
P9-2005-9

…. Œ. �´¤·¥¥¢ , ‘. �. ƒÊ¸Éµ¢, �. ‚. „¥³ÓÖ´µ¢,
�. …. „·¥¡ÊÏ±µ, ƒ. �. Šµ´µ´¥´±µ, ˆ. ‚. Œ¨·µÌ¨´,
�. �. Œµ·µ§µ¢, ‚. ‘. �µ£ ´µ¢ , �. ‚. ‘ ¢Î¥´±µ,
�. ƒ. ˜ ±Ê´

Œ�„…��ˆ‡�–ˆŸ Œ…‡���›• Š���‹�‚

”�‡�’���� ‹Ÿ� �ˆŸˆ



�´¤·¥¥¢ …. Œ. ¨ ¤·. P9-2005-9
Œµ¤¥·´¨§ Í¨Ö ³¥§µ´´ÒÌ ± ´ ²µ¢ Ë §µÉ·µ´  ‹Ÿ� �ˆŸˆ

�  Ë §µÉ·µ´¥ ‹Ÿ� �ˆŸˆ µ¸ÊÐ¥¸É¢²¥´  ³µ¤¥·´¨§ Í¨Ö É· ±É  ’ ¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ º 1, 2 ¨
3, ´ ¶· ¢²¥´´ Ö ´  · ¸Ï¨·¥´¨¥ ¢µ§³µ¦´µ¸É¥° ¶·µ¢¥¤¥´¨Ö Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ´  ³¥§µ´´ÒÌ
¶ÊÎ± Ì Ë §µÉ·µ´  ¶ÊÉ¥³ Ê²ÊÎÏ¥´¨Ö ¶ · ³¥É·µ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨ Ëµ·³¨·µ¢ ´¨Ö ´µ¢ÒÌ ³¥§µ´´ÒÌ
¶ÊÎ±µ¢. ‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´´µ° ³µ¤¥·´¨§ Í¨¨ §  ¸Î¥É µ¶É¨³¨§ Í¨¨ Ê£²µ¢ µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í
¨§ ³¨Ï¥´¥° ¨ Ê¸É ´µ¢±¨ ¤µ¶µ²´¨É¥²Ó´ÒÌ ²¨´§ ¨ ³ £´¨Éµ¢ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ
¶¨µ´µ¢ ´  ± ´ ²¥ º 3 ¢Ò·µ¸²  ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 100Ä400 ŒÔ‚ ¢ 3Ä40 · § ¨ ¤µ¸É¨£²  3 · 107 c−1

´  1 ³±� ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± . Œ ±¸¨³ ²Ó´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢
¢ ÔÉµ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¶·¨¡²¨§¨² ¸Ó ± §´ Î¥´¨Õ 5 · 106 c−1 ´  1 ³±� ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ
¶ÊÎ± . �  ± ´ ² Ì º 1, 2 ¨ 3 ¡² £µ¤ ·Ö µ¡· §µ¢ ´¨Õ ¸É Í¨µ´ ·´µ£µ ¢ ±ÊÊ³  µÉ ± ³¥·Ò Ë §µÉ·µ´ 
¸ · §¢¥É¢²¥´¨¥³ ¶µ ¢¸¥³ É· ±É ³ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ¤µ ¸ ³µ£µ ¨Ì ±µ´Í  ¨ · §³¥Ð¥´¨Õ ¢ ¢ ±ÊÊ³¥
¤¢ÊÌ ³¨Ï¥´´ÒÌ ¸É ´Í¨° ¸É ²µ ¢µ§³µ¦´Ò³ ¶µ²ÊÎ¥´¨¥ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ¸ ¨³¶Ê²Ó¸µ³ < 50 ŒÔ‚/c,
¢ Éµ³ Î¨¸²¥ ¶ÊÎ±µ¢ ®¶µ¢¥·Ì´µ¸É´ÒÌ¯ ³Õµ´µ¢ ¸ Ô´¥·£¨¥° µ±µ²µ 4 ŒÔ‚. �µÖ¢²¥´¨¥ Ê¸²µ¢¨° ¤²Ö
Ëµ·³¨·µ¢ ´¨Ö Ê§±µ£µ (¸Ëµ±Ê¸¨·µ¢ ´´µ£µ ´  ³¥§µ´´µ° ³¨Ï¥´¨ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¤µ 2Ä
3 ³³) ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶µ§¢µ²¨²µ Ê³¥´ÓÏ¨ÉÓ ¶·¨³¥¸Ó Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ°
±µ³¶µ´¥´ÉÒ ¢µ ¢¸¥Ì ³¥§µ´´ÒÌ ¶ÊÎ± Ì ¢ 2Ä3 · § ,   ¤²Ö ¶ÊÎ±µ¢ ³¥¤²¥´´ÒÌ ¶¨µ´µ¢ ´  ± ´ ²¥ º 3 (10Ä
40 ŒÔ‚) ¶·¨³¥¸Ó Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ Ê³¥´ÓÏ¨² ¸Ó ¢ 10Ä15 · § §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö
Ê£²  µÉ¡µ·  ¶¨µ´µ¢ ¤µ 110◦ ´  ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨. ‘É ²µ ¢µ§³µ¦´Ò³ ¶·¨³¥´¥´¨¥ ´¥¡µ²ÓÏ¨Ì
(∼ 80 ³³) ³¨Ï¥´¥° ¨§ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢, ¤²Ö ±µÉµ·ÒÌ ¢ÒÌµ¤ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ µ±µ²µ 100 ŒÔ‚/c
Ê¢¥²¨Î¨²¸Ö ¢ 2Ä4,5 · §  ¶µ ¸· ¢´¥´¨Õ ¸ ³¨Ï¥´ÓÕ ¨§ ¡¥·¨²²¨Ö É ±µ£µ ¦¥ · §³¥· .

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ¶·µ¡²¥³ ¨³. ‚. �. „¦¥²¥¶µ¢  �ˆŸˆ.

‘µµ¡Ð¥´¨¥ �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. „Ê¡´ , 2005

�¥·¥¢µ¤  ¢Éµ·µ¢

Andreev E. M. et al. P9-2005-9
Modernization of Meson Channels of the JINR LNP Phasotron

At the JINR LNP Phasotron, modernization of beamline T and meson beam channels 1, 2 and 3, for
expansion of realization opportunities of physical researches on meson beams, was carried out. Parameters
of existing beams were improved and new ones were generated. As a result of the modernization due
to optimization of angles of secondary particle selection from targets and installation of additional lenses
and magnets, the intensity of positive π meson beams on channel 3 has grown 3Ä40 times in the energy
range 100Ä400 MeV and has run up to 3·107 s−1 per 1 µA intensity of the extracted proton beam. The
maximum intensity of the π− meson beam in this range has reached 5·106 s−1 per 1 µA intensity of
the extracted beam. On channels 1, 2 and 3 due to creation of stationary vacuum from the chamber
of the phasotron with a branching on all beamlines of the mesons up to their end and accommodation
in vacuum of two target stations, production of meson beams with momentum < 50 MeV/c, including
surface muons with energy near 4 MeV, was made possible. Occurrence of conditions for formation of a
narrow (focused on the meson targets in a horizontal plane up to 2Ä3 mm) proton beam allowed one to
reduce 2Ä3 times the impurity of electronic or positronic components in all meson beams, and for beams
of slow π mesons on channel 3 (10Ä40 MeV) the admixture of electronÄpositron components reduced
10Ä15 times due to increase of the angle of selection of π mesons up to 110◦ on the second target station.
It became possible to apply small (∼ 80 mm) target from heavy elements for which the π-meson yield
with a moment of about 100 MeV/c increased 2Ä4.5 times in comparison with a beryllium target of the
identical size.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear Problems, JINR.

Communication of the Joint Institute for Nuclear Research. Dubna, 2005
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� ¸¶µ²µ¦¥´¨¥ µ¡µ·Ê¤µ¢ ´¨Ö ´  É· ±É¥ ’ ¨ ´ Î ²Ó´ÒÌ ÊÎ ¸É± Ì ± ´ ²µ¢
º 1 ¨ 3 ¤µ ³µ¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ (·¨¸. 1) ¨³¥²µ ·Ö¤ µ¸µ¡¥´´µ¸É¥°
¨ ´¥¤µ¸É É±µ¢, ±µÉµ·Ò¥ µ£· ´¨Î¨¢ ²¨ ¢µ§³µ¦´µ¸É¨ ¶·µ¢¥¤¥´¨Ö Ë¨§¨Î¥¸±¨Ì
Ô±¸¶¥·¨³¥´Éµ¢ ´  ³¥§µ´´ÒÌ ¶ÊÎ± Ì Ë §µÉ·µ´  ‹Ÿ� �ˆŸˆ. ’ ±, µÉ¸ÊÉ¸É¢¨¥
¢ ±ÊÊ³  ´  É· ±É¥ ’, ¢ ³¥¸É Ì · §³¥Ð¥´¨Ö ³¥§µ´µµ¡· §ÊÕÐ¨Ì ³¨Ï¥´¥°, ¢
£µ²µ¢´ÒÌ Ô²¥³¥´É Ì ± ´ ²µ¢ º 1 ¨ 3 ¨  ´ ²¨§¨·ÊÕÐ¨Ì ³ £´¨É Ì ± ´ ²µ¢ º 1
¨ 2 ´¥ ¶µ§¢µ²Ö²µ µ¸ÊÐ¥¸É¢²ÖÉÓ ¶·µ¢µ¤±Ê ¶µ ÔÉ¨³ ± ´ ² ³ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢
¸ ¨³¶Ê²Ó¸µ³ < 50 ŒÔ‚/c ¨ É¥³ ¸ ³Ò³ ¨¸±²ÕÎ ²µ ¶µ²ÊÎ¥´¨¥ ´  ± ´ ² Ì º 1,
2 ¨ 3 ¶ÊÎ±µ¢ ®¶µ¢¥·Ì´µ¸É´ÒÌ¯ ³Õµ´µ¢ ¸ Ô´¥·£¨¥° µ±µ²µ 4 ŒÔ‚.

“£µ² µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í µÉ ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨, · ¢´Ò° 50◦,
´¥ Ö¢²Ö²¸Ö µ¶É¨³ ²Ó´Ò³ ¸ ÊÎ¥Éµ³ Ê£²µ¢µ£µ ¨ Ô´¥·£¥É¨Î¥¸±µ£µ ¸¥Î¥´¨Ö ³¥§µ-
´µµ¡· §µ¢ ´¨Ö ± ± ¤²Ö ¶µ²ÊÎ¥´¨Ö ³¥¤²¥´´ÒÌ ¶¨µ´µ¢ ¸ Ô´¥·£¨¥° < 50 ŒÔ‚,
É ± ¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±¨Ì ¶¨µ´µ¢ ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 200Ä
400 ŒÔ‚.

�²¨§±µ¥ · ¸¶µ²µ¦¥´¨¥ ³¥§µ´´ÒÌ ³¨Ï¥´¥° µÉ ±· Ö ²¨´§ Œ‹-3 ´¥ ¶µ§¢µ-
²Ö²µ ¸Ëµ±Ê¸¨·µ¢ ÉÓ ¨ ¶µ²ÊÎ¨ÉÓ ´  ³¨Ï¥´¨ ¶·µÉµ´´Ò° ¶ÊÎµ± ³ ²ÒÌ · §³¥·µ¢
¨ É¥³ ¸ ³Ò³ ¸´¨§¨ÉÓ ¶·¨³¥¸Ó Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢
³¥§µ´´ÒÌ ¶ÊÎ± Ì,   É ±¦¥ ¨¸¶µ²Ó§µ¢ ÉÓ ¤²Ö Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ-
±µ¢ ¶¨µ´µ¢ ³ ²ÒÌ Ô´¥·£¨° ³¨Ï¥´¨ ¨§ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ ¨§-§  ÔËË¥±Éµ¢
¸ ³µ¶µ£²µÐ¥´¨Ö ¢ ³¨Ï¥´¨ µ¡· §ÊÕÐ¨Ì¸Ö ¶¨µ´µ¢.

–¥²ÓÕ ´ ¸ÉµÖÐ¥° · ¡µÉÒ Ö¢²Ö¥É¸Ö µ¶¨¸ ´¨¥ ·¥§Ê²ÓÉ Éµ¢ µ¸ÊÐ¥¸É¢²¥´´µ°
³µ¤¥·´¨§ Í¨¨ É· ±É  ’ ¨ ± ´ ²µ¢ º 1, 2 ¨ 3, ±µÉµ· Ö ¶µ§¢µ²¨²  Ê¸É· ´¨ÉÓ
Ê± § ´´Ò¥ ¢ÒÏ¥ µ£· ´¨Î¥´¨Ö ¨ ´¥¤µ¸É É±¨ ¨ · ¸Ï¨·¨ÉÓ ¢µ§³µ¦´µ¸É¨ ¤²Ö
¶·µ¢¥¤¥´¨Ö Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éµ¢ ´  ³¥§µ´´ÒÌ ¶ÊÎ± Ì Ë §µÉ·µ´  ‹Ÿ�
�ˆŸˆ.
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�¥·¢µ´ Î ²Ó´Ò¥ ¢ ·¨ ´ÉÒ ³µ¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ Ë §µÉ·µ´ 
¡Ò²¨ ¶·¥¤²µ¦¥´Ò ¥Ð¥ ¢ 1990 £. [1, 2]. ‡ É¥³ ´  ¶·µÉÖ¦¥´¨¨ 90-Ì ££. ¶·µ¥±É
³µ¤¥·´¨§ Í¨¨ ÊÉµÎ´Ö²¸Ö ¨ ¢¨¤µ¨§³¥´Ö²¸Ö ¨ ¢ µ±µ´Î É¥²Ó´µ³ ¢ ·¨ ´É¥ ¡Ò²
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�¨¸. 1. ‘Ì¥³  · ¸¶µ²µ¦¥´¨Ö µ¡µ·Ê¤µ¢ ´¨Ö ´  É· ±É¥ ’ ¨ ´ Î ²Ó´ÒÌ ÊÎ ¸É± Ì ± ´ ²µ¢
º 1 ¨ 3 ¤µ ³µ¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ Ë §µÉ·µ´  ‹Ÿ� �ˆŸˆ
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�¨¸. 2. ‘Ì¥³  Ë §µÉ·µ´  ‹Ÿ� �ˆŸˆ ¨ É· ±Éµ¢ ¥£µ ¶ÊÎ±µ¢ ¶µ¸²¥ § ¢¥·Ï¥´¨Ö ³µ¤¥·-
´¨§ Í¨¨ É· ±É  ’ ¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ º 1, 2 ¨ 3. Œµ¤¥·´¨§¨·µ¢ ´´Ò¥ ÊÎ ¸É±¨ ÔÉ¨Ì
± ´ ²µ¢ ¶µ± § ´Ò ¶¥·¥±·¥¸É´µ° ÏÉ·¨Ìµ¢±µ°

·¥ ²¨§µ¢ ´ ¢ ´ Î ²¥ 2002 £. �¡Ð Ö ¸Ì¥³  ³µ¤¥·´¨§¨·µ¢ ´´ÒÌ ÊÎ ¸É±µ¢ É· ±É 
’ ¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ º 1, 2 ¨ 3 ¶µ± § ´  ´  ·¨¸. 2.

‚ Ìµ¤¥ ³µ¤¥·´¨§ Í¨¨ ´  É· ±É¥ ’ µ¸ÊÐ¥¸É¢²¥´  Ê¸É ´µ¢± : ´µ¢µ£µ µÉ±²µ-
´ÖÕÐ¥£µ ³ £´¨É  �Œ-1; ¢¥·É¨± ²Ó´µ£µ ¨ £µ·¨§µ´É ²Ó´µ£µ ±µ··¥±Éµ·µ¢ ´ 
µ¸´µ¢¥ ³ £´¨Éµ¢ �Œ-2; ³¨Ï¥´´µ° ¸É ´Í¨¨ º 1 ¸ 8 ¸³¥´´Ò³¨ ³¨Ï¥´Ö³¨ · §-
´µ° Éµ²Ð¨´Ò ¶µ ´ ¶· ¢²¥´¨Õ ¶·µÉµ´´µ£µ ¶ÊÎ±  (µÉ 80 ¤µ 200 ³³) ¨§ · §²¨Î-
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´ÒÌ ³ É¥·¨ ²µ¢ µÉ ¡¥·¨²²¨Ö ¤µ ¢µ²ÓË· ³ ; ±µ³¶ ±É´µ° § Ð¨ÉÒ ³¨Ï¥´´µ°
¸É ´Í¨¨ ¨§ ¦¥²¥§´ÒÌ ¨ ¸¢¨´Íµ¢ÒÌ ¡²µ±µ¢. ‚Ò¶µ²´¥´ ³µ´É ¦ £µ²µ¢´ÒÌ Ô²¥-
³¥´Éµ¢ ± ´ ²  º 1, ¸µ¸ÉµÖÐ¨Ì ¨§ ²¨´§ É¨¶  Œ‹-30, ²¨´§Ò Œ‹-29 ¨ ³ £´¨É 
Œ‹-31.

‡ ¢¥·Ï¥´  ¸¡µ·±  ¨ Ê¸É ´µ¢±  ¢¸¥Ì ´µ¢ÒÌ Ô²¥³¥´Éµ¢ ± ´ ²  º 3. � Î¨-
´ Ö µÉ ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¨ ¨ ¤µ ¶·¥¤¶µ² £ ¥³µ£µ · ¸¶µ²µ¦¥´¨Ö Ê¸É -
´µ¢±¨ ‘’�ˆŒ…� ¸³µ´É¨·µ¢ ´Ò: ²¨´§  20Š-25, ²¨´§  Œ‹-30, µÉ±²µ´ÖÕÐ¨°
³ £´¨É ‘�-024, ¤¢¥ ¶ ·Ò ²¨´§ 20Š-25 ¸ ¶µ¤¢¨¦´µ° § Ð¨Éµ° ³¥¦¤Ê ´¨³¨ ¨
¤¢¥ µ±µ´¥Î´Ò¥ ²¨´§Ò Œ‹-29.

“¸É ´µ¢²¥´Ò ¢Éµ· Ö ³¨Ï¥´´ Ö ¸É ´Í¨Ö ¸ ´ ¡µ·µ³ ¨§ 10 ¸³¥´´ÒÌ ³¨-
Ï¥´¥° Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê µÉ 80 ¤µ 160 ³³ ¨§ · §²¨Î´ÒÌ ³ É¥·¨ ²µ¢ µÉ
¡¥·¨²²¨Ö ¤µ ¢µ²ÓË· ³ , ¢Ìµ¤ÖÐ Ö ¢ ¸µ¸É ¢ ´µ¢µ£µ Ê£²¥·µ¤´µ£µ § ³¥¤²¨É¥²Ö,
¨ ²¨´§  Œ‹-20, · ¸¶µ²µ¦¥´´ Ö ³¥¦¤Ê ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¥° ¨ ³ £´¨Éµ³
‘�-024.

‘µ¡· ´ ´¥¶·¥·Ò¢´Ò° ¢ ±ÊÊ³µ¶·µ¢µ¤, µÌ¢ ÉÒ¢ ÕÐ¨° ´ Î ²Ó´Ò° ÊÎ ¸Éµ±
É· ±É  ’, ´ Î¨´ Ö µÉ ± ³¥·Ò Ê¸±µ·¨É¥²Ö, ¡²µ±¨ ¸³¥´´ÒÌ ³¨Ï¥´¥° ¶¥·¢µ° ¨
¢Éµ·µ° ³¨Ï¥´´ÒÌ ¸É ´Í¨°, ´µ¢Ò° Ê£²¥·µ¤´Ò° § ³¥¤²¨É¥²Ó, µÉ¢¥É¢²¥´¨Ö ´ 
± ´ ²Ò º 1 ¨ 3 ¨ ¶·µÌµ¤ÖÐ¨° Î¥·¥§ ¢¸¥ ³ £´¨ÉÒ ¨ ²¨´§Ò ± ´ ²  º 3,   É ±¦¥
 ´ ²¨§¨·ÊÕÐ¨¥ ³ £´¨ÉÒ ± ´ ²µ¢ º 1 ¨ 2.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ³µ¤¥·´¨§ Í¨Ö É· ±É  ’ ¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ º 1,
2 ¨ 3 ¡Ò²  µ¸ÊÐ¥¸É¢²¥´  ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¨³¥¢Ï¨Ì¸Ö ¢ ´ ²¨Î¨¨ ³ £´¨É´ÒÌ
±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§, µÉ±²µ´ÖÕÐ¨Ì ³ £´¨Éµ¢ ¨ µ¸´µ¢´ÒÌ ¤¥É ²¥° Ê£²¥·µ¤´µ£µ
§ ³¥¤²¨É¥²Ö ¨ ³¨Ï¥´´µ° ¸É ´Í¨¨ º 1, ÎÉµ ¸ÊÐ¥¸É¢¥´´µ Ê³¥´ÓÏ¨²µ Ë¨´ ´-
¸µ¢Ò¥ § É· ÉÒ ´  ¶·µ¢¥¤¥´¨¥ ÔÉµ° ³µ¤¥·´¨§ Í¨¨.

�¸ÊÐ¥¸É¢²¥´´ Ö ³µ¤¥·´¨§ Í¨Ö É· ±É  ’ ¨ ± ´ ²µ¢ º 1, 2 ¨ 3 ¶µ§¢µ-
²¨²  ¢Ò¡· ÉÓ ´  ± ´ ²¥ º 3 µ¶É¨³ ²Ó´Ò¥ Ê£²Ò µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í
¨§ ³¥§µ´µµ¡· §ÊÕÐ¨Ì ³¨Ï¥´¥° (25◦ ¤²Ö ¶¨µ´µ¢ ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° 200Ä
400 ŒÔ‚ ¨ 111◦ ¤²Ö ¶¨µ´µ¢ ¸ Ô´¥·£¨¥° < 50 ŒÔ‚, ¤²Ö ±µÉµ·ÒÌ ¸¥Î¥-
´¨¥ µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢ ¢ 2Ä10 · § ¢ÒÏ¥, Î¥³ ¶·¨ ¸ÊÐ¥¸É¢µ¢ ¢Ï¥³ Ê£²¥
µÉ¡µ·  50◦ [3Ä7]); µ¡¥¸¶¥Î¨ÉÓ ¢µ§³µ¦´µ¸ÉÓ §´ Î¨É¥²Ó´µ£µ ¸µ±· Ð¥´¨Ö · §-
³¥·µ¢ ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ´  ³¥§µ-
´µµ¡· §ÊÕÐ¨Ì ³¨Ï¥´ÖÌ ¨ ³ ±¸¨³ ²Ó´µ£µ ¶·¨¡²¨¦¥´¨Ö É ±µ£µ ¶ÊÎ±  ± Éµ°
¸Éµ·µ´¥ ³¨Ï¥´¨, ±µÉµ· Ö µ¡· Ð¥´  ± £µ²µ¢´Ò³ Ô²¥³¥´É ³ ³¥§µ´´ÒÌ ± ´ -
²µ¢ ¤²Ö Ê³¥´ÓÏ¥´¨Ö ÔËË¥±É  ¸ ³µ¶µ£²µÐ¥´¨Ö ¶¨µ´µ¢ ¢ ³¨Ï¥´¨ ¨ ¢±² ¤ 
¶·¨³¥¸¨ Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ³¥§µ´´ÒÌ ¶ÊÎ± Ì; · §-
³¥¸É¨ÉÓ ³¥§µ´µµ¡· §ÊÕÐ¨¥ ³¨Ï¥´¨ ¢ ¢ ±ÊÊ³¥ ¨ ¶·¨³¥´¨ÉÓ ³¨Ï¥´¨ ¨§ ÉÖ-
¦¥²ÒÌ Ô²¥³¥´Éµ¢, ¤²Ö ±µÉµ·ÒÌ ³µ¦´µ µ¦¨¤ ÉÓ Ê¢¥²¨Î¥´¨Ö ¢ÒÌµ¤  ¶¨µ´µ¢
¸ Ô´¥·£¨¥° < 50 ŒÔ‚ ¢ 2Ä5 · § ¶µ ¸· ¢´¥´¨Õ ¸ ³¨Ï¥´ÓÕ ¨§ ¡¥·¨²²¨Ö É -
±µ£µ ¦¥ · §³¥·  [8]; ¶µ²ÊÎ¨ÉÓ ®¶µ¢¥·Ì´µ¸É´Ò¥¯ ³Õµ´Ò ¸ Ô´¥·£¨¥° µ±µ²µ
4 ŒÔ‚. “¢¥²¨Î¥´¨¥ Ê£²  µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¸ 25◦ ¤µ 40◦ ´  ± -
´ ²¥ º 1 ´¥ ³µ¦¥É ¶µ¢²¨ÖÉÓ ´  ¨§³¥´¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ³Õµ´´ÒÌ ¶ÊÎ±µ¢
´  ¢ÒÌµ¤¥ ± ´ ²µ¢ º 1 ¨ 2, É ± ± ± ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢ ¸ Ô´¥·-
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£¨¥° ¤µ 100 ŒÔ‚ ¤²Ö ÔÉ¨Ì Ê£²µ¢ ´¥ ³¥´Ö¥É¸Ö ¸±µ²Ó-´¨¡Ê¤Ó § ³¥É´Ò³ µ¡· -
§µ³ [6, 7].

2. ��‘’��‰Š� Œ�„…��ˆ‡ˆ��‚���›• Š���‹�‚

�¥¦¨³ Ô²¥±É·µ¶¨É ´¨Ö ²¨´§ ¨ ³ £´¨Éµ¢ É· ±É  ’ (¶·¨¢¥¤¥´´Ò° ¢ É ¡². 1
¨ 2) ¤²Ö ¶µ²ÊÎ¥´¨Ö ´  ³¥§µ´µµ¡· §ÊÕÐ¨Ì ³¨Ï¥´ÖÌ µ¡ÒÎ´µ£µ ¨ ³ ±¸¨³ ²Ó´µ
Ê§±µ£µ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶µ¤¡¨-
· ²¸Ö ¶ÊÉ¥³ ¶·¥¤¢ ·¨É¥²Ó´ÒÌ · ¸Î¥Éµ¢ ´  �‚Œ ¶µ ¶·µ£· ³³¥ TRANSPORT
¨ ¶µ¸²¥¤ÊÕÐ¥° ¶µ¤¸É·µ°±¨ µÉ¤¥²Ó´ÒÌ Ô²¥³¥´Éµ¢ ÔÉµ£µ É· ±É .

’ ¡²¨Í  1. �¥¦¨³ · ¡µÉÒ É· ±É  ’ ¤²Ö ¶µ²ÊÎ¥´¨Ö ´  ³¨Ï¥´´ÒÌ ¸É ´Í¨ÖÌ ¶·µÉµ´-
´µ£µ ¶ÊÎ±  ¶·¨³¥·´µ ±·Ê£²µ° Ëµ·³Ò

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ± Œ £´¨É´µ¥
”µ±Ê¸¨-
·µ¢± ∗

´  ÏÊ´É¥, ¨¸ÉµÎ´¨±  ¶µ²¥, ’², ¨²¨
³‚ ¶¨É ´¨Ö, � £· ¤¨¥´É, ’²/³

V±µ· �Œ-2 Š’�-8 +4,0 +53,2
I-1 �Œ-1 Œƒ-19 +17,0 +170,0 1,12 ’²
I-2 Œ‹-3 ��-16 +17,0 +340,0 10,30 ’²/³ ƒ”
I-3 Œ‹-3 ��-05 Ä9,8 Ä196,0 7,05 ’²/³ ƒ„

VIII-4 Œ‹-3 ��-08 Ä15,0 Ä300,0 9,60 ’²/³ ƒ”
VIII-5 Œ‹-3 ��-10 Ä15,0 Ä300,0 9,60 ’²/³ ƒ„

∗ƒ” Å £µ·¨§µ´É ²Ó´ Ö Ëµ±Ê¸¨·µ¢± , ƒ„ Å £µ·¨§µ´É ²Ó´ Ö ¤¥Ëµ±Ê¸¨·µ¢± .

’ ¡²¨Í  2. �¥¦¨³ · ¡µÉÒ É· ±É  ’ ¤²Ö ¶µ²ÊÎ¥´¨Ö ´  ³¨Ï¥´ÖÌ Ê§±µ£µ (¢ £µ·¨§µ´-
É ²Ó´µ° ¶²µ¸±µ¸É¨) ¶·µÉµ´´µ£µ ¶ÊÎ± 

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ± Œ £´¨É´µ¥
”µ±Ê¸¨-
·µ¢± ∗

´  ÏÊ´É¥, ¨¸ÉµÎ´¨±  ¶µ²¥, ’², ¨²¨
³‚ ¶¨É ´¨Ö, � £· ¤¨¥´É, ’²/³

V±µ· �Œ-2 Š’�-8 +4,0 +53,2
I-1 �Œ-1 Œƒ-19 +17,0 +170,0 1,12 ’²
I-2 Œ‹-3 ��-16 0,0 0,0
I-3 Œ‹-3 ��-05 +14,8 +290,0 9,50 ’²/³ ƒ”

VIII-4 Œ‹-3 ��-08 Ä15,0 Ä300,0 9,60 ’²/³ ƒ”
VIII-5 Œ‹-3 ��-10 Ä15,0 Ä300,0 9,60 ’²/³ ƒ„

∗ ƒ” Å £µ·¨§µ´É ²Ó´ Ö Ëµ±Ê¸¨·µ¢± , ƒ„ Å £µ·¨§µ´É ²Ó´ Ö ¤¥Ëµ±Ê¸¨·µ¢± .

�·¨ ´ ¸É·µ°±¥ ± ´ ²µ¢ º 1 ¨ 2 ¤²Ö · ¸¶ ¤´µ° Î ¸É¨,  ´ ²¨§¨·ÊÕÐ¨Ì
³ £´¨Éµ¢ ¨ µ±µ´¥Î´ÒÌ Î ¸É¥° ÔÉ¨Ì ± ´ ²µ¢ ¨¸¶µ²Ó§µ¢ ²¨¸Ó · ´¥¥ ´ °¤¥´´Ò¥
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·¥¦¨³Ò Ô²¥±É·µ¶¨É ´¨Ö [9, 10],   £µ²µ¢´Ò¥ Ô²¥³¥´ÉÒ µ¶É¨³¨§¨·µ¢ ²¨¸Ó ´ 
¶µ²ÊÎ¥´¨¥ ³ ±¸¨³ ²Ó´µ° ¨´É¥´¸¨¢´µ¸É¨ ³Õµ´´ÒÌ ¶ÊÎ±µ¢ ¶·¨ ³¨´¨³ ²Ó´µ°
¶·¨³¥¸¨ Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ (¸³. É ¡². 3 ¨ 4).

’ ¡²¨Í  3. �¥¦¨³ · ¡µÉÒ ± ´ ²  º 1 ¤²Ö ¶µ²ÊÎ¥´¨Ö ¸¥¶ ·¨·µ¢ ´´ÒÌ ¶µ²µ¦¨É¥²Ó-
´ÒÌ ³Õµ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 90 ŒÔ‚/c

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ±
ƒ· ¤¨¥´É,

’²/³
´  ÏÊ´É¥, ¨¸ÉµÎ´¨± 

³‚ ¶¨É ´¨Ö, �
I-4 Œ‹-31 ��-12 +13,0 +260,0
I-5 Œ‹-29 ��-18 Ä13,25 Ä265,0 3,94
I-6 Œ‹-30 ��-20 Ä12,5 Ä250,0 3,14
I-7 20Š-25 ��-21 +14,0 +280,0 2,86

I-8, 9 20Š-25 ��-19 +16,6 +332,0 3,40
I-10Ä19 20Š-25 Œƒ-17 +23,8 +316,5 3,34

I-20, 20� 20Š-25 ��-23 Ä15,5 Ä310,0 3,16
I-21Ä28 Œ‹-30 Œƒ-16 +23,2 +308,6 3,90
I-29, 30 Œ‹-30 ��-25 Ä15,1 Ä302,0 3,80

I-31 Œ‹-31 ��-15 Ä6,1 Ä122,0
I-32 Œ‹-31 ��-22 Ä6,2 Ä124,0
I-33 Œ‹-31 ��-14 Ä9,0 Ä180,0

I-34, 35 Œ‹-30 ��-13 +12,0 +240,0 3,02
�·¨³¥Î ´¨¥. „²Ö ¤·Ê£¨Ì ¨³¶Ê²Ó¸µ¢ ¸¥¶ ·¨·µ¢ ´´ÒÌ ³Õµ´µ¢ Éµ±¨ ¢ ³ £´¨É Ì ¨
²¨´§ Ì ¨§³¥´ÖÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ ¨³¶Ê²Ó¸Ê.

ˆ¸Ìµ¤´Ò° ·¥¦¨³ Ô²¥±É·µ¶¨É ´¨Ö ¤²Ö ³¥§µ´´µ£µ ± ´ ²  º 3 ¢Ò¡¨· ²¸Ö
´  µ¸´µ¢¥  ´ ²¨É¨Î¥¸±¨Ì µÍ¥´µ± ¢ ¶·¨¡²¨¦¥´¨¨ Éµ´±¨Ì ²¨´§ ¨ · ¸Î¥Éµ¢ ´ 
�‚Œ ¶µ ¶·µ£· ³³ ³ TRANSPORT-360, TURTLE ¨ DYNA‘, ±µ£¤  ´  ¢ÒÌµ¤¥
± ´ ²  ¶ÊÉ¥³ ¢ ·Ó¨·µ¢ ´¨Ö £· ¤¨¥´Éµ¢ ³ £´¨É´µ£µ ¶µ²Ö ¢ ²¨´§ Ì ¤µ¸É¨£ ²¸Ö
³ ±¸¨³ ²Ó´Ò° ±µÔËË¨Í¨¥´É ¶·µÌµ¦¤¥´¨Ö Î¥·¥§ ± ´ ² ¶¨µ´´µ£µ ¶ÊÎ± , ¶ ¤ -
ÕÐ¥£µ ´   ¶¥·ÉÊ·Ê ¶¥·¢µ° ²¨´§Ò ¸ § ¤ ´´Ò³ µ¤´µ·µ¤´Ò³ ¨³¶Ê²Ó¸´Ò³ · ¸-
¶·¥¤¥²¥´¨¥³ ¢ ¨´É¥·¢ ²¥ ∆p/p = ±0,2. � °¤¥´´Ò¥ ¢ Ìµ¤¥ µÍ¥´µ± ¨ · ¸Î¥Éµ¢
¨¸Ìµ¤´Ò¥ ´ ¡µ·Ò £· ¤¨¥´Éµ¢ ¢ ³ £´¨É´ÒÌ ²¨´§ Ì ± ´ ²  º 3 ¶·¨¢¥¤¥´Ò ¢
¶¶. 1Ä4 É ¡². 8,   ¢ ± Î¥¸É¢¥ ¶·¨³¥·  ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  µ£¨¡ ÕÐ¨Ì ¶¨µ´-
´µ£µ ¶ÊÎ±  ¨ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´É  ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ±  Î¥·¥§ µÉ¤¥²Ó´Ò¥
Ô²¥³¥´ÉÒ ± ´ ²  º 3, ¶µ²ÊÎ¥´´Ò¥ ¶µ ¶·µ£· ³³¥ DYNA‘ [11], ¶µ± § ´Ò ´ 
·¨¸. 3.

�µ²ÊÎ¥´´Ò¥ ´ ¡µ·Ò µ¶·µ¡µ¢ ²¨¸Ó Ô±¸¶¥·¨³¥´É ²Ó´µ, ¨§ ´¨Ì ¢Ò¡¨· ²¸Ö
´ ¨¡µ²¥¥ ¶·¥¤¶µÎÉ¨É¥²Ó´Ò° ¶µ ¨´É¥´¸¨¢´µ¸É¨ ´  ¢ÒÌµ¤¥ ± ´ ² , ¨ ¢ ¤ ²Ó-
´¥°Ï¥³ µÉ¤¥²Ó´Ò¥ ²¨´§Ò ± ´ ²  ´ ¸É· ¨¢ ²¨¸Ó ´  ¶µ²ÊÎ¥´¨¥ ³ ±¸¨³ ²Ó´µ°
¨´É¥´¸¨¢´µ¸É¨ ³¥Éµ¤µ³ ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ ¶·¨¡²¨¦¥´¨°. �¶·¥¤¥²¥´´Ò¥ É -
±¨³ µ¡· §µ³ ·¥¦¨³Ò Ô²¥±É·µ¶¨É ´¨Ö ²¨´§ ¨ ³ £´¨Éµ¢ ± ´ ²  º 3 ¤²Ö ¤¢ÊÌ
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’ ¡²¨Í  4. �¥¦¨³ · ¡µÉÒ ± ´ ²  º 2 ¤²Ö ¶µ²ÊÎ¥´¨Ö ¸¥¶ ·¨·µ¢ ´´ÒÌ µÉ·¨Í É¥²Ó-
´ÒÌ ³Õµ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 90 ŒÔ‚/c

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ±
ƒ· ¤¨¥´É,

’²/³
´  ÏÊ´É¥, ¨¸ÉµÎ´¨± 

³‚ ¶¨É ´¨Ö, �
I-4 Œ‹-31 ��-12 Ä14,0 Ä280,0
I-5 Œ‹-29 ��-18 +13,7 +274.0 4,05
I-6 Œ‹-30 ��-20 +15,8 +316,0 3,98
I-7 20Š-25 ��-21 Ä12,9 Ä258,0 2,64

I-8, 9 20Š-25 ��-19 Ä17,1 Ä342,0 3,50
I-10Ä19 20Š-25 ��-17 Ä26,6 Ä354,0 3,60

I-20, 20� 20Š-25 ��-23 +17,0 +340,0 3,47
I-21Ä28 Œ‹-30 Œƒ-18 Ä26,0 Ä346,0 4,43
I-29, 30 Œ‹-30 ��-25 +15,7 +314,0 3,96

II-36 Œ‹-31 ��-13 Ä7,0 Ä140,0
I-32 Œ‹-31 ��-22 Ä5,6 Ä112,0

II-37, 38 Œ‹-30 ��-14 +10,5 +210,0 2,64
II-39Ä44 Œ‹-30 ��-26 +18,0 +180,0 2,26
II-45Ä52 Œ‹-29 Œƒ-15 +12,0 +160,0 2,36
II-53Ä57 Œ‹-29 Œƒ-22 Ä20,4 Ä204,0 3,02
II-58Ä60 Œ‹-29 ��-06 Ä9,5 Ä190,0 2,82

II-61 Œ‹-29 ��-07 +10,0 +200,0 2,96
II-62 Œ‹-29 Œƒ-21 Ä20,0 Ä200,0 2,96

�·¨³¥Î ´¨¥. „²Ö ¤·Ê£¨Ì ¨³¶Ê²Ó¸µ¢ ¸¥¶ ·¨·µ¢ ´´ÒÌ ³Õµ´µ¢ Éµ±¨ ¢ ³ £´¨É Ì ¨
²¨´§ Ì ¨§³¥´ÖÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ ¨³¶Ê²Ó¸Ê.

³¨Ï¥´´ÒÌ ¸É ´Í¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 5 ¨ 6,   ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ´ ¡µ· £· ¤¨-
¥´Éµ¢ Å ¢ ¶. 5 É ¡². 8.

„²Ö ¨§³¥·¥´¨Ö ¶ · ³¥É·µ¢ ¶ÊÎ±µ¢ ¶·¨ ´ ¸É·µ°±¥ É· ±É  ’ ¨ ³¥§µ´´ÒÌ
± ´ ²µ¢ º 1, 2 ¨ 3 ¨¸¶µ²Ó§µ¢ ²¨¸Ó ± ± ¸É ´¤ ·É´ Ö, · ´¥¥ ¶·¨³¥´Ö¢Ï Ö¸Ö ¤¨ -
£´µ¸É¨Î¥¸± Ö  ¶¶ · ÉÊ·  [9, 10], É ± ¨ ´µ¢Ò¥ ³¥Éµ¤¨Î¥¸±¨¥ · §· ¡µÉ±¨ [12].
ˆ§³¥·¥´¨¥ ¶·µË¨²Ö ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶·µ¢µ¤¨²µ¸Ó ¸ ¶µ³µÐÓÕ
¢ ±ÊÊ³´ÒÌ ¶·µË¨²µ³¥É·µ¢, Ê¸É ´µ¢²¥´´ÒÌ ¶¥·¥¤ 1-° ¨ 2-° ³¨Ï¥´´Ò³¨ ¸É ´-
Í¨Ö³¨. �·¨³¥· ¶µ¶¥·¥Î´µ£µ · ¸¶·¥¤¥²¥´¨Ö Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ´  ³¥-
§µ´µµ¡· §ÊÕÐ¥° ³¨Ï¥´¨ ¶µ± § ´ ´  ·¨¸. 4. ˆ´É¥´¸¨¢´µ¸É¨ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢
¨§³¥·Ö²¨¸Ó É¥²¥¸±µ¶µ³ ¨§ ¤¢ÊÌ ¸É¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¸ · §²¨Î´Ò³¨
· §³¥· ³¨ ¸Í¨´É¨²²ÖÉµ·µ¢ ¨²¨ µ¤¨´µÎ´Ò³ ¸Í¨´É¨²²ÖÍ¨µ´´Ò³ ¸Î¥ÉÎ¨±µ³ ¤²Ö
³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ³ ²ÒÌ Ô´¥·£¨°. ‚ ¸²ÊÎ ¥ ·¥£¨¸É· Í¨¨ ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨-
µ´µ¢ ¶¥·¥¤ ¶¥·¢Ò³ ¸Í¨´É¨²²ÖÍ¨µ´´Ò³ ¸Î¥ÉÎ¨±µ³ Ê¸É ´ ¢²¨¢ ²¸Ö Ë¨²ÓÉ· ¨§
¶²¥±¸¨£² ¸  ¨²¨ ³¥¤¨ Éµ²Ð¨´µ°, ¤µ¸É ÉµÎ´µ° ¤²Ö ¶µ²´µ£µ Éµ·³µ¦¥´¨Ö ¶·µ-
Éµ´µ¢, ¢¸¥£¤  ¶·¨¸ÊÉ¸É¢ÊÕÐ¨Ì ¢ É ±µ³ ¶ÊÎ±¥. ‘µ¸É ¢ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ µ¶·¥-
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�¨¸. 3. �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  µ£¨¡ ÕÐ¨Ì ¶¨µ´´µ£µ ¶ÊÎ±  ( , ¡) ¨ §´ Î¥´¨° ±µÔËË¨Í¨¥´É 
¶·µÌµ¦¤¥´¨Ö ¶¨µ´´µ£µ ¶ÊÎ±  Î¥·¥§ Ô²¥³¥´ÉÒ ± ´ ²  º 3 (¢, £), ¢Ò¶µ²´¥´´µ£µ ¶µ
¶·µ£· ³³¥ DYNAC:  , ¢ Å ¤²Ö ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 200 ŒÔ‚/c µÉ ¶¥·¢µ° ³¨Ï¥´´µ°
¸É ´Í¨¨; ¡, £ Å ¤²Ö ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 100 ŒÔ‚/c µÉ ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨

¤¥²Ö²¸Ö ¶µ ¢·¥³¥´¨ ¶·µ²¥É  ¸ ¶µ³µÐÓÕ ¨³¶Ê²Ó¸  ¸µ¢¶ ¤¥´¨° µÉ ÔÉµ£µ É¥-
²¥¸±µ¶  ¨²¨ µ¤¨´µÎ´µ£µ ¸Î¥ÉÎ¨±  ¨ ·¥¶¥·´µ£µ ¨³¶Ê²Ó¸  µÉ ¢Ò¸µ±µÎ ¸ÉµÉ´µ°
¸¨¸É¥³Ò Ê¸±µ·¨É¥²Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ µ¤´µ³Ê ³¨±·µ¡ ´ÎÊ ¶·µÉµ´´µ£µ ¶ÊÎ± 
¢ ·¥¦¨³¥ ³¥¤²¥´´µ£µ ¢Ò¢µ¤  (· ¸ÉÖ¦±¨ ¶ÊÎ± ). ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¤¢  É ±¨Ì
¢·¥³¥´´ÒÌ ¸¶¥±É·  ¶·¨¢¥¤¥´Ò ´  ·¨¸. 5. „²Ö ± ²¨¡·µ¢±¨ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢
¶µ ¨³¶Ê²Ó¸Ê ¨²¨ Ô´¥·£¨¨ ¨ µ¶·¥¤¥²¥´¨Ö ¨³¶Ê²Ó¸´µ£µ · §¡·µ¸  ¶ÊÎ±  ¨¸¶µ²Ó-
§µ¢ ² ¸Ó ³¥Éµ¤¨±  ¨§³¥·¥´¨Ö ¶·µ¡¥£  ¶µ ±·¨¢µ° µ¸É ´µ¢µ± ¢ É¥²¥¸±µ¶¥ ¨§
Î¥ÉÒ·¥Ì ¸Í¨´É¨²²ÖÍ¨µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢, ¶µ¸²¥¤´¨° ¨§ ±µÉµ·ÒÌ ¡Ò² ¢±²ÕÎ¥´
´   ´É¨¸µ¢¶ ¤¥´¨Ö ¸ ¶¥·¢Ò³¨ É·¥³Ö,   ¶¥·¥¤ É·¥ÉÓ¨³ ¸Î¥ÉÎ¨±µ³ · ¸¶µ² -
£ ²¸Ö ³¥¤´Ò° Éµ·³µ§¨É¥²Ó ¶¥·¥³¥´´µ° Éµ²Ð¨´Ò. �¥§Ê²ÓÉ ÉÒ ´¥±µÉµ·ÒÌ ¨§-
³¥·¥´¨° ±·¨¢ÒÌ µ¸É ´µ¢µ±, ¢Ò¶µ²´¥´´Ò¥ ¶µ É ±µ° ³¥Éµ¤¨±¥, ¶µ± § ´Ò ´ 
·¨¸. 6.

�µ¶¥·¥Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±µ¢ ´  ¢ÒÌµ¤¥ ³¥§µ´´ÒÌ ± ´ ²µ¢ ¨§³¥-
·Ö²¨¸Ó ¸ ¶µ³µÐÓÕ · §· ¡µÉ ´´µ£µ ¢ ˆ”‚� ¸Í¨´É¨²²ÖÍ¨µ´´µ£µ £µ¤µ¸±µ¶  ¸
¶·µ¸É· ´¸É¢¥´´Ò³ · §·¥Ï¥´¨¥³ µ±µ²µ 5 ³³ [12]. „¢  ¶·µË¨²Ö ³¥§µ´´ÒÌ

8



’ ¡²¨Í  5. �¥¦¨³ · ¡µÉÒ ± ´ ²  º 3 ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸
¨³¶Ê²Ó¸µ³ 220 ŒÔ‚/c ´  ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¨

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ± Œ £´¨É´µ¥
”µ±Ê¸¨-
·µ¢± ∗

´  ÏÊ´É¥, ¨¸ÉµÎ´¨±  ¶µ²¥, ’², ¨²¨
³‚ ¶¨É ´¨Ö, � £· ¤¨¥´É, ’²/³

III-1 20Š-25 ��-17 Ä17,3 Ä346,0 3,52 ’²/³ ƒ„
III-2 Œ‹-30 ��-20 +15,0 +300,0 3,78 ’²/³ ƒ”
III-3 ‘�-24 ��-27 Ä6,0 Ä60,0 0,220 ’²
III-4 20Š-25 ��-06 +9,35 +187,0 1,90 ’²/³ ƒ„
III-5 20Š-25 ��-24 Ä12,0 Ä240,0 2,44 ’²/³ ƒ”
III-6 20Š-25 ��-07 Ä11,3 Ä226,0 2,30 ’²/³ ƒ„
III-7 20Š-25 Œƒ-11 Ä16,0 Ä213,0 2,17 ’²/³ ƒ”
III-8 ‘�-56 Œƒ-18 +11,2 +149,0 0,340 ’²
III-9 Œ‹-29 ��-11 +12,0 +240,0 3,54 ’²/³ ƒ„
III-10 Œ‹-29 ��-25 +14,7 +294,0 4,35 ’²/³ ƒ”

∗ ƒ” Å £µ·¨§µ´É ²Ó´ Ö Ëµ±Ê¸¨·µ¢± , ƒ„ Å £µ·¨§µ´É ²Ó´ Ö ¤¥Ëµ±Ê¸¨·µ¢± .
�·¨³¥Î ´¨¥. �É·¨Í É¥²Ó´Ò¥ ¶¨µ´Ò ¶µ²ÊÎ ÕÉ¸Ö § ³¥´µ° ¶µ²Ö·´µ¸É¥° Éµ±µ¢ ¢µ ¢¸¥Ì ²¨´-
§ Ì ¨ ³ £´¨É Ì ´  µ¡· É´Ò¥. „²Ö ¤·Ê£¨Ì ¨³¶Ê²Ó¸µ¢ ¶¨µ´µ¢ Éµ±¨ ¢ ³ £´¨É Ì ¨ ²¨´§ Ì
¨§³¥´ÖÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ ¨³¶Ê²Ó¸Ê.

’ ¡²¨Í  6. �¥¦¨³ · ¡µÉÒ ± ´ ²  º 3 ¤²Ö ¶µ²ÊÎ¥´¨Ö ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸
¨³¶Ê²Ó¸µ³ 100 ŒÔ‚/c ´  ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨

�µ³¥·
Ô²¥³¥´É 

’¨¶
Ô²¥³¥´É 

ˆ¸ÉµÎ´¨±
¶¨É ´¨Ö

� ¶·Ö¦¥´¨¥ ’µ± Œ £´¨É´µ¥
”µ±Ê¸¨-
·µ¢± ∗

´  ÏÊ´É¥, ¨¸ÉµÎ´¨±  ¶µ²¥, ’², ¨²¨
³‚ ¶¨É ´¨Ö, � £· ¤¨¥´É, ’²/³

III-II Œ‹-20 Œƒ-22 Ä60,0 Ä600,0 5,40 ’²/³
III-3 ‘�-024 ��-27 Ä14,0 +140,0 0,450 ’²
III-4 20Š-25 ��-06 +7,5 +150,0 1,53 ’²/³ ƒ„
III-5 20Š-25 ��-24 Ä6,5 Ä130,0 1,33 ’²/³ ƒ”
III-6 20Š-25 ��-07 Ä6,5 Ä130,0 1,33 ’²/³ ƒ„
III-7 20Š-25 Œƒ-11 Ä8,0 Ä106,4 1,07 ’²/³ ƒ”
III-8 ‘�-56 Œƒ-18 +5,6 +74,5 0,170 ’²
III-9 Œ‹-29 Œƒ-11 +6,5 +130,0 1,92 ’²/³ ƒ„
III-10 Œ‹-29 ��-25 +7,5 +150,0 2,32 ’²/³ ƒ”

∗ ƒ” Å £µ·¨§µ´É ²Ó´ Ö Ëµ±Ê¸¨·µ¢± , ƒ„ Å £µ·¨§µ´É ²Ó´ Ö ¤¥Ëµ±Ê¸¨·µ¢± .
�·¨³¥Î ´¨¥. �É·¨Í É¥²Ó´Ò¥ ¶¨µ´Ò ¶µ²ÊÎ ÕÉ¸Ö § ³¥´µ° ¶µ²Ö·´µ¸É¥° Éµ±µ¢ ¢µ ¢¸¥Ì ²¨´§ Ì
¨ ³ £´¨É Ì ´  µ¡· É´Ò¥. „²Ö ¤·Ê£¨Ì ¨³¶Ê²Ó¸µ¢ ¶¨µ´µ¢ Éµ±¨ ¢ ³ £´¨É Ì ¨ ²¨´§ Ì ¨§³¥-
´ÖÕÉ¸Ö ¶·µ¶µ·Í¨µ´ ²Ó´µ ¨³¶Ê²Ó¸Ê, ±·µ³¥ ²¨´§Ò Œ‹-20, ¤²Ö ±µÉµ·µ° Éµ± 600 � Ö¢²Ö¥É¸Ö
¶·¥¤¥²Ó´Ò³.
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�¨¸. 4. �µ¶¥·¥Î´µ¥ · ¸¶·¥¤¥²¥´¨¥ Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ´  ³¥§µ´µµ¡· §ÊÕÐ¥° ³¨-
Ï¥´¨:  ) ¶·µË¨²Ó ¶ÊÎ±  ¶µ £µ·¨§µ´É ²¨; ¡) ¶·µË¨²Ó ¶ÊÎ±  ¶µ ¢¥·É¨± ²¨; ¢)  ¢Éµ£· Ë
Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± 

¶ÊÎ±µ¢, ¨§³¥·¥´´ÒÌ É ±¨³ £µ¤µ¸±µ¶µ³ ´  ¢ÒÌµ¤¥ ± ´ ²  º 3, ¶·¨¢¥¤¥´Ò ´ 
·¨¸. 7.

3. ˆ‡Œ…�…�ˆŸ ����Œ…’��‚ Œ…‡���›• �“—Š�‚
ˆ ��‘“†„…�ˆ… ��‹“—…��›• �…‡“‹œ’�’�‚

‚µ ¢·¥³Ö ¶·µ¢¥¤¥´¨Ö ¨§³¥·¥´¨° ¶ · ³¥É·µ¢ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ·¥£¨¸É·¨-
·ÊÕÐ Ö  ¶¶ · ÉÊ·  Ê¸É ´ ¢²¨¢ ² ¸Ó ¸µµÉ¢¥É¸É¢¥´´µ ¶µ¸²¥ ²¨´§Ò º 35 ´  ± -
´ ²¥ º 1 ¨ ¶µ¸²¥ ²¨´§Ò º 52 ¢ · §·¥§¥ ± ´ ²  º 2. �¨§±µÔ´¥·£¥É¨Î¥¸±¨¥
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�¨¸. 5. ‘¶¥±É·Ò ¶µ ¢·¥³¥´¨ ¶·µ²¥É  ¤²Ö ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´µ ( ) ¨ µÉ·¨Í É¥²Ó´µ (¡)
§ ·Ö¦¥´´ÒÌ Î ¸É¨Í ¸ ¨³¶Ê²Ó¸µ³ 110 ŒÔ‚/c, ¶µ²ÊÎ¥´´ÒÌ ´  ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨
± ´ ²  º 3 µÉ ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶·µÉµ´´µ³Ê ¶ÊÎ±Ê 160 ³³. �µ £µ·¨-
§µ´É ²Ó´µ° µ¸¨ Å ´µ³¥· ± ´ ²  ¢·¥³Ö ³¶²¨ÉÊ¤´µ£µ ±µ´¢¥·Éµ· , ¶·µ¶µ·Í¨µ´ ²Ó´Ò°
¢·¥³¥´¨ ¶·µ²¥É  ·¥£¨¸É·¨·Ê¥³µ° Î ¸É¨ÍÒ. �µ ¢¥·É¨± ²Ó´µ° µ¸¨ Å µÉ´µ¸¨É¥²Ó´Ò°
¸Î¥É ¢ ± ¦¤µ³ ± ´ ²¥

³Õµ´Ò ¸ ¨³¶Ê²Ó¸µ³ < 80 ŒÔ‚/c ·¥£¨¸É·¨·µ¢ ²¨¸Ó µ¤¨´µÎ´Ò³ ¸Í¨´É¨²²ÖÍ¨-
µ´´Ò³ ¸Î¥ÉÎ¨±µ³ ¸µ ¸Í¨´É¨²²ÖÉµ·µ³ · §³¥·µ³ 150×150×10 ³³, ¶·µ¸³ É·¨-
¢ ¥³Ò³ ¤¢Ê³Ö ËµÉµÊ³´µ¦¨É¥²Ö³¨, ¸¨£´ ²Ò ¸ ±µÉµ·ÒÌ ¢±²ÕÎ ²¨¸Ó ´  ¸µ¢¶ ¤¥-
´¨Ö. �·¨ ·¥£¨¸É· Í¨¨ ®¶µ¢¥·Ì´µ¸É´ÒÌ¯ ³Õµ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ µ±µ²µ 30 ŒÔ‚/c
¢ Ê¸²µ¢¨ÖÌ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¥° ¶·¨³¥¸¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¶ÊÎ± 
(µÉ´µÏ¥´¨¥ Ne/Nµ ≈ 25) ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤µ¶µ²´¨É¥²Ó´µ Ë ±Éµ·Ò µÉ¡µ· 
¶µ ¶·µ¡¥£Ê (¶ÊÉ¥³ ¢±²ÕÎ¥´¨Ö ¸Î¥ÉÎ¨±   ´É¨¸µ¢¶ ¤¥´¨° ¨ · §³¥Ð¥´¨Ö ¶¥·¥¤
¶¥·¢Ò³ ¸Î¥ÉÎ¨±µ³ ¶² ¸É¨´Ò ¨§ ¶²¥±¸¨£² ¸  Éµ²Ð¨´µ° 2 ³³, ¶µ£²µÐ ¢Ï¥°
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�¨¸. 6. Š·¨¢Ò¥ µ¸É ´µ¢µ± ¤²Ö · §²¨Î´ÒÌ Ê¸²µ¢¨° ¶µ²ÊÎ¥´¨Ö ¨ ·¥£¨¸É· Í¨¨ ¶ÊÎ±µ¢
¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ´  ± ´ ²¥ º 3. Š·¨¢ Ö 1 ¸µµÉ¢¥É¸É¢Ê¥É ³¥§µ´´µ° ³¨Ï¥´´µ°
¸É ´Í¨¨ º 1, ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° t = 20 ¸³, ·¥£¨¸É·¨·ÊÕÐ¥³Ê ¸Î¥ÉÎ¨±Ê
· §³¥·µ³ 100×100 ³³, ¸·¥¤´¥³Ê ¨³¶Ê²Ó¸Ê p = 166,5 ŒÔ‚/c, ¨³¶Ê²Ó¸´µ³Ê · §¡·µ¸Ê
∆p/p = ± 9,9 % (�˜�‚). Š·¨¢ Ö 2 ¸µµÉ¢¥É¸É¢Ê¥É ³¨Ï¥´´µ° ¸É ´Í¨¨ º 1, ¡¥·¨²-
²¨¥¢µ° ³¨Ï¥´¨ ¸ t = 20 ¸³, ¸Î¥ÉÎ¨±Ê 25×25 ³³, p = 166,5 ŒÔ‚/c, ∆p/p = ± 8,6 %
(�˜�‚). Š·¨¢ Ö 3 ¸µµÉ¢¥É¸É¢Ê¥É ³¨Ï¥´´µ° ¸É ´Í¨¨ º 1, ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ ¸
t = 8 ¸³, ¸Î¥ÉÎ¨±Ê 25×25 ³³, p = 166,5 ŒÔ‚/c, ∆p/p = ± 5,64 % (�˜�‚). Š·¨¢ Ö
4 ¸µµÉ¢¥É¸É¢Ê¥É ³¨Ï¥´´µ° ¸É ´Í¨¨ º 2, ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ ¸ t = 16 ¸³, ¸Î¥ÉÎ¨±Ê
100×100 ³³, p = 110 ŒÔ‚/c, ∆p/p = ± 5,85 % (�˜�‚)

¢¸¥ ®¶µ¢¥·Ì´µ¸É´Ò¥¯ ³Õµ´Ò) ¨ Ì · ±É¥·´µ° § ¢¨¸¨³µ¸É¨ ¶µ ¨³¶Ê²Ó¸Ê (¨§-
³¥´¥´¨¥ ¨³¶Ê²Ó¸  ·¥£¨¸É·¨·Ê¥³ÒÌ ³Õµ´µ¢ ¸ 27 ¤µ 30 ŒÔ‚/c ¶·¨¢µ¤¨²µ ±
Ê³¥´ÓÏ¥´¨Õ ¸Î¥É  ³Õµ´µ¢ ¡µ²¥¥ Î¥³ ´  ¶µ·Ö¤µ±). �¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨Ö ¨´-
É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ³Õµ´µ¢ ´  ± ´ ² Ì º 1
¨ 2 ¢³¥¸É¥ ¸ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ¤µ ³µ¤¥·´¨§ Í¨¨ ÔÉ¨Ì ± ´ ²µ¢, ¶·¨¢¥-
¤¥´Ò ´  ·¨¸. 8. ’ ±¨¥ ¶ · ³¥É·Ò ¶ÊÎ±µ¢ ³Õµ´µ¢, ± ± ¨³¶Ê²Ó¸´Ò° · §¡·µ¸ ¨
· §³¥·Ò ¶ÊÎ±  ´  ¢ÒÌµ¤¥ ± ´ ² , µ¸É ²¨¸Ó ¶µ¸²¥ ³µ¤¥·´¨§ Í¨¨ ± ´ ²µ¢ ¡¥§
¨§³¥´¥´¨°.

�µ²ÊÎ¥´¨¥ ¶ÊÎ±µ¢ ³Õµ´µ¢ ¢ µ¡² ¸É¨ ¨³¶Ê²Ó¸µ¢ < 50 ŒÔ‚/c ¸É ²µ ¢µ§-
³µ¦´Ò³ ¶µ¸²¥ ³µ¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ §  ¸Î¥É µ¡· §µ¢ ´¨Ö ¸É Í¨µ-
´ ·´µ£µ ¢ ±ÊÊ³  µÉ ³¥§µ´´µ° ³¨Ï¥´¨ ¨ ¤µ ±µ´Í  ± ´ ²µ¢ º 1 ¨ 2. ˆ´É¥´-
¸¨¢´µ¸ÉÓ ³Õµ´´ÒÌ ¶ÊÎ±µ¢ ¶·¨ ¨§³¥´¥´¨¨ ¨Ì ¨³¶Ê²Ó¸  µÉ 125 ¤µ 30 ŒÔ‚/c
Ê³¥´ÓÏ ¥É¸Ö ¶·¨³¥·´µ ´  É·¨ ¶µ·Ö¤± , ¨ É ± Ö § ¢¨¸¨³µ¸ÉÓ Ìµ·µÏµ µ¶¨¸Ò-
¢ ¥É¸Ö · ¸Î¥É´µ° ±·¨¢µ°, ÊÎ¨ÉÒ¢ ÕÐ¥° Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ µ¡· -
§µ¢ ´¨Õ ¶¨µ´µ¢ [3Ä7], · ¸¶ ¤ ¶¨µ´µ¢ ¢ ± ´ ²¥ ¨ ¤¨´ ³¨±Ê § Ì¢ É  ¢ ± ´ ²¥
µ¡· §ÊÕÐ¨Ì¸Ö ³Õµ´µ¢ ¤²Ö ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° ¢¥É¢¨ · ¸¶ ¤  ¸ ´µ·³¨·µ¢-
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�¨¸. 7. ƒµ·¨§µ´É ²Ó´µ¥ ( ) ¨ ¢¥·É¨± ²Ó´µ¥ (¡) ¶µ¶¥·¥Î´Ò¥ · ¸¶·¥¤¥²¥´¨Ö ¶ÊÎ±  µÉ·¨-
Í É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 333 ŒÔ‚/c, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ £µ¤µ¸±µ¶¨Î¥¸±µ£µ
ËµÉµÊ³´µ¦¨É¥²Ö [12] ´  ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¨ µÉ ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ°
¶µ ¶·µÉµ´´µ³Ê ¶ÊÎ±Ê 200 ³³. �µ £µ·¨§µ´É ²Ó´µ° µ¸¨ Å ´µ³¥· ± ´ ²  ¢·¥³Ö ³¶²¨-
ÉÊ¤´µ£µ ±µ´¢¥·Éµ· , ¶·µ¶µ·Í¨µ´ ²Ó´Ò° £µ·¨§µ´É ²Ó´µ° ¨²¨ ¢¥·É¨± ²Ó´µ° ±µµ·¤¨´ É¥
·¥£¨¸É·¨·Ê¥³µ° Î ¸É¨ÍÒ ¶ÊÎ± . �µ ¢¥·É¨± ²Ó´µ° µ¸¨ Å Î¨¸²µ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ
Î ¸É¨Í ¢ µ¤´µ³ ± ´ ²¥. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ¸µ¸¥¤´¨³¨ ¶¨± ³¨ ¶µ²ÊÎ¥´´ÒÌ · ¸¶·¥¤¥-
²¥´¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì µÉ¤¥²Ó´Ò³ ¸Í¨´É¨²²ÖÉµ· ³ £µ¤µ¸±µ¶¨Î¥¸±µ£µ ËµÉµÊ³´µ¦¨-
É¥²Ö, ¸µ¸É ¢²Ö¥É 5 ³³

±µ° ´  ¨³¶Ê²Ó¸ 125 ŒÔ‚/c. �·¨³¥¸Ó Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ¶µ²ÊÎ¥´´ÒÌ
¶ÊÎ± Ì µÉ·¨Í É¥²Ó´ÒÌ ³Õµ´µ¢ Ê¢¥²¨Î¨¢ ¥É¸Ö ¢ ÔÉµ³ ¤¨ ¶ §µ´¥ ¨³¶Ê²Ó¸µ¢ µÉ
¢¥²¨Î¨´Ò 6 · 10−2 ¤²Ö ¨³¶Ê²Ó¸  125 ŒÔ‚/c ¤µ §´ Î¥´¨Ö Ne/Nµ ≈ 4 ¤²Ö
¨³¶Ê²Ó¸  50 ŒÔ‚/c. �·¨³¥´¥´¨¥ Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  Ê³¥´ÓÏ ¥É ÔÉÊ
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�¨¸. 8. ˆ´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ (+) ¨ µÉ·¨Í É¥²Ó´ÒÌ (Ä) ³Õµ´µ¢ ´ 
± ´ ² Ì º 1 ¨ 2, ¶·¨¢¥¤¥´´Ò¥ ´  1 ³±� ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± . �µ²ÊÎ¥´¨¥
¶ÊÎ±µ¢ ³Õµ´µ¢ ¢ § ÏÉ·¨Ìµ¢ ´´µ° µ¡² ¸É¨ < 50 ŒÔ‚/c ¸É ²µ ¢µ§³µ¦´Ò³ ¶µ¸²¥ ³µ-
¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ ¨ µ¡· §µ¢ ´¨Ö ¢ ±ÊÊ³  µÉ ³¥§µ´´µ° ³¨Ï¥´¨ ¤µ ±µ´Í 
± ´ ²µ¢ º 1 ¨ 2

¶·¨³¥¸Ó ¢ 2Ä3 · §  (É ¡². 7) ¨ ¤¥² ¥É ¢µ§³µ¦´Ò³ ¶·µ¢¥¤¥´¨¥ Ô±¸¶¥·¨³¥´Éµ¢
´  Éµ´±¨Ì ³¨Ï¥´ÖÌ ¶·¨ ¨³¶Ê²Ó¸¥ ³Õµ´µ¢ < 80 ŒÔ‚/c.

’ ¡²¨Í  7. �·¨³¥¸Ó Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ¶ÊÎ± Ì ¸¥¶ ·¨·µ¢ ´´ÒÌ µÉ·¨Í -
É¥²Ó´ÒÌ ³Õµ´µ¢ ´  ± ´ ²¥ º 2

Pµ, ŒÔ‚/c 125 90 70 50 40 30
Tµ− , ŒÔ‚ 58 33 21 11,5 7,5 4,2
Ne−/Nµ−

0,06 0,08 1,05 4,0¤µ ³µ¤¥·´¨§ Í¨¨
Ne−/Nµ− ¶µ¸²¥

0,02 0,04 0,35 1,2 4 32³µ¤¥·´¨§ Í¨¨ ¤²Ö
Ê§±µ£µ ¶ÊÎ±  ¶·µÉµ´µ¢

�  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¶µ-
²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢ ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° 20Ä400 ŒÔ‚,
¶µ²ÊÎ¥´´Ò¥ ´  ± ´ ²¥ º 3 ¨ ³¨Ï¥´´µ° ¸É ´Í¨¨ º 1 ¤²Ö ¡¥·¨²²¨¥¢µ° ³¨-
Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê 200 ³³. ‘¶²µÏ´Ò¥ ±·¨¢Ò¥ ´  £· Ë¨± Ì ¶·µ¢¥¤¥´Ò
µÉ ·Ê±¨ ¶µ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ÉµÎ± ³. �  ÔÉµ³ ¦¥ ·¨¸Ê´±¥ ¤²Ö ¸· ¢´¥´¨Ö
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¶·¨¢¥¤¥´  ±·¨¢ Ö ¢ÒÌµ¤  ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¤µ ³µ¤¥·´¨§ Í¨¨ ± ´ ² 
º 3, ¶µ²ÊÎ¥´´ Ö ¤²Ö Ê£²  µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í 50◦ ´  µ¸´µ¢¥ Ô±¸¶¥·¨-
³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ · ¡µÉ [3Ä5] ¨ ´µ·³¨·µ¢ ´´ Ö ´  ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±µ¢
¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¤²Ö ¨³¶Ê²Ó¸µ¢ 125 ¨ 170 ŒÔ‚.

�¨¸. 9. ˆ´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ (+) ¨ µÉ·¨Í É¥²Ó´ÒÌ (Ä) ¶¨µ´µ¢, ¶µ²Ê-
Î¥´´ÒÌ ´  ± ´ ²¥ º 3 (³¨Ï¥´´ Ö ¸É ´Í¨Ö º 1) ¶µ¸²¥ § ¢¥·Ï¥´¨Ö ¥£µ ³µ¤¥·´¨§ Í¨¨.
˜É·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ¨´É¥´¸¨¢´µ¸ÉÓ Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ-
´¥´ÉÒ ¤²Ö ÔÉ¨Ì ¶ÊÎ±µ¢. �Ê´±É¨·´ Ö ±·¨¢ Ö Å ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ
¶¨µ´µ¢ ¤µ ³µ¤¥·´¨§ Í¨¨ ± ´ ²  º 3. ˆ´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢
¶µ¸²¥ ³µ¤¥·´¨§ Í¨¨ ± ´ ²  º 3 ¢µ§·µ¸²  ¢ 3Ä40 · § ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¶¨µ´µ¢ µÉ
100 ¤µ 400 ŒÔ‚

ˆ´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¶µ¸²¥ ³µ¤¥·´¨§ Í¨¨ ± -
´ ²  º 3 ¤µ¸É¨£²  ³ ±¸¨³ ²Ó´µ£µ §´ Î¥´¨Ö Å 3 · 107 c−1 ´  1 ³±� ¢Ò-
¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶·¨ Ô´¥·£¨¨ 200Ä250 ŒÔ‚,   ¨´É¥´¸¨¢´µ¸ÉÓ ¢
¤¨ ¶ §µ´¥ Ô´¥·£¨° 100Ä400 ŒÔ‚ Ê¢¥²¨Î¨² ¸Ó ¢ 3Ä40 · § §  ¸Î¥É Ê¸É ´µ¢±¨
¢ ± ´ ²¥ º 3 Î¥ÉÒ·¥Ì ¤µ¶µ²´¨É¥²Ó´ÒÌ ³ £´¨É´ÒÌ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ¨ ¶¥-
·¥Ìµ¤  ´  Ê£µ² µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í, · ¢´Ò° 25◦, ¶·¨ ±µÉµ·µ³ ¸¥Î¥´¨¥
µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢ ¢ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±µ° µ¡² ¸É¨ §´ Î¨É¥²Ó´µ (¤µ 10 · §)
¡µ²ÓÏ¥, Î¥³ ¤²Ö Ê£²  50◦ [3Ä5], ¢Ò¡· ´´µ£µ ¢ ± ´ ²¥ º 3 ¤µ ¥£µ ³µ¤¥·-
´¨§ Í¨¨.
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Œ ±¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢
¶·¨¡²¨¦ ¥É¸Ö ± ¢¥²¨Î¨´¥ 5 · 106 c−1 ´  1 ³±� ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± ,
  µÉ´µÏ¥´¨¥ ¨´É¥´¸¨¢´µ¸É¥° ¶µ²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢ Ê¢¥-
²¨Î¨¢ ¥É¸Ö ¢ 2Ä13 · § ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° µÉ 20 ¤µ 400 ŒÔ‚ ¢ ¸µ£² ¸¨¨
¸ ¨³¥ÕÐ¨³¨¸Ö ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ ¶µ µ¡· §µ¢ ´¨Õ ¶¨µ´µ¢
[3Ä5].

�  ·¨¸. 9 ¶·¨¢¥¤¥´  É ±¦¥ § ¢¨¸¨³µ¸ÉÓ ¨´É¥´¸¨¢´µ¸É¨ ¶µ§¨É·µ´´µ° ¨²¨
Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ¶¨µ´´ÒÌ ¶ÊÎ± Ì, ±µÉµ· Ö Ê³¥´ÓÏ ¥É¸Ö ¶·¨ ¨¸-
¶µ²Ó§µ¢ ´¨¨ Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¢ 2Ä3 · § . �·¥¤¸É ¢²¥´´Ò¥ ´  ·¨¸. 9
§´ Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¶¨µ´´ÒÌ ¶ÊÎ±µ¢ ¨³¥ÕÉ ÉµÎ´µ¸ÉÓ ± 15 %, ±µÉµ· Ö
µ¶·¥¤¥²Ö¥É¸Ö ¢ µ¸´µ¢´µ³ ¶µ£·¥Ï´µ¸ÉÓÕ ¢  ¡¸µ²ÕÉ´µ° ± ²¨¡·µ¢±¥ ¢Ò¢¥¤¥´-
´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± ,   ¤²Ö ¶µ§¨É·µ´´µ° ¨²¨ Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ
µÏ¨¡±  ¨§³¥·¥´´µ° ¨´É¥´¸¨¢´µ¸É¨ ¸µ¸É ¢²Ö¥É 10Ä30 % ¢ § ¢¨¸¨³µ¸É¨ µÉ ÉµÎ-
´µ¸É¨ · §¤¥²¥´¨Ö Î ¸É¨Í ´  ¸¶¥±É· Ì ¶µ ¢·¥³¥´¨ ¶·µ²¥É .

�±¸¶¥·¨³¥´É ²Ó´µ¥ §´ Î¥´¨¥ ±µÔËË¨Í¨¥´É  ¶·µÌµ¦¤¥´¨Ö ¶ÊÎ±  ¶µ²µ-
¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 200 ŒÔ‚/c ¸µ¸É ¢²Ö¥É k = Nπ+/N0 ≈ 0,16,
£¤¥ Nπ+ = 7,5 · 106 c−1 · ³±�−1 Å Î¨¸²µ ¶¨µ´µ¢, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ´ 
¢ÒÌµ¤¥ ± ´ ² ,   N0 = 4,65 · 107 c−1 Å · ¸Î¥É´µ¥ Î¨¸²µ ¶¨µ´µ¢, ¶µ¶ ¤ -
ÕÐ¨Ì ¢  ¶¥·ÉÊ·Ê ¶¥·¢µ° ±¢ ¤·Ê¶µ²Ó´µ° ²¨´§Ò ¢ µ¤´µ·µ¤´µ³ ¨³¶Ê²Ó¸´µ³
¨´É¥·¢ ²¥ ∆p/p=0,4. ‡´ Î¥´¨¥ k ≈ 16 % ¶·¥¢µ¸Ìµ¤¨É ´  Ë ±Éµ· 1,3Ä2 ¨¸-
Ìµ¤´Ò¥ · ¸Î¥É´Ò¥ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´É  ¶·µÌµ¦¤¥´¨Ö, ¶·¨¢¥¤¥´´Ò¥ ¢ ¶¶.
1Ä4 É ¡². 8, ´µ ´¥¸±µ²Ó±µ Ê¸ÉÊ¶ ¥É k = 19,7 % ¢ µ¶É¨³¨§¨·µ¢ ´´µ³ ¢ ·¨-
 ´É¥ · ¸Î¥É  ¶µ ¶·µ£· ³³¥ DYNAC (¶. 6 É ¡². 8) ¸ ´ ¡µ·µ³ £· ¤¨¥´Éµ¢,
´ ¨¡µ²¥¥ ¡²¨§±¨³ ± Ô±¸¶¥·¨³¥´É ²Ó´µ³Ê ´ ¡µ·Ê £· ¤¨¥´Éµ¢, ¶·¨¢¥¤¥´´µ³Ê
¢ ¶. 5 É ¡². 8. ‘ µ¤´µ° ¸Éµ·µ´Ò, ¢¸¥ ÔÉµ £µ¢µ·¨É µ ¶·¨¡²¨§¨É¥²Ó´µ³ Ì -
· ±É¥·¥ · ¸Î¥Éµ¢, µ¡Ê¸²µ¢²¥´´µ³ Î¨¸Éµ ¨´ÉÊ¨É¨¢´Ò³ ¶µ¤¡µ·µ³ £· ¤¨¥´Éµ¢ ¢
±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ Ì, § ³¥É´µ µÉ²¨Î ÕÐ¨Ì¸Ö ¢ · §´ÒÌ ¢ ·¨ ´É Ì · ¸Î¥É 
µÉ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ °¤¥´´ÒÌ §´ Î¥´¨°, ´µ, ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¶µ²ÊÎ¥´´µ¥
¸µ¢¶ ¤¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ ÉÐ É¥²Ó´µ ¶·µ¢¥¤¥´´ÒÌ µ¶É¨³¨§¨·µ¢ ´´ÒÌ · ¸Î¥Éµ¢
(¶. 6 É ¡². 8) ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ (¶. 5 É ¡². 8) ¢ ¶·¥¤¥² Ì ¶µ-
£·¥Ï´µ¸É¥°, ¸¢Ö§ ´´ÒÌ ¸ µ¶·¥¤¥²¥´¨¥³  ¡¸µ²ÕÉ´µ° ¨´É¥´¸¨¢´µ¸É¨ ¶·µÉµ´-
´µ£µ ¶ÊÎ±  (± 15 %) ¨ ¢¥²¨Î¨´µ° ¤¨ËË¥·¥´Í¨ ²Ó´µ£µ ¸¥Î¥´¨Ö µ¡· §µ¢ ´¨Ö
¶¨µ´µ¢ (± 10 %), ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¤µ¸É ÉµÎ´µ° µ¶É¨³ ²Ó´µ¸É¨ ¢Ò¡· ´´µ£µ
·¥¦¨³  Ô²¥±É·µ¶¨É ´¨Ö ³ £´¨É´ÒÌ Ô²¥³¥´Éµ¢ ± ´ ²  ¶·¨ ¥£µ Ô±¸¶¥·¨³¥´-
É ²Ó´µ° ´ ¸É·µ°±¥.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ´ °¤¥´´Ò° ·¥¦¨³ Ô²¥±É·µ¶¨É ´¨Ö,   ¸²¥¤µ¢ -
É¥²Ó´µ, ¨ £· ¤¨¥´Éµ¢ ³ £´¨É´ÒÌ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ´  ± ´ ²¥ º 3, ¶·¨-
¢¥¤¥´´Ò° ¢ É ¡². 5, ´¥ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´Ò³, É ± ± ± ± ´ ² º 3 ¡²¨§µ± ±
¶¥·¨µ¤¨Î¥¸±µ° ¸¨¸É¥³¥ ¨§ ±¢ ¤·Ê¶µ²Ó´ÒÌ ²¨´§ ¨ ¥£µ  ±¸¥¶É ´¸ ¸² ¡µ ³¥´Ö-
¥É¸Ö ¶·¨ § ³¥É´ÒÌ ¨§³¥´¥´¨ÖÌ £· ¤¨¥´Éµ¢ ¢ ÔÉ¨Ì ²¨´§ Ì.
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� §³¥·Ò ¶¨µ´´µ£µ ¶ÊÎ±  µÉ ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¨ ´  ¢ÒÌµ¤¥ ± ´ ² 
º 3 (·¨¸. 7), ¨§³¥·¥´´Ò¥ £µ¤µ¸±µ¶µ³, ¸µ¸É ¢²ÖÕÉ ± 20 ³³ (�˜�‚ Å ¶µ²Ê-
Ï¨·¨´  ´  ¶µ²Ê¢Ò¸µÉ¥ · ¸¶·¥¤¥²¥´¨Ö) ¶µ £µ·¨§µ´É ²¨ ¨ ± 15 ³³ (�˜�‚) ¶µ
¢¥·É¨± ²¨ ¨ ¶µ²´µ¸ÉÓÕ Ê±² ¤Ò¢ ÕÉ¸Ö ¢ · §³¥·Ò ¸Í¨´É¨²²ÖÉµ·  100×100 ³³
Ê ·¥£¨¸É·¨·ÊÕÐ¨Ì ¸Î¥ÉÎ¨±µ¢.

ˆ³¶Ê²Ó¸´Ò° · §¡·µ¸ ¶ÊÎ±  ¤²Ö ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê
200 ³³ ¨ ·¥£¨¸É·¨·ÊÕÐ¥£µ ¸Î¥ÉÎ¨±  · §³¥·µ³ 100×100 ³³ ¸µ¸É ¢²Ö¥É (¸³.
·¨¸. 6) ∆p/p = ± 9,9 % (�˜�‚) ¨ Ê³¥´ÓÏ ¥É¸Ö ¤µ ∆p/p = ± 5,4 % ¤²Ö
¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê 80 ³³ ¨ ·¥£¨¸É·¨·ÊÕÐ¥£µ ¸Î¥ÉÎ¨± 
· §³¥·µ³ 25×25 ³³. �·¨ ÔÉµ³ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢
¸ ¨³¶Ê²Ó¸µ³ 166 ŒÔ‚/c ¸´¨¦ ¥É¸Ö ¸ 4 · 106 ¤µ 2,2 · 105 c−1 ´  1 ³±�,  
Ê£²µ¢ Ö · ¸Ìµ¤¨³µ¸ÉÓ ¶ÊÎ±  ¸µ¸É ¢²Ö¥É ± 1,9◦ (�˜�‚) ¶µ £µ·¨§µ´É ²¨ ¨
± 0,8◦ (�˜�‚) ¶µ ¢¥·É¨± ²¨. ‚ É ±µ³ ·¥¦¨³¥ · ¡µÉÒ ± ´ ²  º 3 ¶µ²ÊÎ¥´-
´Ò¥ ¶ · ³¥É·Ò ¶¨µ´´ÒÌ ¶ÊÎ±µ¢ ¤µ¸É ÉµÎ´µ ¶µ²´µ Ê¤µ¢²¥É¢µ·ÖÕÉ § Ö¢²¥´´Ò³
¸¶¥Í¨Ë¨Î¥¸±¨³ É·¥¡µ¢ ´¨Ö³ ´  ¶¨µ´´Ò¥ ¶ÊÎ±¨ ¤²Ö Ê¸É ´µ¢±¨ ‘’�ˆŒ…�
(· §³¥· ¶ÊÎ±  20×40 ³³; Ê£²µ¢ Ö · ¸Ìµ¤¨³µ¸ÉÓ ± 2,5◦; ¨³¶Ê²Ó¸´Ò° · §¡·µ¸
∆p/p = ± 6 % �˜�‚) ¨ ¶·¨³¥·´µ ¢ 30 · § ¶·¥¢µ¸Ìµ¤ÖÉ ¶µ ¨´É¥´¸¨¢´µ¸É¨
¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¶ÊÎ±¨ ¶¨µ´µ¢ ´  ± ´ ²¥ º 13. �Ò²  ¶·µ¢¥·¥´  É ±¦¥ ¶¥·-
¸¶¥±É¨¢´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´¨Ö ´¥¡µ²ÓÏ¨Ì ³¨Ï¥´¥° ¨§ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ ¤²Ö
Ê¢¥²¨Î¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ¶¨µ´´ÒÌ ¶ÊÎ±µ¢ ³ ²ÒÌ Ô´¥·£¨° (<50 ŒÔ‚).

’ ±, ¶·¨ ¶¥·¥Ìµ¤¥ ¸ ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê 80 ³³ ´ 
³¥¤´ÊÕ ³¨Ï¥´Ó É ±¨Ì ¦¥ · §³¥·µ¢ ¨´É¥´¸¨¢´µ¸ÉÓ ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸
¨³¶Ê²Ó¸ ³¨ 110 ¨ 138 ŒÔ‚/c ¢µ§· ¸É ²  ¸µµÉ¢¥É¸É¢¥´´µ ¢ 3,7 ¨ 2,3 · §  ¶·¨
Ê¢¥²¨Î¥´¨¨ ¶·¨³¥¸¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ´  µ¤¨´ ¶¨µ´ ¸µµÉ¢¥É¸É¢¥´´µ
¢ 2,2 ¨ 3 · § . „²Ö µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 110 ŒÔ‚/c ¨´É¥´¸¨¢-
´µ¸ÉÓ ¶·¨ ¶¥·¥Ìµ¤¥ ¸ ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ ´  ³¥¤´ÊÕ Ê¢¥²¨Î¨² ¸Ó ¢ ∼ 4,7
· §  ¶·¨ ¢µ§· ¸É ´¨¨ ¶·¨³¥¸¨ Ô²¥±É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ 3 · § .

�  ·¨¸. 10 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢
¶µ²µ¦¨É¥²Ó´ÒÌ ¨ µÉ·¨Í É¥²Ó´ÒÌ ¶¨µ´µ¢, ¶µ²ÊÎ¥´´Ò¥ ´  ¢Éµ·µ° ³¨Ï¥´´µ°
¸É ´Í¨¨ ± ´ ²  º 3 µÉ ¡¥·¨²²¨¥¢µ° ³¨Ï¥´¨ Éµ²Ð¨´µ° ¶µ ¶ÊÎ±Ê 160 ³³,  
É ±¦¥ ¸µ¶ÊÉ¸É¢ÊÕÐ¥° ¶·¨³¥¸¨ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ÔÉ¨Ì
¶ÊÎ± Ì. �µ ¸· ¢´¥´¨Õ ¸ ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¥° ¶·¨³¥¸Ó Ô²¥±É·µ´´µ°
¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ · ¸Î¥É¥ ´  µ¤¨´ ¶¨µ´ Ê³¥´ÓÏ ¥É¸Ö ¤²Ö ¶µ-
²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ 110 ŒÔ‚/c ¢ 17 · §,   ¤²Ö µÉ·¨Í É¥²Ó´ÒÌ
¶¨µ´µ¢ ¸ É¥³ ¦¥ ¸ ³Ò³ ¨³¶Ê²Ó¸µ³ Å ¢ 12 · §. �µ ¸· ¢´¥´¨Õ ¸ ± ´ ²µ³ º 3
¤µ ³µ¤¥·´¨§ Í¨¨ ÔÉ  ¶·¨³¥¸Ó Ê³¥´ÓÏ¨² ¸Ó ¡µ²¥¥ Î¥³ ´  ¶µ·Ö¤µ±.

’ ±µ¥ ¡² £µ¶·¨ÖÉ´µ¥ ¨§³¥´¥´¨¥ ¸µ¸É ¢  ¶¨µ´´ÒÌ ¶ÊÎ±µ¢ ´ Ìµ¤¨É¸Ö ¢
¸µ£² ¸¨¨ ¸ µ¦¨¤ ¥³Ò³ Ê³¥´ÓÏ¥´¨¥³ ¶·¨³¥¸¨ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³-
¶µ´¥´ÉÒ ¶·¨ ¶¥·¥Ìµ¤¥ ´  Ê£µ² µÉ¡µ·  ¢Éµ·¨Î´ÒÌ Î ¸É¨Í 110◦, ¤²Ö ±µÉµ-
·µ£µ ¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö ¶¨µ´µ¢ ¢ 2Ä3 · §  ¢ÒÏ¥, Î¥³ ¤²Ö Ê£²  µÉ¡µ· 
25◦ [6, 7],   Ê£²µ¢µ¥ · ¸¶·¥¤¥²¥´¨¥ γ-±¢ ´Éµ¢, ¶·¨¢µ¤ÖÐ¨Ì ± ¶µÖ¢²¥´¨Õ
Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¨ ¢µ§´¨± ÕÐ¨Ì ¶·¨ · ¸¶ ¤¥ µ¡· §ÊÕ-
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�¨¸. 10. ˆ´É¥´¸¨¢´µ¸É¨ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ (+) ¨ µÉ·¨Í É¥²Ó´ÒÌ (Ä) ¶¨µ´µ¢, ¶µ²Ê-
Î¥´´Ò¥ ´  ± ´ ²¥ º 3 (³¨Ï¥´´ Ö ¸É ´Í¨Ö º 2) ¶µ¸²¥ § ¢¥·Ï¥´¨Ö ¥£µ ³µ¤¥·´¨§ Í¨¨.
˜É·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö Å ¨´É¥´¸¨¢´µ¸ÉÓ Ô²¥±É·µ´´µ° ¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ-
´¥´ÉÒ ¤²Ö ÔÉ¨Ì ¶ÊÎ±µ¢. �µ ¸· ¢´¥´¨Õ ¸ ¶¥·¢µ° ³¨Ï¥´´µ° ¸É ´Í¨¥° ¨ ± ´ ²µ³ º 3 ¤µ
³µ¤¥·´¨§ Í¨¨ ¶·¨³¥¸Ó Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ · ¸Î¥É¥ ´  µ¤¨´ ¶¨µ´
Ê³¥´ÓÏ¨² ¸Ó ¢ 10Ä15 · §

Ð¨Ì¸Ö ¢ ³¨Ï¥´¨ π0-³¥§µ´µ¢, ¨³¥¥É ¢Ò· ¦¥´´ÊÕ ´ ¶· ¢²¥´´µ¸ÉÓ ¢ ¶¥·¥¤´ÕÕ
¶µ²Ê¸Ë¥·Ê [13].

‘Éµ²Ó §´ Î¨É¥²Ó´µ¥ Ê³¥´ÓÏ¥´¨¥ ¶·¨³¥¸¨ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³-
¶µ´¥´ÉÒ ¸ÊÐ¥¸É¢¥´´µ Ê²ÊÎÏ ¥É Ê¸²µ¢¨Ö ¤²Ö ¶·µ¢¥¤¥´¨Ö Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥-
·¨³¥´Éµ¢ ´  ¶ÊÎ± Ì ¶¨µ´µ¢ ³ ²ÒÌ Ô´¥·£¨° (³¥´ÓÏ¨Ì Î¥³ 40 ŒÔ‚).

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¸¥¶ ·¨·µ¢ ´´Ò¥ ³Õµ´´Ò¥ ¶ÊÎ±¨ ´  ± ´ ² Ì º 1 ¨
2 ¶µ²ÊÎ ÕÉ¸Ö ¸ ¤µ¸É ÉµÎ´µ ³ ²µ° ¶·¨³¥¸ÓÕ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³¶µ-
´¥´ÉÒ (<10 %), ± ± ÔÉµ ¢¨¤´µ ¨§ É ¡². 7, Éµ²Ó±µ ¤²Ö ¨³¶Ê²Ó¸µ¢, ¡µ²ÓÏ¨Ì Î¥³
90 ŒÔ‚/c. �·¨³¥´¥´¨¥ Ê§±µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  Ê³¥´ÓÏ ¥É ÔÉÊ ¶·¨³¥¸Ó ¢
2Ä3 · § . „ ²Ó´¥°Ï¥£µ Ê³¥´ÓÏ¥´¨Ö ¶·¨³¥¸¨ ¤²Ö ¶ÊÎ±µ¢ ³Õµ´µ¢ ¸ ¨³¶Ê²Ó¸µ³
<90 ŒÔ‚/c ³µ¦´µ ¤µ¸É¨ÎÓ ²¨¡µ ¸ ¶µ³µÐÓÕ Ô²¥±É·µ³ £´¨É´ÒÌ ¸¥¶ · Éµ·µ¢
¸µ ¸±·¥Ð¥´´Ò³¨ Ô²¥±É·¨Î¥¸±¨³¨ ¨ ³ £´¨É´Ò³¨ ¶µ²Ö³¨, ²¨¡µ ¶µ¤Éµ·³ ¦¨-
¢ ´¨¥³ ¶ÊÎ±  Î ¸É¨Í ´  ¢ÒÌµ¤¥ ± ´ ²  ¸ ¶µ¸²¥¤ÊÕÐ¨³ ³ £´¨É´Ò³  ´ ²¨§µ³.
�µ¸²¥¤´¨° ¢ ·¨ ´É ¡Ò² § ²µ¦¥´ ¢ ¶·µ¥±É¥ ³µ¤¥·´¨§ Í¨¨ ³¥§µ´´ÒÌ ± ´ ²µ¢
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�¨¸. 11. ‘Ì¥³  Ëµ·³¨·µ¢ ´¨Ö ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ³ ²ÒÌ Ô´¥·£¨° (<15 ŒÔ‚) ´  ¢ÒÌµ¤¥
± ´ ²  º 2 (´ ¶· ¢²¥´¨¥ II), ¶·¥¤²µ¦¥´´ Ö ¤²Ö ¶µ¢ÒÏ¥´¨Ö ¸É¥¶¥´¨ ¸¥¶ · Í¨¨ ³¥-
§µ´´ÒÌ ¶ÊÎ±µ¢ ¶ÊÉ¥³ ¶µ¤Éµ·³ ¦¨¢ ´¨Ö ¨ ¶µ¢Éµ·´µ£µ ³ £´¨É´µ£µ  ´ ²¨§  § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¶ÊÎ±  ¸ · §´Ò³¨ ³ ¸¸ ³¨ [14]

[14], ¨ ¥£µ ¸Ì¥³ , ¶µ± § ´´ Ö ´  ·¨¸. 11, ¸µ¤¥·¦¨É ¤¢  ¶µ¸²¥¤µ¢ É¥²Ó´µ ¸µ-
¥¤¨´¥´´ÒÌ ¸µ²¥´µ¨¤ ²Ó´ÒÌ ¸¶¥±É·µ³¥É· , Ê¸É ´µ¢²¥´´ÒÌ ¢ ±µ´Í¥ ± ´ ²  º 2
(´ ¶· ¢²¥´¨¥ II) ¨ ¶µ§¢µ²ÖÕÐ¨Ì µ¸ÊÐ¥¸É¢¨ÉÓ ¸²¥¤ÊÕÐ¨¥ Ê²ÊÎÏ¥´¨Ö ¶ · ³¥-
É·µ¢ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢:

1) Ê³¥´ÓÏ¥´¨¥ · §³¥·µ¢ (¤µ 3 · §) ¤²Ö ³Õµ´´ÒÌ ¶ÊÎ±µ¢ ¸ ¨³¶Ê²Ó¸µ³
< 50 ŒÔ‚/c ¡¥§ § ³¥É´µ° ¶µÉ¥·¨ ¨´É¥´¸¨¢´µ¸É¨;

2) ¸´¨¦¥´¨¥ (¤µ µ¤´µ£µ ¶µ·Ö¤± ) ¶·¨³¥¸¨ Ô²¥±É·µ´´µ-¶µ§¨É·µ´´µ° ±µ³-
¶µ´¥´ÉÒ ¢ ³Õµ´´ÒÌ ¶ÊÎ± Ì ¸ ¨³¶Ê²Ó¸µ³ < 50 ŒÔ‚/c, ¢±²ÕÎ Ö ®¶µ¢¥·Ì´µ¸É-
´Ò¥¯ ³Õµ´Ò ¶·¨ ¤µ¶Ê¸É¨³µ° ¶µÉ¥·¥ ¨´É¥´¸¨¢´µ¸É¨ ¢ ´¥¸±µ²Ó±µ · § [15, 16];

3) ¶µ²ÊÎ¥´¨¥ ¸¥¶ ·¨·µ¢ ´´ÒÌ ¶ÊÎ±µ¢ ³¥¤²¥´´ÒÌ ¶¨µ´µ¢ ¸ Ô´¥·£¨¥°
< 10 ŒÔ‚ ¶ÊÉ¥³ Éµ·³µ¦¥´¨Ö ¶¨µ´µ¢ ¸ Ô´¥·£¨¥° 150Ä250 ŒÔ‚ ¢ ±µ´Í¥ ± -
´ ²  º 2 ¨ ¶µ¸²¥¤ÊÕÐ¥£µ ³ £´¨É´µ£µ  ´ ²¨§  ¶¨µ´µ¢ ¨§ µ¡· §µ¢ ¢Ï¥£µ¸Ö
´¥¶·¥·Ò¢´µ£µ ¸¶¥±É·  ¶¨µ´µ¢ ¢ ¤¨ ¶ §µ´¥ Ô´¥·£¨° µÉ 0 ¤µ 20 ŒÔ‚ [17].

�¥ ²¨§ Í¨Ö ÔÉµ° Î ¸É¨ ¶·µ¥±É  ¡Ò²  ¶·¥·¢ ´  ¨§-§  ¶·¥±· Ð¥´¨Ö Ë¨-
´ ´¸¨·µ¢ ´¨Ö, ´µ ¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨ ³µ¦¥É ¡ÒÉÓ ¡Ò¸É·µ µ¸ÊÐ¥¸É¢²¥´  ¶·¨
¢Ò¤¥²¥´¨¨ ´  ÔÉ¨ Í¥²¨ ¸· ¢´¨É¥²Ó´µ ´¥¡µ²ÓÏ¨Ì Ë¨´ ´¸µ¢ÒÌ ·¥¸Ê·¸µ¢ ¨ ¶·¨
´ ²¨Î¨¨ £µÉµ¢ÒÌ ³ £´¨Éµ¢-¸µ²¥´µ¨¤µ¢ ¨ ¤¥É ²¥° ¡µ²ÓÏµ° ¢ ±ÊÊ³´µ° ± ³¥·Ò.

‚ ¦´Ò³ ¤µ¶µ²´¨É¥²Ó´Ò³ ·¥§Ê²ÓÉ Éµ³ µ¸ÊÐ¥¸É¢²¥´´µ° ³µ¤¥·´¨§ Í¨¨
É· ±É  ’ ¨ ³¥§µ´´ÒÌ ± ´ ²µ¢ º 1, 2 ¨ 3 Ö¢²Ö¥É¸Ö Ê²ÊÎÏ¥´¨¥ · ¤¨ Í¨µ´-
´µ° µ¡¸É ´µ¢±¨ ¢ § ²¥ Ë §µÉ·µ´  §  ¸Î¥É ¸µ§¤ ´¨Ö ¢ ±ÊÊ³  ¢ É· ±É¥ ’ µÉ
± ³¥·Ò Ë §µÉ·µ´  ¤µ § Ð¨É´µ° ¸É¥´Ò ¨ ¨¸±²ÕÎ¥´¨Ö É¥³ ¸ ³Ò³ Éµ° Î ¸É¨ · -
¤¨µ ±É¨¢´ÒÌ ¨§µÉµ¶µ¢ (¶µ·Ö¤±  0,1 Š¨), ±µÉµ·Ò¥ µ¡· §µ¢Ò¢ ²¨¸Ó · ´¥¥ ¶·¨
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¶·µÌµ¦¤¥´¨¨ ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¢ ¸²µ¥ ¢µ§¤ÊÌ  Éµ²Ð¨´µ° µ±µ²µ
10 ³,   É ±¦¥ Ê³¥´ÓÏ¥´¨¥ · ¸¸¥Ö´´µ£µ · ¤¨ Í¨µ´´µ£µ Ëµ´  ´  ± ´ ² Ì º 9
¨ 12 §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö ±µÔËË¨Í¨¥´É  ¶·µ¢µ¤±¨ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶µ ÔÉ¨³
± ´ ² ³ ¨§-§  µÉ¸ÊÉ¸É¢¨Ö ³´µ£µ±· É´µ£µ ±Ê²µ´µ¢¸±µ£µ · ¸¸¥Ö´¨Ö ¶·µÉµ´´µ£µ
¶ÊÎ±  ¢ 10-³¥É·µ¢µ³ ¸²µ¥ ¢µ§¤ÊÌ  ´  É· ±É¥ ’.

‡�Š‹�—…�ˆ…

�  Ë §µÉ·µ´¥ ‹Ÿ� �ˆŸˆ µ¸ÊÐ¥¸É¢²¥´  ³µ¤¥·´¨§ Í¨Ö É· ±É  ’ ¨ ³¥§µ´-
´ÒÌ ± ´ ²µ¢ º 1, 2 ¨ 3, ´ ¶· ¢²¥´´ Ö ´  · ¸Ï¨·¥´¨¥ ¢µ§³µ¦´µ¸É¥° ¶·µ¢¥-
¤¥´¨Ö Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ´  ³¥§µ´´ÒÌ ¶ÊÎ± Ì Ë §µÉ·µ´  ¶ÊÉ¥³ Ê²ÊÎ-
Ï¥´¨Ö ¶ · ³¥É·µ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¨ Ëµ·³¨·µ¢ ´¨Ö ´µ¢ÒÌ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢.
‚ ·¥§Ê²ÓÉ É¥ ¶·µ¢¥¤¥´´µ° ³µ¤¥·´¨§ Í¨¨ §  ¸Î¥É µ¶É¨³¨§ Í¨¨ Ê£²µ¢ µÉ¡µ· 
¢Éµ·¨Î´ÒÌ Î ¸É¨Í ¨§ ³¨Ï¥´¥° ¨ Ê¸É ´µ¢±¨ ¤µ¶µ²´¨É¥²Ó´ÒÌ ²¨´§ ¨ ³ £´¨-
Éµ¢ ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±µ¢ ¶µ²µ¦¨É¥²Ó´ÒÌ ¶¨µ´µ¢ ´  ± ´ ²¥ º 3 ¢Ò·µ¸²  ¢
¤¨ ¶ §µ´¥ Ô´¥·£¨° 100Ä400 ŒÔ‚ ¢ 3Ä40 · § ¨ ¤µ¸É¨£²  3 · 107 c−1 ´  1 ³±�
¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± . Œ ±¸¨³ ²Ó´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ ¶ÊÎ±  µÉ·¨Í -
É¥²Ó´ÒÌ ¶¨µ´µ¢ ¢ ÔÉµ³ ¤¨ ¶ §µ´¥ Ô´¥·£¨° ¶·¨¡²¨§¨² ¸Ó ± §´ Î¥´¨Õ 5·106 c−1

´  1 ³±� ¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ± . �  ± ´ ² Ì º 1, 2 ¨ 3 ¡² £µ¤ ·Ö
µ¡· §µ¢ ´¨Õ ¸É Í¨µ´ ·´µ£µ ¢ ±ÊÊ³  µÉ ± ³¥·Ò Ë §µÉ·µ´  ¸ · §¢¥É¢²¥´¨¥³
¶µ ¢¸¥³ É· ±É ³ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢ ¤µ ¸ ³µ£µ ¨Ì ±µ´Í  ¨ · §³¥Ð¥´¨Õ ¢ ¢ ±Ê-
Ê³¥ ¤¢ÊÌ ³¨Ï¥´´ÒÌ ¸É ´Í¨° ¸É ²µ ¢µ§³µ¦´Ò³ ¶µ²ÊÎ¥´¨¥ ³¥§µ´´ÒÌ ¶ÊÎ±µ¢
¸ ¨³¶Ê²Ó¸µ³ < 50 ŒÔ‚/c, ¢ Éµ³ Î¨¸²¥ ¶ÊÎ±µ¢ ®¶µ¢¥·Ì´µ¸É´ÒÌ¯ ³Õµ´µ¢ ¸
Ô´¥·£¨¥° µ±µ²µ 4 ŒÔ‚. �µÖ¢²¥´¨¥ Ê¸²µ¢¨° ¤²Ö Ëµ·³¨·µ¢ ´¨Ö Ê§±µ£µ (¸Ëµ-
±Ê¸¨·µ¢ ´´µ£µ ´  ³¥§µ´´µ° ³¨Ï¥´¨ ¢ £µ·¨§µ´É ²Ó´µ° ¶²µ¸±µ¸É¨ ¤µ 2Ä3 ³³)
¢Ò¢¥¤¥´´µ£µ ¶·µÉµ´´µ£µ ¶ÊÎ±  ¶µ§¢µ²¨²µ Ê³¥´ÓÏ¨ÉÓ ¶·¨³¥¸Ó Ô²¥±É·µ´´µ°
¨²¨ ¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢µ ¢¸¥Ì ³¥§µ´´ÒÌ ¶ÊÎ± Ì ¢ 2Ä3 · § ,   ¤²Ö
¶ÊÎ±µ¢ ³¥¤²¥´´ÒÌ ¶¨µ´µ¢ ´  ± ´ ²¥ º 3 (10Ä40 ŒÔ‚) ¶·¨³¥¸Ó Ô²¥±É·µ´´µ-
¶µ§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ Ê³¥´ÓÏ¨²¸Ó ¢ 10Ä15 · § §  ¸Î¥É Ê¢¥²¨Î¥´¨Ö Ê£² 
µÉ¡µ·  ¶¨µ´µ¢ ¤µ 110◦ ´  ¢Éµ·µ° ³¨Ï¥´´µ° ¸É ´Í¨¨. ‘É ²µ ¢µ§³µ¦´Ò³ ¶·¨-
³¥´¥´¨¥ ´¥¡µ²ÓÏ¨Ì (∼ 80 ³³) ³¨Ï¥´¥° ¨§ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢, ¤²Ö ±µÉµ·ÒÌ
¢ÒÌµ¤ ¶¨µ´µ¢ ¸ ¨³¶Ê²Ó¸µ³ µ±µ²µ 100 ŒÔ‚/c Ê¢¥²¨Î¨²¸Ö ¢ 2Ä4,5 · §  ¶µ
¸· ¢´¥´¨Õ ¸ ³¨Ï¥´ÓÕ ¨§ ¡¥·¨²²¨Ö É ±µ£µ ¦¥ · §³¥· .

‚ ¦´Ò³ ¤µ¶µ²´¨É¥²Ó´Ò³ ·¥§Ê²ÓÉ Éµ³ ¶·µ¢¥¤¥´´µ° ³µ¤¥·´¨§ Í¨¨ Ö¢²Ö-
¥É¸Ö Ê²ÊÎÏ¥´¨¥ · ¤¨ Í¨µ´´µ° µ¡¸É ´µ¢±¨ ¢ § ²¥ Ë §µÉ·µ´  ¨ ´  ± ´ ² Ì º 9
¨ 12 §  ¸Î¥É ¸µ§¤ ´¨Ö ¸É Í¨µ´ ·´µ£µ ¢ ±ÊÊ³  ´  É· ±É¥ ’.

ˆ³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¤ ²Ó´¥°Ï¥£µ Ê³¥´ÓÏ¥´¨Ö ¶·¨³¥¸¨ Ô²¥±É·µ´´µ-¶µ-
§¨É·µ´´µ° ±µ³¶µ´¥´ÉÒ ¢ ³¥§µ´´ÒÌ ¶ÊÎ± Ì ¸ ¨³¶Ê²Ó¸µ³ < 50 ŒÔ‚/c ´  ± -
´ ²¥ º 2.

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ‚. �. �·Ê¤ ´¨´Ê,
‹. Œ. �´¨Ð¥´±µ, �. �. �Ê¸ ±µ¢¨ÎÊ ¨ …. Œ. ‘Ò·¥¸¨´Ê §  ¢¸¥¸Éµ·µ´´¥¥ ¸µ-
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¤¥°¸É¢¨¥ ¨ ¶µ¸ÉµÖ´´ÊÕ ¶µ³µÐÓ ¶·¨ ¶·µ¢¥¤¥´¨¨ ¢¸¥Ì · ¡µÉ ¶µ ³µ¤¥·´¨§ Í¨¨
³¥§µ´´ÒÌ ± ´ ²µ¢ Ë §µÉ·µ´ .
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