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Influence of Excitation and Ionization of the Atoms

on the Velocity of Nuclear Processes at Low Energies

We have concluded that cold transmutation of nuclei is possible in the framework

of the modern physical theory — excitation and ionization of atoms and universal reso-

nance synchronization principle are responsible for it. Investigation of this phenom-

enon requires knowledge of different branches of science: nuclear and atomic physics,

chemistry and electrochemistry, condenced matter and solid state physics. The results

of this research field can provide a new source of energy, substances and technologies.

The investigation has been performed at the Bogoliubov Laboratory of Theoreti-

cal Physics, JINR.
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Âëèÿíèå âîçáóæäåíèÿ è èîíèçàöèè àòîìîâ

íà ñêîðîñòü ÿäåðíûõ ïðîöåññîâ ïðè íèçêèõ ýíåðãèÿõ

Ìû ïðèøëè ê çàêëþ÷åíèþ, ÷òî õîëîäíàÿ òðàíñìóòàöèÿ ÿäåð âîçìîæíà

â ðàìêàõ ñîâðåìåííîé ôèçè÷åñêîé òåîðèè — âîçáóæäåíèå è èîíèçàöèÿ àòîìîâ

è óíèâåðñàëüíàÿ ðåçîíàíñíàÿ ñèíõðîíèçàöèÿ îòâåòñòâåííû çà ýòî ÿâëåíèå.

Èçó÷åíèå ýòîãî ÿâëåíèÿ òðåáóåò çíàíèé â ðàçëè÷íûõ îáëàñòÿõ íàóêè: ÿäåðíîé

è àòîìíîé ôèçèêå, õèìèè è ýëåêòðîõèìèè, ôèçèêå êîíäåíñèðîâàííûõ ñðåä

è òâåðäîãî òåëà. Ðåçóëüòàòû èññëåäîâàíèé â ýòèõ îáëàñòÿõ ìîãóò îáåñïå÷èòü íî-

âûìè èñòî÷íèêàìè ýíåðãèè, âåùåñòâ è òåõíîëîãèé.

Ðàáîòà âûïîëíåíà â Ëàáîðàòîðèè òåîðåòè÷åñêîé ôèçèêè èì. Í. Í. Áîãîëþ-

áîâà ÎÈßÈ.

Ïðåïðèíò Îáúåäèíåííîãî èíñòèòóòà ÿäåðíûõ èññëåäîâàíèé. Äóáíà, 2004
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1. ‚‚…„…�ˆ…

�·µË¥¸¸µ· Ë¨§¨±¨ �µ²¨É¥Ì´¨Î¥¸±µ° Ï±µ²Ò ¢ � ·¨¦¥ �´ÉÊ ´ �´·¨ �¥±-
±¥·¥²Ó ¤µ²µ¦¨² ¢ �± ¤¥³¨¨ ´ Ê± (24 Ë¥¢· ²Ö 1895 £.) [1], ÎÉµ ¥£µ ¨¸¸²¥¤µ-
¢ ´¨Ö ¶µ¤É¢¥·¦¤ ÕÉ £¨¶µÉ¥§Ê �Ê ´± ·¥. �´·¨ �Ê ´± ·¥, µ¶¨¸Ò¢ Ö •-²ÊÎ¨
‚¨²Ó£¥²Ó³  Šµ´· ¤  �¥´É£¥´  [2], ¢Ò¤¢¨´Ê² £¨¶µÉ¥§Ê, ÎÉµ •-²ÊÎ¨, ¢µ§³µ¦´µ,
¸¢Ö§ ´Ò ¸ Ëµ¸Ëµ·¥¸Í¥´Í¨¥° [3]. �. �¥±±¥·¥²Ó ¨¸¸²¥¤µ¢ ² ¸¶µ¸µ¡´µ¸ÉÓ ±·¨-
¸É ²²µ¢ ¶µ¤ ¤¥°¸É¢¨¥³ ¸µ²´¥Î´µ£µ ¸¢¥É  ¨¸¶Ê¸± ÉÓ ¶·µ´¨± ÕÐ¥¥ ¨§²ÊÎ¥´¨¥:
µ´ ¶µ³¥Ð ² · §²¨Î´Ò¥ ±·¨¸É ²²Ò ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö ´  ´¨Ì ¸µ²´¥Î´µ£µ ¸¢¥É 
´  ËµÉµ£· Ë¨Î¥¸±¨¥ ¶² ¸É¨´±¨, § ¢¥·´ÊÉÒ¥ ¢ É¥³´ÊÕ ¡Ê³ £Ê. �´ ¨¸¶µ²Ó-
§µ¢ ² ¸µ²¨ Ê· ´  K2[UO2(SO4)2](H2O2), Ìµ·µÏµ ¨§¢¥¸É´Ò¥ Ëµ¸Ëµ·¥¸Í¨·Ê-
ÕÐ¨¥ ¸µ²¨. ‚ É¥ ¤´¨ ¢ � ·¨¦¥ ¸ÉµÖ²  ¶ ¸³Ê·´ Ö ¶µ£µ¤  ¨ �. �¥±±¥·¥²Ó
¶·µÖ¢¨² ¸¢µ¨ ËµÉµ£· Ë¨Î¥¸±¨¥ ¶² ¸É¨´±¨, ±µÉµ·Ò¥ ´ Ìµ¤¨²¨¸Ó ¢ ¸¢¨´Íµ¢µ³
±µ´É¥°´¥·¥, ¢ ¶µ²´µ° É¥³´µÉ¥, ¡¥§ Ô±¸¶µ§¨Í¨¨ ±·¨¸É ²²µ¢ ¸¢¥Éµ³. �¤´ ±µ
¶² ¸É¨´±¨ ¡Ò²¨ § ¸¢¥Î¥´Ò. �Ï¨¡µÎ´ Ö £¨¶µÉ¥§  ¨ ¶²µÌ Ö ¶µ£µ¤  ¢ � -
·¨¦¥ ¶·¨¢¥²¨ ± µÉ±·ÒÉ¨Õ Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨ (¸Ê¶·Ê£¨ ŠÕ·¨ ¶·¨¸¢µ-
¨²¨ ´ §¢ ´¨¥ ÔÉµ³Ê Ö¢²¥´¨Õ Å ®· ¤¨µ ±É¨¢´µ¸ÉÓ¯) ¨ ¶µ§¦¥ ± Hµ¡¥²¥¢¸±µ°
¶·¥³¨¨. ’ ±µ¢ µ¡Ð¥¶·¨´ÖÉÒ° ¨¸Éµ·¨Î¥¸±¨° ¸Í¥´ ·¨° µÉ±·ÒÉ¨Ö · ¤¨µ ±É¨¢-
´µ¸É¨ [4].

�¤´ ±µ ± ¦¥É¸Ö, ÎÉµ §¤¥¸Ó ¶µ±  ÎÉµ ´¥É ¶µ²´µ° Ö¸´µ¸É¨. �. ‚·µ¡²¥¢¸±¨°
[5] ¶¨Ï¥É µ Éµ³, ÎÉµ µ¤¨´ ¨§ ¶¨µ´¥·µ¢ ËµÉµ£· Ë¨¨ Ë· ´ÍÊ§ Š. ¤¥ ‘e´É-
‚¨±Éµ· ¢ 1867 £. § ³¥É¨², ÎÉµ ²Õ³¨´¥¸Í¥´É´Ò¥ ¸µ²¨ Ê· ´  ¢Ò§Ò¢ ÕÉ ´¥±µÉµ-
·ÊÕ § ÉÊ³ ´¥´´µ¸ÉÓ (fogging) ËµÉµ£· Ë¨Î¥¸±¨Ì ¶² ¸É¨´µ±, ¤ ¦¥ ¥¸²¨ ¶µ³¥-
¸É¨ÉÓ ´¥¸±µ²Ó±µ ¸²µ¥¢ ¡Ê³ £¨ ³¥¦¤Ê ËµÉµ£· Ë¨Î¥¸±µ° ¶² ¸É¨´±µ° ¨ ¸µ²ÓÕ
Ê· ´ . �É¨ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ´ ¶¥Î É ´Ò ¢ ´¥¸±µ²Ó±¨Ì ¶Ê¡²¨± Í¨ÖÌ, ¢±²ÕÎ Ö
±´¨£Ê �¤³µ´¤  �¥±±¥·¥²Ö 1868 £. ¨§¤ ´¨Ö [6], ¨§¢¥¸É´µ£µ Ë¨§¨±  ¨ µÉÍ 
�. �¥±±¥·¥²Ö. ‚ Éµ ¢·¥³Ö �. �¥±±¥·¥²Õ ¡Ò²µ 16 ²¥É, É ± ÎÉµ µ´ ³µ£ §´ ÉÓ
·¥§Ê²ÓÉ ÉÒ ¤¥ ‘e´É-‚¨±Éµ· . •µÉÖ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ § ¡ÒÉÒ [7] ¢ ´ Î ²¥
¶·µÏ¥¤Ï¥£µ ¢¥± , É¥³ ´¥ ³¥´¥¥ ¸¥°Î ¸ Ê¦¥ ´  ´¨Ì ¸¸Ò² ÕÉ¸Ö [5,8] ¢ ¸¢Ö§¨ ¸
100-²¥É¨¥³ µÉ±·ÒÉ¨Ö Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨.
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ŒÒ ¶ÒÉ ²¨¸Ó ¶µ´ÖÉÓ, ± ± ¸µ¢¥·Ï ÕÉ¸Ö ¢¥²¨±¨¥ µÉ±·ÒÉ¨Ö. �¡ÒÎ´µ £µ-
¢µ·ÖÉ, ÎÉµ Î¨¸²µ ´ ÊÎ´ÒÌ µÉ±·ÒÉ¨°, ¸µ¢¥·Ï¥´´ÒÌ ¸²ÊÎ °´µ, ´¨ÎÉµ¦´µ ³ ²�µ.
‘¥°Î ¸ ³Ò ¶·¨¢¥²¨ ¶·¨³¥·, ±µ£¤  ´¥¢µ§³µ¦´µ ·¥Ï¨ÉÓ, ¡Ò²µ ²¨ ¢¥²¨Î °-
Ïe¥ µÉ±·ÒÉ¨¥ ËÊ´¤ ³¥´É ²Ó´µ£µ Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  ¸²ÊÎ °´Ò³
¨²¨ ¤¥É¥·³¨´¨·µ¢ ´´Ò³ ¶·µÍ¥¸¸µ³ ¶µ§´ ´¨Ö ¶·¨·µ¤Ò. 	µ ²Õ¡µ° ¶·¨³¥· ´¥
Ö¢²Ö¥É¸Ö ¤µ± § É¥²Ó¸É¢µ³ ± ±µ£µ-Éµ ¶·¨´Í¨¶ . ‘²ÊÎ °´µ Éµ, ¤¥É¥·³¨´¨·µ¢ ´-
´µ¸ÉÓ Î¥£µ ¶µ±  ÎÉµ ³Ò ´¥ ¸³µ£²¨ Ê¸É ´µ¢¨ÉÓ.

�± § ²µ¸Ó, ÎÉµ · ¤¨µ ±É¨¢´Ò¥ Ö¤·  ¨¸¶Ê¸± ÕÉ ¨§²ÊÎ¥´¨¥ É·¥Ì ¢¨¤µ¢: α-,
β- ¨ γ-¨§²ÊÎ¥´¨Ö (¶µ¤·µ¡´µ¸É¨ ¸³., ´ ¶·¨³¥·, ¢ [9Ä11]). �¸´µ¢´µ° § ±µ´
· ¤¨µ ±É¨¢´µ£µ ¶·¥¢· Ð¥´¨Ö § ¶¨¸Ò¢ ¥É¸Ö ¢ ¢¨¤¥

dN

dt
= −λN, N = N0 e−λt, (1.1)

£¤¥ N Å Î¨¸²µ  Éµ³µ¢ ¶·µ¸Éµ£µ · ¤¨µ ±É¨¢´µ£µ ¢¥Ð¥¸É¢ , N0 Å §´ Î¥´¨¥
N ¶·¨ t = 0,   λ Å Ì · ±É¥·´ Ö ¤²Ö ¤ ´´µ£µ ¢¥Ð¥¸É¢  ¶µ¸ÉµÖ´´ Ö, ´ §Ò-
¢ ¥³ Ö ¶µ¸ÉµÖ´´µ° · ¸¶ ¤  ¨²¨ · ¤¨µ ±É¨¢´µ° ¶µ¸ÉµÖ´´µ°. �µ¸ÉµÖ´´ Ö λ
µÉ¢¥É¸É¢¥´´  §  ¢¥·µÖÉ´µ¸ÉÓ ¶·¥¢· Ð¥´¨Ö Ö¤· , µÉ´¥¸¥´´ÊÕ ± ¥¤¨´¨Í¥ ¢·¥-
³¥´¨, ¶·¨ ÔÉµ³ ¢·¥³Ö (¶¥·¨µ¤) ¶µ²Ê· ¸¶ ¤  · ¤¨µ ±É¨¢´µ£µ Ô²¥³¥´Éa

T1/2 =
ln 2
λ

. (1.2)

�Éµ µ§´ Î ¥É, ÎÉµ ¶µ²µ¢¨´  ´ ²¨Î´ÒÌ ³ É¥·¨´¸±¨Ì · ¤¨µ ±É¨¢´ÒÌ Ô²¥³¥´-
Éµ¢ ¶·¥¢· Ð ÕÉ¸Ö ¢ ¤µÎ¥·´¨¥ Ô²¥³¥´ÉÒ ¢¸¥£¤  ¢ µ¤´µ ¨ Éµ ¦¥ ¢·¥³Ö T1/2,
Ì · ±É¥·´µ¥ ¤²Ö ¤ ´´µ£µ Ô²¥³¥´É .

‚ É¥Î¥´¨¥ ¡µ²¥¥ 50 ²¥É ¶µ¸²¥ µÉ±·ÒÉ¨Ö Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨ µ¡-
Ð¥¶·¨´ÖÉÒ³ ¶µ²µ¦¥´¨¥³ ¡Ò²µ ÊÉ¢¥·¦¤¥´¨¥, ÎÉµ ¶µ¸ÉµÖ´´ Ö · ¸¶ ¤  λ ´¥
§ ¢¨¸¨É µÉ ¢¸¥Ì Ë¨§¨Î¥¸±¨Ì ¨ Ì¨³¨Î¥¸±¨Ì Ê¸²µ¢¨° ¨ Ö¢²Ö¥É¸Ö Ì · ±É¥·¨¸É¨-
Î¥¸±µ° ¢¥²¨Î¨´µ°. �µ¸±µ²Ó±Ê Î·¥§¢ÒÎ °´µ ¨´É¥·¥¸´µ ¶·µ¸²¥¤¨ÉÓ §  ¨§³¥´¥-
´¨Ö³¨ ¨´É¥·¶·¥É Í¨¨ ËÊ´¤ ³¥´É ²Ó´µ£µ Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨, ¶·¨¢¥¤¥³
Í¨É ÉÒ ¶ É·¨ ·Ìµ¢ µ¸´µ¢ É¥²¥° Ë¨§¨±¨ · ¤¨µ ±É¨¢´µ¸É¨  Éµ³´ÒÌ Ö¤¥·.

‚ ±² ¸¸¨Î¥¸±µ° ±´¨£¥ �¥§¥·Ëµ·¤ , —Ô¤¢¨±  ¨ �²²¨¸  [12] ÊÉ¢¥·¦¤ ¥É¸Ö,
ÎÉµ ®the value of λ (the decay constant) for any substance is a characteristic
constant independent of all physical and chemical conditions¯.

Œ ·¨Ö ŠÕ·¨ (¸³. [9], ¸. 182, ¶¥·¥¢µ¤ ¸ ¶µ¸²¥¤´¥£µ Ë· ´ÍÊ§¸±µ£µ ¨§¤ ´¨Ö
Mme Pierre Curie, Radioactivite, 1935): ®	 ¨¡µ²¥¥ ¶µ· §¨É¥²Ó´µ° µ¸µ¡¥´-
´µ¸ÉÓÕ · ¤¨µ ±É¨¢´ÒÌ ¶µ¸ÉµÖ´´ÒÌ Ö¢²Ö¥É¸Ö ¨Ì ´¥§ ¢¨¸¨³µ¸ÉÓ µÉ ¢´¥Ï´¨Ì
Ê¸²µ¢¨°. „µ ´ ¸ÉµÖÐ¥£µ ¢·¥³¥´¨ ´¥ µ¡´ ·Ê¦¥´µ ¤µ¸Éµ¢¥·´µ ¸²ÊÎ ¥¢, ¢ ±µ-
Éµ·ÒÌ ¶µ¸ÉµÖ´´Ò¥ · ¸¶ ¤  ¶µ¤¢¥·£ ²¨¸Ó ¡Ò ¢²¨Ö´¨Õ ÔÉ¨Ì Ê¸²µ¢¨°. �µÔÉµ³Ê
¶µ¸ÉµÖ´´Ò¥ · ¸¶ ¤  λ, ± ± ÔÉµ Ê± §Ò¢ ² �Ó¥· ŠÕ·¨, Ö¢²ÖÕÉ¸Ö ÔÉ ²µ´ ³¨
¢·¥³¥´¨¯.

ˆÉ ±, ±² ¸¸¨±¨ Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨ ¤µ± § ²¨ [9,12,13], ÎÉµ ¶µ¸ÉµÖ´-
´Ò¥ · ¸¶ ¤  λ Ö¢²ÖÕÉ¸Ö Ì · ±É¥·´Ò³¨ ±µ´¸É ´É ³¨ ¢¥Ð¥¸É¢ , ´¥¨§³¥´´Ò³¨
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¢µ ¢·¥³¥´¨. �Éµ µ§´ Î ¥É, ÎÉµ ¶µ¸ÉµÖ´´Ò¥ · ¸¶ ¤  · ¤¨µ ±É¨¢´ÒÌ ¢¥Ð¥¸É¢
´¥ § ¢¨¸ÖÉ µÉ ¤ ¢²¥´¨Ö, É¥³¶¥· ÉÊ·Ò, ±µ´Í¥´É· Í¨¨, Ì¨³¨Î¥¸±µ£µ ¸µ¸ÉµÖ´¨Ö
¨ ¢´¥Ï´¨Ì ¶µ²¥°. �¶·¨µ·¨ Ö¸´µ, ÎÉµ ±² ¸¸¨±¨ ¤µ± § ²¨ µ¦¨¤ ¥³Ò° ¨³¨ ·¥-
§Ê²ÓÉ É: µ´¨ ¸Î¨É ²¨, ÎÉµ · ¤¨µ ±É¨¢´Ò° · ¸¶ ¤ ¥¸ÉÓ ¸¢µ°¸É¢µ ¸ ³µ£µ Ö¤·  ¨
§ ¢¨¸¨É Éµ²Ó±µ µÉ ¥£µ ¢´ÊÉ·¥´´¥£µ ¸µ¸ÉµÖ´¨Ö∗,   ²Õ¡µ¥ ¢ÒÏ¥´ §¢ ´´µ¥ ´¨§-
±µÔ´¥·£¥É¨Î¥¸±µ¥ ¢´¥Ï´¥¥ ¢µ§¤¥°¸É¢¨¥ ´  ¢¥Ð¥¸É¢µ ¢Ò§Ò¢ ¥É ¨§³¥´¥´¨¥, ¢
¶¥·¢ÊÕ µÎ¥·¥¤Ó, ¸µ¸ÉµÖ´¨Ö  Éµ³ , ´µ ´¥ Ö¤· .

�Éµ ¤µ¶ÊÐ¥´¨¥ ¢¥¤¥É ± Ô±¸¶µ´¥´Í¨ ²Ó´µ³Ê § ±µ´Ê (1.1) · ¤¨µ ±É¨¢´µ£µ
· ¸¶ ¤  [11]. (‘¥°Î ¸ Ê¦¥ ¸¥·Ó¥§´µ µ¡¸Ê¦¤ ¥É¸Ö ¢µ¶·µ¸ µ ¸ÊÉµÎ´µ° ¨ £µ¤µ¢µ°
¶¥·¨µ¤¨Î´µ¸É¨ ¶µ¸ÉµÖ´´ÒÌ · ¸¶ ¤  λ ¤²Ö ¡¥É - ¨  ²ÓË -· ¤¨µ ±É¨¢´µ¸É¨, ¸³.
´¨¦¥.)

� ¤¨µ ±É¨¢´Ò¥ Ö¤·  ´¥°É· ²Ó´ÒÌ  Éµ³µ¢ ¶µ¤¢¥·£ ²¨ ¢µ§¤¥°¸É¢¨Õ ¢Ò¸µ-
±¨Ì ¨ ´¨§±¨Ì ¤ ¢²¥´¨°, É¥³¶¥· ÉÊ·, ³ £´¨É´ÒÌ ¶µ²¥°, ¶µ³¥Ð ²¨ ¢ Í¥´É·µ-
¡¥¦´Ò¥ ¶µ²Ö ¸ Ê¸±µ·¥´¨¥³, ¶·¥¢µ¸Ìµ¤ÖÐ¨³ g ¢ 20 000 · § Å ¸±µ·µ¸ÉÓ · ¤¨µ-
 ±É¨¢´µ£µ · ¸¶ ¤  ¨§³¥´¨ÉÓ ± ±¨³-´¨¡Ê¤Ó ¢´¥Ï´¨³ ¢µ§¤¥°¸É¢¨¥³ ´¥ Ê¤ ¥É¸Ö,
´ ¡²Õ¤ ¥³Ò¥ ÔËË¥±ÉÒ ³¥´ÓÏ¥ 1% [19]. „¥°¸É¢¨É¥²Ó´µ, É¨¶¨Î´Ò¥ Ô´¥·£µ-
¢Ò¤¥²¥´¨Ö ¶·¨ · ¤¨µ ±É¨¢´µ³ · ¸¶ ¤¥ Ö¤¥· Å ³¨²²¨µ´Ò Ô‚,   ¶·¨ ¸£µ· -
´¨¨ µ·£ ´¨Î¥¸±¨Ì ¢¥Ð¥¸É¢ Å ´¥¸±µ²Ó±µ Ô‚. � §´¨Í  ¢ Ô´¥·£µ¢Ò¤¥²¥´¨ÖÌ
¢ ³¨²²¨µ´Ò · §, É ± ÎÉµ ¢ ¸¢¥É¥ ¸µ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨° ´¥¨§³¥´´µ¸ÉÓ
¸±µ·µ¸É¨ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  µÉ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì ¢´¥Ï´¨Ì ¢µ§¤¥°-
¸É¢¨°, ¸µ¸É ¢²ÖÕÐ¨Ì, ± ± ¶· ¢¨²µ, ¢¥²¨Î¨´Ò µÉ ´¥¸±µ²Ó±¨Ì Ô‚ ¤µ ´¥¸±µ²Ó±µ
±Ô‚, µ¡Ê¸²µ¢²¥´  µ£·µ³´Ò³¨ · §´¨Í ³¨ ³ ¸ÏÉ ¡µ¢ Ô´¥·£¨¨. ‘²¥¤µ¢ É¥²Ó´µ,
¶µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ ¶·¨ É ±¨Ì ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨ÖÌ ´¥ ³µ¦¥É
¶·µ¨¸Ìµ¤¨ÉÓ ¨ É· ´¸³ÊÉ Í¨Ö Ö¤¥·.

‚ ÔÉµ° · ¡µÉ¥ ³Ò ¶µ± §Ò¢ ¥³, ÎÉµ Ìµ²µ¤´Ò° Ö¤¥·´Ò° ¸¨´É¥§ ¨ ´¨§±µ-
Ô´¥·£¥É¨Î¥¸± Ö É· ´¸³ÊÉ Í¨Ö Ö¤¥· ¢µ§³µ¦´Ò ¢ · ³± Ì ¸µ¢·¥³¥´´µ° Ë¨§¨±¨,
¨ ¶·¥¤² £ ¥³ ´µ¢ÊÕ · §´µ¢¨¤´µ¸ÉÓ ¥¸É¥¸É¢¥´´µ° · ¤¨µ ±É¨¢´µ¸É¨. –¥²ÓÕ ´ -
¸ÉµÖÐ¥° · ¡µÉÒ Ö¢²Ö¥É¸Ö ± Î¥¸É¢¥´´Ò°  ´ ²¨§ Ô´¥·£¥É¨Î¥¸±¨ ¸² ¡ÒÌ ¶·µ-
Í¥¸¸µ¢, ¨³¥ÕÐ¨Ì ¢ ¦´µ¥ §´ Î¥´¨¥ ¤²Ö Ë¨§¨±¨,  ¸É·µË¨§¨±¨ ¨ É¥Ì´µ²µ£¨¨
¶¥·¥· ¡µÉ±¨ Ö¤¥·´ÒÌ µÉÌµ¤µ¢, ´µ ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ³ ²µ¨§¢¥¸É´ÒÌ ¨ ´¥-
¤µ¸É ÉµÎ´µ ¶µ¤·µ¡´µ µ¶¨¸ ´´ÒÌ ¢ ´ ÊÎ´µ° ²¨É¥· ÉÊ·¥. ‚ ÔÉµ° · ¡µÉ¥ ³Ò
µ¸µ¡µ¥ ¢´¨³ ´¨¥ µ¡· Ð ¥³ ´  Éµ, ± ± ³¥´ÖÕÉ¸Ö ¸¢µ°¸É¢  Ö¤·  ¢ ´¥°É· ²Ó-
´µ³  Éµ³¥, ¢ Î ¸É¨Î´µ ¨µ´¨§¨·µ¢ ´´o³  Éµ³¥ ¨ ¢ £µ²µ³ Ö¤·¥ Å ¶µ²´µ¸ÉÓÕ
¨µ´¨§¨·µ¢ ´´µ³  Éµ³¥. ŒÒ ¶·¨Ìµ¤¨³ ± ¢Ò¢µ¤Ê µ ¢µ§³µ¦´µ¸É¨ Ê¶· ¢²¥´¨Ö
¸±µ·µ¸ÉÖ³¨ Ö¤¥·´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ.

∗‹Õ¡Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶·µÉ¨¢µ¶µ²µ¦´Ò¥ ¢ÒÏ¥µ¶¨¸ ´´Ò³, ´¥³¥¤²¥´´µ µÉ¢¥·£ ²¨¸Ó [14Ä16].
Œ. ŠÕ·¨ ¨ Š ³¥·²¨´£ �´´¥¸ [17] ¶·¨Ï²¨ ± ¢Ò¢µ¤Ê, ÎÉµ ¶µ¸ÉµÖ´´ Ö · ¸¶ ¤  · ¤¨Ö ³¥´Ö¥É¸Ö ´ 
0,05% ¶·¨ ¨§³¥´¥´¨¨ É¥³¶¥· ÉÊ·Ò µÉ ±µ³´ É´µ° ¤µ ÉµÎ±¨ ±¨¶¥´¨Ö ¦¨¤±µ£µ ¢µ¤µ·µ¤ . �¥§¥·Ëµ·¤
¨ �¥É ¢¥² [18] ¶µ²µ¦¨²¨ Ô³ ´ Í¨Õ · ¤¨Ö ¢´ÊÉ·Ó ¡µ³¡Ò ¸µ ¸É ²Ó´µ° µ¡µ²µÎ±µ°, ¶·¨ ¥¥ ¢§·Ò¢¥
¡Ò²¨ ¤µ¸É¨£´ÊÉÒ É¥³¶¥· ÉÊ·  ¤µ 2500 ◦C ¨ ¤ ¢²¥´¨¥ ¤µ 1000  É³, É¥³ ´¥ ³¥´¥¥ ¨§³¥´¥´¨¥
· ¤¨µ ±É¨¢´µ¸É¨ ´¥ ¡Ò²µ § ³¥Î¥´µ.
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2. ‚‹ˆŸ�ˆ… ‘�‘’�Ÿ�ˆŸ �‹…Š’�����‰ ���‹�—Šˆ �� ‚�…ŒŸ
†ˆ‡�ˆ ��„ˆ��Š’ˆ‚�›• �’�Œ�‚

‚ 1947 £. �. ‘¥£·¥ [20] ¨, ´¥§ ¢¨¸¨³µ µÉ ´¥£µ, �. „µ¤¥²Ó [21] ¶·¥¤¶µ²µ-
¦¨²¨, ÎÉµ ±µ´¸É ´É  · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  ¤²Ö Ö¤¥·, · ¸¶ ¤ ÕÐ¨Ì¸Ö c ¶µ-
£²µÐ¥´¨¥³ µ·¡¨É ²Ó´µ£µ Ô²¥±É·µ´ , ³µ¦¥É ¡ÒÉÓ ¨§³¥´¥´  ¶ÊÉ¥³ ¶µ³¥Ð¥´¨Ö
ÔÉ¨Ì Ö¤¥· ¢ · §²¨Î´Ò¥ Ì¨³¨Î¥¸±¨¥ ¸µ¥¤¨´¥´¨Ö. �´¨ ¶·¥¤²µ¦¨²¨ ¨¸¶µ²Ó§µ-
¢ ÉÓ 7Be ¢ ¢¨¤¥ ³¥É ²²  ¨ Ì¨³¨Î¥¸±µ£µ ¸µ¥¤¨´¥´¨Ö ¨ ¸· ¢´¨ÉÓ ¸µµÉ¢¥É¸É¢ÊÕ-
Ð¨¥ ¢·¥³¥´  ¶µ²Ê· ¸¶ ¤ . „¥²µ ¢ Éµ³, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ P É ±µ£µ · ¸¶ ¤  Ö¤¥·
¶·µ¶µ·Í¨µ´ ²Ó´  ±¢ ¤· ÉÊ ¢µ²´µ¢µ° ËÊ´±Í¨¨ Ô²¥±É·µ´  ¢ ³¥¸É¥ ´ Ìµ¦¤¥´¨Ö
Ö¤· :

P ∝| ψe(R) |2 . (2.1)

�Éµ µ§´ Î ¥É, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ § Ì¢ É  Ö¤·µ³ Ô²¥±É·µ´  µ¶·¥¤¥²Ö¥É¸Ö
¶²µÉ´µ¸ÉÓÕ · ¸¶·¥¤¥²¥´¨Ö Ô²¥±É·µ´µ¢ ¢ Ö¤·¥. �·¥¢· Ð¥´¨Ö ¨ ¸Éµ²±´µ¢¥´¨Ö
Ö¤¥· ¶µÎÉ¨ ¢¸¥£¤  ¸¢Ö§ ´Ò ¸ ´ ·ÊÏ¥´¨¥³ ¸µ¸ÉµÖ´¨° Ô²¥±É·µ´´µ° µ¡µ²µÎ±¨
 Éµ³ . ‘µ¢¥·Ï¥´´µ Ö¸´µ, ÎÉµ Ô²¥±É·µ´´Ò° § Ì¢ É ¨²¨ ¢´ÊÉ·¥´´ÕÕ ±µ´¢¥·-
¸¨Õ γ-²ÊÎ¥° ´¥¢µ§³µ¦´µ ¶·¥¤¸É ¢¨ÉÓ ¸¥¡¥ ¡¥§ ¨µ´¨§ Í¨¨ ¢´ÊÉ·¥´´¨Ì µ¡µ²µ-
Î¥±  Éµ³ . ‚µ§³µ¦´µ ¨¸¶Ê¸± ´¨¥, ¢ ¶·¨´Í¨¶¥, ¨ ¶µ£²µÐ¥´¨¥ γ-±¢ ´Éµ¢ Ö¤·µ³
¡¥§ ¨§³¥´¥´¨Ö ¸µ¸ÉµÖ´¨Ö  Éµ³ . ‚ · ¤¨µ ±É¨¢´ÒÌ ¶·µÍ¥¸¸ Ì (´ ¶·¨³¥·, β- ¨
α-· ¸¶ ¤), ¸¢Ö§ ´´ÒÌ ¸ ¨§³¥´¥´¨¥³ § ·Ö¤  Ö¤· , Ô²¥±É·µ´Ò  Éµ³´µ° µ¡µ²µÎ±¨
¶¥·¥¸É· ¨¢ ÕÉ ¸¢µ¥ ¸µ¸ÉµÖ´¨¥, ¸µµÉ¢¥É¸É¢ÊÕÐ¥¥ ´µ¢µ³Ê § ·Ö¤Ê Ö¤· .

�·¨¢¥¤¥³ Í¨É ÉÊ ¨§ ³µ´µ£· Ë¨¨ ( [22], c. 218): ®‡  ¶µ¸²¥¤´¨¥ ¤¥¸ÖÉÓ ²¥É
¶µ²ÊÎ¥´Ò Ê¡¥¤¨É¥²Ó´Ò¥ ¤µ± § É¥²Ó¸É¢a Éµ£µ, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ É ±¨Ì ¶·µÍ¥¸-
¸µ¢, ± ± Ô²¥±É·µ´´Ò° § Ì¢ É ¨²¨ ¢´ÊÉ·¥´´ÖÖ ±µ´¢¥·¸¨Ö γ-²ÊÎ¥°, § ¢¨¸¨É µÉ
¸µ¸ÉµÖ´¨Ö Ô²¥±É·µ´´ÒÌ µ¡µ²µÎ¥± · ¸¶ ¤ ÕÐ¨Ì¸Ö  Éµ³µ¢. �Éµ£µ ¨ ¸²¥¤µ¢ ²µ
µ¦¨¤ ÉÓ, É ± ± ± ´¥µ¡Ìµ¤¨³Ò³ Ê¸²µ¢¨¥³ ¢µ§³µ¦´µ¸É¨ Ê± § ´´ÒÌ ¶¥·¥Ìµ¤µ¢
Ö¢²Ö¥É¸Ö ´ ²¨Î¨¥  Éµ³´ÒÌ Ô²¥±É·µ´µ¢¯.

‚ · ¡µÉ Ì [23Ä25] ¡Ò²µ ¶·¥¤²µ¦¥´µ · ¸¸³ É·¨¢ ÉÓ Ö¤¥·´Ò¥ ¨ ¸µ¶ÊÉ¸É¢Ê-
ÕÐ¨¥ ¨³  Éµ³´Ò¥ ¶·µÍ¥¸¸Ò ± ± ¥¤¨´Ò° ¶·µÍ¥¸¸, £¤¥ ¡Ò²¨ ¶·µ¢¥¤¥´Ò · ¸Î¥ÉÒ
¤¢¨¦¥´¨Ö β-Î ¸É¨Í ¢ ±µ³¡¨´¨·µ¢ ´´µ³ ¶µ²¥ Ö¤·  ¨  Éµ³´ÒÌ Ô²¥±É·µ´µ¢.
‘É·µ£µ¥ Ë¨§¨Î¥¸±µ¥ ¨ ³ É¥³ É¨Î¥¸±µ¥ ·¥Ï¥´¨¥ ÔÉµ° § ¤ Î¨ ¢¸¥ ¥Ð¥ ´¥ ¶·µ-
¢¥¤¥´µ. �¡§µ· Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ É¥µ·¥É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° µ ¢²¨Ö´¨¨
Ì¨³¨Î¥¸±¨Ì ¨  Éµ³´ÒÌ ¸É·Ê±ÉÊ· ´  ¸±µ·µ¸É¨ Ö¤¥·´ÒÌ ¶·¥¢· Ð¥´¨° ¶·¥¤¸É -
¢²¥´ ¢ · ¡µÉ Ì [19, 22, 26]. Š ¸µ¦ ²¥´¨Õ, ¡µ²¥¥ ¶µ§¤´¨Ì µ¡§µ·´ÒÌ · ¡µÉ ´ 
ÔÉÊ É¥³Ê ³Ò ´¥ ´ Ï²¨.

‚ ± Î¥¸É¢¥ ¶·¨³¥·  · ¸¸³µÉ·¨³ § ¢¨¸¨³µ¸ÉÓ ±µ´¸É ´ÉÒ · ¸¶ ¤  Ö¤·  7Be
µÉ Ì¨³¨Î¥¸±µ£µ ¸µ¥¤¨´¥´¨Ö. ‘µ£² ¸´µ Ëµ·³Ê²¥ (2.1), ¢¥·µÖÉ´µ¸ÉÓ § Ì¢ É 
µ·¡¨É ²Ó´µ£µ Ô²¥±É·µ´  Ö¤·µ³ ¶·µ¶µ·Í¨µ´ ²Ó´  | ψe(R) |2. Šµ£¤  Ö¤·µ ¶µ²-
´µ¸ÉÓÕ µ£µ²¥´µ, ¢¥·µÖÉ´µ¸ÉÓ ¥£µ · ¸¶ ¤  ¸ § Ì¢ Éµ³ Ô²¥±É·µ´  · ¢´  ´Ê²Õ. ‚
¤·Ê£¨Ì ¸²ÊÎ ÖÌ ¢¥·µÖÉ´µ¸ÉÓ § Ì¢ É  ¤ ´´µ£µ Ô²¥±É·µ´  Ö¤·µ³ µ¶·¥¤¥²Ö¥É¸Ö ¥£µ
¢±² ¤µ³ ¢ | ψe(R) |2. „·Ê£¨³¨ ¸²µ¢ ³¨, µ´  ¤µ²¦´  § ¢¨¸¥ÉÓ µÉ Ì¨³¨Î¥¸±µ°
¸É·Ê±ÉÊ·Ò ¸µ¥¤¨´¥´¨° ¨  £·¥£ É´µ£µ ¸µ¸ÉµÖ´¨Ö ¢¥Ð¥¸É¢ .
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‚ · ¡µÉ¥ [22] ÊÉ¢¥·¦¤ ¥É¸Ö, ÎÉµ ¶µ¸ÉµÖ´´ Ö Ô²¥±É·µ´´µ£µ § Ì¢ É  Ö¤·µ³
´¥°É· ²Ó´µ£µ  Éµ³  7Be ¶·¥¢ÒÏ ¥É ¶µ¸ÉµÖ´´ÊÕ · ¸¶ ¤  ¤¢ ¦¤Ò ¨µ´¨§¨·µ-
¢ ´´µ£µ  Éµ³  7Be++ (· ¸Î¥ÉÒ ¶·µ¢¥¤¥´Ò ¢ ¶·¨¡²¨¦¥´¨¨ • ·É·¨)∗:

λ(7Be) − λ(7Be++)
λ(7Be)

= 2,6 · 10−2. (2.2)

„²Ö ¶·µ¢¥·±¨ ÔÉµ£µ ÊÉ¢¥·¦¤¥´¨Ö ´¥µ¡Ìµ¤¨³µ Ì· ´¨ÉÓ ¤µ²£µ¥ ¢·¥³Ö ¤¢ ¦¤Ò
¨µ´¨§¨·µ¢ ´´Ò¥  Éµ³Ò ¡¥·¨²²¨Ö, ÎÉµ ´¥ É ± ¶·µ¸Éµ. ‚ · ¡µÉ Ì [20, 21] ¤²Ö
¸· ¢´¥´¨Ö ±µ´¸É ´É · ¸¶ ¤  ¡¥·¨²²¨Ö ¡Ò²µ ¶·¥¤²µ¦¥´µ ¨¸¶µ²Ó§µ¢ ÉÓ · §²¨Î-
´Ò¥ ¥£µ Ì¨³¨Î¥¸±¨¥ ¸µ¥¤¨´¥´¨Ö. „²Ö ¸· ¢´¥´¨Ö ³ ²ÒÌ · §´µ¸É¥° ±µ´¸É ´É
· ¸¶ ¤  ¤¢ÊÌ ¨¸ÉµÎ´¨±µ¢ �¥§¥·Ëµ·¤ [12] · §· ¡µÉ ² ¶·µ¸Éµ° ³¥Éµ¤: µ´ ¶µ³¥-
Ð ² ¸· ¢´¨¢ ¥³Ò¥ ¨¸ÉµÎ´¨±¨ ¢ ¤¢¥ µ¤¨´ ±µ¢Ò¥, ¸µ¥¤¨´¥´´Ò¥ ³¥¦¤Ê ¸µ¡µ°
± ³¥·Ò ¨ ¶µ ¢¥²¨Î¨´¥ · §´µ¸É¨ Éµ±  µ¶·¥¤¥²Ö² ∆λ.

	¨¦¥ ¢ É ¡². 1 ¶·¨¢¥¤¥´Ò Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ±µ´¸É ´É · ¸¶ ¤ 
¤²Ö 7Be ¢ · §²¨Î´ÒÌ Ì¨³¨Î¥¸±¨Ì ¸µ¥¤¨´¥´¨ÖÌ. ˆ§³¥·¥´¨Ö ¶·µ¢µ¤¨²¨¸Ó ¶µ
³¥Éµ¤Ê �¥§¥·Ëµ·¤  [12]. ˆÉ ±, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¶µ¤É¢¥·¦¤ ÕÉ
µ¦¨¤ ´¨¥, ÎÉµ ±µ´¸É ´É  · ¸¶ ¤  ³¥É ²²¨Î¥¸±µ£µ ¡¥·¨²²¨Ö ¡µ²ÓÏ¥, Î¥³ ±µ´-
¸É ´É  · ¸¶ ¤  ¡¥·¨²²¨Ö ¢ Ì¨³¨Î¥¸±¨Ì ¸µ¥¤¨´¥´¨ÖÌ, ¶·¨ ÔÉµ³ ±µ´¸É ´É  · ¸-
¶ ¤  Ö¤·  § ¢¨¸¨É µÉ ¸É¥¶¥´¨ ¨µ´¨§ Í¨¨  Éµ³ :

λ(Be) > λ(BeO) > λ(BeF2), λ(Be) > λ(Be+) > λ(Be++).

‚ÒÎ¨¸²¥´´Ò¥ §´ Î¥´¨Ö ∆λ µÉ²¨Î ÕÉ¸Ö µÉ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ´  ¶µ·Ö-
¤µ± (¸³. Ëµ·³Ê²Ê (2.2) ¨ É ¡². 1). ‚ µ¡§µ·´ÒÌ · ¡µÉ Ì [19, 22, 26, 33Ä36]
¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ³´µ£µÎ¨¸²¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨Ö µ
¢²¨Ö´¨¨ Ì¨³¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· (¨µ´¨§ Í¨¨) ´  ±µ´¸É ´ÉÒ · ¸¶ ¤  ¤²Ö Ô²¥±É·µ-
´µ¢ ¢´ÊÉ·¥´´¥° ±µ´¢¥·¸¨¨ ¨ ¤²Ö § Ì¢ É  Ô²¥±É·µ´µ¢ Ö¤· ³¨ ¨ ¢ µ¡Ð¥³ É ±µ¥
¢²¨Ö´¨¥ ¶·¥´¥¡·¥¦¨³µ ³ ²µ (∆λ/λ ≈ 0, 1 %)∗∗. �¤´ ±µ ¸²¥¤Ê¥É ¶µ³´¨ÉÓ,
ÎÉµ ¨§³¥´¥´¨¥ ¸±µ·µ¸É¨ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  µ¡Ê¸²µ¢²¥´µ ´¥ Éµ²Ó±µ ¨§-
³¥´¥´¨¥³ ¸É¥¶¥´¨ ¨µ´¨§ Í¨¨, ´µ É ±¦¥ ¨§³¥´¥´¨¥³  £·¥£ É´µ£µ ¸µ¸ÉµÖ´¨Ö
¢¥Ð¥¸É¢ , µ¸µ¡¥´´µ¸ÉÖ³¨ ±·¨¸É ²²¨Î¥¸±µ° ¸É·Ê±ÉÊ·Ò ¨ É.¶.

�¦¨¤ ²µ¸Ó, ÎÉµ γ-¶¥·¥Ìµ¤Ò ¢ Ö¤·¥ ¤µ²¦´Ò ¡ÒÉÓ ÎÊ¢¸É¢¨É¥²Ó´Ò ± ¶·¨¸ÊÉ-
¸É¢¨Õ Ô²¥±É·µ´µ¢  Éµ³ . ’¨¶¨Î´Ò¥ ·¥§Ê²ÓÉ ÉÒ [38,39] ¤²Ö 44 ±Ô‚ E2 238Pu
¨ 18,5 ±Ô‚ E3 124Sb · ¢´Ò 0,04 ¨ 0,017 % ¸µµÉ¢¥É¸É¢¥´´µ.

∗Ÿ¤·µ ¨§µÉµ¶  7Be · ¸¶ ¤ ¥É¸Ö c ¶µ£²µÐ¥´¨¥³ Ô²¥±É·µ´  ¨ ¨§²ÊÎ¥´¨¥³ ´¥°É·¨´µ ¸ ¶¥·¨-
µ¤µ³ ¶µ²Ê· ¸¶ ¤  T1/2 = 53,5 ¸ÊÉ, ¶·¨Î¥³ 90% · ¸¶ ¤  ¨¤¥É ´  µ¸´µ¢´µ¥ ¸µ¸ÉµÖ´¨¥ 7Li ¨

10% ´  ¢µ§¡Ê¦¤¥´´µ¥ ¸µ¸ÉµÖ´¨¥ 7Li, ±µÉµ·µ¥ · ¸¶ ¤ ¥É¸Ö ¸ ¨¸¶Ê¸± ´¨¥³ γ-±¢ ´É  ¸ Ô´¥·£¨¥°
478 ±Ô‚.

∗∗�¤´ ±µ ´ ¡²Õ¤ eÉ¸Ö ¨´µ£¤  ¨ § ³¥É´µ¥ ¢²¨Ö´¨¥ Ì¨³¨Î¥¸±¨Ì ¸É·Ê±ÉÊ· ´  ±µ´¸É ´ÉÒ · ¸-
¶ ¤ . 	 ¶·¨³¥·, ¢ · ¡µÉ¥ [37] ¨¸¸²¥¤µ¢ ²¸Ö · ¸¶ ¤ (T1/2 = 24 ¸) ¨§µ³¥·  90mNb, Ô´¥·£¨Ö
¶¥·¥Ìµ¤  ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ µ¸´µ¢´µ¥ ≈ 0,2 ±Ô‚ ¨²¨ < 2 ±Ô‚. ‚´ÊÉ·¥´´ÖÖ ±µ´¢¥·¸¨Ö
¶·µ¨¸Ìµ¤¨É ¢ N - ¨ O-µ¡µ²µÎ± Ì, ±µÉµ· Ö ¨§³¥´Ö¥É¸Ö Ì¨³¨Î¥¸±µ° ¸É·Ê±ÉÊ·µ° ´  3,6%.
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’ ¡²¨Í  1. ˆ§³¥·¥´´Ò¥ ±µ´¸É ´ÉÒ · ¸¶ ¤  7Be ¢ · §²¨Î´ÒÌ Ì¨³¨Î¥¸±¨Ì ¸µ¥¤¨´¥-
´¨ÖÌ

ˆ¸Ìµ¤´Ò¥ ¶ ·Ò ‘¸Ò²±a �¥§Ê²ÓÉ É (×10−3λ)

λ(Be) − λ(BeO) [27] 0,15 ± 0,09

[29] 0,131 ± 0,05

λ(BeO) − λ(BeF2) [28] 0,69 ± 0,03

[29] 0,609 ± 0,055a

[32] 0,130 ± 0,58b

λ(Be) − λ(BeFe2) [29] 0,741 ± 0,047a

[30] 1,2 ± 0,1b

λ(BeS) − λ(Be) [31] 0,53 ± 0,06

λ(BeO) − λ(BeBr2) [32] 1,472 ± 0,053

λ(BeO) − λ(Be(C5H5)2) [32] 0,795 ± 0,074

λ(Be2+(OH2)4) − λ(BeO) [32] 0,374 ± 0,077

λ(Be4O(CH3COO)6) − λ(BeO) [32] 0,724 ± 0,057

λ(Be2+(OH2)4) − λ(Be(C5H5)2)2) [32] 1,169 ± 0,106

λ(Be4O(CH3COO)6) − λ(BeF2) [32] 1,852 ± 0,082b

�·¨³¥Î ´¨¥: aBeF2 ¢ £¥±¸ £µ´ ²Ó´µ° Ëµ·³¥;
bBeF2 ¢  ³µ·Ë´µ° Ëµ·³¥.

ˆ ´ ±µ´¥Í, �. ‘¶¥±Éµ· [40] ¶·¨Ìµ¤¨É ± ¢Ò¢µ¤Ê, ÎÉµ ¸ÊÐ¥¸É¢ÊÕÐ¨¥ Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ´¥ ¤ ÕÉ ¤µ¸É ÉµÎ´ÒÌ µ¸´µ¢ ´¨° ¤²Ö ¶·¥¤¶µ²µ¦¥´¨Ö
µ ¶µ¸ÉµÖ´¸É¢¥ ±µ´¸É ´ÉÒ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  ¢ § ¢¨¸¨³µ¸É¨ µÉ ¢·¥³¥´¨.

‚ ÔÉµ³ · §¤¥²¥ ³Ò ¶·¥¤¸É ¢¨²¨ ±· É±¨° µ¡§µ· (¶¥·¨µ¤ 1896Ä1970 ££.)
µ¸´µ¢´ÒÌ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° § ¢¨¸¨³µ¸É¨ ±µ´-
¸É ´ÉÒ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  λ µÉ Ë¨§¨±µ-Ì¨³¨Î¥¸±¨Ì Ê¸²µ¢¨°.

‚ Ê± § ´´Ò° ¶¥·¨µ¤ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¢µ§³µ¦´µ¸É¨ ¡Ò²¨ É ±µ¢Ò, ÎÉµ
¸É¥¶¥´Ó ¨µ´¨§ Í¨¨  Éµ³µ¢ µ¶·¥¤¥²Ö² ¸Ó ¢ ²¥´É´µ¸ÉÓÕ  Éµ³µ¢, É. ¥. ¥¥ ³ ±-
¸¨³ ²Ó´µ¥ §´ Î¥´¨¥ ³µ£²µ ¡ÒÉÓ 7+, ÎÉµ ´ ±² ¤Ò¢ ²µ ¸¥·Ó¥§´Ò¥ µ£· ´¨Î¥´¨Ö
´  Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö. ˜¥¸É¨¤¥¸ÖÉÒ¥ £µ¤Ò ¸É ²¨ ¸¢¨¤¥É¥²Ö³¨
µÉ±·ÒÉ¨Ö ³´µ£¨Ì ´µ¢ÒÌ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í, ÎÉµ ¶·¨¢¥²µ ± µÉÉµ±Ê ³´µ-
£¨Ì ÊÎ¥´ÒÌ ¢ ÔÉÊ µ¡² ¸ÉÓ ¨¸¸²¥¤µ¢ ´¨° ¨ ¸¢¥·ÉÒ¢ ´¨Õ · ¡µÉ ¶µ Ö¤¥·´Ò³
¶·µÍ¥¸¸ ³ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ. ‚ ¨¸Éµ·¨¨ Ë¨§¨±¨ Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í
¢Ò¸µ± Ö Ô´¥·£¨Ö ¸É ´µ¢¨² ¸Ó ±²ÕÎµ³ ± ´µ¢Ò³ µÉ±·ÒÉ¨Ö³, ¶µÔÉµ³Ê ´ Î ²µ¸Ó
¸É·µ¨É¥²Ó¸É¢µ ¤µ·µ£¨Ì Ê¸±µ·¨É¥²¥° ¤²Ö Ê¸±µ·¥´¨Ö Î ¸É¨Í ¤µ ¸¢¥·Ì¢Ò¸µ±¨Ì
Ô´¥·£¨° ¨ ¸µµÉ¢¥É¸É¢ÊÕÐ¥°  ¶¶ · ÉÊ·Ò.
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�É³¥É¨³, ÎÉµ Ë¨§¨±  Î ¸É¨Í µ¸´µ¢ ´  ´  ¨¸¶µ²Ó§µ¢ ´¨¨ Ê¸±µ·¨É¥²¥°, É. ¥.
¨¸¸²¥¤Ê¥É¸Ö ¢§ ¨³µ¤¥°¸É¢¨¥ Î ¸É¨Í ¢ ¢ ±ÊÊ³¥, É ± ÎÉµ ¢²¨Ö´¨¥ µ±·Ê¦ ÕÐ¥°
¸·¥¤Ò §¤¥¸Ó ¸¢¥¤¥´µ ± ³¨´¨³Ê³Ê.

�µ²ÓÏ¨´¸É¢µ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¶·µ-
¢µ¤ÖÉ¸Ö ´  ³¨´¨ ÉÕ·´ÒÌ ¤¥Ï¥¢ÒÌ Ê¸É ´µ¢± Ì, ±µ£¤  ´¥¡µ²ÓÏ Ö £·Ê¶¶  ÊÎ¥-
´ÒÌ ¸ ³¨ ¸µ¡¨· ÕÉ ¸¢µÕ Ê¸É ´µ¢±Ê ¨ ¸ ³¨ ¦¥ ¶·µ¢µ¤ÖÉ ´  ´¥° ¸¢µ¨ ¨¸¸²¥¤µ-
¢ ´¨Ö, ± ± ÔÉµ ¡Ò²µ ¢ 18 ¢¥±¥ ¨ ¢ ´ Î ²¥ 19 ¢¥± , ´µ ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³ ±µ³-
¶ÓÕÉ¥·µ¢ ¨ ¤µ¸É¨¦¥´¨° ¸µ¢·¥³¥´´ÒÌ É¥Ì´µ²µ£¨°. �Éµ ¶·¨¢µ¤¨É ± ¤µ¸É¨¦¥-
´¨Õ ¢Ò¸µ±¨Ì ÉµÎ´µ¸É¥° ¨§³¥·¥´¨° ¨ ´µ¢µ° Ë¨§¨±¥. Š ± ¶·¨³¥· · ¸¸³µÉ·¨³
β-· ¸¶ ¤ 187Re [41]. ‚ ¨§³¥·¥´¨ÖÌ ¸ ²ÊÎÏ¨³ · §·¥Ï¥´¨¥³ ¶·µÖ¢²Ö¥É¸Ö ¶¥·¨-
µ¤¨Î¥¸± Ö ¸É·Ê±ÉÊ· , ¸¢Ö§ ´´ Ö ¸ ±·¨¸É ²²¨Î¥¸±µ° ¸É·Ê±ÉÊ·µ° 187Re. ˆÉ ±,
Ö¤·µ +  Éµ³ + ±·¨¸É ²² 187Re §¤¥¸Ó ¢Ò¸ÉÊ¶ ÕÉ ± ± ¥¤¨´µ¥ Í¥²µ¥.

3. ®Œ�Š��‘Š��ˆ—…‘Š�… Š‚��’�‚��ˆ…¯

‚ ÔÉµ³ · §¤¥²¥ ³Ò ±· É±µ ¨§²µ¦¨³ ´¥µ¡ÒÎ´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶µ²ÊÎ¥´´Ò¥
¢ ² ¡µ· Éµ·¨¨ ‘. �. ˜´µ²Ö ´  ¶·µÉÖ¦¥´¨¨ ¡µ²¥¥ Î¥³ 40 ²¥É [42Ä46]. �¢-
Éµ·Ò ¨¸¸²¥¤µ¢ ²¨ µ¡Ð¨¥ § ±µ´µ³¥·´µ¸É¨ · ¸¶·¥¤¥²¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥-
´¨Ö · §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ ¨ ¶·¨Ï²¨ ± ¢Ò¢µ¤Ê, ÎÉµ ¸ÊÐ¥¸É¢Ê¥É ®³ ±·µ¸±µ¶¨-
Î¥¸±µ¥ ±¢ ´Éµ¢ ´¨¥¯ ¨§³¥·Ö¥³ÒÌ ¸²ÊÎ °´ÒÌ ¢¥²¨Î¨´ ´¥§ ¢¨¸¨³µ µÉ ³¥Éµ¤µ¢
¨§³¥·¥´¨Ö ¨ ¤²Ö ¶·µÍ¥¸¸µ¢ ¶·¨´Í¨¶¨ ²Ó´µ · §´µ° Ë¨§¨Î¥¸±µ° ¶·¨·µ¤Ò [46]:

®�·¨ ²Õ¡ÒÌ ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ ¨§³¥·¥´¨ÖÌ ¶·µÍ¥¸¸µ¢ ²Õ¡µ° ¶·¨·µ¤Ò
¢¸²¥¤¸É¢¨¥ Ë²Ê±ÉÊ Í¨° ¶µ²ÊÎ ÕÉ ¶µ¸²¥¤µ¢ É¥²Ó´µ¸ÉÓ ¤¨¸±·¥É´ÒÌ ¢¥²¨Î¨´.
	¥±µÉµ·Ò¥ ¨§ ÔÉ¨Ì ¢¥²¨Î¨´ ¢¸É·¥Î ÕÉ¸Ö ¸ÊÐ¥¸É¢¥´´µ Î Ð¥ ¤·Ê£¨Ì Å ´ ¡²Õ-
¤ ÕÉ¸Ö · §·¥Ï¥´´Ò¥ ¨ § ¶·¥Ð¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö ³ ±·µ¸±µ¶¨Î¥¸±¨Ì µ¡Ñ¥±Éµ¢.
	  ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì £¨¸Éµ£· ³³ Ì ¢¨¤´Ò Ô±¸É·¥³Ê³Ò Å ¶¨±¨ ¨ ¢¶ ¤¨´Ò.
”µ·³  ¸¶¥±É·  · §·¥Ï¥´´ÒÌ ¨ § ¶·¥Ð¥´´ÒÌ ¸µ¸ÉµÖ´¨° Å µÉ´µ¸¨É¥²Ó´Ò¥
¢¥²¨Î¨´Ò · ¸¸ÉµÖ´¨° ³¥¦¤Ê Ê·µ¢´Ö³¨, ¸É¥¶¥´Ó ¨Ì § ¸¥²¥´´µ¸É¨ Å ¸Ìµ¤´  ¢
± ¦¤Ò° ³µ³¥´É ¤²Ö ¶·µÍ¥¸¸µ¢ · §´µ° ¶·¨·µ¤Ò ¨ ¨§³¥´Ö¥É¸Ö ¸ ¢Ò¸µ±µ° ¢¥·µ-
ÖÉ´µ¸ÉÓÕ ¢ · §´ÒÌ ¶·µÍ¥¸¸ Ì, ¢ Éµ³ Î¨¸²¥ ¶·¨ ¡µ²ÓÏ¨Ì · ¸¸ÉµÖ´¨ÖÌ ³¥¦¤Ê
² ¡µ· Éµ·¨Ö³¨. ‘ÊÐ¥¸É¢Ê¥É ¢·¥³Ö ¦¨§´¨ ¤ ´´µ° Ëµ·³Ò £¨¸Éµ£· ³³ Å ¢
·Ö¤Ê ¶µ¸²¥¤µ¢ É¥²Ó´ÒÌ £¨¸Éµ£· ³³ ¸ ´ ¨¡µ²ÓÏ¥° ¢¥·µÖÉ´µ¸ÉÓÕ ¤ ´´ Ö £¨¸Éµ-
£· ³³  ¸Ìµ¤´  ¸ ¡²¨¦ °Ï¨³¨ ¸µ¸¥¤´¨³¨ £¨¸Éµ£· ³³ ³¨. ”µ·³Ò £¨¸Éµ£· ³³
¸ ¢Ò¸µ±µ° ¢¥·µÖÉ´µ¸ÉÓÕ ¶µ¢Éµ·ÖÕÉ¸Ö ¸ ¶¥·¨µ¤µ³ 24 Î ¸ , µ±µ²µ 27 ¸ÊÉµ±,
µ±µ²µ 365 ¸ÊÉµ±. ‚¸¥ ÔÉµ (§ ±µ´µ³¥·´µ¥ ¨§³¥´¥´¨¥ Ëµ·³Ò ¶µ¸²¥¤µ¢ É¥²Ó-
´ÒÌ ¢µ ¢·¥³¥´¨ £¨¸Éµ£· ³³, ¨Ì ¸Ìµ¤¸É¢µ ¶·¨ µ¤´µ¢·¥³¥´´ÒÌ ´¥§ ¢¨¸¨³ÒÌ
¨§³¥·¥´¨ÖÌ ¶·µÍ¥¸¸µ¢ · §´µ° ¶·¨·µ¤Ò, ¢ Éµ³ Î¨¸²¥ ¢ · §´ÒÌ £¥µ£· Ë¨Î¥¸±¨Ì
¶Ê´±É Ì) ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ¸ÊÐ¥¸É¢µ¢ ´¨¨ ¢¥¸Ó³  µ¡Ð¥° ±µ¸³µË¨§¨Î¥¸±µ°
(±µ¸³µ£µ´¨Î¥¸±µ°) ¶·¨Î¨´Ò µ¡¸Ê¦¤ ¥³µ£µ Ë¥´µ³¥´ ¯.

�µ  ´ ²µ£¨¨ ³µ¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¶µ¸ÉµÖ´´Ò¥ · ¤¨µ ±É¨¢´µ£µ · ¸-
¶ ¤  ´¥ Ö¢²ÖÕÉ¸Ö ÔÉ ²µ´ ³¨ ¢·¥³¥´¨ ¢µ¶·¥±¨ £¨¶µÉ¥§¥ �Ó¥·  ŠÕ·¨.
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	Ê¦´µ ¶·¨§´ ÉÓ, ÎÉµ ¢¸¥ ¥Ð¥ ·¥§Ê²ÓÉ ÉÒ £·Ê¶¶Ò ‘. �. ˜´µ²Ö ³ ²µ ¨§-
¢¥¸É´Ò Ë¨§¨± ³, µ´¨ Ê´¨± ²Ó´Ò ¢ Éµ³ ¸³Ò¸²¥, ÎÉµ ¤·Ê£¨Ì · ¡µÉ ´  ÔÉÊ É¥³Ê
³Ò ´¥ ´ Ï²¨ ¨ ´¥É ´¨± ±¨Ì µ¡ÑÖ¸´¥´¨° ¨²¨ £¨¶µÉ¥§.

�·¨¢¥¤¥³ § ±²ÕÎ¥´¨¥ ·¥Í¥´§¥´É  µ¡¸Ê¦¤ ¥³µ° ¸É ÉÓ¨ „. ‘. —¥·´ ¢¸±µ£µ
[47]:

®�É¸Õ¤  ¸²¥¤ÊÕÉ ¤¢  ¢Ò¢µ¤ :
1. ƒ¨¸Éµ£· ³³Ò ‘. �. ˜´µ²Ö ¸µ¤¥·¦ É ´µ¢ÊÕ ¨´Ëµ·³ Í¨Õ µ Ì · ±É¥·¥

¸²ÊÎ °´µ£µ ¶·µÍ¥¸¸ , µ ±µÉµ·µ° · ´ÓÏ¥ ´¨±Éµ ´¥ § ¤Ê³Ò¢ ²¸Ö.
2. �µ¸ÉÊ² É ¨§³¥·¥´¨Ö ¢ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥, ¶µ ³¥´ÓÏ¥° ³¥·¥, ´¥ ¶µ-

²µ´. „¥°¸É¢¨É¥²Ó´µ, ±µ£¤  ³Ò £µ¢µ·¨³, ÎÉµ α-· ¸¶ ¤ ¶·µ¨¸Ìµ¤¨É ¸²ÊÎ °´µ,
É ±, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ § ¸É ÉÓ ¨ É. ¤., ´¥µ¡Ìµ¤¨³µ ÊÉµÎ´¨ÉÓ, ± ±µ£µ Ì · ±É¥· 
ÔÉ  ¸²ÊÎ °´µ¸ÉÓ ¨ ± ±µ£µ É¨¶  Ì µ¸ ²¥¦¨É ¢ ¥¥ µ¸´µ¢¥. �¥§ ÔÉµ£µ ÊÉµÎ´¥´¨Ö
³Ò É¥·Ö¥³ ¢µ§³µ¦´µ¸ÉÓ ¶·¥¤¸± §Ò¢ ÉÓ ·Ö¤ ´ ¡²Õ¤ ¥³ÒÌ Ö¢²¥´¨°.

�É¸Õ¤  Ö¸´µ §´ Î¥´¨¥ ¶¥·¢µ£µ Ö¢²¥´¨Ö, µ¶¨¸ ´´µ£µ ¢ ¸É ÉÓ¥.
‚Éµ·µ¥ Ö¢²¥´¨¥ ¸¢Ö§ ´µ ¸ ¶¥·¨µ¤¨Î¥¸±¨³ ¨§³¥´¥´¨¥³ Éµ´±µ° ¸É·Ê±ÉÊ·Ò

£¨¸Éµ£· ³³. �µ± § ´µ, ÎÉµ Éµ´±¨¥ ¸É·Ê±ÉÊ·Ò £¨¸Éµ£· ³³ ¢¥¸Ó³  · §²¨Î´ÒÌ
¶·µÍ¥¸¸µ¢ (Ë¨§¨Î¥¸±¨Ì, Ì¨³¨Î¥¸±¨Ì, ¡¨µ²µ£¨Î¥¸±¨Ì ¨ É.¤.) ‘•�„	› ¤·Ê£
¸ ¤·Ê£µ³ ¨ ¨§³¥´ÖÕÉ¸Ö ‘ˆ	•��		� (¢Ò¤¥²¥´µ ´ ³¨). �µ²¥¥ Éµ£µ, ¨Ì ¶¥-
·¨µ¤¨Î¥¸±¨¥ ¨§³¥´¥´¨Ö ±µ··¥²¨·ÊÕÉ ¸ ¨§³¥´¥´¨Ö³¨ ¢ Cµ²´¥Î´µ° ¸¨¸É¥³¥
´ Ï¥° ƒ ² ±É¨±¨ ¨, ¢µ§³µ¦´µ, ¢ ´ Ï¥° B¸¥²¥´´µ°∗. „²Ö µÍ¥´±¨ §´ Î¥´¨Ö
ÔÉµ£µ Ö¢²¥´¨Ö ´¥µ¡Ìµ¤¨³µ ¸¶¥·¢  · §µ¡· ÉÓ¸Ö ¢ ¶·¨Î¨´ Ì ¨ ³¥Ì ´¨§³¥ ¢µ§-
´¨±´µ¢¥´¨Ö ¶¥·¢µ£µ Ö¢²¥´¨Ö¯.

‡ ³¥É¨³, ÎÉµ ¢ · ¡µÉ Ì ‘. �. ˜´µ²Ö ·¥ÎÓ Ï²  µ ¸²ÊÎ °´ÒÌ ¶·µÍ¥¸¸ Ì
¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ (µÉ ¤µ²¥° Ô‚ ¤µ ´¥¸±µ²Ó±¨Ì ŒÔB) ¨ µ¡ µÉ±·ÒÉ¨¨ · ´¥¥
´¥¨§¢¥¸É´µ£µ Ö¢²¥´¨Ö ³ ±·µ±¢ ´Éµ¢ ´¨Ö ¢µ ¢·¥³¥´¨ ¸ ¶¥·¨µ¤µ³ 24 Î ¸ , 27
¨ 365 ¸ÊÉµ± ¶·¨ µ¤´µ¢·¥³¥´´ÒÌ ´¥§ ¢¨¸¨³ÒÌ ¨§³¥·¥´¨ÖÌ ¶·µÍ¥¸¸µ¢ · §´µ°
¶·¨·µ¤Ò, ¶·¨Î¥³ Éµ´±¨¥ ¸É·Ê±ÉÊ·Ò £¨¸Éµ£· ³³ ¶µ¤µ¡´Ò ¨ ¨§³¥´ÖÕÉ¸Ö ¸¨´-
Ì·µ´´µ. �¡¸µ²ÕÉ´Ò¥ · ¸¸ÉµÖ´¨Ö (¢ ¥¤¨´¨Í Ì ¨§³¥·Ö¥³ÒÌ ¶ · ³¥É·µ¢ · §´ÒÌ
¶·µÍ¥¸¸µ¢) ³µ£ÊÉ ¨§³¥´ÖÉÓ¸Ö ¸ ¸µÌ· ´¥´¨¥³ ¶µ¤µ¡¨Ö Ëµ·³Ò ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì
£¨¸Éµ£· ³³, ¤·Ê£¨³¨ ¸²µ¢ ³¨, Ëµ·³  £¨¸Éµ£· ³³ ¨´¢ ·¨ ´É´ .

	¨¦¥ ³Ò ¶·¥¤¸É ¢¨³ ·¥§Ê²ÓÉ ÉÒ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨° Ö¤¥·-
´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ, £¤¥ ·µ²Ó ¸·¥¤Ò ¨ ·¥§µ´ ´¸´Ò¥ ÔËË¥±ÉÒ
¸·¥¤Ò ¨ Ö¤· ,   É ±¦¥ β-· ¸¶ ¤ ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö  Éµ³  Ö¢²ÖÕÉ¸Ö ¤µ³¨-
´¨·ÊÕÐ¨³¨ ¨´£·¥¤¨¥´É ³¨ ¨§ÊÎ ¥³ÒÌ ¶·µÍ¥¸¸µ¢.

4. •�‹�„�›‰ Ÿ„…��›‰ ‘ˆ�’…‡

‘ÊÐ¥¸É¢Ê¥É ¥Ð¥ µ¤´µ ´ ¶· ¢²¥´¨¥ Ö¤¥·´µ£µ ¸¨´É¥§  Å Ö¤¥·´Ò° ¸¨´É¥§ ¢
µÉ¸ÊÉ¸É¢¨¥ ¢Ò¸µ±µÔ´¥·£¥É¨Î¥¸±¨Ì ¢µ§¤¥°¸É¢¨°. �µ-¢¨¤¨³µ³Ê, ¶¥·¢µ¥ ´ ¡²Õ-

∗�Éµ ¨ ¥¸ÉÓ ¶·µÖ¢²¥´¨¥ Ê´¨¢¥·¸ ²Ó´µ£µ ¶·¨´Í¨¶  ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¨, ¸³. ´¨¦¥.
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¤¥´¨¥ µ¡· §µ¢ ´¨Ö £¥²¨Ö ¨§ ¢µ¤µ·µ¤  Ô²¥±É·µÌ¨³¨Î¥¸±¨³ ¶ÊÉ¥³ ¢ ´ £·¥Éµ°
± ¶¨²²Ö·´µ° É·Ê¡±¥ ¶ ²² ¤¨Ö ¶·µ¨§µÏ²µ ¢ 1926 £. [48]. �¢Éµ·Ò ÔÉµ° · ¡µÉÒ
¡Ò²¨ Ì¨³¨± ³¨ ¨ ´¥ ¸³µ£²¨ ¶·¥µ¤µ²¥ÉÓ  É³µ¸Ë¥·Ê ¶µ²´µ£µ µÉ·¨Í ´¨Ö ¨ ´¥-
¶·¨§´ ´¨Ö ·¥§Ê²ÓÉ Éµ¢ ¸¢µ¨Ì ¨¸¸²¥¤µ¢ ´¨° ¢¥¤ÊÐ¨³¨ Ë¨§¨± ³¨ Éµ£µ ¢·¥³¥´¨.
�´¨ ´¥ ¸³µ£²¨ µ¡µ¸´µ¢ ÉÓ ¨Ì ·¥ ²Ó´µ¸ÉÓ, ¨ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ § Î¨¸²¥´Ò
¢ · §·Ö¤ µÏ¨¡µÎ´ÒÌ ¨ § ¡ÒÉÒ.

�µ²´µ¥ § É¨ÏÓ¥ ¶·µ¤µ²¦ ²µ¸Ó 60 ²¥É. ‚ 1986 ¨ 1989 ££. ¡Ò²¨ µ¶Ê-
¡²¨±µ¢ ´Ò · ¡µÉÒ [49Ä52], ¢ ±µÉµ·ÒÌ ¸µµ¡Ð ²µ¸Ó µ ´ ¡²Õ¤¥´¨¨ ´¥¡µ²ÓÏµ°
Ô³¨¸¸¨¨ ´¥°É·µ´µ¢ ¶·¨ ³¥Ì ´¨Î¥¸±µ³ ¢µ§¤¥°¸É¢¨¨ ´  ±·¨¸É ²²Ò, ¸µ¤¥·¦ -
Ð¨¥ ¤¥°É¥·¨°. ‚ · ¡µÉ¥ [49] ´¥¡µ²ÓÏµ¥ ¨§²ÊÎ¥´¨¥ ´¥°É·µ´µ¢ ´ ¡²Õ¤ ²µ¸Ó
¶·¨ Ê¤ ·´µ³ · §·ÊÏ¥´¨¨ ³µ´µ±·¨¸É ²²µ¢ LiD, ¶·¨ ¶² ¸É¨Î¥¸±µ° ¤¥Ëµ·³ -
Í¨¨ ¶µ¤ ¤ ¢²¥´¨¥³ ¸µ¤¥·¦ Ð¨Ì ¤¥°É¥·¨° É¢¥·¤ÒÌ É¥² [51], ¶·¨ ¨§³¥´¥´¨¨
É¥³¶¥· ÉÊ·Ò ¨ ¶·¨ Ë §µ¢ÒÌ ¶¥·¥Ìµ¤ Ì ¢ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ Ì [52]. ˆ
Ë¨§¨Î¥¸±µ¥ ¸µµ¡Ð¥¸É¢µ ¸´µ¢  ´¥ µ¡· É¨²µ ¢´¨³ ´¨Ö ´  ÔÉ¨ · ¡µÉÒ.

�¦¨µÉ ¦´Ò° ¢§·Ò¢ ¨´É¥·¥¸  ¢µ§´¨± ¶µ¸²¥ Éµ£µ, ± ± Œ. ”²¥°Ï³ ´ ¨
‘. �µ´¸ ´  ¶·¥¸¸-±µ´Ë¥·¥´Í¨¨ 23 ³ ·É  1989 £. ¸µµ¡Ð¨²¨ µ¡ µ¡´ ·Ê¦¥-
´¨¨ ¨³¨ ´µ¢µ£µ Ö¢²¥´¨Ö ¢ ´ Ê±¥, ¨§¢¥¸É´µ£µ ¸¥°Î ¸ ± ± Ìµ²µ¤´Ò° Ö¤¥·´Ò°
¸¨´É¥§ ¶·¨ ±µ³´ É´µ° É¥³¶¥· ÉÊ·¥ [53]. �´¨ Ô²¥±É·µ²¨É¨Î¥¸±¨³ ¶ÊÉ¥³ ´ -
¸ÒÐ ²¨ ¶ ²² ¤¨° ¤¥°É¥·¨¥³ Å Ô²¥±É·µ²¨§ ¢ ÉÖ¦¥²µ° ¢µ¤¥ ¸ ¶ ²² ¤¨¥¢Ò³
± Éµ¤µ³, ¶·¨ ÔÉµ³ µ¡ÑÖ¢¨²¨ µ ´ ¡²Õ¤¥´¨¨ ¢Ò¤¥²¥´¨Ö ¡µ²ÓÏµ£µ ±µ²¨Î¥¸É¢ 
¨§¡ÒÉµÎ´µ£µ É¥¶²  ¨ ·¥£¨¸É· Í¨¨ ´¥°É·µ´µ¢ ¨ É·¨É¨Ö. ‚ ÔÉµ³ ¦¥ £µ¤Ê ¡Ò²µ
¸µµ¡Ð¥´¨¥ µ¡  ´ ²µ£¨Î´ÒÌ ·¥§Ê²ÓÉ É Ì ¢ · ¡µÉ¥ [54].

‡  ¶·µÏ¥¤Ï¥¥ ¢·¥³Ö µ¶Ê¡²¨±µ¢ ´Ò ¡µ²¥¥ 3000 ¸É É¥° ¨ ¶·¥¤²µ¦¥´Ò ∼ 25
É¥µ·¥É¨Î¥¸±¨Ì ³µ¤¥²¥° ¤²Ö ¨´É¥·¶·¥É Í¨¨ ¶µ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éµ¢. ‚ ÔÉ¨Ì
¨¸¸²¥¤µ¢ ´¨ÖÌ ´  ¤¥°É¥·¨·µ¢ ´´Ò¥ ³ É¥·¨ ²Ò (µ¡ÒÎ´µ ¶ ²² ¤¨° ¨²¨ É¨É ´)
µ± §Ò¢ ÕÉ Ô´¥·£¥É¨Î¥¸±¨ ¸² ¡Ò¥ ¢µ§¤¥°¸É¢¨Ö. ‚ ÔÉ¨Ì ¸É ÉÓÖÌ µ¶¨¸ ´Ò Ô±¸-
¶¥·¨³¥´ÉÒ, ¢ ±µÉµ·ÒÌ ´ ¡²Õ¤ ÕÉ¸Ö ¨§³¥´¥´¨Ö Ô²¥³¥´É´µ£µ ¸µ¸É ¢  ¢¥Ð¥¸É¢ 
¶·¨ É ±¨Ì ¸² ¡ÒÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨ÖÌ, ÎÉµ ¶µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥-
´¨Ö³ É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨ ´¥ ³µ¦¥É ¡ÒÉÓ ¨ ·¥Î¨ µ ¢µ§³µ¦´µ¸É¨ Ö¤¥·´ÒÌ
·¥ ±Í¨°. ’¥³ ´¥ ³¥´¥¥ ¸µµ¡Ð ¥É¸Ö, ÎÉµ ¢Ò¤¥²Ö¥É¸Ö ¨§¡ÒÉµÎ´µ¥ É¥¶²µ, ·¥£¨-
¸É·¨·ÊÕÉ¸Ö Ô³¨¸¸¨Ö ´¥°É·µ´µ¢, É·¨É¨Ö, £¥²¨Ö ¨ Ô²¥³¥´É´Ò° ¸µ¸É ¢ ¢¥Ð¥¸É¢ 
³¥´Ö¥É¸Ö Å ÔÉ¨ Ë ±ÉÒ ¶µ¤É¢¥·¦¤ ÕÉ ¸Î ¸É²¨¢Î¨±¨, ±µ³Ê ¶µ¢¥§²µ. „·Ê£¨¥ ´¥
³µ£ÊÉ ¶µ²ÊÎ¨ÉÓ ± ±¨¥-²¨¡µ Ê¸Éµ°Î¨¢Ò¥ ·¥§Ê²ÓÉ ÉÒ Å ¢¸¥ ¶²Ò¢¥É, ³ ²¥°Ï¨¥
¨§³¥´¥´¨Ö ¶ · ³¥É·µ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ° Ê¸É ´µ¢±¨ ¶·¨¢µ¤ÖÉ ± ± ·¤¨´ ²Ó-
´Ò³ ¨§³¥´¥´¨Ö³ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨°, ´¥É ¶µ¢Éµ·Ö¥³µ¸É¨. �Ê¡²¨±µ¢ ²¨¸Ó
¨ µ¶·µ¢¥·¦¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ”²¥°Ï³ ´  ¨ �µ´¸ .

�µÔÉµ³Ê ¸Î¨É ÕÉ, ÎÉµ  Ì¨²²¥¸µ¢µ° ¶ÖÉµ° ¨¸¸²¥¤µ¢ ´¨° Ìµ²µ¤´µ£µ Ö¤¥·-
´µ£µ ¸¨´É¥§  Ö¢²Ö¥É¸Ö ¶²µÌ Ö ¢µ¸¶·µ¨§¢µ¤¨³µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢. 	  ¸¥£µ¤´ÖÏ-
´¨° ¤¥´Ó ´¥É ´¨ µ¤´µ° É¥µ·¥É¨Î¥¸±µ° ³µ¤¥²¨, ¸¶µ¸µ¡´µ° ÌµÉÖ ¡Ò ± Î¥¸É¢¥´´µ
µ¡ÑÖ¸´¨ÉÓ µ¸µ¡¥´´µ¸É¨ ÔÉµ£µ ¶·µÍ¥¸¸  (¸³. ±·¨É¨Î¥¸±¨° µ¡§µ· ¢¸¥Ì ¨§¢¥¸É-
´ÒÌ É¥µ·¥É¨Î¥¸±¨Ì ³µ¤¥²¥° ¨ ¤µ¸É ÉµÎ´µ ¶µ²´Ò¥ ¸¸Ò²±¨ ´  Ô±¸¶¥·¨³¥´É ¢
[55Ä57, 240]).
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5. �ˆ‡Š���…�ƒ…’ˆ—…‘Š�Ÿ ’���‘Œ“’�–ˆŸ Ÿ„…�

ˆ³¥¥É¸Ö ¤·Ê£µ¥ ´ ¶· ¢²¥´¨¥ ¨¸¸²¥¤µ¢ ´¨° ¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö ¶ ²² ¤¨Ö ¨
¤¥°É¥·¨Ö, ¢ ±µÉµ·ÒÌ ¸µµ¡Ð ¥É¸Ö µ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° É· ´¸³ÊÉ Í¨¨  Éµ³-
´ÒÌ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¶·¨ · §²¨Î´ÒÌ ¢´¥Ï´¨Ì Ô´¥·£¥É¨Î¥¸±¨ ¸² -
¡ÒÌ ¢µ§¤¥°¸É¢¨ÖÌ, ¶·¨ ÔÉµ³ µ¤´¨ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ ¢ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ
¸·¥¤ Ì ¶·¥¢· Ð ÕÉ¸Ö ¢ ¤·Ê£¨¥ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨°.
�É¨ · ¡µÉÒ ¢Ò¶µ²´¥´Ò ¢ µ¸´µ¢´µ³ ·µ¸¸¨°¸±¨³¨ ÊÎ¥´Ò³¨, ¨ ¨Ì Î¨¸²µ ´¥-
Ê±²µ´´µ · ¸É¥É. ’ ± Ö É· ´¸³ÊÉ Í¨Ö Ö¤¥· ´ ¡²Õ¤ ² ¸Ó ¢ ³ ±·µ¸±µ¶¨Î¥¸±¨Ì
±µ²¨Î¥¸É¢ Ì (≈ 1019−1020 Ö¤¥·) ¶·¨ Ô²¥±É·µ¢§·Ò¢¥ ³¥É ²²¨Î¥¸±¨Ì Ëµ²Ó£ ¢
¦¨¤±¨Ì ¸·¥¤ Ì [58Ä62], Ê²ÓÉ· §¢Ê±µ¢µ° µ¡· ¡µÉ±¥ ¢µ¤´ÒÌ ¸µ²¥¢ÒÌ · ¸É¢µ-
·µ¢ [63], ¶² ¢±¥ Í¨·±µ´¨Ö ¢ ¢ ±ÊÊ³¥ Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³ [64Ä67], ¢µ§¤¥°-
¸É¢¨¨ ¢Ò¸µ±µ ³¶¥·´Ò³¨ Éµ± ³¨ ´  ¸¢¨´¥Í ¢ ³µÐ´µ³ ³ £´¨É´µ³ ¶µ²¥ [68Ä70],
¸µ´µ²Õ³¨´¥¸Í¥´Í¨¨ [71Ä74], µ¡²ÊÎ¥´¨¨ ³ É¥·¨ ²µ¢ ¨µ´ ³¨ ¢ ¶² §³¥ É²¥Õ-
Ð¥£µ · §·Ö¤  [75Ä77], ¢µ§¤¥°¸É¢¨¨ ³µÐ´µ£µ ² §¥·´µ£µ ¨§²ÊÎ¥´¨Ö ´  · ¸¶² ¢
Al [78], ¶·¨ ¢µ§¤¥°¸É¢¨¨ Ô²¥±É·µ´´µ£µ ¶ÊÎ±  ´  ³¨Ï¥´¨ ¨§ É¢¥·¤ÒÌ É¥² [79].
‘µÏ²¥³¸Ö ´  µ¶ÒÉÒ �. ‚. �µ²µÉµ¢  [80,81], ¢ ±µÉµ·ÒÌ ¶·µ¶Ê¸± ÕÉ¸Ö ¡µ²ÓÏ¨¥
¨³¶Ê²Ó¸´Ò¥ Éµ±¨ Î¥·¥§ ³´µ£µ±µ³¶µ´¥´É´Ò° · ¸¶² ¢, ¶·¨ ÔÉµ³ ¶·µ¨¸Ìµ¤¨É
¶·¥¢· Ð¥´¨Ö Zn → Ni ¨ ¢Ò¤¥²Ö¥É¸Ö Ô´¥·£¨Ö ∼ 1 ŒÔB.

ŒÒ ÌµÉ¥²¨ ¡Ò µ¸µ¡µ ¶µ¤Î¥·±´ÊÉÓ, ÎÉµ, ± ¶·¨³¥·Ê, Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
Ê¸É ´µ¢±¨ ‚. �. Š·¨¢¨Í±µ£µ [70] ¨ �. ‚. �µ²µÉµ¢  [80, 81] ¶µÌµ¦¨ ³¥¦¤Ê ¸µ-
¡µ° ¨ Î·¥§¢ÒÎ °´µ ¶·µ¸ÉÒ: ¨³¶Ê²Ó¸´Ò° ¨¸ÉµÎ´¨± Éµ±µ¢ ¢Ò¶µ²´¥´ ´  ¡ §¥
¸¢ ·µÎ´µ£µ É· ´¸Ëµ·³ Éµ·  ¶²Õ¸ ¤¢  Ô²¥±É·µ¤ , · §³¥Ð¥´´ÒÌ ¢ ÉÊ£µ¶² ¢±µ³
±µ´É¥°´¥·¥.

‘. ‹. Š¥·¢· ´ µ¶Ê¡²¨±µ¢ ² · ¡µÉÒ [82,83], ¢ ±µÉµ·ÒÌ µ¶¨¸ ´µ ¶·¥¢· Ð¥-
´¨¥ Fe → Cr ¢ µ¶ÒÉ Ì ¶µ É¥·³µ¶·¥¸¸µ¢ ´¨Õ ±·¨¸É ²²  £· ´ É  ¶·¨ ¤ ¢²¥´¨¨
5000 Œ�  ¨ É¥³¶¥· ÉÊ·¥ 850 ◦C.

�µ¸±µ²Ó±Ê ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ¢ µ¡² ¸É¨ Ìµ²µ¤´µ£µ ¸¨´É¥§  ¨ É· ´¸-
³ÊÉ Í¨¨ Ö¤¥· ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ µ¸É ÕÉ¸Ö ´¥µ¡ÑÖ¸´¥´´Ò³¨ ¢ · ³± Ì ¸µ-
¢·¥³¥´´µ° É¥µ·¥É¨Î¥¸±µ° Ë¨§¨±¨, Éµ ¸É ÉÓ¨ ¶µ ÔÉ¨³ ¢µ¶·µ¸ ³ ¶Ê¡²¨±ÊÕÉ¸Ö ¢
É·Ê¤´µ¤µ¸ÉÊ¶´ÒÌ ¨ ³ ²µ¨§¢¥¸É´ÒÌ ¦Ê·´ ² Ì,   ¸ ³¨ ÔÉ¨ · ¡µÉÒ ¶·µ¢µ¤ÖÉ¸Ö § 
¸Î¥É Ô´ÉÊ§¨ §³  ¸ ³¨Ì ¨¸¸²¥¤µ¢ É¥²¥° Ë ±É¨Î¥¸±¨ ¡¥§ ¡Õ¤¦¥É´µ£µ Ë¨´ ´¸¨-
·µ¢ ´¨Ö, ÎÉµ, ¡¥§Ê¸²µ¢´µ, ¸± §Ò¢ ¥É¸Ö ´  ¨Ì ´ ÊÎ´µ³ Ê·µ¢´¥. �·¥¤¸É ¢²¥´¨¥
µ¡ ÔÉ¨Ì · ¡µÉ Ì ³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¢ ³ É¥·¨ ² Ì 1Ä10-° ±µ´Ë¥·¥´Í¨° ¶µ Ìµ²µ¤-
´µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ ¢ ®Proceedings of the 1-10th
International Conference on Cold Fusion¯.

‘¥°Î ¸ ¶µÖ¢¨²¨¸Ó µÎ¥´Ó ¨´É¥·¥¸´Ò¥ ¶Ê¡²¨± Í¨¨ [84,216,245], ¢ ±µÉµ·ÒÌ
¸µ¤¥·¦ É¸Ö ¸¸Ò²±¨ ´  · ¡µÉÒ ¶µ É· ´¸³ÊÉ Í¨¨ Ö¤¥· ¶·¨ ³ ²ÒÌ Ô´¥·£¨ÖÌ, ±µ-
Éµ·Ò¥ ¡Ò²¨ ´¥¨§¢¥¸É´Ò ´ ³. ‚ ´¨Ì ¸µ¤¥·¦¨É¸Ö Ê´¨± ²Ó´µ Í¥´´Ò° ³ É¥·¨ ²,
¨ ´¨¦¥ ¶·¨¢µ¤ÖÉ¸Ö ¸¸Ò²±¨ ´  µ·¨£¨´ ²Ó´Ò¥ · ¡µÉÒ ¢ Éµ³ ¢¨¤¥, ¢ ± ±µ³ µ´¨
¶·¨¢¥¤¥´Ò ¢ [84]. ‚ ÔÉ¨Ì · ¡µÉ Ì ¢ ± Î¥¸É¢¥ ¢´¥Ï´¨Ì ¢µ§³ÊÐ¥´¨° ¨¸¶µ²Ó§Ê-
ÕÉ¸Ö Ô²¥±É·µ³ £´¨É´Ò¥ ¢µ§¤¥°¸É¢¨Ö: ¢ [78] Å ³µÐ´µ¥ ² §¥·´µ¥ ¨§²ÊÎ¥´¨¥,
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¢ [85,86] ¶·µ¢µ¤ÖÉ Ô²¥±É·¨Î¥¸±¨° · §·Ö¤ ¢ ³ £´¨É´ÒÌ ¨ Ô²¥±É·¨Î¥¸±¨Ì ¶µ²ÖÌ,
¢ [88Ä90] ¨¸¶µ²Ó§ÊÕÉ¸Ö ³µÐ´Ò¥ ´ ´µ¸¥±Ê´¤´Ò¥ Ô²¥±É·µ³ £´¨É´Ò¥ ¨³¶Ê²Ó¸Ò
¨ ¢ [91,92] Å ¡µ²ÓÏ¨¥ ¨³¶Ê²Ó¸´Ò¥ Éµ±¨.

ˆ´É¥·¥¸´µ ¶µ¸³µÉ·¥ÉÓ ´  ¨¸Éµ·¨Õ É· ´¸³ÊÉ Í¨¨ Ö¤¥· §  ¶¥·¨µ¤
1900Ä1930 ££., ±µ£¤  ¶·¥¤¸É ¢²¥´¨Ö µ ³¨±·µ³¨·¥ ¡Ò²¨ ¥Ð¥ ¢ § Î ÉµÎ´µ³
¸µ¸ÉµÖ´¨¨ ¨ § ¶·¥Éµ¢ ´  ¶Ê¡²¨± Í¨¨ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ · ¡µÉ ¶µ ¸µµ¡· -
¦¥´¨Ö³ ´ ·ÊÏ¥´¨Ö ¶·¨´Í¨¶µ¢ Ö¤¥·´µ° Ë¨§¨±¨ ´¥ ¡Ò²µ, ¶µ¸±µ²Ó±Ê ¥Ð¥ ´¥
¡Ò²µ ¸ ³µ° Ö¤¥·´µ° Ë¨§¨±¨.

�µÎÉ¨ ¢µ ¢¸¥Ì ÔÉ¨Ì · ¡µÉ Ì ³µÐ´Ò° Ô²¥±É·¨Î¥¸±¨° · §·Ö¤ (¨´µ£¤  Ô³ -
´ Í¨¨ · ¤¨Ö) ¶·µ¶Ê¸± ²¸Ö Î¥·¥§ · ¸¶² ¢ ¢¥Ð¥¸É¢ , ¨²¨ Î¥·¥§ · ¸É¢µ·, ¨²¨
Î¥·¥§ ¶ ·Ò ¢¥Ð¥¸É¢ . ‘µ§¤ ´¨¥ ±¢ ´Éµ¢µ° É¥µ·¨¨ ¨ µ¸µ§´ ´¨¥ µ£·µ³´µ° · §-
´¨ÍÒ (104−105) ¢ Ô´¥·£¥É¨Î¥¸±¨Ì ³ ¸ÏÉ ¡ Ì Ö¤¥·´µ° Ô´¥·£¨¨ ¨ Ô´¥·£¨¨ Ô²¥±-
É·¨Î¥¸±µ£µ · §·Ö¤  ¶·¨¢¥²¨ ¸¶¥·¢  ± ¶·¥±· Ð¥´¨Õ ¶Ê¡²¨± Í¨° ·¥§Ê²ÓÉ Éµ¢
¶µ¤µ¡´ÒÌ ¨¸¸²¥¤µ¢ ´¨°,   § É¥³ ¨ ¸ ³¨Ì ¨¸¸²¥¤µ¢ ´¨°.

“Î¨ÉÒ¢ Ö É·Ê¤´µ¤µ¸ÉÊ¶´µ¸ÉÓ ¸É É¥° ´  ÔÉÊ É¥³Ê, ³Ò ¶·¨¢¥¤¥³ µÉ·Ò¢±¨
¤µ±² ¤  (1971 £.) Œ. 	. ƒ °¸¨´¸±µ£µ ®�¸¥¢¤µµÉ±·ÒÉ¨Ö ¢ ¨¸Éµ·¨¨ · ¤¨µ ±É¨¢-
´µ¸É¨¯ (³Ò ´¥ ±µ³³¥´É¨·Ê¥³ ÔÉ¨ µÉ·Ò¢±¨) [202]:

®‚ ´ Î ²¥ Š ³¥·µ´ ¨ � ³§ ° [93] ¶µ¤¢¥·£²¨ ¢µ¤´Ò¥ · ¸É¢µ·Ò ¸Ê²ÓË É 
¨²¨ µÎ¥´Ó Î¨¸Éµ£µ ´¨É· É  ³¥¤¨ ¤¥°¸É¢¨Õ Ô³ ´ Í¨¨ · ¤¨Ö ¨ ¸¶¥±É·µ¸±µ-
¶¨Î¥¸±¨ µ¡´ ·Ê¦¨²¨ µ¡· §µ¢ ´¨¥ ¸²¥¤µ¢ ²¨É¨Ö ¨ ´¥µ´  ¨ ¡µ²¥¥ §´ Î¨É¥²Ó-
´ÒÌ ±µ²¨Î¥¸É¢ ´ É·¨Ö. �É¸Õ¤  µ´¨ ¸¤¥² ²¨ § ±²ÕÎ¥´¨¥, ÎÉµ ¶µ¤ ¤¥°¸É¢¨¥³
α-Î ¸É¨Í ³¥¤Ó · §² £ ¥É¸Ö ´  Ô²¥³¥´ÉÒ ¸ ³¥´ÓÏ¨³  Éµ³´Ò³ ¢¥¸µ³. Œ. ŠÕ·¨ ¨
…. ƒ²¥¤¨Î ¶µ¢Éµ·¨²¨ ÔÉ¨ µ¶ÒÉÒ [94], ´µ ¶·¥¤¢ ·¨É¥²Ó´µ ¶µ± § ²¨, ÎÉµ É·Ê¤´µ
¨³¥ÉÓ ¸É¥±²Ö´´ÊÕ ¨²¨ ±¢ ·Í¥¢ÊÕ ¶µ¸Ê¤Ê, ¤¨¸É¨²²¨·µ¢ ´´ÊÕ ¢µ¤Ê, ¶µ²´µ¸ÉÓÕ
µÎ¨Ð¥´´Ò¥ µÉ ²¨É¨Ö. �µ¢Éµ·¨¢ Ô±¸¶¥·¨³¥´É Š ³¥·µ´  ¨ � ³§ Ö ¢ ¶² É¨´µ-
¢µ° ¶µ¸Ê¤¥, ŠÕ·¨ ¨ ƒ²¥¤¨Î ´¥ ¸³µ£²¨ µ¡´ ·Ê¦¨ÉÓ ¤ ¦¥ ³¥²ÓÎ °Ï¨Ì ¸²¥¤µ¢
²¨É¨Ö.

‚ ¨´µ³ ´ ¶· ¢²¥´¨¨ ¤¥°¸É¢µ¢ ²¨ ³¥¦¤Ê 1924 ¨ 1927 ££. Ë¨§¨±¨ ¨ Ì¨³¨±¨,
¨²¨, ¥¸²¨ Ê£µ¤´µ, ´¥µ ²Ì¨³¨±¨, ±µÉµ·Ò¥ ¤µ¶Ê¸± ²¨ ¢µ§³µ¦´µ¸ÉÓ Éµ£µ, ÎÉµ
ÉÖ¦¥²Ò¥ Ô²¥³¥´ÉÒ, ´ Ìµ¤ÖÐ¨¥¸Ö ¢¡²¨§¨ ÉÖ¦¥²ÒÌ · ¤¨µ ±É¨¢´ÒÌ Ô²¥³¥´Éµ¢,
¨³¥ÕÉ µÉ´µ¸¨É¥²Ó´µ ´¥Ê¸Éµ°Î¨¢Ò¥ Ö¤·  ¨ ³µ£ÊÉ ¸ ²¥£±µ¸ÉÓÕ ¶·¥É¥·¶¥¢ ÉÓ
¨¸±Ê¸¸É¢¥´´Ò¥ ¶·¥¢· Ð¥´¨Ö. ’ ±, ‘³¨É¸ ¨ Š ·¸µ´ [95] ¶µ¤¢¥·£²¨ ÉÐ É¥²Ó´µ
µÎ¨Ð¥´´Ò° ¦¨¤±¨° ¸¢¨´¥Í, ´ £·¥ÉÒ° ¤µ 800 ◦C ¢  É³µ¸Ë¥·¥  §µÉ , ¤¥°¸É¢¨Õ
Ô²¥±É·¨Î¥¸±¨Ì · §·Ö¤µ¢ ¢Ò¸µ±¨Ì ´ ¶·Ö¦¥´¨° ¨ ¡µ²ÓÏµ° ¸¨²Ò Éµ±  ¢ É¥Î¥´¨¥
´¥¸±µ²Ó±¨Ì Î ¸µ¢. �¥·¢µ´ Î ²Ó´µ ¸µµÉ¢¥É¸É¢µ¢ ¢Ï¨° Î¨¸Éµ³Ê ¸¢¨´ÍÊ ¸¶¥±É·
¶µ¸É¥¶¥´´µ µ¡µ£ Ð ²¸Ö ²¨´¨Ö³¨ ·ÉÊÉ¨, É ± ÎÉµ ¶µ²µ¸  2536 
A ¸É ´µ¢¨²a¸Ó
¡µ²¥¥ ¨´É¥´¸¨¢´µ°, Î¥³ ¶µ²µ¸Ò ¸¢¨´Í .

‘ ¤·Ê£µ° ¸Éµ·µ´Ò, Œ¨É¥ ¨ ˜É ³³· °Ì [96] ¨¸¶µ²Ó§µ¢ ²¨ ² ³¶Ê ¨§ ÉÐ -
É¥²Ó´µ µÎ¨Ð¥´´µ°, ¶¥·¥£´ ´´µ° ·ÉÊÉ¨, ±µÉµ·ÊÕ µ´¨ ¶µ¤¢¥·£ ²¨ ¤¥°¸É¢¨Õ
³µÐ´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì · §·Ö¤µ¢ ¡µ²ÓÏµ° ¸¨²Ò Éµ± , ´µ µÉ´µ¸¨É¥²Ó´µ ¸² -
¡µ£µ ´ ¶·Ö¦¥´¨Ö, ¢ · §²¨Î´ÒÌ Ê¸²µ¢¨ÖÌ: ¢ £ §µ¢µ° Ë §¥ ¢ Î¨¸Éµ³ ¢¨¤¥ ¨²¨ ¢
¶·¨¸ÊÉ¸É¢¨¨ · §²¨Î´ÒÌ £ §µ¢ (H2, CO2 ¨ É. ¤.) ¶·¨ · §´µ³ ¤ ¢²¥´¨¨; ¢ ¦¨¤-
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±µ³ ¤¨Ô²¥±É·¨±¥ (¢µ¤´ Ö ¸Ê¸¶¥´§¨Ö, Ô³Ê²Ó¸¨Ö ¢ ¶ · Ë¨´µ¢µ³ ¨²¨ É· ´¸Ëµ·-
³ Éµ·´µ³ ³ ¸² Ì, CCl4, ÔË¨·¥ ¨ É. ¤.), ¨²¨ ¤ ¦¥ ¢ É¢¥·¤µ³ ¶ · Ë¨´¥; ¤Ê£µ¢Ò³
¨²¨ ¨¸±·µ¢Ò³ · §·Ö¤µ³, ´¥¶·¥·Ò¢´Ò³ ¨²¨ ¶·¥·Ò¢¨¸ÉÒ³, ¸ Ô²¥±É·µ¤ ³¨ · §-
²¨Î´µ° ¶·¨·µ¤Ò; Fe, W, Al ¨ É. ¤. ‚ µÉ¤¥²Ó´ÒÌ µ¶ÒÉ Ì ÊÎ¥´Ò¥ Ì¨³¨Î¥¸±¨
µ¡´ ·Ê¦¨²¨ µ¡· §µ¢ ´¨¥ ³¥É ²²¨Î¥¸±µ£µ §µ²µÉ , Éµ£¤  ± ± ¢ ¤·Ê£¨Ì ·¥§Ê²Ó-
É ÉÒ ¡Ò²¨ µÉ·¨Í É¥²Ó´Ò³¨. Œ ±¸¨³ ²Ó´µ¥ ±µ²¨Î¥¸É¢µ µ¡· §µ¢Ò¢ ¢Ï¥£µ¸Ö
§µ²µÉ  ¸µ¸É ¢²Ö²µ ¶·¨³¥·´µ 1 ³£ ´  1000 £ ¢¢¥¤¥´´µ° ¢ ·¥ ±Í¨Õ ·ÉÊÉ¨. ’µÉ
Ë ±É, ÎÉµ ´¥±µÉµ·Ò¥ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ µÉ·¨Í É¥²Ó´Ò³¨, ÊÎ¥´Ò¥ · ¸¸³ É·¨-
¢ ²¨ ± ± ¤µ± § É¥²Ó¸É¢µ ·¥ ²Ó´µ£µ ¶·¥¢· Ð¥´¨Ö ¢ ¤·Ê£¨Ì ¸²ÊÎ ÖÌ, µÉ³¥É Ö,
É ±¨³ µ¡· §µ³, £¨¶µÉ¥§Ê µ Éµ³, ÎÉµ §µ²µÉµ µ¡· §µ¢Ò¢ ²µ¸Ó ¨§ ¶·¨³¥¸¨.

	¥§ ¢¨¸¨³µ µÉ ÔÉ¨Ì Ô±¸¶¥·¨³¥´Éµ¢, 	 £ µ±  ¢ Ÿ¶µ´¨¨ ¶·µ¶Ê¸± ² ³µÐ-
´Ò¥ ¨ µÎ¥´Ó ¤²¨É¥²Ó´Ò¥ · §·Ö¤Ò [97] ¶·¨ ¢Ò¸µ±µ³ ´ ¶·Ö¦¥´¨¨ ¢ ¸µ¸Ê¤¥
¨§ Éµ²¸Éµ¸É¥´´µ£µ Ë ·Ëµ·  ³¥¦¤Ê ¢µ²ÓË· ³µ¢Ò³ ¨ ¦¥²¥§´Ò³ Ô²¥±É·µ¤µ³
¨ Ô²¥±É·µ¤µ³ ¨§ µÎ¨Ð¥´´µ° ·ÉÊÉ¨, ¶µ£·Ê¦¥´´Ò³¨ ¢ ¶ · Ë¨´µ¢µ¥ ¨²¨ É· ´¸-
Ëµ·³ Éµ·´µ¥ ³ ¸²µ. •¨³¨Î¥¸±¨°  ´ ²¨§ Î¥·´Ò° ¢Ö§±µ° ³ ¸¸Ò, ¶µ²ÊÎ¨¢Ï¥°¸Ö
¢ ·¥§Ê²ÓÉ É¥ ÔÉµ° µ¶¥· Í¨¨, µ¡´ ·Ê¦¨² ¶·¨¸ÊÉ¸É¢¨¥ ´¥ Éµ²Ó±µ §µ²µÉ , ´µ ¤ ¦¥
¨ ¸¥·¥¡· . �µ¸²¥¤´¥¥ µ¡· §µ¢Ò¢ ²µ¸Ó ¢ µ¸µ¡¥´´µ¸É¨ Éµ£¤ , ±µ£¤  · §·Ö¤ ¶·µ-
Ìµ¤¨² Î¥·¥§ ± ¶²¨ ·ÉÊÉ¨, ¶ ¤ ÕÐ¨¥ ¢ ³ ¸²µ.

�·¥¢· Ð¥´¨Ö Hg → Au ´ ¡²Õ¤ ² É ±¦¥ ƒ Ï²¥· ¶·¨ ¶¥·¥£·Ê§±¥ ·ÉÊÉ´µ°
² ³¶Ò ¨²¨ µ¡²ÊÎ¥´¨¨ ¶ ·µ¢ ·ÉÊÉ¨ ·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨ [98].

...�¶ÒÉÒ Œ¨É¥ ¨ 	 £ µ±¨ ¶µ ¶·¥¢· Ð¥´¨Õ Hg → Au ¡Ò²¨ ¢µ¸¶·µ¨§-
¢¥¤¥´Ò · §²¨Î´Ò³¨ £·Ê¶¶ ³¨ ÊÎ¥´ÒÌ ¢ ƒ¥·³ ´¨¨ [99, 100], �´£²¨¨ [101],
‘µ¥¤¨´¥´´ÒÌ ˜É É Ì [102], ¢ Î ¸É´µ¸É¨, ”. ƒ ¡¥·µ³ ¸ ¸µÉ·Ê¤´¨± ³¨ [99],
¨´µ£¤  ¢ Ê¸²µ¢¨ÖÌ, ±µÉµ·Ò¥ Œ¨É¥ ¨ ˜É ³³· °x ¸Î¨É ²¨ ´ ¨¡µ²¥¥ ¡² £µ¶·¨-
ÖÉ´Ò³¨ ¤²Ö Ê¸¶¥Ì  µ¶¥· Í¨°. 	µ ·¥§Ê²ÓÉ ÉÒ ¡Ò²¨ ¢¸¥£¤  µÉ·¨Í É¥²Ó´Ò³¨.
…¸²¨ ¨ ´ Ìµ¤¨²¨ ¸²¥¤Ò §µ²µÉ  ¨²¨ ¸¥·¥¡· , Éµ µ´¨ ¶·µ¨¸Ìµ¤¨²¨ µÉ Ô²¥±É·µ-
¤µ¢ ¨²¨ ¨¸¶µ²Ó§Ê¥³µ° ·ÉÊÉ¨. �Ò²µ, ¢ Î ¸É´µ¸É¨, ¶µ± § ´µ [103], ÎÉµ ¶µ²´µ¥
Ê¤ ²¥´¨¥ §µ²µÉ  ¶¥·¥£µ´±µ° ·ÉÊÉ¨ ¸ÊÉÓ Î·¥§¢ÒÎ °´µ É·Ê¤´ Ö µ¶¥· Í¨Ö, ±µÉµ-
·ÊÕ ¸²¥¤Ê¥É ¢¥¸É¨ µÎ¥´Ó ³¥¤²¥´´µ ¨ ¶µ¢Éµ·ÖÉÓ ³´µ£µ · §.

	¥ ³¥´¥¥ Ê¤¨¢¨É¥²Ó´Ò³¨ ¡Ò²¨ ¢Ò¢µ¤Ò „¥¡Ñ¥·´ , ¸¤¥² ´´Ò¥ ¨³ ¢ 1937 £.
´  µ¸´µ¢ ´¨¨ µ¶ÒÉµ¢ ¶µ  ¤¸µ·¡Í¨¨ ²¥£±¨Ì £ §µ¢ ¶·¨ µÎ¥´Ó ´¨§±¨Ì É¥³¶¥· ÉÊ-
· Ì [104]. �µ¸²¥ ÉÐ É¥²Ó´µ£µ ¨ µÎ¥´Ó ¤²¨É¥²Ó´µ£µ ¤¥£ §¨·µ¢ ´¨Ö ³¥²±µ£µ  ±-
É¨¢¨·µ¢ ´´µ£µ Ê£²Ö ¶µ¸·¥¤¸É¢µ³ ´ £·¥¢ ´¨Ö ¨ µÌ² ¦¤¥´¨Ö ¢ ¦¨¤±µ³ ¢µ§¤ÊÌ¥
„¥¡Ñ¥·´ ¢¢µ¤¨² ¢ ¶µ²ÊÎ¥´´Ò° ¢ ±ÊÊ³ ³ ²Ò¥ ±µ²¨Î¥¸É¢  ¢µ¤µ·µ¤  ¨²¨ ÉÐ -
É¥²Ó´µ µÎ¨Ð¥´´µ£µ £¥²¨Ö. ˆ§³¥·ÖÖ µ¡Ñ¥³ ¨¸¶ ·¨¢Ï¥£µ¸Ö ¦¨¤±µ£µ ¢µ§¤ÊÌ ,
µ´ ¶·¨Ï¥² ± ¢Ò¢µ¤Ê, ÎÉµ ±µ²¨Î¥¸É¢µ ¢Ò¤¥²Ö¥³µ£µ É¥¶²  ¡Ò²µ ·¥§±µ ¶µ¢Ò-
Ï¥´´Ò³; ÔÉµ ´¥ ³µ£²µ ¡ÒÉÓ µ¡ÑÖ¸´¥´µ ± ±¨³-²¨¡µ Ì¨³¨Î¥¸±¨³ ¨²¨ Ë¨§¨±µ-
Ì¨³¨Î¥¸±¨³ ¶·µÍ¥¸¸µ³. “Î¥´Ò°, É ±¨³ µ¡· §µ³, ¶·¥¤¶µ² £ ², ÎÉµ ¨³¥¥É ³¥-
¸Éµ Ö¤¥·´ Ö ·¥ ±Í¨Ö, ±µÉµ·ÊÕ µ¡²¥£Î ÕÉ µ¸µ¡Ò¥ Ê¸²µ¢¨Ö ´¨§±µ° É¥³¶¥· ÉÊ·Ò
¨ ¸¨²Ó´ Ö  ¤¸µ·¡Í¨¨. �´ ²µ£¨Î´µ¥ ¢Ò¤¥²¥´¨¥ É¥¶²  ´ ¡²Õ¤ ²µ¸Ó ¶·¨  ¤¸µ·¡-
Í¨¨ H ¨ He ´  Be, He ´  Mg ¨ É. ¤. �·¨·µ¤  µÏ¨¡±¨ ¡Ò²  ¶µ´ÖÉ  ´¥¸±µ²Ó±µ
¶µ§¦¥: ¢ µÉ²¨Î¨¥ µÉ Éµ£µ, ÎÉµ ¶·¥¤¶µ² £ ² „¥¡Ñ¥·´, ¢ ·¥§Ê²ÓÉ É¥ µÎ¥´Ó ¶²µÌµ°
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É¥¶²µ¶·µ¢µ¤´µ¸É¨ Éµ´±µ ¨§³¥²ÓÎ¥´´µ£µ ¶µ·µÏ±  É¥¶²µ, ´ ±µ¶²¥´´µ¥ ¢ ´¥³
¢µ ¢·¥³Ö ¤¥£ §¨·µ¢ ´¨Ö, ´¥ ¢Ò¤¥²Ö²µ¸Ó ¶µ²´µ¸ÉÓÕ ¶·¨ µÌ² ¦¤¥´¨¨ ¢ ¢ ±ÊÊ³¥,
  ¢´µ¸¨²µ ³µÐ´Ò° ¢±² ¤ ¢ ¨¸¶ ·¥´¨¥ ¦¨¤±µ£µ ¢µ§¤ÊÌ  ¶·¨ ¢¢¥¤¥´¨¨ £ §  Ä
É¥¶²µ´µ¸¨É¥²Ö¯.

�¶Ê¡²¨±µ¢ ´´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ ¨³¥ÕÉ ³´µ£µ µ¡Ð¥£µ, ´¥-
¸³µÉ·Ö ´  Éµ, ÎÉµ ¡Ò²¨ ¨¸¶µ²Ó§µ¢ ´Ò · §²¨Î´Ò¥ ¢´¥Ï´¨¥ ¢µ§¤¥°¸É¢¨Ö ¤²Ö
¨´¤ÊÍ¨·µ¢ ´¨Ö ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° É· ´¸³ÊÉ Í¨¨. �É¨ Ô±¸¶¥·¨³¥´ÉÒ, ¥¸²¨
¤ ¦¥ ¶·¥¤¶µ² £ ÉÓ, ÎÉµ µ´¨ ´¥ ¸µ¤¥·¦ É µÏ¨¡µ±, ´¥ ´ Ï²¨ ¤ ¦¥ ± Î¥¸É¢¥´-
´µ£µ µ¡Ð¥¶·¨´ÖÉµ£µ µ¡ÑÖ¸´¥´¨Ö. …¸²¨ ¢ ´¨Ì ¶µ¢¥·¨ÉÓ, Éµ ³µ¦´µ £µ¢µ·¨ÉÓ µ
Éµ³, ÎÉµ µ´¨ ¸µ¶·µ¢µ¦¤ ÕÉ¸Ö:

• Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¥° Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ ³ ±·µ±µ²¨Î¥¸É¢ Ì;
• ¨§²ÊÎ¥´¨¥³ ´¥¨§¢¥¸É´µ° Ë¨§¨Î¥¸±µ° ¶·¨·µ¤Ò, ¢µ§¤¥°¸É¢ÊÕÐ¨³ ´  ¦¨-

¢ÊÕ ³ É¥·¨Õ;
• ¶¥·¥Ìµ¤µ³ · ¤¨µ ±É¨¢´ÒÌ  Éµ³´ÒÌ Ö¤¥· ¢ ¸É ¡¨²Ó´Ò¥;
• ¸¨´É¥§µ³ ¸É ¡¨²Ó´ÒÌ ¨§µÉµ¶µ¢ ± ± ²¥£±¨Ì, É ± ¨ ÉÖ¦¥²ÒÌ Ö¤¥·;
• ¢Ò¤¥²¥´¨¥³ ¨§¡ÒÉµÎ´µ° É¥¶²µ¢µ° Ô´¥·£¨¨;
• ¶µ²ÊÎ¥´¨¥³ ¡µ²ÓÏ¥£µ ±µ²¨Î¥¸É¢  ¤µ¶µ²´¨É¥²Ó´µ£µ Ô²¥±É·¨Î¥¸±µ£µ Éµ± 

¶µ ¸· ¢´¥´¨Õ ¸ É¥³, ÎÉµ ¤µ²¦´Ò ¡Ò²¨ ¡Ò ¤ ¢ ÉÓ ¢´¥Ï´¨¥ ¨¸ÉµÎ´¨±¨ ¶¨É ´¨Ö
Ê¸É ´µ¢±¨.

	 ±µ¶²¥´´Ò° Ô±¸¶¥·¨³¥´É ²Ó´Ò° ³ É¥·¨ ², ¥¸²¨ ¶·¥¤¶µ² £ ÉÓ µÉ¸ÊÉ-
¸É¢¨¥ µÏ¨¡µ±, ¶µ§¢µ²Ö¥É ¸¤¥² ÉÓ ¶·¥¤¢ ·¨É¥²Ó´ÊÕ ¸¨¸É¥³ É¨±Ê ´ ¡²Õ¤ ¥³ÒÌ
Ö¢²¥´¨° ¨ µ¶·¥¤¥²¨ÉÓ µ¸´µ¢´Ò¥ ¨Ì Ì · ±É¥·¨¸É¨±¨,   ¨³¥´´µ:

1) ¶·µÍ¥¸¸Ò, ¸µ¶·µ¢µ¦¤ ÕÐ¨¥ Ìµ²µ¤´ÊÕ É· ´¸³ÊÉ Í¨Õ Ö¤¥·, ´¥ · ¤¨µ-
 ±É¨¢´Ò, ¢±²ÕÎ Ö ±µ´¥Î´Ò¥ ¶·µ¤Ê±ÉÒ ·¥ ±Í¨°;

2) Ö¢²¥´¨Ö ¶µ·µ£µ¢Ò¥;
3) µÉÎ¥É²¨¢µ ¢¨¤¥´ ·¥§µ´ ´¸´Ò° Ì · ±É¥· ¨§¢¥¸É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¶ · ³¥-

É·µ¢;
4) Ö¢²¥´¨¥ µ£· ´¨Î¥´µ ®¸¢¥·ÌÊ¯ ¶µ Ô´¥·£¥É¨±¥ ¶·µÍ¥¸¸ , ¤·Ê£¨³¨ ¸²µ-

¢ ³¨, ¨³¥ÕÉ¸Ö ´¥±µÉµ·Ò¥ ±·¨É¨Î¥¸±¨¥ §´ Î¥´¨Ö Ë¨§¨Î¥¸±¨ ´ ¡²Õ¤ ¥³ÒÌ ¢¥-
²¨Î¨´ (É¥¶² , ¢¥²¨Î¨´Ò Éµ± , ³ ¸¸Ò ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨Ì  Éµ³´ÒÌ Ö¤¥·).

Šµ²¨Î¥¸É¢¥´´Ò°  ´ ²¨§ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ ¶µ Ìµ²µ¤´µ° É· ´¸-
³ÊÉ Í¨¨ Ö¤¥· ¶µ§¢µ²Ö¥É ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ÔÉµ Ö¢²¥´¨¥ ¶µ±  ´¥ ´ Ï²µ µ¡Ð¥-
¶·¨´ÖÉµ£µ µ¡ÑÖ¸´¥´¨Ö ¸ ¶µ§¨Í¨¨ ¸µ¢·¥³¥´´µ£µ ¶µ´¨³ ´¨Ö § ±µ´µ³¥·´µ¸É¥°
³¨±·µ³¨· . •µ²µ¤´ Ö É· ´¸³ÊÉ Í¨Ö Ö¤¥· µÉ²¨Î ¥É¸Ö µÉ µ¡ÒÎ´ÒÌ Ö¤¥·´ÒÌ
·¥ ±Í¨° É¥³, ÎÉµ [108]:

1) ¶·µÍ¥¸¸ Ìµ²µ¤´µ° Ö¤¥·´µ° É· ´¸³ÊÉ Í¨¨ ¶·µ¨¸Ìµ¤¨É ¶·¨ ´¥¡µ²ÓÏ¨Ì
Ô´¥·£¨ÖÌ (³¥´ÓÏ¥ Î¥³ 10 ±ÔB ´  µ¤¨´ ¸¨´É¥§¨·µ¢ ´´Ò°  Éµ³);

2) µÉ¸ÊÉ¸É¢ÊÕÉ ¸¢µ¡µ¤´Ò¥ ´¥°É·µ´Ò;
3) µÉ¸ÊÉ¸É¢Ê¥É µ¸É ÉµÎ´ Ö · ¤¨µ ±É¨¢´µ¸ÉÓ, É. ¥. ´¥ ¸¨´É¥§¨·ÊÕÉ¸Ö ´¥¸É -

¡¨²Ó´Ò¥ ¨§µÉµ¶Ò.
�¢Éµ·Ò · ¡µÉÒ [108] ¶¨ÏÊÉ:
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®�¡· É¨³ ¢´¨³ ´¨¥ ´  ÉÐ É¥²Ó´µ ¶·µ¢¥·¥´´Ò° Ë ±É µÉ¸ÊÉ¸É¢¨Ö µ¸É ÉµÎ-
´µ° · ¤¨µ ±É¨¢´µ¸É¨, Éµ ¥¸ÉÓ ´  µÉ¸ÊÉ¸É¢¨¥ ¢µ§¡Ê¦¤¥´´ÒÌ ¨ ´¥¸É ¡¨²Ó´ÒÌ
¨§µÉµ¶µ¢. …¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¶·¨ É· ´¸Ëµ·³ Í¨¨ ¶·µ¨¸Ìµ¤ÖÉ ¸Éµ²±-
´µ¢¥´¨Ö Ö¤¥·, ¶·¨¢µ¤ÖÐ¨¥ ± Ö¤¥·´Ò³ ·¥ ±Í¨Ö³, Éµ ¸É ²±¨¢ ÕÐ¨¥¸Ö Ö¤· 
¤µ²¦´Ò µ¡² ¤ ÉÓ ¤µ¸É ÉµÎ´µ° ¤²Ö ¶·¥µ¤µ²¥´¨Ö ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥·  Ô´¥·-
£¨¥°, ¨, ¸²¥¤µ¢ É¥²Ó´µ, ¶µ²ÊÎ¥´´Ò¥ Ö¤·  ¤µ²¦´Ò µ¡· §µ¢Ò¢ ÉÓ¸Ö ¢ ¢µ§¡Ê¦¤¥´-
´µ³ ¸µ¸ÉµÖ´¨¨. ’ ± ± ± ¢ Ô±¸¶¥·¨³¥´É¥ ´¥ ´ ¡²Õ¤ ¥É¸Ö µ¸É ÉµÎ´µ° · ¤¨µ ±-
É¨¢´µ¸É¨, Éµ ÔÉµ ¶µ± §Ò¢ ¥É, ÎÉµ É· ´¸Ëµ·³ Í¨Ö ´¥ Ö¢²Ö¥É¸Ö ¸µ¢µ±Ê¶´µ¸ÉÓÕ
¸²ÊÎ °´ÒÌ ³¥¦ÑÖ¤¥·´ÒÌ  ±Éµ¢¯.

‚ · ¡µÉ Ì [105,106]  ¢Éµ·Ò ¢Ò¤¢¨£ ²¨ ¢ ± Î¥¸É¢¥ · ¡µÎ¥° £¨¶µÉ¥§Ò ¸²¥-
¤ÊÕÐ¥¥: ¢´¥Ï´¨¥ ¢µ§¤¥°¸É¢¨Ö ¢Ò§Ò¢ ÕÉ ¨µ´¨§ Í¨Õ  Éµ³µ¢, ¢ ·¥§Ê²ÓÉ É¥ Î¥£µ
 Éµ³Ò É¥·ÖÕÉ Î ¸ÉÓ ¸¢µ¨Ì Ô²¥±É·µ´µ¢, ¨ ¤ ²¥¥ Ê¦¥ ¢µ§³µ¦¥´ β-· ¸¶ ¤ ´ 
¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö, É ± ÎÉµ µÉ±·Ò¢ ÕÉ¸Ö ± ´ ²Ò ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì ¶·¥-
¢· Ð¥´¨° Ö¤¥·, µ¡Ê¸²µ¢²¥´´Ò¥ ¸² ¡Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³. ˆµ´¨§ Í¨Ö  Éµ³µ¢
¨ β-· ¸¶ ¤ ´  ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö Ö¢²ÖÕÉ¸Ö ·¥§µ´ ´¸´Ò³¨ ¶·µÍ¥¸¸ ³¨ ¶µ
¸ ³µ³Ê µ¶·¥¤¥²¥´¨Õ, É ± ÎÉµ ¸¥Î¥´¨Ö É ±¨Ì ³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ ¶·µÍ¥¸¸µ¢
¡Ê¤ÊÉ Ê¸¨²¥´Ò ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¥° [107], É¥³ ¸ ³Ò³ ¢¥¸Ó ¶·µÍ¥¸¸
¶·¨µ¡·¥É ¥É ±µ£¥·¥´É´Ò°, ±µ²²¥±É¨¢´Ò° Ì · ±É¥· (§ ³¥É¨³, ÎÉµ ¥¸²¨  Éµ³Ò,
¨§²ÊÎ ÕÐ¨¥ Ô²¥±É·µ´Ò, µ¡· §ÊÕÉ ³µ²¥±Ê²Ò ¨²¨ ¢Ìµ¤ÖÉ ¢ ¸µ¸É ¢ ±·¨¸É ²² ,
Éµ ÔÉ¨ Ô²¥±É·µ´Ò ¨§-§  ¢§ ¨³µ¤¥°¸É¢¨Ö ¸ ¡²¨§²¥¦ Ð¨³¨  Éµ³ ³¨ µ¡· §ÊÕÉ
¸ÉµÖÎ¨¥ ¢µ²´Ò. �Éµ ¶·¨¢o¤¥É ± µ¸Í¨²²ÖÍ¨Ö³ ¢ Ô´¥·£¨¨ ¨¸¶ÊÐ¥´´ÒÌ Ô²¥±É·µ-
´µ¢, ¶¥·¨µ¤Ò ±µÉµ·ÒÌ µ¶·¥¤¥²ÖÕÉ¸Ö ³¥¦ Éµ³´Ò³¨ · ¸¸ÉµÖ´¨Ö³¨ Å ·¥§µ´ ´¸
Ëµ·³Ò [41]).

6. �‘��‚�›… ‘��’��˜…�ˆŸ

�µÖ¢²¥´¨¥ ² §¥·µ¢ ¤ ²µ ´µ¢Ò° Éµ²Îµ± ¢ ¨¸¸²¥¤µ¢ ´¨ÖÌ Ê¶· ¢²¥´¨Ö ¸±µ·µ-
¸ÉÖ³¨ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  Ö¤¥· ¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ ¶µ³µÐÓÕ ¸¢¥Éµ¢ÒÌ
¨§²ÊÎ¥´¨° (³Ò ¡² £µ¤ ·´Ò ¶·µË¥¸¸µ·Ê �. �. ƒ ´£·¸±µ³Ê §  ¶·¥¤µ¸É ¢²¥´¨¥
´ ³ ´¥µ¶Ê¡²¨±µ¢ ´´ÒÌ ²¥±Í¨° Å ®‚µ§¤¥°¸É¢¨¥ ² §¥·´µ£µ ¨§²ÊÎ¥´¨Ö ´  ¸±µ-
·µ¸É¨ Ö¤¥·´ÒÌ ¶·µÍ¥¸¸µ¢¯). �´¥·£¨Ö ² §¥·´µ£µ ¨§²ÊÎ¥´¨Ö ´¥ ¶·¥¢ÒÏ ¥É ´¥-
¸±µ²Ó±¨Ì Ô‚, ÎÉµ ´  ³´µ£µ ¶µ·Ö¤±µ¢ ´¨¦¥ É·¥¡Ê¥³ÒÌ ¤²Ö Ö¤¥·´ÒÌ ·¥ ±Í¨°.
Šµ£¥·¥´É´µ¸ÉÓ, ³µ´µÌ·µ³ É¨Î´µ¸ÉÓ, ´ ¶· ¢²¥´´µ¸ÉÓ ¨ ¨´É¥´¸¨¢´µ¸ÉÓ ² §¥·-
´µ£µ ¨§²ÊÎ¥´¨Ö ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ¶µ§¢µ²ÖÕÉ ÔËË¥±É¨¢´µ ¢µ§¤¥°¸É¢µ¢ ÉÓ ´  Ö¤·µ
(¶µ¤·µ¡´µ¸É¨ ¢ ²¥±Í¨¨ �. �. ƒ ´£·¸±µ£µ ¨ ¢ [109,110]).

ˆ§¢¥¸É´µ, ÎÉµ Í¥²Ò° ·Ö¤ ¶·µÍ¥¸¸µ¢ ¢ Ö¤·¥ ¶·µ¨¸Ìµ¤¨É ¸ ÊÎ ¸É¨¥³ Ô²¥±-
É·µ´´ÒÌ µ¡µ²µÎ¥±  Éµ³µ¢: Ô²¥±É·µ´´Ò° § Ì¢ É, ¢´ÊÉ·¥´´ÖÖ ±µ´¢¥·¸¨Ö γ-
¨§²ÊÎ¥´¨Ö ¨ β-· ¸¶ ¤ [111, 112]. 	¨¦¥ ³Ò ¶µ± ¦¥³, ÎÉµ ¢µ§¡Ê¦¤¥´¨¥ ¨
¨µ´¨§ Í¨Ö  Éµ³µ¢ ³µ£ÊÉ ¸²Ê¦¨ÉÓ ±²ÕÎµ³ ± Ê¶· ¢²¥´¨Õ ¸±µ·µ¸ÉÖ³¨ · ¤¨µ ±-
É¨¢´µ£µ · ¸¶ ¤  Ö¤¥· ¨ Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¶µ¸±µ²Ó±Ê · §²¨Î´Ò¥ ¶·¥¢· Ð¥´¨Ö
Ô´¥·£¨¨ ¢ Ô²¥±É·µ´´µ° µ¡µ²µÎ±¥  Éµ³  ³µ£ÊÉ µ± § ÉÓ ¢µ§¤¥°¸É¢¨¥ ´  Ö¤·µ.

14



�¥É -· ¸¶ ¤ Ö¤¥· (β-· ¸¶ ¤) Å µ¤¨´ ¨§ É·¥Ì µ¸´µ¢´ÒÌ É¨¶µ¢ · ¤¨µ ±É¨¢-
´µ¸É¨ ¨ ´ ¨¡µ²¥¥ ¶µ²´µ ¨¸¸²¥¤µ¢ ´´µ¥ ¶·µÖ¢²¥´¨¥ ËÊ´¤ ³¥´É ²Ó´µ£µ ¸² ¡µ£µ
¢§ ¨³µ¤¥°¸É¢¨Ö. �¸´µ¢Ò É¥µ·¨¨ β-· ¸¶ ¤  ¸µ§¤ ´Ò ¢ 1934 £. �. ”¥·³¨ [113],
¨¸Î¥·¶Ò¢ ÕÐÊÕ ¨´Ëµ·³ Í¨Õ ³µ¦´µ ´ °É¨ ¢ µ¡§µ· Ì ¨ ÊÎ¥¡´¨± Ì [114Ä118].

‚µ§³µ¦´Ò ¸²¥¤ÊÕÐ¨¥ ¶·µÍ¥¸¸Ò:

A(Z, N) → A(Z + 1, N − 1) + e− + ν̃e, (6.1)

A(Z, N) → A(Z − 1, N + 1) + e+ + νe, (6.2)

e− + A(Z, N) → A(Z − 1, N + 1) + νe, (6.3)

νe(ν̃e) + A(Z, N) → A(Z ± 1, N ∓ 1) + e−(e+), (6.4)

A(Z, N) → A(Z ± 2, N ∓ 2), (6.5)

£¤¥ ¸¨³¢µ² A(Z, N) µ¡µ§´ Î ¥É Ö¤·µ A ¸ Î¨¸²µ³ ¶·µÉµ´µ¢ Z ¨ ´¥°É·µ´µ¢
N . �¥·¢Ò° ¶·µÍ¥¸¸ Å ÔÉµ ¶·µÍ¥¸¸ ¶·¥¢· Ð¥´¨Ö µ¤´µ£µ ¨§ ´¥°É·µ´µ¢ Ö¤·  ¢
¶·µÉµ´ ¸ ¨¸¶Ê¸± ´¨¥³ Ô²¥±É·µ´  ¨  ´É¨´¥°É·¨´µ, ¢Éµ·µ° Å µ¤¨´ ¨§ ¶·µÉµ´µ¢
Ö¤·  ¶·¥¢· Ð ¥É¸Ö ¢ ´¥°É·µ´ ¸ ¨¸¶Ê¸± ´¨¥³ ¶µ§¨É·µ´  ¨ ´¥°É·¨´µ, É·¥É¨° Å
§ Ì¢ É Ô²¥±É·µ´  ¸ K-µ¡µ²µÎ±¨  Éµ³ ∗, Î¥É¢¥·ÉÒ° Å µ¡· É´Ò° β-· ¸¶ ¤ ¨
¶ÖÉÒ° Å ¤¢µ°´µ° β-· ¸¶ ¤ ¸ ¨¸¶Ê¸± ´¨¥³ ¤¢ÊÌ β-Î ¸É¨Í ¨ ´¥°É·¨´´µ° ¶ ·Ò
²¨¡µ ¡¥§ ¨¸¶Ê¸± ´¨Ö ´¥°É·¨´µ (µ¡¸Ê¦¤ ¥³ Ö ¢ ²¨É¥· ÉÊ·¥ £¨¶µÉ¥§ ).

‚µ§³µ¦´µ¸ÉÓ βb-· ¸¶ ¤  ´  ¸¢Ö§ ´´Ò¥ Ô²¥±É·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¤µÎ¥·´¥£µ
 Éµ³ , ¸µ¶·µ¢µ¦¤ ¥³µ£µ Ô³¨¸¸¨¥° ³µ´µÌ·µ³ É¨Î¥¸±µ£µ  ´É¨´¥°É·¨´µ, ¡Ò² 
¶·¥¤¸± § ´  ¢ · ¡µÉ¥ [119] ¨ ¤¥É ²Ó´µ µ¡¸Ê¦¤¥´  ¢ [120Ä122]. „²Ö ´¥°É· ²Ó-
´ÒÌ  Éµ³µ¢ βb-· ¸¶ ¤ ´  ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¨£· ¥É ¢Éµ·µ¸É¥¶¥´´ÊÕ ·µ²Ó ¶µ
¸· ¢´¥´¨Õ ¸ βc-· ¸¶ ¤µ³ ´  Ô²¥±É·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ´¥¶·¥·Ò¢´µ£µ ¸¶¥±É· .
�´ ³µ¦¥É ¸É ÉÓ ¤µ³¨´¨·ÊÕÐ¨³ ± ´ ²µ³ ¤²Ö ¸¨²Ó´µ¨µ´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢,
±µÉµ·Ò¥ ¸ÊÐ¥¸É¢ÊÕÉ ¢ §¢¥§¤´µ° ¶² §³¥ ¶·¨ Ö¤¥·´µ³ ¸¨´É¥§¥. ‚ ¦´µ¸ÉÓ βb-
· ¸¶ ¤  ´  ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¢  ¸É·µË¨§¨±¥, ¢ µ¸µ¡¥´´µ¸É¨ ¤²Ö s-¶·µÍ¥¸¸ 
¨ ¤²Ö ±µ¸³µÌ·µ´µ²µ£¨¨, ¡Ò²¨ ¶µ¤Î¥·±´ÊÉÒ ¢ ´¥¸±µ²Ó±¨Ì · ¡µÉ Ì [123Ä126].

�±¸¶¥·¨³¥´ÉÒ ¸ ¸¨²Ó´µ¨µ´¨§¨·µ¢ ´´Ò³¨ ¶ÊÎ± ³¨ ¨µ´µ¢ 57Feq+ (q =
19 − 25) ¶·¨ 6 ŒÔB/� ¨ [127] 125Teq+ (q = 46 − 48) ¶·¨ 27 ŒÔ‚/A [128]
¤¥³µ´¸É·¨·µ¢ ²¨ ¨§³¥´¥´¨Ö ¶¥·¨µ¤  ¶µ²Ê· ¸¶ ¤  Ö¤¥·´ÒÌ Ê·µ¢´¥° ¨§-§  ¢²¨-
Ö´¨Ö Ô²¥±É·µ´´ÒÌ ±µ´Ë¨£Ê· Í¨°  Éµ³  ´  ± ´ ²Ò ¢´ÊÉ·¥´´¨° ±µ´¢¥·¸¨¨,
¢µ§¡Ê¦¤¥´´ÒÌ ±Ê²µ´µ¢¸±¨³ ¶µ²¥³ ¸É ²±¨¢ ÕÐ¨Ì¸Ö Ö¤¥·. �¥·¨µ¤ ¶µ²Ê· ¸-
¶ ¤  Ö¤¥·´ÒÌ Ê·µ¢´¥° ¤²Ö ¸¨²Ó´µ¨µ´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢ Ê¢¥²¨Î¨¢ ¥É¸Ö µÉ
10 ¤µ 670 %.

‚ · ¡µÉ¥ [129] ¸µµ¡Ð ¥É¸Ö µ ¤· ³ É¨Î¥¸±µ³ Ê¢¥²¨Î¥´¨¨ µÉ 2,8 ¤µ 33 · §
¶¥·¨µ¤  ¶µ²Ê· ¸¶ ¤  ¨§µ³¥·´ÒÌ Ö¤¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¶µ²´µ¸ÉÓÕ ¨µ´¨§¨·µ¢ ´-
´ÒÌ  Éµ³µ¢ 144mTb65+, 149mDy66+ ¨ 151mEr68+ ¶µ ¸· ¢´¥´¨Õ ¸ ´¥°É· ²Ó-
´Ò³¨  Éµ³ ³¨, ¢ µ¸µ¡¥´´µ¸É¨ ¤²Ö  Éµ³µ¢ ¸ ¸¨²Ó´Ò³¨ ± ´ ² ³¨ ¢´ÊÉ·¥´´¥°

∗‚±²ÕÎ Ö § Ì¢ É Ô²¥±É·µ´µ¢ ¸ L-, M -, N -, ... µ¡µ²µÎ¥±  Éµ³ .
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±µ´¢¥·¸¨¨. �ÉµÉ Ë ±É µ¡ÑÖ¸´Ö¥É¸Ö É¥³, ÎÉµ ¢ £µ²µ³ Ö¤·¥ ¡¥§ Ô²¥±É·µ´µ¢ ± -
´ ²Ò ¢´ÊÉ·¥´´¥° ±µ´¢¥·¸¨¨ ¨ ± ´ ²Ò ¶µ£²µÐ¥´¨Ö Ô²¥±É·µ´  § ±·ÒÉÒ. 	¥µ¡-
Ìµ¤¨³µ § ³¥É¨ÉÓ, ÎÉµ É ±µ¥ ¸¨²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ ¶¥·¨µ¤  ¶µ²Ê· ¸¶ ¤  ¨§µ³¥·-
´ÒÌ ¸µ¸ÉµÖ´¨° £µ²ÒÌ Ö¤¥· ´¨±µ£¤  ´¥ ¡Ò²µ § ³¥Î¥´µ · ´¥¥. ‚ · ¡µÉ¥ [130]
 ¢Éµ·Ò ¶·¨Ìµ¤ÖÉ ± ¢Ò¢µ¤Ê, ÎÉµ ¥¸²¨ Ô´¥·£¨Ö · ¸¶ ¤  ¨§µ³¥·´µ£µ Ö¤¥·´µ£µ
¸µ¸ÉµÖ´¨Ö ³¥´ÓÏ¥, Î¥³ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö Ô²¥±É·µ´  ¨§ K-µ·¡¨ÉÒ ¢ ´¥¶·¥-
·Ò¢´Ò° ¸¶¥±É·, Éµ ³µ¦¥É µÉ±·Ò¢ ÉÓ¸Ö ´µ¢Ò° ± ´ ² · ¸¶ ¤  Å ¢µ§¡Ê¦¤¥´¨¥
¢Ò¸µ±µ²¥¦ Ð¨Ì ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° Ô²¥±É·µ´ .

�·¨ βb-· ¸¶ ¤¥ ´  ¸¢Ö§ ´´Ò¥ Ô²¥±É·µ´´Ò¥ ¸µ¸ÉµÖ´¨Ö Ô²¥±É·µ´ ¸ ¤¨É¸Ö
´  ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö, É ± ÎÉµ ÔÉµ ¶·µÍ¥¸¸ ¤¢ÊÌ É¥², Éµ£¤   ´É¨´¥°É·¨´µ
Ê´µ¸¨É ¢¸Õ ¢Ò¤¥²Ö¥³ÊÕ Ô´¥·£¨Õ Q. ‚¶¥·¢Ò¥ [131] βb-· ¸¶ ¤ ´  ¸¢Ö§ ´´Ò¥
¸µ¸ÉµÖ´¨Ö ´ ¡²Õ¤ ²¸Ö ¤²Ö Ö¤·  163

66 Dy. �Éµ Ö¤·µ ¸É ¡¨²Ó´µ¥, ± ± ´¥°É· ²Ó´Ò°
 Éµ³ (Qβ = −2,565 ±Ô‚), µ¤´ ±µ ¶µ²´µ¸ÉÓÕ ¨µ´¨§¨·µ¢ ´´µ¥ Ö¤·µ 163

66 Dy66+

· ¸¶ ¤ ¥É¸Ö ´  163
67 Ho66+ ¸ ¶¥·¨µ¤µ³ ¶µ²Ê· ¸¶ ¤  47 ¤´¥° (QK

βb
= 50,3 ±Ô‚).

‚ ´¥°É· ²Ó´ÒÌ  Éµ³ Ì 163Ho ¶·µ¨¸Ìµ¤¨É § Ì¢ É Ô²¥±É·µ´µ¢ ¸ M - ¨ ¡µ-
²¥¥ ¢Ò¸µ±¨Ì µ¡µ²µÎ¥± ¸ ¶¥·¥Ìµ¤µ³ ¢ 163Dy. ˆµ´¨§ Í¨Ö  Éµ³µ¢ 163Ho ¢¶²µÉÓ
¤µ ÔÉ¨Ì µ¡µ²µÎ¥± ¤¥² ¥É ´¥¢µ§³µ¦´Ò³ Ô²¥±É·µ´´Ò° § Ì¢ É, ¨ ¨µ´¨§¨·µ¢ ´-
´Ò¥ Ö¤·  163Ho ¸É ´µ¢ÖÉ¸Ö ¸É ¡¨²Ó´Ò³¨,   ¶µ²´µ¸ÉÓÕ ¨µ´¨§¨·µ¢ ´´Ò¥  Éµ³Ò
163Dy66+ Î¥·¥§ β-· ¸¶ ¤ ´  ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö ¶¥·¥Ìµ¤ÖÉ ¢ 163Ho66+. ‘²¥-
¤µ¢ É¥²Ó´µ, ³µ¦´µ Ê¶· ¢²ÖÉÓ ´ ¶· ¢²¥´¨¥³ Ö¤¥·´ÒÌ ¶·¥¢· Ð¥´¨° ¶ÊÉ¥³ ¨µ-
´¨§ Í¨¨  Éµ³µ¢ ¢ ÔÉµ° Í¥¶µÎ±¥ ¶µ¸·¥¤¸É¢µ³ β-· ¸¶ ¤µ¢.

‚ [105] ¶·¥¤² £ ¥É¸Ö ¸²¥¤ÊÕÐ¨° ¸Í¥´ ·¨° É· ´¸³ÊÉ Í¨¨ ¤µ²£µ¦¨¢ÊÐ¨Ì
· ¤¨µ ±É¨¢´ÒÌ Ö¤¥· (Ö¤¥·´ÒÌ µÉÌµ¤µ¢): ¨µ´¨§¨·µ¢ ÉÓ  Éµ³Ò ¤µ²£µ¦¨¢ÊÐ¨Ì
· ¤¨µ ±É¨¢´ÒÌ Ö¤¥· ¤µ µÉ±·ÒÉ¨Ö ± ´ ²  Ê¸±µ·¥´´µ£µ β-· ¸¶ ¤  ¨Ì Ö¤¥· ¶µ¤
¢µ§¤¥°¸É¢¨¥³ Ô²¥±É·µ³ £´¨É´µ£µ µ¡²ÊÎ¥´¨Ö ¨ Ê¤¥·¦¨¢ ÉÓ ¢ ¨µ´¨§¨·µ¢ ´´µ³
¸µ¸ÉµÖ´¨¨ ¤µ ¶¥·¥Ìµ¤  ³ É¥·¨´¸±¨Ì Ö¤¥· ¢ ¤µÎ¥·´¨¥ ±µ·µÉ±µ¦¨¢ÊÐ¨¥ ¨²¨
¸É ¡¨²Ó´Ò¥. �Éµ ¶µ§¢µ²Ö¥É ¶·µ¢¥¸É¨ ÔËË¥±É¨¢´ÊÕ ¶¥·¥· ¡µÉ±Ê · ¤¨µ ±É¨¢-
´ÒÌ µÉÌµ¤µ¢ ¡¥§ ¨¸¶µ²Ó§µ¢ ´¨Ö ¤µ·µ£¨Ì Ê¸±µ·¨É¥²¥° ¨ É¥³ ¸ ³Ò³ ¨§¡¥¦ ÉÓ
µ¡· §µ¢ ´¨Ö ¶µ¡µÎ´ÒÌ · ¤¨µ ±É¨¢´ÒÌ ¶·µ¤Ê±Éµ¢.

„·Ê£¨³ ¢¨¤µ³ · ¸¶ ¤  Ö¤¥· ¸ ÊÎ ¸É¨¥³ Ô²¥±É·µ´µ¢  Éµ³  Ö¢²Ö¥É¸Ö ¢´Ê-
É·¥´´ÖÖ Ô²¥±É·µ´´ Ö ±µ´¢¥·¸¨Ö γ-¨§²ÊÎ¥´¨Ö. ‚ ÔÉµ³ ¸²ÊÎ ¥ ¢³¥¸Éµ Ô³¨¸¸¨¨
γ-±¢ ´É  ¨§ Ö¤·  ¥£µ Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö ¶¥·¥¤ ¥É¸Ö µ¤´µ³Ê ¨§ Ô²¥±É·µ´µ¢
 Éµ³ . ‚´¥Ï´¨³ ¢µ§¤¥°¸É¢¨¥³ ³µ¦´µ ¨µ´¨§¨·µ¢ ÉÓ  Éµ³Ò, ÎÉµ ¶·¨¢¥¤¥É ±
§ ³¥¤²¥´¨Õ ¨²¨ ¤ ¦¥ ¢ ·Ö¤¥ ¸²ÊÎ ¥¢ ± ¶µ²´µ³Ê ¶·¥±· Ð¥´¨Õ É ±¨Ì Ö¤¥·-
´ÒÌ ¶·µÍ¥¸¸µ¢, ± ± Ô²¥±É·µ´´Ò° § Ì¢ É ¨ ¢´ÊÉ·¥´´ÖÖ Ô²¥±É·µ´´ Ö ±µ´¢¥·¸¨Ö
γ-¨§²ÊÎ¥´¨Ö.

„²Ö Éµ£µ ÎÉµ¡Ò ³ ±¸¨³ ²Ó´µ Ö¸´µ ¨§²µ¦¨ÉÓ ¸ÊÉÓ  ´ ²¨§¨·Ê¥³µ° ¶·µ-
¡²¥³Ò, · ¸¸³µÉ·¨³ ¸É ´¤ ·É´Ò° ¶·µÍ¥¸¸ β-· ¸¶ ¤ :

A(Z, N) → A(Z + 1, N − 1) + e− + ν̃e. (6.6)

•µ·µÏµ ¨§¢¥¸É´µ, ÎÉµ ¥¸²¨ ·¥ÎÓ ¨¤¥É µ β- · ¸¶ ¤¥ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö
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³ É¥·¨´¸±µ£µ Ö¤· , Éµ ¢ §¥³´ÒÌ Ê¸²µ¢¨ÖÌ ÔÉµÉ ¶·µÍ¥¸¸ ¶·µÉ¥± ¥É ¤µ¸É ÉµÎ´µ
³¥¤²¥´´µ ¨§-§  ³ ²µ¸É¨ ±µ´¸É ´ÉÒ ¸² ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö.

„²Ö ¶·µ¸ÉµÉÒ ¶·µ¢¥¤¥³ ¤ ²Ó´¥°Ï¥¥ · ¸¸³µÉ·¥´¨¥ ´  ¶·¨³¥·¥ ¸¢µ¡µ¤-
´µ£µ ´¥°É·µ´ , ¶µ¸±µ²Ó±Ê ¸ Ëµ·³ ²Ó´µ° ÉµÎ±¨ §·¥´¨Ö µ´ ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µ° ¶µ²´µ¸ÉÓÕ ¨µ´¨§¨·µ¢ ´´Ò°  Éµ³. �¥·¨µ¤ ¥£µ ¶µ²Ê· ¸¶ ¤  ¸µ¸É ¢²Ö¥É
(12 ± 1,5) ³¨´ [134] (ËÊ´¤ ³¥´É ²Ó´Ò¥ ¸¢µ°¸É¢  ´¥°É·µ´  ¸³. ¢ [136,137]) ¨
Ö¢²Ö¥É¸Ö ¶· ±É¨Î¥¸±¨ ¡¥¸±µ´¥Î´µ ¡µ²ÓÏ¨³ ¶µ Ö¤¥·´Ò³ ³ ¸ÏÉ ¡ ³ ¢·¥³¥´¨.

	¨¦¥ ¡Ê¤¥É ¶µ± § ´µ, ÎÉµ ¶·¨ µ¶·¥¤¥²¥´´ÒÌ Ê¸²µ¢¨ÖÌ ÔÉµ ¢·¥³Ö § ¢¨¸¨É
´¥ Éµ²Ó±µ µÉ ¸¢µ°¸É¢ ¸² ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö, ´µ ¨ µÉ ¢´¥Ï´¨Ì Ê¸²µ¢¨°,
¢ ±µÉµ·ÒÌ ´ Ìµ¤¨É¸Ö ¸¢µ¡µ¤´Ò° ´¥°É·µ´ (¨²¨ Ö¤·µ ¸¨²Ó´µ¨µ´¨§¨·µ¢ ´´µ£µ
 Éµ³ )∗.

‘É ´¤ ·É´µ¥ ¢Ò· ¦¥´¨¥ ¤²Ö ¤¨ËË¥·¥´Í¨ ²Ó´µ° ¢¥·µÖÉ´µ¸É¨ · ¸¶ ¤  ´¥°-
É·µ´  ¨³¥¥É ¢¨¤ [146,147]:

dw = d

(
1
τ

)
=

1
2mn

∑
polar

e,p

|Mfi|2(2π)4δ(4)(pn − pp − pν − pe)×

× dpp

(2π)32εp

dpe

(2π)32εe

dpν

(2π)32εν
, (6.7)

∗�¡· É¨É¥ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¢ ¸¢µ¡µ¤´µ³ ¸µ¸ÉµÖ´¨¨ ´¥°É·µ´ ¢¸¥£¤  · ¸¶ ¤ ¥É¸Ö ´ 
¶·µÉµ´, Ô²¥±É·µ´ ¨  ´É¨´¥°É·¨´µ, µ¤´ ±µ ¢ µ±·Ê¦¥´¨¨ ¤·Ê£¨Ì ´Ê±²µ´µ¢ µ´ ³µ¦¥É ¡ÒÉÓ ± ±
¸É ¡¨²¥´, É ± ¨ ´¥¸É ¡¨²¥´, ¶·¨Î¥³ ¢·¥³Ö ¶µ²Ê· ¸¶ ¤  ´¥°É·µ´  ¢ Ö¤· Ì ±µ²¥¡²¥É¸Ö µÉ 10−6¸
¤µ 1032 ²¥É [134, 135, 138]. 	  ¸¥£µ¤´Ö ¨§¢¥¸É´Ò µ±µ²µ 3000 Ö¤¥·, ¨§ ´¨Ì 273 ¸É ¡¨²Ó´Ò,  
µ¸É ²Ó´Ò¥ · ¤¨µ ±É¨¢´Ò ¨²¨ ¤¥²ÖÉ¸Ö. �µ µÍ¥´± ³ [139] ¤µ²¦´Ò ¸ÊÐ¥¸É¢µ¢ ÉÓ ¡µ²¥¥ 8000 Ö¤¥·,
É ± ÎÉµ ¡µ²ÓÏ¨´¸É¢µ Ö¤¥· ¢¸¥ ¥Ð¥ µ¸É ÕÉ¸Ö ´¥¨§ÊÎ¥´´Ò³¨. ‘¨´É¥§ ´µ¢ÒÌ Ö¤¥· ¶·µ¤µ²¦ ¥É¸Ö.
‚ ¶µ¸²¥¤´¨¥ £µ¤Ò µÉ±·ÒÉ ´µ¢Ò° µ¸É·µ¢ ¸É ¡¨²Ó´µ¸É¨ Ö¤¥· [140Ä142], ±µÉµ·Ò° ¡Ò² ¶·¥¤¸± § ´
”. �. ƒ ·¥¥¢Ò³, �. 	. Š ²¨´±¨´Ò³ ¨ �. ‘µ¡¨Î¥¢¸±¨³ ¥Ð¥ ¢ 1966 £. [143Ä145]. �·¥¤¸± § ´¨¥,  
§ É¥³ µÉ±·ÒÉ¨¥ ´µ¢µ£µ Ô²¥³¥´É  ¨²¨ ´µ¢µ° Î ¸É¨ÍÒ ¨²¨ ´µ¢µ£µ Ö¢²¥´¨Ö ¢¸¥£¤  ¸Î¨É ²µ¸Ó ¸µ-
¡ÒÉ¨¥³ µ¸µ¡µ ¢ ¦´¥£µ §´ Î¥´¨Ö, ¶µ¤É¢¥·¦¤ ÕÐ¨³ µ¸´µ¢´Ò¥ ¶µ²µ¦¥´¨Ö Ë¨§¨Î¥¸±µ° ³µ¤¥²¨.

‚µ¶·¥±¨ ¢¸¥µ¡Ð¥³Ê Ê¡¥¦¤¥´¨Õ § ³±´ÊÉ Ö (³ £¨Î¥¸± Ö) ¶·µÉµ´´ Ö µ¡µ²µÎ±  ¢ ¸¢¥·ÌÉÖ¦¥-
²ÒÌ Ö¤· Ì ·¥ ²¨§Ê¥É¸Ö ´¥ ¶·¨ Z = 126,   ¶·¨ Z = 114(!) Å ÔÉµ ¨ ¥¸ÉÓ ¶·¥¤¸± § ´¨¥  ¢Éµ·µ¢
· ¡µÉÒ [143]. ‘ ¶· ±É¨Î¥¸±µ°, Ô±¸¶¥·¨³¥´É ²Ó´µ° ÉµÎ±¨ §·¥´¨Ö, ÔÉµ ¶·¥¤¸± § ´¨¥ ·¥§±µ Ê¢¥²¨-
Î¨²o Ï ´¸Ò ´  ·¥ ²¨§ Í¨Õ ¸¨´É¥§  ¸¢¥·ÌÉÖ¦¥²ÒÌ Ö¤¥· (¸ ·µ¸Éµ³ Z), ¢ É· ´¸Ê· ´µ¢µ° µ¡² ¸É¨ ± ±
¸¥Î¥´¨¥ µ¡· §µ¢ ´¨Ö, É ± ¨ ¢·¥³Ö ¦¨§´¨ Ö¤·  Ô±¸¶µ´¥´Í¨ ²Ó´µ Ê³¥´ÓÏ ¥É¸Ö. 	  ÔÉµ³ µ¸´µ¢ ´¨¨
³µ¦´µ ÊÉ¢¥·¦¤ ÉÓ, ÎÉµ ¥¸²¨ ¸ÊÐ¥¸É¢µ¢ ²  ¡Ò Éµ²Ó±µ µ¡µ²µÎ±  ¸ Z = 126, ¸¨´É¥§ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥· ¨ ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ´¥ ¡Ò² ¡Ò § ¢¥·Ï¥´. ˆ Ô±¸¶¥·¨³¥´É Éµ·Ò ¨¸¶µ²Ó§µ¢ ²¨ ¶·¥¤µ¸É -
¢²¥´´Ò° Ï ´¸ Å Î¥·¥§ 33 £µ¤  ¶µ¸²¥ ¶·¥¤¸± § ´¨Ö ¢ „Ê¡´¥ ¡Ò²¨ Ê¸¶¥Ï´µ ¸¨´É¥§¨·µ¢ ´Ò Ö¤·  ¸
Z = 114 ¨ ¡²¨¦ °Ï¨¥ ± ´¨³ ®¸µ¸¥¤¨¯: Z = 113, 115, 116. ‘µ¸ÉµÖ¢Ï¨°¸Ö ¸¨´É¥§ ¸¢¥·ÌÉÖ¦¥²ÒÌ
Ö¤¥·, ± ± ¨ ¶µ²ÊÎ¥´´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¶µ ¨§ÊÎ¥´¨Õ ¸¨´É¥§ , ¨³¥ÕÉ ¤²Ö É¥µ·¨¨ Ö¤·  ¶·¨´Í¨¶¨ ²Ó´µ
¢ ¦´µ¥ §´ Î¥´¨¥. �´¨ µ§´ Î ÕÉ, ÎÉµ ³µ¤¥²Ó µ¡µ²µÎ¥± ®· ¡µÉ ¥É¯ ¨ ¢ ¸¢¥·ÌÉÖ¦¥²µ° µ¡² ¸É¨ A,
´ ²¨Î¨¥ ®µ¸É·µ¢  ¸É ¡¨²Ó´µ¸É¨¯ Å ´¥ Ë ´É §¨Ö,   ·¥ ²Ó´µ¸ÉÓ. ˆ ´ ±µ´¥Í, £² ¢´µ¥ Å ±µ´Í¥¶Í¨Ö
¸·¥¤´¥£µ Ö¤¥·´µ£µ ¶µ²Ö, ± ± ¢ ¦´¥°Ï¨° Ô²¥³¥´É É¥µ·¨¨ Ö¤· , ¢ ¥£µ ·¥ ²¨¸É¨Î¥¸±µ³ ¢ ·¨ ´É¥
Ö¢²Ö¥É¸Ö ¢¶µ²´¥ µ¶· ¢¤ ´´µ° ¶·¨ ¨§ÊÎ¥´¨¨ Ö¤¥· ¸ ¶·µ¨§¢µ²Ó´Ò³ §´ Î¥´¨¥³ A.
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£¤¥ [146,147]
∑
polar

e,p

|Mfi|2 = 16m2
pG

2εeεν×

×
{
1 + 3α2 − (α2 − 1)vevν − 2α(α − 1)veζn + 2α(α + 1)vνζn

}
, (6.8)

¶·¨Î¥³ ve = pe/εe, vν = pν/εν Å ¸±µ·µ¸É¨ Ô²¥±É·µ´  ¨  ´É¨´¥°É·¨´µ
¸µµÉ¢¥É¸É¢¥´´µ, ζn Å ¢¥±Éµ· ¶µ²Ö·¨§ Í¨¨ ´¥°É·µ´ ,   ¢¥²¨Î¨´  α � 1,2.
�É¸Õ¤  ¶µ²´ Ö ¢¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  ´¥°É·µ´  · ¢´ 

w = C
G2∆5

60π3
(1 + 3α2), (6.9)

¶·¨Î¥³ C � 0,47, ∆ = mn − mp � 1,3 ŒÔ‚ [146].
Š ± ÔÉµ ´¨ ¶ · ¤µ±¸ ²Ó´µ, ¤ ´´µ¥ ¢Ò· ¦¥´¨¥, ´  µ¸´µ¢¥ ±µÉµ·µ£µ ¶·µ-

¢µ¤¨² ¸Ó µÍ¥´±  ±µ´¸É ´ÉÒ ¸² ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö G, ´¥ ÊÎ¨ÉÒ¢ ¥É µÎ¥´Ó
¢ ¦´Ò° ´ ¡²Õ¤ ¥³Ò° Ë¨§¨Î¥¸±¨° ÔËË¥±É,   ¨³¥´´µ ¢µ§³µ¦´µ¸ÉÓ µ¡· §µ-
¢ ´¨Ö  Éµ³  ¢µ¤µ·µ¤  ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¸¢Ö§ ´´µ£µ ¸µ¸ÉµÖ´¨Ö ¶·µÉµ´ 
¨ Ô²¥±É·µ´ . „²Ö ÊÎ¥É  ÔÉµ£µ ¶·µÍ¥¸¸  ± ¢Ò· ¦¥´¨Õ (6.7) ¸²¥¤Ê¥É ¤µ¡ ¢¨ÉÓ
¶µ¶· ¢±Ê:

d∆w =
1

2mn

∑
|Mfi|2 (2π)4δ(4)(pn − pH − pν)

dpH

(2π)32εH

dpν

(2π)32εν
, (6.10)

£¤¥ ¸Ê³³  ¢±²ÕÎ ¥É ¢ ¸¥¡Ö ¢¸¥ ¸µ¸ÉµÖ´¨Ö ¤¨¸±·¥É´µ£µ ¸¶¥±É·   Éµ³  ¢µ¤µ·µ¤ .
‚¥²¨Î¨´  ∆w § ¢¥¤µ³µ ´¥ Ö¢²Ö¥É¸Ö ³ ²µ° ¶µ ¸· ¢´¥´¨Õ ¸ ¢¥²¨Î¨´µ° w. �Éµ
¸¢Ö§ ´µ ¸ ¤¢Ê³Ö µ¡¸ÉµÖÉ¥²Ó¸É¢ ³¨. ‚µ-¶¥·¢ÒÌ, ¸É·Ê±ÉÊ·  ³ É·¨Î´ÒÌ Ô²¥³¥´-
Éµ¢ Mfi ¢ Ëµ·³Ê² Ì (6.8) ¨ (6.10) ¤µ¸É ÉµÎ´µ ¡²¨§± ∗. Š ± ¸²¥¤¸É¢¨¥, ÔÉ¨
³ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ ¡²¨§±¨ ¶µ ¶µ·Ö¤±Ê ¢¥²¨Î¨´Ò∗∗. ‚µ-¢Éµ·ÒÌ, Ê¢¥²¨Î¥´¨¥
¨³¶Ê²Ó¸   ´É¨´¥°É·¨´µ ¢ ±µ´¥Î´µ³ ¸µ¸ÉµÖ´¨¨ ¤²Ö ¶·µÍ¥¸¸  n → H∗ + ν̃e,
¶µ ¸· ¢´¥´¨Õ ¸  ´ ²µ£¨Î´Ò³ ¨³¶Ê²Ó¸µ³  ´É¨´¥°É·¨´µ, µ¡· §µ¢ ¢Ï¥£µ¸Ö ¢
¶·µÍ¥¸¸¥ n → p + e− + ν̃e, ¢ÒÉ¥± ÕÐ¥¥ ¨§ § ±µ´µ¢ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨ ¨³-
¶Ê²Ó¸ , ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¢¥·µÖÉ´µ¸É¨ ¶·µÍ¥¸¸  β-· ¸¶ ¤  ¢ ¸¢Ö§ ´´µ¥
¸µ¸ÉµÖ´¨¥∗∗∗.

∗‚¸¥ ¤¥É ²¨ ¢ÒÎ¨¸²¥´¨° ³ É·¨Î´ÒÌ Ô²¥³¥´Éµ¢ Mfi ¢ (6.10) ¨³¥ÕÉ¸Ö ¢ ²Õ¡µ³ ÊÎ¥¡´¨±¥,
¸µ¤¥·¦ Ð¥³ ¤µ¸É ÉµÎ´µ ¶µ¤·µ¡´Ò° · ¸Î¥É K-, L-, M -, . . . Ô²¥±É·µ´´µ£µ § Ì¢ É .

∗∗Œ É·¨Î´Ò¥ Ô²¥³¥´ÉÒ Mfi ¢ (6.8) ¨ (6.10) ¨³¥ÕÉ · §´ÊÕ Ë¨§¨Î¥¸±ÊÕ · §³¥·´µ¸ÉÓ. ‚
¤ ´´µ³ ±µ´É¥±¸É¥ ÊÉ¢¥·¦¤¥´¨¥ µ¡ ¨Ì ¡²¨§µ¸É¨ µ§´ Î ¥É, ÎÉµ ¨´É¥£· ²Ó´Ò¥ ¢¥²¨Î¨´Ò w ¨ ∆w
¡²¨§±¨ ¶µ ¶µ·Ö¤±Ê ¢¥²¨Î¨´Ò.

∗∗∗� ¸Î¥É ¶µ¶· ¢±¨ (6.10) É¥Ì´¨Î¥¸±¨ ´¥ ¸²µ¦¥´, ´µ ´¥ ¢Ìµ¤¨É ¢ Í¥²¨ ´ ¸ÉµÖÐ¥° · ¡µÉÒ,
´µ¸ÖÐ¥° ± Î¥¸É¢¥´´Ò° Ì · ±É¥· ¨ µ¶¨· ÕÐ¥°¸Ö ¨¸±²ÕÎ¨É¥²Ó´µ ´  ¶¥·¢Ò¥ ¶·¨´Í¨¶Ò Ë¨§¨±¨ ¨
´ ¤¥¦´Ò¥ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥.
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�¸µ¡µ µÉ³¥É¨³, ÎÉµ ¶·µÍ¥¸¸ n → (p + e−)bound+ν̃e = H∗+ν̃e ´¥ ¶·µÉ¨¢µ-
·¥Î¨É § ±µ´ ³ ¸µÌ· ´¥´¨Ö (¤¢ÊÌÎ ¸É¨Î´Ò¥ · ¸¶ ¤Ò Ô²¥³¥´É ·´ÒÌ Î ¸É¨Í Å
µ¤¨´ ¨§ ´ ¨¡µ²¥¥ ¨§ÊÎ¥´´ÒÌ ±² ¸¸µ¢ Ô²¥³¥´É ·´ÒÌ ¶·µÍ¥¸¸µ¢). ˆ¸Éµ·¨Î¥-
¸±¨ ¶·¥´¥¡·¥¦¥´¨¥ ¸µ¸ÉµÖ´¨Ö³¨ ¤¨¸±·¥É´µ£µ ¸¶¥±É·  ¶·¨  ´ ²¨§¥ ÔÉµ£µ · ¸-
¶ ¤  µ¡ÑÖ¸´Ö²µ¸Ó É¥³, ÎÉµ ´  ³µ³¥´É µÉ±·ÒÉ¨Ö ´¥°É·µ´  ¨¸¸²¥¤µ¢ ´¨¥ ¢¸¥Ì
β-¶·µÍ¥¸¸µ¢ ¶·µ¢µ¤¨²µ¸Ó Éµ²Ó±µ ´  µ¸´µ¢¥  ´ ²¨§  ¸¶¥±É·  Ô²¥±É·µ´µ¢.

�¶¨¸ ´´Ò° ¢ÒÏ¥ ¢±² ¤ ¤¨¸±·¥É´µ£µ ¸¶¥±É·  ¢ ¢¥·µÖÉ´µ¸ÉÓ β-· ¸¶ ¤  ¨µ-
´¨§¨·µ¢ ´´µ£µ  Éµ³  (É. ¥. ¢ ¶·µÍ¥¸¸Ò É¨¶  A(Z, N) → (A(Z + 1, N − 1))+
e−)bound + ν̃e) ¡Ò² ¨§ÊÎ¥´ Ô±¸¶¥·¨³¥´É ²Ó´µ ¢ Í¥²µ³ ·Ö¤¥ · ¡µÉ [123Ä126,
131, 132]. �·¨ ÔÉµ³ ÔËË¥±É ´ ¡²Õ¤ ²¸Ö ¤ ¦¥ ¢ ¸²ÊÎ ¥ ¸² ¡µ¨µ´¨§¨·µ¢ ´´ÒÌ
(µ¤´µ±· É´µ ¨µ´¨§¨·µ¢ ´´ÒÌ)  Éµ³µ¢. ‚¥²¨Î¨´  ÔËË¥±É  µ± § ² ¸Ó ´¥µ¡Ò-
Î °´µ ¡µ²ÓÏµ°. 	 ¶·¨³¥·, ¸µ£² ¸´µ ¤ ´´Ò³ · ¡µÉ [131, 132], ¶¥·¨µ¤ ¶µ-
²Ê· ¸¶ ¤  ³ É¥·¨´¸±¨Ì Ö¤¥· ¶·¨ · ¸¶ ¤¥ 187

75 Re → 187
76 Os, ¸µ¸É ¢²ÖÕÐ¨° ¢

´¥°É· ²Ó´ÒÌ  Éµ³ Ì 7 · 1010 ²¥É, ¢ ¶µ²´µ¸ÉÓÕ ¨µ´¨§¨·µ¢ ´´µ³ ¸µ¸ÉµÖ´¨¨
 Éµ³µ¢ · ¢¥´ (32,9 ± 2,0) ²¥É. ’ ±¨³ µ¡· §µ³, ¨µ´¨§ Í¨Ö ´¥°É· ²Ó´µ£µ
 Éµ³  ·¥´¨Ö ¶·¨¢µ¤¨É ± ¸µ±· Ð¥´¨Õ ¶¥·¨µ¤  ¶µ²Ê· ¸¶ ¤  ´  9 ¶µ·Ö¤±µ¢.
‘ ³µ¥ £² ¢´µ¥ ¸µ¸Éµ¨É ¢ Éµ³, ÎÉµ ÔÉµÉ ÔËË¥±É µ¡´ ·Ê¦¥´ ¢ ¶·Ö³µ³ Ô±¸¶¥-
·¨³¥´É¥!

Šµ´¥Î´µ, ¢ ¸²ÊÎ ¥ · ¸¶ ¤  ´¥°É·µ´  ¢±² ¤ ¸¢Ö§ ´´ÒÌ ¸µ¸ÉµÖ´¨° ¢ ¶µ²-
´ÊÕ ¢¥·µÖÉ´µ¸ÉÓ · ¸¶ ¤  £µ· §¤µ ³¥´ÓÏ¥. 	µ ¨ ¢ ÔÉµ³ ¸²ÊÎ ¥ µ´ ´¥ Ö¢²Ö¥É¸Ö
¶·¥´¥¡·¥¦¨³µ ³ ²Ò³. ’ ±¨³ µ¡· §µ³, ³µ¦´µ § ±²ÕÎ¨ÉÓ, ÎÉµ ¨´É¥´¸¨¢´µ¸ÉÓ
¸² ¡ÒÌ ¶·µÍ¥¸¸µ¢, µÍ¥´¥´´ Ö ´  µ¸´µ¢¥  ´ ²¨§  Ô²¥±É·µ´´ÒÌ ¸¶¥±É·µ¢, Ö¢²Ö-
¥É¸Ö § ´¨¦¥´´µ°.

‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¶¥·¢Ò¥ µÍ¥´±¨ ¶µ¤µ¡´ÒÌ ¶·µÍ¥¸¸µ¢ ¡Ò²¨ ¸¤¥² ´Ò
¢ · ¡µÉ¥ [119]. �µ²¥¥ ¤¥É ²Ó´Ò°  ´ ²¨§ ¶·µ¡²¥³Ò ¶·µ¢¥¤¥´ ¢ [120]. �¸É·µ-
Ë¨§¨Î¥¸±¨¥  ¸¶¥±ÉÒ ¶·µÍ¥¸¸µ¢ β-· ¸¶ ¤  ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ ¢¶¥·¢Ò¥ ¨¸-
¸²¥¤µ¢ ´Ò ¢ [123]. ‚ · ¡µÉ Ì [123Ä125, 133] ¡Ò²µ ¶µ± § ´µ, ÎÉµ µ¶¨¸ ´´Ò°
± ´ ² · ¸¶ ¤  ¸É ´µ¢¨É¸Ö ¢ ¦´Ò³, ¥¸²¨ ´¥ ¥¤¨´¸É¢¥´´Ò³, ±µ£¤  ·¥ÎÓ ¨¤¥É µ
¶·µÍ¥¸¸ Ì ´Ê±²¥µ¸¨´É¥§  ¢ §¢¥§¤´µ° ¶² §³¥∗. ‚ ¸¢¥É¥ ÔÉµ£µ µ¶¨¸ ´´Ò° ± ´ ²
· ¸¶ ¤  Ö¢²Ö¥É¸Ö µ¤´¨³ ¨§ ¢ ¦´¥°Ï¨Ì ¨´¸É·Ê³¥´Éµ¢ ±µ¸³µÌ·µ´µ³¥É·¨¨.

Š ¢¥²¨±µ³Ê ¸µ¦ ²¥´¨Õ, µ¶¨¸ ´´Ò° ±·Ê£ ¨¤¥° ± ´ ¸ÉµÖÐ¥³Ê ¢·¥³¥´¨ ³ ²µ
¨§¢¥¸É¥´ Ï¨·µ±µ° ´ ÊÎ´µ° µ¡Ð¥¸É¢¥´´µ¸É¨ ¨ ´¥ ¶µ¶ ² ¢ ÊÎ¥¡´¨±¨ Ë¨§¨±¨ ¨
 ¸É·µË¨§¨±¨.

∗„²Ö ´¥¨µ´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢ β-· ¸¶ ¤ ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ ²¨¡µ ¸É·µ£µ § ¶·¥Ð¥´
¶·¨´Í¨¶µ³ � Ê²¨ (¢ ¸µ¢µ±Ê¶´µ¸É¨ ¸ § ±µ´µ³ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨), ²¨¡µ Î·¥§¢ÒÎ °´µ ¸¨²Ó´µ
¶µ¤ ¢²¥´. �µÔÉµ³Ê ´ ¡²Õ¤¥´¨¥ µ¶¨¸ ´´µ£µ ÔËË¥±É  ¢ §¥³´ÒÌ Ê¸²µ¢¨ÖÌ ¨ ¤ ²Ó´¥°Ï¥¥ ¨§²µ¦¥-
´¨¥ ·¥§Ê²ÓÉ Éµ¢ ¨§³¥·¥´¨° ¢ ¤µ¸ÉÊ¶´µ° Ëµ·³¥ Ö¢²Ö¥É¸Ö ´¥¶·µ¸Éµ° § ¤ Î¥°. �¡ÒÎ´µ ¶·µ¤Ê±ÉÒ
β-· ¸¶ ¤  ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥, ¶µÖ¢²ÖÕÐ¨¥¸Ö ¢ · §²¨Î´µ£µ ·µ¤  Ô²¥±É·µ· §·Ö¤´ÒÌ Ô±¸¶¥·¨-
³¥´É Ì (®É· ´¸³ÊÉ Í¨Ö¯), µ¡ÑÖ¢²ÖÕÉ ®²¦¥´ Ê±µ°¯ ¨ ¸Î¨É ÕÉ ®µÏ¨¡±µ° Ô±¸¶¥·¨³¥´É ¯, ´¥¸³µÉ·Ö
´  Éµ, ÎÉµ ¸ ³ ÔËË¥±É Ê¸±µ·¥´¨Ö β-¶·µÍ¥¸¸µ¢ Ìµ·µÏµ ¨§¢¥¸É¥´ ¸ 1947 £., ´¥ ¶·µÉ¨¢µ·¥Î¨É ´¨ µ¤-
´µ³Ê ¨§ ¨§¢¥¸É´ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ § ±µ´µ¢ Ë¨§¨±¨ ¨ ³µ¦¥É ¤µ¸É¨£ ÉÓ 9 ¶µ·Ö¤±µ¢ (!) [131,132].
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Š ± Ê¦¥ µÉ³¥Î ²µ¸Ó ¢ÒÏ¥, ·µ²Ó · ¸¸³µÉ·¥´´ÒÌ ·¥ ±Í¨° βb-· ¸¶ ¤  ¨µ-
´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢ ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ µÎ¥´Ó ¢¥²¨± , ¥¸²¨ ·¥ÎÓ ¨¤¥É
µ ¶·µ¡²¥³¥ ´Ê±²¥µ¸¨´É¥§ . Š·µ³¥ Éµ£µ, ¤ ´´ Ö ·¥ ±Í¨Ö Ö¢²Ö¥É¸Ö Ìµ·µÏ¨³
¨´¸É·Ê³¥´Éµ³ ¤²Ö ¶·¥Í¨§¨µ´´µ£µ ¨§³¥·¥´¨Ö ³ ¸¸Ò Ô²¥±É·µ´´µ£µ  ´É¨´¥°-
É·¨´µ. ‚ ¤µ¶µ²´¥´¨¥ ± ¢ÒÏ¥¸± § ´´µ³Ê µÉ³¥É¨³, ÎÉµ µ¶¨¸ ´´Ò¥ ÔËË¥±ÉÒ
¤ ÕÉ ±²ÕÎ ¤²Ö ¶µ´¨³ ´¨Ö Ö¢²¥´¨Ö É· ´¸³ÊÉ Í¨¨ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ.

ˆÉ ±, ¡¥§ ÊÎ¥É  ¶·µÍ¥¸¸µ¢ É¨¶  A(Z, N) → (A(Z + 1, N − 1) + e−)bound+
ν̃e ´¥¢µ§³µ¦´µ ¶µ¸É·µ¨ÉÓ · Í¨µ´ ²Ó´ÊÕ ±µ¸³µ²µ£¨Î¥¸±ÊÕ ± ·É¨´Ê ¶·µ¨¸Ìµ-
¦¤¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ [123Ä125, 131Ä133, 105]. �¤´ ±µ, ´  ´ Ï
¢§£²Ö¤, ¶·µÍ¥¸¸Ò ÔÉµ£µ É¨¶  ´¥ ¶µ§¢µ²ÖÕÉ µ¡ÑÖ¸´¨ÉÓ ¢¸Õ ¸µ¢µ±Ê¶´µ¸ÉÓ ´ -
¡²Õ¤ ¥³ÒÌ  ¸É·µË¨§¨Î¥¸±¨Ì ¤ ´´ÒÌ. ‚ Î ¸É´µ¸É¨, ¤µ ¸¨Ì ¶µ· ´¥ ¨³¥¥É
§ ±µ´Î¥´´µ£µ µ¡ÑÖ¸´¥´¨Ö ¶·µ¡²¥³  ¢¥²¨Î¨´Ò ¶µÉµ±  ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ,
¶·µ¡²¥³   ¸¨³³¥É·¨¨ · ¸¶·¥¤¥²¥´¨Ö ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°,
¶·µ¡²¥³  Ëµ·³¨·µ¢ ´¨Ö ¨ Ì¨³¨Î¥¸±µ£µ ¸µ¸É ¢  ¶² ´¥É´ÒÌ ¸¨¸É¥³ ¢ µ±·¥¸É-
´µ¸É¨ §¢¥§¤, ¶·µÏ¥¤Ï¨Ì Î¥·¥§ ¸É ¤¨Õ ¢§·Ò¢  c¢¥·Ì´µ¢µ° ¨ É. ¶.

‚¸¥ ¢ÒÏ¥¸± § ´´µ¥ § ¸É ¢²Ö¥É ´¥¸±µ²Ó±µ ¶µ-´µ¢µ³Ê ¢§£²Ö´ÊÉÓ ´  ¶·µ-
¡²¥³Ê ¶·µ¨¸Ìµ¦¤¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢, £¥µ²µ£¨Î¥¸±ÊÕ ¨¸Éµ·¨Õ
‡¥³²¨ ¨ ´  ¶·µ¡²¥³Ê ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥·. „¥²µ ¢ Éµ³,
ÎÉµ  É³µ¸Ë¥·´µ¥ Ô²¥±É·¨Î¥¸É¢µ (± ± ²¨´¥°´Ò¥, É ± ¨ Ï ·µ¢Ò¥ ³µ²´¨¨) ¶·¥¤-
¸É ¢²Ö¥É ¸µ¡µ° · §´µ¢¨¤´µ¸ÉÓ Ô²¥±É·¨Î¥¸±µ£µ · §·Ö¤ . 	 ²¨Î¨¥ ¡µ²ÓÏµ£µ
±µ²¨Î¥¸É¢  ¨µ´¨§¨·µ¢ ´´ÒÌ ¨µ´µ¢ ¢ §µ´¥ Ô²¥±É·¨Î¥¸±µ£µ · §·Ö¤  ¤¥² ¥É ¢µ§-
³µ¦´Ò³ β-· ¸¶ ¤ ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥ ¤ ¦¥ ¤²Ö  Éµ³µ¢, ¤²Ö ±µÉµ·ÒÌ
β-· ¸¶ ¤ ¢ ´¥¨µ´¨§¨·µ¢ ´´µ³ ¸µ¸ÉµÖ´¨¨ ¸É·µ£µ § ¶·¥Ð¥´. � £¥µ²µ£¨Î¥¸±¨¥
¢·¥³¥´  ´ ¸Éµ²Ó±µ ¡µ²ÓÏ¥  Éµ³´ÒÌ ¨ Ö¤¥·´ÒÌ, ÎÉµ Ê± § ´´Ò° É¨¶ ¶·µÍ¥¸-
¸µ¢ ´ Î¨´ ¥É ¨£· ÉÓ § ³¥É´ÊÕ ·µ²Ó ¢ ¶·µÍ¥¸¸¥ µ¡· §µ¢ ´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥-
³¥´Éµ¢. Šµ¸¢¥´´Ò³ ¶µ¤É¢¥·¦¤¥´¨¥³ ÔÉµ£µ Ë ±É  ³µ¦¥É ¸²Ê¦¨ÉÓ · §²¨Î¨¥
¢ Ì¨³¨Î¥¸±µ³ ¸µ¸É ¢¥ ²Ê´´µ£µ ¨ §¥³´µ£µ £·Ê´Éµ¢. �É³µ¸Ë¥·´µ¥ Ô²¥±É·¨Î¥-
¸É¢µ, ¢Ê²± ´¨Î¥¸± Ö ¤¥ÖÉ¥²Ó´µ¸ÉÓ ¨ ³´µ£¨¥ ¨µ´¨§ Í¨µ´´Ò¥ ¶·µÍ¥¸¸Ò ¶·¨¢µ-
¤ÖÉ ± ´¨§±µÔ´¥·£¥É¨Î¥¸±µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ §¥³-
´ÒÌ Ê¸²µ¢¨ÖÌ, ÎÉµ ³µ¦¥É ¡ÒÉÓ ¶·µ¢¥·¥´µ ¨ ³µ¦¥É ¶·¨¢¥¸É¨ ± ´µ¢Ò³ ¸¶µ¸µ¡ ³
¶·¥¤¸± § ´¨Ö ³¥¸Éµ·µ¦¤¥´¨° ¶µ²¥§´ÒÌ ¨¸±µ¶ ¥³ÒÌ.

	¥¸±µ²Ó±µ µ¸µ¡´Ö±µ³ ¸Éµ¨É ¶·µ¡²¥³  Ô¢µ²ÕÍ¨¨ Ô²¥³¥´Éµ¢, ¢Ìµ¤ÖÐ¨Ì ¢
¸µ¸É ¢ ¸µ²¥°, · ¸É¢µ·¥´´ÒÌ ¢ ¢µ¤¥ µ±¥ ´µ¢. � ¸É¢µ·Ò Ô²¥±É·µ²¨Éµ¢ ¸µ¤¥·-
¦ É ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ ¨µ´µ¢. ‚ · ¸É¢µ· Ì É ±¦¥ ¢µ§³µ¦´µ ´ ¡²Õ¤¥´¨¥
β-· ¸¶ ¤  ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥. Š ¸µ¦ ²¥´¨Õ, ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó µÉ-
¸ÊÉ¸É¢ÊÕÉ · ¡µÉÒ (´ ¸±µ²Ó±µ ´ ³ ¨§¢¥¸É´µ), ¶µ¸¢ÖÐ¥´´Ò¥ ÔÉµ° ¶·µ¡²¥³¥. ˆ
´ ±µ´¥Í, ¶·µ¡²¥³  ¡¨µ²µ£¨Î¥¸±µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥· [148, 149] ¦¤¥É ¸¢µ¥£µ
·¥Ï¥´¨Ö ± ± ¢ ¦´¥°Ï Ö Î ¸ÉÓ Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¨. Œ´µ£¨¥ Ì¨³¨Î¥¸±¨¥
Ô²¥³¥´ÉÒ ¢ ¦¨¢ÒÌ ¸¨¸É¥³ Ì ¢¸É·¥Î ÕÉ¸Ö ¢ ¢¨¤¥ ¨µ´µ¢, É ± ÎÉµ ¶·¥¤² £ ¥³Ò°
´ ³¨ ³¥Ì ´¨§³ Ìµ²µ¤´µ° É· ´¸Ëµ·³ Í¨¨ Ö¤¥· ³µ¦¥É ¸²Ê¦¨ÉÓ ¨¸ÉµÎ´¨±µ³
Ô´¥·£¨¨ ¢ ¦¨¢ÒÌ ¸¨¸É¥³ Ì, ÎÉµ É·¥¡Ê¥É ¤µ± § É¥²Ó¸É¢ .

20



7. ��‚›‰ ‚ˆ„ …‘’…‘’‚…���‰ ��„ˆ��Š’ˆ‚��‘’ˆ

	  ´ Ï ¢§£²Ö¤, ¢ ± Î¥¸É¢¥ · ¡µÎ¥° £¨¶µÉ¥§Ò, ¶µ§¢µ²ÖÕÐ¥° ¶·µ²¨ÉÓ µ¶·¥-
¤¥²¥´´Ò° ¸¢¥É ´  Ê± § ´´Ò¥ ¢ÒÏ¥ ¶·µ¡²¥³Ò, ³µ¦´µ ¶·¨´ÖÉÓ ¸²¥¤ÊÕÐ¥¥:
´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ¢  ¸É·µË¨§¨±¥ ´¥¤µ¸É ÉµÎ´µ ¶µ²´µ ¨¸¸²¥¤µ¢ ´  ·µ²Ó
³´µ£µ¸ÉÊ¶¥´Î ÉÒÌ ËµÉµÖ¤¥·´ÒÌ ·¥ ±Í¨°. …¸²¨ ÊÎ¥¸ÉÓ, ÎÉµ ¶²µÉ´µ¸ÉÓ ¶µÉµ± 
γ-±¢ ´Éµ¢ ¢ §¢¥§¤´µ° ¶² §³¥ (µ¸µ¡¥´´µ ¥¸²¨ ·¥ÎÓ ¨¤¥É µ ¢´ÊÉ·¥´´¥° µ¡² -
¸É¨ §¢¥§¤) ¢¥²¨± ,   ¸É¥¶¥´Ó ¨µ´¨§ Í¨¨  Éµ³µ¢ µÎ¥´Ó ¢Ò¸µ± , Éµ ¶µ  ´ ²µ£¨¨
¸ µ¶¨¸ ´´µ° ¢ÒÏ¥ ¸¨ÉÊ Í¨¥° ³µ¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ¢±² ¤ ³´µ£µ¸ÉÊ¶¥´-
Î ÉÒÌ ËµÉµ¶·µÍ¥¸¸µ¢ ¢ · §²¨Î´Ò¥ ´ ¡²Õ¤ ¥³Ò¥ ÔËË¥±ÉÒ ³µ¦¥É µ± § ÉÓ¸Ö
´¥¶·¨¢ÒÎ´µ ¡µ²ÓÏ¨³ ¨ ¸µ¨§³¥·¨³Ò³ (¨²¨ ¤ ¦¥ ¶·¥¢ÒÏ ÕÐ¨³) ¸ ¢±² ¤µ³
¸¨²Ó´ÒÌ ¶·µÍ¥¸¸µ¢. ‚ ± Î¥¸É¢¥ ¨²²Õ¸É· Í¨¨ ÔÉµ£µ É¥§¨¸  ¶·¨¢¥¤¥³ ¸²¥¤ÊÕ-
Ð¨¥ ·¥ ±Í¨¨:

γ + A(Z, N) → A∗(Z, N) → A(Z + 1, N − 1) + e− + ν̃e, (7.1)

γ + A(Z, N) → A∗(Z, N) →
(
A(Z + 1, N − 1) + e−

)
bound

+ ν̃e, (7.2)

γ + A(Z, N) → (e+ + e−)v + A(Z, N) → A(Z + 1, N − 1) + e− + ν̃e, (7.3)

γ + A(Z, N) → (e+ + e−)v + A(Z, N) →
(
A(Z + 1, N − 1) + e−

)
bound

+ ν̃e,
(7.4)

£¤¥ ¨´¤¥±¸ v µ§´ Î ¥É, ÎÉµ Ô²¥±É·µ´-¶µ§¨É·µ´´ Ö ¶ ·  Ö¢²Ö¥É¸Ö ¢¨·ÉÊ ²Ó´µ°.
‘µ¢¥·Ï¥´´µ µÎ¥¢¨¤´µ, ÎÉµ ¶·µÍ¥¸¸Ò (7.1)Ä(7.4) ³µ£ÊÉ ¤ ¢ ÉÓ ¸ÊÐ¥¸É¢¥´-

´Ò° ¢±² ¤ ¢ ¶·µÍ¥¸¸ ´ · ¡µÉ±¨ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ ¢ ´¥¤· Ì §¢¥§¤. �¤´ ±µ ¨§
¶¥·¥Î¨¸²¥´´ÒÌ ¢ÒÏ¥ ËµÉµ¶·µÍ¥¸¸µ¢ ¢ ´ ÊÎ´µ° ²¨É¥· ÉÊ·¥ ¶µ¤·µ¡´µ µ¶¨¸ ´ 
Éµ²Ó±µ ·¥ ±Í¨Ö (7.1).

�¸É ´µ¢¨³¸Ö ¶µ¤·µ¡´¥¥ ´  µ¸É ²Ó´ÒÌ ¶·µÍ¥¸¸ Ì ¨ ¨Ì ·µ²¨ ¢ ±µ¸³µ²µ£¨¨
¨  ¸É·µË¨§¨±¥. �·µÍ¥¸¸ (7.2) ¶µ²´µ¸ÉÓÕ  ´ ²µ£¨Î¥´ ¶·µÍ¥¸¸Ê (7.1). �¤-
´ ±µ ¨§-§  Éµ£µ, ÎÉµ  ´É¨´¥°É·¨´µ, µ¡· §ÊÕÐ¨¥¸Ö ¢ ÔÉµ³ ¶·µÍ¥¸¸¥, ¨³¥ÕÉ
¡µ²ÓÏÊÕ Ô´¥·£¨Õ, ¢¥·µÖÉ´µ¸ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¶¥·¥Ìµ¤  ¢¥¸Ó³  ¢¥²¨± .
	¥¸³µÉ·Ö ´  Éµ, ÎÉµ ¸¥Î¥´¨¥ ËµÉµÖ¤¥·´µ° ·¥ ±Í¨¨ ´¥ ¸²¨Ï±µ³ ¢¥²¨±µ,
¶·¨ µ¶·¥¤¥²¥´´ÒÌ Ê¸²µ¢¨ÖÌ (¡µ²ÓÏµ° ¶²µÉ´µ¸É¨ ¶µÉµ±  γ-±¢ ´Éµ¢ ¨ ¢Ò¸µ-
±µ° ¶²µÉ´µ¸É¨ ¢¥Ð¥¸É¢  ¢ Í¥´É· ²Ó´µ° µ¡² ¸É¨ §¢¥§¤Ò) ¢±² ¤ ·¥ ±Í¨° (7.1),
(7.2) ¢ ¶·µÍ¥¸¸ ¸¨´É¥§  Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ (¢±²ÕÎ Ö ÉÖ¦¥²Ò¥ Ô²¥³¥´ÉÒ,
¢¶²µÉÓ ¤µ Ê· ´ ) ³µ¦¥É ¡ÒÉÓ ¢¥¸Ó³  §´ Î¨É¥²Ó´Ò³. ‚ ¶·¨´Í¨¶¥, ÔÉµÉ ³¥Ì -
´¨§³ ´Ê±²¥µ¸¨´É¥§  ¶µ¤²¥¦¨É ¤¥É ²Ó´µ³Ê ¨§ÊÎ¥´¨Õ, ¶µ¸É·µ¥´¨¥ É¥µ·¨¨ ÔÉµ£µ
Ö¢²¥´¨Ö ´¥ Ö¢²Ö¥É¸Ö Î·¥§³¥·´µ ¸²µ¦´µ° § ¤ Î¥°. �·¨ ÔÉµ³ ¶·µÍ¥¸¸Ò (7.1) ¨
(7.2) ¤ ÕÉ ²¨ÏÓ ±µ²¨Î¥¸É¢¥´´Ò¥ ¶µ¶· ¢±¨ ± · ¸Î¥É ³ Ô¢µ²ÕÍ¨¨ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éµ¢, ¢Ò¶µ²´¥´´Ò³ ´  ¡ §¥ £¨¶µÉ¥§Ò µ ¸ÊÐ¥¸É¢¥´´µ° ·µ²¨ ·¥ ±Í¨¨
A(Z, N) → (A(Z + 1, N − 1) + ν̃e)bound + ν̃e ¢ ¶·µÍ¥¸¸¥ ´Ê±²¥µ¸¨´É¥§ .
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	¥¸±µ²Ó±µ ¨´ Î¥ µ¡¸Éµ¨É ¤¥²µ ¸ ¶·µÍ¥¸¸ ³¨ (7.3) ¨ (7.4). „¥²µ ¢ Éµ³, ÎÉµ
¢ ¸¨²Ê ±·µ¸¸¨´£-¸¨³³¥É·¨¨ ¶·µÍ¥¸¸ (7.3) ¨ µ¡· É´ Ö ·¥ ±Í¨Ö γ+A(Z+1, N−
1) → (e+ + e−)v + A(Z + 1, N − 1) → A(Z, N) + e+ + νe ¨¤ÊÉ ¸ µ¤¨´ ±µ¢µ°
¢¥·µÖÉ´µ¸ÉÓÕ (¶·¨ · ¢¥´¸É¢¥ Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì γ-±¢ ´Éµ¢). �µÔÉµ³Ê Ê± -
§ ´´Ò¥ ¶·µÍ¥¸¸Ò ´¨±µ¨³ µ¡· §µ³ ´¥ ¢²¨ÖÕÉ ´  · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éµ¢ ¨ Ô¢µ²ÕÍ¨Õ ÔÉµ£µ · ¸¶·¥¤¥²¥´¨Ö ¢ ´¥¤· Ì §¢¥§¤. ‘µ¢¥·Ï¥´´µ ¨´ Î¥
µ¡¸Éµ¨É ¤¥²µ ¸ ¶·µÍ¥¸¸µ³ (7.4). „¥²µ ¢ Éµ³, ÎÉµ ¶µ§¨É·µ´Ò Ö¢²ÖÕÉ¸Ö ¶µ²µ-
¦¨É¥²Ó´µ § ·Ö¦¥´´Ò³¨ Î ¸É¨Í ³¨, ÎÉµ ¨¸±²ÕÎ ¥É µ¡· §µ¢ ´¨¥ ¨Ì ¸¢Ö§ ´´ÒÌ
¸µ¸ÉµÖ´¨° ¸ Ö¤· ³¨. �Éµ µ§´ Î ¥É, ÎÉµ ¢ ¶·µÍ¥¸¸¥ Ëµ·³¨·µ¢ ´¨Ö Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éµ¢ ¥¸É¥¸É¢¥´´Ò³ µ¡· §µ³ ¢µ§´¨± ¥É Ô³¶¨·¨Î¥¸±¨ ´ ¡²Õ¤ ¥³ Ö  ¸¨³-
³¥É·¨Ö ³¥¦¤Ê · ¸¶·¥¤¥²¥´¨¥³ ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°. ’µÉ
Ë ±É, ÎÉµ ¢ ¢¨¤¨³µ° Î ¸É¨ ‚¸¥²¥´´µ° ´¥ ´ ¡²Õ¤ ¥É¸Ö ¸±µ¶²¥´¨°  ´É¨³ É¥-
·¨¨, ¸²Ê¦¨É Ìµ·µÏ¨³ ±µ¸¢¥´´Ò³ Ê± § ´¨¥³ ´  Éµ, ÎÉµ ·¥ ±Í¨Ö É¨¶  (7.4)
Ö¢²Ö¥É¸Ö ¤µ³¨´¨·ÊÕÐ¥° ¨ ¤²Ö ¶·µÍ¥¸¸  ´Ê±²¥µ¸¨´É¥§ . �·µ¢¥·±  ÔÉµ° £¨¶µ-
É¥§Ò ´  ´¥¶·µÉ¨¢µ·¥Î¨¢µ¸ÉÓ (¤ ´´Ò¥ µ ¶µÉµ± Ì ¸µ²´¥Î´ÒÌ ´¥°É·¨´µ, ¸·¥¤´¥°
¶²µÉ´µ¸É¨ §¢¥§¤, É¥³¶¥· ÉÊ·Ò ¢´ÊÉ·¥´´¨Ì µ¡² ¸É¥° §¢¥§¤, ¸·¥¤´¥° ¶²µÉ´µ¸É¨
γ-¨§²ÊÎ¥´¨Ö, ¸·¥¤´¥° Ô´¥·£¨¨ γ-±¢ ´Éµ¢ ¨ É. ¶.) ¶µ§¢µ²¨²  ¡Ò ¸ÊÐ¥¸É¢¥´´µ
¶¥·¥¸³µÉ·¥ÉÓ ¸ÊÐ¥¸É¢ÊÕÐ¨¥  ¸É·µË¨§¨Î¥¸±¨¥ ¶·¥¤¸É ¢²¥´¨Ö.

‚ ´ ¸ÉµÖÐ¨° ³µ³¥´É ³Ò · ¸¸³ É·¨¢ ¥³  ¸¨³³¥É·¨Õ · ¸¶·µ¸É· ´¥´´µ-
¸É¨ ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ° ± ± ¶·Ö³µ¥ Ê± § ´¨¥ ´  Éµ, ÎÉµ
¶·µÍ¥¸¸ µ¡· §µ¢ ´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ §¢¥§¤ Ì (µ¸µ¡¥´´µ ¸·¥¤´¨Ì ¨
ÉÖ¦¥²ÒÌ) ¶·µ¨¸Ìµ¤¨² Î¥·¥§ ·¥ ±Í¨¨ É¨¶  (7.4) ¸ ¶µ¸²¥¤ÊÕÐ¨³ (¨²¨ ¶·¥¤-
Ï¥¸É¢µ¢ ¢Ï¨³) § Ì¢ Éµ³ ´¥°É·µ´µ¢. „ ´´µ¥ ÊÉ¢¥·¦¤¥´¨¥ ¸² ¡µ ³¥´Ö¥É ´ Ï¨
¶·¥¤¸É ¢²¥´¨Ö µ¡ Ê£²¥·µ¤´µ³ Í¨±²¥ ¨ ¤·Ê£¨Ì É¥·³µÖ¤¥·´ÒÌ ¶·µÍ¥¸¸ Ì, ¶·µ-
É¥± ÕÐ¨Ì ¢ §¢¥§¤ Ì ¨ µÉ¢¥Î ÕÐ¨Ì §  ´Ê±²¥µ¸¨´É¥§ ²¥£±¨Ì Ô²¥³¥´Éµ¢, ´µ
§ ¸É ¢²Ö¥É · ¤¨± ²Ó´µ ¶¥·¥¸³µÉ·¥ÉÓ ´ Ï¨ ¢§£²Ö¤Ò ´  ¶·¨·µ¤Ê c¢¥·Ì´µ¢ÒÌ.

…¸²¨ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ £¨¶µÉ¥§  µ ·µ²¨ ¶·µÍ¥¸¸  (7.4) ¢¥·´ , Éµ µÉ¸Õ¤ 
¸²¥¤Ê¥É, ÎÉµ ¤²Ö ¥¥ ¶·µ¢¥·±¨ ´¥µ¡Ìµ¤¨³µ ÉÐ É¥²Ó´µ ¨§ÊÎ¨ÉÓ ¸¶¥±É·Ò c¢¥·Ì-
´µ¢ÒÌ ¸ Í¥²ÓÕ ÊÉµÎ´¥´¨Ö ¨Ì Ì¨³¨Î¥¸±µ£µ ¸µ¸É ¢  ¢ ³µ³¥´É ¢§·Ò¢ . ‘ ´ Ï¥°
ÉµÎ±¨ §·¥´¨Ö, ¥¸ÉÓ ¢¸¥ µ¸´µ¢ ´¨Ö ¸Î¨É ÉÓ, ÎÉµ ¢¸¶ÒÏ±  c¢¥·Ì´µ¢µ° ¶·¥¤¸É -
¢²Ö¥É ¸µ¡µ° Ö¤¥·´Ò° ¢§·Ò¢ Í¥´É· ²Ó´µ° Î ¸É¨ §¢¥§¤Ò, ¶·µ¨¸Ìµ¤ÖÐ¨° ¢ ÉµÉ
³µ³¥´É, ±µ£¤  ±µ²¨Î¥¸É¢µ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éµ¢ (´ ¶·¨³¥· Ê· ´ ) ¶·¥¢ÒÏ ¥É
´¥±µÉµ·ÊÕ ±·¨É¨Î¥¸±ÊÕ ³ ¸¸Ê (§ ¢¨¸ÖÐÊÕ µÉ ³ ¸¸Ò §¢¥§¤Ò ¨ ¥¥ É¨¶ ).

ˆ§²µ¦¥´´Ò¥ ¢ÒÏ¥  ·£Ê³¥´ÉÒ ¶µ§¢µ²ÖÕÉ ¸Ëµ·³Ê²¨·µ¢ ÉÓ ¸²¥¤ÊÕÐ¥¥
ÊÉ¢¥·¦¤¥´¨¥: ·¥ ±Í¨Ö § Ì¢ É  ¢¨·ÉÊ ²Ó´ÒÌ ¶µ§¨É·µ´µ¢ Ö¤· ³¨ ¸¨²Ó´µ¨µ-
´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢ (7.4) Ö¢²Ö¥É¸Ö ´µ¢µ° · §´µ¢¨¤´µ¸ÉÓÕ ¥¸É¥¸É¢¥´´µ°
· ¤¨µ ±É¨¢´µ¸É¨.

�´  Ï¨·µ±µ · ¸¶·µ¸É· ´¥´  ¢ ¶·¨·µ¤¥ ¨ µÉ¢¥Î ¥É §   ¸¨³³¥É·¨Õ · ¸-
¶·µ¸É· ´¥´´µ¸É¨ ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢  ¢µ ‚¸¥²¥´´µ°. �Éµ ¶µ§¢µ²Ö¥É · ¸-
¸³ É·¨¢ ÉÓ ¥¥ ± ± ´µ¢Ò° É¨¶ ¶·¨·µ¤´ÒÌ β-¶·µÍ¥¸¸µ¢, ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó
´¥ µ¶¨¸ ´´Ò° ¢ ²¨É¥· ÉÊ·¥.
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8. ��ˆ�–ˆ� �…‡����‘��‰ ‘ˆ�•���ˆ‡�–ˆˆ

…¸²¨ ¢ ¨¥· ·Ì¨Î¥¸±µ° ¸¨¸É¥³¥ ¤¢¨¦¥´¨Ö ¶µ¤¸¨¸É¥³ ¶·µ¨¸Ìµ¤ÖÉ ¸ ¶µÎÉ¨
¸µ¨§³¥·¨³Ò³¨ Î ¸ÉµÉ ³¨, Éµ ¢ ·¥§Ê²ÓÉ É¥ ¢§ ¨³µ¤¥°¸É¢¨° ¶·µ¨§µ°¤¥É ¸¨´-
Ì·µ´¨§ Í¨Ö ¤¢¨¦¥´¨° ¢ ¸¨¸É¥³¥ ¨ ¶µ¤¸¨¸É¥³Ò ¡Ê¤ÊÉ ¤¢¨£ ÉÓ¸Ö ¸ ¸µ¨§³¥·¨-
³Ò³¨ Î ¸ÉµÉ ³¨ ´¥§ ¢¨¸¨³µ µÉ Ê·µ¢´Ö µ·£ ´¨§ Í¨¨ ¢¥Ð¥¸É¢  ¨ ¶µ²¥° ³¨±·µ-
¨ ³ ±·µ¸¨¸É¥³ ¨ ·¥ ²¨§ÊÕÐ¨Ì¸Ö ¢ ´¨Ì ¢§ ¨³µ¤¥°¸É¢¨°. �·¨ ÔÉµ³ ´¥É ¶µ·µ£ 
¶µ ¨´É¥´¸¨¢´µ¸É¨ ¢§ ¨³µ¤¥°¸É¢¨°. �Ò²  ¢Ò¸± § ´  ¨ ¶·µ¢¥·¥´  ´  µ£·µ³´µ³
Ë ±É¨Î¥¸±µ³ ³ É¥·¨ ²¥  Éµ³´µ° ¨ Ö¤¥·´µ° Ë¨§¨±¨, Ë¨§¨±¨ É¢¥·¤µ£µ É¥² ,
³µ²¥±Ê²Ö·´µ° Ë¨§¨±¨ ¦¨¢ÒÌ ¨ ±µ¸´ÒÌ ¸¨¸É¥³ £¨¶µÉ¥§  µ¡ Ê´¨¢¥·¸ ²Ó´µ¸É¨
¶·¨´Í¨¶  ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¨. �± § ²µ¸Ó, ÔÉµÉ ¶·¨´Í¨¶ ¢¥·¥´ É ±¦¥
¢ Ô±µ´µ³¨±¥, Ê¶· ¢²¥´¨¨, ¢ ¨¸Éµ·¨Î¥¸±¨Ì Ö¢²¥´¨ÖÌ, ¨¸±Ê¸¸É¢¥, ¢ · §²¨Î´ÒÌ
¶·µÍ¥¸¸ Ì ¢ ¸µÍ¨µ¶·¨·µ¤´ÒÌ ¸¨¸É¥³ Ì.

�·¨´Í¨¶ ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¨ ¥¸ÉÓ ¸²¥¤¸É¢¨¥ ËÊ´¤ ³¥´É ²Ó´µ£µ
§ ±µ´  ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨-¨³¶Ê²Ó¸ , µ¤´ ±µ µ´ Ï¨·¥ ¨ £²Ê¡¦¥ ¶µ ¸¢µ¥³Ê
¸µ¤¥·¦ ´¨Õ. �ÉµÉ Ê´¨¢¥·¸ ²Ó´Ò° ¶·¨´Í¨¶ ¢Ò¸ÉÊ¶ ¥É ± ± ¢¸¥µ¡Ð¨° µ·£ -
´¨§ÊÕÐ¨° ®¤¨·¨¦¥·¯ ¨¥· ·Ì¨Î¥¸±¨Ì ¸¨¸É¥³ ¢ ³¨±·µ-, ³ ±·µ- ¨ ³¥£ ³¨·¥.
�¡´ ·Ê¦¥´´Ò¥ Ê´¨¢¥·¸ ²Ó´Ò¥ § ±µ´µ³¥·´µ¸É¨ ³µ£ÊÉ ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´Ò ¤²Ö
Ê²ÊÎÏ¥´¨Ö ± Î¥¸É¢  ·Ê±µÉ¢µ·´ÒÌ ³ É¥·¨ ²µ¢ (´ ¶·¨³¥·, ¸¢¥·Ì¶·µ¢µ¤´¨±µ¢,
³¥¤¨Í¨´¸±¨Ì ¶·¥¶ · Éµ¢, ¶¨Ð¨, ¨ É. ¤.), ¶·¨ ±µ´¸É·Ê¨·µ¢ ´¨¨ É¥Ì´¨Î¥¸±¨Ì
Ê¸É·µ°¸É¢ ¶µ  ´ ²µ£¨¨ ¸ ¦¨¢Ò³¨ ¸¨¸É¥³ ³¨,   É ±¦¥ ¶·¨ · §· ¡µÉ±¥ ¶² ´µ¢
Ê¸Éµ°Î¨¢µ£µ · §¢¨É¨Ö µ¡Ð¥¸É¢  ¨ ¶·¥¤¢¨¤¥´¨Ö ·¥§Ê²ÓÉ Éµ¢ ³´µ£¨Ì ¶·µÍ¥¸¸µ¢
¢ ¶·¨·µ¤¥.

Œ´µ£¨¥ §´ ÕÉ, ÎÉµ ¤¢µ¥ µ¤¨´ ±µ¢ÒÌ ³ ÖÉ´¨±µ¢ÒÌ Î ¸µ¢, Ê±·¥¶²¥´´ÒÌ
´  ¦¥¸É±µ° ¸É¥´¥ ¨ ¤²¨É¥²Ó´µ¥ ¢·¥³Ö ¸µÌ· ´Ö¢Ï¨Ì · §´µ¸ÉÓ Ìµ¤ , ¤µ¢µ²Ó´µ
¡Ò¸É·µ ¸¨´Ì·µ´¨§ÊÕÉ¸Ö, ¥¸²¨ ¨Ì Ê±·¥¶¨ÉÓ ´  µ¡Ð¥° ¶µ¤¢¨¦´µ° ¡ ²±¥. ‚
¤ ´´µ³ ¸²ÊÎ ¥ ¸¨´Ì·µ´¨§ Í¨Ö ¨²¨ ¸ ³µ¸µ£² ¸µ¢ ´¨¥ Ìµ¤  Î ¸µ¢ µ¸ÊÐ¥¸É¢²Ö-
¥É¸Ö ¶µ¸·¥¤¸É¢µ³ ¸² ¡µ° ¸¢Ö§¨ ³¥¦¤Ê Î ¸ ³¨ Å ¥¤¢  § ³¥É´ÒÌ ±µ²¥¡ ´¨°
¡ ²±¨. ˆ´É¥·¥¸´µ, ÎÉµ É¥µ·¨Ö ÔÉµ£µ § ³¥Î É¥²Ó´µ£µ ÔËË¥±É  ¸¨´Ì·µ´¨§ Í¨¨
³ ÖÉ´¨±µ¢, ¢¶¥·¢Ò¥ ± Î¥¸É¢¥´´µ µ¶¨¸ ´´µ£µ •. ƒÕ°£¥´¸µ³ ¡µ²¥¥ É·¥Ì¸µÉ ²¥É
Éµ³Ê ´ § ¤ [154], · §· ¡µÉ ´  ¸µ¢¸¥³ ´¥¤ ¢´µ (¤¥É ²¨ ¸³. ¢ ³µ´µ£· Ë¨¨ [155],
É ±¦¥ ¢ ¸¸Ò²± Ì, ¶·¨¢¥¤¥´´ÒÌ ¢ ´¥°).

‚ ±µ´Í¥ XIX ¢. �Ô²¥° [156] µ¡´ ·Ê¦¨² ¸¨´Ì·µ´¨§ Í¨Õ ¢  ±Ê¸É¨Î¥¸±¨Ì ¨
Ô²¥±É·µ ±Ê¸É¨Î¥¸±¨Ì ¸¨¸É¥³ Ì. �´ Ê¸É ´µ¢¨², ÎÉµ ¤¢¥ µ·£ ´´Ò¥ É·Ê¡Ò ¸ · ¸-
¶µ²µ¦¥´´Ò³¨ ·Ö¤µ³ µÉ¢¥·¸É¨Ö³¨ ¶·¨ ¤µ¸É ÉµÎ´µ ³ ²µ° ¨Ì · ¸¸É·µ°±¥ §¢Ê-
Î É ¢ Ê´¨¸µ´, É. ¥. ¶·µ¨¸Ìµ¤¨É ¢§ ¨³´ Ö ¸¨´Ì·µ´¨§ Í¨Ö ±µ²¥¡ ´¨° µ·£ ´´ÒÌ
É·Ê¡.

‚ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ É·Ê¡Ò ³µ£ÊÉ § ¸É ¢¨ÉÓ ¶µÎÉ¨ ¶µ²´µ¸ÉÓÕ § ³µ²Î ÉÓ
µ¤´  ¤·Ê£ÊÕ. �´ ²µ£¨Î´µ¥ Ö¢²¥´¨¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ �Ô²¥¥³ ¨ ¤²Ö ¤¢ÊÌ
± ³¥·Éµ´µ¢: ±µ£¤  ± ³¥·Éµ´Ò Ìµ·µÏµ ´ ¸É·µ¥´Ò ¨ ¶µ³¥Ð¥´Ò ¡²¨§±µ ¤·Ê£
± ¤·Ê£Ê, ±µ²¥¡ ´¨¥ ³µ¦¥É ´¥¸±µ²Ó±µ · § ¶¥·¥Ìµ¤¨ÉÓ µÉ µ¤´µ£µ ± ³¥·Éµ´  ±
¤·Ê£µ³Ê, ¥¸²¨ ¨Ì ¶µ¶¥·¥³¥´´µ § £²ÊÏ ÉÓ ¶·¨±µ¸´µ¢¥´¨¥³ ¶ ²ÓÍ .
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Œµ¦´µ Ê± § ÉÓ ·Ö¤ µ¡¸ÉµÖÉ¥²Ó¸É¢, µ¡Ð¨Ì ¤²Ö ¤¨´ ³¨Î¥¸±¨Ì µ¡Ñ¥±Éµ¢
¸ ³µ° · §´µ° ¶·¨·µ¤Ò. �¥·¥Î¨¸²¨³ §¤¥¸Ó ´¥±µÉµ·Ò¥ ¨§ ´¨Ì [150Ä153, 155]:

• µÉ¸ÊÉ¸É¢¨¥ ¶µ·µ£  ¸¨´Ì·µ´¨§ Í¨¨;
• § ¢¨¸¨³µ¸ÉÓ ¸¨´Ì·µ´¨§ Í¨¨ µÉ ¶ ·Í¨ ²Ó´ÒÌ Î ¸ÉµÉ µ¡Ñ¥±Éµ¢;
• Ê¸É ´µ¢²¥´¨¥ µ¶·¥¤¥²¥´´ÒÌ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê ´ Î ²Ó´Ò³¨ Ë § ³¨

¤¢¨¦¥´¨Ö µ¡Ñ¥±Éµ¢;
• § ¢¨¸¨³µ¸ÉÓ ¸¨´Ì·µ´´ÒÌ ¤¢¨¦¥´¨° µÉ Ì · ±É¥·  ¸¨¸É¥³Ò ¸¢Ö§¨.
�µ¤Î¥·±´¥³, ÎÉµ µÉ¸ÊÉ¸É¢¨¥ ¶µ·µ£  ¸¨´Ì·µ´¨§ Í¨¨ Ö¢²Ö¥É¸Ö µÎ¥´Ó ¢ ¦-

´Ò³ µ¡¸ÉµÖÉ¥²Ó¸É¢µ³. ‘ ³µ¸¨´Ì·µ´¨§ Í¨Ö ´¥¶·¥³¥´´µ ´ ¸ÉÊ¶¨É, ¥¸²¨ Éµ²Ó±µ
¤µ¸É ÉµÎ´µ ³ ²�µ · §²¨Î¨¥ ³¥¦¤Ê ¶ ·Í¨ ²Ó´Ò³¨ Î ¸ÉµÉ ³¨ µ¡Ñ¥±Éµ¢. �·¨
ÔÉµ³ ¢Ìµ¦¤¥´¨¥ ¢ ¸¨´Ì·µ´¨§³ ¸µ¶·µ¢µ¦¤ ¥É¸Ö Ê¸É ´µ¢²¥´¨¥³ ¢¶µ²´¥ µ¶·¥¤¥-
²¥´´ÒÌ Ë §µ¢ÒÌ ¸µµÉ´µÏ¥´¨° ³¥¦¤Ê ±µ²¥¡ ´¨Ö³¨, Éµ£¤  ± ± ¶·¨ µÉ¸ÊÉ¸É¢¨¨
¸ ³µ¸¨´Ì·µ´¨§ Í¨¨ Ë §Ò ¡Ò²¨ ¸²ÊÎ °´Ò. ‘ÊÐ¥¸É¢¥´´Ò³ Ö¢²Ö¥É¸Ö ¢µ¶·µ¸ µ
¢·¥³¥´¨, ´¥µ¡Ìµ¤¨³µ³ ¤²Ö Ê¸É ´µ¢²¥´¨Ö ¸¨´Ì·µ´´µ£µ ¤¢¨¦¥´¨Ö.

‚ ³ ±·µ¸¨¸É¥³ Ì ´ ²¨Íµ Ê´¨¢¥·¸ ²Ó´µ¸ÉÓ Ö¢²¥´¨Ö ¸¨´Ì·µ´¨§ Í¨¨ Å µ´µ
´¥ § ¢¨¸¨É µÉ ¢¨¤  ¢§ ¨³µ¤¥°¸É¢¨Ö, µÉ ¶·¨·µ¤Ò ¶¥·¨µ¤¨Î¥¸±¨ ¤¢¨¦ÊÐ¨Ì¸Ö
¸¨¸É¥³, µÉ¸ÊÉ¸É¢Ê¥É ¶µ·µ£ ¸¨´Ì·µ´¨§ Í¨¨ ¨ É. ¤., É. ¥. ¸¨´Ì·µ´¨§ Í¨Ö ¶·¨¸ÊÐ 
¤¢¨¦¥´¨Ö³ ¸ ¡²¨§±¨³¨ ¨²¨ ¦¥ ¸µ¨§³¥·¨³Ò³¨ Î ¸ÉµÉ ³¨.

‡¤¥¸Ó Í¥²¥¸µµ¡· §´µ ¶·µÍ¨É¨·µ¢ ÉÓ ³ ²µ¨§¢¥¸É´ÊÕ ¸É ÉÓÕ �. ˜·¥¤¨´£¥· 
[161]: ®�¤´µ£µ ²¨ÏÓ ¸²¥¤Ê¥É ¶·¨¤¥·¦¨¢ ÉÓ¸Ö Å Éµ£µ, ÎÉµ ¶·¥¤¸É ¢²Ö¥É ¸µ-
¡µÕ ´¥µÉÑ¥³²¥³µ¥ ¸²¥¤¸É¢¨¥ ¢µ²´µ¢µ£µ Ê· ¢´¥´¨Ö, ¢ ± ±µ° ¡Ò Ëµ·³¥ µ´µ
´¨ ¨¸¶µ²Ó§µ¢ ²µ¸Ó ¤²Ö ·¥Ï¥´¨Ö Éµ° ¨²¨ ¨´µ° § ¤ Î¨,   ¨³¥´´µ: ÎÉµ ¢§ ¨³µ-
¤¥°¸É¢¨¥ ³¥¦¤Ê ³¨±·µ¸±µ¶¨Î¥¸±¨³¨ Ë¨§¨Î¥¸±¨³¨ ¸¨¸É¥³ ³¨ ±µ´É·µ²¨·Ê¥É¸Ö
¸¶¥Í¨Ë¨Î¥¸±¨³¨ § ±µ´ ³¨ ·¥§µ´ ´¸ .

�É¨ § ±µ´Ò É·¥¡ÊÕÉ, ÎÉµ¡Ò · §´µ¸ÉÓ ¤¢ÊÌ ¸µ¡¸É¢¥´´ÒÌ Î ¸ÉµÉ µ¤´µ° ¸¨-
¸É¥³Ò · ¢´Ö² ¸Ó · §´µ¸É¨ ¤¢ÊÌ ¸µ¡¸É¢¥´´ÒÌ Î ¸ÉµÉ ¤·Ê£µ° ¸¨¸É¥³Ò:

ν1 − ν
′

1 = ν
′

2 − ν2. (8.1)

’ ±µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ µ¶¨¸Ò¢ ¥É¸Ö, ¸µµÉ¢¥É¸É¢¥´´µ, ± ± ¶µ¸É¥¶¥´´µ¥ ¨§³¥´¥-
´¨¥  ³¶²¨ÉÊ¤ · ¸¸³ É·¨¢ ¥³ÒÌ Î¥ÉÒ·¥Ì ¸µ¡¸É¢¥´´ÒÌ ±µ²¥¡ ´¨°. “¦¥ ¢µÏ²µ
¢ ¶·¨¢ÒÎ±Ê Ê³´µ¦ ÉÓ µ¡¥ Î ¸É¨ ÔÉµ£µ ¢Ò· ¦¥´¨Ö ´  h ¨ É¢¥·¤¨ÉÓ, ÎÉµ ¶¥·-
¢ Ö ¸¨¸É¥³  ¶ ¤ ¥É ¸ Ô´¥·£¥É¨Î¥¸±µ£µ Ê·µ¢´Ö hν1 ´  Ê·µ¢¥´Ó hν

′

1, ¶·¨Î¥³
Ô´¥·£¨Ö, · ¢´ Ö · §´¨Í¥ Ê·µ¢´¥°, ¶¥·¥¤ ¥É¸Ö ¢Éµ·µ° ¸¨¸É¥³¥, ¶µ§¢µ²ÖÖ ¥°
¶µ¢Ò¸¨ÉÓ ¸¢µÕ Ô´¥·£¨Õ µÉ hν2 ¤µ hν

′

2.
�É  ¶·¨¢ÒÎ´ Ö ¨´É¥·¶·¥É Í¨Ö Ê¸É ·¥² . 	¨ÎÉµ ´¥ § ¸É ¢²Ö¥É ¥¥ ¶·¨¤¥·-

¦¨¢ ÉÓ¸Ö, ´µ µ´  ¸²Ê¦¨É ¶µ³¥Ìµ° ¶µ´¨³ ´¨Õ Éµ£µ, ÎÉµ ¶·µ¨¸Ìµ¤¨É ¢ ¤¥°-
¸É¢¨É¥²Ó´µ¸É¨.

�·¨¢¥·¦¥´ÍÒ ÔÉµ° ¨´É¥·¶·¥É Í¨¨ Ê¶·Ö³µ µÉ± §Ò¢ ÕÉ¸Ö ¶µ-´ ¸ÉµÖÐ¥³Ê
µ¸µ§´ ÉÓ ¶·¨´Í¨¶ ¸Ê¶¥·¶µ§¨Í¨¨, ±µÉµ·Ò° ¤ ¥É ´ ³ ¢µ§³µ¦´µ¸ÉÓ ¶·¥¤Ê¸³ -
É·¨¢ ÉÓ µ¤´µ¢·¥³¥´´Ò¥ ¶µ¸É¥¶¥´´Ò¥ ¨§³¥´¥´¨Ö ²Õ¡µ° ¢ µÉ¤¥²Ó´µ¸É¨ ¨ ¢¸¥Ì
¢³¥¸É¥  ³¶²¨ÉÊ¤, ´¥ ¨§¡¥£ Ö ¨ ¸ÊÐ¥¸É¢¥´´ÒÌ · §·Ò¢µ¢, ¥¸²¨ É ±µ¢Ò¥ ¨³¥ÕÉ¸Ö,
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´ ¶·¨³¥·, · §·Ò¢´µ£µ ¨§³¥´¥´¨Ö Î ¸ÉµÉÒ. ‘²¥¤Ê¥É ÊÉµÎ´¨ÉÓ, ÎÉµ Ê¸²µ¢¨¥
·¥§µ´ ´¸  (8.1) ³µ¦¥É ÊÎ¨ÉÒ¢ ÉÓ É·¨ ¢§ ¨³µ¤¥°¸É¢ÊÕÐ¨¥ ¸¨¸É¥³Ò ¨ ¡µ²¥¥
³´µ£µÎ¨¸²¥´´ÊÕ £·Ê¶¶Ê ¸¨¸É¥³. “¸²µ¢¨¥ ³µ¦¥É, ´ ¶·¨³¥·, ¶·¨µ¡·¥É ÉÓ ¢¨¤

ν1 − ν
′

1 = ν
′

2 − ν2 + ν
′

3 − ν3. (8.2)

�µ²¥¥ Éµ£µ, ³µ¦´µ ¶·¨´ÖÉÓ, ÎÉµ ¤¢¥ ¨²¨ ¡µ²ÓÏ¥¥ Î¨¸²µ ¢§ ¨³µ¤¥°¸É¢Ê-
ÕÐ¨Ì ¸¨¸É¥³ · ¸¸³ É·¨¢ ÕÉ¸Ö ± ± µ¤´  ¸¨¸É¥³ : ÔÉµ ¤ ¥É ¶µ¢µ¤ ¶¥·¥¶¨¸ ÉÓ
(8.1) ¨ (8.2) ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

ν1 + ν2 = ν
′

1 + ν
′

2, (8.3)

ν1 + ν2 + ν3 = ν
′

1 + ν
′

2 + ν
′

3, (8.4)

É. ¥. Ê¸²µ¢¨¥ ·¥§µ´ ´¸  Ëµ·³Ê²¨·Ê¥É¸Ö É ±: ¢ ¶·µÍ¥¸¸¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ÊÎ ¸É-
¢ÊÕÐ¨¥ ±µ²¥¡ ´¨Ö ¤µ²¦´Ò ¡ÒÉÓ ¸µ¸É ¢²ÖÕÐ¨³¨ µ¤´µ° ¨ Éµ° ¦¥ Î ¸ÉµÉÒ.
�Éµ ´¥ ´µ¢µ. 	¥§´ ±µ³Ò³ Ö¢²Ö¥É¸Ö ³µ²Î ²¨¢µ¥ ¤µ¶ÊÐ¥´¨¥, ÎÉµ Î ¸ÉµÉÒ  ¤¤¨-
É¨¢´Ò (¢Ò¤¥²¥´µ ´ ³¨ Å  ¢É.), ±µ£¤  ¤¢¥ ¨²¨ ¡µ²ÓÏ¥¥ Î¨¸²µ ¸¨¸É¥³ · ¸¸³ -
É·¨¢ ÕÉ¸Ö ± ± Ëµ·³¨·ÊÕÐ¨¥ ¥¤¨´ÊÕ ¸¨¸É¥³Ê. �Éµ ¤µ¶ÊÐ¥´¨¥ ¶·¥¤¸É ¢²Ö¥É
¸µ¡µ° ´¥¨§¡¥¦´µ¥ ¸²¥¤¸É¢¨¥ ¢µ²´µ¢µ° ³¥Ì ´¨±¨.

. . . Š Ö¢²¥´¨Õ ·¥§µ´ ´¸  ³µ£ÊÉ ¡ÒÉÓ ¸¢¥¤¥´Ò ¨ ³´µ£µÎ¨¸²¥´´Ò¥ ¤·Ê£¨¥
 ´ ²µ£¨Î´Ò¥ ¸²ÊÎ ¨ ¶¥·¥¤ Î¨ ¶µ·Í¨° Ô´¥·£¨¨, ´ ¶·¨³¥·, ËµÉµÌ¨³¨Î¥¸±¨¥
¶·µÍ¥¸¸Ò. ‘Ì¥³  µ¸É ¥É¸Ö Éµ° ¦¥: ¢Ò ³µ¦¥É¥ ²¨¡µ ¢§ÖÉÓ Ê· ¢´¥´¨Ö, ¶µ¤µ¡-
´Ò¥ (8.1) ¨ (8.2), Ëµ·³¨·ÊÕÐ¨¥ Ê¸²µ¢¨Ö ·¥§µ´ ´¸ , ²¨¡µ Ê³´µ¦¨ÉÓ ÔÉ¨ Ê· ¢-
´¥´¨Ö ´  h ¨ ¤Ê³ ÉÓ, ÎÉµ µ´¨ ¢Ò· ¦ ÕÉ Ô´¥·£¥É¨Î¥¸±¨° ¡ ² ´¸ ¤²Ö ± ¦¤µ£µ
µ¤¨´µÎ´µ£µ ³¨±·µ¶¥·¥Ìµ¤ ¯.

…¸²¨ · ¢¥´¸É¢  (8.3) ¨ (8.4) Ê³´µ¦¨ÉÓ ´  ¶µ¸ÉµÖ´´ÊÕ �² ´±  h, Éµ ³Ò
¶µ²ÊÎ ¥³ § ±µ´ ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨∗, É ± ÎÉµ  ¤¤¨É¨¢´µ¸ÉÓ Î ¸ÉµÉ ¥¸ÉÓ ¸²¥¤-
¸É¢¨¥  ¤¤¨É¨¢´µ¸É¨ Ô´¥·£¨¨. ’ ±¨³ µ¡· §µ³, ³Ò ¶·¨Ìµ¤¨³ ± µÎ¥´Ó ¢ ¦´µ³Ê

∗‡ ±µ´ ¸µÌ· ´¥´¨Ö ¨ ¶·¥¢· Ð¥´¨Ö Ô´¥·£¨¨ µÉ±·Ò² ´¥³¥Í±¨° ¢· Î �²¨° �µ¡¥·É Œ °¥·
[157Ä160]. Œ °¥· ¢ ¨Õ²¥ 1841 £µ¤  ´ ¶· ¢¨² ¸É ÉÓÕ ¶µ¤ ´ §¢ ´¨¥³ ®� ±µ²¨Î¥¸É¢¥´´µ³ ¨
± Î¥¸É¢¥´´µ³ µ¶·¥¤¥²¥´¨¥ ¸¨²¯ ¢ µ¤¨´ ¨§ ´ ¨¡µ²¥¥  ¢Éµ·¨É¥É´ÒÌ Ë¨§¨Î¥¸±¨Ì ¦Ê·´ ²µ¢ Éµ£µ
¢·¥³¥´¨ (®Annalen der Physik¯). Ÿ. Œ. ƒ¥²ÓË¥· ¶¨Ï¥É ( [157], ¸. 115): ®�¤´ ±µ ¨§¤ É¥²Ó ¦Ê·-
´ ² , ¨§¢¥¸É´Ò° Ë¨§¨± �µ££¥´¤µ·Ë, ´¥ Éµ²Ó±µ ´¥ ¸Î¥² ´Ê¦´Ò³ ¶µ³¥¸É¨ÉÓ ¸É ÉÓÕ, ´µ ¤ ¦¥ ´¥
µÉ¢¥É¨²  ¢Éµ·Ê. �É  ¶¥·¢ Ö · ¡µÉ  Œ °¥·  µ § ±µ´¥ ¸µÌ· ´¥´¨Ö ¨ ¶·¥¢· Ð¥´¨Ö Ô´¥·£¨¨ ¡Ò² 
µ¶Ê¡²¨±µ¢ ´  ¶µ¸²¥ ¥£µ ¸³¥·É¨ ²¨ÏÓ ¢ 1881 £. �µ££¥´¤µ·Ë ´¥ ¶µ³¥¸É¨² ¢ ¸¢µ¥³ ¦Ê·´ ²¥ ¨
¸²¥¤ÊÕÐ¨Ì · ¡µÉ ¶µ ÔÉµ³Ê ¦¥ ¢µ¶·µ¸Ê, ¢ ±µÉµ·ÒÌ µÉ±·ÒÉ¨¥ ¨§² £ ²µ¸Ó ¡µ²¥¥ ¶µ²´µ ¨ µ¡-
¸ÉµÖÉ¥²Ó´µ. Š ±¨³¨ ³µÉ¨¢ ³¨ ·Ê±µ¢µ¤¸É¢µ¢ ²¸Ö �µ££¥´¤µ·Ë, µÉ± §Ò¢ Ö Œ °¥·Ê ¢ ´ ¶¥Î É ´¨¨
¥£µ · ¡µÉ, É·Ê¤´µ ¸± § ÉÓ. ‡¤¥¸Ó, ¶µ-¢¨¤¨³µ³Ê, ¨£· ²¨ ·µ²Ó ¤¢  ³µ³¥´É : ´¥¨§¢¥¸É´µ¥ ¢ ´ Ê±¥
¨³Ö  ¢Éµ·  ¨ ´¥¶µ´¨³ ´¨¥ ¸ ³¨Ì · ¡µÉ, ¨Ì £²Ê¡µ±µ£µ ¸µ¤¥·¦ ´¨Ö. �É¨³ µ¡ÑÖ¸´Ö¥É¸Ö Éµ µ¡-
¸ÉµÖÉ¥²Ó¸É¢µ, ÎÉµ Œ °¥· ¢Ò´Ê¦¤¥´ ¡Ò² ¶¥Î É ÉÓ ¸¢µ¨ · ¡µÉÒ ¢ ³ ²µ¨§¢¥¸É´µ³ ¸·¥¤¨ Ë¨§¨±µ¢
¦Ê·´ ²¥ ®�´´ ²Ò Ì¨³¨¨ ¨ Ë ·³ Í¨¨¯, ±µÉµ·Ò° ¨§¤ ¢ ²¨ ¨§¢¥¸É´Ò¥ Ì¨³¨±¨ ‹¨¡¨Ì ¨ ‚¥²¥·¯.

„ ²¥¥ [157, ¸. 129] Ÿ.Œ. ƒ¥²ÓË¥· ¶·µ¤µ²¦ ¥É: ®‚ ¶µ²´µ³ ¸³Ò¸²¥ É· ¢²Õ Œ °¥·  ´ -
Î¨´ ¥É ¨ ¶·µË¥¸¸Ê·  ’Õ¡¨´£¥´¸±µ£µ Ê´¨¢¥·¸¨É¥É . ‚ ³ ¥ 1849 £. ¢ ®�Ê£¸¡Ê·£¸±¨° ¢¸¥µ¡Ð¥°
£ §¥É¥¯ Å µ·£ ´¥ ¶·µË¥¸¸µ·µ¢ ÔÉµ£µ Ê´¨¢¥·¸¨É¥É  Å ¶µÖ¢¨² ¸Ó § ³¥É±  Œ °¥·  ®‚ ¦´µ¥ Ë¨-
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¢Ò¢µ¤Ê: ¢ ¥¤¨´µ° ¸ ³µ¸µ£² ¸µ¢ ´´µ° ¢µ²´µ¢µ° ¸¨¸É¥³¥ Ê¸É ´ ¢²¨¢ ¥É¸Ö ¨¥-
· ·Ì¨Ö Î ¸ÉµÉ Å ¸Ê³³  ¢¸¥Ì ¶ ·Í¨ ²Ó´ÒÌ Î ¸ÉµÉ ¥¸ÉÓ ¨´É¥£· ² ¤¢¨¦¥´¨Ö.
�Éµ µ§´ Î ¥É, ÎÉµ ²Õ¡µ¥ ¢§ ¨³µ¤¥°¸É¢¨¥ ¢ ¢µ²´µ¢µ° ³¨±·µ¸±µ¶¨Î¥¸±µ° ¨¥-
· ·Ì¨Î¥¸±µ° ¸¨¸É¥³¥ ¨³¥¥É ·¥§µ´ ´¸´Ò° Ì · ±É¥·, ¢ ·¥§Ê²ÓÉ É¥ Ê¸É ´ ¢²¨¢ -
ÕÉ¸Ö ¸ ³µ¸µ£² ¸µ¢ ´´Ò¥ ¤¢¨¦¥´¨Ö · §²¨Î´ÒÌ ¶µ¤¸¨¸É¥³ Å ¤·Ê£¨³¨ ¸²µ¢ ³¨,
¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¶ ·Í¨ ²Ó´Ò¥ ¤¢¨¦¥´¨Ö ¤¥É¥·³¨´¨·µ¢ ´Ò, ³Ò ¶·¨³¥´Ö¥³
É¥·³¨´ ®¤¥É¥·³¨´¨·µ¢ ´´µ¸ÉÓ¯ Éµ²Ó±µ ¢ ÔÉµ³ ¸³Ò¸²¥.

�É  ¤¥É¥·³¨´¨·µ¢ ´´µ¸ÉÓ ¢µ§´¨± ¥É ± ± ¸²¥¤¸É¢¨¥ § ±µ´  ¸µÌ· ´¥´¨Ö
Ô´¥·£¨¨. ‘²¥¤µ¢ É¥²Ó´µ, ¶µ¸±µ²Ó±Ê Ê¸²µ¢¨¥ ·¥§µ´ ´¸  Å ¢µ ¢§ ¨³µ¤¥°¸É¢¨¨
¶ ·Í¨ ²Ó´Ò¥ Î ¸ÉµÉÒ ¤µ²¦´Ò ¡ÒÉÓ ¸µ¸É ¢²ÖÕÐ¨³¨ µ¤´µ° ¨ Éµ° ¦¥ µ¡Ð¥°
Î ¸ÉµÉÒ Å ¢µ§´¨± ¥É ¨§ ËÊ´¤ ³¥´É ²Ó´µ£µ § ±µ´  ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨, Éµ ´ -
¡²Õ¤ ¥³Ò¥ ·¨É³Ò ¨ ¸¨´Ì·µ´´µ¸ÉÓ ³´µ£¨Ì Ö¢²¥´¨° ¥¸ÉÓ µÉ· ¦¥´¨¥ ÔÉµ° Ê´¨-
¢¥·¸ ²Ó´µ° ¶·¨·µ¤Ò ¸ ³µµ·£ ´¨§ Í¨¨ ‚¸¥²¥´´µ°. 	 ±µ´¥Í, ¸± § ´´µ¥ ¢ÒÏ¥
µ§´ Î ¥É, ÎÉµ É ±¨³ µ¡· §µ³ ¶·¨´Í¨¶ ¸¨´Ì·µ´¨§ Í¨¨ ƒÕ°£¥´¸  · ¸¶·µ¸É· -
´Ö¥É¸Ö ´  Ê·µ¢¥´Ó ³¨±·µ³¨·  Å ± ± ¸²¥¤¸É¢¨¥ § ±µ´  ¸µÌ· ´¥´¨Ö Ô´¥·£¨¨ ¨
·¥§µ´ ´¸´µ£µ Ì · ±É¥·  ²Õ¡µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ³¥¦¤Ê ¢µ²´µ¢Ò³¨ ¸¨¸É¥³ ³¨.

� ¸¸³ É·¨¢ Ö ËµÉµÔ²¥±É·¨Î¥¸±¨° ÔËË¥±É, �. ˜·¥¤¨´£¥· [161] ¶·¨Ìµ¤¨É
± ¢Ò¢µ¤Ê:

®�¤´ ±µ ¢ ¸µµÉ¢¥É¸É¢¨¨ ¸ ¢µ²´µ¢µ° ¨´É¥·¶·¥É Í¨¥°, É. ¥. ¸µ£² ¸´µ µ¡Ð¥-
¶·¨´ÖÉÒ³ ¨¤¥Ö³ ¤¥ �·µ°²Ö ¨  ¢Éµ·  ÔÉµ° ¸É ÉÓ¨, ¶ ¤ ÕÐ Ö ¸¢¥Éµ¢ Ö ¢µ²´ 
¶·µ¨§¢µ¤¨É µÉ±²¨± ¢ ¢¨¤¥ ´ ¡²Õ¤ ¥³ÒÌ ÍÊ£µ¢ Ô²¥±É·µ´´ÒÌ ¢µ²´ ¶µ¢ÒÏ¥´-
´µ° Î ¸ÉµÉÒ, ¢Ò¸± ±¨¢ ÕÐ¨Ì ¨§ ³¥É ²²  (´ ¡²Õ¤ ÉÓ ¤¥¡·µ°²¥¢¸±ÊÕ Î ¸ÉµÉÊ
Ô²¥±É·µ´µ¢ Éµ ¦¥ ¸ ³µ¥, ÎÉµ ´ ¡²Õ¤ ÉÓ ¨Ì ¸±µ·µ¸ÉÓ). 	µ ¥¸²¨ ¶·¨§´ ¢ ÉÓ
´ ÏÊ ¢µ²´µ¢ÊÕ ¨´É¥·¶·¥É Í¨Õ, Éµ § Î¥³ ´Ê¦´  ¥Ð¥ ¢¥·µÖÉ´µ¸É´ Ö ¸Ì¥³ ?
� §¢¥ ´¥ ¸É ´µ¢¨É¸Ö ¡¥¸¶µÎ¢¥´´µ° ¸ ³  ¨¤¥Ö µ ³¨¸É¨Î¥¸±¨Ì ¢´¥§ ¶´ÒÌ ¸± Î-
± Ì µ¤¨´µÎ´ÒÌ Ô²¥±É·µ´µ¢? „²Ö Î¥£µ ´Ê¦´Ò ÔÉ¨ ¸± Î±¨? �¥§ ¢µ²´ µ¡µ°É¨¸Ó
´¥²Ó§Ö, ¨ ´ ³ ´¨Î¥£µ ´¥ ¸Éµ¨É ¤µ± § ÉÓ ÔÉµ. „µ¸É ÉµÎ´µ ²¨ÏÓ ¶µ³¥¸É¨ÉÓ ¶·µ-
¡¨·±Ê ¸ ±·¨¸É ²²¨Î¥¸±µ° ¶Ê¤·µ° ´  ¶ÊÉ¨ Ô²¥±É·µ´´µ£µ ¶µÉµ±  ¨ § Ë¨±¸¨·µ-
¢ ÉÓ ¨´É¥·Ë¥·¥´Í¨µ´´µ¥ ¨§µ¡· ¦¥´¨¥ Éµ£µ É¨¶ , ÎÉµ ¢¶¥·¢Ò¥ ¡Ò²µ ¶µ²ÊÎ¥´µ
ƒ. �. ’µ³¸µ´µ³ (µ´µ ³µ¦¥É µ± § ÉÓ¸Ö ´¥ ¸Éµ²Ó ±· ¸¨¢Ò³, ± ± Éµ³¸µ´µ¢¸±µ¥,
´µ ¨ µ´µ ¶µ¸²Ê¦¨É £ · ´É¨¥°, ÎÉµ ¢µ²´Ò É¥ ¦¥)¯.

ŒÒ ÊÉ¢¥·¦¤ ¥³, ÎÉµ ¶·¨´Í¨¶ ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¨ Ö¢²Ö¥É¸Ö Ê´¨-
¢¥·¸ ²Ó´Ò³. Š ± ¶µ± § ÉÓ ¸¶· ¢¥¤²¨¢µ¸ÉÓ ÔÉµ° · ¡µÎ¨° £¨¶µÉ¥§Ò ¶·¨³¥´¨-

§¨Î¥¸±µ¥ µÉ±·ÒÉ¨¥¯, ¢ ±µÉµ·µ° µ´ ¨§² £ ² ¸¢µ¥ µÉ±·ÒÉ¨¥, ¥£µ §´ Î¥´¨¥ ¨ ¶· ¢µ ´  ¶·¨µ·¨É¥É.
—¥·¥§ ´¥¸±µ²Ó±µ ¤´¥° ¢ Éµ° ¦¥ £ §¥É¥ ¡Ò²  ¶µ³¥Ð¥´  ¸É ÉÓÖ ¶·¨¢ É-¤µÍ¥´É  ‡¥°Ë· , ¢ ±µÉµ-
·µ°  ¢Éµ·, ¶·¨ ¶µ²´µ³ µÉ¸ÊÉ¸É¢¨¨ ¶µ´¨³ ´¨Ö ¢¥²¨±µ£µ µÉ±·ÒÉ¨Ö, ¶µ¤¢¥·£ ² ±·¨É¨±¥ Œ °¥·  ¢
¨§¤¥¢ É¥²Ó¸±µ° Ëµ·³¥. Œ °¥· ¸¤¥² ² ¶µ¶ÒÉ±Ê ¶µ³¥¸É¨ÉÓ µ¶·µ¢¥·¦¥´¨¥, ´µ £ §¥É  ¥£µ ´¥ µ¶Ê-
¡²¨±µ¢ ² . Œ °¥·  ¶µ¤¢¥·£ ÕÉ É· ¢²¥, ¥£µ · ¡µÉÒ § ³ ²Î¨¢ ÕÉ. ‚¸¥ ÔÉµ ¸µ§¤ ²µ ¢µ±·Ê£ ÊÎ¥´µ£µ
´¥É¥·¶¨³ÊÕ  É³µ¸Ë¥·Ê ¨ ¢ ³ ¥ 1850 £. Œ °¥· ¶ÒÉ ²¸Ö ¶µ±µ´Î¨ÉÓ ¦¨§´Ó ¸ ³µÊ¡¨°¸É¢µ³, ¢Ò¡·µ-
¸¨¢Ï¨¸Ó ¨§ µ±´  ¢Éµ·µ£µ ÔÉ ¦ . ‚ ·¥§Ê²ÓÉ É¥ ÔÉµ° ¶µ¶ÒÉ±¨ µ´ ´  ¢¸Õ ¦¨§´Ó µ¸É ²¸Ö Ì·µ³Ò³.
�µ¸²¥ ÔÉµ£µ ¸²ÊÎ Ö Œ °¥·  µ¡ÑÖ¢¨²¨ ¸Ê³ ¸Ï¥¤Ï¨³ ¨ ¢ 1852Ä1853 ££. ¥£µ ¤¥·¦ ²¨ ¢ ¡µ²Ó´¨Í¥
¤²Ö ¤ÊÏ¥¢´µ¡µ²Ó´ÒÌ ¸ µÎ¥´Ó ¸É·µ£¨³ ·¥¦¨³µ³¯.
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É¥²Ó´µ ± ¸¨¸É¥³¥ Ö¤·µ +  Éµ³? „²Ö ÔÉµ£µ ¤µ¸É ÉµÎ´µ ¶µ± § ÉÓ ¸µ¨§³¥·¨³µ¸ÉÓ
Ô´¥·£¨° (Î ¸ÉµÉ) ¶¥·¥Ìµ¤µ¢ ¢ Ö¤·¥ ¨ Ô´¥·£¨°, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ÔÉµ³Ê Ö¤·Ê ¢
 Éµ³¥ Å ´¥· §·¥Ï¨³ Ö ¶µ±  § ¤ Î .

�¤´ ±µ ¢ ´¥±µÉµ·ÒÌ ¶·µ¸É¥°Ï¨Ì ¸²ÊÎ ÖÌ ³Ò ¨³¥¥³ ¸É·µ£¨¥ ¤µ± § É¥²Ó-
¸É¢ . 	 ¶·¨³¥·, ¶·¨ β−

t -· ¸¶ ¤¥ Ö¤¥· ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥  Éµ³  ´¥°É·µ´
¶·¥¢· Ð ¥É¸Ö ¢ ¶·µÉµ´ ¸ ¨¸¶Ê¸± ´¨¥³ Ô²¥±É·µ´  ¨  ´É¨´¥°É·¨´µ. …¸²¨ Ô´¥·-
£¨Ö (¨ ±¢ ´Éµ¢Ò¥ Î¨¸² ) ¢Ò²¥É¥¢Ï¥£µ ¨§ Ö¤·  Ô²¥±É·µ´  · ¢´  Ô´¥·£¨¨ Ô²¥±-
É·µ´  ¢ ± ±µ°-´¨¡Ê¤Ó µ¡µ²µÎ±¥  Éµ³ , Éµ Ô²¥±É·µ´ ¶·¨ β−

t -· ¸¶ ¤¥ ³µ¦¥É
§ ´ÖÉÓ ÔÉµ ¸µ¸ÉµÖ´¨¥, ¥¸²¨ µ´µ ¸¢µ¡µ¤´µ Å ÔÉµ ¨ ¥¸ÉÓ Ô²¥±É·µ´-Ö¤¥·´Ò°
·¥§µ´ ´¸ ¶·¨ Edecay ≈ Eatom. Ÿ¸´µ, ÎÉµ ¶·¨ β−

t -· ¸¶ ¤¥ ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ-
´¨¥ ¢Ò¨£·ÒÏ Ô´¥·£¨¨ · ¢¥´ Ô´¥·£¨¨ ¸¢Ö§¨ Ô²¥±É·µ´  ¢ µ¡µ²µÎ±¥. �µ¸±µ²Ó±Ê
¢¥·µÖÉ´µ¸ÉÓ β-· ¸¶ ¤  ¶·µ¶µ·Í¨µ´ ²Ó´a Ô´¥·£¨¨ · ¸¶ ¤  ¢ ¶ÖÉµ° ¸É¥¶¥´¨,
Éµ Ê¢¥²¨Î¥´¨¥ Ô´¥·£¨¨ · ¸¶ ¤  ¢¥¤¥É ± ·µ¸ÉÊ ¥£µ ¢¥·µÖÉ´µ¸É¨ (Ê³¥´ÓÏ¥´¨Õ
¢·¥³¥´¨ ¦¨§´¨).

‚ ¸²ÊÎ ¥ ¢´ÊÉ·¥´´e° ±µ´¢¥·¸¨¨ γ-¨§²ÊÎ¥´¨Ö Ô´¥·£¨Ö ¢µ§¡Ê¦¤¥´¨Ö Ö¤· 
¶¥·¥¤ ¥É¸Ö µ¤´µ³Ê ¨§ Ô²¥±É·µ´µ¢  Éµ³ . …¸²¨  Éµ³ ´¥°É· ²Ó´Ò°, Éµ Ô²¥±É·µ´
¶¥·¥¢µ¤¨É¸Ö ¢ ¸¶²µÏ´µ° ¸¶¥±É·. …¸²¨ ¦¥  Éµ³ ¨µ´¨§¨·µ¢ ´, Éµ Ô²¥±É·µ´
¶¥·¥¢µ¤¨É¸Ö ´  ¤¨¸±·¥É´Ò° Ê·µ¢¥´Ó, Éµ£¤  £µ¢µ·ÖÉ µ ·¥§µ´ ´¸´µ° ±µ´¢¥·¸¨¨
¨, ¤¥°¸É¢¨É¥²Ó´µ, É ±¨¥ ¶·µÍ¥¸¸Ò ´µ¸ÖÉ ·¥§µ´ ´¸´Ò° Ì · ±É¥· [162].

‚ ¨µ´¨§¨·µ¢ ´´µ³  Éµ³¥ ¶·µ¨¸Ìµ¤¨É § ¶µ²´¥´¨¥ ¸¢µ¡µ¤´ÒÌ Ê·µ¢´¥° Ô²¥±-
É·µ´ ³¨ ¸ ¢Ò¤¥²¥´¨¥³ Ô´¥·£¨¨ Eatom ¨ ÔÉ  Ô´¥·£¨Ö ³µ¦¥É ¡ÒÉÓ ¶¥·¥¤ ´ 
Ö¤·Ê Ô²¥±É·µ³ £´¨É´Ò³ ¢§ ¨³µ¤¥°¸É¢¨¥³, ¢ ·¥§Ê²ÓÉ É¥ ¶·µ¨§µ°¤¥É ¢µ§¡Ê¦¤¥-
´¨¥ Ö¤·  ´  Ê·µ¢¥´Ó ¸ Ô´¥·£¨¥° Enucl (µ¡· É´Ò° ¶·µÍ¥¸¸ ¢´ÊÉ·¥´´e° ±µ´-
¢¥·¸¨¨ γ-¨§²ÊÎ¥´¨°). ‚¥·µÖÉ´µ¸ÉÓ ÔÉµ£µ ¶·µÍ¥¸¸  ³µ¦¥É ¡ÒÉÓ § ¶¨¸ ´  ¢
µÎ¥¢¨¤´ÒÌ µ¡µ§´ Î¥´¨ÖÌ ¢ ¸²¥¤ÊÕÐ¥³ ¢¨¤¥:

P =
| Mij |2

(Eatom − Enucl)2
.

�É¸Õ¤  ¸²¥¤Ê¥É, ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ ¢µ§¡Ê¦¤¥´¨Ö · ¸É¥É ¶·¨ ¶·¨¡²¨¦¥´¨¨
± ·¥§µ´ ´¸Ê, ±µ£¤  · §´µ¸ÉÓ Ô´¥·£¨° Ö¤¥·´ÒÌ Ê·µ¢´¥° ¸É ´µ¢¨É¸Ö ¡²¨§±µ° ±
· §´µ¸É¨ Ô´¥·£¨°  Éµ³´ÒÌ Ê·µ¢´¥°. ‚µ§¤¥°¸É¢¨¥ ´   Éµ³Ò ² §¥·´µ£µ ¨§²ÊÎ¥-
´¨Ö ¶·¨¢µ¤¨É ± ¸¤¢¨£Ê ¨ · ¸Ï¨·¥´¨Õ  Éµ³´ÒÌ Ê·µ¢´¥°, É ± ÎÉµ µÉ±·Ò¢ ¥É¸Ö
Ë ±É¨Î¥¸± Ö ¢µ§³µ¦´µ¸ÉÓ Ê¶· ¢²ÖÉÓ ¢µ§¡Ê¦¤¥´¨¥³ Ö¤¥·.

9. “���‚‹…�ˆ… Ÿ„…��›Œˆ ���–…‘‘�Œˆ ��ˆ �ˆ‡Šˆ•
��…�ƒˆŸ•

Œ´µ£¨¥ ÊÎ¥´Ò¥, · ¡µÉ ÕÐ¨¥ ¢ Ö¤¥·´µ° Ë¨§¨±¥, Ê¢¥·¥´Ò ¢ Éµ³, ÎÉµ Ö¤¥·-
´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¶µ²´µ¸ÉÓÕ ´¥§ ¢¨¸¨³Ò µÉ µ±·Ê¦¥´¨Ö, ´ ¶·¨³¥·, µÉ Ô²¥±-
É·µ´µ¢  Éµ³µ¢. �É  Ê¢¥·¥´´µ¸ÉÓ µ¸´µ¢ ´  ´  ± ¦ÊÐ¥³¸Ö Ê¡¥¤¨É¥²Ó´Ò³ ÊÉ¢¥·-
¦¤¥´¨¨, ÎÉµ Ô´¥·£¨¨, ¶·µÖ¢²ÖÕÐ¨¥¸Ö ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ, £µ· §¤µ ¡µ²ÓÏ¥
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Ô´¥·£¨° Ì¨³¨Î¥¸±µ° ¸¢Ö§¨  Éµ³µ¢ ¸ Ì · ±É¥·´Ò³¨ Ô´¥·£¨Ö³¨ ±µ²¥¡ ´¨° ·¥-
Ï¥É±¨ É¢¥·¤µ£µ É¥² . „¥°¸É¢¨É¥²Ó´µ, Ì · ±É¥·´Ò¥ Ô´¥·£¨¨ · ¢´Ò ¢ Ö¤· Ì
≈ (105−106) Ô‚, ¢  Éµ³ Ì ≈ (1−10) Ô‚ ¨ É¢¥·¤ÒÌ É¥² Ì ≈ (10−2−10−1) Ô‚,
  ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ³ ¸ÏÉ ¡Ò · ¸¸ÉµÖ´¨° ≈ 10−13, ≈ 10−8 ¨ ≈ 10−7 ¸³. ’ ±
ÎÉµ ¸¢µ°¸É¢  Ö¤¥· (§  ¨¸±²ÕÎ¥´¨¥³ ³ ¸¸Ò ¨ ³µ³¥´Éµ¢ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö
Ö¤¥·) ´¥ ¨³¥ÕÉ ¶· ±É¨Î¥¸±¨ ´¨± ±µ£µ §´ Î¥´¨Ö ¤²Ö Ì¨³¨±  ¨²¨ Ë¨§¨± , ¨§Ê-
Î ÕÐ¥£µ É¢¥·¤µ¥ É¥²µ.

‚ÒÏ¥¶·¨¢¥¤¥´´Ò¥  ·£Ê³¥´ÉÒ ± § ²¨¸Ó Ê¡¥¤¨É¥²Ó´Ò³¨ ¤µ µÉ±·ÒÉ¨Ö ¨§-
²ÊÎ¥´¨Ö ¡¥§ µÉ¤ Î¨ ¨ ·¥§µ´ ´¸´µ£µ ¶µ£²µÐ¥´¨Ö γ-²ÊÎ¥° Ö¤· ³¨ ¢ É¢¥·¤ÒÌ
É¥² Ì Å ÔËË¥±É �. ‹. Œ¥¸¸¡ ÊÔ·  [177]. �ÉµÉ ÔËË¥±É ³µ¦¥É ´ ¡²Õ¤ ÉÓ¸Ö
¢ Éµ³ ¸²ÊÎ ¥, ±µ£¤  ¨³¶Ê²Ó¸ µÉ¤ Î¨ γ-±¢ ´É  ¢µ¸¶·¨´¨³ ¥É¸Ö ³ ±·µ¸±µ¶¨-
Î¥¸±¨³ ±·¨¸É ²²µ³ ± ± ¥¤¨´µ¥ Í¥²µ¥. �Éµ ¢µ§³µ¦´µ ¤²Ö γ-±¢ ´Éµ¢ ³ ²ÒÌ
Ô´¥·£¨°, ¥¸²¨ ¨§²ÊÎ ÕÐ¨¥ ¨ ¶µ£²µÐ ÕÐ¨¥ Ö¤·  ´ Ìµ¤ÖÉ¸Ö ¢ ±·¨¸É ²²¨Î¥-
¸±µ° ·¥Ï¥É±¥ ¸ ¤µ¸É ÉµÎ´µ ¸¨²Ó´µ° ¸¢Ö§ÓÕ. �·¨ ¢Ò¶µ²´¥´¨¨ ÔÉ¨Ì Ê¸²µ¢¨°
± ± ¢ ¸¶¥±É· Ì ¶µ£²µÐ¥´¨Ö, É ± ¨ ¢ ¸¶¥±É· Ì ¨¸¶Ê¸± ´¨Ö ¶·¨¸ÊÉ¸É¢ÊÕÉ Ê§-
±¨¥ ²¨´¨¨ ¶·¨ µ¤´µ° ¨ Éµ° ¦¥ Ô´¥·£¨¨, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ´Ê²¥¢µ° Ô´¥·£¨¨
µÉ¤ Î¨. ˜¨·¨´Ò ÔÉ¨Ì ²¨´¨° ¡²¨§±¨ ¶µ ¢¥²¨Î¨´¥ ± ¥¸É¥¸É¢¥´´µ° Ï¨·¨´¥
¢µ§¡Ê¦¤¥´´µ£µ Ê·µ¢´Ö. ‚ ¦´µ § ³¥É¨ÉÓ, ÎÉµ ¢¥²¨Î¨´µ° ·¥§µ´ ´¸´µ£µ ¶µ£²µ-
Ð¥´¨Ö ³µ¦´µ Ê¶· ¢²ÖÉÓ, ¥¸²¨ ¢´¥¤·ÖÉÓ  Éµ³Ò ¨¸ÉµÎ´¨±  ¨²¨ ¶µ£²µÉ¨É¥²Ö
¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ±·¨¸É ²²¨Î¥¸±¨¥ ·¥Ï¥É±¨. „¥°¸É¢¨É¥²Ó´µ, ¨´µ£¤  µÉ±·Ò-
¢ ÕÉ¸Ö Ö¢²¥´¨Ö, ¸¢Ö§Ò¢ ÕÐ¨¥ · §²¨Î´Ò¥ µ¡² ¸É¨ ´ Ê±¨ ¨ ¢´µ¸ÖÐ¨¥ ¢±² ¤ ¢
± ¦¤ÊÕ ¨§ ´¨Ì ¨²¨ ¤ ¦¥ ¢ ¤·Ê£¨¥ µ¡² ¸É¨ ´ Ê±¨. ‚´ Î ²¥ µ¡² ¸ÉÓ ¶·¨³¥´¥-
´¨Ö ÔËË¥±É  Œ¥¸¸¡ ÊÔ·  ¢±²ÕÎ ²  Éµ²Ó±µ Ö¤¥·´ÊÕ Ë¨§¨±Ê ´¨§±¨Ì Ô´¥·£¨° ¨
¤¨´ ³¨±Ê ±·¨¸É ²²¨Î¥¸±µ° ·¥Ï¥É±¨,   ¸¥°Î ¸ · ¸Ï¨·¨² ¸Ó, µÌ¢ É¨¢ É¥µ·¨Õ
µÉ´µ¸¨É¥²Ó´µ¸É¨, ³¥É ²²Ê·£¨Õ, Ì¨³¨Õ, ¡¨µË¨§¨±Ê,  ·Ì¥µ²µ£¨Õ ¨ É. ¤.

Ÿ¤·  ³µ£ÊÉ ¢µ§¡Ê¦¤ ÉÓ¸Ö Ô²¥±É·µ´´Ò³¨ ¶¥·¥Ìµ¤ ³¨ ¢ ¶·µÍ¥¸¸¥ ¨µ´¨§ -
Í¨¨ ¢´ÊÉ·¥´´¨Ì µ¡µ²µÎ¥±  Éµ³µ¢, ¥¸²¨ ¡²¨§±¨ Ô´¥·£¨¨ ¶¥·¥Ìµ¤µ¢ µ¤¨´ ±µ¢µ°
³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ ¢ Ö¤·¥ ¨ Ô²¥±É·µ´´µ° µ¡µ²µÎ±¥ [163]. �·¨ ÔÉµ³ ´¥ ´ ¤µ
ÉµÎ´µ §´ ÉÓ Ô´¥·£¨¨ Ö¤¥·´ÒÌ ¨  Éµ³´ÒÌ ¶¥·¥Ìµ¤µ¢, ² §¥· ¨²¨ ¤·Ê£¨¥ ¢´¥Ï-
´¨¥ ¢µ§¤¥°¸É¢¨Ö ´ ¸É· ¨¢ ÕÉ¸Ö ´  Ö¤¥·´ÊÕ ¨  Éµ³´ÊÕ Î ¸ÉµÉÒ ¨§-§  ÔËË¥±É 
§ Ì¢ ÉÒ¢ ´¨Ö Î ¸ÉµÉ. �É¨ Ê¸²µ¢¨Ö ³µ£ÊÉ ¢Ò¶µ²´ÖÉÓ¸Ö ¤²Ö ¸µ¸ÉµÖ´¨° ÉÖ¦¥²ÒÌ
Ö¤¥·, ¤²Ö ¨§µ³¥·´ÒÌ ¸µ¸ÉµÖ´¨° Ö¤¥· ¸ ³ ²Ò³¨ Ô´¥·£¨Ö³¨ ¢µ§¡Ê¦¤¥´¨Ö, ¢ ¢µ-
¤µ·µ¤µ¶µ¤µ¡´ÒÌ ¨µ´ Ì  Éµ³µ¢, ¢ ±µÉµ·ÒÌ ¸¢¥·ÌÉµ´±µ¥ · ¸Ð¥¶²¥´¨¥ ¡²¨§±µ
± Ô´¥·£¨¨ ¨§µ³¥· . B É ±¨Ì ¸²ÊÎ ÖÌ ¤µ²¦´Ò ´ ¡²Õ¤ ÉÓ¸Ö Ô²¥±É·µ´-Ö¤¥·´Òe
·¥§µ´ ´¸Ò. ”. ”. Š ·¶¥Ï¨´ [162] ¶·¨Ï¥² ± ¢Ò¢µ¤Ê, ÎÉµ ¢ ¢µ¤µ·µ¤µ¶µ¤µ¡´ÒÌ
¨µ´ Ì  Éµ³  229Th Ô²¥±É·µ´-Ö¤¥·´Ò° ·¥§µ´ ´¸ ³µ¦¥É ¶·¨¢¥¸É¨ ± Ê¸±µ·¥´¨Õ
¶¥·¥Ìµ¤µ¢ ¨§ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ µ¸´µ¢´µ¥ ¢ ≈ 104 · §.

� ¸¸³µÉ·¨³ 197Au: Ê¸²µ¢¨Ö Ô²¥±É·µ´-Ö¤¥·´µ£µ ·¥§µ´ ´¸  ¢Ò¶µ²´ÖÕÉ¸Ö
¤²Ö K → M1 ¤Ò·µÎ´µ£µ ¶¥·¥Ìµ¤  ¢ Ô²¥±É·µ´´µ° µ¡µ²µÎ±¥ (1S1/2 : 80,725 ±Ô‚
→ 3S1/2 : 3,425 ±Ô‚ [164]) ¨ 3/2 → 1/2 Ö¤¥·´µ£µ ¶¥·¥Ìµ¤  (0 → 77,351 ±Ô‚;
¢·¥³Ö ¦¨§´¨ 1,91 ´¸ [165]). � §´¨Í  ¢ Ô´¥·£¨ÖÌ ¢  Éµ³´Òx ¨ Ö¤¥·´Òx ¶¥·¥-
Ìµ¤ Ì · ¢´  51 Ô‚ ¶·¨ µ¤¨´ ±µ¢µ° ³Ê²ÓÉ¨¶µ²Ó´µ¸É¨ M1.
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‚ Ô±¸¶¥·¨³¥´É¥ [166] ¢µ§¡Ê¦¤ ²¨¸Ó Ô²¥±É·µ´´Ò¥ µ¡µ²µÎ±¨ ¢ §µ²µÉ¥ Ô²¥±-
É·µ´´Ò³ ¶ÊÎ±µ³ ¸ Ô´¥·£¨¥° 100 ±Ô‚,   ¢ Ô±¸¶¥·¨³¥´É¥ [168] Å ³µ´µÌ·µ-
³ É¨Î¥¸±¨³¨ ·¥´É£¥´µ¢¸±¨³¨ ²ÊÎ ³¨ ¸ Ô´¥·£¨Ö³¨ ¢ÒÏ¥ Ô´¥·£¨¨ K-Ê·µ¢´Ö
¢  Éµ³¥ §µ²µÉ . ‚µ ¢¸¥Ì ¸²ÊÎ ÖÌ  Éµ³´Ò¥ ¢µ§¡Ê¦¤¥´¨Ö ¶¥·¥¤ ¢ ²¨¸Ó Ö¤· ³,
§ É¥³ · ¸¶ ¤Ò Ö¤¥·´ÒÌ ¸µ¸ÉµÖ´¨° ¸µ¶·µ¢µ¦¤ ²¨¸Ó ¢Ò²¥Éµ³ ±µ´¢¥·¸¨µ´´ÒÌ
Ô²¥±É·µ´µ¢, ±µÉµ·Ò¥ ·¥£¨¸É·¨·µ¢ ²¨¸Ó ¸¶¥Í¤¥É¥±Éo·µ³. �±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö ¢¥·µÖÉ´µ¸É¨ ¨¸¸²¥¤Ê¥³µ£µ ¶·µÍ¥¸¸  · ¢´Ò (2,2 ± 1,8) · 10−4 [166],
(5,1±3,6) ·10−5 [167] (µÍ¥´±  ¢¥·µÖÉ´µ¸É¨ ¡Ò²  ¶·µ¢¥¤¥´  ¸ ¨¸¶µ²Ó§µ¢ ´¨¥³
Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ·¥§Ê²ÓÉ Éµ¢ [166]) ¨ (5,0 ± 0,6) · 10−8 [168]. ’¥µ·¥É¨-
Î¥¸±¨¥ · ¸Î¥ÉÒ ¢¥·µÖÉ´µ¸É¥° ¶·µ¢µ¤¨²¨¸Ó ¢ · ³± Ì · §²¨Î´ÒÌ ³µ¤¥²¥°, µ´¨
· ¢´Ò 3,5 · 10−5 [169], 2,2 · 10−5 [170], 1,4 · 10−7 [171], 2,4 · 10−7 [172] ¨
1,3 · 10−7 [173]. ˆÉ ±, ·¥§Ê²ÓÉ ÉÒ ¤¢ÊÌ Ô±¸¶¥·¨³¥´Éµ¢ µÉ²¨Î ÕÉ¸Ö ³¥¦¤Ê
¸µ¡µ° ¨ ¸ É¥µ·¥É¨Î¥¸±¨ ¢ÒÎ¨¸²¥´´Ò³¨ ´  3Ä4 ¶µ·Ö¤± . � ÔÉµ Éµ²Ó±µ µ§´ -
Î ¥É, ÎÉµ Ô²¥±É·µ´-Ö¤¥·´Ò¥ ·¥§µ´ ´¸Ò ´ Ìµ¤ÖÉ¸Ö ´  ´ Î ²Ó´µ³ ¶ÊÉ¨ ¸¢µ¥£µ
· §¢¨É¨Ö ± ± ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ³, É ± ¨ ¢ É¥µ·¥É¨Î¥¸±µ³ ¶² ´¥.

�·¨¢¥¤¥³ Ô±¸¶¥·¨³¥´É ²Ó´Ò¥ ¤ ´´Ò¥ µ¡ ¨§³¥´¥´¨¨ · ¤¨µ ±É¨¢´µ¸É¨ 235U
¶µ¸²¥ ¨µ´¨§ Í¨¨ ¨ ¢µ§¡Ê¦¤¥´¨Ö  Éµ³µ¢ Ê· ´ .

”µ²Ó£¨ Ê· ´  µ¡²ÊÎ ²¨¸Ó ¢ ¢µ¤µ·µ¤´µ° ¶² §³¥ É²¥ÕÐ¥£µ · §·Ö¤  ´  ± -
Éµ¤¥ Ê¸É ´µ¢±¨ [174]. ‚¢¨¤Ê ¢ ¦´µ¸É¨ ¤²Ö ´ ¸ ¨ ´¥µ¡ÒÎ´µ¸É¨ ·¥§Ê²ÓÉ Éµ¢
¶·µÍ¨É¨·Ê¥³ ¢Ò¢µ¤Ò  ¢Éµ·µ¢:

• ¨´É¥£· ²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ α- ±É¨¢´µ¸É¨ ¢ 2Ä4 · § ;

• ¨´É¥£· ²Ó´µ¥ Ê¢¥²¨Î¥´¨¥ β- ¨ γ- ±É¨¢´µ¸É¨ µÉ 10 ¤µ 60 %, ¢ § ¢¨¸¨³µ-
¸É¨ µÉ Ê¸²µ¢¨° Ô±¸¶¥·¨³¥´É ;

• Ê¢¥²¨Î¥´¨¥ ±µ²¨Î¥¸É¢  · ¸¶ ¤µ¢ ¢ ¸¥±Ê´¤Ê ¢ µ¸´µ¢´ÒÌ Ô´¥·£¥É¨Î¥¸±¨Ì
¶¨± Ì Ê· ´  235U, 234To ¨ 231To ¤µ 50 % ¨ Ê³¥´ÓÏ¥´¨¥ ±µ²¨Î¥¸É¢ 
¨³¶Ê²Ó¸µ¢ ¢ ¶¨± Ì Ì · ±É¥·¨¸É¨Î¥¸±µ£µ ¨§²ÊÎ¥´¨Ö Ê· ´  ´  ≈ (30 ±
3)%;

• Ê¢¥²¨Î¥´¨¥ ±µ²¨Î¥¸É¢  · ¸¶ ¤µ¢ ¢ ¸¥±Ê´¤Ê ¤²Ö ¶¨±µ¢ ¤µÎ¥·´¨Ì Ô²¥³¥´-
Éµ¢ Ê· ´  ¤ eÉ µ¸´µ¢ ´¨¥ ¸Î¨É ÉÓ, ÎÉµ ¶·µ¨¸Ìµ¤¨É ¨´É¥´¸¨Ë¨± Í¨Ö ¶·µ-
Í¥¸¸µ¢ · ¸¶ ¤  ¢ ¶·µÍ¥¸¸¥ ´¨§±µÔ´¥·£¥É¨Î¥¸±µ£µ ¢µ§¤¥°¸É¢¨Ö ¢ ¶² §³¥
É²¥ÕÐ¥£µ · §·Ö¤ ;

• ¨§³¥´¥´¨¥ ¸µµÉ´µÏ¥´¨Ö Ë §µ¢µ£µ ¸µ¸É ¢  Ê· ´  α2/α1, β1/β4 ¨ ¤·Ê-
£¨Ì Ô´¥·£¥É¨Î¥¸±¨Ì ³ ±¸¨³Ê³µ¢ ¸¶¥±É·  Ì · ±É¥·¨¸É¨Î¥¸±µ£µ ¨§²ÊÎ¥-
´¨Ö Ê· ´  ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ´ · ¡µÉ±¥ ´µ¢ÒÌ ¨§µÉµ¶µ¢ ¨ ´ ²µ¦¥´¨¨
¶¨±µ¢ ¢´µ¢Ó µ¡· §ÊÕÐ¨Ì¸Ö Ô²¥³¥´Éµ¢ ´  µ¸´µ¢´Ò¥ ²¨´¨¨ ¸¶¥±É· ;

• Ê¢¥²¨Î¥´¨¥ ¸µµÉ´µÏ¥´¨Ö ³ ¸¸ 234/232 ´  20−30 % ±µ´É·µ²Ó´µ£µ ¨ µ¡-
²ÊÎ¥´´ÒÌ µ¡· §Íµ¢ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É µ ´ · ¡µÉ±¥ Éµ·¨Ö ¢ ¶·µÍ¥¸¸¥ µ¡²Ê-
Î¥´¨Ö ´¨§±µÔ´¥·£¥É¨Î¥¸±¨³¨ ¨µ´ ³¨;
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• Ê³¥´ÓÏ¥´¨¥ ¸µ¤¥·¦ ´¨Ö Ê· ´  ´  (1±0,3)% ¢ µ¡· §Í Ì ¶µ¸²¥ µ¡²ÊÎ¥´¨Ö
¢ ¶² §³¥ · §·Ö¤  ¨ Ê¢¥²¨Î¥´¨¥ ±µ²¨Î¥¸É¢  Éµ·¨Ö ´  (1 ± 0,3)%.

�¡ÒÎ´µ ¶·¨ · ¸Î¥É Ì ¢¥·µÖÉ´µ¸É¥° (Ï¨·¨´) α-· ¸¶ ¤  ÊÎ¨ÉÒ¢ ¥É¸Ö Éµ²Ó±µ
¢§ ¨³µ¤¥°¸É¢¨¥ α-Î ¸É¨ÍÒ ¸ ±Ê²µ´µ¢¸±¨³ ¶µ²¥³ Ö¤·  [178Ä180]. �¶·¨µ·¨
Ö¸´µ, ÎÉµ ¤µ²¦´µ ¡ÒÉÓ ¢²¨Ö´¨¥ ±Ê²µ´µ¢¸±µ£µ ¶µ²Ö Ô²¥±É·µ´µ¢  Éµ³  ´ 
α-· ¸¶ ¤ Ö¤· . �²¥±É·µ´Ò  Éµ³  Ê³¥´ÓÏ ÕÉ ¢Ò¸µÉÊ ¨ Ï¨·¨´Ê ¶µÉ¥´Í¨ ²Ó-
´µ£µ ¡ ·Ó¥· , ÎÉµ ¨ ¶·¨¢µ¤¨É ± Ê¢¥²¨Î¥´¨Õ ¢¥·µÖÉ´µ¸É¨ α-· ¸¶ ¤  [181,182].
�¥·¨µ¤Ò α-· ¸¶ ¤  ¤²Ö £µ²µ£µ Ö¤·  ¨ ´¥°É· ²Ó´µ£µ  Éµ³  ¢ÒÎ¨¸²¥´Ò ¢ [182] ¢
¸É É¨¸É¨Î¥¸±µ° ³µ¤¥²¨ ’µ³ ¸ Ä”¥·³¨ ¨ · ¢´Ò T1/2/T ∗

1/2 = 1,55, 1,22, 2,60
¤²Ö α-· ¸¶ ¤  Ö¤¥· 222Rn, 212Po ¨ 147Sm ¸µµÉ¢¥É¸É¢¥´´µ.

‘²¥¤Ê¥É ´ ¶µ³´¨ÉÓ, ÎÉµ ‚. ˆ. ˆ²ÕÐ¥´±µ, …. „. „µ´¥Í ¨ ‚. �. �²Ó¶¥·É [183]
¥Ð¥ ¢ 1969 £. ¶·¨Ï²¨ ± ¢Ò¢µ¤Ê µ ¢µ§³µ¦´µ¸É¨ ¨§³¥·¥´¨Ö ¨§³¥´¥´¨Ö ¸±µ·µ-
¸É¨ · ¤¨µ ±É¨¢´µ£µ · ¸¶ ¤  Ö¤¥· ¢ Ê¸²µ¢¨ÖÌ �ˆŸˆ. “¦¥ Éµ£¤  ¶·µ¡²¥³Ò
³´µ£µ±· É´µ° ¨µ´¨§ Í¨¨  Éµ³µ¢ ¤µ K-µ¡µ²µÎ±¨ ¢±²ÕÎ¨É¥²Ó´µ ¨ Ê¤¥·¦ ´¨¥
µ¡· §ÊÕÐ¨Ì¸Ö ³´µ£µ§ ·Ö¤´ÒÌ ¨µ´µ¢ ¢ µ¡² ¸É¨ · ¸¶µ²µ¦¥´¨Ö ¤¥É¥±Éµ·µ¢ · -
¤¨µ ±É¨¢´ÒÌ ¨§²ÊÎ É¥²¥° ¶· ±É¨Î¥¸±¨ ¡Ò²¨ ·¥Ï¥´Ò. ‘· ¢´¨¢ Ö ¨´É¥´¸¨¢-
´µ¸ÉÓ ¨§²ÊÎ¥´¨Ö, ¸µ¶·µ¢µ¦¤ ÕÐ¥£µ · ¸¶ ¤ ¨¸¸²¥¤Ê¥³ÒÌ Ö¤¥·, ¤²Ö ¨µ´µ¢ ¸
· §´Ò³¨ § ·Ö¤ ³¨ ³µ¦´µ µ¶·¥¤¥²¨ÉÓ ´¥ Éµ²Ó±µ ∆λ/λ, ´µ ¨ µÉ´µÏ¥´¨Ö K/β+,
±µÔËË¨Í¨¥´ÉÒ ¢´ÊÉ·¥´´¥° ±µ´¢¥·¸¨¨ aK , aL..., ¨Ì µÉ´µÏ¥´¨Ö ¨ ¤·Ê£¨¥ ¢¥-
²¨Î¨´Ò.

ˆ§¢¥¸É´µ, ÎÉµ ´  ¢¥·µÖÉ´µ¸ÉÓ Ô²¥±É·µ´´µ° ±µ´¢¥·¸¨¨ ¶·¨ ¨§µ³¥·´ÒÌ ¶¥-
·¥Ìµ¤ Ì ´¥¡µ²ÓÏµ° Ô´¥·£¨¨ ¢²¨ÖÕÉ ¤¥Ëµ·³ Í¨¨ ¢´¥Ï´¨Ì Ô²¥±É·µ´´ÒÌ µ¡µ-
²µÎ¥±  Éµ³µ¢, µ¡Ê¸²µ¢²¥´´ÒÌ Ì¨³¨Î¥¸±µ° ¸¢Ö§ÓÕ ¸  Éµ³ ³¨ µ±·Ê¦¥´¨Ö. ’ -
±¨¥ ÔËË¥±ÉÒ ¨¸¸²¥¤µ¢ ´Ò É¥µ·¥É¨Î¥¸±¨ [184] ¨ Ô±¸¶¥·¨³¥´É ²Ó´µ [185Ä187]
¤²Ö ¢µ§¡Ê¦¤¥´´ÒÌ Ö¤¥·  Éµ³µ¢, ´ Ìµ¤ÖÐ¨Ì¸Ö ´  ¶µ¢¥·Ì´µ¸É¨ ¶µ¤²µ¦¥± · §-
²¨Î´µ£µ Ì¨³¨Î¥¸±µ£µ ¸µ¸É ¢ . ‚ ÔÉ¨Ì · ¡µÉ Ì ¡Ò²µ ¶µ± § ´µ, ÎÉµ ³ É¥·¨ ²
¶µ¤²µ¦±¨ ¢²¨Ö¥É ´  ¶¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  235mU ¢ ¶·¥¤¥² Ì 10 % ¶·¨ ¸·¥¤´¥³
§´ Î¥´¨¨ 26 ³¨´.

‚ · ¡µÉ¥ [188] ´ ¡²Õ¤ ²µ¸Ó Ö¢²¥´¨¥ § ¤¥·¦±¨ · ¸¶ ¤   Éµ³´µ£µ Ê·µ¢´Ö
¶·¨ ¶·µ¶Ê¸± ´¨¨ ¶ÊÎ±  ¢µ§¡Ê¦¤¥´´ÒÌ  Éµ³µ¢ Î¥·¥§ ¶µ²µ¸ÉÓ ¸ ¶·µ¢µ¤ÖÐ¨³¨
¸É¥´± ³¨, ¶µ¶¥·¥Î´¨± ±µÉµ·µ° ³¥´ÓÏ¥ ¤²¨´Ò ¢µ²´Ò ¶¥·¥Ìµ¤ .

�¢Éµ·Ò · ¡µÉ [189, 217] ¶·¥¤¶µ²µ¦¨²¨, ÎÉµ  ´ ²µ£¨Î´Ò³ µ¡· §µ³ ³µ£ÊÉ
¨§³¥´ÖÉÓ¸Ö ¢¥·µÖÉ´µ¸É¨ É ±¨Ì Ö¤¥·´ÒÌ ¶¥·¥Ìµ¤µ¢, ¤²Ö ±µÉµ·ÒÌ Ì · ±É¥·´ Ö
¤²¨´  ¶µ£²µÐ¥´¨Ö ¸·¥¤µ° ±¢ ´Éµ¢, ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶¥·¥Ìµ¤Ê, ³¥´ÓÏ¥ ¤²¨´Ò
¢µ²´Ò ¸ ³¨Ì ±¢ ´Éµ¢. ‚ ± Î¥¸É¢¥ µ¡Ñ¥±É  ¨¸¸²¥¤µ¢ ´¨Ö ¡Ò² ¢Ò¡· ´ ¨§µ³¥·
235mU ¸ Ô´¥·£¨¥° ¨§µ³¥·´µ£µ ¶¥·¥Ìµ¤  76 Ô‚, ÎÉµ ¸µµÉ¢¥É¸É¢Ê¥É ¤²¨´¥ ±¢ ´É 
17 ´³. �µ²ÊÎ¥´µ Ô±¸¶¥·¨³¥´É ²Ó´µ¥ Ê± § ´¨¥ ´  ¶µ¤ ¢²¥´¨¥ ÔÉµ£µ ¶¥·¥Ìµ¤ 
´  ¶µ·Ö¤µ± ¶·¨ ¶µ³¥Ð¥´¨¨  Éµ³µ¢ 235mU ¢ ³¥É ²²¨Î¥¸±µ¥ ¸¥·¥¡·µ.

� ¸¸³µÉ·¨³ ´  ± Î¥¸É¢¥´´µ³ Ê·µ¢´¥ ¢µ§¤¥°¸É¢¨¥ ´¨§±µÔ´¥·£¥É¨Î¥¸±¨Ì
¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨° (¶Ê¸ÉÓ ÔÉµ ¡Ê¤¥É ² §¥·) ´  ¢µ§¡Ê¦¤¥´´Ò¥ ¸µ¸ÉµÖ´¨Ö
Ö¤¥·. ‹ §¥·´µ¥ ¨§²ÊÎ¥´¨¥ ´¥ ³µ¦¥É ¡ÒÉÓ ¶µ£²µÐ¥´µ Ö¤·µ³ ¢ µ¸´µ¢´µ³ ¸µ-
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¸ÉµÖ´¨¨ ¨§-§  ¡µ²ÓÏµ° · §´¨ÍÒ Ô´¥·£¨° ±¢ ´Éµ¢ ² §¥·´µ£µ ¨§²ÊÎ¥´¨Ö ¨ Ö¤¥·-
´ÒÌ Ê·µ¢´¥°. �¤´ ±µ ¶·¨ ¢Ò¸µ±¨Ì Ô´¥·£¨ÖÌ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  · ¸¸ÉµÖ´¨Ö
³¥¦¤Ê Ö¤¥·´Ò³¨ Ê·µ¢´Ö³¨ ³µ£ÊÉ ¸É ÉÓ ¡²¨§±¨³¨ ± Ô´¥·£¨¨ ² §¥·´ÒÌ ±¢ ´-
Éµ¢. ‚µ§¤¥°¸É¢¨¥ ´  ÔÉ¨ ¸µ¸ÉµÖ´¨Ö Ö¤·  ¨§²ÊÎ¥´¨¥³ ² §¥·  ³µ¦¥É ¶·¨¢¥¸É¨ ±
¨´É¥·¥¸´Ò³ ÔËË¥±É ³ [109].

�µ£²µÐ¥´¨¥ Ö¤·µ³ ² §¥·´µ£µ ±¢ ´É  ¨§³¥´Ö¥É ¸¶¨´ Ö¤·a ´  ¥¤¨´¨ÍÊ,
¶· ±É¨Î¥¸±¨ ´¥ ³¥´ÖÖ Ô´¥·£¨Õ ¢µ§¡Ê¦¤¥´¨Ö Ö¤· . � ÔÉµ ³µ¦¥É ¶·¨¢¥¸É¨
± ¸ÊÐ¥¸É¢¥´´µ³Ê ¨§³¥´¥´¨Õ ¢¥·µÖÉ´µ¸É¥° ± ´ ²µ¢ · ¸¶ ¤  Ö¤¥·, ¶·¨ ÔÉµ³
§ ¶·¥Ð¥´´Ò¥ ¶·µÍ¥¸¸Ò ³µ£ÊÉ ¸É ÉÓ µÉ±·ÒÉÒ³¨ ¨ ´ µ¡µ·µÉ. Ÿ¤·  ¸ Î¥É´Ò³
Î¨¸²µ³ ´¥°É·µ´µ¢ ¨ ¶·µÉµ´µ¢ ¶·¨ ¶µ£²µÐ¥´¨¨ γ-±¢ ´Éµ¢ ´¨§±¨Ì Ô´¥·£¨°
µ¡· §ÊÕÉ ¸µ¸ÉµÖ´¨Ö ¸µ ¸¶¨´µ³ 1− ¸ ¢Ò¸µ±¨³ ¡ ·Ó¥·µ³ ¤¥²¥´¨Ö. ‡ Ì¢ É
² §¥·´µ£µ ±¢ ´É  ¸ Ô´¥·£¨¥° ´¥¸±µ²Ó±µ ÔB ¶·¨¢¥¤¥É ± µ¡· §µ¢ ´¨Õ ´µ¢ÒÌ
¸µ¸ÉµÖ´¨° ¸µ ¸¶¨´ ³¨ 0+ ¨ 2+ ¨ ¸ ¡ ·Ó¥· ³¨ ¤¥²¥´¨Ö ´¨¦¥ ´  0,5Ä0,8 ŒÔ‚,
É ± ÎÉµ ¢¥·µÖÉ´µ¸ÉÓ ¤¥²¥´¨Ö ¢µ§· ¸É¥É ´  3Ä4 ¶µ·Ö¤±  [109]. Œ´µ£¨¥ Ö¤¥·´Ò¥
·¥ ±Í¨¨ ¸µ¶·µ¢µ¦¤ ÕÉ¸Ö ¸² ¡Ò³¨ ¨ Ô²¥±É·µ³ £´¨É´Ò³¨ ¶·µÍ¥¸¸ ³¨, É ± ÎÉµ
µÉ±·Ò¢ ÕÉ¸Ö ¶¥·¸¶¥±É¨¢Ò ¶·Ö³µ£µ Ê¶· ¢²¥´¨Ö Ö¤¥·´Ò³¨ ¶·¥¢· Ð¥´¨Ö³¨.

Š ¸µ¦ ²¥´¨Õ, ¶µ±  ÎÉµ ´¥É ¸¨¸É¥³ É¨Î¥¸±¨Ì ¨¸¸²¥¤µ¢ ´¨° ¶µ ¢ÒÖ¸´¥-
´¨Õ ¢²¨Ö´¨Ö ¸É¥¶¥´¨ ¨µ´¨§ Í¨¨  Éµ³µ¢ ´  ¸±µ·µ¸É¨ Ö¤¥·´ÒÌ ¶·µÍ¥¸¸µ¢ ¶·¨
´¨§±¨Ì Ô´¥·£¨ÖÌ. ’ ±¨¥ ¨¸¸²¥¤µ¢ ´¨Ö ³µ£ÊÉ ¡ÒÉÓ µÎ¥´Ó ¢ ¦´Ò³¨ ¨ ÔÉµ ¢¨¤´µ
¨§ ´ Ï¥£µ µ¡§µ· , µ¤´ ±µ §¤¥¸Ó ¢µ§´¨± ÕÉ ¸¥·Ó¥§´Ò¥ É·Ê¤´µ¸É¨, ¶µ¸±µ²Ó±Ê
¶µÖ¢²Ö¥É¸Ö ´¥µ¡Ìµ¤¨³µ¸ÉÓ · ¸¸³ É·¨¢ ÉÓ Ö¤·µ +  Éµ³ + ±·¨¸É ² ± ± ¥¤¨-
´ÊÕ ¸¨¸É¥³Ê,   ¤²Ö ÔÉµ£µ ¶·¥¦¤¥ ¢¸¥£µ ´Ê¦´µ §´ ÉÓ ¢·¥³¥´´ÊÕ ¨¥· ·Ì¨Õ
· §²¨Î´ÒÌ ¶·µÍ¥¸¸µ¢ ¢ Ö¤¥·´µ°,  Éµ³´µ° ¶µ¤¸¨¸É¥³ Ì ¨ ¢ ±µ´¤¥´¸¨·µ¢ ´´µ°
¸·¥¤¥ [218, 219] ¨ · §¢¨¢ ÉÓ ´µ¢Ò¥ ¶µ¤Ìµ¤Ò ± ± ¢ Ô±¸¶¥·¨³¥´É ²Ó´µ³, É ± ¨
¢ É¥µ·¥É¨Î¥¸±µ³ ¶² ´¥.

�¡· É¨³ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ Î ¸É¨Î´Ò° µÉ¢¥É ´  ¶µ¸É ¢²¥´´Ò° ¢µ¶·µ¸
³µ¦´µ ¶µ²ÊÎ¨ÉÓ ¨§  ´ ²¨§  Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ [190], £¤¥ ¶·¨¢¥¤¥´Ò
¶¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  T1/2 (¢ Î ¸ Ì) Ö¤·  99Mo, ¶µ²ÊÎ¥´´µ£µ ¢ · §´ÒÌ ·¥ ±-
Í¨ÖÌ:

T1/2 = (66,0197 ± 0,0877) 98Mo(n, γ)99Mo,

T1/2 = (65,8467 ± 0,1052) 235U(n, f)99Mo,

T1/2 = (64,9234 ± 0,2516) 181Ta(12C, X)99Mo.

‚ · ¡µÉ¥ [191] ¢Ò¤¢¨£ ¥É¸Ö £¨¶µÉ¥§  µ ¢µ§³µ¦´µ³ ³ £´¨É´µ³ ³¥Ì ´¨§³¥,
¶·¨¢¥¤Ï¥³ ± ·µ¸ÉÊ ±µÔËË¨Í¨¥´É  ·¥ ±É¨¢´µ¸É¨ ·¥ ±Éµ·  ¢ Ìµ¤¥ ¶·µ¢¥¤¥´¨Ö
¨¸¶ÒÉ ´¨° ¶µ ¢Ò¡¥£Ê ÉÊ·¡µ£¥´¥· Éµ·  ´  IV ¡²µ±¥ —¥·´µ¡Ò²Ó¸±µ°  Éµ³´µ°
Ô²¥±É·µ¸É ´Í¨¨. �. �. Š ¤µ³Í¥¢ [193, 194] µ¡· É¨² ¢´¨³ ´¨¥ ´  ¶¥·¥¸É·µ°±Ê
¸µ¸ÉµÖ´¨° Ô²¥±É·µ´µ¢  Éµ³  ¢ ¸¨²Ó´µ³ ³ £´¨É´µ³ ¶µ²¥. �²¥±É·µ´Ò Ê ÉÖ¦¥-
²ÒÌ  Éµ³µ¢ ¢ ¸¨²Ó´µ³ ³ £´¨É´µ³ ¶µ²¥ ¸µ£² ¸´µ �. �. Š ¤µ³Í¥¢Ê, ´¥ ¸É·¥³ÖÉ¸Ö
§ ´¨³ ÉÓ ´¨¦´¨¥ Ô´¥·£¥É¨Î¥¸±¨¥ Ê·µ¢´¨. „·Ê£¨³¨ ¸²µ¢ ³¨, ¥¸²¨  Éµ³ ¢µ§¡Ê-
¦¤ ¥É¸Ö, Éµ ¡²¨¦ °Ï¨¥ ± Ö¤·Ê Ô²¥±É·µ´´Ò¥ µ·¡¨ÉÒ µ¸¢µ¡µ¦¤ ÕÉ¸Ö, ¨ ÉÊ¤ 
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³µ¦¥É ¨¤É¨ βb-· ¸¶ ¤ ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö  Éµ³ . ‘²¥¤µ¢ É¥²Ó´µ, ¥¸²¨ ¶µ
± ±¨³-Éµ ¶·¨Î¨´ ³ ¢µ§´¨± ¥É ¸¨²Ó´µ¥ ³ £´¨É´µ¥ ¶µ²¥, Éµ µ´µ ¢ ¸µ¸ÉµÖ´¨¨
µÉ±·ÒÉÓ ¤µ¶µ²´¨É¥²Ó´Ò¥ ± ´ ²Ò βb-· ¸¶ ¤  ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö  Éµ³ . �¢-
Éµ·Ò · ¡µÉÒ [191] ¶·¨Ìµ¤ÖÉ ± ¢Ò¢µ¤Ê, ÎÉµ ¶µÖ¢²¥´¨¥ ¸¢µ¡µ¤´µ° Ô²¥±É·µ´´µ°
µ·¡¨ÉÒ  Éµ³ -¨§²ÊÎ É¥²Ö § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢ ¶·¨¢µ¤¨É ± ¶µ¢ÒÏ¥´¨Õ
¤µ²¨ § ¶ §¤Ò¢ ÕÐ¨Ì ´¥°É·µ´µ¢, ÎÉµ ¨ ¶·¨¢µ¤¨É ± · §£µ´Ê ·¥ ±Éµ·  ¢  ±É¨¢-
´µ° ¸·¥¤¥.

ˆ. Œ. ˜ Ì¶ ·µ´µ¢ ¸ ¸µÉ·Ê¤´¨± ³¨ [192] · §· ¡µÉ ²¨ É¥Ì´µ²µ£¨Õ ±µ³-
¶¥´¸ Í¨¨ ±Ê²µ´µ¢¸±µ£µ ¡ ·Ó¥·  ¸ ¶·¨³¥´¥´¨¥³ ¢Ò¸µ±µ£µ ´ ¶·Ö¦¥´¨Ö µÉ ¶µ-
¸Éµ·µ´´¥£µ ¨¸ÉµÎ´¨±  Å £¥´¥· Éµ·  ‚ ´-¤¥-ƒ·  Ë . �¡· §ÍÒ · §²¨Î´ÒÌ Ö¤¥·
¶µ³¥Ð ²¨¸Ó ¢ Ô±¢¨¶µÉ¥´Í¨ ²Ó´µ¥ ¶µ²¥ £¥´¥· Éµ·  ¸µ ¸¢¥·Ì¢Ò¸µ±¨³ ´ ¶·Ö¦¥-
´¨¥³ 10 Œ‚. ‡  ±µ·µÉ±µ¥ ¢·¥³Ö Ö¤·  · ¸¶ ¤ ²¨¸Ó. �¢Éµ·Ò ¸Î¨É ÕÉ, ÎÉµ ÔÉ 
É¥Ì´µ²µ£¨Ö ³µ¦¥É ¡ÒÉÓ ¨¸¶µ²Ó§µ¢ ´  ¤²Ö ¤¥§ ±É¨¢ Í¨¨ Ö¤¥·´ÒÌ µÉÌµ¤µ¢ ¨,
µÉ ¸¥¡Ö ¤µ¡ ¢¨³, ¤²Ö µ¡¥§¢·¥¦¨¢ ´¨Ö Ö¤µ¢¨ÉÒÌ ¢¥Ð¥¸É¢.

10. ���ˆ‡‚�„‘’‚� ��…�ƒˆˆ ˆ �Š�‹�ƒˆ—…‘Šˆ‰ ��‹��‘

‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ´  ¸É· ´¨Í Ì ¢¥¤ÊÐ¨Ì Ë¨§¨Î¥¸±¨Ì ¦Ê·´ ²µ¢ (¸³.,
´ ¶·¨³¥·, [195Ä198] ¨ ¸¸Ò²±¨ ¢ ´¨Ì) ³´µ£µ ¶¨ÏÊÉ µ ¶·µ¡²¥³ Ì ¶·µ¨§¢µ¤¸É¢ 
Ô´¥·£¨¨ ¨ Ô±µ²µ£¨Î¥¸±µ£µ ¡ ² ´¸  ¶² ´¥ÉÒ. •µÉÖ ¡µ²¥¥ 86 % µÉ ¶µ²´µ°
¨¸¶µ²Ó§Ê¥³µ° Î¥²µ¢¥Î¥¸É¢µ³ Ô´¥·£¨¨ ¶·µ¨§¢µ¤¨É¸Ö ¶·¨ ¸¦¨£ ´¨¨ ¶µ²¥§´ÒÌ
¨¸±µ¶ ¥³ÒÌ Å Ê£²Ö, ´¥ËÉ¨, ¶·¨·µ¤´µ£µ £ §  ¨ ¤·., É¥³ ´¥ ³¥´¥¥ ¥¤¨´¸É¢¥´´Ò³
± ´¤¨¤ Éµ³ ¤²Ö ¡ §µ¢µ° Ô´¥·£¥É¨±¨ ¢ ¡Ê¤ÊÐ¥³ ¸Î¨É ¥É¸Ö Ö¤¥·´ Ö Ô´¥·£¨Ö.

‘¦¨£ ´¨¥ ¶µ²¥§´ÒÌ ¨¸±µ¶ ¥³ÒÌ ¶·¨¢µ¤¨É ± ¥¦¥£µ¤´Ò³ ¢Ò¡·µ¸ ³ Ê£²¥-
·µ¤  ¢ ¢¨¤¥ Ê£²¥±¨¸²µ£µ £ §  ¢  É³µ¸Ë¥·Ê ¢ ±µ²¨Î¥¸É¢¥ 5,5 ƒÉ, ¨§ ´¨Ì Éµ²Ó±µ
2,2 ƒÉ ¶¥·¥· ¡ ÉÒ¢ ¥É¸Ö ¥¸É¥¸É¢¥´´µ° ¸¨¸É¥³µ° Ê¶· ¢²¥´¨Ö ¡¨µ¸Ë¥·Ò. �±µ²µ
3,3 ƒÉ ´ ± ¶²¨¢ ¥É¸Ö ¢ ¢¨¤¥ Ê£²¥±¨¸²µ£µ £ § , ±µÉµ·Ò° ³µ¦¥É ¸µÌ· ´¨ÉÓ¸Ö ¢
 É³µ¸Ë¥·¥ É¥Î¥´¨¥ ³´µ£¨Ì ¸µÉ¥´ ²¥É, ÎÉµ ¶·¨¢¥²µ ± Ê¢¥²¨Î¥´¨Õ ±µ´Í¥´É· -
Í¨¨ Ê£²¥±¨¸²µ£µ £ §  ´  30 % ¢ ¶µ¸²¥¤´¨¥ 200 ²¥É. �¥§Ê²ÓÉ É ¨§¢¥¸É¥´ Å
¶ ·´¨±µ¢Ò° ÔËË¥±É.

…¤¨´¸É¢¥´´Ò° ± ´¤¨¤ É ¤²Ö ¡ §µ¢Ò° Ô´¥·£¥É¨±¨ Å Ö¤¥·´ Ö Ô´¥·£¨Ö, µ¸´µ-
¢ ´´ Ö ´  Ô´¥·£¨¨ ¤¥²¥´¨Ö ÉÖ¦¥²ÒÌ Ö¤¥·∗.

∗„¥²¥´¨¥  Éµ³´µ£µ Ö¤·  Å ÔÉµ ¶·µÍ¥¸¸ · ¸¶ ¤  µ¤´µ£µ Ö¤·  ´  ¤¢  (·¥¦¥ É·¨) Ö¤·  Å
µ¸±µ²±¨, ¸· ¢´¨³Òe ¶µ ³ ¸¸¥. �. ƒ ´ ¨ ”. ˜É· ¸³ ´ (Ì¨³¨±¨) µ¡´ ·Ê¦¨²¨ ¤¥²¥´¨¥ Ö¤¥· ¢
1939 £. [199] ¶·¨ µ¡²ÊÎ¥´¨¨ Ê· ´  ´¥°É·µ´ ³¨,   ¢ 1940 £. ƒ. 	. ”²¥·µ¢ ¨ Š. �. �¥É·¦ ± µÉ±·Ò²¨
¸¶µ´É ´´µ¥ ¤¥²¥´¨¥ Ö¤¥· Ê· ´  [200] (µ´¨ ¨§³¥·Ö²¨ Î¨¸²µ ¨§²ÊÎ¥´´ÒÌ ´¥°É·µ´µ¢ ¶·¨ ¢Ò´Ê-
¦¤¥´´µ³ ¤¥²¥´¨¨ ¨ ¶·¨ ¨§³¥·¥´¨¨ Ëµ´  ¸²ÊÎ °´µ µ¡´ ·Ê¦¨²¨ Ö¢²¥´¨¥ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö).

�. ”¥·³¨ ¸ ¸µÉ·Ê¤´¨± ³¨ µÉ±·Ò²¨ ¢ 1934 £. ¸ÊÐ¥¸É¢µ¢ ´¨¥ ·¥ ±Í¨° (n, γ). �´¨ µ¡²Ê-
Î¨²¨ Ê· ´ ´¥°É·µ´ ³¨ ¨ ´ Ï²¨ ´¥¨§¢¥¸É´Ò¥  ±É¨¢´µ¸É¨ [201]. �·¨¢¥¤¥³ µÉ·Ò¢µ± ¨§ ¤µ±² ¤ 
Œ.	. ƒ °¸¨´¸±µ£µ [202], ¶µ¸¢ÖÐ¥´´µ£µ ¶¸¥¢¤µµÉ±·ÒÉ¨Ö³ ¢ ¨¸Éµ·¨¨ · ¤¨µ ±É¨¢´µ¸É¨: ®...O´¨
¶·¨¶¨¸ ²¨ µ¤´Ê (·¥ÎÓ ¨¤¥É µ¡  ±É¨¢´µ¸É¨ Å ´ Ï¥ § ³¥Î ´¨¥) ¨§ ´¨Ì Ô± -·¥´¨Õ, É. ¥. Ô²¥³¥´ÉÊ
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Ÿ¤¥·´Ò¥ É¥Ì´µ²µ£¨¨ Ìµ·µÏµ · §· ¡µÉ ´Ò, ¨ ¥¸²¨ ¡Ò ´¥ ¡Ò²µ · ¤¨µ ±É¨¢-
´ÒÌ µÉÌµ¤µ¢, µ¶ ¸´µ¸É¨ ¸¥·Ó¥§´ÒÌ  ¢ ·¨° ¨ Ê£·µ§Ò ¢µ§³µ¦´µ£µ ¶·¨³¥´¥´¨Ö
ÔÉ¨Ì É¥Ì´µ²µ£¨° ¨ Ö¤¥·´ÒÌ ³ É¥·¨ ²µ¢ ¤²Ö ¶·µ¨§¢µ¤¸É¢  Ö¤¥·´µ£µ µ·Ê¦¨Ö,
Éµ Ö¤¥·´ Ö Ô´¥·£¥É¨±  ¡Ò²  ¡Ò ¨¤¥ ²Ó´Ò³ ·¥Ï¥´¨¥³ ¶·µ¡²¥³. �·¨ ÔÉµ³ ´¥
¢Ò¤¥²ÖÕÉ¸Ö £ §Ò, µÉ¢¥É¸É¢¥´´Ò¥ §  ¶ ·´¨±µ¢Ò° ÔËË¥±É, Ì¨³¨Î¥¸±¨e § £·Ö§-
´¨É¥²¨ Å µ±¨¸²Ò  §µÉ , ¸¥·Ò ¨ É. ¤. ¨ ¢Ò¤¥²Ö¥É¸Ö ³¥´ÓÏ¥ · ¤¨µ ±É¨¢´ÒÌ
Ô²¥³¥´Éµ¢, Î¥³ ´  Ê£µ²Ó´ÒÌ ¸É ´Í¨ÖÌ (¶·µ¤Ê±ÉÒ ¸£µ· ´¨Ö Ê£²Ö ¸µ¤¥·¦ É Ê· ´
¨ Éµ·¨°).

Š ´ ¸ÉµÖÐ¥³Ê ³µ³¥´ÉÊ ´ ±µ¶²¥´µ ¡µ²¥¥ 100000 Éµ´´ ´¥ ¶¥·¥· ¡µÉ ´-
´µ£µ Ö¤¥·´µ£µ Éµ¶²¨¢ , ¢ ³¨·¥ ¥¦¥£µ¤´µ ¨§ ·¥ ±Éµ·µ¢ · §´ÒÌ É¨¶µ¢ ¢Ò£·Ê¦ -
¥É¸Ö ¥Ð¥ 10000 Éµ´´. �¸´µ¢´Ò³ ³¥Éµ¤µ³ ÊÉ¨²¨§ Í¨¨ · ¤¨µ ±É¨¢´ÒÌ µÉÌµ¤µ¢
Ö¢²ÖÕÉ¸Ö Ì· ´¨²¨Ð  Å ³µ£¨²Ó´¨±¨, ¸¥°Î ¸ µ´¨ ¡²¨§±¨ ± § ¶µ²´¥´¨Õ. �µ-
²¥¥ Éµ£µ, · ¤¨µ ±É¨¢´Ò¥ µÉÌµ¤Ò ¡Ê¤ÊÉ · ¤¨µ ±É¨¢´Ò ¢ É¥Î¥´¨¥ ¶µ¸²¥¤ÊÕÐ¨Ì
10Ä100 ÉÒ¸ÖÎ ²¥É, ¡Ê¤ÊÉ ´ ± ¶²¨¢ ÉÓ¸Ö ´¥¶·¥·Ò¢´µ. ˆ ¥Ð¥, ¤µ ¸¨Ì ¶µ· ´¨
µ¤¨´  Éµ³´Ò° ·¥ ±Éµ· ´¥ ¤¥³µ´É¨·µ¢ ´ ¨ ´¨±Éµ ´¥ §´ ¥É, ± ± ÔÉµ ¸¤¥² ÉÓ.
„¥°¸É¢¨É¥²Ó´µ [196], Ö¤¥·´ Ö Ô´¥·£¥É¨±  Ö¢²Ö¥É¸Ö µ¡² ¸ÉÓÕ, ¢ ±µÉµ·µ° ¸¥-
·Ó¥§´ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ ´ ÊÎ´µ-¨¸¸²¥¤µ¢ É¥²Ó¸±¨Ì · ¡µÉ ´¥ ¢¥²µ¸Ó ¸ ±µ´Í 
1950-Ì ££., ±µ£¤  ¶¥·¢Ò¥ £· ¦¤ ´¸±¨¥  Éµ³´Ò¥ Ô²¥±É·µ¸É ´Í¨¨ ¡Ò²¨ ¢¢¥¤¥´Ò
¢ Ô±¸¶²Ê É Í¨Õ.

�Éµ ¤¥°¸É¢¨É¥²Ó´µ É ±. ‚¸¶µ³´¨³, ÎÉµ ‹. Œa°É´¥· ¨ �. ”·¨Ï [204] µ¡-
´ ·Ê¦¨²¨ ¢Ò¤¥²¥´¨¥ µ£·µ³´µ£µ ±µ²¨Î¥¸É¢  Ô´¥·£¨¨ (µ±µ²µ ≈ 200 ŒÔ‚) ¶·¨
¤¥²¥´¨¨. �·¨ ¤¥²¥´¨¨ ¶·µ¨¸Ìµ¤¨É ¨¸¶Ê¸± ´¨¥ ´¥¸±µ²Ó±¨Ì ´¥°É·µ´µ¢, ¢ ·¥-
§Ê²ÓÉ É¥ ³µ¦¥É Ê¸É ´µ¢¨ÉÓ¸Ö ¸ ³µ¶µ¤¤¥·¦¨¢ ÕÐ Ö¸Ö Í¥¶´ Ö ·¥ ±Í¨Ö ¤¥²¥-
´¨Ö, ÎÉµ ¨ Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ Ô´¥·£¨¨ ¢ ¸µ¢·¥³¥´´ÒÌ  Éµ³´ÒÌ Ô²¥±É·µ¸É ´-
Í¨ÖÌ. �¡ÒÎ´µ ¨¸¶µ²Ó§ÊÕÉ¸Ö Ö¤·  Ê· ´  235U ¨ ¶²ÊÉµ´¨Ö 239Pu, ¤²Ö ÔÉ¨Ì Ö¤¥·
¶µ·µ£ ¢Ò´Ê¦¤¥´´µ£µ ¤¥²¥´¨Ö ¶·¨³¥·´µ ¸µ¢¶ ¤ ¥É ¸ Ô´¥·£¨¥° ¸¢Ö§¨ ´¥°É·µ´ ,
É. ¥. ¶·¨ ³ ²µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¨ ´ ²¥É ÕÐ¨Ì ´¥°É·µ´µ¢. 	 ¶µ³´¨³, ÎÉµ
¶¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  Ö¤¥· 235U ¨ 239Pu ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¶ÊÉ¥³ ¸¶µ´-
É ´´µ£µ ¤¥²¥´¨Ö · ¢´Ò [205] 9,8 · 1018 ¨ 7,8 · 1015 ²¥É ¸µµÉ¢¥É¸É¢¥´´µ. �·¨
¢Ò´Ê¦¤¥´´µ³ ¤¥²¥´¨¨ c ¶µ£²µÐ¥´¨¥³ ´¥°É·µ´µ¢ ¶¥·¨µ¤Ò ¶µ²Ê· ¸¶ ¤  Ê³¥´Ó-
Ï ÕÉ¸Ö ¤µ ³¨²²¨µ´´Òx ¤µ²¥° ¸¥±Ê´¤Ò, É. ¥. ´  ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶µ ¶µ·Ö¤±Ê
¢¥²¨Î¨´Ò. „·Ê£¨³¨ ¸²µ¢ ³¨, ¶µ£²µÐ¥´¨¥ ´¥°É·µ´µ¢ Ö¤· ³¨ ¸²Ê¦¨É ± ± ¡Ò

º 93, ±µÉµ·Ò° µ´¨ ´ §¢ ²¨  Ê§µ´¨°,   ¤·Ê£ÊÕ Å Ô± -µ¸³¨Õ, £¥¸¶¥·¨Õ (Ô²¥³¥´ÉÊ º 94). • ´
¨ Œa°É´¥· ¶µÏ²¨ ¥Ð¥ ¤ ²ÓÏ¥ ¨ ¶·¥¤¶µ²µ¦¨²¨ µ¡· §µ¢ ´¨¥ Ô± -¨·¨¤¨Ö (95), Ô± -¶² É¨´Ò (96)
Ô± -§µ²µÉ  (97). Œ¥¦¤Ê É¥³ ±·µ¶µÉ²¨¢µ¥ ¨ ÉÐ É¥²Ó´µ¥ ¨¸¸²¥¤µ¢ ´¨Ö ˆ. ŠÕ·¨ ¨ �. ‘ ¢¨Î  ¶µ-
± § ²µ, ÎÉµ Ì¨³¨Î¥¸±¨¥ ¸¢µ°¸É¢  ´¥±µÉµ·ÒÌ ´µ¢ÒÌ ¶·µ¤Ê±Éµ¢ ´¥ ¸µ¢¶ ¤ ÕÉ ¸µ ¸¢µ°¸É¢ ³¨ ´¨
µ¤´µ£µ ¨§ Ô²¥³¥´Éµ¢, ±µÉµ·Ò¥ ´ Ìµ¤ÖÉ¸Ö ¶µ ¸µ¸¥¤¸É¢Ê ¸ Ê· ´µ³. ƒ ´ ¨ ˜É· ¸³ ´ (Œa°É´¥·
É¥³ ¢·¥³¥´¥³ ¤µ²¦´  ¡Ò²  ¶µ±¨´ÊÉÓ ƒ¥·³ ´¨Õ), ¢´µ¢Ó ¶·¥¤¶·¨´Ö²¨ µ¶ÒÉÒ ¸ É· ´¸Ê· ´µ¢Ò³¨
Ô²¥³¥´É ³¨ ¨ ¶µ²ÊÎ¨²¨ ´µ¢Ò¥ ·¥§Ê²ÓÉ ÉÒ, ±µÉµ·Ò¥ ¶·¨¢¥²¨ ± µÉ±·ÒÉ¨Õ ¤¥²¥´¨Ö Å Ö¢²¥´¨Ö,
±µÉµ·µ£µ ´¥ µ¦¨¤ ² ´¨±Éµ, ¨ µ ´ ²¨Î¨¨ ±µÉµ·µ£µ ´¥ Ê¶µ³¨´ ²µ¸Ó ´¨ ¢ µ¤´µ° É¥µ·¨¨ ¤ ¦¥ ¢
± Î¥¸É¢¥ £¨¶µÉ¥§Ò [203]. ‚µÉ µ¤¨´ ¨§ É¨¶¨Î´ÒÌ ¶·¨³¥·µ¢ ¸¥´¸ Í¨µ´´µ£µ µÉ±·ÒÉ¨Ö, ±µÉµ·µ¥
Ö¢¨²µ¸Ó ¸²¥¤¸É¢¨¥³ µÏ¨¡µÎ´µ° ¨¸Ìµ¤´µ° ¶µ§¨Í¨¨¯.
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¸¶Ê¸±µ¢Ò³ ±²ÕÎµ³ ¤²Ö § ¶Ê¸±  ± ´ ²  ¤¥²¥´¨Ö: ¢ ¤ ´´µ³ ¸²ÊÎ ¥ ´¥°É·µ´
¸ ³ ²µ° ±¨´¥É¨Î¥¸±µ° Ô´¥·£¨¥° ¢ ´¥¸±µ²Ó±µ Ô‚ ¨£· ¥É ·µ²Ó ± É ²¨§ Éµ· ,
Ê¸±µ·ÖÖ ¸±µ·µ¸ÉÓ ¤¥²¥´¨Ö É ±, ÎÉµ ´ Î¨´ ¥É¸Ö Í¥¶´ Ö ·¥ ±Í¨Ö ¤¥²¥´¨Ö Ö¤· 
¸ ¢Ò¤¥²¥´¨¥³ Ô´¥·£¨¨ ≈ 200 ŒÔ‚. ˆÉ ±, µÉ´µÏ¥´¨¥ ¢Ò¤¥²Ö¥³µ° Ô´¥·£¨¨ ±
Ô´¥·£¨¨ ¢µ§¤¥°¸É¢¨Ö · ¢´µ ≈ 108!

� ¸¸³µÉ·¨³ Ö¤·µ 236U. ‚·¥³Ö ¶µ²Ê· ¸¶ ¤  ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö ¶Ê-
É¥³ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö · ¢´µ 2,43 · 1016 ²¥É,   ¨§ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö
1,16 · 10−7 ¸. ‚µ§¡Ê¦¤¥´¨¥ Ö¤·  ´  2,7 ŒÔ‚ ¸µ±· Ð ¥É ¢·¥³Ö ¶µ²Ê· ¸¶ ¤ 
´  ≈ 1029 · §! ‚¶¥·¢Ò¥ ÔÉµ Ö¢²¥´¨¥ ¡Ò²µ µ¡´ ·Ê¦¥´µ [206] ¶·¨ ¨¸¸²¥¤µ-
¢ ´¨¨ ¸¢µ°¸É¢ ¨§µ³¥·  Ö¤·  242Am, ±µÉµ·Ò° ¸¶µ´É ´´µ ¤¥²¨É¸Ö ¸ ¢·¥³¥´¥³
¦¨§´¨ ¢ 1020 · § ³¥´ÓÏ¥, Î¥³ ¢·¥³Ö ¦¨§´¨ ¤²Ö ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¸µ¸¥¤-
´¨Ì ¨§µÉµ¶µ¢ ¨§ µ¸´µ¢´µ£µ ¸µ¸ÉµÖ´¨Ö. ‘¥°Î ¸ ¶·¨´ÖÉµ ¸Î¨É ÉÓ [207,208], ÎÉµ
É ±µ¥ Ê¸±µ·¥´¨¥ ¶·µÍ¥¸¸  ¤¥²¥´¨Ö ¸¢Ö§ ´µ ¸ ¸ÊÐ¥¸É¢µ¢ ´¨¥³ ¢Éµ·µ£µ ³¨´¨-
³Ê³  ¢ ¶µÉ¥´Í¨ ²Ó´µ° Ô´¥·£¨¨ ¤¥Ëµ·³ Í¨¨ Ö¤·  Å ¨§µ³¥·¨Ö Ëµ·³Ò. ˆÉ ±,
¸±µ·µ¸ÉÓ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¸ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö Ö¤·  236U ¢ ≈ 1029

· § ¡µ²ÓÏ¥, Î¥³ ¸±µ·µ¸ÉÓ ¸µµÉ¢¥É¸É¢ÊÕÐ¥£µ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¸ µ¸´µ¢-
´µ£µ ¸µ¸ÉµÖ´¨Ö. �Éµ Ö¢²¥´¨¥ ¶µ²´µ¸ÉÓÕ  ´ ²µ£¨Î´µ ·¥§µ´ ´¸´Ò³ Ö¢²¥´¨Ö³,
±µ£¤  Î ¸ÉµÉ  ¢Ò´Ê¦¤ ÕÐ¥° ¸µ¸·¥¤µÉµÎ¥´´µ° ¸¨²Ò · ¢´  ¨²¨ ¸µ¨§³¥·¨³  c
± ±µ°-²¨¡µ ¸µ¡¸É¢¥´´µ° Î ¸ÉµÉµ° ¸¨¸É¥³Ò ¨ ¶·¨ ÔÉµ³ ÉµÎ±  ¶·¨²µ¦¥´¨Ö ÔÉµ°
¸¨²Ò ¶·¨Ìµ¤¨É¸Ö ´  ¶ÊÎ´µ¸ÉÓ ¸µ¡¸É¢¥´´µ° ËÊ´±Í¨¨ ¸¨¸É¥³Ò. ‚ ÔÉµ³ ¸²ÊÎ ¥
¸¨¸É¥³  · §¢ ²¨¢ ¥É¸Ö, ¨ É ±µ¥ Ö¢²¥´¨¥ ´µ¸¨É Ê´¨¢¥·¸ ²Ó´Ò° Ì · ±É¥·, ´¥
§ ¢¨¸ÖÐ¨° µÉ ¶·¨·µ¤Ò ¤¥°¸É¢ÊÕÐ¨Ì ¸¨² ¨ ¸Ê¡¸É ´Í¨°.

‘²¥¤Ê¥É § ³¥É¨ÉÓ, ÎÉµ ¢·¥³Ö ¶µ²Ê· ¸¶ ¤  ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö ¸ Ê¢¥²¨-
Î¥´¨¥³ Ô´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö Ö¤·  ´  1 ŒÔ‚ Ê³¥´ÓÏ ¥É¸Ö ¶·¨¡²¨§¨É¥²Ó´µ
´  ¶µ·Ö¤µ±, Éµ²Ó±µ ¸ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö ´ ¡²Õ¤ ¥É¸Ö ¸µ±· Ð¥´¨¥ ¢·¥-
³¥´¨ ¶µ²Ê· ¸¶ ¤  ´  ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶µ·Ö¤±µ¢ (¸³., ´ ¶·¨³¥·, [209Ä212]
¨ ¸¸Ò²±¨ ¢ ´¨Ì). �´¥·£¨¨ ¢µ§¡Ê¦¤¥´¨Ö ¨§µ³¥·  ¸µ¸É ¢²ÖÕÉ 1,7Ä3,5 ŒÔ‚,
  ¸¶¨´Ò ³ ²Ò. ‘µ¸ÉµÖ´¨Ö ¨§µ³¥·µ¢ Ëµ·³Ò ¨´É¥·¶·¥É¨·ÊÕÉ¸Ö ± ± ´¨¦´¨¥
¸µ¸ÉµÖ´¨Ö ¢µ ¢Éµ·µ³ ³¨´¨³Ê³¥ ´  ¡ ·Ó¥·¥ ¤¥²¥´¨Ö.

11. Ÿ„…��›… �…�Š’��› ˆ ��…‚��™…�ˆŸ �‹…Œ…�’�‚

�¥·¢Ò°  Éµ³´Ò° ·¥ ±Éµ· ¡Ò² ¶µ¸É·µ¥´ �. ”¥·³¨ ¢ 1942 £.,   ¶¥·¢ Ö  Éµ³-
´ Ö Ô²¥±É·µ¸É ´Í¨Ö Å ¢ 1954 £. „. ˆ. �²µÌ¨´Í¥¢Ò³. �. ”¥·³¨ ¨ �. ‹. Š ¶¨Í 
ÊÉ¢¥·¦¤ ²¨, ÎÉµ Éµ²Ó±µ Î¥²µ¢¥± ¸¶µ¸µ¡¥´ ¸µ§¤ ÉÓ Ö¤¥·´Ò° ·¥ ±Éµ·.

‘¥°Î ¸ ¸É ²µ ¨§¢¥¸É´µ, ÎÉµ ¢ ƒ ¡µ´e ¢ ³¥¸É¥Î±¥ �±²µ µ±µ²µ 2 ³²·¤. ²¥É
´ § ¤ · ¡µÉ ² ¶·¨·µ¤´Ò° Ö¤¥·´Ò° ·¥ ±Éµ· [213]. ˆ ÔÉµ Ö¢²¥´¨¥ ¡Ò²µ µÉ-
±·ÒÉµ Ë ±É¨Î¥¸±¨ ¸²ÊÎ °´µ. ‚ 1972 £. ¤µ¸É ¢¨²¨ ¶ ·É¨Õ Ê· ´µ¢µ£µ ¸Ò·ÓÖ ¸
³¥¸Éµ·µ¦¤¥´¨Ö �±²µ ¢ ² ¡µ· Éµ·¨Õ Ë· ´ÍÊ§¸±µ£µ Ê· ´µ-µ¡µ£ É¨É¥²Ó´µ£µ § -
¢µ¤  �Ó¥·² É (Pierrelatte). ˆ§µÉµ¶´Ò° ¸µ¸É ¢ Ô²¥³¥´Éµ¢ ¢ ²Õ¡µ° ÉµÎ±¥ ‡¥³²¨
µ¤¨´ ±µ¢ ¨ ¸É ¡¨²¥´. ‘µ¤¥·¦ ´¨¥ ¨§µÉµ¶  235U ¢ ¸µ¢·¥³¥´´µ° Ê· ´µ¢µ° ·Ê¤¥
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· ¢´µ 0,7202 %,   ¢ ·Ê¤¥ ¨§ ³¥¸Éµ·µ¦¤¥´¨Ö �±²µ ¸µ¤¥·¦ ´¨¥ ÔÉµ£µ ¨§µÉµ¶ 
µ± § ²µ¸Ó 0,7171 %, É ± ÎÉµ ¢ �±²µ ´ ¡²Õ¤ ¥É¸Ö ´¥Ì · ±É¥·´Ò° ¨§µÉµ¶´Ò°
¸µ¸É ¢. …¤¨´¸É¢¥´´µ ¢µ§³µ¦´µ¥ · §Ê³´µ¥ µ¡ÑÖ¸´¥´¨¥ Å ¸ÊÐ¥¸É¢µ¢ ´¨¥ ¥¸É¥-
¸É¢¥´´µ£µ ¶·¨·µ¤´µ£µ Ö¤¥·´µ£µ ·¥ ±Éµ· . ‚ ¤ ´´µ³ · °µ´¥ µ±µ²µ 20 ¶µ¤µ¡-
´ÒÌ ³¥¸Éµ·µ¦¤¥´¨° Å ·¥ ±Éµ·´ÒÌ §µ´. ‚µ§³µ¦´µ, ÎÉµ 2 ³²·¤. ²¥É ´ § ¤
¢ ƒ ¡µ´¥ ËÊ´±Í¨µ´¨·µ¢ ² ¥¸É¥¸É¢¥´´Ò° Ö¤¥·´Ò° ·¥ ±Éµ· ¢ ·¥§Ê²ÓÉ É¥ ¢µ§-
´¨±´µ¢¥´¨Ö Ê´¨± ²Ó´ÒÌ Ê¸²µ¢¨°. �Éo ¶·¥¤¸É ¢²ÖeÉ Ê´¨± ²Ó´ÊÕ ¢µ§³µ¦´µ¸ÉÓ
¨¸¸²¥¤µ¢ ÉÓ ¶·µ¡²¥³Ò ¤²¨É¥²Ó´µ£µ § Ìµ·µ´¥´¨Ö Ö¤¥·´ÒÌ µÉÌµ¤µ¢ [213Ä215]
´  ¶·¨³¥·¥ ¸ÊÐ¥¸É¢µ¢ ¢Ï¥£µ,   § É¥³ ¶µ£ ¸Ï¥£µ ·¥ ±Éµ· . ‡ ³¥É¨³, ÎÉµ ´¨
µ¤¨´ ¨§ ·Ê±µÉ¢µ·´ÒÌ ·¥ ±Éµ·µ¢ ¶µ±  ÎÉµ ´¥ ÊÉ¨²¨§¨·µ¢ ´, ¨ ± ± ÔÉµ µ¸ÊÐ¥-
¸É¢¨ÉÓ, ´¥ §´ ¥É ´¨±Éµ.

� ¸¸³µÉ·¨³ ´¥¸±µ²Ó±µ ¶·µ¥±Éµ¢ Ö¤¥·´ÒÌ ·¥ ±Éµ·µ¢, µ¸´µ¢ ´´ÒÌ ´  £¨-
¶µÉ¥§¥ Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥·.

Ÿ¤¥·´Ò° ·¥ ±Éµ· �. ‚. �µ²µÉµ¢  [80]: ¡µ²ÓÏ¨¥ ¨³¶Ê²Ó¸´Ò¥ Éµ±¨ ¶·µ-
¶Ê¸± ÕÉ¸Ö Î¥·¥§ ³´µ£µ±µ³¶µ´¥´É´Ò° · ¸¶² ¢, ¸µ¤¥·¦ Ð¨° Zn, É ± ÎÉµ Zn
¶·¥¢· Ð ¥É¸Ö ¢ Ni ¨ ¢Ò¤¥²Ö¥É¸Ö É¥¶²µ. ˆ§¢¥¸É´µ [134], ÎÉµ Í¨´± ³µ¦¥É ¶·¥-
¢· É¨ÉÓ¸Ö ¢ ´¨±¥²Ó ¶ÊÉ¥³ ¶µ£²µÐ¥´¨Ö ¤¢ÊÌ Ô²¥±É·µ´µ¢ ¨ ¨§²ÊÎ¥´¨Ö ¤¢ÊÌ
´¥°É·¨´µ, ²¨¡µ ¡¥§ ¨§²ÊÎ¥´¨Ö ´¥°É·¨´µ, É. ¥. ¢µ§³µ¦´  ·¥ ±Í¨Ö 64

30Zn →
64
28Ni + 2νe ¸ ¢Ò¤¥²¥´¨¥³ Ô´¥·£¨¨ 1,19482 ŒÔ‚, ÔÉ  Ô´¥·£¨Ö ³µ¦¥É ¡ÒÉÓ · ¸-
¶·¥¤¥²¥´  ³¥¦¤Ê ¤¢Ê³Ö ¢Ò²¥É ÕÐ¨³¨ ´¥°É·¨´µ ¨ Ö¤·µ³-¶·µ¤Ê±Éµ³ 64

28Ni ¨²¨
¶µ²´µ¸ÉÓÕ ¶¥·¥¤ ¢ ÉÓ¸Ö Ö¤·Ê-¶·µ¤Ê±ÉÊ, ¥¸²¨ ¶·µÍ¥¸¸ ¶·µ¨¸Ìµ¤¨É ¡¥§ ¨¸¶Ê¸-
± ´¨Ö ´¥°É·¨´µ. ‚·¥³Ö ¶µ²Ê· ¸¶ ¤  Ö¤·  64

30Zn ¸µ¸É ¢²Ö¥É T2ε > 8 · 1016 ²¥É.
ŒÒ ¢Ò¤¢¨£ ¥³ £¨¶µÉ¥§Ê, ÎÉµ ¨³¶Ê²Ó¸´Ò° Éµ± Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ Ô²¥±-
É·µ´µ¢, § Ì¢ ÉÒ¢ ¥³ÒÌ Ö¤·µ³ 64

30Zn, ¨ ÔÉ¨ Ô²¥±É·µ´Ò ¨£· ÕÉ ·µ²Ó ± É ²¨-
§ Éµ·µ¢ ¶·¨ ¶·¥¢· Ð¥´¨¨ Í¨´±  ¢ ´¨±¥²Ó Å É ±ÊÕ ¦¥ ·µ²Ó ¨£· ÕÉ ³¥¤-
²¥´´Ò¥ ´¥°É·µ´Ò ¶·¨ ¤¥²¥´¨¨, ¢ ·¥§Ê²ÓÉ É¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¢·¥³¥´  ¶·µ-
Í¥¸¸µ¢ ¸µ±· Ð ÕÉ¸Ö ´  ´¥¸±µ²Ó±µ ¤¥¸ÖÉ±µ¢ ¶µ·Ö¤±µ¢. � §´¨Í  ³ ¸¸  Éµ³µ¢
m(7030Zn) − m(7032Ge) = 1,00608 ŒÔ‚ ¶µ²µ¦¨É¥²Ó´ , É¥³ ´¥ ³¥´¥¥ Ö¤·µ 64

30Zn
¸É ¡¨²Ó´µ ¢ ´¥°É· ²Ó´µ³  Éµ³¥. �¤´ ±µ ¨µ´¨§ Í¨Ö  Éµ³  ³µ¦¥É ¶·¨¢¥¸É¨
Ö¤·µ ¨§ ¸É ¡¨²Ó´µ£µ ¸µ¸ÉµÖ´¨Ö ¢ ´¥¸É ¡¨²Ó´µ¥, ± ± ÔÉµ ¡Ò²µ ¤²Ö Ö¤·  163Dy.

‚ [216] µ¸ÊÐ¥¸É¢²Ö²µ¸Ó ¢µ§¤¥°¸É¢¨¥ ³µÐ´Ò³¨ ´ ´µ¸¥±Ê´¤´Ò³¨ Ô²¥±É·µ-
³ £´¨É´Ò³¨ ¨³¶Ê²Ó¸ ³¨ ´  ¢µ¤´Ò¥ · ¸É¢µ·Ò ¸µ²¥° CuSO4 ¨ ZnSO4. �É³¥-
Î ²µ¸Ó ¨¸Î¥§´µ¢¥´¨¥ Í¨´±  ¨§ · ¸É¢µ·  ¶µ¸²¥ ¢µ§¤¥°¸É¢¨Ö.

Ÿ¤¥·´Ò° ·¥ ±Éµ· Œ. ˆ. ‘µ²¨´  [64, 220]: ¶² ¢±  Í¨·±µ´¨Ö ¢ ¢ ±ÊÊ³¥
Ô²¥±É·µ´´Ò³ ¶ÊÎ±µ³. ˆ§µÉµ¶ 96

40Zr ´¥¸É ¡¨²¥´ ¨ ¶·¥¢· Ð ¥É¸Ö ¢ 96
42Mo ¶ÊÉ¥³

¤¢µ°´µ£µ β-· ¸¶ ¤  ¢ ´¥¶·¥·Ò¢´Ò° ¸¶¥±É· ¸ ¶¥·¨µ¤µ³ ¶µ²Ê· ¸¶ ¤  Tββ ≈
1017 ²¥É, ¶·¨ ÔÉµ³ ¢Ò¤¥²Ö¥É¸Ö Ô´¥·£¨Ö 3,3493 ŒÔ‚. �·¨ ¨µ´¨§ Í¨¨  Éµ³ 
¶¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  Ê³¥´ÓÏ¨É¸Ö. ˆ§µÉµ¶ Í¨·±µ´¨Ö 94

40Zr ¸É ¡¨²¥´, · §´¨Í 
³ ¸¸  Éµ³µ¢ m(9440Zr) − m(9442Mo) = 1,14441 ŒÔ‚ ¶µ²µ¦¨É¥²Ó´ , É ± ÎÉµ ¶·¨
¨µ´¨§ Í¨¨ ³µ¦¥É µÉ±·ÒÉÓ¸Ö ¤¢µ°´µ° β-· ¸¶ ¤ ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö  Éµ³ .
’µ£¤  ¨§µÉµ¶Ò Í¨·±µ´¨Ö 96

40Zr ¨ 94
40Zr ¶·¥¢· ÉÖÉ¸Ö ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¨§µÉµ¶Ò

³µ²¨¡¤¥´  ¸ ¢Ò¤¥²¥´¨¥³ Ô´¥·£¨¨.
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ˆÉ ±, Ö¤¥·´Ò¥ ·¥ ±Éµ·Ò ´¨§±¨Ì Ô´¥·£¨° ¡Ê¤ÊÉ ¶·µ¨§¢µ¤¨ÉÓ ± ± Ô´¥·£¨Õ,
É ± ¨ · §²¨Î´Ò¥ ´µ¢Ò¥ Ô²¥³¥´ÉÒ. �É±·Ò¢ ÕÉ¸Ö ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö ¤µ-
·µ£¨Ì ¨ ·¥¤±¨Ì Ô²¥³¥´Éµ¢ ¨§ ¤¥Ï¥¢ÒÌ ¨ Ï¨·µ±µ · ¸¶·µ¸É·µ´¥´´ÒÌ ¢ ¶·¨·µ¤¥.

‚ · ¡µÉ Ì [54, 221] ¡Ò²  ¢Ò¸± § ´  £¨¶µÉ¥§ , ÎÉµ Ìµ²µ¤´µ¥ ¸²¨Ö´¨¥ ³µ-
¦¥É ¢¸É·¥Î ÉÓ¸Ö ¢ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ Ì ¨, ¢ Î ¸É´µ¸É¨, ¢ Éµ²Ð¥ ¶² ´¥É.
‘µ£² ¸´µ ÔÉµ° £¨¶µÉ¥§e, ·¥ ±Í¨¨ ¸²¨Ö´¨Ö

d + d → p(3,02 MÔ‚) + 3H(1,01),

d + d → n(2,45 MÔ‚) + 3He(0,82 MÔ‚)

³µ£ÊÉ ¨¤É¨ ´  ¡µ²ÓÏ¨Ì £²Ê¡¨´ Ì ‡¥³²¨ ¸ ¢Ò¤¥²¥´¨¥³ £¥²¨Ö 3
2He ¨ 3

1H É·¨É¨Ö∗.
ƒ¥²¨° 3

2He ¢¸É·¥Î ¥É¸Ö ¢µ ³´µ£¨Ì ³ É¥·¨ ² Ì ¢Ê²± ´¨Î¥¸±µ° ¤¥ÖÉ¥²Ó´µ-
¸É¨, µ¤´ ±µ ÔÉµ ³µ¦¥É ¡ÒÉÓ ·¥§Ê²ÓÉ Éµ³ ¸µÌ· ´¥´¨Ö £¥²¨Ö ¸µ ¢·¥³¥´ Ëµ·³¨-
·µ¢ ´¨Ö ‡¥³²¨ [224]. �¥·¨µ¤ ¶µ²Ê· ¸¶ ¤  É·¨É¨Ö · ¢¥´ 12,4 £µ¤ , É ± ÎÉµ
¶·µ¢¥·±µ° £¨¶µÉ¥§Ò ³µ¦¥É ¡ÒÉÓ ¨§³¥·¥´¨¥ Ô³ ´ Í¨¨ É·¨É¨Ö ¢ ³ £³ É¨Î¥¸±¨Ì
£ § Ì ¨ Ë²Õ¨¤ Ì, µ¡· §µ¢ ´´ÒÌ £²Ê¡µ±µ ¢ ‡¥³²¥ [225].

�¢Éµ·Ò · ¡µÉÒ [225] ¶·¨Ìµ¤ÖÉ ± ¢Ò¢µ¤Ê µ Éµ³, ÎÉµ ¨³¥ÕÉ¸Ö ¶µ²µ¦¨-
É¥²Ó´Ò¥ ¸¨£´ ²Ò µ ´ ¡²Õ¤¥´¨¨ É·¨É¨Ö (positive 3H anomalies) ¢ ³ É¥·¨ ² Ì
¨§¢¥·¦¥´¨Ö ¤¥°¸É¢ÊÕÐ¨Ì ¢Ê²± ´µ¢ ¨ £¥°§e·µ¢ [226Ä228]. …Ð¥ ¢ 1989 £.  ¢-
Éµ·Ò · ¡µÉÒ [54] ¢Ò¸± § ²¨ £¨¶µÉ¥§Ê µ Éµ³, ÎÉµ £¥²¨°-3 ¨ É·¨É¨° µ¡· §ÊÕÉ¸Ö
¢ £µ·ÖÎ¨Ì §µ´ Ì ‡¥³²¨. ‚¢¨¤Ê ¢ ¦´µ¸É¨ ÔÉµ° £¨¶µÉ¥§Ò ³Ò ¶·¨¢µ¤¨³ ¥¥ ¡¥§
¶¥·¥¢µ¤  [225]:

®Natural geo-fusion in the earth occurs in or near the core of the earth, in
the hot, hydrogen-bearing metals and minerals which are subjected to extreme
off-equilibrium conditions deep in the earth. This hypothesis can be tested by
measuring tritium and helium-3 in magmatic �uids from hot-spot volcanoes which
tap magmas plumes arising from the core-mantle boundary. In particular, mag-
matic waters of Kilauea, Loihi, and icelandic volcanoes are predicted to contain
signiˇcant tritium. We predict that tritium is also present in Jupiter, originating
from cold fusion in or near its metallic hydrogen core¯.

‘ÊÐ¥¸É¢ÊÕÉ É·¨ £² ¢´ÒÌ ¨¸ÉµÎ´¨±  µ¡· §µ¢ ´¨Ö Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥-
³¥´Éµ¢: Ö¤¥·´Ò° ¸¨´É¥§ (¶¥·¢¨Î´Ò°), ·¥ ±Í¨¨ ±µ¸³¨Î¥¸±µ£µ ¨§²ÊÎ¥´¨Ö ¸ ¢¥-
Ð¥¸É¢µ³ (¸¶ ²µ£¥´´Ò¥) ¨ ¸¶µ´É ´´ Ö · ¤¨µ ±É¨¢´µ¸ÉÓ, ¤¥²¥´¨¥ Ö¤¥· ¨ Ö¤¥·-
´Ò¥ ·¥ ±Í¨¨, µ¡Ê¸²µ¢²¥´´Ò¥ ÔÉ¨³¨ ¶·µÍ¥¸¸ ³¨ (· ¤¨µ£¥´´Ò¥). �µ¸±µ²Ó±Ê ¶¥-
·¨µ¤ ¶µ²Ê· ¸¶ ¤  É·¨É¨Ö · ¢¥´ 12,4 £µ¤ , Éµ ¤µ¸Éµ¢¥·´µ¥ ´ ¡²Õ¤¥´¨¥ É·¨É¨Ö
¢ §¥³´ÒÌ Ê¸²µ¢¨ÖÌ ¡Ê¤¥É µ§´ Î ÉÓ ¢µ§µ¡´µ¢²Ö¥³µ¸ÉÓ É·¨É¨Ö, ¤·Ê£¨³¨ ¸²µ¢ ³¨,
¶· ¢¨²Ó´µ¸ÉÓ £¨¶µÉ¥§Ò µ¡ µ¡· §µ¢ ´¨¨ ´µ¢ÒÌ Ô²¥³¥´Éµ¢ ¢ £µ·ÖÎ¨Ì µ¡² ¸ÉÖÌ
‡¥³²¨.

∗�µ ¸µ¢·¥³¥´´Ò³ ¶·¥¤¸É ¢²¥´¨Ö³ [222,223], É ±¨¥ ·¥ ±Í¨¨ ³µ£ÊÉ ¶·µ¨¸Ìµ¤¨ÉÓ Éµ²Ó±µ ¶·¨
É¥³¶¥· ÉÊp Ì ≈ 107 K.
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ˆ¸¸²¥¤µ¢ ´¨Ö · ¸¶·¥¤¥²¥´¨Ö ¨§µÉµ¶µ¢ £¥²¨Ö (3He/4He) ¢ ¶·¨·µ¤¥ ¢¥¤ÊÉ¸Ö
¸ 1939 £., ±µ£¤  ¢¶¥·¢Ò¥ ¡Ò² µÉ±·ÒÉ ¢Éµ·µ° ¸É ¡¨²Ó´Ò° ¨§µÉµ¶ £¥²¨Ö Å
3He [229] (£¥²¨° 4He ¢¶¥·¢Ò¥ ¡Ò² µ¡´ ·Ê¦¥´ ´  ‘µ²´Í¥ ¢ 1868 £.). ƒ¥²¨°
µ¡² ¤ ¥É Ê´¨± ²Ó´µ° µ¸µ¡¥´´µ¸ÉÓÕ: ¸ÊÐ¥¸É¢Ê¥É Éµ²Ó±µ ¢µ¸Ìµ¤ÖÐ¨° ¶µÉµ±
£¥²¨Ö ¢ ´ ¶· ¢²¥´¨¨ ®³ ´É¨Ö → ±µ·  →  É³µ¸Ë¥·  → ±µ¸³µ¸¯. ‘¥°Î ¸ µ¶Ê-
¡²¨±µ¢ ´Ò ¤µ¸É ÉµÎ´µ ¤¥É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° µ · ¸¶·¥¤¥²¥´¨¨
¨§µÉµ¶µ¢ £¥²¨Ö, ¤²Ö ´ ¸ ¢ ¦¥´ ¸²¥¤ÊÕÐ¨° ¢Ò¢µ¤ ( [230], ¸. 106):

®ƒ¥²¨° £ §µ¢ ¨ £¨¤·µÉ¥·³ ·¥£¨µ´µ¢, µÉ²¨Î ÕÐ¨Ì¸Ö ´ ¨¡µ²¥¥  ±É¨¢´µ°
É¥±Éµ´µ-³ £³ É¨Î¥¸±µ° ¤¥ÖÉ¥²Ó´µ¸ÉÓÕ, ¸µ¢·¥³¥´´Ò³ ¨²¨ § ±µ´Î¨¢Ï¨³¸Ö ¢Ê²-
± ´¨§³µ³, £²Ê¡¨´´Ò³¨ ®´¥§ ²¥Î¥´´Ò³¨¯ · §²µ³ ³¨, ¢Ò¸µ±µ° ¸¥°¸³¨Î´µ¸ÉÓÕ
¨ É¥¶²µ¢Ò³ ¶µÉµ±µ³, É. ¥. ¢¸¥Ì É¥Ì ·¥£¨µ´µ¢, ¤²Ö ±µÉµ·ÒÌ ¸¢Ö§Ó ³ ´É¨¨ ¸ ¶µ-
¢¥·Ì´µ¸É´Ò³¨ Î ¸ÉÖ³¨ ±µ·Ò Ö¢²Ö¥É¸Ö ´ ¨¡µ²¥¥ ¢¥·µÖÉ´µ°, ¨³¥¥É ¢Ò¸µ±µ¥
¨ ¸· ¢´¨É¥²Ó´µ ¶µ¸ÉµÖ´´µ¥ ¨§µÉµ¶´µ¥ ¸µµÉ´µÏ¥´¨¥ 3He/4He, ¢ ÉÒ¸ÖÎ¨ · §
¶·¥¢µ¸Ìµ¤ÖÐ¥¥ É ±µ¢µ¥ ¢ · ¤¨µ£¥´´µ³ £¥²¨¨ §¥³´µ° ±µ·Ò. 	 ¶·µÉ¨¢, He
£ §µ¢, ¸É ¡¨²Ó´ÒÌ ¢ É¥±Éµ´¨Î¥¸±µ³ µÉ´µÏ¥´¨¨ ¶² ÉËµ·³¥´´ÒÌ ·¥£¨µ´µ¢, ¢
¶·¥¤¥² Ì ±µÉµ·ÒÌ ³ £³ É¨Î¥¸± Ö ¤¥ÖÉ¥²Ó´µ¸ÉÓ § ±µ´Î¨² ¸Ó ¢ ¤ ²¥±µ³ ¶·µ-
Ï²µ³, Ì · ±É¥·¨§Ê¥É¸Ö ´¨§±¨³¨, É¨¶¨Î´Ò³¨ ¤²Ö · ¤¨µ£¥´´µ£µ He µÉ´µÏ¥´¨-
Ö³¨ 3He/4He¯.

ŒÒ µ¡· Ð ¥³ ¢´¨³ ´¨¥ ´  Éµ, ÎÉµ ¨§µÉµ¶Ò Ëµ¸Ëµ·  32P ¨ 33P ¸ ¢·¥-
³¥´ ³¨ ¶µ²Ê· ¸¶ ¤  14 ¨ 24 ¸ÊÉ ¸µµÉ¢¥É¸É¢¥´´µ ´ °¤¥´Ò ¢ ¤µ¦¤¥¢µ° ¢µ¤¥.
�¡Ð¥¶·¨´ÖÉµ ¸Î¨É ÉÓ [134], ÎÉµ · ¤¨µ¨§µÉµ¶Ò Ëµ¸Ëµ·  ¢µ§´¨± ÕÉ ¢ ·¥§Ê²Ó-
É É¥ · ¸Ð¥¶²¥´¨Ö  Éµ³µ¢ ¶µ¤ ¤¥°¸É¢¨¥³ ±µ¸³¨Î¥¸±¨Ì ²ÊÎ¥°. ŒÒ ¸Î¨É ¥³, ÎÉµ
ÔÉµÉ ¢Ò¢µ¤ ´Ê¦¤ ¥É¸Ö ¢ ¤µ¶µ²´¨É¥²Ó´µ° ¶·µ¢¥·±¥. Š ± ´ ³ ¨§¢¥¸É´µ, · ¤¨µ-
 ±É¨¢´Ò¥ ¨§µÉµ¶Ò Ëµ¸Ëµ·  µ¡´ ·Ê¦¥´Ò Éµ²Ó±µ ¢ ¤µ¦¤¥¢µ° ¢µ¤¥, ¨ ¶µÔÉµ³Ê
¥¸É¥¸É¢¥´´µ ¶·¥¤¶µ²µ¦¨ÉÓ ¨Ì ¶·µ¨¸Ìµ¦¤¥´¨¥ ± ± ·¥§Ê²ÓÉ É ¢µ§¤¥°¸É¢¨Ö  É-
³µ¸Ë¥·´µ£µ Ô²¥±É·¨Î¥¸É¢  ´  ¸µµÉ¢¥É¸É¢ÊÕÐ¨¥ ¸É ¡¨²Ó´Ò¥  Éµ³´Ò¥ Ö¤· .

	¥¸±µ²Ó±µ µ¸µ¡´Ö±µ³ ¸Éµ¨É ¶·µ¡²¥³  Ô¢µ²ÕÍ¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢,
¢Ìµ¤ÖÐ¨Ì ¢ ¸µ¸É ¢ ¸µ²¥°, · ¸É¢µ·¥´´ÒÌ ¢ ¢µ¤¥ µ±¥ ´µ¢. � ¸É¢µ·Ò Ô²¥±É·µ²¨-
Éµ¢ ¸µ¤¥·¦ É ¡µ²ÓÏµ¥ ±µ²¨Î¥¸É¢µ ¨µ´µ¢. ‚ · ¸É¢µ· Ì É ±¦¥ ¢µ§³µ¦´µ ´ ¡²Õ-
¤¥´¨¥ β-· ¸¶ ¤  ¢ ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥. Š ± ´ ³ ¨§¢¥¸É´µ, ´  ¸¥£µ¤´ÖÏ´¨°
¤¥´Ó µÉ¸ÊÉ¸É¢ÊÕÉ · ¡µÉÒ, ¶µ¸¢ÖÐ¥´´Ò¥ ÔÉµ° ¶·µ¡²¥³¥.

�µ µ¶·¥¤¥²¥´¨Õ [231]:
®•¨³¨Î¥¸± Ö ·¥ ±Í¨Ö Å ÔÉµ ²Õ¡µ° ¶·µÍ¥¸¸, ¶·¨ ±µÉµ·µ³ ¢  Éµ³ Ì ¨²¨

³µ²¥±Ê² Ì ¶·µ¨¸Ìµ¤¨É ¨§³¥´¥´¨¥ Ô²¥±É·µ´´µ£µ · ¸¶·¥¤¥²¥´¨Ö¯.
�·µ¸É¥°Ï¥° Ì¨³¨Î¥¸±µ° ·¥ ±Í¨¥° Ö¢²Ö¥É¸Ö ¶·µÍ¥¸¸ ¨µ´¨§ Í¨¨  Éµ³ 

¢µ¤µ·µ¤  H → H+ + e−, ±µÉµ·ÊÕ ³µ¦´µ µ¸ÊÐ¥¸É¢¨ÉÓ ¸ ¶µ³µÐÓÕ ¨µ´¨§¨-
·ÊÕÐ¨Ì ¨§²ÊÎ¥´¨° ¨²¨ ´ £·¥¢ ´¨Ö ¤µ ¢Ò¸µ±¨Ì É¥³¶¥· ÉÊ·. ’ ±¨¥ ·¥ ±Í¨¨
É¨¶  ¨µ´¨§ Í¨¨ Ì · ±É¥·´Ò ¤²Ö £ §µ¢µ° Ëµ·³Ò. ‚ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ Ì,
µ¸µ¡¥´´µ ¢ · ¸É¢µ· Ì, ¶·µÍ¥¸¸Ò £µ· §¤µ ¸²µ¦´¥¥: ± ± ·¥ £¥´ÉÒ, É ± ¨ ¶·µ-
¤Ê±ÉÒ ·¥ ±Í¨¨ ³µ£ÊÉ ¢§ ¨³µ¤¥°¸É¢µ¢ ÉÓ ¸ · ¸É¢µ·¨É¥²¥³. 	 ¶·¨³¥·, ¢ ¢µ¤¥
¶·¨³¥·´µ Î¥·¥§ 10−11 c µ¸´µ¢´Ò³¨ ¶·µ¤Ê±É ³¨ · ¤¨µ²¨§  Ö¢²ÖÕÉ¸Ö H, OH,
H3O+

aq ¨ e−aq, ¨ ¢¸¥ µ´¨ ³µ£ÊÉ ¢¸ÉÊ¶ ÉÓ ¢ ¤ ²Ó´¥°Ï¨¥ ·¥ ±Í¨¨. �²¥±É·µ´ ¢
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¢µ¤¥ ¤¢¨¦¥É¸Ö ¡Ò¸É·¥¥, Î¥³ ¡µ²¥¥ ÉÖ¦¥²Ò¥ ³µ²¥±Ê²Ò ¢µ¤Ò, ¶µ²Ö·¨§Ê¥É ¨Ì ¨
¸µ¡¨· ¥É ¶µ²µ¦¨É¥²Ó´Ò¥ ¨µ´Ò É ±, ÎÉµ ¸µ§¤ ¥É ¢µ±·Ê£ ¸¥¡Ö ¶µ²µ¸ÉÓ · ¤¨Ê¸µ³
R = 3,0−3,4 
A, ± ± ¡Ò ¢Ò± ¶Ò¢ Ö ¸ ³ ¸¥¡¥ Ö³Ê. �²¥±É·µ´, µ±·Ê¦¥´´Ò° µ·¨-
¥´É¨·µ¢ ´´Ò³¨ ³µ²¥±Ê² ³¨ · ¸É¢µ·¨É¥²Ö, Ö¢²Ö¥É¸Ö ´¥µ¡ÒÎ´µ  ±É¨¢´Ò³ Ô²¥±-
É·µ´´Ò³ ¤µ´µ·µ³. ’ ±µ¥ µ¡· §µ¢ ´¨¥ [231Ä233], ¸ÊÐ¥¸É¢ÊÕÐ¥¥ ¢ ¦¨¤±µ¸ÉÖÌ,
´ §Ò¢ ¥É¸Ö ¸µ²Ó¢ É¨·µ¢ ´´Ò³ Ô²¥±É·µ´µ³ e−s , ¥¸²¨ ¦¥ · ¸É¢µ·¨É¥²¥³ Ö¢²Ö-
¥É¸Ö ¢µ¤ , Éµ ÔÉµ £¨¤· É¨·µ¢ ´´Ò° Ô²¥±É·µ´ e−aq. ƒ¨¤· É¨·µ¢ ´´Ò° Ô²¥±É·µ´
¨³¥¥É ¶µÉ¥´Í¨ ² 2,7 ‚ ¨, ¸²¥¤µ¢ É¥²Ó´µ, Ö¢²Ö¥É¸Ö  £¥´Éµ³ ¸ ¸ ³µ° ¢Ò¸µ±µ°
·¥ ±Í¨µ´´µ° ¸¶µ¸µ¡´µ¸ÉÓÕ, ± ± Ö Éµ²Ó±µ ¨§¢¥¸É´ . �µÔÉµ³Ê µ´ ¨¸¶µ²Ó§Ê¥É¸Ö
¤²Ö ¨´¨Í¨¨·µ¢ ´¨Ö ¡µ²ÓÏµ£µ Î¨¸²  · §²¨Î´ÒÌ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨°.

‘µ²Ó¢ É¨·µ¢ ´´Ò° Ô²¥±É·µ´ ¢¶¥·¢Ò¥ ´ ¡²Õ¤ ²¸Ö ¢  ³³¨ ±¥ ¥Ð¥ ¢ 1864 £.
[234], ¢ 1902 £. [235] ¡Ò²µ µ¶¨¸ ´µ · §²µ¦¥´¨¥ ¢µ¤Ò ´  H2, O2, H2O2 ¶µ¤
¤¥°¸É¢¨¥³ ¨§²ÊÎ¥´¨° · ¤¨Ö ¨ · ¤µ´ . ƒ¨¤· É¨·µ¢ ´´Ò° Ô²¥±É·µ´ ¡Ò² ¶µ¸ÉÊ-
²¨·µ¢ ´ ˜É¥°´µ³ [236] ¨ �² ÉÍ³ ´µ³ [237] ¢ ´ Î ²¥ 50-Ì ££. ‘¥°Î ¸ ¸¢µ°¸É¢ 
£¨¤· É¨·µ¢ ´´µ£µ ¨ ¸o²Ó¢ É¨·µ¢ ´´µ£µ Ô²¥±É·µ´o¢ Ìµ·µÏµ ¨§ÊÎ¥´Ò, ¤²Ö ´ ¸
¦¥ ¢ ¦´µ Éµ, ÎÉµ ¨Ì ¸¶¥±É·Ò § ¢¨¸ÖÉ µÉ ¸¢µ°¸É¢ µ±·Ê¦ ÕÐ¥° ¸·¥¤Ò.

�¤´ ±µ ³´µ£¨¥ ¸¢µ°É¢  Ô²¥±É·µ´  ¢ · ¸É¢µ· Ì ¶²µÌµ ¶µ´ÖÉÒ ¤µ ¸¨Ì ¶µ·.
	 ¶·¨³¥·, ¥Ð¥ ¢ 1931 £. ¡Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¤¥°¸É¢¨¥ ¸¢¥É  ¸ Ô´¥·£¨¥°
≈ 3 Ô‚ ´  ·ÉÊÉ´Ò° ± Éµ¤, ¶µ£·Ê¦¥´´Ò° ¢ · §¡ ¢²¥´´Ò° · ¸É¢µ· H2SO4, ¶·¨-
¢µ¤¨É ± ¢µ§· ¸É ´¨Õ Éµ± , ÌµÉÖ · ¡µÉ  ¢ÒÌµ¤  ¤²Ö ·ÉÊÉ¨ · ¢´  4,5 ÔB. �¡· -
§µ¢ ´¨¥ e−aq ¶·¨ ËµÉµÔ³¨¸¸¨¨ ¸ ¶µ£·Ê¦¥´´ÒÌ ¢ · ¸É¢µ· ·ÉÊÉ´ÒÌ Ô²¥±É·µ¤µ¢
¡Ò²µ Ê¸É ´µ¢²¥´µ ¢µ ³´µ£¨Ì · ¡µÉ Ì ¸ ¶µ²´µ° ¤µ¸Éµ¢¥·´µ¸ÉÓÕ. 	 ¡²Õ¤ -
¥É¸Ö ËµÉµÔ³¨¸¸¨Ö Ô²¥±É·µ´µ¢ ¶·¨ Ô´¥·£¨ÖÌ ËµÉµ´µ¢, §´ Î¨É¥²Ó´µ ³¥´ÓÏ¨Ì
· ¡µÉÒ ¢ÒÌµ¤ . �·¥¤¶µ² £ ÕÉ [231], ÎÉµ · ¡µÉ  ¢ÒÌµ¤  ¤²Ö ·ÉÊÉ¨ ¢ · ¸É¢µ·¥
Ê³¥´ÓÏ ¥É¸Ö ´  ≈ 1,6 Ô‚ ¶µ ¸· ¢´¥´¨Õ ¸ · ¡µÉµ° ¢ÒÌµ¤  ¢ ¢ ±ÊÊ³¥. …¸²¨ ÔÉµ
É ±, Éµ ¸±µ·µ¸ÉÓ β-· ¸¶ ¤a Ö¤¥· ¢ · ¸É¢µ·¥ ¤µ²¦´  ¢µ§· ¸É¨ ¶µ ¸· ¢´¥´¨Õ ¸µ
¸±µ·µ¸ÉÓÕ β-· ¸¶ ¤  ¢ ¢ ±ÊÊ³¥.

ŒÒ Ê¦¥ £µ¢µ·¨²¨, ÎÉµ ³´µ£¨¥ ¡¨µË¨§¨±¨ ¤µ± §Ò¢ ÕÉ ¶·¥¢· Ð¥´¨¥ µ¤´¨Ì
Ô²¥³¥´Éµ¢ ¢ ¤·Ê£¨¥ ¢ ¦¨¢ÒÌ µ·£ ´¨§³ Ì. ‘É·Ê±ÉÊ·´ Ö ¥¤¨´¨Í  µ·£ ´¨§³  Å
±²¥É±a, £¤¥ ¶·µ¨¸Ìµ¤ÖÉ ¶¥·¥· ¡µÉ±  ¨ ¶µÉ·¥¡²¥´¨¥ ¶·µ¤Ê±Éµ¢, ¶·µÍ¥¸¸Ò ¶·µ-
¨§¢µ¤¸É¢ , ¶µ²ÊÎ¥´¨Ö ¨ ¶¥·¥¤ Î¨ Ô´¥·£¨¨ ¨ É. ¤. �·¥¤¶µ² £ ÕÉ, ÎÉµ ¨³¥´´µ ¢
±²¥É± Ì ¶·µ¨¸Ìµ¤¨É Ìµ²µ¤´µ¥ ¶·¥¢· Ð¥´¨¥ µ¤´¨Ì Ö¤¥· ¢ ¤·Ê£¨¥ ¸ ¢Ò¤¥²¥´¨¥³
Ô´¥·£¨¨ Å ¢ ®É¥·³µÖ¤¥·´ÒÌ ·¥ ±Éµ· Ì¯ µ·£ ´¨§³ .

12. ‚›‚�„›

Œµ¦´µ ¶·¥¤¶µ²µ¦¨ÉÓ, ÎÉµ ·¥§µ´ ´¸´ Ö ¸¨´Ì·µ´¨§ Í¨Ö Ê¸¨²¨¢ ¥É ¸² ¡Ò¥
¨ Ô²¥±É·µ³ £´¨É´Ò¥ ¶·µÍ¥¸¸Ò ¤µ É ±µ° ¸É¥¶¥´¨, ÎÉµ Ìµ²µ¤´ Ö É· ´¸³ÊÉ Í¨Ö
Ö¤¥· ³µ¦¥É ¸É ÉÓ ¶·¨´Í¨¶¨ ²Ó´µ ¢µ§³µ¦´µ°. �¥§µ´ ´¸´µ¥ Ê¸¨²¥´¨¥ ¸±µ·µ-
¸É¥° É· ´¸³ÊÉ Í¨¨ Ö¤¥· § ¢¨¸¨É Éµ²Ó±µ µÉ Î ¸ÉµÉ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨°, ´µ
´¥ µÉ ¨Ì ¶·¨·µ¤Ò.
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‚ ¶µ¸²¥¤´¥¥ ¢·¥³Ö ¶·µ¢¥¤¥´ ·Ö¤ Ô±¸¶¥·¨³¥´Éµ¢ ¶µ ¢§ ¨³µ¤¥°¸É¢¨Õ Ê²ÓÉ-
· ¡Ò¸É·ÒÌ ² §¥·´ÒÌ ¨³¶Ê²Ó¸µ¢ ¸ ¡µ²ÓÏ¨³¨ ±² ¸É¥· ³¨, ¸µ¤¥·¦ Ð¨Ì 102−106

 Éµ³µ¢. ‚§ ¨³µ¤¥°¸É¢¨¥ ±² ¸É¥·´µ° ³¨Ï¥´¨ ¸ ² §¥·´Ò³ ¨³¶Ê²Ó¸µ³ ¶·¨¢µ¤¨É
± ¢Ò²¥ÉÊ ¨µ´µ¢ ¸ Ô´¥·£¨Ö³¨, ¡Ò¸É·µ · ¸ÉÊÐ¨³¨ ¸ Ê¢¥²¨Î¥´¨¥³ · §³¥·µ¢ ±² -
¸É¥·µ¢ ³¨Ï¥´¨. ‚ ´¥±µÉµ·ÒÌ ¸²ÊÎ ÖÌ ¨§ Ö¤·  ³¨Ï¥´¨ ¢Ò²¥É ÕÉ ¨µ´Ò ¸ Ô´¥·-
£¨Ö³¨ ¤µ 1 ŒÔ‚, ÎÉµ Ê¦¥ ¤µ¸É ÉµÎ´µ ¤²Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸²¨Ö´¨Ö. 	 ¶·¨-
³¥·, ´¥¤ ¢´µ ´ ¡²Õ¤ ²¨¸Ó [175] Ö¤¥·´Ò¥ ·¥ ±Í¨¨ D(D, n)3He ¶·¨ µ¡²ÊÎ¥´¨¨
¡µ²ÓÏ¨Ì ¤¥°É·µ´´ÒÌ ±² ¸É¥·µ¢ ² §¥·´Ò³¨ ¨³¶Ê²Ó¸ ³¨. �¢Éµ·Ò [175] ¤¥² ÕÉ
¢Ò¢µ¤ µ Éµ³, ÎÉµ ¸¥Î¥´¨¥ ¢ÒÏ¥Ê± § ´´µ° ·¥ ±Í¨¨ ¸²¨Ö´¨Ö ¡Ò¸É·µ · ¸É¥É ¸
Ê¢¥²¨Î¥´¨¥³ · §³¥·µ¢ ¤¥°É·µ´´ÒÌ ±² ¸É¥·µ¢, ¨ ´ ¡²Õ¤ ¥³Ò° ÔËË¥±É µ¡ÑÖ¸-
´ÖÕÉ ±Ê²µ´µ¢¸±¨³ ¢§·Ò¢µ³ (¸µ¢·¥³¥´´µ¥ ¸µ¸ÉµÖ´¨¥ ¶·µ¡²¥³Ò DD-¸²¨Ö´¨Ö ¢
¶² §³¥ ¸³. ¢ [176]).

�¥§µ´ ´¸´µ¥ Ê¸¨²¥´¨¥ ¶·µÍ¥¸¸  ¢Ò¡¨¢ ´¨Ö Ô²¥±É·µ´µ¢ ¨§  Éµ³µ¢ ¸ ¶µ³µ-
ÐÓÕ ¸² ¡ÒÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨° ¸µ¶·µ¢µ¦¤ ¥É¸Ö βb-· ¸¶ ¤µ³ ´  ¸¢Ö§ ´´µ¥
¸µ¸ÉµÖ´¨¥. ‚ ²Õ¡µ³ ¸²ÊÎ ¥ µÉ±·Ò¢ ÕÉ¸Ö Ï¨·µ±¨¥ ¢µ§³µ¦´µ¸É¨ ¶µ²ÊÎ¥´¨Ö
´µ¢ÒÌ Ô²¥³¥´Éµ¢ ¨ ¶·µ¨§¢µ¤¸É¢  Ô´¥·£¨¨, ÊÉ¨²¨§ Í¨¨ Ö¤¥·´ÒÌ µÉÌµ¤µ¢ ¸ ¶µ-
²ÊÎ¥´¨¥³ ¶·¨ ÔÉµ³ ¤µ¡ ¢µÎ´µ° Ô´¥·£¨¨ ¨ ¶·¥¤¸± § ´¨Ö ³¥¸Éµ·µ¦¤¥´¨° ¶µ²¥§-
´ÒÌ ¨¸±µ¶ ¥³ÒÌ. ‚µ§³µ¦´µ¸ÉÓ Ê¶· ¢²ÖÉÓ ¸±µ·µ¸ÉÖ³¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶ÊÉ¥³
¶µ¤¡µ·  ¶ · ³¥É·µ¢ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨° µ¸´µ¢ ´  ´  Ê´¨-
¢¥·¸ ²Ó´µ³ ¶·¨´Í¨¶¥ ·¥§µ´ ´¸´µ° ¸¨´Ì·µ´¨§ Í¨¨, µÉ¸Õ¤  ¢Ò¸µ± Ö ÎÊ¢¸É¢¨-
É¥²Ó´µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢ ¤ ¦¥ ± ³ ²Ò³ ¨§³¥´¥´¨Ö³ £¥µ³¥É·¨Î¥¸±¨Ì ¶ · ³¥É·µ¢
Ô±¸¶¥·¨³¥´É ²Ó´µ£µ µ¡µ·Ê¤µ¢ ´¨Ö ¨ ¶²µÌ Ö ¢µ¸¶·µ¨§¢µ¤¨³µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢.

ŒÒ ¶·¨Ï²¨ ± ¢Ò¢µ¤Ê µ Éµ³, ÎÉµ ·¥ ±Í¨Ö § Ì¢ É  ¢¨·ÉÊ ²Ó´ÒÌ ¶µ§¨É·µ-
´µ¢ Ö¤· ³¨ ¸¨²Ó´µ¨µ´¨§¨·µ¢ ´´ÒÌ  Éµ³µ¢ (7.4) Ö¢²Ö¥É¸Ö ´µ¢µ° · §´µ¢¨¤-
´µ¸ÉÓÕ ¥¸É¥¸É¢¥´´µ° · ¤¨µ ±É¨¢´µ¸É¨. �´  Ï¨·µ±µ · ¸¶·µ¸É· ´¥´  ¢ ¶·¨-
·µ¤¥ ¨ µÉ¢¥Î ¥É §   ¸¨³³¥É·¨Õ · ¸¶·µ¸É· ´¥´´µ¸É¨ ¢¥Ð¥¸É¢  ¨  ´É¨¢¥Ð¥¸É¢ 
¢µ ‚¸¥²¥´´µ°. �Éµ ¶µ§¢µ²Ö¥É · ¸¸³ É·¨¢ ÉÓ ¥¥ ± ± ´µ¢Ò° É¨¶ ¶·¨·µ¤´ÒÌ
β-¶·µÍ¥¸¸µ¢, ´  ¸¥£µ¤´ÖÏ´¨° ¤¥´Ó ´¥ µ¶¨¸ ´´Ò° ¢ ²¨É¥· ÉÊ·¥.

‚²¨Ö´¨¥ ¢µ§¡Ê¦¤¥´¨Ö ¨ ¨µ´¨§ Í¨¨  Éµ³µ¢ ´  ¸¢µ°¸É¢  Ö¤¥· Ë ±É¨Î¥-
¸±¨ µ± § ²µ¸Ó ¢´¥ ¶µ²Ö §·¥´¨Ö Ë¨§¨±µ¢, ´¥¸³µÉ·Ö ´  Éµ, ÎÉµ ¸ ³ ÔËË¥±É
Ê¸±µ·¥´¨Ö β-¶·µÍ¥¸¸µ¢, ¨§¢¥¸É´Ò° ¸ 1947 £., ´¥ ¶·µÉ¨¢µ·¥Î¨É ´¨ µ¤´µ³Ê ¨§
¨§¢¥¸É´ÒÌ ËÊ´¤ ³¥´É ²Ó´ÒÌ § ±µ´µ¢ Ë¨§¨±¨ ¨ ³µ¦¥É ¤µ¸É¨£ ÉÓ 9 ¶µ·Ö¤±µ¢!
	¨§±µÔ´¥·£¥É¨Î¥¸± Ö É· ´¸³ÊÉ Í¨Ö Ö¤¥·, ´ ¡²Õ¤ ¢Ï Ö¸Ö ¢ · §²¨Î´ÒÌ Ô±¸¶¥-
·¨³¥´É Ì, Ö¢²Ö¥É¸Ö ·¥§Ê²ÓÉ Éµ³ Ö¤¥·´µ£µ βb-· ¸¶ ¤  ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö
(¶µ¤Î¥·±´¥³ ¥Ð¥ · § Å βb-· ¸¶ ¤ ¢ ¸¢Ö§ ´´Ò¥ ¸µ¸ÉµÖ´¨Ö Ê¢¥²¨Î¨¢ ¥É Ë §µ-
¢Ò° µ¡Ñ¥³ ±µ´¥Î´ÒÌ ¸µ¸ÉµÖ´¨° ¨ Q-§´ Î¥´¨¥ ·¥ ±Í¨¨, µ¡  ÔÉ¨ Ë ±Éµ·  Ê¢¥-
²¨Î¨¢ ÕÉ ¢¥·µÖÉ´µ¸ÉÓ É· ´¸³ÊÉ Í¨¨ Ö¤¥·; ¢ ÔÉµ³ ¦¥ ´ ¶· ¢²¥´¨¨ ¤¥°¸É¢ÊÕÉ
¨ ¸¨²Ó´Ò¥ ¢´¥Ï´¨¥ ³ £´¨É´Ò¥ ¶µ²Ö Å ÔËË¥±É Š ¤µ³Í¥¢ ), É. ¥. ·¥§Ê²ÓÉ -
Éµ³ Ô²¥±É·µ´-Ö¤¥·´µ£µ ¢§ ¨³µ¤¥°¸É¢¨Ö ¢ ¶·µÍ¥¸¸¥ ¢µ§¡Ê¦¤¥´¨Ö ¨ ¨µ´¨§ Í¨¨
 Éµ³µ¢ ¢´¥Ï´¨³¨ Ô´¥·£¥É¨Î¥¸±¨ ¸² ¡Ò³¨ ¢µ§¤¥°¸É¢¨Ö³¨.

�´¥·£¥É¨Î¥¸±¨ ¸² ¡Ò¥ ¢´¥Ï´¨¥ ¢µ§¤¥°¸É¢¨Ö ³µ£ÊÉ ¸²Ê¦¨ÉÓ ±²ÕÎµ³ ¤²Ö
µÉ±·Ò¢ ´¨Ö § ¶·¥Ð¥´´ÒÌ ¶·µÍ¥¸¸µ¢ ¨²¨ ¤²Ö Ê¸¨²¥´¨Ö ´¥§ ¶·¥Ð¥´´ÒÌ, ´ -
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¶·¨³¥·, ¶·¨ ¢µ§¤¥°¸É¢¨¨ ² §¥·  ´  ËµÉµ¤¥²¥´¨¥ [109] Ê¸¨²¥´¨¥ ¢¥·µÖÉ´µ¸É¨
¤¥²¥´¨Ö ³µ¦¥É ¡ÒÉÓ 3Ä4 ¶µ·Ö¤± , β-· ¸¶ ¤ Ö¤·  ´  ¸¢Ö§ ´´µ¥ ¸µ¸ÉµÖ´¨¥  Éµ³ 
³µ¦¥É ¡ÒÉÓ Ê¸¨²¥´ ¨µ´¨§ Í¨¥° ´  9 ¶µ·Ö¤±µ¢, Ê¸¨²¥´¨¥ ¸¶µ´É ´´µ£µ ¤¥²¥´¨Ö
¸ ¨§µ³¥·´µ£µ ¸µ¸ÉµÖ´¨Ö Ö¤¥· ¶µ ¸· ¢´¥´¨Õ ¸ µ¸´µ¢´Ò³ ³µ¦¥É ¤µ¸É¨ÎÓ 20Ä29
¶µ·Ö¤±µ¢! ‡¤¥¸Ó ³Ò ¸Éµ²±´Ê²¨¸Ó ¸ µÉ±·ÒÉÒ³¨ ¸²µ¦´Ò³¨ ¸¨¸É¥³ ³¨, Î¥·¥§ ±µ-
Éµ·Ò¥ ³µ£ÊÉ ¶·µÉ¥± ÉÓ ¡µ²ÓÏ¨¥ ¶µÉµ±¨ Ô´¥·£¨¨. ‚ É ±¨Ì µÉ±·ÒÉÒÌ ¸¨¸É¥³ Ì
³ ²Ò¥ ¢µ§¤¥°¸É¢¨Ö ³µ£ÊÉ ¶·¨¢µ¤¨ÉÓ ± ¸ÊÐ¥¸É¢¥´´Ò³ ¶µ¸²¥¤¸É¢¨Ö³ [238,239],
¢ ¦¨¢ÒÌ ¸¨¸É¥³ Ì Ê¸¨²¥´¨¥ ¸² ¡ÒÌ ¸¨£´ ²µ¢ Ö¢²Ö¥É¸Ö µ¸´µ¢µ° ¢Ò¦¨¢ ´¨Ö ¢
Ê¸²µ¢¨ÖÌ ¸ ´¥· ¢´µ¢¥¸´µ° ¸·¥¤µ° µ±·Ê¦¥´¨Ö.

ˆÉ ±, ¢µ§¡Ê¦¤¥´¨¥³ ¨ ¨µ´¨§ Í¨¥°  Éµ³µ¢ ³µ¦´µ ¢µ§¤¥°¸É¢µ¢ ÉÓ ´  ¸±µ-
·µ¸É¨ Ö¤¥·´ÒÌ ¶·µÍ¥¸¸µ¢. � ÔÉµ µ§´ Î ¥É, ÎÉµ ¢¸É ¥É ¢µ¶·µ¸ ¤¥É ²Ó´µ£µ ¨¸¸²¥-
¤µ¢ ´¨Ö ¸¢µ°¸É¢ ´¨§±µÉ¥³¶¥· ÉÊ·´µ° ¶² §³Ò (´  ¸¥£µ¤´Ö ¶²µÌµ ¨§ÊÎ¥´´ÒÌ),
£¤¥, ¢µ§³µ¦´µ, ¨ ¶·µ¨¸Ìµ¤¨É Ìµ²µ¤´ Ö É· ´¸³ÊÉ Í¨Ö Ö¤¥·. 	¨§±µÉ¥³¶¥· ÉÊ·-
´ Ö ¶² §³  ³µ¦¥É ¡ÒÉÓ ¸µ§¤ ´  ´  ³¨´¨ ÉÕ·´ÒÌ ¤¥Ï¥¢ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ
Ê¸É ´µ¢± Ì, É ± ÎÉµ ¢µ¶·µ¸ Ê¶· ¢²¥´¨Ö ¸±µ·µ¸ÉÖ³¨ Ë¨§¨±µ-Ì¨³¨Î¥¸±¨Ì ¶·µ-
Í¥¸¸µ¢ ¢ ¦¨¢µ° ¨ ´¥¦¨¢µ° ¶·¨·µ¤¥ ³µ¦¥É ¡ÒÉÓ ·¥Ï¥´ ¤µ¸É ÉµÎ´µ ¡Ò¸É·µ.

�·¥¤¸É ¢²Ö¥É¸Ö, ÎÉµ ¶·µ¨§µÏ²  ´¥§ ³¥É´ Ö ·¥¢µ²ÕÍ¨Ö Å Ô±¸¶¥·¨³¥´-
É ²Ó´µ ¤µ± § ´  ¢µ§³µ¦´µ¸ÉÓ ¸¨´É¥§  ¨ É· ´¸³ÊÉ Í¨¨ Ö¤¥· ¶·¨ ´¨§±¨Ì Ô´¥·-
£¨ÖÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨° ¨ ¢µ§³µ¦´µ¸ÉÓ ¶µ²ÊÎ¥´¨Ö ¤¥Ï¥¢µ° Ô±µ²µ£¨Î¥¸±¨
Î¨¸Éµ° Ô´¥·£¨¨ ¶·¨ É ±¨Ì ¶·¥¢· Ð¥´¨ÖÌ Ö¤¥· ¢ ³¨´¨ ÉÕ·´ÒÌ Ê¸É ´µ¢± Ì ´ 
¸Éµ²¥. ‚ ¸¢µ¥³ µ¡§µ·¥ ³Ò ¶ÒÉ ²¨¸Ó ¤µ± § ÉÓ, ÎÉµ ¥¸ÉÓ Ë¨§¨Î¥¸±¨¥ ³¥Ì ´¨§³Ò,
¤¥² ÕÐ¨¥ ¢ ¶·¨´Í¨¶¥ ¢µ§³µ¦´µ° É· ¸³ÊÉ Í¨Õ Ö¤¥· ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ.
ŒÒ ´ Ï²¨ ¸¸Ò²±¨ ¢ ²¨É¥· ÉÊ·¥, ÎÉµ ´¥³¥Í±¨¥ Ì¨³¨±¨ ¥Ð¥ ¢ 1920Ä1930 ££.
Ê¸¶¥Ï´µ ¶·µ¢µ¤¨²¨ É ±¨¥ ¶·¥¢· Ð¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢, µ¤´ ±µ Ë¨-
§¨±¨ ¶·¨´Ö²¨ ¨Ì ·¥§Ê²ÓÉ ÉÒ ± ± µÏ¨¡µÎ´Ò¥, É ± ÎÉµ ÔÉ¨ · ¡µÉÒ Ê¦¥ § ¡ÒÉÒ.
‘¥°Î ¸ Ê¦¥ Éµ²Ó±µ ¢ �µ¸¸¨¨ ¸µ§¤ ´Ò ¤¥¸ÖÉ±¨ Ê¸É ´µ¢µ± ¤²Ö Ìµ²µ¤´µ° É· ´¸-
³ÊÉ Í¨¨ Ö¤¥·, ¨ ¢ ¸¢µ¥³ µ¡§µ·¥ ³Ò ¶·¨¢¥²¨ ¤µ¸É ÉµÎ´µ ¸¥·Ó¥§´Ò¥  ·£Ê³¥´ÉÒ
¢ ¶µ²Ó§Ê ¢µ§³µ¦´µ¸É¨ É ±µ° É· ´¸³ÊÉ Í¨¨. •µ²µ¤´Ò° ¸¨´É¥§ Ö¤¥· ¢ ´ Ï¥³
µ¡§µ·¥ µ¸¢¥Ð¥´ µÎ¥´Ó ¡¥£²µ, ÔÉµ Ö¢²¥´¨¥ ¤¥É ²Ó´µ µ¶¨¸ ´µ ¢ µ¡§µ· Ì [57,
240].

“³¥¸É´µ ¶·¨¢¥¸É¨ ¢Ò¢µ¤Ò  ± ¤¥³¨±  ˆ. ‚. ŠÊ·Î Éµ¢  (²¥±Í¨Ö, ¶·µÎ¨É ´-
´ Ö 25  ¶·¥²Ö 1956 £. ¢  ´£²¨°¸±µ³ ´ ÊÎ´µ-¨¸¸²¥¤µ¢ É¥²Ó¸±µ³  Éµ³´µ³ Í¥´-
É·¥ ¢ • ·ÊÔ²²¥ [241]):

®�Ò²µ µ¡´ ·Ê¦¥´µ, ÎÉµ ¨³¶Ê²Ó¸´Ò° · §·Ö¤ Ö¢²Ö¥É¸Ö ¨¸ÉµÎ´¨±µ³ ´¥ Éµ²Ó±µ
´¥°É·µ´µ¢, ´µ ¨ ¦¥¸É±¨Ì ·¥´É£¥´µ¢¸±¨Ì ²ÊÎ¥°. †¥¸É±µ¥ ·¥´É£¥´µ¢¸±µ¥ ¨§²Ê-
Î¥´¨¥ ¢µ§´¨± ¥É ¶·¨ ¶·µÌµ¦¤¥´¨¨ ¡µ²ÓÏ¨Ì Éµ±µ¢ Î¥·¥§ ¢µ¤µ·µ¤, ¤¥°É¥·¨°
¨ £¥²¨°. ˆ§²ÊÎ¥´¨¥ ¶·¨ · §·Ö¤ Ì ¢ ¤¥°É¥·¨¨ ¢¸¥£¤  ¸µ¸Éµ¨É ¨§ ±µ·µÉ±¨Ì
¨³¶Ê²Ó¸µ¢. ˆ³¶Ê²Ó¸Ò, ¢Ò§Ò¢ ¥³Ò¥ ´¥°É·µ´ ³¨ ¨ ·¥´É£¥´µ¢¸±¨³¨ ±¢ ´É ³¨,
³µ£ÊÉ ¡ÒÉÓ ÉµÎ´µ ¸Ë §¨·µ¢ ´Ò ´  µ¸Í¨²²µ£· ³³ Ì. �·¨ ÔÉµ³ µ± §Ò¢ ¥É¸Ö,
ÎÉµ µ´¨ ¢µ§´¨± ÕÉ µ¤´µ¢·¥³¥´´µ. �´¥·£¨Ö ·¥´É£¥´µ¢¸±¨Ì ±¢ ´Éµ¢, ¶µÖ¢²Ö-
ÕÐ¨Ì¸Ö ¶·¨ ¨³¶Ê²Ó¸´ÒÌ Ô²¥±É·¨Î¥¸±¨Ì ¶·µÍ¥¸¸ Ì ¢ ¢µ¤µ·µ¤¥ ¨ ¤¥°É¥·¨¨,
¤µ¸É¨£ ¥É 300Ä400 ±ÔB. ‘²¥¤Ê¥É µÉ³¥É¨ÉÓ, ÎÉµ ¢ ÉµÉ ³µ³¥´É, ±µ£¤  ¢µ§´¨± ÕÉ
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±¢ ´ÉÒ ¸ É ±µ° ¡µ²ÓÏµ° Ô´¥·£¨¥°, ´ ¶·Ö¦¥´¨¥, ¶·¨²µ¦¥´´µ¥ ± · §·Ö¤´µ°
É·Ê¡±¥, ¸µ¸É ¢²Ö¥É ¢¸¥£µ ²¨ÏÓ 10 ±B.

�Í¥´¨¢ Ö ¶¥·¸¶¥±É¨¢Ò · §²¨Î´ÒÌ ´ ¶· ¢²¥´¨°, ±µÉµ·Ò¥ ³µ£ÊÉ ¶·¨¢¥¸É¨
± ·¥Ï¥´¨Õ § ¤ Î¨ ¶µ²ÊÎ¥´¨Ö É¥·³µÖ¤¥·´ÒÌ ·¥ ±Í¨° ¡µ²ÓÏµ° ¨´É¥´¸¨¢´µ¸É¨,
³Ò ´¥ ³µ¦¥³ ¸¥°Î ¸ ¶µ²´µ¸ÉÓÕ ¨¸±²ÕÎ¨ÉÓ ¤ ²Ó´¥°Ï¨¥ ¶µ¶ÒÉ±¨ ¤µ¸É¨£´ÊÉÓ
ÔÉµ° Í¥²¨ ¶ÊÉ¥³ ¨¸¶µ²Ó§µ¢ ´¨Ö ¨³¶Ê²Ó¸´ÒÌ · §·Ö¤µ¢¯.

ŒÒ §´ ¥³, ÎÉµ ¸¥°Î ¸ ¢¥¤ÊÉ¸Ö ¨´É¥´¸¨¢´Ò¥ ¨¸¸²¥¤µ¢ ´¨Ö ¶µ Ìµ²µ¤´µ³Ê
¸¨´É¥§Ê ¨ Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¨, µ¸´µ¢´ Ö Í¥²Ó É ±¨Ì ¨¸¸²¥¤µ¢ ´¨° Å ¶µ-
²ÊÎ¥´¨¥ Ô±µ²µ£¨Î¥¸±¨ Î¨¸Éµ° Ô´¥·£¨¨, ÊÉ¨²¨§ Í¨Ö · ¤¨µ ±É¨¢´ÒÌ ¨ Ö¤µ¢¨ÉÒÌ
µÉÌµ¤µ¢, ¶µ²ÊÎ¥´¨¥ ´µ¢ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ ´µ¢Ò¥ É¥Ì´µ²µ£¨¨. —¨¸²µ
¶Ê¡²¨± Í¨° ´  ÔÉÊ É¥³Ê µ£·µ³´µ, ¦Ê·´ ² ®Inˇnite Energy¯ µÍ¥´¨¢ ¥É ¨Ì Î¨-
¸²µ ± ± ≈ 3000, ³´µ£¨¥ ¶Ê¡²¨± Í¨¨ Ê¦¥ ¤µ¸ÉÊ¶´Ò. ‚µÉ ´¥±µÉµ·Ò¥  ¤·¥¸ :

http://www.inˇnite-energy.com,
http://lenr-canr.org/appeal.htm,

httm://www.lenr-canr.org,
http://blake.montclair.edu/∼kowalskil/cf/.

„¥É ²Ó´Ò°  ´ ²¨§ ¤µ¸ÉÊ¶´ÒÌ ´ ³ · ¡µÉ ¶·¨¢µ¤¨É ´ ¸ ± ¢Ò¢µ¤Ê: Ö¢²¥´¨¥
Ìµ²µ¤´µ£µ ¸¨´É¥§  ¨ Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥· ¤¥°¸É¢¨É¥²Ó´µ ¸ÊÐ¥¸É¢Ê¥É.
	¥¢µ¸É·¥¡µ¢ ´´µ¸ÉÓ ¨ µÉÉµ·¦¥´¨¥ ÔÉµ£µ Ö¢²¥´¨Ö Ë¨§¨Î¥¸±¨³ ¸µµ¡Ð¥¸É¢µ³
¥¸ÉÓ ·¥§Ê²ÓÉ É Éµ£µ, ÎÉµ ¸ ³µ Ö¢²¥´¨¥ ¡Ò²µ µÉ±·ÒÉµ ¥Ð¥ Ì¨³¨± ³¨ ¢ 1925Ä
1926 ££., ¶¥·¥µÉ±·ÒÉµ ¢ 1989 £. µ¶ÖÉÓ ¦¥ Ì¨³¨± ³¨ (¢¸¶µ³´¨³ ¨¸Éµ·¨Õ µÉ-
±·ÒÉ¨Ö ´¥³¥Í±¨³ ¢· Îµ³ �. �. Œ °¥·µ³ µ¸´µ¢´µ£µ § ±µ´  Ë¨§¨±¨ Å § ±µ´ 
¸µÌ· ´¥´¨Ö ¨ ¶·¥¢· Ð¥´¨Ö Ô´¥·£¨¨, §  ÎÉµ ®¡² £µ¤ ·´Ò¥¯ ¶·µË¥¸¸µ·  Ë¨-
§¨±¨ ¶µ¸ ¤¨²¨ �. �. Œ °¥·a ¢ ¦¥²ÉÒ° ¤µ³ ¸µ ¸É·µ£¨³ ·¥¦¨³µ³ ¸µ¤¥·¦ ´¨Ö).
„µ¡ ¢¨³ ¸Õ¤  ¶²µÌÊÕ ¢µ¸¶·µ¨§¢µ¤¨³µ¸ÉÓ ·¥§Ê²ÓÉ Éµ¢ Ô±¸¶¥·¨³¥´Éµ¢.

	¥¤ ¢´µ ³Ò Ê§´ ²¨, ÎÉµ ¥Ð¥ ¢ 1991 £. ¢ ‘˜� ¶µ¤ Ô£¨¤µ° ¢µ¥´´µ-
³µ·¸±¨Ì ¸¨² ¡Ò²  ¸Ëµ·³Ê²¨·µ¢ ´  ¶·µ£· ³³  ¨¸¸²¥¤µ¢ ´¨° ¶µ Ìµ²µ¤´µ³Ê
¸²¨Ö´¨Õ Ö¤¥·, ¨ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤µ¢ ´¨° ¶µ ÔÉµ° ¶·µ£· ³³¥ ¡Ò²¨ µ¶Ê¡²¨-
±µ¢ ´Ò ¢ 2002Ä2003 ££. [242,243]. �Ê±µ¢µ¤¨É¥²Ó ÔÉµ° ¶·µ£· ³³Ò ”. …. ƒµ·¤µ´
(Dr. Frank E. Cordon, Head, Navigation and Applied Sciences Department Space
and Naval Warfare Systems Center, San Diego), ¶µ¤¢µ¤Ö ¨Éµ£¨ ¤¥¸ÖÉ¨²¥É´¨Ì
¨¸¸²¥¤µ¢ ´¨° ¶µ ÔÉµ° ¶·µ£· ³³¥, ¶¨¸ ² [242]:

®We do not known if Cold Fusion will be the answer to future energy needs,
but we do know the existence of Cold Fusion phenomenen through repeated
observations by scientist throughout the world. It is time that this phenomenon
be investigated so that can reap whatever beneˇts accrue from additional scientiˇc
understanding. It is time for goverment funding organizations to invest in this
research¯.

ˆÉ ±, ¶µ´ ¤µ¡¨²µ¸Ó ¡µ²¥¥ 80 ²¥É ¤²Ö ¶·¨§´ ´¨Ö ¸ ³µ£µ Ë ±É  ¸ÊÐ¥¸É¢µ¢ -
´¨Ö Ìµ²µ¤´µ£µ ¸²¨Ö´¨Ö Ö¤¥· (4H → He Å Ô±§µÉ¥·³¨Î¥¸± Ö ·¥ ±Í¨Ö, ±µÉµ·ÊÕ
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¢¶¥·¢Ò¥ ´ ¡²Õ¤ ²¨ Ì¨³¨±¨ ”. � ´¥É ¨ Š. �¥É¥·¸ [48] ¢ 1926 £.). ‘¥°Î ¸
´ Î¨´ ÕÉ ¶µÖ¢²ÖÉÓ¸Ö ¶Ê¡²¨± Í¨¨, ¢ ±µÉµ·ÒÌ ¶·¥¤¸± §Ò¢ ¥É¸Ö ´ ÊÎ´ Ö ·¥¢µ-
²ÕÍ¨Ö ´  µ¸´µ¢¥ Ìµ²µ¤´µ£µ ¸²¨Ö´¨Ö ¨ É· ´¸³ÊÉ Í¨¨ Ö¤¥·∗. Ÿ¸´µ, ÎÉµ ¶µ-
²µ¦¨É¥²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢µ ³´µ£¨Ì ² ¡µ· Éµ·¨ÖÌ ¶µ Ìµ²µ¤´µ³Ê ¸²¨Ö´¨Õ ¨
É· ´¸³ÊÉ Í¨¨ Ö¤¥· ¨£´µ·¨·µ¢ ÉÓ ¤ ²¥¥ ´¥²Ó§Ö Éµ²Ó±µ ¢¸²¥¤¸É¢¨¥ ´¥¶µ´¨³ ´¨Ö
³¥Ì ´¨§³  É ±¨Ì ¶·µÍ¥¸¸µ¢. �µ´¨³ ´¨¥ ÔÉµ£µ Ö¢²¥´¨Ö ¶µÉ·¥¡Ê¥É ¸¨´É¥§  §´ -
´¨° ¨§ ³´µ£¨Ì µ¡² ¸É¥° ¥¸É¥¸É¢µ§´ ´¨Ö: Ö¤¥·´µ° Ë¨§¨±¨,  Éµ³´µ° Ë¨§¨±¨,
Ë¨§¨±¨ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤ ¨ É¢¥·¤µ£µ É¥² , Ì¨³¨¨, Ë¨§¨±µ-Ì¨³¨Î¥¸±¨¥
¶·µÍ¥¸¸Ò ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¢´¥Ï´¨Ì ¢µ§¤¥°¸É¢¨° ¶²Õ¸ ¥¤¨´µ¥ µ¶¨¸ ´¨¥
³¨±·µ- ¨ ³ ±·µ¸¨¸É¥³.

ˆ ´ ±µ´¥Í, ³Ò ¤µ²¦´Ò ÊÎ¥¸ÉÓ ± É ¸É·µË¨Î¥¸±µ¥ ¶µ²µ¦¥´¨¥ ¢ Ô±µ²µ£¨¨,
¸Ò·Ó¥¢ÒÌ ·¥¸Ê·¸ Ì, Ô´¥·£µµ¡¥¸¶¥Î¥´¨¨, ³¥¤¨Í¨´¥, ¸¥²Ó¸±µ³ Ìµ§Ö°¸É¢¥, µ¡Ê-
¸²µ¢²¥´´µ¥ ±·¨§¨¸µ³ ¢ ´ Ê±¥∗, ¨ ¶µÔÉµ³Ê ²µ£¨Î´µ ÉÐ É¥²Ó´µ ¨¸¸²¥¤µ¢ ÉÓ
²Õ¡Ò¥ ¸Ê³ ¸Ï¥¤Ï¨¥ ¨¤¥¨ ¨ ¶·µ¥±ÉÒ, ¨¡µ ¢ ´¨Ì ³µ¦¥É ¡ÒÉÓ § ·ÒÉµ ¦¥² ¥-
³µ¥ ·¥Ï¥´¨¥ ¸µµÉ¢¥É¸É¢ÊÕÐ¨Ì ¶·µ¡²¥³. 	 ¶µ³´¨³ ¥Ð¥ · §, ÎÉµ µÏ¨¡µÎ´ Ö
£¨¶µÉ¥§  �. �Ê ´± ·¥ ¶·¨¢¥²  �. �¥±±¥·¥²Ö ± µÉ±·ÒÉ¨Õ ËÊ´¤ ³¥´É ²Ó´µ£µ
Ö¢²¥´¨Ö · ¤¨µ ±É¨¢´µ¸É¨. ‚ 1903 £. �. ŠÕ·¨ ´¥ ¶µ´¨³ ², ¶µÎ¥³Ê ´ £·¥¢ ¥É¸Ö
· ¤¨° ¡¥§ ¢´¥Ï´¥£µ ¢µ§¤¥°¸É¢¨Ö, ¢ 1911 £. •. Š. �´´¥¸ ´¥ ¸³µ£ µ¡ÑÖ¸´¨ÉÓ
¶·¨·µ¤Ê ¸¢¥·Ì¶·µ¢µ¤¨³µ¸É¨, É¥³ ´¥ ³¥´¥¥ ¨³ ¡Ò²  ¶·¨¸Ê¦¤¥´  Hµ¡¥²¥¢¸± Ö
¶·¥³¨Ö.

	µ¡¥²¥¢¸±¨° ² Ê·¥ É 	. �Ô³§¨ (Norman Ramsey, Harvard University, physics,
professor who served as panel co-chair) ¢ 1989 £. ÊÉ¢¥·¦¤ ² [246]:

®With the many contradictory existing claims it is not possible at this time
to state categorically that all the claims for cold fusion have been convincingly
either proved or disproved, [but] even a single short but valid cold fusion period
would be revolutionary¯.

Ÿ¸´µ, ÎÉµ ´ ¸É ²µ ¢·¥³Ö ¸µ§¤ ´¨Ö ¢¥·¨Ë¨± Í¨µ´´µ£µ Í¥´É·  ¶µ ¸É· ´´Ò³
Ö¢²¥´¨Ö³ ¨ ¶·µ¥±É ³. ’ ±µ° Í¥´É· Å ¶µ É· ´¸³ÊÉ Í¨¨ ¨ ¸¨´É¥§Ê Ö¤¥· ¶·¨
´¨§±¨Ì Ô´¥·£¨ÖÌ Å ³µ¦´µ ¡Ò²µ ¡Ò ¸µ§¤ ÉÓ ¢ „Ê¡´¥, £¤¥ ¨³¥¥É¸Ö ¸µ¢·¥³¥´´ Ö
Ô±¸¶¥·¨³¥´É ²Ó´ Ö ¡ §  ¨ ¡µ²ÓÏ Ö £·Ê¶¶  ¸¶¥Í¨ ²¨¸Éµ¢,   É ±¦¥ Ê´¨¢¥·¸¨-
É¥É ¤²Ö ¶µ¤£µÉµ¢±¨ ³µ²µ¤ÒÌ ¸¶¥Í¨ ²¨¸Éµ¢. �Ê¤ÊÐ¨³ Ô±¸¶¥·¨³¥´É Éµ· ³ ¶µ
Ö¤¥·´Ò³ ·¥ ±Í¨Ö³ ¶·¨ ´¨§±¨Ì Ô´¥·£¨ÖÌ ¶·¥¤¸Éµ¨É ¡µ²¥¥ Î¥É±µ ¢Ò¤¥²¨ÉÓ ¶·µ-
¡¥² ¢ ´ Ï¨Ì ¸µ¢·¥³¥´´ÒÌ ¶·¥¤¸É ¢²¥´¨ÖÌ. 	¥µ¡Ìµ¤¨³µ µÉ¢¥É¨ÉÓ ´  ¢µ¶·µ¸,
²¥¦¨É ²¨ ÔÉµÉ ¶·µ¡¥² ¢ µ¡² ¸É¨ Ë¨§¨±¨ Ö¤· ,  Éµ³´µ° Ë¨§¨±¨, Ë¨§¨±¨ Ô²¥-
³¥´É ·´ÒÌ Î ¸É¨Í ¨ ±µ´¤¥´¸¨·µ¢ ´´ÒÌ ¸·¥¤, Ì¨³¨¨. ’µ²Ó±µ ¸µ¢³¥¸É´Ò³¨
Ê¸¨²¨Ö³¨ ³´µ£¨Ì ¸¶¥Í¨ ²¨¸Éµ¢ ¡Ê¤¥É ´ °¤¥´ µÉ¢¥É ´  ÔÉµÉ ¢µ¶·µ¸, É ± ÎÉµ
³Ò ¶·¨§Ò¢ ¥³ ± ¸µÉ·Ê¤´¨Î¥¸É¢Ê.

∗H ¶·¨³¥·, ¤µ±² ¤ ‹¥¢¨¸  [244] ´  10 ³¥¦¤Ê´ ·µ¤´µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ìµ²µ¤´µ³Ê ¸²¨Ö´¨Õ
´ §Ò¢ ¥É¸Ö ®ªCold Fusionª May Be Part of a Scientiˇc Revolution¯.

∗�¸´µ¢´ Ö ´¥¢µ¸¶µ²´¨³ Ö ÊÉ· É  ¶·µÏ²µ£µ ¢¥±  Å ¶µÉ¥·Ö ¥¤¨´¸É¢  ¨ ¢§ ¨³µ¸¢Ö§¥° ´ Ê±.
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�¤¨´ ¨§  ¢Éµ·µ¢ (”. �. ƒ ·¥¥¢) ¢Ò· ¦ ¥É ¡² £µ¤ ·´µ¸ÉÓ �. Ÿ. ‡Ê²Ó± ·´¥¥¢Ê
¨ ‚. ‘. �ÊÉÍ¥¢Ê §  ¶·¥¤µ¸É ¢²¥´¨e ¶ É¥´É  ®‘¶µ¸µ¡ É· ´¸³ÊÉ Í¨¨ ¤µ²£µ¦¨¢Ê-
Ð¨Ì · ¤¨µ ±É¨¢´ÒÌ Ô²¥³¥´Éµ¢ ¢ ±µ·µÉ±µ¦¨¢ÊÐ¨¥ ¨²¨ ¸É ¡¨²Ó´Ò¥¯ ¨ ¨¸-
±²ÕÎ¨É¥²Ó´µ ¶µ²¥§´Ò¥ µ¡¸Ê¦¤¥´¨Ö.

�² £µ¤ ·´µ¸É¨. �¢Éµ·Ò ¶·¨§´ É¥²Ó´Ò �. H. � ¦ÊÉµ¢Ê, �. Œ. � ·¡ Ïµ¢Ê,
�. …. �µ²ÓÏ ±µ¢Ê, ‚. ‹. �ÒÎ±µ¢Ê, �. �. ƒ ´£·¸±µ³Ê, ˆ. ‚. ƒµ·ÖÎ¥¢Ê, �. ‚. „¦µ-
²µ¸Ê, …. „. „µ´ÍÊ, ‚. Œ. „Ê¡µ¢¨±Ê, ƒ. �. …³¥²ÓÖ´¥´±µ, …. �. †¨¤±µ¢Ê, ‚. ‚. ˆ¢ -
´µ¢Ê, �. ‘. ˆ¸ ¥¢Ê, Œ. ƒ. ˆÉ±¨¸Ê, ‚. ƒ. Š ²¨´´¨±µ¢Ê, ‘. �. Š · ³Ö´Ê,
‚. �. Š·¨¢¨Í±µ³Ê, �. 	. ŠÊ§Ó³¨´Ê, ‚. „. ŠÊ§´¥Íµ¢Ê, �. ‹. ŠÊ§´¥Íµ¢Ê,
‚. Š. ‹Ê±ÓÖ´µ¢Ê, ƒ. ‚. ŒÒÏ¨´¸±µ³Ê, ‚. �. 	¨±¨É¨´Ê, �. –. �£ ´¥¸Ö´Ê,
”. Œ. �¥´Ó±µ¢Ê, �. ‚. �µ¶µ¢Ê, ˆ. ‚. �Ê§Ò´¨´Ê, �. �. �ÊÌ ¤§¥, ‚. 	. ‘ ³µ°²µ¢Ê,
�. 	. ‘¨¸ ±Ö´Ê, 	. ˆ. ’ · ´É¨´Ê, ‹. ˆ. “·ÊÍ±µ¥¢Ê, Œ. ‘. •µ§Ö¨´µ¢Ê, „. ‚. ”¨-
²¨¶¶µ¢Ê, ‚. ˆ. ”Ê·³ ´Ê §  µ¤µ¡·ÖÕÐÊÕ ¶µ¤¤¥·¦±Ê ¨ ¤µ¡·µ¦¥² É¥²Ó´ÊÕ ±·¨-
É¨±Ê. ŒÒ ÌµÉ¥²¨ ¡Ò ¢Ò· §¨ÉÓ ¡² £µ¤ ·´µ¸ÉÓ ‹. Šµ¢ ²Ó¸±µ³Ê §  ¶·¥¤µ¸É -
¢²¥´¨¥ ´ ³ ³ É¥·¨ ²µ¢ ¶µ Ìµ²µ¤´µ³Ê ¸²¨Ö´¨Õ Ö¤¥·, ‚. ‚. Š·Ò³¸±µ³Ê Å § 
±´¨£Ê [245], ¶µ¸¢ÖÐ¥´´ÊÕ ¢µ¶·µ¸ ³ ¶·¥¢· Ð¥´¨Ö Ö¤¥· ¶·¨ Ô²¥±É·µ³ £´¨É´ÒÌ
¢µ§¤¥°¸É¢¨ÖÌ.

�¤¨´ ¨§  ¢Éµ·µ¢ (ˆ. …. †¨¤±µ¢ ) ¢Ò· ¦ ¥É ¡² £µ¤ ·´µ¸ÉÓ §  Ë¨´ ´¸µ-
¢ÊÕ ¶µ¤¤¥·¦±Ê �µ¸¸¨°¸±µ³Ê Ëµ´¤Ê ËÊ´¤ ³¥´É ²Ó´ÒÌ ¨¸¸²¥¤µ¢ ´¨°, £· ´ÉÒ
04-01-00490 ¨ 02-01-81023.

�. ‹. � É¨¸ ¢Ò· ¦ ¥É ¡² £µ¤ ·´µ¸ÉÓ ‚. �. ‘µ°Ë¥·Ê, 	. ‹. Š § ´¸±µ³Ê,
ˆ. �. ‡ ¢¥·Ï¨´¸±µ³Ê, ‚. ‘. Š § ±¥¢¨ÎÊ, ‚. ‚. ‹¥´¨¢±¨´Ê, ‹. ‚. ’Ê³ ´µ¢Ê § 
³´µ£µÎ¨¸²¥´´Ò¥ ¸É¨³Ê²¨·ÊÕÐ¨¥ ¤¨¸±Ê¸¸¨¨.

‹ˆ’…��’“��

1. Becquerel H. // Compt. Rend. 1896. V. 122. P. 420.

2. Roentgen W. K. // Compt. Rend. 1896. V. 122. P. 150.

3. Poincare H. // Revue Cenerale des Sciences. 1896. V. 7. P. 52.

4. ‚ °´¡¥·£ ‘. �É±·ÒÉ¨¥ ¸Ê¡ Éµ³´ÒÌ Î ¸É¨Í. Œ.: Œ¨·, 1986.

5. Wroblewski A. K. // Acta Physica Polonica B. 1999. V. 30. P. 1179.

6. Becquerel E. La Lumuiere, ses Causes et ses Effets. Tome second. Effects de la
Lumiere, Paris 1868. P. 50.

7. Guillaoume Ch. F. // Revue Generale des Sciences. 1899. V. 10. P. 890.

8. Sutton Ch. // New Scientist. 27 February 1986. P. 30.

9. ŠÕ·¨ M. � ¤¨µ ±É¨¢´µ¸ÉÓ. Œ.: ƒµ¸. ¨§¤-¢µ Ë¨§.-³ É. ²¨É., 1960.

43



10. �²ÓË -, ¡¥É - ¨ £ ³³ -¸¶¥±É·µ¸±µ¶¨Ö (�µ¤ ·¥¤. Š. ‡¨£¡ ´ ). ‚Ò¶. 4. Œ.: �Éµ³¨§-
¤ É, 1969.

11. ˜¶µ²Ó¸±¨° �. ‚. �Éµ³´ Ö Ë¨§¨± . Œ.-‹.: ƒµ¸. ¨§¤-¢µ Ë¨§.-³ É. ²¨É., 1950.

12. Rutherford E., Chadwick J., Ellis C. D. Radiations from Radioactive Substances. Cam-
bridge Univ. Press, 1930.

13. Mayer S., Schweidler E. Radioactivitat. Berlin, 1927.

14. Mayer S., Schweidler E. Radioaktivitat. Leipzig, 1927.

15. Kohlrausch K. W. Radioaktivitat. Handbuch der Experiment. V. 15. Leipzig, 1928.

16. Bothe W. Handbuch der Physik. Ed. H. Geiger, K. Scheel. Berlin, 1933. V. 22-1.
P. 201Ä244.

17. Curie M., Kamerlingh Onnes M. // Le Radium. 1913. V. 10. P. 181.

18. Rutherford E., Petavel J. E. // Brit. Assoc. Advan. Sci. 1907. Rep. A. P. 456;
Rutherford E. Collected Papers. V. 2. P. 36. New York: Intersience, 1936.

19. Emery G. T. // Annu. Rev. Nucl. Sci. 1972. V. 22. P. 165.

20. Segre E. // Phys. Rev. 1947. V. 71. P. 274.

21. Daudel R. // Rev. Sci., Paris. 1947. V. 85. P. 162.

22. ‘É ·µ¤Ê¡Í¥¢ ‘. ‚. �µ²´µ¥ ¸µ¡· ´¨¥ É·Ê¤µ¢. ’. 1. ’ Ï±¥´É: ”�	, 1969.

23. Reitz J. R. // Phys. Rev. 1950. V. 77. P. 10.

24. Primakoff H., Porter F. T. // Phys. Rev. 1953. V. 89. P. 930.

25. Schwartz H. M. // J. Chem. Phys. 1953. V. 21. P. 45.

26. DeBenedetti S., Des Barros F., Hoy G.R. // Ann. Rev. Nucl. Sci. 1966. V. 16. P. 31.

27. Segre E., Wiegand C. E. // Phys. Rev. 1949. V. 75. P. 39; V. 81. P. 284.

28. Leininger R. F., Segre E., Wiegand C. E. // Rhys. Rev. 1949. V. 76. P. 897; V. 81.
P. 280.

29. Kraushaar J. J., Wilson E. D., Bainbridge K. T. // Phys. Rev. 1953. V. 90. P. 610.

30. Bouchez R. et al. // J. Phys. Radium. 1956. V. 17. P. 363.

31. Bainbridge K. T., Baker E. // Bull. Am. Phys. Soc. 1959. V. 4. P. 278.

32. Johlige H. W., Aumann D. C., Born H.-J. // Phys. Rev. 1970. V. C2. P. 1616.

33. Hollander J. M., Sherley D. A. // Ann. Rev. Nucl. Sci. 1970. V. 20. P. 435.

44



34. Daudel R. // J. Phys. Radium. 1952. V. 13. P. 557.

35. Perlman M. L. Vistas in Research. 1969. V. 4. P. 171. New York: Gordon and Breach,
1969.

36. Perlman M. L., Emery G. T. // Proc. Intern. Conf. in Radioactiv. in Nucl. Spectrosc.
Ed. J. H. Hamilton, J. C. Manthuruthil. New York: Gordon and Breach.

37. Cooper J. A., Hollander J. M., Rasmussen J. O. // Phys. Rev. Lett., 1965. V. 15. P. 680.

38. Krutov V. A., Fomenko V. N. // Ann. Phys. Leipzig. 1968. V. 21. P. 291.

39. Š·ÊÉµ¢ ‚. �., ”µ³¥´±µ ‚. �. // ˆ§¢. �	 ‘‘‘�. C¥·. Ë¨§. 1969. T. 33. C. 84.

40. Spector R. M. // Phys. Rev. 1972. V. A5. P. 1323.

41. Gatti F. et al. // Nature. 1999. V. 397. P. 137.

42. ˜´µ²Ó ‘. �. // ‚µ¶·µ¸Ò ³¥¤¨Í¨´¸±µ° Ì¨³¨¨. 1958. T. 4. C. 6.

43. ˜´µ²Ó ‘. �. // ˆÉµ£¨ ´ Ê±¨ ¨ É¥Ì´¨±¨. Œµ²¥±Ê²Ö·´ Ö ¡¨µ²µ£¨Ö. ’. 5 (�¥¤.
‚. �. ‘±Ê² Î¥¢). Œ.: ‚ˆ	ˆ’ˆ, 1985. C. 130.

44. “¤ ²ÓÍ¥¢  �. ‚., Šµ²µ³¡¥É ‚. �., ˜´µ²Ó ‘. �. ‚µ§³µ¦´ Ö ±µ¸³µË¨§¨Î¥¸± Ö µ¡Ê-
¸²µ¢²¥´´µ¸ÉÓ ³ ±·µ¸±µ¶¨Î¥¸±¨Ì Ë²Ê±ÉÊ Í¨° ¢ ¶·µÍ¥¸¸ Ì · §´µ° ¶·¨·µ¤Ò. �Ê-
Ð¨´µ: �	’ˆ 	–�ˆ, 1987. C. 96.

45. ˜´µ²Ó ‘. �. ¨ ¤·. // �µ¸¸¨°¸±¨° Ì¨³¨Î¥¸±¨° ¦Ê·´ ². 1997. T. 41(3). C. 30.

46. ˜´µ²Ó ‘. �. ¨ ¤·. // “”	. 1998. T. 168. C. 1129.

47. —¥·´ ¢¸±¨° „. ‘. // “”	. 1998. T. 168. C. 1139.

48. Paneth F., Peters K. // Nature. 1926. V. 118. P. 526; Naturewissenschaften. 1926.
V. 14. P. 956.

49. Š²Õ¥¢ ‚. �. ¨ ¤·. // �¨¸Ó³  ¢ †’”. 1986. T. 12. C. 1331.

50. „¥·Ö£¨´ �. ‚. ¨ ¤·. // Šµ²²µ¨¤´Ò° ¦Ê·´ ². 1986. T. 48. C. 12.

51. Ÿ·o¸² ¢¸±¨° Œ. �. // „�	 ‘‘‘�. 1989. T. 307. C. 369.

52. Ÿ·o¸² ¢¸±¨° Œ. �. // „�	 ‘‘‘�. 1989. T. 307. C. 600.

53. Fleischmann M., Pons S. // J. Electroanal. Chem. 1989. V. 261. P. 301.

54. Jones S. E. et al. // Nature. 1989. V. 338. P. 737.

55. Chechin V.A. et al. arxiv.org, nucl-th/0303057. 2003.

56. ”µ±¸ •. ‹. •µ²µ¤´Ò° Ö¤¥·´Ò° ¸¨´É¥§: ¸ÊÐ´µ¸ÉÓ, ¶·µ¡²¥³Ò, ¢²¨Ö´¨¥ ´  ³¨·.
‚§£²Ö¤ ¨§ ‘˜�. �·µ¨§¢µ¤¸É¢¥´´ Ö £·Ê¶¶  ‘‚ˆ’�Š‘. Œ., 1993.

45



57. Krivit S. B., Winocur N. The 2004 Cold Fusion Report. Published by New Energy
Times 11664 National Blvd., Suite 142 Los Angeles, CA 90064, March 22. 2004.

58. “·ÊÍ±µ¥¢ ‹. ˆ., ‹¨±¸µ´µ¢ ‚. ˆ., –¨´µ¥¢ ‚. ƒ. // �·¨±² ¤´ Ö Ë¨§¨± . 2000. T. 4.
C. 83.

59. Urutskoev L. I., Liksonov V. I., Tsinoev V. G. // Annales de la Foundation Louis de
Broglie. 2002. V. 27. P. 701.

60. Kuznetsov V. D. et al. // Annales de la Fondation de Broglie. 2003. V. 28. P. 173.

61. “·µÍ±µ¥¢ ‹. ˆ. ¨ ¤·. // Œ É¥·¨ ²Ò 10-° �µ¸¸¨°¸±µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ìµ²µ¤´µ°
É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ Ï ·µ¢µ° ³µ²´¨¨. M., 2003. C. 76.

62. ŠÊ§´¥Íµ¢ ‚. „. ¨ ¤·. // Œ É¥·¨ ²Ò 8-° �µ¸¸¨°¸±µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ìµ²µ¤´µ°
É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢. M., 2001. C. 308.

63. Kladov A. // 13 Radiochemical Conference. 19-24 April 1998, Marianske Lazne Jachy-
mov, Chech Republic, Booklet of Abstracts, http://roslo.narod.ru/rao/rao1.htm

64. ‘µ²¨´ Œ. ˆ. // ”¨§¨Î¥¸± Ö ³Ò¸²Ó �µ¸¸¨¨. 2001. T. 1. C. 43.

65. ˜ ·¤Ò±  ‘. Š. �¥É -² §¥·´ Ö ³µ¤¥²Ó ¢§ ¨³µ¤¥°¸É¢¨Ö Ô²¥±É·µ´´µ£µ ¶µÉµ±  ¸ Í¨·-
±µ´¨¥³ // “· ¢´¥´¨Ö ¸µ¸ÉµÖ´¨Ö ¢¥Ð¥¸É¢ . ’¥§¨¸Ò ¤µ±² ¤µ¢ XV ³¥¦¤Ê´ ·µ¤´µ°
±µ´Ë¥·¥´Í¨¨. ’¥·¸±µ², 2000. C. 94.

66. ˜ ·¤Ò±a ‘. Š. ‘É· É¥£¨Î¥¸±¨° Ô´¥·£¥É¨Î¥¸±¨° ·¥¸Ê·¸ // H Ê±  ¨ µ¡µ·µ´´Ò° ±µ³-
¶²¥±¸ Å µ¸´µ¢´Ò¥ ·¥¸Ê·¸Ò ·µ¸¸¨°¸±µ° ³µ¤¥·´¨§ Í¨¨. Œ É¥·¨ ²Ò ³¥¦·¥£¨µ´ ²Ó-
´µ° 	’Š –	’� “·� ��	. …± É¥·¨´¡Ê·£, 2002. C. 468.

67. ‘µ²¨´ Œ. ˆ. // ”¨§¨Î¥¸± Ö ³Ò¸²Ó �µ¸¸¨¨. 2001. T. 1. C. 40.

68. Š·¨¢¨Í±¨° ‚. �. // ƒ¥µ¨´Ëµ·³ É¨± . 2003. T. 1. C. 42.

69. Š·¨¢¨Í±¨° ‚. �. ’· ´¸³ÊÉ Í¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¢ Ô¢µ²ÕÍ¨¨ ‡¥³²¨. Œ.:
Œ�ƒ“, 2003.

70. Š·¨¢¨Í±¨° ‚. �. // ƒ¥µ¨´Ëµ·³ É¨± . 2003. T. 4. C. 50.

71. Taleyarkhan R. P. et al. // Science. 2002. V. 295. P. 1868.

72. Taleyarkhan R. P. et al. // Phys. Rev. 2004. V. E69. P. 036109-1.

73. Nigmatulin R., Lahey R. T., Jr, Taleyarhakhan R. P. Sience on Line,
www.sciencemag.org/cgi/content/full/295/5561/1868/DC1, 2002.

74. �¨£³ ÉÊ²²¨´ �. ˆ., ’ ²¥° ·Ì ´ �. �., ‹ÔÌ¨ �. ’. // ‚¥¸É´. �	 ��. 2002. ’. 7, º 4.
C. 3.

75. Karabut A. B., Kucherov Ya. R., Savvatimova I. B. // Phys. Lett. 1992. V. A170. P. 265.

46



76. ‘ ¢¢ É¨³µ¢  ˆ. �., Š · ¡ÊÉ �. �. // �µ¢¥·Ì´µ¸ÉÓ. 1996. T. 1. C. 63.

77. ‘ ¢¢ É¨³µ¢  ˆ. �., Š · ¡ÊÉ �. �. // �µ¢¥·Ì´µ¸ÉÓ. 1996. T. 1. C. 76.

78. �¥·¥²µ³µ¢  ‚. �., ‹¨ÌµÏ¢  ‚. �. ‹¨É¥°´µ¥ ¶·µ¨§¢µ¤¸É¢o. 1992. T. 9. C. 8.

79. Adamenko S. V. et al. Results of experiments on collective nuclear reactions in super-
dense substance. Kyiv, 2004.

80. ‹¥¡¥¤¥¢ ˆ. // ’¥Ì´¨±  ³µ²µ¤¥¦¨. 1991. T. 8. C. 2.

81. �µ²µÉµ¢ �. ‚., �µ²µÉµ¢  �. �., �µ²µÉµ¢ Œ. �. �¸´µ¢Ò ¸É·µ¥´¨Ö ¢¥Ð¥¸É¢ . ‡ ¶µ-
·µ¦Ó¥: ‡ ¶µ·µ¦. £µ¸.  ± ¤¥³¨Ö, 1996.

82. Kervran C. L. Transmutation a Faible Energie. Paris. Libraire Malone S.A., 1972.

83. Kervran C. A. Prenves en Geologie et Physique de Transmutation a Faible Energie.
Paris. Libraire Malone S.A., 1973.

84. � ² ±¨·¥¢ ‚. ”., Š·Ò³¸±¨° ‚. ‚. // ˆ§¢. —¥²Ö¡¨´¸±µ£µ ´ ÊÎ´. Í¥´É· . 2003. T. 4.
C. 65.

85. ‚ Î ¥¢ �. ‚., ˆ¢ ´µ¢ �. ˆ. �´¥·£¥É¨±  ¨ É¥Ì´µ²µ£¨Ö ¸É·Ê±ÉÊ·´ÒÌ ¶¥·¥Ìµ¤µ¢. “Î¥¡-
´µ¥ ¶µ¸µ¡¨¥. Œ £´¨Éµ£µ·¸±: ŒƒŒ�, 1994.

86. ‚ Î ¥¢ �. ‚. ¨ ¤p. � É¥´É N2096846 �”, ŒŠˆ G 21 G 1/00, 	 05 	 1/24. ‘¶µ-
¸µ¡ ¶µ²ÊÎ¥´¨Ö Ô²¥³¥´Éµ¢ ¨ Ê¸É·µ°¸É¢µ ¤²Ö ¥£µ µ¸ÊÐ¥¸É¢²¥´¨Ö. ‡ Ö¢². 31.05.94 //
ˆ§µ¡·¥É¥´¨Ö. 1997. º 32. C. 369.

87. � ¢²µ¢  ƒ. �. � §· ¡µÉ±  µ¸´µ¢ É¥Ì´µ²µ£¨¨ ³¥É ²²µ¢ ¨§ ¶² §³¥´´µ£µ ¸µ¸ÉµÖ´¨Ö
¢µ¤´µ-³¨´¥· ²Ó´ÒÌ ¸¨¸É¥³. „¨¸¸. ± ´¤. É¥Ì´. ´ Ê±. ˆ´¸É¨ÉÊÉ ³¥É ²²Ê·£¨¨ “·�
��	. …± É¥·¨´¡Ê·£, 1997.

88. � §· ¡µÉ±  É¥µ·¨¨ ¨ ¨¸¸²¥¤µ¢ ´¨¥ ¢µ§³µ¦´µ¸É¥° ¸µ§¤ ´¨Ö É¥Ì´¨Î¥¸±¨Ì Ê¸É·µ°¸É¢
¤²Ö ¨§²ÊÎ¥´¨Ö Ô²¥±Éµ³ £´¨É´ÒÌ ¢µ²´ ´  µ¸´µ¢¥ ¸·¥¤ ¸ § ·Ö¤´Ò³¨ ±² ¸É¥· ³¨.
�ÉÎ¥É ¶µ 	ˆ�/ƒµ¸. ·¥£. N01.960.009493, ¨´¢. º 2.9.70.001655. —¥²Ö¡¨´¸±: —ƒ’“,
1996.

89. �¥²±¨´ ‚. ‘., �ÊÌ ·¨´ ‚. �., „Ê¡·µ¢¨´ ‚. Š. 	 ´µ¸¥±Ê´¤´Ò¥ Ô²¥±É·µ³ £´¨É´Ò¥
¨³¶Ê²Ó¸Ò ¨ ¨Ì ¶·¨³¥´¥´¨¥. �µ¤ ·¥¤. ‚. ‚. Š·Ò³¸±µ£µ. —¥²Ö¡¨´¸±: ˆ§¤. ’ ÉÓÖ´ 
‹Ê·Ó¥, 2001.

90. ˆ¸¸²¥¤µ¢ ´¨Ö ¢²¨Ö´¨Ö ³µÐ´ÒÌ ´ ´µ¸¥±Ê´¤´ÒÌ Ô²¥±É·µ³ £´¨É´ÒÌ ¨³¶Ê²Ó¸µ¢ ´ 
Ì¨³¨Î¥¸±¨¥ ¢¥Ð¥¸É¢  ¨ ¡¨µ²µ£¨Î¥¸±¨¥ µ¡Ó¥±ÉÒ. �ÉÎ¥É ¶µ 	ˆ�. ƒµ¸. ·¥£. º
1.96.0009487. ˆ´¢. º 2.97.0001651. —¥²Ö¡¨´¸±: —ƒ’“, 1996.

91. Š §¡ ´µ¢ ‚. ˆ. ¨ ¤·. � É¥´É N2140110 �”, ŒŠˆ G 21 G 1/100, C 01 B 33/00.
‘¶µ¸µ¡ ¶µ²ÊÎ¥´¨Ö ±·¥³´¨Ö. ‡ Ö¢². 12.03.97 // ˆ§µ¡·¥É¥´¨Ö. 1999. º 27. C. 389.

47



92. Š §¡ ´µ¢ ‚. ˆ. ¨ ¤·. �·¥¢· Ð¥´¨¥ Ëµ¸Ë¨¤   ²Õ³¨´¨Ö ¢ ±·¥³´¨° ¢ ¨³¶Ê²Ó¸´µ³
Ô²¥±É·¨Î¥¸±µ³ · §·Ö¤¥. �ÉÎ¥É ¶µ 	ˆ�. ˆ´¸É¨ÉÊÉ Ì¨³¨¨ ¨ Ì¨³¨Î¥¸±µ° É¥Ì´µ²µ£¨¨
‘� ��	. Š· ¸´µÖ·¸±, 2000.

93. Cameron A. T., Ramsay W. // Le Radium. 1907. V. 4. P. 402.

94. Curie M., Gleditsch E. // Le Radium. 1908. V. 5. P. 225.

95. Smits A., Karssen A. // Naturwiss. 1925. V. 13. P. 699; Zeit Electroch, 1926. V. 32.
P. 577.

96. Miethe A. // Naturwiss. 1925. V. 13. P. 635;
Miethe A., Stammreich H. // Haturwiss. 1924. V. 12. P. 597, 744, 1211; Zeit. anorg.
Chem. 1926. V. 158. P. 185.

97. Nagaoka H. // Nature. 1925. V. 116. P. 95; J. Phys. Radium. 1925. V. 6. P. 209;
Naturwiss. 1925. V. 13. P. 682.

98. Gascheler A. // Angewandte Chem. 1925. V. 38. P. 127.

99. Haber F. // Naturwiss. 1926. V. 14. P. 405;
Haber F., Jaenicke J., Matthias F. // Zeit. Anorg. Chem. 1926. V. 153. P. 153.

100. Tiede E., Schleede A., Goldschnidt F. // Naturwiss. 1925. V. 13. P. 745; Ber. deut.
chem. Gessell. 1926. V. 59, P. 1629.

101. Garret M. W. // Proc. Roy. Soc. 1926. V. 112A. P. 391.

102. Sneldon H. H., Estey R. S., Maily. // Scientiˇc Amer. 1925, November. P. 296.

103. Riesenfeld E. H., Haase W. // Naturwiss. 1925. V. 13. P. 745.

104. Debierne A. // C. R. Acad. Sci. 1937. V. 205. P. 141;
Debierne A., Goldatein L. // C. R. Acad. Sci. 1937. V. 205. P. 321.

105. �ÊÉÍ¥¢ ‚. ‘., �ÊÉÍ¥¢  ƒ. ‹., ‡Ê²Ó± ·´¥¥¢ �. Ÿ. � É¥´É �” ´  ¨§µ¡·¥É¥´¨¥
º2169405 µÉ 20.06.2001 ‘¶µ¸µ¡ É· ´¸³ÊÉ Í¨¨ ¤µ²£µ¦¨¢ÊÐ¨Ì · ¤¨µ ±É¨¢´ÒÌ ¨§µ-
Éµ¶µ¢ ¢ ±µ·µÉ±µ¦¨¢ÊÐ¨¥ ¨²¨ ¸É ¡¨²Ó´Ò¥. 2002.

106. ƒ ·¥¥¢ ”. �., � É¨¸ �. ‹. // Œ¥¦¢Ê§µ¢¸±¨° ¸¡µ·´¨± ´ ÊÎ´ÒÌ · ¡µÉ ®…¸É¥¸É¢µ-
§´ ´¨¥, Ô±µ´µ³¨± , Ê¶· ¢²¥´¨¥¯. ‘ ³ · , 2002. BÒ¶. 3, É. 1. C. 103.

107. ƒ ·¥¥¢ ”. �., ƒ ·¥¥¢  ƒ. ”., †¨¤±µ¢  ˆ. …. // ƒ¥µ¨´Ëµ·³ É¨± . 2003. T. 1. C. 51.

108. “·ÊÍ±µ¥¢ ‹. ˆ. ¨ ¤p. // Œ É¥·¨ ²Ò 10-° ·µ¸¸¨°¸±µ° ±µ´Ë¥·¥´Í¨¨ ¶µ Ìµ²µ¤´µ°
É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ Ï ·µ¢µ° ³µ²´¨¨. Œ., 2003. C. 76.

109. ƒ ´£·¸±¨° �. �., Œ ·±µ¢ �. �. Ÿ¤·  ¢ ²ÊÎ Ì ² §¥· . Œ.: ‡´ ´¨¥, 1984.

110. ƒ ´£·¸±¨° �. �. // M É¥·¨ ²Ò P ¡µÎ¥£µ ¸µ¢¥Ð ´¨Ö ¶µ ¨¸¶µ²Ó§µ¢ ´¨Õ ³¨±·µÉ·µ-
´µ¢ ¢ Ö¤¥·´µ° Ë¨§¨±¥. �²µ¢¤¨¢, 22Ä24 ¸¥´ÉÖ¡·Ö 1992. C. 3.

48



111. �Ì¨¥§¥· �. ˆ., �¥·¥¸É¥Í±¨° ‚. �. Š¢ ´Éµ¢ Ö Ô²¥±É·µ¤¨´ ³¨± . Œ.: ”¨§³ É£¨§,
1959.

112. ‡ ·¥Í±¨° „. ”. // Ÿ”. 1985. T. 42. C. 1383.

113. Fermi E. // Z. Phys. 1934. Bd 88. S. 161.

114. ‚Ê –. ‘., ŒµÏ±µ¢¸±¨° ‘. �. �¥É -· ¸¶ ¤. Œ., 1970.

115. �²¨´-‘Éµ°² �. ”Ê´¤ ³¥´É ²Ó´Ò¥ ¢§ ¨³µ¤¥°¸É¢¨Ö ¨  Éµ³´µ¥ Ö¤·µ. Œ.: Œ¨·,
1973.

116. „¦¥²¥¶µ¢ �. ‘., ‡Ò·Ö´µ¢  ‹. �. ‚²¨Ö´¨¥ Ô²¥±É·¨Î¥¸±µ£µ ¶µ²Ö  Éµ³  ´  ¡¥É -
· ¸¶ ¤. Œ.-‹., 1956.

117. ƒ ¶µ´µ¢ �. ‚. // “”	. 1970. T. 102. C. 211.

118. �Ì³¥¤µ¢ …. •. ”¨§¨Î¥¸± Ö Ô´Í¨±²µ¶¥¤¨Ö. ’. 1. Œ.: �µ²ÓÏ Ö �µ¸¸¨°¸± Ö Ô´Í¨-
±²µ¶¥¤¨Ö, 1998. C. 190.

119. Daudel R., Jean M., Lecoin M. // J. Phys. Radium. 1947. V. 8. P. 238.

120. Bahcall J. N. // Phys. Rev. 1961. V. 124. P. 495.

121. � É±¨´ ˆ. ‘. // ˆ§¢. �	 ‘‘‘�. ‘¥·. Ë¨§. 1976. T. 49. C. 1279.

122. Šµ¶ÒÉ¨´ ˆ. ‚. „µ±Éµ·¸± Ö ¤¨¸¸¥·É Í¨Ö. ‚µ·µ´¥¦, 1986.

123. Takahashi K., Yokoi K. // Nucl. Phys. A. 1968. V. 404. P. 578.

124. Takahashi K., Yokoi K. // At. Data Nucl. Data Tables. 1987. V. 36. P. 375.

125. Takahashi K. et al. // Phys. Rev. C. 1987. V. 36. P. 1522.

126. Kappeler F., Beer H., Wisshak K. // Rep. Prog. Phys. 1989. V. 52. P. 945.

127. Phillips W. R. et al. // Phys. Rev. 1993. V. A47. P. 3682.

128. Attallah F. et al. // Phys. Rev. C. 1997. V. 55. P. 1665.

129. Litvinov Yu. A. et al. // Phys. Lett. B. 2003. V. 573. P. 80.

130. Harston M. R. et al. // Nucl. Phys. A. 2000. V. 676. P. 143.

131. Jung M. et al. // Phys. Rev. Lett. 1992. V. 69. P. 2164.

132. Bosh F. et al. // Phys. Rev. Lett. 1996. V. 77. P. 5190.

133. Klepper O. et al. // Nucl. Instrum. Meth. B. Phys. Res., Sect. 1992. V. 70. P. 427.

134. ‘¥²¨´µ¢ ˆ. �. ˆ§µÉµ¶Ò. T.1. Œ.: 	 Ê± , 1970.

135. ”¨§¨Î¥¸± Ö Ô´Í¨±²µ¶¥¤¨Ö. �µ¤ ·¥¤. �·µÌµ·µ¢  �. Œ. ’. 1. 1998.

49



136. �²¥±¸ ´¤·µ¢ �. �. ”Ê´¤ ³¥´É ²Ó´µ¥ ¸¢µ°¸É¢µ ´¥°É·µ´ . 2-e ¨§¤. Œ., 1982.

137. …·µ§µ²¨³¸±¨° �. ƒ. // “”	. 1975. T. 116. C. 145.

138. ŠÊ² ±µ¢ ‚. Œ. ”¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò. ‘¶· ¢µÎ´¨±. Œ.: �´¥·£µ Éµ³¨§¤ É, 1991.
C. 993.

139. Pfutzner M. // Acta Physica Polonica. 1999. V. 30. P. 1197.

140. Oganessian Yu. Ts. et al. // Phys. Rev. C. 2000. V. 62. P. 041604R.

141. Oganessian Yu. Ts. et al. // Ibid. P. 011301R.

142. Oganessian Yu. Ts. et al. JINR Preprint E7-2003-178. Dubna, 2003.

143. Sobiczewski A., Gareev F. A., Kalinkin B. N. // Phys. Lett. 1966. V. 22. P. 500.

144. Kalinkin B. N., Gareev F. A. JINR Preprint E7-99-107. Dubna, 1999.

145. Kalinkin B. N., Gareev F. A. e-print LANL nucl-th/0111083; Proc. Intern. Symp.
®Exotic Nuclei¯, Lake Baikal, Russia, July 24Ä28, 2001, P. 118. World Scientiˇc,
New Jersey-London-Singapore-Hong kong, 2002.

146. ‹ ´¤ Ê ‹. „., ‹¨ËÏ¨Í …. Œ. �¥²ÖÉ¨¢¨¸É¸± Ö ±¢ ´Éµ¢ Ö É¥µ·¨Ö. T. 4, Î. 2. Œ.:
	 Ê± , 1971.

147. �Óß·±¥´ „¦. „., „·¥²² ‘. „. �¥²ÖÉ¨¢¨¸É¸± Ö ±¢ ´Éµ¢ Ö É¥µ·¨Ö. T. 1. Œ.: 	 Ê± ,
1978.

148. Kervran C. L. Biological Transmutation. Happiness Press Magalia, California, 1987.

149. ‚Ò¸µÍ±¨° ‚. ˆ., Šµ·´¨²µ¢  �. �. Ÿ¤¥·´Ò° ¸¨´É¥§ ¨ É· ´¸³ÊÉ Í¨Ö ¨§µÉµ¶µ¢ ¢
¡¨µ²µ£¨Î¥¸±¨Ì ¸¨¸É¥³ Ì. Œ.: Œ¨·, 2003.

150. ƒ ·¥¥¢ ”. �. �·¥¶·¨´É Œ13-98 H Í¨µ´ ²Ó´µ£µ Ö¤¥·´µ£µ Í¥´É· . �²³ -�Éa, 1998.
C.115; ISINN-7, Dubna, 1999. P. 71.

151. ƒ ·¥¥¢ ”. �. // �µ¨¸± ³ É¥³ É¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥° Œ¨·µ§¤ ´¨Ö: Ë¨-
§¨Î¥¸±¨¥ ¨¤¥¨, ¶µ¤Ìµ¤Ò, § ±µ´µ³¥·´µ¸É¨, ±µ´Í¥¶Í¨¨ (¶µ¤ ·¥¤.  ± ¤.
Œ. Œ. ‹ ¢·¥´ÉÓ¥¢ ). 	µ¢µ¸¨¡¨·¸±: ˆŒ, 1999. C.92.

152. ƒ ·¥¥¢ ”. �., ƒ ·¥¥¢  ƒ. ”. // �µ¨¸± ³ É¥³ É¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥° Œ¨·µ§¤ -
´¨Ö: Ë¨§¨Î¥¸±¨¥ ¨¤¥¨, ¶µ¤Ìµ¤Ò, § ±µ´µ³¥·´µ¸É¨, ±µ´Í¥¶Í¨¨ (¶µ¤ ·¥¤.  ± ¤.
Œ. Œ. ‹ ¢·¥´ÉÓ¥¢ ). 	µ¢µ¸¨¡¨·¸±: ˆŒ, 2001. C. 161.

153. ƒ ·¥¥¢ ”. �., †¨¤±µ¢  ˆ. …. // �µ¨¸± ³ É¥³ É¨Î¥¸±¨Ì § ±µ´µ³¥·´µ¸É¥° Œ¨·µ§¤ -
´¨Ö: Ë¨§¨Î¥¸±¨¥ ¨¤¥¨, ¶µ¤Ìµ¤Ò, § ±µ´µ³¥·´µ¸É¨, ±µ´Í¥¶Í¨¨ (¶µ¤ ·¥¤.  ± ¤.
Œ. Œ. ‹ ¢·¥´ÉÓ¥¢ ). 	µ¢µ¸¨¡¨·¸±: ˆŒ, 2002 (¡Ê¤¥É µ¶Ê¡².).

154. ƒÕ°£¥´¸ •. ’·¨ ³¥³Ê ·  ¶µ ³¥Ì ´¨±¥. Œ.: ˆ§¤-¢µ �	 ‘‘‘�, 1951.

50



155. �²¥Ì³ ´ ˆ. ˆ. ‘¨´Ì·µ´¨§ Í¨Ö ¢ ¶·¨·µ¤¥ ¨ É¥Ì´¨±¥. Œ.: 	 Ê± , 1981.

156. ‘É·¥É „¦. (‹µ·¤ �Ô²¥°) ’¥µ·¨Ö §¢Ê± . ’.2. Œ.:, ‹.: ƒµ¸É¥Ì¨§¤ É, 1944.

157. ƒ¥²ÓË¥· Ÿ. Œ. ‡ ±µ´ ¸µÌ· ´¥´¨Ö ¨ ¶·¥¢· Ð¥´¨Ö Ô´¥·£¨¨. Œ.: “Î¶¥¤£¨§, 1958.

158. Œ °¥· �. ‡ ±µ´ ¸µÌ· ´¥´¨Ö ¨ ¶·¥¢· Ð¥´¨Ö Ô´¥·£¨¨. 1933.

159. �µ§¥´¡¥·£¥· ”. ˆ¸Éµ·¨Ö ”¨§¨±¨, Î.III, ¢Ò¶.I, 1936.

160. �µ§¥´¡¥·£¥· ”. ˆ¸Éµ·¨Ö ”¨§¨±¨, Î.III, ¢Ò¶. II, 1937.

161. Schroedinger E. // Brit. J. Philos. Sci. 1952. V. 3. P. 233 (¶¥·¥¢µ¤: ˜·¥¤¨´£¥· �.
ˆ§¡· ´´Ò¥ É·Ê¤Ò ¶µ ±¢ ´Éµ¢µ° ³¥Ì ´¨±¥. Œ.: 	 Ê± , 1976).

162. Š ·¶¥Ï¨´ ”. ”. �¢Éµ·¥Ë. ¤¨¸. ... ¤µ±É. Ë¨§.-³ É. ´ Ê±. ‘ ´±É-�¥É¥·¡Ê·£, 2002.

163. Morita M. // Prog. Theor. Phys. 1973. V. 49. P. 1574.

164. Larkins F. B. // Data Nucl. Data Tables. 1977. V. 20. P. 313.

165. Chunmei Z. // Nucl. Data Sheets. 1991. V. 62. P. 433.

166. Fujioka H. et al. // Z. Phys. A. 1984. V. 315. P. 121.

167. Shinohara A. et al. // Bull. Chem. Soc. Jpn. 1995. V. 68. P. 566.

168. Kishimoto S. et al. // Phys. Rev. Lett. 2000. V. 85. P. 1831.

169. Pisk K. et al. // Nucl. Phys. A. 1989. V. 504. P. 103.

170. Ljubicic A. et al. // Phys. Lett. B. 1991. V. 272. P. 1.

171. Tkalja E. V. // Nucl. Phys. 1992. V. A539. P. 209.

172. Ho Y. et al. // Phys. Rev. 1993. V. C48. P. 2277.

173. Tkalja E. V. // JETP. 1994. V. 94. P. 239.

174. ‘ ¢¢ É¨³µ¢  ˆ. �., „ÔÏ „., ”· ´Í ‘. // M É¥·¨ ²Ò 10-° ·µ¸¸¨°¸±µ° ±µ´Ë¥·¥´-
Í¨¨ ¶µ Ìµ²µ¤´µ° É· ´¸³ÊÉ Í¨¨ Ö¤¥· Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢ ¨ Ï ·µ¢µ° ³µ²´¨¨,
„ £µ³Ò¸, ‘µÎ¨, 29 ¸¥´ÉÖ¡·Ö Ä 6 µ±ÉÖ¡·Ö 2002. Œ., 2003. C. 64.

175. Ditmire T. et al. // Nature (London). 1999. V. 398. P. 489.

176. Kurilenkov Yu. K., Skowronek M. // Pramana Ä journal of physics. 2003. V. 61.
P. 1187.

177. Moessbauer R. L. // Zs. Phys. 1958. V. 151. P. 124.

178. Š ¤³¥´¸±¨° ‘. ƒ., ”Ê·³ ´ ‚. ˆ. �²ÓË -· ¸¶ ¤ ¨ ·µ¤¸É¢¥´´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨.
Œ.: �´¥·£µ Éµ³¨§¤ É, 1985.

51



179. ƒ ·¥¥¢ ”. �., � É¨¸ �. ‹. // Ÿ”. 1996. T. 59. C. 1005.

180. � É¨¸ �. ‹., ƒ ·¥¥¢ ”. �. // Œ¥¦¢Ê§µ¢¸±¨° ¸¡µ·´¨± ´ ÊÎ´ÒÌ · ¡µÉ ®…¸É¥¸É¢µ-
§´ ´¨¥, Ô±µ´µ³¨± , Ê¶· ¢²¥´¨¥¯. ’. 1, ¢Ò¶. 3. ‘ ³ · , 2002. C. 74.

181. Ambrosino G., Piatier H. // Compt. rend. 1951. V. 232. P. 400.

182. Erma V. A. // Phys. Rev. 1957. V. 105. P. 1784.

183. ˆ²ÕÐ¥´±µ ‚. ˆ., „µ´¥Í …. „., �²Ó¶¥·É ‚. �. �·¥¶·¨´É �ˆŸˆ �-4688. „Ê¡´ ,
1969.

184. ƒ·¥ÎÊÌ¨´ „. �., ‘µ²¤ Éµ¢ �. �. // Ÿ”. 1976. ’. 23. C. 273.

185. Mazaki H., Shimizi S. // Phys. Rev. 1966. V. 148. P. 1161.

186. Neve de Mevergnies M. // Phys. Rev. 1969. V. 23. P. 422.

187. Neve de Mevergnies M. // Phys. Rev. 1972. V. 29. P. 1188.

188. Hulet R. H., Hilfer E. S., Klepner D. // Phys. Rev. Lett. 1985. V. 55. P. 2137.

189. Šµ²ÓÍµ¢ ‚. ‚., �¨³¸±¨°-Šµ·¸ ±µ¢ �. �. // ˆ§¢. �	 ‘‘‘�. C¥·. Ë¨§. 1989. T. 53.
C. 2085.

190. Butsev V. S. et al. // Heavy Ion Physics. 1998. V. 8. P. 227.

191. �ÊÌ ¤§¥ �. �., “·ÊÍ±µ¥¢ ‹. ˆ., ”¨²¨¶¶µ¢ „. ‚. // Š· É±¨¥ ¸µµ¡Ð¥´¨Ö ¶µ Ë¨§¨±¥.
”ˆ�	, 2004, º1.

192. ˜ Ì¶ ·µ´µ¢ ˆ. Œ. ¨ ¤·. � É¥´É …�‚ N0313073, G 21 K 1/00, 1989.

193. Š ¤µ³Í¥¢ �. �. // †�’”. 1970. T. 58. C. 1765.

194. Š ¤µ³Í¥¢ �. �., ŠÊ¤·Ö¢Í¥¢ ‚. ‘. // †�’”. 1972. T. 62. C. 144.

195. �ÊÉ¢¨´¸±¨° ‘.‚. // “”	. 1998. T. 168. C. 1235.

196. �¨¢µ²Ó †.-�. // “”	. 2003. T. 137. C. 747.

197. ƒ¥· ¸¨³µ¢ �. ‘., Š¨¸¥²¥¢ ƒ. ‚. // “”	. 2003. T. 137. C. 39.

198. ˜ ·±µ¢ ‚. ”. � §¢¨É¨¥  ²ÓÉ¥·´ É¨¢´µ° Ô´¥·£¥É¨±¨ ¢ �µ¸¸¨¨ ´  ¡²¨¦ °ÏÊÕ ¶¥·-
¸¶¥±É¨¢Ê. Œ.: ˆ	�, 2002.

199. Hahn O., Strassmann F. // Naturwissenschoften. 1939. Bd 27, Heft 1, S. 11Ä15.

200. ”²¥·µ¢ ƒ. �., �¥É·¦ ± Š. �. // †�’”. 1940. T. 10. C. 10-13.

201. Amaldi E. // Physik. Zeit. 1937. V. 38. P. 724.

202. ƒ °¸¨´¸±¨° Œ. �. // T·Ê¤Ò 8-£µ ³¥¦¤Ê´ ·µ¤´µ£µ ±µ´£·¥¸¸  ¶µ ¨¸Éµ·¨¨ ´ Ê±¨.
Œµ¸±¢ , 18Ä24  ¢£Ê¸É , 1971. C. 1.

52



203. Turner A. // Rev. Mod. Phys. 1940. V. 12. P. 1.

204. ”·¨Ï 	., “¨²¥· „¦. // “”	. 1968. T. 96. C. 697.

205. 	¡ÊÌµ¢ �. ˆ., ƒ·¨£µ·Ó¥¢ ˆ. ‘. ”¨§¨Î¥¸±¨¥ ¢¥²¨Î¨´Ò. ‘¶· ¢µÎ´¨±. Œ.: �´¥·£µ-
 Éµ³¨§¤ É, 1991. C. 1087.

206. �µ²¨± ´µ¢ ‘. Œ. ¨ ¤·. // †�’”. 1962. T. 42. C. 1464.

207. Strutinsky V. M. // Nucl. Phys. 1966. V. 95. P. 420.

208. Pashkevich V. V. // Nucl. Phys. 1971. V. 169. P. 275.

209. ƒ ´£·¸±¨° �. �., Œ ·±µ¢ �. �., �¥·¥²Ò£¨´ ‚. �. �¥£¨¸É· Í¨Ö ¨ ¸¶¥±É·µ¸±µ¶¨Ö
µ¸±µ²±µ¢ ¤¥²¥´¨Ö. Œ.: �´¥·£µ¨§¤ É, 1992.

210. ‘É·ÊÉ¨´¸±¨° ‚. Œ. // �·¨·µ¤ . 1976. T. 9. C. 7.

211. �¨±-�¨Î ± ƒ. �. ”¨§¨Î¥¸± Ö Ô´Í¨±±²µ¶¥¤¨Ö. Œ: �µ²ÓÏ Ö �µ¸¸¨°¸± Ö Ô´Í¨±²µ-
¶¥¤¨Ö, 1998. C. 581.

212. �µ· 	., ŒµÉÉ¥²Ó¸µ´ �. ‘É·Ê±ÉÊ·   Éµ³´µ£µ Ö¤· . ’. 2. Œ.: Œ¨·, 1977.

213. ‘³¨·´µ¢  Œ. // ‚ ³¨·¥ ´ Ê±¨. 2004. º 1. C. 70.

214. ‚ ²Ó¤ Œ. // ‚ ³¨·¥ ´ Ê±¨. 2003. º 7. C. 28.

215. � ¤¨¸ ‘. // ‚ ³¨·¥ ´ Ê±¨. 2003. º 7.

216. Š·Ò³¸±¨° ‚. ‚., � ² ±¨·¥¢ ‚. ”. // „�	. 2002. T. 385. C. 786.

217. ‚µ·ÒÌ ²µ¢ 	. ‚. ¨ ¤·. // ˆ§¢. P�	. C¥·. Ë¨§. 1992. T. 56. C. 30.

218. Karamian S. A., Carroll J. J. // Laser physics. 2002. V. 2. P. 12.

219. Karamian S. A. et al. JINR Preprint E15-2003-179. Dubna, 2003.

220. ‘µ²¨´ Œ. ˆ. � É¥´É �” N2087951, ŒŠˆ G 21 ‚ 1/00, 1997.

221. Van Siclen C. D., Jones S. E. // J. Phys. G: Nucl. Phys. 1986. V. 12. P. 213.

222. ˆÏÌ ´µ¢ �. ‘., Š ¶¨Éµ´µ¢ ˆ. Œ., ’ÊÉÒ´Ó ˆ. �. 	Ê±²¥µ¸¨´É¥§ ¢µ B¸e²¥´´µ°. Œ.:
Œƒ“, 1999.

223. Ÿ¤¥·´ Ö  ¸É·µË¨§¨± . �µ¤ ·¥¤. � ·´¸  —., Š²¥°Éµ´  „., ˜· ³³  „. Œ.: Œ¨·,
1986.

224. Jones S. E. et al. // J. Fusion Energy. 1990. V. 9. P. 199.

225. Jones S. E., Ellsworth J. E. // 10th Intern. Conf. on Cold Fusion. 2003. Cambridge,
Ma: LENR-CANR.org.

53



226. Goff F., McMurty G. M. // J. Volcanology and Geothermal Res. 2000. V. 97. P. 347.

227. Goff F. et al. // Bull. Volcanol. 2000. V. 62. P. 34.

228. Quick J. E. et al. // Physics of the Earth and Planetary Interiors. 1991. V. 69. P. 132.

229. Alvarez L. W., Cornog R. // Phys. Rev. 1939. V. 56. P. 379.

230. Œ ³Ò·¨´ �. �., ’µ²¸É¨Ì¨´ ˆ. �. ˆ§µÉµ¶Ò £¥²¨Ö ¢ ¶·¨·µ¤¥. Œ.: �´¥·£µ¨§¤ É,
1981.

231. • ·É �., �´¡ · Œ. ƒ¨¤· É¨·µ¢ ´´Ò° Ô²¥±É·µ´. Œ.: �Éµ³¨§¤ É, 1973.

232. Hart E. J. // Accounts Chem. Res. 1969. V. 2. P. 161.

233. �¨± ¥¢ �. Š. ‘µ²Ó¢ É¨·µ¢ ´´Ò° Ô²¥±É·µ´ ¢ · ¤¨ Í¨µ´´µ° Ì¨³¨¨. Œ.: 	 Ê± ,
1969.

234. Weyl W. // Pogg. Ann. 1864. V. 123. P. 350.

235. Giesel F. // Ber. 1902. V. 35. P. 3608.

236. Stein G. // Disc. Faraday Soc. 1952. V. 12. P. 227.

237. Platzman R. L. Physical and Chemical Aspects of Basic Mechanisms in Radiobiology.
Natl. Res. council, 1953. P.34.

238. Š ¤µ³Í¥¢ �. �. // “”	. 1994. T. 164. C. 449; 2002. T. 173. C. 1221.

239. Š ¤µ³Í¥¢ �. �. „¨´ ³¨±  ¨ ¨´Ëµ·³ Í¨Ö. Œ.: �¥¤. ¦Ê·´. “”	, 1997.

240. Kowalski L. http://blake.montclair/∼kowalskil/cf/

241. ŠÊ·Î Éµ¢ ˆ. ‚. // �Éµ³´ Ö Ô´¥·£¨Ö. 1956. T. 3. C. 65.

242. Szpak S., Mosier-Boss P. A. (Editors) Technical Report 1862, February 2002. Thermal
and Nuclear Aspects of the Pd/D2O System. Volume 1: A decade of Research at
Navy Laboratories. SSC San Diego. CA 92152-5001.

243. Daviss B. // New Scientist. 29 March 2003. P. 36.

244. Lewis E. H. // 10th Intern. Conf. on Cold Fusion. 2003. Cambridge, Ma: LENR-
CANR.org.

245. � ² ±¨·¥¢ ‚. ”. ¨ ¤·. ‚§ ¨³µ¶·¥¢· Ð¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éµ¢. …± É¥·¨´¡Ê·£:
“·� ��	, 2003.

246. Ramsey N. In the preamble to Report of the Energy Research Advisory Board to the
United States Department of Energy, http://www.ncas.org/erab (November 1989).

�µ²ÊÎ¥´µ 20  ¶·¥²Ö 2004 £.



�¥¤ ±Éµ· E. K. �±¸¥´µ¢ 

�µ¤¶¨¸ ´µ ¢ ¶¥Î ÉÓ 03.06.2004.
”µ·³ É 60× 90/16. �Ê³ £  µË¸¥É´ Ö. �¥Î ÉÓ µË¸¥É´ Ö.

“¸². ¶¥Î. ². 3,38. “Î.-¨§¤. ². 4,68. ’¨· ¦ 400 Ô±§. ‡ ± § º. 54467.

ˆ§¤ É¥²Ó¸±¨° µÉ¤¥² �¡Ñ¥¤¨´¥´´µ£µ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤µ¢ ´¨°
141980, £. „Ê¡´ , Œµ¸±µ¢¸± Ö µ¡²., Ê². †µ²¨µ-ŠÕ·¨, 6.

E-mail: publish@pds.jinr.ru
www.jinr.ru/publish/


