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„¨¤Ò± �.�., ‚¨Ï´¥¢¸±¨° �. P15-2012-75
ˆ§³¥´¥´¨Ö ¶μ¢¥·Ì´μ¸É¨, μ¡Ñ¥³´ÒÌ ¸¢μ°¸É¢
¨ Ì¨³¨Î¥¸±μ£μ ¸μ¸É ¢  μ¡· §Íμ¢ ¢ ´ ¤¨Ö ¨ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨,
μ¡²ÊÎ¥´´ÒÌ ¢ ¶²μÉ´μ³ £ §μμ¡· §´μ³ ¤¥°É¥·¨¨ γ-±¢ ´É ³¨
¸ ¶μ·μ£μ¢μ° Ô´¥·£¨¥° 23 ŒÔ‚

�·μ¢¥¤¥´Ò ¨¸¸²¥¤μ¢ ´¨Ö ¨§³¥´¥´¨Ö ¸¢μ°¸É¢ ¨ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  μ¡· §-
Íμ¢ ¢ ´ ¤¨Ö (V) ¨ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ (SS), μ¡²ÊÎ¥´´ÒÌ ¢ £ §μμ¡· §´μ³ ¤¥°É¥-
·¨¨ ¶·¨ ¤ ¢²¥´¨¨ 2 ±¡ · γ-±¢ ´É ³¨ ´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¸ ¶μ·μ£μ¢μ° Ô´¥·-
£¨¥° 23 ŒÔ‚. �¡´ ·Ê¦¥´Ò §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö ¢ ¸É·Ê±ÉÊ·¥ ¶μ¢¥·Ì´μ¸É¨ ¨
μ¡Ñ¥³´ÒÌ ¸¢μ°¸É¢ μ¡²ÊÎ¥´´ÒÌ V- ¨ SS-μ¡· §Íμ¢ ¨, ± ± ¨ ¢ ¡μ²¥¥ · ´´¨Ì · -
¡μÉ Ì  ¢Éμ·μ¢, ¢ Ô²¥³¥´É´μ³ ¸μ¸É ¢¥. � ¸¸³μÉ·¥´  Ë¥´μ³¥´μ²μ£¨Î¥¸± Ö ³μ¤¥²Ó
Ö¤¥·´ÒÌ ·¥ ±Í¨°, ¶·¨¢μ¤ÖÐ¨Ì ± μ¡´ ·Ê¦¥´´μ³Ê Ô²¥³¥´É´μ³Ê ¸μ¸É ¢Ê V ¨ SS.

� ¡μÉ  ¢Ò¶μ²´¥´  ¢ ‹ ¡μ· Éμ·¨¨ Ö¤¥·´ÒÌ ·¥ ±Í¨° ¨³. ƒ. �.”²¥·μ¢  �ˆŸˆ.
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Changes Observed in the Surfaces, Bulk Properties
and Chemical Composition of Vanadium and Stainless Steel Specimens
Irradiated in Dense Gaseous Deuterium by γ-Quanta of Threshold Energy 23 MeV

Studies have been carried out into the changes of properties and element com-
position of vanadium (V) and stainless steel (SS) specimens irradiated in gaseous
deuterium under the pressure 2 kbar by γ-quanta of continuous spectrum with the
boundary energy 23 MeV. Considerable changes are observed in the surface structure
and bulk properties of the irradiated V and SS specimens, as was in the earlier authors
studies, and in the element composition. The phenomenological model of nuclear
reactions leading to the observed element composition of V and SS is described.

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¢ [1Ä7] ¡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 ¶· ±É¨Î¥¸±¨ ¸É¥Ì¨μ³¥É·¨Î¥¸±μ£μ ¸μ-
¸É ¢  [8Ä10],   É ±¦¥ ¢ ¸μ§¤ ´¨¨ ´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, ¢ ±μÉμ·μ³ · §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·; ¢) ‘Š‚„„, μ¡²ÊÎ¥´¨¥ ±μÉμ·ÒÌ 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¨ ¤μ 25 ŒÔ‚.

1. �Š‘�…�ˆŒ…�’�‹œ��Ÿ Œ…’�„ˆŠ�

�¡· §ÍÒ ¨§ ¢ ´ ¤¨Ö (V) (99,8 %) ¢ ¢¨¤¥ ¶·μ¢μ²μ±¨ ¤¨ ³¥É·μ³ 1,2 ³³ ¨
¤²¨´μ° 100 ³³ ¨ ´¥·¦ ¢¥ÕÐ¥° ¸É ²¨ (SS) É¨¶  �•18�10 ¤¨ ³¥É·μ³ 1,96 ³³
¨ ¤²¨´μ° 71 ³³ ¡Ò²¨ ¶μ³¥Ð¥´Ò ¢ ‘Š‚„„ ¸ ¤ ¢²¥´¨¥³ £ §μμ¡· §´μ£μ ¤¥°É¥-
·¨Ö ¶·¨³¥·´μ 2 ±¡ ·. �¡²ÊÎ¥´¨¥ ¢¸¥Ì μ¡· §Íμ¢ ¶·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¥´¨¥ 19,5 Î (É. ¥. ¶μ²´μ¥ ¢·¥³Ö μ¡²ÊÎ¥´¨Ö ¸μ¸É -
¢¨²μ 7,02 · 104 ¸).

�¨¸. 1. ‘Ì¥³  ‘Š‚„„
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�  ·¨¸. 1 ¶·¥¤¸É ¢²¥´  ‘Š‚„„, ¶·¥¤´ §´ Î¥´´ Ö ¤²Ö μ¡²ÊÎ¥´¨Ö γ-±¢ ´-
É ³¨ ¸¥·¨° μ¡· §Íμ¢ ¨§ · §²¨Î´ÒÌ ³ É¥·¨ ²μ¢ ¢ ¢¨¤¥ ¶·μ¢μ²μÎ¥± ¨ Í¨²¨´-
¤·μ¢ [7].

’μ²Ð¨´  W Éμ·³μ§´μ° ³¨Ï¥´¨ ¸μ¸É ¢²Ö²  3 ³³, ¶μ£²μÉ¨É¥²Ó ¨§ Al
¨³¥² Éμ²Ð¨´Ê 25 ³³, ¸²¥¤μ¢ É¥²Ó´μ, · ¸¸ÉμÖ´¨¥ μÉ ¶¥·¢μ£μ μ¡· §Í  ¨§ V-
¶·μ¢μ²μ±¨ ¸ ÊÎ¥Éμ³ Éμ²Ð¨´Ò ¢Ìμ¤´μ£μ μ±´  ∼ 7 ³³ ¨§ SS · ¢´μ L1 = 35 ³³.
„μ¸Éμ¨´¸É¢  ¨ ´¥¤μ¸É É±¨ · ¸¶μ²μ¦¥´¨Ö μ¡· §Íμ¢ ¢ ‘Š‚„„ μ¶¨¸ ´Ò ¢ · -
¡μÉ¥ [7], ¢ Î ¸É´μ¸É¨, μ¤´¨³ ¨§ ¤μ¸Éμ¨´¸É¢ Ö¢²Ö¥É¸Ö Éμ, ÎÉμ ¶·¨ · ¸¶μ²μ¦¥´¨¨
μ¡· §Íμ¢ ¢¤μ²Ó ‘Š‚„„ ³μ¦´μ §  μ¤´μ μ¡²ÊÎ¥´¨¥ ¶μ²ÊÎ¨ÉÓ · §²¨Î´Ò¥ ¶²μÉ-
´μ¸É¨ ¶μÉμ±μ¢ γ-±¢ ´Éμ¢ ¨ ¤μ§ μ¡²ÊÎ¥´¨Ö. �μÉμ± γ-±¢ ´Éμ¢ Î¥·¥§ μ¡· §ÍÒ ¢
‘Š‚„„ μÍ¥´¥´ ¢ · ¡μÉ Ì [1, 2].

�¥μ¡Ìμ¤¨³μ μÉ³¥É¨ÉÓ, ÎÉμ ¢ μÉ²¨Î¨¥ μÉ ¶¥·¢μ£μ Ô±¸¶¥·¨³¥´É , ±μÉμ·Ò°
¡Ò² ¤¥É ²Ó´μ μ¶¨¸ ´ ¢ · ¡μÉ Ì [1, 2, 5, 6],   ¨¸¶μ²Ó§μ¢ ´´ Ö ¢ ´¥³ ‘Š‚„„
§ ¶ É¥´Éμ¢ ´  ¢ [6], ¢ ¤ ´´μ³ Ô±¸¶¥·¨³¥´É¥ ¸É¥´±¨ ‘Š‚„„, ¸μ§¤ ´´μ° ¶μ
¨´μ³Ê ¶·μ¥±ÉÊ, ¸μ¸ÉμÖÉ ¨§ SS É¨¶  �•18�10, ¸ É¥³ ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ Ì¨³¨-
Î¥¸±¨¥ Ô²¥³¥´ÉÒ, ±μÉμ·Ò¥ ¶·¨¸ÊÉ¸É¢μ¢ ²¨ ¢ ¶¥·¢μ³ Ô±¸¶¥·¨³¥´É¥, É ±¨¥ ± ±
³¥¤Ó ¨ Í¨´±.

1.1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ ¢ V-¶·μ¢μ²μ±¥ (¤²¨´μ° LV =
10,0 ¸³ ¨ ¤¨ ³¥É·μ³ 1,5 ³³). �μ¸²¥ μ¡²ÊÎ¥´¨Ö ‘Š‚„„ ¨³¥²  ¢Ò¸μ±ÊÕ  ±-
É¨¢ Í¨Õ, ¢ ¸¢Ö§¨ ¸ Î¥³ ¸± ´¨·ÊÕÐ Ö Ô²¥±É·μ´´ Ö ³¨±·μ¸±μ¶¨Ö (‘	Œ) ¨
³¨±·μÔ²¥³¥´É´Ò°  ´ ²¨§ (Œ�) μ¡· §Íμ¢ ¡Ò²¨ ¶·μ¢¥¤¥´Ò Éμ²Ó±μ Î¥·¥§ Î¥-
ÉÒ·¥ ³¥¸ÖÍ  ¶μ¸²¥ § ¢¥·Ï¥´¨Ö μ¡²ÊÎ¥´¨Ö. ˆ ¡¥§ ¢¸Ö±μ£μ  ´ ²¨§  ¢¨¤´μ
(¸³. ·¨¸. 2), ÎÉμ V-¶·μ¢μ²μ±  ¸¨²Ó´μ ¶μÎ¥·´¥² . �  ·¨¸. 2 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-
¨§μ¡· ¦¥´¨Ö V-¶·μ¢μ²μ±¨ ¢ ³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢.

‚¨¤´μ, ÎÉμ ´  ±μ´Í¥ ¶·μ¢μ²μ±¨, ¢ ³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢, ´ ¡²Õ¤ ¥É¸Ö
¸¨²Ó´μ ¶·μ¶² ¢²¥´´Ò° ¢Ò¸ÉÊ¶,   ¢¸Ö ¡μ±μ¢ Ö ¶μ¢¥·Ì´μ¸ÉÓ ¢Ò£²Ö¤¨É ± ±
®§³¥¨´ Ö ±μ¦ ¯, ¸ ¢Ò¸μ±μ° ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸ÉÓÕ É·¥Ð¨´, ±μÉμ·Ò¥ μÉ-
¸ÊÉ¸É¢ÊÕÉ ´  ¨¸Ìμ¤´μ° V-¶·μ¢μ²μ±¥.

�  ·¨¸. 3 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ ¶·μ¢μ²μ±¨ ¸ μÉ³¥Î¥´-
´Ò³¨ ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¢  É.%), ·¥§Ê²ÓÉ ÉÒ ¶·¥¤-
¸É ¢²¥´Ò ¢ É ¡². 1. Œ� ¶·μ¢μ¤¨²¸Ö ´  ÊÎ ¸É± Ì, · §¨É¥²Ó´μ μÉ²¨Î ÕÐ¨Ì¸Ö
¢´¥Ï´¥.

‘	Œ-¨§μ¡· ¦¥´¨¥ ¢Ò¶μ²´¥´μ ¢ μÉ· ¦¥´´ÒÌ Ô²¥±É·μ´ Ì, É. ¥. ¡μ²¥¥ ¸¢¥-
É²Ò¥ ÊÎ ¸É±¨ ¸μμÉ¢¥É¸É¢ÊÕÉ Ì¨³¨Î¥¸±¨³ Ô²¥³¥´É ³ ¸ ¡μ²ÓÏ¨³¨ ¶μ·Ö¤±μ¢Ò³¨
´μ³¥· ³¨ (§ ·Ö¤ ³¨ Ö¤¥·). �¥´É£¥´μ¢¸±¨°  ´ ²¨§ ¶·μ¢¥¤¥´ ´  É·¥Ì ÊÎ ¸É± Ì
¸ · §²¨Î´Ò³¨ μÉÉ¥´± ³¨ (μÉ ¸¢¥É²μ£μ ¤μ É¥³´μ£μ), É. ¥. ¸ · §²¨Î´Ò³¨ ¶μ·Ö¤-
±μ¢Ò³¨ ´μ³¥· ³¨ Ô²¥³¥´Éμ¢.

ˆ§ É ¡². 1 ¢¨¤´μ, ÎÉμ ¶μ¢¥·Ì´μ¸ÉÓ V-¶·μ¢μ²μ±¨ ÊÉ· É¨²  μ¤´μ·μ¤´μ¸ÉÓ
¸μ¸É ¢ , ±μÉμ·Ò° ¶·¨¸ÊÉ¸É¢Ê¥É ¢ ¨¸Ìμ¤´μ³ μ¡· §Í¥ (99,8 %). �  ¡μ²¥¥ É¥³-
´μ³ ÊÎ ¸É±¥ ¸μ¸É ¢ μ± § ²¸Ö ¸ ¢Ò¸μ±¨³ ¸μ¤¥·¦ ´¨¥³ Ê£²¥·μ¤  (53,57  É.%)
¨ ±¨¸²μ·μ¤  (35,16  É.%) ¨ ´¨§±¨³ ¸μ¤¥·¦ ´¨¥³ μ¸´μ¢´μ£μ Ô²¥³¥´É  ¶·μ¢μ-
²μ±¨ Å ¢ ´ ¤¨Ö (8,34  É.%).
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�¨¸. 2. ‘	Œ-¨§μ¡· ¦¥´¨Ö Éμ·Í  (¢¢¥·ÌÊ ¸²¥¢ ) ¨ ¶·¨²¥£ ÕÐ¥° ± ´¥³Ê ¶μ¢¥·Ì´μ¸É¨
(¢¢¥·ÌÊ ¸¶· ¢ ) V-¶·μ¢μ²μ±¨ ¢ ³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢. ˆ§μ¡· ¦¥´¨Ö ¢´¨§Ê (¸²¥¢  ¨
¸¶· ¢ ) ¶μ²ÊÎ¥´Ò ¶·¨ ¡μ²ÓÏμ³ Ê¢¥²¨Î¥´¨¨

�¨¸. 3. ‘	Œ-¨§μ¡· ¦¥´¨Ö ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¸ ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ
¡Ò² ¶·μ¢¥¤¥´ Œ� (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢ (¸¶· ¢ )
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’ ¡²¨Í  1

‘¶¥±É· C O Al Si S Ca V Cr Cu
ˆ¸Ìμ¤´Ò° Å Å Å Å Å Å 100 Å Å

1 29,92 Å 0,75 Å Å 0,4 68,93 Å Å
2 17,43 Å 0,44 Å Å Å 82,14 Å Å
3 53,57 35,16 0,31 0,29 0,69 1,28 8,34 0,18 0,18

�  ·¨¸. 4 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ° ¡μ±μ-
¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨, ¶μ±·ÒÉμ° ¸¥É±μ° É·¥Ð¨´,   Œ� ¶·μ¢¥¤¥´ ´ 
ÊÎ ¸É± Ì §¥·¥´ · §²¨Î´μ£μ Í¢¥É , ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 2.

�¨¸. 4. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨, ¶μ±·ÒÉμ° ¸¥É±μ° É·¥-
Ð¨´, ¸ ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢
(¸¶· ¢ )

’ ¡²¨Í  2

‘¶¥±É· C O S Ca V
ˆ¸Ìμ¤´Ò° Å Å Å Å 100

1 27,3 Å Å 0,62 72,08
2 18,2 Å 1,17 0,68 79,95
3 37,15 42,94 0,24 0,19 19,47

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ° ¡μ-
±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¡¥§ É·¥Ð¨´ (¸³. ·¨¸. 2, ¸¢¥É²Ò¥ ÊÎ ¸É±¨),  
·¥§Ê²ÓÉ ÉÒ Œ�, ¶·μ¢¥¤¥´´μ£μ ´  ÊÎ ¸É± Ì §¥·¥´ · §²¨Î´μ£μ Í¢¥É , ¶·¨¢¥¤¥´Ò
¢ É ¡². 3.

�  ·¨¸. 6 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ° ¡μ-
±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¸ ¸¨²Ó´Ò³¨  ´μ³ ²¨Ö³¨, ¶μ±·ÒÉμ£μ ³ ²μ-
· §³¥·´Ò³¨ μ¡Ñ¥±É ³¨ ¢¡²¨§¨ μÉ ³¥¸É  ¢Ìμ¤  γ-±¢ ´Éμ¢,   ·¥§Ê²ÓÉ ÉÒ Œ�,
¶·μ¢¥¤¥´´μ£μ ´  ÊÎ ¸É± Ì §¥·¥´ · §²¨Î´μ£μ Í¢¥É , ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 4.
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�¨¸. 5. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¸μ ¸¢¥É²Ò³¨ ÊÎ ¸É± ³¨,
´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢ (¸¶· ¢ )

’ ¡²¨Í  3

‘¶¥±É· C Al Si V
ˆ¸Ìμ¤´Ò° Å Å Å 100

1 16,55 Å Å 83,45
2 10,32 0,24 0,23 89,22
3 7,14 0,53 0,17 92,16

�¨¸. 6. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¤¥¸É·Ê±ÉÊ·¨·μ¢ ´´μ° ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-
¶·μ¢μ²μ±¨ ¸ ¸¨²Ó´Ò³¨  ´μ³ ²¨Ö³¨, ¶μ±·ÒÉμ£μ ³ ²μ· §³¥·´Ò³¨ μ¡Ñ¥±É ³¨

�  ·¨¸. 7 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¢
³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢, ¸ ¸¨²Ó´Ò³¨  ´μ³ ²¨Ö³¨,   ·¥§Ê²ÓÉ ÉÒ Œ� ¶·¨¢¥¤¥´Ò
¢ É ¡². 5.
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’ ¡²¨Í  4

‘¶¥±É· C O Al Si S Ca V Cr Cu
ˆ¸Ìμ¤´Ò° Å Å Å Å Å Å 100 Å Å

1 39,38 35,48 Å Å Å Å 25,14 Å Å
2 53,72 32,82 0,13 Å 0,34 0,07 12,69 Å 0,23
3 67,14 26,37 0,17 0,16 0,61 0,06 5,02 0,17 0,31

�¨¸. 7. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¶μ¢¥·Ì´μ¸É¨ V-¶·μ¢μ²μ±¨ ¢ ³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢,
¸ ¸¨²Ó´Ò³¨  ´μ³ ²¨Ö³¨ (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢ (¸¶· ¢ )

’ ¡²¨Í  5

‘¶¥±É· C O Mg Al Si V Cr Fe Zn
ˆ¸Ìμ¤´Ò° Å Å Å Å Å 100 Å Å Å

1 10,6 18,49 0,87 28,38 Å 40,34 0,39 Å 0,94
2 16,4 Å 1,14 33,98 0,25 46,74 Å 0,41 1,07
3 9,15 16,96 Å 10,86 Å 61,52 0,92 Å 0,58

�  ·¨¸. 8 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ V-
¶·μ¢μ²μ±¨ ¸ ¡�μ²ÓÏ¨³ Ê¢¥²¨Î¥´¨¥³.

�Í¥´¨³ ¸μμÉ´μÏ¥´¨¥ ¨§³¥·¥´´ÒÌ ±μ´Í¥´É· Í¨° Fe, Cr ¨ Ni, ¶·¨¢¥¤¥´-
´ÒÌ ¢ É ¡². 6, ¶·¨´Ö¢ ¨Ì ¸Ê³³ ·´ÊÕ ±μ´Í¥´É· Í¨Õ §  100 %, Éμ£¤  ³μ¦´μ
ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ É ¡². 7, ¨§ ±μÉμ·μ° ¸²¥¤Ê¥É, ÎÉμ Ô²¥³¥´É-
´Ò° ¸μ¸É ¢ ¸²μÖ ¨§ Fe, Cr ¨ Ni, ¶μ±·Ò¢ ÕÐ¥£μ ¶μ¢¥·Ì´μ¸ÉÓ V, ´ Ìμ¤¨É¸Ö ¢
μÎ¥´Ó Ìμ·μÏ¥³ ¸μ£² ¸¨¨ ¨ ¶· ±É¨Î¥¸±¨ ¸μ¢¶ ¤ ¥É ¸ ¸μ¸É ¢μ³ ³ É¥·¨ ²  ¢´Ê-
É·¥´´¥° ¶μ¢¥·Ì´μ¸É¨ ¸É¥´±¨ ‘Š‚„„ (¸³. É ¡². 7) ¨ ¶·¥¤¸É ¢²Ö¥É ¸μ¡μ° SS
É¨¶  �•18�10 (Fe Å 72 %, Cr Å 18%, Ni Å 10 %). �É¸Õ¤  ³μ¦´μ ¸¤¥² ÉÓ
¢Ò¢μ¤ μ Éμ³, ÎÉμ ‘	Œ- ¨ Œ�-³¥Éμ¤Ò ¤μ¸É ÉμÎ´μ ÔËË¥±É¨¢´Ò ¶·¨ μ¶·¥-
¤¥²¥´¨¨ ¨§³¥´¥´¨° ¢ Ô²¥³¥´Éμ³ ¸μ¸É ¢¥ μ¡· §Í  ¢ ¢¨¤¥ V-¶·μ¢μ²μ±¨ ¶μ¸²¥
¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢.
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�¨¸. 8. ‘	Œ-¨§μ¡· ¦¥´¨¥ ÊÎ ¸É±  V-¶·μ¢μ²μ±¨, Ê¤ ²¥´´μ£μ μÉ ³¥¸É  ¢Ìμ¤  γ-±¢ ´Éμ¢
(¸²¥¢ ); μ¤¨´ ¨§ ¸¶¥±É·μ¢, ¨§³¥·¥´´ÒÌ ´  ´¥³ (¸¶· ¢ )

’ ¡²¨Í  6

‘¶¥±É· O Na Al Si V Cr Mn Fe Ni Cu Zn Ge Zr
ˆ¸Ìμ¤´Ò° Å Å Å Å 100 Å Å Å Å Å Å Å Å

1 24,55 Å 0,38 Å 52,21 1,99 Å 6,93 1,20 Å Å 0,59 12,14
2 42,60 0,41 0,51 0,48 30,46 2,97 0,28 10,68 2,04 0,37 0,21 Å 9,01
3 27,45 Å Å Å 38,78 4,24 0,40 16,46 2,69 Å Å 0,34 9,65
4 37,85 Å 0,54 Å 21,24 3,22 0,28 11,21 1,81 Å 0,29 Å 23,56

’ ¡²¨Í  7

‘¶¥±É· Fe Cr Ni
ˆ¸Ìμ¤´Ò° 74,37 16,61 9,01
‘·¥¤´¥¥ 68,99 19,14 11,88

1 68,48 19,66 11,86
2 68,07 18,93 13,00
3 70,37 18,13 11,50
4 69,03 19,83 11,15

1.2. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ·¥§Ê²ÓÉ ÉÒ, ¶μ²ÊÎ¥´´Ò¥ ¤²Ö ¶·μ¢μ²μ±¨ ¨§ ´¥-
·¦ ¢¥ÕÐ¥° ¸É ²¨. �  ·¨¸. 9 ¶·¥¤¸É ¢²¥´Ò ‘	Œ-¨§μ¡· ¦¥´¨Ö SS-¶·μ¢μ²μ±¨
(¤²¨´μ° 7,1 ¸³ ¨ ¤¨ ³¥É·μ³ 2,0 ³³) ¸ μ¤´μ£μ ¨ ¤·Ê£μ£μ ±μ´Íμ¢.

Š ± μÉÎ¥É²¨¢μ ¢¨¤´μ, ¶·μ¨§μÏ²¨ §´ Î¨É¥²Ó´Ò¥ ¨§³¥´¥´¨Ö μ¡μ¨Ì Éμ·Í¥-
¢ÒÌ ±μ´Íμ¢, μ´¨ ¶·¨μ¡·¥²¨ Ëμ·³Ò É¨¶  ¸ÉÊ¶¥´Î ÉÒÌ ¶¨· ³¨¤ ¸ ´¥¸±μ²Ó±μ
§ ±·Ê£²¥´´Ò³¨ ¢¥·Ï¨´ ³¨. �·¨Î¥³ Ê£²Ò £· ´¥° ¶¨· ³¨¤ ¶μ μÉ´μÏ¥´¨Õ ±
μ¸¨ ¶·μ¢μ²μ±¨ ´¥¸±μ²Ó±μ μÉ²¨Î ÕÉ¸Ö ´  μ¤´μ³ ¨ ¤·Ê£μ³ Éμ·Í¥¢ÒÌ ±μ´Í Ì.

�  ·¨¸. 10 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨ ¸ μÉ-
³¥Î¥´´Ò³¨ ÊÎ ¸É± ³¨, £¤¥ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¢  É.%), ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ£μ
μÉμ¡· ¦¥´Ò ¢ É ¡². 8. ’ ±¦¥ ¤ ´ ¸μ¸É ¢ ¨¸Ìμ¤´μ£μ μ¡· §Í  SS.
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�¨¸. 9. ‘	Œ-¨§μ¡· ¦¥´¨Ö Éμ·Í¥¢ÒÌ ±μ´Íμ¢: ¶·¨²¥£ ÕÐ¥£μ ± V-¶·μ¢μ²μ±¥ (¸²¥¢ ) ¨
μ¡· É´μ£μ ± ´¥° (¸¶· ¢ )

�¨¸. 10. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¡μ±μ¢μ° ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨ ¸ ÊÎ ¸É± ³¨ (¸²¥¢ ),
´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� μ¤´μ£μ ¨§ ¸¶¥±É·μ¢ (¸¶· ¢ )

�  ·¨¸. 11 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨ ¸ ¨§³¥-
´¥´´μ° ¸É·Ê±ÉÊ·μ° ¢¤μ²Ó ´ ¶· ¢²¥´¨Ö ¢μ§¤¥°¸É¢¨Ö γ-±¢ ´Éμ¢ ¸ μÉ³¥Î¥´´Ò³¨
ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¢  É.%), ·¥§Ê²ÓÉ ÉÒ ¶·¨¢¥¤¥´Ò
¢ É ¡². 9.
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’ ¡²¨Í  8

‘¶¥±É· C O Na Al Si S Cl
ˆ¸Ìμ¤´Ò° 21,33 Å Å 2,36 0,41 Å Å

1 20,67 7,66 Å 1,17 1,24 0,97 Å
2 15,19 5,65 Å 3,12 1,09 0,86 Å
3 54,71 19,8 1,4 1,2 1,67 0,39 0,29

‘¶¥±É· K Ca Cr Mn Fe Ni
ˆ¸Ìμ¤´Ò° Å Å 12,46 0,89 55,78 6,76

1 Å Å 14,2 1,60 44,69 7,79
2 Å Å 15,64 1,68 48,29 8,48
3 0,16 0,46 4,33 0,47 12,92 2,21

�¨¸. 11. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨ ¸ ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò²
¶·μ¢¥¤¥´ Œ� (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢ (¸¶· ¢ )

’ ¡²¨Í  9

‘¶¥±É· C O Al Si S Cr Mn Fe Ni
ˆ¸Ìμ¤´Ò° 21,33 Å 2,36 0,41 Å 12,46 0,89 55,78 6,76

4 11,45 4,04 2,52 0,99 1,1 16,49 1,62 52,41 9,39
5 14,81 4,83 11,26 1,16 0,79 14,25 1,18 43,87 7,84

�Í¥´¨³ ¸μμÉ´μÏ¥´¨¥ ¨§³¥·¥´´ÒÌ ±μ´Í¥´É· Í¨° Fe, Cr ¨ Ni ¨§ É ¡². 9,
¶·¨´Ö¢ ¨Ì ¸Ê³³ ·´ÊÕ ±μ´Í¥´É· Í¨Õ §  100 %, Éμ£¤  ³μ¦´μ ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ
¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ É ¡². 10.

�  ·¨¸. 12 ¶·¥¤¸É ¢²¥´μ ¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨, ±μÉμ-
· Ö ¡Ò²  ¢Ò¤ ¢²¥´  ¢ ¸Éμ·μ´Ê, ¶·μÉ¨¢μ¶μ²μ¦´ÊÕ ³¥¸ÉÊ ¢Ìμ¤  γ-±¢ ´Éμ¢, ¸
μÉ³¥Î¥´´Ò³¨ ÊÎ ¸É± ³¨, £¤¥ ¶·μ¢¥¤¥´ Œ� (¢  É.%), ·¥§Ê²ÓÉ ÉÒ ±μÉμ·μ£μ ¶μ-
± § ´Ò ¢ É ¡². 11.

9



’ ¡²¨Í  10

‘¶¥±É· Fe Cr Ni Mn
ˆ¸Ìμ¤´Ò° 74,37 16,61 9,01 0,89
‘·¥¤´¥¥ 66,624 21,536 11,71 1,31

1 67,02 21,30 11,68 1,60
2 66,69 21,60 11,71 1,68
3 66,39 22,25 11,36 0,47
4 66,51 20,93 11,91 1,62
5 66,51 21,60 11,89 1,18

�¨¸. 12. ‘	Œ-¨§μ¡· ¦¥´¨¥ ¶μ¢¥·Ì´μ¸É¨ SS-¶·μ¢μ²μ±¨ ¢ ³¥¸É¥ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¸
ÊÎ ¸É± ³¨, ´  ±μÉμ·ÒÌ ¡Ò² ¶·μ¢¥¤¥´ Œ� (¸²¥¢ ); ¸¶¥±É· μ¤´μ£μ ¨§ ÊÎ ¸É±μ¢ (¸¶· ¢ )

’ ¡²¨Í  11

‘¶¥±É· C O Al Si S Ca
ˆ¸Ìμ¤´Ò° 21,33 Å 2,36 0,41 Å Å

1 19,73 11,48 1,09 1,34 0,92 0,19
2 33,28 6,78 3,19 1,33 0,68 0,18
3 26,77 Å 0,98 1,43 0,95 Å
4 32,04 6,48 4,91 1,29 0,81 Å

‘¶¥±É· V Cr Mn Fe Ni Zn30

ˆ¸Ìμ¤´Ò° Å 12,46 0,89 55,78 6,76 Å
1 Å 13,52 1,45 42,00 7,7 0,59
2 0,41 11,45 1,12 35,16 6,41 Å
3 Å 14,52 1,31 45,44 8,59 Å
4 0,24 11,44 1,1 34,92 6,77 Å
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’ ¡²¨Í  12

‘¶¥±É· Fe Cr Ni Mn
ˆ¸Ìμ¤´Ò° 74,37 16,61 9,01 0,89
‘·¥¤´¥¥ 66,19 21,425 12,40 1,245

1 66,43 21,39 12,18 1,45
2 66,31 21,60 12,09 1,12
3 66,29 21,18 12,59 1,31
4 65,73 21,53 12,74 1,10

�Í¥´¨³ ¸μμÉ´μÏ¥´¨¥ ¨§³¥·¥´´ÒÌ ±μ´Í¥´É· Í¨° Fe, Cr ¨ Ni, ¶·¨¢¥¤¥´-
´ÒÌ ¢ É ¡². 11, ¶·¨´Ö¢ ¨Ì ¸Ê³³ ·´ÊÕ ±μ´Í¥´É· Í¨Õ §  100%, Éμ£¤  ³μ¦´μ
ÔÉ¨ ·¥§Ê²ÓÉ ÉÒ ¶·¥¤¸É ¢¨ÉÓ ¢ ¢¨¤¥ É ¡². 12.

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¢ V ¨ SS ¶·¨
μ¡²ÊÎ¥´¨¨ γ-±¢ ´É ³¨ ´¥¶·¥·Ò¢´μ£μ ¸¶¥±É·  ¸ £· ´¨Î´μ° Ô´¥·£¨¥° 23 ŒÔ‚
¢ Í¥²μ³ ¶μ¤É¢¥·¦¤ ÕÉ · ´´¨¥ ¤ ´´Ò¥ ¶μ ¸¨´É¥§Ê ´μ¢μ° ¸É·Ê±ÉÊ·Ò ¨ μ¡· -
§μ¢ ´¨Õ Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¡μ²¥¥ ²¥£±¨Ì, Î¥³ ¶ ²² ¤¨°, ´  ¢´ÊÉ·¥´´¨Ì
¶μ¢¥·Ì´μ¸ÉÖÌ ¢¸¥Ì ±μ´¸É·Ê±Í¨° ‘Š‚„„ (¸³. [1Ä5]) ¨ ·¥§Ê²ÓÉ ÉÒ ¢Éμ·μ£μ Ô±¸-
¶¥·¨³¥´É , ¢Ò¶μ²´¥´´μ£μ ¸ É ±μ° ¦¥ ‘Š‚„„, ± ± ¨ ´  ·¨¸. 1, ´μ ¸ § ¶μ²´¥-
´¨¥³ Pd- ¨ Re-¶·μ¢μ²μÎ± ³¨ [7].

‚ μÉ²¨Î¨¥ μÉ ¶·¥¤Ò¤ÊÐ¨Ì · ¡μÉ [1, 2, 4, 5], ¢ ¤ ´´ÒÌ ¨¸¸²¥¤μ¢ ´¨ÖÌ Ô²¥-
³¥´ÉÒ ´μ¢μ° ‘Š‚„„ ¡Ò²¨ § ³¥´¥´Ò ´  SS (¸³. ·¨¸. 1), ÎÉμ¡Ò ¨¸±²ÕÎ¨ÉÓ
´ ²¨Î¨¥ ¢ ± ³¥·¥ É ±¨Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ± ± ³¥¤Ó ¨ Í¨´±. 	´¥·£¨Ö γ-
±¢ ´Éμ¢ ¡Ò²  Ê¢¥²¨Î¥´  ¤μ 23 ŒÔ‚, ÎÉμ¡Ò ¢¢¥¸É¨ ¢ · ¸¸³μÉ·¥´¨¥ ¶·μÍ¥¸¸Ò,
μ¡Ê¸²μ¢²¥´´Ò¥ £¨£ ´É¸±¨³ ¤¨¶μ²Ó´Ò³ ·¥§μ´ ´¸μ³ [7, 11].

�  V-¶·μ¢μ²μ±¥ ¢ ³¥¸É¥ ¢Ìμ¤  γ-±¢ ´Éμ¢ ´ ¡²Õ¤ ¥É¸Ö ¸¨²Ó´μ ¶·μ¶² -
¢²¥´´Ò° ¢Ò¸ÉÊ¶,   ¢¸Ö ¡μ±μ¢ Ö ¶μ¢¥·Ì´μ¸ÉÓ ¢Ò£²Ö¤¨É ± ± ®§³¥¨´ Ö ±μ¦ ¯,
¸ ¢Ò¸μ±μ° ¶μ¢¥·Ì´μ¸É´μ° ¶²μÉ´μ¸ÉÓÕ É·¥Ð¨´, ±μÉμ·Ò¥ μÉ¸ÊÉ¸É¢ÊÕÉ ´  ¨¸-
Ìμ¤´μ° V-¶·μ¢μ²μ±¥. �  μ¡μ¨Ì ±μ´Í Ì SS-¶·μ¢μ²μ±¨ μ¡· §μ¢ ²¨¸Ó ¢Ò¤ ¢²¥´-
´Ò¥ Ê¸ÉÊ¶Ò ¢ ¢¨¤¥ ¸ÉÊ¶¥´Î ÉÒÌ ¶¨· ³¨¤ ¢ ³¥¸É Ì ¢ÒÌμ¤  ¨ ¢Ìμ¤  γ-±¢ ´Éμ¢
(¸³. ·¨¸. 8). ‚ Ì¨³¨Î¥¸±μ³ ¸μ¸É ¢¥ V-¶·μ¢μ²μ±¨ μ¡´ ·Ê¦¥´Ò ¸²¥¤ÊÕÐ¨¥ ¶·¨-
³¥¸¨: 6‘, 8�, 11Na, 12Mg, 13Al, 14Si, 16S, 20Ca, 23V, 24‘r, 25Mn, 26Fe, 28Ni,

29Cu, 30Zn, 32Ge ¨ 40Zr. ‚ Í¥²μ³ V-¶·μ¢μ²μ±  μ± § ² ¸Ó ¶μ±·ÒÉ  Éμ²¸ÉÒ³
¸²μ¥³ ´¥¶·μ¢μ¤ÖÐ¥£μ μ±¨¸² , ±μÉμ·Ò° ¢¢¨¤Ê ¥£μ §´ Î¨É¥²Ó´μ° Éμ²Ð¨´Ò ¶·μ-
£μ· ¥É ¶μ¤ ¤¥°¸É¢¨¥³ ¶ÊÎ±  Ô²¥±É·μ´μ¢ ¶·¨ ¨§³¥·¥´¨¨ ¸¶¥±É·μ¢ Œ�. Š ±
¨§¢¥¸É´μ, ¢§ ¨³μ¤¥°¸É¢¨¥ V ¸ ¢μ¤μ·μ¤μ³/¤¥°É¥·¨¥³, ±¨¸²μ·μ¤μ³ ¨ Ê£²¥·μ¤μ³
¶·μ¨¸Ìμ¤¨É ¶·¨ §´ Î¨É¥²Ó´ÒÌ É¥³¶¥· ÉÊ· Ì. �¡· §ÊÕÐ Ö¸Ö ¶·¨ ¢§ ¨³μ¤¥°-
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¸É¢¨¨ ³¥É ²²  ¸ ±¨¸²μ·μ¤μ³ ¶²¥´±  ¨§ μ±¸¨¤  ¢ ´ ¤¨Ö (V2O5) ¶·μÎ´μ ¸¢Ö-
§ ´  ¸ ³¥É ²²μ³ ¶·¨ É¥³¶¥· ÉÊ· Ì ´¨¦¥ 675 ◦‘. ‚ÒÏ¥ ÔÉμ° É¥³¶¥· ÉÊ·Ò
μ±¸¨¤ ¢ ´ ¤¨Ö ¶² ¢¨É¸Ö ¨ ´¥ § Ð¨Ð ¥É ³¥É ²² μÉ ¤ ²Ó´¥°Ï¥£μ μ±¨¸²¥´¨Ö.
ˆ§ Ë ±É  μ¡· §μ¢ ´¨Ö μ±¸¨¤´μ° ¶²¥´±¨ ¨ ¢¨¤¨³μ£μ ¶μÉ¥³´¥´¨Ö ¶μ¢¥·Ì´μ¸É¨
³μ¦´μ ¸¤¥² ÉÓ ¢Ò¢μ¤ μ Éμ³, ÎÉμ μ±¨¸²¥´¨¥ V ¶·μ¨§μÏ²μ ¶·¨ ¥£μ μ¡²ÊÎ¥-
´¨¨ γ-±¢ ´É ³¨ ¨ ¢Ò§¢ ´´Ò³¨ ¨³¨ Ö¤¥·´Ò³¨ ·¥ ±Í¨Ö³¨ ¸ μ¡· §μ¢ ´¨¥³ ± ±
±¨¸²μ·μ¤ , É ± ¨ Ê£²¥·μ¤ . ‘²¥¤Ê¥É μÉ³¥É¨ÉÓ, ÎÉμ ±¨¸²μ·μ¤ ¨ Ê£²¥·μ¤ μÉ¸ÊÉ-
¸É¢μ¢ ²¨ ¢ ‘Š‚„„, ±μÉμ· Ö ¡Ò²  § ¶μ²´¥´  ¤¥°É¥·¨¥³ (98,0 %) ¶·¨ ¤ ¢²¥´¨¨
¶·¨³¥·´μ 2 ±¡ ·.

‚ ¶·μ¢μ²μ±¥ ¨§ SS ¢ μ¡² ¸ÉÖÌ ¸ÉÊ¶¥´Î ÉÒÌ ¢Ò¸ÉÊ¶μ¢ ¸ μ¡μ¨Ì ±μ´Íμ¢ μ¡-
´ ·Ê¦¥´Ò ¸²¥¤ÊÕÐ¨¥ Ì¨³¨Î¥¸±¨¥ ¶·¨³¥¸¨: 6‘, 8�, 11Na, 12Mg, 13Al, 14Si,

16S, 17Cl, 19K, 20Ca, 23V, 24‘r, 25Mn, 26Fe, 28Ni ¨ 30Zn. Šμ´Í¥´É· Í¨Ö Fe, Ni,
Cr ´  ¶μ¢¥·Ì´μ¸É¨ V (É ¡². 7) ¨ ¸μ¸É ¢ SS ¢ ¶·μ¢μ²μ±¥ ´  ¢Ìμ¤¥ (É ¡². 10) ¨
´  ¢ÒÌμ¤¥ (É ¡². 12) γ-±¢ ´Éμ¢ ´¥¸±μ²Ó±μ · §²¨Î ÕÉ¸Ö. ‚ Î ¸É´μ¸É¨, ¸·¥¤´¥¥
§´ Î¥´¨¥ μÉ´μ¸¨É¥²Ó´μ° ±μ´Í¥´É· Í¨¨ ¦¥²¥§  ´  ¡μ²¥¥ Î¥³ 2  É.% ¶·¥¢Ò-
Ï ¥É,   ¶μ Ì·μ³Ê ´  É¥ ¦¥ 2  É.% ´¨¦¥ ¢ ¸· ¢´¥´¨¨ ¸ ¨Ì ±μ´Í¥´É· Í¨Ö³¨
´  ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¢Ìμ¤  ¨ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¢ ¶·μ¢μ²μ±¥ ¨§ SS. �É´μ-
¸¨É¥²Ó´ Ö ±μ´Í¥´É· Í¨Ö ´¨±¥²Ö ´  ¶μ¢¥·Ì´μ¸É¨ ¢¡²¨§¨ ¢ÒÌμ¤  γ-±¢ ´Éμ¢ ¢
¶·μ¢μ²μ±¥ ¨§ SS ¢ ¸·¥¤´¥³ ´  0,5  É.% ¢ÒÏ¥, Î¥³ ´  ¶μ¢¥·Ì´μ¸É¨ V ¨ ³¥¸É¥
¢Ìμ¤  γ-±¢ ´Éμ¢ ¢ ¶·μ¢μ²μ±Ê ¨§ SS.

•μ·μÏμ ¨§¢¥¸É´μ ¨§ [8Ä10], ÎÉμ ¶μ£²μÐ¥´¨¥ ¨²¨ ´ ¸ÒÐ¥´¨¥ V ¨ SS
´¥ ¶·μ¨¸Ìμ¤¨É ¤ ¦¥ ¶·¨ ¢Ò¸μ±¨Ì ¤ ¢²¥´¨ÖÌ. �·¨ μ¡²ÊÎ¥´¨¨ ‘Š‚„„ γ-
±¢ ´É ³¨ É ±¨¥ ¶·μÍ¥¸¸Ò ³μ£ÊÉ ¨³¥ÉÓ ³¥¸Éμ Éμ²Ó±μ §  ¸Î¥É ¤¨¸¸μÍ¨ Í¨¨
³μ²¥±Ê²Ö·´μ£μ ¤¥°É¥·¨Ö ´   Éμ³ ·´Ò° ¤¥°É¥·¨°. ‘²¥¤μ¢ É¥²Ó´μ, ¶·μÍ¥¸¸Ò,
¢Ò§¢ ´´Ò¥ ·¥ ±Í¨Ö³¨ ¤¥²¥´¨Ö, ³μ£ÊÉ ¶·μ¨¸Ìμ¤¨ÉÓ ± ± ¢ ¶·¨¶μ¢¥·Ì´μ¸É´ÒÌ
¸²μÖÌ, É ± ¨ ¢ μ¡Ñ¥³¥ V- ¨ SS-¶·μ¢μ²μ±.

‚¸¥ (γ, n)-Ö¤¥·´Ò¥ ·¥ ±Í¨¨ ¶μ¤ ¤¥°¸É¢¨¥³ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨
¤μ 23 ŒÔ‚ ´  Ö¤· Ì Ì¨³¨Î¥¸±¨Ì Ô²¥³¥´Éμ¢, ´ Ìμ¤ÖÐ¨Ì¸Ö ¢ ‘Š‚„„ ¨ ¨§Ê-
Î¥´´ÒÌ V- ¨ SS-¶·μ¢μ²μÎ± Ì, ¨³¥ÕÉ ³¥¸Éμ. �μ·μ£¨ ÔÉ¨Ì ·¥ ±Í¨° · ¸¸Î¨-
É ´Ò ¢ · ¡μÉ Ì [3, 5]. �μ¸±μ²Ó±Ê ³ ±¸¨³ ²Ó´Ò¥ Ô´¥·£¨¨ ¶ ·´ÒÌ ´¥°É·μ-
´μ¢ ¨ ¶·μÉμ´μ¢ ¨§ ·¥ ±Í¨¨ ËμÉμ· ¸Ð¥¶²¥´¨Ö ¤¥°É·μ´μ¢ ¤²Ö γ-±¢ ´Éμ¢ ¸
£· ´¨Î´μ° Ô´¥·£¨¥° 23 ŒÔ‚ · ¢´Ò Emax

n,p = 0,5(23 − 2,22) = 10,39 ŒÔ‚,
Éμ, ¶μ³¨³μ (γ, n)-·¥ ±Í¨°, ¸²¥¤Ê¥É É ±¦¥ μÉ³¥É¨ÉÓ ¨ ¢μ§³μ¦´μ¸ÉÓ ¶·μÉ¥± -
´¨Ö ·¥ ±Í¨° ¤¥²¥´¨Ö ¤¥°É·μ´μ¢ ¶μ¤ ¤¥°¸É¢¨¥³ ´¥°É·μ´μ¢ n′(d, p)2n ¸ Ô´¥·-
£¨Ö³¨ En′ � EThreshold

n = 3,24 ŒÔ‚ ¨ ¶·μÉμ´μ¢ p′(d, n)2p ¸ Ô´¥·£¨Ö³¨
Ep′ � EThreshold

p = 3,39 ŒÔ‚, ¶·¨¢μ¤ÖÐ¨Ì ± · §³´μ¦¥´¨Õ ´¥°É·μ´μ¢ ¨ ¶·μ-
Éμ´μ¢, ±μÉμ·Ò¥ ¢ ± ¦¤μ³  ±É¥ ¤¥²¥´¨Ö (· ¸Ð¥¶²¥´¨Ö) ¤¥°É·μ´  ¡Ê¤ÊÉ ¨³¥ÉÓ
¸Ê³³ ·´Ò¥ Ô´¥·£¨¨ En + Ep + En′′ = En′ − EThreshold

n ¨ En + Ep + Ep′′ =
Ep′ − EThreshold

p , £¤¥ Ep′ ¨ En′ Å Ô´¥·£¨¨ ¶·μÉμ´μ¢ ¨ ´¥°É·μ´μ¢ ¨§ ·¥ ±-
Í¨° ËμÉμ· ¸Ð¥¶²¥´¨Ö ¤¥°É·μ´μ¢. ‚ Í¥²μ³ ¶μ¤Ìμ¤ ± μ¡· §μ¢ ´¨Õ ¶·μ¤Ê±Éμ¢
¤¥²¥´¨Ö Ö¤¥·, μ¶¨¸ ´´Ò° ¢ · ¡μÉ Ì [3, 5], ¶·¨³¥´¨³ ¨ ± μ¡´ ·Ê¦¥´´Ò³ ¨§³¥-
´¥´¨Ö³ Ô²¥³¥´É´μ£μ ¸μ¸É ¢  ¤²Ö V ¨ SS. •μÉÖ ³μ¦´μ ¢¢¥¸É¨ ¢ · ¸¸³μÉ·¥´¨¥
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¨ ´¥¸±μ²Ó±μ ¤·Ê£¨Ì ·¥ ±Í¨°:

d + 51
23V → p + 52

23V [Q = +5,0866 MeV]
β−

−→ 52
24Cr (83,789 %);

n + 51
23V → γ + 52

23V [Q = +7,311 MeV]
β−

−→ 52
24Cr (83,789 %);

γ + 51
23V → n + 50

23V [Q = −8,832 MeV] (> 4 · 1016 ²¥É, 0,25 %);

n + 54
24Cr → γ + 55

24Cr [Q = +6,246 MeV]
β−

−→ 55
25Mn (100 %);

d + 54
24Cr → p + 55

24Cr [Q = +4,022 MeV]
β−

−→ 55
25Mn (100 %);

d + 56
26Fe → p + 57

26Fe [Q = 5,422 MeV] (2,2 %);

d + 62
28Ni → p + 63

28N [Q = 4,614 MeV]
β−

−→ 63
29Cu29 (69,17 %).

�¸μ¡μ μÉ³¥É¨³, ÎÉμ ¶·¨ ¶·¨³¥´¥´¨¨ γ-±¢ ´Éμ¢ ¸ Ô´¥·£¨Ö³¨ ¤μ 23 ŒÔ‚
¤²Ö μ¡²ÊÎ¥´¨Ö ‘Š‚„„ ¸ V- ¨ SS-¶·μ¢μ²μÎ± ³¨ ¡Ò²¨ ¤μ¸É¨£´ÊÉÒ ¤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´¥·£¨¨.
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