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Œ¥Éμ¤ Ô±¸¶¥·¨³¥´É ²Ó´μ° μÍ¥´±¨ ÔËË¥±É¨¢´μ° ¤μ²¨
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¢·¥³¥´¨ ¦¨§´¨ ¶μ±μ²¥´¨Ö
´¥°É·μ´μ¢ ·¥ ±Éμ·  ˆ	�-2

�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì ÏÊ³μ¢ ³μÐ´μ¸É¨ ¨³¶Ê²Ó¸-
´μ£μ ·¥ ±Éμ·  ¶¥·¨μ¤¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ˆ	�-2, ¢Ò¶μ²´¥´´Ò¥ ¢ ¸É Í¨μ´ ·´μ³ ¨
¨³¶Ê²Ó¸´μ³ ·¥¦¨³ Ì ¥£μ · ¡μÉÒ, ¶μ§¢μ²¨²¨ ¶μ²ÊÎ¨ÉÓ μÍ¥´±¨ μ¸´μ¢´ÒÌ ¶ · -
³¥É·μ¢ ±¨´¥É¨±¨ Å ÔËË¥±É¨¢´ÊÕ ¤μ²Õ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¸·¥¤´¥¥
¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢. ˆ§³¥·Ö²¨¸Ó ËÊ´±Í¨μ´ ²Ò, ¸¢Ö§Ò¢ ÕÐ¨¥
³¥¦¤Ê ¸μ¡μ° μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ±¨´¥É¨±¨: ¤¥±·¥³¥´É § ÉÊÌ ´¨Ö ³£´μ¢¥´´ÒÌ
´¥°É·μ´μ¢ (¸É Í¨μ´ ·´Ò° ·¥¦¨³) ¨ μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸μ¢. �μ± § ´μ, ÎÉμ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢ ±¨´¥-
É¨±¨ ¡²¨§±¨ ± · ¸Î¥É´Ò³. „μ¶μ²´¨É¥²Ó´μ ¨§  ´ ²¨§  ´¥°É·μ´´ÒÌ ÏÊ³μ¢ μÍ¥´¥´ 
³μÐ´μ¸ÉÓ ¨¸ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
�ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2007

Pepyolyshev Yu.N. P13-2007-96
Method of Experimental Estimation of the Effective Delay Neutron
Fraction and of the Neutron Generation Lifetime in the IBR-2 Reactor

Experimental investigations of stochastic noises of the power of the IBR-2 pe-
riodic pulsed reactor carried out in the steady-state and in the pulsed modes of its
operation made it possible to obtain estimations of the main parameters of the kinet-
ics Å the effective fraction of delayed neutrons and the average lifetime of prompt
neutrons. Functionals were measured relating the main parameters of the kinetics:
the prompt neutron decay constant (steady-state mode) and the relative dispersion
of pulse energy �uctuations. It was shown that the experimental values of parame-
ters of the kinetics are close to the calculated ones. In addition, the power of the
spontaneous neutron source was estimated on the basis of the analysis of neutron
noises.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2007
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‚μ ¢·¥³Ö Ë¨§¨Î¥¸±μ£μ ¨ Ô´¥·£¥É¨Î¥¸±μ£μ ¶Ê¸±μ¢ ·¥ ±Éμ·  ˆ	�-2 ¡Ò²¨
¶·μ¢¥¤¥´Ò ³´μ£μÎ¨¸²¥´´Ò¥ Ô±¸¶¥·¨³¥´ÉÒ ¶μ μ¶·¥¤¥²¥´¨Õ ±¨´¥É¨Î¥¸±¨Ì ¨
¤¨´ ³¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ·¥ ±Éμ· , ¢ Éμ³ Î¨¸²¥, ´ ¶·¨³¥·, ¨§³¥·¥´¨¥ ¸·¥¤-
´¥£μ ¢·¥³¥´¨ ¦¨§´¨ ¶μ±μ²¥´¨Ö ´¥°É·μ´μ¢ ¢ ·¥ ±Éμ·¥ τ [1] ¨ Ë²Ê±ÉÊ Í¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ [2]. ‚ Éμ ¦¥ ¢·¥³Ö, É ±μ° ¢ ¦´Ò° ¶ · ³¥É·
±¨´¥É¨±¨, ± ± ÔËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ βÔË, μÍ¥´¨¢ ²¸Ö
Éμ²Ó±μ · ¸Î¥É´Ò³ ¶ÊÉ¥³. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, ±¨´¥É¨±  ¨³¶Ê²Ó¸´μ£μ ·¥ ±-
Éμ·  ¶¥·¨μ¤¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö É ±μ¢ , ÎÉμ, ¢ ¶·¨´Í¨¶¥, ¶μ§¢μ²Ö¥É Ô±¸¶¥·¨-
³¥´É ²Ó´μ μÍ¥´¨ÉÓ ÔËË¥±É¨¢´ÊÕ ¤μ²Õ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¸·¥¤´¥¥
¢·¥³Ö ¦¨§´¨ ¶μ±μ²¥´¨Ö ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢. „²Ö ÔÉμ° Í¥²¨ ³μ¦´μ ¸μ-
¢³¥¸É´μ ¨¸¶μ²Ó§μ¢ ÉÓ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶μ Ë²Ê±ÉÊ Í¨Ö³ ³μÐ´μ¸É¨
¨ ±μ´¸É ´É¥ ¸¶ ¤  (¤¥±·¥³¥´ÉÊ § ÉÊÌ ´¨Ö) ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ α. Šμ´-
¸É ´É  ¸¶ ¤  ¢ ±·¨É¨Î¥¸±μ³ ·¥ ±Éμ·¥ ¥¸ÉÓ βÔË/τ . �É  ¢¥²¨Î¨´  ³μ¦¥É ¡ÒÉÓ
¨§³¥·¥´  ¢ ¸É Í¨μ´ ·´μ³ (´¥ ¨³¶Ê²Ó¸´μ³) ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ· , ´ ¶·¨³¥·, ¢
Ô±¸¶¥·¨³¥´É Ì �μ¸¸¨-α [1, 3]. ‘ ¤·Ê£μ° ¸Éμ·μ´Ò, μ¸μ¡¥´´μ¸ÉÓÕ ¨³¶Ê²Ó¸´μ£μ
·¥ ±Éμ·  ¶¥·¨μ¤¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö Ö¢²Ö¥É¸Ö Éμ, ÎÉμ μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö
Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ (σQ/Q)2 ¢ ´¥±μÉμ·μ° μ¡² ¸É¨ ¸·¥¤´¥° ³μÐ-

´μ¸É¨ (>10 ‚É) ¥¸ÉÓ ËÊ´±Í¨Ö (βÔË · τ)−1 [4, 5]. ‡¤¥¸Ó Q ¨ σQ Å ¸·¥¤´¥¥
§´ Î¥´¨¥ ¨ ¸É ´¤ ·É´μ¥ μÉ±²μ´¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨. ‘μ¢³¥¸É-
´μ¥ ·¥Ï¥´¨¥ ÔÉ¨Ì ¤¢ÊÌ Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²Ö¥³ÒÌ ËÊ´±Í¨° ¶μ§¢μ²Ö¥É
¶μ²ÊÎ¨ÉÓ μÍ¥´±¨ βÔË ¨ ·τ .

1. Š��’Š�… ��ˆ‘��ˆ… Š��‘’�“Š–ˆˆ �…�Š’��� ˆ��-2

ˆ³¶Ê²Ó¸´Ò° ¨¸¸²¥¤μ¢ É¥²Ó¸±¨° ·¥ ±Éμ· ¶¥·¨μ¤¨Î¥¸±μ£μ ¤¥°¸É¢¨Ö ´  ¡Ò-
¸É·ÒÌ ´¥°É·μ´ Ì ˆ	�-2 · ¡μÉ ¥É ´  Î ¸ÉμÉ¥ ¨³¶Ê²Ó¸μ¢ 5 ƒÍ ¶·¨ ¸·¥¤´¥°
³μÐ´μ¸É¨ 2 Œ‚É. ‚ μÉ²¨Î¨¥ μÉ ¸É Í¨μ´ ·´ÒÌ ·¥ ±Éμ·μ¢, ¢ ±μÉμ·ÒÌ ¶μ¤-
¤¥·¦¨¢ ¥É¸Ö ¶μ¸ÉμÖ´´Ò° ¶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¨ (θ1/2 = 215 ³±¸).
‘Ì¥³  ·¥ ±Éμ·  ˆ	�-2 ¶μ± § ´  ´  ·¨¸. 1. �±É¨¢´ Ö §μ´  ·¥ ±Éμ·  μ¡Ñ¥³μ³
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22 ² ¨³¥¥É Ëμ·³Ê ´¥¶· ¢¨²Ó´μ° Ï¥¸É¨£· ´´μ° ¶·¨§³Ò. ‚ ± Î¥¸É¢¥ Éμ¶²¨¢ 
¨¸¶μ²Ó§Ê¥É¸Ö ¤¨μ±¸¨¤ ¶²ÊÉμ´¨Ö, § ±²ÕÎ¥´´Ò° ¢ ¸É ²Ó´Ò¥ μ¡μ²μÎ±¨ É¢Ô²μ¢
¸É¥·¦´¥¢μ° ±μ´¸É·Ê±Í¨¨, ¸μ¡· ´´ÒÌ ¢ 74 ± ¸¸¥ÉÒ ¶μ 7 ÏÉÊ± ¢ ± ¦¤μ°. �Ì² -
¦¤¥´¨¥  ±É¨¢´μ° §μ´Ò μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¦¨¤±¨³ ´ É·¨¥³ ¸ μ¡Ñ¥³´Ò³ · ¸Ìμ¤μ³
μÉ 80 ¤μ 110 ³3/Î. Œ¨³μ μ¤´μ° ¨§ £· ´¥°  ±É¨¢´μ° §μ´Ò ¶·μÌμ¤ÖÉ ¤¢¥ ¢· Ð -
ÕÐ¨¥¸Ö ¸μμ¸´μ, ´μ ¸ · §´μ° ¸±μ·μ¸ÉÓÕ ²μ¶ ¸É¨ Å μ¸´μ¢´μ° ¨ ¤μ¶μ²´¨É¥²Ó-
´Ò° ¶μ¤¢¨¦´Ò¥ μÉ· ¦ É¥²¨ (��� ¨ „��) ³μ¤Ê²ÖÉμ·  ·¥ ±É¨¢´μ¸É¨ (¢ ·¨ ´É
��-2: ���-²μ¶ ¸ÉÓ, „��-É·¥§Ê¡¥Í). Š ¶ÖÉ¨ μ¸É ²Ó´Ò³ £· ´Ö³ ¶·¨³Ò± ÕÉ
¸É Í¨μ´ ·´Ò¥ μÉ· ¦ É¥²¨, ¶¥·¥³¥Ð ¥³Ò¥ ¡²μ±¨ ±μÉμ·ÒÌ Ö¢²ÖÕÉ¸Ö · ¡μÎ¨³¨
μ·£ ´ ³¨ ¸¨¸É¥³Ò Ê¶· ¢²¥´¨Ö ¨ § Ð¨ÉÒ ·¥ ±Éμ· . Šμ³¶¥´¸¨·ÊÕÐ¨¥ μ·£ ´Ò
¶·¥¤´ §´ Î¥´Ò ¤²Ö ±μ³¶¥´¸ Í¨¨ ¢Ò£μ· ´¨Ö ¶²ÊÉμ´¨Ö ¨ μÉ·¨Í É¥²Ó´μ£μ ÔË-
Ë¥±É  É¥³¶¥· ÉÊ·´μ° ·¥ ±É¨¢´μ¸É¨. ‘É¥·¦¥´Ó  ¢Éμ³ É¨Î¥¸±μ£μ ·¥£Ê²ÖÉμ· 
¶·¥¤´ §´ Î¥´ ¤²Ö ¶μ¤¤¥·¦ ´¨Ö ³μÐ´μ¸É¨ ·¥ ±Éμ·  ´  § ¤ ´´μ³ Ê·μ¢´¥.

�¨¸. 1. ‘Ì¥³  ·¥ ±Éμ·  ˆ	�-2 ¸ ³μ¤Ê²ÖÉμ·μ³ ·¥ ±É¨¢´μ¸É¨ ��-2Œ

‘¶¥±É· ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥ ¡²¨§μ± ± ¸¶¥±É·Ê ¤¥²¥´¨Ö. ‚ Í¥´-
É·¥  ±É¨¢´μ° §μ´Ò · ¸¶μ²μ¦¥´ ¨§³¥·¨É¥²Ó´Ò° ± ´ ², ¢ ±μÉμ·Ò° ¸´¨§Ê ¤μ
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¸¥·¥¤¨´Ò  ±É¨¢´μ° §μ´Ò ¢¢¥¤¥´Ò ¨μ´¨§ Í¨μ´´Ò¥ ± ³¥·Ò ¤¥²¥´¨Ö ¸ 235U. ‚
§ ¢¨¸¨³μ¸É¨ μÉ § ¤ Î¨ ± ³¥·Ò ¨¸¶μ²Ó§μ¢ ²¨¸Ó ± ± ¢ ¸Î¥É´μ³, É ± ¨ ¢ Éμ±μ¢μ³
·¥¦¨³ Ì.

2. Œ…’�„ˆŠ� ˆ‡Œ…�…�ˆ‰ ˆ �Š‘�…�ˆŒ…�’�‹œ�›…
�…‡“‹œ’�’›

2.1. ˆ§³¥·¥´¨¥ ±μ´¸É ´ÉÒ ¸¶ ¤  (¤¥±·¥³¥´É  § ÉÊÌ ´¨Ö) ³£´μ¢¥´´ÒÌ
´¥°É·μ´μ¢. �±¸¶¥·¨³¥´É �μ¸¸¨-α. „²Ö ¨§³¥·¥´¨Ö ±μ´¸É ´ÉÒ ¸¶ ¤  ³£´μ-
¢¥´´ÒÌ ´¥°É·μ´μ¢ ¨¸¶μ²Ó§μ¢ ²¸Ö ³¥Éμ¤ �μ¸¸¨-α. ‚ · ³± Ì μ¤´μÉμÎ¥Î´μ° ³μ-
¤¥²¨ ±¨´¥É¨±¨, ¸¶· ¢¥¤²¨¢μ¸ÉÓ ±μÉμ·μ° ¤²Ö ·¥ ±Éμ·  ˆ	�-2 ¡Ò²  ¶μ± § ´  ¢
· ¡μÉ¥ [1], ¤²Ö ±·¨É¨Î¥¸±μ£μ ´Ê²¥¢μ° ³μÐ´μ¸É¨ ¨²¨ ¸²¥£±  ¶μ¤±·¨É¨Î¥¸±μ£μ
¸μ¸ÉμÖ´¨Ö ·¥ ±Éμ·  ¢¥·μÖÉ´μ¸ÉÓ ¸¢Ö§ ´´ÒÌ ¶μ Í¥¶μÎ±¥ μÉ¸Î¥Éμ¢ ¸ ¤¥É¥±Éμ· 
P (t)Δt ¢ ³μ³¥´É ¢·¥³¥´¨ t ¢ ¨´É¥·¢ ²¥ Δt ¶·¨ Ê¸²μ¢¨¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´ 
¢ ³μ³¥´É ¢·¥³¥´¨ t = 0, ¸μ£² ¸´μ [3], · ¢´ 

P (t)Δt = AΔt + Be−αtΔt,

£¤¥ A, B ¨ α Å ±μ´¸É ´ÉÒ, § ¢¨¸ÖÐ¨¥ μÉ Ö¤¥·´μ-Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É·μ¢  ±-
É¨¢´μ° §μ´Ò ¨ Ê¸²μ¢¨° ¨§³¥·¥´¨°. ‚ ·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ ¤ ´´ÒÌ ³μ¦´μ
μÍ¥´¨ÉÓ μÉ´μÏ¥´¨¥ B/A ¨ ¢¥²¨Î¨´Ê α, ±μÉμ·Ò¥ ¤ ÕÉ ¸¢Ö§¨ ³¥¦¤Ê ·¥ ±-
Éμ·´Ò³¨ ¶ · ³¥É· ³¨: B/A = Dν · k2

p/2Fτ(1 − kp), α = (βÔË − ρ)/Λ =
(1 − kp)/τ Å  ¸¨³¶ÉμÉ¨Î¥¸± Ö ±μ´¸É ´É  ¸¶ ¤  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢, £¤¥
kp Å ±μÔËË¨Í¨¥´É · §³´μ¦¥´¨Ö ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢, Dν Å μÉ´μ¸¨É¥²Ó-
´ Ö ¤¨¸¶¥·¸¨Ö Î¨¸²  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¶·¨ ¤¥²¥´¨¨, F Å ¸±μ·μ¸ÉÓ ¤¥²¥-
´¨° ¢  ±É¨¢´μ° §μ´¥, ρ = (kÔË −1)/kÔË Å ·¥ ±É¨¢´μ¸ÉÓ, kÔË Å ÔËË¥±É¨¢´Ò°
±μÔËË¨Í¨¥´É · §³´μ¦¥´¨Ö, Λ, τ Å ¢·¥³Ö £¥´¥· Í¨¨ ¨ ¢·¥³Ö ¦¨§´¨ ¶μ±μ²¥-
´¨Ö ´¥°É·μ´μ¢ ¸μμÉ¢¥É¸É¢¥´´μ. ‚Ò· ¦¥´¨¥ ¤²Ö B/A ¨¸¶μ²Ó§μ¢ ²¨ ¤²Ö ¢Ò¡μ· 
´ ¨¡μ²¥¥ μ¶É¨³ ²Ó´ÒÌ Ê¸²μ¢¨° ¶·μ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É  (¸±μ·μ¸É¨ ¤¥²¥´¨°,
¶μ¤±·¨É¨Î´μ¸É¨). –¥²Ó ¨§³¥·¥´¨° ¸μ¸ÉμÖ²  ¢ μ¶·¥¤¥²¥´¨¨ § ¢¨¸¨³μ¸É¨ ¶ · -
³¥É·  α μÉ ·¥ ±É¨¢´μ¸É¨. �μ¸±μ²Ó±Ê ¤²Ö ·¥ ±Éμ·  ±·¨É¨Î¥¸±μ£μ ´  § ¶ §¤Ò-
¢ ÕÐ¨Ì ´¥°É·μ´ Ì Λ = τ , Ê· ¢´¥´¨¥ ¤²Ö α ¶¥·¥Ìμ¤¨É ¢ αc = βÔË/Λ = βÔË/τ
¨ ³μ¦´μ § ¶¨¸ ÉÓ

α = αc(1 − ρ/βÔË). (1)

’ ± ± ± ·¥ÎÓ ¨¤¥É μ¡ ¨§³¥·¥´¨¨ ËÊ´¤ ³¥´É ²Ó´ÒÌ ¶ · ³¥É·μ¢ ±¨´¥É¨±¨,
μ¸É ´μ¢¨³¸Ö ¶μ¶μ¤·μ¡´¥¥ ´  É¥Ì´¨±¥ ¨§³¥·¥´¨°. ˆ§³¥·¥´¨Ö ¶·μ¢μ¤¨²¨ ¢ ¶μ¤-
±·¨É¨Î¥¸±μ° μ¡² ¸É¨ · ¡μÉÒ ·¥ ±Éμ· . �μ¤±·¨É¨Î´μ¸ÉÓ ΔkÔË μ¶·¥¤¥²Ö²¨ ¶μ
³¥Éμ¤Ê ®μ¡· É´μ£μ Ê³´μ¦¥´¨Ö¯ ΔkÔË/kÔË = N0/N , £¤¥ N0 Å ÔËË¥±É¨¢´Ò°
®´Ê²¥¢μ°¯ ¸Î¥É, N Å ¸±μ·μ¸ÉÓ ¸Î¥É  ¤¥É¥±Éμ· . �ËË¥±É¨¢´Ò° ®´Ê²¥¢μ°¯
¸Î¥É μ¶·¥¤¥²Ö²¨ ¶μ ¤¨ËË¥·¥´Í¨ ²Ó´μ° ÔËË¥±É¨¢´μ¸É¨ ·¥£Ê²ÖÉμ· , ¨§³¥·¥´-
´μ° ¶μ · §£μ´Ê ·¥ ±Éμ· . “¸É ´μ¢¨¢Ï¨°¸Ö  ¸¨³¶ÉμÉ¨Î¥¸±¨° ¶¥·¨μ¤ · §£μ´ 
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·¥ ±Éμ·  T ¸¢Ö§ ´ ¸ ·¥ ±É¨¢´μ¸ÉÓÕ ¸μμÉ´μÏ¥´¨¥³ ρ/βÔË =
6∑

i=1

ai/(1 + λiT ),

£¤¥ ai = βi/βÔË, βi Å ÔËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ i-μ°
£·Ê¶¶Ò. � ¸Î¥É´μ¥ §´ Î¥´¨¥ βÔË = 2,165 · 10−3. �μ¤±·¨É¨Î´μ¸ÉÓ § ¤ ¢ ²¨ ¢
¶·¥¤¥² Ì μÉ −1%kÔË ¤μ −0, 1%kÔË, ±μÔËË¨Í¨¥´É · §³´μ¦¥´¨Ö ¢ ¤¨ ¶ §μ´¥
0,990Ä0,999 ¸μμÉ¢¥É¸É¢¥´´μ.

„²Ö ¨§³¥·¥´¨° ¨¸¶μ²Ó§μ¢ ²¨ ¢·¥³¥´´μ°  ´ ²¨§ Éμ· c Î¨¸²μ³ ± ´ ²μ¢
1024 Ï¨·¨´μ° 0,5 ³±¸. ‚ ± Î¥¸É¢¥ ¤¥É¥±Éμ·  ´¥°É·μ´μ¢ Å ¨μ´¨§ Í¨μ´´ Ö
± ³¥·  ¤¥²¥´¨Ö ¢ ¸Î¥É´μ³ ·¥¦¨³¥ ¸ 235U, Ê¸É ´μ¢²¥´´ Ö ¢ Í¥´É·¥  ±É¨¢´μ°
§μ´Ò. —Ê¢¸É¢¨É¥²Ó´μ¸ÉÓ ± ³¥·Ò ¸μ¸É ¢²Ö²  10−5 ¨³¶./¤¥². ˆ§³¥·¥´¨Ö ¶·μ-
¢μ¤¨²¨ ¢ ÏÉ É´μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  ¤²Ö ´¥¸±μ²Ó±¨Ì ¢ ·¨ ´Éμ¢ ¸μ¸ÉμÖ´¨Ö
¢μ¤Ö´ÒÌ § ³¥¤²¨É¥²¥°, μ±·Ê¦ ÕÐ¨Ì  ±É¨¢´ÊÕ §μ´Ê. ‚ ·¨ ´ÉÒ μÉ²¨Î ²¨¸Ó
´ ²¨Î¨¥³ ¨²¨ μÉ¸ÊÉ¸É¢¨¥³ ¢μ¤Ò ¢ § ³¥¤²¨É¥²ÖÌ. ‚ ± ¦¤μ³ ¸μ¸ÉμÖ´¨¨ ·¥-
 ±Éμ·  ¤¥±·¥³¥´É § ÉÊÌ ´¨Ö ¨§³¥·Ö²¨ ´¥ ³¥´¥¥ Î¥³ ¤²Ö É·¥Ì Ê·μ¢´¥° ¶μ¤-
±·¨É¨Î´μ¸É¨. �¥§´ Î¨É¥²Ó´μ¥ ¨§³¥´¥´¨¥ ¢ ¶μ²μ¦¥´¨¨ μ·£ ´μ¢ ·¥£Ê²¨·μ¢ -
´¨Ö, ´¥μ¡Ìμ¤¨³μ¥ ¤²Ö § ¤ ´¨Ö ´Ê¦´μ£μ Ê·μ¢´Ö ¶μ¤±·¨É¨Î´μ¸É¨, ´¥ ¢²¨Ö²μ
´  ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ¤¥É¥±Éμ·  ¨, ¸μμÉ¢¥É¸É¢¥´´μ, ´  ¢¥²¨Î¨´Ê τ . ‡´ Î¥´¨Ö
α, ¶μ²ÊÎ¥´´Ò¥ ¶ÊÉ¥³ μ¡· ¡μÉ±¨ · ¸¶·¥¤¥²¥´¨° �μ¸¸¨-α μ¤´μ° Ô±¸¶μ´¥´Éμ°,
 ¶¶·μ±¸¨³¨·μ¢ ²¨ § É¥³ § ¢¨¸¨³μ¸ÉÓÕ (1) ¢ ËÊ´±Í¨¨ ·¥ ±É¨¢´μ¸É¨ ρ/βÔË.
Šμ´¥Î´Ò³ ·¥§Ê²ÓÉ Éμ³ μ¡· ¡μÉ±¨ Ö¢²Ö²¨¸Ó ¤¢  ¶ · ³¥É· : αc Å §´ Î¥´¨¥
α ¢ ¸μ¸ÉμÖ´¨¨ ±·¨É¨Î´μ¸É¨ (kÔË = 1) ¨ ρ∗/βÔË Å Ô±¸É· ¶μ²¨·μ¢ ´´μ¥ ¤²Ö
α = 0 §´ Î¥´¨¥ ·¥ ±É¨¢´μ¸É¨ (·¥ ±É¨¢´μ¸ÉÓ ρ∗ ¥¸ÉÓ ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·μ´μ¢,   ¸μ¸ÉμÖ´¨¥ ·¥ ±Éμ·  ¶·¨ α = 0 Å ¸μ¸ÉμÖ´¨¥ ³£´μ¢¥´´μ° ±·¨-
É¨Î´μ¸É¨). …¸²¨ Ï± ²  ·¥ ±É¨¢´μ¸É¨ μ¶·¥¤¥²¥´  ¡¥§ £·Ê¡μ° ¸¨¸É¥³ É¨Î¥¸±μ°
¶μ£·¥Ï´μ¸É¨, μÉ´μÏ¥´¨¥ ρ∗/βÔË = 1. ‚μ ¢¸¥Ì ¨§³¥·¥´¨ÖÌ ´¥ ¡Ò²μ ¶μ²Ê-
Î¥´μ ´¨ μ¤´μ£μ ¸É É¨¸É¨Î¥¸±¨ §´ Î¨³μ£μ ·¥§Ê²ÓÉ É , ±μÉμ·Ò° ¡Ò Ê± §Ò¢ ² ´ 
μÉ±²μ´¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ μÉ μ¤´μÉμÎ¥Î´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ±¨-
´¥É¨±¨ ˆ	�-2 (¢¸¥ ¨§³¥·¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö P (t)Δt ¸μ¤¥·¦ ²¨ Éμ²Ó±μ μ¤´Ê
Ô±¸¶μ´¥´ÉÊ). ‡´ Î¥´¨Ö α ¢ § ¢¨¸¨³μ¸É¨ μÉ ·¥ ±É¨¢´μ¸É¨ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 2.
Š ± ¸²¥¤Ê¥É ¨§ ·¨¸. 2, Ô±¸É· ¶μ²¨·μ¢ ´´μ¥ ¤²Ö α = 0 §´ Î¥´¨¥ ·¥ ±É¨¢´μ¸É¨
¢ ¤μ²ÖÌ βÔË ¶· ±É¨Î¥¸±¨ · ¢´μ ¥¤¨´¨Í¥: 1,00092.

2.2. ˆ§³¥·¥´¨¥ ¤¨¸¶¥·¸¨¨ ¸ÉμÌ ¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸μ¢ ³μÐ´μ¸É¨. ‘μ£² ¸´μ [4Ä6] μÉ´μ¸¨É¥²Ó´ÊÕ ¤¨¸¶¥·¸¨Õ Ë²Ê±ÉÊ Í¨° Ô´¥·-
£¨¨ ¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ Δ2

Q = (σQ/Q)2 ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥

Δ2
Q = Δ2

st(1 + δ2
0) + δ2

0 , (2)

£¤¥ σQ =
1

(N − 1)1/2

√√√√ N∑
n=1

(Qn − Q)2 ¨ Q Å ¸·¥¤´¥±¢ ¤· É¨Î¥¸±μ¥ μÉ±²μ-

´¥´¨¥ ¨ ¸·¥¤´¥¥ §´ Î¥´¨¥ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¸μμÉ¢¥É¸É¢¥´´μ; N Å Î¨¸²μ

¨³¶Ê²Ó¸μ¢; Δ2
st =

νDν

2Sτ
Å ¸ÉμÌ ¸É¨Î¥¸±¨¥ Ë²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢;
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�¨¸. 2. ‡ ¢¨¸¨³μ¸ÉÓ ±μ´¸É ´ÉÒ ¸¶ ¤  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ μÉ ·¥ ±É¨¢´μ¸É¨ ¨ ²¨´¥°-
´ Ö Ô±¸É· ¶μ²ÖÍ¨Ö ± ±·¨É¨Î¥¸±μ³Ê ¸μ¸ÉμÖ´¨Õ ´  ³£´μ¢¥´´ÒÌ ´¥°É·μ´ Ì. “¸·¥¤´¥´¨¥
¶μ ¢¸¥³ ¨§³¥·¥´´Ò³ ¸μ¸ÉμÖ´¨Ö³ ·¥ ±Éμ· : � Å ¢μ¤Ò ¢ ±μ¦ÊÌ¥ ¶μ¤¢¨¦´μ£μ μÉ· -
¦ É¥²Ö ¨ § ³¥¤²¨É¥²ÖÌ ´¥É; � Å ¢μ¤  ¢ § ³¥¤²¨É¥²ÖÌ ¥¸ÉÓ, ¨§ ±μ¦ÊÌ  ¶μ¤¢¨¦´μ£μ
μÉ· ¦ É¥²Ö ¸²¨É ; � Å ¢μ¤  ¢ ±μ¦ÊÌ¥ ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö ¥¸ÉÓ, ¢ § ³¥¤²¨É¥²ÖÌ
´¥É; � Å ¢μ¤  ¢ ±μ¦ÊÌ¥ ¶μ¤¢¨¦´μ£μ μÉ· ¦ É¥²Ö ¨ § ³¥¤²¨É¥²ÖÌ ¥¸ÉÓ

Dν = 0,815 Å μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö Î¨¸²  ´¥°É·μ´μ¢ ¢ μ¤´μ³  ±É¥ ¤¥²¥-
´¨Ö; ν Å Î¨¸²μ ´¥°É·μ´μ¢ ¢ μ¤´μ³  ±É¥ ¤¥²¥´¨Ö; δ2

0 Å Ë²Ê±ÉÊ Í¨¨ ³μÐ´μ¸É¨,
μ¡Ê¸²μ¢²¥´´Ò¥ Ë²Ê±ÉÊ Í¨Ö³¨ ¢´¥Ï´¥° ·¥ ±É¨¢´μ¸É¨, ´ ¶·¨³¥·, ³¥Ì ´¨Î¥-
¸±¨³¨ ±μ²¥¡ ´¨Ö³¨ ¶μ¤¢¨¦´ÒÌ μÉ· ¦ É¥²¥°; S Å ¨´É¥´¸¨¢´μ¸ÉÓ ¶μ¸ÉμÖ´´μ
¤¥°¸É¢ÊÕÐ¥£μ ¢μ ¢·¥³Ö ¨³¶Ê²Ó¸  ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢. �·¨ Ê¸²μ¢¨¨ ³ ²μ¸É¨
Ë²Ê±ÉÊ Í¨° ¢´¥Ï´¥° ·¥ ±É¨¢´μ¸É¨ δ2

0 � 1, ÎÉμ ¤²Ö ˆ	�-2 ¸¶· ¢¥¤²¨¢μ ¶·¨
³μÐ´μ¸É¨ W < 10 ±‚É (δ2

0 ≈ 4 ·10−4), ¢Ò· ¦¥´¨¥ (2) ¤²Ö ¶μ²´ÒÌ Ë²Ê±ÉÊ Í¨°
Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨³¥¥É ¢¨¤

(σQ/Q)2 ≈ δ2
0 + Δ2

st. (3)

„²Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì ÏÊ³μ¢ ³μ¦´μ § ¶¨¸ ÉÓ

Δ2
st =

νDν

2τ(Ssp + βÔËνF )
,
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£¤¥ ¨´É¥´¸¨¢´μ¸ÉÓ ¨¸ÉμÎ´¨±  ´¥°É·μ´μ¢ S ¶·¥¤¸É ¢²¥´  ¢ ¢¨¤¥ ¸Ê³³Ò ¸¶μ´-
É ´´ÒÌ Ssp ¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢

S = Ssp + βÔË · ν · F,

F Å ¸±μ·μ¸ÉÓ ¤¥²¥´¨°. ‚ § ¢¨¸¨³μ¸É¨ μÉ ¸·¥¤´¥° ³μÐ´μ¸É¨ ·¥ ±Éμ·  ¢
¨¸ÉμÎ´¨±¥ ´¥°É·μ´μ¢ ³μ£ÊÉ ¤μ³¨´¨·μ¢ ÉÓ ¸¶μ´É ´´Ò¥ ¨²¨ § ¶ §¤Ò¢ ÕÐ¨¥
´¥°É·μ´Ò. „²Ö ˆ	�-2 μÍ¥´±¨ £· ´¨Î´μ° ³μÐ´μ¸É¨ ¸²¥¤ÊÕÐ¨¥:

S ≈ Ssp, ¶·¨ W < 0,1 ‚É;
S ≈ βÔË · ν · F ¶·¨ W > 10 ‚É.

‡¤¥¸Ó ¨¸¶μ²Ó§μ¢ ²¨ ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢: ν = 2,9 ´¥°É·./¤¥².,
Ssp = 7,7 · 107 ´¥°É·./¸ (· ¸Î¥É´ Ö μÍ¥´± ), F = L · W = 3,25 ·
·1010 [¤¥²./c· ‚É]·W [‚É]. �´¥·£¨Ö ¤¥²¥´¨Ö, ¢Ò¤¥²ÖÕÐ Ö¸Ö ¢  ±É¨¢´μ° §μ´¥,
¡Ò²  ¢§ÖÉ  192 ŒÔ‚/¤¥². (¸³. ´¨¦¥ ¢ É¥±¸É¥). �É¸Õ¤  ´ ¡²Õ¤ ¥³Ò¥ Ë²Ê±ÉÊ -
Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¢ § ¢¨¸¨³μ¸É¨ μÉ ³μÐ´μ¸É¨ · ¢´Ò:

(σQ/Q)2 ≈ δ2
0 + M ; M =

νDν

2τ · Ssp
,

W < 0,12 ‚É Å μ¡² ¸ÉÓ ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢;

(σQ/Q)2 ≈ δ2
0 +

C

W
; C =

Dν

2τβÔËL
,

W > 10 ‚É Å μ¡² ¸ÉÓ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢.
‡´ Î¥´¨Ö Œ ¨ ‘ = d(σQ/Q)2/d(1/W )1/W→0 Å Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥-

¤¥²Ö¥³Ò¥ ¢¥²¨Î¨´Ò. ”²Ê±ÉÊ Í¨¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨¸¸²¥¤μ¢ ²¨ ¢ ¤¨ ¶ -
§μ´¥ ¸·¥¤´¥° ³μÐ´μ¸É¨ μÉ 0,07 ¤μ 200 ‚É. �´¥·£¨Ö ¨³¶Ê²Ó¸μ¢ ¨§³¥·Ö² ¸Ó
¶ÊÉ¥³ ¨´É¥£·¨·μ¢ ´¨Ö ¨³¶Ê²Ó¸  Éμ±  ¸ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò, ¶μ³¥Ð¥´´μ°
¢ Í¥´É· ²Ó´Ò° ± ´ ²  ±É¨¢´μ° §μ´Ò. ‡´ Î¥´¨¥ Ô´¥·£¨¨ ¶μ¸²¥¤μ¢ É¥²Ó´ÒÌ
¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨ § ¶μ³¨´ ²μ¸Ó ¢ ¶ ³ÖÉ¨ �‚Œ, μ¡· §ÊÖ ¢·¥³¥´´μ° ·Ö¤.
‚ ¤ ²Ó´¥°Ï¥³ ¨¸¶μ²Ó§μ¢ ² ¸Ó μ¡ÒÎ´ Ö ¶·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, ¢ Éμ³ Î¨¸²¥ ¨ μÉ´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥-
·¸¨Ö. „μ¶μ²´¨É¥²Ó´μ ¤²Ö ¨§³¥·¥´¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ ¨¸¶μ²Ó-
§μ¢ ²¸Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò° ¤¥É¥±Éμ· ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¶μ ¶·μÉμ´ ³ μÉ¤ Î¨
´  μ¸´μ¢¥ ”�“ ¨ ¶² ¸É¨±μ¢μ£μ ¸Í¨´É¨²²ÖÉμ· . „¥É¥±Éμ· Ê¸É ´ ¢²¨¢ ²¸Ö ´ 
μ¤´μ³ ¨§ £μ·¨§μ´É ²Ó´ÒÌ ± ´ ²μ¢ ¢¡²¨§¨  ±É¨¢´μ° §μ´Ò. „¨¸¶¥·¸¨Ö ÏÊ³μ¢
³μÐ´μ¸É¨, ¨§³¥·¥´´ Ö ¸ ¶μ³μÐÓÕ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ· , ´¥¸±μ²Ó±μ
¶·¥¢ÒÏ ²   ´ ²μ£¨Î´Ò° ¶μ± § É¥²Ó ¤²Ö ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò. �Éμ ¡Ò²μ
¸¢Ö§ ´μ ¸ ¢Ò¸μ±¨³ Ê·μ¢´¥³ ¸É É¨¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ¶·¨ ·¥£¨¸É· Í¨¨ μ¤-
´μ£μ ´¥°É·μ´  ¢ ¸Í¨´É¨²²ÖÉμ·¥ ¨ ´¥¤μ¸É ÉμÎ´μ° ¸É É¨¸É¨Î¥¸±μ° ÉμÎ´μ¸ÉÓÕ
·¥£¨¸É· Í¨¨ Î¨¸²  ´¥°É·μ´μ¢ §  ¢¸¶ÒÏ±Ê. ‚ · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ¤ ´´Ò¥, ¶μ-
²ÊÎ¥´´Ò¥ ¸ ¶μ³μÐÓÕ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò, £¤¥ ¸É É¨¸É¨Î¥¸±¨¥ ÏÊ³Ò ·¥£¨-
¸É· Í¨¨ ´¥°É·μ´μ¢ ¡Ò²¨ §´ Î¨É¥²Ó´μ ³¥´ÓÏ¥ ¨§³¥·Ö¥³ÒÌ Ë²Ê±ÉÊ Í¨° ³μÐ-
´μ¸É¨. “·μ¢¥´Ó ³μÐ´μ¸É¨, Ì · ±É¥·¨§ÊÕÐ¨°¸Ö ¡μ²ÓÏ¨³¨ ¸ÉμÌ ¸É¨Î¥¸±¨³¨
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Ë²Ê±ÉÊ Í¨Ö³¨ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ (¤μ ∼ 80%), μ¶·¥¤¥²Ö²¸Ö ¶μ ¸Î¥É´μ³Ê ³μ-
´¨Éμ·Ê ³μÐ´μ¸É¨ [7]. Œμ´¨Éμ· ¡Ò² μÉ± ²¨¡·μ¢ ´ ¢ ¸É Í¨μ´ ·´μ³ ¸μ¸ÉμÖ´¨¨
·¥ ±Éμ·  ¢ ·¥¦¨³¥ ´¥¶·¥·Ò¢´μ° (´¥ ¨³¶Ê²Ó¸´μ°) ³μÐ´μ¸É¨ ¶μ Ê³´μ¦¥´¨Õ
¨¸ÉμÎ´¨±  ¨ ¶μ É¥¶²μ¢Ò¤¥²¥´¨Õ ¢  ±É¨¢´μ° §μ´¥. �±¸¶¥·¨³¥´É ²Ó´ Ö § ¢¨-
¸¨³μ¸ÉÓ (σQ/Q)2 μÉ μ¡· É´μ° ³μÐ´μ¸É¨ 1/W ¶μ± § ´  ´  ·¨¸. 3.

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¤¨¸¶¥·¸¨¨ (σQ/Q)2 Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨ ¨³¶Ê²Ó-
¸μ¢ ·¥ ±Éμ·  ˆ	�-2 μÉ μ¡· É´μ° ³μÐ´μ¸É¨ (1/W ). �  ·¨¸. 3, ¡ ¶μ± § ´ ´ Î ²Ó´Ò°
ÊÎ ¸Éμ± ±·¨¢μ°
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‹¨´¥°´ Ö  ¶¶·μ±¸¨³ Í¨Ö ÔÉμ° § ¢¨¸¨³μ¸É¨ ¶·¨ 1/W ⇒ 0 ¨³¥¥É ¢¨¤

(σQ/Q)2 = 4 ·10−4+
0,095 ± 0,003

W
(¸³. ·¨¸. 3, ¡), C = 0,095±0,003. ‘·¥¤´¨¥

Ë²Ê±ÉÊ Í¨¨ ³μÐ´μ¸É¨ ¢ μ¡² ¸É¨ ¸² ¡μ£μ ¨¸ÉμÎ´¨±  (1/W > 8 ‚É−1) ¤ ÕÉ
M = 0,345 ± 0,01.

3. �Š‘�…�ˆŒ…�’�‹œ�›… �–…�Šˆ βÔË , τ ˆ ˆ‘’�—�ˆŠ�
‘���’���›• �…‰’����‚ Ssp

Š ± ¢¨¤´μ ¨§ · §¤¥²  2, Ô±¸¶¥·¨³¥´É ²Ó´μ μ¶·¥¤¥²¥´Ò É·¨ ¶ · ³¥É· :
M , C ¨ αc:

C =
Dν

2LβÔËτ
= 0,095 ± 0,003;

αc =
βÔË

τ
= (3, 48 ± 0, 01) · 104 ¸−1;

M =
νDν

2τ · Ssp
= 0,345 ± 0,01.

—¨¸²¥´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ ¢ÒÏ¥¶·¨¢¥¤¥´´ÊÕ ¸¨¸É¥³Ê Ê· ¢-
´¥´¨°, ¤²Ö Ê¤μ¡¸É¢  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. �μ¤¸É ¢²ÖÖ §´ Î¥´¨Ö ¶ · ³¥É·μ¢
¢ Ê· ¢´¥´¨Ö ¤²Ö C ¨ αc, ¨³¥¥³

βÔË · τ = (1,32 ± 0,04) · 1010 ¸, (4)

βÔË

τ
= (3,48 ± 0,01) · 104 ¸−1.

�¥Ï¥´¨¥ ¸¨¸É¥³Ò (4) ¤ ¥É ¸²¥¤ÊÕÐ¨¥ ·¥§Ê²ÓÉ ÉÒ:

βÔË = {Dν · αc/(2 · C · L)}1/2 =

= {0, 815 · 3,48 · 104/(2 · 0,095 · 3,25 · 1010)}1/2 = (2,140 ± 0,06) · 10−3;

τ = (61,6 ± 2) ´¸.

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö βÔË = 2,165 · 10−3 , τ = (59 ± 7) ´¸.
ˆ§ ¢Ò· ¦¥´¨Ö ¤²Ö M μÍ¥´¨³ ³μÐ´μ¸ÉÓ ¨¸ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢

Ssp =
ν · Dν

2 τ · 0,345
= (5,56 ± 0,16) · 107 ´¥°É·./¸.

‚ ¶μ£·¥Ï´μ¸ÉÓ βÔË ¨ τ ¢Ìμ¤ÖÉ Éμ²Ó±μ ¶μ£·¥Ï´μ¸É¨ μ¶·¥¤¥²¥´¨Ö ¶ -
· ³¥É·μ¢ C ¨ αc. ‚ ¦´Ò³ ¶ · ³¥É·μ³, μ¶·¥¤¥²ÖÕÐ¨³ ¸¨¸É¥³ É¨Î¥¸±ÊÕ
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—¨¸²¥´´Ò¥ §´ Î¥´¨Ö ¨¸¶μ²Ó§Ê¥³ÒÌ ¢¥²¨Î¨´

‡´ Î¥´¨¥ ¶ · ³¥É·  �·¨³¥Î ´¨¥

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

Ef = 192 ŒÔ‚ �´¥·£¨Ö, ¢Ò¤¥²ÖÕÐ Ö¸Ö ´  μ¤¨´  ±É ¤¥²¥´¨Ö
¢  ±É¨¢´μ° §μ´¥

L = 3,25 · 1010 ¤¥²./(¸· ‚É) ŠμÔËË¨Í¨¥´É ¶¥·¥¸Î¥É  ³μÐ´μ¸É¨ ´ 
¨´É¥´¸¨¢´μ¸ÉÓ ¤¥²¥´¨°

αc = (3,48 ± 0,01) · 104 ¸−1 �±¸¶¥·¨³¥´É (�μ¸¸¨-α)

C = 0,095 ± 0,003 �±¸¶¥·¨³¥´É (¸ÉμÌ ¸É¨Î¥¸±¨¥ Ë²Ê±ÉÊ Í¨¨
¨³¶Ê²Ó¸μ¢ ³μÐ´μ¸É¨)

M = 0,345 ± 0,01 �É´μ¸¨É¥²Ó´ Ö ¤¨¸¶¥·¸¨Ö Ë²Ê±ÉÊ Í¨° Ô´¥·£¨¨
¨³¶Ê²Ó¸μ¢ ¢ μ¡² ¸É¨ ³ ²μ° ³μÐ´μ¸É¨

βÔË = 2,165 · 10−3 � ¸Î¥É´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ²¨
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢

βÔË = (2,140 ± 0,06) · 10−3 �±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ÔËË¥±É¨¢´μ° ¤μ²¨
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢

τ = 59 ± 7 ´¸ � ¸Î¥É´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ¶μ±μ²¥´¨Ö
´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥ ˆ	�-2

τ = 61,6 ± 2 ´¸ �±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨
¶μ±μ²¥´¨Ö ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥ ˆ	�-2

Ssp = (5,56 ± 0,16) · 107 ´¥°É·./¸ �±¸¶¥·¨³¥´É ²Ó´ Ö μÍ¥´±  ¨¸ÉμÎ´¨± 
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢

¶μ£·¥Ï´μ¸ÉÓ ¢¥²¨Î¨´ βÔË ¨ τ , Ö¢²Ö¥É¸Ö §´ Î¥´¨¥ Ô´¥·£¨¨, ¢Ò¤¥²ÖÕÐ¥°¸Ö
¢  ±É¨¢´μ° §μ´¥, ´  μ¤¨´  ±É ¤¥²¥´¨Ö, Ef . ‚¥²¨Î¨´  Ef ¢Ìμ¤¨É ¢ ¨¸±μ-
³Ò¥ μÍ¥´±¨ Î¥·¥§ ±μÔËË¨Í¨¥´É ¶·¥μ¡· §μ¢ ´¨Ö ¸±μ·μ¸É¨ ¤¥²¥´¨° ¢ Ô±¸¶¥-
·¨³¥´É ²Ó´μ μ¶·¥¤¥²Ö¥³ÊÕ ³μÐ´μ¸ÉÓ L = 3,25 · 1010 ¤¥²./(c· ‚É)·, 1 ‚É =
= 1/(1,602 · 10−13·Ef ) ¤¥²./¸, [Ef ] ¢ ŒÔ‚. �É´μ¸¨É¥²Ó´μ ¢¥²¨Î¨´Ò Ef ¤²Ö
¶²ÊÉμ´¨Ö μÉ³¥É¨³ ¸²¥¤ÊÕÐ¥¥: ¢ ²¨É¥· ÉÊ·¥ ´ ¡²Õ¤ ¥É¸Ö ¡μ²ÓÏμ° · §¡·μ¸ ¢
¥¥ μÍ¥´±¥, μÉ 202 ¤μ 210 ŒÔ‚ (¸  ´É¨´¥°É·¨´μ). � ¨¡μ²¥¥ ¶μ²´Ò° ¨ ¤μ¸É -
ÉμÎ´μ ¸μ¢·¥³¥´´Ò°  ´ ²¨§ ¤ ´´ÒÌ ¶μ ¢¥²¨Î¨´¥ Ef ¨ μÉ¤¥²Ó´ÒÌ ¥¥ ±μ³¶μ´¥´É
¶·¨¢¥¤¥´ ¢ · ¡μÉ¥ [8].

�¥±μ³¥´¤Ê¥³μ¥ ¢ · ¡μÉ¥ [8] §´ Î¥´¨¥ Ef = 198,5 ŒÔ‚ ¸¶· ¢¥¤²¨¢μ ¤²Ö
Ô´¥·£¥É¨Î¥¸±¨Ì ·¥ ±Éμ·μ¢ ¢ Ê¸²μ¢¨ÖÌ É¥¶²μ¢μ£μ · ¢´μ¢¥¸¨Ö. ‚ ´ Ï¥³ ¸²ÊÎ ¥
(³ ² Ö §μ´ , ¡μ²ÓÏ Ö ÊÉ¥Î±  ´¥°É·μ´μ¢ ¨ £ ³³ -±¢ ´Éμ¢ §  ¶·¥¤¥²Ò §μ´Ò, ´¥-
· ¢´μ¢¥¸´μ¥ ¸μ¸ÉμÖ´¨¥  ±É¨¢´μ¸É¨ ¶·μ¤Ê±Éμ¢ ¤¥²¥´¨Ö, ´¥Ê¸É ´μ¢¨¢Ï¨°¸Ö ´ -
£·¥¢ ¡¥Éμ´´μ° § Ð¨ÉÒ ¨ É. ¤.) ¢¥²¨Î¨´  Ef ¶·¨´¨³ ² ¸Ó · ¢´μ° 192 ŒÔ‚/¤¥².
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‡¤¥¸Ó ÊÎ¨ÉÒ¢ ²μ¸Ó É ±¦¥ Ô´¥·£μ¢Ò¤¥²¥´¨¥ μÉ · ¤¨ Í¨μ´´μ£μ § Ì¢ É  ´¥°É·μ-
´μ¢ ¢  ±É¨¢´μ° §μ´¥.

�‘��‚�›… ‚›‚�„›

ˆ¸¸²¥¤μ¢ ´¨Ö ¸ÉμÌ ¸É¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ´¥°É·μ´´μ° ³μÐ´μ¸É¨ ˆ	�-2
¢ ¸É Í¨μ´ ·´μ³ ¨ ¨³¶Ê²Ó¸´μ³ ·¥¦¨³ Ì · ¡μÉÒ ·¥ ±Éμ·  ¶μ§¢μ²ÖÕÉ Ô±¸¶¥-
·¨³¥´É ²Ó´μ μÍ¥´¨ÉÓ μ¸´μ¢´Ò¥ ¶ · ³¥É·Ò ±¨´¥É¨±¨ Å ÔËË¥±É¨¢´ÊÕ ¤μ²Õ
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¸·¥¤´¥¥ ¢·¥³Ö ¦¨§´¨ ¶μ±μ²¥´¨Ö ³£´μ¢¥´´ÒÌ ´¥°-
É·μ´μ¢,   É ±¦¥ ³μÐ´μ¸ÉÓ ¨¸ÉμÎ´¨±  ¸¶μ´É ´´ÒÌ ´¥°É·μ´μ¢. �μ± § ´μ, ÎÉμ
Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö ·¥ ±Éμ·  ˆ	�-2 ¡²¨§±¨ ± · ¸Î¥É´Ò³ §´ -
Î¥´¨Ö³.
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