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ƒ ´£·¸±¨° �. �. ¨ ¤·. P3-2004-125
�¥£¨¸É· Í¨Ö β-§ ¤¥·¦ ´´µ° ¤¢Ê´¥°É·µ´´µ° Ô³¨¸¸¨¨
¨§ µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö

�·µ¢¥¤¥´Ò Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¤¥É¥±É¨·µ¢ ´¨Õ § ¤¥·¦ ´´µ° Ô³¨¸¸¨¨ ¤¢ÊÌ ´¥°-
É·µ´µ¢ ¨§ µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö 238U, ¶µ²ÊÎ ¥³ÒÌ ´  ³¨±·µÉ·µ´¥ Œ’-25 ‹Ÿ�
�ˆŸˆ. �¸±µ²±¨ ¤¥²¥´¨Ö ¨§ ·¥ ±Í¨µ´´µ° ± ³¥·Ò ¤µ¸É ¢²Ö²¨¸Ó ± ¤¥É¥±Éµ·Ê
´¥°É·µ´µ¢  Ô·µ§µ²Ó´µ° £ §µ¢µ° ¸É·Ê¥°  §µÉ  ¶µ Éµ´±µ³Ê ± ¶¨²²Ö·Ê ¤¨ ³¥É·µ³
2 ³³. �ËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ ¤¥É¥±Éµ·µ³ ¸µ¸É ¢²Ö²  εn = 0,49
¤²Ö µ¤¨´µÎ´ÒÌ ´¥°É·µ´µ¢ ¨ ε2n = 0,24 ¤²Ö ¤¢µ°´ÒÌ. ‚·¥³Ö ¤µ¸É ¢±¨ µ¸±µ²±µ¢
µÉ ³¨Ï¥´¨ ¤µ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢ ¸µ¸É ¢²Ö²µ µ±µ²µ 0,5 ¸, ¢ ¤¥É¥±Éµ·¥ µ¸±µ²±¨
´ Ìµ¤¨²¨¸Ó µ±µ²µ 2,5 ¸. ‚ Ô±¸¶¥·¨³¥´É¥ ´ ¡²Õ¤ ¥É¸Ö ¤¢Ê´¥°É·µ´´ Ö  ±É¨¢´µ¸ÉÓ
¸ µÉ´µÏ¥´¨¥³ ± µ¤¨´µÎ´Ò³ § ¶ §¤Ò¢ ÕÐ¨³ ´¥°É·µ´ ³ ∼ 4,2 · 10−4.

� ¡µÉ  ¢Ò¶µ²´¥´  ¢ ‹ ¡µ· Éµ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �. ”²¥·µ¢  �ˆŸˆ.
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Registration of the β-Delayed Two-Neutron Emission
from the Photoˇssion Fragments of 238U

The β-delayed two-neutron emission was observed from photoˇssion fragments
of 238U, received on microtron Œ’-25 at FLNR, JINR. Fission fragments from the
reaction chamber were transported to the neutron detector by a nitrogen aerosol
gas jet through a thin capillary 2 mm in diameter. The efˇciency of the neutron
detector was εn = 0.49 for single neutrons and εn = 0.24 for double neutrons. The
transportation time was about 0.5 s, the transmission time of fragments through the
detection zone was about 2.5 s. In experiments two-neutron activity with the attitude
to single neutrons 4.2 · 10−4 was observed.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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	¥É -§ ¤¥·¦ ´´ Ö ¤¢Ê´¥°É·µ´´ Ö Ô³¨¸¸¨Ö, ¶·¥¤¸± § ´´ Ö ‚. ˆ. ƒµ²Ó¤ ´-
¸±¨³ ¢ 1960 £. [1], ¡Ò²  ¢¶¥·¢Ò¥ ´ ¡²Õ¤¥´  ¢ ´¥°É·µ´´µ-¨§¡ÒÉµÎ´µ³ ¨§µÉµ¶¥
²¨É¨Ö-11 [2],   ¢¶µ¸²¥¤¸É¢¨¨ ¢ ¨§µÉµ¶ Ì ´ É·¨Ö: Na-30, -31, -32 [3]. �³¨¸¸¨Ö
β-§ ¤¥·¦ ´´ÒÌ ´¥°É·µ´µ¢, ¢ Éµ³ Î¨¸²¥ ¨ ³´µ¦¥¸É¢¥´´ Ö, ³µ¦¥É µ¦¨¤ ÉÓ¸Ö
¤²Ö Ö¤¥· ¸ ¢Ò¸µ±µ° Ô´¥·£¨¥° β-· ¸¶ ¤  ¨ ´¨§±µ° Ô´¥·£¨¥° µÉ¤¥²¥´¨Ö ´¥°É·µ-
´µ¢.

�³¨¸¸¨Ö ´¥¸±µ²Ó±¨Ì § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ´ ¡²Õ¤ ² ¸Ó ± ± ¤²Ö Í¥-
²µ£µ ·Ö¤  ²¥£Î °Ï¨Ì ´¥°É·µ´´µ-¨§¡ÒÉµÎ´ÒÌ Ö¤¥·, É ± ¨ ¤²Ö µ¸±µ²±µ¢ ¤¥²¥´¨Ö
(É ¡². 1). ‚ ¸±µ¡± Ì ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´µ ¶µ²ÊÎ¥´´Ò¥ ¢¥·µÖÉ´µ¸É¨
¨ µÏ¨¡±¨ (¢ ¶·µÍ¥´É Ì) ¨¸¶Ê¸± ´¨Ö µÉ µ¤´µ£µ ¤µ Î¥ÉÒ·¥Ì β-§ ¶ §¤Ò¢ ÕÐ¨Ì
´¥°É·µ´µ¢ [2Ä4]. „²Ö µ¸±µ²±µ¢ ¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´ Ö β-§ ¤¥·¦ ´´ Ö Ô³¨¸-
¸¨Ö ´¥°É·µ´µ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ ´ ¡²Õ¤ ²a¸Ó Éµ²Ó±µ ¤²Ö ¤¢ÊÌ Ö¤¥·: 98Rb
¨ 100Rb [4], É ¡². 1, ¨ ¶·¥¤¸± §Ò¢ ² ¸Ó ¤²Ö ´¥¸±µ²Ó±¨Ì ¤·Ê£¨Ì Ö¤¥· [5Ä8],
É ¡². 2.

ŒÒ ¶·µ¢¥²¨ Ô±¸¶¥·¨³¥´ÉÒ ¶µ ¤¥É¥±É¨·µ¢ ´¨Õ § ¤¥·¦ ´´µ° Ô³¨¸¸¨¨ ¤¢ÊÌ
´¥°É·µ´µ¢ ¨§ µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö 238U(γ, f ), ¶µ²ÊÎ ¥³ÒÌ ´  ¶ÊÎ±¥ Éµ·³µ§-
´µ£µ γ-¨§²ÊÎ¥´¨Ö ´  ³¨±·µÉ·µ´¥ Œ’-25 ‹Ÿ� �ˆŸˆ [9].

‚ Ô±¸¶¥·¨³¥´É Ì ¶µ ´ ¡²Õ¤¥´¨Õ β-§ ¤¥·¦ ´´µ° ¤¢Ê´¥°É·µ´´µ° Ô³¨¸¸¨¨
¨§ µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨¸¶µ²Ó§µ¢ ² ¸Ó ³¥Éµ¤¨±  £ §µ¢µ° ¸É·Ê¨ c  Ô·µ§µ²Ö³¨.
�·µ¤Ê±ÉÒ ¤¥²¥´¨Ö, ¶µ¸²¥ Éµ·³µ¦¥´¨Ö ¨ µ¸É ´µ¢±¨ ¢ £ §¥, µ¸ ¦¨¢ ²¨¸Ó ´ 
 Ô·µ§µ²¨ ¨ ¢³¥¸É¥ ¸ £ §µ³ É· ´¸¶µ·É¨·µ¢ ²¨¸Ó ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ ∼ 70 % ¶µ
± ¶¨²²Ö·Ê ¤µ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢.

‚ Ô±¸¶¥·¨³¥´É Ì ¨¸¶µ²Ó§µ¢ ² ¸Ó Í¨²¨´¤·¨Î¥¸± Ö ·¥ ±Í¨µ´´ Ö ± ³¥· 
µ¡Ñ¥³µ³ 6,4 ¸³3, ¸ Éµ·Íµ¢ ±µÉµ·µ° · ¸¶µ² £ ²¨¸Ó ¤¢¥ µ¤´µ¸²µ°´Ò¥ Ê· ´µ¢Ò¥
³¨Ï¥´¨ ¤¨ ³¥É·µ³ 18 ³³. � ¸¸ÉµÖ´¨¥ ³¥¦¤Ê ³¨Ï¥´Ö³¨ ¸µ¸É ¢²Ö²µ 12 ³³.
‚ ± Î¥¸É¢¥ ³¨Ï¥´¥° ¨¸¶µ²Ó§µ¢ ² ¸Ó µ±¨¸Ó Ê· ´  U3O8, ´ ´¥¸¥´´ Ö ´   ²Õ-
³¨´¨¥¢ÊÕ Ëµ²Ó£Ê 100 ³±³ ¨ ∅ 26 ³³. �²µÉ´µ¸ÉÓ ³¨Ï¥´¥° ¸µ¸É ¢²Ö²  3,3
¨ 3,4 ³£/¸³2. ‚¢µ¤ ¨ ¢Ò¢µ¤ £ §  c  Ô·µ§µ²Ö³¨ µ¸ÊÐ¥¸É¢²Ö²¸Ö Î¥·¥§ · ¸¶µ-
²µ¦¥´´Ò¥ ¤·Ê£ ´ ¶·µÉ¨¢ ¤·Ê£  ¢Ìµ¤´Ò¥ ¨ ¢ÒÌµ¤´Ò¥ µÉ¢¥·¸É¨Ö, ±µÉµ·Ò¥ ¸µ-
¥¤¨´Ö²¨¸Ó, ¸µµÉ¢¥É¸É¢¥´´µ, ¸ ¸¨¸É¥³µ° ¶µ¤ Î¨ £ §  ¨ ¢ÒÌµ¤´Ò³ ± ¶¨²²Ö·µ³
(·¨¸. 1).

‚ ± Î¥¸É¢¥ ¡ÊË¥·´µ£µ £ §  ¨¸¶µ²Ó§µ¢ ²¸Ö  §µÉ. ‚ ·¥ ±Í¨µ´´µ° ± ³¥·¥
¶µ¤¤¥·¦¨¢ ²µ¸Ó ¤ ¢²¥´¨¥ 2  É³. ƒ § ¢ÒÉ¥± ² ¨§ ·¥ ±Í¨µ´´µ° ± ³¥·Ò ¶µ ± -
¶¨²²Ö·Ê ¢  É³µ¸Ë¥·Ê ¶µ¤ ¤¥°¸É¢¨¥³ ¨§¡ÒÉµÎ´µ£µ ¤ ¢²¥´¨Ö. �·¨³¥´¥´¨¥
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’ ¡²¨Í  1. ˆ§¢¥¸É´Ò¥ ¨§²ÊÎ É¥²¨ β-§ ¤¥·¦ ´´ÒÌ ³Ê²ÓÉ¨´¥°É·µ´µ¢

�Ê±²¨¤ T1/2, ³¸ xn Pxn, %

11Li 8,5
2n 4,1(4)
3n 1,9(2)

14Be 14,5
2n 0,80(8)
3n 0,2(2)

15B 10,4 2n 0,4(2)

2n 11(7)
17B 5,1 3n 3,5(7)

4n 0,4(3)

30Na 48 2n 1,17(16)

32Na 13,5 2n 8(2)

34Na 5,5 2n ∼ 50

98Rb 110 2n 0,38(6)

100Rb 51 2n 2,7(7)

’ ¡²¨Í  2. �·¥¤¸± § ´´Ò¥ ¢¥·µÖÉ´µ¸É¨ β-§ ¤¥·¦ ´´µ° ¤¢Ê´¥°É·µ´´µ° Ô³¨¸¸¨¨
¨§ µ¸±µ²±µ¢ ¤¥²¥´¨Ö

�Ê±²¨¤ T1/2, ³¸ Qβ−B2n, ŒÔ‚ P2n, % Y , 1/f

86As 0,90 1,33 0,02 4,0 · 10−4

94Br 0,07 3,78 3,12 1,3 · 10−5

112Nb (0,10) 3,79 1,28 6,1 · 10−10

134In 0,10 5,54 99 2,7 · 10−7

136Sb 0,80 2,25
10,6

3,3 · 10−4

0.28
142J 0,20 2,28 0,76 5,3 · 10−5

150Cs (0,15) 2,97 1,48 1,3 · 10−8

 §µÉ  ¶µ§¢µ²¨²µ µ¸É ´ ¢²¨¢ ÉÓ ¢ £ §¥ ¨ ¸µ¡¨· ÉÓ ¶· ±É¨Î¥¸±¨ ¢¸¥ µ¸±µ²±¨
¤¥²¥´¨Ö, ¢Ò²¥É¥¢Ï¨¥ ¨§ ³¨Ï¥´¥°. ˆ¸¶µ²Ó§µ¢ ´¨¥  §µÉ ,   ´¥ £¥²¨Ö, ¶·¨ ´¥-
¡µ²ÓÏµ³ µ¡Ñ¥³¥ ± ³¥·Ò, ¸ µ¤´µ° ¸Éµ·µ´Ò, Ê¢¥²¨Î¨²µ ¢ÒÌµ¤ µ¸±µ²±µ¢ ¢ ´¥-
¸±µ²Ó±µ · §,   ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¶µ§¢µ²¨²µ ¸µÌ· ´¨ÉÓ ±µ·µÉ±¨¥ ¢·¥³¥´ 
Ô¢ ±Ê Í¨¨ ¨ É· ´¸¶µ·É¨·µ¢±¨ (0,5 ¸) µ¸±µ²±µ¢ ¤¥²¥´¨Ö ¨§ ·¥ ±Í¨µ´´µ° ± -

2



�¨¸. 1. 	²µ±-¸Ì¥³  Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨

³¥·Ò ¤µ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢. „²Ö ÔËË¥±É¨¢´µ£µ ¸¡µ·  ¨ É· ´¸¶µ·É¨·µ¢±¨
µ¸±µ²±µ¢ ¤µ ¤¥É¥±Éµ·   §µÉ ¶·µ¶Ê¸± ²¸Ö Î¥·¥§ £¥´¥· Éµ·  Ô·µ§µ²¥°. ‚ ± Î¥-
¸É¢¥ ³ É¥·¨ ²  ¤²Ö  Ô·µ§µ²¥° ¸²Ê¦¨²  ¸µ²Ó KBr, ´ £·¥¢ ¥³ Ö ¤µ É¥³¶¥· ÉÊ·Ò
T = (640 ± 10) ‘. �µ¤·µ¡´µ¥ µ¶¨¸ ´¨¥ £¥´¥· Éµ·   Ô·µ§µ²¥° ¨ ·¥¦¨³µ¢ ¥£µ
· ¡µÉÒ ¶·¨¢µ¤¨É¸Ö ¢ · ¡µÉ¥ [10].

„¥É¥±Éµ· ´¥°É·µ´µ¢ · §³¥Ð ²¸Ö ´  ¢Éµ·µ³ ÔÉ ¦¥, ¢ ±µ³´ É¥ ´ ¤ ³¨±·µ-
É·µ´µ³. Œ¥¦ÔÉ ¦´µ¥ ¡¥Éµ´´µ¥ ¶¥·¥±·ÒÉ¨¥ ¨³¥²µ Éµ²Ð¨´Ê 1,5 ³. „²¨´  ± -
¶¨²²Ö·  µÉ ³¨Ï¥´¨ ¤µ ¤¥É¥±Éµ·  ¸µ¸É ¢²Ö²  9 ³, ¢´ÊÉ·¨ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢
· §³¥Ð ²µ¸Ó 30 ³ ± ¶¨²²Ö· . �µ¸²¥ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢ µ¸±µ²±¨ Ê´µ¸¨²¨¸Ó
¸É·Ê¥° ´  10 ³ ¨ ¢Ò¸ ¦¨¢ ²¨¸Ó ´  ¢µ²µ±´¨¸Éµ³ Ë¨²ÓÉ·¥. ‚ÒÌµ¤ Ë¨²ÓÉ·  ¡Ò²
¸µ¥¤¨´¥´ ¸ ¢ÒÉÖ¦´µ° ¸¶¥Í¢¥´É¨²ÖÍ¨¥°. �Éµ ¡Ò²µ ¸¤¥² ´µ ¤²Ö Éµ£µ, ÎÉµ¡Ò
· ¤¨µ ±É¨¢´Ò¥ ¨´¥·É´Ò¥ £ §Ò Kr, Xe ¨ ¤µÎ¥·´¨¥ ¶·µ¤Ê±ÉÒ ¨Ì · ¸¶ ¤  ´¥
¶µ¶ ¤ ²¨ ¢ ¶·µ¸É· ´¸É¢µ ¶µ³¥Ð¥´¨Ö ¤¥É¥±Éµ· . Š·µ³¥ Éµ£µ, ÎÉµ¡Ò ¨§¡¥¦ ÉÓ
·¥£¨¸É· Í¨¨ ´¥°É·µ´´Ò³ ¤¥É¥±Éµ·µ³ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢, ¨¸¶Ê¸± ¥-
³ÒÌ ¨§ µ¸±µ²±µ¢ ¸ Ë¨²ÓÉ· , ¶µ¸²¥¤´¨° ¶µ³¥Ð ²¸Ö ¢ ¶µ²¨ÔÉ¨²¥´µ¢Ò° ±Ê¡,
§ ±·ÒÉÒ° ²¨¸É ³¨ ³¥É ²²¨Î¥¸±µ£µ ± ¤³¨Ö.

„¥É¥±Éµ· ´¥°É·µ´µ¢ ¶·¥¤¸É ¢²Ö² ¸µ¡µ° ¸¶²µÏ´ÊÕ Í¨²¨´¤·¨Î¥¸±ÊÕ ¶ÖÉ¨-
¸²µ°´ÊÕ ¸¡µ·±Ê ¨§ 61-£µ ¶·µ¶µ·Í¨µ´ ²Ó´µ£µ 3He-¸Î¥ÉÎ¨± , § ¶µ²´¥´´µ£µ 3He
¤µ ¤ ¢²¥´¨Ö 7  É³ (·¨¸. 1). Š ¦¤Ò° ¸Î¥ÉÎ¨± ¤²¨´µ° 50 ¸³ ¨ ¤¨ ³¥É·µ³ 32 ³³
¡Ò² µ±·Ê¦¥´ ¶µ²¨ÔÉ¨²¥´µ¢µ° µ¡µ²µÎ±µ°, ¶·¥¤¸É ¢²ÖÕÐ¥° ¸µ¡µ° ¢ ¶µ¶¥·¥Î-
´µ³ ¸¥Î¥´¨¨ Ï¥¸É¨£· ´´¨± ¸ · ¸¸ÉµÖ´¨¥³ ³¥¦¤Ê ¶ · ²²¥²Ó´Ò³¨ ¸Éµ·µ´ ³¨
5 ¸³. Š·µ³¥ Éµ£µ, ¤¥É¥±Éµ· ¸ ¢´¥Ï´¥° ¸Éµ·µ´Ò ¡Ò² § Ð¨Ð¥´ µÉ ¢´¥Ï´¨Ì ´¥°-
É·µ´µ¢ µ¡µ²µÎ±µ°, ¸µ¸ÉµÖÐ¥° ¨§ ¡µ·¨·µ¢ ´´µ£µ ¶µ²¨ÔÉ¨²¥´ . � §³¥Ð¥´´ Ö
¢´ÊÉ·¨ ´¥°É·µ´´µ£µ ¤¥É¥±Éµ·  30-³ Î ¸ÉÓ ± ¶¨²²Ö·  ¡Ò²  ¸¢¥·´ÊÉ  ¢ ¸¶¨· ²Ó
¤¨ ³¥É·µ³ 15 ¸³ ¢µ±·Ê£ ¸¥³¨ Í¥´É· ²Ó´ÒÌ ¸Î¥ÉÎ¨±µ¢.

ˆ¸¶ÊÐ¥´´Ò¥ µ¸±µ²± ³¨ ¤¥²¥´¨Ö β-§ ¤¥·¦ ´´Ò¥ ´¥°É·µ´Ò ¸ Ô´¥·£¨Ö³¨
¤µ 1,5 ŒÔ‚ §  ¤¥¸ÖÉµ± ³¨±·µ¸¥±Ê´¤ § ³¥¤²ÖÕÉ¸Ö ¤µ É¥¶²µ¢ÒÌ ¸±µ·µ¸É¥° ¨
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�¨¸. 2. � ¸¶·¥¤¥²¥´¨¥ ¶µ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨° ´¥°É·µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¶·¨ ·¥£¨¸É· -
Í¨¨ ³£´µ¢¥´´ÒÌ ´¥°É·µ´µ¢ µÉ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö 248Cm

§ É¥³ ²¨¡µ § Ì¢ ÉÒ¢ ÕÉ¸Ö ¢¥Ð¥¸É¢µ³ ¤¥É¥±Éµ· , ²¨¡µ ÊÌµ¤ÖÉ ¨§ ´¥£µ. 	² £µ-
¤ ·Ö ¡µ²ÓÏµ³Ê ¸¥Î¥´¨Õ § Ì¢ É  É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¢ ·¥ ±Í¨¨ 3He + n →
→ 3H+p+780 ±Ô¢, · ¢´µ³Ê 5700 ¡, §´ Î¨É¥²Ó´ Ö ¤µ²Ö ´¥°É·µ´µ¢ § Ì¢ ÉÒ¢ -
¥É¸Ö 3He,   ¨¸¶ÊÐ¥´´Ò¥ ¢ ·¥ ±Í¨¨ ¶·µÉµ´Ò ·¥£¨¸É·¨·ÊÕÉ¸Ö 3He-¸Î¥ÉÎ¨± ³¨,
· ¡µÉ ÕÐ¨³¨ ¢ ¶·µ¶µ·Í¨µ´ ²Ó´µ³ ·¥¦¨³¥.

� ¸Î¥É´µ¥ ¢·¥³Ö ¤µ¸É ¢±¨ µ¸±µ²±µ¢ µÉ ³¨Ï¥´¨ ¤µ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢
¸µ¸É ¢²Ö²µ µ±µ²µ 0,5 ¸, ¢ ¤¥É¥±Éµ·¥ µ¸±µ²±¨ ´ Ìµ¤¨²¨¸Ó µ±µ²µ 2,5 ¸. „¥-
É¥±É¨·µ¢ ´¨¥ ³´µ¦¥¸É¢¥´´ÒÌ ´¥°É·µ´µ¢ µ¸ÊÐ¥¸É¢²Ö²µ¸Ó É ± [11]: ¶µ¸²¥ ¸· -
¡ ÉÒ¢ ´¨Ö ²Õ¡µ£µ ¨§ 61 ¸Î¥ÉÎ¨±µ¢ ´¥°É·µ´µ¢ µÉ±·Ò¢ ²µ¸Ó ¢·¥³¥´´µ¥ µ±´µ
128 ³±¸, ¶µ¢Éµ·´µ¥ ¸· ¡ ÉÒ¢ ´¨¥ ²Õ¡µ£µ ¨§ ¸Î¥ÉÎ¨±µ¢ ¢ ¤ ´´µ³ ¨´É¥·¢ ²¥
¢·¥³¥´¨ µ§´ Î ²µ ³´µ¦¥¸É¢¥´´ÊÕ ·¥£¨¸É· Í¨Õ ´¥°É·µ´µ¢. �  ·¨¸. 2 ¶·¨-
¢¥¤¥´µ · ¸¶·¥¤¥²¥´¨¥ ¶µ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨° ´¥°É·µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¶·¨
·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö 248Cm. Š ± ¢¨¤´µ ¨§ ·¨¸Ê´± ,
³£´µ¢¥´´Ò¥ ´¥°É·µ´Ò ¤¥²¥´¨Ö ¨³¥ÕÉ ¢·¥³Ö ¦¨§´¨ ¢ ¤¥É¥±Éµ·¥, · ¢´µ¥ 15 ³±¸,
¨ ¶· ±É¨Î¥¸±¨ ¶µ²´µ¸ÉÓÕ ·¥£¨¸É·¨·ÊÕÉ¸Ö ¢ É¥Î¥´¨¥ 64 ³±¸ ¶µ¸²¥ ¤¥²¥´¨Ö.

�µÔÉµ³Ê ¶·¨ · ¸¸³µÉ·¥´¨¨ ±· É´ÒÌ ´¥°É·µ´´ÒÌ § ¶ §¤Ò¢ ÕÐ¨Ì ¸µ¡Ò-
É¨°, · ¡µÎ¨° ¸¶¥±É· ±µÉµ·ÒÌ ¨§µ¡· ¦¥´ ´  ·¨¸. 3, ¢¸¥ ¸µ¡ÒÉ¨Ö ¢µ ¢·¥³¥´´µ³
¨´É¥·¢ ²¥ ³¥¦¤Ê § ·¥£¨¸É·¨·µ¢ ´´Ò³¨ ´¥°É·µ´ ³¨ µÉ 64 ¤µ 128 ³±¸ · ¸¸³ -
É·¨¢ ²¨¸Ó ± ± ·¥§Ê²ÓÉ É ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°. ’ ±¨³ µ¡· §µ³, ³Ò Ô±¸¶¥·¨-
³¥´É ²Ó´µ ¨§³¥·Ö²¨ Ê·µ¢¥´Ó ¸²ÊÎ °´ÒÌ ¸µ¢¶ ¤¥´¨°, ±µÉµ·Ò° ¶·¨ µ¡· ¡µÉ±¥
·¥§Ê²ÓÉ Éµ¢ ¢ÒÎ¨É ²¸Ö ¨§ ±· É´ÒÌ ´¥°É·µ´´ÒÌ ¸µ¡ÒÉ¨° ¸µ ¢·¥³¥´¥³ ·¥£¨-
¸É· Í¨¨ µÉ 0 ¤µ 64 ³±¸. �¸´µ¢´µ° Ëµ´ ¶·¨ ¨§³¥·¥´¨ÖÌ ¡Ò² ¸¢Ö§ ´ ¨³¥´´µ ¸µ
¸²ÊÎ °´Ò³¨ ¸µ¢¶ ¤¥´¨Ö³¨ µ¤¨´µÎ´ÒÌ β-§ ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢. �µ ÔÉµ°
¶·¨Î¨´¥ ¸·¥¤´¨° ¸Î¥É µ¤¨´µÎ´ÒÌ ´¥°É·µ´µ¢ ¤¥É¥±Éµ·µ³ ¶·¨Ï²µ¸Ó Ê³¥´Ó-
Ï¨ÉÓ ¤µ Ê·µ¢´Ö 10Ä15 ÏÉ./¸. �±¸¶¥·¨³¥´É ¸µ¸ÉµÖ² ¨§ ¤¢ÊÌ Ô±¸¶µ§¨Í¨° ¶µ 8
Î ¸µ¢ ± ¦¤ Ö. �  ·¨¸. 3 ¨§µ¡· ¦¥´ ¸Ê³³ ·´Ò° ¸¶¥±É· ÔÉ¨Ì ¤¢ÊÌ Ô±¸¶µ§¨Í¨°.
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�¨¸. 3. � ¸¶·¥¤¥²¥´¨Ö ¶µ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨° ´¥°É·µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¶·¨ ·¥£¨¸É· -
Í¨¨ ´¥°É·µ´µ¢ ¶·¨ ËµÉµ¤¥²¥´¨¨ 238U

„²Ö Ê³¥´ÓÏ¥´¨Ö Ëµ´  µÉ ´¥°É·µ´µ¢, ¸¢Ö§ ´´ÒÌ ¸ · ¡µÉµ° Ê¸±µ·¨É¥²Ö
Œ’-25, ËµÉµ¤¥²¥´¨¥ Ê· ´  ¶·µ¢µ¤¨²µ¸Ó ¶·¨ Ô´¥·£¨¨ Ô²¥±É·µ´µ¢ Ee =
= 10,5 ŒÔ‚. �·¨ · ¡µÉ¥ Ê¸±µ·¨É¥²Ö ´  É ±µ° Ô´¥·£¨¨ ¸Î¥É ´¥°É·µ´µ¢ ¤¥É¥±-
Éµ·µ³ ´¥ µÉ²¨Î ²¸Ö µÉ ¸Î¥É  ¤¥É¥±Éµ·µ³ ¶·¨ ¢Ò±²ÕÎ¥´´µ³ Ê¸±µ·¨É¥²¥.

‚ ´ Ï¨Ì ¨§³¥·¥´¨ÖÌ µÉ¸ÊÉ¸É¢µ¢ ²  ¢µ§³µ¦´µ¸ÉÓ µ·£ ´¨§ Í¨¨ ± ±¨Ì-²¨¡µ
¸µ¢¶ ¤¥´¨° Å ´ ¶·¨³¥· βn, γn, βγn Å ¨§-§  Éµ£µ, ÎÉµ β- ¨²¨ γ-Ëµ´Ò ¡Ò²¨
§´ Î¨É¥²Ó´µ ¢ÒÏ¥ ´¥°É·µ´´µ£µ Ëµ´ . ˆ§-§  µÉ¸ÊÉ¸É¢¨Ö ¸µ¢¶ ¤¥´¨° ´  ·¥-
§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ¸É ´µ¢¨É¸Ö ¸ÊÐ¥¸É¢¥´´Ò³ ¢²¨Ö´¨¥ ±µ¸³¨Î¥¸±µ£µ Ëµ´  µÉ
±· É´ÒÌ ´¥°É·µ´µ¢, ¸¢Ö§ ´´ÒÌ ¸ Ö¤¥·´Ò³¨ ·¥ ±Í¨Ö³¨ ±µ¸³¨Î¥¸±¨Ì ¶·µÉµ´µ¢,
´¥°É·µ´µ¢, ³Õµ´µ¢ ´  ³ É¥·¨ ² Ì ¸·¥¤Ò, µ±·Ê¦ ÕÐ¥° ¤¥É¥±Éµ· ´¥°É·µ´µ¢.
�¥§Ê²ÓÉ ÉÒ ¨§³¥·¥´¨° ÔÉµ£µ Ëµ´  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4. �µ¶· ¢±¨ ´  ÔÉµÉ
¨¸ÉµÎ´¨± Ëµ´  É ±¦¥ ¡Ò²¨ ÊÎÉ¥´Ò ¶·¨  ´ ²¨§¥ ·¥§Ê²ÓÉ Éµ¢.

�ËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ µ¤¨´µÎ´ÒÌ ´¥°É·µ´µ¢ ¤¥É¥±Éµ·µ³ ¸µ¸É ¢¨² 
εn = 0,49,   ¤¢Ê±· É´ÒÌ ´¥°É·µ´µ¢ ε2n = 0,24. �¶·¥¤¥²Ö²¨¸Ó ÔÉ¨ ¢¥²¨Î¨´Ò
¸ ¶µ³µÐÓÕ ± ²¨¡·µ¢ ´´µ£µ ¨¸ÉµÎ´¨±  ´¥°É·µ´µ¢ ¨§µÉµ¶  248Cm, ¨³¥ÕÐ¥£µ
¸·¥¤´¥¥ Î¨¸²µ ¨¸¶ÊÐ¥´´ÒÌ ´¥°É·µ´µ¢ ´  µ¤¨´  ±É ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö, · ¢-
´µe ε = 3,134. ‡´ Ö ¢¥·µÖÉ´µ¸ÉÓ ¨¸¶Ê¸± ´¨Ö ¨¸ÉµÎ´¨±µ³ 248Cm ¤¢ÊÌ, É·¥Ì
¨ Î¥ÉÒ·¥Ì ´¥°É·µ´µ¢ ¨ ¨§³¥·ÖÖ ¨Ì µÉ´µÏ¥´¨¥ ¤²Ö ¤ ´´µ£µ ¤¥É¥±Éµ·  ´¥°-
É·µ´µ¢: N2/N3 = 2,48 ± 0,06 ¨ N3/N4 = 3,92 ± 0,16, ³µ¦´µ µ¶·¥¤¥²¨ÉÓ
ÔËË¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¤¥É¥±Éµ·µ³ µ¤¨´µÎ´ÒÌ ´¥°É·µ´µ¢.

�µ¸²¥ ¢ÒÎ¨É ´¨Ö ¨§ · ¡µÎ¥£µ ¸¶¥±É·  ¢¸¥Ì ¨¸ÉµÎ´¨±µ¢ Ëµ´  ¨ ÊÎ¥É  ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ± ± ¤²Ö µ¤¨´µÎ´ÒÌ ´¥°É·µ´µ¢, É ± ¨ ¤²Ö ¤¢µ°´ÒÌ
¸µ¢¶ ¤¥´¨° ¡Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ ¤²Ö ¤ ´´ÒÌ ¢·¥³¥´´ÒÌ Ê¸²µ¢¨° (¢·¥³Ö
É· ´¸¶µ·É  ¨ ´ Ìµ¦¤¥´¨Ö ¢ ¤¥É¥±Éµ·¥) ¸·¥¤´¨° ¸Î¥É ¤¢Ê±· É´ÒÌ β-§ ¶ §¤Ò-
¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¨§ µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö 238U ¸µ¸É ¢²Ö¥É (9,0±1,0) ÏÉ./Î.
�Éµ ¸µµÉ¢¥É¸É¢Ê¥É ¸µµÉ´µÏ¥´¨Õ 2n/1n = 4,2 · 10−4. �±¸¶¥·¨³¥´É ²Ó´Ò°
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�¨¸. 4. � ¸¶·¥¤¥²¥´¨Ö ¶µ ¢·¥³¥´¨ ¸· ¡ ÉÒ¢ ´¨° ´¥°É·µ´´ÒÌ ¸Î¥ÉÎ¨±µ¢ ¶·¨ ·¥£¨¸É· -
Í¨¨ ´¥°É·µ´µ¢ µÉ ±µ¸³¨Î¥¸±µ£µ ¨§²ÊÎ¥´¨Ö

·¥§Ê²ÓÉ É, É ±¨³ µ¡· §µ³, ³µ¦¥É ¡ÒÉÓ ¸Ëµ·³Ê²¨·µ¢ ´ ± ± ´ ¡²Õ¤¥´¨¥ ¤¢Ê-
´¥°É·µ´´µ° β-§ ¶ §¤Ò¢ ÕÐ¥°  ±É¨¢´µ¸É¨ ¤²Ö µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö. �·¨
ÔÉµ³ ÔÉ   ±É¨¢´µ¸ÉÓ ´¥ ³µ¦¥É ¡ÒÉÓ µ¡ÑÖ¸´¥´  §  ¸Î¥É 98Rb ¨ 100Rb ¸ ÊÎ¥Éµ³
¢·¥³¥´ ¨Ì ¦¨§´¨, µÉ´µ¸¨É¥²Ó´Ò³ ¢ÒÌµ¤µ³ ÔÉ¨Ì µ¸±µ²±µ¢ ¶·¨ ËµÉµ¤¥²¥´¨¨
Ê· ´ : 2,8 · 10−7 ¨ 3,9 · 10−9, ¸µµÉ¢¥É¸É¢¥´´µ, ¨ µÉ´µ¸¨É¥²Ó´µ° ¨´É¥´¸¨¢-
´µ¸É¨ 2n/1n. ‘ ÊÎ¥Éµ³ ¨³¥ÕÐ¨Ì¸Ö É¥µ·¥É¨Î¥¸±¨Ì ¶·¥¤¸± § ´¨° ´ ¨¡µ²¥¥
¨´É¥·¥¸´Ò Ö¤· , Ê± § ´´Ò¥ ¢ É ¡². 2, ¨§ ±µÉµ·ÒÌ µ¸µ¡¥´´µ ¶¥·¸¶¥±É¨¢´µ ¤²Ö
¨¸¸²¥¤µ¢ ´¨° Ö¤·µ 136Sb. …¸²¨ µÉ´¥¸É¨ ¢¸Õ ´ ¡²Õ¤ ¢ÏÊÕ¸Ö ¤¢Ê´¥°É·µ´´ÊÕ
 ±É¨¢´µ¸ÉÓ ´  ¸Î¥É · ¸¶ ¤  136Sb, Éµ Pβ−2n = (2,0 ± 0,2)% ¤²Ö 136Sb (¢Ò-
Ìµ¤ 136Sb ¢ ·¥ ±Í¨¨ ËµÉµ¤¥²¥´¨Ö 238U ¶·¨´ÖÉ · ¢´Ò³ 6,22 · 10−4, ± ± ¨ ¶·¨
¤¥²¥´¨¨ ÔÉµ£µ ¨§µÉµ¶  Ê· ´  ´¥°É·µ´ ³¨ ¢Ò¸µ±µ° Ô´¥·£¨¨ [12]). ‘µ£² ¸´µ É¥-
µ·¥É¨Î¥¸±¨³ ¶·¥¤¸± § ´¨Ö³ [13] Ô³¨¸¸¨Ö β § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ µ¦¨¤ -
¥É¸Ö ¤²Ö ¤·Ê£¨Ì Ö¤¥· ¸ A = 136: 136

48 Cd: T1/2 = 30−130 ³¸, Pβn = 44−100 %;
136
49 In: T1/2 = 30−70 ³¸, Pβn = 57−100 %, µ¤´ ±µ ¢ÒÌµ¤ ¨Ì ¶·¨ ËµÉµ¤¥²¥´¨¨
Ê· ´  §´ Î¨É¥²Ó´µ ³¥´ÓÏ¥, Î¥³ Ê ¸Ê·Ó³Ò.

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ Œ. ƒ. ˆÉ±¨¸Ê, �. –. �£ ´¥-
¸Ö´Ê ¨ ‘. �. „³¨É·¨¥¢Ê §  ¶µ¸ÉµÖ´´Ò° ¨´É¥·¥¸ ¨ ¶µ¤¤¥·¦±Ê · ¡µÉÒ, ƒ. ‚. 	Ê±-
² ´µ¢Ê §  ¨§£µÉµ¢²¥´¨¥ ³¨Ï¥´¥° ¨ �. ƒ. 	¥²µ¢Ê §  ¶·µ¢¥¤¥´¨¥ µ¡²ÊÎ¥´¨° ´ 
³¨±·µÉ·µ´¥. � ¡µÉ  ¢Ò¶µ²´¥´  ¶·¨ ¶µ¤¤¥·¦±¥ �””ˆ (£· ´É º 04-02-16955)
¨ ˆ�’�‘ (£· ´É º 2000-00463).
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