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Sukhovoj A. M., Khitrov V. A., Li Chol Ð3-2004-99

Experimental Grounds of the Necessity to Improve Model Notions

of the Complex Nuclei Compound State Cascade �-Decay

Analysis of the complete data set of the intensities of two-step �-cascade studied

at thermal neutron capture in more than 50 nuclei from the region 27 199� �A points

to the necessity to complicate essentially the model notions about this process used

by experimenters. More precise models of such a set of parameters as the density of ex-

cited levels and radiative strength functions of dipole �-transitions according to these

results should take into account coexistence and interaction of excitations of quasi-par-

ticle and phonon type in a more explicit form right up to a direct inclusion of notions

about the existence and influence of the second-order phase transition not only

on the value of level density but also on the values of radiative strength functions of di-

pole transition. Primarily, these conclusions are true for the region of excitation ener-

gies lower than �0 5. B
n
.

The investigation has been performed at the Frank Laboratory of Neutron Physics,

JINR.
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Ýêñïåðèìåíòàëüíûå îñíîâàíèÿ íåîáõîäèìîñòè óòî÷íåíèÿ

ìîäåëüíûõ ïðåäñòàâëåíèé î êàñêàäíîì �-ðàñïàäå

êîìïàóíä-ñîñòîÿíèÿ ñëîæíîãî ÿäðà

Àíàëèç âñåé ñîâîêóïíîñòè äàííûõ ïî èíòåíñèâíîñòÿì äâóõêâàíòîâûõ ãàì-

ìà-êàñêàäîâ, èçó÷åííûõ ïðè çàõâàòå òåïëîâûõ íåéòðîíîâ â áîëåå ÷åì 50 ÿäðàõ

èç îáëàñòè 27 199� �A , óêàçûâàåò íà íåîáõîäèìîñòü ñóùåñòâåííîãî óñëîæíå-

íèÿ èñïîëüçóåìûõ ýêñïåðèìåíòàòîðàìè ìîäåëüíûõ ïðåäñòàâëåíèé îá ýòîì ïðî-

öåññå. Áîëåå òî÷íûå ìîäåëè òàêèõ åãî ïàðàìåòðîâ, êàê ïëîòíîñòü âîçáóæäàåìûõ

óðîâíåé è ðàäèàöèîííûå ñèëîâûå ôóíêöèè äèïîëüíûõ ãàììà-ïåðåõîäîâ, ñîãëàñ-

íî ýòèì ðåçóëüòàòàì äîëæíû â áîëåå ÿâíîé ôîðìå ó÷èòûâàòü ñîñóùåñòâîâàíèå

è âçàèìîäåéñòâèå âîçáóæäåíèé êâàçè÷àñòè÷íîãî è ôîíîííîãî òèïà âïëîòü

äî ïðÿìîãî âêëþ÷åíèÿ ïðåäñòàâëåíèé î íàëè÷èè è âëèÿíèè ôàçîâîãî ïåðåõîäà

âòîðîãî ðîäà íå òîëüêî íà âåëè÷èíó ïëîòíîñòè óðîâíåé, íî è íà çíà÷åíèÿ ðàäèà-

öèîííûõ ñèëîâûõ ôóíêöèé äèïîëüíûõ ïåðåõîäîâ. Â ïåðâóþ î÷åðåäü ýòè âûâîäû

îòíîñÿòñÿ ê îáëàñòè ýíåðãèé âîçáóæäåíèÿ íèæå �0 5, B
n
.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè íåéòðîííîé ôèçèêè èì. È. Ì. Ôðàíêà

ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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�·¨  ´ ²¨§¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É , ´ ¶·¨³¥·, ¶µ ¨§ÊÎ¥´¨Õ ± ¸± ¤´µ£µ
£ ³³ -· ¸¶ ¤  ´¥°É·µ´´µ£µ ·¥§µ´ ´¸  ´¥¨§¡¥¦´µ ¨¸¶µ²Ó§µ¢ ´¨¥ ± ±¨Ì-²¨¡µ
³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ¡ ¨§ÊÎ ¥³µ³ ¶·µÍ¥¸¸¥. �·¨ ´ ²¨Î¨¨  ²ÓÉ¥·´ -
É¨¢´ÒÌ ³µ¤¥²¥° ¶·µÍ¥¸¸  ¶·¥¤¶µÎÉ¥´¨¥ Ô±¸¶¥·¨³¥´É Éµ·Ò µ¡ÒÎ´µ µÉ¤ ÕÉ
¶·µ¸É¥°Ï¨³. �µ ¶·¨ Ê¢¥²¨Î¥´¨¨ µ¡Ñ¥³  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨, µ¸µ-
¡¥´´µ, ¶·¨ ¶¥·¥Ìµ¤¥ ¢ · ´¥¥ ´¥¤µ¸ÉÊ¶´ÊÕ ¤²Ö ¨§ÊÎ¥´¨Ö µ¡² ¸ÉÓ ¶ · ³¥É·µ¢
¨§ÊÎ ¥³µ£µ Ö¢²¥´¨Ö ¢µ§´¨± ¥É ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢ Ê¸²µ¦´¥´¨¨ ¨¸¶µ²Ó§Ê¥³ÒÌ
¤²Ö  ´ ²¨§  ¶·¥¤¸É ¢²¥´¨°.

�µ²ÓÏµ° µ¡Ñ¥³ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ µ ¸¢µ°¸É¢ Ì ¢µ§¡Ê¦¤¥´´ÒÌ
¸µ¸ÉµÖ´¨° µÉ ∼ 1−3 ŒÔ‚ ¤µ ¶· ±É¨Î¥¸±¨ Bn ¤²Ö ¡µ²¥¥ Î¥³ 50 Ö¤¥· ¨§
µ¡² ¸É¨ ¨Ì ³ ¸¸ 28 � A � 200, ´ ±µ¶²¥´´Ò° ¢ Ô±¸¶¥·¨³¥´É Ì ¢ „Ê¡´¥,
�¨£¥ ¨ �¦¥¦¥, ¶·µ ´ ²¨§¨·µ¢ ´ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢ ‹�” �ˆŸˆ. �É 
µ¡² ¸ÉÓ ¢µ§¡Ê¦¤¥´¨°, µ¸µ¡¥´´µ ¤²Ö ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·, ¸Éµ²Ó ¤¥É ²Ó´µ
¨§ÊÎ¥´  ¢¶¥·¢Ò¥. ‘µ¢µ±Ê¶´µ¸ÉÓ ¢¸¥° ¶µ²ÊÎ¥´´µ° ¶·¨ ÔÉµ³ ¨´Ëµ·³ Í¨¨ ¶µ-
§¢µ²Ö¥É ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¨¸¶µ²Ó§Ê¥³Ò¥ ¤µ ¸¨Ì ¶µ· ³µ¤¥²¨ ¶·µÍ¥¸¸  ± ¸-
± ¤´µ£µ £ ³³ -· ¸¶ ¤  ´Ê¦¤ ÕÉ¸Ö ¢ ¶·¨´Í¨¶¨ ²Ó´µ³ ÊÉµÎ´¥´¨¨ ¶·¨´ÖÉÒÌ ¢
´¨Ì ¶·¥¤¸É ¢²¥´¨°.

ˆ§ Ô±¸¶¥·¨³¥´É  ¨§¢²¥± ÕÉ¸Ö ¨ ¤²Ö · ¸Î¥É  [1] ²Õ¡ÒÌ Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì
±µ´¸É ´É ¨¸¶µ²Ó§ÊÕÉ¸Ö ¤¢  µ¸´µ¢µ¶µ² £ ÕÐ¨Ì ¶ · ³¥É· :

 ) ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ρ = D−1 ¶·¨ ¤ ´´µ° Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨° E¢µ§¡

¤²Ö § ¤ ´´ÒÌ §´ Î¥´¨° ¨Ì ±¢ ´Éµ¢ÒÌ Î¨¸¥²;
¡) · ¤¨ Í¨µ´´Ò¥ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨, µ¶·¥¤¥²ÖÕÐ¨¥ ¨´É¥´¸¨¢´µ¸É¨ £ ³³ -

¶¥·¥Ìµ¤µ¢, ±µÉµ·Ò³¨ · §·Ö¦ ¥É¸Ö ¢µ§¡Ê¦¤¥´´Ò° Ê·µ¢¥´Ó.
„¨ ¶ §µ´ ¢ ·¨ Í¨¨ ¨¸¶µ²Ó§Ê¥³ÒÌ ³µ¤¥²¥° ¤²Ö ¶¥·¢µ£µ ¶ · ³¥É·  ²¥¦¨É

µÉ ¶·¥¤¸É ¢²¥´¨° µ Ö¤·¥ ± ± µ ¸¨¸É¥³¥ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ §  [2]
¤µ ¶·¥¤¸É ¢²¥´¨° µ¡µ¡Ð¥´´µ° ³µ¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤·  [3]. ‚ ¶µ¸²¥¤´¥°
³µ¤¥²¨ ¶·Ö³µ ¨¸¶µ²Ó§ÊÕÉ¸Ö É¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö µ Ë §µ¢µ³ ¶¥·¥Ìµ¤¥
Ö¤·  ¨§ ¸¢¥·ÌÉ¥±ÊÎ¥£µ ¢ ´µ·³ ²Ó´µ¥ ¸µ¸ÉµÖ´¨¥. �µ ¨§-§  µÉ¸ÊÉ¸É¢¨Ö ¶·Ö³µ°
Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ¡ ÔÉµ³ ¶·µÍ¥¸¸¥ ¢ Ö¤·¥ Ô´¥·£¨Ö ÔÉµ£µ ¶¥·¥-
Ìµ¤  ¡Ò²  § Ë¨±¸¨·µ¢ ´   ¢Éµ· ³¨ [3] ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤ ´´ÒÌ µ ¶·µÍ¥¸¸¥
¶¥·¥Ìµ¤  Ô²¥±É·µ´´µ£µ £ §  ¢ ¸¢¥·Ì¶·µ¢µ¤ÖÐ¥¥ ¸µ¸ÉµÖ´¨¥.

„²Ö § ¤ ´¨Ö Ëµ·³Ò ËÊ´±Í¨µ´ ²Ó´µ° § ¢¨¸¨³µ¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° · -
¤¨ Í¨µ´´µ° ¸¨²µ¢µ° ËÊ´±Í¨¨

k = Γλi/(E3
γA2/3Dλ) (1)
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µ¡ÒÎ´µ ¨¸¶µ²Ó§Ê¥É¸Ö µ¤´  ¨§ ¤¢ÊÌ ¨§¢¥¸É´ÒÌ Ô±¸É· ¶µ²ÖÍ¨° £¨£ ´É¸±µ£µ Ô²¥±-
É·¨Î¥¸±µ£µ ·¥§µ´ ´¸  ¤²Ö E1-¶¥·¥Ìµ¤  ¸ Ô´¥·£¨¥° Eγ ¨ ¸·¥¤´¥° Ï¨·¨´µ° Γλi,
¸¢Ö§Ò¢ ÕÐ¥£µ ¸µ¸ÉµÖ´¨Ö λ ¨ i ¢ ¤¨ ¶ §µ´¥ ¢µ§¡Ê¦¤¥´¨° 0 � E¢µ§¡ < Bn ¢
Ö¤·¥ ¸ ³ ¸¸µ° A. � §²¨Î´Ò ¨ ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö ¤²Ö M1-¶¥·¥Ìµ¤µ¢.
Œµ¤¥²¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° · §· ¡µÉ ´Ò ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨
¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¨§-§  ¶· ±É¨Î¥¸±¨ ¶µ²´µ£µ µÉ¸ÊÉ¸É¢¨Ö ¤²Ö ¶·µ¨§¢µ²Ó´µ£µ
Ö¤·  ´ ¤¥¦´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¢ µ¡² ¸É¨ Ô´¥·£¨° ¶¥·¥Ìµ¤µ¢ Eγ ,
³¥´ÓÏ¨Ì Î¥³ Bn ´  ´¥¸±µ²Ó±µ ŒÔ‚.

‘µµÉ´µÏ¥´¨¥ Ï¨·¨´ E1- ¨ M1-¶¥·¥Ìµ¤µ¢ ¤²Ö E¢µ§¡ ≈ Bn µ¶·¥¤¥²¥´µ ¢
Ô±¸¶¥·¨³¥´É¥ ¶· ±É¨Î¥¸±¨ ¤²Ö ¢¸¥Ì ¸É ¡¨²Ó´ÒÌ Ö¤¥·-³¨Ï¥´¥° ¨ ²¥£±µ Ë¨±-
¸¨·Ê¥É¸Ö ¢ ²Õ¡ÒÌ · ¸Î¥É Ì ¶ · ³¥É·µ¢ ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤ 
´¥§ ¢¨¸¨³µ µÉ ¶·¨´¨³ ¥³ÒÌ ³µ¤¥²Ó´ÒÌ ¶·¥¤¶µ²µ¦¥´¨°.

‘µ¢·¥³¥´´Ò¥ É¥µ·¥É¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö, ¶µ§¢µ²ÖÕÐ¨¥ ¢ ¶·¨´Í¨¶¥
· ¸¸Î¨É ÉÓ ρ ¨ k, ¡µ²¥¥ ·¥ ²¨¸É¨Î´Ò, ´µ ¶· ±É¨Î¥¸±¨ ´¥ ¶µ¤Ìµ¤ÖÉ ¤²Ö  ´ ²¨§ 
Ô±¸¶¥·¨³¥´É . ’¥³ ´¥ ³¥´¥¥ µ´¨ Ê± §Ò¢ ÕÉ ´  µ¸´µ¢´µ° ´¥¤µ¸É Éµ± ³µ¤¥²¥°
¶²µÉ´µ¸É¨ Ê·µ¢´¥°, ¨¸¶µ²Ó§Ê¥³ÒÌ ¤²Ö  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¨
· ¸Î¥É  Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì ¶ · ³¥É·µ¢. �´ § ±²ÕÎ ¥É¸Ö ²¨¡µ ¢ ¶µ²´µ³ ¨£´µ-
·¨·µ¢ ´¨¨ [2], ²¨¡µ ¢ ´¥¤µ¸É ÉµÎ´µ³ ÉµÎ´µ³ ÊÎ¥É¥ [3] ¸µ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¨
¢§ ¨³µ¤¥°¸É¢¨Ö ¢ Ö¤·¥ ±¢ §¨Î ¸É¨Î´ÒÌ ¨ Ëµ´µ´´ÒÌ ¢µ§¡Ê¦¤¥´¨°.

‚ ²Õ¡µ³ ¸²ÊÎ ¥ ·¥Ï¥´¨¥ ÔÉµ° ¶·µ¡²¥³Ò ´¥ ³µ¦¥É ¡ÒÉÓ ¤µ¸É¨£´ÊÉµ
Éµ²Ó±µ É¥µ·¥É¨Î¥¸±¨³¨ ³¥Éµ¤ ³¨. ˆ ¶µ-¶·¥¦´¥³Ê ¤²Ö Ô±¸¶¥·¨³¥´É Éµ·µ¢
¢ ¦´¥°Ï¥° µ¸É ¥É¸Ö § ¤ Î  ¶µ²ÊÎ¥´¨Ö ³ ±¸¨³ ²Ó´µ ¤µ¸Éµ¢¥·´ÒÌ (Ë ±É¨Î¥-
¸±¨ Å ¶µ²ÊÎ¥´´ÒÌ ¸ ³¨´¨³ ²Ó´Ò³ ¨¸¶µ²Ó§µ¢ ´¨¥³ ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥-
´¨°) ¤ ´´ÒÌ µ §´ Î¥´¨ÖÌ ρ ¨ k.

1. ‚�‡Œ�†��‘’ˆ �Š‘�…�ˆŒ…�’�

‚µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¨ÉÓ ¶µ²´µ¸ÉÓÕ ¡¥§³µ¤¥²Ó´ÊÕ ¨´Ëµ·³ Í¨Õ ¢¶²µÉÓ ¤µ
Bn µ ρ ¨ k ¨³¥ÕÐ¨³¨¸Ö ¸·¥¤¸É¢ ³¨ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨ ¤²Ö Ö¤·  ¸ ¢Ò-
¸µ±µ° ¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥° ¤µ ¸¨Ì ¶µ· ´¥ ´ °¤¥´Ò. …¤¨´¸É¢¥´´Ò° ¤µ¸ÉÊ¶´Ò°
¶ÊÉÓ ·¥Ï¥´¨Ö ÔÉµ° § ¤ Î¨ Å ¶µ¤¡µ· §´ Î¥´¨° ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶ · ³¥É·µ¢,
´ ¨²ÊÎÏ¨³ µ¡· §µ³ µ¶¨¸Ò¢ ÕÐ¨Ì:

 ) ¨¸¶ ·¨É¥²Ó´Ò¥ ¸¶¥±É·Ò ´Ê±²µ´µ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°;
¡) · §²¨Î´Ò¥ ¸¶¥±É·Ò £ ³³ -²ÊÎ¥°, ¶µÖ¢²ÖÕÐ¨Ì¸Ö ¢ ÔÉ¨Ì ·¥ ±Í¨ÖÌ, ¢ É. Î.
¢) ¨´É¥´¸¨¢´µ¸É¨ [4] ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¶·¨ § Ì¢ É¥ ³¥¤²¥´´µ£µ

´¥°É·µ´ , ¸¢Ö§Ò¢ ÕÐ¨Ì ´¥°É·µ´´Ò° ·¥§µ´ ´¸ ¸ ´¨§±µ²¥¦ Ð¨³¨ Ê·µ¢´Ö³¨
Ö¤· .

‚ ¶¥·¢ÒÌ ¤¢ÊÌ ¸²ÊÎ ÖÌ  ³¶²¨ÉÊ¤  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·µ¢ µ¶·¥¤¥²Ö-
¥É¸Ö ¶·µ¨§¢¥¤¥´¨¥³ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ´  ¢¥·µÖÉ´µ¸ÉÓ Ô³¨¸¸¨¨ £ ³³ -±¢ ´É 
¨²¨ ´  § ¤ ¢ ¥³Ò° ³µ¤¥²Ó´µ ±µÔËË¨Í¨¥´É ¶·µ´¨Í ¥³µ¸É¨ ¶µ¢¥·Ì´µ¸É¨ Ö¤· 
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¤²Ö ¨¸¶ ·ÖÕÐ¥£µ¸Ö ´Ê±²µ´  (´Ê±²µ´µ¢). �µ ÔÉµ° ¶·¨Î¨´¥ ¤µ¸Éµ¢¥·´µ¸ÉÓ µ¶·¥-
¤¥²Ö¥³ÒÌ ¨§ ¸¶¥±É·µ¢ É¨¶   ) ¨ ¡) ¶ · ³¥É·µ¢ ¸ÊÐ¥¸É¢¥´´µ µ£· ´¨Î¨¢ ¥É¸Ö
¸¨²Ó´µ° ¨ ´¥Ê¸É· ´Ö¥³µ° ±µ··¥²ÖÍ¨¥° ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤ ¥³ÒÌ Ê·µ¢´¥° ¨
¢¥·µÖÉ´µ¸É¨ Ô³¨¸¸¨¨ ¶·µ¤Ê±É  ·¥ ±Í¨¨.

‚ ¸²ÊÎ ¥ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ³¥¦¤Ê ¸µ¸ÉµÖ´¨Ö³¨ λ → i → f ´ ²¨Î¨¥
¢Éµ·µ£µ ±¢ ´É  µ¡¥¸¶¥Î¨¢ ¥É ¨´ÊÕ Ëµ·³Ê ËÊ´±Í¨µ´ ²Ó´µ° § ¢¨¸¨³µ¸É¨ ¨Ì
¨´É¥´¸¨¢´µ¸É¨ µÉ Ô´¥·£¨¨ ¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤  ± ¸± ¤ :

Iγγ =
∑

J,π

(Γλi/ < Γλi > mλi)nλi(Γif/ < Γif > mif ). (2)

� ·Í¨ ²Ó´Ò¥ ¨ ¶µ²´Ò¥ Ï¨·¨´Ò ± ¸± ¤´ÒÌ ¶¥·¥Ìµ¤µ¢ Γ,   É ±¦¥ Î¨¸²µ m(n)
¢µ§¡Ê¦¤ ¥³ÒÌ ¨³¨ ¢ · §²¨Î´ÒÌ ¨´É¥·¢ ² Ì Ô´¥·£¨° Ê·µ¢´¥° µ¤´µ§´ Î´µ µ¶·¥-
¤¥²ÖÕÉ¸Ö ËÊ´±Í¨Ö³¨ ρ ¨ k ¶·¨ Ê¸²µ¢¨¨, ÎÉµ ¢ ¢Ò· ¦¥´¨¨ (2) ÊÎÉ¥´Ò £ ³³ -
¶¥·¥Ìµ¤Ò § ¤ ´´ÒÌ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¥°. ˆ ¨³¥´´µ ÔÉµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¶µ§¢µ-
²Ö¥É ¢ÒÖ¢¨ÉÓ µ¸µ¡¥´´µ¸É¨ ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸²µ¦´ÒÌ Ö¤¥·,
´¥¤µ¸ÉÊ¶´Ò¥ ±µ´±Ê·¨·ÊÕÐ¨³ Ô±¸¶¥·¨³¥´É ³.

„µ¸Éµ¢¥·´µ¸ÉÓ ¨ ÉµÎ´µ¸ÉÓ ¶µ²ÊÎ¥´´ÒÌ ¨§  ´ ²¨§  Iγγ ¶·¥¤¸É ¢²¥´¨° µ
¸¢µ°¸É¢ Ì ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¨§ÊÎ ¥³µ£µ Ö¤· , ¥¸É¥¸É¢¥´´µ, ¢µ§· ¸É ÕÉ
¸ Ê¢¥²¨Î¥´¨¥³ µ¡Ñ¥³  ¢±²ÕÎ¥´´µ° ¢ É ±µ°  ´ ²¨§ ¤µ¶µ²´¨É¥²Ó´µ° ¨´Ëµ·³ -
Í¨¨. � ¶·¨³¥·, ¨§¢¥¸É´ÒÌ §´ Î¥´¨° ¶µ²´µ° · ¤¨ Í¨µ´´µ° Ï¨·¨´Ò

Γλ =< Γλi > mλi (3)

· ¸¶ ¤ ÕÐ¥£µ¸Ö ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö. �µ¸²¥¤´ÖÖ ´¥µ¡Ìµ¤¨³  Éµ²Ó±µ ¤²Ö µ¶·¥-
¤¥²¥´¨Ö  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö k (´µ ´¥ Ëµ·³Ò ¥¥ § ¢¨¸¨³µ¸É¨ µÉ Eγ).

2. �Š‘�…�ˆŒ…�’�‹œ�›… „���›… � ����Œ…’��• ���–…‘‘�
Š�‘Š�„��ƒ� ƒ�ŒŒ�-��‘��„� ‘‹�†��ƒ� Ÿ„��

…¸É¥¸É¢¥´´Ò³ ¨´¤¨± Éµ·µ³ ¶· ¢¨²Ó´µ¸É¨ ¶·¥¤¸É ¢²¥´¨° µ ¸ÊÉ¨ ¶·µ¨¸Ìµ-
¤ÖÐ¨Ì ¢ ¸²µ¦´µ³ Ö¤·¥ ¶·µÍ¥¸¸µ¢ Ö¢²Ö¥É¸Ö ÉµÎ´µ¸ÉÓ · ¸Î¥É´µ£µ ¢µ¸¶·µ¨§¢¥-
¤¥´¨Ö ¢¸¥£µ ´ ¡µ·  ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ: µ´  ´¥ ¤µ²¦´ 
¡ÒÉÓ ³¥´ÓÏ¥ ÉµÎ´µ¸É¨ Ô±¸¶¥·¨³¥´É .

Š ¸µ¦ ²¥´¨Õ, ¤µ¸É¨ÎÓ É ±µ£µ ¸µµÉ¢¥É¸É¢¨Ö É¥µ·¨¨ ¨ Ô±¸¶¥·¨³¥´É  ¤µ
´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ´¥ Ê¤ ²µ¸Ó. ˆ§ Î¥ÉÒ·¥Ì ¤µ¸ÉÊ¶´ÒÌ ¤²Ö É¥¸É¨·µ¢ ´¨Ö
ËÊ´±Í¨µ´ ²µ¢ ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤ : 1) ¶µ²´µ° · ¤¨ Í¨µ´´µ°
Ï¨·¨´Ò (  É ±¦¥ ¸¥Î¥´¨° ¢§ ¨³µ¤¥°¸É¢¨Ö ´¥°É·µ´µ¢ ¸ Ö¤· ³¨); 2) ¨´É¥´¸¨¢-
´µ¸É¨ ± ¸± ¤µ¢ ¢ § ¤ ´´µ³ ¨´É¥·¢ ²¥ Ô´¥·£¨° ¨Ì ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°;
3) § ¸¥²Ö¥³µ¸É¨ [5] ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥° ± ¸± ¤ ³¨ ¸ · §²¨Î´Ò³ Î¨¸²µ³
¶¥·¥Ìµ¤µ¢ ¢ ´¨Ì (¢±²ÕÎ Ö ¶µ²´Ò¥ ¸¶¥±É·Ò £ ³³ -¨§²ÊÎ¥´¨Ö) ¨ 4) µ¦¨¤ ¥-
³µ£µ [6] Î¨¸²  ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢ ¸ ¨´É¥´¸¨¢´µ¸ÉÓÕ ³¥´ÓÏ¥
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¶µ·µ£µ¢µ° ¶·¨ ·¥£¨¸É· Í¨¨ Ô´¥·£¥É¨Î¥¸±¨ · §·¥Ï¥´´ÒÌ ± ¸± ¤µ¢ Å ¤¢  ¶¥·-
¢ÒÌ ¨¸¶µ²Ó§µ¢ ´Ò ¢ [4] ¤²Ö µ¶·¥¤¥²¥´¨Ö ¨´É¥·¢ ²  §´ Î¥´¨° ρ ¨ k, ÉµÎ´µ ¨Ì
¢µ¸¶·µ¨§¢µ¤ÖÐ¨Ì.

�µ²ÊÎ¥´´Ò¥ §´ Î¥´¨Ö ρ ¨ k ¤µ²¦´Ò µ¡¥¸¶¥Î¨ÉÓ ÉµÎ´Ò° · ¸Î¥É § ¸¥²Ö¥-
³µ¸É¨ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°, ¨§¢²¥± ¥³µ° ¨§ ¸µ¶µ¸É ¢²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¥°
± ¸± ¤µ¢ ¸ § ¤ ´´Ò³¨ ¶·µ³¥¦ÊÉµÎ´Ò³¨ Ê·µ¢´Ö³¨ ¸ ´¥§ ¢¨¸¨³µ µ¶·¥¤¥²Ö¥-
³Ò³¨ ¨´É¥´¸¨¢´µ¸ÉÖ³¨ ¨Ì ¶¥·¢¨Î´ÒÌ ¨ ¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ [5]. �
É ±¦¥ Å · ¸Î¥É ¶µ²´ÒÌ ¸¶¥±É·µ¢ £ ³³ -¨§²ÊÎ¥´¨Ö, ¸µ¶ÊÉ¸É¢ÊÕÐ¨Ì § Ì¢ ÉÊ
´¥°É·µ´µ¢ ¨ · §²¨Î´Ò³ Ö¤¥·´Ò³ ·¥ ±Í¨Ö³. Š ¸µ¦ ²¥´¨Õ, ¶µ²ÊÎ¥´´Ò¥ ¸µ-
£² ¸´µ [4] ¤ ´´Ò¥ É ±µ¢Ò, ÎÉµ ¤µ¸É¨ÎÓ É·¥¡Ê¥³µ° ¸É¥¶¥´¨ ¸µµÉ¢¥É¸É¢¨Ö Ô±¸-
¶¥·¨³¥´É  ¨ · ¸Î¥É  ´¥ Ê¤ ¥É¸Ö.

’ ±, ¶µ²´Ò¥ § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° 118Sn [7], 183,187W [8] ¢ ¨´É¥·¢ ² Ì
∼ 3−5 ¨ ∼ 1−3 ŒÔ‚ ¸µµÉ¢¥É¸É¢¥´´µ ¸ÊÐ¥¸É¢¥´´µ · ¸Ìµ¤ÖÉ¸Ö ¸ · ¸Î¥É´Ò³¨
§´ Î¥´¨Ö³¨ ´¥ Éµ²Ó±µ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ³µ¤¥²Ó´µ § ¤ ¢ ¥³ÒÌ ρ ¨ k, ´µ ¨
¤²Ö ¶µ²ÊÎ¥´´ÒÌ ¸µ£² ¸´µ [4] ¨Ì ¦¥ §´ Î¥´¨°.

�É  ¸¨ÉÊ Í¨Ö ¶·µÖ¢²Ö¥É¸Ö ¢ ³¥´ÓÏ¥° ¸É¥¶¥´¨ ¤²Ö Ö¤¥· 156Gd ¨ 168Er
[5]. ‚ ÔÉ¨Ì ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤· Ì ¶µ²ÊÎ¥´´Ò¥ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ [4] §´ Î¥-
´¨Ö ρ ¨ k ¤µ¸É ÉµÎ´µ Ìµ·µÏµ ¢µ¸¶·µ¨§¢µ¤ÖÉ ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ ¶µ²ÊÎ¥´-
´ÊÕ § ¸¥²Ö¥³µ¸ÉÓ ´¨§±µ²¥¦ Ð¨Ì Ê·µ¢´¥°, ´µ Éµ²Ó±µ ¤µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö
≈ 3, 5 ŒÔ‚. �¥µ¡Ìµ¤¨³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¤²Ö ¡µ²ÓÏ¨Ì Ô´¥·£¨°
¢µ§¡Ê¦¤¥´¨Ö ¶µ²ÊÎ¨ÉÓ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤²Ö ÔÉ¨Ì ¨  ´ ²µ£¨Î´ÒÌ Ö¤¥· ´¥-
¢µ§³µ¦´µ ¨§-§  ¶µ²´µ£µ µÉ¸ÊÉ¸É¢¨Ö ¤ ´´ÒÌ µ¡ ¨´É¥´¸¨¢´µ¸ÉÖÌ i £ ³³ -²ÊÎ¥°
¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¨´É¥·¢ ² Ì ¨Ì Ô´¥·£¨°. �µ²´Ò¥ ¦¥ ¸¶¥±É·Ò £ ³³ -²ÊÎ¥°
· ¤¨ Í¨µ´´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ ¨ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢ ¢ µ¡² ¸É¨ A ∼ 160
¢µ¸¶·µ¨§¢µ¤ÖÉ¸Ö · ¸Î¥Éµ³ [5] ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤ ´´ÒÌ [4] § ³¥É´µ ÌÊ¦¥,
Î¥³ ¢ µ¡² ¸É¨ A > 180 (´µ ²ÊÎÏ¥, Î¥³ ¢ ¨¸¶µ²Ó§Ê¥³ÒÌ µ¡ÒÎ´µ ¤²Ö ÔÉµ° Í¥²¨
³µ¤¥²ÖÌ). �· ±É¨Î¥¸±¨ ÔÉµ µ§´ Î ¥É, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É · ¸Ìµ¦¤¥´¨¥ ¶·¥¤¸É -
¢²¥´¨° µ ¶·µÍ¥¸¸¥ ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  ¸ Ô±¸¶¥·¨³¥´Éµ³ ¶µ ±· °´¥°
³¥·¥ ¤²Ö Î¥É´µ-Î¥É´µ£µ ¤¥Ëµ·³¨·µ¢ ´´µ£µ Ö¤· . �µ µ´µ ³µ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö
¢ ± ¸± ¤´µ° § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° Éµ²Ó±µ ¤²Ö Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ∼ 4 ŒÔ‚
¨ ¢ÒÏ¥.

…¸É¥¸É¢¥´´µ, ÎÉµ §´ Î¥´¨¥ ρ, µ¶·¥¤¥²¥´´µ¥ ¸µ£² ¸´µ [4], ¤µ²¦´µ ¸µµÉ¢¥É-
¸É¢µ¢ ÉÓ ´¥§ ¢¨¸¨³µ° µÍ¥´±¥ ÔÉµ° ¦¥ ¢¥²¨Î¨´Ò ¨§ ¶·µÍ¥¤Ê·Ò  ¶¶·µ±¸¨³ Í¨¨
· ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´ÒÌ µÉ±²µ´¥´¨° ¨´É¥´¸¨¢´µ¸É¥° ± ¸± ¤µ¢ ¢ Ê§±¨Ì ¨´-
É¥·¢ ² Ì Ô´¥·£¨¨ ¨Ì ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° µÉ ¸·¥¤´¥£µ §´ Î¥´¨Ö [6]. �µ
¶²µÉ´µ¸ÉÓ Ê·µ¢´¥°, µ¶·¥¤¥²¥´´ Ö ¸µ£² ¸´µ [4], ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¢µ§-
¡Ê¦¤¥´¨Ö ¢ ´¥±µÉµ·ÒÌ Ö¤· Ì ¨´µ£¤  µ± §Ò¢ ¥É¸Ö ³¥´ÓÏ¥°, Î¥³ ¶µ²ÊÎ ¥³ Ö
¸µ£² ¸´µ [6] ¤²Ö ´Ê²¥¢µ£µ ¶µ·µ£  ·¥£¨¸É· Í¨¨ ¨´É¥´¸¨¢´µ¸É¨ · §·¥Ï¥´´ÒÌ
Ô´¥·£¥É¨Î¥¸±¨ ± ¸± ¤µ¢ ¸ ¶·µ³¥¦ÊÉµÎ´Ò³¨ ¨Ì Ê·µ¢´Ö³¨ ´¨¦¥ 3Ä4 ŒÔ‚.

ˆ³¥ÕÐ¨¥¸Ö ´¥¸µµÉ¢¥É¸É¢¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ ³µ¤¥²Ó´µ · ¸cÎ¨É ´-
´ÒÌ ËÊ´±Í¨µ´ ²µ¢ ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤ , ¥¸É¥¸É¢¥´´µ, ³µ£ÊÉ
¡ÒÉÓ µ¡Ê¸²µ¢²¥´Ò ¸¨¸É¥³ É¨Î¥¸±¨³¨ ¶µ£·¥Ï´µ¸ÉÖ³¨ ± ± ¸ ³µ£µ Ô±¸¶¥·¨-
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³¥´É , É ± ¨ §´ Î¥´¨° ¨¸¶µ²Ó§Ê¥³ÒÌ ¶·¨ ¥£µ  ´ ²¨§¥ ¨§¢¥¸É´ÒÌ Ö¤¥·´µ-
Ë¨§¨Î¥¸±¨Ì ±µ´¸É ´É. ‹¨¡µ Å ´¥¤µ¸É ÉµÎ´µ ÉµÎ´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨ µ
¸¢µ°¸É¢ Ì · ¸¸³ É·¨¢ ¥³µ£µ ¶·µÍ¥¸¸ .

3. �–…�Šˆ ‚�‡Œ�†��‰ ��‹ˆ ‘ˆ‘’…Œ�’ˆ—…‘Š�‰
��ƒ�…˜��‘’ˆ ���…„…‹…�ˆŸ ρ ˆ k

�¸´µ¢´µ¥ ± Î¥¸É¢¥´´µ¥ § ±²ÕÎ¥´¨¥, ¸²¥¤ÊÕÐ¥¥ ¨§  ´ ²¨§  ¶µ²ÊÎ¥´´ÒÌ
¸µ£² ¸´µ [4] ·¥§Ê²ÓÉ Éµ¢, ¸µ¸Éµ¨É ¢ ´¥µ¡Ìµ¤¨³µ¸É¨ ¡µ²¥¥ ¤¥É ²Ó´µ£µ, Î¥³
¨³¥ÕÐ¨°¸Ö ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö, ÊÎ¥É  ¸µ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¨ ¢§ ¨³µ¤¥°¸É¢¨Ö
¸¢¥·ÌÉ¥±ÊÎ¥° ¨ µ¡ÒÎ´µ° Ë § Ö¤¥·´µ° ³ É¥·¨¨. �²ÓÉ¥·´ É¨¢´Ò¥ ·¥§Ê²ÓÉ ÉÒ
¶·¥¤¶µ² £ ÕÉ ´ ²¨Î¨¥ ¢ · ¤¨ Í¨µ´´µ° ¸¨²µ¢µ° ËÊ´±Í¨¨ É ± ´ §Ò¢ ¥³µ£µ
®¶¨£³¨-·¥§µ´ ´¸ ¯ [9].

Šµ··¥±É´Ò° ¢Ò¡µ· ´ ¨¡µ²¥¥ ÉµÎ´µ£µ ´ ¶· ¢²¥´¨Ö ³µ¤¨Ë¨± Í¨¨ ¶·¥¤-
¸É ¢²¥´¨° µ ¸¢µ°¸É¢ Ì Ö¤·  ´¨¦¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  ´¥²Ó§Ö ¸¤¥² ÉÓ ¡¥§
µ¶·¥¤¥²¥´¨Ö ¨¸ÉµÎ´¨±µ¢ ¶µÖ¢²¥´¨Ö ¨ µÍ¥´±¨ ¢¥²¨Î¨´Ò ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ-
£·¥Ï´µ¸É¨ ¢ · §²¨Î´ÒÌ ³¥Éµ¤¨± Ì ¶µ²ÊÎ¥´¨Ö ¨  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ´  µ¶·¥¤¥²Ö¥³Ò¥ ¢¥²¨Î¨´Ò ρ ¨ k.

�¥§Ê²ÓÉ ÉÒ ¨¸¶µ²Ó§µ¢ ´¨Ö ³¥Éµ¤¨±¨ [4] ³µ£ÊÉ ¸µ¤¥·¦ ÉÓ ¸ÊÐ¥¸É¢¥´´ÊÕ
¶µ£·¥Ï´µ¸ÉÓ ¨ ¤ ¢ ÉÓ ¸µµÉ¢¥É¸É¢¥´´µ ´¥¤µ¸É ÉµÎ´µ ÉµÎ´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ
¸¢µ°¸É¢ Ì Ö¤·  ¢ ¨´É¥·¢ ²¥ Ô´¥·£¨° µÉ 2Ä3 ŒÔ‚ ¤µ Bn ¶· ±É¨Î¥¸±¨ Éµ²Ó±µ
¶µ É·¥³ ¶·¨Î¨´ ³:

 ) ¨§-§  ´ ²¨Î¨Ö ·¥£Ê²Ö·´µ° ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ¸É¨, § ¢ÒÏ ÕÐ¥°
Ô±¸¶¥·¨³¥´É ²Ó´µ ¶µ²ÊÎ¥´´ÊÕ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ¢ ´¥¸±µ²Ó±µ · § ¶· ±-
É¨Î¥¸±¨ ¢ ± ¦¤µ³ ¨§ ¨§ÊÎ¥´´ÒÌ 50 Ö¤¥·;

¡) ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¤¢ÊÌ ¨ ¡µ²¥¥ £·Ê¶¶ ¢µ§¡Ê¦¤¥´´ÒÌ ¸µ¸ÉµÖ´¨° ¸ µ¤´¨³
¨ É¥³ ¦¥ §´ Î¥´¨³ Jπ (´µ ¸ · §²¨Î´µ° ¸É·Ê±ÉÊ·µ° ¨Ì ¢µ²´µ¢ÒÌ ËÊ´±Í¨°) ¸
µÉ²¨Î ÕÐ¥°¸Ö ¡µ²¥¥ Î¥³ ´  ¶µ·Ö¤µ± ¸·¥¤´¥° ¨´É¥´¸¨¢´µ¸ÉÓÕ ¢µ§¡Ê¦¤ ÕÐ¨Ì
¨Ì ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢ ²Õ¡µ³ ³ ²µ³ ¶µ ¸· ¢´¥´¨Õ ¸ Bn ¨´É¥·¢ ²¥
Ô´¥·£¨¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°;

¢) · §²¨Î´µ° Ëµ·³Ò Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ-
¢ÒÌ ËÊ´±Í¨° ¶¥·¢¨Î´ÒÌ ¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ± ¸± ¤µ¢ µ¤´µ° ¨ Éµ° ¦¥
³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¨ Ô´¥·£¨¨. �·¨Î¥³ Ëµ·³  É ±µ£µ · ¸Ìµ¦¤¥´¨Ö ¤µ²¦´  ¡ÒÉÓ
´ ¸Éµ²Ó±µ ¸ÊÐ¥¸É¢¥´´µ°, ÎÉµ¡Ò § ¢ÒÏ ÉÓ · ¸Î¥É´µ¥ µÉ´µÏ¥´¨¥ Γif/Γi ¤²Ö
¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢´¨ ¸ Ef < 1 ŒÔ‚ ¤²Ö ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É¥
± ¸± ¤µ¢ ¢ ¸·¥¤´¥³ ¢ ´¥¸±µ²Ó±µ · §.

�Í¥´±  ¸É¥¶¥´¨ ¢²¨Ö´¨Ö ²Õ¡µ° ¨§ · ¸¸³ É·¨¢ ¥³ÒÌ ¶µ£·¥Ï´µ¸É¥° ´ 
µ¶·¥¤¥²Ö¥³Ò¥ §´ Î¥´¨Ö ¶ · ³¥É·µ¢ ¸µ¸Éµ¨É ¨§ ¤¢ÊÌ ÔÉ ¶µ¢: µÍ¥´±¨ ¢¥²¨Î¨´Ò
¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ¸É¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶ · ³¥É·  Ô±¸¶¥·¨³¥´É  ¨
µÍ¥´±¨ ±µÔËË¨Í¨¥´Éµ¢ ¥¥ ¶¥·¥´µ¸ . �Í¥´±  ·¥§Ê²ÓÉ¨·ÊÕÐ¨Ì ¢¥·µÖÉ´ÒÌ ¸¨-
¸É¥³ É¨Î¥¸±¨Ì ¶µ£·¥Ï´µ¸É¥° ¶ · ³¥É·µ¢ ρ ¨ k ¸ÊÐ¥¸É¢¥´´µ Ê¸²µ¦´Ö¥É¸Ö ¢
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¸¨²Ê Éµ£µ, ÎÉµ ¸¨¸É¥³  Ê· ¢´¥´¨° (2), (3) Ö¢²Ö¥É¸Ö ¸¨²Ó´µ ±µ··¥²¨·µ¢ ´´µ°
¨ µÎ¥´Ó ´¥²¨´¥°´µ°. ‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ, ´¥¸³µÉ·Ö ´  ¶·¥¢ÒÏ¥´¨¥ Î¨¸² 
´¥¨§¢¥¸É´ÒÌ ´ ¤ Î¨¸²µ³ Ê· ¢´¥´¨° ¢ ÔÉµ° ¸¨¸É¥³¥, Ëµ·³  ËÊ´±Í¨µ´ ²Ó´ÒÌ
¸¢Ö§¥° ρ ¨ k ¸ ¨§³¥·Ö¥³Ò³¨ ¨´É¥´¸¨¢´µ¸ÉÖ³¨ ± ¸± ¤µ¢ ¨ ¶µ²´µ° Ï¨·¨´µ°
¢¥¸Ó³  ÔËË¥±É¨¢´µ µ£· ´¨Î¨¢ ¥É µ¡² ¸ÉÓ ¨Ì ¢µ§³µ¦´µ° ¢ ·¨ Í¨¨ ¤²Ö ²Õ¡ÒÌ
Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ¨ £ ³³ -±¢ ´Éµ¢. (�Éµ µ£· ´¨Î¥´¨¥ ¶µ²´µ¸ÉÓÕ µÉ¸ÊÉ-
¸É¢Ê¥É ¤²Ö ¸¶¥±É·µ¢ ¨¸¶ ·¨É¥²Ó´ÒÌ ´Ê±²µ´µ¢ ¨ ¶¥·¢¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢
²Õ¡ÒÌ Ö¤¥·´ÒÌ ·¥ ±Í¨°.)

�¸´µ¢´ Ö Î ¸ÉÓ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶µ£·¥Ï´µ¸É¥° µ¶·¥¤¥²Ö¥³ÒÌ ¶ · ³¥-
É·µ¢ µ¡Ê¸²µ¢²¥´  ¸²¥¤ÊÕÐ¨³¨ É·¥³Ö Ë ±Éµ· ³¨.

1. ‚¸¥ ¶µ²ÊÎ¥´´Ò¥ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¨´É¥´¸¨¢´µ¸É¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ
± ¸± ¤µ¢ ´µ·³¨·µ¢ ²¨¸Ó ´  ¨§¢¥¸É´Ò¥ ¨´É¥´¸¨¢´µ¸É¨ ´ ¨¡µ²¥¥ ¸¨²Ó´ÒÌ ¶¥·-
¢¨Î´ÒÌ £ ³³ -±¢ ´Éµ¢ ¨§ ¸¶¥±É·µ¢ · ¤¨ Í¨µ´´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ ´¥°É·µ-
´µ¢. � ¡µ· ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¤ ´´ÒÌ [10] ¤²Ö § Ì¢ É  ´¥°É·µ´µ¢ ¢ µ¡· §Í Ì
¢¸¥Ì ¸É ¡¨²Ó´ÒÌ Ô²¥³¥´Éµ¢ ¥¸É¥¸É¢¥´´µ£µ ¨§µÉµ¶´µ£µ ¸µ¸É ¢  ¶µ²ÊÎ¥´ ¢ Ô±¸-
¶¥·¨³¥´É Ì ¡µ²¥¥ Î¥³ 30-²¥É´¥° ¤ ¢´µ¸É¨. ’¥³ ´¥ ³¥´¥¥ ¤ ´´Ò¥  ´ ²µ£¨Î´ÒÌ
¨§³¥·¥´¨° ÔÉ¨Ì ¦¥ ¸¶¥±É·µ¢, ¢Ò¶µ²´¥´´Ò¥ ¢ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¢ �Ê¤ ¶¥ÏÉ¥ ´ 
¸µ¢·¥³¥´´ÒÌ £ ³³ -¸¶¥±É·µ³¥É· Ì [11], ´¥ ¤ ÕÉ µ¸´µ¢ ´¨° ¶·¥¤¶µ² £ ÉÓ ´ -
²¨Î¨Ö ¢ ¤ ´´ÒÌ [10] ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ¸É¨, ·¥£Ê²Ö·´µ § ¢ÒÏ ÕÐ¥°
¨´É¥´¸¨¢´µ¸ÉÓ £ ³³ -¶¥·¥Ìµ¤µ¢, ´ ¶·¨³¥·, ¢ ´¥¸±µ²Ó±µ · §.

‘·¥¤´¥±¢ ¤· É¨Î´µ¥ · ¸Ìµ¦¤¥´¨¥ ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ [10] ¨ [11] µÍ¥-
´¥´µ ¢ [12] ¢¥²¨Î¨´µ° 20% ¤²Ö ¢¸¥Ì ´ ¡²Õ¤ ¥³ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢. �µÔÉµ³Ê
¢¶µ²´¥ ¤µ¸É ÉµÎ´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ ¸É¥¶¥´¨ ¢²¨Ö´¨Ö ¶µ£·¥Ï´µ¸É¨ ¶¥·¢µ£µ
É¨¶  ´  µ¶·¥¤¥²¥´´Ò¥ ¸µ£² ¸´µ [4] §´ Î¥´¨Ö ρ ¨ k ¤ ¥É ¢ ·¨ Í¨Ö Iγγ : ³ ±-
¸¨³Ê³ ¢ 1,2Ä1,3 · §  µÉ´µ¸¨É¥²Ó´µ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ §´ Î¥´¨Ö ± ± ¢ ¸Éµ-
·µ´Ê ³¥´ÓÏ¨Ì, É ± ¨ ¡µ²ÓÏ¨Ì §´ Î¥´¨° ¨´É¥´¸¨¢´µ¸É¨. ‹¨¡µ É¥¸É¨·Ê¥³ Ö
¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ¤µ²¦´  ¡ÒÉÓ Ê¢¥²¨Î¥´  (¨²¨ Ê³¥´ÓÏ¥´ ) ¢ ¡µ²ÓÏ¥°
¸É¥¶¥´¨, ±µ£¤  ¨´É¥´¸¨¢´µ¸É¨ £ ³³ -¶¥·¥Ìµ¤µ¢ ³ ±¸¨³ ²Ó´µ° Ô´¥·£¨¨ ¢ ·¥-
§Ê²ÓÉ É Ì [11] ¡µ²ÓÏ¥ (¨²¨ ³¥´ÓÏ¥, ¸µµÉ¢¥É¸É¢¥´´µ)  ´ ²µ£¨Î´ÒÌ ¢¥²¨Î¨´,
¨¸¶µ²Ó§µ¢ ´´ÒÌ · ´¥¥ ¤²Ö ´µ·³¨·µ¢±¨ Iγγ . �¥§Ê²ÓÉ É É ±µ° µÍ¥´±¨ ¶·¨-
¢¥¤¥´ ¢ [13]. �¸´µ¢´µ° ¢Ò¢µ¤ É ±µ£µ  ´ ²¨§  Å · ¸Ìµ¦¤¥´¨¥ ¶µ²ÊÎ¥´´ÒÌ
¸µ£² ¸´µ [4] §´ Î¥´¨° ρ ¨ ¶·¥¤¸± § ´´ÒÌ ³µ¤¥²Ö³¨ ´¥¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥£µ
Ë¥·³¨-£ §  ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ¸ÉÓÕ ¤ ´´µ£µ É¨¶  µ¡ÑÖ¸´¨ÉÓ ´¥²Ó§Ö
¤ ¦¥ ¢ ¶·¨´Í¨¶¥. ˆ§ 17 Ö¤¥·, ¤²Ö ±µÉµ·ÒÌ ¢µ§³µ¦´µ ¶·Ö³µ¥ ¸µ¶µ¸É ¢²¥-
´¨¥ ¸¶¥±É·µ¢ £ ³³ -²ÊÎ¥° · ¤¨ Í¨µ´´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢, · ´¥¥
µ¶·¥¤¥²¥´´Ò¥ §´ Î¥´¨Ö Iγγ § ´¨¦¥´Ò ¢ ≈ 2 · §  ¢ 114Cd ¨ 124Te. ‚ 182Ta ¨
192Ir µ´¨ § ¢ÒÏ¥´Ò ¢ ≈ 1, 5 · §  ¸µµÉ¢¥É¸É¢¥´´µ ¶·¨ ¶· ±É¨Î¥¸±¨ · ¢´µ³ 1
¸·¥¤´¥³ §´ Î¥´¨¨. …¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¤ ´´Ò¥ [11] ¨³¥ÕÉ ¸ÊÐ¥¸É¢¥´´µ
³¥´ÓÏÊÕ ¸¨¸É¥³ É¨Î¥¸±ÊÕ ¶µ£·¥Ï´µ¸ÉÓ, Î¥³ ¸µ¶µ¸É ¢²Ö¥³Ò¥ ¸ ´¨³¨ µ¶Ê¡²¨-
±µ¢ ´´Ò¥ · ´¥¥, Éµ  ³¶²¨ÉÊ¤  Ë²Ê±ÉÊ Í¨° · §´µ¸É¨ µ¶·¥¤¥²Ö¥³ÒÌ ¸µ£² ¸´µ
³¥Éµ¤¨±¥ [4] §´ Î¥´¨° ρ ¨ k ¸ ¸ÊÐ¥¸É¢ÊÕÐ¨³¨ ³µ¤¥²Ó´Ò³¨ ¶·¥¤¸É ¢²¥´¨Ö³¨
´¥¸±µ²Ó±µ Ê³¥´ÓÏ¨É¸Ö.
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2. ‚¸¥ ¨§¢¥¸É´Ò¥ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó É¨¶Ò Ô±¸¶¥·¨³¥´Éµ¢ ¨³¥ÕÉ µ¤´Ê
¸¶¥Í¨Ë¨Î¥¸±ÊÕ µ¸µ¡¥´´µ¸ÉÓ Å ¶·¨´Í¨¶¨ ²Ó´µ ´¥ Ê¸É· ´Ö¥³ÊÕ ´¥µ¤´µ§´ Î-
´µ¸ÉÓ §´ Î¥´¨° ρ ¨ k, µ¶·¥¤¥²¥´´ÒÌ ¸ ¨Ì ¶µ³µÐÓÕ. ‘É¥¶¥´Ó ´¥µ¤´µ§´ Î-
´µ¸É¨ ¨¸±µ³ÒÌ ¶ · ³¥É·µ¢ ρ ¨ k ¢ §´ Î¨É¥²Ó´µ° ³¥·¥ ³µ¦¥É ¨§³¥´ÖÉÓ¸Ö
¢ § ¢¨¸¨³µ¸É¨ µÉ µ¡Ñ¥³  ¨¸¶µ²Ó§Ê¥³µ° ¨´Ëµ·³ Í¨¨ ¨ Ê¸²µ¢¨° ¥¥  ´ ²¨§ .
’ ±, ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ ¨§³¥·Ö¥³ÒÌ · ¸¶·¥¤¥²¥´¨ÖÌ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± -
¤µ¢ ¸ ¸Ê³³ ·´µ° Ô´¥·£¨¥° ¢ ´¥¸±µ²Ó±µ ŒÔ‚ ¶µ·Ö¤µ± ¸²¥¤µ¢ ´¨Ö ¶¥·¢µ£µ ¨
¢Éµ·µ£µ £ ³³ -¶¥·¥Ìµ¤µ¢ µ¶·¥¤¥²¨ÉÓ  ¶¶ · ÉÊ·´µ µ¡ÒÎ´µ ´¥¢µ§³µ¦´µ. Š ±
¸²¥¤¸É¢¨¥, É ±¨¥ ¸¶¥±É·Ò ³µ£ÊÉ ¡ÒÉÓ ÉµÎ´µ (χ2/f < 1) ¢µ¸¶·µ¨§¢¥¤¥´Ò µÎ¥´Ó
Ï¨·µ±¨³ ´ ¡µ·µ³ · §²¨Î´ÒÌ ËÊ´±Í¨µ´ ²Ó´ÒÌ § ¢¨¸¨³µ¸É¥° ρ = F (E¢µ§¡) ¨
k = φ(Eγ). �·¨Î¥³ µÉ´µÏ¥´¨¥ ³ ±¸¨³ ²Ó´µ ¢µ§³µ¦´µ£µ §´ Î¥´¨Ö ³µ¦¥É
¶·¥¢ÒÏ ÉÓ ³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ¥ ¢ ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ · § ¤²Ö Éµ£µ ¨ ¤·Ê-
£µ£µ ¶ · ³¥É· . �É  ´¥µ¶·¥¤¥²¥´´µ¸ÉÓ ³µ¦¥É ¡ÒÉÓ Ê³¥´ÓÏ¥´  Éµ²Ó±µ ¶ÊÉ¥³
Ê¸É ´µ¢²¥´¨Ö ¶µ·Ö¤±  ¸²¥¤µ¢ ´¨Ö ±¢ ´Éµ¢ ¢ ± ¸± ¤ Ì.

„²Ö ÔÉµ£µ ´¥µ¡Ìµ¤¨³µ ¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¸¶¥±É·µ¢ ¢Ò¤¥²¨ÉÓ ÉÊ Î ¸ÉÓ,
±µÉµ· Ö · ¢´  ¸Ê³³¥ ¨´É¥´¸¨¢´µ¸É¥° ¢¸¥Ì ¢µ§³µ¦´ÒÌ ± ¸± ¤µ¢, Ô´¥·£¨Ö ¶¥·-
¢¨Î´µ£µ ¶¥·¥Ìµ¤  ±µÉµ·ÒÌ ´ Ìµ¤¨É¸Ö ¢ § ¤ ´´µ³ ¨´É¥·¢ ²¥. �É  § ¤ Î  ¢
´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ·¥Ï ¥É¸Ö c ¨¸¶µ²Ó§µ¢ ´¨¥³ É¥Ì´¨±¨ Ö¤¥·´µ° ¸¶¥±É·µ¸±µ-
¶¨¨ ¨ ´ ±µ¶²¥´´ÒÌ ¥Õ ¤ ´´ÒÌ [14]. ‚ Ô±¸¶¥·¨³¥´É¥ µ¡ÒÎ´µ ´ ¡²Õ¤ ¥É¸Ö ¢
Ëµ·³¥ ¶ · · §·¥Ï¥´´ÒÌ ¶¨±µ¢ ´¥ ³¥´¥¥ 90 Ä 95% ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ´ 
Ê·µ¢´¨ ¸ Ei � 0, 5Bn ¶·¨ ¸·¥¤´¥³ §´ Î¥´¨¨ Ëµ´  ¢ · ¸¶·¥¤¥²¥´¨¨ ¨´É¥´¸¨¢-
´µ¸É¥° ± ¸± ¤µ¢ ¸ ²Õ¡Ò³ §´ Î¥´¨¥³ E1 + E2 = const, ¶· ±É¨Î¥¸±¨ · ¢´µ³
´Ê²Õ. ‘µµÉ¢¥É¸É¢¥´´µ, ´ °¤¥´´ Ö ¸µ£² ¸´µ ³¥Éµ¤Ê [14] Ô±¸¶¥·¨³¥´É ²Ó´ Ö § -
¢¨¸¨³µ¸ÉÓ Iγγ = F (E1) ¸µ¤¥·¦¨É ´¥±µÉµ·ÊÕ ¸¨¸É¥³ É¨Î¥¸±ÊÕ ¶µ£·¥Ï´µ¸ÉÓ,
µ¡Ê¸²µ¢²¥´´ÊÕ ±µ´¥Î´Ò³ ¨ ´¥ · ¢´Ò³ ´Ê²Õ ¶µ·µ£µ³ ·¥£¨¸É· Í¨¨ ¨´¤¨¢¨¤Ê-
 ²Ó´µ£µ ± ¸± ¤ . �´   ¸¨³¶ÉµÉ¨Î¥¸±¨ Ê¡Ò¢ ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ÔËË¥±É¨¢´µ¸É¨
¨¸¶µ²Ó§Ê¥³ÒÌ ¤²Ö ·¥£¨¸É· Í¨¨ ¸µ¢¶ ¤¥´¨° Ge-¤¥É¥±Éµ·µ¢.

Œ¥Éµ¤ µÍ¥´±¨ ¶µ£·¥Ï´µ¸É¨ µ¶·¥¤¥²¥´¨Ö [14] Ëµ·³Ò ËÊ±Í¨µ´ ²Ó´µ° § -
¢¨¸¨³µ¸É¨ Iγγ = F (E1) µ¶¨¸ ´ ¢ [6]. �´ § ±²ÕÎ ¥É¸Ö ¢ Ô±¸É· ¶µ²ÖÍ¨¨
±Ê³Ê²ÖÉ¨¢´ÒÌ ¸Ê³³ ¸²ÊÎ °´ÒÌ §´ Î¥´¨° ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ ± ´Ê²¥¢µ³Ê
§´ Î¥´¨Õ ¶µ·µ£  ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ Ô±¸¶¥·¨³¥´É . �µ·µ£µ¢µ¥ §´ Î¥´¨¥ ¨´É¥´-
¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ´¨¦¥ ±µÉµ·µ£µ ¤µ²¦´  ¡ÒÉÓ ¢Ò¶µ²´¥´  É ± Ö Ô±¸É· ¶µ-
²ÖÍ¨Ö, ¤²Ö ¸µ¢·¥³¥´´µ£µ Ô±¸¶¥·¨³¥´É , ± ± ¶· ¢¨²µ, ´¥ ¶·¥¢ÒÏ ¥É ≈ 10−4

¸µ¡ÒÉ¨° ´  µ¤¨´ · ¸¶ ¤.
�µÔÉµ³Ê ¤²Ö µ¸´µ¢´µ° Î ¸É¨ ¶µ²ÊÎ¥´´ÒÌ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢ ¸µµÉ-

¢¥É¸É¢¨¨ ¸ [14] § ¢¨¸¨³µ¸É¥° Iγγ = F (E1) ¨Ì µÉ´µ¸¨É¥²Ó´ Ö ¶µ£·¥Ï´µ¸ÉÓ
¶· ±É¨Î¥¸±¨ ³¥´ÓÏ¥ ¶µ£·¥Ï´µ¸É¨ µ¶·¥¤¥²¥´¨Ö  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö ¨´É¥´-
¸¨¢´µ¸É¨ ± ¸± ¤µ¢, ¥¸²¨ Éµ²Ó±µ ¸²ÊÎ °´Ò¥ µÉ±²µ´¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ± ¸± -
¤µ¢ µÉ ¨Ì ¸·¥¤´¥£µ §´ Î¥´¨Ö ¨³¥ÕÉ ¤¨¸¶¥·¸¨Õ, ¢¥²¨Î¨´  ±µÉµ·µ° ´¥ ¶·¥¢Ò-
Ï ¥É ¨¸¶µ²Ó§µ¢ ´´µ¥ ¢ [6] §´ Î¥´¨¥.

…¸²¨ ÔÉµ ´¥ É ± ¨ µ¸´µ¢´ Ö Î ¸ÉÓ ± ¸± ¤µ¢ ¸ E1 < 0, 5Bn ¨³¥¥É ¨´É¥´-
¸¨¢´µ¸ÉÓ ´¨¦¥ ¶µ·µ£  ÎÊ¢¸É¢¨É¥²Ó´µ¸É¨ ¨Ì ·¥£¨¸É· Í¨¨, Éµ µÉ´µ¸¨É¥²Ó´ Ö
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¶µ£·¥Ï´µ¸ÉÓ µ¶·¥¤¥²¥´´µ° § ¢¨¸¨³µ¸É¨ Iγγ = F (E1) ³µ¦¥É ¢µ§· ¸É¨. Šµ´-
±·¥É´ÒÌ ¤ ´´ÒÌ, ¶µ§¢µ²ÖÕÐ¨Ì ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¥¤¶µ² £ ÉÓ µ¡Ö§ É¥²Ó´µ¥
´ ²¨Î¨¥ ¨²¨ ¶µ²´µ¥ µÉ¸ÊÉ¸É¢¨¥ É ±µ£µ ÔËË¥±É , ´¥ ¨³¥¥É¸Ö. ˆ ¥¸²¨ ¤¥°-
¸É¢¨É¥²Ó´µ ¸·¥¤´ÖÖ ¨´É¥´¸¨¢´µ¸ÉÓ ± ¸± ¤µ¢ ¸¨²Ó´µ § ¢¨¸¨É µÉ ¸É·Ê±ÉÊ·Ò ¨Ì
¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö, Éµ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ ¶·¥¤¸É ¢²¥´¨Ö µ¡ ¨§ÊÎ ¥³µ³ ¶·µ-
Í¥¸¸¥ (§ Ë¨±¸¨·µ¢ ´´Ò¥ ¢ Ê· ¢´¥´¨ÖÌ (2), (3)) ¶µÉ·¥¡ÊÕÉ ¡µ²ÓÏ¥£µ ¶¥·¥¸³µ-
É· , Î¥³ ¤ ¦¥ ¤µ ¸¨Ì ¶µ· ´¥¨§¢¥¸É´Ò° Ë ±É ´ ²¨Î¨Ö ®¸ÉÊ¶¥´Î Éµ°¯ ¸É·Ê±ÉÊ·Ò
¢ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° [4].

3. ‚µ¶·µ¸ µ Éµ³, ¤¥°¸É¢¨É¥²Ó´µ ²¨ ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨³¥¥É ¸ÉÊ¶¥´Î -
ÉÊÕ ¸É·Ê±ÉÊ·Ê ¨ µ¡Ê¸²µ¢²¥´  ²¨ µ´  · §·Ò¢µ³ ´¥±µÉµ·µ£µ ±µ²¨Î¥¸É¢  ±Ê¶¥-
·µ¢¸±¨Ì ¶ · ´Ê±²µ´µ¢ [3, 15], ´¥¶µ¸·¥¤¸É¢¥´´µ ¸¢Ö§ ´ ¸ ¢µ¶·µ¸µ³ µ ¸É¥¶¥´¨
§ ¢¨¸¨³µ¸É¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° µÉ ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤ ¥³ÒÌ
£ ³³ -¶¥·¥Ìµ¤µ³ Ê·µ¢´¥°.

Šµ¸¢¥´´Ò¥ ¤µ± § É¥²Ó¸É¢  Éµ£µ, ÎÉµ µÉ´µÏ¥´¨¥ R = k(Eγ , Eλ)/k(Eγ ,
Ei) �= const ¤²Ö ¶¥·¥Ìµ¤µ¢ µ¤´µ° ¨ Éµ° ¦¥ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¨ Ô´¥·£¨¨, ´µ
¶µÖ¢²ÖÕÐ¨Ì¸Ö ¶·¨ · §·Ö¤±¥ Ê·µ¢´¥° ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö Eλ ¨ Ei, ¡Ò²¨
¶µ²ÊÎ¥´Ò ¶·¨ ¶µ¶ÒÉ±¥ µ¶¨¸ ÉÓ ¶µ²´Ò¥ ¸¶¥±É·Ò £ ³³ -¨§²ÊÎ¥´¨Ö ¶·¨ § Ì¢ É¥
É¥¶²µ¢ÒÌ ¨ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢ [5]. �Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ ¤²Ö ¡µ²¥¥ ÉµÎ-
´µ£µ ¢µ¸¶·µ¨§¢¥¤¥´¨Ö ÔÉ¨Ì ¸¶¥±É·µ¢ ³µ¤¥²Ó´Ò³ · ¸Î¥Éµ³ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨
¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ¤µ²¦´Ò ¨³¥ÉÓ ³¥´¥¥ ¸¨²Ó´ÊÕ § ¢¨¸¨³µ¸ÉÓ µÉ
Ô´¥·£¨¨ ±¢ ´Éµ¢, Î¥³ ¶¥·¢¨Î´ÒÌ.

� ¨¡µ²¥¥ ¤¥É ²¨§¨·µ¢ ´´Ò¥, ÌµÉÖ ¨ µ¸É ÕÐ¨¥¸Ö ¶µ-¶·¥¦´¥³Ê ±µ¸¢¥´-
´Ò³¨ ¤ ´´Ò¥ µ ¶µ¢¥¤¥´¨¨ Ö¤·  ¢ µ¡² ¸É¨ ¸ÉÊ¶¥´Î Éµ° ¸É·Ê±ÉÊ·Ò ¨ µ¡ µ¦¨-
¤ ¥³µ³ ¨§³¥´¥´¨¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° µ± § ²µ¸Ó ¢µ§³µ¦´Ò³
¶µ²ÊÎ¨ÉÓ ¶·¨  ´ ²¨§¥ ¶µ²´ÒÌ ¨ ± ¸± ¤´ÒÌ § ¸¥²Ö¥³µ¸É¥° Ê·µ¢´¥° ¸ Ô´¥·£¨¥°
¨Ì ¢µ§¡Ê¦¤¥´¨Ö ¤µ 3Ä4 ŒÔ‚ ¢ ÉÖ¦¥²ÒÌ Ö¤· Ì (181Hf, 183,184,185,187W) ¨ ¸
´¥¸±µ²Ó±µ ¡µ²ÓÏ¨³¨ Ô´¥·£¨Ö³¨ Å ¢ Ö¤· Ì ³¥´ÓÏ¥° ³ ¸¸Ò, É ±¨Ì ± ± 60Co
¨ 118Sn.

ˆ´É¥´¸¨¢´µ¸ÉÓ iγγ ¶·µ¨§¢µ²Ó´µ£µ ± ¸± ¤  ¸¢Ö§ ´  ¸ ¨´É¥´¸¨¢´µ¸ÉÖ³¨ ¥£µ
¶¥·¢¨Î´µ£µ i1 ¨ ¢Éµ·¨Î´µ£µ i2 ¶¥·¥Ìµ¤µ¢ ¸µµÉ´µÏ¥´¨¥³

iγγ = i1 · i2/
∑

i2. (4)

�É¸Õ¤  ¤²Ö ¸µ¢µ±Ê¶´µ¸É¨ ¨³¥ÕÐ¨Ì¸Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ ¶¥·¥Î¨-
¸²¥´´Ò³ ¨´É¥´¸¨¢´µ¸ÉÖ³ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ (¸³. ·¨¸. 1) ¸Ê³³ ·´ÊÕ § ¸¥²Ö¥-
³µ¸ÉÓ P =

∑
i2 ∼ 100 ¨ ¡µ²¥¥ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢ ¢ ²Õ¡µ³

Ö¤·¥ ¨§ ¨§ÊÎ¥´´ÒÌ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ¸Ê³³¨·µ¢ ´¨Ö
 ³¶²¨ÉÊ¤ ¸µ¢¶ ¤ ÕÐ¨Ì ¨³¶Ê²Ó¸µ¢. �·¨ ´ ²¨Î¨¨ ³ ±¸¨³ ²Ó´µ ¶µ²´ÒÌ ¤ ´-
´ÒÌ ¶µ i1 ¨ i2 ÔÉµ ³µ¦´µ ¸¤¥² ÉÓ ¤µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ
Ê·µ¢´¥° ± ¸± ¤µ¢ 3Ä4 ŒÔ‚ ¨ ¢ÒÏ¥. �·¨ µÉ¸ÊÉ¸É¢¨¨ Å ¤µ § ³¥É´µ ³¥´ÓÏ¨Ì
Ô´¥·£¨° [5].
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�¨¸. 1. ’µÎ±¨ ¸ µÏ¨¡-
± ³¨ Å ¶µ²´ Ö § ¸¥²Ö¥-
³µ¸ÉÓ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢-
´¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢
¢ Ö¤· Ì 60Co, 118Sn ¨ 187W.
’µ´±¨¥ ²¨´¨¨ Å · ¸Î¥ÉÒ
¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ §´ Î¥´¨°
ρ ¨ k, ¶µ²ÊÎ¥´´ÒÌ ¶µ ³¥-
Éµ¤¨±¥ [4]. �Ê´±É¨· Å
¤²Ö · ¸Î¥É  ¨¸¶µ²Ó§µ¢ ´Ò
³µ¤¥²¨ [2, 17]. †¨·´Ò¥
²¨´¨¨ Å ¤²Ö · ¸Î¥É  ¨¸-
¶µ²Ó§µ¢ ´  ¶²µÉ´µ¸ÉÓ Ê·µ¢-
´¥° ¨§ [4],   ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨ ¨§³¥-
´¥´Ò ¸µ£² ¸´µ ¢Ò· ¦¥´¨Ö³
(5), (6)

� §´µ¸ÉÓ ¸Ê³³ ·´µ° § ¸¥²Ö¥³µ¸É¨ P ¨ ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¢¨Î´µ£µ ¶¥·¥-
Ìµ¤  i1 ´  ± ¦¤Ò° ¨§ ÔÉ¨Ì Ê·µ¢´¥° · ¢´  ¸Ê³³¥ ¨Ì § ¸¥²Ö¥³µ¸É¨ ¤¢ÊÌ-, É·¥Ì-
¨ É. ¤. ±¢ ´Éµ¢Ò³¨ ± ¸± ¤ ³¨. �´  ³µ¦¥É ¡ÒÉÓ · ¸¸Î¨É ´  ¶·¨ · §²¨Î´ÒÌ
¶·¥¤¶µ²µ¦¥´¨ÖÌ µ ¶²µÉ´µ¸É¨ ¢µ§¡Ê¦¤ ¥³ÒÌ ¶·¨ § Ì¢ É¥ É¥¶²µ¢µ£µ ´¥°É·µ´ 
Ê·µ¢´¥° ¨ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨ÖÌ ± ¸± ¤´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢. � -
¶·¨³¥·, ¶·¨ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ µ¡ ÔÉ¨Ì ¢¥²¨Î¨´ Ì
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�¨¸. 2. ’µ ¦¥, ÎÉµ ´ 
·¨¸. 1, ¤²Ö ¸Ê³³ ·´µ° ± ¸± -
¤´µ° § ¸¥²Ö¥³µ¸É¨ ¶·µ³¥¦Ê-
ÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸± ¤µ¢

¨²¨ ¢µ§³µ¦´ÒÌ £¨¶µÉ¥§ Ì ´  ¨Ì ¸Î¥É (¢±²ÕÎ Ö ¶µ²ÊÎ¥´´Ò¥ ¸µ£² ¸´µ [4] §´ -
Î¥´¨Ö k ¨ ρ). �µ¸±µ²Ó±Ê ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶· ±É¨Î¥¸±¨ ´¥É ¢µ§³µ¦´µ-
¸É¨ µ¶·¥¤¥²¨ÉÓ § ¸¥²Ö¥³µ¸É¨ ¢¸¥Ì ¡¥§ ¨¸±²ÕÎ¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°
¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¤ ¦¥ ¶·¨ ´¥¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ ¨Ì ¢µ§¡Ê¦¤¥´¨Ö (¨§-
§  ´ ²¨Î¨Ö ¶µ·µ£  ·¥£¨¸É· Í¨¨ ¨´É¥´¸¨¢´µ¸É¥° iγγ , i1 ¨ i2), Éµ ¸µ¶µ¸É -
¢²¥´¨¥ Ô±¸¶¥·¨³¥´É  ¨ · ¸Î¥É  Í¥²¥¸µµ¡· §´µ µ¸ÊÐ¥¸É¢²ÖÉÓ ¤²Ö ¶·µ¸Ê³³¨-
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·µ¢ ´´ÒÌ ¶µ ´¥¡µ²ÓÏµ³Ê ¨´É¥·¢ ²Ê Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö §´ Î¥´¨° P − i1
¨ · ¸¸³ É·¨¢ ÉÓ ÔÉ¨ ¸Ê³³Ò ± ± ´¨¦´ÕÕ µÍ¥´±Ê ¤²Ö ± ¦¤µ£µ ¨§ ¨´É¥·¢ -
²µ¢. ‚ ± Î¥¸É¢¥ ¶·¨³¥·  ´¨¦¥ ¶·¨¢µ¤ÖÉ¸Ö ·¥§Ê²ÓÉ ÉÒ É ±µ£µ ¸µ¶µ¸É ¢²¥´¨Ö
¤²Ö ¸µ¸É ¢´ÒÌ Ö¤¥· 60Co, 118Sn ¨ 187W (¸³. ·¨¸. 2). �´¨ ¢Ò¡· ´Ò ¨§ 17
¤µ¸ÉÊ¶´ÒÌ ¤²Ö µ¶¨¸ ´´µ£µ ´¨¦¥ ³¥Éµ¤   ´ ²¨§ , ¶µ¸±µ²Ó±Ê ¢ ´¨Ì § ¸¥²Ö-
¥³µ¸ÉÓ µ¶·¥¤¥²¥´  ¤²Ö ³ ±¸¨³ ²Ó´µ£µ ±µ²¨Î¥¸É¢  ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°
± ¸± ¤µ¢, ³ ¸¸  · §²¨Î ¥É¸Ö ¢ ³ ±¸¨³ ²Ó´µ° ¸É¥¶¥´¨ ¨ µ´¨ ¶·¥¤¸É ¢²ÖÕÉ 3
¢µ§³µ¦´Ò¥ ±µ³¡¨´ Í¨¨ Î¥É´µ¸É¨ Î¨¸²  ´¥°É·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¢ ¸µ¸É ¢´µ³
Ö¤·¥.

‘É¥¶¥´Ó · ¸Ìµ¦¤¥´¨Ö · ¸Î¥É´µ° ¶µ²´µ° § ¸¥²Ö¥³µ¸É¨ P (·¨¸. 1) ¸ ´¥-
¨§¢¥¸É´Ò³ ¥¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò³ §´ Î¥´¨¥³ µ¶·¥¤¥²Ö¥É¸Ö ± ± ´¥¶µ²´µÉµ°
¤ ´´ÒÌ µ¡ ¨´É¥´¸¨¢´µ¸ÉÖÌ ± ¸± ¤µ¢ ¨ ¶¥·¥Ìµ¤µ¢, É ± ¨ ¢µ§³µ¦´Ò³ ¸¨²Ó´Ò³
¢²¨Ö´¨¥³ ¸É·Ê±ÉÊ·Ò ¢µ²´µ¢µ° ËÊ´±Í¨¨ ¢µ§¡Ê¦¤¥´´µ£µ Ê·µ¢´Ö ´  ¢¥·µÖÉ´µ¸ÉÓ
¥£µ ± ¸± ¤´µ£µ § ¸¥²¥´¨Ö. �¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É  É ±µ° ¢µ§³µ¦´µ¸É¨ ¸²¥¤Ê¥É
¨§ Éµ£µ, ÎÉµ ± ¸± ¤´ Ö § ¸¥²Ö¥³µ¸ÉÓ Ê·µ¢´¥° ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥
1Ä3 ŒÔ‚ ¸¨²Ó´µ ¢ ·Ó¨·Ê¥É¸Ö µÉ Ê·µ¢´Ö ± Ê·µ¢´Õ. �  ÔÉµ Ê± §Ò¢ ÕÉ µÎ¥´Ó
¸¨²Ó´Ò¥ Ë²Ê±ÉÊ Í¨¨ § ¸¥²Ö¥³µ¸É¨ ¸µ¸¥¤´¨Ì Ê·µ¢´¥°.

‚ · ¸¸³ É·¨¢ ¥³ÒÌ ¨§µÉµ¶ Ì ¶¥·¢¨Î´Ò³¨ ¤¨¶µ²Ó´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¤¢ÊÌ-
±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢µ§¡Ê¦¤ ÕÉ¸Ö Ê·µ¢´¨ ¸ J = 1/2, 3/2 ¤²Ö 187W, 0Ä2 ¤²Ö
118Sn ¨ Ê·µ¢´¨ ¢ ¸¶¨´µ¢µ³ µ±´¥ 2Ä5 ¤²Ö 60Co. �µ¸±µ²Ó±Ê ¢¸Ö ¸µ¢µ±Ê¶-
´µ¸ÉÓ ¤ ´´ÒÌ µ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤ Ì ³µ¦¥É ¡ÒÉÓ µ¶¨¸ ´  Éµ²Ó±µ ¶·¨
ÊÎ¥É¥ ¤¨¶µ²Ó´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¨ ³ £´¨É´ÒÌ ¶¥·¥Ìµ¤µ¢, ¤ ²Ó´¥°Ï¨°  ´ ²¨§
¶·¥¤¶µ² £ ¥É ¢µ§¡Ê¦¤¥´¨¥ ¨³¨ Ê·µ¢´¥° µ¡¥¨Ì Î¥É´µ¸É¥°. „µ²Ö § Ì¢ Î¥´´ÒÌ
´¥°É·µ´µ¢ ¢ Éµ³ ¨²¨ ¨´µ³ ¸¶¨´µ¢µ³ ± ´ ²¥ ¤²Ö ±µ¡ ²ÓÉ  ¨ µ²µ¢  ÊÎ¨ÉÒ¢ ²¨¸Ó
¢µ ¢¸¥Ì · ¸Î¥É Ì ¶µ ¤ ´´Ò³ [16].

Š ¸± ¤´ Ö § ¸¥²Ö¥³µ¸ÉÓ ²Õ¡µ£µ Ê·µ¢´Ö µ¶·¥¤¥²Ö¥É¸Ö ´¥ Éµ²Ó±µ ¸Ê³³ ·-
´µ° ¨´É¥´¸¨¢´µ¸ÉÓÕ ¢¸¥Ì § ± ´Î¨¢ ÕÐ¨Ì¸Ö ¨³¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢, ´µ
¨ ¨´É¥´¸¨¢´µ¸ÉÓÕ É·¥Ì-, Î¥ÉÒ·¥Ì±¢ ´Éµ¢ÒÌ. �µ¸²¥¤´¨¥ ¶µÖ¢²ÖÕÉ¸Ö ¶·¨ · §-
·Ö¤±¥ Ê·µ¢´¥° ¨§ ¡µ²¥¥ Ï¨·µ±µ£µ ¸¶¨´µ¢µ£µ µ±´ , Î¥³ ¤²Ö ¶·µ³¥¦ÊÉµÎ-
´ÒÌ Ê·µ¢´¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢. �µÔÉµ³Ê ¸¢Ö§ ÉÓ ´  µ¸´µ¢ ´¨¨ ¤ ´-
´ÒÌ ·¨¸. 1 · §²¨Î¨¥ ¢ § ¸¥²Ö¥³µ¸É¨ ¸µ¸¥¤´¨Ì ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸-
± ¤µ¢ Éµ²Ó±µ ¸ · §²¨Î¨¥³ ¨Ì ¸¶¨´µ¢ (± ± ÔÉµ µ¡ÒÎ´µ ¶·¨´¨³ ¥É¸Ö, ´ ¶·¨-
³¥·, ¶·¨  ´ ²¨§¥ ·¥§Ê²ÓÉ Éµ¢ ·¥ ±Í¨¨ (n, n

′
γ)) ¶·¥¤¸É ¢²Ö¥É¸Ö ´¥¢µ§³µ¦-

´Ò³.
Šµ²¨Î¥¸É¢µ ¤µ¸ÉÊ¶´ÒÌ ¤²Ö · ¸Î¥É  ¢ ·¨ ´Éµ¢ · §²¨Î´ÒÌ ËÊ´±Í¨µ´ ²Ó-

´ÒÌ § ¢¨¸¨³µ¸É¥° ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° µÉ Ô´¥·£¨° £ ³³ -
±¢ ´É  ¨ ¢µ§¡Ê¦¤¥´¨Ö Ê·µ¢´Ö ¤µ¸É ÉµÎ´µ ¢¥²¨±µ. �µ µ¡Ð¨¥ § ±µ´µ³¥·´µ¸É¨
¨§³¥´¥´¨Ö § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° ¢ § ¢¨¸¨³µ¸É¨ µÉ Ô´¥·£¨¨ ¨Ì ¢µ§¡Ê¦¤¥´¨Ö
³µ¦´µ ¢ÒÖ¢¨ÉÓ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¢¸¥£µ É·¥Ì ¢ ·¨ ´Éµ¢ · ¸Î¥É :

 ) ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¶·¥¤¸± §Ò¢ ¥É¸Ö ²Õ¡Ò³ ¢ ·¨ ´Éµ³ ³µ¤¥²¨ ´¥¢§ ¨-
³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ § , ¸¨²µ¢ Ö ËÊ´±Í¨Ö …1-¶¥·¥Ìµ¤µ¢ § ¤ ¥É¸Ö ¨§¢¥¸É-
´Ò³¨ Ô±¸É· ¶µ²ÖÍ¨Ö³¨ £¨£ ´É¸±µ£µ Ô²¥±É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸  ¢
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�¨¸. 3. ˆ´É¥´¸¨¢´µ¸É¨ ¤¢ÊÌ-
±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢ ËÊ´±-
Í¨¨ Ô´¥·£¨¨ ¨Ì ¶¥·¢¨Î´µ£µ
¶¥·¥Ìµ¤  ¤²Ö · ¸¸³µÉ·¥´-
´ÒÌ Ö¤¥·, ¶·µ¸Ê³³¨·µ¢ ´-
´Ò¥ ¶µ ¨´É¥·¢ ² ³ Ï¨·¨´µ°
0,5 ŒÔ‚. �Ê´±É¨· Å · ¸-
Î¥É ¶µ ¢Ò· ¦¥´¨Õ (2) ¤²Ö
´ ¡µ·  ³µ¤¥²¥° [2] ¨ [17]

µ¡² ¸ÉÓ ´¨¦¥ Bn,   k(1) = const ¸ ´µ·³¨·µ¢±µ° §´ Î¥´¨Ö k(M1)/k(E1) ´ 
Ô±¸¶¥·¨³¥´É;

¡) ¨¸¶µ²Ó§ÊÕÉ¸Ö ρ ¨ k, ÉµÎ´µ ¢µ¸¶·µ¨§¢µ¤ÖÐ¨¥ §´ Î¥´¨Ö ¨´É¥´¸¨¢´µ-
¸É¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢ ËÊ´±Í¨¨ Ô´¥·£¨¨ ¨Ì ¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤ 
[4] (·¨¸. 3);
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�¨¸. 4. ’µÎ±¨ ¸ µÏ¨¡± -
³¨ Å ¸Ê³³Ò · ¤¨ Í¨µ´´ÒÌ
¸¨²µ¢ÒÌ ËÊ´±Í¨° ¤¨¶µ²Ó-
´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¨ ³ £-
´¨É´ÒÌ ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ-
¤µ¢ ± ¸± ¤µ¢, ¶µ§¢µ²ÖÕÐ¨Ì
ÉµÎ´µ ¢µ¸¶·µ¨§¢µ¤¨ÉÓ ¨Ì
¨´É¥´¸¨¢´µ¸ÉÓ ¸ ÊÎ¥Éµ³ ¢¥-
·µÖÉ´µ£µ · §²¨Î¨Ö ¨Ì §´ -
Î¥´¨° ¸ ¸¨²µ¢Ò³¨ ËÊ´±Í¨-
Ö³¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢
(Ê³´µ¦¥´µ ´  109). ’µÎ-
±¨ Å Éµ ¦¥ ¸ ³µ¥ ¤²Ö h =
const. ‚¥·Ì´ÖÖ ¶Ê´±É¨·´ Ö
²¨´¨Ö Å ¶·¥¤¸± § ´¨Ö ³µ-
¤¥²¨ [17], ´¨¦´ÖÖ ¶Ê´±É¨·-
´ Ö ²¨´¨Ö Å [18] ¢ ¸Ê³³¥
¸ k(M1) = const ¸µµÉ¢¥É-
¸É¢¥´´µ. ‹¨´¨Ö Å §´ Î¥-
´¨¥ ËÊ´±Í¨° h ¤²Ö £ ³³ -
¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢´¨ Ei

¢) ¶µ¤¡¨· ¥É¸Ö ´ ¡µ· É ±¨Ì §´ Î¥´¨° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢ÒÌ ËÊ´±-
Í¨°, ±µÉµ·Ò¥ µ¤´µ¢·¥³¥´´µ ÉµÎ´µ ¢µ¸¶·µ¨§¢µ¤ÖÉ §´ Î¥´¨Ö Iγγ = F (E1), Γγ

¨ ³ ±¸¨³ ²Ó´µ ÉµÎ´µ Å §´ Î¥´¨Ö P − i1.

�¥ ²¨§ Í¨Ö ¢ ·¨ ´É  ¢) ¢µ§³µ¦´  ¢ ¨É¥· Í¨µ´´µ³ ·¥¦¨³¥: ¤²Ö ¶µ²ÊÎ¥´-
´ÒÌ ¸µ£² ¸´µ [4] §´ Î¥´¨° k ¶µ¤¡¨· ¥É¸Ö ËÊ´±Í¨µ´ ²Ó´ Ö § ¢¨¸¨³µ¸ÉÓ, ¨§³¥-
´ÖÕÐ Ö §´ Î¥´¨Ö ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢Éµ·¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ µÉ´µ¸¨É¥²Ó´µ ¸¨-
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�¨¸. 5. ’µÎ±¨ ¸ µÏ¨¡± -
³¨ Å ¸Ê³³ ·´µ¥ Î¨¸²µ
¢¸¥Ì ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢-
´¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± -
¤µ¢, ¢µ¸¶·µ¨§¢µ¤ÖÐ¨¥ ¢¥¸Ó
´ ¡µ· ¤ ´´ÒÌ Ô±¸¶¥·¨-
³¥´É . ’µÎ±¨ Å É¥ ¦¥ ¢¥-
²¨Î¨´Ò ¤²Ö ¸²ÊÎ Ö h =
const. ’µ´± Ö ²¨´¨Ö Å
¶·¥¤¸± § ´¨Ö ³µ¤¥²¨ [2].
†¨·´ Ö ²¨´¨Ö Å ´ ¨²ÊÎ-
Ï¥¥ §´ Î¥´¨¥ ËÊ´±Í¨¨ h.
’·¥Ê£µ²Ó´¨±¨ Å ´ ¡²Õ¤ -
¥³µ¥ Î¨¸²µ ¶·µ³¥¦ÊÉµÎ-
´ÒÌ Ê·µ¢´¥° · §·¥Ï¥´´ÒÌ
± ¸± ¤µ¢

²µ¢µ° ËÊ´±Í¨¨ [4] É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¢µ¸¶·µ¨§¢¥¸É¨ ´ ¨²ÊÎÏ¨³ µ¡· §µ³
§´ Î¥´¨Ö P − i1. „²Ö ÔÉµ£µ ¢¶µ²´¥ ¤µ¸É ÉµÎ´µ Ê³´µ¦ ÉÓ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨
¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢´¨ ´¨¦¥ ´¥±µÉµ·µ° £· ´¨Î´µ° Ô´¥·£¨¨
¢µ§¡Ê¦¤¥´¨Ö ´  ËÊ´±Í¨Õ h, ¸µ¤¥·¦ ÐÊÕ ´¥¸±µ²Ó±µ µÎ¥´Ó Ê§±¨Ì ¶¨±µ¢. ‡ -
¢¨¸¨³µ¸ÉÓ Ëµ·³Ò ÔÉ¨Ì ¶¨±µ¢ µÉ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ³µ¦´µ µ¶·¥¤¥²¨ÉÓ
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¶µ  ´ ²µ£¨¨ ¸ ¶ · ³¥É· ³¨ ¸¨¸É¥³ ¢ ÉµÎ±¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¢Éµ·µ£µ ·µ¤ 
± ±

h = 1 + α (ln (|Uc − U1|) − ln (|Uc − U |)) ¢ ¸²ÊÎ ¥ U < Uc, (5)

h = 1 + α (ln (|Uc − U2|) − ln (|Uc − U |)) ¢ ¸²ÊÎ ¥ U > Uc (6)

¸ ´¥±µÉµ·Ò³¨ ¶ · ³¥É· ³¨ α, U1, U2 ¨ Uc. “¸²µ¢¨¥ (Uc − U1) �= (U2 − Uc)
µ¡¥¸¶¥Î¨¢ ¥É, ¶·¨ ´¥µ¡Ìµ¤¨³µ¸É¨,  ¸¨³³¥É·¨Õ ¶¨±µ¢,   É ±¦¥ ´¥¸±µ²Ó±µ
¡µ²¥¥ ÉµÎ´µ¥ ¢µ¸¶·µ¨§¢¥¤¥´¨¥ ± ¸± ¤´µ° § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° ´  Ì¢µ¸É Ì
¶¨±µ¢ ¶µ ¸· ¢´¥´¨Õ ¸ ±·¨¢µ° ‹µ·¥´Í , ´ ¶·¨³¥·.

� · ³¥É· α ¢ ´ ¨²ÊÎÏ¥³ ¨§ µ¶·µ¡µ¢ ´´ÒÌ ´ ³¨ ¢ ·¨ ´Éµ¢ ¤µ²¦¥´ ¢µ§-
· ¸É ÉÓ (´ ¶·¨³¥·, ²¨´¥°´µ) ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö U µÉ ´Ê²Ö
¶·¨ U = Bn ¤µ ´¥±µÉµ·µ£µ ³ ±¸¨³ ²Ó´µ£µ §´ Î¥´¨Ö, ¶·¨¢¥¤¥´µ£µ ´  ·¨¸. 4 ¨
5. �µ²µ¦¥´¨Ö ¶¨±µ¢, ¨Ì  ³¶²¨ÉÊ¤  ¨ Ëµ·³  ¢¶µ²´¥ µ¤´µ§´ Î´µ µ¶·¥¤¥²ÖÕÉ¸Ö
§´ Î¥´¨Ö³¨ P−i1. � °¤¥´´Ò¥ ±µ··¥±É¨·ÊÕÐ¨¥ ËÊ´±Í¨¨ § É¥³ ¢±²ÕÎ ÕÉ¸Ö ¢
 ´ ²¨§ [4] ¤²Ö µ¶·¥¤¥²¥´¨Ö §´ Î¥´¨° ρ ¨ k, ÉµÎ´µ ¢µ¸¶·µ¨§¢µ¤ÖÐ¨Ì ¨´É¥´¸¨¢-
´µ¸É¨ ± ¸± ¤µ¢. ‡´ Î¥´¨Ö ¶µ¸²¥¤´¨Ì ¶·¨¢¥¤¥´Ò ´  ·¨¸. 3,   ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥
¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢Ò¥ ËÊ´±Í¨¨ Å ´  ·¨¸. 4, 5. ‡ É¥³ ÔÉµÉ Í¨±²
³µ¦¥É ¶µ¢Éµ·ÖÉÓ¸Ö. Œ ±¸¨³Ê³ µ¤¨´ · § Å ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ £¨¶µÉ¥§Ò µ
²¨´¥°´µ ´ · ¸É ÕÐ¨Ì ¨¸± ¦¥´¨ÖÌ §´ Î¥´¨° k(E1) ¨ k(M1) ¶·¨ Ê³¥´ÓÏ¥´¨¨
Ô´¥·£¨¨ · ¸¶ ¤ ÕÐ¨Ì¸Ö Ê·µ¢´¥°, ¨ ´¥¸±µ²Ó±µ · § Å ¤²Ö ¢ ·¨ ´É  α = const.
„²Ö ³¨´¨³¨§ Í¨¨ ±µ²¨Î¥¸É¢  ¶µ¤¡¨· ¥³ÒÌ ¶ · ³¥É·µ¢ ¶·¥¤¶µ² £ ²µ¸Ó, ÎÉµ
±µ··¥±É¨·ÊÕÐ¨¥ ËÊ´±Í¨¨ ·¨¸. 4, 5 µ¤¨´ ±µ¢Ò ± ± ¤²Ö Ô²¥±É·¨Î¥¸±¨Ì, É ± ¨
³ £´¨É´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢.

‚µ§· ¸É ´¨¥ ¶ · ³¥É·  α ¸ Ê³¥´ÓÏ¥´¨¥³ Ô´¥·£¨¨ · ¸¶ ¤ ÕÐ¥£µ¸Ö Ê·µ¢´Ö
Ê³¥´ÓÏ ¥É ¶·µ¨§¢µ¤´ÊÕ dk/dEγ , ÎÉµ ¶µ²´µ¸ÉÓÕ ¸µµÉ¢¥É¸É¢Ê¥É ¢Ò¢µ¤ ³, ¶µ²Ê-
Î¥´´Ò³ ¢ [5] ¨§ ¸µ¶µ¸É ¢²¥´¨Ö ¶µ²´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ ¸¶¥±-
É·µ¢ · ¤¨ Í¨µ´´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ ¨ ¡Ò¸É·ÒÌ ´¥°É·µ´µ¢. ‚µ§³µ¦´µ¸ÉÓ
¸µ£² ¸µ¢ ´´µ£µ µ¶¨¸ ´¨Ö ¢¸¥Ì ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  ¢ · ³± Ì ¨¸¶µ²Ó§µ¢ ´-
´ÒÌ ¶·¨¡²¨¦¥´¨° ¶µ§¢µ²Ö¥É µ¦¨¤ ÉÓ, ÎÉµ ´ °¤¥´´Ò¥ ¸µ£² ¸´µ [4] ¶ · ³¥É·Ò
± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  µÉ· ¦ ÕÉ µ¸´µ¢´Ò¥ µ¸µ¡¥´´µ¸É¨ ·¥ ²Ó´ÒÌ §´ Î¥-
´¨° ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨°, ±µÉµ·Ò¥ ¤µ²¦´Ò ¸µÌ· ´¨ÉÓ¸Ö
¶·¨ ¤ ²Ó´¥°Ï¥³ ¸´¨¦¥´¨¨ ¶µ²´µ° ¶µ£·¥Ï´µ¸É¨ ¨Ì µ¶·¥¤¥²¥´¨Ö. ‚ Í¥²µ³
´¥¢µ§³µ¦´µ¸ÉÓ µ¡ÑÖ¸´¨ÉÓ ¨§¢¥¸É´Ò³¨ ¸¨¸É¥³ É¨Î¥¸±¨³¨ ¶µ£·¥Ï´µ¸ÉÖ³¨ · ¸-
Ìµ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸¸Î¨É ´´ÒÌ ¶µ ¤ ´´Ò³ [4] ËÊ´±Í¨µ´ ²µ¢
¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  ¶·¥¤¸É ¢²Ö¥É¸Ö µ¸´µ¢´Ò³  ·£Ê³¥´Éµ³ ¢
¶µ²Ó§Ê ´¥µ¡Ìµ¤¨³µ¸É¨ Ê¸²µ¦´¥´¨Ö ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° Ô±¸¶¥·¨³¥´É -
Éµ·µ¢ µ ¸¢µ°¸É¢ Ì ÉÖ¦¥²ÒÌ Ö¤¥· (¢ ¶¥·¢ÊÕ µÎ¥·¥¤Ó ¤¥Ëµ·³¨·µ¢ ´´ÒÌ) ´¨¦¥
Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 5Ä8 ŒÔ‚.
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4. ���‹�„�…Œ�Ÿ Š��’ˆ�� ���–…‘‘� Š�‘Š�„��ƒ�
γ-��‘��„� �…‰’�����ƒ� �…‡����‘� ‘‹�†��ƒ� Ÿ„��

� ¨¡µ²ÓÏ¨° µ¡Ñ¥³ ³ ±¸¨³ ²Ó´µ ¤¥É ²Ó´µ° ¨´Ëµ·³ Í¨¨ µ ¸¢µ°¸É¢ Ì ÉÖ-
¦¥²ÒÌ Ö¤¥· ¢ ¤¨ ¶ §µ´¥ ¨Ì ¢µ§¡Ê¦¤¥´¨Ö 1 − 2 < E¢µ§¡ < Bn ŒÔ‚ ¶µ²ÊÎ¥´ ¢
´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¶·¨ ¨§ÊÎ¥´¨¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢. ‚ ÔÉµ³ ¶·µÍ¥¸¸¥ ÔËË¥±É¨¢´µ ¢µ§¡Ê¦¤ ¥É¸Ö µ¤¨´ ¨²¨ ´¥¸±µ²Ó±µ
´¥°É·µ´´ÒÌ ·¥§µ´ ´¸µ¢, ¨ ¶µÔÉµ³Ê ´¥²Ó§Ö ¨¸±²ÕÎ¨ÉÓ ¢µ§³µ¦´µ¸É¨ Éµ£µ, ÎÉµ
¢¥²¨Î¨´Ò ÔËË¥±Éµ¢ ¢µ§³µ¦´µ£µ ¢²¨Ö´¨Ö ¸É·Ê±ÉÊ·Ò Ê·µ¢´¥° ´  · ¸¸³ É·¨-
¢ ¥³Ò° ¶·µÍ¥¸¸ ¢ Ô±¸¶¥·¨³¥´É¥ ¶·µÖ¢²ÖÕÉ¸Ö ´¥ ¢ ¶µ²´µ° ³¥·¥ ¨²¨ ¦¥ µ´¨
Ö¢²ÖÕÉ¸Ö ¸¶¥Í¨Ë¨Î¥¸±¨³¨ ¨ ²µ± ²Ó´Ò³¨. ‚ Î ¸É´µ¸É¨, ¨§-§  ¢µ§³µ¦´µ° ±µ·-
·¥²ÖÍ¨¨ ¶·¨¢¥¤¥´´µ° ´¥°É·µ´´µ° Ï¨·¨´Ò ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ¨ Î ¸É¨ ¶ ·-
Í¨ ²Ó´ÒÌ · ¤¨ Í¨µ´´ÒÌ Ï¨·¨´ ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ¥£µ · ¸¶ ¤  ¢µ§³µ¦´µ
¸ÊÐ¥¸É¢¥´´µ¥ ¨§³¥´¥´¨¥ Ëµ·³Ò ¨  ³¶²¨ÉÊ¤Ò § ¢¨¸¨³µ¸É¨ Iγγ = F (E1) µÉ-
´µ¸¨É¥²Ó´µ ¶·¨¢¥¤¥´´ÒÌ ´  ·¨¸. 3 ¥¥ ¦¥ §´ Î¥´¨° (¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¨§³¥-
´¥´¨¥³ ρ ¨ k). ’¥³ ´¥ ³¥´¥¥ ´ ¡²Õ¤ ¥³Ò¥ ÔËË¥±ÉÒ Ö¢²ÖÕÉ¸Ö Ë· £³¥´É ³¨
µ¡Ð¥° ± ·É¨´Ò ¨§³¥´¥´¨Ö ¨ Ê¸²µ¦´¥´¨Ö ¸É·Ê±ÉÊ·Ò ¢µ§¡Ê¦¤¥´´µ£µ Ö¤·  ¨
É·¥¡ÊÕÉ ¸¢µ¥£µ µ¡ÑÖ¸´¥´¨Ö ¤ ¦¥ ¢ É ±µ³ £¨¶µÉ¥É¨Î¥¸±µ³ ¸²ÊÎ ¥.

Š ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ´ °¤¥´µ ¤¢  ¤µ¸É ÉµÎ´µ µ¡Ð¨Ì ÔËË¥±É , ±µÉµ·Ò¥
¨ µ¡Ê¸² ¢²¨¢ ÕÉ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ¢ Ê¸²µ¦´¥´¨¨ ¶·¥¤¸É ¢²¥´¨° µ ¸¢µ°¸É¢ Ì
Ö¤·  ¢ · ¸¸³ É·¨¢ ¥³µ° µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨°:

1) ¸¨²Ó´µ ¢Ò· ¦¥´´ Ö ®¸ÉÊ¶¥´Î É Ö¯ ¸É·Ê±ÉÊ·  ¢ ¶²µÉ´µ¸É¨ ¶·µ³¥¦ÊÉµÎ-
´ÒÌ Ê·µ¢´¥° ´ ¡²Õ¤ ¥³ÒÌ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¢ · °µ´¥ ∼ 0, 5Bn ¶²Õ¸
¸¢Ö§ ´´µ¥ ¸ ´¥° ¶µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¢µ§· ¸É ´¨¥ k(E1) + k(M1) ¶¥·¢¨Î-
´ÒÌ ¶¥·¥Ìµ¤µ¢ ¨

2) ¶· ±É¨Î¥¸± Ö Ô±¢¨¤¨¸É ´É´µ¸ÉÓ · ¸¸ÉµÖ´¨° ³¥¦¤Ê ¶·µ³¥¦ÊÉµÎ´Ò³¨
Ê·µ¢´Ö³¨ (¨²¨ ¨Ì ¡²¨§±¨³¨ ³Ê²ÓÉ¨¶²¥É ³¨) ´ ¨¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ± ¸± -
¤µ¢. �·¨ ÔÉµ³ ®¢Ò¤¥²¥´´Ò¥¯ ¨´É¥·¢ ²Ò ´ ¡²Õ¤ ÕÉ¸Ö ± ± ³¨´¨³Ê³ ¤²Ö É·µ¥±
± ¸± ¤µ¢, ¨ ¨§ ¸¶¥±É·µ¸±µ¶¨Î¥¸±¨Ì ¤ ´´ÒÌ Ô±¸¶¥·¨³¥´É  ³µ¦´µ ¢Ò¤¥²¨ÉÓ
¶µ ±· °´¥° ³¥·¥ ¤¢¥ É ±¨¥ ¶· ±É¨Î¥¸±¨ Ô±¢¨¤¨¸É ´É´Ò¥ ®¶µ²µ¸Ò¯ (·¨¸. 6).
� ¶ · ³¥É· Ô±¢¨¤¨¸É ´É´µ¸É¨ ¢ ¶¥·¢µ³ ¶·¨¡²¨¦¥´¨¨ ¶·µ¶µ·Í¨µ´ ²¥´ Î¨¸²Ê
¡µ§µ´´ÒÌ ¶ · ´¥§ ¶µ²´¥´´ÒÌ ´Ê±²µ´´ÒÌ µ¡µ²µÎ¥±.

�±¢¨¤¨¸É ´É´Ò° Ì · ±É¥· ¸¶¥±É·  ³µ¦¥É Ö¢²ÖÉÓ¸Ö ¨´¤¨± Éµ·µ³ ¢µ§³µ¦-
´µ£µ ´ ²¨Î¨Ö ¢ ¸É·Ê±ÉÊ· Ì ¢µ²´µ¢ÒÌ ËÊ´±Í¨° ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸-
± ¤µ¢ ¡µ²ÓÏ¨Ì ±µ³¶µ´¥´Éµ¢, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¸ÊÐ¥¸É¢µ¢ ´¨Õ µ¤´µ£µ, ¤¢ÊÌ
¨ ¡µ²¥¥ Ëµ´µ´µ¢. ’µ ¥¸ÉÓ ÔÉµÉ Ë ±É ¶µ§¢µ²Ö¥É ¶·¥¤¶µ² £ ÉÓ ´ ²¨Î¨¥ ¸Ê-
Ð¥¸É¢¥´´µ£µ ¢²¨Ö´¨Ö ´  ¶·µÍ¥¸¸ ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  ¢µ§¡Ê¦¤¥´¨°
¡µ§µ´´µ£µ É¨¶  ¢ µ¡² ¸É¨ Ô´¥·£¨° ¥£µ Ê·µ¢´¥° ¶µ ±· °´¥° ³¥·¥ ´¨¦¥
∼ 0, 5Bn.

�Î¥´Ó ¸ÊÐ¥¸É¢¥´´µ¥ Ê¢¥²¨Î¥´¨¥ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢Éµ·¨Î´ÒÌ £ ³³ -
¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢´¨ ¢ µ¡² ¸É¨ ®¸ÉÊ¶¥´Î Éµ°¯ ¸É·Ê±ÉÊ·Ò Ö¢²Ö¥É¸Ö ¤µ¶µ²-
´¨É¥²Ó´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ ²µ± ²Ó´µ£µ ¨ ¸¨²Ó´µ£µ ¨§³¥´¥´¨Ö ¸¢µ°¸É¢ Ö¤·  ¢
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�¨¸. 6. ‚µ§³µ¦´Ò¥ ®¶µ²µ¸Ò¯
¶· ±É¨Î¥¸±¨ Ô±¢¨¤¨¸É ´É´ÒÌ
¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ´ ¨-
¡µ²¥¥ ¨´É¥´¸¨¢´ÒÌ ± ¸± ¤µ¢ ¨
¨Ì ³Ê²ÓÉ¨¶²¥Éµ¢. (ˆ´É¥´¸¨¢-
´µ¸É¨ ´ ¨¡µ²¥¥ ¸¨²Ó´ÒÌ ± ¸-
± ¤µ¢ ¸£² ¦¥´Ò ¸ ¶µ³µÐÓÕ
±·¨¢µ° ƒ Ê¸¸  ¸ ¶ · ³¥É·µ³
σ = 50 ±Ô‚)

µ£· ´¨Î¥´´µ° µ¡² ¸É¨ ¥£µ ¢µ§¡Ê¦¤¥´¨°. � ¨³¥´´µ É ±µ¥ ¨§³¥´¥´¨¥ ¢´ÊÉ·¥´-
´¨Ì ¸¢µ°¸É¢ ¨§ÊÎ ¥³µ° ¸¨¸É¥³Ò Å Ì · ±É¥·´µ¥ ¸¢µ°¸É¢µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ 
¢Éµ·µ£µ ·µ¤ .

4.1. �¥Î¥É´µ-´¥Î¥É´µ¥ Ö¤·µ 60Co. �Éµ ¥¤¨´¸É¢¥´´µ¥ Ö¤·µ ¸ ´¥Î¥É´Ò³
Î¨¸²µ³ ¶·µÉµ´µ¢ ¨ ´¥°É·µ´µ¢, ¤²Ö ±µÉµ·µ£µ ¨³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ ¶µ ¸¶¥±-
É· ³ £ ³³ -²ÊÎ¥° ¶µ§¢µ²¨²¨ ¶µ²ÊÎ¨ÉÓ ¨´Ëµ·³ Í¨Õ µ § ¸¥²¥´´µ¸É¨ Ê·µ¢´¥°
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¤µ Ô´¥·£¨¨ ∼ 4 ŒÔ‚ ¨ ¤²Ö µ¶¨¸ ´¨Ö £ ³³ -· ¸¶ ¤  ±µ³¶ Ê´¤-¸µ¸ÉµÖ´¨Ö ±µ-
Éµ·µ£µ Í¥²¥¸µµ¡· §´µ ¨¸¶µ²Ó§µ¢ ÉÓ ¶·¥¤¸É ¢²¥´¨Ö µ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ
ËÊ´±Í¨ÖÌ ¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°. ‚¸¥ É·¨ ¢ ·¨ ´É  · ¸Î¥É  § ¸¥²Ö¥³µ¸É¨ ¤ ÕÉ
´¥¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÐ¨¥¸Ö §´ Î¥´¨Ö P . �µ ¢¥¸Ó³  §´ Î¨É¥²Ó´ Ö · §´µ¸ÉÓ
· ¸Î¥É´ÒÌ ¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° P − i1 ¤²Ö ¶²µÉ´µ¸É¨ Ê·µ¢´¥° [2]
Ö¢´µ ¨¸±²ÕÎ ¥É ¢µ§³µ¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´¨Ö ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° ´¥¢§ -
¨³µ¤¥°¸É¢ÊÕÐ¥£µ Ë¥·³¨-£ §  ¤²Ö ¶·¥Í¨§¨µ´´µ£µ µ¶¨¸ ´¨Ö ± ¸± ¤´µ£µ £ ³³ -
· ¸¶ ¤  ²¥£±µ£µ ¸Ë¥·¨Î¥¸±µ£µ ´¥Î¥É´µ-´¥Î¥É´µ£µ Ö¤· . ’µÉ ¦¥ ¢Ò¢µ¤ ¶·Ö³µ
¸²¥¤Ê¥É ¨§ ¤ ´´ÒÌ ·¨¸. 3 ¨ 4. ”Ê´±Í¨Ö h, µ¡¥¸¶¥Î¨¢ ÕÐ Ö ´ ¨²ÊÎÏ¥¥ µ¶¨-
¸ ´¨¥ § ¸¥²Ö¥³µ¸É¨, ´¥ ¨³¥¥É §´ Î¥´¨° α > 0 ¢ ÔÉµ³, ¥¤¨´¸É¢¥´´µ³ ¨§ ¤µ-
¸ÉÊ¶´ÒÌ ¢ ´ ¸ÉµÖÐ¨° ³µ³¥´É ¢·¥³¥´¨ ¤²Ö ¥¥ µ¶·¥¤¥²¥´¨Ö, ´¥Î¥É´µ-´¥Î¥É´µ³
Ö¤·¥. …¸²¨ ÔÉµÉ ·¥§Ê²ÓÉ É ´¥ ¸²ÊÎ ¥´, Éµ ³µ¦´µ ¸¤¥² ÉÓ ¶·¥¤¶µ²µ¦¥´¨¥ µ ³¨-
´¨³ ²Ó´µ³ ¢²¨Ö´¨¨ ¶·µÍ¥¸¸  · §·Ò¢  ±Ê¶¥·µ¢¸±¨Ì ¶ · ´  ¢¥·µÖÉ´µ¸ÉÓ Ô³¨¸-
¸¨¨ ¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ± ¸± ¤  ¶µ ¸· ¢´¥´¨Õ ¸µ ¸²ÊÎ Ö³¨ Î¥É´µ£µ
Î¨¸²  ¶·µÉµ´µ¢ ¨ ´¥°É·µ´µ¢ ¢ ¨§ÊÎ ¥³µ³ Ö¤·¥.

‚¥¸Ó³  §´ Î¨É¥²Ó´µ¥ ¶·¥¢ÒÏ¥´¨¥ ´ ¨²ÊÎÏ¨Ì §´ Î¥´¨° k ´ ¤ ³µ¤¥²Ó´µ
¶·¥¤¸± §Ò¢ ¥³Ò³¨ ¢¥²¨Î¨´ ³¨ (¶·µÖ¢²ÖÕÐ¥¥¸Ö ¢ Éµ° ¦¥ ¸É¥¶¥´¨ ¨ ¢ ¤·Ê-
£¨Ì ´¥Î¥É´µ-´¥Î¥É´ÒÌ Ö¤· Ì) Ê± §Ò¢ ¥É ´  ¸¥·Ó¥§´µ¥ · ¸Ìµ¦¤¥´¨e ³µ¤¥²Ó´ÒÌ
¶·¥¤¸É ¢²¥´¨° ¨ Ô±¸¶¥·¨³¥´É  ¢ Ê± § ´´ÒÌ Ö¤· Ì ¨ ´  ¥£µ, ¢µ§³µ¦´µ, µ¡ÐÊÕ
¶·¨·µ¤Ê.

4.2. —¥É´µ-Î¥É´µ¥ Ö¤·µ 118Sn. ‡ ¸¥²Ö¥³µ¸ÉÓ ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥° ± ¸-
± ¤µ¢ µ¶·¥¤¥²¥´  ´  µ¸´µ¢¥ ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ µ Î¥É´µ-Î¥É´ÒÌ ¸µ¸É ¢´ÒÌ
Ö¤· Ì 74Ge, 118Sn, 184W ¤µ Ô´¥·£¨¨ E¢µ§¡ > 4 ¨ ¤µ ≈ 3 ŒÔ‚ Å ¢ 114Cd, 124Te,
150Sm, 156,158Gd, 168Er ¨ 196Pt. ‚ É·¥Ì ¶¥·¢ÒÌ Ö¤· Ì ´ ¡²Õ¤ eÉ¸Ö µÎ¥´Ó ¡µ²Ó-
Ïµ¥ Ê¢¥²¨Î¥´¨¥ ËÊ´±Í¨¨ h ¢ · °µ´¥ E¢µ§¡ ≥ 4 ŒÔ‚. ’µ²Ó±µ É ±¨³ µ¡· §µ³
µ¡¥¸¶¥Î¨¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ¥ Ê³¥´ÓÏ¥´¨¥ · ¸Ìµ¦¤¥´¨Ö ³¥¦¤Ê · ¸Î¥É´Ò³¨ ¨
Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ · ¸¶·¥¤¥²¥´¨Ö³¨ P − i1. ‚ Éµ ¦¥ ¢·¥³Ö ¢ · ¸¶·¥¤¥-
²¥´¨ÖÌ P = f(E¢µ§¡) µ¸É ¥É¸Ö ´¥¸±µ³¶¥´¸¨·µ¢ ´´Ò³ § ³¥É´µ¥ ¶·¥¢ÒÏ¥´¨¥
Ô±¸¶¥·¨³¥´É ²Ó´µ° § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° ´ ¤ ·¥§Ê²ÓÉ É ³¨ ¢¸¥Ì ³µ¤¥²Ó´ÒÌ
· ¸Î¥Éµ¢. �Éµ · ¸Ìµ¦¤¥´¨¥ Å ¤µ¶µ²´¨É¥²Ó´Ò°  ·£Ê³¥´É ¢ ¶µ²Ó§Ê ¸¶· ¢¥¤²¨-
¢µ¸É¨ ¸¤¥² ´´µ£µ ¢ÒÏ¥ ¶·¥¤¶µ²µ¦¥´¨Ö µ ¸ÊÐ¥¸É¢¥´´µ³ ¢²¨Ö´¨¨ ´¥¸¶ ·¥´´ÒÌ
´Ê±²µ´µ¢ ´  ¸·¥¤´ÕÕ ¢¥·µÖÉ´µ¸ÉÓ Ô³¨¸¸¨¨ £ ³³ -±¢ ´É  ´¨¦¥ Bn. ˆ ´¥¨§-
¡¥¦´µ£µ µ¸É ÕÐ¥£µ¸Ö ´¥¸µ¢¶ ¤¥´¨Ö Ê¸²µ¢¨° · ¸Î¥É  ¨§ÊÎ ¥³µ³Ê Ö¢²¥´¨Õ.

4.3. —¥É´µ-´¥Î¥É´µ¥ Ö¤·µ 187W. ˆ³¥ÕÐ¨¥¸Ö ¤ ´´Ò¥ ¶µ ¨´É¥´¸¨¢´µ¸ÉÖ³
¨´¤¨¢¨¤Ê ²Ó´ÒÌ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¨ ¸¶¥±É·µ¢ £ ³³ -²ÊÎ¥° · ¤¨ Í¨µ´-
´µ£µ § Ì¢ É  É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¶µ§¢µ²¨²¨ ¶µ²ÊÎ¨ÉÓ ¡µ²ÓÏÊÕ ¨´Ëµ·³ Í¨Õ
µ § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° 181Hf, 183,185,187W ¨ ³¥´ÓÏÊÕ Å ¤²Ö 165Dy ¨ 175Yb.
‚µ ¢¸¥Ì ÔÉ¨Ì Ö¤· Ì ± ¸± ¤´ÊÕ § ¸¥²Ö¥³µ¸ÉÓ P − i1 ´¥¢µ§³µ¦´µ ¢µ¸¶·µ¨§¢¥-
¸É¨ ¡¥§ ÊÎ¥É  ²µ± ²Ó´ÒÌ ¶¨±µ¢ ¢ ËÊ´±Í¨¨ h (¢ µÉ²¨Î¨¥ µÉ ´¥Î¥É´µ-´¥Î¥É´µ£µ
60Co), ´µ ´ °¤¥´´µ¥ §´ Î¥´¨¥ α ´¥ ¸Éµ²Ó ¢¥²¨±µ, ± ± ¢ ¸²ÊÎ ÖÌ Î¥É´µ-Î¥É´ÒÌ
¸µ¸É ¢´ÒÌ Ö¤¥·.
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5. �…��šŸ‘�…��›… �””…Š’› ‚ Š�‘Š�„��Œ γ-��‘��„…

‚¸Ö ¸µ¢µ±Ê¶´µ¸ÉÓ ¤ ´´ÒÌ ¨ ¶ · ³¥É·µ¢ ¶·µÍ¥¸¸  γ-· ¸¶ ¤ , ¶µ²ÊÎ¥´-
´ Ö ¶·¨ ¨§ÊÎ¥´¨¨ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢, ¶µ-¶·¥¦´¥³Ê ´¥ ¤ ¥É ¶µ²´µ¸ÉÓÕ
¸µ£² ¸µ¢ ´´µ° ¥£µ ± ·É¨´Ò. ’ ±, ´¥ ¨³¥¥É µ¡ÑÖ¸´¥´¨Ö · §²¨Î¨¥ ¶²µÉ´µ¸É¨
Ê·µ¢´¥°, ´¥µ¡Ìµ¤¨³µ° ¤²Ö ¢µ¸¶·µ¨§¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ §´ Î¥´¨° Iγγ ,
µÉ´µ¸¨É¥²Ó´µ ¥¥ µÍ¥´±¨ ¶µ ³¥Éµ¤¨±¥ [4] ¨²¨ ¥¥ ³µ¤¨Ë¨± Í¨¨, ¶·¥¤¶µ² £ Õ-
Ð¥° R = k(Eγ , Eλ)/k(Eγ , Ei) �= const.

� §Ê³¥¥É¸Ö, Ô±¸É· ¶µ²¨·µ¢ ´´µ¥ §´ Î¥´¨¥ Î¨¸²  ¶·µ³¥¦ÊÉµÎ´ÒÌ Ê·µ¢´¥°
± ¸± ¤µ¢ ¤²Ö ´Ê²¥¢µ£µ §´ Î¥´¨Ö ¶µ·µ£  ¨Ì ·¥£¨¸É· Í¨¨ ¢ Ëµ·³¥ ¤¢ÊÌ Ô´¥·-
£¥É¨Î¥¸±¨ · §·¥Ï¥´´ÒÌ ¶¨±µ¢ ³µ¦¥É ¸µµÉ¢¥É¸É¢µ¢ ÉÓ Ô±¸¶¥·¨³¥´ÉÊ Éµ²Ó±µ
¶·¨ ´ ²¨Î¨¨ Ê¸²µ¢¨°, µ¡¥¸¶¥Î¨¢ ÕÐ¨Ì ¢µ§³µ¦´µ¸ÉÓ ¶·¨³¥´¥´¨Ö · ¸¶·¥¤¥-
²¥´¨Ö �µ·É¥· Ä’µ³ ¸  [18] ¤²Ö µ¶¨¸ ´¨Ö [6] · ¸¶·¥¤¥²¥´¨Ö ¸²ÊÎ °´ÒÌ §´ -
Î¥´¨° ¨´É¥´¸¨¢´µ¸É¨ ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ¢ µ¡² ¸É¨ ¨Ì ´ ¨³¥´ÓÏ¨Ì §´ Î¥-
´¨°. �Éµ ¶·¥¤¶µ²µ¦¥´¨¥ ³µ¦¥É ¡ÒÉÓ µÏ¨¡µÎ´Ò³, ´ ¶·¨³¥·, ¢ ¸²ÊÎ ¥, ¥¸²¨
· ¸¶·¥¤¥²¥´¨¥ ¸² £ ¥³ÒÌ ¤²Ö  ³¶²¨ÉÊ¤Ò ¶¥·¢¨Î´µ£µ ¶¥·¥Ìµ¤  µÉ²¨Î ¥É¸Ö µÉ
´µ·³ ²Ó´µ£µ · ¸¶·¥¤¥²¥´¨Ö §  ¸Î¥É ¨§¡ÒÉ±  ¸² £ ¥³ÒÌ µ¤´µ£µ §´ ± .

�²ÓÉ¥·´ É¨¢´ Ö ¢µ§³µ¦´µ¸ÉÓ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¶¥·¢¨Î´Ò¥ ¨/¨²¨ ¢Éµ·¨Î-
´Ò¥ £ ³³ -¶¥·¥Ìµ¤Ò µ¤´µ° ¨ Éµ° ¦¥ ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¨ ¶· ±É¨Î¥¸±¨ µ¤´µ° ¨
Éµ° ¦¥ Ô´¥·£¨¨ Ë²Ê±ÉÊ¨·ÊÕÉ µÉ´µ¸¨É¥²Ó´µ · §²¨Î´ÒÌ ¸·¥¤´¨Ì Ï¨·¨´. � ¨Ì
¸ÊÐ¥¸É¢¥´´µ · §²¨Î´Ò¥ ¸·¥¤´¨¥ §´ Î¥´¨Ö µ¶·¥¤¥²ÖÕÉ¸Ö ±µ´±·¥É´µ° ¸É·Ê±-
ÉÊ·µ° ¢µ§¡Ê¦¤ ¥³µ£µ (· ¸¶ ¤ ÕÐ¥£µ¸Ö) ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö ± ¸± ¤µ¢. ‚
É ±µ³ ¸²ÊÎ ¥ ¥¸É¥¸É¢¥´´µ° ¶·¥¤¸É ¢²Ö¥É¸Ö £¨¶µÉ¥§  µ ¸µ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢ Ö¤·¥
¤¢ÊÌ · §²¨Î ÕÐ¨Ì¸Ö ¶µ ¸¢µ¨³ ¸¢µ°¸É¢ ³ ¸¨¸É¥³ ¢µ§¡Ê¦¤¥´´ÒÌ ¥£µ ¸µ¸ÉµÖ´¨°,
¶¥·¥Ìµ¤ÖÐ¨Ì ¤·Ê£ ¢ ¤·Ê£  ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . Š ´-
¤¨¤ É ³¨ ´  ÔÉÊ ·µ²Ó Ö¢²ÖÕÉ¸Ö ¶·µ³¥¦ÊÉµÎ´Ò¥ Ê·µ¢´¨ ± ¸± ¤µ¢, ¢µ²´µ¢Ò¥
ËÊ´±Í¨¨ ±µÉµ·ÒÌ ¨³¥ÕÉ ¤µ³¨´¨·ÊÕÐ¨¥ ±µ³¶µ´¥´ÉÒ ³´µ£µ±¢ §¨Î ¸É¨Î´µ£µ
¨²¨ Ëµ´µ´´µ£µ É¨¶ .

�·¨´Í¨¶¨ ²Ó´ÒÌ ¶·¥¶ÖÉ¸É¢¨° ¤²Ö ÊÎ¥É  É ±µ° ¢µ§³µ¦´µ¸É¨ ¢ ¢Ò· ¦¥-
´¨ÖÌ (2), (3) ´¥ ¨³¥¥É¸Ö, ´µ ¶·µ¢¥·±  É ±µ£µ ¶·¥¤¶µ²µ¦¥´¨Ö ´¥¢µ§³µ¦´ 
¡¥§ ¶µ²ÊÎ¥´¨Ö ¤µ¶µ²´¨É¥²Ó´µ° Ô±¸¶¥·¨³¥´É ²Ó´µ° ¨´Ëµ·³ Í¨¨. ‚µ§³µ¦´µ-
¸É¨ É ±µ° ¶·µ¢¥·±¨ µÍ¥´¨¢ ÕÉ¸Ö ¢ · §¤. 7.

6. ��’…�–ˆ�‹œ�›‰ ‚ˆ„ “‘‹�†�…���‰ Œ�„…‹ˆ
Š�‘Š�„��ƒ� γ-��‘��„� ˆ ‚�‡Œ�†��‘’ˆ

�Š‘�…�ˆŒ…�’�‹œ��ƒ� ���…„…‹…�ˆŸ …… ����Œ…’��‚

‘µ¢µ±Ê¶´µ¸ÉÓ ´ ±µ¶²¥´´ÒÌ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
¤ ´´ÒÌ ¶µ§¢µ²Ö¥É ¢Ò¤¢¨´ÊÉÓ £¨¶µÉ¥§Ê µ Éµ³, ÎÉµ ³µ¤¥²Ó´Ò¥ ¶·¥¤¸É ¢²¥´¨Ö
µ ¶·µÍ¥¸¸¥ ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  ¤µ²¦´Ò ¡ÒÉÓ Ê¸²µ¦´¥´Ò §  ¸Î¥É ¡µ²¥¥
¶·Ö³µ£µ ¨ ÉµÎ´µ£µ ÊÎ¥É  ´ ²¨Î¨Ö ¢ Ö¤·¥ ¸¢¥·ÌÉ¥±ÊÎ¥° ¨ µ¡ÒÎ´µ° Ë §. �·¨
ÔÉµ³ ¢µ§´¨± ÕÉ ¢µ¶·µ¸Ò:
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 ) ³µ£ÊÉ ²¨ ¡ÒÉÓ ¸µ§¤ ´Ò ´µ¢Ò¥ ³µ¤¥²¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ · ¤¨ Í¨-
µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ´  ¤µ¸É¨£´ÊÉµ³ ¢ Ô±¸¶¥·¨³¥´É¥ Ê·µ¢´¥ ¨§ÊÎ¥´¨Ö
¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤ ?

¡) ± ±¨³ µ¡· §µ³ ³µ£ÊÉ ¡ÒÉÓ ¶µ²ÊÎ¥´Ò ´¥µ¡Ìµ¤¨³Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
¤ ´´Ò¥, É·¥¡ÊÕÐ¨¥¸Ö ¤²Ö ¶ · ³¥É·¨§ Í¨¨ É ±µ° ³µ¤¥²¨?

�¸´µ¢´Ò¥ ¶µ²µ¦¥´¨Ö, ±µÉµ·Ò¥ ³µ£ÊÉ ¸É ÉÓ ¡ §µ° ¤²Ö ´µ¢ÒÌ ³µ¤¥²Ó´ÒÌ
¶·¥¤¸É ¢²¥´¨°, ÔÉµ:

1) ¶¥·¥Ìµ¤ Ö¤·  ¨§ ¸¢¥·ÌÉ¥±ÊÎ¥° Ë §Ò ¢ µ¡ÒÎ´ÊÕ ¶·¨ ¶µ¢ÒÏ¥´¨¨ Ô´¥·£¨¨
¥£µ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ¨¸Ìµ¤¨É § ³¥É´µ ´¨¦¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  ¢ ´¥±µÉµ-
·µ³ ¨´É¥·¢ ²¥ ¥¥ ¨§³¥´¥´¨Ö;

2) ¢¥·µÖÉ´µ¸É¨ ¢µ§¡Ê¦¤¥´¨Ö Ê·µ¢´¥°, ¢µ²´µ¢ Ö ËÊ´±Í¨Ö ±µÉµ·ÒÌ ¸µ¤¥·-
¦¨É ± ± ±¢ §¨Î ¸É¨Î´Ò¥, É ± ¨ ¢¨¡· Í¨µ´´Ò¥ ±µ³¶µ´¥´ÉÒ, § ¢¨¸¨É µÉ ¸µµÉ-
´µÏ¥´¨Ö ¨Ì ¢±² ¤  ¢ ¥¥ ´µ·³¨·µ¢±Ê. ‚ Î ¸É´µ¸É¨ ÅµÉ ¶µ²µ¦¥´¨Ö ¢µ§¡Ê¦¤ -
¥³µ£µ Ê·µ¢´Ö µÉ´µ¸¨É¥²Ó´µ Ô´¥·£¨¨ Ë §µ¢µ£µ ¶¥·¥Ìµ¤ .

Œ ²µ¸ÉÓ ¸¶¨´µ¢ ´¥°É·µ´´ÒÌ ·¥§µ´ ´¸µ¢ ¶µ§¢µ²Ö¥É ¤²Ö ¡µ²ÓÏ¨´¸É¢  ¤¥-
Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥· µ¸É ¢¨ÉÓ µÉ±·ÒÉÒ³ ¢µ¶·µ¸ µ ¢µ§³µ¦´µ³ · §²¨Î¨¨ ¢¥-
·µÖÉ´µ¸É¥° ¢µ§¡Ê¦¤¥´¨Ö ¨ · ¸¶ ¤  Ê·µ¢´¥° ·µÉ Í¨µ´´ÒÌ ¶µ²µ¸ µÉ´µ¸¨É¥²Ó´µ
 ´ ²µ£¨Î´ÒÌ §´ Î¥´¨° ¤²Ö £µ²µ¢´ÒÌ ¸µ¸ÉµÖ´¨° ¨ ´  ¤ ´´µ³ ÔÉ ¶¥ ´¥ · ¸-
¸³ É·¨¢ ÉÓ ¢²¨Ö´¨¥ ·µÉ Í¨µ´´µ£µ É¨¶  ¢µ§¡Ê¦¤¥´¨° ´  ¶·µÍ¥¸¸ ± ¸± ¤´µ£µ
£ ³³ -· ¸¶ ¤ . �µ ±· °´¥° ³¥·¥, ¶·¨ § Ì¢ É¥ ³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢ Î¥É´µ-
Î¥É´Ò³¨ ³¨Ï¥´Ö³¨.

�·¨´Í¨¶¨ ²Ó´ÒÌ ¶·µ¡²¥³ ¤²Ö ÊÎ¥É  ¶¥·¢µ£µ ¶µ²µ¦¥´¨Ö, ¢¥·µÖÉ´µ, ´¥
¸ÊÐ¥¸É¢Ê¥É. �´µ ³µ¦¥É ¡ÒÉÓ ÊÎÉ¥´µ · §²¨Î´Ò³¨ ¸¶µ¸µ¡ ³¨, ¢±²ÕÎ Ö ¶·µ-
¸É¥°Ï¨¥. �Éµ ¶µ± §Ò¢ ¥É ¶µ¶ÒÉ±  ¸µ§¤ ´¨Ö ´¥±µÉµ·µ£µ Ë¥´µ³¥´µ²µ£¨Î¥¸±µ£µ
¢ ·¨ ´É  ³µ¤¥²¨ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°, ¶·¥¤¶·¨´ÖÉ Ö  ¢Éµ· ³¨ [19]. ˆ¸¶µ²Ó§ÊÖ
¶µ´ÖÉ¨¥ É¥¶²µ¥³±µ¸É¨ Ö¤¥·´µ° ³ É¥·¨¨ ¨ Ô±¸É· ¶µ²¨·ÊÖ ´  Ö¤·µ ¶µ²ÊÎ¥´´Ò¥
¨§ ¨§ÊÎ¥´¨Ö ¸¢¥·ÌÉ¥±ÊÎ¥¸É¨ ¦¨¤±µ£µ £¥²¨Ö ¶·¥¤¸É ¢²¥´¨Ö µ Ëµ·³¥ ¥¥ ¨§³¥-
´¥´¨Ö ¶·¨ ¨§³¥´¥´¨¨ Ô´¥·£¨¨ ¸¨¸É¥³Ò ¢ µ¡² ¸É¨ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¢Éµ·µ£µ
·µ¤ , µ´¨ ¶µ± § ²¨, ÎÉµ ¸ ¶µ³µÐÓÕ É ±µ° ¶·µ¸É¥°Ï¥° ³µ¤¨Ë¨± Í¨¨ ³µ¦´µ
³µ¤¥²Ó´µ ¢µ¸¶·µ¨§¢¥¸É¨ ®¸ÉÊ¶¥´Î ÉÊÕ¯ ¸É·Ê±ÉÊ·Ê ¢ ¶²µÉ´µ¸É¨ Ê·µ¢´¥°.

Š ¸µ¦ ²¥´¨Õ, ¶·¨ ÔÉµ³ É·¥¡ÊÕÉ ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò:
 ) µ¶·¥¤¥²¥´¨Ö Ë¥´µ³¥´µ²µ£¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ Ö¤¥·´µ° É¥¶²µ¥³±µ¸É¨

¤²Ö ¸³¥¸¨ ´µ·³ ²Ó´µ° ¨ ¸¢¥·ÌÉ¥±ÊÎ¥° Ë § ¶·¨ ´ ²¨Î¨¨ ´¥¸¶ ·¥´´ÒÌ ´Ê±²µ-
´µ¢,

¡) ÊÎ¥É  µ¦¨¤ ¥³µ° § ¢¨¸¨³µ¸É¨ ¸·¥¤´¨Ì ¶ ·Í¨ ²Ó´ÒÌ Ï¨·¨´ £ ³³ -
¶¥·¥Ìµ¤µ¢ µÉ Ô´¥·£¨¨ · ¸¶ ¤ ÕÐ¥£µ¸Ö ¨ ¢µ§¡Ê¦¤ ¥³µ£µ Ê·µ¢´¥° ¸ · §²¨Î Õ-
Ð¥°¸Ö ¸É·Ê±ÉÊ·µ° ¨Ì ¢µ²´µ¢ÒÌ ËÊ´±Í¨°.

‘¨´Ì·µ´´µ¥ Ê¢¥²¨Î¥´¨¥ ¸Ê³³ · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¨ Ê³¥´Ó-
Ï¥´¨¥ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° (¡¥§ Î¥£µ ´¥ Ê¤ ¥É¸Ö ¢µ¸¶·µ¨§¢¥¸É¨ ¢ · ¸Î¥É¥ § ¢¨-
¸¨³µ¸ÉÓ ¨´É¥´¸¨¢´µ¸É¨ ± ¸± ¤µ¢ µÉ Ô´¥·£¨¨ ¨Ì ¶·µ³¥¦ÊÉµÎ´µ£µ Ê·µ¢´Ö) ³µ-
¦¥É µ§´ Î ÉÓ ´¥µ¡Ìµ¤¨³µ¸ÉÓ ÊÎ¥É  ¸¢Ö§¨ ÔÉ¨Ì Ö¤¥·´ÒÌ ¶ · ³¥É·µ¢. ‚ Î ¸É´µ-
¸É¨, ±µ³¶²¥±¸ ´ ±µ¶²¥´´ÒÌ [4] ¤ ´´ÒÌ µ ¶²µÉ´µ¸É¨ Ê·µ¢´¥° ¨ · ¤¨ Í¨µ´´ÒÌ
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¸¨²µ¢ÒÌ ËÊ´±Í¨ÖÌ ± ¸± ¤´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ¶µ§¢µ²Ö¥É ¶·¥¤¶µ² £ ÉÓ, ÎÉµ
ÔÉ¨ ¶ · ³¥É·Ò ³µ£ÊÉ § ¢¨¸¥ÉÓ µÉ Î¥É´µ¸É¨ Î¨¸²  ´Ê±²µ´µ¢ ¢ ¸µ¸É ¢´µ³ Ö¤·¥
(Î¨¸²  ¢µ§¡Ê¦¤ ¥³ÒÌ ±¢ §¨Î ¸É¨Í). �Éµ µ¤´µ ¨§ ¶µÉ¥´Í¨ ²Ó´µ ¢µ§³µ¦´ÒÌ
µ¡ÑÖ¸´¥´¨° ´ ¡²Õ¤ ¥³µ£µ [4] ¸ÊÐ¥¸É¢¥´´µ£µ · §²¨Î¨Ö  ¡¸µ²ÕÉ´ÒÌ §´ Î¥´¨°
· ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¤²Ö Î¥É´µ-Î¥É´ÒÌ ¨ ´¥Î¥É´µ-´¥Î¥É´ÒÌ Ö¤¥·.

…Ð¥ µ¤´  ´¥·¥Ï¥´´ Ö ¶·µ¡²¥³  ¢ [19] ¸µ¸Éµ¨É ¢ ´¥µ¡Ìµ¤¨³µ¸É¨ ¶·Ö³µ£µ
¢±²ÕÎ¥´¨Ö ¢ ³µ¤¨Ë¨Í¨·µ¢ ´´Ò° ¢ ·¨ ´É ³µ¤¥²¨ Ë¥·³¨-£ §  ¶²µÉ´µ¸É¨ ¢¨-
¡· Í¨µ´´ÒÌ Ê·µ¢´¥°. �É  ¶·µ¡²¥³  ´Ê¦¤ ¥É¸Ö ¢ ¤µ¶µ²´¨É¥²Ó´µ³  ´ ²¨§¥ ¨ ¢
· ³± Ì µ¡µ¡Ð¥´´µ° ³µ¤¥²¨ ¸¢¥·ÌÉ¥±ÊÎ¥£µ Ö¤· , ¶µ¸±µ²Ó±Ê ¢ ¸ÊÐ¥¸É¢ÊÕÐ¥³
¢ ·¨ ´É¥ µ´  ´¥ ³µ¦¥É ¢µ¸¶·µ¨§¢¥¸É¨ ¨´É¥´¸¨¢´µ¸É¨ Iγγ ¤²Ö ¢¸¥Ì ¨§ÊÎ¥´´ÒÌ
Ö¤¥·, ¸±µ·¥¥ ¢¸¥£µ, ¨§-§  § ¢ÒÏ¥´´µ° ¶·¨³¥·´µ ¢ 2 · §  Ô´¥·£¨¨ Ë §µ¢µ£µ
¶¥·¥Ìµ¤  ¨§ ¸¢¥·ÌÉ¥±ÊÎ¥£µ ¢ µ¡ÒÎ´µ¥ ¸µ¸ÉµÖ´¨¥. � É ±¦¥ Å ¢ ¶¥·¥¸³µÉ·¥ ¥¥
¶·¥¤¸É ¢²¥´¨° µ É¥·³µ¤¨´ ³¨Î¥¸±¨Ì ¶ · ³¥É· Ì Ö¤·  ´¨¦¥ ÉµÎ±¨ Ë §µ¢µ£µ
¶¥·¥Ìµ¤  ¤²Ö ³¥´ÓÏ¥° Ô´¥·£¨¨ ¶µ¸²¥¤´¥£µ.

‚µ§³µ¦´µ¸É¨ Ê¸²µ¦´¥´¨Ö ³µ¤¥²Ó´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ · ¤¨ Í¨µ´´µ° ¸¨-
²µ¢µ° ËÊ´±Í¨¨ ¤²Ö ¡µ²¥¥ ÉµÎ´µ£µ  ´ ²¨§  Ô±¸¶¥·¨³¥´É  ¸ÊÐ¥¸É¢¥´´µ µ£· -
´¨Î¨¢ ÕÉ¸Ö µÉ¸ÊÉ¸É¢¨¥³ ¤µ¸Éµ¢¥·´ÒÌ ¤ ´´ÒÌ µ¡ ÔÉµ³ ¶ · ³¥É·¥ ¶·µÍ¥¸¸ 
± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤ . �µ²ÊÎ¥´´Ò¥ ¢ [4] §´ Î¥´¨Ö k(E1) + k(M1) ¨³¥ÕÉ
³¨´¨³ ²Ó´µ ¢µ§³µ¦´µ¥, ÌµÉÖ ¨ ·¥ ²Ó´µ ´¥¨§¢¥¸É´µ¥ · ¸Ìµ¦¤¥´¨¥ ¸ ¨¸±µ³µ°
¢¥²¨Î¨´µ° ¤²Ö ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ ± ¸± ¤µ¢. „ ´´Ò¥ [5] ¶µ§¢µ²ÖÕÉ ¶·¥¤-
¶µ² £ ÉÓ, ÎÉµ ¸Ê³³  ¸¨²µ¢ÒÌ ËÊ´±Í¨° E1- ¨ M1-¶¥·¥Ìµ¤µ¢ ¶·¨ Ê³¥´ÓÏ¥-
´¨¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ¨³¥¥É ³¥´¥¥ ¸¨²Ó´ÊÕ § ¢¨¸¨³µ¸ÉÓ µÉ Ô´¥·£¨¨
£ ³³ -±¢ ´É , Î¥³ ¤²Ö ¶¥·¢¨Î´ÒÌ ¶¥·¥Ìµ¤µ¢ · ¸¶ ¤  ´¥°É·µ´´µ£µ ·¥§µ´ ´¸ .
�Éµ § ³¥Î ´¨¥, ¢¥·µÖÉ´µ, ¤µ¸É ÉµÎ´µ ±µ··¥±É´µ ¤²Ö Ìµ·µÏµ ¤¥Ëµ·³¨·µ¢ ´-
´ÒÌ Ö¤¥·, ´µ ³µ¦¥É ¡ÒÉÓ ´¥¤µ¸É ÉµÎ´µ ÉµÎ´Ò³ ¤²Ö, ´ ¶·¨³¥·, ¸Ë¥·¨Î¥¸±¨Ì
¨ ¶¥·¥Ìµ¤´ÒÌ Ö¤¥· µ¡² ¸É¨ A ∼ 100 ¨ A ∼ 190 ¸µµÉ¢¥É¸É¢¥´´µ.

� §Ê³¥¥É¸Ö, µ¸É ÕÉ¸Ö ´¥ ¢ÒÖ¸´¥´´Ò³¨ ¢ Ô±¸¶¥·¨³¥´É¥ ¢µ¶·µ¸Ò µ ±µ²¨-
Î¥¸É¢¥ · §µ·¢ ´´ÒÌ ±Ê¶¥·µ¢¸±¨Ì ¶ · ¶·¨ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö 3Ä4 ŒÔ‚ ¤²Ö
¤¥Ëµ·³¨·µ¢ ´´µ£µ ·¥¤±µ§¥³¥²Ó´µ£µ Ö¤· , µ ¢²¨Ö´¨¨ Ëµ´µ´´ÒÌ ±µ³¶µ´¥´Éµ¢
· ¸¶ ¤ ÕÐ¥£µ¸Ö Ê·µ¢´Ö ¶·¨ Ô´¥·£¨¨ ¥£µ ¢µ§¡Ê¦¤¥´¨Ö ¢ÒÏ¥ µ¡² ¸É¨ ¶·¥¤¶µ-
² £ ¥³µ£µ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¨ É. ¤.

� §· ¡µÉ ´´Ò¥ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ³¥Éµ¤¨±¨ ¨§ÊÎ¥´¨Ö ¢µ§¡Ê¦¤¥´´ÒÌ
¸µ¸ÉµÖ´¨° Ö¤·  ¸ ¶µ³µÐÓÕ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ [4, 6, 13] ´¥ ¨³¥ÕÉ ¶·¨´-
Í¨¶¨ ²Ó´ÒÌ µ£· ´¨Î¥´¨° ´  ÉµÎ´µ¸ÉÓ µ¶·¥¤¥²¥´¨Ö ¨Ì ¶ · ³¥É·µ¢ ¶· ±É¨Î¥-
¸±¨ ¢µ ¢¸¥° µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨Ö ¶·µ³¥¦ÊÉµÎ´ÒÌ ¨ ±µ´¥Î´ÒÌ Ê·µ¢´¥°, ¶µ
±· °´¥° ³¥·¥, ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ ´¥°É·µ´µ¢ ¨ ´¥°É·µ´µ¢ ®Ë¨²ÓÉ·µ¢ ´-
´ÒÌ¯ ¶ÊÎ±µ¢ ¸É Í¨µ´ ·´ÒÌ Ö¤¥·´ÒÌ ·¥ ±Éµ·µ¢. �µ ¤²Ö ¶µ²ÊÎ¥´¨Ö ¡µ²¥¥ ÉµÎ-
´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¸¢µ°¸É¢ Ì ¸²µ¦´ÒÌ Ö¤¥· ´¨¦¥ Ô´¥·£¨¨ ¸¢Ö§¨ ´¥°É·µ´  ¨
· §· ¡µÉ±¨ ´µ¢ÒÌ Ë¥´µ³¥´µ²µ£¨Î¥¸±¨Ì ³µ¤¥²¥° Ö¤·  ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ³¥Éµ¤¨±
Ô±¸¶¥·¨³¥´É  ³µ¦¥É µ± § ÉÓ¸Ö ´¥¤µ¸É ÉµÎ´µ.
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7. ‚�‡Œ�†��‘’ˆ �Š‘�…�ˆŒ…�’�‹œ��‰ ���‚…�Šˆ ��‚›•
��…„‘’�‚‹…�ˆ‰

�²¨¦ °Ï¨³ ¢µ¶·µ¸µ³, ±µÉµ·Ò° É·¥¡Ê¥É Ô±¸¶¥·¨³¥´É ²Ó´µ£µ ¨§ÊÎ¥´¨Ö,
Ö¢²Ö¥É¸Ö ¶·Ö³µ¥ ´ ¡²Õ¤¥´¨¥ Ê¸¨²¥´´ÒÌ ¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢-
´¨ ¢ · °µ´¥ ®¸ÉÊ¶¥´Î ÉÒÌ¯ ¸É·Ê±ÉÊ·.

„²Ö ¶·Ö³µ£µ ¤µ± § É¥²Ó¸É¢  ²µ± ²Ó´µ£µ Ê¸¨²¥´¨Ö · ¤¨ Í¨µ´´ÒÌ ¸¨²µ¢ÒÌ
ËÊ´±Í¨° ´  Ê·µ¢´¨ ¸ Ô´¥·£¨¥° ¢µ§¡Ê¦¤¥´¨Ö ¶µ·Ö¤±  3 ŒÔ‚ Î¥É´µ-´¥Î¥É´µ£µ
ÉÖ¦¥²µ£µ ¤¥Ëµ·³¨·µ¢ ´´µ£µ Ö¤·  ´¥µ¡Ìµ¤¨³µ µ¶·¥¤¥²¨ÉÓ ¶·¨¢¥¤¥´´ÊÕ µÉ-
´µ¸¨É¥²Ó´ÊÕ ¢¥·µÖÉ´µ¸ÉÓ £ ³³ -¶¥·¥Ìµ¤µ¢ ¸ ¢ÒÏ¥²¥¦ Ð¨Ì Ê·µ¢´¥° ¢ ¨´É¥·-
¢ ²¥ Ô´¥·£¨¨ Eγ µÉ ´¥¸±µ²Ó±¨Ì ¸µÉ ±Ô‚ ¤µ ´¥¸±µ²Ó±¨Ì ŒÔ‚. �ÉÊ § ¤ ÎÊ
´¥¢µ§³µ¦´µ ·¥Ï¨ÉÓ ¸·¥¤¸É¢ ³¨ ±² ¸¸¨Î¥¸±µ° Ö¤¥·´µ° ¸¶¥±É·µ¸±µ¶¨¨ ¸ ¨¸-
¶µ²Ó§µ¢ ´¨¥³ ¢¸¥Ì É¨¶µ¢ ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¤¥É¥±Éµ·µ¢ ¨ ³¥Éµ¤¨± Ê¸É ´µ¢²¥´¨Ö
Ô´¥·£¨° ¢µ§¡Ê¦¤¥´´ÒÌ Ê·µ¢´¥° ¨ ³µ¤ ¨Ì · ¸¶ ¤ .

…¤¨´¸É¢¥´´ Ö ·¥ ²¨¸É¨Î´ Ö ¢µ§³µ¦´µ¸ÉÓ ¥¥ ·¥Ï¥´¨Ö Å Ô±¸¶¥·¨³¥´É ²Ó-
´µ¥ ¨§³¥·¥´¨¥ · ¸¶·¥¤¥²¥´¨° ¨´É¥´¸¨¢´µ¸É¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ´  ¢¸¥
¢µ§³µ¦´Ò¥ ¨Ì ±µ´¥Î´Ò¥ Ê·µ¢´¨ ¤µ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¶µ·Ö¤±  3 ŒÔ‚ ¨
¢ÒÏ¥ ÉÖ¦¥²µ£µ ¤¥Ëµ·³¨·µ¢ ´´µ£µ Î¥É´µ-´¥Î¥É´µ£µ Ö¤· . „²Ö Î¥É´µ-Î¥É´ÒÌ
¨ ¡µ²¥¥ ²¥£±¨Ì ¸Ë¥·¨Î¥¸±¨Ì Ö¤¥· Ô´¥·£¨Ö ÔÉ¨Ì Ê·µ¢´¥° ¤µ²¦´  ´¥¸±µ²Ó±µ
¶·¥¢ÒÏ ÉÓ 4Ä5 ŒÔ‚. �·¨ ´ ¡µ·¥ ¶µ²¥§´µ° ¸É É¨¸É¨±¨ ¢ ´¥¸±µ²Ó±µ ÉÒ¸ÖÎ
¸µ¡ÒÉ¨° ¤²Ö ± ¦¤µ£µ ¸¶¥±É·  ¸ E1 + E2 = Bn − Ef = const ´¥±µÉµ· Ö
¤µ²Ö ¢Éµ·¨Î´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ¡Ê¤¥É · §·¥Ï¥´  ¢ ÔÉ¨Ì ¸¶¥±É· Ì ¢ ¢¨¤¥ ¶ ·
¨§µ²¨·µ¢ ´´ÒÌ ¶¨±µ¢. ˆ¸¶µ²Ó§ÊÖ µÉ· ¡µÉ ´´Ò¥ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ³¥-
Éµ¤¨±¨, ¨§ ÔÉ¨Ì ¤ ´´ÒÌ ³µ¦´µ ¡Ê¤¥É µ¶·¥¤¥²¨ÉÓ ¨´É¥´¸¨¢´µ¸É¨ ¢Éµ·¨Î´ÒÌ
¨´¤¨¢¨¤Ê ²Ó´ÒÌ £ ³³ -¶¥·¥Ìµ¤µ¢ ´  Ê·µ¢´¨ ¸ Ef � 3 − 4 ŒÔ‚ ¨ É¥³ ¸ ³Ò³
¶µ²ÊÎ¨ÉÓ ´ ¡µ· §´ Î¥´¨° ¶·¨¢¥¤¥´´ÒÌ ¢¥·µÖÉ´µ¸É¥° £ ³³ -¶¥·¥Ìµ¤µ¢, ¶µ§¢µ-
²ÖÕÐ¨° ¶·Ö³µ µÍ¥´¨ÉÓ Ìµ¤ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¸¨²µ¢ÒÌ ËÊ´±Í¨° ¢
¨´É¥·¥¸ÊÕÐ¥° ´ ¸ µ¡² ¸É¨ ¢µ§¡Ê¦¤¥´¨°.

‘¶¥Í¨Ë¨±  ´ ¡²Õ¤ ¥³µ° § ¸¥²Ö¥³µ¸É¨ Ê·µ¢´¥° ¶µ§¢µ²Ö¥É µ¦¨¤ ÉÓ ³ ±-
¸¨³ ²Ó´Ò° ÔËË¥±É ¢ Î¥É´µ-Î¥É´ÒÌ Ö¤· Ì ¨ ³¨´¨³ ²Ó´Ò° Å¢ ´¥Î¥É´µ-´¥-
Î¥É´ÒÌ.

…¤¨´¸É¢¥´´ Ö ¶·¨Î¨´ , ¶µ ±µÉµ·µ° É ±¨¥ ¸¶¥±É·Ò ´¥ ¡Ò²¨ ¶µ²ÊÎ¥´Ò [20]
± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨, ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ¢ ¸¶¥±É· Ì ¸Ê³³  ³¶²¨ÉÊ¤ ¸µ¢¶ -
¤ ÕÐ¨Ì ¨³¶Ê²Ó¸µ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶¨±¨ ¸µ ¢¸¥ Ê³¥´ÓÏ ÕÐ¥°¸Ö ¶²µÐ ¤ÓÕ
¶µÖ¢²ÖÕÉ¸Ö ´  ¢¸¥ ¡µ²¥¥ ¢µ§· ¸É ÕÐ¥° ±µ³¶Éµ´µ¢¸±µ° ¶µ¤²µ¦±¥. �µÉ¥´Í¨-
 ²Ó´ Ö ¢µ§³µ¦´µ¸ÉÓ ·¥Ï¥´¨Ö ¶·µ¡²¥³Ò ÅÔÉµ ¢Ò¤¥²¥´¨¥ ¸²ÊÎ ¥¢ µ¤´µ¢·¥³¥´-
´µ£µ ¶µ£²µÐ¥´¨Ö ¶µ²´µ° Ô´¥·£¨¨ É·¥Ì ¶µ¸²¥¤µ¢ É¥²Ó´µ ¨¸¶ÊÐ¥´´ÒÌ ±¢ ´Éµ¢
¢ ¢¨¤¥ ¶¨±µ¢ ´  µ¸´µ¢´µ¥ ¨ ´¨§±µ²¥¦ Ð¨¥ ¸µ¸ÉµÖ´¨Ö Ö¤·  ¢ ¸¶¥±É·¥ ¸Ê³³
 ³¶²¨ÉÊ¤ É·¥Ì ¸µ¢¶ ¤ ÕÐ¨Ì ¨³¶Ê²Ó¸µ¢. �µ¸±µ²Ó±Ê Ô´¥·£¨¨ ¢Éµ·¨Î´ÒÌ ¶¥·¥-
Ìµ¤µ¢ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¨§¢¥¸É´Ò (¨ ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò ¢ ÔÉµ³ ¦¥
Ô±¸¶¥·¨³¥´É¥), Éµ µ± §Ò¢ ¥É¸Ö ¢¶µ²´¥ ¢µ§³µ¦´Ò³ ¶µ²ÊÎ¥´¨¥ ¨§ ¸²ÊÎ ¥¢ ·¥-
£¨¸É· Í¨¨ ¸¶¥±É·µ³¥É·µ³ ¶µ²´µ° Ô´¥·£¨¨ É·¥Ì ¶µ¸²¥¤µ¢ É¥²Ó´µ ¨¸¶ÊÐ¥´´ÒÌ
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±¢ ´Éµ¢ · ¸¶·¥¤¥²¥´¨° ¨´É¥´¸¨¢´µ¸É¥° ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ´  ±µ´¥Î´Ò¥
Ê·µ¢´¨ ¸ Ef > 1 ŒÔ‚.

’·¥¡Ê¥³Ò° ·¥§Ê²ÓÉ É ³µ¦¥É ¡ÒÉÓ ¤µ¸É¨£´ÊÉ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¤¥É¥±É¨-
·ÊÕÐ¨Ì ¸¨¸É¥³ ¨§ ³¨´¨³Ê³ É·¥Ì HPGe-¤¥É¥±Éµ·µ¢ ¨²¨ Éµ²Ó±µ ¶ ·Ò É ±¨Ì
¸¶¥±É·µ³¥É·µ¢, ´µ ¸ µ¡Ö§ É¥²Ó´Ò³ ¶µ¤ ¢²¥´¨¥³ ±µ³¶Éµ´µ¢¸±µ° ¶µ¤²µ¦±¨.
�±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ [20], ¶µ§¢µ²ÖÕÉ ¸¤¥² ÉÓ ¶·¥¤¢ ·¨-
É¥²Ó´ÊÕ µÍ¥´±Ê ´¥µ¡Ìµ¤¨³µ° ¸É¥¶¥´¨ ¶µ¤ ¢²¥´¨Ö ±µ³¶Éµ´µ¢¸±µ° ¶µ¤²µ¦±¨:
´¥ ³¥´¥¥ Î¥³ ¢ 10 · § ¤²Ö ± ¦¤µ£µ ¤¥É¥±Éµ· . ‚ Éµ³ ¨²¨ ¤·Ê£µ³ ¢ ·¨ ´É¥
ÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ·µ¢ ¤µ²¦´  ¡ÒÉÓ ¸µ¶µ¸É ¢¨³  ¸ ÔËË¥±É¨¢´µ¸ÉÓÕ ¤¥-
É¥±Éµ·µ¢ ¸µ¢·¥³¥´´ÒÌ ®crystall-balls¯.

‡�Š‹�—…�ˆ…

�¥§Ê²ÓÉ ÉÒ ¶·µ¤¥² ´´ÒÌ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ¢ „Ê¡´¥, �¨£¥ ¨ �¦¥¦¥
Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¨§ÊÎ¥´¨Õ ¤¢ÊÌ±¢ ´Éµ¢ÒÌ ± ¸± ¤µ¢ ¶·¨ § Ì¢ É¥ É¥¶²µ¢ÒÌ
´¥°É·µ´µ¢ ¨ ¢Ò¶µ²´¥´´µ£µ ¢ ‹�” �ˆŸˆ ¨Ì  ´ ²¨§  ¶µ± §Ò¢ ÕÉ, ÎÉµ · §´µ-
µ¡· §´Ò¥ ËÊ´±Í¨µ´ ²Ò ¶·µÍ¥¸¸  ± ¸± ¤´µ£µ £ ³³ -· ¸¶ ¤  Ö¤¥· ¸ ¢Ò¸µ±µ°
¶²µÉ´µ¸ÉÓÕ Ê·µ¢´¥° ´¥¢µ§³µ¦´µ ¢µ¸¶·µ¨§¢¥¸É¨ ¢ · ¸Î¥É¥ ¸ ÉµÎ´µ¸ÉÓÕ ¸µ-
¢·¥³¥´´µ£µ Ô±¸¶¥·¨³¥´É  Éµ²Ó±µ ¢ · ³± Ì ¸ÊÐ¥¸É¢ÊÕÐ¨Ì ¶·¥¤¸É ¢²¥´¨° µ
Ë ±Éµ· Ì, ¥£µ µ¶·¥¤¥²ÖÕÐ¨Ì. ‘µ¢µ±Ê¶´µ¸ÉÓ ¨³¥ÕÐ¨Ì¸Ö ¤ ´´ÒÌ ¨ ¨Ì ¨´-
É¥·¶·¥É Í¨Ö Ê± §Ò¢ ÕÉ ´  ´¥µ¡Ìµ¤¨³µ¸ÉÓ · §¢¨É¨Ö ¨ Ê¸²µ¦´¥´¨Ö ³µ¤¥²Ó´ÒÌ
¶·¥¤¸É ¢²¥´¨° µ¡ ÔÉµ³ ¶·µÍ¥¸¸¥, ¨¸¶µ²Ó§Ê¥³ÒÌ ¶·¨  ´ ²¨§¥ ²Õ¡µ£µ Ô±¸¶¥·¨-
³¥´É  ¢ ÔÉµ° µ¡² ¸É¨ Ö¤¥·´µ° Ë¨§¨±¨ ´¨§±¨Ì Ô´¥·£¨°. � ¨¡µ²¥¥ ¢¥·µÖÉ´µ¥
´ ¶· ¢²¥´¨¥ É ±µ° ³µ¤¨Ë¨± Í¨¨ Å ¡µ²¥¥ ÉµÎ´Ò° ÊÎ¥É ¢ ´µ¢ÒÌ ³µ¤¥²ÖÌ ρ
¨ k ¸µ¸ÊÐ¥¸É¢µ¢ ´¨Ö ¢ Ö¤·¥ ¢µ§¡Ê¦¤¥´¨° ±¢ §¨Î ¸É¨Î´µ£µ ¨ Ëµ´µ´´µ£µ É¨¶ 
¨ ¢²¨Ö´¨Ö ¨Ì ¢§ ¨³µ¤¥°¸É¢¨Ö ´  ¶²µÉ´µ¸ÉÓ Ê·µ¢´¥° ¨ ¢¥·µÖÉ´µ¸É¨ £ ³³ -
· ¸¶ ¤  ¢¶²µÉÓ ¤µ ¶·Ö³µ£µ ¨¸¶µ²Ó§µ¢ ´¨Ö ¶·¥¤¸É ¢²¥´¨° µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢
Ö¤·¥ Ë §µ¢µ£µ ¶¥·¥Ìµ¤  ¢Éµ·µ£µ ·µ¤  ³¥¦¤Ê ¸¢¥·ÌÉ¥±ÊÎ¨³ ¨ µ¡ÒÎ´Ò³ ¸µ¸Éµ-
Ö´¨Ö³¨.
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