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Gangrsky Yu. P. et al. P15-2004-119

Independent Yields of Kr and Xe Fragments at Photofission

of Odd Nuclei 237Np and 243Am

The independent yields of fragments Kr ( )A� �89 93 and Õå ( )A� �135 142

at photofission of odd nuclei 237Np and 243Am are presented. The experiments were

performed using the bremsstrahlung of 25 MeV electrons on the microtron of FLNR,

JINR. A technique was used that included the transportation of fragments which es-

caped from the target with the gas flow through a capillary and the condensation of in-

ert gases in a cryostat at the temperature of liquid nitrogen. Kr and Xe isotopes were

identified by the � spectra of their daughter products. The mass number distributions

of the independent yields of Kr and Xe isotopes and of the complementary fragments

(Y and La at the photofission of 237Np and Nb and Pr at the photofission of 243Am)

were obtained.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-

tions, JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2004
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Íåçàâèñèìûå âûõîäû îñêîëêîâ Kr è Õå

ïðè ôîòîäåëåíèè íå÷åòíûõ ÿäåð 237Np è 243Am

Ïðåäñòàâëåíû ðåçóëüòàòû èçìåðåíèé íåçàâèñèìûõ âûõîäîâ îñêîëêîâ Kr

( )A� �89 93 è Õå ( )A� �135 142 ïðè ôîòîäåëåíèè íå÷åòíûõ ÿäåð 237Np è 243Am.

Ýêñïåðèìåíòû ïðîâîäèëèñü íà ïó÷êå òîðìîçíîãî èçëó÷åíèÿ ýëåêòðîíîâ ñ ýíåð-

ãèåé 25 ÌýÂ íà ìèêðîòðîíå ËßÐ ÎÈßÈ. Èñïîëüçîâàëàñü ìåòîäèêà ïåðåíîñà âû-

ëåòåâøèõ èç ìèøåíè îñêîëêîâ ãàçîâûì ïîòîêîì ïî êàïèëëÿðó è êîíäåíñàöèè

èíåðòíûõ ãàçîâ â êðèîñòàòå ïðè òåìïåðàòóðå æèäêîãî àçîòà. Èäåíòèôèêàöèÿ

îñêîëêîâ Kr è Õå ïðîâîäèëàñü ïî �-ñïåêòðàì èõ äî÷åðíèõ ïðîäóêòîâ. Ïîëó÷åíû

ðàñïðåäåëåíèÿ ïî ìàññîâûì ÷èñëàì íåçàâèñèìûõ âûõîäîâ èçîòîïîâ Kr è Õå,

à òàêæå ñîïðÿæåííûõ èì îñêîëêîâ (Y è La ïðè äåëåíèè 237Np è Nb è Pr ïðè äåëå-

íèè 243Am).

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè ÿäåðíûõ ðåàêöèé èì. Ã. Í. Ôëåðîâà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004

Ïåðåâîä àâòîðîâ



‚‚…„…�ˆ…

�¤´¨³ ¨§ ´ ¶· ¢²¥´¨° ¨¸¸²¥¤µ¢ ´¨° ³¥Ì ´¨§³  Ö¤¥·´µ£µ ¤¥²¥´¨Ö Ö¢²Ö-
¥É¸Ö ¨§³¥·¥´¨¥ ¢ÒÌµ¤µ¢ µ¸±µ²±µ¢ ¨ ¨Ì § ¢¨¸¨³µ¸É¥° µÉ · §²¨Î´ÒÌ Ì · ±É¥·¨-
¸É¨± ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¨ µ¡· §ÊÕÐ¨Ì¸Ö µ¸±µ²±µ¢ (´Ê±²µ´´Ò° ¸µ¸É ¢, Ô´¥·£¨Ö
¢µ§¡Ê¦¤¥´¨Ö, Ê£²µ¢µ° ³µ³¥´É). �¸µ¡Ò° ¨´É¥·¥¸ ¶·¥¤¸É ¢²ÖÕÉ ¨§³¥·¥´¨Ö ¢Ò-
Ìµ¤µ¢ ¶¥·¢¨Î´ÒÌ µ¸±µ²±µ¢ (¨²¨ ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢), É. ¥. É¥Ì µ¸±µ²±µ¢,
±µÉµ·Ò¥ µ¡· §ÊÕÉ¸Ö ¶µ¸²¥ · §·Ò¢  ¤¥²ÖÐ¥£µ¸Ö Ö¤·  ¨ Ô³¨¸¸¨¨ ´¥°É·µ´µ¢,
´µ ¥Ð¥ ´¥ ¨¸¶ÒÉ ²¨ β-· ¸¶ ¤. �É¨ ¨§³¥·¥´¨Ö Ö¢²ÖÕÉ¸Ö ¨¸ÉµÎ´¨±µ³ ¢ ¦´µ°
¨´Ëµ·³ Í¨¨ µ Ëµ·³¨·µ¢ ´¨¨ ´Ê±²µ´´µ£µ ¸µ¸É ¢  µ¸±µ²±µ¢ ¢ ¶·µÍ¥¸¸¥ ¨Ì
¶¥·¥Ìµ¤  µÉ ¸¥¤²µ¢µ° ÉµÎ±¨ ± ÉµÎ±¥ · §·Ò¢ .

�¤´ ±µ ¤ ´´ÒÌ µ¡ ÔÉµ³ ¶·µÍ¥¸¸¥ Ö¢´µ ´¥¤µ¸É ÉµÎ´µ, ¨ µ´¨ µÉ´µ¸ÖÉ¸Ö
¢ µ¸´µ¢´µ³ ± ¤¥²¥´¨Õ Ö¤¥· U ¨ Pu ´¥°É·µ´ ³¨ ¨ ± ¸¶µ´É ´´µ³Ê ¤¥²¥´¨Õ
252Cf [1, 2]. �·¥¤¸É ¢²Ö¥É ¨´É¥·¥¸ · ¸Ï¨·¨ÉÓ ¶µ¤µ¡´µ£µ ·µ¤  ¨¸¸²¥¤µ¢ ´¨Ö,
¤µ¡ ¢¨¢ ± ´¨³ ·¥ ±Í¨¨ ¤¥²¥´¨Ö, ¢Ò§Ò¢ ¥³Ò¥ ¤·Ê£¨³¨ ¡µ³¡ ·¤¨·ÊÕÐ¨³¨ Î -
¸É¨Í ³¨, ´ ¶·¨³¥· γ-±¢ ´É ³¨. �¸µ¡¥´´µ¸É¨ ¶µ¸²¥¤´¨Ì ·¥ ±Í¨° (Ë¨±¸¨·µ-
¢ ´´Ò° Ê£²µ¢µ° ³µ³¥´É, ¢´µ¸¨³Ò° ¢ Ö¤·µ γ-±¢ ´Éµ³, µÉ¸ÊÉ¸É¢¨¥ ±Ê²µ´µ¢¸±µ£µ
¡ ·Ó¥·  ¨ Ô´¥·£¨¨ ¸¢Ö§¨) ¶µ§¢µ²ÖÕÉ ¶µ²ÊÎ¨ÉÓ ´µ¢ÊÕ ¨´Ëµ·³ Í¨Õ µ ¢²¨Ö´¨¨
¢´¥Ï´¨Ì Ê¸²µ¢¨° ´  ¶·µÍ¥¸¸ Ëµ·³¨·µ¢ ´¨Ö ´Ê±²µ´´µ£µ ¸µ¸É ¢  µ¸±µ²±µ¢.

–¥²Ó ¤ ´´µ° · ¡µÉÒ ¸µ¸Éµ¨É ¢ ¨§³¥·¥´¨¨ ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ µ¸±µ²-
±µ¢ ¨´¥·É´ÒÌ £ §µ¢ Kr ¨ •¥ ¶·¨ ËµÉµ¤¥²¥´¨¨ ´¥Î¥É´ÒÌ Ö¤¥· 237Np ¨ 243Am.
�É  · ¡µÉ  Ö¢²Ö¥É¸Ö ¶·µ¤µ²¦¥´¨¥³  ´ ²µ£¨Î´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, ¢Ò¶µ²´¥´-
´ÒÌ ´ ³¨ ¸ Î¥É´µ-Î¥É´Ò³¨ Ö¤· ³¨ 232Th, 238U ¨ 244Pu [3, 4]. �´ ²¨§ ¨§³¥-
·¥´´ÒÌ § ¢¨¸¨³µ¸É¥° ¢ÒÌµ¤µ¢ µÉ ³ ¸¸µ¢µ£µ Î¨¸²  µ¸±µ²±  ¸ ¶·¨¢²¥Î¥´¨¥³
¨§¢¥¸É´ÒÌ  ´ ²µ£¨Î´ÒÌ ¤ ´´ÒÌ ¤²Ö Î¥É´ÒÌ Ö¤¥· ¶µ§¢µ²¨² ¡Ò ¸Ê¤¨ÉÓ µ ¢²¨Ö-
´¨¨ ´¥Î¥É´µ° Î ¸É¨ÍÒ ¢ ¤¥²ÖÐ¥³¸Ö Ö¤·¥ ´  ¶·µÍ¥¸¸ Ëµ·³¨·µ¢ ´¨Ö µ¸±µ²±µ¢.
„ ´´Ò¥ µ ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤ Ì µ¸±µ²±µ¢ ¶·¨ ËµÉµ¤¥²¥´¨¨ Ö¤¥· ¸ ´¥Î¥É´Ò³
Î¨¸²µ³ ¶·µÉµ´µ¢ ¨²¨ ´¥°É·µ´µ¢ ¶· ±É¨Î¥¸±¨ µÉ¸ÊÉ¸É¢ÊÕÉ (³µ¦´µ µÉ³¥É¨ÉÓ
²¨ÏÓ · ¡µÉÊ [5]). Š·µ³¥ Éµ£µ, ¨¸¶µ²Ó§ÊÖ ¨§¢¥¸É´Ò¥ ¤ ´´Ò¥ µ Î¨¸²¥ ³£´µ¢¥´-
´ÒÌ ´¥°É·µ´µ¢ ¤¥²¥´¨Ö, ³µ¦´µ ¡Ò²µ ¡Ò ¶µ²ÊÎ¨ÉÓ ¤µ¶µ²´¨É¥²Ó´ÊÕ ¨´Ëµ·³ -
Í¨Õ ¨ µ ¢ÒÌµ¤ Ì ¸µ¶·Ö¦¥´´ÒÌ µ¸±µ²±µ¢ Å Ö¤¥· Nb ¨ Pr ¶·¨ ËµÉµ¤¥²¥´¨¨
243Am ¨ Ö¤¥· Y ¨ La ¢ ¸²ÊÎ ¥ ¤¥²¥´¨Ö 237Np.

1. Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

‚ ¶·µ¢¥¤¥´´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¨¸¶µ²Ó§µ¢ ² ¸Ó É  ¦¥ ³¥Éµ¤¨± , ÎÉµ ¨ ¢
´ Ï¨Ì · ¡µÉ Ì ¶µ ËµÉµ¤¥²¥´¨Õ Î¥É´µ-Î¥É´ÒÌ Ö¤¥· [3, 4]. �´  ¡Ò²  µ¸´µ¢ ´ 
´  ¸¨²Ó´µ³ · §²¨Î¨¨ Ì¨³¨Î¥¸±¨Ì ¸¢µ°¸É¢ Kr ¨ •¥ ¨ ¢¸¥Ì µ¸É ²Ó´ÒÌ µ¸±µ²±µ¢

1



¤¥²¥´¨Ö, ÎÉµ ¶µ§¢µ²Ö²µ ¶·µ¢µ¤¨ÉÓ ¨Ì ÔËË¥±É¨¢´µ¥ · §¤¥²¥´¨¥. ‚Ò²¥É¥¢Ï¨¥
¨§ µ¡²ÊÎ ¥³µ° Éµ·³µ§´Ò³ ¨§²ÊÎ¥´¨¥³ ³¨Ï¥´¨ µ¸±µ²±¨ Kr ¨ •¥ Éµ·³µ§¨²¨¸Ó
¢ £ §¥ ¨ ¶¥·¥´µ¸¨²¨¸Ó ¥£µ ¶µÉµ±µ³ ¶µ É¥Ë²µ´µ¢µ³Ê ± ¶¨²²Ö·Ê ¢ ±·¨µ¸É É, £¤¥
±µ´¤¥´¸¨·µ¢ ²¨¸Ó ´  ¸É¥´± Ì ³¥¤´µ° É·Ê¡±¨ ¤²¨´µ° 1 ³, ¸¢¥·´ÊÉµ° ¢ ¸¶¨-
· ²Ó ¨ µ¶ÊÐ¥´´µ° ¢ ¸µ¸Ê¤ „ÓÕ ·  ¸ ¦¨¤±¨³  §µÉµ³. ‚¸¥ µ¸É ²Ó´Ò¥ µ¸±µ²±¨,
µ¸É ´µ¢¨¢Ï¨¥¸Ö ¢ £ §¥, § ¤¥·¦¨¢ ²¨¸Ó Ë¨²ÓÉ·µ³ ´  ¢Ìµ¤¥ ¢ ± ¶¨²²Ö·. ’ ±¨³
µ¡· §µ³, ¢ ³¥¤´µ° É·Ê¡±¥ µ± §Ò¢ ²¨¸Ó ²¨ÏÓ ¨§µÉµ¶Ò Kr ¨ •¥ ¸ ¶¥·¨µ¤ ³¨
¶µ²Ê· ¸¶ ¤  ¡µ²¥¥ 0,2 ¸ (¢·¥³Ö ¶¥·¥´µ¸  µ¸±µ²±µ¢ ¶µ ± ¶¨²²Ö·Ê ¸µ¸É ¢²Ö²µ
∼ 0,5 ¸) ¨ ¶·µ¤Ê±ÉÒ ¨Ì β-· ¸¶ ¤ . ‚ ± Î¥¸É¢¥ £ § -´µ¸¨É¥²Ö ¨¸¶µ²Ó§µ¢ ²¸Ö
Î¨¸ÉÒ° £¥²¨° ¶·¨ ¤ ¢²¥´¨¨ ¢ ± ³¥·¥ 2,5  É³. �ÉµÉ £ § Ì · ±É¥·¨§µ¢ ²¸Ö
´ ¨¡µ²ÓÏ¥° ¸±µ·µ¸ÉÓÕ É· ´¸¶µ·É¨·µ¢±¨ µ¸±µ²±µ¢ ¨ ´¥  ±É¨¢¨·µ¢ ²¸Ö ¶µ¤
¤¥°¸É¢¨¥³ ´¥°É·µ´µ¢ ¨²¨ Éµ·³µ§´µ£µ ¨§²ÊÎ¥´¨Ö ³¨±·µÉ·µ´ .

ˆ¤¥´É¨Ë¨± Í¨Ö ¨§µÉµ¶µ¢ Kr ¨ •¥ ¨ µ¶·¥¤¥²¥´¨¥ ¨Ì ¢ÒÌµ¤µ¢ ¶·µ¢µ¤¨²¨¸Ó
¶µ ¨Ì ¸¶¥±É· ³ γ-¨§²ÊÎ¥´¨Ö (¤ ´´Ò¥ µ¡ ÔÉ¨Ì ¸¶¥±É· Ì ¶·¥¤¸É ¢²¥´Ò ¢ · ¡µÉ¥
[6]). ‚ ¸²ÊÎ ¥ ±µ·µÉ±µ¦¨¢ÊÐ¨Ì ¨§µÉµ¶µ¢ Kr ¨ •¥ (¸ ¶¥·¨µ¤ ³¨ ¶µ²Ê· ¸¶ ¤ 
³¥´¥¥ 1 ³¨´) ¤²Ö ¨¤¥´É¨Ë¨± Í¨¨ ¨¸¶µ²Ó§µ¢ ²¨¸Ó γ-¸¶¥±É·Ò ¨Ì ¤µÎ¥·´¨Ì
¶·µ¤Ê±Éµ¢ (Rb ¨ Sr ¢ ¸²ÊÎ ¥ Kr ¨ ‚  ¨ La ¢ ¸²ÊÎ ¥ •¥). �É¨ ¤µÎ¥·´¨¥
¶·µ¤Ê±ÉÒ, µ¡· §ÊÕÐ¨¥¸Ö ´¥¶µ¸·¥¤¸É¢¥´´µ ¶·¨ · §·Ò¢¥ Ö¤· , § ¤¥·¦¨¢ ²¨¸Ó
Ë¨²ÓÉ·µ³ ´  ¢Ìµ¤¥ ¢ ± ¶¨²²Ö· ¨ ¶µÔÉµ³Ê ´¥ ¢´µ¸¨²¨ ¢±² ¤ ¢ ¨§³¥·Ö¥³Ò°
¢ÒÌµ¤ µ¸±µ²±µ¢ Kr ¨ •¥. ’ ±¦¥ § ¤¥·¦¨¢ ²¨¸Ó Ë¨²ÓÉ·µ³ ¨ µ¸±µ²±¨ Se, Br, Te
¨ I, ¨§ ±µÉµ·ÒÌ ¶µ¸²¥ β-· ¸¶ ¤  ³µ£²¨ ¡Ò µ¡· §µ¢ ÉÓ¸Ö ¨¸¸²¥¤Ê¥³Ò¥ ¨§µÉµ¶Ò
Kr ¨ •¥. ’ ±¨³ µ¡· §µ³, ¤²Ö ¨§³¥·¥´¨° γ-¸¶¥±É·µ¢ ¢Ò¤¥²Ö²¨¸Ó ²¨ÏÓ É¥
µ¸±µ²±¨ Kr ¨ •¥, ±µÉµ·Ò¥ µ¡· §µ¢Ò¢ ²¨¸Ó ´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ¸²¥ · §·Ò¢ 
Ö¤·  ¨ Ô³¨¸¸¨¨ ´¥°É·µ´µ¢, ´µ ¤µ ¨Ì β-· ¸¶ ¤ . ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¢
§ Ð¨Ð¥´´µ³ µÉ ¨§²ÊÎ¥´¨Ö ³¨±·µÉ·µ´  ¶µ³¥Ð¥´¨¨, É. ¥. ¢ Ê¸²µ¢¨ÖÌ ´¨§±µ£µ
Ëµ´  γ-²ÊÎ¥° ¨ ´¥°É·µ´µ¢.

�¡²ÊÎ ¥³Ò¥ ³¨Ï¥´¨ ¶·¥¤¸É ¢²Ö²¨ ¸µ¡µ° ¸²µ¨ ¨§ µ±¨¸²µ¢ Np ¨ Am Éµ²-
Ð¨´µ° 50 ³±£/¸³2, ´ ´¥¸¥´´Ò¥ ´  ¶µ¤²µ¦±Ê ¨§  ²Õ³¨´¨Ö Éµ²Ð¨´µ° 20 ³±³.
�·¨ É ±¨Ì Éµ²Ð¨´ Ì ¸²µÖ ¨ ¶µ¤²µ¦±¨ ¶µ²µ¢¨´  µ¸±µ²±µ¢, µ¡· §ÊÕÐ¨Ì¸Ö ¢
³¨Ï¥´¨, ¢Ò²¥É ²  ¨§ ´¥¥ ¨ Éµ·³µ§¨² ¸Ó ¢ £ §¥.

„²Ö ¨§³¥·¥´¨° γ-¸¶¥±É·µ¢ ¨¸¶µ²Ó§µ¢ ²¸Ö HPGe-¤¥É¥±Éµ· µ¡Ñ¥³µ³ 100 ¸³3

¸ · §·¥Ï¥´¨¥³ 2,1 ±Ô‚ ¤²Ö γ-²¨´¨¨ 60‘µ ¸ Eγ = 1332 ±Ô‚. ‘¶¥±É·Ò § ¶¨-
¸Ò¢ ²¨¸Ó ¢ ¶ ³ÖÉ¨ ¶¥·¸µ´ ²Ó´µ£µ ±µ³¶ÓÕÉ¥·  ¤²Ö ¶µ¸²¥¤ÊÕÐ¥£µ  ´ ²¨§  ¸
¨¸¶µ²Ó§µ¢ ´¨¥³ ¶·µ£· ³³Ò AKTIV [7]. ‚ÒÌµ¤Ò ¨¤¥´É¨Ë¨Í¨·µ¢ ´´ÒÌ µ¸±µ²-
±µ¢ Kr ¨ •¥ µ¶·¥¤¥²Ö²¨¸Ó ¨§ ¶²µÐ ¤¥° ¨Ì (¨²¨ ¨Ì ¤µÎ¥·´¨Ì ¶·µ¤Ê±Éµ¢)
γ-²¨´¨° ¢ ¸¶¥±É· Ì ¸ ÊÎ¥Éµ³ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨, ¨´É¥´¸¨¢´µ¸É¨ ´ 
 ±É · ¸¶ ¤ , ¢·¥³¥´¨ µ¡²ÊÎ¥´¨Ö, ¶·µÌµ¦¤¥´¨Ö ¶µ ± ¶¨²²Ö·Ê ¨ ¨§³¥·¥´¨Ö.

�±¸¶¥·¨³¥´ÉÒ ¶·µ¢µ¤¨²¨¸Ó ¶·¨ Ô´¥·£¨¨ Ê¸±µ·¥´´ÒÌ Ô²¥±É·µ´µ¢ 25 ŒÔ‚,
ÎÉµ ¸µµÉ¢¥É¸É¢µ¢ ²µ ¸·¥¤´¥° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¤¥²ÖÐ¥£µ¸Ö Ö¤·  13 ŒÔ‚
(µ´  µ¶·¥¤¥²Ö² ¸Ó ¨§ Ëµ·³Ò Éµ·³µ§´µ£µ ¸¶¥±É·  [8] ¨ ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´¨Ö
·¥ ±Í¨¨ ËµÉµ¤¥²¥´¨Ö Ö¤¥· 237Np ¨ 243Am ¢ ¶·¥¤¶µ²µ¦¥´¨¨, ÎÉµ µ´  ¶µ¤µ¡´ 
¨§¢¥¸É´µ° § ¢¨¸¨³µ¸É¨ ¤²Ö 238U [9]).
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2. �…‡“‹œ’�’› ˆ‡Œ…�…�ˆ‰

�´ ²¨§ ¨§³¥·¥´´ÒÌ γ-¸¶¥±É·µ¢ ¶µ§¢µ²¨² ¨¤¥´É¨Ë¨Í¨·µ¢ ÉÓ 4 ¨§µÉµ¶ 
Kr ¨ 7 ¨§µÉµ¶µ¢ •¥. �¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò ÔÉ¨Ì ¨§µÉµ¶µ¢ ¶µ µÉ´µÏ¥´¨Õ ±
¢ÒÌµ¤ ³ ¸µµÉ¢¥É¸É¢¥´´µ 91Kr ¨ 137•¥ ¶·¨¢¥¤¥´Ò ¢ É ¡². 1. „²Ö ¶µ²ÊÎ¥´¨Ö
§´ Î¥´¨° ÔÉ¨Ì ¢ÒÌµ¤µ¢, µÉ´¥¸¥´´ÒÌ ± Î¨¸²Ê  ±Éµ¢ ¤¥²¥´¨Ö, ¨§³¥·Ö²¨¸Ó ±Ê³Ê-
²ÖÉ¨¢´Ò¥ ¢ÒÌµ¤Ò µ¸±µ²±µ¢ ¸ ³ ¸¸µ¢Ò³¨ Î¨¸² ³¨ A = 91 ¨ 137 ¨ µÍ¥´¨¢ ²¨¸Ó
¤µ²¨ Kr ¨ •¥ (Ë· ±Í¨µ´´Ò¥ ¢ÒÌµ¤Ò) ¢ ÔÉ¨Ì ¨§µ¡ · Ì. ŠÊ³Ê²ÖÉ¨¢´Ò¥ ¢ÒÌµ¤Ò
¡Ò²¨ ¶µ²ÊÎ¥´Ò ¨§ ¨´É¥´¸¨¢´µ¸É¥° γ-²¨´¨° ¨§µÉµ¶µ¢ 91Sr ¨ 137Cs, ±µÉµ·Ò¥
´ Ìµ¤ÖÉ¸Ö ¢ ±µ´Í¥ Í¥¶µÎ¥± β-· ¸¶ ¤µ¢ ¸ ¤ ´´Ò³¨ A. �´¨ ¸µ¸É ¢²Ö²¨ ¸µµÉ-
¢¥É¸É¢¥´´µ 4,2(2) ¨ 6,3(3) % µÉ Î¨¸²   ±Éµ¢ ¤¥²¥´¨Ö. ”· ±Í¨µ´´Ò¥ ¢ÒÌµ¤Ò
ÔÉ¨Ì µ¸±µ²±µ¢ 91Kr ¨ 137•¥ ¡Ò²¨ µÍ¥´¥´Ò ¨§ ¸¨¸É¥³ É¨±¨ ¢ÒÌµ¤µ¢ ¢ ·¥ ±-
Í¨ÖÌ ¤¥²¥´¨Ö Ö¤¥· U ¨ Pu ´¥°É·µ´ ³¨ [1] ¨ µ± § ²¨¸Ó · ¢´Ò³¨ 0,60(6) ¤²Ö
237Np ¨ 0,55(6) ¤²Ö 243Am. �É¨ §´ Î¥´¨Ö ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ ´¥§ ¢¨¸¨³Ò¥
¢ÒÌµ¤Ò ¶µ µÉ´µÏ¥´¨Õ ± Î¨¸²Ê  ±Éµ¢ ¤¥²¥´¨Ö ¤²Ö 91Kr ¨ 137•¥,   ¨§ ´¨Ì Å ¨
¤²Ö ¢¸¥Ì µ¸É ²Ó´ÒÌ µ¸±µ²±µ¢ Kr ¨ •¥. �µ²ÊÎ¥´´Ò¥ É ±¨³ ¸¶µ¸µ¡µ³ §´ Î¥´¨Ö
¢ÒÌµ¤µ¢ É ±¦¥ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 1,   ¨Ì § ¢¨¸¨³µ¸É¨ µÉ ³ ¸¸µ¢µ£µ Î¨¸² 
µ¸±µ²±  Å ´  ·¨¸. 1 ¨ 2.

’ ¡²¨Í  1. �¥§ ¢¨¸¨³Ò¥ ¢ÒÌµ¤Ò µ¸±µ²±µ¢ Kr ¨ •¥

�¸±µ²µ±
237Np (γ, f ) 243Am (γ, f )

YµÉ´, % Y ¡¸, 1/f YµÉ´, % Y ¡¸, 1/f

89Kr 65(8) 0, 0019(2) 81(3) 0,019(2)

91Kr 100 0, 025(3)* 100 0,023(2)*

92Kr 44(7) 0, 011(1) 42(2) 0,0095(9)

93Kr 18(4) 0, 0045(5)

135Xe 61(3) 0, 023(3) 42(5) 0,015(2)

137Xe 100 0, 038(4)* 100 0,035(4)*

138Xe 80(10) 0, 030(3) 76(8) 0,027(3)

139Xe 31(4) 0, 012(1) 35(3) 0,012(1)

140Xe 8,0(9) 0, 0030(3) 9,8(6) 0,0034(3)

141Xe 3,0(3) 0, 0011(1) 6,0(6) 0,0021(2)

142Xe 2,0(3) 0, 00076(8) 3,4(7) 0,0012(1)

*�Í¥´¥´´Ò¥ §´ Î¥´¨Ö ¢ÒÌµ¤µ¢.
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�¨¸. 1. ˆ§µÉµ¶´Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢ Kr (¸²¥¢ ) ¨ •¥ (¸¶· ¢ ) ¢ ·¥ ±Í¨¨
237Np(γ, f ). ’µÎ±¨ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶Ê´±É¨· Å · ¸Î¥É ¶µ Ëµ·³Ê²¥ (1)
¸ ¶ · ³¥É· ³¨ ¨§ É ¡². 2

�¨¸. 2. ’µ ¦¥, ÎÉµ ´  ·¨¸. 1, ´µ ¤²Ö ·¥ ±Í¨¨ 243Am(γ, f )

�É¨ § ¢¨¸¨³µ¸É¨ (¨§µÉµ¶´Ò¥ · ¸¶·¥¤¥²¥´¨Ö µ¸±µ²±µ¢) µ¡ÒÎ´µ  ¶¶·µ±¸¨-
³¨·ÊÕÉ · ¸¶·¥¤¥²¥´¨¥³ ƒ Ê¸¸ :

Y (A) = K exp

[
−

(
A − A

)2

2σ2

]
, (1)
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£¤¥ A ¨ σ Å ¸·¥¤´¥¥ ³ ¸¸µ¢µ¥ Î¨¸²µ ¨ ¤¨¸¶¥·¸¨Ö · ¸¶·¥¤¥²¥´¨Ö, K Å
´µ·³¨·ÊÕÐ¨° ³´µ¦¨É¥²Ó. ˆ§ ·¨¸. 1 ¨ 2 ³µ¦´µ ¢¨¤¥ÉÓ, ÎÉµ, ± ± ¨ ¶·¨ Ëµ-
Éµ¤¥²¥´¨¨ Î¥É´µ-Î¥É´ÒÌ Ö¤¥·, ¨§³¥·¥´´Ò¥ · ¸¶·¥¤¥²¥´¨Ö Ìµ·µÏµ µ¶¨¸Ò¢ -
ÕÉ¸Ö ¢Ò· ¦¥´¨¥³ (1). �¤´ ±µ ¤²Ö ´¥°É·µ´µ¨§¡ÒÉµÎ´ÒÌ µ¸±µ²±µ¢ •¥ (141•¥
¨ 142•¥) ´ ¡²Õ¤ ¥É¸Ö ¶·¥¢ÒÏ¥´¨¥ ¨§³¥·¥´´ÒÌ §´ Î¥´¨° ¢ÒÌµ¤µ¢ ´ ¤ · ¸-
Î¥É´Ò³¨. ‚µ§³µ¦´µ, ÔÉµ Ö¢²Ö¥É¸Ö µÉ· ¦¥´¨¥³ Ö¤¥·´µ° ¸É·Ê±ÉÊ·Ò Ê± § ´´ÒÌ
µ¸±µ²±µ¢.

‡´ Î¥´¨Ö ¶ · ³¥É·µ¢ ¨§µÉµ¶´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.
‘· ¢´¥´¨¥ ¨Ì ¸ ¨§¢¥¸É´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ ¤²Ö Î¥É´µ-Î¥É´ÒÌ Ö¤¥· ¶µ± §Ò-
¢ ¥É, ÎÉµ ¨ ¤²Ö 237Np, ¨ ¤²Ö 243Am §´ Î¥´¨Ö A § ³¥É´µ ´¨¦¥, Î¥³ ¤²Ö 232Th,
238U ¨ 244Pu [3], ´µ ¡²¨§±¨ ± §´ Î¥´¨Õ A ¤²Ö ¸²ÊÎ Ö ¤¥²¥´¨Ö 235U É¥¶²µ-
¢Ò³¨ ´¥°É·µ´ ³¨ [2]. ’ ±µ¥ ¸µµÉ´µÏ¥´¨¥ ³¥¦¤Ê §´ Î¥´¨Ö³¨ A µÉ· ¦ ¥É ¨Ì
§ ¢¨¸¨³µ¸ÉÓ µÉ ´¥°É·µ´´µ£µ ¨§¡ÒÉ±  ¤¥²ÖÐ¥£µ¸Ö Ö¤· . �É´µÏ¥´¨¥ N/A ¤²Ö
238U ¸µ¸É ¢²Ö¥É 1,587 (¡²¨§±¨¥ §´ Î¥´¨Ö ¨³¥ÕÉ ³¥¸Éµ ¨ ¤²Ö 232Th ¨ 244Pu),
¤²Ö 237Np Å 1,549, a ¤²Ö 243Am Å 1,558. ‡´ Î¥´¨Ö σ ¤²Ö 237Np ¨ 243Am
¸µµÉ¢¥É¸É¢ÊÕÉ ¸¨¸É¥³ É¨±¥ ¤¨¸¶¥·¸¨° ¨§µÉµ¶´ÒÌ · ¸¶·¥¤¥²¥´¨° ¶·¨ ¤¥²¥´¨¨
Ö¤¥· ´¥°É·µ´ ³¨ ¨ γ-±¢ ´É ³¨.

’ ¡²¨Í  2. � · ³¥É·Ò ¨§µÉµ¶´ÒÌ · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ËµÉµ¤¥²¥´¨Ö

�²¥³¥´É
237Np (γ, f ) 243Am (γ, f )

A σ A σ

Kr 90,3(2) 1,2(1) 90,1(3) 1,4(2)

Y 96,3(3) 1,3(1)

Nb 101,5(2) 1,5(1)

Xe 136,7(2) 1,3(1) 136,9(1) 1,5(1)

La 142,7(3) 1,3(1)

Pr 148,3(5) 1,4(2)

ˆ§ ¨§µÉµ¶´ÒÌ · ¸¶·¥¤¥²¥´¨° Kr ¨ •¥ ³µ¦´µ ¶µ²ÊÎ¨ÉÓ  ´ ²µ£¨Î´Ò¥ · ¸-
¶·¥¤¥²¥´¨Ö ¨ ¤²Ö ¸µ¶·Ö¦¥´´ÒÌ µ¸±µ²±µ¢. „²Ö µ¸±µ²±µ¢ Kr ÔÉµ ¡Ê¤ÊÉ ¨§µÉµ¶Ò
La ¶·¨ ¤¥²¥´¨¨ 237Np ¨ ¨§µÉµ¶Ò Pr ¶·¨ ¤¥²¥´¨¨ 243Am. ‚ ¸²ÊÎ ¥ µ¸±µ²±µ¢
•¥ É ±¨³¨ ¨§µÉµ¶ ³¨ ¡Ê¤ÊÉ Y ¨ Nb. ‘¢Ö§Ó ³¥¦¤Ê µ¸±µ²± ³¨ ¸ µ¤¨´ ±µ¢Ò³¨
´¥§ ¢¨¸¨³Ò³¨ ¢ÒÌµ¤ ³¨ µ¶¨¸Ò¢ ¥É¸Ö ¢Ò· ¦¥´¨¥³

A‹ + A’ + ν = A0, (2)

£¤¥ A‹, A’ ¨ A0 Å ³ ¸¸µ¢Ò¥ Î¨¸²  ¸µµÉ¢¥É¸É¢¥´´µ ²¥£±µ£µ ¨ ÉÖ¦¥²µ£µ µ¸±µ²-
±µ¢ ¨ ¤¥²ÖÐ¥£µ¸Ö Ö¤· , ν Å ¸Ê³³ ·´µ¥ Î¨¸²µ ´¥°É·µ´µ¢, ¨¸¶Ê¸± ¥³ÒÌ ¨§
µ¡µ¨Ì µ¸±µ²±µ¢.
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‡´ Î¥´¨Ö ν ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨§ ¨§¢¥¸É´µ£µ Î¨¸²  ¨¸¶ÊÐ¥´´ÒÌ ´¥°É·µ´µ¢
¶·¨ ¤¥²¥´¨¨ Ö¤¥· ¢ ·¥ ±Í¨ÖÌ 236Np(n, f) ¨ 242Am(n, f) ´¥°É·µ´ ³¨ [10, 11]
¸ ¶µ¶· ¢±µ° ´  Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö ¤¥²ÖÐ¨Ì¸Ö Ö¤¥· 237Np ¨ 243Am. „²Ö
237Np ν = 4, 0,   ¤²Ö 243Am ν = 4, 6. �É¨ §´ Î¥´¨Ö ν ¶µ§¢µ²ÖÕÉ µ¶·¥¤¥²¨ÉÓ
¸·¥¤´¨¥ ³ ¸¸µ¢Ò¥ Î¨¸²  A µ¸±µ²±µ¢ Y, Nb, La ¨ Pr, ±µÉµ·Ò¥ ¶·¥¤¸É ¢²¥´Ò ¢
É ¡². 2.

�µ²ÊÎ¥´´Ò¥ ¢ ´ Ï¥° · ¡µÉ¥ ¤ ´´Ò¥ ¶µ ËµÉµ¤¥²¥´¨Õ Ö¤¥· 237Np ¨ 243Am
¤µ¶µ²´ÖÕÉ ¸¨¸É¥³ É¨±Ê ´¥§ ¢¨¸¨³ÒÌ ¢ÒÌµ¤µ¢ µ¸±µ²±µ¢ ¤¥²¥´¨Ö. �´¨ ¶µ-
§¢µ²ÖÕÉ § ±²ÕÎ¨ÉÓ, ÎÉµ ´¥Î¥É´ Ö Î ¸É¨Í  ¢ ¤¥²ÖÐ¥³¸Ö Ö¤·¥ ´¥ ¶·¨¢µ¤¨É ±
¸ÊÐ¥¸É¢¥´´µ³Ê ¨§³¥´¥´¨Õ ¨§µÉµ¶´ÒÌ · ¸¶·¥¤¥²¥´¨° µ¸±µ²±µ¢ ¶µ ¸· ¢´¥´¨Õ
¸ Î¥É´µ-Î¥É´Ò³¨ Ö¤· ³¨,   ¸ ³¨ · ¸¶·¥¤¥²¥´¨Ö ¡²¨§±¨ ± É¥³, ÎÉµ ¨³¥ÕÉ ³¥¸Éµ
¶·¨ ¤¥²¥´¨¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì Ö¤¥· ¡Ò¸É·Ò³¨ ´¥°É·µ´ ³¨.

‚ § ±²ÕÎ¥´¨¥  ¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ �. –. �£ ´¥¸Ö´Ê ¨
Œ. ƒ. ˆÉ±¨¸Ê §  ¶µ¤¤¥·¦±Ê · ¡µÉÒ, �. ƒ. 	¥²µ¢Ê §  ¶µ³µÐÓ ¢ µ¡²ÊÎ¥´¨¨ µ¡· §-
Íµ¢ ´  ³¨±·µÉ·µ´¥, ƒ. ‚. 	Ê±² ´µ¢Ê §  ¨§£µÉµ¢²¥´¨¥ ³¨Ï¥´¥°.
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