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

�·¥¤²μ¦¥´ ´μ¢Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ´  ¨³¶Ê²Ó¸´ÒÌ ¨¸ÉμÎ´¨± Ì ´¥°-
É·μ´μ¢, μ¸´μ¢ ´´Ò° ´  ¨§³¥´¥´¨¨ ¸¶¥±É·  ´¥°É·μ´μ¢ §  ¢·¥³Ö ¨Ì ¶·μ²¥É  ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ°
¶·μ²¥É´μ° ¡ §Ò §  ¸Î¥É ¨Ì · ¸¶ ¤ . Œ¥Éμ¤ ¨³¥¥É £² ¢´μ¥ ¶μ²μ¦¨É¥²Ó´μ¥ ± Î¥¸É¢μ Å ¢ ´¥³ ¨¸-
¶μ²Ó§ÊÕÉ¸Ö μÉ´μ¸¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö. ‘ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¡Ò²μ · ¸¸³μ-
É·¥´μ ¢²¨Ö´¨¥ Ëμ´ , ¶μÉ¥·Ó ´¥°É·μ´μ¢ §  ¸Î¥É ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ μ¸É ÉμÎ´Ò³ £ §μ³ ¨ · §´μ°
ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ·μ¢ ´  ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨. ‚¸¥ ÔÉμ ³μ¦¥É ¡ÒÉÓ ¨§³¥·¥´μ Ô±¸¶¥-
·¨³¥´É ²Ó´μ.

A new method for measuring the lifetime of a neutron at the pulsed neutron sources was proposed,
based on a change in the neutron spectrum during the time of their passing by a sufˇciently large
time-of-	y base, due to their decay. The method has the main positive quality, it uses the relative
measurements. By using the simulation of the experiment, the in	uence of the background, neutron
losses due to their interaction with the residual gas and the different efˇciency of the detectors to
systematic errors was considered. All this can be measured experimentally.

PACS: 23.90.+w; 14.20.Dh
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’μÎ´μ¥ μ¶·¥¤¥²¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μÎ¥´Ó ¢ ¦´μ ¤²Ö Ë¨§¨±¨ Î ¸É¨Í ¨
 ¸É·μË¨§¨±¨ [1, 2]. ˆ§¢¥¸É´Ò ¤¢  É¨¶  Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨
´¥°É·μ´μ¢: ¶¥·¢Ò¥ ¨§ ´¨Ì Å ¶ÊÎ±μ¢Ò¥, ¢Éμ·Ò¥ Å Ô±¸¶¥·¨³¥´ÉÒ ¶μ Ì· ´¥´¨Õ “•�
¢ ³ É¥·¨ ²Ó´ÒÌ ¨ ³ £´¨É´ÒÌ ²μ¢ÊÏ± Ì.

‚ ¶ÊÎ±μ¢ÒÌ Ô±¸¶¥·¨³¥´É Ì ·¥£¨¸É·¨·ÊÕÉ¸Ö ¶·μ¤Ê±ÉÒ · ¸¶ ¤  ´¥°É·μ´μ¢, ¶·μ¨§μÏ¥¤-
Ï¥£μ ¢ ¢Ò¤¥²¥´´μ³ μ¡Ñ¥³¥ ¶ÊÎ± ,   ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´  μ¶·¥¤¥²Ö¥É¸Ö ¨§ ¸μμÉ´μÏ¥´¨Ö

dN

dt
= −N

τn
. (1)

‡¤¥¸Ó dN/dt = Nxεx Å ¸±μ·μ¸ÉÓ ¸Î¥É  ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ´¥°É·μ´ ; εx Å ÔËË¥±-
É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶·μ¤Ê±É  · ¸¶ ¤ ; N Å Î¨¸²μ ´¥°É·μ´μ¢ ¢ μ¡Ñ¥³¥ · ¸¶ ¤ ; τn Å
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¢·¥³Ö ¦¨§´¨ ´¥°É·μ´ . ˆ¸ÉμÎ´¨± ³¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ± Ö¢²ÖÕÉ¸Ö Ëμ´, ±μ²¨Î¥¸É¢μ
´¥°É·μ´μ¢ ¢ μ¡Ñ¥³¥ · ¸¶ ¤ , ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶·μ¤Ê±Éμ¢ · ¸¶ ¤ . ‘²¥¤Ê¥É μÉ-
³¥É¨ÉÓ, ÎÉμ μ¶·¥¤¥²¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³ É·¥¡Ê¥É ¶·μ¢¥¤¥´¨Ö
 ¡¸μ²ÕÉ´ÒÌ ¨§³¥·¥´¨° ¸±μ·μ¸É¨ ¸Î¥É  ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ´¥°É·μ´  ¨ Î¨¸²  ´¥°É·μ´μ¢ ¢
μ¡Ñ¥³¥ · ¸¶ ¤  [5].

‚ Ô±¸¶¥·¨³¥´É Ì ¶μ Ì· ´¥´¨Õ “•� ¨§³¥·Ö¥É¸Ö ±μ²¨Î¥¸É¢μ ´¥°É·μ´μ¢ N(ti), μ¸É ¢-
Ï¨Ì¸Ö ¢ ²μ¢ÊÏ±¥ Î¥·¥§ ¢·¥³Ö ti ¶μ¸²¥ ´ ¶μ²´¥´¨Ö ²μ¢ÊÏ±¨. �Ê¸ÉÓ ¢·¥³Ö t0 Å ÔÉμ
´¥±μÉμ·μ¥ ¶·μ¨§¢μ²Ó´μ¥, ´μ Ë¨±¸¨·μ¢ ´´μ¥ ¢·¥³Ö ¶μ¸²¥ ´ ¶μ²´¥´¨Ö ²μ¢ÊÏ±¨, Éμ£¤  ±μ-
²¨Î¥¸É¢μ ´¥°É·μ´μ¢, μ¸É ¢Ï¨Ì¸Ö ¢ ²μ¢ÊÏ±¥ Î¥·¥§ ¢·¥³Ö ti, · ¢´μ

N(ti) = N(t0) exp
(
− ti − t0

τst

)
, (2)

£¤¥ τst Å ¢·¥³Ö Ì· ´¥´¨Ö ´¥°É·μ´μ¢ ¢ ²μ¢ÊÏ±¥, ±μÉμ·μ¥, ¢ ¸¢μÕ μÎ¥·¥¤Ó, ¶·¥¤¸É ¢²Ö¥É
¸μ¡μ° ¸Ê³³Ê:

τ−1
st = τ−1

n + τ−1
loss. (3)

‡¤¥¸Ó τn Å ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´ ; τ−1
loss Å ¢¥·μÖÉ´μ¸ÉÓ ¶μÉ¥·¨ ´¥°É·μ´μ¢ ¶·¨ ¢§ ¨³μ-

¤¥°¸É¢¨¨ ´¥°É·μ´μ¢ ¸μ ¸É¥´± ³¨ ²μ¢ÊÏ±¨, μ¸É ÉμÎ´Ò³ £ §μ³ ¢ ²μ¢ÊÏ±¥ ¨ ¨Ì ÊÉ¥Î±μ°.
‚·¥³Ö ¦¨§´¨ ´¥°É·μ´  μ¶·¥¤¥²Ö¥É¸Ö ¨§ (2) ¨ (3) ¢ ¢¨¤¥

τ−1
n =

(
ln (N(ti − t0)/N(t0))

ti − t0

)
− τ−1

loss. (4)

‚¥²¨Î¨´Ê ¢¥·μÖÉ´μ¸É¨ ¶μÉ¥·Ó ´¥°É·μ´μ¢ τ−1
loss ¶μ²ÊÎ ÕÉ ³¥Éμ¤μ³ · §³¥·´μ° ¨²¨ Ô´¥·-

£¥É¨Î¥¸±μ° Ô±¸É· ¶μ²ÖÍ¨¨ [2, 3, 8, 9]. ’ ± ± ± ¢ Ê· ¢´¥´¨¥ (4) ¢Ìμ¤¨É μÉ´μÏ¥´¨¥ Î¨¸¥²
´¥°É·μ´μ¢ ¢ · §´Ò¥ ³μ³¥´ÉÒ ¢·¥³¥´¨, Éμ ¶·μ¶ ¤ ¥É ´¥μ¶·¥¤¥²¥´´μ¸ÉÓ ¢ μ¶·¥¤¥²¥´¨¨ ÔË-
Ë¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¤¥É¥±Éμ·μ³. ˆ Éμ£¤  ¨¸ÉμÎ´¨± ³¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì
μÏ¨¡μ± Ö¢²ÖÕÉ¸Ö Ëμ´ ¨ ´¥±μ´É·μ²¨·Ê¥³Ò¥ ¶μÉ¥·¨.

�¸μ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ·¥§Ê²ÓÉ ÉÒ · ¡μÉ [3, 4] ¨ [5, 6]. ‚ · ¡μÉ¥ [3] ³¥Éμ-
¤μ³ Ì· ´¥´¨Ö “•� ¢ ³ É¥·¨ ²Ó´μ° ²μ¢ÊÏ±¥ ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´  ¡Ò²μ ¨§³¥·¥´μ ¸
ÉμÎ´μ¸ÉÓÕ ²ÊÎÏ¥ Î¥³ 1 ¸:

τn = (885,4 ± 0,9(¸É É.) ± 0,4(¸¨¸É.)) c.

‚ ¤ ²Ó´¥°Ï¥³ ¶μ¤ ¢²¨Ö´¨¥³ · ¡μÉ [7, 8] ·¥§Ê²ÓÉ É · ¡μÉÒ [3] ¡Ò² ¸±μ··¥±É¨·μ¢ ´ ¨
μ¶Ê¡²¨±μ¢ ´ ¢ ¸É ÉÓ¥ [4]:

τn = (881,6 ± 0,8(¸É É.) ± 1,9(¸¨¸É.)) c.

‡¤¥¸Ó ¸²¥¤Ê¥É μ¡· É¨ÉÓ ¢´¨³ ´¨¥ ´  ¸ÊÐ¥¸É¢¥´´μ¥ Ê¢¥²¨Î¥´¨¥ ¸¨¸É¥³ É¨Î¥¸±μ° ¶μ-
£·¥Ï´μ¸É¨ Å ¶μÎÉ¨ ¢ 5 · §. �μ-¢¨¤¨³μ³Ê, ÔÉμ ¸¢Ö§ ´μ ¸ É¥³, ÎÉμ μÍ¥´±  ¢¥·μÖÉ´μ¸É¨
¶μÉ¥·Ó ´¥°É·μ´μ¢ ¢ ²μ¢ÊÏ±¥ Ö¢²Ö¥É¸Ö ³μ¤¥²Ó´μ § ¢¨¸¨³μ°.

‚ · ¡μÉ¥ [5] ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´  ¡Ò²μ ¨§³¥·¥´μ ¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³ ¨ ¡Ò²μ ¶·¨¢¥-
¤¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥:

τn = (886,3 ± 1,2(¸É É.) ± 3,2(¸¨¸É.)) c.
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�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´ , ¶μ²ÊÎ¥´´Ò¥ · §´Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨
£·Ê¶¶ ³¨ ¢ · §´μ¥ ¢·¥³Ö ¨ · §´Ò³¨ ³¥Éμ¤ ³¨

ƒμ¤ ‡´ Î¥´¨¥
�μ£·¥Ï´μcÉÓ

Œ¥Éμ¤ ‘¸Ò²± ‘É É¨¸É¨- ‘¨¸É¥³ É¨- �¥μ¶·¥¤¥-
Î¥¸± Ö Î¥¸± Ö ²¥´´ Ö

2013 887,7 1,2 1,9 2,25 �ÊÎ±μ¢Ò° [6]

2017 881,5 0,7 0,6 0,92 •· ´¥´¨¥ “•� [9]

2005 878,5 0,7 0,3 0,76 Å [8]

2015 880,2 1,20 Å [10]

2012 881,6 0,8 1,9 2,10 Å [4]

2012 882,5 1,4 1,5 2,05 Å [11]

2010 880,7 1,3 1,2 1,77 Å [12]

2017 877,7 0,7 0,3 0,76 Œ £´¨É´μ¥ Ì· ´¥´¨¥ [13]

2014 878,3 1,90 Å [14]

�μ¸²¥ ¶·μ¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¢ 2013 £. ÔÉμÉ ·¥§Ê²ÓÉ É ¡Ò² ¸±μ··¥±-
É¨·μ¢ ´  ¢Éμ· ³¨ ¨ μ¶Ê¡²¨±μ¢ ´ ¢ ¸É ÉÓ¥ [6]:

τn = (887,7 ± 1,2(¸É É.) ± 1,9(¸¨¸É.)) c.


μ²¥¥ Éμ£μ, É ³ ¦¥ ¡Ò² ¶·μ¢¥¤¥´  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´ 
³¥Éμ¤μ³ Ì· ´¥´¨Ö “•� ¢ ³ É¥·¨ ²Ó´ÒÌ ²μ¢ÊÏ± Ì ¨ ¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³. �¸´μ¢´μ° ¢Ò-
¢μ¤ ¸μ¸ÉμÖ² ¢ Éμ³, ÎÉμ ¶μ¸²¥ ¶·μ¢¥¤¥´´ÒÌ ±μ··¥±É¨·μ¢μ± ¸·¥¤´¥¢§¢¥Ï¥´´μ¥ §´ Î¥´¨¥
¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´ , ¨§³¥·¥´´μ¥ ¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³ ¨ ³¥Éμ¤μ³ Ì· ´¥´¨Ö “•� ¢
³ É¥·¨ ²Ó´ÒÌ ²μ¢ÊÏ± Ì, ¢±²ÕÎ¥´´μ¥ ¢ · ¸¸³μÉ·¥´¨¥ Particle Data Group 2013, μ± § ²μ¸Ó
· §²¨Î´Ò³:

Δτn = τbeam
n − τbottle

n = (888,0 ± 2,1) c − (879,6 ± 0,8) c = (8,4 ± 2,2) c,

¨ · ¸Ìμ¦¤¥´¨¥ ¸μ¸É ¢¨²μ 3,8σ.
‚ É ¡²¨Í¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¡μÉ ¶μ ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ³¥-

Éμ¤μ³ Ì· ´¥´¨Ö “•� ¢ ³ É¥·¨ ²Ó´ÒÌ ¨ ³ £´¨É´ÒÌ ²μ¢ÊÏ± Ì ¨ ¥¤¨´¸É¢¥´´Ò° ·¥§Ê²ÓÉ É,
¶μ²ÊÎ¥´´Ò° ¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³.

ˆ§ · §¡·μ¸  ·¥§Ê²ÓÉ Éμ¢ ¨§³¥·¥´¨° ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ³¥Éμ¤μ³ Ì· ´¥´¨Ö “•�
¢ ³ É¥·¨ ²Ó´ÒÌ ²μ¢ÊÏ± Ì ³μ¦´μ ¸¤¥² ÉÓ μÍ¥´±Ê ¶μ£·¥Ï´μ¸É¨ ¤ ´´μ£μ ³¥Éμ¤  Å 1,4 ¸,
±Ê¤  ¢Ìμ¤ÖÉ ¨ ¸¨¸É¥³ É¨Î¥¸± Ö, ¨ ¸É É¨¸É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸É¨.

…¸²¨ ¨¸¶μ²Ó§μ¢ ÉÓ ¸·¥¤´¥¢§¢¥Ï¥´´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´ , ¨§³¥·¥´´μ¥
¶ÊÎ±μ¢Ò³ ³¥Éμ¤μ³ ¨ ³¥Éμ¤μ³ Ì· ´¥´¨Ö “•�, Éμ ¶μ²ÊÎ¨³

Δτn = (8,6 ± 2,1) ¸.

� ¸Ìμ¦¤¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´ , ¨§³¥·¥´´μ¥ ³¥Éμ¤μ³ Ì· ´¥´¨Ö “•� ¨ ¶ÊÎ±μ-
¢Ò³ ³¥Éμ¤μ³, μ± §Ò¢ ¥É¸Ö ¡μ²ÓÏ¥ 4σ.

� §·¥Ï¨ÉÓ ÔÉμ · ¸Ìμ¦¤¥´¨¥ ¶·¥¤¸É ¢²Ö¥É¸Ö μÎ¥´Ó ¢ ¦´Ò³ ¤¥²μ³. ‚ ¤ ´´μ° · ¡μÉ¥
¶·¥¤² £ ¥É¸Ö ´μ¢Ò° ³¥Éμ¤, ¢ ±μÉμ·μ³ ¸¨¸É¥³ É¨Î¥¸±¨¥ ¶μ£·¥Ï´μ¸É¨ ³μ£ÊÉ μÉ²¨Î ÉÓ¸Ö μÉ
¸¨¸É¥³ É¨Î¥¸±¨Ì ¶μ£·¥Ï´μ¸É¥°, ¶·¨¸ÊÐ¨Ì ¶ÊÎ±μ¢μ³Ê ³¥Éμ¤Ê ¨ ³¥Éμ¤Ê Ì· ´¥´¨Ö “•�.
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�·¥¤² £ ¥³Ò° ´μ¢Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μ¸´μ¢ ´ ´  ¨§³¥´¥´¨¨
¸¶¥±É·  ´¥°É·μ´μ¢ §  ¢·¥³Ö ¨Ì ¶·μ²¥É  ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¶·μ²¥É´μ° ¡ §Ò §  ¸Î¥É ¨Ì
· ¸¶ ¤ .

‘¶¥±É· ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö ³μ¦´μ ¶·¥¤¸É ¢¨ÉÓ

¢ ¢¨¤¥ Nf(λ) dλ, £¤¥

∫
f(λ) dλ = 1. …¸²¨ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ´¥°É·μ´Ò ´¥ · ¸¶ ¤ ÕÉ¸Ö,

Éμ ¸¶¥±É· ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ´  · ¸¸ÉμÖ´¨ÖÌ L1 ¨ L2 ¸ ÊÎ¥Éμ³ Éμ£μ, ÎÉμ
λ = at/L, ¡Ê¤¥É ¨³¥ÉÓ ¢¨¤

NL1f

(
t1
L1

)
dt1 = NL2f

(
t2
L2

)
dt2. (5)

’ ± ± ± t1/L1 = t2/L2, Éμ ¶·¨ ¸μμÉ´μÏ¥´¨¨

dt2 =
(

L2
L1

)
dt1 (6)

¸¶¥±É·Ò ¤μ²¦´Ò ¡ÒÉÓ ¶μ¤μ¡´Ò. �±¸¶¥·¨³¥´É ²Ó´Ò° ¸¶¥±É· ¶μÉμ±  ´¥°É·μ´μ¢, ¨§³¥·¥´-
´Ò° ´  · ¸¸ÉμÖ´¨¨ L, ¨³¥¥É ¢¨¤

FL(t) dt =
(

NLf

(
t

L

)
ε

(
t

L

)
exp

(
−σ

(
t

L

)
ρL

)
exp

(
− t

τn

)
+ B(t)

)
dt. (7)

‡¤¥¸Ó NL Å Î¨¸²μ § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´¥°É·μ´μ¢; ε(t/L) Å ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨
´¥°É·μ´μ¢; exp (−σ(t/L)ρL) Å ¶μÉ¥·¨ ´¥°É·μ´μ¢ §  ¸Î¥É ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ μ¸É ÉμÎ-
´Ò³ £ §μ³; ρ Å ¶²μÉ´μ¸ÉÓ  Éμ³μ¢ μ¸É ÉμÎ´μ£μ £ § ; exp (−t/τn) Å ¶μÉ¥·¨ ´¥°É·μ´μ¢ § 
¸Î¥É ¨Ì · ¸¶ ¤ ; t Å ¢·¥³Ö ¶·μ²¥É  · ¸¸ÉμÖ´¨Ö L ´¥°É·μ´´μ° ¡ §Ò; σ(t/L) Å ¶μ²´μ¥
¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸ μ¸É ÉμÎ´Ò³ £ §μ³; B(t) Å Ëμ´.

Œμ¦´μ ´ °É¨ ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´ , ¶μ²Ó§ÊÖ¸Ó ¢Ò· ¦¥´¨¥³ (7), ¥¸²¨ ¢Ò¶μ²´¨ÉÓ
¨§³¥·¥´¨Ö ¸¶¥±É·  ¶²μÉ´μ¸É¨ ¶μÉμ±  ´¥°É·μ´μ¢ ÌμÉÖ ¡Ò ´  ¤¢ÊÌ ¶·μ²¥É´ÒÌ ¡ § Ì ¢
μ¤´μ³ ¨ Éμ³ ¦¥ Ô±¸¶¥·¨³¥´É¥. …¸²¨ ¶·¨ ÔÉμ³ ¶·¥´¥¡·¥ÎÓ Ëμ´μ³ ¨ ¶μÉ¥·¥° ´¥°É·μ´μ¢
§  ¸Î¥É ¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ Ö¤· ³¨ μ¸É ÉμÎ´μ£μ £ § , ¢Ò· ¦¥´¨¥ (7) Ê¶·μÐ ¥É¸Ö ¤μ ¢¨¤ 

FL(t) dt =
(

NLf

(
t

L

)
ε

(
t

L

)
exp

(
− t

τn

))
dt. (8)

‚ ÔÉμ³ ¸²ÊÎ ¥ μÉ´μÏ¥´¨Ö ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢, ¨§³¥·¥´´ÒÌ ´  ¶·μ²¥É´ÒÌ ¡ § Ì
L1 ¨ L2 ¤¥É¥±Éμ· ³¨ ¸  ¡¸μ²ÕÉ´μ μ¤¨´ ±μ¢μ° ÔËË¥±É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢,
¨³¥¥É ¶·μ¸Éμ° ¢¨¤:

R(t1) =
NL1

NL2
exp

(
−

(
t1 −

L2
L1

t1

) /
τn

)
, (9)

  ¢¥²¨Î¨´  t1 = mdt1, m Å ´μ³¥· ± ´ ²  ¢·¥³¥´´μ£μ  ´ ²¨§ Éμ· . �μ¸±μ²Ó±Ê (t1 −
t2)/τn � 1, Ô±¸¶μ´¥´ÉÊ ¢ (9) ³μ¦´μ · §²μ¦¨ÉÓ ¢ ·Ö¤. ’μ£¤  μÉ´μÏ¥´¨¥ ¸¶¥±É·μ¢ ¨³¥¥É
¢¨¤

R(t1) =
NL1

NL2
+

NL1

NL2

[(
L2
L1

− 1
)

dt1
τn

]
m. (10)
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�É´μÏ¥´¨¥ ¸¶¥±É·μ¢ ³μ¦¥É ¡ÒÉÓ  ¶¶·μ±¸¨³¨·μ¢ ´μ ²¨´¥°´μ° ËÊ´±Í¨¥° Y = a+ bx,
£¤¥ x = m, a = NL1/NL2, b = NL1/NL2(L2/L1− 1) dt1/τn.

‚·¥³Ö ¦¨§´¨ ´¥°É·μ´  μ¶·¥¤¥²Ö¥É¸Ö ¶ · ³¥É· ³¨ ¶·Ö³μ° ²¨´¨¨, μ¡μ§´ Î¥´´Ò³¨ a ¨
b, ¨ · ¢´μ

τn =
NL1

NL2

(
L2
L1

− 1
)

dt1
b

= a

(
L2
L1

− 1
)

dt1
b

. (11)

Œ�„…‹ˆ��‚��ˆ… ˆ‡Œ…�…�ˆŸ ‚�…Œ…�ˆ †ˆ‡�ˆ �…‰’����
‚�…ŒŸ���‹…’�›Œ Œ…’�„�Œ


Ò²μ ¶·μ¢¥¤¥´μ ¨¸¸²¥¤μ¢ ´¨¥ ¢μ§³μ¦´μ¸É¨ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¢·¥-
³Ö¶·μ²¥É´Ò³ ³¥Éμ¤μ³ ¸ ¶μ³μÐÓÕ ³ É¥³ É¨Î¥¸±μ£μ ³μ¤¥²¨·μ¢ ´¨Ö. „²Ö Éμ£μ ÎÉμ¡Ò ¸³μ-
¤¥²¨·μ¢ ÉÓ ¢·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É· ´¥°É·μ´μ¢, ¡Ò² ¨§³¥·¥´ ¢·¥³Ö¶·μ²¥É´Ò° ¸¶¥±É· ¸
¶μ³μÐÓÕ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò ¤¥²¥´¨Ö ¸μ ¸²μ¥³ 235U, Ê¸É ´μ¢²¥´´μ° ´  11-³¥É·μ¢μ°
¶·μ²¥É´μ° ¡ §¥ ¶¥·¢μ£μ ± ´ ²  ·¥ ±Éμ·  ˆ
�-2.

�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° μ¡μ§´ Î¥´Ò ´  ·¨¸. 1 Î¥·´Ò³ Í¢¥Éμ³. ‹¥¢Ò° ¶¨± Å ÔÉμ ¢¸¶ÒÏ-
±  ·¥ ±Éμ· . „ ²¥¥ ¢¨¤´Ò ´¨§±μ²¥¦ Ð¨¥ ·¥§μ´ ´¸Ò 235U (1,135 ¨ 0,285 Ô‚) ¨ ¡μ²ÓÏμ°
¶¨± É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢. �¥Ï Ö ¸¨¸É¥³Ê Ê· ¢´¥´¨°

(t1 − t0) = 72,3
L

E0,5
1

, (t2 − t0) = 72,3
L

E0,5
2

, (12)

¶μ²ÊÎ¨³ ¤²¨´Ê ¶·μ²¥É´μ° ¡ §Ò L = 11,07 ³ ¨ ¢·¥³Ö ´¥°É·μ´´μ° ¢¸¶ÒÏ±¨ t0 = 3400 ³±¸.
‡¤¥¸Ó t1 Å ¢·¥³Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ·¥§μ´ ´¸Ê E1,   t2 Å ¢·¥³Ö, ¸μμÉ¢¥É¸É¢ÊÕÐ¥¥ ·¥§μ-
´ ´¸Ê E2.

�¨± É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö · ¸¶·¥¤¥²¥´¨¥³ [15]

f(λ) dλ = N

(
λ3

0

λ5

)
exp

((
−λ0

λ

)2
)

dλ, (13)

£¤¥ λ0 = 2 �A Å ´ ¨¡μ²¥¥ ¢¥·μÖÉ´ Ö ¤²¨´  ¢μ²´Ò ´¥°É·μ´μ¢, ¶ · ³¥É· ¶μ¤£μ´±¨. ’ ± ± ±
´¥°É·μ´Ò ¸ ±μ·μÉ±μ° ¤²¨´μ° ¢μ²´Ò ¨³¥ÕÉ ¡μ²ÓÏÊÕ ¸±μ·μ¸ÉÓ ¨, ± ± ¢¨¤´μ ¨§ Ô±¸¶¥·¨-

�¨¸. 1. �±¸¶¥·¨³¥´É ²Ó´Ò° ¢·¥³Ö¶·μ²¥É´Ò°
¸¶¥±É·  ±Éμ¢ ¤¥²¥´¨Ö, ¨§³¥·¥´´Ò° ¸ ¶μ³μ-

ÐÓÕ ¨μ´¨§ Í¨μ´´μ° ± ³¥·Ò ¤¥²¥´¨Ö ¸μ ¸²μ¥³
235U, Ê¸É ´μ¢²¥´´μ° ´  11-³¥É·μ¢μ° ¶·μ²¥É-
´μ° ¡ §¥ (Î¥·´Ò° Í¢¥É). ‘¥·Ò° Í¢¥É Å ³μ¤¥²Ó

¢·¥³Ö¶·μ²¥É´μ£μ ¸¶¥±É·  É¥¶²μ¢ÒÌ ´¥°É·μ´μ¢
´  11-³¥É·μ¢μ° ¶·μ²¥É´μ° ¡ §¥
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�¨¸. 2. �É´μÏ¥´¨¥ ¢·¥³Ö¶·μ²¥É´ÒÌ

¸¶¥±É·μ¢ ´¥°É·μ´μ¢ 30- ¨ 10-³¥É·μ¢μ°

¶·μ²¥É´ÒÌ ¡ §. �¡Ð¥¥ Î¨¸²μ § ·¥£¨-
¸É·¨·μ¢ ´´ÒÌ ´¥°É·μ´μ¢ 6,0 · 1016 ¨

μ¤¨´ ±μ¢μ ´  μ¡¥¨Ì ¶·μ²¥É´ÒÌ ¡ § Ì.

�ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢
100% ¢μ ¢¸¥³ ¤¨ ¶ §μ´¥ ¤²¨´ ¢μ²´ ´¥°-

É·μ´μ¢

³¥´É ²Ó´μ£μ ¢·¥³Ö¶·μ²¥É´μ£μ ¸¶¥±É· , ¨Ì ±μ²¨Î¥¸É¢μ ³ ²μ, Éμ μ´¨ ´¥ ÊÎ¨ÉÒ¢ ²¨¸Ó ¢
¶·μÍ¥¸¸¥ ³μ¤¥²¨·μ¢ ´¨Ö.


Ò²¨ ¶μ¸É·μ¥´Ò ¢·¥³Ö¶·μ²¥É´Ò¥ ¸¶¥±É·Ò ¤²Ö 10- ¨ 30-³¥É·μ¢μ° ¶·μ²¥É´ÒÌ ¡ §.
‡¤¥¸Ó ¨¸¶μ²Ó§μ¢ ²¨¸Ó ¢Ò· ¦¥´¨Ö (8), (9) ¨ (11) ¸ λ0 = 2 �A ¨ τn = 1000 ¸.

�±¸¶¥·¨³¥´É ²Ó´μ¥ §´ Î¥´¨¥ ¢·¥³Ö¶·μ²¥É´μ£μ ¸¶¥±É·  ³μ¤¥²¨·μ¢ ²μ¸Ó ¢ ¢¨¤¥

Fex(λ) dλ = Fex(λ) dλ + ζ(Fex(λ) dλ)0,5, (14)

£¤¥ ζ Å ¸²ÊÎ °´ Ö ¢¥²¨Î¨´ , ¨³¥ÕÐ Ö ´μ·³ ²Ó´μ¥ · ¸¶·¥¤¥²¥´¨¥ ¸ ³ É¥³ É¨Î¥¸±¨³
μ¦¨¤ ´¨¥³ M(ζ) = 0 ¨ ¤¨¸¶¥·¸¨¥° D(ζ) = 1. �·¨¡²¨¦¥´´μ¥ §´ Î¥´¨¥ ¢¥²¨Î¨´Ò ζ
¢ÒÎ¨¸²Ö²μ¸Ó, ¸μ£² ¸´μ [16], ¶μ Ëμ·³Ê²¥

ζ =
∑

γi − 6, (15)

£¤¥
∑

γi Å ¸Ê³³  12 ¸²ÊÎ °´ÒÌ Î¨¸¥², · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´´ÒÌ ´  ¨´É¥·¢ ²¥ (0,1).
�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ μÉ´μÏ¥´¨¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢, § ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´  30-

¨ 10-³¥É·μ¢μ° ¡ § Ì, ¨ ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ÔÉμ£μ μÉ´μÏ¥´¨Ö ²¨´¥°´μ° ËÊ´±Í¨¥°.
‚ · ¸Î¥É ¡Ò²¨ ¢±²ÕÎ¥´Ò ´¥°É·μ´Ò ¸ Ô´¥·£¨¥° μÉ 1 ¤μ 520 ³Ô‚.

�·¥¤¶μ² £ ²μ¸Ó, ÎÉμ ± ¦¤Ò° ¤¥É¥±Éμ· μ¡² ¤ ¥É 100%-° ÔËË¥±É¨¢´μ¸ÉÓÕ ·¥£¨¸É· Í¨¨
´¥°É·μ´μ¢ ¢ ÔÉμ³ ¤¨ ¶ §μ´¥ §´ Î¥´¨° Ô´¥·£¨¨, ÎÉμ ± ¦¤Ò° ¤¥É¥±Éμ· § ·¥£¨¸É·¨·μ¢ ²
2,99 · 1016 ´¥°É·μ´μ¢ ¨ ÎÉμ Ëμ´ · ¢¥´ ´Ê²Õ. Œμ¤¥²¨·μ¢ ´¨¥ É·¥Ì ¨§³¥·¥´¨° ¤ ²μ
¢·¥³¥´  ¦¨§´¨ ´¥°É·μ´ :

τn = (999,62 ± 1,99) c; τn = (1003,30 ± 1,97) c; τn = (999,91 ± 1,96) c.

‚¨¤´μ, ÎÉμ ¢ ¨¤¥ ²Ó´ÒÌ Ê¸²μ¢¨ÖÌ, ¢ μÉ¸ÊÉ¸É¢¨¥ Ëμ´  ¨ μ¸É ÉμÎ´μ£μ £ §  ¢ ¶·μ²¥É´μ³
¶·μ¸É· ´¸É¢¥ ¨ ¶·¨ 100%-° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¶·¥¤² £ ¥³Ò° ³¥Éμ¤
¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¤ ¥É Ìμ·μÏ¨¥ ·¥§Ê²ÓÉ ÉÒ.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ μÉ´μÏ¥´¨¥ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ f(λ)30/f(λ)10, § ·¥£¨¸É·¨·μ-
¢ ´´ÒÌ ´  30- ¨ 10-³¥É·μ¢μ° ¡ § Ì. ˆ¸¶μ²Ó§μ¢ ´Ò  ¡¸μ²ÕÉ´μ μ¤¨´ ±μ¢Ò¥ 3He-¤¥É¥±Éμ·Ò
¸ ¤ ¢²¥´¨¥³ 3  É³ ¨ Éμ²Ð¨´μ° 4 ¸³. ‘Î¥É ´¥°É·μ´μ¢ ÎÊÉÓ-ÎÊÉÓ Ê³¥´ÓÏ¨²¸Ö ¢ μ¸´μ¢´μ³
¢ ±μ·μÉ±μ¢μ²´μ¢μ° Î ¸É¨ ¸¶¥±É· , ´μ ÔÉμ μ¡¸ÉμÖÉ¥²Ó¸É¢μ ¶· ±É¨Î¥¸±¨ ´¥ ¶μ¢²¨Ö²μ ´ 
ÉμÎ´μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  τn = (1000,59 ± 1,98) c.



Œ¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ´  ˆ��-2 551

�¨¸. 3. ‡ ¢¨¸¨³μ¸ÉÓ μÉ´μÏ¥´¨Ö ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ 10- ¨ 30-³¥É·μ¢ÒÌ ¶·μ²¥É´ÒÌ
¡ § μÉ ¢·¥³¥´¨ ¶·μ²¥É , μ¤´ ±μ §¤¥¸Ó ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ § ¢¨¸¨É μÉ ¤²¨´Ò

¢μ²´Ò ´¥°É·μ´ 

�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ μ¶·¥¤¥²¥´´μ£μ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μÉ · §²¨Î¨Ö ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ-

·μ¢ (μÏ¨¡±¨ ²¥¦ É ¢ ¶·¥¤¥² Ì ³ ·±¥·μ¢)

‘²¥¤ÊÕÐ¨° ¢ ¦´Ò° Ï £ ¸μ¸ÉμÖ² ¢ μ¶·¥¤¥²¥´¨¨ É·¥¡μ¢ ´¨° ± ¤¥É¥±Éμ· ³ ´¥°É·μ-
´μ¢, É ± ± ± ÔËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ § ¢¨¸¨É μÉ ¤²¨´Ò ¢μ²´Ò ´¥°É·μ´μ¢
¨ μÉ ±μ´¸É·Ê±Í¨¨ ¤¥É¥±Éμ·μ¢. �  ·¨¸. 4 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸-
¶¥·¨³¥´É  ¶μ μ¶·¥¤¥²¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¸ ¤¢Ê³Ö ¤¥É¥±Éμ· ³¨ ´¥°É·μ´μ¢,
ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ±μÉμ·ÒÌ μÉ²¨Î ÕÉ¸Ö ´  ´¥¡μ²ÓÏÊÕ ¢¥²¨Î¨´Ê
Δ = 2(ε30 − ε10)/(ε30 + ε10). —¥·´Ò¥ ±¢ ¤· ÉÒ ´  ·¨¸. 4 ¸μμÉ¢¥É¸É¢ÊÕÉ ¤¥É¥±Éμ· ³,
¨³¥ÕÐ¨³ Éμ²Ð¨´Ê 8 ¤²¨´ ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£  ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò 1,7 �A. ‘¥-
·Ò¥ ±·Ê¦±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ ¤¥É¥±Éμ· ³, ¨³¥ÕÐ¨³ Éμ²Ð¨´Ê 13 ¤²¨´ ¸¢μ¡μ¤´μ£μ ¶·μ¡¥£ 
´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò 1,7 �A.

‚¨¤´μ, ÎÉμ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¤¥É¥±Éμ·μ¢ ³μ£ÊÉ μÉ²¨Î ÉÓ¸Ö ´¥
¡μ²¥¥ Î¥³ ´  10−8. �Éμ Ê¸²μ¢¨¥ ¶· ±É¨Î¥¸±¨ ´¥¢μ§³μ¦´μ μ¡¥¸¶¥Î¨ÉÓ, ¶μÔÉμ³Ê ¨§³¥-
·¥´¨Ö ¸¶¥±É·  ´  μ¡¥¨Ì ¡ § Ì ´ ¤μ ¶·μ¨§¢μ¤¨ÉÓ μ¤´¨³ ¨ É¥³ ¦¥ ¤¥É¥±Éμ·μ³. ‘ ¤·Ê£μ°
¸Éμ·μ´Ò, ´¥μ¡Ìμ¤¨³μ ±μ³¶¥´¸¨·μ¢ ÉÓ ¢μ§³μ¦´Ò¥ ¨§³¥´¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ¸μ ¢·¥-
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�¨¸. 5. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö: Î¥·´Ò¥ ±¢ ¤· ÉÒ Å μÉ´μÏ¥´¨¥ ¸¶¥±É·μ¢ (f10ε10)/(f30ε30);

¸¥·Ò¥ É·¥Ê£μ²Ó´¨±¨ Å ¸¶¥±É· ± ²¨¡·μ¢±¨ ¤¥É¥±Éμ·μ¢ ´  10-³¥É·μ¢μ° ¡ §¥ R = (f10ε10)/

(f10ε30); ¸¢¥É²μ-¸¥·Ò¥ É·¥Ê£μ²Ó´¨±¨ Å ¸¶¥±É·, ¶μ¶· ¢²¥´´Ò° ´  ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ·μ¢
(f10ε10)/(f30ε30)/R; Î¥·´ Ö ¶·Ö³ Ö ²¨´¨Ö Å ·¥§Ê²ÓÉ É ²¨´¥°´μ°  ¶¶·μ±¸¨³ Í¨¨ ÔÉμ£μ μÉ´μÏ¥´¨Ö

³¥´¥³ (´ ¶·¨³¥·, ÊÎ¨ÉÒ¢ Ö ¨§³¥´¥´¨Ö É¥³¶¥· ÉÊ·Ò § ³¥¤²¨É¥²Ö). ‘²¥¤μ¢ É¥²Ó´μ, ´ ¤μ
¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸¶¥±É·  ´¥°É·μ´μ¢ ´  μ¡¥¨Ì ¡ § Ì μ¤´μ¢·¥³¥´´μ ¤¢Ê³Ö ¤¥É¥±Éμ-
· ³¨, ¶·¨Î¥³ ¶¥·¨μ¤¨Î¥¸±¨ ³¥´ÖÖ ¨Ì ³¥¸É ³¨.

„²Ö Éμ£μ ÎÉμ¡Ò ¢Ò¡· ÉÓ ³¥Éμ¤¨±Ê ¨§³¥·¥´¨°, ¶μ§¢μ²ÖÕÐÊÕ ¨§¡ ¢¨ÉÓ¸Ö μÉ ¸É·μ£μ£μ
É·¥¡μ¢ ´¨Ö μ¤¨´ ±μ¢μ¸É¨ ¤¥É¥±Éμ·μ¢, ¡Ò² ¶·μ³μ¤¥²¨·μ¢ ´ Ô±¸¶¥·¨³¥´É ¸ ¤¥É¥±Éμ· ³¨,
¨³¥ÕÐ¨³¨ ´¥μ¤¨´ ±μ¢Ò¥ ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¸ ¤¥É¥±Éμ· ³¨, · ¸-
¶μ²μ¦¥´´Ò³¨ ´  10- ¨ 30-³¥É·μ¢μ° ¡ § Ì. „¥É¥±Éμ·Ò ¨³¥ÕÉ Éμ²Ð¨´Ê 8 ¨ 8,2 ¤²¨´
¸¢μ¡μ¤´μ£μ ¶·μ¡¥£  ¸μμÉ¢¥É¸É¢¥´´μ ¤²Ö ´¥°É·μ´μ¢ ¸ ¤²¨´μ° ¢μ²´Ò 1,7 �A. �É´μÏ¥´¨¥
¸¶¥±É·μ¢ R = (f10ε10)/(f30ε30) μ¡μ§´ Î¥´μ Î¥·´Ò³¨ ±¢ ¤· É ³¨. ‚¨¤´μ, ÎÉμ ÔÉμÉ ¸¶¥±É·
¸ÊÐ¥¸É¢¥´´μ μÉ²¨Î ¥É¸Ö μÉ ¶·Ö³μ° Î¥·´μ° ²¨´¨¨, ±μÉμ· Ö Ö¢²Ö¥É¸Ö ²¨´¥°´μ°  ¶¶·μ±¸¨-
³ Í¨¥° ¤ ´´μ£μ μÉ´μÏ¥´¨Ö R.

‡¤¥¸Ó ¦¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ± ²¨¡·μ¢±¨. „¥É¥±Éμ·Ò · ¸¶μ²μ¦¥´Ò ´  10-³¥É·μ¢μ°
¡ §¥. �É´μÏ¥´¨¥ ¸¶¥±É·μ¢ R = (f10ε10)/(f10ε30) Å ¸¥·Ò¥ É·¥Ê£μ²Ó´¨±¨.

�±μ´Î É¥²Ó´Ò° ¸¶¥±É·, ¶μ¶· ¢²¥´´Ò° ´  ÔËË¥±É¨¢´μ¸ÉÓ ¤¥É¥±Éμ·μ¢ (f10ε10)/
(f30ε30)/R, μ¡μ§´ Î¥´ ¸¢¥É²μ-¸¥·Ò³¨ É·¥Ê£μ²Ó´¨± ³¨. ‚·¥³Ö ¦¨§´¨ ´¥°É·μ´ , ¶μ²ÊÎ¥´-
´μ¥ ²¨´¥°´μ°  ¶¶·μ±¸¨³ Í¨¥° ¶μ¶· ¢²¥´´μ£μ ¸¶¥±É· , · ¢´μ τn = (999,09 ± 1,40) ¸.

‚ ¦´μ¥ § ³¥Î ´¨¥. �ËË¥±É¨¢´μ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ³μ¦¥É § ¢¨¸¥ÉÓ μÉ ³¥¸É 
¨Ì ¶μ¶ ¤ ´¨Ö ¢ ¤¥É¥±Éμ·. �μÔÉμ³Ê μ¶¨¸ ´´Ò° ¢ÒÏ¥ ¸¶μ¸μ¡ ± ²¨¡·μ¢±¨ ¤¥É¥±Éμ·μ¢
· ¸¶·μ¸É· ´Ö¥É¸Ö ´¥ Éμ²Ó±μ ´  ¤¥É¥±Éμ·Ò 10- ¨ 30-³¥É·μ¢μ° ¡ §, ´μ ¨ ´  ¢¸¥ 10 ¸¥±Í¨°
± ¦¤μ£μ ¤¥É¥±Éμ· . Š ²¨¡·μ¢±¨ ¸¥±Í¨° ± ¦¤μ£μ ¤¥É¥±Éμ·  ´ ¤μ ¶·μ¢μ¤¨ÉÓ ¢ ¶μ§¨Í¨¨
¤¥É¥±Éμ·μ¢ ´  30-³¥É·μ¢μ° ¡ §¥.

‡�‚ˆ‘ˆŒ�‘’œ ˆ‡Œ…�…���‰ ‚…‹ˆ—ˆ�›
‚�…Œ…�ˆ †ˆ‡�ˆ �…‰’���� �’ ”���

„μ ¸¨Ì ¶μ· ¶·¨ ³μ¤¥²¨·μ¢ ´¨¨ Ô±¸¶¥·¨³¥´Éμ¢ ¶μ ¨§³¥·¥´¨Õ ¢·¥³¥´¨ ¦¨§´¨ ´¥°-
É·μ´  ¢·¥³Ö¶·μ²¥É´Ò³ ³¥Éμ¤μ³ ³Ò ¶μ² £ ²¨ Ëμ´ B(t) ¢ ¢Ò· ¦¥´¨¨ (7) · ¢´Ò³ ´Ê²Õ.
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�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ ¨§³¥·¥´´μ° ¢¥²¨Î¨´Ò ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μÉ ¢¥²¨Î¨´Ò Ëμ´μ¢μ£μ ¸Î¥É 

¤¥É¥±Éμ·μ¢. �·Ö³ Ö ²¨´¨Ö Å ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´ , § ²μ¦¥´´μ¥ ¢ · ¸Î¥ÉÒ, ¶²Õ¸ ¶μ£·¥Ï´μ¸ÉÓ
¢ 1 ¸

‚ ·¥ ²Ó´μ³ Ô±¸¶¥·¨³¥´É¥ ³μ¦´μ μ¦¨¤ ÉÓ ± ± ³¨´¨³Ê³ É·¨ ¢¨¤  Ëμ´ : ¢´¥Ï´¨° Ëμ´ Ô±¸-
¶¥·¨³¥´É ²Ó´μ£μ § ²  ¨ Ëμ´ ±μ¸³¨Î¥¸±¨Ì ²ÊÎ¥°, Ëμ´ · ¸¸¥Ö´´ÒÌ ´¥°É·μ´μ¢ ¨ γ-±¢ ´Éμ¢
μÉ ¶ÊÎ±  ´¥°É·μ´μ¢ Ê¸É ´μ¢±¨, Ëμ´ μÉ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·μ´μ¢. ’ ± ± ± ¸É·Ê±ÉÊ· 
Ëμ´  ´ ³ ´¥¨§¢¥¸É´ , ³Ò ¶·¥¤¶μ²μ¦¨²¨, ÎÉμ Ëμ´ ¢ Ëμ·³Ê²¥ (7) μ¤¨´ ±μ¢ ´  μ¡¥¨Ì
¢·¥³Ö¶·μ²¥É´ÒÌ ¡ § Ì,   ¤ ¢²¥´¨¥ μ¸É ÉμÎ´μ£μ £ §  · ¢´μ ´Ê²Õ. —Éμ¡Ò ¡μ²¥¥ μÉÎ¥É²¨¢μ
Ê¢¨¤¥ÉÓ § ¢¨¸¨³μ¸ÉÓ μ¶·¥¤¥²¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μÉ ¢¥²¨Î¨´Ò Ëμ´ , ±μ²¨Î¥¸É¢μ
§ ·¥£¨¸É·¨·μ¢ ´´ÒÌ ´¥°É·μ´μ¢ ¡Ò²μ Ê¢¥²¨Î¥´μ ¤μ 3 · 1018. �¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö
¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 6.

‚¨¤´μ, ÎÉμ ¤²Ö Éμ£μ ÎÉμ¡Ò ¸¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ ¡Ò²  ³¥´ÓÏ¥ 1 ¸, ´¥μ¡Ìμ-
¤¨³μ, ÎÉμ¡Ò μÉ´μÏ¥´¨¥ Ëμ´μ¢μ£μ ¸Î¥É  ´¥°É·μ´μ¢ ± § ³¥¤²¥´´Ò³ ´¥°É·μ´ ³ ¢¸¶ÒÏ±¨
¡Ò²μ ³¥´ÓÏ¥ Î¥³ 1 · 10−5. ‚ ¸²ÊÎ ¥, ±μ£¤  ¢±² ¤ Ëμ´  ¡μ²ÓÏ¥, ¥£μ ´ ¤μ ÊÎ¥¸ÉÓ ¸ ´¥-
μ¡Ìμ¤¨³μ° ÉμÎ´μ¸ÉÓÕ. � ¶·¨³¥·, ¥¸²¨ μÉ´μÏ¥´¨¥ Ëμ´μ¢μ£μ ¸Î¥É  ± ¸Î¥ÉÊ § ³¥¤²¥´´ÒÌ
´¥°É·μ´μ¢ ¸μ¸É ¢²Ö¥É 10−2, Éμ ¢±² ¤ Ëμ´  ´ ¤μ ¨§³¥·¨ÉÓ ¸ ÉμÎ´μ¸ÉÓÕ ∼ 10−3 ¨ ¢ÒÎ¥¸ÉÓ
¨§ ¢·¥³Ö¶·μ²¥É´ÒÌ ¸¶¥±É·μ¢.

‚‹ˆŸ�ˆ… �‘’�’�—��ƒ� ƒ�‡�

’ ± ± ± ¸¥Î¥´¨Ö ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸ Ö¤· ³¨ § ¢¨¸ÖÉ μÉ ¸±μ·μ¸É¨ ´¥°É·μ´ ,
¶·¨ ¶·μÌμ¦¤¥´¨¨ ´¥°É·μ´μ³ ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¶·μ²¥É´μ° ¡ §Ò, ¸μ£² ¸´μ ¢Ò· ¦¥-
´¨Õ (7), ¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ¨³¨É Í¨Ö · ¸¶ ¤  ´¥°É·μ´μ¢. ‚ ± Î¥¸É¢¥ ³μ¤¥²¨ ¡Ò²μ · ¸-
¸³μÉ·¥´μ ¢§ ¨³μ¤¥°¸É¢¨¥ ´¥°É·μ´μ¢ ¸ Ö¤· ³¨  §μÉ  ¢ § ¢¨¸¨³μ¸É¨ μÉ ¤ ¢²¥´¨Ö  §μÉ 
¢ ´¥°É·μ´μ¢μ¤¥. �·¨ · ¸Î¥É¥ ¨¸¶μ²Ó§μ¢ ²μ¸Ó ¶μ²´μ¥ ¸¥Î¥´¨¥ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢
¸ Ö¤· ³¨  §μÉ  ¨§ ENDF [17].

�¥§Ê²ÓÉ ÉÒ ³μ¤¥²¨·μ¢ ´¨Ö ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 7. ‚¨¤´μ, ÎÉμ ¶·¨ ¤ ¢²¥´¨¨ μ¸É -
ÉμÎ´μ£μ £ §  ³¥´ÓÏ¥ 1 · 10−6 ¡ · ¸¨¸É¥³ É¨Î¥¸± Ö ¶μ£·¥Ï´μ¸ÉÓ ¢ μ¶·¥¤¥²¥´¨¨ ¢·¥³¥´¨
¦¨§´¨ ´¥°É·μ´ , μ¡Ê¸²μ¢²¥´´ Ö ¢§ ¨³μ¤¥°¸É¢¨¥³ ´¥°É·μ´μ¢ ¸ Ö¤· ³¨ μ¸É ÉμÎ´ÒÌ £ §μ¢,
¡Ê¤¥É ³¥´ÓÏ¥ 1 ¸.
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�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ ¨§³¥·¥´´μ£μ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μÉ ¤ ¢²¥´¨Ö μ¸É ÉμÎ´μ£μ £ § . �·Ö³ Ö

²¨´¨Ö Å ¢·¥³Ö ¦¨§´¨ ´¥°É·μ´ , § ²μ¦¥´´μ¥ ¢ · ¸Î¥ÉÒ

‚›‚�„›

�·¥¤² £ ¥³Ò° ´μ¢Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  μ¸´μ¢ ´ ´  ¨§³¥´¥´¨¨
¸¶¥±É·  ´¥°É·μ´μ¢ §  ¢·¥³Ö ¨Ì ¶·μ²¥É  ¤μ¸É ÉμÎ´μ ¡μ²ÓÏμ° ¶·μ²¥É´μ° ¡ §Ò §  ¸Î¥É ¨Ì
· ¸¶ ¤ .

„ ´´Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¨³¥¥É £² ¢´μ¥ ¶μ²μ¦¨É¥²Ó´μ¥ ± -
Î¥¸É¢μ Å ¢ ´¥³ ¨¸¶μ²Ó§ÊÕÉ¸Ö μÉ´μ¸¨É¥²Ó´Ò¥ ¨§³¥·¥´¨Ö. ‚ ÔÉμ³ ³¥Éμ¤¥ ¡Ò²¨ μ¶·¥¤¥²¥´Ò
¸²¥¤ÊÕÐ¨¥ É·¥¡μ¢ ´¨Ö ± Ê¸²μ¢¨Ö³ Ô±¸¶¥·¨³¥´É : ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ¸¶¥±-
É·  ´¥°É·μ´μ¢ ´  μ¡¥¨Ì ¡ § Ì μ¤´μ¢·¥³¥´´μ ¤¢Ê³Ö ¤¥É¥±Éμ· ³¨ ¨ ¶·μ¢μ¤¨ÉÓ ± ²¨¡·μ¢±Ê
¤¥É¥±Éμ·μ¢ ´  μ¤´μ° ¨ Éμ° ¦¥ ¶·μ²¥É´μ° ¡ §¥.

�μ± § ´μ, ÎÉμ ¢ μÉ¸ÊÉ¸É¢¨¥ Ëμ´  ¨ μ¸É ÉμÎ´μ£μ £ §  ¢ ¶·μ²¥É´μ³ ¶·μ¸É· ´¸É¢¥ ¨ ¶·¨
100%-° ÔËË¥±É¨¢´μ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·μ´μ¢ ¶·¥¤² £ ¥³Ò° ³¥Éμ¤ ¨§³¥·¥´¨Ö ¢·¥³¥´¨
¦¨§´¨ ´¥°É·μ´  ¤ ¥É Ìμ·μÏ¨¥ ·¥§Ê²ÓÉ ÉÒ.

ˆ¸ÉμÎ´¨± ³¨ ¸¨¸É¥³ É¨Î¥¸±¨Ì μÏ¨¡μ± Ö¢²ÖÕÉ¸Ö Ëμ´ ¨ ¶μÉ¥·¨ ´¥°É·μ´μ¢ §  ¸Î¥É
¨Ì ¢§ ¨³μ¤¥°¸É¢¨Ö ¸ μ¸É ÉμÎ´Ò³ £ §μ³. ‚²¨Ö´¨¥ ¦¥ ¶μÉ¥·Ó ´¥°É·μ´μ¢ ´  ¸¨¸É¥³ É¨Î¥-
¸±¨¥ ¶μ£·¥Ï´μ¸É¨ · ¸¸³μÉ·¥´μ ¸ ¶μ³μÐÓÕ ³μ¤¥²¨·μ¢ ´¨Ö Ô±¸¶¥·¨³¥´É  ¨ ³μ¦¥É ¡ÒÉÓ
¨§³¥·¥´μ Ô±¸¶¥·¨³¥´É ²Ó´μ.


Ò²¨ ¶·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö ´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ´¥μ¤¨´ -
±μ¢μ¸É¨ ÔËË¥±É¨¢´μ¸É¨ ¤¥É¥±Éμ·μ¢, ¶·¨¸ÊÉ¸É¢¨Ö Ëμ´  ¨ ¢§ ¨³μ¤¥°¸É¢¨Ö ´¥°É·μ´μ¢ ¸
μ¸É ÉμÎ´Ò³ £ §μ³.

‚ ¨Éμ£¥ ¨§ ¢¸¥£μ ¢ÒÏ¥¨§²μ¦¥´´μ£μ ¸²¥¤Ê¥É, ÎÉμ
• ¨§³¥·¥´¨Ö ¸¶¥±É·μ¢ ´¥°É·μ´μ¢ ´ ¤μ ¶·μ¢μ¤¨ÉÓ μ¤´μ¢·¥³¥´´μ ´  ¤¢ÊÌ ¢·¥³Ö¶·μ²¥É-

´ÒÌ ¡ § Ì ¤¥É¥±Éμ· ³¨ „10 ¨ „30;
• ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ ± ²¨¡·μ¢±Ê ¤¥É¥±Éμ·μ¢ „10 ¨ „30 ´  μ¤´μ° ¨ Éμ° ¦¥ ¶·μ-

²¥É´μ° ¡ §¥;
• ´¥μ¡Ìμ¤¨³μ ¶·μ¢μ¤¨ÉÓ ± ²¨¡·μ¢±Ê ¸¥±Í¨° ¤¥É¥±Éμ·μ¢ „10 ¨ „30 ´  30-³¥É·μ¢μ°

¶·μ²¥É´μ° ¡ §¥;
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• ¤²Ö ¸²ÊÎ Ö, ±μ£¤  ÔËË¥±É¨¢´μ¸É¨ ¤¢ÊÌ ¤¥É¥±Éμ·μ¢ μÉ²¨Î ÕÉ¸Ö ´  ¢¥²¨Î¨´Ê ¶μ·Ö¤± 
2,5%, ¶μ²ÊÎ¥´μ ¶· ¢¨²Ó´μ¥ §´ Î¥´¨¥ ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  (¶μ¸²¥ § ³¥´Ò ¸¶¥±É· 
μÉ´μÏ¥´¨Ö ´  ± ²¨¡·μ¢μÎ´Ò° ¸¶¥±É·);

• ¤²Ö ¨§³¥·¥´¨Ö ¢·¥³¥´¨ ¦¨§´¨ ´¥°É·μ´  ¸ ÉμÎ´μ¸ÉÓÕ 2 ¸ ´¥μ¡Ìμ¤¨³μ § ·¥£¨¸É·¨·μ-
¢ ÉÓ ´¥ ³¥´¥¥ 6 · 1016 ´¥°É·μ´μ¢. ‚¸¥ · ¸Î¥ÉÒ ¸¤¥² ´Ò ¤²Ö É¥¶²μ£μ § ³¥¤²¨É¥²Ö. �²μÉ-
´μ¸ÉÓ ¶μÉμ±  ´¥°É·μ´μ¢ ´  ¶μ¢¥·Ì´μ¸É¨ § ³¥¤²¨É¥²Ö 5 · 1012 ¸³−2· ¸−1.

�² £μ¤ ·´μ¸É¨. ‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¡² £μ¤ ·´μ¸ÉÓ ‚.�.˜¢¥Íμ¢Ê,
…. ‚. ‹ÒÎ £¨´Ê, �. �.Šμ¶ ÎÊ, ˜.‘. ‡¥°´ ²μ¢Ê, �.�.ŒÊ§ÒÎ±¥, ‚. ‚.�μ¢¨Í±μ³Ê,
�. 
.�μ¶μ¢Ê ¨ ¤·Ê£¨³ ¸μÉ·Ê¤´¨± ³ ‹�” �ˆŸˆ §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö ¨ ¶μ¤¤¥·¦±Ê
¢ · ¡μÉ¥. �¢Éμ·Ò ¶·¨§´ É¥²Ó´Ò �.�.Šμ¶É¥²μ¢Ê ¨ �.Œ. ‘μ¡μ²¥¢¸±μ³Ê (‹�ˆ ˆŸˆ ���)
§  ¶μ¤¤¥·¦±Ê ¢ · ¡μÉ¥.
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