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„¨¤Ò± �.�., ‚¨Ï´¥¢¸±¨° �. P15-2014-2
‘¨´É¥§ ³¨±·μÎ ¸É¨Í ¢ ³μ²¥±Ê²Ö·´μ³ ¢μ¤μ·μ¤¥
¶·¨ ¤ ¢²¥´¨¨ 1 ±¡ · ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¶μ¤ ¤¥°¸É¢¨¥³ Éμ·³μ§´ÒÌ γ-±¢ ´Éμ¢ ¸
¶μ·μ£μ¢μ° Ô´¥·£¨¥° 10 ŒÔ‚. •¨³¨Î¥¸±¨° ¸μ¸É ¢ ¨ ¸É·Ê±ÉÊ·Ò
´  ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ ±μ³¶μ´¥´Éμ¢ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö

Š ³¥·  ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö, § ¶μ²´¥´´ Ö ³μ²¥±Ê²Ö·´Ò³ ¢μ¤μ·μ¤μ³ ¶·¨ ¤ -
¢²¥´¨¨ 1 ±¡ ·, ¡Ò²  μ¡²ÊÎ¥´  Éμ·³μ§´Ò³¨ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¶·¨
¨´É¥´¸¨¢´μ¸É¨ ¶ÊÎ±  Ô²¥±É·μ´μ¢ 20Ä21 ³±� ¢ É¥Î¥´¨¥ 14 Î. �μ¸²¥· ¤¨ Í¨μ´´Ò¥
¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ´¥μ¤´μ·μ¤´μ¸É¥° ´  ¶μ¢¥·Ì´μ-
¸É¨,   É ±¦¥ ¤¢ÊÌ ¡μ²¥¥ ±·Ê¶´ÒÌ ¸¨´É¥§¨·μ¢ ´´ÒÌ Î ¸É¨Í ¨§ ¢¸¥Ì μ¡´ ·Ê¦¥´´ÒÌ
¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ¶μ§¢μ²¨²¨ Ê¸É ´μ¢¨ÉÓ ´ ²¨Î¨¥ ¢ ´¨Ì ²¥£±¨Ì Ô²¥³¥´Éμ¢ μÉ Ê£²¥-
·μ¤  ¤μ ± ²ÓÍ¨Ö. �μ³¨³μ ÔÉμ£μ ´ °¤¥´Ò ¨ ¨§ÊÎ¥´Ò ³´μ¦¥¸É¢¥´´Ò¥ Î ¸É¨ÍÒ
¸¢¨´Í  ³ ²μ£μ · §³¥· . �¡´ ·Ê¦¥´´Ò¥ ¸¨´É¥§¨·μ¢ ´´Ò¥ Î ¸É¨ÍÒ ¨³¥ÕÉ ¸²μ¦-
´ÊÕ Ëμ·³Ê ¨ ¸μ¸É ¢. �  μ¡¥¨Ì ¸Éμ·μ´ Ì ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸É¥° · §·¥§ ´´μ°
² ÉÊ´´μ° ¢ÉÊ²±¨ ´ °¤¥´Ò Éμ´±μ¸É¥´´Ò¥ ³¨±·μÉ·Ê¡±¨ ¨ ¤·Ê£¨¥ μ¡Ñ¥±ÉÒ ¸²μ¦´μ°
Ëμ·³Ò. ‚ÒÖ¢²¥´´Ò¥  ´μ³ ²¨¨ μ¡¸Ê¦¤ ÕÉ¸Ö ´  μ¸´μ¢¥ ³μ¤¥²¥° ·¥ ±Í¨° ¸²¨Ö´¨Ö
Ö¤¥· ¢μ¤μ·μ¤  ¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ö¤¥· (®¢μ¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨) ¨ ·¥ ±Í¨° ¤¥²¥-
´¨Ö (®´¨¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨) ¨ ¸¨´É¥§  (®¢μ¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨) ¢ Ö¤· Ì ¸É¥´μ±
± ³¥·Ò.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.
�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2014

Didyk A.Yu., Wi�sniewski R. P15-2014-2
Synthesis of Microparticles in Molecular Hydrogen
at 1 kbar Pressure in Nuclear Reactions Induced by Braking γ-Rays of 10 MeV
Threshold Energy. The Chemical Composition and Structures at the Inner Surfaces
of the Pressure Chamber Components

A high-pressure chamber ˇlled with molecular hydrogen at 1 kbar was exposed
to braking γ-rays produced by 10 MeV electron beam of 20Ä21 μA intensity during
14 h. Post-irradiation investigations of the structure and elemental composition
of the irregularities at the surface, as well as of two largest synthesized particles
among the ones registered after the irradiation, established the presence of light
elements from carbon to calcium. Besides, multiple lead particles of small size were
found and studied. The detected synthesized particles have a complex shape and
composition. At the both sides of the inner surfaces of the cut brass sleeve, thin-
walled microtubes and other objects of complex shape were found. The observed
anomalies are discussed based on the models of the fusion of hydrogen nuclei and
heavier nuclei (®upstream¯ reactions) and ˇssion reactions (®downstream¯ reactions)
and fusion reactions (®upstream¯ reactions) of nuclei in the chamber walls.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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�¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨° ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¤¥°É¥·¨·μ¢ ´´μ° ± ³¥·Ò ¢Ò-
¸μ±μ£μ ¤ ¢²¥´¨Ö (DHPC) μ¡· §Íμ¢ ·Ö¤  Î¨¸ÉÒÌ ³¥É ²²μ¢ Al, V, Cu, Pd, Re,
  É ±¦¥ ¸¶² ¢μ¢ YMn2 ¨ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ ¶·¨ ¤ ¢²¥´¨ÖÌ ¤¥°É¥·¨Ö 1,2; 2
¨ 3 ±¡ · ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¸ Ô´¥·£¨Ö³¨ 9, 10, 11 ¨ 23 ŒÔ‚
(É. ¥. ¢ μ¡² ¸É¨ Ö¤¥·´μ£μ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  [1]) ¶·¥¤¸É ¢²¥´Ò
¢ [2Ä13]. ‚ ÔÉ¨Ì · ¡μÉ Ì ¡Ò²¨ μ¡´ ·Ê¦¥´Ò §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ¸É·Ê±-
ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¨, μ¡Ñ¥³´ÒÌ ¸¢μ°¸É¢ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢¸¥Ì ±μ³¶μ-
´¥´Éμ¢ ¢´ÊÉ·¨ DHPC, μ¡Ê¸²μ¢²¥´´Ò¥ Ö¤¥·´Ò³¨ ·¥ ±Í¨Ö³¨. “¸É·μ°¸É¢μ ´ 
μ¸´μ¢¥ DHPC ¤²Ö ¶μ²ÊÎ¥´¨Ö Ô´¥·£¨¨ c ¢Ò¸μ±¨³ ±μÔËË¨Í¨¥´Éμ³ ¶μ²¥§´μ£μ
¤¥°¸É¢¨Ö μ¶¨¸ ´μ  ¢Éμ· ³¨ ¢ [14]. „¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ¸μ¸É ¢μ¢ ¢¸¥Ì
¨¸Ìμ¤´ÒÌ ³ É¥·¨ ²μ¢, ¢Ìμ¤ÖÐ¨Ì ¢ Ô²¥³¥´ÉÒ ¢´ÊÉ·¥´´¨Ì ±μ´¸É·Ê±Í¨° DHPC,
¨ μ¡Ñ¥±Éμ¢ ¨¸¸²¥¤μ¢ ´¨Ö ¤μ ¨ ¶μ¸²¥ ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ ¶μ§¢μ²¨²¨ μ¤-
´μ§´ Î´μ Ê¸É ´μ¢¨ÉÓ μ¡· §μ¢ ´¨¥ ¢ ¶·μÍ¥¸¸¥ ¶·μÉ¥± ÕÐ¨Ì Ö¤¥·´ÒÌ ·¥ ±Í¨°
± ± ¡μ²¥¥ ²¥£±¨Ì Ô²¥³¥´Éμ¢, É. ¥. ¸ ³¥´ÓÏ¨³  Éμ³´Ò³ ´μ³¥·μ³ Z (μÉ Ê£²¥·μ¤ 
¤μ ± ²ÓÍ¨Ö), Î¥³ Z ¨§ÊÎ ¥³μ£μ ³ É¥·¨ ²  ³¨Ï¥´¨ (®´¨¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨),
É ± ¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ: 73Ta, 74W, 78Pt, 79Au ¨ 82Pb (®¢μ¸Ìμ¤ÖÐ¨¥¯ Ö¤¥·´Ò¥
·¥ ±Í¨¨).

�  μ¸´μ¢¥ Ê¸É ´μ¢²¥´´ÒÌ Ô³¶¨·¨Î¥¸±¨Ì § ±μ´μ³¥·´μ¸É¥° μ¡· §μ¢ ´¨Ö
¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨° Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¸Éμ²Ó Ï¨·μ±μ³ ¤¨ -
¶ §μ´¥ Z ¡Ò²  ¶·¥¤²μ¦¥´  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö ³μ¤¥²Ó, ÊÎ¨ÉÒ¢ ÕÐ Ö, ± ±
´ ³ ± § ²μ¸Ó, ¡μ²ÓÏ¨´¸É¢μ ¢μ§³μ¦´ÒÌ, É. ¥. Ô´¥·£¥É¨Î¥¸±¨ ´¥ § ¶·¥Ð¥´´ÒÌ,
Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¤ ¦¥ É¥Ì, ±μÉμ·Ò¥ ¨³¥ÕÉ ¶·¥¤¥²Ó´μ ³ ²Ò¥ ¢¥·μÖÉ´μ¸É¨
(¸³. [15, 16]).

ˆ¸¸²¥¤μ¢ ´¨Ö (¸³. [3, 17]), ¶·μ¢¥¤¥´´Ò¥ ¸ § ³¥´μ° ¤¥°É¥·¨Ö ¢ DHPC
¸ ¶ ²² ¤¨¥¢Ò³ ¸É¥·¦´¥³ ¢´ÊÉ·¨ ´  ³μ²¥±Ê²Ö·´Ò° ¢μ¤μ·μ¤ (98,0 %) ¶·¨ ¤ ¢-
²¥´¨¨ 2,5 ±¡ · (± ³¥·  ���‘) ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¸ ³ ±¸¨³ ²Ó-
´μ° ¶μ·μ£μ¢μ° Ô´¥·£¨¥° ≈ 10 ŒÔ‚ ¶·¨ Ô²¥±É·μ´´μ³ ¶ÊÎ±¥ ¨´É¥´¸¨¢´μ¸ÉÓÕ
2Ä3 ³±�, ¶μ§¢μ²¨²¨ Ê¸É ´μ¢¨ÉÓ, ÎÉμ ´  ¶μ¢¥·Ì´μ¸ÉÖÌ ±μ´¸É·Ê±É¨¢´ÒÌ Ô²¥-
³¥´Éμ¢ HHPC (· §·¥§ ´´μ° ¢¤μ²Ó ¶·μ¤μ²Ó´μ° μ¸¨ ² ÉÊ´´μ° ¢ÉÊ²±¨ ¨ ² ÉÊ´-
´μ£μ ¸¡μ·´¨±  ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ¨ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° (¸³. [2Ä5])) μ¡· §Ê-
ÕÉ¸Ö Î ¸É¨ÍÒ, ¸μ¸ÉμÖÐ¨¥ ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¨§ ¸¢¨´Í , ¨ Î ¸É¨ÍÒ, ¨³¥ÕÐ¨¥
¢ ¸¢μ¥³ ¸μ¸É ¢¥ ²¥£±¨¥ Ô²¥³¥´ÉÒ μÉ Ê£²¥·μ¤  ¤μ ± ²ÓÍ¨Ö. �·¨ É¥Ì ¦¥ Ê¸²μ-
¢¨ÖÌ ¡Ò²¨ μ¡²ÊÎ¥´Ò ¨ § É¥³ ¨§ÊÎ¥´Ò ¢¸¥ ¢´ÊÉ·¥´´¨¥ ¶μ¢¥·Ì´μ¸É¨ Ô²¥³¥´Éμ¢
DHPC ¶·¨ ¤ ¢²¥´¨¨ ¤¥°É¥·¨Ö 3,5 ±¡ ·. �Ò²μ ¶μ± § ´μ ¢ [18], ÎÉμ ¢ Í¥²μ³
¨§³¥´¥´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¨ ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¥° ¢¥¸Ó³  ¶μÌμ¦¨, ´μ
ÔËË¥±ÉÒ ¢ ³μ²¥±Ê²Ö·´μ³ ¤¥°É¥·¨¨ ¢ DHPC ¶·¨ ¤ ¢²¥´¨¨ 3,5 ±¡ · ´¥¸±μ²Ó±μ
¢ÒÏ¥, Î¥³ ¢ ³μ²¥±Ê²Ö·´μ³ ¢μ¤μ·μ¤¥ ¢ ���‘ ¶·¨ ¤ ¢²¥´¨¨ 2,5 ±¡ ·.

–¥²Ó ´ ¸ÉμÖÐ¥° · ¡μÉÒ Å ¨¸¸²¥¤μ¢ ´¨Ö ¢μ§³μ¦´μ¸É¥° ¶·μÉ¥± ´¨Ö Ö¤¥·-
´ÒÌ ¨ Ë¨§¨±μ-Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° ¶μ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨
´¨¦¥ Ô´¥·£¨¨ £¨£ ´É¸±μ£μ ¤¨¶μ²Ó´μ£μ ·¥§μ´ ´¸  [1], ¶·¨¢μ¤ÖÐ¨Ì ± ¨§³¥´¥-
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´¨Ö³ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¨ ¸É·Ê±ÉÊ· ´  ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ ±μ´¸É·Ê±-
É¨¢´ÒÌ Ô²¥³¥´Éμ¢ HHPC (¢Ìμ¤´μ£μ μ±´  ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò, ¢´ÊÉ·¥´´¨Ì
¸É¥´μ± ² ÉÊ´´μ° ¢ÉÊ²±¨, ³ ´£ ´¨´μ¢μ° Ëμ²Ó£¨ ¨ ¸¡μ·´¨±  ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨°),   É ±¦¥ μ¡· §μ¢ ´¨Ö Î ¸É¨Í ³¨±·μ¸±μ¶¨Î¥¸±¨Ì · §³¥·μ¢.

1. �Š‘�…�ˆŒ…�’�‹œ�›… Œ…’�„ˆŠ� ˆ ˆ‘‘‹…„�‚��ˆŸ

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ±μ´¸É·Ê±Í¨Ö ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¢μ¤μ·μ¤ 
(���‘) ¸ μ¸´μ¢´Ò³¨ Ô²¥³¥´É ³¨, ±μÉμ· Ö ¨¸¶μ²Ó§μ¢ ² ¸Ó ¢ ¶·¥¤Ò¤ÊÐ¨Ì Ô±¸-
¶¥·¨³¥´É Ì [2, 3Ä9, 17] ¸ μ¤´¨³ μÉ²¨Î¨¥³ Å μÉ¸ÊÉ¸É¢μ¢ ² μ¡· §¥Í ¶ ²² ¤¨Ö.
�μ ¸· ¢´¥´¨Õ ¸ ¶·¨³¥´¥´¨¥³ ¢ Ô±¸¶¥·¨³¥´É Ì DHPC [2, 3Ä9] ¨ HHPC [17]
¢ ¤ ´´μ³ ¨¸¸²¥¤μ¢ ´¨¨ ¡Ò²  ¨¸¶μ²Ó§μ¢ ´   ´ ²μ£¨Î´ Ö ± ³¥·  ¸μ ¸É ´¤ ·É-
´Ò³ ´ ¡μ·μ³ ±μ³¶μ´¥´Éμ¢ §  ¨¸±²ÕÎ¥´¨¥³ μ¡· §Í  ³¥É ²²  (¶ ²² ¤¨Ö), ±μÉμ-
·Ò° μÉ¸ÊÉ¸É¢μ¢ ².

�¨¸. 1. ‘Ì¥³ É¨Î¥¸±μ¥ ¨§μ¡· ¦¥´¨¥ DHPC ¨ HHPC: 1 Å ¶μÉμ± γ-±¢ ´Éμ¢; 2 Å
·¥§Ó¡μ¢μ¥ ¸μ¥¤¨´¥´¨¥ ¸ ¢Ìμ¤´Ò³ μÉ¢¥·¸É¨¥³; 3 Å ±μ·¶Ê¸ ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥-
´¨Ö; 4 Å ®¢Ìμ¤´μ¥ μ±´μ¯ ¨§ Cu0,98Be0,02; 5 Å Ê¶²μÉ´¥´¨¥ ¤²Ö ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö;
6 Å Í¨²¨´¤· ± ³¥·Ò ¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¨§ Cu0,98Be0,02; 7 Å ¤¥°É¥·¨° (DHPC) ¨²¨
¢μ¤μ·μ¤ (HHPC); 8 Å ² ÉÊ´´ Ö ¢ÉÊ²± ; 9 Å Pd-¸É¥·¦¥´Ó (μÉ¸ÊÉ¸É¢Ê¥É ¢ ¤ ´´μ³
¨¸¸²¥¤μ¢ ´¨¨); 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

Š ³¥·  HHPC ¡Ò²  § ¶μ²´¥´  ³μ²¥±Ê²Ö·´Ò³ ¢μ¤μ·μ¤μ³ ¶·¨ ¤ ¢²¥´¨¨
´  ³μ³¥´É μ¡²ÊÎ¥´¨Ö 1 ±¡ ·. ’ ±μ¥ ¤ ¢²¥´¨¥ ¸μμÉ¢¥É¸É¢Ê¥É  Éμ³´μ° ±μ´-
Í¥´É· Í¨¨ ¢μ¤μ·μ¤  nH ≈ 2,952 · 1022  É. � · ¸³−3 ¶·¨ ¥£μ ¶²μÉ´μ¸É¨ ρH ≈
0,0494 £ · ¸³−3 (¸³. ³μ´μ£· Ë¨Õ [16]). ‚´ÊÉ·¨ ���‘ ´ Ìμ¤¨² ¸Ó Éμ²Ó±μ
Ëμ²Ó£  ¨§ ³ ´£ ´¨´ , É. ¥. Pd-¸É¥·¦¥´Ó μÉ¸ÊÉ¸É¢μ¢ ². �¡²ÊÎ¥´¨¥ HHPC ¡Ò²μ
¶·μ¢¥¤¥´μ ´  Ê¸±μ·¨É¥²¥ Œ’-25 ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ É¥Î¥´¨¥ 14 Î
(É. ¥. 5,04 · 104 ¸). 	´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¸μ¸É ¢²Ö²  10 ŒÔ‚ ¶·¨ ¸·¥¤-
´¥³ Éμ±¥ 20Ä21 ³±�. ’μ·³μ§´Ò¥ γ-±¢ ´ÉÒ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³
³¨Ï¥´´μ£μ Ê¸É·μ°¸É¢ , ¸μ¸ÉμÖÐ¥£μ ¨§ Éμ·³μ§´μ° ³¨Ï¥´¨ ¨§ ¢μ²ÓË· ³  ¸
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Éμ²Ð¨´μ° Ëμ²Ó£¨ 2,5 ³³ ¨  ²Õ³¨´¨¥¢μ£μ ¶μ£²μÉ¨É¥²Ö Ô²¥±É·μ´μ¢ Éμ²Ð¨-
´μ° 25 ³³.

�·¨ ¢¸±·ÒÉ¨¨ HHPC ¨§ ´¥¥ ¢Ò¸Ò¶ ²μ¸Ó ¢μ¸¥³Ó ³¥²±¨Ì Î ¸É¨Í · §³¥· ³¨
μ±μ²μ 1 ³³. �·¨ ÔÉμ³ μ¤´  Î ¸ÉÓ Î ¸É¨Í ¢¨§Ê ²Ó´μ ¶·μ¨§¢μ¤¨²  ¢¶¥Î É²¥´¨¥
É¥³´ÒÌ,   ¤·Ê£ Ö Å ¸¢¥É²ÒÌ. �·¨ ËμÉμ£· Ë¨·μ¢ ´¨¨ ¸μ ¸¶¥Í¨ ²Ó´Ò³ ¶·¨-
¸¶μ¸μ¡²¥´¨¥³ ¢¸¥ Î ¸É¨ÍÒ μ± § ²¨¸Ó ¶·μ§· Î´Ò³¨. „¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö
¸ ¶μ³μÐÓÕ ¸± ´¨·ÊÕÐ¥° Ô²¥±É·μ´´μ° ³¨±·μ¸±μ¶¨¨ (‘	Œ) ¨ ·¥´É£¥´μ¢¸±μ£μ
³¨±·μÔ²¥³¥´É´μ£μ §μ´¤μ¢μ£μ  ´ ²¨§  (�Œ‡�) ¤¢ÊÌ Î ¸É¨Í (É¥³´μ° ¨ ¸¢¥-
É²μ°), ± ± ¨ ¸¨´É¥§¨·μ¢ ´´Ò¥ μ¡Ñ¥±ÉÒ ´  μ¡¥¨Ì ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸ÉÖÌ
· §·¥§ ´´μ° ¢¤μ²Ó ´  ¤¢¥ ¶μ²μ¢¨´Ò ² ÉÊ´´μ° ¢ÉÊ²±¨ (·¨¸. 1, ¶μ§. 8), ¡Ê¤ÊÉ
· ¸¸³μÉ·¥´Ò ¢ ¸É ÉÓ¥ [24].

2. �…‡“‹œ’�’› ˆ‘‘‹…„�‚��ˆ‰

2.1. ‚Ìμ¤´μ¥ μ±´μ ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (·¨¸. 1, ¶μ§. 4). �É³¥É¨³,
ÎÉμ ¤²Ö ¡μ²ÓÏ¥° ¤μ¸Éμ¢¥·´μ¸É¨ ¨ Ê¡¥¤¨É¥²Ó´μ¸É¨ ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¨¸-
¸²¥¤μ¢ ´¨Ö ‘	Œ ¨ �Œ‡� ¶·μ¢μ¤¨²¨¸Ó ¶μ¸²¥¤μ¢ É¥²Ó´μ ¢ ¤¢ÊÌ ´¥§ ¢¨¸¨³ÒÌ

�¨¸. 2. ‘	Œ-¨§μ¡· ¦¥´¨Ö ‚� ¢ HHPC ( , ¡) ¨ •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡². 30 (¢)
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 ´ ²¨É¨Î¥¸±¨Ì Í¥´É· Ì: ¢ �ˆˆŸ” ¨³. „. ‚.‘±μ¡¥²ÓÍÒ´  Œƒ“ ¨³. Œ.‚. ‹μ³μ-
´μ¸μ¢  ¨ �ˆˆ �Œ’ ’“-Œˆ	Œ.

�  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ¤¢  ‘	Œ-¨§μ¡· ¦¥´¨Ö ¢Ìμ¤´μ£μ μ±´  (‚�) HHPC,
¶μ²ÊÎ¥´´Ò¥ ¶·¨ · §´ÒÌ Ê¢¥²¨Î¥´¨ÖÌ (·¨¸.  , ¡), ¨ Ì · ±É¥·¨¸É¨Î¥¸±¨° ¸¶¥±É·
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö (•‘�ˆ) (·¨¸. ¢), ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 30. ‚� ¨§
¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (Cu98−96Be2−4) ¨³¥²μ ±μ´É ±É ¸ ¢μ¤μ·μ¤μ³ ¶·¨ ¢Ò¸μ±μ³
¤ ¢²¥´¨¨.

‚ É ¡². 1 ¶·¨¢¥¤¥´Ò ±μ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¨¥ •‘�ˆ ´  ·¨¸. 2, ¢.

’ ¡²¨Í  1. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ •‘�ˆ
´  ·¨¸. 2, ¢

	²¥³¥´É ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %
Œ¥¤Ó Š 95,34± 2,58 83,75
Š¨¸²μ·μ¤ Š 4,66± 2,58 16,25

Š ± ¢¨¤´μ, ‚� ¸μ¸Éμ¨É ¨§ ³¥¤¨ ¸ ³ ²Ò³ ¸μ¤¥·¦ ´¨¥³ ±¨¸²μ·μ¤ . �·¨-
¸ÊÉ¸É¢ÊÕÐ¨° ¢ ¸μ¸É ¢¥ ³ É¥·¨ ²  ‚� ¡¥·¨²²¨° (2Ä4  É. %) ¨¸¶μ²Ó§μ¢ ´´Ò³
¢ ¨§³¥·¥´¨ÖÌ �Œ‡� ¸¶¥±É·μ³¥É·μ³ ´¥ ·¥£¨¸É·¨·Ê¥É¸Ö.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´Ò ÊÎ ¸É±¨ ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ · §²¨Î´Ò³ Ê¢¥²¨Î¥-
´¨¥³, ´  ±μÉμ·ÒÌ ´ ¡²Õ¤ ÕÉ¸Ö §´ Î¨É¥²Ó´μ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´Ò¥ ¶μ¢¥·Ì´μ-
¸É¨ ¢ ·¥§Ê²ÓÉ É¥ ¢μ§¤¥°¸É¢¨Ö μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨. �  ·¨¸. 3, ¡ ¢Ò¤¥²¥´ 
μ¡² ¸ÉÓ 31, £¤¥ ¢Ò¶μ²´¥´ �Œ‡�.

�¨¸. 3. „¢  ÊÎ ¸É±  ‚� ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ 31, £¤¥ ¢Ò¶μ²´¥´ �Œ‡�

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´ •‘�ˆ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ‚�, ¨§³¥·¥´´μ£μ ¢ μ¡² -
¸É¨ 31. ‚ É ¡². 2 ¶·¨¢μ¤ÖÉ¸Ö ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢.

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¢ ¨§³¥·¥´´μ° μ¡² ¸É¨ 31 ¶·¨¸ÊÉ¸É¢ÊÕÉ ²¥£±¨¥ Ô²¥-
³¥´ÉÒ: 6‘, 8O, 13Al, 14Si, 16S, 17Cl ¨ 20Ca. �É³¥É¨³ μÉ´μ¸¨É¥²Ó´μ ¡μ²ÓÏμ¥
¸μ¤¥·¦ ´¨¥ ±·¥³´¨Ö (19,91 ¢¥¸. %, ¨²¨ 19,40  É. %).
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�¨¸. 4. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 31 ‚� ´  ·¨¸. 3, ¡

’ ¡²¨Í  2. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡² ¸É¨ 31 ´  ·¨¸. 3, ¡

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

“£²¥·μ¤ 6 Š 7,66± 3,09 17,45

Š¨¸²μ·μ¤ 8 Š 24,84± 6,38 42,49

�²Õ³¨´¨° 13 Š 0,13± 0,07 0,14

Š·¥³´¨° 14 Š 19,91± 1,73 19,40

‘¥·  16 Š 0,06± 0,06 0,05

•²μ· 17 Š 0,11± 0,07 0,08

Š ²ÓÍ¨° 20 Š 0,06± 0,06 0,04

Œ¥¤Ó 29 Š 47,24± 2,59 20,35

�¨¸. 5. ‘	Œ-¨§μ¡· ¦¥´¨¥ Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ 33, ¢
±μÉμ·μ° ¡Ò² ¶·μ¢¥¤¥´ �Œ‡� ( ), ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)
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�  ¶μ¢¥·Ì´μ¸É¨ ‚� μ¡´ ·Ê¦¥´Ò μ¡Ñ¥±ÉÒ ¸²μ¦´μ° Ëμ·³Ò, μ¤¨´ ¨§ ±μ-
Éμ·ÒÌ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 5,  . •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 33, ¶·¥¤¸É ¢²¥´
´  ·¨¸. 5, ¡. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

’ ¡²¨Í  3. Šμ´Í¥´É· Í¨¨ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ¨§³¥·¥´´Ò¥ �Œ‡� ¢ μ¡² ¸É¨ 33
´  ·¨¸. 5,  

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 46,72± 9,22 64,25

Š·¥³´¨° 14 Š 39,59± 2,20 31,01

Œ¥¤Ó 29 Š 13,69± 4,74 4,74

‚¨¤´μ, ÎÉμ ‚� ¸μ¸Éμ¨É ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¨§ ±·¥³´¨Ö ¨ ±¨¸²μ·μ¤ .
�É´μÏ¥´¨¥ ±μ´Í¥´É· Í¨° ±¨¸²μ·μ¤  ¨ ±·¥³´¨Ö ¸μ¸É ¢²Ö¥É CO ( É. %)/
CSi ( É. %)≈ 2. �É¸Õ¤  ³μ¦´μ § ±²ÕÎ¨ÉÓ, ÎÉμ ¤ ´´μ¥ ¸μ¥¤¨´¥´¨¥ Ö¢²Ö¥É¸Ö
¤¨μ±¸¨¤μ³ ±·¥³´¨Ö (SiO2). ’μ²Ð¨´  Î ¸É¨ÍÒ ¤μ¸É ÉμÎ´μ §´ Î¨É¥²Ó´ Ö, É ±
± ± μ¸´μ¢´μ° ³ É¥·¨ ² ‚� Å ³¥¤Ó Å ¸² ¡μ ¶·μÖ¢²Ö¥É¸Ö ¨ ¥¥ ±μ´Í¥´É· Í¨Ö
¸μ¸É ¢²Ö¥É Éμ²Ó±μ 4,74  É. %.

�  ·¨¸. 6,   ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ Éμ° ¦¥ Î ¸É¨ÍÒ ¸ μ¡² ¸ÉÓÕ 34, £¤¥
¸¤¥² ´ �Œ‡� ¤²Ö ¶μ¤É¢¥·¦¤¥´¨Ö ¤μ¸Éμ¢¥·´μ¸É¨ ¨§³¥·¥´¨° ¢ μ¡² ¸É¨ 33 ´ 
¶μ¢¥·Ì´μ¸É¨ ‚�, ´  ·¨¸. 6, ¡ Å •‘�ˆ, ¨§³¥·¥´´Ò° μ¡² ¸É¨ 34.

�¨¸. 6. ˆ§μ¡· ¦¥´¨¥ Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ, £¤¥ ¢Ò¶μ²-
´¥´ �Œ‡� ( ), ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)

Š ± ¢¨¤´μ ¨§ ¸¶¥±É·  ´  ·¨¸. 6, ¡, ¢ ÔÉμ° Î ¸É¨Í¥ Éμ²Ð¨´  ¸²μÖ ±·¥³´¨Ö
§´ Î¨É¥²Ó´μ ³¥´ÓÏ¥, Î¥³ ´  ·¨¸. 5, ¡. �¸μ¡μ μÉ³¥É¨³, ÎÉμ ¶·¨¸ÊÉ¸É¢ÊÕÉ É ±¦¥
±¨¸²μ·μ¤,  ²Õ³¨´¨°, ¸¥·  ¨ Ì²μ·.

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ·, μ¡´ ·Ê-
¦¥´´ÒÌ ´  ¶μ¢¥·Ì´μ¸É¨ ‚�. �¥·¢Ò¥ É·¨ ¨§μ¡· ¦¥´¨Ö ´  ·¨¸. 7,  Ä¢ Å ÔÉμ
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�¨¸. 7. ‘	Œ-¨§μ¡· ¦¥´¨Ö · §²¨Î´ÒÌ ¸É·Ê±ÉÊ· ´  ¶μ¢¥·Ì´μ¸É¨ ‚�

· §²¨Î´Ò¥ ±μ´Ë¨£Ê· Í¨¨ ³¨±·μÉ·Ê¡μ±, μ¸É ²Ó´Ò¥ ¤¢  (¡μ²¥¥ ³¥²±¨¥ Î ¸É¨ÍÒ
´  ·¨¸. 7, £, ¤) Å ÔÉμ Î ¸É¨ÍÒ ¸ μÉ²¨Î ÕÐ¨³¸Ö Ô²¥³¥´É´Ò³ ¸μ¸É ¢μ³. 	²¥-
³¥´É´Ò° ¸μ¸É ¢ ¢¸¥Ì Î ¸É¨Í ¡Ê¤¥É ¶·¥¤¸É ¢²¥´ ´¨¦¥.

�  ·¨¸. 8,   ¶·¥¤¸É ¢²¥´  Î ¸É¨Í  (¸³. ·¨¸. 7, £), ´  ±μÉμ·μ° ¢¤μ²Ó μ¡μ-
§´ Î¥´´μ° ¶μ²μ¸Ò ¸¤¥² ´ �Œ‡�. — ¸ÉÓ ¨§³¥·¥´´ÒÌ ¸¶¥±É·μ¢ Ô²¥³¥´Éμ¢
¶·¨¢¥¤¥´  ´  ·¨¸. 8, ¡,   ¸Ê³³ ·´Ò° ¸¶¥±É· ¢¸¥Ì Ô²¥³¥´Éμ¢ ¶μ± § ´
´  ·¨¸. 9.

ˆ§ ·¨¸. 8, ¡ ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ Î ¸É¨Í  ¸μ¸Éμ¨É ¨§ ¸¢¨´Í 
(50 μÉ´. ¥¤.), Ì²μ·  (60 μÉ´. ¥¤.),  ²Õ³¨´¨Ö (18 μÉ´. ¥¤.), Ëμ¸Ëμ· 
(¤μ 20 μÉ´. ¥¤.) ¸ ¶·¨¸ÊÉ¸É¢¨¥³  §μÉ  (¤μ 7 μÉ´. ¥¤.). ‡´ Î¥´¨Ö ±μ´Í¥´É· -
Í¨° ¢§ÖÉÒ ¢ ³ ±¸¨³Ê³ Ì · ¸¶·¥¤¥²¥´¨°.

�  ·¨¸. 10,   ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ Î ¸É¨ÍÒ ³ ²μ£μ · §³¥·  ´  ¶μ-
¢¥·Ì´μ¸É¨ ‚� ¸ μÉ³¥Î¥´´μ° ÉμÎ±μ° 35, £¤¥ ¶·μ¢¥¤¥´ �Œ‡�,   ´  ·¨¸. 10, ¡ Å
•‘�ˆ, ¨§³¥·¥´´Ò° ¢ ÔÉμ° ÉμÎ±¥. ‚ É ¡². 4 ¶·¨¢¥¤¥´ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ô²¥-
³¥´É´Ò° ¸μ¸É ¢.

	É  Î ¸É¨Í  · §³¥·μ³ μ±μ²μ 0,5 ³±³ ¸μ¤¥·¦¨É μÉ´μ¸¨É¥²Ó´μ ³´μ£μ ¸¢¨´Í 
(2,22  É. %, ¨²¨ 11,19 ¢¥¸. %),   ¶·¨ ÊÎ¥É¥ Éμ£μ, ÎÉμ μ¡² ¸ÉÓ ¢μ§¡Ê¦¤¥´¨Ö ·¥´É-
£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö £μ· §¤μ ¡μ²ÓÏ¥ 1 ³±³, ³μ¦´μ ¸Î¨É ÉÓ, ÎÉμ ÔÉ  Î ¸É¨Í 
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�¨¸. 8. ‘	Œ-¨§μ¡· ¦¥´¨¥ Î ¸É¨ÍÒ ( ) ¨ •‘�ˆ (¡), ¶·μ³¥·¥´´Ò¥ ¢¤μ²Ó ¶μ²μ¸Ò ¸± -
´¨·μ¢ ´¨Ö ´  ·¨¸.  

¸μ¸Éμ¨É ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¨§ ¸¢¨´Í  ¢ ¸μ¥¤¨´¥´¨¨ ¸ ¤·Ê£¨³¨ Ô²¥³¥´É ³¨:
Ê£²¥·μ¤μ³ (34,59  É. %) ¨ ±¨¸²μ·μ¤μ³ (16,35  É. %).
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�¨¸. 9. ‘Ê³³ ·´Ò° •‘�ˆ ¶μ ¶μ²μ¸¥ ´  ·¨¸. 8,  

�¨¸. 10. ‘	Œ-¨§μ¡· ¦¥´¨¥ Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ ¢Ò¤¥²¥´´μ° ÉμÎ±μ° 35, £¤¥
¢Ò¶μ²´¥´ �Œ‡� ( ), ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)

’ ¡²¨Í  4. � ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¢ ‚� (ÉμÎ±  35)

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

“£²¥·μ¤ 6 Š 10,11± 3,91 34,59

Š¨¸²μ·μ¤ 8 Š 6,37± 2,30 16,35

�²Õ³¨´¨° 13 Š 0,10± 0,07 0,15

Œ¥¤Ó 29 Š 72,23± 4,05 46,69

‘¢¨´¥Í 82 L 11,19± 1,06 2,22

�  ·¨¸. 11 ¶·¥¤¸É ¢²¥´Ò ¸ · §´Ò³ Ê¢¥²¨Î¥´¨¥³ ¨§μ¡· ¦¥´¨Ö ¤¢ÊÌ ÊÎ ¸É-
±μ¢ ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ Î ¸É¨Í ³¨ ¨´μ£μ ¢¨¤ . �  ·¨¸. 11, ¡ ¢¨¤´μ, ÎÉμ ¶μ ¢¸¥°
£· ´¨Í¥ Î ¸É¨ÍÒ · §³¥·μ³ ¶·¨³¥·´μ 4 × 8 ³±³ ¶·¨¸ÊÉ¸É¢ÊÕÉ É ±¨¥ ¦¥ ³ -
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�¨¸. 11. ‘	Œ-¨§μ¡· ¦¥´¨Ö μ¡² ¸É¥° ‚� ¸ · §²¨Î´Ò³ Ê¢¥²¨Î¥´¨¥³: × 1,6Š ( )
¨ × 19,63Š (¡)

²¥´Ó±¨¥ ¸¢¥É²Ò¥ Î ¸É¨ÍÒ, ± ± ¨ ´  ·¨¸. 10,  , ¸μ¸ÉμÖÐ¨¥ ¨§ ¸¢¨´Í . ’ ±¨¥ ¦¥
Î ¸É¨ÍÒ μ¡´ ·Ê¦¥´Ò ¨ ´  ¤·Ê£¨Ì ÊÎ ¸É± Ì ¶μ¢¥·Ì´μ¸É¨.

�  ·¨¸. 12,   ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ Éμ´-
±μ¸É¥´´μ° É·Ê¡Î Éμ° ¸É·Ê±ÉÊ·μ° ¤²¨´μ° ¡μ²¥¥ 100 ³±³. ‚ ¤¢ÊÌ μ¡² ¸ÉÖÌ
ÔÉμ° ¸É·Ê±ÉÊ·Ò (μ¡² ¸ÉÓ 36) ¶²μÐ ¤Ö³¨ ¶·¨³¥·´μ 7,5× 20 ³±³ ¡Ò²¨ ¶·μ-
¢¥¤¥´Ò �Œ‡�. �¤¨´ ¨§ •‘�ˆ ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 12, ¡. �μÌμ¦¨¥ É·Ê¡±¨
¸³. ´  ·¨¸. 2, ¡ ¨ 7,  Ä¢. �É³¥É¨³, ÎÉμ ¶·¨ ¨§³¥·¥´¨¨ ÔÉ¨Ì ¤¢ÊÌ ¸¶¥±É·μ¢ Éμ´-
±μ¸É¥´´ Ö É·Ê¡±  ¶·¥É¥·¶¥²  §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö: ¥¥ ¤¨ ³¥É· ¢ ³¥¸É¥
¨§³¥·¥´¨Ö Ê³¥´ÓÏ¨²¸Ö, É. ¥. É·Ê¡±  ¸¦ ² ¸Ó,   ¸É¥´±  É·Ê¡±¨ §¤¥¸Ó ¶μÉ¥³-
´¥² . Š ± ¢¨¤´μ ¨§ ¸¶¥±É·  ´  ·¨¸. 12, ¡, ´¥¸³μÉ·Ö ´  ¡μ²ÓÏÊÕ  ´ ²¨§¨·Ê¥³ÊÕ
¶²μÐ ¤Ó ≈ 150 ³±³2, ¸ ±μÉμ·μ° ¡Ò² ¨§³¥·¥´ •‘�ˆ, μÉÎ¥É²¨¢μ ¶·μ¸³ É·¨-
¢ ÕÉ¸Ö ¶¨±¨ ¶μ¤²μ¦±¨ ¨§ ³¥¤¨,   ²¥£±¨¥ Ô²¥³¥´ÉÒ, ¨§ ±μÉμ·ÒÌ ¨ ¸μ¸Éμ¨É
É·Ê¡± , ¢¨¤´Ò μÎ¥´Ó ¸² ¡μ. ˆ³¥´´μ ¶μÔÉμ³Ê É·Ê¡±  ´ §¢ ´  ´ ³¨ Éμ´±μ¸É¥´-
´μ°. �  ·¨¸. 13 ¶·¥¤¸É ¢²¥´ •‘�ˆ ¶μ¤μ¡´μ° É·Ê¡±¨, ¨§³¥·¥´´Ò° ¢ ¤·Ê£μ³

�¨¸. 12. ˆ§μ¡· ¦¥´¨¥ É·Ê¡Î Éμ° Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ ¤¢Ê³Ö μ¡² ¸ÉÖ³¨ 36,
£¤¥ ¡Ò² ¢Ò¶μ²´¥´ �Œ‡� ( ), ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)
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�¨¸. 13. •‘�ˆ, ¨§³¥·¥´´Ò° ´  ¤·Ê£μ° É·Ê¡Î Éμ° Î ¸É¨Í¥

 ´ ²¨É¨Î¥¸±μ³ Í¥´É·¥ ´  ¡μ²¥¥ ¸μ¢·¥³¥´´ÒÌ ¸± ´¨·ÊÕÐ¥³ Ô²¥±É·μ´´μ³ ³¨-
±·μ¸±μ¶¥ ¨  ´ ²¨§ Éμ·¥. •μ·μÏμ ¢¨¤´μ, ÎÉμ ¢ ¸μ¸É ¢ ¤ ´´μ° ¸É·Ê±ÉÊ·Ò
¢Ìμ¤ÖÉ ¸²¥¤ÊÕÐ¨¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ: 6‘, 7N↑, 8O, 7N↑, 9F↑, 12Mg, 13Al,

14Si, 15P, 16S, 17Cl, 18Ar↑, 19K ¨ 20Ca. Š ± μÉ³¥Î¥´μ ¢ÒÏ¥, ±μ´Í¥´É· Í¨¨
ÔÉ¨Ì Ô²¥³¥´Éμ¢ ³ ²Ò ¶μ ¸· ¢´¥´¨Õ ¸ ¶¨± ³¨ ¸¶¥±É·  ¶μ¤²μ¦±¨ ¨§ ³¥¤¨, ÎÉμ
μ¡ÑÖ¸´Ö¥É¸Ö ³ ²μ° Éμ²Ð¨´μ° ¸É¥´±¨ É·Ê¡±¨ (¢μ§³μ¦´μ, ¢ ´¥¸±μ²Ó±μ ¤¥¸ÖÉ±μ¢
 Éμ³´ÒÌ ¸²μ¥¢). ” ±É¨Î¥¸±¨ §¤¥¸Ó ¶·¨¸ÊÉ¸É¢Ê¥É ¢¥¸Ó ·Ö¤ ²¥£±¨Ì Ô²¥³¥´Éμ¢ μÉ
Ê£²¥·μ¤  ¤μ ± ²ÓÍ¨Ö, §  ¨¸±²ÕÎ¥´¨¥³  §μÉ , ËÉμ· , ´¥μ´  ¨  ·£μ´ , ±μÉμ·Ò¥
Ö¢²ÖÕÉ¸Ö ²¥ÉÊÎ¨³¨ Ô²¥³¥´É ³¨. ‚ ¶·¥¤¸É ¢²¥´´μ³ ¢ÒÏ¥ ·Ö¤Ê μ¡´ ·Ê¦¥´´ÒÌ
Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ μ´¨ μ¡μ§´ Î¥´Ò ¸É·¥²± ³¨: 7N↑, 9F↑, 10Ne↑, 18Ar↑.

�  ·¨¸. 14,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‚�
¸ ¤·Ê£μ°, ¶μÌμ¦¥° Éμ´±μ¸É¥´´μ° É·Ê¡Î Éμ° ¸É·Ê±ÉÊ·μ° ¤²¨´μ° 160 ³±³,

�¨¸. 14. ‘	Œ-¨§μ¡· ¦¥´¨Ö É·Ê¡Î Éμ° Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ( ) ¨ ¥¥ · ¸Ï¨·¥´-
´μ° ®£μ²μ¢´μ°¯ Î ¸É¨ (¡)
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  ´  ·¨¸. 14, ¡ Å ¸ ¥¥ · ¸Ï¨·¥´´μ° ®£μ²μ¢´μ°¯ Î ¸ÉÓÕ. ‚¨¤´μ, ÎÉμ Î ¸É¨Í 
¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¸¢¥·´ÊÉÊÕ ¢ É·Ê¡±Ê ¶²μ¸±μ¸ÉÓ. �Œ‡� ¶μ± §Ò¢ ¥É, ÎÉμ
ÔÉ  É·Ê¡±  Éμ´±μ¸É¥´´ Ö.

�  ·¨¸. 15,   ¶μ± § ´  ÊÏ¨·¥´´ Ö Î ¸ÉÓ Éμ´±μ¸É¥´´μ° É·Ê¡±¨ ¸ μ¡² -
¸ÉÓÕ 37, ´  ±μÉμ·μ° ¡Ò² ¢Ò¶μ²´¥´ �Œ‡�. •‘�ˆ ¶·¨¢¥¤¥´ ´  ·¨¸. 15, ¡.
‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÏ¨·¥´´μ° ®£μ²μ¢´μ°¯ Î ¸É¨ ÔÉμ° É·Ê¡±¨ μÎ¥´Ó ¶μÌμ¦¥
´  ®· ¸±·Ò¢Ï¨°¸Ö¯ ÊÎ ¸Éμ± ¸¢¥·´ÊÉμ° ¶²μ¸±μ¸É¨. �´ , ¢μ§³μ¦´μ, ¡Ò²  ¸μ-
§¤ ´  §  ¸Î¥É μ¡· §μ¢ ´¨Ö ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ´¥¸±μ²Ó±¨Ì ¤¥¸ÖÉ±μ¢ ¸²μ¥¢
¶²μ¸±μ° ¸É·Ê±ÉÊ·Ò, ¶·¥¨³ÊÐ¥¸É¢¥´´μ ¸μ¸ÉμÖÐ¨Ì ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢, ±μÉμ-
· Ö § É¥³ §  ¸Î¥É ¶μ¢¥·Ì´μ¸É´μ£μ ´ ÉÖ¦¥´¨Ö ¸¢¥·´Ê² ¸Ó ¢ É·Ê¡±Ê.

�¨¸. 15. ˆ§μ¡· ¦¥´¨¥ É·Ê¡Î Éμ° Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ μ¡² ¸ÉÓÕ 37 ( ), £¤¥
¡Ò² ¶·μ¢¥¤¥´ �Œ‡�, ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ (¡)

Š ± ¨ ¶·¨ ¨§³¥·¥´¨¨ •‘�ˆ ´  ·¨¸. 12,  , ÔÉ  Éμ´±μ¸É¥´´ Ö É·Ê¡±  É ±¦¥
¶·¥É¥·¶¥²  ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥´¨Ö: ¥¥ ¤¨ ³¥É· ¢ ³¥¸É¥ ¨§³¥·¥´¨Ö Ê³¥´Ó-
Ï¨²¸Ö,   ¸ ³  ¸É¥´±  É·Ê¡±¨ ¶μÉ¥³´¥² . Š ± ¢¨¤´μ ¨§ ·¨¸. 15, ¡, §¤¥¸Ó É ±¦¥
¨³¥¥É ³¥¸Éμ ¨´É¥´¸¨¢´Ò° ¸¨£´ ² μÉ ³¥¤´μ-¡¥·¨²²¨¥¢μ° ¶μ¤²μ¦±¨, ´¥¸³μÉ·Ö
´  Éμ, ÎÉμ  ´ ²¨§¨·Ê¥³ Ö ¶²μÐ ¤Ó ®£μ²μ¢´μ°¯ Î ¸É¨ ®· ¸±·Ò¢Ï¥°¸Ö¯ É·Ê¡±¨
¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ 6,3 × 10 ³±³. ’¥³ ´¥ ³¥´¥¥ ¸¨£´ ²Ò μÉ ¥¥ ³ É¥·¨ ² ,
¸μ¸ÉμÖÐ¥£μ ¨§ ²¥£±¨Ì Ô²¥³¥´Éμ¢, ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢ ¸¶¥±É·¥, ÌμÉÖ ¨³¥ÕÉ ³ ²ÊÕ
¨´É¥´¸¨¢´μ¸ÉÓ. Š ± ¨ ´  ·¨¸. 12,  , ¡, Ô²¥³¥´É´Ò° ¸μ¸É ¢ ÔÉμ° ®£μ²μ¢´μ°¯
Î ¸É¨ Éμ´±μ¸É¥´´μ° ®· ¸±·Ò¢Ï¥°¸Ö¯ É·Ê¡±¨ ¸²¥¤ÊÕÐ¨°: 6‘, 7N↑, 8O, 7N↑,
9F↑, 12Mg, 13Al, 14Si, 17Cl, 18Ar↑ ¨ 20Ca. 	É¨ ²¨´¨¨, ¢¢¨¤Ê ³ ²μ° Éμ²-
Ð¨´Ò ¸É¥´±¨ É·Ê¡±¨, ¸² ¡μ ¶·μÖ¢²¥´Ò ¢ ¸· ¢´¥´¨¨ ¸ ¨´É¥´¸¨¢´Ò³¨ ²¨´¨Ö³¨
³ É¥·¨ ²  ¶μ¤²μ¦±¨, ¸μ¸ÉμÖÐ¥° ¨§ ³¥¤¨.

�  ¶μ¢¥·Ì´μ¸É¨ ‚� μ¡´ ·Ê¦¥´  Î ¸É¨Í  · §³¥·μ³ 21,6× 9,6 ³±³
(·¨¸. 16), ´  ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡� ¶μ ¢¸¥° ¶²μÐ ¤¨ ¸ ·¥£¨¸É· Í¨¥° ¤¢ÊÌ
¢Ò¤¥²¥´´ÒÌ Ô²¥³¥´Éμ¢: ³¥¤¨ (³ ²¨´μ¢Ò° Í¢¥É) ¨ ±·¥³´¨Ö (§¥²¥´Ò° Í¢¥É).
‚¨¤´μ, ÎÉμ Î ¸É¨Í  ¸μ¸Éμ¨É ¢ μ¸´μ¢´μ³ ¨§ ³¥¤¨ (¡¥·¨²²¨° ´¥ ¨¤¥´É¨Ë¨Í¨·Ê-
¥É¸Ö ¶μ Ê± § ´´Ò³ ¢ÒÏ¥ ¶·¨Î¨´ ³). �É¤¥²Ó´Ò¥ Î ¸É¨ ¸É·Ê±ÉÊ·Ò (¢±· ¶²¥´¨Ö)
¸μ¤¥·¦ É, ¢¨¤¨³μ, μ±¸¨¤ ±·¥³´¨Ö (§¥²¥´Ò° Í¢¥É).
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�¨¸. 16. ˆ§μ¡· ¦¥´¨¥ μÉ¤¥²Ó´μ° Î ¸É¨ÍÒ ¸²μ¦´μ° Ëμ·³Ò ´  ¶μ¢¥·Ì´μ¸É¨ ‚�, ¸μ¸Éμ-
ÖÐ¥° ¨§ ±·¥³´¨Ö ¨ ³¥¤¨

2.2. Œ ´£ ´¨´μ¢ Ö · §¤¥²¨É¥²Ó´ Ö Ëμ²Ó£  (·¨¸. 1, ¶μ§. 10). �É³¥É¨³,
ÎÉμ ³ ´£ ´¨´μ¢ Ö Ëμ²Ó£  ¡Ò²  ¸μÌ· ´¥´  ¢ HHPC (·¨¸. 1, ¶μ§. 10) ¡¥§ ¶ ²-
² ¤¨¥¢μ£μ ¸É¥·¦´Ö (·¨¸. 1, ¶μ§. 9), ´μ ¸ § ¶μ²´¥´¨¥³ ± ³¥·Ò ³μ²¥±Ê²Ö·´Ò³
¢μ¤μ·μ¤μ³ ¶·¨ ¤ ¢²¥´¨¨ 1 ±¡ · (·¨¸. 1, ¶μ§. 7) ¤²Ö ¡μ²¥¥ ¶μ²´μ£μ ¢μ¸¶·μ-
¨§¢¥¤¥´¨Ö Ê¸²μ¢¨° μ¡²ÊÎ¥´¨Ö ¢ HHPC c Pd-¸É¥·¦´¥³ ¢  É³μ¸Ë¥·¥ ¶²μÉ´μ£μ
¢μ¤μ·μ¤  (¸³. [17]).

�  ·¨¸. 17,   ¶·¨¢¥¤¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ³ ´£ ´¨´μ¢μ°
Ëμ²Ó£¨ (¤ ²¥¥ Œ”), ¶μ±·ÒÉμ° ± ¢¥·´ ³¨. �  ·¨¸. 17, ¡ ¶·¥¤¸É ¢²¥´ •‘�ˆ,
¨§³¥·¥´´Ò° ¶· ±É¨Î¥¸±¨ ¸μ ¢¸¥° ¶²μÐ ¤¨ ¶μ¢¥·Ì´μ¸É¨. ‚ É ¡². 5 ¶μ± § ´
Ô²¥³¥´É´Ò° ¸μ¸É ¢, ¸μμÉ¢¥É¸É¢ÊÕÐ¨° ¸¶¥±É·Ê ´  ·¨¸. 17, ¡.

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ: μÉ´μÏ¥´¨¥  Éμ³´ÒÌ ±μ´Í¥´É· Í¨° ¢ Œ” ¸μ¸É ¢²Ö¥É
CCu ( É. %) :CMn ( É. %) :CNi ( É. %)= 86,6 : 10,99 : 2,80, ÎÉμ ¶·¨³¥·´μ ¸μμÉ-
¢¥É¸É¢Ê¥É ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢ ³ ´£ ´¨´¥.

�  ·¨¸. 18,   ¶μ± § ´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ Œ” ¸ ¨´μ·μ¤-
´μ° Î ¸É¨Í¥°, ¢ ÉμÎ±¥ 21 ±μÉμ·μ° ¶·μ¢¥¤¥´ �Œ‡�. ‘μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ

�¨¸. 17. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ Œ”, ¶μ±·ÒÉμ° ± ¢¥·´ ³¨ ( ), ¨ ¸μμÉ¢¥É¸É¢Ê-
ÕÐ¨° •‘�ˆ (¡), ¨§³¥·¥´´Ò° ¸μ ¢¸¥° ¶²μÐ ¤¨
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’ ¡²¨Í  5. Šμ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢ Œ”

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Œ ·£ ´¥Í 25 Š 9,67± 0,63 10,99

�¨±¥²Ó 28 Š 2,63± 0,28 2,80

Œ¥¤Ó 29 Š 87,70± 4,91 86,20

¤ ´ ´  ·¨¸. 18, ¡. ‚ É ¡². 6 ¶·¥¤¸É ¢²¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ ÉμÎ±¥ 21
´  ·¨¸. 18,  .

•‘�ˆ, ¢¢¨¤Ê ³ ²μ¸É¨ · §³¥·  Î ¸É¨ÍÒ, ¨§³¥·¥´ ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¶μ´¨-
¦¥´´μ° Ô´¥·£¨¨ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¸± ´¨·ÊÕÐ¥£μ ³¨±·μ¸±μ¶ ,   ¨³¥´´μ ¶·¨
20 ±Ô‚. ˆ§ ·¨¸. 18,   ¨ É ¡². 6 ¢¨¤´μ, ÎÉμ ¶μ³¨³μ ³ É¥·¨ ²μ¢ ¶μ¤²μ¦±¨ ¨§
³ ´£ ´¨´  (Cu84Mn14Ni2) ´  ¶μ¢¥·Ì´μ¸É¨ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢ ´¥¡μ²ÓÏ¨Ì ±μ´Í¥´-
É· Í¨ÖÌ Ô²¥³¥´ÉÒ O, Mg, Al, Si, Cl,   É ±¦¥ Mn, Cu ¨ Ni. ˆ§ ÔÉμ£μ ¸¶¥±É· 

�¨¸. 18. ‘	Œ-¨§μ¡· ¦¥´¨¥ ³ ²μ° Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ Œ” ( ) ¨ •‘�ˆ ¢
ÉμÎ±¥ 21 (¡), ¨§³¥·¥´´Ò° ¶·¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 20 ±Ô‚

’ ¡²¨Í  6. Šμ´Í¥´É· Í¨Ö Ô²¥³¥´Éμ¢ ´  ¶μ¢¥·Ì´μ¸É¨ Œ” ¢ ÉμÎ±¥ 21 ¶·¨ Ô´¥·£¨¨
Ô²¥±É·μ´μ¢ 20 ±Ô‚

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 13,12± 3,77 34,84

Œ £´¨° 12 Š 0,07± 0,07 0,12

�²Õ³¨´¨° 13 Š 0,05± 0,06 0,07

Š·¥³´¨° 14 Š 0,21± 0,09 0,32

‘¥·  16 Š 0,14± 0,07 0,18

•²μ· 17 Š 11,99± 0,95 14,37

Œ ·£ ´¥Í 25 Š 3,17± 0,50 2,45

Œ¥¤Ó 29 Š 71,25± 17,25 47,63
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³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¨§ÊÎ ¥³ Ö Î ¸É¨Í  ¸μ ¸·¥¤´¨³ ¤¨ ³¥É·μ³ ¶·¨³¥·´μ
1,08 ³±³ ¨³¥¥É ³ ²ÊÕ Éμ²Ð¨´Ê ¨ Ô²¥±É·μ´´Ò° ¶ÊÎμ± ¸ Ô´¥·£¨¥° Ô²¥±É·μ´μ¢
20 ±Ô‚ ¢μ§¤¥°¸É¢Ê¥É ¢ μ¸´μ¢´μ³ ´  ¶μ¤²μ¦±Ê ¨§ ³ ´£ ´¨´ .

„²Ö Ê³¥´ÓÏ¥´¨Ö £²Ê¡¨´Ò ¸²μÖ ¢μ§¡Ê¦¤¥´¨Ö Ì · ±É¥·¨¸É¨Î¥¸±μ£μ ·¥´É£¥-
´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö Ô´¥·£¨Ö Ô²¥±É·μ´´μ£μ ¶ÊÎ±  ¡Ò²  ¸´¨¦¥´ 
¤μ 10 ±Ô‚. �  ·¨¸. 19 ¶·¥¤¸É ¢²¥´ ¸¶¥±É·, ¨§³¥·¥´´Ò° ¶·¨ ÔÉμ° Ô´¥·£¨¨
Ô²¥±É·μ´μ¢. ‚ É ¡². 7 ¤ ´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢.

�¨¸. 19. •‘�ˆ ¢ É. 21 ´  ·¨¸. 18,  , ¨§³¥·¥´´Ò° ¶·¨ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ 10 ±Ô‚

’ ¡²¨Í  7. Šμ´Í¥´É· Í¨Ö Ô²¥³¥´Éμ¢ ´  ¶μ¢¥·Ì´μ¸É¨ Œ” ¢ ÉμÎ±¥ 21 ¶·¨ Ô´¥·£¨¨
Ô²¥±É·μ´μ¢ 10 ±Ô‚

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 13,05± 3,78 34,86

Œ £´¨° 12 Š 0,07± 0,07 0,12

�²Õ³¨´¨° 13 Š 0,05± 0,06 0,07

Š·¥³´¨° 14 Š 0,18± 0,08 0,28

•²μ· 17 Š 11,93± 0,95 14,39

Œ ·£ ´¥Í 25 Š 3,24± 0,51 2,52

Œ¥¤Ó 29 Š 70,77± 17,31 47,61

‘¢¨´¥Í 82 M 0,70± 0,14 0,14

Œμ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ ¤ ´´μ° Î ¸É¨Í¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ O, Mg, Al,
Si, Cl ¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ (11,93 ¢¥¸. %, ¨²¨ 14,39  É. %) ¨ ¢ ³ ²μ³ ±μ²¨-
Î¥¸É¢¥ ¸¢¨´¥Í.

2.3. ‹ ÉÊ´´Ò° ¸¡μ·´¨± ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° (·¨¸. 1, ¶μ§. 12). �  ·¨¸. 20,  
¶·¥¤¸É ¢²¥´ μ¡Ð¨° ¢¨¤ ² ÉÊ´´μ£μ ¸¡μ·´¨±  (¤ ²¥¥ ‹‘) (·¨¸. 1, ¶μ§. 12)
¸ ¸¨²Ó´μ ¨§³¥´¥´´μ° Í¥´É· ²Ó´μ° Î ¸ÉÓÕ (¢¤μ²Ó μ¸¨ HHPC) ¢ ¢¨¤¥ ¶ÖÉ´ 
¤¨ ³¥É·μ³ 621,7 ³±³ ¨ ¤·Ê£¨³¨ ¢¨¤¨³Ò³¨  ´μ³ ²¨Ö³¨ (Î ¸É¨Í ³¨) ¢ ¶· ¢μ°
Î ¸É¨ ¨ ´¨¦¥ Í¥´É·  ¸¡μ·´¨± . �  ·¨¸. 20, ¡ ¶·¨¢¥¤¥´  Î ¸ÉÓ ¶μ¢¥·Ì´μ¸É¨ ‹‘,
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�¨¸. 20. ‘	Œ-¨§μ¡· ¦¥´¨Ö μ¡Ð¥£μ ¢¨¤  ‹‘ ¸ ¶ÖÉ´μ³ ¢ Í¥´É·¥ ( ) ¨ Î ¸É¨ ¶μ¢¥·Ì´μ-
¸É¨ ‹‘ ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ 1, £¤¥ ¸¤¥² ´ �Œ‡�

¢´¥Ï´¥ ´¥ ¨§³¥´¥´´ Ö, ¸ ¢Ò¤¥²¥´´μ° μ¡² ¸ÉÓÕ 1, ´  ±μÉμ·μ° ¡Ò² ¶·μ¢¥¤¥´
�Œ‡�. �  ·¨¸. 21 ¶·¥¤¸É ¢²¥´ •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 1, ¨³¥ÕÐ¥°
¶²μÐ ¤Ó 480× 360 ³±³. ‚ É ¡². 8 ¶μ± § ´ ¥¥ Ô²¥³¥´É´Ò° ¸μ¸É ¢.

Š ± ¢¨¤´μ ¨§ ·¨¸. 21, ¢ •‘�ˆ ² ÉÊ´¨ ¶·¨¸ÊÉ¸É¢ÊÕÉ Éμ²Ó±μ ³¥¤Ó ¨ Í¨´±,
  ¨Ì μÉ´μÏ¥´¨¥ CuÔ±¸¶ ( É. %) : ZnÔ±¸¶ ( É. %)= 59,61 : 40,39 μÎ¥´Ó Ìμ·μÏμ ¸μ-
£² ¸Ê¥É¸Ö ¸  ´ ²μ£¨Î´Ò³ ¶ ¸¶μ·É´Ò³ μÉ´μÏ¥´¨¥³ ¤²Ö ² ÉÊ´¨ 60 : 40  É. %.

�¨¸. 21. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 1 ´  ·¨¸. 20,¡

’ ¡²¨Í  8. Šμ´Í¥´É· Í¨Ö Ô²¥³¥´Éμ¢ ‹‘ ¢ μ¡² ¸É¨ 1 ´  ·¨¸. 20, ¡

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %
Œ¥¤Ó 29 Š 58,92± 3,06 59,61
–¨´± 30 Š 41,08± 2,26 40,39
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�  ·¨¸. 22,   ¶·¥¤¸É ¢²¥´  Í¥´É· ²Ó´ Ö Î ¸ÉÓ ‹‘ ¸ ¨§³¥´¥´´Ò³ ¶ÖÉ-
´μ³ ¤¨ ³¥É·μ³ 621,7 ³±³ (μ¡² ¸ÉÓ 2),   ´  ·¨¸. 22, ¡ Å ¸μμÉ¢¥É¸É¢ÊÕÐ¨°
•‘�ˆ.

�¨¸. 22. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ( ) ¨ •‘�ˆ (¡), ¶·μ¢¥¤¥´´Ò° ¢
μ¡² ¸É¨ 2

‘· ¢´¥´¨¥ ¸¶¥±É·μ¢ ´  ·¨¸. 21, ¡ ¨ 22, ¡ ¶μ± §Ò¢ ¥É, ÎÉμ ¨§³¥´¥´¨° Ô²¥-
³¥´É´μ£μ ¸μ¸É ¢  ¢ ¸¨²Ó´μ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ³ ¶ÖÉ´¥ ´¥ ¶·μ¨§μÏ²μ,
¶μ-¢¨¤¨³μ³Ê, §¤¥¸Ó ¶·μÌμ¤¨²¨ ¶·μÍ¥¸¸Ò Ô·μ§¨¨ ¶μ¢¥·Ì´μ¸É¨ ¶·¨ ¶·μÌμ¦¤¥-
´¨¨ γ-±¢ ´Éμ¢ ¢ ¶·¨¸ÊÉ¸É¢¨¨ ¢μ¤μ·μ¤  ¶·¨ ¤ ¢²¥´¨¨ 1 ±¡ ·. —Éμ¡Ò ¢ÒÖ¸-
´¨ÉÓ ¶·¨Î¨´Ò, ¶μ ±μÉμ·Ò³ É ± ¨§³¥´¨² ¸Ó Í¥´É· ²Ó´ Ö Î ¸ÉÓ ‹‘, ´  ·¨¸. 23
¶·¥¤¸É ¢²¥´Ò ¤¢  ‘	Œ-¨§μ¡· ¦¥´¨Ö Í¥´É· ²Ó´μ° Î ¸É¨ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´-
´μ£μ ¶ÖÉ´  ¸ · §´Ò³¨ Ê¢¥²¨Î¥´¨Ö³¨: × 461 ¨ × 948.

�μ¢¥·Ì´μ¸ÉÓ ¶ÖÉ´  ´  ·¨¸. 23 ¸¨²Ó´μ ¢¨¤μ¨§³¥´¨² ¸Ó ¨ ´ ¶μ³¨´ ¥É § -
¸ÉÒ¢ÏÊÕ ¸É·Ê±ÉÊ·Ê, ±μÉμ· Ö μ¡· §μ¢ ´  Î¥³-Éμ ¢·μ¤¥ ¢μ§¤¥°¸É¢¨Ö ´¥±μ¥£μ
¢¨Ì·¥¢μ£μ ¶μÉμ± , É ± ± ± ¨³¥¥É ´ ±²μ´ ¸¶· ¢  ´ ²¥¢μ.

�¨¸. 23. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ° Í¥´É· ²Ó´μ° μ¡² ¸É¨ ‹‘ c ³¥´ÓÏ¨³
(× 461) ( ) ¨ ¡μ²ÓÏ¨³ (× 948) (¡) Ê¢¥²¨Î¥´¨Ö³¨
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�¨¸. 24. ‘	Œ-¨§μ¡· ¦¥´¨Ö Í¥´É· ²Ó´μ° Î ¸É¨ ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ£μ ¶ÖÉ´  ¸ Ö¢´μ
¢¨¤´Ò³¨ £· ´¨Í ³¨ ( ) ¨ ÊÎ ¸Éμ± ¶ÖÉ´  ¢¡²¨§¨ £· ´¨ÍÒ ¸ ¨§³¥·¥´¨¥³ •‘�ˆ ´ 
¶²μ¸±μ° Î ¸É¨ ¶μ¢¥·Ì´μ¸É¨ ¢ μ¡² ¸É¨ 3 (¡)

�  ·¨¸. 24 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö Í¥´É· ²Ó´μ° Î ¸É¨ ¤¥¸É·Ê±-
ÉÊ·¨·μ¢ ´´μ£μ ¶ÖÉ´  ¸ Ö¢´μ ¢¨¤´Ò³¨ £· ´¨Í ³¨ ( ) ¨ ÊÎ ¸Éμ± ¶ÖÉ´  ¢¡²¨§¨
£· ´¨ÍÒ ¸ ¨§³¥·¥´¨¥³ •‘�ˆ ´  ¶²μ¸±μ° Î ¸É¨ ¶μ¢¥·Ì´μ¸É¨ ¢ μ¡² ¸É¨ 3 (¡).
�  ·¨¸. 25 ¶·¨¢¥¤¥´ •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 3 ´  ·¨¸. 24, ¡.

Š ± ¢¨¤´μ ¨§ ·¨¸. 25, ¢ ¸¶¥±É·¥ ¶μ-¶·¥¦´¥³Ê ¶·¨¸ÊÉ¸É¢ÊÕÉ Éμ²Ó±μ ³¥¤Ó ¨
Í¨´±! 	Éμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ Éμ³, ÎÉμ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢μ¤μ·μ¤  ¨ γ-±¢ ´Éμ¢
¸ Ö¤· ³¨ ³¥¤¨ ¨ Í¨´±  ´¥ ¶·μ¨¸Ìμ¤¨É,   ¶μÉμ±  ´¥°É·μ´μ¢ ¨§ (γ, n)-·¥ ±Í¨°
¢ ¢μ²ÓË· ³μ¢μ° Éμ·³μ§´μ° ³¨Ï¥´¨ ¨ ¢ ¡¥·¨²²¨¨ (¡¥·¨²²¨¥¢μ° ¡·μ´§¥) ´¥¤μ-

�¨¸. 25. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 3 ´  ·¨¸. 24,¡
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¸É ÉμÎ´μ, ÎÉμ¡Ò ¢Ò§¢ ÉÓ ¸ÊÐ¥¸É¢¥´´Ò¥ ¨§³¥´¥´¨Ö Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  ‹‘,
±μÉμ·Ò¥ ³μ¦´μ ¨§³¥·¨ÉÓ.

�  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨±  ¶·¨¸ÊÉ¸É¢ÊÕÉ · §²¨Î´Ò¥ ¸É·Ê±ÉÊ·Ò; ¨§μ¡· -
¦¥´¨¥ μ¤´μ° ¨§ ´¨Ì ¶·¥¤¸É ¢²¥´μ ´  ·¨¸. 26,  ; ¢ μ¡² ¸É¨ 4 ¨§³¥·¥´ •‘�ˆ.
�  ·¨¸. 26, ¡ ¶·¨¢¥¤¥´μ Éμ ¦¥ ¶·¨ ¡μ²ÓÏ¥³ Ê¢¥²¨Î¥´¨¨ (× 16490).

�¨¸. 26. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¸É·Ê±ÉÊ·Ò ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¶·¨ · §´ÒÌ Ê¢¥²¨Î¥´¨ÖÌ.
‚ μ¡² ¸É¨ 4 ¨§³¥·¥´ •‘�ˆ

‚ ¸Ë¥·¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥ ¤¨ ³¥É·μ³ ¶·¨³¥·´μ 18,6 ³±³ ¨³¥¥É¸Ö μÉ¢¥·-
¸É¨¥ ¤¨ ³¥É·μ³ 7 ³±³ ¨ ¸ ·ÒÌ²μ° ¸É·Ê±ÉÊ·μ° ¢´ÊÉ·¨ ¸Ë¥·Ò ¸ ¢Ò¡·μ¸ ³¨
¶μ ±· Õ, ÎÉμ ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¶·μ¨§μÏ¥¤Ï¥³ ¢Ò¡·μ¸¥ ³ É¥·¨ ²  ¸ · §-
·Ò¢μ³ ¶μ¢¥·Ì´μ¸É¨. �  ·¨¸. 27 ¶·¨¢¥¤¥´ •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 4
´  ·¨¸. 26,  . ‚ É ¡². 9 ¶·¥¤¸É ¢²¥´ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ô²¥³¥´É´Ò°
¸μ¸É ¢.

‚¨¤´μ, ÎÉμ ¢ ¸É·Ê±ÉÊ·¥ μ¡´ ·Ê¦¥´Ò ²¥£±¨¥ Ô²¥³¥´ÉÒ, É ±¨¥ ± ± C, O,
Al, Si, S, Cl, ¨ ¡μ²¥¥ ÉÖ¦¥²Ò° ³¥É ²² Ni. ‘²¥¤Ê¥É μ¸μ¡μ μÉ³¥É¨ÉÓ, ÎÉμ

�¨¸. 27. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 4 ´  ·¨¸. 26, 
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’ ¡²¨Í  9. � ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ´  ‹‘ ¢ μ¡² ¸É¨ 4 ´  ·¨¸. 26,  

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

“£²¥·μ¤ 6 Š 14,70± 4,82 30,52

Š¨¸²μ·μ¤ 8 Š 30,45± 7,57 47,45

�²Õ³¨´¨° 13 Š 0,11± 0,07 0,10

Š·¥³´¨° 14 Š 1,27± 0,17 1,13

‘¥·  16 Š 0,54± 0,10 0,42

•²μ· 17 Š 0,32± 0,08 0,23

�¨±¥²Ó 28 Š 0,26± 0,08 0,11

Œ¥¤Ó 29 Š 7,32± 0,48 2,87

–¨´± 30 Š 45,01± 2,46 17,16

§¤¥¸Ó ´ ¡²Õ¤ ¥É¸Ö, ¢ μÉ²¨Î¨¥ μÉ ¸¶¥±É·μ¢ ´  ·¨¸. 21, 22, ¡ ¨ 25, §´ Î¨É¥²Ó´μ¥
¶·¥¢ÒÏ¥´¨¥ ±μ´Í¥´É· Í¨¨ Í¨´±  ¶μ μÉ´μÏ¥´¨Õ ± ³¥¤¨. ‚μ§³μ¦´μ, Í¨´±
¢Ìμ¤¨É ¢ ¸μ¸É ¢ ÔÉμ° ¸²μ¦´μ° ¸É·Ê±ÉÊ·Ò.

�  ·¨¸. 28 ¶·¨¢¥¤¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö μÉ¤¥²Ó´ÒÌ Ë· £³¥´Éμ¢, ±μÉμ-
·Ò¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ´  ·¨¸. 26,  ,   ¨³¥´´μ £· ´¨ÍÒ ´  ±· Õ μÉ¢¥·¸É¨Ö ( ) ¨
¶μ·¨¸Éμ° ¸É·Ê±ÉÊ·Ò, ¸μ¸ÉμÖÐ¥° ¨§ ¡μ²¥¥ ³¥²±¨Ì ¤¥É ²¥° (¡), ¢¨¤¨³ÒÌ ¸¶· ¢ 
´  ·¨¸. 26,  .

�¨¸. 28. ‘	Œ-¨§μ¡· ¦¥´¨Ö μÉ¤¥²Ó´ÒÌ Ë· £³¥´Éμ¢, ±μÉμ·Ò¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ
´  ·¨¸. 26,  : £· ´¨Í  ´  ±· Õ μÉ¢¥·¸É¨Ö ( ) ¨ ·ÒÌ² Ö £Ê¡Î É Ö ´¨É¥¢¨¤´ Ö ¸É·Ê±-
ÉÊ·  (¡)

�  ·¨¸. 29,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¢¸¥£μ Ë· £³¥´É , ¢ ±μÉμ·μ¥
¢Ìμ¤¨É ¸Ë¥·¨Î¥¸±¨° μ¡Ñ¥±É ´  ·¨¸. 26,  , ¡. �´ ¢Ò£²Ö¤¨É ± ± ®· ¸±·Ò¢Ï Ö¸Ö
Î Ï ¯ ¸μ ¸²μ¦´Ò³ ¢´ÊÉ·¥´´¨³ ·¥²Ó¥Ëμ³. “¢¥²¨Î¥´´Ò° ÊÎ ¸Éμ± ¸²¥¢  μÉ
ÔÉμ£μ Ë· £³¥´É  ¤ ´ ´  ·¨¸. 29, ¡. ‚¨¤´Ò ´¥¸±μ²Ó±μ ¸¢¥É²ÒÌ ±·¨¸É ²²¨Éμ¢
³ ²μ£μ · §³¥·  (¶μ·Ö¤±  0,5 ³±³), ´  μ¤´μ³ ¨§ ±μÉμ·ÒÌ ¨ ¨§³¥·¥´ •‘�ˆ ¢
ÉμÎ±¥ 5 (·¨¸. 30). ‚ É ¡². 10 μ¶¨¸ ´Ò ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢ ÔÉμ° ÉμÎ±¥.
Š ± ¢¨¤´μ ¨§ ¸¶¥±É· , μ¡´ ·Ê¦¥´Ò ¶·¥¨³ÊÐ¥¸É¢¥´´μ ²¥£±¨¥ Ì¨³¨Î¥¸±¨¥ Ô²¥-
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�¨¸. 29. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¶μ²´μ£μ Ë· £³¥´É , ¢ ±μÉμ·Ò° ¢Ìμ¤¨É ¸Ë¥·¨Î¥¸±¨°
μ¡Ñ¥±É ( ), ¶·¥¤¸É ¢²¥´´Ò° ´  ·¨¸. 26, ¨ Ê¢¥²¨Î¥´´μ¥ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¸²¥¢  μÉ
ÔÉμ£μ Ë· £³¥´É  (¡), ¢ ÉμÎ±¥ 5 ±μÉμ·μ£μ ¶·μ¢¥¤¥´ �Œ‡� ¨ ¨§³¥·¥´ •‘�ˆ

�¨¸. 30. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ ÉμÎ±¥ 5 ´  ·¨¸. 29, ¡

’ ¡²¨Í  10. Šμ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ´  ‹‘ ¢ ÉμÎ±¥ 5 ´  ·¨¸. 29,¡

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 6,43± 2,63 32,62

�²Õ³¨´¨° 13 Š 1,94± 0,30 5,85

‘¥·  16 Š 1,15± 0,17 2,90

•²μ· 17 Š 0,52± 0,11 1,18

Š ²ÓÍ¨° 20 Š 0,37± 0,10 0,77

†¥²¥§μ 26 Š 0,28± 0,09 0,40

Œ¥¤Ó 29 Š 9,56± 0,68 12,22

–¨´± 30 Š 10,15± 0,73 12,60

‚μ²ÓË· ³ 74 Š 69,17± 4,35 30,55
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³¥´ÉÒ Å O, Al, S, Cl, K ¨ Ca. Š ± ¢¨¤´μ, ¶ÖÉÓ ²¨´¨° ¸ ¢Ò¸μ±μ° ¨´É¥´¸¨¢´μ-
¸ÉÓÕ ¸μμÉ¢¥É¸É¢ÊÕÉ ¢μ²ÓË· ³Ê, Ô²¥³¥´ÉÊ ¸ ´μ³¥·μ³ Z = 74, c μÎ¥´Ó ¢Ò¸μ±μ°
±μ´Í¥´É· Í¨¥°: 69,17 ¢¥¸. %, ¨²¨ 30,55  É. %! �¥·¢Ò¥ ¶¨±¨ ¢μ²ÓË· ³  ¶·¨
³ ²μ° Ô´¥·£¨¨ ¤ ¦¥ ¶·¥¢μ¸Ìμ¤ÖÉ ¶¨±¨ μÉ ³¥¤¨ ¨ Í¨´± . ‚¸¥ ÔÉ¨ ¶ÖÉÓ ¶¨±μ¢
´¥¸±μ²Ó±μ ¸³¥Ð¥´Ò μÉ É ¡²¨Î´ÒÌ ¸É ´¤ ·Éμ¢ ¢ μ¡² ¸ÉÓ ³¥´ÓÏ¨Ì Ô´¥·£¨°, ´μ
¶·¨¸ÊÉ¸É¢ÊÕÉ ¢¸¥ ²¨´¨¨ ¸¶¥±É· , ±μÉμ·Ò¥ ¤μ²¦´Ò ¡ÒÉÓ! ‘²¥¤Ê¥É μ¸μ¡μ μÉ³¥-
É¨ÉÓ, ÎÉμ ¶¨±¨ μÉ Í¨´±  ¶·¥¢ÒÏ ÕÉ ¶¨±¨ μÉ ³¥¤¨,   ¨Ì  Éμ³´Ò¥ μÉ´μÏ¥´¨Ö
¡²¨§±¨: Cu ( É. %) : Zn ( É. %)= 49,23 : 50,77.

„²Ö ÊÉμÎ´¥´¨Ö ¶μ²ÊÎ¥´´ÒÌ ¢ÒÏ¥ ·¥§Ê²ÓÉ Éμ¢ ¡Ò² ¨§³¥·¥´ •‘�ˆ ¢ ÉμÎ±¥ 6
(·¨¸. 31,  ), ·Ö¤μ³ ¸ μ¡´ ·Ê¦¥´´Ò³¨ ¸¢¥É²Ò³¨ Î ¸É¨Í ³¨ ¢μ²ÓË· ³ . ‘¶¥±É·
¶·¥¤¸É ¢²¥´ ´  ·¨¸. 31, ¡. ‘μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¶·¨¢¥-
¤¥´Ò ¢ É ¡². 11. Š ± ¢¨¤´μ ¨§ ¸¶¥±É·  ¨ É ¡²¨ÍÒ, Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ ÉμÎ±¥ 6

�¨¸. 31. ‘	Œ-¨§μ¡· ¦¥´¨¥ μ¡² ¸É¨ ·Ö¤μ³ ¸μ ¸Ë¥·¨Î¥¸±¨³ μ¡Ñ¥±Éμ³ ´  ·¨¸. 26 ( ),
¢ ÉμÎ±¥ 6 ±μÉμ·μ£μ ¶·μ¢¥¤¥´ �Œ‡� ¨ ¨§³¥·¥´ •‘�ˆ (¡)

’ ¡²¨Í  11. � ¸¶·¥¤¥²¥´¨¥ ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¢ ‹‘ ¢ ÉμÎ±¥ 6 ´  ·¨¸. 31,  

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 39,19± 10,84 60,74

Œ £´¨° 12 Š 4,56± 0,58 4,65

�²Õ³¨´¨° 13 Š 8,16± 0,84 7,50

Š·¥³´¨° 14 Š 10,04± 0,90 8,87

”μ¸Ëμ· 15 Š 0,28± 0,09 0,22

‘¥·  16 Š 0,35± 0,10 0,27

•²μ· 17 Š 0,24± 0,09 0,17

Š ²¨° 19 Š 0,08± 0,07 0,05

Š ²ÓÍ¨° 20 Š 14,76± 0,91 9,13

†¥²¥§μ 26 Š 0,78± 0,14 0,35

�¨±¥²Ó 28 Š 0,40± 0,12 0,17

Œ¥¤Ó 29 Š 3,06± 0,32 1,19

–¨´± 30 Š 17,38± 1,14 6,59

‚μ²ÓË· ³ 74 Š 0,71± 0,19 0,10
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μ± § ²¸Ö ¡μ²¥¥ · §´μμ¡· §´Ò³, Î¥³ ¢ ÉμÎ±¥ 5. ‡¤¥¸Ó ´ °¤¥´ ·Ö¤ ²¥£±¨Ì Ì¨-
³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, É ±¨Ì ± ± O, Mg, Al, Si, S, Cl, K, Ca, ¨ ¡μ²¥¥ ÉÖ¦¥²Ò¥
Ô²¥³¥´ÉÒ Å ¦¥²¥§μ ¨ ´¨±¥²Ó.

‚¨¤´μ É ±¦¥, ÎÉμ §¤¥¸Ó ¶¨±¨ μÉ ±¨¸²μ·μ¤  (60,74  É. %), ±·¥³´¨Ö
(8,87  É. %) ¨ ± ²ÓÍ¨Ö (9,13  É. %) ¸· ¢´¨³Ò ¸ ¶¨± ³¨ μÉ Í¨´± . ‚ ¸¢μÕ
μÎ¥·¥¤Ó, ¶¨± μÉ Í¨´±  (6,59  É. %) É ±¦¥ ¡μ²¥¥ ¨´É¥´¸¨¢¥´, Î¥³ ¶¨±¨ μÉ
³¥¤¨ (1,19  É. %).

�  ·¨¸. 32,   ¶·¥¤¸É ¢²¥´ Ë· £³¥´É ¸²μ¦´μ° Ë¨£Ê·Ò ·¨¸. 29,   Å μ¸´μ-
¢ ´¨¥ ®· ¸±·Ò¢Ï¥°¸Ö Î Ï¨¯, É. ¥. μ¡² ¸É¨, · ¸¶μ²μ¦¥´´μ° ·Ö¤μ³ ¸μ ¸Ë¥·¨-
Î¥¸±¨³ μ¡Ñ¥±Éμ³ ´  ·¨¸. 26,  . •‘�ˆ ¢ ÉμÎ±¥ 7 ¤ ´ ´  ·¨¸. 32, ¡. ‚¨¤´μ, ÎÉμ
§¤¥¸Ó ¶·¨¸ÊÉ¸É¢ÊÕÉ O, Si, S, Cl ¨ μ¶ÖÉÓ ¦¥ ¶¨±¨ Í¨´±  §´ Î¨É¥²Ó´μ ¶·¥¢Ò-
Ï ÕÉ ¶¨±¨ ³¥¤¨.

�¨¸. 32. ‘	Œ-¨§μ¡· ¦¥´¨¥ Î ¸É¨ ¸É·Ê±ÉÊ·Ò ( ); •‘�ˆ ¢ ÉμÎ±¥ 7 (¡)

�  ·¨¸. 33,   ¶·¨¢¥¤¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¤·Ê£μ£μ ÊÎ ¸É±  ®· ¸±·Ò¢-
Ï¥°¸Ö Î Ï¨¯ ·¨¸. 29,  , ¡. �  ·¨¸. 33, ¡ ¶μ± § ´ •‘�ˆ, ¨§³¥·¥´´Ò° ¢ ÉμÎ±¥ 8,
  ¢ É ¡². 12 μÉμ¡· ¦¥´ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ô²¥³¥´É´Ò° ¸μ¸É ¢. ‚ ¨§ÊÎ¥´´μ°
μ¡² ¸É¨ ¶·¨¸ÊÉ¸É¢ÊÕÉ ²¥£±¨¥ Ô²¥³¥´ÉÒ Å O, Si, S ¨ Cl ´ ·Ö¤Ê ¸ Ô²¥³¥´É ³¨

�¨¸. 33. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸É·Ê±ÉÊ·Ò ¢ ¢¨¤¥ ®· ¸±·Ò¢Ï¥°¸Ö Î Ï¨¯ ( ) ¨ •‘�ˆ ¢
ÉμÎ±¥ 8 (¡)
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’ ¡²¨Í  12. Šμ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ´  ‹‘ ¢ ÉμÎ±¥ 8 ´  ·¨¸. 33,  

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 28,38± 8,44 60,09

�²Õ³¨´¨° 13 Š 0,25± 0,11 0,31

Š·¥³´¨° 14 Š 2,28± 0,29 2,75

‘¥·  16 Š 1,15± 0,18 1,22

•²μ· 17 Š 0,46± 0,12 0,44

Œ¥¤Ó 29 Š 15,22± 1,07 8,12

–¨´± 30 Š 52,26± 2,95 27,07

‹‘ Å Í¨´±μ³ ¨ ³¥¤ÓÕ. ˆ´É¥´¸¨¢´μ¸ÉÓ ¶¨±μ¢ μÉ Í¨´±  (27,07  É. %) É ±¦¥
¸¨²Ó´μ ¶·¥¢μ¸Ìμ¤¨É ¨´É¥´¸¨¢´μ¸ÉÓ ¶¨±μ¢ μÉ ³¥¤¨ (8,12  É. %).

�  ·¨¸. 34 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¸ Éμ´±μ¸É¥´-
´μ° É·Ê¡Î Éμ° ¸É·Ê±ÉÊ·μ° ( ) (¸³. ·¨¸. 2,  , 7,  Ä¢, 12, 14 ¨ 15 ¸  ´ ²μ£¨Î´Ò³¨
¸É·Ê±ÉÊ· ³¨ ´  ¶μ¢¥·Ì´μ¸É¨ ‚�),   •‘�ˆ, ¨§³¥·¥´´Ò° ¢ ÉμÎ±¥ 9, ¶μ± § ´
´  ·¨¸. 34, ¡. ‚ É ¡². 13 ¶·¨¢¥¤¥´Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢.

’ ± Ö ¦¥ Éμ´±μ¸É¥´´ Ö É·Ê¡±  ´  ¶μ¢¥·Ì´μ¸É¨ ‚� ¸ ¶μÌμ¦¨³ Ô²¥³¥´É´Ò³
¸μ¸É ¢μ³ ¢¨¤´  ´  ·¨¸. 12, 14,  , ¡ ¨ 15. ‚ ¨§ÊÎ¥´´μ° μ¡² ¸É¨ ¶·¨¸ÊÉ¸É¢ÊÕÉ
É ±¨¥ ²¥£±¨¥ Ô²¥³¥´ÉÒ, ± ± O (53,12  É. %), Mg (1,18  É. %), Al (1,42  É. %),
Si (3,50  É. %), S (1,80  É. %), Cl (0,99  É. %), K (0,33  É. %), Ca (1,23  É. %)
´ ·Ö¤Ê ¸ Ô²¥³¥´É ³¨ ‹‘ Å Í¨´±μ³ (26,86  É. %) ¨ ³¥¤ÓÕ (7,98  É. %). ˆ´-
É¥´¸¨¢´μ¸ÉÓ ¶¨±μ¢ μÉ Í¨´±  É ±¦¥ ¶·¥¢μ¸Ìμ¤¨É ¨´É¥´¸¨¢´μ¸ÉÓ ¶¨±μ¢ μÉ ³¥¤¨.
�μ §¤¥¸Ó, ¢ μÉ²¨Î¨¥ μÉ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ´  ‚�, ´ °¤¥´Ò É ±¨¥ ÉÖ¦¥²Ò¥
³¥É ²²Ò, ± ± ¦¥²¥§μ (0,33  É. %) ¨ ´¨±¥²Ó (1,09  É. %).

�  ¶μ¢¥·Ì´μ¸É¨ ‹‘ É ±¦¥ μ¡´ ·Ê¦¥´Ò ¶²μ¸±¨¥ Î ¸É¨ÍÒ, μ¤´  ¨§ ±μÉμ·ÒÌ
¶μ± § ´  ´  ·¨¸. 35,  . ‚ μ¡² ¸É¨ 11 ¶·μ¢¥¤¥´ �Œ‡�, •‘�ˆ ¶·¥¤¸É ¢²¥´
´  ·¨¸. 35, ¡.

�¨¸. 34. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸É·Ê±ÉÊ·Ò ¢ ¢¨¤¥ Éμ´±μ¸É¥´´μ° É·Ê¡±¨ ( ) ¨ •‘�ˆ ¢
ÉμÎ±¥ 9 (¡)
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’ ¡²¨Í  13. Šμ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ´  ‹‘ ¢ ÉμÎ±¥ 9 ´  ·¨¸. 34, 

	²¥³¥´É Z ‘¥·¨Ö (C ± ΔC), ¢¥¸. % C,  É. %

Š¨¸²μ·μ¤ 8 Š 24,13± 5,01 53,12

Œ £´¨° 12 Š 0,82± 0,15 1,18

�²Õ³¨´¨° 13 Š 1,09± 0,15 1,42

Š·¥³´¨° 14 Š 2,79± 0,25 3,50

”μ¸Ëμ· 15 Š 0,13± 0,07 0,15

‘¥·  16 Š 1,64± 0,15 1,80

•²μ· 17 Š 1,00± 0,12 0,99

Š ²¨° 19 Š 0,36± 0,08 0,33

Š ²ÓÍ¨° 20 Š 1,40± 0,13 1,23

†¥²¥§μ 26 Š 0,55± 0,10 0,35

�¨±¥²Ó 28 Š 1,82± 0,16 1,09

Œ¥¤Ó 29 Š 14,40± 0,69 7,98

–¨´± 30 Š 49,87± 2,13 26,86

�¨¸. 35. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶²μ¸±μ° Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ( ) ¨ •‘�ˆ ¢ μ¡² -
¸É¨ 10

�É³¥É¨³, ÎÉμ �Œ‡� ¢ μ¡² ¸É¨ 10 ¶²μÐ ¤ÓÕ 12,3× 6,3 ³±³ ¢ÒÖ¢¨² O,
Mg, Si, S, Cl, Cu ¨ Zn ¸ ¶·¥¢ÒÏ¥´¨¥³ ±μ´Í¥´É· Í¨¨ Í¨´±  ¶μ μÉ´μÏ¥´¨Õ
± ³¥¤¨.

�  ·¨¸. 36,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸¢¥É²μ° Î ¸É¨ÍÒ ³ ²μ£μ
· §³¥·  (³¥´¥¥ 200 ´³). •‘�ˆ ¢ ÉμÎ±¥ 11 ¶·¥¤¸É ¢²¥´ ´  ·¨¸. 36, ¡. ’ ±¨¥
Î ¸É¨ÍÒ ¶·¨¸ÊÉ¸É¢ÊÕÉ ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¢ §´ Î¨É¥²Ó´μ³ ±μ²¨Î¥¸É¢¥.

�Œ‡� ¶μ± § ², ÎÉμ ¢ ³ ²μ° Î ¸É¨Í¥ (ÉμÎ±  11) ¶·¨¸ÊÉ¸É¢Ê¥É ¶μ³¨³μ O, Al
¨ Si ¸¢¨´¥Í, ±μÉμ·Ò° ¨¤¥´É¨Ë¨Í¨·Ê¥É¸Ö ¶μ ³´μ¦¥¸É¢Ê ¸¢μ¨Ì ·¥´É£¥´μ¢¸±¨Ì
²¨´¨°. ‘μμÉ´μÏ¥´¨¥ ³¥¤¨ ± Í¨´±Ê ¡²¨§±μ ± Ì · ±É¥·´μ³Ê ¤²Ö ² ÉÊ´¨.
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�¨¸. 36. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸¢¥É²μ° ¸É·Ê±ÉÊ·Ò ³ ²μ£μ · §³¥·  ( ) ¨ •‘�ˆ ¢
ÉμÎ±¥ 11 (¡)

�  ·¨¸. 37,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‹‘
¸ ¶·μÉÖ¦¥´´μ° ¸É·Ê±ÉÊ·μ° ¤²¨´μ° 1 ³±³ ¨ ³ ±¸¨³ ²Ó´μ° Ï¨·¨´μ° 150 ´³,
  ´  ·¨¸. 37, ¡ Å •‘�ˆ ¢ ÉμÎ±¥ 12. �·¨Î¥³ É ±¨Ì ¸É·Ê±ÉÊ·, ´μ ³¥´ÓÏ¥£μ · §-
³¥· , ¨³¥¥É¸Ö ´  ¨§μ¡· ¦¥´¨¨ ´¥¸±μ²Ó±μ. ‡¤¥¸Ó, ± ± ¨ ´  ·¨¸. 36, ¡, ¢¨¤´μ,
ÎÉμ ¶·¨¸ÊÉ¸É¢Ê¥É ¸¢¨´¥Í, μ¶·¥¤¥²¥´´Ò° ¶μ ¸¢μ¨³ Ì · ±É¥·¨¸É¨Î¥¸±¨³ ²¨-
´¨Ö³. ‘μμÉ´μÏ¥´¨¥ ³¥¤¨ ± Í¨´±Ê ¶·¨¡²¨¦ ¥É¸Ö ± ¨¸Ìμ¤´μ³Ê ¸μμÉ´μÏ¥´¨Õ
¤²Ö ² ÉÊ´¨.

�¨¸. 37. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸¢¥É²μ° ¶·μÉÖ¦¥´´μ° ¸É·Ê±ÉÊ·Ò ( ); •‘�ˆ ¢ ÉμÎ±¥ 12 (¡)

�  ·¨¸. 38,   ¤ ´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¸μ ¸¢μ¥-
μ¡· §´μ° ¸¥É±μ° ¨§ ´¨É¥¢¨¤´ÒÌ μ¡· §μ¢ ´¨° ¨ ¸Ë¥·¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, É ±¦¥
¶μ±·ÒÉÒÌ ´¨ÉÖ³¨ (¸³. ¶μÌμ¦¨¥ ¸É·Ê±ÉÊ·Ò ¢ · ¡μÉ Ì [8, 9]). �  ·¨¸. 38, ¡
¶·¥¤¸É ¢²¥´μ Ê¢¥²¨Î¥´´μ¥ ¨§μ¡· ¦¥´¨¥ Í¥´É· ²Ó´μ£μ ±² ¸É¥·  ´  ·¨¸. 38,  
¸ ¢Ò¤¥²¥´¨¥³ μ¡² ¸É¨ 13, £¤¥ ¡Ò² ¶·μ¢¥¤¥´ �Œ‡�. •‘�ˆ ¶·¨¢¥¤¥´ ´  ·¨¸. 39.
� ·Ö¤Ê ¸ ¶· ¢¨²Ó´Ò³ ¸μμÉ´μÏ¥´¨¥³ ±μ´Í¥´É· Í¨° ³¥¦¤Ê ³¥¤ÓÕ ¨ Í¨´±μ³ ¢
² ÉÊ´¨, ¶μ±·ÒÉÒ° ¸¥É±μ° ¨§ ´¨É¥¢¨¤´ÒÌ μ¡· §μ¢ ´¨° ÊÎ ¸Éμ± ¸μ¤¥·¦¨É Al,
Si, S, Cl, Ca.
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�¨¸. 38. ‘	Œ-¨§μ¡· ¦¥´¨Ö ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ‹‘, ¶μ±·ÒÉμ£μ ¸¥É±μ° ¨§ ´¨É¥¢¨¤-
´ÒÌ μ¡· §μ¢ ´¨° ¨ ¸Ë¥·¨Î¥¸±¨Ì ¸É·Ê±ÉÊ·, ¸ · §²¨Î´Ò³¨ Ê¢¥²¨Î¥´¨Ö³¨, ¸ ¢Ò¤¥²¥´¨¥³
μ¡² ¸É¨ 13, £¤¥ ¶·μ¢¥¤¥´ �Œ‡�

�¨¸. 39. •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 13 ´  ·¨¸. 38, ¡

�¨¸. 40. ‘	Œ-¨§μ¡· ¦¥´¨¥ Î ¸É¨ É·Ê¡±¨ ( ); •‘�ˆ ¢ μ¡² ¸É¨ 14 (¡)
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�  ·¨¸. 40,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  É·Ê¡±¨ ´  ¶μ¢¥·Ì-
´μ¸É¨ ‹‘, É ±¦¥ ¶μ±·ÒÉμ° ¸¥É±μ° ¨§ ´¨É¥¢¨¤´ÒÌ μ¡· §μ¢ ´¨°,   ´ 
·¨¸. 40, ¡ Å •‘�ˆ, ¨§³¥·¥´´Ò° ¢ μ¡² ¸É¨ 14.

‡¤¥¸Ó, ± ± ¨ ¢ ¶·¨¢¥¤¥´´ÒÌ ¢ÒÏ¥ •‘�ˆ-¨§³¥·¥´¨ÖÌ, ´ °¤¥´Ò O, Al, Si,
Cl,   ¶¨±¨ ¢ ¸¶¥±É· Ì ³¥¤¨ ¨ ¸¥·¥¡·  ¶μ¤· ¢´Ö²¨¸Ó ¶μ  ³¶²¨ÉÊ¤¥.

�  ·¨¸. 41,   ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸¢¥É²μ° ¸É·Ê±ÉÊ·Ò ¤²¨´μ°
¡μ²¥¥ 28,7 ³±³ ¨ ³ ±¸¨³ ²Ó´μ° Ï¨·¨´μ° 11,4 ³±³ ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘,
  ´  ·¨¸. 41, ¡ Å •‘�ˆ. ‚ ¸¶¥±É·¥ Î¥É±μ ¶·μÖ¢¨²¨¸Ó ¶¨±¨ μÉ O, Al, Si,
Cl, K ¨ Ca,   É ±¦¥ Ni. Šμ´Í¥´É· Í¨¨ Cu ¨ Zn ¡²¨§±¨ ± ¨¸Ìμ¤´Ò³ ±μ´Í¥´-
É· Í¨Ö³ ¢ ² ÉÊ´¨.

�¨¸. 41. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¸¢¥É²μ° ¸É·Ê±ÉÊ·Ò ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ( ); •‘�ˆ ¢
ÉμÎ±¥ 15 (¡)

�  ·¨¸. 42,   ¶·¨¢¥¤¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¢¸¥° ¤²¨´´μ° ¸É·Ê±ÉÊ·Ò ¢ ¢¨¤¥
É·Ê¡±¨, · ¸¶μ²μ¦¥´´μ° ´  É¥³´μ° ¶μ¢¥·Ì´μ¸É¨, ¸ μ¸μ¡¥´´μ¸ÉÖ³¨, ±μÉμ·Ò¥ ¤¥-
É ²Ó´μ ¨§ÊÎ¥´Ò ¢ÒÏ¥. 	²¥³¥´É´Ò° �Œ‡� ¶·μ¢¥¤¥´ ¢ ÉμÎ±¥ 16 ´  ·¨¸. 42, ¡,
£¤¥ ¢¸É·¥Î ÕÉ¸Ö ¸¢¥É²Ò¥ Î ¸É¨ÍÒ μ±·Ê£²μ° Ëμ·³Ò, ´μ · §²¨Î´ÒÌ · §³¥·μ¢,

�¨¸. 42. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¢¸¥° É·Ê¡±¨ ( ); •‘�ˆ ¢ ÉμÎ±¥ 16 ´  ¸¢¥É²μ° μ±·Ê£²μ°
Î ¸É¨Í¥ (¡)
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¤¨ ³¥É· ³¨ ³¥´¥¥ 400 ´³. ‘μμÉ¢¥É¸É¢ÊÕÐ¨° •‘�ˆ ¢ ÉμÎ±¥ 16 ¤ ´ ´  ·¨¸. 43.
‚ ÔÉμ° Î ¸É¨Í¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ O, Al, Si, S, Cl ¨ ‘  ¢³¥¸É¥ ¸ Î¥É±μ ¶·μÖ¢¨¢-
Ï¨³¨¸Ö ¶¨± ³¨ μÉ Pb.

�¨¸. 43. •‘�ˆ ¢ ¸¢¥É²μ° Î ¸É¨Í¥ ¢ ÉμÎ±¥ 16 ´  ·¨¸. 42, ¡

�¨¸. 44. ‘	Œ-¨§μ¡· ¦¥´¨Ö Ë· £³¥´É  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¸ · §²¨Î´Ò³¨ Ê¢¥²¨Î¥´¨Ö³¨
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�  ·¨¸. 44,  Ä¢ ¶·¥¤¸É ¢²¥´ Ë· £³¥´É ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¸ · §²¨Î´Ò³¨ Ê¢¥-
²¨Î¥´¨Ö³¨ (× 689, × 2400 ¨ × 5290). ‡¤¥¸Ó ¢¨¤´Ò ±·Ê£²Ò¥ ±Ê¶μ²μ-
μ¡· §´Ò¥ μ¡· §μ¢ ´¨Ö É¥³´μ£μ Í¢¥É , ¶μ²ÊÎ¥´´Ò¥ ¢ ¶·μÍ¥¸¸¥ μ¡²ÊÎ¥´¨Ö
γ-±¢ ´É ³¨.

‡�Š‹	—…�ˆ…

‚ ¤ ´´μ° · ¡μÉ¥ ¨§ÊÎ¥´μ ¨§³¥´¥´¨¥ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¨ ¸É·Ê±ÉÊ·Ò
¶μ¢¥·Ì´μ¸É¨ ‚� ¨§ ¡¥·¨²²¨¥¢μ° ¡·μ´§Ò (·¨¸. 1, ¶μ§. 4), Œ” (·¨¸. 1, ¶μ§. 10)
¨ ‹‘ ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ ¨ Ì¨³¨Î¥¸±¨Ì ·¥ ±Í¨° (·¨¸. 1, ¶μ§. 12). �μ ÔÉμ ´¥
¢¸¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢ μ¶¨¸Ò¢ ¥³μ³ Ô±¸¶¥·¨³¥´É¥. ‚ ¤ ´´ÊÕ ¸É ÉÓÕ
´¥ ¢μÏ²μ μ¶¨¸ ´¨¥ ¨¸¸²¥¤μ¢ ´¨° ¢´ÊÉ·¥´´¨Ì ¶μ¢¥·Ì´μ¸É¥° ² ÉÊ´´μ° ¢ÉÊ²±¨
¨ ¸¨´É¥§¨·μ¢ ´´ÒÌ Î ¸É¨Í ¸¢¥É²μ£μ ¨ É¥³´μ£μ μÉÉ¥´±μ¢. �´¨ ¡Ê¤ÊÉ · ¸¸³μ-
É·¥´Ò ¢ ¸²¥¤ÊÕÐ¥° ¸É ÉÓ¥ (¸³. [24]), ¶Ê¡²¨±Ê¥³μ° μÉ¤¥²Ó´μ ¢¢¨¤Ê ¡μ²ÓÏμ£μ
μ¡Ñ¥³  ¶μ²ÊÎ¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¤ ´´ÒÌ, ´¥μ¡Ìμ¤¨³μ° Ê¡¥¤¨É¥²Ó´μ-
¸É¨ ¢ ¨Ì ¶·¥¤¸É ¢²¥´¨¨ ¨ μ¡μ¸´μ¢ ´´μ¸É¨ ·¥§Ê²ÓÉ Éμ¢.

�μ± § ´μ, ÎÉμ ¨³¥ÕÉ ³¥¸Éμ §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ´  ¢´ÊÉ·¥´´¥° ¶μ-
¢¥·Ì´μ¸É¨ ‚� ¸ ¶μÖ¢²¥´¨¥³ · §²¨Î´ÒÌ Î ¸É¨Í (¸³. ·¨¸. 2, 3, 5, 6, 7, £, ¤, 10,
11, 16), Î ¸É¨Í ¢ ¢¨¤¥ Éμ´±μ¸É¥´´ÒÌ É·Ê¡μ± (¸³. ·¨¸. 7,  Ä¢, 12, 14, 15,  ),
³¥²±¨Ì Î ¸É¨Í ¨§ ¸μ¥¤¨´¥´¨° ¸¢¨´Í  (·¨¸. 7, £, ¤, 10,  , 11) ¨ ¤·Ê£¨Ì μ¡Ñ¥±Éμ¢
¸²μ¦´μ° Ëμ·³Ò (·¨¸. 3, 5,  , 6,  , 11, 16). ’μ´±μ¸É¥´´Ò¥ É·Ê¡±¨ ¸μ¸ÉμÖÉ ¨§
¸²¥¤ÊÕÐ¥£μ ´ ¡μ·  Ô²¥³¥´Éμ¢: 6‘, 7N↑, 8O, 9F↑, 12Mg, 13Al, 14Si, 15P, 16S,

17Cl, 18Ar↑, 19K ¨ 20Ca.
Œ” É ±¦¥ ¶·¥É¥·¶¥²  ¨§³¥´¥´¨Ö ¸É·Ê±ÉÊ·Ò ¶μ¢¥·Ì´μ¸É¨. �  ´¥° ¶μÖ¢¨-

²¨¸Ó ´ ·ÊÏ¥´¨Ö É¨¶  Ô·μ§¨¨ ¶μ¢¥·Ì´μ¸É¨ (¸³. ·¨¸. 17,  ), ¢¸É·¥Î ÕÉ¸Ö Î -
¸É¨ÍÒ ³ ²μ£μ · §³¥·  ≈ 1 ³±³ (¸³. ·¨¸. 18,  ), ¸μ¤¥·¦ Ð¨¥ Ô²¥³¥´ÉÒ O, Al,
Si, S ¨ Cl (¢ ¡μ²ÓÏμ³ ±μ²¨Î¥¸É¢¥ Å 11,99 ¢¥¸. %, ¨²¨ 14,37  É. %) ¨, ¢μ§-
³μ¦´μ, ¸¢¨´¥Í (¸³. ·¨¸. 18, ¡ ¨ 19 ¨ É ¡². 6 ¨ 7).

‹‘ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° μ± § ²¸Ö ¸ ¸¨²Ó´μ ¨§³¥´¥´´μ° Í¥´É· ²Ó´μ° Î ¸ÉÓÕ
(¢¤μ²Ó μ¸¨ HHPC) ¢ ¢¨¤¥ ¶ÖÉ´  ¤¨ ³¥É·μ³ 621,7 ³±³ ¨ ¤·Ê£¨³¨  ´μ³ ²¨Ö³¨
(Î ¸É¨Í ³¨) ´  ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨±  (¸³. ·¨¸. 20, 22,  , 23, 24). •¨³¨Î¥¸±¨°
¸μ¸É ¢ ¶μ¢¥·Ì´μ¸É¨ ¸¡μ·´¨±  ´¥ ¨§³¥´¨²cÖ (¸³. ¸¶¥±É·Ò ´  ·¨¸. 21, 22, ¡, 25
¨ É ¡². 8), ´μ ¸¨²Ó´μ ¨§³¥´¨² ¸Ó ¥¥ ¸É·Ê±ÉÊ· : μ¡´ ·Ê¦¥´Ò μ¡· §μ¢ ´¨Ö ¢
¢¨¤¥ É·Ê¡μ±, ´μ ¸ ¡μ²¥¥ ¸²μ¦´Ò³¨ ¢±²ÕÎ¥´¨Ö³¨ (¸³. ·¨¸. 26, 28, 29, 31,  ,
32,  , 33,  , 34,  , 40, 42,  ),   É ±¦¥ Î ¸É¨ÍÒ (¸³. ·¨¸. 37,  , 38, 41,  , 44),
¸μ¸ÉμÖÐ¨¥ ¨§ ²¥£±¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢: O, Mg, Al, Si, S, Cl, K, Ca ¨
¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢, É ±¨Ì ± ± ¦¥²¥§μ. �μ³¨³μ ÔÉμ£μ ´ °¤¥´Ò ³¥²-
±¨¥ Î ¸É¨ÍÒ ¸Ë¥·¨Î¥¸±μ° Ëμ·³Ò ¨§ ¸μ¥¤¨´¥´¨° ¸¢¨´Í  (¸³. ·¨¸. 36,  , 37
¨ 42, ¡).
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�Œ‡� ¸É·Ê±ÉÊ· ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘ ¶μ± § ² ¢μ ³´μ£¨Ì ¸²ÊÎ ÖÌ ¨§³¥´¥-
´¨¥ μÉ´μ¸¨É¥²Ó´ÒÌ ±μ´Í¥´É· Í¨° Í¨´±  ¨ ³¥¤¨ ¸ Ê¢¥²¨Î¥´¨¥³ ±μ´Í¥´É· Í¨¨
Í¨´± , ÎÉμ μÉ²¨Î ¥É¸Ö μÉ ¨Ì ¨¸Ìμ¤´μ£μ ¸μμÉ´μÏ¥´¨Ö ¢ ² ÉÊ´¨ (¸³. ¸¶¥±É·Ò
´  ·¨¸. 27 ¨ É ¡². 9, ·¨¸. 30 ¨ É ¡². 10, ·¨¸. 31, ¡ ¨ É ¡². 11, ·¨¸. 32, ¡, 33, ¡
¨ É ¡². 12, ·¨¸. 34, ¡ ¨ É ¡². 13, ·¨¸. 35, ¡, 46, ¡ ¨ 40, ¡). ˆ¸Ìμ¤´μ¥ ¸μμÉ´μÏ¥-
´¨¥ ³¥¤¨ ¨ Í¨´±  60 : 40  É. % (¸³. ·¨¸. 21 ¨ É ¡². 8, ·¨¸. 22, ¡, 25, 36, ¡, 37, ¡,
39, 41, ¡, 42, ¡). �É³¥É¨³, ÎÉμ §´ Î¨É¥²Ó´Ò¥ μÉ²¨Î¨Ö ¢ ÔÉμ³ ¸μμÉ´μÏ¥´¨¨
μÉ ¨¸Ìμ¤´μ£μ μÉ³¥Î ÕÉ¸Ö É ³, £¤¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¡μ²¥¥ ¨²¨ ³¥´¥¥ ±·Ê¶´Ò¥
Î ¸É¨ÍÒ ´  ¶μ¢¥·Ì´μ¸É¨ ‹‘.

‚Ò§Ò¢ ¥É Ê¤¨¢²¥´¨¥ μ¡´ ·Ê¦¥´¨¥ ¢μ²ÓË· ³  ¢ §´ Î¨É¥²Ó´μ° ±μ´Í¥´-
É· Í¨¨ Å 69,17± 4,35 ¢¥¸. %, ¨²¨ 30,55  É. % (¸³. ·¨¸. 29, ¡, 30 ¨ É ¡². 10),
  É ±¦¥ 0,71± 0,19 ¢¥¸. %, ¨²¨ 0,10  É. % (¸³. ·¨¸. 31,  , 31, ¡ ¨ É ¡². 11).

ˆ´É¥·¶·¥É Í¨Ö ¶μ²ÊÎ¥´´ÒÌ ·¥§Ê²ÓÉ Éμ¢ ¶·¥¤¸É ¢²Ö¥É §´ Î¨É¥²Ó´Ò¥ É·Ê¤-
´μ¸É¨ ¢¢¨¤Ê μ¡´ ·Ê¦¥´´ÒÌ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ  ´μ³ ²¨°. Œμ¦´μ ¶·¥¤¶μ²μ-
¦¨ÉÓ, ÎÉμ μ¡· §μ¢ ´¨¥ ²¥£±¨Ì Ô²¥³¥´Éμ¢, ´ Î¨´ Ö ¸ Ê£²¥·μ¤ ,   ¢μ§³μ¦´μ,
¨ ¡μ²¥¥ ²¥£±¨Ì ¶·μ¨¸Ìμ¤¨É ²¨¡μ ¶·¨ ¤¥²¥´¨¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ ¢
Ö¤¥·´ÒÌ ·¥ ±Í¨ÖÌ ¸ ´¥°É·μ´ ³¨, ¶·μÉμ´ ³¨ ¨ ¤¥°É·μ´ ³¨ (¸³. [15, 17]) Å
®´¨¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨, ²¨¡μ ¶ÊÉ¥³ ·¥ ±Í¨° ¸¨´É¥§  ²¥£±¨Ì Ö¤¥· ¢ ¡μ²¥¥ ÉÖ-
¦¥²Ò¥ Å ®¢μ¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨ (¸³. [8, 9]). �·¨ ÔÉμ³ μ¡´ ·Ê¦¥´¨¥ ¡μ²¥¥
ÉÖ¦¥²ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¸ Ö¤· ³¨ ¸·¥¤-
´¨Ì ³ ¸¸ (¸³. [2Ä13, 15, 16]) ¸¢¨¤¥É¥²Ó¸É¢Ê¥É μ ¸¨´É¥§¥, É. ¥. μ ®¢μ¸Ìμ¤ÖÐ¨Ì¯
·¥ ±Í¨ÖÌ.

“¸É ´μ¢²¥´μ, ÎÉμ ´  ¸·¥§¥ μ¡¥¨Ì ¶μ²μ¢¨´μ± ² ÉÊ´´μ° ¢ÉÊ²±¨ ¶·¨¸ÊÉ-
¸É¢ÊÕÉ ³¥²±¨¥ ¢±· ¶²¥´¨Ö ¸¢¨´Í  ¨, ¢μ§³μ¦´μ, μ²μ¢  [24]. „¨ËËÊ§¨μ´´Ò¥
¶·μÍ¥¸¸Ò ¶μ ¢Ò¤¥²¥´¨Õ ³ ²ÒÌ ±μ´Í¥´É· Í¨° ¶·¨³¥¸¥° ¨ ±² ¸É¥·¨§ Í¨Ö ¶μ-
¤ ¢²¥´Ò [24]. ˆ§ ÔÉμ£μ Ë ±É  ¸²¥¤Ê¥É, ÎÉμ ÔÉ¨ Ö¤·  ³μ£²¨ ¡ÒÉÓ ¸¨´É¥§¨·μ¢ ´Ò
¨§ ¡μ²¥¥ ²¥£±¨Ì Ö¤¥· ¸ ³μ° ² ÉÊ´¨, ´ ¸ÒÐ¥´´μ° ¢μ¤μ·μ¤μ³, ¢ ·¥ ±Í¨ÖÌ, ±μÉμ-
·Ò¥ Ê¶μ³¨´ ÕÉ¸Ö ¢ · ¡μÉ Ì [8, 9]. �¡· §μ¢ ´¨¥ ¦¥ §´ Î¨É¥²Ó´μ£μ ±μ²¨Î¥¸É¢ 
²¥£±¨Ì Ô²¥³¥´Éμ¢ ¢ ¸μ¸É ¢¥ ±·Ê¶´ÒÌ Î ¸É¨Í ¨ ¤·Ê£¨Ì ¸É·Ê±ÉÊ·, ¢μ§³μ¦´μ,
¶·μ¨¸Ìμ¤¨É, ¢μ-¶¥·¢ÒÌ, ¶·¨ ¤¥²¥´¨¨ Ö¤¥· ¸·¥¤´¨Ì ³ ¸¸ ¨ ¶·μÍ¥¸¸ Ì ¶·¨ ¸¨´-
É¥§¥ ÉÖ¦¥²μ£μ Ô²¥³¥´É  Å ¸¢¨´Í  (®´¨¸Ìμ¤ÖÐ¨¥¯ ·¥ ±Í¨¨) (¸³. [15Ä17] ¨
¶·¨¢¥¤¥´´Ò¥ É ³ ¸¸Ò²±¨),   ¢μ-¢Éμ·ÒÌ, ¶·¨ ¸¨´É¥§¥ ²¥£±¨Ì Ô²¥³¥´Éμ¢ ¢ ¶²μÉ-
´μ³ ¢μ¤μ·μ¤¥ ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ·¥ ±Í¨Ö³ ¸¨´É¥§  (¸³., ´ ¶·¨³¥·, Í¨±²Ò
�¥É¥: ¶·μÉμ´-¶·μÉμ´´Ò° ¨ Ê£²¥·μ¤´μ- §μÉ´Ò° [19Ä22]).

�·¨¢¥¤¥³ §¤¥¸Ó ¶¥·¥¢μ¤ μ¤´μ£μ ¨§ ¶μ²μ¦¥´¨° ¢ · ¡μÉ¥ [22]
(¸³. É ±¦¥ [23]): ®‚ · ¸Î¥É Ì §¢¥§¤´ÒÌ ³μ¤¥²¥° Î ¸Éμ ¨¸¶μ²Ó§Ê¥É¸Ö É ± ´ -
§Ò¢ ¥³ Ö ¸³¥¸Ó � ¸¸¥²  ÉÖ¦¥²ÒÌ Ô²¥³¥´Éμ¢ (Russell-mixture of heavy
elements), ±μÉμ· Ö ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶·μ¸É¥°Ï¥¥ ¶·¨¡²¨¦¥´¨¥ ± ÉμÎ´Ò³
¸μ¸É ¢ ³ (constitutions) §¢¥§¤. �É  ¸³¥¸Ó � ¸¸¥²  ¤ ¥É¸Ö ¢ ¢¨¤¥ 50% 8O,
25% 11Na ¨ 12Mg; 6% 14Si, 6% 19Š ¨ 20‘ , 13% 26Fe ¨ ¨³¥¥É ¸·¥¤´¨°
ÔËË¥±É¨¢´Ò° ³μ²¥±Ê²Ö·´Ò° ¢¥¸ μ = 1,85¯.
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Œμ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢ ¤ ´´μ° · ¡μÉ¥ ´ ¡²Õ¤ ¥É¸Ö ¶μÌμ¦¨° ¸μ¸É ¢
¢´μ¢Ó μ¡· §μ¢ ´´ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ μ¡¥¨Ì ¸¨´É¥§¨·μ¢ ´´ÒÌ ¸É·Ê±-
ÉÊ· Ì ¨ ¢ ¤·Ê£¨Ì μ¡´ ·Ê¦¥´´ÒÌ μ¡Ñ¥±É Ì (¸³. É ±¦¥ [24]).

�μ³¨³μ ÔÉμ£μ ³μ¦´μ ¶·¥¤¶μ²μ¦¨ÉÓ, ÎÉμ ¢ ¶·μÍ¥¸¸ Ì ³μ£ÊÉ ¶·¨´¨³ ÉÓ
ÊÎ ¸É¨¥ ·¥ ±Í¨¨, ¶·¥¤²μ¦¥´´Ò¥ ¢ · ¡μÉ Ì [25, 26], É. ¥. É ± ´ §Ò¢ ¥³Ò¥  ¸¸μ-
Í¨¨·μ¢ ´´Ò¥ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¸ ÊÎ ¸É¨¥³ É·¥ÉÓ¥° Î ¸É¨ÍÒ ¢ ² ÉÊ´¨, ´ ¸Ò-
Ð¥´´μ° ¢μ¤μ·μ¤μ³, ¨ ¡¥·¨²²¨¥¢μ° ¡·μ´§¥.

�Éμ³´Ò¥ ¶·μÍ¥¸¸Ò ¶·¨ · ¸¸¥Ö´¨¨ γ-±¢ ´Éμ¢ ¨ ·¥ ±Í¨¨ ¸ ÊÎ ¸É¨¥³ Ö¤¥·
¢μ¤μ·μ¤  ¶·¥¤¸É ¢²¥´Ò ±μ´¸¶¥±É¨¢´μ ¢ · ¡μÉ¥ [17].

‚¢¨¤Ê Éμ£μ, ÎÉμ ³μ²¥±Ê²Ö·´Ò° ¢μ¤μ·μ¤ ¸μ¤¥·¦¨É ¤μ 2 % ¤¥°É¥·¨Ö, ¢μ§-
³μ¦´Ò ·¥ ±Í¨¨ ¸ ÊÎ ¸É¨¥³ ¤¥°É¥·¨Ö, ±μÉμ·Ò¥ μ¶¨¸ ´Ò ¢ [15Ä17].

„²Ö ¶·μ¢¥·±¨ ³¥Éμ¤μ²μ£¨¨ ¶μ¤Ìμ¤  c ¨¸¶μ²Ó§μ¢ ´¨¥³ DHPC/HHPC, ´ -
¶μ²´¥´´ÒÌ ¶²μÉ´Ò³¨ £ § ³¨ ¢μ¤μ·μ¤  ¨ ¤¥°É¥·¨Ö, ¡Ò²μ ¶·μ¢¥¤¥´μ ´¥¸±μ²Ó±μ
±μ´É·μ²Ó´ÒÌ ¨¸¸²¥¤μ¢ ´¨° ¶μ ¢²¨Ö´¨Õ μ¡²ÊÎ¥´¨Ö γ-±¢ ´É ³¨ ¨ § £·Ê§±¨
¶²μÉ´μ£μ £ § :

 ) μ¡²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¢ É¥Î¥´¨¥ 10 Î ¶·¨ Éμ±¥
Ô²¥±É·μ´´μ£μ ¶ÊÎ±  μ±μ²μ 5Ä7 ³±� HHPC/DHPC, μÉ± Î¥´´ÒÌ ¤μ ¢ ±ÊÊ³ 
10−4 Éμ··, ´μ ¡¥§ ³¥É ²²¨Î¥¸±μ£μ ¸É¥·¦´Ö;

¡) § £·Ê§±  DHPC c Pd-¸É¥·¦´¥³ ¨ ¤¥°É¥·¨¥³ ¤μ ¤ ¢²¥´¨Ö 3,5 ±¡ ·, ¢Ò-
¤¥·¦¨¢ ´¨¥ ÔÉμ£μ ¤ ¢²¥´¨Ö ¢ É¥Î¥´¨¥ 48 Î, · §£·Ê§±  HHPC/DHPC ¶ÊÉ¥³
¸¡· ¸Ò¢ ´¨Ö ¤ ¢²¥´¨Ö ¤¥°É¥·¨Ö ¤μ ¤ ¢²¥´¨Ö 1  É³. �μ¢Éμ·¥´¨¥ ÔÉμ° μ¶¥· -
Í¨¨ ®§ £·Ê§± -· §£·Ê§± ¯ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö É·¨ · § ;

¢) μ¡²ÊÎ¥´¨¥ μ¡· §Í  (Pd-cÉ¥·¦´Ö) ´  ¢μ§¤ÊÌ¥ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥°
10 ŒÔ‚ ¢ É¥Î¥´¨¥ 10 Î ¶·¨ Éμ±¥ Ô²¥±É·μ´´μ£μ ¶ÊÎ±  μ±μ²μ 5Ä7 ³±�;

£) μ¡²ÊÎ¥´¨¥ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨¥° 10 ŒÔ‚ ¢ É¥Î¥´¨¥ 18 Î ¶·¨ Éμ±¥ Ô²¥±-
É·μ´´μ£μ ¶ÊÎ±  μ±μ²μ 10Ä11 ³±� ¸¶¥Í¨ ²¨§¨·μ¢ ´´ÒÌ ± ³¥· ´¨§±μ£μ ¤ ¢²¥-
´¨Ö ¨´μ£μ ¢¨¤ , § ¶μ²´¥´´ÒÌ ¨¸¸²¥¤Ê¥³Ò³ ¢¥Ð¥¸É¢μ³ ¨ ¢μ¤μ·μ¤μ³ ¨²¨ ¤¥°-
É¥·¨¥³ ¶·¨ ¤ ¢²¥´¨¨ 65 ¡ ·, ¸ ³μ´μ±·¨¸É ²²¨Î¥¸±¨³¨ μ¡· §Í ³¨ Pd0,9Ag0,1

¨²¨ ³¥²±μ¤¨¸¶¥·¸´Ò³¨ ¶μ·μÏ± ³¨ Î¨¸ÉÒÌ (0,98 %) ·¥´¨Ö ¨²¨ ´¨±¥²Ö.
ˆ¸¸²¥¤μ¢ ´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢¸¥Ì ¶μ¢¥·Ì´μ¸É¥° ±μ³¶μ´¥´Éμ¢

HHP‘/DHPC (¸³. ·¨¸. 1 ¢ [1]), ¨³¥ÕÐ¨Ì ±μ´É ±É ¸ ¶²μÉ´Ò³¨ £ § ³¨,   ¨³¥´´μ:
¡¥·¨²²¨¥¢μ£μ ¢Ìμ¤´μ£μ μ±´  (¶μ§. 4), Pd-¸É¥·¦´¥° (¶μ§. 9), ² ÉÊ´´ÒÌ ¸¡μ·´¨-
±μ¢ ¶·μ¤Ê±Éμ¢ ·¥ ±Í¨° (¶μ§. 12), ³ ´£ ´¨´μ¢ÒÌ Ëμ²Ó£ (¶μ§. 10), · §·¥§ ´´ÒÌ
¶μ¢¥·Ì´μ¸É¥° ² ÉÊ´´ÒÌ ¢ÉÊ²μ± (¶μ§. 8) ¨ μ¡²ÊÎ¥´´ÒÌ ³ É¥·¨ ²μ¢ ¢ ± ³¥· Ì
´¨§±μ£μ ¤ ¢²¥´¨Ö Å ¶μ§¢μ²¨²¨ Ê¸É ´μ¢¨ÉÓ μÉ¸ÊÉ¸É¢¨¥ § ³¥É´ÒÌ ¨§³¥´¥´¨°
¸μ¸É ¢ , ´ ²¨Î¨Ö É·¥Ð¨´ ¨ ¤·Ê£¨Ì ÔËË¥±Éμ¢.

‚  ´ ²μ£¨Î´ÒÌ Ê¸²μ¢¨ÖÌ ¡Ò²  μ¡²ÊÎ¥´  HHPC ¸ Pd-¸É¥·¦´¥³ ¢´ÊÉ·¨, ´μ
¶·¨ ¤ ¢²¥´¨¨ ³μ²¥±Ê²Ö·´μ£μ ¢μ¤μ·μ¤  0,5 ±¡ ·. �¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¢
ÔÉ¨Ì ¨¸¸²¥¤μ¢ ´¨ÖÌ ¨ ¶μ ¶. £), ¡Ê¤ÊÉ ¢ ¡²¨¦ °Ï¥¥ ¢·¥³Ö μ¶Ê¡²¨±μ¢ ´Ò.

‚ § ±²ÕÎ¥´¨¥  ¢Éμ·Ò ¢Ò· ¦ ÕÉ ¶·¨§´ É¥²Ó´μ¸ÉÓ §  ¶μ²¥§´Ò¥ μ¡¸Ê¦¤¥´¨Ö
¢¥¤ÊÐ¥³Ê ´ ÊÎ´μ³Ê ¸μÉ·Ê¤´¨±Ê ‹Ÿ� ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ ‚.�.™¥£μ²¥¢Ê,
§   ±É¨¢´μ¥ ÊÎ ¸É¨¥ ¢ ¶μ¤£μÉμ¢±¥ Ô±¸¶¥·¨³¥´É  ´ ÊÎ´μ³Ê ¸μÉ·Ê¤´¨±Ê �–Ÿˆ
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¤μ±Éμ·Ê ’. ‚¨²Î¨´¸± -Š¨Éμ¢¸± , §  μ¡²ÊÎ¥´¨¥ ± ³¥·Ò ���‘ γ-±¢ ´É ³¨
�. ƒ. �¥²μ¢Ê, §  ‘	Œ-¨¸¸²¥¤μ¢ ´¨Ö ¨ �Œ‡� ¸É ·Ï¥³Ê ´ ÊÎ´μ³Ê ¸μÉ·Ê¤´¨±Ê
 ´ ²¨É¨Î¥¸±μ£μ Í¥´É·  � ÊÎ´μ-¨¸¸²¥¤μ¢ É¥²Ó¸±μ£μ ¨´¸É¨ÉÊÉ  ¶¥·¸¶¥±É¨¢´ÒÌ
³ É¥·¨ ²μ¢ Œˆ	Œ �.ˆ. ƒ °¤ · ¨ ´ ÊÎ´μ³Ê ¸μÉ·Ê¤´¨±Ê �ˆˆŸ”
¨³. „. ‚.‘±μ¡¥²ÓÍÒ´  Œƒ“ ¨³. Œ.‚. ‹μ³μ´μ¸μ¢  „. ‚.�¥É·μ¢Ê.

‚ ¶·¨²μ¦¥´¨¨ 1 ¶·¥¤¸É ¢²¥´Ò ·¥ ±Í¨¨ (γ, n) ¨ (γ, p) ´  Ö¤· Ì, ¢Ìμ¤ÖÐ¨Ì
¢ ±μ³¶μ´¥´ÉÒ ³ É¥·¨ ²μ¢ HHPC. ˆ§ ¨Ì  ´ ²¨§  ³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ ¢
μ¸´μ¢´μ³ ÔÉ¨ ·¥ ±Í¨¨ ´¥ ¶·μ¨¸Ìμ¤ÖÉ ¶·¨ Ô´¥·£¨ÖÌ γ-±¢ ´Éμ¢, ¨¸¶μ²Ó§μ¢ ´-
´ÒÌ ¢ · ¡μÉ¥, Eγ = 10 ŒÔ‚. ‚ ¶·¨²μ¦¥´¨¨ 2 ¶·¨¢¥¤¥´Ò ·¥ ±Í¨¨ ¸¨´É¥§ 
²¥£±¨Ì Ô²¥³¥´Éμ¢ ¨§ ¢μ¤μ·μ¤ .

��ˆ‹�†…�ˆ… 1

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö, ±μÉμ·ÊÕ γ-±¢ ´É ¸ Ô´¥·£¨¥° Eγ ¸¶μ¸μ¡¥´ ¶¥·¥-
¤ ÉÓ  Éμ³ ³, ¨³¥¥É ¢¨¤ [17, 18]

T max
M = Eγ

(
1 +

Mc2

2Eγ

)
, (1)

£¤¥ M Å ³ ¸¸   Éμ³ . „²Ö  Éμ³μ¢ ¨ ³μ²¥±Ê² ¢μ¤μ·μ¤  ³ ±¸¨³ ²Ó´Ò¥ ¶¥·¥-
¤ ´´Ò¥ ¨³ γ-±¢ ´É ³¨ ¸ Eγ = 10 ¨ 25 ŒÔ‚ Ô´¥·£¨¨ ¸μ¸É ¢²ÖÕÉ:

T max
H (10 ŒÔ‚) = 208,6 ±Ô‚, T max

H2
(25 ŒÔ‚) = 1,264 ±Ô‚,

T max
H2

(10 ŒÔ‚) = 105,4 ±Ô‚, T max
H2

(25 ŒÔ‚) = 665,5 ±Ô‚.
(2)

‘¥Î¥´¨Ö ¶·Ö³μ£μ · ¸¸¥Ö´¨Ö γ-±¢ ´Éμ¢ ´  Ö¤· Ì ³ ²Ò (¸³., ´ ¶·¨-
³¥·, [1, 18]). �μ ¶·¨ ¢§ ¨³μ¤¥°¸É¢¨¨ γ-±¢ ´Éμ¢ ¸  Éμ³ ³¨ ³¨Ï¥´¨ ¶·μ-
¨¸Ìμ¤ÖÉ ´¥¶·Ö³Ò¥ ¶·μÍ¥¸¸Ò, É ±¨¥ ± ± ËμÉμÔËË¥±É, ÔËË¥±É Šμ³¶Éμ´  ¨
·μ¦¤¥´¨¥ e−e+-¶ · [18, 17], ¢ ·¥§Ê²ÓÉ É¥ ±μÉμ·ÒÌ μ¡· §ÊÕÉ¸Ö ¢Ò¸μ±μÔ´¥·£¥-
É¨Î¥¸±¨¥ Ô²¥±É·μ´Ò ¨ ¶μ§¨É·μ´Ò.

Š ± ¨§¢¥¸É´μ [19, 20], É¥³¶¥· ÉÊ·  ¢ Í¥´É·¥ ‘μ²´Í  T ≈ 14 ŒŠ,   ¶²μÉ-
´μ¸ÉÓ ¸μ²´¥Î´μ° ¶² §³Ò ¢ Í¥´É·¥ ρ ≈ 100 £ · ¸³−3. ’μ£¤  ¸·¥¤´ÖÖ ±¨´¥É¨Î¥-
¸± Ö Ô´¥·£¨Ö ¶·μÉμ´μ¢ ¢ Í¥´É·¥ ‘μ²´Í 

Ep = kT = 1,206 ±Ô‚. (3)

‚Ò¸μÉ  ±Ê²μ´μ¢¸±μ£μ ¡ ·Ó¥·  ·¥ ±Í¨¨ p + p ¸μ¸É ¢²Ö¥É ¶·¨³¥·´μ B± ≈
0,5 ŒÔ‚, ¶μÔÉμ³Ê Ô´¥·£μ¢Ò¤¥²¥´¨¥ ¨§ ‘μ²´Í  μ¸ÊÐ¥¸É¢²Ö¥É¸Ö §  ¸Î¥É ¶¥-
·¥±·ÒÉ¨Ö ³ ±¸¢¥²²μ¢¸±μ£μ · ¸¶·¥¤¥²¥´¨Ö Ô´¥·£¥É¨Î¥¸±μ£μ ¸¶¥±É·  ¢μ¤μ·μ¤-
´μ° ¶² §³Ò ¨ ¢μ§· ¸É ÕÐ¥£μ ¸ Ê¢¥²¨Î¥´¨¥³ Ô´¥·£¨¨ ¸¥Î¥´¨Ö ¶μ¤¡ ·Ó¥·´μ£μ
¸²¨Ö´¨Ö ¢ ·¥ ±Í¨¨ p + p (¸³. [20]).

Œ ±¸¨³ ²Ó´ Ö Ô´¥·£¨Ö, ¶¥·¥¤ ´´ Ö ¶·μÉμ´ ³ ¢ ¸²ÊÎ ¥ μ¡²ÊÎ¥´¨Ö ¢μ¤μ-
·μ¤´μ° ³¨Ï¥´¨ γ-±¢ ´É ³¨ ¸ Ô´¥·£¨Ö³¨ 10 ¨ 25 ŒÔ‚ (¸³. (2)), §´ Î¨É¥²Ó´μ
¶·¥¢ÒÏ ¥É ¸·¥¤´ÕÕ Ô´¥·£¨Õ ¶·μÉμ´μ¢ ¢ Í¥´É·¥ ‘μ²´Í  (¸³. (3)).
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‘Ì¥³Ò ®´¨¸Ìμ¤ÖÐ¨Ì¯ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·¨ ¤¥²¥´¨¨ Ö¤¥· ¸·¥¤´¨Ì ³ ¸¸
¶μ¤ ¤¥°¸É¢¨¥³ ´¥°É·μ´μ¢, ¶·μÉμ´μ¢ ¨ ¤¥°É·μ´μ¢ μ¶¨¸ ´Ò ¢ · ¡μÉ¥ [15].
�¡¸Ê¦¤¥´¨¥ ¶μ¤Ìμ¤μ¢ ¨ ¢μ§´¨± ÕÐ¨Ì ¢μ¶·μ¸μ¢, ¸¢Ö§ ´´ÒÌ ¸ ®¢μ¸Ìμ¤ÖÐ¨³¨¯
Ö¤¥·´Ò³¨ ·¥ ±Í¨Ö³¨ ¸ μ¡· §μ¢ ´¨¥³ ¡μ²¥¥ ÉÖ¦¥²ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
Î¥³ ¢Ìμ¤ÖÐ¨¥ ¢ ³ É¥·¨ ²Ò HHPC/DHPC, ¶·¥¤¸É ¢²¥´μ ¢ [8, 9]. ‘²¥¤Ê¥É μÉ-
³¥É¨ÉÓ, ÎÉμ ¥¸²¨ · §¢¨¢ ¥³Ò° ¶μ¤Ìμ¤ ¶· ¢¨²Ó´Ò°, Éμ ±·¨É¥·¨¥³ Éμ° ¨²¨
¨´μ° ®¢¥É¢¨¯ Ö¢²Ö¥É¸Ö ¨§μÉμ¶´Ò° ¸μ¸É ¢ Ô²¥³¥´Éμ¢: ¢ ®´¨¸Ìμ¤ÖÐ¨Ì¯ ·¥ ±-
Í¨ÖÌ ¤μ²¦´Ò μ¡· §μ¢Ò¢ ÉÓ¸Ö ¶·¥¨³ÊÐ¥¸É¢¥´´μ ÉÖ¦¥²Ò¥ ¨§μÉμ¶Ò Ô²¥³¥´Éμ¢
(± ± ¡Ò ´¥°É·μ´´μ-¨§¡ÒÉμÎ´Ò¥),   ¢ ®¢μ¸Ìμ¤ÖÐ¨Ì¯ Å ¶·¥¨³ÊÐ¥¸É¢¥´´μ ²¥£-
±¨¥ ¨§μÉμ¶Ò (± ± ¡Ò ´¥°É·μ´´μ-¤¥Ë¨Í¨É´Ò¥).

�¥ ±Í¨¨ (γ, n) ¨ (γ, p) ´  Ö¤· Ì, ¢Ìμ¤ÖÐ¨Ì ¢ ³ É¥·¨ ²Ò ±μ³¶μ´¥´Éμ¢ HHPC

�¥ ±Í¨¨ (γ, n) ¨ (γ, p)
´  Ö¤· Ì ±μ³¶μ´¥´Éμ¢

���‘

	´¥·£¨Ö
·¥ ±Í¨¨ Q, ŒÔ‚

‘Ì¥³  · ¸¶ ¤  ¨²¨
%-¥ ¸μ¤¥·¦ ´¨¥

γ + 63
29Cu (69,17 %) →
→ 62

29Cu + n
−10,8539 62

29Cu
β+, 9,74 ³¨´−−−−−−−−→ 62

28Ni (3,59 %)

γ + 63
29Cu (69,17 %) →
→ 62

28Ni + p
−8,4559

62
28Ni (3,59%)

γ + 65
29Cu (30,83 %) →
→ 64

29Cu + n
−9,9099

64
29Cu

Ô. §., β+, β−
−−−−−−−→ 64

28Ni (0,91 %);
64
30Zn (48,6 %)

γ + 65
29Cu (30,83 %) →
→ 64

28Ni + p
−7,45269

64
28N (48,6 %)

γ + 64
30Zn (48,6%) →
→ 63

30Zn + n
−11,8615

63
29Cu (69,17 %)

γ + 64
30Zn (48,6%) →
→ 63

29Cu + p
−7,7117

63
29Cu (69,17%)

γ + 66
30Zn (27,9%) →
→ 65

30Zn + n
−11,7030 65

30Zn
Ô. §., β+

−−−−→ 65
29Cu (30,83 %)

γ + 66
30Zn (27,9%) →
→ 65

29Cu + p
−8,9258

65
29Cu (30,83 %)

γ + 67
30Zn (4,1%) →
→ 66

30Zn + n
−9,0901

66
29Zn (27,9 %)

γ + 67
30Zn (4,1%) →
→ 66

29Cu + p
−8,9119 66

29Cu
β−, 5,19 ³¨´−−−−−−−−→ Zn (27,9%)

γ + 68
30Zn (18,8%) →
→ 67

30Zn + n
−10,1981

67
30Zn (4,1%)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

�¥ ±Í¨¨ (γ, n) ¨ (γ, p)
´  Ö¤· Ì ±μ³¶μ´¥´Éμ¢

���‘

	´¥·£¨Ö
·¥ ±Í¨¨ Q, ŒÔ‚

‘Ì¥³  · ¸¶ ¤  ¨²¨
%-¥ ¸μ¤¥·¦ ´¨¥

γ + 68
30Zn (18,8%) →
→ 67

29Cu + p
−9,9903 67

29Cu
β−, 61,92 Î−−−−−−−→ 67

30Zn (4,1%)

γ + 70
30Zn (0,6%) →
→ 69

30Zn + n
−9,2143 69

30Zn
β−, 55,6 ³¨´−−−−−−−−→ 69

31Ga (60,1%)

γ + 70
30Zn (0,6%) →
→ 69

29Cu + p
−10,9089 69

29Cu
β−; β−
−−−−−→ Ga (60,1%)

γ + 55
25Mn (100 %) →
→ 54

25Mn + n
−10,2271 54

25Mn
Ô. §., 312,5 ¸ÊÉ−−−−−−−−→ 54

24Cr (2,365 %)

γ + 55
25Mn (100 %) →
→ 54

24Cr + p
−8,0677 54

24Cr (2,365 %)

γ + 58
28Ni (68,71 %) →
→ 57

28Ni + n
−12,1967 57

28N
β+, Ô. §.−−−−→ 57

26Fe (2,2%)

γ + 58
28Ni (68,71 %) →
→ 57

27Co + p
−8,1709 57

26Co
Ô. §., 270,9 ¸ÊÉ−−−−−−−−→ 57

26Fe (2,2%)

γ + 60
28Ni (26,10 %) →
→ 59

28Ni + n
−11,3887 59

28Ni; 7,5 · 104 ²¥É

γ + 60
28Ni (26,10 %) →
→ 59

27Co + p
−9,5328 59

27Co (100%)

�·¨³¥Î ´¨¥. Ô. §. Å Ô²¥±É·μ§ Ì¢ É.

��ˆ‹�†…�ˆ… 2

�¥ ±Í¨¨ ¸¨´É¥§  ²¥£±¨Ì Ô²¥³¥´Éμ¢ ¨ Ö¤¥· ¸·¥¤´¨Ì ³ ¸¸ ¨§ ¢μ¤μ·μ¤  ¨ ¤¥°É¥·¨Ö

�¥ ±Í¨Ö ¸¨´É¥§ 
	´¥·£¨Ö ·¥ ±Í¨¨

Q, ŒÔ‚
‘Ì¥³  · ¸¶ ¤  ¨²¨ %-¥

¸μ¤¥·¦ ´¨¥

p + p → d + e− + νe +0,931228 ‘É ¡¨²¥´ (0,015%)

p + d → 3
2He + γ +5,4936 ‘É ¡¨²¥´ (0,000138%)

d + d → 4
2He + γ +23,8467 ‘É ¡¨²¥´ (99,999862%)

p + 3
2He → 4

3Li + γ −2,9096 4
3Li → 3

2He + p
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�·μ¤μ²¦¥´¨¥ É ¡²¨ÍÒ

�¥ ±Í¨Ö ¸¨´É¥§ 
	´¥·£¨Ö ·¥ ±Í¨¨

Q, ŒÔ‚ ‘Ì¥³  · ¸¶ ¤  ¨²¨ %-¥ ¸μ¤¥·¦ ´¨¥

d + 3
2He → 5

3Li + γ +11,680 5
3Li → 4

2He + p

p + 4
2He → 5

3Li + γ −1,9660 5
3Li → 4

2He + p

d + 4
2He → 6

3Li + γ −4,3733 ‘É ¡¨²¥´ (7,5%)

3
2He + 4

2He → 7
4Be + γ +1,5862 7

4Be
Ô. §., 53,44 ¸ÊÉ−−−−−−−−→ 7

3Li

p + 7
3Li → 8

4Be + γ +17,2555 τ1/2 ≈ 10−16 c

d + 7
3Li → 9

4Be + γ +16,6960 ‘É ¡¨²¥´ (100%)

p + 9
4Be → 10

5 B + γ +6,5853 ‘É ¡¨²¥´ (19,9%)

d + 9
4Be → 11

5 B + γ +15,8159 ‘É ¡¨²¥´ (80,1%)

p + 11
5 B → 12

6 C + γ +15,8159 ‘É ¡¨²¥´ (98,90%)

d + 11
5 Be → 13

6 C + γ +18,262 ‘É ¡¨²¥´ (1,10%)

p + 13
6 C → 14

7 N + γ +0,5506 ‘É ¡¨²¥´ (99,634%)

d + 13
6 C → 15

7 N + γ +16,1594 ‘É ¡¨²¥´ (0,366%)

p + 15
7 N → 16

8 O + γ +12,1276 ‘É ¡¨²¥´ (99,762%)

d + 15
7 N → 17

8 O + γ +14,0473 ‘É ¡¨²¥´ (0,038%)

p + 17
8 O → 18

9 F + γ +5,6066 18
9 F

β+, Ô. §., 109,77 ³¨´−−−−−−−−−−−−→ 18
8 O (0,200 %)

d + 17
8 O → 19

9 F + γ +13,8127 ‘É ¡¨²¥´ (100%)

p + 19
9 F → 20

10Ne + γ +12,8447 ‘É ¡¨²¥´ (90,51%)

d + 19
9 F → 21

10Ne + γ +17,3861 ‘É ¡¨²¥´ (0,27%)

p + 21
10Ne → 22

11Na + γ +6,7399 22
11Na

β+, Ô. §., 2,602 £.−−−−−−−−−−→ 22
10Ne (9,22%)

d + 21
10Ne → 23

11Na + γ +16,9323 ‘É ¡¨²¥´ (100%)

p + 23
11Na → 24

12Mg + γ +11,6900 ‘É ¡¨²¥´ (78,99%)

d + 23
11Na → 25

12Mg + γ +16,7970 ‘É ¡¨²¥´ (10,00%)

p + 25
12Mg → 26

13Al + γ +6,3058 26
13Al

β+, Ô. §., 7,2·105 ²¥É−−−−−−−−−−−−→ 26
12Mg (11,01%)

d + 25
12Mg → 27

13Al + γ +17,1393 ‘É ¡¨²¥´ (100%)

p + 27
13Al → 28

14Si + γ +11,5859 ‘É ¡¨²¥´ (92,23%)
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�·μ¤μ²¦¥´¨¥ É ¡²¨ÍÒ

�¥ ±Í¨Ö ¸¨´É¥§ 
	´¥·£¨Ö

·¥ ±Í¨¨ Q, ŒÔ‚ ‘Ì¥³  · ¸¶ ¤  ¨²¨ %-¥ ¸μ¤¥·¦ ´¨¥

d + 27
13Al → 29

14Si + γ +17,8352 ‘É ¡¨²¥´ (4,67%)

p + 29
14Si → 30

15P + γ +5,5998 30
15P

β+, 2,498 ³¨´−−−−−−−−−→ 30
14Si (3,10 %)

d + 29
14Si → 31

15P + γ +15,6816 ‘É ¡¨²¥´ (100%)

p + 31
15P → 32

16S + γ +8,8646 ‘É ¡¨²¥´ (95,02%)

d + 31
14P → 33

16S + γ +15,2822 ‘É ¡¨²¥´ (0,75%)

p + 33
16S → 34

17Cl + γ +5,1414 34
17Cl

β+, 1,529 c−−−−−−−→ 34
16Si (4,21%)

d + 33
16S → 35

17Cl + γ +15,5637 ‘É ¡¨²¥´ (75,77%)

p + 35
17Cl → 36

18Ar + γ +8,5066 ‘É ¡¨²¥´ (0,337%)

d + 35
17Cl → 37

18Ar + γ +15,0700 37
18Ar

Ô. §., 34,8 ¸ÊÉ−−−−−−−→ 37
17Cl (24,23 %)

p + 37
18Ar → 38

19K + γ +5,1431 38
19K

Ô. §., 7,636 ³¨´−−−−−−−−→ Ar (0,063 %)

d + 37
18Ar → 39

19K + γ +15,9941 ‘É ¡¨²¥´ (93,2581%)

p + 39
19K → 40

20Ca + γ +8,3296 ‘É ¡¨²¥´ (96,941%)

d + 39
19K → 41

20Ca + γ +14,4681 41
20Ca

Ô. §., 1,4·105 ²¥É−−−−−−−−−→ 41
19K (6,7302 %)

p + 41
20Ca → 42

21Sc + γ +4,2712 42
21Sc

Ô. §., 0,6739 ¸−−−−−−−−→ 42
20Ca (0,647 %)

d + 41
20Ca → 43

21Sc + γ +14,1823 43
21Sc

β+, 3,891 Î−−−−−−−→ 43
20Ca (0,135 %)

p + 43
21Sc → 44

22Ti + γ +8,6502 44
22Ti

Ô. §., 47,3 £.; β+, 3,927 Î−−−−−−−−−−−−−−→ 44
20Ca (0,135 %)

d + 43
21Sc → 45

22Ti + γ +15,9548 45
22Ti

β+, 184,8 £.−−−−−−−→ 45
23Sc (100 %)

p + 45
22Ti → 46

23V + γ +5,3558 46
23V

β+, 0,4223 c−−−−−−−−→ 46
22Ti (8,0%)

d + 45
22Ti → 47

23V + γ +16,1329 47
23V

β+, 32,6 ³¨´−−−−−−−−→ 47
22Ti (7,3 %)

p + 47
22Ti → 48

23V + γ +6,8308 48
23V

β+, 15,97 ¸ÊÉ−−−−−−−−→ 48
22Ti (73,8%)

d + 41
20Ca → 43

21Sc+

+ γ
β+, 3,891 Î−−−−−−−→ 43

20Ca
+14,1823 �·μ¤²¥´¨¥ Í¥¶μÎ±¨ ¤ ²ÓÏ¥

d + 43
20Ca → 45

21Sc + γ +15,7969 ‘É ¡¨²¥´ (100%)

d + 45
21Sc → 47

22Ti + γ +17,0003 ‘É ¡¨²¥´ (7,3 %)

d + 47
22Ti → 49

23V + γ +16,1617 49
23V

Ô. §., 330 ¸ÊÉ−−−−−−−→ 49
22Ti (5,5 %)
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�±μ´Î ´¨¥ É ¡²¨ÍÒ

�¥ ±Í¨Ö ¸¨´É¥§ 
	´¥·£¨Ö

·¥ ±Í¨¨, ŒÔ‚
‘Ì¥³  · ¸¶ ¤  ¨²¨

% ¸μ¤¥·¦ ´¨¥

p + 49
23V → 50

24Cr + γ +9,5901 ‘É ¡¨²¥´ (4,345%)

d + 49
23V → 51

24Cr + γ +16,6267 51
24Cr

Ô. §., 27,704 ¸ÊÉ−−−−−−−−−→ 51
23V (99,750 %)

d + 51
24Cr → 53

25Mn + γ +16,3754 53
25Mn

Ô. §., 3,7·106 ²¥É−−−−−−−−−→ 53
24Cr (9,501 %)

d + 53
25Mn → 55

26Fe + γ +12,9270 55
26Fe

Ô. §., 2,7 £.−−−−−−→ 55
25Cr (100 %)

d + 55
26Fe → 57

27Co + γ +14,9996 57
27Co

Ô. §., 270,9 ¸ÊÉ−−−−−−−−→ 57
26Fe (2,2%)

d + 57
27Co → 59

28Ni + γ +14,9463 59
28Ni

Ô. §., 7,5·104 ²¥É−−−−−−−−−→ 59
27Co (100%)

d + 59
28Ni → 61

29Cu + γ +13,9636 61
29Cu

β+, Ô. §., 3,408 Î−−−−−−−−−−→ 61
28Ni (1,13%)

d + 61
29Cu → 63

30Zn +

+ γ
β+, Ô. §.−−−−→ 63

29Cu
+13,3662 63

30Zn
β+, Ô. §., 38,1 ³¨´−−−−−−−−−−→ 63

29Cu (69,17 %)

d + 59
28Ni → 61

29Cu +

+ γ
β+, 3,408 Î−−−−−−−→ 61

28Ni
+13,9636 ‘É ¡¨²¥´ (1,13%)

d + 61
28Ni → 63

29Cu + γ +14,4952 ‘É ¡¨²¥´ (69,17%)

�·¨³¥Î ´¨¥. Ô. §. Å Ô²¥±É·μ§ Ì¢ É.
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