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1 ˆ´¸É¨ÉÊÉ Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨° �μ¸¸¨°¸±μ°  ± ¤¥³¨¨ ´ Ê±, Œμ¸±¢ 
2 • ·Ó±μ¢¸±¨° ´ Í¨μ´ ²Ó´Ò° Ê´¨¢¥·¸¨É¥É ¨³. ‚. �. Š · §¨´ , • ·Ó±μ¢, “±· ¨´ 

�·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¢·¥³¥´´ÒÌ ·Ö¤μ¢ §´ Î¥´¨° ¶¥·¨μ¤  ¶μ²Ê· ¸-
¶ ¤  (τ ) Ö¤·  214�μ ¸ · §²¨Î´Ò³ ¢·¥³¥´´Ò³ Ï £μ³ ¸ Ê¸É ´μ¢μ± ’�“-1 (354 ¸ÊÉ) ¨
’�“-2 (973 ¸ÊÉ). ‚ ·Ö¤ Ì §´ Î¥´¨° τ μ¡´ ·Ê¦¥´Ò £μ¤μ¢ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ°
(9,8 ± 0,6) · 10−4 ¨ ¸ÊÉμÎ´Ò¥ ¢ ·¨ Í¨¨ ¢ ¸μ²´¥Î´μ³, ²Ê´´μ³ ¨ §¢¥§¤´μ³ ¢·¥³¥´¨ ¸
 ³¶²¨ÉÊ¤ ³¨ (5,3± 0,3) · 10−4, (6,9± 2,0) · 10−4 ¨ (7,2± 1,2) · 10−4 ¸μμÉ¢¥É¸É¢¥´´μ.
�μ± § ´μ, ÎÉμ ¢ ·¨ Í¨¨ ³¨±·μ±²¨³ É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ´¥ ³μ£ÊÉ ¡ÒÉÓ ¶·¨Î¨´μ°
¢ ·¨ Í¨° τ .

The results of the analysis of time series values of 214Po nucleus half-life (τ ) with
different time-step from the TAU-1 (354 days) and TAU-2 (973 days) installations are
presented. The annual variation with an amplitude of (9.8 ± 0.6) · 10−4 and diurnal
variations in the solar, lunar, and stellar time with amplitudes of (5.3 ± 0.3) · 10−4,
(6.9 ± 2.0) · 10−4, and (7.2 ± 1.2) · 10−4, respectively, are found in the numerical series
of the τ values. It is shown that variations of microclimatic variables cannot be the cause
of τ variations.

PACS: 27.80.+w; 23.60.+e
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‚ ¨¸¸²¥¤μ¢ ´¨ÖÌ [1, 2], ¶μ¸¢ÖÐ¥´´ÒÌ ¶μ¨¸± ³ ¶·¥¤¥²μ¢ ¢Ò¶μ²´¨³μ¸É¨
§ ±μ´  ¸μÌ· ´¥´¨Ö ¶μ¸ÉμÖ´´μ° · ¸¶ ¤ , ¶μ ·¥§Ê²ÓÉ É ³ ¤μ²£μ¢·¥³¥´´ÒÌ ¨§-
³¥·¥´¨° ¸±μ·μ¸É¨ ¸Î¥É  ¤²Ö ´¥¸±μ²Ó±¨Ì · ¤¨μ ±É¨¢´ÒÌ ¨§μÉμ¶μ¢ ¤μ¸É¨£´ÊÉÒ
μ£· ´¨Î¥´¨Ö ´  ¢μ§³μ¦´Ò¥ £μ¤μ¢Ò¥ ¢ ·¨ Í¨¨ ÔÉμ£μ ¶ · ³¥É·  ´  Ê·μ¢´¥
ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ´¥ ÌÊ¦¥ 2 · 10−4. ‚ Éμ ¦¥ ¢·¥³Ö ¢ · ¡μÉ Ì [3,4] ¶·¨¢μ¤ÖÉ¸Ö
¸¢¨¤¥É¥²Ó¸É¢  Éμ£μ, ÎÉμ ±μ´¸É ´É  · ¸¶ ¤  ¨¸¶ÒÉÒ¢ ¥É £μ¤μ¢Ò¥ ¶¥·¨μ¤¨Î¥¸-
±¨¥ ¢ ·¨ Í¨¨ ´  Ê·μ¢´¥ ∼ 10−3. „²Ö Ê¸É· ´¥´¨Ö ¢μ§³μ¦´μ£μ ¢²¨Ö´¨Ö ´ 
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·¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¨§¢¥¸É´ÒÌ ¶¥·¥³¥´´ÒÌ Ë ±Éμ·μ¢ μ±·Ê¦ ÕÐ¥° ¸·¥¤Ò
¢ · ¡μÉ¥ [5] ¤²Ö α- ±É¨¢´μ£μ 214�μ ´ ³¨ ¡Ò²  ·¥ ²¨§μ¢ ´  ³¥Éμ¤¨±  μ¶·¥¤¥²¥-
´¨Ö ±μ´¸É ´ÉÒ · ¸¶ ¤  ¶μ ¨§³¥·¥´¨Ö³ ¢·¥³¥´¨ ¦¨§´¨ ¨§μÉμ¶  μÉ ·μ¦¤¥´¨Ö
(β-· ¸¶ ¤ 214Bi ´  ¢μ§¡Ê¦¤¥´´Ò¥ Ê·μ¢´¨ 214�μ (¸É ·É)) ¤μ · ¸¶ ¤  (¸Éμ¶).
ˆ¸ÉμÎ´¨± 226Ra (T1/2 = 1600 ²¥É) ¨¸¶μ²Ó§Ê¥É¸Ö ¢ ± Î¥¸É¢¥ £¥´¥· Éμ· 
Ö¤¥· 214Bi.

Œ¥Éμ¤¨±  ¨§³¥·¥´¨° ¨ ¶μ¤·μ¡´μ¥ μ¶¨¸ ´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ Ê¸É ´μ-
¢μ± ’�“-1 ¨ ’�“-2 ¤¥É ²Ó´μ μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [5,6].

‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¶·¨¢μ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´´ÒÌ, ´ ±μ¶²¥´´ÒÌ
§  354 ¸ÊÉ (’�“-1) ¨ 973 ¸ÊÉ (’�“-2).

1. ��ˆ‘Š „�‹ƒ�‚�…Œ…��›• ‚��ˆ�–ˆ‰ τ(t)

�μ²´μ¥ ¢·¥³Ö · ¡μÉÒ ¤¥É¥±Éμ·  ’�“-2 §  ¶¥·¨μ¤ μ±ÉÖ¡·Ó 2012 Ä ³ °
2015 £. ¸μ¸É ¢¨²μ 973 ¸ÊÉ. �μ²ÊÎ¥´´Ò° ¨§ ÔÉ¨Ì ¤ ´´ÒÌ ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ 
214Po ¸μ¸É ¢²Ö¥É τ = (163,47 ± 0,03) ³±¸.

„²Ö ¶μ¸É·μ¥´¨Ö ¢·¥³¥´´μ° § ¢¨¸¨³μ¸É¨ ¢¥²¨Î¨´Ò τ ´¥¶·¥·Ò¢´Ò° ´ ¡μ·
¤ ´´ÒÌ · §¡¨¢ ²¸Ö ´  ÊÎ ¸É±¨ · ¢´μ° ¤²¨É¥²Ó´μ¸É¨. „²Ö ± ¦¤μ£μ ÊÎ ¸É± 
¸É·μ¨² ¸Ó · ¸¶ ¤´ Ö ±·¨¢ Ö ¨ ´ Ìμ¤¨² ¸Ó ¢¥²¨Î¨´  τ(t). ’ ±¨³ μ¡· §μ³
Ëμ·³¨·μ¢ ²¸Ö ´¥¶·¥·Ò¢´Ò° ·Ö¤ §´ Î¥´¨° τ(t) ¸ § ¤ ´´Ò³ ¢·¥³¥´´Ò³ Ï -
£μ³. �  ·¨¸.   ÉμÎ± ³¨ ¶·¥¤¸É ¢²¥´  § ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ¢¥²¨Î¨´Ò τ ¸
´¥¤¥²Ó´Ò³ Ï £μ³ ´ ±μ¶²¥´¨Ö ¤ ´´ÒÌ. ‚¥²¨Î¨´  τ μ¶·¥¤¥²Ö² ¸Ó  ¶¶·μ±¸¨-
³ Í¨¥° ±·¨¢ÒÌ · ¸¶ ¤ , ¶μ²ÊÎ¥´´ÒÌ §  7 ¸ÊÉ ´ ¡μ·  ¨´Ëμ·³ Í¨¨, ËÊ´±Í¨¥°
F (t) = A exp (−ln (2)t/τ)+ b. „²Ö ¶μ¨¸±  ± ±μ°-²¨¡μ £ ·³μ´¨±¨ ¢ ·Ö¤Ê ¤ ´-
´ÒÌ ¢Ò¡¨· ¥É¸Ö ¨´É¥·¢ ² ¤²¨É¥²Ó´μ¸ÉÓÕ 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 (³¥Éμ¤ ®¢´ÊÉ·¥´´¥£μ ¸±μ²Ó§ÖÐ¥£μ
¸Ê³³¨·μ¢ ´¨Ö¯ Å ‚‘‘). „²Ö ¶μ¨¸±  £μ¤μ¢μ° ¶¥·¨μ¤¨Î´μ¸É¨ ¡Ò² ¢Ò¡· ´ ¨´-
É¥·¢ ² 0,5 £μ¤  ¨ Ï £ 1 ´¥¤¥²Ö. �¥§Ê²ÓÉ É ¶·¥¤¸É ¢²¥´ ÉμÎ± ³¨ ´  ·¨¸. ¡.
‚¥²¨Î¨´  μÏ¨¡±¨ ± ¦¤μ£μ §´ Î¥´¨Ö μ¶·¥¤¥²Ö¥É¸Ö ±μ³¡¨´ Í¨¥° ¸É É¨¸É¨Î¥¸-
±μ° μÏ¨¡±¨ ¤ ´´ÒÌ ¨ ¸¨¸É¥³ É¨Î¥¸±μ° μÏ¨¡±¨ ¶·¨ · §¤¥²¥´¨¨ · ¸¶ ¤´μ°
±·¨¢μ° ´  Ô±¸¶μ´¥´ÉÊ ¨ ¶²μ¸±ÊÕ ¶μ¤²μ¦±Ê. ˆ§ ÔÉ¨Ì ¤ ´´ÒÌ ³¥Éμ¤μ³ χ2

¶μ²ÊÎ¥´   ¶¶·μ±¸¨³¨·ÊÕÐ Ö § ¢¨¸¨³μ¸ÉÓ τ(t) = τ0[1 + A sin (ω(t−ϕ))], £¤¥
τ0 Å ¸·¥¤´¨° ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤ ; ω = 2π/365 ¸ÊÉ−1; A = 6,2 · 10−4 Å
 ³¶²¨ÉÊ¤ ; ϕ = 105 ¸ÊÉ Å Ë §μ¢Ò° ¸¤¢¨£ ´ Î ²Ó´μ° ÉμÎ±¨ ±·¨¢μ° μÉ´μ-
¸¨É¥²Ó´μ 1 Ö´¢ ·Ö (·¨¸. ¡, ±·¨¢ Ö 3). ˆ¸Ìμ¤´ Ö § ¢¨¸¨³μ¸ÉÓ ¨³¥¥É ÉμÉ ¦¥
¶¥·¨μ¤ (1 £μ¤),  ³¶²¨ÉÊ¤Ê ¢ π/2 · § ¡μ²ÓÏ¥ ¨ ¸³¥Ð¥´  ´  0,5 ¸±μ²Ó§ÖÐ¥£μ
¨´É¥·¢ ²  (0,25 £μ¤  = 91 ¸ÊÉ). ‚μ¸¸É ´μ¢²¥´´ Ö £μ¤μ¢ Ö ¢μ²´  ¸  ³¶²¨ÉÊ¤μ°
A = (9,8±0,6)·10−4 ¨ Ë §μ° ϕ = (196±7) ¸ÊÉ ¶μ± § ´  ´  £· Ë¨± Ì ±·¨¢μ° 1.

� °¤¥´´ Ö ¶¥·¨μ¤¨Î¥¸± Ö ¸μ¸É ¢²ÖÕÐ Ö ´¥ ³μ¦¥É ¡ÒÉÓ μ¡ÑÖ¸´¥´  ¨§-
³¥´¥´¨¥³ · ¸¸ÉμÖ´¨Ö ³¥¦¤Ê ‡¥³²¥° ¨ ‘μ²´Í¥³, É ± ± ± Ë §Ò ´ °¤¥´´μ£μ
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‡ ¢¨¸¨³μ¸ÉÓ μÉ ¢·¥³¥´¨ ´μ·³¨·μ¢ ´´ÒÌ ¢¥²¨Î¨´ [(τ/τ0) − 1]:  ) ¶μ²ÊÎ¥´´ÒÌ § 
´¥¤¥²Õ; ¡) ¶μ²ÊÎ¥´´ÒÌ ³¥Éμ¤μ³ ‚‘‘ ¸ ¢¥²¨Î¨´μ° ¨´É¥·¢ ²  μ¸·¥¤´¥´¨Ö 0,5 £μ¤  ¨
Ï £μ³ 1 ´¥¤¥²Ö. Š·¨¢ Ö 1 Å ¢ ·¨ Í¨Ö, ¶μ²ÊÎ¥´´ Ö ¨§  ´ ²¨§  ·¥§Ê²ÓÉ Éμ¢ μ¡· ¡μÉ±¨
¤ ´´ÒÌ ³¥Éμ¤μ³ ‚‘‘; ±·¨¢ Ö 2 Å ¸±μ·μ¸ÉÓ ‡¥³²¨ μÉ´μ¸¨É¥²Ó´μ ‘μ²´Í  (¶· ¢ Ö
Ï± ² ). Š·¨¢ Ö 3 Å  ¶¶·μ±¸¨³ Í¨Ö ËÊ´±Í¨¥° F (t) c  ³¶²¨ÉÊ¤μ° A = 6,2 · 10−4 ¨
Ë §μ¢Ò³ ¸¤¢¨£μ³ 105 ¸ÊÉ

¶¥·¨μ¤  ¨ ¶¥·¨μ¤  ¨§³¥´¥´¨Ö · ¸¸ÉμÖ´¨Ö, ¸¢Ö§ ´´μ£μ ¸ ¤¢¨¦¥´¨¥³ ‡¥³²¨,
· §²¨Î ÕÉ¸Ö ´  3 ³¥¸., ¢ Éμ ¢·¥³Ö ± ± § ¢¨¸¨³μ¸É¨ μÉ ¢·¥³¥´¨ τ(t) ¨ μÉ-
´μ¸¨É¥²Ó´μ° ¸±μ·μ¸É¨ ‡¥³²¨ ¨ ‘μ²´Í  Z(t) ¸μ¢¶ ¤ ÕÉ ¶μ Ë §¥ ¸ ÉμÎ´μ¸ÉÓÕ
±1 ´¥¤¥²Ö.

„²Ö ¶μ¨¸±  ¢μ§³μ¦´μ£μ ¢²¨Ö´¨Ö ¶¥·¨μ¤¨Î¥¸±¨Ì ¨§³¥´¥´¨° ³¨±·μ±²¨³ -
É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ´  Ì · ±É¥·¨¸É¨±¨ Ê¸É ´μ¢μ± ¡Ò²¨ ¨¸¸²¥¤μ¢ ´Ò ³´μ£μ-
²¥É´¨¥ ·Ö¤Ò ¤ ´´ÒÌ μ ¢¥²¨Î¨´¥ É¥³¶¥· ÉÊ·Ò, ¢² ¦´μ¸É¨ ¨ ¤ ¢²¥´¨Ö ¢μ§¤ÊÌ 
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¢ · ¡μÎ¨Ì ¶μ³¥Ð¥´¨ÖÌ. “¸É ´μ¢²¥´μ, ÎÉμ Ë §Ò £μ¤μ¢ÒÌ ¢ ·¨ Í¨° ÔÉ¨Ì ¶ · -
³¥É·μ¢ μ¶¥·¥¦ ÕÉ Ë §Ê ¢ ·¨ Í¨¨ τ ´  ∼ 1,5Ä3 ³¥¸. �μÔÉμ³Ê μ´¨ ´¥ ³μ£ÊÉ
Ö¢²ÖÉÓ¸Ö ¶·Ö³μ° ¶·¨Î¨´μ° ¢ ·¨ Í¨° τ .

„²Ö ¶μ¨¸±  ¸ÊÉμÎ´ÒÌ ¢ ·¨ Í¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  214�μ ¢ ¸μ²´¥Î´μ³,
§¢¥§¤´μ³ ¨ ²Ê´´μ³ ¢·¥³¥´¨ É ±¦¥ ¡Ò² ¶·¨³¥´¥´ ³¥Éμ¤ ‚‘‘. ‚ ± ¦¤μ³ ¸²Ê-
Î ¥ ¤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, Ï £ ¸¤¢¨£  1 Î. 	Ò²¨
μ¡´ ·Ê¦¥´Ò ¸ÊÉμÎ´Ò¥ ¢ ·¨ Í¨¨ ¢ ¸μ²´¥Î´μ³, §¢¥§¤´μ³ ¨ ²Ê´´μ³ ¢·¥³¥´¨ ¸
 ³¶²¨ÉÊ¤ ³¨ (7,5 ± 1,2) · 10−4, (7,2 ± 1,2) · 10−4 ¨ (6,9 ± 2,0) · 10−4 ¸μμÉ-
¢¥É¸É¢¥´´μ. �·¨ ¨§³¥´¥´¨¨ ÉμÎ±¨ ´ Î ²  μÉ¸Î¥É   ´ ²¨§¨·Ê¥³μ£μ ¢·¥³¥´´μ£μ
·Ö¤  ¤ ´´ÒÌ ¸ Ê¸É ´μ¢±¨ ’�“-2 Ë §Ò §¢¥§¤´μ-¸ÊÉμÎ´μ° ¨ ²Ê´´μ-¸ÊÉμÎ´μ°
¢ ·¨ Í¨° τ ¨§³¥´ÖÕÉ¸Ö ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ μ¦¨¤ ´¨Ö³¨ ¨§  ¸É·μ´μ³¨Î¥¸±¨Ì
§ ±μ´μ³¥·´μ¸É¥° ¤¢¨¦¥´¨Ö ‡¥³²¨ μÉ´μ¸¨É¥²Ó´μ ‘μ²´Í , ‹Ê´Ò ¨ §¢¥§¤. �μ-
¤μ¡´μ£μ ¶μ¢¥¤¥´¨Ö ¢ ·¨ Í¨¨ É¥³¶¥· ÉÊ·Ò ´¥ ´ ¡²Õ¤ ¥É¸Ö.

�μ²´μ¥ ¢·¥³Ö · ¡μÉÒ ¤¥É¥±Éμ·  ’�“-1 §  ¶¥·¨μ¤ ³ ° 2014 Ä ³ ° 2015 £.
¸μ¸É ¢¨²μ 354 ¸ÊÉ. „²Ö ¶μ¨¸±  ¢ ·¨ Í¨° · §²¨Î´μ° ¶¥·¨μ¤¨Î´μ¸É¨ ¡Ò² 
¨¸¶μ²Ó§μ¢ ´  É  ¦¥ ¶·μÍ¥¤Ê· , ÎÉμ ¤²Ö ¤ ´´ÒÌ Ê¸É ´μ¢±¨ ’�“-2. ‚ ·Ö¤Ê
¤ ´´ÒÌ ’�“-1 ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¸μ²´¥Î´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ°
(1,7 ± 0,4) · 10−3, §¢¥§¤´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ° (9,5 ± 0,5) · 10−4,
²Ê´´μ-¸ÊÉμÎ´ Ö ¢ ·¨ Í¨Ö ¸  ³¶²¨ÉÊ¤μ° = (8,0± 3,0) · 10−4. „²Ö μ¶·¥¤¥²¥´¨Ö
 ³¶²¨ÉÊ¤Ò £μ¤μ¢μ° ¢ ·¨ Í¨¨ ¶μ ³¥Éμ¤Ê ‚‘‘ ´¥ Ì¢ É ¥É ¤²¨´Ò ´ ±μ¶²¥´-
´μ£μ ·Ö¤ .

2. ��‘“†„…�ˆ… �…‡“‹œ’�’�‚

ˆ§ ¸· ¢´¥´¨Ö ·¥§Ê²ÓÉ Éμ¢ ¤²Ö ’�“-1 ¨ ’�“-2 ¸²¥¤Ê¥É, ÎÉμ ¢Ò¤¥²¥´´Ò¥
¢ ·¨ Í¨¨ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  214�μ, ¶·μ¨¸Ìμ¤ÖÐ¨¥ ¢ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ Ê¸É -
´μ¢± Ì, ¸μ¢¶ ¤ ÕÉ ¢ ¶·¥¤¥² Ì ¸É É¨¸É¨Î¥¸±¨Ì μÏ¨¡μ±. „²Ö ¢ÒÖ¸´¥´¨Ö ¶·¨-
Î¨´Ò ´ ¡²Õ¤ ¥³ÒÌ ¢ ·¨ Í¨° τ ¡Ò² ¨¸¸²¥¤μ¢ ´ ¢μ¶·μ¸ ¢μ§³μ¦´μ£μ ¢²¨Ö´¨Ö
¢ ·¨ Í¨° É¥³¶¥· ÉÊ·Ò, ¢² ¦´μ¸É¨ ¨ ¤ ¢²¥´¨Ö ¢μ§¤ÊÌ  ´  Ì · ±É¥·¨¸É¨±¨ ¨§-
³¥·¨É¥²Ó´ÒÌ Ê¸É ´μ¢μ±, ÌμÉÖ ´  ¶¥·¢Ò° ¢§£²Ö¤ É ± Ö ¸¢Ö§Ó μÉ¸ÊÉ¸É¢Ê¥É. ˆ§
¸· ¢´¥´¨Ö Ë § £μ¤μ¢ÒÌ ¢ ·¨ Í¨° · §²¨Î´ÒÌ ¶·¨·μ¤´ÒÌ ¶ · ³¥É·μ¢ Ê¸É ´μ¢-
²¥´μ, ÎÉμ ´¨ μ¤¨´ ¨§ · ¸¸³μÉ·¥´´ÒÌ ¶·μÍ¥¸¸μ¢ ´¥ ¸μ¢¶ ¤ ¥É ¶μ Ë §¥ ¸ τ .
ˆ§ ¸· ¢´¥´¨Ö ¶μ¢¥¤¥´¨Ö ¸ÊÉμÎ´ÒÌ ¢ ·¨ Í¨° É¥³¶¥· ÉÊ·Ò ¢ ¸μ²´¥Î´μ³, §¢¥§¤-
´μ³ ¨ ²Ê´´μ³ ¢·¥³¥´¨ ¸ ¶μ¢¥¤¥´¨¥³ μ¤´μ¨³¥´´ÒÌ ¢ ·¨ Í¨° ¶ · ³¥É·  τ ¢
μÉ¢¥É ´  ¨§³¥´¥´¨Ö Ê¸²μ¢¨° Ëμ·³¨·μ¢ ´¨Ö ¢Ò¡μ·μ± ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤Ò,
ÎÉμ · ¸¸³μÉ·¥´´Ò¥ ³¨±·μ±²¨³ É¨Î¥¸±¨¥ ¶ · ³¥É·Ò ´¥ μ± §Ò¢ ÕÉ § ³¥É´μ£μ
¢²¨Ö´¨Ö ´  ¢¥²¨Î¨´Ê τ ¨ ´  ¤μ¸É¨£´ÊÉμ³ Ê·μ¢´¥ ÎÊ¢¸É¢¨É¥²Ó´μ¸É¨ ´¥ ³μ£ÊÉ
¢Ò§Ò¢ ÉÓ ´ ¡²Õ¤ ¥³ÒÌ ¢ ·¨ Í¨° ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  214�μ.
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�¡´ ·Ê¦¥´  ¸¨²Ó´ Ö ±μ··¥²ÖÍ¨Ö ¸μ²´¥Î´μ-¸ÊÉμÎ´μ° ¨ ²Ê´´μ-¸ÊÉμÎ´μ°
¢ ·¨ Í¨¨ τ ¨ ¸±μ·μ¸É¨ Ê¸É ´μ¢±¨ (Z) ¢ ´ ¶· ¢²¥´¨¨ ´  ¢Ò¤¥²¥´´Ò°  ¸É·μ-
´μ³¨Î¥¸±¨° μ¡Ñ¥±É. �μ¸±μ²Ó±Ê μ¤´μ§´ Î´ Ö ¶·¨Î¨´´ Ö ¸¢Ö§Ó ³¥¦¤Ê ¢ ·¨ -
Í¨Ö³¨ τ ¨ Z ¶μ±  ´¥ Ê¸É ´μ¢²¥´ , É·¥¡Ê¥É¸Ö ¶·μ¤μ²¦¨ÉÓ · ¡μÉÊ ¶μ ¨§ÊÎ¥´¨Õ
μ¡´ ·Ê¦¥´´ÒÌ § ±μ´μ³¥·´μ¸É¥°.

‡�Š‹�—…�ˆ…

‚ ¶·¥¤¸É ¢²¥´´μ° · ¡μÉ¥ ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¤ ´´ÒÌ, ¶μ²ÊÎ¥´-
´ÒÌ ´  Ê¸É ´μ¢± Ì ’�“-1 ¨ ’�“-2, ¶·¥¤´ §´ Î¥´´ÒÌ ¤²Ö ¤μ²£μ¢·¥³¥´´μ£μ
±μ´É·μ²Ö ¢¥²¨Î¨´Ò ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤  ¨§μÉμ¶  214�μ. �μ± § ´μ, ÎÉμ τ ¨¸-
¶ÒÉÒ¢ ¥É £μ¤μ¢Ò¥ ¨ ¸ÊÉμÎ´Ò¥ ¢ ·¨ Í¨¨, ±μÉμ·Ò¥ ´¥ ³μ£ÊÉ ¡ÒÉÓ μ¡ÑÖ¸´¥´Ò
¢²¨Ö´¨¥³ ¢ ·¨ Í¨° ³¨±·μ±²¨³ É¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ´  Ì · ±É¥·¨¸É¨±¨ ·¥-
£¨¸É·¨·ÊÕÐ¥°  ¶¶ · ÉÊ·Ò. ˆ¸¸²¥¤μ¢ ´¨Ö ¶·μ¤μ²¦ ÕÉ¸Ö ¸ ´μ¢μ° Ê¸É ´μ¢±μ°
’�“-3, ¢ ±μÉμ·μ° ¨¸¶μ²Ó§μ¢ ´ ¨¸ÉμÎ´¨± 229Th ¸ · ¡μÎ¨³ ¨§μÉμ¶μ³ 213�μ,
¨³¥ÕÐ¨³ ¶¥·¨μ¤ ¶μ²Ê· ¸¶ ¤  4,2 ³±¸.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸ ¶² ´μ³ �ˆ� ˆŸˆ ��� ¶·¨ Ë¨´ ´-
¸μ¢μ° ¶μ¤¤¥·¦±¥ ¶·μ£· ³³Ò ®”¨§¨±  ¢Ò¸μ±¨Ì Ô´¥·£¨° ¨ ´¥°É·¨´´ Ö  ¸É·μ-
Ë¨§¨± ¯ �·¥§¨¤¨Ê³  ���.
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