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‘μμ¡Ð ¥É¸Ö μ ´μ¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ É Ì ¶μ Ê¸±μ·¥´¨Õ ¤¥°É·μ´μ¢ ¢ ³ ²μ£ ¡ -
·¨É´μ³ ±μ ±¸¨ ²Ó´μ³ ¤¨μ¤¥ ¸ ¶μ¤ ¢²¥´¨¥³ Ô²¥±É·μ´´μ° ¶·μ¢μ¤¨³μ¸É¨ ¶μ¸ÉμÖ´´Ò³ ¶·μ¤μ²Ó´Ò³
³ £´¨É´Ò³ ¶μ²¥³. �² §³ , ¸μ¤¥·¦ Ð Ö ¤¥°É·μ´Ò, ¸μ§¤ ¢ ² ¸Ó ´  ² §¥·´μ° TiD-³¨Ï¥´¨, · ¸¶μ-
²μ¦¥´´μ° ´   ´μ¤¥. ˆ³¶Ê²Ó¸ Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö Ëμ·³¨·μ¢ ²¸Ö ¸ ¶μ³μÐÓÕ £¥´¥· Éμ· 
�·± ¤Ó¥¢ ÄŒ ·±¸ . Š Éμ¤ ¤¨μ¤  ¸¨³³¥É·¨Î´μ μÌ¢ ÉÒ¢ ²  ´μ¤ ¨ ¶·¥¤¸É ¢²Ö² ¸μ¡μ° ¶μ¸ÉμÖ´´Ò°
¶μ²Ò° ±μ²ÓÍ¥¢μ° ³ £´¨É ¸ ¢´ÊÉ·¥´´¨³ · ¤¨Ê¸μ³ ´¥ ¡μ²¥¥ 0,02 ³ ¨ ¨´¤Ê±Í¨¥° ´  μ¸¨ ¤μ 0,4 ’²,
μ¡¥¸¶¥Î¨¢ ÕÐ¨° ³ £´¨É´ÊÕ ¨§μ²ÖÍ¨Õ Ê¸±μ·ÖÕÐ¥£μ § §μ· . �±¸¶¥·¨³¥´ÉÒ ¶μ± § ²¨ ¢μ§³μ¦´μ¸ÉÓ
¶μ²ÊÎ¥´¨Ö Ê¸±μ·¥´´ÒÌ ¤¥°É·μ´μ¢ ¸ Ô´¥·£¨¥° ¤μ 300 ±Ô‚ ¨ Éμ±μ³ ¤μ 0,5 ±� ¶·¨ ¤²¨É¥²Ó´μ¸É¨
¨³¶Ê²Ó¸  0,2 ³±¸.

This report deals with new experimental results of deuterons acceleration in a compact coaxial
diode with the suppression of electronic conductance by means of a constant longitudinal magnetic
ˇeld. Plasma containing deuterons was created using laser TiD-target located at the anode. The pulse
of accelerating voltage was formed by means of Marx generator. The cathode of diode surrounds the
anode symmetrically and is made of a permanent hollow ring magnet with inner radius 2 cm and the
induction on the axis to 0.4 T, which provides the magnetic insulation in the accelerating gap. The
experiments showed the possibility of obtaining the accelerated deuterons with energies up to 300 keV
and current of 0.5 kA at a pulse duration of 0.2 μs.

PACS: 29.17w; 29.20Ej
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„²Ö £¥´¥· Í¨¨ ±μ·μÉ±¨Ì ´¥°É·μ´´ÒÌ ¨³¶Ê²Ó¸μ¢  ±É¨¢´μ ¶·¨³¥´ÖÕÉ¸Ö ¢ ±ÊÊ³´Ò¥ ´¥°-
É·μ´´Ò¥ É·Ê¡±¨, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ±μ ±¸¨ ²Ó´ÊÕ ¤¨μ¤´ÊÕ ¸¨¸É¥³Ê ¸ ¨¸ÉμÎ´¨±μ³
¤¥°É·μ´μ¢, ¢ ±μÉμ·μ° μ·£ ´¨§μ¢ ´μ Ê¸±μ·¥´¨¥ ¨ ¢§ ¨³μ¤¥°¸É¢¨¥ ¤¥°É·μ´μ¢ ¸ ´¥°É·μ´μ-
μ¡· §ÊÕÐ¥° ³¨Ï¥´ÓÕ [1, 2]. ˆ¸ÉμÎ´¨± ¤¥°É·μ´μ¢ ¢ ¶μ¤μ¡´ÒÌ Ê¸É·μ°¸É¢ Ì ¢Ò¶μ²´¥´
²¨¡μ ´  μ¸´μ¢¥ ¢ ±ÊÊ³´μ-¤Ê£μ¢μ° · §·Ö¤´μ° ¶² §³Ò, ²¨¡μ ´  μ¸´μ¢¥ ² §¥·´μ° ¶² §³Ò.
‚ ¸Ì¥³¥ ¸ ¢ ±ÊÊ³´μ-¤Ê£μ¢Ò³ ¨¸ÉμÎ´¨±μ³ ¤¥°É·μ´μ¢ ¤²Ö £¥´¥· Í¨¨ ´¥°É·μ´´ÒÌ ¨³¶Ê²Ó¸μ¢
´ ´μ¸¥±Ê´¤´μ£μ ¤¨ ¶ §μ´  Í¥²¥¸μμ¡· §´μ ¨¸¶μ²Ó§μ¢ ´¨¥ · §·Ö¤´¨± -μ¡μ¸É·¨É¥²Ö. �¤-
´ ±μ ÔÉμ § ³¥É´μ Ê¢¥²¨Î¨¢ ¥É Ô´¥·£¥É¨Î¥¸±ÊÕ Í¥´Ê ¶μ²ÊÎ ¥³ÒÌ ´¥°É·μ´μ¢, μ¸μ¡¥´´μ
¶·¨ ¡μ²ÓÏ¨Ì  ³¶²¨ÉÊ¤ Ì Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö.

1E-mail: edvovchenko@mail.ru
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	μ²¥¥ ÔËË¥±É¨¢´μ, ¶μ ³´¥´¨Õ  ¢Éμ·μ¢, ¶·¨³¥´¥´¨¥ ² §¥·´μ£μ ¨¸ÉμÎ´¨±  ¤¥°É·μ´μ¢
(‹ˆ„), μ¡¥¸¶¥Î¨¢ ÕÐ¥£μ ¡Ò¸É·μ¥ ¨§¢²¥Î¥´¨¥ ¤¥°É·μ´μ¢ ¨§ ¶² §³Ò. …£μ μ¸μ¡¥´´μ¸ÉÓÕ
Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ¤¥°É¥·¨¥¢μ° ¶² §³Ò, ±μÉμ· Ö μ¡· §Ê¥É¸Ö ¶·¨ ¢μ§¤¥°¸É¢¨¨ ¸Ëμ-
±Ê¸¨·μ¢ ´´μ£μ ² §¥·´μ£μ ¨³¶Ê²Ó¸  ´  ³¨Ï¥´Ó ¨§ ¤¥°É¥·¨¤  ³¥É ²² . ‘μ£² ¸´μ μÍ¥´± ³
· ¡μÉÒ [3] ¤²Ö É¨¶¨Î´ÒÌ ¶ · ³¥É·μ¢ Nd-² §¥· , · ¡μÉ ÕÐ¥£μ ¢ ·¥¦¨³¥ ³μ¤Ê²¨·μ¢ ´´μ°
¤μ¡·μÉ´μ¸É¨ ¸ Ô´¥·£¨¥° ≈ 1,5 „¦ ¨ Î ¸ÉμÉμ° ¤μ 20 ƒÍ, ¶·μ£´μ§¨·Ê¥³Ò° ¸·¥¤´¨° ´¥°É·μ´-
´Ò° ¶μÉμ± ¢ ¶μ²´Ò° É¥²¥¸´Ò° Ê£μ² ³μ¦¥É ¤μ¸É¨£ ÉÓ ¢¥²¨Î¨´Ò 1011 ¸−1 ¶·¨ Ê¸±μ·ÖÕÐ¥³
´ ¶·Ö¦¥´¨¨ U ≈ 300 ±‚. ‘ Í¥²ÓÕ ¶μ¢ÒÏ¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ Š�„ £¥´¥· Í¨¨ ´¥°-
É·μ´μ¢ ¢ É ±μ³ ¢Ò¸μ±μ¢μ²ÓÉ´μ³ Ê¸±μ·¨É¥²Ó´μ³ ¤¨μ¤¥ ¸ ‹ˆ„ ¸²¥¤Ê¥É ¶·¨³¥´ÖÉÓ ³¥Éμ¤Ò
¶μ¤ ¢²¥´¨Ö Ô²¥±É·μ´´μ° ¶·μ¢μ¤¨³μ¸É¨. ˆ§ ´¨Ì ³ £´¨É´ Ö ¨§μ²ÖÍ¨Ö Ê¸±μ·ÖÕÐ¥£μ § §μ· 
¸Î¨É ¥É¸Ö μ¤´¨³ ¨§ ´ ¨¡μ²¥¥ ÔËË¥±É¨¢´ÒÌ [4, 5].

‚ ¤ ´´μ° · ¡μÉ¥, ¤²Ö ¤¨μ¤  ¸ ¨§μ²ÖÍ¨¥° Éμ±  Ô²¥±É·μ´μ¢ ¶μ²¥³ ±μ³¶ ±É´μ£μ ¶μ¸Éμ-
Ö´´μ£μ NdFeB-³ £´¨É  ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ±μ° Ô´¥·£¨¨ (≈ 0,1 „¦) ¨§²ÊÎ¥´¨Ö ´ 
² §¥·´μ° TiD-³¨Ï¥´¨, ¶μ± § ´  ¢μ§³μ¦´μ¸ÉÓ ¶μ²ÊÎ¥´¨Ö Éμ±μ¢ Ê¸±μ·¥´´ÒÌ ¤¥°É·μ´μ¢ ´ 
Ê·μ¢´¥ ¤μ 0,5 ±� ¸ Ô´¥·£¨¥° ¤μ 300 ±Ô‚.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ “‘’���‚Š�

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¢Ò¶μ²´¥´Ò ´  ³ ±¥É¥ ¢ ±ÊÊ³´μ£μ (≈ 5 · 10−2 � )
² §¥·´μ-¶² §³¥´´μ£μ ¤¨μ¤ , ±μÉμ·Ò° ¨³¥¥É ±μ ±¸¨ ²Ó´ÊÕ ¸¨¸É¥³Ê Ô²¥±É·μ¤μ¢ ¸ ¢´ÊÉ·¥´-
´¨³ ¢Ò¸μ±μ¢μ²ÓÉ´Ò³  ´μ¤μ³ ¨ ¢´¥Ï´¨³ Í¨²¨´¤·¨Î¥¸±¨³ ± Éμ¤μ³. �   ´μ¤¥ · §³¥Ð¥´ 
² §¥·´ Ö ³¨Ï¥´Ó ¢ ¢¨¤¥ É ¡²¥É±¨ ¨§ TiD, μ¡²ÊÎ ¥³ Ö ² §¥·´Ò³ ¶ÊÎ±μ³. Š Éμ¤ ¨§£μÉμ-
¢²¥´ ¨§ ³ £´¨É´μ£μ ³ É¥·¨ ²  ´  μ¸´μ¢¥ ¸μ¥¤¨´¥´¨° NdFeB ¨ ¢Ò¶μ²´¥´ ¢ ¢¨¤¥ ¶μ²μ£μ
Í¨²¨´¤·  ¸ ¢´ÊÉ·¥´´¨³ · ¤¨Ê¸μ³ 2 ¸³ ¨ ¢Ò¸μÉμ° 6 ¸³. ‚ ¤¨μ¤¥ μ·£ ´¨§μ¢ ´μ ¶·Ö³μ¥

�¨¸. 1. „¨μ¤ ¸ ² §¥·´Ò³ ¨¸ÉμÎ´¨±μ³ ¤¥°É¥·¨Ö

Ê¸±μ·¥´¨¥ ± ± Éμ¤Ê ¤¥°É·μ´μ¢, ¨§¢²¥± ¥³ÒÌ
¨§ ² §¥·´μ° ¶² §³Ò ¢ Ô²¥±É·¨Î¥¸±μ³ ¶μ²¥,
±μÉμ·μ¥ Ëμ·³¨·μ¢ ²μ¸Ó ¶·¨ ¶μ¤ Î¥ ´   ´μ¤
¨³¶Ê²Ó¸  ¶μ²μ¦¨É¥²Ó´μ£μ ¢Ò¸μ±μ£μ ´ ¶·Ö-
¦¥´¨Ö (·¨¸. 1).

„²Ö ¸μ§¤ ´¨Ö ² §¥·´μ° ¶² §³Ò ¨¸¶μ²Ó-
§μ¢ ²¸Ö ³ ²μ£ ¡ ·¨É´Ò° YaG: Nd + ² §¥·
(λ = 1,06 ³±³) ¸ Ô´¥·£¨¥° W ≈ 0,1 „¦
¨ ¤²¨É¥²Ó´μ¸ÉÓÕ ¨³¶Ê²Ó¸  τ² ≈ 7 ´¸, ÎÉμ
¸μμÉ¢¥É¸É¢Ê¥É ¶²μÉ´μ¸É¨ ³μÐ´μ¸É¨ ´  ³¨Ï¥´¨ q ≈ 5 · 1010 ‚É/¸³2. „²Ö Ëμ·³¨·μ¢ -
´¨Ö Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö ¶·¨³¥´Ö²¸Ö ¨³¶Ê²Ó¸´Ò° £¥´¥· Éμ· ´ ¶·Ö¦¥´¨° (ƒˆ�),
¢Ò¶μ²´¥´´Ò° ¶μ ¸Ì¥³¥ �·± ¤Ó¥¢ ÄŒ ·±¸ . ƒˆ� ¸μ¸Éμ¨É ¨§ 20 ¸¥±Í¨°, ¢ ± ¦¤μ° ¨§ ±μ-
Éμ·ÒÌ § ¶ ¸ ¥É¸Ö Ô´¥·£¨Ö ¶μ·Ö¤±  0,5 „¦ ¶·¨ § ·Ö¤´μ³ ´ ¶·Ö¦¥´¨¨ 15 ±‚. 	¥§ ´ £·Ê§±¨
(RH = ∞) ¢ÒÌμ¤´μ¥ ´ ¶·Ö¦¥´¨¥ ƒˆ� ¨³¥¥É  ³¶²¨ÉÊ¤Ê ¤μ U = 300 ±‚, ¤²¨É¥²Ó´μ¸ÉÓ
Ë·μ´É  ´¥ ¡μ²¥¥ 0,1 ³±¸ ¨ ¶μ¸ÉμÖ´´ÊÕ ¢·¥³¥´¨ · §·Ö¤  τRC = 75 ³±¸.

‚ ¤¨μ¤¥ ¶·¨³¥´¥´  ¸Ì¥³  ¸ ³ £´¨É´μ° ¨§μ²ÖÍ¨¥° Ô²¥±É·μ´μ¢. ƒ·Ê¡ Ö μÍ¥´±  ¢¥²¨-
Î¨´Ò ¨´¤Ê±Í¨¨ ³ £´¨É´μ£μ ¶μ²Ö, ´¥μ¡Ìμ¤¨³μ° ¤²Ö ¶μ¤ ¢²¥´¨Ö Ô²¥±É·μ´´μ£μ Éμ± , ³μ¦¥É
¡ÒÉÓ ¶μ²ÊÎ¥´  ¨§ ¸· ¢´¥´¨Ö ² ·³μ·μ¢¸±μ£μ · ¤¨Ê¸  Ô²¥±É·μ´μ¢ ¸ · ¸¸ÉμÖ´¨¥³ μÉ ¢´Ê-
É·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ± Éμ¤  ¤μ £· ´¨ÍÒ ¶² §³¥´´μ£μ  ´μ¤ , · ¢´μ£μ ≈ 0,5−1 ¸³. 	μ²¥¥
¸É·μ£¨° · ¸Î¥É ±·¨É¨Î¥¸±μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¶·¨¢¥¤¥´ ¢ · ¡μÉ¥ [5]. „²Ö ¢Ò¡· ´´μ° ¢
Ô±¸¶¥·¨³¥´É¥ £¥μ³¥É·¨¨ B±· ≈ 0,4 T².
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�¨¸. 2. ‘Ì¥³Ò ¨§³¥·¥´¨Ö Éμ±  ³¥Éμ¤μ³ ¨´É¥£·¨·μ¢ ´¨Ö

ˆ³¶Ê²Ó¸ ² §¥·  ·¥£¨¸É·¨·μ¢ ²¸Ö ±μ ±¸¨ ²Ó´Ò³ ËμÉμÔ²¥³¥´Éμ³ ”�Š-09. �³¶²¨ÉÊ¤ 
Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö μ¶·¥¤¥²Ö² ¸Ó ¶μ ¸É ´¤ ·É´μ° ³¥Éμ¤¨±¥ ¸ ¶μ³μÐÓÕ Ï ·μ¢μ£μ
· §·Ö¤´¨±  ¨ É ¡²¨ÍÒ ¶·μ¡¨¢´ÒÌ (· §·Ö¤´ÒÌ) ´ ¶·Ö¦¥´¨°. „²Ö ¨§³¥·¥´¨Ö · §·Ö¤´μ£μ
Éμ±  ¨¸¶μ²Ó§μ¢ ²¸Ö ¶μÖ¸ �μ£μ¢¸±μ£μ (��) ¢ ·¥¦¨³¥ É· ´¸Ëμ·³ Éμ·  Éμ±  ¨ ¤¢¥ ¸Ì¥³Ò ´ 
μ¸´μ¢¥ ´¨§±μ¨´¤Ê±É¨¢´μ£μ ÏÊ´É  RÏ Å ¸ · §¤¥²¨É¥²Ó´Ò³ ¨³¶Ê²Ó¸´Ò³ É· ´¸Ëμ·³ Éμ-
·μ³ ˆ’ (·¨¸. 2,  ) ¨ ¨´É¥£·¨·μ¢ ´¨¥³ ´  ¥³±μ¸É¨ C (·¨¸. 2, ¡). ‡ ³¥É¨³, ÎÉμ ¸μ¶μ¸É ¢²¥-
´¨¥ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨Ö, ¶μ²ÊÎ¥´´ÒÌ ¶·¨ ¨¸¶μ²Ó§μ¢ ´¨¨ · §²¨Î´ÒÌ ³¥Éμ¤¨±, μ¡Ê¸²μ-
¢²¥´μ ¶·¨¸ÊÉ¸É¢¨¥³ ¨´É¥´¸¨¢´μ° ¢Ò¸μ±μÎ ¸ÉμÉ´μ° Ô²¥±É·μ³ £´¨É´μ° ¶μ³¥Ì¨, ±μÉμ· Ö
§ É·Ê¤´Ö¥É ¢Ò¤¥²¥´¨¥ ¨¸É¨´´μ° Ëμ·³Ò ¨³¶Ê²Ó¸  Éμ±  ¨ É¥³ ¸ ³Ò³ ¸´¨¦ ¥É ¤μ¸Éμ¢¥·-
´μ¸ÉÓ ±μ²¨Î¥¸É¢¥´´μ£μ μ¶·¥¤¥²¥´¨Ö ¢¥²¨Î¨´Ò Éμ± .

2. �…‡“‹œ’�’› ˆ �	‘“†„…�ˆ…

‘¨²Ó´μÉμÎ´ Ö Ëμ·³  · §·Ö¤ , ´¥μ¡Ìμ¤¨³ Ö ¤²Ö ÔËË¥±É¨¢´μ£μ Ê¸±μ·¥´¨Ö ¤¥°É·μ´μ¢ ¸
Í¥²ÓÕ ¨´¨Í¨¨·μ¢ ´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° D(d, n)3He, ¶μ²ÊÎ¥´  ¢ ·¥§Ê²ÓÉ É¥ £¥´¥· Í¨¨ ´ 
 ´μ¤¥ ² §¥·´μ° ¶² §³Ò ¨ Ëμ·³¨·μ¢ ´¨Ö ³¥¦¤Ê  ´μ¤μ³ ¨ ± Éμ¤μ³ ¨³¶Ê²Ó¸  ¢Ò¸μ±μ£μ ´ -
¶·Ö¦¥´¨Ö ¸  ³¶²¨ÉÊ¤μ° ¤μ 300 ±‚. �·¨ ÔÉμ³ § ¤¥·¦±  Ë·μ´É  ¨³¶Ê²Ó¸  ´ ¶·Ö¦¥´¨Ö ƒˆ�
μÉ´μ¸¨É¥²Ó´μ Ë·μ´É  ² §¥·´μ£μ ¨³¶Ê²Ó¸  ´¥ ¤μ²¦´  ¶·¥¢ÒÏ ÉÓ 100Ä200 ´¸. �Éμ Ê¸²μ¢¨¥
¸¶· ¢¥¤²¨¢μ ¤²Ö ¸· ¢´¨É¥²Ó´μ ´¥¡μ²ÓÏμ° ¶²μÉ´μ¸É¨ ³μÐ´μ¸É¨ (q ≈ 5 · 1010 ‚É/¸³2) ´ 
² §¥·´μ° ³¨Ï¥´¨ ¨ ¨³¶Ê²Ó¸μ¢ ´ ´μ¸¥±Ê´¤´μ£μ ¤¨ ¶ §μ´  (τ² ≈ 7 ´¸), ±μ£¤  · §²¥É ÕÐ -
Ö¸Ö ² §¥·´ Ö ¶² §³  § ¶μ²´Ö¥É · §·Ö¤´Ò° μ¡Ñ¥³ §  ¢·¥³Ö ≈ (2−4) · 10−7 ¸.

„²Ö μ¡¥¸¶¥Î¥´¨Ö ¸Éμ²Ó ³ ²μ° § ¤¥·¦±¨ ¨ ´ ¤¥¦´μ° ¸¨´Ì·μ´¨§ Í¨¨ ¢Ò¡· ´  ¸Ì¥³ 
§ ¶Ê¸± , ¢ ±μÉμ·μ° Î ¸ÉÓ ®£·¥ÕÐ¥£μ¯ ² §¥·´μ£μ ¨³¶Ê²Ó¸  (¤μ 25% μÉ ¶μ²´μ° Ô´¥·£¨¨
¶ÊÎ± ) ´ ¶· ¢²Ö² ¸Ó ´  ¨¸±·μ¢μ° · §·Ö¤´¨± ¢ ¶¥·¢μ³ ± ¸± ¤¥ ƒˆ�. Œ ±¸¨³ ²Ó´Ò°
Éμ±, ¤μ¸É¨£ ¥³Ò° ¢ · §·Ö¤¥ ¶·¨ ·¥ ²¨§ Í¨¨ · ¸¸³μÉ·¥´´ÒÌ Ê¸²μ¢¨°, ¸μ¸É ¢¨² ¢¥²¨Î¨´Ê
≈ 150 �. �·¨ ÔÉμ³ Ë¨±¸¨·μ¢ ²μ¸Ó ´¥±μÉμ·μ¥ ¸´¨¦¥´¨¥  ³¶²¨ÉÊ¤Ò Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö-
¦¥´¨Ö. �¤´ ±μ μ´μ ¡Ò²μ ´¥ ¸²¨Ï±μ³ § ³¥É´Ò³, ÎÉμ £μ¢μ·¨É ¢ ¶μ²Ó§Ê · ¡μÉÒ ³ £´¨É´μ°
¨§μ²ÖÍ¨¨ Ô²¥±É·μ´μ¢.

„²Ö  ´ ²¨§  ÔËË¥±É¨¢´μ¸É¨ ¶μ¤ ¢²¥´¨Ö Ô²¥±É·μ´´μ£μ Éμ±  ¢ Ê¸±μ·¨É¥²Ó´μ³ § §μ·¥
² §¥·´μ-¶² §³¥´´μ£μ ¤¨μ¤  ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ, ¢ ±μÉμ·ÒÌ ³ £´¨É´Ò° ± Éμ¤ § ³¥-
´Ö²¸Ö ´  ± Éμ¤  ´ ²μ£¨Î´μ° £¥μ³¥É·¨¨, ´μ ¢Ò¶μ²´¥´´Ò° ¨§  ²Õ³¨´¨Ö. ‚ ÔÉμ³ ¸²ÊÎ ¥
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³ ±¸¨³ ²Ó´Ò° Éμ± ¤¨μ¤  Ê¢¥²¨Î¨²¸Ö ¤μ 600 �,    ³¶²¨ÉÊ¤  Ê¸±μ·ÖÕÐ¥£μ ´ ¶·Ö¦¥´¨Ö
§ ³¥É´μ Ê³¥´ÓÏ¨² ¸Ó. �Éμ μ§´ Î ¥É, ÎÉμ ¡¥§ ³ £´¨É´μ£μ ¶μ²Ö Éμ± Ô²¥±É·μ´μ¢, μ¡Ê¸²μ-
¢²¥´´Ò° · §¢¨É¨¥³ Ô³¨¸¸¨μ´´ÒÌ ¶·μÍ¥¸¸μ¢ ´  ± Éμ¤¥, ¸ÊÐ¥¸É¢¥´´μ ¢μ§·μ¸.

� ¸¸³μÉ·¨³ ¶μ¤·μ¡´¥¥ ¡ ² ´¸ Éμ±μ¢ ¸ ÊÎ¥Éμ³ ¢μ§³μ¦´μ£μ ¸μμÉ´μÏ¥´¨Ö ³¥¦¤Ê ¨μ´´μ°
Id ¨ Ô²¥±É·μ´´μ° Ie ±μ³¶μ´¥´É ³¨. �Í¥´±Ê ¢¥·Ì´¥° £· ´¨ÍÒ ¨μ´´μ£μ Éμ±  ³μ¦´μ ¶μ-
²ÊÎ¨ÉÓ ¶μ ¢¥²¨Î¨´¥ § ·Ö¤ , ¶¥·¥´μ¸¨³μ£μ ¤¥°É·μ´ ³¨ §  ¢·¥³Ö ¤¥°¸É¢¨Ö ¨³¶Ê²Ó¸  Éμ± ,
¢ ´ Ï¨Ì Ô±¸¶¥·¨³¥´É Ì · ¢´μ¥ tc ≈ 200 ´¸. �μ²´μ¥ Î¨¸²μ ¤¥°É·μ´μ¢, Ô³¨É¨·Ê¥³ÒÌ
² §¥·´Ò³ ¨¸ÉμÎ´¨±μ³ ¶·¨ μ¶É¨³ ²Ó´μ° Ëμ±Ê¸¨·μ¢±¥ ¨§²ÊÎ¥´¨Ö, μ¶·¥¤¥²Ö¥É¸Ö ¸μμÉ´μ-
Ï¥´¨¥³ [3]

Nd ≈ 2 · 1015 sd W,

£¤¥ sd ≈ 1−2 Å ±μÔËË¨Í¨¥´É ¸É¥Ì¨μ³¥É·¨¨ ¶² §³μμ¡· §ÊÕÐ¥° ³¨Ï¥´¨ ¶μ ¤¥°É¥·¨Õ.
’μ£¤  ¤²Ö Ô´¥·£¨¨ ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö W ≈ 0,1 „¦ ¶μ²ÊÎ¨³ μÍ¥´±Ê ¤²Ö Éμ±  ¤¥°É·μ´μ¢:

Id <
Nd e

tc
≈ 150 A.

�É  μÍ¥´±  ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ¸²ÊÎ ¥ ¶¥·¥Ìμ¤  ± Ô´¥·£¨¨ ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¶μ·Ö¤± 
1 „¦ ¢μ§³μ¦´μ ¤μ¸É¨¦¥´¨¥ ±¨²μ ³¶¥·´μ£μ Ê·μ¢´Ö Éμ±  ¤¥°É·μ´μ¢.

„²Ö Ê¸²μ¢¨° ¦¥ ´ Ï¥£μ Ô±¸¶¥·¨³¥´É  · ¸¸³μÉ·¨³ ¸²¥¤ÊÕÐ¨¥ É·¨ ¢μ§³μ¦´ÒÌ ¢ ·¨-
 ´É  ¸μμÉ´μÏ¥´¨° ³¥¦¤Ê ±μ³¶μ´¥´É ³¨ Éμ±  ¢ ¤¨μ¤¥ ¸ ³ £´¨É´μ° ¨§μ²ÖÍ¨¥° Ô²¥±É·μ´μ¢
¶μ²¥³ ¶μ¸ÉμÖ´´μ£μ ³ £´¨É : μ¶·¥¤¥²ÖÕÐ¨³ Ö¢²Ö¥É¸Ö Éμ± ¤¥°É·μ´μ¢ (Id � Ie ≈ 0,1 Id);
Éμ±¨ ¸· ¢´¨³Ò ¶μ ¢¥²¨Î¨´¥ (Id ≈ Ie); ¶·¥μ¡² ¤ ´¨¥ Ô²¥±É·μ´´μ£μ Éμ±  (Ie � Id ≈
0,1 Ie). ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¤ ´´Ò¥ ¸ μ¡μ¡Ð¥´¨¥³ ¨ ´  Ô±¸¶¥·¨³¥´ÉÒ ¸ ´¥³ £´¨É´Ò³ ± -
Éμ¤μ³ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

’μ± ¤¨μ¤  Id � Ie Id ≈ Ie Ie � Id

‘ ³ £´¨É´Ò³ ¶μ²¥³
�μ²´Ò° Éμ± Id = Id + Ie, � ≈ 150

’μ± ¤¥°É·μ´μ¢ Id, � 135 75 15

’μ± Ô²¥±É·μ´μ¢ Iem, � 15 75 135

	¥§ ³ £´¨É´μ£μ ¶μ²Ö
�μ²´Ò° Éμ± Id = Id + Ie, � ≈ 600

’μ± ¤¥°É·μ´μ¢ Id, � 135 75 15

’μ± Ô²¥±É·μ´μ¢ Ie, � 465 525 575

�É´μÏ¥´¨¥ Ô²¥±É·μ´´ÒÌ Éμ±μ¢ Iem/Ie 0,03 0,14 0,24

�·¥¤¸É ¢²¥´´ Ö É ¡²¨Í  Ö¸´μ ¤¥³μ´¸É·¨·Ê¥É ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¢ · ¸¸³ É·¨¢ ¥³μ° ¤¨-
μ¤´μ° ¸¨¸É¥³¥ ÔËË¥±É  ³ £´¨É´μ° ¨§μ²ÖÍ¨¨. � ¨¡μ²¥¥ μÉÎ¥É²¨¢μ ÔÉμ ¢¨¤´μ ¨§ ¥¥ ¶μ-
¸²¥¤´¥° £· ËÒ, £¤¥ ¶·¨¢μ¤ÖÉ¸Ö ¤ ´´Ò¥ ¶μ μÉ´μÏ¥´¨Ö³ Ô²¥±É·μ´´ÒÌ Éμ±μ¢ ¶·¨ ´ ²¨Î¨¨
³ £´¨É´μ£μ ¶μ²Ö ¨ ¡¥§ ´¥£μ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ · ³± Ì ‘μ£² Ï¥´¨Ö º15-19-00151 ³¥¦¤Ê �μ¸¸¨°¸±¨³ ´ ÊÎ´Ò³
Ëμ´¤μ³, � Í¨μ´ ²Ó´Ò³ ¨¸¸²¥¤μ¢ É¥²Ó¸±¨³ Ö¤¥·´Ò³ Ê´¨¢¥·¸¨É¥Éμ³ ®Œˆ”ˆ¯ ¨ ·Ê±μ¢μ-
¤¨É¥²¥³ ¶·μ¥±É  �. ‚.�¥¸É¥·μ¢¨Î¥³ μ ¶·¥¤μ¸É ¢²¥´¨¨ £· ´É  ´  ¶·μ¢¥¤¥´¨¥ ËÊ´¤ ³¥´-
É ²Ó´ÒÌ ¨ ¶μ¨¸±μ¢ÒÌ ´ ÊÎ´ÒÌ ¨¸¸²¥¤μ¢ ´¨°.
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