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„²Ö ¶μ¨¸±  ¢ ·¨ Í¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¨§μÉμ¶  214Po ¸μ§¤ ´  Ê¸É ´μ¢±  ¸ ¨¸-
ÉμÎ´¨±μ³ 229Th, Ö¢²ÖÕÐ¨³¸Ö ·μ¤¨É¥²Ó¸±¨³ ¨§μÉμ¶μ³ Ö¤¥· 213Po (T1/2 = 4,2 ³±¸). ‚
·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ ¢·¥³¥´´μ£μ ·Ö¤  §  ¨´É¥·¢ ² ¨Õ²Ó 2015 £. Ä ³ ·É 2017 £. (¢¸¥£μ
622 ¸ÊÉ) μ¡´ ·Ê¦¥´  ¸μ²´¥Î´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ±μ´¸É ´ÉÒ · ¸¶ ¤  ¸ Ê¸·¥¤´¥´´μ°
 ³¶²¨ÉÊ¤μ° AC = (5,3 ± 1,1) · 10−4, ²Ê´´μ-¸ÊÉμÎ´ Ö ¸ A‹ = (4,8 ± 2,1) · 10−4 ¨
§¢¥§¤´μ-¸ÊÉμÎ´ Ö ¸ A‡ = (4,2 ± 1,7) · 10−4. “¸·¥¤´¥´´μ¥ §  622 ¸ÊÉ §´ Î¥´¨¥ ¶¥·¨-
μ¤  ¶μ²Ê· ¸¶ ¤  213�μ ¸μ¸É ¢¨²μ T1/2 = (3,705 ± 0,001) ³±¸. ‘¶· ¢μÎ´μ¥ §´ Î¥´¨¥
¶μ¶· ¢²¥´μ ´  12%.

Installation with the parent 229Th-source was made to search for variations of the
daughter 213Po nuclei decay half-life (T1/2 = 4.2 μs). Solar-daily variation with an
amplitude ASo = (5.3 ± 1.1) · 10−4, lunar-daily variation with an amplitude AL =
(4.8± 2.1) · 10−4 and sidereal-daily variation with an amplitude AS = (4.2± 1.7) · 10−4

were found as a result of a treatment of the 622 days data series (July 2015 ÄMarch 2017).
An averaged value of the 213Po nuclei decay half-life was found to be T1/2 = (3.705 ±
0.001) μs. A table value is corrected at 12%.

PACS: 21.10.Tg; 23.60.te; 23.40.-s
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‚ 	 ±¸ ´¸±μ° ´¥°É·¨´´μ° μ¡¸¥·¢ Éμ·¨¨ ˆŸˆ ��� ¸ 2008 £. ¶·μ¢μ-
¤¨É¸Ö Ô±¸¶¥·¨³¥´É ²Ó´μ¥ ¨¸¸²¥¤μ¢ ´¨¥ ¶μ¢¥¤¥´¨Ö ¢μ ¢·¥³¥´¨ ¶¥·¨μ¤  ¶μ-
²Ê· ¸¶ ¤  (τ ) Ö¤·  214�μ [1Ä3]. ‚ μÉ²¨Î¨¥ μÉ · ¡μÉ, ¢ ±μÉμ·ÒÌ ¶¥·¨μ¤
¶μ²Ê· ¸¶ ¤  μ¶·¥¤¥²Ö¥É¸Ö ¶μ ·¥§Ê²ÓÉ É ³  ´ ²¨§  § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨
 ±É¨¢´μ¸É¨ ¨¸¸²¥¤Ê¥³μ£μ ¨§μÉμ¶ , ¢ μ¡¸¥·¢ Éμ·¨¨  ´ ²¨§¨·ÊÕÉ¸Ö · ¸¶ ¤´Ò¥
±·¨¢Ò¥, ¶μ¸É·μ¥´´Ò¥ ¨§ ´ ¡μ·  §´ Î¥´¨° ¢·¥³¥´¨ ¦¨§´¨ μÉ¤¥²Ó´ÒÌ Ö¤¥·
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¨§μÉμ¶  214�μ. „²Ö μ¶·¥¤¥²¥´¨Ö ÔÉμ£μ ¶ · ³¥É·  ¨§³¥·ÖÕÉ¸Ö § ¤¥·¦±¨ ³¥¦¤Ê
³μ³¥´Éμ³ ·μ¦¤¥´¨Ö Ö¤·  (¡¥É -Ô²¥±É·μ´ μÉ · ¸¶ ¤  214Bi+ £ ³³ -±¢ ´É)
¨ ¥£μ · ¸¶ ¤μ³ ( ²ÓË -Î ¸É¨Í  μÉ · ¸¶ ¤  214�μ). ˆ§³¥·¥´¨Ö ¢Ò¶μ²´¥´Ò
´  ´¨§±μËμ´μ¢μ° Ê¸É ´μ¢±¥ ’�“-2 ¢ ¶μ¤§¥³´μ° ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ-
·¨¨ �‹ƒ‡-4900 ´  £²Ê¡¨´¥ 4900 ³ ¢. Ô. (973 ¸ÊÉ) ¨ ´  Ê¸É ´μ¢±¥ ’�“-1
¢ ¶μ¤§¥³´μ° ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨ Š���ˆ‡ ´  £²Ê¡¨´¥ 1000 ³ ¢. Ô.
(354 ¸ÊÉ). ‚·¥³¥´´μ° ¨´É¥·¢ ² ¨§³¥·¥´¨° ´  Ê¸É ´μ¢±¥ ’�“-1 ¸μμÉ¢¥É¸É¢Ê¥É
±μ´ÍÊ ¨´É¥·¢ ²  ¨§³¥·¥´¨° ´  Ê¸É ´μ¢±¥ ’�“-2. �¡Ñ¥±É ³¨ ¤ ²Ó´¥°Ï¥£μ
 ´ ²¨§  Ö¢²ÖÕÉ¸Ö ¢·¥³¥´´Ò¥ ·Ö¤Ò §´ Î¥´¨° τ ¸ · §²¨Î´Ò³ ¢·¥³¥´´Ò³ Ï -
£μ³. ˆ§ ¤ ´´ÒÌ Ê¸É ´μ¢±¨ ’�“-2 Ê¸·¥¤´¥´´μ¥ §´ Î¥´¨¥ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ 
214�μ ¸μ¸É ¢¨²μ τ = (163,47 ± 0,03) ³±¸. ‚ ·Ö¤Ê §´ Î¥´¨° τ μ¡´ ·Ê¦¥´Ò
£μ¤μ¢ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ° A = (9,8 ± 0,6) · 10−4, ¸μ²´¥Î´μ-¸ÊÉμÎ´ Ö
¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ° AC = (7,5 ± 1,2) · 10−4, ²Ê´´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸
 ³¶²¨ÉÊ¤μ° A‹ = (6,9±2,0) ·10−4 ¨ §¢¥§¤´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ°
A‡ = (7,2 ± 1,2) · 10−4.

	Ò²μ ´ °¤¥´μ, ÎÉμ ³ ±¸¨³Ê³Ò  ³¶²¨ÉÊ¤Ò τ ´ ¡²Õ¤ ÕÉ¸Ö ¢ ³μ³¥´ÉÒ ¤μ-
¸É¨¦¥´¨Ö ³ ±¸¨³ ²Ó´μ£μ §´ Î¥´¨Ö ¶·μ¥±Í¨¥° ¢¥±Éμ·  ¸±μ·μ¸É¨ ÉμÎ±¨ ¶μ-
¢¥·Ì´μ¸É¨ ‡¥³²¨ ¸ Ê¸É ´μ¢±μ° ´  ´ ¶· ¢²¥´¨¥ ± ¨¸¸²¥¤Ê¥³μ³Ê ¨¸ÉμÎ´¨±Ê
¢μ§³μ¦´ÒÌ ¢ ·¨ Í¨° (‘μ²´Í¥, ‹Ê´ , ´¥¨¤¥´É¨Ë¨Í¨·μ¢ ´´Ò° §¢¥§¤´Ò° μ¡Ñ-
¥±É). ‚ ¶·¨´Í¨¶¥, ¶·μ¨¸Ìμ¦¤¥´¨¥ ¸μ²´¥Î´μ° ¨ ²Ê´´μ° ¢ ·¨ Í¨° ³μ¦´μ ¡Ò²μ
¡Ò μ¡ÑÖ¸´¨ÉÓ ¢²¨Ö´¨¥³ ÔÉ¨Ì μ¡Ñ¥±Éμ¢ ´  Ì · ±É¥·¨¸É¨±¨ ¨§³¥·¨É¥²Ó´μ° Ê¸É -
´μ¢±¨ ¶μ¸·¥¤¸É¢μ³ ¢Ò§Ò¢ ¥³ÒÌ ¨³¨ ´  ‡¥³²¥ ¶¥·¨μ¤¨Î¥¸±¨Ì £¥μË¨§¨Î¥¸±¨Ì
¨ ±²¨³ É¨Î¥¸±¨Ì ¢μ§³ÊÐ¥´¨° (¶·¨²¨¢´Ò¥ ¢μ²´Ò, ³¥É¥μ·μ²μ£¨Î¥¸±¨¥ Ë ±-
Éμ·Ò, ³ £´¨É´μ¥ ¶μ²¥ ¨ É. ¶.). �¤´ ±μ · §Ê³´μ£μ ³¥Ì ´¨§³ , ¸¶μ¸μ¡´μ£μ ¢
´Ê¦´μ° Ë §¥ É· ´¸Ëμ·³¨·μ¢ ÉÓ ÔÉ¨ ¢μ§³ÊÐ¥´¨Ö ¢ ¨§³¥´¥´¨Ö ¢·¥³¥´´ÒÌ ¶ -
· ³¥É·μ¢ ¨§³¥·¨É¥²Ó´μ° Ê¸É ´μ¢±¨, ¶μ±  ´¥ ´ °¤¥´μ.

‚ Éμ ¦¥ ¢·¥³Ö ¶·¨¸ÊÉ¸É¢¨¥ §¢¥§¤´μ-¸ÊÉμÎ´μ° ¢ ·¨ Í¨¨ ¢¥²¨Î¨´Ò τ ¢ ¸²Ê-
Î ¥, ¥¸²¨ ÔÉμ ´¥  ¶¶ · ÉÊ·´Ò° ÔËË¥±É, ³μ¦¥É Ê± §Ò¢ ÉÓ ´  ´ ²¨Î¨¥ ·¥ ²Ó´μ£μ
´¥¨§¢¥¸É´μ£μ Ë¨§¨Î¥¸±μ£μ Ö¢²¥´¨Ö, ¢²¨ÖÕÐ¥£μ ´  ¨¸¸²¥¤Ê¥³Ò° ¶ · ³¥É·. „²Ö
¶·μ¢¥·±¨ Ê¸Éμ°Î¨¢μ¸É¨ ·¥§Ê²ÓÉ É  ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¤¢¥ ¶·μ¢¥·±¨. 	Ò²  ¶·μ-
¢¥·¥´  § ¢¨¸¨³μ¸ÉÓ  ³¶²¨ÉÊ¤Ò ¨ Ë §Ò ´ ¡²Õ¤ ¥³μ° §¢¥§¤´μ-¸ÊÉμÎ´μ° ¢μ²´Ò
μÉ ¢Ò¡μ·  ¶μ²μ¦¥´¨Ö ÉμÎ±¨ ´ Î ²   ´ ²¨§¨·Ê¥³μ£μ ¢·¥³¥´´μ£μ ·Ö¤ . � Î ²μ
¡Ò²μ ¸¤¢¨´ÊÉμ ´  91 ¸ÊÉ ¨ 182 ¸ÊÉ. �·¥¤Ï¥¸É¢ÊÕÐ¨° ÊÎ ¸Éμ± ·Ö¤  ¢  ´ ²¨§
´¥ ¢±²ÕÎ ²¸Ö. �μ²ÊÎ¥´Ò ¢μ²´Ò ¸  ³¶²¨ÉÊ¤ ³¨, ¸μ¢¶ ¤ ÕÐ¨³¨ ¢ ¶·¥¤¥² Ì
μÏ¨¡μ± ¸ ¶¥·¢μ´ Î ²Ó´Ò³ §´ Î¥´¨¥³, ´μ ¨³¥ÕÐ¨¥ Ë §Ò, ¸¤¢¨´ÊÉÒ¥ ´  6 ¨
12 Î μÉ´μ¸¨É¥²Ó´μ ¨¸Ìμ¤´μ°, ± ± ¨ μ¦¨¤ ²μ¸Ó ¤²Ö ¤ ´´μ£μ É¨¶  ¢ ·¨ Í¨°.
‚Éμ· Ö ¶·μ¢¥·±  ¡Ò²  ¢Ò¶μ²´¥´  ¶ÊÉ¥³ ¶μ¸É·μ¥´¨Ö ¸ÊÉμÎ´μ£μ ´ ¡μ·  ¤ ´-
´ÒÌ ¢  ´É¨§¢¥§¤´μ³ ¢·¥³¥´¨ (´¥¸ÊÐ¥¸É¢ÊÕÐ Ö ¶¥·¨μ¤¨Î´μ¸ÉÓ). �·¨ ÔÉμ³
¤²¨É¥²Ó´μ¸ÉÓ ¸ÊÉμ± ¢  ´É¨§¢¥§¤´μ³ ¢·¥³¥´¨ Ê¢¥²¨Î¥´  μÉ´μ¸¨É¥²Ó´μ ¤²¨É¥²Ó-
´μ¸É¨ ¸μ²´¥Î´ÒÌ ¸ÊÉμ± ´  ¨´É¥·¢ ², Ê±μ· Î¨¢ ÕÐ¨° ¸ÊÉ±¨ ¢ §¢¥§¤´μ³ ¢·¥-
³¥´¨. ‚ É ±μ³ ´ ¡μ·¥ ¤ ´´ÒÌ ¢ ¶·¥¤¥² Ì ¸É É¨¸É¨Î¥¸±μ° μÏ¨¡±¨ ±1,2 · 10−4

¢μ²´  μÉ¸ÊÉ¸É¢Ê¥É.
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„²Ö μ¡·¥É¥´¨Ö Ê¢¥·¥´´μ¸É¨ ¢ Éμ³, ÎÉμ ´ ¡²Õ¤ ¥³Ò¥ ¢ ·¨ Í¨¨ ¢·¥³¥´-
´μ£μ ·Ö¤  §´ Î¥´¨° τ ¨³¥ÕÉ ´¥¸²ÊÎ °´ÊÕ ¶·¨·μ¤Ê, ¨ ¡Ò²¨ ¶·μ¢¥¤¥´Ò ¨§³¥-
·¥´¨Ö ´  Ê¸É ´μ¢±¥ ’�“-1. ‚ ¤ ´´ÒÌ ’�“-1 μ¡´ ·Ê¦¥´Ò ¸μ²´¥Î´μ-¸ÊÉμÎ´ Ö
¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ° AC = (17 ± 3) · 10−4, ²Ê´´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸
 ³¶²¨ÉÊ¤μ° A‹ = (8 ± 3) · 10−4 ¨ §¢¥§¤´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ°
A‡ = (11±4)·10−4. �·¨ ¶μ¨¸±¥ £μ¤μ¢μ° ¢ ·¨ Í¨¨ ¤²Ö Ê¢¥²¨Î¥´¨Ö ¸É É¨¸É¨Î¥-
¸±μ° μ¡¥¸¶¥Î¥´´μ¸É¨ · ¸¶ ¤´μ° ±·¨¢μ° ¨¸¶μ²Ó§Ê¥É¸Ö ¸Ê³³¨·μ¢ ´¨¥ ¨¸Ìμ¤´ÒÌ
¤ ´´ÒÌ §  0,5 £μ¤  ¸ ¶μ¸²¥¤ÊÕÐ¨³ ¶μ¸²¥¤μ¢ É¥²Ó´Ò³ ¸¤¢¨£μ³. ‚ ·¥§Ê²ÓÉ É¥ ¨§
£μ¤μ¢μ£μ ´ ¡μ·  ¤ ´´ÒÌ ¶μ²ÊÎ ¥É¸Ö ·Ö¤ §´ Î¥´¨° τ ¤²¨´μ° Éμ²Ó±μ 0,5 £μ¤ .
ˆ§-§  ÔÉμ£μ ¢Ò¤¥²¨ÉÓ £μ¤μ¢ÊÕ ¶¥·¨μ¤¨Î´μ¸ÉÓ ¸ ¤μ¸É ÉμÎ´μ° ÉμÎ´μ¸ÉÓÕ ´¥
Ê¤ ¥É¸Ö, ¨ μ´  ´¥ ¨¸¸²¥¤μ¢ ² ¸Ó. �μ´ÖÉ´μ, ÎÉμ ¸ÊÐ¥¸É¢¥´´μ£μ Ê²ÊÎÏ¥´¨Ö
¸É É¨¸É¨Î¥¸±μ° μÏ¨¡±¨ ³μ¦´μ ¡Ò²μ ¡Ò ¤μ¡¨ÉÓ¸Ö ¶ÊÉ¥³ ³´μ£μ±· É´μ£μ Ê¢¥-
²¨Î¥´¨Ö ¸±μ·μ¸É¨ ´ ¡μ·  ¤ ´´ÒÌ. �¤´ ±μ ¤²Ö ¨§μÉμ¶  214�μ ¶·¨ § ³¥É´μ³
Ê¢¥²¨Î¥´¨¨ ¸±μ·μ¸É¨ ¸Î¥É  ¸¢¥·Ì ¨³¥ÕÐ¥°¸Ö ¶ÊÉ¥³ Ê¢¥²¨Î¥´¨Ö  ±É¨¢´μ¸É¨
¡Ê¤¥É ¶·μ¨¸Ìμ¤¨ÉÓ ±¢ ¤· É¨Î´μ¥ Ê¢¥²¨Î¥´¨¥ ¤μ²¨ ¸²ÊÎ °´ÒÌ ¸μ¢¶ ¤¥´¨°, ¸μ-
¸É ¢²ÖÕÐ¥° ∼ 1% ¶·¨ ¨¸¶μ²Ó§Ê¥³μ° ¸±μ·μ¸É¨ 12 ¸−1. �Éμ ¸¢Ö§ ´μ ¸ ¡μ²ÓÏμ°
¸Ê³³ ·´μ°  ±É¨¢´μ¸ÉÓÕ ¢¸¥£μ ·Ö¤  ¤μÎ¥·´¨Ì ¨§μÉμ¶μ¢ 226Ra ¨ μÉ´μ¸¨É¥²Ó´μ
¡μ²ÓÏ¨³ ¶¥·¨μ¤μ³ ¶μ²Ê· ¸¶ ¤  214Po (∼ 163,5 ³±¸). �μÔÉμ³Ê Ê¢¥²¨Î¥´¨¥
¸±μ·μ¸É¨ ´ ¡μ·  ¸É É¨¸É¨±¨ ¤²Ö 214�μ ¡¥§ Ê¢¥²¨Î¥´¨Ö μÉ´μ¸¨É¥²Ó´μ£μ ¢±² ¤ 
Ëμ´  ¸²ÊÎ °´ÒÌ ¸μ¢¶ ¤¥´¨° ³μ¦´μ ¤μ¸É¨ÎÓ Éμ²Ó±μ Ê¢¥²¨Î¥´¨¥³ Î¨¸²  ´¥§ -
¢¨¸¨³ÒÌ ¨§³¥·¨É¥²Ó´ÒÌ Ê¸É ´μ¢μ±. �ÉμÉ ¢ ·¨ ´É ¶·¥¤¸É ¢²Ö¥É¸Ö É·Ê¤´μ μ¸Ê-
Ð¥¸É¢¨³Ò³. „·Ê£ Ö ¢μ§³μ¦´μ¸ÉÓ ³μ¦¥É ¡ÒÉÓ ·¥ ²¨§μ¢ ´  ¸ ¶μ³μÐÓÕ ¶ ·Ò
· ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢, ¨³¥ÕÐ¨Ì ¶μÌμ¦ÊÕ ¸Ì¥³Ê · ¸¶ ¤ , ´μ ¸ÊÐ¥¸É¢¥´´μ
³¥´ÓÏ¨° ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  ¤μÎ¥·´¥£μ ¨§μÉμ¶ . ‚ ± Î¥¸É¢¥ É ±μ° ¶ ·Ò Ìμ-
·μÏμ ¶μ¤Ìμ¤ÖÉ 213Bi(T1/2 = 46 ³¨´)→ 213Po(T1/2 = 4,2 ³±¸) [4], Ö¢²ÖÕÐ¨¥¸Ö
¤μÎ¥·´¨³¨ ¶·μ¤Ê±É ³¨ ¢ Í¥¶μÎ±¥ · ¸¶ ¤μ¢ 229Th(T1/2 = 7340 ²¥É) ¨§ ·Ö¤ 
· ¸¶ ¤μ¢ 237Np [5]. ‚ ¶·¥¤¸É ¢²Ö¥³μ° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ¶¥·¢Ò¥ ·¥§Ê²ÓÉ ÉÒ
· ¡μÉÒ Ê¸É ´μ¢±¨ ¸ É ±¨³ ¨¸ÉμÎ´¨±μ³.

1. ��ˆ‘��ˆ… “‘’���‚Šˆ

�μ ±μ´¸É·Ê±Í¨¨ Ê¸É ´μ¢±  ’�“-3 ¸ ¨¸ÉμÎ´¨±μ³ 229Th  ´ ²μ£¨Î´  Ê¸É -
´μ¢± ³ ’�“-1 ¨ ’�“-2 [1]. �´  ¸μ¸Éμ¨É ¨§ ¸Í¨´É¨²²ÖÍ¨μ´´μ£μ ¤¥É¥±Éμ·  „1,
¸±²¥¥´´μ£μ ¨§ ¤¢ÊÌ ¤¨¸±μ¢ ¶² ¸É³ ¸¸μ¢μ£μ ¸Í¨´É¨²²ÖÉμ·  (�‘) d = 18 ³³,
h = 1 ³³. Œ¥¦¤Ê ¤¨¸± ³¨ · §³¥Ð¥´ ¨¸ÉμÎ´¨± 229Th (T1/2 = 7340 ²¥É), Ö¢²ÖÕ-
Ð¨°¸Ö ³ É¥·¨´¸±¨³ ¨§μÉμ¶μ³ ¤²Ö 213�μ. �·μ¡´Ò° ¶·¥¶ · É ¡Ò² ¨§£μÉμ¢²¥´ ¢
� ¤¨¥¢μ³ ¨´¸É¨ÉÊÉ¥ ¨³. ‚. ƒ. •²μ¶¨´  (‘ ´±É-�¥É¥·¡Ê·£). ˆ¸ÉμÎ´¨± μ¸ ¦¤¥´
¨§ · ¸É¢μ·  ¸μ²¨ Th(NO3)4 ´  ¶μ¢¥·Ì´μ¸ÉÓ ² ¢¸ ´μ¢μ° ¶²¥´±¨ h = 2,5 ³±³
¨ ´ ±·ÒÉ É ±μ° ¦¥ ¶²¥´±μ°, ¶·¨±²¥¥´´μ° ¶μ ±· Õ ¸ ¶μ³μÐÓÕ Ô¶μ±¸¨¤´μ°
¸³μ²Ò. ‘¡μ·±  · §³¥Ð¥´  ´  ¤´¥ μÉ±·ÒÉμ£μ ¸ μ¤´μ£μ Éμ·Í  ËÊÉ²Ö·  ¨§ μÉ-
· ¦ ÕÐ¥° ¶²¥´±¨ VM-2000. ”ÊÉ²Ö· ¢¸É ¢²¥´ ¢´ÊÉ·Ó ¶·Ö³μÊ£μ²Ó´μ£μ ¶¥´ ² 
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9×23×140 ³³ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ Éμ²Ð¨´μ° 0,5 ³³. �É±·ÒÉÒ° Éμ·¥Í ¶¥-
´ ²  ¶·¨¸μ¥¤¨´¥´ ± μ¸´μ¢ ´¨Õ Í¨²¨´¤·  (d = 44 ³³, h = 160 ³³) ¨§ ´¥·¦ -
¢¥ÕÐ¥° ¸É ²¨ Éμ²Ð¨´μ° 2,5 ³³. ‚´ÊÉ·¨ Í¨²¨´¤·  ´ Ìμ¤¨É¸Ö ¡Ò¸É·Ò° ËμÉμ-
Ê³´μ¦¨É¥²Ó ”�“-87, ±μÉμ·Ò° ¶·μ¸³ É·¨¢ ¥É �‘. ‘¨£´ ² ¸  ´μ¤´μ° ´ £·Ê§±¨
”�“ ¸´¨³ ¥É¸Ö Î¥·¥§ ¸μ£² ¸ÊÕÐÊÕ Í¥¶μÎ±Ê ´  ± ¡¥²Ó (50 �³) ¨ ¶μ¤ ¥É¸Ö ´ 
¶¥·¢Ò° ¢Ìμ¤ ·¥£¨¸É· Éμ· . „¥É¥±Éμ· „1 · §³¥Ð¥´ ¢ § Ð¨É¥ 15-¸³ Pb ¢ § §μ·¥
h = 10 ³³ ³¥¦¤Ê ¤¢Ê³Ö ¸Í¨´É¨²²ÖÍ¨μ´´Ò³¨ ¤¥É¥±Éμ· ³¨ NaI(Tl) 150×150 ³³
(¤¥É¥±Éμ· „2) ¢ ´¨§±μËμ´μ¢μ³ ¡μ±¸¥ ¶μ¤§¥³´μ° ´¨§±μËμ´μ¢μ° ² ¡μ· Éμ·¨¨
�‹ƒ‡-4900 [6]. ‘¨£´ ²Ò ¸  ´μ¤μ¢ ¤¢ÊÌ ËμÉμÊ³´μ¦¨É¥²¥° ¤¥É¥±Éμ·  „2 Ê¸¨-
²¨¢ ÕÉ¸Ö § ·Ö¤μÎÊ¢¸É¢¨É¥²Ó´Ò³¨ ¶·¥¤Ê¸¨²¨É¥²Ö³¨, ¸Ê³³¨·ÊÕÉ¸Ö ¨ ¶μ¤ ÕÉ¸Ö
´  ¢Éμ·μ°, § ¶Ê¸± ÕÐ¨°, ¢Ìμ¤ ·¥£¨¸É· Éμ· . �¥£¨¸É·¨·ÊÕÐ Ö Ê¸É ´μ¢±  ¸μ-
¸Éμ¨É ¨§ Í¨Ë·μ¢μ£μ μ¸Í¨²²μ£· Ë  (–�‘) ‹�-´10-12 PCI, ¢¸É·μ¥´´μ£μ ¢ �Š.
�Š ¢ ·¥¦¨³¥ on-line ·¥£¨¸É·¨·Ê¥É ¶μ²´ÊÕ Ëμ·³Ê ¨³¶Ê²Ó¸μ¢ ¸ „1 ¨ „2. — -

�¨¸. 1. ‘Ì¥³Ò · ¸¶ ¤  213Bi (a) ¨ 213Po (¡)
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¸ÉμÉ  μÍ¨Ë·μ¢±¨ ¨³¶Ê²Ó¸μ¢ ¢ –�‘ ¢Ò¡· ´  · ¢´μ° 100 ŒƒÍ. ‘Î¨ÉÒ¢ ´¨¥ ¨
§ ¶¨¸Ó § ¶Ê¸± ÕÉ¸Ö ¨³¶Ê²Ó¸μ³ ¢ ± ´ ²¥ „2. „²¨´  ± ¤·  § ¶¨¸¨ ¸μ¸É ¢²Ö¥É
2048 ¢·¥³¥´´ÒÌ ± ´ ²μ¢ (10 ´¸/± ´ ²). ˆ§ ´¨Ì 256 ± ´ ²μ¢ ¸μ¸É ¢²Ö¥É ®¶·¥-
¤Ò¸Éμ·¨Ö¯, 1792 ± ´ ²μ¢ Å ®¨¸Éμ·¨Ö¯. �  ·¨¸. 1 ¶·¨¢¥¤¥´Ò ¸Ì¥³Ò · ¸¶ ¤μ¢
¨§μÉμ¶μ¢ 213Bi (a) ¨ 213Po (¡) [4]. ˆ§ ·¨¸. 1,   ¢¨¤´μ, ÎÉμ 66% β-· ¸¶ ¤μ¢
213Bi ¶·μ¨¸Ìμ¤¨É ´  μ¸´μ¢´μ° Ê·μ¢¥´Ó,   31% Å ´  ¢μ§¡Ê¦¤¥´´Ò° Ê·μ-
¢¥´Ó ¸ Ô´¥·£¨¥° 440 ±Ô‚. � §·Ö¤±  ÔÉμ£μ Ê·μ¢´Ö ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¨§²ÊÎ¥´¨¥³
γ-±¢ ´É  (26% ´  · ¸¶ ¤). ˆ§μÉμ¶ 213Po ¢ 100% ¸²ÊÎ ¥¢ · ¸¶ ¤ ¥É¸Ö ¸ ¨¸-
¶Ê¸± ´¨¥³ α-Î ¸É¨ÍÒ ¸ Ô´¥·£¨¥° 8537 ±Ô‚. …¸²¨ Ê¸É ´μ¢±  ·¥£¨¸É·¨·Ê¥É ¢¸¥
É·¨ Î ¸É¨ÍÒ μÉ · ¸¶ ¤  ¤ ´´μ° ¶ ·Ò ¨§μÉμ¶μ¢, μ¡· §Ê¥É¸Ö ¸μ¡ÒÉ¨¥ ¸ É·¥³Ö
¨³¶Ê²Ó¸ ³¨. ‚ ÔÉμ³ ¸μ¡ÒÉ¨¨ ¨³¶Ê²Ó¸Ò μÉ γ-±¢ ´É  ¨ β-Î ¸É¨ÍÒ ¸μ¢¶ ¤ ÕÉ
³£´μ¢¥´´μ,   ¨³¶Ê²Ó¸ μÉ α-Î ¸É¨ÍÒ Å ¸ § ¤¥·¦±μ°. �  ·¨¸. 2 ¢ ± Î¥¸É¢¥
¶·¨³¥·  ¶·¨¢¥¤¥´μ μ¤´μ ¨§ ¸μ¡ÒÉ¨° (± ¤·μ¢), § ¶¨¸ ´´ÒÌ ¢ ¶ ³ÖÉÓ �Š ¸
¶μ³μÐÓÕ –�‘. ˆ³¶Ê²Ó¸ ´  ¢¥·Ì´¥³ ²ÊÎ¥ (1) ¶·¥¤¸É ¢²Ö¥É γ-±¢ ´É, ¶¥·¢ Ö
¶ Î±  ¨³¶Ê²Ó¸μ¢ ´  ´¨¦´¥³ ²ÊÎ¥ (2) ¸μμÉ¢¥É¸É¢Ê¥É β-Î ¸É¨Í¥, ¢Éμ· Ö Å α-
Î ¸É¨Í¥. � ²¨Î¨¥ É·μ°´ÒÌ ¸μ¢¶ ¤¥´¨° ¸ÊÐ¥¸É¢¥´´μ ¸´¨¦ ¥É ¢±² ¤ Ëμ´μ¢ÒÌ
¸μ¡ÒÉ¨° μÉ · ¸¶ ¤  μ¸É ²Ó´ÒÌ ¨§μÉμ¶μ¢ ¢ Í¥¶μÎ±¥ · ¸¶ ¤μ¢ 229Th ¢ ¶μ²´ÊÕ
¸±μ·μ¸ÉÓ ¸Î¥É  Ê¸É ´μ¢±¨. �±É¨¢´μ¸ÉÓ 229Th ¸μ¸É ¢¨²  ∼ 80 	±. � ·Ö¤Ê ¸
μ¸´μ¢´Ò³ ¨§μÉμ¶μ³ ¢ ¶·¥¶ · É¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ´¥¡μ²ÓÏ¨¥ ±μ²¨Î¥¸É¢  ¶μ¸Éμ-
·μ´´¨Ì · ¤¨μ ±É¨¢´ÒÌ ¶·¨³¥¸¥°. ‘±μ·μ¸ÉÓ § ¶¨¸¨ ¸μ¡ÒÉ¨° ¸ § ¶Ê¸±μ³ –�‘
μÉ ¨³¶Ê²Ó¸μ¢ „2 ¸  ³¶²¨ÉÊ¤ ³¨ 380Ä500 ±Ô‚ ¸μ¸É ¢¨²  ∼ 27 ¸−1. ‘±μ·μ¸ÉÓ
§ ¶¨¸¨ ¶μ²¥§´ÒÌ ¸μ¡ÒÉ¨° ¸ ¶ · ³¥É· ³¨ ¢¸¥Ì ¨³¶Ê²Ó¸μ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨
· ¸¶ ¤Ê 213Po, ¸μ¸É ¢¨²  ∼ 18 ¸−1.

Š ± ¢¨¤´μ ¨§ ·¨¸. 2, ¸¨£´ ²Ò μÉ β- ¨ α-Î ¸É¨Í ¶·¥¤¸É ¢²ÖÕÉ ¸μ¡μ° ¶ Î±¨
±μ·μÉ±¨Ì ¶μ¤Ò³¶Ê²Ó¸μ¢ μ¡Ð¥° ¤²¨É¥²Ó´μ¸ÉÓÕ ¤μ ∼ 1 ³±¸, ¸¶ ¤ ÕÐ¨Ì Ô±¸¶μ-
´¥´Í¨ ²Ó´μ ¶μ Î ¸ÉμÉ¥ ¶μÖ¢²¥´¨Ö ¨  ³¶²¨ÉÊ¤¥. �·¨ ³ ²ÒÌ § ¤¥·¦± Ì ³¥¦¤Ê

�¨¸. 2. �·¨³¥· ¸μ¡ÒÉ¨Ö μÉ · ¸¶ ¤  ¶ ·Ò 213BiÄ213Po, § ¶¨¸ ´´μ£μ ¸ ¶μ³μÐÓÕ –�‘ ¢
¶ ³ÖÉÓ �Š: 1 (¢¥·Ì´¨° ²ÊÎ) Å ¨³¶Ê²Ó¸ μÉ ¤¥É¥±Éμ·  „2 (γ-±¢ ´É); 2 (´¨¦´¨° ²ÊÎ) Å
¨³¶Ê²Ó¸Ò μÉ β-Î ¸É¨ÍÒ (¸É ·É) ¨ α-Î ¸É¨ÍÒ (¸Éμ¶) ¢ ¤¥É¥±Éμ·¥ „1
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Î ¸É¨Í ³¨ ¶ Î±¨ ³μ£ÊÉ ¶¥·¥±·Ò¢ ÉÓ¸Ö, ¶μÔÉμ³Ê ¶·μ£· ³³  μ¡· ¡μÉ±¨ ¤μ²¦´ 
ÊÎ¨ÉÒ¢ ÉÓ ¸μμÉ´μÏ¥´¨Ö  ³¶²¨ÉÊ¤ ¶¥·¢μ£μ ¨ ¶μ¸²¥¤ÊÕÐ¨Ì ¶μ¤Ò³¶Ê²Ó¸μ¢ ¢
¶ Î±¥, ÎÉμ¡Ò μ¤´μ§´ Î´μ ¢Ò¤¥²ÖÉÓ § ¤¥·¦ ´´Ò¥ βÄα-¸μ¢¶ ¤¥´¨Ö.

‚ ·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ § ¶¨¸ ´´ÒÌ μ¸Í¨²²μ£· ³³ μ¶·¥¤¥²ÖÕÉ¸Ö § ¤¥·¦±¨
³¥¦¤Ê ¨³¶Ê²Ó¸ ³¨ ¢ ± ´ ²¥ „1 ¨ §  ¢Ò¡· ´´Ò° ¢·¥³¥´´μ° ¨´É¥·¢ ² ¢Ò¸É· -
¨¢ ¥É¸Ö · ¸¶ ¤´ Ö ±·¨¢ Ö ¤μÎ¥·´¥£μ ¨§μÉμ¶  213Po. �μ ÔÉμ° ±·¨¢μ° μ¶·¥-
¤¥²Ö¥É¸Ö ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  τ . ‘É·μ¨É¸Ö ¶μ¸²¥¤μ¢ É¥²Ó´Ò° ¢·¥³¥´´μ° ·Ö¤
§´ Î¥´¨° ÔÉμ° ¢¥²¨Î¨´Ò.

2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�¥¶·¥·Ò¢´Ò¥ ¨§³¥·¥´¨Ö ´  Ê¸É ´μ¢±¥ ’�“-3 ´ Î ÉÒ 9 ¨Õ²Ö 2015 £. �¡-
· ¡μÉ ´  ¸É É¨¸É¨±  §  622 ¸ÊÉ (³ ·É 2017 £.). �  ·¨¸. 3 ¶·¨¢¥¤¥´  ¶μ²Ê-
Î¨¢Ï Ö¸Ö · ¸¶ ¤´ Ö ±·¨¢ Ö ¨§μÉμ¶  213Po. ‡´ Î¥´¨¥ τ μ¶·¥¤¥²Ö²o¸Ó  ¶¶·μ±-
¸¨³ Í¨¥° · ¸¶ ¤´μ° ±·¨¢μ° ËÊ´±Í¨¥° F (t) = A exp (− ln (2) t/τ) + b ³¥Éμ-

�¨¸. 3. � ¸¶ ¤´ Ö ±·¨¢ Ö 213Po ¶μ ¤ ´-
´Ò³ Ê¸É ´μ¢±¨ ’�“-3 §  622 ¸ÊÉ

¤μ³ ³¨´¨³Ê³  χ2 ¢ ¨´É¥·¢ ²¥ § ¤¥·-
¦¥± 0,5Ä13,0 ³±¸. 	Ò²μ Ê¸É ´μ¢²¥´μ,
ÎÉμ τ · ¢´  (3,705±0,001) ³±¸. �μ²Ê-
Î¥´´μ¥ §´ Î¥´¨¥ ´  11,8 % ´¨¦¥ ¤ ´-
´μ£μ ¢ ¸¶· ¢μÎ´¨± Ì [4, 5].

„²Ö ¶μ¨¸±  ¢μ§³μ¦´ÒÌ ¶¥·¨μ¤¨-
Î¥¸±¨Ì § ¢¨¸¨³μ¸É¥° ¡Ò² ¨¸¶μ²Ó§μ-
¢ ´ ³¥Éμ¤ ¶μ¸²¥¤μ¢ É¥²Ó´μ£μ ¸Ê³³¨-
·μ¢ ´¨Ö ¶¥·¢¨Î´ÒÌ ¤ ´´ÒÌ, ±μÉμ·Ò°
³μ¦´μ ´ §¢ ÉÓ ®³¥Éμ¤μ³ ¢´ÊÉ·¥´´¥£μ
¸±μ²Ó§ÖÐ¥£μ ¸·¥¤´¥£μ¯. ‘ÊÉÓ ³¥Éμ¤ 
§ ±²ÕÎ ¥É¸Ö ¢ Éμ³, ÎÉμ ¤²Ö ¶μ¨¸± 
± ±μ°-²¨¡μ £ ·³μ´¨±¨ ¢ ·Ö¤Ê ¤ ´´ÒÌ
¢Ò¡¨· ¥É¸Ö ¨´É¥·¢ ² ¤²¨É¥²Ó´μ¸ÉÓÕ
¶·¨¡²¨§¨É¥²Ó´μ 0,5 μ¦¨¤ ¥³μ£μ ¶¥·¨-

μ¤  ¨ ¤²Ö ÔÉμ£μ ¨´É¥·¢ ²  μ¶·¥¤¥²Ö¥É¸Ö ¢¥²¨Î¨´  ¨¸±μ³μ£μ ¶ · ³¥É· . „ ²¥¥
¨´É¥·¢ ² ¸¤¢¨£ ¥É¸Ö ´  1 Ï £, ¨ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö¥É¸Ö.

„²Ö ¶μ¨¸±  ¸ÊÉμÎ´ÒÌ ¢ ·¨ Í¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  213�μ ¢ ¸μ²´¥Î´μ³,
§¢¥§¤´μ³ ¨ ²Ê´´μ³ ¢·¥³¥´¨ ¤²¨É¥²Ó´μ¸ÉÓ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¸ÊÉμ± · §¤¥²Ö² ¸Ó
´  24 Î. „²¨É¥²Ó´μ¸ÉÓ §¢¥§¤´ÒÌ ¨ ²Ê´´ÒÌ ¸ÊÉμ± ¢ ¸É ´¤ ·É´μ³ ¸μ²´¥Î´μ³ ¢·¥-
³¥´¨ ¸μ¸É ¢²Ö¥É 23 Î 56 ³¨´ 4,09 ¸ ¨ 24 Î 50 ³¨´ 28,2 ¸ ¸μμÉ¢¥É¸É¢¥´´μ. ‚ ± -
Î¥¸É¢¥ ¨´É¥·¢ ²  μ¸·¥¤´¥´¨Ö ¡Ò² ¢Ò¡· ´ ¶·μ³¥¦ÊÉμ± ¢·¥³¥´¨ 12 Î. �´ ²¨§
¸μ¡ÒÉ¨° ¶·μ¨§¢μ¤¨²¸Ö ¸²¥¤ÊÕÐ¨³ μ¡· §μ³. �É¡¨· ²¨¸Ó ¢¸¥ ¸μ¡ÒÉ¨Ö, § ·¥£¨-
¸É·¨·μ¢ ´´Ò¥ ¢ ¨´É¥·¢ ²¥ 0Ä12 Î §  ¢¥¸Ó ¶¥·¨μ¤ · ¡μÉÒ, ¨ μ¶·¥¤¥²Ö²¸Ö ¶¥-
·¨μ¤ ¶μ²Ê· ¸¶ ¤ . „ ²¥¥ ¨´É¥·¢ ² ¸¤¢¨£ ²¸Ö ´  1 Î, ¨ ¶·μÍ¥¤Ê·  ¶μ¢Éμ·Ö² ¸Ó.
�¥§Ê²ÓÉ ÉÒ ¶μ¨¸±  ¸ÊÉμÎ´μ° ¢ ·¨ Í¨¨ ¢ ¸μ²´¥Î´μ³ ¢·¥³¥´¨ ¶·¥¤¸É ¢²¥´Ò
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�¨¸. 4. ‡ ¢¨¸¨³μ¸ÉÓ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ -
¤  213�μ μÉ ¢·¥³¥´¨ ¸μ²´¥Î´ÒÌ ¸ÊÉμ±,
¶μ²ÊÎ¥´´ Ö ³¥Éμ¤μ³ ¢´ÊÉ·¥´´¥£μ ¸±μ²Ó§Ö-
Ð¥£μ ¸·¥¤´¥£μ (É·¥Ê£μ²Ó´¨±¨);  ¶¶·μ±¸¨-
³ Í¨Ö ËÊ´±Í¨¥° τ (t)= τ0[1+ 3,4 · 10−4

sin ((2π/24)(t − 3))] (¸¶²μÏ´ Ö ±·¨¢ Ö);
¢μ¸¸É ´μ¢²¥´´ Ö § ¢¨¸¨³μ¸ÉÓ τ0[1+5,3×
10−4 sin ((2π/24)(t − 9))] (ÏÉ·¨Ì¶Ê´±-
É¨·´ Ö)

´  ·¨¸. 4. ‡¤¥¸Ó ¦¥ ¶·¨¢¥¤¥´ ·¥§Ê²ÓÉ É  ¶¶·μ±¸¨³ Í¨¨ ¶μ²ÊÎ¥´´μ° ¸ÊÉμÎ´μ°
§ ¢¨¸¨³μ¸É¨ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ËÊ´±Í¨¥° τ(t) = τ0[1 + A sin (ω(t + φ))]
(¸¶²μÏ´ Ö ±·¨¢ Ö), £¤¥ τ0 Å ¸·¥¤´¨° ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ ; ω = 2π/24 Î−1;
A = 3,4 · 10−4 Å  ³¶²¨ÉÊ¤ ; φ = −3 Î Å Ë §μ¢Ò° ¸¤¢¨£ ´ Î ²Ó´μ° ÉμÎ±¨
±·¨¢μ° μÉ´μ¸¨É¥²Ó´μ 0 Î. Š ± ¢¨¤´μ ¨§ ·¨¸. 4, § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨
¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  213�μ ¤μ¸É ÉμÎ´μ Ìμ·μÏμ μ¶¨¸Ò¢ ¥É¸Ö ¸¨´Ê¸μ¨¤ ²Ó´μ°
ËÊ´±Í¨¥°. � °¤¥´´Ò° ¶¥·¨μ¤ · ¢¥´ 24 Î, μÉ´μ¸¨É¥²Ó´ Ö  ³¶²¨ÉÊ¤  · ¢´ 
0,00034 ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ . ‹¥£±μ ¶μ± § ÉÓ, ÎÉμ ¨¸Ìμ¤´ Ö ¶¥·¨μ¤¨Î¥¸± Ö
§ ¢¨¸¨³μ¸ÉÓ Î ¸μ¢ÒÌ ¤ ´´ÒÌ ¨³¥¥É ÉμÉ ¦¥ ¶¥·¨μ¤ (24 Î),  ³¶²¨ÉÊ¤Ê ¢ π/2 · §
¡μ²ÓÏ¥ ¨ ¸³¥Ð¥´  ´  0,5 ¸±μ²Ó§ÖÐ¥£μ ¨´É¥·¢ ²  (0,25 · 24 = 6 Î). �μ²ÊÎ¥´-
´ Ö ¨§ ÔÉ¨Ì ¤ ´´ÒÌ ¨¸Ìμ¤´ Ö ¸ÊÉμÎ´ Ö ¶¥·¨μ¤¨Î¥¸± Ö § ¢¨¸¨³μ¸ÉÓ ¢ ¸μ²´¥Î-
´μ³ ¢·¥³¥´¨ ¨³¥¥É  ³¶²¨ÉÊ¤Ê AC = (5,3 ± 1,1) · 10−4 (ÏÉ·¨Ì¶Ê´±É¨·´ Ö
±·¨¢ Ö).

�  ·¨¸. 5 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ¨¸±  §¢¥§¤´μ-¸ÊÉμÎ´μ° ¢ ·¨ Í¨¨ ¶¥·¨-
μ¤  ¶μ²Ê· ¸¶ ¤  213�μ. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥  ¶¶·μ±¸¨³¨·μ¢ ´Ò ±·¨-
¢μ° τ(t) = τ0[1 + A sin (ω(t + φ))] (¸¶²μÏ´ Ö ±·¨¢ Ö) ¸ ¶ · ³¥É· ³¨ A =
2,7 · 10−4 Å  ³¶²¨ÉÊ¤ ; φ = −19 Î Å Ë §μ¢Ò° ¸¤¢¨£ ´ Î ²Ó´μ° ÉμÎ±¨ ±·¨-
¢μ° μÉ´μ¸¨É¥²Ó´μ 0 Î.

�¨¸. 5. ‡ ¢¨¸¨³μ¸ÉÓ ¶¥·¨μ¤  ¶μ²Ê· ¸-
¶ ¤  213�μ μÉ ¢·¥³¥´¨ §¢¥§¤´ÒÌ ¸Ê-
Éμ±, ¶μ²ÊÎ¥´´ Ö ³¥Éμ¤μ³ ¢´ÊÉ·¥´´¥£μ
¸±μ²Ó§ÖÐ¥£μ ¸·¥¤´¥£μ (É·¥Ê£μ²Ó´¨±¨);  ¶-
¶·μ±¸¨³ Í¨Ö ËÊ´±Í¨¥° τ (t) = τ0[1 +
2,7 · 10−4 sin((2π/24)(t − 19))] (¸¶²μÏ-
´ Ö ±·¨¢ Ö); ¢μ¸¸É ´μ¢²¥´´ Ö § ¢¨¸¨³μ¸ÉÓ
τ0[1 + 4,2 · 10−4 sin((2π/24)(t − 1))]
(ÏÉ·¨Ì¶Ê´±É¨·´ Ö)
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�´ ²¨§ ¢μ¸¸É ´μ¢²¥´´μ° ¨¸Ìμ¤´μ° § ¢¨¸¨³μ¸É¨,  ´ ²μ£¨Î´Ò°  ´ ²¨§Ê ¤²Ö
¸μ²´¥Î´μ-¸ÊÉμÎ´μ° ¢μ²´Ò, ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ¤ ´´ÒÌ ¶·¨¸ÊÉ¸É¢Ê¥É §¢¥§¤´μ-
¸ÊÉμÎ´ Ö ¢μ²´  ¸ μÉ´μ¸¨É¥²Ó´μ°  ³¶²¨ÉÊ¤μ° A‡ = (4,2 ± 1,7) · 10−4 (ÏÉ·¨Ì-
¶Ê´±É¨·´ Ö ±·¨¢ Ö).

�  ·¨¸. 6 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ¨¸±  ²Ê´´μ-¸ÊÉμÎ´μ° ¢ ·¨ Í¨¨ ¶¥-
·¨μ¤  ¶μ²Ê· ¸¶ ¤  213�μ. �´ ²¨§ ¢μ¸¸É ´μ¢²¥´´μ° ¨¸Ìμ¤´μ° § ¢¨¸¨³μ¸É¨,
 ´ ²μ£¨Î´Ò°  ´ ²¨§Ê ¤²Ö ¸μ²´¥Î´μ-¸ÊÉμÎ´μ° ¢μ²´Ò, ¶μ± §Ò¢ ¥É, ÎÉμ ¢ ¤ ´-
´ÒÌ ¶·¨¸ÊÉ¸É¢Ê¥É ²Ê´´μ-¸ÊÉμÎ´ Ö ¢μ²´  ¸ μÉ´μ¸¨É¥²Ó´μ°  ³¶²¨ÉÊ¤μ° A‡ =
(4,8 ± 2,1) · 10−4 (ÏÉ·¨Ì¶Ê´±É¨·´ Ö ±·¨¢ Ö).

�¨¸. 6. ‡ ¢¨¸¨³μ¸ÉÓ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ -
¤  213�μ μÉ ¢·¥³¥´¨ ²Ê´´ÒÌ ¸ÊÉμ±, ¶μ²Ê-
Î¥´´ Ö ³¥Éμ¤μ³ ¢´ÊÉ·¥´´¥£μ ¸±μ²Ó§ÖÐ¥-
£μ ¸·¥¤´¥£μ (É·¥Ê£μ²Ó´¨±¨);  ¶¶·μ±¸¨³ -
Í¨Ö ËÊ´±Í¨¥° τ (t)= τ0[1 +3,1 · 10−4×
sin ((2π/24)(t− 14))] (¸¶²μÏ´ Ö ±·¨¢ Ö);
¢μ¸¸É ´μ¢²¥´´ Ö § ¢¨¸¨³μ¸ÉÓ τ0[1+4,8×
10−4 sin ((2π/24)(t − 20))] (ÏÉ·¨Ì¶Ê´±-
É¨·´ Ö)

�¨¸. 7. ‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¢¥-
²¨Î¨´Ò τ , ¶μ²ÊÎ¥´´μ° ¨§ · ¸¶ ¤´μ°
±·¨¢μ°, ¤²Ö ´¥¤¥²Ó´μ£μ ´ ¡μ·  ¤ ´-
´ÒÌ (´ Î ²μ ¨§³¥·¥´¨° Å 9 ¨Õ²Ö
2015 £.)

�  ·¨¸. 7 ¶·¨¢¥¤¥´  § ¢¨¸¨³μ¸ÉÓ μÉ
¢·¥³¥´¨ ¢¥²¨Î¨´Ò τ , ¶μ²ÊÎ¥´´μ° ¨§ · ¸-
¶ ¤´μ° ±·¨¢μ°, ¤²Ö ´¥¤¥²Ó´μ£μ ´ ¡μ· 
¤ ´´ÒÌ. ‚¨¤´μ, ÎÉμ ¸μ ¢·¥³¥´¥³ ¢¥²¨-
Î¨´  τ ¢μ§· ¸É ¥É. „²Ö ¨´É¥·¢ ²  ´ -
¡μ·  127 ¸ÊÉ ¡Ò²μ ¶μ²ÊÎ¥´μ §´ Î¥´¨¥
τ = (3,6998 ± 0,0015) ³±¸; 320 ¸ÊÉ Å
τ = (3,6993 ± 0,0014) ³±¸; 422 ¸ÊÉ Å
τ = (3,7016 ± 0,0011) ³±¸; 622 ¸ÊÉ Å
τ = (3,7053 ± 0,0011) ³±¸. �·¨Î¨´Ò É -
±μ£μ ¶μ¢¥¤¥´¨Ö ¶ · ³¥É·  τ ¶μ±  ´¥ ¶μ-
´ÖÉ´Ò. �Éμ ³μ¦¥É ¡ÒÉÓ ± ±  ¶¶ · ÉÊ·-
´Ò° ÔËË¥±É, ´ ¶·¨³¥· ¸É ·¥´¨¥ μ¡μ·Ê-
¤μ¢ ´¨Ö, É ± ¨ ·¥ ²Ó´Ò° ´¥¨§¢¥¸É´Ò° Ë¨-
§¨Î¥¸±¨° ÔËË¥±É. ‘¶·μ£´μ§¨·μ¢ ÉÓ ¤ ²Ó-
´¥°Ï¨° Ìμ¤ ±·¨¢μ° ´¥ ¶·¥¤¸É ¢²Ö¥É¸Ö
¢μ§³μ¦´Ò³, ¶μÔÉμ³Ê μÉ¢¥É ´  ¢μ¶·μ¸ ³μ-

¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´ Éμ²Ó±μ ¢ ·¥§Ê²ÓÉ É¥ ¶·μ¤μ²¦¥´¨Ö ¨§³¥·¥´¨°. �·¨¸ÊÉ¸É¢¨¥ ¢
·Ö¤Ê ´¥¤¥²Ó´ÒÌ ¤ ´´ÒÌ ¨³¶Ê²Ó¸´μ£μ ¢Ò¡·μ¸  §´ Î¥´¨° ¢ ¨´É¥·¢ ²¥ ¢·¥³¥´¨,
¸μ¶μ¸É ¢¨³μ³ ¸ £μ¤μ³, ¶·¥¶ÖÉ¸É¢Ê¥É ¨¸¶μ²Ó§μ¢ ´¨Õ ³¥Éμ¤  ¸±μ²Ó§ÖÐ¥£μ ¢´Ê-
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�¨¸. 8. ‘μ¢³¥Ð¥´´Ò¥ ¢·¥³¥´´Ò¥ ·Ö¤Ò ¸·¥¤´¨Ì §  ´¥¤¥²Õ ´μ·³¨·μ¢ ´´ÒÌ §´ Î¥´¨°
¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  214�μ (0Ä140 ´¥¤¥²Ö, 973 ¸ÊÉ) ¨ 213�μ (146Ä234 ´¥¤¥²Ö, 622 ¸ÊÉ).
‘¨´Ê¸μ¨¤ ²Ó´ Ö ËÊ´±Í¨Ö,  ¶¶·μ±¸¨³¨·ÊÕÐ Ö £μ¤μ¢ÊÕ ¢ ·¨ Í¨Õ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ 
214�μ ¨ ¶·μ¤²¥´´ Ö ´  ¶μ²´Ò° ¨´É¥·¢ ² ´ ¡²Õ¤¥´¨°

É·¥´´¥£μ ¸·¥¤´¥£μ ¤²Ö ¶μ¨¸±  £μ¤μ¢μ° ¢ ·¨ Í¨¨ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ . �μ-
ÔÉμ³Ê ¤²Ö ¶μ²ÊÎ¥´¨Ö ¶·¥¤¸É ¢²¥´¨Ö μ ¢μ§³μ¦´μ³ ¶·¨¸ÊÉ¸É¢¨¨ £μ¤μ¢μ° ¢ ·¨ -
Í¨¨ ¡Ò²μ ¶·μ¢¥·¥´μ ¶·¥¤¶μ²μ¦¥´¨¥, ÎÉμ £μ¤μ¢ Ö ¢ ·¨ Í¨Ö ¶¥·¨μ¤  ¶μ²Ê· ¸-
¶ ¤ , μ¡´ ·Ê¦¥´´ Ö ¢ ·Ö¤Ê ´¥¤¥²Ó´ÒÌ §´ Î¥´¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¨§μÉμ¶ 
214�μ [3], ¶·μ¤μ²¦ ¥É¸Ö ¸ Éμ° ¦¥  ³¶²¨ÉÊ¤μ° ¨ Ë §μ° ¢ ·Ö¤Ê ¤ ´´ÒÌ 213�μ.
�μ·³¨·μ¢ ´´Ò¥ ± ¥¤¨´¨Í¥ ¤ ´´Ò¥ ¤²Ö ÔÉ¨Ì ¨§μÉμ¶μ¢ ¢ Ï± ²¥ ´¥¶·¥·Ò¢´μ£μ
¢·¥³¥´¨ ¶·¨¢¥¤¥´Ò ´  ·¨¸. 8. �μ·³¨·μ¢±  ¤ ´´ÒÌ ¤²Ö 213Po ¶·μ¢μ¤¨² ¸Ó
¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¸·¥¤´¥£μ §´ Î¥´¨Ö τ §  320 ¸ÊÉ. ‚¨¤´μ, ÎÉμ ¶·¨¸ÊÉ¸É¢¨¥
¢ ¤ ´´ÒÌ 213�μ £μ¤μ¢μ° ¢ ·¨ Í¨¨ ¸ ¶μÌμ¦¥°  ³¶²¨ÉÊ¤μ° ¨ Ë §μ°, ÎÉμ ¨ ¢
¤ ´´ÒÌ 214�μ, ´¥ ¨¸±²ÕÎ ¥É¸Ö. �μ¸²¥ ÊÉμÎ´¥´¨Ö Ëμ·³Ò ¢´μ¢Ó ¢μ§´¨±Ï¥£μ
μÉ±²μ´¥´¨Ö ¥£μ ³μ¦´μ ¡Ê¤¥É Ê¸É· ´¨ÉÓ ¨§ ·Ö¤  ¤ ´´ÒÌ 213�μ ¨ ¨¸¸²¥¤μ¢ ÉÓ
μ¸É Éμ± ´  ´ ²¨Î¨¥ £μ¤μ¢μ° ¢ ·¨ Í¨¨.

3. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚

Š ± ¶μ± § ²¨ ¶·¥¤¸É ¢²¥´´Ò¥ ¢ÒÏ¥ ·¥§Ê²ÓÉ ÉÒ ³μ´¨Éμ·¨´£  ±μ´¸É ´ÉÒ
· ¸¶ ¤  ¨§μÉμ¶  213Po §  ¶¥·¨μ¤ ¨Õ²Ó 2015 £. Ä ³ ·É 2017 £., ¶ · ³¥É· τ
¨¸¶ÒÉÒ¢ ² ¸μ²´¥Î´μ-¸ÊÉμÎ´Ò¥, §¢¥§¤´μ-¸ÊÉμÎ´Ò¥ ¨ ²Ê´´μ-¸ÊÉμÎ´Ò¥ ¢ ·¨ -
Í¨¨ ¸  ³¶²¨ÉÊ¤ ³¨ AC = (5,3 ± 1,1) · 10−4, A‡ = (4,2 ± 1,7) · 10−4 ¨
A‹ = (4,8 ± 2,1) · 10−4. ‚ ¶·¥¤¥² Ì μÏ¨¡±¨ ÔÉ¨ §´ Î¥´¨Ö ¸μ¢¶ ¤ ÕÉ ¸
 ³¶²¨ÉÊ¤ ³¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨Ì ¢ ·¨ Í¨°, μ¡´ ·Ê¦¥´´ÒÌ ¢ ·Ö¤Ê §´ Î¥´¨° ¶¥-
·¨μ¤  ¶μ²Ê· ¸¶ ¤  214Po. �μ¨¸± £μ¤μ¢ÒÌ ¢ ·¨ Í¨° ¢ ¤ ´´ÒÌ 213Po μ¸²μ¦-
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�¨¸. 9. ‡ ¢¨¸¨³μ¸ÉÓ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ 
213�μ μÉ ¢·¥³¥´¨ ¸ ´ Î ²  38,73-¸ÊÉ ¨´-
É¥·¢ ² , ¶μ²ÊÎ¥´´ Ö ³¥Éμ¤μ³ ¢´ÊÉ·¥´´¥-
£μ ¸±μ²Ó§ÖÐ¥£μ ¸·¥¤´¥£μ (É·¥Ê£μ²Ó´¨±¨) ¸
Ï £μ³ 1 ¸ÊÉ, ¨  ¶¶·μ±¸¨³ Í¨Ö ËÊ´±Í¨¥°
τ (t) = τ0[1 + 6,7 · 10−4 sin ((2π/38,73)×
(t − 17,4))] (¸¶²μÏ´ Ö ±·¨¢ Ö)

´¥´ ¨§-§  ¶μÖ¢²¥´¨Ö ¢μ ¢·¥³¥´´μ³ ·Ö¤Ê ´¥¶¥·¨μ¤¨Î¥¸±μ£μ μ¤´μ¸Éμ·μ´´¥£μ
μÉ±²μ´¥´¨Ö §´ Î¥´¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  μÉ ¸·¥¤´¥£μ §´ Î¥´¨Ö. �·μÍ¥¸¸
¸É ² ¢¨§Ê ²Ó´μ § ³¥É¥´ ´  ÊÎ ¸É±¥ ¤ ´´ÒÌ §  ³ ° Ä ¨Õ´Ó 2016 £. �ËË¥±É ³μ-
¦¥É ¡ÒÉÓ ¢Ò§¢ ´ ± ± ¸É ·¥´¨¥³  ¶¶ · ÉÊ·Ò, É ± ¨ ¢²¨Ö´¨¥³ ´¥¨§¢¥¸É´ÒÌ
Ë¨§¨Î¥¸±¨Ì Ë ±Éμ·μ¢. „²Ö ¶μ²ÊÎ¥´¨Ö μÉ¢¥É  É·¥¡Ê¥É¸Ö ¶·μ¤μ²¦¨ÉÓ ¨§³¥-
·¥´¨Ö.

‚ · ¡μÉ¥ [7] ¶·¨  ´ ²¨§¥ ¸¶¥±É·  ³μÐ´μ¸É¨ Î ¸ÉμÉ´ÒÌ ±μ³¶μ´¥´É, ¸μ¸É -
¢²ÖÕÐ¨Ì ·Ö¤ §´ Î¥´¨° ¸±μ·μ¸É¨ ¸Î¥É  (∼ 1/5 ¸ÊÉ) Ê¸É ´μ¢±¨ Super-Kamiokan-
de §  ¶¥·¨μ¤ ¨Õ´Ó 1996 £. Ä ¨Õ²Ó 2001 £., ¡Ò²  μ¡´ ·Ê¦¥´  ±μ³¶μ´¥´É  ¸
Î ¸ÉμÉμ° 9,43 £μ¤−1 (¶¥·¨μ¤ 38,73 ¸ÊÉ), ¨³¥ÕÐ Ö ³ ±¸¨³ ²Ó´ÊÕ ¸·¥¤¨ ¢¸¥Ì
³μÐ´μ¸ÉÓ. ŒÒ ¶·μ¢¥²¨ ¶μ¨¸± ¶μ¤μ¡´μ° ¢ ·¨ Í¨¨ ¢ ´ Ï¥³ ·Ö¤Ê ¤ ´´ÒÌ ³¥-
Éμ¤μ³ ¢´ÊÉ·¥´´¥£μ ¸±μ²Ó§ÖÐ¥£μ ¸·¥¤´¥£μ. ˆ´É¥·¢ ² Ê¸·¥¤´¥´¨Ö ¡Ò² ¢Ò¡· ´
· ¢´Ò³ 19,365 ¸ÊÉ, Ï £ ¨´É¥·¢ ²  Å 1 ¸ÊÉ. �¥§Ê²ÓÉ É μ¡· ¡μÉ±¨ ¶·¥¤¸É -
¢²¥´ ´  ·¨¸. 9 (É·¥Ê£μ²Ó´¨±¨). „ ´´Ò¥ ¡Ò²¨  ¶¶·μ±¸¨³¨·μ¢ ´Ò ËÊ´±Í¨¥°
τ(t) = τ0[1 + A sin (ω(t + φ))], £¤¥ τ0 Å ¸·¥¤´¨° ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ ; t Å
¢·¥³Ö [¸ÊÉ]; ω = 2π/38,73 ¸ÊÉ−1; A = (6,7 ± 1,1) · 10−4 Å  ³¶²¨ÉÊ¤ ;
φ = −17,4 ¸ÊÉ Å Ë §μ¢Ò° ¸¤¢¨£ ´ Î ²Ó´μ° ÉμÎ±¨ ±·¨¢μ° μÉ´μ¸¨É¥²Ó´μ 0.
ˆ§  ¶¶·μ±¸¨³ Í¨¨ Ê³´μ¦¥´¨¥³ ´  π/2 ¡Ò²  ¶μ²ÊÎ¥´   ³¶²¨ÉÊ¤  ¢μ¸¸É ´μ-
¢²¥´´μ° ¢μ²´Ò A = (10,6 ± 1,7) · 10−4. „²Ö ¶·μ¢¥·±¨ Ê¸Éμ°Î¨¢μ¸É¨ ·¥§Ê²Ó-
É É   ´ ²μ£¨Î´ Ö ¶·μÍ¥¤Ê·  ¡Ò²  ¢Ò¶μ²´¥´  ¸ ¤ ´´Ò³¨ Ê¸É ´μ¢±¨ ’�“-2,
´ ±μ¶²¥´´Ò³¨ §  590 ¸ÊÉ ¢ ¨§³¥·¥´¨ÖÌ ¸ ¨§μÉμ¶μ³ 214�μ. �³¶²¨ÉÊ¤  ¢μ¸¸É -
´μ¢²¥´´μ° ¢μ²´Ò μ± § ² ¸Ó · ¢´μ° A = (10,6 ± 1,9) · 10−4. „²Ö ¶·μ¢¥·±¨
¡Ò² μ¸ÊÐ¥¸É¢²¥´ ¶μ¨¸± ¢μ²´Ò Î ¸ÉμÉμ° 10 £μ¤−1. ‚ ¶·¥¤¥² Ì ¸É É¨¸É¨Î¥-
¸±μ° μÏ¨¡±¨ ±1,9 · 10−4 ¢ ·¨ Í¨Ö ¸ É ±μ° Î ¸ÉμÉμ° ´¥ μ¡´ ·Ê¦¥´ . �É¸Õ¤ 
³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ ·¨ Í¨Ö ¸ Î ¸ÉμÉμ° 9,43 £μ¤−1 ¨³¥¥É £²μ¡ ²Ó´Ò°
Ì · ±É¥· (¶μ ±· °´¥° ³¥·¥ ¤²Ö ¶μ¤§¥³´ÒÌ Ê¸É ´μ¢μ±), ÌμÉÖ ¨ ´¥ ¸μ¢¶ ¤ ¥É
¸ ¨§¢¥¸É´Ò³¨ ¶·¨·μ¤´Ò³¨ ·¨É³ ³¨. �¢Éμ·Ò · ¡μÉÒ [7] · ¸¸³ É·¨¢ ÕÉ ¢μ§-
³μ¦´μ¸ÉÓ ¸ÊÐ¥¸É¢μ¢ ´¨Ö ¶μ¤μ¡´μ£μ ·¨É³  ¢ Ö¤·¥ ‘μ²´Í  ¨ ³¥Ì ´¨§³Ò ¸¢Ö§¨
É ±¨Ì ¢ ·¨ Í¨°.
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4. ‚›‚�„› ˆ ‡�Š‹�—…�ˆ…

‚ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉ¥ ¤²Ö ¶μ¨¸±  ¢ ·¨ Í¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¨§μ-
Éμ¶  214Po ¸μ§¤ ´  Ê¸É ´μ¢±  ¸ ¨¸ÉμÎ´¨±μ³ 229Th, Ö¢²ÖÕÐ¨³¸Ö ·μ¤¨É¥²Ó¸±¨³
¨§μÉμ¶μ³ Ö¤¥· 213Po (T1/2 = 4,2 ³±¸). ‚ ·¥§Ê²ÓÉ É¥ μ¡· ¡μÉ±¨ ¢·¥³¥´´μ£μ
·Ö¤  §  ¨´É¥·¢ ² ¨Õ²Ó 2015 £. Ä ³ ·É 2017 £. (¢¸¥£μ 622 ¸ÊÉ) μ¡´ ·Ê¦¥´ 
¸μ²´¥Î´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ±μ´¸É ´ÉÒ · ¸¶ ¤  ¸ Ê¸·¥¤´¥´´μ°  ³¶²¨ÉÊ¤μ°
AC = (5,3 ± 1,1) · 10−4, ²Ê´´μ-¸ÊÉμÎ´ Ö ¸ A‹ = (4,8 ± 2,1) · 10−4 ¨ §¢¥§¤´μ-
¸ÊÉμÎ´ Ö ¸ A‡ = (4,2± 1,7) · 10−4. “¸·¥¤´¥´´μ¥ §  622 ¸ÊÉ §´ Î¥´¨¥ ¶¥·¨μ¤ 
¶μ²Ê· ¸¶ ¤  213�μ ¸μ¸É ¢¨²μ T1/2 = (3,705 ± 0,001) ³±¸. ‘¶· ¢μÎ´μ¥ §´ Î¥-
´¨¥ ¶μ¶· ¢²¥´μ ´  12 %.

� ¡μÉ  ¢Ò¶μ²´¥´  ¶·¨ Ë¨´ ´¸μ¢μ° ¶μ¤¤¥·¦±¥ £· ´É  ¶·μ£· ³³Ò ®”¨§¨± 
¢Ò¸μ±¨Ì Ô´¥·£¨° ¨ ´¥°É·¨´´ Ö  ¸É·μË¨§¨± ¯ �·¥§¨¤¨Ê³  ���.
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