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ˆ¸ÉμÎ´¨± Ô²¥±É·μ´μ¢ (Ô²¥±É·μ´´ Ö ¶ÊÏ± ) Å ÔÉμ É·¥ÌÔ²¥±É·μ¤´ Ö ¸¨¸É¥³ 
(± Éμ¤ Ä Ê¶· ¢²ÖÕÐ Ö ¸¥É±  Ä  ´μ¤ ¸μ ¢Éμ·μ° ¸¥É±μ°) ¸ § §¥³²¥´´Ò³  ´μ¤μ³ ¨
¨§μ²¨·μ¢ ´´Ò³ ´ ± ²Ó´Ò³ Ô±· ´¨·μ¢ ´´Ò³ ± Éμ¤μ³, ´  ±μÉμ·Ò° ¶μ¤ ¥É¸Ö ¢Ò-
¸μ±μ¢μ²ÓÉ´μ¥ (¤μ −200 ±‚) ¨³¶Ê²Ó¸´μ¥ ´ ¶·Ö¦¥´¨¥ μÉ ¨³¶Ê²Ó¸´μ£μ É¨· É·μ´-
´μ£μ ³μ¤Ê²ÖÉμ·  Î¥·¥§ ¨³¶Ê²Ó¸´Ò° É· ´¸Ëμ·³ Éμ·. ’·¥ÌÔ²¥±É·μ¤´ Ö ¶ÊÏ±  Å
ÔÉμ ¨´¦¥±Éμ· Ô²¥±É·μ´μ¢ ¸ ´ £·¥¢ ¥³Ò³ μ±¸¨¤-¡ ·¨¥¢Ò³ ± Éμ¤μ³ ¨ Ê¶· ¢²Ö¥-
³Ò³ § ¶Ê¸±μ³ ¶μ ¸¥É±¥ ± Éμ¤´μ-¸¥ÉμÎ´μ£μ Ê§²  μÉ ‘‚—-² ³¶Ò ƒ‘-34. ‡ ¶Ê¸±
¸¥É±¨ ¸ ·¥£Ê²¨·Ê¥³μ° § ¤¥·¦±μ° ¤²Ö ·¥£Ê²¨·μ¢±¨ ¤²¨É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  μÉ 40
¤μ 400 ´¸ ¨´¦¥±É¨·Ê¥³μ£μ ¸ ± Éμ¤  ¶ÊÎ±  ¶·μ¨§¢μ¤¨É¸Ö μÉ § ¶Ê¸± ÕÐ¥£μ ¨³-
¶Ê²Ó¸  ± Éμ¤´μ£μ Ê§²  μÉ ¶¥·¢μ£μ ± ´ ²  ¸¨´Ì·μ´¨§ Éμ· . �É ¢Éμ·μ£μ ± ´ ² 
§ ¶Ê¸± ¥É¸Ö É¨· É·μ´ ³μ¤Ê²ÖÉμ· . ‚ ·¥§Ê²ÓÉ É¥ ´ ² ¤±¨ ¶μ²ÊÎ¥´ ¶ÊÎμ± ¤¨ ³¥É-
·μ³ 5 ³³ ¸ ¨³¶Ê²Ó¸μ³ Éμ±  5 � ¶·¨ Éμ±¥ Ëμ±Ê¸¨·μ¢±¨ Œ‹1 3,1 �, ´ ¶·Ö¦¥´¨¨
200Ä220 ±‚ ¨ Î ¸ÉμÉ¥ 25 ƒÍ.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2018

Golubkov E.A. et al. P9-2018-42
A Triode Electron Gun of Linear Accelerator LUE-200, IREN Facility

The electron injector (electron gun) is a triode system (cathodeÄcontrol gridÄ
anode with a second grid ©wallª) with a grounded anode and an isolated ˇlament
shielded cathode, which is supplied with high-voltage (up to −200 kV) pulse from
the thyratron modulator through a pulse transformer. A triode gun is an electron
injector with the heated oxide-barium cathode and a controlled startup on the grid
cathode-grid node from the microwave lamp GS-34. Starting the grid with adjustable
delay to adjust the pulse duration from 40 to 400 ns injected from the cathode beam
is made from the starting pulse of the cathode node from the ˇrst channel of the
synchronizer. From the second channel, the thyratron modulator is launched. As a
result of adjustment, a beam with a current pulse of 5 A at a focusing current of
focusing solenoid ML1 3.1 A at a voltage of 200Ä220 kV with a diameter of a beam
5 mm at a frequency of 25 Hz was obtained.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2018



ˆ¸ÉμÎ´¨± Ô²¥±É·μ´μ¢ (Ô²¥±É·μ´´ Ö ¶ÊÏ± ) ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° É·¥ÌÔ²¥±-
É·μ¤´ÊÕ ¸¨¸É¥³Ê (± Éμ¤ Ä Ê¶· ¢²ÖÕÐ Ö ¸¥É±  Ä  ´μ¤ ¸μ ¢Éμ·μ° ¸¥É±μ°) ¸ ¶μ-
²Ò³ § §¥³²¥´´Ò³  ´μ¤μ³ ¨ ¨§μ²¨·μ¢ ´´Ò³ ´ ± ²Ó´Ò³ Ô±· ´¨·μ¢ ´´Ò³ ± -
Éμ¤μ³, ´  ±μÉμ·Ò° ¶μ¤ ¥É¸Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ¥ (¤μ −200 ±‚) ¨³¶Ê²Ó¸´μ¥ ´ ¶·Ö-
¦¥´¨¥ μÉ ¨³¶Ê²Ó¸´μ£μ É¨· É·μ´´μ£μ ³μ¤Ê²ÖÉμ· .

� · ³¥É·Ò ¶ÊÎ±  Ô²¥±É·μ´μ¢ ´  ¢ÒÌμ¤¥ Ô²¥±É·μ´´μ° ¶ÊÏ±¨:

Ô´¥·£¨Ö Ô²¥±É·μ´μ¢ ¤μ 200 ±Ô‚,
Éμ± ¶ÊÎ±  ¢ ¨³¶Ê²Ó¸¥ 2,5Ä5,5 A (³ ±¸. ¤μ 8,5 �),
·¥£Ê²¨·Ê¥³ Ö ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸ 
Éμ±  ¶ÊÎ±  40Ä400 ´¸,
¶μ¶¥·¥Î´Ò° · §³¥· ¶ÊÎ±  r = 4Ä5 ³³,
Ô³¨ÉÉ ´¸ ¶ÊÎ±  (´¥ ¡μ²¥¥) � 0,01 π ¸³ · · ¤,
Ô´¥·£¥É¨Î¥¸±¨° · §¡·μ¸ � 2 ±Ô‚.

’…��…’ˆ—…‘Š�Ÿ (��‘—…’��Ÿ) —�‘’œ

‚ § ¤ ÎÊ μ¶É¨³¨§ Í¨¨ ¢Ìμ¤¨²¨ É·¥¡μ¢ ´¨Ö ± ³ £´¨É´μ³Ê ¶μ²Õ ¢ ¶·¨± -
Éμ¤´μ° μ¡² ¸É¨ ¨ ± ¶ · ³¥É· ³ Ô²¥±É·μ´´μ£μ ¶ÊÎ± , · §³¥·Ò ±μÉμ·μ£μ ´ 
¢ÒÌμ¤¥ ¨§ ¶ÊÏ±¨ ´¥ ¤μ²¦´Ò ¶·¥¢ÒÏ ÉÓ  ¶¥·ÉÊ·´Ò¥ μ£· ´¨Î¥´¨Ö,   É ±¦¥
³¨´¨³¨§ Í¨Ö Ô³¨ÉÉ ´¸ .

”μ·³¨·μ¢ ´¨¥ ³ £´¨É´μ£μ ¶μ²Ö ¶·μ¨§¢μ¤¨²μ¸Ó ¸ ¶μ³μÐÓÕ μ¸´μ¢´μ£μ ¸μ-
²¥´μ¨¤  ¢ ¤·¥°Ëμ¢μ³ ¶·μ³¥¦ÊÉ±¥ ± ³¥·Ò. �μ²¥ ¢ ¶·¨± Éμ¤´μ° μ¡² ¸É¨ μ¡-
´Ê²Ö²μ¸Ó ¸ ¶μ³μÐÓÕ ³ £´¨É´μ£μ Ô±· ´ .

„²Ö Ê²ÊÎÏ¥´¨Ö ¶ · ³¥É·μ¢ ¶ÊÎ±  ¢  ´μ¤´μ³ μÉ¢¥·¸É¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¥É± 
¨§ ¶μ§μ²μÎ¥´´μ° É ´É ²μ¢μ° ¶·μ¢μ²μ±¨ Éμ²Ð¨´μ° 0,1 ³³ ¸ ÖÎ¥°±μ° 2×2 ³³.
’ ± Ö μ¶É¨±  ¶μ§¢μ²Ö¥É ¨¸±²ÕÎ¨ÉÓ ¢ · ¸Î¥É Ì ¢²¨Ö´¨¥  ´μ¤´μ£μ μÉ¢¥·¸É¨Ö
¨ ¶·¨³¥´¨ÉÓ ³μ¤¥²Ó ¶²μ¸±μ¸É´μ£μ ¤¨μ¤ . �μ²μ¦¥´¨¥ ¸¥É±¨ ¢Ò¡¨· ²μ¸Ó ´ 
μ¸´μ¢¥ É·¥¡μ¢ ´¨° ¶μ²ÊÎ¥´¨Ö § ¤ ´´μ£μ ¶¥·¢¥ ´¸ . �¥·¢μ´ Î ²Ó´ Ö £¥μ³¥-
É·¨Ö Ëμ±Ê¸¨·ÊÕÐ¥£μ ¶·¨± Éμ¤´μ£μ Ô²¥±É·μ¤  ¡Ò²  ¢Ò¡· ´  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
μ¶É¨±μ° �¨·¸ . „²¨´  ¨ ¤¨ ³¥É· ¸μ²¥´μ¨¤  ¢Ò¡¨· ²¨¸Ó ´  μ¸´μ¢ ´¨¨ · ¸Î¥-
Éμ¢ ¥£μ ¸μ¡¸É¢¥´´μ£μ ³ £´¨É´μ£μ ¶μ²Ö ¨ ¶μ ±μ´¸É·Ê±É¨¢´Ò³ μ£· ´¨Î¥´¨Ö³.

�μ²μ¦¥´¨¥ ¸μ²¥´μ¨¤ , Éμ²Ð¨´  ¨ Ëμ·³  ³ £´¨É´μ£μ Ô±· ´ , Ëμ·³  ¶·¨-
± Éμ¤´μ£μ Ô²¥±É·μ¤  ¨ ¶μ²μ¦¥´¨¥ ¸¥É±¨ ¢  ´μ¤´μ³ μÉ¢¥·¸É¨¨ μ¶É¨³¨§¨·μ-
¢ ²¨¸Ó ¶ÊÉ¥³ Î¨¸²¥´´μ£μ ³μ¤¥²¨·μ¢ ´¨Ö ¤¨´ ³¨±¨ Ô²¥±É·μ´μ¢ ¸ ¶μ³μÐÓÕ
¶·μ£· ³³Ò SAM.

� ¸Î¥É ¶ · ³¥É·μ¢ ¨ £¥μ³¥É·¨¨ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¶·μ¢μ¤¨²¸Ö ¸ ¶μ³μ-
ÐÓÕ ¶·μ£· ³³´μ£μ ¶ ±¥É  SAM v3.0, · §· ¡μÉ ´´μ£μ ¢ ˆŸ” ¨³. ƒ. ˆ. 	Ê¤±¥· 
(�μ¢μ¸¨¡¨·¸±). �É  ¶·μ£· ³³  ¶μ§¢μ²Ö¥É · ¸¸Î¨ÉÒ¢ ÉÓ § ¤ Î¨ Ô²¥±É·μ¸É É¨±¨
¨ ³ £´¨Éμ¸É É¨±¨ ¢  ±¸¨ ²Ó´μ° ¸¨³³¥É·¨¨.

�·μÍ¥¤Ê·  ³μ¤¥²¨·μ¢ ´¨Ö ¸μ¸Éμ¨É ¢ Éμ³, ÎÉμ ¢ ¶·μ£· ³³Ê ¢¢μ¤¨É¸Ö ·¥-
 ²Ó´ Ö £¥μ³¥É·¨Ö Ô²¥±É·μ´´μ° ¶ÊÏ±¨ (± Éμ¤, Ê¶· ¢²ÖÕÐ¨° Ô²¥±É·μ¤ (¶¥·¢ Ö
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�¨¸. 1. ƒ¥μ³¥É·¨Ö Ô²¥±É·μ´´μ° ¶ÊÏ±¨

¸¥É± ),  ´μ¤ ¸μ ¢Éμ·μ° ¶·μ¢μ²μÎ´μ° ¸¥É±μ° ¢  ´μ¤´μ³ μÉ¢¥·¸É¨¨) ¨ ³ £´¨É´ÒÌ
¶μ²¥° (¸μ²¥´μ¨¤, ³ £´¨É´Ò° Ô±· ´) ¢  ±¸¨ ²Ó´μ° ¸¨³³¥É·¨¨ ¨ ¶·μ¨§¢μ¤¨É¸Ö
³μ¤¥²¨·μ¢ ´¨¥ ¶ · ³¥É·μ¢ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¶·¨ · §²¨Î´ÒÌ Ì · ±É¥·¨-
¸É¨± Ì ± Éμ¤ , Ô²¥±É·μ¤μ¢ ¨ ±μ´Ë¨£Ê· Í¨ÖÌ Ô²¥±É·¨Î¥¸±μ£μ ¨ ³ £´¨É´μ£μ
¶μ²¥° [3].

‚ ¶·μÍ¥¸¸¥ μ¶É¨³¨§ Í¨¨ ¡Ò²¨ ¢Ò¡· ´Ò ¸²¥¤ÊÕÐ¨¥ ¶ · ³¥É·Ò ¸μ²¥´μ¨¤ 
¨ ³ £´¨É´μ£μ Ô±· ´ .

�¸´μ¢´μ° ¸μ²¥´μ¨¤: ¤²¨´  12,2 ¸³, ¢´ÊÉ·¥´´¨° · ¤¨Ê¸ 5,4 ¸³, ¢´¥Ï´¨°
· ¤¨Ê¸ 15,0 ¸³, ³ ±¸¨³ ²Ó´μ¥ ¶μ²¥ 580 ƒ¸, · ¸¸ÉμÖ´¨¥ μÉ ± Éμ¤  ¤μ Í¥´É· 
¸μ²¥´μ¨¤  21,7 ¸³.

Œ £´¨É´Ò° Ô±· ´: Éμ²Ð¨´  1 ¸³, ¢´ÊÉ·¥´´¨° ¤¨ ³¥É· 10 ¸³, ¢´¥Ï´¨°
¤¨ ³¥É· 29,2 ¸³, · ¸¸ÉμÖ´¨¥ μÉ ± Éμ¤  9,7 ¸³.

”μ·³  ¶·¨± Éμ¤´μ£μ Ô²¥±É·μ¤  ¶μ¤¡¨· ² ¸Ó ¶ÊÉ¥³ É· ´¸Ëμ·³¨·μ¢ ´¨Ö
Ëμ·³Ò ¨§´ Î ²Ó´μ ¶¨·¸μ¢¸±μ£μ Ô²¥±É·μ¤  ¸ ¶μ³μÐÓÕ É ± ´ §Ò¢ ¥³ÒÌ ¸μ¶·Ö-
¦¥´´ÒÌ ±·¨¢ÒÌ.

�¸μ¡μ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö²μ¸Ó ¢§ ¨³´μ³Ê ¶μ²μ¦¥´¨Õ Ô³¨É¨·ÊÕÐ¥° ¶μ¢¥·Ì-
´μ¸É¨ ± Éμ¤  ¨ ¶·¨± Éμ¤´μ£μ Ô²¥±É·μ¤ . Š· ¥¢Ò¥ Ô²¥±É·μ´Ò ¶·¨¢μ¤ÖÉ ± ÊÌÊ¤-
Ï¥´¨Õ Ê£²μ¢μ£μ · §¡·μ¸ . ‚ ·¥§Ê²ÓÉ É¥ ³μ¤¥²¨·μ¢ ´¨Ö ¡Ò²  ¢Ò¡· ´  £¥μ³¥-
É·¨Ö, ¨§μ¡· ¦¥´´ Ö ´  ·¨¸. 1.
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�É·¨Í É¥²Ó´Ò° ¨³¶Ê²Ó¸ ´ ¶·Ö¦¥´¨Ö  ³¶²¨ÉÊ¤μ° ¤μ 200 ±‚ ¶μ¤ ¥É¸Ö μÉ
¶μ¢ÒÏ ÕÐ¥£μ ¨³¶Ê²Ó¸´μ£μ É· ´¸Ëμ·³ Éμ·  ´  ± Éμ¤ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ Î¥-
·¥§ ¤¢  ¨§μ²ÖÉμ·  ¶μ¸²¥¤μ¢ É¥²Ó´μ ¨§ ¢μ§¤ÊÌ  Î¥·¥§ ³ ¸²μ ¢ ¢ ±ÊÊ³. �¥·¢Ò°
¨§μ²ÖÉμ· ¨§ μ·£¸É¥±² , ¸²Ê¦ Ð¨° μ¤´μ¢·¥³¥´´μ ¥³±μ¸ÉÓÕ ¤²Ö É· ´¸Ëμ·³ -
Éμ·´μ£μ ³ ¸² , ¢ ±μÉμ·Ò° ¶μ£·Ê¦¥´ ¢Éμ·μ° ¨§μ²ÖÉμ· ¨§ ³μ²¨¡¤¥´μ¢μ£μ ¸É¥-
±² , ¸μ¥¤¨´Ö¥É¸Ö ¸ § §¥³²¥´´Ò³ μÌ² ¦¤ ¥³Ò³ ±μ·¶Ê¸μ³ Ô²¥±É·μ´´μ° ¶ÊÏ±¨.
‚ ± Î¥¸É¢¥ ¢Éμ·μ£μ ¨§μ²ÖÉμ·  ®¢ ±ÊÊ³Ä³ ¸²μ¯ ¨¸¶μ²Ó§Ê¥É¸Ö ¶¥·¥· ¡μÉ ´´Ò°
´  § ¢μ¤¥-¨§£μÉμ¢¨É¥²¥ ¸É ´¤ ·É´Ò° ± Éμ¤´Ò° Ê§¥² μÉ ±²¨¸É·μ´  Šˆ“-12. � 
¥£μ ± Éμ¤´μ° ´μ¦±¥ ¢§ ³¥´ ´ ± ²Ó´μ-± Éμ¤´μ° ¸¨¸É¥³Ò Šˆ“-12 Ê¸É ´μ¢²¥´
· §· ¡μÉ ´´Ò° ¨ ¨§£μÉμ¢²¥´´Ò° ´ ³¨ ¡²μ±, ¸μ¤¥·¦ Ð¨° ´ ± ²Ó´μ-± Éμ¤´μ-
¸¥ÉμÎ´Ò° Ê§¥² Ô²¥±É·μ´´μ° ‚—-² ³¶Ò ƒ‘-34 ¸ ¤¨ ³¥É·μ³ ± Éμ¤  12 ³³ ¨
Ê¶· ¢²ÖÕÐ¨³ ¸¥ÉμÎ´Ò³ Ô²¥±É·μ¤μ³, · ¸¶μ²μ¦¥´´Ò³ ´  · ¸¸ÉμÖ´¨¨ 0,9 ³³
μÉ ± Éμ¤ . ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¶É¨±μ° �¨·¸  ¡Ò² ¨§£μÉμ¢²¥´ ¨ ´μ¢Ò° Ëμ±Ê¸¨-
·ÊÕÐ¨° ¶·¨± Éμ¤´Ò° Ô²¥±É·μ¤ (·¨¸. 2).

Š Éμ¤´ Ö ´μ¦± , ¸¢ ·¥´´ Ö ¢ ¥¤¨´Ò° ¡²μ± ¸μ ¢Éμ·Ò³ ¨§μ²ÖÉμ·μ³, Î¥·¥§
±μÉμ·Ò° ¶μ¤ ¥É¸Ö μÉ·¨Í É¥²Ó´μ¥ ¨³¶Ê²Ó¸´μ¥ ´ ¶·Ö¦¥´¨¥ ¨ ´ ¶·Ö¦¥´¨¥ ´ -
± ²  É¥·³μ± Éμ¤ , ¸μ¥¤¨´Ö¥É¸Ö Ë² ´Í ³¨ ¸ ± Éμ¤´Ò³ ±μ·¶Ê¸μ³ ¨ μ¡· §Ê¥É
¸μ¢³¥¸É´μ ¸  ´μ¤´Ò³ ±μ·¶Ê¸μ³ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê Ô²¥±É·μ´´μ° ¶ÊÏ±¨.

‚  ´μ¤´μ³ μÉ¢¥·¸É¨¨ ´  · ¸Î¥É´μ³ · ¸¸ÉμÖ´¨¨ μÉ ± Éμ¤  (¢ ¤ ´´μ³ ¸²Ê-
Î ¥ ÔÉμ 31 ³³) · ¸¶μ² £ ¥É¸Ö  ´μ¤´Ò° Ê§¥² ¸ ¸¥É±μ°, ¶ · ³¥É·Ò ±μÉμ·μ°
¡Ò²¨ Ê± § ´Ò ¢ÒÏ¥. ’ ± Ö μ¶É¨±  ¶μ§¢μ²Ö¥É ¨¸±²ÕÎ¨ÉÓ ¢ · ¸Î¥É Ì ¢²¨Ö´¨¥
 ´μ¤´μ£μ μÉ¢¥·¸É¨Ö ¨ ¨¸¶μ²Ó§μ¢ ÉÓ ³μ¤¥²Ó ¶²μ¸±μ¸É´μ£μ ¤¨μ¤ .

“¶· ¢²ÖÕÐ Ö ¸¥É±  (¶¥·¢ Ö) ¨³¥¥É¸Ö ¢ ± Éμ¤´μ³ Ê§²¥ ‘‚—-² ³¶Ò ƒ‘-34
¨ μÉ·¥§ ¥É¸Ö ´  Ï²¨Ëμ¢ ²Ó´μ³ ¸É ´±¥ ¶μ  ´μ¤´μ³Ê ¨§μ²ÖÉμ·Ê ¸μ¢³¥¸É´μ ¸ ¢Ò-
Ï¥Ê± § ´´Ò³ ± Éμ¤´Ò³ Ê§²μ³ ¤²Ö Ê¸É ´μ¢±¨ ¢ ± Éμ¤´ÊÕ ´μ¦±Ê Ô²¥±É·μ´´μ°
¶ÊÏ±¨, § É¥³ ¶μ¤±²ÕÎ ¥É¸Ö ± ¸¨¸É¥³¥ ¸¥ÉμÎ´μ£μ Ê¶· ¢²¥´¨Ö. „²Ö ®Éμ·¨¥¢μ-
£μ¯ ± Éμ¤  ¨§£μÉμ¢²¥´Ò ¤¢¥ ®¶¥·¥Ìμ¤´Ò¥¯ Í ´£¨, ±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ ¢¸É ¢¨ÉÓ
¥£μ ¢ ± Éμ¤´ÊÕ ´μ¦±Ê ¤²Ö ± Éμ¤  ƒ‘-34.

”μ·³¨·μ¢ ´¨¥ ¶ÊÎ±  Ô²¥±É·μ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ³ £´¨É´Ò³ ¶μ²¥³ ¸μ²¥-
´μ¨¤  Œ‹1, Í¥´É· ±μÉμ·μ£μ ´ Ìμ¤¨É¸Ö ´  · ¸¸ÉμÖ´¨¨ 217 ³³ μÉ ± Éμ¤ .

‘μ²¥´μ¨¤ ¨³¥¥É μ¡³μÉ±Ê ¶·Ö³μÊ£μ²Ó´μ£μ ¶μ¶¥·¥Î´μ£μ ¸¥Î¥´¨Ö ¸ ¢´ÊÉ·¥´-
´¨³ ¤¨ ³¥É·μ³ 115 ³³ ¨ ¢´¥Ï´¨³ ¤¨ ³¥É·μ³ 170 ³³; ¶·μÉÖ¦¥´´μ¸ÉÓ μ¡³μÉ±¨
¸μ¸É ¢²Ö¥É 100 ³³.

’μ·ÍÒ ±μ·¶Ê¸  ¸μ²¥´μ¨¤  ¨ ¸μ¥¤¨´¥´´ Ö ¸ ´¨³¨ ¢ μ¡Ð¨° μ¡Ñ¥³ Í¥´É· ²Ó-
´ Ö ¶μ² Ö £¨²Ó§  (´  ±μÉμ·ÊÕ ´ ³ ÉÒ¢ ÕÉ¸Ö ¢¨É±¨ ¸μ²¥´μ¨¤ ) μÌ² ¦¤ ÕÉ¸Ö
¢μ¤μ°, ÎÉμ ¶μ§¢μ²Ö¥É ¤μ¢¥¸É¨ ¶²μÉ´μ¸ÉÓ Éμ±  ¢μ§¡Ê¦¤¥´¨Ö ¤μ 3,5 �/³³2,  
³ £´¨É´μ¥ ¶μ²¥ ¢ Í¥´É·¥ ¸μ²¥´μ¨¤  ´  μ¸¨ Å ¤μ 500 �.

‘É ²Ó´μ° ³ £´¨É´Ò° Ô±· ´ Éμ²Ð¨´μ° 10 ³³ ¶·¨ ¢´¥Ï´¥³ ¤¨ ³¥É·¥
292 ³³ ¨ Ê¸É ´μ¢²¥´´μ³ ´ ·Ê¦´μ³ ±μ²ÓÍ¥ L = 35 ³³ ¶μ§¢μ²Ö¥É ¸´¨§¨ÉÓ
μ¸É ÉμÎ´μ¥ ¶μ²¥ ¸μ²¥´μ¨¤  ¢ Í¥´É·¥ ± Éμ¤  ¤μ 3Ä5 �.
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Œμ¤Ê²ÖÉμ· ¤²Ö ¶¨É ´¨Ö ¨³¶Ê²Ó¸´μ£μ É· ´¸Ëμ·³ Éμ·  Ô²¥±É·μ´´μ° ¶ÊÏ±¨
‹“�-200 ¢ ±μ³¶²¥±¸¥ ¸  ¶¶ · ÉÊ·μ° (É ± ´ §Ò¢ ¥³μ° ¨³¶Ê²Ó¸´μ° ¸¨¸É¥³μ°)
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ°, ± ± ¨§¢¥¸É´μ, É¨· É·μ´´Ò° £¥´¥· Éμ· ¸ ¶μ²´Ò³ · §·Ö-
¤μ³ ¨¸±Ê¸¸É¢¥´´μ° ¤¢μ°´μ° Ëμ·³¨·ÊÕÐ¥° ²¨´¨¥° („”‹) ¸ ¸μ¸·¥¤μÉμÎ¥´-
´Ò³¨ ¶ · ³¥É· ³¨ ´  ¨´¤Ê±É¨¢´ÊÕ ´ £·Ê§±Ê, ± ±μ¢μ° Ö¢²Ö¥É¸Ö ¨³¶Ê²Ó¸´Ò°
É· ´¸Ëμ·³ Éμ· �� [4].

’¨· É·μ´´Ò° ³μ¤Ê²ÖÉμ· ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¤¢μ°´ÊÕ Ëμ·³¨·ÊÕÐÊÕ ²¨´¨Õ
¸ ¸μ¸·¥¤μÉμÎ¥´´Ò³¨ ¶ · ³¥É· ³¨, ±μ³³ÊÉ Éμ· Å ¨³¶Ê²Ó¸´Ò° · §·Ö¤´Ò° É¨-
· É·μ´ ’ƒˆ1-2500/50, ¸¨¸É¥³Ê § ·Ö¤  Ëμ·³¨·ÊÕÐ¥° ²¨´¨¨ μÉ ¸É ¡¨²¨§¨·μ-
¢ ´´μ£μ ¨¸ÉμÎ´¨±  ¶μ¸ÉμÖ´´μ£μ Éμ±  TDK-Lambda, ¸¨¸É¥³Ê ¸´ÖÉ¨Ö ¨³¶Ê²Ó¸-
´μ£μ ´ ¶·Ö¦¥´¨Ö μ¡· É´μ° ¶μ²Ö·´μ¸É¨ (¸¨¸É¥³Ê ±²¨¶¶¥·´μ£μ ¤¨μ¤ ), ¸¨¸É¥³Ò
´¨§±μ¢μ²ÓÉ´μ£μ ¶¨É ´¨Ö, Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö (·¨¸. 3, 4).

Š²¨¶¶¥·´ Ö Í¥¶Ó Š„ ¸μ¸Éμ¨É ¨§ ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ:
Å ·¥§¨¸Éμ·  Rclip, ¸μ£² ¸μ¢ ´´μ£μ ¸ ¢μ²´μ¢Ò³ ¸μ¶·μÉ¨¢²¥´¨¥³ ”‹ ¨

· ¸¸¥¨¢ ÕÐ¥£μ ¢ ¸²ÊÎ ¥ ´¥§ ±·ÒÉ¨Ö É¨· É·μ´  ¢¸Õ Ô´¥·£¨Õ, § ¶ ¸¥´´ÊÕ ¢
”‹, ±μÉμ·Ò° ¢±²ÕÎ ¥É ¢ ¸¥¡Ö 6 ¶ · ²¥²²Ó´μ-¶μ¸²¥¤μ¢ É¥²Ó´μ ¸μ¥¤¨´¥´´ÒÌ
·¥§¨¸Éμ·μ¢ ’‚�-20-240 μ¡Ð¨³ ¸μ¶·μÉ¨¢²¥´¨¥³ 300 �³;

Å ¤¨μ¤  Dclip, · ¸¸Î¨É ´´μ£μ ´  ¶μ²´μ¥ ´ ¶·Ö¦¥´¨¥ Ëμ·³¨·ÊÕÐ¥° ²¨-
´¨¨ ¨ ¶μ²´Ò° Éμ± · §·Ö¤  ”‹ ¨ ¢±²ÕÎ ÕÐ¥£μ ¢ ¸¥¡Ö 20 ¶μ¸²¥¤μ¢ É¥²Ó´μ ¸μ-

�¨¸. 3. ‘Ì¥³  ³μ¤Ê²ÖÉμ·  3-Ô²¥±É·μ¤´μ£μ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´μ¢ ‹“�-200

5



�¨¸. 4. ‘Ì¥³  ¨³¶Ê²Ó¸´μ£μ É· ´¸Ëμ·³ Éμ·  ´  200 ±‚ �� ‹“�-200 ˆ�…�

¥¤¨´¥´´ÒÌ ´  ¸¶¥Í¨ ²Ó´ÒÌ · ¤¨ Éμ· Ì ¸ Ê· ¢´¨¢ ÕÐ¨³¨ ·¥§¨¸Éμ· ³¨ ¤¨μ¤μ¢
„133 ±² ¸¸  20;

Å ¸¡μ·±¨ ¢ ·¨¸Éμ·μ¢ Vclip ¤²Ö ¶μ²´μ° ¤¨¸¸¨¶ Í¨¨ Ô´¥·£¨¨, § ¶ ¸¥´´μ°
¢ ¸¥·¤¥Î´¨±¥ ¨³¶Ê²Ó¸´μ£μ É· ´¸Ëμ·³ Éμ·  Ô²¥±É·μ´´μ° ¶ÊÏ±¨, ¨ ¶μ²ÊÎ¥´¨Ö
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μÉ·¨Í É¥²Ó´μ£μ ¶μ¸²¥¨³¶Ê²Ó¸  ´  É¨· É·μ´¥ (3Ä5 %) ¤²Ö ¥£μ § ±·ÒÉ¨Ö ¶μ¸²¥
μ±μ´Î ´¨Ö · ¡μÎ¥£μ ¨³¶Ê²Ó¸ . Vclip ¸μ¸Éμ¨É ¨§ 6 ¶ · ²²¥²Ó´ÒÌ Í¥¶μÎ¥± (¶μ
2 ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢±²ÕÎ¥´´ÒÌ ¢ ·¨¸Éμ·  É¨¶  ‘�-2-2‚ ¢ ± ¦¤μ°), ¸³μ´É¨-
·μ¢ ´´ÒÌ ´  ¸¶¥Í¨ ²Ó´ÒÌ ·¥¡·¨¸ÉÒÌ · ¤¨ Éμ· Ì.

������’“�� “���‚‹…�ˆŸ ˆŒ�“‹œ‘�Œˆ ‡��“‘Š�
(��™ˆ… •���Š’…�ˆ‘’ˆŠˆ)

�¶¶ · ÉÊ·  ¸¥ÉμÎ´μ£μ Ê¶· ¢²¥´¨Ö Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¨ § ¶Ê¸±  ³μ¤Ê²Ö-
Éμ·  Ô²¥±É·μ´´μ° ¶ÊÏ±¨ (��) Ê¸±μ·¨É¥²Ö ‹“�-200 ¶·¥¤´ §´ Î¥´  ¤²Ö £¥´¥-
· Í¨¨ ´¥μ¡Ìμ¤¨³ÒÌ ´ ¶·Ö¦¥´¨° ¶¨É ´¨Ö ¨ Ëμ·³¨·μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ § ¶Ê¸± 
¸¨¸É¥³ ¸¥ÉμÎ´μ£μ Ê§²  Ô²¥±É·μ´´μ° ¶ÊÏ±¨ (��) ¨ § ¶Ê¸±  É¨· É·μ´  ³μ¤Ê-
²ÖÉμ·  �� ¸ ¢μ§³μ¦´μ¸ÉÓÕ ·¥£Ê²¨·μ¢ ´¨Ö ÔÉ¨Ì ¢¥²¨Î¨´ ¤²Ö μ¶É¨³¨§ Í¨¨
·¥¦¨³μ¢ · ¡μÉÒ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¢ Í¥²μ³.

�¶¶ · ÉÊ·  ¢Ò¶μ²´¥´  ¢ ¸É ´¤ ·É´μ³ ±·¥°É¥ ®…¢·μ³¥Ì ´¨± ¯ · §³¥·μ³
3U ¨ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö:

• ³μ¤Ê²Ó ¶¨É ´¨Ö;
• ³μ¤Ê²Ó ¸¨´Ì·μ´¨§ Éμ· ;
• ³μ¤Ê²Ó Ëμ·³¨·μ¢ ´¨Ö ´ ´μ¸¥±Ê´¤´μ£μ ¨³¶Ê²Ó¸  § ¶Ê¸±  ± Éμ¤  ��;
• ³μ¤Ê²Ó Ëμ·³¨·μ¢ ´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ ´μ¸¥±Ê´¤´μ£μ ¨³¶Ê²Ó¸  § -

¶Ê¸±  ¤²Ö É¨· É·μ´  ’ƒˆ1-2500/50;
• Ô²¥³¥´ÉÒ ¶¨É ´¨Ö (¨¸ÉμÎ´¨± ¶¨É ´¨Ö MDR-60-48 ¸ ´ ¶·Ö¦¥´¨¥³ ¢Ò-

Ìμ¤  +48 ‚, Ô²¥³¥´ÉÒ ±μ³³ÊÉ Í¨¨), · ¸¶μ²μ¦¥´´Ò¥ ´  DIN-·¥°±¥, ±μÉμ· Ö
Ê¸É ´μ¢²¥´  ´  § ¤´¥° ¶ ´¥²¨ ±·¥°É .

�¶¶ · ÉÊ·  ¶·¥¤´ §´ Î¥´  ¤²Ö · ¡μÉÒ ¢ ·¥¦¨³¥ ¸  ¢Éμ´μ³´Ò³ ¨ ¢´¥Ï´¨³
Ê¶· ¢²¥´¨¥³ ¨ ¤μ²¦´  Ô±¸¶²Ê É¨·μ¢ ÉÓ¸Ö ¢ ¸²¥¤ÊÕÐ¨Ì Ê¸²μ¢¨ÖÌ:

Å ¶¨É ´¨¥  ¶¶ · ÉÊ·Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö μÉ ¶·μ³ÒÏ²¥´´μ° ¸¥É¨ ∼ 220 ‚,
50 ƒÍ.

Å ¤¨ ¶ §μ´ · ¡μÎ¨Ì É¥³¶¥· ÉÊ· μÉ 10 ¤μ 40 ◦‘;
Å ¢¥·Ì´¥¥ §´ Î¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ¢² ¦´μ¸É¨ 80 % ¶·¨ 35 ◦‘ ¨ ¡μ²¥¥

´¨§±¨Ì É¥³¶¥· ÉÊ· Ì, ¡¥§ ±μ´¤¥´¸ Í¨¨ ¢² £¨.

�Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

�μ¸²¥ ´ ² ¤±¨ Ëμ·³¨·ÊÕÐ¥° ²¨´¨¨ ³μ¤Ê²ÖÉμ·  ´   ±É¨¢´ÊÕ ´ £·Ê§±Ê
R´ = ρ² ± ¥¥ ¢ÒÌμ¤Ê ¡Ò² ¶μ¤±²ÕÎ¥´ ¨³¶Ê²Ó¸´Ò° É· ´¸Ëμ·³ Éμ· ¸ Ô±¢¨¢ -
²¥´Éμ³ ´ £·Ê§±¨ ¶ÊÎ±  ¨ ¸¨¸É¥³ ³¨ ¶¨É ´¨Ö Ô²¥±É·μ´´μ° ¶ÊÏ±¨. �±¢¨¢ ²¥´É
´ £·Ê§±¨ · §³¥Ð ²¸Ö ¢ ¸¶¥Í¨ ²Ó´μ³ ¢μ¤μμÌ² ¦¤ ¥³μ³ ±μ·¶Ê¸¥, § ¶μ²´¥´´μ³
É· ´¸Ëμ·³ Éμ·´Ò³ ³ ¸²μ³.
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�¨¸. 5. �¸Í¨²²μ£· ³³Ò ¨³¶Ê²Ó¸μ¢ ¸ ¤¥²¨É¥²¥° U1 ¨ U2 ¨ Éμ±  ¶ÊÎ±  J2 ¸ ¶μÖ¸ 
�μ£μ¢¸±μ£μ

�μ¸²¥ ¤²¨É¥²Ó´μ° É·¥´¨·μ¢±¨ ¸ ¶μ¸É¥¶¥´´Ò³ ¶μ¢ÒÏ¥´¨¥³ ¢Ò¸μ±μ£μ ´ -
¶·Ö¦¥´¨Ö ¨ Î ¸ÉμÉÒ ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ¡Ò²μ ¶μ²ÊÎ¥´μ ¢ÒÌμ¤´μ¥ ¨³¶Ê²Ó¸-
´μ¥ ´ ¶·Ö¦¥´¨¥ ´  ´ £·Ê§±¥ É· ´¸Ëμ·³ Éμ·  ¶μ·Ö¤±  200 ±‚, 50 ƒÍ.
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‚ ¢ ±ÊÊ³´μ³ μ¡Ñ¥³¥ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¢ É¥Î¥´¨¥ ³¥¸ÖÍ  ¶μ¸²¥ ¶·μ£·¥¢ 
 ´μ¤´μ° ± ³¥·Ò ¶μ²ÊÎ¥´ ¢ ±ÊÊ³ 2·10−9 ’μ··. �μ¢ÒÏ¥´¨¥ ´ ± ²  ± Éμ¤  μ¸Ê-
Ð¥¸É¢²Ö²μ¸Ó ¶² ¢´μ ¢ É¥Î¥´¨¥ μ¤´μ° ´¥¤¥²¨ ¤μ ´μ³¨´ ²Ó´μ£μ §´ Î¥´¨Ö 12 ‚,
1,1 �. �μ¸²¥ μ±μ´Î ´¨Ö ÔÉμ£μ ¶μ¤£μÉμ¢¨É¥²Ó´μ£μ ÔÉ ¶  ´ Î ² ¸Ó É·¥´¨·μ¢± 
¢Ò¸μ±μ¢μ²ÓÉ´μ° ¸¨¸É¥³Ò ¶ÊÏ±¨ ¸ ¶μ¤Ñ¥³μ³ ¢ÒÌμ¤´μ£μ ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö
´  ¨³¶Ê²Ó¸´μ³ É· ´¸Ëμ·³ Éμ·¥ ¸ÉÊ¶¥´Ö³¨ ¶μ 200Ä300 ‚.

Šμ´É·μ²Ó ´ ¶·Ö¦¥´¨Ö μ¸ÊÐ¥¸É¢²Ö²¸Ö ¢Ò¸μ±μ¢μ²ÓÉ´Ò³ ¤¥²¨É¥²¥³, Ê¸É -
´μ¢²¥´´Ò³ ¢ Ô±¢¨¢ ²¥´É¥ ´ £·Ê§±¨, ±μÉμ·Ò° ¡Ò² ¶μ¤±²ÕÎ¥´ ¶ · ²²¥²Ó´μ
Ô²¥±É·μ´´μ° ¶ÊÏ±¥. ”μ·³¨·ÊÕÐ Ö ²¨´¨Ö ³μ¤Ê²ÖÉμ·  ¡Ò²  ¸μμÉ¢¥É¸É¢ÊÕÐ¨³
μ¡· §μ³ ¶¥·¥¸É·μ¥´  ´  Ô±¢¨¢ ²¥´É´μ¥ ¢ÒÌμ¤´μ¥ ¸μ¶·μÉ¨¢²¥´¨¥ ®Ô±¢¨¢ ²¥´É
´ £·Ê§±¨, Ê¸É ´μ¢²¥´´μ° ¶ · ²²¥²Ó´μ Ô²¥±É·μ´´μ³Ê ¶ÊÎ±Ê¯.

�±¢¨¢ ²¥´É ´ £·Ê§±¨ ¢Ò¶μ²´Ö² ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ·μ²Ó ¡ ²² ¸É´μ£μ
·¥§¨¸Éμ·  ¢μ ¨§¡¥¦ ´¨¥ ¶·μ¡μ¥¢ ¢ ¢ ±ÊÊ³´μ° ¸¨¸É¥³¥ ¶ÊÏ±¨ ¢ ¸²ÊÎ ¥ μÉ¸ÊÉ-
¸É¢¨Ö ¶μ ± ±μ°-²¨¡μ ¶·¨Î¨´¥ Ô³¨¸¸¨¨ ¸ ± Éμ¤ . ‚ ·¥§Ê²ÓÉ É¥ ¤¢ÊÌ´¥¤¥²Ó´μ°
É·¥´¨·μ¢±¨ ¡Ò² ¤μ¸É¨£´ÊÉ Ê¸Éμ°Î¨¢Ò° ·¥¦¨³ 200 ±‚, 5 �, 25 ƒÍ ¶·¨ ¤²¨-
É¥²Ó´μ¸É¨ ¨³¶Ê²Ó¸  ¶μ ¢¥·Ï¨´¥ ¶μ·Ö¤±  0,4 ³±¸ (·¨¸. 5).

„¨ ³¥É· ¶ÊÎ±  ¸μ¸É ¢²Ö² ¶·¨ ÔÉμ³ ∼ 5 ³³ (³ ±¸¨³ ²Ó´μ ¸Ëμ±Ê¸¨·μ¢ ´-
´Ò° ¶ÊÎμ± ¶·¨ Éμ±¥ ¢μ§¡Ê¦¤¥´¨Ö ¸μ²¥´μ¨¤  Œ‹1, · ¢´μ³ 3,1 �). „²Ö ¶¥·¥-
Ìμ¤  ´  Î ¸ÉμÉÊ ¶μ¸Ò²μ± 50 ƒÍ Éμ± Ëμ±Ê¸¨·ÊÕÐ¥£μ ¸μ²¥´μ¨¤  ¡Ò² Ê³¥´ÓÏ¥´
¤μ 1,5 �. �·¨ ÔÉμ³ ¤¨ ³¥É· ¶ÊÎ±  Ê¢¥²¨Î¨²¸Ö ¤μ 1 ¸³. 	Ò² § Ë¨±¸¨·μ-
¢ ´ Ê¸Éμ°Î¨¢Ò° ·¥¦¨³ · ¡μÉÒ ¨¸ÉμÎ´¨±  Ô²¥±É·μ´μ¢ ¢ É¥Î¥´¨¥ ´¥¸±μ²Ó±¨Ì
¤¥¸ÖÉ±μ¢ ¸³¥´.
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