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…Ë·¥³μ¢ �.�. ¨ ¤·. P9-2008-102
ˆ¸¶μ²Ó§μ¢ ´¨¥ Ô±· ´  ¸ μ³¨Î¥¸±¨³ ´ £·¥¢μ³ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶ÊÎ± 
¨μ´μ¢ ‘  ¨§ 	–
-¨¸ÉμÎ´¨± 

�μ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´ÒÌ Ê¸±μ·¥´´ÒÌ ¶ÊÎ±μ¢ 48‘  Ö¢²Ö¥É¸Ö μ¤´μ° ¨§ ±²ÕÎ¥-
¢ÒÌ ¶·μ¡²¥³ ¶·¨ ¸¨´É¥§¥ ´μ¢ÒÌ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢. „²Ö ÔÉμ° Í¥²¨ ¢ ‹Ÿ

�ˆŸˆ ´  Í¨±²μÉ·μ´¥ “-400 ¨¸¶μ²Ó§Ê¥É¸Ö ¨¸ÉμÎ´¨± ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ 	–
-
É¨¶ . �μ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´μ£μ ¶ÊÎ±  48‘ 5+ ¶·¨ ¸·¥¤´¥³ · ¸Ìμ¤¥ 48‘  μ±μ²μ
0,5 ³£/Î μ¡¥¸¶¥Î¨¢ ¥É¸Ö §  ¸Î¥É ¨¸¶μ²Ó§μ¢ ´¨Ö ³¨±·μ¶¥Î¨ ¢ ±μ³¡¨´ Í¨¨ ¸ £μ·Ö-
Î¨³ É ´É ²μ¢Ò³ Ô±· ´μ³, · ¸¶μ²μ¦¥´´Ò³ ¢´ÊÉ·¨ · §·Ö¤´μ° ± ³¥·Ò ¨¸ÉμÎ´¨± .
�·¨ ÔÉμ³ É ´É ²μ¢Ò° Ô±· ´ ´ £·¥¢ ¥É¸Ö §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ‘‚—-¢μ²´μ°
¨ Ô²¥±É·μ´ ³¨ ¶² §³Ò. „²Ö ´ £·¥¢  Ô±· ´  ¤μ É¥³¶¥· ÉÊ·Ò μ±μ²μ 500 ◦‘ ´¥μ¡-
Ìμ¤¨³μ ¢¢¥¤¥´¨¥ ¢ · §·Ö¤ μ±μ²μ 400 ‚É ‘‚—-³μÐ´μ¸É¨. ‘ Í¥²ÓÕ Ê³¥´ÓÏ¥´¨Ö
¢¢μ¤¨³μ° ¢ · §·Ö¤ ‘‚—-³μÐ´μ¸É¨ ¡Ò² · §· ¡μÉ ´ ´μ¢Ò° Ô±· ´ ¸ ¶·Ö³Ò³ μ³¨-
Î¥¸±¨³ ´ £·¥¢μ³. ‚ ¤ ´´μ° · ¡μÉ¥ μ¶¨¸ ´Ò ³¥Éμ¤, ¥£μ É¥Ì´¨Î¥¸± Ö ·¥ ²¨§ Í¨Ö
¨ ·¥§Ê²ÓÉ ÉÒ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¶μ²ÊÎ¥´¨Õ ¶ÊÎ±  ¨μ´μ¢ ‘ .
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Efremov A. et al. P9-2008-102
The Use of the Ohmic Heated Sheet in Combination with the ECR
Ion Source for the Production of the Ca Ion Beam

The production of intense accelerated 48Ca ion beams is the key problem in the
experiments on the synthesis of new super heavy nuclei. For this purpose in the
FLNR (JINR) an ECR ion source is used at the U-400 cyclotron. The combination
of a microoven with a hot tantalum sheet inside the discharge chamber allowed
the production of the intense 48Ca5+ ion beam at the 48Ca consumption of about
0.5 mg/h. In this case the tantalum sheet is heated by microwaves and plasma
electrons. The microwave power of up to 400 W is required to heat the sheet to
the temperature of about 500 ◦C. To decrease the required microwave power a new
sheet with a direct ohmic heating was designed. The present paper describes the
method, technique and preliminary experimental results on the production of the Ca
ion beam.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2008
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�μ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´μ£μ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¨μ´μ¢ 48‘  Ö¢²Ö¥É¸Ö μ¤´¨³
¨§ ±²ÕÎ¥¢ÒÌ ³μ³¥´Éμ¢ ¤²Ö ¸¨´É¥§  ´μ¢ÒÌ ¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´-
Éμ¢, · ¸¶μ²μ¦¥´´ÒÌ ¢ · °μ´¥ ®μ¸É·μ¢  ¸É ¡¨²Ó´μ¸É¨¯. ‘¥Î¥´¨Ö ·¥ ±Í¨° ¢
ÔÉμ³ ¸²ÊÎ ¥ ¸μ¸É ¢²ÖÕÉ μÎ¥´Ó ³ ²ÊÕ ¢¥²¨Î¨´Ê (∼ 1 ¶¡) [1], ÎÉμ ¶·¥¤¶μ² £ ¥É
¶·μ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´Éμ¢ ¸ ´ ¡μ·μ³ ¡μ²ÓÏ¨Ì ¨´É¥£· ²Ó´ÒÌ ¤μ§ μ¡²ÊÎ¥´¨Ö
³¨Ï¥´¨. •μ·μÏμ ¨§¢¥¸É´μ, ÎÉμ 48‘  Ö¢²Ö¥É¸Ö ·¥¤±¨³ ¨ ¨¸±²ÕÎ¨É¥²Ó´μ ¤μ·μ-
£¨³ ¨§μÉμ¶μ³. ’ ±¨³ μ¡· §μ³, μ¸´μ¢´Ò³ É·¥¡μ¢ ´¨¥³ ± ¨μ´´μ³Ê ¨¸ÉμÎ´¨±Ê
¸É ´μ¢¨É¸Ö ¶μ²ÊÎ¥´¨¥ ¸É ¡¨²Ó´μ£μ ¨μ´´μ£μ ¶ÊÎ±  ¸ É·¥¡Ê¥³Ò³¨ ¤²Ö Ê¸±μ·¥-
´¨Ö § ·Ö¤μ³ ¨ ¨´É¥´¸¨¢´μ¸ÉÓÕ ¶·¨ ³¨´¨³ ²Ó´μ³ · ¸Ìμ¤¥ · ¡μÎ¥£μ ¢¥Ð¥¸É¢ .

‚ ¸¥·¥¤¨´¥ 90-Ì ££. ´  Í¨±²μÉ·μ´¥ “-400 ¶·μ¢μ¤¨²μ¸Ó Ê¸±μ·¥´¨¥ ¨μ´μ¢
48‘ 6+, ¶μ²ÊÎ¥´´ÒÌ ¨§ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  É¨¶  PIG [2]. �·¨ ¨´É¥´¸¨¢´μ-
¸É¨ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  0,1 ³±� · Î ¸É¨Í · ¸Ìμ¤ 48‘  ¸μ¸É ¢²Ö² 4Ä15 ³£/Î.
‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ¤²Ö ¶·μ¢¥¤¥´¨Ö ¤ ²Ó´¥°Ï¨Ì Ô±¸¶¥·¨³¥´Éμ¢ É·¥¡μ¢ ²μ¸Ó
Ê¢¥²¨Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  ¶·¨¡²¨§¨É¥²Ó´μ ´  ¶μ·Ö¤μ±,
¨¸ÉμÎ´¨± É¨¶  PIG ¡Ò² § ³¥´¥´ ´  ¨¸ÉμÎ´¨± 	–
-É¨¶  ECR-4M3. ˆ§¢¥¸É´μ,
ÎÉμ ¨¸ÉμÎ´¨±¨ 	–
-É¨¶  μ¡² ¤ ÕÉ ¤μ¸É ÉμÎ´μ ¢Ò¸μ±μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ¨μ-
´¨§ Í¨¨ ¶·¨ · ¡μÉ¥ ¸ £ § ³¨, ±μÉμ· Ö ¸μ¸É ¢²Ö¥É ¢¥²¨Î¨´Ê ¶μ·Ö¤±  70 %.
�¤´ ±μ ¶·¨ · ¡μÉ¥ ¸ É¢¥·¤Ò³¨ ¢¥Ð¥¸É¢ ³¨ ÔËË¥±É¨¢´μ¸ÉÓ ¨μ´¨§ Í¨¨ ¶ -
¤ ¥É ± ± ³¨´¨³Ê³ ´  ¶μ·Ö¤μ±. �´ ²¨§¨·ÊÖ É¨¶¨Î´Ò° ¸¶¥±É· ¨μ´μ¢ ‘ , ¶μ-
²ÊÎ¥´´Ò° ´  ¨¸ÉμÎ´¨±¥ ECR-4M, ¨ ¶·¥¤¶μ² £ Ö ÔËË¥±É¨¢´μ¸ÉÓ ¨μ´¨§ Í¨¨ ¢
¤¨ ¶ §μ´¥ 5Ä10%, ³Ò ¶·μ¢¥²¨ μÍ¥´±¨ · ¸Ìμ¤  ‘  ¶·¨ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ± 
¨μ´μ¢ ‘ 5+ μ±μ²μ 100 ³±�. 
 ¸Ìμ¤ ¸μ¸É ¢¨² ¡Ò ¢¥²¨Î¨´Ê ¶μ·Ö¤±  1,5Ä3
³£/Î, ÎÉμ Ö¢²Ö¥É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¢¥²¨Î¨´μ°, ÊÎ¨ÉÒ¢ Ö ´¥μ¡Ìμ¤¨³μ¸ÉÓ
¶·μ¢¥¤¥´¨Ö ¤²¨É¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢.

�·¨Î¨´  ´¨§±μ° ÔËË¥±É¨¢´μ¸É¨ ¨μ´¨§ Í¨¨ É¢¥·¤ÒÌ ¢¥Ð¥¸É¢ ¸μ¸Éμ¨É ¢
Éμ³, ÎÉμ Éμ²Ó±μ ´¥¡μ²ÓÏ Ö Î ¸ÉÓ ¢¢¥¤¥´´ÒÌ ¢ ¶² §³¥´´ÊÕ ± ³¥·Ê  Éμ³μ¢
¨§¢²¥± ¥É¸Ö ¢¨¤¥ ¨μ´´μ£μ ¶ÊÎ± , Éμ£¤  ± ± μ¸´μ¢´ Ö ¨Ì Î ¸ÉÓ (¢ μÉ²¨Î¨¥
μÉ £ §μμ¡· §´ÒÌ  Éμ³μ¢) ±μ´¤¥´¸¨·Ê¥É¸Ö ´  Ìμ²μ¤´ÒÌ ¸É¥´± Ì · §·Ö¤´μ° ± -
³¥·Ò. �¤´¨³ ¨§ ¶ÊÉ¥° ¶μ¢ÒÏ¥´¨Ö ÔËË¥±É¨¢´μ¸É¨ ¨μ´¨§ Í¨¨ ¢ ¤ ´´μ³ ¸²ÊÎ ¥
Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ £μ·ÖÎ¥£μ Ô±· ´  ¸ É¥³¶¥· ÉÊ·μ°, ¤μ¸É ÉμÎ´μ° ¤²Ö ¨¸-
¶ ·¥´¨Ö ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ´  ´¥³  Éμ³μ¢. ‘ ÔÉμ° ÉμÎ±¨ §·¥´¨Ö É¥³¶¥· ÉÊ· 
Ô±· ´  ¤μ²¦´  ¡ÒÉÓ ¡²¨§±μ° ± É¥³¶¥· ÉÊ·¥ ³¨±·μ¶¥Î¨, ¨¸¶μ²Ó§ÊÕÐ¥°¸Ö ¤²Ö
¨¸¶ ·¥´¨Ö · ¡μÎ¥£μ ¢¥Ð¥¸É¢  ¢ · §·Ö¤´ÊÕ ± ³¥·Ê. Š·μ³¥ ÔÉμ£μ, Ô±· ´ ´¥
¤μ²¦¥´ ¸ÊÐ¥¸É¢¥´´μ ¢²¨ÖÉÓ ´  ËÊ´±Í¨μ´ ²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ ¨μ´´μ£μ ¨¸-
ÉμÎ´¨± .
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‚ ¸¢Ö§¨ ¸ É¥³, ÎÉμ ±μ´¸É·Ê±Í¨Ö ¶² §³¥´´μ° ± ³¥·Ò ¨¸ÉμÎ´¨±  ECR-4M
(·¨¸. 1, a ) ´¥ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ Ê¸É·μ°¸É¢  ¤²Ö ¢´¥Ï´¥£μ ´ £·¥¢  Ô±· ´ ,
¡Ò² ¶·¥¤²μ¦¥´ ¤μ¸É ÉμÎ´μ ¶·μ¸Éμ° ³¥Éμ¤, ¶μ§¢μ²ÖÕÐ¨° ¤μ¸É¨£ ÉÓ É·¥¡Ê¥³ÒÌ
É¥³¶¥· ÉÊ· ¡¥§ ¶·¨³¥´¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¢´¥Ï´¨Ì Ê¸É·μ°¸É¢. ‚ μ¸´μ¢´ÊÕ


¨¸. 1. Šμ´¸É·Ê±Í¨Ö ¶² §³¥´´μ° ± ³¥·Ò
¨¸ÉμÎ´¨±  ECR-4M (¢¢¥·ÌÊ) ¨ ¨¸ÉμÎ-
´¨±  DECRIS-4 (¢´¨§Ê)


¨¸. 2. �±¸¨ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥
³ £´¨É´μ£μ ¶μ²Ö ¢ ¨¸ÉμÎ´¨±¥ ECR-
4M: 1 Å ¤²Ö ¶μ²ÊÎ¥´¨Ö ¢Ò¸μ±μ§ -
·Ö¤´ÒÌ ¨μ´μ¢ ¨ 2 Å ¤²Ö ¶μ²ÊÎ¥´¨Ö
‘ 5+

¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê ¨¸ÉμÎ´¨±  ¶μ³¥Ð ²¸Ö Éμ´±¨° É ´É ²μ¢Ò° Í¨²¨´¤·,
¤¨ ³¥É· ±μÉμ·μ£μ ´  ´¥¸±μ²Ó±μ ³¨²²¨³¥É·μ¢ ³¥´ÓÏ¥ ¤¨ ³¥É·  · §·Ö¤´μ°
± ³¥·Ò. –¨²¨´¤· §  ¸Î¥É ¢ ±ÊÊ³´μ£μ § §μ·  ¨§μ²¨·μ¢ ´ μÉ μÌ² ¦¤ ¥³ÒÌ
¸É¥´μ± · §·Ö¤´μ° ± ³¥·Ò. ‚μ ¢·¥³Ö · ¡μÉÒ ¨¸ÉμÎ´¨±  Í¨²¨´¤· ´ £·¥¢ ¥É¸Ö § 
¸Î¥É ¶μ¤ ¢ ¥³μ° ¢´ÊÉ·Ó ± ³¥·Ò ‘‚—-³μÐ´μ¸É¨ ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¶² §³μ°
	–
-· §·Ö¤ . ‚ ·¥§Ê²ÓÉ É¥ É¥³¶¥· ÉÊ·  Ô±· ´  ¢μ§· ¸É ¥É ¶·¨ Ê¢¥²¨Î¥´¨¨
¢¢μ¤¨³μ° ¢ · §·Ö¤ ‘‚—-³μÐ´μ¸É¨. 
 ¸Î¥ÉÒ ¨ ¨§³¥·¥´¨Ö ¶μ± § ²¨, ÎÉμ Ô±· ´
¤μ¸É¨£ ¥É É¥³¶¥· ÉÊ·Ò ¡μ²¥¥ 500 ◦‘ ¶·¨ ¢¢μ¤¨³μ° ³μÐ´μ¸É¨ μ±μ²μ 400 ‚É,
ÎÉμ ¤μ¸É ÉμÎ´μ ¤²Ö ¨¸¶ ·¥´¨Ö ±μ´¤¥´¸¨·μ¢ ´´ÒÌ ´  ´¥³  Éμ³μ¢ ‘  (¤ ¢²¥´¨¥
´ ¸ÒÐ¥´´ÒÌ ¶ ·μ¢ Å 10−3 Éμ·· ¶·¨ 528 ◦‘).

‚¶¥·¢Ò¥ ÔÉμÉ ³¥Éμ¤ ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ¢ ¨μ´´μ³ ¨¸ÉμÎ´¨±¥ DECRIS-2 ´ 
Í¨±²μÉ·μ´¥ “-400Œ ‹Ÿ
 �ˆŸˆ ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±  ¨μ´μ¢ Li. ‚ ¤ ´´μ³
¸²ÊÎ ¥ ¡Ò²μ ¤μ¸É ÉμÎ´μ ³μÐ´μ¸É¨ μ±μ²μ 200 ‚É ¤²Ö ´ £·¥¢  Ô±· ´  ¤μ 400 ◦‘.
�Ò²¨ ¶μ²ÊÎ¥´Ò Éμ±¨ ¨μ´μ¢ Li2+ μ±μ²μ 300 ³±� ¨ Li3+ Å μ±μ²μ 50 ³±�, ¢
Éμ ¢·¥³Ö ± ± ¡¥§ Ô±· ´  Éμ±¨ ¸μ¸É ¢²Ö²¨ 50 ¨ 25 ³±� ¸μμÉ¢¥É¸É¢¥´´μ [4].
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� Î¨´ Ö ¸ 1999 £. ®£μ·ÖÎ¨° Ô±· ´¯ ¸ Ê¸¶¥Ìμ³ ¶·¨³¥´Ö¥É¸Ö ¢ ¨μ´´μ³ ¨¸-
ÉμÎ´¨±¥ …‘R-4M ´  Í¨±²μÉ·μ´¥ “-400 ‹Ÿ
 �ˆŸˆ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ê¸±μ·¥´-
´μ£μ ¶ÊÎ±  ¨μ´μ¢ 48‘ , ±μÉμ·Ò° § É¥³ ¨¸¶μ²Ó§Ê¥É¸Ö ¢ μ¸´μ¢´μ³ ¤²Ö ¸¨´É¥§ 
¨§μÉμ¶μ¢ ¸¢¥·ÌÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢. �·¨ Éμ±¥ ¨μ´μ¢ 48‘ 5+ ¨§ ¨¸ÉμÎ´¨±  ¢
¤¨ ¶ §μ´¥ 30Ä50 ³±� · ¸Ìμ¤ 48‘  ¸μ¸É ¢²Ö¥É μ±μ²μ 0,4 ³£/Î,   ¶·¨ ¸·¥¤´¥³
Éμ±¥ ∼ 100 ³±� Å μ±μ²μ 1 ³£/Î [5].

„ ´´Ò° ³¥Éμ¤ μÉ²¨Î ¥É ±μ´¸É·Ê±É¨¢´ Ö ¶·μ¸ÉμÉ  ¨ ´ ¤¥¦´μ¸ÉÓ, ÎÉμ ¶μ-
§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¸¥ ´¸Ò μ¡²ÊÎ¥´¨Ö ¶·μÉÖ¦¥´´μ¸ÉÓÕ ¢ ´¥¸±μ²Ó±μ ³¥¸ÖÍ¥¢.
�¤´ ±μ ³¥Éμ¤ ¨³¥¥É ¨ ´¥±μÉμ·Ò¥ ´¥¤μ¸É É±¨. ‚ Î ¸É´μ¸É¨ Å ¨¸¶μ²Ó§μ¢ -
´¨¥ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ‘‚—-³μÐ´μ¸É¨ ¶·¨ ´¥μ¡Ìμ¤¨³μ¸É¨ ¶μ²ÊÎ ÉÓ μÉ-
´μ¸¨É¥²Ó´μ ´¨§±¨° § ·Ö¤ ¨μ´μ¢. 	Éμ É·¥¡Ê¥É ¶·¨´ÖÉ¨Ö ¸¶¥Í¨ ²Ó´ÒÌ ³¥· ¤²Ö
¸¤¢¨£  ³ ±¸¨³Ê³  ¨μ´´μ£μ Éμ±  ¢ ¸¶¥±É·¥ ¶μ²ÊÎ ¥³ÒÌ ¨μ´μ¢ ¨§ μ¡² ¸É¨ ¡μ²¥¥
¢Ò¸μ±¨Ì § ·Ö¤μ¢ ´  ¨μ´ ¸ É·¥¡Ê¥³Ò³ § ·Ö¤μ³.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥  ±¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢ ¨¸-
ÉμÎ´¨±¥ ECR-4M ¤²Ö ¸²ÊÎ Ö ¶μ²ÊÎ¥´¨Ö ¨μ´μ¢ ‘ 5+ ¢ ¸· ¢´¥´¨¨ ¸ É¨¶¨Î´Ò³
· ¸¶·¥¤¥²¥´¨¥³ ¶·¨ ¶μ²ÊÎ¥´¨¨ ¡μ²¥¥ ¢Ò¸μ±μ§ ·Ö¤´ÒÌ ¨μ´μ¢. �¨§±¨° ¸·¥¤-
´¨° Ê·μ¢¥´Ó ³ £´¨É´μ£μ ¶μ²Ö ¶·¨ μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ³ Ê·μ¢´¥ ¢¢μ¤¨³μ°
‘‚—-³μÐ´μ¸É¨ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± ¢μ§´¨±´μ¢¥´¨Õ ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶² §³¥´-
´ÒÌ ´¥Ê¸Éμ°Î¨¢μ¸É¥°, ÎÉμ ¢ ¸¢μÕ μÎ¥·¥¤Ó ³μ¦¥É ¢²¨ÖÉÓ ´  ± Î¥¸É¢μ ¨§¢²¥± ¥-
³μ£μ ¨μ´´μ£μ ¶ÊÎ± . Š·μ³¥ ÔÉμ£μ, ¤²Ö ¶μ¤ ¢²¥´¨Ö ¢Ò¸μ±μ§ ·Ö¤´ÒÌ ¸μ¸ÉμÖ´¨°
‘  ¢ · §·Ö¤ ¢¢μ¤¨É¸Ö ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¡ ²² ¸É´μ£μ £ §  (�¥),
±μÉμ·Ò° É ±¦¥ ¢²¨Ö¥É ´  É· ´¸¶μ·É¨·μ¢±Ê ¨μ´´μ£μ ¶ÊÎ±  ¢ ± ´ ²¥ ¢´¥Ï´¥°
¨´¦¥±Í¨¨, μ¸μ¡¥´´μ ´  ´ Î ²Ó´μ³ ÔÉ ¶¥.

�Š‘�…�ˆŒ…�’�‹œ��… ����“„�‚��ˆ…

Š ± ¢¨¤´μ ¨§ ·¨¸. 1, ¢ ¨¸ÉμÎ´¨± Ì CAPRICE-É¨¶ , ± ±μÉμ·Ò³ μÉ´μ¸¨É¸Ö
ECR-4M, ¨¸¶μ²Ó§Ê¥É¸Ö ±μ ±¸¨ ²Ó´Ò° ¢¢μ¤ ‘‚—-³μÐ´μ¸É¨ ¢ ¨μ´¨§ Í¨μ´´ÊÕ
± ³¥·Ê. ’ ±¨³ μ¡· §μ³ ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ · ¸¶μ²μ¦¥´¨¥ ¤μ¶μ²´¨-
É¥²Ó´ÒÌ Ô²¥³¥´Éμ¢, ´ ¶·¨³¥· Éμ±μ¢¢μ¤μ¢, ¤²Ö ´ £·¥¢  ®£μ·ÖÎ¥£μ Ô±· ´ ¯. ‚
¨¸ÉμÎ´¨±¥ DECRIS-4 ‘‚—-³μÐ´μ¸ÉÓ ¢¢μ¤¨É¸Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¢ ¨μ´¨§ Í¨-
μ´´ÊÕ ± ³¥·Ê ¸ ¶μ³μÐÓÕ ¢μ²´μ¢μ¤  [6], ÎÉμ μ¸¢μ¡μ¦¤ ¥É ¶·μ¸É· ´¸É¢μ ¤²Ö
· ¸¶μ²μ¦¥´¨Ö Éμ±μ¢¢μ¤μ¢, ¨§³¥·¨É¥²¥° É¥³¶¥· ÉÊ·Ò ¨ É. ¤. 	Éμ ¶μ§¢μ²¨²μ
¸±μ´¸É·Ê¨·μ¢ ÉÓ ®£μ·ÖÎ¨° Ô±· ´¯ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ μ³¨Î¥¸±μ£μ ´ £·¥¢ É¥²Ö
¸ ¢´¥Ï´¨³ ¶¨É ´¨¥³.

®ƒμ·ÖÎ¨° Ô±· ´¯ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° Éμ´±¨° Í¨²¨´¤· ¨§ ´¥·¦ ¢¥ÕÐ¥°
¸É ²¨, ´  ±μÉμ·μ³ ¸ ¢´¥Ï´¥° ¸Éμ·μ´Ò · ¸¶μ² £ ¥É¸Ö ´ £·¥¢ É¥²Ó. � £·¥-
¢ É¥²Ó, ¢ ¸¢μÕ μÎ¥·¥¤Ó, μ±·Ê¦¥´ ´ ·Ê¦´Ò³ É¥¶²μ¢Ò³ Ô±· ´μ³ ¨§ É ´É ² 
Éμ²Ð¨´μ° 0,1 ³³. ‚¸Ö ±μ´¸É·Ê±Í¨Ö ¨³¥¥É ¢ ±ÊÊ³´Ò° § §μ· μ±μ²μ 1 ³³ μÉ
μÌ² ¦¤ ¥³μ° ¸É¥´±¨ · §·Ö¤´μ° ± ³¥·Ò. ‚ ± Î¥¸É¢¥ ´ £·¥¢ É¥²Ö ¨¸¶μ²Ó§μ¢ ´
NiCr-¶·μ¢μ¤, ¶μ³¥Ð¥´´Ò° ¢ ³¨´¥· ²Ó´ÊÕ ¨§μ²ÖÍ¨Õ ¢´ÊÉ·¨ ´¥·¦ ¢¥ÕÐ¥°
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É·Ê¡±¨ ¸ ¢´¥Ï´¨³ ¤¨ ³¥É·μ³ 1 ³³. �´ ²μ£¨Î´Ò° ´ £·¥¢ É¥²Ó ¨¸¶μ²Ó§Ê¥É¸Ö
¢ ³¨±·μ¶¥Î Ì, ¸²Ê¦ Ð¨Ì ¤²Ö ¨¸¶ ·¥´¨Ö ‘  ¢ ¨μ´¨§ Í¨μ´´ÊÕ ± ³¥·Ê ¨¸ÉμÎ-
´¨± . Œ ±¸¨³ ²Ó´ Ö · ¡μÎ Ö É¥³¶¥· ÉÊ·  ´ £·¥¢ É¥²Ö Å 900 ◦‘. ’¥³¶¥· ÉÊ· 
®£μ·ÖÎ¥£μ Ô±· ´ ¯ ¨§³¥·Ö² ¸Ó ´  ¥£μ ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¸ ¶μ³μÐÓÕ É¥·-
³μ¶ ·Ò. ‡ ¢¨¸¨³μ¸ÉÓ É¥³¶¥· ÉÊ·Ò Ô±· ´  μÉ ³μÐ´μ¸É¨ ´ £·¥¢  (¶μ¸ÉμÖ´´Ò°
Éμ±) ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 3.


¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ É¥³¶¥· ÉÊ·Ò Ô±· ´  μÉ ³μÐ´μ¸É¨ ´ £·¥¢ 

Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , ¤²Ö ¤μ¸É¨¦¥´¨Ö É¥³¶¥· ÉÊ·Ò ¶μ·Ö¤±  500 ◦‘ ´¥-
μ¡Ìμ¤¨³  ³μÐ´μ¸ÉÓ μ±μ²μ 200 ‚É. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨¸Ó ¶·¨ ¢ ±ÊÊ³¥ ¢
¨μ´¨§ Í¨μ´´μ° ± ³¥·¥ μ±μ²μ 1·10−5 Éμ··. �μ¸²¥ ¶·μ¢¥¤¥´¨Ö ± ²¨¡·μ¢μÎ-
´ÒÌ ¨§³¥·¥´¨° É¥·³μ¶ ·  ¡Ò²  Ê¸É ´μ¢²¥´  ´  ¢´¥Ï´¥° ¸Éμ·μ´¥ Ô±· ´  ¤²Ö
±μ´É·μ²Ö ¥£μ É¥³¶¥· ÉÊ·Ò ¢μ ¢·¥³Ö · ¡μÉÒ ¨μ´´μ£μ ¨¸ÉμÎ´¨± . „²Ö § Ð¨ÉÒ
μÉ É¥¶²μ¢μ£μ ¨§²ÊÎ¥´¨Ö ¤·Ê£¨Ì Ô²¥³¥´Éμ¢, · ¸¶μ²μ¦¥´´ÒÌ ¢ ¨μ´¨§ Í¨μ´´μ°
± ³¥·¥ (¶² §³¥´´Ò° Ô²¥±É·μ¤, § ¤´ÖÖ § ±μ·μÉ± ), ´  Ô±· ´ ¡Ò²¨ Ê¸É ´μ¢²¥´Ò
Éμ·Í¥¢Ò¥ ±·ÒÏ±¨ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨.

‘· ¢´¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¨μ´μ¢ ‘  ¶·μ¢μ¤¨²¨¸Ó ´ 
¨μ´´ÒÌ ¨¸ÉμÎ´¨± Ì DECRIS-2m [7], £¤¥ ¡Ò² ¨¸¶μ²Ó§μ¢ ´ ®£μ·ÖÎ¨° Ô±· ´¯
É· ¤¨Í¨μ´´μ° ±μ´¸É·Ê±Í¨¨, ¨ ´  ¨¸ÉμÎ´¨±¥ DECRIS-4 c Ô±· ´μ³, ¨¸¶μ²Ó-
§ÊÕÐ¨³ μ³¨Î¥¸±¨° ´ £·¥¢. „²Ö ¨§³¥·¥´¨Ö Ì · ±É¥·¨¸É¨± ¨μ´´μ£μ ¶ÊÎ±  ¨¸-
¶μ²Ó§μ¢ ²¸Ö ¨§³¥·¨É¥²Ó Ô³¨ÉÉ ´¸  [8], ¶μ§¢μ²ÖÕÐ¨° £·Ê¡μ (¸ ÉμÎ´μ¸ÉÓÕ ´¥
¢ÒÏ¥ 30%) μÍ¥´¨ÉÓ ¢¥²¨Î¨´Ê μ¤´μ° ¨§ ¥£μ ±μ³¶μ´¥´É (¢ ´ Ï¥³ ¸²ÊÎ ¥ ¢¥·-
É¨± ²Ó´μ°).

‘Ì¥³  ¨§³¥·¨É¥²Ö Ô³¨ÉÉ ´¸  ¶μ± § ´  ´  ·¨¸. 4. �·¨¡μ· ¸μ¸Éμ¨É ¨§ ¶² -
¸É¨´Ò ¸ £μ·¨§μ´É ²Ó´Ò³¨ Ð¥²Ö³¨, Ï¨·¨´  ±μÉμ·ÒÌ ¸μ¸É ¢²Ö¥É 0,2 ³³, ¨
¶·μË¨²μ³¥É·  (¸± ´¥· ) ¸ ¢· Ð ÕÐ¥°¸Ö É ´É ²μ¢μ° ¶·μ¢μ²μ±μ°. �² ¸É¨´ 
· §¤¥²Ö¥É ¨μ´´Ò° ¶ÊÎμ± ´  ¸μ¸É ¢²ÖÕÐ¨¥, ¶·μË¨²Ó ±μÉμ·ÒÌ § É¥³ ¨§³¥·Ö-
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¨¸. 4. ‘Ì¥³  ¨§³¥·¨É¥²Ö Ô³¨ÉÉ ´¸ 
¨  ´ ²¨§  ¸¨£´ ² 


¨¸. 5. �·¨³¥·Ò ¸¨£´ ²μ¢ ¸μ ¸¶¨· ²¨
¶·μË¨²μ³¥É· 

¥É¸Ö ¸± ´¥·μ³. �² ¸É¨´  ¸μ Ð¥²Ö³¨ ³μ¦¥É ¡ÒÉÓ ¢Ò¤¢¨´ÊÉ  ¨§ ¶ÊÎ±  ¤²Ö ¨§³¥-
·¥´¨Ö ¥£μ ¨´É¥´¸¨¢´μ¸É¨ ¸ ¶μ³μÐÓÕ Í¨²¨´¤·  ” · ¤¥Ö. ‘¨£´ ² ¸μ ¸± ´¥· 
§ ¶¨¸Ò¢ ¥É¸Ö ´  Í¨Ë·μ¢μ° μ¸Í¨²²μ£· Ë,   § É¥³ ¢ ¢¨¤¥ Ë °²  ¤ ´´ÒÌ Å ´ 

‘. Š ¦¤Ò° ¨§ ¶¨±μ¢ ¸μμÉ¢¥É¸É¢Ê¥É ¨§¢¥¸É´μ³Ê ¢¥·É¨± ²Ó´μ³Ê · §³¥·Ê ¶ÊÎ± .
“£²μ¢ Ö · ¸Ìμ¤¨³μ¸ÉÓ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¨§ Ï¨·¨´Ò ± ¦¤μ£μ ¨§ ¶¨±μ¢ ¨ ¨§¢¥¸É-
´μ£μ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê Ð¥²ÓÕ ¨ ¶μ²μ¦¥´¨¥³ ¸¶¨· ²¨. �·¨³¥·Ò ¸¨£´ ²μ¢,
§ ¶¨¸ ´´ÒÌ ¸ ¶·μË¨²μ³¥É· , ¶μ± § ´Ò ´  ·¨¸. 5.

�…‡“‹œ’�’› �Š‘�…�ˆŒ…�’�‚

ˆ§³¥·¥´¨¥ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ¨μ´μ¢ ‘ 6+ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ô±· ´  ¸ μ³¨-
Î¥¸±¨³ ´ £·¥¢μ³ ¶·μ¢μ¤¨²μ¸Ó ¶·¨ ³μÐ´μ¸É¨ ‘‚—-´ ± Î±¨ ¢ ¤¨ ¶ §μ´¥ μÉ 50
¤μ 100 ‚É. ‚ ± Î¥¸É¢¥ ¡ ²² ¸É´μ£μ £ §  ¨¸¶μ²Ó§μ¢ ²¸Ö �¥. �·¨ ÔÉμ³ ¢ ·Ó¨-
·μ¢ ²μ¸Ó É ±¦¥ ±μ²¨Î¥¸É¢μ ¡ ²² ¸É´μ£μ £ § . ˆ§³¥·¥´¨Ö ¶·μ¢¥¤¥´Ò ¶·¨ ¨´-
É¥´¸¨¢´μ¸É¨ Éμ±  ¨μ´μ¢ �¥1+ μ±μ²μ 500, 100 ³±� ¨ ´  Î¨¸Éμ³ ‘ . ‘¶¥±É·Ò
¨μ´μ¢ ‘  ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¡ ²² ¸É´μ£μ £ §  ¨ ¡¥§ ´¥£μ ¶μ± § ´Ò ´  ·¨¸. 6.

¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥. �·¨ ³μÐ´μ¸É¨ ‘‚—-´ £·¥¢  50
‚É Ô³¨ÉÉ ´¸ ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö²¸Ö ¢ ¤¨ ¶ §μ´¥ Éμ±μ¢ 50Ä100 ³±�. �·¨
³μÐ´μ¸É¨ ´ £·¥¢  100 ‚É Ô³¨ÉÉ ´¸ ¸ÊÐ¥¸É¢¥´´μ ¢μ§· ¸É ¥É ¶·¨ ¨¸¶μ²Ó§μ¢ -
´¨¨ ¡μ²ÓÏμ£μ ±μ²¨Î¥¸É¢  ¡ ²² ¸É´μ£μ £ § , μ¤´ ±μ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¶μ¤ Î¨
�¥ (Éμ± ¨μ´μ¢ �¥+ ¶μ·Ö¤±  100 ³±�) ¢¥²¨Î¨´  Ô³¨ÉÉ ´¸  ¶ ¤ ¥É ¤μ 100 π
³³ · ³· ¤. ˆ¸¶μ²Ó§μ¢ ´¨¥ ·¥¦¨³  · ¡μÉÒ ¨¸ÉμÎ´¨±  ¡¥§ ¡ ²² ¸É´μ£μ £ § 
´¥ ¶·¨¢μ¤¨É ± ¸ÊÐ¥¸É¢¥´´μ³Ê Ê³¥´ÓÏ¥´¨Õ ¢¥²¨Î¨´Ò Ô³¨ÉÉ ´¸ . �¤´ ±μ ¶·¨
ÔÉμ³ ¢μ§· ¸É ¥É · ¸Ìμ¤ ‘ , ´¥μ¡Ìμ¤¨³Ò° ¤²Ö ¶μ²ÊÎ¥´¨Ö ¸É ¡¨²Ó´μ£μ ¶ÊÎ± 
¨μ´μ¢. �·¨ · ¡μÉ¥ ¡¥§ ¡ ²² ¸É´μ£μ £ §  É·¥¡μ¢ ²μ¸Ó Ê¢¥²¨Î¥´¨¥ ³μÐ´μ¸É¨
´ £·¥¢  ³¨±·μ¶¥Î¨, ¨¸¶ ·ÖÕÐ¥° ‘ , ¶·¨³¥·´μ ´  20%.
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’ ¡²¨Í . �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° Ô³¨ÉÉ ´¸  ¶ÊÎ±  ‘ 6+ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ô±· ´  ¸
μ³¨Î¥¸±¨³ ´ £·¥¢μ³

‘‚—-³μÐ´μ¸ÉÓ, ‚É ’μ± ‘ 6+, ³±� ’μ± �¥1+, ³±� 	³¨ÉÉ ´¸, π ³³ · ³· ¤
50 100 500 85
50 50 500 85
100 100 500 170
100 100 100 100
100 100 0 95
50 100 0 85

�·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ Ô±· ´  É· ¤¨Í¨μ´´μ° ±μ´¸É·Ê±Í¨¨ ¨μ´´Ò° ¨¸ÉμÎ-
´¨± · ¡μÉ ² ¢ ·¥¦¨³¥, ±μÉμ·Ò° μ¡ÒÎ´μ ¨¸¶μ²Ó§Ê¥É¸Ö ´  Í¨±²μÉ·μ´¥ “-400
¤²Ö ¶μ²ÊÎ¥´¨Ö ¶ÊÎ±  ¨μ´μ¢ 48‘ : ³μÐ´μ¸ÉÓ ‘‚—-´ £·¥¢  ∼ 400 ‚É, · ¸¶·¥-
¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö Å ¶·¨¢¥¤¥´´μ¥ ´  ·¨¸. 2, ¡ ²² ¸É´Ò° £ § Å �¥.
‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¢ ÔÉμ³ ¸²ÊÎ ¥ Ë ±É¨Î¥¸±¨ ´¥ ´ ¡²Õ¤ ² ¸Ó ¶μ¢Éμ·Ö-
¥³μ¸ÉÓ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨°. …¸²¨ ¤²Ö Ô±· ´  ¸ μ³¨Î¥¸±¨³ ´ £·¥¢μ³ ¢¸¥
¶¨±¨, ¨§³¥·¥´´Ò¥ ¶·μË¨²μ³¥É·μ³, μÉ¤¥²¥´Ò ¤·Ê£ μÉ ¤·Ê£  (·¨¸. 5, ¡), Éμ ¢
¶μ¸²¥¤´¥³ ¸²ÊÎ ¥ ¶¨±¨ Î ¸Éμ ¶·¥±·Ò¢ ²¨¸Ó, ÎÉμ £μ¢μ·¨É μ ¡μ²ÓÏμ° Ê£²μ¢μ°
· ¸Ìμ¤¨³μ¸É¨ ¨μ´´μ£μ ¶ÊÎ±  (·¨¸. 5, a). 
 ¸Î¥É ¶μ ´¥±μÉμ·Ò³ ¶·μË¨²Ö³ ¨§
¶·μ¢¥¤¥´´μ° ¸¥·¨¨ ¨§³¥·¥´¨° ¶μ± § ², ÎÉμ Ô³¨ÉÉ ´¸ ¨μ´´μ£μ ¶ÊÎ±  ¶·¨ ¨¸-
¶μ²Ó§μ¢ ´¨¨ Ô±· ´  É· ¤¨Í¨μ´´μ° ±μ´¸É·Ê±Í¨¨ ²¥¦¨É ¢ ¤¨ ¶ §μ´¥ μÉ 220 ¤μ
350 π ³³ · ³· ¤.


¨¸. 6. ‘¶¥±É·Ò ¨μ´μ¢ Ca
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�·μ¢¥¤¥´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ± § ²¨, ÎÉμ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ ¤²Ö ¶μ²Ê-
Î¥´¨Ö ¨μ´μ¢ ‘  	–
-¨¸ÉμÎ´¨±  ¸ ®£μ·ÖÎ¨³ Ô±· ´μ³¯, ´ £·¥¢ ±μÉμ·μ£μ ¶·μ-


¨¸. 7. 
 ¸Î¥É É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ 48‘ 5+ ¢ ¸¨¸É¥³¥  ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨
Í¨±²μÉ·μ´  “-400: a Å Ô³¨ÉÉ ´¸ 90 π ³³ · ³· ¤, ¡ Å 300 π ³³ · ³· ¤. ’μ± ¨μ´μ¢
�¥ Å 200 ³±�
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¨¸Ìμ¤¨É §  ¸Î¥É ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ‘‚—-¢μ²´μ° ¨ ¶² §³μ° · §·Ö¤ , Ô³¨ÉÉ ´¸
¨§¢²¥± ¥³μ£μ ¨μ´´μ£μ ¶ÊÎ±  ¨³¥¥É ¤μ¸É ÉμÎ´μ ¡μ²ÓÏÊÕ ¢¥²¨Î¨´Ê, ±μÉμ· Ö
³μ¦¥É ¶·¥¢ÒÏ ÉÓ  ±¸¥¶É ´¸ ± ´ ²   ±¸¨ ²Ó´μ° ¨´¦¥±Í¨¨ Í¨±²μÉ·μ´  “-400.
�Î¥¢¨¤´μ, ÎÉμ ´  Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ±  μ± §Ò¢ ¥É ¢²¨Ö´¨¥ ¢Ò¸μ±¨° Ê·μ¢¥´Ó
¢¢μ¤¨³μ° ‘‚—-³μÐ´μ¸É¨ ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¨§±μ³ Ê·μ¢´¥ ¸·¥¤´¥£μ  ±¸¨-
 ²Ó´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨μ´´μ£μ ¨¸ÉμÎ´¨± ,   É ±¦¥ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ¥
±μ²¨Î¥¸É¢μ ¡ ²² ¸É´μ£μ £ § . Š ± Ê¦¥ μÉ³¥Î ²μ¸Ó, ¤ ´´Ò° ·¥¦¨³ ¨¸¶μ²Ó§Ê-
¥É¸Ö ¤²Ö ¸³¥Ð¥´¨Ö ¨μ´´μ£μ ¸¶¥±É·  ¨§ ¢Ò¸μ±μ§ ·Ö¤´μ° Î ¸É¨ ¢ μ¡² ¸ÉÓ ¶ÖÉ¨-
¨²¨ Ï¥¸É¨§ ·Ö¤´μ£μ ‘ , É·¥¡Ê¥³μ£μ ¤²Ö Ê¸±μ·¥´¨Ö. ˆ¸¶μ²Ó§μ¢ ´¨¥ Ô±· ´  ¸
¢´¥Ï´¨³ μ³¨Î¥¸±¨³ ´ £·¥¢μ³ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ ÉÓ ¶ÊÎ±¨ ¨μ´μ¢ ¸ É·¥¡Ê¥³Ò³
§ ·Ö¤μ³ ¨ Ô³¨ÉÉ ´¸μ³ ¢ ¶μ·Ö¤±  100 π ³³ · ³· ¤. �  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ·¥-
§Ê²ÓÉ ÉÒ · ¸Î¥É  É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¨μ´μ¢ 48‘ 5+ ¢ ± ´ ²¥  ±¸¨ ²Ó´μ°
¨´¦¥±Í¨¨ Í¨±²μÉ·μ´  “-400. 
 ¸Î¥ÉÒ ¶·μ¢¥¤¥´Ò ¸ ¶μ³μÐÓÕ 2S-¶·μ£· ³³Ò,
¨¸¶μ²Ó§ÊÕÐ¥° ³¥Éμ¤ É· ´¸¶μ·É¨·μ¢±¨ ±·Ê¶´ÒÌ Î ¸É¨Í ¨ ¨³¥ÕÐ¥° ¢μ§³μ¦-
´μ¸ÉÓ ¸¨³Ê²ÖÍ¨¨ ³´μ£μ±μ³¶μ´¥´É´μ£μ ¶ÊÎ±  [8]. ‚ ¶¥·¢μ³ ¸²ÊÎ ¥, ¶·¨ Ô³¨É-
É ´¸¥ 90 π ³³ · ³· ¤ ¨ Éμ±¥ �¥ 200 ³±�, ¶· ±É¨Î¥¸±¨ 100% ¶ÊÎ±  ¤μ¸É¨£ ¥É
³¥¤¨ ´´μ° ¶²μ¸±μ¸É¨ Í¨±²μÉ·μ´ . �·¨ Ô³¨ÉÉ ´¸¥ 300 π ³³ · ³· ¤ ¨ ¶·μ-
Î¨Ì · ¢´ÒÌ Ê¸²μ¢¨ÖÌ ÔËË¥±É¨¢´μ¸ÉÓ É· ´¸¶μ·É¨·μ¢±¨ ´¥ ¶·¥¢ÒÏ ¥É 20 %.
‚²¨Ö´¨¥ ¤μ¡ ¢μÎ´μ£μ £ §  ´  É· ´¸¶μ·É¨·μ¢±Ê ¶ÊÎ±  · ´¥¥ É ±¦¥ ¡Ò²μ · ¸-
¸³μÉ·¥´μ ¢ · ¡μÉ¥ [8].

’ ±¨³ μ¡· §μ³, ¶·¥¤¢ ·¨É¥²Ó´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¶ÊÎ±  ¨μ-
´μ¢ ‘  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô±· ´  ¸ ¢´¥Ï´¨³ μ³¨Î¥¸±¨³ ´ £·¥¢μ³ ¶μ± § ²¨
¥£μ ¶¥·¸¶¥±É¨¢´μ¸ÉÓ ¤²Ö ¶·¨³¥´¥´¨Ö ´  Í¨±²μÉ·μ´¥ “-400 ¸ Í¥²ÓÕ ¶μ²ÊÎ¥-
´¨Ö ¶ÊÎ±μ¢ ¨μ´μ¢ ¤μ·μ£μ¸ÉμÖÐ¥£μ ¨§μÉμ¶  48‘ .
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