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�¡Ñ¥¤¨´¥´´Ò° ¨´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, „Ê¡´ 

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°-
¸É¢¨Ö ˆ��-2, ¶µ²ÊÎ¥´´Ò¥ ¤²Ö µ¡µ¸´µ¢ ´¨Ö ´ ¤¥¦´µ° ¨ ¡¥§µ¶ ¸´µ° · ¡µÉÒ ·¥ ±Éµ·  ¢ ¶¥·¨µ¤ ¥£µ
Ô±¸¶²Ê É Í¨¨. �·¥¤¸É ¢²¥´  ³µ¤¥²Ó ·¥ ±Éµ·  ˆ��-2 ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢.
Œµ¤¥²Ó ¶µ¸É·µ¥´  ´  µ¸´µ¢¥ ³µ¤Ê²Ó´µ° ¸É·Ê±ÉÊ·Ò ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤¨¸±·¥É´ÒÌ ¶¥·¥¤ ÉµÎ´ÒÌ
ËÊ´±Í¨° ¡²µ±µ¢ ±¨´¥É¨±¨, ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨ ¨  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ¸ ÊÎ¥Éµ³
´¥²¨´¥°´ÒÌ § ¢¨¸¨³µ¸É¥°. �µ²ÊÎ¥´µ Ìµ·µÏ¥¥ ¸µ£² ¸¨¥ · ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¶¥·¥-
Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ³µÐ´µ¸É¨ ¶·¨ ¨§³¥´¥´¨¨ ·¥ ±É¨¢´µ¸É¨. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ¨¸¶µ²Ó§µ¢ ´¨Ö
³µ¤¥²¨ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨Ö ¢²¨Ö´¨Ö ¶ · ³¥É·µ¢  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ´ 
¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¨ ¤ ´Ò ·¥±µ³¥´¤ Í¨¨ ¶µ ¨Ì µ¶É¨³ ²Ó´µ° ±µ³¡¨´ Í¨¨. �·¨¢¥¤¥´Ò É ±¦¥
·¥§Ê²ÓÉ ÉÒ ¨¸¶µ²Ó§µ¢ ´¨Ö ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ¤²Ö µÍ¥´±¨ Ê¸Éµ°Î¨¢µ¸É¨ ·¥ ±Éµ·  ˆ��-2.
„ ´  µÍ¥´±  ¶ · ³¥É·µ¢ ¨ É¥³¶¥· ÉÊ·´µ° ¤¨´ ³¨±¨ ¸¡µ·±¨, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸µ¡µ° £¨¶µÉ¥É¨Î¥-
¸±µ¥ µ¡Ñ¥¤¨´¥´¨¥ ¤¥°¸É¢ÊÕÐ¨Ì Ê¸É ´µ¢µ±: ³µÐ´µ£µ Ê¸±µ·¨É¥²Ö ¶·µÉµ´µ¢ ¨  ±É¨¢´µ° §µ´Ò ·¥ ±-
Éµ·  ˆ��-2 ¶·¨ ¥¥ ¶µ¤±·¨É¨Î¥¸±µ³ ¸µ¸ÉµÖ´¨¨. �·¨¢¥¤¥´Ò ´¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢
¶µ ¨¸¸²¥¤µ¢ ´¨Õ ÏÊ³µ¢ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ·¥ ±Éµ·  ˆ��-2 ± ± µ¤´µ£µ ¨§ · §¤¥²µ¢ ¤¨´ ³¨±¨.
�·¥¤¸É ¢²¥´Ò ¤¨ ¶ §µ´Ò Î ¸ÉµÉ, Ì · ±É¥·¨§ÊÕÐ¨¥¸Ö ¶µ¢ÒÏ¥´´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ³µÐ´µ¸É¨, ¨
Ê± § ´Ò ¢µ§³µ¦´Ò¥ ¶·¨Î¨´Ò ±µ²¥¡ ´¨°. �·¨¢¥¤¥´Ò ¤ ´´Ò¥ ¶µ ³µ¤Ê²¨·µ¢ ´´Ò³ ±µ²¥¡ ´¨Ö³
³µÐ´µ¸É¨, ¢Ò§¢ ´´Ò³ ¶¥·¨µ¤¨Î¥¸±¨³¨ ±µ²¥¡ ´¨Ö³¨ ¢´¥Ï´¥° ·¥ ±É¨¢´µ¸É¨, ´  µ¸´µ¢ ´¨¨ ±µ-
Éµ·ÒÌ ¤ ´  µÍ¥´±  ¸É¥¶¥´¨ Ê¸Éµ°Î¨¢µ¸É¨ ·¥ ±Éµ·  ¨ ¶·¨´ÖÉ  ¸É·Ê±ÉÊ·  ³µ¤¥²¨ ³µÐ´µ¸É´µ°
µ¡· É´µ° ¸¢Ö§¨.

The results of the investigation of the dynamics of the pulsed reactor of periodic operation IBR-2
obtained with the aim of substantiation of reliable and safe operation of the reactor in the course of
exploitation are discussed. An IBR-2 model for the modeling of transitional processes is presented.
The model is constructed on the basis of a module structure using discrete transfer functions of the
kinetics blocks, power feedback and automatic regulator with accounting for nonlinear dependence
functions. Good agreement between the calculated and experimental power transitional processes
at reactivity changes is obtained. As an illustration of the application of the model the data from
the investigation of the in	uence of the automatic regulator parameters on the transitional processes
are presented and recommendations on their optimal combination are given. In addition, the results
of the use of the model representations to assess the IBR-2 reactor stability are reported. The
parameters and temperature dynamics of an assembly representing a hypothetical combination of
two presently operating facilities: a powerful proton accelerator and the IBR-2 active zone in a
subcritical state, are estimated. Some results of experiments to investigate IBR-2 pulse energy noises
as a part of dynamics are presented. The frequence ranges for which increased power oscillations are
characteristic are pointed out indicating probable causes of the oscillations. The data on the modulated
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power oscillations due to periodic oscillations of external reactivity that lie in the basis of estimates
of the reactor stability are given and the structure of the power feedback model is accepted.

‚‚…„…�ˆ…

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¢ ³¨·¥ ¸ÊÐ¥¸É¢ÊÕÉ µ±µ²µ 50 ¢Ò¸µ±µ¶µÉµÎ´ÒÌ ¨¸-
ÉµÎ´¨±µ¢ ´¥°É·µ´µ¢, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö Ï¨·µ±µ£µ ±·Ê£  ¨¸¸²¥¤µ¢ ´¨° ¸
¶µ³µÐÓÕ ´¥°É·µ´µ¢ ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ ´ Ê±¨, É¥Ì´¨±¨, ³¥¤¨Í¨´Ò ¨ Ô±µ-
²µ£¨¨. �¸µ¡ÊÕ £·Ê¶¶Ê ¸·¥¤¨ ¸µ¢·¥³¥´´ÒÌ ¨¸ÉµÎ´¨±µ¢ § ´¨³ ÕÉ ¨³¶Ê²Ó¸´Ò¥
¨¸ÉµÎ´¨±¨ ´¥°É·µ´µ¢ (ˆˆ�). � ·Ö¤Ê ¸ Ê´¨± ²Ó´Ò³¨ ¤¥°¸É¢ÊÕÐ¨³¨ Ê¸É -
´µ¢± ³¨ ´  ¡ §¥ ¨³¶Ê²Ó¸´ÒÌ ·¥ ±Éµ·µ¢ (ˆ��-2), ¶·µÉµ´´ÒÌ Ê¸±µ·¨É¥²¥° ¸
´¥· §³´µ¦ ÕÐ¨³¨ ³¨Ï¥´Ö³¨ (IPNS, LANSE ¨ ¤·.), ¶µ¤±·¨É¨Î¥¸±¨Ì ¸¨¸É¥³
¸ Ô²¥±É·µ´´Ò³¨ Ê¸±µ·¨É¥²Ö³¨ (´ ¶·¨³¥·, ˆ��-30), ¸ÊÐ¥¸É¢Ê¥É ·Ö¤ ¶·µ¥±Éµ¢
¢ Ÿ¶µ´¨¨, …¢·µ¶¥, Šµ·¥¥, Š¨É ¥, �µ¸¸¨¨ ¶µ · §· ¡µÉ±¥ ¨ ¸µ§¤ ´¨Õ ˆˆ�,
µ·¨¥´É¨·µ¢ ´´ÒÌ ´  ¶µ²ÊÎ¥´¨¥ ¨´É¥´¸¨¢´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¶µÉµ±µ¢ ´¥°É·µ´µ¢
¤²Ö ´ ÊÎ´ÒÌ Í¥²¥° ¨ ¤²Ö ®É· ´¸³ÊÉ Í¨¨¯ ¤µ²£µ¦¨¢ÊÐ¨Ì ¶·µ¤Ê±Éµ¢ ¤¥²¥´¨Ö.
Š·µ³¥ Éµ£µ, · ¸¸³ É·¨¢ ¥É¸Ö ¢µ¶·µ¸ µ¡ Ô±µ²µ£¨Î¥¸±¨ ¡¥§µ¶ ¸´µ° ÊÉ¨²¨§ Í¨¨
´  ¡ §¥ ˆˆ� µ·Ê¦¥°´µ£µ ¨ ´ · ¡µÉ ´´µ£µ ´  ��‘ ®É¥Ì´¨Î¥¸±µ£µ¯ ¶²ÊÉµ-
´¨Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ·¥§±µ Ê¸¨²¨²¸Ö ¨´É¥·¥¸ ± ¶·µ¡²¥³¥
¡¥§µ¶ ¸´µ¸É¨ ¤¥°¸É¢ÊÕÐ¨Ì ¨ ¢´µ¢Ó ¸µ§¤ ¢ ¥³ÒÌ Ö¤¥·´ÒÌ Ê¸É ´µ¢µ±. �¡¥¸¶¥-
Î¥´¨¥ ¡¥§µ¶ ¸´µ¸É¨ ˆˆ�, ± ± ¨ ²Õ¡µ° ¤·Ê£µ° Ö¤¥·´µ° Ê¸É ´µ¢±¨, ¢±²ÕÎ ¥É ¢
¸¥¡Ö ³´µ¦¥¸É¢µ § ¤ Î ´ ÊÎ´µ-É¥Ì´¨Î¥¸±µ£µ, µ·£ ´¨§ Í¨µ´´µ£µ ¨ ¸µÍ¨ ²Ó´µ£µ
¶² ´ , ´ ¶· ¢²¥´´ÒÌ ´  ¨¸±²ÕÎ¥´¨¥ ¢µ§³µ¦´µ¸É¨ · §¢¨É¨Ö ´¥±µ´É·µ²¨·Ê¥-
³µ° Í¥¶´µ° ·¥ ±Í¨¨ ¨ ¢Ò¡·µ¸  · ¤¨µ ±É¨¢´µ¸É¨. �¤´µ° ¨§ £² ¢´ÒÌ ¶·µ¡²¥³
¡¥§µ¶ ¸´µ¸É¨ ˆˆ� Ö¢²Ö¥É¸Ö ¶µ²´Ò° ±µ´É·µ²Ó §  ±µÔËË¨Í¨¥´Éµ³ · §³´µ¦¥-
´¨Ö ´¥°É·µ´µ¢ ¨ Ê¤¥·¦ ´¨¥ ¥£µ §´ Î¥´¨Ö ´  ´Ê¦´µ³ Ê·µ¢´¥ ¢ Ô±¸¶²Ê É Í¨µ´-
´ÒÌ ¨ ¢ ²Õ¡ÒÌ ´¥ÏÉ É´ÒÌ ¸¨ÉÊ Í¨ÖÌ.

�¥§µ¶ ¸´µ¸ÉÓ É ±µ° Ê´¨± ²Ó´µ° Ê¸É ´µ¢±¨, ± ± ¨³¶Ê²Ó¸´Ò° ·¥ ±Éµ· ¶¥-
·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ˆ��-2, ¶ÊÐ¥´´Ò° ¢ Ô±¸¶²Ê É Í¨Õ ¢ 1984 £. ¢ ‹�”
�ˆŸˆ („Ê¡´ ), µ¡¥¸¶¥Î¨¢ ¥É¸Ö ³´µ£¨³¨ ¸·¥¤¸É¢ ³¨, ¢ Éµ³ Î¨¸²¥ ¨ ¶·µ¢¥-
¤¥´¨¥³ ¶¥·¨µ¤¨Î¥¸±¨Ì ¨§³¥·¥´¨° ¤¨´ ³¨Î¥¸±¨Ì ¨ ÏÊ³µ¢ÒÌ Ì · ±É¥·¨¸É¨±
·¥ ±Éµ· . �Éµ ¶µ§¢µ²Ö¥É ¤¨ £´µ¸É¨·µ¢ ÉÓ ³´µ£¨¥ ÔËË¥±ÉÒ, ¶·µ¨¸Ìµ¤ÖÐ¨¥
¢´ÊÉ·¨ ¨ ¢ ¡²¨¦ °Ï¥³ µ±·Ê¦¥´¨¨  ±É¨¢´µ° §µ´Ò. �µ¢¥¤¥´¨¥ ·¥ ±Éµ·  ¢
· §²¨Î´ÒÌ ´¥ÏÉ É´ÒÌ (¨²¨  ¢ ·¨°´ÒÌ) ¸¨ÉÊ Í¨ÖÌ, ±µÉµ·Ò¥ ´¥²Ó§Ö ¶·µ¢¥-
·¨ÉÓ ¶·Ö³Ò³ ¶ÊÉ¥³ Ô±¸¶¥·¨³¥´É ²Ó´µ, ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸± § ´µ ´  µ¸´µ¢¥
³µ¤¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢. ‚ ÔÉµ³ ¸²ÊÎ ¥ ³µ¤¥²Ó ¤¨´ ³¨±¨, ´ ¤¥¦´µ¸ÉÓ ±µ-
Éµ·µ° ¶·µ¢¥·¥´  Ô±¸¶¥·¨³¥´É ²Ó´Ò³ ¶ÊÉ¥³, ¶µ§¢µ²Ö¥É ³µ¤¥²¨·µ¢ ÉÓ ¶¥·¥-
Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨ ¶·¨ · §²¨Î´ÒÌ ¨§³¥´¥´¨ÖÌ ¶ · ³¥É·µ¢ ·¥ ±Éµ· 
¨²¨ ¢µ§³ÊÐ¥´¨ÖÌ ¢´¥Ï´¥° ·¥ ±É¨¢´µ¸É¨.

‚ µ¡§µ·¥ ¶·¨¢¥¤¥´Ò µ¸´µ¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³µ¤¥²Ó-
´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¤¨´ ³¨±¨ ·¥ ±Éµ·  ˆ��-2, ¶µ²ÊÎ¥´´Ò¥ ¢ ¶·µÍ¥¸¸¥ Ô±¸¶²Ê-
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 É Í¨¨ ·¥ ±Éµ· , ±µÉµ·Ò¥, ¶µ ³´¥´¨Õ  ¢Éµ·µ¢ ÔÉ¨Ì · ¡µÉ, ¶µ± §Ò¢ ÕÉ, ÎÉµ
¶·µ¡²¥³¥ ¡¥§µ¶ ¸´µ¸É¨ ˆ��-2 ¢ �ˆŸˆ Ê¤¥²Ö¥É¸Ö ¡µ²ÓÏµ¥ ¢´¨³ ´¨¥.

1. ˆŒ�“‹œ‘�›‰ �…�Š’�� �…�ˆ�„ˆ—…‘Š�ƒ� „…‰‘’‚ˆŸ
�� �›‘’�›• �…‰’����•

ˆ³¶Ê²Ó¸´Ò° ·¥ ±Éµ· ˆ��-2 Ö¢²Ö¥É¸Ö Ê´¨± ²Ó´Ò³ ˆˆ� ¨ ¶µ ¶·¨´Í¨¶Ê
· ¡µÉÒ, ¨ ¶µ ±µ´¸É·Ê±Í¨¨ [1], ÎÉµ É·¥¡Ê¥É ¶µ¢ÒÏ¥´´µ£µ ¢´¨³ ´¨Ö ± ¥£µ ¤¨-
´ ³¨±¥. �±¸¶²Ê É Í¨Ö ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ¨³¥¥É ¸¶¥Í¨Ë¨Î¥¸±ÊÕ µ¸µ¡¥´-
´µ¸ÉÓ, ¶·¨ ±µÉµ·µ° §´ ´¨¥ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ Ö¢²Ö¥É¸Ö ±· °´¥ ¢ ¦´Ò³
¤²Ö ¡¥§µ¶ ¸´µ° ¨ ´ ¤¥¦´µ° · ¡µÉÒ ·¥ ±Éµ· . � ¶·¨³¥·, ·¥ ±Éµ· µ¸´ Ð¥´ ¸¨-
¸É¥³µ°  ¢ ·¨°´µ° § Ð¨ÉÒ (�‡), ¢ Éµ³ Î¨¸²¥ ¨ ¶µ µÉ±²µ´¥´¨Õ ¶¨±µ¢µ° ³µÐ-
´µ¸É¨ ´  +100 ¨ −50 % ¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ´  ±20 % µÉ § ¤ ´´ÒÌ §´ Î¥´¨°.
‚¸²¥¤¸É¢¨¥ ¢Ò¸µ±µ° ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ± Ë²Ê±ÉÊ Í¨Ö³
·¥ ±É¨¢´µ¸É¨ ¸²ÊÎ °´Ò¥ ¨§³¥´¥´¨Ö ¶¨±µ¢µ° ³µÐ´µ¸É¨ ¤µ¸É ÉµÎ´µ ¢¥²¨±¨ ¨
¤µ¸É¨£ ÕÉ ±40 % µÉ ¸·¥¤´¥£µ Ê·µ¢´Ö (¤²Ö ¸· ¢´¥´¨Ö: ¢ ¸É Í¨µ´ ·´µ³ ·¥-
 ±Éµ·¥ ¸ Ê· ´µ¢Ò³ Éµ¶²¨¢µ³ Ë²Ê±ÉÊ Í¨¨ ³µÐ´µ¸É¨ ¢ 20 · § ³¥´ÓÏ¥). �Éµ
µ§´ Î ¥É, ÎÉµ § ¶ ¸ ¢µ§³ÊÐ¥´¨° ³µÐ´µ¸É¨ ¤µ ¸· ¡ ÉÒ¢ ´¨Ö �‡ ³ ². Š·µ³¥
Éµ£µ, ¤¨´ ³¨Î¥¸±¨¥ ¶ · ³¥É·Ò ·¥ ±Éµ·  ¢ ¶·µÍ¥¸¸¥ ¥£µ Ô±¸¶²Ê É Í¨¨ ¨§³¥´Ö-
ÕÉ¸Ö. ‘µµÉ¢¥É¸É¢¥´´µ ´¥µ¡Ìµ¤¨³Ò ¤µ¶µ²´¨É¥²Ó´Ò¥ ³µ¤¥²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö
¤²Ö µ¡µ¸´µ¢ ´¨Ö ¡¥§µ¶ ¸´µ° · ¡µÉÒ ·¥ ±Éµ· .

‚ ¶¥·¨µ¤ ¸ 1964 ¶µ 2001 ££. ¢ �ˆŸˆ Ê¸¶¥Ï´µ · ¡µÉ ²¨ ˆˆ� ³ ²µ° ¨
¸·¥¤´¥° ³µÐ´µ¸É¨, ¶·¥¤¸É ¢²Ö¢Ï¨¥ ¸µ¡µ° ¡Ê¸É¥·Ò: µ¡Ñ¥¤¨´¥´¨¥ ¨³¶Ê²Ó¸´ÒÌ
·¥ ±Éµ·µ¢ ´  ¡Ò¸É·ÒÌ ´¥°É·µ´ Ì ˆ�� ¨ ˆ��-30, ´ Ìµ¤¨¢Ï¨Ì¸Ö ¢ ¶µ¤±·¨É¨-
Î¥¸±µ³ ¸µ¸ÉµÖ´¨¨, ¨ Ê¸±µ·¨É¥²¥° Ô²¥±É·µ´µ¢ [2, 3]. ‚ ¶·µÍ¥¸¸¥ ¶·µ¥±É¨·µ¢ -
´¨Ö ·¥ ±Éµ·  ˆ��-2 ¶² ´¨·µ¢ ² ¸Ó ¥£µ · ¡µÉ  ¨ ¢ ·¥¦¨³¥ ¡Ê¸É¥·  ¸ ³µÐ´Ò³
Ô²¥±É·µ´´Ò³ Ê¸±µ·¨É¥²¥³ [4].

Š· É±µ¥ µ¶¨¸ ´¨¥ ±µ´¸É·Ê±Í¨¨ ·¥ ±Éµ·  ˆ��-2. ˆ³¶Ê²Ó¸´Ò° ¨¸¸²¥¤µ-
¢ É¥²Ó¸±¨° ·¥ ±Éµ· ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ´  ¡Ò¸É·ÒÌ ´¥°É·µ´ Ì ˆ��-2
¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ê´¨± ²Ó´Ò° ¨³¶Ê²Ó¸´Ò° ¨¸ÉµÎ´¨± ´¥°É·µ´µ¢ ¡µ²ÓÏµ°
³µÐ´µ¸É¨ [1, 4, 5]. ‘  ¶·¥²Ö 1984 £. ·¥ ±Éµ· ´ Î ² · ¡µÉ ÉÓ ´  ÏÉ É´µ° Î -
¸ÉµÉ¥ ¨³¶Ê²Ó¸µ¢ 5 ƒÍ ¶·¨ ´µ³¨´ ²Ó´µ° ¸·¥¤´¥° ³µÐ´µ¸É¨ 2 Œ‚É [6, 7]. ‘
ÔÉµ£µ ¢·¥³¥´¨ ´ Î ²µ¸Ó  ±É¨¢´µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ˆ��-2 ¢ ± Î¥¸É¢¥ ³µÐ´µ£µ
¨¸ÉµÎ´¨±  ´¥°É·µ´µ¢ ¤²Ö Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° [8].

‚ µÉ²¨Î¨¥ µÉ µ¡ÒÎ´ÒÌ (¸É Í¨µ´ ·´ÒÌ) ·¥ ±Éµ·µ¢, ¢ ±µÉµ·ÒÌ ¶µ¤¤¥·-
¦¨¢ ¥É¸Ö ¶µ¸ÉµÖ´´ÒÌ ¶µÉµ± ´¥°É·µ´µ¢, ·¥ ±Éµ· ˆ��-2 £¥´¥·¨·Ê¥É ¶¥·¨µ-
¤¨Î¥¸±¨¥ ´¥°É·µ´´Ò¥ ¨³¶Ê²Ó¸Ò, ¤²¨É¥²Ó´µ¸ÉÓ ±µÉµ·ÒÌ ´  ¶µ²µ¢¨´¥ ¢Ò¸µÉÒ
´  É·¨ ¶µ·Ö¤±  ³¥´ÓÏ¥ ¨´É¥·¢ ²  ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨. ‚ É ¡². 1 ¶·¨¢¥¤¥´Ò
µ¸´µ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ·¥ ±Éµ·  ˆ��-2, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ´µ³¨´ ²Ó´µ³Ê
Ê·µ¢´Õ ¸·¥¤´¥° ³µÐ´µ¸É¨.
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’ ¡²¨Í  1. �¸´µ¢´Ò¥ Ì · ±É¥·¨¸É¨±¨ ·¥ ±Éµ·  ˆ��-2

‘·¥¤´ÖÖ É¥¶²µ¢ Ö ³µÐ´µ¸ÉÓ, Œ‚É 2
�¨±µ¢ Ö ³µÐ´µ¸ÉÓ ¢ ¨³¶Ê²Ó¸¥, Œ‚É 1500
ŒµÐ´µ¸ÉÓ, ¢Ò¤¥²Ö¥³ Ö ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ (³µÐ´µ¸ÉÓ Ëµ´ ), Œ‚É 0,15
— ¸ÉµÉ  ¨³¶Ê²Ó¸µ¢, ƒÍ 5
˜¨·¨´  ¨³¶Ê²Ó¸µ¢ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢ ´  ¶µ²µ¢¨´¥ ¢Ò¸µÉÒ, ³±¸ 215
’¥¶²µ¢Ò¤¥²ÖÕÐ¨¥ Ô²¥³¥´ÉÒ PuO2

�¡Ñ¥³  ±É¨¢´µ° §µ´Ò, ² 22
’¥¶²µ´µ¸¨É¥²Ó †¨¤±¨° ´ É·¨°
ˆ´É¥´¸¨¢´µ¸ÉÓ ¶µÉµ±  É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢
¸ ¶µ¢¥·Ì´µ¸É¨ £·¥¡¥´Î Éµ£µ ¢µ¤Ö´µ£µ § ³¥¤²¨É¥²Ö, ¸³−2 · ¸−1

¸·¥¤´ÖÖ ¢µ ¢·¥³¥´¨ 1013

³ ±¸¨³ ²Ó´ Ö ¢ ¨³¶Ê²Ó¸¥ 1016

�¨¸. 1. ‘Ì¥³  ·¥ ±Éµ·  ˆ��-2: 1 Å
±µ·¶Ê¸ ·¥ ±Éµ· ; 2 Å ¸É Í¨µ´ ·´Ò°
µÉ· ¦ É¥²Ó; 3 Å § ³¥¤²¨É¥²Ó; 4 Å
¤µ¶µ²´¨É¥²Ó´Ò° ¶µ¤¢¨¦´Ò° µÉ· ¦ -
É¥²Ó; 5 Å µ¸´µ¢´µ° ¶µ¤¢¨¦´Ò° µÉ-
· ¦ É¥²Ó; 6 Å  ±É¨¢´ Ö §µ´ 

�±É¨¢´ Ö §µ´  ·¥ ±Éµ·  ¨³¥¥É Ëµ·³Ê
´¥¶· ¢¨²Ó´µ° Ï¥¸É¨£· ´´µ° ¶·¨§³Ò, · ¸-
¶µ²µ¦¥´´µ° ¢¥·É¨± ²Ó´µ. Œ¨³µ µ¤´µ°
¨§ £· ´¥° ¶·µÌµ¤ÖÉ ¤¢  ¢· Ð ÕÐ¨Ì¸Ö
¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥²Ö, ¶·¥¤¸É ¢²ÖÕÐ¨Ì
¸µ¡µ° ³µ¤Ê²ÖÉµ· ·¥ ±É¨¢´µ¸É¨. Š ¶ÖÉ¨
µ¸É ²Ó´Ò³ £· ´Ö³ ¶·¨³Ò± ÕÉ ¸É Í¨µ´ ·-
´Ò¥ µÉ· ¦ É¥²¨, ¨¸¶µ²Ó§Ê¥³Ò¥ ¤²Ö  ¢ -
·¨°´µ° § Ð¨ÉÒ ¨ ·¥£Ê²¨·µ¢ ´¨Ö ·¥ ±Éµ· .
‘Ì¥³  ·¥ ±Éµ·  ˆ��-2 ¶µ± § ´  ´  ·¨¸. 1.

Šµ³¶¥´¸¨·ÊÕÐ¨¥ ¸É¥·¦´¨ Š�-1 ¨
Š�-2 ¶·¥¤´ §´ Î¥´Ò ¤²Ö ±µ³¶¥´¸ Í¨¨
¢Ò£µ· ´¨Ö ¶²ÊÉµ´¨Ö Pu-239 ¨ µÉ·¨Í -
É¥²Ó´µ£µ ÔËË¥±É  É¥³¶¥· ÉÊ·´µ° ·¥ ±-
É¨¢´µ¸É¨, µ¡Ê¸²µ¢²¨¢ ÕÐ¥£µ ¶µ´¨¦¥´¨¥
·¥ ±É¨¢´µ¸É¨ ·¥ ±Éµ·  ¶·¨ ¥£µ · §µ-
£·¥¢¥. ‘É¥·¦¥´Ó  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²Ö-
Éµ·  (��) ¶·¥¤´ §´ Î¥´ ¤²Ö ¶µ¤¤¥·¦ ´¨Ö
³µÐ´µ¸É¨ ·¥ ±Éµ·  ´  § ¤ ´´µ³ Ê·µ¢´¥. ‚
± Î¥¸É¢¥ ¶·¨¢µ¤´µ£µ ¤¢¨£ É¥²Ö �� ¨¸¶µ²Ó-
§Ê¥É¸Ö Ï £µ¢Ò° Ô²¥±É·µ¤¢¨£ É¥²Ó ¸ ³ ²µ°
¨´¥·Í¨µ´´µ¸ÉÓÕ. —Éµ¡Ò ¢ ¶·µÍ¥¸¸¥ ¸É -
¡¨²¨§ Í¨¨ ³µÐ´µ¸É¨ �� ¢¸¥£¤  · ¡µÉ ² ¢
¸¢µ¥° ¸·¥¤´¥° §µ´¥, ¶·¥¤Ê¸³µÉ·¥´ ¶·µ³¥-
¦ÊÉµÎ´Ò° ·¥£Ê²ÖÉµ· (��), ±µÉµ·Ò³ ¢·ÊÎ-
´ÊÕ µ¡¥¸¶¥Î¨¢ ¥É¸Ö ´¥µ¡Ìµ¤¨³ Ö ±µ³¶¥´¸ Í¨Ö ³¥¤²¥´´ÒÌ ¨§³¥´¥´¨° ·¥ ±-
É¨¢´µ¸É¨. �¥§µ¶ ¸´µ¸ÉÓ ·¥ ±Éµ·  µ¡¥¸¶¥Î¨¢ ¥É¸Ö  ¢ ·¨°´µ° § Ð¨Éµ° (�‡),
¢±²ÕÎ ÕÐ¥° ¢ ¸¥¡Ö ¤¢  ¢µ²ÓË· ³µ¢ÒÌ ¡²µ±  ³¥¤²¥´´µ°  ¢ ·¨°´µ° § Ð¨ÉÒ
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’ ¡²¨Í  2. �¥±µÉµ·Ò¥ Ì · ±É¥·¨¸É¨±¨ ¶¥·¥³¥Ð ÕÐ¨Ì¸Ö µÉ· ¦ É¥²¥°

Œµ¤Ê²ÖÉµ· ·¥ ±É¨¢´µ¸É¨ (¤µ 2004 £.)

�É· ¦ É¥²Ó — ¸ÉµÉ  �ËË¥±É¨¢´µ¸ÉÓ, Œ É¥·¨ ²
¢· Ð¥´¨Ö, ƒÍ %

�¸´µ¢´µ° ¶µ¤¢¨¦´Ò° ‘¶¥Í¨ ²Ó´ Ö
µÉ· ¦ É¥²Ó 25 2,5 ¸É ²Ó

„µ¶µ²´¨É¥²Ó´Ò° ¶µ¤¢¨¦´Ò° ‘¶¥Í¨ ²Ó´ Ö
µÉ· ¦ É¥²Ó 5 0,65 ¸É ²Ó

�·£ ´Ò Ê¶· ¢²¥´¨Ö

� §¢ ´¨¥ �ËË¥±É¨¢´µ¸ÉÓ, Œ É¥·¨ ²
%

Šµ³¶¥´¸¨·ÊÕÐ¨° µÉ· ¦ É¥²Ó Š�-1 1,58 ‚µ²ÓË· ³

Šµ³¶¥´¸¨·ÊÕÐ¨° µÉ· ¦ É¥²Ó Š�-2 1,76 ‚µ²ÓË· ³

�·µ³¥¦ÊÉµÎ´Ò° (·ÊÎ´µ°) ·¥£Ê²ÖÉµ· (��) 0,25 ‚µ²ÓË· ³

�¢Éµ³ É¨Î¥¸±¨° ·¥£Ê²ÖÉµ· (��) 0,03 �¥·¨²²¨°

(Œ�‡) µ¡Ð¥° ÔËË¥±É¨¢´µ¸ÉÓÕ 1,99 % µÉ ÔËË¥±É¨¢´µ£µ ±µÔËË¨Í¨¥´É  · §-
³´µ¦¥´¨Ö kÔË ¨ ¤¢  ¢µ²ÓË· ³µ¢ÒÌ ¡²µ±  ¡Ò¸É·µ°  ¢ ·¨°´µ° § Ð¨ÉÒ (��‡)
µ¡Ð¥° ÔËË¥±É¨¢´µ¸ÉÓÕ 0,16 %. �¢ ·¨°´µ¥ ¶¥·¥³¥Ð¥´¨¥ ¡²µ±µ¢ ��‡ µ¸ÊÐ¥-
¸É¢²Ö¥É¸Ö §  0,02 ¸, É. ¥. §  ¢·¥³Ö ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨. �¥±µÉµ·Ò¥
Ì · ±É¥·¨¸É¨±¨ ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥²¥° ¨ µ·£ ´µ¢ Ê¶· ¢²¥´¨Ö ¶·¨¢¥¤¥´Ò
¢ É ¡². 2.

�±É¨¢´ Ö §µ´  ·¥ ±Éµ·  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´ ¡µ· ± ¸¸¥É, ¢¸É ¢²¥´´ÒÌ
¢ µ¶µ·´ÊÕ ·¥Ï¥É±Ê ¸ Ï £µ³ 27 ³³ ¨ · §³¥Ð¥´´ÒÌ ¢ ¤¢ÊÌ¸É¥´´µ³ ¸É ²Ó´µ³
±µ·¶Ê¸¥ (·¨¸. 2). Š ¦¤ Ö ± ¸¸¥É  ¸µ¸Éµ¨É ¨§ 7 É¥¶²µ¢Ò¤¥²ÖÕÐ¨Ì Ô²¥³¥´Éµ¢
(É¢Ô²), ± ¦¤Ò° É¢Ô² ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¢¥·É¨± ²Ó´Ò° ´ ¡µ· É ¡²¥Éµ± ¨§ ¤¢Ê-
µ±¨¸¨ ¶²ÊÉµ´¨Ö. ’ ¡²¥É±¨ § ±²ÕÎ¥´Ò ¢ ¸É ²Ó´ÊÕ Í¨²¨´¤·¨Î¥¸±ÊÕ µ¡µ²µÎ±Ê
¸ ´ ·Ê¦´Ò³ ¤¨ ³¥É·µ³ 8,6 ³³ ¨ Éµ²Ð¨´µ° ¸É¥´±¨ 0,45 ³³. ‚Ò¸µÉ   ±É¨¢´µ°
Î ¸É¨ É¢Ô²  445 ³³.

‘¨¸É¥³  µÌ² ¦¤¥´¨Ö ·¥ ±Éµ·  ¢Ò¶µ²´¥´  ¢ ¢¨¤¥ É·¥Ì ±µ´ÉÊ·µ¢ µÌ² ¦¤¥-
´¨Ö, ± ¦¤Ò° ¨§ ±µÉµ·ÒÌ ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ ¶¥É¥²Ó ¶µ ¸µµ¡· ¦¥´¨Ö³ ¡¥§µ¶ ¸´µ-
¸É¨. ’¥¶²µ´µ¸¨É¥²¥³ ¢ ¶¥·¢µ³ ¨ ¢Éµ·µ³ ±µ´ÉÊ· Ì Ö¢²Ö¥É¸Ö ¦¨¤±¨° ´ É·¨°,
¢ É·¥ÉÓ¥³ Å ¢µ§¤ÊÌ. �µ³¨´ ²Ó´Ò° · ¸Ìµ¤ ´ É·¨Ö ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨
·¥ ±Éµ·  2 Œ‚É ¸µ¸É ¢²Ö¥É 90 ³3/Î. ‚ ¡¨µ²µ£¨Î¥¸±µ° § Ð¨É¥, µ±·Ê¦ ÕÐ¥°
·¥ ±Éµ·, ¨³¥¥É¸Ö 14 £µ·¨§µ´É ²Ó´ÒÌ ¨ 3 ´ ±²µ´´ÒÌ ± ´ ²  ¤²Ö ¶·µ²¥É  ´¥°-
É·µ´µ¢ µÉ ·¥ ±Éµ·  ± Ô±¸¶¥·¨³¥´É ²Ó´µ³Ê µ¡µ·Ê¤µ¢ ´¨Õ.

ˆ³¶Ê²Ó¸´Ò° ·¥ ±Éµ· ˆ��-2 § ´¨³ ¥É ¶·µ³¥¦ÊÉµÎ´µ¥ ¶µ²µ¦¥´¨¥ ³¥¦¤Ê
·¥ ±Éµ· ³¨ ´¥¶·¥·Ò¢´µ£µ ¤¥°¸É¢¨Ö (¸É Í¨µ´ ·´Ò³¨) ¨ ·¥ ±Éµ· ³¨, £¥´¥·¨·Ê-
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�¨¸. 2. ‚¨¤ ·¥ ±Éµ·  ˆ��-2 ¢ £µ·¨§µ´É ²Ó´µ³ · §·¥§¥: 1 Å § ³¥¤²¨É¥²Ó ³µ¤Ê²ÖÉµ· 
·¥ ±É¨¢´µ¸É¨ (£·¥¡¥´Î ÉÒ° ¢µ¤Ö´µ° § ³¥¤²¨É¥²Ó); 2 Å ¤µ¶µ²´¨É¥²Ó´Ò° ¶µ¤¢¨¦´Ò°
µÉ· ¦ É¥²Ó („��); 3 Å µ¸´µ¢´µ° ¶µ¤¢¨¦´Ò° µÉ· ¦ É¥²Ó (���); 4 Å ¸É¥·¦¥´Ó
 ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ��; 5 Å ¡²µ± ¡Ò¸É·µ°  ¢ ·¨°´µ° § Ð¨ÉÒ ��‡-2; 6 Å
 ±É¨¢´ Ö §µ´ ; 7 Å ¡²µ± ±µ³¶¥´¸¨·ÊÕÐ¥£µ µÉ· ¦ É¥²Ö Š�-2; 8 Å ¡²µ± ³¥¤²¥´´µ°
 ¢ ·¨°´µ° § Ð¨ÉÒ Œ�‡-2; 9 Å ¡²µ± ³¥¤²¥´´µ°  ¢ ·¨°´µ° § Ð¨ÉÒ Œ�‡-1; 10 Å
¡²µ± ±µ³¶¥´¸¨·ÊÕÐ¥£µ µÉ· ¦ É¥²Ö Š�-1; 11 Å ¡²µ± ¡Ò¸É·µ°  ¢ ·¨°´µ° § Ð¨ÉÒ
��‡-1; 12 Å ¡²µ± ¶·µ³¥¦ÊÉµÎ´µ£µ ·¥£Ê²ÖÉµ·  ��

ÕÐ¨³¨ µ¤¨´µÎ´Ò¥ (´¥ ¶¥·¨µ¤¨Î¥¸±¨¥) ¨³¶Ê²Ó¸Ò. �´ Ì · ±É¥·¨§Ê¥É¸Ö ¤µ¸É -
ÉµÎ´µ ¢Ò¸µ±¨³ ¶µÉµ±µ³ ´¥°É·µ´µ¢ ¢ ¨³¶Ê²Ó¸¥,   É ±¦¥ Ê¸·¥¤´¥´´Ò³ ¶µÉµ±µ³
§  ¶¥·¨µ¤ ¸²¥¤µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢. �¥ ±Éµ· ˆ��-2 Ê¸ÉÊ¶ ¥É ¶µ ¸·¥¤´¥° ³µÐ´µ-
¸É¨ ¸É Í¨µ´ ·´Ò³ ·¥ ±Éµ· ³. �¤´ ±µ ¤²Ö ³´µ£¨Ì Ë¨§¨Î¥¸±¨Ì Ô±¸¶¥·¨³¥´Éµ¢
·¥Ï ÕÐ¥¥ §´ Î¥´¨¥ ¨³¥¥É ´¥ ¡µ²ÓÏ Ö ³µÐ´µ¸ÉÓ, £¥´¥·¨·Ê¥³ Ö ´¥¶·¥·Ò¢´µ,
  ³µÐ´µ¸ÉÓ ¢ É¥Î¥´¨¥ ³ ²µ£µ ¶·µ³¥¦ÊÉ±  ¢·¥³¥´¨, ´¥µ¡Ìµ¤¨³µ£µ ¤²Ö Ô±¸¶¥-
·¨³¥´É . ‚ Î ¸É´µ¸É¨, ·¥ ±Éµ· ˆ��-2 ¶·¥¤¸É ¢²Ö¥É Ï¨·µ±¨¥ ¢µ§³µ¦´µ¸É¨ ¤²Ö
Ô±¸¶¥·¨³¥´Éµ¢ ¶µ Ë¨§¨±¥ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³¥Éµ¤ 
¨¸¸²¥¤µ¢ ´¨° ¶µ ¢·¥³¥´¨ ¶·µ²¥É  ´¥°É·µ´µ¢.

�·¨´Í¨¶ Ëµ·³¨·µ¢ ´¨Ö ¶Ê²Ó¸¨·ÊÕÐ¥° ·¥ ±É¨¢´µ¸É¨. �¸´µ¢´µ°
(���) ¨ ¤µ¶µ²´¨É¥²Ó´Ò° („��) ¶µ¤¢¨¦´Ò¥ µÉ· ¦ É¥²¨ · ¸¶µ²µ¦¥´Ò ¸µ-
µ¸´µ ¨ ±¨´¥³ É¨Î¥¸±¨ ¸¢Ö§ ´Ò ³¥¦¤Ê ¸µ¡µ°. ��� ¢· Ð ¥É¸Ö ¸µ ¸±µ·µ¸ÉÓÕ
∼ 1500 µ¡/³¨´,   „�� Å ¸µ ¸±µ·µ¸ÉÓÕ ¢ ¶ÖÉÓ · § ³¥´ÓÏ¥° (∼ 300 µ¡/³¨´).



934 ���„��—…�Š� …. �., �…�…‹›˜…‚ 
. �., ����‚ �. Š.

�¨¸. 3. �¥ ±É¨¢´µ¸ÉÓ µ¸´µ¢´µ£µ ε��� ( ) ¨ ¤µ-
¶µ²´¨É¥²Ó´µ£µ ε„�� (¡) ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥-
²¥° ± ± ËÊ´±Í¨Ö Ê£²  ¨Ì ¸³¥Ð¥´¨Ö µÉ´µ¸¨-
É¥²Ó´µ Ë¨§¨Î¥¸±µ£µ Í¥´É·   ±É¨¢´µ° §µ´Ò

�  ·¨¸. 3 ¶µ± § ´µ ¨§³¥´¥´¨¥
·¥ ±É¨¢´µ¸É¨, ¢´µ¸¨³µ¥ ¶µ¤¢¨¦-
´Ò³¨ µÉ· ¦ É¥²Ö³¨ ¢ § ¢¨¸¨³µ-
¸É¨ µÉ Ê£²  ¨Ì ¸³¥Ð¥´¨Ö µÉ´µ¸¨-
É¥²Ó´µ Ë¨§¨Î¥¸±µ£µ Í¥´É·   ±É¨¢-
´µ° §µ´Ò.

�·¨ ¢· Ð¥´¨¨ ¶µ¤¢¨¦´Ò¥ µÉ-
· ¦ É¥²¨ ¸µ§¤ ÕÉ ¢ ·¥ ±Éµ·¥
ˆ��-2 ¶¥·¨µ¤¨Î¥¸±¨¥ ¨³¶Ê²Ó¸Ò
·¥ ±É¨¢´µ¸É¨ (·¨¸. 4). Š ¦¤Ò° ¶Ö-
ÉÒ° ¨³¶Ê²Ó¸ ·¥ ±É¨¢´µ¸É¨ ¨³¥¥É
´ ¨¡µ²ÓÏÊÕ  ³¶²¨ÉÊ¤Ê. �´ ¸µ§¤ -
¥É¸Ö ¶·¨ ¶·µÌµ¦¤¥´¨¨ ³¨³µ  ±-
É¨¢´µ° §µ´Ò µ¤´µ¢·¥³¥´´µ ���
¨ „��.

�·£ ´Ò Ê¶· ¢²¥´¨Ö ·¥ ±Éµ-
·µ³ ¢¢µ¤ÖÉ¸Ö ¢ É ±µ¥ ¶µ²µ¦¥-
´¨¥, ÎÉµ ·¥ ±É¨¢´µ¸ÉÓ ·¥ ±Éµ· ,
µ¡Ê¸²µ¢²¥´´ Ö ± ¦¤Ò³ ¶ÖÉÒ³ ¨³-

¶Ê²Ó¸µ³ ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨, ¶¥·¨µ¤¨Î¥¸±¨ (¸ ¶¥·¨µ¤µ³ Tu = 0, 2 ¸) ´ 
±µ·µÉ±µ¥ ¢·¥³Ö (∼ 400 ³±¸) ¸É ´µ¢¨É¸Ö ¶µ²µ¦¨É¥²Ó´µ° ´  ³£´µ¢¥´´ÒÌ ´¥°-
É·µ´ Ì. ‚¸²¥¤¸É¢¨¥ ÔÉµ£µ ·¥ ±Éµ· £¥´¥·¨·Ê¥É ³µÐ´Ò¥ ´¥°É·µ´´Ò¥ ¨³¶Ê²Ó¸Ò
(¨³¶Ê²Ó¸Ò ³µÐ´µ¸É¨) ¸ Î ¸ÉµÉµ° 5 ƒÍ (·¨¸. 4). ‚ ³µ³¥´ÉÒ ¢·¥³¥´¨, ±µ-
£¤  ³¨³µ  ±É¨¢´µ° §µ´Ò ¶·µÌµ¤¨É ²¨ÏÓ ���, ·¥ ±É¨¢´µ¸ÉÓ ¸µ§¤ ¢ ¥³ÒÌ ¨³
¨³¶Ê²Ó¸µ¢ µ¸É ¥É¸Ö µÉ·¨Í É¥²Ó´µ°. �Éµ ¶·¨¢µ¤¨É ± µ¡· §µ¢ ´¨Õ ¶µ¡µÎ´ÒÌ

�¨¸. 4. �¥ ±É¨¢´µ¸ÉÓ ε, ³µÐ´µ¸ÉÓ P ¨ ¨´É¥´¸¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·µ´µ¢ S ·¥ ±Éµ·  ˆ��-2 ± ± ËÊ´±Í¨¨ ¢·¥³¥´¨ t ¢ ·¥¦¨³¥ · ¡µÉÒ ¸ Î ¸ÉµÉµ°
¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ 5 ƒÍ. Tu Å ¶¥·¨µ¤ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨; εm Å ´ ¤±·¨É¨Î´µ¸ÉÓ
´  ³£´µ¢¥´´ÒÌ ´¥°É·µ´ Ì (¢ · ¢´µ¢¥¸´µ³ ·¥¦¨³¥ εm ≈ 1 · 10−3); t Å ¢·¥³Ö; Eu Å
Ô´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨
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�¨¸. 5. “¸·¥¤´¥´´ Ö Ëµ·³  ¨§³¥·¥´´µ£µ Ëµ´ 
³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨ ·¥ ±Éµ·  ˆ��-2
¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  2 Œ‚É

´¥°É·µ´´ÒÌ ¨³¶Ê²Ó¸µ¢ ¸ ´¥§´ -
Î¨É¥²Ó´µ°  ³¶²¨ÉÊ¤µ° (´  É·¨
¶µ·Ö¤±  ³¥´ÓÏ¥°, Î¥³  ³¶²¨-
ÉÊ¤  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨). ‚
¨´É¥·¢ ² Ì ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨,
É. ¥. ±µ£¤  ´ ¶·µÉ¨¢  ±É¨¢´µ°
§µ´Ò ´¥É ´¨ ���, ´¨ „��,
³µÐ´µ¸ÉÓ ·¥ ±Éµ·  (³µÐ´µ¸ÉÓ
Ëµ´ ) ³¥´ÓÏ¥  ³¶²¨ÉÊ¤Ò ¨³-
¶Ê²Ó¸  ³µÐ´µ¸É¨ ¶·¨³¥·´µ ´ 
Î¥ÉÒ·¥ ¶µ·Ö¤±  (·¨¸. 5). ‚ ·¥-
§Ê²ÓÉ É¥ É ±µ£µ ¶·¨´Í¨¶  Ëµ·-
³¨·µ¢ ´¨Ö ¶Ê²Ó¸¨·ÊÕÐ¥° ·¥-
 ±É¨¢´µ¸É¨ ¶µÎÉ¨ ¢¸Ö Ô´¥·£¨Ö,
¢Ò¤¥²Ö¥³ Ö ¢ ·¥ ±Éµ·¥, ¢Ò¤¥²Ö-
¥É¸Ö ¢ É¥Î¥´¨¥ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ (93 %), ´  ¤µ²Õ ¦¥ ¶ Ê§ ¶·¨Ìµ¤¨É¸Ö ²¨ÏÓ
7 % ¢¸¥° Ô´¥·£¨¨.

�·¥¤Ï¥¸É¢¥´´¨±¨ ¨ ´¥·¥ ²¨§µ¢ ´´Ò¥ ±µ´±Ê·¥´ÉÒ ·¥ ±Éµ·  ˆ��-2.
�·¨ ¸µ§¤ ´¨¨ Ê´¨± ²Ó´µ£µ ³µÐ´µ£µ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2 ¡Ò² ¨¸-
¶µ²Ó§µ¢ ´ ¡µ£ ÉÒ° µ¶ÒÉ Ô±¸¶²Ê É Í¨¨ ¸É Í¨µ´ ·´µ£µ ·¥ ±Éµ·  ´  ¡Ò¸É·ÒÌ
´¥°É·µ´ Ì ��-5 (�¡´¨´¸±) ¨ ¨³¶Ê²Ó¸´ÒÌ ·¥ ±Éµ·µ¢ ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö
´¥¡µ²ÓÏµ° ³µÐ´µ¸É¨ ˆ�� ¨ ˆ��-30.

’¥µ·¨Ö ¨³¶Ê²Ó¸´ÒÌ ·¥ ±Éµ·µ¢ ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ¡Ò²  ¢¶¥·¢Ò¥
· §· ¡µÉ ´  ¢ ”¨§¨±µ-Ô´¥·£¥É¨Î¥¸±µ³ ¨´¸É¨ÉÊÉ¥ (�¡´¨´¸±) [9].

�¥·¢Ò° ¨³¶Ê²Ó¸´Ò° ·¥ ±Éµ· ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ˆ�� ¡Ò² ¶ÊÐ¥´
¢ Ô±¸¶²Ê É Í¨Õ ¢ „Ê¡´¥ ¢ 1960 £. ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ 1 ±‚É [10]. ‚
¤ ²Ó´¥°Ï¥³ ¥£µ ¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ¡Ò²  ¤µ¢¥¤¥´  ¤µ 6 ±‚É. �µ¸²¥ ·¥±µ´-
¸É·Ê±Í¨¨ ·¥ ±Éµ·  ˆ�� (1969 £.) ¥£µ ¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ¤µ¸É¨£ ²  25 ±‚É.
�¥±µ´¸É·Ê¨·µ¢ ´´Ò° ·¥±Éµ· ¶µ²ÊÎ¨² ´ §¢ ´¨¥ ˆ��-30. �Ê²Ó¸ Í¨Ö ·¥ ±É¨¢-
´µ¸É¨ ¢ ·¥ ±Éµ· Ì ˆ�� ¨ ˆ��-30 ¤µ¸É¨£ ² ¸Ó ¸ ¶µ³µÐÓÕ ¶µ¤¢¨¦´µ° Î ¸É¨
 ±É¨¢´µ° §µ´Ò.

�µ¸²¥ ¶µÖ¢²¥´¨Ö ·¥ ±Éµ·  ˆ�� ¢ ·Ö¤¥ ¸É· ´ (‘˜�, ˆ´¤¨Ö, Ÿ¶µ´¨Ö,
¸É· ´Ò, µ¡Ñ¥¤¨´¥´´Ò¥ ¢ …¢·µ Éµ³) ´ Î¨´ Ö ¸ 1960-Ì ££. ¡Ò²¨ ¶·¥¤¶·¨´ÖÉÒ
¶µ¶ÒÉ±¨ ¸µ§¤ ´¨Ö ³µÐ´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ·¥ ±Éµ·µ¢. � ¨¡µ²¥¥ ¶·µ¤¢¨´ÊÉÒ³
µ± § ²¸Ö ¶·µ¥±É …¢·µ Éµ³  Å ·¥ ±Éµ· SORA (ˆ¸¶· , ˆÉ ²¨Ö), ¶¥·¢µ¥ Ê¶µ-
³¨´ ´¨¥ µ ±µÉµ·µ³ ¶µÖ¢¨²µ¸Ó ¢ 1964 £. [11],   · §¢¥·´ÊÉ Ö ¶Ê¡²¨± Í¨Ö Å
¢ 1965 £. ‚ 1975 £. ¢ Ÿ¶µ´¨¨ ·¥ ±Éµ· ´  ¡Ò¸É·ÒÌ ´¥°É·µ´ Ì YAYOI ¶µ¸²¥
·¥±µ´¸É·Ê±Í¨¨ ¸É ² · ¡µÉ ÉÓ ¢ ¶¥·¨µ¤¨Î¥¸±µ³ ¨³¶Ê²Ó¸´µ³ ·¥¦¨³¥ [13], ´µ
´  ³ ²µ° ¸·¥¤´¥° ³µÐ´µ¸É¨ (2 ±‚É).

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ·¥ ±Éµ· ˆ��-2 ¢ „Ê¡´¥ Ö¢²Ö¥É¸Ö ¥¤¨´¸É¢¥´´Ò³ ¢ ³¨·¥
³µÐ´Ò³ ¨³¶Ê²Ó¸´Ò³ ·¥ ±Éµ·µ³ ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö ´  ¡Ò¸É·ÒÌ ´¥°-
É·µ´ Ì. �¡Ï¨·´Ò¥ ¸¢¥¤¥´¨Ö ¶µ ¨³¶Ê²Ó¸´Ò³ ·¥ ±Éµ· ³ ± ± ´¥¶¥·¨µ¤¨Î¥-
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¸±µ£µ, É ±, ¢ µ¸´µ¢´µ³, ¨ ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö, ¢±²ÕÎ Ö ¶·µ¥±É´Ò¥ ³ -
É¥·¨ ²Ò, µÉ´µ¸ÖÐ¨¥¸Ö ± ·¥ ±Éµ·Ê ˆ��-2, ¶·¥¤¸É ¢²¥´Ò ¢ ±´¨£¥ …. �. ˜ ¡ -
²¨´  [14].

�µÉ·¥¡´µ¸ÉÓ ¢ ¸µ§¤ ´¨¨ ³µ¤¥²¨ ·¥ ±Éµ·  ˆ��-2 ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¶¥-
·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ¨ ±µ´Í¥¶Í¨Ö ¥¥ ¶µ¸É·µ¥´¨Ö. ˆ´¨Í¨ Éµ· ¸µ§¤ ´¨Ö ¨³-
¶Ê²Ó¸´ÒÌ ·¥ ±Éµ·µ¢ ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö „. ˆ. �²µÌ¨´Í¥¢ µ¡· §´µ µÌ -
· ±É¥·¨§µ¢ ² ¶·¨´Í¨¶ ¨Ì · ¡µÉÒ (¶¥·¨µ¤¨Î¥¸±¨¥ ±· É±µ¢·¥³¥´´Ò¥ ¢ÒÌµ¤Ò ¢
´ ¤±·¨É¨Î¥¸±µ¥ ¸µ¸ÉµÖ´¨¥ ´  ³£´µ¢¥´´ÒÌ ´¥°É·µ´ Ì) ¢Ò· ¦¥´¨¥³ ®¤· §´¨ÉÓ
É¨£·  ¢ ±²¥É±¥¯, ¶µ± §Ò¢ Ö ÔÉ¨³, ÎÉµ ¨ ®±²¥É± ¯ ¤µ²¦´  ¡ÒÉÓ ´ ¤¥¦´µ°, ¨
¤¥°¸É¢µ¢ ÉÓ ´ ¤µ µÎ¥´Ó  ±±Ê· É´µ. ‘µ§¤ ´¨¥ ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ ²Õ¡µ£µ
·¥ ±Éµ·  ±· °´¥ ¢ ¦´µ ¸ ÉµÎ±¨ §·¥´¨Ö µÍ¥´±¨ ¥£µ ¡¥§µ¶ ¸´µ¸É¨. ‘µ§¤ ´¨¥
¦¥ ³µ¤¥²¨ ·¥ ±Éµ· , Ê ±µÉµ·µ£µ ´¥É  ´ ²µ£ , ¢ ¦´µ ¢¤¢µ°´¥. ‘ ¶µ³µÐÓÕ
³µ¤¥²¨ ³µ¦´µ µÍ¥´¨ÉÓ ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ · §²¨Î´ÒÌ ¢µ§³ÊÐ¥´¨ÖÌ,
¢ Éµ³ Î¨¸²¥ ¶·¨ ´¥ÏÉ É´ÒÌ ¢µ§³ÊÐ¥´¨ÖÌ, ¨§³¥´¥´¨¥ ¶ · ³¥É·µ¢ ·¥ ±Éµ· 
¶ÊÉ¥³ ¸· ¢´¥´¨Ö § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ¸ ¶·µÍ¥¸¸ ³¨,
¶µ²ÊÎ¥´´Ò³¨ ´  ³µ¤¥²¨, ¨ É¥³ ¸ ³Ò³ µ¶·¥¤¥²¨ÉÓ ¢µ§³µ¦´Ò¥ ¨§³¥´¥´¨Ö § -
¶ ¸  Ê¸Éµ°Î¨¢µ¸É¨ ·¥ ±Éµ· .

�·¨ ¸µ§¤ ´¨¨ ³µ¤¥²¨ ± ´¥° ¶·¥¤ÑÖ¢²Ö²¨¸Ó ¸²¥¤ÊÕÐ¨¥ É·¥¡µ¢ ´¨Ö.
1. Œµ¤¥²Ó ¤¨´ ³¨±¨ ·¥ ±Éµ·  ¤µ²¦´  ¡ÒÉÓ µ¸´µ¢ ´  ´  ³ ±¸¨³ ²Ó´µ

¢µ§³µ¦´µ³ ¨¸¶µ²Ó§µ¢ ´¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¶ · ³¥É· ³ µ¡· É-
´ÒÌ ¸¢Ö§¥° ¢ · §²¨Î´ÒÌ ·¥¦¨³ Ì · ¡µÉÒ ·¥ ±Éµ· . �Éµ ¸¢Ö§ ´µ ¸ É¥³, ÎÉµ
¶·¨ É¥µ·¥É¨Î¥¸±µ³ µ¶¨¸ ´¨¨ ¸²µ¦´ÒÌ ¶·µÍ¥¸¸µ¢, ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢  ±É¨¢´µ°
§µ´¥, É ±¨Ì, ´ ¶·¨³¥·, ± ± ¨¸±·¨¢²¥´¨¥ Éµ¶²¨¢´ÒÌ ± ¸¸¥É ¶·¨ ¨§³¥´¥´¨¨
³µÐ´µ¸É¨, ´¥²Ó§Ö ¶µ²ÊÎ¨ÉÓ ÉµÎ´µ£µ µ¤´µ§´ Î´µ£µ ·¥Ï¥´¨Ö.

2. Œµ¤¥²Ó ¤µ²¦´  ÊÎ¨ÉÒ¢ ÉÓ ¢²¨Ö´¨¥ ´  ³µÐ´µ¸ÉÓ ± ± ¡Ò¸É·ÒÌ ¶·µÍ¥¸-
¸µ¢, ¶·µ¨¸Ìµ¤ÖÐ¨Ì ¢  ±É¨¢´µ° §µ´¥, É ± ¨ ³¥¤²¥´´ÒÌ, ¸¢Ö§ ´´ÒÌ ¸ ¢²¨Ö´¨¥³
±µ´ÉÊ·  ¸¨¸É¥³Ò µÌ² ¦¤¥´¨Ö  ±É¨¢´µ° §µ´Ò.

3. Œµ¤¥²Ó ¤µ²¦´  ¶·¥¤¸É ¢²ÖÉÓ ¸µ¡µ° É ±ÊÕ ¸¨¸É¥³Ê  ¢Éµ³ É¨Î¥¸±µ£µ
·¥£Ê²¨·µ¢ ´¨Ö ³µÐ´µ¸É¨ ·¥ ±Éµ· , ¢ ±µÉµ·µ° ¶·¥¤Ê¸³µÉ·¥´  ¢µ§³µ¦´µ¸ÉÓ
¨¸¸²¥¤µ¢ ´¨Ö ¢²¨Ö´¨Ö · §²¨Î´ÒÌ ¢µ§³ÊÐ ÕÐ¨Ì ¢µ§¤¥°¸É¢¨° ¨ ¨§³¥´¥´¨° ¶ -
· ³¥É·µ¢ ¸¨¸É¥³Ò. ‘É·Ê±ÉÊ·  ³µ¤¥²¨ ¤µ²¦´  ¡ÒÉÓ ¡²µÎ´µ° ¤²Ö ¢µ§³µ¦´µ¸É¨
¢´¥¸¥´¨Ö ²Õ¡ÒÌ ¨§³¥´¥´¨° ¨ ¤µ¶µ²´¥´¨° ¶·µ¸ÉÒ³ ¶ÊÉ¥³, ´¥ § É· £¨¢ ÕÐ¨³
¸ ³Ê ¸É·Ê±ÉÊ·Ê.

4. �µ¸±µ²Ó±Ê ¤²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ (215 ³±¸ ´  ¶µ²µ¢¨´¥
¢Ò¸µÉÒ ¨³¶Ê²Ó¸ ) ´  É·¨ ¶µ·Ö¤±  ³¥´ÓÏ¥ ¶¥·¨µ¤  ¨Ì ¸²¥¤µ¢ ´¨Ö (0,2 ¸) ¨ ¥Ð¥
³¥´ÓÏ¥ ¶µ¸ÉµÖ´´ÒÌ ¢·¥³¥´¨ ¨¸ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¨ ¶µ¸Éµ-
Ö´´ÒÌ ¢·¥³¥´¨, Ì · ±É¥·¨§ÊÕÐ¨Ì ³µÐ´µ¸É´ÊÕ µ¡· É´ÊÕ ¸¢Ö§Ó, Éµ ¤µ¶Ê¸É¨³µ
¶·¥¤¸É ¢²ÖÉÓ ¨³¶Ê²Ó¸Ò ³µÐ´µ¸É¨ ¶·µ¶µ·Í¨µ´ ²Ó´Ò³¨ ¤¥²ÓÉ -ËÊ´±Í¨Ö³.

�¨¦¥ ¶·¨¢¥¤¥´Ò Ê· ¢´¥´¨Ö, Ì · ±É¥·¨§ÊÕÐ¨¥ ¤¨´ ³¨±Ê ·¥ ±Éµ· , ¡²µ±-
¸Ì¥³Ò ³µ¤¥²¨ ¨ ´¥±µÉµ·Ò¥ ¶·¨³¥·Ò ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢.

ˆ¸Ìµ¤´Ò¥ Ê· ¢´¥´¨Ö ±¨´¥É¨±¨. ‚ ± Î¥¸É¢¥ ¨¸Ìµ¤´ÒÌ Ê· ¢´¥´¨° (1) ¶·¨-
´ÖÉÒ ¨§¢¥¸É´Ò¥ Ê· ¢´¥´¨Ö ±¨´¥É¨±¨ µ¤´µÉµÎ¥Î´µ° ³µ¤¥²¨ ·¥ ±Éµ·  [15],
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±µÉµ·Ò¥ Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¶·¨ · ¸¸³µÉ·¥´¨¨ ¤¨´ ³¨±¨ ¸É Í¨µ´ ·´ÒÌ
·¥ ±Éµ·µ¢ [16, 17] ¨ ¶·¨³¥´¨³Ò ± ¨³¶Ê²Ó¸´Ò³ ·¥ ±Éµ· ³ ´  ¡Ò¸É·ÒÌ ´¥°-
É·µ´ Ì [18]. ‚µ ¢·¥³Ö Ë¨§¨Î¥¸±µ£µ ¶Ê¸±  ·¥ ±Éµ·  ˆ��-2 ¸¶· ¢¥¤²¨¢µ¸ÉÓ
µ¤´µÉµÎ¥Î´µ° ³µ¤¥²¨ ¤²Ö ´¥£µ ¡Ò²  ¶µ¤É¢¥·¦¤¥´  Ô±¸¶¥·¨³¥´É ²Ó´µ ¶·¨ ¨§-
³¥·¥´¨¨ ¸·¥¤´¥£µ ¢·¥³¥´¨ ¦¨§´¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ ³¥Éµ¤µ³ �µ¸¸¨-α.

dn

dt
=

kÔË(1 − β) − 1
τ̄

n +
∑

i

λiCi,

(1)
dCi

dt
=

kÔËβi

τ̄
n − λiCi, i = 1, . . . , 6.

�µ¸²¥ ¢¢¥¤¥´¨Ö ¶µ´ÖÉ¨Ö ·¥ ±É¨¢´µ¸É¨ Ê· ¢´¥´¨Ö (1) ¶·¨¢¥¤¥´Ò ± ¢¨¤Ê

dn

dt
=

δk − β

τ
n +

∑
i

λiCi,

(1 )
dCi

dt
=

βi

τ
n − λiCi, i = 1, . . . , 6.

‚ ÔÉ¨Ì Ê· ¢´¥´¨ÖÌ ¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ µ¡µ§´ Î¥´¨Ö: n Å ¶²µÉ-
´µ¸ÉÓ ´¥°É·µ´µ¢ ¢ ·¥ ±Éµ·¥; τ̄ Å ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ-
´µ¢; kÔË Å ÔËË¥±É¨¢´Ò° ±µÔËË¨Í¨¥´É · §³´µ¦¥´¨Ö ´¥°É·µ´µ¢; βi, β =∑
i

βi Å ¸µµÉ¢¥É¸É¢¥´´µ ¤µ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ £·Ê¶¶Ò i ¨ ¸Ê³³ ·-

´ Ö; Ci, λi Å ¸µµÉ¢¥É¸É¢¥´´µ ±µ´Í¥´É· Í¨Ö ¨ ¶µ¸ÉµÖ´´ Ö · ¸¶ ¤  ¨¸ÉµÎ´¨-
±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ £·Ê¶¶Ò i; δk = (kÔË − 1)/kÔË Å ·¥ ±É¨¢´µ¸ÉÓ;
τ = τ̄/kÔË Å ÔËË¥±É¨¢´µ¥ ¢·¥³Ö ¦¨§´¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢; t Å ¢·¥³Ö.

�ÊÉ¥³ § ³¥´Ò ¶¥·¥³¥´´ÒÌ ¸¤¥² ´ ¶¥·¥Ìµ¤ µÉ Ê· ¢´¥´¨° (1 ) ± Ê· ¢´¥-
´¨Ö³, ¢ ±µÉµ·ÒÌ ¶¥·¥³¥´´Ò¥ P ¨ S ¢Ò· ¦¥´Ò ¢ ¥¤¨´¨Í Ì ³µÐ´µ¸É¨:

T0
dP

dt
=

ε

β
P + S, (2)

S =
∑

i

Si, (3)

Ti
dSi

dt
+ Si = µiP, (4)

£¤¥ P = knn Å ³µÐ´µ¸ÉÓ ·¥ ±Éµ·  (kn Å ±µÔËË¨Í¨¥´É ¶·µ¶µ·Í¨µ´ ²Ó-
´µ¸É¨ ³¥¦¤Ê ³µÐ´µ¸ÉÓÕ ¨ ¶²µÉ´µ¸ÉÓÕ ´¥°É·µ´µ¢); T0 = τ/β, Ti = 1/λi Å
¸µµÉ¢¥É¸É¢¥´´µ ¶µ¸ÉµÖ´´Ò¥ ¢·¥³¥´¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ ¨ § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·µ´µ¢ £·Ê¶¶Ò i; ε = δk − β Å ·¥ ±É¨¢´µ¸ÉÓ ´  ³£´µ¢¥´´ÒÌ ´¥°É·µ´ Ì;
Si = knτλiCi/β, S =

∑
i

Si Å ¸µµÉ¢¥É¸É¢¥´´µ ´µ·³¨·µ¢ ´´ Ö ¨´É¥´¸¨¢´µ¸ÉÓ
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¨¸ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ £·Ê¶¶Ò i ¨ ¸Ê³³ ·´ Ö; µi = βi/β Å
µÉ´µ¸¨É¥²Ó´ Ö ¤µ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ £·Ê¶¶Ò i.

�µ²´ Ö Ô´¥·£¨Ö. �´¥·£¨Ö E, ¢Ò¤¥²Ö¥³ Ö ¢ ·¥ ±Éµ·¥ §  ¶¥·¨µ¤ ¨³¶Ê²Ó¸µ¢
³µÐ´µ¸É¨ (¶µ²´ Ö Ô´¥·£¨Ö), ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸Ê³³Ò Ô´¥·£¨¨ Eu, ¢Ò¤¥-
²Ö¥³µ° ¢ ¨³¶Ê²Ó¸¥ ³µÐ´µ¸É¨, ¨ Ô´¥·£¨¨ Ëµ´  EË, ¢Ò¤¥²Ö¥³µ° ¢ ¨´É¥·¢ ²¥
³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨:

E = Eu + EË. (5)

‚ ± Î¥¸É¢¥ ¡ §µ¢µ£µ ·¥¦¨³  · ¡µÉÒ ·¥ ±Éµ·  ¶·¨´ÖÉ ·¥¦¨³ ¸µ ¸É -
¡¨²Ó´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨ (· ¢´µ¢¥¸´µ¥ ¸µ¸ÉµÖ´¨¥). ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥
ÔÉµ³Ê ·¥¦¨³Ê ¡ §µ¢Ò¥ §´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ ¤ ²¥¥ ¶µ³¥Î¥´Ò ¢¥·Ì´¨³ ¨´¤¥±-
¸µ³ 0 (E0, S0 ¨ É. ¤.).

“· ¢´¥´¨Ö ±¨´¥É¨±¨ ¤²Ö ¨´É¥·¢ ²µ¢ ¢·¥³¥´¨ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ-
´µ¸É¨. ‚ Ê· ¢´¥´¨¨ (2) ¤²Ö ¨´É¥·¢ ²µ¢ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨ ³µ¦´µ
¸Î¨É ÉÓ dP/dt ≈ 0. ’ ±µ¥ µ¡µ¸´µ¢ ´´µ¥ ¤µ¶ÊÐ¥´¨¥ ¶·¨¢µ¤¨É ± ¸²¥¤ÊÕÐ¥³Ê
¢Ò· ¦¥´¨Õ ¤²Ö ³µÐ´µ¸É¨ Ëµ´ :

PË =
β

−εË
S, (6)

£¤¥ εË Å ·¥ ±É¨¢´µ¸ÉÓ Ëµ´ .
�´¥·£¨Ö Ëµ´  EË ¸µ¸É ¢²Ö¥É ¶·¨³¥·´µ 7 % µÉ ¶µ²´µ° Ô´¥·£¨¨ E. �µ-

ÔÉµ³Ê ¤²Ö Ê¶·µÐ¥´¨Ö  ´ ²¨§  ¨ ¡¥§ ¸ÊÐ¥¸É¢¥´´µ° ¶µÉ¥·¨ ÉµÎ´µ¸É¨ ¶·¨´ÖÉÒ
¤¢  ¤µ¶ÊÐ¥´¨Ö: ¢µ-¶¥·¢ÒÌ, Ô´¥·£¨Ö Ëµ´  ¢Ò¤¥²Ö¥É¸Ö ´¥ ´¥¶·¥·Ò¢´µ,   É ±¦¥
¢ ¢¨¤¥ ¨³¶Ê²Ó¸µ¢, ¸µ¢³¥Ð¥´´ÒÌ ¸ ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨; ¢µ-¢Éµ·ÒÌ, ¨§-§ 
£²Ê¡µ±µ° ¶µ¤±·¨É¨Î´µ¸É¨ ·¥ ±Éµ·  ¢ ¨´É¥·¢ ² Ì ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ-
¸É¨ ¶Ê²Ó¸ Í¨Ö ·¥ ±É¨¢´µ¸É¨ Ëµ´  ´¥ ÊÎ¨ÉÒ¢ ¥É¸Ö, ¶µ¸±µ²Ó±Ê µ¡Ê¸²µ¢²¥´´Ò¥
ÔÉµ° ¶Ê²Ó¸ Í¨¥° ¶µ¡µÎ´Ò¥ ¨³¶Ê²Ó¸Ò ¨³¥ÕÉ  ³¶²¨ÉÊ¤Ê ´  É·¨ ¶µ·Ö¤±  ³¥´Ó-
ÏÊÕ, Î¥³  ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨.

�¥ ±É¨¢´µ¸ÉÓ Ëµ´  µ¶¨¸ ´  Ê· ¢´¥´¨¥³

εË = εm − ∆KMP, (7)

£¤¥ εm Å ´ ¨¡µ²ÓÏ¥¥ §´ Î¥´¨¥ ·¥ ±É¨¢´µ¸É¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ¨³¶Ê²Ó¸Ê
³µÐ´µ¸É¨; ∆KMP Å ÔËË¥±É¨¢´µ¸ÉÓ ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨, ¶·¥¤¸É ¢²ÖÕ-
Ð Ö ¸µ¡µ° ¸Ê³³Ê ÔËË¥±É¨¢´µ¸É¥° ��� ¨ „�� (∆KMP = ∆K��� +∆K„�� =
3, 145 · 10−2).

‚ ·¥§Ê²ÓÉ É¥ Ô´¥·£¨Ö Ëµ´ 

EË = PËTu =
βTu

∆KMP − εm
S, (8)

£¤¥ Tu Å ¶¥·¨µ¤ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨.
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�´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨. �  µ¸´µ¢ ´¨¨ ¶·µ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´-
Éµ¢ ·¥ ±É¨¢´µ¸ÉÓ µ¸´µ¢´µ£µ ¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö ¢ · °µ´¥ ³ ±¸¨³Ê³  ·¥-
 ±É¨¢´µ¸É¨ µ¶¨¸ ´  ¶ · ¡µ²µ° ¢ ¤¨ ¶ §µ´¥ Ê£²µ¢ ¶µ¢µ·µÉ  ��� µÉ −4◦ ¤µ
4◦ µÉ´µ¸¨É¥²Ó´µ Ë¨§¨Î¥¸±µ£µ Í¥´É·   ±É¨¢´µ° §µ´Ò. �·¥¤Ï¥¸É¢ÊÕÐ¨° ·µ¸É
·¥ ±É¨¢´µ¸É¨ µ¶¨¸ ´ ¸µ¶·Ö¦¥´´µ° ¶ · ¡µ²µ°. �´ ²µ£¨Î´µ µ¶¨¸ ´ ¨ ¶µ¸²¥¤Ê-
ÕÐ¨° ¸¶ ¤ ·¥ ±É¨¢´µ¸É¨. �´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ §  ¨´É¥·¢ ² ¢·¥³¥´¨,
¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¸³¥Ð¥´¨Õ ��� µÉ −ϕË ¤µ ϕË (·¨¸. 3), ¶·¥¤¸É ¢²¥´  ¢Ò· -
¦¥´¨¥³ [14]

Eu = MS, (9)

�¨¸. 6. ‡ ¢¨¸¨³µ¸ÉÓ ¨³¶Ê²Ó¸´µ£µ ±µÔË-
Ë¨Í¨¥´É  ¶¥·¥¤ Î¨ M ·¥ ±Éµ·  ˆ��-2
µÉ εm

£¤¥ S Å ¨´É¥´¸¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨-
±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¢ ³µ-
³¥´É ¢·¥³¥´¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ´ -
Î ²Ê · §¢¨É¨Ö ¨³¶Ê²Ó¸  ·¥ ±É¨¢´µ¸É¨
(É. ¥. Ê£²Ê ¸³¥Ð¥´¨Ö −ϕË ´  ·¨¸. 3);
M Å ¨³¶Ê²Ó¸´Ò° ±µÔËË¨Í¨¥´É ¶¥-
·¥¤ Î¨, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸µ¡µ° ´¥²¨-
´¥°´ÊÕ ËÊ´±Í¨Õ µÉ ³ ±¸¨³ ²Ó´µ°
·¥ ±É¨¢´µ¸É¨ ¢ ¨³¶Ê²Ó¸¥ εm.

ˆ³¶Ê²Ó¸´Ò° ±µÔËË¨Í¨¥´É ¶¥·¥-
¤ Î¨ M ¢ÒÎ¨¸²¥´ ¨§ Ê· ¢´¥´¨° (2)Ä
(4) [19]. �·¨ ¥£µ ¢ÒÎ¨¸²¥´¨¨ ÊÎÉ¥´µ
¨§³¥´¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¨¸ÉµÎ´¨-
±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¢ É¥-
Î¥´¨¥ ¨³¶Ê²Ó¸  ·¥ ±É¨¢´µ¸É¨. ‡ ¢¨-
¸¨³µ¸ÉÓ M µÉ εm ¶µ± § ´  ´  ·¨¸. 6.

�  ·¨¸. 6 ¶µ³¥Î¥´Ò ¡ §µ¢Ò¥ §´ Î¥´¨Ö M0 ¨ ε0
m, ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ · ¢-

´µ¢¥¸´µ³Ê ¸µ¸ÉµÖ´¨Õ ·¥ ±Éµ· . �·¨ ¸±µ·µ¸É¨ ��� 1444 µ¡/³¨´, É. ¥. ¶·¨
Tu = 0, 208 ¸, M0 = 0, 202, ε0

m = 1, 03 · 10−3. �·¨ · ¸Î¥É Ì ¨¸¶µ²Ó§µ¢ ´Ò
¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢: µi = 0, 038; 0, 28; 0, 216; 0, 328; 0, 103;
0, 035, λi = 0, 0129; 0, 0311; 0, 134; 0, 331; 1, 26; 3, 21 c−1 [15], τ = 6 · 10−8 ¸,
β = 2, 16 · 10−3.

‚ ³µ¤¥²¨ ·¥ ±Éµ·  ¨¸¶µ²Ó§Ê¥É¸Ö ¢ÒÎ¨¸²¥´´ Ö § ¢¨¸¨³µ¸ÉÓ ln M = f(εm).
�´  § ¤ ´  É ¡²¨Î´µ, ¶·µ³¥¦ÊÉµÎ´Ò¥ §´ Î¥´¨Ö ¸ ¤µ¸É ÉµÎ´µ° ÉµÎ´µ¸ÉÓÕ
µ¶·¥¤¥²ÖÕÉ¸Ö ¶ÊÉ¥³ ²¨´¥°´µ° ¨´É¥·¶µ²ÖÍ¨¨.

“· ¢´¥´¨Ö ±¨´¥É¨±¨ ·¥ ±Éµ·  ˆ��-2. ‘ ÊÎ¥Éµ³ Ê· ¢´¥´¨° (5), (6),
(8), (9) ¨§ Ê· ¢´¥´¨° ±¨´¥É¨±¨ (2)Ä(4) ¶µ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ±¨´¥-
É¨±¨ ¢ µÉ´µ¸¨É¥²Ó´ÒÌ ¥¤¨´¨Í Ì ¤²Ö ¤¨¸±·¥É´ÒÌ ³µ³¥´Éµ¢ ¢·¥³¥´¨. ‡´ Î¥´¨Ö
¶¥·¥³¥´´ÒÌ ¨ ¶ · ³¥É·µ¢, ¶µ³¥Î¥´´Ò¥ ¨´¤¥±¸ ³¨ n ¨ n− 1, µÉ´µ¸ÖÉ¸Ö ¸µµÉ-
¢¥É¸É¢¥´´µ ± n-³Ê ¨ (n − 1)-³Ê ¨³¶Ê²Ó¸ ³ ³µÐ´µ¸É¨:

Eun

E0
u

=
Sn

S0

M

M0
=

Sn

S0
exp (ln M − ln M0), (10)
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EËn

E0
= kËn

Sn

S0
, (11)

kËn =
βTu

∆KMP − εmn

S0

E0
, (12)

Sn

S0
=

∑
i

Sin

S0
, (13)

Sin

S0
=

(
Sin−1

S0
+ µiλi

E0

S0

En−1

E0

)
exp (−λiTu). (14)

�·¨ ÔÉµ³ ¡ §µ¢µ³Ê ·¥¦¨³Ê ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ ¸µµÉ´µÏ¥´¨Ö:

S0

E0
=

∑
i

µiλi
exp (−λiTu)

1 − exp (−λiTu)
, (15)

E0 = P̄ 0Tu, (16)

£¤¥ P̄ 0 Å ¡ §µ¢µ¥ §´ Î¥´¨¥ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ· . ‘µµÉ´µÏ¥´¨¥ (15)
¸²¥¤Ê¥É ¨§ Ê· ¢´¥´¨° (13) ¨ (14).

�·¨ ³µ¤¥²¨·µ¢ ´¨¨ Ê¤µ¡´µ ¨¸¶µ²Ó§µ¢ ÉÓ µÉ±²µ´¥´¨Ö ¶¥·¥³¥´´ÒÌ µÉ ¨Ì
¡ §µ¢ÒÌ §´ Î¥´¨°:

∆Eu = Eu − E0
u, ∆E = E − E0, ∆Si = Si − S0

i , ∆S = S − S0 (17)

¨ µÉ´µ¸¨É¥²Ó´Ò¥ µÉ±²µ´¥´¨Ö ¶¥·¥³¥´´ÒÌ

∆eu = ∆Eu/E0
u = (Eu/E0

u) − 1, ∆e = ∆E/E0 = (E/E0) − 1,
(18)

∆si = ∆Si/S0, ∆s =
∑

i

∆si = ∆S/S0 = (S/S0) − 1.

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢³¥¸Éµ Ê· ¢´¥´¨° (13) ¨ (14) ¢ ³µ¤¥²¨ ¨¸¶µ²Ó§µ¢ ´Ò
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ Ê· ¢´¥´¨Ö:

∆sn =
∑

i

∆sin, (19)

∆sin =
(

∆sin−1 + µiλi
E0

S0
∆en−1

)
exp (−λiTu). (20)

ˆ³¶Ê²Ó¸´ Ö ¤µ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢. „²Ö ·¥¦¨³µ¢ · ¡µÉÒ ·¥-
 ±Éµ· , ¶·¨ ±µÉµ·ÒÌ Ô´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨§³¥´Ö¥É¸Ö ´¥ ¡µ²¥¥ Î¥³ ¢
3Ä4 · §  µÉ´µ¸¨É¥²Ó´µ ¡ §µ¢µ£µ §´ Î¥´¨Ö, ¤µ¶Ê¸É¨³  Ô±¸¶µ´¥´Í¨ ²Ó´ Ö  ¶-
¶·µ±¸¨³ Í¨Ö ¨³¶Ê²Ó¸´µ£µ ±µÔËË¨Í¨¥´É  ¶¥·¥¤ Î¨ M [19]. ‚ ÔÉµ³ ¸²ÊÎ ¥
µÏ¨¡±   ¶¶·µ±¸¨³ Í¨¨, ´ ¶·¨³¥· ¢ 5 %, ¤µ¸É¨£ ¥É¸Ö, ¥¸²¨ M ¨§³¥´Ö¥É¸Ö
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µÉ´µ¸¨É¥²Ó´µ M0 ¢ ¤¨ ¶ §µ´¥ µÉ 0, 4M0 ¤µ 2, 9M0. �Ï¨¡±  ¦¥ ¢ 10 %
¤µ¸É¨£ ¥É¸Ö ¶·¨ ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¨Ì ¨§³¥´¥´¨ÖÌ M : µÉ 0, 3M0 ¤µ 4, 5M0.

�·¨ Ô±¸¶µ´¥´Í¨ ²Ó´µ°  ¶¶·µ±¸¨³ Í¨¨ M Ëµ·³Ê²¥ (9) ¸µµÉ¢¥É¸É¢Ê¥É ¸²¥-
¤ÊÕÐ Ö Ëµ·³Ê²  ¤²Ö µÉ´µ¸¨É¥²Ó´µ° Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨:

Eu

E0
=

S

S0
exp

(
εm − ε0

m

βu

)
=

S

S0
exp

(
ρm − ρ0

m

)
, (21)

£¤¥

βu = 1
/

d ln M

dεm

∣∣∣∣
ε0

m

= M0

/
dM

dεm

∣∣∣∣
ε0

m

, (22)

M0 =
E0

u

S0
≈ 1

6∑
i=1

µiλi
exp (−λi Tu)

1 − exp (−λi Tu)

− βTu

∆ KMP − ε0
m

. (23)

� · ³¥É· βu ¢¢¥¤¥´ ¢ · ¡µÉ¥ [9] ¨ ´ §¢ ´ ¨³¶Ê²Ó¸´µ° ¤µ²¥° § ¶ §¤Ò¢ Õ-
Ð¨Ì ´¥°É·µ´µ¢. �¥ ±É¨¢´µ¸ÉÓ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ¶¥·¨µ¤¨Î¥¸±µ£µ ¤¥°¸É¢¨Ö
¢¥¸Ó³  Ê¤µ¡´µ ¢Ò· ¦ ÉÓ ¢ ¤µ²ÖÌ βu (¶µ  ´ ²µ£¨¨ ¸ β ¤²Ö ¸É Í¨µ´ ·´µ£µ ·¥ ±-
Éµ· ) ¶·¨ ´¥¡µ²ÓÏ¨Ì ¨§³¥´¥´¨ÖÌ ³µÐ´µ¸É¨. ‚ Ê· ¢´¥´¨¨ (21) ·¥ ±É¨¢´µ¸ÉÓ
ρ ¥¸ÉÓ ·¥ ±É¨¢´µ¸ÉÓ ´  ³£´µ¢¥´´ÒÌ ´¥°É·µ´ Ì, ¢Ò· ¦¥´´ Ö ¢ ¤µ²ÖÌ βu:

ρ = ε/βu. (24)

„²Ö ·¥ ±Éµ·  ˆ��-2 βu = 1, 6 · 10−4.
“· ¢´¥´¨Ö ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨. “¢¥²¨Î¥´¨¥ ³µÐ´µ¸É¨ ·¥ ±Éµ· 

¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ É¥³¶¥· ÉÊ·Ò ¸µ¸É ¢²ÖÕÐ¨Ì ¥£µ Î ¸É¥°, ± · ¸Ï¨·¥-
´¨Õ Éµ¶²¨¢ , É¥¶²µ´µ¸¨É¥²Ö, µ¶µ·´µ° ¶²¨ÉÒ, ¨§£¨¡Ê Éµ¶²¨¢´ÒÌ ± ¸¸¥É, ±µ·-
¶Ê¸  ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨ ¨ É. ¤. �·¨ Ê³¥´ÓÏ¥´¨¨ ³µÐ´µ¸É¨ ¶·µ¨¸Ìµ¤ÖÉ
µ¡· É´Ò¥ ¨§³¥´¥´¨Ö. ‚¸¥ ÔÉµ ¶·¨¢µ¤¨É ± ¨§³¥´¥´¨Õ ·¥ ±É¨¢´µ¸É¨ ·¥ ±Éµ· 
¨, ¸²¥¤µ¢ É¥²Ó´µ, ³µÐ´µ¸É¨. �É  µ¡· É´ Ö ¸¢Ö§Ó µ± §Ò¢ ¥É ¸¨²Ó´µ¥ ¢²¨Ö´¨¥
´  ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨, ´  Ê¸Éµ°Î¨¢µ¸ÉÓ ·¥ ±Éµ· . �´  ¢²¨Ö¥É ´ 
¢Ò¡µ· ¸É·Ê±ÉÊ·Ò ¨ ¶ · ³¥É·µ¢ ¸¨¸É¥³Ò  ¢Éµ³ É¨Î¥¸±µ£µ Ê¶· ¢²¥´¨Ö ³µÐ´µ-
¸ÉÓÕ ·¥ ±Éµ· .

�  ÔÉ ¶¥ ¶·µ¥±É¨·µ¢ ´¨Ö ·¥ ±Éµ·  ˆ��-2 ¡Ò²¨ ¶·µ¢¥¤¥´Ò ¨¸¸²¥¤µ¢ É¥²Ó-
¸±¨¥ · ¡µÉÒ ¶µ µÍ¥´±¥ µ¡· É´µ° ¸¢Ö§¨, ¸¤¥² ´ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ·¥ ±É¨¢´µ¸ÉÓ
µ¡· É´µ° ¸¢Ö§¨ ¶·µ¶µ·Í¨µ´ ²Ó´  É¥³¶¥· ÉÊ·¥ Éµ¶²¨¢  ¨ É¥¶²µ´µ¸¨É¥²Ö. ‚
·¥ ±Éµ·¥ ˆ��-2 ¨§³¥·¥´¨¥ É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢  ´¥ ¶·¥¤Ê¸³µÉ·¥´µ. �¥ ¡Ò²µ
µ´µ ¶·¥¤Ê¸³µÉ·¥´µ ¨ ¢ ·¥ ±Éµ·¥ ˆ��-30. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶·¨ µÍ¥´±¥ ¢²¨Ö´¨Ö
· §µ£·¥¢  ·¥ ±Éµ·  ´  ·¥ ±É¨¢´µ¸ÉÓ Í¥²¥¸µµ¡· §´µ · ¸¸³ É·¨¢ ÉÓ ´¥ É¥³¶¥· -
ÉÊ·´ÊÕ µ¡· É´ÊÕ ¸¢Ö§Ó (É¥³¶¥· ÉÊ· Ä·¥ ±É¨¢´µ¸ÉÓ),   ³µÐ´µ¸É´ÊÕ µ¡· É´ÊÕ
¸¢Ö§Ó (Œ�‘) (³µÐ´µ¸ÉÓÄ·¥ ±É¨¢´µ¸ÉÓ).

„µ ¶Ê¸±  ·¥ ±Éµ·  ˆ��-2 ¡Ò²¨ ¶·µ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ´  ¨³¶Ê²Ó¸´µ³
·¥ ±Éµ·¥ ˆ��-30 ¤²Ö µÍ¥´±¨ ¥£µ ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨. „²Ö  ¶¶·µ±-
¸¨³ Í¨¨ Œ�‘ ¡Ò² ¨¸¶µ²Ó§µ¢ ´ Î ¸ÉµÉ´Ò° ³¥Éµ¤. ‚ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨
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Œ�‘ ¡Ò²  ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¨´¥·Í¨µ´´µ£µ ( ¶¥·¨µ¤¨Î¥¸±µ£µ) §¢¥´ , É. ¥.
µ¶¨¸ ´  ²¨´¥°´Ò³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨¥³ ¶¥·¢µ£µ ¶µ·Ö¤±  [20, 21].

‚ 1982 £. ´  ¶¥·¢µ³ ÔÉ ¶¥ Ô´¥·£¥É¨Î¥¸±µ£µ ¶Ê¸±  ¡Ò²¨ ¶·µ¢¥¤¥´Ò  ´ ²µ-
£¨Î´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ´  ·¥ ±Éµ·¥ ˆ��-2 ¶·¨ Î ¸ÉµÉ¥ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨
25 ƒÍ. �±¸¶¥·¨³¥´ÉÒ ¶·µ¢µ¤¨²¨¸Ó ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  µÉ 0,4
¤µ 1,9 Œ‚É ¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ · ¸Ìµ¤  É¥¶²µ´µ¸¨É¥²Ö (´µ³¨´ ²Ó´Ò°,  
É ±¦¥ 40 ¨ 70 % µÉ ´µ³¨´ ²Ó´µ£µ). ŒµÐ´µ¸É´ Ö µ¡· É´ Ö ¸¢Ö§Ó É ±¦¥ ¡Ò² 
 ¶¶·µ±¸¨³¨·µ¢ ´  ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ µ¤´¨³ ¨´¥·Í¨µ´´Ò³ §¢¥´µ³ [22].

‚ ¸¥·¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¢ 1988Ä1989 ££. ¶·¨ Î ¸ÉµÉ¥ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨
5 ƒÍ, ¸·¥¤´¥° ³µÐ´µ¸É¨ 2 Œ‚É ¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î ¡Ò²¨ § ·¥-
£¨¸É·¨·µ¢ ´Ò ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨, ¢Ò§¢ ´´Ò¥ ¶¥·¨µ¤¨Î¥¸±¨³¨
¶·Ö³µÊ£µ²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´µ¸É¨ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ Î ¸ÉµÉ µÉ
0,022 ¤µ 2,5 ƒÍ. ˆ ¢·¥³¥´´µ°, ¨ Î ¸ÉµÉ´Ò° ³¥Éµ¤Ò µ¡· ¡µÉ±¨ ¶¥·¥Ìµ¤´ÒÌ
¶·µÍ¥¸¸µ¢ ¶µ± § ²¨, ÎÉµ ¢ ²¨´¥°´µ³ ¶·¨¡²¨¦¥´¨¨ Œ�‘ ¸²¥¤Ê¥É µ¶¨¸Ò¢ ÉÓ
É·¥³Ö ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨ ¶¥·¢µ£µ ¶µ·Ö¤± , É. ¥. ¶·¥¤¸É ¢²ÖÉÓ
Œ�‘ ¢ ¢¨¤¥ É·¥Ì ¨´¥·Í¨µ´´ÒÌ §¢¥´Ó¥¢ [23Ä25], ¶·¨ ÔÉµ³ µ¤´  ¸µ¸É ¢²ÖÕÐ Ö
Œ�‘ Ö¢²Ö¥É¸Ö ¶µ²µ¦¨É¥²Ó´µ°.

�·¨ ¸¨³³¥É·¨Î´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥ ±É¨¢´µ¸É¨ § ·¥£¨¸É·¨·µ¢ ´´Ò¥ ±µ²¥-
¡ ´¨Ö ³µÐ´µ¸É¨ § ³¥É´µ ´¥¸¨³³¥É·¨Î´Ò. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ · ¡µÉ¥ [26] µ¤¨´
¨§ É·¥Ì ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨ Œ�‘ ¡Ò² ¶·¨´ÖÉ § ¢¨¸¨³Ò³ µÉ É¥³¶¥· -
ÉÊ·Ò É¥¶²µ¢Ò¤¥²ÖÕÐ¨Ì Ô²¥³¥´Éµ¢. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ É¥³¶¥· ÉÊ·  Éµ¶²¨¢ 
´¥ ·¥£¨¸É·¨·µ¢ ² ¸Ó,   µÍ¥´¨¢ ² ¸Ó · ¸Î¥É´Ò³ ¶ÊÉ¥³, ¢ · ¡µÉ¥ [27] ±µÔËË¨-
Í¨¥´ÉÒ ¶¥·¥¤ Î¨ ¡Ò²¨ ¶·¨´ÖÉÒ § ¢¨¸¨³Ò³¨ µÉ ·¥ ±É¨¢´µ¸É¨ Œ�‘ ´  µ¸´µ-
¢ ´¨¨ ¶·¥¤¶µ²µ¦¥´¨Ö, ÎÉµ ·¥ ±É¨¢´µ¸ÉÓ Œ�‘ ¶·µ¶µ·Í¨µ´ ²Ó´  É¥³¶¥· ÉÊ·¥
Éµ¶²¨¢ .

‚ 1992Ä1996 ££. ¡Ò²  § ·¥£¨¸É·¨·µ¢ ´  ¸¥·¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢
³µÐ´µ¸É¨, ¢Ò§¢ ´´ÒÌ ¶·Ö³µÊ£µ²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ·¥ ±É¨¢´µ¸É¨ ¸ ¶¥·¨-
µ¤µ³ ±µ²¥¡ ´¨° 33 ¸ ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  µÉ 1,7 ¤µ 2 Œ‚É ¨
· ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î. Œ�‘ ¡Ò²  ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ É·¥Ì ¶ · ²-
²¥²Ó´ÒÌ ¨´¥·Í¨µ´´ÒÌ §¢¥´Ó¥¢ ¸ ±µÔËË¨Í¨¥´É ³¨ ¶¥·¥¤ Î¨, § ¢¨¸¨³Ò³¨ µÉ
¥¥ ·¥ ±É¨¢´µ¸É¨, É. ¥. ¡Ò²¨ ¢¢¥¤¥´Ò ³¥¸É´Ò¥ µ¡· É´Ò¥ ¸¢Ö§¨. �Éµ ¤ ²µ Ìµ·µ-
Ï¥¥ ¶·¨¡²¨¦¥´¨¥ · ¸¸Î¨É ´´ÒÌ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ± § ·¥£¨¸É·¨·µ¢ ´-
´Ò³ [28]. ‡¢¥´µ ¸ ´ ¨¡µ²ÓÏ¥° ¶µ¸ÉµÖ´´µ° ¢·¥³¥´¨ (7Ä8 ¸) µÉµ¡· ¦ ¥É · ¸-
Ï¨·¥´¨¥ Éµ¶²¨¢   ±É¨¢´µ° §µ´Ò, ÎÉµ ¸µ£² ¸Ê¥É¸Ö ¸ · ¸Î¥É´µ° µÍ¥´±µ° [29].
„¢  ¤·Ê£¨Ì §¢¥´  ¸ ³¥´ÓÏ¨³¨ ¶µ¸ÉµÖ´´Ò³¨ ¢·¥³¥´¨, ¶µ-¢¨¤¨³µ³Ê, µÉµ¡· -
¦ ÕÉ ¨§£¨¡ Éµ¶²¨¢´ÒÌ ± ¸¸¥É ¨ · ¸Ï¨·¥´¨¥ µ¶µ·´µ° ¶²¨ÉÒ, ¸ ±µÉµ·µ° ¸¢Ö-
§ ´Ò ± ¸¸¥ÉÒ. Œ�‘, ³µ¤¥²¨·Ê¥³ Ö ÔÉ¨³¨ §¢¥´ÓÖ³¨ ¨ µÉ· ¦ ÕÐ Ö ¶·µÍ¥¸¸Ò
¢  ±É¨¢´µ° §µ´¥ ·¥ ±Éµ· , ´ §¢ ´  ¡Ò¸É·µ°.

�´ ²¨§ ¤²¨É¥²Ó´µ£µ ¶¥·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸ , ¢Ò§¢ ´´µ£µ · §µ¢Ò³ Ê³¥´Ó-
Ï¥´¨¥³ Ê·µ¢´Ö ·¥ ±É¨¢´µ¸É¨ ¶·¨ µÉ±²ÕÎ¥´´µ³  ¢Éµ³ É¨Î¥¸±µ³ ·¥£Ê²ÖÉµ·¥,
¶µ± § ², ÎÉµ, ¶µ³¨³µ ¡Ò¸É·µ° Œ�‘, ´¥µ¡Ìµ¤¨³µ ¢¢¥¸É¨ ¢ ³µ¤¥²Ó ³¥¤²¥´´ÊÕ
Œ�‘ ¢ ¢¨¤¥ ¤¢ÊÌ ¶ · ²²¥²Ó´µ ¸µ¥¤¨´¥´´ÒÌ ¨´¥·Í¨µ´´ÒÌ §¢¥´Ó¥¢ ¸ ¶µ¸ÉµÖ´-
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´Ò³¨ ¢·¥³¥´¨ ´  ¤¢  ¶µ·Ö¤±  ¡µ²ÓÏ¨³¨, Î¥³ ¶µ¸ÉµÖ´´Ò¥ ¢·¥³¥´¨ ¡Ò¸É·µ°
Œ�‘ [30]. Œ¥¤²¥´´ Ö Œ�‘, ¶µ-¢¨¤¨³µ³Ê, µÉµ¡· ¦ ¥É ¢²¨Ö´¨¥ ±µ´ÉÊ·  É¥-
¶²µ´µ¸¨É¥²Ö. �·µ ´ ²¨§¨·µ¢ ´´Ò° ¤²¨É¥²Ó´Ò° ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸ (1000 ¸)
¸µµÉ¢¥É¸É¢µ¢ ² ¸·¥¤´¥° ³µÐ´µ¸É¨ ˆ��-2 1,87 Œ‚É, · ¸Ìµ¤Ê É¥¶²µ´µ¸¨É¥²Ö
80 ³3/Î (³¥´ÓÏ¥³Ê, Î¥³ ´µ³¨´ ²Ó´Ò°) ¨ ¡Ò² µ¡Ê¸²µ¢²¥´ ¡Ò¸É·Ò³ ¸³¥Ð¥´¨¥³
¶·µ³¥¦ÊÉµÎ´µ£µ ·¥£Ê²ÖÉµ·  ´  3,41 ³³ ¢´¨§, É. ¥. Ê³¥´ÓÏ¥´¨¥³ ·¥ ±É¨¢´µ¸É¨
´  0,194 βu. �ÉµÉ ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸, ¨§³¥·¥´´Ò° ¢ 1997 £., µÉ²¨Î ²¸Ö
¸ÊÐ¥¸É¢¥´´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ³µÐ´µ¸É¨ (¡µ²¥¥ 40 % µÉ ¨¸Ìµ¤´µ£µ Ê·µ¢´Ö).
� ¸¸³ É·¨¢ ²µ¸Ó ´¥¸±µ²Ó±µ ¢ ·¨ ´Éµ¢  ¶¶·µ±¸¨³ Í¨¨ Œ�‘, ¨³¥ÕÐ¨Ì · §-
²¨Î¨Ö ¢ ÊÎ¥É¥ ´¥²¨´¥°´µ¸É¥° ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨ Œ�‘. � ¨²ÊÎÏ¥³Ê
¶·¨¡²¨¦¥´¨Õ ¸µµÉ¢¥É¸É¢µ¢ ² ¢ ·¨ ´É, ¢ ±µÉµ·µ³ ¡Ò¸É· Ö Œ�‘ ¡Ò²  ¶·¥¤-
¸É ¢²¥´  Éµ²Ó±µ ¤¢Ê³Ö ¨´¥·Í¨µ´´Ò³¨ §¢¥´ÓÖ³¨. ŠµÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ §¢¥´ 
¸ ¡µ²ÓÏ¥° ¶µ¸ÉµÖ´´µ° ¢·¥³¥´¨ (§¢¥´  µÉ·¨Í É¥²Ó´µ° µ¡· É´µ° ¸¢Ö§¨) ¡Ò²
¶·¨´ÖÉ § ¢¨¸¨³Ò³ µÉ ·¥ ±É¨¢´µ¸É¨, µ¡Ê¸²µ¢²¥´´µ° ¨³¥´´µ ÔÉ¨³ §¢¥´µ³,  
±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ §¢¥´  ¸ ³¥´ÓÏ¥° ¶µ¸ÉµÖ´´µ° ¢·¥³¥´¨ (§¢¥´  ¶µ²µ¦¨-
É¥²Ó´µ° µ¡· É´µ° ¸¢Ö§¨) Å µÉ ¸Ê³³ ·´µ° ·¥ ±É¨¢´µ¸É¨ Œ�‘. ’ ±µ¥ · §²¨-
Î¨¥ ³µ¦´µ µ¡ÑÖ¸´¨ÉÓ, ¥¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ µÉ·¨Í É¥²Ó´ Ö ¸µ¸É ¢²ÖÕÐ Ö
¡Ò¸É·µ° Œ�‘ µ¡Ê¸²µ¢²¥´ , ¢ µ¸´µ¢´µ³, · ¸Ï¨·¥´¨¥³ É¥¶²µ¢Ò¤¥²ÖÕÐ¨Ì Ô²¥-
³¥´Éµ¢, ¢Ò§¢ ´´Ò³ ¨Ì · §µ£·¥¢µ³. �µ²µ¦¨É¥²Ó´ Ö ¦¥ ¸µ¸É ¢²ÖÕÐ Ö ¡Ò¸É·µ°
Œ�‘ µ¡Ê¸²µ¢²¥´  ³´µ£¨³¨ Ë ±Éµ· ³¨, Ëµ·³¨·ÊÕÐ¨³¨ ¸Ê³³ ·´ÊÕ ·¥ ±É¨¢-
´µ¸ÉÓ Œ�‘. �·µ¸É¥°Ï¨³ Ö¢²Ö¥É¸Ö ¢ ·¨ ´É, ±µ£¤  ±µÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨
¡Ò¸É·µ° Œ�‘ ¶·¨´¨³ ÕÉ¸Ö § ¢¨¸¨³Ò³¨ µÉ µÉ±²µ´¥´¨° ³µÐ´µ¸É¨, É. ¥. ¡¥§
¨¸¶µ²Ó§µ¢ ´¨Ö ³¥¸É´ÒÌ µ¡· É´ÒÌ ¸¢Ö§¥° ¢´ÊÉ·¨ ³µ¤¥²¨ ¡Ò¸É·µ° Œ�‘. ’ ±µ¥
µ¶¨¸ ´¨¥ ´¥ µÉµ¡· ¦ ¥É Ë¨§¨Î¥¸±µ° ¸ÊÐ´µ¸É¨ ¢µ§´¨±´µ¢¥´¨Ö Œ�‘, ´µ ³ -
É¥³ É¨Î¥¸±¨ Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥ ¶·µ¸ÉÒ³ ¨ ¤ ¥É ¶·¨¥³²¥³Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶·¨
³µ¤¥²¨·µ¢ ´¨¨ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨ Ê³¥·¥´´ÒÌ (¤µ 10 %) µÉ±²µ´¥´¨ÖÌ
Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ [31Ä35].

‚¢¥¤¥´¨¥ Éµ£µ ¨²¨ ¨´µ£µ ¢¨¤  ´¥²¨´¥°´µ¸É¥° ¢ ¡Ò¸É·ÊÕ Œ�‘ É·¥¡Ê¥É
µ¸µ¡µ£µ ¨§ÊÎ¥´¨Ö. ‚ ¶µ¸²¥¤´¥³ ¢ ·¨ ´É¥ ³µ¤¥²¨ ¤¨´ ³¨±¨ ·¥ ±Éµ· 
ˆ��-2 ±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ ´ ¨¡µ²¥¥ ³¥¤²¥´´µ° ¸µ¸É ¢²ÖÕÐ¥° ¡Ò¸É·µ°
Œ�‘ ¶·¨´ÖÉ § ¢¨¸¨³Ò³ µÉ ·¥ ±É¨¢´µ¸É¨ ÔÉµ° ¸µ¸É ¢²ÖÕÐ¥° (µ´ , ¶·¥¤¶µ²µ-
¦¨É¥²Ó´µ, µ¡Ê¸²µ¢²¥´  · ¸Ï¨·¥´¨¥³ Éµ¶²¨¢ ). ŠµÔËË¨Í¨¥´ÉÒ ¦¥ ¶¥·¥¤ Î¨
¡µ²¥¥ ¡Ò¸É·ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì ¡Ò¸É·µ° Œ�‘ ¶·¨´ÖÉÒ § ¢¨¸¨³Ò³¨ µÉ ¸Ê³-
³ ·´µ° ·¥ ±É¨¢´µ¸É¨ Œ�‘ (¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö É ±µ° ¢ ·¨ ´É ¶·¥¤¸É ¢²Ö¥É¸Ö
´ ¨¡µ²¥¥ ¶·¨¥³²¥³Ò³ ¶µ Ë¨§¨Î¥¸±¨³ ¸µµ¡· ¦¥´¨Ö³). ‚ ·¥§Ê²ÓÉ É¥ ·¥ ±É¨¢-
´µ¸ÉÓ Œ�‘, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö n-³Ê ¨³¶Ê²Ó¸Ê ³µÐ´µ¸É¨, ¶·¥¤¸É ¢²¥´  ¸Ê³³µ°
¶ÖÉ¨ ¸µ¸É ¢²ÖÕÐ¨Ì:

ρθn =
5∑

j=1

ρθjn. (25)

’·¨ ¸µ¸É ¢²ÖÕÐ¨¥ (j = 1, 2, 3) ¸ ´¥²¨´¥°´Ò³¨ ±µÔËË¨Í¨¥´É ³¨ ¶¥·¥-
¤ Î¨ kθjN ¸µµÉ¢¥É¸É¢ÊÕÉ ¡Ò¸É·µ° Œ�‘ ¨ ¤²Ö n-£µ ¨³¶Ê²Ó¸  µ¶¨¸ ´Ò ¸²¥¤Ê-
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ÕÐ¨³¨ Ê· ¢´¥´¨Ö³¨:

ρθjn =
(

ρθjn−1 + ∆En−1
kθjN

Tθj

)
exp

(
− Tu

Tθj

)
, (26)

£¤¥ Tθj Å ¶µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ j-° ¸µ¸É ¢²ÖÕÐ¥° Œ�‘.
„²Ö j = 1 ´¥²¨´¥°´Ò° ±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ ¤²Ö n-£µ ¨³¶Ê²Ó¸  ¢Ò· ¦¥´

Ëµ·³Ê²µ°
kθjN = kθj(1 + cjρθjn−1), (27 )

É. ¥. § ¢¨¸¨É µÉ ρθ1,   ¤²Ö j = 2, 3

kθjN = kθj(1 + cjρθn−1), (27¡)

É. ¥. § ¢¨¸¨É µÉ ρθ.
‡¤¥¸Ó kθj , cj Å ¸µµÉ¢¥É¸É¢¥´´µ ¸µ¸É ¢²ÖÕÐ Ö ±µÔËË¨Í¨¥´É  ¶¥·¥¤ Î¨,

´¥ § ¢¨¸ÖÐ Ö µÉ ·¥ ±É¨¢´µ¸É¨ Œ�‘, ¨ ±µÔËË¨Í¨¥´É ´¥²¨´¥°´µ¸É¨, ÊÎ¨ÉÒ¢ -
ÕÐ¨° § ¢¨¸¨³µ¸ÉÓ ±µÔËË¨Í¨¥´É  ¶¥·¥¤ Î¨ kθjN µÉ ·¥ ±É¨¢´µ¸É¨.

„¢¥ ¸µ¸É ¢²ÖÕÐ¨¥ (j = 4, 5) ¸ ²¨´¥°´Ò³¨ ±µÔËË¨Í¨¥´É ³¨ ¸µµÉ¢¥É-
¸É¢ÊÕÉ ³¥¤²¥´´µ° Œ�‘ ¨ µ¶¨¸ ´Ò Ê· ¢´¥´¨Ö³¨ (26), ´µ ¢³¥¸Éµ ´¥²¨´¥°´ÒÌ
±µÔËË¨Í¨¥´Éµ¢ kθjN ¢ ´¨Ì ¢Ìµ¤ÖÉ ´¥ § ¢¨¸ÖÐ¨¥ µÉ ·¥ ±É¨¢´µ¸É¨ ±µÔËË¨Í¨-
¥´ÉÒ kθj . �·¨ ÔÉµ³ ¶ · ³¥É·Ò ³¥¤²¥´´µ° Œ�‘ Ê¤µ¢²¥É¢µ·ÖÕÉ Ê¸²µ¢¨Õ

kθ4/Tθ4 = −kθ5/Tθ5. (28)

“¸²µ¢¨¥ (28) ¢Ò¡· ´µ ¨§ Ë¨§¨Î¥¸±¨Ì ¸µµ¡· ¦¥´¨° ¨ µ§´ Î ¥É, ÎÉµ ·¥ ±-
É¨¢´µ¸ÉÓ ³¥¤²¥´´µ° Œ�‘ ´¥ ¨§³¥´Ö¥É¸Ö ¸± Î±µ³.

“· ¢´¥´¨Ö (26) ¨ (27) ¸µµÉ¢¥É¸É¢ÊÕÉ ¶·¥¤¶µ²µ¦¥´¨Õ, ÎÉµ ·¥ ±É¨¢´µ¸ÉÓ
Œ�‘, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö n-³Ê ¨³¶Ê²Ó¸Ê ³µÐ´µ¸É¨, µ¡Ê¸²µ¢²¥´  Éµ²Ó±µ ¶·¥¤-
Ï¥¸É¢ÊÕÐ¨³¨ ¨³¶Ê²Ó¸ ³¨. ‚²¨Ö´¨¥³ Ô´¥·£¨¨ n-£µ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ´  ·¥-
 ±É¨¢´µ¸ÉÓ Œ�‘, ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ ÔÉµ³Ê ¦¥ n-³Ê ¨³¶Ê²Ó¸Ê, ¶·¥´¥¡·¥£ ¥³,
¶µ¸±µ²Ó±Ê ¸ ³ Ö ³ ² Ö ¶µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ ¡Ò¸É·µ° Œ�‘ ´  É·¨ ¶µ·Ö¤± 
¡µ²ÓÏ¥ ¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨.

‘µµÉ¢¥É¸É¢ÊÕÐ Ö n-³Ê ¨³¶Ê²Ó¸Ê ³µÐ´µ¸É¨ ·¥ ±É¨¢´µ¸ÉÓ Œ�‘ ¢  ¡¸µ-
²ÕÉ´ÒÌ ¥¤¨´¨Í Ì · ¢´ 

εθn = ρθnβu. (29)

�¥£Ê²¨·Ê¥³Ò° ¶ · ³¥É· ·¥ ±Éµ·  ˆ��-2. ‚ ± Î¥¸É¢¥ ·¥£Ê²¨·Ê¥³µ£µ
¶ · ³¥É·  ·¥ ±Éµ·  ˆ��-2 ¶·¨´ÖÉ  µÉ´µ¸¨É¥²Ó´ Ö  ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸  ³µÐ-
´µ¸É¨

pm = Pm/P 0
m, (30)

£¤¥ Pm, P 0
m Å ¸µµÉ¢¥É¸É¢¥´´µ  ³¶²¨ÉÊ¤  ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨ ¥¥ ¡ §µ¢µ¥

§´ Î¥´¨¥.
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�µ¸±µ²Ó±Ê ¸±µ·µ¸ÉÓ ¢· Ð¥´¨Ö µ¸´µ¢´µ£µ ¶µ¤¢¨¦´µ£µ µÉ· ¦ É¥²Ö ¶µ¤-
¤¥·¦¨¢ ¥É¸Ö ¸ ¢Ò¸µ±µ° ÉµÎ´µ¸ÉÓÕ (7 · 10−4), Éµ µÉ´µ¸¨É¥²Ó´ Ö  ³¶²¨ÉÊ¤  pm

¶· ±É¨Î¥¸±¨ · ¢´  µÉ´µ¸¨É¥²Ó´µ° Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨:

pm ≈ Eu/E0
u. (31)

� §µ¢µ¥ §´ Î¥´¨¥ E0
u, ± ± ¸²¥¤Ê¥É ¨§ Ê· ¢´¥´¨° (23), (15) ¨ (16), · ¢´µ

E0
u = P

0
Tu

(
1 − βTu

∆KMP − ε0
m

6∑
i=1

µiλi
exp (−λiTu)

1 − exp (−λiTu)

)
. (32)

�¢Éµ³ É¨Î¥¸±¨° ·¥£Ê²ÖÉµ· ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ· . �¸´µ¢´µ¥ ´ §´ Î¥´¨¥
�� ¸µ¸Éµ¨É ¢  ¢Éµ³ É¨Î¥¸±µ³ ¢Ò¢µ¤¥ ·¥ ±Éµ·  ´  § ¤ ´´Ò° Ê·µ¢¥´Ó ¸·¥¤´¥°
³µÐ´µ¸É¨ ¨ ¸É ¡¨²¨§ Í¨¨ ³µÐ´µ¸É¨ ·¥ ±Éµ·  ´  § ¤ ´´µ³ Ê·µ¢´¥. ‘É·Ê±ÉÊ· 
¨ ¶ · ³¥É·Ò �� ¸ÊÐ¥¸É¢¥´´µ ¢²¨ÖÕÉ ´  ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨.

�  ÔÉ ¶¥ ¶·µ¥±É¨·µ¢ ´¨Ö ˆ��-2 ¡Ò² ¢Ò¢¥¤¥´  ²£µ·¨É³ Ëµ·³¨·µ¢ ´¨Ö
·¥ ±É¨¢´µ¸É¨ ��, µ¡¥¸¶¥Î¨¢ ÕÐ¨° ¸É É¨¸É¨Î¥¸±¨ µ¶É¨³ ²Ó´µ¥ ¶µ¤¤¥·¦ ´¨¥
Ê·µ¢´Ö ³µÐ´µ¸É¨,   ¨³¥´´µ ¤µ¸É¨¦¥´¨¥ ³¨´¨³Ê³  ¸·¥¤´¥±¢ ¤· É¨Î¥¸±µ£µ
µÉ±²µ´¥´¨Ö Ô´¥·£¨¨ ¤²Ö ¡Ê¤ÊÐ¥£µ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ´  µ¸´µ¢ ´¨¨ ¨´Ëµ·-
³ Í¨¨, ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¶·¥¤Ò¤ÊÐ¨³ ¨³¶Ê²Ó¸ ³ [36]. �·¨ ¢Ò¢µ¤¥  ²£µ·¨É³ 
�� ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ ´  ·¥ ±Éµ· ¢µ§¤¥°¸É¢Ê¥É ¸²ÊÎ °´µ¥ ¢µ§³ÊÐ¥´¨¥ ·¥ ±-
É¨¢´µ¸É¨ ¸ ´µ·³ ²Ó´Ò³ § ±µ´µ³ · ¸¶·¥¤¥²¥´¨Ö. �·¥¤¶µ² £ ²µ¸Ó É ±¦¥, ÎÉµ
�� µÍ¥´¨¢ ¥É §´ Î¥´¨Ö ·¥ ±É¨¢´µ¸É¨ ¸ ´¥±µÉµ·µ° ¸É É¨¸É¨Î¥¸±µ° µÏ¨¡±µ°,
Ì · ±É¥·¨§ÊÕÐ¥°¸Ö ´µ·³ ²Ó´Ò³ § ±µ´µ³ · ¸¶·¥¤¥²¥´¨Ö. Š·µ³¥ Éµ£µ, ¡Ò²µ
¢¢¥¤¥´µ ¶µ´ÖÉ¨¥ ¸É¥¶¥´¨ ¸É ·¥´¨Ö ¨´Ëµ·³ Í¨¨ ¢ ��. ‚ ·¥§Ê²ÓÉ É¥ ¡Ò²µ ¶µ-
± § ´µ, ÎÉµ �� ¤µ²¦¥´ ¶·¥¤¸É ¢²ÖÉÓ ¸µ¡µ° ¨´É¥£·¨·ÊÕÐ¥¥ §¢¥´µ, ´  ¢Ìµ¤
±µÉµ·µ£µ ¶µ¤ ¥É¸Ö µÉ±²µ´¥´¨¥ Ô´¥·£¨¨ É¥±ÊÐ¥£µ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ µÉ ¥£µ
¡ §µ¢µ£µ §´ Î¥´¨Ö.

‚ ÏÉ É´Ò° �� ·¥ ±Éµ·  ˆ��-2 ¶µ³¨³µ ·¥£Ê²¨·ÊÕÐ¥£µ ¸É·¥¦´Ö ¸ Ï £µ-
¢Ò³ Ô²¥±É·µ¤¢¨£ É¥²¥³ ¨ ¥£µ ¡²µ±µ³ Ê¶· ¢²¥´¨Ö ¢Ìµ¤¨É É ±¦¥ ¡²µ± ¸£² ¦¨-
¢ ´¨Ö. ‚ÒÌµ¤´µ° ¸¨£´ ² ¡²µ±  ¸£² ¦¨¢ ´¨Ö Ëµ·³¨·Ê¥É¸Ö ¶ÊÉ¥³ ¸£² ¦¨¢ ´¨Ö
µÉ±²µ´¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ µÉ´µ¸¨É¥²Ó´µ ¡ §µ¢µ£µ §´ Î¥´¨Ö ¨
¶µ¸ÉÊ¶ ¥É ´  ¡²µ± Ê¶· ¢²¥´¨Ö Ï £µ¢Ò³ ¤¢¨£ É¥²¥³. �²µ± ¸£² ¦¨¢ ´¨Ö ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° ¨´¥·Í¨µ´´µ¥ §¢¥´µ,   Ï £µ¢Ò° ¤¢¨£ É¥²Ó ¸µ¢³¥¸É´µ ¸ ·¥£Ê²¨-
·ÊÕÐ¨³ ¸É¥·¦´¥³ ¨ ¡²µ±µ³ Ê¶· ¢²¥´¨Ö Å ¨´É¥£·¨·ÊÕÐ¥¥ §¢¥´µ [37].

�¢Éµ³ É¨Î¥¸±¨° ·¥£Ê²ÖÉµ· ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ë¨²ÓÉ· ´¨§±¨Ì Î ¸ÉµÉ ¨
µ¡¥¸¶¥Î¨¢ ¥É ¤µ¸É ÉµÎ´µ Ìµ·µÏÊÕ ¸É ¡¨²¨§ Í¨Õ ³µÐ´µ¸É¨ ·¥ ±Éµ·  ˆ��-2
¢ ¸·¥¤´¥³, ¥¸É¥¸É¢¥´´µ, ´¥ µÉ· ¡ ÉÒ¢ Ö É¥ ¢µ§³ÊÐ¥´¨Ö ·¥ ±É¨¢´µ¸É¨ (¤¥É¥·-
³¨´¨·µ¢ ´´Ò¥ ¨²¨ ¸²ÊÎ °´Ò¥), ¸¶¥±É· Î ¸ÉµÉ ±µÉµ·ÒÌ ²¥¦¨É §  ¶·¥¤¥² ³¨
¶µ²µ¸Ò ¶·µ¶Ê¸± ´¨Ö ��.

ˆ¸¸²¥¤µ¢ ´¨Ö, ¶·µ¢¥¤¥´´Ò¥ ´  ¸É ¤¨¨ Ë¨§¨Î¥¸±µ£µ ¨ Ô´¥·£¥É¨Î¥¸±µ£µ
¶Ê¸±µ¢ ·¥ ±Éµ· ,   É ±¦¥ ´  ¸É ¤¨¨ ¥£µ Ô±¸¶²Ê É Í¨¨, ¶µ§¢µ²¨²¨ ¶µ²ÊÎ¨ÉÓ
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·Ö¤ ¤µ¶µ²´¨É¥²Ó´ÒÌ ¤ ´´ÒÌ, ±µÉµ·Ò¥ ´¥ ¡Ò²¨ ¨§¢¥¸É´Ò ¶·¨ ¶·µ¥±É¨·µ¢ ´¨¨
��. ‚ Î ¸É´µ¸É¨, ÔÉµ µÉ´µ¸¨É¸Ö ¨ ± Ì · ±É¥·Ê ¢µ§³ÊÐ¥´¨° ·¥ ±É¨¢´µ¸É¨ ¨
± µ¸µ¡¥´´µ¸ÉÖ³ ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨. ’ ±, ¤µ¸É ÉµÎ´µ ¢Ò¸µ±¨³ (¤µ
40 %) Ë²Ê±ÉÊ Í¨Ö³ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ (¢Ò§¢ ´´Ò³ ¢¨¡· Í¨¥° ¶µ-
¤¢¨¦´ÒÌ µÉ· ¦ É¥²¥° ¨ Éµ¶²¨¢´ÒÌ ± ¸¸¥É, Ë²Ê±ÉÊ Í¨Ö³¨ É¥³¶¥· ÉÊ·Ò ¨ · ¸-
Ìµ¤  É¥¶²µ´µ¸¨É¥²Ö ¢  ±É¨¢´µ° §µ´¥ ¨ É. ¤.) ¸µµÉ¢¥É¸É¢Ê¥É ¸²µ¦´Ò° ·¥ ²Ó´Ò°
Î ¸ÉµÉ´Ò° ¸¶¥±É· ±µ²¥¡ ´¨°. �´ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¶µ³¨³µ ±µ³¶µ´¥´ÉÒ ¡¥²µ£µ
ÏÊ³  ·Ö¤ ¤¥É¥·³¨´¨·µ¢ ´´ÒÌ £ ·³µ´¨Î¥¸±¨Ì ±µ²¥¡ ´¨° ¢µ ¢¸¥³ ¤¨ ¶ §µ´¥
Î ¸ÉµÉ ¢¶²µÉÓ ¤µ ´ ¨¡µ²ÓÏ¥° Î ¸ÉµÉÒ 2,5 ƒÍ [38], · ¢´µ° ¶µ²µ¢¨´¥ Î ¸ÉµÉÒ
¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨, É. ¥. ¢±²ÕÎ ¥É Î ¸ÉµÉÒ, ¸ÊÐ¥¸É¢¥´´µ ¡µ²ÓÏ¨¥ £· ´¨Î-
´µ° Î ¸ÉµÉÒ ·¥ ±Í¨¨ ��. Š·µ³¥ Éµ£µ, ´  ¸É ¤¨¨ ¶·µ¥±É¨·µ¢ ´¨Ö ´¥ ¡Ò²¨
¨§¢¥¸É´Ò ·¥ ²Ó´Ò¥ ¶ · ³¥É·Ò ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨.

‚Ò¡µ· ¸É·Ê±ÉÊ·Ò ¨ ¶ · ³¥É·µ¢ ��, ÊÎ¨ÉÒ¢ ÕÐ¨° ¢¸¥ µ¸µ¡¥´´µ¸É¨ · -
¡µÉÒ ·¥ ±Éµ· , ±· °´¥ ¢ ¦¥´, É ± ± ± ¡¥§ �� ·¥ ±Éµ· ´ Ìµ¤¨É¸Ö ¢¡²¨§¨
£· ´¨ÍÒ Ê¸Éµ°Î¨¢µ¸É¨ [28]. ‡ ¶ ¸ Ê¸Éµ°Î¨¢µ¸É¨ ¶µ ± ±µ³Ê-²¨¡µ ¶ · ³¥-
É·Ê µ¡ÒÎ´µ µÍ¥´¨¢ ÕÉ ± ± µÉ´µÏ¥´¨¥ ¥£µ §´ Î¥´¨Ö, ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¸µ-
¸ÉµÖ´¨Õ ·¥ ±Éµ·  ´  £· ´¨Í¥ Ê¸Éµ°Î¨¢µ¸É¨, ± §´ Î¥´¨Õ, µ¶·¥¤¥²¥´´µ³Ê ¤²Ö
¨¸¸²¥¤Ê¥³µ£µ Ê¸Éµ°Î¨¢µ£µ ¸µ¸ÉµÖ´¨Ö. �·¨ É ±µ³ ¶µ¤Ìµ¤¥ § ¶ ¸ Ê¸Éµ°Î¨¢µ-
¸É¨, ´ ¶·¨³¥·, ¶µ µ¤´µ³Ê ¨§ É·¥Ì ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨ Œ�‘,   ¨³¥´´µ
¶µ²µ¦¨É¥²Ó´µ³Ê, µÍ¥´¥´ ¢¸¥£µ ¢ 17Ä19 % ¤²Ö Î¥ÉÒ·¥Ì § ·¥£¨¸É·¨·µ¢ ´´ÒÌ
·¥¦¨³µ¢ · ¡µÉÒ: 1,9 ¨ 2 Œ‚É (³ ° 1993 £.), 1,9 Œ‚É (¤¥± ¡·Ó 1993 £.)
¨ 1,95 Œ‚É (Ö´¢ ·Ó 1996 £.). � ¸Ìµ¤ É¥¶²µ´µ¸¨É¥²Ö ¤²Ö ¢¸¥Ì ·¥¦¨³µ¢ · -
¡µÉ ¡Ò² ´µ³¨´ ²Ó´Ò³ (90 ³3/Î). ‚ µ¤´µ³ ¨§ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¢ Ö´¢ ·¥
1997 £. ¶·µÍ¥¸¸µ¢ (¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ 1,87 Œ‚É ¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö
80 ³3/Î) ¸µ¸ÉµÖ´¨¥ ·¥ ±Éµ·  ¡¥§ �� µÍ¥´¥´µ ± ± ´¥Ê¸Éµ°Î¨¢µ¥ [30].

“· ¢´¥´¨Ö  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ· . �²µ± ¸£² ¦¨¢ ´¨Ö Ëµ·³¨·Ê¥É
¶µ ¨´¥·Í¨µ´´µ³Ê § ±µ´Ê ¨§ ¢Ìµ¤´µ£µ ¸¨£´ ² , ¶·¥¤¸É ¢²ÖÕÐ¥£µ ¸µ¡µ° ¶µ-
¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸µ¢ ¸  ³¶²¨ÉÊ¤ ³¨ pmn−1, pmn, pmn+1 ¨ É. ¤., ´¥-
¶·¥·Ò¢´Ò° ¢ÒÌµ¤´µ° ¸¨£´ ² p̃n ¸ÉÊ¶¥´Î Éµ° Ëµ·³Ò. ‚Ò¸µÉ  ¸ÉÊ¶¥´¨ p̃n ¢
¨´É¥·¢ ²¥ ¢·¥³¥´¨ ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¸ ´µ³¥· ³¨ n ¨ n + 1 Ëµ·³¨·Ê¥É¸Ö ¶µ
§ ±µ´Ê

p̃n = p̃n−1 +
1
q
(pn − p̃n−1), (33)

£¤¥ q Å ±µÔËË¨Í¨¥´É ¸£² ¦¨¢ ´¨Ö.
�·¥¤Ê¸³µÉ·¥´ ¢Ò¡µ· Î¥ÉÒ·¥Ì Ë¨±¸¨·µ¢ ´´ÒÌ §´ Î¥´¨° q = 4, 8, 16 ¨ 32.
�µ¸²¥ ¡²µ±  ¸£² ¦¨¢ ´¨Ö Ëµ·³¨·Ê¥É¸Ö ´¥¶·¥·Ò¢´Ò° ¸ÉÊ¶¥´Î ÉÒ° ¸¨£´ ²

Ê¶· ¢²¥´¨Ö ¤¢¨£ É¥²¥³ ��, ¶·¥¤¸É ¢²ÖÕÐ¨° ¸µ¡µ° · §´µ¸ÉÓ

∆p̃n = p̃0 − p̃n = 1 − p̃n. (34)

‚ ¢Ò· ¦¥´¨¨ (34) ÊÎÉ¥´µ, ÎÉµ p̃0 ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° § ¤ ÕÐ¥¥ (¦¥² ¥-
³µ¥) §´ Î¥´¨¥ ¸¨£´ ²  p̃n, · ¢´µ¥ ¥¤¨´¨Í¥.
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‚ ¡²µ±¥ Ê¶· ¢²¥´¨Ö ¤¢¨£ É¥²¥³ �� ¶·¥¤Ê¸³µÉ·¥´ ¢Ò¡µ· Î¥ÉÒ·¥Ì Ë¨±¸¨-
·µ¢ ´´ÒÌ §´ Î¥´¨° ±µÔËË¨Í¨¥´Éµ¢ ¶·µ¶µ·Í¨µ´ ²Ó´µ¸É¨ ³¥¦¤Ê · §¡ ² ´¸µ³
∆p̃ ¨ ¸±µ·µ¸ÉÓÕ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö. �Éµ µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¢Ò¡µ·µ³ µ¤´µ£µ
¨§ Î¥ÉÒ·¥Ì ¢µ§³µ¦´ÒÌ §´ Î¥´¨° ¶ · ³¥É·  ∆ (0,05; 0,10; 0,15; 0,20), É. ¥.
¢Ò¡¨· ¥É¸Ö ¸µµÉ¢¥É¸É¢¨¥ ³¥¦¤Ê · §¡ ² ´¸µ³ ∆p̃ (±µ£¤  ∆p̃ = ∆) ¨ ¸±µ·µ-
¸ÉÓÕ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö v∆ = 5, 5 Ï £/¸. Š ¦¤Ò° Ï £ ¤¢¨£ É¥²Ö ¶·¨¢µ¤¨É
± ¨§³¥´¥´¨Õ ·¥ ±É¨¢´µ¸É¨ �� ´  mA = 0, 0146 βu. �É  ¢¥²¨Î¨´  µÍ¥´¥´ 
¶ÊÉ¥³ µ¡· ¡µÉ±¨ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨ ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥-
 ±É¨¢´µ¸É¨ ¸ ´¨§±µ° Î ¸ÉµÉµ° (¸ ¶¥·¨µ¤µ³ 125 ¸). ‚ ·¥§Ê²ÓÉ É¥ ·¥ ±É¨¢´µ¸ÉÓ,
¢´µ¸¨³ Ö ¶·¨ ¢· Ð¥´¨¨ Ï £µ¢µ£µ ¤¢¨£ É¥²Ö, µ¶¨¸ ´  Ê· ¢´¥´¨¥³

dρA

dt
= kA∆p̃ (35)

¨²¨
dεA

dt
= βukA∆p̃. (36)

‡¤¥¸Ó kA Å ±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ ¤¢¨£ É¥²Ö ¨ ¸É¥·¦´Ö �� ¢ βu/c:

kA =
v∆mA

∆
, (37)

£¤¥ v∆mA = 0, 08 βu/c, βu = 1, 6 · 10−4.
‚ ³µ¤¥²¨ ¤¨´ ³¨±¨ ·¥ ±Éµ·  ˆ��-2 ¢³¥¸Éµ Ê· ¢´¥´¨° �� (33)Ä(36) ¨¸-

¶µ²Ó§µ¢ ´Ò ¶µ²ÊÎ¥´´Ò¥ ¨§ ´¨Ì Ê· ¢´¥´¨Ö ¤²Ö ¤¨¸±·¥É´ÒÌ ³µ³¥´Éµ¢ ¢·¥³¥´¨
(38)Ä(40), ¢ ±µÉµ·ÒÌ ¢ ± Î¥¸É¢¥ ¶¥·¥³¥´´ÒÌ ¨¸¶µ²Ó§µ¢ ´Ò µÉ´µ¸¨É¥²Ó´Ò¥
µÉ±²µ´¥´¨Ö:

∆ẽun = ∆ẽun−1 +
1
q
(∆eun − ∆ẽun−1), (38)

δẽun = ∆ẽ0
u − ∆ẽun, (39)

εAn = εAn−1 + βukATuδẽun−1. (40)

‘Ê³³ ·´ Ö ·¥ ±É¨¢´µ¸ÉÓ ·¥ ±Éµ· . �¥ ±É¨¢´µ¸ÉÓ ·¥ ±Éµ· , ¸µµÉ¢¥É¸É-
¢ÊÕÐ Ö n-³Ê ¨³¶Ê²Ó¸Ê ³µÐ´µ¸É¨, ¶·¥¤¸É ¢²¥´  ¸Ê³³µ°

εmn = ε0
m + εFn + εAn + εθn, (41)

£¤¥ ε0
m Å ¡ §µ¢µ¥ §´ Î¥´¨¥ ³ ±¸¨³Ê³  ·¥ ±É¨¢´µ¸É¨ ¢ ¨³¶Ê²Ó¸¥; εF , εA, εθ Å

¸µµÉ¢¥É¸É¢¥´´µ ·¥ ±É¨¢´µ¸ÉÓ, µ¡Ê¸²µ¢²¥´´ Ö ¢´¥Ï´¨³¨ Ë ±Éµ· ³¨, ¢´µ¸¨³ Ö
 ¢Éµ³ É¨Î¥¸±¨³ ·¥£Ê²ÖÉµ·µ³ ¨ µ¡Ê¸²µ¢²¥´´ Ö ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§ÓÕ.

‚ ³µ¤¥²¨ ¤¨´ ³¨±¨ ·¥ ±Éµ·  ˆ��-2 ·¥ ±É¨¢´µ¸ÉÓ εF ³µ¤¥²¨·Ê¥É¸Ö ¡²µ-
±µ³ ¢µ§³ÊÐ ÕÐ¥° ·¥ ±É¨¢´µ¸É¨. �´ ¶µ§¢µ²Ö¥É Ëµ·³¨·µ¢ ÉÓ · §²¨Î´Ò¥ ¢µ§-
³ÊÐ¥´¨Ö ·¥ ±É¨¢´µ¸É¨, ¢´µ¸¨³Ò¥ ¶¥·¥³¥Ð¥´¨¥³ µ·£ ´µ¢ Ê¶· ¢²¥´¨Ö, ¶µ¶¥-
·¥Î´Ò³¨ ±µ²¥¡ ´¨Ö³¨ µ¸´µ¢´µ£µ ¨ ¤µ¶µ²´¨É¥²Ó´µ£µ ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥-
²¥° ¨ É. ¤.
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„¨¸±·¥É´Ò¥ ¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨. ˆ³¶Ê²Ó¸Ò ³µÐ´µ¸É¨ ¢ ³µ¤¥²¨ ¤¨-
´ ³¨±¨ ¶·¥¤¸É ¢²¥´Ò ¢ ¢¨¤¥ ¤¥²ÓÉ -ËÊ´±Í¨°, Ê³´µ¦¥´´ÒÌ ´  µÉ´µ¸¨É¥²Ó´Ò¥
µÉ±²µ´¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ µÉ ¡ §µ¢µ£µ §´ Î¥´¨Ö. —Éµ ± ¸ ¥É¸Ö ¶·µÎ¨Ì
¶¥·¥³¥´´ÒÌ, Éµ ¢ Ê· ¢´¥´¨ÖÌ ¤¨´ ³¨±¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ²¨ÏÓ ¨Ì §´ Î¥´¨Ö ¢
¤¨¸±·¥É´Ò¥ ³µ³¥´ÉÒ ¢·¥³¥´¨ (¢ ³µ³¥´ÉÒ ¶µÖ¢²¥´¨Ö ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨).
�Éµ ¤ ¥É ¢µ§³µ¦´µ¸ÉÓ µÌ · ±É¥·¨§µ¢ ÉÓ ± ¦¤Ò° ²¨´¥°´Ò° Ô²¥³¥´É ³µ¤¥²¨
¸µµÉ¢¥É¸É¢ÊÕÐ¥° ¤¨¸±·¥É´µ° ¶¥·¥¤ ÉµÎ´µ° ËÊ´±Í¨¥° ¨ É¥³ ¸ ³Ò³ ¨¸¶µ²Ó§µ-
¢ ÉÓ ¶·µ£· ³³Ò, ¶µ§¢µ²ÖÕÐ¨¥ ±µ´¸É·Ê¨·µ¢ ÉÓ ³µ¤Ê²Ó´ÊÕ ¸¨¸É¥³Ê ¨§ µÉ¤¥²Ó-
´ÒÌ ¡²µ±µ¢, µ¶¨¸ ´´ÒÌ ¢ z-¶·¥¤¸É ¢²¥´¨¨. �·¨ ³µ¤¥²¨·µ¢ ´¨¨ ¨¸Ìµ¤´Ò¥
¢Ìµ¤´Ò¥ ¢µ§¤¥°¸É¢¨Ö ·¥ ±É¨¢´µ¸É¨ § ¤ ÕÉ¸Ö ¢µ ¢·¥³¥´´µ° µ¡² ¸É¨, ¶·¨³¥´¨-
É¥²Ó´µ ± ²¨´¥°´Ò³ ¡²µ± ³ ¨¸¶µ²Ó§Ê¥É¸Ö z-¶·¥µ¡· §µ¢ ´¨¥ ËÊ´±Í¨° ¢·¥³¥´¨
¨, ´ ±µ´¥Í, ¢ÒÌµ¤´µ° ¸¨£´ ² (¨§³¥´¥´¨¥ ³µÐ´µ¸É¨ ¢µ ¢·¥³¥´¨) µ¶·¥¤¥²Ö¥É¸Ö
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µ¡· É´µ£µ z-¶·¥µ¡· §µ¢ ´¨Ö.

„¨¸±·¥É´Ò¥ ¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨ ¶µ²ÊÎ¥´Ò ¨§ Î ¸ÉµÉ´ÒÌ ¨³¶Ê²Ó¸´ÒÌ
¶¥·¥¤ ÉµÎ´ÒÌ ËÊ´±Í¨° (±µÉµ·Ò¥ · ´¥¥ ¡Ò²¨ ¢Ò¢¥¤¥´Ò ¤²Ö  ´ ²¨§  Ê¸Éµ°Î¨-
¢µ¸É¨ ·¥ ±Éµ·  [28, 30, 37]) ¶ÊÉ¥³ § ³¥´Ò ¶¥·¥³¥´´µ°

z = exp (jωTu), (42)

£¤¥ ω Å ±·Ê£µ¢ Ö Î ¸ÉµÉ  ¢ ¸−1, ¶·¨Î¥³ ωTu ¨§³¥´Ö¥É¸Ö ¢ ¶·¥¤¥² Ì µÉ 0 ¤µ π.
‘µ³´µ¦¨É¥²Ó j (¢ µÉ²¨Î¨¥ µÉ ¨´¤¥±¸  j) · ¢¥´ j =

√
−1.

“· ¢´¥´¨Ö³ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ (19) ¨ (20) ¸µµÉ¢¥É¸É¢ÊÕÉ ¤¨¸-
±·¥É´Ò¥ ¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨

Ws(z) =
∆s(z)
∆e(z)

=
6∑

i=1

Wsi(z),

Wsi(z) =
∆si(z)
∆e(z)

= bsi
z−1

asi − z−1
,

(43)

£¤¥

asi = exp (λiTu),
(44)

bsi =
µiλi

6∑
i=1

µiλi
exp (−λiTu)

1 − exp (−λiTu)

.

ŒµÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨

Wθj(z) =
ρθj(z)
∆E(z)

= bθj
z−1

aθj − z−1
, j = 1, . . . , 5, (45)

£¤¥

aθj = exp (Tu/Tθj),

bθj = kθj /Tθj (βu/Œ„¦).
(46)
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„²Ö j = 1, 2, 3 ¶µ¤ ∆E(z) ¢ Ëµ·³Ê²¥ (45) ¶µ´¨³ ¥É¸Ö ËÊ´±Í¨Ö ∆Ej(z),
Ö¢²ÖÕÐ Ö¸Ö z-¨§µ¡· ¦¥´¨¥³ ¤¨¸±·¥É´µ° ËÊ´±Í¨¨ ¢·¥³¥´¨ ∆Ejn, ¶·¨Î¥³ ¤²Ö
j = 1 ∆Ejn = ∆En(1 + cjρθ 1n),   ¤²Ö j = 2, 3 ∆Ejn = ∆En(1 + cjρθn).

�¢Éµ³ É¨Î¥¸±µ³Ê ·¥£Ê²ÖÉµ·Ê ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ ¤¨¸±·¥É´Ò¥ ¶¥·¥-
¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨:

WA1(z) =
∆ẽu(z)
∆eu(z)

=
bA1

aA1 − z−1
, (47)

WA2(z) =
ρA(z)
δẽu(z)

= bA2
z−1

1 − z−1
. (48)

‚ Ê· ¢´¥´¨ÖÌ (47) ¨ (48)

bA1 =
1

q − 1
, aA1 =

q

q − 1
, bA2 = kATu, (49)

£¤¥ ±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ ¤¢¨£ É¥²Ö ¨ ¸É·¥¦´Ö �� kA µ¶·¥¤¥²Ö¥É¸Ö Ëµ·³Ê-
²µ° (37).

‚ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö Ê¸É ´µ¢²¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ �� ·¥-
 ±Éµ·  ˆ��-2: q = 8, ∆ = 0, 20.

—²¥´ z−1 ¢ Î¨¸²¨É¥²ÖÌ Ëµ·³Ê² (43), (45) ¨ (48) Ê± §Ò¢ ¥É ´  § ¶ §¤Ò¢ ´¨¥
¢ÒÌµ¤´ÒÌ ¢¥²¨Î¨´ µÉ´µ¸¨É¥²Ó´µ ¢Ìµ¤´ÒÌ ´  µ¤¨´ ¶¥·¨µ¤ Tu.

„¨¸±·¥É´ Ö ³µ¤¥²Ó ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2 ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö
¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢. �  ·¨¸. 7 ¶µ± § ´  ¡²µ±-¸Ì¥³  ·¥ ±Éµ·  ˆ��-2,   ´ 
·¨¸. 8Ä10 Å ¡²µ±-¸Ì¥³Ò ¢Ìµ¤ÖÐ¨Ì ¢ ´¥¥ Ô²¥³¥´Éµ¢.

�¨¸. 7. �²µ±-¸Ì¥³  ·¥ ±Éµ·  ˆ��-2
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�¨¸. 8. �²µ±-¸Ì¥³  ±¨´¥É¨±¨ ·¥ ±Éµ· 

�¨¸. 9. �²µ±-¸Ì¥³  ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨

�¨¸. 10. �²µ±-¸Ì¥³   ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ· 



�Š‘�…�ˆŒ…�’�‹œ��… ˆ Œ�„…‹œ��… ˆ‘‘‹…„�‚��ˆ… 951

�·¨³¥·Ò ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ·¥ ±Éµ·  ˆ��-2. �¥-
¦¨³ ¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö. „²Ö  ´ ²¨§  ¨§³¥´¥´¨° ¢ ¤¨´ ³¨±¥ ·¥ ±Éµ·  ˆ��-2
¶·µ¢µ¤¨É¸Ö ¨§³¥·¥´¨¥ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨
¶·¨ ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥ ±É¨¢´µ¸É¨ ¸ ¢Ò¢¥¤¥´´Ò³ ¨§ ±µ´ÉÊ·  ·¥-
£Ê²¨·µ¢ ´¨Ö ��. �µ ¨§³¥·¥´´Ò³ ¤ ´´Ò³ ¢ÒÎ¨¸²ÖÕÉ¸Ö §´ Î¥´¨Ö ¶ · ³¥É·µ¢
Œ�‘, µ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ´ ¨²ÊÎÏ¥¥ ¶·¨¡²¨¦¥´¨¥ ¢ÒÎ¨¸²¥´´µ£µ ¶¥·¥Ìµ¤´µ£µ
¶·µÍ¥¸¸ , ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ÔÉ¨³ ¶ · ³¥É· ³, ± § ·¥£¨¸É·¨·µ¢ ´´µ³Ê.

ˆ§³¥·¥´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ Œ�‘ ¢¢µ¤ÖÉ¸Ö ¢ ³µ¤¥²Ó ¤¨´ ³¨±¨.

�¨¸. 11. �¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸ µÉ´µ-
¸¨É¥²Ó´µ£µ µÉ±²µ´¥´¨Ö Ô´¥·£¨¨ ¨³-
¶Ê²Ó¸  ³µÐ´µ¸É¨ ∆eu (1) ¶·¨ ¶·Ö-
³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥ ±É¨¢´µ-
¸É¨ ρ = ±0, 0365 βu (2) ¸ ¶¥·¨µ-
¤µ³ 160 ¨³¶Ê²Ó¸µ¢, n Å ´µ³¥· ¨³-
¶Ê²Ó¸ . ‘·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ·¥ ±Éµ· 
1,415 Œ‚É. ◦ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ∆eu, ±·¨¢Ò¥ ¸µµÉ¢¥É¸É¢ÊÕÉ
¤¥¸ÖÉµ³Ê ¶¥·¨µ¤Ê ±µ²¥¡ ´¨°

‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´  ·¨¸. 11 ¶·¨¢¥¤¥´ µ¤¨´ ¨§ ¶µ¸²¥¤´¨Ì § ·¥£¨¸É·¨-
·µ¢ ´´ÒÌ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢. ’ ³ ¦¥ ¶·¨¢¥¤¥´ ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸,
¶µ²ÊÎ¥´´Ò° ´  ³µ¤¥²¨, ±µÉµ·Ò° ¨ ±µ²¨Î¥¸É¢¥´´µ, ¨ ± Î¥¸É¢¥´´µ Ìµ·µÏµ
¶·¨¡²¨¦ ¥É¸Ö ± § ·¥£¨¸É·¨·µ¢ ´´µ³Ê. �¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸ ¸µµÉ¢¥É¸É¢Ê¥É
Ô±¸¶¥·¨³¥´ÉÊ, ¶·µ¢¥¤¥´´µ³Ê ¢ 2002 £. ¶·¨ ³µÐ´µ¸É¨ ·¥ ±Éµ·  1,415 Œ‚É,
· ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î ¨ ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥ ±É¨¢´µ¸É¨
±0, 0365 βu. ‘³µ¤¥²¨·µ¢ ´´Ò° ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸ ¸µµÉ¢¥É¸É¢Ê¥É ¶ · ³¥-
É· ³ Œ�‘, ¶·¥¤¸É ¢²¥´´Ò³ ¢ É ¡². 3.

’ ¡²¨Í  3. � · ³¥É·Ò Œ�‘ ¤²Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1,415 Œ‚É

j 1 2 3

ŠµÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ kθj , βu/Œ‚É −6,1 3,8 −0,44

�µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ Tθj , c 7,9 4,8 0,19

ŠµÔËË¨Í¨¥´É ´¥²¨´¥°´µ¸É¨ cj , β−1
u −0,1 1,5 −9,9

�¥¦¨³ · ¡µÉÒ ¸  ¢Éµ³ É¨Î¥¸±¨³ ·¥£Ê²ÖÉµ·µ³. „²Ö ·¥ ±Éµ·  ˆ��-2
¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ 1,415 Œ‚É ¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î ¸ ¶ · -
³¥É· ³¨ Œ�‘, Ê± § ´´Ò³¨ ¢ É ¡². 3, ¸³µ¤¥²¨·µ¢ ´Ò ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò
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¶·¨ · §²¨Î´ÒÌ ±µ³¡¨´ Í¨ÖÌ ¶ · ³¥É·µ¢  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  (q ¨ ∆)
¨ · §²¨Î´ÒÌ ¢ ·¨ ´É Ì ¢µ§³ÊÐ¥´¨° ·¥ ±É¨¢´µ¸É¨:

 ) ¸± Îµ± ·¥ ±É¨¢´µ¸É¨ ρF = −0, 1 βu;
¡) ¸²ÊÎ °´Ò¥ ¢µ§³ÊÐ¥´¨Ö ·¥ ±É¨¢´µ¸É¨ ¸ ´µ·³ ²Ó´Ò³ § ±µ´µ³ · ¸¶·¥-

¤¥²¥´¨Ö ¸ ¤¨¸¶¥·¸¨¥° σ2 = 0, 052 β2
u;

�¨¸. 12. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨ ˆ��-2 ¶·¨ ¸± Î±¥ ·¥ ±É¨¢´µ¸É¨ −0, 1 βu,
¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1,415 Œ‚É ¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î.  ) �� µÉ-
±²ÕÎ¥´; ¡Ä¥) �� ¢±²ÕÎ¥´, q = 1 (¡); 4 (¢); 8 (£); 16 (¤); 32 (¥). 1 Å ∆ = 0, 05; 2 Å
∆ = 0, 10; 3 Å ∆ = 0, 15; 4 Å ∆ = 0, 20
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¢) ¢µ§³ÊÐ¥´¨¥ ·¥ ±É¨¢´µ¸É¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ¸Ê³³Ê ¸²ÊÎ °´µ£µ ¢µ§-
³ÊÐ¥´¨Ö ¸µ£² ¸´µ ¢ ·¨ ´ÉÊ (¡) ¨ µ¤´µ¢·¥³¥´´µ Î¥ÉÒ·¥Ì ¸¨´Ê¸µ¨¤ ²Ó´ÒÌ ¸µ-
¸É ¢²ÖÕÐ¨Ì ¸µµÉ¢¥É¸É¢¥´´µ ¸  ³¶²¨ÉÊ¤ ³¨ 0,03; 0,024; 0,009; 0,003 βu, ¸
Î ¸ÉµÉ ³¨ 0,8; 1,25; 1,6; 1,8 ƒÍ ¨ Ë § ³¨ (¢Ò¡· ´´Ò³¨ ¶·µ¨§¢µ²Ó´µ) 0; 0,4;
0,8; 1,2 · ¤. ’ ±µ¥ ¢µ§³ÊÐ¥´¨¥ ¡²¨§±µ ± ·¥ ²Ó´µ³Ê ¤²Ö ˆ��-2.

Œµ¤¥²¨·µ¢ ²¨¸Ó ¶·µÍ¥¸¸Ò ± ± ¶·¨ ÏÉ É´ÒÌ §´ Î¥´¨ÖÌ q = 4, 8, 16 ¨
32, É ± ¨ ¶·¨ q = 1, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É µÉ¸ÊÉ¸É¢¨Õ ¡²µ±  ¸£² ¦¨¢ ´¨Ö. „²Ö
¸· ¢´¥´¨Ö ³µ¤¥²¨·µ¢ ²¨¸Ó É ±¦¥ ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ¸± Î±¥ ·¥ ±É¨¢-
´µ¸É¨ ¸ µÉ±²ÕÎ¥´´Ò³ ��. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ¸± Î±¥ ·¥ ±É¨¢´µ¸É¨
(¢ ·¨ ´É ( )) ¶µ± § ´Ò ´  ·¨¸. 12,   (¡¥§ ��) ¨ ´  ·¨¸. 12, ¡Ä¥ (¸ ��).

�´ ²µ£¨Î´Ò¥ ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¸³µ¤¥²¨·µ¢ ´Ò ¨ ¤²Ö ·¥¦¨³  · ¡µÉÒ
ˆ��-2 ¸µ ¸·¥¤´¥° ³µÐ´µ¸ÉÓÕ 1,87 Œ‚É ¶·¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 80 ³3/Î.
� · ³¥É·Ò Œ�‘ Ê± § ´Ò ¢ É ¡². 4.

’ ¡²¨Í  4. � · ³¥É·Ò Œ�‘ ¤²Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1,87 Œ‚É

j 1 2 3 4 5

ŠµÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ kθj , βu/Œ‚É −8,14 6,98 0 8,5 −15,49

�µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ Tθj , c 5,8 4,5 Å 450 820

ŠµÔËË¨Í¨¥´É ´¥²¨´¥°´µ¸É¨ cj , β−1
u −0,012 −0,27 0 Å Å

�¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ¸± Î±¥ ·¥ ±É¨¢´µ¸É¨ (¢ ·¨ ´É ( )) ¶µ± § ´Ò
´  ·¨¸. 13,   (¡¥§ ��) ¨ ´  ·¨¸. 13, ¡Ä¤ (¸ ��).

‚ ¶·¨¢¥¤¥´´ÒÌ ·¨¸Ê´± Ì ¶·µ¸³ É·¨¢ ÕÉ¸Ö ¸²¥¤ÊÕÐ¨¥ § ±µ´µ³¥·´µ¸É¨.
�·¨ Ë¨±¸¨·µ¢ ´´ÒÌ §´ Î¥´¨ÖÌ q ¤²¨É¥²Ó´µ¸ÉÓ ¶¥·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸ 

Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ ·µ¸Éµ³ ¶ · ³¥É·  ∆, É. ¥. ¸ Ê³¥´ÓÏ¥´¨¥³ ¸±µ·µ¸É¨ ��
(·¨¸. 12 ¨ 13).

� ¨³¥´ÓÏ¨¥ ±µ²¥¡ ´¨Ö ¸µµÉ¢¥É¸É¢ÊÕÉ §´ Î¥´¨Õ q = 1, É. ¥. ´ ¡²Õ¤ ÕÉ¸Ö
¶·¨ µÉ¸ÊÉ¸É¢¨¨ ¡²µ±  ¸£² ¦¨¢ ´¨Ö �� (·¨¸. 12, ¡ ¨ 13, ¡). ‘ Ê¢¥²¨Î¥´¨¥³ q ±µ-
²¥¡ É¥²Ó´µ¸ÉÓ Ê¢¥²¨Î¨¢ ¥É¸Ö (·¨¸. 12, ¡Ä¥ ¨ ·¨¸. 13, ¡Ä£). �·¨ ¸·¥¤´¥° ³µÐ´µ-
¸É¨ 1,87 Œ‚É ¶·¨ q = 16 ±µ²¥¡ ´¨Ö · ¸± Î¨¢ ÕÉ¸Ö (·¨¸. 13, ¤), É. ¥. ¶·¨ É ±¨Ì
¸µµÉ´µÏ¥´¨ÖÌ ¶ · ³¥É·µ¢ ³µ¤¥²Ó ·¥ ±Éµ·  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´¥Ê¸Éµ°Î¨¢ÊÕ
¸¨¸É¥³Ê ¨ ¶µÔÉµ³Ê ·¥¦¨³ · ¡µÉÒ ¸µ ¸·¥¤´¥° ³µÐ´µ¸ÉÓÕ 1,87 Œ‚É ¨ · ¸Ìµ¤¥
É¥¶²µ´µ¸¨É¥²Ö 80 ³3/Î ¸²¥¤Ê¥É · ¸¸³ É·¨¢ ÉÓ ± ± ´¥¦¥² É¥²Ó´Ò°.

’ ±¨³ µ¡· §µ³, ¥¸²¨ ÊÎ¨ÉÒ¢ ÉÓ ²¨ÏÓ ·¥£Ê²Ö·´Ò¥ ¢µ§³ÊÐ¥´¨Ö ·¥ ±É¨¢´µ-
¸É¨, Éµ ´ ¨²ÊÎÏ¨¥ ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ´ ¡²Õ¤ ÕÉ¸Ö ¶·¨ §´ Î¥´¨ÖÌ ¶ · -
³¥É·µ¢ �� q = 1 ¨ ∆ = 0, 05.

�  ·¨¸. 14 ¤²Ö ·¥¦¨³  · ¡µÉÒ ˆ��-2 ¸µ ¸·¥¤´¥° ³µÐ´µ¸ÉÓÕ 1,415 Œ‚É
¶·¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î ¶µ± § ´Ò § ¢¨¸¨³µ¸É¨ ¸·¥¤´¥±¢ ¤· É¨-
Î¥¸±¨Ì µÉ±²µ´¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ σ, ¢ÒÎ¨¸²¥´´ÒÌ §  ¨´É¥·-
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�¨¸. 13. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ³µÐ´µ¸É¨ ˆ��-2 ¶·¨ ¸± Î±¥ ·¥ ±É¨¢´µ¸É¨ −0, 1 βu,
¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1,87 Œ‚É ¨ · ¸Ìµ¤¥ É¥¶²µ´µ¸¨É¥²Ö 80 ³3/Î.  ) �� µÉ-
±²ÕÎ¥´; ¡Ä¤) �� ¢±²ÕÎ¥´, q = 1 (¡); 4 (¢); 8 (£); 16 (¤). 1 Å ∆ = 0, 05; 2 Å ∆ = 0, 10;
3 Å ∆ = 0, 15; 4 Å ∆ = 0, 20
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�¨¸. 14. ‘·¥¤´¥±¢ ¤· É¨Î¥¸±µ¥ µÉ±²µ-
´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ σ
¢ § ¢¨¸¨³µ¸É¨ µÉ ¶ · ³¥É·µ¢ �� q ¨ ∆.
‘·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ·¥ ±Éµ·  1,415 Œ‚É,
· ¸Ìµ¤ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î. Š·¨-
¢Ò¥ 1 ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ °´µ³Ê ¢µ§-
³ÊÐ¥´¨Õ ·¥ ±É¨¢´µ¸É¨ ¸ ¤¨¸¶¥·¸¨¥°
0, 052 β2

u. Š·¨¢Ò¥ 2 ¸µµÉ¢¥É¸É¢ÊÕÉ Éµ³Ê
¦¥ ¸²ÊÎ °´µ³Ê ¢µ§³ÊÐ¥´¨Õ ·¥ ±É¨¢´µ-
¸É¨ ¸ ¤µ¡ ¢²¥´¨¥³ ·¥£Ê²Ö·´µ£µ ¢µ§³Ê-
Ð¥´¨Ö ¢ ¢¨¤¥ ¸Ê³³Ò Î¥ÉÒ·¥Ì ¸¨´Ê¸µ¨-
¤ ²Ó´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì ¸  ³¶²¨ÉÊ¤ ³¨
0,03; 0,024; 0,009; 0,003 βu, ¸ Î ¸Éµ-
É ³¨ 0,8; 1,25; 1,6; 1,8 ƒÍ ¨ Ë § ³¨ 0;
0,4; 0,8; 1,2 · ¤. ‘¶²µÏ´ Ö ±·¨¢ Ö Å
∆ = 0, 05; ÏÉ·¨Ìµ¢ Ö Å ∆ = 0, 10;
ÏÉ·¨Ì¶Ê´±É¨·´ Ö Å ∆ = 0, 15; ÉµÎ¥Î-
´ Ö Å ∆ = 0, 20

¢ ² ¢·¥³¥´¨ 50 ¸ ¶·¨ ¸²ÊÎ °´ÒÌ ¢µ§³ÊÐ¥´¨ÖÌ ·¥ ±É¨¢´µ¸É¨ ¸ ¤¨¸¶¥·¸¨¥°
σ2

ρ = 0, 052 β2
u ¨ · §²¨Î´ÒÌ §´ Î¥´¨ÖÌ ¶ · ³¥É·µ¢ �� q ¨ ∆. „²Ö ÔÉµ£µ

·¥¦¨³  ´  ·¨¸. 15 ¤²Ö ´ £²Ö¤´µ¸É¨ ¶·¥¤¸É ¢²¥´Ò ¶µ± § É¥²¨ ± Î¥¸É¢  ¶¥·¥-
Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ¸µµÉ¢¥É¸É¢¥´´µ ¶·¨ ¸²ÊÎ °´ÒÌ ¨ ¸± Î±µµ¡· §´ÒÌ ¢µ§³ÊÐ¥-
´¨ÖÌ ·¥ ±É¨¢´µ¸É¨: ¸·¥¤´¥±¢ ¤· É¨Î¥¸±µ¥ µÉ±²µ´¥´¨¥ σ ¨ ¶¥·¥·¥£Ê²¨·µ¢ ´¨¥
∆eu max (¶·¨ µÉ·¨Í É¥²Ó´µ³ ¸± Î±¥ ·¥ ±É¨¢´µ¸É¨ ÔÉµ ´ ¨¡µ²ÓÏ¥¥ ¶µ²µ¦¨-
É¥²Ó´µ¥ µÉ±²µ´¥´¨¥ ∆eu µÉ Ê¸É ´µ¢¨¢Ï¥£µ¸Ö §´ Î¥´¨Ö).

ˆ§ ·¨¸. 14 ¨ 15 ¢¨¤´µ, ÎÉµ ¶·¨ Ë¨±¸¨·µ¢ ´´ÒÌ q ¸·¥¤´¥±¢ ¤· É¨Î¥¸±µ¥
µÉ±²µ´¥´¨¥ σ Ê³¥´ÓÏ ¥É¸Ö ¸ Ê¢¥²¨Î¥´¨¥³ ∆. �¤´ ±µ ÔÉµÉ ¢Ò¨£·ÒÏ ´¥§´ -
Î¨É¥²Ó´Ò°. ’ ±, ¸ ¨§³¥´¥´¨¥³ ∆ µÉ 0,05 ¤µ 0,20 ¶·¨ q = 1 ¨§³¥´¥´¨¥ σ

�¨¸. 15. ‡ ¢¨¸¨³µ¸ÉÓ ¶µ± § É¥²¥° ± Î¥¸É¢ 
¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ µÉ ¶ · ³¥É·µ¢ �� q ¨
∆. ‘·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ·¥ ±Éµ·  1,415 Œ‚É,
· ¸Ìµ¤ É¥¶²µ´µ¸¨É¥²Ö 90 ³3/Î, ¶ · ³¥É·Ò
³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨ kθj = −6, 1;
3, 8; −0, 44 βu/Œ‚É, Tθj = 7, 9; 4, 8; 0, 19 ¸,
cj = −0, 1; 1, 5; −9, 9 β−1

u . σ Å ¸·¥¤´¥-
±¢ ¤· É¨Î¥¸±µ¥ µÉ±²µ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸µ¢ ³µÐ´µ¸É¨ ¶·¨ ¸²ÊÎ °´µ³ ¢µ§³ÊÐ¥´¨¨
·¥ ±É¨¢´µ¸É¨ 0, 052β−2

u ; ∆eu max Å ´ ¨-
¡µ²ÓÏ¥¥ ¶µ²µ¦¨É¥²Ó´µ¥ µÉ±²µ´¥´¨¥ Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ (¶¥·¥·¥£Ê²¨·µ¢ -
´¨¥) ¶·¨ ¸± Î±µµ¡· §´µ³ ¢µ§³ÊÐ¥´¨¨ ·¥ ±-
É¨¢´µ¸É¨ −0, 1 βu
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¸µ¸É ¢²Ö¥É 8 % (µÉ 0,0556 ¤µ 0,0513),   ¶·¨ q = 4 · ¢´µ 4 % (µÉ 0,0528
¤µ 0,0507).

’ ±¨³ µ¡· §µ³, ¥¸²¨ ÊÎ¨ÉÒ¢ ÉÓ ·¥£Ê²Ö·´Ò¥ ¨ ¸²ÊÎ °´Ò¥ ¢µ§³ÊÐ¥´¨Ö ·¥-
 ±É¨¢´µ¸É¨, Éµ Í¥²¥¸µµ¡· §´µ ¢Ò¡¨· ÉÓ q = 1 ¨²¨ 4 (¢µ ¢¸Ö±µ³ ¸²ÊÎ ¥, ´¥
¸²¥¤Ê¥É ¢Ò¡¨· ÉÓ q > 4). ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ³µ¦´µ ¸¤¥² ÉÓ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ¶·¨-
´ÖÉÒ¥ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ´  ˆ��-2 §´ Î¥´¨Ö ¶ · ³¥É·µ¢ �� q = 8 ¨ ∆ = 0, 20
´¥²Ó§Ö ¸Î¨É ÉÓ ¶µ²´µ¸ÉÓÕ µ¶É¨³ ²Ó´Ò³¨ (µ´¨ µ¶É¨³ ²Ó´Ò ¶·¨ ÊÎ¥É¥ ²¨ÏÓ
¸²ÊÎ °´ÒÌ ¸µ¸É ¢²ÖÕÐ¨Ì ·¥ ±É¨¢´µ¸É¨).

�  ·¨¸. 14 ¶µ± § ´Ò É ±¦¥ § ¢¨¸¨³µ¸É¨ σ ¤²Ö ¢ ·¨ ´É  (¢), ¢ ±µÉµ·µ³
± ¸²ÊÎ °´Ò³ ¢µ§³ÊÐ¥´¨Ö³ ·¥ ±É¨¢´µ¸É¨ ¤µ¡ ¢²¥´Ò ·¥£Ê²Ö·´Ò¥ ¢µ§³ÊÐ¥´¨Ö
¢ ¢¨¤¥ Î¥ÉÒ·¥Ì ¸¨´Ê¸µ¨¤ ²Ó´ÒÌ ¸¨£´ ²µ¢. ’ ±µ° ¢¨¤ ÏÊ³µ¢ Ì · ±É¥·¥´ ¤²Ö
´µ·³ ²Ó´µ° · ¡µÉÒ ·¥ ±Éµ· . ˆ§ ·¨¸. 14 ¢¨¤´µ, ÎÉµ ¢ ÔÉµ³ ¸²ÊÎ ¥ Ì · ±É¥·
σ ´¥ ¨§³¥´¨²¸Ö ¶µ ¸· ¢´¥´¨Õ ¸ ¢ ·¨ ´Éµ³ (¡) (Ì · ±É¥·¨§ÊÕÐ¨³¸Ö Éµ²Ó±µ
¸²ÊÎ °´Ò³¨ ¢µ§³ÊÐ¥´¨Ö³¨), ´µ §´ Î¥´¨¥ σ, ¥¸É¥¸É¢¥´´µ, Ê¢¥²¨Î¨²µ¸Ó.

�¥¶·¥·Ò¢´ Ö ( ´ ²µ£µ¢ Ö) ³µ¤¥²Ó ¤¨´ ³¨±¨ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ· 
ˆ��-2 ¸ Ê¸·¥¤´¥´´Ò³¨ ¶µ ¶¥·¨µ¤Ê ¶¥·¥³¥´´Ò³¨. �¡µ¸´µ¢ ´¨¥ ¸µ§¤ ´¨Ö
³µ¤¥²¨. ‚ É¥µ·¨¨  ¢Éµ³ É¨Î¥¸±µ£µ Ê¶· ¢²¥´¨Ö ´ ¨¡µ²¥¥ Ê¤µ¡´Ò¥ ³¥Éµ¤Ò ¨¸-
¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ ¸¨¸É¥³ · §· ¡µÉ ´Ò ¤²Ö ´¥¶·¥·Ò¢´ÒÌ ¸¨¸É¥³  ¢Éµ³ É¨-
Î¥¸±µ£µ Ê¶· ¢²¥´¨Ö. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ · §· ¡µÉ ´ ¢ ·¨ ´É Ê¶·µÐ¥´´µ° ´¥¶·¥-
·Ò¢´µ° ³µ¤¥²¨ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2, ¢ ±µÉµ·µ° ¢ ± Î¥¸É¢¥ ¶¥·¥³¥´-
´ÒÌ ¨¸¶µ²Ó§µ¢ ´Ò ´¥¶·¥·Ò¢´Ò¥ ¢¥²¨Î¨´Ò, ¶µ²ÊÎ¥´´Ò¥ ¨§ ¤¨¸±·¥É´ÒÌ ¶ÊÉ¥³
Ê¸·¥¤´¥´¨Ö ¨Ì ¶µ ¶¥·¨µ¤Ê ¸²¥¤µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨. �¥¶·¥·Ò¢´ Ö ³µ-
¤¥²Ó Ö¢²Ö¥É¸Ö Ê¶·µÐ¥´´Ò³ Ô±¢¨¢ ²¥´Éµ³ ¤¨¸±·¥É´µ° ³µ¤¥²¨. ‚ ´¥¶·¥·Ò¢´µ°
³µ¤¥²¨ ´¥²¨´¥°´ Ö § ¢¨¸¨³µ¸ÉÓ M = f(εm)  ¶¶·µ±¸¨³¨·µ¢ ´  Ô±¸¶µ´¥´Éµ°,
ÎÉµ ¤µ¶Ê¸É¨³µ, ±µ£¤  Ô´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨§³¥´Ö¥É¸Ö ´¥ ¡µ²¥¥ Î¥³ ¢
3Ä4 · §  µÉ´µ¸¨É¥²Ó´µ ¡ §µ¢µ£µ §´ Î¥´¨Ö. �  ·¥ ±Éµ·¥ ˆ��-2 ¶·¥¤Ê¸³µÉ·¥´µ
¸· ¡ ÉÒ¢ ´¨¥  ¢ ·¨°´µ° § Ð¨ÉÒ ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨
´  +100 ¨ −50% µÉ ¡ §µ¢µ£µ Ê·µ¢´Ö. �µÔÉµ³Ê Ô±¸¶µ´¥´Í¨ ²Ó´ Ö  ¶¶·µ±-
¸¨³ Í¨Ö ¶·¨³¥´¨³  ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¢¸¥Ì ·¥¦¨³µ¢ · ¡µÉÒ ·¥ ±Éµ· , ¢
±µÉµ·ÒÌ ¶·¥¤¶µ² £ ¥É¸Ö ¨¸¶· ¢´µ¸ÉÓ  ¢ ·¨°´µ° § Ð¨ÉÒ.

�²µ±-¸Ì¥³Ò. ‚ ¤¨¸±·¥É´µ° ³µ¤¥²¨ ¢ ± Î¥¸É¢¥ ¶¥·¥³¥´´ÒÌ ¨¸¶µ²Ó§ÊÕÉ¸Ö
Ô´¥·£¨Ö ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨, Ô´¥·£¨Ö Ëµ´  ¨ ¶µ²´ Ö (¸Ê³³ ·´ Ö) Ô´¥·£¨Ö,
¢Ò¤¥²Ö¥³ Ö §  ¶¥·¨µ¤. ‚ ´¥¶·¥·Ò¢´µ° ³µ¤¥²¨ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ¨³ ³µÐ´µ¸É¨, Ê¸·¥¤´¥´´Ò¥ ¶µ ¶¥·¨µ¤Ê ¨³¶Ê²Ó¸µ¢. ’ ±¦¥ ¶µ ¶¥·¨µ¤Ê
Ê¸·¥¤´ÖÕÉ¸Ö ¨ ¤·Ê£¨¥ ¶¥·¥³¥´´Ò¥. �¥£Ê²¨·Ê¥³µ° ¢¥²¨Î¨´µ° ¢ ´¥¶·¥·Ò¢´µ°
³µ¤¥²¨ Ö¢²Ö¥É¸Ö µÉ´µ¸¨É¥²Ó´µ¥ µÉ±²µ´¥´¨¥ ³µÐ´µ¸É¨ (µ¡Ê¸²µ¢²¥´´µ° ¨³-
¶Ê²Ó¸µ³ ³µÐ´µ¸É¨) µÉ ¸¢µ¥£µ ¡ §µ¢µ£µ §´ Î¥´¨Ö

∆pu = Pu/P 0
u , (50)

±µÉµ·µ¥ Î¨¸²¥´´µ · ¢´µ µÉ´µ¸¨É¥²Ó´µ³Ê µÉ±²µ´¥´¨Õ Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ∆eu,
¨¸¶µ²Ó§Ê¥³µ³Ê ¢ ± Î¥¸É¢¥ ·¥£Ê²¨·Ê¥³µ° ¢¥²¨Î¨´Ò ¢ ¤¨¸±·¥É´µ° ³µ¤¥²¨.
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�¨¸. 16. �²µ±-¸Ì¥³  ·¥ ±Éµ·  ˆ��-2 ¸ Ê¸·¥¤´¥´´Ò³¨ ¶µ ¶¥·¨µ¤Ê ¶¥·¥³¥´´Ò³¨

�²µ±-¸Ì¥³Ò ·¥ ±Éµ·  ˆ��-2 ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¥£µ ¤¨´ ³¨±¨ ¶µ± § ´Ò
´  ·¨¸. 16Ä19, £¤¥ ¨¸¶µ²Ó§µ¢ ´Ò ¸²¥¤ÊÕÐ¨¥ µ¡µ§´ Î¥´¨Ö, ¶·¨Î¥³ ¢¥·Ì´¨³
´Ê²¥¢Ò³ ¨´¤¥±¸µ³ ¶µ³¥Î¥´Ò ¡ §µ¢Ò¥ §´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ, ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ·¥¦¨³Ê ¸µ ¸É ¡¨²Ó´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ³µÐ´µ¸É¨: Tu Å ¶¥·¨µ¤ ¸²¥¤µ¢ -
´¨Ö ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ (¢ ¸); Pu, PË, P = Pu + PË Å ¸µµÉ¢¥É¸É¢¥´´µ
³µÐ´µ¸ÉÓ, µ¡Ê¸²µ¢²¥´´ Ö ¨³¶Ê²Ó¸µ³ ³µÐ´µ¸É¨, Ëµ´µ³ ¨ ¶µ²´ Ö (¢ Œ‚É);
∆Pu = Pu − P 0

u , ∆pu = ∆Pu/P 0
u , ∆P = P − P 0, ∆p = ∆P/P 0 Å ¸µµÉ¢¥É-

¸É¢¥´´µ µÉ±²µ´¥´¨¥ µÉ ¸¢µ¥£µ ¡ §µ¢µ£µ §´ Î¥´¨Ö ³µÐ´µ¸É¨, µ¡Ê¸²µ¢²¥´´µ°

�¨¸. 17. �²µ±-¸Ì¥³  ±¨´¥É¨±¨ ¤²Ö Ê¸·¥¤´¥´´µ° ³µ¤¥²¨
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�¨¸. 18. �²µ±-¸Ì¥³  Œ�‘ ¤²Ö Ê¸·¥¤´¥´´µ° ³µ¤¥²¨

¨³¶Ê²Ó¸µ³ ³µÐ´µ¸É¨ (¢ Œ‚É ¨ ¢ µÉ´. ¥¤.), ¨ Éµ ¦¥ ¤²Ö ¶µ²´µ° ³µÐ´µ¸É¨;
∆p̃u Å ¸£² ¦¥´´ Ö ¢¥²¨Î¨´  µÉ´µ¸¨É¥²Ó´µ£µ µÉ±²µ´¥´¨Ö ∆pu; εm, ε0

m Å ¸µ-
µÉ¢¥É¸É¢¥´´µ ´ ¨¡µ²ÓÏ¥¥ §´ Î¥´¨¥ ·¥ ±É¨¢´µ¸É¨ ¢  ¡¸. ¥¤. ¨ ¥¥ ¡ §µ¢µ¥ §´ -
Î¥´¨¥; βu Å ¨³¶Ê²Ó¸´ Ö ¤µ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢, · ¢´ Ö ¤²Ö ˆ��-2
βu = 1, 6 ·10−4; ρF , ρA, ρθ, ρ = ρF +ρA +ρθ Å ¸µµÉ¢¥É¸É¢¥´´µ ·¥ ±É¨¢´µ¸ÉÓ
¢ ¤µ²ÖÌ βu, µ¡Ê¸²µ¢²¥´´ Ö ¢´¥Ï´¨³¨ Ë ±Éµ· ³¨ (¢µ§³ÊÐ¥´¨¥³),  ¢Éµ³ É¨Î¥-
¸±¨³ ·¥£Ê²ÖÉµ·µ³, ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§ÓÕ ¨ ¸Ê³³ ·´ Ö; ρθ1 ÷ ρθ5 Å
¸µ¸É ¢²ÖÕÐ¨¥ ·¥ ±É¨¢´µ¸É¨ Œ�‘ (¢ ¤µ²ÖÌ βu); c1, c2, c3 Å ¶ · ³¥É·Ò
´¥²¨´¥°´µ¸É¨ ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨ Œ�‘ ¢ β−1

u ; ∆si = (Si − S0
i )/S0,

∆s =
6∑

i=1

∆si = (S−S0)/S Å ¸µµÉ¢¥É¸É¢¥´´µ µÉ±²µ´¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¨¸-

�¨¸. 19. �²µ±-¸Ì¥³  �� ¤²Ö Ê¸·¥¤´¥´´µ° ³µ¤¥²¨
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ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ £·Ê¶¶Ò i (Si) ¨ ¸Ê³³ ·´µ° ¨´É¥´¸¨¢´µ-
¸É¨ (S) µÉ ¨Ì ¡ §µ¢ÒÌ §´ Î¥´¨° ¢ µÉ´. ¥¤.; ∆P1, ∆P2, ∆P3 Å ¶·µ³¥¦ÊÉµÎ´Ò¥
¶¥·¥³¥´´Ò¥, µ¡Ê¸²µ¢²¥´´Ò¥ ´¥²¨´¥°´µ¸ÉÖ³¨ ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨ É·¥Ì

¸µ¸É ¢²ÖÕÐ¨Ì ¡Ò¸É·µ° Œ�‘; kË =
βTu

∆KMP − εm

6∑
i=1

µiλi
exp (−λiTu)

1 − exp (−λiTu)
Å

±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨, ¸¢Ö§Ò¢ ÕÐ¨° ³µÐ´µ¸ÉÓ Ëµ´  (¢ µÉ´. ¥¤.) ¸ ¨¸ÉµÎ-
´¨± ³¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ (¢ µÉ´. ¥¤.); ∆KMP = 3, 145 · 10−2 Å
ÔËË¥±É¨¢´µ¸ÉÓ ³µ¤Ê²ÖÉµ·  ·¥ ±É¨¢´µ¸É¨ (��� ¨ „��).

�¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨. ‚ ¶¥·¥¤ ÉµÎ´ÒÌ ËÊ´±Í¨ÖÌ ¶¥·¥³¥´´ Ö ¶·¥µ¡· -
§µ¢ ´¨Ö ‹ ¶² ¸  ( ·£Ê³¥´É) µ¡µ§´ Î¥´  ¡Ê±¢µ° s.

‡ ¶ §¤Ò¢ ÕÐ¨³ ´¥°É·µ´ ³ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ ¶¥·¥¤ ÉµÎ´Ò¥
ËÊ´±Í¨¨:

Ws(s) =
∆ s(s)
∆ p(s)

=
6∑

i=1

Wsi(s), (51)

Wsi(s) =
∆ si(s)
∆ p(s)

=
µi exp (−λiTu/2)

Tsis + 1
exp

(
−Tu

2
s

)
, (52)

£¤¥ µi exp (−λiTu/2) Å ±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨,   Tsi = 1/λi Å ¶µ¸ÉµÖ´´ Ö
¢·¥³¥´¨ (¢ ¸) ¤²Ö i-° £·Ê¶¶Ò § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢.

ŒµÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ ¶¥·¥¤ ÉµÎ´Ò¥
ËÊ´±Í¨¨:

Wθj(s) =
ρθj(s)
∆P (s)

=
kθj exp (−0, 5Tu/Tθj)

Tθjs + 1
exp

(
−Tu

2
s

)
, (53)

£¤¥ Tθj , kθj exp (−0, 5Tu/ Tθj) Å ¸µµÉ¢¥É¸É¢¥´´µ ¶µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ (¢ ¸) ¨
±µÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ (βu /Œ‚É) ¤²Ö j-° ¸µ¸É ¢²ÖÕÐ¥° Œ�‘, j = 1, . . . , 5.

‚ ·¥ ±Éµ·¥ ˆ��-2 ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¨§³¥´Ö¥É¸Ö
± ± ¨´É¥´¸¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢, É ± ¨ ·¥ ±É¨¢´µ¸ÉÓ
Œ�‘. �É¨ ¨§³¥´¥´¨Ö ¢²¨ÖÕÉ ´  ¶µ¸²¥¤ÊÕÐ¨¥ ¨³¶Ê²Ó¸Ò ³µÐ´µ¸É¨. �·¥¤¶µ-
² £ ¥É¸Ö, ÎÉµ Œ�‘ ´¥ ¶·µÖ¢²Ö¥É ¸¥¡Ö ¢ É¥±ÊÐ¥³ ¨³¶Ê²Ó¸¥ ³µÐ´µ¸É¨. �·¥¤-
¶µ² £ ¥É¸Ö, ÎÉµ ¨§³¥´¥´¨¥ ¨´É¥´¸¨¢´µ¸É¨ ¨¸ÉµÎ´¨±µ¢ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·µ´µ¢ ¢²¨Ö¥É ± ± ´  ¶µ¸²¥¤ÊÕÐ¨¥ ¨³¶Ê²Ó¸Ò ³µÐ´µ¸É¨, É ± ¨ ´  É¥±ÊÐ¨°
(¶µ¸²¥¤´¥¥ ÊÎÉ¥´µ ¶·¨ ¢ÒÎ¨¸²¥´¨¨ ¨³¶Ê²Ó¸´µ£µ ±µÔËË¨Í¨¥´É  Ê³´µ¦¥´¨Ö
M ). �¥§Ê²ÓÉ Éµ³ ÔÉ¨Ì ¶·¥¤¶µ²µ¦¥´¨° Ö¢²Ö¥É¸Ö ¶µÖ¢²¥´¨¥ ¢ ¶¥·¥¤ ÉµÎ´ÒÌ
ËÊ´±Í¨ÖÌ Wsi(s) ¨ Wθj(s) Ô²¥³¥´Éµ¢ Î¨¸Éµ£µ § ¶ §¤Ò¢ ´¨Ö ´  ¢·¥³Ö Tu/2
(¶µ²Ê¶¥·¨µ¤) ¢ ¢¨¤¥ ³´µ¦¨É¥²Ö exp (−0, 5 Tu s),   É ±¦¥ ´¥±µÉµ·µ¥ Ê³¥´ÓÏ¥-
´¨¥ ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨, ´  ÎÉµ Ê± §Ò¢ ÕÉ ³´µ¦¨É¥²¨ exp (−λiTu/2) ¨
exp (−0, 5Tu/Tθj).

�¢Éµ³ É¨Î¥¸±µ³Ê ·¥£Ê²ÖÉµ·Ê ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ ¶¥·¥¤ ÉµÎ´Ò¥
ËÊ´±Í¨¨:

WA1(s) =
∆ p̃u(s)
∆ pu(s)

=
1

TAs + 1
, (54)
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WA2(s) =
ρA(s)
δ p̃u(s)

=
kA

s
, (55)

£¤¥ TA Å ¶µ¸ÉµÖ´´ Ö ¢·¥³¥´¨ ¡²µ±  ¸£² ¦¨¢ ´¨Ö (¢ ¸) (TA = q); q Å ¶ -
· ³¥É· ¡²µ±  ¸£² ¦¨¢ ´¨Ö ¢Ìµ¤´µ£µ ¸¨£´ ²  �� (¶·¥¤Ê¸³µÉ·¥´ ¢Ò¡µ· µ¤´µ£µ
¨§ Î¥ÉÒ·¥ ¢µ§³µ¦´ÒÌ §´ Î¥´¨° q = 4, 8, 16, 32); kA = 0, 08/∆ Å ±µÔËË¨-
Í¨¥´É ¶¥·¥¤ Î¨ ¤¢¨£ É¥²Ö ¨ ¸É¥·¦´Ö �� ¢ βu/c; ∆ Å ¸±µ·µ¸É´µ° ¶ · ³¥É·
¤¢¨£ É¥²Ö �� (¶·¥¤Ê¸³µÉ·¥´ ¢Ò¡µ· µ¤´µ£µ ¨§ Î¥ÉÒ·¥Ì ¢µ§³µ¦´ÒÌ §´ Î¥´¨°
∆ = 0, 05; 0, 10; 0, 15; 0, 20); δp̃u = ∆p̃0

u − ∆p̃u Å ¸¨£´ ² · ¸¸µ£² ¸µ¢ ´¨Ö
(µÏ¨¡±  ·¥£Ê²¨·µ¢ ´¨Ö), · ¢´Ò° · §´µ¸É¨ ³¥¦¤Ê ¡ §µ¢Ò³ §´ Î¥´¨¥³ ¸£² -
¦¥´´µ£µ µÉ´µ¸¨É¥²Ó´µ£µ µÉ±²µ´¥´¨Ö ³µÐ´µ¸É¨ (∆p̃0

u = 0), µ¡Ê¸²µ¢²¥´´Ò³
¨³¶Ê²Ó¸µ³ ³µÐ´µ¸É¨, ¨ ¥£µ É¥±ÊÐ¨³ §´ Î¥´¨¥³ ∆p̃u.

�¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò, ¸³µ¤¥²¨·µ¢ ´´Ò¥ ´  ´¥¶·¥·Ò¢´µ° ³µ¤¥²¨, ¶· ±-
É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¶·µÍ¥¸¸ ³¨, ¶µ²ÊÎ¥´´Ò³¨ ´  ¤¨¸-
±·¥É´µ° ³µ¤¥²¨.

2. �Š‘�…�ˆŒ…�’�‹œ��… ˆ‘‘‹…„�‚��ˆ… „ˆ��Œˆ—…‘Šˆ•
•���Š’…�ˆ‘’ˆŠ �…�Š’��� ˆ��-2

‚ ¶·µÍ¥¸¸¥ Ô±¸¶²Ê É Í¨¨ ¶ · ³¥É·Ò ·¥ ±Éµ·  ¨§³¥´ÖÕÉ¸Ö, ÎÉµ ¢²¨Ö¥É ´ 
¸É¥¶¥´Ó ¥£µ Ê¸Éµ°Î¨¢µ¸É¨. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¶¥·¨µ¤¨Î¥¸±¨ ´  ·¥ ±Éµ·¥ ¶·µ¢µ-
¤ÖÉ¸Ö Ô±¸¶¥·¨³¥´ÉÒ ¸ Í¥²ÓÕ ¶µ²ÊÎ¥´¨Ö ¤¨´ ³¨Î¥¸±µ£µ ®¶µ·É·¥É ¯ ·¥ ±Éµ· .
�¨¦¥ ¶·¨¢¥¤¥´Ò ´¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´Éµ¢, ¶·µ¢¥¤¥´´ÒÌ ¢ 2002 £.

˜Ê³µ¢µ¥ ¸µ¸ÉµÖ´¨¥ ·¥ ±Éµ· . ˆ§³¥·¥´¨¥ ·¥ ±Éµ·´µ£µ ÏÊ³  ¶µ§¢µ²Ö¥É
µ¶·¥¤¥²¨ÉÓ µ¸µ¡¥´´µ¸É¨ ÏÊ³µ¢ ³µÐ´µ¸É¨ ¢ § ¢¨¸¨³µ¸É¨ µÉ ¨§³¥´¥´¨Ö ¸µ¸Éµ-
Ö´¨Ö ·¥ ±Éµ· , ¢Ò¤¥²¨ÉÓ ¨§ µ¡Ð¥£µ ÏÊ³  Î ¸ÉµÉ´ÊÕ µ¡² ¸ÉÓ ´¥¸É ¡¨²Ó´ÒÌ
±µ²¥¡ ´¨° ¨ µ¶·¥¤¥²¨ÉÓ ¥¥ ¸¢Ö§Ó ¸ ·¥ ±Éµ·´Ò³¨ ¶ · ³¥É· ³¨. ˆ§³¥·¥´¨Ö
´¥°É·µ´´ÒÌ ÏÊ³µ¢ ¶·µ¢µ¤¨²¨¸Ó ¸ ¶µ³µÐÓÕ ¨µ´¨§ Í¨µ´´µ° ± ³¥·Ò ¤¥²¥-
´¨Ö ¸ § ¶¨¸ÓÕ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸É¨ §´ Î¥´¨° Ô´¥·£¨¨ ´¥°É·µ´´ÒÌ ¨³¶Ê²Ó¸µ¢.
� · ²²¥²Ó´µ ÏÊ³ ³ ³µÐ´µ¸É¨ ¨§³¥·Ö²¨¸Ó µ¸¥¢Ò¥ µÉ±²µ´¥´¨Ö µ¸´µ¢´µ£µ ¨
¤µ¶µ²´¨É¥²Ó´µ£µ ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥²¥° (���, „��),   É ±¦¥ · ¸¸¨´Ì·µ-
´¨§ Í¨Ö Ê£²  ³¥¦¤Ê ��� ¨ „��. „²¨´  ¢·¥³¥´´µ£µ ·Ö¤  ¤²Ö ± ¦¤µ£µ ¶ · ³¥-
É·  ¸µ¸É ¢²Ö²  8192 §´ Î¥´¨Ö. �µ ¨§³¥·¥´´Ò³ ¢·¥³¥´´Ò³ ·Ö¤ ³ Ê± § ´´ÒÌ
¶ · ³¥É·µ¢ ¶·µ¢µ¤¨² ¸Ó ¸É É¨¸É¨Î¥¸± Ö µ¡· ¡µÉ±  ¸ ¢ÒÎ¨¸²¥´¨¥³ Ë²Ê±ÉÊ-
 Í¨° ·¥ ±É¨¢´µ¸É¨ ¨ ¸¶¥±É· ²Ó´µ£µ ¸µ¸É ¢  ±µ²¥¡ ´¨°. ‚¸¥ ¸¶¥±É·Ò ¡Ò²¨
´µ·³¨·µ¢ ´Ò ´  ¤¨¸¶¥·¸¨Õ σ2

E . ‚ ÔÉµ³ ¸²ÊÎ ¥ Ëµ·³  ¸¶¥±É·  ´¥ § ¢¨¸¥²  µÉ
³µÐ´µ¸É¨ ¨ ¸µµÉ¢¥É¸É¢¥´´µ µÉ Ê·µ¢´Ö ±µ²¥¡ ´¨°. �¸¥¢Ò¥ ±µ²¥¡ ´¨Ö ¶µ¤¢¨¦-
´ÒÌ µÉ· ¦ É¥²¥° (��) ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ¨¸¸²¥¤µ¢ ²¨¸Ó Éµ²Ó±µ ¤²Ö µÍ¥´±¨
¨Ì ¢²¨Ö´¨Ö ´  Ë²Ê±ÉÊ Í¨¨ ³µÐ´µ¸É¨ ¢ ´Ê¦´ÒÌ ¤¨ ¶ §µ´ Ì Î ¸ÉµÉ ¸ É¥³,
ÎÉµ¡Ò ¢±² ¤ ¢¨¡· Í¨° µÉ· ¦ É¥²¥° ¢ ÏÊ³Ò ³µÐ´µ¸É¨ ³µ¦´µ ¡Ò²µ µÉ¤¥²¨ÉÓ
µÉ ¤·Ê£¨Ì ¨¸ÉµÎ´¨±µ¢ ÏÊ³µ¢, ´¥ ¨§³¥·Ö¥³ÒÌ ´¥¶µ¸·¥¤¸É¢¥´´µ. � ·Í¨ ²Ó´Ò¥
±µ²¥¡ ´¨Ö ³µÐ´µ¸É¨, ¢Ò§¢ ´´Ò¥ µ¸¥¢Ò³¨ ¨ ±·ÊÉ¨²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨ ��,
¡Ò²¨ ¢Ò¤¥²¥´Ò ¨§ ¶µ²´ÒÌ ±µ²¥¡ ´¨° ¸ ¶µ³µÐÓÕ ËÊ´±Í¨° ±µ£¥·¥´É´µ¸É¨.
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�¨¸. 20. �É´µ¸¨É¥²Ó´µ¥ ¨§³¥´¥´¨¥
Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ (Eu/E0

u, £¤¥
E0

u Å ¸·¥¤´¥¥ §´ Î¥´¨¥ Ô´¥·£¨¨
¨³¶Ê²Ó¸µ¢) ¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ P
¢ ¶·µÍ¥¸¸¥ ÏÉ É´µ£µ ¢ÒÌµ¤  ·¥ ±-
Éµ·  ´  ³µÐ´µ¸ÉÓ µÉ ∼ 0, 03 ¤µ
1, 47 Œ‚É. n Å ´µ³¥· É¥±ÊÐ¥£µ
¨³¶Ê²Ó¸  ³µÐ´µ¸É¨. �µ²´µ¥ Î¨-
¸²µ § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¨³¶Ê²Ó-
¸µ¢ · ¢´µ 32768

˜Ê³µ¢µ¥ ¸µ¸ÉµÖ´¨¥ ·¥ ±Éµ·  ¢ ¶·µÍ¥¸¸¥ ÏÉ É´µ£µ ¢ÒÌµ¤  ´  ³µÐ-
´µ¸ÉÓ. �´ ²¨§ ·¥ ±Éµ·´µ£µ ÏÊ³  ¢ ¶·µÍ¥¸¸ Ì ÏÉ É´µ£µ ¨§³¥´¥´¨Ö ³µÐ´µ¸É¨
¸ ¶µ³µÐÓÕ  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ¶µ§¢µ²Ö¥É µ¶·¥¤¥²¨ÉÓ µ¸µ¡¥´´µ¸É¨
ÏÊ³µ¢ ¢ µ¡² ¸É¨ §´ Î¥´¨° ³µÐ´µ¸É¨, ±µ´É·µ²¨·Ê¥³µ° ��. ˆ¸¸²¥¤µ¢ ²¨¸Ó
¢·¥³¥´´Ò¥ ·Ö¤Ò, § ·¥£¨¸É·¨·µ¢ ´´Ò¥ ¶·¨ ²¨´¥°´µ³ ¶µ¢ÒÏ¥´¨¨ ³µÐ´µ¸É¨
µÉ 30 ¤µ 1475 ±‚É. �  ·¨¸. 20, ¢ ± Î¥¸É¢¥ ¶·¨³¥· , ¶·¨¢¥¤¥´µ µÉ´µ¸¨É¥²Ó-
´µ¥ ¨§³¥´¥´¨¥ Ô´¥·£¨¨ ´¥°É·µ´´ÒÌ ¨³¶Ê²Ó¸µ¢ ¢ ¶·µÍ¥¸¸¥ ÏÉ É´µ£µ ¶µ¤Ñ¥³ 
³µÐ´µ¸É¨,   ´  ·¨¸. 21 Å ¸¶¥±É·Ò ±µ²¥¡ ´¨° ³µÐ´µ¸É¨. �¨¸. 20 µÉ· ¦ ¥É

�¨¸. 21. • · ±É¥·´µ¥ ¨§³¥´¥´¨¥ ¸¶¥±É· ²Ó´µ° ¶²µÉ´µ¸É¨ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸µ¢ SE µÉ Î ¸ÉµÉÒ f ¢ ¶·µÍ¥¸¸¥ ÏÉ É´µ£µ ¢ÒÌµ¤  ´  ³µÐ´µ¸ÉÓ µÉ ∼ 30 ¤µ 1475 ±‚É
¸ · ¢´µ³¥·´µ° ¸±µ·µ¸ÉÓÕ ¶·¨ ´¥±µÉµ·ÒÌ ¨´É¥·¢ ² Ì ³µÐ´µ¸É¨:  ) 30Ä130; ¡) 1120Ä
1240; ¢) 1240Ä1360; £) 1475 ±‚É
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¢µ§· ¸É ´¨¥ ÏÊ³µ¢ ¶·¨ ³µÐ´µ¸É¨ ·¥ ±Éµ·  ¢ÒÏ¥ 1,34 Œ‚É. �  ·¨¸. 21 ¢¨¤´µ
¶µÖ¢²¥´¨¥ ¶µ·µ£µ¢µ° ±µ³¶µ´¥´ÉÒ ÏÊ³µ¢ ´  Î ¸ÉµÉ Ì µÉ 1,0 ¤µ 1,5 ƒÍ ¨ ¨§-
³¥´¥´¨¥ ´¨§±µÎ ¸ÉµÉ´µ° ±µ³¶µ´¥´ÉÒ ´  Î ¸ÉµÉ¥ 0,1 ƒÍ. �¨±¨ ´  Î ¸ÉµÉ Ì
∼ 0, 80 ¨ ∼ 1, 87 ƒÍ ¢Ò§¢ ´Ò ¢¨¡· Í¨Ö³¨ ¶µ¤¢¨¦´ÒÌ µÉ· ¦ É¥²¥°.

˜Ê³µ¢µ¥ ¸µ¸ÉµÖ´¨¥ ·¥ ±Éµ·  ´  Ê¸É ´µ¢¨¢Ï¥°¸Ö ¸·¥¤´¥° ³µÐ´µ¸É¨
(¶·¨ ¤µ¸É¨¦¥´¨¨ É¥¶²µ¢µ£µ · ¢´µ¢¥¸¨Ö). �¶·¥¤¥²Ö²¨¸Ó Ì · ±É¥·¨¸É¨±¨ ·¥-
 ±Éµ·´ÒÌ ÏÊ³µ¢ ¶·¨ ´¥±µÉµ·ÒÌ §´ Î¥´¨ÖÌ Ê¸É ´µ¢¨¢Ï¥°¸Ö ¸·¥¤´¥° ³µÐ´µ-
¸É¨. “¸É ´µ¢¨¢Ï¥°¸Ö É¥¶²µ¢µ° ³µÐ´µ¸ÉÓÕ ¸Î¨É ²µ¸Ó ¥¥ §´ Î¥´¨¥, ¶·¨ ±µ-
Éµ·µ³ É¥³¶¥· ÉÊ·  ´ É·¨Ö ´  ¢Ìµ¤¥ ¢  ±É¨¢´ÊÕ §µ´Ê ¶· ±É¨Î¥¸±¨ ´¥ ³¥´Ö-
² ¸Ó ¢µ ¢·¥³Ö ¨§³¥·¥´¨Ö (∼30 ³¨´). ‚¸¥ Ô²¥³¥´ÉÒ  ±É¨¢´µ° §µ´Ò ¸Î¨É ²¨¸Ó
¶·µ£·¥ÉÒ³¨ ¶µ²´µ¸ÉÓÕ. ‘¶¥±É·Ò ±µ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨
¶·¨¢¥¤¥´Ò ´  ·¨¸. 22.

�¨¸. 22. ‘¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ SE ¢ ËÊ´±Í¨¨ Î -
¸ÉµÉÒ f ¶·¨ ´¥±µÉµ·ÒÌ Ê·µ¢´ÖÌ Ê¸É ´µ¢¨¢Ï¥°¸Ö ³µÐ´µ¸É¨:  ) 1020; ¡) 1070; ¢) 1130;
£) 1210; ¤) 1250; ¥) 1310; ¦) 1330; §) 1375; ¨) 1410; ±) 1450; ²) 1510; ³) 1560 ±‚É



�Š‘�…�ˆŒ…�’�‹œ��… ˆ Œ�„…‹œ��… ˆ‘‘‹…„�‚��ˆ… 963

ˆ§ ·¨¸. 22 ¢¨¤´µ Ê¢¥²¨Î¥´¨¥  ³¶²¨ÉÊ¤Ò µ¸´µ¢´µ£µ ¶¨±  ¸ ¶µ¢ÒÏ¥´¨¥³
³µÐ´µ¸É¨ ¢ÒÏ¥ 1510 ±‚É ¨ ¥£µ ¸¤¢¨£ ¢ µ¡² ¸ÉÓ ³¥´ÓÏ¨Ì Î ¸ÉµÉ ¸ Ê³¥´ÓÏ¥-
´¨¥³ ³µÐ´µ¸É¨ ´¨¦¥ 1250 ±‚É. ‚ ¤¨ ¶ §µ´¥ ³µÐ´µ¸É¨ 1070Ä1370 ±‚É ¢¨¤¥´
¶¨± ´  Î ¸ÉµÉ¥ ∼ 0,1 ƒÍ, ¢Ò§¢ ´´Ò° · ¡µÉµ° ��.

�¨¸. 23. ‘¶¥±É· ²Ó´ Ö ¶²µÉ´µ¸ÉÓ Ë²Ê±-
ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨
SE ¢ ËÊ´±Í¨¨ Î ¸ÉµÉÒ f ¶·¨ ¸·¥¤-
´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1475 ±‚É. ‡ -
ÏÉ·¨Ìµ¢ ´Ò ¤¨ ¶ §µ´Ò Î ¸ÉµÉ ¢ ¸¶¥±-
É· Ì ±µ²¥¡ ´¨° ³µÐ´µ¸É¨, ¨¸¶µ²Ó§Ê¥-
³Ò¥ ¶·¨  ´ ²¨§¥ ¶ ·Í¨ ²Ó´ÒÌ Ë²Ê±ÉÊ-
 Í¨°: 0Ä0,25 ƒÍ Å ´¨§±µÎ ¸ÉµÉ´Ò° ¤¨ -
¶ §µ´ ¤²Ö µÍ¥´±¨ · ¡µÉÒ ��; 0,65Ä0,85
¨ 1,75Ä1,90 ƒÍ Å ±µ³¶µ´¥´É , ±µ··¥-
²ÖÍ¨µ´´µ ¸¢Ö§ ´´ Ö ¸ ¢¨¡· Í¨Ö³¨ ��;
1,0Ä1,5 ƒÍ Å ®¶µ·µ£µ¢ Ö¯ ±µ³¶µ´¥´É 
ÏÊ³µ¢, ·¥§±µ ³¥´ÖÕÐ Ö¸Ö ¸ ³µÐ´µ¸ÉÓÕ

�µ²´Ò¥, ®¶µ·µ£µ¢Ò¥¯ ¨ ´¨§±µÎ ¸ÉµÉ´Ò¥ ±µ²¥¡ ´¨Ö ³µÐ´µ¸É¨. ‚Ò¤¥-
²¥´Ò Ê·µ¢´¨ ±µ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ¢ µ¡² ¸É¨ ¨§³¥´¥´¨Ö ¸·¥¤´¥° ³µÐ-
´µ¸É¨, Ì · ±É¥·¨§ÊÕÐ¥°¸Ö ´ ¨¡µ²ÓÏ¥° ÏÊ³µ¢µ° ´¥¸É ¡¨²Ó´µ¸ÉÓÕ. �É¤¥²Ó´µ
¶·¨¢¥¤¥´Ò ¶µ²´Ò¥ ±µ²¥¡ ´¨Ö ³µÐ´µ¸É¨. — ¸ÉµÉ´Ò¥ ¤¨ ¶ §µ´Ò ±µ²¥¡ ´¨°
³µÐ´µ¸É¨, ¨¸¶µ²Ó§Ê¥³Ò¥ ¤²Ö  ´ ²¨§ , ¶·¨¢¥¤¥´Ò ´  ·¨¸. 23,   ´  ·¨¸. 24 ¨
25 Å ¨§³¥´¥´¨¥ µÉ´µ¸¨É¥²Ó´ÒÌ ±µ²¥¡ ´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ ¢ § ¢¨¸¨³µ¸É¨
µÉ ³µÐ´µ¸É¨.

�¨¸. 24. �µ²´Ò¥ µÉ´µ¸¨É¥²Ó´Ò¥ ¸É ´¤ ·É-
´Ò¥ ±µ²¥¡ ´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢ σE/E0

u

¢ ¤¨ ¶ §µ´¥ Î ¸ÉµÉ 0Ä2,5 ƒÍ ¢ § ¢¨¸¨³µ-
¸É¨ µÉ Ê·µ¢´Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ P : • Å
ÏÉ É´Ò° ¶µ¤Ñ¥³ ³µÐ´µ¸É¨; � Å ÏÉ É-
´µ¥ ¸´¨¦¥´¨¥ ³µÐ´µ¸É¨; � Å Ê¸É ´µ¢¨¢-
Ï¨°¸Ö É¥¶²µ¢µ° ·¥¦¨³ · ¡µÉÒ ·¥ ±Éµ· 

‘ÊÐ¥¸É¢¥´´Ò¥ ´¨§±µÎ ¸ÉµÉ´Ò¥ ±µ²¥¡ ´¨Ö. �¨¦¥ ¶·¥¤¸É ¢²¥´Ò ´¥±µ-
Éµ·Ò¥ ¤ ´´Ò¥ ¶µ ¢µ§´¨±´µ¢¥´¨Õ ¸ÊÐ¥¸É¢¥´´ÒÌ ´¨§±µÎ ¸ÉµÉ´ÒÌ ±µ²¥¡ ´¨°
³µÐ´µ¸É¨, § ·¥£¨¸É·¨·µ¢ ´´ÒÌ ¶·¨ ¶¥·¥Ìµ¤¥ ¢ ·¥¦¨³ ·ÊÎ´µ£µ ·¥£Ê²¨·µ¢ ´¨Ö
(��), É. ¥. ¶·¨ µÉ±²ÕÎ¥´¨¨ ¸¨¸É¥³Ò  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²¨·µ¢ ´¨Ö ³µÐ´µ¸É¨
¢ ¤¨ ¶ §µ´¥ ³µÐ´µ¸É¨ 1130Ä1305 ±‚É. • · ±É¥·´ Ö Î ¸ÉµÉ  ÔÉ¨Ì ±µ²¥¡ ´¨°,
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�¨¸. 25. �¨§±µÎ ¸ÉµÉ´Ò¥ (0Ä0,25 ƒÍ) µÉ´µ¸¨É¥²Ó´Ò¥ ¸É ´¤ ·É´Ò¥ ±µ²¥¡ ´¨Ö ³µÐ´µ-
¸É¨ σE/E0

u, ¸¢Ö§ ´´Ò¥ ¸ · ¡µÉµ° �� ( ), ¨ ®¶µ·µ£µ¢Ò¥¯ (1Ä1,5 ƒÍ) µÉ´µ¸¨É¥²Ó´Ò¥
¸É ´¤ ·É´Ò¥ ±µ²¥¡ ´¨Ö ³µÐ´µ¸É¨ ¢ µ¡² ¸É¨ ·¥§±µ£µ ¢µ§· ¸É ´¨Ö ÏÊ³µ¢ (¡) ¢ § ¢¨¸¨-
³µ¸É¨ µÉ Ê·µ¢´Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ P : • Å ÏÉ É´Ò° ¶µ¤Ñ¥³ ³µÐ´µ¸É¨; � Å ÏÉ É´µ¥
¸´¨¦¥´¨¥ ³µÐ´µ¸É¨; � Å Ê¸É ´µ¢¨¢Ï¨°¸Ö É¥¶²µ¢µ° ·¥¦¨³ · ¡µÉÒ ·¥ ±Éµ· 

µ¶·¥¤¥²¥´´ Ö ¨§ ¸¶¥±É·  ±µ²¥¡ ´¨° ³µÐ´µ¸É¨, ´¥ § ¢¨¸¥²  µÉ Ê·µ¢´Ö ³µÐ´µ-
¸É¨ ¨ ¸µ¸É ¢¨²  0,0329 ƒÍ. Šµ²¥¡ ´¨Ö ¢µ§´¨± ²¨ ¸· §Ê ¶µ¸²¥ ¶¥·¥Ìµ¤  ¢ ��,
  ¸·Ò¢ ¶·µ¨¸Ìµ¤¨² ¸· §Ê ¶µ¸²¥ ¶¥·¥Ìµ¤  ¢ ��, É. ¥. ¶·¨ · ¡µÉ¥ ¸ �� ·¥ ±Éµ·
¸É ´µ¢¨²¸Ö Ê¸Éµ°Î¨¢Ò³. �µ·µ£µ¢µ¥ §´ Î¥´¨¥ ³µÐ´µ¸É¨, ¶·¨ ±µÉµ·µ° ·¥ ±Éµ·
Ê¦¥ ´¥ ¢Ìµ¤¨² ¢ ·¥¦¨³ ´¨§±µÎ ¸ÉµÉ´ÒÌ ±µ²¥¡ ´¨° ´  ��, ´µ ³µÐ´µ¸ÉÓ ¡Ò² 
¸ÊÐ¥¸É¢¥´´µ ´¥¸É Í¨µ´ ·´µ°, · ¢´µ 1070 ±‚É. ‡¤¥¸Ó ¸²µ¢µ ®¸ÊÐ¥¸É¢¥´´µ¯

�¨¸. 26. �·¨³¥·Ò ±µ²¥¡ ´¨° ³µÐ´µ¸É¨ ¶·¨ ¶¥·¥Ìµ¤¥ ¢ ·¥¦¨³ ·ÊÎ´µ£µ ·¥£Ê²¨·µ¢ ´¨Ö
¶·¨ ´¥±µÉµ·ÒÌ §´ Î¥´¨ÖÌ ³µÐ´µ¸É¨. n Å ´µ³¥· ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨. �¨¸Ê´±¨   ¨ ¡
¸µµÉ¢¥É¸É¢ÊÕÉ ¸·¥¤´¨³ ³µÐ´µ¸ÉÖ³ 1305 ¨ 1250 ±‚É
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�¨¸. 27. ‘¶¥±É·Ò ´¨§±µÎ ¸ÉµÉ´ÒÌ ±µ²¥¡ ´¨° ³µÐ´µ¸É¨ SE ¢ § ¢¨¸¨³µ¸É¨ µÉ Î ¸ÉµÉÒ
f ¢ ·¥¦¨³¥ ·ÊÎ´µ£µ ·¥£Ê²¨·µ¢ ´¨Ö. — ¸ÉµÉ  ±µ²¥¡ ´¨° · ¢´  0,0329 ƒÍ. �¨¸Ê´±¨   ¨
¡ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸·¥¤´¨³ ³µÐ´µ¸ÉÖ³ 1250 ¨ 1305 ±‚É

µ§´ Î ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¶¥·¥Ìµ¤  ¢ ·¥¦¨³ · ¡µÉÒ ¸ ��. �  ·¨¸. 26 ¤ ´Ò ¶·¨-
³¥·Ò ´¨§±µÎ ¸ÉµÉ´ÒÌ ±µ²¥¡ ´¨° ´  ´¥±µÉµ·ÒÌ Ê·µ¢´ÖÌ ¸·¥¤´¥° ³µÐ´µ¸É¨,  
´  ·¨¸. 27 ¶µ± § ´ ¸¶¥±É· ²Ó´Ò° ¸µ¸É ¢ ±µ²¥¡ ´¨°.

�´ ²¨§ ·¥§Ê²ÓÉ Éµ¢. ˆ§ ·¨¸Ê´±µ¢ ¢¨¤´µ, ÎÉµ ¢ ¸¶¥±É· Ì ÏÊ³µ¢ ³µÐ-
´µ¸É¨ ´ ¡²Õ¤ ÕÉ¸Ö ¤¢¥ µ¡² ¸É¨ ÏÊ³µ¢, ¸ÊÐ¥¸É¢¥´´µ § ¢¨¸ÖÐ¨¥ µÉ Ê·µ¢´Ö
³µÐ´µ¸É¨. �¥·¢ Ö, ´¨§±µÎ ¸ÉµÉ´ Ö, µ¡² ¸ÉÓ (0Ä0,25 ƒÍ) ¶µÖ¢²Ö¥É¸Ö ¢ ¤¨ ¶ -
§µ´¥ 1,05Ä1,35 Œ‚É ¨ ¢Éµ· Ö (1,0Ä1,5 ƒÍ) Å ¢ÒÏ¥ 1,0 Œ‚É. �¥¸É ¡¨²Ó´µ¸ÉÓ
ÏÊ³µ¢ ¢Éµ·µ° µ¡² ¸É¨, ¶µ-¢¨¤¨³µ³Ê, ¢Ò§¢ ´  ¢¨¡· Í¨Ö³¨ Éµ¶²¨¢´ÒÌ ± ¸¸¥É,
¶µ¸±µ²Ó±Ê, ± ± ¢¨¤´µ ¨§ ¶·µ¢¥¤¥´´ÒÌ · ´¥¥ ¨¸¸²¥¤µ¢ ´¨°, § ¢¨¸¨É µÉ · ¸Ìµ¤ 
´ É·¨Ö Î¥·¥§  ±É¨¢´ÊÕ §µ´Ê (Î ¸ÉµÉ  ±µ²¥¡ ´¨° Ê¢¥²¨Î¨¢ ¥É¸Ö ¸ · ¸Ìµ¤µ³)
¨, ±·µ³¥ Éµ£µ, ± ± ¢¨¤´µ ¨§ ´ ¸ÉµÖÐ¨Ì ¨§³¥·¥´¨°, § ¢¨¸¨É µÉ É¥³¶¥· ÉÊ·Ò
 ±É¨¢´µ° §µ´Ò (¸ Ê³¥´ÓÏ¥´¨¥³ ³µÐ´µ¸É¨ ³¥´¥¥ 1,25 Œ‚É Î ¸ÉµÉ  ±µ²¥¡ ´¨°
Ê³¥´ÓÏ ¥É¸Ö). �¨§±µÎ ¸ÉµÉ´ Ö ±µ³¶µ´¥´É  ÏÊ³µ¢, ¢¥·µÖÉ´¥¥ ¢¸¥£µ, ¢Ò§¢ ´ 
· ¡µÉµ° �� (¶·Ö³ÒÌ ¨§³¥·¥´¨° ¶µ²µ¦¥´¨Ö �� ´¥ ¡Ò²µ). �·¨ ¶¥·¥Ìµ¤¥ ¢
·¥¦¨³ ·ÊÎ´µ£µ ·¥£Ê²¨·µ¢ ´¨Ö ¢ ¤¨ ¶ §µ´¥ ³µÐ´µ¸É¨ 1,05Ä1,35 Œ‚É ¢ ·¥ ±-
Éµ·¥ ¢µ§´¨± ÕÉ ¸ÊÐ¥¸É¢¥´´Ò¥ ¶µ  ³¶²¨ÉÊ¤¥ ±µ²¥¡ ´¨Ö ³µÐ´µ¸É¨ ¸ ´¨§±µ°
Î ¸ÉµÉµ° 0,0329 ƒÍ. �  ·¨¸. 28 ± Î¥¸É¢¥´´µ ¶·µ¨²²Õ¸É·¨·µ¢ ´µ ¶µ¢¥¤¥´¨¥
·¥ ±Éµ·  ¶·¨ ¶·µ¢¥¤¥´¨¨ ¨§³¥·¥´¨°. …¸²¨ ·¥ ±Éµ· ¶·¨ ¢Ò±²ÕÎ¥´´µ° ¸¨¸É¥³¥
�� ´ Ìµ¤¨É¸Ö ´  £· ´¨Í¥ (¸¢¥·ÌÊ ¨²¨ ¸´¨§Ê) µ¡² ¸É¨ ´¥¸É ¡¨²Ó´µ¸É¨ (P1, P2),
Ë²Ê±ÉÊ Í¨¨ ³µÐ´µ¸É¨ (·¥ ±É¨¢´µ¸É¨), ¨³¥ÕÐ¨¥ ³¥¸Éµ ¶·¨ ´µ·³ ²Ó´µ° · -
¡µÉ¥ ·¥ ±Éµ·  ¨ Ì · ±É¥·¨§ÊÕÐ¨¥¸Ö ¸·¥¤´¥±¢ ¤· É¨Î¥¸±¨³¨ µÉ±²µ´¥´¨Ö³¨
σ1 ¨ σ2 (·¨¸. 28), ³µ£ÊÉ ¶·¨¢¥¸É¨ ± ¢µ§´¨±´µ¢¥´¨Õ ¢ ·¥ ±Éµ·¥ ´¨§±µÎ ¸ÉµÉ-
´ÒÌ (0,0329 ƒÍ) ±µ²¥¡ ´¨° ³µÐ´µ¸É¨ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¨§³¥´¥´¨¥³ ¸·¥¤-
´¥° ³µÐ´µ¸É¨ (P ′

1 Å Ê³¥´ÓÏ¥´¨¥ ¨²¨ P ′
2 Å Ê¢¥²¨Î¥´¨¥). ‚ Í¥´É·¥ µ¡² -

¸É¨ ´¥¸É ¡¨²Ó´µ¸É¨ ¶·¨ ¢µ§´¨±´µ¢¥´¨¨ ´¨§±µÎ ¸ÉµÉ´ÒÌ ±µ²¥¡ ´¨° ¸·¥¤´ÖÖ
³µÐ´µ¸ÉÓ ¸ÊÐ¥¸É¢¥´´µ ´¥ ³¥´Ö¥É¸Ö. „¨ ¶ §µ´ ³µÐ´µ¸É¨ ∆Pexp, ¶·¨¢¥¤¥´-
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�¨¸. 28. ˆ²²Õ¸É· Í¨Ö ± ¶µ¢¥¤¥´¨Õ ·¥ ±Éµ·  ¢ µ¡² ¸É¨ ´¨§±µÎ ¸ÉµÉ´µ° ´¥¸É ¡¨²Ó´µ-
¸É¨. σE/E0

u Å µÉ´µ¸¨É¥²Ó´µ¥ ¸·¥¤´¥±¢ ¤· É¨Î¥¸±µ¥ µÉ±²µ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢
³µÐ´µ¸É¨; P Å ¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ; ∆P Å µ¡² ¸ÉÓ ³µÐ´µ¸É¨ ¶·¨ Ô±¸¶²Ê É Í¨¨ ·¥-
 ±Éµ· ; ∆Pexp Å µ¡² ¸ÉÓ ³µÐ´µ¸É¨ ¶·¨ µÍ¥´±¥ Ê¸Éµ°Î¨¢µ¸É¨ ¢ ¶·Ö³ÒÌ ¨§³¥·¥´¨ÖÌ.
◦ Å ¶µ²´Ò¥ Ë²Ê±ÉÊ Í¨¨ ³µÐ´µ¸É¨ ¢ ¤¨ ¶ §µ´¥ Î ¸ÉµÉ 0Ä2,5 ƒÍ; • Å Ë²Ê±ÉÊ Í¨¨ ´¨§-
±µÎ ¸ÉµÉ´µ° (0Ä0,25 ƒÍ) ±µ³¶µ´¥´ÉÒ ÏÊ³µ¢, ¸¢Ö§ ´´Ò¥ ¸ · ¡µÉµ°  ¢Éµ³ É¨Î¥¸±µ£µ
·¥£Ê²ÖÉµ·  ³µÐ´µ¸É¨. �µ¢ÒÏ¥´¨¥ Ê·µ¢´Ö ÔÉ¨Ì ÏÊ³µ¢ ¶µ§¢µ²Ö¥É ¢Ò¤¥²¨ÉÓ µ¡² ¸ÉÓ
³µÐ´µ¸É¨, ¶·¨ ±µÉµ·µ° ¢ ·¥ ±Éµ·¥ ¶·¨ ¢Ò±²ÕÎ¥´¨¨ ¸¨¸É¥³Ò �� ¢µ§´¨± ÕÉ ±µ²¥¡ -
´¨Ö ¸ Î ¸ÉµÉµ° 0,0329 ƒÍ

´Ò° ´  ·¨¸. 28, ¸µµÉ¢¥É¸É¢Ê¥É ³µÐ´µ¸É¨ ¶·¨ ¶·µ¢¥¤¥´¨¨ ¶·Ö³ÒÌ ¨§³¥·¥´¨°
´¥¸É ¡¨²Ó´µ¸É¨,   ∆P Å ´µ·³ ²Ó´µ¥ ¨§³¥´¥´¨¥ ³µÐ´µ¸É¨ ¢ µ¤´µ³ Í¨±²¥
Ô±¸¶²Ê É Í¨¨ ·¥ ±Éµ· .

�Í¥´±  Ê¸Éµ°Î¨¢µ¸É¨. ˆ³¶Ê²Ó¸´Ò¥ Î ¸ÉµÉ´Ò¥ ¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨.
�¨¦¥ ¤ ´Ò ±· É±¨¥ ¶µÖ¸´¥´¨Ö ± ¨¸¶µ²Ó§µ¢ ´¨Õ Ëµ·³ ²¨§³  ¶¥·¥¤ ÉµÎ´ÒÌ
ËÊ´±Í¨° ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨±¨ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ· . ‘µ£² ¸´µ ÔÉµ³Ê
Ëµ·³ ²¨§³Ê µ¸´µ¢´Ò¥ ¤¨´ ³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ· , ¶·¥¤-
¸É ¢²¥´´µ£µ ¢ ¢¨¤¥ ²¨´¥ ·¨§µ¢ ´´µ° ¸¨¸É¥³Ò, ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò, ¥¸²¨
¨§¢¥¸É´Ò ¥£µ  ³¶²¨ÉÊ¤´µ-Ë §µÎ ¸ÉµÉ´Ò¥ Ì · ±É¥·¨¸É¨±¨ (�”—•), ¨²¨, ¨´ Î¥,
¤¨ £· ³³Ò � °±¢¨¸É . �É¨ Ì · ±É¥·¨¸É¨±¨ µÉ· ¦ ÕÉ  ³¶²¨ÉÊ¤´ÊÕ ¨ Ë §µ-
¢ÊÕ ¸¢Ö§Ó ³¥¦¤Ê ¸¨´Ê¸µ¨¤ ²Ó´Ò³¨ ¸¨£´ ² ³¨ ´  ¢Ìµ¤¥ ¨ ¢ÒÌµ¤¥ ·¥ ±Éµ· .
�”—• ¥¸ÉÓ £· Ë¨± ¨³¶Ê²Ó¸´µ° Î ¸ÉµÉ´µ° ¶¥·¥¤ ÉµÎ´µ° ËÊ´±Í¨¨ ·¥ ±Éµ· 
W (jω) = U(ω) + jV (ω) ´  ±µ³¶²¥±¸´µ° ¶²µ¸±µ¸É¨. �Éµ° Ì · ±É¥·¨¸É¨±¥
¸µµÉ¢¥É¸É¢Ê¥É ¨³¶Ê²Ó¸´ Ö ¶¥·¥¤ ÉµÎ´ Ö ËÊ´±Í¨Ö W (z), ¨¸¶µ²Ó§Ê¥³ Ö ¢ ³µ-
¤¥²¨, £¤¥ z = exp (jω). — ¸ÉµÉ  ¨¸¸²¥¤Ê¥³ÒÌ ±µ²¥¡ ´¨° ³¥´Ö¥É¸Ö µÉ 0 ¤µ
0, 5fu, £¤¥ fu = 1/Tu Å Î ¸ÉµÉ  ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨,   ¡¥§· §³¥·´ Ö Î -
¸ÉµÉ  ω = 2πfTu Å µÉ 0 ¤µ π. „²¨´  ¢¥±Éµ· , ¶·µ¢¥¤¥´´µ£µ ¨§ ´ Î ² 
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±µµ·¤¨´ É ¢ ÉµÎ±Ê ¸ Î ¸ÉµÉµ° ω, · ¢´ Ö |W (jω)| =
√

U2(ω) + V 2(ω), ¥¸ÉÓ
 ³¶²¨ÉÊ¤´µ-Î ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  (±µÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö ´  · §´µ° Î -
¸ÉµÉ¥),   Ê£µ² ¶µ¢µ·µÉ  ¢¥±Éµ·  µÉ ¤¥°¸É¢¨É¥²Ó´µ° ¶µ²µ¦¨É¥²Ó´µ° ¶µ²Êµ¸¨

ϕ(ω) = arctg
V (ω)
U(ω)

¥¸ÉÓ Ë §µÎ ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  ·¥ ±Éµ· . � ¶·¨³¥·,

¤²Ö �”—• ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  (ÔÉ  Ì · ±É¥·¨¸É¨±  ¡Ê¤¥É ¶µ¤·µ¡´¥¥ µ¡¸Ê-
¦¤ ÉÓ¸Ö ´¨¦¥ (·¨¸. 31)) ¤²¨´  ¢¥±Éµ· , ¶·µ¢¥¤¥´´µ£µ ¨§ ´ Î ²  ±µµ·¤¨´ É ¢
²Õ¡ÊÕ ÉµÎ±Ê ±·¨¢µ°, ¸µµÉ¢¥É¸É¢ÊÕÐÊÕ Î ¸ÉµÉ¥ ω, · ¢´  µÉ´µÏ¥´¨Õ  ³¶²¨-
ÉÊ¤Ò ¸¨´Ê¸µ¨¤ ²Ó´µ£µ ±µ²¥¡ ´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ¢ µÉ´µ¸¨É¥²Ó-
´ÒÌ ¥¤¨´¨Í Ì ∆eu = (Eu − E0

u)/E0
u (¢ÒÌµ¤´ Ö ¢¥²¨Î¨´ ) ±  ³¶²¨ÉÊ¤¥ ¸¨´Ê-

¸µ¨¤ ²Ó´µ£µ ±µ²¥¡ ´¨Ö ·¥ ±É¨¢´µ¸É¨ (¢Ìµ¤´ Ö ¢¥²¨Î¨´ ), ±µÉµ· Ö ¤²Ö ˆ��-2
¢Ò· ¦¥´  ¢ ¤µ²ÖÌ βu. ‡¤¥¸Ó Eu, E0

u Å Ô´¥·£¨Ö É¥±ÊÐ¥£µ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨
¨ ¥¥ ¡ §µ¢µ¥ §´ Î¥´¨¥. “£µ² ¶µ¢µ·µÉ  ¢¥±Éµ·  µÉ´µ¸¨É¥²Ó´µ ¤¥°¸É¢¨É¥²Ó´µ°
¶µ²µ¦¨É¥²Ó´µ° ¶µ²Êµ¸¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° Ë §µ¢Ò° ¸¤¢¨£ ³¥¦¤Ê ±µ²¥¡ -
´¨Ö³¨ ³µÐ´µ¸É¨ ¨ ·¥ ±É¨¢´µ¸É¨. „²Ö µÍ¥´±¨ Ê¸Éµ°Î¨¢µ¸É¨ ¶µ ±·¨É¥·¨Õ
� °±¢¨¸É  ·¥ ±Éµ· ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ ¢¨¤¥ § ³±´ÊÉµ° µ¤´µ±µ´ÉÊ·´µ° ¸¨¸É¥³Ò.
…¸²¨ · §µ³±´ÊÉ Ö ¸¨¸É¥³  Ê¸Éµ°Î¨¢  ¨²¨ ´¥°É· ²Ó´ , Éµ § ³±´ÊÉ Ö ¸¨¸É¥³ 
Ê¸Éµ°Î¨¢  ¶·¨ Ê¸²µ¢¨¨, ¥¸²¨ �”—• · §µ³±´ÊÉµ° ¸¨¸É¥³Ò ´¥ µÌ¢ ÉÒ¢ ¥É
ÉµÎ±Ê ¸ ±µµ·¤¨´ É ³¨ (−1, j0). ‡ ¶ ¸ Ê¸Éµ°Î¨¢µ¸É¨ ¶µ  ³¶²¨ÉÊ¤¥ (Ê¸¨²¥´¨Õ)
¶µ± §Ò¢ ¥É, ¢µ ¸±µ²Ó±µ · § ´ ¤µ Ê¢¥²¨Î¨ÉÓ ±µÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö · §µ³±´Ê-
Éµ° ¸¨¸É¥³Ò, ÎÉµ¡Ò ¢Ò¢¥¸É¨ § ³±´ÊÉÊÕ ¸¨¸É¥³Ê ¨§ Ê¸Éµ°Î¨¢µ£µ ¸µ¸ÉµÖ´¨Ö
´  £· ´¨ÍÊ Ê¸Éµ°Î¨¢µ¸É¨ (−1, j0). ‡ ¶ ¸ ¶µ Ë §¥ µ¶·¥¤¥²ÖÕÉ ± ± Ê£µ², ¶·¨
¶µ¢µ·µÉ¥ ´  ±µÉµ·Ò° ±µ´¥Í ¢¥±Éµ·  ¥¤¨´¨Î´µ° ¤²¨´Ò µ± ¦¥É¸Ö ¢ ÉµÎ±¥ ¸ ±µ-
µ·¤¨´ É ³¨ (−1, j0) ¨ �”—• · §µ³±´ÊÉµ° ¸¨¸É¥³Ò ¶·µ°¤¥É Î¥·¥§ ÔÉÊ ÉµÎ±Ê,
É. ¥. ±µ£¤  § ³±´ÊÉ Ö ¸¨¸É¥³  ¢Ò°¤¥É ´  £· ´¨ÍÊ Ê¸Éµ°Î¨¢µ¸É¨. ‡ ¶ ¸ ¶µ Ë §¥
µÉ· ¦ ¥É ¢µ§³µ¦´µ¥ ¢²¨Ö´¨¥ ¤µ¶µ²´¨É¥²Ó´µ° ´¥ÊÎÉ¥´´µ° ¨´¥·Í¨µ´´µ¸É¨ ¸¨-
¸É¥³Ò. (— ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  · §µ³±´ÊÉµ° ¸¨¸É¥³Ò, ¸µµÉ¢¥É¸É¢ÊÕÐ Ö
·¥ ±Éµ·Ê ¢ ·¥¦¨³¥ ¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö, ¡Ê¤¥É µ¡¸Ê¦¤ ÉÓ¸Ö ´¨¦¥ (·¨¸. 32).)

— ¸ÉµÉ´Ò¥ Ì · ±É¥·¨¸É¨±¨, µÍ¥´±  Ê¸Éµ°Î¨¢µ¸É¨. �Í¥´±  Ê¸Éµ°Î¨¢µ-
¸É¨ ·¥ ±Éµ·  ´  ÏÉ É´µ° ³µÐ´µ¸É¨ ¶·µ¢µ¤¨² ¸Ó ¤²Ö ·¥¦¨³  ¸ ³µ·¥£Ê²¨·µ-
¢ ´¨Ö (¡¥§ ��) ¶µ ¤¨ £· ³³¥ � °±¢¨¸É , ¶µ²ÊÎ¥´´µ° ± ± ¶·Ö³Ò³ ¶ÊÉ¥³ (¡¥§
¶·¨³¥´¥´¨Ö ³µ¤¥²¨ ·¥ ±Éµ· ), É ± ¨ ´  ³µ¤¥²¨. ‚ ¶¥·¢µ³ ¸²ÊÎ ¥ ¨¸¶µ²Ó§µ-
¢ ²¸Ö Ê¸·¥¤´¥´´Ò° ¶¥·¨µ¤ ±µ²¥¡ ´¨° ³µÐ´µ¸É¨, ¨§³¥·¥´´ÒÌ ¶·¨ · §²¨Î´ÒÌ
¶¥·¨µ¤ Ì ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨° ·¥ ±É¨¢´µ¸É¨. ˆ¸¶µ²Ó§µ¢ ²¨¸Ó  ³¶²¨ÉÊ¤ 
¨ Ë §  ¶¥·¢µ° (µ¸´µ¢´µ°) £ ·³µ´¨±¨ ËÊ·Ó¥-¶·¥µ¡· §µ¢ ´¨Ö Ê¸·¥¤´¥´´µ£µ ¶¥-
·¨µ¤  ¶¥·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸ , É. ¥. ¢²¨Ö´¨¥ ´¥²¨´¥°´µ¸É¥° ´¥ ÊÎ¨ÉÒ¢ ²µ¸Ó.
�¡² ¸ÉÓ Î ¸ÉµÉ µ¸´µ¢´µ° £ ·³µ´¨±¨ ¸µ¸É ¢²Ö²  0,008Ä2,40 ƒÍ. ˆ§³¥·¥´¨Ö
¶·µ¢µ¤¨²¨¸Ó ´  ³µÐ´µ¸É¨ 1465Ä1495 ±‚É. ‚µ ¢¸¥Ì ¨§³¥·¥´¨ÖÌ  ³¶²¨ÉÊ¤ 
§ ¤ ÕÐ¥° ·¥ ±É¨¢´µ¸É¨ · ¢´Ö² ¸Ó 0,0365 βu. �´  ¡Ò²  µ¶·¥¤¥²¥´  ¨§ ¶¥-
·¥Ìµ¤´µ£µ ¶·µÍ¥¸¸  ³µÐ´µ¸É¨ ¸ ´ ¨³¥´ÓÏ¥° Î ¸ÉµÉµ° ±µ²¥¡ ´¨°, · ¢´µ°
0,008 ƒÍ (·¨¸. 29), ±µ£¤  ³µ¦´µ ¡Ò²µ ¶·¥´¥¡·¥ÎÓ ¨§³¥´¥´¨¥³ ¶¥·¥³¥´´ÒÌ ¢
±µ´Í¥ ± ¦¤µ£µ ¶µ²Ê¶¥·¨µ¤  ¨§-§  ¥£µ ¡µ²ÓÏµ° ¶·µ¤µ²¦¨É¥²Ó´µ¸É¨ (62 ¸).
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�¨¸. 29. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨
¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨ÖÌ § ¤ Õ-
Ð¥° ·¥ ±É¨¢´µ¸É¨ (·¥ ±Éµ· · ¡µ-
É ¥É ¡¥§ ��). 1 Å § ¤ ÕÐ Ö ·¥ ±-
É¨¢´µ¸ÉÓ (βu); 2 Å ·¥ ±É¨¢´µ¸ÉÓ
Œ�‘ ρθ (βu); 3 Å § ·¥£¨¸É·¨-
·µ¢ ´´µ¥ µÉ´µ¸¨É¥²Ó´µ¥ µÉ±²µ´¥´¨¥
Ô´¥·£¨¨ ¨³¶Ê²Ó¸  ³µÐ´µ¸É¨ ∆eu;
4 Å µÉ±²µ´¥´¨¥ Ô´¥·£¨¨, ¢ÒÎ¨¸²¥´-
´µ¥ ´  ³µ¤¥²¨; n Å ´µ³¥· ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨

�  ·¨¸. 30 ¶µ± § ´Ò ¢ÒÎ¨¸²¥´´Ò¥ ¨³¶Ê²Ó¸´Ò¥ ¶¥·¥Ìµ¤´Ò¥ Ì · ±É¥·¨-
¸É¨±¨ Œ�‘ (¢ βu/Œ„¦), µ¡Ê¸²µ¢²¥´´Ò¥ ¤¥°¸É¢¨¥³ Éµ²Ó±µ µ¤´µ£µ ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨. ˆ³¶Ê²Ó¸´Ò¥ Ì · ±É¥·¨¸É¨±¨ ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²ÊÎ Õ, ±µ£¤  ¨³¶Ê²Ó¸
³µÐ´µ¸É¨ ¤µ¸É ÉµÎ´µ ³ ², É. ¥. ±µ£¤  ´¥²¨´¥°´µ¸É¨ Œ�‘ ¶· ±É¨Î¥¸±¨ ´¥
¶·µÖ¢²ÖÕÉ¸Ö. • · ±É¥·¨¸É¨±¨ ´  ·¨¸. 30 ¸µµÉ¢¥É¸É¢ÊÕÉ Ô±¸¶¥·¨³¥´É ³, ¢ ±µ-
Éµ·ÒÌ Î ¸ÉµÉ  ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨° ·¥ ±É¨¢´µ¸É¨ ¸µ¸É ¢²Ö²  0,057 ¨
0,065 ƒÍ.

�¨¸. 30. ˆ³¶Ê²Ó¸´Ò¥ ¶¥·¥Ìµ¤´Ò¥ Ì · ±É¥-
·¨¸É¨±¨ ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨, ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨¥ ¤¢Ê³ § ·¥£¨¸É·¨·µ¢ ´´Ò³ ¶¥-
·¥Ìµ¤´Ò³ ¶·µÍ¥¸¸ ³ ³µÐ´µ¸É¨, ¢Ò§¢ ´´Ò³
¶·Ö³µÊ£µ²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨ § ¤ ÕÐ¥° ·¥-
 ±É¨¢´µ¸É¨: 1 Å ¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ·¥ ±-
Éµ·  1490 ±‚É, Î ¸ÉµÉ  0,057 ƒÍ; 2 Å
1470 ±‚É, 0,065 ƒÍ. n Å ´µ³¥· ¨³¶Ê²Ó¸ 
³µÐ´µ¸É¨

„²Ö ¨¸¶µ²Ó§µ¢ ´¨Ö ±·¨É¥·¨Ö Ê¸Éµ°Î¨¢µ¸É¨ � °±¢¨¸É  ·¥ ±Éµ· ¡Ò² ¶·¥¤-
¸É ¢²¥´ ¢ ¢¨¤¥ µ¤´µ±µ´ÉÊ·´µ° ¸¨¸É¥³Ò. �  ·¨¸. 31 ¶µ± § ´   ³¶²¨ÉÊ¤´µ-
Ë §µÎ ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  ·¥ ±Éµ· . — ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  · §µ³±´Ê-
Éµ° Î ¸É¨ ·¥ ±Éµ·  (·¨¸. 32) ¶¥·¥¸¥± ¥É µÉ·¨Í É¥²Ó´ÊÕ ¤¥°¸É¢¨É¥²Ó´ÊÕ ¶µ²Ê-
µ¸Ó ²¨ÏÓ ¶·¨ Î ¸ÉµÉ¥ 2,4 ƒÍ ¶·¨³¥·´µ ¢ ÉµÎ±¥ −0,1, É. ¥. § ¶ ¸ Ê¸Éµ°Î¨¢µ¸É¨
¶µ  ³¶²¨ÉÊ¤¥ (Ê¸¨²¥´¨Õ) · ¢¥´ ∼ 10. �Éµ µ§´ Î ¥É, ÎÉµ ¥¸²¨ ¡Ò µ¡Ð¨°
±µÔËË¨Í¨¥´É Ê¸¨²¥´¨Ö Œ�‘ Ê¢¥²¨Î¨²¸Ö ¢ 10 · §, Éµ ·¥ ±Éµ· ¢ÒÏ¥² ¡Ò ´ 
£· ´¨ÍÊ Ê¸Éµ°Î¨¢µ¸É¨ ¨ ¢ ´¥³ ´ ¡²Õ¤ ²¨¸Ó ¡Ò ´¥§ ÉÊÌ ÕÐ¨¥ ±µ²¥¡ ´¨Ö ¸
Î ¸ÉµÉµ° 2,4 ƒÍ. �ÉµÉ ¦¥ § ¶ ¸, ´µ ¢ ¤¥Í¨¡¥² Ì (∆L ≈ 20 ¤�), Ê± § ´ ´ 
²µ£ ·¨Ë³¨Î¥¸±¨Ì Ì · ±É¥·¨¸É¨± Ì (·¨¸. 33). …¸²¨ ¤²Ö ´ £²Ö¤´µ¸É¨ ¶·¥¤¶µ-



�Š‘�…�ˆŒ…�’�‹œ��… ˆ Œ�„…‹œ��… ˆ‘‘‹…„�‚��ˆ… 969

�¨¸. 31. „¨ £· ³³  � °±¢¨¸É  ·¥-
 ±Éµ·  ˆ��-2 ¢ ·¥¦¨³¥ ¸ ³µ·¥£Ê-
²¨·µ¢ ´¨Ö (¡¥§  ¢Éµ³ É¨Î¥¸±µ£µ ·¥-
£Ê²ÖÉµ·  ³µÐ´µ¸É¨) ´  ³µÐ´µ¸É¨
1465Ä1495 ±‚É. U ¨ V Å ¸µµÉ-
¢¥É¸É¢¥´´µ ¤¥°¸É¢¨É¥²Ó´ Ö ¨ ³´¨-
³ Ö Î ¸É¨ ¨³¶Ê²Ó¸´µ° Î ¸ÉµÉ´µ° ¶¥-
·¥¤ ÉµÎ´µ° ËÊ´±Í¨¨ ·¥ ±Éµ· . ’µÎ-
± ³ ´  ·¨¸Ê´±¥ ¸µµÉ¢¥É¸É¢Ê¥É Î -
¸ÉµÉ  ¢ ƒÍ

�¨¸. 32. „¨ £· ³³  � °±¢¨¸É  WFB(jω)
( ³¶²¨ÉÊ¤´µ-Ë §µÎ ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨± 
· §µ³±´ÊÉµ° ¸¨¸É¥³Ò) ·¥ ±Éµ·  ˆ��-2 ´ 
³µÐ´µ¸É¨ 1465Ä1495 ±‚É ¤²Ö µÍ¥´±¨ Ê¸Éµ°-
Î¨¢µ¸É¨ ¶µ ±·¨É¥·¨Õ � °±¢¨¸É  ¢ ·¥¦¨³¥
¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö (¸ µÉ±²ÕÎ¥´´Ò³  ¢Éµ³ -
É¨Î¥¸±¨³ ·¥£Ê²ÖÉµ·µ³ ³µÐ´µ¸É¨)

�¨¸. 33. ‹µ£ ·¨Ë³¨Î¥¸±¨¥ Î -
¸ÉµÉ´Ò¥ Ì · ±É¥·¨¸É¨±¨ · §µ³±-
´ÊÉµ° Î ¸É¨ ¸¨¸É¥³Ò ¤²Ö ·¥ ±-
Éµ·  ˆ��-2 ´  ´µ³¨´ ²Ó´µ° ³µÐ-
´µ¸É¨ 1465Ä1495 ±‚É ¢ ·¥¦¨³¥
¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö:  ³¶²¨ÉÊ¤´µ-
Î ¸ÉµÉ´ Ö L = 20 lg |WFB| (¢ ¤�),
Ë §µÎ ¸ÉµÉ´ Ö ϕ (¢ £· ¤Ê¸ Ì).
∆L ¨ ∆ϕ Å ¸µµÉ¢¥É¸É¢¥´´µ § -
¶ ¸Ò Ê¸Éµ°Î¨¢µ¸É¨ ¶µ  ³¶²¨ÉÊ¤¥
¨ ¶µ Ë §¥

²µ¦¨ÉÓ, ÎÉµ ¶µ¸ÉµÖ´´Ò¥ ¢·¥³¥´¨ Œ�‘ ´¥ § ¢¨¸ÖÉ µÉ Ê·µ¢´Ö ³µÐ´µ¸É¨,  
±µÔËË¨Í¨¥´ÉÒ ¶¥·¥¤ Î¨ Œ�‘ ¶·µ¶µ·Í¨µ´ ²Ó´Ò ³µÐ´µ¸É¨, Éµ § ¶ ¸ ¶µ  ³-
¶²¨ÉÊ¤¥, · ¢´Ò° 10 ¤²Ö ¸·¥¤´¥° ³µÐ´µ¸É¨ 1,5 Œ‚É, µ§´ Î ¥É, ÎÉµ ·¥ ±Éµ·
¢ÒÏ¥² ¡Ò ´  £· ´¨ÍÊ Ê¸Éµ°Î¨¢µ¸É¨ ¶·¨ ³µÐ´µ¸É¨ 15 Œ‚É. ‡ ¶ ¸ ¶µ Ë §¥
∆ϕ, ¸µ¸É ¢²ÖÕÐ¨° ¶·¨ Î ¸ÉµÉ¥ f0 = 0,07 ƒÍ (ω0 = 0,44 · ¤/¸) 77◦ (1,34 · ¤)
(¸³. ·¨¸. 33), µ§´ Î ¥É, ÎÉµ ·¥ ±Éµ· ¢ÒÏ¥² ¡Ò ´  £· ´¨ÍÊ Ê¸Éµ°Î¨¢µ¸É¨, ¥¸²¨
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�¨¸. 34.  ) �³¶²¨ÉÊ¤´µ-Ë §µÎ ¸ÉµÉ´ Ö Ì · ±É¥·¨¸É¨±  · §µ³±´ÊÉµ° ¸¨¸É¥³Ò (U Å
¤¥°¸É¢¨É¥²Ó´ Ö Î ¸ÉÓ, V Å ³´¨³ Ö Î ¸ÉÓ), ¸µµÉ¢¥É¸É¢ÊÕÐ Ö ·¥ ±Éµ·Ê ˆ��-2 ¸ ��, ¤²Ö
µÍ¥´±¨ Ê¸Éµ°Î¨¢µ¸É¨ ¶µ ±·¨É¥·¨Õ � °±¢¨¸É . �µ³¥Î¥´Ò ´¥±µÉµ·Ò¥ §´ Î¥´¨Ö Î ¸ÉµÉÒ
ω = 2π/M , £¤¥ M Å Î¨¸²µ ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨ §  ¶¥·¨µ¤ ±µ²¥¡ ´¨°. ‘¶²µÏ´ Ö
²¨´¨Ö ¸µµÉ¢¥É¸É¢Ê¥É ¶ · ³¥É· ³ Œ�‘, ¢ÒÎ¨¸²¥´´Ò³ ¶·¨ µ¡· ¡µÉ±¥ Ô±¸¶¥·¨³¥´É ,
¶·µ¢¥¤¥´´µ£µ ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±Éµ·  1490 ±‚É ¨ Î ¸ÉµÉ¥ ¶·Ö³µÊ£µ²Ó´ÒÌ
±µ²¥¡ ´¨° § ¤ ÕÐ¥° ·¥ ±É¨¢´µ¸É¨ 0,057 ƒÍ; ¶Ê´±É¨·´ Ö ²¨´¨Ö Å Ô±¸¶¥·¨³¥´É ¶·¨
³µÐ´µ¸É¨ 1470 ±‚É ¨ Î ¸ÉµÉ¥ 0,065 ƒÍ. ¡) �²µ±-¸Ì¥³  · §µ³±´ÊÉµ° ¸¨¸É¥³Ò. ∆e′u,
∆eu Å ¢Ìµ¤´µ° ¨ ¢ÒÌµ¤´µ° ¸¨£´ ²Ò (µÉ´µ¸¨É¥²Ó´µ¥ µÉ±²µ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸ );
1 Å ��; 2 Å ¡²µ± § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢; 3 Å Œ�‘

¢ Í¥¶¨ Œ�‘ ¶µ³¨³µ ÊÎÉ¥´´µ° § ¤¥·¦±¨ ¸¨£´ ²  ¢ ·¥§Ê²ÓÉ É¥ ¨´¥·Í¨µ´´µ¸É¨
Œ�‘ ¶µÖ¢¨²¸Ö ¡Ò Ô²¥³¥´É, µ¸ÊÐ¥¸É¢²ÖÕÐ¨° ¤µ¶µ²´¨É¥²Ó´ÊÕ § ¤¥·¦±Ê ¸¨£-
´ ²  (Î¨¸Éµ¥ § ¶ §¤Ò¢ ´¨¥) ´  3 ¸. ’ ±¨¥ § ¶ ¸Ò ¶µ  ³¶²¨ÉÊ¤¥ ¨ Ë §¥ ³µ¦´µ
¸Î¨É ÉÓ ¶·¨¥³²¥³Ò³¨.

�  ·¨¸. 34 ¶µ± § ´Ò ¤¨ £· ³³Ò � °±¢¨¸É ,   ´  ·¨¸. 35 Å ²µ£ ·¨Ë³¨-
Î¥¸±¨¥ Ì · ±É¥·¨¸É¨±¨ · §µ³±´ÊÉµ° Î ¸É¨ ¸¨¸É¥³Ò (·¥ ±Éµ·  ¸ ��), ¢ÒÎ¨-
¸²¥´´Ò¥ ¸ ¶µ³µÐÓÕ ¤¨´ ³¨Î¥¸±µ° ³µ¤¥²¨ ·¥ ±Éµ· . �É¨ Ì · ±É¥·¨¸É¨±¨ ¸µ-
µÉ¢¥É¸É¢ÊÕÉ ¶ · ³¥É· ³ Œ�‘, ¢ÒÎ¨¸²¥´´Ò³ ¶·¨ ³ É¥³ É¨Î¥¸±µ° µ¡· ¡µÉ±¥
¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ³µÐ´µ¸É¨, ¢Ò§¢ ´´ÒÌ ¶·Ö³µÊ£µ²Ó´Ò³¨ ±µ²¥¡ ´¨Ö³¨
·¥ ±É¨¢´µ¸É¨ ¸ Î ¸ÉµÉ ³¨ 0,057 ¨ 0,065 ƒÍ.

‘²¥¤Ê¥É ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ ¨§³¥´¥´¨¥ ¶ · ³¥É·µ¢ ¶·¨¢µ¤¨É ± ¨§³¥´¥´¨Õ
´¥ Éµ²Ó±µ ³ ¸ÏÉ ¡  ¤¨ £· ³³Ò � °±¢¨¸É  (·¨¸. 32), ´µ ¨ ± ¥¥ ¤¥Ëµ·³ Í¨¨
(§ ±·ÊÎ¨¢ ´¨Õ ¥¥ ¶µ Î ¸µ¢µ° ¸É·¥²±¥). �Éµ ³µ¦¥É ¶·¨¢¥¸É¨ ± Éµ³Ê, ÎÉµ ¤¥-
Ëµ·³¨·µ¢ ´´ Ö �”—• ¶¥·¥¸¥Î¥É (¨²¨ ¤ ¦¥ µÌ¢ É¨É) ÉµÎ±Ê ´  ±µ³¶²¥±¸´µ°
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�¨¸. 35. ‹µ£ ·¨Ë³¨Î¥¸±¨¥  ³¶²¨ÉÊ¤´Ò¥ (L) ¨ Ë §µÎ ¸ÉµÉ´Ò¥ (ϕ) Ì · ±É¥·¨¸É¨±¨
·¥ ±Éµ·  ˆ��-2 ¸ �� ± ± · §µ³±´ÊÉµ° ¸¨¸É¥³Ò (·¨¸. 34,¡) ¤²Ö µÍ¥´±¨ Ê¸Éµ°Î¨¢µ¸É¨
¶µ ±·¨É¥·¨Õ � °±¢¨¸É . ω Å ±·Ê£µ¢ Ö Î ¸ÉµÉ  (· ¤/c). • · ±É¥·¨¸É¨±¨ ¸µµÉ¢¥É¸É¢ÊÕÉ
¶ · ³¥É· ³ Œ�‘, ¢ÒÎ¨¸²¥´´Ò³ ¶·¨ µ¡· ¡µÉ±¥ Ô±¸¶¥·¨³¥´Éµ¢: ¸¶²µÏ´ Ö ±·¨¢ Ö Å
¸·¥¤´ÖÖ ³µÐ´µ¸ÉÓ ·¥ ±Éµ·  1490 ±‚É, Î ¸ÉµÉ  ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥¡ ´¨° ·¥ ±É¨¢´µ¸É¨
0,057 ƒÍ; ÏÉ·¨Ìµ¢ Ö Å 1470 ±‚É, 0,065 ƒÍ

�¨¸. 36. � ¸Ìµ¤ÖÐ¨°¸Ö ¶¥·¥Ìµ¤´Ò° ¶·µ-
Í¥¸¸ ³µÐ´µ¸É¨ ·¥ ±Éµ·  ˆ��-2 ¢ ·¥-
¦¨³¥ ¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö ¶·¨ ¶·Ö³µÊ£µ²Ó-
´ÒÌ ±µ²¥¡ ´¨ÖÌ ·¥ ±É¨¢´µ¸É¨ ¶·¨ ¸·¥¤-
´¥° ³µÐ´µ¸É¨ 1435 ±‚É. P Å ³µÐ´µ¸ÉÓ
(¢ ±‚É), n Å ´µ³¥· ¨³¶Ê²Ó¸  (1000 ¨³-
¶Ê²Ó¸µ¢ ¸µµÉ¢¥É¸É¢ÊÕÉ 208 ¸)

¶²µ¸±µ¸É¨ ¸ ±µµ·¤¨´ É ³¨ (−1, j0)
¶·¨ Î ¸ÉµÉ¥ ¸ÊÐ¥¸É¢¥´´µ ´¨¦¥ ¶·¥-
¤¥²Ó´µ° Î ¸ÉµÉÒ 2,4 ƒÍ. �Éµ ¡Ê-
¤¥É ¸¢¨¤¥É¥²Ó¸É¢µ¢ ÉÓ µ ¢µ§´¨±´µ-
¢¥´¨¨ ´¥§ ÉÊÌ ÕÐ¨Ì (¨²¨ · ¸Ìµ¤Ö-
Ð¨Ì¸Ö) ±µ²¥¡ ´¨° ¸ ÔÉµ° ´¨§±µ° Î -
¸ÉµÉµ°. �  ·¥ ²Ó´µ¸ÉÓ ¢µ§´¨±´µ¢¥´¨Ö
É ±µ£µ ·¥¦¨³  Ê± §Ò¢ ¥É ·¨¸. 36, ´ 
±µÉµ·µ³ ¶µ± § ´ ¶¥·¥Ìµ¤´Ò° ¶·µÍ¥¸¸
³µÐ´µ¸É¨ ¶·¨ ¶·Ö³µÊ£µ²Ó´ÒÌ ±µ²¥-
¡ ´¨ÖÌ ·¥ ±É¨¢´µ¸É¨ ¸ Éµ° ¦¥ Î ¸Éµ-
Éµ° (∼ 0, 03 ƒÍ) ¨ Éµ° ¦¥  ³¶²¨-
ÉÊ¤µ°, ÎÉµ ¨ ¢ ¤·Ê£¨Ì Ô±¸¶¥·¨³¥´-
É Ì, § ·¥£¨¸É·¨·µ¢ ´´Ò° 24 Ö´¢ ·Ö
2002 £. ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ·¥ ±-
Éµ·  1435 ±‚É.

�·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ± -
§ ²¨, ÎÉµ ¢ ·¥¦¨³¥ ¸ ³µ·¥£Ê²¨·µ¢ -
´¨Ö (¡¥§ ��) ·¥ ±Éµ· ¤µ¸É ÉµÎ´µ
Ê¸Éµ°Î¨¢ ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ 1,5Ä
1,6 Œ‚É. �·¨ ¢±²ÕÎ¥´´µ³  ¢Éµ³ É¨Î¥¸±µ³ ·¥£Ê²ÖÉµ·¥ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
¶ · ³¥É· ³¨ ·¥ ±Éµ· Ê¸Éµ°Î¨¢ ¢ Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ¸·¥¤´¥° ³µÐ´µ¸É¨.
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3. Œ�„…‹œ ’…Œ�…��’“���‰ „ˆ��ŒˆŠˆ �…�Š’��� ˆ��-2
‚ ƒˆ��’…’ˆ—…‘Š�Œ ‚��ˆ��’… �“‘’…���ƒ� �…†ˆŒ�

‘ÊÐ¥¸É¢Ê¥É ·Ö¤ ¶·µ¥±Éµ¢ ¢ Ÿ¶µ´¨¨, …¢·µ¶¥, Šµ·¥¥, Š¨É ¥ ¨ �µ¸¸¨¨ ¶µ
· §· ¡µÉ±¥ ¨ ¸µ§¤ ´¨Õ ˆˆ�, µ·¨¥´É¨·µ¢ ´´ÒÌ ´  ¶µ²ÊÎ¥´¨¥ ³µÐ´ÒÌ ¨³-
¶Ê²Ó¸´ÒÌ ¶µÉµ±µ¢ ´¥°É·µ´µ¢. ‘·¥¤´ÖÖ ³µÐ´µ¸ÉÓ, £¥´¥·¨·Ê¥³ Ö ¸¡µ·±µ°, ³µ-
¦¥É ¤µ¸É¨£ ÉÓ ´¥¸±µ²Ó±¨Ì ³¥£ ¢ ÉÉ. �µÔÉµ³Ê µ¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²Ö¥É
É¥³¶¥· ÉÊ·´ Ö ¤¨´ ³¨±  Ô²¥³¥´Éµ¢ ¸¡µ·±¨ ¨, ¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó, É¥³¶¥· ÉÊ· 
¤¥²ÖÐ¥£µ¸Ö ³ É¥·¨ ²  (Éµ¶²¨¢ ) [39, 40]. „²Ö ¶µ¤±·¨É¨Î¥¸±¨Ì ³µÐ´ÒÌ ´¥°-
É·µ´´ÒÌ ¨¸ÉµÎ´¨±µ¢ É¥³¶¥· ÉÊ·´ Ö ¤¨´ ³¨±  ³µ¦¥É ¡ÒÉÓ µ¤´¨³ ¨§ µ¸´µ¢´ÒÌ
Ë ±Éµ·µ¢, µ¶·¥¤¥²ÖÕÐ¨Ì ´ ¤¥¦´ÊÕ ¨ ¡¥§µ¶ ¸´ÊÕ · ¡µÉÊ ¢¸¥° Ê¸É ´µ¢±¨ ¢ Í¥-
²µ³. …¸É¥¸É¢¥´´µ, ÎÉµ ·¥Ï¥´¨¥ ÔÉµ° § ¤ Î¨ § ¢¨¸¨É µÉ É¨¶  ˆˆ�. ‘ Í¥²ÓÕ
¸µ§¤ ´¨Ö ¨ µÉ· ¡µÉ±¨ ¤µ¸É ÉµÎ´µ Ê´¨¢¥·¸ ²Ó´µ° ³µ¤¥²¨ ˆˆ� ¸¤¥² ´  ¶µ-
¶ÒÉ±  ¸³µ¤¥²¨·µ¢ ÉÓ É¥³¶¥· ÉÊ·´ÊÕ ¤¨´ ³¨±Ê ³µÐ´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¶µ¤±·¨-
É¨Î¥¸±¨Ì ¸¨¸É¥³ ´  ¶·¨³¥·¥ £¨¶µÉ¥É¨Î¥¸±µ° ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨, ¢ ±µ-
Éµ·µ° Ê¦¥ ¤¥°¸É¢ÊÕÐ¨° ³µÐ´Ò° ¶·µÉµ´´Ò° Ê¸±µ·¨É¥²Ó ¸ ´¥· §³´µ¦ ÕÐ¥°
³¨Ï¥´ÓÕ ¡Ò² ¡Ò µ¡Ñ¥¤¨´¥´ ¸  ±É¨¢´µ° §µ´µ° ·¥ ±Éµ·  ˆ��-2, ´ Ìµ¤ÖÐ¥°¸Ö
¢ ¶µ¤±·¨É¨Î¥¸±µ³ ¸µ¸ÉµÖ´¨¨.

�¨¸. 37. �±¢¨¢ ²¥´É´Ò° É¢Ô²: 1 Å
É¢Ô²; 1′ Å ±µ´É ±É´Ò° ¸²µ°; 1′′ Å
µ¡µ²µÎ± ; 2 Å ± ´ ² É¥¶²µ´µ¸¨-
É¥²Ö

�´ ²¨É¨Î¥¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ ¶·µÍ¥¸-
¸µ¢ É¥¶²µµ¡³¥´ . �µ¤±·¨É¨Î¥¸± Ö ¸¡µ·± 
¨§ ¤¥²ÖÐ¥£µ¸Ö ³ É¥·¨ ²  ¶·¥¤´ §´ Î¥´  ¤²Ö
· §³´µ¦¥´¨Ö ´¥°É·µ´µ¢, ¶¥·¨µ¤¨Î¥¸±¨ £¥-
´¥·¨·Ê¥³ÒÌ ³¨Ï¥´ÓÕ ¶µ¤ ¤¥°¸É¢¨¥³ Ê¸±µ-
·¨É¥²Ö § ·Ö¦¥´´ÒÌ Î ¸É¨Í. ‚ Í¥´É·¥ ¸¡µ·-
±¨ ´ Ìµ¤¨É¸Ö ³¨Ï¥´Ó, ´ ¶·¨³¥·, ¨§ ¢µ²ÓË-
· ³ . Œ¨Ï¥´Ó µ±·Ê¦¥´  É¥¶²µ¢Ò¤¥²ÖÕÐ¨-
³¨ Ô²¥³¥´É ³¨ (É¢Ô² ³¨). Š ¦¤Ò° É¢Ô²,
¶·¥¤¸É ¢²ÖÕÐ¨° ¸µ¡µ° ¸É¥·¦¥´Ó (¨²¨ ´ -
¡µ· É ¡²¥Éµ±) ¨§ ¤¥²ÖÐ¥£µ¸Ö ³ É¥·¨ ² ,
§ ±²ÕÎ¥´ ¢ £¥·³¥É¨Î¥¸±ÊÕ ³¥É ²²¨Î¥¸±ÊÕ
µ¡µ²µÎ±Ê. Œ¥¦¤Ê É¢Ô²µ³ ¨ µ¡µ²µÎ±µ° ¨³¥-
¥É¸Ö ±µ´É ±É´Ò° ¸²µ°, § ¶µ²´¥´´Ò°, ´ ¶·¨-
³¥·, £¥²¨¥³. ’¢Ô²Ò ¶µ £·Ê¶¶ ³ ¸µ¡· ´Ò ¢
± ¸¸¥ÉÒ. �¡µ²µÎ±  ± ¦¤µ£µ É¢Ô²  µ³Ò¢ -
¥É¸Ö É¥¶²µ´µ¸¨É¥²¥³, ´ ¶·¨³¥·, ¦¨¤±¨³ ´ -
É·¨¥³.

	±¢¨¢ ²¥´É´Ò° É¢Ô². „²Ö  ´ ²¨É¨Î¥-
¸±µ° µÍ¥´±¨ ¶·µÍ¥¸¸µ¢ É¥¶²µµ¡³¥´  ¡Ò²¨
¶·¨´ÖÉÒ ¸²¥¤ÊÕÐ¨¥ ¤µ¶ÊÐ¥´¨Ö.

1. ‘¡µ·±  ¸µ¸Éµ¨É ¨§ ¨¤¥´É¨Î´ÒÌ É¢Ô²µ¢ ¸ µ¤¨´ ±µ¢Ò³ É¥¶²µ¢Ò¤¥²¥´¨¥³.
2. �²µÉ´µ¸ÉÓ ´¥°É·µ´µ¢ µ¤¨´ ±µ¢µ · ¸¶·¥¤¥²¥´  ¶µ ¢¸¥³Ê µ¡Ñ¥³Ê É¢Ô² .
3. �¥·¥Éµ± É¥¶²  ¢ µ¸¥¢µ³ ´ ¶· ¢²¥´¨¨ µÉ¸ÊÉ¸É¢Ê¥É.
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4. �µÉµ± É¥¶²µ´µ¸¨É¥²Ö · ¢´µ³¥·´µ · ¸¶·¥¤¥²¥´ ¶µ É¥Ì´µ²µ£¨Î¥¸±¨³ ± -
´ ² ³ ¸¡µ·±¨, ±µÉµ·Ò¥ É ±¦¥ ¸Î¨É ÕÉ¸Ö ¨¤¥´É¨Î´Ò³¨.

‘¤¥² ´´Ò¥ ¶·¥¤¶µ²µ¦¥´¨Ö ¤ ÕÉ µ¸´µ¢ ´¨¥ ¸Î¨É ÉÓ, ÎÉµ ¶·µÍ¥¸¸Ò ¢ ¸¡µ·-
±¥ Éµ¦¤¥¸É¢¥´´Ò ¶·µÍ¥¸¸ ³ ¢ Ô±¢¨¢ ²¥´É´µ³ É¢Ô²¥, ¶µ± § ´´µ³ ´  ·¨¸. 37.

�µ¸±µ²Ó±Ê ¸¡µ·±  ´ Ìµ¤¨É¸Ö ¢ ¸µ¸ÉµÖ´¨¨ £²Ê¡µ±µ° ¶µ¤±·¨É¨Î´µ¸É¨, ³µ¦-
´µ µÉ¤¥²Ó´µ ´¥ ¢Ò¤¥²ÖÉÓ ¢²¨Ö´¨¥ ´ £·¥¢  µ¡µ²µÎ±¨ ´  ¨§³¥´¥´¨¥ ·¥ ±É¨¢-
´µ¸É¨ ¸¡µ·±¨. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¤²Ö Ê¶·µÐ¥´¨Ö  ´ ²¨§  ±µ´É ±É´Ò° ¸²µ° ¨
µ¡µ²µÎ±  ¨§-§  ³ ²µ° Éµ²Ð¨´Ò µÉ´¥¸¥´Ò ± É¢Ô²Ê.

‚ ¸¡µ·±¥ ¨§ ¤¥²ÖÐ¥£µ¸Ö ³ É¥·¨ ² , · ¡µÉ ÕÐ¥° ¸µ¢³¥¸É´µ ¸ Ê¸±µ·¨-
É¥²¥³ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, ¶·µÍ¥¸¸Ò É¥¶²µµ¡³¥´   ´ ²µ£¨Î´Ò ¶·µÍ¥¸¸ ³ ¢
¨³¶Ê²Ó¸´µ³ Ö¤¥·´µ³ ·¥ ±Éµ·¥ [29] ¨ µ¶¨¸ ´Ò ¤²Ö Ê¸·¥¤´¥´´ÒÌ ¶µ · ¤¨Ê¸Ê
É¥³¶¥· ÉÊ·.

“¸²µ¢¨Ö³ É¥¶²µ¢µ£µ ¡ ² ´¸  ¸µµÉ¢¥É¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ Ê· ¢´¥´¨Ö ¢ Î ¸É-
´ÒÌ ¶·µ¨§¢µ¤´ÒÌ:

∂θ

∂t
= a1P − a2(θ − η), (56)

∂η

∂t
+ v

∂η

∂x
= a3(θ − η). (57)

‚ ÔÉ¨Ì Ê· ¢´¥´¨ÖÌ P Å ³µÐ´µ¸ÉÓ; θ, η Å Ê¸·¥¤´¥´´Ò¥ ¶µ · ¤¨Ê¸Ê É¥³-
¶¥· ÉÊ·Ò ¸µµÉ¢¥É¸É¢¥´´µ Éµ¶²¨¢  (É¢Ô² ) ¨ É¥¶²µ´µ¸¨É¥²Ö; v Å ¸±µ·µ¸ÉÓ
É¥¶²µ´µ¸¨É¥²Ö; t Å ¢·¥³Ö; x Å µ¸¥¢µ° (¶·µ¤µ²Ó´Ò°) ¶ · ³¥É· É¢Ô² .

� · ³¥É·Ò a1, a2, a3 µ¶·¥¤¥²ÖÕÉ¸Ö Ëµ·³Ê² ³¨

a1 =
1

NL(c1γ1S1 + c′γ′S′ + c′′γ′′S′′)
, (58)

a2 = ka0
2, (59)

a0
2 =

πd0

c1γ1S1 + c′γ′S′ + c′′γ′′S′′ , (59 )

a3 = ka0
3, (60)

a0
3 =

πd0

c2γ2S2
, (60 )

£¤¥ c1, c′, c′′, c2 Å É¥¶²µ¥³±µ¸É¨; γ1, γ′, γ′′, γ2 Å ¶²µÉ´µ¸É¨ ¨ S1, S′,
S′′, S2 Å ¶²µÐ ¤¨ ¶µ¶¥·¥Î´µ£µ ¸¥Î¥´¨Ö ¸µµÉ¢¥É¸É¢¥´´µ Éµ¶²¨¢ , ±µ´É ±É-
´µ£µ ¸²µÖ, µ¡µ²µÎ±¨ ¨ É¥¶²µ´µ¸¨É¥²Ö; N Å ±µ²¨Î¥¸É¢µ É¢Ô²µ¢; L Å ¤²¨´ 
Ô±¢¨¢ ²¥´É´µ£µ É¢Ô² ; d0 Å ´ ·Ê¦´Ò° ¤¨ ³¥É· µ¡µ²µÎ±¨; k Å ±µÔËË¨Í¨¥´É
É¥¶²µ¶¥·¥¤ Î¨ µÉ Éµ¶²¨¢  ± É¥¶²µ´µ¸¨É¥²Õ, · ¢´Ò°

k =
1

r0

4λ1
+

r0

r1

(
∆′

λ′ +
∆′′

λ′′

)
+

1
α

. (61)
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‡¤¥¸Ó λ1, λ′, λ′′ Å ±µÔËË¨Í¨¥´ÉÒ É¥¶²µ¶·µ¢µ¤´µ¸É¨ ¸µµÉ¢¥É¸É¢¥´´µ Éµ¶-
²¨¢ , ±µ´É ±É´µ£µ ¸²µÖ ¨ µ¡µ²µÎ±¨; α Å ±µÔËË¨Í¨¥´É É¥¶²µµÉ¤ Î¨ µÉ µ¡µ-
²µÎ±¨ ± É¥¶²µ´µ¸¨É¥²Õ; r1, r0 Å · ¤¨Ê¸ É¢Ô²  ¨ ´ ·Ê¦´Ò° · ¤¨Ê¸ µ¡µ²µÎ±¨;
∆′, ∆′′ Å Éµ²Ð¨´Ò ±µ´É ±É´µ£µ ¸²µÖ ¨ µ¡µ²µÎ±¨. ”µ·³Ê²  (61) ¶µ²ÊÎ¥´ 
¸µ£² ¸´µ É· ¤¨Í¨µ´´µ° ³¥Éµ¤¨±¥ [41]. ‚ Ê· ¢´¥´¨¨ (57) £· ´¨Î´Ò³¨ Ê¸²µ-
¢¨Ö³¨ ¤²Ö É¥³¶¥· ÉÊ·Ò η ¶µ ¢Ò¸µÉ¥ Ö¢²ÖÕÉ¸Ö É¥³¶¥· ÉÊ·Ò É¥¶²µ´µ¸¨É¥²Ö ´ 
¢Ìµ¤¥ (η1) ¨ ´  ¢ÒÌµ¤¥ (η2) ± ´ ²  (·¨¸. 37).

�¥·¥Ìµ¤ ± µ¡Ò±´µ¢¥´´Ò³ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³ Ê· ¢´¥´¨Ö³. �µ¸²¥ ¶¥-
·¥Ìµ¤  ± Ê¸·¥¤´¥´´Ò³ ¶µ ¢Ò¸µÉ¥ É¥³¶¥· ÉÊ· ³ θ̄ ¨ η̄ ¨§ Ê· ¢´¥´¨° (56) ¨ (57)
¶µ²ÊÎ¥´Ò µ¡Ò±´µ¢¥´´Ò¥ ¤¨ËË¥·¥´Í¨ ²Ó´Ò¥ Ê· ¢´¥´¨Ö

dθ̄

dt
= a1P − a2(θ̄ − η̄), (62)

dη̄

dt
= a3(θ̄ − η̄) + a4v(η1 − η2), (63)

£¤¥
a4 = 1/L. (64)

—Éµ¡Ò ¸¤¥² ÉÓ ¸¨¸É¥³Ê Ê· ¢´¥´¨° ¶µ²´µ°, ± Ê· ¢´¥´¨Ö³ (62) ¨ (63)
µ¡ÒÎ´µ ¤µ¡ ¢²ÖÕÉ Ê· ¢´¥´¨¥

η̄ = 0, 5(η1 + η2), (65)

¶µ² £ Ö, ÎÉµ ¸·¥¤´ÖÖ É¥³¶¥· ÉÊ·  É¥¶²µ´µ¸¨É¥²Ö Ö¢²Ö¥É¸Ö ¸·¥¤´¥ ·¨Ë³¥É¨Î¥-
¸±µ° ¢¥²¨Î¨´µ° µÉ £· ´¨Î´ÒÌ É¥³¶¥· ÉÊ·.

‘¨¸É¥³  Ê· ¢´¥´¨° (62), (63), (65) ¤µ¸É ÉµÎ´µ ¶·µ¸É  ¨ Ê¤µ¡´  ¤²Ö  ´ -
²¨§  ¤¨´ ³¨±¨. �¤´ ±µ µ´  ³µ¦¥É µ± § ÉÓ¸Ö ´¥¤µ¸É ÉµÎ´µ° ¤²Ö  ´ ²¨§  ´¥±µ-
Éµ·ÒÌ ¶·µÍ¥¸¸µ¢. ’ ±, ¨§ ÔÉµ° ¸¨¸É¥³Ò ¸²¥¤Ê¥É, ÎÉµ ¶·¨ ¸± Î±¥ É¥³¶¥· ÉÊ·Ò
É¥¶²µ´µ¸¨É¥²Ö ´  ¢Ìµ¤¥ η1 É¥³¶¥· ÉÊ·  ´  ¢ÒÌµ¤¥ η2 ¤µ²¦´  ¨§³¥´¨ÉÓ¸Ö ¸± Î-
±µ³ ¢ ¶·µÉ¨¢µ¶µ²µ¦´ÊÕ ¸Éµ·µ´Ê, ¶µ¸±µ²Ó±Ê ¸µ£² ¸´µ Ê· ¢´¥´¨Õ (63) ¸·¥¤´ÖÖ
É¥³¶¥· ÉÊ·  ¸± Î±µ³ ¨§³¥´¨ÉÓ¸Ö ´¥ ³µ¦¥É. “± § ´´µ¥ ¶·µÉ¨¢µ·¥Î¨¥ ¸´¨³ -
¥É¸Ö, ¥¸²¨ ¶·¨ ¶¥·¥Ìµ¤¥ µÉ ¨¸Ìµ¤´ÒÌ Ê· ¢´¥´¨° ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ ¢µ¸-
¶µ²Ó§µ¢ ÉÓ¸Ö  ¶¶·µ±¸¨³¨·ÊÕÐ¨³ ¶µ²¨´µ³µ³ �·³¨É  [42]. ‚ ·¥§Ê²ÓÉ É¥ ¤¢ 
¨¸Ìµ¤´ÒÌ Ê· ¢´¥´¨Ö ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ § ³¥´¥´Ò ¸¥³ÓÕ µ¡Ò±´µ¢¥´´Ò³¨
¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨. „²Ö Ê¤µ¡¸É¢  ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ
¶·µÍ¥¸¸µ¢ ¶ÖÉÓ ¨§ ´¨Ì µ¡Ñ¥¤¨´¥´Ò ¢ ¤¢  ¤¨ËË¥·¥´Í¨ ²Ó´ÒÌ Ê· ¢´¥´¨Ö (66)
¨ (67) ¨ ¤¢   ²£¥¡· ¨Î¥¸±¨Ì (66 ) ¨ (67 ):

dψ

dt
= −a2ψ − d

dt
(η1 − η2), (66)

d

dt
(η1 − η2) = a3ψ + γ. (67)
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‚ Ê· ¢´¥´¨ÖÌ (66) ¨ (67) ¶¥·¥³¥´´Ò¥ ψ ¨ γ µ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ ¢Ò-
· ¦¥´¨Ö³¨:

ψ = (θ1 − η1) − (θ2 − η2) , (66 )

γ = 12a4v

[
η1 − η̄ − 1

2
(η1 − η2)

]
, (67 )

£¤¥ θ1, θ2, η1, η2 Å ¸µµÉ¢¥É¸É¢¥´´µ £· ´¨Î´Ò¥ §´ Î¥´¨Ö É¥³¶¥· ÉÊ· Éµ¶²¨¢ 
¨ É¥¶²µ´µ¸¨É¥²Ö.

ˆÉ ±, ¤¢  ¨¸Ìµ¤´ÒÌ Ê· ¢´¥´¨Ö ¢ Î ¸É´ÒÌ ¶·µ¨§¢µ¤´ÒÌ (56) ¨ (57) § ³¥-
´¥´Ò Î¥ÉÒ·Ó³Ö µ¡Ò±´µ¢¥´´Ò³¨ ¤¨ËË¥·¥´Í¨ ²Ó´Ò³¨ Ê· ¢´¥´¨Ö³¨ (62), (63),
(66), (67) ¨ ¤¢Ê³Ö  ²£¥¡· ¨Î¥¸±¨³¨ (66 ) ¨ (67 ).

‡ ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·µ¢ µÉ ¸·¥¤´¥° É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢ . �É³¥É¨³
µ¸µ¡¥´´µ¸É¨ ¶µ²ÊÎ¥´´ÒÌ Ê· ¢´¥´¨°. „²Ö ·¥¦¨³µ¢ · ¡µÉÒ ¸¡µ·±¨, Ì · ±É¥-
·¨§ÊÕÐ¨Ì¸Ö ´¥¸ÊÐ¥¸É¢¥´´Ò³¨ ¨§³¥´¥´¨Ö³¨ É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢ , Ê· ¢´¥´¨Ö
(66) ¨ (67) ³µ¦´µ µ¡Ñ¥¤¨´¨ÉÓ ¨ ¸¨¸É¥³Ê Ê· ¢´¥´¨° (62), (63), (66) ¨ (67) ¶·¥¤-
¸É ¢¨ÉÓ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

Tθ
dθ̄

dt
+ θ̄ = kP P + η̄, (68)

Tη
dη̄

dt
+ η̄ = θ̄ + kηv (η1 − η2) , (69)

Tψ
d2

dt2
(η1 − η2) +

d

dt
(η1 − η2) = kψ

(
Tθ

dγ

dt
+ γ

)
, (70)

£¤¥ ¢¢¥¤¥´Ò µ¡µ§´ Î¥´¨Ö ¶µ¸ÉµÖ´´ÒÌ ¢·¥³¥´¨

Tθ =
1
a2

, Tη =
1
a3

, Tψ =
TθTη

Tθ + Tη
(71)

¨ ±µÔËË¨Í¨¥´Éµ¢ ¶¥·¥¤ Î¨

kP =
a1

a2
, kη =

a4

a3
, kψ =

Tη

Tθ + Tη
. (72)

’ ¡²¨Í  5. � · ³¥É·Ò ± ± ËÊ´±Í¨¨ É¥³¶¥· ÉÊ·Ò

θ̄, Š 700 900 1100 1300 1500

λ1, ‚É/(³ ·Š) 2,9 2,4 2,0 1,7 1,4

k, ‚É/(³2 ·Š) 1020 950 870 810 730

Tθ, ¸ 7,1 7,7 8,4 9,1 10

Tη , ¸ 1,0 1,1 1,2 1,3 1,4
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ˆ§ ¸µµÉ´µÏ¥´¨° (69), (70) ¨ (59), (60) ¸²¥¤Ê¥É, ÎÉµ ¶µ¸ÉµÖ´´Ò¥ ¢·¥³¥´¨
É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢  Tθ ¨ É¥¶²µ´µ¸¨É¥²Ö Tη,   É ±¦¥ ±µÔËË¨Í¨¥´ÉÒ ¶¥·¥-
¤ Î¨ kP ¨ kη µ¡· É´µ ¶·µ¶µ·Í¨µ´ ²Ó´Ò ±µÔËË¨Í¨¥´ÉÊ É¥¶²µ¶¥·¥¤ Î¨ k, ±µ-
Éµ·Ò° Ö¢²Ö¥É¸Ö ËÊ´±Í¨¥° ±µÔËË¨Í¨¥´É  É¥¶²µ¶·µ¢µ¤´µ¸É¨ Éµ¶²¨¢  λ1 (61).
‚ ¸¢µÕ µÎ¥·¥¤Ó, λ1 § ³¥É´µ § ¢¨¸¨É µÉ É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢  [43], ¨´ Î¥
£µ¢µ·Ö, µÉ ³µÐ´µ¸É¨ ¸¡µ·±¨. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¥´  ¸¡µ·± ,  ´ -
²µ£¨Î´ Ö  ±É¨¢´µ° §µ´¥ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2, £¤¥ ¢ ± Î¥¸É¢¥ Éµ¶²¨¢ 
¨¸¶µ²Ó§Ê¥É¸Ö ¤¢Êµ±¨¸Ó ¶²ÊÉµ´¨Ö. � §²¨Î´Ò³ É¥³¶¥· ÉÊ· ³ Éµ¶²¨¢  ¸µµÉ¢¥É-
¸É¢ÊÕÉ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ (É ¡². 5).

‘É·Ê±ÉÊ·´ Ö ¸Ì¥³  ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö É¥³¶¥· ÉÊ·´µ° ¤¨´ ³¨±¨ ¶·¨
Ï¨·µ±µ³ ¤¨ ¶ §µ´¥ ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢ . ‡ ¢¨¸¨³µ¸ÉÓ ±µÔËË¨-
Í¨¥´É  É¥¶²µ¶¥·¥¤ Î¨ µÉ Éµ¶²¨¢  ± É¥¶²µ´µ¸¨É¥²Õ  ¶¶·µ±¸¨³¨·µ¢ ´  Ô±¸¶µ-
´¥´Éµ°:

k = k0 exp (bθ̄), (73)

£¤¥ k0 = 1, 38 · 103 ‚É/(³2 ·Š); b = −4, 29 · 10−4 Š−1; θ̄ Å Ê¸·¥¤´¥´´ Ö
¶µ ¢Ò¸µÉ¥ É¥³¶¥· ÉÊ·  Éµ¶²¨¢  (¢ Š). ‹¨´¥°´ Ö  ¶¶·µ±¸¨³ Í¨Ö µ± § ² ¸Ó
´¥Ê¤µ¢²¥É¢µ·¨É¥²Ó´µ°, ¶µ¸±µ²Ó±Ê ¥° ¸µµÉ¢¥É¸É¢µ¢ ²  ´¥Ê¸Éµ°Î¨¢ Ö ³µ¤¥²Ó.

�¨¸. 38. �²µ±-¸Ì¥³  ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ É¥³¶¥· ÉÊ·

�  ·¨¸. 38 ¶µ± § ´  ¡²µ±-¸Ì¥³  ³µ¤¥²¨,   ´  ·¨¸. 39 ¢ · §¢¥·´ÊÉµ³ ¢¨¤¥
¶µ± § ´Ò ¸µ¸É ¢²ÖÕÐ¨¥ ¥¥ ¡²µ±-¸Ì¥³Ò.
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�¨¸. 39. ‘µ¸É ¢²ÖÕÐ¨¥ ¡²µ±-¸Ì¥³Ò, ¶µ± § ´´µ° ´  ·¨¸. 38. � Å Ô²¥³¥´É Ê³´µ¦¥´¨Ö;
⊗ Å Ô²¥³¥´É  ²£¥¡· ¨Î¥¸±µ£µ ¸Ê³³¨·µ¢ ´¨Ö

�Í¥´±  ¶ · ³¥É·µ¢ £¨¶µÉ¥É¨Î¥¸±µ° ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨. �·¥¤¸É -
¢¨³ ¢µ§³µ¦´µ¸ÉÓ µ¡Ñ¥¤¨´¥´¨Ö ¨§¢¥¸É´ÒÌ ³µÐ´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉµÎ´¨±µ¢
´¥°É·µ´µ¢, ¸µ¸ÉµÖÐ¨Ì ¨§ ¶·µÉµ´´ÒÌ Ê¸±µ·¨É¥²¥° ¨ ´¥· §³´µ¦ ÕÐ¨Ì ³¨Ï¥-
´¥°, ¸ ¶µ¤±·¨É¨Î¥¸±µ° · §³´µ¦ ÕÐ¥° ¸¡µ·±µ° ¸ ¶ · ³¥É· ³¨  ±É¨¢´µ° §µ´Ò
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¡Ò¸É·µ£µ ·¥ ±Éµ·  ˆ��-2. ‚ ± Î¥¸É¢¥ ¨§¢¥¸É´ÒÌ ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉµÎ´¨±µ¢ ¸
´¥· §³´µ¦ ÕÐ¥° ³¨Ï¥´ÓÕ ¡Ò²¨ · ¸¸³µÉ·¥´Ò ¨¸ÉµÎ´¨±¨ ISIS (‚¥²¨±µ¡·¨É -
´¨Ö, —¨²Éµ´) ¨ MLNSC (‘˜�, ‹µ¸-�² ³µ¸) ¸ ¶ · ³¥É· ³¨ [44], Ê± § ´´Ò³¨
¢ É ¡². 6.

’ ¡²¨Í  6. � · ³¥É·Ò ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉµÎ´¨±µ¢ ´¥°É·µ´µ¢

ˆ¸ÉµÎ´¨± ƒµ¤ ŒµÐ´µ¸ÉÓ �´¥·£¨Ö „²¨É¥²Ó´µ¸ÉÓ — ¸ÉµÉ ,
¸µµ·Ê¦¥´¨Ö ³¨Ï¥´¨, ±‚É ¶ÊÎ± , ŒÔ‚ ¨³¶Ê²Ó¸ , ³±¸ ¸−1

ISIS 1985 160 800 20Ä30 50
MLNSC 1985 50 800 20Ä30 20

�·¨ µ¡Ñ¥¤¨´¥´¨¨ ÔÉ¨Ì ¨¸ÉµÎ´¨±µ¢ ¸ · §³´µ¦ ÕÐ¥° ¸¡µ·±µ°,  ´ ²µ£¨Î-
´µ°  ±É¨¢´µ° §µ´¥ ·¥ ±Éµ·  ˆ��-2, ¸¡µ·±  Ì · ±É¥·¨§µ¢ ² ¸Ó ¡Ò ¶ · ³¥-
É· ³¨, Ê± § ´´Ò³¨ ¢ É ¡². 7. �Ò²µ ¶·¨´ÖÉµ, ÎÉµ ¶µ¤±·¨É¨Î´µ¸ÉÓ ´  ³£´µ¢¥´-
´ÒÌ ´¥°É·µ´ Ì ε = −0, 05, É. ¥. 5 % (¶·¨ ÔÉµ³ Ê³´µ¦¥´¨¥ Y = 1/|ε| = 20),
¤µ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ β = 2, 16 · 10−3 ¨ ÔËË¥±É¨¢´µ¥ ¢·¥³Ö ¦¨§´¨
³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ τ = 6 · 10−8 ¸.

’ ¡²¨Í  7. � · ³¥É·Ò £¨¶µÉ¥É¨Î¥¸±µ° ¸¡µ·±¨

‘¡µ·±  ISIS +  ±É¨¢´ Ö MLNSC+  ±É¨¢´ Ö
§µ´  ˆ��-2 §µ´  ˆ��-2

ŒµÐ´µ¸ÉÓ ³¨Ï¥´¨, ±‚É 160 50
�´¥·£¨Ö, ¢Ò¤¥²Ö¥³ Ö ¢ ¨³¶Ê²Ó¸¥, ±„¦ 64 50
�´¥·£¨Ö, ¢Ò¤¥²Ö¥³ Ö ³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨
(Ô´¥·£¨Ö Ëµ´ ), ±„¦ 3 2
�µ²´ Ö Ô´¥·£¨Ö §  ¶¥·¨µ¤ ¨³¶Ê²Ó¸µ¢, ±„¦ 67 52
„µ²Ö Ô´¥·£¨¨ Ëµ´  µÉ ¶µ²´µ° Ô´¥·£¨¨, % 4 4
ŒµÐ´µ¸ÉÓ ¸¡µ·±¨, Œ‚É 3,3 1,0
„²¨É¥²Ó´µ¸ÉÓ ¨³¶Ê²Ó¸  ¸¡µ·±¨, ³±¸ 20Ä30 20Ä30
— ¸ÉµÉ  ¨³¶Ê²Ó¸µ¢, ¸−1 50 20
‘·¥¤´ÖÖ É¥³¶¥· ÉÊ·  Éµ¶²¨¢ , Š ∼ 1500 ∼ 900

’ ±¨³ µ¡· §µ³, ³µÐ´µ¸ÉÓ ¶µ¤±·¨É¨Î¥¸±µ° ¸¡µ·±¨ ¶µ ¸· ¢´¥´¨Õ ¸ ³µÐ-
´µ¸ÉÓÕ ´¥· §³´µ¦ ÕÐ¥° ³¨Ï¥´¨ Ê¢¥²¨Î¨² ¸Ó ¡Ò ¢ 20 · § ¶·¨ ¸µÌ· ´¥´¨¨
¤²¨É¥²Ó´µ¸É¨ ¨³¶Ê²Ó¸ . �·¨ ÔÉµ³ 96 % ¢¸¥° Ô´¥·£¨¨ ¢Ò¤¥²¨²µ¸Ó ¡Ò ¢ ¨³¶Ê²Ó-
¸ Ì. �Î¥¢¨¤´µ, ÎÉµ ¶·¨ ¸·¥¤´¥° ³µÐ´µ¸É¨ ¸¡µ·±¨ ∼ 1 Œ‚É ¨ ¢ÒÏ¥ µÍ¥´± 
É¥³¶¥· ÉÊ·´µ° ¤¨´ ³¨±¨ ¸É ´µ¢¨É¸Ö ¢¥¸Ó³   ±ÉÊ ²Ó´µ°.

�·¨³¥·Ò ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ É¥³¶¥· ÉÊ·. �¥·¥Ìµ¤-
´Ò¥ ¶·µÍ¥¸¸Ò ´  ·¨¸. 40Ä42 ¸µµÉ¢¥É¸É¢ÊÕÉ £¨¶µÉ¥É¨Î¥¸±µ° ¶µ¤±·¨É¨Î¥¸±µ°
¸¡µ·±¥ ISIS + ˆ��-2. �É¨ ¶·µÍ¥¸¸Ò ¸µµÉ¢¥É¸É¢ÊÕÉ ´ ¨¡µ²¥¥ ´ ¶·Ö¦¥´´µ³Ê
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·¥¦¨³Ê (¶·¨ ¸·¥¤´¥° É¥³¶¥· ÉÊ·¥ Éµ¶²¨¢  ∼ 1500 Š). ‡´ Î¥´¨Ö ¶ · ³¥É·µ¢
³µ¤¥²¨ ¶·¨´ÖÉÒ ¸²¥¤ÊÕÐ¨³¨: a1 = 25, 4 Š/Œ‚É, a0

2 = 1, 37·10−4 ³2·Š/(‚É·¸),
a0
3 = 9, 69 · 10−4 ³2 · Š/(‚É · ¸), a4 = 2, 5 ³−1, k0 = 1, 38 · 103 ‚É/(³2 · Š),

b = −4, 29 · 10−4 Š−1, P = 3, 3 Œ‚É, η1 = 573 K, v = 3 ³/¸.

�¨¸. 40. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¤²Ö ³µ-
¤¥²¨, ¶µ± § ´´µ° ´  ·¨¸. 38 ¨ 39, ¶·¨
¢±²ÕÎ¥´¨¨ Ê¸±µ·¨É¥²Ö. P , θ, η, η2, k Å
¸µµÉ¢¥É¸É¢¥´´µ ³µÐ´µ¸ÉÓ (Œ‚É), Ê¸·¥¤-
´¥´´Ò¥ ¶µ ¢Ò¸µÉ¥ É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢ 
¨ É¥¶²µ´µ¸¨É¥²Ö, ¢ÒÌµ¤´ Ö É¥³¶¥· ÉÊ· 
É¥¶²µ´µ¸¨É¥²Ö (Š) ¨ ±µÔËË¨Í¨¥´É É¥-
¶²µ¶¥·¥¤ Î¨ µÉ Éµ¶²¨¢  ± É¥¶²µ´µ¸¨-
É¥²Õ (‚É/(³2·Š)), t Å ¢·¥³Ö (¸)

�¨¸. 41. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ±· É±µ¢·¥³¥´´µ³ µÉ±²ÕÎ¥´¨¨ Ê¸±µ·¨É¥²Ö

�  ·¨¸. 40Ä42 ¶µ± § ´Ò ¶¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ¢±²ÕÎ¥´¨¨ Ê¸±µ·¨-
É¥²Ö, ¶·¨ ±· É±µ¢·¥³¥´´µ³ ¶·µ¶ ¤ ´¨¨ ³µÐ´µ¸É¨ ¨ ¶·¨ Ê³¥´ÓÏ¥´¨¨ ¸± Î-
±µ³ ¢ ¤¢  · §  ¸±µ·µ¸É¨ É¥¶²µ´µ¸¨É¥²Ö.
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�¨¸. 42. �¥·¥Ìµ¤´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨ ¸± Î±¥ ¸±µ·µ¸É¨ É¥¶²µ´µ¸¨É¥²Ö v µÉ 3 ¤µ 1,5 ³/¸

‡�Š‹	—…�ˆ…

1. �·µ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¤²Ö ¨¸¸²¥¤µ¢ ´¨Ö ÏÊ³µ¢ Ô´¥·£¨¨ ¨³¶Ê²Ó¸µ¢
³µÐ´µ¸É¨ ·¥ ±Éµ· . ‚ÒÖ¢²¥´Ò ¤¨ ¶ §µ´Ò Î ¸ÉµÉ, Ì · ±É¥·¨§ÊÕÐ¨¥¸Ö ¶µ¢Ò-
Ï¥´´Ò³¨  ³¶²¨ÉÊ¤ ³¨ ±µ²¥¡ ´¨° ³µÐ´µ¸É¨, ¤ ´  µÍ¥´±  ¢µ§³µ¦´ÒÌ ¶·¨Î¨´
±µ²¥¡ ´¨°. ‚ÒÖ¢²¥´  § ¢¨¸¨³µ¸ÉÓ ¶ · ³¥É·µ¢ ÔÉ¨Ì ±µ²¥¡ ´¨° µÉ ¸·¥¤´¥°
³µÐ´µ¸É¨ ·¥ ±Éµ· .

2. �  ·¥ ±Éµ·¥, · ¡µÉ ¢Ï¥³ ¢ ·¥¦¨³¥ ¸ ³µ·¥£Ê²¨·µ¢ ´¨Ö (¡¥§  ¢Éµ³ -
É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ· ), ¶·µ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶µ µ¶·¥¤¥²¥´¨Õ ¶ · ³¥É·µ¢
µ¡· É´µ° ¸¢Ö§¨. „ ´  µÍ¥´±  ¸É¥¶¥´¨ Ê¸Éµ°Î¨¢µ¸É¨ ·¥ ±Éµ· . �  µ¸´µ¢ ´¨¨
 ´ ²¨§  ±µ²¥¡ ´¨° ³µÐ´µ¸É¨ ¸ ÊÎ¥Éµ³ ¨Ì ´¥²¨´¥°´µ£µ Ì · ±É¥·  ¶µ²ÊÎ¥´Ò
Ê· ¢´¥´¨Ö ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨, µ± §Ò¢ ÕÐ¥° ·¥Ï ÕÐ¥¥ ¢²¨Ö´¨¥ ´ 
¸É¥¶¥´Ó Ê¸Éµ°Î¨¢µ¸É¨ ·¥ ±Éµ· .

3. ‘µ§¤ ´  ¤¨¸±·¥É´ Ö ³µ¤¥²Ó ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2 ¨ ¥¥ ¶·µ-
£· ³³´ Ö ·¥ ²¨§ Í¨Ö ¤²Ö ³µ¤¥²¨·µ¢ ´¨Ö ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢. ‹¨´¥°´Ò¥
Ô²¥³¥´ÉÒ ³µ¤¥²¨ µ¶¨¸ ´Ò ¤¨¸±·¥É´Ò³¨ ¶¥·¥¤ ÉµÎ´Ò³¨ ËÊ´±Í¨Ö³¨, ¶µ²Ê-
Î¥´´Ò³¨ ¢ ·¥§Ê²ÓÉ É¥ ¨¸¶µ²Ó§µ¢ ´¨Ö z-¶·¥µ¡· §µ¢ ´¨Ö. “ÎÉ¥´Ò ´¥²¨´¥°´Ò¥
§ ¢¨¸¨³µ¸É¨ ¢ ¡²µ± Ì ±¨´¥É¨±¨ ¨ ³µÐ´µ¸É´µ° µ¡· É´µ° ¸¢Ö§¨.

4. ‘µ§¤ ´  ´¥¶·¥·Ò¢´ Ö ³µ¤¥²Ó ¤¨´ ³¨±¨ ·¥ ±Éµ·  ˆ��-2 ¸ ¶¥·¥³¥´-
´Ò³¨, Ê¸·¥¤´¥´´Ò³¨ ¶µ ¶¥·¨µ¤Ê ¸²¥¤µ¢ ´¨Ö ¨³¶Ê²Ó¸µ¢ ³µÐ´µ¸É¨. ‚ ´¥¶·¥-
·Ò¢´µ° ³µ¤¥²¨ ²¨´¥°´Ò³ §¢¥´ÓÖ³ ¸µµÉ¢¥É¸É¢ÊÕÉ µ¡ÒÎ´Ò¥ (´¥ ¤¨¸±·¥É´Ò¥)
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¶¥·¥¤ ÉµÎ´Ò¥ ËÊ´±Í¨¨, ÎÉµ ¶µ§¢µ²Ö¥É ¶·¨  ´ ²¨§¥ ¤¨´ ³¨±¨ ¨¸¶µ²Ó§µ¢ ÉÓ
¡µ²¥¥ ¶·µ¸Éµ° ¨ µ¡Ï¨·´Ò°  ¶¶ · É ¨¸¸²¥¤µ¢ ´¨Ö ¤¨´ ³¨Î¥¸±¨Ì ¸¨¸É¥³.

5. ŒµÐ´µ¸É´ Ö µ¡· É´ Ö ¸¢Ö§Ó  ´ ²¨É¨Î¥¸±¨ µ¶¨¸ ´  ¶ÖÉÓÕ ¸µ¸É ¢²ÖÕ-
Ð¨³¨: É·¥³Ö ´¥²¨´¥°´Ò³¨ Ê· ¢´¥´¨Ö³¨ (¡Ò¸É· Ö Œ�‘), µÉ· ¦ ÕÐ¨³¨ ¶·µ-
Í¥¸¸Ò, ¶·µ¨¸Ìµ¤ÖÐ¨¥ ¢  ±É¨¢´µ° §µ´¥ ·¥ ±Éµ·  ¢ ·¥§Ê²ÓÉ É¥ ¥¥ · §µ£·¥¢ , ¨
¤¢Ê³Ö ²¨´¥°´Ò³¨ Ê· ¢´¥´¨Ö³¨ (³¥¤²¥´´ Ö Œ�‘), µÉ· ¦ ÕÐ¨³¨, ¢ Î ¸É´µ-
¸É¨, ¢²¨Ö´¨¥ · §µ£·¥¢  ±µ´ÉÊ·µ¢ É¥¶²µ´µ¸¨É¥²Ö.

6. �·µ¢¥¤¥´µ ³µ¤¥²¨·µ¢ ´¨¥ ¶¥·¥Ìµ¤´ÒÌ ¶·µÍ¥¸¸µ¢ ³µÐ´µ¸É¨ ·¥ ±Éµ· .
„ ´  µÍ¥´±  ¢²¨Ö´¨Ö ¶ · ³¥É·µ¢  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ·  ´  ¶¥·¥Ìµ¤´Ò¥
¶·µÍ¥¸¸Ò ¶·¨ ·¥£Ê²Ö·´µ³ (¸± Î±µµ¡· §´µ³) ¢µ§³ÊÐ¥´¨¨ ·¥ ±É¨¢´µ¸É¨, ¶·¨
¸²ÊÎ °´µ³ ¢µ§³ÊÐ¥´¨¨ ·¥ ±É¨¢´µ¸É¨ ¸ ´µ·³ ²Ó´Ò³ § ±µ´µ³ · ¸¶·¥¤¥²¥´¨Ö,
  É ±¦¥ ¶·¨ ¸²ÊÎ °´µ³ ¢µ§³ÊÐ¥´¨¨ ¸ ¤µ¡ ¢²¥´¨¥³ ¸¨´Ê¸µ¨¤ ²Ó´ÒÌ ¢µ§³ÊÐ¥-
´¨°, Ì · ±É¥·´ÒÌ ¤²Ö ˆ��-2. �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ¶µ§¢µ²ÖÕÉ ¢Ò¡· ÉÓ
µ¶É¨³ ²Ó´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢  ¢Éµ³ É¨Î¥¸±µ£µ ·¥£Ê²ÖÉµ· .

7. ‘µ§¤ ´  ³µ¤¥²Ó É¥³¶¥· ÉÊ·´µ° ¤¨´ ³¨±¨ ¨³¶Ê²Ó¸´µ° ¸¡µ·±¨ ¨§ ¤¥²Ö-
Ð¥£µ¸Ö ³ É¥·¨ ² . �µ¤Î¥·±´ÊÉ  ¢ ¦´µ¸ÉÓ ÊÎ¥É  § ¢¨¸¨³µ¸É¨ ¶µ¸ÉµÖ´´ÒÌ ¢·¥-
³¥´¨ Éµ¶²¨¢  ¨ É¥¶²µ´µ¸¨É¥²Ö µÉ É¥³¶¥· ÉÊ·Ò Éµ¶²¨¢ . „ ´  µÍ¥´±  ³´µ£µ-
±· É´µ£µ Ê¸¨²¥´¨Ö ³µÐ´µ¸É¨ ¨³¶Ê²Ó¸´µ£µ ¨¸ÉµÎ´¨±  ´¥°É·µ´µ¢, ¶·¥¤¸É ¢²Ö-
ÕÐ¥£µ ¸µ¡µ° ³µÐ´Ò° ¶·µÉµ´´Ò° Ê¸±µ·¨É¥²Ó ¸ ´¥· §³´µ¦ ÕÐ¥° ³¨Ï¥´ÓÕ,
¢ ¸²ÊÎ ¥ ¥£µ £¨¶µÉ¥É¨Î¥¸±µ£µ µ¡Ñ¥¤¨´¥´¨Ö ¸ · §³´µ¦ ÕÐ¥° ¶µ¤±·¨É¨Î¥¸±µ°
¸¡µ·±µ°,  ´ ²µ£¨Î´µ°  ±É¨¢´µ° §µ´¥ ¨³¶Ê²Ó¸´µ£µ ·¥ ±Éµ·  ˆ��-2.

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¸Î¨É ÕÉ ¸¢µ¨³ ¤µ²£µ³ ¢Ò· §¨ÉÓ ¡² £µ¤ ·´µ¸ÉÓ ¶¥·-
¸µ´ ²Ê ·¥ ±Éµ·  ˆ��-2 §  ¶µ³µÐÓ ¢ ¶·µ¢¥¤¥´¨¨ ³´µ£µÎ¨¸²¥´´ÒÌ Ô±¸¶¥·¨-
³¥´Éµ¢, …. �. ˜ ¡ ²¨´Ê ¨ �. ‚. ‚¨´µ£· ¤µ¢Ê §  ¶µ²¥§´µ¥ µ¡¸Ê¦¤¥´¨¥ ¨ ·Ö¤
Í¥´´ÒÌ § ³¥Î ´¨°,   É ±¦¥ ˆ. �. Š ÏÊ²¨´µ° ¨ �. 
. Š §¨³¨·µ¢µ° §  ¶µ³µÐÓ.
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