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� §· ¡μÉ ´ ³¥Éμ¤ ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ Éμ·³μ§´μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö Ô²¥±-
É·μ´μ¢, Ê¸±μ·¥´´ÒÌ ¢ ² §¥·´μ° ¶² §³¥, ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ³ É·¨Í Medipix. �μ ¸· ¢´¥-
´¨Õ ¸ μ¡ÒÎ´μ ¶·¨³¥´Ö¥³Ò³¨ ¤²Ö É ±¨Ì ¨§³¥·¥´¨° ¤¥É¥±Éμ· ³¨ ´  μ¸´μ¢¥ ¸Í¨´É¨²²Ö-
Éμ·  ¨ ”�“, ¨¸¶μ²Ó§μ¢ ´¨¥ ³ É·¨ÍÒ ¶μ§¢μ²Ö¥É ´ ±μ¶¨ÉÓ ¸¶¥±É· §  £μ· §¤μ ³¥´ÓÏ¥¥
¢·¥³Ö. 	² £μ¤ ·Ö ÔÉμ³Ê ¢μ§³μ¦¥´ ¤¨´ ³¨Î¥¸±¨° ±μ´É·μ²Ó §  Ì · ±É¥·¨¸É¨± ³¨ ·¥´É-
£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¡Ò¸É· Ö ¶¥·¥¸É·μ°±  ¶ · ³¥É·μ¢ ² §¥·´μ£μ ¨¸ÉμÎ´¨±  ¤²Ö ¶μ-
²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó´ÒÌ ¢ÒÌμ¤  ¨ Ô´¥·£¨¨ ·¥´É£¥´μ¢¸±¨Ì ±¢ ´Éμ¢. �·¨¢¥¤¥´Ò ·¥§Ê²Ó-
É ÉÒ ¨§³¥·¥´¨° ·¥´É£¥´μ¢¸±¨Ì ¸¶¥±É·μ¢ ´  É¥· ¢ ÉÉ´μ³ Ë¥³Éμ¸¥±Ê´¤´μ³ ² §¥·´μ³
±μ³¶²¥±¸¥ Œ‹– Œƒ“ ¤²Ö · §²¨Î´ÒÌ ·¥¦¨³μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ² §¥·´μ£μ ¨§²ÊÎ¥´¨Ö ¸
¶² §³μ°.

A method for measuring the bremsstrahlung X-ray spectra of the electrons accelerated
in laser plasma using Medipix matrices has been developed. In comparison with the
scintillators and photomultiplier detectors commonly used for such measurements, the use
of the matrix allows accumulating the spectrum in a much shorter time. This makes
possible dynamic control of the X-ray radiation characteristics and rapid adjustment of
the laser source parameters to obtain the maximum yield and energy of X-ray radiation.
The results of measurements of X-ray spectra on the ILC MSU terawatt femtosecond laser
complex for various laserÄplasma interaction regimes are presented.
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‚ ¶μ¸²¥¤´¨¥ ¤¥¸ÖÉ¨²¥É¨Ö ¶·μ£·¥¸¸ ¢ · §¢¨É¨¨ Ë¥³Éμ¸¥±Ê´¤´ÒÌ ² §¥·´ÒÌ
¸¨¸É¥³ ¶·¨¢¥² ± ¶μÖ¢²¥´¨Õ ´μ¢ÒÌ ³¥Éμ¤μ¢ ² §¥·´μ-¶² §³¥´´μ£μ Ê¸±μ·¥´¨Ö
Ô²¥±É·μ´μ¢ [1,2], ±μÉμ·Ò¥ ¶μ§¢μ²ÖÕÉ ¸μ§¤ ¢ ÉÓ ±μ³¶ ±É´Ò¥ Ö·±¨¥ ¨¸ÉμÎ´¨±¨
Éμ·³μ§´μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö. �  É ±¨Ì ¨¸ÉμÎ´¨± Ì ¶·μ¢μ¤ÖÉ¸Ö Ô±¸-
¶¥·¨³¥´ÉÒ ¶μ ËμÉμ· ¸Ð¥¶²¥´¨Õ Ö¤¥· [3], £¥´¥· Í¨¨ ¶μ§¨É·μ´μ¢ [4], ¶μ²ÊÎ¥-
´¨Õ ¨§μ¡· ¦¥´¨° ³¥Éμ¤μ³ Ë §μ¢μ£μ ±μ´É· ¸É  [5]. „²Ö ¶·μ¢¥¤¥´¨Ö · ¸Î¥Éμ¢
¢ÒÌμ¤  ¶·μ¤Ê±Éμ¢ ËμÉμÖ¤¥·´ÒÌ ·¥ ±Í¨° ¨²¨ ¶μ§¨É·μ´μ¢ ´¥μ¡Ìμ¤¨³μ §´ ÉÓ
¸¶¥±É· ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö É ±μ£μ ¨¸ÉμÎ´¨± . �¡ÒÎ´μ ¤²Ö ÔÉμ£μ ¨¸-
¶μ²Ó§ÊÕÉ¸Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±Éμ·Ò ´  μ¸´μ¢¥ ±·¨¸É ²²μ¢ NaI ¨²¨ CsI.
„²Ö ±μ··¥±É´μ£μ ¨§³¥·¥´¨Ö ¸¶¥±É·  ´¥μ¡Ìμ¤¨³μ, ÎÉμ¡Ò É ±μ° ¤¥É¥±Éμ· · -
¡μÉ ² ¢ μ¤´μ±¢ ´Éμ¢μ³ ·¥¦¨³¥. �μ¸±μ²Ó±Ê ¶·μÍ¥¸¸Ò Ê¸±μ·¥´¨Ö ¢ ² §¥·´μ°
¶² §³¥ ¶·μ¨¸Ìμ¤ÖÉ ´  ¢·¥³¥´´μ³ ³ ¸ÏÉ ¡¥ ∼ 1 ¶¸, £¥´¥·¨·Ê¥³Ò° ·¥´É£¥´μ¢-
¸±¨° ¨³¶Ê²Ó¸ É ±¦¥ Ö¢²Ö¥É¸Ö μÎ¥´Ó ±μ·μÉ±¨³,   §´ Î¨É, §  μ¤¨´ ² §¥·´Ò°
¨³¶Ê²Ó¸ ¢μ§³μ¦´μ ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ Éμ²Ó±μ μ¡ μ¤´μ³ ¶μ¶ ¢Ï¥³ ¢ ¸Í¨´-
É¨²²ÖÉμ· ±¢ ´É¥. �Éμ §´ Î¨É, ÎÉμ ¤²Ö ´ ¡μ·  ¨´Ëμ·³ É¨¢´μ£μ ¸¶¥±É·  ´¥-
μ¡Ìμ¤¨³μ ´ ±μ¶¨ÉÓ ¸¨£´ ²Ò μÉ ¡μ²ÓÏμ£μ Î¨¸²  ² §¥·´ÒÌ ¢Ò¸É·¥²μ¢ (¶μ·Ö¤-
±  10 000). ˆ¸¶μ²Ó§μ¢ ´¨¥ ³ É·¨ÍÒ Medipix ¸μ±· Ð ¥É ¢·¥³Ö ´ ±μ¶²¥´¨Ö
¤μ 100 ² §¥·´ÒÌ ¢Ò¸É·¥²μ¢, ÎÉμ ¶μ§¢μ²Ö¥É ¤¨´ ³¨Î¥¸±¨ μÍ¥´¨¢ ÉÓ ¸¶¥±É·
¨ ³¥´ÖÉÓ ¶ · ³¥É·Ò Ô±¸¶¥·¨³¥´É  ¤²Ö ¤μ¸É¨¦¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ ¢ÒÌμ¤  ¨
Ô´¥·£¨¨ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö.

‚ ¤ ´´μ° · ¡μÉ¥ ¨§³¥·Ö²¨¸Ó Éμ·³μ§´Ò¥ ¸¶¥±É·Ò ¡Ò¸É·ÒÌ Ô²¥±É·μ´μ¢, ¶μ-
²ÊÎ¥´´ÒÌ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ Ë¥³Éμ¸¥±Ê´¤´μ£μ ² §¥·´μ£μ ¨³¶Ê²Ó¸  ¸ É¢¥·-
¤μÉ¥²Ó´μ° ³¨Ï¥´ÓÕ. Š μ¸´μ¢´μ³Ê Ë¥³Éμ¸¥±Ê´¤´μ³Ê ¨³¶Ê²Ó¸Ê ¡Ò² ¤μ¡ ¢²¥´
μ¶¥·¥¦ ÕÐ¨° ¥£μ ´ ´μ¸¥±Ê´¤´Ò°, ¸μ§¤ ¢ ¥³Ò° ¥Ð¥ μ¤´¨³ ² §¥·μ³. � ´μ-
¸¥±Ê´¤´Ò° ¨³¶Ê²Ó¸ ¸μ§¤ ¢ ² ´  ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨ ¶·¥¶² §³¥´´Ò° ¸²μ°,
¸ ±μÉμ·Ò³ ¢§ ¨³μ¤¥°¸É¢μ¢ ² μ¸´μ¢´μ° ¨³¶Ê²Ó¸. • · ±É¥· ¢§ ¨³μ¤¥°¸É¢¨Ö
³μ¦´μ ¡Ò²μ ¨§³¥´ÖÉÓ, ¢ ·Ó¨·ÊÖ § ¤¥·¦±Ê ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¨ ¢¥Ð¥¸É¢μ ³¨-
Ï¥´¨.
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‚ ± Î¥¸É¢¥ ¨¸ÉμÎ´¨±  μ¸´μ¢´μ£μ ² §¥·´μ£μ ¨³¶Ê²Ó¸  ¢ ´ Ï¨Ì Ô±¸¶¥·¨-
³¥´É Ì ¨¸¶μ²Ó§μ¢ ² ¸Ó ² §¥·´ Ö ¸¨¸É¥³  Ti:Sa (¤²¨´  ¢μ²´Ò Å 800 ´³, Î -
¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢ Å 10 ƒÍ, ³ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö ¨³¶Ê²Ó¸  Å
50 ³„¦, ³¨´¨³ ²Ó´ Ö ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Å 50 Ë¸, ³¨´¨³ ²Ó´Ò° ¤¨ -
³¥É· Ëμ±Ê¸¨·μ¢±¨ Å 2,5 ³±³, ³ ±¸¨³ ²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ´  ³¨Ï¥´¨ Å
5 ·1018 ‚É/¸³2, Ê·μ¢¥´Ó ±μ´É· ¸É  ´  ¶¨±μ¸¥±Ê´¤´μ° ¢·¥³¥´´μ° Ï± ²¥ Å
10−8). ˆ§²ÊÎ¥´¨¥ Ëμ±Ê¸¨·μ¢ ²μ¸Ó ¢´¥μ¸¥¢Ò³ ¶ · ¡μ²¨Î¥¸±¨³ §¥·± ²μ³
(F ∼ 5 ¸³) ´  ³μ²¨¡¤¥´μ¢ÊÕ ¨²¨ ¶² ¸É¨±μ¢ÊÕ ³¨Ï¥´Ó. „²Ö ¸μ§¤ ´¨Ö ´ 
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�¨¸. 1. ‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨: 1 Å Ë¥³Éμ¸¥±Ê´¤´μ¥ ² §¥·´μ¥ ¨§²ÊÎ¥´¨¥;
2 Å ¢ ±ÊÊ³´ Ö ± ³¥· ; 3 Å ¢´¥μ¸¥¢μ¥ ¶ · ¡μ²¨Î¥¸±μ¥ §¥·± ²μ; 4 Å ³¨Ï¥´Ó; 5 Å
¨§²ÊÎ¥´¨¥ ´ ´μ¸¥±Ê´¤´μ£μ ¨³¶Ê²Ó¸ ; 6 Å ¸¢¨´Íμ¢Ò° ±μ²²¨³ Éμ·; 7 Å ³¥É ²²¨Î¥¸±¨¥
Ë¨²ÓÉ·Ò; 8 Å ± ³¥·  Medipix

¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨ ¸²μÖ ¶·¥¶² §³Ò ¨¸¶μ²Ó§μ¢ ²¸Ö ² §¥· Nd:YAG (¤²¨´ 
¢μ²´Ò Å 1064 ´³, Î ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö ¨³¶Ê²Ó¸μ¢ Å 10 ƒÍ, ³ ±¸¨³ ²Ó´ Ö
Ô´¥·£¨Ö ¨³¶Ê²Ó¸  Å 200 ³„¦, ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  Å 10 ´¸ ¨ ³ ±¸¨³ ²Ó-
´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ´  ³¨Ï¥´¨ Å 1011 ‚É/¸³2). Œ¥´ÖÖ § ¤¥·¦±Ê ³¥¦¤Ê ¨³-
¶Ê²Ó¸ ³¨ ¶¥·¢μ£μ ¨ ¢Éμ·μ£μ ² §¥·μ¢ ¢ ¨´É¥·¢ ²¥ μÉ −50 ´¸ ¤μ +10 ´¸, ³μ¦´μ
¢ ·Ó¨·μ¢ ÉÓ ¶²μÉ´μ¸ÉÓ ¶·¥¶² §³¥´´μ£μ ¸²μÖ ¢ Ï¨·μ±μ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨°.
� §³¥· Ëμ± ²Ó´μ£μ ¶ÖÉ´  ¸μ¸É ¢²Ö¥É 70 ³±³ ¶·¨ Ëμ±Ê¸¨·μ¢±¥ ²¨´§μ° ¸ Ëμ-
±Ê¸´Ò³ · ¸¸ÉμÖ´¨¥³ 15 ¸³.

‘Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1. ”¥³Éμ¸¥-
±Ê´¤´μ¥ ² §¥·´μ¥ ¨§²ÊÎ¥´¨¥ (1) § ¢μ¤¨²μ¸Ó ¢ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê (2), μÉ± Î¨¢ -
¥³ÊÕ Ëμ·¢ ±ÊÊ³´Ò³ ´ ¸μ¸μ³, ¸ μ¸É ÉμÎ´Ò³ ¤ ¢²¥´¨¥³ £ §  ¶μ·Ö¤± 
10−2 ’μ··. ˆ§²ÊÎ¥´¨¥ ¶μ¶ ¤ ²μ ´  ¢´¥μ¸¥¢μ¥ ¶ · ¡μ²¨Î¥¸±μ¥ §¥·± ²μ (F/D =
3) ¸ §μ²μÉÒ³ ¶μ±·ÒÉ¨¥³ (3) ¨ Ëμ±Ê¸¨·μ¢ ²μ¸Ó ´  ³¨Ï¥´Ó ¢ ¢¨¤¥ £² ¤±μ° ¶² -
¸É¨´Ò ¦¥²¥§  (4) ¶μ¤ Ê£²μ³ 45◦ ± ´μ·³ ²¨ ± ¶μ¢¥·Ì´μ¸É¨ ³¨Ï¥´¨. ˆ§²ÊÎ¥´¨¥
´ ´μ¸¥±Ê´¤´μ£μ ² §¥·  (5) Ëμ±Ê¸¨·μ¢ ²μ¸Ó ´  ¶μ¢¥·Ì´μ¸ÉÓ ³¨Ï¥´¨ ¶μ μ¶É¨-
Î¥¸±μ³Ê É· ±ÉÊ Ë¥³Éμ¸¥±Ê´¤´μ£μ ¨§²ÊÎ¥´¨Ö Î¥·¥§ ¶ · ¡μ²¨Î¥¸±μ¥ §¥·± ²μ,
¤¨ ³¥É· ¶ÖÉ´  Ëμ±Ê¸¨·μ¢±¨ ¸μ¸É ¢²Ö² μ±μ²μ 20 ³±³ ¶·¨ Ô´¥·£¨¨ 100 ³„¦.
“¸±μ·¥´´Ò¥ ¢ ¶μ¢¥·Ì´μ¸É´μ³ ¶² §³¥´´μ³ ¸²μ¥ Ô²¥±É·μ´Ò ¶μ¶ ¤ ²¨ ¢£²Ê¡Ó
³¨Ï¥´¨, £¤¥ ¨ £¥´¥·¨·μ¢ ²μ¸Ó Éμ·³μ§´μ¥ ¨§²ÊÎ¥´¨¥.
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„²Ö ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ¦¥¸É±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ´ ³¨ ¡Ò² ¨¸-
¶μ²Ó§μ¢ ´  ¡¸μ²ÕÉ´μ ± ²¨¡·μ¢ ´´Ò° ¶μ Ô´¥·£¨¨ ³ É·¨Î´Ò° ¤¥É¥±Éμ· ¨μ´¨-
§¨·ÊÕÐ¥£μ ¨§²ÊÎ¥´¨Ö MediPix ModuPix. Œ É·¨Í  ¨³¥¥É Ë¨§¨Î¥¸±¨° · §³¥·
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¶¨±¸¥²Ö 55× 55 ³±³ ¨ μ¡Ð¥¥ ¨Ì ±μ²¨Î¥¸É¢μ 256× 256 ÏÉ. �μ²Ê¶·μ¢μ¤´¨±μ-
¢Ò¥ ¶μ§¨Í¨μ´´μ-ÎÊ¢¸É¢¨É¥²Ó´Ò¥ ¤¥É¥±Éμ·Ò ¸¥·¨¨ Medipix [6] ¶·¥¤¸É ¢²ÖÕÉ
¸μ¡μ° £¨¡·¨¤´Ò¥ ¤¥É¥±Éμ·Ò, ¢ ±μÉμ·ÒÌ ¶²μ¸±¨° ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò° ¸¥´¸μ·
¸μ¥¤¨´¥´ ¸μ ¸²μ¥³ ¸Î¨ÉÒ¢ ÕÐ¥° Ô²¥±É·μ´¨±¨. ‘¥´¸μ· Å ÔÉμ ¶μ²Ê¶·μ¢μ¤-
´¨±μ¢ Ö ¶² ¸É¨´  · §³¥·μ³ 14× 14 ³³ (¨¸¶μ²Ó§ÊÕÉ¸Ö ±·¥³´¨° (Si),  ·¸¥´¨¤
£ ²²¨Ö (GaAs), É¥²²Ê·¨¤ ± ¤³¨Ö (CdTe)), ¢ ±μÉμ·μ° ¶ ¤ ÕÐ¥¥ ¨§²ÊÎ¥´¨¥ ¨²¨
Î ¸É¨ÍÒ ¸μ§¤ ÕÉ Ô²¥±É·μ´´μ-¤Ò·μÎ´Ò¥ ¶ ·Ò ´μ¸¨É¥²¥° § ·Ö¤ . ‡ ·Ö¤ ¸μ¡¨-
· ¥É¸Ö ¸ Ô²¥±É·μ¤μ¢ ± ¦¤μ£μ ¶¨±¸¥²Ö ¸¥´¸μ·  ¨ ¶¥·¥´μ¸¨É¸Ö ¢ ¸²μ° ¸Î¨ÉÒ-
¢ ÕÐ¥° Ô²¥±É·μ´¨±¨, ¨§£μÉμ¢²¥´´μ° ´  μ¸´μ¢¥ É¥Ì´μ²μ£¨¨ ±μ³¶²¥³¥´É ·´μ°
¸É·Ê±ÉÊ·Ò ³¥É ²²Äμ±¸¨¤Ä¶μ²Ê¶·μ¢μ¤´¨±. �μ¶ ¤ ´¨¥ μ¤¨´μÎ´μ£μ ±¢ ´É  ´ 
¤¥É¥±Éμ· ¶·¨¢μ¤¨É ± § ¸¢¥É±¥ μ¤´μ£μ ¨²¨ ´¥¸±μ²Ó±¨Ì ¸μ¸¥¤´¨Ì ¶¨±¸¥²¥° (§ 
¸Î¥É · ¸¸¥Ö´¨Ö ±¢ ´Éμ¢ ¢Ò¸μ±μ° Ô´¥·£¨¨), ¸Ê³³¨·ÊÖ ¢±² ¤ ±μÉμ·ÒÌ ³μ¦´μ
μ¶·¥¤¥²¨ÉÓ Ô´¥·£¨Õ ± ¦¤μ£μ ±¢ ´É  ¸ ÉμÎ´μ¸ÉÓÕ ¶μ·Ö¤±  10%. Š ²¨¡·μ¢± 
¶μ Ô´¥·£¨¨ ¶·μ¢μ¤¨² ¸Ó ´  ¨¸ÉμÎ´¨±¥ Cs ¸ ²¨´¨¥° 662 ±Ô‚ (·¨¸. 2,  ). �·¨
¸¢¥É¨³μ¸É¨ ¨¸ÉμÎ´¨±  ∼ 104 ±¢ ´Éμ¢/¸ ¤¥É¥±Éμ·μ³ ¡Ò²μ § Ë¨±¸¨·μ¢ ´μ § 
¨´É¥£· ²Ó´μ¥ ¢·¥³Ö ´ ±μ¶²¥´¨Ö 150 ¸ ¨ É¥²¥¸´μ³ Ê£²¥ ·¥£¨¸É· Í¨¨ 1 · ¤
¶μ·Ö¤±  10 000 ¸μ¡ÒÉ¨°, ÎÉμ ¤ ¥É ÔËË¥±É¨¢´μ¸ÉÓ ¶·¨ Ô´¥·£¨¨ 661 ±Ô‚ ¶μ-
·Ö¤±  5%, ÎÉμ ¢ Í¥²μ³ ´ Ìμ¤¨É¸Ö ¢ Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¸ É¥μ·¥É¨Î¥¸±μ° ± ²¨-
¡·μ¢μÎ´μ° ±·¨¢μ°, ¶·¥¤¸É ¢²¥´´μ° ´  ·¨¸. 2, ¡ [7].

	μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¶¨±¸¥²¥° ¶μ§¢μ²Ö¥É ·¥£¨¸É·¨·μ¢ ÉÓ ¢ μ¤´μ³ ± ¤·¥
¸· §Ê ¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ±¢ ´Éμ¢ (¶·¨ Ê¸²μ¢¨¨ ´¥ ¶¥·¥±·Ò¢ ´¨Ö ¤¢ÊÌ ¸μ¸¥¤-
´¨Ì § ¸¢¥Î¥´´ÒÌ μ¡² ¸É¥° ´  ³ É·¨Í¥) ¨ ¨§³¥·ÖÉÓ ¸¶¥±É· ¶² §³Ò §  μ£· ´¨-
Î¥´´μ¥ ±μ²¨Î¥¸É¢μ ¢Ò¸É·¥²μ¢ (¶μ·Ö¤±  ´¥¸±μ²Ó±¨Ì ¸μÉ¥´). „²Ö μ¡¥¸¶¥Î¥´¨Ö
´¥μ¡Ìμ¤¨³μ° § £·Ê§±¨ ¤¥É¥±Éμ·  μ´ ¡Ò² μÉμ¤¢¨´ÊÉ ´  · ¸¸ÉμÖ´¨¥ ¶μ·Ö¤± 
1 ³ μÉ ¶² §³Ò,   É ±¦¥ ¢μ ¨§¡¥¦ ´¨¥ ¶μ¶ ¤ ´¨Ö ÏÊ³μ¢ÒÌ · ¸¸¥Ö´´ÒÌ ±¢ ´-
Éμ¢ ´  ¶ÊÉ¨ μÉ ¶² §³Ò ¤μ ¤¥É¥±Éμ·  ¡Ò² ¸μμ·Ê¦¥´ ·¥´É£¥´μ¢¸±¨° ±μ²²¨³ Éμ·

�¨¸. 2.  ) �É±²¨± ¤¥É¥±Éμ·  ´  ¨¸ÉμÎ´¨± ‘s-137 ¸ ²¨´¨¥° 662 ±Ô‚. ¡) ŠμÔËË¨Í¨¥´É
¶μ£²μÐ¥´¨Ö ¤¥É¥±Éμ·  ´  Î¨¶¥ CdTe Éμ²Ð¨´μ° 1 ³³
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¨§ ¤¢ÊÌ ¸¢¨´Íμ¢ÒÌ ¡²μ±μ¢ Éμ²Ð¨´μ° 5 ¸³ c μÉ¢¥·¸É¨Ö³¨, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
Ê£²μ¢μ³Ê · §³¥·Ê ³ É·¨ÍÒ. —Éμ¡Ò μÉ¸¥ÎÓ ¡μ²ÓÏμ° ¶μÉμ± ´¨§±μÔ´¥·£¥É¨Î´ÒÌ
±¢ ´Éμ¢, ¢ ±μ²²¨³ Éμ· ¢¸É ¢²Ö²¸Ö ¸¢¨´Íμ¢Ò° ²¨¸É Éμ²Ð¨´μ° 1 ³³.

ˆ§ ËÊ´±Í¨¨ ¶μ£²μÐ¥´¨Ö ¢¨¤´μ, ÎÉμ ±¢ ´ÉÒ ¸ Ô´¥·£¨¥° ¡μ²¥¥ 200 ±Ô‚
·¥£¨¸É·¨·ÊÕÉ¸Ö ¸ μÎ¥´Ó ´¥¢Ò¸μ±μ° ¢¥·μÖÉ´μ¸ÉÓÕ. ‘ ÊÎ¥Éμ³ Ô±¸¶μ´¥´Í¨ ²Ó´μ
¸¶ ¤ ÕÐ¥£μ ¸¶¥±É·  ² §¥·´μ° ¶² §³Ò ÔÉμ ¶·¨¢μ¤¨É ± Éμ³Ê, ÎÉμ ·¥£¨¸É· Í¨Ö
±¢ ´É  ¸ Ô´¥·£¨° ¡μ²ÓÏ¥ 200 ±Ô‚ ´¨ÎÉμ¦´μ ³ ² . ‚ ¸μ¢μ±Ê¶´μ¸É¨ ¸ Ë¨²Ó-
É·μ³, μÉ¸¥± ÕÐ¨³ ±¢ ´ÉÒ ¸ Ô´¥·£¨° ³¥´¥¥ 100 ±Ô‚, ÔÉμ ¤ ¥É Ê´¨± ²Ó´ÊÕ
¢μ§³μ¦´μ¸ÉÓ ¨§³¥·ÖÉÓ ¸¶¥±É· ¶² §³Ò ¢ ¤¨ ¶ §μ´¥ 50Ä200 ±Ô‚, ±μÉμ·Ò° Î Ð¥
¢¸¥£μ μ± §Ò¢ ¥É¸Ö § ±·ÒÉ ¤²Ö ¤¥É¥±É¨·μ¢ ´¨Ö ¤·Ê£¨³¨ ³¥Éμ¤ ³¨: ¶μ²Ê¶·μ¢μ¤-
´¨±μ¢Ò¥ ¤¥É¥±Éμ·Ò ¸ ¢Ò¸μ±¨³ · §·¥Ï¥´¨¥³ (¶μ·Ö¤±  100 ±Ô‚) · ¸¸Î¨É ´Ò ´ 
¤¨ ¶ §μ´ ¤μ 30Ä50 ±Ô‚, ¢ Éμ ¢·¥³Ö ± ± £·μ³μ§¤±¨¥ ¸Í¨´É¨²²ÖÍ¨μ´´Ò¥ ¤¥É¥±-
Éμ·Ò ´¥μ¡Ìμ¤¨³μ ¸¨²Ó´μ § ±·Ò¢ ÉÓ μÉ ¶μÉμ±  ±¢ ´Éμ¢ ³¥´¥¥ 500 ±Ô‚, ÎÉμ¡Ò
¢Ò¢¥¸É¨ ¨Ì ¢ μ¤´μ±¢ ´Éμ¢Ò° ·¥¦¨³ ´ ±μ¶²¥´¨Ö ¸¶¥±É· . 	μ²¥¥ Éμ£μ, ¥¸²¨
¶·¨´¨³ ÉÓ ¢μ ¢´¨³ ´¨¥ Éμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ, ÎÉμ ±¢ ´ÉÒ ¸ Ô´¥·£¨¥° ¤μ 200 ±Ô‚
¶·¥¨³ÊÐ¥¸É¢¥´´μ ¨¸¶ÒÉÒ¢ ÕÉ ËμÉμÔ²¥±É·μ´´μ¥ ¶μ£²μÐ¥´¨¥ ¢ ¢¥Ð¥¸É¢¥, Éμ
ÔÉμ, ¶μ ¡μ²ÓÏμ³Ê ¸Î¥ÉÊ, ¨§¡ ¢²Ö¥É μÉ ´¥μ¡Ìμ¤¨³μ¸É¨ ¶·μ¢¥¤¥´¨Ö ¸²μ¦´μ£μ
Œμ´É¥-Š ·²μ-³μ¤¥²¨·μ¢ ´¨Ö ¤²Ö ÊÎ¥É  ¸μ¡ÒÉ¨° ±μ³¶Éμ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö,
·μ¦¤¥´¨Ö ¶ ·Ò, ±μ£¥·¥´É´μ£μ Éμ³¸μ´μ¢¸±μ£μ · ¸¸¥Ö´¨Ö. �¥μ¡Ìμ¤¨³μ ²¨ÏÓ
ÊÎ¥¸ÉÓ ËÊ´±Í¨Õ ¶μ£²μÐ¥´¨Ö ¤¥É¥±Éμ· . ’¥³ ´¥ ³¥´¥¥ ´ ³¨ ¡Ò²μ ¶·μ¢¥¤¥´μ
É ±μ¥ ³μ¤¥²¨·μ¢ ´¨¥ [8] ¤²Ö ¨¸¶· ¢²¥´¨Ö ¸¶¥±É· ²Ó´ÒÌ ¨¸± ¦¥´¨°.

�  ·¨¸. 3 ¨§μ¡· ¦¥´Ò ¸¶¥±É·Ò ¦¥¸É±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¶² §³Ò
¤²Ö · §´ÒÌ ¸²ÊÎ ¥¢ μ¡²ÊÎ¥´¨Ö ³¨Ï¥´¨. ‚ ¸²ÊÎ ¥ μÉ¸ÊÉ¸É¢¨Ö ¶·¥¤Ò³¶Ê²Ó¸  ¢Ò-
Ìμ¤ ´ ¨³¥´ÓÏ¨°; ¢±²ÕÎ¥´¨¥ ´ ´μ¸¥±Ê´¤´μ£μ ¶·¥¤Ò³¶Ê²Ó¸  ´  ³¥É ²²¨Î¥¸±μ°

�¨¸. 3. ‘¶¥±É·Ò ¦¥¸É±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¶² §³Ò ¤²Ö · §²¨Î´ÒÌ ·¥¦¨³μ¢
μ¡²ÊÎ¥´¨Ö
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³¨Ï¥´¨ ¶μ§¢μ²Ö¥É §´ Î¨É¥²Ó´μ Ê¢¥²¨Î¨ÉÓ ±μ²¨Î¥¸É¢μ ¨ Ô´¥·£¨Õ ·¥´É£¥´μ¢-
¸±¨Ì ±¢ ´Éμ¢; ´ ¨¡μ²ÓÏ¨° ¢ÒÌμ¤ ¨ Ô´¥·£¨Ö ¶μ²ÊÎ¥´Ò ´  ¶²¥´μÎ´ÒÌ ³¨Ï¥-
´ÖÌ. �μ¤·μ¡´Ò° · §¡μ· · §²¨Î´ÒÌ ·¥¦¨³μ¢ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ É¢¥·¤μÉ¥²Ó´μ°
³¨Ï¥´ÓÕ ¶·¨¢¥¤¥´ ¢ [9]. • · ±É¥·´Ò° ¸¶ ¤ ¢ ´ Î ²¥ ¸¶¥±É·μ¢ ¸¢Ö§ ´ ¸ ´ -
²¨Î¨¥³ ¸¢¨´Íμ¢μ£μ Ë¨²ÓÉ· .

‡�Š‹�—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¶·¥¤²μ¦¥´  ³¥Éμ¤¨±  ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ Éμ·³μ§´μ£μ
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö Ê¸±μ·¥´´ÒÌ ¢ ² §¥·´μ° ¶² §³¥ Ô²¥±É·μ´μ¢. �¸´μ¢-
´Ò³ ¶·¥¨³ÊÐ¥¸É¢μ³ ÔÉμ£μ ³¥Éμ¤  Ö¢²Ö¥É¸Ö ¢Ò¸μ± Ö ¸±μ·μ¸ÉÓ ´ ±μ¶²¥´¨Ö
¸¶¥±É·  (´¥¸±μ²Ó±μ ¸μÉ¥´ ² §¥·´ÒÌ ¢Ò¸É·¥²μ¢) ¶μ ¸· ¢´¥´¨Õ ¸ μ¡ÒÎ´Ò³¨
³¥Éμ¤ ³¨ (∼ 10 000 ² §¥·´ÒÌ ¢Ò¸É·¥²μ¢). �¥¤μ¸É É±μ³ ¨¸¶μ²Ó§Ê¥³μ£μ ¤¥É¥±-
Éμ·  Ö¢²Ö¥É¸Ö ¸¶ ¤ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ¶·¨ Ô´¥·£¨ÖÌ ¡μ²¥¥ 1 ŒÔ‚. ‘ ÊÎ¥Éμ³
´¥¢Ò¸μ±μ° ¢·¥³¥´´μ° ¸É ¡¨²Ó´μ¸É¨ ² §¥·´μ-¶² §³¥´´ÒÌ ¨¸ÉμÎ´¨±μ¢ ¨ ´¥μ¡-
Ìμ¤¨³μ¸É¨ ¶μ¨¸±  μ¶É¨³ ²Ó´ÒÌ ¶ · ³¥É·μ¢ ¢ Ìμ¤¥ Ô±¸¶¥·¨³¥´É  ¨¸¶μ²Ó§μ¢ -
´¨¥ É ±¨Ì ³ É·¨Î´ÒÌ ¤¥É¥±Éμ·μ¢ Ö¢²Ö¥É¸Ö ±· °´¥ ¢Ò£μ¤´Ò³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ ¶μ¤¤¥·¦±¥ �””ˆ (£· ´É º 16-02-00213).
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