·μ°± 
£·¥¡¥´Î Éμ£μ Ë¨²ÓÉ·  ¡Ò²   ¢Éμ³ É¨§¨·μ¢ ´  ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´μ£μ ¶·μ£· ³³´μ£μ
μ¡¥¸¶¥Î¥´¨Ö, ÎÉμ ¶μ§¢μ²¨²μ ¸μ±· É¨ÉÓ ¢·¥³Ö ´ ¸É·μ°±¨ ¨ ¶μ¢Ò¸¨ÉÓ ¥¥ ÉμÎ´μ¸ÉÓ ¤μ ´¥¸±μ²Ó±¨Ì ƒÍ.
‘μ§¤ ´´Ò° Ë¨²ÓÉ· ¸  ¢Éμ³ É¨Î¥¸±μ° ´ ¸É·μ°±μ° Ê¸¶¥Ï´μ ¶·μÏ¥² ¶·μ¢¥·±Ê ¢μ ¢·¥³Ö Ô±¸¶¥·¨³¥´É 
¶μ μÌ² ¦¤¥´¨Õ ¶ÊÎ±  ¤¥°É·μ´μ¢. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò Ì · ±É¥·¨¸É¨±¨ ¸μ§¤ ´´μ£μ Ë¨²ÓÉ· 
¨ · ¸¸³μÉ·¥´  ²£μ·¨É³ ¥£μ  ¢Éμ³ É¨Î¥¸±μ° ´ ¸É·μ°±¨.

New and unique optical comb ˇlter was developed for stochastic cooling system at Nuclotron (JINR,
Dubna). The device has a compact size, low insertion loss and dispersion. Comb ˇlter adjustment was
automated with developed special software, which sufˇciently reduces adjustment time and increases
accuracy up to a few Hz. The ˇlter with automatic adjustment was successfully tested in the experiment
on cooling of deuteron beam. This report presents the characteristics of the new ˇlter and reviews the
automatic adjustment algorithm.
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�¥μ¡Ìμ¤¨³μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¢ ¸É·μÖÐ¥³¸Ö ±μ²² °-
¤¥·¥ NICA É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö ¶·¥¤¢ ·¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ
¨§ÊÎ¥´¨Õ ¢μ§³μ¦´μ¸É¥° ³¥Éμ¤  [1]. „ ´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¢μ¤ÖÉ¸Ö ¸ 2010 £. ´ 
Ê¸±μ·¨É¥²¥ ´Ê±²μÉ·μ´ ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° [2]. � ¨¡μ-
²¥¥ ÔËË¥±É¨¢´Ò° É¨¶ ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö, ±μÉμ·Ò° ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ´ 
´Ê±²μÉ·μ´¥, Å ¶·μ¤μ²Ó´Ò° ³¥Éμ¤ Ë¨²ÓÉ·μ¢. „ ´´Ò° ³¥Éμ¤ μ¸´μ¢ ´ ´  ¶·¨³¥´¥´¨¨ É ±
´ §Ò¢ ¥³μ£μ £·¥¡¥´Î Éμ£μ Ë¨²ÓÉ· . …£μ  ³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´ Ö Ì · ±É¥·¨¸É¨±  ¶·¥¤¸É -
¢²Ö¥É ¸μ¡μ° ·Ö¤ · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´´ÒÌ ³¨´¨³Ê³μ¢ ¢ ¶μ²μ¸¥ ¶·μ¶Ê¸± ´¨Ö,   Ë §  ´ 
± ¦¤μ³ ³¨´¨³Ê³¥ ¨´¢¥·É¨·Ê¥É¸Ö. ‚ μ¡² ¸É¨ Î ¸ÉμÉ Í¨·±Ê²¨·ÊÕÐ¨° ¢ Ê¸±μ·¨É¥²¥ ¶ÊÎμ±
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶μ²μ¸Ò ˜μÉÉ±¨, ¶μÔÉμ³Ê ¥¸²¨ ³¨´¨³Ê³Ò Ë¨²ÓÉ·  ÉμÎ´μ ¸μ¢¶ ¤ ÕÉ
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¸ £ ·³μ´¨± ³¨ Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö ¶ÊÎ± , Éμ ¸¨£´ ² ¶μ¸²¥ Ë¨²ÓÉ·  ¡Ê¤¥É ¶·μ¶μ·Í¨μ-
´ ²¥´ μÉ±²μ´¥´¨Õ Î ¸É¨ÍÒ ¶μ Î ¸ÉμÉ¥, ¸²¥¤μ¢ É¥²Ó´μ, ¶ÊÎμ± ¡Ê¤¥É μÌ² ¦¤ ÉÓ¸Ö. „²Ö
ÔËË¥±É¨¢´μ£μ μÌ² ¦¤¥´¨Ö Ë¨²ÓÉ· ¤μ²¦¥´ ¨³¥ÉÓ £²Ê¡μ±¨¥, μ¤¨´ ±μ¢Ò¥ ³¨´¨³Ê³Ò ¨ ³ -
²ÊÕ ¤¨¸¶¥·¸¨Õ ¢μ ¢¸¥° ¶μ²μ¸¥, ±μÉμ· Ö ¤²Ö ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ¸μ¸É ¢²Ö¥É,
± ± ¶· ¢¨²μ, ´¥¸±μ²Ó±μ ƒƒÍ. �Éμ ¶·¥¤ÑÖ¢²Ö¥É ¢Ò¸μ±¨¥ É·¥¡μ¢ ´¨Ö ± ¥£μ Ê¸É·μ°¸É¢Ê ¨
¶·μÍ¥¤Ê·¥ ´ ¸É·μ°±¨.

1. ‘•…Œ� ˆ •���Š’…�ˆ‘’ˆŠˆ ‘�‡„����ƒ� ”ˆ‹œ’��

ƒ·¥¡¥´Î ÉÒ° Ë¨²ÓÉ· ¤²Ö ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö Å Ê¸É·μ°¸É¢μ, ¢ ±μÉμ·μ³ ¶·μ-
Ìμ¤ÖÐ¨° ¸¨£´ ² ¢ÒÎ¨É ¥É¸Ö ¸ ³ ¨§ ¸¥¡Ö ¸ μ¶·¥¤¥²¥´´μ° § ¤¥·¦±μ°, ¨ §  ¸Î¥É ¨´É¥·Ë¥-
·¥´Í¨¨  ³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´ Ö Ì · ±É¥·¨¸É¨±  Ë¨²ÓÉ·  ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Î¥·¥¤ÊÕÐ¨-
¥¸Ö ³¨´¨³Ê³Ò ¨ ³ ±¸¨³Ê³Ò. Šμ´¸É·Ê±É¨¢´μ Ë¨²ÓÉ· Ê¸É·μ¥´ É ±, ÎÉμ ¢Ìμ¤ÖÐ¨° ¸¨£´ ²
· §¤¥²Ö¥É¸Ö ´  ¤¢  · ¢´ÒÌ ¸¨£´ ² , μ¤¨´ ¨§ ±μÉμ·ÒÌ § ¤¥·¦¨¢ ¥É¸Ö ´  ¶¥·¨μ¤ μ¡· Ð¥-
´¨Ö ¶ÊÎ± , ¶μ¸²¥ Î¥£μ ¸¨£´ ²Ò ¢ÒÎ¨É ÕÉ¸Ö. ‡ ¤¥·¦±  ²¨´¨¨ μ¡· É´μ° ¸¢Ö§¨ μ¶·¥¤¥²Ö¥É
Î ¸ÉμÉÊ ´ ¸É·μ°±¨ Ë¨²ÓÉ· .

’· ¤¨Í¨μ´´μ ¢ Ê¸É ´μ¢± Ì ¶μ ¸ÉμÌ ¸É¨Î¥¸±μ³Ê μÌ² ¦¤¥´¨Õ ¶·¨³¥´ÖÕÉ¸Ö ±μ ±¸¨-
 ²Ó´Ò¥ ¨²¨ ±μ ±¸¨ ²Ó´μ-μ¶É¨Î¥¸±¨¥ (±μ ±¸¨ ²Ó´Ò° Ë¨²ÓÉ· ¸ μ¶Éμ¢μ²μ±μ´´μ° ²¨´¨¥°
§ ¤¥·¦±¨) Ë¨²ÓÉ·Ò. ”¨²ÓÉ·Ò ¸ ±μ ±¸¨ ²Ó´μ° ²¨´¨¥° § ¤¥·¦±¨ [3] ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´Ò¥
´¥¤μ¸É É±¨, μ¡Ê¸²μ¢²¥´´Ò¥ Ì · ±É¥·¨¸É¨± ³¨ ±μ ±¸¨ ²Ó´ÒÌ ²¨´¨°: ¡μ²ÓÏ¨¥ · §³¥·Ò,
¤¨¸¶¥·¸¨Õ, É¥³¶¥· ÉÊ·´ÊÕ § ¢¨¸¨³μ¸ÉÓ. Šμ ±¸¨ ²Ó´μ-μ¶É¨Î¥¸±¨¥ Ë¨²ÓÉ·Ò [4] ²¨Ï¥´Ò
¶μ¤μ¡´ÒÌ ´¥¤μ¸É É±μ¢. ˆ§-§  Éμ£μ, ÎÉμ ¸±μ·μ¸ÉÓ · ¸¶·μ¸É· ´¥´¨Ö ¸¨£´ ²  ¢ μ¶Éμ¢μ²μ±´¥
¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏ Ö,   ¸ ³μ ¢μ²μ±´μ Éμ´±μ¥, Ë¨²ÓÉ· ¶μ²ÊÎ ¥É¸Ö ±μ³¶ ±É´Ò³. „¨¸-
¶¥·¸¨Ö ¸É ´μ¢¨É¸Ö É ±¦¥ ¸ÊÐ¥¸É¢¥´´μ ³¥´ÓÏ¥, É ± ± ± ¨¸¶μ²Ó§Ê¥³ Ö ¶μ²μ¸  2Ä4 ƒƒÍ
³ ²  ¶μ ¸· ¢´¥´¨Õ ¸ μ¶É¨Î¥¸±¨³ ¤¨ ¶ §μ´μ³. ‘¤¥² ÉÓ Ë¨²ÓÉ· ¶μ²´μ¸ÉÓÕ μ¶É¨Î¥¸±¨³ ´¥
¶μ²ÊÎ ¥É¸Ö ¨§-§  μÉ¸ÊÉ¸É¢¨Ö μ¶É¨Î¥¸±μ£μ Ô±¢¨¢ ²¥´É  £¨¡·¨¤´μ£μ ¸μ¥¤¨´¨É¥²Ö ¸ ¨´¢¥·-
¸¨¥° Ë §Ò, μ¤´ ±μ ¤ ²Ó´¥°Ï¥¥ Ê²ÊÎÏ¥´¨¥ Ì · ±É¥·¨¸É¨± ³μ¦´μ ¤μ¸É¨£´ÊÉÓ § ³¥´μ° ¢¸¥Ì
μ¸É ²Ó´ÒÌ ±μ³¶μ´¥´Éμ¢ Ë¨²ÓÉ·  ´  μ¶É¨Î¥¸±¨¥. ˆ§´ Î ²Ó´μ É ±μ° Ë¨²ÓÉ· ¡Ò² ¶·¥¤²μ-
¦¥´ ¢ ˆ¸¸²¥¤μ¢ É¥²Ó¸±μ³ Í¥´É·¥ FZJ (	²¨Ì, ƒ¥·³ ´¨Ö) ¤²Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ
μÌ² ¦¤¥´¨Ö ¡Ê¤ÊÐ¥£μ ´ ±μ¶¨É¥²Ö HESR. ˆ§-§  ¶·μ¸ÉμÉÒ ¸μ§¤ ´¨Ö ¨ ¶·¥¢μ¸Ìμ¤´ÒÌ Ì -
· ±É¥·¨¸É¨± ¶μ¤μ¡´Ò° Ë¨²ÓÉ· ¡Ò² ¢Ò¡· ´ ¨ ¤²Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö
´  ´Ê±²μÉ·μ´¥. ‘Ì¥³  ¸μ§¤ ´´μ£μ £·¥¡¥´Î Éμ£μ Ë¨²ÓÉ·  ¶·¨¢¥¤¥´  ´  ·¨¸. 1.

‘ ¶μ³μÐÓÕ ³μ¤Ê²ÖÉμ·  ² §¥·´Ò° ¸¢¥É ¶·¥μ¡· §μ¢Ò¢ ¥É¸Ö ¢Ìμ¤´Ò³ · ¤¨μÎ ¸ÉμÉ´Ò³
¸¨£´ ²μ³ ¢ μ¶É¨Î¥¸±¨°. „ ²¥¥ ¸¨£´ ² · §¤¥²Ö¥É¸Ö ´  ¤¢¥ ¢¥É¢¨. ‚ ´¨¦´¥° ¢¥É¢¨ Ê¸É -
´μ¢²¥´  ¶¥·¥³¥´´ Ö § ¤¥·¦±  850Ä865 ´¸, μ¡¥¸¶¥Î¨¢ ÕÐ Ö · ¡μÉÊ ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨°

�¨¸. 1. ‘Ì¥³  μ¶É¨Î¥¸±μ£μ £·¥¡¥´Î Éμ£μ Ë¨²ÓÉ· 



�¶É¨Î¥¸±¨° £·¥¡¥´Î ÉÒ° Ë¨²ÓÉ· ¤²Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö 1089

�¨¸. 2 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). �³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´ Ö (±· ¸´Ò° Í¢¥É) ¨ Ë §μÎ ¸ÉμÉ´ Ö

(¸¨´¨°) Ì · ±É¥·¨¸É¨±¨ Ë¨²ÓÉ· , ¨§³¥·¥´´Ò¥ ¢ ¤¨ ¶ §μ´¥ 2,5 ƒƒÍ± 5 ŒƒÍ

∼ 3−4 ƒÔ‚. ‡ ¤¥·¦±  ¸μ¸Éμ¨É ¨§ ± ÉÊÏ±¨ μ¶Éμ¢μ²μ±´ , μ¶É¨Î¥¸±μ£μ ±μ³³ÊÉ Éμ·  0,5Ä
15 ´¸ ¸ Ï £μ³ 0,5 ´¸ ¨ ³μ¤Ê²Ö ¶·¥Í¨§¨μ´´μ° § ¤¥·¦±¨ 0Ä650 ¶¸ ¸ ÉμÎ´μ¸ÉÓÕ 0,01 ¶¸.
‚ μ¡¥¨Ì ¢¥É¢ÖÌ Ê¸É ´μ¢²¥´Ò ¶¥·¥³¥´´Ò¥  ÉÉ¥´Õ Éμ·Ò. �ÉÉ¥´Õ Éμ· ¢ ¢¥·Ì´¥° ¢¥É¢¨
¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ±μ³¶¥´¸ Í¨¨ ¶μÉ¥·Ó ²¨´¨¨ § ¤¥·¦±¨. �μ¤μ¡´Ò¥ Ê¸É·μ°¸É¢  μ¡² ¤ ÕÉ
¸ÊÐ¥¸É¢¥´´Ò³¨ ¢´μ¸¨³Ò³¨ ¶μÉ¥·Ö³¨, ±μÉμ·Ò¥ ¶·¥¢μ¸Ìμ¤ÖÉ ¶μÉ¥·¨ ¢ ²¨´¨¨ § ¤¥·¦±¨,
¶μÔÉμ³Ê  ´ ²μ£¨Î´Ò°  ÉÉ¥´Õ Éμ· Ê¸É ´μ¢²¥´ ¨ ¢ ²¨´¨Õ § ¤¥·¦±¨. ‚ ²¨´¨¨ § ¤¥·¦±¨ μ´
É ±¦¥ ¨£· ¥É ·μ²Ó ±²ÕÎ  Å ¤²Ö · §·Ò¢  ²¨´¨¨, ÎÉμ ´¥μ¡Ìμ¤¨³μ ¤²Ö ´ ¸É·μ°±¨ ¸¨¸É¥³Ò
μÌ² ¦¤¥´¨Ö ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö μ¸É ²Ó´ÒÌ ³¥Éμ¤μ¢ ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö. �¶É¨Î¥-
¸±¨¥ ¸¨£´ ²Ò ¢ μ¡¥¨Ì ¢¥É¢ÖÌ ¤ ²¥¥ ¶¥·¥¢μ¤ÖÉ¸Ö μ¡· É´μ ¢ · ¤¨μÎ ¸ÉμÉ´Ò¥ ¸ ¶μ³μÐÓÕ
ËμÉμ¤¥É¥±Éμ·μ¢ ¨ ¢ÒÎ¨É ÕÉ¸Ö. ”¨²ÓÉ· · ¡μÉ ¥É ¢ ¤¨ ¶ §μ´¥ Î ¸ÉμÉ 2Ä4 ƒƒÍ, ¢´μ¸¨³Ò¥
¶μÉ¥·¨ ¶μ·Ö¤±  25Ä27 ¤
. �³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´ Ö ¨ Ë §μÎ ¸ÉμÉ´ Ö Ì · ±É¥·¨¸É¨±¨ ¸μ-
§¤ ´´μ£μ Ë¨²ÓÉ·  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2. ‚ ¦´¥°Ï¥° Ì · ±É¥·¨¸É¨±μ° Ë¨²ÓÉ·  Ö¢²Ö¥É¸Ö
¸·¥¤´ÖÖ ¢¥²¨Î¨´  § ÉÊÌ ´¨Ö ³¨´¨³Ê³μ¢ ¢ · ¡μÎ¥° ¶μ²μ¸¥. „²Ö μ¶¨¸Ò¢ ¥³μ£μ Ë¨²ÓÉ·  μ´ 
¸μ¸É ¢²Ö¥É ¡μ²¥¥ 40 ¤
, ¢ Éμ ¢·¥³Ö ± ± ¤²Ö ±μ ±¸¨ ²Ó´ÒÌ Ë¨²ÓÉ·μ¢ Å ¶μ·Ö¤±  25 ¤
,  
¤²Ö ±μ ±¸¨ ²Ó´μ-μ¶É¨Î¥¸±¨Ì Å μ±μ²μ 35 ¤
. Œ ±¸¨³ ²Ó´μ¥ μÉ±²μ´¥´¨¥ ¶μ²μ¦¥´¨° ³¨-
´¨³Ê³μ¢ (¤¨¸¶¥·¸¨Ö) Å ³¥´¥¥ 10 ±ƒÍ, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸¤¢¨£Ê Î ¸ÉμÉÒ ´ ¸É·μ°±¨ ¢¸¥£μ
´  ´¥¸±μ²Ó±μ ƒÍ. „²Ö ±μ ±¸¨ ²Ó´μ-μ¶É¨Î¥¸±¨Ì Ë¨²ÓÉ·μ¢ ¤¨¸¶¥·¸¨Ö Î ¸ÉμÉÒ ´ ¸É·μ°±¨
¸μ¸É ¢²Ö¥É ¶μ·Ö¤±  25 ƒÍ.

2. �‚’�Œ�’ˆ‡�–ˆŸ ��‘’��‰Šˆ ƒ�…�…�—�’�ƒ� ”ˆ‹œ’��

� ¸É·μ°±  Ë¨²ÓÉ·  ´  § ¤ ´´ÊÕ Î ¸ÉμÉÊ μ§´ Î ¥É, ÎÉμ ¶μ²μ¦¥´¨Ö ³¨´¨³Ê³μ¢  ³¶²¨-
ÉÊ¤´μ-Î ¸ÉμÉ´μ° Ì · ±É¥·¨¸É¨±¨ ¡Ê¤ÊÉ ¸μ¢¶ ¤ ÉÓ ¸ £ ·³μ´¨± ³¨ ÔÉμ° Î ¸ÉμÉÒ ¢μ ¢¸¥°
· ¡μÎ¥° ¶μ²μ¸¥. ‚ ¶μ²μ¸¥ μ¡ÒÎ´μ ´ Ìμ¤¨É¸Ö ´¥¸±μ²Ó±μ ÉÒ¸ÖÎ £ ·³μ´¨±, ¨ É·¥¡Ê¥É¸Ö
¶·μ¢¥¸É¨ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¨§³¥·¥´¨° ¤²Ö ´ ¸É·μ°±¨ Ë¨²ÓÉ·  ¸ § ¤ ´´μ° ÉμÎ´μ¸ÉÓÕ.
�·μÍ¥¸¸ ´ ¸É·μ°±¨ Ë¨²ÓÉ·  ¢¥¸Ó³  É·Ê¤μ¥³μ± ¨, ± ± ¶· ¢¨²μ, § ´¨³ ¥É ³´μ£μ ¢·¥³¥´¨.
’ ±¦¥ ´¥¢μ§³μ¦´μ ¶·μ¢μ¤¨ÉÓ ´ ¸É·μ°±Ê Ê¤ ²¥´´μ, ÎÉμ ¶·¥¤¸É ¢²Ö¥É ¡μ²ÓÏμ¥ ´¥Ê¤μ¡¸É¢μ
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¶·¨ · ¡μÉ¥ Ê¸±μ·¨É¥²Ö. „²Ö Ê¶·μÐ¥´¨Ö ¶·μÍ¥¤Ê·Ò ´ ¸É·μ°±¨ Ë¨²ÓÉ·  ¡Ò²μ · §· ¡μ-
É ´μ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥,  ¢Éμ³ É¨§¨·ÊÕÐ¥¥ ´ ¸É·μ°±Ê ¨ ¶μ§¢μ²ÖÕÐ¥¥ ¶·μ¢μ¤¨ÉÓ
¥¥ Ê¤ ²¥´´μ. � ¸É·μ°±  Ë¨²ÓÉ·  ³μ¦¥É ¡ÒÉÓ ¶·μ¨§¢¥¤¥´  ¢ ¶μ²´μ¸ÉÓÕ  ¢Éμ³ É¨Î¥¸±μ³
·¥¦¨³¥ ¨ § ´¨³ ¥É 5Ä10 ³¨´ ¢ § ¢¨¸¨³μ¸É¨ μÉ ÉμÎ´μ¸É¨ ´ Î ²Ó´μ° ´ ¸É·μ°±¨. �´  ¸μ-
¸Éμ¨É ¨§ ¤¢ÊÌ ÔÉ ¶μ¢ Å ´ ¸É·μ°±¨ Î ¸ÉμÉÒ Ë¨²ÓÉ·  ¨ ´ ¸É·μ°±¨ § ÉÊÌ ´¨Ö ¶·Ö³μ° ¢¥É¢¨.
�²£μ·¨É³ ´ ¸É·μ°±¨ Î ¸ÉμÉÒ ¸²¥¤ÊÕÐ¨°. ‘± ´¨·ÊÖ ¶μ²μ¦¥´¨Ö ³¨´¨³Ê³μ¢ ¢ ¤¨ ¶ §μ´¥,
¶·μ£· ³³  ´ Ìμ¤¨É É¥±ÊÐÊÕ Î ¸ÉμÉÊ, ´  ±μÉμ·ÊÕ ´ ¸É·μ¥´ Ë¨²ÓÉ·. …¸²¨ ¥¥ μÉ²¨Î¨¥
μÉ ´Ê¦´μ° Î ¸ÉμÉÒ ¶·¥¢μ¸Ìμ¤¨É ¤μ¶Ê¸É¨³Ò° ¶μ·μ£, Éμ ¶·μ£· ³³  ¸μμÉ¢¥É¸É¢¥´´μ ±μ·-
·¥±É¨·Ê¥É § ¤¥·¦±Ê ´¨¦´¥° ¢¥É¢¨ ¨ ¸´μ¢  ¶·μ¢μ¤¨É ¨§³¥·¥´¨Ö ¤μ ¶μ²ÊÎ¥´¨Ö É·¥¡Ê¥³μ°
ÉμÎ´μ¸É¨. „μ¶Ê¸É¨³ Ö ÉμÎ´μ¸ÉÓ, μÍ¥´¥´´ Ö ¶ÊÉ¥³ ³μ¤¥²¨·μ¢ ´¨Ö ¶·μÍ¥¸¸  μÌ² ¦¤¥´¨Ö
¸ · §²¨Î´Ò³¨ μÉ±²μ´¥´¨Ö³¨ ´ ¸É·μ°±¨ Ë¨²ÓÉ· , ¤μ²¦´  ¡ÒÉÓ ´¥ ³¥´¥¥ 50 ƒÍ. �· ±-
É¨Î¥¸±¨ ¦¥ ´ ¸É·μ°±  ¶·μ¢μ¤¨É¸Ö ¸ ÉμÎ´μ¸ÉÓÕ 5Ä7 ƒÍ. ˆ§³¥´¥´¨¥ ¤²¨´Ò ´¨¦´¥° ¢¥É¢¨
Ë¨²ÓÉ·  (·¨¸. 1) ¢²¨Ö¥É ´  ¥¥ Ê·μ¢¥´Ó § ÉÊÌ ´¨Ö, ¨§-§  Î¥£μ Ê³¥´ÓÏ ¥É¸Ö £²Ê¡¨´  ³¨´¨³Ê-
³μ¢  ³¶²¨ÉÊ¤´μ-Î ¸ÉμÉ´μ° Ì · ±É¥·¨¸É¨±¨. �μÔÉμ³Ê ¶μ¸²¥ ´ ¸É·μ°±¨ Î ¸ÉμÉÒ Ë¨²ÓÉ· 
±μ··¥±É¨·Ê¥É¸Ö § ÉÊÌ ´¨¥ ¢ ´¨¦´¥° ¢¥É¢¨. �μ¸²¥¤μ¢ É¥²Ó´μ ¨§³¥´ÖÖ § ÉÊÌ ´¨¥ ¢ ¶·Ö³μ°
¢¥É¢¨ ¨ ¢ÒÎ¨¸²ÖÖ ¸·¥¤´¥¥ §´ Î¥´¨¥ ¨ ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ μÉ±²μ´¥´¨¥ £²Ê¡¨´Ò ³¨´¨-
³Ê³μ¢ ¢ ¶μ²μ¸¥, ¶·μ£· ³³  ´ Ìμ¤¨É μ¶É¨³ ²Ó´μ¥ §´ Î¥´¨¥ § ÉÊÌ ´¨Ö. �¢Éμ³ É¨Î¥¸± Ö
´ ¸É·μ°±  ³μ¦¥É ¶·μ¨§¢μ¤¨ÉÓ¸Ö Ê¤ ²¥´´μ Å ¤²Ö ÔÉμ£μ ¢ ¸Ì¥³¥ ¸¨¸É¥³Ò μÌ² ¦¤¥´¨Ö ´¥-
μ¡Ìμ¤¨³μ ¶·¥¤Ê¸³μÉ·¥ÉÓ ±μ³³ÊÉ Éμ· ¤²Ö ¶μ¤±²ÕÎ¥´¨Ö Ë¨²ÓÉ·  ± ¸¥É¥¢μ³Ê  ´ ²¨§ Éμ·Ê,
¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ¶·μ¨§¢μ¤¨É¸Ö ´ ¸É·μ°± .

3. �Š‘�…�ˆŒ…�’�‹œ��Ÿ ���‚…�Š� ”ˆ‹œ’��

‘μ§¤ ´´Ò° £·¥¡¥´Î ÉÒ° Ë¨²ÓÉ· ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ¢ ¸¨¸É¥³¥ ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² -
¦¤¥´¨Ö ´  ´Ê±²μÉ·μ´¥. “¤ ²¥´´ Ö ´ ¸É·μ°±  Ë¨²ÓÉ·  ¢ É¥Î¥´¨¥ Ô±¸¶¥·¨³¥´É  ´¥ ¡Ò² 
¶·¥¤Ê¸³μÉ·¥´ , ¶μÔÉμ³Ê ¶μ¸²¥  ¢Éμ³ É¨Î¥¸±μ° ´ ¸É·μ°±¨ Ë¨²ÓÉ·  ´  § ¤ ´´ÊÕ Î ¸ÉμÉÊ
¢ Éμ´´¥²¥ ¡¥§ ¶ÊÎ±  ¶·μ¢μ¤¨²¨¸Ó ¶·μ¢¥·±  ¨ ¶μ¤¸É·μ°±  Ë¨²ÓÉ·  Ê¦¥ ¸ ¶ÊÎ±μ³. ‚ Ô±¸-
¶¥·¨³¥´É¥ ¨¸¶μ²Ó§μ¢ ²¸Ö ¶ÊÎμ± ¤¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° 3 ƒÔ‚/´Ê±²μ´ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ
2 · 109. ‚ Ìμ¤¥ Ô±¸¶¥·¨³¥´É  ¢¶¥·¢Ò¥ ¢ �ˆŸˆ ¡Ò²μ ¶μ²ÊÎ¥´μ ¸ÉμÌ ¸É¨Î¥¸±μ¥ μÌ² -
¦¤¥´¨¥ [5]. �  ·¨¸. 3 ¸²¥¢  ¶·¨¢¥¤¥´Ò ¸¨£´ ²Ò ¶·μ¤μ²Ó´μ£μ ¤·μ¡μ¢μ£μ ÏÊ³  ¶ÊÎ±  ¤μ ¨
¶μ¸²¥ ¢±²ÕÎ¥´¨Ö Ë¨²ÓÉ· , ¸¶· ¢  ¶μ± § ´μ ¨§³¥´¥´¨¥ ¤·μ¡μ¢μ£μ ÏÊ³  ¶ÊÎ±  ¶μ¸²¥ μÌ² -

�¨¸. 3 (Í¢¥É´μ° ¢ Ô²¥±É·μ´´μ° ¢¥·¸¨¨). „·μ¡μ¢μ° ÏÊ³ ¶ÊÎ±  (¶μ²μ¸  ˜μÉÉ±¨) ´  3048-° £ ·³μ´¨±¥
Î ¸ÉμÉÒ μ¡· Ð¥´¨Ö. ‘²¥¢ : ¸¨£´ ² ¸ ¢Ò±²ÕÎ¥´´Ò³ Ë¨²ÓÉ·μ³ (Î¥·´Ò° Í¢¥É) ¨ ¢±²ÕÎ¥´´Ò³ (¸¨´¨°).

‘¶· ¢ : ´ Î ²Ó´Ò° ¸¨£´ ² (£μ²Ê¡μ°) ¨ ¸¨£´ ² ¶μ¸²¥ 480 ¸ μÌ² ¦¤¥´¨Ö (¦¥²ÉÒ°)



�¶É¨Î¥¸±¨° £·¥¡¥´Î ÉÒ° Ë¨²ÓÉ· ¤²Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö 1091

¦¤¥´¨Ö ¢ É¥Î¥´¨¥ 480 ¸. ‚ ·¥§Ê²ÓÉ É¥ μÌ² ¦¤¥´¨Ö ¸·¥¤´¥±¢ ¤· É¨Î´Ò° · §¡·μ¸ ¶ÊÎ±  ¶μ
¨³¶Ê²Ó¸ ³ Ê³¥´ÓÏ¨²¸Ö ¶·¨³¥·´μ ¢ 2,2 · § .

‡�Š‹	—…�ˆ…

‘μ§¤ ´ μ¶É¨Î¥¸±¨° £·¥¡¥´Î ÉÒ° Ë¨²ÓÉ· ¤²Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö
´  ´Ê±²μÉ·μ´¥. • · ±É¥·¨¸É¨±¨ Ë¨²ÓÉ·  ¡Ò²¨ Ê²ÊÎÏ¥´Ò ¶μ ¸· ¢´¥´¨Õ ¸ μ¡ÒÎ´Ò³¨
±μ ±¸¨ ²Ó´μ-μ¶É¨Î¥¸±¨³¨ Ë¨²ÓÉ· ³¨: § ÉÊÌ ´¨¥ ¢ ³¨´¨³Ê³ Ì Ê¢¥²¨Î¨²μ¸Ó ¢ ¸·¥¤´¥³
´  5 ¤
, ¤¨¸¶¥·¸¨Ö Ê³¥´ÓÏ¨² ¸Ó ¸ 25 ƒÍ ¤μ 5Ä7 ƒÍ. � ¸É·μ°±  Ë¨²ÓÉ·   ¢Éμ³ É¨§¨·μ¢ ´ 
¸ ¶μ³μÐÓÕ ¸μ§¤ ´´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö, ÎÉμ §´ Î¨É¥²Ó´μ ¸μ±· É¨²μ ¢·¥³Ö
¥£μ ´ ¸É·μ°±¨. 
² £μ¤ ·Ö ¸μ§¤ ´´μ³Ê Ë¨²ÓÉ·Ê ¢ �ˆŸˆ ¢¶¥·¢Ò¥ ¡Ò²μ Ô±¸¶¥·¨³¥´É ²Ó´μ
¶μ²ÊÎ¥´μ ¸ÉμÌ ¸É¨Î¥¸±μ¥ μÌ² ¦¤¥´¨¥.

� §· ¡μÉ±  Ë¨²ÓÉ·  ¨  ¢Éμ³ É¨§ Í¨Ö ¥£μ ´ ¸É·μ°±¨ ¨³¥ÕÉ ¡μ²ÓÏμ¥ §´ Î¥´¨¥ ¤²Ö ¶·μ-
¥±É¨·μ¢ ´¨Ö ¸¨¸É¥³Ò ¸ÉμÌ ¸É¨Î¥¸±μ£μ μÌ² ¦¤¥´¨Ö ±μ²² °¤¥·  NICA, ¢ ±μÉμ·μ³ ¶μ¤μ¡-
´Ò° Ë¨²ÓÉ· ¶² ´¨·Ê¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¤²Ö ¶μ¤ ¢²¥´¨Ö ¸¨´Ì·μÉ·μ´´ÒÌ ¸¨£´ ²μ¢, ¢μ§´¨-
± ÕÐ¨Ì ¢ ¸£·Ê¶¶¨·μ¢ ´´μ³ ¶ÊÎ±¥. ‚ ¡²¨¦ °Ï¥¥ ¢·¥³Ö § ¶² ´¨·μ¢ ´ ·Ö¤ Ô±¸¶¥·¨³¥´Éμ¢
¶μ ¸ÉμÌ ¸É¨Î¥¸±μ³Ê μÌ² ¦¤¥´¨Õ ¸μ ¸£·Ê¶¶¨·μ¢ ´´Ò³ ¶ÊÎ±μ³ ´  ´Ê±²μÉ·μ´¥.
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