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‚Ò¸μ±μÎ ¸ÉμÉ´ Ö (‚—) ¶ÊÏ±  ¤²Ö ¨´¦¥±Éμ·  · §·¥§´μ£μ ³¨±·μÉ·μ´ -·¥±Ê¶¥· Éμ· , ¢μ§¡Ê¦¤ -
ÕÐ¥£μ ² §¥· ´  ¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´ Ì ˆŸ” (‹‘�), ¶·μÌμ¤¨É ¸É¥´¤μ¢Ò¥ ¨¸¶ÒÉ ´¨Ö. �²¥±É·μ´´Ò¥
¸£Ê¸É±¨ ‚—-¶ÊÏ±¨ ¨³¥ÕÉ Ô´¥·£¨Õ ¤μ 300 ±Ô‚, Î ¸ÉμÉÊ ¶μ¢Éμ·¥´¨Ö ¤μ 90 ŒƒÍ. ‘·¥¤´¨° Éμ±
Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ³μ¦¥É ¤μ¸É¨£ ÉÓ 100 ³� ¢ ´¥¶·¥·Ò¢´μ³ ·¥¦¨³¥ · ¡μÉÒ. „μ¸Éμ¨´¸É¢μ³ ´μ-
¢μ£μ ¨´¦¥±Éμ·  Ö¢²Ö¥É¸Ö ¤²¨É¥²Ó´Ò° ¸·μ± Ô±¸¶²Ê É Í¨¨ ± Éμ¤  ¶·¨ ¡μ²ÓÏμ³ ¸·¥¤´¥³ Éμ±¥ ¶ÊÎ± ,
¶·μ¸É Ö ¸Ì¥³  ¶·μ¤μ²Ó´μ° £·Ê¶¶¨·μ¢±¨ ¸£Ê¸É±μ¢, ´¥ É·¥¡ÊÕÐ Ö ¤μ¶μ²´¨É¥²Ó´μ£μ £·Ê¶¶¨·ÊÕÐ¥£μ
·¥§μ´ Éμ·  ¢ ¨´¦¥±Éμ·¥, μÉ¸ÊÉ¸É¢¨¥ ¶·¨³¥¸¨ Î ¸É¨Í É¥³´μ¢μ£μ Éμ±  ¢ ¶ÊÎ±¥ ¨´¦¥±Éμ· , Ê¤μ¡´ Ö
Ô±¸¶²Ê É Í¨Ö ‚—-¶ÊÏ±¨ ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ¢Ò¸μ±μ£μ ¶μÉ¥´Í¨ ²  300 ±‚ ´  Ê¶· ¢²ÖÕÐ¨Ì Í¥¶ÖÌ ± -
Éμ¤ . ‚ ¤ ´´μ° · ¡μÉ¥ μ¶¨¸ ´  ±μ´¸É·Ê±Í¨Ö ‚—-¶ÊÏ±¨, ¶·¥¤¸É ¢²¥´Ò μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨
´μ¢μ£μ ¨´¦¥±Éμ·  ¸ ‚—-¶ÊÏ±μ°, ·¥§Ê²ÓÉ ÉÒ ¨¸¶ÒÉ ´¨° ´  ¸É¥´¤¥.

Testing of radio frequency (RF) gun for rice-track microtron-recuperator injector driving BINP FEL
is being conducted on the special stand. RF gun electron beam has the energy of � 300 keV, repetition
frequency of up to 90 MHz. Average beam current can be reached of 100 mA in continuous working
regime. The advantages of the RF gun are the long-life time of the cathode at a large average beam
current, simple scheme of longitudinal beam bunching without special cavity, absence of dark current
contamination in the beam, comfortable work with RF gun because of absence of high potential of
300 kV at cathode circuits. In the paper, the RF gun design is described; the main characteristics of
new injector with the RF gun and test stand results are presented.

PACS: 42.55.Px; 41.85.Ar; 41.75.Ht
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‚ ˆŸ” ‘� ��� · §· ¡μÉ ´  ¨ ¨§£μÉμ¢²¥´  [1] Ô²¥±É·μ´´ Ö ‚—-¶ÊÏ±  ´  Î ¸ÉμÉÊ
90 ŒƒÍ ¤²Ö ¨´¦¥±Éμ·  · §·¥§´μ£μ ³¨±·μÉ·μ´ -·¥±Ê¶¥· Éμ· , ¢μ§¡Ê¦¤ ÕÐ¥£μ ² §¥· ´ 
¸¢μ¡μ¤´ÒÌ Ô²¥±É·μ´ Ì ´¥¶·¥·Ò¢´μ£μ ¤¥°¸É¢¨Ö. ‚—-¶ÊÏ±  ¨³¥¥É ¨¸ÉμÎ´¨±μ³ Ô²¥±É·μ´μ¢
É¥·³μ± Éμ¤, · ¸¶μ²μ¦¥´´Ò° ¢´ÊÉ·¨ Ê¸±μ·ÖÕÐ¥£μ ‚—-·¥§μ´ Éμ· , ¨ ¶·¥¤´ §´ Î ¥É¸Ö ¤²Ö
´¥¶·¥·Ò¢´μ£μ ¶·μ¨§¢μ¤¸É¢  ±μ·μÉ±¨Ì Ô²¥±É·μ´´ÒÌ ¸£Ê¸É±μ¢ ¸ Ô´¥·£¨¥° 240Ä300 ±Ô‚, ¸μ
¸·¥¤´¨³ Éμ±μ³ ¤μ 100 ³� ¶·¨ Î ¸ÉμÉ¥ ¶μ¢Éμ·¥´¨Ö ¸£Ê¸É±μ¢ ¤μ 90 ŒƒÍ.

�·¥¨³ÊÐ¥¸É¢μ ‚—-¶ÊÏ¥±, ¶μ ¸· ¢´¥´¨Õ ¸μ ¸É É¨Î¥¸±¨³¨ ¶ÊÏ± ³¨, § ±²ÕÎ ¥É¸Ö ¢
¡μ²ÓÏ¥³ ¢·¥³¥´¨ ¦¨§´¨ ± Éμ¤μ¢ ¶·¨ ¢Ò¸μ±μ³ ¸·¥¤´¥³ Éμ±¥ ¶ÊÎ±  ¨§-§  μÉ¸ÊÉ¸É¢¨Ö ¢ ´¨Ì

1E-mail: V.N.Volkov@inp.nsk.su
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¡μ³¡ ·¤¨·μ¢±¨ ± Éμ¤  μ¡· É´μ Ê¸±μ·¥´´Ò³¨ ¨μ´ ³¨ μ¸É ÉμÎ´μ£μ £ § , ¨μ´¨§¨·μ¢ ´´μ£μ
¸ ³¨³ Ô²¥±É·μ´´Ò³ ¶ÊÎ±μ³. ˆ§-§  μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ° ³ ¸¸Ò ¨μ´μ¢ μ´¨ ´¥ ³μ£ÊÉ
Ê¸±μ·¨ÉÓ¸Ö ¢ ‚—-¶μ²¥ ·¥§μ´ Éμ·  ¤μ¸É ÉμÎ´μ ¸¨²Ó´μ, ÎÉμ¡Ò ¶μ¢·¥¤¨ÉÓ ± Éμ¤. �·μ¤μ²-
¦¨É¥²Ó´μ¸ÉÓ · ¡μÉÒ ± Éμ¤  ¢ ¸É É¨Î¥¸±¨Ì ¶ÊÏ± Ì μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´  ´¥ Éμ²Ó±μ
±μ²¨Î¥¸É¢Ê ¨μ´μ¢, É. ¥. §´ Î¥´¨Õ ¢ ±ÊÊ³  ¢ μ¡Ñ¥³¥ ¶ÊÏ±¨ ¨ ¢¥²¨Î¨´¥ Éμ±  ¶ÊÎ± , ´μ ¨
´ ¶·Ö¦¥´¨Õ ´  ¶ÊÏ±¥. �  ¶· ±É¨±¥ ¤²¨É¥²Ó´ Ö · ¡μÉ  ¸É É¨Î¥¸±μ° ¶ÊÏ±¨ ¸ ¢Ò¸μ±¨³
± Î¥¸É¢μ³ ¶ÊÎ±  ¶·¨ ¢ ±ÊÊ³¥ ¢ 10−9 ’μ·· ¨ ´ ¶·Ö¦¥´¨¨ 240 ±‚ ¢μ§³μ¦´  Éμ²Ó±μ ¸ Éμ±μ³
¤μ 7 ³�.

‡ ¤ Î¥° É¥¸Éμ¢ÒÌ ¨¸¶ÒÉ ´¨° ‚—-¶ÊÏ±¨ Ö¢²Ö¥É¸Ö ´¥ Éμ²Ó±μ ¶·μ¢¥·±  ¤μ²£μ¢¥Î´μ¸É¨
± Éμ¤ , ´μ ¨ ¶·μ¢¥·±  ± Î¥¸É¢  ¶ÊÎ± , ±μÉμ·μ¥ ¤μ²¦´μ ¡ÒÉÓ μÎ¥´Ó ¢Ò¸μ±¨³, ± ± ¶·¥¤-
¸± §Ò¢ ÕÉ · ¸Î¥ÉÒ. �·¨Î¥³ ± Î¥¸É¢μ ¶ÊÎ±  ¤μ²¦´μ ¡ÒÉÓ ¢Ò¸μ±¨³ ¶μ¸²¥ ¶·μ¤μ²Ó´μ°
£·Ê¶¶¨·μ¢±¨ ¸£Ê¸É±μ¢ ¢ ¨´¦¥±Éμ·¥, ¶¥·¥¤ ¢Ìμ¤μ³ ¨Ì ¢ Ê¸±μ·¨É¥²Ó.

1. Š��‘’�“Š–ˆŸ

‚ ¨´¦¥±Éμ·¥ ¨¸¶μ²Ó§Ê¥É¸Ö ¶·¨´Í¨¶ ²¨´¥°´μ£μ Ê¸±μ·¥´¨Ö. �²¥±É·μ´Ò Ô³¨É¨·ÊÕÉ¸Ö ¨§
É¥·³μ± Éμ¤´μ£μ Ê§²  ¸ § §¥³²¥´´μ° ¸¥É±μ° (·¨¸. 1, 12), ¸μ§¤ ÕÐ¥£μ ±μ·μÉ±¨¥ Ô²¥±É·μ´-
´Ò¥ ¸£Ê¸É±¨. �²¥±É·μ´´Ò¥ ¸£Ê¸É±¨ Ê¸±μ·ÖÕÉ¸Ö ‚— Ô²¥±É·¨Î¥¸±¨³ ¶μ²¥³, ¸μ§¤ ¢ ¥³Ò³

�¨¸. 1. ˆ¸¶ÒÉ É¥²Ó´Ò° ¸É¥´¤ ¸ ‚—-¶ÊÏ±μ°

¢ § §μ·¥ ¢Ò¸μ±μÎ ¸ÉμÉ´μ£μ ·¥§μ´ Éμ· . �²¥±-
É·μ´´Ò¥ ¸£Ê¸É±¨ Ëμ·³¨·ÊÕÉ¸Ö ¨³¶Ê²Ó¸ ³¨ μÉ-
·¨Í É¥²Ó´μ£μ ´ ¶·Ö¦¥´¨Ö ´  ± Éμ¤¥. „²¨É¥²Ó-
´μ¸ÉÓ ¨³¶Ê²Ó¸μ¢ 43◦ (1,2 ´¸) μÉ ¶¥·¨μ¤  ‚—
´  ¶μ²Ê¢Ò¸μÉ¥ ¨²¨ 60◦ ¶μ μ¸´μ¢ ´¨Õ. ˆ´-
¦¥±Éμ· · ¡μÉ ¥É ¢ ´¥¶·¥·Ò¢´μ³ ·¥¦¨³¥. ‚ É -
¡²¨Í¥ ¶·¨¢μ¤ÖÉ¸Ö μ¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨
‚—-¨´¦¥±Éμ· . ˆ¸¶ÒÉ É¥²Ó´Ò° ¸É¥´¤ ¶μ± § ´
´  ·¨¸. 2.

	¨³¥É ²²¨Î¥¸±¨° (³¥¤ÓÄ´¥·¦ ¢¥°± ) ·¥§μ-
´ Éμ· 2 (·¨¸. 1) μ¶¨¸ ´ ¢ [2]. �¥§μ´ Éμ· ¡Ê¤¥É
Ê¸É ´μ¢²¥´ ´  · ¸¸ÉμÖ´¨¨ 1,2 ³ μÉ ¢Ìμ¤´μ£μ
μÉ¢¥·¸É¨Ö ¶·¥¤¢ ·¨É¥²Ó´μ£μ Ê¸±μ·¨É¥²Ö ¢ ¨´-
¦¥±Éμ·¥ ¸ ´ ¶·Ö¦¥´¨¥³ 1,5 ŒÔ‚. ‚´ÊÉ·¨ ·¥§μ-
´ Éμ·  · ¸¶μ²μ¦¥´Ò Ô²¥±É·μ¤Ò, Ëμ·³¨·ÊÕÐ¨¥
Ê¸±μ·ÖÕÐ¥¥ Ô²¥±É·¨Î¥¸±μ¥ ¶μ²¥. �  ¶· ¢μ³
Ô²¥±É·μ¤¥ (·¨¸. 1, 3), Ê¸É ´μ¢²¥´´μ³ ´  ¢Ò¸ÉÊ-
¶ ÕÐ¥³ ±μ´Í¥ ±μ ±¸¨ ²Ó´μ° ²¨´¨¨ (¢¸É ¢±¨,
·¨¸. 1, 6), ¸³μ´É¨·μ¢ ´ ± Éμ¤´μ-¸¥ÉμÎ´Ò° Ê§¥²
(·¨¸. 1, 12), μ¡· §ÊÕÐ¨° ¨¸ÉμÎ´¨± Ô²¥±É·μ´μ¢.
�· ¢Ò° ¨ ²¥¢Ò° (·¨¸. 1, 4) Ô²¥±É·μ¤Ò μ¡· §ÊÕÉ
¢Ò¸μ±μÎ ¸ÉμÉ´Ò° Ê¸±μ·ÖÕÐ¨° § §μ·.

“¶· ¢²¥´¨¥ ·¥§μ´ ´¸´μ° Î ¸ÉμÉμ° μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¨§³¥´¥´¨¥³ ¨´¤Ê±É¨¢´μ¸É¨ ·¥§μ-
´ Éμ·  ¶ÊÉ¥³ ¢ÒÉ¥¸´¥´¨Ö ³ £´¨É´μ£μ ‚—-¶μ²Ö ¤¢Ê³Ö ¶²Ê´¦¥· ³¨, · ¸¶μ²μ¦¥´´Ò³¨ ´ 
μ¡¥Î °±¥ ·¥§μ´ Éμ·  (·¨¸. 1, 11). �¥·¥³¥Ð¥´¨¥ ¶²Ê´¦¥·μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö Ï £μ¢Ò³ ¤¢¨-
£ É¥²¥³ (·¨¸. 2, 12). ˜ £μ¢Ò° ¤¢¨£ É¥²Ó Ê¶· ¢²Ö¥É¸Ö ¸¨¸É¥³μ° Ë §μ¢μ°  ¢Éμ¶μ¤¸É·μ°±¨
Î ¸ÉμÉÒ (”��—). ‘¨¸É¥³  ”��— · ¸¶μ²μ¦¥´  ¢ μÉ¤¥²Ó´μ° ¸Éμ°±¥, ¢ ¶μ³¥Ð¥´¨¨, § -
Ð¨Ð¥´´μ³ μÉ · ¤¨ Í¨¨. ‘¨£´ ²Ò ¤²Ö · ¡μÉÒ ¸¨¸É¥³Ò ”��— ¸´¨³ ÕÉ¸Ö ¸ μ¤´μ° ¨§
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�¸´μ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ‚—-¨´¦¥±Éμ· 

‘·¥¤´¨° Éμ± ‚—-¶ÊÏ±¨, ³� � 100

�´¥·£¨Ö Ô²¥±É·μ´μ¢, ±Ô‚ 240Ä300

„²¨É¥²Ó´μ¸ÉÓ ¸£Ê¸É±μ¢, ´¸ 1,2

Œ ±¸¨³ ²Ó´ Ö Î ¸ÉμÉ  ¶μ¢Éμ·¥´¨Ö, ŒƒÍ 90

ŒμÐ´μ¸ÉÓ ‚—-£¥´¥· Éμ· , ±‚É � 50

„μ¶Ê¸É¨³Ò° · ¡μÎ¨° ¢ ±ÊÊ³, ’μ·· < 10−6

�³¨ÉÉ ´¸ 1,5-ŒÔ‚ ¸£Ê¸É±μ¢, ³³ ·³· ¤ ∗ 15Ä26

„²¨´  1,5-ŒÔ‚ ¸£Ê¸É±μ¢, ³³ ∗ 25Ä8,5

ÅÅÅÅÅÅÅÅÄ
∗ � ¸Î¥É´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶ÊÎ± , Ê¸±μ·¥´´μ£μ
¢ ¨´¦¥±Éμ·¥ ¤μ 1,5 ŒÔ‚ ·¥§μ´ Éμ· ³¨ [2].

�¨¸. 2. ‘Ì¥³  ‚—-¶ÊÏ±¨

¨§³¥·¨É¥²Ó´ÒÌ ¶¥É¥²Ó, · ¸¶μ²μ¦¥´´ÒÌ ´  ¡μ±μ¢μ° ¸Éμ·μ´¥ ·¥§μ´ Éμ·  (·¨¸. 1, 7). ‘¨£-
´ ² ¸ ¤·Ê£μ° ¶¥É²¨, ¶·μ¶μ·Í¨μ´ ²Ó´Ò° ´ ¶·Ö¦¥´¨Õ ´  § §μ·¥ ·¥§μ´ Éμ· , ¨¸¶μ²Ó§Ê¥É¸Ö
¢ ¸¨¸É¥³¥ Ê¶· ¢²¥´¨Ö ³μÐ´μ¸ÉÓÕ ‚—-£¥´¥· Éμ·  ¤²Ö ¸É ¡¨²¨§ Í¨¨ ´ ¶·Ö¦¥´¨¥ ´  ·¥§μ-
´ Éμ·¥.

Š Éμ¤´μ-¸¥ÉμÎ´Ò° Ê§¥² Ö¢²Ö¥É¸Ö § ³¥´Ö¥³μ° ¤¥É ²ÓÕ ¨´¦¥±Éμ· . “¸É ´ ¢²¨¢ ÕÉ¸Ö
± Éμ¤´Ò¥ Ê§²Ò (·¨¸. 1, 12) ¢ ¨´¦¥±Éμ· ¸ ¶μ³μÐÓÕ Ë² ´Í  ¸ ¢ ±ÊÊ³´Ò³ Ê¶²μÉ´¥´¨¥³
É¨¶  ®±μ´Ë²ÔÉ¯. Šμ´¸É·Ê±Í¨Ö ±·¥¶²¥´¨Ö ± Éμ¤μ¢ ´  ¨´¦¥±Éμ·¥ ¤μ¶Ê¸± ¥É ¶·¨³¥´¥´¨¥
¤¢ÊÌ É¨¶μ¢ ± Éμ¤´μ-¸¥ÉμÎ´ÒÌ Ê§²μ¢, ¨³¥ÕÐ¨Ì · §´Ò¥ Ë² ´ÍÒ. �¤¨´ ¨§ ´¨Ì Å ÔÉμ
μÉ¥Î¥¸É¢¥´´Ò° ± Éμ¤´μ-¸¥ÉμÎ´Ò° Ê§¥² μÉ ³¥É ²²μ±¥· ³¨Î¥¸±μ° ² ³¶Ò-É·¨μ¤  É¨¶  ƒ‘-
34 ¸ μ±¸¨¤´Ò³ ± Éμ¤μ³, ¨§£μÉ ¢²¨¢ ¥³Ò° ¢ Ìμ²¤¨´£μ¢μ° ±μ³¶ ´¨¨ ��� ��‚‡-®‘μÕ§¯
(http://ru.nevz.ru). „ ´´Ò° ± Éμ¤´Ò° Ê§¥² [3] ¶·¨¢ ·¨¢ ¥É¸Ö ± Ë² ´ÍÊ ¢ ±ÊÊ³´μ-¶²μÉ´Ò³
Ï¢μ³. �¥·¥¤ Ê¸É ´μ¢±μ° ¢ ·¥§μ´ Éμ· ± Éμ¤´μ-¸¥ÉμÎ´Ò° Ê§¥² ¤μ²¦¥´ ¡ÒÉÓ  ±É¨¢¨·μ¢ ´
¶μ ¸¶¥Í¨ ²Ó´μ° ¶·μÍ¥¤Ê·¥. •· ´ÖÉ¸Ö ´¥ ±É¨¢¨·μ¢ ´´Ò¥ ± Éμ¤´μ-¸¥ÉμÎ´Ò¥ Ê§²Ò ¢ § -
³±´ÊÉμ³ μ¡Ñ¥³¥, ¢  É³μ¸Ë¥·¥ ¸ÊÌμ£μ  §μÉ . „·Ê£μ° ± Éμ¤´μ-¸¥ÉμÎ´Ò° Ê§¥², É¨¶  Y-824,
¨§£μÉ ¢²¨¢ ¥³Ò° Ë¨·³μ° EIMAC, ¨³¥¥É ¸μ¡¸É¢¥´´Ò° Ë² ´¥Í.
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“¶· ¢²¥´¨¥ Éμ±μ³ Ê¸±μ·¥´´μ£μ ¶ÊÎ±  Ô²¥±É·μ´μ¢ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸¨¸É¥³μ°, ¢ ±μÉμ-
·ÊÕ ¢Ìμ¤¨É ¡²μ± ³μ¤Ê²ÖÉμ·  ¨ ¸¨¸É¥³  ¡²μ±¨·μ¢±¨ ¶μ Ë §¥. 	²μ± ³μ¤Ê²ÖÉμ·  [4Ä7]
¢Ò¶μ²´¥´ Í¨²¨´¤·¨Î¥¸±¨³, ¢ ¸Ñ¥³´μ³ ¢ ·¨ ´É¥. 	²μ± ¶μ ´ ¶· ¢²ÖÕÐ¥° É·Ê¡¥ (·¨¸. 1, 6)
¢ Í¥´É· ²Ó´μ° Î ¸É¨ ·¥§μ´ Éμ·  ¢¸É ¢²Ö¥É¸Ö ¢´ÊÉ·Ó ¢¸É ¢±¨ (·¨¸. 1, 6) ¨ Ô²¥±É·¨Î¥¸±¨
¶μ¤¸μ¥¤¨´Ö¥É¸Ö ± ± Éμ¤´μ³Ê Ê§²Ê. ‘Éμ°±  Ê¶· ¢²¥´¨Ö ¡²μ±μ³ ³μ¤Ê²ÖÉμ·  · §³¥Ð ¥É¸Ö ¢
¸μ¸¥¤´¥³ ¶μ³¥Ð¥´¨¨, § Ð¨Ð¥´´μ³ μÉ · ¤¨ Í¨¨. Œμ¤Ê²ÖÉμ· Ê¶· ¢²Ö¥É¸Ö μÉ ±μ³¶ÓÕÉ¥· 
Î¥·¥§ ¨´É¥·Ë¥°¸ ¸¢Ö§¨.

‚ ± ´ ²¥ ¶ÊÎ± , ³¥¦¤Ê ·¥§μ´ Éμ·μ³ ¨´¦¥±Éμ·  ¨ Ê¸±μ·¨É¥²¥³, ´  · ¸¸ÉμÖ´¨¨ 0,5 ³ μÉ
¶²μ¸±μ¸É¨ ± Éμ¤ , ¤μ²¦´  ¡ÒÉÓ Ê¸É ´μ¢²¥´  Ëμ±Ê¸¨·ÊÕÐ Ö ³ £´¨É´ Ö ²¨´§  (·¨¸. 2, 8),
¸²Ê¦ Ð Ö ¤²Ö ±μ³¶¥´¸ Í¨¨ ·μ¸É  Ô³¨ÉÉ ´¸  ¶ÊÎ± , ¶·μ¨¸Ìμ¤ÖÐ¥£μ ¢ ¶·μÍ¥¸¸¥ Ê¸±μ·¥-
´¨Ö ¨§-§  ¤¥°¸É¢¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤ . � Î ²Ó´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ±  ¨§ ± Éμ¤´μ-
¸¥ÉμÎ´μ£μ Ê§² , ¸μ£² ¸´μ · ¸Î¥É ³ [8], ´¥ ¶·¥¢ÒÏ ¥É ¢¥²¨Î¨´Ê 4,0 ³³ ·³· ¤. �·¨Î¨´μ°
É ±μ° ¢¥²¨Î¨´Ò Ô³¨ÉÉ ´¸  Ö¢²Ö¥É¸Ö ´¥¡μ²ÓÏμ¥ ´ ·ÊÏ¥´¨¥ ² ³¨´ ·´μ¸É¨ Ô²¥±É·μ´´μ£μ
¶μÉμ± , ¶·μÌμ¤ÖÐ¥£μ Î¥·¥§ Ê¶· ¢²ÖÕÐÊÕ ¸¥É±Ê, ¨³¥ÕÐÊÕ ¶¥·¥£μ·μ¤±¨ ¢ ÖÎ¥°± Ì ¤¢ÊÌ
É¨¶μ¢ ¸ · §´μ° Éμ²Ð¨´μ° (¸³. [8]).

‚¢μ¤ ‚—-³μÐ´μ¸É¨ (·¨¸. 2, 10) · ¸¶μ²μ¦¥´ ¢ ¢¥·Ì´¥° Î ¸É¨ ·¥§μ´ Éμ·  (·¨¸. 1, 10).
‚ ±ÊÊ³´ÊÕ ¨ Ô²¥±É·¨Î¥¸±ÊÕ ¨§μ²ÖÍ¨Õ ¢ ´¥³ μ¡¥¸¶¥Î¨¢ ¥É ±¥· ³¨Î¥¸±¨° Í¨²¨´¤·¨Î¥-
¸±¨° ¨§μ²ÖÉμ·. Š ¢¢μ¤Ê ³μÐ´μ¸É¨ Î¥·¥§ ±μ ±¸¨ ²Ó´Ò° Ë¨¤¥· (·¨¸. 2, 11) ¶μ¤±²ÕÎ ¥É¸Ö
£¥´¥· Éμ·. ƒ¥´¥· Éμ· ¢Ò¸μ±μ° Î ¸ÉμÉÒ 50 ±‚É, ¢Ò¶μ²´¥´´Ò° ´  ¶·μ³ÒÏ²¥´´ÒÌ É¥É·μ¤ Ì
ƒ“-92� ¨ ƒ“101�, μ¶¨¸ ´ ¢ [9].

� ¡μÎ¨° ¢ ±ÊÊ³ ¢ μ¡Ñ¥³¥ ·¥§μ´ Éμ·  μ¡¥¸¶¥Î¨¢ ¥É¸Ö ³ £´¨Éμ· §·Ö¤´Ò³ ´ ¸μ¸μ³ ¶·μ-
¨§¢μ¤¨É¥²Ó´μ¸ÉÓÕ 250 ²/¸, ¸³μ´É¨·μ¢ ´´Ò³ ´  ´¨¦´¥° Î ¸É¨ ·¥§μ´ Éμ·  (·¨¸. 1, 8).
�É± Î±  ¶·μ¨§¢μ¤¨É¸Ö Î¥·¥§ Ð¥²¥¢ÊÕ ·¥Ï¥É±Ê ¢ ´¨¦´¥° ¸É¥´±¥ ·¥§μ´ Éμ· , ´¥ ¨¸± -
¦ ÕÐÊÕ · ¸¶·¥¤¥²¥´¨¥ ‚—-¶μ²Ö ¢ ·¥§μ´ Éμ·¥. ‚ ·¥§μ´ Éμ·¥ ¸ μÉ±²ÕÎ¥´´Ò³ ± Éμ¤μ³
μ¡¥¸¶¥Î¨¢ ¥É¸Ö ¢ ±ÊÊ³ 10−7−10−9 �  ¶μ¸²¥ ¶·μ£·¥¢  ·¥§μ´ Éμ· . � §¢ ±ÊÊ³¨·μ¢ ´¨¥
·¥§μ´ Éμ·  ¸²¥¤Ê¥É ¶·μ¢μ¤¨ÉÓ ¸ § ¶μ²´¥´¨¥³ ¥£μ ¸ÊÌ¨³  §μÉμ³. ‚ ·¥§μ´ Éμ·¥ ¸ · ¡μÉ Õ-
Ð¨³ ± Éμ¤μ³ ¤μ¶Ê¸± ¥É¸Ö ¶μ´¨¦¥´¨¥ ¢ ±ÊÊ³  ¤μ 10−5 � , ´¥ · §·ÊÏ ÕÐ¥£μ ± Éμ¤.

Š ¶¥·¥¤´¥³Ê Ë² ´ÍÊ ·¥§μ´ Éμ·  Î¥·¥§ Ï¨¡¥· (·¨¸. 1, 5) ¨ ¸¨²ÓËμ´ ¶μ¤¸μ¥¤¨´Ö¥É¸Ö
¢Ò¶Ê¸±´μ° ± ´ ² ¤²Ö ¶ÊÎ± . ‚Ò¶Ê¸±´μ° ± ´ ² μ¡¥¸¶¥Î¨¢ ¥É ¢ ±ÊÊ³´μ-¶²μÉ´μ¥ ¶μ¤¸μ¥¤¨-
´¥´¨¥ ± Ë² ´Í ³ ¨§³¥·¨É¥²Ó´μ£μ ¸É¥´¤ . ‚ ¥£μ ¸μ¸É ¢ ¢Ìμ¤¨É ±μ··¥±É¨·ÊÕÐ Ö ± ÉÊÏ± 
(·¨¸. 2, 6), ·¥§¨¸É¨¢´Ò° ¤ ÉÎ¨± ¶ÊÎ±  (·¨¸. 2, 7), Ëμ±Ê¸¨·ÊÕÐ¨° ¸μ²¥´μ¨¤ (·¨¸. 2, 5).
Œ¨Ï¥´Ó ¤²Ö ¶ÊÎ±  (·¨¸. 2, 3) ¢¤¢¨´ÊÉ  ¢´ÊÉ·Ó ¢ ±ÊÊ³´μ° ± ³¥·Ò ¸ Ê¸É ´μ¢²¥´´μ° ¸´ -
·Ê¦¨ ¢¨¤¥μ± ³¥·μ° (·¨¸. 2, 4) ¤²Ö ´ ¡²Õ¤¥´¨Ö ¶¥·¥Ìμ¤´μ£μ ¨§²ÊÎ¥´¨Ö ¸ ³¨Ï¥´¨. „ ²¥¥
Ê¸É ´μ¢²¥´ ¢Éμ·μ° ·¥§¨¸É¨¢´Ò° ¤ ÉÎ¨± ¶ÊÎ±  (·¨¸. 2, 2), ¶μ£²μÉ¨É¥²Ó ¶ÊÎ±  ´  30 ±‚É
(·¨¸. 2, 1), μÌ² ¦¤ ¥³Ò° ¶μÉμ±μ³ ¢μ¤Ò ¨ μ±·Ê¦¥´´Ò° ¸¢¨´Íμ¢μ° § Ð¨Éμ° μÉ · ¤¨ Í¨¨,
Éμ²Ð¨´μ° 3Ä5 ¸³. �¥§¨¸É¨¢´Ò¥ ¤ ÉÎ¨±¨ ¶ÊÎ±  ¶μ§¢μ²ÖÕÉ ´ ¡²Õ¤ ÉÓ ´  Ô±· ´¥ μ¸Í¨²²μ-
£· Ë  Ëμ·³Ê · ¸¶·¥¤¥²¥´¨Ö § ·Ö¤  ¢ ¸£Ê¸É± Ì ¨ ¨§³¥·ÖÉÓ ¤²¨É¥²Ó´μ¸ÉÓ ¸£Ê¸É±μ¢,   É ±¦¥
Ô´¥·£¨Õ ¶ÊÎ±  ¶μ ¢·¥³¥´¨ ¶·μ²¥É  ³¥¦¤Ê ´¨³¨.

�¥§μ´ Éμ· μ¡μ·Ê¤μ¢ ´ ¢μ¤Ö´Ò³ ¸É¥´¤μ³ (·¨¸. 2, 12), ¸²Ê¦ Ð¨³ ¤²Ö · ¸¶·¥¤¥²¥´¨Ö
¶μÉμ±  μÌ² ¦¤ ÕÐ¥° ¢μ¤Ò ³¥¦¤Ê μÌ² ¦¤ ÕÐ¨³¨ ± ´ ² ³¨ ·¥§μ´ Éμ·  (·¨¸. 1, 13). ‚μ-
¤Ö´μ° ¸É¥´¤ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¤¢¥ μ¤¨´ ±μ¢Ò¥ Î ¸É¨, ± ¦¤ Ö ¢ ¢¨¤¥ É·Ê¡Ò, μ¸´ Ð¥´´μ°
μ²¨¢± ³¨, ¸Ñ¥³´Ò³¨ É·Ê¡± ³¨, £¨¤·μ·¥²¥ ¨ ¢¥´É¨²Ö³¨. �¤´  Å ¤²Ö ¢Ìμ¤´μ£μ ¶μÉμ± 
¢μ¤Ò, ¤·Ê£ Ö Å ¤²Ö ¢ÒÌμ¤´μ£μ ¶μÉμ± . ‚μ§¤ÊÏ´μ¥ μÌ² ¦¤¥´¨¥ ± Éμ¤´μ-¸¥ÉμÎ´μ£μ Ê§² 
¨ ¶² É ³μ¤Ê²ÖÉμ·  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸¦ ÉÒ³ ¢μ§¤ÊÌμ³. ‘¦ ÉÒ° ¢μ§¤ÊÌ ¶μ¤ ¥É¸Ö Î¥·¥§ ¢μ§-
¤ÊÏ´μ¥ ·¥²¥, ¢±²ÕÎ¥´´μ¥ ¢ ¸¨¸É¥³Ê ¡²μ±¨·μ¢μ± ¨´¦¥±Éμ· .
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2. ��ˆ�–ˆ� ��	�’›

�¥£Ê²¨·μ¢ ´¨¥ ¸·¥¤´¥£μ Éμ±  ¶ÊÎ±  ¶·μ¨§¢μ¤¨É¸Ö ± ± §  ¸Î¥É ¨§³¥´¥´¨Ö § ·Ö¤  ¢
¸£Ê¸É± Ì, É ± ¨ §  ¸Î¥É ¨§³¥´¥´¨Ö Î ¸ÉμÉÒ ¶μ¢Éμ·¥´¨Ö ¸£Ê¸É±μ¢. „²¨É¥²Ó´μ¸ÉÓ ¸£Ê¸É±μ¢
´  ¢ÒÌμ¤¥ ¨´¦¥±Éμ·  ·¥£Ê²¨·Ê¥É¸Ö Ë §μ° Ô³¨¸¸¨¨, ¨§³¥´ÖÕÐ¥° ·¥¦¨³ ¶·μ¤μ²Ó´μ° £·Ê¶-
¶¨·μ¢±¨ ¸£Ê¸É±μ¢ ¢ ¨´¦¥±Éμ·¥. „ ²¥¥ ¶·¨´ÖÉμ, ÎÉμ ´ ¶·Ö¦¥´¨¥ ¢ ·¥§μ´ Éμ·¥ ¨§³¥´Ö¥É¸Ö
¶μ ¸¨´Ê¸μ¨¤ ²Ó´μ³Ê § ±μ´Ê, ´Ê²¥¢ Ö Ë §  ±μÉμ·μ£μ ¸μμÉ¢¥É¸É¢Ê¥É ³μ³¥´ÉÊ ¸ ´Ê²¥¢Ò³
´ ¶·Ö¦¥´¨¥³ ¢ ·¥§μ´ Éμ·¥.

� ¡μÎ¨° ·¥¦¨³ · ¡μÉÒ ‚—-¶ÊÏ±¨ § ´¨³ ¥É ¤¨ ¶ §μ´ Ë § Ô³¨¸¸¨¨ 30−65◦. �·¨ Ë -
§ Ì, ³¥´ÓÏ¨Ì 30◦, ´ Î¨´ ¥É¸Ö μ£· ´¨Î¥´¨¥ § ·Ö¤  ¢ ¸£Ê¸É± Ì ¨§-§  Éμ£μ, ÎÉμ £μ²μ¢´Ò¥
Î ¸É¨ÍÒ ¸£Ê¸É±  ´  30◦ · ´ÓÏ¥ ¸¥·¥¤¨´Ò ¶μ¶ ¤ ÕÉ ¢ μÉ·¨Í É¥²Ó´ÊÕ Ë §Ê ‚— ¢ ¶ÊÏ±¥ ¨
´¥ ³μ£ÊÉ Ô³¨É¨·μ¢ ÉÓ¸Ö §  ¸¥É±Ê. �  ¢¥·Ì´¥° £· ´¨Í¥ ¤¨ ¶ §μ´  · ¡μÎ¨Ì Ë § ¸£Ê¸É±¨ ¶μ-
²ÊÎ ÕÉ ³ ±¸¨³ ²Ó´μ¥ Ê¸±μ·¥´¨¥. �·¨ ³¥´ÓÏ¨Ì Ë § Ì ¢ ¸£Ê¸É± Ì Ëμ·³¨·Ê¥É¸Ö ¸¶ ¤ ÕÐ¥¥
± £μ²μ¢´μ° Î ¸É¨ · ¸¶·¥¤¥²¥´¨¥ Ô´¥·£¨° Î ¸É¨Í, ¶·¨¢μ¤ÖÐ¥¥ ± ¸μ±· Ð¥´¨Õ μ¡Ð¥° ¤²¨´Ò
¸£Ê¸É±μ¢ ´  ¤·¥°Ëμ¢μ³ ÊÎ ¸É±¥ ¶μ¸²¥ ‚—-¶ÊÏ±¨. �ÉμÉ ·¥¦¨³ · ¡μÉÒ ‚—-¶ÊÏ±¨ ´ §Ò-
¢ ¥É¸Ö ®·¥¦¨³μ³ £·Ê¶¶¨·μ¢±¨¯. �·¨ Ë § Ì ¢ÒÏ¥ · ¡μÎ¥£μ ¤¨ ¶ §μ´  ¸£Ê¸É±¨ ¶μ²ÊÎ ÕÉ
³¥´ÓÏ¥¥ Ê¸±μ·¥´¨¥ ¨ Ê¤²¨´ÖÕÉ¸Ö ´  ¢¸¥³ ¶·μÉÖ¦¥´¨¨ ¤·¥°Ëμ¢μ£μ ÊÎ ¸É± . �¶ ¸´Ò³¨
Ö¢²ÖÕÉ¸Ö Ë §Ò Ô³¨¸¸¨¨ 100−180◦, ±μ£¤  ¶μÖ¢²ÖÕÉ¸Ö μ¡· É´μ Ê¸±μ·¥´´Ò¥ Ô²¥±É·μ´Ò,
³μÐ´μ¸ÉÓ ±μÉμ·ÒÌ ¶·¨ ¶μ¶ ¤ ´¨¨ ´  ± Éμ¤ ³μ¦¥É ¤μ¸É¨£ ÉÓ 1 ±‚É. �  ÔÉμÉ ¸²ÊÎ ° ¢
¸¨¸É¥³¥ Ê¶· ¢²¥´¨Ö ‚—-¶ÊÏ±μ° ¶·¥¤Ê¸³μÉ·¥´  ¡²μ±¨·μ¢±  ¶μ Ë §¥.

�ËË¥±É μ¡· É´μ° ¡μ³¡ ·¤¨·μ¢±¨ ± Éμ¤  Ô²¥±É·μ´ ³¨ ³μ¦¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¨§-§  Éμ£μ,
ÎÉμ ¶·¨ ¡μ²ÓÏ¨Ì Ë § Ì Ô³¨¸¸¨¨ ¸£Ê¸É±¨ ´¥ Ê¸¶¥¢ ÕÉ ¶μ²´μ¸ÉÓÕ ¢Ò²¥É¥ÉÓ ¨§ ‚—-¶ÊÏ±¨,
¶μ±  Ê¸±μ·ÖÕÐ¥¥ ‚—-¶μ²¥ ´¥ ¨§³¥´¨²μ §´ ±. ‚ ÔÉ¨Ì ¸²ÊÎ ÖÌ Ì¢μ¸Éμ¢ Ö, ´¥ ¢Ò²¥É¥¢Ï Ö ¨§
‚—-¶ÊÏ±¨ Î ¸ÉÓ ¸£Ê¸É± , ´ Î¨´ ¥É § ³¥¤²ÖÉÓ¸Ö ¢ ¶μ²¥ μ¡· É´μ£μ §´ ±  ¨ ¶μÉμ³ Ê¸±μ·Ö¥É¸Ö
¢ μ¡· É´μ³ ´ ¶· ¢²¥´¨¨ ± ± Éμ¤Ê.

‘¨£´ ² Ê¶· ¢²¥´¨Ö ± Éμ¤´μ-¸¥ÉμÎ´Ò³ Ê§²μ³ ¨³¥¥É ¤¦¨ÉÉ¥· ´¥ ¡μ²ÓÏ¥ ±0,1 ´¸, ¨²¨
±3,3◦ μÉ Ë §Ò ‚— 90 ŒƒÍ. �¥¦¨³ ¶·μ¤μ²Ó´μ° £·Ê¶¶¨·μ¢±¨ ¶ÊÎ±  μ¡¥¸¶¥Î¨¢ ¥É ±μ³¶¥´-
¸ Í¨Õ ¤¦¨ÉÉ¥· . Œ¥Ì ´¨§³ ±μ³¶¥´¸ Í¨¨ ¤¦¨ÉÉ¥·  ¢ ·¥¦¨³¥ £·Ê¶¶¨·μ¢±¨ (Ë §  Ô³¨¸¸¨¨
31◦) μ¡ÑÖ¸´Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³: ¸£Ê¸É±¨, ¢Ò²¥É¥¢Ï¨¥ ¶μ§¦¥ 31◦, ¶μ²ÊÎ ÕÉ ¡μ²ÓÏ¥¥
Ê¸±μ·¥´¨¥ ¢ ¶μ²¥ ‚—-¶ÊÏ±¨ ¨, ¢ ·¥§Ê²ÓÉ É¥, ¶·¨²¥É ÕÉ · ´ÓÏ¥ ¢ μ¶·¥¤¥²¥´´ÊÕ ±μμ·¤¨-
´ ÉÊ. ˆ μ¡· É´μ, ¸£Ê¸É±¨, ¢Ò²¥É¥¢Ï¨¥ · ´ÓÏ¥ 31◦, ²¥ÉÖÉ ¤μ²ÓÏ¥ ¨§-§  ³¥´ÓÏ¥° Ô´¥·£¨¨
¨ ¶·¨²¥É ÕÉ ¢ ¤ ´´ÊÕ ±μμ·¤¨´ ÉÊ μ¤´μ¢·¥³¥´´μ ¸μ ¸£Ê¸É± ³¨, ¢Ò²¥É¥¢Ï¨³¨ ¶μ§¦¥. �μ
· ¸Î¥É ³, ´  · ¸¸ÉμÖ´¨¨ 1,8 ³ μÉ ± Éμ¤ , ¶·¨ Ë §¥ 31◦, ¤¦¨ÉÉ¥· ¤μ²¦¥´ ±μ³¶¥´¸¨·μ-
¢ ÉÓ¸Ö ¢ 70 · §. ˆ§-§  ¤¥°¸É¢¨Ö ¶·μ¸É· ´¸É¢¥´´μ£μ § ·Ö¤  (1,1 ´Š²) ¢ ¸£Ê¸É± Ì ¤·¥°Ëμ¢μ¥
· ¸¸ÉμÖ´¨¥ ¤²Ö ³¨´¨³ ²Ó´μ° ¤²¨´Ò ¸£Ê¸É±μ¢ ¡μ²ÓÏ¥ ´  0,3 ³, É. ¥. 2,1 ³.

Œ ±¸¨³ ²Ó´μ¥ ¶μ¢¥·Ì´μ¸É´μ¥ Ô²¥±É·¨Î¥¸±μ¥ ‚—-¶μ²¥ (10 Œ‚/³) ¸μ¸·¥¤μÉμÎ¥´μ ´ 
±· ÖÌ Ëμ±Ê¸¨·ÊÕÐ¥£μ Ô²¥±É·μ¤  (¸³. 3 ´  ·¨¸. 1), ¢¤ ²¨ μÉ μ¸¨ ·¥§μ´ Éμ· . ˆ§-§  ¢Ò¸μ±μ°
´ ¶·Ö¦¥´´μ¸É¨ ±· Ö ÔÉμ£μ Ô²¥±É·μ¤  ¸²Ê¦ É ¨¸ÉμÎ´¨±μ³ É¥³´μ¢ÒÌ Éμ±μ¢  ¢ÉμÔ³¨¸¸¨¨,
±μÉμ·Ò¥ μ¸É ÕÉ¸Ö ¢´ÊÉ·¨ ·¥§μ´ Éμ·  ¨ ´¥ ¶μ¶ ¤ ÕÉ ¢ ± ´ ² ¤²Ö ¶ÊÎ±  ¨ ¢ Ê¸±μ·¨É¥²Ó.
� ¶·Ö¦¥´´μ¸ÉÓ ‚—-¶μ²Ö ¢ · °μ´¥ ± Éμ¤  ³¥´ÓÏ¥ ¢ 10 · §, ¶μ·Ö¤±  1 Œ‚/³, ¶μÔÉμ³Ê
É¥³´μ¢ÒÌ Éμ±μ¢  ¢ÉμÔ³¨¸¸¨¨ ¨§ ÔÉμ° μ¡² ¸É¨ ¶· ±É¨Î¥¸±¨ ´¥É. ’ ±¨³ μ¡· §μ³, ¸£Ê¸É±¨
¨§ ¨´¦¥±Éμ·  ¢ÒÌμ¤ÖÉ ¡¥§ ¶·¨³¥¸¨ ¶μ¸Éμ·μ´´¨Ì Î ¸É¨Í É¥³´μ¢μ£μ Éμ±   ¢ÉμÔ³¨¸¸¨¨.

� ¶·Ö¦¥´´μ¸ÉÓ ‚—-¶μ²Ö ¢ · °μ´¥ ± Éμ¤  1 Œ‚/³ ¢Ò¡· ´  ¨§ ¸μμ¡· ¦¥´¨° ¶μ²ÊÎ¥´¨Ö
³¨´¨³ ²Ó´μ£μ Ô³¨ÉÉ ´¸  ¶ÊÎ± . ‚ Ë §¥ Ô³¨¸¸¨¨ ∼ 30◦ ÔÉ  ´ ¶·Ö¦¥´´μ¸ÉÓ ∼ 0,5 Œ‚/³.
‚ μ¡² ¸É¨ ³¥¦¤Ê ± Éμ¤μ³ ¨ Ê¶· ¢²ÖÕÐ¥° ¸¥É±μ°, ¢ ³μ³¥´É μÉ¶¨· ´¨Ö ± Éμ¤ , ¸μ§¤ ¥É¸Ö
¶·¨³¥·´μ É ± Ö ¦¥ ´ ¶·Ö¦¥´´μ¸ÉÓ ¶μ²Ö ∼ 0,5 Œ‚/³. ˆ§-§  É ±μ£μ · ¢¥´¸É¢  ¶μ²¥° ¤μ ¨
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¶μ¸²¥ ¸¥É±¨ μ¡¥¸¶¥Î¨¢ ¥É¸Ö ² ³¨´ ·´μ¸ÉÓ Ô²¥±É·μ´´μ£μ ¶μÉμ±  ¸±¢μ§Ó ¸¥É±Ê,   §´ Î¨É,
μ¡¥¸¶¥Î¨¢ ¥É¸Ö ³¨´¨³ ²Ó´μ ¢μ§³μ¦´Ò° Ô³¨ÉÉ ´¸ ¶ÊÎ± . � ¸Î¥ÉÒ ¤¨´ ³¨±¨ Ô²¥±É·μ´´μ£μ
¶ÊÎ±  ¢ ± Éμ¤´μ-¸¥ÉμÎ´μ³ Ê§²¥ μ¶¨¸ ´Ò ¢ [8]. �¥±μÉμ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì · ¸Î¥Éμ¢
¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥, ³ ·±¨·μ¢ ´´Ò¥ §´ ±μ³ ∗.

3. �…‡“‹œ’�’› ˆ‘�›’��ˆ‰

‚ ¨¸¶ÒÉ ´¨ÖÌ ´  ¸É¥´¤¥ (·¨¸. 2) ¡Ò² ¶μ²ÊÎ¥´ ³ ±¸¨³ ²Ó´Ò° ¸·¥¤´¨° Éμ± 60 ³�. �·¨
¶μ¤Ñ¥³¥ ¸·¥¤´¥£μ Éμ±  ¢ÒÏ¥ 60 ³� ¶·μ¨¸Ìμ¤¨²μ ÊÌÊ¤Ï¥´¨¥ ¢ ±ÊÊ³  ¢ ‚—-¶ÊÏ±¥ ¤μ ¢¥-
²¨Î¨´Ò > 10−5 �  ¨§-§  ¶μ¢ÒÏ¥´´μ£μ £ §μμÉ¤¥²¥´¨Ö ¢ ¶μ£²μÉ¨É¥²¥ ¶ÊÎ±  ¨ Ê¢¥²¨Î¥´¨¥
· ¤¨ Í¨μ´´μ£μ Ëμ´ , ¶·¥¢ÒÏ ÕÐ¥£μ ¤μ¶Ê¸É¨³Ò° Ê·μ¢¥´Ó, ¨§-§  ¶·¨³¥´¥´¨Ö ´¥¤μ¸É -
ÉμÎ´μ ³μÐ´μ° · ¤¨ Í¨μ´´μ° § Ð¨ÉÒ ¶μ£²μÉ¨É¥²Ö. Š Éμ¤ ¶·¨ ¨¸¶ÒÉ ´¨ÖÌ ¶· ±É¨Î¥¸±¨
´¥ ¨§³¥´¨² ¸¢μ¨Ì Ì · ±É¥·¨¸É¨±. �μ¸²¥ Ê¸μ¢¥·Ï¥´¸É¢μ¢ ´¨Ö § Ð¨ÉÒ, ¤μ¶μ²´¨É¥²Ó´μ£μ
¶·μ£·¥¢  ¢ ±ÊÊ³´μ° ± ³¥·Ò ¶μ£²μÉ¨É¥²Ö ¨ ¶·¨³¥´¥´¨Ö ¤·Ê£μ£μ, ¡μ²¥¥ ´ ¤¥¦´μ£μ, ¢ ·¨-
 ´É  ³μ¤Ê²ÖÉμ·  ± Éμ¤´μ-¸¥ÉμÎ´μ£μ Ê§²  [10] ¨¸¶ÒÉ ´¨Ö ‚—-¶ÊÏ±¨ ¡Ê¤ÊÉ ¶·μ¤μ²¦¥´Ò.

�·μ¢¥¤¥´´Ò¥ ¨¸¶ÒÉ ´¨Ö ¤μ± § ²¨ ¶·¨´Í¨¶¨ ²Ó´μ¥ ¶·¥¨³ÊÐ¥¸É¢μ ‚—-¶ÊÏ¥± ¶μ ¸· ¢-
´¥´¨Õ ¸μ ¸É É¨Î¥¸±¨³¨ Å ÔÉμ ¡¥¸¶·¥Í¥¤¥´É´μ ¡μ²ÓÏμ¥ ¢·¥³Ö ¦¨§´¨ ± Éμ¤  ¢ Ê¸²μ¢¨ÖÌ
´¨§±μ£μ ¢ ±ÊÊ³  10−5 �  ¨ ¢Ò¸μ±μ£μ ¸·¥¤´¥£μ Éμ±  ¶ÊÎ±  ¤μ 60 ³�. ’ ±¦¥ ¢ ¶·μ¢¥-
¤¥´´ÒÌ ¨¸¶ÒÉ ´¨ÖÌ ¶μ¤É¢¥·¤¨² ¸Ó ¶·¨´Í¨¶¨ ²Ó´ Ö ¢μ§³μ¦´μ¸ÉÓ £·Ê¶¶¨·μ¢±¨ ¸£Ê¸É±μ¢
´  ¤·¥°Ëμ¢μ³ ÊÎ ¸É±¥ ¢ ·¥¦¨³¥ Ë § Ô³¨¸¸¨¨ 30−65◦. �³¨ÉÉ ´¸ ¶ÊÎ±  μÍ¥´¥´ ¶μ · §-
³¥·Ê ¸Ëμ±Ê¸¨·μ¢ ´´μ£μ ¶ÖÉ´  ´  ³¨Ï¥´¨ 0,5 ³³ ± ± ∼ 10 ³³ ·³· ¤, ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¶·¥¤¸± § ´¨Ö³¨ · ¸Î¥Éμ¢. ‚ ¶μ¸²¥¤ÊÕÐ¨Ì ¨¸¶ÒÉ ´¨ÖÌ ¶² ´¨·Ê¥É¸Ö ¨§³¥·¥´¨¥ ÉμÎ´ÒÌ
Î¨¸²¥´´ÒÌ §´ Î¥´¨° Ì · ±É¥·¨¸É¨± ¶ÊÎ± , ¶μ§¢μ²ÖÕÐ¨Ì ¸· ¢´¨¢ ÉÓ ¨Ì ¸ · ¸Î¥É ³¨,  
É ±¦¥ ¶μ²ÊÎ¥´¨¥ Ê¸Éμ°Î¨¢μ° · ¡μÉÒ ‚—-¶ÊÏ±¨ ¸μ ¸·¥¤´¨³ Éμ±μ³ ¶ÊÎ±  ¤μ 100 ³�.

‡�Š‹
—…�ˆ…

‚ ¸É ÉÓ¥ μ¶¨¸ ´  ±μ´¸É·Ê±Í¨Ö ¨ ¶·¨´Í¨¶ · ¡μÉÒ ‚—-¶ÊÏ±¨. �·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ
¨¸¶ÒÉ ´¨°, ¶μ¤É¢¥·¦¤ ÕÐ¨¥ ¶¥·¸¶¥±É¨¢Ò ¶·¨³¥´¥´¨Ö ‚—-¶ÊÏ¥± ¢ Ê¸±μ·¨É¥²Ó´μ° É¥Ì-
´¨±¥ ¨, ¢ Î ¸É´μ¸É¨, ¢ ± Î¥¸É¢¥ ¨´¦¥±Éμ·  · §·¥§´μ£μ ³¨±·μÉ·μ´ -·¥±Ê¶¥· Éμ·  ˆŸ”.
� ³¥Î¥´Ò ¤ ²Ó´¥°Ï¨¥ Ï £¨ ¶μ ¨¸¶ÒÉ ´¨Õ ‚—-¶ÊÏ±¨ ´  ¸É¥´¤¥.

ˆ¸¸²¥¤μ¢ ´¨¥ ‚—-¶ÊÏ±¨ ¢Ò¶μ²´¥´μ §  ¸Î¥É £· ´É  �μ¸¸¨°¸±μ£μ ´ ÊÎ´μ£μ Ëμ´¤  (¶·μ-
¥±É º14-50-00080).
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