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‘μμ¡Ð ¥É¸Ö μ ·¥§Ê²ÓÉ É Ì Ô±¸¶¥·¨³¥´Éμ¢ ¶μ Ê¸±μ·¥´¨Õ ¤¥°É·μ´μ¢ ¨§ ² §¥·´μ° ¶² §³Ò ¶·Ö³Ò³
¨³¶Ê²Ó¸´Ò³ ¶μÉμ±μ³ Ô²¥±É·μ´μ¢, Ê¸±μ·¥´´ÒÌ ¤μ ³ ±¸¨³ ²Ó´μ° Ô´¥·£¨¨ 250 ±Ô‚ ¢ É·Ê¡¥ ¤·¥°Ë 
± ³¨Ï¥´Ö³ ¨§ ¡¥·¨²²¨Ö ¨ ¤¥°É¥·¨·μ¢ ´´μ£μ ¶μ²¨ÔÉ¨²¥´ . �·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ ¤¥°É·μ´μ¢ ¸ ³¨-
Ï¥´Ö³¨ ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ´¥°É·μ´Ò. �¥°É·μ´´Ò° ¢ÒÌμ¤ ¢ μÉ¤¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¸¥·¨ÖÌ ¤μ¸É¨£ ² 106 ´¥°É·μ´/¨³¶Ê²Ó¸.

„²Ö ¶μ¢ÒÏ¥´¨Ö ´¥°É·μ´´μ£μ ¢ÒÌμ¤  §  ¸Î¥É ¸¦ É¨Ö Ô²¥±É·μ´´μ£μ ¶μÉμ±  ¶·¥¤² £ ¥É¸Ö ¨¸¶μ²Ó-
§μ¢ ÉÓ ¨³¶Ê²Ó¸´μ¥ ³ £´¨É´μ¥ ¶μ²¥, ¸¨´Ì·μ´´μ¥ ¸ £¥´¥· Í¨¥° ² §¥·´μ° ¶² §³Ò. �Éμ ³ £´¨É´μ¥ ¶μ²¥
Ëμ·³¨·Ê¥É¸Ö ¢ ¶·μ¸É· ´¸É¢¥ ¤·¥°Ë  Ô²¥±É·μ´μ¢ ¸¶¨· ²Ó´μ° ± ÉÊÏ±μ° ¨´¤Ê±É¨¢´μ¸É¨ ±μ´¨Î¥¸±μ°
Ëμ·³Ò.

This report deals with experimental results of deuterons acceleration from laser plasma using direct
pulse 	ow of electrons. The deuterons are accelerated to   maximum energy of 250 keV in the drift tube
in the direction of the targets of beryllium, and deuterated polyethylene. As a result of the interaction
of deuterons with the target, neutrons were registered. The neutron yield in some experimental series
reached 106 neutron/pulse.

To increase neutron yield because of the compression of the electron 	ow it is proposed to use
a pulsed magnetic ˇeld, synchronous with the generation of the laser plasma. This magnetic ˇeld is
created in the drift region of the electrons using spiral inductive coil of conical shape.

PACS: 29.17w; 29.20Ej

‚‚…„…�ˆ…

‚ · ¡μÉ¥ [1] μÉ³¥Î ² ¸Ó ¢μ§³μ¦´μ¸ÉÓ ¨¸¶μ²Ó§μ¢ ´¨Ö ¤¨μ¤μ¢ ¸ ±μ²²¥±É¨¢´Ò³ Ê¸±μ-
·¥´¨¥³ ¤¥°É·μ´μ¢ ¢ ¶·Ö³ÒÌ ¨³¶Ê²Ó¸´ÒÌ Ô²¥±É·μ´´ÒÌ ¶μÉμ± Ì ¤²Ö £¥´¥· Í¨¨ ´¥°É·μ-
´μ¢. �·¨ ÔÉμ³ ¢μ§³μ¦´μ¸ÉÓ Ê¸±μ·¥´¨Ö ¤¥°É·μ´μ¢ ¤μ Ô´¥·£¨¨, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÐ¥°
200 ±Ô‚, ¶μ§¢μ²Ö¥É μÉ± § ÉÓ¸Ö μÉ ¨¸¶μ²Ó§μ¢ ´¨Ö É·¨É¨¥¢ÒÌ ³¨Ï¥´¥°, ÎÉμ ¤μ²¦´μ ¸Ê-
Ð¥¸É¢¥´´μ Ê²ÊÎÏ¨ÉÓ Ê¸²μ¢¨Ö · ¤¨ Í¨μ´´μ° ¡¥§μ¶ ¸´μ¸É¨ ¶·¨ Ô±¸¶²Ê É Í¨¨ £¥´¥· Éμ·μ¢
´¥°É·μ´μ¢. Š ± μÉ³¥Î ²μ¸Ó ¢ÒÏ¥, Ê¢¥²¨Î¥´¨¥ Ô´¥·£¨¨ ¤¥°É·μ´  ¶·¨ ³ ²μ³ ¢·¥³¥´¨ Ê¸±μ-
·¥´¨Ö ¢μ§³μ¦´μ §  ¸Î¥É ¨¸¶μ²Ó§μ¢ ´¨Ö μ¡· Ð¥´´ÒÌ ¤¨μ¤μ¢ ¸ ±μ²²¥±É¨¢´Ò³ Ê¸±μ·¥´¨¥³
¤¥°É·μ´μ¢.

1E-mail: edvovchenko@mail.ru
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ƒ² ¢´Ò³ Ê¸²μ¢¨¥³ ·¥ ²¨§ Í¨¨ Ê¸±μ·¥´¨Ö ¤¥°É·μ´μ¢ Ö¢²Ö¥É¸Ö § ¶¨· ´¨¥ ¨³¶Ê²Ó¸´μ£μ
Ô²¥±É·μ´´μ£μ ¶μÉμ±  ¢ Í¨²¨´¤·¨Î¥¸±μ° É·Ê¡±¥ ¤·¥°Ë  ¸μ¡¸É¢¥´´Ò³ μ¡Ñ¥³´Ò³ § ·Ö¤μ³,
¸μ¶·μ¢μ¦¤ ¥³μ¥ μ¡· §μ¢ ´¨¥³ ¢¨·ÉÊ ²Ó´μ£μ ± Éμ¤  ¨ ¶·μ¤μ²Ó´μ° Ô²¥±É·μ¸É É¨Î¥¸±μ°
¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò. „²Ö É ±μ£μ § ¶¨· ´¨Ö ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò Ô²¥±É·μ´´Ò° Éμ± ¶·¥¢Ò-
Ï ² ´¥±μÉμ·μ¥ ±·¨É¨Î¥¸±μ¥ §´ Î¥´¨¥

I±· = IA
(γ2/3 − 1)3/2ne

(1 + 2 lnχ)[ne − ni(t)]
,

£¤¥ IA = 17 ±� Å Éμ± �²ÓË¢¥´ ; γ Å ¶μ²´ Ö Ô´¥·£¨Ö Ô²¥±É·μ´μ¢; χ = R/a Å μÉ´μÏ¥´¨¥
· ¤¨Ê¸μ¢ É·Ê¡±¨ ¤·¥°Ë  ¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ± ; ne Å Ô²¥±É·μ´´ Ö ±μ´Í¥´É· Í¨Ö; ni(t) Å
¨μ´´ Ö ±μ´Í¥´É· Í¨Ö, § ¢¨¸ÖÐ Ö μÉ ¢·¥³¥´¨ [2].

ƒ²Ê¡¨´  ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò, ¸μ£² ¸´μ [1Ä4], ³μ¦¥É ¸μ¸É ¢²ÖÉÓ ¢¥²¨Î¨´Ê ΔW ≈
(2−3)(γ − 1)mc2, £¤¥ m Å ³ ¸¸  Ô²¥±É·μ´ . ‚´ÊÉ·¨ ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò μ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¨μ´¨§ Í¨Ö ´¥°É· ²Ó´ÒÌ  Éμ³μ¢ ¤¥°É¥·¨Ö Ô²¥±É·μ´´Ò³ Ê¤ ·μ³. �·¨ ÔÉμ³ ¢ ³μ³¥´É
¨μ´¨§ Í¨¨ ¤¥°É·μ´Ò μ± §Ò¢ ÕÉ¸Ö ´  ¤´¥ ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò. ‚ ¶·μÍ¥¸¸¥ É ±μ£μ § -
Ì¢ É  ¤¥°É·μ´μ¢ ¶·μ¨¸Ìμ¤¨É ´ · Ð¨¢ ´¨¥ ¨Ì μ¡Ñ¥³´μ£μ § ·Ö¤  ¢ μ¡² ¸É¨ ¶μÉ¥´Í¨ ²Ó´μ°
Ö³Ò, Î ¸É¨Î´μ ±μ³¶¥´¸¨·ÊÕÐ¥£μ § ·Ö¤ Ô²¥±É·μ´μ¢. �Éμ ¶·¨¢μ¤¨É ± ´ ·ÊÏ¥´¨Õ Ê¸²μ¢¨Ö
§ ¶¨· ´¨Ö, ¨ Ö³  ´ Î¨´ ¥É ¤¢¨£ ÉÓ¸Ö ¢¤μ²Ó É·Ê¡±¨ ¤·¥°Ë .

„¢¨¦¥´¨¥ ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò ¸μ¶·μ¢μ¦¤ ¥É¸Ö Ê¸±μ·¥´¨¥³ § Ì¢ Î¥´´ÒÌ ¢ ´¥¥ ¤¥°-
É·μ´μ¢ ¢ ¶·μ¤μ²Ó´μ³ ´ ¶· ¢²¥´¨¨ ± ´¥°É·μ´μμ¡· §ÊÕÐ¨³ ³¨Ï¥´Ö³ ¤μ ³ ±¸¨³ ²Ó´μ£μ
§´ Î¥´¨Ö, μ¶·¥¤¥²Ö¥³μ£μ £²Ê¡¨´μ° Ö³Ò.

1. �Š‘�…�ˆŒ…�’�‹œ�›‰ Œ�Š…’ “‘Š��ˆ’…‹Ÿ

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  ¤¥°¸É¢ÊÕÐ¥£μ ³ ±¥É  ¨³¶Ê²Ó¸´μ£μ Ê¸±μ·¨É¥²Ö ´  ¡ §¥
μ¡· Ð¥´´μ£μ ¤¨μ¤ , ´  ±μÉμ·μ³ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ £¥´¥· Í¨¨ ´¥°É·μ´´ÒÌ
¨³¶Ê²Ó¸μ¢.

�É £¥´¥· Éμ·  �·± ¤Ó¥¢ ÄŒ ·±¸  ¶·μ¨§¢μ¤¨É¸Ö § ·Ö¤±  Ëμ·³¨·ÊÕÐ¥° ²¨´¨¨ 
²Õ³-
²Ö°´ . „ ²¥¥ μ¸ÊÐ¥¸É¢²ÖÕÉ¸Ö § ¶Ê¸± ¨³¶Ê²Ó¸´μ£μ ² §¥·  ¨ ±μ³³ÊÉ Í¨Ö ²¨´¨¨ ¸ ¶μ³μÐÓÕ
Ê¶· ¢²Ö¥³μ£μ ² §¥·μ³ · §·Ö¤´¨± -μ¡μ¸É·¨É¥²Ö, ± ± ¶μ± § ´μ ´  ·¨¸. 1, ¸ μ¶·¥¤¥²¥´´μ°
¢·¥³¥´´μ° § ¤¥·¦±μ° τ§. ‚ ·¥§Ê²ÓÉ É¥ ´  ¥¥ ¢´ÊÉ·¥´´¥³ Ô²¥±É·μ¤¥ ´ ¢μ¤¨É¸Ö ¢Ò¸μ±¨°
μÉ·¨Í É¥²Ó´Ò° Ô²¥±É·¨Î¥¸±¨° ¶μÉ¥´Í¨ ².

‚ ± Î¥¸É¢¥ ¦¨¤±μ£μ ¨§μ²¨·ÊÕÐ¥£μ ¤¨Ô²¥±É·¨± , § ¶μ²´ÖÕÐ¥£μ ¶·μ¸É· ´¸É¢μ ³¥¦¤Ê
±μ·¶Ê¸μ³ ¤¨μ¤  ¨ Ô²¥±É·μ¤ ³¨ Ëμ·³¨·ÊÕÐ¥° ²¨´¨¨ 
²Õ³²Ö°´ , ¨¸¶μ²Ó§μ¢ ²¸Ö £²¨Í¥-
·¨´. �·¨ ÔÉμ³ μ¡Ð Ö ¤²¨´  Ê¸±μ·¨É¥²Ö ¸μ¸É ¢²Ö²  ¶·¨³¥·´μ 0,9 ³,   ¥£μ ¤¨ ³¥É· Å
0,25 ³.

�μ¤ ¤¥°¸É¢¨¥³ · §´μ¸É¨ ¶μÉ¥´Í¨ ²μ¢ ³¥¦¤Ê ¢´ÊÉ·¥´´¨³ Ô²¥±É·μ¤μ³ ¨  ´μ¤μ³ Ê¸±μ·Ö-
ÕÐ¥° ¸¨¸É¥³Ò ¶·μ¨¸Ìμ¤¨É ¢§·Ò¢´ Ö Ô²¥±É·μ´´ Ö Ô³¨¸¸¨Ö ¸ ¨£μ²ÓÎ Éμ£μ ± Éμ¤  (¶μ·Ö¤± 
20 ¨£μ²μ± ´  ¶²μÐ ¤¨ ∼ 0,15 ¸³2) ¨ Ëμ·³¨·μ¢ ´¨¥ ¶μÉμ±  Ê¸±μ·¥´´ÒÌ Ô²¥±É·μ´μ¢, · ¸-
¶·μ¸É· ´ÖÕÐ¨Ì¸Ö ¢¤μ²Ó ¶·μ¤μ²Ó´μ° μ¸¨. �ÉμÉ ¶μÉμ± ¶μ¶ ¤ ¥É ¢ μ¡² ¸ÉÓ ¶² §³¥´´μ£μ
¸£Ê¸É± , μ¡· §Ê¥³μ£μ ¤μ ±μ³³ÊÉ Í¨¨ Ëμ·³¨·ÊÕÐ¥° ²¨´¨¥° ¶μ¤ ¤¥°¸É¢¨¥³ ¨§²ÊÎ¥´¨Ö ¨³-
¶Ê²Ó¸´μ£μ ² §¥· , ¸Ëμ±Ê¸¨·μ¢ ´´μ£μ ´  ÊÎ ¸Éμ±  ´μ¤  Å ² §¥·´μ° ³¨Ï¥´¨, ¢Ò¶μ²´¥´´μ°
¢ ¢¨¤¥ É ¡²¥É±¨, ¸μ¤¥·¦ Ð¥° ¤¥°É¥·¨° ¤μ ±μÔËË¨Í¨¥´É  ¸É¥Ì¨μ³¥É·¨¨ sd = 1,3−1,4.
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�¨¸. 1. ‘Ì¥³  · §¡μ·´μ£μ ³ ±¥É  μ¡· Ð¥´´μ£μ ¤¨μ¤  ¤²Ö £¥´¥· Í¨¨ ´¥°É·μ´´ÒÌ ¨³¶Ê²Ó¸μ¢. 1 Å

±μ·¶Ê¸ ¤¨μ¤ ; 2, 3 Å Ô²¥±É·μ¤Ò ²¨´¨¨ 
²Õ³²Ö°´ ; 4 Å ¨§μ²ÖÉμ·Ò; 5 Å ¨£μ²ÓÎ ÉÒ° ± Éμ¤; 6 Å
Ëμ·³¨·ÊÕÐ¨° Ô²¥±É·μ¤ ¸ ¤¥°É¥·¨°¸μ¤¥·¦ Ð¨³ ¶μ±·ÒÉ¨¥³; 7 Å ¸£Ê¸Éμ± ² §¥·´μ° ¤¥°É¥·¨¥¢μ°

¶² §³Ò; 8 Å ´¥°É·μ´μμ¡· §ÊÕÐ¨¥ ³¨Ï¥´¨; 9 Å ¶μÖ¸ �μ£μ¢¸±μ£μ; 10 Å ¨³¶Ê²Ó¸´Ò° ² §¥·;

11 Å Ëμ±Ê¸¨·ÊÕÐ Ö ²¨´§ ; 12 Å μ¶É¨Î¥¸±μ¥ μ±´μ; 13 Å ¡²μ± ¸¨´Ì·μ´¨§ Í¨¨; 14 Å £¥´¥· -
Éμ· �·± ¤Ó¥¢ ÄŒ ·±¸ ; 15 Å · §·Ö¤´¨± ²¨´¨¨ 
²Õ³²Ö°´ ; 16 Å ¸Ì¥³  § ¶Ê¸±  · §·Ö¤´¨± 

‚ ¨¸¸²¥¤Ê¥³μ³ Ê¸É·μ°¸É¢¥ ¨¸¶μ²Ó§μ¢ ²¸Ö ² §¥· ´  ¨ÉÉ·¨°- ²Õ³¨´¨¥¢μ³ £· ´ É¥, · -
¡μÉ ÕÐ¨° ¢ ·¥¦¨³¥ ³μ¤Ê²¨·μ¢ ´´μ° ¤μ¡·μÉ´μ¸É¨ (Ô´¥·£¨Ö ∼ 0,1 „¦/¨³¶Ê²Ó¸, ¶²μÉ´μ¸ÉÓ
¶μÉμ±  Ô´¥·£¨¨ ¢ μ¡² ¸É¨ μ¡· §μ¢ ´¨Ö ¶² §³Ò ∼ 1014 ‚É/³2, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  12 ´¸
´  ¶μ²Ê¢Ò¸μÉ¥, ¤²¨´  ¢μ²´Ò 1,06 ³±³). Œ ±¸¨³ ²Ó´μ¥ ¢·¥³Ö § ¤¥·¦±¨ ³¥¦¤Ê § ¶Ê¸±μ³
² §¥·  ¨ ±μ³³ÊÉ Í¨¥° ²¨´¨¨ 
²Õ³²Ö°´  ´¥ ¶·¥¢ÒÏ ²μ 300 ´¸.

2. ”ˆ‡ˆ—…‘Š�Ÿ Œ�„…‹œ

�¸μ¡¥´´μ¸ÉÓÕ · ¸¸³ É·¨¢ ¥³μ° ³μ¤¥²¨ Ê¸±μ·¥´¨Ö Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¨§³¥´¥´¨¥ ¨μ´´μ°
±μ´Í¥´É· Í¨¨ μ¶·¥¤¥²Ö¥É¸Ö ´¥ Éμ²Ó±μ ¨μ´¨§ Í¨¥° Ô²¥±É·μ´´Ò³ Ê¤ ·μ³ (¶·μÍ¥¸¸ ´¥Ê¶· -
¢²Ö¥³Ò°), ´μ ¨ §  ¸Î¥É ¶μ¶ ¤ ´¨Ö ¨μ´μ¢ ¨§ ² §¥·´μ° ¶² §³Ò ¢ μ¡² ¸ÉÓ ¶μÉ¥´Í¨ ²Ó´μ°
Ö³Ò (¤¥É¥·³¨´¨·μ¢ ´´Ò° ¶·μÍ¥¸¸). „¥°¸É¢¨É¥²Ó´μ, ± ± ¶μ± § ´μ ¢ [1], Î¨¸²μ ¨μ´μ¢ ¢
· §²¥É ÕÐ¥³¸Ö ¶² §³¥´´μ³ ¸£Ê¸É±¥ ´  ¸É ¤¨¨ § ± ²±¨ ¨μ´¨§ Í¨μ´´μ£μ ¸μ¸ÉμÖ´¨Ö μ¶·¥-
¤¥²Ö¥É¸Ö ¢Ò· ¦¥´¨¥³

Ni(W ) ≈ 2 · 1015(sd + 1)W,

£¤¥ W Å Ô´¥·£¨Ö ² §¥·´μ£μ ¨³¶Ê²Ó¸ . �² §³¥´´μ¥ μ¡· §μ¢ ´¨¥ ³μ¦¥É ¡ÒÉÓ ¶·¥¤¸É -
¢²¥´μ ¢ ¢¨¤¥ ¸Ë¥·¨Î¥¸±μ£μ ¸£Ê¸É± , · ¸Ï¨·ÖÕÐ¥£μ¸Ö ¸μ ¸±μ·μ¸ÉÓÕ V ∼ 105 ³/c, Í¥´É·
±μÉμ·μ£μ ¶¥·¥³¥Ð ¥É¸Ö ¸ É ±μ° ¦¥ ¸±μ·μ¸ÉÓÕ ¶¥·¶¥´¤¨±Ê²Ö·´μ ¶μ¢¥·Ì´μ¸É¨ ² §¥·´μ°
³¨Ï¥´¨. �Éμ ¶μ§¢μ²Ö¥É  ¶¶·μ±¸¨³¨·μ¢ ÉÓ ¨§³¥´¥´¨¥ ¢μ ¢·¥³¥´¨ ¨μ´´μ° ±μ´Í¥´É· Í¨¨ ¢
μ¡² ¸É¨ ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò ´  ¶¥·¢μ° ¸É ¤¨¨ ¶·μÍ¥¸¸  ¥¥ Ëμ·³¨·μ¢ ´¨Ö ¶·¨¡²¨¦¥´´μ°
§ ¢¨¸¨³μ¸ÉÓÕ

ni ≈ 3Ni(W )/4π(V t)3.
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‚ ¤ ²Ó´¥°Ï¥³ ¶·μÍ¥¸¸ Ê¢¥²¨Î¥´¨Ö ¨μ´´μ° ±μ´Í¥´É· Í¨¨ ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ §  ¸Î¥É
¨μ´¨§ Í¨¨ Ô²¥±É·μ´´Ò³ Ê¤ ·μ³ ´¥°É· ²Ó´ÒÌ  Éμ³μ¢ ² §¥·´μ° ¶² §³Ò. „¥°É·μ´Ò, μ¡· -
§μ¢ ´´Ò¥ ¢ μ¡² ¸É¨ § ¶¨· ´¨Ö Ô²¥±É·μ´´μ£μ ¶μÉμ± , ¢ ·¥§Ê²ÓÉ É¥ ¨μ´¨§ Í¨¨  Éμ³μ¢
¶² §³Ò Ê¸±μ·ÖÕÉ¸Ö ¢ ¶μ²¥ ¶·¨Ìμ¤ÖÐ¥° ¢ ¤¢¨¦¥´¨¥ ¶μÉ¥´Í¨ ²Ó´μ° Ö³Ò, ´¥¶·¥·Ò¢´μ ´ -
¡¨· Ö Ô´¥·£¨Õ. ƒ¥´¥· Í¨Ö ´¥°É·μ´μ¢ ¢ Ô±¸¶¥·¨³¥´É Ì μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¶μ³μÐÓÕ Ö¤¥·-
´ÒÌ ·¥ ±Í¨° 9Be(d, n)10B (³¨Ï¥´¨ ¨§ ¡¥·¨²²¨Ö) ¨²¨ D(d, n)3He + 12C(d, n)13N (³¨Ï¥´¨
¨§ ¤¥°É¥·¨·μ¢ ´´μ£μ ¶μ²¨ÔÉ¨²¥´ ). Œ¨Ï¥´´Ò° Ê§¥² ¶·¥¤¸É ¢²Ö² ¸μ¡μ° ±μ³¡¨´ Í¨Õ ¨§
³¨Ï¥´¨ Í¨²¨´¤·¨Î¥¸±μ° Ëμ·³Ò (¤¨ ³¥É· 0,24 ³, ¤²¨´  0,1 ³), · §³¥Ð ¥³μ° ´  · ¸¸Éμ-
Ö´¨¨ z = 0,1−1,0 ³ μÉ ³¥¸É  μ¡· §μ¢ ´¨Ö ² §¥·´μ° ¶² §³Ò, ¨ ³¨Ï¥´¨ ¤¨¸±μμ¡· §´μ°
Ëμ·³Ò, · §³¥Ð ¥³μ° ´  ¤´¥ Í¨²¨´¤·  ” · ¤¥Ö ¢ μ¡² ¸É¨ § ¤´¥£μ Éμ·Í  Í¨²¨´¤·¨Î¥¸±μ°
³¨Ï¥´¨.

�·¨ ¶·μ¢¥¤¥´¨¨ ´¥°É·μ´´ÒÌ ¨§³¥·¥´¨° ¨¸¶μ²Ó§μ¢ ²¸Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¤¥É¥±Éμ·,
·¥ ²¨§ÊÕÐ¨° ³¥Éμ¤¨±Ê ¶·μÉμ´μ¢ μÉ¤ Î¨. � · ²²¥²Ó´μ ÔÉ¨ ´¥°É·μ´´Ò¥ ¨§³¥·¥´¨Ö ±μ´-
É·μ²¨·μ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ · §· ¡μÉ ´´μ£μ ¤²Ö ÔÉ¨Ì Í¥²¥° ´¥°É·μ´´μ£μ ¤¥É¥±Éμ·  ´ 
μ¸´μ¢¥ 3�¥ ¸ ¶·¥¤¢ ·¨É¥²Ó´Ò³ § ³¥¤²¥´¨¥³ ´¥°É·μ´μ¢.

Š ²¨¡·μ¢±  ¸¨¸É¥³Ò ¤¥É¥±É¨·μ¢ ´¨Ö μ¸ÊÐ¥¸É¢²Ö² ¸Ó ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ÔÉ ²μ´´μ£μ
�uÄ‚¥-¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ ¸ ¶μÉμ±μ³ ´¥°É·μ´μ¢ ¢ ¶μ²´Ò° É¥²¥¸´Ò° Ê£μ² ∼ 105 ¸−1.
�μ£·¥Ï´μ¸ÉÓ ¨§³¥·¥´¨°, · ¸¸Î¨É ´´ Ö ¸ ¶μ³μÐÓÕ · ¸¶·¥¤¥²¥´¨Ö ‘ÉÓÕ¤¥´É  ¶·¨ ¤μ-
¢¥·¨É¥²Ó´μ° ¢¥·μÖÉ´μ¸É¨ 0,95, ¸μ¸É ¢²Ö²  ∼ 50 % ¤²Ö ´¥°É·μ´´μ£μ ¢ÒÌμ¤  ´  Ê·μ¢´¥

�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ´¥°É·μ´-
´μ£μ ¢ÒÌμ¤  ¤¨μ¤  μÉ · ¸¸ÉμÖ´¨Ö

³¥¦¤Ê ³¥¸Éμ³ μ¡· §μ¢ ´¨Ö ² §¥·´μ°
¶² §³Ò ¨ £¥μ³¥É·¨Î¥¸±¨³ Í¥´É·μ³

Í¨²¨´¤·¨Î¥¸±μ° ´¥°É·μ´μμ¡· §ÊÕ-

Ð¥° ³¨Ï¥´¨

∼ 104 ´¥°É·μ´/¨³¶Ê²Ó¸ ¨ ∼ 15 % ¤²Ö ´¥°É·μ´´μ£μ
¢ÒÌμ¤  ´  Ê·μ¢´¥ ∼ 106 ´¥°É·μ´/¨³¶Ê²Ó¸.

‚ ¶·μ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ´¥°É·μ´´Ò° ¢Ò-
Ìμ¤ ¤μ¸É¨£ ² 106 ´¥°É·μ´/¨³¶Ê²Ó¸ ¶·¨ ¤²¨É¥²Ó´μ-
¸É¨ ´¥°É·μ´´μ° ¢¸¶ÒÏ±¨ μÉ 10 ¤μ 50 ´¸. ƒ¥´¥· -
Í¨Ö ´¥°É·μ´μ¢ ³μ£²  μ¸ÊÐ¥¸É¢²ÖÉÓ¸Ö ¢ ¨³¶Ê²Ó¸´μ-
¶¥·¨μ¤¨Î¥¸±μ³ ·¥¦¨³¥ ¸ Î ¸ÉμÉμ° ¤μ 1 ƒÍ. � 
·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨°, ¶μ²ÊÎ¥´-
´Ò¥ ¶·¨ ¨´É¥·¶μ²ÖÍ¨¨ ³¥Éμ¤μ³ ´ ¨³¥´ÓÏ¨Ì ±¢ ¤· -
Éμ¢ ¶μ ¶ÖÉ¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ÉμÎ± ³.

�μ²ÊÎ¥´´ Ö Ô±¸¶¥·¨³¥´É ²Ó´ Ö ±·¨¢ Ö ¨³¥¥É Ö·±μ
¢Ò· ¦¥´´Ò° ³ ±¸¨³Ê³ ¶·¨ z ∼ 0,5 ³. �Éμ £μ¢μ·¨É μ
Éμ³, ÎÉμ ¢ · ¸¸³ É·¨¢ ¥³μ° ±μ´Ë¨£Ê· Í¨¨ Ê¸±μ·¨É¥²Ö
´  ÔÉμ³ · ¸¸ÉμÖ´¨¨ ´ Î¨´ ¥É · §¢¨¢ ÉÓ¸Ö ´¥Ê¸Éμ°Î¨-
¢μ¸ÉÓ ¢ ¤¢¨¦ÊÐ¥³¸Ö ¤¥°É·μ´-Ô²¥±É·μ´´μ³ ¸£Ê¸É±¥, ¢
·¥§Ê²ÓÉ É¥ Î¥£μ ´¥ ¢¸¥ Ê¸±μ·¥´´Ò¥ ¤¥°É·μ´Ò ¤μ¸É¨-
£ ÕÉ ³¨Ï¥´¥°,   μ± §Ò¢ ÕÉ¸Ö ´  ¸É¥´±¥.

‚ ¶·μÍ¥¸¸¥ Ô±¸¶¥·¨³¥´É  ¨¸¸²¥¤μ¢ ² ¸Ó § ¢¨¸¨-
³μ¸ÉÓ ´¥°É·μ´´μ£μ ¢ÒÌμ¤  μÉ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ ¢ ¶ÊÎ±¥. Œ É¥³ É¨Î¥¸± Ö μ¡· ¡μÉ± 
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶μ§¢μ²¨²  ¶μ²ÊÎ¨ÉÓ ¸²¥¤ÊÕÐ¨¥ Ô³¶¨·¨Î¥¸±¨¥ § ¢¨¸¨³μ¸É¨
´¥°É·μ´´μ£μ ¢ÒÌμ¤  μÉ  ³¶²¨ÉÊ¤Ò ´ ¶·Ö¦¥´¨Ö ¤²Ö ¤¢ÊÌ É¨¶μ¢ ³¨Ï¥´¥°:

NCD2(U0) ≈ 995 exp (0,041U0), NBe(U0) ≈ 155 exp (0,05U0).

�  μ¸´μ¢ ´¨¨ ÔÉ¨Ì Ëμ·³Ê² ³μ¦´μ ¶ÊÉ¥³ Ô±¸É· ¶μ²ÖÍ¨¨ ¶·μ£´μ§¨·μ¢ ÉÓ Ê¢¥²¨Î¥-
´¨¥ ´¥°É·μ´´μ£μ ¢ÒÌμ¤  ¸ ·μ¸Éμ³ U0. ’ ±, ¶·¨ Ê¢¥²¨Î¥´¨¨  ³¶²¨ÉÊ¤Ò ´ ¶·Ö¦¥´¨Ö ¤μ
§´ Î¥´¨Ö U0 = 300 ±‚, ÎÉμ ¤μ¶Ê¸É¨³μ ¤²Ö · ¸¸³ É·¨¢ ¥³μ° £¥μ³¥É·¨¨ Ê¸±μ·¨É¥²Ö ¸



“¸±μ·¥´¨¥ ¤¥°É·μ´μ¢ ¨§ ² §¥·´μ° ¶² §³Ò 1575

�¨¸. 3. �·μ¥±É Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´´μ£μ £¥´¥· Éμ·  ´¥°É·μ´μ¢. 1 Å ¨¸ÉμÎ´¨± ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö;
2 Å ¨§μ²ÖÉμ·Ò; 3 Å · §·Ö¤´¨±-μ¡μ¸É·¨É¥²Ó; 4 Å μ¸É·¨°´Ò° ± Éμ¤; 5 Å  ´μ¤-±μ²²¥±Éμ·; 6 Å

¤·¥°Ëμ¢ Ö É·Ê¡± ; 7 Å ¨³¶Ê²Ó¸´Ò° ² §¥·; 8 Å ² §¥·´ Ö ³¨Ï¥´Ó; 9 Å ¸¶¨· ²Ó´ Ö ²¨´¨Ö; 10 Å

μ¶É¨Î¥¸±¨° ¢¢μ¤; 11, 12 Å Ëμ±Ê¸¨·ÊÕÐ¨¥ ²¨´§Ò; 13, 14 Å §¥·± ² 

ÉμÎ±¨ §·¥´¨Ö Ô²¥±É·¨Î¥¸±μ° ¶·μÎ´μ¸É¨, ³μ¦´μ μ¦¨¤ ÉÓ ¶μ²ÊÎ¥´¨Ö ´¥°É·μ´´μ£μ ¢ÒÌμ¤ 
´  Ê·μ¢´¥ 108 ´¥°É·μ´/¨³¶Ê²Ó¸.

‚ ¤ ²Ó´¥°Ï¥³  ¢Éμ·Ò ´ ¤¥ÕÉ¸Ö ¶μ²ÊÎ¨ÉÓ Ê¸Éμ°Î¨¢ÊÕ £¥´¥· Í¨Õ ¨³¶Ê²Ó¸´μ-¶¥·¨μ-
¤¨Î¥¸±μ£μ ¶μÉμ±  ´¥°É·μ´μ¢ ¨ Ê¢¥²¨Î¨ÉÓ ´¥°É·μ´´Ò° ¢ÒÌμ¤ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸Ì¥³Ò
´¥°É·μ´´μ£μ £¥´¥· Éμ· , ¶μ± § ´´μ£μ ´  ·¨¸. 3. ‚ É ±μ³ Ê¸É·μ°¸É¢¥ ¤²Ö ¸¦ É¨Ö Ô²¥±-
É·μ´´μ£μ ¶μÉμ±  ¶·¥¤¶μ² £ ¥É¸Ö ¨¸¶μ²Ó§μ¢ ÉÓ ¨³¶Ê²Ó¸´μ¥ ³ £´¨É´μ¥ ¶μ²¥ ¸¶¨· ²Ó´μ°
²¨´¨¨, ¸¨´Ì·μ´´μ¥ ¸ ¶·μÍ¥¸¸μ³ £¥´¥· Í¨¨ ¶ÊÎ± .

� ¡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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