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�¥´É£¥´μ- ¨ ´¥°É·μ´μ£· Ë¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö Ëμ·³¨·μ¢ ´¨Ö
¨ Ê¸Éμ°Î¨¢μ¸É¨ Ë § ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  …93 ¢ ¸¶² ¢ Ì ¸¨¸É¥³Ò NiÄNb

�·¨  ´ ²¨§¥ Ë §μ¢ÒÌ ¸μ¸ÉμÖ´¨°, Ëμ·³¨·ÊÕÐ¨Ì¸Ö ¢ ¸¶² ¢ Ì Ni60−30Nb40−70

¶·¨ § ± ²±¥ ¨§ ¦¨¤±μ£μ ¸μ¸ÉμÖ´¨Ö ¨ ±·¨¸É ²²¨§ Í¨¨  ³μ·Ë´ÒÌ ¸¶² ¢μ¢, · §-
²¨Î´Ò³¨  ¢Éμ· ³¨ μÉ³¥Î ²μ¸Ó μ¡· §μ¢ ´¨¥ ¤¢ÊÌ Ë § É¨¶  …93 ¸ · §²¨Î -
ÕÐ¨³¨¸Ö ¶¥·¨μ¤ ³¨ ±·¨¸É ²²¨Î¥¸±μ° ·¥Ï¥É±¨: η′ ((1,120 ± 0,001) ´³) ¨
η′′ ((1,164 ± 0,002) ´³). „²Ö ÊÉμÎ´¥´¨Ö ¸É·Ê±ÉÊ·Ò Ê± § ´´ÒÌ Ë § ¨ μ¡ÑÖ¸´¥´¨Ö
¶·¨Î¨´ ¨Ì Ëμ·³¨·μ¢ ´¨Ö ¶·¨ ´¥· ¢´μ¢¥¸´μ° ±·¨¸É ²²¨§ Í¨¨ ¶¥·¥μÌ² ¦¤¥´´μ£μ
· ¸¶² ¢  ¨  ³μ·Ë´μ£μ ¸¶² ¢  ¢ · ¡μÉ¥ ¡Ò²¨ ¨¸¶μ²Ó§μ¢ ´Ò ·¥´É£¥´μ£· Ë¨Î¥¸±¨°
¨ ´¥°É·μ´μ£· Ë¨Î¥¸±¨° ³¥Éμ¤Ò ¨¸¸²¥¤μ¢ ´¨° ¨ ±·¨¸É ²²μÌ¨³¨Î¥¸±¨¥ ±·¨É¥·¨¨
É¥μ·¨¨ Ëμ·³¨·μ¢ ´¨Ö ¨ Ê¸Éμ°Î¨¢μ¸É¨ ¶·μ³¥¦ÊÉμÎ´ÒÌ Ë § ¨  ³μ·Ë´ÒÌ ¸¶² -
¢μ¢ ¢ ¸¨¸É¥³ Ì ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢. �±¸¶¥·¨³¥´É ²Ó´μ ¡Ò²μ ¤μ± § ´μ, ÎÉμ η′

¨ η′′ Å ÔÉμ Ë §Ò ¤¢ÊÌ · §´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ É¨¶μ¢: Fe6W6C ¨ Ti2Ni. ”μ·³¨·μ-
¢ ´¨¥ μ¡¥¨Ì Ë § ¸¢Ö§ ´μ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ ±·¨¸É ²²μÌ¨³¨Î¥¸±¨³¨ ¶ · ³¥-
É· ³¨: · §³¥·´Ò³ Ë ±Éμ·μ³ ¨ Ô²¥±É·μ´´μ° ±μ´Í¥´É· Í¨¥°.

� ¡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

Savin V.V., Semin V.A., Semina V.K. P14-2014-41
Formation and Stability of the E93-Type Phases in NiÄNb
Alloy System Studied by X-Ray and Neutron Diffraction

By analyzing phase states formed in the Ni60−30Nb40−70 alloys under rapid
melt quenching conditions and metal glasses crystallization, some researchers have
revealed formation of two isotypic E93-type phases, denoted as η′ and η′′, which
exhibit different lattice parameters: (1.120± 0.001) nm (η′) and (1.164± 0.002) nm
(η′′). To reˇne structures of these phases and to clarify their formation reasons
in course of non-equilibrium crystallization of undercooled melt and amorphous
alloy, we used X-ray and neutron diffraction methods as well as crystallochemical
criteria from the theory of formation and stability for intermediate phases and metal
glasses in transition metal systems. It was experimentally shown that the η′ and η′′

phases belong to different structural types, namely Fe6W6C and Ti2Ni, respectively.
Formation of these phases is correlated with respective crystallochemical parameters:
the size factor and electron concentration.

The investigation has been performed at the Flerov Laboratory of Nuclear Reac-
tions, JINR.
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‚ · ¡μÉ¥ [1] μ¡μ¡Ð¥´Ò Ë ±Éμ·Ò, ¢²¨ÖÕÐ¨¥ ´  Ëμ·³¨·μ¢ ´¨¥ ¨ Ê¸Éμ°-
Î¨¢μ¸ÉÓ Ë § ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  …93 ¢ ¸¶² ¢ Ì ¸¨¸É¥³ �Œ(VIII)Ä�Œ(IVÄVI)
¨²¨ �‡Œ ¶·¨ ´¥· ¢´μ¢¥¸´μ° ±·¨¸É ²²¨§ Í¨¨ ¢ Ê¸²μ¢¨ÖÌ § ± ²±¨ ¨§ ¦¨¤±μ£μ
¸μ¸ÉμÖ´¨Ö (‡†‘) ¨ ¶·¨ μÉ¦¨£¥  ³μ·Ë´ÒÌ ¸¶² ¢μ¢ (�‘). ‚ ¸¨¸É¥³¥ NiÄNb
¢ÒÖ¢²¥´μ ¸ÊÐ¥¸É¢μ¢ ´¨¥ ¤¢ÊÌ Ë § Ê± § ´´μ£μ É¨¶  ¸ · §´Ò³¨ ¶¥·¨μ¤ ³¨ ·¥-
Ï¥É±¨: η′ ((1,120±0,001) ´³) ¨ η ¨²¨ η′′ ((1,164±0,002) ´³) [2Ä4]. ‚ ¸¨¸É¥-
³ Ì ¨¸¸²¥¤μ¢ ´´ÒÌ ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢ (�Œ)  Éμ³Ò ¢´¥¤·¥´¨Ö (�, N, C, O)
¸¶μ¸μ¡¸É¢ÊÕÉ μ¡· §μ¢ ´¨Õ É·μ°´ÒÌ Ë § É¨¶  …93, ·μ¤¸É¢¥´´ÒÌ Ë §¥ Ti2Ni:
Fe3W3C ¨²¨ Fe6W6C [5]. ‘É ¡¨²¨§¨·ÊÕÐ Ö ·μ²Ó ±¨¸²μ·μ¤  ¢ ¨Ì Ëμ·³¨·μ-
¢ ´¨¨ ¶·μÖ¢²Ö¥É¸Ö ¶·¨ ¥£μ ±μ´Í¥´É· Í¨¨ ¡μ²ÓÏ¥ 5  É. % [6, 7].

‚ ¸¢Ö§¨ ¸ ÔÉ¨³ ¢ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¡Ò²¨ ¢Ò¶μ²´¥´Ò ¸¨¸É¥³´Ò¥ ¨¸-
¸²¥¤μ¢ ´¨Ö ¢²¨Ö´¨Ö ¶·¨³¥¸¥° ¢´¥¤·¥´¨Ö ´  Ëμ·³¨·μ¢ ´¨¥ ¨ Ê¸Éμ°Î¨¢μ¸ÉÓ
¸É·Ê±ÉÊ·Ò Ë § É¨¶  …93 ¶·¨ ±·¨¸É ²²¨§ Í¨¨ ¢ Ê¸²μ¢¨ÖÌ ‡†‘ ¨ μÉ¦¨£¥ AC
Ni60−30Nb40−70.

�·¨ ¨§³¥´¥´¨¨ É¥Ì´μ²μ£¨Î¥¸±¨Ì ¶ · ³¥É·μ¢ ³¥Éμ¤  ‡†‘ [8] ¡Ò²¨ ¶μ-
²ÊÎ¥´Ò ²¥´ÉÒ (Î¥ÏÊ°±¨, ¨£μ²μÎ±¨) ¸ Éμ²Ð¨´ ³¨ ¢ ¤¨ ¶ §μ´¥ 1Ä100 ³±³.
�Éμ ¶μ§¢μ²¨²μ ¶·μ¢¥¸É¨ ·¥´É£¥´μ¢¸±¨° Ë §μ¢Ò°  ´ ²¨§ η′-Ë §Ò. ˆ¸¶μ²Ó-
§μ¢ ´¨¥ ³μ´μÌ·μ³ É¨Î¥¸±μ£μ ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ ¢ ·Ó¨·μ¢ ´¨¥ ·¥-
¦¨³μ¢ ¸Ñ¥³±¨ μ¡¥¸¶¥Î¨²μ ¶μ¢ÒÏ¥´´ÊÕ ÎÊ¢¸É¢¨É¥²Ó´μ¸ÉÓ ³¥Éμ¤ . �Éμ ¡Ò²μ
μ¸μ¡¥´´μ ¢ ¦´μ ¶·¨  ´ ²¨§¥ ¸² ¡ÒÌ ¤¨Ë· ±Í¨μ´´ÒÌ ³ ±¸¨³Ê³μ¢ · ¸¸¥Ö´¨Ö
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÉ ±·¨¸É ²²¨Î¥¸±μ° Ë §Ò, ¢Ò¤¥²ÖÕÐ¥°¸Ö ¢ ³ ²μ³
±μ²¨Î¥¸É¢¥ ¢´ÊÉ·¨  ³μ·Ë´μ° ³ É·¨ÍÒ, μ¡μ£ Ð¥´´μ° ´¨μ¡¨¥³ [9]. �μ¸²¥¤´¥¥
¶μ§¢μ²¨²μ ¤μ¢¥¸É¨ Ë §μ¢Ò°  ´ ²¨§ ¤μ ±μ²¨Î¥¸É¢¥´´ÒÌ μÍ¥´μ± Å ¸μ¶μ¸É ¢²¥-
´¨Ö Ô±¸¶¥·¨³¥´É ²Ó´μ° ¨ É¥μ·¥É¨Î¥¸±μ° ¨´É¥´¸¨¢´μ¸É¥° · ¸¸¥Ö´¨Ö ·¥´É£¥-
´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö η′-Ë §μ°. � ²¨Î¨¥ ¤μ¸É ÉμÎ´μ£μ ±μ²¨Î¥¸É¢  μ¤´μÉ¨¶´ÒÌ
‡†‘  ³μ·Ë´ÒÌ ¸¶² ¢μ¢ Ni58Nb42 ¶μ§¢μ²¨²μ ¶μ²ÊÎ¨ÉÓ (¶·¨ ¸μμÉ¢¥É¸É¢ÊÕ-
Ð¥³ ¨§μÉ¥·³¨Î¥¸±μ³ μÉ¦¨£¥) ¶μ·μÏ±μ¢Ò¥ μ¡· §ÍÒ ³ ¸¸μ° ¤μ 5 £, ±μÉμ·Ò¥
¸μ¤¥·¦ ²¨ η′-Ë §Ê ¢  ³μ·Ë´μ° ³ É·¨Í¥. “± § ´´Ò¥ μ¡· §ÍÒ ¡Ò²¨ ¨¸¸²¥¤μ-
¢ ´Ò ´¥°É·μ´μ£· Ë¨Î¥¸±¨. ‘μ¶μ¸É ¢²¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ ·¥´É£¥´μ£· Ë¨Î¥¸±μ£μ
¨ ´¥°É·μ´μ£· Ë¨Î¥¸±μ£μ ¨¸¸²¥¤μ¢ ´¨° η′-Ë §Ò ¶μ§¢μ²¨²μ Ê¸É ´μ¢¨ÉÓ ±·¨-
¸É ²²μ£· Ë¨Î¥¸±¨° ¡ §¨¸ ¨ μ¡ÑÖ¸´¨ÉÓ ¥¥ Ëμ·³¨·μ¢ ´¨¥ ¸É ¡¨²¨§¨·ÊÕÐ¨³
¤¥°¸É¢¨¥³ ¶·¨³¥¸¥° ¢´¥¤·¥´¨Ö.
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‚ ·¥§Ê²ÓÉ É¥ Ë §μ¢μ£μ  ´ ²¨§  ¡μ²ÓÏμ£μ Î¨¸²  μ¡· §Íμ¢ ¸¶² ¢  Ni58Nb42

¡Ò²μ μ¡´ ·Ê¦¥´μ, ÎÉμ ¢ ‡†‘-²¥´É Ì Éμ²Ð¨´μ° ¡μ²ÓÏ¥ 50 ³±³ ¢  ³μ·Ë´μ°
³ É·¨Í¥ ¶·¨¸ÊÉ¸É¢Ê¥É Ë § , ·¥´É£¥´μ¢¸±¨¥ · ¸¸¥Ö´¨Ö μÉ ±μÉμ·μ° ´¥ ³μ£ÊÉ
¡ÒÉÓ ¨´É¥·¶·¥É¨·μ¢ ´Ò ± ± · ¸¸¥Ö´¨Ö μÉ · ¢´μ¢¥¸´ÒÌ Ë § ¤ ´´μ£μ ¸¶² ¢ ,
É. ¥. μ +Ni3Nb [10, 11]. �  ·¨¸. 1 ¶·¨¢¥¤¥´Ò ¤¨Ë· ±Éμ£· ³³Ò ‡†‘ ¸¶² ¢ 
Ni58Nb42 ¢ § ¢¨¸¨³μ¸É¨ μÉ Éμ²Ð¨´Ò § ± ²¥´´μ£μ μ¡· §Í  (±·¨¢Ò¥ 2Ä4). �¤-
´ ±μ ¶μ ¤¨Ë· ±Éμ£· ³³ ³ ‡†‘ ¸¶² ¢μ¢ (±·¨¢ Ö 4) § É·Ê¤´¨É¥²Ó´μ ¶·μ¢¥¸É¨
¶μ²´Ò°  ´ ²¨§ ¨ μ¶·¥¤¥²¨ÉÓ ¸É·Ê±ÉÊ·Ê ¢Ò¤¥²ÖÕÐ¥°¸Ö Ë §Ò, É ± ± ± ¤¨Ë· ±-
Í¨μ´´Ò¥ ³ ±¸¨³Ê³Ò ¸² ¡Ò¥ ¨ ¸¨²Ó´μ · §³ÒÉÒ. “¢¥²¨Î¥´¨¥ Éμ²Ð¨´Ò ²¥´É ´ 
´¥¸±μ²Ó±μ ³¨±·μ³¥É·μ¢ ¶·¨¢μ¤¨É ± ¢Ò¤¥²¥´¨Õ ¶·¨ ±·¨¸É ²²¨§ Í¨¨ ¢ É ±¨Ì
Ê¸²μ¢¨ÖÌ ‡†‘ (³ ²Ò¥ ¶¥·¥μÌ² ¦¤¥´¨Ö · ¸¶² ¢ ) · ¢´μ¢¥¸´ÒÌ Ë §. „¨Ë· ±-
Í¨μ´´Ò¥ ³ ±¸¨³Ê³Ò · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° μÉ · ¢´μ¢¥¸´ÒÌ Ë § ´ -

�¨¸. 1. „¨Ë· ±Éμ£· ³³Ò (Co Kα-¨§²ÊÎ¥´¨¥) ¸¶² ¢  Ni58Nb42 ¢ § ¢¨¸¨³μ¸É¨ μÉ Ê¸²μ-
¢¨° ¶μ²ÊÎ¥´¨Ö ¨ ¤ ²Ó´¥°Ï¥° μ¡· ¡μÉ±¨: 1 Å ²¨Éμ° ¸¶² ¢; 2 Å ‡†‘ ¸¶² ¢, ¶² ¸É¨´Ò
¸ t ∼ 100 ³±³; 3 Å ‡†‘ ¸¶² ¢, ²¥´ÉÒ ¸ t ≈ 50−60 ³±³; 4 Å  ³μ·Ë´Ò¥ ²¥´ÉÒ ¸
t � 50 ³±³; 5 Å �‘+ μÉ¦¨£ 620 ◦‘, 20 ³¨´; 6 Å �‘+ μÉ¦¨£ 625 ◦‘, 1 Î; 7 Å
�‘+ μÉ¦¨£ 700 ◦‘, 20 ³¨´; 8 Å �‘+ μÉ¦¨£ 960 ◦‘, 1 Î
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±² ¤Ò¢ ÕÉ¸Ö ´  · ¸¸¥Ö´¨Ö μÉ η′-Ë §Ò (±·¨¢ Ö 2). Œ ²Ò¥ ¨§³¥´¥´¨Ö Éμ²Ð¨´Ò
²¥´ÉÒ (´¥¸±μ²Ó±μ ³¨±·μ³¥É·μ¢) ³μ£ÊÉ ¢Ò§¢ ÉÓ ¨§³¥´¥´¨¥ ¸±μ·μ¸É¨ μÌ² ¦¤¥-
´¨Ö ´  ¶μ·Ö¤μ± [12]. �μÔÉμ³Ê, ¨§³¥´ÖÖ Éμ²Ð¨´Ê ²¥´ÉÒ, É·Ê¤´μ ¸μ§¤ ÉÓ Ê¸²μ-
¢¨Ö, ¡² £μ¶·¨ÖÉ´Ò¥ ¤²Ö μ¡· §μ¢ ´¨Ö ¨¸±²ÕÎ¨É¥²Ó´μ η′-Ë §Ò. ‘ Í¥²ÓÕ ¶μ²Ê-
Î¥´¨Ö ¸μ¸ÉμÖ´¨Ö, μÉ¢¥Î ÕÐ¥£μ ¸ÊÐ¥¸É¢μ¢ ´¨Õ ¢ ¸¶² ¢¥ Éμ²Ó±μ η′-Ë §Ò ¨²¨
³ ±¸¨³ ²Ó´μ£μ ±μ²¨Î¥¸É¢  η′-Ë §Ò ¢´ÊÉ·¨  ³μ·Ë´μ° ³ É·¨ÍÒ, ¡Ò² μ¸ÊÐ¥-
¸É¢²¥´ ¨§μÉ¥·³¨Î¥¸±¨° μÉ¦¨£ �‘ Ni58Nb42 ¶·¨ É¥³¶¥· ÉÊ· Ì, ¡²¨§±¨Ì ±
É¥³¶¥· ÉÊ·¥ ´ Î ²  ±·¨¸É ²²¨§ Í¨¨ (T±·), ±μÉμ·ÊÕ μ¶·¥¤¥²Ö²¨ ¢ ¶·μÍ¥¸¸¥
´¥¶·¥·Ò¢´μ£μ ´ £·¥¢  ¸μ ¸±μ·μ¸ÉÓÕ v´ £· = 1−4 Š/³¨´ ³¥Éμ¤ ³¨ ¤¨ËË¥·¥´-
Í¨ ²Ó´μ£μ É¥·³¨Î¥¸±μ£μ (D’�), ·¥§¨¸Éμ³¥É·¨Î¥¸±μ£μ (DTR) ¨ ¤¨² Éμ³¥É·¨-
Î¥¸±μ£μ (DTL)  ´ ²¨§μ¢ [13]. �·¨ v´ £· = 4 Š/³¨´ ¶μ ±·¨¢Ò³ D’� ¡Ò² 
μ¶·¥¤¥²¥´  T±· = (625,0 ± 2,5) ◦‘. �¥§Ê²ÓÉ ÉÒ DTA, DTL ¨ DTR ¤²Ö �‘
Ni58Nb42 ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 2.

�¨¸. 2. Š·¨¸É ²²¨§ Í¨Ö  ³μ·Ë´μ£μ ¸¶² ¢  Ni58Nb42 ¶·¨ ´¥¶·¥·Ò¢´μ³ ´ £·¥¢¥: 1 Å
DTA, v´ £· ≈ 4 Š/³¨´; 2 Å DTR = (R − R0)/R0, v´ £· ≈ 8 Š/³¨´; 3 Å DTL =
(L − L0)/L0, v´ £· ≈ 4 Š/³¨´

�´ ²¨§ ¤¨Ë· ±Éμ£· ³³ ‡†‘ ²¥´É · §´μ° Éμ²Ð¨´Ò ¨ μÉμ¦¦¥´´μ£μ �‘
¶μ± §Ò¢ ¥É, ÎÉμ η′-Ë §  ¢Ò¤¥²Ö¥É¸Ö ± ± ´  · ´´¥° ¸É ¤¨¨ ±·¨¸É ²²¨§ Í¨¨ �‘,
É ± ¨ ¶·¨ ±·¨¸É ²²¨§ Í¨¨ ¶¥·¥μÌ² ¦¤¥´´μ£μ · ¸¶² ¢  ¶·¨ ‡†‘ ¸μ ¸±μ·μ-
¸ÉÓÕ μÌ² ¦¤¥´¨Ö (vμÌ²), ¡²¨§±μ° ± ±·¨É¨Î¥¸±μ° ¤²Ö  ³μ·Ë´μ£μ § É¢¥·¤¥¢ -
´¨Ö (v ³μ·).

� ¸Î¥É ¤¨Ë· ±Éμ£· ³³Ò ¨§μÉ¥·³¨Î¥¸±¨ μÉμ¦¦¥´´μ£μ �‘ Ni58Nb42

(625 ◦‘, 20 ³¨´) ¸ Ê± § ´¨¥³ ¨§³¥·¥´´μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¤¨-
Ë· ±Í¨μ´´ÒÌ ³ ±¸¨³Ê³μ¢ ¨ ¨´¤¨Í¨·μ¢ ´¨¥³ ¶μ²ÊÎ¥´´μ£μ ·Ö¤  ³¥¦¶²μ¸±μ¸É-
´ÒÌ · ¸¸ÉμÖ´¨° (d/n) ¶·¨¢¥¤¥´ ¢ É ¡². 1.
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’ ¡²¨Í  1. �±¸¶¥·¨³¥´É ²Ó´Ò¥ ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-
¨§²ÊÎ¥´¨Ö ¨ · ¸Î¥É ¤¨Ë· ±Éμ£· ³³ μÉ μÉμ¦¦¥´´μ£μ ‡†‘ �‘ Ni58Nb42

(625 ◦‘, 20 ³¨´)

2θ, ◦ d/n,
´³

hkl
IÔ±¸¶

∗,
%

� ¸Î¥É´Ò¥ ¤ ´´Ò¥ ¤²Ö ¸μ¸É ¢ 
Ni58Nb42 ¸ ¡ §¨¸μ³

[[Ni: 16(d), 32(e) x32(e) = 0,838;
Nb: 48(f ) x48(f) = 0,202]]∗∗

I , % d/n
ΔI =

|IÔ±¸¶ − I |, %

40,57 0,258 331 14 13 0,2569 1

45,98 0,229 422 35 36 0,2286 1

48,90 0,216 333+ 511 100 100 0,2155 0

53,61 0,199 400 42 40 0,1980 2

57,05 0,187 442 10 7 0,1866 3

69,47 0,157 711+ 551 4 2 0,1568 2

75,60 0,146 533+ 731 9 10 0,1458 1

81,60 0,137 080+ 733 10 7; 2 0,1400; 0,1368 1

85,27 0,1322 822+ 660 39 32 0,1320 7

87,46 0,1293 175+ 555 12 10 0,1293 2

105,21 0,1127 755+ 771 21 22 0,1125 3

109,00 0,1099 862+ 20,10 12 10 0,1098 2

111,44 0,1083
773+ 951;

210,2
20

14
6

0,1083
0,1078

0

132,40 0,0978 595+ 179+ 13,11 4 9 0,0978 5

137,37 0,0961 60,10+ 686 9 6 0,096 3

146,70 0,0934 0,012+ 884 20 24 0,0933 4

∗ ˆ´É¥´¸¨¢´μ¸ÉÓ μ¶·¥¤¥²Ö² ¸Ó ¶μ ¶²μÐ ¤¨ ¶μ¤ ¶¨±μ³, Ëμ·³Ê ±μÉμ·μ£μ  ¶¶·μ±-
¸¨³¨·μ¢ ²¨ É·¥Ê£μ²Ó´¨±μ³.

∗∗ �Éμ³Ò Nb § ´¨³ ÕÉ ¸¢μ¨ ¶μ§¨Í¨¨ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ 0,833, ¨ ¸ ¢¥·μÖÉ´μ¸ÉÓÕ
0,167 ¢ ÔÉ¨Ì ¶μ§¨Í¨ÖÌ ´ Ìμ¤ÖÉ¸Ö  Éμ³Ò Ni.

�±¸¶¥·¨³¥´É ²Ó´Ò° ·Ö¤ (d/n) ¶μ²´μ¸ÉÓÕ ¨´¤¨Í¨·Ê¥É¸Ö, ¥¸²¨ ¶·¥¤¶μ-
²μ¦¨ÉÓ, ÎÉμ ¢ ¸¶² ¢¥ ¶·¨¸ÊÉ¸É¢Ê¥É Ë §  ¸ ƒ–Š-·¥Ï¥É±μ° ¨ ¶¥·¨μ¤μ³ a =
1,120 ´³. ’ ±ÊÕ ¸É·Ê±ÉÊ·Ê ¨ ¡²¨§±¨¥ §´ Î¥´¨Ö ¶¥·¨μ¤  ·¥Ï¥É±¨ ¨³¥ÕÉ Ë §Ò
Ti2Ni [14] ¨ η(η′′)-Ë § , μ¡· §μ¢ ´¨¥ ±μÉμ·μ° ¢ ¸¨¸É¥³¥ NiÄNb (¢ ¸¶² ¢ Ì,
¡μ£ ÉÒÌ Nb) Ê¸É ´μ¢²¥´μ ¢ · ¡μÉ Ì [3, 4]. �μ  ´ ²μ£¨¨ ¸ η-Ë §μ° Ë § , μ¡´ -
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·Ê¦¥´´ Ö ¢ ¸¶² ¢¥ Ni58Nb42 ¶μ¸²¥ ‡†‘ ¨ ¶·¨ ±·¨¸É ²²¨§ Í¨¨ �‘, μ¡μ§´ -
Î¥´  ± ± η′. ‘μμÉ¢¥É¸É¢¥´´μ, ¢Éμ· Ö Ë §  É¨¶  …93, μ¡· §ÊÕÐ Ö¸Ö ¢ ¸¶² ¢ Ì
¸¨¸É¥³Ò NiÄNb ¶·¨ ¸μ¤¥·¦ ´¨¨ ´¨μ¡¨Ö ¡μ²ÓÏ¥ 50  É. %, ¤ ²¥¥ μ¡μ§´ Î ¥É¸Ö
± ± η′′.

‘μ¶μ¸É ¢²¥´¨¥ §´ Î¥´¨° Ô±¸¶¥·¨³¥´É ²Ó´μ ¨§³¥·¥´´μ° μÉ´μ¸¨É¥²Ó´μ°
¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ‘μ Kα

(�‘ + 625 ◦‘)-μ¡· §Íμ³ ¸ · ¸Î¥É´Ò³¨ ¤ ´´Ò³¨ ¤²Ö η′-Ë §Ò ¸ ¡ §¨¸μ³,  ´ -
²μ£¨Î´Ò³ Ti2Ni [15, 16] ¨²¨ η(η′′)-Ë §¥ [4], ¤ ¥É Ìμ·μÏ¥¥ ± Î¥¸É¢¥´´μ¥ ¸μ-
¢¶ ¤¥´¨¥. �¤´ ±μ ¤²Ö ¸ ³ÒÌ ¸¨²Ó´ÒÌ ³ ±¸¨³Ê³μ¢ ¶μ²ÊÎ ÕÉ¸Ö · §²¨Î¨Ö, ¢Ò-
Ìμ¤ÖÐ¨¥ §  ¶·¥¤¥²Ò μÏ¨¡±¨ ¨§³¥·¥´¨Ö ¨Ì ¨´É¥´¸¨¢´μ¸É¥°.

Œ¥É ²²μ£· Ë¨Î¥¸±¨¥ ¨¸¸²¥¤μ¢ ´¨Ö �‘ Ni58Nb42 ¶μ¸²¥ ¨§μÉ¥·³¨Î¥¸±μ£μ
μÉ¦¨£  (625 ◦‘, 20 ³¨´) ¢ÒÖ¢²ÖÕÉ ´ ²¨Î¨¥ ¢ ³ É·¨Í¥ ³¥²±μ¤¨¸¶¥·¸´ÒÌ ¢±²Õ-
Î¥´¨° ¸ · §³¥·μ³ < 1 ³±³. �  ·¨¸. 3 ¶·¨¢¥¤¥´Ò ·¥§Ê²ÓÉ ÉÒ Ô²¥±É·μ´´μ-
³¨±·μ¸±μ¶¨Î¥¸±μ£μ  ´ ²¨§  Ëμ²Ó£¨ ¨§ É ±μ£μ μ¡· §Í . ˆ§-§  ¤¨¸¶¥·¸´μ¸É¨ ¨
³ ²μ£μ μ¡Ñ¥³´μ£μ ¸μ¤¥·¦ ´¨Ö ¢ ¸¶² ¢¥ Î ¸É¨Í η′ § É·Ê¤´¨É¥²Ó´μ ¶·Ö³Ò³¨
³¥Éμ¤ ³¨ ÉμÎ´μ Ê¸É ´μ¢¨ÉÓ ¥¥ Ì¨³¨Î¥¸±¨° ¸μ¸É ¢. �μÔÉμ³Ê ¢μ§³μ¦´μ¥ ¢²¨Ö-
´¨¥ ¨§³¥´¥´¨Ö ¸μ¸É ¢  η′-Ë §Ò ´  μÉ´μ¸¨É¥²Ó´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö
·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö μÍ¥´¨¢ ²¨ · ¸Î¥É´Ò³ ¶ÊÉ¥³.

�¨¸. 3. �¥§Ê²ÓÉ ÉÒ Ô²¥±É·μ´´μ-³¨±·μ¸±μ¶¨Î¥¸±μ£μ  ´ ²¨§  Ëμ²Ó£¨ ¨§ μÉμ¦¦¥´´μ£μ
(625 ◦C, 20 ³¨´) ‡†‘  ³μ·Ë´μ£μ ¸¶² ¢  Ni58Nb42:   Å ¤¨Ë· ±Í¨μ´´ Ö ± ·É¨´  μÉ
ÊÎ ¸É± , ¸μ¤¥·¦ Ð¥£μ ¢Ò¤¥²¥´¨Ö η′-Ë §Ò; ¡ Å ¸¢¥É²μ¥ ¶μ²¥ (× 3000); ¢ Å É¥³´μ¥
¶μ²¥ ¢ ·¥Ë²¥±¸¥ μ¸´μ¢´μ£μ ±μ²ÓÍ 
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’ ¡²¨Í  2. ‚μ§³μ¦´Ò¥ ¡ §¨¸ ¨ ¸μ¸É ¢ η′-Ë §Ò ¸μ ¸É·Ê±ÉÊ·μ° …93

‘μ¸É ¢
Ë §Ò

� ¶· ¢²¥´¨¥
¶¥·¥Ìμ¤ 

‚¥·μÖÉ´μ¸ÉÓ § ¶μ²´¥´¨Ö  Éμ³ ³¨ ¶· ¢¨²Ó´ÒÌ
¸¨¸É¥³ ÉμÎ¥± ¡ §¨¸  ¸É·Ê±ÉÊ·Ò É¨¶  …93

16(d) 32(e) 48(f )

Ni Nb Ni Nb Ni Nb

A1,38B Å Å 1,000 0,000 0,167 0,833

AB 1,000 0,000 1,000 0,000 0,000 1,000

A2B3
2 → 4 0,400 0,600 1,000 0,000 0,000 1,000

2 → 6 1,000 0,000 0,700 0,300 0,000 1,000

AB2 0,000 1,000 1,000 0,000 0,000 1,000

AB3
2 → 4 0,000 1,000 0,750 0,250 0,000 1,000

2 → 6 1,000 0,000 0,250 0,750 0,000 1,000

AB5 1,000 0,000 0,000 1,000 0,000 1,000

�·¨³¥Î ´¨¥. � ¶· ¢²¥´¨¥ ¶¥·¥Ìμ¤  μ¶·¥¤¥²Ö¥É μÎ¥·¥¤´μ¸ÉÓ § ¶μ²´¥-
´¨Ö ¶μ¤¸¨¸É¥³ ¡ §¨¸  ¨ Ì · ±É¥·¨§Ê¥É ¸É¥Ì¨μ³¥É·¨Õ, ± ±μÉμ·μ° ¸É·¥-
³¨É¸Ö ¸μ¸É ¢ Ë §Ò �‚ ¶·¨ É ±μ³ § ¶μ²´¥´¨¨: ´ ¶·¨³¥·, 2 → 4 μ§´ Î ¥É,
ÎÉμ § ¶μ²´¥´¨¥ ¢ ¡ §¨¸¥ ¸μμÉ¢¥É¸É¢Ê¥É ¨§³¥´¥´¨Õ ¸μ¸É ¢  μÉ �‚ ± �‚3,
  2 → 6 Å μÉ �‚ ± �‚5.

‘μ¸É ¢ Ë §Ò ¢ ·Ó¨·μ¢ ²¸Ö μÉ Ni1,38Nb ¤μ NiNb5 ¶ÊÉ¥³ ¨§³¥´¥´¨Ö · ¸¶μ-
²μ¦¥´¨Ö ¨ ¢¥·μÖÉ´μ¸É¨ § ¶μ²´¥´¨Ö ¶μ§¨Í¨° ¡ §¨¸   Éμ³ ³¨ Ni ¨ Nb. ‘μμÉ-
¢¥É¸É¢ÊÕÐ¨¥ §´ Î¥´¨Ö ¶·¨¢¥¤¥´Ò ¢ É ¡². 2.

�·μ¸É· ´¸É¢¥´´ Ö £·Ê¶¶  Fd3m−O7
h ¢±²ÕÎ ¥É ·Ö¤ ¶· ¢¨²Ó´ÒÌ ¸¨¸É¥³

ÉμÎ¥±, ¢ Éμ³ Î¨¸²¥ 16(d), 32(e), 48(f ). ‚ Ë §¥ ’i2Ni, ¸μ£² ¸´μ [16], Ni § ´¨-
³ ¥É ¶μ§¨Í¨Õ 32(e) ¸ ¶ · ³¥É·μ³ x = 0,835,   Ti Å ¶μ§¨Í¨¨ 16(d) ¨ 48(f )
¸ ¶ · ³¥É·μ³ x = 0,195. ’ ±μ¥ § ¶μ²´¥´¨¥  Éμ³ ³¨ ¡ §¨¸  ÉμÎ´μ μÉ¢¥-
Î ¥É ¸É¥Ì¨μ³¥É·¨¨ �‚2. �μ ·¥§Ê²ÓÉ É ³ Ì¨³¨Î¥¸±μ£μ  ´ ²¨§ , ¢Ò¶μ²´¥´´μ£μ
¢ [14], ¨³¥´´μ É ±μ° ¸μ¸É ¢ ¨³¥¥É Ë §  ’i2Ni. �¥·¥³¥´´Ò¥ ¶ · ³¥É·Ò ¶μ
¤ ´´Ò³ [14, 16] μÉ²¨Î ÕÉ¸Ö μÉ ¶·¨¢¥¤¥´´ÒÌ ¢ · ¡μÉ¥ [4], ´μ ¸μ£² ¸ÊÕÉ¸Ö ¸μ
§´ Î¥´¨Ö³¨ ¤²Ö Fe3W3C [15].

� ¸Î¥É μÉ´μ¸¨É¥²Ó´μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢-
¸±μ£μ ¨§²ÊÎ¥´¨Ö Ë §μ° ’i2Ni ¸ ¡ §¨¸μ³, ¸μ£² ¸´μ [4], ¤ ² Ìμ·μÏ¥¥ ¸μ¢¶ ¤¥´¨¥
¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ §´ Î¥´¨Ö³¨ ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö Ë §μ° ¨§ [14].

�Ï¨¡μÎ´μ¸ÉÓ ¡ §¨¸ , ¶·¨¢¥¤¥´´μ£μ ¢ [14, 16], ¶μ¤É¢¥·¦¤ ¥É¸Ö ¢ÒÎ¨¸²¥-
´¨Ö³¨ ±· ÉÎ °Ï¨Ì ³¥¦ Éμ³´ÒÌ · ¸¸ÉμÖ´¨° ¢ Ë §¥ ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  …93.
� ¸Î¥É ¶μ± §Ò¢ ¥É ´¥¢μ§³μ¦´μ¸ÉÓ (¨§-§  ¡μ²ÓÏμ£μ ¤μ¶μ²´¨É¥²Ó´μ£μ ¸¦ É¨Ö)
´ Ìμ¦¤¥´¨Ö ³¥É ²²¨Î¥¸±¨Ì  Éμ³μ¢ ¢ ÉμÎ± Ì ¶μ§¨Í¨° 16(c) (É ¡². 3).
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’ ¡²¨Í  3. �²¨¦ °Ï¨¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö (rmin
ij ) ¨ Î¨¸²μ ¡²¨¦ °Ï¨Ì ¸μ¸¥¤¥°

¢ ¸É·Ê±ÉÊ·¥ É¨¶  …93 ¸ ¶¥·¨μ¤μ³ ·¥Ï¥É±¨ a = 1,120 ´³ ¨ ¶¥·¥³¥´´Ò³ ¶ · ³¥É·μ³
¡ §¨¸  x32(e) = 0,835 ¨ x48(f) = 0,195

�· ¢¨²Ó´ Ö
¸¨¸É¥³  ÉμÎ¥± (i, j)
¶·μ¸É· ´¸É¢¥´´μ°

£·Ê¶¶Ò Fd3m

|rmin
ij |

±0,0025, ´³

—¨¸²μ
¡²¨¦ °Ï¨Ì
¸μ¸¥¤¥°, nij

Šμμ·¤¨´ Í¨μ´´μ¥
Î¨¸²μ, N

i j �¡Ð¥¥ 	¥§ 16(c)

16(d)

32(e) 0,245 6

12 12
48(f ) 0,285 6

16(d) 0,395 6

16(c) 0,395 6

32(e)

16(d) 0,245 3

15 12

48(f ) 0,265 3

32(e) 0,270 3

48(f ) 0,280 3

16(c) 0,330 3

48(f )

16(c) 0,215 2

16 14

32(e) 0,265 2

32(e) 0,280 2

16(d) 0,285 2

48(f ) 0,295 4

48(f ) 0,310 4

16(c)

48(f ) 0,215 6

12 Å
32(e) 0,330 6

16(c) 0,395 6

16(d) 0,395 6

‘É·Ê±ÉÊ·  Fe3W3C μÉ²¨Î ¥É¸Ö μÉ ¸É·Ê±ÉÊ·Ò ’i2Ni ¤μ¶μ²´¨É¥²Ó´Ò³ § -
¶μ²´¥´¨¥³ ¢ ¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶¥ Fd3m ¶· ¢¨²Ó´μ° ¸¨¸É¥³Ò ÉμÎ¥± 16(c)
 Éμ³ ³¨ Ê£²¥·μ¤  [6]. �·¨ ÔÉμ³  Éμ³Ò Fe § ´¨³ ÕÉ ¶μ§¨Í¨¨ 16(d) ¨ 32(e),
  W Å 48(f ). ‚ · ¡μÉ¥ [16] ¶·¨¢μ¤ÖÉ¸Ö ¤ ´´Ò¥ ¤²Ö ¡ §¨¸  ¸É·Ê±ÉÊ· Ë §
Me2Ti4�, £¤¥ Œ¥ = Ni, Co, Fe, Mn, Cu, ±μÉμ·Ò¥ ¨§-§  ¶·¨¸ÊÉ¸É¢¨Ö ¢ ¡ §¨¸¥
 Éμ³μ¢ ±¨¸²μ·μ¤  É ±¦¥ ´¥ Ö¢²ÖÕÉ¸Ö Ë § ³¨ ¸É·Ê±ÉÊ·´μ£μ É¨¶  Ti2Ni.

” §Ò μÉ´μ¸ÖÉ¸Ö ± μ¤´μ³Ê ¨ Éμ³Ê ¦¥ ¸É·Ê±ÉÊ·´μ³Ê É¨¶Ê Éμ²Ó±μ Éμ£¤ ,
±μ£¤  μ¤´μÉ¨¶´Ò¥  Éμ³Ò · ¸¶μ² £ ÕÉ¸Ö ¢ ÉμÎ± Ì μ¤´¨Ì ¨ É¥Ì ¦¥ ¶· ¢¨²Ó´ÒÌ
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¸¨¸É¥³ μ¤´μ° ¨ Éμ° ¦¥ ¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶Ò, ¶·¨ ÔÉμ³  Éμ³Ò, § ´¨³ Õ-
Ð¨¥ ¶μ§¨Í¨¨ ± ¦¤μ° ¶· ¢¨²Ó´μ° ¸¨¸É¥³Ò ÉμÎ¥±, ¨³¥ÕÉ μ¤¨´ ±μ¢ÊÕ ±μμ·¤¨-
´ Í¨Õ. ‚ É ±μ³ ¶·¥¤¸É ¢²¥´¨¨ Ë §Ò Fe3W3C, Ti2Ni�x ¨ Ti2Ni μÉ´μ¸ÖÉ¸Ö
± · §´Ò³ ¸É·Ê±ÉÊ·´Ò³ É¨¶ ³. ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¤²Ö Ë §Ò ¸μ ¸É·Ê±ÉÊ·μ°
É¨¶  …93 ¸ ¶¥·¨μ¤μ³ ·¥Ï¥É±¨ a = 1,120 ´³ ¨ ¡ §¨¸μ³ [[16(c); 16(d); 32(e)
x = 0,835; 48(f ), x = 0,195]] ¤²Ö § ¤ ´´ÒÌ · ¸¶·¥¤¥²¥´¨°  Éμ³μ¢ ¶μ ¶· -
¢¨²Ó´Ò³ ¸¨¸É¥³ ³ ÉμÎ¥± ¡Ò²¨ · ¸¸Î¨É ´Ò ¡²¨¦ °Ï¨¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ-
´¨Ö (¸ ÉμÎ´μ¸ÉÓÕ ±0,0025 ´³) ¨ ¸μμÉ¢¥É¸É¢ÊÕÐ¨¥ ±μμ·¤¨´ Í¨μ´´Ò¥ Î¨¸² .
�¥§Ê²ÓÉ ÉÒ ¢ÒÎ¨¸²¥´¨° ¶·¨¢¥¤¥´Ò ¢ É ¡². 3.

ˆ§ É ¡²¨ÍÒ ¢¨¤´μ, ÎÉμ ¸É·Ê±ÉÊ·Ò �‚ = {[32(e) + 16(d)]/48(f)}; AB2 =
{32(e)/[16(d)+48(f)]} ¨ �‚5 = {16(d)/[32(e)+48(f)]}, £¤¥ ¢ Î¨¸²¨É¥²¥ § ¶¨-
¸ ´Ò ¶μ§¨Í¨¨  Éμ³μ¢ ¸μ·É  �,   ¢ §´ ³¥´ É¥²¥ Å ¸μ·É  ‚, ¢ μÉ´μÏ¥´¨¨ ±μμ·-
¤¨´ Í¨¨ ´¥· ¢´μÍ¥´´Ò. � ¶·¨³¥·, ¢ �‚2 ¶ ·Í¨ ²Ó´Ò¥ ±μμ·¤¨´ Í¨μ´´Ò¥ Î¨-
¸²  nNi−Nb = 9, nNi−Ni = 3, ¢ Éμ ¢·¥³Ö ± ± ¢ �‚5 nNi−Nb = 12, nNi−Ni = 6,
É. ¥. ¨³¥¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ¥ · §²¨Î¨¥ ¶ ·Í¨ ²Ó´ÒÌ ±μμ·¤¨´ Í¨μ´´ÒÌ Î¨¸¥², ¨,
¸²¥¤μ¢ É¥²Ó´μ, Ë §Ò, μÉ¢¥Î ÕÐ¨¥ · ¸¸³μÉ·¥´´Ò³ ¸É¥Ì¨μ³¥É·¨Ö³, μÉ´μ¸ÖÉ¸Ö
± · §´Ò³ ¸É·Ê±ÉÊ·´Ò³ É¨¶ ³.

…¸²¨ · ¸¸³ É·¨¢ ÉÓ ¸É·Ê±ÉÊ·Ò É¨¶  Ti2Ni ¨ Fe3W3C ¨, ¸μμÉ¢¥É¸É¢¥´´μ,
¸É·Ê±ÉÊ·Ò, μÉ¢¥Î ÕÐ¨¥ ¸μ¸É ¢ ³ �‚2 ¨ �‚, ± ± ¢Ò·μ¦¤¥´´Ò¥ [17], Éμ ³μ¦´μ
ÊÉ¢¥·¦¤ ÉÓ ¸²¥¤ÊÕÐ¥¥: ¶¥·¥Ìμ¤ μÉ �‚2 ± �‚5 É·¥¡Ê¥É ¸ÊÐ¥¸É¢¥´´μ° ¶·μ-
¸É· ´¸É¢¥´´μ° ¨ ¢·¥³¥´´μ° ¶¥·¥£·Ê¶¶¨·μ¢±¨  Éμ³μ¢ ¨ ¶μÔÉμ³Ê ³ ²μ¢¥·μÖÉ¥´
± ± ¶·μÍ¥¸¸ ¢Ò·μ¦¤¥´¨Ö.

�¨¸. 4. � ¸Î¥É´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¤¨Ë· ±Í¨-
μ´´ÒÌ ³ ±¸¨³Ê³μ¢ (133), (242) ¨ (440) · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-¨§²ÊÎ¥´¨Ö
η′-Ë §μ° ¢ § ¢¨¸¨³μ¸É¨ μÉ ¥¥ ¸μ¸É ¢  ¨ ¸Ì¥³Ò ¢Ò·μ¦¤¥´¨Ö: ∗ Å Ô±¸¶¥·¨³¥´É ²Ó´Ò¥
§´ Î¥´¨Ö; �, �, � Å ¢Ò·μ¦¤¥´¨¥ ¶μ É¨¶Ê 2 → 6; �, �, � Å ¢Ò·μ¦¤¥´¨¥ ¶μ É¨¶Ê
2 → 4; μ¡μ§´ Î¥´¨Ö ¸μ£² ¸´μ É ¡². 2
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‚ ¸μμÉ¢¥É¸É¢¨¨ ¸ · ¸¸³μÉ·¥´´Ò³¨ ¸Ì¥³ ³¨ ¢Ò·μ¦¤¥´¨Ö ¢Ò¡¨· ²¸Ö ¡ §¨¸
§ ¤ ´´μ£μ ¸μ¸É ¢  Ë §Ò, μÉ²¨Î ÕÐ¥£μ¸Ö μÉ �‚2 ¨²¨ �‚5. ‚ É ¡². 2 Ê± § ´μ
´ ¶· ¢²¥´¨¥ ¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ¶¥·¥Ìμ¤ . �¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¢²¨Ö´¨Ö ¨§³¥´¥-
´¨Ö ¸μ¸É ¢  Ë §Ò NixNby ¸μ ¸É·Ê±ÉÊ·μ° …93 ´  μÉ´μ¸¨É¥²Ó´ÊÕ ¨´É¥£· ²Ó´ÊÕ
¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¢ § ¢¨¸¨³μ¸É¨ μÉ ´ ¶· -
¢²¥´¨Ö ¶¥·¥Ìμ¤  ¶·¥¤¸É ¢²¥´Ò ´  ·¨¸. 4. ‚ ²¥¢μ° ¥£μ Î ¸É¨ ´ ´¥¸¥´Ò Ô±¸-
¶¥·¨³¥´É ²Ó´Ò¥ §´ Î¥´¨Ö μÉ´μ¸¨É¥²Ó´μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨, ¶μ²Ê-
Î¥´´Ò¥ Ê¸·¥¤´¥´¨¥³ ¤ ´´ÒÌ ¡μ²¥¥ Î¥³ μÉ 20 μ¡· §Íμ¢ (μÉ³¥Î¥´Ò ®∗¯). ‘É É¨-
¸É¨Î¥¸± Ö μÏ¨¡±  ¨§³¥·¥´¨Ö ´¥ ¶·¥¢ÒÏ ²  2 %. ‘ ÊÎ¥Éμ³ ÔÉμ£μ ³μ¦´μ ÊÉ¢¥·-
¦¤ ÉÓ, ÎÉμ ´ ¡²Õ¤ ¥³μ¥ · ¸Ìμ¦¤¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ §´ -
Î¥´¨° ¨´É¥´¸¨¢´μ¸É¥° ¶¥·¢ÒÌ ¸¨²Ó´ÒÌ ³ ±¸¨³Ê³μ¢ ´¥²Ó§Ö μ¡ÑÖ¸´¨ÉÓ Éμ²Ó±μ
¨§³¥´¥´¨¥³ ¸μ¸É ¢  Ë §Ò. ’·¥¡Ê¥É¸Ö  ´ ²¨§ ¨ ¤·Ê£¨Ì Ë ±Éμ·μ¢, ¢²¨ÖÕÐ¨Ì ´ 
¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö Ë §μ° NixNby É¨¶  …93.

�¨¸. 5. � ¸Î¥É´ Ö § ¢¨¸¨³μ¸ÉÓ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥£· ²Ó´μ° ¨´É¥´¸¨¢´μ¸É¨ ¤¨Ë· ±Í¨-
μ´´ÒÌ ³ ±¸¨³Ê³μ¢ (331), (422) ¨ (044) · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-¨§²ÊÎ¥´¨Ö
η′-Ë §μ° ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  …93 ¸μ¸É ¢  �‚ μÉ ¢¥²¨Î¨´Ò ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ ¥¥
¡ §¨¸ 
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	 §¨¸, μ¶·¥¤¥²ÖÕÐ¨° ¸É·Ê±ÉÊ·´ÊÕ  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì
²ÊÎ¥°, § ¢¨¸¨É ± ± μÉ · ¸¶·¥¤¥²¥´¨Ö  Éμ³μ¢ ¶μ ¶μ§¨Í¨Ö³, É ± ¨ μÉ ¶¥·¥-
³¥´´ÒÌ ¶ · ³¥É·μ¢. ‚ ¡ §¨¸¥  ´ ²¨§¨·Ê¥³μ° ¸É·Ê±ÉÊ·Ò É¨¶  …93 É ±¨Ì ¶ -
· ³¥É·μ¢ ¤¢ : x32(e) ¨ x48(f). ‚ ´ ¸ÉμÖÐ¥° · ¡μÉ¥ ¨§ÊÎ ²¨ ¢²¨Ö´¨¥ ³ ²ÒÌ
¨§³¥´¥´¨° μ¡μ¨Ì ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ ¡ §¨¸  ´  ¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö
·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° η′-Ë §μ°.

�  ·¨¸. 5 ¶·¥¤¸É ¢²¥´Ò ·¥§Ê²ÓÉ ÉÒ · ¸Î¥É  μÉ´μ¸¨É¥²Ó´μ° ¨´É¥£· ²Ó-
´μ° ¨´É¥´¸¨¢´μ¸É¨ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-¨§²ÊÎ¥´¨Ö ¶²μ¸±μ¸ÉÖ-
³¨ (133), (242) ¨ (440) η′-Ë §Ò ¤²Ö ¡ §¨¸  ¸ ¨§³¥´ÖÕÐ¨³¸Ö ¶ · ³¥É·μ³ x32(e)

¶·¨ ¶μ¸ÉμÖ´´μ³ x48(f) ( ) ¨ ¤²Ö ¡ §¨¸  ¸ ¨§³¥´ÖÕÐ¨³¸Ö ¶ · ³¥É·μ³ x48(f)

¶·¨ ¶μ¸ÉμÖ´´μ³ x32(e) (¡). � ¸¶·¥¤¥²¥´¨¥  Éμ³μ¢ ¶μ ¶μ§¨Í¨Ö³ ¡ §¨¸  ¢ μ¡μ¨Ì
¸²ÊÎ ÖÌ μ¸É ¥É¸Ö ´¥¨§³¥´´Ò³, ¸μμÉ¢¥É¸É¢Ê¥É ¸·¥¤´¥³Ê ¸μ¸É ¢Ê ¸¶² ¢  ¨ ´ -
¶· ¢²¥´¨Õ ¶¥·¥Ìμ¤  2 → 4 (¸³. É ¡². 2). �´ ²¨§ Ìμ¤  ±·¨¢ÒÌ ¶μ± §Ò¢ ¥É, ÎÉμ
³ ²Ò¥ μÉ±²μ´¥´¨Ö ¶¥·¥³¥´´μ£μ ¶ · ³¥É·  x32(e) μÉ §´ Î¥´¨Ö 0,835, Ì · ±É¥·-
´μ£μ ¤²Ö Ë § Ti2Ni ¨ Fe3W3C [4], ´¥ ¢ ¸μ¸ÉμÖ´¨¨ ¸¨²Ó´μ ¨§³¥´¨ÉÓ ¸μμÉ´μ-
Ï¥´¨¥ Ip(422)/Ip(044): ±·¨¢Ò¥ ¨´É¥´¸¨¢´μ¸É¥° ¤ ´´ÒÌ ³ ±¸¨³Ê³μ¢ ¶· ±É¨-
Î¥¸±¨ ¶ · ²²¥²Ó´Ò. ˆ§³¥´¥´¨¥ ¶ · ³¥É·  x48(f) ¢¡²¨§¨ §´ Î¥´¨Ö 0,195, ¨§-
¢¥¸É´μ£μ ¤²Ö É¥Ì ¦¥ Ë §, ¶·¨¢μ¤¨É ± ¶¥·¥¸¥Î¥´¨Õ ±·¨¢ÒÌ Ip(422) ¨ Ip(004)
¨ ¨§³¥´¥´¨Õ ¨Ì ¸μμÉ´μÏ¥´¨Ö.

�¥·¥³¥´´Ò° ¶ · ³¥É· ¢ ¡ §¨¸¥ Ë § ¸ ¨§μ³μ·Ë´Ò³¨ ¸É·Ê±ÉÊ· ³¨ ³μ¦¥É
³¥´ÖÉÓ¸Ö, ¥¸²¨ ¶μ§¨Í¨¨ μ¶·¥¤¥²¥´´μ£μ ¸μ·É   Éμ³μ¢ § ´¨³ ÕÉ¸Ö  Éμ³ ³¨ ¤·Ê-
£μ£μ · §³¥·  (¤·Ê£μ£μ ¸μ·É ) [17]. �¥¸³μÉ·Ö ´  Éμ, ÎÉμ  Éμ³´Ò¥ · ¤¨Ê¸Ò Ê Nb
¨ Ti ¤²Ö ±μμ·¤¨´ Í¨μ´´μ£μ Î¨¸²  Š— = 12 μ¤¨´ ±μ¢Ò¥, ¶¥·¨μ¤ ·¥Ï¥É±¨ Ê
Ti2Ni a = 1,128 ´³ [14], É. ¥. ¡μ²ÓÏ¥, Î¥³ Ê η′-Ë §Ò. ‘²¥¤μ¢ É¥²Ó´μ, ÔËË¥±-
É¨¢´Ò° · ¤¨Ê¸ Nb ¢ ¸É·Ê±ÉÊ·¥ …93 ³¥´ÓÏ¥, Î¥³ · ¤¨Ê¸ Ti. �Éμ ¢¶μ²´¥ ³μ¦¥É
¢Ò§¢ ÉÓ ³ ²Ò¥ ¨§³¥´¥´¨Ö ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ ¡ §¨¸ . „ ´´μ¥ ¢²¨Ö´¨¥
Ê¸¨²¨¢ ¥É¸Ö ¢μ§³μ¦´Ò³ § ³¥Ð¥´¨¥³  Éμ³μ¢ Nb  Éμ³ ³¨ Ni, ±μÉμ·Ò¥ ¨³¥ÕÉ
³¥´ÓÏ¨°  Éμ³´Ò° · ¤¨Ê¸.

‘μ¶μ¸É ¢²¥´¨¥ ·¥§Ê²ÓÉ Éμ¢ · ¸Î¥Éμ¢ ¸ Ô±¸¶¥·¨³¥´É ²Ó´Ò³¨ ¤ ´´Ò³¨ ¶μ-
§¢μ²¨²μ ¢Ò¡· ÉÓ ´ Î ²Ó´Ò¥ §´ Î¥´¨Ö ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ x32(e) ¨ x48(f),
±μÉμ·Ò¥ ¢ ¤ ²Ó´¥°Ï¥³ ÊÉμÎ´Ö²¨¸Ó ³¥Éμ¤μ³ ¶·μ¡ ¨ μÏ¨¡μ± ¸ Ï £μ³ 0,001
¶μ x. 	Ò²μ ¶μ²ÊÎ¥´μ, ÎÉμ Ë ±Éμ· ¤μ¸Éμ¢¥·´μ¸É¨ (¸Ìμ¤¨³μ¸É¨) Q′, μ¶·¥¤¥-
²Ö¥³Ò° ¶μ Ï¥¸É´ ¤Í É¨ ²¨´¨Ö³, ¶·¨¢¥¤¥´´Ò³ ¢ É ¡². 1, ¸É ´μ¢¨É¸Ö ³¨´¨-
³ ²Ó´Ò³ ¤²Ö ¡ §¨¸  ¸ x48(f) = 0,202 ¨ x32(e) = 0,838: Q′ � 0,1. „μ¸É¨£´ÊÉ Ö
¢ · ¡μÉ¥ ¸Ìμ¤¨³μ¸ÉÓ ²ÊÎÏ¥  ´ ²μ£¨Î´μ° ¢¥²¨Î¨´Ò ¤²Ö Ë §Ò Ti2Ni, μ¶·¥¤¥-
²¥´´μ° ¢ · ¡μÉ¥ [14].

”��Œˆ��‚��ˆ… ˆ “‘’�‰—ˆ‚�‘’œ ”�‡ ‘� ‘’�“Š’“��‰ …93

‚ ‘	‹�‚�• ‘ˆ‘’…Œ› NiÄNb

‚ÒÏ¥ μÉ³¥Î ²μ¸Ó, ÎÉμ ¢ ¸¶² ¢ Ì ¶¥·¥Ìμ¤´ÒÌ ³¥É ²²μ¢ ´¥³¥É ²²¨Î¥¸±¨¥
¶·¨³¥¸¨ ¸¶μ¸μ¡¸É¢ÊÕÉ μ¡· §μ¢ ´¨Õ É·μ°´ÒÌ Ë § ¸μ ¸É·Ê±ÉÊ·μ° É¨¶  …93 [6].
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�μÔÉμ³Ê ¢ · ¡μÉ¥ ¡Ò² ¢Ò¶μ²´¥´ Ì¨³¨Î¥¸±¨°  ´ ²¨§ ¨¸¸²¥¤μ¢ ´´ÒÌ ¸¶² ¢μ¢
´  μ¡Ð¥¥ ¸μ¤¥·¦ ´¨¥ Ô²¥³¥´Éμ¢ ¢´¥¤·¥´¨Ö. „²Ö ¤μ¸Éμ¢¥·´μ¸É¨ ·¥§Ê²ÓÉ Éμ¢
¶μ ± ¦¤μ³Ê Ô²¥³¥´ÉÊ  ´ ²¨§ ¶·μ¢μ¤¨²¸Ö ´  É·¥Ì μ¤¨´ ±μ¢ÒÌ μ¡· §Í Ì ¢ ¤¢ÊÌ
· §²¨Î´ÒÌ ² ¡μ· Éμ·¨ÖÌ. �´ ²¨§¨·μ¢ ²¨ ¸μ¤¥·¦ ´¨¥ Ê± § ´´ÒÌ Ô²¥³¥´Éμ¢
¢ ²¨ÉÒÌ (‹) ¨ § ± ²¥´´ÒÌ ¨§ ¦¨¤±μ£μ ¸μ¸ÉμÖ´¨Ö (‡†‘) ¸¶² ¢ Ì. ‘¶² ¢Ò
· §²¨Î ²¨¸Ó ¸μ¸ÉμÖ´¨¥³ ±μ³¶μ´¥´Éμ¢ ¢ ¨¸Ìμ¤´μ° Ï¨ÌÉ¥: (‘1) Å ¶μ·μÏ±μ-
¢Ò¥ ±μ³¶μ´¥´ÉÒ; (‘2) Å ±μ³¶μ´¥´ÉÒ ¢ ¢¨¤¥ ²¥´ÉÒ (Ëμ²Ó£¨). �¥§Ê²ÓÉ ÉÒ
Ì¨³¨Î¥¸±μ£μ  ´ ²¨§  ¤²Ö ¸¶² ¢  Ni58Nb42 ¶·¨¢¥¤¥´Ò ¢ É ¡². 4. ‘Ê³³ ·´μ¥
¸μ¤¥·¦ ´¨¥ ¶·¨³¥¸¥° ¢ ‹(‘1) ¢ É·¨ · §  ¡μ²ÓÏ¥, Î¥³ ¢ ‹(‘2). ‡†‘ ¸´¨¦ ¥É
¸μ¤¥·¦ ´¨¥ ¶·¨³¥¸¥° ¢´¥¤·¥´¨Ö ¢ ¸¶² ¢ Ì ¨§ ¶μ·μÏ±μ¢ÒÌ ±μ³¶μ´¥´Éμ¢. �¤-
´ ±μ ¨Ì ¸μ¤¥·¦ ´¨¥ ¢ ‡†‘(‘1) ¶μ-¶·¥¦´¥³Ê ¢ ¤¢  · §  ¢ÒÏ¥ ¨Ì ¸μ¤¥·¦ ´¨Ö
¢ ‡†‘(‘2).

’ ¡²¨Í  4. •¨³¨Î¥¸±¨°  ´ ²¨§ ¶·¨³¥¸¥° ¢´¥¤·¥´¨Ö ¢ ¸¶² ¢¥ Ni58Nb42, ¶μ²ÊÎ¥´´μ³
· §²¨Î´Ò³¨ ³¥Éμ¤ ³¨

Œ¥Éμ¤ ¶μ²ÊÎ¥´¨Ö ¸¶² ¢  ¨ ¸μ¸ÉμÖ´¨¥ μ¸´μ¢´ÒÌ ±μ³¶μ´¥´Éμ¢
¢ ¨¸Ìμ¤´μ° Ï¨ÌÉ¥

�²¥±É·μ¤Ê£μ¢μ° ¶¥·¥¶² ¢ ´ 
³¥¤´μ³ ¢μ¤μμÌ² ¦¤ ¥³μ³

¶μ¤¤μ´¥ ´ ¢¥¸±¨ 20 £

‡ ± ²±  ´  ³¥¤´Ò° ¡ · ¡ ´
¨§ ¦¨¤±μ£μ ¸μ¸ÉμÖ´¨Ö

�²¥³¥´É �μ·μÏ±μ¢Ò¥
±μ³¶μ´¥´ÉÒ

‹(‘1)

Šμ³¶μ´¥´ÉÒ
¢ ¢¨¤¥ Ëμ²Ó£¨

‹(‘2)

�μ·μÏ±μ¢Ò¥
±μ³¶μ´¥´ÉÒ
‡†‘(‘1)

Šμ³¶μ´¥´ÉÒ
¢ ¢¨¤¥ Ëμ²Ó£¨

‡†‘(‘2)

‘μ¤¥·¦ ´¨¥ ¶·¨³¥¸¥°, %

³ ¸¸.  É. ³ ¸¸.  É. ³ ¸¸.  É. ³ ¸¸.  É.

O 0,3080 1,3846 0,0740 0,3362 0,2430 1,0944 0,0510 0,3115

N 0,0148 0,0760 0,0029 0,0145 0,0180 0,9460 0,0040 0,0207

H 0,0026 0,1852 0,0016 0,1152 0,0032 0,2283 0,0025 0,1798

C 0,0300 0,1800 0,0200 0,1210 0,0300 0,1800 0,0400 0,2419

Σ 0,3554 1,8258 0,0985 0,5869 0,2942 1,4487 0,0975 0,6739

〈Σ〉 0,36 1,83 0,10 0,59 0,29 1,45 0,10 0,67

�μ²ÊÎ¥´´Ò¥ ¤ ´´Ò¥ ¸μ£² ¸ÊÕÉ¸Ö ¸ ·¥§Ê²ÓÉ É ³¨ ·¥´É£¥´μ¢¸±μ£μ ¸¶¥±-
É· ²Ó´μ£μ  ´ ²¨§ . ‚ ¸¶² ¢¥ ‡†‘(‘1) Ni58Nb42 ±¨¸²μ·μ¤ · ¢´μ³¥·´μ · ¸-
¶·¥¤¥²¥´ ¶μ μ¡Ñ¥³Ê, ¨ ¥£μ ¸Ê³³ ·´μ¥ ¸μ¤¥·¦ ´¨¥ ´¥ ¶·¥¢ÒÏ ¥É (0,20 ±
0,05) ³ ¸¸. %. �¦¨¤ ÉÓ ¸É ¡¨²¨§¨·ÊÕÐ¥£μ ¢²¨Ö´¨Ö ´  μ¡· §μ¢ ´¨¥ É·μ°´ÒÌ
Ë § …93 É ±μ£μ ³ ²μ£μ ±μ²¨Î¥¸É¢  · ¢´μ³¥·´μ · ¸¶·¥¤¥²¥´´μ£μ ±¨¸²μ·μ¤  ´¥-
¶· ¢μ³¥·´μ. �¥μ¡Ìμ¤¨³μ ÊÎ¨ÉÒ¢ ÉÓ ±·¨¸É ²²μÌ¨³¨Î¥¸±¨¥ Ë ±Éμ·Ò, ¢²¨ÖÕ-
Ð¨¥ ´  Ëμ·³¨·μ¢ ´¨¥ ¨ Ê¸Éμ°Î¨¢μ¸ÉÓ Ë § Ê± § ´´μ£μ É¨¶ . �Éμ ¸μ£² ¸Ê¥É¸Ö
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¸ ¤ ´´Ò³¨ μ · ¸¶ ¤¥ ¶·¨ É¥·³μμ¡· ¡μÉ±¥ Ë §Ò NiTi ¢ ¸¨¸É¥³¥ NiÄTiÄOÄN ´ 
Ë §Ò Ni3Ti ¨ Ti2Ni ¶·¨ ¸μ¤¥·¦ ´¨¨ ±¨¸²μ·μ¤  ³¥´ÓÏ¥ 2  É. % [18].

ˆ¸¶μ²Ó§ÊÖ Éμ²Ó±μ ¤¨Ë· ±Í¨Õ ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥°, ¶· ±É¨Î¥¸±¨ ´¥¢μ§-
³μ¦´μ μ¡´ ·Ê¦¨ÉÓ ¶·¨¸ÊÉ¸É¢¨¥ ¨ μ¶·¥¤¥²¨ÉÓ ¶μ²μ¦¥´¨¥ ²¥£±¨Ì ´¥³¥É ²²¨-
Î¥¸±¨Ì Ô²¥³¥´Éμ¢ ¢ ¸É·Ê±ÉÊ·¥ ¸·¥¤´¨Ì ¨ ÉÖ¦¥²ÒÌ  Éμ³μ¢ [19]. �μ ÔÉμ ³μ¦´μ
¸¤¥² ÉÓ, ¨¸¶μ²Ó§ÊÖ ¤¨Ë· ±Í¨Õ ´¥°É·μ´μ¢ [20]. �¥°É·μ´μ£· ³³Ê ¸´¨³ ²¨ μÉ
¶μ·μÏ±  μÉμ¦¦¥´´μ£μ �‘(‘1) Ni58Nb42 ´  ±μ²ÓÍ¥¢μ³ ³´μ£μ¤¥É¥±Éμ·´μ³ ¤¨-
Ë· ±Éμ³¥É·¥ „ˆ‘Š ¶μ¢ÒÏ¥´´μ° ¸¢¥Éμ¸¨²Ò, λ¸· = 0,1769 ´³ [21]. ‘Ñ¥³± 
¶·μ¢μ¤¨² ¸Ó ¢ �ˆ– ®ŠÊ·Î Éμ¢¸±¨° ¨´¸É¨ÉÊÉ¯. ‘μ¶μ¸É ¢²¥´¨¥ ·¥´É£¥´μ¢¸±μ°
¤¨Ë· ±Éμ£· ³³Ò ¨ ´¥°É·μ´μ£· ³³Ò ¶·¨¢¥¤¥´μ ¢ É ¡². 5.

’ ¡²¨Í  5. ‘μ¶μ¸É ¢²¥´¨¥ ¤¨Ë· ±Éμ£· ³³Ò (³μ´μÌ·μ³ É¨Î¥¸±μ¥ ‘μ Kα-¨§²Ê-
Î¥´¨¥) ¸ ´¥°É·μ´μ£· ³³μ° (λ = 0,1769 ´³) ¤²Ö μÉμ¦¦¥´´μ£μ �‘ Ni58Nb42

�¥´É£¥´μ£· ³³  �¥°É·μ´μ£· ³³ 
hkl

2θ, ◦ I , % d/n, ´³ 2θ, ◦ I , % d/n, ´³

‘·. ¸². ∗∗ 0,645 15,57 14 0,654 111

0,557

25,75 �Î. ¸². 0,397 220

30,15 �Î. ¸². 0,340 311

�Î. ¸². ∗∗ 0,279 �Î. ¸². 222,400

40,57 14 0,258 Å 331

45,98 35 0,229 45,62 10 0,228 224

48,90 100 0,216 48,43 100 0,216 333+ 511

53,61 42 0,199 52,82 44 0,199 440

57,05 10 0,187 56,16 20 0,188 153

56,57 244+ 600

Å 59,94 �Î. ¸². 0,177 062

62,49 20 0,177 533

0,169 622

69,47 4 0,157 Å 711+ 551

75,60 9 0,146 Å 533+ 731

81,60 10 0,137 80,77 �Î. ¸². 0,137 080+ 733

85,27 39 0,132 83,93 30 0,132 282+ 660

87,46 12 0,129 86,57 20 0,129 555+ 175

92,20 30 0,123 911+ 375
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�·μ¤μ²¦¥´¨¥ É ¡². 5

�¥´É£¥´μ£· ³³  �¥°É·μ´μ£· ³³ 
hkl

2θ, ◦ I , % d/n, ´³ 2θ, ◦ I , % d/n, ´³

92,76 284

96,94 �Î. ¸². 0,118 466

97,78 193

105,21 25 0,113 103,10 26 0,113 177+ 393+ 575

109,00 12 0,1099 109,42 10 0,1084 862+ 20,10

111,44 20 0,1085 773+ 951
22,10+ 665

132,40 4 0,0978
595+ 13,11

+ 179

137,37 9 0,0961 686+ 60,10

146,70 20 0,0934 884+ 00,12

‘·. ∗ 0,0903 161,98 �Î. ¸². 0,0896
22,12+ 46,10
975+ 53,11

167,76 ‘·. 0,0890 40,12

‘². ∗ 0,0835 60,12+ 84,10

�Î. ¸². ∗ 0,0792
86,10+ 02,14

+ 010,10

∗ �¶·¥¤¥²¥´μ ¨§ ¤¥¡ ¥£· ³³Ò ´  Cu-¨§²ÊÎ¥´¨¨.
∗∗ �¶·¥¤¥²¥´μ ¨§ ¤¥¡ ¥£· ³³Ò ´  Fe-¨§²ÊÎ¥´¨¨.

„²Ö ·Ö¤  ¤¨Ë· ±Í¨μ´´ÒÌ ³ ±¸¨³Ê³μ¢ ´ ¡²Õ¤ ¥É¸Ö ¸ÊÐ¥¸É¢¥´´μ¥ · ¸Ìμ-
¦¤¥´¨¥ ¢ ¨´É¥´¸¨¢´μ¸ÉÖÌ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ¨ ´¥°É·μ´μ¢. ˆ´-
É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ³μ¦¥É ¨§³¥´¨ÉÓ¸Ö ± ± ¨§-§  ´ ²¨Î¨Ö ¢ Ë §¥  Éμ³μ¢
¢´¥¤·¥´¨Ö, É ± ¨ ¨§-§  ¨§³¥´¥´¨Ö  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ Ö¤· ³¨ ¶μ
¸· ¢´¥´¨Õ ¸  Éμ³´μ°  ³¶²¨ÉÊ¤μ° · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥°. �μÔÉμ³Ê
¡Ò²¨ ¶·μ¢¥¤¥´Ò · ¸Î¥ÉÒ ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ¨ μÉ´μ¸¨É¥²Ó´μ° ¨´É¥´¸¨¢-
´μ¸É¨ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ¨ ´¥°É·μ´μ¢ ¸¶² ¢μ³, ¸μ¤¥·¦ Ð¨³
η′-Ë §Ê. ‚ÒÎ¨¸²¥´¨Ö ¶·μ¢μ¤¨²¨ ¶μ Ëμ·³Ê²¥ ¤²Ö ¸É·Ê±ÉÊ·´μ£μ Ë ±Éμ·  ÉμÎ¥±
μ¡Ð¥£μ ¶μ²μ¦¥´¨Ö ¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶Ò Fd3m − O7

h [22] ¢ ¸μμÉ¢¥É-
¸É¢¨¨ ¸ [23].

�¥§Ê²ÓÉ ÉÒ · ¸Î¥É  ¶·¥¤¸É ¢²¥´Ò ¢ É ¡². 6 ¨ 7, £¤¥ ±·μ³¥ μÉ´μ¸¨É¥²Ó´ÒÌ
¨´É¥´¸¨¢´μ¸É¥° (Ip

j /In
j ) ¶·¨¢¥¤¥´Ò ¸É·Ê±ÉÊ·´Ò¥  ³¶²¨ÉÊ¤Ò (Sp

j /Sn
j ) · ¸¸¥Ö-

´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ¨ ´¥°É·μ´μ¢  Éμ³ ³¨ (Ö¤· ³¨), · ¸¶μ²μ¦¥´´Ò³¨
¢ μ¶·¥¤¥²¥´´ÒÌ ¶· ¢¨²Ó´ÒÌ ¸¨¸É¥³ Ì ÉμÎ¥± ¡ §¨¸  (¢ Î ¸É´ÒÌ ¶μ²μ¦¥´¨ÖÌ).
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’ ¡²¨Í  6. ‚²¨Ö´¨¥ ¶·¨¸ÊÉ¸É¢¨Ö  Éμ³μ¢ ¢´¥¤·¥´¨Ö (Ê£²¥·μ¤ ) ¢ ¡ §¨¸¥ η′-Ë §Ò
´  ¸É·Ê±ÉÊ·´ÊÕ  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-¨§²ÊÎ¥´¨Ö ¨ É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢

hkl Sp,n
j

‘É·Ê±ÉÊ·´ Ö  ³¶²¨ÉÊ¤  · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ¨§²ÊÎ¥´¨Ö ¨ ´¥°É·μ´μ¢
 Éμ³ ³¨ (Ö¤· ³¨), ´ Ìμ¤ÖÐ¨³¨¸Ö ¢ ¶· ¢¨²Ó´μ° ¸¨¸É¥³¥ ÉμÎ¥±

¶·μ¸É· ´¸É¢¥´´μ° £·Ê¶¶Ò Fd3m: Sp
j = (fAj + ifBj); Sn

j = (bAj + ibBj)

16(c) 16(d) 32(e) x = 0,835 48(f ) x = 0,202 8(a)

C Ni Ni Nb C

111
Sp

j 363 Ä 363 Ä1774+ 1774 Ä169+ 1269 1146 Ä 1146 513+ 513

Sn
j 1137 Ä 1137 Ä1774+ 1774 Ä1269+ 1269 535 Ä 535 1608+ 1608

311
Sp

j Ä299 Ä 299 1724+ 1724 Ä575 Ä 575 Ä215 Ä 215 423+ 423

Sn
j Ä1104Ä 1104 1724+ 1724 Ä575 Ä 575 Ä107 Ä 107 1562+ 1562

400
Sp

j Ä755+ 0 Ä4278+ 0 Ä2292+ 0 4963+ 0 756+ 0

Sn
j Ä2742+ 0 Ä4278+ 0 Ä2292+ 0 2270+ 0 2740+ 0

331
Sp

j Ä251 Ä 251 Ä1466+ 1466 1052 Ä 1052 Ä1370+ 1370 354 Ä 354

Sn
j 939 Ä 939 Ä1466+ 1466 1052 Ä 1052 Ä623+ 623 1328 Ä 1328

422
Sp

j 0+ 0 0+ 0 Ä495+ 0 Ä2642+ 0 655+ 0

Sn
j 0+ 0 0+ 0 Ä495+ 0 Ä1197+ 0 2552+ 0

333
Sp

j Ä222 Ä 222 1378+ 1378 Ä1946Ä 1946 Ä2402 Ä 2402 314+ 314

Sn
j Ä882 Ä 882 1378+ 1378 Ä1946 Ä 1946- 1050 Ä 1050 1248+ 1248

511
Sp

j Ä222 Ä 222 1378+ 1378 1515 Ä 1515 1602 Ä 1602 314 Ä 314

Sn
j Ä882 Ä 882 1378+ 1378 1515 Ä 1515 724 Ä 724 1248 Ä 1248

440
Sp

j 585+ 0 3767+ 0 1082+ 0 3106+ 0 585+ 0

Sn
j 2413+ 0 3767+ 0 1082+ 0 1400+ 0 2413+ 0

153
Sp

j 198+ 198 Ä1305 Ä 1305 Ä471 Ä 471 471+ 471 280+ 280

Sn
j 198+ 198 Ä1305 Ä 1305 Ä471 Ä 471 212+ 212 1182+ 1182

442
Sp

j 0+ 0 0+ 0 0+ 2291 0+ 0 0+ 0

Sn
j 0+ 0 0+ 0 0+ 2291 0+ 0 0+ 15

533
Sp

j Ä178+ 178 1240+ 1240 797 Ä 797 Ä557+ 557 252 Ä 252

Sn
j Ä795+ 795 1240+ 1240 797 Ä 797 Ä249+ 249 1124 Ä 1124

262
Sp

j 0+ 495 0+ 3487 0 Ä 168 0+ 0 0+ 0

Sn
j 0+ 2235 0+ 3487 0+ 168 0+ 0 0+ 0

�·¨³¥Î ´¨¥. ‡´ Î¥´¨Ö fj ¢§ÖÉÒ ¨§ [19] ¡¥§ ¤¨¸¶¥·¸¨μ´´μ° ¶μ¶· ¢±¨; bj ¢§ÖÉÒ
¨§ [20]; bj ¶·¨´¨³ ²¨¸Ó ´¥ § ¢¨¸ÖÐ¨³¨ μÉ Ê£²  ¤¨Ë· ±Í¨¨. „²Ö μ¡²¥£Î¥´¨Ö ¸· ¢´¥-
´¨Ö ·¥§Ê²ÓÉ Éμ¢  ³¶²¨ÉÊ¤Ê · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢ Ê³´μ¦ ²¨ ´  (fNi/bNi).
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’ ¡²¨Í  7. ‚²¨Ö´¨¥ ´ ²¨Î¨Ö  Éμ³μ¢ ¢´¥¤·¥´¨Ö (Ê£²¥·μ¤ ) ¢ ¡ §¨¸¥ η′-Ë §Ò ´  μÉ´μ-
¸¨É¥²Ó´ÊÕ ¨´É¥´¸¨¢´μ¸ÉÓ · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±μ£μ ‘μ Kα-¨§²ÊÎ¥´¨Ö ¨ É¥¶²μ¢ÒÌ
´¥°É·μ´μ¢ ¤ ´´μ° Ë §μ°

hkl

� ¸¸Î¨É ´´ Ö μÉ´μ¸¨É¥²Ó´ Ö ¨´É¥´¸¨¢´μ¸ÉÓ
· ¸¸¥Ö´¨Ö η′-Ë §μ° ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢

¡ §¨¸ , IÉ¥μ·
∗ �±¸¶¥-

·¨³¥´É,
IÔ±¸, %Ni: 16(d), 32(e)

Nb: 48(f )

Ni: 16(d), 32(e)
Nb: 48(f )
C: 16(c)

Ni: 16(d), 32(e)
Nb: 48(f )
C: 8(a)

111
�¥´É£. 0,024 0,009 0,012 ‘². ∗∗

�¥°É·. 0,233 0,146 0,166 14

311
�¥´É£. 0,000 0,003 0,001 �¥É

�¥°É·. 0,003 0,036 0,041 �Î. ¸².

400
�¥´É£. 0,072 0,056 0,080 �Î. ¸².

�¥°É·. 0,016 0,100 0,000 �¥É

331
�¥´É£. 0,157 0,138 0,139 14

�¥°É·. 0,039 0,003 0,007 �¥É

422
�¥´É£. 0,393 0,401 0,360 35

�¥°É·. 0,216 0,250 0,101 10

511+ �¥´É£. 1,000 1,000 1,000 100

333 �¥°É·. 1,000 1,000 1,000 100

440
�¥´É£. 0,406 0,446 0,415 42

�¥°É·. 0,411 0,725 0,458 44

153
�¥´É£. 0,004 0,003 0,003 10

�¥°É·. 0,038 0,010 0,014 20

442
�¥´É£. 0,063 0,065 0,062 10

�¥°É·. 0,151 0,174 0,135 20

533
�¥´É£. 0,007 0,005 0,008 �¥É

�¥°É·. 0,024 0,078 0,078 20

262
�¥´É£. 0,023 0,032 0,023 �¥É

�¥°É·. 0,060 0,204 0,054 20

∗ IÉ¥μ· = [ΣSi(±Î.¶/±μ.¶)]
2A(θ) · P ; P Å Ë ±Éμ· ¶μ¢Éμ·Ö¥³μ¸É¨; A(θ) Å

Ê£²μ¢μ° ³´μ¦¨É¥²Ó: Ap(θ) = (1+cos2 2θ)/(sin2 θ ·cos θ) ¨ An(θ) = 1/(sin θ ·
sin 2θ); ±Î.¶ ¨ ±μ.¶ Å ±· É´μ¸ÉÓ ÉμÎ¥± Î ¸É´μ£μ ¨ μ¡Ð¥£μ ¶μ²μ¦¥´¨° ¢ ¡ §¨¸¥.

∗∗ ‘¨²Ó´μ · §³ÒÉÒ¥ ²¨´¨¨.
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�·¨¸ÊÉ¸É¢¨¥ §´ Î¥´¨° ¸É·Ê±ÉÊ·´μ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö  Éμ³ ³¨ (Ö¤· ³¨) ¢
Î ¸É´ÒÌ ¶μ²μ¦¥´¨ÖÌ ¢ ¦´μ ¤²Ö  ´ ²¨§  ¢μ§³μ¦´μ£μ · ¸¶·¥¤¥²¥´¨Ö ¶·¨³¥¸-
´ÒÌ  Éμ³μ¢ ¶μ ¶μ§¨Í¨Ö³ ¡ §¨¸  η′-Ë §Ò.

‘μ¶μ¸É ¢²¥´¨¥ Ô±¸¶¥·¨³¥´É ²Ó´ÒÌ ¨ · ¸Î¥É´ÒÌ μÉ´μ¸¨É¥²Ó´ÒÌ ¨´É¥´-
¸¨¢´μ¸É¥° · ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ¨ ´¥°É·μ´μ¢ ¨¸¸²¥¤μ¢ ´´Ò³¨ μ¡· §-
Í ³¨ ¨ η′-Ë §μ° ¤²Ö · §²¨Î´ÒÌ ¢ ·¨ ´Éμ¢ § ¶μ²´¥´¨Ö ¶μ§¨Í¨° ¡ §¨¸  ¶·¨-
³¥¸´Ò³¨  Éμ³ ³¨ (O, C, N, H) ¶μ§¢μ²Ö¥É ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.

‚μ-¶¥·¢ÒÌ, ¶·¨³¥¸´Ò¥  Éμ³Ò ´¥ ´ Ìμ¤ÖÉ¸Ö ¢ ¶μ§¨Í¨ÖÌ ¡ §¨¸  16(c), É ±
± ± ¢ ÔÉμ³ ¸²ÊÎ ¥ In(440) ≈ 70%, É. ¥. ¸· ¢´¨³  ¸ In(511 + 333), ÎÉμ ´¥
´ ¡²Õ¤ ¥É¸Ö ¢ Ô±¸¶¥·¨³¥´É¥: In(440) � In(511 + 333). ‘± § ´´μ¥ ¤μ¶μ²´¨-
É¥²Ó´μ ¶μ¤É¢¥·¦¤ ¥É¸Ö μÉ¸ÊÉ¸É¢¨¥³ ´  ´¥°É·μ´μ£· ³³¥ ²¨´¨¨ (400) ¨ ³ ²¥´Ó-
±μ° ¢¥²¨Î¨´μ° In(242) < 10%, ¢ Éμ ¢·¥³Ö ± ± ¶μ · ¸Î¥É ³ In(242) ≈ 25%.

‚μ-¢Éμ·ÒÌ, μ¡ÑÖ¸´¨ÉÓ ´ ¡²Õ¤ ¥³Ò¥ · §²¨Î¨Ö ¨´É¥´¸¨¢´μ¸É¥° ´  ¤¨Ë· ±-
Éμ£· ³³¥ ¨ ´¥°É·μ´μ£· ³³¥ Éμ²Ó±μ · §²¨Î¨¥³ ¢¥²¨Î¨´  Éμ³´μ°  ³¶²¨ÉÊ¤Ò
· ¸¸¥Ö´¨Ö ·¥´É£¥´μ¢¸±¨Ì ²ÊÎ¥° ¨ Ö¤¥·´μ°  ³¶²¨ÉÊ¤Ò · ¸¸¥Ö´¨Ö ´¥°É·μ´μ¢
´¥²Ó§Ö. �Éμ Ìμ·μÏμ ¢¨¤´μ ¶·¨ ¸μ¶μ¸É ¢²¥´¨¨ Ip(242) ¸ In(242). “³¥´Ó-
Ï¥´¨¥ In(242) ³μ¦´μ ¸¢Ö§ ÉÓ ¸ ¢´¥¤·¥´¨¥³ ´¥³¥É ²²¨Î¥¸±¨Ì  Éμ³μ¢ ¢ ¶μ-
§¨Í¨¨ 8(a). �É¨ ¶μ§¨Í¨¨ § ´¨³ ÕÉ, ´ ¶·¨³¥·,  Éμ³Ò Ê£²¥·μ¤  ¢ ¸É·Ê±ÉÊ·¥
Fe6W6C ¸ ¶¥·¥³¥´´Ò³¨ ¶ · ³¥É· ³¨ ¡ §¨¸ , ¡²¨§±¨³¨ ± ¶¥·¥³¥´´Ò³ ¶ · -
³¥É· ³ η′-Ë §Ò [24]. �·¨ ÔÉμ³ ¢ ¸É·Ê±ÉÊ·¥ ± ·¡¨¤  ¤μ¶Ê¸± ¥É¸Ö ¡μ²ÓÏμ°
¤¥Ë¨Í¨É  Éμ³μ¢ ¢´¥¤·¥´¨Ö ¨ ¢μ§³μ¦´μ § ³¥Ð¥´¨¥ Ê£²¥·μ¤  ±¨¸²μ·μ¤μ³,  §μ-
Éμ³ ¨ ¢μ¤μ·μ¤μ³ [7].

‚ É ¡². 3 ¶·¨¢¥¤¥´Ò ±· ÉÎ °Ï¨¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö ¢ η′-Ë §¥ ¸ a =
1,120 ´³ ¨ ¡ §¨¸μ³, ¢±²ÕÎ ÕÐ¨³ ¶· ¢¨²Ó´Ò¥ ¸¨¸É¥³Ò ÉμÎ¥± 8(a), 16(c),
16(d), 32(e) ¨ 48(f ). �ÊÉ¥³ ¨§³¥´¥´¨Ö ¢¥²¨Î¨´Ò ¶¥·¨μ¤  ·¥Ï¥É±¨ (a) ¨
· ¸Î¥É  ±· ÉÎ °Ï¨Ì ³¥¦ Éμ³´ÒÌ · ¸¸ÉμÖ´¨° ¢ ¸É·Ê±ÉÊ·¥ Ë §Ò (rmin

ij ) ¢ · ¡μÉ¥
¡Ò²¨ ¶μ²ÊÎ¥´Ò § ¢¨¸¨³μ¸É¨ ³¥¦ Éμ³´ÒÌ · ¸¸ÉμÖ´¨° μÉ ¶¥·¨μ¤  ·¥Ï¥É±¨ ¤²Ö
· §²¨Î´ÒÌ ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ x48(f) ¶·¨ x32(e) = 0,835. „²Ö Ë § η′,
Ti2Ni ¨ η(η′′), ¶·¨´Ö¢ ¨Ì ¸É¥Ì¨μ³¥É·¨Õ �‚, �‚2 ¨ �‚5, μÍ¥´¨²¨ ¸É¥¶¥´Ó
¸¦ É¨Ö  Éμ³μ¢ ¶μ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³ ±μ´É ±É ³: Δrij = {(|rmin

ij − rÔ²|)/rÔ²},
£¤¥ rÔ² Å ³¥¦ Éμ³´μ¥ · ¸¸ÉμÖ´¨¥ ¢ ¸É·Ê±ÉÊ·¥ Î¨¸ÉÒÌ ³¥É ²²μ¢ ¤²Ö Š— = 12.
‚ É ¡². 8 ¶·¥¤¸É ¢²¥´Ò · ¸¸Î¨É ´´Ò¥ §´ Î¥´¨Ö Δrij ¤²Ö x48(f) = 0,202 ¨
x32(e) = 0,835.

�´ ²¨§ · ¸Î¥É´ÒÌ ¤ ´´ÒÌ ¶μ± §Ò¢ ¥É, ÎÉμ ¤²Ö η′-Ë §Ò ¸ ¶¥·¨μ¤μ³ ·¥-
Ï¥É±¨ a = 1,120 ´³ ¨ ¸É¥Ì¨μ³¥É·¨¥° �‚ ¶·¨ ¸μ¶μ¸É ¢¨³μ³ ¸Ê³³ ·´μ³
¸¦ É¨¨ ´ ¡²Õ¤ ¥É¸Ö ´ ¨³¥´ÓÏ¥¥ ¶ ·Í¨ ²Ó´μ¥ ¸¦ É¨¥  Éμ³μ¢ ¢ ¸É·Ê±ÉÊ· Ì
¢¸¥Ì · ¸¸³μÉ·¥´´ÒÌ Ë §. Š·μ³¥ Éμ£μ, ¶μ§¨Í¨¨ 16(c), ¢ ±μÉμ·Ò¥ ³μ¦¥É ¢´¥-
¤·ÖÉÓ¸Ö Ê£²¥·μ¤ (±¨¸²μ·μ¤,  §μÉ, ¢μ¤μ·μ¤) ¢ η′-Ë §¥, ¨³¥ÕÉ rmin

ij ³¥´ÓÏ¥, Î¥³
¢ Ti2Ni; ¶μÔÉμ³Ê ¥£μ ¢´¥¤·¥´¨¥ ¢ ¤ ´´Ò¥ ¶μ§¨Í¨¨ ¸É·Ê±ÉÊ·Ò η′-Ë §Ò ³¥-
´¥¥ ¢¥·μÖÉ´μ, Î¥³ ¢ Ti2Ni ¨²¨ η(η′′)-Ë §¥, ±μÉμ· Ö ¨³¥¥É ¶¥·¨μ¤ ·¥Ï¥É±¨
a = 1,164 ´³ [1, 3, 4]. ‚´¥¤·¥´¨¥ Ê£²¥·μ¤  (±¨¸²μ·μ¤ ) ¤μ²¦´μ ´¥¨§¡¥¦´μ ¸μ-
¶·μ¢μ¦¤ ÉÓ¸Ö Ê¢¥²¨Î¥´¨¥³ ¶¥·¨μ¤  ·¥Ï¥É±¨ ¤²Ö ±μ³¶¥´¸ Í¨¨ ³¥¦ Éμ³´ÒÌ
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’ ¡²¨Í  8. ‘¦ É¨¥  Éμ³´ÒÌ · ¤¨Ê¸μ¢ Δrij ±μ³¶μ´¥´Éμ¢ ¢ Ë § Ì ¸μ ¸É·Ê±ÉÊ·μ°
…93 ¢ ¸¨¸É¥³ Ì NiÄNb ¨ NiÄTi

Δrij = (rij − Ri − Rj)/rij , %

’¨¶
±μ´É ±Éμ¢

Šμ²¨-
Î¥¸É¢μ
±μ´É ±-
Éμ¢, ni,j

’¨¶ Ë §Ò, ¥¥ ¸μ¸É ¢ ¨ ¶¥·¨μ¤ ·¥Ï¥É±¨, ´³

η′-NiNb NiTi2
∗ Ti2Ni ∗ Ti2Ni ∗∗ η(η′′)-NiNb5

1,198 1,1273 1,1278 1,1312 1,1640

16(c)Ä48(f )

NbÄC

Nb(Ti)ÄNi

6

Ä3,1 Ä2,6 Å Å 0

Å Å 0 0 Å
48(f )Ä48(f )

Nb(Ti)ÄNb(Ti)
4

0 0 + 0,3 + 1,7 + 2,8

16(d)Ä32(e)

NiÄNi

NiÄNb(Ti)

6

Ä2,6 Å Å Å Å

Å Ä10,4 Å Å Ä5,9
32(e)Ä48(f )

NiÄNb(Ti)

NbÄNb(Ti)

3+ 3

Ä2,2+ 1,4 Ä1,4+ 2,1 Ä4,8+ 6,3 Ä3,0+ 6,3 Å

Å Å Å Å Ä3,5Ä0,7
32(e)Ä32(e)

NiÄNi

Nb(Ti)ÄNb(Ti)

3

+ 7,4 + 8,2 + 14,8 + 12,9 Å

Å Å Å Å Ä3,4
16(d)Ä48(f )

NiÄNb

Nb(Ti)ÄNb(Ti)

6

+ 2,3 Å Å Å + 6,5

Å Ä3,4 Å Å Å
16(c)Ä32(e)

NiÄC

Nb(Ti)ÄNi

6

+ 58,6 + 61,5 Å Å + 71,2

Å Å Ä7,8 Ä8,0 Å
8(a)Ä48(f )
Nb(Ti)ÄC

12
Ä1,8 Å Å Å + 71,2

Σ(−Δri,j) Ä9,7 Ä17,8 Ä12,6 Ä11,0 Ä13,5
Σ(−Δri,j · ni,j) Ä62,4 Ä102,6 Ä61,2 Ä57,0 Ä58,2

[−Δri,j ]
max| Ä3,1 Ä10,4 Ä7,8 Ä8,0 Ä5,2

∗ �μ§¨Í¨Õ ¡ §¨¸  16(c) § ´¨³ ÕÉ  Éμ³Ò Ê£²¥·μ¤ .
∗∗ �μ§¨Í¨Õ ¡ §¨¸  16(c) § ¶μ²´ÖÕÉ  Éμ³Ò Ti [14, 16].
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¸¦ É¨° ¢ ¸É·Ê±ÉÊ·¥ Ë §Ò. �μ · ¸Î¥É ³, ¤²Ö ¶¥·¥³¥´´μ£μ ¶ · ³¥É·  ¡ §¨¸ 
x48(f) = 0,202 ¸¦ É¨¥  Éμ³μ¢ ‘ÄNb ¶μ ±μ´É ±É ³ 16(c)Ä48(f ) μ¡´Ê²Ö¥É¸Ö
(Δrij = 0) ¤²Ö a ≈ 1,166 ´³. ‚ ¸¨¸É¥³¥ NiÄNbÄC ¤¥°¸É¢¨É¥²Ó´μ ¡Ò² μ¡-
´ ·Ê¦¥´ ± ·¡¨¤ ¸É·Ê±ÉÊ·´μ£μ É¨¶  …93 ¸ ¶·¨¡²¨§¨É¥²Ó´μ° ¸É¥Ì¨μ³¥É·¨¥°
Nb4Ni2C ¨ a = 1,166 ´³ [25]. ’ ±¨³ μ¡· §μ³, ¢ ¸¨¸É¥³¥ NiÄNb § ¶μ²´¥´¨¥
 Éμ³ ³¨ ¢´¥¤·¥´¨Ö ¶μ§¨Í¨° 16(c) ¡ §¨¸  ³μ¦¥É ¸É ¡¨²¨§¨·μ¢ ÉÓ ¸É·Ê±ÉÊ·Ò
É¨¶  …93 ¢ Ë § Ì ¸ Ê¢¥²¨Î¥´´Ò³ ¶¥·¨μ¤μ³ ·¥Ï¥É±¨, É. ¥. Ë §Ê η(η′′),   ´¥ η′.

� ¸Î¥ÉÒ ¶μ± §Ò¢ ÕÉ, ÎÉμ ¶·¨ ¢´¥¤·¥´¨¨ Ê£²¥·μ¤  ¢ ¶μ§¨Í¨¨ 8(a) ¡ §¨¸ 
η′-Ë §Ò ¸¦ É¨¥  Éμ³μ¢ ‘ÄNb ¶μ ±μ´É ±É ³ 8(a)Ä48(f ) ³¥´¥¥ 2 %. 	μ²¥¥ Éμ£μ,
¸μ£² ¸´μ ·¥§Ê²ÓÉ É ³ Ì¨³¨Î¥¸±μ£μ  ´ ²¨§ , ¢´¥¤·ÖÉÓ¸Ö ¢ Ê± § ´´Ò¥ ¶μ§¨Í¨¨
³μ£ÊÉ ´¥ Éμ²Ó±μ  Éμ³Ò Ê£²¥·μ¤ , ´μ ¨  Éμ³Ò ±¨¸²μ·μ¤ ,  §μÉ  ¨ ¢μ¤μ·μ¤ .
ˆÌ  Éμ³´Ò¥ · ¤¨Ê¸Ò ¤²Ö ±μμ·¤¨´ Í¨μ´´μ£μ Î¨¸²  12 ¸μμÉ¢¥É¸É¢¥´´μ · ¢´Ò
rC = 0,088 ´³, rO = 0,060 ´³, rN = 0,071 ´³, rH = 0,046 ´³ [23], ¨, ¸²¥-
¤μ¢ É¥²Ó´μ, ¢´¥¤·¥´¨¥ ¶μ¸²¥¤´¨Ì ¤μ²¦´μ Ê³¥´ÓÏ ÉÓ ¸¦ É¨¥ ¶μ Ê± § ´´Ò³
±μ´É ±É ³. Š·μ³¥ Éμ£μ, ¸¦ É¨Ö ³μ£ÊÉ ·¥² ±¸¨·μ¢ ÉÓ §  ¸Î¥É ¨§³¥´¥´¨Ö ¶¥-
·¥³¥´´ÒÌ ¶ · ³¥É·μ¢ ¡ §¨¸ , ¶·μ¨¸Ìμ¤¨É ¶μ¤¸É·μ°±  ¶ · ³¥É·μ¢ ¡ §¨¸  ¶μ¤
¥£μ § ¶μ²´¥´¨¥.

‚ ´ Ï¥° · ¡μÉ¥ ¡Ò²  ¢Ò¶μ²´¥´  μ¶É¨³¨§ Í¨Ö §´ Î¥´¨° ¶¥·¥³¥´´ÒÌ ¶ -
· ³¥É·μ¢ ¡ §¨¸  Î¥·¥§ ³¨´¨³¨§ Í¨Õ ¸Ê³³ ·´μ£μ · §³¥·´μ£μ ¸¦ É¨Ö  Éμ³μ¢ ¢

±·¨¸É ²²¨Î¥¸±μ° ¸É·Ê±ÉÊ·¥: R′ =
∑

{[rij −(Ri +Rj)]/rij ]} = min, £¤¥ rij Å

¸¦ ÉÒ¥ ³¥¦ Éμ³´Ò¥ · ¸¸ÉμÖ´¨Ö ¢ ¡ §¨¸¥; Ri, Rj Å  Éμ³´Ò¥ · ¤¨Ê¸Ò ¤²Ö
¸μμÉ¢¥É¸É¢ÊÕÐ¥£μ ±μμ·¤¨´ Í¨μ´´μ£μ Î¨¸²  ±μ³¶μ´¥´Éμ¢ ¢ ÉμÎ± Ì i ¨ j. �·¨
· ¸Î¥É¥ ÊÎ¨ÉÒ¢ ²¨¸Ó Éμ²Ó±μ rij < (Ri + Rj).

„²Ö ¨¸¸²¥¤μ¢ ´´ÒÌ Ë § ³¨´¨³ ²Ó´μ¥ §´ Î¥´¨¥ R′ ¶μ²ÊÎ¥´μ ¤²Ö ¶¥·¥³¥´-
´ÒÌ ¶ · ³¥É·μ¢ ¡ §¨¸ : x32(e) = 0,838; x48(f) = 0,201. �´¨ Ìμ·μÏμ ¸μ¢¶ -
¤ ÕÉ ¸μ §´ Î¥´¨Ö³¨ ¶¥·¥³¥´´ÒÌ ¶ · ³¥É·μ¢, ¶μ²ÊÎ¥´´Ò³¨ ³¥Éμ¤μ³ ¶·μ¡ ¨
μÏ¨¡μ± Î¥·¥§ Q (Q′) Å Ë ±Éμ· ¤μ¸Éμ¢¥·´μ¸É¨ (¸Ìμ¤¨³μ¸É¨): x32(e) = 0,838 ¨
x48(f) = 0,202. ’ ±¨³ μ¡· §μ³, ¢ ¸¨¸É¥³¥ NiÄNb ¤²Ö Ë § É¨¶  …93 ¢ Ê¸²μ¢¨ÖÌ
±·¨¸É ²²¨§ Í¨¨ ¶¥·¥μÌ² ¦¤¥´´μ£μ · ¸¶² ¢  ¨  ³μ·Ë´ÒÌ ¸¶² ¢μ¢ ¨³¥¥É ³¥¸Éμ
®±μ··¥±Í¨Ö¯ · §³¥·´μ£μ Ë ±Éμ·  ¨ μ¡²¥£Î ¥É¸Ö ¶·μÖ¢²¥´¨¥ ¤·Ê£¨Ì Ë ±Éμ·μ¢,
±μ´É·μ²¨·ÊÕÐ¨Ì μ¡· §μ¢ ´¨¥ ¤ ´´ÒÌ Ë §.

� ·Ö¤Ê ¸ · §³¥·´Ò³ Ë ±Éμ·μ³ ¤²Ö Ê¸Éμ°Î¨¢μ¸É¨ Éμ¶μ²μ£¨Î¥¸±¨Ì ¶²μÉ´μ-
Ê¶ ±μ¢ ´´ÒÌ ¸É·Ê±ÉÊ· (’�“), ± ±μÉμ·Ò³ ¶·¨´ ¤²¥¦¨É ¡μ²ÓÏ¨´¸É¢μ Ë § É¨¶ 
…93, ¢ ¦¥´ Ë ±Éμ· Ô²¥±É·μ´´μ° ±μ´Í¥´É· Í¨¨ (�Š) ¨ ÊÎ¥É μ¸μ¡¥´´μ¸É¥° Ì¨-
³¨Î¥¸±μ£μ ¢§ ¨³μ¤¥°¸É¢¨Ö  Éμ³μ¢ ¢ ¸É·Ê±ÉÊ·¥. ‚ · ¡μÉ¥ ¢²¨Ö´¨¥ Ê± § ´´ÒÌ
Ë ±Éμ·μ¢ μÍ¥´¨¢ ²μ¸Ó Î¥·¥§ Î¨¸²μ ¢ ± ´É´ÒÌ ¸μ¸ÉμÖ´¨° ´  d-Ê·μ¢´¥ (Nh) ¨
¸¢μ¡μ¤´Ò°  Éμ³´Ò° ¶ · ³¥É· (∅) [26Ä29]. „²Ö ’�“-¸É·Ê±ÉÊ· ∅ Ê¤μ¢²¥É¢μ-
·¨É¥²Ó´μ ±μ··¥²¨·Ê¥É ¸ μ¡Ñ¥³´Ò³ ¸¦ É¨¥³  Éμ³μ¢ ¢ Ë §¥: ΔV = −5,567 ×
(Δ∅)3 +0,25; £¤¥ ΔV = {V (AmBn)−m×V (A)+n×V (B)]/(m+n)}; Δ∅ =
∅(A)−∅(B); V (AmBn), V (A), V (B) Å ¸·¥¤´¨°  Éμ³´Ò° μ¡Ñ¥³ ¢ Ë §¥ AmBn

¨  Éμ³´Ò¥ μ¡Ñ¥³Ò Ô²¥³¥´Éμ¢ ¢ μ¸´μ¢´μ° ³μ¤¨Ë¨± Í¨¨ [26, 27]. ˆ¸¶μ²Ó§ÊÖ ∅
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¤²Ö Ni, Ti ¨ Nb, ³μ¦´μ μÍ¥´¨ÉÓ ¢²¨Ö´¨¥ μ¸μ¡¥´´μ¸É¥° Ì¨³¨Î¥¸±μ£μ ¢§ ¨-
³μ¤¥°¸É¢¨Ö ¶·¨ ¶¥·¥Ìμ¤¥ μÉ Ti ± Nb ´  ¤μ¶μ²´¨É¥²Ó´μ¥ μ¡Ñ¥³´μ¥ ( Éμ³´μ¥)
¸¦ É¨¥ ¢ ’�“-¸É·Ê±ÉÊ·¥ ¸É¥Ì¨μ³¥É·¨¨ �‚2. �´μ ´¥ ¶·¥¢ÒÏ ¥É 1 %. ‚ Éμ ¦¥
¢·¥³Ö ¨§³¥´¥´¨Ö Ë ±Éμ·  �Š, μ¶·¥¤¥²¥´´μ£μ Î¥·¥§ ¶ · ³¥É·Ò Nh Ô²¥³¥´-
Éμ¢ ± ± ΔNh = {[Nh(NiNb2) − Nh(NiTi2)]/Nh(NiTi2)}, £¤¥ Nh(�n‚m) =
{[n × Nh(A)] + [m × Nh(B)]/(n + m)} [28, 29], ¤μ¸É¨£ ¥É 18%. ’ ±μ¥ ¸Ê-
Ð¥¸É¢¥´´μ¥ ±μ²¨Î¥¸É¢¥´´μ¥ · §²¨Î¨¥ ¨§³¥´¥´¨° ¶ · ³¥É·μ¢ · ¸¸³μÉ·¥´´ÒÌ
±·¨¸É ²²μÌ¨³¨Î¥¸±¨Ì Ë ±Éμ·μ¢ ¶·¨ § ³¥´¥  Éμ³μ¢ Ti ´   Éμ³Ò Nb ¶μ§¢μ²Ö¥É
¸ ¢Ò¸μ±μ° ¸É¥¶¥´ÓÕ ¢¥·μÖÉ´μ¸É¨ £μ¢μ·¨ÉÓ μ Éμ³, ÎÉμ ¶μÉ¥·Õ Ê¸Éμ°Î¨¢μ¸É¨
’�“-¸É·Ê±ÉÊ·Ò ¸μ ¸É¥Ì¨μ³¥É·¨¨ �‚2 ¢ ¸¨¸É¥³¥ NiÄNb ¢ ¶¥·¢ÊÕ μÎ¥·¥¤Ó ´ ¤μ
¸¢Ö§Ò¢ ÉÓ ¸ ¨§³¥´¥´¨¥³ Ë ±Éμ·  �Š. ‘²¥¤μ¢ É¥²Ó´μ, ¥¸²¨ ¢ ± ±μ°-Éμ ±μ´-
Í¥´É· Í¨μ´´μ° μ¡² ¸É¨ ¸¨¸É¥³Ò NiÄNb ¢ ¸¶² ¢ Ì μ¡´ ·Ê¦¨¢ ¥É¸Ö Ë §  É¨¶ 
…93, Éμ Ô²¥±É·μ´´ Ö ±μ´Í¥´É· Í¨Ö É ±μ£μ ¸¶² ¢  ¤μ²¦´  μÉ¢¥Î ÉÓ ¤¨ ¶ §μ´Ê
§´ Î¥´¨° Ô²¥±É·μ´´μ° ±μ´Í¥´É· Í¨¨, Ì · ±É¥·´ÒÌ ¤²Ö Ê± § ´´μ£μ É¨¶  Ë §.

�¥·¥Ìμ¤ ± ¸É¥Ì¨μ³¥É·¨¨ �‚5 ¨§³¥´Ö¥É §´ Î¥´¨¥ Ë ±Éμ·  �Š ¤μ
Nh(NiNb5) = 4,85 ¨ ¸ÊÐ¥¸É¢¥´´μ ¶·¨¡²¨¦ ¥É Ë ±Éμ· �Š ¤μ Nh(Ti2Ni) =
4,73. “¢¥²¨Î¥´¨¥ ¶·μÍ¥´É´μ£μ ¸μ¤¥·¦ ´¨Ö Ni ¢ η(η′′)-Ë §¥ Ê³¥´ÓÏ ¥É
Nh(Ni1+xNb5−x) ¨ ¥Ð¥ ¡μ²¥¥ ¶·¨¡²¨¦ ¥É ¥£μ ± Nh(Ti2Ni). ‚ [3] ¸μ¸É ¢
η(η′′)-Ë §Ò μ¶·¥¤¥²¨²¨ ± ± Nb81Ni19. „²Ö É ±μ£μ ¸μ¸É ¢  Nh(Nb81Ni19) =
4,73, ÎÉμ μÎ¥´Ó Ìμ·μÏμ ¸μ¢¶ ¤ ¥É ¸ Nh(Ti2Ni). 	μ²¥¥ Éμ£μ, ¶·¨ § ³¥Ð¥´¨¨ ¢
¡ §¨¸¥ ¶μ§¨Í¨° Nb  Éμ³ ³¨ Ni μ¡Ð¥¥ ¸¦ É¨¥ ´¥ Ê¢¥²¨Î¨¢ ¥É¸Ö,   ¶ ·Í¨ ²Ó-
´Ò¥ μ¸² ¡¥¢ ÕÉ (¸³. É ¡². 8).

� ´¥¥ ¡Ò²μ ¤μ± § ´μ, ÎÉμ η′-Ë §  Ö¢²Ö¥É¸Ö ± ·¡¨¤´μ° Ë §μ°, ¸μ¤¥·¦¨É
¶·¨³¥¸´Ò¥  Éμ³Ò, ¢±²ÕÎ Ö ±¨¸²μ·μ¤. Š¨¸²μ·μ¤ ¢μ ³´μ£¨Ì ¸²ÊÎ ÖÌ Ö¢²Ö¥É¸Ö
 ±Í¥¶Éμ·μ³ Ô²¥±É·μ´μ¢ ¨ ¸ÊÐ¥¸É¢¥´´μ ¢²¨Ö¥É ´  ¨§³¥´¥´¨¥ Ô²¥±É·μ´´μ° ±μ´-
Í¥´É· Í¨¨ ¸¶² ¢ . ‘²¥¤μ¢ É¥²Ó´μ, ¶ · ³¥É· �Š ¤²Ö η′-Ë §Ò ´ ¤μ ¸· ¢´¨-
¢ ÉÓ ¸  ´ ²μ£¨Î´Ò³ ¶ · ³¥É·μ³ ¤²Ö ± ·¡¨¤  ¸É¥Ì¨μ³¥É·¨¨ Œ12‘, ´ ¶·¨³¥·
Fe6W6C. ‘ ³Ò° ¶·μ¸Éμ° ¸¶μ¸μ¡ μÍ¥´±¨ ¶ · ³¥É·  �Š ¸¶² ¢  Å ÔÉμ ¸·¥¤-
´¨° £·Ê¶¶μ¢μ° ´μ³¥· (‘ƒ�) [30]. ‚ ´ Ï¥³ ¸²ÊÎ ¥ Ê³¥´ÓÏ¥´¨¥ ‘ƒ� ¨§-§ 
¶¥·¥Ìμ¤  μÉ W ± Nb ±μ³¶¥´¸¨·Ê¥É¸Ö Ê¢¥²¨Î¥´¨¥³ ‘ƒ� ¨§-§  ¶¥·¥Ìμ¤  μÉ Fe
± Ni. ‘μμÉ¢¥É¸É¢¥´´μ, �Š ¸¶² ¢  μ± §Ò¢ ¥É¸Ö ¡² £μ¶·¨ÖÉ´μ° ¤²Ö Ëμ·³¨·μ¢ -
´¨Ö ¨ Ê¸Éμ°Î¨¢μ¸É¨ ± ·¡¨¤´μ° η′-Ë §Ò ¸μ ¸É·Ê±ÉÊ·μ° …93 ¶·¨ ¸É¥Ì¨μ³¥É·¨¨
�‚. 	μ²¥¥ Éμ£μ, ±μ²¨Î¥¸É¢μ η′-Ë §Ò, ±·¨¸É ²²¨§ÊÕÐ¥¥¸Ö ¢ ¶¥·¥μÌ² ¦¤¥´´μ³
· ¸¶² ¢¥ ¶·¨ ‡†‘ ¨ μÉ¦¨£¥ �‘, ± Î¥¸É¢¥´´μ ¨ ±μ²¨Î¥¸É¢¥´´μ ¸μ£² ¸Ê¥É¸Ö
¸ ¸Ê³³ ·´Ò³ ¸μ¤¥·¦ ´¨¥³ ¶·¨³¥¸¥° ¢´¥¤·¥´¨Ö ¢ ¸¶² ¢¥ [5].

‡�Š‹
—…�ˆ…

�μ ·¥§Ê²ÓÉ É ³ ¢Ò¶μ²´¥´´ÒÌ ·¥´É£¥´μ- ¨ ´¥°É·μ´μ£· Ë¨Î¥¸±¨Ì ¨¸¸²¥¤μ-
¢ ´¨° ³μ¦´μ ¸¤¥² ÉÓ ¸²¥¤ÊÕÐ¨¥ ¢Ò¢μ¤Ò.

1. �μ¤É¢¥·¦¤¥´μ, ÎÉμ ¢ ¸¶² ¢ Ì ¸¨¸É¥³Ò NiÄNb ¸ÊÐ¥¸É¢ÊÕÉ ¤¢¥ Ë §Ò
É¨¶  …93.
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2. �μ± § ´μ, ÎÉμ ÔÉμ Ë §Ò ¤¢ÊÌ · §´ÒÌ ¸É·Ê±ÉÊ·´ÒÌ É¨¶μ¢: Fe6W6C ¨
Ti2Ni.

3. ‚ ¸¶² ¢¥ Ni58Nb42 ¶·¨ ´¥· ¢´μ¢¥¸´μ° ±·¨¸É ²²¨§ Í¨¨ ¢ Ê¸²μ¢¨ÖÌ ‡†‘
¸μ ¸±μ·μ¸ÉÓÕ μÌ² ¦¤¥´¨Ö vμÌ², ¡²¨§±μ° ± ±·¨É¨Î¥¸±μ°, ´¥μ¡Ìμ¤¨³μ° ¤²Ö
 ³μ·Ë¨§ Í¨¨, ¨ ¶·¨ μÉμ£·¥¢¥  ³μ·Ë´μ£μ ¸μ¸ÉμÖ´¨Ö ±·¨¸É ²²¨§Ê¥É¸Ö η′-Ë § 
¸μ¸É ¢  Ni6(Nb1−xNix)6(C,O,N,H), μÉ´μ¸ÖÐ Ö¸Ö ± ¸É·Ê±ÉÊ·´μ³Ê É¨¶Ê Fe6W6C.

4. ” §  η′ Ë §  ´¥ Ö¢²Ö¥É¸Ö ³¥É ¸É ¡¨²Ó´μ° ¶μ μÉ´μÏ¥´¨Õ ± ´ £·¥¢Ê, μ¤-
´ ±μ μ´  ´¥ ³μ¦¥É ¡ÒÉÓ ¶μ²ÊÎ¥´  ¶·¨ · ¢´μ¢¥¸´ÒÌ Ê¸²μ¢¨ÖÌ ±·¨¸É ²²¨§ Í¨¨.

5. ”μ·³¨·μ¢ ´¨¥ μ¡¥¨Ì Ë § ¸¢Ö§ ´μ ¸ ¸μμÉ¢¥É¸É¢ÊÕÐ¨³¨ Ë ±Éμ· ³¨:
Ë ±Éμ·μ³ Ô²¥±É·μ´´μ° ±μ´Í¥´É· Í¨¨ ¨ · §³¥·´Ò³ Ë ±Éμ·μ³.

6. „²Ö η′-Ë §Ò ¸μμÉ¢¥É¸É¢ÊÕÐ¨° Ë ±Éμ· Ô²¥±É·μ´´μ° ±μ´Í¥´É· Í¨¨ ·¥ -
²¨§Ê¥É¸Ö §  ¸Î¥É ´ ²¨Î¨Ö ¢ ¸¶² ¢¥ ¶·¨³¥¸´ÒÌ  Éμ³μ¢.

7. �¡· §μ¢ ´¨¥ η′′-Ë §Ò ¸μ¸É ¢  Ni(Nb1−xNix)5, £¤¥ x Å ³ ² Ö ¢¥²¨Î¨´ ,
μ¡Ê¸²μ¢²¥´μ ´ ²¨Î¨¥³ ¡² £μ¶·¨ÖÉ´μ° ¸É¥Ì¨μ³¥É·¨¨ (1:5) ¢ · ³± Ì ¶·μ¸É· ´-
¸É¢¥´´μ° £·Ê¶¶Ò Fd3mÄO7

h, ¤²Ö ±μÉμ·μ° ¢ ¸¨¸É¥³¥ NiÄNb ¸ÊÐ¥¸É¢¥´´ÊÕ ·μ²Ó
¨£· ¥É Ë ±Éμ· �Š, μ¶·¥¤¥²¥´´μ¥ §´ Î¥´¨¥ ±μÉμ·μ£μ ¸¶μ¸μ¡¸É¢Ê¥É μ¡· §μ¢ -
´¨Õ Ë § É¨¶  Ti2Ni. �·¨ ÔÉμ³ · §³¥·´Ò° Ë ±Éμ· ³¥´Ö¥É¸Ö ´¥§´ Î¨É¥²Ó´μ.
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