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‚ �ˆŸˆ ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  ¸ Ô´¥·£¨¥° Ô²¥±É·μ´μ¢ ¤μ
400 ±Ô‚ ¤²Ö ¡Ê¤ÊÐ¨Ì Ô²¥±É·μ´´ÒÌ Ê¸±μ·¨É¥²¥° (Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ ±μ²² °¤¥·μ¢ ¨ ² §¥·μ¢ ´ 
¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´ Ì). ‚ ¸É ÉÓ¥ ¶·¨¢μ¤¨É¸Ö μ¶¨¸ ´¨¥ ¸μ§¤ ¢ ¥³μ£μ ¨´¦¥±Éμ· , μÉ²¨Î¨É¥²Ó´μ°
μ¸μ¡¥´´μ¸ÉÓÕ ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ·¥¦¨³  · ¡μÉÒ ËμÉμ± Éμ¤  ´  ¶·μ¸¢¥É. ‚ ËμÉμ¨´-
¦¥±Éμ·¥ ¶·¨³¥´Ö¥É¸Ö Ê´¨± ²Ó´ Ö ² §¥·´ Ö ¸¨¸É¥³  ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¸¨´Ì·μ´¨§ Í¨¨ Î ¸ÉμÉÒ ¨ Ë §Ò
¸²¥¤μ¢ ´¨Ö ¨³¶Ê²Ó¸μ¢ ² §¥·  (¤²¨É¥²Ó´μ¸ÉÓÕ 10 ¶¸, ¸ ¤²¨´μ° ¢μ²´Ò 262 ´³, Ô´¥·£¨¥° 1,85 ³±„¦)
¸ Î ¸ÉμÉμ° · ¡μÉÒ ‚—-¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö. �·¨¢μ¤ÖÉ¸Ö ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ
· ¡μÉÒ DC-ËμÉμ¨´¦¥±Éμ· , ¨ · ¸¸³ É·¨¢ ÕÉ¸Ö ¤ ²Ó´¥°Ï¨¥ ¶² ´Ò ¶μ · §¢¨É¨Õ Ê¸É ´μ¢±¨.

A DC-photoinjector prototype with the electron energy of up to 400 keV for future electron accel-
erators (electronÄpositron colliders and free-electron lasers) is under development at JINR. The article
describes the constructed injector, the distinguishing feature of which is the use of the transmission
photocathode operation mode. The photoinjector implements the unique laser system with the ability
to synchronize the repetition rate and the phase of laser pulses (10 ps duration, 262 nm wavelength,
1.85 μJ energy) with the frequency of the accelerator RF system. The ˇrst experimental results of
the DC-photoinjector are presented and further plans for the development of the installation are con-
sidered.
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„²Ö ¸μ§¤ ´¨Ö ¨§²ÊÎ¥´¨Ö ¢Ò¸μ±μ° ³μÐ´μ¸É¨ ¨ ¢Ò¸μ±μ° Ö·±μ¸É¨ ¢ ² §¥· Ì ´  ¸¢μ¡μ¤´ÒÌ
Ô²¥±É·μ´ Ì, ¨¸ÉμÎ´¨± Ì ¸¨´Ì·μÉ·μ´´μ£μ ¨§²ÊÎ¥´¨Ö, ¤²Ö ¡Ê¤ÊÐ¨Ì Ô²¥±É·μ´-¶μ§¨É·μ´´ÒÌ
±μ²² °¤¥·μ¢,   É ±¦¥ ¤²Ö ¤·Ê£¨Ì ¶·¨³¥´¥´¨° É·¥¡ÊÕÉ¸Ö ¨¸ÉμÎ´¨±¨ ¨´É¥´¸¨¢´ÒÌ Ô²¥±-
É·μ´´ÒÌ ¶ÊÎ±μ¢ ¸μ ¸£Ê¸É± ³¨, μ¡² ¤ ÕÐ¨³¨ ³ ²Ò³ Ô³¨ÉÉ ´¸μ³ ¨ ¡μ²ÓÏ¨³ § ·Ö¤μ³.
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‡ ¶Ê¸± ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  (¤μ 400 ±Ô‚) ¢ ·¥¦¨³¥ · ¡μÉÒ ËμÉμ± Éμ¤  855

’ ±¨³¨ ¨¸ÉμÎ´¨± ³¨ ³μ£ÊÉ ¡ÒÉÓ ËμÉμ¨´¦¥±Éμ·Ò ¸ ² §¥·´Ò³¨ ¤· °¢¥· ³¨. 	² £μ¤ ·Ö Ëμ-
Éμ¨´¦¥±Éμ·Ê ³μ¦´μ ¶μ²ÊÎ ÉÓ Ô²¥±É·μ´´Ò¥ ¶ÊÎ±¨, ¶·μË¨²¨·μ¢ ´´Ò¥ ¶μ ¢·¥³¥´¨ ¢ ¢¨¤¥
ÍÊ£μ¢ μ¤¨´ ±μ¢ÒÌ ±μ·μÉ±¨Ì ¸£Ê¸É±μ¢, ¸¨´Ì·μ´¨§¨·μ¢ ´´ÒÌ ¶μ Î ¸ÉμÉ¥ ¨ Ë §¥ ¸ Ê¸±μ-
·ÖÕÐ¨³ ‚—-¶μ²¥³. ‘μ¢·¥³¥´´Ò¥ ËμÉμ¨´¦¥±Éμ·Ò ¢±²ÕÎ ÕÉ ¢ ¸¥¡Ö ¤¢  μ¸´μ¢´ÒÌ É¨¶ 
¸¨¸É¥³: ‚—-ËμÉμ¨´¦¥±Éμ· ¨ ËμÉμ¨´¦¥±Éμ· ¶·Ö³μ£μ ¤¥°¸É¢¨Ö (DC-ËμÉμ¨´¦¥±Éμ·). ‚ ¶μ-
¸²¥¤´¥³ Î ¸Éμ £¥´¥· Í¨Õ ± Î¥¸É¢¥´´ÒÌ Ô²¥±É·μ´´ÒÌ ¶ÊÎ±μ¢ μ¡¥¸¶¥Î¨¢ ¥É Ô²¥±É·μ´´ Ö
¶ÊÏ±  ¸É·Ê±ÉÊ·Ò �¨·¸ . �¡¥¸¶¥Î¥´¨¥ ³ ²μ£μ Ô³¨ÉÉ ´¸  ¢ ÔÉ¨Ì ¶ÊÏ± Ì ¶·¨ Ê¢¥²¨Î¥´¨¨
¨§¢²¥± ¥³μ£μ § ·Ö¤  ¤μ ´Ê¦´ÒÌ §´ Î¥´¨° É·¥¡Ê¥É ¶·¨³¥´¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ ¶·Ö-
¦¥´¨Ö (100Ä500 ±‚) ¤²Ö ±μ³¶¥´¸ Í¨¨ ¸¨² ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ . �¥¸³μÉ·Ö ´  ¸²μ¦-
´μ¸É¨ μ¡¥¸¶¥Î¥´¨Ö ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ¢¢μ¤ , ËμÉμ¨´¦¥±Éμ·Ò ¶·Ö³μ£μ ¤¥°¸É¢¨Ö, Ì · ±É¥-
·¨§ÊÕÐ¨¥¸Ö ³¨´¨³ ²Ó´Ò³ ®É¥³´μ¢Ò³¯ Éμ±μ³, Ö¢²ÖÕÉ¸Ö ¤μ¸É ÉμÎ´μ ¶·¨¢²¥± É¥²Ó´Ò³¨.
Š·μ³¥ Éμ£μ, É ±¨¥ ¨¸ÉμÎ´¨±¨ ¶μ§¢μ²ÖÕÉ ¨§³¥´ÖÉÓ Ô´¥·£¨Õ Ê¸±μ·¥´´ÒÌ Î ¸É¨Í, ¸μÌ· ´ÖÖ
Ìμ·μÏ¥¥ Ô´¥·£¥É¨Î¥¸±μ¥ · §·¥Ï¥´¨¥. �¥¸³μÉ·Ö ´  ¤μ¸É¨£´ÊÉÒ¥ §´ Î¨É¥²Ó´Ò¥ Ê¸¶¥Ì¨ ¢
¸μ§¤ ´¨¨ É ±μ£μ É¨¶  ËμÉμ¨´¦¥±Éμ·μ¢, ¶·μ¤μ²¦ ÕÉ¸Ö ¨¸¸²¥¤μ¢ ´¨Ö ¨ · §· ¡μÉ±¨ ¸ Í¥-
²ÓÕ μ¶É¨³¨§ Í¨¨ ¶ · ³¥É·μ¢ ¨ ¶μ¨¸±  ´μ¢ÒÌ ·¥Ï¥´¨°.

‚§ ¨³μ¤¥°¸É¢¨¥ ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¶μ¢¥·Ì´μ¸É¨ ËμÉμ± Éμ¤  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¤¢Ê³Ö
¸¶μ¸μ¡ ³¨: ¢ ·¥¦¨³¥ · ¡μÉÒ ´  μÉ· ¦¥´¨¥ ¨²¨ ´  ¶·μ¸¢¥É. ‚ ·¥¦¨³¥ · ¡μÉÒ ËμÉμ± Éμ¤ 
´  μÉ· ¦¥´¨¥ ¶μ ¸¶μ¸μ¡Ê ¢¢¥¤¥´¨Ö ² §¥·´μ£μ ¶ÊÎ±  · §²¨Î ÕÉ¸Ö ¤¢  ¢ ·¨ ´É . ‚ ¶¥·¢μ³
¢ ·¨ ´É¥ ² §¥·´Ò° ¶ÊÎμ± ´¥¶μ¸·¥¤¸É¢¥´´μ ¢¢μ¤¨É¸Ö ¢ ± Éμ¤´Ò° Ê§¥² Î¥·¥§ ¸¶¥Í¨ ²Ó´μ¥
μ±´μ ¶μ¤ μ¶·¥¤¥²¥´´Ò³ Ê£²μ³, ´ ¶·¨³¥· ¢ 70◦ [1]. ‚ ÔÉμ° · ¡μÉ¥ ¶·¨³¥´Ö²μ¸Ó ¨ ¢Éμ·μ¥,
¢Ò¢μ¤´μ¥ μ±´μ ¤²Ö μÉ· ¦¥´´μ£μ ² §¥·´μ£μ ¶ÊÎ±  ¸ Í¥²ÓÕ ³¨´¨³¨§ Í¨¨ ¥£μ ¢§ ¨³μ¤¥°-
¸É¢¨Ö ¸μ ¸É¥´± ³¨ ËμÉμ¨´¦¥±Éμ· . ‚μ ¢Éμ·μ³ ¢ ·¨ ´É¥ ´  ´¥±μÉμ·μ³ · ¸¸ÉμÖ´¨¨ μÉ
ËμÉμ¨´¦¥±Éμ·  ¢ Ê¸±μ·¨É¥²Ó´Ò° É· ±É Ê¸É ´ ¢²¨¢ ¥É¸Ö ¸¶¥Í¨ ²Ó´Ò° ¡μ±¸, ¸μ¤¥·¦ Ð¨°
¢¢μ¤´μ¥ μ±´μ ¨ §¥·± ²μ ¤²Ö ² §¥·´μ£μ ¶ÊÎ± . ‚ ÔÉμ³ ¸²ÊÎ ¥ ² §¥·´Ò° ¶ÊÎμ± ¨ Ô²¥±-
É·μ´´Ò° ¶ÊÎμ± ¨¸¶μ²Ó§ÊÕÉ μ¤¨´ ¨ ÉμÉ ¦¥ Ê¸±μ·¨É¥²Ó´Ò° É· ±É ¨ Éμ²Ó±μ μÉ²¨Î ÕÉ¸Ö
É· ¥±Éμ·¨Ö³¨. “£μ² ¶ ¤¥´¨Ö ² §¥·´μ£μ ¶ÊÎ±  ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ê¤¥É ¡²¨§μ± ± 90◦. ’ -
±μ¥ ·¥Ï¥´¨¥ ¶·¨¢μ¤¨É ± μ¶·¥¤¥²¥´´Ò³ É·¥¡μ¢ ´¨Ö³ ¶μ ± Î¥¸É¢Ê ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¤²Ö
¨¸±²ÕÎ¥´¨Ö ¶μ¶ ¤ ´¨Ö ¥£μ ´  §¥·± ²μ. �Éμ μ¸μ¡¥´´μ ¢ ¦´μ ´  ¸É ¤¨¨ μÉ² ¤±¨ ¨ ¢  ¢ -
·¨°´ÒÌ ¸¨ÉÊ Í¨ÖÌ. ’ ±¦¥ ³μ£ÊÉ ¢μ§´¨±´ÊÉÓ ¸²μ¦´μ¸É¨ ¶·¨ ¤¨ £´μ¸É¨±¥ ¶ÊÎ±  ¶¥·¥¤
ÔÉ¨³ ¡μ±¸μ³, ´ ¶·¨³¥·, ¸ ¶μ³μÐÓÕ Í¨²¨´¤·  ” · ¤¥Ö ¨²¨ ²Õ³¨´μËμ· . �¥¦¥² É¥²Ó´Ò¥
Ö¢²¥´¨Ö ³μ¦¥É É ±¦¥ ¢Ò§¢ ÉÓ μÉ· ¦¥´´Ò° μÉ ± Éμ¤  ² §¥·´Ò° ²ÊÎ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨
¸μ ¸É¥´± ³¨ ±μ´¸É·Ê±Í¨¨. ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ μ¡  ¢ ·¨ ´É  ¶·¨¢μ¤ÖÉ ± Ê¸²μ¦´¥´¨Õ
±μ´¸É·Ê±Í¨¨ ËμÉμ¨´¦¥±Éμ· .

�·¨ · ¡μÉ¥ ËμÉμ± Éμ¤  ´  ¶·μ¸¢¥É ¸ÊÐ¥¸É¢¥´´μ Ê¶·μÐ ¥É¸Ö ¢¢μ¤ ² §¥·´μ£μ ¶ÊÎ± .
�μ ¶·¨ ÔÉμ³ ¢μ§´¨± ÕÉ μ¶·¥¤¥²¥´´Ò¥ ¸²μ¦´μ¸É¨, ¸¢Ö§ ´´Ò¥ ¸ ¨§£μÉμ¢²¥´¨¥³ ¨ Ô±¸¶²Ê-
 É Í¨¥° Éμ´±μ¶²¥´μÎ´μ£μ ËμÉμ± Éμ¤ .

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö ¢ �ˆŸˆ ¢¥¤ÊÉ¸Ö · ¡μÉÒ ¶μ ¸μ§¤ ´¨Õ ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ-
·  ¸ Ô´¥·£¨¥° Ô²¥±É·μ´μ¢ ¤μ 400 ±Ô‚. ‚ ¸É ÉÓ¥ ¤ ¥É¸Ö μ¶¨¸ ´¨¥ ¸μ§¤ ¢ ¥³μ£μ ¨´¦¥±Éμ· ,
μÉ²¨Î¨É¥²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ ±μÉμ·μ£μ Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ·¥¦¨³  · ¡μÉÒ ËμÉμ± -
Éμ¤  ´  ¶·μ¸¢¥É. Šμ´Í¥¶Í¨Ö ·¥¦¨³  · ¡μÉÒ ËμÉμ± Éμ¤  ´  ¶·μ¸¢¥É Å · §¢¨É¨¥ ¶·¥¤-
²μ¦¥´´μ° ¢ �ˆŸˆ ±μ´Í¥¶Í¨¨ ¶μ²μ£μ ËμÉμ± Éμ¤  [2, 3]. ‚ ËμÉμ¨´¦¥±Éμ·¥ ¶·¨³¥´Ö¥É¸Ö
Ê´¨± ²Ó´ Ö ² §¥·´ Ö ¸¨¸É¥³  ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¸¨´Ì·μ´¨§ Í¨¨ Î ¸ÉμÉÒ ¨ Ë §Ò ¸²¥¤μ¢ ´¨Ö
¨³¶Ê²Ó¸μ¢ ² §¥·  (¤²¨É¥²Ó´μ¸ÉÓ Å 10 ¶¸, ¤²¨´  ¢μ²´Ò Å 262 ´³, Ô´¥·£¨Ö Å 1,85 ³±„¦)
¸ Î ¸ÉμÉμ° · ¡μÉÒ ‚—-¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö. �·¨¢μ¤ÖÉ¸Ö ¶¥·¢Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥-
§Ê²ÓÉ ÉÒ · ¡μÉÒ DC-ËμÉμ¨´¦¥±Éμ·  ¨ · ¸¸³ É·¨¢ ÕÉ¸Ö ¤ ²Ó´¥°Ï¨¥ ¶² ´Ò ¶μ · §¢¨É¨Õ
Ê¸É ´μ¢±¨.
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1. ‘•…Œ� ���’�’ˆ�� DC-”�’�ˆ�†…Š’���

�¸´μ¢´Ò³¨ Î ¸ÉÖ³¨ ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  (·¨¸. 1, 2) Ö¢²ÖÕÉ¸Ö:
• ËμÉμ¶ÊÏ±  ¸ Ê¸±μ·ÖÕÐ¥° ¸É·Ê±ÉÊ·μ°;
• ² §¥·´Ò° ¤· °¢¥· ¸ μ¶É¨Î¥¸±μ° ²¨´¨¥° É· ´¸¶μ·É¨·μ¢±¨ ¨ ¸ μ¸² ¡¨É¥²¥³ ³μÐ´μ¸É¨

² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö;
• ¨¸ÉμÎ´¨± ¢Ò¸μ±μ¢μ²ÓÉ´μ£μ ´ ¶·Ö¦¥´¨Ö ¤μ 400 ±‚ (Glassman PS/OS400N3.5GE9);

�¨¸. 1. ‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ· 

�¨¸. 2. �¡Ð¨° ¢¨¤ ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ· : 1 Å ¢´¥Ï´ÖÖ ¸É¥´±  ² §¥·´μ° ±μ³´ ÉÒ; 2 Å

²¨´¨Ö É· ´¸¶μ·É¨·μ¢±¨ ² §¥·´μ£μ ²ÊÎ ; 3 Å Ê¸±μ·ÖÕÐ Ö ¸É·Ê±ÉÊ·  ¸ ËμÉμ± Éμ¤μ³; 4 Å ¢Ò¸μ±μ-

¢μ²ÓÉ´Ò° ¨¸ÉμÎ´¨± ¶¨É ´¨Ö



‡ ¶Ê¸± ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  (¤μ 400 ±Ô‚) ¢ ·¥¦¨³¥ · ¡μÉÒ ËμÉμ± Éμ¤  857

• ¸¨¸É¥³  ¤¨ £´μ¸É¨±¨, ¸μ¸ÉμÖÐ Ö ¨§ Í¨²¨´¤·  ” · ¤¥Ö, ¨§³¥·¨É¥²Ó´μ° ¥³±μ¸É¨
(´  ´¥° ´ ± ¶²¨¢ ¥É¸Ö § ·Ö¤), ·¥§¨¸Éμ·  (μ¡¥¸¶¥Î¨¢ ¥É¸Ö · §·Ö¤ ¨§³¥·¨É¥²Ó´μ° ¥³±μ-
¸É¨ ¸ ¶μ¸ÉμÖ´´μ° ¢·¥³¥´¨ τ = R · C) ¨ μ¸Í¨²²μ£· Ë  (¸ ¶μ³μÐÓÕ ±μÉμ·μ£μ ¨§³¥·Ö¥É¸Ö
Ê·μ¢¥´Ó ´ ¶·Ö¦¥´¨Ö ¨, ¸²¥¤μ¢ É¥²Ó´μ, § ·Ö¤ ³ ±·μ¨³¶Ê²Ó¸  Q = C · U );

• ¸¨¸É¥³  μÌ² ¦¤¥´¨Ö ² §¥·´μ£μ ¤· °¢¥· ;
• ¢ ±ÊÊ³´ Ö ¸¨¸É¥³ , μ¡¥¸¶¥Î¨¢ ÕÐ Ö ´¥μ¡Ìμ¤¨³Ò° ¢ ±ÊÊ³ ¢ Ê¸±μ·¨É¥²Ó´μ° ¸É·Ê±-

ÉÊ·¥ (´¥ ÌÊ¦¥ 2 · 10−8 ’μ··).

2. ‹�‡…��›‰ „��‰‚…�

‚ ± Î¥¸É¢¥ ² §¥·´μ£μ ¤· °¢¥·  ¨¸¶μ²Ó§Ê¥É¸Ö ¸μ§¤ ´´ Ö ¸μ¢³¥¸É´μ ¸ ˆ�” ��� ¸¨-
¸É¥³  [3, 4], ¸μ¸ÉμÖÐ Ö ´¥¶μ¸·¥¤¸É¢¥´´μ ¨§ ² §¥·´μ£μ ¤· °¢¥·  (·¨¸. 3, É ¡²¨Í ), ²¨´¨¨
É· ´¸¶μ·É¨·μ¢±¨ ¨§²ÊÎ¥´¨Ö ² §¥·´μ£μ ¤· °¢¥·  ´  ËμÉμ± Éμ¤ ¨ μ¸² ¡¨É¥²Ö ³μÐ´μ¸É¨
² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö VA-266 ±μ³¶ ´¨¨ LOTIS TII (ÎÉμ ¶μ§¢μ²Ö¥É ¨§³¥´ÖÉÓ ³μÐ´μ¸ÉÓ
² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¡¥§ ¨§³¥´¥´¨Ö ¶ · ³¥É·μ¢ ² §¥·´μ£μ ¤· °¢¥· ).

�¨¸. 3. ‚·¥³¥´´ Ö ¸É·Ê±ÉÊ·  ¨§²ÊÎ¥´¨Ö ² §¥·  ( ) ¨ μ¸Í¨²²μ£· ³³  ³ ±·μ¨³¶Ê²Ó¸  ¨§²ÊÎ¥´¨Ö
¢ Î¥É¢¥·Éμ° £ ·³μ´¨±¥ (¡)

�¸´μ¢´Ò¥ ¶ · ³¥É·Ò ² §¥·´μ£μ ¤· °¢¥· 

� · ³¥É· ‡´ Î¥´¨¥

„²¨´  ¢μ²´Ò, ´³ 260Ä266

„²¨É¥²Ó´μ¸ÉÓ ³¨±·μ¨³¶Ê²Ó¸ , ¶¸ 8Ä12

�´¥·£¨Ö ³¨±·μ¨³¶Ê²Ó¸ , ³±„¦ 1,85

„²¨É¥²Ó´μ¸ÉÓ ³ ±·μ¨³¶Ê²Ó¸ , ³±¸ 800

—¨¸²μ ³¨±·μ¨³¶Ê²Ó¸μ¢ ¢ ³ ±·μ¨³¶Ê²Ó¸¥ 8 000

— ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ³ ±·μ¨³¶Ê²Ó¸μ¢, ƒÍ 10

‹¨´¨Ö É· ´¸¶μ·É¨·μ¢±¨ ¢Ò¶μ²´Ö¥É ¸²¥¤ÊÕÐ¨¥ ËÊ´±Í¨¨:
Å ±μ³¶¥´¸¨·Ê¥É · ¸Ìμ¤¨³μ¸ÉÓ ¨§²ÊÎ¥´¨Ö ¶μ¸²¥ ±·¨¸É ²² -£¥´¥· Éμ·  Î¥É¢¥·Éμ° £ ·-

³μ´¨±¨ ‚‚�;
Å ¶¥·¥´μ¸¨É ¨§μ¡· ¦¥´¨¥ ±·Ê£²μ° ¤¨ Ë· £³Ò ¤¨ ³¥É·μ³ 5 ³³ ´  ËμÉμ± Éμ¤ ¸ Ê³¥´Ó-

Ï¥´¨¥³ 5 : 1 (¶μ²ÊÎ¥´Ò ÔËË¥±É¨¢´Ò¥ ¤¨ ³¥É·Ò ¶ÊÎ±  ´  ËμÉμ± Éμ¤¥ ¶μ ¢¥·É¨± ²¨ ¨
£μ·¨§μ´É ²¨ 758 ¨ 642 ³±³ ¸μμÉ¢¥É¸É¢¥´´μ);
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Å ¶μ¢μ· Î¨¢ ¥É ²¨´¥°´ÊÕ ¶μ²Ö·¨§ Í¨Õ ¨§²ÊÎ¥´¨Ö (£μ·¨§μ´É ²Ó´ÊÕ ¶μ¸²¥ ‚‚�) ´ 
¶·μ¨§¢μ²Ó´Ò° Ê£μ² ¶·¨ ¶μ³μÐ¨ ¶μ²Ê¢μ²´μ¢μ° ¶² ¸É¨´±¨;

Å ¶μ§¢μ²Ö¥É μ¸ÊÐ¥¸É¢²ÖÉÓ ¤¨ £´μ¸É¨±Ê ¶μ¶¥·¥Î´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ± , ¢·¥³¥´´μ°
Ëμ·³Ò ³ ±·μ¨³¶Ê²Ó¸  ¨ ³μÐ´μ¸É¨ “”-¨§²ÊÎ¥´¨Ö ¶¥·¥¤ ËμÉμ± Éμ¤μ³.

‚ ² §¥·´μ³ ¤· °¢¥·¥ ¶·¥¤Ê¸³μÉ·¥´  ¢μ§³μ¦´μ¸ÉÓ ¸¨´Ì·μ´¨§ Í¨¨ Î ¸ÉμÉÒ ¸²¥¤μ¢ ´¨Ö
¨ Ë §Ò ³¨±·μ¨³¶Ê²Ó¸μ¢ ¸ · ¡μÎ¥° Î ¸ÉμÉμ° ‚—-¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö.

3. Š�’�„�›‰ “‡…‹ ˆ “‘Š��Ÿ	™�Ÿ ‘’�“Š’“��

Š Éμ¤´Ò° Ê§¥², ±μÉμ·Ò° ¨¸¶μ²Ó§μ¢ ²¸Ö ¢ ¸¥ ´¸ Ì ¢  ¶·¥²¥ 2017 £., ¡Ò² ¸¤¥² ´ ´ 
¡ §¥ Ô²¥±É·μ´´μ° ¶ÊÏ±¨ ¸É·Ê±ÉÊ·Ò �¨·¸  (·¨¸. 4,  ). ‚ ± Î¥¸É¢¥ ± Éμ¤  ¨¸¶μ²Ó§μ¢ ² ¸Ó
³¥¤´ Ö ¸¥É±  ¸ · §³¥· ³¨ ÖÎ¥°±¨ 40× 40 ³±³ ¨ ¤¨ ³¥É·μ³ ¶·μ¢μ²μ±¨ 30 ³±³.

�¨¸. 4. Š Éμ¤´Ò° Ê§¥² ( ) ¨ Ê¸±μ·ÖÕÐ Ö ¸É·Ê±ÉÊ·  (¡)

“¸±μ·ÖÕÐ Ö ¸É·Ê±ÉÊ·   ´ ²μ£¨Î´  ¸É·Ê±ÉÊ·¥, ¨¸¶μ²Ó§Ê¥³μ° ¢ ¨´¦¥±Éμ·¥ Ê¸±μ·¨É¥²Ö
‹¨´ ±-200 [5], ¨ ¶·μ¨§¢¥¤¥´  Ë¨·³μ° Haimson Research Corporation (·¨¸. 4, ¡).

4. 
Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

‚  ¶·¥²¥ 2017 £. ´  ¸É¥´¤¥ ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  (·¨¸. 5) ¡Ò² ¶μ²ÊÎ¥´ ¶¥·¢Ò°
¶ÊÎμ± ËμÉμÔ²¥±É·μ´μ¢.

‚ ÔÉμ³ Ô±¸¶¥·¨³¥´É¥ ¡Ò²¨ § ·¥£¨¸É·¨·μ¢ ´Ò ³ ±·μ¨³¶Ê²Ó¸Ò Éμ±  ¸ ¸Ê³³ ·´Ò³ § ·Ö-
¤μ³ ¢ 15 ´Š², ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É Éμ±Ê ³¨±·μ¨³¶Ê²Ó¸  ¶μ·Ö¤±  200 ³�, ³ ±·μ¨³¶Ê²Ó¸  Å
20 ³±� ¨ ¸·¥¤´¥³Ê Éμ±Ê 150 ´� ¶·¨ Î ¸ÉμÉ¥ ¶μ¢Éμ·¥´¨Ö 10 ƒÍ. � ¶·Ö¦¥´¨¥ ´  ± -
Éμ¤¥ ¢ ÔÉμ³ ¸²ÊÎ ¥ ¡Ò²μ Ä80 ±‚. ‚ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¨¸¶μ²Ó§μ¢ ²¸Ö ËμÉμ± Éμ¤ ¨§
³¥¤´μ° ¸¥É±¨ ¸ · §³¥· ³¨ ÖÎ¥°±¨ 40× 40 ³±³ ¨ ¤¨ ³¥É·μ³ ¶·μ¢μ²μÎ±¨ 30 ³±³. ‡ ·Ö¤
Ô²¥±É·μ´´μ£μ ¸£Ê¸É±  ¨§³¥·Ö²¸Ö ¸ ¶μ³μÐÓÕ Í¨²¨´¤·  ” · ¤¥Ö, ¸μ¥¤¨´¥´´μ£μ ¸ §¥³²¥°
Î¥·¥§ ¨§³¥·¨É¥²Ó´Ò° ±μ´¤¥´¸ Éμ· ¥³±μ¸ÉÓÕ 1 ´”. � ¶·Ö¦¥´¨¥ ´  ±μ´¤¥´¸ Éμ·¥ ·¥£¨-
¸É·¨·μ¢ ²μ¸Ó μ¸Í¨²²μ£· Ëμ³ TDS 2024B. ‡ ·Ö¤ ³ ±·μ¨³¶Ê²Ó¸  ¢ÒÎ¨¸²Ö²¸Ö ¶μ Ëμ·³Ê²¥



‡ ¶Ê¸± ¶·μÉμÉ¨¶  DC-ËμÉμ¨´¦¥±Éμ·  (¤μ 400 ±Ô‚) ¢ ·¥¦¨³¥ · ¡μÉÒ ËμÉμ± Éμ¤  859

�¨¸. 5. ‘Ì¥³  Ô±¸¶¥·¨³¥´É  ( ) ¨ μ¸Í¨²²μ£· ³³  ´ ¶·Ö¦¥´¨Ö ´  Í¨²¨´¤·¥ ” · ¤¥Ö, ´¨¦´¨° ²ÊÎ (¡)

Q = CV , £¤¥ C Å ¥³±μ¸ÉÓ ¨§³¥·¨É¥²Ó´μ£μ ±μ´¤¥´¸ Éμ·  (1 ´”), V Å ³ ±¸¨³ ²Ó´μ¥
§´ Î¥´¨¥ ´ ¶·Ö¦¥´¨Ö ´  ÔÉμ° ¥³±μ¸É¨ (15 ‚) ¨ Q Å § ·Ö¤ (15 ´Š²).

‡�Š‹	—…�ˆ…

’ ±¨³ μ¡· §μ³, ´  ¸É¥´¤¥ ËμÉμ¨´¦¥±Éμ·  ‹”‚� �ˆŸˆ ¡Ò² ¸μ§¤ ´ ¶·μÉμÉ¨¶ DC-
ËμÉμ¨´¦¥±Éμ·  ¸ Ô´¥·£¨¥° Ô²¥±É·μ´μ¢ ¤μ 400 ±Ô‚. �É²¨Î¨É¥²Ó´μ° μ¸μ¡¥´´μ¸ÉÓÕ ¸μ-
§¤ ´´μ£μ ËμÉμ¨´¦¥±Éμ·  Ö¢²Ö¥É¸Ö ¨¸¶μ²Ó§μ¢ ´¨¥ ·¥¦¨³  · ¡μÉÒ ËμÉμ± Éμ¤  ´  ¶·μ¸¢¥É.
‚ ËμÉμ¨´¦¥±Éμ·¥ ¶·¨³¥´¥´  Ê´¨± ²Ó´ Ö ² §¥·´ Ö ¸¨¸É¥³  ¸ ¢μ§³μ¦´μ¸ÉÓÕ ¸¨´Ì·μ´¨§ -
Í¨¨ Î ¸ÉμÉÒ ¨ Ë §Ò ¸²¥¤μ¢ ´¨Ö ³¨±·μ¨³¶Ê²Ó¸μ¢ ² §¥·  (¤²¨É¥²Ó´μ¸ÉÓ ³¨±·μ¨³¶Ê²Ó¸  Å
10 ¶¸, ¤²¨´  ¢μ²´Ò Å 262 ´³, Ô´¥·£¨Ö ³¨±·μ¨³¶Ê²Ó¸  Å 1,85 ³±„¦, Î¨¸²μ ³¨±·μ¨³-
¶Ê²Ó¸μ¢ ¢ ³ ±·μ¨³¶Ê²Ó¸¥ Å 8000) ¸ Î ¸ÉμÉμ° · ¡μÉÒ ‚—-¸¨¸É¥³Ò Ê¸±μ·¨É¥²Ö. ‚  ¶·¥²¥
2017 £. ¡Ò² ¶μ²ÊÎ¥´ ¶ÊÎμ± Ô²¥±É·μ´μ¢ ¸ Ô´¥·£¨¥° 80 ±Ô‚ ¨ § ·Ö¤μ³ ¢ 15 ´Š² ¸ ËμÉμ± Éμ¤ 
¨§ ³¥¤´μ° ¸¥É±¨.

‚ ¡²¨¦ °Ï¨Ì ¶² ´ Ì ´  ¶·μÉμÉ¨¶¥ DC-ËμÉμ¨´¦¥±Éμ·  ¶·¥¤² £ ¥É¸Ö ¤μ¢¥¤¥´¨¥ Ô´¥·-
£¨¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¤μ ¶·μ¥±É´μ£μ §´ Î¥´¨Ö ¢ 400 ±Ô‚, · §¢¨É¨¥ ¸¨¸É¥³Ò ¤¨ £´μ¸É¨±¨
² §¥·´μ£μ ¶ÊÎ±  ¨ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  (¢ Î ¸É´μ¸É¨, ¨§³¥·¥´¨¥ Ô³¨ÉÉ ´¸ ), ¸μ§¤ ´¨¥ ¸¨-
¸É¥³Ò Ê¶· ¢²¥´¨Ö ¨ ±μ´É·μ²Ö.
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