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Gromov K. Ya. et al. P6-2004-94

Pulse Summing in the γ-Ray Spectra

It was shown that the peaks formed at the summing of the cascade γ-rays pulses

can be used for the determination of γ-ray source activity and γ-ray registration effi-

cency. Possible sources of the determined quantities errors have been investigated.

Such a method can be useful at the nuclear reaction cross section measurements, at

background analysis in looking for rare decays and so on.

The investigation has been performed at the Dzhelepov Laboratory of Nuclear

Problems, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004

Ãðîìîâ Ê. ß. è äð. P6-2004-94

Ñóììèðîâàíèå èìïóëüñîâ â ñïåêòðàõ γ-ëó÷åé

Ïîêàçàíî, ÷òî ïèêè, îáðàçóþùèåñÿ â γ-ñïåêòðàõ ïðè ñóììèðîâàíèè èìïóëü-

ñîâ îò êàñêàäíûõ γ-ïåðåõîäîâ, ìîãóò áûòü èñïîëüçîâàíû äëÿ îïðåäåëåíèÿ àêòèâ-

íîñòè èñòî÷íèêà γ-ëó÷åé è ýôôåêòèâíîñòè ðåãèñòðàöèè γ-ëó÷åé. Èññëåäîâàíû

âîçìîæíûå èñòî÷íèêè ïîãðåøíîñòåé îïðåäåëÿåìûõ âåëè÷èí. Ýòîò ñïîñîá ìî-

æåò áûòü ïîëåçåí ïðè èçìåðåíèÿõ ñå÷åíèé ÿäåðíûõ ðåàêöèé, äëÿ àíàëèçà ôîíà

ïðè ïîèñêå ðåäêèõ ðàñïàäîâ è äð.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ïðîáëåì èì. Â. Ï. Äæåëåïîâà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004

Ïåðåâîä àâòîðîâ



‚ γ-¸¶¥±É· Ì · ¤¨µ ±É¨¢´ÒÌ ´Ê±²¨¤µ¢ ´ ¡²Õ¤ ÕÉ¸Ö ¶¨±¨, µ¡· §ÊÕÐ¨¥¸Ö
¶·¨ ¸Ê³³¨·µ¢ ´¨¨ ¨³¶Ê²Ó¸µ¢ µÉ ¸µ¢¶ ¤ ÕÐ¨Ì γ-²ÊÎ¥°. ‚ ¸²ÊÎ ¥, ¥¸²¨ ¶·Ö-
³µ°, ±·µ¸¸µ¢¥· γ-¶¥·¥Ìµ¤ ´¥ ¸ÊÐ¥¸É¢Ê¥É, ³µ¦´µ ¶µ ¨´É¥´¸¨¢´µ¸É¨ (¶²µÐ ¤¨
¢ ¸¶¥±É·¥) ¶¨±  ¸Ê³³Ò µ¶·¥¤¥²¨ÉÓ  ¡¸µ²ÕÉ´ÊÕ  ±É¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨±  (Î¨-
¸²µ · ¸¶ ¤µ¢ ¢ ¸¥±Ê´¤Ê) ¨  ¡¸µ²ÕÉ´ÊÕ ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥°
[1]. �¥§ ¢¨¸¨³µ¥ µÉ Ê¸²µ¢¨° Ô±¸¶¥·¨³¥´É  µ¶·¥¤¥²¥´¨¥ ÔÉ¨Ì ¢¥²¨Î¨´ ³µ¦¥É
¡ÒÉÓ ¢ ¦´µ ¶·¨ ¨§³¥·¥´¨ÖÌ ¸¥Î¥´¨° Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¶·¨  ´ ²¨§¥ Ëµ´µ-
¢ÒÌ Ê¸²µ¢¨° ¢ Ô±¸¶¥·¨³¥´É Ì ¶µ ¶µ¨¸± ³ ·¥¤±¨Ì · ¸¶ ¤µ¢ ¨ É. ¶. –¥²Ó ÔÉµ°
· ¡µÉÒ ¸µ¸ÉµÖ²  ¢ µÍ¥´±¥ ÉµÎ´µ¸É¨ µ¶·¥¤¥²¥´¨Ö  ±É¨¢´µ¸É¨ ¨¸ÉµÎ´¨±  γ-
²ÊÎ¥° ¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° ¶µ ¨´É¥´¸¨¢´µ¸É¨ ¶¨±  ¸Ê³³Ò
¢ γ-¸¶¥±É·¥.

ˆ§ÊÎ ²¨¸Ó γ-¸¶¥±É·Ò 60Co, 207Bi ¨ 226Ra (¢ · ¢´µ¢¥¸¨¨ ¸ 214Bi). �·¨ ÔÉµ³
¨§ÊÎ ²µ¸Ó µ¡· §µ¢ ´¨¥ ¸Ê³³ ·´ÒÌ ¶¨±µ¢ ¢ ¸²¥¤ÊÕÐ¨Ì ± ¸± ¤ Ì γ-²ÊÎ¥°:

60Co
β−→ 4+ 2505 ±Ô‚

γ1173−−−−→ 2+ 1332 ±Ô‚
γ1332−−−−→ 0+ 0 ±Ô‚ 60Ni,

207Bi
β−

−−→ 13/2+ 1633 ±Ô‚
γ1063−−−−→ 5/2− 570 ±Ô‚

γ570−−−→ 1/2− 0 ±Ô‚ 207Pb,

214Bi
β−

−−→ 0+ 2017 ±Ô‚
γ1408−−−−→ 2+ 609 ±Ô‚

γ609−−−→ 0+ 0 ±Ô‚ 214Pb.

ˆ§¢¥¸É´µ [2], ÎÉµ ¶·¨ · ¸¶ ¤¥ 60Co γ-²ÊÎ¨ 2505 ±Ô‚ ¢µ§´¨± ÕÉ ¸ ¨´É¥´-
¸¨¢´µ¸ÉÓÕ ∼ 4 · 10−5% · ¸¶ ¤µ¢; ¶·¨ · ¸¶ ¤¥ 207Bi: ±·µ¸¸µ¢¥· γ-¶¥·¥Ìµ¤
1633 ±Ô‚ ¨³¥¥É ³Ê²ÓÉ¨¶µ²Ó´µ¸ÉÓ M6, É. ¥. ¨´É¥´¸¨¢´µ¸ÉÓ ¥£µ ¶·¥´¥¡·¥-
¦¨³µ ³ ² ; ¶·¨ · ¸¶ ¤¥ 214Bi γ-¶¥·¥Ìµ¤ 2017 ±Ô‚ É¨¶  …0, É.¥. γ-²Ê-
Î¥° ´¥É.

� ¸¸³µÉ·¨³ µ¡· §µ¢ ´¨¥ ¸Ê³³ ·´µ£µ ¶¨±  ´  ¶·¨³¥·¥ · ¸¶ ¤  60Co →
60Ni (·¨¸. 1). �²µÐ ¤Ó ¸Ê³³ ·´µ£µ ¶¨±  ¨ ¶²µÐ ¤¨ ËµÉµ¶¨±µ¢ γ-²ÊÎ¥°,
µ¡· §ÊÕÐ¨Ì ¸Ê³³Ê, µ¶·¥¤¥²ÖÕÉ¸Ö ¸²¥¤ÊÕÐ¨³¨ Ê· ¢´¥´¨Ö³¨ [3]:

Sγ1+γ2 = n
aγ1aγ2

a1
εγ1εγ2W (0◦, r)

Sγ1 = naγ1εγ1

Sγ2 = naγ2εγ2


 , (1)

£¤¥ Sγ1+γ2 , Sγ1 ¨ Sγ2 Å ¶²µÐ ¤¨ ¶¨±µ¢ ¢ ¸¶¥±É·¥ §  ¸¥±Ê´¤Ê; n Å  ±É¨¢´µ¸ÉÓ
¨¸ÉµÎ´¨±  (Î¨¸²µ · ¸¶ ¤µ¢ ¢ ¸¥±Ê´¤Ê); aγ1 , aγ2 ¨ a1 Å ¨´É¥´¸¨¢´µ¸É¨ γ-²ÊÎ¥°
γ1 ¨ γ2 ¨ § ¸¥²¥´´µ¸ÉÓ ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö ´  µ¤¨´ · ¸¶ ¤ ´Ê±²¨¤  (¢
¸²ÊÎ ¥ 60‘µ aγ1 = aγ2 = a1 = 1, 0); εγ1 ¨ εγ2 Å ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨
γ-²ÊÎ¥°; W (0◦, r) Å ±µÔËË¨Í¨¥´É, ÊÎ¨ÉÒ¢ ÕÐ¨° Ê£²µ¢Ò¥ ±µ··¥²ÖÍ¨¨ γ-
²ÊÎ¥° ¶·¨ Ê£²¥ · §²¥É  0◦ ¨ · ¸¸ÉµÖ´¨¨ ¨¸ÉµÎ´¨±Ä¤¥É¥±Éµ· r, µ¶·¥¤¥²Ö²¸Ö ¶µ
É ¡²¨Í ³ [4].
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�¨¸. 1. Š ¸± ¤ γ-²ÊÎ¥° 1332 ±Ô‚ ¨ 1173 ±Ô‚ ¶·¨ β−-· ¸¶ ¤¥ 60‘µ

ˆ§ ¸¨¸É¥³Ò Ê· ¢´¥´¨° (1) ¶µ²ÊÎ ¥³:

n =
Sγ1Sγ2

Sγ1+γ2

W (0◦, r) (2)

¨

εγ1 =
aγ1

a1

Sγ1+γ2

Sγ2

1
W (0◦, r)

. (3)

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´ ¸¶¥±É· γ-²ÊÎ¥° 60‘µ, ¨§³¥·¥´´Ò° ¸ HPGe-¤¥É¥±-
Éµ·µ³ GMS-20190. ˆ¸¶µ²Ó§µ¢ ´ ¨¸ÉµÎ´¨± 60‘µ É¨¶  �‘ƒˆ ¸  ±É¨¢´µ¸ÉÓÕ ´ 
· ¸¶ ¤ ´  ³µ³¥´É ¨§³¥·¥´¨Ö 56,2(10) ±�±. � ¸¸ÉµÖ´¨¥ µÉ ¨¸ÉµÎ´¨±  ¤µ ¶¥·¥¤-
´¥£µ Éµ·Í  ¤¥É¥±Éµ·  ¡Ò²µ r = 1, 5 ¸³. ‚Ò¶µ²´¥´µ ¥Ð¥ ¶ÖÉÓ ¸¥·¨° ¨§³¥·¥´¨°
¶·¨ · ¸¸ÉµÖ´¨ÖÌ ¨¸ÉµÎ´¨±Ä¤¥É¥±Éµ· µÉ 3 ¤µ 12 ¸³. „²Ö Éµ£µ ÎÉµ¡Ò ¶·¨¡²¨-
§¨ÉÓ¸Ö ± Ê¸²µ¢¨Ö³ ·¥ ²Ó´µ£µ Ô±¸¶¥·¨³¥´É , ´ ¶·¨³¥· ¶µ ¨§³¥·¥´¨Õ ¸¥Î¥´¨°
Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¨§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢ ² ¡µ· Éµ·´µ³ ¶µ³¥Ð¥´¨¨ ¡¥§ ¶µ-
¤ ¢²¥´¨Ö Ëµ´ . ‚ ¸¶¥±É·¥ ¶·µÖ¢²ÖÕÉ¸Ö Ëµ´µ¢Ò¥ γ-²¨´¨¨ 2614 ±Ô‚ (208Tl),
1460 ±Ô‚ (40Š) ¨ ¤·. ˆ´É¥´¸¨¢´µ¸ÉÓ ÔÉ¨Ì ²¨´¨° ³ ² , ¨ ³µ¦´µ ¸Î¨É ÉÓ,
ÎÉµ ¨Ì ¶·¨¸ÊÉ¸É¢¨¥ ´¥ ¢²¨Ö¥É ´  ·¥§Ê²ÓÉ ÉÒ  ´ ²¨§ . � ·Ö¤Ê ¸ ËµÉµ¶¨± ³¨
γ11173 ±Ô‚ ¨ γ21332 ±Ô‚ ¢ ¸¶¥±É·¥ ·¨¸. 2 ´ ¡²Õ¤ ¥³ ¶¨± ¸Ê³³Ò γ1 + γ2 ¸
Ô´¥·£¨¥° 2505 ±Ô‚ ¨ ¶¨±¨ ¸Ê³³ γ1+γ1 ¨ γ2+γ2 ¸ Ô´¥·£¨Ö³¨ 2346 ¨ 2664 ±Ô‚.
�¨±¨ γ1 + γ1 ¨ γ2 + γ2 ¢µ§´¨± ÕÉ ¶·¨ ¸²ÊÎ °´ÒÌ ¸ ³µ¸µ¢¶ ¤¥´¨ÖÌ ¨³¶Ê²Ó-
¸µ¢ µÉ γ-²ÊÎ¥° γ1 ¨ γ2. ˆÌ ¶µ²ÊÏ¨·¨´  ¢ ¤¢ -É·¨ · §  ¡µ²ÓÏ¥ ¶µ²ÊÏ¨·¨´Ò
µ¸´µ¢´ÒÌ ËµÉµ¶¨±µ¢ ¨ ¶¨±  ¨¸É¨´´µ£µ ¸Ê³³¨·o¢ ´¨Ö γ1 +γ2. ‚ ¸¢Ö§¨ ¸ ÔÉ¨³
¶·¨  ´ ²¨§¥ ¸¶¥±É·µ¢ ¶²µÐ ¤¨ ¢¸¥Ì ¶¨±µ¢ µ¶·¥¤¥²Ö²¨¸Ó ³¥Éµ¤µ³ ³µ³¥´Éµ¢
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± ± · §´µ¸ÉÓ ¶²µÐ ¤¥° ¸Ê³³Ò µÉ¸Î¥Éµ¢ ´  ÊÎ ¸É±¥ ´ ¡²Õ¤ ¥³µ° ²¨´¨¨ ¨
¨´É¥·¶µ²¨·µ¢ ´´µ£µ Ëµ´  ¶µ¤ ²¨´¨¥°.

�¨¸. 2.  ) ‘¶¥±É· γ-²ÊÎ¥° 60‘µ, ¨§³¥·¥´´Ò° ¸ HPGe-¤¥É¥±Éµ·µ³, µ¡Ñ¥³ 86 ¸³3. � ¸-
¸ÉµÖ´¨¥ ¨¸ÉµÎ´¨±Ä¤¥É¥±Éµ· 1,5 ¸³. ¡) “Î ¸Éµ± ¸¶¥±É·  ¢ ¤¨ ¶ §µ´¥ 2300Ä2700 ±Ô‚

�µ¸±µ²Ó±Ê ¶²µÐ ¤Ó ¶¨±µ¢ ¸Ê³³ ¶·µ¶µ·Í¨µ´ ²Ó´  ¶·µ¨§¢¥¤¥´¨Õ ÔËË¥±-
É¨¢´µ¸É¥° ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° εγ1 ¨ εγ2 ,   µ´¨ ´¥¢¥²¨±¨, ¨§³¥·¥´¨Ö ¢Ò-
¶µ²´¥´Ò ¢ Ê¸²µ¢¨ÖÌ µÉ´µ¸¨É¥²Ó´µ ¡²¨§±µ° £¥µ³¥É·¨¨ ¶·¨ ¡µ²ÓÏ¨Ì § £·Ê§± Ì
¤¥É¥±Éµ· . �Éµ ¶µÉ·¥¡µ¢ ²µ ÊÎ¨ÉÒ¢ ÉÓ ¢ · ¸Î¥É Ì ®³¥·É¢µ¥¯ ¢·¥³Ö ¨§³¥·¨-
É¥²Ó´µ° ¸¨¸É¥³Ò ¨ ÊÎ¨ÉÒ¢ ÉÓ Ê³¥´ÓÏ¥´¨¥ (®¢Ò³Ò¢ ´¨¥¯) ¶²µÐ ¤¥° ËµÉµ-
¶¨±µ¢ γ1 ¨ γ2 ¸µ¢¶ ¤¥´¨Ö³¨. „²Ö ÊÎ¥É  ®³¥·É¢µ£µ¯ ¢·¥³¥´¨ ¢ ¨§³¥·¨É¥²Ó-
´ÊÕ ¸¨¸É¥³Ê ¢±²ÕÎ ²¸Ö £¥´¥· Éµ· ¨³¶Ê²Ó¸µ¢ Å 50 ƒÍ. �¨± µÉ £¥´¥· Éµ· 
¨³¶Ê²Ó¸µ¢ ·¥£¨¸É·¨·µ¢ ²¸Ö ¸ Ô´¥·£¨¥° 2900 ±Ô‚, ¨ ¶µ ¸Î¥ÉÊ ¢ ´¥³ µ¶·¥¤¥-
²Ö²µ¸Ó ®¦¨¢µ¥¯ ¢·¥³Ö Ô±¸¶µ§¨Í¨¨. „²Ö ÊÎ¥É  ®¢Ò³Ò¢ ´¨Ö¯ ¨§ ¶¨±µ¢ γ1 ¨
γ2 ¸µ¢¶ ¤¥´¨Ö³¨ ¡Ò²¨ µÍ¥´¥´Ò µÉ´µÏ¥´¨Ö ¶²µÐ ¤¥° ±µ³¶Éµ´µ¢¸±µ£µ · ¸-
¶·¥¤¥²¥´¨Ö ¨ ËµÉµ¶¨±  ¤²Ö γ1 ¨ γ2. „²Ö ¸¶¥±É·  60‘µ µ´¨ µ± § ²¨¸Ó · ¢-

´Ò³¨:
S±µ³¶É

SËµÉµ
(Eγ1332) = 5, 2 ¨

S±µ³¶É

SËµÉµ
(Eγ1173) = 4, 5. ‘µµÉ¢¥É¸É¢¥´´µ, ¢

¶²µÐ ¤Ó ËµÉµ¶¨±  γ1173 ¤µ¡ ¢²Ö²µ¸Ó (5, 2 + 1)Sγ1+γ2 ¨ ¢ ¶²µÐ ¤Ó γ1332 Å
(4, 5+1)Sγ1+γ2. ’ ±¨³ µ¡· §µ³, ¶µ¶· ¢±  ´  ®¢Ò³Ò¢ ´¨¥¯ ¸µ¸É ¢²Ö²  ∼ 8 %
¶·¨ r = 1, 5 ¸³ ¨ ∼ 1 % ¶·¨ r = 12 ¸³.

‚ · ¸Î¥É Ì ¶µ Ëµ·³Ê² ³ (2) ¨ (3) ÊÎ¨ÉÒ¢ ²¸Ö ¢±² ¤ ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°
¢ ¶²µÐ ¤Ó ¶¨±  ¨¸É¨´´ÒÌ ¸µ¢¶ ¤¥´¨° Sγ1+γ2. � §·¥Ï ÕÐ¥¥ ¢·¥³Ö ¸²ÊÎ °´ÒÌ
¸µ¢¶ ¤¥´¨° 2τ µ¶·¥¤¥²Ö²µ¸Ó ¨§ ¶²µÐ ¤¥° ¶¨±µ¢ ¸ ³µ¸µ¢¶ ¤¥´¨°:

Sγ1+γ1 = 2τSγ1Sγ1 ¨ Sγ2+γ2 = 2τSγ2Sγ2 .
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‚ ¸²ÊÎ ¥ 60‘µ µ´µ µ± § ²µ¸Ó · ¢´Ò³ 2τ = 6 · 10−7 ¸, ÎÉµ ¶·¨¢µ¤¨²µ ±
¢±² ¤Ê ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°, · ¢´µ³Ê 0, 035Sγ1+γ2 .

�¥§Ê²ÓÉ ÉÒ · ¸Î¥Éµ¢ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡²¨Í¥. ‚ ¶¥·¢µ° ¸É·µ±¥ ¶·¨¢¥¤¥´Ò
¶µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö  ±É¨¢´µ¸É¨ ¨¸ÉµÎ´¨±  60‘µ ¡¥§ ¶µ¶· ¢µ± ´  Ê£²µ¢Ò¥
±µ··¥²ÖÍ¨¨ Å n1, ¢µ ¢Éµ·µ° ¸É·µ±¥ Éµ ¦¥ ¸ ÊÎ¥Éµ³ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨° Å
n0. ‚ É·¥ÉÓ¥° ¸É·µ±¥ É ¡²¨ÍÒ ¶·¥¤¸É ¢²¥´Ò ¶µ²ÊÎ¥´´Ò¥ ¢¥²¨Î¨´Ò ÔËË¥±-
É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° 1332 ±Ô‚. �µ£·¥Ï´µ¸É¨ ¢¥§¤¥ ¸É É¨¸É¨Î¥¸±¨¥.

r, ¸³ 1,5 3 5 7 10 12 ‘·¥¤´¥¥

n1/104 4,84(4) 4,87(4) 5,05(3) 4,89(4) 5,10(6) 4,89(7) 4,94(10)

n0/104 5,19 5,27 5,49 5,36 5,63 5,42 5,4(2)

ε1332, % 1,30(3) 0,779(6) 0,495(3) 0,292(2) 0,169(2) 0,161(2) Å

�µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö n1 ´¥ µ¡´ ·Ê¦¨¢ ÕÉ ¶² ¢´µ£µ ¨§³¥´¥´¨Ö (Ê³¥´Ó-
Ï¥´¨Ö) ¸ Ê¢¥²¨Î¥´¨¥³ · ¸¸ÉµÖ´¨Ö ¨¸ÉµÎ´¨±Ä¤¥É¥±Éµ·, É. ¥. ³Ò ´¥ ´ ¡²Õ¤ ¥³
Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨°. � Éµ³ ¦¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É ÉµÉ Ë ±É, ÎÉµ ¶µ£·¥Ï´µ¸ÉÓ
¸·¥¤´¥£µ §´ Î¥´¨Ö n0 ´¥ ³¥´ÓÏ¥ ¶µ£·¥Ï´µ¸É¨ ¸·¥¤´¥£µ §´ Î¥´¨Ö n1. �¶·¥-
¤¥²¥´´µ¥ ¨§ É ¡²¨Í [4] µÉ´µÏ¥´¨¥ W (0◦, r = 12 ¸³) ± W (0◦, r = 1, 5 ¸³)
· ¢´µ 1,03, É. ¥. ¸²¥¤µ¢ ²µ µ¦¨¤ ÉÓ, ÎÉµ n1(r = 1, 5 ¸³) ´  3 % ¡µ²ÓÏ¥
n1(r = 12 ¸³). ‘É É¨¸É¨Î¥¸±¨¥ ¶µ£·¥Ï´µ¸É¨ §´ Î¥´¨° n1 µ±µ²µ 1 %. ’ ±¨³
µ¡· §µ³, ´¥´ ¡²Õ¤¥´¨¥ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨° ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´µ ¶µ£·¥Ï-
´µ¸ÉÖ³¨ §´ Î¥´¨° n1, É¥³ ¡µ²¥¥ ÎÉµ ·¥ ²Ó´Ò¥ ¶µ£·¥Ï´µ¸É¨ §´ Î¥´¨° n1,
¢¥·µÖÉ´µ, ´¥¸±µ²Ó±µ ¡µ²ÓÏ¥ ¸É É¨¸É¨Î¥¸±¨Ì. ‚²¨Ö´¨¥ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨°
´  ¨´É¥´¸¨¢´µ¸ÉÓ ¶¨±  ¸Ê³³Ò ¢ γ-¸¶¥±É· Ì ´ ¡²Õ¤ ¥É¸Ö ¨ ¨¸¶µ²Ó§Ê¥É¸Ö ¢ ¨¸-
¸²¥¤µ¢ ´¨ÖÌ Ë¨§¨±µ-Ì¨³¨Î¥¸±¨Ì ¸¢µ°¸É¢ ¢¥Ð¥¸É¢  ¶·¨ ¨§ÊÎ¥´¨¨ ¢µ§³ÊÐ¥´-
´ÒÌ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨° (¸³., ´ ¶·¨³¥·, [5]). ‘·¥¤´¥¥ §´ Î¥´¨¥  ±É¨¢´µ¸É¨
¨¸¶µ²Ó§µ¢ ´´µ£µ ´ ³¨ ¨¸ÉµÎ´¨±  60‘µ ¸ ÊÎ¥Éµ³ Ê£²µ¢ÒÌ ±µ··¥²ÖÍ¨°, · ¢´µ¥
54(2) ±�± (¸³. É ¡²¨ÍÊ), ¢ ¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¥° ¸µ¢¶ ¤ ¥É ¸ ¥£µ ¶ ¸¶µ·É´Ò³
§´ Î¥´¨¥³ 56,2(10) ±�±.

�´ ²µ£¨Î´Ò¥ ¨§³¥·¥´¨Ö ¨ · ¸ÎeÉÒ ¢Ò¶µ²´¥´Ò ¸ ¨¸ÉµÎ´¨± ³¨ 207Bi ¨
226Ra. �µ²ÊÎ¥´Ò ¢¥²¨Î¨´Ò ¨Ì  ±É¨¢´µ¸É¨ 240(20) ¨ 8,3(5) ±�± ¸µµÉ¢¥É-
¸É¢¥´´µ. �Éo ¨¸ÉµÎ´¨±¨ ¸µ¡¸É¢¥´´µ£µ ¨§£µÉµ¢²¥´¨Ö. � ¸¶µ·É´ÒÌ ¤ ´´ÒÌ ´ 
´¨Ì ´¥É. ‘· ¢´¨ÉÓ ¶µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ¨Ì  ±É¨¢´µ¸É¨ ´¥ ¸ Î¥³. �µ£·¥Ï´µ-
¸É¨ ¶µ²ÊÎ¥´´ÒÌ ¢¥²¨Î¨´ ¤¥³µ´¸É·¨·ÊÕÉ ¢µ§³µ¦´µ¸É¨ µ¡¸Ê¦¤ ¥³µ£µ ³¥Éµ¤ .
�¥¸±µ²Ó±µ ¡µ²ÓÏ¨¥ ¶µ£·¥Ï´µ¸É¨ ÔÉ¨Ì §´ Î¥´¨° ¶µ ¸· ¢´¥´¨Õ ¸ 60‘µ µ¡Ñ-
Ö¸´Ö¥³ ¤²Ö 207Bi §´ Î¨É¥²Ó´Ò³ ¢±² ¤µ³ ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨° ¢ ¶¨± ¸Ê³³Ò
1633 ±Ô‚ ¨ ¤²Ö 226Ra Å ¸²µ¦´µ¸ÉÓÕ γ-¸¶¥±É·  ÔÉµ£µ ´Ê±²¨¤  ¨ µÉ´µ¸¨É¥²Ó´µ
³ ²µ° ¨´É¥´¸¨¢´µ¸ÉÓÕ ¶¥·¥Ìµ¤  1408 ±Ô‚ (2,5 % · ¸¶ ¤µ¢).
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�·¨ · ¸¶ ¤¥ 207Bi, ´ ·Ö¤Ê ¸ ± ¸± ¤µ³ 570 + 1063 = 1633 ±Ô‚, ¢µ§´¨± ¥É
¨ ¤·Ê£µ°, ³¥´¥¥ ¨´É¥´¸¨¢´Ò° ± ¸± ¤:

207Bi
β−

−−→ 7/2− 2340 ±Ô‚
γ1770−−−−→ 5/2− 570 ±Ô‚

γ570−−−→ 1/2− 0 ±Ô‚ 207Pb.

ˆ´É¥´¸¨¢´µ¸ÉÓ γ-²ÊÎ¥° 1770 ±Ô‚ Å 5,9(2) % · ¸¶ ¤µ¢. Š·µ¸¸µ¢¥· γ-
¶¥·¥Ìµ¤ 2340 ±Ô‚ É¨¶  (Œ3,…4) ´¥¨§¢¥¸É¥´ [2]. ‚ γ-¸¶¥±É·¥ 207Bi ³Ò ´ -
¡²Õ¤ ¥³ ¶¨± 2340 ±Ô‚ = 570 + 1770. ‚ÒÎ¨¸²¥´´ Ö ¶µ ¶²µÐ ¤¨ ÔÉµ£µ ¶¨± 
¢¥²¨Î¨´   ±É¨¢´µ¸É¨ ¨¸ÉµÎ´¨±  207Bi, · ¢´ Ö 230(30) ±�±, ¸µ¢¶ ¤ ¥É ¸ ¶µ²Ê-
Î¥´´µ° ¶µ ¶¨±Ê ¸Ê³³Ò 1633 ±Ô‚. ˆ§³¥·¥´¨Ö γ-¸¶¥±É·  207Bi, ¢Ò¶µ²´¥´´Ò¥
¶·¨ · §´ÒÌ · ¸¸ÉµÖ´¨ÖÌ µÉ ¨¸ÉµÎ´¨±  ¤µ ¤¥É¥±Éµ· , ¶µ§¢µ²ÖÕÉ µÍ¥´¨ÉÓ ¨´-
É¥´¸¨¢´µ¸ÉÓ ±·µ¸¸µ¢¥· γ-¶¥·¥Ìµ¤  2340 ±Ô‚ Å 2,5(20)·10Ä3% · ¸¶ ¤µ¢ 207Bi.

’ ±¨³ µ¡· §µ³, ¶·µ¢¥¤¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö γ-¸¶¥±É·µ¢ 60‘µ, 207Bi ¨ 226Ra
¶µ± §Ò¢ ÕÉ, ÎÉµ ¤²Ö ´Ê±²¨¤µ¢, ¶·¨ · ¸¶ ¤¥ ±µÉµ·ÒÌ ¢µ§´¨± ¥É ± ¸± ¤ γ-²ÊÎ¥°
¨ µÉ¸ÊÉ¸É¢Ê¥É ¶·Ö³µ° ±·µ¸¸µ¢¥· γ-¶¥·¥Ìµ¤,  ¡¸µ²ÕÉ´ Ö  ±É¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨± 
¨ ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ γ-²ÊÎ¥° ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¶·¨ ¨§³¥·¥´¨¨
γ-¸¶¥±É·  ¸ ¶µ£·¥Ï´µ¸ÉÓÕ, ¤µ¸É¨£ ÕÐ¥° 5 %. ‡ ³¥É¨³ §¤¥¸Ó, ÎÉµ ¶·¨ ¨§³¥-
·¥´¨ÖÌ ¢ µÉ´µ¸¨É¥²Ó´µ ¤ ²¥±µ° £¥µ³¥É·¨¨: · ¸¸ÉµÖ´¨¥ ¨¸ÉµÎ´¨±Ä¤¥É¥±Éµ· ¢
É·¨ ¨ ¡µ²¥¥ · § ¡µ²ÓÏ¥ ¤¨ ³¥É·  ¤¥É¥±Éµ· ,  ±É¨¢´µ¸ÉÓ ¨¸ÉµÎ´¨±  ³µ¦¥É
¡ÒÉÓ ¢ÒÎ¨¸²¥´  ¶µ Ëµ·³Ê²¥ (2) ¡¥§ ¶µ¶· ¢µ± ´  ¸²ÊÎ °´µ¥ ¸Ê³³¨·µ¢ ´¨¥ ¨
´  ®¢Ò³Ò¢ ´¨¥¯ ¸ ¶µ£·¥Ï´µ¸ÉÓÕ, ´¥ ¶·¥¢ÒÏ ÕÐ¥° 10 %.

�¢Éµ·Ò ¶·¨§´ É¥²Ó´Ò ‚. Œ. ƒµ·µ¦ ´±¨´Ê ¨ ‚. ƒ. Š ²¨´´¨±µ¢Ê §  ¶µ²¥§-
´Ò¥ µ¡¸Ê¦¤¥´¨Ö ¨ ¶µ¤¤¥·¦±Ê ¶·¨ ¶·µ¢¥¤¥´¨¨ Ô±¸¶¥·¨³¥´Éµ¢.

� ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ Ë¨´ ´¸µ¢µ° ¶µ¤¤¥·¦±¥ �””ˆ (¶·µ¥±É 04-02-
17144).
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