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‚ · ¡μÉ¥ ¤ ´μ μ¶¨¸ ´¨¥ Ê¸±μ·¨É¥²Ö Ô²¥±É·μ´μ¢, ¢ ±μÉμ·μ³ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Î ¸É¨Í ¨¸-
¶μ²Ó§ÊÕÉ¸Ö ³ £´¥É·μ´´Ò¥ ¶ÊÏ±¨ ¸ ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´Ò³¨ ± Éμ¤ ³¨ ¤¢ÊÌ É¨¶μ¢. ˆ¸¸²¥¤μ¢ ´Ò
¶ · ³¥É·Ò Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ ¤¨ ¶ §μ´¥ Ô´¥·£¨° 20Ä150 ±Ô‚ ¶·¨ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  10Ä
50 ³±¸. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ μ¡²ÊÎ¥´¨Õ ³¨Ï¥´¥° Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³. ˆ§ÊÎ¥´  ¸É·Ê±ÉÊ· 
¶μ¢¥·Ì´μ¸É¨ ³¥É ²²μ£· Ë¨Î¥¸±¨³ ³¥Éμ¤μ³, ¨§³¥·¥´Ò: ³¨±·μÉ¢¥·¤μ¸ÉÓ, ¶·μÎ´μ¸ÉÓ Í¨·±μ´¨¥¢ÒÌ
³ É¥·¨ ²μ¢. �μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ·¥£Ê²¨·μ¢±¨ Éμ±  ¶ÊÎ±  ¢ 2,5Ä3,5 · §  · §²¨Î´Ò³¨ ¸¶μ¸μ¡ ³¨.

The paper describes the electron accelerator, where magnetron guns with secondary-emission cath-
odes of two types are used as particle sources. Electron beam parameters were investigated in the
electron energy range between 20 and 150 keV at a pulse length of 10 to 50 μs. Results of target irra-
diation with an electron beam are reported. The target surface structure was subject to metallographic
examination; microhardness and strength of zirconium materials were measured.

The possibility of controlling the beam current value by factors of 2.5 to 3.5 by different methods
is shown.
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‚μ¶·μ¸Ò ¨§ÊÎ¥´¨Ö Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢ · §²¨Î´μ° ±μ´Ë¨£Ê· Í¨¨ ¨ ¨´É¥´¸¨¢´μ¸É¨
¸¢Ö§ ´Ò ¸ ¨Ì ¶·¨³¥´¥´¨¥³ ¢ ¢Ò¸μ±μ¢μ²ÓÉ´μ° ¨³¶Ê²Ó¸´μ° ‘‚—-Ô²¥±É·μ´¨±¥, Ô²¥±É·μ´´μ-
²ÊÎ¥¢ÒÌ É¥Ì´μ²μ£¨ÖÌ, Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¥ ¨ É. ¤. [1]. „²Ö £¥´¥· Í¨¨ Ô²¥±É·μ´´ÒÌ
¶ÊÎ±μ¢ ¨¸¶μ²Ó§ÊÕÉ¸Ö · §²¨Î´Ò¥ ¢¨¤Ò Ô²¥±É·μ´´μ° Ô³¨¸¸¨¨.

‚ ��– •”’ˆ ¢ ¶μ¸²¥¤´¨¥ ´¥¸±μ²Ó±μ ²¥É ¢¥¤ÊÉ¸Ö ¨¸¸²¥¤μ¢ ´¨Ö ¸ ¨¸ÉμÎ´¨± ³¨ Ô²¥±-
É·μ´μ¢ ¸ Ìμ²μ¤´Ò³¨ ± Éμ¤ ³¨, · ¡μÉ ÕÐ¨³¨ ¢ ·¥¦¨³¥ ¢Éμ·¨Î´μ° Ô³¨¸¸¨¨. �  μ¸´μ¢¥
¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¡Ò² ¸μ§¤ ´ Ê¸±μ·¨É¥²Ó Ô²¥±É·μ´μ¢, ±μÉμ·Ò° ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö
μ¡²ÊÎ¥´¨Ö ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥° ¸ ¶²μÉ´μ¸ÉÓÕ Ô´¥·£¨¨ ∼ 20 „¦/¸³2 [2]. �¤´ ±μ ¤²Ö
· ¸Ï¨·¥´¨Ö μ¡² ¸É¨ ³¥É ²²μË¨§¨Î¥¸±¨Ì ¨¸¸²¥¤μ¢ ´¨° ´¥μ¡Ìμ¤¨³μ Ê¢¥²¨Î¨ÉÓ ¶²μÉ´μ¸ÉÓ
Ô´¥·£¨¨ ´  ³¨Ï¥´ÖÌ ¤μ 30Ä40 „¦/¸³2. ‚ ¤ ´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ ¶μ²Ê-
Î¥´¨Õ ¨ ·¥£Ê²¨·μ¢±¥ Éμ±  ³μÐ´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  · §²¨Î´Ò³¨ ¸¶μ¸μ¡ ³¨ ¢ ¤¢ÊÌ
É¨¶ Ì ³ £´¥É·μ´´ÒÌ ¶ÊÏ¥±.
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1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š� ˆ Œ…’�„ˆŠ� ˆ‘‘‹…„�‚��ˆ‰

�±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¨ ·¥£Ê²¨·μ¢±¥ Éμ±  ³μÐ´μ£μ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶·μ-
¢μ¤¨²¨¸Ó ´  Ê¸±μ·¨É¥²¥ Ô²¥±É·μ´μ¢ (·¨¸. 1) ¶·¨ ´ ¶·Ö¦¥´¨¨ 20Ä150 ±‚.

„²Ö ¶¨É ´¨Ö ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´μ° ¸¨¸É¥³Ò ¨¸¶μ²Ó§μ¢ ²¸Ö ¨³¶Ê²Ó¸´Ò° £¥´¥· Éμ· (1),
±μÉμ·Ò° μ¡¥¸¶¥Î¨¢ ² ¶μ²ÊÎ¥´¨¥ ¨³¶Ê²Ó¸  ´ ¶·Ö¦¥´¨Ö ¸ ¢Ò¡·μ¸μ³ ´  ¢¥·Ï¨´¥ ¤μ 200 ±‚,
 ³¶²¨ÉÊ¤  ¶²μ¸±μ° Î ¸É¨ ¨³¶Ê²Ó¸  10Ä150 ±‚, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  50Ä10 ³±¸. ˆ¸-
ÉμÎ´¨± Ô²¥±É·μ´μ¢ (6 Å ± Éμ¤, 7 Å  ´μ¤) · §³¥Ð ¥É¸Ö ¢ ¢ ±ÊÊ³´μ³ μ¡Ñ¥³¥ (3). „²Ö
¶μ²ÊÎ¥´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¤¢  É¨¶  ³ £´¥É·μ´´ÒÌ ¶ÊÏ¥±. Œ £´¨É-
´μ¥ ¶μ²¥ ¤²Ö £¥´¥· Í¨¨ ¨ É· ´¸¶μ·É¨·μ¢±¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸μ§¤ ¥É¸Ö ¸μ²¥´μ¨¤μ³ (4),
¸μ¸ÉμÖÐ¨³ ¨§ Î¥ÉÒ·¥Ì ¸¥±Í¨°. �¡· ¡μÉ±  ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¶ · ³¥É·μ¢ ¨³¶Ê²Ó¸ 
´ ¶·Ö¦¥´¨Ö, Éμ±  ¶ÊÎ±  ´  Í¨²¨´¤·¥ ” · ¤¥Ö (8) ¶·μ¢μ¤¨² ¸Ó ¸ ¶μ³μÐÓÕ ±μ³¶ÓÕÉ¥·´μ°
¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò (9).

�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨: 1 Å ¨³¶Ê²Ó¸´Ò° £¥´¥· Éμ·; 2 Å ¨§μ²ÖÉμ·; 3 Å

¢ ±ÊÊ³´ Ö ± ³¥· ; 4 Å ¸μ²¥´μ¨¤; 5 Å ¨¸ÉμÎ´¨± ¶¨É ´¨Ö ¸μ²¥´μ¨¤ ; 6 Å ± Éμ¤; 7 Å  ´μ¤; 8 Å
Í¨²¨´¤· ” · ¤¥Ö; 9 Å ±μ³¶ÓÕÉ¥·´ Ö ¨§³¥·¨É¥²Ó´ Ö ¸¨¸É¥³ 

2. �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’› ˆ ˆ• ��‘“†„…�ˆ…

	Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ Ëμ·³¨·μ¢ ´¨Õ ¨ ·¥£Ê²¨·μ¢±¥
Éμ±  ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²¥ ´  μ¸´μ¢¥ ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´μ£μ ¨¸ÉμÎ´¨± . ˆ§ÊÎ¥´  § ¢¨¸¨-
³μ¸ÉÓ Éμ±  ¶ÊÎ±  ´  Í¨²¨´¤·¥ ” · ¤¥Ö μÉ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨
¶ÊÏ±¨ (¤¨ ³¥É· ± Éμ¤  ∼ 38 ³³, ¤¨ ³¥É·  ´μ¤  ∼ 78 ³³). Š ± ¶μ± § ²¨ Ô±¸¶¥·¨³¥´ÉÒ,
¢ μ¤´μ·μ¤´μ³ ³ £´¨É´μ³ ¶μ²¥ (·¨¸. 2, ±·¨¢ Ö 2) ³ £´¥É·μ´´ Ö ¶ÊÏ±  Ëμ·³¨·Ê¥É É·Ê¡-
Î ÉÒ° Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¸ Éμ±μ³ 140 � ¶·¨ Ô´¥·£¨¨ Î ¸É¨Í ∼ 125 ±Ô‚ ¨ ¶²μÉ´μ¸ÉÓÕ
Ô´¥·£¨¨ ´  ³¨Ï¥´¨ ∼ 40 „¦/¸³2 ¶·¨ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  ∼ 10 ³±¸. ŠμÔËË¨Í¨¥´É
 §¨³ÊÉ ²Ó´μ° μ¤´μ·μ¤´μ¸É¨ ¶ÊÎ±  ∼ 1,2. ’¨¶¨Î´Ò¥ μ¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ ´ ¶·Ö¦¥-
´¨Ö ´  ± Éμ¤¥, Éμ±  ¶ÊÎ±  ¨  ´μ¤´μ£μ Éμ±  ¶μ± § ´Ò ´  ·¨¸. 3.

ˆ¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ ¸É ¡¨²Ó´μ¸ÉÓ ¸Ê³³ ·´μ£μ Éμ±  ¶ÊÎ±  ¢ É¥Î¥´¨¥ ¢μ¸Ó³¨
¨³¶Ê²Ó¸μ¢ ´ ¶·Ö¦¥´¨Ö, ¸²¥¤ÊÕÐ¨Ì ¤·Ê£ §  ¤·Ê£μ³, ¸μ¸É ¢²Ö²  ∼ 2Ä3%. �μ± § ´μ, ÎÉμ
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö (±·¨¢Ò¥ 1, 2) ¨ · ¸¶μ²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨. � Å

 ´μ¤; Š Å ± Éμ¤; � Å ·¥Ë²¥±Éμ·; –” Å Í¨²¨´¤· ” · ¤¥Ö

�¨¸. 3. �¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ ´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥ (U), μ¸¥¢μ£μ Éμ±  ´  Í¨²¨´¤·¥ ” · -

¤¥Ö (I) ¨  ´μ¤´μ£μ Éμ±  (Ia)

¶·¨ ´ ¶·Ö¦¥´¨¨ ´  ± Éμ¤¥ ∼ 125 ±‚ Ëμ·³¨·μ¢ ´¨¥ ¶ÊÎ±  ´ Î¨´ ¥É¸Ö ¶·¨ ³ £´¨É´μ³
¶μ²¥ ∼ 1450 � ¨ ¸μÌ· ´Ö¥É¸Ö ¶·¨ Ê¢¥²¨Î¥´¨¨  ³¶²¨ÉÊ¤Ò ³ £´¨É´μ£μ ¶μ²Ö ¤μ 1750 �, É. ¥.
§μ´  Ëμ·³¨·μ¢ ´¨Ö ¶ÊÎ±  ¶μ ³ £´¨É´μ³Ê ¶μ²Õ ¸μ¸É ¢²Ö¥É 300 �. ˆ¸¸²¥¤μ¢ ´ ¤¨ ¶ §μ´
· ¡μÉÒ Ê¸±μ·¨É¥²Ö ¶·¨ § ¤ ´´μ³ §´ Î¥´¨¨ ³ £´¨É´μ£μ ¶μ²Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ  ³¶²¨ÉÊ¤Ò
´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥. �μ± § ´μ, ÎÉμ Ëμ·³¨·μ¢ ´¨¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸μÌ· ´Ö¥É¸Ö ¶·¨
¨§³¥´¥´¨¨  ³¶²¨ÉÊ¤Ò ´ ¶·Ö¦¥´¨Ö ´  ∼ 25%. �·μ¢¥¤¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨, ÎÉμ
¶·¨ ¶μ¸ÉμÖ´´μ³ ´ ¶·Ö¦¥´¨¨ ´  ± Éμ¤¥ ¨§³¥´¥´¨¥  ³¶²¨ÉÊ¤Ò ¨ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ
¶μ²Ö ¶·¨¢μ¤¨É ± ¨§³¥´¥´¨Õ Éμ±  Ô²¥±É·μ´´μ£μ ¶ÊÎ± . ‘ ¶μ³μÐÓÕ ÔÉμ£μ ¸¶μ¸μ¡  ³μ£²¨
·¥£Ê²¨·μ¢ ÉÓ Éμ± ¶ÊÎ±  ¢ 3Ä3,5 · §  ¶·¨ ´ ¶·Ö¦¥´¨¨ ´  ± Éμ¤¥ (138± 12) ±‚ ¸ 40 �
(³ £´¨É´μ¥ ¶μ²¥ ´ · ¸É ÕÐ¥¥, ·¨¸. 2, ±·¨¢ Ö 1) ¤μ 140 � (³ £´¨É´μ¥ ¶μ²¥ μ¤´μ·μ¤´μ¥,
·¨¸. 2, ±·¨¢ Ö 2).

�·μ¢¥¤¥´μ μ¡²ÊÎ¥´¨¥ ³¨Ï¥´¥° ¨§ · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³. ‚ ± -
Î¥¸É¢¥ ¨¸¸²¥¤Ê¥³ÒÌ ³ É¥·¨ ²μ¢ ¡Ò²¨ ¢§ÖÉÒ ¨´¸É·Ê³¥´É ²Ó´ Ö ¸É ²Ó ³ ·μ± •18�10’,
•‚ƒ, É¨É ´ ‚’-1, Cu. �  ·¨¸. 4,  , ¡ ¶·¥¤¸É ¢²¥´Ò ³¨±·μ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¥°, μ¡-
²ÊÎ¥´´ÒÌ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¸ Ô´¥·£¨¥° ∼ 90 ±Ô‚ ¨ ¶²μÉ´μ¸ÉÓÕ Ô´¥·£¨¨ ¶ÊÎ± 
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�¨¸. 4. Œ¨±·μ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¥° ( Ä¢) ¨ ¨§³¥´¥´¨¥ ³¨±·μÉ¢¥·¤μ¸É¨ ¶μ¢¥·Ì´μ¸É¥° (¢Ò¤¥²¥´ 

²¨´¨Ö³¨) (£), μ¡²ÊÎ¥´´ÒÌ ¶ÊÎ± ³¨ Ô²¥±É·μ´μ¢

∼ 20 „¦/¸³2 ¢ ¨³¶Ê²Ó¸¥ ¸É ²¨ •‚ƒ, É¨É ´  ‚’-1 ¶·¨ ¢μ§¤¥°¸É¢¨¨ ¶ÖÉ´ ¤Í ÉÓÕ ¨ É·¥³Ö
¨³¶Ê²Ó¸ ³¨. �´ ²¨§ ¨§μ¡· ¦¥´¨° (·¨¸. 4) ¶μ± §Ò¢ ¥É, ÎÉμ μ¡²ÊÎ¥´¨¥ Ô²¥±É·μ´ ³¨ ¶μ-
¢¥·Ì´μ¸É¥° ¸É ²¥° ¢Ò§Ò¢ ¥É ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥´¨Ö ¢ ¸É·Ê±ÉÊ·¥ ¨Ì ¶·¨¶μ¢¥·Ì´μ¸É´μ£μ
¸²μÖ. �¡²ÊÎ¥´¨¥ ¤ ¦¥ É·¥³Ö ¨³¶Ê²Ó¸ ³¨ ¶μ¢¥·Ì´μ¸É¨ É¨É ´  ‚’-1 ¶·¨¢μ¤¨É ± ¥¥ ¸ÊÐ¥-
¸É¢¥´´μ³Ê ¸£² ¦¨¢ ´¨Õ. ‚ μ¤´μ³ ¨§ ·¥¦¨³μ¢ (Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ∼ 100 ±Ô‚, ¶²μÉ´μ¸ÉÓ
Éμ±  ∼ 50 �/¸³2, ¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨ ∼ 30 „¦/¸³2) ¶·¨ μ¡²ÊÎ¥´¨¨ ³¨Ï¥´¥° ¨§ ³¥¤¨ Ê¤ -
²μ¸Ó ¶μ²ÊÎ¨ÉÓ ´ ´μ· §³¥·´Ò¥ ∼ 100Ä200 ´³ μ¡· §μ¢ ´¨Ö (·¨¸. 4, ¢) ´  ¥¥ ¶μ¢¥·Ì´μ¸É¨.
�  ·¨¸. 4, £ ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ ¨§³¥´¥´¨Ö ³¨±·μÉ¢¥·¤μ¸É¨ ¸É ²¨ •‚ƒ μÉ ±μμ·¤¨-
´ ÉÒ. ‚¨¤´μ, ÎÉμ ¤ ¦¥ ¶·¨ É·¥Ì ¨³¶Ê²Ó¸ Ì ¢μ§¤¥°¸É¢¨Ö ³¨±·μÉ¢¥·¤μ¸ÉÓ Ê¢¥²¨Î¨¢ ¥É¸Ö ¸
3,5 ƒ�  ¢ ´¥μ¡²ÊÎ¥´´μ° μ¡² ¸É¨ ¤μ 8,2 ƒ�  ¢ μ¡²ÊÎ¥´´μ°. �¡²ÊÎ¥´¨¥ μ¡· §Íμ¢ Í¨·±μ´¨Ö
¨ ¸¶² ¢  Zr1%Nb ¶μ± § ²¨, ÎÉμ ´  ¶μ¢¥·Ì´μ¸É¨ Ëμ·³¨·Ê¥É¸Ö ´ ´μ¸²μ° ¸ ¶μ¢ÒÏ¥´´μ°
É¢¥·¤μ¸ÉÓÕ (·¨¸. 5,  , ¡). Œ ±¸¨³ ²Ó´ Ö ´ ´μÉ¢¥·¤μ¸ÉÓ μ¡· §Íμ¢ ¸¶² ¢  Zr1%Nb ¶μ¸²¥
μ¡²ÊÎ¥´¨Ö ¤μ¸É¨£ ¥É 3,6 ƒ�  ¢ ¸· ¢´¥´¨¨ ¸ 2,2 ƒ�  ¤²Ö ¨¸Ìμ¤´μ£μ μ¡· §Í .

Œμ¤Ê²Ó 
´£ , ±μÉμ·Ò° Ì · ±É¥·¨§Ê¥É ¸μ¶·μÉ¨¢²¥´¨¥ ³ É¥·¨ ²  · ¸ÉÖ¦¥´¨Õ/¸¦ É¨Õ
¶·¨ Ê¶·Ê£μ° ¤¥Ëμ·³ Í¨¨, ¤²Ö ¨¸Ìμ¤´ÒÌ μ¡· §Íμ¢ Í¨·±μ´¨¥¢ÒÌ ³ É¥·¨ ²μ¢ ¸μ¸É ¢²Ö¥É
80 ƒ� ,   ¤²Ö μ¡· §Íμ¢ ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö Å 120 ƒ� .

’ ±¨³ μ¡· §μ³, ¢ ¦´Ò³ ·¥§Ê²ÓÉ Éμ³ ¢μ§¤¥°¸É¢¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  Í¨·±μ´¨¥¢Ò¥
³ É¥·¨ ²Ò Ö¢²Ö¥É¸Ö ¶μ¢ÒÏ¥´¨¥ ¶·μÎ´μ¸É´ÒÌ Ì · ±É¥·¨¸É¨± ¶·¨ ¸μÌ· ´¥´¨¨ ¶² ¸É¨Î´μ-
¸É¨ μ¡· ¡ ÉÒ¢ ¥³ÒÌ μ¡· §Íμ¢.

	Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ Ê¢¥²¨Î¥´¨Õ ¨ ·¥£Ê²¨·μ¢±¥ Éμ± 
Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²¥, ¢ ±μÉμ·μ³ ¢ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´μ¢ ¨¸¶μ²Ó-
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�¨¸. 5. ‡ ¢¨¸¨³μ¸É¨ ´ ´μÉ¢¥·¤μ¸É¨ ¶μ¢¥·Ì´μ¸É¨ μ¡· §Íμ¢ Í¨·±μ´¨Ö ( ) ¨ ¸¶² ¢  Zr1%Nb (¡): ¨¸-

Ìμ¤´μ£μ (2); ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö (1) Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³ ¸ ¶²μÉ´μ¸ÉÓÕ Ô´¥·£¨¨ 10 (¡) ¨ 20 „¦/¸³2 ( )
μÉ £²Ê¡¨´Ò ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ

�¨¸. 6. � ¸¶·¥¤¥²¥´¨¥ ³ £´¨É´μ£μ ¶μ²Ö (±·¨¢Ò¥ 1Ä4) ¨ · ¸¶μ²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ ¶ÊÏ±¨. � Å  ´μ¤;

Š Å ± Éμ¤; � Å ·¥Ë²¥±Éμ·; ŒŠ Å ³ £´¨É´μ¥ ±μ²ÓÍμ (´ Ìμ¤¨É¸Ö ¢ ÉμÎ±¥ L1); –” Å Í¨²¨´¤·
” · ¤¥Ö

§μ¢ ² ¸Ó ³ £´¥É·μ´´ Ö ¶ÊÏ±  ¸ ¤¨ ³¥É·μ³ ± Éμ¤  50 ³³, ¤²¨´  ± Éμ¤  90 ³³, ¢´ÊÉ·¨
±μÉμ·μ£μ · ¸¶μ² £ ²¸Ö ±μ²ÓÍ¥¢μ° ³ £´¨É ¨§ ³ É¥·¨ ²  NdFeB ´  · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ
(L1 = 20 ³³, L2 = 65 ³³, L3 = 82 ³³) μÉ ±μ´Í  ± Éμ¤ , ¨ ¸ ¤¨ ³¥É·μ³  ´μ¤  70 ³³ ¢
¤¨ ¶ §μ´¥ ´ ¶·Ö¦¥´¨° 20Ä50 ±‚. Šμ²ÓÍ¥¢μ° ³ £´¨É ¸μ§¤ ¢ ² ¢Ò¡·μ¸ ¨²¨ ¶·μ¢ ² ¶μ²Ö
(·¨¸. 6) ´  ¶μ¢¥·Ì´μ¸É¨ ± Éμ¤ . �  ·¨¸. 6 ¶·¨¢¥¤¥´Ò ¸Ê³³ ·´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶·μ¤μ²Ó-
´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¢¤μ²Ó μ¸¨ ¶ÊÏ±¨ ¨ ± ´ ²  É· ´¸¶μ·É¨·μ¢±¨ ¶ÊÎ±  ¤μ Í¨²¨´¤· 
” · ¤¥Ö (·¨¸. 6, ±·¨¢Ò¥ 1, 2), ¶·¨ ±μÉμ·ÒÌ ¶·μ¢μ¤¨²¨¸Ó ¨¸¸²¥¤μ¢ ´¨Ö ¶μ £¥´¥· Í¨¨ Ô²¥±-
É·μ´´ÒÌ ¶ÊÎ±μ¢. Š ± ¶μ± § ²¨ Ô±¸¶¥·¨³¥´ÉÒ, ¶·¨ ´ ²¨Î¨¨ ¢Ò¡·μ¸  ³ £´¨É´μ£μ ¶μ²Ö ´ 
5Ä10% (·¨¸. 6, ±·¨¢ Ö 1) ´  · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ (L1, L2, L3) ¢¤μ²Ó ± Éμ¤  ¸μ§¤ -
¥É¸Ö ±μ³¡¨´¨·μ¢ ´´ Ö Ô²¥±É·μ³ £´¨É´ Ö ²μ¢ÊÏ±  ¤²Ö Ô²¥±É·μ´μ¢ §  ¸Î¥É ¸μ¢³¥¸É´ÒÌ
¤¥°¸É¢¨° Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ ¶μ²¥°.

�  ·¨¸. 7 (²¨´¨Ö 1) ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö Éμ±μ¢ K1 = I1/I2 ´  Í¨²¨´¤·¥
” · ¤¥Ö, ¶μ²ÊÎ¥´´ Ö ¶·¨ ¢Ò¡·μ¸¥ ³ £´¨É´μ£μ ¶μ²Ö (I1) ¨ ¶·μ¢ ²¥ (I2) ¶·¨ · ¸¶μ²μ¦¥´¨¨
±μ²ÓÍ¥¢μ£μ ³ £´¨É  ´  · §²¨Î´ÒÌ · ¸¸ÉμÖ´¨ÖÌ (L1, L3, L3) μÉ ±μ´Í  ± Éμ¤ . ˆ§ ·¨¸Ê´± 
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�¨¸. 7. ‡ ¢¨¸¨³μ¸É¨ μÉ´μÏ¥´¨Ö Éμ±μ¢ ´  Í¨²¨´¤·¥ ” · ¤¥Ö (²¨´¨¨ 1, 2), ¶μ²ÊÎ¥´´Ò¥ ¶·¨ · §²¨Î-

´ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ³ £´¨É´μ£μ ¶μ²Ö

¢¨¤´μ, ÎÉμ ±μ£¤  ³ £´¨É´μ¥ ±μ²ÓÍμ ´ Ìμ¤¨É¸Ö ¢ ÉμÎ±¥ L1,  ³¶²¨ÉÊ¤  Éμ±  ¶ÊÎ±  ¢ 2,5Ä
2,7 · §  ¡μ²ÓÏ¥ ¢ ¸²ÊÎ ¥ ¢Ò¡·μ¸  ³ £´¨É´μ£μ ¶μ²Ö, Î¥³ ¢ ¸²ÊÎ ¥ ¶·μ¢ ²  ¶μ²Ö.

�  ·¨¸. 7 (²¨´¨Ö 2) ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ ¢¥²¨Î¨´Ò μÉ´μÏ¥´¨Ö Éμ±μ¢ K2 = I1/I0 ´ 
Í¨²¨´¤·¥ ” · ¤¥Ö ¶·¨ ¢Ò¡·μ¸¥ ³ £´¨É´μ£μ ¶μ²Ö (I1) ± Éμ±Ê (I0) ¶·¨ μ¤´μ·μ¤´μ³ ³ £´¨É-
´μ³ ¶μ²¥ (± Éμ¤ Å ¡¥§ ³ £´¨É´μ£μ ±μ²ÓÍ ). ˆ§ § ¢¨¸¨³μ¸É¨ 2 ¸²¥¤Ê¥É, ÎÉμ, ±μ£¤  ³ £´¨É-
´μ¥ ±μ²ÓÍμ · ¸¶μ²μ¦¥´μ ¢ ÉμÎ±¥ L1, ¶·μ¨¸Ìμ¤¨É ¸ÊÐ¥¸É¢¥´´μ¥ Ê¢¥²¨Î¥´¨¥  ³¶²¨ÉÊ¤Ò
Éμ±  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  80Ä85% ¶μ ¸· ¢´¥´¨Õ ¸ Ô±¸¶¥·¨³¥´É ³¨, ¢Ò¶μ²´¥´´Ò³¨ ¸
μ¤´μ·μ¤´Ò³ ³ £´¨É´Ò³ ¶μ²¥³. �·¨ ´ ¶·Ö¦¥´¨¨ ´  ± Éμ¤¥ 35 ±‚ ³ £´¥É·μ´´ Ö ¶ÊÏ± 
Ëμ·³¨·Ê¥É É·Ê¡Î ÉÒ° ¶ÊÎμ± ¸ Éμ±μ³ 105 �. ŠμÔËË¨Í¨¥´É  §¨³ÊÉ ²Ó´μ° μ¤´μ·μ¤´μ¸É¨
¶ÊÎ±  ∼ 1,15. �  ·¨¸. 8 ¶·¨¢¥¤¥´Ò § ¢¨¸¨³μ¸É¨ Éμ±  ¶ÊÎ±  μÉ ´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥
¢ ¤¨ ¶ §μ´¥ 20Ä35 ±‚, ¶μ²ÊÎ¥´´Ò¥ ¶·¨ ¢Ò¡·μ¸¥ ³ £´¨É´μ£μ ¶μ²Ö (·¨¸. 6, ±·¨¢ Ö 1) ¨
¶·¨ ¶·μ¢ ²¥ ¶μ²Ö (·¨¸. 6, ±·¨¢ Ö 2). Š ± ¢¨¤´μ ¨§ ·¨¸Ê´± , § ¢¨¸¨³μ¸É¨ Éμ±  ¶ÊÎ±  ´ 
Í¨²¨´¤·¥ ” · ¤¥Ö ¶μ¤Î¨´ÖÕÉ¸Ö § ±μ´Ê 3/2.

�  ·¨¸. 9 ¶μ± § ´  § ¢¨¸¨³μ¸ÉÓ Éμ±  Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ´  Í¨²¨´¤·¥ ” · ¤¥Ö μÉ
¢¥²¨Î¨´Ò μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤Ò ¢Ò¡·μ¸  ± ¶²μ¸±μ° Î ¸É¨ ¨³¶Ê²Ó¸  ´ ¶·Ö¦¥´¨Ö K =
U¢Ò¡/Uxx, ¶μ²ÊÎ¥´´ Ö ¶·¨ ´ ¶·Ö¦¥´¨¨ Ìμ²μ¸Éμ£μ Ìμ¤  (Uxx) 45 ±‚. Š ± ¢¨¤´μ ¨§ ·¨-

�¨¸. 8. ‡ ¢¨¸¨³μ¸É¨ Éμ±  μÉ ´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥ ¶·¨ ¢Ò¡·μ¸¥ ³ £´¨É´μ£μ ¶μ²Ö (±·¨¢ Ö 1) ¨ ¶·¨
¶·μ¢ ²¥ ³ £´¨É´μ£μ ¶μ²Ö (±·¨¢ Ö 2). Œ £´¨É´μ¥ ±μ²ÓÍμ · ¸¶μ²μ¦¥´μ ´  · ¸¸ÉμÖ´¨¨ ∼ 20 ³³ μÉ

±μ´Í  ± Éμ¤ 
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�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ Éμ±  ¶ÊÎ±  μÉ μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤Ò ¢Ò¡·μ¸  ´ ¶·Ö¦¥´¨Ö ±  ³¶²¨ÉÊ¤¥ ¶²μ¸±μ°
Î ¸É¨ ¨³¶Ê²Ó¸  K = U¢Ò¡/UÌÌ

¸Ê´± , ¶·¨ ¢¥²¨Î¨´¥ μÉ´μÏ¥´¨Ö K ∼ 1,6 Éμ± ¶ÊÎ±  ¸μ¸É ¢¨² ∼ 105 �. �·¨ Ê³¥´ÓÏ¥´¨¨
¢¥²¨Î¨´Ò μÉ´μÏ¥´¨Ö ¤μ K ∼ 1,28 Éμ± ¶ÊÎ±  ¸μ¸É ¢¨² ∼ 36 �. ‚ ÔÉμ³ ¸²ÊÎ ¥ ¸ÊÐ¥-
¸É¢¥´´Ò³ μ¡· §μ³ ¨§³¥´¨²¨¸Ó  ³¶²¨ÉÊ¤  ¨ ¢¨¤ · ¸¶·¥¤¥²¥´¨Ö ³ £´¨É´μ£μ ¶μ²Ö (·¨¸. 6,
±·¨¢ Ö 4) ¶μ ¸· ¢´¥´¨Õ ¸ μ¶É¨³ ²Ó´Ò³ · ¸¶·¥¤¥²¥´¨¥³ (·¨¸. 6, ±·¨¢ Ö 1). ’ ±¨³ μ¡· -
§μ³, ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¢¥²¨Î¨´Ò μÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤Ò ¢Ò¡·μ¸  ´ ¶·Ö¦¥´¨Ö ±  ³¶²¨ÉÊ¤¥
¶²μ¸±μ° Î ¸É¨ ¨³¶Ê²Ó¸  ´  30Ä35 % μÉ μ¶É¨³ ²Ó´μ£μ §´ Î¥´¨Ö Éμ± ¶ÊÎ±  Ê³¥´ÓÏ ²¸Ö ¢
2,5Ä3 · § .

‚›‚�„›

1. ‚ ·¥§Ê²ÓÉ É¥ ¨¸¸²¥¤μ¢ ´¨Ö Ëμ·³¨·μ¢ ´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¢ Ê¸±μ·¨É¥²¥ ´ 
μ¸´μ¢¥ ³ £´¥É·μ´´μ° ¶ÊÏ±¨ ¸ ¢Éμ·¨Î´μ-Ô³¨¸¸¨μ´´Ò³ ± Éμ¤μ³ ¤μ¸É¨£´ÊÉ ³ ±¸¨³ ²Ó´Ò°
·¥¦¨³ · ¡μÉÒ, ¶·¨ ±μÉμ·μ³ Éμ± ¶ÊÎ±  ¸μ¸É ¢²Ö¥É 140 � ¶·¨ Ô´¥·£¨¨ Î ¸É¨Í 125 ±Ô‚,
¶²μÉ´μ¸ÉÓ Ô´¥·£¨¨ ¶ÊÎ±  ´  ³¨Ï¥´¨ ∼ 40 „¦/¸³2.

2. �·μ¢¥¤¥´´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ± § ²¨ ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö Ê¸±μ·¨É¥²Ö ¤²Ö
³μ¤¨Ë¨± Í¨¨ ¶μ¢¥·Ì´μ¸É¨ ³¥É ²²μ¢: Ê¢¥²¨Î¨¢ ¥É¸Ö ³¨±·μÉ¢¥·¤μ¸ÉÓ, ¶μ¢ÒÏ ÕÉ¸Ö ¶·μÎ-
´μ¸É´Ò¥ Ì · ±É¥·¨¸É¨±¨ Í¨·±μ´¨¥¢ÒÌ ³ É¥·¨ ²μ¢ ¨ É. ¤.

3. �·μ¤¥³μ´¸É·¨·μ¢ ´  ¢μ§³μ¦´μ¸ÉÓ ·¥£Ê²¨·μ¢±¨ Éμ±  ¶ÊÎ±  ¢ 2,5Ä3,5 · §  · §²¨Î-
´Ò³¨ ¸¶μ¸μ¡ ³¨ ¢ Ê¸±μ·¨É¥²¥.
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