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� ¸Î¥É ÔËË¥±É¨¢´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢
¨ ¢·¥³¥´¨ ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ·¥ ±Éμ·¥ ˆ
�-2Œ

�·μ¢¥¤¥´ · ¸Î¥É μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ ±¨´¥É¨±¨ ·¥ ±Éμ·  ˆ
�-2Œ: ÔËË¥±-
É¨¢´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ βÔË ¨ ¢·¥³¥´¨ ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°-
É·μ´μ¢ τ . � ¸Î¥É μ¸´μ¢Ò¢ ²¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¤¢ÊÌ³¥·´μ° ³´μ£μ£·Ê¶¶μ¢μ°
¶·μ£· ³³Ò ¶¥·¥´μ¸  ´¥°É·μ´μ¢ ¨ ¶·μ£· ³³ SCALE4 c ¸¨¸É¥³μ° ³´μ£μ£·Ê¶¶μ-
¢ÒÌ Ö¤¥·´ÒÌ ±μ´¸É ´É.

„²Ö ÏÉ É´μ£μ ·¥¦¨³  · ¡μÉÒ ˆ
�-2Œ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥ §´ Î¥´¨Ö ¶ -
· ³¥É·μ¢ ±¨´¥É¨±¨: βÔË = 0,00216 ± 0,00007, τ = 6,5 · 10−8 ¸, Í¥´´μ¸ÉÓ § -
¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ χ = 0,980 ¨ ±μ´¸É ´É  ¸¶ ¤  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢
±·¨É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  α = 3,50 · 104 ¸−1. ‚¥²¨Î¨´Ò βÔË ¨ τ ´  ∼ 0,2
¨ ∼ 5,0% ¡μ²ÓÏ¥, Î¥³ ¤²Ö ˆ
�-2 (βÔË = 0,00216 ¨ τ = (6,2 ± 0,2) · 10−8 c).

�μ± § ´μ ´¥±μÉμ·μ¥ Ê¢¥²¨Î¥´¨¥ βÔË ¨ τ ¶·¨ Ê³¥´ÓÏ¥´¨¨ · §³¥·μ¢  ±É¨¢´μ°
§μ´Ò ˆ
�-2 ¢ · ¤¨ ²Ó´μ³ ´ ¶· ¢²¥´¨¨.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ ´¥°É·μ´´μ° Ë¨§¨±¨ ¨³. ˆ.Œ. ”· ´± 
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Mechtiyeva R.N. et al. P13-2010-89
Calculation of the Effective Delayed Neutron Fraction
and Prompt Neutron Lifetime in the IBR-2M Reactor

Calculation of main kinetic parameters for the reactor IBR-2M is carried out: the
effective delayed neutron fraction and the prompt neutron lifetime. The calculation
is based on the use of DORT, a two-dimensional multi-group program for resolving
of neutron transport equation, and SCALE4 programs for generating multi-group
nuclear cross-sections. Calculation values of kinetic parameters for IBR-2M in a
regular mode of its work are obtained: βeff = 0.00216± 0.00007, τ = 6.5 · 10−8 s,
χ = 0.980, α = 3.50 · 104 s−1. The parameters βeff and τ are ∼ 0.2% and ∼ 5.0%
greater than for IBR-2 (βeff = 0.00216 and τ = (6.2 ± 0.2) · 10−8 s). It is shown
that βeff and τ increase with reduction of the size of the active zone. Also, it
is noted that for calculation of prompt neutron lifetime it is necessary to use the
S16-approximation.

The investigation has been performed at the Frank Laboratory of Neutron Physics,
JINR.
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‚ ±¨´¥É¨±¥ Ö¤¥·´ÒÌ ·¥ ±Éμ·μ¢ ÔËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·μ´μ¢ βÔË ¨ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ τ Ö¢²ÖÕÉ¸Ö μ¤´¨³¨ ¨§
μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢. „²Ö ¨³¶Ê²Ó¸´ÒÌ ·¥ ±Éμ·μ¢ É¨¶  ˆ
�-2 ¢¥²¨Î¨´  τ
μ¶·¥¤¥²Ö¥É ¤²¨É¥²Ó´μ¸ÉÓ ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨ ¨ ´ ·Ö¤Ê ¸ βÔË ¨¸¶μ²Ó§Ê¥É¸Ö ¢
 ´ ²¨§¥ Ê¸²μ¢¨° ¡¥§μ¶ ¸´μ° · ¡μÉÒ ·¥ ±Éμ· . —¨¸²¥´´Ò¥ §´ Î¥´¨Ö ¶ · ³¥-
É·μ¢ ±¨´¥É¨±¨ § ¢¨¸ÖÉ μÉ ¸μ¸É ¢  ¨ £¥μ³¥É·¨¨  ±É¨¢´μ° §μ´Ò. �μ ¸· ¢´¥´¨Õ
¸ ·¥ ±Éμ·μ³ ˆ
�-2  ±É¨¢´ Ö §μ´  ³μ¤¥·´¨§¨·μ¢ ´´μ£μ ·¥ ±Éμ·  ˆ
�-2Œ ¡μ-
²¥¥ ±μ³¶ ±É´ Ö. ‚ Éμ ¦¥ ¢·¥³Ö ±μ´¸É·Ê±Í¨Ö ˆ
�-2Œ É ±μ¢ , ÎÉμ Ô±¸¶¥·¨-
³¥´É ²Ó´μ¥ ¨§³¥·¥´¨¥ βÔË ¨ τ É· ¤¨Í¨μ´´Ò³¨ ³¥Éμ¤ ³¨ ´¥¢μ§³μ¦´μ. Š·μ³¥
Éμ£μ, ± ± ¶· ¢¨²μ, ÔÉ¨ ¶ · ³¥É·Ò ´¥²Ó§Ö ¨§³¥·¨ÉÓ μÉ¤¥²Ó´μ. Š Î¥¸É¢¥´´μ ¢¥-
²¨Î¨´Ê τ ¤²Ö ˆ
�-2Œ ³μ¦´μ μÍ¥´¨ÉÓ ¨§  ´ ²¨§  Ëμ·³Ò ¨³¶Ê²Ó¸  ³μÐ´μ¸É¨,
  βÔË Å ¨§  ´ ²¨§  ÏÊ³μ¢ Ô´¥·£¨¨ ¨³¶Ê²Ó¸μ¢ [1, 2] ¶·¨ Ê¸²μ¢¨¨, ÎÉμ ¢¥²¨Î¨´ 
τ Ê¦¥ ¡Ò²  μÍ¥´¥´  · ´¥¥. 	É¸Õ¤  · ¸Î¥É βÔË ¨ τ ¤²Ö ˆ
�-2Œ ¶·¨μ¡·¥É ¥É
μ¸μ¡μ¥ §´ Î¥´¨¥.

1. �‹…Œ…�’› ’…��ˆˆ, �’��‘Ÿ™…‰‘Ÿ Š ��‘—…’“
�””…Š’ˆ‚��‰ „�‹ˆ ‡���‡„›‚�	™ˆ• �…‰’����‚ ˆ

‚�…Œ…�ˆ †ˆ‡�ˆ Œƒ��‚…��›• �…‰’����‚

�ËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ βÔË, § ¢¨¸ÖÐ Ö μÉ ¸μ¸É ¢ 
¨ £¥μ³¥É·¨¨  ±É¨¢´μ° §μ´Ò, μÉ²¨Î ¥É¸Ö μÉ É¥μ·¥É¨Î¥¸±μ° ¤μ²¨ § ¶ §¤Ò¢ Õ-
Ð¨Ì ´¥°É·μ´μ¢ β, μ¶·¥¤¥²Ö¥³μ° ± ± μÉ´μÏ¥´¨¥ Î¨¸²  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°-
É·μ´μ¢ ± Î¨¸²Ê ¢¸¥Ì ´¥°É·μ´μ¢ ¤²Ö ¤ ´´μ£μ ¤¥²ÖÐ¥£μ¸Ö Ö¤· . �Éμ ¸¢Ö§ ´μ
¸ É¥³, ÎÉμ § ¶ §¤Ò¢ ÕÐ¨¥ ´¥°É·μ´Ò ¨¸¶Ê¸± ÕÉ¸Ö ¸ ¡μ²¥¥ ´¨§±¨³¨ Ô´¥·£¨-
Ö³¨, Î¥³ ³£´μ¢¥´´Ò¥, ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¢¥·μÖÉ´μ¸ÉÓ ¢Ò§¢ ÉÓ ¶μ¸²¥¤ÊÕÐ¨¥
¤¥²¥´¨Ö (¨Ì Í¥´´μ¸ÉÓ ¶μ μÉ´μÏ¥´¨Õ ± ¤¥²¥´¨Õ) μÉ²¨Î ¥É¸Ö μÉ ³£´μ¢¥´´ÒÌ
´¥°É·μ´μ¢. ‚·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ·¥ ±Éμ·¥ μ¶·¥¤¥²Ö¥É¸Ö ± ±
¢¥²¨Î¨´ , μ¡· É´ Ö ¢¥·μÖÉ´μ¸É¨ ¨¸Î¥§´μ¢¥´¨Ö ´¥°É·μ´  ¢ ¥¤¨´¨ÍÊ ¢·¥³¥´¨
¨§ ·¥ ±Éμ·  ¢¸²¥¤¸É¢¨¥ ²Õ¡ÒÌ ¶·μÍ¥¸¸μ¢. ‚ ±¨´¥É¨±¥ ·¥ ±Éμ·  ¨¸¶μ²Ó§ÊÕÉ¸Ö
É ±¦¥ ¤¢¥ ¸¢Ö§ ´´Ò¥ ¸ βÔË ¨ τ ¢¥²¨Î¨´Ò: Í¥´´μ¸ÉÓ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢
χ = βÔË/β Å Î¨¸²μ, ¶μ± §Ò¢ ÕÐ¥¥, ¢μ ¸±μ²Ó±μ · § ¢¥²¨Î¨´  ÔËË¥±É¨¢´μ°
¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¡μ²ÓÏ¥ É¥μ·¥É¨Î¥¸±μ°, ¨ ±μ´¸É ´É  ¸¶ ¤ 
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³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢, ±μÉμ· Ö ¢ ±·¨É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  ¢Ò· ¦ -
¥É¸Ö ¢ ¢¨¤¥ α = βÔË/τ .

‚μ ³´μ£¨Ì · ¡μÉ Ì, ´ ¶·¨³¥· [3, 4], · ¸¸³μÉ·¥´Ò · §²¨Î´Ò¥ ³¥Éμ¤Ò · ¸-
Î¥É  βÔË ¨ τ . ˆ§  ´ ²¨§  ÔÉ¨Ì · ¡μÉ ¸²¥¤Ê¥É, ÎÉμ ´ ¨¡μ²¥¥ ¶·¨¥³²¥³Ò° ¤²Ö
ˆ
�-2 ¨ ˆ
�-2Œ ³¥Éμ¤ · ¸Î¥É  βÔË ¨ τ ¥¸ÉÓ ³¥Éμ¤, μ¸´μ¢ ´´Ò° ´  É¥μ·¨¨
¢μ§³ÊÐ¥´¨°, ¢ ±μÉμ·μ° ¢¥²¨Î¨´Ò βÔË ¨ τ μÍ¥´¨¢ ÕÉ¸Ö ¨§ ·¥Ï¥´¨Ö ¸É Í¨μ-
´ ·´μ£μ Ê· ¢´¥´¨Ö ¶¥·¥´μ¸  ´¥°É·μ´μ¢ ¢ ¢¨¤¥
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£¤¥ –�„ Å Í¥´´μ¸ÉÓ ´¥°É·μ´μ¢ ¤¥²¥´¨Ö, νd Å Î¨¸²μ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ-
´μ¢ ´  μ¤¨´  ±É ¤¥²¥´¨Ö, Φg(r) Å ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ¢ Ô´¥·£¥É¨-
Î¥¸±μ° £·Ê¶¶¥ g, £¤¥ g = 1, G, G Å Î¨¸²μ Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶, χA

D,g =∑
i

χA,i
D,ga

A,g
i Å ¤μ²Ö ¸¶¥±É·  § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¢ Ô´¥·£¥É¨Î¥¸±μ°

£·Ê¶¶¥ g, £¤¥ χA,i
D,g Å ¤μ²Ö i-° £·Ê¶¶Ò § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¨¸¶Ê¸-

± ¥³ÒÌ ´Ê±²¨¤μ³ A ¨ ¶μ¶ ¤ ÕÐ¨Ì ¢ Ô´¥·£¥É¨Î¥¸±ÊÕ £·Ê¶¶Ê g, aA,g
i Å μÉ-

´μ¸¨É¥²Ó´Ò° ¢ÒÌμ¤ i-° £·Ê¶¶Ò § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢, ¶·¨´ ¤²¥¦ Ð¨Ì
Ô´¥·£¥É¨Î¥¸±μ° £·Ê¶¶¥ g, V Å μ¡Ñ¥³  ±É¨¢´μ° §μ´Ò, χl Å ¤μ²Ö ¸¶¥±É·  ¢¸¥Ì
´¥°É·μ´μ¢ ¤¥²¥´¨Ö ¢ Ô´¥·£¥É¨Î¥¸±μ° £·Ê¶¶¥ l, N

A
Å ±μ´Í¥´É· Í¨Ö ´Ê±²¨¤  ¸

´μ³¥·μ³ A, ΣA
f Å ³a±·μ¸±μ¶¨Î¥¸±μ¥ ¸¥Î¥´¨¥ ¤¥²¥´¨Ö ´Ê±²¨¤  ¸ ´μ³¥·μ³ A,

Φ+
l (r) Å ¸μ¶·Ö¦¥´´ Ö ËÊ´±Í¨Ö ¶μÉμ±  ´¥°É·μ´μ¢ ¢ Ô´¥·£¥É¨Î¥¸±μ° £·Ê¶¶¥

l = 1, L, L Å Î¨¸²μ Ô´¥·£¥É¨Î¥¸±¨Ì £·Ê¶¶, νf Å Î¨¸²μ ¢¸¥Ì ´¥°É·μ´μ¢ ´ 
μ¤¨´  ±É ¤¥²¥´¨Ö, υg Å ¸±μ·μ¸ÉÓ ´¥°É·μ´μ¢ ¢ Ô´¥·£¥É¨Î¥¸±μ° £·Ê¶¶¥ g.

2. Œ…’�„ˆ—…‘Šˆ… �‘��…���‘’ˆ ��‘—…’� βÔË ˆ τ

—Éμ¡Ò ¢ÒÎ¨¸²ÖÉÓ ÔËË¥±É¨¢´ÊÕ ¤μ²Õ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¢·¥³Ö
¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¶μ Ê± § ´´Ò³ ¢ÒÏ¥ Ëμ·³Ê² ³, ´Ê¦´μ ¸ Ìμ·μ-
Ï¥° ÉμÎ´μ¸ÉÓÕ §´ ÉÓ ¶·Ö³Ò¥ ¨ ¸μ¶·Ö¦¥´´Ò¥ ¶μÉμ±¨ ´¥°É·μ´μ¢ ¢  ±É¨¢´μ°
§μ´¥ ·¥ ±Éμ· . „²Ö ˆ
�-2Œ, ± ± ¸²¥¤Ê¥É ¨§ [5], ¤²Ö ¶μ²ÊÎ¥´¨Ö · ¸Î¥É´μ°
¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¤¢ÊÌ³¥·´Ò° · ¸Î¥É
¶μ · ¤¨Ê¸Ê ¨ ¢Ò¸μÉ¥  ±É¨¢´μ° §μ´Ò. Š·μ³¥ Éμ£μ, ¢ · ¡μÉ¥ [5] ¡Ò²μ μÉ-
³¥Î¥´μ, ÎÉμ ¤²Ö ÊÎ¥É  ¸²μ¦´ÒÌ ´¥μ¤´μ·μ¤´μ¸É¥° ¢ Ô´¥·£¥É¨Î¥¸±μ³ ¸¶¥±É·¥
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´¥°É·μ´μ¢ ´  ¶¥·¨Ë¥·¨¨  ±É¨¢´μ° §μ´Ò, ¢μ§´¨± ÕÐ¨Ì ¨§-§  ¢²¨Ö´¨Ö μÉ-
· ¦¥´´ÒÌ μÉ ·¥ ±Éμ·´ÒÌ ±μ´¸É·Ê±Í¨° ´¥°É·μ´μ¢, ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ
³´μ£μ£·Ê¶¶μ¢μ¥ Ê· ¢´¥´¨¥ ¶¥·¥´μ¸  ´¥°É·μ´μ¢. ˆ¸Ìμ¤Ö ¨§ ÔÉ¨Ì É·¥¡μ¢ ´¨°
¡Ò² ¢Ò¡· ´ ±μ³¶²¥±¸ ¶·μ£· ³³ DORT [6] Å ¤¢ÊÌ³¥·´Ò° ³´μ£μ£·Ê¶¶μ¢μ°
±μ³¶²¥±¸ ¶·μ£· ³³ ¶¥·¥´μ¸  ´¥°É·μ´μ¢ ´  ¡ §¥ ³¥Éμ¤  ¤¨¸±·¥É´ÒÌ μ·¤¨´ É
¢ Sn-¶·¨¡²¨¦¥´¨¨ ¨ ±μ³¶²¥±¸ ¶·μ£· ³³ SCALE4 [7] ¸ ¸¨¸É¥³μ° ³´μ£μ-
£·Ê¶¶μ¢ÒÌ Ö¤¥·´ÒÌ ±μ´¸É ´É. 	¸´μ¢´ Ö ¨¤¥Ö ³¥Éμ¤  ¤¨¸±·¥É´ÒÌ μ·¤¨´ É
§ ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ Ê£²μ¢μ¥ · ¸¶·¥¤¥²¥´¨¥ ¶μÉμ±  ´¥°É·μ´μ¢  ¶¶·μ±¸¨-
³¨·Ê¥É¸Ö ËÊ´±Í¨¥°, μ¶·¥¤¥²¥´´μ° ¢ ¤¨¸±·¥É´ÒÌ Ê§² Ì Ê£²μ¢μ° ¶¥·¥³¥´´μ°
(Sn-¶·¨¡²¨¦¥´¨¥). ˆ¸¶μ²Ó§μ¢ ´¨¥ ÔÉ¨Ì ¶·μ£· ³³ ¢Ò§¢ ´μ É¥³, ÎÉμ ±μ³¶²¥±¸
¶·μ£· ³³ DORT ´¥ ¨³¥¥É ¸¢μ¥° ¸¨¸É¥³Ò £·Ê¶¶μ¢ÒÌ Ö¤¥·´ÒÌ ±μ´¸É ´É,   ±μ³-
¶²¥±¸ SCALE4 ¨³¥¥É, ´μ Éμ²Ó±μ ¶·¨³¥´¨É¥²Ó´μ ± μ¤´μ³¥·´μ° £¥μ³¥É·¨¨.
�μÔÉμ³Ê ¸ ¶μ³μÐÓÕ ¶·μ£· ³³Ò SCALE4 ¡Ò²¨ ¶μ¤£μÉμ¢²¥´Ò 16-£·Ê¶¶μ¢Ò¥
¸¥Î¥´¨Ö ¤²Ö ¤¢ÊÌ³¥·´ÒÌ ³´μ£μ£·Ê¶¶μ¢ÒÌ ´¥°É·μ´´μ-É· ´¸¶μ·É´ÒÌ · ¸Î¥Éμ¢
¶μ ¶·μ£· ³³ ³ DORT. �Éμ ¶μ§¢μ²¨²μ ¢ÒÎ¨¸²ÖÉÓ · ¸¶·¥¤¥²¥´¨¥ ¶·Ö³ÒÌ ¨
¸μ¶·Ö¦¥´´ÒÌ ¶²μÉ´μ¸É¥° ¶μÉμ±  ´¥°É·μ´μ¢. „²Ö ÊÎ¥É   ´¨§μÉ·μ¶¨¨ ¶²μÉ-
´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ¨ ¸¥Î¥´¨Ö · ¸¸¥Ö´¨Ö ¨¸¶μ²Ó§μ¢ ²μ¸Ó É· ´¸¶μ·É´μ¥
P1-¶·¨¡²¨¦¥´¨¥. ’¥¸Éμ¢ Ö ¶·μ¢¥·±  ¶·¨³¥´¥´¨Ö ¤¢ÊÌ³¥·´μ-³´μ£μ£·Ê¶¶μ¢μ£μ
±μ³¶²¥±¸  ¶·μ£· ³³ ¶¥·¥´μ¸  ´¥°É·μ´μ¢ DORT ¨ μ¤´μ³¥·´μ-³´μ£μ£·Ê¶¶μ-
¢μ£μ ±μ³¶²¥±¸  ¶·μ£· ³³ SCALE4 ¸ ¸¨¸É¥³μ° ³´μ£μ£·Ê¶¶μ¢ÒÌ Ö¤¥·´ÒÌ ±μ´-
¸É ´É ± · ¸Î¥ÉÊ ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ¢ ·¥ ±Éμ·¥ ˆ
�-2Œ ¡Ò²  ¶·μ-
¢¥¤¥´  ¢ ¡μ²¥¥ · ´´¥³ ¨¸¸²¥¤μ¢ ´¨¨ [5]. „ ²¥¥ ¶μ¸²¥ ¢ÒÎ¨¸²¥´¨Ö ¶·Ö³μ° ¨
¸μ¶·Ö¦¥´´μ° ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ ´¥°É·μ´μ¢ ¶μ Ëμ·³Ê² ³ (1)Ä(3) ¢ÒÎ¨¸²Ö-
ÕÉ¸Ö ÔËË¥±É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¢·¥³Ö ¦¨§´¨ ³£´μ¢¥´´ÒÌ
´¥°É·μ´μ¢. ‘Ì¥³  · ¸Î¥É  ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 1.

�¨¸. 1. ‘Ì¥³  · ¸Î¥É  ÔËË¥±É¨¢´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¢·¥³¥´¨ ¦¨§´¨
³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ˆ
�-2Œ
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3. �–…�Š� ‚‹ˆŸ�ˆŸ ˆ‘��‹œ‡“…Œ›• ��ˆ�‹ˆ†…�ˆ‰
�� ’�—��‘’œ ��‘—…’�‚ βÔË ˆ τ

—Éμ¡Ò μÍ¥´¨ÉÓ ÉμÎ´μ¸ÉÓ · ¸Î¥É  βÔË ¨ τ , ¢Ò¶μ²´¥´´μ£μ ¶μ Ê± § ´´μ°
¢ÒÏ¥ ³¥Éμ¤¨±¥, ¡Ò²¨ ¶·μ¢¥¤¥´Ò É¥¸Éμ¢Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¶μ ¢²¨Ö´¨Õ ¨¸¶μ²Ó-
§Ê¥³ÒÌ ¶·¨¡²¨¦¥´¨° ´  · ¸Î¥É´Ò¥ ¢¥²¨Î¨´Ò. „²Ö ÔÉμ£μ ¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸-
Î¥ÉÒ βÔË ¨ τ ¤²Ö · §²¨Î´ÒÌ ¸¨¸É¥³, ¤²Ö ±μÉμ·ÒÌ ¨³¥²¨¸Ó Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö βÔË ¨²¨ τ . ‚ ± Î¥¸É¢¥ μ¡Ñ¥±É  É¥¸Éμ¢ÒÌ · ¸Î¥Éμ¢ ¡Ò²¨ ¢Ò¡· ´Ò
·¥ ±Éμ· ˆ
�-2 ¸ ¨§¢¥¸É´Ò³ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨¥³ τ ¨ ±·¨É¨Î¥¸± Ö
¸¡μ·±  ZPR-III-59 ¸ ¨§³¥·¥´´Ò³ §´ Î¥´¨¥³ βÔË. �¥ ±Éμ· ˆ
�-2 ¡²¨§μ± ±
ˆ
�-2Œ ¶μ É¨¶Ê ¨ ¸μ¸É ¢Ê  ±É¨¢´μ° §μ´Ò. ‘¡μ·±  ZPR-III-59 ¡²¨§±  ± ·¥-
 ±Éμ·Ê ˆ
�-2Œ ¶μ ¸μ¸É ¢Ê ¨ £¥μ³¥É·¨Î¥¸±¨³ · §³¥· ³ É¢Ô²μ¢ [8]. ‘¡μ·± 
ZPR-III-59 Ö¢²Ö¥É¸Ö ¡Ò¸É·μ° ±·¨É¨Î¥¸±μ° ¸¡μ·±μ° ¸ ¶²ÊÉμ´¨¥¢Ò³ Éμ¶²¨¢μ³,
§ ³¥¤²¨É¥²¥³ ¨§ £· Ë¨É  ¨ μÉ· ¦ É¥²¥³ ¨§ ¸¢¨´Í . ‡ £·Ê§±  Éμ¶²¨¢  ¢  ±-
É¨¢´μ° §μ´¥ ZPR-III-59 ∼ 80 ±£ ¡²¨§±  ± § £·Ê§±¥ §μ´Ò ·¥ ±Éμ·  ˆ
�-2Œ.
�  ·¨¸. 2 ¶μ± § ´Ò ¸¶¥±É·Ò ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥ ZPR-III-59 ¨ ˆ
�-2Œ.
� ¸Î¥É´Ò° ¸¶¥±É· ´¥°É·μ´μ¢ ¢ ˆ
�-2 ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸μ ¸¶¥±É·μ³ ¢
ˆ
�-2Œ. ˆ§ ·¨¸. 2 ¢¨¤´μ, ÎÉμ £· Ë¨Éμ¢Ò¥ § ³¥¤²¨É¥²¨ ¸¡μ·±¨ ZPR-III-59
´¥ ¸¨²Ó´μ ¸³Ö£Î ÕÉ ¸¶¥±É· ¡Ò¸É·ÒÌ ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥, ¨, ¸μμÉ¢¥É-
¸É¢¥´´μ, Ê¸²μ¢¨Ö · ¸Î¥É  ¶ · ³¥É·μ¢ ±¨´¥É¨±¨ ¢ ZPR-III-59 ¡Ê¤ÊÉ ¡²¨§±¨ ¨ ±
· ¸Î¥ÉÊ ˆ
�-2Œ.

3.1. ‚Ò¡μ· ¸¥É±¨. ‚ · ¸Î¥É Ì ±¨´¥É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ¶μ ³¥Éμ¤Ê ¤¨¸-
±·¥É´ÒÌ μ·¤¨´ É, ± ± ¶· ¢¨²μ, É·¥¡Ê¥É¸Ö ¡· ÉÓ ¡μ²¥¥ ³¥²±ÊÕ ¸¥É±Ê, Î¥³ ¢
· ¸Î¥É Ì ¢ ¤¨ËËÊ§¨μ´´μ³ ¶·¨¡²¨¦¥´¨¨. ‚ μ¡Ð¥³ ¸²ÊÎ ¥, Î¥³ ¢ÒÏ¥ ¶·¨¡²¨-
¦¥´¨¥, É¥³ ³¥²ÓÎ¥ ¤μ²¦´  ¡ÒÉÓ ¸¥É± . ‚ ¸·¥¤´¥³ ·¥±μ³¥´¤Ê¥É¸Ö ¢Ò¡¨· ÉÓ

�¨¸. 2. � ¸Î¥É´Ò° ¸¶¥±É· ´¥°É·μ´μ¢ ¢  ±É¨¢´μ° §μ´¥ ˆ
�-2M ¨ ZPR-III-59 ¢ μÉ´μ¸¨-
É¥²Ó´ÒÌ ¥¤¨´¨Í Ì
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¤¢ -É·¨ ¨´É¥·¢ ²  ´  μ¤´Ê É· ´¸¶μ·É´ÊÕ ¤²¨´Ê ´¥°É·μ´μ¢ [11]. 	¡ÒÎ´μ · ¸-
Î¥É´Ò° ¨´É¥·¢ ² ¢ Í¨²¨´¤·¨Î¥¸±μ° ¨ ¸Ë¥·¨Î¥¸±μ° £¥μ³¥É·¨ÖÌ ¢Ò¡¨· ¥É¸Ö ¨§
¸μμÉ´μÏ¥´¨Ö

hR =
1
B

min
g

lgtr, (4)

£¤¥ B = 2Ä3, lgtr Å É· ´¸¶μ·É´ Ö ¤²¨´  ´¥°É·μ´μ¢ ¢ g-Ô´¥·£¥É¨Î¥¸±μ° £·Ê¶¶¥.
„²Ö ˆ
�-2 ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ É· ´¸¶μ·É´μ° ¤²¨´Ò ¨§ ¢¸¥Ì £·Ê¶¶ ¸

Ô´¥·£¨¥° ´¥°É·μ´μ¢ ¡μ²¥¥ 10 Ô‚ ¸μ¸É ¢¨²μ ∼ 1,0 ¸³. ‘ ¶μ³μÐÓÕ (4) Ï £
· ¸Î¥É´μ° ¸¥É±¨ ¡Ò² μÍ¥´¥´ 0,3Ä0,5 ¸³.

�μ²ÊÎ¥´´μ¥ ¶·¨¡²¨¦¥´¨¥ Ï £  ¸¥É±¨ μ¡¥¸¶¥Î¨¢ ¥É ¤μ¸É ÉμÎ´μ ÉμÎ´μ¥
¢ÒÎ¨¸²¥´¨¥ ¨´É¥£· ²Ó´ÒÌ ¢¥²¨Î¨´ É¨¶  ÔËË¥±É¨¢´μ£μ ±μÔËË¨Í¨¥´É  · §-
³´μ¦¥´¨Ö ´¥°É·μ´μ¢ kÔË, ´μ ³μ¦¥É ¶·¨¢μ¤¨ÉÓ ± É·Ê¤´μ¸ÉÖ³ ¶·¨ · ¸Î¥É¥
¸¨¸É¥³ ¸ ¸¨²Ó´μ ³¥´ÖÕÐ¨³¸Ö ¸¶¥±É·μ³.

3.2. ‚²¨Ö´¨¥ Sn-¶·¨¡²¨¦¥´¨Ö. —¨¸²μ ¤¨¸±·¥É´ÒÌ Ê§²μ¢ Ê£²μ¢μ° ¶¥·¥-
³¥´´μ° (Sn-¶·¨¡²¨¦¥´¨¥) μ¶·¥¤¥²Ö¥É ÉμÎ´μ¸ÉÓ · ¸Î¥É  · ¸¶·¥¤¥²¥´¨Ö ¶μÉμ± 
´¥°É·μ´μ¢ ¶μ Ê£²Ê. —¥³ ¡μ²ÓÏ¥  ´¨§μÉ·μ¶¨Ö ¢ ·¥ ±Éμ·¥, É¥³ ¡μ²ÓÏ¥¥ Î¨¸²μ
Ê§²μ¢ ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ. „²Ö ZPR-III-59 ¨ ˆ
�-2 ¡Ò²¨ ¶·μ¢¥¤¥´Ò
μ¶É¨³¨§ Í¨μ´´Ò¥ · ¸Î¥ÉÒ βÔË ¨ τ ¢ § ¢¨¸¨³μ¸É¨ μÉ Î¨¸²  Ê§²μ¢. �¥§Ê²Ó-
É ÉÒ · ¸Î¥É  ¤²Ö ˆ
�-2 ¶μ± § ´Ò ´  ·¨¸. 3. ‚¨¤´μ, ÎÉμ ¶·¨ Sn ¢ÒÏ¥ 8
¢¥²¨Î¨´  βÔË ³ ²μ ³¥´Ö¥É¸Ö ¸ ´μ³¥·μ³ ¶·¨¡²¨¦¥´¨Ö. Œ ±¸¨³ ²Ó´μ¥ μÉ²¨-
Î¨¥ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¶μ βÔË ¢ S8- ¨ S16-¶·¨¡²¨¦¥´¨ÖÌ ¤²Ö ZPR-III-59 ¨
ˆ
�-2 ¸μ¸É ¢²Ö¥É ∼ 0,02 ¨ ∼ 0,01%. �·¨ μÍ¥´±¥ ¢·¥³¥´¨ ¦¨§´¨ Ê¢¥²¨Î¥´¨¥
´μ³¥·  ¶·¨¡²¨¦¥´¨Ö ¶·¨¢μ¤¨É ± Ê³¥´ÓÏ¥´¨Õ ÔÉμ° ¢¥²¨Î¨´Ò. ˆ§  ´ ²¨§ 
¤ ´´ÒÌ μÉ²¨Î¨¥ ¢ ¨¸¶μ²Ó§μ¢ ´¨¨ S8- μÉ S16-¶·¨¡²¨¦¥´¨Ö ¶·¨ μÍ¥´±¥ ¢·¥-
³¥´¨ ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ZPR-III-59 ¸μ¸É ¢²Ö¥É ∼ 4,9 %, ¤²Ö
ˆ
�-2 Å ∼ 4,5%.

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö βÔË ¨ τ ¢ § ¢¨¸¨³μ¸É¨ μÉ ´μ³¥·  Sn-¶·¨¡²¨¦¥´¨Ö
¤²Ö ˆ
�-2 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 3. ˆ§ ·¨¸. 3 ¢¨¤´μ, ÎÉμ ¢¥²¨Î¨´  βÔË ¸² ¡μ
³¥´Ö¥É¸Ö μÉ ´μ³¥·  ¶·¨¡²¨¦¥´¨Ö, ¨ ¤²Ö · ¸Î¥É  ÔËË¥±É¨¢´μ° ¤μ²¨ § ¶ §¤Ò-
¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¤μ¸É ÉμÎ´μ ¨¸¶μ²Ó§μ¢ ÉÓ ¶·¨¡²¨¦¥´¨¥ S8. „²Ö μÍ¥´±¨

�¨¸. 3. ‡ ¢¨¸¨³μ¸É¨ βÔË ¨ τ μÉ ´μ³¥·  Sn-¶·¨¡²¨¦¥´¨Ö ¢ ˆ
�-2
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¢·¥³¥´¨ ¦¨§´¨ ´¥μ¡Ìμ¤¨³μ ¨¸¶μ²Ó§μ¢ ÉÓ ¥£μ  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ ¸ Ê¢¥²¨Î¥-
´¨¥³ ´μ³¥·  ¶·¨¡²¨¦¥´¨Ö §´ Î¥´¨¥. �Éμ §´ Î¥´¨¥ ¶· ±É¨Î¥¸±¨ ·¥ ²¨§Ê¥É¸Ö
¢ S16-¶·¨¡²¨¦¥´¨¨ τ = 6,17 · 10−8 c. � ¸Î¥É´μ¥  ¸¨³¶ÉμÉ¨Î¥¸±μ¥ §´ Î¥´¨¥ τ
¡²¨§±μ ± ¨§³¥·¥´´μ³Ê τ = (6,2 ± 0,2) · 10−8 c [9]. 	É¸Õ¤  ¡Ò²μ ¶·¨´ÖÉμ ¢¸¥
· ¸Î¥ÉÒ ¶μ τ ¤²Ö ˆ
�-2Œ ¶·μ¢μ¤¨ÉÓ ¢ S16-¶·¨¡²¨¦¥´¨¨.

3.3. ‚²¨Ö´¨¥ ±μ´¸É ´É ´  ÉμÎ´μ¸ÉÓ · ¸Î¥É  βÔË ¨ τ . ‚ ´ ¸ÉμÖÐ¥¥
¢·¥³Ö ¸ÊÐ¥¸É¢Ê¥É ´¥¸±μ²Ó±μ ¡¨¡²¨μÉ¥± ¶μ Ö¤¥·´Ò³ ¤ ´´Ò³ [10]. „ ´´Ò¥
¶μ § ¶ §¤Ò¢ ÕÐ¨³ ´¥°É·μ´ ³ ¤²Ö · §´ÒÌ ¡¨¡²¨μÉ¥± ¨³¥ÕÉ · §²¨Î¨Ö, ÌμÉÖ
¨ ´¥¡μ²ÓÏ¨¥. ‚ É ¡²¨Í¥ ¶μ± § ´μ ¸· ¢´¥´¨¥ · ¸Î¥É´ÒÌ §´ Î¥´¨° ÔËË¥±É¨¢-
´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¤²Ö ZPR-III-59 ¨ ˆ
�-2, ¶μ²ÊÎ¥´´ÒÌ ¸
¨¸¶μ²Ó§μ¢ ´¨¥³ · §´ÒÌ ¡¨¡²¨μÉ¥± Ö¤¥·´ÒÌ ¤ ´´ÒÌ (νd Å Î¨¸²μ § ¶ §¤Ò-
¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´  μ¤¨´  ±É ¤¥²¥´¨Ö, ΔβÔË Å μÉ²¨Î¨¥ μÉ Ô±¸¶¥·¨³¥´-
É ²Ó´μ£μ §´ Î¥´¨Ö βÔË). ’ ³ ¦¥ ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö βÔË.
Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, · ¸Î¥É´Ò¥ §´ Î¥´¨Ö βÔË ¡²¨§±¨ ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³.
ˆ§ É ¡²¨ÍÒ É ±¦¥ ³μ¦´μ ¢¨¤¥ÉÓ, ÎÉμ βÔË ¤μ¸É ÉμÎ´μ ¸¨²Ó´μ § ¢¨¸¨É μÉ Î¨¸² 
§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ´  μ¤¨´  ±É ¤¥²¥´¨Ö. „²Ö ZPR-III-59 ³ ±¸¨³ ²Ó-
´μ¥ μÉ²¨Î¨¥ ¸μ¸É ¢²Ö¥É +5,1% ¨ ¤²Ö ˆ
�-2 +2,2 %. ‚ ¸²ÊÎ ¥ ¨¸¶μ²Ó§μ¢ ´¨Ö
νd ¨§ · ¡μÉÒ [10] (Tuttle (1979)) ¶μ²ÊÎ ¥É¸Ö §´ Î¥´¨¥ βÔË, ´ ¨¡μ²¥¥ ¡²¨§±μ¥
± Ô±¸¶¥·¨³¥´É ²Ó´μ³Ê §´ Î¥´¨Õ ± ± ¤²Ö ZPR-III-59, É ± ¨ ¤²Ö ˆ
�-2.

� ¸Î¥É´μ¥ §´ Î¥´¨¥ βÔË, · ¢´μ¥ 0,00239 ¤²Ö ZPR-III-59, μÉ²¨Î ¥É¸Ö μÉ
¨§³¥·¥´´μ£μ 0,00233±0,0001 ´  +2,6 % [8]. „²Ö ˆ
�-2 · ¸Î¥É´μ¥ §´ Î¥-
´¨¥ βÔË = 0,002160 ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ± Ô±¸¶¥·¨³¥´É ²Ó´Ò³ 0,002167±
0,000015 [9]. ˆ§  ´ ²¨§  · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ³μ¦´μ ¸± § ÉÓ, ÎÉμ ¶μ£·¥Ï´μ¸ÉÓ
· ¸Î¥É´μ° μÍ¥´±¨ βÔË ¤²Ö ˆ
�-2Œ ¡Ê¤¥É ´¥ ¡μ²¥¥ ±3%.

‘· ¢´¥´¨¥ · ¸Î¥É´ÒÌ §´ Î¥´¨° βÔË ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤ ´´ÒÌ ¶μ § ¶ §¤Ò¢ Õ-
Ð¨³ ´¥°É·μ´ ³ ¨§ · §´ÒÌ ¡¨¡²¨μÉ¥± ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ βÔË (S16-
¶·¨¡²¨¦¥´¨¥)

„μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·μ´μ¢

ZPR-III-59 ˆ
�-2


¨¡²¨μÉ¥±  νd βÔË ΔβÔË, % βÔË ΔβÔË, %
ENDF/B-VII 0,00644 0,00244 +4,7 0,002208 +1,9
JENDL-3.3 0,00627 0,00238 +2,1 0,002150 −0,8

JEF-2.2 0,00646 0,00245 +5,1 0,002215 +2,2
Tuttle (1979) 0,00630 0,00239 +2,6 0,002160 −0,3

�±¸¶¥·¨³¥´É 0,00233±0,0001 0,002167±0,000015

4. �‘��‚�›… �…‡“‹œ’�’› ˆ ˆ• ���‹ˆ‡

�±É¨¢´ Ö §μ´  ·¥ ±Éμ·  ˆ
�-2Œ μÉ²¨Î ¥É¸Ö μÉ ˆ
�-2 ¥¥ · §³¥·μ³. ‡ -
£·Ê§±  ˆ
�-2Œ ¸μ¸É ¢²Ö¥É 69 ’‚‘, § £·Ê§±  ˆ
�-2 Å 78 ’‚‘, É. ¥. § £·Ê§± 
ˆ
�-2Œ ´  9 ’‚‘ ³¥´ÓÏ¥. �  ·¨¸. 4 ¶μ± § ´Ò £μ·¨§μ´É ²Ó´Ò¥ · §·¥§Ò ·¥-
 ±Éμ·μ¢ ˆ
�-2 ¨ ˆ
�-2Œ.
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�¨¸. 4. ƒμ·¨§μ´É ²Ó´Ò¥ · §·¥§Ò ·¥ ±Éμ·μ¢ ˆ
�-2 ¨ ˆ
�-2Œ

�¨¸. 5. ‡ ¢¨¸¨³μ¸É¨ · ¸Î¥É´ÒÌ §´ Î¥´¨° βÔË ¨ τ μÉ · ¤¨Ê¸  R §  ±É¨¢´μ° §μ´Ò ˆ
�-2
(S8-¶·¨¡²¨¦¥´¨¥)

‘ ¨¸¶μ²Ó§μ¢ ´¨¥³ S16-¶·¨¡²¨¦¥´¨Ö ¨ μ¶É¨³ ²Ó´μ£μ Ï £  ¸¥É±¨ 0,5 ¸³
¤²Ö ÏÉ É´μ£μ ·¥¦¨³  · ¡μÉÒ ·¥ ±Éμ·  ˆ
�-2Œ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¸²¥¤ÊÕÐ¨¥
§´ Î¥´¨Ö: βÔË = 0,00216± 0,00007 ¨ τ = 6,5 · 10−8 ¸. –¥´´μ¸ÉÓ § ¶ §¤Ò¢ Õ-
Ð¨Ì ´¥°É·μ´μ¢ ¨ ±μ´¸É ´É  ¸¶ ¤  ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢ ¢ ±·¨É¨Î¥¸±μ³ ¸μ-
¸ÉμÖ´¨¨ ˆ
�-2Œ · ¢´Ò χ = 0,980, α = 3,50 ·104 ¸−1 ¸μμÉ¢¥É¸É¢¥´´μ. �ËË¥±-
É¨¢´ Ö ¤μ²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ ¨ ¢·¥³¥´¨ ¦¨§´¨ ³£´μ¢¥´´ÒÌ ´¥°É·μ-
´μ¢ ´  ∼ 0,2 ¨ ∼ 5,0% ¸μμÉ¢¥É¸É¢¥´´μ ¡μ²ÓÏ¥, Î¥³ ¤²Ö ˆ
�-2 (βÔË = 0,00216
¨ τ = (6,2 ± 0,2) · 10−8 c).

�μ± ¦¥³, ¶μÎ¥³Ê ¢ ³¥´ÓÏ¥° ¶μ · §³¥·Ê  ±É¨¢´μ° §μ´¥ ˆ
�-2Œ ¢¥²¨Î¨´ 
τ μ± § ² ¸Ó ´¥¸±μ²Ó±μ ¡μ²ÓÏ¥°, Î¥³ ¢ ˆ
�-2. „²Ö ÔÉμ° Í¥²¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò
É¥¸Éμ¢Ò¥ · ¸Î¥ÉÒ, ¢ ±μÉμ·ÒÌ βÔË ¨ τ ¢ÒÎ¨¸²Ö²¨¸Ó ¢ § ¢¨¸¨³μ¸É¨ μÉ · ¤¨Ê¸ 
 ±É¨¢´μ° §μ´Ò ZPR-III-59 ¨ ˆ
�-2. Š ± ¢¨¤´μ ¨§ ·¨¸. 5, Î¥³ ¡μ²ÓÏ¥ · ¤¨Ê¸
 ±É¨¢´μ° §μ´Ò, É¥³ ³¥´ÓÏ¥ §´ Î¥´¨Ö βÔË ¨ τ . �´ ²μ£¨Î´Ò¥ ¢Ò¢μ¤Ò ¸²¥¤ÊÕÉ
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É ±¦¥ ¨§ · ¸Î¥É  βÔË ¨ τ ¤²Ö ZPR-III-59. ‡¤¥¸Ó ¸²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ¸ ÉμÎ±¨
§·¥´¨Ö · ¸Î¥É´μ° ³¥Éμ¤¨±¨ ²Õ¡μ¥ ¨§³¥´¥´¨¥ · ¤¨Ê¸  ¨²¨ ¢Ò¸μÉÒ  ±É¨¢´μ°
§μ´Ò ¶·¨¢μ¤¨É ± ¸μ¢¥·Ï¥´´μ ´μ¢μ³Ê ·¥ ±Éμ·Ê. �μÔÉμ³Ê ¤ ´´Ò¥, ¶·¥¤¸É ¢²¥´-
´Ò¥ ´  ·¨¸. 5, Å ÔÉμ Î¨¸Éμ ¨²²Õ¸É· É¨¢´Ò° ³ É¥·¨ ², ¶μ± §Ò¢ ÕÐ¨°, ÎÉμ
¢ Ê± § ´´μ° μ¡² ¸É¨ ¨§³¥´¥´¨Ö · ¤¨Ê¸   ±É¨¢´μ° §μ´Ò ¶·μ¢¥¤¥´´Ò¥ · ¸Î¥ÉÒ
¶ · ³¥É·μ¢ ±¨´¥É¨±¨ ˆ
�-2 ¨ ˆ
�-2Œ ¶· ¢¨²Ó´μ μÉ· ¦ ÕÉ ¸ÊÉÓ ¨§³¥´¥-
´¨°. — ¸É¨Î´μ É ±μ¥ ¨§³¥´¥´¨¥ §´ Î¥´¨Ö τ ¸ ¨§³¥´¥´¨¥³ · ¤¨Ê¸   ±É¨¢´μ°
§μ´Ò ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ ¡²¨§±μ¥ ¤²Ö ˆ
�-2 μ¶É¨³ ²Ó´μ¥ μÉ´μÏ¥´¨¥ ¢Ò¸μÉÒ
 ±É¨¢´μ° §μ´Ò ± ¤¨ ³¥É·Ê ¶μ¸²¥ ³μ¤¥·´¨§ Í¨¨ Ê¢¥²¨Î¨²μ¸Ó. �Éμ ¶·¨¢¥²μ ±
Éμ³Ê, ÎÉμ ¢ ±·¨É¨Î¥¸±μ³ ¸μ¸ÉμÖ´¨¨ ·¥ ±Éμ·  Í¥´´μ¸ÉÓ ³£´μ¢¥´´ÒÌ ´¥°É·μ´μ¢
Ê³¥´ÓÏ¨² ¸Ó, ¸μμÉ¢¥É¸É¢¥´´μ, §´ Î¥´¨¥ τ Ê¢¥²¨Î¨²μ¸Ó.

‚›‚�„›

�·μ¢¥¤¥´ · ¸Î¥É μ¸´μ¢´ÒÌ ¶ · ³¥É·μ¢ ±¨´¥É¨±¨ ·¥ ±Éμ·  ˆ
�-2Œ:
ÔËË¥±É¨¢´μ° ¤μ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢ βÔË ¨ ¢·¥³¥´¨ ¦¨§´¨ ³£´μ-
¢¥´´ÒÌ ´¥°É·μ´μ¢ τ . � ¸Î¥É μ¸´μ¢Ò¢ ²¸Ö ´  ¨¸¶μ²Ó§μ¢ ´¨¨ ¤¢ÊÌ³¥·´μ° ³´μ-
£μ£·Ê¶¶μ¢μ° ¶·μ£· ³³Ò ¶¥·¥´μ¸  ´¥°É·μ´μ¢ ¨ ¶·μ£· ³³ SCALE4 ¸ ¸¨¸É¥³μ°
³´μ£μ£·Ê¶¶μ¢ÒÌ Ö¤¥·´ÒÌ ±μ´¸É ´É.

� ¸Î¥É´Ò¥ §´ Î¥´¨Ö ±¨´¥É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ˆ
�-2Œ ¢ ÏÉ É´μ³ ·¥-
¦¨³¥ ¥£μ · ¡μÉÒ ¸²¥¤ÊÕÐ¨¥: βÔË = 0,00216 ± 0,00007, τ = 6,5 · 10−8 ¸,
χ = 0,980, α = 3,50 · 104 ¸−1. ‚¥²¨Î¨´Ò βÔË ¨ τ ´  ∼ 0,2 ¨ ∼ 5,0% ¡μ²ÓÏ¥,
Î¥³ ¤²Ö ˆ
�-2 (βÔË = 0,00216 ¨ τ = (6,2 ± 0,2) · 10−8 c).

�´ ²¨§ É¥¸Éμ¢ÒÌ · ¸Î¥Éμ¢ ¤²Ö ¸¡μ·±¨ ZPR-III-59 ¨ ·¥ ±Éμ·  ˆ
�-2, ¡²¨§-
±¨Ì ¶μ ¸μ¸É ¢Ê ¨ £¥μ³¥É·¨¨ ± ˆ
�-2Œ, ¶μ± § ², ÎÉμ ´ ¡²Õ¤ ¥É¸Ö § ³¥É´μ¥
Ê¢¥²¨Î¥´¨¥ βÔË ¨ τ ¶·¨ Ê³¥´ÓÏ¥´¨¨ · §³¥·μ¢  ±É¨¢´μ° §μ´Ò ¢ · ¤¨ ²Ó´μ³
´ ¶· ¢²¥´¨¨.

‹ˆ’…��’“��
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