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�·μ¢¥¤¥´  ´ ²¨§ ±μ´±Ê·¥´Éμ¸¶μ¸μ¡´μ¸É¨ É¨· É·μ´μ¢ ¶μ μÉ´μÏ¥´¨Õ ± ´μ¢¥°Ï¨³ É¢¥·¤μÉ¥²Ó-
´Ò³ ¶·¨¡μ· ³. �·¥¤¸É ¢²¥´Ò ±μ´¸É·Ê±É¨¢´Ò¥ μ¸μ¡¥´´μ¸É¨ ¨ ¶ · ³¥É·Ò ·Ö¤  ´μ¢ÒÌ ’ƒˆ-É¨-
· É·μ´μ¢ ¸ ´ ± ²¨¢ ¥³Ò³ ±μ³¡¨´¨·μ¢ ´´Ò³ ± Éμ¤μ³ ´  μ¸´μ¢¥ ¨³¶·¥£´¨·μ¢ ´´μ£μ ´  · ¡μÎ¨¥
´ ¶·Ö¦¥´¨Ö 30, 50 ¨ 75 ±‚, ¸·¥¤´ÕÕ ±μ³³ÊÉ¨·Ê¥³ÊÕ ³μÐ´μ¸ÉÓ μÉ 150 ¤μ 500 ±‚É ¨ ¨³¶Ê²Ó¸-
´ÊÕ ¤μ 250 Œ‚É. Œ¥É ²²μ±¥· ³¨Î¥¸±¨¥ É¨· É·μ´Ò ¨³¥ÕÉ É¥É·μ¤´ÊÕ ±μ´¸É·Ê±Í¨Õ ¨ ¢μ§¤ÊÏ´μ¥
μÌ² ¦¤¥´¨¥. �¸´μ¢´ Ö μ¡² ¸ÉÓ ¶·¨³¥´¥´¨Ö Å ³μÐ´ Ö Ô²¥±É·μË¨§¨Î¥¸± Ö  ¶¶ · ÉÊ· , ¢ Î ¸É´μ¸É¨,
¤ ´Ò ¶·¨³¥·Ò ¨Ì ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ± Î¥¸É¢¥ ³μ¤Ê²ÖÉμ·μ¢ Ê¸±μ·¨É¥²¥°,   É ±¦¥ ¢ ¨¸ÉμÎ´¨± Ì ¶¨É -
´¨Ö ¨³¶Ê²Ó¸´μ° ±μ·μ´Ò ¤²Ö ¸¨¸É¥³ μÎ¨¸É±¨ ¢μ§¤ÊÌ  μÉ ¸¥·μ¢μ¤μ·μ¤ ,  ³³¨ ±  ¨ ¤·Ê£¨Ì ¢·¥¤´ÒÌ
£ §μ¢ ¢ ¸É·¨³¥·´μ³ ±μ·μ´´μ³ · §·Ö¤¥.

The analysis of competitiveness of thyratrons in relation to up-to-date solid-state devices has been
carried out. The design features and parameters of a number of new TGI thyratrons with a hot combined
impregnated cathode for operating voltages of 30, 50 and 75 kV, average switching power from 150 to
500 kW and pulsed power to 250 MW are presented. Thyratrons have a tetrode design in the metal
ceramic version and air cooling. The main ˇeld of application is high power electrophysical equipment;
in particular, examples are given of using thyratrons in accelerators as modulators as well as in pulse
corona power supplies for air puriˇcation systems from hydrogen sulˇde, ammonia and other harmful
gases in the streamer corona discharge.
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ˆ³¶Ê²Ó¸´Ò¥ ±μ³³ÊÉ Éμ·Ò Å ¢μ¤μ·μ¤´Ò¥ É¨· É·μ´Ò Å ¨§¢¥¸É´Ò ¸ 1940-Ì ££. [1]. �´¨
´ Ï²¨ ³´μ¦¥¸É¢μ ¶·¨³¥´¥´¨° ¢ ¨³¶Ê²Ó¸´μ° Ô´¥·£¥É¨±¥, ¢±²ÕÎ Ö É ±¨¥ μ¡² ¸É¨ ¸ ¡μ²Ó-
Ïμ° ¶μÉ·¥¡´μ¸ÉÓÕ, ± ± · ¤ ·Ò, Ê¸±μ·¨É¥²¨ · §²¨Î´ÒÌ É¨¶μ¢, ² §¥·Ò ¨ ¶·. „²Ö É¨· É·μ-
´μ¢ ¸ ´¥´ ± ²¨¢ ¥³Ò³ ± Éμ¤μ³ ’„ˆ- ¨ ’�ˆ-É¨¶μ¢ (pseudospark switches) μÉ±·Ò²¨ ´μ¢Ò¥
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μ¡² ¸É¨ ¶·¨³¥´¥´¨Ö [2]: ¢ · ¤¨μ£· Ë¨Î¥¸±¨Ì ±μ³¶²¥±¸ Ì, ±¨±¥· Ì Ê¸±μ·¨É¥²¥°, ¨³-
¶Ê²Ó¸´ÒÌ É¥·³μÖ¤¥·´ÒÌ ±μ²² °¤¥· Ì, ¶² §³ Ëμ±Ê¸´ÒÌ Ê¸É ´μ¢± Ì, ¢ Ê¤ ·´μ-¢μ²´μ¢ÒÌ,
³ £´¨É´μ-¨³¶Ê²Ó¸´ÒÌ É¥Ì´μ²μ£¨ÖÌ ¨ ¶·. �¥·¸¶¥±É¨¢´μ ¶·¨³¥´¥´¨¥ ¢ ² §¥· Ì ´  ¸¢μ¡μ¤-
´ÒÌ Ô²¥±É·μ´ Ì ´  Î ¸ÉμÉ Ì ¤μ 100 ±ƒÍ. ‚ ¤ ´´μ° · ¡μÉ¥ μ¡¸Ê¤¨³ ¶·¨³¥´¥´¨¥ É¨· É·μ-
´μ¢ ¢ Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¥: ³μ¤Ê²ÖÉμ· Ì, ±¨±¥· Ì,   É ±¦¥ ¢ £¥´¥· Éμ· Ì ¶² §³Ò.

‚ ¶μ¸²¥¤´¨¥ ¤¥¸ÖÉ¨²¥É¨Ö ¢ ¸¨²Ê · §´ÒÌ ¶·¨Î¨´, ± ± μ¡Ñ¥±É¨¢´ÒÌ, É ± ¨ ¸Ê¡Ñ¥±-
É¨¢´ÒÌ, ¢ Éμ³ Î¨¸²¥ ¨ ¨§-§  ´¥¶· ¢¨²Ó´μ£μ ¶·¨³¥´¥´¨Ö, É¨· É·μ´Ò ¢ÒÉ¥¸´ÖÕÉ¸Ö É¢¥·-
¤μÉ¥²Ó´Ò³¨ ±μ³³ÊÉ Éμ· ³¨ (’’Š). “¦¥ ¸ 1960-Ì ££. ¸É ²¨ ¶μÖ¢²ÖÉÓ¸Ö ¶·¥¤¸± § ´¨Ö
μ ¶μ²´μ° § ³¥´¥ ¨³¨ É¨· É·μ´μ¢. ‚ ¶Ê¡²¨± Í¨ÖÌ §  2015 £. É ±¨¥ § Ö¢²¥´¨Ö ¶μ¢Éμ-
·ÖÕÉ¸Ö [3, 4]. ŒÒ ¶μ¶ÒÉ ¥³¸Ö ¶μ± § ÉÓ, ÎÉμ ¤²Ö ¡μ²ÓÏ¨´¸É¢  ¶·¥É¥´§¨° ± É¨· É·μ-
´ ³ ´¥É μ¸´μ¢ ´¨°. ‚ · ¡μÉ¥ [3] ¢ ± Î¥¸É¢¥ ´¥¤μ¸É É±μ¢ É¨· É·μ´μ¢ ´¥μ¡μ¸´μ¢ ´´μ
μÉ³¥Î ¥É¸Ö: ®’¨· É·μ´Ò ¨³¥ÕÉ μÉ´μ¸¨É¥²Ó´μ ±μ·μÉ±μ¥ ¢·¥³Ö ¸²Ê¦¡Ò (´¥¸±μ²Ó±μ ¸μ-
É¥´ Î ¸μ¢)¯. ‚ · ¡μÉ¥ [4] ¶μ± § ´Ò ¶ · ³¥É·Ò ¡μ²¥¥ μ¡Ñ¥±É¨¢´μ, ´μ μÉ³¥Î¥´  ¢Ò¸μ-
± Ö ¸Éμ¨³μ¸ÉÓ § ³¥´Ò, ¤μ²£μ¥ ¢·¥³Ö ¢±²ÕÎ¥´¨Ö ¨ ´¥μ¡Ìμ¤¨³μ¸ÉÓ ·¥£Ê²Ö·´μ° ±μ··¥±Í¨¨
(ranging) ¤²Ö ¶μ¤¤¥·¦ ´¨Ö ³ ²μ£μ ¤¦¨ÉÉ¥·  ¨ ¢·¥³¥´¨ ¤·¥°Ë  § ¶ §¤Ò¢ ´¨Ö. �·¨ ÔÉμ³
Silicon Power Corp. ·¥±² ³¨·Ê¥É ¸¢¥·Ì¡Ò¸É·Ò° É¢¥·¤μÉ¥²Ó´Ò° É¨· É·μ´ (SSTIR ³μ¤¥²Ó
S56-12) ¤²Ö § ³¥´Ò ±² ¸¸¨Î¥¸±¨Ì É¨· É·μ´μ¢ ¨ ¨£´¨É·μ´ . ‘ ¶¥·¥±²ÕÎ É¥²¥³ SSTIR
´  μ¸´μ¢¥ Si ¨ SiC ¢Éμ·μ£μ ¶μ±μ²¥´¨Ö ¸· ¢´¨¢ ¥É¸Ö ¤¥°É¥·¨¥¢Ò° ³μÐ´Ò° É¨· É·μ´ ¸
¶μ²Ò³  ´μ¤μ³ CX1925X ´  · ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ¤μ 60 ±‚, ¶¨±μ¢Ò° Éμ± ¤μ 15 ±�,
¶·¨ ¸·¥¤´¥³ 5 � (Î ¸ÉμÉ  ¤μ 2 ±ƒÍ). SSTIR ¶μ± §Ò¢ ÕÉ ¢·¥³¥´  ¶¥·¥±²ÕÎ¥´¨Ö ³¥´¥¥
100 ´¸, ¨³¥ÕÉ di/dt = 100 ±�/³±¸, · ¡μÉ ÕÉ ¡μ²¥¥ 10 ÉÒ¸. Î ¨ ¸¶μ¸μ¡´Ò ¶·μ¶Ê¸-
± ÉÓ μ¡· É´Ò° Éμ±, ¤¦¨ÉÉ¥· ¸μ¸É ¢²Ö¥É ±10 ´¸. ’¨· É·μ´ CX ¶μ ¤ ´´Ò³ [4] ¨³¥¥É
¸·μ± ¸²Ê¦¡Ò ´¥ ³¥´¥¥ 13 ÉÒ¸. Î. �μ ¤ ´´Ò³ ¨§£μÉμ¢¨É¥²Ö, É¨· É·μ´ CX ¨³¥¥É di/dt
¤μ 300 ±�/³±¸, ¤¦¨ÉÉ¥· 1,0 ´¸, ¶·¨Î¥³ ¥Ð¥ ³¥´ÓÏ¨° ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´ ¶·¨ ¶¨É ´¨¨
´ ± ²  μÉ ¨¸ÉμÎ´¨±  ¶μ¸ÉμÖ´´μ£μ Éμ± , ¨¸¶μ²Ó§μ¢ ´¨Ö ¤¢μ°´μ£μ ¨³¶Ê²Ó¸´μ£μ Ê¶· ¢²¥-
´¨Ö ¨ ¶·.

Š ± ¢¨¤´μ, ¡μ²ÓÏ¨´¸É¢μ ¨§ ¶μ± § ´´ÒÌ · §· ¡μÉÎ¨± ³¨ ¶·¥¨³ÊÐ¥¸É¢ ¨ ¢μ§³μ¦´μ-
¸É¥° ’’Š,   É ±¦¥ ´¥¤μ¸É É±μ¢ É¨· É·μ´μ¢ ¨³¥ÕÉ Î¨¸Éμ ·¥±² ³´Ò° Ì · ±É¥·. �¥ ²Ó´μ
´¥ ¶·¥¤μ¸É ¢²¥´μ ¤μ¸É ÉμÎ´μ ¤μ¸Éμ¢¥·´ÒÌ ¤ ´´ÒÌ ¶μ ·¥¸Ê·¸ ³ ¢ μ¤¨´ ±μ¢ÒÌ Ê¸²μ¢¨ÖÌ
· ¡μÉÒ ’’Š. � §· ¡μÉÎ¨±¨ É¢¥·¤μÉ¥²Ó´ÒÌ ±μ³³ÊÉ Éμ·μ¢, μ¶·¥¤¥²ÖÖ ¸·μ± ¸²Ê¦¡Ò É¨· -
É·μ´  ¢ ¸μÉ´Õ Î ¸μ¢ [3], ´¥¶· ¢μ³¥·´μ ¡¥·ÊÉ ¤ ´´Ò¥ ¶μ ·¥¦¨³ ³ ±μ³³ÊÉ Í¨¨ ¢ ´ ´μ¸¥-
±Ê´¤´μ³ ¤¨ ¶ §μ´¥ ¤²¨É¥²Ó´μ¸É¥°, É. ¥. ¶·¨ ¢Ò¸μ±¨Ì ¸±μ·μ¸ÉÖÌ ±μ³³ÊÉ Í¨¨ ¢ ¤¨ ¶ §μ´¥
³μÐ´μ¸É¥°, ´¥ ¤μ¸É¨¦¨³ÒÌ ¤²Ö ’’Š. ˆ³¥ÕÐ Ö¸Ö ¡μ²ÓÏ Ö ¸É É¨¸É¨±  [5, 6] · ¡μÉÒ É¨-
· É·μ´μ¢ ¶·μ¨§¢μ¤¸É¢  · §²¨Î´ÒÌ ±μ³¶ ´¨° ¶μ± §Ò¢ ¥É, ÎÉμ É¨· É·μ´Ò ¸ ´ ± ²¨¢ ¥³Ò³
± Éμ¤μ³ ¨³¥ÕÉ ·¥ ²Ó´Ò° ¸·μ± ¸²Ê¦¡Ò ¢ ³μ¤Ê²ÖÉμ· Ì Ê¸±μ·¨É¥²¥° ¶·¨ ³¨±·μ¸¥±Ê´¤´ÒÌ
¤²¨É¥²Ó´μ¸ÉÖÌ ´¥ ¸μÉ´¨,   μÉ ¤¥¸ÖÉ±μ¢ ÉÒ¸. ¤μ 120 ÉÒ¸. Î. „ ´´Ò¥ [5, 6] ¶μ± §Ò¢ ÕÉ
¢Ò¸μ±¨¥ ¶μÉ¥´Í¨ ²Ó´Ò¥ ¢μ§³μ¦´μ¸É¨ É¨· É·μ´μ¢.

‚μ-¶¥·¢ÒÌ, · §¡·μ¸ ·¥¸Ê·¸μ¢ ³μ¦´μ Ê³¥´ÓÏ¨ÉÓ, μ¤´μ¢·¥³¥´´μ Ê¢¥²¨Î¨¢ Ö ´ · ¡μÉ±Ê
¶·¨ ¸μ¢¥·Ï¥´¸É¢μ¢ ´¨¨ É¥Ì´μ²μ£¨¨ ¨ ´ ²¨Î¨¨ ¸¨¸É¥³Ò ³μ´¨Éμ·¨´£  [6] ¨Ì ¶ · ³¥É·μ¢.
� ¶·¨³¥·, ¸μ¢·¥³¥´´Ò¥ ¸·¥¤¸É¢  ¶μ§¢μ²ÖÕÉ ²¥£±μ μ¸ÊÐ¥¸É¢¨ÉÓ  ¢Éμ³ É¨Î¥¸±ÊÕ ·¥£Ê²¨-
·μ¢±Ê ¢·¥³¥´¨ § ¶ §¤Ò¢ ´¨Ö ¨ ¤¦¨ÉÉ¥·  §  ¸Î¥É μ¡· É´μ° ¸¢Ö§¨ ¸ Í¥¶Ö³¨ ´ ± ²  ·¥§¥·-
¢Ê · . ‘¨¸É¥³ , ·¥±μ³¥´¤Ê¥³ Ö ±μ³¶ ´¨¥° ®e2v technology¯, ¨³¥¥É ´¥ ³¥´¥¥ É·¥Ì ¢μ§-
³μ¦´ÒÌ ±μ··¥±É¨·μ¢μ± ¶¨É ´¨Ö ¢ ±μ´ÉÊ· Ì ·¥§¥·¢Ê ·  ¢μ¤μ·μ¤  ¨ ± Éμ¤ , ¶μ§¢μ²ÖÕÐ¨Ì
±μ³¶¥´¸¨·μ¢ ÉÓ ¶·μ¡²¥³Ò ¸¨´Ì·μ´¨§ Í¨¨.

‚μ-¢Éμ·ÒÌ, É¨· É·μ´Ò Wagner ¸ 35 % μÉ μ¡Ð¥£μ Î¨¸²  ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ Ô±¸¶²Ê É Í¨¨
É¨· É·μ´μ¢ CH1191, ¢±²ÕÎ Ö ´¥¸±μ²Ó±μ ¶·¨¡μ·μ¢, ±μÉμ·Ò¥ ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¡μ²¥¥ 20 ²¥É,



ˆ¸¸²¥¤μ¢ ´¨¥ É¨· É·μ´μ¢ ´μ¢μ£μ ¶μ±μ²¥´¨Ö ´  ±μ³³ÊÉ¨·Ê¥³ÊÕ ¸·¥¤´ÕÕ ³μÐ´μ¸ÉÓ 875

¶μ± § ²¨ ¡μ²¥¥ 17,5 ³²´ Î · ¡μÉÒ! „μ¶μ²´¨É¥²Ó´μ ¸·μ± ¸²Ê¦¡Ò ³μ¦´μ Ê¢¥²¨Î¨ÉÓ ¢ · §Ò,
§ ³¥´ÖÖ Ê μÉ· ¡μÉ ¢Ï¨Ì É¨· É·μ´μ¢ ± Éμ¤´Ò° Ê§¥² ¢³¥¸É¥ ¸ ·¥§¥·¢Ê · ³¨ ¢μ¤μ·μ¤ . �É 
μ¶¥· Í¨Ö ¸Éμ¨É μ±μ²μ 20% μÉ Í¥´Ò ´μ¢μ£μ É¨· É·μ´ .

‚-É·¥ÉÓ¨Ì, ¢μ ¢Éμ·μ° Î ¸É¨ ¤μ±² ¤  [4] ¶μ± § ´μ, ÎÉμ ¤²Ö ¤μ¸É¨¦¥´¨Ö ±·ÊÉ¨§´Ò Éμ± ,
¡²¨§±μ° ± di/dt É¨· É·μ´ , É·¥¡Ê¥É¸Ö ¶·¨³¥´¨ÉÓ ±·Ê¶´μ£ ¡ ·¨É´Ò° ¤·μ¸¸¥²Ó ´ ¸ÒÐ¥´¨Ö,
¶·¨ ÔÉμ³ ¶μÉ¥·¨ ¢ É ±μ° ¸Ì¥³¥ ¡μ²ÓÏ¥, Î¥³ Ê É¨· É·μ´ . �Ê¦´μ ¨³¥ÉÓ ¢ ¢¨¤Ê, ÎÉμ ’’Š
· ¡μÉ ² ¢ μ¡²¥£Î¥´´μ³ ·¥¦¨³¥ ¸ ´¥²¨´¥°´μ° ¨´¤Ê±É¨¢´μ¸ÉÓÕ (saturating anode inductor)
¨ ¸ Ê³¥´ÓÏ¥´´Ò³¨ ¥³±μ¸ÉÖ³¨ ¢ ¶¥·¢ÒÌ ÖÎ¥°± Ì ”‹.

‚-Î¥É¢¥·ÉÒÌ, ¢μ ¢¸¥Ì ÔÉ¨Ì ¶Ê¡²¨± Í¨ÖÌ ´¥ Ê¶μ³¨´ ¥É¸Ö μ¤¨´ ¨§ μ¸´μ¢´ÒÌ  ¸¶¥±Éμ¢
¶·¨³¥´¥´¨Ö ¶·¨¡μ·μ¢ Å ¸Éμ¨³μ¸ÉÓ. � ± ± ¨§¢¥¸É´μ, ¸Éμ¨³μ¸ÉÓ ¸¡μ·μ± ¨§ É¢¥·¤μÉ¥²Ó´ÒÌ
Ô²¥³¥´Éμ¢ ¢ ´¥¸±μ²Ó±μ · § ¶·¥¢ÒÏ ¥É ¸Éμ¨³μ¸ÉÓ É¨· É·μ´μ¢.

‚-¶ÖÉÒÌ, μ¤´¨³ ¨§ ´¥¤μ¸É É±μ¢ É¨· É·μ´  ¶·μ¨§¢μ¤¨É¥²Ö³¨ ’’Š § Ö¢²Ö¥É¸Ö · ´¦¨-
·μ¢ ´¨¥ (ranging) Å ¶·μÍ¥¤Ê·  ±μ··¥±É¨·μ¢±¨ μ¶É¨³ ²Ó´μ£μ ¤ ¢²¥´¨Ö É¨· É·μ´ , μÉ´μ-
¸¨É¥²Ó´μ É·Ê¤μ¥³± Ö Î ¸ÉÓ ¶·¨ μ¡¸²Ê¦¨¢ ´¨¨ ³μ¤Ê²ÖÉμ· . �¤´ ±μ, ¶μ ¤ ´´Ò³ SLAC, ÔÉμ
¶·μ¨¸Ìμ¤¨É · § ¢ ¤¢  £μ¤ . Š Éμ³Ê ¦¥ ¨³¥ÕÉ¸Ö ´¥¸±μ²Ó±μ ¸¶μ¸μ¡μ¢ μ¡²¥£Î¨ÉÓ ¶·μÍ¥¤Ê·Ê.
�¢Éμ³ É¨Î¥¸±μ¥ μÉ¸²¥¦¨¢ ´¨¥ ¢²¨Ö´¨Ö μ¶É¨³ ²Ó´μ£μ ¤ ¢²¥´¨Ö ´  ¨§³¥´¥´¨Ö Ê¸²μ¢¨°
´ £·¥¢  μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¢ É¨· É·μ´¥ E2V, ±μÉμ·Ò° ¨³¥¥É É¥³¶¥· ÉÊ·´μ-ÎÊ¢¸É¢¨É¥²Ó´ÊÕ
¸Ì¥³Ê ·¥£Ê²¨·μ¢ ´¨Ö (¡ ··¥É¥·) ¢ μ¸´μ¢ ´¨¨ É·Ê¡±¨. �¥μ¡Ìμ¤¨³μ ¸± § ÉÓ, ÎÉμ  ¢Éμ³ -
É¨§ Í¨Ö · ´¦¨·μ¢ ´¨Ö ¶·¨ ³μ´¨Éμ·¨´£¥ ¢·¥³¥´¨ § ¶ §¤Ò¢ ´¨Ö Å ³¥Éμ¤, ¶·¥¤² £ ¥³Ò°
´ ³¨, Å ¡μ²¥¥ ÔËË¥±É¨¢¥´ ¨ ÉμÎ¥´. ‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö μ´ ¶·μ· ¡ ÉÒ¢ ¥É¸Ö ¤²Ö ´¥-
¸±μ²Ó±¨Ì Í¥²¥° Å ¨´¤¨± Í¨¨ · ¡μÉμ¸¶μ¸μ¡´μ¸É¨ É¨· É·μ´  ¢  ¶¶ · ÉÊ·¥ ¶·¨ ®¸¶ÖÐ¥³
·¥¦¨³¥¯ ¨ ¸ ³£´μ¢¥´´μ° £μÉμ¢´μ¸ÉÓÕ,   É ±¦¥ ¤²Ö μ¡ÒÎ´μ£μ · ´¦¨·μ¢ ´¨Ö.

‚ ��� ®ˆ³¶Ê²Ó¸´Ò¥ É¥Ì´μ²μ£¨¨¯ · §· ¡μÉ ´  ¨ ¶·μ¨§¢μ¤¨É¸Ö ²¨´¥°±  ´μ¢ÒÌ
’ƒˆ-É¨· É·μ´μ¢, ¢ ±μÉμ·ÒÌ ¨¸¶μ²Ó§Ê¥É¸Ö ±μ³¶²¥±¸´Ò° Ô³¨ÉÉ¥·, ¸μ¸ÉμÖÐ¨° ¨§ ¨³¶·¥£-
´¨·μ¢ ´´μ£μ ´ ± ²¨¢ ¥³μ£μ  ²Õ³μ¸¨²¨± É´μ£μ ¢μ²ÓË· ³μ¢μ£μ ± Éμ¤  ¨ ¶μ²μ£μ ´¥´ ± -
²¨¢ ¥³μ£μ ± Éμ¤ , μ¡¥¸¶¥Î¨¢ ÕÐ¥£μ ¡μ²ÓÏ¨¥ ¸·¥¤´¨¥ Éμ±¨ (¤μ 10 �). �²μÐ ¤Ó · ¡μÎ¥°
¶μ¢¥·Ì´μ¸É¨ ´ ± ²¨¢ ¥³μ£μ ± Éμ¤  (10 ³μ¤Ê²¥°) Å 57,4 ¸³2, ¶²μÐ ¤Ó Ìμ²μ¤´μ£μ Å
123,5 ¸³2. �μ³¨´ ²Ó´Ò° Éμ±μ¸Ñ¥³ ¸ É ±μ£μ ± Éμ¤  Å ¶μ·Ö¤±  100 �/¸³2 (¸ μ±¸¨¤-
´μ£μ Å ³ ±¸¨³Ê³ 10 �/¸³2). �¡² ¸É¨ ¶·¨³¥´¥´¨Ö ´μ¢ÒÌ ±μ³³ÊÉ Éμ·μ¢ ¶μ± § ´Ò ¢
¸²¥¤ÊÕÐ¥³ · §¤.
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“¸±μ·¨É¥²¨ Ô²¥±É·μ´μ¢ ¸¥·¨¨ “�’ · §· ¡μÉ±¨ ˆ�” “·� ��� [7], ¸μ§¤ ´´Ò¥ ¶μ
¸Ì¥³¥ É¨· É·μ´ Ä ¨³¶Ê²Ó¸´Ò° É· ´¸Ëμ·³ Éμ· Ä ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¶·¥·Ò¢ É¥²Ó Éμ± 
(·¨¸. 1), ¢ §´ Î¨É¥²Ó´μ° ³¥·¥ Ê¤μ¢²¥É¢μ·ÖÕÉ É·¥¡μ¢ ´¨Ö³ Ô±μ´μ³¨Î´μ¸É¨, ¸É ¡¨²Ó´μ-
¸É¨ ¶ · ³¥É·μ¢ ¨ ´ ¤¥¦´μ¸É¨, ¶·μ¸ÉμÉÒ ¢ μ¡¸²Ê¦¨¢ ´¨¨ ¨ ·¥³μ´É¥ ¶·¨ μÉ´μ¸¨É¥²Ó´μ
´¥¢Ò¸μ±μ° Í¥´¥. “�’-1Œ-300 μ¡¥¸¶¥Î¨¢ ¥É Ê¸±μ·ÖÕÐ¥¥ ´ ¶·Ö¦¥´¨¥ ¤μ 1 Œ‚, ³μÐ´μ¸ÉÓ
¶ÊÎ±  Ô²¥±É·μ´μ¢ 6 ±‚É, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  100 ´¸ ¨ Î ¸ÉμÉÊ ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢
¤μ 300 ƒÍ. ‘μ§¤ ´  ¸¨¸É¥³   ¢Éμ³ É¨§¨·μ¢ ´´μ£μ Ê¶· ¢²¥´¨Ö ¨ ³μ´¨Éμ·¨´£  ¶ · ³¥É·μ¢
¶μ μ¶Éμ¢μ²μ±´Ê. „²Ö ¶μ²ÊÎ¥´¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  Ï¨·¨´μ° ¤μ 400 ³³ ¨¸¶μ²Ó§μ¢ ´
³¥É ²²μ¤¨Ô²¥±É·¨Î¥¸±¨° ± Éμ¤ ¨§ ´¥¸±μ²Ó±¨Ì Ô²¥³¥´Éμ¢ ¸ ´¥· ¢´μ³¥·´μ¸ÉÓÕ · ¸¶·¥¤¥-
²¥´¨Ö ¶²μÉ´μ¸É¨ Éμ±  ¶ÊÎ±  Ô²¥±É·μ´μ¢ ´  ¢ÒÌμ¤´μ° Ëμ²Ó£¥ ∼ 15%.
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�¨¸. 1. ‘Ì¥³  Ê¸±μ·¨É¥²Ö “�’-1: ˆ‚� Å ¨¸ÉμÎ´¨± ¢Ò¸μ±μ£μ ´ ¶·Ö¦¥´¨Ö; ”ˆ Å Ëμ·³¨·μ¢ É¥²Ó
¨³¶Ê²Ó¸μ¢ § ¶Ê¸± ; ��’ Å ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¶·¥·Ò¢ É¥²Ó Éμ± ; …„� Å ¥³±μ¸É´Ò° ¤¥²¨É¥²Ó

´ ¶·Ö¦¥´¨Ö; ‹1 Å É¨· É·μ´; ’·1 Å ¨³¶Ê²Ó¸´Ò° É· ´¸Ëμ·³ Éμ·; „· Å ¤¨μ¤ ·¥±Ê¶¥· Í¨¨; „¢ Å
¢ ±ÊÊ³´Ò° ¤¨μ¤; L§, Lp, L¤μ¶ Å ¨´¤Ê±É¨¢´μ¸É¨ § ·Ö¤´ Ö, ·¥±Ê¶¥· Í¨¨ ¨ ¤μ¶μ²´¨É¥²Ó´ Ö ¸μμÉ¢¥É-

¸É¢¥´´μ; ‘1 ¨ ‘2 Å ¥³±μ¸É¨ ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ±μ´ÉÊ·μ¢

„²Ö ±μ³³ÊÉ Í¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö É¨· É·μ´ ’ƒˆ2-5k/75 ´  · ¡μÎ¥¥ ´ ¶·Ö¦¥´¨¥ ¤μ 75 ±‚
¶·μ¨§¢μ¤¸É¢  ��� ®ˆ³¶Ê²Ó¸´Ò¥ É¥Ì´μ²μ£¨¨¯ (�Ö§ ´Ó). ’¨· É·μ´ ¨³¥¥É É¥É·μ¤´ÊÕ ±μ´-
¸É·Ê±Í¨Õ ¢ ³¥É ²²μ±¥· ³¨Î¥¸±μ³ ¨¸¶μ²´¥´¨¨ ¸ É·¥³Ö ¢Ò¸μ±μ¢μ²ÓÉ´Ò³¨ ¸¥±Í¨Ö³¨ ¨ ±μ³-
¶²¥±¸´Ò³ ± Éμ¤μ³, ±μÉμ·Ò° ¸μ¸Éμ¨É ¨§ ®Ìμ²μ¤´μ£μ¯ ¶μ²μ£μ ¨ ´ ± ²¨¢ ¥³μ£μ Ô³¨ÉÉ¥· .
’¨· É·μ´ Ê¸Éμ°Î¨¢μ · ¡μÉ ¥É ¸ ¸¥·¥¤¨´Ò 2015 £. ¶·¨ § ·Ö¤´μ³ ´ ¶·Ö¦¥´¨¨ ¤μ 65 ±‚.

„·Ê£μ° ¶·¨³¥· Å ¶·¨³¥´¥´¨¥ É¥É·μ¤´μ£μ ¤¥°É¥·¨¥¢μ£μ É¨· É·μ´  ’ƒˆ2-5±/50� ¸ ¨³-
¶·¥£´¨·μ¢ ´´Ò³ ± Éμ¤μ³ ¨ ¶μ²Ò³  ´μ¤μ³ ¢ Ê¸É ´μ¢± Ì ®Šμ·μ´ ¯, ¸¥·¨°´μ ¢Ò¶Ê¸± ¥-
³ÒÌ ”ŒŠ	 ®ƒμ·¨§μ´É¯. �¨§±μÉ¥³¶¥· ÉÊ·´ Ö ´¥· ¢´μ¢¥¸´ Ö ¶² §³  ¸μ§¤ ¥É¸Ö ¢ ·¥ ±-
Éμ·´ÒÌ ± ³¥· Ì ¸ ±μ ±¸¨ ²Ó´Ò³ · ¸¶μ²μ¦¥´¨¥³ Ô²¥±É·μ¤μ¢. “¸É ´μ¢±¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö
¤²Ö μÎ¨¸É±¨ ¢μ§¤ÊÌ  μÉ Ô±μ²μ£¨Î¥¸±¨ ¢·¥¤´ÒÌ £ §μμ¡· §´ÒÌ ¶·¨³¥¸¥°, ³¥²±μ¤¨¸¶¥·¸-
´ÒÌ  Ô·μ§μ²¥° ¨ § ¶ Ìμ¢ ´  ¶·μ³ÒÏ²¥´´ÒÌ ¶·¥¤¶·¨ÖÉ¨ÖÌ ¨ ¢ ±μ³³Ê´ ²Ó´ÒÌ ¸²Ê¦¡ Ì,
¢ Î ¸É´μ¸É¨, ±·Ê£²μ¸ÊÉμÎ´μ · ¡μÉ ÕÉ ¶·¨ μÎ¨¸É±¥ ¢μ§¤ÊÌ  ´  ±·Ê¶´¥°Ï¨Ì ¢ …¢·μ¶¥ ± ´ -

�¨¸. 2. �·¨´Í¨¶¨ ²Ó´ Ö ¸Ì¥³  £¥´¥· Éμ·  ”¨ÉÎ : 1, 2 Å ¤¥²¨É¥²¨ ´ ¶·Ö¦¥´¨Ö Tektronix P6015A;

3 Å ¶μÖ¸ �μ£μ¢¸±μ£μ CT3-0.1; „� Å ¤¥²¨É¥²Ó ´ ¶·Ö¦¥´¨Ö „�‚-80ˆ



ˆ¸¸²¥¤μ¢ ´¨¥ É¨· É·μ´μ¢ ´μ¢μ£μ ¶μ±μ²¥´¨Ö ´  ±μ³³ÊÉ¨·Ê¥³ÊÕ ¸·¥¤´ÕÕ ³μÐ´μ¸ÉÓ 877

�¨¸. 3. �¸Í¨²²μ£· ³³Ò ´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥ Uk (1) ¨  ´μ¤¥ Ua (2); ¢ÒÌμ¤´μ° ¨³¶Ê²Ó¸ Upl (3);
· §´μ¸ÉÓ Ua − Uk (4); Éμ± Î¥·¥§ É¨· É·μ´ Itr (5)

²¨§ Í¨μ´´ÒÌ ´ ¸μ¸´ÒÌ ¸É ´Í¨ÖÌ Å ŠÊ·ÓÖ´μ¢¸±¨Ì ¨ ‹Õ¡¥·¥Í±¨Ì ¸μμ·Ê¦¥´¨ÖÌ μÎ¨¸É±¨
¢μ¤ £. Œμ¸±¢Ò. ‘É¥¶¥´Ó μÎ¨¸É±¨ 80Ä95% ¶·¨ · ¸Ìμ¤¥ £ §  μÉ 5 ¤μ 15 ³3/Î.

‚ Ê¸É ´μ¢±¥ ¨¸¶μ²Ó§Ê¥É¸Ö É·¥Ì¸ÉÊ¶¥´Î ÉÒ° £¥´¥· Éμ· ”¨ÉÎ  (·¨¸. 2). ƒ¥´¥· Í¨Ö ¨³-
¶Ê²Ó¸  ¶·μ¨¸Ìμ¤¨É §  ¸Î¥É ¶μ²´μ£μ ±μ³³ÊÉ Í¨μ´´μ£μ ¶¥·¥¢μ·μÉ  ´ ¶·Ö¦¥´¨Ö ´  ¸·¥¤-
´¥° ¸ÉÊ¶¥´¨ ‘2 (·¨¸. 3) ¶·¨ ¸· ¡ ÉÒ¢ ´¨¨ É¨· É·μ´ . �É³¥É¨³, ÎÉμ É¨· É·μ´ ’ƒˆ2-
5±/50� μ¡¥¸¶¥Î¨¢ ¥É ¢  ´ ²μ£¨Î´μ³ ·¥¦¨³¥ ¸·μ± ¸²Ê¦¡Ò ¸ÊÐ¥¸É¢¥´´μ ¢ÒÏ¥, Î¥³ ’ƒˆ1-
1000/25 Å μ¤¨´ ¨§ ²ÊÎÏ¨Ì · §· ¡μÉ ´´ÒÌ ¢ ‘‘‘� É¨· É·μ´μ¢ (¸μμÉ¢¥É¸É¢¥´´μ 4Ä6 ³¥-
¸ÖÍ¥¢ ¨ ¢¸¥£μ ´¥¸±μ²Ó±μ Î ¸μ¢).

’ˆ��’���› ‚ �…†ˆŒ�• ‘ ŒˆŠ��‘…Š“�„��‰ „‹ˆ’…‹œ��‘’œ�
ˆŒ�“‹œ‘�‚ ’�Š�

‚ ²¨´¥°´μ³ Ê¸±μ·¨É¥²¥ Ô²¥±É·μ´μ¢ “‹�10-10‘ (· §· ¡μÉ±¨ �ˆˆ�”� ¨³. „. ‚. …Ë·¥-
³μ¢ ) É¨· É·μ´ ’ƒˆ2-10±/50 ¨¸¶μ²Ó§Ê¥É¸Ö ± ± ±μ³³ÊÉ¨·ÊÕÐ¨° Ô²¥³¥´É ¢ ¸Ì¥³¥ ¨³¶Ê²Ó¸-
´μ£μ ³μ¤Ê²ÖÉμ·  ‘‚—-£¥´¥· Éμ· . ‡ ·Ö¤´μ¥ ´ ¶·Ö¦¥´¨¥ ´   ´μ¤¥ É¨· É·μ´  Å 25Ä30 ±‚,
 ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸´μ£μ Éμ±  É¨· É·μ´  Å 1200 �, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Å 20 ³±¸. „²Ö
Ê¶· ¢²¥´¨Ö É¨· É·μ´μ³ ¨¸¶μ²Ó§Ê¥É¸Ö ¸É ´¤ ·É´Ò° ¡²μ± �	-7� ¶·μ¨§¢μ¤¸É¢  ��� ®ˆ³-
¶Ê²Ó¸´Ò¥ É¥Ì´μ²μ£¨¨¯. � ¶·Ö¦¥´¨¥ ´ ± ²  £¥´¥· Éμ·  ¢μ¤μ·μ¤  Å 5,7 ‚, £¥ÉÉ¥·  Å
6,3 ‚. � ¶·Ö¦¥´¨¥ ´ ± ²  ± Éμ¤  É¨· É·μ´  ¶μ¤ ¥É¸Ö μÉ μÉ¤¥²Ó´μ£μ ¨¸ÉμÎ´¨±  ¨ · ¢´μ
6,3 ‚, Éμ± ´ ± ²  50 �, Î ¸ÉμÉ  ¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ Éμ±  ¤μ 250 ƒÍ. „·Ê£μ° ·¥¦¨³
· ¡μÉÒ Å ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  12 ³±¸ ¶·¨ ¨³¶Ê²Ó¸´μ³ Éμ±¥ 1200 � ¨ Î ¸ÉμÉ¥ 300 ƒÍ.
’¨· É·μ´ ¶μ³¥Ð¥´ ¢ ¡μ±¸, £¤¥ μÌ² ¦¤ ¥É¸Ö ¢μ§¤ÊÌμ³, ¶μÉμ± ±μÉμ·μ£μ ´ ¶· ¢²¥´ ´  · -
¤¨ Éμ·Ò ± Éμ¤ , ¸¥Éμ± 1, 2, £· ¤¨¥´É´μ° ¸¥É±¨ ¨  ´μ¤ . �·¨¡μ· · ¡μÉ ¥É ±·Ê£²μ¸ÊÉμÎ´μ
¢ Ê¸±μ·¨É¥²¥ ¸ ´μÖ¡·Ö 2016 £.

‚ ¤ ´´μ° · ¡μÉ¥ ¸¤¥² ´  ¶μ¶ÒÉ±  ¶μ± § ÉÓ, ÎÉμ ¤²Ö ¡μ²ÓÏ¨´¸É¢  ¶·¥É¥´§¨° ± É¨-
· É·μ´ ³ ´¥É μ¸´μ¢ ´¨°. ‚¸¥ ¢ÒÏ¥¸± § ´´μ¥ Ê± §Ò¢ ¥É ´  Éμ, ÎÉμ · ´μ ¸¶¨¸Ò¢ ÉÓ ¸μ
¸Î¥Éμ¢ É¨· É·μ´Ò. ŒÒ ´¥ ¸μ³´¥¢ ¥³¸Ö ¢ ¨Ì ¶¥·¸¶¥±É¨¢ Ì ¨ ¢¥¤¥³ ¶μ¸ÉμÖ´´ÊÕ · ¡μÉÊ ¶μ
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¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Õ É¨· É·μ´μ¢,   É ±¦¥ ¸Ì¥³ ¨ ¸¶μ¸μ¡μ¢ Ô±¸¶²Ê É Í¨¨, ÎÉμ μ¡¥¸¶¥Î¨É
Ê¸Éμ°Î¨¢ÊÕ ¶μÉ·¥¡´μ¸ÉÓ ¢ É¨· É·μ´ Ì ¤²Ö · §²¨Î´ÒÌ Ê¸É·μ°¸É¢, ± ± ¢ ´μ¢ÒÌ · §· ¡μÉ± Ì,
É ± ¨ ¢ Ê¦¥ ¸ÊÐ¥¸É¢ÊÕÐ¥°  ¶¶ · ÉÊ·¥ [2].
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