
P15-2012-63

�.�. „¨¤Ò±, �. ‚¨Ï´¥¢¸±¨°∗

Ÿ„…��›… �…�Š–ˆˆ ‚ ��‘›™…���Œ
„…‰’…�ˆ…Œ ��‹‹�„ˆˆ ˆ �…�ˆˆ
‚ �’Œ�‘”…�… �‹�’��ƒ� „…‰’…�ˆŸ
��ˆ ��‹“—…�ˆˆ γ-Š‚��’�Œˆ
�…��…�›‚��ƒ� ‘�…Š’��
‘ ƒ���ˆ—��‰ 	�…�ƒˆ…‰ 23 ŒÔ‚

� ¶· ¢²¥´μ ¢ ¦Ê·´ ² ®�¨¸Ó³  ¢ 	—�Ÿ¯

∗� Í¨μ´ ²Ó´Ò° Í¥´É· Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°, �É¢μÍ±, �μ²ÓÏ 



„¨¤Ò± �.�., ‚¨Ï´¥¢¸±¨° �. P15-2012-63
Ÿ¤¥·´Ò¥ ·¥ ±Í¨¨ ¢ ´ ¸ÒÐ¥´´μ³ ¤¥°É¥·¨¥³ ¶ ²² ¤¨¨ ¨ ·¥´¨¨
¢  É³μ¸Ë¥·¥ ¶²μÉ´μ£μ ¤¥°É¥·¨Ö ¶·¨ μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨
´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¸ £· ´¨Î´μ° Ô´¥·£¨¥° 23 ŒÔ‚

�·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö Ô²¥³¥´É´μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¶ ²² ¤¨Ö ¨ ·¥´¨Ö, μ¡-
²ÊÎ¥´´ÒÌ ¢ ¶²μÉ´μ³ £ §μμ¡· §´μ³ ¤¥°É¥·¨¨ γ-±¢ ´É ³¨ ´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¸
¶μ·μ£μ¢μ° Ô´¥·£¨¥° 23 ŒÔ‚. �¡´ ·Ê¦¥´Ò §´ Î¨É¥²Ó´Ò¥  ´μ³ ²¨¨ ¢ ¸É·Ê±ÉÊ·¥
μ¡²ÊÎ¥´´ÒÌ μ¡· §Íμ¢ ¨ ¨Ì Ô²¥³¥´É´μ³ ¸μ¸É ¢¥. �  μ¡μ¨Ì ±μ´Í Ì Pd-¶·μ¢μ²μ±¨
μ¡´ ·Ê¦¥´Ò §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ¸ ¢Ò¡·μ¸ ³¨ (É¨¶  § ¸ÉÒ¢Ï¨Ì ¢ ®¶μ-
²¥É¥ ¸μ²´¥Î´ÒÌ ¶·μÉÊ¡¥· ´Í¥¢¯) · ¸¶² ¢²¥´´μ£μ ³¥É ²²  ¸μ ¸²μ¦´Ò³ Ô²¥³¥´É-
´Ò³ ¸μ¸É ¢μ³. �μ¢¥·Ì´μ¸ÉÓ ¶ ²² ¤¨Ö μ± § ² ¸Ó ¶μ±·ÒÉμ° ³¥²±¨³¨, ¶·¨³¥·´μ
1Ä2 ³±³, Î ¸É¨Í ³¨, ¸μ¸ÉμÖÐ¨³¨, ¶μ-¢¨¤¨³μ³Ê, ¨§ μ±¸¨¤  ·¥´¨Ö Re2O7,   ¢¡²¨§¨
É·¥Ð¨´ ¨ · §²μ³μ¢ ¶·¨¸ÊÉ¸É¢ÊÕÐ¨³¨ ¢ ¢¨¤¥ ±·¨¸É ²²¨Éμ¢ ¨§ ·¥´¨Ö, Ê£²¥·μ¤  ¨
±¨¸²μ·μ¤  ¸ £¥±¸ £μ´ ²Ó´μ° ¸¨³³¥É·¨¥°. ‚¸Ö ¶μ¢¥·Ì´μ¸ÉÓ ·¥´¨Ö ¶μÉ·¥¸± ² ¸Ó ¨
¶μ±·Ò² ¸Ó Éμ²¸ÉÒ³ ¸²μ¥³ ¨§ ¸μ¥¤¨´¥´¨Ö Ê£²¥·μ¤  ¸ ·¥´¨¥³ É¨¶  RexCy. �·¨¢¥-
¤¥´  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö ³μ¤¥²Ó Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨Ì ± Ô²¥³¥´É´μ³Ê
¸μ¸É ¢Ê ¨ ·¥´¨Ö, ¨ ¶ ²² ¤¨Ö.

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

�·¥¶·¨´É �¡Ñ¥¤¨´¥´´μ£μ ¨´¸É¨ÉÊÉ  Ö¤¥·´ÒÌ ¨¸¸²¥¤μ¢ ´¨°. „Ê¡´ , 2012

Didyk A.Yu., Wi�sniewski R. P15-2012-63
Nuclear Reactions in Palladium Saturated with Deuterium
and Rhenium in Dense Deuterium Gas under Irradiation
by γ-Quanta of Continuous Spectrum with Boundary 23 MeV Energy

Elemental composition studies of Pd and Re samples irradiated by γ-quanta in
dense deuterium gas of continuous spectrum with the boundary 23 MeV energy
were carried out. Signiˇcant anomalies in the structure and chemical composition
are obtained. Considerable changes are observed at both ends of the Pd and Re
wire as blowouts of molten metal with complex element composition, resembling
congealed Solar protuberances. The cracky surfaces of the Pd and Re wires were
covered with 1Ä2 μm particles predominantly composed of rhenium oxide Re2O7.
These particles had been crystallized into small hexagonal crystallites near the cracks
in the palladium. The rhenium surface was covered by a thick layer with a large
carbon concentration. A short description of the phenomenological model of nuclear
reactions leading to the observed anomalies is presented.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚‚…„…�ˆ…

‚ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ Ì  ¢Éμ·μ¢ [1Ä6] ¡Ò² · §· ¡μÉ ´ ¶·¨´Í¨¶¨ ²Ó´μ ´μ-
¢Ò° ¶μ¤Ìμ¤ ± ¨§ÊÎ¥´¨Õ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ ¤¥°É¥·¨·μ¢ ´´ÒÌ ³ É¥·¨ ² Ì, ´ -
¸ÒÐ¥´´ÒÌ  Éμ³ ·´Ò³ ¤¥°É¥·¨¥³ ¢¶²μÉÓ ¤μ ¸É¥Ì¨μ³¥É·¨Î¥¸±μ£μ ¸μ¸É ¢  [7, 8],
  É ±¦¥ ± ¸μ§¤ ´¨Õ ´μ¢ÒÌ ¸É·Ê±ÉÊ· ¢ ¶²μÉ´μ³ £ §μμ¡· §´μ³ ¤¥°É¥·¨¨ ¢ ³¥-
É ²² Ì. „ ´´Ò° ¶μ¤Ìμ¤ μ¸´μ¢ ´ ´  ¶·¨³¥´¥´¨¨: ¸¶¥Í¨ ²¨§¨·μ¢ ´´ÒÌ ± ³¥·
¢Ò¸μ±μ£μ ¤ ¢²¥´¨Ö ¤¥°É¥·¨Ö (‘Š‚„„, ¸³. [6]), ¸¶μ¸μ¡´ÒÌ ¸μÌ· ´ÖÉÓ ¢ É¥Î¥-
´¨¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ³μ²¥±Ê²Ö·´Ò° ¤¥°É¥·¨° ¢ £ §μμ¡· §´μ³ ¸μ¸ÉμÖ´¨¨,
´ Ìμ¤ÖÐ¨°¸Ö ¶μ¤ ¤ ¢²¥´¨¥³ ¢ ¤¨ ¶ §μ´¥ ¤μ 3Ä4 ±¡ ·; ‘Š‚„„, § ¶μ²´¥´´ÒÌ
¶²μÉ´Ò³ £ §μμ¡· §´Ò³ ³μ²¥±Ê²Ö·´Ò³ ¤¥°É¥·¨¥³, £¤¥ · §³¥Ð ÕÉ¸Ö ³¥É ²²¨-
Î¥¸±¨¥ ¨²¨ ´¥³¥É ²²¨Î¥¸±¨¥ μ¡· §ÍÒ ¨ ¸¶¥Í¨ ²Ó´Ò¥ ¸¡μ·´¨±¨ ¸¨´É¥§¨·μ-
¢ ´´ÒÌ ¸É·Ê±ÉÊ·. �¡²ÊÎ¥´¨¥ ‘Š‚„„ μ¸ÊÐ¥¸É¢²Ö¥É¸Ö ¶μÉμ±μ³ γ-±¢ ´Éμ¢ ¸
´¥¶·¥·Ò¢´Ò³ ¸¶¥±É·μ³ ¶μ Ô´¥·£¨¨, ¶μ²ÊÎ ¥³ÒÌ ´  ¢μ²ÓË· ³μ¢μ° Éμ·³μ§´μ°
³¨Ï¥´¨ Ô²¥±É·μ´´Ò³¨ ¶ÊÎ± ³¨ ¸ Ô´¥·£¨Ö³¨ 10Ä25 ŒÔ‚.

–¥²Ó · ¡μÉÒ Å ¢ÒÖ¸´¥´¨¥ μ¸μ¡¥´´μ¸É¥° ¶·μÉ¥± ´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨°
¢ Î¨¸ÉÒÌ ³¥É ²² Ì, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ ¶²μÉ´μ³ £ §μμ¡· §´μ³ ¤¥°É¥·¨¨ ¨²¨ ´ -
¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³ ¶·¨ ¢Ò¸μ±¨Ì ¤ ¢²¥´¨ÖÌ ¶·¨ ¢μ§¤¥°¸É¢¨¨ Éμ·³μ§´ÒÌ
γ-±¢ ´Éμ¢ ¸ £· ´¨Î´μ° Ô´¥·£¨¥° 23 ŒÔ‚, Éμ ¥¸ÉÓ ¢ μ¡² ¸É¨ £¨£ ´É¸±μ£μ ¤¨-
¶μ²Ó´μ£μ ·¥§μ´ ´¸ .

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

�¡· §ÍÒ ¨§ Pd (99,96%) ¢ ¢¨¤¥ ¶·μ¢μ²μ±¨ ¸ ¤¨ ³¥É·μ³ 1 ³³ ¨ ¤²¨´μ°
110,7 ³³ ¨ Re (99,97%) ¢ ¢¨¤¥ É·¥Ì μÉ·¥§±μ¢ ¶·μ¢μ²μ± ¸ ¤¨ ³¥É·μ³ ¢ 1 ³³
¶·¨ ¤²¨´ Ì 12,5 ³³, 24,5 ³³ ¨ 33,0 ³³ ¡Ò²¨ ¶μ³¥Ð¥´Ò ¢ ± ³¥·Ê ‘Š‚„„
¸ ¤ ¢²¥´¨¥³ £ §μμ¡· §´μ£μ ¤¥°É¥·¨Ö ¢ 2860 ¡ ·. �¡²ÊÎ¥´¨¥ ¢¸¥Ì μ¡· §Íμ¢
¡Ò²μ ¶·μ¢¥¤¥´μ ´  Ô²¥±É·μ´´μ³ Ê¸±μ·¨É¥²¥ Œ’-25 Ô²¥±É·μ´ ³¨ ¸ Ô´¥·£¨¥°
23,5 ŒÔ‚ ¶·¨ ¸·¥¤´¥³ Éμ±¥ ¶ÊÎ±  Ô²¥±É·μ´μ¢ 11Ä12 ³±� ¢ É¥Î¥´¨¥ 17,5 Î
Î¨¸Éμ£μ Ê¸±μ·¨É¥²Ó´μ£μ ¢·¥³¥´¨. ‘²¥¤μ¢ É¥²Ó´μ, ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¸μ¸É ¢¨²μ
T = 6,3 · 104 ¸.

�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ¸Ì¥³  ‘Š‚„„, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö μ¡²ÊÎ¥´¨Ö
γ-±¢ ´É ³¨ ¸¥·¨° μ¡· §Íμ¢ ¢ ¢¨¤¥ ¶·μ¢μ²μÎ¥± ¨ Í¨²¨´¤·μ¢ ¨§ · §²¨Î´ÒÌ
³ É¥·¨ ²μ¢ ¸ μÉ´μ¸¨É¥²Ó´μ ³ ²Ò³¨ ¤¨ ³¥É· ³¨.
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�¨¸. 1. ‘Ì¥³  ‘Š‚„„ ¤²Ö μ¡²ÊÎ¥´¨Ö ³ É¥·¨ ²μ¢

�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ ¶¥·¢μ£μ Ô±¸¶¥·¨³¥´É , ±μÉμ·Ò°
¤¥É ²Ó´μ μ¶¨¸ ´ ¢ · ¡μÉ Ì [1Ä5] ¨ £¤¥ ¨¸¶μ²Ó§μ¢ ² ¸Ó ‘Š‚„„-± ³¥· , § -
¶ É¥´Éμ¢ ´´ Ö ¢ · ¡μÉ¥ [6], ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¸É¥´±¨ ± ³¥·Ò ‘Š‚„„,
¸μ§¤ ´´μ° ¶μ ¨´μ³Ê ¶·μ¥±ÉÊ, ¸μ¸ÉμÖÉ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ �•18�10 ¸
É¥³, ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ É ±¨¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, ±μÉμ·Ò¥ ¶·¨¸ÊÉ¸É¢μ¢ ²¨
¢ ¶¥·¢μ³ Ô±¸¶¥·¨³¥´É¥, ± ± ³¥¤Ó ¨ Í¨´±. ˆ³¥´´μ ÔÉ¨ Ô²¥³¥´ÉÒ ¶·¨¸ÊÉ¸É¢μ-
¢ ²¨ ¢ ¤¥¸É·Ê±É¨·μ¢ ´´μ³ ¸²μ¥ Éμ²Ð¨´μ° ¡μ²¥¥ 80 ³±³ ¢ ¶ ²² ¤¨¨ ¢ ¶¥·¢μ³
Ô±¸¶¥·¨³¥´É¥ [1Ä5].

’μ²Ð¨´  W Éμ·³μ§´μ° ³¨Ï¥´¨ ¡Ò²  ¢Ò¡· ´  · ¢´μ° 3 ³³,   Al-¶μ£²μÉ¨-
É¥²Ó Ô²¥±É·μ´μ¢ ¨³¥² Éμ²Ð¨´Ê 25 ³³. ‘²¥¤μ¢ É¥²Ó´μ, · ¸¸ÉμÖ´¨¥ ¤μ ¶¥·¢μ£μ
μ¡· §Í  ¨§ Pd ¨ ¤¢ÊÌ μ¡· §Íμ¢ ¨§ Re (24,5 ³³ ¨ 33 ³³), · ¸¶μ²μ¦¥´´ÒÌ
¶ · ²²¥²Ó´μ Pd-μ¡· §ÍÊ, ¸ ÊÎ¥Éμ³ Éμ²Ð¨´Ò ¢Ìμ¤´μ£μ μ±´  ¨§ ´¥·¦ ¢¥ÕÐ¥°
¸É ²¨ (∼ 4 ³³) ¸μ¸É ¢²Ö²μ L1 = 32 ³³.

�É³¥É¨³ ¤μ¸Éμ¨´¸É¢  ¨ ´¥¤μ¸É É±¨ É ±μ£μ · ¸¶μ²μ¦¥´¨Ö μ¡· §Íμ¢
¢ ‘Š‚„„-± ³¥·¥.

1. Š ³¥·  ¨³¥¥É §´ Î¨É¥²Ó´ÊÕ ¤²¨´Ê L‘Š‚„ = 30 ¸³, ÎÉμ ¶μ§¢μ²Ö¥É, ¨¸-
¶μ²Ó§ÊÖ ¶ÊÎμ± γ-±¢ ´Éμ¢, ²¥£±μ ¨§³¥´ÖÉÓ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  ¢ ¸μμÉ¢¥É¸É¢¨¨
¸ § ¢¨¸¨³μ¸ÉÓÕ ¶μÉμ±  μÉ · ¸¸ÉμÖ´¨Ö μÉ Éμ·³μ§´μ° ³¨Ï¥´¨ ¤μ μ¡· §Í  Å
L = L1 + R, £¤¥ R Å · ¸¸ÉμÖ´¨¥ μÉ § ¤´¥° ¸É¥´±¨ ¢Ìμ¤´μ° ¤¨ Ë· £³Ò ¢
‘Š‚„„ ¤μ ¶¥·¥¤´¥° ¶μ¢¥·Ì´μ¸É¨ μ¡²ÊÎ ¥³μ£μ μ¡· §Í :

nγ(Eγ , R) = S0 · N0
γ (Eγ)/L2; (1)

N0
γ ≡ ∂2N

∂Θ∂Eγ
Å ¢ÒÌμ¤ Éμ·³μ§´μ£μ ¨§²ÊÎ¥´¨Ö ¢¶¥·¥¤, ŒÔ‚−1 · ¸·−1 · Ô²¥±-

É·μ´−1, ¸ Ê£²μ¢μ° · ¸Ìμ¤¨³μ¸ÉÓÕ ¶·¨³¥·´μ Θ ≈ 8−100, ±μÉμ·Ò° · ¸¸Î¨É ´
¤²Ö Ê¸±μ·¨É¥²Ö Œ’-25 ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  ¨ ¨¸-
¶μ²Ó§Ê¥³μ° ¢ Ô±¸¶¥·¨³¥´É¥ Ô´¥·£¨¨ Ô²¥±É·μ´μ¢ (23 ŒÔ‚) ¨ £¥μ³¥É·¨¨ ¢ · ¡μ-
É Ì [2Ä4]. � · ³¥É· S0 = 3,8 · 10−2 ¸³2 ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ¶²μÐ ¤Ó ¢Ìμ¤-
´μ£μ μ±´ .

2. �·¨ ÔÉμ³ ¸²¥¤Ê¥É ÊÎ¨ÉÒ¢ ÉÓ, ÎÉμ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  γ-±¢ ´Éμ¢ ¤²Ö ¤²¨´-
´ÒÌ μ¡· §Íμ¢ ¡Ê¤¥É ¨§³¥´ÖÉÓ¸Ö ¶μ ¨Ì ¤²¨´¥ ¨ ¸·¥¤´ÖÖ ¶²μÉ´μ¸ÉÓ ¶μÉμ±  Î¥·¥§
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¤²¨´´Ò° μ¡· §¥Í (c ¤²¨´μ° Lμ¡·) ´Ê¦´μ μÍ¥´¨¢ ÉÓ ¨§ ¢Ò· ¦¥´¨Ö

nγ(Eγ , L, Lμ¡·) = S0 · N0
γ (Eγ)

1
L μ¡·

L+Lμ¡·∫
L

dR

R2
≈

S0 · N0
γ (Eγ)

(Lμ¡· + L)L
. (2)

‘²¥¤μ¢ É¥²Ó´μ, ³μ¦´μ §  μ¤´μ μ¡²ÊÎ¥´¨¥ ¶μ²ÊÎ¨ÉÓ · §²¨Î´Ò¥ ¶²μÉ´μ¸É¨ ¶μ-
Éμ±μ¢ γ-±¢ ´Éμ¢ ¨ ¤μ§Ò μ¡²ÊÎ¥´¨Ö∗. � ¶·¨³¥·, ¥¸²¨ μ¡· §ÍÒ ¨³¥ÕÉ ¤²¨´Ê
¢ Lμ¡· = 1 ¸³, Éμ μÉ´μÏ¥´¨¥ ¶²μÉ´μ¸É¥° ¶μÉμ±μ¢ ´  ÔÉ¨Ì μ¡· §Í Ì ¶·¨ ¨Ì
· ¸¶μ²μ¦¥´¨¨ ¢¡²¨§¨ ¢Ìμ¤´μ£μ μ±´  ¨ ´  ³ ±¸¨³ ²Ó´μ³ Ê¤ ²¥´¨¨ μÉ ´¥£μ
¸μ¸É ¢¨É L2

2/L2
1 = 31,82/3,22 = 98,75. ‘· ¢´¨³ É¥¶¥·Ó ¸μμÉ´μÏ¥´¨Ö ´ ¢¥-

¤¥´´ÒÌ  ±É¨¢´μ¸É¥° ´  Re-μ¡· §Í Ì, ±μÉμ·Ò¥ · ¸¶μ² £ ²¨¸Ó ¶ · ²²¥²Ó´μ Pd-
μ¡· §ÍÊ (¸³. ·¨¸. 1) ¢ ¶μ¸²¥¤μ¢ É¥²Ó´μ¸É¨: 24,5 ³³ Å 1-°, 33,0 ³³ Å 2-° ¨
12,5 ³³ Å 3-°. —¥·¥§ Î¥ÉÒ·¥ ³¥¸ÖÍ  ¶μ¸²¥ μ¡²ÊÎ¥´¨Ö ´ ¢¥¤¥´´ Ö  ±É¨¢´μ¸ÉÓ
¸μ¸É ¢¨² : 1-° (24,5 ³³) Å 15,5 ³‡¢/Î ¨ 2-° (33,0 ³³) Å 10,6 ³‡¢/Î ¨ 3-°
(12,5 ³³) Å 1,9 ³‡¢/Î. ’μ£¤  ´ ¢¥¤¥´´ Ö  ±É¨¢´μ¸ÉÓ ¢ μ¡· §Í Ì, ¶·¨¢¥¤¥´´ Ö
± ¥¤¨´¨Í¥ ¨Ì ¤²¨´Ò ¨²¨ ³ ¸¸Ò, ¸μ¸É ¢²Ö¥É 0,62 ³‡¢/³³/Î, 0,32 ³‡¢/³³/Î ¨
0,15 ³‡¢/³³/Î. �·¨´¨³ Ö §´ Î¥´¨¥ 0,62 ³‡¢/³³/Î §  1,0, ¤²Ö μ¸É ²Ó´ÒÌ §´ Î¥-
´¨° ¨³¥¥³ 0,5 ¨ 0,2. � ¸Î¥É ¸ ¨¸¶μ²Ó§μ¢ ´¨¥³ ¢Ò· ¦¥´¨Ö (2) ¤ ¥É ¸²¥¤ÊÕÐ¨¥
¶·¨¢¥¤¥´´Ò¥ §´ Î¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨: 1,0, 0,4 ¨ 0,2. Š ± ¢¨¤´μ,
¶·¨¡²¨¦¥´´ Ö Ëμ·³Ê²  (2) μ¶¨¸Ò¢ ¥É §´ Î¥´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨ Re-
μ¡· §Íμ¢. ’¥³ ¸ ³Ò³ ³μ¦´μ ¶·μ¢μ¤¨ÉÓ ¨¸¸²¥¤μ¢ ´¨Ö ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢,
¶·μÍ¥¸¸μ¢ ËμÉμ· ¸Ð¥¶²¥´¨Ö ¤¥°É·μ´μ¢ ¨ ¶μ¸²¥¤ÊÕÐ¨Ì ·¥ ±Í¨° ¤¥²¥´¨Ö Ö¤¥·
¸·¥¤´¨Ì ³ ¸¸ ¢ μ¡· §Í Ì, ´ ¸ÒÐ¥´´ÒÌ ¤¥°É¥·¨¥³, ¨ ¸¨´É¥§  ´μ¢ÒÌ ¸É·Ê±ÉÊ·-
´ÒÌ μ¡· §μ¢ ´¨°(‘��) ¨§ ¶·μ¤Ê±Éμ¢ ¤¥²¥´¨Ö Ö¤¥· [1Ä5], · ¸¶μ² £ Ö μ¡· §ÍÒ
¶μ ¤²¨´¥ ± ³¥·Ò ‘Š‚„„.

3. ’¥³ ´¥ ³¥´¥¥ ¶·¨³¥´¥´¨¥ · §´μ·μ¤´ÒÌ ³ É¥·¨ ²μ¢ ¶·¨ ¨Ì μ¤´μ¢·¥-
³¥´´μ³ · §³¥Ð¥´¨¨ ¢ ‘Š‚„„, ± ± ¨ ³ É¥·¨ ²μ¢, ¢Ìμ¤ÖÐ¨Ì ¢μ ¢´ÊÉ·¥´´¨¥
¸É¥´±¨ ± ³¥·Ò, ´ ·Ö¤Ê ¸ ´¥¸μ³´¥´´Ò³¨ ¤μ¸Éμ¨´¸É¢ ³¨, §´ Î¨É¥²Ó´μ § É·Ê¤-
´Ö¥É  ´ ²¨§ ·¥§Ê²ÓÉ Éμ¢ Ö¤¥·´ÒÌ ·¥ ±Í¨°.

�¥·¥¤ μÉ±·Ò¢ ´¨¥³ ‘Š‚„„ (·¨¸. 1) ¢ ´¥° ¡Ò²μ ¨§³¥·¥´μ ¤ ¢²¥´¨¥, ±μ-
Éμ·μ¥ μ± § ²μ¸Ó · ¢´Ò³ 2860 ¡ ·, Éμ ¥¸ÉÓ ¶· ±É¨Î¥¸±¨ É ±¨³ ¦¥, ± ± ¶·¨ ´ -
¶μ²´¥´¨¨ ‘Š‚„„ ¢μ¸¥³ÓÕ ³¥¸ÖÍ ³¨ · ´¥¥. �¡· §ÍÒ, ´ Ìμ¤ÖÐ¨¥¸Ö ¢ ± ³¥·¥
Pd (99,96 %) (¶·μ¢μ²μ±  ¤²¨´μ° 110 ³³ ¨ ¤¨ ³¥É·μ³ 1 ³³) ¨ Re (99,97 %)
¢ ¢¨¤¥ É·¥Ì μÉ·¥§±μ¢ ¶·μ¢μ²μ± ¸ ¤²¨´ ³¨ 12, 25 ¨ 33 ³³ ¨ ¤¨ ³¥É·μ³ 1 ³³
Ê¤ ²μ¸Ó ¨§¢²¥ÎÓ Éμ²Ó±μ Î¥·¥§ É·¨ ¤´Ö, É. ¥., ¶μ-¢¨¤¨³μ³Ê, Éμ²Ó±μ ¶μ¸²¥ ¤¥-
¸μ·¡Í¨¨ ¤¥°É¥·¨Ö ¨§ ´¨Ì. �¡· §ÍÒ μ± § ²¨¸Ó, ± ± ¨ ¸ ³  ‘Š‚„„, ¸¨²Ó´μ ±-
É¨¢¨·μ¢ ´´Ò³¨, ÎÉμ ¶μ§¢μ²¨²μ ¶·μ¢μ¤¨ÉÓ ·¥´É£¥´μ¢¸±¨° ³¨±·μÔ²¥³¥´É´Ò°

∗‚ ¢Ò· ¦¥´¨Ö (1) ¨ (2) ¸²¥¤Ê¥É ¤μ¡ ¢¨ÉÓ ¸μ³´μ¦¨É¥²Ó, ÊÎ¨ÉÒ¢ ÕÐ¨° ¶μ£²μÐ¥´¨¥ γ-±¢ ´Éμ¢
¢ ¸ ³μ³ μ¡· §Í¥ ¢ ¢¨¤¥ exp [−λLμ¡·], λ Å ±μÔËË¨Í¨¥´É ¶μ£²μÐ¥´¨Ö.
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 ´ ²¨§ Éμ²Ó±μ ¶μ¸²¥ ¤²¨É¥²Ó´μ£μ ¢·¥³¥´¨ ¨Ì ®¢Ò¸¢¥Î¨¢ ´¨Ö¯: ¤²Ö ¶ ²² ¤¨-
¥¢ÒÌ μ¡· §Íμ¢ Å Î¥ÉÒ·¥ ¶μ²´ÒÌ ³¥¸ÖÍ ,   ¤²Ö μ¡· §Íμ¢ ¨§ ·¥´¨Ö Å ¡μ²¥¥
¢μ¸Ó³¨ ³¥¸ÖÍ¥¢. Š ± ¨ ¢ ¸¥·¨¨ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ [2Ä4], ¨§ÊÎ¥´¨¥ ¸É·Ê±-
ÉÊ·Ò μ¡· §Íμ¢ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢ ´¨Ì ¡Ò²μ ¶·μ¢¥¤¥´μ ¸ ¶·¨³¥´¥´¨¥³
¸± ´¨·ÊÕÐ¥° Ô²¥±É·μ´´μ° ³¨±·μ¸±μ¶¨¨ (‘	Œ) ¨ ·¥´É£¥´μ¢¸±μ£μ ³¨±·μÔ²¥-
³¥´É´μ£μ  ´ ²¨§  (�Œ�).

1.1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¤²Ö Pd-¶·μ¢μ²μ±¨ (110,7 ³³
¤²¨´Ò). �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ³¥¸É  ¢Ìμ¤  ( ) ¨ ¢Ò-
Ìμ¤  (¡) γ-±¢ ´Éμ¢ ¤²Ö Pd-¶·μ¢μ²μ±¨ ¤²¨´μ° 12,5 ³³.

�¨¸. 2. ‘	Œ-¨§μ¡· ¦¥´¨Ö ²¥¢μ£μ ( ) ¨ ¶· ¢μ£μ (¡) ±μ´Íμ¢ Pd-¶·μ¢μ²μ±¨ ¨ ‘	Œ-
¨§μ¡· ¦¥´¨Ö ¸ ¡μ²ÓÏ¨³ Ê¢¥²¨Î¥´¨¥³ (x608, ¢ Å ²¥¢Ò°) ¨ (Ì300, £ Å ¶· ¢Ò°)

‚¨¤´μ, ÎÉμ ¶· ¢Ò° ±· ° μ¡· §Í  ¶·¥É¥·¶¥² §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö,  
¨³¥´´μ μ¡· §μ¢ ²μ¸Ó Ê¤²¨´¥´´ Ö Î ¸ÉÓ, ¸Ê¦ ÕÐ Ö¸Ö ± ±μ´ÍÊ μÉ 1 ³³ ¢ ¤¨ -
³¥É·¥ ¤μ 0,461 ³³ ¢ ¤¨ ³¥É·¥ ¸ ¸¨²Ó´μ ¤¥Ëμ·³¨·μ¢ ´´Ò³ ±· ¥³ Ï¨·¨´μ°
¶·¨³¥·´μ 100 ³±³. Š ± ´  ²¥¢μ³ ( ), É ± ¨ ´  ¶· ¢μ³ (¡) ±μ´Í Ì ¶·μ¢μ-
²μ±¨ § ³¥É´Ò ¡μ²¥¥ ³¥²±¨¥ ´¥μ¤´μ·μ¤´μ¸É¨ ¢ ¢¨¤¥ § ¸ÉÒ¢Ï¨Ì ¢Ò¡·μ¸μ¢ ¨§
¶μ¢¥·Ì´μ¸É¥°.
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�¨¸. 3. „¢  ®§ ³μ·μ¦¥´´ÒÌ¯ ¢Ò¡·μ¸  cμ ¸Éμ·μ´Ò ¢Ìμ¤  γ-±¢ ´Éμ¢ ¢ ²¥¢Ò° Éμ·¥Í
Pd-¶·μ¢μ²μ±¨

’ ¡²¨Í  1

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  1 ’μÎ±  2

¢¥¸. % % ¢¥¸. % %

C 6 K Å Å 65,24 76,22

O 8 K 15,24 27,95 18,04 15,77

Na 11 K Å Å 0,88 0,53

Mg 12 K 2,22 2,68 0,45 0,26

Al 13 K 50,18 54,56 12,06 6,26

Si 14 K 3,14 3,28 0,14 0,07

S 16 K 1,04 0,95 0,11 0,05

Cl 17 K 0,50 0,41 0,48 0,19

K 19 K 1,89 1,42 0,44 0,16

Ca 20 K 0,71 0,52 0,09 0,03

Cr 24 K 0,96 0,54 0,30 0,08

Mn 25 K 0,63 0,33 0,06 0,02

Fe 26 K 4,51 2,37 1,37 0,34

Ni 28 K Å Å 0,10 0,02

Cu 29 K 4,05 1,87 0,05 0,01

Zn 30 K 2,29 1,03 Å Å

Pd 46 L 0,83 0,23 Å Å

Re 75 L 11,82 1,86 Å Å
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„¢¥ ¸É·Ê±ÉÊ·Ò É¨¶  ®§ ³μ·μ¦¥´´ÒÌ ¶·μÉÊ¡¥· ´Í¥¢¯ ¶·¥¤¸É ¢²¥´Ò ´ 
·¨¸. 3,   ¢ ¢¨¤¥ ¤¢ÊÌ ¢Ò¡·μ¸μ¢ ¸ Pd-¶μ¢¥·Ì´μ¸É¨ ¢ ´ ¶· ¢²¥´¨¨, μ¡· É´μ³
´ ¶· ¢²¥´¨Õ ¶μÉμ±  γ-±¢ ´Éμ¢.

‚ É ¡². 1 ¶·¥¤¸É ¢²¥´Ò ±μ´Í¥´É· Í¨¨ Ô²¥³¥´Éμ¢ ¢ ÉμÎ± Ì 1 ¨ 2 (·¨¸. 3),
¸μμÉ¢¥É¸É¢¥´´μ.

Š ± ¢¨¤´μ ¨§ É ¡². 1, ± ± ¨ ¢ Ô±¸¶¥·¨³¥´É¥, ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ£μ ¶·¥¤¸É -
¢²¥´Ò ¢ · ¡μÉ Ì [1Ä5], ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¶·μ¨¸Ìμ¤¨É μ¡· §μ¢ ´¨¥
¶·μ¤Ê±Éμ¢ ¤¥²¥´¨Ö ¶ ²² ¤¨Ö ¢ ¢¨¤¥ ³¥¤¨ (29Cu Å 1,87  É.%) ¨ Í¨´±  (30Zn Å
1,03  É.%). Š ± ¢¨¤´μ É ±¦¥ ¨§ É ¡². 1, ¢ ·¥§Ê²ÓÉ É¥ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ ¶ ²-
² ¤¨¨ ¶·μ¨¸Ìμ¤¨É μ¡· §μ¢ ´¨¥ ²¥£±¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢: 12Mg, 13Al,

14Si, 16S, 17Cl, 19K ¨ 20Ca, ¨ ¡μ²¥¥ ÉÖ¦¥²ÒÌ, É ±¨Ì ± ± 24Cr, 25Mn, 26Fe,
  É ±¦¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ 29Cu ¨ 30Zn. �  ¶μ¸²¥¤´¨¥ ¤¢  Ô²¥³¥´É  μ¡· É¨³
μ¸μ¡μ¥ ¢´¨³ ´¨¥, ¨³¥´´μ ÔÉ¨ ¤¢  Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´É  ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¢
§´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ Ì ´  ¶μ¢¥·Ì´μ¸É¨ Pd-Í¨²¨´¤·  ¢ · ¡μÉ Ì [1Ä5]. „²Ö

�¨¸. 4. ‘	Œ-¨§μ¡· ¦¥´¨¥ ®μ¸´μ¢ ´¨Ö¯ ±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·Ò ´  ¶μ¢¥·Ì´μ¸É¨
¸μ ¸Éμ·μ´Ò ¶·μ´¨±´μ¢¥´¨Ö γ-±¢ ´Éμ¢ (·¨¸. 3, ¡)

’ ¡²¨Í  2

	²¥³¥´É Z
‘¥·¨Ö
X-ray

’μÎ±  3
¢¥¸. % �Ï¨¡± , ¢¥¸. %  É. %

‘ 6 K 48,31 7,91 66,42
O 8 K 14,30 2,90 14,76
F 9 K 7,52 1,56 6,28
Na 11 K 1,61 0,18 1,16
Al 13 K 12,99 0,78 7,95
Cl 17 K 0,24 0,04 0,11
K 19 K 3,45 0,16 1,46
Ca 20 K 0,58 0,05 0,24
Cr 24 K 0,47 0,05 0,15
Fe 26 K 2,52 0,11 0,75
Re 75 L 8,32 0,29 0,74
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¶·μ¢¥·±¨ ¶·μÉ¥± ´¨Ö Ö¤¥·´ÒÌ ·¥ ±Í¨° ¢ Pd ¸ μ¡· §μ¢ ´¨¥³ 29Cu ¨ 30Zn ¢¸¥
³ É¥·¨ ²Ò, ¸μ¤¥·¦ Ð¨¥ ¢ ¶·¥¤Ò¤ÊÐ¥° ‘Š‚„„ ÔÉ¨ Ô²¥³¥´ÉÒ, ¡Ò²¨ § ³¥´¥´Ò
´  ´¥·¦ ¢¥ÕÐÊÕ ¸É ²Ó (¸³. ·¨¸. 1).

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ®μ¸´μ¢ ´¨Ö¯ ±·¨¸É ²²¨Î¥¸±μ°
¸É·Ê±ÉÊ·Ò (·¨¸. 3, ¡) ´  ¶μ¢¥·Ì´μ¸É¨ cμ ¸Éμ·μ´Ò ¶·μ´¨±´μ¢¥´¨Ö γ-±¢ ´Éμ¢.

‚ É ¡². 2 ¶·¨¢¥¤¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ÔÉμ£μ ®μ¸´μ¢ ´¨Ö¯ ¢ ÉμÎ±¥ 3
(·¨¸. 4).

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ËμÉμ£· Ë¨¨ ¤¢ÊÌ ¢Ò¡·μ¸μ¢ ¸ ¶μ¢¥·Ì´μ¸É¨ Pd-
Éμ·Í  ¢ ´ ¶· ¢²¥´¨¨, ¸μ¢¶ ¤ ÕÐ¥³ ¸ ´ ¶· ¢²¥´¨¥³ ¶μÉμ±  γ-±¢ ´Éμ¢.

�¨¸. 5. „¢  ®§ ³μ·μ¦¥´´ÒÌ¯ ¢Ò¡·μ¸  cμ ¸Éμ·μ´Ò ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¨§ ¶· ¢μ£μ Éμ·Í 
Pd-¶·μ¢μ²μ±¨

’ ¡²¨Í  3

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  4 ’μÎ±  5

¢¥¸. %  É. % ¢¥¸. %  É. %

C6 6 K 30,40 47,58 Å Å

O8 8 K 9,52 11,42 10,82 18,19
Na 11 K Å Å 1,36 1,59
Mg 12 K 1,32 1,02 1,67 1,85
Al 13 K 55,14 38,42 68,73 58,55
Si 14 K 0,37 0,45 1,58 1,51
S 16 K 0,11 0,07 0,29 0,25
Cl 17 K 0,74 0,39 0,77 0,58
K 19 K 0,43 0,20 0,64 0,44
Ca 20 K 0,27 0,13 5,74 3,86
Cr 25 K 0,29 0,10 0,83 0,43
Mn 25 K 0,36 0,12 0,58 028
Fe 26 K 0,82 0,28 2,20 1,06
Ni 28 K 0,02 0,01 0,95 0,44
Pd 46 L Å Å 3,84 0,97
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‚ É ¡². 3 ¶·¥¤¸É ¢²¥´Ò Ô²¥³¥´É´Ò¥ ¸μ¸É ¢Ò ¢Ò¸ÉÊ¶μ¢ ¢ ÉμÎ± Ì 4 ¨ 5
(·¨¸. 5).

Š ± ¢¨¤´μ, Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢Ò¡·μ¸μ¢ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° ´ ¡μ· Ô²¥-
³¥´Éμ¢ ¡μ²¥¥ ²¥£±¨Ì, Î¥³ ¶ ²² ¤¨°. �μ²¥¥ Éμ£μ, ÔÉμÉ ´ ¡μ· Ô²¥³¥´Éμ¢ ¤ ²¥±μ
´¥ ¸²ÊÎ ¥´,   Ê±² ¤Ò¢ ¥É¸Ö ¢ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¶·¨ ¤¥²¥´¨¨ ¨§μÉμ¶μ¢ ¶ ²² -
¤¨Ö, ±μÉμ·Ò¥ μ¶¨¸ ´Ò ¢ · ¡μÉ Ì [3, 5]. �Éμ³Ò ²¥£±¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
É ±¨¥ ± ± 11Na, 12Mg, 13Al, 14Si, 16S, 17Cl, 19K, 20Ca, 24Cr, 25Mn, 26Fe,

28Ni, μ¡² ¤ ÕÉ ¡μ²ÓÏ¥° ²¥ÉÊÎ¥¸ÉÓÕ, Î¥³  Éμ³Ò ÉÖ¦¥²ÒÌ Ì¨³¨Î¥¸±¨Ì Ô²¥-
³¥´Éμ¢ É¨¶  Pd46, ¶μÔÉμ³Ê ±μ´Í¥´É· Í¨Ö ¶ ²² ¤¨Ö É ± ³ ²  ¨²¨ μ´ ¢μμ¡Ð¥
μÉ¸ÊÉ¸É¢Ê¥É (¸³. É ¡². 2, 3) ¢ Ì¨³¨Î¥¸±μ³ ¸μ¸É ¢¥ § ¸ÉÒ¢Ï¥£μ ¢Ò¡·μ¸  ¨§ ¶μ-
¢¥·Ì´μ¸É¨. ‘±μ·μ¸ÉÓ ¨¸¶ ·¥´¨Ö Î ¸É¨Í ¸ ¶μ¢¥·Ì´μ¸É´μ£μ ¸²μÖ, ¢¢¥¤¥´´ Ö ¢
· ¡μÉ¥ [9], ¨³¥¥É ¢¨¤

dn

dt
= N

(
kT

2πM

)1/2

exp
[
−U0

kT

]
, (3)

£¤¥ N, k, T, M , ¨ U0 Å  Éμ³´ Ö ¶²μÉ´μ¸ÉÓ Î ¸É¨Í ¢ ¦¨¤±μ° Ë §¥, ±μ´¸É ´É 
�μ²ÓÍ³ ´ , É¥³¶¥· ÉÊ·  ´  ¶μ¢¥·Ì´μ¸É¨, ³ ¸¸  ¢Ò²¥É ÕÐ¥° Î ¸É¨ÍÒ ¨ Ô´¥·-
£¨Ö ¸¢Ö§¨ Î ¸É¨ÍÒ ¸ ¶μ¢¥·Ì´μ¸ÉÓÕ ¸μμÉ¢¥É¸É¢¥´´μ.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¸Ê¦ Õ-
Ð¥°¸Ö Î ¸É¨ (·¨¸. 2, ¡, £) ¸ ¤¢Ê³Ö ÊÎ ¸É± ³¨, ¢ ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ�-
 ´ ²¨§.

�¨¸. 6. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨ ´  ·¨¸. 2, ¡, £

‚ É ¡². 4 ¶·¥¤¸É ¢²¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ Ê± § ´´ÒÌ ´  ·¨¸. 4 ÉμÎ-
± Ì 6 ¨ 7.

‚ É ¡². 4 (ÉμÎ±  6) ±μ´Í¥´É· Í¨Ö ¶ ²² ¤¨Ö ¤μ¸É ÉμÎ´μ ¢Ò¸μ± , É¥³ ´¥
³¥´¥¥ ¶·¨¸ÊÉ¸É¢ÊÕÉ ¦¥²¥§μ, ´¨±¥²Ó ¨ Ì·μ³, ¶·¨Î¥³ ¸μμÉ´μÏ¥´¨¥ ÔÉ¨Ì Ô²¥-
³¥´Éμ¢ ¡²¨§±μ ± Ô²¥³¥´É´μ³Ê ¸μ¸É ¢Ê ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ �•18�10, ¨§ ±μ-
Éμ·μ° ¸μ¸Éμ¨É ¸É¥´±  ‘Š‚„„,   ¨³¥´´μ: Fe Å 60,4%; Cr Å 30,5 %; Ni Å
9,0 %, ÌμÉÖ ¨§³¥·¥´´ Ö ±μ´Í¥´É· Í¨Ö ÔÉ¨Ì Ô²¥³¥´Éμ¢ ¨ μÉ²¨Î ¥É¸Ö μÉ ¸μ¸É ¢ 
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’ ¡²¨Í  4

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  6 ’μÎ±  7

¢¥¸. %  É. % ¢¥¸. %  É. %

C 6 K Å Å 13,15 37,76
O 8 K Å Å 6,60 14,24

Mg 12 K Å Å 1,13 1,61
Al 13 K 5,18 17,29 0,46 0,62
Si 14 K Å Å 0,39 0,48
Cr 24 K 0,93 1,60 0,57 0,38
Fe 26 K 1,97 3,17 62,15 38,39
Ni 28 K 0,31 0,47 2,53 1,49
Cu 29 K Å Å 3,72 2,02
Pd 46 L 81,61 77,46 9,27 3,01

¨¸Ìμ¤´μ° ±μ´¸É·Ê±Í¨μ´´μ° ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨. Š·μ³¥ Éμ£μ, ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢
§´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ Ì  ²Õ³¨´¨° (17,29  É.%) ¨ ³¥¤Ó (2,02  É.%). �  ´ -
²¨§ Î ¸É¨ÍÒ, · ¸¶μ²μ¦¥´´μ° ´  ¶μ¢¥·Ì´μ¸É¨ Pd-¶·μ¢μ²μ±¨ (¢ ÉμÎ±¥ 7), μ¡-
´ ·Ê¦¨² ¢Ò¸μ±μ¥ ¸μ¤¥·¦ ´¨¥ ¦¥²¥§  (38,39  É.%) ¨ Ê£²¥·μ¤  (37,76  É.%).

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¸Ê¦ Õ-
Ð¥°¸Ö Î ¸É¨ (·¨¸. 2, ¡, £) ¸ ¤¢Ê³Ö ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ �Œ�-
 ´ ²¨§.

�¨¸. 7. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨ ´  ·¨¸. 2, ¡, £

‚ É ¡². 5 ¶·¥¤¸É ¢²¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ Ê± § ´´ÒÌ ´  ·¨¸. 7 ÉμÎ-
± Ì 8 ¨ 9.

Š ± ¢¨¤´μ, ´ ·Ö¤Ê ¸ μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ° ±μ´Í¥´É· Í¨¥° ¶ ²² ¤¨Ö ¶·¨-
¸ÊÉ¸É¢Ê¥É ¢ §´ Î¨É¥²Ó´ÒÌ ±μ²¨Î¥¸É¢ Ì ¨ Ê£²¥·μ¤, ± ± ¨ ´  ¶·¥¤Ò¤ÊÐ¥³ ¶·μ-
³¥·¥´´μ³ ÊÎ ¸É±¥ ¶μ¢¥·Ì´μ¸É¨ (6‘ Å 37,25  É.%). ‡¤¥¸Ó É ± ¦¥ ± ± ¨ ¢
§ ¸ÉÒ¢Ï¨Ì ¢Ò¡·μ¸ Ì (·¨¸. 3, 5), ¨³¥¥É¸Ö ¤ ¦¥ ¡μ²ÓÏ¥¥ · §´μμ¡· §¨¥ ²¥£±¨Ì
 Éμ³μ¢ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢: 6‘ (43,80  É.%), 7N↑(?), 8�, 9F, 10Ne↑(?),
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’ ¡²¨Í  5

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  8 ’μÎ±  9

¢¥¸. %  É. % ¢¥¸. %  É. %

C 6 K 6,42 37,25 17,17 43,80
O 8 K Å Å 14,38 27,54
F 9 K Å Å 3,37 5,44
Na 11 K Å Å 0,82 1,03
Al 13 K 0,42 1,08 0,69 0,79
Si 14 K Å Å 0,40 0,44
P 15 K Å Å 0,26 0,26
Ca 20 K Å Å 0,93 0,71
Cr 24 K 0,39 0,52 Å Å
Mn 25 K Å Å 0,18 0,10
Fe 26 K 0,66 0,82 0,33 0,18
Pd 46 L 92,11 60,32 59,52 17,14

11Na, 12Mg, 13Al, 14Si, 15P, 16S, 17Cl, 18Ar↑(?), 19K, 20Ca, 25Mn, 26Fe ¨ 46Pd.
Š ± ¢¨¤´μ, ¶·¨¸ÊÉ¸É¢ÊÕÉ ¢¸¥ Ì¨³¨Î¥¸±¨¥ Ô²¥³¥´ÉÒ, ´ Î¨´ Ö ¸ Z = 6 (6C)
Z = 20 (20Ca). ‡¤¥¸Ó ¸¨³¢μ²μ³ ↑(?) ¶μ³¥Î¥´Ò ²¥ÉÊÎ¨¥ Ô²¥³¥´ÉÒ, ±μÉμ·Ò¥
´¥¢μ§³μ¦´μ § ·¥£¨¸É·¨·μ¢ ÉÓ ¢ ´¥¸¢Ö§ ´´μ³ ¸μ¸ÉμÖ´¨¨ ¸ ¶μ³μÐÓÕ ³¨±·μ-
Ô²¥³¥´É´μ£μ  ´ ²¨§ .

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö ¤¢ÊÌ ÊÎ ¸É±μ¢ ¶μ¢¥·Ì´μ¸É¨,
É ±¦¥ ¢¡²¨§¨ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨ (·¨¸. 2, ¡, £) ¸ ¤¢Ê³Ö Î ¸É¨Í ³¨ ´  Pd-¶μ¢¥·Ì-
´μ¸É¨, ±μÉμ·Ò¥ ¨ ¡Ò²¨ ¶·μ ´ ²¨§¨·μ¢ ´Ò �Œ�- ´ ²¨§μ³.

�¨¸. 8. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¤¢ÊÌ ÊÎ ¸É±μ¢ ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¸Ê¦ ÕÐ¥°¸Ö Î ¸É¨
´  ·¨¸. 2, ¡, £ ¸ ¨´μ·μ¤´Ò³¨ Î ¸É¨Í ³¨

‚ É ¡². 6 ¶·¥¤¸É ¢²¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ Ê± § ´´μ° ´  ·¨¸. 8 ÉμÎ±¥ 10.
�É³¥É¨³, ÎÉμ ¢¸¥ ¨´μ·μ¤´Ò¥ Î ¸É¨ÍÒ ´  μ¡μ¨Ì ¨§μ¡· ¦¥´¨ÖÌ ¨³¥ÕÉ ¶·¨-

³¥·´μ μ¤¨´ ±μ¢Ò° ¸μ¸É ¢,   ¨³¥´´μ ¢¸¥ μ´¨ ¸μ¤¥·¦ É §´ Î¨É¥²Ó´μ¥ ±μ²¨Î¥-
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’ ¡²¨Í  6

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  10

¢¥¸. %  É. %

O 8 K 21,52 64,08
Na 11 K 1,04 2,15
K 19 K 4,22 5,14
Fe 26 K 0,90 0,77
Pd 46 L 48,75 21,83
Re 75 L 23,58 6,03

¸É¢μ ¤μ 6,03  É.% ·¥´¨Ö. �·¨Î¥³ É ± ± ± ÔÉ¨ Î ¸É¨ÍÒ ¤μ¸É ÉμÎ´μ ³ ²Ò,
¸ · §³¥· ³¨ ¤μ 1Ä2 ³±³, Éμ ¶·¨ �Œ�- ´ ²¨§¥ ¥¸É¥¸É¢¥´´μ  ´ ²¨§¨·Ê¥É¸Ö
¨ μ¡² ¸ÉÓ ¢μ±·Ê£ ÔÉ¨Ì Î ¸É¨Í, ¨ ¶μ¤ ´¨³¨ Éμ¦¥. 	Éμ ³μ£²μ ®Ê¢¥²¨Î¨ÉÓ¯
±μ´Í¥´É· Í¨Õ ¶ ²² ¤¨Ö. 	É¨ Î ¸É¨ÍÒ, ¸±μ·¥¥ ¢¸¥£μ, Ö¢²ÖÕÉ¸Ö ²¥£±μ¶² ¢±¨³
μ±¸¨¤μ³ ·¥´¨Ö,   ¨³¥´´μ Re2O7 c É¥³¶¥· ÉÊ·μ° ¶² ¢²¥´¨Ö μ±μ²μ 200 ◦‘. �μ-
³¨³μ Re ¶·¨¸ÊÉ¸É¢Ê¥É §´ Î¨É¥²Ó´ Ö ±μ´Í¥´É· Í¨Ö ±¨¸²μ·μ¤  8� (64,08  É.%).
Š ± ¨§¢¥¸É´μ, μ±¸¨¤ ·¥´¨Ö Re2O7 μ¡· §Ê¥É¸Ö ¶·¨ É¥³¶¥· ÉÊ· Ì ¢ÒÏ¥ 150 ◦‘
¶·¨ §´ Î¨É¥²Ó´μ³ ¨§¡ÒÉ±¥ ±¨¸²μ·μ¤ . ’¥³¶¥· ÉÊ·  ±¨¶¥´¨Ö Re2O7 362,4 ◦‘.

�  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò ¤¢  ‘	Œ-¨§μ¡· ¦¥´¨Ö É·¥Ð¨´Ò ¨ ³¥²±¨Ì ³¨±·μ-
±·¨¸É ²²μ¢ ´  ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ Pd.

�¨¸. 9. ‘	Œ-¨§μ¡· ¦¥´¨Ö É·¥Ð¨´Ò ¨ ³¨±·μ±·¨¸É ²²μ¢ ´  ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ Pd-
¶·μ¢μ²μ±¨

‚ É ¡². 7 ¶·¥¤¸É ¢²¥´ Ô²¥³¥´É´Ò° ¸μ¸É ¢ ³μ´μ±·¨¸É ²²  ¢ ÉμÎ±¥ 11.
Ÿ¸´μ, ÎÉμ ¢¢¨¤Ê ³ ²μ£μ · §³¥·  ¶·μ ´ ²¨§¨·μ¢ ´´μ£μ ±·¨¸É ²²  ¶·¨-

³¥·´μ 1,5 ³±³ ´  2 ³±³ ¨ ¥£μ μÉ´μ¸¨É¥²Ó´μ ³ ²μ° Éμ²Ð¨´Ò Ô²¥³¥´É´Ò°
 ´ ²¨§ ¶·μ¢μ¤¨É¸Ö ¸ § Ì¢ Éμ³ §´ Î¨É¥²Ó´μ ¡μ²ÓÏ¥£μ Ô²¥³¥´É  μ¡Ñ¥³ , Î¥³
μ¡Ñ¥³ ±·¨¸É ²² . �μ ¤ ¦¥ ¸ ÊÎ¥Éμ³ ÔÉμ£μ  Éμ³´ Ö ±μ´Í¥´É· Í¨Ö ·¥´¨Ö ¤μ-
¸É¨£ ¥É 6,61  É.%.
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’ ¡²¨Í  7

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  11

¢¥¸. % �Ï¨¡± , %  É. %

O8 8 K 28,60 4,12 72,12

Na11 11 K 0,54 0,07 0,95

Al13 13 K 0,42 0,05 0,63

S16 16 K 0,19 0,04 0,23

Cl17 17 K 0,12 0,03 0,14

K19 19 K 5,60 0,06 5,77

Mn25 25 K 0,76 0,06 0,56

Fe26 26 K 1,09 0,07 0,79

Pd46 46 L 32,19 1,01 12,20

Re75 75 L 30,50 0,77 6,61

�·¥¤¸É ¢²Ö¥É μ¸μ¡Ò° ¨´É¥·¥¸  ´ ²¨§ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¢ É·¥Ð¨´ Ì,
±μÉμ·Ò¥ μ¡· §μ¢ ²¨¸Ó ¢ ¶ ²² ¤¨¥¢μ° ¶·μ¢μ²μ±¥. ˆ³¥´´μ É ³, £¤¥ ¨³¥ÕÉ¸Ö
§´ Î¨É¥²Ó´Ò¥ ´ ·ÊÏ¥´¨Ö ¸É·Ê±ÉÊ·Ò, ÔÉ¨ μ¡² ¸É¨ ¨ ¨¸¶ÒÉÒ¢ ²¨ ¸ ³Ò¥ §´ Î¨-
É¥²Ó´Ò¥ É¥³¶¥· ÉÊ·´Ò¥ ¶¥·¥£·¥¢Ò ¨ ¸¢Ö§ ´´Ò¥ ¸ ÔÉ¨³ ³¥Ì ´¨Î¥¸±¨¥ ´ ¶·Ö-
¦¥´¨Ö. ˆ, ¸²¥¤μ¢ É¥²Ó´μ, ¢ ´¨Ì ¨ ¶·μÉ¥± ²¨ Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¤¥²¥´¨Ö ¸μ
§´ Î¨É¥²Ó´Ò³¨ ¢Ò¤¥²¥´¨Ö³¨ Ô´¥·£¨¨. �  ·¨¸. 10 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥
É·¥Ð¨´Ò ¨ ³¨±·μ±·¨¸É ²²μ¢ ´  ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ Pd.

�¨¸. 10. ‘	Œ-¨§μ¡· ¦¥´¨Ö É·¥Ð¨´Ò ¨ £¥±¸ £μ´ ²Ó´ÒÌ ³¨±·μ±·¨¸É ²²μ¢ ´  ¡μ±μ¢μ°
¶μ¢¥·Ì´μ¸É¨ Pd-¶·μ¢μ²μ±¨ ¨ ³¥¸Éμ ¶·μ¢¥¤¥´¨Ö �Œ�- ´ ²¨§  ´  ¤´¥ É·¥Ð¨´Ò
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’ ¡²¨Í  8

	²¥³¥´É Z ‘¥·¨Ö
X-ray

’μÎ±  12

¢¥¸. % �Ï¨¡± , %  É. %

O 8 K 29,59 3,58 55,11
Al 13 K 0,62 0,06 0,69
Si 14 K 25,35 0,90 26,89
S 16 K 1,11 0,07 1,03
Cl 17 K 1,09 0,06 0,91
K 19 K 1,65 0,07 1,26
Ca 20 K 2,42 0,09 1,80
Mn 25 K 1,48 0,06 0,80
Fe 26 K 4,23 0,12 2,26
Ni 28 K 0,68 0,05 0,34
Zn 30 K 0,74 0,05 0,34
Pd 46 L 30,05 0,79 8,41
Pt 78 L 0,99 0,06 0,15

‚ É ¡². 8 ¶·¥¤¸É ¢²¥´ ¶·¨¡²¨¦¥´´Ò° Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¸μ ¤´  É·¥Ð¨´Ò
¢ ÉμÎ±¥ 12.

Ÿ¸´μ, ÎÉμ Ô²¥³¥´É´Ò°  ´ ²¨§ ¸μ ¸É¥´μ± É·¥Ð¨´Ò ´¥¤μ¸É ÉμÎ´μ ¤μ¸Éμ-
¢¥·¥´, ´μ §¤¥¸Ó ¨ ´¥ ¸É ¢¨É¸Ö Í¥²Ó μ¶·¥¤¥²¥´¨Ö ±μ´Í¥´É· Í¨° Ô²¥³¥´Éμ¢ ¸
¢Ò¸μ±μ° ÉμÎ´μ¸ÉÓÕ Š ± ¢¨¤´μ, ¶·¨¸ÊÉ¸É¢Ê¥É §´ Î¨É¥²Ó´μ¥ ±μ²¨Î¥¸É¢μ ±·¥³-
´¨Ö (Si Å 26,89  É.%) ¢ ¸μÎ¥É ´¨¨ ¸ ±¨¸²μ·μ¤μ³ (� Å 51,11  É.%).

1.2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ Re-¶·μ¢μ²μ±¥ ¤²¨´μ° 12 ³³.
‘· §Ê μÉ³¥É¨³, ÎÉμ ¶·μ¢¥¤¥´¨¥ ‘	Œ- ¨ �Œ�-¨¸¸²¥¤μ¢ ´¨° ¡Ò²μ ¢μ§³μ¦´μ
Éμ²Ó±μ ´  Re-¶·μ¢μ²μ±¥ ¤²¨´μ° 12,5 ³³, É ± ± ± μ´  · ¸¶μ² £ ² ¸Ó ´  · ¸-
¸ÉμÖ´¨¨ 110 ³³ (§  Pd-¶·μ¢μ²μ±μ°) μÉ § ¤´¥° ¸É¥´±¨ ¢Ìμ¤´μ£μ μ±´  ± ³¥·Ò
‘Š‚„„, ¨³¥²  ´ ¨³¥´ÓÏ¨° · §³¥· ¨, ¸²¥¤μ¢ É¥²Ó´μ, ¶·¨μ¡·¥²  ´ ¨³¥´ÓÏÊÕ
´ ¢¥¤¥´´ÊÕ  ±É¨¢´μ¸ÉÓ. �¸É ²Ó´Ò¥ ¤¢  Re-μ¡· §Í  (c 25-³³ ¨ 33-³³ ¤²¨-
´μ°) ¤²Ö ¶·μ¢¥¤¥´¨Ö ¨¸¸²¥¤μ¢ ´¨° ¶μ±  ´¥ ¤μ¸ÉÊ¶´Ò ¢¢¨¤Ê ¨Ì §´ Î¨É¥²Ó´μ°
 ±É¨¢ Í¨¨ ¨ ³¥¤²¥´´μ£μ ¸¶ ¤ ´¨Ö ´ ¢¥¤¥´´μ°  ±É¨¢´μ¸É¨.

�  ·¨¸. 11,   ¨ ¡ ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö ³¥¸É  ¢Ìμ¤  γ-±¢ ´-
Éμ¢ ( ) ¨ μ¡· É´ Ö ¸Éμ·μ´  ¶·μ¢μ²μ±¨ (¡) ¸μμÉ¢¥É¸É¢¥´´μ.

�  ·¨¸. 12 ¶·¥¤¸É ¢²¥´μ ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ Re-¶·μ-
¢μ²μ±¨ ¸ ¤²¨´μ° 12 ³³ ¢¡²¨§¨ É·¥Ð¨´Ò,   Ê¸·¥¤´¥´´Ò° �Œ�- ´ ²¨§ ¶·μ-
¢μ¤¨²¸Ö ¶μ ¢Ò¤¥²¥´´Ò³ É·¥³ ÊÎ ¸É± ³ ¶μ¢¥·Ì´μ¸É¨, ·¥§Ê²ÓÉ É ¤²Ö ±μÉμ·ÒÌ
¶·¥¤¸É ¢²¥´ ¢ É ¡². 9.

‚ É ¡². 9 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ �Œ�- ´ ²¨§  ¤²Ö É·¥Ì ¢Ò¤¥²¥´´ÒÌ ¶²μ-
Ð ¤¥°.
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�¨¸. 11. „¢¥ ¸Éμ·μ´Ò Re-¶·μ¢μ²μ±¨,   Å ³¥¸Éμ ¢Ìμ¤  γ-±¢ ´Éμ¢, ¡ Å μ¡· É´ Ö ¸Éμ-
·μ´ , ¢, £ Å Éμ ¦¥ ¸ ¡μ²ÓÏ¨³ Ê¢¥²¨Î¥´¨¥³

�¨¸. 12. ‘É·Ê±ÉÊ·  ¶μ¢¥·Ì´μ¸É¨ Re-¶·μ¢μ²μ±¨ ¸ ¢Ò¤¥²¥´¨¥³ ÊÎ ¸É±μ¢, ´  ±μÉμ·ÒÌ
¡Ò² ¶·μ¢¥¤¥´ �Œ�- ´ ²¨§

Š ± ¢¨¤´μ, ¢¸Ö ¶μ¢¥·Ì´μ¸ÉÓ ·¥´¨Ö ¶μ±·ÒÉ  ¸²μ¥³ ¨§ Ê£²¥·μ¤ , ¶·¨ ÔÉμ³
±μ´Í¥´É· Í¨Ö Ê£²¥·μ¤  ¤μ¸É¨£ ¥É 80,94  É.% ¶·¨ ±μ´Í¥´É· Í¨¨ ·¥´¨Ö Éμ²Ó±μ
4,92  É.% ¨ ¶·¨ μÉ´μ¸¨É¥²Ó´μ ¢Ò¸μ±μ° ±μ´Í¥´É· Í¨¨ μ¸³¨Ö ¤μ 0,84  É.%.
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’ ¡²¨Í  9

‘¶¥±É·
	²¥³¥´É

C6 O8 S16 K19 Fe26 Re75 Os76

ˆ¸Ìμ¤´Ò° Ä Ä Ä Ä Ä 100 Ä

1 65,65 17,44 Ä Ä Ä 16,07 0,84

2 80,94 13,35 0,25 0,10 0,16 4,92 0,28

3 72,95 14,37 Ä Ä Ä 11,91 0,77

Š ± ¨ · ´¥¥, ¨´É¥·¥¸´μ μÍ¥´¨ÉÓ ±μ´Í¥´É· Í¨¨ ´ · ¡μÉ ´´ÒÌ ¶·¨³¥¸¥°
μÉ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨§ ´ ¨¡μ²¥¥ ¤¥¸É·Ê±É¨·μ¢ ´´ÒÌ μ¡Ñ¥³μ¢,   ¨³¥´´μ ¨§
É·¥Ð¨´, μ¤´  ¨§ ±μÉμ·ÒÌ ¶·¥¤¸É ¢²¥´  ´  ·¨¸. 13.

�¨¸. 13. ‘	Œ-¨§μ¡· ¦¥´¨¥ É·¥Ð¨´Ò ¨ ÊÎ ¸É± , ´  ±μÉμ·μ³ ¶·μ¢¥¤¥´ Ê¸·¥¤´¥´´Ò°
³¨±·μÔ²¥³¥´É´Ò°  ´ ²¨§

’ ¡²¨Í  10

�¡² ¸ÉÓ
	²¥³¥´É

6C 8O 12Mg 16S 20Ca 75Re

‘¶¥±É· 1 72,22 18,9 0,87 0,39 1,15 6,48

‚ É ¡². 10 ¶·¨¢¥¤¥´ ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ô²¥³¥´É´Ò° ¸μ¸É ¢ ¢ ¢Ò¤¥²¥´´μ°
μ¡² ¸É¨ ( É.%).

Š ± ¨ ¢ É ¡². 9, μÎ¥´Ó ¢Ò¸μ± Ö ±μ´Í¥´É· Í¨Ö Ê£²¥·μ¤  ¢ μ¡² ¸É¨ ¨§ ¨
¢¡²¨§¨ É·¥Ð¨´Ò.

�·¨¢¥¤¥³ ¢¸¥ ¦¥ ·¥§Ê²ÓÉ ÉÒ ¨¸¸²¥¤μ¢ ´¨Ö ¸É·Ê±ÉÊ·Ò ´  ¤¢ÊÌ ¤·Ê£¨Ì Re-
¶·μ¢μ²μ± Ì, ±μÉμ·Ò¥ ¡Ò²¨ μ¡²ÊÎ¥´Ò ¤μ ¡μ²¥¥ ¢Ò¸μ±¨Ì Ë²Õ¥´¸μ¢ γ-±¢ ´Éμ¢
(¸³. · §¤. 1 ¨ ¶μÖ¸´¥´¨Ö ± ¢Ò· ¦¥´¨Ö³ (1) ¨ (2)). �  ·¨¸. 14 ¶·¥¤¸É ¢²¥´μ
¨§μ¡· ¦¥´¨¥ ¤¢ÊÌ ±μ´Íμ¢ Re-¶·μ¢μ²μ± ¸ ¤²¨´ ³¨ 24,5 ¨ 33,0 ³³.
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�¨¸. 14. ˆ§μ¡· ¦¥´¨Ö ±μ´Íμ¢ ¤¢ÊÌ ¶·μ¢μ²μ± ¨§ ·¥´¨Ö ¶·¨ · §²¨Î´ÒÌ Ê¢¥²¨Î¥´¨ÖÌ:
 Ä£) Re-¶·μ¢μ²μ±  ¤²¨´μ° 24,5 ³³; ¤, ¥) Re-¶·μ¢μ²μ±  ¤²¨´μ° 33,0 ³³
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�¡· Ð ¥É ´  ¸¥¡Ö ¢´¨³ ´¨¥ ¸¨²Ó´ Ö ¤¥¸É·Ê±Í¨Ö μ¡μ¨Ì ±μ´Íμ¢ Re-¶·μ-
¢μ²μ±¨ (24,5 ³³) ¸ Ö·±μ ¢Ò· ¦¥´´Ò³ ¢Ò¸ÉÊ¶μ³ (¸³. ·¨¸. 14, £) ¨ É·¥Ð¨´ ³¨
¨ ¡ Ì·μ³μ° (·¨¸. 14, ¥). „¥É ²Ó´Ò¥ ¨¸¸²¥¤μ¢ ´¨Ö ÔÉ¨Ì Re-μ¡· §Íμ¢ ¡Ê¤ÊÉ ¢Ò-
¶μ²´¥´Ò ¶μ§¤´¥¥ (¸³. ¢ÒÏ¥).

2. �	‘“†„…�ˆ… �…‡“‹œ’�’�‚

�μ²ÊÎ¥´´Ò¥ ¢ ¤ ´´μ° · ¡μÉ¥ ·¥§Ê²ÓÉ ÉÒ ¶μ ¨§³¥´¥´¨Õ ¸É·Ê±ÉÊ·Ò ¶μ-
¢¥·Ì´μ¸É¨, μ¡Ñ¥³´ÒÌ ¸¢μ°¸É¢ ¨ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¶ ²² ¤¨Ö ¨
·¥´¨Ö ¶·¨ μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨ ´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¸ £· ´¨Î´μ° Ô´¥·-
£¨¥° 23 ŒÔ‚ ¶μ§¢μ²¨²¨ Ê¸É ´μ¢¨ÉÓ, ÎÉμ μ´¨ ¢ Í¥²μ³ ¶μ¤É¢¥·¦¤ ÕÉ ¶μ²Ê-
Î¥´´Ò¥ · ´´¨¥ ¤ ´´Ò¥ ¶μ ¸¨´É¥§Ê ´μ¢μ° ¸É·Ê±ÉÊ·Ò ¨ ´ · ¡μÉ±¥ Ì¨³¨Î¥¸±¨Ì
Ô²¥³¥´Éμ¢ ¡μ²¥¥ ²¥£±¨Ì, Î¥³ ¶ ²² ¤¨°, ¢ Ô²¥³¥´É Ì ‘Š‚„„ [1Ä5].

‚ μÉ²¨Î¨¥ μÉ ¶·¥¤Ò¤ÊÐ¥° · ¡μÉÒ [1, 2, 4], ¢ ¤ ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ ³ É¥-
·¨ ² ¢¸¥Ì Ô²¥³¥´Éμ¢ ‘Š‚„„ ¡Ò² § ³¥´¥´ ´  ´¥·¦ ¢¥ÕÐÊÕ ¸É ²Ó
(·¨¸. 1), ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ ´ ²¨Î¨¥ ¢ ‘Š‚„„ É ±¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢,
± ± ³¥¤Ó ¨ Í¨´±. 	´¥·£¨Ö γ-±¢ ´Éμ¢ ¡Ò²  Ê¢¥²¨Î¥´  ¤μ Ô´¥·£¨¨ 23 ŒÔ‚ ¸
É¥³, ÎÉμ¡Ò ¢¢¥¸É¨ ¢ · ¸¸³μÉ·¥´¨¥ ¶·μÍ¥¸¸Ò, μ¡Ê¸²μ¢²¥´´Ò¥ £¨£ ´É¸±¨³ ¤¨-
¶μ²Ó´Ò³ ·¥§μ´ ´¸μ³ [15].

�μ³¨³μ É·¥Ð¨´ ¨ §´ Î¨É¥²Ó´ÒÌ · §·ÊÏ¥´¨° ¶μ¢¥·Ì´μ¸É¨ ¶ ²² ¤¨Ö ¨
μ¡· §μ¢ ´¨Ö ¸É· ´´μ° ¨§³¥´¥´´μ° Ëμ·³Ò ´  ±μ´Í¥ Pd-¶·μ¢μ²μ± ¢ ³¥¸É Ì
¢ÒÌμ¤  ¨ ¢Ìμ¤  γ-±¢ ´Éμ¢ (¸³. ·¨¸. 2, 14) ¡Ò²¨ μ¡´ ·Ê¦¥´Ò ¢Ò¡·μ¸Ò ¢ ¢¨¤¥
§ ¸ÉÒ¢Ï¨Ì ®¸μ²´¥Î´ÒÌ ¶·μÉÊ¡¥· ´Í¥¢¯, ¸μ¸ÉμÖÐ¨¥ ¨§ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´-
Éμ¢ ¡μ²¥¥ ²¥£±¨Ì, Î¥³ ¶ ²² ¤¨°,   ¨³¥´´μ: 6‘, 7N↑(?), 8�, 9F, 10Ne↑(?),
11Na, 12Mg, 13Al, 14Si, 15P, 16S, 17Cl, 18Ar↑(?), 19K, 20Ca, 22Ti, 24‘r, 25Mn,

26Fe, 28Ni. �¡´ ·Ê¦¥´¨¥ É ±¨Ì ®¶·μÉÊ¡¥· ´Í¥¢¯ μ§´ Î ¥É, ÎÉμ ´  ¢´ÊÉ·¥´´¨Ì
¸É¥´± Ì ‘Š‚„„ ¨§ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ (¸³. ·¨¸. 1) É ±¦¥ ¤μ²¦´Ò ´ Ìμ¤¨ÉÓ¸Ö
§ ¸ÉÒ¢Ï¨¥ ± ¶²¨ · ¸¶² ¢ , ¸μ¸ÉμÖÐ¨¥ ¨§ ³ É¥·¨ ²μ¢ ÔÉ¨Ì ®¶·μÉÊ¡¥· ´Í¥¢¯,
  ´  § ¤´¥° ¸É¥´±¥ ¶μ ´ ¶· ¢²¥´¨Õ ¤¢¨¦¥´¨Ö γ-±¢ ´Éμ¢ ¢μ§³μ¦´μ μ¡· §μ¢ -
´¨¥ ¸¨´É¥§¨·μ¢ ´´ÒÌ ¸É·Ê±ÉÊ·, ± ± ¨ ¢ [1Ä5]. ®�·μÉÊ¡¥· ´ÍÒ¯ ¶μ§¢μ²ÖÕÉ
¶μ¤É¢¥·¤¨ÉÓ, ¸ μ¤´μ° ¸Éμ·μ´Ò, ¨ μ¡ÑÖ¸´¨ÉÓ, ¸ ¤·Ê£μ° ¸Éμ·μ´Ò, μ¡· §μ¢ ´¨¥
¸¨´É¥§¨·μ¢ ´´μ° ¸É·Ê±ÉÊ·Ò ´  ¸¶¥Í¨ ²Ó´μ³ ¸¡μ·´¨±¥ ¢ ¶¥·¢ÒÌ Ô±¸¶¥·¨³¥´-
É Ì, μ¶¨¸ ´´ÒÌ ¢ · ¡μÉ Ì [1Ä5].

�  ¶μ¢¥·Ì´μ¸É¨ ¶ ²² ¤¨Ö μ¡´ ·Ê¦¥´Ò Î ¸É¨ÍÒ ³ ²μ£μ · §³¥· , ¸μ¸ÉμÖ-
Ð¨¥ ¨§ ·¥´¨Ö ¶·¨ ¥£μ §´ Î¨É¥²Ó´ÒÌ ±μ´Í¥´É· Í¨ÖÌ (·¨¸. 3, 7Ä9 ¨ É ¡². 2, 6, 7).

Š ± ¨§¢¥¸É´μ, É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö ¨ ¸Ê¡²¨³ Í¨¨ ·¥´¨Ö ¸μ¸É ¢²ÖÕÉ
3453 ¨ 5873 Š ¸μμÉ¢¥É¸É¢¥´´μ [10]. ‘É·Ê±ÉÊ·  ·¥´¨Ö £¥±¸ £μ´ ²Ó´ Ö ¶²μÉ-
´μÊ¶ ±μ¢ ´´ Ö. �±¨¸²¥´¨¥ ·¥´¨Ö ¶·μ¨¸Ìμ¤¨É ¶·¨ 600 ◦‘,   ¢  É³μ¸Ë¥·¥
±¨¸²μ·μ¤  ¶·¨ ´ £·¥¢ ´¨¨ ¢ÒÏ¥ 400 ◦‘ ³¥É ²² ¸£μ· ¥É. �±¨¸²¥´¨¥ ·¥´¨Ö ¸
μ¡· §μ¢ ´¨¥³ μ±¸¨¤μ¢ (ReO3, Re2O7) ´ ¡²Õ¤ ¥É¸Ö ´ Î¨´ Ö ¸ 300 ◦‘ ¨ ¨´-
É¥´¸¨¢´μ ¶·μÉ¥± ¥É ¶·¨ É¥³¶¥· ÉÊ· Ì ¢ÒÏ¥ 600 ◦‘ ¢  É³μ¸Ë¥·¥ ±¨¸²μ·μ¤ .
‘ ¢μ¤μ·μ¤μ³ ·¥´¨° ¢¶²μÉÓ ¤μ É¥³¶¥· ÉÊ·Ò ¶² ¢²¥´¨Ö ´¥ ·¥ £¨·Ê¥É,   Éμ²Ó±μ
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 ¡¸μ·¡¨·Ê¥É ¥£μ. �¥´¨° ³μ¦¥É  ¤¸μ·¡¨·μ¢ ÉÓ ¤¥¢ÖÉÓ  Éμ³μ¢ ¢μ¤μ·μ¤  ¨²¨
¤¥°É¥·¨Ö, μ¡· §ÊÖ ¸μ¥¤¨´¥´¨¥ [ReH9]2− ¨²¨ [ReD9]2− [8, 16]. ˆ³¥´´μ ÔÉμÉ
Ë ±É ¨ ¶μ¸²Ê¦¨² ¶·¨Î¨´μ°, ¶μ ±μÉμ·μ°  ¢Éμ·Ò · ¡μÉÒ ¶μ³¥¸É¨²¨ ´ ·Ö¤Ê
¸ ¶ ²² ¤¨¥³ ¢ ± ³¥·Ê ‘Š‚„„ ¨ ÔÉμÉ Ì¨³¨Î¥¸±¨° Ô²¥³¥´É, ¶¥·¸¶¥±É¨¢´Ò° ¢
Éμ³ Î¨¸²¥ ¨ ¸ ÉμÎ±¨ §·¥´¨Ö ¶μ²ÊÎ¥´¨Ö ¤¥°É¥·¨¤μ¢ ·¥´¨Ö.

�¥´¨°, ¢ μÉ²¨Î¨¥ μÉ ¤·Ê£¨Ì ÉÊ£μ¶² ¢±¨Ì ³¥É ²²μ¢, ´¥ μ¡· §Ê¥É ± ·¡¨¤μ¢.
�¸É ´μ¢¨³¸Ö μÉ¤¥²Ó´μ ´  μ±¸¨¤¥ ·¥´¨Ö (VII) Re2O7, ¥£μ É¥³¶¥· ÉÊ· Ì ¶² -
¢²¥´¨Ö ¨ ±¨¶¥´¨Ö t¶² = 301 ◦‘, t±¨¶ = 362,4 ◦‘ ¸μμÉ¢¥É¸É¢¥´´μ [10]. �±¸¨¤
·¥´¨Ö Re2O7 μÎ¥´Ó ²¥ÉÊÎ ¶·¨ μÉ´μ¸¨É¥²Ó´μ ´¨§±¨Ì É¥³¶¥· ÉÊ· Ì, ¶μÔÉμ³Ê
μ´ ¡Ò¸É·μ ¨¸¶ ·Ö¥É¸Ö ¸ ¶μ¢¥·Ì´μ¸É¨ ¨ ´¥ ¶·¥¤μÌ· ´Ö¥É, ± ± ¨ ¡μ²ÓÏ¨´¸É¢μ
·¥¤±μ§¥³¥²Ó´ÒÌ ³¥É ²²μ¢ ¨Ì μÉ ¤ ²Ó´¥°Ï¥£μ μ±¨¸²¥´¨Ö [7, 8, 10]. ‘Ê¡²¨-
³¨·Ê¥É¸Ö ¶·¨ É¥³¶¥· ÉÊ·¥ μÉ 220 ◦‘. ‘²¥¤μ¢ É¥²Ó´μ, μ¡´ ·Ê¦¥´´Ò¥ ´  ¶μ-
¢¥·Ì´μ¸É¨ ¶ ²² ¤¨Ö ±·¨¸É ²²¨ÉÒ, ¸μ¤¥·¦ Ð¨¥ ·¥´¨°, ¶μ-¢¨¤¨³μ³Ê, ¶·¥¤¸É ¢-
²ÖÕÉ ¸μ¡μ° μ±¸¨¤ ·¥´¨Ö, ±μÉμ·Ò° ¢¡²¨§¨ É·¥Ð¨´ ±·¨¸É ²²¨§μ¢ ²¸Ö
(¸³. ·¨¸. 6Ä8) ¶·¨ μÌ² ¦¤¥´¨¨. Š ± ¢¨¤´μ, ¢ Pd-μ¡· §Í¥ ´ ¡²Õ¤ ¥É¸Ö ¢Ò-
¸μ± Ö ±μ´Í¥´É· Í¨Ö Ê£²¥·μ¤  (É ¡². 1 Å 76,22  É.%; É ¡². 2 Å 66,42  É.%;
É ¡². 3 Å 47,58  É.%; É ¡². 4 Å 37,76  É.%; É ¡². 5 Å 37,25 ¨ 42,80  É.%)
¨ ±¨¸²μ·μ¤  (É ¡². 6 Å 64,08  É.%; É ¡². 7 Å 72,12  É.% ¨ É ¡². 8 Å
55,11  É.%). � ¢ Re-μ¡· §Í Ì ´ ¡²Õ¤ ¥É¸Ö ¢Ò¸μ± Ö ±μ´Í¥´É· Í¨Ö Ê£²¥·μ¤ 
(É ¡². 9 Å 65,65, 80,94 ¨ 72,95  É.% ¨ É ¡². 10 Å 72,22  É.%). �·¨ ÔÉμ³ ¢Ò-
¸μ± Ö ±μ´Í¥´É· Í¨Ö Ê£²¥·μ¤ , ± ± ¶· ¢¨²μ, ¸μ¶·μ¢μ¦¤ ¥É¸Ö ¨ §´ Î¨É¥²Ó´Ò³¨
±μ´Í¥´É· Í¨Ö³¨ ±¨¸²μ·μ¤ . ˆ ´ μ¡μ·μÉ: ¢Ò¸μ± Ö ±μ´Í¥´É· Í¨Ö ±¨¸²μ·μ¤ ,
± ± ¶· ¢¨²μ, ¸μ¶·μ¢μ¦¤ ¥É¸Ö §´ Î¨É¥²Ó´μ° ±μ´Í¥´É· Í¨¥° Ê£²¥·μ¤ . �¸´μ¢-
´Ò¥ ·¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ Ô²¥³¥´Éμ¢ ²¥£Î¥ ¶ ²² ¤¨Ö · ¸¸³μÉ·¥´Ò ¢ · ¡μ-
É Ì [3, 5]. � ·¥ ±Í¨¨ ¸ μ¡· §μ¢ ´¨¥³ Ê£²¥·μ¤  ¨ ±¨¸²μ·μ¤  ¶·¥¤¸É ¢²¥´Ò ¢
¶·¨²μ¦¥´¨¨.

�¸μ¡μ μÉ³¥É¨³, ÎÉμ ¨ ¶·¨ ¶·¨³¥´¥´¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨ ¤μ 23 ŒÔ‚
¶·¨ μ¡²ÊÎ¥´¨¨ ‘Š‚„„ ¸ Re- ¨ Pd-¶·μ¢μ²μ± ³¨ ¡Ò²¨ ¶μ²ÊÎ¥´Ò ¤μ¸É ÉμÎ´μ
¢Ò¸μ±¨¥ É¥³¶¥· ÉÊ·Ò ¸ ¢Ò¤¥²¥´¨¥³ Ô´¥·£¨¨ μÉ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¤¥²¥´¨Ö
¸ ±μÔËË¨Í¨¥´Éμ³ ¶μ²¥§´μ£μ ¤¥°¸É¢¨Ö, §´ Î¨É¥²Ó´μ ¶·¥¢ÒÏ ÕÐ¨³ ¥¤¨´¨ÍÊ,
ÎÉμ μ¤´μ§´ Î´μ ¶μ¤É¢¥·¦¤ ¥É ¢μ§³μ¦´μ¸ÉÓ ¶·¨³¥´¥´¨Ö ¤¥°É¥·¨·μ¢ ´´ÒÌ ·¥-
 ±Éμ·μ¢ ¤¥²¥´¨Ö ´  ¶ÊÎ± Ì γ-±¢ ´Éμ¢ ¤²Ö ¶μ²ÊÎ¥´¨Ö Ô´¥·£¨¨.

��ˆ‹�†…�ˆ…

� ¸¸³μÉ·¨³ ·¥ ±Í¨¨ ¸ ¤¥°É¥·¨¥³ É¨¶  ·¥ ±Í¨° �¶¶¥´£¥°³¥·  [11], ¢ Pd-
¶·μ¢μ²μ±¥ (¸³. É ±¦¥ [12Ä14]).

d + 102
46 Pd → p + 103

46 Pd [Q = +5,3998 ŒÔ‚] →

→
{ e.c.−→ 103

45 Rh (100 %);

→ 12
6 C + 91

40Zr [Q = +0,4145 ŒÔ‚] (11,22 %);

18



d + 104
46 Pd → p + 105

46 Pd [Q = +4,8688 ŒÔ‚] (22,33 %);

d + 105
46 Pd → p + 106

46 Pd [Q = +7,3378 ŒÔ‚] (27,33 %);

d + 106
46 Pd → p + 107

46 Pd [Q = +4,3048 ŒÔ‚]×

× (6,5 · 106 ²¥É)
β−

−→ 107
47 Ag (51,839 %);

d + 108
46 Pd → p + 109

46 Pd [Q = +3,9298 ŒÔ‚]
β−

−→ 109
47 Ag (48,161 %);

d + 110
46 Pd → p + 111

46 Pd [Q = +3,5418 ŒÔ‚]
β−, β−

−−→ 111
48 Cd (12,80 %).

Š ± ¢¨¤´μ, Éμ²Ó±μ ¢ ·¥ ±Í¨¨ ¸ 102
46 Pd ³μ¦¥É μ¡· §μ¢Ò¢ ÉÓ¸Ö Ê£²¥·μ¤, ´μ

±μ´Í¥´É· Í¨Ö ÔÉμ£μ ¨§μÉμ¶  Éμ²Ó±μ 1,02 %. ’μ ¥¸ÉÓ ¢ ·¥ ±Í¨¨ �¶¶¥´£¥°-
³¥·  [11] É·Ê¤´μ ¶μ²ÊÎ¨ÉÓ μ¡´ ·Ê¦¥´´Ò¥ ¢ Ô±¸¶¥·¨³¥´É¥ ±μ´Í¥´É· Í¨¨ ±¨-
¸²μ·μ¤  ¨ Ê£²¥·μ¤ , É ± ± ± μ¡· §ÊÕÐ¨¥¸Ö ¶·¨ ÔÉμ³ Ö¤·  ¸É ¡¨²Ó´Ò¥.

�μÔÉμ³Ê · ¸¸³μÉ·¨³ ·¥ ±Í¨¨ ¶μ¤¡ ·Ó¥·´μ£μ ¸²¨Ö´¨Ö ¤¥°É¥·¨Ö ¸ μ¡· -
§μ¢ ´¨¥³ ¸μ¸É ¢´μ£μ Ö¤·  ¨ · ¸¶ ¤  ¨§ ¸μ¸É ¢´μ£μ Ö¤·  ¢ ¸μμÉ¢¥É¸É¢¨¨ ¸
¶μ¤Ìμ¤μ³, · §¢¨ÉÒ³ ¢ · ¡μÉ Ì [12Ä14].

d + 102
46 Pd → 104

47 Ag∗ →

⎧⎨
⎩

12
6 C + 92

41Nb [Q = +11,659 ŒÔ‚]
e.c., 3,5·107 ²¥É 92

40Zr;
16
8 O + 88

39Y [Q = +14,246 ŒÔ‚] e.c.−→ 88
38Sr;

d + 104
46 Pd → 106

47 Ag∗ →

→

⎧⎨
⎩

12
6 C + 94

41Nb [Q = +10,103 ŒÔ‚]
β−, 2,03·104 ²¥É 94

42Mo;
16
8 O + 90

39Y [Q = +14,408 ŒÔ‚]
β−

−→ 90
40Zr;

d+105
46 Pd → 107

47 Ag∗ →

⎧⎨
⎩

12
6 C + 95

41Nb [Q = +11,500 ŒÔ‚]
β−, 34,97 ¸ÊÉ 95

42Mo;
16
8 O + 91

39Y [Q = +15,800 ŒÔ‚]
β−, 58,51 ¸ÊÉ 91

40Zr;

d+106
46 Pd → 108

47 Ag∗ →

⎧⎨
⎩

12
6 C + 96

41Nb [Q = +8,831 ŒÔ‚]
β−, 23,35 Î 96

42Mo;
16
8 O + 92

39Y [Q = +12,782 ŒÔ‚]
β−, 58,51 ¸ÊÉ 92

40Zr;
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d + 108
46 Pd → 110

47 Ag∗ →

⎧⎨
⎩

12
6 C + 98

41Nb [Q = +7,143 ŒÔ‚] β−

−→ 86
42Mo;

16
8 O + 94

39Y [Q = +10,732 ŒÔ‚]
β−

−→ 94
40Zr;

d + 110
46 Pd → 112

47 Ag∗ →

→

⎧⎨
⎩

12
6 C + 100

41 Nb [Q = +4,761 ŒÔ‚]
β−

−→ 100
42 Mo;

16
8 O + 96

39Y [Q = +7,968 ŒÔ‚]
β−

−→ 96
40Zr (> 3,56 · 1017 ²¥É 2,80 %).

� ¸¸³μÉ·¨³ ·¥ ±Í¨¨ μ¡· §μ¢ ´¨Ö Ê£²¥·μ¤  ¨ ±¨¸²μ·μ¤  ¶·¨ ¤¥²¥´¨¨ ¢μ§¡Ê-
¦¤¥´´μ£μ Ö¤·  ·¥´¨Ö ¶μ¸²¥ ¶μ¤¡ ·Ó¥·´μ£μ ¸²¨Ö´¨Ö ¸ ¤¥°É¥·¨¥³:

d + 185
75 Re → 187

76 Os∗ →

→

⎧⎨
⎩

12
6 C + 175

70 Yb [Q = +24,025 ŒÔ‚]
β−, 4,19 ¸ÊÉ 175

71 Lu (97,41 %);
16
8 O + 171

68 Er [Q = +31,785 ŒÔ‚]
β−, 7,52 Î 171

69 Tm
β−, 1,96 ²¥É 171

70 Yb;

d + 187
75 Re → 189

76 Os∗ →

→

⎧⎨
⎩

12
6 C + 177

70 Yb [Q = +22,917 ŒÔ‚]
β−, 1,9 Î 177

71 Lu
β−, 6,71 ¸ÊÉ 177

72 Hf;
16
8 O + 173

68 Er [Q = +30,398 ŒÔ‚]
β−, 1,4 ³¨´ 173

69 Tm
β−, 8,24 Î 173

70 Yb.

�¡· É¨³¸Ö É¥¶¥·Ó ± Ö¤¥·´Ò³ ·¥ ±Í¨Ö³, ¢ ±μÉμ·ÒÌ μ¡· §Ê¥É¸Ö ¨§ ·¥´¨Ö ¸²¥-
¤ÊÕÐ¨° ¶μ ´μ³¥·Ê Ô²¥³¥´É μ¸³¨° (76Os):

γ + 185
75 Re → n + 184

75 Re [Q = −7,682 ŒÔ‚] → 184
74 W (> 1 · 1017 ²¥É, 0,02 %)

γ + 187
75 Re → n + 186

75 Re [Q = −7,366 ŒÔ‚] →
{

β−

−→ 186
76 Os (92,2 %);

e.c.−→ 186
74 W (7,8 %).

n + 185
75 Re → γ + 186

75 Re [Q = +6,179 ŒÔ‚] →
{

β−

−→ 186
76 Os (92,2 %);

e.c.−→ 186
74 W (7,8 %).

n + 187
75 Re → γ + 188

75 Re [Q = +5,872 ŒÔ‚] → 188
76 Os (13,3 %);

p + 185
75 Re → γ + 186

76 Os [Q = +6,474 ŒÔ‚] (2 · 1015 ²¥É, 1,58 %);

p + 187
75 Re → γ + 188

76 Os [Q = +7,209 ŒÔ‚] (13,3 %);

d + 185
75 Re → γ + 187

76 Os [Q = 10,542 ŒÔ‚] (1,6 %);

d + 187
75 Re → γ + 189

76 Os [Q = 10,909 ŒÔ‚] (16,1 %);

d + 185
75 Re → p + 186

75 Re [Q = +3,955 ŒÔ‚] →
{

β−

−→ 186
76 Os (92,2 %);

e.c.−→ 186
74 W (7,8 %).

d + 187
75 Re → p + 188

75 Re [Q = +3,648 ŒÔ‚] → 188
76 Os (13,3 %);
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Œμ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤, ÎÉμ μ¡· §μ¢ ´¨¥ ¢ ¡μ²ÓÏ¨Ì ±μ²¨Î¥¸É¢ Ì Ê£²¥·μ¤ 
¨ ±¨¸²μ·μ¤  ¸ μ±¨¸²¥´¨¥³ ·¥´¨Ö ¨ ¤·Ê£¨Ì Ô²¥³¥´Éμ¢, ± ± ¶·μ¤Ê±Éμ¢ Ö¤¥·´ÒÌ
·¥ ±Í¨°, ¤μ²¦´μ ¸μ¶·μ¢μ¦¤ ÉÓ¸Ö μ¡· §μ¢ ´¨¥³ ·Ö¤  μÉ´μ¸¨É¥²Ó´μ ÉÖ¦¥²ÒÌ
Ô²¥³¥´Éμ¢, ´μ ¡μ²¥¥ ²¥£±¨Ì, Î¥³ ¶ ²² ¤¨° ¨ ·¥´¨°, É ±¨Ì ± ± 38Sr, 40Zr, 42Mo
¸ · ¤¨μ ±É¨¢´Ò³¨ Ô²¥³¥´É ³¨ 39Y, 41Nb,   É ±¦¥ 70Yb, 71Lu, 72Hf ¢ 75Re-
μ¡· §Í¥. �·¨Î¥³ ¤μ²¦´Ò ·¥£¨¸É·¨·μ¢ ÉÓ¸Ö ¨ Í¥¶μÎ±¨ · ¸¶ ¤μ¢ ¤μ ¸É ¡¨²Ó´ÒÌ
¨²¨ ¤μ²£μ¦¨¢ÊÐ¨Ì ¶·μ¤Ê±Éμ¢ · ¸¶ ¤μ¢. 	Éμ Ö¢²Ö¥É¸Ö μ¸´μ¢ ´¨¥³ ¤²Ö ¸Éμ²Ó
¶μ¤·μ¡´μ£μ ¶·¥¤¸É ¢²¥´¨Ö ¢μ§³μ¦´ÒÌ ·¥ ±Í¨¨ ¤¥²¥´¨Ö Pd ¨ Re ¸ Í¥¶μÎ± ³¨
· ¸¶ ¤μ¢.
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