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ˆ§ÊÎ¥´ γ-¸¶¥±É· µ¡· §Í  ¥¸É¥¸É¢¥´´µ£µ Ê· ´  (U3O8, 830 £). �·¨ · ¸¶ ¤¥ ¤µÎ¥·´¥£µ 234mPa
µ¡´ ·Ê¦¥´µ Ï¥¸ÉÓ ´µ¢ÒÌ ³ ²µ¨´É¥´¸¨¢´ÒÌ γ-¶¥·¥Ìµ¤µ¢: 2022,24 ±Ô‚ (1,8 · 10−4 % ´  · ¸¶ ¤),
2041,23 ±Ô‚ (1,1 · 10−4 %), 2065,80 ±Ô‚ (7,0 · 10−5 %), 2093,19 ±Ô‚ (2,0 · 10−5 %), 2102,14 ±Ô‚
(6,0 ·10−5 %) ¨ 2136,69 ±Ô‚ (7,0 ·10−5 %). ‘ÊÐ¥¸É¢µ¢ ´¨¥ ¢ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U γ-²ÊÎ¥° ¸µ §´ -
Î¥´¨¥³ Ô´¥·£¨¨ 2041 ±Ô‚ ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ ¶·¨  ´ ²¨§¥ ·¥§Ê²ÓÉ Éµ¢ 76Ge(2β, 0ν)-Ô±¸¶¥·¨³¥´Éµ¢.
�·¥¤² £ ÕÉ¸Ö ´µ¢Ò¥ Ê·µ¢´¨ 234U.

Gamma spectrum of a sample of natural uranium (U3O8, 830 g) has been investigated. Six new
low-intensity γ-transitions Å 2022.24 keV (1.8 · 10−4 % per decay), 2041.23 keV (1.1 · 10−4 %),
2065.80 keV (7.0 · 10−5 %), 2093.19 keV (2.0 · 10−5 %), 2102.14 keV (6.0 · 10−5 %), and 2136.69 keV
(7.0 · 10−5 %) Å have been observed in the decay of daughter nucleus 234mPa. Existense of 2041 keV
γ-rays in decays of nuclei in 238U chain must be taken into account in the analysis of the results of
76Ge(2β, 0ν) experiments. New excited levels of 234U are proposed.

‚ Ô±¸¶¥·¨³¥´É Ì ¶µ ¶µ¨¸±Ê ¤¢µ°´µ£µ ¡¥§´¥°É·¨´´µ£µ ¡¥É -· ¸¶ ¤  76Ge ¢ ¸¶¥±É· Ì
HPGe-¤¥É¥±Éµ·µ¢, µ¡µ£ Ð¥´´ÒÌ 76Ge, ¨ÐÊÉ ²¨´¨Õ ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ Q2β(76Ge) =
2039,006(50) ±Ô‚ [1]. ‚ ¸²ÊÎ ¥ µ¡´ ·Ê¦¥´¨Ö ¢ ¸¶¥±É·¥ ²¨´¨¨ ¸ É ±µ° Ô´¥·£¨¥° ´¥µ¡Ìµ-
¤¨³µ ¡Ê¤¥É ¤µ± § ÉÓ, ÎÉµ ´¥É ¤·Ê£¨Ì (Ëµ´µ¢ÒÌ) ¨¸ÉµÎ´¨±µ¢ ¥¥ ¶µÖ¢²¥´¨Ö. ‚ Î ¸É´µ¸É¨,
¢ · ¡µÉ Ì [2, 3] ¸µµ¡Ð ²µ¸Ó, ÎÉµ ¢ ¸¶¥±É· Ì 76Ge(2β, 0ν)-Ô±¸¶¥·¨³¥´Éµ¢ ´ ¡²Õ¤ ÕÉ¸Ö
γ-²ÊÎ¨, ¢µ§´¨± ÕÐ¨¥ ¢ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U. ŒÒ ¶·¥¤¶·¨´Ö²¨ ¶µ¨¸±¨ γ-²ÊÎ¥° ¸µ §´ -
Î¥´¨¥³ Ô´¥·£¨¨ 2039 ±Ô‚ ¶·¨ · ¸¶ ¤¥ ´Ê±²¨¤µ¢ ÔÉµ° Í¥¶µÎ±¨. ‚ ± Î¥¸É¢¥ ¨¸ÉµÎ´¨± 
γ-¨§²ÊÎ¥´¨Ö ¡Ò² ¢§ÖÉ ¶µ·µÏµ± § ±¨¸¨-µ±¨¸¨ Ê· ´  (U3O8) ³ ¸¸µ° 830,4 £. � ¸¸Î¨É ´´ Ö
 ±É¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨±  8,6 · 106 �± ¶µ§¢µ²Ö²  ´ ¤¥ÖÉÓ¸Ö µ¡´ ·Ê¦¨ÉÓ γ-²ÊÎ¨ µÎ¥´Ó ³ ²µ°
¨´É¥´¸¨¢´µ¸É¨.

ƒ ³³ -¸¶¥±É· µ¡· §Í  U3O8 ¨§ÊÎ ²¸Ö ´  ´¨§±µËµ´µ¢µ° Ê¸É ´µ¢±¥ �ˆ”�� (‹Ÿ�) [4],
¸µ¸ÉµÖÐ¥° ¨§ ³´µ£µ¸²µ°´µ° ¶ ¸¸¨¢´µ° § Ð¨ÉÒ, ¸µ¡· ´´µ° ¨§ ¸¶¥Í¨ ²Ó´µ µÉµ¡· ´´ÒÌ ¶µ
³¨´¨³ ²Ó´µ³Ê ¸µ¤¥·¦ ´¨Õ · ¤¨µ ±É¨¢´ÒÌ ¶·¨³¥¸¥° ³ É¥·¨ ²µ¢: ¸¢¨´Í , Ô²¥±É·µ²¨É¨-
Î¥¸±µ° ¡¥¸±¨¸²µ·µ¤´µ° ³¥¤¨, ¡µ·¨·µ¢ ´´µ£µ ¶µ²¨ÔÉ¨²¥´ . …¸É¥¸É¢¥´´Ò° · ¤¨µ ±É¨¢´Ò°
Ëµ´ ¢ µ¡² ¸É¨ Eγ

∼= 2 ŒÔ‚ ¶µ¤ ¢²Ö¥É¸Ö ¢ 200 · §. ‚ ¨§³¥·¥´¨ÖÌ ¨¸¶µ²Ó§µ¢ ²¸Ö HPGe-
¤¥É¥±Éµ· (µ¡Ñ¥³ 256 ¸³3, FWHM = 2 ±Ô‚ ¤²Ö Eγ = 1332 ±Ô‚).

‘ Ô±¸¶µ§¨Í¨Ö³¨ µ±µ²µ 200 Î ¨§³¥·¥´Ò γ-¸¶¥±É· µ¡· §Í  U3O8 ¨ Ëµ´µ¢Ò° ¸¶¥±É·.
�µ¸²¥ ¢ÒÎ¥É  Ëµ´  ¢ ¸¶¥±É·¥ ´ ¡²Õ¤ ÕÉ¸Ö γ-²ÊÎ¨ 234� ,   É ±¦¥ 214Pb ¨ 214Bi. ‘ ¨¸-
¶µ²Ó§µ¢ ´¨¥³ ¨§¢¥¸É´ÒÌ [5] µÉ´µ¸¨É¥²Ó´ÒÌ ¨´É¥´¸¨¢´µ¸É¥° γ-²ÊÎ¥° ¶·¨ · ¸¶ ¤¥ 234Pa ¨
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214Bi ¶µ¸É·µ¥´  ±·¨¢ Ö µÉ´µ¸¨É¥²Ó´µ° ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° µÉ ¨¸¶µ²Ó-
§µ¢ ´´µ£µ µ¡· §Í  U3O8. �µ²ÊÎ¥´´ Ö ±·¨¢ Ö ¶·µ´µ·³¨·µ¢ ´  ±  ¡¸µ²ÕÉ´µ° ÔËË¥±É¨¢-
´µ¸É¨ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° ¶µ ¸ ³µ³Ê ¨´É¥´¸¨¢´µ³Ê ¶·¨ · ¸¶ ¤¥ 234mPa γ-¶¥·¥Ìµ¤Ê ¸µ
§´ Î¥´¨¥³ Ô´¥·£¨¨ 1001,0 ±Ô‚ (0,837 % · ¸¶ ¤µ¢). �µ¸²¥ ´µ·³¨·µ¢±¨ ±  ¡¸µ²ÕÉ´µ° ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° µ± § ²µ¸Ó, ÎÉµ ¸ ³Ò¥ ¨´É¥´¸¨¢´Ò¥ ¶·¨ · ¸¶ ¤¥ 214Bi
γ-²ÊÎ¨ ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ 609,3 ±Ô‚ ¢µ§´¨± ÕÉ ¢ ´ Ï¥³ ¨¸ÉµÎ´¨±¥ ¢ 0,0064(7) %
¸²ÊÎ ¥¢ · ¸¶ ¤  238U. �µ¸²¥ Ê¸É ´µ¢²¥´¨Ö ¢¥±µ¢µ£µ · ¢´µ¢¥¸¨Ö ¢ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U
¨´É¥´¸¨¢´µ¸ÉÓ γ-²ÊÎ¥° ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ 609,3 ±Ô‚ ¤µ²¦´  · ¢´ÖÉÓ¸Ö ¨´É¥´¸¨¢´µ¸É¨
ÔÉ¨Ì γ-²ÊÎ¥° ´  · ¸¶ ¤ 214Bi, É. ¥. 44,8 %. ‡´ Î¨É, ¸µ¤¥·¦ ´¨¥ 214Bi (¨ ¤·Ê£¨Ì ´Ê±²¨¤µ¢,
¸²¥¤ÊÕÐ¨Ì §  · ¸¶ ¤µ³ 226Ra) ¢ µ¡· §Í¥ U3O8 ¥Ð¥ µÎ¥´Ó ¤ ²¥±µ µÉ ¤µ¸É¨¦¥´¨Ö · ¢´µ-
¢¥¸¨Ö ¸ 238U. �Éµ ¶µ´ÖÉ´µ, Éa± ± ± µ¡· §µ¢ ´¨Õ 214Bi ¨ ¤·Ê£¨Ì ´Ê±²¨¤µ¢, ¸²¥¤ÊÕÐ¨Ì
§  · ¸¶ ¤µ³ 226Ra, ¶·¥¤Ï¥¸É¢Ê¥É µ¡· §µ¢ ´¨¥ ¤µ²£µ¦¨¢ÊÐ¨Ì 234U (T1/2 = 2,5 · 105 ²¥É),
230Th (8 · 104 ²¥É) ¨ 226Ra (1,6 · 103 ²¥É). ŒÒ ´¥ §´ ¥³ ÉµÎ´µ, ±µ£¤  ¡Ò² µÉ¤¥²¥´
¨¸¶µ²Ó§µ¢ ´´Ò° Ê· ´ µÉ ·Ê¤Ò, ´µ µÎ¥¢¨¤´µ, ÎÉµ ´¥ ¡µ²¥¥ Î¥³ §  50 ²¥É ¤µ ´ Î ²  Ô±¸-
¶¥·¨³¥´Éµ¢. ‚ÒÎ¨¸²¥´¨Ö ¶µ± §Ò¢ ÕÉ, ÎÉµ ±µ²¨Î¥¸É¢µ · ¸¶ ¤µ¢ 214Bi ¢ ¨¸¶µ²Ó§µ¢ ´´µ³
¨¸ÉµÎ´¨±¥ ¤µ²¦´µ ¡ÒÉÓ ´¥ ¡µ²ÓÏ¥ ∼ 5 ·10−4 % · ¸¶ ¤µ¢ 238U. �Éµ ¶µ§¢µ²Ö¥É § ±²ÕÎ¨ÉÓ,
ÎÉµ ¶µÖ¢²¥´¨¥ ¢ ¨§³¥·¥´´µ³ ¸¶¥±É·¥ γ-²ÊÎ¥° 214Bi ¨ 214Pb µ¡Ê¸²µ¢²¥´µ ¶·¨³¥¸ÓÕ 226Ra
¢ ±µ²¨Î¥¸É¢¥ µ±µ²µ 0,015 % · ¸¶ ¤µ¢ 238U. ‡ ³¥É¨³ §¤¥¸Ó, ÎÉµ ¨ ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ
¨¸¸²¥¤µ¢ ´¨Õ (2β, 2ν)- ¨ (2β, 0ν)-· ¸¶ ¤µ¢ 76Ge ´ ¡²Õ¤¥´¨¥ ¢ Ëµ´µ¢ÒÌ ¸¶¥±É· Ì
γ-²ÊÎ¥° 214Bi ¨ 214Pb É ±¦¥, ¢µ§³µ¦´µ, ¸¢Ö§ ´µ ¸ ¶·¨¸ÊÉ¸É¢¨¥³ 226Ra ³¥¦¤Ê ¤¥É¥±Éµ-
·µ³ ¨ § Ð¨Éµ°.

ƒ ³³ -²ÊÎ¨ ¸ Eγ > 2000 ±Ô‚ ¶·¨ · ¸¶ ¤¥ 234mPa

Eγ , ±Ô‚ 2022,24 2041,23 2065,80 2093,19 2102,14 2136,69 1001,03
∆Eγ , ±Ô‚ 0,12 0,13 0,13 0,38 0,15 0,14 0,03

Iγ , 10−5 % 18(2) 11(1) 7(1) 2,0(6) 6,0(8) 7,0(4) 83700(1000)

‘¢¥¤¥´¨Ö µ¡ Ô´¥·£¨ÖÌ ¨ ¨´É¥´¸¨¢´µ¸ÉÖÌ · ´¥¥ ´¥¨§¢¥¸É´ÒÌ γ-¶¥·¥Ìµ¤µ¢ ¶·¥¤¸É ¢²¥´Ò
¢ É ¡²¨Í¥. �  ·¨¸Ê´±¥ ¨§µ¡· ¦¥´ ¸¶¥±É· γ-²ÊÎ¥° ¸ Ô´¥·£¨¥° ¢ µ¡² ¸É¨ 2000Ä2150 ±Ô‚.
�µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ µ ¸¶¥±É·¥ ¢ µ¡² ¸É¨ Eγ < 2000 ±Ô‚ Ìµ·µÏµ ¸µ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²Ó-
É É ³¨ ¡µ²¥¥ · ´´¨Ì · ¡µÉ [6Ä8]. � Ï Ô±¸¶¥·¨³¥´É ¡Ò² ´ ¶· ¢²¥´ ´  ¶µ¨¸±¨ ³ ²µ¨´-
É¥´¸¨¢´ÒÌ γ-²ÊÎ¥° ¢ µ¡² ¸É¨ Eγ > 2000 ±Ô‚. �µÔÉµ³Ê ¶µ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ µ ¸¶¥±É·¥ ¢
µ¡² ¸É¨ Eγ < 2000 ±Ô‚ ³Ò ´¥ ¶·¨¢µ¤¨³.

� ¸¸³µÉ·¨³ ¢µ¶·µ¸ µ¡ ¨¤¥´É¨Ë¨± Í¨¨ ´µ¢ÒÌ γ-¶¥·¥Ìµ¤µ¢ ¸ · ¸¶ ¤µ³ µ¶·¥¤¥²¥´-
´µ£µ ´Ê±²¨¤ . �·¨¶¨¸ ´¨¥ ¨Ì · ¸¶ ¤Ê ´Ê±²¨¤µ¢, ¨¸¶ÒÉÒ¢ ÕÐ¨Ì α-· ¸¶ ¤, ¨¸±²ÕÎ ¥³.
‚µ§´¨±´µ¢¥´¨¥ γ-²ÊÎ¥° ¸ Eγ > 2000 ±Ô‚ ¶·¨ α-· ¸¶ ¤¥ ³ ²µ¢¥·µÖÉ´µ. ƒ ³³ -²ÊÎ¨ ¸
Eγ > 2000 ±Ô‚ ³µ£ÊÉ ¢µ§´¨± ÉÓ ¶·¨ β-· ¸¶ ¤¥, ¥¸²¨ Qβ > 2000 ±Ô‚. ’ ±¨Ì ´Ê±²¨¤µ¢
¢ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U É·¨: 234Pa (Qβ = 2207 ±Ô‚), 214Bi (Qβ = 3270 ±Ô‚) ¨ 210Tl
(Qβ = 5497 ±Ô‚) [5]. ‚ÒÏ¥ ¡Ò²µ ¶µ± § ´µ, ÎÉµ Î¨¸²µ · ¸¶ ¤µ¢ 214Bi ¢ ´ Ï¥³ ¨¸ÉµÎ´¨±¥
¸µ¸É ¢²Ö¥É 1,5 · 10−4 · ¸¶ ¤µ¢ 238U. 210Tl µ¡· §Ê¥É¸Ö ¢ 0,021 % ¸²ÊÎ ¥¢ · ¸¶ ¤µ¢ 214Bi.
‚³¥¸É¥ ¸ ¨§¢¥¸É´Ò³¨ ¤ ´´Ò³¨ µ γ-¸¶¥±É· Ì 214Bi ¨ 210Tl ÔÉµ ¶µ§¢µ²Ö¥É ¨¸±²ÕÎ¨ÉÓ ¨Ì
¨§ · ¸¸³µÉ·¥´¨Ö. �¸É ¥É¸Ö 234� . ‚ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U § ¸¥²ÖÕÉ¸Ö ¤¢  ¨§µ³¥·´ÒÌ
¸µ¸ÉµÖ´¨Ö: µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ (T1/2 = 6,7 Î, Iπ = 4+) ¨ Ê·µ¢¥´Ó ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨
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�µ¢Ò¥ γ-¶¥·¥Ìµ¤Ò ¶·¨ · ¸¶ ¤¥ 234mPa. �´¥·£¨¨ ¶·¨¢¥¤¥´Ò ¢ ±Ô‚, ¨´É¥´¸¨¢´µ¸É¨ γ-²ÊÎ¥° ¢
10−5 % ´  · ¸¶ ¤ 234mPa. �¨± ¢ µ¡² ¸É¨ Ô´¥·£¨¨ 2000 ±Ô‚ µ¡· §µ¢ ´ ¸²ÊÎ °´Ò³ ¸Ê³³¨·µ¢ ´¨¥³
¨³¶Ê²Ó¸µ¢ µÉ γ-²ÊÎ¥° ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ 1001 ±Ô‚ (1001 + 1001) ±Ô‚. �¨± ¸µ §´ Î¥´¨¥³
2118 ±Ô‚ Å µÉ 214Bi

(74 + x) ±Ô‚, x < 10 ±Ô‚, T1/2 = 1,17 ³¨´, Iπ = (0−). �¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ § ¸¥²Ö¥É¸Ö
¢ 0,167 % ¸²ÊÎ ¥¢ · ¸¶ ¤µ¢ 238U [5]. …¸²¨ ´µ¢Ò¥ γ-¶¥·¥Ìµ¤Ò ¢µ§´¨± ÕÉ ¶·¨ · ¸¶ ¤¥
µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 234� , Éµ ¨Ì ¨´É¥´¸¨¢´µ¸ÉÓ ´  · ¸¶ ¤ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 234� 
¡Ê¤¥É ¢ 600 · § ¡µ²ÓÏ¥ §´ Î¥´¨°, ¶·¨¢¥¤¥´´ÒÌ ¢ É ¡²¨Í¥: ´ ¶·¨³¥·, ¤²Ö γ-¶¥·¥Ìµ¤  ¸µ
§´ Î¥´¨¥³ Ô´¥·£¨¨ 2022,2 ±Ô‚ Å 1,8 · 10−4 %/0,167 % = 0,11 %.

‚ ¨¸¸²¥¤µ¢ ´¨ÖÌ · ¸¶ ¤  µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö 234Pa [5Ä8] ´ ¡²Õ¤ ²¨¸Ó γ-²ÊÎ¨ ¸µ
§´ Î¥´¨Ö³¨ Ô´¥·£¨¨ 1977,4, 1989,6 ¨ 2072,2 ±Ô‚ ¸ ¨´É¥´¸¨¢´µ¸ÉÖ³¨ ´  · ¸¶ ¤ µ¸´µ¢´µ£µ
¸µ¸ÉµÖ´¨Ö 0,016(4), 0,07(3) ¨ 0,004(2) %. ƒ ³³ -¶¥·¥Ìµ¤Ò, ¶·¨¢¥¤¥´´Ò¥ ¢ É ¡²¨Í¥, ´¥
¡Ò²¨ µ¡´ ·Ê¦¥´Ò. ’ ±¨³ µ¡· §µ³, ³µ¦´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ´µ¢Ò¥ γ-¶¥·¥Ìµ¤Ò ¸²¥¤Ê¥É
µÉ´¥¸É¨ ± · ¸¶ ¤Ê ¨§µ³¥·´µ£µ (T1/2 = 1,17 ³¨´) ¸µ¸ÉµÖ´¨Ö 234� .

‘·¥¤¨ γ-¶¥·¥Ìµ¤µ¢ ¢ É ¡²¨Í¥ ¥¸ÉÓ γ-¶¥·¥Ìµ¤ ¸ Ô´¥·£¨¥° 2041,2 ±Ô‚, ¡²¨§±µ° ± Ô´¥·£¨¨
Q2β(76Ge) = 2039,0 ±Ô‚. ‚µ§³µ¦´µ¸ÉÓ ¶µÖ¢²¥´¨Ö ÔÉ¨Ì γ-²ÊÎ¥° ¢ Ëµ´¥ ¢ Ô±¸¶¥·¨³¥´É Ì
¶µ ¶µ¨¸±Ê (2β, 0ν)-· ¸¶ ¤  76Ge ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ. � ¡²Õ¤¥´¨¥ ¶·¨ · ¸¶ ¤¥ 234mPa
γ-¶¥·¥Ìµ¤µ¢ ¸ Eγ > 2000 ±Ô‚ Ê± §Ò¢ ¥É ´  ¢µ§¡Ê¦¤¥´¨¥ Ê·µ¢´¥° ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨
¡µ²ÓÏ¥ 2000 ±Ô‚. ‘ ³Ò¥ ¢Ò¸µ±¨¥ ¨§¢¥¸É´Ò¥ Ê·µ¢´¨ Ô´¥·£¨¨ 234U, ¢µ§¡Ê¦¤ ¥³Ò¥ ¶·¨
· ¸¶ ¤¥ 234Pa: 1969,9 ±Ô‚, Iπ = (1−) ¨ 1937,0 ±Ô‚, I = (1) [6]. � §´µ¸É¨ Ô´¥·£¨°
¤¢ÊÌ ¶ · γ-¶¥·¥Ìµ¤µ¢: 2136,7Ä2093,2 ±Ô‚ ¨ 2065,8Ä2022,2 ±Ô‚ Å ¡²¨§±¨ ± §´ Î¥´¨Õ
Ô´¥·£¨¨ ¶¥·¢µ£µ Ê·µ¢´Ö 234U Å 43,5 ±Ô‚. ‚¥·µÖÉ´µ¸ÉÓ ¸²ÊÎ °´µ£µ ¸µ¢¶ ¤¥´¨Ö · §´µ¸É¥°
¸ Ô´¥·£¨¥° ¶¥·¢µ£µ Ê·µ¢´Ö ³ ² . ‚¢¥¤¥´¨¥ Ê·µ¢´¥° ¸ Ô´¥·£¨Ö³¨ 2136,7 ¨ 2065,8 ±Ô‚
³µ¦´µ ¸Î¨É ÉÓ µ¡µ¸´µ¢ ´´Ò³. ƒ ³³ -²ÊÎ¨ ¸µ §´ Î¥´¨Ö³¨ Ô´¥·£¨¨ 2041,2 ¨ 2102,1 ±Ô‚
³µ£ÊÉ § ¸¥²ÖÉÓ µ¸´µ¢´µ¥ ¨²¨ ¶¥·¢µ¥ ¢µ§¡Ê¦¤¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ¸ Ô´¥·£¨¥° 43,5 ±Ô‚ 234U.

ˆÉ ±, ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ γ-¸¶¥±É·  µÉ ¥¸É¥¸É¢¥´´µ£µ Ê· ´  µ¡´ ·Ê¦¥´µ Ï¥¸ÉÓ ³ ²µ-
¨´É¥´¸¨¢´ÒÌ γ-¶¥·¥Ìµ¤µ¢, ¢µ§´¨± ÕÐ¨Ì ¶·¨ · ¸¶ ¤¥ 234mPa. �´¥·£¨Ö µ¤´µ£µ ¨§ ´¨Ì
(2041 ±Ô‚) ¡²¨§±  ± Ô´¥·£¨¨ Q2β(76Ge), ´µ · §´µ¸ÉÓ Ô´¥·£¨° ÔÉµ£µ γ-¶¥·¥Ìµ¤  ¨ ²¨-
´¨¨ ¸µ §´ Î¥´¨¥³ 2039,0 ±Ô‚, ¶·¨¶¨¸Ò¢ ¥³µ° Š² ¶¤µ·ÄŠ²Ö°´£·µÉÌ Ê§µ³ ¨ ¤·. [9, 10]
(2β, 0ν)-· ¸¶ ¤Ê 76Ge, · ¢´  2041,2(1)−2039,0(2) = 2,2(2) ±Ô‚. ’µ ¥¸ÉÓ ¢±² ¤ γ-²ÊÎ¥°
¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ 2041,2 ±Ô‚ 234mPa ¢ ²¨´¨Õ ¸ Ô´¥·£¨¥° 2039,0 ±Ô‚, ¢¥·µÖÉ´µ, ³ ².
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’ ±µ³Ê § ±²ÕÎ¥´¨Õ ´¥ ¶·µÉ¨¢µ·¥Î¨É ¨ µÍ¥´±  ¨´É¥´¸¨¢´µ¸É¨ γ-²ÊÎ¥° ¸µ §´ Î¥´¨¥³
Ô´¥·£¨¨ 2041,2 ±Ô‚ ¶µ £· Ë¨± ³ ¸¶¥±É·µ¢ ¢ ¸É ÉÓÖÌ [9, 10]. „²Ö ÉµÎ´µ£µ µ¶·¥¤¥²¥´¨Ö
¨´É¥´¸¨¢´µ¸É¨ γ-²ÊÎ¥° ¸µ §´ Î¥´¨¥³ Ô´¥·£¨¨ 2041,2 ±Ô‚ ¢ ¸¶¥±É· Ì [9, 10] ´¥µ¡Ìµ¤¨³Ò
±µ²¨Î¥¸É¢¥´´Ò¥ ¤ ´´Ò¥ µ Ëµ´µ¢µ³ ¸¶¥±É·¥ ¢ Ô±¸¶¥·¨³¥´É¥ ƒ¥°¤¥²Ó¡¥·£ÄŒµ¸±¢ . � -
¡²Õ¤¥´¨¥ γ-²ÊÎ¥° ¸ Ô´¥·£¨¥° 2041,2 ±Ô‚ 234mPa ¢ Í¥¶µÎ±¥ · ¸¶ ¤µ¢ 238U, ´¥¸µ³´¥´´µ,
¢ ¦´µ ¶·¨ ¶² ´¨·µ¢ ´¨¨ ´µ¢ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¶µ¨¸±Ê (2β, 0ν)-· ¸¶ ¤  76Ge.
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