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ˆ§ÊÎ¥´¨¥ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó ± ± ¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ, É ± ¨ ¢
¶·¨±² ¤´ÒÌ Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ. � · ³¥É·Ò £¨£ ´É¸±µ£µ ¤¨¶µ²Ó´µ£µ ·¥§µ´ ´¸ 
(ƒ„�), ´ ¡²Õ¤ ¥³µ£µ ¢ ¸¥Î¥´¨ÖÌ · §²¨Î´ÒÌ ·¥ ±Í¨° ¶µ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éµ¢, ¶·¥¤¸É ¢²ÖÕÉ µ¸µ-
¡Ò° ¨´É¥·¥¸ ¸ ÉµÎ±¨ §·¥´¨Ö ¨§ÊÎ¥´¨Ö ¸É·Ê±ÉÊ·Ò ¨ ¤¨´ ³¨±¨  Éµ³´ÒÌ Ö¤¥·, ³¥Ì ´¨§³µ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨°, ¢µ¸É·¥¡µ¢ ´Ò ¢ µ¡² ¸É¨ Ë¨§¨±¨ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢. �¡¸µ²ÕÉ´µ¥ ¡µ²ÓÏ¨´-
¸É¢µ ¤ ´´ÒÌ µ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¶µ²ÊÎ¥´µ ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Éµ·³µ§´Ò³ γ-¨§²ÊÎ¥´¨¥³
(’ˆ) ¨ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨ ËµÉµ´ ³¨, µ¡· §ÊÕÐ¨³¨¸Ö ¶·¨  ´´¨£¨²ÖÍ¨¨ (ŠŒ�) ´  ²¥ÉÊ
·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶µ§¨É·µ´µ¢. Œ¥¦¤Ê ·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éµ¢ ÔÉ¨Ì ¤¢ÊÌ É¨¶µ¢ ¸ÊÐ¥¸É¢ÊÕÉ
§´ Î¨É¥²Ó´Ò¥ · ¸Ìµ¦¤¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±µ£µ Ì · ±É¥· : µ´¨ ¶·Ö³µ § ¢¨¸ÖÉ µÉ ³¥Éµ¤  ¶µ²ÊÎ¥´¨Ö
¤ ´´ÒÌ ¨ ¶µ ¢¥²¨Î¨´¥ ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢µ¸Ìµ¤ÖÉ ¤µ¸É¨£´ÊÉÒ¥ ¢ Ô±¸¶¥·¨³¥´É Ì ¸É É¨¸É¨Î¥¸±¨¥
¶µ£·¥Ï´µ¸É¨. ‚¸¥ ÔÉµ ¸ÊÐ¥¸É¢¥´´µ § É·Ê¤´Ö¥É ¨Ì ¶· ±É¨Î¥¸±µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥. ‘µ§¤ ´¨¥ ¶µ²-
´ÒÌ ¡ § ¤ ´´ÒÌ ¶µ§¢µ²¨²µ ¢§£²Ö´ÊÉÓ ´  Éµ, ÎÉµ ¡Ò²µ ¶µ²ÊÎ¥´µ ¢ µ¡² ¸É¨ ËµÉµÖ¤¥·´ÒÌ ·¥ ±-
Í¨°, ¶µ-´µ¢µ³Ê, ¶·µ ´ ²¨§¨·µ¢ ÉÓ ÉµÎ´µ¸ÉÓ ¨ ´ ¤¥¦´µ¸ÉÓ ¤ ´´ÒÌ, ¢Ò· ¡µÉ ÉÓ ·¥±µ³¥´¤ Í¨¨ ¶µ
ÊÎ¥ÉÊ ¸¨¸É¥³ É¨Î¥¸±¨Ì ¶µ£·¥Ï´µ¸É¥° ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨³¥´Éµ¢ · §²¨Î´ÒÌ É¨¶µ¢, µ¡Ê¸²µ¢²¥´-
´ÒÌ · §²¨Î¨Ö³¨ ¢ ³¥Éµ¤ Ì ¶·µ¢¥¤¥´¨Ö ¨§³¥·¥´¨°, µ¡· ¡µÉ±¨ ¤ ´´ÒÌ ¨ ¨§¢²¥Î¥´¨Ö ¨´Ëµ·³ Í¨¨
µ ¸¥Î¥´¨ÖÌ ·¥ ±Í¨°. ‘ Í¥²ÓÕ ¨¸¸²¥¤µ¢ ´¨Ö ¢µ§³µ¦´ÒÌ ¶·¨Î¨´ ¸¨¸É¥³ É¨Î¥¸±¨Ì · ¸Ìµ¦¤¥´¨°
·¥§Ê²ÓÉ Éµ¢ · §²¨Î´ÒÌ ËµÉµÖ¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, · §· ¡µÉ±¨ ³¥Éµ¤µ¢ ¨Ì ÊÎ¥É  ¨ Ê¸É· ´¥´¨Ö,
¶·¨¢¥¤¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ± ¸µ£² ¸¨Õ ¢Ò¶µ²´¥´Ò ¸µ¢³¥¸É´Ò¥ ¸¨¸É¥³´Ò¥
¨¸¸²¥¤µ¢ ´¨Ö ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ¤ ´´ÒÌ µ ¸¥Î¥´¨ÖÌ · §²¨Î´ÒÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨°, ¶µ²Ê-
Î¥´´ÒÌ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì. ˆ¸¸²¥¤µ¢ ´¨Ö ¶·µ¢¥¤¥´Ò ´  µ¸´µ¢¥ ¸µ¢·¥³¥´´ÒÌ ¶µ²´ÒÌ ¡ §
¤ ´´ÒÌ. Šµ´±·¥É´µ¥ · ¸¸³µÉ·¥´¨¥ ¶·µ¢µ¤¨É¸Ö ¤²Ö ¢ÒÌµ¤µ¢ ¨ ¸¥Î¥´¨° ¶µ²´ÒÌ (γ, xn) ¨ ¶ ·Í¨-
 ²Ó´ÒÌ (γ, n) ¨ (γ, 2n) ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°, ¤ ÕÐ¨Ì µ¸´µ¢´Ò¥ ¢±² ¤Ò ¢ ¶·µÍ¥¸¸Ò Ëµ·-
³¨·µ¢ ´¨Ö ƒ„�. �¸´µ¢´µ¥ ¢´¨³ ´¨¥ Ê¤¥²Ö¥É¸Ö µ¸µ¡¥´´µ¸ÉÖ³ Ô±¸¶¥·¨³¥´Éµ¢ ¸ ŠŒ�-ËµÉµ´´Ò³¨
¶ÊÎ± ³¨, ¡µ²ÓÏ¨´¸É¢µ ±µÉµ·ÒÌ ¢Ò¶µ²´¥´µ ¢ ‹¨¢¥·³µ·¥ (‘˜�) ¨ ‘ ±²¥ (”· ´Í¨Ö). �´ ²¨§¨-
·ÊÕÉ¸Ö §´ Î¨É¥²Ó´Ò¥ ¸¨¸É¥³ É¨Î¥¸±¨¥ · ¸Ìµ¦¤¥´¨Ö, µ¡Ê¸²µ¢²¥´´Ò¥ · §²¨Î¨Ö³¨ ÔËË¥±É¨¢´ÒÌ
ËµÉµ´´ÒÌ ¸¶¥±É·µ¢ ¢ ÔÉ¨Ì Ô±¸¶¥·¨³¥´É Ì,   É ±¦¥ ¢ ³¥Éµ¤ Ì · §¤¥²¥´¨Ö ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±-
Í¨° · §²¨Î´µ° ³´µ¦¥¸É¢¥´´µ¸É¨: (γ, n) ¨ (γ, 2n).

The photonuclear reaction investigation plays very important role in both basic and applied
nuclear physics research. Parameters of Giant Dipole Resonance (GDR) observed in cross sections
of various reactions induced by γ quanta are of great interest for study of structure and dynamics of
atomic nuclei, nuclear reaction mechanisms, involved into the research in the ˇeld of relativistic heavy
ions. Absolute majority of photonuclear reaction cross section data has been obtained in experiments
using electron bremsstrahlung and quasimonoenergetic photons produced by annihilation in �ight of
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relativistic positrons. There are many clear systematical disagreements between data obtained in these
types of experiments: they are clearly larger than statistical data uncertainties and depend directly on
the method used to obtain data. All of them embarrass the data practical using. The development of
complete advanced databases gave the possibility to overview jointly all photonuclear reaction data
obtained, to carry out new analysis of data accuracy and reliability, and to produce recommendation
how to take into account systematical discrepancies of various experiments caused by differences of
experimental methods, procedures of measured data processing to obtain the information on reaction
cross section. With the aim of studying possible reasons of systematical disagreements between the
results of various experiments, developing methods of taking them into account and bringing the
results of various experiments to consistency, the joint investigation of many photonuclear reaction
cross section data obtained in various experiments was carried out. Special treatment was devoted
to the yields and cross sections of total (γ, xn) and partial (γ, n) and (γ, 2n) photoneutron reactions
that put the main contributions to the GDR forming. The main attention was paid to the speciˇcs of
experiments with quasimonoenergetic annihilation photons carried out primarily at Livermore (USA)
and Saclay (France). Signiˇcant systematical discrepancies arising due to the difference between
these experiments effective photon spectra as well as in procedures of neutron multiplicity sorting for
reactions (γ, n) and (γ, 2n) are analyzed.

‚‚…„…�ˆ…

�¤´µ° ¨§ µ¸´µ¢´ÒÌ § ¤ Î Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¢ µ¡² ¸É¨
Ö¤¥·´µ° Ë¨§¨±¨ ¡Ò²  ¨ µ¸É ¥É¸Ö ¤µ ¸¨Ì ¶µ· § ¤ Î  ¶µ²ÊÎ¥´¨Ö ¨´Ëµ·³ -
Í¨¨ µ ¸É·µ¥´¨¨  Éµ³´µ£µ Ö¤· . ’ ± Ö ¨´Ëµ·³ Í¨Ö ³µ¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´ ,
¶·¥¦¤¥ ¢¸¥£µ, ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ. �´ ²¨§ ¢¥·µÖÉ´µ¸É¥° ¢§ ¨³µ¤¥°¸É¢¨Ö ¸
Ö¤·µ³ γ-±¢ ´Éµ¢, Ê£²µ¢ÒÌ, Ô´¥·£¥É¨Î¥¸±¨Ì, ³ ¸¸µ¢ÒÌ ¨ ¤·Ê£¨Ì · ¸¶·¥¤¥²¥-
´¨° Î ¸É¨Í-¶·µ¤Ê±Éµ¢, Ô´¥·£¨° ¢µ§¡Ê¦¤¥´¨Ö ±µ´¥Î´µ£µ Ö¤·  ¨ ± ´ ²µ¢ ¥£µ
· ¸¶ ¤ , ¨¸¸²¥¤µ¢ ´´ÒÌ ¶·¨ · §²¨Î´ÒÌ Ô´¥·£¨ÖÌ É¥Ì ¨²¨ ¨´ÒÌ ´ ²¥É ÕÐ¨Ì
Î ¸É¨Í, ¶µ§¢µ²Ö¥É ¶µ²ÊÎ ÉÓ · §²¨Î´µ£µ ·µ¤  ¨´Ëµ·³ Í¨Õ µ ¸É·µ¥´¨¨ Ö¤· .
‘·¥¤¨ µ£·µ³´µ£µ · §´µµ¡· §¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ´¥³ ²µ¢ ¦´µ¥ ³¥¸Éµ § ´¨-
³ ÕÉ ·¥ ±Í¨¨, ¢Ò§¢ ´´Ò¥ Ô²¥±É·µ³ £´¨É´Ò³¨ ¢§ ¨³µ¤¥°¸É¢¨Ö³¨. ’ ±¨¥ ·¥-
 ±Í¨¨ ¶·µÉ¥± ÕÉ §  ¸Î¥É Ô²¥±É·µ³ £´¨É´µ£µ ¶µ²Ö, ¸¢µ°¸É¢  ±µÉµ·µ£µ Ìµ·µÏµ
¨§ÊÎ¥´Ò, ¨ ³¥Ì ´¨§³ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ µÉ ´ ²¥É ÕÐ¥£µ γ-±¢ ´É  ¨¸¸²¥¤Ê¥-
³µ³Ê Ö¤·Ê ¨§¢¥¸É¥´ ÉµÎ´µ. ‚ É ±¨Ì ·¥ ±Í¨ÖÌ ¶·µÐ¥, Î¥³ ¢ ·¥ ±Í¨ÖÌ ¶µ¤ ¤¥°-
¸É¢¨¥³ ´¥°É·µ´µ¢ ¨ § ·Ö¦¥´´ÒÌ Î ¸É¨Í, µÉ¤¥²¨ÉÓ ÔËË¥±ÉÒ ¸É·Ê±ÉÊ·Ò Ö¤· 
µÉ ³¥Ì ´¨§³µ¢ ¥£µ ¢µ§¡Ê¦¤¥´¨Ö [1]. � ±µ¶²¥´ [2Ä5] µ£·µ³´Ò° Ô±¸¶¥·¨³¥´-
É ²Ó´Ò° ³ É¥·¨ ² ¶µ ËµÉµ· ¸Ð¥¶²¥´¨Õ  Éµ³´ÒÌ Ö¤¥·. ‚ Ô´¥·£¥É¨Î¥¸±µ°
§ ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨Ö ¶·µÍ¥¸¸  ¶µ£²µÐ¥´¨Ö ËµÉµ´µ¢  Éµ³´Ò³¨ Ö¤· ³¨ (§  ¨¸-
±²ÕÎ¥´¨¥³ ²¥£Î °Ï¨Ì Å ¤¥°É·µ´, É·¨Éµ´, Ö¤·µ 3�¥) µ¡´ ·Ê¦¥´ µÉÎ¥É²¨¢µ
¢Ò· ¦¥´´Ò° ³µÐ´Ò° ¨ Ï¨·µ±¨° ³ ±¸¨³Ê³, ´ §Ò¢ ¥³Ò° £¨£ ´É¸±¨³ ¤¨¶µ²Ó-
´Ò³ ·¥§µ´ ´¸µ³ (ƒ„�). “¸É ´µ¢²¥´Ò µ¸´µ¢´Ò¥ ¶ · ³¥É·Ò ƒ„� (¶µ²µ¦¥´¨¥,
¢¥²¨Î¨´  ¨ Ëµ·³ ) ¤²Ö · §²¨Î´ÒÌ Ö¤¥·.

�·¨·µ¤  £¨£ ´É¸±¨Ì ·¥§µ´ ´¸µ¢ ¢ ¸¥Î¥´¨ÖÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¶µ-
²ÊÎ¨²  ¶¥·¢µ¥ µ¡ÑÖ¸´¥´¨¥ ¢ · ³± Ì ¶µ²Ê±² ¸¸¨Î¥¸±µ° £¨¤·µ¤¨´ ³¨Î¥¸±µ°
³µ¤¥²¨ Ö¤·  [6Ä8]. �´µ µ¸´µ¢Ò¢ ²µ¸Ó ´  ¶·¥¤¸É ¢²¥´¨¨ µ ¥¤¨´µ° Î ¸ÉµÉ¥
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±µ²¥¡ ´¨° ¢¸¥Ì ´¥°É·µ´µ¢ Ö¤·  µÉ´µ¸¨É¥²Ó´µ ¢¸¥Ì ¥£µ ¶·µÉµ´µ¢ ¶·¨ ¢§ ¨³µ-
¤¥°¸É¢¨¨ Ô²¥±É·¨Î¥¸±µ£µ ¤¨¶µ²Ó´µ£µ ¨§²ÊÎ¥´¨Ö ¸ Ö¤·µ³ ± ± ¸ Í¥²Ò³ Ö¤¥·´Ò³
µ¡Ñ¥±Éµ³. �É²¨Î¨¥ Ëµ·³Ò Ö¤·  µÉ ¸Ë¥·¨Î¥¸±µ° ¡Ò²µ ¨´É¥·¶·¥É¨·µ¢ ´µ ¶·µ-
¸É¥°Ï¥° ±µ²²¥±É¨¢´µ° ³µ¤¥²ÓÕ Ö¤· . „²Ö ¤¥Ëµ·³¨·µ¢ ´´ÒÌ Ö¤¥·, ¨³¥ÕÐ¨Ì
Ëµ·³Ê Ô²²¨¶¸µ¨¤  ¢· Ð¥´¨Ö, ¸¥Î¥´¨¥ ¶µ£²µÐ¥´¨Ö ËµÉµ´µ¢ ¤µ²¦´µ ¨³¥ÉÓ ¤¢ 
Ï¨·µ±¨Ì ³ ±¸¨³Ê³ ,   ´¥ µ¤¨´, ± ± ¢ ¸²ÊÎ ¥ ¸Ë¥·¨Î¥¸±¨Ì Ö¤¥·, ¶µ¸±µ²Ó±Ê
±µ²¥¡ ´¨Ö ¤µ²¦´Ò ¶·µ¨¸Ìµ¤¨ÉÓ ¢¤µ²Ó ¤¢ÊÌ µ¸¥° Ö¤¥·´µ£µ Ô²²¨¶¸µ¨¤ . ‚³¥-
¸É¥ ¸ É¥³ ¢µ§³µ¦¥´ ¨ ¤·Ê£µ° ¶µ¤Ìµ¤. �µ§¤´¥¥ ¡Ò²µ ¶µ± § ´µ, ÎÉµ ƒ„� ³µ¦¥É
¡ÒÉÓ µ¶¨¸ ´ ¢ · ³± Ì µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨ Ö¤·  [9Ä11] ´  µ¸´µ¢¥ ¸Ê¶¥·¶µ-
§¨Í¨¨ Î ¸É¨Î´µ-¤Ò·µÎ´ÒÌ ¸µ¸ÉµÖ´¨°. ‘µ¢³¥¸É´µ¥ · §¢¨É¨¥ µ¡µ¨Ì ¶µ¤Ìµ¤µ¢
¶µ§¢µ²¨²µ µ¶¨¸ ÉÓ ´¥ Éµ²Ó±µ ¶·µÍ¥¸¸Ò Ëµ·³¨·µ¢ ´¨Ö ƒ„� ¶·¨ ¶µ£²µÐ¥´¨¨
Ö¤· ³¨ ËµÉµ´µ¢, ´µ ¨ ± ´ ²Ò · ¸¶ ¤  ƒ„� ¢ ·¥ ±Í¨ÖÌ ¸ ¨¸¶Ê¸± ´¨¥³ · §²¨Î-
´ÒÌ Î ¸É¨Í.

ˆ¸¸²¥¤µ¢ ´¨¥ ¶·¨·µ¤Ò ¨ ¸¢µ°¸É¢ ƒ„� ¸Ò£· ²µ ·¥Ï ÕÐÊÕ ·µ²Ó ¢ ¸É ´µ-
¢²¥´¨¨ ¸µ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° µ ¸É·Ê±ÉÊ·¥ ¨ ¤¨´ ³¨±¥  Éµ³´µ£µ Ö¤· .
“¸É ´µ¢²¥´´µ¥ ¢ ¸¥·¥¤¨´¥ 50-Ì £µ¤µ¢ · ¸Ìµ¦¤¥´¨¥ ³¥¦¤Ê Ô´¥·£¥É¨Î¥¸±¨³¨
¶µ²µ¦¥´¨Ö³¨ ƒ„�, · ¸¸Î¨É ´´Ò³¨ ¢ · ³± Ì µ¡µ²µÎ¥Î´µ° ³µ¤¥²¨ Ö¤·  ¨ ´ -
¡²Õ¤ ¥³Ò³¨ Ô±¸¶¥·¨³¥´É ²Ó´µ, ¶·¨¢¥²µ ± µÉ±·ÒÉ¨Õ ±µ²²¥±É¨¢´ÒÌ ¸µ¸ÉµÖ-
´¨° Ö¤¥· ¨ ³¥Ì ´¨§³µ¢ ¨Ì Ëµ·³¨·µ¢ ´¨Ö. ‚¸¥ ¶µ¸²¥¤ÊÕÐ¥¥ · §¢¨É¨¥ Ë¨§¨±¨
 Éµ³´µ£µ Ö¤·  ¡Ò²µ ¢ §´ Î¨É¥²Ó´µ° ¸É¥¶¥´¨ ¸¢Ö§ ´µ ¸ ¨§ÊÎ¥´¨¥³ ±µ²²¥±É¨¢-
´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥·, ¨Ì ·µ²¨ ¢ · §²¨Î´ÒÌ ·¥ ±Í¨ÖÌ, ¨Ì ¢§ ¨³µ¤¥°¸É¢¨° ¸
µ¤´µÎ ¸É¨Î´Ò³¨ ¸É¥¶¥´Ö³¨ ¸¢µ¡µ¤Ò, ¨Ì ³µ¤ · ¸¶ ¤  ¨ É. ¤.

ˆ§ÊÎ¥´¨¥ Ì · ±É¥·¨¸É¨± ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¨£· ¥É ¢ ¦´ÊÕ ·µ²Ó ± ±
¢ ËÊ´¤ ³¥´É ²Ó´ÒÌ, É ± ¨ ¢ ¶·¨±² ¤´ÒÌ Ö¤¥·´µ-Ë¨§¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ.
� §²¨Î´Ò¥ ¶·µÍ¥¸¸Ò ¢§ ¨³µ¤¥°¸É¢¨Ö γ-±¢ ´Éµ¢ ´¨§±¨Ì ¨ ¸·¥¤´¨Ì Ô´¥·£¨°
Ï¨·µ±µ ¨¸¶µ²Ó§ÊÕÉ¸Ö ¢ ¸ ³ÒÌ · §´ÒÌ µ¡² ¸ÉÖÌ ´ Ê±¨ ¨ É¥Ì´¨±¨ (Ö¤¥·´ Ö
Ë¨§¨±  ¨ Ö¤¥·´ Ö Ô´¥·£¥É¨± , · ¤¨ Í¨µ´´Ò¥ · §¤¥²Ò Ì¨³¨¨, £¥µ²µ£¨¨, ³¥-
¤¨Í¨´Ò, ³ É¥·¨ ²µ¢¥¤¥´¨¥ ¨ Ô±µ²µ£¨Ö ¨ ³´µ£¨¥ ¤·Ê£¨¥). ‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö
¸¥Î¥´¨Ö ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨° ¡Ò²¨ ¢µ¸É·¥¡µ¢ ´Ò [12] ¢ µ¡² ¸É¨ ¸ ³ÒÌ
¸µ¢·¥³¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¸¢µ°¸É¢ ¸¨²Ó´µ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¥° ³ É¥·¨¨ Å
±¢ ·±-£²Õµ´´µ° ¶² §³Ò Å ´  ¢¸É·¥Î´ÒÌ ¶ÊÎ± Ì ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ö¤¥· ¤¢ÊÌ
±·Ê¶´¥°Ï¨Ì ¢ ³¨·¥ Ê¸É ´µ¢µ± Å ±µ²² °¤¥·¥ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ÉÖ¦¥²ÒÌ ¨µ´µ¢
(Relativistic Heavy Ion Collilder (RHIC)) [13] ¢ 	·Ê±Ì¥°¢¥´¸±µ° ´ Í¨µ´ ²Ó´µ°
² ¡µ· Éµ·¨¨ ‘˜� ¨ ¡µ²ÓÏµ³  ¤·µ´´µ³ ±µ² °¤¥·¥ (Large Hadron Collider
(LHC)) [14] ¢ CERN (†¥´¥¢ ).

�·µÍ¥¸¸ ¶µ£²µÐ¥´¨Ö Ö¤·µ³ γ-±¢ ´É  ¸ Ô´¥·£¨¥° ¤µ ∼ 50 ŒÔ‚ ¶·¨¢µ¤¨É
± Éµ³Ê, ÎÉµ ¶·¨ ¸´ÖÉ¨¨ ¢´¥¸¥´´µ£µ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·µ ¨¸¶Ê¸± ¥É µÉ¤¥²Ó´Ò¥
´Ê±²µ´Ò ¨ ¨Ì ±µ³¡¨´ Í¨¨. Ÿ¤·µ ¸ ´ ¨¡µ²ÓÏ¥° ¢¥·µÖÉ´µ¸ÉÓÕ ¨¸¶Ê¸± ¥É µ¤¨´
´Ê±²µ´, ¸ ³¥´ÓÏ¥° ¢¥·µÖÉ´µ¸ÉÓÕ Å ¤¢  ¨ ¡µ²ÓÏ¥¥ Î¨¸²µ ´Ê±²µ´µ¢. �Éµ
µ¡¸ÉµÖÉ¥²Ó¸É¢µ ¢³¥¸É¥ ¸ ¸µµÉ´µÏ¥´¨¥³ Ô´¥·£¥É¨Î¥¸±¨Ì ¶µ·µ£µ¢ ¸µµÉ¢¥É¸É¢Ê-
ÕÐ¨Ì ·¥ ±Í¨° µ¶·¥¤¥²Ö¥É µ¸´µ¢´Ò¥ ± ´ ²Ò · ¸¶ ¤  ƒ„�. �¥ ±Í¨Ö, ¸µµÉ¢¥É-
¸É¢ÊÕÐ Ö ± ´ ²Ê · ¸¶ ¤  ƒ„� ¸ µ¡· §µ¢ ´¨¥³ Éµ£µ ¨²¨ ¨´µ£µ ´Ê±²µ´  ¨²¨
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¨Ì ±µ³¡¨´ Í¨° ((γ, n), (γ, p), (γ, np), (γ, 2n), (γ, 3n) ¨ É. ¶.), ´ §Ò¢ ¥É¸Ö ¶ ·-
Í¨ ²Ó´µ°. ‘Ê³³  ¢¸¥Ì ¶ ·Í¨ ²Ó´ÒÌ ·¥ ±Í¨° µ¶¨¸Ò¢ ¥É ¢¸¥ ¢µ§³µ¦´Ò¥ (§ 
¨¸±²ÕÎ¥´¨¥³ · ¸¸¥Ö´¨Ö) ± ´ ²Ò ¢Ò¡Ò¢ ´¨Ö ËµÉµ´µ¢ ¨§ ¶¥·¢¨Î´µ£µ ¶ÊÎ±  Å
·¥ ±Í¨Õ ¶µ²´µ£µ ËµÉµ¶µ£²µÐ¥´¨Ö

(γ, abs) = (γ, 1n) + (γ, np) + (γ, 2n) + (γ, 3n) + . . . +
+ (γ, 1p) + (γ, 2p) + . . . + (γ, f), (1)

£¤¥ (γ, f ) Å ·¥ ±Í¨Ö ¤¥²¥´¨Ö, ±µÉµ· Ö ¢µ§³µ¦´  ²¨ÏÓ ¢ µÉ´µ¸¨É¥²Ó´µ ÉÖ¦¥-
²ÒÌ Ö¤· Ì.

‚ µ¡² ¸É¨ Ô´¥·£¨° ³ ±¸¨³Ê³  ƒ„� ¸¥Î¥´¨¥ ËµÉµ¶µ£²µÐ¥´¨Ö ¤²Ö ¡µ²Ó-
Ï¨´¸É¢  Ö¤¥· ¢ µ¸´µ¢´µ³ ¨¸Î¥·¶Ò¢ ¥É¸Ö ¸¥Î¥´¨¥³ (γ, n)-·¥ ±Í¨° (¢ µ¡² ¸É¨
²¥£±¨Ì ¨ ¸·¥¤´¨Ì Ö¤¥· Å ¸Ê³³µ° ¸¥Î¥´¨° (γ, n)- ¨ (γ, p)-·¥ ±Í¨°). ‡  ³ ±¸¨-
³Ê³µ³ ƒ„� § ³¥É´Ò° ¢±² ¤ ¢ ¸¥Î¥´¨¥ ËµÉµ¶µ£²µÐ¥´¨Ö ³µ£ÊÉ ¤ ¢ ÉÓ ·¥ ±Í¨¨
¸ ¡µ²ÓÏ¥° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ¨¸¶Ê¸± ¥³ÒÌ ´Ê±²µ´µ¢, ¶·¥¦¤¥ ¢¸¥£µ ·¥ ±Í¨Ö
(γ, 2n). ‘µµÉ´µÏ¥´¨¥ ¸¥Î¥´¨° ·¥ ±Í¨° ¸ ¨¸¶Ê¸± ´¨¥³ µ¤´µ£µ ¨ ¤¢ÊÌ ´¥°É·µ-
´µ¢ Ö¢²Ö¥É¸Ö ¢ ¦´µ° Ì · ±É¥·¨¸É¨±µ° ¶·µÍ¥¸¸  ËµÉµ· ¸Ð¥¶²¥´¨Ö, § ¢¨¸ÖÐ¥°
µÉ ³¥Ì ´¨§³  ¢µ§¡Ê¦¤¥´¨Ö ¨ · ¸¶ ¤  Ö¤· . ’ ±, ´ ¶·¨³¥·, · ¸Ìµ¦¤¥´¨¥ Ô´¥·-
£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¸ ¨¸¶Ê¸± ´¨¥³ µ¤´µ£µ ´¥°É·µ´  ¨
¶·¥¤¸± § ´¨° ¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ³µ¦¥É ¸²Ê¦¨ÉÓ ¤µ± § É¥²Ó¸É¢µ³ ¶·µ-
Ö¢²¥´¨Ö ¶·µÍ¥¸¸µ¢ ¶·Ö³µ£µ ¢Ò¡¨¢ ´¨Ö ´¥°É·µ´µ¢ γ-±¢ ´É ³¨ ¨§ Ö¤·  [15].

�¤´ ±µ µ¡µ¸´µ¢ ´´µ¸ÉÓ É ±¨Ì § ±²ÕÎ¥´¨° ¢ §´ Î¨É¥²Ó´µ° ¸É¥¶¥´¨ § ¢¨-
¸¨É µÉ Éµ£µ, ¸ ± ±µ° ÉµÎ´µ¸ÉÓÕ ¨ ´ ¤¥¦´µ¸ÉÓÕ µ¶·¥¤¥²Ö¥É¸Ö ¸¥Î¥´¨¥ ·¥ ±Í¨¨
(γ, n) ¸ ¨¸¶Ê¸± ´¨¥³ µ¤´µ£µ ´¥°É·µ´  ¢ Éµ° µ¡² ¸É¨ Ô´¥·£¨°, £¤¥ Ô´¥·£¥É¨Î¥-
¸±¨ ¢µ§³µ¦¥´ ¨ ¶·µÍ¥¸¸ ¨¸¶Ê¸± ´¨Ö ¤¢ÊÌ ´¥°É·µ´µ¢ ¢ ·¥ ±Í¨¨ (γ, 2n). ‚ ¸¨²Ê
· §²¨Î´ÒÌ µ¡¸ÉµÖÉ¥²Ó¸É¢, µ¸´µ¢´Ò¥ ¨§ ±µÉµ·ÒÌ ¡Ê¤ÊÉ · ¸¸³µÉ·¥´Ò ´¨¦¥, ¢µ
³´µ£¨Ì ¸²ÊÎ ÖÌ ¤ ´´Ò¥ ¶µ ·¥ ±Í¨Ö³ (γ, n) ¨ (γ, 2n) µ± §Ò¢ ÕÉ¸Ö ¢§ ¨³´µ
¸¢Ö§ ´´Ò³¨ ¨ ¢²¨ÖÕÐ¨³¨ ¤·Ê£ ´  ¤·Ê£ . Š ¸µ¦ ²¥´¨Õ, É ±¨¥ ¤ ´´Ò¥, ¶µ²Ê-
Î¥´´Ò¥ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¸ÊÐ¥¸É¢¥´´µ · ¸Ìµ¤ÖÉ¸Ö ¤·Ê£ ¸ ¤·Ê£µ³ [16].
	µ²ÓÏ¨´¸É¢µ ¤ ´´ÒÌ ¶µ ·¥ ±Í¨Ö³ (γ, n) ¨ (γ, 2n) ¶µ²ÊÎ¥´µ ¢ Ô±¸¶¥·¨³¥´-
É Ì ¸ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨  ´´¨£¨²ÖÍ¨µ´´Ò³¨ ËµÉµ´ ³¨ ¢ ‹¨¢¥·³µ·¥
(‘˜�) ¨ ‘ ±²¥ (”· ´Í¨Ö),   ¶·¨Î¨´µ° ¨Ì ¸ÊÐ¥¸É¢¥´´ÒÌ · ¸Ìµ¦¤¥´¨° ³¥¦¤Ê
¸µ¡µ° Ö¢²ÖÕÉ¸Ö µ¶·¥¤¥²¥´´Ò¥ ´¥¤µ¸É É±¨ ¨¸¶µ²Ó§µ¢ ´´ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì
¶·µÍ¥¤Ê· µ¶·¥¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´µ¢.

	µ²¥¥ Éµ£µ, ¢Ò¶µ²´¥´´Ò¥ · ´¥¥ ¨¸¸²¥¤µ¢ ´¨Ö (´ ¶·¨³¥·, [17Ä19]) ¶µ± -
§ ²¨, ÎÉµ ¢µ ³´µ£¨Ì ¸²ÊÎ ÖÌ ¤ ´´Ò¥ ¶µ ¸¥Î¥´¨Ö³ ¶µ²´µ° ËµÉµ´¥°É·µ´´µ°
·¥ ±Í¨¨

(γ, xn) = (γ, 1n) + (γ, np) + 2(γ, 2n) + 3(γ, 3n) + . . . + ν(γ, f), (2)

´¥¶µ¸·¥¤¸É¢¥´´µ ¶µ²ÊÎ ¥³Ò¥ ¢ Ô±¸¶¥·¨³¥´É Ì ¨ ¸ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨
 ´´¨£¨²ÖÍ¨µ´´Ò³¨ ËµÉµ´ ³¨, ¨ ¸ Éµ·³µ§´Ò³ γ-¨§²ÊÎ¥´¨¥³, É ±¦¥ § ³¥É´µ
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µÉ²¨Î ÕÉ¸Ö ¤·Ê£ µÉ ¤·Ê£ . 	Ò²¨ ¨§ÊÎ¥´Ò µ¸´µ¢´Ò¥ ¶·¨Î¨´Ò É ±¨Ì · ¸Ìµ¦¤¥-
´¨° ¨ ¶·¥¤²µ¦¥´Ò ¸¶µ¸µ¡Ò ¸µ£² ¸µ¢ ´¨Ö ¤ ´´ÒÌ ¤·Ê£ ¸ ¤·Ê£µ³.

� ¡µÉÒ ¢Ò¶µ²´Ö²¨¸Ó ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¶µ²´µ° ¡ §Ò ¤ ´´ÒÌ ¶µ Ö¤¥·´Ò³
·¥ ±Í¨Ö³ ¶µ¤ ¤¥°¸É¢¨¥³ ËµÉµ´µ¢, ´¥°É·µ´µ¢, § ·Ö¦¥´´ÒÌ Î ¸É¨Í ¨ ÉÖ¦¥-
²ÒÌ ¨µ´µ¢ [20, 21], ¸µ§¤ ´´µ° ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ É·¥¡µ¢ ´¨Ö³¨ ¨ ·¥±µ³¥´-
¤ Í¨Ö³¨ [22] ‘¥±Í¨¨ Ö¤¥·´ÒÌ ¤ ´´ÒÌ Œ�ƒ�’� ¢ · ³± Ì ¸¥É¨ [23] Í¥´-
É·µ¢ Ö¤¥·´ÒÌ ¤ ´´ÒÌ Œ�ƒ�’� ´  µ¸´µ¢¥ ³¥¦¤Ê´ ·µ¤´µ£µ ³ ¸¸¨¢  ¤ ´´ÒÌ
EXFOR [24]. 	 §  ¤ ´´ÒÌ ¢±²ÕÎ ¥É ¢ ¸¥¡Ö µ£·µ³´µ¥ ±µ²¨Î¥¸É¢µ · §²¨Î´ÒÌ
¶ · ³¥É·µ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶µ¤ ¤¥°¸É¢¨¥³ ËµÉµ´µ¢, ´¥°É·µ´µ¢, § ·Ö¦¥´´ÒÌ
Î ¸É¨Í ¨ ÉÖ¦¥²ÒÌ ¨µ´µ¢, ¢ Éµ³ Î¨¸²¥ ¤ ´´Ò¥ ¶µ ¢¸¥³ ¸¥Î¥´¨Ö³ ËµÉµÖ¤¥·-
´ÒÌ ·¥ ±Í¨° ¨§  É² ¸µ¢ [4, 5] ¨ §´ Î¨É¥²Ó´µ¥ ±µ²¨Î¥¸É¢µ ¸¥Î¥´¨° ·¥ ±Í¨°
¨ ¤·Ê£¨Ì Ì · ±É¥·¨¸É¨± ¨§ ¨§¢¥¸É´ÒÌ ¸¶· ¢µÎ´µ-¡¨¡²¨µ£· Ë¨Î¥¸±¨Ì ¨§¤ -
´¨° [2, 3].

� ¸ÉµÖÐ¨° µ¡§µ· ¶µ¸¢ÖÐ¥´ µ¸´µ¢´Ò³ ¨ ´ ¨¡µ²¥¥ §´ Î¨É¥²Ó´Ò³ ¨§ ¢Ò-
Ö¢²¥´´ÒÌ · ¸Ìµ¦¤¥´¨° ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°, ³¥-
Éµ¤ ³ ¨Ì ÊÎ¥É  ¨ µÍ¥´±¨ ´  µ¸´µ¢¥  ´ ²¨§  ¸¨¸É¥³ É¨Î¥¸±¨Ì · ¸Ìµ¦¤¥´¨°
·¥§Ê²ÓÉ Éµ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢. � ¸¸³µÉ·¥´Ò É ±¦¥ ´¥±µÉµ·Ò¥ ¸ÊÐ¥¸É¢¥´-
´Ò¥ Ë¨§¨Î¥¸±¨¥ ¸²¥¤¸É¢¨Ö Ê¸É· ´¥´¨Ö µ¡¸Ê¦¤ ¥³ÒÌ · ¸Ìµ¦¤¥´¨°, ¶·¨¢µ¤Ö-
Ð¨¥ ± ¶¥·¥µÍ¥´±¥ ÉµÎ´µ¸É¨ ¨ ´ ¤¥¦´µ¸É¨ ´¥±µÉµ·ÒÌ ¶µ²ÊÎ¥´´ÒÌ · ´¥¥ ·¥-
§Ê²ÓÉ Éµ¢ ¨ ¶·¥¤¶µÎÉ¥´¨° µ¤´¨Ì ¨§ ´¨Ì ¶¥·¥¤ ¤·Ê£¨³¨. •µÉÖ ¡µ²ÓÏ¨´¸É¢µ
¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¡Ò²¨ ¶µ²ÊÎ¥´Ò µÉ´µ¸¨É¥²Ó´µ
¤ ¢´µ, ¨Ì ¶·¨¸ÊÉ¸É¢¨¥ ¢ ¸µ¢·¥³¥´´ÒÌ ¡ § Ì ¤ ´´ÒÌ [20, 21] ¨ ¤µ¸É ÉµÎ´µ Ï¨-
·µ±µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ¤µ ¸¨Ì ¶µ· ¤¥² ÕÉ ¶·¥¤³¥É ´ ¸ÉµÖÐ¥£µ µ¡§µ·  ¢¥¸Ó³ 
 ±ÉÊ ²Ó´Ò³.
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�¡¸µ²ÕÉ´µ¥ ¡µ²ÓÏ¨´¸É¢µ ¸¥Î¥´¨° ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¡Ò²µ ¶µ²ÊÎ¥-
´µ [2Ä5] ¢ Ô±¸¶¥·¨³¥´É Ì ¤¢ÊÌ µ¸´µ¢´ÒÌ É¨¶µ¢, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ
Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö (’ˆ) ¨ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢, µ¡· §ÊÕ-
Ð¨Ì¸Ö ¶·¨  ´´¨£¨²ÖÍ¨¨ (ŠŒ�) ´  ²¥ÉÊ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶µ§¨É·µ´µ¢. Œ¥¦¤Ê
·¥§Ê²ÓÉ É ³¨ Ô±¸¶¥·¨³¥´Éµ¢ ÔÉ¨Ì ¤¢ÊÌ É¨¶µ¢ ¸ÊÐ¥¸É¢ÊÕÉ ¨§¢¥¸É´Ò¥ µÉÎ¥É-
²¨¢µ ¢Ò· ¦¥´´Ò¥ ¸¨¸É¥³ É¨Î¥¸±¨¥ · ¸Ìµ¦¤¥´¨Ö. � ¨¡µ²¥¥ ¢ ¦´Ò¥ ¨§ ´¨Ì
³µ£ÊÉ ¡ÒÉÓ µÌ · ±É¥·¨§µ¢ ´Ò ¸²¥¤ÊÕÐ¨³ µ¡· §µ³: ± ± ¶· ¢¨²µ, ¸¥Î¥´¨Ö
·¥ ±Í¨° ¨§ ŠŒ�-Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¸· ¢´¥´¨Õ ¸ ¸¥Î¥´¨Ö³¨ ·¥ ±Í¨° ¨§
’ˆ-Ô±¸¶¥·¨³¥´Éµ¢ µ± §Ò¢ ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ £² ¤±¨³¨ ¶µ Ëµ·³¥ ¨
¨³¥ÕÐ¨³¨ ´¥¸±µ²Ó±µ ³¥´ÓÏ¨¥  ¡¸µ²ÕÉ´Ò¥ ¢¥²¨Î¨´Ò.

„²Ö Éµ£µ, ÎÉµ¡Ò ¶·¨Î¨´Ò · ¸Ìµ¦¤¥´¨° ·¥§Ê²ÓÉ Éµ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´-
Éµ¢, ¢Ò¶µ²´¥´´ÒÌ ¤µ¸É ÉµÎ´µ ¤ ¢´µ, ¸É ²¨ ¡µ²¥¥ ¶µ´ÖÉ´Ò³¨, Í¥²¥¸µµ¡· §´µ
±· É±µ · ¸¸³µÉ·¥ÉÓ ¨Ì µ¸´µ¢´Ò¥ µ¸µ¡¥´´µ¸É¨, ¶·¥¦¤¥ ¢¸¥£µ, ³¥Éµ¤Ò ¶µ²ÊÎ¥-
´¨Ö ¸¥Î¥´¨° ·¥ ±Í¨° ¨§ ·¥§Ê²ÓÉ Éµ¢ ´¥¶µ¸·¥¤¸É¢¥´´ÒÌ ¨§³¥·¥´¨°.
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1.1. �±¸¶¥·¨³¥´ÉÒ ¸ Éµ·³µ§´Ò³ γ-¨§²ÊÎ¥´¨¥³. ˆ¸Éµ·¨Î¥¸±¨ Ô±¸¶¥·¨-
³¥´ÉÒ ÔÉµ£µ É¨¶  ¡Ò²¨ ¶¥·¢Ò³¨, ¢ ±µÉµ·ÒÌ ¶µ²ÊÎ¥´  ¨´Ëµ·³ Í¨Ö µ ¢§ ¨³µ-
¤¥°¸É¢¨¨ ËµÉµ´µ¢ ¸ Ö¤· ³¨. �´¨ ¶·µ¢µ¤¨²¨¸Ó ¢µ ³´µ£¨Ì ² ¡µ· Éµ·¨ÖÌ, ´µ
´ ¨¡µ²ÓÏ¥¥ ±µ²¨Î¥¸É¢µ ¤ ´´ÒÌ ¡Ò²µ ¶µ²ÊÎ¥´µ ¢ Œµ¸±µ¢¸±µ³ £µ¸Ê¤ ·¸É¢¥´-
´µ³ Ê´¨¢¥·¸¨É¥É¥ (�µ¸¸¨Ö), ˆ´¸É¨ÉÊÉ¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ��� (�µ¸¸¨Ö)
¨ “´¨¢¥·¸¨É¥É¥ Œ¥²Ó¡Ê·´  (�¢¸É· ²¨Ö).

‘¶¥±É· Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö Ö¢²Ö¥É¸Ö ¸¶²µÏ´Ò³, ¢¸²¥¤¸É¢¨¥ Î¥£µ ¸¥-
Î¥´¨¥ ·¥ ±Í¨¨ σ(k) ´¥ ³µ¦¥É ¡ÒÉÓ ¨§³¥·¥´µ ¶·Ö³µ. �¥¶µ¸·¥¤¸É¢¥´´µ ¢ Ô±¸-
¶¥·¨³¥´É¥ ¨§³¥·Ö¥É¸Ö ¢ÒÌµ¤ ·¥ ±Í¨¨

Y (Ejm) =
N(Ejm)
εD(Ejm)

= α

Ejm∫

Eth

W (Ejm, k)σ(k)dk, (3)

£¤¥ Eth Å Ô´¥·£¥É¨Î¥¸±¨° ¶µ·µ£ ·¥ ±Í¨¨; W (Ejm, k) Å ¸¶¥±É· Éµ·³µ§´µ£µ
γ-¨§²ÊÎ¥´¨Ö ± ± ËÊ´±Í¨Ö ¢¥·Ì´¥° £· ´¨ÍÒ ¨ Ô´¥·£¨¨ ËµÉµ´µ¢; N(Ejm) Å
Î¨¸²µ ¸µ¡ÒÉ¨° ·¥ ±Í¨¨; D(Ejm) Å ¤µ§  γ-¨§²ÊÎ¥´¨Ö; ε Å ÔËË¥±É¨¢´µ¸ÉÓ
·¥£¨¸É·¨·ÊÕÐ¥° Ê¸É ´µ¢±¨; α Å ´µ·³¨·µ¢µÎ´ Ö ±µ´¸É ´É .

ˆ´Ëµ·³ Í¨Ö µ ¸¥Î¥´¨¨ σ(k) ¨§¢²¥± ¥É¸Ö ¨§ ¨´Ëµ·³ Í¨¨ µ ¢ÒÌµ¤¥
Y (Ejm) ¸ ¶µ³µÐÓÕ µ¤´µ£µ ¨§ ´¥¸±µ²Ó±¨Ì Ï¨·µ±µ ¨§¢¥¸É´ÒÌ ³¥Éµ¤µ¢ (®· §-
´µ¸É¨ ËµÉµ´µ¢¯, ®µ¡· É´µ° ³ É·¨ÍÒ¯, �¥´Ëµ²¤ Ä‹¥°¸¸ , ®´ ¨³¥´ÓÏ¥°
¸É·Ê±ÉÊ·Ò (³¥Éµ¤ ŠÊ± )¯, ®·¥£Ê²Ö·¨§ Í¨¨ (³¥Éµ¤ ’¨Ìµ´µ¢ )¯ ¨ ·Ö¤  ¤·Ê-
£¨Ì) ·¥Ï¥´¨Ö ´¥Ê¸Éµ°Î¨¢µ° µ¡· É´µ° § ¤ Î¨ Å ¨´É¥£· ²Ó´µ£µ Ê· ¢´¥´¨Ö (3).
‚¸¥ ÔÉ¨ ³¥Éµ¤Ò ¡Ò²¨ ¸¶¥Í¨ ²Ó´µ · §· ¡µÉ ´Ò É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ÔË-
Ë¥±É¨¢´Ò° ¸¶¥±É· ËµÉµ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ·¥ ±Í¨Õ ( ¶¶ · É´ Ö ËÊ´±Í¨Ö Ô±¸-
¶¥·¨³¥´É ), ³µ£ ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´ (·¨¸. 1) ± ± ¢ µ¶·¥¤¥²¥´´µ° ¸É¥¶¥´¨
(±¢ §¨)³µ´µÔ´¥·£¥É¨Î¥¸±¨°, É. ¥. ¨³¥² Ëµ·³Ê, ¢ Éµ° ¨²¨ ¨´µ° ³¥·¥ ¡²¨§±ÊÕ
± £ Ê¸¸¨ ´Ê, ¨ µÉ´µ¸¨É¥²Ó´µ ´¥¡µ²ÓÏÊÕ Ï¨·¨´Ê.

‘²¥¤Ê¥É ¸¶¥Í¨ ²Ó´µ µÉ³¥É¨ÉÓ, ÎÉµ ¢ Ô±¸¶¥·¨³¥´É Ì ÔÉµ£µ É¨¶  ± ¦¤Ò°
³¥Éµ¤ ¨§¢²¥Î¥´¨Ö ¤ ´´ÒÌ µ ¸¥Î¥´¨¨ ·¥ ±Í¨¨ σ(k) ¨§ ¨´Ëµ·³ Í¨¨ µ ¢ÒÌµ¤¥
·¥ ±Í¨¨ Y (Ejm) ¨³¥¥É ·Ö¤ ¸¶¥Í¨Ë¨Î¥¸±¨Ì µ¸µ¡¥´´µ¸É¥°:

•  ¶¶ · É´ Ö ËÊ´±Í¨Ö ±µ´±·¥É´µ£µ ³¥Éµ¤  µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨
µ¡· §Ê¥É¸Ö ´¥§ ¢¨¸¨³µ µÉ Ê¸²µ¢¨° ±µ´±·¥É´µ£µ Ô±¸¶¥·¨³¥´É ; ¡µ²¥¥ Éµ£µ,
Ô±¸¶¥·¨³¥´É Éµ·Ò ¸É · ÕÉ¸Ö µ¡¥¸¶¥Î¨ÉÓ ¢ Ô±¸¶¥·¨³¥´É¥ É¥ Ê¸²µ¢¨Ö, ±µÉµ·Ò¥
¶·¥¤Ê¸³µÉ·¥´Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨³ ¢Ò¡· ´´Ò³ ³¥Éµ¤µ³ µ¡· ¡µÉ±¨;

• ¸¶¥±É· ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ·¥ ±Í¨Õ, ¢ ± -
¦¤µ³ ¨§ · §· ¡µÉ ´´ÒÌ ³¥Éµ¤µ¢ µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¶µ²ÊÎ ¥É¸Ö ¸
¶µ³µÐÓÕ ¸¶¥Í¨ ²Ó´µ° ¶·µÍ¥¤Ê·Ò, ¢ ¶·¨´Í¨¶¥ ¶·¥¤¸É ¢²ÖÕÐ¥° ¸µ¡µ° ´¥ ÎÉµ
¨´µ¥, ± ± ²¨´¥°´ÊÕ ±µ³¡¨´ Í¨Õ ¸¶¥±É·µ¢ Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¸ ¡²¨§-
±¨³¨ ¢¥·Ì´¨³¨ £· ´¨Í ³¨;

•  ¶¶ · É´Ò¥ ËÊ´±Í¨¨ ¢¸¥Ì · §· ¡µÉ ´´ÒÌ ³¥Éµ¤µ¢ µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨Ö
·¥ ±Í¨¨ ¨³¥ÕÉ ¸²µ¦´Ò¥ Ëµ·³Ò (¤ ²¥±¨¥ µÉ ¨¤¥ ²Ó´µ°, ± ±, ´ ¶·¨³¥·, Ëµ·³ 
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�¨¸. 1. ‘· ¢´¥´¨¥  ¶¶ · É´ÒÌ ËÊ´±Í¨° (ÔËË¥±É¨¢´ÒÌ ¸¶¥±É·µ¢ ËµÉµ´µ¢) ¢ · §²¨Î´ÒÌ
³¥Éµ¤ Ì ¶µ²ÊÎ¥´¨Ö ¨´Ëµ·³ Í¨¨ µ ¸¥Î¥´¨¨ ËµÉµÖ¤¥·´µ° ·¥ ±Í¨¨ ¨§ Ô±¸¶¥·¨³¥´É ²Ó-
´ÒÌ ¤ ´´ÒÌ: 1 Å ¸¶¥±É· Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö (’ˆ) (¶·¨³¥· ¤²Ö Emax

γ = 11 ŒÔ‚);
2 Å ¸¶¥±É· ŠŒ�-ËµÉµ´µ¢ (Ï¨·¨´   ´´¨£¨²ÖÍ¨µ´´µ° ²¨´¨¨ 350 ±Ô‚); 3 Å  ¶¶ · É-
´ Ö ËÊ´±Í¨Ö ¢ ³¥Éµ¤¥ �¥´Ëµ²¤ Ä‹¥°¸¸  (Ï £ µ¡· ¡µÉ±¨ 100 ±Ô‚); 4 Å  ¶¶ · É´ Ö
ËÊ´±Í¨Ö ¢ ³¥Éµ¤¥ ·¥£Ê²Ö·¨§ Í¨¨ ’¨Ìµ´µ¢  (Ï £ µ¡· ¡µÉ±¨ 50 ±Ô‚); 5 Å  ¶¶ · É´ Ö
ËÊ´±Í¨Ö ¢ ³¥Éµ¤¥ ·¥¤Ê±Í¨¨ (· §·¥Ï¥´¨¥ 50 ±Ô‚); 6 Å £ Ê¸¸¨ ´ ¸ Ï¨·¨´µ° 50 ±Ô‚

£ Ê¸¸¨ ´ ), ±µÉµ·Ò¥ ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¤µ¶µ²´¨É¥²Ó´Ò³ ´¥µ¶·¥¤¥²¥´´µ¸ÉÖ³
¢ Ëµ·³¥, Ô´¥·£¥É¨Î¥¸±µ³ ¶µ²µ¦¥´¨¨ ¨ ¢¥²¨Î¨´¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ σ(k);

• ¢¸²¥¤¸É¢¨¥ µÉ´µ¸¨É¥²Ó´µ° ²µ± ²¨§µ¢ ´´µ¸É¨ ¶µ Ô´¥·£¨¨ µ¸´µ¢´ÒÌ ²¨-
´¨° ÔÉ¨Ì  ¶¶ · É´ÒÌ ËÊ´±Í¨° ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ´¥¸³µÉ·Ö ´  µÎ¥¢¨¤-
´Ò¥ ´¥¤µ¸É É±¨, É¥³ ´¥ ³¥´¥¥ ³µ£ÊÉ ¡ÒÉÓ ¨´É¥·¶·¥É¨·µ¢ ´Ò ¨³¥´´µ ± ± ¨¸-
±µ³µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨.

1.2. �±¸¶¥·¨³¥´ÉÒ ¸ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨ ËµÉµ´ ³¨, µ¡· §ÊÕ-
Ð¨³¨¸Ö ¶·¨  ´´¨£¨²ÖÍ¨¨ ´  ²¥ÉÊ ·¥²ÖÉ¨¢¨¸É¸±¨Ì ¶µ§¨É·µ´µ¢. Š ±  ²ÓÉ¥·-
´ É¨¢  ¶·µÍ¥¤Ê·¥ ·¥Ï¥´¨Ö ´¥Ê¸Éµ°Î¨¢µ° µ¡· É´µ° § ¤ Î¨ (3) ¡Ò² ¶·¥¤²µ¦¥´
³¥Éµ¤, µ¸´µ¢ ´´Ò° ´  ¶µ²ÊÎ¥´¨¨ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢ ®´¥¶µ-
¸·¥¤¸É¢¥´´µ¯ ¢ Ô±¸¶¥·¨³¥´É¥. �´ ¨¸¶µ²Ó§Ê¥É ÔËË¥±É µ¡· §µ¢ ´¨Ö ËµÉµ´µ¢ ¸
Ô´¥·£¨¥° Eγ = Ee+ + 0, 511 MÔ‚ ¶·¨  ´´¨£¨²ÖÍ¨¨ ¡Ò¸É·ÒÌ ¶µ§¨É·µ´µ¢ ¢
Éµ´±µ° ³¨Ï¥´¨ ¨§ ²¥£±µ£µ (³ ²Ò° § ·Ö¤ Z) Ô²¥³¥´É .

“¸É ´µ¢±¨ É ±µ£µ É¨¶  ¡Ò²¨ ¸µ§¤ ´Ò ¢ ´¥¸±µ²Ó±¨Ì ² ¡µ· Éµ·¨ÖÌ ¢ ‘˜�,
”· ´Í¨¨ ¨ ƒ¥·³ ´¨¨, ´µ ´ ¨¡µ²ÓÏ¥¥ ±µ²¨Î¥¸É¢µ ¤ ´´ÒÌ ÔÉµ£µ É¨¶  ¡Ò²µ ¶µ-
²ÊÎ¥´µ ¢ ‹¨¢¥·³µ·¸±µ° ´ Í¨µ´ ²Ó´µ° ² ¡µ· Éµ·¨¨ ¨³. ‹µÊ·¥´¸  (Lawrence
Livermore National Laboratory) ‘˜� (‹¨¢¥·³µ·) ¨ –¥´É·¥ Ö¤¥·´ÒÌ ¨¸¸²¥¤µ-
¢ ´¨° ”· ´Í¨¨ (France Centre d'Etudes Nucleaires de Saclay) ¢ ‘ ±²¥.
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�µ¸±µ²Ó±Ê ¶·µÍ¥¸¸  ´´¨£¨²ÖÍ¨¨ ¶µ§¨É·µ´µ¢ ¢¸¥£¤  ¸µ¶·µ¢µ¦¤ ¥É¸Ö ¨Ì
Éµ·³µ§´Ò³ γ-¨§²ÊÎ¥´¨¥³, Ô±¸¶¥·¨³¥´É É ±µ£µ É¨¶  ¶·µÌµ¤¨É ¢ É·¨ ÔÉ ¶ :

1) ¨§³¥·¥´¨¥ ¢ÒÌµ¤  Ye+(Ej) (3) ·¥ ±Í¨¨ ¶µ¤ ¸Ê³³ ·´Ò³ ¤¥°¸É¢¨¥³ Ëµ-
Éµ´µ¢ ¨ µÉ  ´´¨£¨²ÖÍ¨¨, ¨ µÉ Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¶µ§¨É·µ´µ¢;

2) ¨§³¥·¥´¨¥ ¢ÒÌµ¤  Ye−(Ej) (3) ·¥ ±Í¨¨ ¶µ¤ ¤¥°¸É¢¨¥³ ËµÉµ´µ¢ µÉ
Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö Ô²¥±É·µ´µ¢;

3) ¶µ²ÊÎ¥´¨¥ (¶µ¸²¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¥° ´µ·³¨·µ¢±¨ ¨ ¢ ¶·¥¤¶µ²µ¦¥´¨¨
µ Éµ³, ÎÉµ ¸¶¥±É·Ò Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¶µ§¨É·µ´µ¢ ¨ Ô²¥±É·µ´µ¢ ¨¤¥´-
É¨Î´Ò) · §´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¢ÒÌµ¤µ¢ Ye+(Ej) ¨ Ye−(Ej):

Ye+(Ej) − Ye−(Ej) = Y (Ej) ≈ σ(k) (4)

¨ ¨´É¥·¶·¥É Í¨Ö ÔÉµ° · §´µ¸É¨ Y (Ej) ≈ σ(k) ± ± ¨¸±µ³µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨.

‘¶¥Í¨Ë¨Î¥¸±¨³¨ µ¸µ¡¥´´µ¸ÉÖ³¨ Ô±¸¶¥·¨³¥´Éµ¢ ÔÉµ£µ É¨¶  Ö¢²ÖÕÉ¸Ö ¸²¥-
¤ÊÕÐ¨¥:

• ´¥ ¸ÊÐ¥¸É¢Ê¥É ®¶ÊÎ±  ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢¯; ÔËË¥±É¨¢-
´Ò° ¸¶¥±É· É ±¨Ì ËµÉµ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ·¥ ±Í¨Õ, ®¢¨·ÉÊ ²Ó´µ¯ ¢µ§´¨± ¥É
²¨ÏÓ ± ± ¸¶¥±É·, ¸µµÉ¢¥É¸É¢ÊÕÐ¨° · §´µ¸É¨ ¤¢ÊÌ ·¥ ²Ó´ÒÌ ¸¶¥±É·µ¢ ´ ²¥-
É ÕÐ¨Ì ËµÉµ´µ¢: ¸Ê³³ ·´µ£µ ¸¶¥±É·  ËµÉµ´µ¢ ¶µ§¨É·µ´´µ°  ´´¨£¨²ÖÍ¨¨ ¨
¶µ§¨É·µ´´µ£µ Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¨ ¸¶¥±É·  ËµÉµ´µ¢ µÉ ¶µ§¨É·µ´´µ£µ ( 
·¥ ²Ó´µ Å Ô²¥±É·µ´´µ£µ) Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö;

•  ¶¶ · É´ Ö ËÊ´±Í¨Ö ± ¦¤µ£µ ±µ´±·¥É´µ£µ Ô±¸¶¥·¨³¥´É  (·¨¸. 1) ¶µ²Ê-
Î ¥É¸Ö ¨´¤¨¢¨¤Ê ²Ó´µ, ¶µ¸±µ²Ó±Ê ¶·Ö³µ § ¢¨¸¨É µÉ Ê¸²µ¢¨° ¶µ²ÊÎ¥´¨Ö µ¡µ¨Ì
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢ (¢ÒÌµ¤µ¢ Ye+(Ej) ¨ Ye−(Ej)), ¨Ì ´µ·³¨-
·µ¢±¨ ¨ ¶·¨¢Ö§±¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö · §´µ¸É¨ (4);

• ¶µ¸±µ²Ó±Ê ¶·µÍ¥¸¸ ¶µ²ÊÎ¥´¨Ö ®±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢¯ Ö¢-
²Ö¥É¸Ö ³´µ£µ¸ÉÊ¶¥´Î ÉÒ³ (µ¡· §µ¢ ´¨¥ Éµ·³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö ¢ ¶·µÍ¥¸¸ Ì
¸Éµ²±´µ¢¥´¨° ·¥²ÖÉ¨¢¨¸É¸±¨Ì Ô²¥±É·µ´µ¢ ¸ Éµ²¸Éµ° ÉÖ¦¥²µ° (¡µ²ÓÏµ° § ·Ö¤
Z) ³¨Ï¥´ÓÕ (e− + A → A + e− + γ); ·µ¦¤¥´¨¥ Ô²¥±É·µ´-¶µ§¨É·µ´´ÒÌ ¶ ·
Éµ·³µ§´Ò³¨ ËµÉµ´ ³¨ (γ + A → A + e− + e+);  ´´¨£¨²ÖÍ¨Ö ¶µ§¨É·µ´µ¢
(e+ + e− → 2γ), ¨´É¥´¸¨¢´µ¸ÉÓ ®¶ÊÎ± ¯ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢
¢¥¸Ó³  ´¥¢Ò¸µ± ,   §´ Î¨É, ¸É É¨¸É¨Î¥¸± Ö ÉµÎ´µ¸ÉÓ ¨§³¥·¥´¨Ö Ô±¸¶¥·¨³¥´-
É ²Ó´ÒÌ ¢ÒÌµ¤µ¢ ·¥ ±Í¨¨ ¨, ¸²¥¤µ¢ É¥²Ó´µ, ÉµÎ´µ¸ÉÓ ¨Ì ´µ·³¨·µ¢±¨ ¨ ¶·¨-
¢Ö§±¨ µ± §Ò¢ ÕÉ¸Ö É ±¦¥ ´¥¢Ò¸µ±¨³¨;

• ¢¸²¥¤¸É¢¨¥ ¢¸¥£µ ¸± § ´´µ£µ  ¶¶ · É´Ò¥ ËÊ´±Í¨¨ ¨³¥ÕÉ µÎ¥´Ó ¸²µ¦-
´Ò¥ Ëµ·³Ò (·¨¸. 1), ³µ£ÊÉ · ¸¶·µ¸É· ´ÖÉÓ¸Ö ´  ¤µ¸É ÉµÎ´µ Ï¨·µ±¨¥ µ¡² ¸É¨
Ô´¥·£¨¨,   ¸²¥¤µ¢ É¥²Ó´µ, ¨§ ·¥§Ê²ÓÉ É  (4) ¸µ¡¸É¢¥´´µ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ³µ-
¦¥É ¡ÒÉÓ ¶µ²ÊÎ¥´µ ²¨ÏÓ ¶µ¸²¥ ¤µ¶µ²´¨É¥²Ó´µ° µ¡· ¡µÉ±¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ·¥-
 ²Ó´ÊÕ Ëµ·³Ê  ¶¶ · É´µ° ËÊ´±Í¨¨, ¶µ ¸ÊÐ¥¸É¢Ê,  ´ ²µ£¨Î´µ° Éµ°, ±µÉµ· Ö
¶·¨³¥´Ö¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É Ì ¸ Éµ·³µ§´Ò³ γ-¨§²ÊÎ¥´¨¥³.
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2. �‘��‚�›… ‘ˆ‘’…Œ�’ˆ—…‘Šˆ… ��‘•�†„…�ˆŸ ‘…—…�ˆ‰
�…�Š–ˆ‰, ��‹“—…��›• ‚ ’ˆ- ˆ ŠŒ�-�Š‘�…�ˆŒ…�’�•

‚¸¥ ¸± § ´´µ¥ ¢ÒÏ¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ Éµ³, ÎÉµ Ê¸²µ¢¨Ö ¶µ²ÊÎ¥´¨Ö ¨´-
Ëµ·³ Í¨¨ µ ¸¥Î¥´¨¨ ·¥ ±Í¨¨ ¢ Ô±¸¶¥·¨³¥´É Ì, ¢Ò¶µ²´¥´´ÒÌ ¸ Éµ·³µ§´Ò³
γ-¨§²ÊÎ¥´¨¥³ ¨ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨  ´´¨£¨²ÖÍ¨µ´´Ò³¨ ËµÉµ´ ³¨, § -
³¥É´µ · §²¨Î ÕÉ¸Ö: ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÉ¸Ö  ¶¶ · É´Ò¥ ËÊ´±Í¨¨. � §²¨Î¨Ö
ÔËË¥±É¨¢´ÒÌ ¸¶¥±É·µ¢ ËµÉµ´µ¢ (·¨¸. 1) ¢ ’ˆ- ¨ ŠŒ�-Ô±¸¶¥·¨³¥´É Ì, ¶µ ¸Ê-
Ð¥¸É¢Ê, ¸É ¢ÖÉ ¢µ¶·µ¸ µ Éµ³, ÎÉµ ¨³¥´´µ ¢ ´¨Ì ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ¸¥Î¥´¨¥
·¥ ±Í¨¨ (É ±, ´ ¶·¨³¥·, ¢ÒÌµ¤ ’ˆ-Ô±¸¶¥·¨³¥´É  ³µ¦¥É ¡ÒÉÓ ¨´É¥·¶·¥É¨-
·µ¢ ´ ± ± ¸¥Î¥´¨¥ ·¥ ±Í¨¨, ´µ Éµ²Ó±µ ¶µ²ÊÎ¥´´µ¥ ¸  ¶¶ · É´µ° ËÊ´±Í¨¥°,
Ï¨·¨´  ±µÉµ·µ° ¸É·¥³¨É¸Ö ± ¡¥¸±µ´¥Î´µ¸É¨). ‚ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ µ¡¸Ê¦¤ -
¥³Ò¥ ¸¨¸É¥³ É¨Î¥¸±¨¥ · ¸Ìµ¦¤¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ¶·¥¢µ¸Ìµ¤ÖÉ ¤µ¸É¨£´ÊÉÒ¥ ¢
Ô±¸¶¥·¨³¥´É Ì ¸É É¨¸É¨Î¥¸±¨¥ ¶µ£·¥Ï´µ¸É¨.

2.1. � ¸Ìµ¦¤¥´¨Ö ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Õ ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±-
Í¨¨ (γ, n). 2.1.1. ‘É·Ê±ÉÊ·  ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥-
´¨¥). ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ · ¸Ìµ¦¤¥´¨Ö µ¡¸Ê¦¤ ¥³µ£µ É¨¶  ³¥¦¤Ê ·¥§Ê²ÓÉ -
É ³¨ ’ˆ- ¨ ŠŒ�-Ô±¸¶¥·¨³¥´Éµ¢ ¡Ò²¨ µ¡´ ·Ê¦¥´Ò ¸· §Ê ¶µ¸²¥ Éµ£µ, ± ± ¸¥-
Î¥´¨Ö µ¤´µ° ¨ Éµ° ¦¥ ·¥ ±Í¨¨ ¡Ò²¨ ¶µ²ÊÎ¥´Ò ¢ Ô±¸¶¥·¨³¥´É Ì µ¡µ¨Ì É¨¶µ¢.

‚ ± Î¥¸É¢¥ É¨¶¨Î´µ£µ ¶·¨³¥·  µ¡¸Ê¦¤ ¥³ÒÌ · ¸Ìµ¦¤¥´¨° ´  ·¨¸. 2 ¶·¥¤-
¸É ¢²¥´Ò ¤ ´´Ò¥ ¶µ ¸¥Î¥´¨Õ ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ 16O(γ, xn),

�¨¸. 2. ‘· ¢´¥´¨¥ ¸¥Î¥´¨° ·¥ ±Í¨¨ 16O(γ, xn), ¶µ²ÊÎ¥´´ÒÌ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´-
É Ì ¶·¨ ¡²¨§±¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö: ÉµÎ±¨ ¸ µÏ¨¡± ³¨ Å
’ˆ-Ô±¸¶¥·¨³¥´É, ¢Ò¶µ²´¥´´Ò° ¢ Œƒ“ (�µ¸¸¨Ö) [25], Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥
∆ = 200 ±Ô‚; ±¢ ¤· ÉÒ Å ŠŒ�-Ô±¸¶¥·¨³¥´É, ¢Ò¶µ²´¥´´Ò° ¢ ‘ ±²¥ (”· ´Í¨Ö) [26],
∆ = 180−280 ±Ô‚; §¢¥§¤µÎ±¨ Å ŠŒ�-Ô±¸¶¥·¨³¥´É, ¢Ò¶µ²´¥´´Ò° ¢ ‹¨¢¥·³µ·¥
(‘˜�) [27], ∆ = 200−300 ±Ô‚
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¶µ²ÊÎ¥´´Ò¥ ¢ µ¤´µ³ ’ˆ- [25] ¨ ¤¢ÊÌ ŠŒ�-Ô±¸¶¥·¨³¥´É Ì [26, 27]. •µ·µÏµ
¢¨¤´µ, ÎÉµ ´ ¤¥¦´µ · §¤¥²¥´´Ò¥ ³µÐ´Ò¥ ³ ±¸¨³Ê³Ò, · ¸¶µ² £ ÕÐ¨¥¸Ö ¶·¨
¡²¨§±¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¨¨, ´ ¡²Õ¤ ÕÉ¸Ö ¢µ ¢¸¥Ì É·¥Ì ¸· ¢´¨¢ ¥³ÒÌ ¸¥Î¥-
´¨ÖÌ, ¶µ²ÊÎ¥´´ÒÌ ¶·¨ ¡²¨§±¨Ì §´ Î¥´¨ÖÌ § Ö¢²¥´´µ£µ Ô´¥·£¥É¨Î¥¸±µ£µ · §-
·¥Ï¥´¨Ö ([25]: 200, [26]: 180Ä200, [27]: 200Ä300 ±Ô‚).

�µ Ëµ·³¥ ¨ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ·¥§µ´ ´¸Ò · §-
²¨Î ÕÉ¸Ö, ¶·¨Î¥³ ¢¸¥ ·¥§µ´ ´¸Ò ¢ µ¡µ¨Ì ŠŒ�-¸¥Î¥´¨ÖÌ ¨³¥ÕÉ ¢¥²¨Î¨´Ò
³¥´ÓÏ¨¥,   Ï¨·¨´Ò ¡µ²ÓÏ¨¥ ¶µ ¸· ¢´¥´¨Õ ¸ ·¥§µ´ ´¸ ³¨ ¢ ’ˆ-¸¥Î¥´¨¨.
‚¥¸Ó³  ¢ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ  ¡¸µ²ÕÉ´Ò¥ §´ Î¥´¨Ö ’ˆ-¸¥Î¥´¨Ö [25] ¨ ŠŒ�-
¸¥Î¥´¨Ö ‘ ±²¥ [26] ¡²¨§±¨: ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö, · ¸¸Î¨É ´´Ò¥ ¤²Ö µ¡Ð¨Ì
¶·¥¤¥²µ¢ ¨´É¥£·¨·µ¢ ´¨Ö, ¸µ¸É ¢²ÖÕÉ 36,90 ¨ 34,52 ŒÔ‚ ·³¡ (ŠŒ�-¸¥Î¥´¨¥
‘ ±²¥ ¢Ò£²Ö¤¨É ± ± ¸£² ¦¥´´ Ö ¢¥·¸¨Ö ’ˆ-¸¥Î¥´¨Ö). ‚ Éµ ¦¥ ¸ ³µ¥ ¢·¥³Ö
ŠŒ�-¸¥Î¥´¨¥ ‹¨¢¥·³µ·  [27] §´ Î¨É¥²Ó´µ µÉ²¨Î ¥É¸Ö ¶µ ¢¥²¨Î¨´¥ µÉ ¤¢ÊÌ
¤·Ê£¨Ì ¨ ¶·¨¡²¨¦ ¥É¸Ö ± ´¨³ ²¨ÏÓ ¶µ¸²¥ Ê³´µ¦¥´¨Ö ´  ´¥±¨° ±µÔËË¨Í¨¥´É
(31, 01 = 1, 12 · 27, 64 ŒÔ‚ ·³¡; ¶·µ¨¸Ìµ¦¤¥´¨¥ ¤µ¶µ²´¨É¥²Ó´µ£µ ´µ·³¨·µ-
¢µÎ´µ£µ ³´µ¦¨É¥²Ö 1,12 ¡Ê¤¥É µ¡¸Ê¦¤ ÉÓ¸Ö ´¨¦¥).

„²Ö Éµ£µ ÎÉµ¡Ò ¢ÒÖ¸´¨ÉÓ ¶·¨·µ¤Ê ´ ¡²Õ¤ ¢Ï¨Ì¸Ö · ¸Ìµ¦¤¥´¨°, ¡Ò²µ
¶·µ¢¥¤¥´µ ´¥¸±µ²Ó±µ ¸¶¥Í¨ ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°. �¤´¨³ ¨§ ´¨Ì Ö¢²Ö¥É¸Ö ¤¥-
É ²Ó´µ¥ ¸· ¢´¥´¨¥ [28] ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ ´  ¨§µ-
Éµ¶¥ ±¨¸²µ·µ¤  18O(γ, xn). ‘· ¢´¨¢ ²¨¸Ó ¶ · ³¥É·Ò ·¥§µ´ ´¸µ¢, µ¡´ ·Ê¦¥´-
´ÒÌ [28] ¢ ’ˆ-Ô±¸¶¥·¨³¥´É¥ (Œ¥²Ó¡Ê·´, �¢¸É· ²¨Ö) ¨ ŠŒ�-Ô±¸¶¥·¨³¥´É¥
(‹¨¢¥·³µ·, ‘˜�) [29]. •µÉÖ ¸ ³¨  ¢Éµ·Ò · ¡µÉÒ [28] £µ¢µ·ÖÉ µ Ìµ·µÏ¥³ ¸µ-
£² ¸¨¨ ¤ ´´ÒÌ, ¨§ µ¶Ê¡²¨±µ¢ ´´µ° É ¡²¨ÍÒ ¶ · ³¥É·µ¢ ·¥§µ´ ´¸µ¢ µÎ¥¢¨¤´µ,
ÎÉµ ¢¸¥ ·¥§µ´ ´¸Ò ’ˆ-¸¥Î¥´¨Ö ¨³¥ÕÉ ¡
µ²ÓÏ¨¥  ³¶²¨ÉÊ¤Ò (¸·¥¤´¥¥ §´ Î¥´¨¥
µÉ´µÏ¥´¨Ö 〈A’ˆ/AŠŒ�〉 = 1, 17) ¨ ³¥´ÓÏ¨¥ Ï¨·¨´Ò (¸·¥¤´¥¥ §´ Î¥´¨¥ µÉ-
´µÏ¥´¨Ö 〈ΓŠŒ�/Γ’ˆ〉 = 1, 35) ¶µ ¸· ¢´¥´¨Õ ¸ ·¥§µ´ ´¸ ³¨ ¢ ŠŒ�-¸¥Î¥´¨¨.
	µ²¥¥ Éµ£µ, ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ¤²Ö µ¡² ¸É¨ Ô´¥·£¨° 8Ä28 ŒÔ‚ É ±¦¥ · §-
²¨Î ÕÉ¸Ö: σint

’ˆ = 187, 12 ŒÔ‚ ·³¡ ¨ σint
ŠŒ� = 167, 33 ŒÔ‚ ·³¡ (  ¨Ì µÉ´µÏ¥´¨¥

µ± §Ò¢ ¥É¸Ö ¢´µ¢Ó ¢¥¸Ó³  ¡²¨§±¨³ ± Ê¶µ³Ö´ÊÉµ³Ê ¢ÒÏ¥ §´ Î¥´¨Õ 1,12).

„²Ö ±µ²¨Î¥¸É¢¥´´µ£µ ¸· ¢´¥´¨Ö Ëµ·³Ò ¸¥Î¥´¨° ·¥ ±Í¨°, ¶µ²ÊÎ¥´´ÒÌ ¢
· §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¡Ò² ¢¢¥¤¥´ [30] ¸¶¥Í¨ ²Ó´Ò° ¶ · ³¥É· ®¸É·Ê±ÉÊ·-
´µ¸ÉÓ¯ S, µ¶¨¸Ò¢ ÕÐ¨° ¸É¥¶¥´Ó µÉ±²µ´¥´¨Ö µÉ¤¥²Ó´µ£µ ¸¥Î¥´¨Ö µÉ ¸¥¡Ö ¸ -
³µ£µ, ´µ ¸¨²Ó´µ (¤²Ö · §·¥Ï¥´¨Ö 1 ŒÔ‚) ¸£² ¦¥´´µ£µ:

S =
1
N

N∑
i=1

(σi − 〈σi〉)2
〈〈σ〉〉2 , (5)

〈σi〉 =
1
∆

Ei+∆/2∫

Ei−∆/2

σ(k)dk, (6)
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〈〈σ〉〉 =
1
D

∫

D

σ(k)dk, (7)

£¤¥ ∆ Å Ï £ ¸£² ¦¨¢ ´¨Ö (1 ŒÔ‚); D Å µ¡Ð Ö µ¡² ¸ÉÓ Ô´¥·£¨¨, ¢ ±µÉµ·µ°
µ¶·¥¤¥²¥´Ò ¸· ¢´¨¢ ¥³Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨.

‘ Í¥²ÓÕ ¨¸¸²¥¤µ¢ ´¨Ö Éµ£µ, ´ ¸±µ²Ó±µ ¡²¨§±ÊÕ Ëµ·³Ê ¨³¥ÕÉ ¸¨²Ó´µ
¸£² ¦¥´´Ò¥ ¸¥Î¥´¨Ö, ¶µ²ÊÎ¥´´Ò¥ ¢ · §´ÒÌ ² ¡µ· Éµ·¨ÖÌ, ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨
¢¢¥¤¥´´µ£µ ¶ · ³¥É·  ¸É·Ê±ÉÊ·´µ¸É¨ S, ¡Ò²  ¶µ²ÊÎ¥´  [30] µ¡Ð Ö ¸¨¸É¥³ -
É¨±  · ¸Ìµ¦¤¥´¨° ¤ ´´ÒÌ. �  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò µÉ´µÏ¥´¨Ö S/S‹, ¢ ±µ-
Éµ·ÒÌ ¸É·Ê±ÉÊ·´µ¸ÉÓ S · ¸¸Î¨ÉÒ¢ ² ¸Ó ¶µ ¤ ´´Ò³ · §²¨Î´ÒÌ ² ¡µ· Éµ·¨°,
  ¸É·Ê±ÉÊ·´µ¸ÉÓ S‹ Å ¶µ ŠŒ�-¤ ´´Ò³ ‹¨¢¥·³µ·  (¢ ¸²ÊÎ ÖÌ, ±µ£¤  ¤ ´-
´Ò¥ ‹¨¢¥·³µ·  µÉ¸ÊÉ¸É¢ÊÕÉ, ¨¸¶µ²Ó§µ¢ ²¨¸Ó ¤ ´´Ò¥ ¤·Ê£¨Ì ² ¡µ· Éµ·¨° Å
‘ ±²¥, Ê´¨¢¥·¸¨É¥É  �¸ÉÊ¸  ‹¨¥¡¥£  (ƒ¥¸¸¥´, ƒ¥·³ ´¨Ö), ² ¡µ· Éµ·¨¨ Gen-
eral Atomic (‘ ´-„¨¥£µ, ‘˜�), Ê´¨¢¥·¸¨É¥É  �¥´¸¨²Ó¢ ´¨¨ (‘˜�)). ’ ±¨¥
µÉ´µÏ¥´¨Ö ¡· ²¨¸Ó ¶µÉµ³Ê, ÎÉµ ¤²Ö · ¸¸³µÉ·¥´¨Ö ¸¨¸É¥³ É¨Î¥¸±¨Ì · §²¨-
Î¨° µÉ¤¥²Ó´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¸²¥¤Ê¥É ¶·¨¢µ¤¨ÉÓ ¤ ´´Ò¥ · §²¨Î´ÒÌ É¨¶µ¢ ±
¤ ´´Ò³ ± ±µ£µ-²¨¡µ µ¤´µ£µ É¨¶ , ¢Ò¡· ´´µ£µ ¢ ± Î¥¸É¢¥ ¸¢µ¥µ¡· §´µ£µ ®ÔÉ -
²µ´ ¯. ‚Ò¡µ· ¢ ± Î¥¸É¢¥ É ±µ£µ ®ÔÉ ²µ´ ¯ ¤ ´´ÒÌ ¨§ ‹¨¢¥·³µ·  ´¥ µ§´ Î ¥É
¨Ì ± ±µ£µ-²¨¡µ ¶·¨µ·¨É¥É  ¶¥·¥¤ ¤·Ê£¨³¨ ¨ µ¡Ê¸²µ¢²¥´ ²¨ÏÓ É¥³ µ¡¸ÉµÖ-

�¨¸. 3. ‘¨¸É¥³ É¨±  ¤ ´´ÒÌ µ ¢¥²¨Î¨´¥ ¶ · ³¥É·  S/S‹ ¤²Ö ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ-
´¥°É·µ´´µ° ·¥ ±Í¨¨: ’ˆ-¤ ´´Ò¥ (�Å Œµ¸±¢  (�µ¸¸¨Ö), �Å Œ¥²Ó¡Ê·´ (�¢¸É· ²¨Ö),
� Å ¤·Ê£¨¥); ŠŒ�-¤ ´´Ò¥ (∗ Å ‘ ±²¥ (”· ´Í¨Ö), + Å ƒ¥¸¸¥´ (ƒ¥·³ ´¨Ö), × Å
¤·Ê£¨¥); Œ”-¤ ´´Ò¥ (�� Å ˆ²²¨´µ°¸ (‘˜�))
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É¥²Ó¸É¢µ³, ÎÉµ ´ ¨¡µ²ÓÏ¥¥ ±µ²¨Î¥¸É¢µ ŠŒ�-¤ ´´ÒÌ ¡Ò²µ ¶µ²ÊÎ¥´µ ¨³¥´´µ
¢ ‹¨¢¥·³µ·¥.

ˆ§ ·¨¸. 3 ¢¨¤´µ, ÎÉµ ¢¸¥ ¤ ´´Ò¥ ¤µ¸É ÉµÎ´µ µÉÎ¥É²¨¢µ · §¤¥²ÖÕÉ¸Ö ´ 
¤¢¥ £·Ê¶¶Ò: ’ˆ-¤ ´´Ò¥ (¸·¥¤´¥¥ §´ Î¥´¨¥ 〈S/S‹〉 = 4, 35) ¨ ŠŒ�-¤ ´´Ò¥
(¸·¥¤´¥¥ §´ Î¥´¨¥ 〈S/S‹〉 = 1, 22). 	²¨§µ¸ÉÓ ¶µ¸²¥¤´¥£µ ¸·¥¤´¥£µ §´ Î¥´¨Ö
± ¥¤¨´¨Í¥ µ§´ Î ¥É, ÎÉµ ¤²Ö ¢¸¥Ì É·¥Ì ŠŒ�-² ¡µ· Éµ·¨° (‹¨¢¥·³µ·, ‘ -
±²¥, ƒ¥¸¸¥´) § Ö¢²Ö¥³Ò¥ µÍ¥´±¨ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö ¶µ · ¸Î¥É´µ°
Ï¨·¨´¥  ´´¨£¨²ÖÍ¨µ´´µ° ²¨´¨¨ (¢µ ³´µ£¨Ì ¸²ÊÎ ÖÌ 250Ä400 ±Ô‚, ¢ ´¥±µ-
Éµ·ÒÌ 500 ±Ô‚, ¢ ´¥¸±µ²Ó±¨Ì 150Ä300 ±Ô‚ [4]) ´¥ ¸µµÉ¢¥É¸É¢ÊÕÉ ·¥ ²Ó´µ³Ê
· §·¥Ï¥´¨Õ, ¤µ¸É¨£ ¥³µ³Ê ¢ Ô±¸¶¥·¨³¥´É¥: ¢¸¥ µ´¨ ¢ Éµ° ¨²¨ ¨´µ° ¸É¥¶¥´¨
µ± §Ò¢ ÕÉ¸Ö ¡²¨§±¨³¨ ± ¨¸¶µ²Ó§µ¢ ´´µ³Ê Ï £Ê ¸£² ¦¨¢ ´¨Ö 1 ŒÔ‚.

�Éµ ´ Ìµ¤¨É ¸¢µ¥ ¶·Ö³µ¥ ¶µ¤É¢¥·¦¤¥´¨¥ ¢ Éµ³, ÎÉµ ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥
¢ ˆ²²¨´µ°¸¥ [31] ¢ Ô±¸¶¥·¨³¥´É Ì, ¢Ò¶µ²´¥´´ÒÌ ¸ ¶µ³µÐÓÕ ³¥Î¥´ÒÌ ËµÉµ-
´µ¢ (Œ”),  ¶¶ · É´ Ö ËÊ´±Í¨Ö ¤²Ö ±µÉµ·ÒÌ ¡²¨§±  ± £ Ê¸¸¨ ´Ê, ¶µ ¢¥²¨Î¨´¥
 ´ ²¨§¨·Ê¥³µ£µ ¶ · ³¥É·  S/S‹ ¸ÊÐ¥¸É¢¥´´µ ¶·¥¢µ¸Ìµ¤ÖÉ ŠŒ�-¤ ´´Ò¥, µ± -
§Ò¢ Ö¸Ó ¢¥¸Ó³  ¡²¨§±¨³¨ ± ’ˆ-¤ ´´Ò³ (¸·¥¤´¥¥ §´ Î¥´¨¥ 〈S/S‹〉 = 4, 22).
�É  ¡²¨§µ¸ÉÓ ’ˆ- ¨ Œ”-¤ ´´ÒÌ ¶µ §´ Î¥´¨Ö³ ¶ · ³¥É·  S/S‹ µ§´ Î ¥É, ÎÉµ
µ´¨ ¸ÊÐ¥¸É¢¥´´µ ²ÊÎÏ¥, ¶µ ¸· ¢´¥´¨Õ ¸ ŠŒ�-¤ ´´Ò³¨, µÉ· ¦ ÕÉ ·¥ ²Ó-
´ÊÕ ¸É·Ê±ÉÊ·Ê ¸¥Î¥´¨° ·¥ ±Í¨°, Éµ£¤  ± ± ¸É·Ê±ÉÊ·  ¸¥Î¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¢
ŠŒ�-Ô±¸¶¥·¨³¥´É Ì, µ± §Ò¢ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´µ ¸£² ¦¥´´µ°.

’ ±µ¥ ¶µ²µ¦¥´¨¥ ¤¥² ¶·¥¤¸É ¢²Ö¥É¸Ö ¢¶µ²´¥ ¥¸É¥¸É¢¥´´Ò³, ¶µ¸±µ²Ó±Ê,
± ± µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ·¥§Ê²ÓÉ É ŠŒ�-Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°, ¶µ
¸ÊÐ¥¸É¢Ê, ´¥ ¸µ¡¸É¢¥´´µ ¸¥Î¥´¨¥ ·¥ ±Í¨¨,   ²¨ÏÓ ¥¥ ¢ÒÌµ¤ (4) Å ¨´É¥£· ²
(3) µÉ ¶·µ¨§¢¥¤¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¨  ¶¶ · É´µ° ËÊ´±Í¨¨ µÎ¥´Ó ¸²µ¦-
´µ° Ëµ·³Ò ¨ ¤µ¸É ÉµÎ´µ ¶·µÉÖ¦¥´´µ° ¶µ Ô´¥·£¨¨. „²Ö Éµ£µ ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ
¨§ ·¥§Ê²ÓÉ É  ŠŒ�-Ô±¸¶¥·¨³¥´É  ¸¥Î¥´¨¥ ·¥ ±Í¨¨, µ´ ¤µ²¦¥´ ¡ÒÉÓ ¶µ¤¢¥·£-
´ÊÉ ¤µ¶µ²´¨É¥²Ó´µ° µ¡· ¡µÉ±¥. ’ ±µ° µ¡· ¡µÉ±µ° ³µ¦¥É ¡ÒÉÓ [32] ¶·µÍ¥¤Ê· 
¢µ¸¸É ´µ¢²¥´¨Ö (®unfolding¯) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¨§ ¥¥ ¢ÒÌµ¤ ,  ´ ²µ£¨Î´ Ö É¥³,
±µÉµ·Ò¥ ¶·¨³¥´ÖÕÉ¸Ö ¢ ’ˆ-Ô±¸¶¥·¨³¥´É Ì, ¨²¨ ·¥¤Ê±Í¨¨, ÊÎ¨ÉÒ¢ ÕÐ¥° ·¥-
 ²Ó´ÊÕ Ëµ·³Ê  ¶¶ · É´µ° ËÊ´±Í¨¨ Ô±¸¶¥·¨³¥´É . ‚µ ³´µ£¨Ì ¨¸¸²¥¤µ¢ ´¨ÖÌ,
¢Ò¶µ²´¥´´ÒÌ · ´¥¥ [30, 33Ä36], ¤²Ö É ±µ£µ ·µ¤  µ¡· ¡µÉ±¨ ¨¸¶µ²Ó§µ¢ ²¸Ö
³¥Éµ¤ ·¥¤Ê±Í¨¨ [37, 38].

2.1.2. �¡¸µ²ÕÉ´ Ö ¢¥²¨Î¨´  ¸¥Î¥´¨° ·¥ ±Í¨¨. „ ´´Ò¥ ¶µ ¨´É¥£· ²Ó-
´Ò³ ¸¥Î¥´¨Ö³. ‘· ¢´¥´¨¥ ·¥§Ê²ÓÉ Éµ¢ ³´µ£µÎ¨¸²¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° (´ ¶·¨-
³¥·, [25Ä29]), ¢Ò¶µ²´¥´´ÒÌ ¢ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ
Éµ³, ÎÉµ ³¥¦¤Ê ¸¥Î¥´¨Ö³¨ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°, ¶µ²ÊÎ¥´´Ò³¨ ¢ Ô±¸¶¥-
·¨³¥´É Ì µ¤´µ£µ É¨¶  ¢ · §´ÒÌ ² ¡µ· Éµ·¨ÖÌ, ´ ¡²Õ¤ ÕÉ¸Ö µÎ¥¢¨¤´Ò¥ · ¸-
Ìµ¦¤¥´¨Ö, ¶·¨Î¥³ ¨ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ (·¨¸. 2), ¨ ¶µ Ëµ·³¥ (·¨¸. 3).
�Éµ ¸¶· ¢¥¤²¨¢µ ´¥ Éµ²Ó±µ ¤²Ö ’ˆ-, ´µ ¨ ¤²Ö ŠŒ�-Ô±¸¶¥·¨³¥´Éµ¢. …¸²¨
¶¥·¢µ¥ ´¨¸±µ²Ó±µ ´¥ Ê¤¨¢¨É¥²Ó´µ ¢¸²¥¤¸É¢¨¥ ¡µ²ÓÏµ£µ · §´µµ¡· §¨Ö ³¥Éµ-
¤µ¢ ¨§¢²¥Î¥´¨Ö ¨´Ëµ·³ Í¨¨ µ ¸¥Î¥´¨¨ ·¥ ±Í¨¨ ¨§ ¥¥ Ô±¸¶¥·¨³¥´É ²Ó´µ£µ
¢ÒÌµ¤ , Éµ ¢Éµ·µ¥ ¢Ò§Ò¢ ¥É Ê¤¨¢²¥´¨¥, ¶µ¸±µ²Ó±Ê Ê¸É ´µ¢±¨ ¤²Ö ¶µ²ÊÎ¥´¨Ö
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’ ¡²¨Í  1. ‘· ¢´¥´¨¥ ¢¥²¨Î¨´ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° (¶µ ¤ ´´Ò³ [4]) ·¥ ±Í¨¨
(γ, xn), ¶µ²ÊÎ¥´´ÒÌ ¢ ŠŒ�-Ô±¸¶¥·¨³¥´É Ì ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥

Ÿ¤·µ 51V 75As 90Zr 133Cs 165Ho

Eint. max
γ , ŒÔ‚

‘ ±²¥ 27,8 26,2 25,9 24,2 26,8
‹¨¢¥·³µ· 27,8 29,5 27,6 29,5 28,9

σint
C /σint

‹ 689/654 = 1306/1130 � 1309/1158 � 2484/2505 ≈ 3667/3385 �
1, 06 1, 16 1, 13 1 1, 08

ŠŒ�-ËµÉµ´µ¢ ´¥¶µ¸·¥¤¸É¢¥´´µ ¢ Ô±¸¶¥·¨³¥´É¥ ¢ ‹¨¢¥·³µ·¥ ¨ ‘ ±²¥ ¶· ±-
É¨Î¥¸±¨ ¨¤¥´É¨Î´Ò.

‚ ± Î¥¸É¢¥ ´ £²Ö¤´µ£µ ±µ²¨Î¥¸É¢¥´´µ£µ ¶·¨³¥·  · ¸Ìµ¦¤¥´¨° ¶µ  ¡¸µ-
²ÕÉ´µ° ¢¥²¨Î¨´¥ ¸¥Î¥´¨° µ¤´µÉ¨¶´ÒÌ ·¥ ±Í¨° ¢ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ¤ ´-
´Ò¥ [4] ‹¨¢¥·³µ·  ¨ ‘ ±²¥ ¶µ ¨´É¥£· ²Ó´Ò³ ¸¥Î¥´¨Ö³ ¶µ²´µ° ËµÉµ´¥°É·µ´-
´µ° ·¥ ±Í¨¨ (γ, xn) ¤²Ö 5 Ö¤¥·.

„ ´´Ò¥ ¨³¥´´µ ¤²Ö ÔÉ¨Ì 5 Ö¤¥· ¶µ¤µ¡· ´Ò ²¨ÏÓ ¶µ ¸µµ¡· ¦¥´¨Ö³ ´ -
£²Ö¤´µ¸É¨ ¨§-§  ¡²¨§µ¸É¨ ¶·¥¤¥²µ¢ ¨´É¥£·¨·µ¢ ´¨Ö Eint. max

γ (ÔÉ¨ ¶·¥¤¥²Ò ¨²¨
· ¢´Ò ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥, ¨²¨ ¨³¥ÕÉ ¢ ‹¨¢¥·³µ·¥ ¡
µ²ÓÏ¨¥ §´ Î¥´¨Ö) ¨²¨
¸ ³¨Ì §´ Î¥´¨° ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° (¶µ¤µ¡´ÒÌ ¶·¨³¥·µ¢ ¨³¥¥É¸Ö [4] µÎ¥´Ó
³´µ£µ, ´µ µ´¨ ³¥´¥¥ ´ £²Ö¤´Ò). �·¨¢¥¤¥´´Ò¥ ¤ ´´Ò¥ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ
Éµ³, ÎÉµ §´ Î¥´¨Ö ‘ ±²¥ ¶·¥¢ÒÏ ÕÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ‹¨¢¥·³µ·  ´ 
6Ä16 % ¨ ¡µ²¥¥ (¤²Ö ¸²ÊÎ Ö Ö¤·  133Cs µÉ´µÏ¥´¨¥ ¡²¨§±µ ± ¥¤¨´¨Í¥, µ¤´ ±µ
¢ ÔÉµ³ ¸²ÊÎ ¥ ¶·¥¤¥²Ò ¨´É¥£·¨·µ¢ ´¨Ö · §²¨Î ÕÉ¸Ö ¡µ²¥¥ Î¥³ ´  5 ŒÔ‚).

‡´ Î¨É¥²Ó´Ò¥ · ¸Ìµ¦¤¥´¨Ö µ¤´µÉ¨¶´ÒÌ ¤ ´´ÒÌ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥
¡Ò²¨ ¶·¥¤³¥Éµ³ ³´µ£¨Ì ¨¸¸²¥¤µ¢ ´¨°. � ¨¡µ²¥¥ ¤¥É ²Ó´µ¥ ¨§ ´¨Ì ¡Ò²µ ¢Ò-
¶µ²´¥´µ ¢ ‹¨¢¥·³µ·¥ [39]. ‘¥Î¥´¨Ö ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨° ´  Ö¤· Ì ¥¸ÉZr,
127I, 141Pr, 197Au ¨ ¥¸ÉPb, ¶µ²ÊÎ¥´´Ò¥ ¢ ‹¨¢¥·³µ·¥ · ´¥¥, ¡Ò²¨ ¸¶¥Í¨ ²Ó´µ
¶¥·¥³¥·Ö´Ò ¶·¨ Ô´¥·£¨ÖÌ ¢¡²¨§¨ ³ ±¸¨³Ê³  ƒ„� ¨³¥´´µ ¸ Í¥²ÓÕ ¢ÒÖ¸´¥-
´¨Ö ¢µ§³µ¦´ÒÌ ¶·¨Î¨´ ¨ ¸¶µ¸µ¡µ¢ Ê¸É· ´¥´¨Ö ¨Ì · ¸Ìµ¦¤¥´¨° ¸ ¸¥Î¥´¨Ö³¨
‘ ±²¥. �µ¢Ò¥ ¤ ´´Ò¥ ¶µ  ¡¸µ²ÕÉ´Ò³ ¢¥²¨Î¨´ ³ ¸¥Î¥´¨° ËµÉµ´¥°É·µ´´ÒÌ
·¥ ±Í¨° ¤²Ö Ö¤¥· ¥¸ÉZr, 127I, 141Pr, 197Au ¨ ¥¸ÉPb ¤¥É ²Ó´µ ¸· ¢´¨¢ ²¨¸Ó
³¥¦¤Ê ¸µ¡µ° ¨ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö ¢Ò· ¡µÉ±¨ ·¥±µ³¥´¤ Í¨° ¶µ Ê¸É· -
´¥´¨Õ · ¸Ìµ¦¤¥´¨° ¤ ´´ÒÌ ¨ ¤²Ö ¤·Ê£¨Ì Ö¤¥· (É ¡². 2). ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ,
ÎÉµ · ¸Ìµ¦¤¥´¨Ö ¤²Ö ´¥±µÉµ·ÒÌ Ö¤¥· §´ Î¨É¥²Ó´µ ¶·¥¢ÒÏ ²¨ §´ Î¥´¨Ö, ¶·¨-
¢¥¤¥´´Ò¥ ¢ É ¡². 1 (¶·¨ ÔÉµ³ · ¸Ìµ¦¤¥´¨Ö ¸¥Î¥´¨° ‹¨¢¥·³µ·  ¤²Ö Ö¤¥· 127I
¨ 197Au, ¶µ²ÊÎ¥´´ÒÌ · ´¥¥, µÉ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¤ ´´ÒÌ ‘ ±²¥ ¡Ò²¨ ¸Éµ²Ó
¡µ²ÓÏ¨³¨, ÎÉµ ¡Ò²µ ·¥±µ³¥´¤µ¢ ´µ ´¥ ¨¸¶µ²Ó§µ¢ ÉÓ ¨Ì ¢µ¢¸¥).

�·¨  ´ ²¨§¥ · ¸Ìµ¦¤¥´¨°, ±µÉµ·Ò¥ ¸ ³¨³¨  ¢Éµ· ³¨ [39] µ¶·¥¤¥²ÖÕÉ¸Ö
± ± ®µÐÊÉ¨³Ò¥¯ (appreciable), ¢ ± Î¥¸É¢¥ ¢µ§³µ¦´ÒÌ ¶·¨Î¨´ ¡Ò²¨ ´ §¢ ´Ò
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’ ¡²¨Í  2. �¥±µ³¥´¤µ¢ ´´Ò° [39] Ë ±-
Éµ· F (µÉ´µÏ¥´¨¥ σint

‹ /σint
‘ ) ´µ·³¨·µ¢±¨

¤ ´´ÒÌ ‘ ±²¥ ¸ Í¥²ÓÕ Ê¸É· ´¥´¨Ö ¨Ì
· ¸Ìµ¦¤¥´¨° ¸ ¤ ´´Ò³¨ ‹¨¢¥·³µ· 

Ÿ¤·µ ‹ ¡µ· Éµ·¨Ö ” ±Éµ· F

¥¸ÉRb ‘ ±²¥ 0,85 ± 0,03
89Sr ‘ ±²¥ 0,85± 0,03
89Y ‘ ±²¥ 0,82
89Y ‹¨¢¥·³µ· 1,0
90Zr ‘ ±²¥ 0,88
90Zr ‹¨¢¥·³µ· 1,0
91Zr ‹¨¢¥·³µ· 1,0
92Zr ‹¨¢¥·³µ· 1,0
93Nb ‘ ±²¥ 0,85± 0,03
94Zr ‹¨¢¥·³µ· 1,0
127I ‘ ±²¥ 0,8

197Au ‘ ±²¥ 0,93
206Pb ‹¨¢¥·³µ· 1,22
207Pb ‹¨¢¥·³µ· 1,22
208Pb ‹¨¢¥·³µ· 1,22
208Pb ‘ ±²¥ 0,93
209Bi ‹¨¢¥·³µ· 1,22

µÏ¨¡±¨ (¶µ£·¥Ï´µ¸É¨) ¶·µÍ¥¤Ê· µ¶-
·¥¤¥²¥´¨Ö ¶µÉµ±  ËµÉµ´µ¢ ¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢
(®. . .error either in photon �ux deter-
mination or in the neutron detection ef-
ˇciency or in both¯), ¨¸¶µ²Ó§µ¢ ´´ÒÌ
¢ ‹¨¢¥·³µ·¥. ’¥³ ´¥ ³¥´¥¥ ¢ ± Î¥¸É¢¥
µ¸´µ¢´µ° ·¥±µ³¥´¤ Í¨¨ ¶µ Ê¸É· ´¥-
´¨Õ µ¡¸Ê¦¤ ¥³ÒÌ · ¸Ìµ¦¤¥´¨° ¡Ò² 
¶·¥¤²µ¦¥´  ¶·µÍ¥¤Ê·  ¤µ¶µ²´¨É¥²Ó-
´µ° ´µ·³¨·µ¢±¨ ¤ ´´ÒÌ ´¥ ‹¨¢¥·-
³µ· ,   ‘ ±²¥ Å Ê³´µ¦¥´¨Ö ¸¥Î¥´¨°,
¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥, ´  ¸¶¥Í¨ ²Ó´Ò°
Ë ±Éµ· F (É ¡². 2).

„ ´´Ò¥, ¶·¨¢¥¤¥´´Ò¥ ¢ É ¡². 2,
¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¶·¥¤²µ-
¦¥´´Ò¥ [39] ·¥±µ³¥´¤ Í¨¨ ¶µ Ê¸É· -
´¥´¨Õ µÐÊÉ¨³ÒÌ ¶·¥¢ÒÏ¥´¨° ¤ ´-
´ÒÌ ‘ ±²¥ ´ ¤ ¤ ´´Ò³¨ ‹¨¢¥·³µ· ,
¤¢µ°¸É¢¥´´Ò ¨ ´¥¶µ¸²¥¤µ¢ É¥²Ó´Ò:

• ¸ µ¤´µ° ¸Éµ·µ´Ò,  ¡¸µ²ÕÉ´Ò¥
¢¥²¨Î¨´Ò ¸¥Î¥´¨° ·¥ ±Í¨°, ¶µ²ÊÎ¥´-
´ÒÌ ¢ ‘ ±²¥ ¤²Ö ¢¸¥Ì ¶¥·¥Î¨¸²¥´´ÒÌ
Ö¤¥· (§  ¨¸±²ÕÎ¥´¨¥³ Ö¤¥· 206,207,208Pb ¨ 209Bi), ·¥±µ³¥´¤µ¢ ²µ¸Ó Ê³¥´ÓÏ¨ÉÓ
(±µÔËË¨Í¨¥´ÉÒ F = 0, 80−0, 93), µ¸É ¢²ÖÖ ´¥¨§³¥´´Ò³¨ (F = 1, 0) ¢¥²¨Î¨´Ò
¸¥Î¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¢ ‹¨¢¥·³µ·¥, É¨¶¨Î´Ò¥ ¶·¨³¥·Ò: ¤ ´´Ò¥ ¤²Ö Ö¤¥· 89Y
¨ 90Zr;

• ¸ ¤·Ê£µ° ¸Éµ·µ´Ò, ¸¥Î¥´¨Ö ¤²Ö ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ Ö¤¥· 206,207,208Pb
¨ 209Bi, ¶µ²ÊÎ¥´´Ò¥ ¢ ‹¨¢¥·³µ·¥ [40], ¶·¥¤² £ ²µ¸Ó Ê¢¥²¨Î¨ÉÓ Å ¤µ³´µ¦¨ÉÓ
´  ±µÔËË¨Í¨¥´É 1,22 (¢Ò¤¥²¥´Ò ¢ É ¡²¨Í¥), ¸ É¥³ ÎÉµ¡Ò ¶·¨¢¥¸É¨ ¤ ´´Ò¥
¤²Ö Ö¤·  209Bi ¢ ¸µµÉ¢¥É¸É¢¨¥ ¸ ¤ ´´Ò³¨ Ô±¸¶¥·¨³¥´É  ¸ Œ”-ËµÉµ´ ³¨ [30],
¢Ò¶µ²´¥´´µ£µ ¢ ˆ²²¨´µ°¸¥.

�¶·¥¤¥²¥´´Ò° · §¡·µ¸ µÉ Ö¤·  ± Ö¤·Ê §´ Î¥´¨° ±µÔËË¨Í¨¥´Éµ¢ F ¤¥² ¥É
 ±ÉÊ ²Ó´µ° § ¤ ÎÊ ¸¨¸É¥³´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö µ¡¸Ê¦¤ ¥³µ° ¸¨ÉÊ Í¨¨ ¢ µ¡Ð¥³.

�µ²´ Ö ¸¨¸É¥³ É¨±  ¤ ´´ÒÌ ¶µ ¨´É¥£· ²Ó´Ò³ ¸¥Î¥´¨Ö³. ‘ Í¥²ÓÕ ¨¸¸²¥-
¤µ¢ ´¨Ö ¸µµÉ´µÏ¥´¨Ö  ¡¸µ²ÕÉ´ÒÌ §´ Î¥´¨° ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ°
·¥ ±Í¨¨ (γ, xn), ¶µ²ÊÎ¥´´ÒÌ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¨ ¢Ò· ¡µÉ±¨ ¶µ¸²¥¤µ-
¢ É¥²Ó´ÒÌ ·¥±µ³¥´¤ Í¨° ¶µ ¨Ì ¶·¨¢¥¤¥´¨Õ ¢ ¸µµÉ¢¥É¸É¢¨¥ ¤·Ê£ ¸ ¤·Ê£µ³ ¶µ
¤ ´´Ò³ ¤²Ö ¸¢ÒÏ¥ 500 ¸¥Î¥´¨° ·¥ ±Í¨° ¤²Ö Ö¤¥· µÉ 3H ¤µ 238U ¡Ò²  ¶µ²Ê-
Î¥´  [35] ¶µ²´ Ö ¸¨¸É¥³ É¨±  ¤ ´´ÒÌ ¤²Ö µÉ´µÏ¥´¨¨°

r = Rint
¸¨¸É = σint

· §´. ² ¡(γ, xn)/σint
‹ (γ, xn) (8)
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�¨¸. 4. ‘¨¸É¥³ É¨±  [35] §´ Î¥´¨° µÉ´µÏ¥´¨Ö r = Rint
¸¨¸É = σint

· §´. ² ¡(γ, xn)/σint
‹ (γ, xn)

¢¥²¨Î¨´ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ ¤µ ¶µ·µ£  ·¥ ±Í¨¨
(γ, 2n) ¤²Ö · §²¨Î´ÒÌ Ö¤¥·, ¶µ²ÊÎ¥´´ÒÌ ¸ ¶µ³µÐÓÕ · §²¨Î´ÒÌ ËµÉµ´´ÒÌ ¶ÊÎ±µ¢ ¢
· §´ÒÌ ² ¡µ· Éµ·¨ÖÌ ¨ ¸ ¶µ³µÐÓÕ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢ ¢ ‹¨¢¥·³µ·¥.
‘¶²µÏ´ Ö ²¨´¨Ö Å ¸·¥¤´¥¥ §´ Î¥´¨¥ µÉ´µÏ¥´¨Ö r = Rint

¸¨¸É = 1, 12; ÏÉ·¨Ì¶Ê´±É¨·-
´ Ö Å r = 1, 0

§´ Î¥´¨° ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨° (γ, xn), ¶µ²ÊÎ¥´´ÒÌ ¢ · §´ÒÌ ² ¡µ-
· Éµ·¨ÖÌ, ± §´ Î¥´¨Ö³, ¶µ²ÊÎ¥´´Ò³ ¢ µ¤´µ° ¨§ ´¨Ì (±µ´±·¥É´µ ¢ ‹¨¢¥·³µ·¥),
¶·¥¤¸É ¢²¥´´ Ö ´  ·¨¸. 4.

Š ± ¨ ¢ ¸²ÊÎ ¥  ´ ²¨§  ¤ ´´ÒÌ ¶µ ¶ · ³¥É·Ê ¸É·Ê±ÉÊ·´µ¸É¨, ¢ ± Î¥¸É¢¥
¸¢µ¥µ¡· §´µ£µ ®ÔÉ ²µ´ ¯ ¢´µ¢Ó ¡Ò²¨ ¢Ò¡· ´Ò ¤ ´´Ò¥ ‹¨¢¥·³µ· .

„²Ö Éµ£µ ÎÉµ¡Ò ¨§¡¥¦ ÉÓ ¤µ¶µ²´¨É¥²Ó´ÒÌ ¶µ£·¥Ï´µ¸É¥°, ±µÉµ·Ò¥ ³µ£ÊÉ
¶·µÖ¢²ÖÉÓ¸Ö ¶·¨ Ô´¥·£¨ÖÌ ¢ÒÏ¥ ¶µ·µ£µ¢ ·¥ ±Í¨° ¸ · §²¨Î´µ° ³´µ¦¥¸É¢¥´-
´µ¸ÉÓÕ ËµÉµ´¥°É·µ´µ¢ (2), ±µÉµ·Ò¥ ¡Ê¤ÊÉ ¸¶¥Í¨ ²Ó´µ · ¸¸³µÉ·¥´Ò ´¨¦¥,
§´ Î¥´¨Ö ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ¤²Ö ± ¦¤µ£µ ¨§ · ¸¸³µÉ·¥´´ÒÌ Ö¤¥· · ¸¸Î¨-
ÉÒ¢ ²¨¸Ó ¤²Ö µ¡² ¸É¥° Ô´¥·£¨° ³¥¦¤Ê ¶µ·µ£ ³¨ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n) Å
Ë ±É¨Î¥¸±¨ ¶·¨¢¥¤¥´Ò ¨´É¥£· ²Ó´Ò¥ Ì · ±É¥·¨¸É¨±¨ É¥Ì Î ¸É¥° ¸¥Î¥´¨° µ¤-
´µ´¥°É·µ´´ÒÌ ·¥ ±Í¨°, ±µÉµ·Ò¥ ¢ µ¡¥¨Ì ² ¡µ· Éµ·¨ÖÌ ¤µ²¦´Ò ¡ÒÉÓ ¨¤¥´-
É¨Î´Ò³¨.

�·¨¢¥¤¥´´Ò¥ ´  ·¨¸. 4 µÉ´µÏ¥´¨Ö r ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Ö¢´µ³ · ¸Ìµ¦¤¥-
´¨¨ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´¥ ¤ ´´ÒÌ ‹¨¢¥·³µ·  ¸ ¤ ´´Ò³¨ ¡µ²ÓÏ¨´¸É¢  ¤·Ê-
£¨Ì ² ¡µ· Éµ·¨°: ¸·¥¤´¥¥ §´ Î¥´¨¥ µÉ´µÏ¥´¨Ö 〈Rint

¸¨¸É〉 �= 1, ¶·¨Î¥³ ¶µ¤ ¢²Ö-
ÕÐ¥¥ ¡µ²ÓÏ¨´¸É¢µ µÉ´µÏ¥´¨° r · ¸¶µ² £ ¥É¸Ö ¢ µ¡² ¸É¨ §´ Î¥´¨°, ¡µ²ÓÏ¨Ì
¥¤¨´¨ÍÒ.
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�¥¸³µÉ·Ö ´  Éµ, ÎÉµ ³¥¦¤Ê ¤ ´´Ò³¨ · §²¨Î´ÒÌ ² ¡µ· Éµ·¨° É ±¦¥ ¸ÊÐ¥-
¸É¢ÊÕÉ µ¶·¥¤¥²¥´´Ò¥ · ¸Ìµ¦¤¥´¨Ö,   É ±¦¥ ´  Éµ µ¡¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ ¸·¥¤¨
· ¸¸Î¨É ´´ÒÌ §´ Î¥´¨° µÉ´µÏ¥´¨° r ¶·¨¸ÊÉ¸É¢ÊÕÉ §´ Î¥´¨Ö, ³¥´ÓÏ¨¥ ¥¤¨-
´¨ÍÒ,  ¡¸µ²ÕÉ´µ¥ ¡µ²ÓÏ¨´¸É¢µ §´ Î¥´¨° ¨¸¸²¥¤Ê¥³µ£µ µÉ´µÏ¥´¨Ö µÉÎ¥É²¨¢µ
±µ´Í¥´É·¨·ÊÕÉ¸Ö ¢µ±·Ê£ ¸·¥¤´¥£µ §´ Î¥´¨Ö 〈r〉 = 〈Rint

¸¨¸É〉 = 1, 12.
‚¥¸Ó³  ¢ ¦´µ µÉ³¥É¨ÉÓ, ÎÉµ ŠŒ�-¤ ´´Ò¥ ‘ ±²¥ ¶µ  ¡¸µ²ÕÉ´µ° ¢¥²¨-

Î¨´¥ ¸µ£² ¸ÊÕÉ¸Ö ´¥ ¸ µ¤´µÉ¨¶´Ò³¨ ŠŒ�-¤ ´´Ò³¨ ‹¨¢¥·³µ· ,   ¸ ¤ ´´Ò³¨,
¶µ²ÊÎ¥´´Ò³¨ ± ± ¢ ŠŒ�- ¨ Œ”-Ô±¸¶¥·¨³¥´É Ì ¢ ¤·Ê£¨Ì ² ¡µ· Éµ·¨ÖÌ (ˆ²-
²¨´µ°¸, �¥´¸¨²Ó¢ ´¨Ö ¨ ‘ ´-„¨¥£µ (‘˜�), ƒ¥¸¸¥´ (ƒ¥·³ ´¨Ö)), É ± ¨ ¸ ¤ ´-
´Ò³¨ ’ˆ-Ô±¸¶¥·¨³¥´Éµ¢ (¢Ò¶µ²´¥´´Ò³¨ ¶·¥¨³ÊÐ¥¸É¢¥´´µ ¢ Œµ¸±¢¥ ¨ Œ¥²Ó-
¡Ê·´¥ (�¢¸É· ²¨Ö)). �µ-¢¨¤¨³µ³Ê, ¶µ²´ Ö ¸¨¸É¥³ É¨±  ¤ ´´ÒÌ ¶µ¤É¢¥·¦¤ ¥É
¶·¨¢¥¤¥´´Ò¥ ¢ÒÏ¥ ¢Ò¢µ¤Ò  ¢Éµ·µ¢ · ¡µÉÒ [39] µ ¢µ§³µ¦´ÒÌ ¶·¨Î¨´ Ì · ¸-
Ìµ¦¤¥´¨° (µÏ¨¡±¨ (¶µ£·¥Ï´µ¸É¨) ¶·µÍ¥¤Ê· µ¶·¥¤¥²¥´¨Ö ¶µÉµ±  ËµÉµ´µ¢ ¨
ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢).

�µ²ÊÎ¥´´ Ö ¸¨¸É¥³ É¨±  É·¥¡Ê¥É ¶µ-´µ¢µ³Ê ¢§£²Ö´ÊÉÓ ´  ·¥±µ³¥´¤ Í¨¨
· ¡µÉÒ [39] ¶µ ¸µ£² ¸µ¢ ´¨Õ ¤ ´´ÒÌ ‹¨¢¥·³µ·  ¨ ‘ ±²¥. �Î¥¢¨¤´µ, ÎÉµ ±
¨Ì ¸µ£² ¸µ¢ ´¨Õ ³¥¦¤Ê ¸µ¡µ° (  É ±¦¥ ¸ ¤ ´´Ò³¨ Ê¶µ³¨´ ¢Ï¥£µ¸Ö Œ”-
Ô±¸¶¥·¨³¥´É  [30] ¨ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢  ¤ ´´ÒÌ ’ˆ-Ô±¸¶¥·¨³¥´Éµ¢!) ¶·¨-
¢µ¤¨É ´¥ Ê³¥´ÓÏ¥´¨¥ (Ê³´µ¦¥´¨¥ ´  ±µÔËË¨Í¨¥´É F (É ¡². 2)) ¤ ´´ÒÌ ‘ ±²¥,
  ´ ¶·µÉ¨¢ Å Ê¢¥²¨Î¥´¨¥ ¤ ´´ÒÌ ‹¨¢¥·³µ·  (± ± ÔÉµ, ¸µ¡¸É¢¥´´µ, ¨ ¡Ò²µ
¸¤¥² ´µ ¢ · ¡µÉ¥ [39] ¤²Ö 206,207,208Pb ¨ 209Bi). …¸É¥¸É¢¥´´µ, ÎÉµ É ±µ¥ Ê¢¥-
²¨Î¥´¨¥ ¸²¥¤Ê¥É ¶·µ¨§¢µ¤¨ÉÓ ¶ÊÉ¥³ Ê³´µ¦¥´¨Ö ¤ ´´ÒÌ ‹¨¢¥·³µ·  ´  ±µÔË-
Ë¨Í¨¥´ÉÒ 1/F = 1, 08−1, 25, ¶µ²ÊÎ¥´´Ò¥ ¶µ ¤ ´´Ò³ ¤²Ö ±µÔËË¨Í¨¥´Éµ¢ F
(É ¡². 2). �·¨ É ±µ³ ¶µ¤Ìµ¤¥ ¢¸¥ §´ Î¥´¨Ö ±µÔËË¨Í¨¥´Éµ¢ 1/F µ± §Ò¢ ÕÉ¸Ö
¶µ²µ¦¨É¥²Ó´Ò³¨ ¨ ¡²¨§±¨³¨ ± ¸·¥¤´¥³Ê §´ Î¥´¨Õ ¶·¨¢¥¤¥´´µ° ¢ÒÏ¥ ¸¨¸É¥-
³ É¨±¨ 〈r〉 = 〈Rint

¸¨¸É〉 = 1, 12. Š ÔÉµ³Ê ¦¥ §´ Î¥´¨Õ, ¥¸É¥¸É¢¥´´µ, ¡²¨§±¨ ¨
¤ ´´Ò¥, ¶·¨¢¥¤¥´´Ò¥ ¢ É ¡². 1, ¶·¥¤¸É ¢²ÖÕÐ¨¥ ¸µ¡µ° ³ ²ÊÕ ¢Ò¡µ·±Ê §´ Î¥-
´¨° ¶µ²´µ° ¸¨¸É¥³ É¨±¨.

2.2. � ¸Ìµ¦¤¥´¨Ö ¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°
(γ, n) ¨ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ ŠŒ�-Ô±¸¶¥·¨³¥´É Ì ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥.
� ·Ö¤Ê ¸ · ¸¸³µÉ·¥´´Ò³¨ · ¸Ìµ¦¤¥´¨Ö³¨ ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ°
·¥ ±Í¨¨ (2), ±µÉµ· Ö ¤²Ö µ¡² ¸É¥° Ô´¥·£¨¨ (¢ µ¸´µ¢´µ³ Å ´¨¦¥ Ô´¥·£¥É¨Î¥-
¸±¨Ì ¶µ·µ£µ¢ ·¥ ±Í¨° (γ, 3n)) ¡µ²ÓÏ¨´¸É¢  Ô±¸¶¥·¨³¥´Éµ¢, ¢Ò¶µ²´¥´´ÒÌ ¢
‘ ±²¥ ¨ ‹¨¢¥·³µ·¥, ³µ¦¥É ¡ÒÉÓ ¶·¥¤¸É ¢²¥´  ¢ Ê¶·µÐ¥´´µ³ ¢¨¤¥

σ(γ, xn) = σ[(γ, n) + 2(γ, 2n)], (9)

¥Ð¥ ¡µ²¥¥ ¸¥·Ó¥§´Ò¥ · ¸Ìµ¦¤¥´¨Ö ¸¥Î¥´¨° ¡Ò²¨ µ¡´ ·Ê¦¥´Ò [16, 41] ¤²Ö
¶ ·Í¨ ²Ó´ÒÌ ·¥ ±Í¨°, ¥¥ ¸µ¸É ¢²ÖÕÐ¨Ì Å (γ, n) ¨ (γ, 2n) ¶·¨ ¸µ¢³¥¸É´µ³
 ´ ²¨§¥ ¤ ´´ÒÌ ¶µ µ¡¥¨³ ·¥ ±Í¨Ö³ ¤²Ö 12 Ö¤¥· (89Y, 115In, 117,118,120,124Sn,
133Cs, 159Tb, 165Ho, 181Ta, 197Au, 208Pb). �  µ¸´µ¢ ´¨¨ ¶µ²´µ° ¡ §Ò ¤ ´-
´ÒÌ ¶µ Ö¤¥·´Ò³ ·¥ ±Í¨Ö³ [21] ÔÉ  ¨´Ëµ·³ Í¨Ö ¡Ò²  § É¥³ ¢ §´ Î¨É¥²Ó´µ°
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’ ¡²¨Í  3. ‘· ¢´¥´¨¥ [41, 42] ¢¥²¨Î¨´ µÉ´µÏ¥´¨° ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° [4] ·¥ ±-
Í¨° (γ, n), (γ, 2n) ¨ (γ, xn) Å ¸µµÉ¢¥É¸É¢¥´´µ Rint(xn) = σint

‘ (γ, xn)/σint
‹ (γ, xn),

Rint(n) = σint
‘ (γ, n)/σint

‹ (γ, n) ¨ Rint(2n) = σint
‘ (γ, 2n)/σint

‹ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢
‘ ±²¥ ¨ ‹¨¢¥·³µ·¥

Ÿ¤·µ Rint(n) Rint(2n) Rint(xn) Rint(n) Rint(2n) Rint(xn)
[4, 41] [4, 41] [4, 41] [42] [42] [42]

1 2 3 4 5∗ 6 7∗

51V 1,07 0,79 1,07
75As 1,21 1,22 1,21
89Y 1,33 (1279/960) 0,75 (74/99) 1,26 1,25 0,87 1,25
90Zr 1,26 0,73 1,26
115In 1,09 (1470/1354) 0,55 (278/508) 0,94 0,97 0,76 0,97
116Sn 1,10 0,92 1,10
117Sn 0,97 (1334/1380) 0,46 (220/476) 1,01 1,02 0,93 1,02
118Sn 1,06 (1377/1302) 0,59 (258/531) 1,06 1,07 0,86 1,07
120Sn 0,98 (1371/1389) 0,75 (399/673) 0,99 1,00 0,86 1,00
124Sn 0,82 (1056/1285) 0,75 (502/670) 0,93 0,93 0,94 0,93
127I 1,34 1,07 1,34

133Cs 1,24 (1828/1475) 0,65 (328/503) 1,11 1,10 0,88 1,10
159Tb 1,37 (1936/1413) 0,68 (605/887) 1,06 1,07 0,71 1,07
165Ho 1,20 (2090/1735) 1,03 (766/744) 1,14 1,20 1,05 1,20
181Ta 1,68 (2180/1300) 0,90 (790/881) 1,22 1,25 0,89 1,25
197Au 1,18 (2588/2190) 0,62 (479/777) 1,00 1,00 0,69 1,00
208Pb 1,54 (2731/1776) 0,38 (328/860) 1,30 1,21 0,77 1,21
232Th 0,84 0,69 0,84
238U 0,76 0,79 0,76

∗„µ ¶µ·µ£  ·¥ ±Í¨¨ (γ, 2n) µÉ´µÏ¥´¨Ö ¶· ±É¨Î¥¸±¨ ¸µ¢¶ ¤ ÕÉ (µÉ²¨Î¨Ö Å ¢ É·¥ÉÓ¥³
§´ ±¥).

¸É¥¶¥´¨ ¶¥·¥¸³µÉ·¥´  ¨ ÊÉµÎ´¥´  [42]. „µ¶µ²´¨É¥²Ó´µ ¡Ò²¨ ¶µ²ÊÎ¥´Ò [42]
 ´ ²µ£¨Î´Ò¥ ¤ ´´Ò¥ ¥Ð¥ ¤²Ö 7 Ö¤¥· Å 51V, 75As, 90Zr, 116Sn, 127I, 232Th,
238U (É ¡². 3).

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ·¥ ±Í¨Õ (γ, n) ¡µ²¥¥ ±µ··¥±É´µ ¡Ò²µ ¡Ò µ¡µ§´ -
Î ÉÓ (γ, 1n): ¨³¥´´µ ¢ ÔÉµ³ ¸²ÊÎ ¥ ¤²Ö ± ¦¤µ£µ ±µ´±·¥É´µ£µ Ö¤· -³¨Ï¥´¨
ÉµÎ´µ µ¶·¥¤¥²Ö¥É¸Ö ±µ´¥Î´µ¥ Ö¤·µ. ’· ¤¨Í¨µ´´µ¥ µ¡µ§´ Î¥´¨¥ (γ, n), ¶µ ¸Ê-
Ð¥¸É¢Ê, µ¡µ§´ Î ¥É ¸Ê³³Ê ·¥ ±Í¨° [(γ, n) + (γ, np)], ¶·¨¢µ¤ÖÐ¨Ì ± · §²¨Î-
´Ò³ ±µ´¥Î´Ò³ Ö¤· ³. ‚ ¸¢Ö§¨ ¸ É¥³, ÎÉµ ¢ Ê¶µ³Ö´ÊÉÒÌ · ¡µÉ Ì [4, 16, 41, 42]
¨¸¶µ²Ó§Ê¥É¸Ö µ¡µ§´ Î¥´¨¥ (γ, n), µ´µ ¦¥ ¡Ê¤¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ¤ ²ÓÏ¥ ¨ ¢
´ ¸ÉµÖÐ¥° · ¡µÉ¥.

ˆ§ ¤ ´´ÒÌ É ¡². 3 Ö¸´µ ¢¨¤´µ, ÎÉµ ¢ Éµ ¢·¥³Ö ± ± §´ Î¥´¨Ö ¨´É¥£· ²Ó-
´ÒÌ ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn), ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥,
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´  6Ä15 % ¶·¥¢ÒÏ ÕÉ ¢¥²¨Î¨´Ò, ¶µ²ÊÎ¥´´Ò¥ ¢ ‹¨¢¥·³µ·¥ (¢ ¸µµÉ¢¥É¸É¢¨¨
¸ ¤ ´´Ò³¨ ¶µ²´µ° ¸¨¸É¥³ É¨±¨ (·¨¸. 3) ¨ É ¡². 2), ¢¥²¨Î¨´Ò ¨´É¥£· ²Ó´ÒÌ
¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ·¥ ±Í¨° ¸µµÉ´µ¸ÖÉ¸Ö ³¥¦¤Ê ¸µ¡µ° ¸ÊÐ¥¸É¢¥´´µ ¨´ Î¥.
‚ Éµ ¢·¥³Ö ± ± ¤²Ö ·¥ ±Í¨¨ (γ, n) ¤ ´´Ò¥ ‘ ±²¥ § ³¥É´µ ¶·¥¢ÒÏ ÕÉ ¤ ´´Ò¥
‹¨¢¥·³µ· , ¤²Ö ·¥ ±Í¨¨ (γ, 2n) ´ ¡²Õ¤ ¥É¸Ö µ¡· É´µ¥ ¸µµÉ´µÏ¥´¨¥. ’ ±, ´ -
¶·¨³¥·, ¤²Ö Ö¤·  159Tb Rint(xn) = 1, 06, ´µ ¶·¨ ÔÉµ³ ¨´É¥£· ²Ó´µ¥ ¸¥Î¥-
´¨¥ ·¥ ±Í¨¨ (γ, n) µ± §Ò¢ ¥É¸Ö ¢ ‘ ±²¥ ¡µ²ÓÏ¥, Î¥³ ¢ ‹¨¢¥·³µ·¥, ´  37 %
(Rint(n) = 1, 37(1936/1413)),   ¨´É¥£· ²Ó´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, 2n) ¢ ‹¨-
¢¥·³µ·¥ ¡µ²ÓÏ¥, Î¥³ ¢ ‘ ±²¥, ´  47 % (Rint(2n) = 1, 47(887/605))!

�¥ ±Í¨¨ (γ, n) ¨ (γ, 2n) µ± §Ò¢ ÕÉ¸Ö ¸¢Ö§ ´´Ò³¨ (9), ¢¸²¥¤¸É¢¨¥ Î¥£µ
µ¶·¥¤¥²¥´¨¥ ¸¥Î¥´¨Ö µ¤´µ° ¨§ ´¨Ì ¸ ¡µ²ÓÏµ° ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ-
¸ÉÓÕ ´¥¨§¡¥¦´µ ¶·¨¢µ¤¨É ¨ ± §´ Î¨É¥²Ó´µ° ¸¨¸É¥³ É¨Î¥¸±µ° ¶µ£·¥Ï´µ¸É¨ ¢
¸¥Î¥´¨¨ ¤·Ê£µ° ·¥ ±Í¨¨. �Î¥¢¨¤´µ É ±¦¥, ÎÉµ § ´¨¦¥´¨¥  ¡¸µ²ÕÉ´µ£µ §´ -
Î¥´¨Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n) ¶·¨¢µ¤¨É ± § ¢ÒÏ¥´¨Õ  ¡¸µ²ÕÉ´µ£µ §´ Î¥´¨Ö
¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n) ¨, ¸µµÉ¢¥É¸É¢¥´´µ, ´ µ¡µ·µÉ.

�µ²´ Ö ¸¨¸É¥³ É¨±  µ¡¸Ê¦¤ ¥³ÒÌ µÉ´µÏ¥´¨° ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ¤²Ö
19 ¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ Ö¤¥· ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 5.

�É³¥Î¥´´Ò¥ ¢ÒÏ¥ · ¸Ìµ¦¤¥´¨Ö ´ ¡²Õ¤ ÕÉ¸Ö µÎ¥´Ó µÉÎ¥É²¨¢µ ¤²Ö 14 ¨§
19 ¨¸¸²¥¤µ¢ ´´ÒÌ Ö¤¥·: ¥¸²¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n), ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥,
¨³¥ÕÉ ¡
µ²ÓÏ¨¥ §´ Î¥´¨Ö, Î¥³ ¢ ‹¨¢¥·³µ·¥ (±¢ ¤· ÉÒ ¢ µ¸´µ¢´µ³ · ¸¶µ-
²µ¦¥´Ò ¢ µ¡² ¸É¨ §´ Î¥´¨°, ¡µ²ÓÏ¨Ì 1,0), Éµ ¤²Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, 2n)
¸µµÉ´µÏ¥´¨¥ µ± §Ò¢ ¥É¸Ö µ¡· É´Ò³ (É·¥Ê£µ²Ó´¨±¨ ¢ µ¸´µ¢´µ³ · ¸¶µ²µ¦¥´Ò
¢ µ¡² ¸É¨ §´ Î¥´¨°, ³¥´ÓÏ¨Ì 1,0). ˆ¸±²ÕÎ¥´¨Ö ¸µ¸É ¢²ÖÕÉ ¤ ´´Ò¥ ¤²Ö Ö¤¥·

�¨¸. 5. ‘¨¸É¥³ É¨±  [42] §´ Î¥´¨° µÉ´µÏ¥´¨° R(n) =σint
‘ (γ, n)/σint

‹ (γ, n) (±¢ ¤· ÉÒ,
¢ µ¸´µ¢´µ³ · ¸¶µ²µ¦¥´´Ò¥ ¢ µ¡² ¸É¨ ¢ÒÏ¥ 1,0) ¨ R(2n) = σint

‘ (γ, 2n)/σint
‹ (γ, 2n)

(É·¥Ê£µ²Ó´¨±¨, ¢ µ¸´µ¢´µ³ · ¸¶µ²µ¦¥´´Ò¥ ¢ µ¡² ¸É¨ ´¨¦¥ 1,0), ¶µ²ÊÎ¥´´ÒÌ ¤²Ö ¸µ-
£² ¸µ¢ ´´ÒÌ ¤¨ ¶ §µ´µ¢ ¨´É¥£·¨·µ¢ ´¨Ö ¶µ ¤ ´´Ò³ Ô±¸¶¥·¨³¥´Éµ¢, ¢Ò¶µ²´¥´´ÒÌ ¢
‘ ±²¥ ¨ ‹¨¢¥·³µ·¥. ®�¸µ¡Ò¥¯ (É·¥Ê£µ²Ó´¨±¨ · ¸¶µ² £ ÕÉ¸Ö ¢ µ¡² ¸É¨ ¢ÒÏ¥ 1,0) ¨
®¨¤¥ ²Ó´Ò¥¯ (É·¥Ê£µ²Ó´¨±¨ ¨ ±¢ ¤· ÉÒ µ± §Ò¢ ÕÉ¸Ö ¡²¨§±¨³¨ ¤·Ê£ ± ¤·Ê£Ê) ¸²ÊÎ ¨
· ¸¸³µÉ·¥´Ò ¸¶¥Í¨ ²Ó´µ [42] (¸³. É¥±¸É)
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75As, 127I, 165Ho, 124Sn ¨ 238U. �É´µÏ¥´¨Ö ¤²Ö ¶¥·¢ÒÌ É·¥Ì ¨§ ´¨Ì ´ -
§¢ ´Ò ®µ¸µ¡Ò³¨ ¸²ÊÎ Ö³¨¯, ¶µ¸±µ²Ó±Ê ¤²Ö ´¨Ì É·¥Ê£µ²Ó´¨±¨ (µÉ´µÏ¥´¨Ö ¤²Ö
·¥ ±Í¨° (γ, 2n)) · ¸¶µ² £ ÕÉ¸Ö ¢ µ¡² ¸É¨ ¢ÒÏ¥ 1,0. �É´µÏ¥´¨Ö ¤²Ö ¤¢ÊÌ
¶µ¸²¥¤´¨Ì Å ®¨¤¥ ²Ó´Ò¥ ¸²ÊÎ ¨¯ Å Ê¸²µ¢´µ ´ §¢ ´Ò É ± ¶µÉµ³Ê, ÎÉµ ¤²Ö
´¨Ì É·¥Ê£µ²Ó´¨±¨ ¨ ±¢ ¤· ÉÒ µ± §Ò¢ ÕÉ¸Ö ¡²¨§±¨³¨ ¨ ¤·Ê£ ± ¤·Ê£Ê.

‚ · ¡µÉ¥ [42] ¶µ± § ´µ, ÎÉµ ¶µÖ¢²¥´¨¥ ®µ¸µ¡ÒÌ¯ ¨ ®¨¤¥ ²Ó´ÒÌ¯ ¸²ÊÎ ¥¢
µ¡Ê¸²µ¢²¥´µ É¥³, ÎÉµ, ¢ µÉ²¨Î¨¥ µÉ µ¸É ²Ó´ÒÌ 14 Ö¤¥·, ¤²Ö ¶¥·¥Î¨¸²¥´´ÒÌ
5 §´ Î¥´¨Ö Rint(xn) �= const ¨ § ¢¨¸ÖÉ µÉ Ô´¥·£¨¨ ËµÉµ´µ¢ Eγ ¢ µ¡² ¸ÉÖÌ
Ô´¥·£¨° ¢ÒÏ¥ ¶µ·µ£µ¢ ·¥ ±Í¨¨ (γ, 2n). �Éµ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ´ ²¨Î¨¨ ¤µ¶µ²-
´¨É¥²Ó´ÒÌ ¶µ£·¥Ï´µ¸É¥°, ±µÉµ·Ò¥ ¤µ²¦´Ò ÊÎ¨ÉÒ¢ ÉÓ¸Ö ¸¶¥Í¨ ²Ó´Ò³ µ¡· -
§µ³. “Î¥É É ±¨Ì ¶µ£·¥Ï´µ¸É¥° ¡Ò² ¸¤¥² ´ ¢ · ¡µÉ¥ [42] ¸ ¶µ³µÐÓÕ ¢¢¥¤¥´¨Ö
¢³¥¸Éµ ¶µ¸ÉµÖ´´ÒÌ µÉ´µÏ¥´¨° Rint(xn) ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ËÊ´±Í¨° Ô´¥·£¨¨
ËµÉµ´µ¢ R(Eγ).

3. ‘��‘��› “—…’� ˆ “‘’���…�ˆŸ ��‘•�†„…�ˆ‰
‘…—…�ˆ‰ ”�’��…‰’����›• �…�Š–ˆ‰,

��‹“—…��›• ‚ ��‡‹ˆ—�›• �Š‘�…�ˆŒ…�’�•

3.1. “¸É· ´¥´¨¥ · ¸Ìµ¦¤¥´¨° ¸¥Î¥´¨° ·¥ ±Í¨° ¶µ Ëµ·³¥ ´  µ¸´µ¢ ´¨¨
ÊÎ¥É   ¶¶ · É´ÒÌ ËÊ´±Í¨° ŠŒ�-Ô±¸¶¥·¨³¥´Éµ¢. �µ¸±µ²Ó±Ê, ± ± ¡Ò²µ
¶µ± § ´µ ¢ÒÏ¥, ·¥§Ê²ÓÉ É ŠŒ�-Ô±¸¶¥·¨³¥´É  ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ°, ¶µ ¸ÊÐ¥-
¸É¢Ê, ¸¢¥·É±Ê (3) ¸¥Î¥´¨Ö ¸  ¶¶ · É´µ° ËÊ´±Í¨¥° (·¨¸. 1), ¤µ¸É ÉµÎ´µ ¶·µÉÖ-
¦¥´´µ° ¶µ Ô´¥·£¨¨, ¤²Ö Éµ£µ ÎÉµ¡Ò ¶µ²ÊÎ¨ÉÓ ¸¥Î¥´¨¥ ·¥ ±Í¨¨, ´¥µ¡Ìµ¤¨³ 
¤µ¶µ²´¨É¥²Ó´ Ö µ¡· ¡µÉ±  ·¥§Ê²ÓÉ É  ŠŒ�-Ô±¸¶¥·¨³¥´É , ±µÉµ· Ö ÊÎ¨ÉÒ¢ ² 
¡Ò ·¥ ²Ó´ÊÕ Ëµ·³Ê ÔËË¥±É¨¢´µ£µ ¸¶¥±É·  ËµÉµ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ·¥ ±Í¨Õ.
ˆ¸¸²¥¤µ¢ ´¨Ö Éµ£µ, ± ± § ¢¨¸¨É Ëµ·³  ¨¸±µ³µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ µÉ Ëµ·³Ò
 ¶¶ · É´µ° ËÊ´±Í¨¨ ±µ´±·¥É´µ£µ Ô±¸¶¥·¨³¥´É , ¡Ò²¨ ¢Ò¶µ²´¥´Ò [31Ä36] ¸
¶µ³µÐÓÕ ³ É¥³ É¨Î¥¸±µ£µ ³¥Éµ¤  ·¥¤Ê±Í¨¨ [37, 38].

3.1.1. Œ¥Éµ¤ ·¥¤Ê±Í¨¨ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨°. Œ¥Éµ¤ ·¥¤Ê±Í¨¨ ·¥-
§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨° [38] µÉ²¨Î ¥É¸Ö µÉ ³´µ£¨Ì ¤·Ê£¨Ì Ï¨·µ±µ · ¸¶·µ¸É· -
´¥´´ÒÌ ³¥Éµ¤µ¢ µ¡· ¡µÉ±¨, É ±¨Ì, ´ ¶·¨³¥·, ± ± ³¥Éµ¤Ò ´ ¨³¥´ÓÏ¨Ì ±¢ -
¤· Éµ¢ ¨ ¨Ì · §²¨Î´Ò¥ ·¥£Ê²Ö·¨§ Í¨µ´´Ò¥ ¢ ·¨ ´ÉÒ, ³¥Éµ¤ ³ ±¸¨³ ²Ó´µ°
Ô´É·µ¶¨¨ ¨ ¤·Ê£¨¥, ¢ ±µÉµ·ÒÌ ·¥Ï¥´¨¥ ´ Ìµ¤¨É¸Ö ¶ÊÉ¥³ ³¨´¨³¨§ Í¨¨ ËÊ´±-
Í¨µ´ ²µ¢, ´¥ ¨³¥ÕÐ¨Ì ¶·Ö³µ£µ µÉ´µÏ¥´¨Ö ± ¶µ£·¥Ï´µ¸ÉÖ³ ¨´É¥·¶·¥É Í¨¨
·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨°. ‚ µÉ²¨Î¨¥ µÉ ´¨Ì ³¥Éµ¤ ·¥¤Ê±Í¨¨ ³µ¦¥É ¸²Ê¦¨ÉÓ
µ¸´µ¢µ° É¥µ·¨¨ ¨§³¥·¨É¥²Ó´µ-¢ÒÎ¨¸²¨É¥²Ó´ÒÌ ¸¨¸É¥³ (ˆ‚‘) ± ± ¸·¥¤¸É¢ ¨§-
³¥·¥´¨°. Œ¥Éµ¤ ·¥¤Ê±Í¨¨, £ · ´É¨·ÊÖ ³ ±¸¨³ ²Ó´ÊÕ ÉµÎ´µ¸ÉÓ ¨´É¥·¶·¥É Í¨¨
·¥§Ê²ÓÉ É  ¨§³¥·¥´¨Ö ¶µ§¢µ²Ö¥É, ¢µ-¶¥·¢ÒÌ, µ¶·¥¤¥²ÖÉÓ ¶·¥¤¥²Ó´Ò¥ ¢µ§³µ¦-
´µ¸É¨ ± ¦¤µ° ˆ‚‘ ± ± ¸·¥¤¸É¢  ¨§³¥·¥´¨Ö,   ¢µ-¢Éµ·ÒÌ, ¸Ëµ·³Ê²¨·µ¢ ÉÓ
É·¥¡µ¢ ´¨Ö ± ¨§³¥·¨É¥²Ó´µ° ±µ³¶µ´¥´É¥ ˆ‚‘, µ¡¥¸¶¥Î¨¢ ÕÐ¨¥ ´ ¨¢Ò¸Ï¥¥
± Î¥¸É¢µ ˆ‚‘ ± ± ÔÉµ£µ ¸·¥¤¸É¢  ¨§³¥·¥´¨Ö.
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Œ¥Éµ¤ ·¥¤Ê±Í¨¨ ¶·¥¤¸É ¢²Ö¥É ¸µ¡µ° ´¥ ¸¶µ¸µ¡ ·¥Ï¥´¨Ö ´¥Ê¸Éµ°Î¨¢µ°
µ¡· É´µ° § ¤ Î¨ (3),   ¸¶µ¸µ¡ ¶·¥µ¡· §µ¢ ´¨Ö ·¥§Ê²ÓÉ É  ËµÉµÖ¤¥·´µ£µ Ô±¸-
¶¥·¨³¥´É , ¶µ²ÊÎ¥´´µ£µ ¶·¨ µ¤´µ°  ¶¶ · É´µ° ËÊ´±Í¨¨, ± ¢¨¤Ê, ±µÉµ·Ò°
ÔÉµÉ ·¥§Ê²ÓÉ É ¨³¥² ¡Ò, ¥¸²¨ ¡Ò ¡Ò² ¶µ²ÊÎ¥´ ¢ Ô±¸¶¥·¨³¥´É¥ ¸ ¤·Ê£µ° (²ÊÎ-
Ï¥°, ¡²¨§±µ° ± ¨¤¥ ²Ó´µ°, ´ ¶·¨³¥·, ¨³¥ÕÐ¥° Ëµ·³Ê £ Ê¸¸¨ ´ )  ¶¶ · É´µ°
ËÊ´±Í¨¨. „·Ê£¨³¨ ¸²µ¢ ³¨, ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ³µ¦¥É ¡ÒÉÓ ¨¸¸²¥-
¤µ¢ ´µ, ± ± § ¢¨¸¨É Ëµ·³  ¨¸±µ³µ£µ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ µÉ Ëµ·³Ò  ¶¶ · É´µ°
ËÊ´±Í¨¨, ¨ ¶µ²ÊÎ¥´µ µ¶É¨³ ²Ó´µ ³µ´µÔ´¥·£¥É¨Î¥¸±µ¥ ¶·¥¤¸É ¢²¥´¨¥ [36] ¨´-
Ëµ·³ Í¨¨ µ ¸¥Î¥´¨¨ ·¥ ±Í¨¨ ¶µ ¨´Ëµ·³ Í¨¨ µ ¥¥ ¢ÒÌµ¤¥.

‚ ³¥Éµ¤¥ ·¥¤Ê±Í¨¨ ¢ÒÌµ¤ ·¥ ±Í¨¨ y, ¶µ²ÊÎ¥´´Ò° ¢ Ô±¸¶¥·¨³¥´É¥ ¸  ¶-
¶ · É´µ° ËÊ´±Í¨¥° A, ¶·¥¤¸É ¢²Ö¥É¸Ö ¢ µ¶¥· Éµ·´µ³ ¢¨¤¥

y = Aσ + ν, (10)

£¤¥ y Å Ô±¸¶¥·¨³¥´É ²Ó´Ò° ¢ÒÌµ¤ ·¥ ±Í¨¨; A Å  ¶¶ · É´ Ö ËÊ´±Í¨Ö ¶·¨-
¡µ· , ¶·¨ ¶µ¸ÉÊ¶²¥´¨¨ ´  ¢Ìµ¤ ±µÉµ·µ£µ ¸¨£´ ²  σ ´  ¢ÒÌµ¤¥ ¶µ²ÊÎ ¥É¸Ö
¸¨£´ ² y; σ Å ¸¥Î¥´¨¥ ·¥ ±Í¨¨; ν Å ÏÊ³; νi Å ¸²ÊÎ °´Ò¥ µÏ¨¡±¨ §´ -
Î¥´¨° Yi, É ±¨¥, ÎÉµ ∆Y 2

i = M(νi)2 = M((νi − Mνi)2) Å ³ É¥³ É¨Î¥¸±µ¥
µ¦¨¤ ´¨¥,   ¢¥±Éµ· µÏ¨¡±¨ Ì · ±É¥·¨§Ê¥É¸Ö ±µ··¥²ÖÍ¨µ´´µ° ³ É·¨Í¥°

Σ =




∆Y 2
1 . . . 0

∆Y 2
2 . . .

. . .
0 . . . ∆Y 2

n


 . (11)

‡ É¥³ ¸ ¶µ³µÐÓÕ ¶·µ¸Éµ£µ ¶·¥µ¡· §µ¢ ´¨Ö, ÊÎ¨ÉÒ¢ ÕÐ¥£µ ¢¢¥¤¥´¨¥ ¢
· ¸¸³µÉ·¥´¨¥ ´µ¢µ°  ¶¶ · É´µ° ËÊ´±Í¨¨ ÉµÎ´µ µ¶·¥¤¥²¥´´µ£µ ± Î¥¸É¢  (µ¶¥-
· Éµ·  U ), ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¸¶¥Í¨ ²Ó´µ · ¸¸Î¨ÉÒ¢ ¥³µ£µ [37, 38] µ¶¥· -
Éµ·  R:

R = U(Σ−1/2A)−Σ−1/2 = U(A∗Σ−1A)−A∗Σ−1 (12)

¢ÒÌµ¤ ·¥ ±Í¨¨ ¶·¥µ¡· §Ê¥É¸Ö ¢ µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨

Ry = R(Aσ + ν) = Uσ + (RA − U)σ + Rν = σµÍ¥´ = Uσ + Rν. (13)

�Í¥´¥´´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ ¨´É¥·¶·¥É¨·Ê¥É¸Ö ± ± ·¥§Ê²ÓÉ É ¨§³¥·¥´¨Ö
¸¥Î¥´¨Ö ¢ Ô±¸¶¥·¨³¥´É¥ ¸  ¶¶ · É´µ° ËÊ´±Í¨¥° ´Ê¦´µ£µ ± Î¥¸É¢  U . ’µÎ-
´µ¸ÉÓ (¶µ£·¥Ï´µ¸ÉÓ) µÍ¥´¥´´µ£µ ¸¥Î¥´¨Ö µ¶·¥¤¥²Ö¥É¸Ö ± ± ±µ¢ ·¨ Í¨µ´´µ°
³ É·¨Í¥° Σ (11), Ì · ±É¥·¨§ÊÕÐ¥° ¶µ£·¥Ï´µ¸ÉÓ ν ¨¸Ìµ¤´µ£µ ¢ÒÌµ¤  ·¥ ±Í¨¨
(10), É ± ¨ µ¶¥· Éµ·µ³ R (12) ³¥Éµ¤  ·¥¤Ê±Í¨¨:

G = RΣR∗ = U(A∗Σ−1A)−U∗. (14)
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3.1.2. ˆ¸¶µ²Ó§µ¢ ´¨¥ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¤²Ö µ¡· ¡µÉ±¨ ·¥§Ê²ÓÉ Éµ¢
ËµÉµÖ¤¥·´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢. 	Ò²µ µ¡· ¡µÉ ´µ [31Ä36] §´ Î¨É¥²Ó´µ¥ ±µ-
²¨Î¥¸É¢µ ·¥§Ê²ÓÉ Éµ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢. �¸´µ¢´µ° ·¥§Ê²ÓÉ É  ´ ²¨§  § -
¢¨¸¨³µ¸É¨ Ëµ·³Ò µÍ¥´¥´´µ£µ ¸¥Î¥´¨Ö µÉ Ëµ·³Ò  ¶¶ · É´µ° ËÊ´±Í¨¨ Ô±¸-
¶¥·¨³¥´É  ¨ ·¥ ²Ó´µ ¤µ¸É¨£ ¥³µ£µ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö § ±²ÕÎ ¥É¸Ö ¢
Éµ³, ÎÉµ ¶µ¸²¥ µ¡· ¡µÉ±¨ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ·¥§Ê²ÓÉ Éµ¢
ŠŒ�-Ô±¸¶¥·¨³¥´Éµ¢ µÍ¥´¥´´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¶µ Ëµ·³¥ (¸É·Ê±ÉÊ·¥, ¢¥-
²¨Î¨´¥ ¶ · ³¥É·  ®¸É·Ê±ÉÊ·´µ¸ÉÓ¯ (5)) ¸É ´µ¢ÖÉ¸Ö ¢¥¸Ó³  ¡²¨§±¨³¨ ± ¸µµÉ-
¢¥É¸É¢ÊÕÐ¨³ ’ˆ-¸¥Î¥´¨Ö³. �µ¸²¥ ¢¸¥£µ ¸± § ´´µ£µ ¢ÒÏ¥ ÔÉµ Ö¢²Ö¥É¸Ö ¶·Ö-
³Ò³ ¸²¥¤¸É¢¨¥³ ¶¥·¥Ìµ¤  µÉ ¶¥·¥µÍ¥´¥´´µ£µ (¶µ Ï¨·¨´¥ É¥µ·¥É¨Î¥¸±¨ · ¸-
¸Î¨ÉÒ¢ ¥³µ°  ´´¨£¨²ÖÍ¨µ´´µ° ²¨´¨¨ ¢ ¸¶¥±É·¥ ËµÉµ´µ¢) Ô´¥·£¥É¨Î¥¸±µ£µ
· §·¥Ï¥´¨Ö Ô±¸¶¥·¨³¥´É  ± ·¥ ²Ó´µ ¤µ¸É¨£ ¥³µ³Ê.

’¨¶¨Î´Ò³ ¶·¨³¥·µ³ Éµ£µ, ÎÉµ ¶·µ¨¸Ìµ¤¨É ¸ ·¥§Ê²ÓÉ É ³¨ ŠŒ�-Ô±¸¶¥·¨-
³¥´É  ¶µ¸²¥ µ¡· ¡µÉ±¨ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨, Ö¢²ÖÕÉ¸Ö ¤ ´´Ò¥, ¶µ²Ê-
Î¥´´Ò¥ ¶µ¸²¥ µ¡· ¡µÉ±¨ ·¥§Ê²ÓÉ Éµ¢ ¢¸¥Ì ÔÉ ¶µ¢ ŠŒ�-Ô±¸¶¥·¨³¥´É  [43] ¶µ
µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 63Cu(γ, n)62Cu. �  ·¨¸. 6 ¶·¨¢¥¤¥´Ò ¢¸¥ É·¨
(¤¢  ¶·µ³¥¦ÊÉµÎ´ÒÌ ¨ µ±µ´Î É¥²Ó´Ò° (4)) ·¥§Ê²ÓÉ É  ŠŒ�-Ô±¸¶¥·¨³¥´É  [43]
¶µ µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 63Cu(γ, n)62Cu ¢³¥¸É¥ ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨
¨³  ¶¶ · É´Ò³¨ ËÊ´±Í¨Ö³¨ (§ Ö¢²¥´µ Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥ 2 % ¢ µ¡² -

�¨¸. 6. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥
(±·¥¸ÉÒ) ¨ ¸³µ¤¥²¨·µ¢ ´´Ò¥ ÔËË¥±-
É¨¢´Ò¥ ¸¶¥±É·Ò ËµÉµ´µ¢ (²¨´¨¨),
¶·¨ ±µÉµ·ÒÌ ÔÉ¨ ¤ ´´Ò¥ ¡Ò²¨
¶µ²ÊÎ¥´Ò ¢ [43] ¶·¨ µ¶·¥¤¥²¥-
´¨¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 63Cu(γ, n)62Cu.
 ) �¥§Ê²ÓÉ É É¨¶¨Î´µ£µ ŠŒ�-Ô±¸-
¶¥·¨³¥´É  (· §´µ¸ÉÓ (4) ¢ÒÌµ¤µ¢
Ye+(Ej)−Ye−(Ej)= Y (Ej) ≈ σ(k))
¨ ¸µµÉ¢¥É¸É¢ÊÕÐ Ö · §´µ¸ÉÓ ¸¶¥±É·µ¢
ËµÉµ´µ¢, µ¡· §Ê¥³ÒÌ ¶µ§¨É·µ´ ³¨ ¨
Ô²¥±É·µ´ ³¨; ¡) ±·¨¢ Ö ¢ÒÌµ¤  (4)
Ye−(Ej) Ô±¸¶¥·¨³¥´É  ´  ¶ÊÎ±¥ Éµ·-
³µ§´µ£µ γ-¨§²ÊÎ¥´¨Ö µÉ Ô²¥±É·µ´µ¢
¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¸¶¥±É· ËµÉµ´µ¢;
¢) ±·¨¢ Ö ¢ÒÌµ¤  (4) Ye+(Ej) Ô±¸-
¶¥·¨³¥´É  ´  ¶ÊÎ±¥ ËµÉµ´µ¢, µ¡· -
§Ê¥³ÒÌ ¸Ê³³µ° Éµ·³µ§´µ£µ ¨  ´´¨£¨-
²ÖÍ¨µ´´µ£µ γ-¨§²ÊÎ¥´¨Ö µÉ ¶µ§¨É·µ-
´µ¢, ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ¸Ê³³ ·´Ò°
¸¶¥±É· ËµÉµ´µ¢
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�¨¸. 7. C· ¢´¥´¨¥ µ¡· ¡µÉ ´´ÒÌ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¶·µ³¥¦ÊÉµÎ´ÒÌ ¨ µ±µ´-
Î É¥²Ó´µ£µ ·¥§Ê²ÓÉ Éµ¢ (4) ŠŒ�-Ô±¸¶¥·¨³¥´É  [43] ¶µ µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨Ö ·¥ ±-
Í¨¨ 63Cu(γ, n)62Cu ¸ ·¥§Ê²ÓÉ É ³¨ ’ˆ-Ô±¸¶¥·¨³¥´É  [44].  ) �¥§Ê²ÓÉ É ’ˆ-Ô±¸-
¶¥·¨³¥´É  [44] (· §·¥Ï¥´¨¥ ∆ = 200 ±Ô‚); ¡, ¢) ·¥§Ê²ÓÉ ÉÒ µ¡· ¡µÉ±¨ (· §·¥Ï¥´¨¥
∆ = 210 ±Ô‚) ¶·µ³¥¦ÊÉµÎ´ÒÌ ·¥§Ê²ÓÉ Éµ¢ (4) · ¡µÉÒ [43] Å ¢ÒÌµ¤µ¢ Ye−(Ej) ¨
Ye+(Ej) ¸µµÉ¢¥É¸É¢¥´´µ; £) ·¥§Ê²ÓÉ É µ¡· ¡µÉ±¨ (∆ = 210 ±Ô‚) · §´µ¸É¨ ¢ÒÌµ¤µ¢
Ye+(Ej) − Ye−(Ej) = Y (Ej) ≈ σ(k)) Å µ±µ´Î É¥²Ó´µ£µ ·¥§Ê²ÓÉ É  (4) · ¡µÉÒ [43];
¤) µ±µ´Î É¥²Ó´Ò° ·¥§Ê²ÓÉ É · ¡µÉÒ [43] Å · §´µ¸ÉÓ ¢ÒÌµ¤µ¢ Ye+(Ej) − Ye− (Ej) =
Y (Ej) ≈ σ(k), ¤²Ö ±µÉµ·µ£µ § Ö¢²¥´µ · §·¥Ï¥´¨¥ 2 % (200Ä400 ±Ô‚)

¸É¨ ³ ±¸¨³Ê³  ƒ„� ∼ 200 ±Ô‚). �  ·¨¸. 7 ·¥§Ê²ÓÉ ÉÒ ¨Ì µ¡· ¡µÉ±¨ ¸ ¶µ³µ-
ÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¤²Ö Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö 210 ±Ô‚ ¸· ¢´¨¢ ÕÉ¸Ö
¸ ·¥§Ê²ÓÉ É ³¨ ’ˆ-Ô±¸¶¥·¨³¥´É  [44], ¶·¥¤¸É ¢²¥´´Ò³¨ ¤²Ö É ±µ£µ ¦¥ · §·¥-
Ï¥´¨Ö. ‘²¥¤Ê¥É ¸¶¥Í¨ ²Ó´µ µÉ³¥É¨ÉÓ, ÎÉµ µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ (·¨¸. 7, £) ¶µ-
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²ÊÎ¥´µ ¶µ¸²¥ µ¡· ¡µÉ±¨ ·¥§Ê²ÓÉ É  ŠŒ�-Ô±¸¶¥·¨³¥´É  (·¨¸. 7, ¤) ¤²Ö Ô´¥·£¥-
É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö 210 ±Ô‚, ¡²¨§±µ£µ ± § Ö¢²¥´´µ³Ê ¢ · ¡µÉ¥ [43]. 	µ²¥¥
Éµ£µ, ÔÉµ µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ¶µ ¸¢µ¥° Ëµ·³¥ µ± §Ò¢ ¥É¸Ö ¢¥¸Ó³  ¡²¨§±¨³ ±
¸¥Î¥´¨Ö³, µÍ¥´¥´´Ò³ ¶µ¸²¥ µ¡· ¡µÉ±¨ ± ¦¤µ£µ ¨§ ¤¢ÊÌ ¶·µ³¥¦ÊÉµÎ´ÒÌ ·¥-
§Ê²ÓÉ Éµ¢ (4) ŠŒ�-Ô±¸¶¥·¨³¥´É  ¤²Ö Éµ£µ ¦¥ §´ Î¥´¨Ö · §·¥Ï¥´¨Ö. „ ´´Ò¥
É ¡². 4 ¤ ÕÉ ´ £²Ö¤´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ Éµ³, ´ ¸±µ²Ó±µ ¸µ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê ¸µ-
¡µ° (¨ ¸ µ¸µ¡¥´´µ¸ÉÖ³¨ ·¥§Ê²ÓÉ É  ’ˆ-Ô±¸¶¥·¨³¥´É  [44]) ¸É·Ê±ÉÊ·´Ò¥ µ¸µ-
¡¥´´µ¸É¨ ¢¸¥Ì É·¥Ì ¸¥Î¥´¨° ·¥ ±Í¨¨ 63Cu(γ, n)62Cu, µÍ¥´¥´´ÒÌ ¶µ ¤ ´´Ò³
· ¡µÉÒ [43].

’ ¡²¨Í  4. ‘· ¢´¥´¨¥ Ô´¥·£¥É¨Î¥¸±¨Ì ¶µ²µ¦¥´¨° ¨  ³¶²¨ÉÊ¤ ¸É·Ê±ÉÊ·´ÒÌ µ¸µ¡¥´-
´µ¸É¥° ¸¥Î¥´¨° ·¥ ±Í¨¨ 63Cu(γ, n)62Cu, ¶µ²ÊÎ¥´´ÒÌ ¨§ ·¥§Ê²ÓÉ Éµ¢ · §´ÒÌ ÔÉ ¶µ¢
ŠŒ�-Ô±¸¶¥·¨³¥´É  [43], ¶µ¸²¥ µ¡· ¡µÉ±¨ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¤²Ö µ¤¨´ -
±µ¢µ£µ Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö ∆E = 0, 21 ŒÔ‚

�´¥·£¨Ö
·¥§µ´ ´¸ 
Eγ , ŒÔ‚∗

‘¥Î¥´¨Ö ·¥ ±Í¨¨, ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¨§:

’ˆ-¸¥Î¥´¨Ö ŠŒ�-¢ÒÌµ¤  ŠŒ�-¢ÒÌµ¤  ŠŒ�-¢ÒÌµ¤ 
[44]∗∗ Ye−(Ej) [43] Ye+(Ej) [43] Y (Ej)=Ye+(Ej)−Ye−(Ej) [43]

15,8Ä16,1 112 61 57 53
16,7Ä16,9 95 55 70 70
17,7Ä18,0 104 68 64 68
19,3Ä19,5 94 51 50 52
21,7Ä22,0 50 45 20 28

∗Šµ··¥±É¨·µ¢±  Ô´¥·£¥É¨Î¥¸±¨Ì Ï± ² ´¥ ¶·µ¢µ¤¨² ¸Ó.
∗∗�µ·³¨·µ¢±   ¡¸µ²ÕÉ´µ° ¢¥²¨Î¨´Ò ¸¥Î¥´¨Ö ·¥ ±Í¨¨ ´¥ ¶·µ¢µ¤¨² ¸Ó.

ˆ¸¶µ²Ó§µ¢ ´¨¥ µ¡· É´µ° ¶·µÍ¥¤Ê·Ò ¸£² ¦¨¢ ´¨Ö µÍ¥´¥´´ÒÌ ¸¥Î¥´¨° ·¥-
 ±Í¨¨ (¶·¥¤¸É ¢²¥´´ÒÌ ´  ·¨¸. 7, ¡, ¢, £) ¶µ± § ²µ [45], ÎÉµ ·¥ ²Ó´µ¥ Ô´¥·£¥É¨-
Î¥¸±µ¥ · §·¥Ï¥´¨¥ ·¥§Ê²ÓÉ É  ŠŒ�-Ô±¸¶¥·¨³¥´É  ¶µ µ¶·¥¤¥²¥´¨Õ ¸¥Î¥´¨Ö
·¥ ±Í¨¨ 63Cu(γ, n)62Cu (·¨¸. 7, ¤) ¸µ¸É ¢²Ö¥É ¢¸¥£µ ²¨ÏÓ ∼ 1, 3 ŒÔ‚ (¶µÎÉ¨ ¢
4 · §  ÌÊ¦¥, Î¥³ µÍ¥´¥´µ  ¢Éµ· ³¨ · ¡µÉÒ [43] ¶µ · ¸Î¥É´µ° Ï¨·¨´¥  ´´¨£¨-
²ÖÍ¨µ´´µ° ²¨´¨¨ ¢ ËµÉµ´´µ³ ¸¶¥±É·¥). �´ ²µ£¨Î´ Ö µ¡· ¡µÉ±  [45] ¤ ´´ÒÌ
· ¡µÉÒ [46] ¤²Ö ¸¥Î¥´¨Ö ·¥ ±Í¨¨ 197Au(γ, xn) ¶·¨¢¥²  ± §´ Î¥´¨Õ ·¥ ²Ó´µ£µ
Ô´¥·£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö 1,6 ŒÔ‚ (¢ É·¨ · §  ÌÊ¤Ï¥³Ê ¶µ ¸· ¢´¥´¨Õ ¸
§ Ö¢²¥´´µ° ¢¥²¨Î¨´µ°).

3.2. “Î¥É · ¸Ìµ¦¤¥´¨°  ¡¸µ²ÕÉ´ÒÌ ¢¥²¨Î¨´ ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°-
É·µ´´µ° ·¥ ±Í¨¨. ‚Ò¶µ²´¥´´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö [16, 39, 41, 42] ¸µµÉ´µÏ¥´¨°
 ¡¸µ²ÕÉ´ÒÌ ¢¥²¨Î¨´ ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn) ¤²Ö
· §²¨Î´ÒÌ Ö¤¥· ¢ Í¥²µ³ ¸µ£² ¸ÊÕÉ¸Ö ¸ ¶µ²´µ° ¸¨¸É¥³ É¨±µ° [19, 35] É ±¨Ì
¤ ´´ÒÌ. ‚¸¥ µ´¨ ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ¡ µ¤´µ³ ¨ Éµ³ ¦¥ Å ŠŒ�-¸¥Î¥´¨Ö ·¥-
 ±Í¨°, ¶µ²ÊÎ¥´´Ò¥ ¢ ‹¨¢¥·³µ·¥, ¢ µ¸´µ¢´µ³ ¨³¥ÕÉ ³¥´ÓÏ¨¥  ¡¸µ²ÕÉ´Ò¥
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¢¥²¨Î¨´Ò ¶µ ¸· ¢´¥´¨Õ ¸ ¸¥Î¥´¨Ö³¨, ¶µ²ÊÎ¥´´Ò³¨ · §´Ò³¨ ³¥Éµ¤ ³¨ ¢ · §-
´ÒÌ ² ¡µ· Éµ·¨ÖÌ. ‘µµÉ¢¥É¸É¢ÊÕÐ¨¥ µÉ´µÏ¥´¨Ö ´¥¶²µÌµ ¸µ£² ¸ÊÕÉ¸Ö ³¥¦¤Ê
¸µ¡µ° ¨ ¢ ¡µ²ÓÏ¨´¸É¢¥ ¸¢µ¥³ ¶µ¶ ¤ ÕÉ ¢ ¨´É¥·¢ ² 1,08Ä1,25 (É ¡². 1Ä3). Šµ·-
·¥±É¨·µ¢±  É ±¨Ì · ¸Ìµ¦¤¥´¨° ³µ¦¥É ¡ÒÉÓ ¢Ò¶µ²´¥´  µÉ´µ¸¨É¥²Ó´µ ¶·µ¸ÉÒ³
¸¶µ¸µ¡µ³ Å ¤µ¶µ²´¨É¥²Ó´µ° ´µ·³¨·µ¢±µ°, É. ¥. Ê³´µ¦¥´¨¥³ ¤ ´´ÒÌ ‹¨¢¥·-
³µ·  ´  ¸µµÉ¢¥É¸É¢ÊÕÐ¨° ±µÔËË¨Í¨¥´É ¨§ É ¡². 1Ä3. ’ ±¨³ ±µÔËË¨Í¨¥´Éµ³,
Ê¸·¥¤´¥´´Ò³ ¶µ ¡µ²ÓÏµ³Ê ±µ²¨Î¥¸É¢Ê Ö¤¥·, Ö¢²Ö¥É¸Ö 〈Rint

¸¨¸É〉 = 1, 12 [19, 30].
Š ± µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ¸¨¸É¥³ É¨Î¥¸±¨ ³¥´ÓÏ¨¥ §´ Î¥´¨Ö ¸¥Î¥´¨° ·¥-

 ±Í¨°, ¶µ²ÊÎ¥´´ÒÌ ¢ ‹¨¢¥·³µ·¥, ³µ£ÊÉ ¡ÒÉÓ µ¡Ê¸²µ¢²¥´Ò [39] µÏ¨¡± ³¨,
¤µ¶ÊÐ¥´´Ò³¨ ¢ ÔÉµ° ² ¡µ· Éµ·¨¨ ¶·¨ µ¶·¥¤¥²¥´¨¨ ¶µÉµ±  ËµÉµ´µ¢ ¨ ÔË-
Ë¥±É¨¢´µ¸É¨ ¤¥É¥±Éµ·  ´¥°É·µ´µ¢.

3.3. “Î¥É · ¸Ìµ¦¤¥´¨°  ¡¸µ²ÕÉ´ÒÌ ¢¥²¨Î¨´ ¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ Ëµ-
Éµ´¥°É·µ´´ÒÌ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n). 3.3.1. Œ¥Éµ¤Ò µ¶·¥¤¥²¥´¨Ö ³´µ-
¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°. ‘²¥¤Ê¥É ¥Ð¥ · § µ¸µ¡µ ¶µ¤Î¥·±-
´ÊÉÓ, ÎÉµ µ¡¸Ê¦¤ ¥³Ò¥ ¤ ´´Ò¥ ¶µ²´µ° ¸¨¸É¥³ É¨±¨ (·¨¸. 4) ¡Ò²¨ · ¸¸Î¨É ´Ò
¶µ µ¡² ¸ÉÖ³ Ô´¥·£¨¨ ´¨¦¥ ¶µ·µ£µ¢ ·¥ ±Í¨° (γ, 2n), É. ¥. ¶µ É¥³, ¢ ±µÉµ·ÒÌ ´¥
´Ê¦´µ ÊÎ¨ÉÒ¢ ÉÓ ·¥ ±Í¨¨ ¸ ¡µ²ÓÏ¥° ³´µ¦¥¸É¢¥´´µ¸ÉÓÕ ËµÉµ´¥°É·µ´µ¢. Š ±
¡Ò²µ ¶µ± § ´µ ¢ÒÏ¥, ¶·¨ ¡µ²ÓÏ¨Ì Ô´¥·£¨ÖÌ, ¢ ±µÉµ·ÒÌ ´ Î¨´ ÕÉ µ¡· §µ-
¢Ò¢ ÉÓ¸Ö ËµÉµ´¥°É·µ´Ò · §²¨Î´µ° ³´µ¦¥¸É¢¥´´µ¸É¨, Ì · ±É¥· · ¸Ìµ¦¤¥´¨°
¤ ´´ÒÌ ‘ ±²¥ ¨ ‹¨¢¥·³µ·  (É ¡². 3 ¨ ·¨¸. 5) ¸É ´µ¢¨É¸Ö ¨´Ò³ Å ¸ÊÐ¥¸É¢¥´´µ
¡µ²¥¥ ¸²µ¦´Ò³.

‘¶µ¸µ¡Ò ÊÎ¥É  ¨ Ê¸É· ´¥´¨Ö É ±¨Ì · ¸Ìµ¦¤¥´¨° ¤µ²¦´Ò ¡ÒÉÓ · ¸¸³µ-
É·¥´Ò µ¸µ¡µ ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ¨´Ëµ·³ Í¨¨ µ Éµ³, ± ± ¨³¥´´µ µ¶·¥¤¥²Ö¥É¸Ö
³´µ¦¥¸É¢¥´´µ¸ÉÓ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°.

�¥µ¡Ìµ¤¨³µ¸ÉÓ · §¤¥²¥´¨Ö ¢±² ¤µ¢ ·¥ ±Í¨° (γ, n), (γ, 2n) ¸ ÊÎ¥Éµ³ Éµ£µ
µ¡¸ÉµÖÉ¥²Ó¸É¢ , ÎÉµ ÔËË¥±É¨¢´µ¸ÉÓ ¶·µÍ¥¸¸  ·¥£¨¸É· Í¨¨ ¤¢ÊÌ Î ¸É¨Í · ¢´ 
±¢ ¤· ÉÊ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ µ¤´µ° Î ¸É¨ÍÒ, ¶µÉ·¥¡µ¢ ²  ¸µ§¤ ´¨Ö
4π-´¥°É·µ´´ÒÌ ¤¥É¥±Éµ·µ¢, ¶·¨¸¶µ¸µ¡²¥´´ÒÌ ¤²Ö ¨§³¥·¥´¨Ö ³´µ¦¥¸É¢¥´´µ-
¸É¨ ´¥°É·µ´µ¢. 	Ò²¨ · §· ¡µÉ ´Ò ¢Ò¸µ±µÔËË¥±É¨¢´Ò¥ (40Ä60 %) ¤¥É¥±Éµ·Ò
É¨¶  ®slowing-down¯, ¢ ±µÉµ·ÒÌ ´¥°É·µ´Ò, µ¡· §ÊÕÐ¨¥¸Ö ¢ É¥Î¥´¨¥ ¤¥°¸É¢¨Ö
¨³¶Ê²Ó¸  γ-±¢ ´Éµ¢ Ê¸±µ·¨É¥²Ö, § ³¥¤²Ö²¨¸Ó ¨ ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¢ ¶¥·¨µ¤
¢·¥³¥´¨ ³¥¦¤Ê ´¨³¨. ‚ ± Î¥¸É¢¥ ¤¥É¥±Éµ·µ¢ § ³¥¤²¥´´ÒÌ ËµÉµ´¥°É·µ´µ¢
¨¸¶µ²Ó§µ¢ ²¨¸Ó BF3-¸Î¥ÉÎ¨±¨, ¢Ò¶µ²´¥´´Ò¥ ¢ ¢¨¤¥ ¤²¨´´ÒÌ É·Ê¡µ± ¨ · §-
³¥Ð¥´´Ò¥ ¢ ¶ · Ë¨´¥ ¨²¨ ¶µ²¨ÔÉ¨²¥´¥ (‹¨¢¥·³µ·),   É ±¦¥ µ¡µ£ Ð¥´´Ò°
£ ¤µ²¨´¨¥³ ¦¨¤±¨° ¸Í¨´É¨²²ÖÉµ· ¡µ²ÓÏµ£µ µ¡Ñ¥³  (‘ ±²¥).

�¶·¥¤¥²¥´¨¥ ³´µ¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´µ¢ ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ±µ²Ó-
Í¥¢ÒÌ µÉ´µÏ¥´¨°, ¶·¨³¥´Ö¢Ï¥£µ¸Ö ¢ ‹¨¢¥·³µ·¥. ‚ ‹¨¢¥·³µ·¥ ¤²Ö · §¤¥²¥-
´¨Ö ¢±² ¤µ¢ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n) ¢Ò¸µ±µÔËË¥±É¨¢´Ò° ´¥°É·µ´´Ò° ¤¥-
É¥±Éµ· ¡Ò² ¶µ¸É·µ¥´ É ±¨³ µ¡· §µ³, ÎÉµ¡Ò ¨³¥² ¸Ó ¢µ§³µ¦´µ¸ÉÓ ·¥£¨¸É· -
Í¨¨ § ³¥¤²¥´´ÒÌ ´¥°É·µ´µ¢ ¸ ¶µ³µÐÓÕ BF3-¸Î¥ÉÎ¨±µ¢, ±µÉµ·Ò¥ ´  · §²¨Î-
´ÒÌ · ¸¸ÉµÖ´¨ÖÌ µÉ ³¨Ï¥´¨ · ¸¶µ² £ ²¨¸Ó ¢µ±·Ê£ ³¨Ï¥´¨ ±µ´Í¥´É·¨Î¥¸±¨³¨
±µ²ÓÍ ³¨. �É´µÏ¥´¨¥ Î¨¸²  µÉ¸Î¥Éµ¢ ¢µ ¢´ÊÉ·¥´´¥³ ¨ ¢´¥Ï´¥³ ±µ²ÓÍ Ì ¸Î¥É-
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Î¨±µ¢ ³µ´µÉµ´´µ ¢µ§· ¸É ¥É ¸ Ê¢¥²¨Î¥´¨¥³ ¸·¥¤´¥° Ô´¥·£¨¨ ËµÉµ´¥°É·µ´µ¢.
‘ ¨¸¶µ²Ó§µ¢ ´¨¥³ É¥Ì´¨±¨ ±µ²ÓÍ¥¢ÒÌ µÉ´µÏ¥´¨° ¸·¥¤´¨¥ Ô´¥·£¨¨ ´¥°É·µ´µ¢
¨ ¸µµÉ¢¥É¸É¢¥´´µ µÉ´µÏ¥´¨Ö ¤²Ö ¸µ¡ÒÉ¨° ·¥ ±Í¨° ¸ µ¤´¨³ ¨ ¤¢Ê³Ö ´¥°É·µ-
´ ³¨ µ¶·¥¤¥²ÖÕÉ¸Ö ´¥§ ¢¨¸¨³µ. �Éµ ¶µ§¢µ²Ö¥É ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ¤ ´´ÒÌ µ¡
ÔËË¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ · §²¨Î´ÒÌ Ô´¥·£¨° µ¶·¥¤¥²ÖÉÓ ¸¥Î¥-
´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ·¥ ±Í¨° · §²¨Î´µ° ³´µ¦¥¸É¢¥´´µ¸É¨.

Œ¥Éµ¤ ± ²¨¡·µ¢±¨ Ô´¥·£¥É¨Î¥¸±µ° § ¢¨¸¨³µ¸É¨ ÔËË¥±É¨¢´µ¸É¨ ·¥£¨-
¸É· Í¨¨ ´¥°É·µ´µ¢, ¶·¨³¥´Ö¢Ï¨°¸Ö ¢ ‘ ±²¥. Œ¥Éµ¤, · §· ¡µÉ ´´Ò° ¢ ‘ ±²¥,
µ¸´µ¢ ´ ´  ¶·¥Í¨§¨µ´´µ° ± ²¨¡·µ¢±¥ ¦¨¤±µ£µ Gd-¸Í¨´É¨²²ÖÉµ·  ¡µ²ÓÏµ£µ
µ¡Ñ¥³  ¸ ¶µ³µÐÓÕ ¨¸ÉµÎ´¨±  252Cf. �¶·¥¤¥²Ö² ¸Ó µ¡² ¸ÉÓ, ¢ ±µÉµ·µ° ÔË-
Ë¥±É¨¢´µ¸ÉÓ ·¥£¨¸É· Í¨¨ ¶· ±É¨Î¥¸±¨ ´¥ § ¢¨¸¨É µÉ Ô´¥·£¨¨ ´¥°É·µ´µ¢. •µÉÖ
§ ¢¨¸¨³µ¸ÉÓ ÔËË¥±É¨¢´µ¸É¨ ¤¥É¥±Éµ·  µÉ Ô´¥·£¨¨ ´¥°É·µ´µ¢ Ë ±É¨Î¥¸±¨ ´¨
´  µ¤´µ³ ÊÎ ¸É±¥ ´¥ Ö¢²Ö¥É¸Ö ±µ´¸É ´Éµ° [4], ¸Î¨É ²µ¸Ó, ÎÉµ µÉ±²µ´¥´¨Ö ÔË-
Ë¥±É¨¢´µ¸É¨ ·¥£¨¸É· Í¨¨ µÉ ±µ´¸É ´ÉÒ ´ ¡²Õ¤ ÕÉ¸Ö ²¨ÏÓ ¤²Ö ´¥°É·µ´µ¢ ¸
Ô´¥·£¨¥° En ∼ 5 ŒÔ‚. �·¥¤¶µ² £ ²µ¸Ó, ÎÉµ Ô´¥·£¨Ö ËµÉµ´¥°É·µ´µ¢ ¢ µ¡² -
¸É¨ £¨£ ´É¸±µ£µ ·¥§µ´ ´¸  ´¥ ¶·¥¢µ¸Ìµ¤¨É §´ Î¥´¨Ö En ∼ 3 ŒÔ‚. ’ ±µ¥
¶·¥¤¶µ²µ¦¥´¨¥ ´¥¤µ¸É ÉµÎ´µ µ¡µ¸´µ¢ ´´µ, ¶µ¸±µ²Ó±Ê ¨§¢¥¸É´µ, ÎÉµ ¸¶¥±É·Ò
ËµÉµ´¥°É·µ´µ¢ ¨§ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n) ¤µ¸É¨£ ÕÉ Ô´¥·£¨¨ ∼ 10 ŒÔ‚.
ˆ³¥´´µ ¸ ÔÉ¨³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³ ¸¢Ö§ ´Ò ¶µ£·¥Ï´µ¸É¨ ¢ µ¶·¥¤¥²¥´¨¨  ¡¸µ-
²ÕÉ´ÒÌ ¢¥²¨Î¨´ ¸¥Î¥´¨° ÔÉ¨Ì ·¥ ±Í¨°, ±µÉµ·Ò¥ ¡Ê¤ÊÉ ¸¶¥Í¨ ²Ó´µ · ¸¸³µ-
É·¥´Ò ´¨¦¥ ¶·¨ µ¡¸Ê¦¤¥´¨¨ ¸¨¸É¥³ É¨± ¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ · §´Ò³¨ ³¥Éµ-
¤ ³¨. 	µ²¥¥ Éµ£µ, µ¶Ê¡²¨±µ¢ ´´Ò¥ ¶µ ³¥Éµ¤¨±¥ ¸¢¥¤¥´¨Ö ¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ
Éµ³, ÎÉµ ¢ Éµ ¢·¥³Ö ± ± ÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ· , µ¶·¥¤¥²¥´´ Ö ¸ ¶µ³µÐÓÕ
¨¸ÉµÎ´¨±  252Cf, ¡Ò²  ¡²¨§±  ± ¥¤¨´¨Í¥, ¢ ·¥ ²Ó´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¸¨¸É¥³ 
¤¥É¥±É¨·µ¢ ´¨Ö ¨¸¶µ²Ó§µ¢ ² ¸Ó ¢ É ±¨Ì ¢·¥³¥´´ÒÌ Ê¸²µ¢¨ÖÌ, ÎÉµ ¤µ¸É¨£ ² ¸Ó
ÔËË¥±É¨¢´µ¸ÉÓ ¢¸¥£µ ²¨ÏÓ ∼ 0, 6.

�Î¥¢¨¤´Ò³ ¨ ¢¥¸Ó³  ¢ ¦´Ò³ ´¥¤µ¸É É±µ³ ¶·µÍ¥¤Ê·Ò µ¶·¥¤¥²¥´¨Ö ³´µ-
¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´µ¢, ·¥ ²¨§µ¢ ´´µ° ¢ ‘ ±²¥, Ö¢²Ö²¸Ö ¢¥¸Ó³  ¢Ò¸µ-
±¨° Ëµ´ ¤¥É¥±Éµ· : ¢Ò¸µ±¨° Ëµ´ ¨ ¸ÊÐ¥¸É¢¥´´µ ¡µ²¥¥ ¶²µÌµ¥, Î¥³ ¢ ‹¨¢¥·-
³µ·¥, µÉ´µÏ¥´¨¥ ¸¨£´ ²/ÏÊ³ § É·Ê¤´Ö²¨ ¶·µÍ¥¤Ê·Ê ¢Ò¤¥²¥´¨Ö ¨ ¢ÒÎ¨É ´¨Ö
ÔÉµ£µ Ëµ´ ,   É ±¦¥ ¢´¥¸¥´¨¥ ¶µ¶· ¢µ± ´  ¸²ÊÎ °´Ò¥ ¸µ¢¶ ¤¥´¨Ö ¢ ¸· ¡ ÉÒ-
¢ ´¨¨ ¸Î¥ÉÎ¨±µ¢. ‚¸¥ ÔÉµ ¶·¨¢µ¤¨²µ ± µÎ¥¢¨¤´µ³Ê § ¢ÒÏ¥´¨Õ µ¶·¥¤¥²Ö¥³µ°
¤µ²¨ ¸µ¡ÒÉ¨° µ¤´µ´¥°É·µ´´ÒÌ ·¥ ±Í¨° (γ, n) ¶µ ¸· ¢´¥´¨Õ ¸ ¸µ¡ÒÉ¨Ö³¨
·¥ ±Í¨° ¸ ¨¸¶Ê¸± ´¨¥³ ¤¢ÊÌ (É·¥Ì ¨ ¡µ²¥¥) ´¥°É·µ´µ¢.

�  µ¸´µ¢ ´¨¨ ¸± § ´´µ£µ ³µ¦¥É ¡ÒÉÓ ¸¤¥² ´ ¢Ò¢µ¤ µ Éµ³, ÎÉµ ÌµÉÖ ÔË-
Ë¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ·  ¢ ‹¨¢¥·³µ·¥ ¢ ¶·¨´Í¨¶¥ ¡Ò²  ´¥¸±µ²Ó±µ ´¨¦¥ ÔËË¥±-
É¨¢´µ¸É¨ ¤¥É¥±Éµ·  ¢ ‘ ±²¥, ¶·¨³¥´Ö¢Ï¨°¸Ö ³¥Éµ¤ ±µ²ÓÍ¥¢ÒÌ µÉ´µÏ¥´¨° ¢
§´ Î¨É¥²Ó´µ° ¸É¥¶¥´¨ ÔÉµÉ ´¥¤µ¸É Éµ± ±µ³¶¥´¸¨·µ¢ ². Š·µ³¥ Éµ£µ, ± ± µÉ³¥-
Î ²µ¸Ó, ¢ ±µ´±·¥É´ÒÌ Ô±¸¶¥·¨³¥´É Ì ÔËË¥±É¨¢´µ¸ÉÓ ¤¥É¥±Éµ·  ¢ ‘ ±²¥ ¡Ò² 
§ ³¥É´µ ´¨¦¥ ¢ ¶·¨´Í¨¶¥ ¤µ¸É¨£ ¥³µ£µ §´ Î¥´¨Ö. ‚¸¥ ¸± § ´´µ¥ ¸¢¨¤¥É¥²Ó-
¸É¢Ê¥É µ Éµ³, ÎÉµ ¸ µ¶·¥¤¥²¥´¨¥³ ³´µ¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°
¢ ‹¨¢¥·³µ·¥ ¨ ‘ ±²¥ ¸ÊÐ¥¸É¢ÊÕÉ µ¶·¥¤¥²¥´´Ò¥ ¶·µ¡²¥³Ò. 	¥§Ê¸²µ¢´µ, ¢
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É ±¨Ì Ê¸²µ¢¨ÖÌ ¢µ¶·µ¸ µ Éµ³, ± ± Ö ¨³¥´´µ ¶·µÍ¥¤Ê·  ¡µ²¥¥ ¶· ¢¨²Ó´  ¨²¨,
´ ¶·µÉ¨¢, µÏ¨¡µÎ´ , ¶·¥¤¸É ¢²Ö¥É µ¸µ¡Ò° ¨´É¥·¥¸.

‚ · ¡µÉ¥ [41] ¤ ´´Ò¥ ¤²Ö Ö¤·  181Ta, ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥,
¡Ò²¨ ¶·µ ´ ²¨§¨·µ¢ ´Ò ¸µ¢³¥¸É´µ ¸ ·¥§Ê²ÓÉ É ³¨ ¨¸¸²¥¤µ¢ ´¨° [47Ä49] ´ 
ÔÉµ³ Ö¤·¥ ·¥ ±Í¨° (e, Tn), (e, n) ¨ (e, 2n). �µ¸±µ²Ó±Ê ¸¥Î¥´¨Ö Ô²¥±É·µ- ¨
ËµÉµ· ¸Ð¥¶²¥´¨Ö Ö¤¥· ³µ¦´µ [48, 49] ¸¢Ö§ ÉÓ ³¥¦¤Ê ¸µ¡µ°, ÊÎ¨ÉÒ¢ Ö ¸¶¥±É·
¢¨·ÉÊ ²Ó´ÒÌ ËµÉµ´µ¢, ¨³¥¥É¸Ö ¢µ§³µ¦´µ¸ÉÓ ¶µ ¤ ´´Ò³ ¤²Ö ·¥ ±Í¨¨ (e, 2n)
µÍ¥´¨ÉÓ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, 2n). �±¸¶¥·¨³¥´É ²Ó´µ¥ ¸¥Î¥´¨¥ ·¥ ±Í¨¨
181Ta(e, 2n) ¡Ò²µ ¶µ²ÊÎ¥´µ [41] ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ µÎ¥¢¨¤´µ£µ ¸µµÉ´µÏ¥´¨Ö

σ(e, 2n) = 1/2(σ(e, xn) − σ(e, n)), (15)

¢ ±µÉµ·µ³ ¨¸¶µ²Ó§ÊÕÉ¸Ö Ô±¸¶¥·¨³¥´É ²Ó´µ µ¶·¥¤¥²¥´´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨°
σ(e, xn) ¨ σ(e, n). �·¨ ÔÉµ³ ¸¥Î¥´¨¥ σ(e, n) ¨§³¥·Ö²µ¸Ó ¤¢ ¦¤Ò: σ1(e, n) Å
¸ µ¶·¥¤¥²¥´¨¥³ ³´µ¦¥¸É¢¥´´µ¸É¨ ´¥°É·µ´µ¢ ¨ σ2(e, n) Å ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
³¥Éµ¤  ´ ¢¥¤¥´´µ°  ±É¨¢´µ¸É¨ (¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ Ge-Li-¤¥É¥±Éµ·  ·¥£¨-
¸É·¨·µ¢ ² ¸Ó γ-²¨´¨Ö ¸ Ô´¥·£¨¥° 93,3 ±Ô‚ · ¸¶ ¤  (T1/2 = 8, 15 Î) Ö¤· 
180Ta → 180Hf). „²Ö ¸·¥¤´¥¢§¢¥Ï¥´´µ£µ µÉ´µÏ¥´¨Ö ¨§³¥·¥´´ÒÌ ¸¥Î¥´¨°
¡Ò²µ ¶µ²ÊÎ¥´µ §´ Î¥´¨¥ 〈σ1(e, n)/σ2(e, n)〉 = 1, 057 ± 0, 023. 	²¨§µ¸ÉÓ ÔÉµ£µ
µÉ´µÏ¥´¨Ö ± ¥¤¨´¨Í¥ µ§´ Î ¥É ´ ¤¥¦´µ¸ÉÓ ¨¸¶µ²Ó§µ¢ ´´µ° ¶·µÍ¥¤Ê·Ò µ¶·¥-
¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨. 	Ò²µ Ê¸É ´µ¢²¥´µ, ÎÉµ
¸¥Î¥´¨¥ σ(e, 2n) (15) ¸µ£² ¸Ê¥É¸Ö ¸ ¤ ´´Ò³¨, ¶¥·¥¸Î¨É ´´Ò³¨ ¨§ ¤ ´´ÒÌ ‹¨-
¢¥·³µ·  ¶µ ·¥ ±Í¨¨ (γ, 2n), ´µ ´¥ ¸µ£² ¸Ê¥É¸Ö ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¤ ´´Ò³¨
‘ ±²¥: ÔÉ¨ ¶µ¸²¥¤´¨¥ ¤²Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, 2n) µ± §Ò¢ ÕÉ¸Ö § ´¨¦¥´´Ò³¨,
Éµ£¤  ± ± ¤²Ö ¸¥Î¥´¨° ·¥ ±Í¨° (γ, n), ´ ¶·µÉ¨¢, § ¢ÒÏ¥´´Ò³¨.

3.3.2. Œ¥Éµ¤ ±µ··¥±É¨·µ¢±¨ ¤ ´´ÒÌ ¶µ ¸¥Î¥´¨Ö³ ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ-
´¥°É·µ´´ÒÌ ·¥ ±Í¨° (γ, n), (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥. ˆ§
¢¸¥£µ ¸± § ´´µ£µ Ö¸´µ, ÎÉµ ¤²Ö Ê¸É· ´¥´¨Ö µ¡¸Ê¦¤ ¥³ÒÌ · ¸Ìµ¦¤¥´¨° ¤ ´´ÒÌ
¶µ ¸¥Î¥´¨Ö³ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥, ¨
¶·¨¢¥¤¥´¨Ö ¤ ´´ÒÌ µ¡¥¨Ì ² ¡µ· Éµ·¨° ¢ ¸µµÉ¢¥É¸É¢¨¥ ¤·Ê£ ¸ ¤·Ê£µ³ ´¥µ¡Ìµ-
¤¨³  ¨Ì ¢§ ¨³´ Ö ±µ··¥±É¨·µ¢± . �¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° [16, 41, 42, 47Ä49]
¸¢¨¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ ¶µ¸±µ²Ó±Ê ¤ ´´Ò¥, ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥ ¨ ‹¨¢¥·-
³µ·¥, · ¸Ìµ¤ÖÉ¸Ö ¸ÊÐ¥¸É¢¥´´µ ¶µ-· §´µ³Ê ¢ µ¡² ¸ÉÖÌ Ô´¥·£¨° ´¨¦¥ ¨ ¢ÒÏ¥
Ô´¥·£¥É¨Î¥¸±¨Ì ¶µ·µ£µ¢ ·¥ ±Í¨¨ (γ, 2n), ³¥Éµ¤ É ±µ° ±µ··¥±É¨·µ¢±¨ ¤µ²¦¥´
ÊÎ¨ÉÒ¢ ÉÓ ¢ÒÖ¢²¥´´Ò¥ [47Ä49] ´¥¤µ¸É É±¨ ¶·µÍ¥¤Ê·Ò µ¶·¥¤¥²¥´¨Ö ³´µ¦¥-
¸É¢¥´´µ¸É¨ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°, ¨¸¶µ²Ó§µ¢ ´´µ° ¢ ‘ ±²¥.

�Í¥´±  ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, 2n). �  µ¸´µ¢¥ ¶·µ¢¥¤¥´´ÒÌ ¨¸¸²¥¤µ¢ -
´¨° [41] · ¸Ìµ¦¤¥´¨Ö ³¥¦¤Ê ¤ ´´Ò³¨ ‘ ±²¥ ¨ ‹¨¢¥·³µ·  ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö
± ± ¶·µÖ¢²¥´¨Ö ¶µ£·¥Ï´µ¸É¥° ¶·µÍ¥¤Ê·Ò µ¶·¥¤¥²¥´¨Ö ¢ ‘ ±²¥ ³´µ¦¥¸É¢¥´-
´µ¸É¨ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨° (Î ¸ÉÓ ´¥°É·µ´µ¢ ¨§ ·¥ ±Í¨¨ (γ, 2n) ¶·¨¶¨-
¸Ò¢ ¥É¸Ö ·¥ ±Í¨¨ (γ, n)). ‘ÊÉÓ ³¥Éµ¤  ÊÎ¥É  ¶µ¤µ¡´ÒÌ · ¸Ìµ¦¤¥´¨° § ±²ÕÎ -
¥É¸Ö ¢ Éµ³, ÎÉµ ¤ ´´Ò¥ ¤²Ö ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, 2n), ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥,
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£¤¥ ³´µ¦¥¸É¢¥´´µ¸ÉÓ ËµÉµ´¥°É·µ´µ¢ ¡Ò²  µ¶·¥¤¥²¥´  ¸µ §´ Î¨É¥²Ó´Ò³¨ ¶µ-
£·¥Ï´µ¸ÉÖ³¨, ¶¥·¥¸Î¨ÉÒ¢ ÕÉ¸Ö ¨ Î ¸ÉÓ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n) ¢µ§¢· Ð ¥É¸Ö ¢
¸¥Î¥´¨¥ ¤¢ÊÌ´¥°É·µ´´µ° ·¥ ±Í¨¨. �ÉµÉ ¶¥·¥¸Î¥É µ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¸²¥¤ÊÕÐ¨³
µ¡· §µ³:

• ¶µ¸²¥ ±µ··¥±É¨·µ¢±¨ Ô´¥·£¥É¨Î¥¸±¨Ì Ï± ² ¸· ¢´¨¢ ¥³ÒÌ ¸¥Î¥´¨° ¶µ
¤ ´´Ò³ µ ´¥¶µ¸·¥¤¸É¢¥´´µ ¨§³¥·Ö¥³ÒÌ ¢ Ô±¸¶¥·¨³¥´É Ì ¸¥Î¥´¨ÖÌ ¶µ²´µ°
ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn) Å ¸¤¢¨£  ¸¥Î¥´¨°, ¶µ²ÊÎ¥´´ÒÌ ¢ ‹¨¢¥·³µ·¥,
¶µ Ô´¥·£¨¨ ´  ´¥±µÉµ·ÊÕ ¢¥²¨Î¨´Ê ∆E (¸³. ¤ ²¥¥ ·¨¸. 8 ¨ 9) ± ¤ ´´Ò³
‘ ±²¥ Å µ¶·¥¤¥²Ö¥É¸Ö ±µÔËË¨Í¨¥´É

R = R(xn) = σint
‘ (γ, xn)/σint

‹ (γ, xn), (16)

�¨¸. 8. �¥§Ê²ÓÉ ÉÒ ¢§ ¨³´µ° ±µ··¥±É¨·µ¢±¨ ¸¥Î¥´¨° ¶µ²´µ° ¨ ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°-
É·µ´´ÒÌ ·¥ ±Í¨° ¤²Ö Ö¤·  197Au, ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥.  ) �É´µÏ¥´¨Ö
R(E)-¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, xn); Ê± § ´Ò §´ Î¥´¨Ö ∆E Å ¸¤¢¨£ ¶µ Ô´¥·£¨¨ ¸¥Î¥´¨Ö
‹¨¢¥·³µ·  ± ¸¥Î¥´¨Õ ‘ ±²¥ ¨ R(xn) (16); ¡) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n): 1 Å ¨¸Ìµ¤´µ¥
¸¥Î¥´¨¥ ‘ ±²¥ σn

‘ ; ÉµÎ±¨ ¸ µÏ¨¡± ³¨ Å µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ (20) ‘ ±²¥ σn
‘∗ ; 2 Å

µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ‹¨¢¥·³µ·  Rσn
‹ ; ¢) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n): 1 Å ¨¸Ìµ¤´µ¥ ¸¥Î¥-

´¨¥ ‘ ±²¥ σ2n
‘ ; ÉµÎ±¨ ¸ µÏ¨¡± ³¨ Å µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ((17)Ä(19)) ‘ ±²¥ σ2n

‘∗ ; 2 Å
µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ‹¨¢¥·³µ·  Rσ2n

‹
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´µ·³¨·ÊÕÐ¨° ¸¥Î¥´¨Ö ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ ¢ µ¡² ¸É¨ Ô´¥·£¨° ¤µ
¶µ·µ£  B(2n) ·¥ ±Í¨¨ (γ, 2n), ¢ ±µÉµ·µ° µ´¨ ¢ µ¡¥¨Ì ² ¡µ· Éµ·¨ÖÌ ¤µ²¦´Ò
¡ÒÉÓ ¨¤¥´É¨Î´Ò;

• ¢ µ¡² ¸É¨ Ô´¥·£¨° ¶¥·¥±·ÒÉ¨Ö ¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ·¥ ±Í¨° (γ, n) ¨
(γ, 2n) (8) ¨¸¶µ²Ó§µ¢ ´¨¥ ±µÔËË¨Í¨¥´É  R ¶µ§¢µ²Ö¥É ¶µ²ÊÎ¨ÉÓ ¸µµÉ´µÏ¥´¨¥,
´¥µ¡Ìµ¤¨³µ¥ ¤²Ö µ¡¸Ê¦¤ ¥³µ£µ ¢µ§¢· É  Î ¸É¨ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n), ¶µ²Ê-
Î¥´´µ£µ ¢ ‘ ±²¥, ¢ ´µ¢µ¥ (¸±µ··¥±É¨·µ¢ ´´µ¥) ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, 2n):

R = σxn
‘ /σxn

‹ = (σn
‘ + 2σ2n

‘ )/(σn
‹ + 2σ2n

‹ ), (17)

σxn
‘ = (σn

‘ + 2σ2n
‘ ) = Rσxn

‹ = R(σn
‹ + 2σ2n

‹ ), (18)

�¨¸. 9. �¥§Ê²ÓÉ ÉÒ ¢§ ¨³´µ° ±µ··¥±É¨·µ¢±¨ ¸¥Î¥´¨° ¶µ²´µ° ¨ ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°-
É·µ´´ÒÌ ·¥ ±Í¨° ¤²Ö Ö¤·  208Pb, ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥ ¨ ‹¨¢¥·³µ·¥.  ) �É´µÏ¥´¨Ö
R(E) ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, xn); Ê± § ´Ò §´ Î¥´¨Ö ∆E Å ¸¤¢¨£ ¶µ Ô´¥·£¨¨ ¸¥Î¥´¨Ö
‹¨¢¥·³µ·  ± ¸¥Î¥´¨Õ ‘ ±²¥ ¨ R(xn) (16); ¡) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n): 1 Å ¨¸Ìµ¤´µ¥
¸¥Î¥´¨¥ ‘ ±²¥ σn

‘ ; ÉµÎ±¨ ¸ µÏ¨¡± ³¨ Å µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ (20) ‘ ±²¥ σn
‘∗ ; 2 Å

µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ‹¨¢¥·³µ·  Rσn
‹ ; ¢) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n): 1 Å ¨¸Ìµ¤´µ¥ ¸¥Î¥-

´¨¥ ‘ ±²¥ σ2n
‘ ; ÉµÎ±¨ ¸ µÏ¨¡± ³¨ Å µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ((17)Ä(19)) ‘ ±²¥ σ2n

‘∗ ; 2 Å
µÍ¥´¥´´µ¥ ¸¥Î¥´¨¥ ‹¨¢¥·³µ·  Rσ2n

‹
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Rσ2n
‹ = σ2n

‘∗ = σ2n
‘ + 1/2(σn

‘ − Rσn
‹ ). (19)

�· ¢ Ö Î ¸ÉÓ µ¸´µ¢´µ£µ ¸µµÉ´µÏ¥´¨Ö (19) ³¥Éµ¤  ±µ··¥±É¨·µ¢±¨ ¤ ´´ÒÌ
¶µ ¸¥Î¥´¨Õ ·¥ ±Í¨¨ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥, ¨³¥¥É ¸³Ò¸², µ¡¸Ê¦¤ ¢-
Ï¨°¸Ö ¢ÒÏ¥: ± §´ Î¥´¨Õ σ2n

‘ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n) (‘ ±²¥) ¤µ¡ ¢²Ö¥É¸Ö
Î ¸ÉÓ (1/2(σn

‘ − Rσn
‹ )) ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n), · ¸¸Î¨É ´´ Ö ¸ ÊÎ¥Éµ³ ±µÔË-

Ë¨Í¨¥´É  R (19). …¸²¨ · ¸Ìµ¦¤¥´¨¥ ¤ ´´ÒÌ ‹¨¢¥·³µ·  ¨ ‘ ±²¥ µ¡Ê¸²µ¢²¥´µ
Éµ²Ó±µ ¶µ£·¥Ï´µ¸ÉÖ³¨ ¶·µÍ¥¤Ê·Ò ‘ ±²¥ µ¶·¥¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ Ëµ-
Éµ´¥°É·µ´´µ° ·¥ ±Í¨¨, Éµ ¸µ£² ¸´µ ²¥¢µ° Î ¸É¨ ¸µµÉ´µÏ¥´¨Ö (19) ¶¥·¥¸Î¨-
É ´´µ¥ ¸¥Î¥´¨¥ σ2n

‘∗ ¤µ²¦´µ ¸µ£² ¸µ¢Ò¢ ÉÓ¸Ö ¸ ¸¥Î¥´¨¥³ σ2n
‹ , Ê³´µ¦¥´´Ò³ ´ 

±µÔËË¨Í¨¥´É R (19): σ2n
‹∗ = Rσ2n

‹ .
‘±µ··¥±É¨·µ¢ ´´Ò¥ ¤ ´´Ò¥ ‘ ±²¥ σ2n

C∗ ¢³¥¸É¥ ¸ ¨¸Ìµ¤´Ò³¨ ¸¥Î¥´¨Ö³¨ ¨
¸±µ··¥±É¨·µ¢ ´´Ò³¨ ¤ ´´Ò³¨ ‹¨¢¥·³µ·  σ2n

‹∗ ¤²Ö Ö¤¥· 197Au ¨ 208Pb, ¢Ò-
¡· ´´ÒÌ ¢ ± Î¥¸É¢¥ ¶·¨³¥· , ¶·¨¢¥¤¥´Ò ¸µµÉ¢¥É¸É¢¥´´µ ´  ·¨¸. 8, ¢ ¨ 9, ¢.
‚¨¤´µ, ÎÉµ ¢ ¶·¥¤¥² Ì ¶µ£·¥Ï´µ¸É¥° ¤ ´´Ò¥ ¸µ£² ¸ÊÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£µ³.

�·¥¤¸É ¢²¥´¨¥ µ Éµ³, ´ ¸±µ²Ó±µ ¶·¨ ÔÉµ³ ¨§³¥´ÖÕÉ¸Ö (¢µ§· ¸É ÕÉ) ¸¥Î¥-
´¨Ö ·¥ ±Í¨¨ (γ, 2n), µÍ¥´¥´´Ò¥ (¸±µ··¥±É¨·µ¢ ´´Ò¥) ¶µ ¤ ´´Ò³ ‘ ±²¥, ¤ ¥É
É ¡². 5. ‚ ´¥° ¸· ¢´¨¢ ÕÉ¸Ö ¨´É¥£· ²Ó´Ò¥ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n), ¶·¨¢¥¤¥´-
´Ò¥ ¤²Ö ¡²¨§±¨Ì ¶·¥¤¥²µ¢ ¨´É¥£·¨·µ¢ ´¨Ö (´¥±µÉµ·Ò¥ ¨§ ¨¸Ìµ¤´ÒÌ ¤ ´´ÒÌ
¶·¥¤¸É ¢²¥´Ò ¢ É·¥ÉÓ¥³ ¸Éµ²¡Í¥ É ¡². 3).

’ ¡²¨Í  5. ‘· ¢´¥´¨¥ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ ‘ ±²¥,
¸ ¸¥Î¥´¨Ö³¨, µÍ¥´¥´´Ò³¨ (¸±µ··¥±É¨·µ¢ ´´Ò³¨) ¸ ¶µ³µÐÓÕ µ¶¨¸ ´´µ£µ ¢ÒÏ¥
³¥Éµ¤ 

Ÿ¤·µ Eint, ŒÔ‚ σint
¨¸Ì , ŒÔ‚ ·³¡ σint

µÍ¥´, ŒÔ‚ ·³¡

51V 27,8 79 104
75As 26,2 217 242
89Y 27,0 74 113
115In 24,1 278 365
116Sn 22,1 193 234
117Sn 22,1 220 232
118Sn 21,6 258 299
120Sn 22,4 399 445
133Cs 24,2 328 432
181Ta � §´Ò¥ Eint 790 (25,2) 1093 (26,6)
208Pb � §´Ò¥ Eint 328 (18,9) 660 (20,9)

�Í¥´±  ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, n). �µ¸±µ²Ó±Ê ¸ÊÉÓ ¶·¨³¥´¥´´µ£µ ³¥Éµ¤ 
¢§ ¨³´µ° ±µ··¥±É¨·µ¢±¨ § ±²ÕÎ ¥É¸Ö [41, 42] ¢ ¢µ§¢· Ð¥´¨¨ ¢ ¸¥Î¥´¨¥ ·¥-
 ±Í¨¨ (γ, 2n) ¥£µ Î ¸É¨, ¶·¨¶¨¸ ´´µ° ¸¥Î¥´¨Õ ·¥ ±Í¨¨ (γ, n), ¸ ³¨ ¸¥Î¥´¨Ö
·¥ ±Í¨¨ (γ, n), ¶µ²ÊÎ¥´´Ò¥ ¢ ‘ ±²¥, É ±¦¥ ³µ£ÊÉ ¡ÒÉÓ ¸±µ··¥±É¨·µ¢ ´Ò [42].
„²Ö ÔÉµ£µ ¨§ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, n) ¤µ²¦´  ¡ÒÉÓ Ê¤ ²¥´  É  ¶·¨¶¨¸ ´´ Ö ¥³Ê
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Î ¸ÉÓ, ±µÉµ· Ö ¶¥·¥³¥Ð ¥É¸Ö (19) ¢ ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, 2n). ‘±µ··¥±É¨·µ-
¢ ´´µ¥ [42] ¸¥Î¥´¨¥ ·¥ ±Í¨¨ (γ, n) ¤µ²¦´µ ¢Ò£²Ö¤¥ÉÓ ¸²¥¤ÊÕÐ¨³ µ¡· §µ³:

Rσn
‹ = σn

‹∗ = σn
‘∗ = σn

‘ − (σn
‘ − Rσn

‹ ), (20)

£¤¥ · §´µ¸ÉÓ σn
‘ − Rσn

‹ · ¸¸Î¨ÉÒ¢ ¥É¸Ö ¢ µ¡² ¸É¨ Ô´¥·£¨°, ¡µ²ÓÏ¨Ì B(2n).
‘±µ··¥±É¨·µ¢ ´´Ò¥ ¤ ´´Ò¥ ‘ ±²¥ (σn

C∗) ¢³¥¸É¥ ¸ ¨¸Ìµ¤´Ò³¨ ¸¥Î¥´¨Ö³¨ ¨
¸±µ··¥±É¨·µ¢ ´´Ò³¨ ¤ ´´Ò³¨ ‹¨¢¥·³µ·  σn

‹∗ = Rσn
‹ ¤²Ö É¥Ì ¦¥ Ö¤¥· 197Au

¨ 208Pb ¶·¨¢¥¤¥´Ò ¸µµÉ¢¥É¸É¢¥´´µ ´  ·¨¸. 8, ¡ ¨ 9, ¡.
‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ µ¡µ¨Ì ¸²ÊÎ ÖÌ ¸¤¢¨£¨ ¶µ Ô´¥·£¨¨ ´  ∆E ¨¸-

Ìµ¤´ÒÌ ¤ ´´ÒÌ ‹¨¢¥·³µ·  ± ¤ ´´Ò³ ‘ ±²¥, ¶·¥¤¶·¨´ÖÉÒ¥ ¤²Ö ¤µ¸É¨¦¥´¨Ö
´ ¨²ÊÎÏ¨Ì (¶µ¸ÉµÖ´´ÒÌ) µÉ´µÏ¥´¨° ¸¥Î¥´¨° ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±-
Í¨¨ ¢ µ¡² ¸É¨ Ô´¥·£¨° ¤µ ¶µ·µ£µ¢ B(2n) ·¥ ±Í¨¨ (γ, 2n), ¶·¨¢µ¤ÖÉ ¨³¥´´µ ¢
µ¡² ¸É¨ ÔÉ¨Ì ¶µ·µ£µ¢ ± ¶µÖ¢²¥´¨Õ · §·Ò¢µ¢ ¢ ¸±µ··¥±É¨·µ¢ ´´ÒÌ ¸¥Î¥´¨ÖÌ
σC∗(γ, n). �É¨ · §·Ò¢Ò ¤¥² ÕÉ ´¥¢µ§³µ¦´Ò³ ¨Ì ¨¸¶µ²Ó§µ¢ ´¨¥ ¢ ± Î¥¸É¢¥
µÍ¥´¥´´ÒÌ: ´ ¨²ÊÎÏ¨³¨ µÍ¥´± ³¨ ¸¥Î¥´¨° ·¥ ±Í¨¨ (γ, n) ¢ É ±¨Ì Ê¸²µ¢¨ÖÌ
µ± §Ò¢ ÕÉ¸Ö ¸±µ··¥±É¨·µ¢ ´´Ò¥ ¸¥Î¥´¨Ö ‹¨¢¥·³µ·  σn

‹∗ = Rσn
‹ .

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ ’ˆ-Ô±¸¶¥·¨³¥´É Ì · §¤¥²¥´¨¥ ¢±² ¤µ¢ ¸¥Î¥´¨°
·¥ ±Í¨° (γ, n) ¨ (γ, 2n) µ¡ÒÎ´µ (É· ¤¨Í¨µ´´µ) µ¸ÊÐ¥¸É¢²Ö²µ¸Ó ¸ ¨¸¶µ²Ó§µ¢ -
´¨¥³ ¸É É¨¸É¨Î¥¸±µ° É¥µ·¨¨ [50], ÎÉµ ¤²Ö ´ ¤¥¦´µ£µ µ¡µ¸´µ¢ ´¨Ö ¶· ¢µ³¥·-
´µ¸É¨ É·¥¡Ê¥É ¶µ¤É¢¥·¦¤¥´¨° ¨§ ¶·Ö³ÒÌ ¨§³¥·¥´¨°.

4. ‘�‚�…Œ…��›‰ ‘’�’“‘ ”�’�Ÿ„…��›• „���›•

4.1. �¥±µÉµ·Ò¥ ¢ ¦´Ò¥ ¢Ò¢µ¤Ò µ ¸¥Î¥´¨ÖÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨°.
‘± § ´´µ¥ ¢ÒÏ¥ ¤ ¥É ¤µ¸É ÉµÎ´µ Î¥É±µ¥ ¨ ¶µ²´µ¥ ¶·¥¤¸É ¢²¥´¨¥ µ Éµ³, ÎÉµ
¨§¢¥¸É´µ ¢ ´ ¸ÉµÖÐ¥¥ ¢·¥³Ö ¤µ¸É ÉµÎ´µ ´ ¤¥¦´µ,   ÎÉµ É·¥¡Ê¥É ÊÉµÎ´¥´¨°.
�¡Ð Ö ¸¨ÉÊ Í¨Ö É ±µ¢ , ÎÉµ ¶· ±É¨Î¥¸±µ¥ ¨¸¶µ²Ó§µ¢ ´¨¥ ËµÉµÖ¤¥·´ÒÌ ¤ ´-
´ÒÌ ¢ É¥Ì ¸²ÊÎ ÖÌ, ±µ£¤  É·¥¡Ê¥É¸Ö µÉ´µ¸¨É¥²Ó´µ ¢Ò¸µ± Ö ÉµÎ´µ¸ÉÓ ¨ ´ ¤¥¦-
´µ¸ÉÓ, É·¥¡Ê¥É ¤¥É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö ¨ ÊÎ¥É  ¨Ì ¸µ¢·¥³¥´´µ£µ ¸É ÉÊ¸ .

‡´ Î¥´¨¥, ÉµÎ´µ¸ÉÓ ¨ ´ ¤¥¦´µ¸ÉÓ ± ¦¤µ£µ µÉ¤¥²Ó´µ£µ ¶ · ³¥É· , ´ ¶·¨-
³¥·, ¸¥Î¥´¨Ö ±µ´±·¥É´µ° ·¥ ±Í¨¨, ³µ£ÊÉ ¡ÒÉÓ µ¶·¥¤¥²¥´Ò Éµ²Ó±µ ¶µ¸²¥  ´ -
²¨§  µÎ¥¢¨¤´ÒÌ ¸¨¸É¥³ É¨Î¥¸±¨Ì · ¸Ìµ¦¤¥´¨° ·¥§Ê²ÓÉ Éµ¢ µ¶·¥¤¥²¥´¨Ö ÔÉµ£µ
¸¥Î¥´¨Ö ·¥ ±Í¨¨ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¶·¥¦¤¥ ¢¸¥£µ, ¸ ÊÎ¥Éµ³ ¸²¥¤ÊÕÐ¨Ì
µ¸µ¡¥´´µ¸É¥°:

Å ¨¸¶µ²Ó§µ¢ ´´Ò° ¶ÊÎµ± ËµÉµ´µ¢;
Å ¸¶µ¸µ¡Ò ¨§³¥·¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨ ËµÉµ´´µ£µ ¶ÊÎ± ;
Å ¶·¨³¥´Ö¢Ï¨°¸Ö ¤¥É¥±Éµ· Î ¸É¨Í-¶·µ¤Ê±Éµ¢, ¸¶µ¸µ¡Ò µ¶·¥¤¥²¥´¨Ö ¥£µ

ÔËË¥±É¨¢´µ¸É¨ ¤²Ö ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ · §²¨Î´ÒÌ Ô´¥·£¨°;
Å ¸¶µ¸µ¡Ò ´µ·³¨·µ¢±¨ ¨ ± ²¨¡·µ¢±¨ Ê¸É ´µ¢±¨;
Å ¸¶µ¸µ¡Ò µ¶·¥¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ Î ¸É¨Í-¶·µ¤Ê±Éµ¢ ·¥ ±Í¨¨.
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‚Ò¶µ²´¥´´Ò° ¤¥É ²Ó´Ò° ¨ ¸¨¸É¥³ É¨Î¥¸±¨°  ´ ²¨§ ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢ 
¤ ´´ÒÌ, ¶µ²ÊÎ¥´´ÒÌ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¤ ¥É µ¸´µ¢ ´¨Ö ¤²Ö ´¥±µÉµ·ÒÌ
¢¶µ²´¥ µ¶·¥¤¥²¥´´ÒÌ § ±²ÕÎ¥´¨°:

• ³¥¦¤Ê ·¥§Ê²ÓÉ É ³¨ · §²¨Î´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¨³¥ÕÉ¸Ö µÎ¥¢¨¤´Ò¥ ¨
§´ Î¨É¥²Ó´Ò¥ · ¸Ìµ¦¤¥´¨Ö Ö¢´µ ¸¨¸É¥³ É¨Î¥¸±µ£µ Ì · ±É¥· , ±µÉµ·Ò¥ § ¸É -
¢²ÖÕÉ · ¸¸³ É·¨¢ ÉÓ ´¥µ¡Ìµ¤¨³Ò¥ ¤²Ö ¶·¨³¥´¥´¨° ·¥§Ê²ÓÉ ÉÒ ¸É·µ£µ ¨´-
¤¨¢¨¤Ê ²Ó´µ, ¸ ÊÎ¥Éµ³ Éµ£µ, ± ±¨³ ³¥Éµ¤µ³ ¨ ´  ± ±µ° Ê¸É ´µ¢±¥ ¶µ²ÊÎ¥´
± ¦¤Ò° ·¥§Ê²ÓÉ É;

• ŠŒ�-¸¥Î¥´¨Ö ·¥ ±Í¨° ¸¨²Ó´µ § £² ¦¥´Ò (·¥ ²Ó´µ¥ Ô´¥·£¥É¨Î¥¸±µ¥ · §-
·¥Ï¥´¨¥ µ± §Ò¢ ¥É¸Ö ¢ 3Ä4 · §  ÌÊ¦¥) ¶µ ¸· ¢´¥´¨Õ ¸ ¶·¨¢µ¤¨³µ°  ¢Éµ-
· ³¨ · ¡µÉ µÍ¥´±µ° ÔÉµ£µ · §·¥Ï¥´¨Ö ¶µ · ¸Î¥É´µ° Ï¨·¨´¥  ´´¨£¨²ÖÍ¨-
µ´´µ° ²¨´¨¨ ¢ ¸¶¥±É·¥ ËµÉµ´µ¢ ¨ ¸ Ô´¥·£¥É¨Î¥¸±¨³ · §·¥Ï¥´¨¥³ ’ˆ-Ô±¸-
¶¥·¨³¥´Éµ¢;

• ŠŒ�-¸¥Î¥´¨Ö ´Ê¦¤ ÕÉ¸Ö ¢ ¤µ¶µ²´¨É¥²Ó´µ° µ¡· ¡µÉ±¥ ¸ ¶µ³µÐÓÕ ³¥-
Éµ¤  ·¥¤Ê±Í¨¨ ¨²¨ ²Õ¡µ£µ ¤·Ê£µ£µ  ´ ²µ£¨Î´µ£µ, ÊÎ¨ÉÒ¢ ÕÐ¥£µ ·¥ ²Ó´ÊÕ
Ëµ·³Ê ¸¶¥±É·  ËµÉµ´µ¢, ¢Ò§Ò¢ ÕÐ¨Ì ·¥ ±Í¨Õ, ¤²Ö ¤µ¸É¨¦¥´¨Ö Ô´¥·£¥É¨Î¥-
¸±µ£µ · §·¥Ï¥´¨Ö, ¡²¨§±µ£µ ± µÍ¥´¨¢ ¥³µ³Ê ¶µ Ï¨·¨´¥  ´´¨£¨²ÖÍ¨µ´´µ°
²¨´¨¨;

• ¸¥Î¥´¨Ö ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn), ¶µ²ÊÎ¥´´Ò¥ ¸ ¶µ-
³µÐÓÕ ŠŒ�-ËµÉµ´µ¢ ¢ ‹¨¢¥·³µ·¥, ¨³¥ÕÉ ¢ Í¥²µ³ ³¥´ÓÏ¨¥  ¡¸µ²ÕÉ´Ò¥
§´ Î¥´¨Ö ¶µ ¸· ¢´¥´¨Õ ¸  ´ ²µ£¨Î´Ò³¨ ¤ ´´Ò³¨, ¶µ²ÊÎ¥´´Ò³¨ ¢ ŠŒ�- ¨
’ˆ-Ô±¸¶¥·¨³¥´É Ì ¢ ¤·Ê£¨Ì ² ¡µ· Éµ·¨ÖÌ (µ¤´µ° ¨§ ¶·¨Î¨´ Ö¢²ÖÕÉ¸Ö [39]
¶µ£·¥Ï´µ¸É¨ ¢ µ¶·¥¤¥²¥´¨¨ ¶µÉµ±  ËµÉµ´µ¢ ¨ ÔËË¥±É¨¢´µ¸É¨ ´¥°É·µ´´µ£µ
¤¥É¥±Éµ· , ¤µ¶ÊÐ¥´´Ò¥ ¢ ‹¨¢¥·³µ·¥); ¢¸²¥¤¸É¢¨¥ ÔÉµ£µ µ¡¸ÉµÖÉ¥²Ó¸É¢  ¤ ´-
´Ò¥ ‹¨¢¥·³µ·  ¶µ ¸¥Î¥´¨Ö³ ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn) ¤²Ö
19 Ö¤¥·, ¨¸¸²¥¤µ¢ ´´ÒÌ ¢ · ¡µÉ¥ [42], ¤µ²¦´Ò ¤µ³´µ¦ ÉÓ¸Ö ´  ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ±µÔËË¨Í¨¥´ÉÒ Rint(γ, xn) ¨§ É ¡². 3; ¤²Ö ¢¸¥Ì µ¸É ²Ó´ÒÌ, ¤²Ö ±µÉµ·ÒÌ
´¥ ¶·µ¢¥¤¥´µ ¸¶¥Í¨ ²Ó´µ£µ ¨ ¤¥É ²Ó´µ£µ ¨¸¸²¥¤µ¢ ´¨Ö · ¸Ìµ¦¤¥´¨°, ¢ ± Î¥-
¸É¢¥ ³´µ¦¨É¥²Ö ³µ¦¥É ¨¸¶µ²Ó§µ¢ ÉÓ¸Ö ±µÔËË¨Í¨¥´É 〈Rint

¸¨¸É〉 = 1, 12 [35];
• ¤ ´´Ò¥ ‹¨¢¥·³µ·  ¤²Ö ¸¥Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨°

(γ, n) ¨ (γ, 2n) ¶µ²ÊÎ¥´Ò ¶·¨ ¨¸¶µ²Ó§µ¢ ´¨¨ ±µ··¥±É´µ° ¶·µÍ¥¤Ê·Ò µ¶·¥¤¥-
²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ´¥°É·µ´µ¢ ¨ ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò, É ± ¦¥, ± ± ¨
¸¥Î¥´¨Ö ¶µ²´µ° ËµÉµ´¥°É·µ´´µ° ·¥ ±Í¨¨ (γ, xn), ²¨ÏÓ ¶µ¸²¥ Ê³´µ¦¥´¨Ö ´ 
±µÔËË¨Í¨¥´É Rint(γ, xn) ¨§ É ¡². 3 ¨²¨ 〈Rint

¸¨¸É〉 = 1, 12;
• ¸¥Î¥´¨Ö ¶ ·Í¨ ²Ó´ÒÌ ËµÉµ´¥°É·µ´´ÒÌ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n), ¶µ²Ê-

Î¥´´Ò¥ ¢ ‘ ±²¥, µ¶·¥¤¥²¥´Ò ¸µ §´ Î¨É¥²Ó´Ò³¨ ¶µ£·¥Ï´µ¸ÉÖ³¨, ´¥ ¸µ£² ¸Ê-
ÕÉ¸Ö ¤·Ê£ ¸ ¤·Ê£µ³, µÎ¥´Ó ¸¨²Ó´µ · ¸Ìµ¤ÖÉ¸Ö ¸ ¸µµÉ¢¥É¸É¢ÊÕÐ¨³¨ ¤ ´´Ò³¨
‹¨¢¥·³µ· , ´¥ ³µ£ÊÉ ¡ÒÉÓ ¶·Ö³µ ¨¸¶µ²Ó§µ¢ ´Ò ¨ ¤µ²¦´Ò ¡ÒÉÓ ¶¥·¥¸Î¨É ´Ò
((17)Ä(20)).

4.2. �¥±µÉµ·Ò¥ ¢ ¦´Ò¥ Ë¨§¨Î¥¸±¨¥ ¸²¥¤¸É¢¨Ö. ‘¤¥² ´´Ò¥ ¢ÒÏ¥ µ¸´µ¢-
´Ò¥ ¢Ò¢µ¤Ò, ¡ §¨·ÊÕÐ¨¥¸Ö ´  ·¥§Ê²ÓÉ É Ì ¢Ò¶µ²´¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¸¨¸É¥-
³ É¨Î¥¸±¨Ì · ¸Ìµ¦¤¥´¨° ¤ ´´ÒÌ · §´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢, ¶·¨¢µ¤ÖÉ ± ´¥±µÉµ-
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·Ò³ ¢¶µ²´¥ µÎ¥¢¨¤´Ò³ Ë¨§¨Î¥¸±¨³ ¸²¥¤¸É¢¨Ö³ µÉ´µ¸¨É¥²Ó´µ Ì · ±É¥·¨¸É¨±
ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° ¨ ƒ„� ¢ Í¥²µ³.

4.2.1. ‘É·Ê±ÉÊ·  ¸¥Î¥´¨° ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨°. ˆ¸¸²¥¤µ¢ ´¨Ö Ô´¥·-
£¥É¨Î¥¸±µ£µ · §·¥Ï¥´¨Ö, ·¥ ²Ó´µ ¤µ¸É¨£ ¥³µ£µ ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¸¢¨-
¤¥É¥²Ó¸É¢ÊÕÉ µ Éµ³, ÎÉµ Ëµ·³  ¨§³¥·Ö¥³µ£µ ¢ Ô±¸¶¥·¨³¥´É¥ ¸¥Î¥´¨Ö ·¥ ±-
Í¨¨ ¢µ ³´µ£µ³ µ¶·¥¤¥²Ö¥É¸Ö Ëµ·³µ°  ¶¶ · É´µ° ËÊ´±Í¨¨ Ô±¸¶¥·¨³¥´É . ‘Ê-
Ð¥¸É¢µ¢ ´¨¥ ¸É·Ê±ÉÊ·Ò ƒ„� (¶·¥¦¤¥ ¢¸¥£µ, ·¥§µ´ ´¸µ¢ ¸ Ï¨·¨´µ° ¶µ·Ö¤± 
µ¤´µ°Ä´¥¸±µ²Ó±¨Ì ¸µÉ¥´ ±Ô‚) ´¥ ¢Ò§Ò¢ ¥É ¸µ³´¥´¨°, ÌµÉÖ ¤¥É ²Ó´Ò¥ ¶ · -
³¥É·Ò (Ô´¥·£¥É¨Î¥¸±µ¥ ¶µ²µ¦¥´¨¥ ¨  ³¶²¨ÉÊ¤ ) ¸É·Ê±ÉÊ·´ÒÌ µ¸µ¡¥´´µ¸É¥°
¸¥Î¥´¨° ·¥ ±Í¨° É·¥¡ÊÕÉ ÊÉµÎ´¥´¨Ö.

’ˆ-Ô±¸¶¥·¨³¥´ÉÒ ¶·¥¤¸É ¢²ÖÕÉ¸Ö ¡µ²¥¥ ¶·¥¤¶µÎÉ¨É¥²Ó´Ò³¨ ¤²Ö ¤¥É ²Ó-
´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¸É·Ê±ÉÊ·Ò ƒ„� ¶µ ¸· ¢´¥´¨Õ ¸ ŠŒ�-Ô±¸¶¥·¨³¥´É ³¨. �Éµ,
¶·¥¦¤¥ ¢¸¥£µ, µ¡Ê¸²µ¢²¥´µ É¥³, ÎÉµ ·¥§Ê²ÓÉ ÉÒ ÔÉ¨Ì ¶µ¸²¥¤´¨Ì µ± §Ò¢ ÕÉ¸Ö,
¶µ ¸ÊÐ¥¸É¢Ê, ´¥ ¸¥Î¥´¨Ö³¨,   ¢¸¥£µ ²¨ÏÓ ¢ÒÌµ¤ ³¨ ·¥ ±Í¨¨. �É¨ ¢ÒÌµ¤Ò
³µ£ÊÉ ¡ÒÉÓ ¢ ¶·¨´Í¨¶¥ ¨´É¥·¶·¥É¨·µ¢ ´Ò ± ± ¸¥Î¥´¨Ö, ´µ ²¨ÏÓ ± ± ¸¥-
Î¥´¨Ö ¸¨²Ó´µ § £² ¦¥´´Ò¥ (·¥ ²Ó´µ¥ Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥Ï¥´¨¥ ¸µ¸É ¢²Ö¥É
∼ 1, 3−1, 6 ŒÔ‚). ‘Éµ²Ó ´¨§±µ¥ ·¥ ²Ó´µ ¤µ¸É¨£ ¥³µ¥ Ô´¥·£¥É¨Î¥¸±µ¥ · §·¥-
Ï¥´¨¥ ´¥ ¶µ§¢µ²Ö¥É ¨§ÊÎ ÉÓ ¸É·Ê±ÉÊ·´Ò¥ µ¸µ¡¥´´µ¸É¨ ¸ Ê± § ´´Ò³¨ ¨ ³¥´Ó-
Ï¨³¨ Ï¨·¨´ ³¨.

„µ¶µ²´¨É¥²Ó´ Ö µ¡· ¡µÉ±  ·¥§Ê²ÓÉ Éµ¢ ŠŒ�-Ô±¸¶¥·¨³¥´É  (¶·¨Î¥³ ¶µ-
²ÊÎ ¥³ÒÌ ´  ¢¸¥Ì ¥£µ ¸É ¤¨ÖÌ, É. ¥. ¶µ¤ ¤¥°¸É¢¨¥³ ËµÉµ´µ¢ · §²¨Î´µ£µ ¸µ-
¸É ¢  Å  ´´¨£¨²ÖÍ¨µ´´ÒÌ ¨ Éµ·³µ§´ÒÌ) ¸ ¶µ³µÐÓÕ ³¥Éµ¤  ·¥¤Ê±Í¨¨ ¢Ò-
Ö¢²Ö¥É ¢ µÍ¥´¥´´ÒÌ ¸¥Î¥´¨ÖÌ ¸É·Ê±ÉÊ·´Ò¥ µ¸µ¡¥´´µ¸É¨, ¶µ Ì · ±É¥·¨¸É¨± ³
±µÉµ·ÒÌ µ´¨ µ± §Ò¢ ÕÉ¸Ö ¢¥¸Ó³  ¡²¨§±¨³¨ ´¥ Éµ²Ó±µ ³¥¦¤Ê ¸µ¡µ°, ´µ ¨
¸ ¸¥Î¥´¨Ö³¨ ·¥ ±Í¨°, ¶µ²ÊÎ ¥³Ò³¨ ¶·¨ ¡²¨§±¨Ì §´ Î¥´¨ÖÌ Ô´¥·£¥É¨Î¥¸±µ£µ
· §·¥Ï¥´¨Ö ¢ ’ˆ-Ô±¸¶¥·¨³¥´É Ì.

4.2.2. ‘µµÉ´µÏ¥´¨¥ ¶·Ö³µ£µ ¨ ¸É É¨¸É¨Î¥¸±µ£µ ³¥Ì ´¨§³µ¢ · ¸-
¶ ¤  ƒ„�. �¥§Ê²ÓÉ ÉÒ ¢Ò¶µ²´¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨°  ¡¸µ²ÕÉ´ÒÌ ¢¥²¨Î¨´ ¸¥-
Î¥´¨° ¶ ·Í¨ ²Ó´ÒÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨° (γ, n) ¨ (γ, 2n), ¶µ²ÊÎ¥´´ÒÌ ¢ · §-
´ÒÌ Ô±¸¶¥·¨³¥´É Ì ¢ · §²¨Î´ÒÌ µ¡² ¸ÉÖÌ Ô´¥·£¨°, § ¸É ¢²ÖÕÉ ¶¥·¥¸³µÉ·¥ÉÓ
µÍ¥´±¨ ¸µµÉ´µÏ¥´¨Ö ¢±² ¤µ¢ ¶·Ö³ÒÌ ¨ ¸É É¨¸É¨Î¥¸±¨Ì · ¸¶ ¤µ¢ ƒ„�, ¶·¥¤-
²µ¦¥´´Ò¥ ¢ ´¥¸±µ²Ó±¨Ì · ¡µÉ Ì ¨ µ¸´µ¢ ´´Ò¥ ¨³¥´´µ ´  ¸µµÉ´µÏ¥´¨ÖÌ ¸¥Î¥-
´¨° µ¤´µ- ¨ ¤¢ÊÌ´¥°É·µ´´ÒÌ ·¥ ±Í¨° ¢ · §²¨Î´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì µ¡² ¸ÉÖÌ.

�µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¸µ¢³¥¸É´µ£µ  ´ ²¨§  ¤ ´´ÒÌ ‘ ±²¥ ¨ ‹¨¢¥·³µ· 
¶·¨¢µ¤ÖÉ ± ¢Ò¢µ¤Ê µ Éµ³, ÎÉµ ¢ µÉ²¨Î¨¥ µÉ ¢Ò¸± § ´´ÒÌ · ´¥¥ ¶·¥¤¶µ²µ-
¦¥´¨° [15, 51Ä54] µ §´ Î¨É¥²Ó´µ° ¤µ²¥ ¶·Ö³ÒÌ ´¥°É·µ´µ¢ (¢±² ¤ ±µÉµ·ÒÌ
µÍ¥´¨¢ ²¸Ö ¢ 17Ä30 %), ƒ„� ¢ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ Ö¤· Ì · ¸¶ ¤ ¥É¸Ö ¶·¥-
¨³ÊÐ¥¸É¢¥´´µ ¸É É¨¸É¨Î¥¸±¨. �·¥¤²µ¦¥´´ Ö ¢ ‘ ±²¥ ¨´É¥·¶·¥É Í¨Ö ¸¥Î¥´¨°
·¥ ±Í¨° (γ, n) ¢ µ¡² ¸ÉÖÌ Ô´¥·£¨°, ´  ´¥¸±µ²Ó±µ ŒÔ‚ ¶·¥¢ÒÏ ÕÐ¨Ì ¶µ-
·µ£¨ ·¥ ±Í¨° (γ, 2n), ± ± ¢±² ¤µ¢ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±¨Ì ¶·Ö³ÒÌ ´¥°É·µ´µ¢,
É·¥¡Ê¥É ¸¥·Ó¥§´ÒÌ ÊÉµÎ´¥´¨°. Š ± ¡Ò²µ ¶µ± § ´µ ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ, ¢Ò¶µ²-
´¥´´ÒÌ ¸¶¥Í¨ ²Ó´µ ¸ ÊÎ¥Éµ³ µ¸µ¡¥´´µ¸É¥° µ¶·¥¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¥°
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·¥ ±Í¨° ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì, ¨³¥´´µ ¢ ÔÉ¨Ì µ¡² ¸ÉÖÌ Ô´¥·£¨° ¸¥Î¥´¨Ö
·¥ ±Í¨° (γ, n) ¶µ²ÊÎ¥´Ò ¢ ‘ ±²¥ ¢ ¸¨²Ó´µ ¨¸± ¦¥´´µ³ ¢¨¤¥ §  ¸Î¥É ´¥µ¶· ¢-
¤ ´´µ£µ ¶·¨¶¨¸Ò¢ ´¨Ö ÔÉµ³Ê ± ´ ²Ê · ¸¶ ¤  ƒ„� §´ Î¨É¥²Ó´µ£µ ±µ²¨Î¥¸É¢ 
´¥°É·µ´µ¢ ¨§ ·¥ ±Í¨° (γ, 2n). �¶¨¸ ´´ Ö ¢ÒÏ¥ ±µ··¥±É¨·µ¢±  ¤ ´´ÒÌ ‘ ±²¥
¶·¨¢µ¤¨É ¨Ì ¢ ¸µ£² ¸¨¥ ¸ ¤ ´´Ò³¨ ‹¨¢¥·³µ· , ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ±µÉµ·Ò³¨
(¸ ÊÎ¥Éµ³ ±µ··¥±É¨·µ¢±¨ ¨ ÔÉ¨Ì ¶µ¸²¥¤´¨Ì) ¤µ²Ö ¶·Ö³ÒÌ · ¸¶ ¤µ¢ ´¥ ¶·¥¢Ò-
Ï ¥É 10Ä12 %.

4.2.3. ‘¥Î¥´¨¥ ËµÉµ¶µ£²µÐ¥´¨Ö ¨ ¤¨¶µ²Ó´µ¥ ¶· ¢¨²µ ¸Ê³³. ‚ · -
¡µÉ Ì, ¢Ò¶µ²´¥´´ÒÌ ¢ ‘ ±²¥ [15, 51Ä54], ¨ ¢ ·Ö¤¥ ¤·Ê£¨Ì ´  µ¸´µ¢ ´¨¨
¤ ´´ÒÌ µ ¸¥Î¥´¨ÖÌ ·¥ ±Í¨° ËµÉµ¶µ£²µÐ¥´¨Ö (1) ¡Ò²¨ µ¡´ ·Ê¦¥´Ò ¸ÊÐ¥-
¸É¢¥´´Ò¥ ¶·¥¢ÒÏ¥´¨Ö ¢¥²¨Î¨´ ¨´É¥£· ²Ó´ÒÌ ¸¥Î¥´¨° ·¥ ±Í¨¨ ËµÉµ¶µ£²µÐ¥-
´¨Ö (γ, abs) ´ ¤ ¶·¥¤¸± § ´¨Ö³¨ ¤¨¶µ²Ó´µ£µ ¶· ¢¨²  ¸Ê³³ (σint(γ, abs) ≈
(1, 28−1, 34) · 60NZ/A (ŒÔ‚ · ³¡)).

ˆ§ ¶·µ¢¥¤¥´´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¸²¥¤Ê¥É, ÎÉµ ÔÉ¨ ¤ ´´Ò¥ É ±¦¥ É·¥¡ÊÕÉ
ÊÉµÎ´¥´¨°, ¶µ¸±µ²Ó±Ê µ´¨ µ¸´µ¢Ò¢ ÕÉ¸Ö ´  ¨¸¶µ²Ó§µ¢ ´¨¨ ±µ³¡¨´ Í¨° ¸¥Î¥-
´¨° ·¥ ±Í¨°

σ(γ, abs) = σ(γ, xn) − σ(γ, 2n) + σ(γ, p), (21)

¢ ±µÉµ·ÒÌ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¸¥Î¥´¨Ö ·¥ ±Í¨¨ (γ, 2n), ¸ÊÐ¥¸É¢¥´´Ò¥ ¶µ£·¥Ï´µ¸É¨
¢ µ¶·¥¤¥²¥´¨¨ ±µÉµ·ÒÌ ¤¥É ²Ó´µ · ¸¸³µÉ·¥´Ò ¢ÒÏ¥.

	Ò²µ ¶µ± § ´µ, ÎÉµ ±µ··¥±É¨·µ¢±  ¸¥Î¥´¨° ÔÉµ° ·¥ ±Í¨¨ ¶·¨¢µ¤¨É ±
§ ³¥É´µ³Ê ¢µ§· ¸É ´¨Õ ¥¥ §´ Î¥´¨° (É ¡². 5),   ¸²¥¤µ¢ É¥²Ó´µ, ¨ ± ¥¸É¥¸É¢¥´-
´µ³Ê Ê³¥´ÓÏ¥´¨Õ §´ Î¥´¨° ¸¥Î¥´¨° ·¥ ±Í¨° (γ, abs). ’ ±¨³ µ¡· §µ³, µÎ¥-
¢¨¤´µ, ÎÉµ ¨ ¸µµÉ´µÏ¥´¨Ö σint(γ, abs) ¸ µÍ¥´±µ° ¤¨¶µ²Ó´µ£µ ¶· ¢¨²  ¸Ê³³
¤µ²¦´Ò ¡ÒÉÓ ÊÉµÎ´¥´Ò.

‡�Š‹	—…�ˆ…

‘ÊÐ¥¸É¢µ¢ ´¨¥ ¢ É¥Î¥´¨¥ ³´µ£¨Ì ²¥É ¶·µ¡²¥³ ¸¨¸É¥³ É¨Î¥¸±µ£µ · §²¨-
Î¨Ö ¤ ´´ÒÌ · §´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ µ¡Ê¸²µ¢²¥´µ Í¥²Ò³ ·Ö¤µ³ ¸¶¥Í¨Ë¨Î¥¸±¨Ì
É·Ê¤´µ¸É¥° ¶·µ¢¥¤¥´¨Ö Ô±¸¶¥·¨³¥´Éµ¢ ´  ËµÉµ´´ÒÌ ¶ÊÎ± Ì. ƒ² ¢´µ° ¨§ ´¨Ì,
¡¥§Ê¸²µ¢´µ, Ö¢²Ö¥É¸Ö µÉ¸ÊÉ¸É¢¨¥ ¤µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ¶ÊÎ±µ¢ ·¥ ²Ó´µ ³µ-
´µÔ´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢. �¶¶ · É´Ò¥ ËÊ´±Í¨¨ Ô±¸¶¥·¨³¥´Éµ¢ ¸ · §²¨Î-
´Ò³¨ ±¢ §¨³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨ ËµÉµ´ ³¨, ¢µ-¶¥·¢ÒÌ, ¨³¥ÕÉ µÎ¥´Ó ¸²µ¦-
´Ò¥ Ëµ·³Ò,   ¢µ-¢Éµ·ÒÌ, ¸ÊÐ¥¸É¢¥´´µ · §²¨Î ÕÉ¸Ö ¢ · §´ÒÌ Ô±¸¶¥·¨³¥´É Ì.

‘²µ¦´Ò¥ Ëµ·³Ò  ¶¶ · É´ÒÌ ËÊ´±Í¨° · §´ÒÌ Ô±¸¶¥·¨³¥´Éµ¢ ¶·¨¢µ¤ÖÉ ±
· §²¨Î¨Ö³ µ¶·¥¤¥²Ö¥³ÒÌ ¸¥Î¥´¨° ¶µ ¢¸¥³ µ¸´µ¢´Ò³ ¶ · ³¥É· ³:

• ¶µ Ëµ·³¥ (µ¡ ÔÉµ³ ¡Ò²µ ³´µ£µ ¸± § ´µ ¢ÒÏ¥);
• ¶µ ¢¥²¨Î¨´¥ (¶µ¸±µ²Ó±Ê · §²¨Î´Ò¥ ÊÎ ¸É±¨  ¶¶ · É´ÒÌ ËÊ´±Í¨° ¶µ-

· §´µ³Ê ÊÎ¨ÉÒ¢ ÕÉ¸Ö ³¥Éµ¤ ³¨ µ¶·¥¤¥²¥´¨Ö ¸¥Î¥´¨°);
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• ¶µ Ô´¥·£¥É¨Î¥¸±µ³Ê ¶µ²µ¦¥´¨Õ (¶µ¸±µ²Ó±Ê µ¸´µ¢´Ò¥ ²¨´¨¨  ¶¶ · É-
´ÒÌ ËÊ´±Í¨°  ¸¨³³¥É·¨Î´Ò ¨ ¸µ¤¥·¦ É · §´Ò¥ ±µ²¨Î¥¸É¢  ®²¨Ï´¨Ì¯ ËµÉµ-
´µ¢ ¶µ · §´Ò¥ ¸Éµ·µ´Ò µÉ ³ ±¸¨³ ²Ó´µ£µ §´ Î¥´¨Ö ²¨´¨¨).

�±µ´Î É¥²Ó´µ¥ ·¥Ï¥´¨¥ ´¥ Éµ²Ó±µ µ¡¸Ê¦¤ ¢Ï¨Ì¸Ö ¢ÒÏ¥, ´µ ¨ ³´µ£¨Ì
¤·Ê£¨Ì ¶·µ¡²¥³ µ¶·¥¤¥²¥´¨Ö ÉµÎ´µ¸É¨ ¨ ´ ¤¥¦´µ¸É¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´-
´ÒÌ É·¥¡Ê¥É ¶·µ¢¥¤¥´¨Ö ´µ¢ÒÌ ¨§³¥·¥´¨° ¸ ¨¸É¨´´µ ³µ´µÔ´¥·£¥É¨Î¥¸±¨³¨
ËµÉµ´ ³¨ ´  Ê¸É ´µ¢± Ì É¨¶  ¸µ§¤ ´´µ£µ ¢ ¶µ¸²¥¤´¨¥ £µ¤Ò ¢Ò¸µ±µ¨´É¥´¸¨¢-
´µ£µ £ ³³ -¨¸ÉµÎ´¨±  (High Intensity Gamma Source Å HIGS) [55]. �·¨ ÔÉµ³
¢¸¥ ¸± § ´´µ¥ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ´¥µ¡Ìµ¤¨³µ¸É¨ ¸µÎ¥É ÉÓ ¶ÊÎ±¨ ·¥ ²Ó´µ ³µ´µ-
Ô´¥·£¥É¨Î¥¸±¨Ì ËµÉµ´µ¢ ¸ ´ ¤¥¦´Ò³¨ ³¥Éµ¤ ³¨ µ¶·¥¤¥²¥´¨Ö ¨´É¥´¸¨¢´µ¸É¨
¶µÉµ±  ËµÉµ´µ¢ ¨ µ¶·¥¤¥²¥´¨Ö ³´µ¦¥¸É¢¥´´µ¸É¨ ¶·µ¤Ê±Éµ¢ ·¥ ±Í¨°.

� ¡µÉ  ¶µ¤¤¥·¦ ´  £· ´Éµ³ º �˜-1619.2003.2 �·¥§¨¤¥´É  �” ¤²Ö ¶µ¤-
¤¥·¦±¨ ³µ²µ¤ÒÌ ·µ¸¸¨°¸±¨Ì ÊÎ¥´ÒÌ ¨ ¢¥¤ÊÐ¨Ì ´ ÊÎ´ÒÌ Ï±µ² ¨ Î ¸É¨Î´µ
£· ´É ³¨ �””ˆ º 03-07-90431, 04-02-16275.

�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¢Ò· ¦ ÕÉ ¡² £µ¤ ·´µ¸ÉÓ ¶·µË¥¸¸µ·Ê ± Ë¥¤·Ò
µ¡Ð¥° Ö¤¥·´µ° Ë¨§¨±¨ Ë¨§¨Î¥¸±µ£µ Ë ±Ê²ÓÉ¥É  Œƒ“ ¤. Ë.-³. ´. ˆ. Œ. Š ¶¨Éµ-
´µ¢Ê §   ±É¨¢´µ¥ µ¡¸Ê¦¤¥´¨¥ ¨ ¶µ²¥§´Ò¥ ¨¤¥¨,  ¸¸¨¸É¥´ÉÊ Éµ° ¦¥ ± Ë¥¤·Ò
±. Ë.-³. ´. Œ. …. ‘É¥¶ ´µ¢Ê,  ¸¶¨· ´ÉÊ Éµ° ¦¥ ± Ë¥¤·Ò „. ‘. �Ê¤¥´±µ §  ¶µ-
³µÐÓ ¢ µ¡· ¡µÉ±¥,  ´ ²¨§¥ ¨ ¨´É¥·¶·¥É Í¨¨ ¤ ´´ÒÌ, ¶·µ£· ³³¨¸É ³ �ˆˆŸ”
Œƒ“ �. �. �¥¸±µ¢Ê ¨ ‚. ‚. —¥¸´µ±µ¢Ê §  ¶µ³µÐÓ ¢ ¶·µ¢¥¤¥´¨¨ · ¸Î¥Éµ¢, µ¡-
· ¡µÉ±¥ ¤ ´´ÒÌ,   É ±¦¥ ¢ µËµ·³²¥´¨¨ · ¡µÉÒ.
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