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� Í¨μ´ ²Ó´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° Ê´¨¢¥·¸¨É¥É ®Œ�ˆ¯, Œμ¸±¢ 

� §¢¨É¨¥ Ê¸±μ·¨É¥²Ó´μ° ¨ ² §¥·´μ° É¥Ì´¨±¨ ¸¤¥² ²μ ¢μ§³μ¦´Ò³ ¶μ²ÊÎ¥´¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î-
´ÒÌ ¶ÊÎ±μ¢ ¨§²ÊÎ¥´¨Ö. ‚§ ¨³μ¤¥°¸É¢¨¥ É ±¨Ì ¶ÊÎ±μ¢ ¸ ³μ´μ¤¨¸¶¥·¸´Ò³¨ ³¨Ï¥´Ö³¨ ¶μ§¢μ²¨É:
¨§ÊÎ ÉÓ ¢¥Ð¥¸É¢μ ¢ Ô±¸É·¥³ ²Ó´μ³ ¸μ¸ÉμÖ´¨¨; ¸μ§¤ ¢ ÉÓ ±μ³¶ ±É´Ò¥ Ê¸±μ·¨É¥²¨ Ô²¥±É·μ´μ¢, ¶·μ-
Éμ´μ¢ ¨ ÉÖ¦¥²ÒÌ ¨μ´μ¢; ¤ ¸É ¢μ§³μ¦´μ¸ÉÓ ¶·μ¨§¢μ¤¨ÉÓ ¨§μÉμ¶Ò ¨ · §· ¡ ÉÒ¢ ÉÓ ´μ¢Ò¥ ³¥Éμ¤Ò ¢
Ö¤¥·´μ° ³¥¤¨Í¨´¥; ¸μ§¤ ¢ ÉÓ ´μ¢Ò¥ ¨¸ÉμÎ´¨±¨ ¨§²ÊÎ¥´¨Ö ¤²Ö ³¨±·μ- ¨ ´ ´μÔ²¥±É·μ´¨±¨. ‚ ¸É ÉÓ¥
¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¶·μ¡²¥³ ¶μ²ÊÎ¥´¨Ö ¨ ¨¸¶μ²Ó§μ¢ ´¨Ö ¢ ¶·¨±² ¤´ÒÌ § ¤ Î Ì
Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¨ ³μ´μ¤¨¸¶¥·¸´ÒÌ ³¨Ï¥´¥° ¨§ ±·¨μ£¥´´ÒÌ ¦¨¤±μ¸É¥° (¢μ¤μ·μ¤,  §μÉ ¨ É. ¤.)
¨ · §²¨Î´ÒÌ ³¥É ²²μ¢.

Development of accelerating technique made possible receiving the high-energy beams of radiation.
Interaction of such beams with cryogenic mono-disperse targets will allow one to solve a number of
fundamental problems of nuclear physics: to study substance in an extreme state; to create compact
accelerators of electrons, protons and heavy ions; will give the chance to make isotopes and to develop
new methods in nuclear medicine; to create new sources of radiation for micro- and nanoelectronics.
Results on a research of receiving and use of monodisperse targets from cryogenic liquids (hydrogenium,
nitrogen, etc.) and various metals in applied problems of accelerating technique are presented in the
report.

PACS: 29.20.-c; 29.90.+r; 41.75.Jv
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�¸´μ¢μ° ·Ö¤  μ¡² ¸É¥° ´ Ê±¨ ¨ É¥Ì´¨±¨ É ±¨Ì, ± ± Ô±¸¶¥·¨³¥´ÉÒ ´  Ê¸±μ·¨É¥²ÖÌ ¨
´μ¢Ò¥ ² §¥·´Ò¥ É¥Ì´μ²μ£¨¨, Ö¢²Ö¥É¸Ö ¢§ ¨³μ¤¥°¸É¢¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î´ÒÌ · ¤¨ Í¨μ´´ÒÌ
¶ÊÎ±μ¢ ¸ ¢¥Ð¥¸É¢μ³ ³¨Ï¥´¨.

‚ Ô±¸¶¥·¨³¥´É Ì ´  Ê¸±μ·¨É¥²ÖÌ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î´μ£μ ¶ÊÎ±  ¸ ³¨Ï¥-
´ÓÕ ¨¸¶μ²Ó§Ê¥É¸Ö ¤²Ö ·¥Ï¥´¨Ö ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶·μ¡²¥³ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í
¨ ¤²Ö ¨§ÊÎ¥´¨Ö Ô±¸É·¥³ ²Ó´ÒÌ ¸μ¸ÉμÖ´¨° ³ É¥·¨¨ [1, 2].

‚ ´μ¢ÒÌ ² §¥·´ÒÌ É¥Ì´μ²μ£¨ÖÌ ¢§ ¨³μ¤¥°¸É¢¨¥ ¢Ò¸μ±μÔ´¥·£¥É¨Î´μ£μ ² §¥·´μ£μ ¨§-
²ÊÎ¥´¨Ö ¸ ³¨Ï¥´ÓÕ ¶·¨¢μ¤¨É ± μ¡· §μ¢ ´¨Õ ¶² §³Ò ¸ ¸¨²Ó´Ò³ ¶·μ¤μ²Ó´Ò³ Ô²¥±É·μ-
¸É É¨Î¥¸±¨³ ¶μ²¥³ ¨ ¶μÖ¢²¥´¨Õ Ê²ÓÉ· Ë¨μ²¥Éμ¢μ£μ ¨§²ÊÎ¥´¨Ö ¸ Ô±¸É·¥³ ²Ó´μ ³ ²μ°
¤²¨´μ° ¢μ²´Ò (extreme ultra violet Å EUV) [3]. ˆ¸¶μ²Ó§μ¢ ´¨¥ EUV-¨§²ÊÎ¥´¨Ö ¢ ´ -
´μÉ¥Ì´μ²μ£¨Î¥¸±μ³ ¶·μÍ¥¸¸¥ ¨§£μÉμ¢²¥´¨Ö ³¨±·μ¸Ì¥³ ¶μ§¢μ²¨É ¸ÊÐ¥¸É¢¥´´μ ¶μ¢Ò¸¨ÉÓ
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¶²μÉ´μ¸ÉÓ ´ ¸ÒÐ¥´¨Ö ³¨±·μ¸Ì¥³ ¶μ²Ê¶·μ¢μ¤´¨±μ¢Ò³¨ Ô²¥³¥´É ³¨. …¸²¨ ¤μ¶μ²´¨É¥²Ó-
´Ò° ¶ÊÎμ± Ô²¥±É·μ´μ¢ ¶· ¢¨²Ó´μ ¨´¦¥±É¨·μ¢ ÉÓ ¢ μ¡· §μ¢ ¢Ï¥¥¸Ö ¶² §³¥´´μ¥ ¶μ²¥, Éμ
¥£μ ³μ¦´μ ÔËË¥±É¨¢´μ Ê¸±μ·¨ÉÓ. �·¨Î¥³ ¢ ÔÉμ³ ¸²ÊÎ ¥ É¥³¶ Ê¸±μ·¥´¨Ö ³μ¦¥É ¤μ¸É¨-
£ ÉÓ 100 ŒÔ‚/³³. ‚Ò¸μ±¨° É¥³¶ Ê¸±μ·¥´¨Ö ¶μ§¢μ²Ö¥É ¸ÊÐ¥¸É¢¥´´μ Ê³¥´ÓÏ¨ÉÓ · §³¥·Ò
Ê¸±μ·¨É¥²Ö ¨ ¸μ§¤ ¢ ÉÓ É ± ´ §Ò¢ ¥³Ò¥ ´ ¸Éμ²Ó´Ò¥ Ê¸±μ·¨É¥²¨ [4]. ‚ ¸¢μÕ μÎ¥·¥¤Ó,
¢§ ¨³μ¤¥°¸É¢ÊÖ ¸ Ê¸±μ·¥´´Ò³¨ Ô²¥±É·μ´ ³¨, ¶² §³  ¸ ³  ³μ¦¥É ¸É ÉÓ ¨¸ÉμÎ´¨±μ³ · §-
²¨Î´ÒÌ Ö¤¥·´ÒÌ ¨§²ÊÎ¥´¨°. ‚¨¤ ¨§²ÊÎ¥´¨Ö § ¢¨¸¨É μÉ ¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  ¨ μÉ ¢¥Ð¥¸É¢ 
³¨Ï¥´¨. �·¨ ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ¸É¨ ¨§²ÊÎ¥´¨Ö ¨ ¸¶¥Í¨ ²Ó´μ ¢Ò¡· ´´μ³ ¢¥Ð¥¸É¢¥ ³¨-
Ï¥´¨ ¢μ§³μ¦¥´ Í¥²Ò° ¸¶¥±É· É¥·³μÖ¤¥·´ÒÌ ·¥ ±Í¨° ¸ ¢ÒÌμ¤μ³ ´¥°É·μ´μ¢, γ-±¢ ´Éμ¢,
α-Î ¸É¨Í ¨ ¤·Ê£¨Ì Ö¤¥·´ÒÌ ¨§²ÊÎ¥´¨° [5].

‚ ´ ¸ÉμÖÐ¥¥ ¢·¥³Ö Ï¨·μ±μ¥ ¶·¨³¥´¥´¨¥ ´ Ï²¨ ³¨Ï¥´¨ ¸²¥¤ÊÕÐ¨Ì É¨¶μ¢: £ §μ¢Ò¥,
±² ¸É¥·´Ò¥, ¦¨¤±¨¥ ¨ É¢¥·¤Ò¥ ±·¨μ£¥´´Ò¥ ³¨Ï¥´¨, ³¨Ï¥´¨ ¨§ Ëμ²Ó£¨, ¶·μ¢μ²μÎ´Ò¥ ³¨-
Ï¥´¨. �¤´ ±μ ³¨Ï¥´¨ ¸É ·ÒÌ É¨¶μ¢ ´¥ ¶μ§¢μ²ÖÕÉ ·¥ ²¨§μ¢ ÉÓ ¢¸¥ ¢μ§³μ¦´μ¸É¨ ´μ¢μ°
Ê¸±μ·¨É¥²Ó´μ° É¥Ì´¨±¨. ‚Ò§¢ ´μ ÔÉμ É¥³, ÎÉμ É ±¨¥ ³¨Ï¥´¨ ¨³¥ÕÉ ¸²¥¤ÊÕÐ¨¥ ´¥¤μ-
¸É É±¨: ¡μ²ÓÏ Ö Ëμ´μ¢ Ö § ¸¢¥É± ; ³ ² Ö ÉμÎ´μ¸ÉÓ (¢¸²¥¤¸É¢¨¥ ¡μ²ÓÏ¨Ì · §³¥·μ¢ ³¨-
Ï¥´¨) μ¶·¥¤¥²¥´¨Ö ³¥¸É  ¨ Ì · ±É¥·¨¸É¨± ¶·μ¨§μÏ¥¤Ï¥£μ ¢§ ¨³μ¤¥°¸É¢¨Ö; ¤²¨É¥²Ó´μ¥
¢·¥³Ö ¢μ¸¸É ´μ¢²¥´¨Ö ³¨Ï¥´ÓÕ ¸¢μ¥£μ ¶¥·¢μ´ Î ²Ó´μ£μ ¸μ¸ÉμÖ´¨Ö.

�É ÔÉ¨Ì ´¥¤μ¸É É±μ¢ ¸¢μ¡μ¤´Ò ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¨Ï¥´¨, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸μ¡μ° ¶μ-
Éμ±¨ μ¤¨´ ±μ¢ÒÌ ¦¨¤±¨Ì ± ¶¥²Ó ¨²¨ É¢¥·¤ÒÌ £· ´Ê² (³¨Ï¥´¥°) · §³¥·μ³ μÉ 10 ³±³
¤μ 1 ³³, ¸±μ·μ¸ÉÓÕ ¤μ 100 ³/¸ ¨ Î ¸ÉμÉμ° ¶μÖ¢²¥´¨Ö ¢ ÉμÎ±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¤μ
500 ±ƒÍ. Œ¨Ï¥´¨ μ¡² ¤ ÕÉ Ê´¨± ²Ó´Ò³¨ ¸¢μ°¸É¢ ³¨: ¢Ò¸μ±μ° ¸¢¥É¨³μ¸ÉÓÕ
∼ 1032 ¸³−2· ¸−1, ¨¤¥ ²Ó´μ° ¸Ë¥·¨Î´μ¸ÉÓÕ; ¨³ ´¥ ´Ê¦´μ ¤μ¶μ²´¨É¥²Ó´μ£μ ¢´¥Ï´¥£μ
μÌ² ¦¤¥´¨Ö; μÉ¸ÊÉ¸É¢Ê¥É ´ ¢¥¤¥´´ Ö  ±É¨¢´μ¸ÉÓ; ³¨Ï¥´Ó ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ³´μ£μ · §;
¤¨¸¶¥·¸¨Ö ¶μ ¸±μ·μ¸É¨, · §³¥·Ê ¨ ÉμÎ±¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ ¶ÊÎ±μ³ ´¥ ¶·¥¢ÒÏ ¥É 0,1 %.

‚ μ¸´μ¢¥ ¶μ²ÊÎ¥´¨Ö ³¨Ï¥´¥° Å É¥μ·¨Ö �Ô²¥ÖÄ‚¥¡¥·  [6]. ‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ ÔÉμ°
É¥μ·¨¥° ²Õ¡ Ö ¦¨¤± Ö ¸É·ÊÖ ´¥Ê¸Éμ°Î¨¢  ± ¢´¥Ï´¨³ ¢μ§³ÊÐ¥´¨Ö³ ¶μ¢¥·Ì´μ¸É¨. �·¨
μ¶·¥¤¥²¥´´μ³ ¸μμÉ´μÏ¥´¨¨ ³¥¦¤Ê ¸±μ·μ¸ÉÓÕ ¸É·Ê¨, ¤¨ ³¥É·μ³ ¸É·Ê¨, ¢Ö§±μ¸ÉÓÕ ¨ Î -
¸ÉμÉμ° ¢´¥Ï´¥£μ ¢μ§³ÊÐ¥´¨Ö ¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´  ± ¶²¨ ¸ ³¨´¨³ ²Ó´Ò³ · §¡·μ¸μ³ ¶μ
¸±μ·μ¸É¨ ¨ · §³¥· ³ (³μ´μ¤¨¸¶¥·¸´Ò¥ ± ¶²¨). ‚ Í¥²μ³ É¥μ·¨Ö �Ô²¥ÖÄ‚¥¡¥·   ¤¥±¢ É´μ
μ¶¨¸Ò¢ ¥É ¶·μÍ¥¸¸ ¶μ²ÊÎ¥´¨Ö ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó´ÒÌ ¶μÉμ±μ¢, ´ Î¨´ Ö μÉ ¸É·Ê°
±·¨μ£¥´´ÒÌ ¦¨¤±μ¸É¥° ¨ ±μ´Î Ö ¸É·ÊÖ³¨ · ¸¶² ¢²¥´´μ£μ ³¥É ²² .

� ¨¡μ²¥¥ ¨´É¥·¥¸´Ò, ¸ ÉμÎ±¨ §·¥´¨Ö ¢μ§³μ¦´ÒÌ ¶·¨³¥´¥´¨°, ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¨-
Ï¥´¨ ¨§ ±·¨μ£¥´´ÒÌ ¦¨¤±μ¸É¥° ¨ ³¥É ²²¨Î¥¸±¨¥ ³¨Ï¥´¨. �¨¦¥ ¶·¥¤¸É ¢²¥´μ μ¶¨¸ ´¨¥
¶·¨´Í¨¶  · ¡μÉÒ, ¢μ§³μ¦´Ò° ±μ´¸É·Ê±Í¨μ´´Ò° ¢¨¤ ¨ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¨¸¸²¥¤μ¢ ´¨° Ì · ±É¥·¨¸É¨± Ê¸É ´μ¢μ± ¶μ ¶μ²ÊÎ¥´¨Õ ³μ´μ¤¨¸¶¥·¸´ÒÌ ±·¨μ£¥´´ÒÌ ¨ ³¥-
É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°.
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‚ μ¡Ð¥³ ¢¨¤¥ ±·¨μ£¥´´Ò¥ ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¨Ï¥´¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶μÉμ± É¢¥·-
¤ÒÌ μ¤¨´ ±μ¢ÒÌ £· ´Ê² (³¨Ï¥´¥°) ³ ²ÒÌ · §³¥·μ¢, ¶μ²ÊÎ ¥³ÒÌ ¨§ ¶·¥¤¢ ·¨É¥²Ó´μ ¸¦¨-
¦¥´´μ£μ £ § . �·¨´Í¨¶ · ¡μÉÒ Ê¸É ´μ¢±¨ ¶μ ¶μ²ÊÎ¥´¨Õ ±·¨μ£¥´´ÒÌ ³μ´μ¤¨¸¶¥·¸´ÒÌ
³¨Ï¥´¥° ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 1. Šμ´¸É·Ê±Í¨μ´´Ò³¨ Ô²¥³¥´É ³¨ Ê¸É ´μ¢±¨ Ö¢²ÖÕÉ¸Ö:
±·¨μ¸É É; £¥´¥· Éμ· ¸Ë¥·¨Î¥¸±¨Ì ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó; ¸¨¸É¥³  ¢ ±ÊÊ³´ÒÌ ± ³¥· ¸μ
Ï²Õ§ ³¨ ¨ ²μ¢ÊÏ± . ‘É·ÊÖ ¦¨¤±μ£μ ±·¨μ £¥´É  ¢ÒÉ¥± ¥É ¨§ £¥´¥· Éμ·  ± ¶¥²Ó ¢ ¶¥·¢ÊÕ
¢ ±ÊÊ³´ÊÕ ± ³¥·Ê. ‚ ÔÉμ° ± ³¥·¥ ¶μ¤¤¥·¦¨¢ ¥É¸Ö ¤ ¢²¥´¨¥, · ¢´μ¥ ¤ ¢²¥´¨Õ É·μ°-
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�¨¸. 1. �·¨´Í¨¶ · ¡μÉÒ Ê¸É ´μ¢±¨ ¶μ ¶μ²ÊÎ¥´¨Õ ±·¨μ£¥´´ÒÌ ³¨Ï¥´¥°

´μ° ÉμÎ±¨. �μ¤ ¤¥°¸É¢¨¥³ ¸¶¥Í¨ ²Ó´μ£μ ¢μ§³ÊÐ¥´¨Ö, ´ ±² ¤Ò¢ ¥³μ£μ ´  ¦¨¤±ÊÕ ¸É·ÊÕ,
¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´  μ¤¨´ ±μ¢Ò¥ ± ¶²¨. Š ¶²¨ Î¥·¥§ ¶¥·¢Ò° ¢ ±ÊÊ³´Ò° Ï²Õ§ ¶μ¶ ¤ ÕÉ
¢μ ¢Éμ·ÊÕ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê. ‚ ÔÉμ° ± ³¥·¥ §  ¸Î¥É ¨´É¥´¸¨¢´μ£μ ¨¸¶ ·¥´¨Ö ¶·μ¨¸Ìμ-
¤¨É μÌ² ¦¤¥´¨¥ ± ¶¥²Ó, ± ¶²¨ § ³¥·§ ÕÉ ¨ ¸É ´μ¢ÖÉ¸Ö É¢¥·¤Ò³¨ £· ´Ê² ³¨. ‡ ³¥·§Ï¨¥
£· ´Ê²Ò, ¶·μÌμ¤Ö Î¥·¥§ ¸¨¸É¥³Ê Ï²Õ§μ¢, Ê¸±μ·ÖÕÉ¸Ö ¨ ¶μ¸ÉÊ¶ ÕÉ ¢ · ¡μÎÊÕ ± ³¥·Ê, £¤¥
¨ ¢§ ¨³μ¤¥°¸É¢ÊÕÉ ¸ Ê¸±μ·¨É¥²Ó´Ò³ ¶ÊÎ±μ³ ¨²¨ ²ÊÎμ³ ² §¥· . „²Ö Ê³¥´ÓÏ¥´¨Ö ´ É¥± -
´¨Ö £ §  ¢ · ¡μÎÊÕ ± ³¥·Ê ¨ Ê¢¥²¨Î¥´¨Ö ¸±μ·μ¸É¨ £· ´Ê² ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ´¥¸±μ²Ó±μ
± ³¥· ¸ ´¨§±¨³ ¤ ¢²¥´¨¥³, · §¤¥²¥´´ÒÌ ³¥¦¤Ê ¸μ¡μ° Ï²Õ§ ³¨. �μ¸²¥ ¢§ ¨³μ¤¥°¸É¢¨Ö
¸ ¢Ò¸μ±μÔ´¥·£¥É¨Î´Ò³ ¶ÊÎ±μ³ £· ´Ê²Ò ¶μ¶ ¤ ÕÉ ¢ μÌ² ¦¤ ¥³ÊÕ ²μ¢ÊÏ±Ê ¨ μ¸ ¦¤ ÕÉ¸Ö
´  ¥¥ ¸É¥´± Ì [7, 8].

Œ¨Ï¥´¨ É ±μ£μ É¨¶  Ê¦¥ Ö¢²ÖÕÉ¸Ö Ô²¥³¥´Éμ³ ¸²¥¤ÊÕÐ¨Ì ´ ÊÎ´ÒÌ ¶·μ£· ³³: ®WASA
CELSIUS¯ (˜¢¥Í¨Ö), ®COSY¯ FZJ (	²¨Ì, ƒ¥·³ ´¨Ö) ¨ CSPm (‹ ´ÓÎ¦μÊ, Š¨É °). Š·μ³¥
Éμ£μ, ±·¨μ£¥´´ Ö ³μ´μ¤¨¸¶¥·¸´ Ö ³¨Ï¥´Ó · ¸¸³ É·¨¢ ¥É¸Ö ± ± ´ ¨¡μ²¥¥ ¢ ¦´Ò° Ô²¥³¥´É
Ô±¸¶¥·¨³¥´É  PANDA Å Ê´¨± ²Ó´μ£μ Ô±¸¶¥·¨³¥´É  ¢ · ³± Ì ¶·μ¥±É  ´μ¢μ£μ ¥¢·μ¶¥°-
¸±μ£μ Ê¸±μ·¨É¥²Ö FAIR ¢ £. „ ·³ÏÉ ¤É¥ (ƒ¥·³ ´¨Ö).

1.1. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ¶μ ¶μ²ÊÎ¥´¨Õ ±·¨μ£¥´´ÒÌ ³¨Ï¥´¥°. „²Ö ¨¸¸²¥-
¤μ¢ ´¨Ö É¥¶²μË¨§¨Î¥¸±¨Ì ¨ ±μ´¸É·Ê±Í¨μ´´ÒÌ ¶·μ¡²¥³ ¶μ²ÊÎ¥´¨Ö ±·¨μ£¥´´ÒÌ ±μ·¶Ê¸±Ê-
²Ö·´ÒÌ ³¨Ï¥´¥° ¢ ·¥§Ê²ÓÉ É¥ ¸μ¢³¥¸É´μ° · ¡μÉÒ Œ�ˆ, ˆ’�” ¨ FZJ ¡Ò²  ¸μ§¤ ´  Ô±¸¶¥-
·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢± . ‚´¥Ï´¨° ¢¨¤ Ê¸É ´μ¢±¨ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 2. “¸É ´μ¢±  · §-
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· ¡ ÉÒ¢ ² ¸Ó ¢ · ³± Ì ¶·μ¥±É  ¶μ ¸μ§¤ ´¨Õ ±·¨μ£¥´´μ° ³¨Ï¥´¨ ¤²Ö ¤¥É¥±Éμ·  PANDA
¶·¨ ¶μ¤¤¥·¦±¥ £· ´É ³¨ Œ�’– º 1966, INTAS 06-1000012-8787, �””ˆ 07-08-00747 ,
DFG-�””ˆ 08-08-91950-��ˆ� , DFG-�””ˆ 09-08-91331-��ˆ� .

�¨¸. 2. ‚´¥Ï´¨° ¢¨¤ Ê¸É ´μ¢±¨ ¶μ ¶μ²ÊÎ¥-
´¨Õ ±·¨μ£¥´´ÒÌ ³¨Ï¥´¥°

‚ ¸μ¸É ¢ Ê¸É ´μ¢±¨ ¢Ìμ¤ÖÉ ¸²¥¤ÊÕÐ¨¥ Ô²¥-
³¥´ÉÒ ¨ ¸¨¸É¥³Ò: ±·¨μ¸É É, ¢ ±ÊÊ³´Ò¥ ¶·μ-
²¥É´Ò¥ ± ³¥·Ò, ²μ¢ÊÏ±  £· ´Ê², ¢ ±ÊÊ³´ Ö ¸¨-
¸É¥³ , ¸¨¸É¥³  ¶μ¤ Î¨ μÌ² ¦¤ ¥³μ£μ ¢¥Ð¥¸É¢ ,
¸¨¸É¥³  μ¡¥¸¶¥Î¥´¨Ö ¦¨¤±¨³ ±·¨μ £¥´Éμ³ ¢´Ê-
É·¥´´¥° ¨ ¢´¥Ï´¥° ¢ ´´, ¸¨¸É¥³Ò £¥´¥· Í¨¨
³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó ¨ ¨§³¥·¨É¥²Ó´ Ö ¸¨-
¸É¥³ .

ƒ² ¢´Ò³ Ô²¥³¥´Éμ³ Ê¸É ´μ¢±¨ Ö¢²Ö¥É¸Ö
±·¨μ¸É É, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸μ¡μ° Í¨²¨´¤·¨Î¥-
¸±¨° ¸μ¸Ê¤ ¸ ¢´¥Ï´¨³ ¤¨ ³¥É·μ³ 410 ³³ ¨
¢Ò¸μÉμ° 1300 ³³, ¨§£μÉμ¢²¥´´Ò° ¨§ ´¥·¦ ¢¥-
ÕÐ¥° ¸É ²¨. Š·¨μ¸É É ¸μ¤¥·¦¨É: ¢´ÊÉ·¥´´ÕÕ
¨ ¢´¥Ï´ÕÕ ¢ ´´Ò, É¥¶²μμ¡³¥´´¨±¨, ±μ´¤¥´¸ -
Éμ·, £¥´¥· Éμ· ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó, ± ³¥·Ê
É·μ°´μ° ÉμÎ±¨, ¤¢¥ ¢ ±ÊÊ³´Ò¥ ± ³¥·Ò ¸μ Ï²Õ-
§ ³¨ ¨ Õ¸É¨·μ¢μÎ´Ò° Ê§¥².

‚ÒÉ¥± ÕÐ Ö ¢ ± ³¥·Ê É·μ°´μ° ÉμÎ±¨ ±·¨μ-
£¥´´ Ö ¸É·ÊÖ · §¡¨¢ ¥É¸Ö ´  ± ¶²¨ ¸ ¶μ³μ-
ÐÓÕ £¥´¥· Éμ·  ± ¶¥²Ó, ¶·¥¤¸É ¢²ÖÕÐ¥£μ ¸μ-
¡μ° ³¥¤´Ò° Í¨²¨´¤·, ¢´ÊÉ·¨ ±μÉμ·μ£μ · ¸¶μ-
²μ¦¥´Ò ¶Ó¥§μÔ²¥³¥´ÉÒ. ‘ ¶μ³μÐÓÕ ¶Ó¥§μ-
Ô²¥³¥´Éμ¢ ´  ¶μ¢¥·Ì´μ¸É¨ ¸É·Ê¨ ¢μ§¡Ê¦¤ ÕÉ¸Ö
± ¶¨²²Ö·´Ò¥ ¢μ²´Ò, ¨ ¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´ 
μ¤¨´ ±μ¢Ò¥ ± ¶²¨. „²Ö Ëμ·³¨·μ¢ ´¨Ö Éμ´±μ°

¸É·Ê¨ ´  ±μ´Í¥ £¥´¥· Éμ·  ±·¥¶¨É¸Ö ¸μ¶²μ ¸ ³ ²Ò³ ¢ÒÌμ¤´Ò³ μÉ¢¥·¸É¨¥³. Œ¨´¨³ ²Ó´Ò°
¤¨ ³¥É· ¢ÒÌμ¤´μ£μ μÉ¢¥·¸É¨Ö ¸μ¶²  ¸μ¸É ¢²Ö¥É 10 ³±³.

„²Ö ³¨´¨³¨§ Í¨¨ ¢μ§¤¥°¸É¢¨Ö ¢´¥Ï´¨Ì ¨ ¢´ÊÉ·¥´´¨Ì ÏÊ³μ¢ · §· ¡μÉ ´  ¸¶¥Í¨ ²Ó´ Ö
¡¥§¢¨¡· Í¨μ´´ Ö ¸Ì¥³  ¶μ²ÊÎ¥´¨Ö ±·¨μ£¥´´ÒÌ ³¨Ï¥´¥°. �¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ ¸Ì¥³Ò
Ö¢²ÖÕÉ¸Ö Î¥ÉÒ·¥ É¥¶²μμ¡³¥´´¨±  ¨ ¤¢¥ ¢ ´´Ò ¤²Ö μÌ² ¦¤ ÕÐ¨Ì ¢¥Ð¥¸É¢. �μ¤·μ¡´μ¥
μ¶¨¸ ´¨¥ ¸Ì¥³Ò ¶·¥¤¸É ¢²¥´μ ¢ [9]. �μ¤¡¨· Ö μÌ² ¦¤ ÕÐ¨¥ ¢¥Ð¥¸É¢  ¢ ¢ ´´ Ì, ³μ¦´μ
¶μ²ÊÎ ÉÓ ±·¨μ£¥´´Ò¥ ³¨Ï¥´¨ ¨§ ²Õ¡ÒÌ £ §μ¢.

’ ±, ¤²Ö ¶μ²ÊÎ¥´¨Ö ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó ¢μ¤μ·μ¤  ´¥μ¡Ìμ¤¨³μ § ¶μ²´¨ÉÓ ¢´Ê-
É·¥´´ÕÕ ¢ ´´Ê ¦¨¤±¨³ £¥²¨¥³,   ¢´¥Ï´ÕÕ ¢ ´´Ê  §μÉμ³. Œμ´μ¤¨¸¶¥·¸´Ò¥ ± ¶²¨  §μÉ 
³μ¦´μ ¶μ²ÊÎ¨ÉÓ, § ¶μ²´¨¢ ¨ ¢´¥Ï´ÕÕ ¨ ¢´ÊÉ·¥´´ÕÕ ¢ ´´Ò ¦¨¤±¨³  §μÉμ³. „²Ö ¶μ-
²ÊÎ¥´¨Ö ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó  ·£μ´  ´¥μ¡Ìμ¤¨³μ ¢´¥Ï´ÕÕ ¢ ´´Ê § ¶μ²´¨ÉÓ ¦¨¤±¨³
 ·£μ´μ³,   ¢´ÊÉ·¥´´ÕÕ ¢ ´´Ê ¦¨¤±¨³  §μÉμ³.

Šμ´É·μ²Ó ´ ¤ É¥¶²μË¨§¨Î¥¸±¨³¨ ¶·μÍ¥¸¸ ³¨, ¶·μ¨¸Ìμ¤ÖÐ¨³¨ ¢ ±·¨μ¸É É¥, μ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ¤ ÉÎ¨±μ¢ ¤ ¢²¥´¨Ö ¨ É¥³¶¥· ÉÊ·Ò. „²Ö μ±μ´Î É¥²Ó´μ°
μ¡· ¡μÉ±¨ ¶μ± § ´¨° ¤ ÉÎ¨±μ¢ ¨ ¢¨§Ê ²¨§ Í¨¨ ¶μ²ÊÎ¥´´μ° ¨´Ëμ·³ Í¨¨ ¨¸¶μ²Ó§Ê¥É¸Ö
¸¶¥Í¨ ²Ó´μ · §· ¡μÉ ´´μ¥ ¶·μ£· ³³´μ¥ μ¡¥¸¶¥Î¥´¨¥.

• · ±É¥·¨¸É¨±¨ ± ¶¥²Ó ¨ £· ´Ê² ·¥£¨¸É·¨·ÊÕÉ¸Ö ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ° ¤¨ £´μ¸É¨-
Î¥¸±μ° ¸¨¸É¥³Ò. ‚ ¸μ¸É ¢ ¸¨¸É¥³Ò ¢Ìμ¤ÖÉ Î¥ÉÒ·¥ CCD-± ³¥·Ò ¨ ¤¢  ¸É·μ¡μÉ Ìμ³¥É· 
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‘’-Œ�ˆ. ‘É·μ¡μÉ Ìμ³¥É· ¶μ¤¸¢¥Î¨¢ ¥É ± ¶²¨ ¨ £· ´Ê²Ò ±μ·μÉ±¨³¨ ¸¢¥Éμ¢Ò³¨ ¨³¶Ê²Ó-
¸ ³¨ (¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ∼ 1 ³±¸). „¢¥ ± ³¥·Ò ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ¶·μ¸É· ´¸É¢¥´´μ£μ
´ ¡²Õ¤¥´¨Ö ¶·μÍ¥¸¸  ± ¶²¥μ¡· §μ¢ ´¨Ö. „¢¥ ¤·Ê£¨¥ Ê¸É ´μ¢²¥´Ò ´  ¢ÒÌμ¤¥ ¨§ Ï²Õ§ 
¨ ¨¸¶μ²Ó§ÊÕÉ¸Ö ¤²Ö ´ ¡²Õ¤¥´¨Ö ¨ μ¶·¥¤¥²¥´¨Ö ¶ · ³¥É·μ¢ £· ´Ê². ˆ§μ¡· ¦¥´¨Ö ± ¶¥²Ó
¨ £· ´Ê² μ¡· ¡ ÉÒ¢ ²¨¸Ó ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ£μ ¶·μ£· ³³´μ£μ μ¡¥¸¶¥Î¥´¨Ö. �¥§Ê²Ó-
É Éμ³ μ¡· ¡μÉ±¨ Ö¢²Ö² ¸Ó ¸²¥¤ÊÕÐ Ö ¨´Ëμ·³ Í¨Ö: · §³¥· ± ¶¥²Ó ¨ £· ´Ê², ¸±μ·μ¸ÉÓ
± ¶¥²Ó ¨ £· ´Ê², ¢¥²¨Î¨´  Ê£²μ¢μ° ¨ ¶·μ¸É· ´¸É¢¥´´μ° · ¸Ìμ¤¨³μ¸É¨ ¶μÉμ± .

1.2. �±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ±·¨μ£¥´´ÒÌ ³¨Ï¥´¥°. �  μ¶¨¸ ´´μ° ¢ÒÏ¥ Ê¸É -
´μ¢±¥ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó ¨ £· ´Ê²
¨§ ¦¨¤±μ£μ ¢μ¤μ·μ¤ ,  §μÉ  ¨  ·£μ´ . ‚ Ìμ¤¥ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨¸¸²¥¤μ¢ ´¨Õ ± ¶¨²²Ö·-
´μ£μ · ¸¶ ¤  ±·¨μ£¥´´ÒÌ ¸É·Ê° ¢¶¥·¢Ò¥ μ¶·¥¤¥²¥´  £· ´¨Í  ´ Î ²  μ¡² ¸É¨ ·Ô²¥¥¢¸±μ£μ
· ¸¶ ¤ , μ¶·¥¤¥²¥´Ò ¶ · ³¥É·Ò μ¡² ¸É¨ ³μ´μ¤¨¸¶¥·¸´μ£μ · ¸¶ ¤  ¨ ¶μ²ÊÎ¥´ ³μ´μ¤¨¸-
¶¥·¸´Ò° · ¸¶ ¤ Éμ´±¨Ì ¸É·Ê° ¢μ¤μ·μ¤ ,  §μÉ  ¨  ·£μ´  ¤¨ ³¥É·μ³ μÉ 5 ¤μ 30 ³±³.
Œ¨´¨³ ²Ó´Ò° ¤¨ ³¥É· ¸É·Ê° ¢μ¤μ·μ¤  ¸μ¸É ¢²Ö² 7 ³±³,   ³¨´¨³ ²Ó´Ò° ¤¨ ³¥É· ¸É·Ê°
 §μÉ  Å 5 ³±³. �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éμ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3 ¨ ¢ · ¡μÉ Ì [9Ä11].

�¨¸. 3. Œμ´μ¤¨¸¶¥·¸´Ò° · ¸¶ ¤
¸É·Ê° ¢μ¤μ·μ¤ ,  §μÉ  ¨  ·£μ´ 

�¨¸. 4. � ¸¶·¥¤¥²¥´¨¥ £· ´Ê² ¶μ Ê£²Ê ¢Ò²¥É 
¨§ Ï²Õ§  σϕ = 0,047 · ¤

‚ Ô±¸¶¥·¨³¥´É Ì ¶μ ¶μ²ÊÎ¥´¨Õ £· ´Ê² ¡Ò²¨ ¤μ¸É¨£´ÊÉÒ ³μ´μ¤¨¸¶¥·¸´Ò¥ ¶μÉμ±¨
É¢¥·¤ÒÌ £· ´Ê² ¢μ¤μ·μ¤  ¤¨ ³¥É·μ³ μÉ 12 ¤μ 60 ³±³ ¨ ¸±μ·μ¸ÉÓÕ ¤μ 70 ³/¸. ‚¶¥·¢Ò¥
¨§³¥·¥´Ò ¢¥²¨Î¨´Ò Ê£²μ¢μ° ¨ ¶·μ¸É· ´¸É¢¥´´μ° · ¸Ìμ¤¨³μ¸É¨ ¶μÉμ± . �¥§Ê²ÓÉ ÉÒ Ô±¸¶¥-
·¨³¥´Éμ¢ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 4. “¸É ´μ¢²¥´μ, ÎÉμ · ¸¶·¥¤¥²¥´¨¥ £· ´Ê² ¶μ Ê£²Ê ¢Ò²¥É  ¨§
Ï²Õ§  ¸μμÉ¢¥É¸É¢Ê¥É ´μ·³ ²Ó´μ³Ê · ¸¶·¥¤¥²¥´¨Õ. �·¨Î¥³ ¸·¥¤´¥±¢ ¤· É¨Î´μ¥ Ê£²μ¢μ¥
μÉ±²μ´¥´¨¥ σϕ = 0,047 · ¤.

1.3. ‚Ò¸μ±μ¸±μ·μ¸É´Ò¥ ±·¨μ£¥´´Ò¥ ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¨Ï¥´¨. � ¨¡μ²¥¥ ¸¨²Ó´μ¥
¢²¨Ö´¨¥ ´  ¸É ¡¨²Ó´μ¸ÉÓ ¶μÉμ±  ³¨Ï¥´¥° μ± §Ò¢ ÕÉ Ï²Õ§Ò, ¨ μ¸μ¡¥´´μ ¶¥·¢Ò° Ï²Õ§,
¸μ¥¤¨´ÖÕÐ¨° ± ³¥·Ê É·μ°´μ° ÉμÎ±¨ ¸ ¤·Ê£¨³¨ ¢ ±ÊÊ³´Ò³¨ ± ³¥· ³¨. …¸²¨ Ê¡· ÉÓ ¶¥·-
¢Ò° Ï²Õ§, ´¥ ¤ ÉÓ ¦¨¤±μ° ±·¨μ£¥´´μ° ¸É·Ê¥ § ³¥·§´ÊÉÓ ¨ ¸· §Ê ´ ¶· ¢¨ÉÓ ± ¶²¨ ¢μ
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¢Éμ·ÊÕ ¢ ±ÊÊ³´ÊÕ ± ³¥·Ê, Éμ ³μ¦´μ §´ Î¨É¥²Ó´μ Ê¶·μ¸É¨ÉÓ ±μ´¸É·Ê±Í¨Õ Ê¸É ´μ¢±¨ ¨
Ê³¥´ÓÏ¨ÉÓ ¥¥ · §³¥·Ò.

„²Ö  ´ ²¨§  ¶·μÍ¥¸¸  μ¸ÉÒ¢ ´¨Ö Éμ´±¨Ì ¦¨¤±¨Ì ¸É·Ê° ¶·¨ ¨Ì ¨´¦¥±Í¨¨ ¢ ± ³¥·Ê
¸ ³ ²Ò³ ¤ ¢²¥´¨¥³ ¢ ¶·μ£· ³³´μ° ¸·¥¤¥ PHOENICS ¡Ò²  ¸μ§¤ ´  ¸μμÉ¢¥É¸É¢ÊÕÐ Ö
³μ¤¥²Ó ¨ Î¨¸²¥´´Ò³ ³¥Éμ¤μ³ ¨¸¸²¥¤μ¢ ´μ · ¸¶·¥¤¥²¥´¨¥ É¥³¶¥· ÉÊ·Ò ´  ¶μ¢¥·Ì´μ-
¸É¨ ¸É·Ê° ¢μ¤μ·μ¤ ,  §μÉ  ¨  ·£μ´  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¸²¥¤ÊÕÐ¨Ì ¶ · ³¥É·μ¢: ¤¨ ³¥-
É·  ¸É·Ê¨, ¸±μ·μ¸É¨, ´ Î ²Ó´μ° É¥³¶¥· ÉÊ·Ò ¸É·Ê¨ ¨ ¤ ¢²¥´¨Ö ¢ · ¡μÎ¥° ± ³¥·¥ [12].
�¥§Ê²ÓÉ ÉÒ ´¥±μÉμ·ÒÌ · ¸Î¥Éμ¢ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 5 ¨ 6. �  ·¨¸. 5 ¶·¨¢¥¤¥´μ ¨§-
³¥´¥´¨¥ É¥³¶¥· ÉÊ·Ò ¸É·Ê¨ ¢μ¤μ·μ¤  ¤¨ ³¥É·μ³ 10 ³±³ ¶·¨ ¸±μ·μ¸É¨ 100 ³/¸ ¨ ¤ -
¢²¥´¨¨ ¢ ± ³¥·¥ 100 � . �  ·¨¸. 6 ¶·¥¤¸É ¢²¥´μ ¨§³¥´¥´¨¥ É¥³¶¥· ÉÊ·Ò ¸É·Ê¨ ¢μ¤μ-
·μ¤  ¤¨ ³¥É·μ³ 20 ³±³ ¶·¨ ¸±μ·μ¸ÉÖÌ: 130, 150, 180 ¨ 200 ³/¸ ¨ ¤ ¢²¥´¨¨ ¢ ± ³¥-
·¥ 100 � .

�¨¸. 5. ’¥³¶¥· ÉÊ·  ¸É·Ê¨ H2, D = 10 ³±³,

P = 100 �  ¨ V = 100 ³/¸

�¨¸. 6. ’¥³¶¥· ÉÊ·  ¸É·Ê¨ H2, D = 10 ³±³, ¶·¨

· §²¨Î´ÒÌ ¸±μ·μ¸ÉÖÌ ¨¸É¥Î¥´¨Ö

’ ±¨³ μ¡· §μ³, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ · ¸Î¥É ³¨ ¶·¨ ¢¢μ¤¥ Éμ´±¨Ì ¦¨¤±¨Ì ±·¨μ£¥´´ÒÌ
¸É·Ê° ¸μ ¸±μ·μ¸ÉÓÕ ¡μ²ÓÏ¥° 100 ³/¸ ¢ ¢ ±ÊÊ³ ¸É·Ê¨ ±·¨μ£¥´´ÒÌ ¦¨¤±μ¸É¥° ´  · ¸¸Éμ-
Ö´¨¨ ¤μ 1 ³³ ´¥ Ê¸¶¥¢ ÕÉ § ³¥·§´ÊÉÓ ¨ ³μ£ÊÉ ¡ÒÉÓ · §¡¨ÉÒ ´  ³μ´μ¤¨¸¶¥·¸´Ò¥ ± ¶²¨.
Š ¶²¨ §  ¸Î¥É ¨¸¶ ·¥´¨Ö μÌ² ¦¤ ÕÉ¸Ö ¨ ¸É ´μ¢ÖÉ¸Ö £· ´Ê² ³¨. ‚Ò¸μ±μ¸±μ·μ¸É´Ò¥ ±·¨μ-
£¥´´Ò¥ ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¨Ï¥´¨ μ¡² ¤ ÕÉ ·Ö¤μ³ ¶·¥¨³ÊÐ¥¸É¢: ÔÉμ ´¥¶μ¸·¥¤¸É¢¥´´Ò°
¢¢μ¤ ¢ ¢ ±ÊÊ³ (´¥É ´¥μ¡Ìμ¤¨³μ¸É¨ ¢ ± ³¥·¥ É·μ°´μ° ÉμÎ±¨ ¨ Ï²Õ§ Ì); ¢μ§³μ¦´μ¸ÉÓ ¶μ-
²ÊÎ¥´¨Ö ³¨Ï¥´¨ ¤¨ ³¥É·μ³ ³¥´ÓÏ¥ 20 ³±³ ¨§ · §²¨Î´ÒÌ ±·¨μ£¥´´ÒÌ ¦¨¤±μ¸É¥° (H2,
D2, N2, Ar. . . ); ¤¨¸¶¥·¸¨Ö ¶ · ³¥É·μ¢ ³¥´ÓÏ¥ 1 %; ¢Ò¸μ± Ö ¸±μ·μ¸ÉÓ £· ´Ê²; ÉμÎ´ Ö
¸¨´Ì·μ´¨§ Í¨Ö ³μ³¥´É  ¶μ¶ ¤ ´¨Ö £· ´Ê²Ò ¢ ¶ÊÎμ± ¸ ³μ³¥´Éμ³ ¢±²ÕÎ¥´¨Ö ¤ ÉÎ¨±μ¢.

2. Œ���„ˆ‘�…�‘�›… Œ…’�‹‹ˆ—…‘Šˆ… Œˆ˜…�ˆ

‚ μ¡Ð¥³ ¢¨¤¥ ³μ´μ¤¨¸¶¥·¸´Ò¥ ³¥É ²²¨Î¥¸±¨¥ ³¨Ï¥´¨ ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶μÉμ±
É¢¥·¤ÒÌ ³μ´μ¤¨¸¶¥·¸´ÒÌ £· ´Ê² ³ ²ÒÌ · §³¥·μ¢, ¶μ²ÊÎ ¥³ÒÌ ¨§ · ¸¶² ¢²¥´´μ£μ ³¥-
É ²² . �·¨´Í¨¶ · ¡μÉÒ Ê¸É ´μ¢±¨ ¶μ ¶μ²ÊÎ¥´¨Õ ³¥É ²²¨Î¥¸±¨Ì ³μ´μ¤¨¸¶¥·¸´ÒÌ ³¨Ï¥-
´¥° ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 7. �¸´μ¢´Ò³¨ ±μ´¸É·Ê±Í¨μ´´Ò³¨ Ô²¥³¥´É ³¨ Ê¸É ´μ¢±¨ Ö¢²Ö-
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ÕÉ¸Ö: É¨£¥²Ó ¸ · ¸¶² ¢²¥´´Ò³ ³¥É ²²μ³; £¥´¥· Éμ· ³μ´μ¤¨¸¶¥·¸´ÒÌ ± ¶¥²Ó; ¸¨¸É¥³ 
¢ ±ÊÊ³´ÒÌ ± ³¥· ¨ Ï²Õ§μ¢; ²μ¢ÊÏ± . „μ¶μ²´¨É¥²Ó´Ò¥ Ô²¥³¥´ÉÒ: ¸¨¸É¥³  ¸É ¡¨²¨§ -
Í¨¨ ¤ ¢²¥´¨Ö, ¸¨¸É¥³  ¢μ§¡Ê¦¤¥´¨Ö, ¸¨¸É¥³  § ·Ö¤±¨ ¨ ¸¨¸É¥³  Ê¶· ¢²¥´¨Ö ¤¢¨¦¥´¨¥³

�¨¸. 7. �·¨´Í¨¶ · ¡μÉÒ Ê¸É ´μ¢±¨ ¶μ ¶μ²ÊÎ¥´¨Õ ³¥-

É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°

£· ´Ê². …¸²¨ ¶·¥¤¢ ·¨É¥²Ó´μ § ·Ö-
¤¨ÉÓ ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò § ·Ö¤±¨
± ¶²¨, Éμ, ¶μ¤ ¢ Ê¶· ¢²ÖÕÐ¨¥ ¸¨£-
´ ²Ò ´  ¸¨¸É¥³Ê μÉ±²μ´¥´¨Ö, ³μ¦´μ
Ê¶· ¢²ÖÉÓ É· ¥±Éμ·¨¥° ± ¶¥²Ó´μ£μ
¶μÉμ± . �Éμ μÎ¥´Ó ¢ ¦´ Ö μ¸μ¡¥´-
´μ¸ÉÓ ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°. “¶· -
¢²¥´¨¥ ¶μÉμ±μ³ ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ
ÉμÎ´μ ¸μ£² ¸μ¢Ò¢ ÉÓ ³μ³¥´É ¢§ ¨³μ-
¤¥°¸É¢¨Ö ³¨Ï¥´¨ ¸ ¶ÊÎ±μ³.

� ¡μÉ  Ê¸É ´μ¢±¨ ¶μ ¶·μ¨§¢μ¤¸É¢Ê
³μ´μ¤¨¸¶¥·¸´ÒÌ ³¨Ï¥´¥° ¶·μ¨¸Ìμ-
¤¨É ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. ‘É·ÊÖ · ¸-
¶² ¢²¥´´μ£μ ³¥É ²²  ¢ÒÉ¥± ¥É ¨§ £¥-
´¥· Éμ·  ± ¶¥²Ó ¢ ¶¥·¢ÊÕ ± ³¥·Ê,
§ ¶μ²´¥´´ÊÕ μÌ² ¦¤ ÕÐ¨³ £ §μ³.
�μ¤ ¤¥°¸É¢¨¥³ ¸¶¥Í¨ ²Ó´μ£μ ¢μ§³Ê-
Ð¥´¨Ö, ´ ±² ¤Ò¢ ¥³μ£μ ´  ¦¨¤±ÊÕ
¸É·ÊÕ, ¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´  μ¤¨´ ±μ-
¢Ò¥ ± ¶²¨. ‚ ¶¥·¢μ° ± ³¥·¥ §  ¸Î¥É
¢§ ¨³μ¤¥°¸É¢¨Ö ¸ £ §μ³ ¶·μ¨¸Ìμ¤¨É
¶·¥¤¢ ·¨É¥²Ó´μ¥ μÌ² ¦¤¥´¨¥ ± ¶¥²Ó.
�·μÌμ¤Ö Î¥·¥§ Ï²Õ§Ò ¨ ¢ ±ÊÊ³´Ò¥
± ³¥·Ò, ± ¶²¨ § ³¥·§ ÕÉ ¨ ¸É ´μ-
¢ÖÉ¸Ö É¢¥·¤Ò³¨ £· ´Ê² ³¨. Œμ´μ¤¨¸-
¶¥·¸´Ò¥ É¢¥·¤Ò¥ £· ´Ê²Ò ¶μ¸ÉÊ¶ ÕÉ
¢ · ¡μÎÊÕ ± ³¥·Ê, £¤¥ ¶·μ¨¸Ìμ¤¨É
¢§ ¨³μ¤¥°¸É¢¨¥ ¸ Ê¸±μ·¨É¥²Ó´Ò³ ¨²¨
² §¥·´Ò³ ¶ÊÎ±μ³. ˜²Õ§Ò μ¡¥¸¶¥Î¨-
¢ ÕÉ ³¨´¨³ ²Ó´μ¥ ´ É¥± ´¨¥ ¢ · ¡μ-
ÎÊÕ ± ³¥·Ê. „²Ö Ê³¥´ÓÏ¥´¨Ö ´ É¥± -
´¨Ö ³μ¦´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢¥ ¨ ¡μ²¥¥
¢ ±ÊÊ³´Ò¥ ± ³¥·Ò, · §¤¥²¥´´Ò¥ ³¥¦¤Ê ¸μ¡μ° Ï²Õ§ ³¨.

2.1. �±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  ¶μ ¶μ²ÊÎ¥´¨Õ ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°. „²Ö ¨¸-
¸²¥¤μ¢ ´¨Ö É¥¶²μË¨§¨Î¥¸±¨Ì ¨ ±μ´¸É·Ê±Í¨μ´´ÒÌ ¶·μ¡²¥³ ¶μ²ÊÎ¥´¨Ö ³¥É ²²¨Î¥¸±¨Ì ³¨-
Ï¥´¥° ¡Ò²  ¸μ§¤ ´  Ô±¸¶¥·¨³¥´É ²Ó´ Ö Ê¸É ´μ¢±  [13]. “¸É ´μ¢±  ¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¨§Ê-
Î ÉÓ É¥¶²μË¨§¨Î¥¸±¨¥ ¶·μ¡²¥³Ò ¶μ²ÊÎ¥´¨Ö ³μ´μ¤¨¸¶¥·¸´ÒÌ ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥° ¨§
· §²¨Î´ÒÌ ³¥É ²²μ¢ ¨ ¨Ì ¸¶² ¢μ¢ ¸ É¥³¶¥· ÉÊ·μ° ¶² ¢²¥´¨Ö ¤μ 1600 ◦‘. � ¸¶μ²μ¦¥´¨¥
μ¸´μ¢´ÒÌ Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨ ¨ ¥¥ ¢´¥Ï´¨° ¢¨¤ ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 8 ¨ 9.

“¸É ´μ¢±  ¸μ¸Éμ¨É ¨§ É ±¨Ì μ¸´μ¢´ÒÌ ¸¨¸É¥³, ± ± £¥´¥· Éμ· ± ¶¥²Ó 1 ¸ ¸¨¸É¥³μ°
¢μ§¡Ê¦¤¥´¨Ö, ¸¨¸É¥³  ´ £·¥¢  ¸ É¨£²¥³ 2, É¥¶²μμ¡³¥´´ Ö ± ³¥·  5 c ¢´¥Ï´¥° Î ¸ÉÓÕ 4,
μÌ² ¦¤ ¥³ Ö ²μ¢ÊÏ± , ¸¨¸É¥³  ¸É ¡¨²¨§ Í¨¨ ¤ ¢²¥´¨Ö, ¸¨¸É¥³  ±μ´É·μ²Ö É¥³¶¥· ÉÊ·Ò
¸ É¥·³μ¶ ·´Ò³¨ ¤ ÉÎ¨± ³¨ 3, ¸¨¸É¥³  ±μ´É·μ²Ö ¤ ¢²¥´¨Ö, ¸¨¸É¥³  ´ ¡²Õ¤¥´¨Ö ¨ ¸¨¸É¥³ 
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�¨¸. 8. ‚´¥Ï´¨° ¢¨¤ Ê¸É ´μ¢±¨ �¨¸. 9. � ¸¶μ²μ¦¥´¨¥ Ô²¥³¥´Éμ¢ Ê¸É ´μ¢±¨

μÉ± Î±¨.
‘ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ´ £·¥¢  ¢ É¨£²¥ 2 ¶μ²ÊÎ ¥É¸Ö · ¸¶² ¢²¥´´Ò° ³¥É ²². � ¤ · ¸¶² -

¢μ³ ¢ É¨£²¥ ¸μ§¤ ¥É¸Ö ¨§¡ÒÉμÎ´μ¥ ¤ ¢²¥´¨¥. „ ¢²¥´¨¥ ·¥£Ê²¨·Ê¥É¸Ö ¨ ¶μ¤¤¥·¦¨¢ ¥É¸Ö ´ 
´¥μ¡Ìμ¤¨³μ³ Ê·μ¢´¥ ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ¸É ¡¨²¨§ Í¨¨. �  ¢Ìμ¤ ¸¨¸É¥³Ò ¸É ¡¨²¨§ Í¨¨
¶μ¸ÉÊ¶ ¥É £¥²¨°, μÎ¨Ð¥´´Ò° μÉ ±¨¸²μ·μ¤ . �  ¢ÒÌμ¤¥ ¨§ É¨£²Ö μ¡· §Ê¥É¸Ö ¸É·ÊÖ ¦¨¤±μ£μ
³¥É ²² . ‘ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ¢μ§¡Ê¦¤¥´¨Ö ¨ ¶Ó¥§μÔ²¥³¥´É  1 ´  ¸É·Ê¥ ¸μ§¤ ÕÉ¸Ö ± -
¶¨²²Ö·´Ò¥ ¢μ²´Ò. �·¨ μ¶·¥¤¥²¥´´μ³ ¸μμÉ´μÏ¥´¨¨ ³¥¦¤Ê ¸±μ·μ¸ÉÓÕ ¸É·Ê¨, ¤¨ ³¥É·μ³
¸É·Ê¨, ¢Ö§±μ¸ÉÓÕ ¨ Î ¸ÉμÉμ° ¢´¥Ï´¥£μ ¢μ§¡Ê¦¤¥´¨Ö ¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´  ³μ´μ¤¨¸¶¥·¸´Ò¥
± ¶²¨. Œ¥´ÖÖ ¤¨ ³¥É· ¢ÒÌμ¤´μ£μ μÉ¢¥·¸É¨Ö É¨£²Ö, ³μ¦´μ ¶μ²ÊÎ ÉÓ ¸É·Ê¨ ³¥É ²²  ¸ ¤¨ -
³¥É· ³¨ μÉ 30 ¤μ 400 ³±³. � ¸¶ ¤ ¸É·Ê¨ ´  ± ¶²¨ ¶·μ¨¸Ìμ¤¨É ¢ É¥¶²μμ¡³¥´´μ° ± ³¥·¥
5, § ¶μ²´¥´´μ° Î¨¸ÉÒ³ £¥²¨¥³. „²Ö μÉ± Î±¨ É¥¶²μμ¡³¥´´μ° ± ³¥·Ò ¶¥·¥¤ § ¶μ²´¥´¨¥³
£¥²¨¥³ ¨¸¶μ²Ó§Ê¥É¸Ö ¸¨¸É¥³  μÉ± Î±¨.

Šμ´É·μ²Ó ´ ¤ É¥¶²μË¨§¨Î¥¸±¨³¨ ¶·μÍ¥¸¸ ³¨, ¶·μ¨¸Ìμ¤ÖÐ¨³¨ ¢ É¥¶²μμ¡³¥´´μ° ± -
³¥·¥, μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ±μ´É·μ²Ö ¤ ¢²¥´¨Ö ¨ ¸¨¸É¥³Ò ±μ´É·μ²Ö É¥³¶¥-
· ÉÊ·Ò. ‘ ¶μ³μÐÓÕ �‚Œ μ¸ÊÐ¥¸É¢²Ö² ¸Ó μ¡· ¡μÉ±  ¶μ± § ´¨° ¤ ÉÎ¨±μ¢ ¨ ¢¨§Ê ²¨§ Í¨Ö
¶μ²ÊÎ¥´´μ° ¨´Ëμ·³ Í¨¨.

Šμ´É·μ²Ó ´ ¤ · ¸¶ ¤μ³ ¸É·Ê¨ ´  ± ¶²¨ μ¸ÊÐ¥¸É¢²Ö²¸Ö ¸ ¶μ³μÐÓÕ ¸¨¸É¥³Ò ´ ¡²Õ¤¥-
´¨Ö, ¸É·μ¡μÉ Ìμ³¥É·  ‘’-Œ�ˆ ¨ Í¨Ë·μ¢μ° É¥²¥± ³¥·Ò CD (PixelFly Ë¨·³Ò ®Pro.imag-
ing¯). ‘É·μ¡μÉ Ìμ³¥É· ‘’ ¶μ¤¸¢¥Î¨¢ ² ¸É·ÊÕ ¨ ± ¶²¨ ±μ·μÉ±¨³¨ ¸¢¥Éμ¢Ò³¨ ¨³¶Ê²Ó-
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¸ ³¨ (¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ¶μ·Ö¤±  1 ³±¸). –¨Ë·μ¢ Ö É¥²¥± ³¥·  CD (PixelFly Ë¨·³Ò
®Pro.imaging¯) ¨¸¶μ²Ó§μ¢ ² ¸Ó ¤²Ö Ë¨±¸ Í¨¨ ¶·μÍ¥¸¸μ¢, ¶·μ¨¸Ìμ¤ÖÐ¨Ì ¶·¨ μ¡· §μ¢ ´¨¨
± ¶¥²Ó.

2.2. �±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ³μ´μ¤¨¸¶¥·¸´ÒÌ ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°. ‘ ¶μ-
³μÐÓÕ μ¶¨¸ ´´μ° ¢ÒÏ¥ Ô±¸¶¥·¨³¥´É ²Ó´μ° Ê¸É ´μ¢±¨ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ³μ´μ¤¨¸¶¥·¸´Ò¥
£· ´Ê²Ò ¨§ · §²¨Î´ÒÌ ³¥É ²²μ¢ (Pb, Sn, Sb, Zn, Al, Cu, Nd ¨ ¸É ²¨). „¨ ³¥É· £· ´Ê² μÉ
30 ³±³ ¤μ 1,5 ³³. „¨¸¶¥·¸¨Ö ¶μ ¤¨ ³¥É·Ê £· ´Ê² ¸μ¸É ¢²Ö¥É 1Ä2%. �μ²ÊÎ¥´´Ò¥ ³¥Éμ¤μ³
‚Š�‘ £· ´Ê²Ò ¨³¥ÕÉ ¸Ë¥·¨Î¥¸±ÊÕ Ëμ·³Ê. ŠμÔËË¨Í¨¥´É ´¥¸Ë¥·¨Î´μ¸É¨ ´¥ ¶·¥¢ÒÏ ¥É
1%. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 10,   ¶·¥¤¸É ¢²¥´μ ËμÉμ £· ´Ê² ¸É ²¨ ¸ ¤¨ ³¥É·μ³ μÉ 130
¤μ 350 ³±³,   ´  ·¨¸. 10, ¡ Å £· ´Ê² ¸¢¨´Í  ¤¨ ³¥É·μ³ 90 ³±³.

�¨¸. 10. �·¨³¥·Ò ³¥É ²²¨Î¥¸±¨Ì ³¨Ï¥´¥°:  ) £· ´Ê²Ò ¸É ²¨ ¤¨ ³¥É·μ³ μÉ 130 ¤μ 350 ³±³;

¡) £· ´Ê²Ò Pb ¤¨ ³¥É·μ³ 90 ³±³; ¢) ¶μ²Ò¥ £· ´Ê²Ò Cu ¸ ¢´¥Ï´¨³ ¤¨ ³¥É·μ³ 1,4 ³³ ¨ Éμ²Ð¨´μ°

¸É¥´±¨ 30 ³±³


Ò²¨ ¶·μ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶μ ¶μ²ÊÎ¥´¨Õ ¶μ²ÒÌ £· ´Ê². „²Ö ÔÉμ£μ ¡Ò² ¸¶¥Í¨-
 ²Ó´μ ¨§£μÉμ¢²¥´ É¨£¥²Ó. ‚ÒÌμ¤´μ¥ μÉ¢¥·¸É¨¥ É¨£²Ö ¶·¥¤¸É ¢²Ö²μ ¸μ¡μ° ¤¢  ¸μμ¸´ÒÌ
μÉ¢¥·¸É¨Ö. —¥·¥§ ¢´¥Ï´¥¥ μÉ¢¥·¸É¨¥ ¢ÒÉ¥± ²  ¸É·ÊÖ · ¸¶² ¢²¥´´μ£μ ³¥É ²² ,   Î¥·¥§
¢´ÊÉ·¥´´¥¥ μÉ¢¥·¸É¨¥ ¢ ¸É·ÊÕ ¶μ¤ ¢ ²¸Ö £ §. �±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¥´Ò · ¸Ìμ¤Ò
³¥É ²²  ¨ £ § , ¶·¨ ±μÉμ·ÒÌ ¸É·ÊÖ · ¸¶ ¤ ¥É¸Ö ´  ¶μ²Ò¥ ³μ´μ¤¨¸¶¥·¸´Ò¥ ± ¶²¨. � 
·¨¸. 10, ¢ ¶μ± § ´Ò ËμÉμ ¶μ²ÒÌ £· ´Ê² ³¥¤¨ ¸ ¢´¥Ï´¨³ ¤¨ ³¥É·μ³ 1,4 ³³ ¨ Éμ²Ð¨´μ°
¸É¥´±¨ 30 ³±³. „¨¸¶¥·¸¨Ö ¶μ²ÒÌ £· ´Ê² ¶μ ¤¨ ³¥É·Ê, Éμ²Ð¨´¥ ¸É¥´±¨ ¨ ´¥¸Ë¥·¨Î´μ¸É¨
¸μ¸É ¢²Ö¥É 1Ä2%.
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