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„¨¤Ò± �.�., ‚¨Ï´¥¢¸±¨° �., ‚¨²Î¨´¸± -Š¨Éμ¢¸±  ’. P15-2013-20
ˆ§³¥´¥´¨Ö ¸¢μ°¸É¢ ¶μ¢¥·Ì´μ¸É¨ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢ 
±μ³¶μ´¥´Éμ¢ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¸ Pd-¸É¥·¦´¥³ ¢´ÊÉ·¨,
μ¡²ÊÎ¥´´ÒÌ 10-ŒÔ‚ γ-±¢ ´É ³¨ ¢ ¶²μÉ´μ³ ¤¥°É¥·¨¨

„ ´´ Ö · ¡μÉ  Ö¢²Ö¥É¸Ö ¶·μ¤μ²¦¥´¨¥³ ¨ ¤μ¶μ²´¥´¨¥³ ± · ¡μÉ¥ [1], ¢ ±μÉμ·μ° ¶·¥¤¸É -
¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ ¨§ÊÎ¥´¨Õ ¶μ¢¥·Ì´μ¸É¨ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  Pd-¸É¥·¦´Ö ¨ ¸¡μ·´¨± 
¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ¨ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° ¢ ± ³¥·¥ ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¤¥°É¥·¨Ö (DHPC)
¶·¨ μ¡²ÊÎ¥´¨¨ Éμ·³μ§´Ò³¨ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¢ É¥Î¥´¨¥ 18 Î ´  Ô²¥±É·μ´´μ³
Ê¸±μ·¨É¥²¥ Œ’-25 ¶·¨ Éμ±¥ ¶ÊÎ±  Ô²¥±É·μ´μ¢ 11Ä13 ³±A. DHPC ¡Ò²  § ¶μ²´¥´  ³μ²¥±Ê-
²Ö·´Ò³ ¤¥°É¥·¨¥³ ¶·¨ ¤ ¢²¥´¨¨ ¶·¨³¥·´μ 1,2 ±¡ ·, ¢´ÊÉ·¨ ´¥¥ ´ Ìμ¤¨²¸Ö ´ ¸ÒÐ¥´´Ò°
¤¥°É¥·¨¥³ ¶ ²² ¤¨¥¢Ò° ¸É¥·¦¥´Ó. �μ¸²¥ μ¡²ÊÎ¥´¨Ö Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¶μ¢¥·Ì´μ¸É¥°
¢¸¥Ì μ¸É ²Ó´ÒÌ Ô²¥³¥´Éμ¢ DHPC, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ ¶²μÉ´μ³ ¤¥°É¥·¨¨, ¡Ò² ¨§ÊÎ¥´ ¸ ¨¸¶μ²Ó-
§μ¢ ´¨¥³ ¸± ´¨·ÊÕÐ¥° Ô²¥±É·μ´´μ° ³¨±·μ¸±μ¶¨¨ ¨ ·¥´É£¥´μ¢¸±μ£μ ³¨±·μÔ²¥³¥´É´μ£μ
§μ´¤μ¢μ£μ  ´ ²¨§ .

“¸É ´μ¢²¥´μ, ÎÉμ ¢¸¥ ¢´ÊÉ·¥´´¨¥ ¶μ¢¥·Ì´μ¸É¨ DHPC μ± § ²¨¸Ó ¶μ±·ÒÉÒ ³¨±·μÎ -
¸É¨Í ³¨ ¸¢¨´Í . �μ³¨³μ ÔÉμ£μ μ¡´ ·Ê¦¥´Ò ´ ·Ö¤Ê ¸ ²¥£±¨³¨ 6C, 8O, 11Na, 12Mg, 13Al,
14Si, 22Ti, 25Mn, 26Fe, 29Cu, 30Zn É ±¨¥ ÉÖ¦¥²Ò¥ ³¥É ²²Ò, ± ± 47Ag, 73Ta, 74W, 78Pt,
79Au ¨ 82Pb. �¡¸Ê¦¤ ÕÉ¸Ö ¶·μÍ¥¸¸Ò, ¸¶μ¸μ¡´Ò¥ ¶·¨¢¥¸É¨ ± ´ ¡²Õ¤ ¥³Ò³  ´μ³ ²¨Ö³ ¢μ
¢´μ¢Ó μ¡· §μ¢ ¢Ï¨Ì¸Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´É Ì.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2013

Didyk A.Yu., Wi�sniewski R., Wilczynska-Kitowska T. P15-2013-20
Changes of Surface Structure and Elemental Composition
of Components of DHPC Inner Surfaces, Irradiated with 10-MeV γ Quanta
in Dense Deuterium Gas

This work is a continuation and addition to [1], which presented results on the studies of
surface and elemental compositions of Pd rod and brass screw for collection of nuclear and
chemical reaction products in a deuterium high-pressure chamber (DHPC) under irradiation
with γ quanta with an energy of 10 MeV during 18 h at the electron accelerator MT-25 at the
beam current 11Ä13 μA. The DHPC was ˇlled with 1.2 kbar molecular deuterium, in which a
Pd rod saturated with deuterium was loaded. After irradiation the elemental compositions of
other surfaces of all DHPC elements, which were inside the DHPC in dense deuterium, were
studied using electron scanning microscope and X-ray microprobe analysis.

It was established that all surfaces including the surface of a high-purity palladium rod
(99.995%) were covered with partly homogeneous layer or large microparticles of lead. Also,
such light elements as 6C, 8O, 11Na, 12Mg, 13Al, 14Si, 22Ti, 25Mn, 26Fe, 29Cu, 30Zn and
heavy metals as 47Ag, 73Ta, 74W, 78Pt, 79Au and 82Pb were observed. The possible processes
which can cause the observed anomalies in the composition of newly created chemical elements
are discussed shortly.

The investigation has been performed at the Flerov Laboratory of Nuclear Reactions,
JINR.

Preprint of the Joint Institute for Nuclear Research. Dubna, 2013
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‚ ¸¥·¨¨ ¶·¥¤Ò¤ÊÐ¨Ì ¸É É¥° ¡Ò²¨ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¤¢ÊÌ ¨¸¸²¥-
¤μ¢ ´¨°: ¶μ ¨§³¥´¥´¨Õ ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¥° ¨ Ô²¥³¥´É´ÒÌ ¸μ¸É ¢μ¢ ¢¸¥Ì
±μ³¶μ´¥´Éμ¢, ¶μ¢¥·Ì´μ¸É¨ ±μÉμ·ÒÌ ´ Ìμ¤¨²¨¸Ó ¸ ¢´ÊÉ·¥´´¥° ¸Éμ·μ´Ò ¤¥°É¥-
·¨·μ¢ ´´μ° ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö (DHPC), É. ¥. ¨³¥²¨ ¶·Ö³μ° ±μ´É ±É
¸ ¤¥°É¥·¨¥³ ¶·¨ ¤ ¢²¥´¨¨ μ±μ²μ 3,0 ±¡ · ¶·¨ μ¡²ÊÎ¥´¨¨ DHPC γ-±¢ ´É ³¨
¸ Ô´¥·£¨Ö³¨ ∼ 10 ŒÔ‚ [1] ¨ 9 ŒÔ‚ [2Ä4].

’ ±¦¥ ¡Ò²¨ ¢Ò¶μ²´¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ¸ ³μ¤¨Ë¨Í¨·μ¢ ´´Ò³¨ ± ³¥· ³¨
DHPC Ê¤²¨´¥´´μ£μ É¨¶  (¸³. [5, 6]), ¢ μ¤´Ê ¨§ ±μÉμ·ÒÌ ¡Ò²¨ ¶μ³¥Ð¥´Ò
¸É¥·¦´¨ ¨§ Pd (μ¤¨´) ¨ Re (É·¨) [6],   ¢ ¤·Ê£ÊÕ Å ¢ ´ ¤¨¥¢Ò° ¨ ¨§ ´¥·¦ -
¢¥ÕÐ¥° ¸É ²¨ [5] ¶·¨ ¤ ¢²¥´¨¨ ¤¥°É¥·¨Ö ¢´ÊÉ·¨ ± ³¥·Ò μ±μ²μ 2 ±¡ ·, ¶μ¤
¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨¥° 23 ŒÔ‚, É. ¥. ¤¨ ¶ §μ´¥ Ô´¥·£¨° γ-±¢ ´Éμ¢,
Ì · ±É¥·´ÒÌ ¤²Ö £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  [7].

�  μ¸´μ¢¥ μ¡´ ·Ê¦¥´´ÒÌ ¨§³¥´¥´¨° ±μ´Í¥´É· Í¨° Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´-
Éμ¢ ¡Ò²  ¶·¥¤¸É ¢²¥´  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö ³μ¤¥²Ó Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ ÊÎ¥Éμ³
·¥ ±Í¨¨ �¶¶¥´£¥°³¥·  [8] ¨ ¥° ¸μ¶ÊÉ¸É¢ÊÕÐ¨Ì ·¥ ±Í¨° ¢ ± ¶¥²Ó´μ° ³μ¤¥²¨
Ö¤·  ¶·¨ ¨§³¥´¥´¨¨ ¢· Ð É¥²Ó´μ£μ ³μ³¥´É  [9Ä11].

‚ · ¡μÉ¥ [1] ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ ¶μ ¨§³¥´¥´¨Õ ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ-
¸É¨ ¨ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  Pd-¸É¥·¦´Ö ¨ ² ÉÊ´´μ£μ ¸¡μ·´¨±  ¶·μ¤Ê±Éμ¢ Ö¤¥·-
´ÒÌ ·¥ ±Í¨° ¢ DHPC, § ¶μ²´¥´´μ° ¤¥°É¥·¨¥³ ¶·¨ ¤ ¢²¥´¨¨ ∼= 1,2 ±¡ ·,
¶·¨ μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¶·¨ Éμ±¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
11Ä13 ³±� ¢ É¥Î¥´¨¥ 18 Î.

–¥²ÓÕ ´ ¸ÉμÖÐ¥° · ¡μÉÒ Ö¢²Ö²μ¸Ó ¶·μ¤μ²¦¥´¨¥ μ¶¨¸ ´¨Ö ·¥§Ê²ÓÉ Éμ¢
Ô±¸¶¥·¨³¥´É  ¶μ ¨§ÊÎ¥´¨Õ ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¨ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢ 
±μ³¶μ´¥´Éμ¢ DHPC, ±μÉμ·Ò¥ ´¥ ¢μÏ²¨ ¢ ·¥§Ê²ÓÉ ÉÒ, ¶·¥¤¸É ¢²¥´´Ò¥ ¢ · -
¡μÉ¥ [1], ´μ, ¶μ ³´¥´¨Õ  ¢Éμ·μ¢, ¨Ì ´¥μ¡Ìμ¤¨³μ μ¶Ê¡²¨±μ¢ ÉÓ ¤²Ö ¶μ¤É¢¥·-
¦¤¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ¢ [1] ·¥§Ê²ÓÉ Éμ¢.

1. Œ…’�„ˆŠ� �Š‘�…�ˆŒ…�’�

‘Ì¥³  DHPC ¶·¨¢¥¤¥´  ´  ·¨¸. 1 (¸³. É ±¦¥ [2Ä4]).
Œ¥Éμ¤¨±  Ô±¸¶¥·¨³¥´É  ¢³¥¸É¥ ¸ μ¶¨¸ ´¨¥³ ± ³¥·Ò DHPC ¶·¨¢¥¤¥´ 

¢ · ¡μÉ Ì [1, 2]. „ ¢²¥´¨¥ ³μ²¥±Ê²Ö·´μ£μ ¤¥°É¥·¨Ö ¢ DHPC ¶·¨ μ¡²ÊÎ¥´¨¨
γ-±¢ ´É ³¨ ¸μ¸É ¢²Ö²μ PD2

∼= 1,2 ±¡ ·, ÎÉμ ¸μμÉ¢¥É¸É¢Ê¥É · ¸Î¥É´μ³Ê §´ -
Î¥´¨Õ ±μ´Í¥´É· Í¨¨ ³μ²¥±Ê²Ö·´μ£μ £ §μμ¡· §´μ£μ ¤¥°É¥·¨Ö ND2

∼= 1,476 ×
1022 ³μ². D2/¸³3 ¶·¨ ¥£μ ¶²μÉ´μ¸É¨ ρD2

∼= 0,088 £/¸³3 [1Ä4]). Š ³¥·  DHPC
¡Ò²  μ¡²ÊÎ¥´  Éμ·³μ§´Ò³¨ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚, ¶μ²ÊÎ¥´´Ò³¨
¶μ¸²¥ ¶·μÌμ¦¤¥´¨Ö ¶ÊÎ±  Ô²¥±É·μ´μ¢ Î¥·¥§ W -Éμ·³μ§´ÊÕ Ëμ²Ó£Ê Éμ²Ð¨´μ°
3 ³³ ¨  ²Õ³¨´¨¥¢Ò° ¶μ£²μÉ¨É¥²Ó Éμ²Ð¨´μ° 25 ³³. „²¨É¥²Ó´μ¸ÉÓ μ¡²ÊÎ¥´¨Ö
γ-±¢ ´É ³¨ DHPC ¸μ¸É ¢¨²  18 Î ¶·¨ Éμ±¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  11Ä13 ³±A ¸
¤¨ ³¥É·μ³ ¶ÊÎ±  ´  ¢¢μ¤¥ ¢ W -Éμ·³μ§´ÊÕ Ëμ²Ó£Ê 6Ä8 ³³.
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�¨¸. 1. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ DHPC: 1 Å ¶μÉμ± ¨μ´¨§¨·ÊÕÐ¨Ì Î ¸É¨Í
(γ-±¢ ´Éμ¢); 2 Å Ê¶²μÉ´¥´¨¥ ¸ ¢Ìμ¤´Ò³ μÉ¢¥·¸É¨¥³; 3 Å Ê¶²μÉ´¥´¨¥ ¤²Ö ¢Ò¸μ±μ£μ
¤ ¢²¥´¨Ö ¢ ± ³¥·¥; 4 Å ¢Ìμ¤´μ¥ μ±´μ ¨§ Cu0,98Be0,02; 5 Å Ê¶²μÉ´¥´¨¥ ¤²Ö ¢Ò¸μ±μ£μ
¤ ¢²¥´¨Ö; 6 Å ¸É¥´±¨ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¨§ Cu0,98Be0,02; 7 Å ¤¥°É¥·¨°; 8 Å
² ÉÊ´´ Ö ¢ÉÊ²± ; 9 Å Pd-¸É¥·¦¥´Ó; 10 Å · §¤¥²¨É¥²Ó´ Ö Ëμ²Ó£  ¨§ ³ ´£ ´¨´ ; 11 Å
¸¨´É¥§¨·μ¢ ´´Ò° ¶·μ¤Ê±É ·¥ ±Í¨¨; 12 Å ² ÉÊ´´Ò° ¸¡μ·´¨±; 13 Å ± ¶¨²²Ö· ¢Ò¸μ±μ£μ
¤ ¢²¥´¨Ö; 14 Å ±² ¶ ´ ¨ É¥´§μ·-¤ ÉÎ¨± ¤ ¢²¥´¨Ö

� ¸Î¥É´ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ±  γ-±¢ ´Éμ¢ ´  1 ³±� Éμ±  Ô²¥±É·μ´´μ£μ ¶ÊÎ± 
¸μ¸É ¢²Ö²  Yγ ≈ 7,5 · 1012 ŒÔ‚−1 · ¸·−1/1 ³±�. �·¨ ÔÉμ³ ¶μÉμ±¥ γ-±¢ ´Éμ¢
´  1 ³±� ¢ÒÌμ¤ ´¥°É·μ´μ¢ ¨ ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨¨ ËμÉμ· Ð¥¶²¥´¨Ö ¤¥°É·μ-
´μ¢ d(γ, n)p ¶μ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢ ¸μ¸É ¢²Ö² Yn,p ≈ 0,8 · 106 n, p/1 ³±A
(¸³. · ¸Î¥ÉÒ ¢ [1]).

2. �…‡“‹œ’�’› ˆ‘‘‹…„�‚��ˆ‰
‘’�“Š’“�› ��‚…�•��‘’…‰ ˆ �…�’ƒ…��‚‘Š�ƒ�

ŒˆŠ���‹…Œ…�’��ƒ� ‡��„�‚�ƒ� ���‹ˆ‡� •ˆŒˆ—…‘Š�ƒ�
‘�‘’�‚� ‚‘…• �‹…Œ…�’�‚ ‚�“’�ˆ DHPC

‚ [1] ¶·¥¤¸É ¢²¥´μ μ¶¨¸ ´¨¥ ³¥Éμ¤¨±¨ ¨¸¸²¥¤μ¢ ´¨° ¨ ¶·¨¢¥¤¥´Ò · ¸-
Î¥ÉÒ ±μ´Í¥´É· Í¨° ¤¥°É¥·¨Ö ¢ DHPC ¶·¨ ¤ ¢²¥´¨¨ 1,2 ±¡ ·.

‚ ¸¢Ö§¨ ¸ ´¥μ¡ÒÎ´μ¸ÉÓÕ ¨§³¥´¥´¨° Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  ¢ ÔÉμ° · ¡μÉ¥
¤ ´Ò ¤¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸ ³¨Ì ¶μ¢¥·Ì´μ¸É¥° ¨ ¨Ì Ô²¥³¥´É´μ£μ ¸μ¸É ¢ 
·Ö¤  ±μ³¶μ´¥´Éμ¢ ¢´ÊÉ·¨ DHPC,   ¨³¥´´μ ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥-
¤μ¢ ´¨° ¸É·Ê±ÉÊ·Ò ¨ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  É ±¨Ì ±μ³¶μ´¥´Éμ¢, ± ± ¢Ìμ¤´μ¥
μ±´μ ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò ¸ ·¥§Ó¡μ¢Ò³ ¸μ¥¤¨´¥´¨¥³ ¢Ìμ¤´μ£μ μ±´  4 ¨
² ÉÊ´´μ° ¢ÉÊ²±¨ 8, · §¤¥²¨É¥²Ó´ Ö ³ ´£ ´¨´μ¢ Ö Ëμ²Ó£  10, μ¡¥ ¢´ÊÉ·¥´´¨¥
¶μ¢¥·Ì´μ¸É¨ · §·¥§ ´´μ° ¶μ¶μ² ³ ² ÉÊ´´μ° ¢ÉÊ²±¨ 8,   É ±¦¥ ·¥§Ê²ÓÉ ÉÒ ¶μ
¨§ÊÎ¥´¨Õ ·¥§Ó¡Ò ´  ² ÉÊ´´μ° ¢ÉÊ²±¥ Å ¸¡μ·´¨±¥ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ·¥ ±-
Í¨° 12.

2.1. ˆ¸¸²¥¤μ¢ ´¨¥ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò.
�  ·¨¸. 2,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¢Ìμ¤-
´μ° ¤¨ Ë· £³Ò (¸³. ·¨¸. 1, ¶μ§. 4), ´  ±μÉμ·μ° ¢¨¤´Ò § ³¥É´Ò¥ ¨§³¥´¥´¨Ö
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�¨¸. 2. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¶μ¢¥·Ì´μ¸É¨ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò ( ) ¨ Í¥´É· ²Ó´μ° Î ¸É¨
¢Ìμ¤´μ£μ μ±´  ¸ ¸¨²Ó´μ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´Ò³ ±· ¥³ ¨ É·¥³Ö μ¡² ¸ÉÖ³¨ (¡), ¢ ±μÉμ·ÒÌ
¡Ò² ¶·μ¢¥¤¥´ �Œ‡�

¤ ¦¥ ¶·¨ μÉ´μ¸¨É¥²Ó´μ ³ ²μ³ Ê¢¥²¨Î¥´¨¨: ×25,   ´  ·¨¸. 2, ¡ Å Í¥´É· ²Ó-
´μ° Î ¸É¨ ¢Ìμ¤´μ£μ μ±´  ¸ ¸¨²Ó´μ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´Ò³ ±· ¥³ ¤¨ ³¥É·μ³
¶·¨³¥·´μ 660 ³±³ ¨ É·¥³Ö μÉ³¥Î¥´´Ò³¨ μ¡² ¸ÉÖ³¨, ¢ ±μÉμ·ÒÌ ¡Ò² ¸¤¥² ´
·¥´É£¥´μ¢¸±¨° ³¨±·μÔ²¥³¥´É´Ò° §μ´¤μ¢Ò°  ´ ²¨§ (�Œ‡�).

‚ É ¡². 1 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡² ¸É¨ ¢Ìμ¤-
´μ° ¤¨ Ë· £³Ò, ¸μ¸ÉμÖÐ¥° ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò, É. ¥. Cu0,98Be0,02, ¨ μ¡² -
¸ÉÖÌ, μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 2, ¡.

’ ¡²¨Í  1. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡² ¸ÉÖÌ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò,
μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 2, ¡ (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 17Cl 20Ca 26Fe 29Cu 30Zn 82Pb

1 10,55 5,69 Å Å Å 83,76 Å Å
2 28,74 21,88 0,23 0,36 1,17 37,5 7,86 2,26
3 20,36 12,60 0,30 Å Å 65,5 Å 1,23

Š ± ¢¨¤´μ ¨§ É ¡²¨ÍÒ, ´  ¶μ¢¥·Ì´μ¸É¨ ¤¨ Ë· £³Ò ¶·μ¨§μÏ²¨ §´ Î¨-
É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ¢ Ô²¥³¥´É´μ³ ¸μ¸É ¢¥. ‚ Í¥´É· ²Ó´μ° Î ¸É¨ ¤¨ Ë· £³Ò
±μ´Í¥´É· Í¨Ö ³¥¤¨ ´ ¨¡μ²ÓÏ Ö, ¶μ³¨³μ Ê£²¥·μ¤  ¨ ±¨¸²μ·μ¤  ¤·Ê£¨Ì Ì¨³¨-
Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´¥É. �  ÊÎ ¸É± Ì ¤¨ Ë· £³Ò ¸μ ¸¢¥É²Ò³¨ ¢±· ¶²¥´¨Ö³¨
¶μÖ¢¨²¨¸Ó Í¨´± (7,86 ¢¥¸. %) ¨ ¸¢¨´¥Í (2,26 ¢¥¸. %).

Œμ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢¸¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, ±·μ³¥ ³¥¤¨ ¨ ´¥
·¥£¨¸É·¨·Ê¥³μ£μ ¶·¨ ¨§³¥·¥´¨ÖÌ ¡¥·¨²²¨Ö, ¶·¨¢´¥¸¥´Ò ¨§ μ¡· §Í  ¶ ²² ¤¨Ö.
�¥ÎÉμ ¶μÌμ¦¥¥ ¨³¥²μ ³¥¸Éμ ¨ ¢ ¶¥·¢μ³ Ô±¸¶¥·¨³¥´É¥, μ¶¨¸ ´´μ³ ¢ [2Ä4],
£¤¥ ´ ¡²Õ¤ ²μ¸Ó §´ Î¨É¥²Ó´μ¥ · §·ÊÏ¥´¨¥ ³ É¥·¨ ²  ¶μ¢¥·Ì´μ¸É¨ ¢Ìμ¤´μ°
¤¨ Ë· £³Ò, μ¡· Ð¥´´μ° ¢´ÊÉ·Ó DHPC, ´μ ¸ ¤·Ê£¨³ Ô²¥³¥´É´Ò³ ¸μ¸É ¢μ³.

3



�¨¸. 3. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¤¢ÊÌ ÊÎ ¸É±μ¢ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò ¸ μ¡² ¸ÉÓÕ ( ) ¨ ÉμÎ-
± ³¨ (¡), ¢ ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö ¤¢ÊÌ ¤·Ê£¨Ì ÊÎ ¸É±μ¢ ¶μ¢¥·Ì-
´μ¸É¨ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò, É ±¦¥ ¸ μÉ³¥Î¥´´Ò³¨ μ¡² ¸ÉÖ³¨ ¨ ÉμÎ± ³¨, ¢ ±μ-
Éμ·ÒÌ ¡Ò² ¢Ò¶μ²´¥´ �Œ‡�.

�É³¥É¨³, ÎÉμ ¸¶¥±É· 1 (·¨¸. 3,  ) ¨§³¥·Ö²¸Ö ¸ ÊÎ ¸É±  · §³¥·μ³ 57,7 ×
71,5 ³±³; ¸¶¥±É·Ò 2 ¨ 3 (·¨¸. 3,  ) ¶μ²ÊÎ¥´Ò ¢ μÉ³¥Î¥´´ÒÌ ÉμÎ± Ì; μ¡² ¸ÉÓ,
¸ ±μÉμ·μ° ¨§³¥·Ö²¸Ö ¸¶¥±É· 3, μÉ³¥Î¥´  ±·Ê£μ³ ¤¨ ³¥É·μ³ ¶·¨³¥·´μ 8,4 ³±³.
‚ É ¡². 2 ¶·¥¤¸É ¢²¥´Ò · ¸¶·¥¤¥²¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´ÒÌ
´  ·¨¸. 3,   ÊÎ ¸É± Ì.

’ ¡²¨Í  2. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ÊÎ ¸É± Ì ¢Ìμ¤´μ° ¤¨ Ë· £³Ò,
μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 3,   (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 13Al 20Ca 26Fe 29Cu 30Zn 82Pb

1 16,25 9,31 Å Å 0,57 72,87 Å 1,01
2 15,70 17,79 2,87 0,64 1,70 40,61 19,17 1,52
3 19,98 10,06 Å Å 0,71 67,89 Å 1,37

Š ± ¢¨¤´μ ¨§ É ¡². 2, ´  ¡μ²¥¥ ¸¢¥É²μ³ ÊÎ ¸É±¥ (¸¶¥±É· 2) μÉ³¥Î ¥É¸Ö
¢Ò¸μ± Ö ±μ´Í¥´É· Í¨Ö Í¨´±  (19,17 ¢¥¸. %) ¨ μÉ´μ¸¨É¥²Ó´μ ´¥¢Ò¸μ± Ö ±μ´-
Í¥´É· Í¨Ö ¸¢¨´Í  (1,52 ¢¥¸. %), ´μ ¡μ²¥¥ ´¨§± Ö ±μ´Í¥´É· Í¨Ö ³¥¤¨
(40,61 ¢¥¸. %), Î¥³ ´  É¥³´ÒÌ ÊÎ ¸É± Ì: 72,87 ¨ 67,89 ¢¥¸. % ¸μμÉ¢¥É¸É¢¥´´μ.

�  μ¸´μ¢ ´¨¨ ¶·μ¢¥¤¥´´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ μ¡-
· É´ Ö ¸Éμ·μ´  ¢Ìμ¤´μ° ¤¨ Ë· £³Ò §´ Î¨É¥²Ó´μ ¢¨¤μ¨§³¥´¨² ¸Ó: ´  ¶μ¢¥·Ì-
´μ¸É¨ ¶μÖ¢¨²¨¸Ó É·¥Ð¨´Ò, ¨ μ¡´ ·Ê¦¥´Ò ´μ¢Ò¥ Ô²¥³¥´ÉÒ, É ±¨¥ ± ± Ê£²¥·μ¤,
±¨¸²μ·μ¤, Ì²μ·, ± ²ÓÍ¨°, ¦¥²¥§μ, Í¨´± ¨ ÉÖ¦¥²Ò° Ì¨³¨Î¥¸±¨° Ô²¥³¥´É Å
¸¢¨´¥Í.
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2.2. ˆ§³¥·¥´¨¥ ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´  ¶μ¢¥·Ì´μ¸É¨
· §¤¥²¨É¥²Ó´μ° Ëμ²Ó£¨ ¨§ ³ ´£ ´¨´ . Š ± ¨ ¢ · ¡μÉ Ì [1, 3, 4], ² ÉÊ´´Ò°
¸¡μ·´¨± μÉ¤¥²Ö¥É¸Ö μÉ ¶μ¢¥·Ì´μ¸É¨ Pd-¸É¥·¦´Ö · §¤¥²¨É¥²Ó´μ° Ëμ²Ó£μ° ¨§
³ ´£ ´¨´  (¸³. ·¨¸. 1, ¶μ§. 12, 9 ¨ 10 ¸μμÉ¢¥É¸É¢¥´´μ). �μÔÉμ³Ê ¶·¥¤¸É ¢²Ö¥É¸Ö
¢ ¦´Ò³ ¶·μ ´ ²¨§¨·μ¢ ÉÓ ¢´ÊÉ·¥´´ÕÕ ¨ ¢´¥Ï´ÕÕ, ¶·¨²¥£ ÕÐÊÕ ± ¶μ¢¥·Ì-
´μ¸É¨ ² ÉÊ´´μ° ¢ÉÊ²±¨ (·¨¸. 1, ¶μ§. 8), ¶μ¢¥·Ì´μ¸É¨ ÔÉμ° Ëμ²Ó£¨ ³¥Éμ¤ ³¨
‘	Œ ¨ �Œ‡�.

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸ ¢Ò-
¤¥²¥´¨¥³ ¤¢ÊÌ ÉμÎ¥± (¸¶¥±É·Ò 1 ¨ 2) ¨ μ¡² ¸É¨ (¸¶¥±É· 3) ( ),   É ±¦¥ ¸μ-
μÉ¢¥É¸É¢ÊÕÐ¨¥ É·¨ ¸¶¥±É·  Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö
(•‘�ˆ) (¡Ä£).

‚ É ¡². 3 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢Ò¤¥²¥´´ÒÌ
ÉμÎ± Ì ¨ μ¡² ¸É¨. ˆ§³¥·¥´´Ò¥ ¶·¨ �Œ‡� ¸μμÉ´μÏ¥´¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¢ ³ ´-
£ ´¨´¥ ¸²¥¤ÊÕÐ¨¥:

¸¶¥±É· 1: Cu Å 78,3%; Mn Å 17,7 %; Ni Å 4,0 %;
¸¶¥±É· 2: Cu Å 77,7%; Mn Å 18,0 %; Ni Å 4,3 %;
¸¶¥±É· 3: Cu Å 78,3%; Mn Å 17,7 %; Ni Å 4,0 %.

�¨¸. 4. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸ Ê± § ´¨¥³
μ¡² ¸É¨ ¨ ¤¢ÊÌ ÉμÎ¥± ( ), ¢ ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ É·¨
•‘�ˆ (¡Ä£)
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�¨¸. 4. �±μ´Î ´¨¥

’ ¡²¨Í  3. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 4 ÉμÎ± Ì ¨
μ¡² ¸É¨ (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 20Ca 24Mn 26Fe 28Ni 29Cu 30Zn

1 16,98 7,27 Å 13,32 0,55 3,02 58,86 Å

2 12,63 11,92 0,2 12,46 0,79 2,98 53,8 5,22

3 10,51 4,49 Å 15,02 Å 3,43 66.56 Å

ˆ§ ¶·¨¢¥¤¥´´ÒÌ μÍ¥´μ± ¨ �Œ‡� ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ³¥Éμ¤ �Œ‡�
¤μ¸É ÉμÎ´μ Ìμ·μÏμ ¶μ§¢μ²Ö¥É ¶·μ¢μ¤¨ÉÓ ¨§³¥·¥´¨Ö ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢
¢ ¨§¢¥¸É´ÒÌ ¸¶² ¢ Ì É¨¶  ³ ´£ ´¨´ . 	ÉμÉ ·¥§Ê²ÓÉ É É ±¦¥ ¸μ¢¶ ¤ ¥É ¸ ¡μ²¥¥
· ´´¨³¨ ¨§³¥·¥´¨Ö³¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¢ · ¡μÉ Ì [1, 3, 4].
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�¨¸. 5. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸ Ê± § ´¨¥³
μ¡² ¸É¨ (¸¶¥±É· 1) ¨ ÉμÎ±¨ (¸¶¥±É· 2) ( ) ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¨³ ¤¢Ê³Ö •‘�ˆ (¡, ¢)

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´  ¶μ¢¥·Ì´μ¸ÉÓ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸ Ê± § ´¨¥³
μ¡² ¸É¨ (¸¶¥±É· 1) ¨ ÉμÎ±¨ (¸¶¥±É· 2) ( ), ¢ ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�,
¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ¨³ ¤¢Ê³Ö •‘�ˆ (¡, ¢).

‚ É ¡². 4 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢ÒÏ¥Ê± § ´-
´ÒÌ ÉμÎ±¥ ¨ μ¡² ¸É¨.

’ ¡²¨Í  4. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 5,   μ¡² ¸É¨
(¸¶¥±É· 1) ¨ ÉμÎ±¥ (¸¶¥±É· 2) (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 24Mn 28Ni 29Cu 46Pd

1 9,90 3,58 14,52 3,47 68,52 Å
2 Å 1,22 14,56 3,13 76,21 4,87

‘´μ¢  ¢ÒÎ¨¸²¨³ ¨ ¶·¥¤¸É ¢¨³ ¸μμÉ´μÏ¥´¨¥ ³¥¦¤Ê μ¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨
¢ ³ ´£ ´¨´¥:

¸¶¥±É· 1: Cu Å 79,2%; Mn Å 16,8 %; Ni Å 4,0 %;

¸¶¥±É· 2: Cu Å 81,2%; Mn Å 15,5 %; Ni Å 3,3 %.

7



ˆ§ É ¡². 4 ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ´  ¢´ÊÉ·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ³ ´£ -
´¨´  ¶·¨¸ÊÉ¸É¢ÊÕÉ Î ¸É¨ÍÒ ¶ ²² ¤¨Ö, ±μÉμ·Ò¥ ¡Ò²¨ ¢Ò¡·μÏ¥´Ò ¸ ¶μ¢¥·Ì-
´μ¸É¨ Pd-¸É¥·¦´Ö ¨ ¶μ¶ ²¨ ´  ³ ´£ ´¨´μ¢ÊÕ Ëμ²Ó£Ê, É ± ¦¥ ± ± ¨ Í¨´±
(¸³. É ¡². 3).

�  ·¨¸. 6,   ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸ Î -
¸É¨Í¥° ¡μ²¥¥ ¸¢¥É²μ£μ μÉÉ¥´± , Î¥³ ¶μ¢¥·Ì´μ¸ÉÓ ³ ´£ ´¨´ , ¸ ¢Ò¤¥²¥´´μ°
´  ´¥° ÉμÎ±μ° (¸¶¥±É· 1), ¢ ±μÉμ·μ° ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�,   ´  ·¨¸. 6, ¡ Å
¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ.

�¨¸. 6. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¸μ ¸¢¥É²μ° Î -
¸É¨Í¥° ¨ μÉ¤¥²Ó´μ ¢§ÖÉμ° ´  ´¥° ÉμÎ±μ° (¸¶¥±É· 1) ( ), ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�, ¨
¸μμÉ¢¥É¢ÊÕÐ¨° •‘�ˆ (¡)

’ ¡²¨Í  5. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´μ° ´  ·¨¸. 6,   ÉμÎ±¥
(¢ ¢¥¸. %)

‘¶¥±É· 8O 13Al 24Mn 28Ni 29Cu 46Pd 82Pb

1 5,45 0,24 0,93 0,40 11,46 75,2 6,35

‚ É ¡². 5 ¶·¥¤¸É ¢²¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ¤¥²Ó´μ°
ÉμÎ±¥, μÉ³¥Î¥´´μ° ´  ·¨¸. 6,  .

„²Ö ¶·μ¢¥·±¨ ¸¤¥² ´´μ£μ ¢ÒÏ¥ ÊÉ¢¥·¦¤¥´¨Ö ¸´μ¢  ¶·¥¤¸É ¢¨³ ¸μμÉ´μ-
Ï¥´¨¥ ³¥¦¤Ê μ¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ ³ ´£ ´¨´ :

¸¶¥±É· 1: Cu Å 89,6%; Mn Å 7,3 %; Ni Å 3,1 %.
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�¨¸. 7. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ Ëμ²Ó£¨ ³ ´£ ´¨´  ¸μ ¸¢¥É²Ò³¨ Î -
¸É¨Î± ³¨ ( ), ¢ Î¥ÉÒ·¥Ì ÉμÎ± Ì ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�, ¨ •‘�ˆ (¡Ä¤)

Œ¥Éμ¤μ³ �Œ‡� Ê¸É ´μ¢²¥´μ, ÎÉμ ¢ Î ¸É¨Í¥ (·¨¸. 6,  ) ¸ £² ¤±μ° ¶μ¢¥·Ì-
´μ¸ÉÓÕ, ´ ¶μ³¨´ ÕÐ¥° · ¸¶² ¢²¥´´ÊÕ,   § É¥³ § ¸ÉÒ¢ÏÊÕ, μ¡´ ·Ê¦¥´ ¸¶² ¢
¶ ²² ¤¨Ö (75,2 ¢¥¸. %) ¨ ¸¢¨´Í  (6,35 ¢¥¸. %). 	É  Î ¸É¨Í  ³μ£²  ¶μ¶ ¸ÉÓ
´  Ëμ²Ó£Ê ¨§ ³ ´£ ´¨´  Éμ²Ó±μ ¶ÊÉ¥³ ¥¥ ¢Ò¡·μ¸  ¸ ¶μ¢¥·Ì´μ¸É¨ Pd-¸É¥·¦´Ö,
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¸±μ·¥¥ ¢¸¥£μ, ¨§ μ¡² ¸É¥°, ´ ¶μ³¨´ ÕÐ¨Ì ±· É¥·Ò ¨²¨ ¢Ò¸ÉÊ¶Ò (¸³. [1],
·¨¸. 11Ä14 ¨ ¤ ´´Ò¥ ¢ É ¡². 13Ä19).

�  ·¨¸. 7,   ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ Ëμ²Ó£¨ ¨§ ³ ´£ ´¨´  ¸ ´¥-
¸±μ²Ó±¨³¨ ¸¢¥É²Ò³¨ Î ¸É¨Î± ³¨ (¸ ¡�μ²ÓÏ¨³ § ·Ö¤μ³ Ö¤¥· ¢Ìμ¤ÖÐ¨Ì ¢ ´¨Ì
Ô²¥³¥´Éμ¢), ¢ Î¥ÉÒ·¥Ì ÉμÎ± Ì ±μÉμ·ÒÌ (¸¶¥±É·Ò 1Ä4) ¨ ¶·μ¢¥¤¥´ �Œ‡�.

‚ É ¡². 6 ¶μ± § ´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ÔÉ¨Ì ÉμÎ± Ì.

’ ¡²¨Í  6. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´ÒÌ ´  ·¨¸. 7,   ÉμÎ± Ì
(¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 12Mg 14Si 24Mn 28Ni 29Cu 47Ag

1 1,46 1,32 0,33 Å 1,86 Å 1,55 93,48
2 6,88 5,38 0,35 Å 4,73 1,14 8,27 73,24
3 5,76 3,22 0,31 Å 1,21 Å 3,42 86,07
4 14,60 9,21 Å 0,28 10,62 2,45 7,17 55,68

�¨¸. 8. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ Ëμ²Ó£¨ ¨§ ³ ´£ ´¨´  ¸ ´¥¸±μ²Ó±¨³¨
¸¢¥É²Ò³¨ Î ¸É¨Î± ³¨ ¨ μÉ¤¥²Ó´μ ¢§ÖÉμ° ÉμÎ±μ° ( ), ¢ ±μÉμ·μ° ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�,
¨ •‘�ˆ (¡)
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„²Ö ¶·μ¢¥·±¨ ¸¤¥² ´´μ£μ ¢ÒÏ¥ ÊÉ¢¥·¦¤¥´¨Ö ¸´μ¢  ¶μ²ÊÎ¨³ ¸μμÉ´μÏ¥´¨¥
³¥¦¤Ê μ¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨ ³ ´£ ´¨´ :

¸¶¥±É· 2: Cu Å 89,6%; Mn Å 7,3 %; Ni Å 3,1 %;
¸¶¥±É· 4: Cu Å 89,6%; Mn Å 7,3 %; Ni Å 3,1 %.

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´ ¤·Ê£μ° ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ Ëμ²Ó£¨ ¨§ ³ ´£ ´¨´ 
¸ ´¥¸±μ²Ó±¨³¨ ¸¢¥É²Ò³¨ Î ¸É¨Î± ³¨ ¨ μÉ¤¥²Ó´μ ¢§ÖÉμ° ÉμÎ±μ°, ¢ ±μÉμ·μ°
¶·μ¢¥¤¥´ �Œ‡� (¸¶¥±É· 1) ( ),   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡). ‚ É ¡². 7
¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μÉ³¥Î¥´´μ° ´  ·¨¸. 8,  
ÉμÎ±¥.

’ ¡²¨Í  7. ‘μ¤¥·¦ ´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ÉμÎ±¥, μÉ³¥Î¥´´μ° ´  ·¨¸. 8,  
(¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 12Mg 17Cl 24Mn 29Cu 47Ag

1 4,31 2,51 0,51 0,15 1,75 1,18 89,59

Š ± ¢¨¤´μ ¨§ É ¡². 6 ¨ 7, ÔÉ¨ ¸¢¥É²Ò¥ Î ¸É¨ÍÒ ¸μ¸ÉμÖÉ ¶·¥¨³ÊÐ¥¸É¢¥´´μ
¨§ ¸¥·¥¡·  (¤μ 98,43 ¢¥¸. %). ‘¥·¥¡·μ ³μ¦¥É μ¡· §μ¢Ò¢ ÉÓ¸Ö ¶μ ·¥ ±Í¨¨ É¨¶ 

n + A
46Pd → γ + A+1

46Pd
β−

−→ A+1
47Ag.

2.3. ˆ¸¸²¥¤μ¢ ´¨¥ ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¨ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ² -
ÉÊ´´μ° ¢ÉÊ²±¨, · §·¥§ ´´μ° ´  ¤¢¥ ¶μ²μ¢¨´Ò. ‹ ÉÊ´´ Ö ¢ÉÊ²±  (¸³. ·¨¸. 1,
¶μ§. 8), ¢ ±μÉμ·ÊÕ ¶μ³¥Ð¥´ Pd-¸É¥·¦¥´Ó, ¡Ò²  · §·¥§ ´  ¢¤μ²Ó ¶·μ¤μ²Ó´μ°
μ¸¨ (¸³. ·¨¸. 9).

�¨¸. 9. „¢¥ ¶μ²μ¢¨´±¨ · §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¶μ±·Ò¢Ï¥°¸Ö ¡¥²μ¢ ÉÒ³ ´ ²¥Éμ³ ¢´Ê-
É·¥´´¥° Î ¸ÉÓÕ ( ) ¨ ·¥§Ó¡  ´  μ¤´μ° ¨§ ¶μ²μ¢¨´μ± (¡)
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�¨¸. 10. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ ¢ÉÊ²±¨ ¢ ³¥¸É¥ ¥¥ · ¸¶¨²  ¸ ¢Ò¤¥²¥´-
´Ò³¨ ÉμÎ± ³¨, ¢ ±μÉμ·ÒÌ ¡Ò² ¸¤¥² ´ �Œ‡�

�  ·¨¸. 9,   ´ £²Ö¤´μ ¢¨¤´μ ¤ ¦¥ ¶·¨ ´¥¡μ²ÓÏμ³ Ê¢¥²¨Î¥´¨¨, μ¸μ¡¥´´μ ¢
Éμ³ ³¥¸É¥, £¤¥ ¸μ ¸É¥´±μ° ² ÉÊ´´μ° ¢ÉÊ²±¨ ±μ´É ±É¨·μ¢ ² Pd-¸É¥·¦¥´Ó, ÎÉμ
¥¥ ¶μ¢¥·Ì´μ¸ÉÓ ¶μ±·Ò² ¸Ó ¡¥²μ¢ ÉÒ³ ´ ²¥Éμ³.

�  ·¨¸. 10 ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ ¢ÉÊ²±¨ ¢
³¥¸É¥ ¥¥ · ¸¶¨²  ¸ ¢Ò¤¥²¥´´Ò³¨ ÉμÎ± ³¨, ¢ ±μÉμ·ÒÌ ¡Ò² ¸¤¥² ´ �Œ‡�.
�¥§Ê²ÓÉ ÉÒ  ´ ²¨§  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 8.

’ ¡²¨Í  8. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢Ò¤¥²¥´´ÒÌ Î¥ÉÒ·¥Ì ÉμÎ± Ì
ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ´  ·¨¸. 10 (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 29Cu 30Zn 47Ag Cu/Zn

1 2,24 Å 1,03 0,35 96,38 2,94

2 2,22 1,33 4,54 1,39 90,53 3,26

3 ‘¶¥±É· ¸´ÖÉ ¨§ Ê£²Ê¡²¥´¨Ö, ¶μÔÉμ³Ê ¤ ´´Ò¥ ´¥ ¶·¨¢¥¤¥´Ò

4 16,04 1,13 51,07 31,76 Å 1,61

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ´  ¡μ²¥¥ ¸¢¥É²ÒÌ ÊÎ ¸É± Ì ¢´ÊÉ·¨ · ¸¶¨²¥´´μ°
¢ÉÊ²±¨ ¨§ ¡·μ´§Ò ¸μ¸É ¢  ¶·¨³¥·´μ 62% Cu ¨ 38% Zn (¸³. ¤ ´´Ò¥ ¶μ ¸¶¥±-
É·Ê 4) μ¡· §Ê¥É¸Ö ¢ §´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ Ì ¸¥·¥¡·μ Å ¤μ 96,38 ¢¥¸. %.

�  ·¨¸. 11 ¶·¥¤¸É ¢²¥´ ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ · ¸¶¨-
²¥´´μ° ¢ÉÊ²±¨ ¸ ¡¥²Ò³¨ ¢±· ¶²¥´¨Ö³¨, ¢ μ¤´μ³ ¨§ ±μÉμ·ÒÌ ¸¤¥² ´ �Œ‡�.
‚ É ¡². 9 ¤ ´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´  ÔÉμ³ ÊÎ ¸É±¥ (¢ ¢¥¸. %).
�μ ·¥§Ê²ÓÉ É ³ �Œ‡�, ´  ÔÉμ° Î ¸É¨ ¢ÉÊ²±¨ ¢μ ¢¸¥Ì ³¥²±¨Ì ¸¢¥É²ÒÌ ¸±μ¶²¥-
´¨ÖÌ ¶·¨¸ÊÉ¸É¢Ê¥É ¸¢¨´¥Í Å ¤μ 7,85 ¢¥¸. %.
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�¨¸. 11. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ · ¸¶¨²¥´´μ° ¢ÉÊ²±¨ ¸ ¡¥²Ò³¨ ¢±· -
¶²¥´¨Ö³¨, ¢ μ¤´μ³ ¨§ ±μÉμ·ÒÌ ¸¤¥² ´ �Œ‡�

’ ¡²¨Í  9. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢Ò¤¥²¥´´μ³ ¸¢¥É²μ³ ¢±· ¶²¥´¨¨
´  ¶μ¢¥·Ì´μ¸É¨ ´  ·¨¸. 11 (¢ ¢¥¸. %)

6C 8O 29Cu 30Zn 82Pb Cu/Zn

21,06 22,75 24,22 24,13 7,85 1,0

�  ·¨¸. 12 ¶·¥¤¸É ¢²¥´ ¤·Ê£μ° ÊÎ ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨
· ¸¶¨²¥´´μ° ¢ÉÊ²±¨, É ±¦¥ ¸ ¢±· ¶²¥´¨Ö³¨, ¶μ±·Ò¢ ÕÐ¨³¨ ¶μÎÉ¨ ¢¸Õ ¶μ-
¢¥·Ì´μ¸ÉÓ ¨¸Ìμ¤´μ° ² ÉÊ´¨, ¢ É·¥Ì ¨§ ±μÉμ·ÒÌ ¸¤¥² ´ �Œ‡�.

‚ É ¡². 10 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¸¶¥±É· Ì 1,
2, 3 ´  ·¨¸. 12. ‡¤¥¸Ó ¸¶¥±É· 1 ¸μμÉ¢¥É¸É¢Ê¥É ¸¢¥É²μ³Ê ÊÎ ¸É±Ê ¶μ¢¥·Ì´μ¸É¨,
¸¶¥±É· 2 Å ¸¥·μ³Ê ¨ ¸¶¥±É· 3 Å É¥³´μ³Ê.

�¨¸. 12. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ · ¸¶¨²¥´´μ° ¢ÉÊ²±¨ ¸ ¢±· ¶²¥´¨Ö³¨,
¢ É·¥Ì ¨§ ±μÉμ·ÒÌ ¸¤¥² ´ �Œ‡�
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’ ¡²¨Í  10. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¢Ò¤¥²¥´´ÒÌ (¸¢¥É²μ³, ¸¥·μ³ ¨
É¥³´μ³) ¢±· ¶²¥´¨ÖÌ ¶μ¢¥·Ì´μ¸É¨ ´  ·¨¸. 12 (¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 17Cl 29Cu 30Zn 82Pb Cu/Zn

1 18,99 22,78 0,25 12,62 13,18 32,19 0,96

2 13,66 36,52 Å 3,07 39,52 7,23 0,0778

3 11,49 5,95 Å 45,09 35,95 1,53 1,25

�  ´ ¨¡μ²¥¥ ¸¢¥É²μ³ ÊÎ ¸É±¥ ² ÉÊ´´μ° ¢ÉÊ²±¨ ¶·¨¸ÊÉ¸É¢Ê¥É ¤μ 32,19 ¢¥¸. %
¸¢¨´Í , ¶·¨ ¸μμÉ´μÏ¥´¨¨ Cu/Zn ≈ 1, ¢ ¸¥·μ³ ¸¢¨´Í  ³¥´ÓÏ¥ Å Éμ²Ó±μ
7,23 ¢¥¸. %,   ¢¥¸μ¢Ò¥ ±μ´Í¥´É· Í¨¨ Í¨´±  ¨ ±¨¸²μ·μ¤  μÎ¥´Ó ¢Ò¸μ±¨: 39,52
¨ 36,52 ¢¥¸. % ¸μμÉ¢¥É¸É¢¥´´μ. ˆ Éμ²Ó±μ ´  É¥³´μ³ ÊÎ ¸É±¥ ±μ´Í¥´É· Í¨Ö
¸¢¨´Í  Ê³¥´ÓÏ ¥É¸Ö §´ Î¨É¥²Ó´μ,   ¸μμÉ´μÏ¥´¨¥ Cu/Zn ≈ 1,25, ÎÉμ Ê¦¥
¡²¨§±μ ± · ´¥¥ ¶·μ³¥·¥´´μ³Ê §´ Î¥´¨Õ ¨¸Ìμ¤´μ° ² ÉÊ´¨: Cu/Zn ≈ 1,61
(¸³. É ¡². 8).

�  ·¨¸. 13 ¨ 14 ¶·¥¤¸É ¢²¥´Ò ÊÎ ¸É±¨ ¶μ¢¥·Ì´μ¸É¨ · ¸¶¨²¥´´μ° ¢ÉÊ²±¨ ¢
³¥¸É Ì, £¤¥ · ¸¶μ²μ¦¥´  ·¥§Ó¡  (¸³. ·¨¸. 9,  ). �  ·¨¸. 13 ¢¨¤´Ò ¸¢¥É²Ò¥ ¢±· -
¶²¥´¨Ö ¨ ÊÎ ¸Éμ± ¸¥·μ£μ Í¢¥É . ‚ ¢Ò¡· ´´ÒÌ ¤¢ÊÌ ÉμÎ± Ì ¶·μ¢¥¤¥´ �Œ‡�.

‚ É ¡². 11 μÉμ¡· ¦¥´Ò ·¥§Ê²ÓÉ ÉÒ ÔÉμ£μ  ´ ²¨§ .

‚¨¤´μ, ÎÉμ ¢ ¸¢¥É²μ° ÉμÎ±¥ (¸¶¥±É· 2) μ¡´ ·Ê¦¥´Ò ¸¥·¥¡·μ (39,27 ¢¥¸. %)
¨ ¸¢¨´¥Í (4,90 ¢¥¸. %),   ¢ ¸¥·μ° (¸¶¥±É· 1) Å μÉ´μ¸¨É¥²Ó´μ ´¥³´μ£μ ¸¢¨´Í 
(3,27 ¢¥¸. %), ´μ ¢ μ¡¥¨Ì ÉμÎ± Ì §  ¸Î¥É ·¥£¨¸É· Í¨¨ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥-

�¨¸. 13. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´Ê-
É·¥´´¥° Î ¸É¨ · ¸¶¨²¥´´μ° ¢ÉÊ²±¨ ¸μ
¸¢¥É²Ò³¨ ¢±· ¶²¥´¨Ö³¨ ¢ ³¥¸É¥, £¤¥
·¥§Ó¡ , ¢ ¤¢ÊÌ ÉμÎ± Ì ¶·μ¢¥¤¥´ �Œ‡�

�¨¸. 14. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´Ê-
É·¥´´¥° Î ¸É¨ · ¸¶¨²¥´´μ° ¢ÉÊ²±¨ ¸μ
¸¢¥É²Ò³¨ ¢±· ¶²¥´¨Ö³¨ ¢ ³¥¸É¥, £¤¥
·¥§Ó¡ , ¢ ¸¶¥±É· Ì 1 ¨ 2 ¶·μ¢¥¤¥´ �Œ‡�
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’ ¡²¨Í  11. � ¸¶·¥¤¥²¥´¨Ö Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¤¢ÊÌ ÉμÎ± Ì ´  ·¨¸. 13
(¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 29Cu 30Zn 47Ag 82Pb Cu/Zn

1 10,05 12,93 46,82 26,94 Å 3,27 1,74
2 8,58 12,50 21,34 13,40 39,27 4,90 1,59

’ ¡²¨Í  12. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´  ¤¢ÊÌ ÊÎ ¸É± Ì ´  ·¨¸. 14
(¢ ¢¥¸. %)

‘¶¥±É· 6C 8O 13Al 29Cu 30Zn 82Pb Cu/Zn

1 18,35 6,91 0,43 42,08 28,84 3,38 1,46
2 21,42 13,96 0,83 32,15 18,93 12,70 1,70

�¨¸. 15. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Î ¸É¨ · §·¥§ ´´μ° ¢ÉÊ²±¨ ( ) ¸ ¢Ò¤¥²¥´´μ°
μ¡² ¸ÉÓÕ (¡), ¢ ±μÉμ·μ° ¨§³¥·¥´ •‘�ˆ (¢)
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´¨Ö ² ÉÊ´Ó ¨³¥¥É ¶· ±É¨Î¥¸±¨ ¸¢μ° μ¡ÒÎ´Ò° ¸μ¸É ¢: 1,74 (¸¶¥±É· 1) ¨ 1,59
(¸¶¥±É· 2).

�  ·¨¸. 14 ¶·¥¤¸É ¢²¥´Ò §Ê¡ÍÒ ¢¨´Éμ¢μ° ´ ·¥§±¨ (¸³. ·¨¸. 9, ¡). �  ÊÎ ¸É-
± Ì · §³¥· ³¨ 187,5×162,5 ³±³ ´  ¢¥·Ï¨´¥ §Ê¡Í  (¸¶¥±É· 2) ¨ 125×100 ³±³
¢´ÊÉ·¨ ´ ·¥§±¨ (¸¶¥±É· 1) ¶·μ¢¥¤¥´ �Œ‡�. Š ± ¢¨¤´μ, ¢¥·Ï¨´  §Ê¡Í  ¡μ²¥¥
¶²μÉ´μ ¶μ±·ÒÉ  ÊÎ ¸É± ³¨ ¡¥²μ£μ Í¢¥É  ¨ ¸μ¢¸¥³ ·¥¤±μ ¢¸É·¥Î ÕÉ¸Ö ¢´¨§Ê
´ ·¥§±¨ §Ê¡Í . ‚ É ¡². 12 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢
¸¶¥±É· Ì 1 ¨ 2.

‚Ò¢μ¤ μ Éμ³, ÎÉμ ¢Ò¸ÉÊ¶Ò ·¥§Ó¡Ò ¶μ±·ÒÉÒ ¢±· ¶²¥´¨Ö³¨ ¢ ¢¨¤¥ Î ¸É¨Î¥±
¸¢¨´Í  ¶μ¤É¢¥·¦¤ ¥É¸Ö ¨ �Œ‡� ´  μ¡μ§´ Î¥´´ÒÌ ¢ÒÏ¥ ÊÎ ¸É± Ì.

„²Ö ¸· ¢´¥´¨Ö ¶·¨¢¥¤¥³ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ´  ¤·Ê£μ³ Ô²¥±É·μ´´μ³
³¨±·μ¸±μ¶¥ ¸μ ¸¢μ¨³  ´ ²¨§ Éμ·μ³.

�  ·¨¸. 15 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö · §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ μÉÎ¥-
É²¨¢μ ´ ¡²Õ¤ ¥³Ò³¨ §Ê¡Í ³¨ ¢¨´Éμ¢μ° ´ ·¥§±¨ ( ) ¨ ÊÎ ¸É±  Í¥´É· ²Ó´μ°
Î ¸É¨ · §·¥§ ´´μ° ¢ÉÊ²±¨ (¡) ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ, ¢ ±μÉμ·μ° ¶μ²ÊÎ¥´
•‘�ˆ (¢), ¸¤¥² ´´Ò° ¢ É. 17.

�  ·¨¸. 16,   ¶·¨¢¥¤¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  Í¥´É· ²Ó´μ° Î ¸É¨
· §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¢Ò¤¥²¥´´μ° ÉμÎ±μ°, ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�,   ´ 
·¨¸. 16, ¡ Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ.

‚ É ¡². 13 ¤ ´Ò ·¥§Ê²ÓÉ ÉÒ �Œ‡� ¢ É. 18.

�  ·¨¸. 17,  Ä£ ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §-
·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¢Ò¤¥²¥´´μ° ÉμÎ±μ°, ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�,   ´ 
·¨¸. 17, ¤ Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ. ’ ¡². 14 ¶μ± §Ò¢ ¥É · ¸¶·¥¤¥²¥´¨¥
Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ É. 19.

�  ·¨¸. 18 ¤ ´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §·¥§ ´´μ°
¢ÉÊ²±¨ ( , ¡) ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ, ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É-
¸É¢ÊÕÐ¨° •‘�ˆ (¢). ‚ É ¡². 15 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥-
³¥´Éμ¢ ¢ μ¡². 20 (¸³. ·¨¸. 18, ¡).

�  ·¨¸. 19 ¶·¨¢¥¤¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §·¥§ ´´μ°
¢ÉÊ²±¨ ( , ¡) ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ, ¢ ±μÉμ·μ° ¸¤¥² ´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨° ¥° •‘�ˆ (¢). � ¢ É ¡². 16 ¸³. · ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
¶μ²ÊÎ¥´´μ¥ ¢ ÔÉμ° μ¡² ¸É¨.

�·¥¤¸É ¢²Ö¥É¸Ö ¢ ¦´Ò³ É ±¦¥ μÉ· §¨ÉÓ ¢ ÔÉμ³ · §¤¥²¥ Ô²¥³¥´É´Ò° ¸μ-
¸É ¢, μ¶·¥¤¥²¥´´Ò° ¸ ¶μ³μÐÓÕ �Œ‡�, ´  ·¥§Ó¡μ¢ÒÌ μÉ¢¥É´ÒÌ Î ¸ÉÖÌ, ¢ ³¥¸É¥
¸μ¥¤¨´¥´¨Ö ¢Ìμ¤´μ£μ μ±´  ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (·¨¸. 1, ¶μ§. 4) ¨ ¸¡μ·´¨± 
¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ¨ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° (·¨¸. 1, ¶μ§. 12). 	É¨ ·¥§Ó¡μ¢Ò¥
¸μ¥¤¨´¥´¨Ö Ìμ·μÏμ ¢¨¤´Ò ¸²¥¢  ¨ ¸¶· ¢  ´  ·¨¸. 9,  ,   ¸ ³  ·¥§Ó¡  ¶μ± § ´ 
´  ·¨¸. 9, ¡.

16



�¨¸. 16. “Î ¸Éμ± ¶μ¢¥·Ì´μ¸É¨ ¢´ÊÉ·¥´´¥° Í¥´É· ²Ó´μ° Î ¸É¨ · §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¢Ò-
¤¥²¥´´μ° É. 18 ( ) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)

’ ¡²¨Í  13. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ É. 18 ·¨¸. 16

	²¥³¥´É Z ‘¥·¨Ö C, ¢¥¸. % C,  É. % ΔC, ¢¥¸. % Cu/Zn

‘¢¨´¥Í 82 L 4,50 0,57 0,39 Å

–¨´± 30 K 43,84 17,59 1,33 Å

Œ¥¤Ó 29 K 5,57 2,30 0,24 0,13
†¥²¥§μ 26 K 0,86 0,40 0,08 Å

Š ²ÓÍ¨° 20 K 0,56 0,36 0,06 Å

Š¨¸²μ·μ¤ 8 K 34,47 56,50 5,02 Å
“£²¥·μ¤ 6 K 10,20 22,28 2,41 Å
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�¨¸. 17. ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¢Ò¤¥²¥´´μ°
ÉμÎ±μ° (aÄ£), ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¤)

’ ¡²¨Í  14. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ´  ·¨¸. 17, ¤ ¢ É. 19

	²¥³¥´É Z ‘¥·¨Ö C, ¢¥¸. % C,  É. % ΔC, ¢¥¸. % Cu/Zn

‘¢¨´¥Í 82 L 27,31 3,72 1,11 Å
–¨´± 30 K 21,53 9,29 0,65 Å
Œ¥¤Ó 29 K 6,93 3,07 0,26 0,13
Š¨¸²μ·μ¤ 8 K 34,08 60,09 4,56 Å
“£²¥·μ¤ 6 K 10,15 23,83 1,94 Å
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�¨¸. 18. ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §·¥§ ´´μ° ¢ÉÊ²±¨ ¸ ¢Ò¤¥²¥´´μ°
μ¡² ¸ÉÓÕ ( , ¡), ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¥° •‘�ˆ (¢)

’ ¡²¨Í  15. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡². 20 ·¨¸. 18, ¡

	²¥³¥´É Z ‘¥·¨Ö C, ¢¥¸. % C,  É. % ΔC, ¢¥¸. % Cu/Zn

‘¢¨´¥Í 82 L 10,34 1,74 0,86 Å
–¨´± 30 K 23,21 12,41 0,88 Å
Œ¥¤Ó 29 K 40,61 22,34 1,32 1,80
Š¨¸²μ·μ¤ 8 K 16,12 35,22 3,33 Å
“£²¥·μ¤ 6 K 9,72 28,28 3,00 Å

�  ·¨¸. 20 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö ¶μ¢¥·Ì´μ¸É¥° ¢Ìμ¤´μ£μ μ±´ 
¸· §Ê ¶μ¸²¥ ¢¨´¨²μ¢μ£μ Ê¶²μÉ´¥´¨Ö, ±μÉμ·μ¥ ´¥ ¨³¥²μ ¶·Ö³μ£μ ±μ´É ±É  ¸
¢´ÊÉ·¥´´¥° Î ¸ÉÓÕ ² ÉÊ´´μ° ¢ÉÊ²±¨ ( ), ¨ ´  ·¥§Ó¡¥ ³¥¦¤Ê ¢Ìμ¤´Ò³ μ±´μ³ ¨§
¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (·¨¸. 1, ¶μ§. 4) ¨ ² ÉÊ´´μ° ¢ÉÊ²±μ° (·¨¸. 1, ¶μ§. 8) (¡),  
É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¨³ •‘�ˆ, ¨§³¥·¥´´Ò¥ ¢ ¢Ò¤¥²¥´´ÒÌ μ¡² ¸ÉÖÌ (¢ ¨ £
¸μμÉ¢¥É¸É¢¥´´μ). ‚ É ¡². 17 μÉμ¡· ¦¥´Ò Ô²¥³¥´É´Ò¥ ¸μ¸É ¢Ò μ¡² ¸É¥° 1 ¨ 2.
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�¨¸. 19. ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ÊÎ ¸É±μ¢ · §·¥§ ´´μ° ¢ÉÊ²±¨ ( , ¡) ¸ ¢Ò¤¥²¥´-
´μ° μ¡² ¸ÉÓÕ, ¢ ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¥° •‘�ˆ (¢)

’ ¡²¨Í  16. � ¸¶·¥¤¥²¥´¨¥ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡². 21 ·¨¸. 19, ¡

	²¥³¥´É Z ‘¥·¨Ö C, ¢¥¸. % C,  É. % ΔC, ¢¥¸. % Cu/Zn

‘¢¨´¥Í 82 L 5,56 0,80 0,34 Å
–¨´± 30 K 38,72 17,72 1,04 Å
Œ¥¤Ó 29 K 19,97 9,41 0,56 0,53
†¥²¥§μ 26 K 0,41 0,22 0,05 Å
Š¨¸²μ·μ¤ 8 K 26,09 48,80 3,35 Å
“£²¥·μ¤ 6 K 9,25 23,05 1,80 Å

‚ ¡¥·¨²²¨¥¢μ° ¡·μ´§¥ μ¸´μ¢´μ° Ì¨³¨Î¥¸±¨° Ô²¥³¥´É Å ÔÉμ ³¥¤Ó
(≈ 98%) ¨ ¸μ¶ÊÉ¸É¢ÊÕÐ Ö ¶·¨³¥¸Ó Å ÔÉμ ¡¥·¨²²¨° (≈ 2%). �μ¸²¥ ¢μ§-
¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ ¸μ¸É ¢ ¨§³¥´¨²¸Ö, ´μ ´  ·¥§Ó¡μ¢μ° Î ¸É¨ ¢Ìμ¤´μ£μ μ±´ ,
É ± ¦¥ ± ± ¨ ´  μÉ¢¥É´μ° ·¥§Ó¡¥ (¸³. ·¨¸. 13Ä15 ¨ É ¡². 11Ä13), ¶·¨¸ÊÉ¸É¢Ê¥É
¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ ¸¢¨´¥Í (14,62 ¢¥¸. %).
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�¨¸. 20. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¶μ¢¥·Ì´μ¸É¥° ¢Ìμ¤´μ£μ μ±´  ¡¥§ ·¥§Ó¡Ò ( ) ¨ ¸ ·¥§Ó¡μ° (¡)
¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ¢Ò¤¥²¥´´Ò³ μ¡² ¸ÉÖ³ 1 ¨ 2 •‘�ˆ (¢, £)

’ ¡²¨Í  17. � ¸¶·¥¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ ¢ μ¡² ¸ÉÖÌ 1 ¨ 2 ·¨¸. 20,  , ¡

	²¥³¥´É C, ¢¥¸. % C,  É. %
�¡². 1, ¡¥§ ·¥§Ó¡Ò

C K 30,0 61,13
O K 10,1 15,52
Si K 0,2 0,17
S K 0,47 0,36
Fe K 0,17 0,08
Co K 0,17 0,07
Cu K 58,8 22,68

�¡². 2, ¸ ·¥§Ó¡μ°
O K 12,47 37,50
Na K 3,18 6,66
Al K 0,51 0,91
Fe K 0,50 0,43
Cu K 37,92 28,47
Zn K 30,77 22,63
Pb M 14,62 3,39
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�¨¸. 21. •‘�ˆ ¢¨´¨²μ¢μ£μ ±μ²ÓÍ 

�  ·¨¸. 21 ¶·¥¤¸É ¢²¥´ ¸¶¥±É· Ê¶²μÉ´¨É¥²Ó´μ£μ ±μ²ÓÍ  ¨§ ¢¨´¨² , · ¸¶μ-
²μ¦¥´´μ£μ ´  ¢Ìμ¤´μ³ μ±´¥, £¤¥ μÉ¸ÊÉ¸É¢Ê¥É ·¥§Ó¡ . ‚ É ¡². 18 ¤ ´ Ô²¥³¥´É´Ò°
¸μ¸É ¢ ¢¨´¨²μ¢μ£μ Ê¶²μÉ´¨É¥²Ó´μ£μ ±μ²ÓÍ .

�¨¸. 22. ‘	Œ-¨§μ¡· ¦¥´¨¥ ·¥§Ó¡Ò ² ÉÊ´´μ£μ ¸¡μ·´¨±  ( ), μÉ¢¥É´μ° ± ·¥§Ó¡¥ ² ÉÊ´´μ°
¢ÉÊ²±¨,   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¢Ò¤¥²¥´´μ° μ¡² ¸É¨ •‘�ˆ (¡)

’ ¡²¨Í  19. Šμ´Í¥´É· Í¨Ö Ô²¥³¥´Éμ¢ ¢ ¢Ò¤¥²¥´´μ° μ¡² ¸É¨ ·¨¸. 22,   ´  ·¥§Ó¡¥
² ÉÊ´´μ£μ ¸¡μ·´¨± , μÉ¢¥É´μ° ± ·¥§Ó¡¥ ² ÉÊ´´μ° ¢ÉÊ²±¨

	²¥³¥´É C, ¢¥¸. % C,  É. %

C K 56,12 75,72
O K 18,90 19,22
Si K 0,26 0,15
Ca K 0,12 0,05
Fe K 0,72 0,21
Cu K 8,56 2,16
Zn K 7,48 1,89
Pb M 7,70 0,60
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ˆ§ É ¡². 18 ¢¨¤´μ, ÎÉμ ±μ²ÓÍμ ¸μ¸Éμ¨É ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢, ÌμÉÖ ¨³¥ÕÉ¸Ö
¨ ³ ²Ò¥ ±μ²¨Î¥¸É¢  ³¥¤¨ ¨ Í¨´± , ¢¨¤¨³μ, ¨§-§  ¶²μÉ´μ£μ ± ¸ ´¨Ö ±μ²ÓÍ  ¸
£² ¤±μ° Î ¸ÉÓÕ ¢Ìμ¤´μ£μ μ±´  (·¨¸. 1, ¶μ§. 4).

�  ·¨¸. 22 ¶·¥¤¸É ¢²¥´  ·¥§Ó¡  ² ÉÊ´´μ£μ ¸¡μ·´¨±  ( ) (¸³. ·¨¸. 1, ¶μ§. 12),
μÉ¢¥É´ Ö ± ·¥§Ó¡¥ ² ÉÊ´´μ° ¢ÉÊ²±¨ (·¨¸. 1, ¶μ§. 8),   É ±¦¥ ¸μμÉ¢¥É¸É¢ÊÕ-

�¨¸. 23. ‘	Œ-¨§μ¡· ¦¥´¨¥ μ¡· É´μ° ¸Éμ·μ´Ò ² ÉÊ´´μ° ¢ÉÊ²±¨ ( ) ¨ •‘�ˆ ¸ ¢Ò¤¥-
²¥´´μ£μ ÊÎ ¸É± : Í¥´É· (¡) ¨ ±· ° (¢) μ¡· É´μ° ¸Éμ·μ´Ò ¢ÉÊ²±¨
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Ð¨° •‘�ˆ (¡). ‚ É ¡². 19 ¶·¨¢¥¤¥´μ · ¸¶·¥¤¥²¥´¨¥ Ô²¥³¥´Éμ¢ ¸ ¢Ò¤¥²¥´´μ£μ
ÊÎ ¸É± , ¶μ± § ´´μ£μ ´  ·¨¸. 22,  .

�  ·¨¸. 23,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ μ¡· É´μ° ¸Éμ·μ´Ò ² ÉÊ´-
´μ° ¢ÉÊ²±¨ (·¨¸. 1, ¶μ§. 8),   ´  ·¨¸. 23, ¡, ¢ Å •‘�ˆ, ¨§³¥·¥´´Ò¥ ¸ ¢Ò¤¥²¥´-
´μ£μ ÊÎ ¸É±  ¡²¨¦¥ ± ¸¥·¥¤¨´¥ ¢ÉÊ²±¨ ¨ ¸ ±· Õ, ¡²¨¦¥ ± ¢´ÊÉ·¥´´¥° ·¥§Ó¡¥
¢ÉÊ²±¨. ‚ É ¡². 20 ¤ ´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ÔÉμ£μ ÊÎ ¸É± , ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
¸¶¥±É· ³ 1 ¨ 2 ·¨¸. 23, ¡ ¨ ¢.

’ ¡²¨Í  20. �²¥³¥´É´Ò° ¸μ¸É ¢ ¢Ò¤¥²¥´´μ£μ ÊÎ ¸É±  ´  ·¨¸. 23,  

	²¥³¥´É C, ¢¥¸. % C,  É. % Cu/Zn

‘¶¥±É· 1

6C K 32,53 64,70 Å

8O K 9,09 13,57 Å
13Al K 0,35 0,31 Å

17Cl K 0,16 0,11 Å

29Cu K 33,91 12,75 1,46 (¢¥¸. %)
30Zn K 23,23 8,49 1,50 ( É. %)

82Pb L 0,73 0,08 Å

‘¶¥±É· 2

6C K 40,28 71,36 Å

8O K 2,82 11,72 Å
13Al K 0,29 0,23 Å

17Cl K 0,14 0,08 Å

29Cu K 29,91 10,02 1,49 (¢¥¸. %)
30Zn K 20,12 6,55 1,53 (¢¥¸. %)

82Pb L 0,44 0,04 Å

ˆ§ É ¡². 20 ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ μ¡· É´ Ö ¸Éμ·μ´  ² ÉÊ´´μ° ¢ÉÊ²±¨,
´ Ìμ¤ÖÐ Ö¸Ö ¢ ´¥¶μ¸·¥¤¸É¢¥´´μ° ¡²¨§μ¸É¨ ± ¸É¥´±¥ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ -
¢²¥´¨Ö ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (·¨¸. 1, ¶μ§. 6), § ¶μ²´¥´´μ° ¶²μÉ´Ò³ ¤¥°É¥-
·¨¥³, ¶·¥É¥·¶¥²  ¨§³¥´¥´¨Ö ¢ Ô²¥³¥´É´μ³ ¸μ¸É ¢¥, ¢ Î ¸É´μ¸É¨, μ¡´ ·Ê¦¥´μ
´¥¡μ²ÓÏμ¥ ±μ²¨Î¥¸É¢μ ¸¢¨´Í : 0,73 ¢¥¸. % (Í¥´É·, ¸¶¥±É· 1) ¨ 0,44 ¢¥¸. %
(±· °, ¸¶¥±É· 2). 	ÉμÉ Ë ±É ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ ¸μ¥¤¨´¥´¨Ö ¸¢¨´Í 
(¸±μ·¥¥ ¢¸¥£μ, μ±¸¨¤Ò) ¢μ ¢§¢¥Ï¥´´μ³ (²¥ÉÊÎ¥³) ¸μ¸ÉμÖ´¨¨ ¢ ¶²μÉ´μ³ ¤¥°É¥-
·¨¨ (1,2 ±¡ · ¤ ¢²¥´¨Ö) ³μ£²¨ μ¸¥¸ÉÓ ´¥ Éμ²Ó±μ ´  ¢´ÊÉ·¥´´¥° £² ¤±μ° (¡¥§
·¥§Ó¡Ò) ¸Éμ·μ´¥, ´  ¤¢ÊÌ ·¥§Ó¡ Ì ¸ μ¡¥¨Ì ¸Éμ·μ´ ¨ ´  μÉ¢¥É´ÒÌ Î ¸ÉÖÌ ±
·¥§Ó¡ ³ ² ÉÊ´´μ° ¢ÉÊ²±¨, ´μ ¨ ´  μ¡· É´μ° ¥¥ ¸Éμ·μ´¥ ¢ ³ ²ÒÌ ±μ²¨Î¥¸É¢ Ì.

3. ‡�Š‹	—…�ˆ… ˆ ‚›‚�„›

Š ± ¡Ò²μ ¶·¥¤¸É ¢²¥´μ ¢ · ¡μÉ¥ [1], ¨¸Ìμ¤´ Ö ³ ¸¸  Pd-¸É¥·¦´Ö ¸μ¸É -
¢²Ö²  M0

Pb = 0,7509 £. �μ¸²¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ³ ¸¸  Pd-¸É¥·¦´Ö μ± § -
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² ¸Ó · ¢´μ° M ir
Pb = 0,71845 £. ‘²¥¤μ¢ É¥²Ó´μ,  ¡¸μ²ÕÉ´μ¥ ¨§³¥´¥´¨¥ ³ ¸¸Ò

Pd-¸É¥·¦´Ö ¸μ¸É ¢¨²μ ΔMPd = M0
Pd−M ir

Pd = 0,03245 £ (μÉ´μ¸¨É¥²Ó´μ¥ ¨§³¥-
´¥´¨¥ ³ ¸¸Ò ¸μ¸É ¢²Ö¥É 4,3%). Š ± ¶μ± § ²¨ ³¥Éμ¤Ò ‘	Œ ¨ �Œ‡�, ¢ ÔÉμ°
· ¡μÉ¥ ¨ ¢ [1] ¶· ±É¨Î¥¸±¨ ¢¸Ö ¢´ÊÉ·¥´´ÖÖ ¶μ¢¥·Ì´μ¸ÉÓ ¢¸¥Ì ±μ´¸É·Ê±Í¨°,
¢Ìμ¤ÖÐ¨Ì ¢ DHPC,   ¨³¥´´μ: ¢Ìμ¤´μ£μ μ±´  (·¨¸. 1, ¶μ§. 4), ¢±²ÕÎ Ö ¶·¨-
¸ÊÉ¸É¢ÊÕÐÊÕ ´  ´¥³ ¢´¥Ï´ÕÕ ·¥§Ó¡Ê ¢¶²μÉÓ ¤μ Ê¶²μÉ´¥´¨Ö ¤²Ö ¢Ò¸μ±μ£μ
¤ ¢²¥´¨Ö (·¨¸. 1, ¶μ§. 5), ¢´ÊÉ·¥´´¨Ì ¸É¥´μ± ² ÉÊ´´μ° ¢ÉÊ²±¨ (·¨¸. 1, ¶μ§. 8),
¢±²ÕÎ Ö ¢´ÊÉ·¥´´ÕÕ ·¥§Ó¡Ê ¸ μ¡¥¨Ì ¥¥ ¸Éμ·μ´, Pd-¸É¥·¦´Ö (·¨¸. 1, ¶μ§. 9),
² ÉÊ´´μ£μ ¸¡μ·´¨±  (·¨¸. 1, ¶μ§. 12) ¸ ¢´¥Ï´¥° ·¥§Ó¡μ° ´  ´¥³ Å ¶μ±·ÒÉ 
Î ¸É¨Í ³¨ ¸¢¨´Í  · §²¨Î´ÒÌ · §³¥·μ¢. ’ ±¦¥ μ¡´ ·Ê¦¥´Ò ± ± ¡μ²¥¥ ÉÖ¦¥-
²Ò¥ (19Š, 20‘ , 22Ti, 24Cr, 25Mn, 26Fe, 29Cu, 30Zn, 46Pd, 74W, 78Pt, 79Au), É ±
¨ ¡μ²¥¥ ²¥£±¨¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ (6C, 8O↓↑ , Ne↑, 11Na, 12Mg, 13Al, 14Si,

15P, 16S, 17Cl, 18Ar↑) (¸³. [1]).
’μ£¤  ¶μ μÍ¥´± ³, ¸¤¥² ´´Ò³ ¢ [1] ¨ ¶μ¤É¢¥·¦¤¥´´Ò³ Ô±¸¶¥·¨³¥´É ²Ó-

´Ò³¨ ¨§³¥·¥´¨Ö³¨ ¨ �Œ‡� ¢ ¤ ´´μ° · ¡μÉ¥, μ¡Ð¥¥ ±μ²¨Î¥¸É¢μ ¸¢¨´Í  ³μ¦¥É
¤μ¸É¨£ ÉÓ ¶· ±É¨Î¥¸±¨ ³¨±·μ¸±μ¶¨Î¥¸±¨Ì ±μ²¨Î¥¸É¢,   ¨³¥´´μ < 9,42 · 1019

 Éμ³μ¢ Pb, ¢μ ¢´ÊÉ·¥´´¥³ μ¡Ñ¥³¥ DHPC, ±μÉμ·Ò° ¡Ò² § ¶μ²´¥´ ¶²μÉ´Ò³
¤¥°É¥·¨¥³ ¶·¨ ¤ ¢²¥´¨¨ ¶·¨³¥·´μ 1,2 ±¡ ·.

‚ μÉ²¨Î¨¥ μÉ ·¥§Ê²ÓÉ Éμ¢ · ¡μÉ, ¢ ±μÉμ·ÒÌ ¡Ò²  ¸¨´É¥§¨·μ¢ ´  ´μ¢ Ö
¸É·Ê±ÉÊ·  ¸ μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±¨³ ¸μ¤¥·¦ ´¨¥³ ·ÊÉ¨²  [2Ä4], ¢ ¤ ´´μ° · -
¡μÉ¥ ¶·¨ μ¡²ÊÎ¥´¨¨ DHPC ¡Ò²  ¨¸¶μ²Ó§μ¢ ´  ¡�μ²ÓÏ Ö ¶²μÉ´μ¸ÉÓ ¶μÉμ± 
γ-±¢ ´Éμ¢ (Éμ± Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¡Ò² Ê¢¥²¨Î¥´ ¶·¨³¥·´μ ¢ ¤¢  · § ), ¸Ê³-
³ ·´μ¥ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¡Ò²μ ¢ É·¨ · §  ¤μ²ÓÏ¥,   ¤ ¢²¥´¨¥ ³μ²¥±Ê²Ö·´μ£μ
¤¥°É¥·¨Ö ¢´ÊÉ·¨ ± ³¥·Ò ¸μ¸É ¢²Ö²μ ¶·¨³¥·´μ 1,2 ±¡ ·.

� §³¥·Ò Î ¸É¨Í ¸¢¨´Í  ¶·¨ ÔÉμ³ μ± § ²¨¸Ó ³¥¸É ³¨ §´ Î¨É¥²Ó´Ò³¨ Å
¤μ 50 ³±³ [1]. — ¸É¨ÍÒ ¸¢¨´Í  ¨²¨ ¥£μ μ±¸¨¤μ¢ ¶μ±·Ò²¨ ¢¥¸Ó ¢´ÊÉ·¥´´¨°
μ¡Ñ¥³ ¨ ¢¸¥ Ô²¥³¥´ÉÒ ±μ´¸É·Ê±Í¨¨ DHPC,   ÔÉμ ³μ£²μ ¶·μ¨§μ°É¨ Éμ²Ó±μ ¢
¸²ÊÎ ¥, ¥¸²¨ ¸¢¨´¥Í ¨²¨, ¸±μ·¥¥ ¢¸¥£μ, ¥£μ ¸μ¥¤¨´¥´¨Ö (μ±¸¨¤Ò) ´ Ìμ¤¨²¨¸Ó
¢ ¢¨¤¥ ¶ · .

�É³¥É¨³, ÎÉμ  ¢Éμ·Ò ¤ ´´μ° · ¡μÉÒ ¶·μ¢¥²¨ ´¥§ ¢¨¸¨³Ò° Ô±¸¶¥·¨³¥´É
¶μ μ¡²ÊÎ¥´¨Õ γ-±¢ ´É ³¨ μ¡· §Íμ¢ ¸¢¨´Í  (99,8 %) ¢ ¢¨¤¥ É·¥Ì Í¨²¨´¤·μ¢
¤¨ ³¥É·μ³ 2 ³³ ¨ ¤²¨´ ³¨ ¶·¨³¥·´μ ¶μ 10 ³³, · ¸¶μ²μ¦¥´´ÒÌ ¢¤μ²Ó ¶·μ-
ÉÖ¦¥´´μ° ± ³¥·Ò DHPC (¸³. μ¶¨¸ ´¨¥ ¢ [5, 6]) ¢  É³μ¸Ë¥·¥ ¤¥°É¥·¨Ö ¶·¨
¥£μ ¶²μÉ´μ¸É¨ 400Ä500 ¡ ·. �·¥¤¢ ·¨É¥²Ó´Ò° μ¸³μÉ· ´¥ ¢ÒÖ¢¨² ¶·μÍ¥¸¸μ¢
¸ μ¡· §μ¢ ´¨¥³ · ¸¶² ¢²¥´´ÒÌ ¨ § ¸ÉÒ¢Ï¨Ì Î ¸É¨Í ¸¢¨´Í , ÌμÉÖ ¤¥É ²Ó´ÒÌ
¨§³¥·¥´¨° ³¥Éμ¤ ³¨ ‘	Œ ¨ �Œ‡� μ¡· §Íμ¢ ¸¢¨´Í  ¶μ±  ¶·μ¢¥¤¥´μ ´¥ ¡Ò²μ.

�¡ÑÖ¸´¨ÉÓ ¸Éμ²Ó §´ Î¨É¥²Ó´Ò¥ ±μ²¨Î¥¸É¢  μ¡· §μ¢ ¢Ï¥£μ¸Ö ¸¢¨´Í  ³μ¦-
´μ, ²¨ÏÓ ¨¸¶μ²Ó§ÊÖ ´¥ ¢¶μ²´¥ μ¡μ¸´μ¢ ´´Ò¥ ¶·¥¤¶μ²μ¦¥´¨Ö ¢ [1], ¶·¥¤²μ-
¦¥´´ÊÕ Ë¥´μ³¥´μ²μ£¨Î¥¸±ÊÕ ¸Ì¥³Ê Ö¤¥·´ÒÌ ·¥ ±Í¨° [7] ¨²¨ ¢¢μ¤Ö ´μ¢Ò¥
¶·¥¤¶μ²μ¦¥´¨Ö.

Š ± ¨ ¢ · ¡μÉ Ì [1Ä6], ¶·μÍ¥¸¸Ò ¤¥²¥´¨Ö Ö¤¥· ¶ ²² ¤¨Ö ¸ ¶¥·¥¤ Î¥°
¡μ²ÓÏμ£μ Ê£²μ¢μ£μ ³μ³¥´É  ¶μ¤ ¤¥°¸É¢¨¥³ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ ´¥°É·μ´ ³¨ ¨
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¶·μÉμ´ ³¨ ¨§ ·¥ ±Í¨¨ ËμÉμ· ¸Ð¥¶²¥´¨Ö ¤¥°É·μ´  ¶μ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢
¨ ®´ £·¥ÉÒÌ¯ ¤¥°É·μ´μ¢ (·¥ ±Í¨Ö �¶¶¥´£¥°³¥·  [8]) ´¥ § ¶·¥Ð¥´Ò ¢ · ³-
± Ì ± ¶¥²Ó´μ° ³μ¤¥²¨ Ö¤·  ¸ ¡μ²ÓÏ¨³¨ Ê£²μ¢Ò³¨ ³μ³¥´É ³¨ (¸³. [9Ä11]).
�¡· §μ¢ ´¨¥ ¸¢¨´Í  ¨§ ¡μ²¥¥ ²¥£±¨Ì ¶·μ¤Ê±Éμ¢ · ¸¶ ¤  ¶ ²² ¤¨Ö, É ±¨Ì ± ±
±·¨¶Éμ´ ¨²¨ ¸ ¡μ²ÓÏ¨³ § ·Ö¤μ³ Ö¤· , ¨ ¸ ³μ£μ ¶ ²² ¤¨Ö ´¥¢μ§³μ¦´Ò ¨§-§ 
§ ±μ´μ¢ ¸μÌ· ´¥´¨Ö Ô´¥·£¨¨. Š¢ §¨±² ¸¸¨Î¥¸±¨° ¶μ¤Ìμ¤ ¸ ¢¢¥¤¥´¨¥³ ¤¢Ê-
£μ·¡μ£μ ¨μ´-¨μ´´μ£μ ¶μÉ¥´Í¨ ² , μ¶¨¸Ò¢ ÕÐ¥£μ ·¥§μ´ ´¸´μ¥ ¶μ¤¡ ·Ó¥·´μ¥
¸²¨Ö´¨¥ ¸Ë¥·¨Î¥¸±¨Ì Ö¤¥· ¸·¥¤´¥£μ  Éμ³´μ£μ ´μ³¥·  (É¨¶  40Zr + 40Zr), ¡Ò²
· §¢¨É ¢ · ¡μÉ Ì [12Ä14]. „¢  ¡ ·Ó¥·  ¶μ§¢μ²ÖÕÉ ¸É ²±¨¢ ÕÐ¨³¸Ö Ö¤· ³ ´ -
Ìμ¤¨ÉÓ¸Ö ´  ³ ²ÒÌ · ¸¸ÉμÖ´¨ÖÌ ¤·Ê£ μÉ ¤·Ê£  ¤²¨É¥²Ó´μ¥ ¢·¥³Ö, ÎÉμ ¤¥² ¥É
¢μ§³μ¦´Ò³ μ¡· §μ¢ ´¨¥ μ¡Ð¥° Ô²¥±É·μ´´μ° μ¡μ²μÎ±¨ ¢ ¸¨¸É¥³¥ ¤ ¦¥ ¡¥§
¸μ¸É ¢´μ£μ Ö¤· .

’¥³ ´¥ ³¥´¥¥ ¡¥§ ¢¢¥¤¥´¨Ö ¤μ¶μ²´¨É¥²Ó´ÒÌ ¶·¥¤¶μ²μ¦¥´¨° μ ¢μ§³μ¦´ÒÌ
±μ²²¥±É¨¢´ÒÌ ÔËË¥±É Ì ¢ ³¥Ì ´¨§³ Ì Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ ¶²μÉ´μ³ ¤¥°É¥·¨¨
¶μ¤ ¤¥°¸É¢¨¥³ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨, ¶μ-¢¨¤¨³μ³Ê, ´¥ Ê¤ ¸É¸Ö μ¡ÑÖ¸´¨ÉÓ
¤ ¦¥ ´  ± Î¥¸É¢¥´´μ³ Ê·μ¢´¥ ´ ¡²Õ¤ ¥³ÒÌ §´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ ¢´μ¢Ó
μ¡· §μ¢ ´´ÒÌ Ô²¥³¥´Éμ¢.

�μ´ÖÉ¨¥ ±μ²²¥±É¨¢´ÒÌ ÔËË¥±Éμ¢ É ±¦¥ ´¥μ¡Ìμ¤¨³μ ¶·¨ ¶μ¶ÒÉ± Ì μ¡Ñ-
Ö¸´¨ÉÓ ¸É ¡¨²¨§ Í¨Õ ¤¢μ°´ÒÌ Ö¤¥·´ÒÌ ¸¨¸É¥³ §  ¸Î¥É § Ì¢ É  Ô²¥±É·μ´μ¢
¨ ´¥°É· ²¨§ Í¨¨ É ±μ° ¸¨¸É¥³Ò · ¡μÉÒ ¶μ ¨§³¥´¥´¨Õ ¶¥·¨μ¤  ¶μ²Ê· ¸¶ ¤ 
β−-· ¸¶ ¤´ÒÌ ¨²¨ ¸É ¡¨²Ó´ÒÌ Ö¤¥· ¶·¨ Ê¤ ²¥´¨¨ Ô²¥±É·μ´μ¢ (¸³. [15Ä17]).
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