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�·¥¤²μ¦¥´  ¨ · ¸¸³μÉ·¥´  ´μ¢ Ö ¸Ì¥³  ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§ Ë §μ-
É·μ´  �ˆŸˆ ¸ ¸μÌ· ´¥´¨¥³ ¨ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥°¸É¢ÊÕÐ¥£μ ¦¥²¥§´μ-Éμ±μ¢μ£μ
± ´ ² . “¢¥²¨Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¢Ò¢μ¤  ¤μ 80 % ¤μ¸É¨£ ¥É¸Ö ¶ÊÉ¥³ · §³¥Ð¥-
´¨Ö ³¥¦¤Ê ¤Ê ´Éμ³ Ê¸±μ·¨É¥²Ö ¨ ¢Ìμ¤μ³ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ²  ¤μ¶μ²´¨É¥²Ó-
´μ° Éμ±μ¢μ° ¸¥±Í¨¨ ¸ Éμ²Ð¨´μ° ¸¥¶ÉÊ³  μ±μ²μ 1 ³³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ¶·μ¡²¥³ ¨³. ‚.�. „¦¥²¥¶μ¢ 
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Proposal for the Increase of the Extraction Coefˇcient of the Proton
Beam from the JINR Phasμtron

A new scheme of the extraction of the proton beam from the JINR Phasotron
with conservation and use of the operating iron-current channel is proposed and
considered. The increase of the extraction coefˇcient to 80% is reached by placing
between the dee of the acceleration and the entrance of the iron-current channel a
supplementary current section with thickness of the septum about 1 mm.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear
Problems, JINR.
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„²Ö ¢Ò¢μ¤  ¶ÊÎ±  ¨§ ¸¨´Ì·μÍ¨±²μÉ·μ´μ¢ μ¡ÒÎ´μ ¶·¨³¥´Ö¥É¸Ö ·¥£¥´¥· -
É¨¢´Ò° ³¥Éμ¤, ÔËË¥±É¨¢´μ¸ÉÓ ±μÉμ·μ£μ ¢ §´ Î¨É¥²Ó´μ° ¸É¥¶¥´¨ μ¶·¥¤¥²Ö¥É¸Ö
Éμ²Ð¨´μ° ¸¥¶ÉÊ³  ¨¸¶μ²Ó§Ê¥³μ£μ μÉ±²μ´ÖÕÐ¥£μ ± ´ ² .

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢Ò¢μ¤ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§ Ë §μÉ·μ´  �ˆŸˆ μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² , ¨³¥ÕÐ¥£μ Éμ²Ð¨´Ê ¸¥¶ÉÊ³ 
Éμ±μ¢μ° ¸¥±Í¨¨ μ±μ²μ 4 ³³ [1] ¨ μ¡¥¸¶¥Î¨¢ ÕÐ¥£μ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  ´ 
Ê·μ¢´¥ 50Ä60% [2].

’ ± Ö ÔËË¥±É¨¢´μ¸ÉÓ Ö¢²Ö¥É¸Ö ¢¶μ²´¥ ¤μ¸É ÉμÎ´μ° ¶·¨ ¸ÊÐ¥¸É¢ÊÕÐ¥°
·ÊÉ¨´´μ° ¨´É¥´¸¨¢´μ¸É¨ ¢´ÊÉ·¥´´¥£μ ¶ÊÎ±  ¶·μÉμ´μ¢, ±μÉμ· Ö ¶μ¸²¥ ·¥±μ´-
¸É·Ê±Í¨¨ ¸¨´Ì·μÍ¨±²μÉ·μ´  ¢ Ë §μÉ·μ´ ¸ ¶·μ¸É· ´¸É¢¥´´μ° ¢ ·¨ Í¨¥° ³ £-
´¨É´μ£μ ¶μ²Ö (Ê¸É ´μ¢±  ®”¯) ¨ ¶·μ¢¥¤¥´¨Ö ¢¸¥Ì ¶Ê¸±μ´ ² ¤μÎ´ÒÌ · ¡μÉ
μ± § ² ¸Ó ´  Ê·μ¢´¥ ¢¸¥£μ ∼ 5 ³±	 [3] ¢³¥¸Éμ 50 ³±	, § ¶² ´¨·μ¢ ´´ÒÌ
¶·μ¥±Éμ³ Ê¸É ´μ¢±¨ ®”¯ [4].

‚ ÔÉμ³ ¸²ÊÎ ¥ ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö É¥·Ö¥É¸Ö ´¥ ¡μ²¥¥ 3 ³±	 ¶·μÉμ´´μ£μ
¶ÊÎ± , ÎÉμ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ μ¡¸²Ê¦¨¢ ´¨¥, ·¥³μ´É ¨ ´ ² ¤±Ê Ë §μÉ·μ´  ¢
Ê¸²μ¢¨ÖÌ ¤μ¶Ê¸É¨³μ£μ Ê·μ¢´Ö · ¤¨ Í¨μ´´μ£μ Ëμ´  ¶·¨ · ¡μÉ¥ Ë §μÉ·μ´  ¤μ
4000 Î ¸μ¢ ¢ £μ¤.

�¤´ ±μ É ± Ö ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò¢μ¤  (∼ 50 %) ´¥ ¶μ§¢μ²Ö¥É ·¥ ²¨§μ¢ ÉÓ
± ±¨¥-²¨¡μ ¶·¥¤²μ¦¥´¨Ö, ´ ¶· ¢²¥´´Ò¥ ´  ¶μ¢ÒÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¢´Ê-
É·¥´´¥£μ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨ ¤μ¢¥¤¥´¨¥ ¥¥ ¤μ ¶·μ¥±É´μ£μ Ê·μ¢´Ö ∼ 50 ³±	.

Š ´ ¸ÉμÖÐ¥³Ê ¢·¥³¥´¨ ¨³¥ÕÉ¸Ö É·¨ ¶·¥¤²μ¦¥´¨Ö ¶μ Ê¢¥²¨Î¥´¨Õ ±μÔË-
Ë¨Í¨¥´É  ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§ Ë §μÉ·μ´  �ˆŸˆ ¤μ 80Ä90% ¸ ¶μ-
³μÐÓÕ Ô²¥±É·μ¸É É¨Î¥¸±¨Ì ¤¥Ë²¥±Éμ·μ¢, ¶μ§¢μ²ÖÕÐ¨Ì Ê³¥´ÓÏ¨ÉÓ Éμ²Ð¨´Ê
¸¥¶ÉÊ³  ¤μ 0,5÷1 ³³ [5Ä7]. ‘·¥¤¨ ´¨Ì ¢ ·¨ ´É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸ÊÐ¥-
¸É¢ÊÕÐ¥£μ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ²  ¸ ¤μ¶μ²´¨É¥²Ó´Ò³ Ô²¥±É·μ¸É É¨Î¥¸±¨³
¤¥Ë²¥±Éμ·μ³ ¤²¨´μ° 0,5 ³ Ö¢²Ö¥É¸Ö ´ ¨¡μ²¥¥ ¶¥·¸¶¥±É¨¢´Ò³ [7].

�·¥¤¶μ² £ ¥³ Ö ¸Ì¥³  ¢Ò¢μ¤  ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ê¤¥É ¢Ò£²Ö¤¥ÉÓ É ±, ± ±
¶μ± § ´μ ´  ·¨¸. 1 [7]. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¶·¨ ´ ¶·Ö¦¥´´μ¸É¨ Ô²¥±É·¨Î¥¸±μ£μ
¶μ²Ö ¢ ¤¥Ë²¥±Éμ·¥ 50 ±‚/¸³ ¨ · ¸¸ÉμÖ´¨¨ μÉ ¥£μ ¢ÒÌμ¤  ¤μ ¶¥·¢μ° ¸¥±Í¨¨
¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ²  ∼ 1,5 ³ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¤μ¶μ²´¨É¥²Ó´μ¥ μÉ±²μ´¥´¨¥
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¶ÊÎ±  ´  ¢¥²¨Î¨´Ê μ±μ²μ 4 ³³ (Éμ²Ð¨´  ¸¥¶ÉÊ³ ) ¨ ¶μ¢ÒÏ¥´¨¥ ±μÔËË¨Í¨¥´É 
¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¤μ 80±5%.

�¨¸. 1. ‘Ì¥³  Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¢Ò¢μ¤  ¸ ±μ·μÉ±¨³ ¤¥Ë²¥±Éμ·μ³ ¨§ [7]: ESC Å
Ô²¥±É·μ¸É É¨Î¥¸±¨° ¤¥Ë²¥±Éμ·; CH Å ¸ÊÐ¥¸É¢ÊÕÐ¨° ¦¥²¥§´μ-Éμ±μ¢Ò° ± ´ ²; P Å
¢μ§¡Ê¤¨É¥²Ó; R Å ·¥£¥´¥· Éμ·

�¤´ ±μ ¢μ§³μ¦´μ¸ÉÓ ·¥ ²¨§ Í¨¨ ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ ¶μ³μÐÓÕ
¤μ¶μ²´¨É¥²Ó´μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ·  ¸¢Ö§ ´  ¸ ¡μ²ÓÏ¨³¨ É·Ê¤-
´μ¸ÉÖ³¨ ¥£μ Ê¸É ´μ¢±¨ ¢´ÊÉ·¨ ´ Ìμ¤ÖÐ¥£μ¸Ö ¶μ¤ ¢Ò¸μ±μÎ ¸ÉμÉ´Ò³ ´ ¶·Ö-
¦¥´¨¥³ ¤Ê ´É  Ë §μÉ·μ´  �ˆŸˆ, ÎÉμ ¶μÉ·¥¡Ê¥É Ê¸É ´μ¢±¨ ´μ¢μ£μ ¨²¨ ¤μ· -
¡μÉ±¨ ¸É ·μ£μ ¤Ê ´É , ¶·¨¢¥¤¥É ± ´¥μ¡Ìμ¤¨³μ¸É¨ Ê²ÊÎÏ¥´¨Ö ¢ ±ÊÊ³  ¢ ± ³¥·¥
Ê¸±μ·¨É¥²Ö ¤²Ö ¶μ¢ÒÏ¥´¨Ö Ô²¥±É·¨Î¥¸±μ° ¶·μÎ´μ¸É¨ ¤¥Ë²¥±Éμ·  ¨, ¢ Í¥²μ³,
§´ Î¨É¥²Ó´μ Ê¸²μ¦´¨É μ¡¸²Ê¦¨¢ ´¨¥ ¨ Ô±¸¶²Ê É Í¨Õ Ë §μÉ·μ´  �ˆŸˆ.

�·¨ ÔÉμ³ ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¶·¨ ¶·μ£´μ§¨·Ê¥³μ° ¢ ÔÉμ³ ¢ ·¨ ´É¥ ÔË-
Ë¥±É¨¢´μ¸É¨ ¢Ò¢μ¤  ≈ 80% ³ ±¸¨³ ²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¢´ÊÉ·¥´´¥£μ ¶·μ-
Éμ´´μ£μ ¶ÊÎ±  ´¥ ¤μ²¦´  ¶·¥¢ÒÏ ÉÓ 15 ³±	 ¨ ¤μ¸É¨¦¥´¨¥ ¶·μ¥±É´μ° ¨´É¥´-
¸¨¢´μ¸É¨ 50 ³±	 ¢μ§³μ¦´μ ²¨¡μ ¶·¨ ¥Ð¥ ¡μ²ÓÏ¥³ Ê¢¥²¨Î¥´¨¨ ±μÔËË¨Í¨¥´É 
¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ± , ²¨¡μ ¸μμ·Ê¦¥´¨¥³ ¤μ¶μ²´¨É¥²Ó´μ° § Ð¨ÉÒ ¢μ±·Ê£
Ë §μÉ·μ´  �ˆŸˆ ¨ μ£· ´¨Î¥´¨¥³ ¶·μ¤μ²¦¨É¥²Ó´μ¸É¨ ¢·¥³¥´¨ ¥£μ · ¡μÉÒ ¢
É¥Î¥´¨¥ £μ¤  ¶·¨ ´¥¶·¥¢ÒÏ¥´¨¨ ¤μ¶Ê¸É¨³μ° ¨´É¥£· ²Ó´μ° ¤μ§Ò ¶μ ´ ¢¥¤¥´-
´μ°  ±É¨¢´μ¸É¨ ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö.
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–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö¥É¸Ö ¶·¥¤²μ¦¥´¨¥ ¨ · ¸¸³μÉ·¥´¨¥ ´μ¢μ°
¸Ì¥³Ò ¢Ò¢μ¤  ¸ ¸μÌ· ´¥´¨¥³ ¤¥°¸É¢ÊÕÐ¥£μ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² , ¶·¨
±μÉμ·μ° Ê¢¥²¨Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§ Ë §μÉ·μ´ 
�ˆŸˆ ¤μ¸É¨£ ¥É¸Ö ´¥ ¸ ¶μ³μÐÓÕ ¨¸¶μ²Ó§μ¢ ´¨Ö Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥-
Ë²¥±Éμ· , · §³¥Ð¥´´μ£μ ¢´ÊÉ·¨ ¤Ê ´É  Ê¸±μ·¨É¥²Ö,   ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ³¥¦¤Ê
¤Ê ´Éμ³ ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨³ ¦¥²¥§´μ-Éμ±μ¢Ò³ ± ´ ²μ³ ¤μ¶μ²´¨É¥²Ó´μ° Éμ±μ¢μ°
¸¥±Í¨¨ ¸ Éμ²Ð¨´μ° ¸¥¶ÉÊ³  μ±μ²μ 1 ³³.

‚›��� �‘��‚�›• ����Œ…’��‚ „���‹�ˆ’…‹œ��‰
’�Š�‚�‰ ‘…Š–ˆˆ Š���‹�

�  ·¨¸. 2 ¢ ¶² ´¥ ¶μ± § ´  μ¡Ð Ö ¸Ì¥³  · §³¥Ð¥´¨Ö Ô²¥³¥´Éμ¢ ¸¨¸É¥³Ò
¢Ò¢μ¤  ¶ÊÎ±  ´  μ¸´μ¢¥ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² , ¢§ÖÉ Ö ¨§ · ¡μÉÒ [1] ¨
¤μ¶μ²´¥´´ Ö Éμ±μ¢μ° ¸¥±Í¨¥°, · ¸¶μ²μ¦¥´´μ° ³¥¦¤Ê ¤Ê ´Éμ³ Ë §μÉ·μ´  ¨
¢Ìμ¤μ³ ¢ ± ´ ². �μ¶¥·¥Î´Ò¥ ¸¥Î¥´¨Ö ÔÉμ° Éμ±μ¢μ° ¸¥±Í¨¨ ¢³¥¸É¥ ¸ ¡²¨§²¥¦ -

�¨¸. 2. ‘Ì¥³  · §³¥Ð¥´¨Ö Ô²¥³¥´Éμ¢ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ²  ¨§ [1] ¸ ¤μ¶μ²´¨É¥²Ó-
´μ° Éμ±μ¢μ° ¸¥±Í¨¥°, ¶·¥¤²μ¦¥´´μ° ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥: I Å ¶¥·¢ Ö ¸¥±Í¨Ö ¸ÊÐ¥-
¸É¢ÊÕÐ¥£μ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² ; „’‘ Å ¤μ¶μ²´¨É¥²Ó´ Ö Éμ±μ¢ Ö ¸¥±Í¨Ö; P Å
¢μ§¡Ê¤¨É¥²Ó; R¤μ¶ Å ¤μ¶μ²´¨É¥²Ó´Ò° ·¥£¥´¥· Éμ·
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Ð¨³¨ Ô²¥³¥´É ³¨ ¢μ§¡Ê¤¨É¥²Ö ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ·¥£¥´¥· Éμ· , £ ¡ ·¨É´Ò¥
· §³¥·Ò ¨ · ¸¶μ²μ¦¥´¨¥ ±μÉμ·ÒÌ ¸μμÉ¢¥É¸É¢ÊÕÉ ¤ ´´Ò³ · ¡μÉÒ [1], ¶μ± -
§ ´Ò ´  ·¨¸. 3,  , ¡. ’μ±μ¢ Ö ¸¥±Í¨Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ±μ´¸É·Ê±Í¨Õ ¨§ ¤¢ÊÌ
μ¸´μ¢´ÒÌ ³¥¤´ÒÌ ¶² ¸É¨´ ¤²¨´μ° ≈ 0,5 ³, ¢Ò¸μÉμ° 5 ¸³ ¨ Éμ²Ð¨´μ° ≈ 1 ³³

�¨¸. 3. ‘Ì¥³  · §³¥Ð¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ° Éμ±μ¢μ° ¸¥±Í¨¨:  ) ¢ · °μ´¥ ¢μ§¡Ê¤¨É¥²Ö;
¡) ¢¡²¨§¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ·¥£¥´¥· Éμ· ; 1 Å ¤μ¶μ²´¨É¥²Ó´ Ö Éμ±μ¢ Ö ¸¥±Í¨Ö; 2 Å
Ë¥··μ³ £´¨É´Ò¥ ¶² ¸É¨´Ò ¢μ§¡Ê¤¨É¥²Ö ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ·¥£¥´¥· Éμ· ; 3 Å μ¡² ¸ÉÓ,
§ ´ÖÉ Ö ¶ÊÎ±μ³ ¶·μÉμ´μ¢; 4 Å Ë¥··μ³ £´¨É´Ò¥ ¶² ¸É¨´Ò ¤²Ö ±μ··¥±Í¨¨ ³ £´¨É´μ£μ
¶μ²Ö
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± ¦¤ Ö, · §¤¥²¥´´ÒÌ · ¤¨ ²Ó´Ò³ ¶·μ³¥¦ÊÉ±μ³ 20 ³³, ¨ É·¥ÉÓ¥° ¶² ¸É¨´Ò
Éμ²Ð¨´μ° 4 ³³ ¤²Ö ¶·μ¶Ê¸± ´¨Ö ±μ··¥±É¨·ÊÕÐ¥£μ Éμ± . ‚μ¤Ö´μ¥ μÌ² ¦¤¥-
´¨¥ ³¥¤´ÒÌ ¶² ¸É¨´ ¶μ ¢¥·Ì´¨³ ¨ ´¨¦´¨³ Éμ·Í ³ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μ-
ÐÓÕ ¶·¨¶ Ö´´ÒÌ ¨²¨ ¶·¨¢ ·¥´´ÒÌ É·Ê¡μ± ¨§ Ô²¥±É·μÉ¥Ì´¨Î¥¸±μ£μ ¸¶² ¢ 
(´¨Ì·μ³ ,  ²Õ³¥²Ö ¨²¨ ±μ¶¥²Ö) ¸ Ê¤¥²Ó´Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³, ¶·¥¢ÒÏ ÕÐ¨³
Ê¤¥²Ó´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ ³¥¤¨ ¢ 50Ä100 · §, ÎÉμ ¶μ§¢μ²Ö¥É ¨¸±²ÕÎ¨ÉÓ ¸±μ²Ó-
´¨¡Ê¤Ó §´ Î¨É¥²Ó´μ¥ ÏÊ´É¨·μ¢ ´¨¥ Éμ±μ¢, ¶·μÉ¥± ÕÐ¨Ì ¶μ ³¥¤´Ò³ ¶² ¸É¨-
´ ³ Éμ±μ¢μ° ¸¥±Í¨¨ ± ´ ² .

‚¸¥ ³¥¤´Ò¥ ¶² ¸É¨´Ò ¤μ²¦´Ò ¡ÒÉÓ ¨§μ£´ÊÉÒ ¶μ · ¸Î¥É´μ° É· ¥±Éμ·¨¨
¶·μÉμ´´μ£μ ¶ÊÎ±  ´  ¶μ¸²¥¤´¥³ μ¡μ·μÉ¥ ¤¢¨¦¥´¨Ö ¸ ÊÎ¥Éμ³ ¢²¨Ö´¨Ö ²μ-
± ²Ó´ÒÌ ³ £´¨É´ÒÌ ¶μ²¥° ¢μ§¡Ê¤¨É¥²Ö ¨ ¤μ¶μ²´¨É¥²Ó´μ£μ ·¥£¥´¥· Éμ·  ¨
¶·μÎ´μ ¸±·¥¶²¥´Ò ¸¢¥·ÌÊ ¨ ¸´¨§Ê ±¥· ³¨Î¥¸±¨³¨ ¨§μ²ÖÉμ· ³¨ ¤²Ö μ¡¥¸¶¥Î¥-
´¨Ö Í¥²μ¸É´μ¸É¨ ¢¸¥° ±μ´¸É·Ê±Í¨¨ ¶·¨ ¤¥°¸É¢¨¨ §´ Î¨É¥²Ó´ÒÌ ¶μ´¤¥·μ³μ-
Éμ·´ÒÌ ¸¨².

�·¨ μÉ±²μ´¥´¨¨ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸ Ô´¥·£¨¥° 660 ŒÔ‚ (P = 1290 ŒÔ‚/¸)
´  ¢¥²¨Î¨´Ê δ ≈ 3 ³³, · ¢´ÊÕ · §´μ¸É¨ ³¥¦¤Ê Éμ²Ð¨´μ° ¸¥¶ÉÊ³  ≈ 4 ³³
¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ²  ¨ Éμ²Ð¨´μ° ¸¥¶ÉÊ³  d ≈ 1 ³³ ¶·¥¤²μ¦¥´´μ° Éμ±μ-
¢μ° ¸¥±Í¨¨, ¨³¥ÕÐ¥° ¤²¨´Ê L ≈ 0,5 ³, ¢Ò¸μÉÊ 2h = 5 ¸³ ¨ · ¸¸ÉμÖ´¨¥ ³¥¦¤Ê
³¥¤´Ò³¨ ¶² ¸É¨´ ³¨ 2x0 ≈ 2 ¸³, · ¤¨Ê¸ ±·¨¢¨§´Ò rk ¢ ¤μ¶μ²´¨É¥²Ó´μ³
³ £´¨É´μ³ ¶μ²¥ Hk ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¨§ ¶·μ¸ÉÒÌ ¸μμÉ´μÏ¥´¨°:

δ = L2/2rk ¨ P = 300 Hkrk, (1)

μÉ±Ê¤  rk ≈ 40 ³ ¨ Hk ≈ 0,1 ’².
’ ±μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¢ Í¥´É·¥ ¤¢ÊÌ ³¥¤´ÒÌ ¶² ¸É¨´ (y = 0), ¢ ¶·¥¤¶μ²μ-

¦¥´¨¨ · ¢´μ³¥·´μ° ¶²μÉ´μ¸É¨ ¶·μÉ¥± ÕÐ¥£μ Î¥·¥§ ´¨Ì Éμ±  I/2h = const,
³μ¦´μ μÍ¥´¨ÉÓ ¨§ ¢Ò· ¦¥´¨Ö:

Hk = 2 · 0, 2 I/2h

h∫
−h

x0dy

y2 + x2
0

= 0, 4 I/h arctg
h

x0
, (2)

μÉ±Ê¤  ¤²Ö x0 = 1 ¸³, h = 2,5 ¸³ ¨ Hk = 0,1 ’² I ≈ 5000 A.
�·¨ ¶μ¸²¥¤μ¢ É¥²Ó´μ³ ¸μ¥¤¨´¥´¨¨ ³¥¤´ÒÌ ¶² ¸É¨´ ¨Ì ¸μ¶·μÉ¨¢²¥´¨¥

Éμ±Ê ¸μ¸É ¢¨É

R =
2 · 10−6 · 2L

2hd
≈ 4 · 10−4 �³

¨ ¸·¥¤´ÖÖ É¥¶²μ¢ Ö ³μÐ´μ¸ÉÓ, ´ £·¥¢ ÕÐ Ö ³¥¤´Ò¥ ¶² ¸É¨´Ò, ¤μ¸É¨£ ¥É

W = I2 R ≈ 10 ±‚É.

�·¨ É ±μ³ É¥¶²μ¢Ò¤¥²¥´¨¨, ¤ ¦¥ ¶·¨ μÌ² ¦¤¥´¨¨ ¢¥·Ì´¥£μ ¨ ´¨¦´¥£μ
Éμ·Íμ¢ ³¥¤´ÒÌ ¶² ¸É¨´, Í¥´É· ²Ó´ Ö Î ¸ÉÓ ³¥¤´ÒÌ ¶² ¸É¨´ ¡Ê¤¥É §´ Î¨É¥²Ó´μ
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´ £·¥¢ ÉÓ¸Ö, ÎÉμ ¶·¨¢¥¤¥É ± ¶¥·¥· ¸¶·¥¤¥²¥´¨Õ ¶²μÉ´μ¸É¨ Éμ±  ¶μ ¢Ò¸μÉ¥
¸¥¶ÉÊ³ .

�μÔÉμ³Ê ¤²Ö ÉμÎ´μ£μ μ¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ³¥¦¤Ê ¤¢Ê³Ö ³¥¤´Ò³¨
¶² ¸É¨´ ³¨ ´¥μ¡Ìμ¤¨³μ ¢Ò¶μ²´¨ÉÓ · ¸Î¥ÉÒ · ¸¶·¥¤¥²¥´¨Ö É¥³¶¥· ÉÊ·Ò ¨
¶²μÉ´μ¸É¨ Éμ±  ¶μ ¢Ò¸μÉ¥ ¸¥¶ÉÊ³   ´ ²μ£¨Î´μ Éμ³Ê, ± ± ÔÉμ ¡Ò²μ ¸¤¥² ´μ ¢
· ¡μÉ¥ [8] ¶·¨ ¨¸¸²¥¤μ¢ ´¨¨ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² . � ¸¶·¥¤¥²¥´¨¥ ¶²μÉ-
´μ¸É¨ É¥¶²μ¢μ° ³μÐ´μ¸É¨ ¨ É¥³¶¥· ÉÊ·Ò ¶μ ¢Ò¸μÉ¥ ¸¥¶ÉÊ³  μ¶¨¸Ò¢ ¥É¸Ö
Ê· ¢´¥´¨¥³ É¥¶²μ¶·μ¢μ¤´μ¸É¨:

1
S

∫
dW

dy
dy = λ

dT

dy
, (3)

£¤¥ S = dL = 0, 1 · 50 = 5 c³2, dW/dy = V 2 dR/dy = V 2 T0/R0T , V =
di0/dy R0 Å ¶·¨²μ¦¥´´μ¥ ´ ¶·Ö¦¥´¨¥; dio/dy Å ¶²μÉ´μ¸ÉÓ Éμ±  ´  μÌ² -
¦¤ ¥³μ³ Éμ·Í¥ ³¥¤´μ° ¶² ¸É¨´Ò: dR/dy = R0 T/T0; R0 = 1, 7 · 10−6 ×
L/S0 ≈ 8, 5 · 10−4 �³ ¶·¨ S0 = d · 1 = 0, 1 · 1 = 0, 1 ¸³2 ¨ L = 50 c³;
T0 = 300 K (27 ◦C) Å É¥³¶¥· ÉÊ·  μÌ² ¦¤ ¥³ÒÌ Éμ·Íμ¢ ³¥¤´μ° ¶² ¸É¨´Ò;
λ ≈ 4 BÉ/¸³ · £· ¤ Å ±μÔËË¨Í¨¥´É É¥¶²μ¶·μ¢μ¤´μ¸É¨ ³¥¤¨ ¢ ¤¨ ¶ §μ´¥ É¥³-
¶¥· ÉÊ· 300Ä500 Š; dT/dy Å £· ¤¨¥´É É¥³¶¥· ÉÊ·Ò (£· ¤/¸³).

�·μ¤¨ËË¥·¥´Í¨·μ¢ ¢ ¢Ò· ¦¥´¨¥ (3) ¶μ y, ¶μ²ÊÎ¨³ Ê· ¢´¥´¨¥ É¥¶²μ¶·μ-
¢μ¤´μ¸É¨ ¢Éμ·μ£μ ¶μ·Ö¤± :

d2T

dy2
= − 1

Sλ

dW

dy
= − V 2

R0λS

T0

T
= − (dio/dy)2R0T0

λS T
, (4)

±μÉμ·μ¥ ¤²Ö R0 = 8, 5 · 10−4 �³, λ = 4 ‚É/¸³ · £· ¤ ¨ S = dL = 5 ¸³2

¶¥·¥Ìμ¤¨É ¢

d2T/dy2 = −4, 25 · 10−5(di0/dy)2/T. (5)

�Éμ Ê· ¢´¥´¨¥ ³μ¦´μ ·¥Ï¨ÉÓ  ´ ²¨É¨Î¥¸±¨ ¶μ¤¸É ´μ¢±μ° dT/dy = p,
¶·¥μ¡· §ÊÕÐ¥° Ê· ¢´¥´¨¥ (5) ¢ pdp = −4, 25 · 10−5(di0/dy)2/T , μÉ±Ê¤ 

p2 = 8, 5 · 10−5(di0/dy)2 �nTmax/T,

dT/
√

�nTmax/T = −0, 922 · 10−2(di0/dy)dy.
(6)

�μ¤¸É ´μ¢±μ° z2 = �nTmax/T (T = Tmax e−z2
) ·¥Ï¥´¨¥ (6) ¶μ²ÊÎ ¥É¸Ö

¢ ¢¨¤¥ É· ´¸Í¥´¤¥´É´μ£μ Ê· ¢´¥´¨Ö, ¸μ¤¥·¦ Ð¥£μ É ¡Ê²¨·μ¢ ´´Ò° ¨´É¥£· ²
μÏ¨¡μ±

z∫
0

e−z2
dz = 0, 461 · 10−2(di0/dy)/Tmax y =

1√
2

t∫
0

e−t2/2 dt, (7)
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±μÉμ·μ¥ ¶·¨¡²¨¦¥´´Ò³ ³¥Éμ¤μ³ ¤²Ö § ¤ ´´μ£μ di0/dy ¶μ§¢μ²Ö¥É ¶μ²ÊÎ¨ÉÓ ¢
§ ¢¨¸¨³μ¸É¨ μÉ y §´ Î¥´¨¥ Tmax ¨ ¢¸¥Ì T ¢ μ¡² ¸É¨ μÉ T0 ¤μ Tmax,   É ±¦¥
¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ §´ Î¥´¨¥ di/dy = (di0/dy)T0/T .

„²Ö di0/dy = 1500 	/¸³ · ¸¸Î¨É ´´Ò¥ ¸μ£² ¸´μ Ê· ¢´¥´¨Õ (7) §´ Î¥´¨Ö
T μÉ T0 = 300 Š (27 ◦‘) ¤μ Tmax = 495 Š (222 ◦‘) ¨ §´ Î¥´¨Ö ¶²μÉ´μ¸É¨
Éμ±  di/dy ¶μ ¢Ò¸μÉ¥ ¸¥¶ÉÊ³  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4,  .

�¨¸. 4.  ) � ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ¨ ¶²μÉ´μ¸É¨ Éμ±  ¶μ ¢Ò¸μÉ¥ ¸¥¶ÉÊ³ . ˜É·¨-
Ìμ¢ Ö ±·¨¢ Ö Å ¶²μÉ´μ¸ÉÓ Éμ± ,  ¶¶·μ±¸¨³¨·μ¢ ´´ Ö ¢Ò· ¦¥´¨¥³ di/dy = 900 +
600(y/2, 5)2 	/¸³; ¡) ¶μ¶¥·¥Î´Ò° · §·¥§ ¤μ¶μ²´¨É¥²Ó´μ° Éμ±μ¢μ° ¸¥±Í¨¨ ´μ¢μ° ¸¨-
¸É¥³Ò ¢Ò¢μ¤ : 1 Å ¸¥¶ÉÊ³; 2 Å ³¥¤´ Ö ¶² ¸É¨´  ¤²Ö μ¡· É´μ£μ Éμ± ; 3 Å ³¥¤´ Ö
¶² ¸É¨´  ¤²Ö ±μ··¥±É¨·ÊÕÐ¥£μ Éμ± ; 4 Å É·Ê¡±¨ ¤²Ö ¢μ¤Ö´μ£μ μÌ² ¦¤¥´¨Ö; 5 Å ±¥-
· ³¨Î¥¸±¨¥ ¢±² ¤ÒÏ¨. Hy Å ³ £´¨É´μ¥ ¶μ²¥ Éμ±μ¢μ° ¸¥±Í¨¨: ÏÉ·¨Ìμ¢ Ö ±·¨¢ Ö Å
¡¥§ ±μ··¥±É¨·ÊÕÐ¥£μ Éμ± , ¸¶²μÏ´ Ö ±·¨¢ Ö Å ¸ ±μ··¥±É¨·ÊÕÐ¨³ Éμ±μ³; ¢) ¢ ·¨ ´É
¸μ¥¤¨´¥´¨Ö É·Ê¡±¨ ¢μ¤Ö´μ£μ μÌ² ¦¤¥´¨Ö ¸ Éμ·Íμ³ ¸¥¶ÉÊ³ 
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„²Ö ¢ÒÎ¨¸²¥´¨Ö · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö, μ¡· §μ¢ ´´μ£μ Éμ±μ¢μ°
¸¥±Í¨¥° ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ± Í¥´É·Ê Ë §μÉ·μ´  (´ ¶· ¢²¥´¨¥ μ¸¨ x
´  ·¨¸. 4, ¡), § ¢¨¸¨³μ¸ÉÓ · ¸¸Î¨É ´´μ° ¶²μÉ´μ¸É¨ Éμ±   ¶¶·μ±¸¨³¨·μ¢ ² ¸Ó
¶·¨¡²¨¦¥´´Ò³ ¢Ò· ¦¥´¨¥³ di/dy ≈ 900 + 600 (y/2, 5)2 	/¸³, ±μÉμ·μ¥ ¶μ± -
§ ´μ ´  ·¨¸. 4,   ÏÉ·¨Ìμ¢μ° ±·¨¢μ° ¸μ ¸·¥¤´¨³ §´ Î¥´¨¥³ di/dy = 1100 	/¸³.

‚ ÔÉμ³ ¸²ÊÎ ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¢¥·É¨± ²Ó´μ° ±μ³¶μ´¥´ÉÒ ³ £´¨É´μ£μ ¶μ²Ö
Éμ±μ¢μ° ¸¥±Í¨¨ ¢ ¶²μ¸±μ¸É¨ y = 0 § ¶¨Ï¥É¸Ö ± ±

Hk(x) = 0, 2

h∫
−h

900 xdy

y2 + x2
+

0, 2
(2, 5)2

h∫
−h

600 xy2dy

(y2 + x2)
=

= 360 arctg
h

x
+

240 x

6, 25

(
h − x artg

h

x

)
. (8)

‡ ¢¨¸¨³μ¸ÉÓ Hk(x), ¢ÒÎ¨¸²¥´´ Ö ¶μ Ëμ·³Ê²¥ (8), ¶μ± § ´  ´  ·¨¸. 4, ¡
ÏÉ·¨Ìμ¢μ° ±·¨¢μ°.

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö Hk ¶·¨ y = ± 1,5 ¸³ μÉ²¨Î ÕÉ¸Ö μÉ Hk (y = 0) ´¥
¡μ²¥¥ Î¥³ ´  3 %.

‡´ Î¨É¥²Ó´ Ö ¢¥²¨Î¨´  ³ £´¨É´μ£μ ¶μ²Ö (¤μ 180 ƒ¸) ¢´¥ Éμ±μ¢μ° ¸¥±Í¨¨
¶·¨¢¥¤¥É ± ´¥¤μ¶Ê¸É¨³μ³Ê ¢μ§³ÊÐ¥´¨Õ μ·¡¨É Í¨·±Ê²¨·ÊÕÐ¥£μ ¶·μÉμ´´μ£μ
¶ÊÎ±  ´  ¥£μ ¶μ¸²¥¤´¨Ì μ¡μ·μÉ Ì, ÎÉμ ¶μÉ·¥¡Ê¥É ¶·¨³¥´¥´¨Ö ¤μ¶μ²´¨É¥²Ó´μ°
³¥¤´μ° ¶² ¸É¨´Ò, Ê¸É ´μ¢²¥´´μ° ¸´ ·Ê¦¨ Éμ±μ¢μ° ¸¥±Í¨¨, ¤²Ö ¶·μ¶Ê¸± ´¨Ö
·¥£Ê²¨·ÊÕÐ¥£μ ±μ··¥±É¨·ÊÕÐ¥£μ Éμ± , Ê¸É· ´ÖÕÐ¥£μ ÔÉμ ¢μ§³ÊÐ¥´¨¥ μ·¡¨É.

’ ±ÊÕ ¤μ¶μ²´¨É¥²Ó´ÊÕ ³¥¤´ÊÕ ¶² ¸É¨´Ê ³μ¦´μ ¸¤¥² ÉÓ ¤μ¸É ÉμÎ´μ Éμ²-
¸Éμ° (≈ 4 ³³), ÎÉμ ¶·¨ ¢Ò¡· ´´μ³ ±μ··¥±É¨·ÊÕÐ¥³ Éμ±¥ I ≈ 3000 A §´ -
Î¨É¥²Ó´μ, ¡μ²¥¥ Î¥³ ´  ¶μ·Ö¤μ± Ê³¥´ÓÏ¨É ¢Ò¤¥²Ö¥³ÊÕ É¥¶²μ¢ÊÕ ³μÐ´μ¸ÉÓ
¨ ¶μ§¢μ²¨É ¢ · ¸Î¥É Ì ±μ··¥±É¨·ÊÕÐ¥£μ ³ £´¨É´μ£μ ¶μ²Ö ´¥ ÊÎ¨ÉÒ¢ ÉÓ · ¸-
¶·¥¤¥²¥´¨¥ ¶²μÉ´μ¸É¨ Éμ±  ¶μ ¢Ò¸μÉ¥ ¤μ¶μ²´¨É¥²Ó´μ° ³¥¤´μ° ¶² ¸É¨´Ò. ‚
ÔÉμ³ ¸²ÊÎ ¥ ³ £´¨É´μ¥ ¶μ²¥ Hg μÉ ÔÉμ° ¶² ¸É¨´Ò μ¶·¥¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Hg = 0, 2I/2h 2 arctg
h

x
= 240 arctg

h

x
. (9)

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¸Ê³³ ·´μ£μ ¶μ²Ö ¶μ Ëμ·³Ê² ³ (8) ¨ (9) ¶μ± § ´Ò ´ 
·¨¸. 4, ¡ ¸¶²μÏ´μ° ²¨´¨¥°. ‚¥²¨Î¨´  ³ £´¨É´μ£μ ¶μ²Ö ¢ μ¡² ¸É¨ Í¨·±Ê²¨·Ê-
ÕÐ¥£μ ¶ÊÎ±  ¸´¨¦ ¥É¸Ö ¶·¨³¥·´μ ´  ¶μ·Ö¤μ± (¤μ 10Ä20 ƒ¸), ¨ É ±μ¥ ¢μ§³Ê-
Ð¥´¨¥ ¶μ²Ö, ± ± ÔÉμ ¶μ± § ´μ ¢ · ¡μÉ¥ [9], Ê¦¥ ´¥ ¶·¨¢μ¤¨É ± ¸±μ²Ó-´¨¡Ê¤Ó
§ ³¥É´μ³Ê ¸´¨¦¥´¨Õ ÔËË¥±É¨¢´μ¸É¨ ¸¨¸É¥³Ò ¢Ò¢μ¤  (2Ä5 %).

‘Ê³³ ·´μ¥ Ê³¥´ÓÏ¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ³¥¦¤Ê ³¥¤´Ò³¨ ¶² ¸É¨´ ³¨ ¸μ-
¸É ¢¨É 0,123 ’², ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¢ É ±μ³ ¶μ²¥ · ¤¨Ê¸Ê ±·¨¢¨§´Ò rk ≈ 35 ³
¨ μÉ±²μ´¥´¨Õ ¶·μÉμ´´μ£μ ¶ÊÎ±  ´  δ ≈ 3,6 ³³.
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„¥É ²Ó´Ò¥ · ¸Î¥ÉÒ ´  �‚Œ ¶μ§¢μ²ÖÉ ÊÉμÎ´¨ÉÓ §´ Î¥´¨Ö ¢¸¥Ì ¢¥²¨Î¨´,
¶μ²ÊÎ¥´´ÒÌ ¢ÒÏ¥ ¢ Ìμ¤¥  ´ ²¨É¨Î¥¸±¨Ì μÍ¥´μ±, μ¤´ ±μ ÔËË¥±É¨¢´μ¸ÉÓ ¢Ò-
¢μ¤  ´¥ ¡Ê¤¥É ³¥´ÓÏ¥ Î¥³ §´ Î¥´¨¥ (80+5)%, ¶μ²ÊÎ¥´´μ¥ ¢ · ¡μÉ¥ [7], ¨§-§ 
³¥´ÓÏ¥£μ ¢²¨Ö´¨Ö ±μ´¥Î´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ±  ´  ±μÔËË¨Í¨¥´É ¢Ò¢μ¤  §  ¸Î¥É
· ¸¶μ²μ¦¥´¨Ö ´μ¢μ° Éμ±μ¢μ° ¸¥±Í¨¨ ¢¶²μÉ´ÊÕ ±μ ¢Ìμ¤Ê ¢ ¦¥²¥§´μ-Éμ±μ¢Ò°
± ´ ².

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò Éμ±μ¢μ° ¸¥±Í¨¨

� ¨³¥´μ¢ ´¨¥ ¶ · ³¥É·  ‡´ Î¥´¨¥ ¶ · ³¥É· 
’μ²Ð¨´  ¸¥¶ÉÊ³ , ³³ 1
ƒ ¡ ·¨É´Ò¥ · §³¥·Ò: ¤²¨´ ,
¢Ò¸μÉ , · ¤¨ ²Ó´Ò° § §μ·, ¸³ 50, 5, 2
‘·¥¤´¨° Éμ± Î¥·¥§ μ¸´μ¢´Ò¥
³¥¤´Ò¥ ¶² ¸É¨´Ò, 	 5500
Šμ··¥±É¨·ÊÕÐ¨° Éμ±, 	 3000
“³¥´ÓÏ¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¢
Í¥´É·¥ Éμ±μ¢μ° ¸¥±Í¨¨, ’² 0,132
�É±²μ´¥´¨¥ ¶·μÉμ´´μ£μ ¶ÊÎ±  ´ 
¢Ìμ¤¥ ¢ ¦¥²¥§´μ-Éμ±μ¢Ò° ± ´ ², ³³ 3,6
� ¸Ìμ¤ ¢μ¤Ò ¤²Ö μÌ² ¦¤¥´¨Ö ¶·¨
¶¥·¥¶ ¤¥ ¤ ¢²¥´¨Ö 3  É³, ²/³¨´ 68
’¥¶²μ¢ Ö ³μÐ´μ¸ÉÓ, ¢Ò¤¥²Ö¥³ Ö
¢ Éμ±μ¢μ° ¸¥±Í¨¨, ±‚É 16
�¥·¥£·¥¢ ¢μ¤Ò ´  ¢ÒÌμ¤¥
Éμ±μ¢μ° ¸¥±Í¨¨, ◦‘ 3,5
’¥³¶¥· ÉÊ·  ¢ ¸¥·¥¤¨´¥ ¸¥¶ÉÊ³ 
¨ ¢ μÌ² ¦¤ ¥³ÒÌ Éμ·Í Ì, ◦‘ 222, 30

�Ì² ¦¤¥´¨¥ Éμ±μ¢μ° ¸¥±Í¨¨ ¤²¨´μ° L = 50 c³ ¶·μ¨¸Ìμ¤¨É ¶μ Î¥ÉÒ·¥³
É·Ê¡± ³ ¸ ¢´ÊÉ·¥´´¨³ ¤¨ ³¥É·μ³ d = 0,5 ¸³, ¸μ¥¤¨´¥´´Ò³ ¶ · ²²¥²Ó´μ ¶μ
¢μ¤¥. � ¸Ìμ¤ ¢μ¤Ò (Q, ¸³3/¸) ¤²Ö μ¤´μ° É·Ê¡±¨ ¶·¨ ¶¥·¥¶ ¤¥ ¤ ¢²¥´¨Ö Δp =
3  É³ ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶μ Ëμ·³Ê²¥ [10]

Q ≈ 6, 4 · 103
√

Δp/Ld5/2 = 277 ¸³3/c, (10)

ÎÉμ ¶·¨¢μ¤¨É ± ¶¥·¥£·¥¢Ê ¢μ¤Ò ¶·¨ ¸Ê³³ ·´μ° É¥¶²μ¢μ° ³μÐ´μ¸É¨ Éμ±μ¢μ°
¸¥±Í¨¨ W = 16 ±‚É, · ¢´μ³Ê ¢¸¥£μ

ΔT =
W

4
0, 24
Cp Q

=
16 · 103

4
· 0, 24
1 · 277

≈ 3, 5 ◦C. (11)

�μ´¤¥·μ³μÉμ·´Ò¥ ¸¨²Ò, ¤¥°¸É¢ÊÕÐ¨¥ ´  ¥¤¨´¨ÍÊ ¤²¨´Ò ³¥¤´μ° ¶² -
¸É¨´Ò ¶·¨ ¸·¥¤´¥³ Éμ±¥ I ≈ 5500 A ¨ ¢¥·É¨± ²Ó´μ ´ ¶· ¢²¥´´μ³ ¢´¥Ï´¥³
³ £´¨É´μ³ ¶μ²¥ H = 16200 ƒ¸, ³μ¦´μ μÍ¥´¨ÉÓ ¶μ Ëμ·³Ê²¥ [10]

F/L = HI · 10−7 ±£¸/¸³ ≈ 9 ±£¸/¸³. (12)
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„²Ö ¤¢ÊÌ ³¥¤´ÒÌ ¶² ¸É¨´ ÔÉ¨ ¸¨²Ò ´ ¶· ¢²¥´Ò ´ ¢¸É·¥ÎÊ ¤·Ê£ ¤·Ê£Ê
¢´ÊÉ·Ó Éμ±μ¢μ° ¸¥±Í¨¨, ¨ ¤²Ö ¸μÌ· ´¥´¨Ö Í¥²μ¸É´μ¸É¨ Éμ±μ¢μ° ¸¥±Í¨¨ ³¥¤-
´Ò¥ ¶² ¸É¨´Ò ¤μ²¦´Ò ¡ÒÉÓ ´ ¤¥¦´μ ¸±·¥¶²¥´Ò ¸ ±¥· ³¨Î¥¸±¨³¨ ¢±² ¤Ò-
Ï ³¨ ¶ÊÉ¥³ ³¥É ²²¨§ Í¨¨ ¡μ±μ¢ÒÌ ¸Éμ·μ´ ¢±² ¤ÒÏ¥° ¨ ¶·μÎ´μ° ¸¢ ·±μ° ¸
´¨³¨ ³¥¤´ÒÌ ¶² ¸É¨´ ´¥¶·¥·Ò¢´Ò³ Ï¢μ³ ¤²Ö ¨§¡¥¦ ´¨Ö ¶·μ£¨¡  ¸¥¶ÉÊ³ .

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ¤μ¶μ²´¨É¥²Ó´μ° Éμ±μ¢μ° ¸¥±Í¨¨ ´μ¢μ° ¸¨¸É¥³Ò ¢Ò-
¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

‡�Š‹	—…�ˆ…

�·¥¤²μ¦¥´  ¨ · ¸¸³μÉ·¥´  ´μ¢ Ö ¸Ì¥³  ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ±  ¨§
Ë §μÉ·μ´  �ˆŸˆ ¸ ¸μÌ· ´¥´¨¥³ ¤¥°¸É¢ÊÕÐ¥£μ ¦¥²¥§´μ-Éμ±μ¢μ£μ ± ´ ² .
“¢¥²¨Î¥´¨¥ ±μÔËË¨Í¨¥´É  ¢Ò¢μ¤  ¤μ 80% ¤μ¸É¨£ ¥É¸Ö ´¥ ¸ ¶μ³μÐÓÕ ¨¸-
¶μ²Ó§μ¢ ´¨Ö ±μ·μÉ±μ£μ Ô²¥±É·μ¸É É¨Î¥¸±μ£μ ¤¥Ë²¥±Éμ· , · §³¥Ð¥´´μ£μ ¢´Ê-
É·¨ ¤Ê ´É  Ê¸±μ·¨É¥²Ö,   ¶ÊÉ¥³ Ê¸É ´μ¢±¨ ³¥¦¤Ê ¤Ê ´Éμ³ ¨ ¸ÊÐ¥¸É¢ÊÕÐ¨³
¦¥²¥§´μ-Éμ±μ¢Ò³ ± ´ ²μ³ ¤μ¶μ²´¨É¥²Ó´μ° Éμ±μ¢μ° ¸¥±Í¨¨ ¸ Éμ²Ð¨´μ° ¸¥¶-
ÉÊ³  μ±μ²μ 1³³.

‚Ò¶μ²´¥´Ò · ¸Î¥ÉÒ ¨ μÍ¥´±¨ μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ ¤μ¶μ²´¨É¥²Ó´μ° Éμ-
±μ¢μ° ¸¥±Í¨¨, ¨ μ¶·¥¤¥²¥´Ò Ê¸²μ¢¨Ö É¥Ì´¨Î¥¸±μ° ·¥ ²¨§ Í¨¨ ´μ¢μ° ¸Ì¥³Ò
¢Ò¢μ¤ . �É³¥Î¥´Ò ¶·¥¨³ÊÐ¥¸É¢  ¶·¥¤²μ¦¥´´μ° ¸Ì¥³Ò ¶μ ¸· ¢´¥´¨Õ ¸ Ô²¥±-
É·μ¸É É¨Î¥¸±μ° ¸¨¸É¥³μ° ¢Ò¢μ¤  ¶·μÉμ´´μ£μ ¶ÊÎ± .

„²Ö ±μÔËË¨Í¨¥´É  ¢Ò¢μ¤  ≈ 80 % ¨´É¥´¸¨¢´μ¸ÉÓ ¢´ÊÉ·¥´´¥£μ ¶·μÉμ´´μ£μ
¶ÊÎ± , ¶·¨ Ê¸²μ¢¨¨ ¶μÉ¥·Ó ¢ ± ³¥·¥ Ê¸±μ·¨É¥²Ö ≈ 3 ³±	 ¨ · ¡μÉ¥ Ë §μÉ·μ´ 
≈ 4500 Î ¢ £μ¤, ³μ¦¥É ¡ÒÉÓ Ê¢¥²¨Î¥´  ¤μ 15 ³±	. �·¨ ÔÉμ³ ¨´É¥´¸¨¢´μ¸ÉÓ
¢Ò¢¥¤¥´´μ£μ ¶·μÉμ´´μ£μ ¶ÊÎ±  ¸μ¸É ¢¨É 12 ³±	.

�μ¢ÒÏ¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨ ¤μ ¶·μ¥±É´μ£μ §´ Î¥´¨Ö Ê¸É ´μ¢±¨ ®”¯
50 ³±	 ¸ ±μÔËË¨Í¨¥´Éμ³ ¢Ò¢μ¤  80% ¸É ´¥É ¢μ§³μ¦´Ò³ ¶·¨ ¸μμ·Ê¦¥´¨¨
¤μ¶μ²´¨É¥²Ó´μ° ²μ± ²Ó´μ° § Ð¨ÉÒ ¢ · °μ´¥ É· ±É  T ¨ Ê³¥´ÓÏ¥´¨¨ ¸Ê³³ ·-
´μ£μ ¢·¥³¥´¨ · ¡μÉÒ Ë §μÉ·μ´  �ˆŸˆ ¤μ 1500 Î ¢ £μ¤.
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