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‘¢¥·Ì¶·μ¢μ¤ÖÐ Ö ³ £´¨É´ Ö ¸¨¸É¥³  (‘�Œ‘) ¤²Ö ¨¸ÉμÎ´¨±  ³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢
DECRIS-SC · §· ¡μÉ ´  ¨ ¸μ§¤ ´  ¢ �¡Ñ¥¤¨´¥´´μ³ ¨´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. “¸¶¥Ï´Ò¥
¨¸¶ÒÉ ´¨Ö ‘�‘Œ ¶·μ¢¥¤¥´Ò ¢ ±μ´Í¥ 2003 Å ´ Î ²¥ 2004 £. �¸μ¡¥´´μ¸É¨ ¸¨¸É¥³Ò μ¡Ê¸²μ¢²¥´Ò
¨¸¶μ²Ó§μ¢ ´¨¥³ ±·¨μ±Ê²¥·  ³μÐ´μ¸ÉÓÕ 1 ‚É ¤²Ö ±·¨μ¸É É¨·μ¢ ´¨Ö ³ £´¨É ,   É ±¦¥ ¸¶¥Í¨ ²Ó´μ°
±μ´Ë¨£Ê· Í¨¥° ³ £´¨É´μ£μ ¶μ²Ö, É·¥¡Ê¥³μ° ¤²Ö ¨¸ÉμÎ´¨±  ¨μ´μ¢.

—¥ÉÒ·¥ μ¡³μÉ±¨ μ¡¥¸¶¥Î¨¢ ÕÉ ¨´¤Ê±Í¨Õ ³ £´¨É´μ£μ ¶μ²Ö ´  μ¸¨ ¨¸ÉμÎ´¨±  ¤μ 3 ’² (¶·μ-
¡μÎ´μ¥ μÉ´μÏ¥´¨¥ ∼ 6), ÎÉμ §´ Î¨É¥²Ó´μ · ¸Ï¨·Ö¥É ¢μ§³μ¦´μ¸É¨ ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¸ ÉμÎ±¨
§·¥´¨Ö ¶μ²ÊÎ¥´¨Ö ¨´É¥´¸¨¢´ÒÌ ¶ÊÎ±μ¢ ¢Ò¸μ±μ§ ·Ö¤´ÒÌ ¨μ´μ¢. ‚ ³ £´¨É¥ Ê¸¶¥Ï´μ ·¥Ï¥´  § ¤ Î 
¶μ ±μ³¶¥´¸ Í¨¨ ¡μ²ÓÏ¨Ì ¸¨² ¢§ ¨³μ¤¥°¸É¢¨Ö μ¡³μÉμ± ¸ Ö·³μ³ ¨ ·¥ ²¨§μ¢ ´  ´ ¤¥¦´ Ö ¶μ¤¢¥¸± 
³ £´¨É  ¢ ±·¨μ¸É É¥. „²Ö ±μ³¶ Ê´¤¨·μ¢ ´¨Ö μ¡³μÉμ±, · ¡μÉ ÕÐ¨Ì ¢ ¢ ±ÊÊ³¥ ¶·¨ ±μ¸¢¥´´μ³ ±·¨μ-
¸É É¨·μ¢ ´¨¨, ¨¸¶μ²Ó§μ¢ ´ ¶·¥¶·¥£ (¶·μ¶¨É ´´ Ö Ô¶μ±¸¨¤μ³ £μ·ÖÎ¥£μ μÉ¢¥·¦¤¥´¨Ö ¸É¥±²μÉ± ´Ó).
�·¨³¥´¥´  ´μ¢ Ö É¥Ì´μ²μ£¨Ö § Ð¨ÉÒ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ³ £´¨É  ¢  ¢ ·¨°´ÒÌ ¸¨ÉÊ Í¨ÖÌ ¸ ¶μ³μÐÓÕ
¸¥±Í¨μ´¨·μ¢ ´¨Ö μ¡³μÉμ±, ¶ ¸¸¨¢´ÒÌ Ô²¥³¥´Éμ¢ § Ð¨ÉÒ ´  Ìμ²μ¤´ÒÌ ¤¨μ¤ Ì ¨ ¸μ¶·μÉ¨¢²¥´¨ÖÌ,  
É ±¦¥  ±É¨¢´μ° § Ð¨ÉÒ ´  μ¸´μ¢¥ ¤¥É¥±Éμ·μ¢ ´μ·³ ²Ó´μ° §μ´Ò ¨ ´ £·¥¢ É¥²¥°.

A superconducting magnet system (SMS) for the multicharged ion source DECRIS-SC was designed
and manufactured at the Joint Institute for Nuclear Research. Successful tests of the SMS were conducted
in late 2003 Å early 2004. The peculiarities of this system are stipulated by using of a cryocooler 1 W
in power for the cryostabilization of the magnet, and also by a special conˇguration of the magnetic
ˇeld demanded for the source of ions.

Four coils ensure induction of a magnetic ˇeld on the axes of the source of up to 3 T (the mirror
ratio of ∼ 6) which considerably extends possibilities of the ion source from the point of view of
producing intense highly charged ion beams. The problem of compensating large forces of interaction
between the coils and surrounding iron yoke in this magnet has been successfully solved, and a reliable
suspension of the magnet in a cryostat realized. For compounding of the windings working in vacuum
at indirect cryostabilization prepreg (ˇberglass fabric impregnated with epoxide) is used. There has been
applied a new technology of the superconducting magnet protection with the help of sectionalization of
the windings, using passive elements of the protection based on ®cold¯ diodes and resistances, as well
as a new technology of active protection with normal zone detectors and heaters.
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‚ ¶μ¸²¥¤´¨¥ £μ¤Ò ¢ ³¨·μ¢μ° ¶· ±É¨±¥ ´ Î ²μ¸Ó Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ´μ¢ÒÌ ±·¨μ£¥´-
´ÒÌ É¥Ì´μ²μ£¨° ¤²Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢. Šμ³¶ ±É´Ò¥ £¥²¨¥¢Ò¥ ·¥Ë·¨¦¥· Éμ·Ò,
´μ¢Ò¥ ¸¢¥·Ì¶·μ¢μ¤´¨±¨ ¨ ¢Ò¸μ±μÔËË¥±É¨¢´Ò¥ É¥¶²μ¢Ò¥ Ô±· ´Ò ¶μ§¢μ²ÖÕÉ ¸μ§¤ ¢ ÉÓ  ¢-
Éμ´μ³´Ò¥ ¨ Ê¤μ¡´Ò¥ ¢ Ô±¸¶²Ê É Í¨¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ³ £´¨ÉÒ. ‚ ± Î¥¸É¢¥ ¶·¨³¥· 
·¥ ²¨§ Í¨¨ ¤ ´´ÒÌ É¥Ì´μ²μ£¨° ³μ¦´μ ¶·¨¢¥¸É¨ ¸μ§¤ ´´Ò° ¢ RIKEN (Ÿ¶μ´¨Ö) ¨¸ÉμÎ´¨±
³´μ£μ§ ·Ö¤´ÒÌ ¨μ´μ¢ RAMSES [1], ¢ ±μÉμ·μ³ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ¸μ²¥´μ¨-
¤ ²Ó´Ò¥ μ¡³μÉ±¨, μÌ² ¦¤ ¥³Ò¥ ¸ ¶μ³μÐÓÕ £¥²¨¥¢μ£μ ·¥Ë·¨¦¥· Éμ· .

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ ‹Ÿ� �ˆŸˆ ¶·μ¢μ¤¨É¸Ö ³μ¤¥·´¨§ Í¨Ö Í¨±²μÉ·μ´  ˆ–-100 [2].
„μ¸É ÉμÎ´μ ¢Ò¸μ±¨¥ É·¥¡μ¢ ´¨Ö ¶μ § ·Ö¤Ê ¨ ¨´É¥´¸¨¢´μ¸É¨ Ê¸±μ·Ö¥³ÒÌ ¶ÊÎ±μ¢ (Kr15+,
Xe23+) ¶·¨¢μ¤ÖÉ ± ´¥μ¡Ìμ¤¨³μ¸É¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¨μ´´μ£μ ¨¸ÉμÎ´¨±  ¸ ¶μ¢ÒÏ¥´´Ò³
Ê·μ¢´¥³ ³ £´¨É´μ£μ ¶μ²Ö (¤μ 3 ’²) ¤²Ö ¸É ¡¨²¨§ Í¨¨ ¶² §³Ò ¶·¨ ¢Ò¸μ±¨Ì Ê·μ¢´ÖÌ ¢¢μ-
¤¨³μ° ‘‚—-³μÐ´μ¸É¨. „²Ö ¸μ§¤ ´¨Ö É·¥¡Ê¥³μ£μ · ¸¶·¥¤¥²¥´¨Ö  ±¸¨ ²Ó´μ£μ ³ £´¨É´μ£μ
¶μ²Ö ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ±μ° ¶μÉ·¥¡²Ö¥³μ° ³μÐ´μ¸É¨ μ¶É¨³ ²Ó´Ò³ Ö¢²Ö¥É¸Ö ¨¸-
¶μ²Ó§μ¢ ´¨¥ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ± ÉÊÏ¥±.

Œ £´¨É ¸ Ìμ²μ¤´μ° ³ ¸¸μ° 280 ±£ ¸μ¤¥·¦¨É Î¥ÉÒ·¥ μ¡³μÉ±¨ ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³
280 ³³, ¸ ´¥§ ¢¨¸¨³Ò³ Ô²¥±É·μ¶¨É ´¨¥³ Éμ± ³¨ ¤μ 60 �. ‚ μ¡³μÉ± Ì ¨¸¶μ²Ó§Ê¥É¸Ö
¶·μ¢μ¤ ¤¨ ³¥É·μ³ 0,65 ³³. �¡³μÉ±¨ · §³¥Ð¥´Ò ´  ¸É ²Ó´μ³ ± ·± ¸¥. Œ¥¤´Ò° É¥¶²μ¢μ°
Ô±· ´ ¨ ± ·± ¸ § ±·¥¶²¥´Ò ¢ ¢ ±ÊÊ³´μ³ ±μ¦ÊÌ¥ ¸ ¶μ³μÐÓÕ ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ μ¶μ·.
Š·¨μ¸É É¨·μ¢ ´¨¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ±·¨μ±Ê²¥·μ³ ƒ¨ËËμ·¤aÄŒ ±-Œ £μ´  ³μÐ´μ¸ÉÓÕ 1 ‚É
¶·¨ É¥³¶¥· ÉÊ·¥ 4,2 Š. •μ²μ¤´Ò¥ ³ ¸¸Ò, ¢ Éμ³ Î¨¸²¥ μ¡³μÉ±¨ ¸ÊÌμ£μ É¨¶ , ¸μ¥¤¨´¥´Ò
¸μ ¢Éμ·μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ±Ê²¥·  É¥¶²μ¶·μ¢μ¤ ³¨ ¨§ Î¨¸Éμ£μ  ²Õ³¨´¨Ö. ‚ Éμ±μ¢¢μ¤ Ì ¨¸-
¶μ²Ó§ÊÕÉ¸Ö ‚’‘�-¢¸É ¢±¨. ‡ Ð¨É  ³ £´¨É  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸¥±Í¨μ´¨·μ¢ ´¨¥³ μ¡³μÉμ±,
ÏÊ´É¨·μ¢ ´¨¥³ ¸¥±Í¨° Ìμ²μ¤´Ò³¨ ¤¨μ¤ ³¨ ¨ £ ¸¨É¥²Ó´Ò³¨ ¸μ¶·μÉ¨¢²¥´¨Ö³¨ (¶ ¸¸¨¢-
´ Ö § Ð¨É ),   É ±¦¥ ¤¥É¥±Éμ· ³¨ ´μ·³ ²Ó´μ° §μ´Ò ¨ ´ £·¥¢ É¥²Ö³¨ μ¡³μÉμ± ( ±É¨¢´ Ö
§ Ð¨É ). ‚ ±ÊÊ³´Ò° ±μ¦ÊÌ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ μ±·Ê¦¥´ Ë¥··μ³ £´¨É´Ò³ Ô±· ´μ³.

1. Š��‘’�“Š–ˆŸ Œ�ƒ�ˆ’�

Œ £´¨É ¸μ¤¥·¦¨É Î¥ÉÒ·¥ ¸μμ¸´ÒÌ ¸μ²¥´μ¨¤ , ¶ · ³¥É·Ò ±μÉμ·ÒÌ ¤ ´Ò ¢ É ¡². 1.
Š· °´¨¥ ¸μ²¥´μ¨¤Ò ¢±²ÕÎ¥´Ò ¢ Í¥¶Ó Ô²¥±É·μ¶¨É ´¨Ö ¶μ¸²¥¤μ¢ É¥²Ó´μ, ¢´ÊÉ·¥´´¨¥ ¨³¥ÕÉ
´¥§ ¢¨¸¨³μ¥ ¶¨É ´¨¥, ¶·¨Î¥³ Í¥´É· ²Ó´Ò° ¸μ²¥´μ¨¤ ¢±²ÕÎ¥´ ¢ ´ ¶· ¢²¥´¨¨, ¶·μÉ¨¢μ¶μ-
²μ¦´μ³ μ¸É ²Ó´Ò³. �¸¥¢ Ö ¸μ¸É ¢²ÖÕÐ Ö ³ £´¨É´μ£μ ¶μ²Ö μ¡· §Ê¥É ´  μ¸¨ ¶ÊÎ±  ¨μ´μ¢
¸¥¤²μμ¡· §´ÊÕ ®²μ¢ÊÏ±Ê¯ (·¨¸. 1). Šμ´¸É·Ê±Í¨Ö ³ £´¨É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 2 ¨ 3.
‘μ²¥´μ¨¤Ò 1 (·¨¸. 2) ´ ¢¨ÉÒ ´  ± ·± ¸ 2 ¨§ ´¥·¦ ¢¥ÕÐ¥° ´¥³ £´¨É´μ° ¸É ²¨, ±μÉμ-
·Ò° Ê±·¥¶²¥´ ¢´ÊÉ·¨ ¢ ±ÊÊ³´μ£μ ±μ¦ÊÌ  7 ´  ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ μ¶μ· Ì 6. Šμ¦ÊÌ 7
§ ±²ÕÎ¥´ ³ £´¨É´Ò³ Ô±· ´μ³ 8. Š ·± ¸ ¸ μ¡³μÉ± ³¨ μ±·Ê¦¥´ μÉ· ¦ É¥²Ó´Ò³  ²Õ³¨-
´¨¥¢Ò³ Ô±· ´μ³ 5 ¨ μÌ² ¦¤ ¥³Ò³ μÉ ¶¥·¢μ° ¸ÉÊ¶¥´¨ ±·¨μ±Ê²¥·  10 ³¥¤´Ò³ É¥¶²μ¢Ò³
Ô±· ´μ³ 3. �  ¶μ¸²¥¤´¨° Ê²μ¦¥´Ò ³ ÉÒ ³´μ£μ¸²μ°´μ° Ô±· ´´μ-¢ ±ÊÊ³´μ° ¨§μ²ÖÍ¨¨ 4.
Š ·± ¸ ¨ μ¡³μÉ±¨ ¸¢Ö§ ´Ò ¸μ ¢Éμ·μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ±Ê²¥·  ²¥´ÉμÎ´Ò³¨ É¥¶²μ¶·μ¢μ¤ ³¨
11 ¨§  ²Õ³¨´¨Ö ¢Ò¸μ±μ° Î¨¸ÉμÉÒ. Š·μ³¥ Éμ£μ, ± ± ·± ¸Ê ¶·¨¢¨´Î¥´Ò · ¸¶μ²μ¦¥´-
´Ò¥ ¢¤μ²Ó ¥£μ μ¸¨ ³¥¤´Ò¥ ¶² ¸É¨´Ò-É¥¶²μ¶·μ¢μ¤Ò, ±μÉμ·Ò¥ É ±¦¥ ¸μ¥¤¨´¥´Ò ¸ £μ²μ¢±μ°
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’ ¡²¨Í  1. �¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¸μ²¥´μ¨¤μ¢

� ¨³¥´μ¢ ´¨¥ ‚¥²¨Î¨´Ò

�μ³¥· ¸μ²¥´μ¨¤  1 2 3 4

‚´ÊÉ·¥´´¨° ¤¨ ³¥É· μ¡³μÉ±¨, ³³ 281 280 280 281

‚´¥Ï´¨° ¤¨ ³¥É· μ¡³μÉ±¨, ³³ 397 396 396 350

„²¨´  μ¡³μÉμ±, ³³ 80 81 50 80

Œ ±¸¨³ ²Ó´Ò° · ¡μÎ¨° Éμ±, � 58,4

—¨¸²μ  ³¶¥·-¢¨É±μ¢, Œ� 0,549 0,562 0,345 0,318

Šμ²¨Î¥¸É¢μ ¢¨É±μ¢ 9409 9619 5901 5439

�²μÉ´μ¸ÉÓ Éμ±  ¢ μ¡³μÉ±¥, �/³³2 118,4 119,6 118,8 115,1

Œ ±¸¨³ ²Ó´ Ö ¨´¤Ê±Í¨Ö ´  μ¸¨, ’² 2,06 3,0 2,8 0,56

Œ ±¸¨³ ²Ó´ Ö ¨´¤Ê±Í¨Ö ¢ μ¡³μÉ±¥, ’² 4,0 5,0 4,6 2,6

ˆ´¤Ê±É¨¢´μ¸ÉÓ, ƒ´ 33,6 33,6 12,2 11,4

‡ ¶ ¸¥´´ Ö Ô´¥·£¨Ö, ±„¦ 60,5 60,5 22 20,5

Œ ¸¸  ¶·¨ 4,5 Š, ±£ ∼ 280

Šμ³¶ Ê´¤¨·ÊÕÐ¨° ³ É¥·¨ ² �·¥¶·¥£

±·¨μ±Ê²¥·   ²Õ³¨´¨¥¢Ò³¨ ¶μ²μ¸± ³¨. �  ÔÉ¨Ì ¶² ¸É¨´ Ì ¸³μ´É¨·μ¢ ´Ò ¤¥É ²¨ Ô²¥±É·¨-
Î¥¸±μ° § Ð¨ÉÒ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì μ¡³μÉμ± Å ¤¨μ¤Ò 12 ¨ μ³¨Î¥¸±¨¥ ¸μ¶·μÉ¨¢²¥´¨Ö 13.
’¥¶²μ¢μ° Ô±· ´ 3 ±·¥¶¨É¸Ö ± μ¶μ· ³ 6 ¢ ¸·¥¤´¥° ¨Ì
Î ¸É¨. ˜¥¸ÉÓ Éμ±μ¢ÒÌ ¢¢μ¤μ¢ 9 · ¸¶μ²μ¦¥´Ò ¢μ±·Ê£
£μ²μ¢±¨ ±·¨μ±Ê²¥· . �·¥¤¢ ·¨É¥²Ó´ Ö μÉ± Î±  ¢ ±Ê-
Ê³´μ£μ ±μ¦ÊÌ  ¶·μ¨§¢μ¤¨É¸Ö Ëμ·¢ ±ÊÊ³´Ò³ ¨ ÉÊ·-
¡μ³μ²¥±Ê²Ö·´Ò³ 14 ´ ¸μ¸ ³¨ (·¨¸. 3). “¸±μ·¥´´μ¥
μÌ² ¦¤¥´¨¥ ¤μ 100 Š ³μ¦¥É ¡ÒÉÓ ¶·μ¢¥¤¥´μ ¸ ¶μ³μ-
ÐÓÕ μÌ² ¦¤ ¥³μ£μ ¦¨¤±¨³  §μÉμ³ É¥¶²μμ¡³¥´´¨± 
15. �μ¸²¥¤´¨° ¸μ¥¤¨´¥´ ¸ Éμ·Í ³¨ ± ·± ¸  ³¥¤´Ò³¨
μ¶²¥É± ³¨. 	μ²¥¥ ¶μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ ¶¥·¥Î¨¸²¥´-
´ÒÌ Ê§²μ¢ ¶·¥¤¸É ¢²¥´μ ¢ ¶μ¸²¥¤ÊÕÐ¨Ì · §¤¥² Ì.

�¨¸. 1. � ¸¶·¥¤¥²¥´¨¥ μ¸¥¢μ° ¸μ¸É ¢²ÖÕÐ¥° ³ £´¨É´μ£μ

¶μ²Ö ¢¤μ²Ó μ¸¨ ³ £´¨É 



48 �´¨Ð¥´±μ H. ƒ. ¨ ¤·.

�¨¸. 2. �¡Ð¨° ¢¨¤ ³ £´¨É  (¶·μ¤μ²Ó´Ò° · §·¥§): 1 Å ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨¥ ¸μ²¥´μ¨¤Ò; 2 Å ± ·± ¸
¸μ²¥´μ¨¤μ¢; 3 Å É¥¶²μ¢μ° Ô±· ´; 4 Å ³´μ£μ¸²μ°´ Ö Ô±· ´´μ-¢ ±ÊÊ³´ Ö ¨§μ²ÖÍ¨Ö; 5 Å μÉ· ¦ -

ÕÐ¨°  ²Õ³¨´¨¥¢Ò° Ô±· ´ (¸³. ·¨¸. 3); 6 Å μ¶μ·  Ìμ²μ¤´ÒÌ ³ ¸¸; 7 Å ¢ ±ÊÊ³´Ò° ±μ¦ÊÌ; 8 Å
³ £´¨É´Ò° Ô±· ´; 9 Å Éμ±μ¢¢μ¤Ò; 10 Å ±·¨μ±Ê²¥·; 11 Å É¥¶²μ¶·μ¢μ¤Ò; 12 Å ®Ìμ²μ¤´Ò¥¯ ¤¨-

μ¤Ò; 13 Å £ ¸¨É¥²Ó´Ò¥ ·¥§¨¸Éμ·Ò; 14 Å ÉÊ·¡μ³μ²¥±Ê²Ö·´Ò° ´ ¸μ¸ (¸³. ·¨¸. 3); 15 Å  §μÉ´Ò°

É¥¶²μμ¡³¥´´¨±
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�¨¸. 3. �¡Ð¨° ¢¨¤ ³ £´¨É  (¶μ¶¥·¥Î´Ò° · §·¥§). �¡μ§´ Î¥´¨Ö Å ¸³. ·¨¸. 2

2. Š�ˆ�Š“‹…�

Š·¨μ±Ê²¥· Å £ §μ¢ Ö Ìμ²μ¤¨²Ó´ Ö ³ Ï¨´ , ¸μ¸Éμ¨É ¨§ ±μ³¶·¥¸¸μ·  1, μÌ² ¦¤ Õ-
Ð¥° £μ²μ¢±¨ 2 ¨ ¸μ¥¤¨´ÖÕÐ¨Ì ¨Ì ³¥¦¤Ê ¸μ¡μ° £¨¡±¨Ì É·Ê¡μ¶·μ¢μ¤μ¢ 3 ¨ Ô²¥±É·¨Î¥-
¸±¨Ì ± ¡¥²¥° 4 (·¨¸. 4). �¥±μÉμ·Ò¥ ¶ · ³¥É·Ò ±·¨μ±Ê²¥·  ¶·¨¢¥¤¥´Ò ¢ É ¡². 2 [3]. ‚
±·¨μ±Ê²¥·¥ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö £ §μ¢Ò° Ìμ²μ¤¨²Ó´Ò° Í¨±² ƒ¨ËËμ·¤ ÄŒ ±-Œ £μ´ . ƒμ²μ¢± 
±·¨μ±Ê²¥·  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ±² ¶ ´Ò ¸ Ô²¥±É·μ¶·¨¢μ¤μ³, ¶μ·Ï¥´Ó ¸ É¥¶²μμ¡³¥´´¨±μ³-
·¥£¥´¥· Éμ·μ³. ’¥¶²μμ¡³¥´´¨± ¸μ¤¥·¦¨É Ï ·¨±¨ ¨§ ·¥¤±μ§¥³¥²Ó´ÒÌ ³¥É ²²μ¢, μ¡² ¤ -
ÕÐ¨Ì  ´μ³ ²Ó´μ ¢Ò¸μ±μ° É¥¶²μ¥³±μ¸ÉÓÕ ¶·¨ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì. � ¡μÎ¨³ É¥²μ³ ¢
Í¨±²¥ Ö¢²Ö¥É¸Ö £¥²¨° ¢Ò¸μ±μ° Î¨¸ÉμÉÒ.
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’ ¡²¨Í  2. Š·¨μ±Ê²¥· ¨ ±μ³¶·¥¸¸μ· [3]

’¨¶ ±·¨μ±Ê²¥·  ”¨·³  Sumitomo RDK-408D (1 ‚É)

ƒ · ´É¨°´Ò° ¸·μ± · ¡μÉÒ, Î 10000

’¨¶ ±μ³¶·¥¸¸μ·  Sumitomo CSW-71 (¢μ¤Ö´μ¥ μÌ² ¦¤¥´¨¥)

�²¥±É·μ¶¨É ´¨e T·¥ÌË §´Ò° Éμ± 50 ƒÍ: 200/380/400/415 ‚

ŒμÐ´μ¸ÉÓ, ±‚É 6,5 (¶μ¸ÉμÖ´´Ò° ·¥¦¨³)
7,2 (³ ±¸¨³ ²Ó´μ¥ §´ Î¥´¨¥)

�Ì² ¦¤ ÕÐ Ö ¢μ¤  7 ²/³¨´ μÉ 4 ¤μ 28 ◦‘

� ¡μÎ Ö É¥³¶¥· ÉÊ·  μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò, ◦‘ μÉ 5 ¤μ 28

� §³¥·Ò ±μ³¶·¥¸¸μ· , ³³ 684 × 500 × 450

‚¥¸ ±μ³¶·¥¸¸μ· , ±£ 115

ˆ´É¥·¢ ² μ¡¸²Ê¦¨¢ ´¨Ö  ¤¸μ·¡¥· 
¢ ±μ³¶·¥¸¸μ·¥, Î 20 000

�¨¸. 4. Š·¨μ±Ê²¥· ¢ ¸¡μ·¥: 1 Å ±μ³¶·¥¸¸μ·; 2 Å μÌ² ¦¤ ÕÐ Ö £μ²μ¢± ; 3 Å £¥²¨¥¢Ò¥ É·Ê¡μ¶·μ-
¢μ¤Ò; 4 Å Ô²¥±É·¨Î¥¸±¨¥ ± ¡¥²¨

�¨¸. 5. Š·¨¢Ò¥ § ¢¨¸¨³μ¸É¨ É¥³¶¥· -
ÉÊ· 1-° (T1) ¨ 2-° (T2) ¸ÉÊ¶¥´¥° ±·¨μ-

±Ê²¥·  μÉ É¥¶²μ¢μ° ´ £·Ê§±¨

Š·¨μ±Ê²¥· ´ ¤¥¦¥´ ¢ · ¡μÉ¥, ¨³¥¥É £ · ´É¨°-
´Ò° ¸·μ± Ô±¸¶²Ê É Í¨¨ ¶ÖÉÓ ²¥É ¨ ¶μÎÉ¨ ´¥ É·¥¡Ê¥É
μ¡¸²Ê¦¨¢ ´¨Ö. ‚Ò¶Ê¸± ¥³Ò¥ ¢ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö
±·¨μ±Ê²¥·Ò ¨³¥ÕÉ ³μÐ´μ¸ÉÓ ¶μ·Ö¤±  1 ‚É ¶·¨
4,5 Š ¨ ¶μ§¢μ²ÖÕÉ ±·¨μ¸É É¨·μ¢ ÉÓ ³ £´¨ÉÒ ¸ Ìμ-
²μ¤´μ° ³ ¸¸μ° ¶μ·Ö¤±  1 É. �·¨ ÔÉμ³ É·¥¡Ê¥É¸Ö
¤μ¢μ²Ó´μ ¨§μÐ·¥´´ Ö É¥¶²μ¨§μ²ÖÍ¨Ö ³ £´¨É  ¨ ¤²¨-
É¥²Ó´μ¥ ¢·¥³Ö ¤²Ö ¥£μ μÌ² ¦¤¥´¨Ö. � §· ¡μÉ ´Ò
¶·¨¥³Ò ¸μ±· Ð¥´¨Ö ÔÉμ£μ ¢·¥³¥´¨ ¸ ¶μ³μÐÓÕ ¦¨¤-
±μ£μ  §μÉ  ¨²¨ É¥¶²μ¢ÒÌ ±²ÕÎ¥°. �μ¸²¥¤´¨¥ ¸μ¥¤¨-
´ÖÕÉ μÌ² ¦¤ ¥³ÊÕ ³ ¸¸Ê ¸ ¶¥·¢μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ-
±Ê²¥·  ¢μ ¢·¥³Ö ¸´¨¦¥´¨Ö É¥³¶¥· ÉÊ·Ò μÉ ±μ³´ É-
´μ° ¤μ ∼ 40 Š, ÎÉμ ¶μ§¢μ²Ö¥É ¨¸¶μ²Ó§μ¢ ÉÓ ¡μ²Ó-
ÏÊÕ ³μÐ´μ¸ÉÓ ¶¥·¢μ° ¸ÉÊ¶¥´¨ (´ ¶·¨³¥·, 30 ‚É ¶·¨
40 Š).

’¥³¶¥· ÉÊ·Ò ¸ÉÊ¶¥´¥° ±·¨μ±Ê²¥·  ¸¢Ö§ ´Ò ¸
¶μ¤¢μ¤¨³μ° ± ´¨³ É¥¶²μ¢μ° ´ £·Ê§±μ° (·¨¸. 5 [4]).
ŒμÐ´μ¸ÉÓ ¸ÉÊ¶¥´¥° ±·¨μ±Ê²¥·  ¢μ§· ¸É ¥É ¶·¨ ¡μ-
²¥¥ ¢Ò¸μ±¨Ì É¥³¶¥· ÉÊ· Ì, ÎÉμ ¶μ§¢μ²Ö¥É ¡Ò¸É·¥¥
μÌ² ¦¤ ÉÓ ³ £´¨ÉÒ.
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3. ‘‚…�•���‚�„Ÿ™ˆ… ‘�‹…��ˆ„›

„²Ö μ¡³μÉμ± ¨¸¶μ²Ó§μ¢ ´ ¶·μ¢μ¤´¨± Ë¨·³Ò OutoKumpu (É ¡². 3). � ¡μÎ¨° Éμ± (60 �)
§´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ ±·¨É¨Î¥¸±μ£μ §´ Î¥´¨Ö (¡μ²¥¥ 270 � ¶·¨ 5 ’², 4,5 Š). ‡ ¶ ¸
É¥³¶¥· ÉÊ·´μ° ¸É ¡¨²Ó´μ¸É¨ ¢ 2,3 Š ¶μ§¢μ²Ö¥É ¢¥¸É¨ · ¡μÉÊ ³ £´¨É  ¶·¨ ¶μ¢ÒÏ¥´´ÒÌ
É¥¶²μ¶·¨Éμ± Ì.

’ ¡²¨Í  3. � · ³¥É·Ò ¸¢¥·Ì¶·μ¢μ¤ÖÐ¥£μ ¶·μ¢μ¤  (Ë¨·³  OutoKumpu)

� ¨³¥´μ¢ ´¨¥ ‚¥²¨Î¨´Ò

„¨ ³¥É· ¶·μ¢μ¤ , ³³ 0,65

„¨ ³¥É· ¶·μ¢μ¤  ¢ ¨§μ²ÖÍ¨¨, ³³ 0,7

„²¨´  ¶·μ¢μ¤ , ±³:
¸μ²¥´μ¨¤Ò 1/2/3/4/¸Ê³³ ·´ Ö 10,2/10,2/6,3/5,4/32,1

Š·¨É¨Î¥¸±¨° Éμ± ¶·¨ 4,2 Š ¨ 5 ’², � � 270

—¨¸²μ NbTi-¦¨² 6438

„¨ ³¥É· ¦¨², ³±³ 4,7

˜ £ ¸±·ÊÉ±¨ ¦¨², ³³ 13

�É´μÏ¥´¨¥ Cu/NbTi 1,9±0,1

ρ300K/ρ4,2K > 100

�²¥±É·¨Î¥¸± Ö ¶·μÎ´μ¸ÉÓ ¨§μ²ÖÍ¨¨, ‚ 1600

Œ É¥·¨ ² ¨§μ²ÖÍ¨¨ Formvar

Šμ³¶ Ê´¤¨·μ¢ ´¨¥ μ¡³μÉ±¨ μ¸ÊÐ¥¸É¢²¥´μ ¸ ¶μ³μÐÓÕ ¶·¥¶·¥£  (¸É¥±²μÉ± ´Ó, ¶·μ-
¶¨É ´´ Ö ¶μ²ÊμÉ¢¥·¦¤¥´´μ° Ô¶μ±¸¨¤´μ° ¸³μ²μ°), Ê²μ¦¥´´μ£μ ³¥¦¤Ê ¸²μÖ³¨ ¶·μ¢μ¤  ¨
É¥·³μμ¡· ¡μÉ ´´μ£μ ¶μ¸²¥ μ±μ´Î ´¨Ö ´ ³μÉ±¨ ¨ ¡ ´¤ ¦¨·μ¢ ´¨Ö ¢¸¥Ì ¸μ²¥´μ¨¤μ¢. 	 ´-
¤ ¦ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 0,5 ³³ ¶·¥¤´ §´ Î¥´ ¤²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö
¤¢¨¦¥´¨Ö ¢´¥Ï´¨Ì ¢¨É±μ¢ μ¡³μÉ±¨ ¶μ¤ ¤¥°¸É¢¨¥³ Ô²¥±É·μ³ £´¨É´ÒÌ ¸¨². Šμ·¶Ê¸´ Ö
Ô²¥±É·μ¨§μ²ÖÍ¨Ö μ¡³μÉμ± ¸μ¸Éμ¨É ¨§ ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ Ð¥Î¥±, Éμ´±μ£μ ¸É¥±²μÉ¥±¸Éμ-
²¨É  ¨ ¶·¥¶·¥£  ´  Í¨²¨´¤·¨Î¥¸±¨Ì Î ¸ÉÖÌ μ¡³μÉ±¨. ‘ ¶μ³μÐÓÕ ³¥£μ³³¥É·  ´  500 ‚
¨§³¥·¥´Ò ¸μ¶·μÉ¨¢²¥´¨Ö ±μ·¶Ê¸´μ° ¨§μ²ÖÍ¨¨ μ¡³μÉμ± ¨ Í¥¶¥° Ô²¥±É·μ¶¨É ´¨Ö ¨ § Ð¨ÉÒ
³ £´¨É . �´¨ ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò 500 Œ�³ ¨ 50Ä150 ±�³. ‚ ¶·¨´Í¨¶¥ ¨§μ²ÖÍ¨Ö Í¥¶¥°
³μ¦¥É ¡ÒÉÓ ¸ÊÐ¥¸É¢¥´´μ Ê²ÊÎÏ¥´ .

Š ¢´¥Ï´¥° ¶μ¢¥·Ì´μ¸É¨ μ¡³μÉ±¨ ¶μ¤ ¡ ´¤ ¦μ³ ¶·¨±²¥¥´Ò  ²Õ³¨´¨¥¢Ò¥ ²¥´ÉÒ É¥-
¶²μ¶·μ¢μ¤μ¢, ±μÉμ·Ò¥ É ±¦¥ Ô²¥±É·¨Î¥¸±¨ ¨§μ²¨·μ¢ ´Ò μÉ μ¡³μÉ±¨ ¨ ¡ ´¤ ¦ . Š ¦¤ Ö
μ¡³μÉ±  ¢Ò¶μ²´¥´  ¨§ μ¤´μ£μ ±Ê¸±  ¶·μ¢μ¤ , ¡¥§ ¢´ÊÉ·¥´´¨Ì ¸¶ ¥¢, ´μ Ô²¥±É·¨Î¥¸±¨
· §¤¥²¥´  ´  ¤¢¥ ¨²¨ É·¨ ¸¥±Í¨¨. Š ¢Ò¢μ¤ ³ ±μ´Íμ¢ ¸¥±Í¨° ¶·¨¶ Ö´Ò ¶·μ¢μ¤  μÉ Í¥¶¨
®Ìμ²μ¤´ÒÌ¯ ¤¨μ¤μ¢ ¨ £ ¸¨É¥²Ó´ÒÌ ¸μ¶·μÉ¨¢²¥´¨°.

�¥·¥¤ ´ ³μÉ±μ° · ¡μÎ¨Ì ¸μ²¥´μ¨¤μ¢ ¡Ò²¨ ¨§£μÉμ¢²¥´Ò ¶·μ¡´Ò¥ ± ÉÊÏ±¨, ¶·μ¤μ²Ó-
´Ò¥ · §·¥§Ò ±μÉμ·ÒÌ ¶μ± § ²¨, ÎÉμ ¸²μ¨ Ê²μ¦¥´Ò ·μ¢´μ, ¢¨É±¨ § ¶μ²´ÖÕÉ ¢¶ ¤¨´Ò
¶·¥¤Ò¤ÊÐ¨Ì ¸²μ¥¢. �Éμ ¢ ¶·¨´Í¨¶¥ ¶μ²¥§´μ ¤²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ¤¢¨¦¥´¨Ö ¶·μ¢μ¤  ¨
Ê²ÊÎÏ¥´¨Ö É¥¶²μ¶·μ¢μ¤´μ¸É¨ μ¡³μÉ±¨.
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4. Š��Š�‘ ‘�‹…��ˆ„�‚

„¥°¸É¢ÊÕÐ¨¥ ´  μ¡³μÉ±¨ μ¸¥¢Ò¥ Ô²¥±É·μ³ £´¨É´Ò¥ ¸¨²Ò ¨³¥ÕÉ ¸¢μ¥μ¡· §´Ò° Ì -
· ±É¥·. ‘·¥¤´ÖÖ ± ÉÊÏ± , ¢±²ÕÎ¥´´ Ö ¶μ Éμ±Ê ¢ ¶·μÉ¨¢μ¶μ²μ¦´μ³ ¸ μ¸É ²Ó´Ò³¨ ´ -
¶· ¢²¥´¨¨, ®· ¸É ²±¨¢ ¥É¯ ¨Ì ¸ ¡μ²ÓÏμ° ¸¨²μ° (∼ 60 É). �É¨ ¸¨²Ò · ¸ÉÖ£¨¢ ÕÉ ¢´Ê-
É·¥´´ÕÕ Î ¸ÉÓ ± ·± ¸  (·¨¸. 6 ¨ 7) ¨ ¨§£¨¡ ÕÉ ±· °´¨¥ Ë² ´ÍÒ. � ¸Î¥É ´ ¶·Ö¦¥´´μ-
¤¥Ëμ·³¨·μ¢ ´´μ£μ ¸μ¸ÉμÖ´¨Ö ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò Visual Nastran Desktop 2001 FEA

�¨¸. 6. Š ·± ¸ ¸μ²¥´μ¨¤μ¢
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�¨¸. 7. Š ·± ¸ ¸μ²¥´μ¨¤μ¢ (¢´¥Ï´¨° ¢¨¤)

¶μ± § ²¨, ÎÉμ Ë² ´ÍÒ ¤μ²¦´Ò ¡ÒÉÓ Éμ²¸ÉÒ³¨. �μÔÉμ³Ê ·¥Ï¥´μ ¸¤¥² ÉÓ ±μ´ÍÒ ± ·± ¸ 
±μ´¨Î¥¸±¨³¨. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¨§£¨¡ Ë² ´Í¥¢ ¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ³±³, ÎÉμ ¶·¥¤μÉ¢· -
Ð ¥É É·¥´¨¥ ¢¨É±μ¢ ¸μ¸¥¤´¨Ì ¸²μ¥¢ ¶·¨ ¨§³¥´¥´¨¨ Éμ± . ’ ±μ¥ É·¥´¨¥ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ
± Ö¢²¥´¨Ö³ É·¥´¨·μ¢±¨ ¨ ¤¥£· ¤ Í¨¨ ±·¨É¨Î¥¸±μ£μ Éμ± . �¸É ²Ó´Ò¥ Ë² ´ÍÒ É ±¦¥ ¢Ò-
¶μ²´¥´Ò ³ ¸¸¨¢´Ò³¨. „²Ö Ê³¥´ÓÏ¥´¨Ö ³ ¸¸Ò ± ·± ¸  ¢ ÊÉμ²Ð¥´¨ÖÌ ¸¤¥² ´Ò ¢Ò¡μ·±¨.

Š ·± ¸ ¢ÒÉμÎ¥´ ¨§ μÉ²¨¢±¨ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ³ ·±¨ �•18�5ƒ12�‚ (��3	), ³ £-
´¨É´ Ö ¶·μ´¨Í ¥³μ¸ÉÓ μ = 1,003 [5]. ‘É ²Ó μ¸É ¥É¸Ö ´¥³ £´¨É´μ° ± ± ¶·¨ ±μ³´ É´μ°
É¥³¶¥· ÉÊ·¥, É ± ¨ ¶·¨ ³´μ£μ±· É´μ³ μÌ² ¦¤¥´¨¨ ¤μ £¥²¨¥¢ÒÌ É¥³¶¥· ÉÊ·,   É ±¦¥ ¶·¨
³¥Ì ´¨Î¥¸±μ° μ¡· ¡μÉ±¥.

5. �‹…Š’�ˆ—…‘Š�… �ˆ’��ˆ… ˆ ‡�™ˆ’� Œ�ƒ�ˆ’�

�¡³μÉ±¨ 1 ¨ 2 ¸μ¥¤¨´¥´Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ ¨ § ¶¨ÉÒ¢ ÕÉ¸Ö μÉ μ¤´μ£μ ¨¸ÉμÎ´¨±  5
(·¨¸. 8). �¡³μÉ±¨ 3 ¨ 4 ¨³¥ÕÉ ¸μ¡¸É¢¥´´Ò¥ ¨¸ÉμÎ´¨±¨ 6, 7.

‡ Ð¨É  ¤μ²¦´  μ¡¥¸¶¥Î¨¢ ÉÓ ¸μÌ· ´´μ¸ÉÓ μ¡³μÉμ± ¨ ‚’‘�-¢¸É ¢μ± 8 ¶·¨ ¨Ì ¶¥·¥-
Ìμ¤¥ ¢ ´μ·³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥. ‘¨¸É¥³Ê § Ð¨ÉÒ ³μ¦´μ Ê¸²μ¢´μ · §¤¥²¨ÉÓ ´  ¶ ¸¸¨¢´ÊÕ ¨
 ±É¨¢´ÊÕ. � ¸¸¨¢´ Ö ¸¨¸É¥³  § Ð¨ÉÒ ¤μ¸É¨£ ¥É¸Ö ¸¥±Í¨μ´¨·μ¢ ´¨¥³ μ¡³μÉμ± ¸ ÏÊ´É¨-
·μ¢ ´¨¥³ ¸¥±Í¨° ®Ìμ²μ¤´Ò³¨¯ ¤¨μ¤ ³¨ ‘D ¨ £ ¸¨É¥²Ó´Ò³¨ ·¥§¨¸Éμ· ³¨ R. ®•μ²μ¤´Ò°¯
¤¨μ¤ μÉ±·Ò¢ ¥É¸Ö ¶·¨ ∼ 7 ‚ ¨ § ³Ò± ¥É¸Ö ´  ¸¥±Í¨Õ Î¥·¥§ ¸μ¶·μÉ¨¢²¥´¨¥ 1 �³. “± -
§ ´´ Ö § Ð¨É  ¶·¥¤μÉ¢· Ð ¥É ²μ± ²Ó´Ò¥ Î·¥§³¥·´Ò¥ ´ £·¥¢Ò μ¡³μÉμ± ¨ É¥³¶¥· ÉÊ·´Ò¥
¤¥Ëμ·³ Í¨¨,   É ±¦¥ ¶·μ¡μ° Ô²¥±É·¨Î¥¸±μ° ¨§μ²ÖÍ¨¨. ‚ ´¥±μÉμ·μ° ¸É¥¶¥´¨ μ¡³μÉ±¨
¸ ³μ§ Ð¨Ð¥´Ò, É ± ± ± ¨³¥ÕÉ ´¥¡μ²ÓÏ¨¥ · §³¥·Ò ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ¨ ¤μ¸É ÉμÎ´ÊÕ
É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ.
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�¨¸. 8. �²¥±É·¨Î¥¸± Ö ¸Ì¥³  ¶¨É ´¨Ö ¨ § Ð¨ÉÒ ¸μ²¥´μ¨¤μ¢: 1, 2, 3, 4 Å μ¡³μÉ±¨; 5, 6, 7 Å
¨¸ÉμÎ´¨±¨ ¶¨É ´¨Ö; 8 Å ‚’‘�-¢¸É ¢± ; �1, �2 Å ´ £·¥¢ É¥²¨ μ¡³μÉμ±; ‘D Å ®Ìμ²μ¤´Ò¥¯

¤¨μ¤Ò; R Å £ ¸¨É¥²Ó´Ò¥ ·¥§¨¸Éμ·Ò

�±É¨¢´ Ö ¸¨¸É¥³  ¸μ¤¥·¦¨É É·¨ ¤¥É¥±Éμ·  ´μ·³ ²Ó´μ° §μ´Ò („�‡) ¨ Ê¸É ´μ¢²¥´´Ò¥
´  μ¡³μÉ± Ì ¢μ¸¥³Ó ·¥§¨¸É¨¢´ÒÌ ´ £·¥¢ É¥²¥° H1 ¨ H2. � £·¥¢ É¥²¨ · §¡¨ÉÒ ´  ¤¢¥
£·Ê¶¶Ò Å μ¸´μ¢´ÊÕ ¨ § ¶ ¸´ÊÕ, ± ¦¤ Ö ¨§ ±μÉμ·ÒÌ ¸´ ¡¦¥´  ¸μ¡¸É¢¥´´Ò³ ¨¸ÉμÎ´¨-
±μ³ ¶¨É ´¨Ö. � £·¥¢ É¥²¨ ±μ´É ±É¨·ÊÕÉ ¸ μ¡³μÉ± ³¨ ¶μ-· §´μ³Ê: ¤¢  ¨§ ´¨Ì ´ ±²¥¥´Ò
´¥¶μ¸·¥¤¸É¢¥´´μ ´  ¢´¥Ï´ÕÕ Í¨²¨´¤·¨Î¥¸±ÊÕ ¶μ¢¥·Ì´μ¸ÉÓ μ¡³μÉ±¨ ¶μ¤ ¡ ´¤ ¦μ³, ¤¢ 
¶·¨±²¥¥´Ò ± ¢ÒÌμ¤ÖÐ¨³ ¨§ μ¡³μÉμ±  ²Õ³¨´¨¥¢Ò³ É¥¶²μ¶·μ¢μ¤ ³, μ¸É ²Ó´Ò¥ ´ ±²¥¥´Ò
´  ¡ ´¤ ¦. � £·¥¢ É¥²¨ μ¡¥¸¶¥Î¨¢ ÕÉ μ¤´μ¢·¥³¥´´Ò° ´ £·¥¢ ¢¸¥Ì μ¡³μÉμ±, ÎÉμ ¶μ§¢μ²Ö¥É
¨§¡¥¦ ÉÓ ¢μ§´¨±´μ¢¥´¨Ö Î·¥§³¥·´μ° ¸¨²Ò ¶·¨ÉÖ¦¥´¨Ö ± ·± ¸  ¸ μ¡³μÉ± ³¨ ± ³ £´¨Éμ-
¶·μ¢μ¤Ê. ’ ± Ö ¸¨²  ³μ¦¥É ¶·¥¢ÒÏ ÉÓ ¢¥²¨Î¨´Ê ¢ ´¥¸±μ²Ó±μ Éμ´´ ¨ ¶·¨¢¥¸É¨ ± ¶μ²μ³±¥
μ¶μ· ¤²Ö ®Ìμ²μ¤´μ°¯ ³ ¸¸Ò.

„²Ö ¶·¥¤μÉ¢· Ð¥´¨Ö ²μ¦´ÒÌ ¸· ¡ ÉÒ¢ ´¨° ¤¥É¥±Éμ·μ¢ ´μ·³ ²Ó´μ° §μ´Ò Ê¸É ´μ¢²¥´Ò
ÏÊ´É¨·ÊÕÐ¨¥ μ³¨Î¥¸±¨¥ ¸μ¶·μÉ¨¢²¥´¨Ö ´  Éμ±μ¢ÒÌ ¢Ò¢μ¤ Ì ¨§ ³ £´¨É  ¨ ±μ´Í Ì ³μ¸Éμ-
¢μ° ¸Ì¥³Ò ¤¥É¥±Éμ·μ¢. �μ¸²¥¤ÊÕÐ¨¥ ¨¸¶ÒÉ ´¨Ö ³ £´¨É  ¶μ± § ²¨, ÎÉμ ÔÉ¨ ³¥·Ò ¶μ§¢μ-
²¨²¨ Ê¸É· ´¨ÉÓ ¸²ÊÎ °´Ò¥ ¸· ¡ ÉÒ¢ ´¨Ö ¤¥É¥±Éμ·μ¢, ´¥ ¸¢Ö§ ´´Ò¥ ¸ ¶¥·¥Ìμ¤μ³ μ¡³μÉμ±
¢ ´μ·³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥.

	²μ±-¸Ì¥³  ¸¨¸É¥³Ò ¶¨É ´¨Ö μ¤´μ° μ¡³μÉ±¨ ³ £´¨É  ¨ § Ð¨ÉÒ ¸ ¶μ³μÐÓÕ „�‡ ¶·¥¤-
¸É ¢²¥´  ´  ·¨¸. 9. 	²μ± Ê¶· ¢²¥´¨Ö ¨ ¨´¤¨± Í¨¨ 3 Ë¨±¸¨·Ê¥É ¶·¨Ìμ¤ÖÐ¨¥ ¸¨£´ ²Ò ¸
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�¨¸. 9. �²¥±É·¨Î¥¸± Ö ¸Ì¥³  § Ð¨ÉÒ μ¤´μ° μ¡³μÉ±¨ ³ £´¨É : 1 Å ¤¥É¥±Éμ· ´μ·³ ²Ó´μ° §μ´Ò;

2 Å  ³¶²¨ÉÊ¤´μ-¢·¥³¥´´μ°  ´ ²¨§ Éμ·; 3 Å ¡²μ± Ê¶· ¢²¥´¨Ö ¨ ¨´¤¨± Í¨¨; 4 Å ¶¥·¸μ´ ²Ó´Ò°
±μ³¶ÓÕÉ¥· (�Š); 5 Å ¶·μ£· ³³ Éμ· ¨¸ÉμÎ´¨±  Éμ±  μ¡³μÉ±¨; 6 Å ¨¸ÉμÎ´¨± Éμ±  μ¡³μÉ±¨

„�‡ 1, § ¶μ³¨´ ¥É ¨Ì ¨ Ëμ·³¨·Ê¥É ¢ÒÌμ¤´Ò¥ ¸¨£´ ²Ò ¤²Ö Ê¶· ¢²¥´¨Ö ¨¸¶μ²´¨É¥²Ó´Ò³¨
Ê¸É·μ°¸É¢ ³¨. —Ê¢¸É¢¨É¥²Ó´Ò³ Ô²¥³¥´Éμ³ „�‡ Ö¢²Ö¥É¸Ö ³μ¸Éμ¢μ° ¤ ÉÎ¨± ´ ¶·Ö¦¥´¨Ö,
μ¡· §μ¢ ´´Ò° ¶μ²μ¢¨´± ³¨ μ¡³μÉ±¨ L1 ¨ L2, ‚’‘�-¢¸É ¢± ³¨ ‚1 ¨ ‚2 ¨ ¢´¥Ï´¨³ ·¥-
§¨¸Éμ·´Ò³ ¤¥²¨É¥²¥³ R. �μ¤¸É·μ°±μ° ¤¥²¨É¥²Ö R μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¡ ² ´¸¨·μ¢±  ³μ¸Éμ¢μ°
¸Ì¥³Ò ¢μ ¢·¥³Ö ¢¢μ¤ -¢Ò¢μ¤  Éμ±  ¢ μ¡³μÉ±Ê ¸ ¶μ¸ÉμÖ´´μ° ¸±μ·μ¸ÉÓÕ. ‘¨£´ ² · §¡ ² ´-
¸¨·μ¢±¨ ¸ ¤¨ £μ´ ²¨ ³μ¸É  ¶μ¸ÉÊ¶ ¥É ´  ¢Ìμ¤ ¤¨ËË¥·¥´Í¨ ²Ó´μ£μ Ê¸¨²¨É¥²Ö ¨ ¤ ²¥¥ ´ 
 ³¶²¨ÉÊ¤´μ-¢·¥³¥´´μ°  ´ ²¨§ Éμ· 2. �μ¸²¥¤´¨° μ¸ÊÐ¥¸É¢²Ö¥É ®μÉ¸¥¢¯ ²μ¦´ÒÌ ¸¨£´ ²μ¢
¸  ³¶²¨ÉÊ¤μ° ³¥´¥¥ 1 ‚ ¨ ¤²¨É¥²Ó´μ¸ÉÓÕ ³¥´¥¥ 10 ³±¸. �·¨ ¶μÖ¢²¥´¨¨ ´μ·³ ²Ó´μ° §μ´Ò
¢ μ¤´μ° ¨§ ¶μ²μ¢¨´μ± μ¡³μÉ±¨ ¨²¨ ´  ‚’‘�-¢¸É ¢±¥ ¸¨£´ ² · §¡ ² ´¸  „�‡ § ¶Ê¸± ¥É
Î¥·¥§ ¨¸¶μ²´¨É¥²Ó´Ò¥ Ê¸É·μ°¸É¢  ¨¸ÉμÎ´¨±¨ ´ £·¥¢ É¥²¥° �1 ¨ �2, μÉ±²ÕÎ ¥É ¨¸ÉμÎ´¨±
Éμ±  6 μ¡³μÉ±¨ ¨ ¢Ò¤ ¥É ¤Ê¡²¨·ÊÕÐ¨° ¸¨£´ ² ´  ¶¥·¸μ´ ²Ó´Ò° ±μ³¶ÓÕÉ¥· (�Š) 4 ´ 
μÉ±²ÕÎ¥´¨¥ ÔÉμ£μ ¨¸ÉμÎ´¨±  Éμ±  Î¥·¥§ ¶·μ£· ³³ Éμ· 5.

6. ’�Š�‚‚�„›

’μ±μ¢¢μ¤ Ë¨·³Ò CAN, —¥Ì¨Ö, [6] ¸μ¸Éμ¨É ¨§ ³¥¤´μ° μ¶²¥É±¨ 1 ¨ ‚’‘�-¢¸É ¢±¨ 4
(·¨¸. 10). ‘μμÉ´μÏ¥´¨¥ ¤²¨´Ò ¨ ¶²μÐ ¤¨ ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö μ¶²¥Éμ± ¶μ¤μ¡· ´μ μ¶É¨-
³ ²Ó´Ò³ ¤²Ö ¶μ²ÊÎ¥´¨Ö ³¨´¨³ ²Ó´μ£μ É¥¶²μ¶·¨Éμ±  ¢ Ìμ²μ¤´ÊÕ §μ´Ê (É ¡². 4) [7]. „²Ö
¸´ÖÉ¨Ö ÔÉμ£μ É¥¶²μ¶·¨Éμ±  ¨³¥¥É¸Ö É¥¶²μ¢μ° ®Ö±μ·Ó¯ 3. �´ ¸μ¸Éμ¨É ¨§ Ëμ²Ó£¨·μ¢ ´´μ£μ
¤¨Ô²¥±É·¨± , ¶·¨¶ Ö´´μ£μ μ¤´μ° ¸Éμ·μ´μ° ± ³¥¤´μ³Ê Í¨²¨´¤·Ê, ±μÉμ·Ò° ¸ ¶μ³μÐÓÕ
¡μ²Éμ¢ ¸μ¥¤¨´¥´ (Î¥·¥§ ¶·μ³¥¦ÊÉμÎ´Ò¥ ³¥¤´Ò¥ ¤¥É ²¨) ¸ ¶¥·¢μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ±Ê²¥·  7.
Š ¤·Ê£μ° ¸Éμ·μ´¥ ¤¨Ô²¥±É·¨±  ¶·¨¶ Ö´Ò ³¥¤´ Ö ¶² ¸É¨´±  ¨ Ìμ²μ¤´Ò° ±μ´¥Í μ¶²¥É±¨
Éμ±μ¢¢μ¤ . ’ ±μ° ®Ö±μ·Ó¯ ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ´  ¡²¨¦ °Ï¥³ ±μ´Í¥ ‚’‘�-¢¸É ¢±¨ É¥³-
¶¥· ÉÊ·Ê §´ Î¨É¥²Ó´μ ´¨¦¥ 70 Š. Œ¥¦¤Ê ®Ö±μ·¥³¯ ¨ ‚’‘�-¢¸É ¢±μ° ¨³¥¥É¸Ö ±μ·μÉ±¨°
£¨¡±¨° ÊÎ ¸Éμ± μ¶²¥É±¨, ´¥μ¡Ìμ¤¨³Ò° ¤²Ö ±μ³¶¥´¸ Í¨¨ · §²¨Î¨° ¢ É¥³¶¥· ÉÊ·´μ° ¤¥-
Ëμ·³ Í¨¨ ¸μ¶·Ö¦¥´´ÒÌ ¤¥É ²¥°. ‚¥·Ì´ÖÖ Î ¸ÉÓ μ¶²¥É±¨ ¢¶ Ö´  ¢μ ¢ÉÊ²±Ê ¸ ±¥· ³¨Î¥¸±¨³
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¨§μ²ÖÉμ·μ³ 2. �É  ¤¥É ²Ó Ê¶²μÉ´¥´  ¢¨Éμ´μ¢μ° ¶·μ±² ¤±μ° ¢ £μ²μ¢±¥ ¢ ±ÊÊ³´μ£μ ±μ¦ÊÌ .
‚¸É ¢±  ¨§ ‚’‘�-±¥· ³¨±¨ ¨³¥¥É ´  ±μ´Í Ì ¸¥·¥¡·Ö´μ¥ ¶μ±·ÒÉ¨¥. �  μ¤¨´ ±μ´¥Í ´ ¤¥É 
¨ ¶·¨¶ Ö´  Ê¶μ³Ö´ÊÉ Ö μ¶²¥É± , ¢Éμ·μ° ±μ´¥Í ¢¸É ¢²¥´ ¢ ³¥¤´ÊÕ Î Ï¥Î±Ê. �  ÔÉμÉ ±μ´¥Í
É·Ê¡±¨ ´ ¢¨É ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨° ¶·μ¢μ¤ 6 ¤¨ ³¥É·μ³ 0,65 ³³. — Ï¥Î±  § ¶μ²´Ö¥É¸Ö ¶·¨-
¶μ¥³. „´μ Î Ï¥Î±¨ ¶·¨¶ Ö´μ ± ®Ö±μ·Õ¯ 5 ¨§ Ëμ²Ó£¨·μ¢ ´´μ£μ ¤¨Ô²¥±É·¨± , ±μÉμ·Ò°, ¢
¸¢μÕ μÎ¥·¥¤Ó, ¶·¨¶ Ö´ ± ³¥¤´μ³Ê Ë² ´ÍÊ, ¶·¨¢¨´Î¥´´μ³Ê ±μ ¢Éμ·μ° ¸ÉÊ¶¥´¨ ±·¨μ±Ê²¥· 
8. �·μ¢μ¤ 6 § É¥³ ¸¶ ¨¢ ¥É¸Ö ¸ ¶·μ¢μ¤μ³, ¨¤ÊÐ¨³ μÉ ¸μμÉ¢¥É¸É¢ÊÕÐ¥° μ¡³μÉ±¨.

�¨¸. 10. ’μ±μ¢¢μ¤Ò: 1 Å ³¥¤´ Ö μ¶²¥É±  Éμ±μ¢¢μ¤ ; 2 Å ±¥· ³¨Î¥¸±¨° ¨§μ²ÖÉμ·; 3 Å É¥¶²μ¢μ°

®Ö±μ·Ó¯ (40 Š); 4 Å ±¥· ³¨Î¥¸± Ö ‚’‘�-¢¸É ¢± ; 5 Å É¥¶²μ¢μ° ®Ö±μ·Ó¯ (4,5 Š); 6 Å ±μ³¶¥´¸ -
Í¨μ´´ Ö ¶¥É²Ö NbTi-¶·μ¢μ¤ ; 7, 8 Å 1-Ö ¨ 2-Ö ¸ÉÊ¶¥´¨ ±·¨μ±Ê²¥·  ¸μμÉ¢¥É¸É¢¥´´μ
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’ ¡²¨Í  4. • · ±É¥·¨¸É¨±  Éμ±μ¢¢μ¤μ¢

� ¨³¥´μ¢ ´¨¥ ‚¥²¨Î¨´ 

„¨ ¶ §μ´ 300Ä40 Š:

Œ É¥·¨ ² Å ³¥¤´ Ö μ¶²¥É± 

ρ300Š/ρ4,2Š � 100

„²¨´ , ³³ 300

�²μÐ ¤Ó ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö, ³³2 4,4

�²μÉ´μ¸ÉÓ Éμ±  (¶·¨ 60 �), �/³³2 13,6

’¥¶²μ¶·¨Éμ± ¶μ μ¤´μ³Ê ¢¢μ¤Ê, ‚É 2,37

„¨ ¶ §μ´ 40Ä4,2 Š:

Œ É¥·¨ ² Å Bi-2223∗

„²¨´ , ³³ 220

� §³¥·Ò ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö, ³³ �/ 12 × 1

Š·¨É¨Î¥¸±¨° Éμ±, A 250

’¥¶²μ¶·¨Éμ± ¶μ μ¤´μ³Ê ¢¢μ¤Ê, ³‚É 15

„μ¶Ê¸É¨³Ò° · ¡μÎ¨° Éμ± ¶·¨ 40Š ¨ 0,5 ’², A > 100
∗�·μ¨§¢μ¤¸É¢μ CAN, —¥Ì¨Ö [6].

7. ’…�‹�‚�‰ �Š���

Œ¥¤´Ò° É¥¶²μ¢μ° Ô±· ´ 3 ¨§£μÉμ¢²¥´ ¸ ¶μ³μÐÓÕ ¸¢ ·±¨ ¶μ²¨·μ¢ ´´ÒÌ ²¨¸Éμ¢ ¨
Ë² ´Í¥¢ ¨ μÌ² ¦¤ ¥É¸Ö Î¥·¥§ ³¥Ì ´¨Î¥¸±¨° ±μ´É ±É ¶¥·¢μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ±Ê²¥·  (·¨¸. 2).
„²Ö Ê¤μ¡¸É¢  ¸¡μ·±¨ ³ £´¨É  Ô±· ´ ¸μ¸Éμ¨É ¨§ ´¥¸±μ²Ó±¨Ì Î ¸É¥°, ¸μ¥¤¨´¥´´ÒÌ ¸ ¶μ³μ-
ÐÓÕ ¡μ²Éμ¢ (·¨¸. 11). ‘¢Ö§ ´´ Ö ¸ ±·¨μ±Ê²¥·μ³ ¢¥·É¨± ²Ó´ Ö Î ¸ÉÓ Ô±· ´  ¸μ¥¤¨´Ö¥É¸Ö
¸ μ¡¥Î °± ³¨ 1, μ±·Ê¦ ÕÐ¨³¨ μ¡³μÉ±Ê, ¸ ¶μ³μÐÓÕ ±μ³¶¥´¸ Éμ·  É¥³¶¥· ÉÊ·´ÒÌ Ê¸ -
¤μ±. Šμ³¶¥´¸ Éμ· ¢Ò¶μ²´¥´ ¨§ ¶μ²μ¸  ²Õ³¨´¨Ö ¢Ò¸μ±μ° Î¨¸ÉμÉÒ. ‚¸¥ μ¡¥Î °±¨ ¨³¥ÕÉ
· §·¥§, ¶·¥¶ÖÉ¸É¢ÊÕÐ¨° ¢μ§´¨±´μ¢¥´¨Õ ¢¨Ì·¥¢ÒÌ Éμ±μ¢ ¶·¨ ¶¥·¥Ìμ¤¥ μ¡³μÉμ± ¨§ ¸¢¥·Ì-
¶·μ¢μ¤ÖÐ¥£μ ¢ ´μ·³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥. ‚§ ¨³μ¤¥°¸É¢¨¥ É ±¨Ì Éμ±μ¢ ¸ ³ £´¨É´Ò³ ¶μ²¥³
¶·¨¢¥²μ ¡Ò ± ¶μÖ¢²¥´¨Õ Ô²¥±É·μ³ £´¨É´ÒÌ ¸¨², ¶μ¤ ¤¥°¸É¢¨¥³ ±μÉμ·ÒÌ μ¡¥Î °±¨ ³μ£²¨
¡Ò ¶μÉ¥·ÖÉÓ Ëμ·³Ê. Š· Ö · §·¥§μ¢ ¸±·¥¶²¥´Ò ´ ±² ¤± ³¨ 2 ¨§ ¸É¥±²μÉ¥±¸Éμ²¨É . � 
μ¡¥Î °± Ì Ê±·¥¶²¥´Ò ¢μ¸¥³Ó ¸É ²Ó´ÒÌ ±·¥¶²¥´¨° 3, ±μÉμ·Ò¥ Ë¨±¸¨·ÊÕÉ¸Ö ´  μ¶μ· Ì
®Ìμ²μ¤´ÒÌ¯ ³ ¸¸ ¨ Í¥´É·¨·ÊÕÉ Ô±· ´, ¶¥·¥¤ ¢ Ö ¥£μ ¢¥¸ ´  μ¶μ·Ò.

8. ����� „‹Ÿ •�‹�„�›• Œ�‘‘

Š ·± ¸ ¸ μ¡³μÉ± ³¨ Ê±·¥¶²¥´ ¢ ¢ ±ÊÊ³´μ³ ±μ¦ÊÌ¥ ¸ ¶μ³μÐÓÕ ¤¢ÊÌ Ê§²μ¢ μ¶μ·
(·¨¸. 12). “§²Ò ¸μ¤¥·¦ É ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢Ò¥ ¶² ´±¨ 1, ¸É ²Ó´Ò¥ ±μ²ÓÍ  2 ¨ ³¥¤-
´Ò¥ É¥¶²μ¢Ò¥ ®Ö±μ·Ö¯ 3. �μ¸²¥¤´¨¥ ¸μ¥¤¨´¥´Ò £¨¡±¨³¨ ³¥¤´Ò³¨ ¦£ÊÉ ³¨ ¸ É¥¶²μ¢Ò³
Ô±· ´μ³. Š ÔÉ¨³ ®Ö±μ·Ö³¯ ¶μ¤¢¥Ï¨¢ ¥É¸Ö ³¥¤´Ò° É¥¶²μ¢μ° Ô±· ´.
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�¨¸. 11. ’¥¶²μ¢μ° Ô±· ´: 1 Å ³¥¤´Ò¥ μ¡¥Î °±¨; 2 Å ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢Ò¥ ´ ±² ¤±¨ ´  · §·¥§Ò

μ¡¥Î ¥±; 3 Å Ê§²Ò ±·¥¶²¥´¨Ö Ô±· ´  ± μ¶μ· ³

�¨¸. 12. �¶μ·  ¤²Ö Ìμ²μ¤´ÒÌ ³ ¸¸: 1 Å ¶² ´±¨ ¨§ ¸É¥±²μÉ¥±¸Éμ²¨É ; 2 Å ±μ²ÓÍ  ¨§ ´¥·¦ ¢¥ÕÐ¥°

¸É ²¨; 3 Å ³¥¤´Ò° É¥¶²μ¢μ° ®Ö±μ·Ó¯
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�¶μ·Ò ¤μ²¦´Ò ¢Ò¤¥·¦ ÉÓ ´¥ Éμ²Ó±μ ¢¥¸ Ìμ²μ¤´ÒÌ ³ ¸¸, ´μ ¨ §´ Î¨É¥²Ó´Ò¥ μ¸¥¢Ò¥
¤¨´ ³¨Î¥¸±¨¥ Ê¸¨²¨Ö, ±μÉμ·Ò¥ ³μ£ÊÉ ¨³¥ÉÓ ³¥¸Éμ ¶·¨ ´¥· ¢´μ³¥·´ÒÌ ¶¥·¥Ìμ¤ Ì μ¡³μÉμ±
¢ ´μ·³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥. �Í¥´μÎ´Ò¥ · ¸Î¥ÉÒ ¶μ± § ²¨, ÎÉμ ¶·¨ ÔÉμ³ ¢μ§´¨± ÕÉ ¸¨²Ò
¶·¨ÉÖ¦¥´¨Ö μ¡³μÉμ± ± ³ £´¨É´μ³Ê Ô±· ´Ê ¶μ·Ö¤±  1 É.

ˆ§£μÉμ¢²¥´  ¨ ¨¸¶ÒÉ ´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö μ¶μ· . �·μ¢¥¤¥´Ò ³¥Ì ´¨Î¥¸±¨¥ ¨¸¶Ò-
É ´¨Ö μ¶μ· ¢ ¸¡μ·¥, ¶·¨ ±μÉμ·ÒÌ ´ £·Ê§±  ¸μ§¤ ¢ ² ¸Ó ¸ ¶μ³μÐÓÕ ¢¨´Éμ¢μ£μ ¤μ³±· É ,
  ¨§³¥·¥´¨Ö ¸¨² ¢¥²¨¸Ó ¸ ¶μ³μÐÓÕ ¤¨´ ³μ³¥É· . Œ ±¸¨³ ²Ó´ Ö · ¸ÉÖ£¨¢ ÕÐ Ö μ¸¥¢ Ö
´ £·Ê§±  ¸μ¸É ¢¨²  1,6 É, ¶·¨ ÔÉμ³ μ¸¥¢μ¥ ¶¥·¥³¥Ð¥´¨¥ ±μ²ÓÍ  μ¶μ·Ò Å 1,76 ³³. � -
¤¨ ²Ó´ Ö ´ £·Ê§±  ´  ³ ²μ¥ ±μ²ÓÍμ ¸μ¸É ¢¨²  0,53 É, ¶¥·¥³¥Ð¥´¨¥ 2,4 ³³. �¸É ÉμÎ´Ò¥
¤¥Ëμ·³ Í¨¨ ¶·¨ ¸¡·μ¸¥ ´ £·Ê§μ± ¡Ò²¨ ´¥¸ÊÐ¥¸É¢¥´´Ò. �¶μ·  É ±¦¥ ´ £·Ê¦ ² ¸Ó μ¸¥¢μ°
¸¨²μ° 3,18 É, ¶·¨ ÔÉμ³ ¶μÖ¢¨²¨¸Ó μ¸É ÉμÎ´Ò¥ ¤¥Ëμ·³ Í¨¨ 0,4 ³³.

�¡¥ μ¶μ·Ò Ê¸É ´μ¢²¥´Ò ¸μμ¸´μ, É ± ÎÉμ ¢μ§³μ¦´μ ¶·μ¸± ²Ó§Ò¢ ´¨¥ ± ·± ¸  ¢ ±μ²ÓÍ Ì
μ¶μ·.

“£²Ò ´ ±²μ´  ¸É¥±²μÉ¥±¸Éμ²¨Éμ¢ÒÌ ¶² ¸É¨´ ¶μ μÉ´μÏ¥´¨Õ ± μ¸¨ ± ·± ¸  ¶μ¤μ¡· ´Ò
É ±, ÎÉμ¡Ò ¶·¨ μÌ² ¦¤¥´¨¨ ¢ ´¨Ì ´¥ ¢μ§´¨± ²¨ Î·¥§³¥·´Ò¥ ´ ¶·Ö¦¥´¨Ö. �Éμ ¶μ¤É¢¥·-
¦¤¥´μ · ¸Î¥Éμ³ ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò TOSCA ´ ¶·Ö¦¥´´μ-¤¥Ëμ·³¨·μ¢ ´´μ£μ ¸μ¸Éμ-
Ö´¨Ö μ¶μ·, ÊÎ¨ÉÒ¢ ÕÐ¥£μ ¢¸¥ ´ £·Ê§±¨ ¨ É¥³¶¥· ÉÊ·´Ò¥ ¤¥Ëμ·³ Í¨¨ μ¶μ· ¨ ± ·± ¸ .
’ ±¨¥ ¦¥ · ¸Î¥ÉÒ ¶·μ¢¥¤¥´Ò ¤²Ö ¸· ¢´¥´¨Ö ¸ ·¥§Ê²ÓÉ É ³¨ ¨¸¶ÒÉ ´¨° Ô±¸¶¥·¨³¥´É ²Ó-
´μ° μ¶μ·Ò. ‘μ¢¶ ¤¥´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¢¥²¨Î¨´ ¡Ò²μ ¢¶μ²´¥ ¤μ¸É ÉμÎ´Ò³.

� ¡μÎ¨¥ μ¶μ·Ò É ±¦¥ ¶·μ¢¥·¥´Ò ´  ¶·μÎ´μ¸ÉÓ μ¸¥¢Ò³ Ê¸¨²¨¥³ 1,27 É ¨ · ¤¨ ²Ó´Ò³
Ê¸¨²¨¥³ 0,32 É.

9. Š��’��‹œ ˆ “���‚‹…�ˆ…

“¶· ¢²¥´¨¥ ¨¸ÉμÎ´¨± ³¨ Ô²¥±É·μ¶¨É ´¨Ö μ¡³μÉμ±,   É ±¦¥ ±μ´É·μ²Ó §  ¸μ¸ÉμÖ´¨¥³
¢¸¥° ‘�Œ‘ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ �Š. ‚¢μ¤ ¨ ¢Ò¢μ¤ Éμ±  ¢ μ¡³μÉ±¨ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö
¸μ ¸±μ·μ¸ÉÓÕ μÉ 0,005 ¤μ 0,015 �/¸. ‚ Ìμ²μ¤´μ° §μ´¥ ³ £´¨É  · §³¥Ð¥´Ò 16 ¤ ÉÎ¨±μ¢
É¥³¶¥· ÉÊ·Ò (·¨¸. 13), μ¸´μ¢´ Ö Î ¸ÉÓ ±μÉμ·ÒÌ ¶·¥¤´ §´ Î¥´  ¤²Ö  ´ ²¨§  · ¡μÉÒ Ê§²μ¢
¢ ¶¥·¨μ¤ ¨¸¶ÒÉ ´¨° ³ £´¨É . „²Ö ¶μ¸ÉμÖ´´μ£μ ±μ´É·μ²Ö ¢μ ¢·¥³Ö Ô±¸¶²Ê É Í¨¨ ³μ¦´μ
μ£· ´¨Î¨ÉÓ¸Ö 5Ä6 ¤ ÉÎ¨± ³¨.

‚ ± Î¥¸É¢¥ É¥·³μ³¥É·μ¢ ¨¸¶μ²Ó§μ¢ ´Ò μÉμ¡· ´´Ò¥ ¨ ± ²¨¡·μ¢ ´´Ò¥ ·¥§¨¸Éμ·Ò ’‚�
[8]. ’¥·³μ³¥É·Ò ± ²¨¡·μ¢ ´Ò ¢ ¨´É¥·¢ ²¥ É¥³¶¥· ÉÊ· 4Ä300 Š ¸ ÉμÎ´μ¸ÉÓÕ 0,5 %. K -
²¨¡·μ¢μÎ´ Ö ´¥²¨´¥°´ Ö ËÊ´±Í¨Ö  ¶¶·μ±¸¨³¨·μ¢ ´  ¸ ¶μ³μÏÓÕ ¶μ²¨´μ³  ¢¨¤ 

T = K1 + K2(1000/R)1 + . . . + Kn(1000/R)n−1,

£¤¥ K1,2,...,n Å ±μÔËË¨Í¨¥´ÉÒ ¶μ²¨´μ³ ; n Å ¸É¥¶¥´Ó ¶μ²¨´μ³ ; R Å ¨§³¥·Ö¥³μ¥
¸μ¶·μÉ¨¢²¥´¨¥. Œμ´É ¦ É¥·³μ³¥É·μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ É¥¶²μ¶·μ¢μ¤´μ°
¸³ §±¨ ¨ É¥¶²μ¸Éμ±μ¢. �μ¸²¥¤´¨¥ ¢Ò¶μ²´¥´Ò ¨§ Ëμ²Ó£¨·μ¢ ´´μ° ¶μ²¨¨³¨¤´μ° ¶²¥´±¨.
�μ¤¢μ¤Ò ± ¤ ÉÎ¨± ³ ¨§£μÉμ¢²¥´Ò ¨§ ¸±·ÊÎ¥´´ÒÌ ³ ´£ ´¨´μ¢ÒÌ ¶·μ¢μ¤μ¢. ˆ§³¥·¥´¨¥
¸μ¶·μÉ¨¢²¥´¨Ö É¥·³μ³¥É·μ¢ ¶·μ¨§¢μ¤¨É¸Ö ¶μ Î¥ÉÒ·¥Ì¶·μ¢μ¤´μ° ¸Ì¥³¥ ´  ¶μ¸ÉμÖ´´μ³
Éμ±¥ 10 ³±�. ‚¸¥ É¥·³μ³¥É·Ò ¢±²ÕÎ¥´Ò ¶μ¸²¥¤μ¢ É¥²Ó´μ. ‘¨£´ ²Ò ¸ É¥·³μ³¥É·μ¢ Î¥-
·¥§ ±μ³³ÊÉ Éμ·, Ê¸¨²¨É¥²Ó ¨ �–� ¶μ¸ÉÊ¶ ÕÉ ´  �Š, £¤¥ ¶·¥μ¡· §ÊÕÉ¸Ö ¢ ¶μ± § ´¨Ö
É¥³¶¥· ÉÊ·Ò.

�¥¦¨³ μ¶·μ¸  É¥·³μ³¥É·μ¢ Å ± ¦¤Ò¥ 15 ¸. �·¨ ÔÉμ³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö § ¶¨¸Ó ¶μ± -
§ ´¨° ¢ ¶ ³ÖÉÓ ¤²Ö ¶μ¸²¥¤ÊÕÐ¥£μ ¢μ¸¶·μ¨§¢¥¤¥´¨Ö ¨  ´ ²¨§ .
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�¨¸. 13. � ¸¶μ²μ¦¥´¨¥ É¥·³μ³¥É·μ¢ ¨ ¨Ì ¶μ± § ´¨Ö ¢ μ¤´μ³ ¨§ ¸¥ ´¸μ¢ ¨¸¶ÒÉ ´¨° ³ £´¨É  ¶·¨

Éμ±¥ 45 �: 1 Å 2,7Ä2,8 Š; 2 Å 3,99 Š; 3 Å 3,55 Š; 4 Å 3,68 Š; 5 Å 3,89 Š; 6 Å 4,37 Š; 7 Å
39,46; 8 Å 48,82 Š; 9 Å 41,89 Š; 10 Å 59,34 Š; 11 Å 59,71 Š; 12 Å 43,39 Š; 13 Å 60,37 Š;

14 Å 58,40 Š; 15 Å 57,79 Š; 16 Å 144,58 Š

�μ± § ´¨Ö ¤ ÉÎ¨±μ¢ ¢ μ¤´μ³ ¨§ ¸¥ ´¸μ¢ ¨¸¶ÒÉ ´¨° ³ £´¨É  ¶·¥¤¸É ¢²¥´Ò ¢ ¶μ¤¶¨¸¨
± ·¨¸. 13.

Š·μ³¥ ¶μ± § ´¨° É¥·³μ³¥É·μ¢, ´  ¸É ¤¨¨ ¨¸¶ÒÉ ´¨° ³ £´¨É  ±μ´É·μ²¨·μ¢ ²μ¸Ó ¸μ-
¶·μÉ¨¢²¥´¨¥ ‚’‘�-¢¸É ¢μ± Éμ±μ¢¢μ¤μ¢.

‘ Í¥²ÓÕ § Ð¨ÉÒ ³ £´¨É  ¶·¨ ¢μ§´¨±´μ¢¥´¨¨ ´¥¨¸¶· ¢´μ¸É¥° ¶·¥¤Ê¸³μÉ·¥´Ò ¸²¥¤Ê-
ÕÐ¨¥ ¸¨£´ ²Ò ¡²μ±¨·μ¢±¨ ¢ ¸¨¸É¥³¥ Ê¶· ¢²¥´¨Ö:

Å ¶·¨ ¶μ¢ÒÏ¥´¨¨ É¥³¶¥· ÉÊ· ¤ ÉÎ¨±μ¢ ’1Ä’5 ¤μ 5,5 Š ´  Ô±· ´ ³μ´¨Éμ·  ¢Ò¢μ¤¨É¸Ö
¸¨£´ ² μ ¶·¥¤ ¢ ·¨°´μ° ¸¨ÉÊ Í¨¨.

Å ¶·¨ ¸· ¡ ÉÒ¢ ´¨¨ „�‡ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö μÉ±²ÕÎ¥´¨¥ ¨¸ÉμÎ´¨±μ¢ ¶¨É ´¨Ö ¨ ¢±²ÕÎ¥-
´¨¥ ´ £·¥¢ É¥²¥° ¤²Ö ¶¥·¥¢μ¤  ¢¸¥Ì μ¡³μÉμ± ¢ ´μ·³ ²Ó´μ¥ ¸μ¸ÉμÖ´¨¥.

�·¨ ¶·¥±· Ð¥´¨¨ ¶μ¤ Î¨ μÌ² ¦¤ ÕÐ¥° ¢μ¤Ò ¢ ±μ³¶·¥¸¸μ· ±·¨μ±Ê²¥·  ±μ³¶ÓÕÉ¥·
¤ ¥É ¸¨£´ ² ´  μ¸É ´μ¢±Ê ±μ³¶·¥¸¸μ· .
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Šμ³¶·¥¸¸μ· ¨³¥¥É ¸μ¡¸É¢¥´´ÊÕ ¡²μ±¨·μ¢±Ê ´  μÉ¸ÊÉ¸É¢¨¥ ¢μ¤Ò ¨ ¶·¥¢ÒÏ¥´¨¥ ¤μ¶Ê-
¸É¨³μ° É¥³¶¥· ÉÊ·Ò ¢μ¤Ò.

10. “‘’��‰‘’‚� „‹Ÿ ��…„‚��ˆ’…‹œ��ƒ� �•‹�†„…�ˆŸ Œ�ƒ�ˆ’�
†ˆ„ŠˆŒ �‡�’�Œ

„²Ö Ê¸±μ·¥´´μ£μ μÌ² ¦¤¥´¨Ö ³ £´¨É  ¤μ 100Ä120 Š ³μ¦´μ ¶·¨³¥´ÖÉÓ ¦¨¤±¨°  §μÉ.
�·¨ · ¸Î¥É¥ ÔÉμ£μ Ê¸É·μ°¸É¢  ¸²¥¤Ê¥É ÊÎ¥¸ÉÓ, ÎÉμ ¢μ ¨§¡¥¦ ´¨¥ ¢μ§´¨±´μ¢¥´¨Ö ¢´ÊÉ·¥´-
´¨Ì ´ ¶·Ö¦¥´¨° ¢ μ¡³μÉ±¥ ¸±μ·μ¸ÉÓ ¶μ´¨¦¥´¨Ö É¥³¶¥· ÉÊ·Ò ¤μ²¦´  ¡ÒÉÓ μ£· ´¨Î¥´ 
¢¥²¨Î¨´μ° 10Ä20 Š/Î.

‚ · ¸¸³ É·¨¢ ¥³μ³ ³ £´¨É¥ Ê¸É·μ°¸É¢μ ¸μ¸Éμ¨É ¨§ É¥¶²μμ¡³¥´´¨± , ¤ÓÕ ·  ¸ ¦¨¤±¨³
 §μÉμ³, Ô²¥±É·¨Î¥¸±μ£μ ¨¸¶ ·¨É¥²Ö  §μÉ  ¨ ·¥£Ê²ÖÉμ·  ¤ ¢²¥´¨Ö,   É ±¦¥ É·Ê¡μ¶·μ¢μ¤μ¢
¤²Ö ¶μ¤ Î¨ ¨ μÉ¢μ¤   §μÉ . ’¥¶²μμ¡³¥´´¨± ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¢¥ ³¥¤´Ò¥ É·Ê¡±¨, ¶·¨-
±·¥¶²¥´´Ò¥ Î¥·¥§ ³¥¤´Ò¥ ¦£ÊÉÒ ± Éμ·Í ³ ± ·± ¸  μ¡³μÉμ±. �§μÉ ¶μ¤¢μ¤¨É¸Ö ± ÔÉ¨³
É·Ê¡± ³ ¶μ Éμ´±μ¸É¥´´Ò³ ´¥·¦ ¢¥ÕÐ¨³ É·Ê¡± ³, ±μÉμ·Ò¥ ¨³¥ÕÉ ±μ´É ±ÉÒ ¸ É¥¶²μ¢Ò³
Ô±· ´μ³. �Éμ μ¡¥¸¶¥Î¨¢ ¥É ³¨´¨³¨§ Í¨Õ É¥¶²μ¶·¨Éμ±  ± ± ·± ¸Ê ¢ · ¡μÎ¨Ì Ê¸²μ¢¨ÖÌ.

11. �…‡“‹œ’�’› ˆ‘�›’��ˆ‰

�¸´μ¢´Ò³¨ Í¥²Ö³¨ ¨¸¶ÒÉ ´¨° Ö¢²Ö²¨¸Ó ¶·μ¢¥·±  · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ Ê§²μ¢ ¨ ³ £´¨É-
´μ° ¸¨¸É¥³Ò ¢ Í¥²μ³. Š·μ³¥ Éμ£μ, ¸ ¶μ³μÐÓÕ ³´μ£μÎ¨¸²¥´´ÒÌ ¤ ÉÎ¨±μ¢ É¥³¶¥· ÉÊ·Ò
¶·μ¸²¥¦¨¢ ² ¸Ó ¤μ¸É ÉμÎ´μ¸ÉÓ É¥¶²μ¢ÒÌ ¸¢Ö§¥° ¢ ¶·μÍ¥¸¸ Ì μÌ² ¦¤¥´¨Ö ¨ μÉ¥¶²¥´¨Ö.

�¥·¨μ¤ μÌ² ¦¤¥´¨Ö ³ £´¨É  ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¦¨¤±μ£μ  §μÉ  ¸μ¸É ¢¨² ¶·¨³¥·´μ
120 Î. �´ ²¨§ ¤¨´ ³¨±¨ É¥³¶¥· ÉÊ· ’1Ä’6 ¶μ± §Ò¢ ¥É, ÎÉμ ¸±μ·μ¸ÉÓ μÌ² ¦¤¥´¨Ö ³μ¦´μ
Ê¢¥²¨Î¨ÉÓ, Ê¸É ´μ¢¨¢ É¥¶²μ¶·μ¢μ¤Ò ³¥¦¤Ê  §μÉ´Ò³ É¥¶²μμ¡³¥´´¨±μ³ ¨ μ¡³μÉ± ³¨,  
É ±¦¥ ¤μ¶μ²´¨É¥²Ó´Ò¥ É¥¶²μ¶·μ¢μ¤Ò ³¥¦¤Ê ¢Éμ·μ° ¸ÉÊ¶¥´ÓÕ ±·¨μ±Ê²¥·  ¨ μ¡³μÉ± ³¨.

�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥, ÎÉμ É¥³¶¥· ÉÊ·Ò ’1Ä’6 ´¨¦¥ 4 Š (·¨¸. 13), ÎÉμ ¤μ-
± §Ò¢ ¥É ´ ²¨Î¨¥ ·¥§¥·¢´μ° ³μÐ´μ¸É¨ ¢Éμ·μ° ¸ÉÊ¶¥´¨ ±·¨μ±Ê²¥· . �ÊÉ¥³ ¢±²ÕÎ¥´¨Ö
´ £·¥¢ É¥²¥° ¨ Ê¸É ´μ¢²¥´¨Ö ¸É Í¨μ´ ·´ÒÌ É¥³¶¥· ÉÊ· ’2Ä’6 μ±μ²μ 4,2Ä4,3 Š ¢¥²¨Î¨´ 
ÔÉμ° ³μÐ´μ¸É¨ μ¶·¥¤¥²¥´  ± ± 0,5 ‚É.

‚ μ¡³μÉ± Ì ´¥É ±μ·μÉ±μ§ ³±´ÊÉÒÌ ¢¨É±μ¢, ÎÉμ ¶μ¤É¢¥·¦¤¥´μ ¨§³¥·¥´¨¥³ ³ £´¨É´μ£μ
¶μ²Ö ´  μ¸¨ ¸μ²¥´μ¨¤μ¢ ¸ ¢¢μ¤μ³ ¨ ¢Ò¢μ¤μ³ Éμ± .

� ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨ μ¡³μÉμ± ¢ ¤μ¸É ÉμÎ´μ° ¸É¥¶¥´¨ ¡²¨§±μ ±
· ¸Î¥É´μ³Ê §´ Î¥´¨Õ, ÎÉμ ¶μ± § ´μ ¨§³¥·¥´¨Ö³¨ ¸ ¶μ³μÐÓÕ ¤ ÉÎ¨±  •μ²² .

‚ μ¡³μÉ±¨ 3 ¨ 4 ¢¢μ¤¨²¨¸Ó Éμ±¨ 60 �.
‚μ ¢·¥³Ö ´ ² ¤±¨ ¸¨¸É¥³Ò § Ð¨ÉÒ ¶·¨ Éμ±¥ ¢μ ¢¸¥Ì μ¡³μÉ± Ì 42 � ¶·μ¨§μÏ²μ ´¥§ -

¶² ´¨·μ¢ ´´μ¥ ¸· ¡ ÉÒ¢ ´¨¥ „�‡. ‚ ·¥§Ê²ÓÉ É¥  ¢Éμ³ É¨Î¥¸±¨ ¢±²ÕÎ¨²¨¸Ó ´ £·¥¢ É¥²¨
¨ ¢Ò±²ÕÎ¨²¨¸Ó ¨¸ÉμÎ´¨±¨ ¶¨É ´¨Ö, μ¡³μÉ±¨ ´ £·¥²¨¸Ó ¤μ 20Ä40 Š. �μ¸²¥ μÌ² ¦¤¥´¨Ö
¤μ · ¡μÎ¥° É¥³¶¥· ÉÊ·Ò ¨ ¤μ¶μ²´¨É¥²Ó´μ° ´ ² ¤±¨ Ê¸É·μ°¸É¢ § Ð¨ÉÒ ¢¢μ¤¨²¸Ö Éμ± ¢μ
¢¸¥ μ¡³μÉ±¨ μ¤´μ¢·¥³¥´´μ ¢¶²μÉÓ ¤μ 45 �. �·¨ ¢¢μ¤¥ Éμ±  ¢ μ¡³μÉ± Ì ´ ¡²Õ¤ ²μ¸Ó ¶μ-
¢ÒÏ¥´¨¥ É¥³¶¥· ÉÊ·Ò ´  0,1Ä0,2 Š. �¨± ±¨Ì μÉ±²μ´¥´¨° μÉ ´μ·³ ²Ó´μ° · ¡μÉÒ ³ £´¨É 
´¥ ¡Ò²μ § ³¥Î¥´μ, ÎÉμ ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¢Ò¢μ¤ μ¡ ¨¸¶· ¢´μ° · ¡μÉ¥ ³ £´¨É´μ° ¸¨¸É¥³Ò.
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1. ‚ ±ÊÊ³´ Ö ¸¨¸É¥³  ³ £´¨É  · ¡μÉ ¥É ´ ¤¥¦´μ, £¥·³¥É¨Î´μ¸ÉÓ ¢Ò¸μ± Ö Å ¤ ¢²¥´¨¥
¸μ¸É ¢²Ö¥É ´¥¸±μ²Ó±μ ¥¤¨´¨Í 10−6 � .

2. ‘μ¢μ±Ê¶´Ò¥ É¥¶²μ¶·¨Éμ±¨ ¡²¨§±¨ ± · ¸Î¥É´Ò³ ¢¥²¨Î¨´ ³. ‘Ê³³ ·´Ò° É¥¶²μ¶·¨-
Éμ± ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 0,5 ‚É, ¶·¨ ÔÉμ³ É¥³¶¥· ÉÊ·Ò μ¡³μÉμ± ¨ Éμ±μ¢¢μ¤μ¢ μ¶É¨-
³ ²Ó´Ò.

3. �¥Ï¥´  § ¤ Î  ¶μ £¨¡±μ° É¥¶²μ¢μ° ¸¢Ö§¨ ³ £´¨É´ÒÌ Ô²¥³¥´Éμ¢ ¸μ ¢Éμ·μ° ¸ÉÊ¶¥´ÓÕ
±·¨μ±Ê²¥·  ¸ ¶μ³μÐÓÕ ²¥´É ¨§ Î¨¸Éμ£μ  ²Õ³¨´¨Ö. ’¥¶²μ¢Ò¥ ±μ´É ±ÉÒ ¨ É¥¶²μ¶·μ¢μ¤Ò
¨³¥ÕÉ ¤μ¸É ÉμÎ´ÊÕ É¥¶²μ¶·μ¢μ¤´μ¸ÉÓ, μ¤´ ±μ ¢μ§³μ¦´μ ¨Ì ¤ ²Ó´¥°Ï¥¥ Ê¸μ¢¥·Ï¥´¸É¢μ-
¢ ´¨¥.

4. “¸¶¥Ï´μ ·¥Ï¥´  § ¤ Î  ¶μ ±μ³¶¥´¸ Í¨¨ ¸¨² ¢ ± ÉÊÏ± Ì ¨ ·¥ ²¨§μ¢ ´  ´ ¤¥¦´ Ö
¶μ¤¢¥¸±  ³ £´¨É´μ° ¸¨¸É¥³Ò.

5. �¥ ²¨§μ¢ ´  ¶ ¸¸¨¢´ Ö § Ð¨É  (¸¥±Í¨μ´¨·μ¢ ´¨¥, ¤¨μ¤Ò, ¸μ¶·μÉ¨¢²¥´¨Ö) ¨  ±É¨¢-
´ Ö § Ð¨É  ¸ ¤¥É¥±Éμ·μ³ ´μ·³ ²Ó´μ° §μ´Ò ¨ ´ £·¥¢ É¥²Ö³¨ μ¡³μÉμ±.

	² £μ¤ ·´μ¸É¨. �¢Éμ·Ò ´ ¸ÉμÖÐ¥° · ¡μÉÒ ¢Ò· ¦ ÕÉ £²Ê¡μ±ÊÕ ¡² £μ¤ ·´μ¸ÉÓ
‚.•³¥²Óμ¢¸±μ³Ê, �.•·Ò´±¥¢¨ÎÊ ¨ ’. Ÿ´μ¢¸±μ³Ê §  ¢´¨³ ´¨¥ ¨ ¶μ¸ÉμÖ´´ÊÕ ¶μ¤¤¥·¦±Ê
· ¡μÉ ¶μ · §¢¨É¨Õ ´μ¢μ£μ ´ ¶· ¢²¥´¨Ö É¥Ì´¨±¨ ¸¢¥·Ì¶·μ¢μ¤ÖÐ¨Ì ³ £´¨Éμ¢, μÌ² ¦¤ ¥-
³ÒÌ ¸ ¶μ³μÐÓÕ ±·¨μ±Ê²¥·μ¢.
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