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�¥¶¥²ÒÏ¥¢ �.�. ¨ ¤·. P13-2012-16
�±¸¶¥·¨³¥´É ²Ó´ Ö μÍ¥´±  ¶ · ³¥É·μ¢ ±¨´¥É¨±¨
·¥ ±Éμ·  ˆ
�-2Œ ¶μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ÏÊ³ ³ ³μÐ´μ¸É¨

�·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì
Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ·  ˆ
�-2M, ¶μ ±μÉμ·Ò³ ¶μ²ÊÎ¥´Ò ´¥±μ-
Éμ·Ò¥ ¶ · ³¥É·Ò ±¨´¥É¨±¨ ·¥ ±Éμ· . �  · §´ÒÌ Ê·μ¢´ÖÌ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥-
£¨¸É·¨·μ¢ ² ¸Ó ¶μ¸²¥¤μ¢ É¥²Ó´μ¸ÉÓ §´ Î¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¸ ¢ÒÎ¨¸²¥´¨¥³
¶ · ³¥É·μ¢ · ¸¶·¥¤¥²¥´¨Ö. ‚ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  ´¥°É·μ´μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó ¨μ-
´¨§ Í¨μ´´ Ö ± ³¥·  ¸ ¡μ·μ³, Ê¸É ´μ¢²¥´´ Ö ¢¡²¨§¨  ±É¨¢´μ° §μ´Ò. �¥§Ê²ÓÉ ÉÒ
¨¸¸²¥¤μ¢ ´¨° ¶μ§¢μ²¨²¨ μÍ¥´¨ÉÓ ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢
τ = (6,53 ± 0,2) · 10−8 ¸,  ¡¸μ²ÕÉ´ÊÕ ³μÐ´μ¸ÉÓ ·¥ ±Éμ·  ¨ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸-
ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢ S¸¶ � (6,72 ± 0,12) · 106 ¸−1. �μ± § ´μ, ÎÉμ
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡²¨§±¨ ± · ¸Î¥É´Ò³.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
	ˆŸˆ.
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Pepelyshev Yu.N. et al. P13-2012-16
Experimental Estimations of the Kinetics Parameters
of the IBR-2Œ Reactor by Stochastic Noises

Experimental investigations of stochastic �uctuations of pulse energy of the IBR-
2M reactor have been carried out which allowed us to obtain some of the parameters
of the reactor kinetics. At different levels of average power a sequence of values of
pulse energy was recorded with the calculation of the distribution parameters. An
ionization chamber with boron installed near the active zone was used as a neutron
detector. The research results allowed us to estimate the average lifetime of prompt
neutrons τ = (6.53± 0.2) · 10−8 s, absolute power of the reactor and intensity of the
source of spontaneous neutrons Ssp � (6.72± 0.12) · 106 s−1. It was shown that the
experimental results are close to the calculated ones.

The investigation was performed at the Frank Laboratory of Neutron Physics,
JINR.
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„²Ö ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ·¥ ±Éμ·  ˆ
�-2Œ, É ± ¦¥ ± ± ¨ ¤²Ö ˆ
�-2, ¨³¥-
ÕÉ¸Ö ¤¢¥ μ¸´μ¢´Ò¥ ¶·¨Î¨´Ò, ¢Ò§Ò¢ ÕÐ¨¥ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢.
�Éμ ¸ÉμÌ ¸É¨Î¥¸±¨° Ì · ±É¥· ¶·μÍ¥¸¸  ¤¥²¥´¨Ö ¨ · §³´μ¦¥´¨Ö ´¥°É·μ´μ¢ ¨
Ë²Ê±ÉÊ Í¨¨ ¢´¥Ï´¥° ·¥ ±É¨¢´μ¸É¨. ‘ÉμÌ ¸É¨Î¥¸±¨° Ì · ±É¥· ÏÊ³μ¢ ¤μ³¨´¨-
·Ê¥É ¢ ±μ²¥¡ ´¨ÖÌ ³μÐ´μ¸É¨ ¶·¨ ³ ²μ° ¨´É¥´¸¨¢´μ¸É¨ ´¥°É·μ´μ¢. Šμ²¥¡ -
´¨Ö ¢´¥Ï´¥° ·¥ ±É¨¢´μ¸É¨ ¢Ò§Ò¢ ÕÉ Ë²Ê±ÉÊ Í¨¨ ¨³¶Ê²Ó¸μ¢ ´  ²Õ¡μ³ Ê·μ¢´¥
³μÐ´μ¸É¨. �·¨ ´μ³¨´ ²Ó´μ° ³μÐ´μ¸É¨ 2 Œ‚É Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸μ¢ §´ Î¨É¥²Ó´Ò (¤μ ±20%), ¶·¨ ³ ²μ° ³μÐ´μ¸É¨ ³¥´¥¥ 1 ‚É Ë²Ê±ÉÊ Í¨¨
³μ£ÊÉ ¤μ¸É¨£ ÉÓ 100 %. ”²Ê±ÉÊ Í¨¨ ³μÐ´μ¸É¨ μÉ·¨Í É¥²Ó´μ ¢²¨ÖÕÉ ´  ¤¨´ -
³¨±Ê ·¥ ±Éμ· , ¶·μÍ¥¸¸ ¥£μ ·¥£Ê²¨·μ¢ ´¨Ö, ¶Ê¸± , ´  · ¡μÉÊ Ô±¸¶¥·¨³¥´É ²Ó-
´μ°  ¶¶ · ÉÊ·Ò ¨ É. ¤. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ´ ²¨Î¨¥ ¡μ²ÓÏ¨Ì Ë²Ê±ÉÊ Í¨° ³μÐ-
´μ¸É¨ ¢ ·¥ ±Éμ·¥ ˆ
�-2 ¨³¥¥É ¸¢μ¨ ¶²Õ¸Ò. ˆ¸¸²¥¤μ¢ ´¨¥ Ë²Ê±ÉÊ Í¨° ¶·¨
¡μ²ÓÏμ³ Ê·μ¢´¥ ³μÐ´μ¸É¨ ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ¨¸ÉμÎ´¨± ¢μ§³ÊÐ¥´¨° ¢´¥Ï-
´¥° ·¥ ±É¨¢´μ¸É¨ ¨ ¤¨ £´μ¸É¨·μ¢ ÉÓ ¤¨´ ³¨±Ê ¥£μ ¨§³¥´¥´¨Ö, ÎÉμ ´ ¶·Ö³ÊÕ
¸¢Ö§ ´μ ¸ μ¡¥¸¶¥Î¥´¨¥³ ¡¥§μ¶ ¸´μ° · ¡μÉÒ ·¥ ±Éμ· . ˆ¸¸²¥¤μ¢ ´¨¥ ¸ÉμÌ ¸É¨-
Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ¶μ§¢μ²Ö¥É μÍ¥´¨ÉÓ ´¥±μÉμ·Ò¥ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨¥ ¶ · ³¥-
É·Ò  ±É¨¢´μ° §μ´Ò, É ±¨¥ ± ± ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢,
 ¡¸μ²ÕÉ´Ò° Ê·μ¢¥´Ó ³μÐ´μ¸É¨ ¨ É. ¤. ‚ ¸É ÉÓ¥ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸-
¸²¥¤μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì ÏÊ³μ¢ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ·  ˆ
�-2Œ ¨
¸¢Ö§Ó ¶ · ³¥É·μ¢ ÏÊ³μ¢ ¸ ¶ · ³¥É· ³¨ ±¨´¥É¨±¨.

1. Š��’Š�… ��ˆ‘��ˆ… Œ�„…��ˆ‡ˆ��‚����ƒ�
�…�Š’��� ˆ��-2Œ

ˆ³¶Ê²Ó¸´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ·¥ ±Éμ· ´  ¡Ò¸É·ÒÌ ´¥°É·μ´ Ì ˆ
�-2Œ
´μ³¨´ ²Ó´μ° ³μÐ´μ¸ÉÓÕ 2 Œ‚É Ö¢²Ö¥É¸Ö ³μ¤¥·´¨§¨·μ¢ ´´μ° ¢¥·¸¨¥° ·¥ ±-
Éμ·  ˆ
�-2, μ¸É ´μ¢²¥´´μ£μ ¢ 2006 £. ¢ ¸¢Ö§¨ ¸ ¢Ò· ¡μÉ±μ° ·¥¸Ê·¸  [1].

‚ ¶·μÍ¥¸¸¥ ³μ¤¥·´¨§ Í¨¨ ¡Ò²¨ ¶μ²´μ¸ÉÓÕ § ³¥´¥´Ò  ±É¨¢´ Ö §μ´  ¸
±μ·¶Ê¸μ³  ¶¶ · É , ¸É Í¨μ´ ·´Ò¥ μÉ· ¦ É¥²¨, μ·£ ´Ò ·¥£Ê²¨·μ¢ ´¨Ö ¨  ¢ -
·¨°´μ° § Ð¨ÉÒ.

�±É¨¢´ Ö §μ´  ˆ
�-2Œ μÉ²¨Î ¥É¸Ö μÉ  ±É¨¢´μ° §μ´Ò ˆ
�-2 ³¥´ÓÏ¨³
· §³¥·μ³ ¨ μÉ¸ÊÉ¸É¢¨¥³ Í¥´É· ²Ó´μ£μ ± ´ ² . ’μ¶²¨¢´Ò¥ Ô²¥³¥´ÉÒ ˆ
�-2Œ
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�¨¸. 1. �±É¨¢´ Ö §μ´  ˆ
�-2Œ

¨¤¥´É¨Î´Ò Éμ¶²¨¢´Ò³ Ô²¥³¥´É ³
ˆ
�-2. ’μ¶²¨¢μ³ ¸²Ê¦ É É ¡²¥É±¨
¢ÉÊ²μÎ´μ£μ É¨¶  ¨§ �u	2. ’¥¶²μ´μ-
¸¨É¥²¥³ ¢ ·¥ ±Éμ·¥ Ö¢²Ö¥É¸Ö ¦¨¤±¨°
´ É·¨°.

„²Ö ¸μ§¤ ´¨Ö ´¥°É·μ´´ÒÌ ¨³-
¶Ê²Ó¸μ¢ ¨¸¶μ²Ó§Ê¥É¸Ö ³μ¤Ê²ÖÉμ· ·¥-
 ±É¨¢´μ¸É¨, · ¡μÉ ¢Ï¨° ´  ·¥ ±Éμ·¥
ˆ
�-2 ¸ 2004 £. Œμ¤Ê²ÖÉμ· ·¥ ±É¨¢-
´μ¸É¨ ¸μ¸Éμ¨É ¨§ μ¸´μ¢´μ£μ (	�	)
¨ ¤μ¶μ²´¨É¥²Ó´μ£μ („�	) ¶μ¤¢¨¦-
´ÒÌ μÉ· ¦ É¥²¥°. �μÉμ· 	�	 ¶·¥¤-
¸É ¢²Ö¥É ¸μ¡μ° ²μ¶ ¸ÉÓ ¸ É·¥³Ö ®§Ê-
¡ÓÖ³¨¯,   „�	 Å ²μ¶ ¸ÉÓ ¸ ¤¢Ê³Ö
®§Ê¡ÓÖ³¨¯.

“·μ¢¥´Ó ·¥ ±É¨¢´μ¸É¨ ˆ
�-2Œ ·¥£Ê²¨·Ê¥É¸Ö μ·£ ´ ³¨ ¸¨¸É¥³Ò Ê¶· ¢²¥-
´¨Ö ¨ § Ð¨ÉÒ, ¶·¥¤¸É ¢²ÖÕÐ¨³¨ ¸μ¡μ° ¶¥·¥³¥Ð ¥³Ò¥ ¢μ²ÓË· ³μ¢Ò¥ ¡²μ±¨
¢ ³ É·¨Í¥ ¸É Í¨μ´ ·´ÒÌ μÉ· ¦ É¥²¥°. ‘Ì¥³ É¨Î¥¸±¨  ±É¨¢´ Ö §μ´  ˆ
�-2Œ
¶μ± § ´  ´  ·¨¸. 1.

2. ’…��…’ˆ—…‘Š�… ��‘‘Œ�’�…�ˆ… ‘‚Ÿ‡ˆ
‘’�•�‘’ˆ—…‘Šˆ• ”‹“Š’“�–ˆ‰ ��…�ƒˆˆ ˆŒ�“‹œ‘�‚

‘ ����Œ…’��Œˆ Šˆ�…’ˆŠˆ

� ¸Î¥É ·¥ ±Éμ·μ¢ ¨  ´ ²¨§ ¡μ²ÓÏ¨´¸É¢  ·¥ ±Éμ·´ÒÌ Ô±¸¶¥·¨³¥´Éμ¢ μ¸´μ-
¢ ´Ò ´  Ê· ¢´¥´¨¨ ¶¥·¥´μ¸  ´¥°É·μ´μ¢, ¢ ±μÉμ·μ³ ¶μ¤ ¶²μÉ´μ¸ÉÓÕ ´¥°É·μ-
´μ¢ ¶μ¤· §Ê³¥¢ ¥É¸Ö ¥¥ ¸·¥¤´¥¥ §´ Î¥´¨¥,   ¸É É¨¸É¨Î¥¸±¨³¨ Ë²Ê±ÉÊ Í¨Ö³¨
¶²μÉ´μ¸É¨ μ¡ÒÎ´μ ¶·¥´¥¡·¥£ ÕÉ. ” ±É¨Î¥¸±¨ ¢¸¥ Ô²¥³¥´É ·´Ò¥ ¶·μÍ¥¸¸Ò,
μ¶¨¸Ò¢ ÕÐ¨¥ ·μ¦¤¥´¨¥, ¦¨§´Ó ¨ £¨¡¥²Ó ´¥°É·μ´  ¢ ·¥ ±Éμ·¥, ¸ÊÐ¥¸É¢¥´´μ
¸ÉμÌ ¸É¨Î´Ò. ‚ ·¥ ±Éμ·¥ É¨¶  ˆ
�-2 ¸ÉμÌ ¸É¨Î¥¸±¨¥ Ë²Ê±ÉÊ Í¨¨ Î¨¸²  ´¥°-
É·μ´μ¢, μ¡· §ÊÕÐ¨Ì¸Ö ¢ ¥¤¨´¨Î´μ³  ±É¥ ¤¥²¥´¨Ö, ¶·¨¢μ¤ÖÉ ± Ë²Ê±ÉÊ Í¨Ö³
Ô´¥·£¨¨ ¢¸¶ÒÏ¥±. ‚ ´¥±μÉμ·ÒÌ ¸²ÊÎ ÖÌ, ¶·¨ ³ ²μ° ¨´É¥´¸¨¢´μ¸É¨ ¨¸ÉμÎ´¨± 
´¥°É·μ´μ¢, ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨ ³μ¦¥É ¢μμ¡Ð¥ ´¥ · §¢¨¢ ÉÓ¸Ö, ¨ ¥£μ Ô´¥·£¨Ö
¡Ê¤¥É · ¢´  ´Ê²Õ. ’ ± Ö ¸¨²Ó´ Ö § ¢¨¸¨³μ¸ÉÓ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ˆ
�-2 μÉ
ËÊ´¤ ³¥´É ²Ó´ÒÌ ¸ÉμÌ ¸É¨Î¥¸±¨Ì ¸¢μ°¸É¢ £¥´¥· Í¨¨ ´¥°É·μ´μ¢ ¤ ¥É ¢μ§³μ¦-
´μ¸ÉÓ ¶μ²ÊÎ¨ÉÓ ¨´Ëμ·³ Í¨Õ μ ´¥°É·μ´´μ-Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É· Ì ·¥ ±Éμ· ,
¢Ìμ¤ÖÐ¨Ì ¢ Ê· ¢´¥´¨Ö ±¨´¥É¨±¨: τ , βÔË, S ¨ É. ¤. �¨¦¥ ¨§²μ¦¥´Ò μ¸´μ¢-
´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²Ö¥³Ò¥ ¸μμÉ´μÏ¥´¨Ö ¤²Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢
ˆ
�-2Œ ¨ ¨Ì ¸¢Ö§Ó ¸ ¶ · ³¥É· ³¨ ±¨´¥É¨±¨.

� ¨¡μ²¥¥ ¢ ¦´ Ö Ì · ±É¥·¨¸É¨±  ¨³¶Ê²Ó¸´μ£μ ·¥ ±Éμ·  Å ÔÉμ μÉ´μ¸¨-
É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ (σQ/Q̄)2, ±μÉμ· Ö
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¸μ£² ¸´μ [2] · ¢´ 
(σQ/Q̄)2 = Δ2

¸É(1 + δ2
0) + δ2

0 , (1)

£¤¥ Δ2
¸É =

ν · Γ
2Sτ

Å μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨°;

δ2
0 Å μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö ÏÊ³μ¢, μ¡Ê¸²μ¢²¥´´ Ö Ë²Ê±ÉÊ Í¨Ö³¨ ¢´¥Ï-

´¥° ·¥ ±É¨¢´μ¸É¨; Γ = 0,815 ¨ ν Å ¤¨¸¶¥·¸¨Ö Î¨¸²  ³£´μ¢¥´´ÒÌ ´¥°É·μ-
´μ¢ ¨ ¸·¥¤´¥¥ Î¨¸²μ ´¥°É·μ´μ¢ ¢ μ¤´μ³  ±É¥ ¤¥²¥´¨Ö ¸μμÉ¢¥É¸É¢¥´´μ; τ Å
¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥; S = S¸¶ + S§ ¶ Å
¨´É¥´¸¨¢´μ¸ÉÓ ¶μ¸ÉμÖ´´μ ¤¥°¸É¢ÊÕÐ¥£μ ¢μ ¢·¥³Ö ¨³¶Ê²Ó¸  ¨¸ÉμÎ´¨±  ´¥°-
É·μ´μ¢, S¸¶ Å ¨´É¥´¸¨¢´μ¸ÉÓ ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢ ¨ ´¥°É·μ´μ¢ μÉ (α, n)-
·¥ ±Í¨° ´  ±¨¸²μ·μ¤¥ 18	, ¢Ìμ¤ÖÐ¥³ ¢ ¸μ¸É ¢ μ±¸¨¤´μ£μ Éμ¶²¨¢  ˆ
�-2Œ;
S§ ¶ = βÔË · ν · F , βÔË Å ¨´É¥´¸¨¢´μ¸ÉÓ ¨ ÔËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·μ´μ¢ ¸μμÉ¢¥É¸É¢¥´´μ, F = L ·W Å ¸±μ·μ¸ÉÓ ¤¥²¥´¨Ö, L Å Î¨¸²μ ¤¥²¥-
´¨° ¢ ¸¥±Ê´¤Ê ´  1 ‚É, W Å  ¡¸μ²ÕÉ´ Ö ³μÐ´μ¸ÉÓ ·¥ ±Éμ· . „²Ö ±μ³¶μ´¥´ÉÒ
¸ÉμÌ ¸É¨Î¥¸±¨Ì ÏÊ³μ¢ ³μ¦´μ § ¶¨¸ ÉÓ

Δ2
¸É =

ν · Γ
2τ(S¸¶ + βÔË · ν · F )

, (2)

£¤¥ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ S ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸Ê³³Ò ¸¶μ´-
É ´´ÒÌ ¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢. �·¨ Ê¸²μ¢¨¨ δ2

0 � 1, ÎÉμ ¢Ò¶μ²´Ö¥É¸Ö
´  ¶· ±É¨±¥ ¶·¨ ´μ·³ ²Ó´μ° · ¡μÉ¥ ·¥ ±Éμ· , § ¢¨¸¨³μ¸ÉÓ (1) ¸μ£² ¸´μ [3]
³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

(σQ/Q̄)2 = δ2
0 + Δ2

¸É ≈ δ2
0 +

a

W
, [W ] = ‚É. (3)

’ ±¨³ μ¡· §μ³, ¨³¥Ö Ô±¸¶¥·¨³¥´É ²Ó´ÊÕ § ¢¨¸¨³μ¸ÉÓ ¤¨¸¶¥·¸¨¨ ÏÊ³μ¢ ¢
¢¨¤¥ (3), ³μ¦´μ ¸μ£² ¸´μ (2) μ¶·¥¤¥²¨ÉÓ ²Õ¡Ò¥ ¶ · ³¥É·Ò ¨§ τ , βÔË, ν,
F , S, ¥¸²¨ ¨§¢¥¸É´Ò μ¸É ²Ó´Ò¥. —¨¸²¥´´Ò¥ §´ Î¥´¨Ö ´¥±μÉμ·ÒÌ ¶ · ³¥É·μ¢,
¢Ìμ¤ÖÐ¨Ì ¢Ò· ¦¥´¨Ö (2) ¨ (3), ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥.

„μ¶μ²´¨É¥²Ó´ÊÕ ¨´Ëμ·³ Í¨Õ μ ¸ÉμÌ ¸É¨Î¥¸±¨Ì ¸¢μ°¸É¢ Ì ·¥ ±Éμ·´μ£μ
ÏÊ³  ¤ ¥É ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ PT (n), £¤¥ n Å Î¨-
¸²μ ´¥°É·μ´μ¢ ¢ ¨³¶Ê²Ó¸¥. � ¸¶·¥¤¥²¥´¨¥ Î¨¸²  ´¥°É·μ´μ¢ ¢ ·¥ ±Éμ·¥ ¢μ
¢·¥³Ö ¢¸¶ÒÏ±¨ ¸μ£² ¸´μ [4] ¸μμÉ¢¥É¸É¢Ê¥É μÉ·¨Í É¥²Ó´μ-¡¨´μ³¨ ²Ó´μ³Ê · ¸-
¶·¥¤¥²¥´¨Õ �μ²¨ 

PT (n) = PT (0)
(

n̄

1 + Δ2
¸Én̄

)n (1 + Δ2
¸É)(1 + 2Δ2

¸É) . . .
[
1 + (n − 1)Δ2

¸É

]
n!

, (4)

£¤¥ n̄ Å ¸·¥¤´¥¥ Î¨¸²μ ´¥°É·μ´μ¢ ¢ ¨³¶Ê²Ó¸¥. ‚  ¸¨³¶ÉμÉ¨Î¥¸±μ³ ¸²ÊÎ ¥
n̄ � 1 ¨ Δ2

¸Én � 1 (ÔÉ¨ ´¥· ¢¥´¸É¢  ¢Ò¶μ²´ÖÕÉ¸Ö ¶· ±É¨Î¥¸±¨ ¶·¨ ²Õ¡μ³
Ê·μ¢´¥ ³μÐ´μ¸É¨) · ¸¶·¥¤¥²¥´¨¥ (4) ¶¥·¥Ìμ¤¨É ¢ ¸É ´¤ ·É´μ¥ · ¸¶·¥¤¥²¥´¨¥

PT (n)dn =
(

n

Δ2
¸Én̄

)1/Δ2
¸É−1

exp
{
− n

Δ2
¸Én̄

}
dn

Δ2
¸Én̄Γ(1/Δ2

¸É)
, (5)
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—¨¸²¥´´Ò¥ §´ Î¥´¨Ö ¨¸¶μ²Ó§Ê¥³ÒÌ ¢¥²¨Î¨´

‡´ Î¥´¨¥ ¶ · ³¥É·  � §¢ ´¨¥ ¶ · ³¥É· 

Γ = 0,815 ± 0,017
„¨¸¶¥·¸¨Ö Î¨¸²  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢
¶·¨ ¤¥²¥´¨¨. � · ³¥É· „ °¢¥´ 

L = 3,21 · 1010 ¤¥²./c ·‚É —¨¸²μ ¤¥²¥´¨° ¢ ¸¥±Ê´¤Ê ´  1 ‚É

βÔË = 0,00216 ± 0,00007
� ¸Î¥É´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ²¨
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢

τ = (6,5 ± 0,5) · 10−8 ¸
� ¸Î¥É´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨
³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥

S¸¶ = 7, 1 · 106 ¸−1

� ¸Î¥É´μ¥ §´ Î¥´¨¥ ¨´É¥´¸¨¢´μ¸É¨
¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢ ¨ ´¥°É·μ´μ¢ μÉ
(α, n)-·¥ ±Í¨° ´  18	

S¸¶ = (5,3 ± 0,20) · 106 ¸³−2 · ¸−1

�±¸¶¥·¨³¥´É ²Ó´ Ö μÍ¥´±  ¨´É¥´¸¨¢´μ-
¸É¨ ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢, ¶μ²ÊÎ¥´´ Ö
¶·¨ § £·Ê§±¥  ±É¨¢´μ° §μ´Ò

Ef = 195 ŒÔ‚
�´¥·£¨Ö, ¢Ò¤¥²ÖÕÐ Ö¸Ö ´  μ¤¨´  ±É ¤¥-
²¥´¨Ö ¢  ±É¨¢´μ° §μ´¥

£¤¥ Γ(x) Å £ ³³ -ËÊ´±Í¨Ö. 	¡μ§´ Î¨¢ X =
n

Δ2
¸Én̄

, ¢Ò· ¦¥´¨¥ (5) § ¶¨Ï¥³

¢ ¢¨¤¥

PT (X)dX =
(X)1/Δ2

¸É−1

Γ(1/Δ2
¸É)

e−XdX. (6)

�·¨ ®¸² ¡μ³¯ ¨¸ÉμÎ´¨±¥ (Sτ � 1) · ¸¶·¥¤¥²¥´¨¥ (6) ·¥§±μ  ¸¨³³¥-
É·¨Î´μ ¸μ ¸¤¢¨£μ³ ¢ ¸Éμ·μ´Ê ³ ²ÒÌ ¨´É¥´¸¨¢´μ¸É¥° ¨³¶Ê²Ó¸μ¢. „²Ö ®¸¨²Ó-
´μ£μ¯ ¨¸ÉμÎ´¨±  (Sτ � 1) · ¸¶·¥¤¥²¥´¨¥ ¢¥²¨Î¨´Ò n/n̄ ¸É·¥³¨É¸Ö ± £ Ê¸-

�¨¸. 2. � ¸Î¥É´ Ö ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ˆ
�-2Œ
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¸μ¢Ê. “¸²μ¢¨¥ ®¸¨²Ó´μ£μ¯ ¨¸ÉμÎ´¨±  ¢Ò¶μ²´Ö¥É¸Ö ¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨
¡μ²ÓÏ¥ 1 ‚É. „²Ö ¶·¨³¥·  ´  ·¨¸. 2 ¶·¨¢¥¤¥´  · ¸Î¥É´ Ö ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥-
²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ·¥ ±Éμ·  ˆ
�-2 ¤²Ö ´¥±μÉμ·ÒÌ
Ê·μ¢´¥° ¸·¥¤´¥° ³μÐ´μ¸É¨.

3. Š��’Š�… ��ˆ‘��ˆ… ˆ‡Œ…�ˆ’…‹œ��‰ ‘ˆ‘’…Œ›
ˆ Œ…’�„ˆŠˆ ������’Šˆ �Š‘�…�ˆŒ…�’�‹œ�›• „���›•

‡ ¤ Î  Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨¸¸²¥¤μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì ÏÊ³μ¢ ¤²Ö
μÍ¥´±¨ ¶ · ³¥É·μ¢ ±¨´¥É¨±¨ ˆ
�-2 ¸μ¸Éμ¨É ¢ ´ ±μ¶²¥´¨¨ ¸¥·¨¨ ¶μ¸²¥¤μ-
¢ É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  · §²¨Î´ÒÌ Ê·μ¢´ÖÌ ¸·¥¤´¥° ³μÐ-
´μ¸É¨. �´¥·£¨Ö ¨³¶Ê²Ó¸μ¢ ·¥£¨¸É·¨·μ¢ ² ¸Ó ¸ ¶μ³μÐÓÕ ¸¶¥Í¨ ²Ó´μ ¸μ§¤ ´-
´μ° ¤²Ö ÔÉμ° Í¥²¨ ¨§³¥·¨É¥²Ó´μ° ¸¨¸É¥³Ò. ‚ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  ´¥°É·μ-
´μ¢ ¨¸¶μ²Ó§μ¢ ² ¸Ó ± ³¥·  Š�Š-53Œ, Ê¸É ´μ¢²¥´´ Ö ¢¡²¨§¨  ±É¨¢´μ° §μ´Ò
´¥¶μ¸·¥¤¸É¢¥´´μ Ê § ³¥¤²¨É¥²Ö ¸μ ¸Éμ·μ´Ò ¶¥·¢μ£μ £μ·¨§μ´É ²Ó´μ£μ ¶ÊÎ± 
´¥°É·μ´μ¢. �μ¸²¥ ´ ±μ¶²¥´¨Ö 8192 ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ §´ Î¥´¨° Ô´¥·£¨¨ ¨³-
¶Ê²Ó¸μ¢ ¤ ´´Ò¥ § ¶¨¸Ò¢ ²¨¸Ó ¢ Ë °² ¤²Ö ¤ ²Ó´¥°Ï¥° μ¡· ¡μÉ±¨. ˆ¸¶μ²Ó-
§μ¢ ² ¸Ó ¶·μÍ¥¤Ê·  ¸É É¨¸É¨Î¥¸±μ£μ  ´ ²¨§  ¢·¥³¥´´ÒÌ ·Ö¤μ¢. ‚ÒÎ¨¸²Ö²¨¸Ó
¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨ ¶ · ³¥É·Ò ÔÉμ£μ · ¸¶·¥¤¥²¥-
´¨Ö. ”²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨¸¸²¥¤μ¢ ²¨¸Ó ¢ ¤¨ ¶ §μ´¥ ¸·¥¤´¥° ³μÐ-
´μ¸É¨ μÉ 0,01 ‚É ¤μ 1,5 ±‚É. ‚ § ¢¨¸¨³μ¸É¨ μÉ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¢
¨¸ÉμÎ´¨±¥ ´¥°É·μ´μ¢, ®§ ¦¨£ ÕÐ¨Ì¯ ¨³¶Ê²Ó¸ ³μÐ´μ¸É¨, ³μ£ÊÉ ¤μ³¨´¨·μ¢ ÉÓ
¸¶μ´É ´´Ò¥ ¨²¨ § ¶ §¤Ò¢ ÕÐ¨¥ ´¥°É·μ´Ò. „²Ö ·¥ ±Éμ·  ˆ
�-2Œ μÍ¥´±¨
£· ´¨Î´μ° ³μÐ´μ¸É¨ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¸ ÊÎ¥Éμ³ ¨³¶Ê²Ó¸´μ£μ ±μÔËË¨Í¨¥´É 
¶¥·¥¤ Î¨ (M), ¶μ ±μÉμ·μ³Ê ³μ¦´μ μ¶·¥¤¥²¨ÉÓ ¶· ±É¨Î¥¸±ÊÕ ·¥ ²¨§Ê¥³μ¸ÉÓ
Ô±¸¶¥·¨³¥´É ,   ¨³¥´´μ, ± ± ¤ ²¥±μ μÉ ±·¨É¨Î´μ£μ ¸μ¸ÉμÖ´¨Ö ´  ³£´μ¢¥´-
´ÒÌ ´¥°É·μ´ Ì ´ Ìμ¤¨É¸Ö ·¥ ±Éμ· ¶·¨ ¢Ò¡· ´´μ° ¤²Ö Ô±¸¶¥·¨³¥´É  ¸·¥¤´¥°
³μÐ´μ¸É¨. �´¥·£¨Ö ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ·¥ ±Éμ·  ˆ
�-2Œ ¸μ£² ¸´μ [2] ¢Ò-
· ¦ ¥É¸Ö Ëμ·³Ê²μ°

E = M(S¸¶ + S§ ¶), (7)

£¤¥ M Å ¨³¶Ê²Ó¸´Ò° ±μÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ (¨³¶Ê²Ó¸´μ¥ Ê³´μ¦¥´¨¥);
S¸¶, S§ ¶ Å ´μ·³¨·μ¢ ´´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢
¨ ¨¸ÉμÎ´¨±  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¸μμÉ¢¥É¸É¢¥´´μ, S¸¶ +S§ ¶ Å ¸Ê³³ ·-
´ Ö ´μ·³¨·μ¢ ´´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±μ¢ ´¥°É·μ´μ¢ ¶¥·¥¤ ¨³¶Ê²Ó¸μ³
·¥ ±É¨¢´μ¸É¨. ˆ³¶Ê²Ó¸´Ò° ±μÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ M Ö¢²Ö¥É¸Ö ´¥²¨´¥°´μ°
ËÊ´±Í¨¥° μÉ ³ ±¸¨³Ê³  ·¥ ±É¨¢´μ¸É¨ ¢ ¨³¶Ê²Ó¸¥ εm (¸³. ·¨¸. 3).

‡´ Î¥´¨Ö M = M0 ¨ εm = ε0
m, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³¶Ê²Ó¸´μ° ±·¨É¨Î-

´μ¸É¨, § ¢¨¸ÖÉ μÉ ¤μ²¨ ¶μ¸ÉμÖ´´μ£μ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ μÉ´μ¸¨É¥²Ó´μ ¨¸-
ÉμÎ´¨±  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ S§ ¶/S0

¸¶, É. ¥. μÉ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±-
Éμ· . ’ ±, ¶·¨ S§ ¶/S0

¸¶ = 2,5 (ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ· 
P̄ ≈ 0,01 ‚É) M0 = 0,0445 ¨ ε0

m = 0,00076. �·¨ S§ ¶/S0
¸¶ = 0,25 (É. ¥. ¶·¨
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�¨¸. 3. ˆ³¶Ê²Ó¸´Ò° ±μÔËË¨Í¨¥´É ¶¥·¥¤ Î¨ M ± ± ËÊ´±Í¨Ö ³ ±¸¨³ ²Ó´μ° ·¥ ±É¨¢-
´μ¸É¨ ¢ ¨³¶Ê²Ó¸¥ εm

¸·¥¤´¥° ³μÐ´μ¸É¨ ∼ 0,1 ‚É) M0 = 0,151 ¨ ε0
m = 0,00098. �·¨ ³μÐ´μ¸ÉÖÌ,

¶·¥¢ÒÏ ÕÐ¨Ì 1 ‚É, S§ ¶/S0
¸¶ ≈ 0. „²Ö É ±¨Ì ³μÐ´μ¸É¥° M0 = 0,193 ¨

ε0
m = 0,00102, ± ± ¨ ¤²Ö ÏÉ É´μ£μ ·¥¦¨³ . 	É¸Õ¤  ¸ ÊÎ¥Éμ³ (2) μ¶·¥¤¥²¥´ 

£· ´¨Í  ³μÐ´μ¸É¥° ¤²Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ ¨§ÊÎ¥´¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨
¨³¶Ê²Ó¸μ¢ ¢ μ¡² ¸ÉÖÌ ¸¶μ´É ´´μ£μ ¨ § ¶ §¤Ò¢ ÕÐ¥£μ ¨¸ÉμÎ´¨±μ¢ ´¥°É·μ´μ¢:

¸¶μ´É ´´Ò¥: S ≈ S¸¶ ¶·¨ W < 0,01 ‚É;
§ ¶ §¤Ò¢ ÕÐ¨¥: S = S§ ¶ = βÔË · ν · F ¶·¨ W > 1 ‚É.

� ¡²Õ¤ ¥³Ò¥ μÉ´μ¸¨É¥²Ó´Ò¥ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¢ § ¢¨¸¨³μ¸É¨
μÉ ³μÐ´μ¸É¨ · ¢´Ò:

(σQ/Q̄)2 = δ2
0 + M ; M =

ν · Γ
2τS¸¶

Å W < 0,01 ‚É Å μ¡² ¸ÉÓ ¸¶μ´É ´´ÒÌ

´¥°É·μ´μ¢;

(σQ/Q̄)2 = δ2
0+

C

W
; C =

Γ
2τβÔËL

Å W > 1 ‚É Å μ¡² ¸ÉÓ § ¶ §¤Ò¢ ÕÐ¨Ì

´¥°É·μ´μ¢.
‡´ Î¥´¨Ö M ¨ C = d(σQ/Q̄)2/d(1/W )1/w→0 Å Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥-

¤¥²Ö¥³Ò¥ ¢¥²¨Î¨´Ò.

4. �‘��‚�›… �Š‘�…�ˆŒ…�’�‹œ�›… �…‡“‹œ’�’›

� ¸Î¥É´ Ö ¨ Ô±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨¸¨³μ¸É¨ μÉ´μ¸¨É¥²Ó´μ° ¤¨¸¶¥·¸¨¨
Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ (σQ/Q̄)2 μÉ μ¡· É´μ° ³μÐ´μ¸É¨ W−1 ¶·¨¢¥-
¤¥´Ò ´  ·¨¸. 4. ‚ · ¸Î¥É´μ° § ¢¨¸¨³μ¸É¨ ¨¸¶μ²Ó§μ¢ ´Ò ¤ ´´Ò¥ É ¡²¨ÍÒ.
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�·¨ ³μÐ´μ¸É¨ W � 1 ‚É μÉ´μ¸¨É¥²Ó´ÊÕ ¤¨¸¶¥·¸¨Õ ³μ¦´μ  ¶¶·μ±¸¨³¨-
·μ¢ ÉÓ ²¨´¥°´μ° § ¢¨¸¨³μ¸ÉÓÕ

(σQ/Q̄2) ≈ δ2
0 +

0,090 ± 0,005
W

, (8)

£¤¥ δ2
0 ≈ 2,49 · 10−3; W , ‚É (¸³. ·¨¸. 4, ¡). Š ± ¢¨¤´μ ¨§ ·¨¸. 4, · ¸Î¥É´ Ö § -

¢¨¸¨³μ¸ÉÓ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸ ¨§³¥·¥´´μ°. �¥§´ Î¨É¥²Ó´μ¥ · ¸Ìμ¦¤¥-
´¨¥ ¢ ¸Éμ·μ´Ê Ê¢¥²¨Î¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ£μ §´ Î¥´¨Ö ¤¨¸¶¥·¸¨¨ ¸¢Ö§ ´μ ¸
Ê¢¥²¨Î¥´¨¥³ · §¡·μ¸  ¨³¶Ê²Ó¸μ¢ §  ¸Î¥É ³¥¤²¥´´μ£μ ¨§³¥´¥´¨Ö ³μÐ´μ¸É¨ ¢
¶·μÍ¥¸¸¥ ¨§³¥·¥´¨°. — ¸É¨Î´μ ÔÉμ ¢Ò§¢ ´μ ´¥ÉμÎ´μ¸ÉÓÕ Ê¸É ´μ¢±¨ ¸·¥¤´¥°
³μÐ´μ¸É¨ ¨ ¤¥°¸É¢¨Ö³¨ μ¶¥· Éμ·  ·¥ ±Éμ· , ´ ¶· ¢²¥´´Ò³¨ ´  ¶μ¤¤¥·¦ -
´¨¥ ¸·¥¤´¥° ³μÐ´μ¸É¨ ¢ ¶·μÍ¥¸¸¥ ¨§³¥·¥´¨°. �  ·¨¸. 5 ¶μ± § ´  ¨§³¥·¥´´ Ö
¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  ´¥±μÉμ·ÒÌ Ê·μ¢´ÖÌ ¸·¥¤´¥°

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¤¨¸¶¥·¸¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ· 

ˆ
�-2Œ (•) ¨ ˆ
�-2 μÉ μ¡· É´μ° ³μÐ´μ¸É¨ W−1, ‚É−1. ‘¶²μÏ´ Ö ²¨´¨Ö ´  ·¨¸.   Å

· ¸Î¥É, ´  ·¨¸. ¡ ¶μ± § ´  ²¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö ¤ ´´ÒÌ

�¨¸. 5. �μ·³¨·μ¢ ´´ Ö ¶²μÉ´μ¸ÉÓ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  ´¥±μÉμ·ÒÌ
Ê·μ¢´ÖÌ ¸·¥¤´¥° ³μÐ´μ¸É¨. �Ê´±É¨·´ Ö ²¨´¨Ö Å  ¶¶·μ±¸¨³ Í¨Ö ¶μ Ëμ·³Ê²¥ (5)
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³μÐ´μ¸É¨. ’ ³ ¦¥ ¶·¨¢¥¤¥´  · ¸Î¥É´ Ö Ëμ·³  · ¸¶·¥¤¥²¥´¨Ö,  ¶¶·μ±¸¨³¨·Ê-
ÕÐ Ö Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ÉμÎ±¨ ¶μ ¸¢μ¡μ¤´μ³Ê ¶ · ³¥É·Ê ¸·¥¤´¥° ³μÐ´μ¸É¨.

5. �–…�Š� ‘�…„�…ƒ� ‚�…Œ…�ˆ †ˆ‡�ˆ
Œƒ��‚…��›• �…‰’����‚ (τ )

‚ÒÏ¥ ¶μ± § ´μ, ÎÉμ ¶·¨ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ·  W > 1 ‚É μÉ´μ-
¸¨É¥²Ó´ÊÕ ¤¨¸¶¥·¸¨Õ Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢
¢¨¤¥ (σQ/Q̄)2 = δ2

0 + C/W , £¤¥

C =
Γ

2τβÔËL
= 0,090 ± 0,005, (9)

Γ, W , L Å ¶ · ³¥É·Ò, Î¨¸²¥´´Ò¥ §´ Î¥´¨Ö ±μÉμ·ÒÌ ¶·¨¢¥¤¥´Ò ¢ É ¡²¨Í¥,
δ2
0 = 2,49 · 10−3 Å ÏÊ³Ò μÉ ±μ²¥¡ ´¨° ¢´¥Ï´¥° ·¥ ±É¨¢´μ¸É¨. ˆ§ (9) ¶μ-

²ÊÎ¨³ §´ Î¥´¨¥ ±μ³¶²¥±¸  (τ · βÔË) = (1,41 ± 0,2) · 10−10 ¸. …¸²¨ § Ë¨±-
¸¨·μ¢ ÉÓ · ¸Î¥É´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢
· ¢´Ò³ βÔË = 0,00216± 0,00007, ¶μ¸±μ²Ó±Ê ¢ ¤ ´´μ³ ¸²ÊÎ ¥ · ¸Î¥É´ Ö ¢¥²¨-
Î¨´  βÔË ¤²Ö ˆ
�-2Œ ¸μ¢¶ ¤ ¥É ¸ ¨§³¥·¥´´μ° ¤²Ö ˆ
�-2 [3], É. ¥. ¤μ¸É ÉμÎ´μ
´ ¤¥¦´ , Éμ ¶μ²ÊÎ¨³ τ = (6,53 ± 0,2) · 10−8 ¸. � ¸Î¥É´μ¥ §´ Î¥´¨¥ τ · ¢´μ
(6,50 ± 0,5) · 10−8 ¸.

6. �–…�Š� ��‘�‹
’��‰ Œ�™��‘’ˆ �…�Š’��� (W )

ˆ¸¸²¥¤μ¢ ´¨¥ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ˆ
�-2 ¶μ§¢μ²Ö¥É μ¶·¥¤¥-
²¨ÉÓ É ±¦¥  ¡¸μ²ÕÉ´ÊÕ ³μÐ´μ¸ÉÓ ·¥ ±Éμ· . �·¨ ³μÐ´μ¸É¨ 1Ä100 ‚É, ± ±
¸²¥¤Ê¥É ¨§ (3), Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ μ¡· É´μ ¶·μ¶μ·Í¨μ´ ²Ó´Ò §´ -
Î¥´¨Õ ¸±μ·μ¸É¨ ¤¥²¥´¨° ¢ ·¥ ±Éμ·¥:

(σQ/Q̄2) = δ2
0 +

Γ
2τβÔËF

. (10)

„²Ö F ³μ¦´μ § ¶¨¸ ÉÓ W (‚É) = aN = F/L, £¤¥ a Å ±μÔËË¨Í¨¥´É ¶¥·¥-
¢μ¤  ¶μ± § ´¨° ¤¥É¥±Éμ·  ¢ ³μÐ´μ¸ÉÓ, N Å ¸±μ·μ¸ÉÓ ¸Î¥É  ¨²¨  ³¶²¨ÉÊ¤ 
¨³¶Ê²Ó¸  Éμ±  ± ³¥·Ò. ’μ£¤ 

(σQ/Q̄2) = δ2
0 +

P

N
, (11)

P =
Γ

2aβÔËLτ
, W (‚É) =

Γ
2βÔËτPL

N . ‚¸¥ ¶ · ³¥É·Ò ¢ ¶μ¸²¥¤´¥³ ¢Ò· ¦¥-

´¨¨ μ¶·¥¤¥²¥´Ò ¢ÒÏ¥. ‹¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö § ¢¨¸¨³μ¸É¨ (11) μÉ (1/N)
¨³¥¥É ¢¨¤

(σQ/Q̄2) = 1,7 · 10−3 +
0,029 ± 0,009

N
. (12)
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	É¸Õ¤  ¸¢Ö§Ó  ¡¸μ²ÕÉ´μ° ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¸ ¶μ± § ´¨Ö³¨ ÏÉ É´ÒÌ ¨§-
³¥·¨É¥²Ó´ÒÌ ± ´ ²μ¢ (N ) ¸²¥¤ÊÕÐ Ö: W (‚É) = (3,11 ± 0,22) · N , ÎÉμ ¢
¶·¥¤¥² Ì μÏ¨¡±¨ ¸μ¢¶ ¤ ¥É ¸ μÍ¥´±μ° ¸·¥¤´¥° ³μÐ´μ¸É¨, μ¶·¥¤¥²¥´´μ° ¶μ
É¥¶²μ¢Ò¤¥²¥´¨Õ ¢  ±É¨¢´μ° §μ´¥: W (‚É) = (3,0±0,15)·N . „²Ö ¤μ¶μ²´¨É¥²Ó-
´μ° μÍ¥´±¨ ± ²¨¡·μ¢±¨ ³μÐ´μ¸É¨ ¨¸¶μ²Ó§μ¢ ´Ò É ±¦¥ ¤ ´´Ò¥ ¶μ ¶²μÉ´μ¸É¨
· ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ·¥ ±Éμ·  ˆ
�-2. ‚ ± Î¥¸É¢¥ ¸¢μ¡μ¤´μ£μ
¶ · ³¥É·   ¶¶·μ±¸¨³¨·ÊÕÐ¥° § ¢¨¸¨³μ¸É¨ (6) ¡· ² ¸Ó ¸·¥¤´ÖÖ ³μÐ´μ¸ÉÓ.
�¥§Ê²ÓÉ ÉÒ É ±μ° ± ²¨¡·μ¢±¨ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ÕÉ ¸ ¤ ´´Ò³¨ ± ²¨¡·μ¢±¨
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò· ¦¥´¨Ö (12).

7. �–…�Š� ˆ‘’�—�ˆŠ� ‘���’���›• �…‰’����‚ (S¸¶)

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ Ô±¸¶¥·¨³¥´É ²Ó´μ£μ §´ Î¥´¨Ö S¸¶ = (5,3 ± 0,20) ×
106 ¸³−2 · ¸−1, ¶μ²ÊÎ¥´´μ£μ ¶·¨ § £·Ê§±¥  ±É¨¢´μ° §μ´Ò, μ¶·¥¤¥²¥´  £· -
´¨Î´ Ö ³μÐ´μ¸ÉÓ (W < 0,01 ‚É), ´¨¦¥ ±μÉμ·μ° ¢ ¨¸ÉμÎ´¨±¥ ´¥°É·μ´μ¢
¶·¥μ¡² ¤ ÕÉ ¸¶μ´É ´´Ò¥ ´¥°É·μ´Ò. 	É´μ¸¨É¥²Ó´ÊÕ ¤¨¸¶¥·¸¨Õ Ë²Ê±ÉÊ -
Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ´  £· ´¨Í¥ ÔÉμ° μ¡² ¸É¨ ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

(σQ/Q̄)2 = δ2
0 + (2,99± 0,09) ¨ M =

ν · Γ
2τS¸¶

= 2,99± 0,09. 	É¸Õ¤  ³μÐ´μ¸ÉÓ

¨¸ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢

S¸¶ � ν · Γ
2τ · 2,99

= (6,72 ± 0,12) · 106 ¸−1. (13)

� ¸Î¥É´μ¥ §´ Î¥´¨¥ ¸μ¸É ¢²Ö¥É (7,1± 0,16) · 106 ¸−1. ’ ±¨³ μ¡· §μ³, μÍ¥´± 
¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ ¶μ ¸ÉμÌ ¸É¨Î¥¸±¨³ ÏÊ³ ³ ³μÐ´μ¸É¨ ¤μ¸É ÉμÎ´μ ¡²¨§± 
± · ¸Î¥É´μ° ¨ Ô±¸¶¥·¨³¥´É ²Ó´μ°.

�‘��‚�›… ‚›‚�„›

ˆ¸¸²¥¤μ¢ ´Ò ¸ÉμÌ ¸É¨Î¥¸±¨¥ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μ¤¥·´¨§¨-
·μ¢ ´´μ£μ ·¥ ±Éμ·  ˆ
�-2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶μ§¢μ²¨²¨ μÍ¥-
´¨ÉÓ ´¥±μÉμ·Ò¥ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨¥ ¶ · ³¥É·Ò  ±É¨¢´μ° §μ´Ò, É ±¨¥ ± ±
¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ τ = (6,53±0,2)·10−8 ¸,  ¡¸μ²ÕÉ-
´ÊÕ ³μÐ´μ¸ÉÓ ·¥ ±Éμ·  ¨ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢
S¸¶ � (6,72 ± 0,12) · 106 ¸−1. �μ± § ´μ, ÎÉμ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¡²¨§±¨ ± · ¸Î¥É´Ò³.
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