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ƓƕƈƅƒƍƌƅƗƓƕƠ ƙƓƕƘƑƅ 

ƖƳƧƪƷ ƱƳưƳƩǀƺ ƸƼƪƲǀƺ ƕƳƶƶƭƮƶƯƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ  

ƏƳƳƵƩƭƲƥƻƭƳƲƲǀƮ ƖƳƧƪƷ ƴƳ ƩƪưƥƱ ƱƳưƳƩƪƫƭ Ƨ ƲƥƸƼƲƳƮ ƭ ƳƦƵƥƬƳƧƥƷƪưǁƲƳƮ ƶƹƪƵƥƺ ƴƵƭ ƖƳƧƪƷƪ  

ƴƵƭ ƔƵƪƬƭƩƪƲƷƪ ƕƳƶƶƭƮƶƯƳƮ ƙƪƩƪƵƥƻƭƭ ƴƳ ƲƥƸƯƪ ƭ ƳƦƵƥƬƳƧƥƲƭǃ 

ƖƓƓƕƈƅƒƍƌƅƗƓƕƠ ƙƓƕƘƑƅ 

ƕƳƶƶƭƮƶƯƥǄ ƥƯƥƩƪƱƭǄ ƲƥƸƯ 

ƕƳƶƶƭƮƶƯƳƪ ƺƭƱƭƼƪƶƯƳƪ ƳƦƾƪƶƷƧƳ ƭƱ. Ɖ.ƍ. ƑƪƲƩƪưƪƪƧƥ  

ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƕƳƶƶƭƮƶƯƭƮ ƺƭƱƭƯƳ-ƷƪƺƲƳưƳƨƭƼƪƶƯƭƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱƪƲƭ Ɖ.ƍ. ƑƪƲƩƪưƪƪƧƥ 

ƇƶƪƵƳƶƶƭƮƶƯƭƮ ƲƥƸƼƲƳ-ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƭƲƶƷƭƷƸƷ ƹƭƷƳƴƥƷƳưƳƨƭƭ 

ƑƳƶƯƳƧƶƯƭƮ ƳƦưƥƶƷƲƳƮ ƲƥƸƼƲƳ-ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƯưƭƲƭƼƪƶƯƭƮ ƭƲƶƷƭƷƸƷ ƭƱ. Ƒ.ƙ. ƇưƥƩƭƱƭƵƶƯƳƨƳ 

ƒƥƻƭƳƲƥưǁƲǀƮ ƲƥƸƼƲƳ-ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƭƲƶƷƭƷƸƷ ƳƦƾƪƶƷƧƪƲƲƳƨƳ ƬƩƳƵƳƧǁǄ ƭƱƪƲƭ ƒ.ƅ. ƖƪƱƥƽƯƳ 

ƍƲƶƷƭƷƸƷ ƦƭƳƺƭƱƭƼƪƶƯƳƮ ƹƭƬƭƯƭ ƭƱ. ƒ.Ƒ. ƢƱƥƲƸǂưǄ ƕƅƒ 

ƍƲƶƷƭƷƸƷ ƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱ. ƒ.Ɖ. ƌƪưƭƲƶƯƳƨƳ ƕƅƒ 

ƑƳƶƯƳƧƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƳƦưƥƶƷƲƳƮ ƸƲƭƧƪƵƶƭƷƪƷ 

ƕƳƶƶƳƷƵƸƩƲƭƼƪƶƷƧƳ 

ƍƒƙƓƕƑƅƛƍƓƒƒƠƊ ƔƅƕƗƒŷƕƠ 

ƕƳƶƶƭƮƶƯƭƮ ƲƥƸƼƲǀƮ ƹƳƲƩ 

ƅƒƓ «ƛƪƲƷƵ ƲƥƸƼƲƳ-ƷƪƺƲƭƼƪƶƯƭƺ ƵƪƽƪƲƭƮ» 

ƋƸƵƲƥư ƲƪƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ (OOO «ƍƏƛ «ƅƯƥƩƪƱƯƲƭƨƥ»)  

ƋƸƵƲƥư «ƒƪƹƷƪƨƥƬƳƺƭƱƭǄ» (ƓƓƓ "ƓƆƕƅƏƅƉƊƑƒƅƘƏƅ") 

ƋƸƵƲƥư «ƗƵƥƲƶƴƳƵƷ ƭ ƺƵƥƲƪƲƭƪ ƲƪƹƷƪƴƵƳƩƸƯƷƳƧ ƭ ƸƨưƪƵƳƩƲƳƨƳ ƶǀƵǁǄ»  

(ƓƓƓ "ƓƆƕƅƏƅƉƊƑƒƅƘƏƅ") 

ƋƸƵƲƥư «ƔƵƳƱǀƽưƪƲƲƳƪ ƴƵƳƭƬƧƳƩƶƷƧƳ ƭ ƭƶƴƳưǁƬƳƧƥƲƭƪ ǂưƥƶƷƳƱƪƵƳƧ»  

(ƓƓƓ "ƓƆƕƅƏƅƉƊƑƒƅƘƏƅ") 

ƋƸƵƲƥư «ƍƶƷƳƵƭǄ ƭ ƴƪƩƥƨƳƨƭƯƥ ƪƶƷƪƶƷƧƳƬƲƥƲƭǄ» (ƓƓƓ "ƓƆƕƅƏƅƉƊƑƒƅƘƏƅ") 

ƋƸƵƲƥư «ƛƧƪƷǀ» (ƓƓƓ "ƍƬƩƥƷƪưǁƶƷƧƳ ƙƥƲƷƥƬƭǄ") 

ƋƸƵƲƥư «ƢƲƪƵƨƭǄ» (ƍƬƩƥƷƪưǁƶƷƧƳ «ƒƥƸƯƥ») 

ƋƸƵƲƥư «ƔƵƭƵƳƩƥ» (ƍƬƩƥƷƪưǁƶƷƧƳ «ƒƥƸƯƥ») 
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ƋƸƵƲƥư «ƌƪƱưǄ ƭ ƧƶƪưƪƲƲƥǄ» (ƍƬƩƥƷƪưǁƶƷƧƳ «ƒƥƸƯƥ») 

ƋƸƵƲƥư «ƑƳƶƯƳƧƶƯƭƮ ƫƸƵƲƥư. ƍƶƷƳƵƭǄ ƨƳƶƸƩƥƵƶƷƧƥ ƕƳƶƶƭƮƶƯƳƨƳ.» (ƅƯƻƭƳƲƪƵƲƳƪ ƳƦƾƪƶƷƧƳ 

"ƕƪƩƥƯƻƭǄ ƨƥƬƪƷǀ "ƇƪƼƪƵƲǄǄ ƑƳƶƯƧƥ") 

ƋƸƵƲƥư «ƇƳƯƵƸƨ ƖƧƪƷƥ» (ƓƓƓ «ƍƬƩƥƷƪưǁƶƷƧƳ «ƇƓƏƕƘƈ ƖƇƊƗƅ») 

ƙƪƩƪƵƥưǁƲƳƪ ƭƲƷƪƵƲƪƷ-ƭƬƩƥƲƭƪ «ƏƥƴƭƷƥư ƶƷƵƥƲǀ» 

ƋƸƵƲƥư «ƉƭưƪƷƥƲƷ» (ƓƓƓ "ƓƦƵƥƬƳƧƥƲƭƪ - 21 ƧƪƯ") 

ƋƸƵƲƥư «ƔƭƷƳƱƲƭƯ ƭ ƼƥƶƷƲǀƮ ƶƥƩ» (ƓƓƓ "ƒƥƸƼƲƳ-ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƭƲƶƷƭƷƸƷ ƶƪưƪƯƻƭƭ ƳƧƳƾƲǀƺ 

ƯƸưǁƷƸƵ") 

ƋƸƵƲƥư «ƑƥƯƪƷ ƑƳƶƯƧǀ» (ƋƸƵƲƥư «ƑƥƯƪƷ ƑƳƶƯƧǀ») 

ƋƸƵƲƥư "ƅƔƏ ƢƯƶƴƪƵƷ" (ƓƓƓ «ƖƉ ƈƵƸƴƴ») 

ƋƸƵƲƥư "ƅƔƏ ƢƯƶƴƪƵƷ. ƕƥƶƷƪƲƭƪƧƳƩƶƷƧƳ" (ƓƓƓ «ƖƉ ƈƵƸƴƴ») 

ƋƸƵƲƥư "ƅƔƏ ƢƯƶƴƪƵƷ: ƋƭƧƳƷƲƳƧƳƩƶƷƧƳ. ƔƷƭƻƪƧƳƩƶƷƧƳ" (ƓƓƓ «ƖƉ ƈƵƸƴƴ») 

ƋƸƵƲƥư "ƔƭƾƪƔƵƳƱƢƯƶƴƪƵƷ" (ƓƓƓ «ƖƉ ƈƵƸƴƴ») 

ƋƸƵƲƥư «ƈƥƬƳƧƥǄ ƴƵƳƱǀƽưƪƲƲƳƶƷǁ» (ƓƓƓ «ƏƥƱƪưƳƷ ƔƥƦưƭƽƭƲƨ») 

ƋƸƵƲƥư «ƗƪƵƵƭƷƳƵƭǄ ƒƊƙƗƊƈƅƌ» (ƓƓƓ «ƏƥƱƪưƳƷ ƔƥƦưƭƽƭƲƨ») 

ƋƸƵƲƥư «ƏƳƵƵƳƬƭǄ ƗƪƵƵƭƷƳƵƭƭ ƒƊƙƗƊƈƅƌ» (ƓƓƓ «ƏƥƱƪưƳƷ ƔƥƦưƭƽƭƲƨ») 

ƋƸƵƲƥư «ƅƨƵƥƵƲƥǄ ƲƥƸƯƥ» (ƓƓƓ «ƇƍƏ ɛ ƬƩƳƵƳƧǁƪ ƫƭƧƳƷƲǀƺ») 

ƋƸƵƲƥư «ƏƳƲƷƵƳưǁ. ƉƭƥƨƲƳƶƷƭƯƥ» (ƍƬƩƥƷƪưǁƶƯƭƮ ƩƳƱ «ƖƴƪƯƷƵ») 

ƋƸƵƲƥư «ƖƴƵƥƧƳƼƲƭƯ. ƍƲƫƪƲƪƵƲǀƮ ƫƸƵƲƥư» (ƍƬƩƥƷƪưǁƶƯƭƮ ƩƳƱ «ƖƴƪƯƷƵ») 

ƋƸƵƲƥư «ƗƪƵƵƭƷƳƵƭǄ NDT» (ƍƬƩƥƷƪưǁƶƯƭƮ ƩƳƱ «ƖƴƪƯƷƵ») 

ƋƸƵƲƥư «ƇƪƶƷƲƭƯ ƯƳƱƴǁǃƷƪƵƲǀƺ ƭ ƭƲƹƳƵƱƥƻƭƳƲƲǀƺ ƷƪƺƲƳưƳƨƭƮ» (ƍƬƩƥƷƪưǁƶƯƭƮ ƩƳƱ «ƖƴƪƯƷƵ») 

ƋƸƵƲƥư «Ƈ ƱƭƵƪ ƲƥƸƯƭ» (ƒƪƯƳƱƱƪƵƼƪƶƯƳƪ ƔƥƵƷƲƪƵƶƷƧƳ "ƑƪƫƩƸƲƥƵƳƩƲƳƪ ƴƥƵƷƲƪƵƶƷƧƳ  

ƵƥƶƴƵƳƶƷƵƥƲƪƲƭǄ ƲƥƸƼƲǀƺ ƬƲƥƲƭƮ") 

ƍƲƷƪƵƲƪƷ ƴƳƵƷƥư «ƒƥƸƼƲƥǄ ƕƳƶƶƭǄ» 

ƋƸƵƲƥư «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ» (ƕƍƅ «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ») 

ƋƸƵƲƥư «ƑƪƷƳƩǀ ƱƪƲƪƩƫƱƪƲƷƥ ƯƥƼƪƶƷƧƥ» (ƕƍƅ «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ») 

ƋƸƵƲƥư «ƏƳƲƷƵƳưǁ ƯƥƼƪƶƷƧƥ ƴƵƳƩƸƯƻƭƭ» (ƕƍƅ «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ») 

ƋƸƵƲƥư «ƑƭƵ ƭƬƱƪƵƪƲƭƮ» (ƕƍƅ «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ») 

ƋƸƵƲƥư «ƑƪƲƪƩƫƱƪƲƷ ƯƥƼƪƶƷƧƥ Ƨ ƱƪƩƭƻƭƲƪ» (ƕƍƅ «ƖƷƥƲƩƥƵƷǀ ƭ ƯƥƼƪƶƷƧƳ») 

ƋƸƵƲƥư «ƏƥƵƷƳƹƪưǁƲƥǄ ƶƭƶƷƪƱƥ» (ƓƓƓ ƏƳƱƴƥƲƭǄ "ƅƨƵƳƷƵƪƮƩ") 
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ƑƸƬƪƮ «ƍƶƷƳƵƭƭ ƳƨƵƥƲƯƭ ƥưƱƥƬƳƧ» (ƈƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƥƧƷƳƲƳƱƲƳƪ ƴƵƳƹƪƶƶƭƳƲƥưǁƲƳƪ 

ƳƦƵƥƬƳƧƥƷƪưǁƲƳƪ ƸƼƵƪƫƩƪƲƭƪ ƨƳƵƳƩƥ ƑƳƶƯƧǀ "ƏƳưưƪƩƫ ƴƵƪƩƴƵƭƲƭƱƥƷƪưǁƶƷƧƥ ʋ 11") 

ƋƸƵƲƥư «ƌƲƥƲƭƪ-ƶƭưƥ» (ƅƒƓ «ƕƪƩƥƯƻƭǄ ƫƸƵƲƥưƥ «ƌƲƥƲƭƪ ɛ ƶƭưƥ») 

ƋƸƵƲƥư «ƒƥƸƯƥ ƭ ƫƭƬƲǁ» (ƅƒƓ ƕƪƩƥƯƻƭǄ ƫƸƵƲƥưƥ «ƒƥƸƯƥ ƭ ƫƭƬƲǁ») 

ƋƸƵƲƥư «ƙƳƷƳƲƭƯƥ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ») 

ƋƸƵƲƥư «ƖƷƥƲƯƳƭƲƶƷƵƸƱƪƲƷ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ») 

ƋƸƵƲƥư «ƔƪƵƧƥǄ ƱƭưǄ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ») 

ƋƸƵƲƥư «ƒƥƲƳƭƲƩƸƶƷƵƭǄ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ») 

ƋƸƵƲƥư «ƅƲƥưƭƷƭƯƥ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ») 

ƋƸƵƲƥư «ƢưƪƯƷƵƳƲƭƯƥ» (ƕƍƛ «ƗƪƺƲƳƶƹƪƵƥ) 
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ƔƓƔƊƜƍƗƊƐơƖƏƍƎ ƖƓƇƊƗ 

ƅƯƥƩƪƱƭƯ ƕƅƒ ƊƨƳƵƳƧ Ƒƭƺƥƭư ƔƪƷƵƳƧƭƼ 

ƅƯƥƩƪƱƭƯ-ƶƪƯƵƪƷƥƵǁ ƓƷƩƪưƪƲƭǄ ƺƭƱƭƭ ƭ ƲƥƸƯ Ƴ ƱƥƷƪƵƭƥưƥƺ ƕƅƒ; 

ƉƭƵƪƯƷƳƵ ƍƲƶƷƭƷƸƷƥ ƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱ. ƒ.Ɖ. ƌƪưƭƲƶƯƳƨƳ ƕƅƒ 

 

ƚưƸƲƳƧ ƅưƪƯƶƥƲƩƵ ƇƭƷƥưǁƪƧƭƼ 

ƈƪƲƪƵƥưǁƲǀƮ ƩƭƵƪƯƷƳƵ ƕƳƶƶƭƮƶƯƳƨƳ ƲƥƸƼƲƳƨƳ ƹƳƲƩƥ 

 

ƅƯƥƩƪƱƭƯ ƕƅƒ ƚƳƺưƳƧ ƅưƪƯƶƪƮ ƕƪƱƳƧƭƼ 

Ƈƭƻƪ-ƴƵƪƬƭƩƪƲƷ ƕƅƒ 

 

ƅƯƥƩƪƱƭƯ ƕƅƒ ƛƭƧƥƩƬƪ ƅƶưƥƲ ƣƶƸƴƳƧƭƼ 

ƒƥƸƼƲǀƮ ƵƸƯƳƧƳƩƭƷƪưǁ ƍƲƶƷƭƷƸƷƥ ƹƭƬƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭ ǂưƪƯƷƵƳƺƭƱƭƭ ƭƱƪƲƭ ƅ.ƒ. ƙƵƸƱƯƭƲƥ ƕƅƒ; 

ƔƵƪƬƭƩƪƲƷ ƕƳƶƶƭƮƶƯƳƨƳ ƺƭƱƭƼƪƶƯƳƨƳ ƳƦƾƪƶƷƧƥ ƭƱ. Ɖ.ƍ. ƑƪƲƩƪưƪƪƧƥ 
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ƔƕƓƈƕƅƑƑƒƠƎ ƏƓƑƍƗƊƗ 

ƖƓƔƕƊƉƖƊƉƅƗƊƐƍ: 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƊƨƳƵƳƧ Ƒƭƺƥƭư ƔƪƷƵƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƖƳưƲƻƪƧ ƏƳƲƶƷƥƲƷƭƲ ƅưƪƯƶƥƲƩƵƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƚƳƺưƳƧ ƅưƪƯƶƪƮ ƕƪƱƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƛƭƧƥƩƬƪ ƅƶưƥƲ ƣƶƸƴƳƧƭƼ 

ƜƐƊƒƠ ƔƕƓƈƕƅƑƑƒƓƈƓ ƏƓƑƍƗƊƗƅ: 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƅƦƥƯƸƱƳƧ ƈưƪƦ ƅƵƶƪƲƷǁƪƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƅưƹƭƱƳƧ Ƒƭƺƥƭư ƇưƥƩƭƱƭƵƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƆƪƵưƭƲ ƅưƪƯƶƥƲƩƵ ƅưƪƯƶƥƲƩƵƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƍƪƧưƪƧ ƇƥưƪƲƷƭƲ ƑƭƺƥƮưƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƐƪƳƲƷǁƪƧ ƐƪƳƴƳưǁƩ ƍƨƳƵƪƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƑƸƬƥƹƥƵƳƧ ƅƬƭƬ ƑƥƲƶƸƵƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƖƭƲǄƽƭƲ Ɠưƪƨ ƈƪƵƳưǁƩƳƧƭƼ 

ƥƯƥƩƪƱƭƯ ƕƅƒ ƜƸƵƦƥƲƳƧ Ƒƭƺƥƭư ƙƪƩƳƵƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƅưǀƱƳƧ Ƒƭƺƥƭư ƍƧƥƲƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƆƥƼƸƵƭƲ ƖƪƵƨƪƮ ƓưƪƨƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƇƥƵƹƳưƳƱƪƪƧ ƖƪƵƨƪƮ ƉƱƭƷƵƭƪƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƈưƭƲƸƽƯƭƲ ƅưƪƯƶƪƮ ƔƥƧưƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƈƵƳƱƳƧ ƖƪƵƨƪƮ ƔƥƲƷƪưƪƮƱƳƲƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƉƫƪƱƭưƪƧ ƘƶƪƭƲ ƑƪƱƪƷƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƍƧƥƲƳƧ ƇưƥƩƭƱƭƵ ƏƳƲƶƷƥƲƷƭƲƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƏƳưƱƥƯƳƧ ƅưƪƯƶƪƮ ƈƪƳƵƨƭƪƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƏƳƱưƪƧ ƇưƥƩƭƱƭƵ ƖƪƵƨƪƪƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƐƸƯƥƽƭƲ ƅưƪƯƶƪƮ ƇƭƯƷƳƵƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƐǃưƭƲ ƖƪƵƨƪƮ ƇưƥƩƭƱƭƵƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƑƥƯƶƭƱƳƧ ƅƲƷƳƲ ƐǁƧƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƔƥƲƥƵƭƲ ƊƧƨƪƲƭƮ ƙƪƩƳƵƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƔƳƲƳƱƥƵƪƲƯƳ ƖƪƵƨƪƮ ƅƲƥƷƳưǁƪƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƓƬƪƵƭƲ ƅưƪƯƶƥƲƩƵ ƒƭƯƭƹƳƵƳƧƭƼ 
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ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƙƪƩǃƽƯƭƲ ƍƨƳƵǁ ƐƪƳƲƭƩƳƧƭƼ 

ƼưƪƲ-ƯƳƵƵƪƶƴƳƲƩƪƲƷ ƕƅƒ ƣƵƷƳƧ ƊƧƨƪƲƭƮ ƇƥƶƭưǁƪƧƭƼ 

Ʃ.Ʊ.Ʋ. ƅưƪƯƶƥƲƩƵƳƧƥ ƓƯƶƥƲƥ ƣƵǁƪƧƲƥ 

Ʃ.ƺ.Ʋ. ƆƸưƥƲƳƧ ƅƲƩƵƪƮ ƉƱƭƷƵƭƪƧƭƼ 

Ʃ.ƺ.Ʋ. ƏƥƵƥƶƭƯ ƅƲƩƵƪƮ ƅƲƥƷƳưǁƪƧƭƼ 

Ʃ.ƺ.Ʋ. ƏƥƵƨƭƲ ƣƵƭƮ ƙƪƩƳƵƳƧƭƼ 

Ʃ.ƺ.Ʋ. ƏƭƶƪưƪƧ Ƒƭƺƥƭư ƈƵƭƨƳƵǁƪƧƭƼ 

Ʃ.Ʀ.Ʋ. ƏƳƬǀƵƪƧ ƖƳƶưƥƲ ƈƪƵƱƥƲƳƧƭƼ 

Ʃ.ƺ.Ʋ. ƏƸƵƳƼƯƭƲ ƍưǁǄ ƒƭƯƳưƥƪƧƭƼ 

Ʃ.ƺ.Ʋ. ƖƥƹƭƸưưƭƲ ƕƸƶƷƥƱ ƐƸƷƹƸưưƳƧƭƼ 

Ʃ.ƺ.Ʋ. ƞƪƵƦƭƲƥ ƅƲƲƥ ƅƲƥƷƳưǁƪƧƲƥ 

Ư.ƹ-Ʊ.Ʋ. ƍƧƥƲƳƧ ƉƱƭƷƵƭƮ ƅƲƥƷƳưǁƪƧƭƼ  
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ƓƕƈƅƒƍƌƅƛƍƓƒƒƠƎ ƏƓƑƍƗƊƗ 

ƖƳƴƵƪƩƶƪƩƥƷƪưƭ: 

ƖƪƧƳƶƷǁǄƲƳƧ Ƒ.ƅ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ,  

ƬƥƱ. ƴƵƪƩƶƪƩƥƷƪưǄ ƖƑƘ ƕƅƒ 

ƉƪƱƭƲ Ɖ.Ƈ. ɛ Ư.Ʀ.Ʋ., ƍƲƶƷƭƷƸƷ ƹƸƲƩƥƱƪƲƷƥưǁƲǀƺ ƴƵƳƦưƪƱ ƦƭƳưƳƨƭƭ ƕƅƒ,  

ƬƥƱ. ƴƵƪƩƶƪƩƥƷƪưǄ ƖƑƘ ƕƅƒ 

ƏƭƵƶƥƲƯƭƲ ƅ. ƅ. ɛ Ư.ƹ.-Ʊ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƐǀƶƪƲƯƳƧ ƅ.Ɩ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƌƥƱƪƶƷƭƷƪưǁ ƴƵƪƩƶƪƩƥƷƪưǄ: 

ƖƷƪƴƥƲƳƧƥ Ɗ.Ƈ. ɛ Ư.ƹ.-Ʊ.Ʋ., ƍƲƶƷƭƷƸƷ ƴƵƳƦưƪƱ ƱƪƺƥƲƭƯƭ ƭƱ. ƅ.ƣ. ƍƽưƭƲƶƯƳƨƳ ƕƅƒ,  

ƸƼ. ƶƪƯƵƪƷƥƵǁ ƖƑƘ ƕƅƒ 

ƘƼǅƲǀƮ ƶƪƯƵƪƷƥƵǁ: 

ƑƪưǁƲƭƯƳƧƥ ƍ.Ɩ. 

 

ƜƐƊƒƠ ƓƕƈƅƒƍƌƅƛƍƓƒƒƓƈƓ ƏƓƑƍƗƊƗƅ: 

ƅƲƭƶƳƲǄƲ Ə.ƈ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƆƥƫƭƲ Ɣ.Ƒ. ɛ Ʃ.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƶƷƵƸƯƷƸƵƲƳƮ ƱƥƯƵƳƯƭƲƪƷƭƯƭ ƭ ƴƵƳƦưƪƱ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƕƅƒ 

ƆƥƭƯƭƲ ƅ.Ɩ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƆƳƮƻƳƧƥ Ɠ.Ƈ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷ ƳƦƾƪƮ ƭ ƲƪƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱƪƲƭ ƒ.Ɩ. ƏƸƵƲƥƯƳƧƥ ƕƅƒ 

ƇƥƶƭưǁƪƧƥ Ɨ.ƒ. ɛ Ʃ.Ʊ.Ʋ., ƨưƥƧƲǀƮ ƲƥƸƼƲǀƮ ƶƳƷƵƸƩƲƭƯ ƙƈƆƒƘ ƒƥƻƭƳƲƥưǁƲǀƮ ƲƥƸƼƲƳ-

ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƭƲƶƷƭƷƸƷ ƳƦƾƪƶƷƧƪƲƲƳƨƳ ƬƩƳƵƳƧǁǄ ƭƱƪƲƭ ƒ.ƅ.ƖƪƱƥƽƯƳ, 

ƇƳƱƴƪ Ɨ.ƅ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƈƪƵƳƧ Ƒ.Ƈ. ɛ Ư.Ʒ.Ʋ., ƅƓ «ƏƳƵƴƳƵƥƻƭǄ «ƑƍƗ» 

ƈƭƵƸƻ Ƒ.Ƈ. ɛ Ʃ.ƺ.Ʋ., ƕƳƶƶƭƮƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ ƲƪƹƷƭ ƭ ƨƥƬƥ (ƲƥƻƭƳƲƥưǁƲǀƮ 

ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƸƲƭƧƪƵƶƭƷƪƷ) ƭƱƪƲƭ ƍ. Ƒ. ƈƸƦƯƭƲƥ 

ƌƭƲƳƧƪƪƧ Ɖ.Ƈ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƏƥƴưƥƲ Ƒ.ƅ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƏƳƲƸƽƯƭƲ Ɩ.Ƈ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƖƸƩƥƵƼƭƯƳƧƥ Ƒ.ƅ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƏƸưƭƯƳƧ Ɖ.ƅ. ɛ Ư.Ʊ.Ʋ., ƑƳƶƯƳƧƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƳƦưƥƶƷƲƳƮ ƸƲƭƧƪƵƶƭƷƪƷ 

ƏƸƵǁǄƯƳƧ Ƈ.ƒ. ɛ Ư.ƹ.-Ʊ.Ʋ., ƍƲƶƷƭƷƸƷ ƴƵƳƦưƪƱ ƲƪƹƷƭ ƭ ƨƥƬƥ ƕƅƒ 

ƐƪƱƪƽƪƧ Ɖ.Ɠ. ɛ Ư.Ʒ.Ʋ., ƕƳƶƶƭƮƶƯƭƮ ƺƭƱƭƯƳ-ƷƪƺƲƳưƳƨƭƼƪƶƯƭƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱ. Ɖ.ƍ. ƑƪƲƩƪưƪƪƧƥ 

ƑƥƶưƪƲƲƭƯƳƧƥ Ɨ.Ɣ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷ ƺƭƱƭƭ ƶƭưƭƯƥƷƳƧ ƭƱ. ƍ.Ƈ. ƈƵƪƦƪƲƾƭƯƳƧƥ ƕƅƒ 

ƒƥƶƥƯƭƲƥ Ɗ.Ɠ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƔƵƳƫƪƨƥ Ƒ.Ƈ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƥƽƭƲƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆưƥƨƳƲƵƥƧƳƧƥ ƕƅƒ 

ƔƵƳƶƧƭƵƲƭƲ Ɖ.Ƈ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƖƪƵƨƭƪƲƯƳ Ə.Ƈ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 



 

10 

ƗƥƷƸƶǁ ƒ.ƅ. ɛ Ư.Ʒ.Ʋ., ƍƲƶƷƭƷƸƷ ƱƥƽƭƲƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆưƥƨƳƲƵƥƧƳƧƥ ƕƅƒ 

ƗǃƵƲƭƲƥ ƒ.ƈ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷ ƺƭƱƭƭ ƶƭưƭƯƥƷƳƧ ƭƱ. ƍ.Ƈ. ƈƵƪƦƪƲƾƭƯƳƧƥ ƕƅƒ 

ƗǃƵƲƭƲƥ ƌ.ƈ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷ ƺƭƱƭƭ ƶƭưƭƯƥƷƳƧ ƭƱ. ƍ.Ƈ. ƈƵƪƦƪƲƾƭƯƳƧƥ ƕƅƒ 

ƚƧƥƷƳƧ ƅ.Ƈ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷ ƦƭƳƺƭƱƭƼƪƶƯƳƮ ƹƭƬƭƯƭ ƭƱ. ƒ.Ƒ. ƢƱƥƲƸǂưǄ ƕƅƒ 

ƤƵǅƱƪƲƯƳ ƍ.ƅ. ɛ Ư.ƺ.Ʋ., ƍƲƶƷƭƷƸƷƥ ƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱ. ƒ. Ɖ. ƌƪưƭƲƶƯƳƨƳ ƕƅƒ 

ƑƳƵƳƬƳƧƥ Ƥ.ƅ. ɛ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƅƒ 

ƑƪưǁƲƭƯƳƧ Ƒ.Ɖ. ɛ ƕƳƶƶƭƮƶƯƭƮ ƺƭƱƭƯƳ-ƷƪƺƲƳưƳƨƭƼƪƶƯƭƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱ. Ɖ.ƍ. ƑƪƲƩƪưƪƪƧƥ 



ƓƈƐƅƇƐƊƒƍƊ: 

ƖƊƏƛƍƤ V: ƒƊƓƕƈƅƒƍƜƊƖƏƍƊ ƙƘƒƏƛƍƓƒƅƐơƒƠƊ ƑƅƗƊƕƍƅƐƠ .............................................................................................................................................. 27 

ƇƐƍƤƒƍƊ ƖƓƉƊƕƋƅƒƍƤ ƔƓƐƍƇƍƒƍƐƆƘƗƍƕƅƐƤ ƒƅ ƙƅƌƓƇƠƎ ƖƓƖƗƅƇ ƍ ƌƅƏƓƒƓƑƊƕƒƓƖƗƍ ƈƓƕƊƒƍƤ ƈƕƅƒƘƐƍƕƓƇƅƒƒƓƎ ƖƑƊƖƍ 

(TI + C) + XNI Ƈ ƓƗƖƘƗƖƗƇƍƍ ƇƒƊƝƒƊƈƓ ƈƅƌƓƇƓƈƓ ƔƓƗƓƏƅ 

ƅƆƌƅƐƓƇ ƒ.ƍ., ƖƊƔƐƤƕƖƏƍƎ Ɔ.Ɩ., ƏƓƜƊƗƏƓƇ ƕ.ƅ., ƐƍƖƍƒƅ Ɨ.ƈ. ............................................................................................................................................................................ 28 

ƔƐƅƖƗƍƙƍƏƅƛƍƤ ƔƓƐƍƏƕƍƖƗƅƐƐƍƜƊƖƏƍƚ ƗƊƕƑƓƢƐƊƏƗƕƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ GETE ƔƘƗƊƑ ƔƓƒƍƋƊƒƍƤ ƍƚ 

ƗƊƑƔƊƕƅƗƘƕƠ ƗƅƑƑƅƒƅ ƒƍƋƊ ƗƊƑƔƊƕƅƗƘƕƠ Əƣƕƍ (TT <TƖ)  

ƅƇƍƐƓƇ Ɗ.Ɩ., ƏƓƕƋƘƊƇ Ƒ.ƅ., ƏƕƊƗƓƇƅ Ƒ.ƅ. .................................................................................................................................................................................................................. 30 

ƕƅƌƕƅƆƓƗƏƅ ƒƍƏƊƐƊƇƠƚ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƉƐƤ ƋƍƉƏƓƖƓƐƊƇƠƚ ƕƊƅƏƗƓƕƓƇ 

ƅƈƘƕƊƊƇ Ɛ.Ɗ., ƍƇƅƒƓƇ Ɔ.Ɩ., ƐƅƔƗƊƇ ƍ.ƒ., ƏƅƒƘƝƏƍƒ ƅ.ƍ. ..................................................................................................................................................................................... 34 

ƅƉƖƓƕƆƛƍƓƒƒƅƤ ƅƏƗƍƇƒƓƖƗơ ƏƓƑƔƓƌƍƗƓƇ ƈƅƐƐƘƅƌƍƗ/ƑƅƈƒƊƗƍƗƔƓ ƓƗƒƓƝƊƒƍƣ Ə ƑƊƗƍƐƊƒƓƇƓƑƘ ƈƓƐƘƆƓƑƘ 

ƅƐƊƏƖƊƊƇƅ Ɠ.Ƈ., ƖƑƍƕƒƓƇƅ Ɖ.ƒ., ƆƅƈƕƓƇƖƏƅƤ ƒ.ƅ., ƒƓƖƏƓƇ ƅ.Ƈ. ...................................................................................................................................................................... 35 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƗƊƑƔƊƕƅƗƘƕƒƓ-ƉƊƙƓƕƑƅƛƍƓƒƒƠƚ ƕƊƋƍƑƓƇ ƓƆƕƅƆƓƗƏƍ ƐƍƗƠƚ ƌƅƈƓƗƓƇƓƏ, Ɩ ƛƊƐơƣ ƔƓƐƘƜƊƒƍƤ ƗƓƒƏƍƚ 

ƔƕƘƗƏƓƇ ƍƌ ƖƔƙ ƖƍƖƗƊƑƠ TI-NI-HF 

ƅƒƉƕƊƊƇ Ƈ.ƅ., ƏƅƕƊƐƍƒ ƕ.Ɖ., ƣƖƘƔƓƇ Ƈ.Ɩ., ƔƊƕƏƅƖ Ƒ.Ƒ.1 ƐƅƎƝƊƇƅ ƒ.Ƈ.136 

ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƗƓƇ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƑƊƕƒƠƚ ƑƅƗƕƍƛ ƍ ƇƠƖƓƏƓƉƍƖƔƊƕƖƒƓƈƓ ƘƈƐƊƕƓƉƅ Ƈ ƖƘƆ-Ɨƈƛ 

ƉƍƅƔƅƌƓƒƊ 

ƆƅƉơƍƒ ƅ.Ƈ., ƉƓƕƓƋƏƍƒ Ə.Ƈ., ƏƘƐƊƝƓƇ ƈ.Ɗ. ............................................................................................................................................................................................................... 39 

ƗƊƕƑƓƉƍƒƅƑƍƜƊƖƏƍƎ ƅƒƅƐƍƌ ƏƕƍƖƗƅƐƐƍƌƅƛƍƓƒƒƓƎ ƘƖƗƓƎƜƍƇƓƖƗƍ ƖƗŷƏƓƐ GE-S-BI 

ƆƅƐƘƊƇƅ Ə.Ƈ., ƏƘƗơƍƒ ƅ.Ƒ., ƔƐƊƚƓƇƍƜ ƅ.Ɖ., ƖƘƚƅƒƓƇ Ƒ.Ƈ. ................................................................................................................................................................................. 42 

ƇƓƖƖƗƅƒƓƇƐƊƒƍƊ ƍ ƖƓƕƆƛƍƤ ƍƓƒƓƇ ƝƊƖƗƍƇƅƐƊƒƗƒƓƈƓ ƚƕƓƑƅ Ɩ ƘƜƅƖƗƍƊƑ ƕƊƒƗƈƊƒƓƅƑƓƕƙƒƓƈƓ ƔƓƐƍƗƍƗƅƒƅƗƅ ƏƅƐƍƤ ƍ 

ƗƊƕƑƍƜƊƖƏƓƊ ƔƓƇƊƉƊƒƍƊ ƓƆƕƅƌƘƣƞƍƚƖƤ ƔƕƓƉƘƏƗƓƇ 

ƆƐƅƈƓƇƅ Ɨ.ƅ., ƇƍƏƘƐƓƇƅ Ƒ.ƅ., ƖƅƘƒƍƒƅ Ɩ.ƍ., ƝƊƇƜƊƒƏƓ ƅ.ƅ.,ƗƕƊƗơƤƜƊƒƏƓ Ɗ.Ƈ., ƈƓƕƓƚƓƇƖƏƍƎ ƅ.Ƈ. ................................................................................................ 43 

ƇƐƍƤƒƍƊ ƒƅƒƓƕƅƌƑƊƕƒƠƚ ƜƅƖƗƍƛ ƒƍƗƕƍƉƅ ƅƐƣƑƍƒƍƤ ƒƅ ƖƗƕƘƏƗƘƕƘ ƍ ƖƇƓƎƖƗƇƅ ƏƓƑƔƅƏƗƒƠƚ ƖƇƖ-ƑƅƗƊƕƍƅƐƓƇ ƒƅ 

ƓƖƒƓƇƊ ƉƍƆƓƕƍƉƅ ƗƍƗƅƒƅ, ƔƓƐƘƜƊƒƒƠƚ ƑƊƗƓƉƓƑ ƖƇƖ-ƢƏƖƗƕƘƌƍƍ 

ƆƓƐƓƛƏƅƤ ƅ.Ƈ., ƑƍƚƊƊƇ Ƒ.Ƈ., ƆƅƋƍƒ Ɣ.Ƒ. ................................................................................................................................................................................................................. 47 

ƖƍƒƗƊƌ ƗƕƍƓƏƖƍƉƅ ƇƓƐơƙƕƅƑƅ(VI) ƔƘƗƊƑ ƈƍƉƕƓƗƊƕƑƅƐơƒƓƎ ƓƆƕƅƆƓƗƏƍ ƔƊƕƓƏƖƓƇƓƐơƙƕƅƑƓƇƓƎ ƏƍƖƐƓƗƠ 

ƆƘƝƏƓƇƅ Ɨ. Ƒ., ƍƇƅƒƓƇƅ Ɠ. Ɩ., ƆƅƕƅƒƜƍƏƓƇ ƅ. Ɗ. .................................................................................................................................................................................................... 48 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƗƕƘƏƗƘƕƠ ƍ ƑƅƈƒƍƗƒƠƚ ƖƇƓƎƖƗƇ SM1.2HO0.8FE17, ƊƈƓ ƈƍƉƕƍƉƅ, ƒƍƗƕƍƉƅ ƍ ƔƓƕƓƝƏƓƇ ƒƍƗƕƍƉƅ ƔƓƖƐƊ 

ƑƊƚƅƒƍƜƊƖƏƓƎ ƓƆƕƅƆƓƗƏƍ 

ƇƊƖƊƐƓƇƅ C.Ƈ. .......................................................................................................................................................................................................................................................................... 52 

ƖƍƒƗƊƌ, ƖƗƕƘƏƗƘƕƅ ƍ ƖƇƓƎƖƗƇƅ ƒƓƇƠƚ ƇƠƖƓƏƓƗƊƑƔƊƕƅƗƘƕƒƠƚ ƖƓƊƉƍƒƊƒƍƎ LN2(FE/CR)TAO7, ƈƉƊ LN=ƕƌƢ ƍ Y 

ƇƊƖƊƐƓƇƅ Ƈ.Ɠ., ƔƓƔƓƇƅ Ɗ.ƙ., ƈƅƎƗƏƓ Ɠ.Ƒ., ƊƈƓƕƠƝƊƇƅ ƅ.Ƈ. .............................................................................................................................................................................. 55 

ƇƐƍƤƒƍƊ ƕƊƋƍƑƓƇ ƗƊƕƑƍƜƊƖƏƓƎ ƓƆƕƅƆƓƗƏƍ ƒƅ ƑƅƈƒƍƗƒƠƊ ƖƇƓƎƖƗƇƅ ƖƔƐƅƇƅ FE-28%CR-10%CO-0.5%W 

ƇƓƑƔƊ Ɨ.ƅ., ƑƍƐƤƊƇ ƍ.Ƒ. ................................................................................................................................................................................................................................................... 56 

ƗƊƕƑƓƉƍƒƅƑƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƗƕŷƚƏƓƑƔƓƒƊƒƗƒƠƚ ƖƍƖƗƊƑ, ƖƓƉƊƕƋƅƞƍƚ ƓƏƖƍƉ ƈƅƙƒƍƤ, Ɣƕƍ ƇƠƖƓƏƍƚ ƗƊƑƔƊƕƅƗƘƕƅƚ 

ƇƓƕƓƋƛƓƇ Ƈ.ƅ., ƖƗƓƐƤƕƓƇƅ Ƈ.Ɛ. ..................................................................................................................................................................................................................................... 57 

ƖƗƕƘƏƗƘƕƅ ƍ ƖƇƓƎƖƗƇƅ ƗƇƊƕƉƠƚ ƕƅƖƗƇƓƕƓƇ ƑƒƓƈƓƏƓƑƔƓƒƊƒƗƒƓƎ ƖƍƖƗƊƑƠ ƒƅ ƓƖƒƓƇƊ Ə0.5Nƅ0.5NBO3 ƍ SR2NB2O7 

ƈƐƅƌƘƒƓƇƅ Ɗ. Ƈ., ƇƊƕƆƊƒƏƓ ƍ. ƅ., ƒƍƏƘƐƍƒƅ ƅ. ƅ., ƕƊƌƒƍƜƊƒƏƓ Ɛ.ƅ. ............................................................................................................................................................... 66 



 

12 

ƖƐƓƋƒƠƊ ƓƏƖƍƉƠ ƖƓ ƖƗƕƘƏƗƘƕƓƎ ƕƓƌƍƅƍƗƅ Ƈ ƕƊƅƏƛƍƍ ƓƏƍƖƐƊƒƍƤ ƖƓ 

ƈƓƐƓƉƘƚƍƒƅ Ɩ.Ƈ., ƐƍƆƊƕƑƅƒ Ɗ.ƣ., ƅƕƅƔƓƇƅ Ɠ.Ƈ., ƢƐƐƊƕƗ Ɠ.ƈ., ƊƈƓƕƠƝƊƇƅ ƅ.Ƈ. ........................................................................................................................................ 68 

ƇƅƕơƍƕƓƇƅƒƍƊ ƖƓƖƗƅƇƓƇ ƖƛƍƒƗƍƐƐƤƗƓƕƅ  (GD,Y)3(GA,AL)5O12:(LN)+3 ƉƐƤ ƓƔƗƍƑƍƌƅƛƍƍ ƖƇƓƎƖƗƇ 

ƈƓƕƉƍƊƒƏƓ Ɗ.Ƈ., ƉƓƖƓƇƍƛƏƍƎ ƈ.ƅ., ƏƅƕƔƣƏ Ɣ.Ƈ., ƉƘƆƓƇ Ƈ.Ƈ., ƇƅƞƊƒƏƓƇƅ Ɗ.Ɩ., ƏƘƌƒƊƛƓƇƅ Ɖ.Ɗ., ƑƊƜƍƒƖƏƍƎ Ƈ.ƅ., ƙƊƉƓƕƓƇ ƅ.ƅ., ƏƓƕƋƍƏ Ƒ.Ƈ. ...... 70 

ƢƐƊƏƗƕƓƚƍƑƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƈƓƐƐƅƒƉƍƗƅ ƖƓƖƗƅƇƅ K1.5FE1.5TI6.5O16 Ɩ ƘƈƐƊƕƓƉƒƠƑ ƔƓƏƕƠƗƍƊƑ 

ƈƓƕƝƏƓƇ ƒ.Ƈ., ƑƍƚƅƎƐƓƇƅ Ɖ.ƅ., ƇƍƏƘƐƓƇƅ Ƒ.ƅ., ƈƓƕƆƘƒƓƇ Ƒ.Ƈ., ƈƓƕƓƚƓƇƖƏƍƎ ƅ.Ƈ. ............................................................................................................................. 71 

ƏƕƍƖƗƅƐƐƍƜƊƖƏƅƤ ƖƗƕƘƏƗƘƕƅ ƖƓƊƉƍƒƊƒƍƤ SRSCCUS3 

ƈƕƍƈƓƕơƊƇ Ƒ.Ƈ., ƕƘƖƊƎƏƍƒƅ ƅ.Ƈ., ƑƓƐƓƏƊƊƇ Ƒ.Ɩ., ƓƖƗƅƔƜƘƏ Ɗ.ƅ. .................................................................................................................................................................... 77 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƏƍƒƊƗƍƏƍ ƈƍƆƊƐƍ ƙƓƗƓƈƊƒƊƕƍƕƓƇƅƒƒƠƚ ƒƓƖƍƗƊƐƊƎ ƗƓƏƅ Ƈ ƐƊƈƍƕƓƇƅƒƒƠƚ ƔƓƕƓƝƏƅƚ CDTE 

ƈƕƍƛƊƇƅ ƅ.Ɣ., ƕƅƆƊƒƓƏ Ɗ.Ƈ., ƈƅƔƅƒƓƇƍƜ Ƒ.Ƈ., ƒƓƇƍƏƓƇ ƈ.ƙ. ............................................................................................................................................................................. 78 

ƇƐƍƤƒƍƊ ƈƕƅƒƘƐƓƑƊƗƕƍƜƊƖƏƓƈƓ ƖƓƖƗƅƇƅ ƒƅ ƖƓƕƆƛƍƓƒƒƠƊ ƖƇƓƎƖƗƇƅ ƑƊƚƅƒƓƚƍƑƍƜƊƖƏƍ ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƚ 

ƏƐƍƒƓƔƗƍƐƓƐƍƗƓƇƠƚ ƔƓƕƓƉ 

ƉƅƆƍƋƅ Ɠ.ƒ., ƉƊƕƆƊƒƊƇƅ Ɨ.Ƈ. ........................................................................................................................................................................................................................................... 79 

ƇƐƍƤƒƍƊ ƗƊƑƔƊƕƅƗƘƕƠ ƢƐƊƏƗƕƓƐƍƗƅ ƒƅ ƑƓƕƙƓƐƓƈƍƣ ƍ ƚƍƑƍƜƊƖƏƍƎ ƖƓƖƗƅƇ ƉƇƘƚƏƓƑƔƓƒƊƒƗƒƠƚ (CU-ZN) ƔƓƏƕƠƗƍƎ 

ƉƊƒƍƖƓƇƅ ƅ.ƈ., ƗƣƕơƏƓƇ Ƒ.ƒ., ƉƅƒƍƐƓƇ Ƈ.ƅ. ........................................................................................................................................................................................................... 85 

ƇƐƍƤƒƍƊ ƗƊƚƒƓƐƓƈƍƜƊƖƏƍƚ ƙƅƏƗƓƕƓƇ ƒƅ ƔƕƓƛƊƖƖ ƕƅƌƐƓƋƊƒƍƤ ƓƏƖƍƉƅ ƅƌƓƗƅ (I)  

ƉƊƒƍƖƓƇƅ Ə.Ɠ., ƍƐơƍƒ ƅ.ƅ., ƕƘƑƤƒƛƊƇ ƕ.ƒ., ƍƐơƍƒ ƅ.Ɣ. ..................................................................................................................................................................................... 90 

ƗƕƅƒƖƔƓƕƗƒƠƊ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƊƑƆƕƅƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ ƕƘƗƊƒƅƗƅ ƍ ƓƏƖƍƉƅ ƇƍƖƑƘƗƅ, 

ƔƓƐƘƜƊƒƒƠƚ ƏƕƍƖƗƅƐƐƍƌƅƛƍƊƎ ƍƌ ƜƅƖƗƍƜƒƓ ƕƅƖƔƐƅƇƐƊƒƒƓƈƓ ƖƓƖƗƓƤƒƍƤ 

ƉƊƕƈƅƜƊƇƅ Ɣ.Ɗ., ƏƘƐơƆƅƏƍƒ ƍ.Ƈ, ƙƊƉƓƕƓƇ Ɩ.Ƈ., ƆƊƐƓƘƖƓƇ Ƈ.Ƈ. ........................................................................................................................................................................ 92 

ƑƒƓƈƓƏƓƑƔƓƒƊƒƗƒƠƊ ƖƐƓƋƒƓƓƏƖƍƉƒƠƊ ƖƕƊƉƠ ɛ ƓƖƒƓƇƠ ƙƘƒƏƛƍƓƒƅƐơƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƢƐƊƏƗƕƓƒƒƓƎ ƗƊƚƒƍƏƍ 

ƉƘƉƏƍƒƅ Ɩ.ƍ., ƝƍƐƏƍƒƅ Ɛ.ƅ., ƇƊƕƆƊƒƏƓ ƍ.ƅ., ƕƊƌƒƍƜƊƒƏƓ Ɛ.ƅ. ...................................................................................................................................................................... 93 

ƒƓƇƠƊ ƖƏƅƒƉƍƎ ƖƓƉƊƕƋƅƞƍƊ ƏƕƍƖƗƅƐƐƠ.  

ƊƕƑƓƜƊƒƏƓƇ ƍ.Ƒ., ƏƘƗƓƇƓƎ Ɩ.ƅ., ƌƅƈƘƑƊƒƒƠƎ ƅ.ƍ., ƈƅƖƅƒƓƇ ƅ.ƅ., ƣƕƅƖƓƇƅ Ɠ.Ƈ., ƇƅƖƍƐƊƒƏƓ Ɩ.ƅ. ................................................................................................ 95 

ƕƊƐƅƏƖƓƕƒƓƊ ƔƓƇƊƉƊƒƍƊ ƏƊƕƅƑƍƏƍ ƗƇƊƕƉƠƚ ƕƅƖƗƇƓƕƓƇ 0.5BFOɛ0.5PFN 

ƋƍƉƊƐơ Ə.Ƒ., ƔƅƇƐƊƒƏƓ ƅ.Ƈ. ............................................................................................................................................................................................................................................ 97 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƐƓƋƒƠƚ ƗƇƊƕƉƠƚ ƕƅƖƗƇƓƕƓƇ ƉƍƓƏƖƍƉƅƛƊƕƍƤ, ƐƊƈƍƕƓƇƅƒƒƠƚ ƖƅƑƅƕƍƊƑ 

ƌƅƈƅƎƒƓƇ ƍ.Ƈ. ...................................................................................................................................................................................................................................................................... 100 

ƘƖƐƓƇƍƤ ƅƌƓƗƍƕƓƇƅƒƍƤ ƖƑƊƝƅƒƒƠƚ ƏƖƊƕƓƈƊƐƊƎ ƍƌ ƅƐƏƓƏƖƍƉƓƇ ƏƕƊƑƒƍƤ ƍ ƅƐƣƑƍƒƍƤ 

ƍƇƍƜƊƇƅ Ɩ.ƒ., ƏƐƍƑƅƝƍƒ ƅ.ƅ., ƓƇƖƤƒƒƍƏƓƇ ƒ.ƅ., ƐƠƖƊƒƏƓƇ ƅ.Ɩ., Əƅƕƈƍƒ ƣ.ƙ. .................................................................................................................................. 101 

ƇƠƉƊƐƊƒƍƊ LIGA5O8 Ƈ ƖƗƊƏƐƅƚ ƖƍƖƗƊƑƠ LI2O-NA2O-GA2O3-SIO2-GEO2 

ƍƈƒƅƗơƊƇƅ Ɗ.Ɩ., Ɨƣƕƍƒ ƍ.Ɖ., ƑƅƘƕƘƖ ƅ.ƅ., ƏƓƌƐƓƇƅ Ɗ.Ɠ., ƈƓƐƘƆƊƇ ƒ.Ƈ., ƖƍƈƅƊƇ Ƈ.ƒ. ........................................................................................................................... 103 

ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƚ ƏƊƕƅƑƍƏ ƒƅ ƓƖƒƓƇƊ ƗƍƗƅƒƅƗƅ ƒƅƗƕƍƤ-ƇƍƖƑƘƗƅ (NA0.5BI0.5)(TI1-XWX)O3 (X 

= 0 ɛ 0.1)  

ƏƅƐƊƇƅ ƈ.Ƒ., ƔƓƐƍƗƓƇƅ Ɗ.Ɖ., ƆƊƐơƏƓƇƅ Ɖ.ƅ., ƑƓƖƘƒƓƇ ƅ.Ƈ., ƖƗƊƙƅƒƓƇƍƜ Ɩ.ƣ. ..................................................................................................................................... 104 

Ƙƙ-ƌƅƞƍƗƒƠƊ ƏƓƑƔƓƌƍƗƒƠƊ ƑƅƗƊƕƍƅƐƠ ƒƅ ƓƖƒƓƇƊ ƒƅƒƓƏƕƍƖƗƅƐƐƍƜƊƖƏƓƎ ƛƊƐƐƣƐƓƌƠ, ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƓƎ 

ƒƅƒƓƉƍƖƔƊƕƖƒƠƑ ƉƍƓƏƖƍƉƓƑ ƛƊƕƍƤ 

ƏƅƑƊƒƊƇƅ Ɩ.Ƈ., ƔƓƔƏƓƇ Ƒ.ƅ., ƐƘƈƍƒƍƒƅ ƅ.ƅ., ƤƔƕƠƒƛƊƇ ƅ.Ɖ., ƞƊƕƆƅƏƓƇ ƅ.Ɔ., ƆƅƕƅƒƜƍƏƓƇ ƅ.Ɗ., ƍƇƅƒƓƇ Ƈ.Ə. ....................................................................... 108 



 

13 

ƑƅƗƊƑƅƗƍƜƊƖƏƅƤ ƑƓƉƊƐơ ƢƐƊƏƗƕƍƜƊƖƏƓƎ ƔƕƓƜƒƓƖƗƍ ƔƓƐƍƑƊƕƒƠƚ ƉƍƢƐƊƏƗƕƍƏƓƇ 

ƏƍƖƊƐƊƇƍƜ Ƈ.Ƈ. .................................................................................................................................................................................................................................................................... 109 

ƖƗƅƆƍƐơƒƠƊ ƖƗƕƘƏƗƘƕƠ ƒƅ ƓƖƒƓƇƊ ƈƍƉƕƓƙƓƆƒƓ-ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƚ ƒƊƓƕƈƅƒƍƜƊƖƏƍƚ ƒƅƒƓƗƕƘƆƓƏ ƈƅƐƐƘƅƌƍƗƅ 

ƏƓƒƒƓƇƅ Ɩ.ƅ., ƒƍƈƅƑƅƗƌƤƒƓƇƅ Ɛ.ƕ., ƙƅƚƕƘƐƐƍƒ ƕ.ƙ. ....................................................................................................................................................................................... 111 

ƍƌƘƜƊƒƍƊ ƇƐƍƤƒƍƤ ƔƕƓƛƊƖƖƓƇ ƈƓƕƊƒƍƤ ƍ ƇƠƖƓƏƓƗƊƑƔƊƕƅƗƘƕƒƓƈƓ ƖƉƇƍƈƓƇƓƈƓ ƉƊƙƓƕƑƍƕƓƇƅƒƍƤ ƒƅ ƖƗƕƘƏƗƘƕƘ 

ƖƐƓƍƖƗƠƚ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ TI-B 

ƏƓƒƖƗƅƒƗƍƒƓƇ ƅ.Ɩ., ƆƅƋƍƒ Ɣ.Ƒ., ƜƍƋƍƏƓƇ ƅ.Ɣ., ƔƕƓƏƓƔƊƛ ƅ.Ɖ. ................................................................................................................................................................ 113 

ƏƅƕƆƍƉƒƠƊ ƔƓƏƕƠƗƍƤ ƒƅ NB- ƍ TI-ƐƊƒƗƅƚ ƍ ƋƅƕƓƔƕƓƜƒƠƊ ƏƓƑƔƓƌƍƗƠ, ƔƕƍƈƓƗƓƇƐƊƒƒƠƊ ƍƌ ƒƍƚ ƔƓ ƗƇƊƕƉƓƙƅƌƒƓƎ 

ƗƊƚƒƓƐƓƈƍƍ 

ƏƓƕƋƓƇ Ƈ.Ɣ., ƔƕƓƚƓƕƓƇ Ɖ.Ƈ., ƋƊƐƗƤƏƓƇƅ ƍ.Ɩ. ..................................................................................................................................................................................................... 114 

ƍƖƔƓƐơƌƓƇƅƒƍƊ ƗƊƕƑƓƢƐƊƏƗƕƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ ƖƊƑƊƎƖƗƇƅ [(GE, SN, PB)TE]M [(BI, SB)2(TE, SE)3]N (M, N= 0, 1, 2ɦ) ƉƐƤ 

ƔƓƐƘƜƊƒƍƤ ƑƅƈƒƍƗƒƠƚ ƔƓƐƊƎ  H  Ƈ ƏƓƒƗƘƕƅƚ ƏƓƕƓƗƏƓƌƅƑƏƒƘƗƠƚ ƗƊƕƑƓƔƅƕ 

ƏƓƕƋƘƊƇ Ƒ.ƅ., ƅƇƍƐƓƇ Ɗ.Ɩ., ƏƕƊƗƓƇƅ Ƒ.ƅ. ............................................................................................................................................................................................................... 115 

ƓƆ ƘƖƗƓƎƜƍƇƓƖƗƍ ƕƅƌƐƍƜƒƠƚ ƈƕƘƔƔ ƗƊƕƑƓƢƐƊƏƗƕƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ Ə ƇƓƉƓƕƓƉƒƓƑƘ ƕƅƌƕƘƝƊƒƍƣ Ɣƕƍ ƢƐƊƏƗƕƓƐƍƌƊ 

ƇƓƉƠ 

ƏƕƊƗƓƇƅ Ƒ.ƅ., ƏƓƕƋƘƊƇ Ƒ.ƅ., ƏƅƗƍƒ ƍ.Ƈ., ƅƇƍƐƓƇ Ɗ.Ɩ. ..................................................................................................................................................................................... 118 

ƙƓƕƑƍƕƓƇƅƒƍƊ ƏƊƕƅƑƍƜƊƖƏƍƚ ƑƍƝƊƒƊƎ ƉƐƤ ƕƅƖƔƠƐƊƒƍƤ ƗƇƊƕƉƠƚ ƢƐƊƏƗƕƓƐƍƗƓƇ 

ƏƘƒƝƍƒƅ ƈ.Ɔ., ƆƓƜƅƕƓƇƅ ƍ.Ƈ. ........................................................................................................................................................................................................................................ 124 

ƏƓƑƔơƣƗƊƕƒƅƤ ƑƓƉƊƐơ ƙƅƌƓƇƓƎ ƉƍƅƈƕƅƑƑƠ ƖƍƖƗƊƑƠ LIF-PUF3-KF 

ƐƅƑƘƊƇƅ Ƒ.Ƈ., ƌƊƐƊƒƅƤ ƅ.Ƣ., ƐƘƛƠƏ Ƈ.ƍ. ................................................................................................................................................................................................................. 128 

ƖƍƒƗƊƌ ƍ ƍƖƖƐƊƉƓƇƅƒƍƊ ƏƊƕƅƑƍƜƊƖƏƍƚ ƖƛƍƒƗƍƐƐƤƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ CE:YAG Ɩ ƕƅƌƐƍƜƒƓƎ ƏƓƒƛƊƒƗƕƅƛƍƊƎ ƛƊƕƍƤ 

(0,5-10 ƅƗ.%) ƍ ƕƅƌƐƍƜƒƓƎ ƗƓƐƞƍƒƓƎ Ɣƕƍ ƇƓƌƉƊƎƖƗƇƍƍ ƒƅ ƒƍƚ ƍƑƔƘƐơƖƒƓƈƓ ƕƊƒƗƈƊƒƓƇƖƏƓƈƓ ƍƌƐƘƜƊƒƍƤ 

ƐƘƏơƤƝƍƒ Ə.Ɗ., ƜƊƔƘƖƓƇ ƅ.Ɩ., ƖƓƐƓƑƓƒƓƇ Ƈ.ƍ. ................................................................................................................................................................................................... 134 

ƚƅƕƅƏƗƊƕƒƠƊ ƉƊƙƊƏƗƠ ƔƓƇƊƕƚƒƓƖƗƍ, ƇƓƌƒƍƏƅƣƞƍƊ Ɣƕƍ CVD-ƖƍƒƗƊƌƊ ƅƐƑƅƌƅ ƍƌ ƑƊƗƅƒ-ƇƓƉƓƕƓƉƒƓƎ ƔƐƅƌƑƠ 

ƑƅƕƗƠƒƓƇƅ Ɨ.Ƈ., ƔƓƐƘƝƍƒ ƒ.ƍ., ƐƅƔƗƊƇ ƅ.ƍ., ƌƅƚƅƕƓƇƅ Ɗ.Ɩ., ƑƅƖƐƓƇ ƅ.Ɛ. ............................................................................................................................................ 135 

ƔƓƐƘƜƊƒƍƊ ƔƓƐƍƏƕƍƖƗƅƐƐƍƜƊƖƏƓƈƓ CVD-ƅƐƑƅƌƅ ƒƅ ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƓƎ ƏƕƊƑƒƍƊƇƓƎ ƔƓƉƐƓƋƏƊ ƍƌ ƑƊƗƅƒ-

ƇƓƉƓƕƓƉƒƓƎ ƔƐƅƌƑƠ 

ƑƅƖƐƓƇ ƅ.Ɛ., ƔƓƐƘƝƍƒ ƒ.ƍ., ƐƅƔƗƊƇ ƅ.ƍ., ƇƠƖƓƗƍƒƅ Ɗ.ƅ., ƑƅƕƗƠƒƓƇƅ Ɨ.Ƈ. .......................................................................................................................................... 140 

ƔƊƕƖƔƊƏƗƍƇƒƠƊ ƑƅƗƊƕƍƅƐƠ ƒƅ ƓƖƒƓƇƊ ƇƓƐơƙƕƅƑƅƗƅ ƐƍƗƍƤ ƍ ƓƏƖƍƉƅ ƇƍƖƑƘƗƅ: ƖƍƒƗƊƌ, ƗƊƕƑƓƉƍƒƅƑƍƏƅ, 

ƌƅƏƓƒƓƑƊƕƒƓƖƗƍ ƍƌƑƊƒƊƒƍƤ ƖƇƓƎƖƗƇ 

ƑƅƛƏƊƇƍƜ ƒ.ƍ., ƝƐƊƈƊƐơ Ƈ.ƒ., ƗƕƍƙƓƒƓƇ Ƈ.ƅ., ƈƕƍƈƓƕơƊƇƅ Ƈ.Ɖ., ƖƊƑƊƕƍƏƓƇƅ ƅ.ƒ., ƌƅƎƛƊƇ Ƈ.Ɣ., ƏƘƌƒƊƛƓƇ Ƈ.ƅ. ................................................................. 144 

ƑƅƈƒƍƗƒƠƊ ƈƍƖƗƊƕƊƌƍƖƒƠƊ ƖƇƓƎƖƗƇƅ ƔƓƕƓƝƏƓƇƓƈƓ ƑƅƈƒƍƗƓƗƇŷƕƉƓƈƓ ƖƔƐƅƇƅ FE-30CR-8CO 

ƑƍƐƤƊƇ ƍ.Ƒ., ƅƐƠƑƓƇ Ƒ.ƍ., ƅƆƅƝƊƇ Ɖ.Ƒ., ƣƖƘƔƓƇ Ƈ.Ɩ., ƌƊƐƊƒƖƏƍƎ Ƈ.ƅ., ƑƍƐƤƊƇ ƅ.ƍ., ƐƅƎƝƊƇƅ ƒ.Ƈ. ..................................................................................... 147 

ƔƓƐƘƜƊƒƍƊ ƔƓƕƓƝƏƅ ƏƅƕƆƍƉƅ ƇƓƐơƙƕƅƑƅ ƕƊƅƏƛƍƊƎ ƇƓƐơƙƕƅƑƅ Ɩ ƢƗƅƒƓƐƓƑ 

ƑƍƕƓƝƒƍƜƊƒƏƓ Ƒ.ƒ., ƏƓƐƓƖƓƇ Ƈ.ƒ., ƓƕƐƓƇ Ƈ.Ƒ. ............................................................................................................................................................................................... 149 

ƖƍƒƗƊƌ ƍ ƚƊƑƓƕƊƌƍƖƗƍƇƒƠƊ ƈƅƌƓƜƘƇƖƗƇƍƗƊƐơƒƠƊ ƖƇƓƎƖƗƇƅ ƇƠƖƓƏƓƉƍƖƔƊƕƖƒƓƈƓ NB2O5 

ƑƓƏƕƘƝƍƒ ƅ.Ɩ., ƖƍƑƓƒƊƒƏƓ Ɨ.Ɛ., ƖƍƑƓƒƊƒƏƓ ƒ.Ɣ., ƖƍƑƓƒƊƒƏƓ Ɗ.Ɣ., ƖƊƇƅƖƗơƤƒƓƇ Ƈ.ƈ., ƏƘƌƒƊƛƓƇ ƒ.Ɨ. ................................................................................. 151 

ƓƆ ƢƇƓƐƣƛƍƍ ƑƍƏƕƓƖƗƕƘƏƗƘƕƠ CU-CR-ZR ƖƔƐƅƇƓƇ Ƈ ƔƕƓƛƊƖƖƊ ƉƊƙƓƕƑƅƛƍƍ 

ƑƓƕƓƌƓƇƅ ƅ.ƍ., ƗƏƅƜƊƇ Ƒ.Ɩ., ƐƘƈƓƇƖƏƅƤ ƅ., ƔƊƐƍƔƊƒƏƓ ƅ. ............................................................................................................................................................................. 153 



 

14 

ƍƑƔƘƐơƖƒƓƊ ƔƊƕƊƔƐƅƇƐƊƒƍƊ ƔƓƇƊƕƚƒƓƖƗƍ ƑƊƗƅƐƐƍƜƊƖƏƓƈƓ ƖƗƊƏƐƅ FE77NB3CU1SI13B6 ƑƓƞƒƠƑ ƍƓƒƒƠƑ ƔƘƜƏƓƑ 

ƒƅƌƍƔƓƇ ƕ.ƅ., ƐƤƉƓƇ ƒ.Ƒ., ƆƅƗƅƐƓƇ ƕ.ƍ., ƆƅƤƌƍƗƓƇ ƕ.Ƒ., ƒƓƇƍƏƓƇ ƈ.ƅ., ƝƘƖƗƓƇ Ƈ.ƅ., ƉƘƐƓƇ Ɗ.ƒ. .............................................................................................. 158 

ƒƍƌƏƓƗƊƑƔƊƕƅƗƘƕƒƓƊ ƑƅƈƒƍƗƓƖƓƔƕƓƗƍƇƐƊƒƍƊ ƖƓƊƉƍƒƊƒƍƎ TBSB ƍ SMSB 

ƒƍƏƍƙƓƕƓƇ Ɖ.Ƈ., ƇƓƐƏƓƇ Ƒ.Ɣ., ƖƗƊƔƅƒƓƇ ƒ.ƒ. .................................................................................................................................................................................................... 165 

ƔƓƐƘƜƊƒƍƊ ƍ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƗƒƠƚ ƏƊƕƅƑƍƏ MGO-Y2O3 ƍ MGO-GD2O3, ƔƕƓƌƕƅƜƒƠƚ Ƈ ƍƒƙƕƅƏƕƅƖƒƓƎ ƓƆƐƅƖƗƍ 

ƒƓƇƍƏƓƇƅ ƅ.Ƈ., ƔƊƕƑƍƒ Ɖ.ƅ., ƆƊƐƤƊƇ ƅ.Ƈ., ƆƓƐƉƍƒ Ƒ.Ɩ., ƔƓƔƓƇ ƅ.ƅ., ƑƘƕƅƝƓƇ ƅ.ƅ. .......................................................................................................................... 167 

ƆƊƗƅ-ƉƍƏƊƗƓƒƅƗƠ ƍ ƏƅƕƆƓƏƖƍƐƅƗƠ ƑƊƗƅƐƐƓƇ (GD, IN, ND, ZR) ƉƐƤ ƖƓƌƉƅƒƍƤ ƢƐƊƑƊƒƗ-ƖƓƉƊƕƋƅƞƍƚ ƓƕƈƅƒƍƜƊƖƏƍƚ 

ƖƛƍƒƗƍƐƐƤƗƓƕƓƇ 

ƒƓƇƍƏƓƇƅ ƈ.Ƥ., ƆƊƌƕƘƏƓƇ Ɛ.Ɔ., ƑƓƕƈƅƐƣƏ Ƈ.Ɣ., ƤƒƓƇƍƜ Ɗ.ƅ. .......................................................................................................................................................................... 169 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƐƍƤƒƍƤ ƖƓ2+ ƒƅ ƙƅƌƓƓƆƕƅƌƓƇƅƒƍƊ, ƑƍƏƕƓƖƗƕƘƏƗƘƕƘ  ƍ ƑƊƚƅƒƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƏƊƕƅƑƍƏƍ ZRO2 ɛ AL2O3 

ƓƆƓƐƏƍƒƅ Ɨ.Ɠ., ƈƓƐơƉƆƊƕƈ Ƒ.ƅ., ƖƑƍƕƒƓƇ Ɩ.Ƈ., ƅƒƗƓƒƓƇƅ Ɠ.Ɩ., ƆƅƕƍƒƓƇ Ɩ.Ƒ., ƏƓƑƐƊƇ Ƈ.Ɩ. .......................................................................................................... 173 

ƔƓƐƘƢƑƔƍƕƍƜƊƖƏƍƊ ƑƊƗƓƉƠ ƕƅƖƜƊƗƅ ƗƊƑƔƊƕƅƗƘƕƒƓƈƓ ƏƓƢƙƙƍƛƍƊƒƗƅ ƐƍƒƊƎƒƓƈƓ ƕƅƖƝƍƕƊƒƍƤ  ƑƊƗƅƐƐƓƇ 

ƔƅƐƍƎ ƒ.ƅ., ƆƊƐƓƘƖƓƇ Ɠ. Ə. ........................................................................................................................................................................................................................................... 177 

ƖƍƒƗƊƌ ƇƓƐƐƅƖƗƓƒƍƗƅ ƍƌ ƞƊƐƓƜƒƠƚ ƢƏƖƗƕƅƏƗƓƇ ƖƓƐƓƑƠ ƕƍƖƅ 

ƔƅƒƅƖƊƒƏƓ ƅ.Ɗ., ƤƕƘƖƓƇƅ Ɩ.Ɔ., ƗƊƕƑƍƒƓƇ Ɩ.ƅ., ƗƊƐƘƝƏƓ Ƒ.Ɩ., ƈƓƕƉƍƊƒƏƓ Ɣ.Ɩ., ƌƊƑƒƘƚƓƇƅ Ɛ.ƅ. .................................................................................................. 181 

ƇƐƍƤƒƍƊ ƖƓƇƑƊƖƗƒƓƎ ƑƊƚƅƒƓƅƏƗƍƇƅƛƍƍ ƏƐƍƒƓƔƗƍƐƓƐƍƗƓƇƠƚ ƔƓƕƓƉ ƍ ƖƓƐƊƎ ƒƅ ƍƚ ƗƕƅƒƖƔƓƕƗƒƠƊ ƖƇƓƎƖƗƇƅ 

ƔƅƗƊƣƏ Ɨ.Ɣ., ƉƅƆƍƋƅ Ɠ.ƒ. ............................................................................................................................................................................................................................................. 184 

ƑƓƉƊƐƍƕƓƇƅƒƍƊ ƑƊƗƓƉƓƑ ƑƓƒƗƊ-ƏƅƕƐƓ ƔƕƓƛƊƖƖƓƇ ƒƅƑƅƈƒƍƜƍƇƅƒƍƤ Ƈ ƅƑƓƕƙƒƠƚ ƖƔƐƅƇƅƚ ƖƍƖƗƊƑƠ RE-GD 

ƔƅƝƘƊƇƅ ƍ.Ƒ., ƆƓƒƉƅƕƊƇ ƅ.Ƈ., ƆƅƗƅƕƓƒƓƇ ƍ.Ɛ. .................................................................................................................................................................................................... 187 

ƏƍƒƊƗƍƜƊƖƏƍƊ ƚƅƕƅƏƗƊƕƍƖƗƍƏƍ ƗƕƅƒƖƔƓƕƗƅ ƇƓƉƓƕƓƉƅ ƜƊƕƊƌ PD-AG ƑƊƆƕƅƒƠ Ɩ ƔƓƇƊƕƚƒƓƖƗƒƠƑ ƏƕƍƖƗƅƐƐƓƈƕƅƙƍƜƊƖƏƍ 

ƒƊƗƍƔƍƜƒƠƑ ƑƓƉƍƙƍƏƅƗƓƕƓƑ ƗƍƔƅ «ƒƅƒƓƛƇƊƗƠ»  

ƔƊƗƕƍƊƇ ƍ.Ɩ., ƔƘƝƅƒƏƍƒƅ Ɣ.Ɖ., ƐƘƛƊƒƏƓ ƍ.Ɩ., ƈƐƅƌƏƓƇƅ ƣ.Ɩ., ƑƅƐơƏƓƇ Ɨ.ƍ., ƆƅƕƠƝƊƇ Ƒ.ƈ. ........................................................................................................ 189 

ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƍ ƐƓƏƅƐơƒƠƊ ƔơƊƌƓƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƒƊƖƗƊƚƍƓƑƊƗƕƍƜƊƖƏƍƚ ƏƊƕƅƑƍƏ ƒƍƓƆƅƗƅ ƏƅƐƍƤ-

ƒƅƗƕƍƤ 

ƔƓƐƍƗƓƇƅ Ɗ.Ɖ., ƏƅƐƊƇƅ ƈ.Ƒ., ƑƓƖƘƒƓƇ ƅ.Ƈ., ƖƗƊƙƅƒƓƇƍƜ Ɩ.ƣ., ƖƅƉƓƇƖƏƅƤ ƒ.Ƈ., ƏƍƖƊƐƊƇ Ɖ.ƅ., ƍƐơƍƒƅ Ɨ.Ɩ., ƏƍƖƐƣƏ ƅ.Ƒ. ............................................ 191 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƐƍƤƒƍƤ ƉƐƍƗƊƐơƒƓƖƗƍ ƚƐƓƕƍƕƓƇƅƒƍƤ ƒƅƒƊƖƊƒƒƓƈƓ ƓƏƖƍƉƅ ƖƊƕƊƆƕƅ ƒƅ ƑƊƗƕƓƐƓƈƍƜƊƖƏƍƊ 

ƚƅƕƅƏƗƊƕƍƖƗƍƏƍ ƚƐƓƕƖƊƕƊƆƕƤƒƠƚ ƢƐƊƏƗƕƓƉƓƇ, ƍƖƔƓƐơƌƘƊƑƠƚ Ƈ ƤƜƊƎƏƊ ƚƅƕƒƊƉƅ 

ƔƕƓƏƘƒƍƒ Ɩ.Ƈ., ƞƍƔƘƒƓƇ ƅ.ƒ., ƉƓƆƕƓƇƓƐơƖƏƍƎ Ƈ.ƍ., ƇƊƒơƈƍƒƅ Ɖ.ƅ. ........................................................................................................................................................ 195 

ƖƗƕƘƏƗƘƕƅ ƍ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƗƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƇƏƐƣƜƅƣƞƊƈƓ ƇƠƖƓƏƓƢƒƗƕƓƔƍƎƒƠƎ ƖƔƐƅƇ Ɩ ƑƅƕƗƊƒƖƍƗƒƠƑƍ 

ƔƕƊƇƕƅƞƊƒƍƤƑƍ 

ƕƘƖƍƒƓƇ Ɣ.Ɠ., ƆƐƊƉƒƓƇƅ Ƌ.Ƒ., ƣƕƏƓƇƅ ƅ.Ɣ. ......................................................................................................................................................................................................... 198 

ƑƅƈƒƍƗƒƠƊ ƖƇƓƎƖƗƇƅ ƍ ƢƙƙƊƏƗ ƚƓƐƐƅ ƆƠƖƗƕƓƌƅƏƅƐƊƒƒƠƚ ƐƊƒƗ ƖƔƐƅƇƅ ƈƊƎƖƐƊƕƅ MN2COAL 

ƖƊƕƊƉƍƒƅ Ƒ.ƅ., ƏƅƕƔƊƒƏƓƇ Ɖ.ƣ., ƆƅƌƐƓƇ ƅ.ƍ., ƋƊƐƊƌƒƠƎ Ƒ.Ƈ., ƚƓƇƅƎƐƓ Ƈ.Ƈ. ..................................................................................................................................... 199 

ƔƓƕƍƖƗƅƤ ƔơƊƌƓƏƊƕƅƑƍƏƅ ƉƐƤ ƘƐơƗƕƅƌƇƘƏƓƇƠƚ ƔƕƍƑƊƒƊƒƍƎ 

ƖƍƗƅƐƓ Ɗ.ƍ., ƖƑƓƗƕƅƏƓƇ Ƈ.ƈ., ƊƕƊƑƏƍƒ Ƈ.Ƈ. ........................................................................................................................................................................................................... 200 

ƚƓƐƓƉƒƓƊ ƖƔƊƏƅƒƍƊ ƓƏƖƍƉƅ ƛƍƒƏƅ Ƈ ƇƓƉƒƓƎ ƖƕƊƉƊ 

ƖƑƍƕƒƓƇ ƅ.Ƈ., ƍƇƅƏƍƒ ƣ.Ɖ., ƚƓƐƓƉƏƓƇƅ ƅ.ƅ., ƏƓƕƒƣƝƍƒ Ƒ.Ƈ., ƏƓƕƑƍƐƍƛƍƒ Ƒ.ƒ., ƇƅƖƍƒ ƅ.ƅ., ƗƅƕƅƖƓƇƖƏƍƎ Ƈ.Ɣ., ƕƠƆƅƐơƜƊƒƏƓ Ƈ.Ƈ................... 205 



 

15 

ƔƓƐƘƜƊƒƍƊ ƈƊƗƊƕƓƑƓƉƘƐơƒƠƚ ƏƊƕƅƑƍƜƊƖƏƍƚ ƏƓƑƔƓƌƍƗƓƇ SIALONɛBN ƑƊƗƓƉƅƑƍ ƙƍƐơƗƕƅƛƍƓƒƒƓƈƓ ƈƓƕƊƒƍƤ ƍ 

ƍƖƏƕƓƇƓƈƓ ƔƐƅƌƑƊƒƒƓƈƓ ƖƔƊƏƅƒƍƤ 

ƖƑƍƕƒƓƇ Ə.Ɛ., ƈƕƍƈƓƕơƊƇ Ɗ.ƈ. ........................................................................................................................................................................................................................................ 210 

ƕƅƌƑƊƕƒƠƊ ƢƙƙƊƏƗƠ Ƈ ƒƅƒƓƜƅƖƗƍƛƅƚ ƆƓƕƅƗƅ ƋƊƐƊƌƅ FEBO3 

ƖƒƊƈƍƕŷƇ ƒ.ƍ., ƐƣƆƘƗƍƒ ƍ.Ɩ.,  ƤƈƘƔƓƇ Ɩ.Ƈ., ƜƘƊƇ Ƒ.ƅ.,  ƋƍƈƅƐƍƒƅ Ɠ.Ƒ., ƚƑƊƐƊƒƍƒ Ɖ.ƒ., ƖƗƕƘƈƅƛƏƍƎ Ƒ.Ɔ., ƖƗƅƕƜƍƏƓƇ Ɩ.Ɩ. .......................................... 214 

Ɠ ƈƍƉƕƓƖƗƅƗƍƜƊƖƏƓƑ ƢƙƙƊƏƗƊ Ƈ ƖƇƊƕƚƏƕƍƗƍƜƊƖƏƍƚ ƙƐƣƍƉƅƚ 

ƖƓƆƓƐƊƇƅ Ɗ.Ɔ. ....................................................................................................................................................................................................................................................................... 216 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƑƊƚƅƒƓƅƏƗƍƇƍƕƓƇƅƒƒƓƈƓ ƍƒƗƊƕƑƊƗƅƐƐƍƜƊƖƏƓƈƓ ƔƓƕƓƝƏƅ AL12MG17 

ƖƓƏƓƐƓƇ Ɩ.Ɖ., ƋƘƏƓƇ ƍ.ƅ. .............................................................................................................................................................................................................................................. 220 

ƇƐƍƤƒƍƊ ƘƖƐƓƇƍƎ ƖƍƒƗƊƌƅ ƖƍƐƍƏƅƗƓƇ ƏƅƐơƛƍƤ ƒƅ ƏƍƒƊƗƍƏƘ ƔƕƓƛƊƖƖƅ ƑƍƏƕƓƆƍƓƐƓƈƍƜƊƖƏƓƎ ƓƜƍƖƗƏƍ ƇƓƉƒƠƚ ƖƕƊƉ 

ƖƓƑƓƇƅ Ɩ.ƒ., ƤƕƘƖƓƇƅ Ɩ.Ɔ., ƈƓƕƉƍƊƒƏƓ Ɣ.Ɩ, ƚƅƕƜƊƒƏƓ Ƙ.Ƈ., ƆƊƐƊƒƊƇƅ ƍ.ƅ. ............................................................................................................................................ 223 

ƖƍƒƗƊƌ ƍ ƍƖƖƐƊƉƓƇƅƒƍƊ ƔƕƓƗƍƇƓƏƓƕƕƓƌƍƓƒƒƠƚ ƖƇƓƎƖƗƇ ƖƐƓƋƒƠƚ ƓƏƖƍƉƓƇ ƍ ƈƕƘƒƗƓƇƓƏ ƒƅ ƍƚ ƓƖƒƓƇƊ 

ƖƗƊƔƍƒ Ɩ.ƒ., ƏƅƕƅƒƉƅƝƓƇ Ɩ.ƅ. ..................................................................................................................................................................................................................................... 226 

ƏƕƍƖƗƅƐƐƍƜƊƖƏƅƤ ƖƗƕƘƏƗƘƕƅ ƍ ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƗƓƒƏƍƚ ƔƐƊƒƓƏ ƙƊƕƕƍƗƅ ƛƍƒƏƅ 

ƖƗƓƕƓƋƊƒƏƓ Ƈ.ƣ., ƔƊƗƕƓƇ Ƈ.Ƈ., ƆƅƤƒ Ɗ.Ƒ., ƇƅƕƌƅƕƊƇ ƣ.ƒ., ƒƊƖƗƊƕƊƒƏƓ ƅ.Ƈ. ......................................................................................................................................... 232 

ƇƐƍƤƒƍƊ ƔƅƕƅƑƊƗƕƓƇ ƑƅƈƒƊƗƕƓƒƒƓƈƓ ƒƅƔƠƐƊƒƍƤ ƒƅ ƖƗƕƘƏƗƘƕƘ ƍ ƖƇƓƎƖƗƇƅ ƜƊƕƊƉƘƣƞƍƚƖƤ ƖƐƓƊƇ ƗƍƗƅƒƅ ƍ ƒƍƗƕƍƉƅ 

ƗƍƗƅƒƅ 

ƖƘƉƅƕƜƍƏƓƇƅ Ƒ.ƅ., ƒƅƖƅƏƍƒƅ Ɗ.Ɠ., ƖƊƇƓƖƗơƤƒƓƇ Ƒ.ƅ., ƒƓƇƍƏƓƇƅ Ɖ.ƅ., ƏƅƔƐƅƒ Ƒ.ƅ. ....................................................................................................................... 234 

ƖƍƒƗƊƌ ƏƊƕƅƑƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ ƕƅƌƐƍƜƒƓƈƓ ƙƅƌƓƇƓƈƓ ƖƓƖƗƅƇƅ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƗƍƗƅƒƅƗƅ ƏƅƐƍƤ, 

ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƓƈƓ ƉƇƘƚƇƅƐƊƒƗƒƠƑ, ƗƕƊƚƇƅƐƊƒƗƒƠƑ ƑƊƗƅƐƐƅƑƍ ƍ ƍƚ ƖƑƊƖơƣ ƒƅ ƔƕƍƑƊƕƊ MN ƍ AL 

ƗƅƕƅƖƊƒƏƓ Ɠ.Ɗ., ƌƊƐƊƔƘƏƍƒƅ Ƒ.ƅ., ƛƠƈƅƒƓƇ ƅ.ƕ., ƇƍƏƘƐƓƇƅ Ƒ.ƅ., ƗƕƊƗơƤƜƊƒƏƓ Ɗ.Ƈ., ƈƓƕƓƚƓƇƖƏƍƎ ƅ.Ƈ. ................................................................................. 236 

ƒƓƇƠƊ ƗƊƚƒƓƐƓƈƍƍ ƍ ƖƔƐƅƇƠ ƅƐƣƑƍƒƍƤ ƉƐƤ ƔƓƐƘƜƊƒƍƤ ƇƓƉƓƕƓƉƒƓƈƓ ƗƓƔƐƍƇƅ 

ƗƊƕƊƞƘƏ Ƈ.Ɩ. ......................................................................................................................................................................................................................................................................... 240 

ƒƍƌƏƓƗƊƑƔƊƕƅƗƘƕƒƠƊ ƑƅƗƊƕƍƅƐƠ ƉƐƤ ƚƕƅƒƊƒƍƤ ƏƍƖƐƓƕƓƉƅ CABAM4O7+ɲ (M=CO, FE): ƏƕƍƖƗƅƐƐƍƜƊƖƏƅƤ ƖƗƕƘƏƗƘƕƅ ƍ 

ƏƍƖƐƓƕƓƉƒƅƤ ƒƊƖƗƊƚƍƓƑƊƗƕƍƤ 

ƗƘƕƏƍƒ Ɖ.ƍ., ƆƅƌƘƊƇ ƈ.Ƈ. .................................................................................................................................................................................................................................................. 245 

ƖƕƅƇƒƊƒƍƊ ƑƅƈƒƍƗƒƠƚ ƍ ƑƊƚƅƒƍƜƊƖƏƍƚ ƖƇƓƎƖƗƇ ƔƓƕƓƝƏƓƇƓƈƓ ƖƔƐƅƇƅ FE-30CR-8CO Ɣƕƍ ƕƅƌƐƍƜƒƠƚ ƗƊƑƔƊƕƅƗƘƕƅƚ 

ƖƔƊƏƅƒƍƤ.  

ƘƖƗƣƚƍƒ ƅ.Ɩ., ƌƊƐƊƒƖƏƍƎ Ƈ.ƅ., ƑƍƐƤƊƇ ƍ.Ƒ., ƅƒƏƘƉƍƒƓƇ ƅ.Ɔ. ..................................................................................................................................................................... 248 

ƏƓƑƔƓƌƍƗ ƑƓƓ3/Ɩ: ƖƍƒƗƊƌ, ƍƓƒƓƖƊƐƊƏƗƍƇƒƠƊ ƖƇƓƎƖƗƇƅ 

ƙƅƗƗƅƚƓƇƅ ƌ.ƅ., ƌƅƚƅƕƓƇƅ ƈ.Ɩ. ..................................................................................................................................................................................................................................... 250 

ƏƊƕƑƊƗƒƠƊ ƑƊƑƆƕƅƒƒƠƊ ƑƅƗƊƕƍƅƐƠ ƒƅ ƓƖƒƓƇƊ BI1,5Y0,5O3 ɛ AG ɛ IN 

ƙƊƉƓƕƓƇ Ɩ.Ƈ., ƉƊƕƈƅƜƊƇƅ Ɣ.Ɗ., ƏƘƐơƆƅƏƍƒ ƍ.Ƈ, ƆƊƐƓƘƖƓƇ Ƈ.Ƈ. ..................................................................................................................................................................... 251 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƔƊƏƗƕƅƐơƒƓ-ƐƣƑƍƒƊƖƛƊƒƗƒƠƚ ƚƅƕƅƏƗƊƕƍƖƗƍƏ ƗƇƊƕƉƠƚ ƕƅƖƗƇƓƕƓƇ LA1-XREXGA0.5SB1.5O6, BI1-XREXGE0.5SB1.5O6 

(RE = EU, DY, TB)  

ƚƕƘƞƅƐƍƒƅ Ɩ.ƅ., ƕƤƆƓƜƏƍƒƅ Ɣ.ƅ., ƣƕƐƓƇ ƍ.ƅ., ƊƈƓƕƠƝƊƇƅ ƅ.Ƈ., ƈƅƎƗƏƓ Ɠ.Ƒ., ƈƓƐƓƉƘƚƍƒƅ Ɩ.Ƈ., ƗƅƕƅƗƠƒƓƇƅ ƅ.Ɖ. ............................................................ 252 

ƔƓƐƘƜƊƒƍƊ ƏƊƕƅƑƍƜƊƖƏƍƚ ƔƐƅƖƗƍƒ ƒƅ ƓƖƒƓƇƊ AL2O3-SIO2-ZRB2 ƑƊƗƓƉƓƑ ƖƇƓƆƓƉƒƓƈƓ ƖƇƖ-ƖƋƅƗƍƤ 

ƜƍƋƍƏƓƇ ƅ.Ɣ., ƆƅƋƍƒ Ɣ.Ƒ., ƏƓƒƖƗƅƒƗƍƒƓƇ ƅ.Ɩ. ................................................................................................................................................................................................. 254 



 

16 

ƖƗƕƘƏƗƘƕƒƠƊ ƓƖƓƆƊƒƒƓƖƗƍ Ƈ ƖƔƐƅƇƊ TINI Ɩ ƆƓƐơƝƍƑ ƖƓƉƊƕƋƅƒƍƊƑ NI ƔƓƖƐƊ ƗƊƕƑƓƛƍƏƐƍƜƊƖƏƓƎ ƓƆƕƅƆƓƗƏƍ ƍ 

ƖƗƅƕƊƒƍƤ 

ƜƘƕƅƏƓƇƅ ƅ.ƅ., ƏƅƣƑƓƇƅ Ƣ.Ƒ., ƈƘƒƉƊƕƓƇ Ɖ.Ƈ. ....................................................................................................................................................................................................... 256 

BIFEO3 Ɩ ƓƔƕƊƉƊƐƊƒƒƠƑƍ ƑƅƈƒƍƗƒƠƑƍ ƖƇƓƎƖƗƇƅƑƍ, ƖƍƒƗƊƌƍƕƓƇƅƒƒƠƎ Ƈ ƔƓƗƓƏƊ ƏƓƒƛƊƒƗƕƍƕƓƇƅƒƒƓƈƓ ƖƓƐƒƊƜƒƓƈƓ 

ƍƌƐƘƜƊƒƍƤ 

ƝƊƕƑƅƗƓƇ Ƌ.ƌ., ƔƅƎƌƘƐƐƅƚƅƒƓƇ Ƒ.Ɩ., ƕƅƋƅƑƅƗƓƇ Ɠ.Ɨ., ƒƓƉƍƕƑƅƗƓƇ Ƣ.ƌ. ............................................................................................................................................ 258 

ƗƊƕƑƓƚƍƑƍƜƊƖƏƓƊ ƔƓƇƊƉƊƒƍƊ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƈƐƍƒƅ/ƍƓƒƒƅƤ ƋƍƉƏƓƖƗơ 

ƝƍƆƅƊƇƅ Ƈ.Ɖ., ƒƓƖƏƓƇ ƅ.Ƈ., ƅƐƊƏƖƊƊƇƅ Ɠ.Ƈ., ƅƈƅƙƓƒƓƇ ƅ.Ƈ. .......................................................................................................................................................................... 262 

ƗƇƊƕƉƓƙƅƌƒƅƤ ƗƊƚƒƓƐƓƈƍƤ SPS-RS ƍƌƈƓƗƓƇƐƊƒƍƤ ƏƊƕƅƑƍƜƊƖƏƍƚ ƑƅƗƕƍƛ SRWO4 ƉƐƤ ƍƑƑƓƆƍƐƍƌƅƛƍƍ 90SR 

ƝƍƜƅƐƍƒ Ɠ.Ɠ., ƆƊƐƓƇ ƅ.ƅ., ƔƅƔƠƒƓƇ Ɗ.Ə. ............................................................................................................................................................................................................... 263 

ƗƇƊƕƉƠƊ ƕƅƖƗƇƓƕƠ ɱ-ƓƏƖƓƒƍƗƕƍƉƅ ƅƐƣƑƍƒƍƤ Ɣƕƍ ƓƗƏƐƓƒƊƒƍƤƚ ƓƗ ƖƗƊƚƍƓƑƊƗƕƍƜƊƖƏƓƈƓ ƖƓƖƗƅƇƅ: ƖƍƒƗƊƌ, 

ƕƊƒƗƈƊƒƓƖƗƕƘƏƗƘƕƒƓƊ ƍƖƖƐƊƉƓƇƅƒƍƊ ƍ ƐƣƑƍƒƊƖƛƊƒƗƒƠƊ ƖƇƓƎƖƗƇƅ 

ƝƍƝƍƐƓƇ Ɠ.ƒ., ƅƚƑƅƉƘƐƐƍƒƅ ƒ.Ɩ., Əƅƕƈƍƒ ƣ.ƙ., ƐƠƖƊƒƏƓƇ ƅ.Ɩ., ƖƍƕƓƗƍƒƏƍƒ Ƈ.Ɣ., ƝƅƑƕƅƎ Ƈ.ƙ., ƍƞƊƒƏƓ ƅ.Ƈ., ƤƈƓƉƍƒ Ƈ.Ƈ., ƝƘƐơƈƍƒ Ɔ.Ƈ. ... 265 

ƙƘƒƏƛƍƓƒƅƐơƒƠƊ ƖƇƓƎƖƗƇƅ ƔƓƕƍƖƗƓƈƓ ƒƅƒƓƔƓƕƓƝƏƓƇƓƈƓ ƒƍƏƊƐƤ, ƔƓƐƘƜƊƒƒƓƈƓ Ɩ ƔƕƍƑƊƒƊƒƍƊƑ ƆƍƉƍƖƔƊƕƖƒƓƈƓ 

ƔƓƕƓƓƆƕƅƌƓƇƅƗƊƐƤ 

ƝƘƖƗƓƇ Ƈ.Ɩ., ƌƊƐƊƒƖƏƍƎ Ƈ.ƅ., ƅƒƏƘƉƍƒƓƇ ƅ.Ɔ., ƈƒƊƉƓƇƊƛ ƅ.ƈ. ...................................................................................................................................................................... 269 

ƑŷƖƖƆƅƘƢƕƓƇƖƏƍƊ ƍƖƖƐƊƉƓƇƅƒƍƤ ƏƕƍƖƗƅƐƐƓƇ ƆƓƕƅƗƅ ƋƊƐƊƌƅ, ƓƗƓƋƋƊƒƒƠƚ Ɣƕƍ ƕƅƌƐƍƜƒƠƚ ƕƊƋƍƑƅƚ ƍ ƅƗƑƓƖƙƊƕƅƚ 

ƤƈƘƔƓƇ Ɩ.Ƈ., ƖƒƊƈƍƕŷƇ ƒ.ƍ., ƖƗƅƕƜƍƏƓƇ Ɩ.Ɩ., ƑƓƈƍƐƊƒƊƛ ƣ.ƅ., ƖƗƕƘƈƅƛƏƍƎ Ƒ.Ɔ., ƐƣƆƘƗƍƒ ƍ.Ɩ. ................................................................................................. 272 

ƖƊƏƛƍƤ VI: ƓƕƈƅƒƍƜƊƖƏƍƊ ƙƘƒƏƛƍƓƒƅƐơƒƠƊ ƑƅƗƊƕƍƅƐƠ ................................................................................................................................................. 274 

ƉƍƖƏƓƗƍƜƊƖƏƍƊ, ƌƇƊƌƉƓƓƆƕƅƌƒƠƊ ƍ ƔƓƐƍƏƅƗƊƒƅƕƒƠƊ ƑƊƌƓƈƊƒƠ. ƅƒƅƐƍƌ ƑƓƐƊƏƘƐƤƕƒƠƚ ƔƅƕƅƑƊƗƕƓƇ ƍ ƔƕƓƈƒƓƌ 

ƑƊƌƓƑƓƕƙƍƌƑƅ ƉƐƤ ƒƅƔƕƅƇƐƊƒƒƓƈƓ ƖƍƒƗƊƌƅ ƍ ƖƓƌƉƅƒƍƤ ƒƅƒƓƑƅƗƊƕƍƅƐƓƇ ƒƓƇƓƈƓ ƔƓƏƓƐƊƒƍƤ 

ƅƏƓƔƓƇƅ Ɠ.Ɔ., ƖƑƍƕƒƓƇƅ ƅ.ƍ., ƋƅƕƒƍƏƓƇƅ ƒ.Ƈ., ƆƘƑƆƍƒƅ ƒ.Ƈ., ƘƖƓƐơƛƊƇƅ ƒ.Ƈ. ................................................................................................................................. 275 

ƔƕƅƏƗƍƏƅ ƔƕƍƑƊƒƊƒƍƤ ƙƓƗƓƔƓƐƍƑƊƕƍƌƘƣƞƍƚƖƤ ƏƓƑƔƓƌƍƛƍƎ ƒƅ ƓƖƒƓƇƊ ƅƏƕƍƐƓƇƠƚ ƓƐƍƈƓƑƊƕƓƇ Ƈ ƖƓƌƉƅƒƍƍ 

ƌƅƞƍƗƒƠƚ ƔƓƏƕƠƗƍƎ ƖƇƊƗƓƇƓƉƓƇ ƓƔƗƍƜƊƖƏƍƚ ƏƅƆƊƐƊƎ 

ƆƅƆƏƍƒ Ɠ.Ƣ., ƅƎƏƅƝƊƇƅ Ɠ.Ɩ, ƇƐƅƖƓƇ Ƒ.ƣ., ƍƐơƍƒƅ Ƈ.Ƈ., ƆƅƆƏƍƒƅ Ɛ.ƅ. .................................................................................................................................................... 278 

ƖƍƒƗƊƌ ƍ ƖƇƓƎƖƗƇƅ ƓƏƖƍƉƓƇ ƋƊƐƊƌƅ, ƔƕƓƑƓƗƍƕƓƇƅƒƒƠƚ ƏƅƐƍƊƑ ƍ ƛƊƕƍƊƑ, Ƈ ƕƊƅƏƛƍƤƚ ƉƊƈƍƉƕƍƕƓƇƅƒƍƤ 

ƍƌƓƅƑƍƐƊƒƓƇ ƉƓ ƍƌƓƔƕƊƒƅ 

ƆƓƜƏƓƇ Ƒ.ƅ., ƝƍƒƏƅƕƊƇ ƅ.ƅ., ƚƅƕƐƅƑƔƍƉƍ ƚ.Ƣ. .................................................................................................................................................................................................. 280 

ƖƊƐƊƏƗƍƇƒƅƤ ƓƏƍƖƐƍƗƊƐơƒƅƤ ƙƘƒƏƛƍƓƒƅƐƍƌƅƛƤ ƓƕƈƅƒƍƜƊƖƏƍƚ ƖƓƊƉƍƒƊƒƍƎ ƖƗƅƆƍƐơƒƠƑƍ ƍƑƍƒƓƏƖƍƐơƒƠƑƍ 

ƕƅƉƍƏƅƐƅƑƍ 

ƆƘƉƒƍƏƓƇ ƅ.Ɩ., ƖƊƈƍƉƅ Ɠ.Ɠ., ƐƅƖƗƇƓƏƓ ƅ.Ƈ., ƏƕƠƐƓƇ ƍ.Ɔ., ƗƊƕƊƒƗơƊƇ ƅ.Ɠ. ............................................................................................................................................. 288 

ƈƕƅƉƍƊƒƗƒƠƊ ƖƓƔƓƐƍƑƊƕƠ ƒ-ƆƘƗƍƐƅƏƕƍƐƅƗƅ ƍ ƖƗƍƕƓƐƅ ɛ ƔƊƕƖƔƊƏƗƍƇƒƠƊ ƑƓƉƍƙƍƛƍƕƘƣƞƍƊ ƉƓƆƅƇƏƍ 

ƔƓƐƍƑƊƗƍƐƑƊƗƅƏƕƍƐƅƗƅ 

ƇƅƈƅƒƓƇ Ɗ.Ƈ., ƏƓƕƊƐơƛƊƇ Ƒ.ƍ., ƔƊƕƊƔƊƐƍƛƍƒƅ Ɗ.Ɠ., ƈƅƕƍƙƘƐƐƍƒ ƒ.Ɠ., ƏƘƕƓƜƏƍƒ Ɩ.ƅ. ..................................................................................................................... 289 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƐƍƤƒƍƤ ƘƖƐƓƇƍƎ ƔƓƐƍƑƊƕƍƌƅƛƍƍ ƒƅ ƖƇƓƎƖƗƇƅ ƜƅƖƗƍƛ ƔƓƐƍƅƒƍƐƍƒƅ, ƉƓƔƍƕƓƇƅƒƒƠƚ 

ƙƓƖƙƓƕƖƓƉƊƕƋƅƞƍƑƍ ƖƓƊƉƍƒƊƒƍƤƑƍ 

ƇƅƚƍƗƓƇ Ɨ.ƕ., ƖƗƊƔƍƒ Ɩ.ƒ. .............................................................................................................................................................................................................................................. 292 

ƇƐƍƤƒƍƊ ƓƏƖƍƉƅ ƅƐƣƑƍƒƍƤ ƒƅ ƍƌƑƊƒƊƒƍƊ ƖƓƉƊƕƋƅƒƍƤ ƒƊƔƕƊƉƊƐơƒƠƚ ƖƗƕƘƏƗƘƕ Ƈ ƔƓƐƍƢƗƍƐƊƒƊ Ɣƕƍ 

ƗƊƕƑƓƇƓƌƉƊƎƖƗƇƍƍ 

ƇƓƕƓƆơƊƇƅ Ɗ.Ƈ., ƚƓƐƤƇƏƍƒƅ Ɖ.Ɖ. ................................................................................................................................................................................................................................. 298 



 

17 

ƒƓƇƠƎ ƖƔƓƖƓƆ ƔƓƐƘƜƊƒƍƤ ƇƠƖƓƏƓƔƕƓƌƕƅƜƒƠƚ SIO2 ƅƢƕƓƈƊƐƊƎ 

ƈƓƋƍƏƓƇƅ ƍ.Ɠ., ƐƊƕƑƓƒƗƓƇ Ɩ.ƅ., ƖƍƔƤƈƍƒƅ ƒ.ƅ. ................................................................................................................................................................................................. 300 

ƒƓƇƠƊ ƈƊƗƊƕƓƏƅƕƏƅƖƒƠƊ ƖƍƖƗƊƑƠ ƉƍƅƑƅƒƗƅƒƓƇƓƈƓ ƕƤƉƅ 

ƈƓƐƓƇƅƒƓƇ ƍ.Ɩ., ƖƊƑƅƏƍƒ ƅ.ƒ., ƖƘƚƓƕƘƏƓƇ ƅ.ƣ., ƍƓƙƙƊ Ɩ. Ɛ. ..................................................................................................................................................................... 301 

ƖƍƒƗƊƌ ƒƓƇƠƚ ƔƕƓƍƌƇƓƉƒƠƚ ƏƅƕƆƅƌƓƐƅ Ɩ ƔƓƗƊƒƛƍƅƐơƒƓƎ ƔƕƓƗƍƇƓƓƔƘƚƓƐƊƇƓƎ ƅƏƗƍƇƒƓƖƗơƣ 

ƊƕƑƓƐƍƒƖƏƅƤ ƅ.Ɛ., ƉƘƆƅƗƓƇƏƅ Ɗ.ƍ., ƍƈƒƅƗƓƇƍƜ Ƌ.Ƈ., ƏƘƐƍƏƓƇƖƏƅƤ Ƈ.ƍ., ƏƓƕƓƐƊƇƅ Ɗ.Ƈ. ................................................................................................................ 302 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƑƊƗƅƐƐ-ƓƕƈƅƒƍƜƊƖƏƍƚ ƏƅƕƏƅƖƒƠƚ ƖƗƕƘƏƗƘƕ Ƈ Ɛƒƙ ƓƍƤƍ 

ƍƇƅƒơƝƍƒƅ Ɠ.ƣ., ƌƘƆƅ ƍ., ƖƘƑƒƍƏƓƇ Ɩ.Ƈ., ƔƅƇƐƣƏƓƎƜ ƅ. ............................................................................................................................................................................. 304 

ƖƗƕƘƏƗƘƕƠ ƒƅ ƓƖƒƓƇƊ ƑƓƒƓƖƐƓƊƇ ƐƊƒƈƑƣƕƅ ƏƅƏ ƙƘƒƏƛƍƓƒƅƐơƒƠƎ ƑƅƗƊƕƍƅƐ ƉƐƤ ƔƕƓƆƓƔƓƉƈƓƗƓƇƏƍ Ə ƑƅƖƖ-

ƖƔƊƏƗƕƓƑƊƗƕƍƜƊƖƏƓƑƘ ƅƒƅƐƍƌƘ.  

ƏƊƐơƛƍƊƇƅ Ɠ.ƅ., ƈƓƕƆƘƒƓƇ ƅ.ƣ., ƏƅƐƒƍƒƤ Ƥ.Ə., ƕƊƎƒƣƏ Ƈ.Ɛ., ƅƐƊƏƖƅƒƉƕƓƇƅ Ƒ.Ɛ., ƆƅƆƅƏƓƇ Ƈ.ƒ., ƖƘƚƓƉƓƐƓƇ ƒ.ƈ., ƔƓƉƓƐơƖƏƅƤ Ɗ.Ɣ. ....................... 305 

ƢƐƊƏƗƕƓƒƓƉƊƙƍƛƍƗƒƠƊ N-ƓƏƖƍƐơƒƠƊ ƕƅƉƍƏƅƐƠ - ƒƓƇƠƊ ƕƊƅƈƊƒƗƠ Ƈ ƖƊƐƊƏƗƍƇƒƓƎ ƓƏƍƖƐƍƗƊƐơƒƓƎ 

ƙƘƒƏƛƍƓƒƅƐƍƌƅƛƍƍ ƓƕƈƅƒƍƜƊƖƏƍƚ ƖƘƆƖƗƕƅƗƓƇ 

ƏƕƠƐƓƇ ƍ.Ɔ., ƆƘƉƒƍƏƓƇ ƅ.Ɩ., ƐƓƔƅƗơƊƇƅ Ɗ.ƕ., ƖƊƈƍƉƅ Ɠ.Ɠ., ƔƅƇƊƐơƊƇ Ɩ.ƅ., ƗƊƕƊƒƗơƊƇ ƅ.Ɠ. ............................................................................................................. 309 

ƚƍƑƍƜƊƖƏƍƊ ƖƊƒƖƓƕƠ ƒƅ ƓƖƒƓƇƊ ƗƓƒƏƍƚ ƔƐŷƒƓƏ ƔƓƐƍ[2-(2-ƚƐƓƕ-1-ƑƊƗƍƐƆƘƗ-2-Ɗƒ-1-ƍƐ)ƅƒƍƐƍƒƅ]  

ƐƅƗƠƔƓƇƅ Ɛ.ƕ., ƅƒƉƕƍƤƒƓƇƅ ƅ.ƒ., ƑƘƖƗƅƙƍƒ ƅ.ƈ. ............................................................................................................................................................................................... 313 

ƇƐƍƤƒƍƊ ƖƗƕƓƊƒƍƤ ƑƊƋƙƅƌƒƓƎ ƈƕƅƒƍƛƠ ƒƅ ƏƍƒƊƗƍƏƘ ƏƕƍƖƗƅƐƐƍƌƅƛƍƍ ƗƊƕƑƓƔƐƅƖƗƍƜƒƓƈƓ ƔƓƐƍƘƕƊƗƅƒƅ ƒƅ ƓƖƒƓƇƊ 

ƔƓƐƍ-Ɗ-ƏƅƔƕƓƐƅƏƗƓƒƅ 

ƐƊƐƊƏƓƇƅ Ƈ.ƅ., ƈƓƕƆƘƒƓƇƅ Ƒ.ƅ., ƅƒƓƚƍƒ Ɖ.Ƈ., ƑƅƐƏƓƇ ƈ.Ƈ., ƆƅƉƅƑƝƍƒƅ Ƣ.ƕ. ........................................................................................................................................ 315 

ƖƗƕƘƏƗƘƕƅ ƍ ƖƇƓƎƖƗƇƅ ƒƊƗƏƅƒƠƚ ƑƅƗƊƕƍƅƐƓƇ, ƔƓƐƘƜƊƒƒƠƚ ƢƐƊƏƗƕƓƙƓƕƑƓƇƅƒƍƊƑ ƕƅƖƔƐƅƇƓƇ ƖƑƊƖƊƎ ƔƓƐƍƔƕƓƔƍƐƊƒƅ 

Ɩ ƔƓƐƍƖƗƍƕƓƐƓƑ ƍ ƏƅƕƆƓƒƅƗƓƑ ƏƅƐơƛƍƤ 

ƑƅƐƅƚƓƇ Ɩ.ƒ., ƉƊƑƍƒƅ Ƈ.ƅ., ƜƇƅƐƘƒ Ɩ.ƒ. ................................................................................................................................................................................................................ 316 

ƌƅƏƓƒƓƑƊƕƒƓƖƗƍ ƇƐƍƤƒƍƤ ƔƍƐƐƅƕ[5]ƅƕƊƒƓƇ, ƖƓƉƊƕƋƅƞƍƚ ƅƑƍƉƒƠƊ ƙƕƅƈƑƊƒƗƠ, ƒƅ ƅƈƕƊƈƅƛƍƓƒƒƠƊ ƖƇƓƎƖƗƇƅ 

ƗƊƗƕƅƌƓƐƖƓƉƊƕƋƅƞƍƚ ƔƓƐƍƑƊƕƓƇ 

ƑƅƚƑƘƗƓƇƅ Ɛ.ƍ., ƝƘƕƔƍƏ Ɖ.ƒ., ƏƍƋƒƤƊƇ Ƈ.ƒ., ƖƗƓƎƏƓƇ ƍ.ƍ. ....................................................................................................................................................................... 317 

ƖƕƅƇƒƍƗƊƐơƒƠƎ ƅƒƅƐƍƌ ƖƔƓƖƓƆƓƇ ƉƊƖƏƕƍƔƗƓƕƒƓƈƓ ƔƕƊƉƖƗƅƇƐƊƒƍƤ ƚƍƑƍƜƊƖƏƍƚ ƕƊƅƏƛƍƎ ƉƐƤ ƑƓƉƊƐƍƕƓƇƅƒƍƤ 

ƏƍƒƊƗƍƜƊƖƏƍƚ ƚƅƕƅƏƗƊƕƍƖƗƍƏ 

ƑƍƒƍƆƅƊƇƅ ƈ.ƍ., ƕƅƚƍƑƆƊƏƓƇƅ A., ƑƅƌƍƗƓƇ Ɖ., ƏƓƏƓƕƍƒ ƅ., ƖƊƑƊƒƓƇƅ ƅ., ƒƘƈƑƅƒƓƇ ƕ.ƍ., ƔƓƐƍƞƘƏ Ɣ.ƈ., ƑƅƉƋƍƉƓƇ Ɨ.ƍ., ƇƅƕƒƊƏ ƅ. ..................... 320 

ƌƅƇƍƖƍƑƓƖƗơ ƖƇƓƎƖƗƇ ƏƕƍƓƈƊƐƊƎ ƔƓƐƍƇƍƒƍƐƓƇƓƈƓ ƖƔƍƕƗƅ, ƖƙƓƕƑƍƕƓƇƅƒƒƠƚ Ƈ ƖƕƊƉƊ ƉƍƑƊƗƍƐƖƘƐơƙƓƏƖƍƉƅ Ɩ 

ƚƅƓƗƕƓƔƒƠƑƍ ƉƓƆƅƇƏƅƑƍ, ƓƗ ƗƊƑƔƊƕƅƗƘƕƠ ƌƅƑƓƕƅƋƍƇƅƒƍƤ 

ƑƍƜƘƕƓƇ Ɖ.ƅ., ƏƓƐƓƖƓƇƅ Ɠ.ƣ. ..................................................................................................................................................................................................................................... 322 

1,2,3-ƗƕƍƙƓƖƙƓƐƍƉ-ƅƒƍƓƒƠ: ƖƍƒƗƊƌ ƍ ƚƍƑƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ 

ƔƊƗƕƓƇ ƅ.Ƈ., ƆƊƌƏƍƝƏƓ ƍ.ƅ., ƌƅƈƍƉƘƐƐƍƒ ƅ.ƅ., ƑƍƐƣƏƓƇ Ƈ.ƅ. ..................................................................................................................................................................... 326 

ƅƒƍƓƒƒƅƤ ƔƓƐƍƑƊƕƍƌƅƛƍƤ ƅƏƕƍƐƓƒƍƗƕƍƐƅ ƔƓƉ ƉƊƎƖƗƇƍƊƑ ƆƍƛƍƏƐƍƜƊƖƏƓƈƓ ƗƕƊƗƍƜƒƓƈƓ ƅƑƍƒƅ ƍ ƔƕƓƔƍƐƊƒƓƏƖƍƉƅ 

ƔƓƉƇƅƐơƒƅƤ ƣ.Ƈ., ƗƅƕƅƖƓƇ ƅ.Ɗ., ƈƕƍƞƘƏ ƅ.ƅ., ƆƅƉƅƑƝƍƒƅ Ƣ.ƕ. ................................................................................................................................................................... 327 

ƗƅƒƉƊƑ ƅƛƍƐƍƕƓƇƅƒƍƊ/[3,3]-ƖƍƈƑƅƗƕƓƔƒƅƤ ƔƊƕƊƈƕƘƔƔƍƕƓƇƏƅ ƒƍƗƕƓƒƅƗƓƇ: ƍƖƔƓƐơƌƓƇƅƒƍƊ Ƈ ƒƅƔƕƅƇƐƊƒƒƓƑ ƖƍƒƗƊƌƊ 

ƔƓƖƔƊƐƓƇ Ɗ.Ƈ., ƍƓƙƙƊ Ɩ.Ɛ., ƖƘƚƓƕƘƏƓƇ ƅ.ƣ. ........................................................................................................................................................................................................ 328 

ƒƓƇƠƎ ƔƓƉƚƓƉ Ə ƖƍƒƗƊƌƘ ƏƅƕƆƓƏƖƍ-ƌƅƑƊƞƊƒƒƠƚ N-ƈƍƉƕƓƏƖƍƔƍƔƊƕƍƉƍƒƓƇ 

ƔƓƖƔƊƐƓƇ Ɗ.Ƈ., ƍƓƙƙƊ Ɩ.Ɛ., ƖƘƚƓƕƘƏƓƇ ƅ.ƣ. ........................................................................................................................................................................................................ 329 



 

18 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƓƗƊƜƊƖƗƇƊƒƒƠƚ ƓƆƕƅƌƛƓƇ ƙƓƖƙƍƒƓƏƖƍƉƓƇ, ƖƍƒƗƊƌƍƕƓƇƅƒƒƠƚ ƇƌƅƑƊƒ ƍƑƔƓƕƗƒƠƚ ƅƒƅƐƓƈƓƇ, ƉƐƤ 

ƍƌƇƐƊƜƊƒƍƤ ƍ ƕƅƌƉƊƐƊƒƍƤ ƕƊƉƏƓƌƊƑƊƐơƒƠƚ ƑƊƗƅƐƐƓƇ 

ƖƅƑƍƊƇƅ Ɖ.ƅ., ƣƕƅƖƓƇƅ Ɠ.Ƈ., ƗƘƑƅƒƓƇ Ƈ.Ƈ., ƇƅƖƍƐƊƒƏƓ Ɩ.ƅ. ........................................................................................................................................................................ 330 

ƖƘƔƕƅƑƓƐƊƏƘƐƤƕƒƅƤ ƓƕƈƅƒƍƌƅƛƍƤ ƗƓƒƏƍƚ ƔƐƊƒƓƏ ƙƗƅƐƓƛƍƅƒƍƒƅ Ƒƅƕƈƅƒƛƅ 

ƖƅƜƏƓƇ ƣ.ƍ., ƗƕƅƇƏƍƒ Ƈ.Ƈ., ƣƒƍƒ Ɣ.ƅ., ƖƏƓƕƓƚƓƉƓƇ Ɗ. Ƈ. ............................................................................................................................................................................. 333 

ƒƓƇƠƊ ƒƅƒƓƖƗƕƘƏƗƘƕƍƕƓƇƅƒƒƠƊ ƐƣƑƍƒƓƙƓƕƠ Ɩ ƕƅƌƇƊƗƇƐƤƣƞƍƑ ƘƈƐƊƕƓƉƒƠƑ ƛƊƒƗƕƓƑ 

ƖƏƓƕƓƗƊƛƏƍƎ Ƒ.Ɩ., ƖƘƕƍƒ ƒ.Ƒ., ƆƓƕƞƊƇ Ɠ.Ƈ., ƖƇƍƉƜƊƒƏƓ Ɗ.ƅ., ƔƓƒƓƑƅƕƊƒƏƓ Ɩ.ƅ. ........................................................................................................................... 336 

ƌƅƞƍƗƒƠƊ ƔƓƏƕƠƗƍƤ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƘƕƊƗƅƒƅ ƍ ƓƏƗƅƉƊƛƍƐƗƕƍƚƐƓƕƖƍƐƅƒƅ ƉƐƤ ƖƗƅƐơƒƠƚ ƔƓƇƊƕƚƒƓƖƗƊƎ 

ƖƓƐƓƑƤƒƖƏƍƎ ƅ.Ɗ., ƅƈƅƆƊƏƓƇ Ƈ.Ɗ., ƜƍƝƅƒƏƓƇ ƍ.ƈ., ƑƊƐơƒƍƏƓƇ ƈ.Ɔ., ƗƘ Ɨƚƍ ƚƘƅƒ ƚƅƒƈ, ƒƈƘƊƒ Ɨƚƅƒ ƉƘƓƒƈ, ƇƘ ƏƊ Ɠƅƒƚ, Ɨƕƅƒ Ɖƅƍ ƐƅƑ ................ 337 

ƖƍƒƗƊƌ ƍ ƍƏ-ƖƔƊƏƗƕƅƐơƒƠƊ ƍƖƖƐƊƉƓƇƅƒƍƤ ƏƅƗƍƓƒƒƠƚ ƏƓƑƔƐƊƏƖƓƇ FE(III) SALTRIEN- ƗƍƔƅ 

ƖƔƍƛƠƒƅƒ.ƈ., ƐƓƆƅƜ ƅ.Ɩ., ƆƐƅƈƓƇ Ƒ.ƅ., ƜƅƎƏƍƒ Ɖ.Ɩ. ......................................................................................................................................................................................... 339 

ƕƅƌƕƅƆƓƗƏƅ ƒƓƇƠƚ ƓƉƒƓƕƊƅƏƗƓƕƒƠƚ ƑƊƗƓƉƓƇ ƖƍƒƗƊƌƅ ƔƕƓƍƌƇƓƉƒƠƚ 1,2,5-ƓƏƖƅƉƍƅƌƓƐƓƇ 

ƗƊƖƐƊƒƏƓ ƙ.Ɗ., ƙƊƕƝƗƅƗ Ɛ.Ɛ., ƑƅƚƓƇƅ ƒ.ƒ. .......................................................................................................................................................................................................... 340 

ƖƍƒƗƊƌ 5-ƜƐƊƒƒƠƚ ƈƊƗƊƕƓƛƍƏƐƍƜƊƖƏƍƚ ƖƍƖƗƊƑ ƒƅ ƓƖƒƓƇƊ ƕƊƅƏƛƍƍ ƙƓƕƑƅƐơƒƓƈƓ [4+1]-ƛƍƏƐƓƔƕƍƖƓƊƉƍƒƊƒƍƤ.  

ƘƝƅƏƓƇ Ɣ.ƣ., ƖƘƚƓƕƘƏƓƇ ƅ.ƣ. ..................................................................................................................................................................................................................................... 341 

ƙƘƕƓƏƖƅƒƠ ƏƅƏ ƔƊƕƖƔƊƏƗƍƇƒƠƊ ƓƆƟƊƏƗƠ Ƈ ƕƊƅƐƍƌƅƛƍƍ ƗƊƚƒƓƐƓƈƍƎ ƉƇƓƎƒƓƈƓ ƒƅƌƒƅƜƊƒƍƤ 

ƙƊƕƝƗƅƗ Ɛ.Ɛ., ƆƠƖƗƕƓƇ Ɖ.Ƒ., ƋƍƐƍƒ Ɗ.Ɩ., Ɛƅƕƍƒ ƅ.ƅ., ƜƅƔƐƠƈƍƒ Ɖ.ƅ., ƑƅƚƓƇƅ ƒ.ƒ. ........................................................................................................................ 342 

ƓƖƓƆƊƒƒƓƖƗƍ ƖƍƒƗƊƌƅ ƇƓƉƒƠƚ ƔƓƐƍƘƕƊƗƅƒƓƇƠƚ ƉƍƖƔƊƕƖƍƎ ƒƅ ƓƖƒƓƇƊ ƓƐƍƈƓƍƌƓƛƍƅƒƘƕƅƗƓƇ 

ƍƌƓƙƓƕƓƒƉƍƍƌƓƛƍƅƒƅƗƅ 

ƜƊƕƒƤƊƇ Ɖ.A., ƏƅƕƔƓƇ Ɩ.Ƈ., ƉƋƅƐƑƘƚƅƒƓƇƅ ƅ.Ɩ., ƐƓƉƠƈƍƒƅ Ƈ.Ɣ., ƆƅƉƅƑƝƍƒƅ Ƣ.ƕ. ............................................................................................................................ 344 

ƛƍƏƐƍƜƊƖƏƍƊ ƔƊƕƓƏƖƍƉƠ ƏƅƏ ƔƐƅƗƙƓƕƑƅ ƉƐƤ ƖƓƌƉƅƒƍƤ ƔƕƓƗƍƇƓƕƅƏƓƇƠƚ, ƔƕƓƗƍƇƓƔƅƕƅƌƍƗƅƕƒƠƚ ƖƓƊƉƍƒƊƒƍƎ ƍ 

ƖƕƊƉƖƗƇ ƌƅƞƍƗƠ ƕƅƖƗƊƒƍƎ 

ƤƕŷƑƊƒƏƓ ƍ.ƅ., ƕƅƉƘƐƓƇ Ɣ.Ɩ., ƆƊƐƤƏƓƇƅ ƣ.ƣ., ƙƓƑƊƒƏƓƇ Ɖ.ƍ., ƗƊƕƊƒƗơƊƇ ƅ.Ɠ. ................................................................................................................................. 346 

ƖƊƏƛƍƤ VII: ƔƊƕƖƔƊƏƗƍƇƒƠƊ ƔƕƓƛƊƖƖƠ Ƈ ƑƊƗƅƐƐƘƕƈƍƍ ....................................................................................................................................................... 349 

ƇƐƍƤƒƍƊ ƗƊƑƔƊƕƅƗƘƕƠ ƍ ƕƅƖƚƓƉƅ ƇƓƖƖƗƅƒƓƇƍƗƊƐƤ ƒƅ ƕƅƖƔƕƊƉƊƐƊƒƍƊ ƙƓƖƙƓƕƅ, ƒƍƓƆƍƤ ƍ Ƒƅƕƈƅƒƛƅ Ɣƕƍ 

ƇƓƖƖƗƅƒƓƇƍƗƊƐơƒƓƑ ƓƆƋƍƈƊ ƕƘƉ ƜƘƏƗƘƏƓƒƖƏƓƈƓ ƑƊƖƗƓƕƓƋƉƊƒƍƤ 

ƅƈƅƙƓƒƓƇ Ɖ.ƈ., ƖƅƉƠƚƓƇ ƈ.Ɔ., ƏƓƔơƊƇ Ɖ.ƣ., ƓƐƣƒƍƒƅ Ɨ.Ƈ. ............................................................................................................................................................................ 350 

ƇƐƍƤƒƍƊ ƏƕƊƑƒƍƤ ƒƅ ƕƅƖƗƇƓƕƍƑƓƖƗơ ƏƍƖƐƓƕƓƉƅ Ƈ ƋƊƐƊƌƊ, ƏƓƆƅƐơƗƊ ƍ ƋƊƐƊƌƓƏƓƆƅƐơƗƓƇƠƚ ƕƅƖƔƐƅƇƅƚ 

ƅƐƊƏƖƅƒƉƕƓƇ ƅ.ƅ., ƉƅƝƊƇƖƏƍƎ Ƈ.Ƥ. ........................................................................................................................................................................................................................... 351 

ƢƏƖƗƕƅƏƛƍƤ ƕƌƢ ƍƗƗƕƍƊƇƓƎ ƔƓƉƈƕƘƔƔƠ ƙƓƖƙƓƕƓƕƈƅƒƍƜƊƖƏƍƑƍ ƢƏƖƗƕƅƈƊƒƗƅƑƍ 

ƅƑƆƘƐ Ɗ.Ƈ., ƅƙƓƒƍƒ Ƒ.ƅ. ................................................................................................................................................................................................................................................ 358 

ƇƐƍƤƒƍƊ ƢƏƌƓƈƊƒƒƠƚ ƒƅƒƓƙƅƌ ƓƏƖƍƉƅ ƛƍƕƏƓƒƍƤ ƒƅ ƖƗƕƘƏƗƘƕƒƠƊ ƖƇƓƎƖƗƇƅ ƖƐƓƋƒƓƐƊƈƍƕƓƇƅƒƒƠƚ ƕƅƖƔƐƅƇƓƇ 

ƒƍƏƊƐƤ, ƖƓƉƊƕƋƅƞƍƚ ƔƅƇ - ƓƐƓƇƓ 

ƅƒƘƜƏƍƒ Ɩ.ƒ. ........................................................................................................................................................................................................................................................................ 359 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƐƍƤƒƍƤ ƜƅƖƗƍƛ TIB2 ƒƅ ƖƗƕƘƏƗƘƕƘ ƍ ƙƍƌƍƏƓ-ƑƊƚƅƒƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƖƔƐƅƇƅ ƖƍƖƗƊƑƠ AL-MG 

ƅƚƑƅƉƍƊƇƅ ƅ.ƅ., ƈƍƌƅƗƘƐƍƒƅ ƒ.ƕ., ƔƐƅƗƓƇ Ƈ.Ƈ., ƋƘƏƓƇ ƍ.ƅ. .......................................................................................................................................................................... 365 

 



 

19 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƓƌƑƓƋƒƓƖƗƍ ƔƓƐƘƜƊƒƍƤ ƇƠƖƓƏƓƘƔƐƓƗƒƤƊƑƓƎ ƔƓƕƓƝƏƓƇƓƎ ƖƑƊƖƍ ƔƓƕƓƝƏƓƇƓƎ ƆƠƖƗƕƓƕƊƋƘƞƊƎ 

ƖƗƅƐƍ 

ƅƚƑƊƗƓƇ ƅ.Ɩ., ƊƕƊƑƊƊƇƅ Ƌ.Ƈ. ........................................................................................................................................................................................................................................ 370 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƙƍƌƍƏƓ-ƚƍƑƍƜƊƖƏƍƚ ƖƇƓƎƖƗƇ ƓƏƖƍƉƅ ƅƐƣƑƍƒƍƤ, ƔƓƐƘƜƊƒƒƓƈƓ Ɣƕƍ ƔƊƕƊƕƅƆƓƗƏƊ ƒƊƙƊƐƍƒƓƇƓƈƓ 

ƏƓƒƛƊƒƗƕƅƗƅ, ƞƊƐƓƜƒƓ-ƚƐƓƕƒƠƑ ƖƔƓƖƓƆƓƑ 

ƇƊƗƜƍƒƏƍƒƅ Ɨ.ƒ., ƗƘƋƍƐƍƒ ƅ.Ɩ., ƆƅƐƑƅƊƇ Ɔ.ƈ. ...................................................................................................................................................................................................... 373 

ƑƊƗƓƉƍƏƅ ƓƔƕƊƉƊƐƊƒƍƤ ƢƒƊƕƈƓƖƍƐƓƇƠƚ ƔƅƕƅƑƊƗƕƓƇ ƔƕƓƛƊƖƖƅ ƉƕƓƆƐƊƒƍƤ ƅƈƐƓƑƊƕƅƗƅ ƍƌƐƓƑƓƑ Ƈ ƓƉƒƓƇƅƐƏƓƇƓƎ 

ƉƕƓƆƍƐƏƊ 

ƇƐƅƖƊƒƏƓ Ɖ.ƅ. ...................................................................................................................................................................................................................................................................... 377 

ƍƒƗƊƕƑƊƗƅƐƐƍƉƒƠƊ ƖƗƊƕƋƒƍ Ƈ ƖƗƅƐơƒƓƎ ƓƆƓƐƓƜƏƊ, ƔƓƐƘƜƊƒƒƠƊ ƑƊƗƓƉƓƑ ƈƅƌƓƇƓƎ ƢƏƖƗƕƘƌƍƍ 

ƈƅƐƍƊƇ ƙ.ƙ., ƖƅƎƏƓƇ ƍ.Ƈ., ƅƐƠƑƓƇ Ƒ.ƍ., ƆƊƕƆƊƒƛƊƇ Ƈ.Ɖ., ƖƅƜƏƓƇƅ ƒ.Ƈ., ƏƓƒƓƇƅƐƍƚƍƒ Ɩ.Ƈ. ........................................................................................................ 382 

ƑƒƓƈƓƙƅƏƗƓƕƒƓƊ ƢƏƖƔƊƕƍƑƊƒƗƅƐơƒƓƊ ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƘƐơƙƅƗƍƌƍƕƘƣƞƊƈƓ ƓƆƋƍƈƅ ƗƊƚƒƓƈƊƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ, 

ƖƓƉƊƕƋƅƞƍƚ ƛƍƒƏ ƍ ƑƊƉơ Ƈ ƙƓƕƑƊ ƗƕƘƉƒƓƕƅƖƗƇƓƕƍƑƠƚ ƙƊƕƕƍƗƓƇ 

ƈƕƘƉƍƒƖƏƍƎ Ɣ.ƍ., ƈƕƍƈƓƕơƊƇƅ Ɖ.Ɖ., ƋƍƐơƛƓƇƅ Ɗ.Ɗ., ƉƣƆƅƒƓƇ Ƈ.ƈ. ............................................................................................................................................................. 384 

ƌƅƏƓƒƓƑƊƕƒƓƖƗƍ ƢƏƖƗƕƅƏƛƍƓƒƒƓƈƓ ƕƅƌƉƊƐƊƒƍƤ ƔƅƕƠ ND/PR ƙƓƖƙƓƒƓƇƓƎ ƏƍƖƐƓƗƓƎ (P507)  Ƈ ƒƊƖƗƅƛƍƓƒƅƕƒƠƚ 

ƘƖƐƓƇƍƤƚ 

ƉƓƕƓƋƏƓ Ƈ.ƅ., ƅƙƓƒƍƒ Ƒ.ƅ. ......................................................................................................................................................................................................................................... 385 

Ə ƇƓƔƕƓƖƘ Ɠ ƇƓƌƑƓƋƒƓƖƗƍ ƍƖƔƓƐơƌƓƇƅƒƍƤ ƅƇƗƓƏƐƅƇƒƓƈƓ ƓƆƊƖƏƕƊƑƒƍƇƅƒƍƤ ƍƌƇƊƖƗƏƓƇƠƑ ƑƓƐƓƏƓƑ ƉƐƤ ƍƐơƑƊƒƍƗ-

ƐƊƎƏƓƏƖƊƒƓƇƠƚ ƏƓƒƛƊƒƗƕƅƗƓƇ 

ƌƅƆƐƓƛƏƅƤ ƣ.Ƈ., ƖƅƉƠƚƓƇ ƈ.Ɔ., ƗƘƋƍƐƍƒ ƅ. Ɩ., ƅƒƍƖƓƒƤƒ Ə.ƈ. ..................................................................................................................................................................... 393 

ƍƒƗƊƒƖƍƙƍƏƅƛƍƤ ƕƓƖƗƅ ƌƊƕƊƒ ƋƊƐƊƌƅ Ƈ ƔƕƓƛƊƖƖƊ ƔƕƤƑƓƈƓ ƇƓƖƖƗƅƒƓƇƐƊƒƍƤ ƏƕƅƖƒƠƚ ƝƐƅƑƓƇ.  

ƌƅƏƘƒƓƇ ƅ.Ɩ., ƌƍƒƓƇƊƊƇ Ɖ.Ƈ., ƈƕƘƉƍƒƖƏƍƎ Ɣ.ƍ., ƖƊƑŷƒƓƇ ƅ.ƙ., ƔƅƒƓƇƅ Ƒ.Ɠ., ƉƣƆƅƒƓƇ Ƈ.ƈ., ƔƊƗƊƐƍƒ ƅ.Ɛ. ........................................................................... 395 

ƑƅƈƒƊƗƍƗƓƇƠƎ ƏƓƒƛƊƒƗƕƅƗ ƍƌ ƌƓƐƠ ƏƅƝƍƕƖƏƓƎ ƈƕƢƖ ɛ ƖƠƕơƊƇƓƎ ƕƊƖƘƕƖ ƉƐƤ ƔƕƓƍƌƇƓƉƖƗƇƅ ƑƊƗƅƐƐƓƔƕƓƉƘƏƛƍƍ 

ƑƊƗƓƉƓƑ ƇƓƖƖƗƅƒƓƇƍƗƊƐơƒƓƎ ƔƐƅƇƏƍ 

ƌƍƒƓƇƊƊƇ Ɖ.Ƈ., ƉƊƐƍƛƠƒ Ɛ.Ƒ., ƕƤƆƓƇ ƣ.Ƈ., ƏƘƐƘƑƆƊƈƓƇ ƕ.Ƈ., ƌƅƏƘƒƓƇ ƅ.Ɩ., ƉƣƆƅƒƓƇ Ƈ. ƈ. ........................................................................................................... 402 

ƏƓƒƖƊƕƇƅƛƍƓƒƒƠƊ ƑƅƖƐƅ «ƕƓƖƓƎƐ» ƉƐƤ ƑƊƗƅƐƐƘƕƈƍƍ 

ƏƅƌƅƏƓƇ ƅ.Ƒ., ƏƓƕƒƍƐƓƇƅ Ɠ.Ɣ., ƙƅƌƐƍƅƚƑƊƗƓƇ ƙ.H., ƝƓƐƓƑ Ƈ.ƣ. .......................................................................................................................................................... 409 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƇƐƍƤƒƍƤ ƒƅƒƓƕƅƌƑƊƕƒƠƚ ƑƓƉƍƙƍƏƅƗƓƕƓƇ ALN ƒƅ ƑƊƚƅƒƍƜƊƖƏƓƊ ƔƓƇƊƉƊƒƍƊ ƑƅƈƒƍƊƇƓƈƓ ƖƔƐƅƇƅ ƑƐ12 

Ɣƕƍ ƏƇƅƌƍƖƗƅƗƍƜƊƖƏƓƑ ƒƅƈƕƘƋƊƒƍƍ 

ƏƅƚƍƉƌƊ ƒ.ƍ., ƚƕƘƖƗƅƐƊƇ ƅ.Ɣ., ƋƘƏƓƇ ƍ.ƅ. ............................................................................................................................................................................................................ 416 

ƓƆƓƈƅƞƊƒƍƊ ƑƅƈƒƍƗƒƓƎ ƖƊƔƅƕƅƛƍƊƎ ƅƒƓƖƓƇƍƗƓƇƠƚ ƔƕƓƉƘƏƗƓƇ, ƔƓƐƘƜƊƒƒƠƚ Ɣƕƍ ƇƓƖƖƗƅƒƓƇƍƗƊƐơƒƓƑ ƓƆƋƍƈƊ 

ƐƊƎƏƓƏƖƊƒƓƇƓƈƓ ƏƓƒƛƊƒƗƕƅƗƅ 

ƏƓƔơŷƇ Ɖ.ƣ., ƅƒƍƖƓƒƤƒ ƈ.Ɔ., ƓƐƣƒƍƒƅ Ɨ.Ƈ., ƖƅƉƠƚƓƇ ƈ.Ɔ. ............................................................................................................................................................................ 419 

ƖƓƇƊƕƝƊƒƖƗƇƓƇƅƒƍƊ ƑƅƗƊƑƅƗƍƜƊƖƏƓƎ ƑƓƉƊƐƍ ƉƐƤ ƔƕƓƈƒƓƌƍƕƓƇƅƒƍƤ ƖƍƐ ƇƓƐƓƜƊƒƍƤ ƖƔƐƓƝƒƠƚ ƛƍƐƍƒƉƕƍƜƊƖƏƍƚ 

ƌƅƈƓƗƓƇƓƏ Ɩ ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƑ ƔƓƇƊƕƚƒƓƖƗƒƠƑ ƖƐƓƊƑ ƍƒƖƗƕƘƑƊƒƗƓƑ Ɩ ƕƊƈƘƐƤƕƒƓƎ ƑƍƏƕƓƈƊƓƑƊƗƕƍƊƎ Ƈ 

ƘƖƐƓƇƍƤƚ ƔƕƍƑƊƒƊƒƍƤ ƑƊƗƅƐƐƓƔƐƅƏƍƕƘƣƞƍƚ ƖƑƅƌƓƏ 

ƏƓƖƗƕƣƏƓƇ ƅ.ƅ. ................................................................................................................................................................................................................................................................... 422 

ƖƓƕƆƍƗƍƌƅƛƍƤ ƖƗƅƐơƒƓƎ ƔƕƓƇƓƐƓƏƍ Ɩ ƍƖƔƓƐơƌƓƇƅƒƍƊƑ ƢƐƊƏƗƕƓƐƍƗƒƓƎ ƔƐƅƌƑƠ 

ƏƕƠƑƓƇ Ƈ.ƒ., ƅƐƍƑƓƇ Ƈ.ƍ., ƊƈƓƕƓƇ ƒ.Ɨ. .................................................................................................................................................................................................................. 429 

 



 

20 

ƑƓƉƊƕƒƍƌƅƛƍƤ ƢƐƊƏƗƕƓƚƍƑƍƜƊƖƏƓƎ ƔƊƕƊƕƅƆƓƗƏƍ ƗƤƋƊƐƠƚ ƇƓƐơƙƕƅƑƓƇƠƚ ƖƔƐƅƇƓƇ Ɩ ƔƓƑƓƞơƣ ƔƊƕƊƑƊƒƒƓƈƓ ƗƓƏƅ 

ƏƘƌƒƊƛƓƇƅ Ɠ.ƈ., ƐƊƇƍƒ ƅ.Ƒ., ƖƊƇƓƖƗơƤƒƓƇ Ƒ.ƅ. .................................................................................................................................................................................................. 433 

ƅƒƅƐƍƌ ƢƇƓƐƣƛƍƍ ƑƍƏƕƓƖƗƕƘƏƗƘƕƠ Ɣƕƍ ƏƓƑƔơƣƗƊƕƒƓƑ ƑƓƉƊƐƍƕƓƇƅƒƍƍ ƒƓƇƓƎ ƗƊƚƒƓƐƓƈƍƍ ƔƕƓƏƅƗƏƍ Ɩ 

ƑƅƏƕƓƖƉƇƍƈƓƑ 

ƐƊƋƒƊƇ Ɩ.ƒ., ƒƅƎƌƅƆƊƏƓƇ ƅ.Ɔ., Ɣƅƒƍƒ Ɗ.ƅ. ............................................................................................................................................................................................................. 437 

ƖƔƓƖƓƆƠ ƔƓƐƘƜƊƒƍƤ ƍ ƓƆƐƅƖƗƍ ƔƕƍƑƊƒƊƒƍƤ ƙƓƖƙƓƕƍƖƗƠƚ ƍ ƔƕƍƕƓƉƒƓƐƊƈƍƕƓƇƅƒƒƠƚ ƗƊƕƑƓƖƗƓƎƏƍƚ ƜƘƈƘƒƓƇ 

ƐƘƆƤƒƓƎ Ɖ.ƅ., ƌƍƒƓƇƊƊƇ Ɖ.Ƈ., ƑƅƕƏƍƉƓƒƓƇ ƅ.Ƈ., ƔƘƉƓƇ Ɗ.ƣ., ƐƘƆƤƒƓƎ Ɖ.Ɖ., ƉƣƆƅƒƓƇ Ƈ.ƈ. .......................................................................................................... 445 

ƍƖƔƓƐơƌƓƇƅƒƍƊ ƑƊƗƓƉƅ ƑƊƚƅƒƓƅƏƗƍƇƅƛƍƍ ƉƐƤ ƔƓƐƘƜƊƒƍƤ ƇƠƖƓƏƓƢƙƙƊƏƗƍƇƒƠƚ ƗƊƕƑƓƢƐƊƏƗƕƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ 

ƒƅ ƓƖƒƓƇƊ ƗƊƐƐƘƕƍƉƓƇ ƈƊƕƑƅƒƍƤ ƍ ƖƇƍƒƛƅ 

ƑƅƐơƜƊƇ ƅ.ƈ., ƍƇƅƒƓƇƅ Ɛ.Ɖ., ƈƕƅƒƅƗƏƍƒƅ ƣ.Ƈ., ƒƍƚƊƌƍƒƅ ƍ.ƣ., ƏƕƍƇƓƕƘƜƏƓ Ɩ.Ɣ., ƌƅƐƉƅƖƗƅƒƍƝƇƍƐƍ Ƒ.ƍ., ƇƊƏƘƅ Ɨ.Ɩ., ƖƘƉƅƏ ƒ.Ƒ. ....................... 447 

ƇƐƍƤƒƍƊ ƔƕƊƉƠƖƗƓƕƍƍ ƔƓƐƘƜƊƒƍƤ ƓƏƖƍƉƅ ƒƊƓƉƍƑƅ ƒƅ ƖƇƓƎƖƗƇƅ ƔƊƕƖƔƊƏƗƍƇƒƠƚ ƑƅƗƊƕƍƅƐƓƇ 

ƑƊƐơƒƍƏ ƙ., ƅƚƑƊƗƓƇ ƅ., ƊƕƑƊƊƇƅ Ƌ.Ƈ., ƆƓƈƅƗƠƕƊƇƅ Ɗ.Ƈ. ............................................................................................................................................................................... 452 

ƔƓƐƍƏƕƍƖƗƅƐƐƍƜƒƓƖƗơ Ƈ ƏƕƍƖƗƅƐƐƅƚ ƅƕƖƊƒƍƉƅ ƈƅƐƐƍƤ, ƇƠƕƅƞƊƒƒƠƚ ƑƊƗƓƉƓƑ ƜƓƚƕƅƐơƖƏƓƈƓ 

ƔƅƇƐƓƇƅ Ɠ.Ɩ., ƣƈƓƇƅ Ɨ.ƈ., ƏƒƤƌƊƇ Ɩ.ƒ. ..................................................................................................................................................................................................................... 454 

ƏƕƅƖƒƠƎ ƝƐƅƑ ƏƅƏ ƔƕƓƉƘƏƗ ƇƓƖƖƗƅƒƓƇƍƗƊƐơƒƓƈƓ ƇƠƞƊƐƅƜƍƇƅƒƍƤ ƆƓƏƖƍƗƓƇ: ƙƅƌƓƇƠƎ ƖƓƖƗƅƇ ƍ ƖƇƓƎƖƗƇƅ 

ƔƅƖƊƜƒƍƏ Ɛ.ƅ., ƖƏƅƜƏƓƇ Ƈ.Ƒ., ƑƊƉƤƒƏƍƒƅ ƍ.Ɩ., ƆƍƆƅƒƅƊƇƅ Ɩ.ƅ., ƤƛƊƒƏƓ Ɩ.Ɣ. ...................................................................................................................................... 457 

ƇƐƍƤƒƍƊ TIB2 ƒƅ ƖƗƕƘƏƗƘƕƘ ƍ ƉƊƙƓƕƑƅƛƍƓƒƒƓƊ ƔƓƇƊƉƊƒƍƊ Ɣƕƍ ƏƇƅƌƍƖƗƅƗƍƜƊƖƏƓƑ ƍ ƉƍƒƅƑƍƜƊƖƏƓƑ ƒƅƈƕƘƋƊƒƍƍ 

ƅƐƣƑƍƒƍƊƇƓƈƓ ƖƔƐƅƇƅ ƅƏ7 

ƖƊƐƍƚƓƇƏƍƒ Ƒ.ƅ., ƚƑƊƐƊƇƅ Ƒ.ƈ., ƑƅƗƇƊƊƇ ƅ.Ɗ., ƚƕƘƖƗƅƐƊƇ ƅ.Ɣ., .................................................................................................................................................................. 460 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƙƍƌƍƏƓ-ƚƍƑƍƜƊƖƏƍƚ ƖƇƓƎƖƗƇ ƕƅƖƗƇƓƕƓƇ FECL3 ƍ ALCL3 

ƗƘƋƍƐƍƒ ƅ.Ɩ., ƆƅƐƑƅƊƇ Ɔ.ƈ., ƇƊƗƜƍƒƏƍƒƅ Ɨ.ƒ. ...................................................................................................................................................................................................... 464 

ƔƓƇƠƝƊƒƍƊ ƢƙƙƊƏƗƍƇƒƓƖƗƍ ƉƊƌƍƒƗƊƈƕƅƛƍƍ ƍ ƙƐƓƗƅƛƍƓƒƒƓƈƓ ƓƆƓƈƅƞƊƒƍƤ ƑƅƐƓƖƘƉơƙƍƉƒƠƚ ƑƊƉƒƓ-ƒƍƏƊƐƊƇƠƚ 

ƕƘƉ 

ƚƅƆƅƕƓƇƅ ƍ.ƅ., ƆƘƒƍƒ ƍ.Ƌ. ............................................................................................................................................................................................................................................ 465 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƗƊƕƑƓƉƍƒƅƑƍƏƍ ƇƓƖƖƗƅƒƓƇƍƗƊƐơƒƓƈƓ ƓƆƋƍƈƅ ƋƊƐƊƌƍƖƗƠƚ ƐƅƗƊƕƍƗƒƠƚ ƕƘƉ 

ƚƅƖƅƒƓƇ Ƒ.Ɲ., ƅƒƍƖƓƒƤƒ Ə.ƈ., ƌƅƆƐƓƛƏƅƤ ƣ.Ƈ. .................................................................................................................................................................................................. 470 

ƖƔƓƖƓƆ ƔƓƐƘƜƊƒƍƤ ƓƏƖƍƉƅ ƋƊƐƊƌƅ (III) Ɩ ƌƅƉƅƒƒƠƑƍ ƖƇƓƎƖƗƇƅƑƍ, ƓƖƒƓƇƅƒƒƠƎ ƒƅ ƕƅƙƍƒƍƕƓƇƅƒƍƍ ƒƊƎƗƕƅƐơƒƠƑƍ 

ƢƏƖƗƕƅƈƊƒƗƅƑƍ 

ƜƘƏƕƊƊƇ Ə. ƈ., ƉƓƕƓƋƏƓ Ƈ. ƅ. ......................................................................................................................................................................................................................................... 472 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƌƅƕƤƉƅ ƏƓƒƉƊƒƖƅƗƓƕƓƇ ƅƔƔƅƕƅƗƅ ƗƓƜƊƜƒƓƎ ƖƇƅƕƏƍ 

ƝƇƊƛƓƇ ƅ.Ɩ., ƇƅƕƐƅƑƓƇ Ɖ.Ɠ., ƏƅƒƅƕƊƎƏƍƒ ƅ.ƅ., ƗƍƑƓƝƊƒƏƓ ƅ.ƅ., ƏƘƏƖƅ Ƈ.Ƈ. ...................................................................................................................................... 480 

ƖƊƏƛƍƤ VIII: ƑƅƗƊƕƍƅƐƠ ƍ ƗƊƚƒƓƐƓƈƍƍ ƉƐƤ ƌƊƐƊƒƓƎ ƚƍƑƍƍ ......................................................................................................................................... 484 

ƏƅƗƅƐƍƗƍƜƊƖƏƓƊ ƈƍƉƕƍƕƓƇƅƒƍƊ ƐƊƇƘƐƍƒƓƇƓƎ ƏƍƖƐƓƗƠ ƉƓ ƈƅƑƑƅ-ƇƅƐƊƕƓƐƅƏƗƓƒƅ Ɩ ƔƕƍƑƊƒƊƒƍƊƑ RU/HZSM-5 

ƅƆƘƖƘƊƏ Ɖ.ƅ., ƒƍƏƓƝƇƍƐƍ Ɛ.Ƌ. ................................................................................................................................................................................................................................... 485 

ƔƓƐƍƐƅƏƗƍƉƒƠƎ ƗƏƅƒƊƇƠƎ ƑƅƗƊƕƍƅƐ, ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƎ ƆƍƓƔƕƊƔƅƕƅƗƅƑƍ ƒƅ ƓƖƒƓƇƊ HIS6-

ƓƕƈƅƒƓƙƓƖƙƅƗƈƍƉƕƓƐƅƌƠ 

ƅƖƐƅƒƐƠ ƅ.ƈ., ƑƅƖƐƓƇƅ Ɠ.Ƈ., ƖƊƒơƏƓ Ɠ.Ƈ., ƊƙƕƊƑƊƒƏƓ Ɗ.ƒ. ........................................................................................................................................................................... 487 

 



 

21 

ƇƐƍƤƒƍƊ ƔƕƍƕƓƉƠ ƆƍƓƕƅƌƐƅƈƅƊƑƓƈƓ ƏƓƑƔƓƒƊƒƗƅ ƒƅ ƔƕƓƛƊƖƖ ƆƍƓƉƊƈƕƅƉƅƛƍƍ ƏƓƑƔƓƌƍƛƍƎ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƢƗƍƐƊƒƅ 

ƇƅƕơƤƒ ƍ.ƅ., ƔƓƉƌƓƕƓƇƅ Ƒ.Ƈ., ƗƊƕƗƠƝƒƅƤ ƣ.Ƈ., ƏƓƐƊƖƒƍƏƓƇƅ ƒ.ƒ., ƔƓƔƓƇ ƅ.ƅ. ................................................................................................................................ 490 

ƖƇƓƎƖƗƇƅ ƒƓƇƠƚ ƏƓƑƔƓƌƍƗƓƇ ƒƅ ƓƖƒƓƇƊ ƍƌƓƗƅƏƗƍƜƊƖƏƓƈƓ ƔƓƐƍƔƕƓƔƍƐƊƒƅ Ɩ ƅƐƍƙƅƗƍƜƊƖƏƍƑ ƔƓƐƍƅƑƍƉƓƑ 

ƇƓƕƓƒƛƓƇ ƒ.Ƈ., ƑƓƒƅƚƓƇƅ Ɨ.Ƈ., ƔƓƔƓƇ ƅ.ƅ., ƑƅƕƈƓƐƍƒ ƅ.Ɛ. ......................................................................................................................................................................... 495 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƋƍƕƒƠƚ ƏƍƖƐƓƗ ƗƅƐƐƓƇƠƚ ƑƅƖƊƐ ƑƊƗƓƉƓƑ ƍƏ-ƖƔƊƏƗƕƓƑƊƗƕƍƍ ƉƐƤ ƔƐƅƒƍƕƓƇƅƒƍƤ ƖƍƒƗƊƌƅ ƖƐƓƋƒƠƚ 

ƢƙƍƕƓƇ 

ƈƓƇƓƕƍƒ ƅ.Ɩ., ƏƓƒƓƇƅƐƓƇ ƒ.Ɣ., ƈƘƆƅƒƓƇ ƒ.Ɖ. ....................................................................................................................................................................................................... 496 

ƍƒƗƊƒƖƍƙƍƏƅƛƍƤ ƕƅƌƉƊƐƊƒƍƤ ƇƓƉƓƒƊƙƗƤƒƓƎ ƢƑƘƐơƖƍƍ ƔƓƐƍƖƘƐơƙƓƒƅƑƍƉƒƠƑƍ ƑƊƑƆƕƅƒƅƑƍ, ƓƆƕƅƆƓƗƅƒƒƠƑƍ 

ƔƐƅƌƑƓƎ ƇƓƌƉƘƚƅ 

ƉƕƤƚƐƓƇ Ƈ.Ɠ., ƝƅƎƚƍƊƇ ƍ.ƈ., ƙƅƌƘƐƐƍƒ Ɖ.Ɖ......................................................................................................................................................................................................... 500 

ƇƓƌƑƓƋƒƓƖƗƍ ƉƐƍƗƊƐơƒƓƈƓ ƚƕƅƒƊƒƍƤ ƍ ƔƓƉƉƊƕƋƅƒƍƤ ƅƏƗƍƇƒƓƖƗƍ ƅƒƅƢƕƓƆƒƠƚ ƏƓƒƖƓƕƛƍƘƑƓƇ, ƇƏƐƣƜƊƒƒƠƚ Ƈ 

ƖƓƖƗƅƇ ƔƓƕƍƖƗƓƎ ƑƅƗƕƍƛƠ ƔƓƐƍƑƊƕƒƓƈƓ ƒƓƖƍƗƊƐƤ 

ƊƙƕƊƑƊƒƏƓƊ.ƒ., ƑƅƖƐƓƇƅƓ.Ƈ., ƖƊƒơƏƓƓ.Ƈ. ............................................................................................................................................................................................................ 506 

ƔƕƍƑƊƒƊƒƍƊ ƖƇƊƕƚƏƕƍƗƍƜƊƖƏƓƈƓ ƖƓ2 ƉƐƤ ƔƓƐƘƜƊƒƍƤ ƔƊƕƖƔƊƏƗƍƇƒƠƚ ƘƐơƗƕƅƉƍƖƔƊƕƖƒƠƚ ƢƒƊƕƈƓƒƅƖƠƞƊƒƒƠƚ 

ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ 

ƋƅƕƏƓƇ Ƒ.ƒ., ƏƘƜƘƕƓƇ ƍ.Ƈ., ƙƓƑƊƒƏƓƇ ƍ.Ƈ., ƌƐƓƗƍƒ Ɩ.ƈ., ƏƓƖƅƕƊƇƅ Ɗ.Ə., ƑƘƕƅƇơƊƇ ƒ.Ƈ., ƑƓƒƓƈƅƕƓƇ Ə.ƅ., ƑƊƊƕƓƇ Ɖ.Ɔ, ƔƍƇƏƍƒƅ ƅ.ƒ. .................. 508 

ƕƅƌƕƅƆƓƗƏƅ ƖƓƖƗƅƇƓƇ ƆƍƓƔƐƅƖƗƍƏƓƇ Ɩ ƕƅƖƗƍƗƊƐơƒƠƑƍ ƅƉƉƍƗƍƇƅƑƍ 

ƍƆƕƅƈƍƑƓƇ ƅ.ƍ., ƙƅƕƚƘƗƉƍƒƓƇ ƕ.ƈ. ........................................................................................................................................................................................................................... 513 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƕƅƌƕƘƝƊƒƍƤ ƔƕƓƑƠƝƐƊƒƒƠƚ ƆƍƓƔƐƅƖƗƍƏƓƇ Ƈ ƔƓƜƇƓƈƕƘƒƗƊ 

ƐƘƏƅƒƍƒƅ ƣ.Ə., ƔƓƔƓƇ ƅ.ƅ., ƚƇƅƗƓƇ ƅ.Ƈ. ................................................................................................................................................................................................................ 515 

ƍƑƑƓƆƍƐƍƌƓƇƅƒƒƠƊ ƏƐƊƗƏƍ CLOSTRIDIUM ACETOBUTYLICUM Ƈ ƔƕƓƛƊƖƖƅƚ ƌƊƐƊƒƓƎ ƚƍƑƍƍ, ƍƖƔƓƐơƌƘƣƞƍƚ ƆƍƓƑƅƖƖƘ 

ƚƐƓƕƊƐƐƠ 

ƐƤƈƍƒ ƍ.Ƈ., ƖƊƒơƏƓ Ɠ.Ƈ., ƑƅƖƐƓƇƅ Ɠ.Ƈ., ƖƗƊƔƅƒƓƇ ƒ.ƅ., ƊƙƕƊƑƊƒƏƓ Ɗ.ƒ. ................................................................................................................................................ 518 

ƕƊƖƘƕƖƓƖƆƊƕƊƈƅƣƞƍƊ ƔƓƉƚƓƉƠ Ə ƘƗƍƐƍƌƅƛƍƍ ƓƗƕƅƆƓƗƅƒƒƠƚ ƆƍƓƏƅƗƅƐƍƌƅƗƓƕƓƇ ƔƕƓƛƊƖƖƓƇ ƖƍƒƗƊƌƅ ƓƕƈƅƒƍƜƊƖƏƍƚ 

ƏƍƖƐƓƗ ƔƓƖƐƊ ƍƚ ƍƖƔƓƐơƌƓƇƅƒƍƤ Ƈ ƕƊƋƍƑƊ ƓƉƒƓƇƕƊƑƊƒƒƓƈƓ ƓƖƅƚƅƕƍƇƅƒƍƤ ƍ ƙƊƕƑƊƒƗƅƛƍƍ 

ƑƅƖƐƓƇƅ Ɠ.Ƈ., ƖƊƒơƏƓ Ɠ.Ƈ., ƊƙƕƊƑƊƒƏƓ Ɗ.ƒ. ......................................................................................................................................................................................................... 520 

ƍƌƘƜƊƒƍƊ ƔƕƓƛƊƖƖƅ ƔƍƕƓƐƍƌƅ ƍ ƑƓƉƊƐơƒƠƎ ƏƍƒƊƗƍƜƊƖƏƍƎ ƅƒƅƐƍƌ ƗƊƕƑƓƉƊƖƗƕƘƏƛƍƍ ƏƓƑƔƓƌƍƛƍƎ ƔƓƐƍƢƗƍƐƊƒƅ C 

ƑƍƏƕƓƏƕƍƖƗƅƐƐƍƜƊƖƏƓƎ ƛƊƐƐƣƐƓƌƓƎ 

ƔƊƕƓƇƅ ƅ.ƒ., ƘƖƅƜƊƇ Ɩ.Ƈ., ƏƓƇƊƕƌƅƒƓƇƅ Ɗ.Ƈ., ƚƇƅƗƓƇ ƅ.Ƈ., ƐƓƑƅƏƍƒ Ɩ.Ƒ. ............................................................................................................................................... 522 

ƖƍƒƊƕƈƊƗƍƜƊƖƏƍƎ ƢƙƙƊƏƗ ƓƈƒƊƖƗƓƎƏƓƖƗƍ ƔƓƐƍƢƙƍƕƓƇ ƔƕƓƉƘƏƗƓƇ ƆƍƓƑƅƖƖƠ ƓƏƍƖƐƊƒƒƓƈƓ ƖƠƕơƤ Ƈ ƏƓƑƔƓƌƍƛƍƤƚ Ɩ 

ƒƊƓƕƈƅƒƍƜƊƖƏƍƑƍ ƅƒƗƍƔƍƕƊƒƅƑƍ 

ƖƅƚƅƕƓƇ Ɣ.ƅ., ƐƓƑƅƏƍƒ Ɩ.Ƒ., ƚƇƅƗƓƇ ƅ.Ƈ., ƐƘƏƅƒƍƒƅ ƣ.Ə., Ƒƍƒƍƚ ƅ.ƅ................................................................................................................................................... 528 

ƆƍƓƑƅƖƖƅ ƙƓƗƓƗƕƓƙƒƠƚ ƑƍƏƕƓƓƕƈƅƒƍƌƑƓƇ ƏƅƏ ƖƠƕơƊ ƉƐƤ ƔƓƐƘƜƊƒƍƤ ƑƓƉƍƙƍƏƅƗƓƕƅ ƗƕƊƒƍƤ 

ƖƊƒơƏƓ Ɠ.Ƈ., ƖƗƊƔƅƒƓƇ ƒ.ƅ., ƑƅƖƐƓƇƅ Ɠ.Ƈ., ƐƤƈƍƒ ƍ.Ƈ., ƊƙƕƊƑƊƒƏƓ Ɗ.ƒ. ................................................................................................................................................ 531 

ƢƏƓƐƓƈƍƜƊƖƏƍ ƆƊƌƓƔƅƖƒƅƤ ƑƓƣƞƅƤ ƏƓƑƔƓƌƍƛƍƤ ƔƅƇ ƉƐƤ ƘƉƅƐƊƒƍƤ ƑƅƖƐƤƒƠƚ ƌƅƈƕƤƌƒƊƒƍƎ ƍ ƕƅƌƕƘƝƊƒƍƤ 

ƘƖƗƓƎƜƍƇƠƚ ƇƓƉƓ-ƒƊƙƗƤƒƠƚ ƢƑƘƐơƖƍƎ 

ƚƇƅƗƓƇ ƅ.Ƈ., ƐƘƏƅƒƍƒƅ ƣ.Ə., ƖƅƚƅƕƓƇ Ɣ.ƅ., ƆƊƐƊƒƏƓ Ɗ.Ƈ. ............................................................................................................................................................................... 533 

ƖƊƏƛƍƤ IX: ƅƉƉƍƗƍƇƒƠƊ ƗƊƚƒƓƐƓƈƍƍ ............................................................................................................................................................................................... 538 

 



 

22 

ƖƗƕƘƏƗƘƕƒƠƊ ƓƖƓƆƊƒƒƓƖƗƍ ƑƊƗƅƐƐƓƇ ƍ ƖƔƐƅƇƓƇ, ƖƙƓƕƑƍƕƓƇƅƒƒƠƚ Ƈ ƔƕƓƛƊƖƖƊ ƖƊƐƊƏƗƍƇƒƓƈƓ ƐƅƌƊƕƒƓƈƓ ƔƐƅƇƐƊƒƍƤ 

ƆƅƌƅƐƊƊƇƅ Ə.Ɠ., ƛƇƊƗƏƓƇƅ Ɗ.Ƈ. ..................................................................................................................................................................................................................................... 539 

ƕƅƌƕƅƆƓƗƏƅ ƗƊƚƒƓƐƓƈƍƍ 3D ƔƊƜƅƗƍ ƏƓƕƘƒƉƅ ƑƊƗƓƉƓƑ ƖƗƊƕƊƓƐƍƗƓƈƕƅƙƍƍ ƒƅ ƓƖƒƓƇƊ DIGITAL LIGHT PROCESSING: 

ƇƐƍƤƒƍƊ ƏƓƒƛƊƒƗƕƅƛƍƍ ƓƏƖƍƉƅ ƅƐƣƑƍƒƍƤ Ƈ ƝƐƍƏƊƕƊ 

ƈƓƐơƉƆƊƕƈ Ƒ.ƅ., ƖƑƍƕƒƓƇ Ɩ.Ƈ., ƑƅƐƣƗƍƒ Ə.Ƈ., ƔƕƓƛƊƒƏƓ Ɣ.Ƈ., ƓƆƓƐƏƍƒƅ Ɨ.Ɠ., ƅƒƗƓƒƓƇƅ Ɠ.Ɩ., ƏƓƜƅƒƓƇ ƈ.Ɣ., ƚƅƎƕƘƗƉƍƒƓƇƅ Ɖ.ƕ., ƏƓƑƐƊƇ Ƈ.Ɩ., 

ƆƅƕƍƒƓƇ Ɩ.Ƒ. ........................................................................................................................................................................................................................................................................ 545 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƍƏ ɛ ƖƔƊƏƗƕƓƇ ƔƓƐƍƑƊƕƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƉƐƤ ƒƘƋƉ ƖƊƐƊƏƗƍƇƒƓƎ ƐƅƌƊƕƒƓƎ ƔƊƜƅƗƍ 

ƊƕƑƅƏƓƇƅ Ɗ.ƅ., ƅƒƓƚƍƒ ƅ.Ɩ., ƖƗƕƊƐơƒƍƏƓƇƅ Ɩ.Ɩ., ƜƘƇƍƏƍƒƅ Ƒ.Ɩ., ƔƓƗƊƑƏƍƒƅ Ɗ.ƅ. ............................................................................................................................ 547 

ƢƐƊƏƗƕƓƑƊƚƅƒƍƜƊƖƏƅƤ ƓƆƕƅƆƓƗƏƅ ƔƐƅƌƑƊƒƒƓ ƒƅƔƠƐƊƒƒƓƈƓ ƔƓƏƕƠƗƍƤ ƍƌ ƖƑƊƖƍ NI/NB 

ƍƇƅƒƒƍƏƓƇ ƅ.ƣ, ƏƅƐƍƗƅ Ƈ. ƍ., ƏƓƑƐƊƇ Ɖ. ƍ., ƕƅƉƣƏ ƅ. ƅ., ƑƍƚƅƎƐƓƇƅ ƅ. Ɔ., ƅƐƔƅƗƓƇ ƅ. Ƈ. .......................................................................................................... 553 

ƖƕƅƇƒƊƒƍƊ ƖƗƕƘƏƗƘƕƠ ƍ ƖƇƓƎƖƗƇ ƓƆƕƅƌƛƓƇ ƍƌ ƖƔƐƅƇƅ TI-6AL-4V, ƔƓƐƘƜƊƒƒƠƚ ƒƅ ƕƅƌƒƠƚ ƔƕƍƒƗƊƕƅƚ ƉƐƤ 3D-ƔƊƜƅƗƍ 

ƍƇƅƒƓƇ ƅ.Ɗ., ƖƏƇƓƕƛƓƇƅ Ɩ.Ƈ., ƖƔƊƏƗƓƕ Ƈ.Ɩ., ƗƕƘƖƓƇ Ɣ.ƅ., ƉƘƇƍƉƌƓƒ Ƈ.ƈ. ................................................................................................................................................. 554 

ƑƊƗƓƉƠ ƍ ƔƓƉƚƓƉƠ ƔƓƇƠƝƊƒƍƤ ƏƅƜƊƖƗƇƅ ƍƌƉƊƐƍƎ Ɣƕƍ 3D-ƔƊƜƅƗƍ ƔƓ ƗƊƚƒƓƐƓƈƍƍ FDM/FFF 

ƏƅƌƆƊƕƓƇ ƕ.Ƥ., ƐƓƔƅƗƍƒƅ ƣ.ƅ. ..................................................................................................................................................................................................................................... 560 

ƕƅƌƕƅƆƓƗƏƅ ƗƊƚƒƓƐƓƈƍƍ ƔƓƐƘƜƊƒƍƤ ƖƙƊƕƍƜƊƖƏƍƚ ƔƓƕƓƝƏƓƇ ƗƍƗƅƒƓƇƠƚ ƖƔƐƅƇƓƇ 

ƏƅƐƅƎƉƅ Ɨ.ƅ., ƏƍƕƖƅƒƏƍƒ ƅ.ƅ., ƏƅƔƐƅƒ Ƒ.ƅ., ƏƓƒƘƝƏƍƒ Ɩ.Ƈ., ƍƇƅƒƒƍƏƓƇ ƅ.ƣ., ƖƊƇƓƖƗơƤƒƓƇ Ƒ.ƅ. .......................................................................................... 567 

ƑƓƕƙƓƐƓƈƍƤ ƍ ƔƕƍƑƊƖƒƠƎ ƖƓƖƗƅƇ ƖƙƊƕƍƜƊƖƏƓƈƓ ƔƓƕƓƝƏƅ ƏƓƕƕƓƌƍƓƒƒƓƖƗƓƎƏƓƎ ƖƗƅƐƍ 12ƚ18ƒ10Ɨ, ƔƓƐƘƜƊƒƒƓƈƓ 

ƑƊƗƓƉƓƑ ƢƐƊƏƗƕƓƉƘƈƓƇƓƈƓ ƕƅƖƔƠƐƊƒƍƤ ƑƊƗƅƐƐƍƜƊƖƏƓƎ ƔƕƓƇƓƐƓƏƍ 

ƏƅƔƐƅƒ Ƒ.ƅ., ƏƍƕƖƅƒƏƍƒ ƅ.ƅ., ƏƅƐƅƎƉƅ Ɨ.ƅ., ƍƇƅƒƒƍƏƓƇ ƅ.ƣ., ƖƑƍƕƒƓƇ Ƒ.ƅ., ƖƊƇƓƖƗơƤƒƓƇ Ƒ.ƅ. ............................................................................................ 569 

3D ɛ ƖƏƅƒƍƕƓƇƅƒƍƊ ƔƐƘƋƒƓƈƓ ƏƓƕƔƘƖƅ 

ƏƅƖƍƑƓƇ ƕ.Ƒ. ....................................................................................................................................................................................................................................................................... 571 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƗƕƘƏƗƘƕƠ ƔƓƕƓƝƏƅ ƖƔƐƅƇƅ TI20NB5TA 

ƏƍƕƖƅƒƏƍƒ ƅ.ƅ., ƏƅƐƅƎƉƅ Ɨ.ƅ., ƏƅƔƐƅƒ Ƒ.ƅ., ƏƓƒƘƝƏƍƒ Ɩ.Ƈ., ƍƇƅƒƒƍƏƓƇ ƅ.ƣ., ƖƊƇƓƖƗơƤƒƓƇ Ƒ.ƅ. .......................................................................................... 575 

ƔƊƕƖƔƊƏƗƍƇƠ ƔƕƍƑƊƒƊƒƍƤ ƅƉƉƍƗƍƇƒƠƚ ƗƊƚƒƓƐƓƈƍƎ Ɣƕƍ ƖƗƕƓƍƗƊƐơƖƗƇƊ ƈƅƌƓƗƘƕƆƍƒƒƠƚ ƉƇƍƈƅƗƊƐƊƎ 

ƏƓƗƓƇ Ƈ.Ɩ., ƇƓƕƓƒƍƒ Ə.Ɣ., ƕƊƌƒƍƏƓƇƅ ƕ.Ə., ƍƐơƍƒ ƒ.ƅ. ................................................................................................................................................................................... 577 

ƏƓƑƔƓƌƍƛƍƓƒƒƠƊ ƑƅƗƊƕƍƅƐƠ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƐƅƏƗƍƉƅ ƍ ƈƍƉƕƓƏƖƍƅƔƅƗƍƗƅ ƉƐƤ 3D-ƔƊƜƅƗƍ 

ƑƘƖƖƏƅƤ Ɠ.ƒ., ƏƕƘƗơƏƓ Ƈ.Ə., ƏƘƐƅƏ ƅ.ƍ., ƉƓƆƠƝ Ƈ.ƅ., ƗƅƕƅƖƊƇƍƜ Ƈ.ƅ., ƊƇƖƊƎƜƍƏ Ɗ.ƅ., ƒƅƖƅƒơ Ɠ.ƅ., ƚƇƊƖƊƒƤ Ɩ.Ɩ., ƝƍƑƅƒƖƏƍƎ Ƈ.ƍ.......................... 584 

ƑƓƉƊƐƍƕƓƇƅƒƍƊ ƔƕƓƛƊƖƖƅ ƔƕƓƍƌƇƓƉƖƗƇƅ ƔƓƕƓƝƏƅ ƑƊƗƓƉƓƑ ƔƐƅƌƑƊƒƒƓƈƓ ƕƅƖƔƠƐƊƒƍƤ 

ƓƏƘƐƓƇ ƕ.ƅ., ƍƐơƍƒƠƚ Ɩ.ƅ., ƌƅƚƅƕƓƇ Ƒ.ƒ., ƅƚƑƊƗƝƍƒ Ɩ.Ƒ. ........................................................................................................................................................................... 588 

ƍƖƔƓƐơƌƓƇƅƒƍƊ ƅƉƉƍƗƍƇƒƠƚ ƗƊƚƒƓƐƓƈƍƎ ƉƐƤ ƖƓƌƉƅƒƍƤ ƆƊƖƏƍƖƐƓƕƓƉƒƠƚ ƏƊƕƅƑƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ 

ƔƘƗƐƤƊƇ Ƈ.ƍ., ƊƇƉƓƏƍƑƓƇ Ɣ.Ƈ., ƓƕƐƓƇ ƒ.Ə., ƐƊƓƒƗơƊƇ ƒ.Ƈ. ............................................................................................................................................................................ 594 

ƅƉƉƍƗƍƇƒƓƊ ƔƕƓƍƌƇƓƉƖƗƇƓ ƍƌƉƊƐƍƎ ƍƌ ƇƠƖƓƏƓƢƙƙƊƏƗƍƇƒƓƎ ƏƊƕƅƑƍƏƍ 

ƖƈƓƒƓƇ ƒ.Ƒ. .......................................................................................................................................................................................................................................................................... 595 

ƓƖƓƆƊƒƒƓƖƗƍ ƙƓƕƑƍƕƓƇƅƒƍƤ ƖƓƇƕƊƑƊƒƒƠƚ ƙƘƒƏƛƍƓƒƅƐơƒƠƚ ƒƅƒƓƑƅƗƊƕƍƅƐƓƇ ƔƐƅƒƅƕƒƓƈƓ ƗƍƔƅ Ɩ ƔƓƑƓƞơƣ 

ƅƉƉƍƗƍƇƒƠƚ ƗƊƚƒƓƐƓƈƍƎ 

ƖƍƑƓƒƊƒƏƓ ƒ.Ɣ., ƖƍƑƓƒƊƒƏƓ Ɨ.Ɛ., ƈƓƕƓƆƛƓƇ ƙ.ƣ., ƑƓƏƕƘƝƍƒ ƅ.Ɩ., ƙƍƖƊƒƏƓ ƒ.ƅ., ƒƅƈƓƕƒƓƇ ƍ.ƅ., ƇƐƅƖƓƇ ƍ.Ɩ., ƇƓƐƏƓƇ ƍ.ƅ., ƖƍƑƓƒƊƒƏƓ Ɗ.Ɣ., 

ƈƐƘƑƓƇ Ɠ.Ƈ., ƑƊƐơƒƍƏƓƇƅ ƒ.ƅ, ƑƘƕƍƒ ƍ.Ƈ., ƖƊƇƅƖƗơƒƓƇ Ƈ.ƈ., ƏƘƌƒƊƛƓƇ ƒ.Ɨ. ........................................................................................................................................ 596 



 

23 

ƙƓƕƑƍƕƓƇƅƒƍƊ ƔƕƓƗƓƒƒƠƚ ƗƇŷƕƉƠƚ ƢƐƊƏƗƕƓƐƍƗƓƇ ƖƓƖƗƅƇƅ BACE0,8-XZRXY0,2O3-ɲ (ƚ = 0,1; 0,3) ƔƐƅƒƅƕƒƓƎ ƈƊƓƑƊƗƕƍƍ Ɩ 

ƔƓƑƓƞơƣ ƑƍƏƕƓƔƐƓƗƗƊƕƒƓƎ ƔƊƜƅƗƍ ƇƠƖƓƏƓƈƓ ƕƅƌƕƊƝƊƒƍƤ 

ƖƍƑƓƒƊƒƏƓ Ɨ.Ɛ., ƖƍƑƓƒƊƒƏƓ ƒ.Ɣ., ƈƓƕƓƆƛƓƇ ƙ.ƣ., ƑƓƏƕƘƝƍƒ ƅ.Ɩ., ƆƓƜƅƕƓƇƅ Ƈ.ƅ., ƝƍƜƅƐƍƒ Ɠ.Ɠ., ƔƅƔƠƒƓƇ Ɗ.Ə., ƈƐƘƑƓƇ Ɠ.Ƈ., ƑƊƐơƒƍƏƓƇƅ ƒ.ƅ., 

ƑƘƕƍƒ ƍ.Ƈ., ƖƍƑƓƒƊƒƏƓ Ɗ.Ɣ., ƖƊƇƅƖƗơƤƒƓƇ Ƈ.ƈ., ƏƘƌƒƊƛƓƇ ƒ.Ɨ. .................................................................................................................................................................. 597 

ƕƅƌƕƅƆƓƗƏƅ ƗƊƚƒƓƐƓƈƍƍ ƔƓƐƘƜƊƒƍƤ ƏƊƕƅƑƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ ƗƕƍƏƅƐơƛƍƎƙƓƖƙƅƗƅ ƍ ƉƍƓƏƖƍƉƅ 

ƛƍƕƏƓƒƍƤ Ɩ ƔƕƍƑƊƒƊƒƍƊƑ ƖƇƊƗƓƓƗƇƊƕƋƉƅƊƑƠƚ ƔƓƐƍƑƊƕƓƇ ƔƓƖƕƊƉƖƗƇƓƑ DLP 3D ƔƊƜƅƗƍ.  

ƖƑƍƕƒƓƇ Ɩ.Ƈ., ƑƅƐƣƗƍƒ Ə.Ƈ., ƔƕƓƛƊƒƏƓ Ɣ.Ƈ., ƓƆƓƐƏƍƒƅ Ɨ.Ɠ., ƅƒƗƓƒƓƇƅ Ɠ.Ɩ., ƈƓƐơƉƆƊƕƈ Ƒ.ƅ, ƏƓƜƅƒƓƇ ƈ.Ɣ, ƚƅƎƕƘƗƉƍƒƓƇƅ Ɖ.ƕ. ............................ 599 

ƖƍƒƗƊƌ ƇƠƖƓƏƓƉƍƖƔƊƕƖƒƠƚ ƓƏƖƍƉƓƇ Ƈ ƖƍƖƗƊƑƊ AL2O3-ZNO ƍ ƍƚ ƔƕƍƑƊƒƊƒƍƊ Ɣƕƍ ƔƓƐƘƜƊƒƍƍ ƔƕƓƌƕƅƜƒƠƚ ƢƐƊƏƗƕƓƉƓƇ 

AZO Ɩ ƔƓƑƓƞơƣ ƔƊƜƅƗƒƠƚ ƗƊƚƒƓƐƓƈƍƎ 

ƙƍƖƊƒƏƓ ƒ.ƅ., ƖƍƑƓƒƊƒƏƓ Ɨ.Ɛ., ƈƓƕƓƆƛƓƇ ƙ.ƣ., ƖƍƑƓƒƊƒƏƓ ƒ.Ɣ., ƖƍƑƓƒƊƒƏƓ Ɗ.Ɣ., ƖƊƇƅƖƗơƤƒƓƇ Ƈ.ƈ., ƏƘƌƒƊƛƓƇ ƒ.Ɨ................................................... 601 

ƔƓƐƘƜƊƒƍƤ ƏƅƕƆƍƉƓƖƗƅƐƊƎ ƈƓƕƤƜƊƎ ƔƕƓƏƅƗƏƓƎ ƍ ƑƊƗƓƉƓƑ ƈƍƔ ƍƌ ƖƗƕƘƋƏƓƇƠƚ ƓƗƚƓƉƓƇ ƑƊƗƅƐƐƓƕƊƋƘƞƊƈƓ 

ƔƕƓƍƌƇƓƉƖƗƇƅ 

ƚƐƠƆƓƇ ƅ.ƅ., ƆƊƐƤƊƇ Ɗ.Ɩ., ƆƊƐƤƊƇƅ Ɩ.Ɩ., ƈƊƗƑƅƒƓƇƖƏƍƎ ƣ.ƅ. ......................................................................................................................................................................... 602 

ƓƖƓƆƊƒƒƓƖƗƍ ƖƍƒƗƊƌƅ ƗƍƗƅƒƅƗƅ ƆƅƕƍƤ ƉƐƤ ƅƉƉƍƗƍƇƒƓƈƓ ƔƕƓƍƌƇƓƉƖƗƇƅ ƆƊƖƖƇƍƒƛƓƇƓƎ ƔơƊƌƓƏƊƕƅƑƍƏƍ 

ƚƓƐƓƉƏƓƇƅ ƅ.ƅ., ƖƑƍƕƒƓƇ ƅ.Ƈ., ƇƅƖƍƒ ƅ.ƅ., ƜƘƈƘƒƓƇ Ɩ.Ɩ., ƝƍƝƏƓƇƖƏƍƎ ƍ.Ƈ. ...................................................................................................................................... 606 

ƑƊƚƅƒƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƐƍƖƗƓƇƠƚ ƖƗƕƘƏƗƘƕ ƒƅ ƓƖƒƓƇƊ ƗƕƍƋƉƠ ƔƊƕƍƓƉƍƜƊƖƏƍƚ ƔƓƇƊƕƚƒƓƖƗƊƎ Ɩ ƑƍƒƍƑƅƐơƒƓƎ 

ƢƒƊƕƈƍƊƎ, ƍƌƈƓƗƓƇƐƊƒƒƠƚ ƍƌ TI-6AL-4V Ɣƕƍ ƕƅƌƒƠƚ ƕƊƋƍƑƅƚ ƑƊƗƓƉƓƑ ƢƐƊƏƗƕƓƒƒƓ-ƐƘƜƊƇƓƈƓ ƔƐƅƇƐƊƒƍƤ 

ƚƕƅƔƓƇ Ɖ., ƈƕƘƆƓƇƅ ƍ.ƣ., ƖƘƕƑƊƒƊƇƅ Ƒ. ƅ., ƏƓƔƗƣƈ ƅ. Ƈ., ƖƘƕƑƊƒƊƇ ƕ. ƅ. ................................................................................................................................................... 609 

ƓƖƓƆƊƒƒƓƖƗƍ ƅƌƓƗƍƕƓƇƅƒƍƤ ƖƗƅƐƊƎ ƅƘƖƗƊƒƍƗƒƓƈƓ ƍ ƑƅƕƗƊƒƖƍƗƒƓƈƓ ƏƐƅƖƖƓƇ ƔƓƖƐƊ 3D-ƔƊƜƅƗƍ 

ƛƇƊƗƏƓƇƅ Ɗ.Ƈ., ƆƅƌƅƐƊƊƇƅ Ə.Ɠ. ..................................................................................................................................................................................................................................... 613 

ƖƊƏƛƍƤ X: ƌƉƓƕƓƇơƊƖƆƊƕƊƋƊƒƍƊ ƒƅƖƊƐƊƒƍƤ: ƘƔƕƅƇƐƊƒƜƊƖƏƍƊ ƗƊƚƒƓƐƓƈƍƍ ..................................................................................................... 618 

ƔƕƍƜƍƒƠ ƒƊƖƇƓƊƇƕƊƑƊƒƒƓƎ ƉƍƅƈƒƓƖƗƍƏƍ ƈƍƔƊƕƔƐƅƖƗƍƜƊƖƏƍƚ ƍ ƓƒƏƓƐƓƈƍƜƊƖƏƍƚ ƌƅƆƓƐƊƇƅƒƍƎ ƓƕƈƅƒƓƇ 

ƕƊƔƕƓƉƘƏƗƍƇƒƓƎ ƖƍƖƗƊƑƠ Ƙ ƋƊƒƞƍƒ 

ƅƑƍƒƓƉƓƇƅ ƍ.Ɣ., ƔƊƕƑƍƒƓƇƅ Ɗ.Ƈ., ƕƊƜƍƖƗƓƇƅ ƍ.Ƈ., ƖƓƒƍƒƅ ƒ.Ɣ. ƏƕƘƔƍƒƅ ƅ.Ƈ., ƐƓƏƓƗơ Ɩ.ƅ.. ...................................................................................................... 619 

ƔƊƕƖƔƊƏƗƍƇƠ ƇƒƊƉƕƊƒƍƤ ƒƊƔƕƊƕƠƇƒƓƈƓ ƑƊƉƍƛƍƒƖƏƓƈƓ ƓƆƕƅƌƓƇƅƒƍƤ ƏƅƏ ƍƒƖƗƕƘƑƊƒƗƅ ƌƉƓƕƓƇơƊƖƆƊƕƊƋƊƒƍƤ Ɣƕƍ 

ƔƓƉƈƓƗƓƇƏƊ ƏƅƉƕƓƇ ƖƕƊƉƒƊƈƓ ƌƇƊƒƅ 

ƍƇƐƊƇƅ Ɩ.ƅ., ƏƅƖƍƑƓƇƖƏƅƤ ƒ.ƅ. ................................................................................................................................................................................................................................... 622 

ƖƍƖƗƊƑƅ ƏƕƍƗƊƕƍƊƇ ƍ ƔƓƏƅƌƅƗƊƐƊƎ Ƈ ƘƔƕƅƇƐƊƒƍƍ ƏƅƜƊƖƗƇƓƑ ƓƏƅƌƅƒƍƤ ƔƅƐƐƍƅƗƍƇƒƓƎ ƑƊƉƍƛƍƒƖƏƓƎ ƔƓƑƓƞƍ 

ƏƓƐƓƑƍƎƜƊƒƏƓ Ƒ.Ɗ. ......................................................................................................................................................................................................................................................... 628 

ƑƊƗƓƉƓƐƓƈƍƜƊƖƏƓƊ ƓƆƓƖƒƓƇƅƒƍƊ ƗƊƚƒƓƐƓƈƍƍ ƖƏƕƍƒƍƒƈƅ ƒƅ ƖƔƍƒƅƐơƒƘƣ ƑƠƝƊƜƒƘƣ ƅƗƕƓƙƍƣ Ƙ ƒƓƇƓƕƓƋƉŷƒƒƠƚ 

ƑƅƐƅƚƓƇƅ ƅ.ƕ., ƏƓƒƓƇƅƐƓƇ Ə.Ƈ., ƏƕƠƖƅƒƓƇ ƍ.Ɩ., ƇƅƖƍƐơƊƇƅ Ɨ.Ɣ., ƏƕƅƖƍƐơƒƍƏƓƇƅ Ɗ.ƣ. ................................................................................................................. 635 

ƑƊƋƉƘƒƅƕƓƉƒƠƊ ƖƗƅƒƉƅƕƗƠ ƅƘƉƍƗƅ ƏƅƏ ƇƅƋƒƊƎƝƍƎ ƍƒƖƗƕƘƑƊƒƗ ƔƓƇƠƝƊƒƍƤ ƏƅƜƊƖƗƇƅ ƙƍƒƅƒƖƓƇƓ-ƚƓƌƤƎƖƗƇƊƒƒƓƈƓ 

ƏƓƒƗƕƓƐƤ Ƈ ƕƓƖƖƍƍ 

ƑƓƕƘƒƓƇ Ƈ.Ƈ., ƅƐƍƆƊƏƓƇ Ɲ.ƍ., ƒƘƕƑƘƚƅƑƊƗƓƇ ƍ.ƙ. ......................................................................................................................................................................................... 639 

ƗƊƚƒƓƐƓƈƍƍ ƌƉƓƕƓƇơƊƖƆƊƕƊƋƊƒƍƤ ƍ ƉƐƍƗƊƐơƒƓƈƓ ƘƚƓƉƅ ƌƅ ƐƍƛƅƑƍ ƔƓƋƍƐƓƈƓ ƍ ƖƗƅƕƜƊƖƏƓƈƓ ƇƓƌƕƅƖƗƅ 

ƔƅƏ Ƈ.ƍ., ƏƓƒƓƇƅƐƓƇ Ɠ.Ɗ., ƇƓƐƏƓƇ Ɖ.ƅ., ƤƏƘƝƍƒ Ƒ.ƅ., ƐƍƒƒƍƜƊƒƏƓ ƣ.Ƈ. .............................................................................................................................................. 645 

ƢƗƍƜƊƖƏƍƊ ƓƖƓƆƊƒƒƓƖƗƍ ƇƒƊƉƕƊƒƍƤ ƍƒƙƓƕƑƅƛƍƓƒƒƠƚ ƍ ƛƍƙƕƓƇƠƚ ƗƊƚƒƓƐƓƈƍƎ ƏƓƒƗƕƓƐƤ Ƈ ƕƅƆƓƗƊ ƖƊƖƗƕƍƒƖƏƓƈƓ 

ƔƊƕƖƓƒƅƐƅ Ɣƕƍ ƘƚƓƉƊ ƌƅ ƗƤƋƊƐƠƑƍ ƔƅƛƍƊƒƗƅƑƍ 

ƔƓƐƊƞƘƏ ƍ.ƅ., ƏƅƖƍƑƓƇƖƏƅƤ ƒ.ƅ., ƙƓƑƍƒƅ Ɗ.Ƈ. ................................................................................................................................................................................................. 648 



 

24 

ƑƊƕƓƔƕƍƤƗƍƤ ƔƓ ƖƓƇƊƕƝƊƒƖƗƇƓƇƅƒƍƣ ƑƊƉƍƏƓ-ƓƕƈƅƒƍƌƅƛƍƓƒƒƠƚ ƅƖƔƊƏƗƓƇ ƔƕƓƙƍƐƅƏƗƍƏƍ ƕƍƖƏƅ ƕƅƌƇƍƗƍƤ 

ƖƅƚƅƕƒƓƈƓ ƉƍƅƆƊƗƅ 2-ƈƓ ƗƍƔƅ Ƙ Ɛƍƛ ƕƊƔƕƓƉƘƏƗƍƇƒƓƈƓ ƇƓƌƕƅƖƗƅ 

ƖƗƅƖƊƇƍƜ ƒ.ƣ., Ɯƍƚ ƍ.Ɖ., ƇƅƖƍƐơƊƇ Ƒ.Ɖ. ................................................................................................................................................................................................................ 650 

ƖƊƏƛƍƤ XI: ƒƓƇƠƊ ƑƅƗƊƕƍƅƐƠ ƍ ƗƊƚƒƓƐƓƈƍƍ Ƈ ƒƊƙƗƊƈƅƌƓƇƓƎ ƔƕƓƑƠƝƐƊƒƒƓƖƗƍ. ƈƅƌ, ƒƊƙƗơ, ƢƒƊƕƈƊƗƍƏƅ .............................. 654 

ƕƅƌƕƅƆƓƗƏƅ ƔƕƓƛƊƖƖƅ ƓƔƕƊƉƊƐƊƒƍƤ ƒƊ ƉƓƔƘƖƏƅƊƑƠƚ ƉƊƙƊƏƗƓƇ ƒƊƙƗƊƔƕƓƇƓƉƅ Ɩƍƕƍƍ 

ƅƅƒƍ ƤƖƖƊƕ 

ƉƍƑƅƗ ƏƅƏ ƒƓƇƅƤ ƇƠƖƓƏƓƓƏƗƅƒƓƇƅƤ ƉƓƆƅƇƏƅ Ə ƅƇƗƓƑƓƆƍƐơƒƓƑƘ ƆƊƒƌƍƒƘ.  

ƅƆƉƊƐƐƅƗƍƙ Ɨ.Ƒ., ƊƕƝƓƇ Ƒ.ƅ., ƈƘƉƏƓƇ Ƒ.Ƈ, ƏƅƔƘƖƗƍƒ Ƈ.Ƒ. .......................................................................................................................................................................... 656 

ƗƊƕƑƓƕƅƖƝƍƕƊƒƒƠƎ ƈƕƅƙƍƗ ƏƅƏ ƗƊƔƐƓƔƕƓƇƓƉƤƞƍƎ ƏƓƑƔƓƒƊƒƗ ƏƅƗƅƐƍƌƅƗƓƕƅ ƖƍƒƗƊƌƅ ƙƍƝƊƕƅɛƗƕƓƔƝƅ 

ƅƖƅƐƍƊƇƅ Ɗ.ƣ., ƖƍƒƊƇƅ Ɛ.Ƈ., ƑƓƕƉƏƓƇƍƜ Ƈ.ƌ. ...................................................................................................................................................................................................... 658 

ƅƉƖƓƕƆƛƍƤ ƏƅƏ ƍƒƖƗƕƘƑƊƒƗ ƗƓƒƏƓƈƓ ƏƓƒƗƕƓƐƤ ƏƅƗƅƐƍƗƍƜƊƖƏƍƚ ƖƇƓƎƖƗƇ ƔƊƕƊƚƓƉƒƠƚ ƑƊƗƅƐƐƓƇ, ƒƅ ƔƕƍƑƊƕƊ 

ƏƅƗƅƐƍƌƅƗƓƕƓƇ ƕƊƅƏƛƍƎ ƈƍƉƕƓƈƊƒƍƌƅƛƍƍ 

ƅƙƍƒƊƊƇƖƏƍƎ ƅ.Ƈ., ƖƑƍƕƒƓƇ Ɖ.Ƈ., ƔƕƓƌƓƕƓƇ Ɖ.ƅ., ƇƉƓƇƍƒ ƣ.ƅ. ................................................................................................................................................................. 661 

ƖƗƕƘƏƗƘƕƒƠƎ ƅƒƅƐƍƌ ƑƅƏƕƓƑƓƐƊƏƘƐ ƔƅƇ Ɣƕƍ ƑƓƉƊƐƍƕƓƇƅƒƍƍ ƖƇƓƎƖƗƇ ƆƘƕƓƇƠƚ ƕƅƖƗƇƓƕƓƇ 

ƆƊƐƊƒƏƓ Ɗ.Ƈ., ƖƅƚƅƕƓƇ Ɣ.ƅ., ƚƇƅƗƓƇ ƅ.Ƈ. ................................................................................................................................................................................................................. 662 

ƉƓƆƅƇƐƊƒƍƊ ƉƍƓƏƗƍƐƗƊƕƊƙƗƅƐƅƗƅ Ƈ ƢƒƊƕƈƓƖƆƊƕƊƈƅƣƞƍƊ ƑƅƖƐƅ ƉƐƤ ƔƓƇƠƝƊƒƍƤ ƖƗƓƎƏƓƖƗƍ ƔƓƐƍƑƊƕƒƠƚ ƔƕƍƖƅƉƓƏ Ə 

ƑƊƚƅƒƍƜƊƖƏƓƎ ƉƊƖƗƕƘƏƛƍƍ 

ƉƅƘƉƍ Ɖ.ƍ., ƆƅƈƉƅƖƅƕƓƇ Ɛ.ƒ. ........................................................................................................................................................................................................................................ 665 

ƓƔƗƍƜƊƖƏƍƎ ƑƊƗƓƉ ƓƔƕƊƉƊƐƊƒƍƤ ƗƊƑƔƊƕƅƗƘƕ ƙƅƌƓƇƠƚ ƔƊƕƊƚƓƉƓƇ ƒƊƙƗƤƒƠƚ ƔƅƕƅƙƍƒƓƇ 

ƏƓƖƓƆƕƊƊƇƅ ƅ.ƅ., ƏƘƕơƤƏƓƇ Ƈ.ƒ., ƍƇƅƒƓƇƅ Ɖ.Ɖ. ................................................................................................................................................................................................... 666 

Ɠ ƒƓƇƠƚ ƑƊƗƓƉƅƚ ƖƍƒƗƊƌƅ ƖƔƊƛƍƅƐơƒƓƈƓ ƔƕƓƈƕƅƑƑƒƓƈƓ ƓƆƊƖƔƊƜƊƒƍƤ ƍ ƍƚ ƔƕƍƑƊƒƊƒƍƍ Ƈ «ƍƒƉƘƖƗƕƍƍ 4.0»  

ƏƕƣƜƏƓƇ ƅ.Ƈ. ........................................................................................................................................................................................................................................................................ 667 

ƕƅƌƕƅƆƓƗƏƅ ƍ ƍƖƖƐƊƉƓƇƅƒƍƊ ƒƓƇƠƚ ƔƊƒƓƓƆƕƅƌƓƇƅƗƊƐƊƎ ƉƐƤ ƍƖƔƓƐơƌƓƇƅƒƍƤ ƒƅ ƌƅƆƓƊ ƈƅƌƓƇƠƚ ƍƐƍ 

ƈƅƌƓƏƓƒƉƊƒƖƅƗƒƠƚ ƖƏƇƅƋƍƒ ƉƐƤ ƘƉƅƐƊƒƍƤ ƋƍƉƏƓƖƗƍ 

ƏƘƗƘƝƊƇƅ ƈ.ƕ., ƖƍƐƍƒ Ƒ.ƅ., ƑƅƈƅƉƓƇƅ Ɛ.ƅ., ƝƍƉƈƍƒƓƇ ƌ.ƅ., ƜƊƕƠƈƓƇƅ Ƒ.ƅ. .......................................................................................................................................... 669 

ƖƓƔƓƖƗƅƇƍƗƊƐơƒƠƎ ƅƒƅƐƍƌ ƖƗƕƘƏƗƘƕƒƓ-ƈƕƘƔƔƓƇƓƈƓ ƖƓƖƗƅƇƅ ƔƕƓƉƘƏƗƓƇ ƓƏƍƖƐƊƒƍƤ ƒƊƙƗƤƒƠƚ ƅƖƙƅƐơƗƊƒƓƇ 

ƑƍƒƍƏƅƊƇƅ Ɩ.ƒ., ƚƅƕƐƅƑƔƍƉƍ ƚ.Ƣ. ............................................................................................................................................................................................................................ 670 

ƕƅƌƕƅƆƓƗƏƅ ƒƓƇƓƎ ƇƠƖƓƏƓƔƕƓƜƒƓƎ ƏƓƕƕƓƌƍƓƒƒƓƖƗƓƎƏƓƎ ƅƘƖƗƊƒƍƗƒƓƎ ƖƗƅƐƍ ƐƊƈƍƕƓƇƅƒƒƓƎ ƅƌƓƗƓƑ ƉƐƤ 

ƔƕƍƑƊƒƊƒƍƤ Ƈ ƒƊƙƗƤƒƓƎ ƔƕƓƑƠƝƐƊƒƒƓƖƗƍ 

ƑƘƕƅƉƤƒ Ɩ.Ɠ., ƑƘƕƅƉƤƒ Ɠ.Ɩ., ƏƓƖƗƍƒƅ Ƒ.Ƈ., ƏƓƖƗƍƒƅ Ƈ.Ɩ., ƏƘƉƕƤƝƓƇ ƅ.Ƣ. ........................................................................................................................................... 676 

ƅƐƈƓƕƍƗƑ ƑƒƓƈƓƘƕƓƇƒƊƈƓ ƅƒƅƐƍƌƅ ƉƐƤ ƏƓƕƕƊƏƛƍƍ ƇƐƍƤƒƍƤ ƑƅƈƒƍƗƒƠƚ ƇƓƌƑƘƞƊƒƍƎ Ƈ ƔƕƓƛƊƖƖƊ ƆƘƕƊƒƍƤ ƒƅƏƐƓƒƒƓ- 

ƒƅƔƕƅƇƐƊƒƒƠƚ ƖƏƇƅƋƍƒ (IMAG)  

ƓƇƊƌƓƇ Ɔ.ƅ., ƑƅƝƏƓƇƅ ƅ.Ƒ., ƞƊƕƆƅƏƓƇƅ Ə.Ɠ., ƖƓƐƓƇơƊƇ ƒ.Ƈ. ....................................................................................................................................................................... 677 

ƔƕƍƑƊƒƊƒƍƊ ƑƍƏƕƓƏƅƔƖƘƐƍƕƓƇƅƒƍƤ ƑƅƗƊƕƍƅƐƓƇ Ɣƕƍ ƆƘƕƊƒƍƍ ƍ ƉƓƆƠƜƍ ƒƊƙƗƍ 

ƓƕƐƓƇ Ƒ.Ƈ. ............................................................................................................................................................................................................................................................................ 682 

ƅƒƅƐƍƌ ƕƊƌƘƐơƗƅƗƓƇ ƓƆƕƅƆƓƗƏƍ ƈƐƍƒƓ-ƏƍƖƐƓƗƓƎ ƓƆƕƅƌƛƓƇ ƏƊƕƒƅ ƗƊƕƕƍƈƊƒƒƓƈƓ ƏƓƐƐƊƏƗƓƕƅ ƑƊƖƗƓƕƓƋƉƊƒƍƤ «ƚ» 

ƘƖƗƣƕƗƖƏƓƈƓ ƕƊƈƍƓƒƅ, ƘƌƆƊƏƍƖƗƅƒ 

ƔƓƒƓƑƅƕƊƒƏƓ Ɠ.Ƒ., ƑƘƑƍƒƓƇ ƅ.Ɩ., ƏƓƇƅƐƊƒƏƓ Ə.Ƈ. ......................................................................................................................................................................................... 683 



 

25 

ƙƓƕƑƓƇƅƒƒƠƊ ƑƊƗƅƐƐ-ƓƕƈƅƒƍƜƊƖƏƍƊ ƏƅƕƏƅƖƠ ƔƓƇƠƝƊƒƒƓƎ ƔƐƓƗƒƓƖƗƍ ƒƅ ƓƖƒƓƇƊ ƛƍƕƏƓƒƍƤ ƉƐƤ ƅƏƏƘƑƘƐƍƕƓƇƅƒƍƤ 

ƑƊƗƅƒƅ 

ƖƓƐƓƇƛƓƇƅ Ɠ.Ƈ., ƜƘƈƅƊƇ Ɩ.Ɩ., ƑƊƒơƞƍƏƓƇ ƍ.Ɗ., ƏƒƤƌƊƇƅ Ƒ.Ə., ƔƘƐƍƒ ƅ.Ɛ., ƔƐƅƗƓƒƓƇƅ ƒ.Ɣ., ƝƏƓƐƍƒ ƅ.Ƈ., ƙƓƑƏƍƒ ƅ.ƅ. .............................................. 687 

ƢƏƓƐƓƈƍƜƊƖƏƍ ƆƊƌƓƔƅƖƒƠƊ ƑƓƕƖƏƍƊ ƒƊƙƗƤƒƠƊ ƔƐƅƗƙƓƕƑƠ 

ƞƊƕƆƅƏƓƇƅ Ə.Ɠ., ƓƇƊƌƓƇ Ɔ.ƅ., ƑƅƝƏƓƇƅ ƅ.Ƒ., ƖƓƐƓƇơƊƇ ƒ.Ƈ. ....................................................................................................................................................................... 689 

ƖƊƏƛƍƤ XII: ƑƅƗƊƕƍƅƐƠ ƍ ƗƊƚƒƓƐƓƈƍƍ ƉƐƤ ƖƊƐơƖƏƓƈƓ ƚƓƌƤƎƖƗƇƅ ............................................................................................................................ 696 

ƕƅƌƕƅƆƓƗƏƅ ƏƓƑƔƓƌƍƛƍƓƒƒƓƈƓ ƔƓƐƍƑƊƕƒƓƈƓ ƑƅƗƊƕƍƅƐƅ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƅƏƗƍƉƅ ƍ TIO2 

ƅƐƊƏƖƅƒƉƕƓƇƅ ƅ.ƈ., ƐƊƓƒƓƇƅ ƣ.Ɠ., ƑƓƕƓƌƓƇƅ Ƥ.ƅ., ƆƅƍƏƍƒ ƅ.Ɩ., ƏƓƐƑƅƏƓƇ ƅ.ƈ. ................................................................................................................................ 697 

ƕƅƒƒƤƤ ƉƍƅƈƒƓƖƗƍƏƅ ƔƕƓƉƘƏƗƍƇƒƓƖƗƍ ƍ ƉƓƐƈƓƐƊƗƍƤ   ƖƊƐƊƏƛƍƓƒƒƠƚ ƓƕƅƌƛƓƇ ƐƣƛƊƕƒƠ 

ƆƊƏƘƌƅƕƓƇƅ Ɩ.ƅ., ƐƘƞƊƒƏƓ ƈ.Ƈ...................................................................................................................................................................................................................................... 698 

ƖƔƓƖƓƆ ƘƐƘƜƝƊƒƍƤ ƑƤƖƒƓƎ ƔƕƓƉƘƏƗƍƇƒƓƖƗƍ ƍ ƏƅƜƊƖƗƇƅ ƑƤƖƅ ƑƓƐƓƉƒƤƏƅ ƏƕƘƔƒƓƈƓ ƕƓƈƅƗƓƈƓ ƖƏƓƗƅ Ƈ ƘƖƐƓƇƍƤƚ 

ƗƊƚƒƓƈƊƒƒƓƎ ƌƓƒƠ 

ƆƘƐƅƛƊƇƅ Ɩ.Ƈ., ƗƊƑƍƕƅƊƇ Ƈ.ƚ., ƝƅƆƅƒƓƇ Ƒ.Ɠ., ƔƐƍƊƇƅ Ɗ.ƅ., ƔƖƚƅƛƍƊƇƅ ƌ.Ƈ. .......................................................................................................................................... 700 

ƉƍƒƅƑƍƏƅ ƜƍƖƐƊƒƒƓƖƗƍ ƗƐƊƎ ɛ ƔƊƕƊƒƓƖƜƍƏƓƇ ƇƍƕƘƖƓƇ Ƈ ƇƊƕƗƍƏƅƐơƒƓƎ ƌƓƒƅƐơƒƓƖƗƍ ƖƊƇƊƕƒƓƈƓ ƏƅƇƏƅƌƅ 

ƈƅƌƉƅƒƓƇƅ ƍ.Ɠ.; ƈƊƕƍƊƇƅ ƙ.Ɨ. ...................................................................................................................................................................................................................................... 706 

ƇƐƍƤƒƍƊ ƆƍƓƐƓƈƍƜƊƖƏƍ ƅƏƗƍƇƒƠƚ ƔƕƊƔƅƕƅƗƓƇ ƒƅ ƑƤƖƒƘƣ ƔƕƓƉƘƏƗƍƇƒƓƖƗơ ƍ ƏƅƜƊƖƗƇƓ ƑƤƖƅ ƔƊƕƊƔƊƐƓƇ Ƈ ƘƖƐƓƇƍƤƚ 

ƗƊƚƒƓƈƊƒƒƓƎ ƌƓƒƠ 

ƈƅƔƔƓƊƇƅ Ƈ.Ɩ., ƈƅƎƗƓƇ Ɯ.ƕ., ƗƊƑƍƕƅƊƇ ƕ.Ɔ., ƒƍƏƏƓƐƓƇƅ Ɔ.Ɩ., ƆƅƊƇƅ ƅ.ƅ. ................................................................................................................................................... 708 

ƒƓƇƠƊ ƑƅƖƐƍƜƒƠƊ ƏƘƐơƗƘƕƠ Ƈ ƈƓƕƒƓƎ ƌƓƒƊ ƛƊƒƗƕƅƐơƒƓƈƓ ƔƕƊƉƏƅƇƏƅƌơƤ 

ƈƅƕƑƅƝ ƣ.ƅ., ƔƕƅƚƓƇƅ Ɨ.Ƥ. ............................................................................................................................................................................................................................................ 712 

ƔƓƜƇƓƓƆƕƅƌƘƣƞƍƊ ƔƓƏƅƌƅƗƊƐƍ ƒƍƋƒƊƈƓ ƔƓƇƓƐƋơƤ 

ƈƐƍƒƘƝƏƍƒ ƅ.Ɣ., ƖƇƍƕƍƉƓƇƅ Ɛ.Ɛ. ............................................................................................................................................................................................................................... 714 

ƖƅƔƕƓƔƊƐƊƇƠƊ ƓƗƐƓƋƊƒƍƤ ƇƓƐƈƓ-ƅƚƗƘƆƍƒƖƏƓƎ ƔƓƎƑƠ 

ƈƐƍƒƘƝƏƍƒ ƅ.Ɣ., ƖƇƍƕƍƉƓƇƅ Ɛ.Ɛ. ............................................................................................................................................................................................................................... 720 

ƆƍƓƐƓƈƍƌƍƕƓƇƅƒƒƅƤ ƗƊƚƒƓƐƓƈƍƤ ƇƓƌƉƊƐƠƇƅƒƍƤ ƏƅƕƗƓƙƊƐƤ 

ƉƌƊƉƅƊƇ ƚ.Ɨ,. ƛƅƕƍƏƅƇƊƇ ƌ.ƅ. ƆƅƖƍƊƇ Ɩ.Ɩ. .............................................................................................................................................................................................................. 725 

ƙƍƗƓƖƗƍƑƘƐƤƛƘƍƤ Ƈ ƔƗƍƛƊƇƓƉƖƗƇƊ 

ƏƓƌƠƕƊƇ Ɩ.ƈ., ƏƅƐƍƛƓƇ Ɩ.Ɗ., ƉƋƅƈƅƊƇ ƅ.ƣ. ............................................................................................................................................................................................................. 728 

ƢƙƙƊƏƗƍƇƒƓƖƗơ ƍƖƔƓƐơƌƓƇƅƒƍƤ ƙƊƕƑƊƒƗƓƇ Ƈ ƔƊƕƊƔƊƐƓƇƓƉƖƗƇƊ 

ƏƓƌƠƕƊƇ Ɩ.ƈ., ƆƓƒƉƘƕƏƓ Ƈ.Ƈ. ......................................................................................................................................................................................................................................... 731 

ƅƒƅƐƍƌ ƖƓƉƊƕƋƅƒƍƤ ƕƌƢ Ƈ ƙƓƖƙƅƗƒƓƎ ƕƘƉƊ ƐƅƓƏƅƎ ƍ ƔƊƕƖƔƊƏƗƍƇƅƊƊ ƏƓƑƔƐƊƏƖƒƓƎ ƔƊƕƊƕƅƆƓƗƏƍ.  

ƐƊ ƙ.ƚ., ƔƓƜƍƗƅƐƏƍƒƅ ƍ.ƅ. ........................................................................................................................................................................................................................................... 734 

ƒƍƗƕƓƔƍƕƅƌƓƐƓƒƠ ɛ ƒƓƇƠƎ ƖƗƕƘƏƗƘƕƒƠƎ ƏƐƅƖƖ ƙƘƒƈƍƛƍƉƓƇ 

ƐƓƔƅƗơƊƇƅ Ɗ.ƕ., ƆƘƉƒƍƏƓƇ ƅ.Ɩ., ƏƕƠƐƓƇ ƍ.Ɔ., ƍƐƓƇƅƎƖƏƍƎ ƅ.ƍ., ƗƊƕƊƒƗơƊƇ ƅ.Ɠ. ................................................................................................................................ 737 

ƏƓƑƔƐƊƏƖƒƠƎ ƅƒƅƐƍƌ ƗƇƊƕƉƓƎ ƙƅƌƠ ƍ ƓƔƕƊƉƊƐƊƒƍƊ ƏƍƒƊƗƍƜƊƖƏƍƚ ƔƅƕƅƑƊƗƕƓƇ ƔƕƓƛƊƖƖƅ ƢƏƖƗƕƅƏƛƍƍ Ƈ ƖƍƖƗƊƑƊ Ƌ-Ɨ 

ƑƅƐơƈƍƒƓƇƅ ƅ.Ƒ., ƔƓƜƍƗƅƐƏƍƒƅ ƍ.ƅ., ƇƍƒƓƏƘƕƓƇƅ Ɠ.Ƈ. ................................................................................................................................................................................. 741 

ƍƒƒƓƇƅƛƍƓƒƒƠƊ ƗƊƚƒƓƐƓƈƍƍ ƇƠƕƅƞƍƇƅƒƍƊ Ƒƍƒƍ-ƏƐƘƆƒƊƎ Ƈ ƆƊƌƇƍƕƘƖƒƓƑ ƖƊƑƊƒƓƇƓƉƖƗƇƊ ƏƅƕƗƓƙƊƐƤ.  

ƑƓƕƈƓƊƇ Ɨ.ƅ., ƈƊƕƍƊƇƅ ƙ.Ɨ. ............................................................................................................................................................................................................................................ 746 



 

26 

ƑƅƗƊƕƍƅƐƠ ƒƅ ƓƖƒƓƇƊ ƆƍƓƕƅƌƐƅƈƅƊƑƠƚ ƔƓƐƍƑƊƕƓƇ ƉƐƤ ƅƔƏ 

ƔƓƉƌƓƕƓƇƅ Ƒ.Ƈ., ƝƍƆƕƤƊƇƅ Ɛ.Ɩ., ƗƊƕƗƠƝƒƅƤ ƣ.Ƈ., ƜƅƔƐƠƈƍƒ Ƒ.Ɗ., ƆƅƕƅƒƓƇƅ Ɣ.ƅ. ........................................................................................................................... 748 

ƍƖƖƐƊƉƓƇƅƒƍƊ ƢƙƙƊƏƗƍƇƒƓƖƗƍ ƒƅƘƜƒƓ-ƗƊƚƒƍƜƊƖƏƍƚ ƕƊƌƘƐơƗƅƗƓƇ Ƈ ƓƆƐƅƖƗƍ ƚƍƑƍƜƊƖƏƓƎ ƆƊƌƓƔƅƖƒƓƖƗƍ ƒƅ ƓƖƒƓƇƊ 

ƅƒƅƐƍƌƅ ƆƓƐơƝƍƚ ƉƅƒƒƠƚ 

ƔƕƓƒƍƜƏƍƒ Ɩ.Ƈ.................................................................................................................................................................................................................................................................... 750 

ƍƒƒƓƇƅƛƍƓƒƒƠƊ ƗƊƚƒƓƐƓƈƍƍ ƇƓƌƉƊƐƠƇƅƒƍƤ ƏƘƏƘƕƘƌƠ ƒƅ ƌƊƕƒƓ 

ƕƓƈƓƇƅ Ɨ.ƅ. ............................................................................................................................................................................................................................................................................ 754 

ƒƓƇƠƊ ƆƍƓƗƊƚƒƓƐƓƈƍƍ ƍ ƏƓƕƑƓƇƠƊ ƉƓƆƅƇƏƍ ƔƕƍƑƊƒƍƗƊƐơƒƓ Ə ƕƊƝƊƒƍƣ ƔƕƓƆƐƊƑ ƔƗƍƛƊƇƓƉƖƗƇƅ 

ƕƓƑƅƒƓƇ Ƒ.ƒ., ƏƓƜƍƝ ƍ.ƍ., ƖƊƐƍƒƅ Ƒ.Ƈ. ............................................................................................................................................................................................................... 756 

ƖƅƔƕƓƔƊƐƊƇƠƊ ƓƗƐƓƋƊƒƍƤ ƏƅƏ ƙƅƏƗƓƕ ƔƓƇƠƝƊƒƍƤ ƘƖƗƓƎƜƍƇƓƖƗƍ ƕƅƖƗƊƒƍƎ Ə ƆƓƐƊƌƒƤƑ 

ƖƇƍƕƍƉƓƇƅ Ɛ.Ɛ., ƈƐƍƒƘƝƏƍƒ ƅ.Ɣ. ............................................................................................................................................................................................................................... 756 

ƖƗƊƕƍƐƍƌƅƛƍƤ ƢƏƖƔƐƅƒƗƓƇ ƏƅƕƗƓƙƊƐƤ Ɣƕƍ ƏƐƓƒƅƐơƒƓƑ ƑƍƏƕƓƕƅƌƑƒƓƋƊƒƍƍ 

ƖƊƇƓƖƗơƤƒƓƇƅ Ɗ.Ɣ., ƈƐƍƒƘƝƏƍƒ ƅ.Ɣ. ......................................................................................................................................................................................................................... 761 

ƓƖƒƓƇƠ ƆƍƓƐƓƈƍƜƊƖƏƓƈƓ ƌƊƑƐƊƉƊƐƍƤ Ƈ ƈƓƕƒƓƎ ƌƓƒƊ ƕƖƓ-ƅƐƅƒƍƤ 

ƗƊƉƊƊƇƅ ƅ.ƅ., ƅƆƅƊƇ ƅ.ƅ. ƑƅƑƍƊƇ Ɖ.Ƒ., ƗƊƉƊƊƇƅ Ƈ.Ƈ. ƚƓƚƓƊƇƅ ƒ.Ɨ. ............................................................................................................................................................ 763 

ƖƔƓƖƓƆ ƘƇƊƐƍƜƊƒƍƤ ƤƍƜƒƓƎ ƔƕƓƉƘƏƗƍƇƒƓƖƗƍ ƏƘƕ-ƒƊƖƘƝƊƏ ƔƘƗƊƑ ƕƅƛƍƓƒƅƐơƒƓƈƓ ƍƖƔƓƐơƌƓƇƅƒƍƤ Ƈ ƔƍƗƅƒƍƍ 

ƆƍƓƐƓƈƍƜƊƖƏƍ ƅƏƗƍƇƒƠƚ ƔƕƊƔƅƕƅƗƓƇ 

ƗƊƉƗƓƇƅ Ƈ.Ƈ., ƆƅƊƇƅ ƅ.ƅ., ƜƘƕƣƑƓƇƅ ƅ.ƅ., ƆƓƖƍƊƇƅ Ɠ.ƍ., ƛƓƈƓƊƇƅ ƙ.ƒ. ................................................................................................................................................... 768 

ƖƔƓƖƓƆ ƅƏƗƍƇƍƌƅƛƍƍ ƔƕƓƛƊƖƖƓƇ ƔƍƞƊƇƅƕƍƗƊƐơƒƓƈƓ ƓƆƑƊƒƅ Ƙ ƓƗƏƅƕƑƐƍƇƅƊƑƠƚ ƆƠƜƏƓƇ Ɣƕƍ ƉƊƗƓƏƖƍƏƅƛƍƍ ƗƤƋƊƐƠƚ 

ƑƊƗƅƐƐƓƇ 

ƗƊƑƍƕƅƊƇ ƕ.Ɔ., ƚƅƑƍƏƓƊƇƅ Ɩ.ƕ., ƈƅƌƌƅƊƇƅ Ƒ.Ɩ., ƏƘƆƅƗƍƊƇƅ ƌ.ƅ., ƆƅƊƇƅ ƌ.Ɨ. ............................................................................................................................................ 773 

ƔƓƐƘƜƊƒƍƊ ƆƍƓƐƓƈƍƜƊƖƏƍ ƅƏƗƍƇƒƠƚ ƒƅƒƓƑƅƗƊƕƍƅƐƓƇ ƉƐƤ ƖƊƐơƖƏƓƈƓ ƚƓƌƤƎƖƗƇƅ .................................................................................. 778 

ƙƊƉƓƗƓƇ Ƒ.ƅ., ƅƐƔƅƗƓƇ ƅ.ƅ., ƙƓƐƑƅƒƍƖ ƈ.Ƣ......................................................................................................................................................................................................... 778 

ƖƔƓƖƓƆ ƘƐƘƜƝƊƒƍƤ ƑƤƖƒƓƎ ƔƕƓƉƘƏƗƍƇƒƓƖƗƍ ƍ ƏƅƜƊƖƗƇƅ ƑƤƖƅ ƆƕƓƎƐƊƕƓƇ ƌƅ ƖƜƊƗ ƖƏƅƕƑƐƍƇƅƒƍƤ ƆƍƓƐƓƈƍƜƊƖƏƍ 

ƅƏƗƍƇƒƠƚ ƔƕƊƔƅƕƅƗƓƇ 

ƛƓƈƓƊƇƅ ƙ.ƒ., ƏƛƓƊƇƅ ƍ.ƍ., ƉƋƍƓƊƇƅ ƈ.ƙ, ƈƅƖƍƊƇƅ ƌ.Ɔ., ƇƍƗƣƏ Ɛ.ƅ. ........................................................................................................................................................ 779 

ƉƊƎƖƗƇƍƊ ƈƍƉƕƓƐƍƌƅƗƅ ƚƍƗƓƌƅƒƅ ƒƅ ƔƅƗƓƈƊƒƠ ƕƓƉƅ FUSARIUM 

ƝƅƈƉƅƕƓƇƅ Ɔ.ƛ., ƏƅƕƔƓƇƅ ƒ.Ƈ., ƍƐơƍƒƅ ƅ.Ƈ., ƌƘƆƅƕƊƇƅ ƅ.ƅ., ƇƅƕƐƅƑƓƇ Ƈ.Ɣ. .......................................................................................................................................... 785 

ƅƉƖƓƕƆƛƍƤ 4-ƒƍƗƕƓƙƊƒƓƐƅ ƒƅ ƏƖƊƕƓƈƊƐƤƚ ƉƍƓƏƖƍƉƅ ƗƍƗƅƒƅ, ƅƏƗƍƇƍƕƓƇƅƒƒƠƚ ƖƊƕƊƆƕƓƑ ƍ Ƙƙ-ƓƆƐƘƜƊƒƍƊƑ 

ƝƅƐƠƈƍƒƅ Ɗ.Ɩ., ƑƍƚƅƐƊƒƏƓ ƍ.ƍ. ................................................................................................................................................................................................................................ 786 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ƖƊƏƛƍƤ V 

ƒƊƓƕƈƅƒƍƜƊƖƏƍƊ ƙƘƒƏƛƍƓƒƅƐơƒƠƊ ƑƅƗƊƕƍƅƐƠ 

 



ƖƪƯƻƭǄ V: ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƱƥƷƪƵƭƥưǀ 

28 

ƇƐƍƤƒƍƊ ƖƓƉƊƕƋƅƒƍƤ ƔƓƐƍƇƍƒƍƐƆƘƗƍƕƅƐƤ ƒƅ ƙƅƌƓƇƠƎ ƖƓƖƗƅƇ ƍ ƌƅƏƓƒƓƑƊƕƒƓƖƗƍ ƈƓƕƊƒƍƤ 

ƈƕƅƒƘƐƍƕƓƇƅƒƒƓƎ ƖƑƊƖƍ (TI + C) + XNI Ƈ ƓƗƖƘƗƖƗƇƍƍ ƇƒƊƝƒƊƈƓ ƈƅƌƓƇƓƈƓ ƔƓƗƓƏƅ  

INFLUENCE OF PVB CONTENT ON THE PHASE COMPOSITION AND REGULATIONS OF BURNING OF THE 

GRANULATED MIXTURE (TI + C) + XNI IN THE ABSENCE OF EXTERNAL GAS FLOW  

ƅƦƬƥưƳƧ ƒ.ƍ., ƖƪƴưǄƵƶƯƭƮ Ɔ.Ɩ., ƏƳƼƪƷƯƳƧ ƕ.ƅ., ƐƭƶƭƲƥ Ɨ.ƈ. 

Abzalov N.I., Seplyarskii B. S., Kochetkov R. A., Lisina T. G. 
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ƑƥƷƪƵƭƥưǀ Ʋƥ ƳƶƲƳƧƪ ƯƥƵƦƭƩƥ ƷƭƷƥƲƥ, ƦưƥƨƳƩƥƵǄ ƭƺ ƷƧƪƵƩƳƶƷƭ ƭ ƭƬƲƳƶƳƶƷƳƮƯƳƶƷƭ, ƭƱƪǃƷ ƽƭƵƳƯƭƮ ƶƴƪƯƷƵ 

ƴƵƭƱƪƲƪƲƭǄ: ƳƷ ƥƦƵƥƬƭƧƳƧ ƭ ƬƥƾƭƷƲǀƺ ƴƳƯƵǀƷƭƮ ƩƳ ƯƳƲƶƷƵƸƯƻƭƳƲƲǀƺ ƷƵƭƦƳưƳƨƭƼƪƶƯƭƺ ƶƴưƥƧƳƧ. ƉưǄ ƸƧƪưƭƼƪƲƭǄ 

ƭƺ ƴưƥƶƷƭƼƲƳƶƷƭ Ƨ ƭƶƺƳƩƲƸǃ ƽƭƺƷƸ ƧƧƳƩƭƷƶǄ ƱƪƷƥưưƭƼƪƶƯƥǄ ƶƧǄƬƯƥ, ƲƥƴƵƭƱƪƵ, ƲƭƯƪưǁ. ƖƇ ƖƭƲƷƪƬ ƭƬ 

ƨƵƥƲƸưƭƵƳƧƥƲƲǀƺ ƭƶƺƳƩƲǀƺ ƶƱƪƶƪƮ ƭƱƪƪƷ ƵǄƩ ƴƵƪƭƱƸƾƪƶƷƧ ƲƥƩ ƴƳƵƳƽƯƳƧǀƱƭ ƶƳƶƷƥƧƥƱƭ. ƔƵƭ ƶƭƲƷƪƬƪ ƭƬ 

ƴƳƵƳƽƯƳƧƳƮ ƶƱƪƶƭ, ƶƳƩƪƵƫƥƾƪƮ ƱƪƷƥưưƭƼƪƶƯƸǃ ƶƧǄƬƯƸ, ƴƳưƸƼƥƪƷƶǄ ƷƧƪƵƩǀƮ ƶƴƪƯ, ƵƥƬƱƳư ƯƳƷƳƵƳƨƳ ƩƳ 

ƴƳƵƳƽƯƳƳƦƵƥƬƲƳƨƳ ƶƳƶƷƳǄƲƭǄ ƷƵƪƦƸƪƷ ƬƲƥƼƭƷƪưǁƲǀƺ ǂƲƪƵƨƳƬƥƷƵƥƷ ƭ ƴƵƭƧƳƩƭƷ Ư ƬƥƨƵǄƬƲƪƲƭǃ ƴƳưƸƼƥƪƱƳƨƳ 

ƴƵƳƩƸƯƷƥ ƧƪƾƪƶƷƧƳƱ Ʊƪưǃƾƭƺ Ʒƪư. ƔƵƭ ƭƶƴƳưǁƬƳƧƥƲƭƭ ƫƪ ƨƵƥƲƸưƭƵƳƧƥƲƲƳƨƳ ƶƳƶƷƥƧƥ, ƭƶƯưǃƼƥƪƷƶǄ ƳƦƵƥƬƳƧƥƲƭƪ 

ƴƵƳƼƲƳƨƳ ƶƴƪƯƥ, ƨƵƥƲƸưǀ ƶƳƺƵƥƲǄǃƷ ƶƧƳƭ ƵƥƬƱƪƵǀ, ƭ ƭƺ ƭƬƱƪưǁƼƪƲƭƪ ƱƪƲƪƪ ƷƵƸƩƳƬƥƷƵƥƷƲƳ.  

ƉưǄ ƨƵƥƲƸưǄƻƭƭ ƶƳƶƷƥƧƳƧ Ƨ ƭƶƺƳƩƲƸǃ ƴƳƵƳƽƯƳƧƸǃ ƶƱƪƶǁ ƧƧƳƩƭƷƶǄ ƳƵƨƥƲƭƼƪƶƯƥǄ ƶƧǄƬƯƥ, ƷƪƱƴƪƵƥƷƸƵƥ 

ƵƥƬưƳƫƪƲƭǄ ƯƳƷƳƵƳƮ (~200 °Ɩ) ƧƳ ƱƲƳƨƳ ƵƥƬ ƱƪƲǁƽƪ ƷƪƱƴƪƵƥƷƸƵǀ ƨƳƵƪƲƭǄ ƖƇƖ ƶƳƶƷƥƧƳƧ, ƭƶƴƳưǁƬƳƧƥƲƲǀƺ Ƨ ƵƥƦƳƷƪ 

(>2000°Ɩ). ƓƩƲƥƯƳ, ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƳ ƧưƭǄƲƭƪ ƯƳưƭƼƪƶƷƧƥ ƳƵƨƥƲƭƼƪƶƯƳƮ ƶƧǄƬƯƭ Ƨ ƭƶƺƳƩƲƳƮ ƶƱƪƶƭ ƯƥƯ Ʋƥ ƴƵƳƻƪƶƶ 

ƨƳƵƪƲƭǄ, ƷƥƯ ƭ Ʋƥ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƴƵƳƩƸƯƷƳƧ ƶƭƲƷƪƬƥ Ʋƪ ƭƬƸƼƪƲƳ. ƔƳǂƷƳƱƸ Ƨ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƦǀưƳ ƭƶƶưƪƩƳƧƥƲƳ 

ƧưƭǄƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƳƵƨƥƲƭƼƪƶƯƳƮ ƶƧǄƬƯƭ Ʋƥ ƬƥƯƳƲƳƱƪƵƲƳƶƷƭ ƨƳƵƪƲƭǄ ƨƵƥƲƸưƭƵƳƧƥƲƲƳƮ ƶƱƪƶƭ (Ti + C) + xNi 

(ƶƳƩƪƵƫƥƲƭƪ Ni ƶƳƶƷƥƧưǄưƳ 0, 5,10, 15 % ƭ 20% ƳƷ Ʊƥƶƶǀ ƧƶƪƮ ƶƱƪƶƭ) Ƨ ƸƶưƳƧƭǄƺ ƶƴƸƷƲƳƮ ƹƭưǁƷƵƥƻƭƭ ƴƵƭƱƪƶƲǀƺ 

ƨƥƬƳƧ ƭ ƴƵƳƩƸƯƷƳƧ ƵƥƬưƳƫƪƲƭǄ ƶƧǄƬƯƭ. 

ƉưǄ ƨƵƥƲƸưƭƵƳƧƥƲƭǄ ƶƳƶƷƥƧƳƧ ƨƳƷƳƧƭưƥƶǁ ƴƳƵƳƽƯƳƧƥǄ ƶƱƪƶǁ ƴƸƷƪƱ ƴƪƵƪƱƪƽƭƧƥƲƭǄ Ƨ ƨƵƥƧƭƷƥƻƭƳƲƲƳƱ 

ƶƱƪƶƭƷƪưƪ. Ɖƥưƪƪ Ƨ ƴƳƵƳƽƯƳƧƸǃ ƶƱƪƶǁ ƩƳƦƥƧưǄưƶǄ ƵƥƶƷƧƳƵ ƴƳưƭƧƭƲƭưƦƸƷƭƵƥưǄ (ƔƇƆ) Ƨ ǂƷƭưƳƧƳƱ ƶƴƭƵƷƪ. ƔƳƶưƪ 

ƶƱƪƽƪƲƭǄ ƫƭƩƯƳƮ ƭ ƷƧƪƵƩƳƮ ƹƥƬǀ ƴƳưƸƼƪƲƲƥǄ ƴƥƶƷƳƳƦƵƥƬƲƥǄ Ʊƥƶƶƥ ƴƵƳƷƭƵƥưƥƶǁ ƼƪƵƪƬ ƶƭƷƳ ƶ ƵƥƬƱƪƵƳƱ ǄƼƪƮƯƭ 

1,25 ƱƱ. ƉưǄ ƴƵƭƩƥƲƭǄ ƨƵƥƲƸưƥƱ ƶƹƪƵƭƼƪƶƯƳƮ ƹƳƵƱǀ, ƴƳưƸƼƪƲƲǀƪ Ƨ ƵƪƬƸưǁƷƥƷƪ ƴƵƳƷƭƵƥƲƭǄ ƭƶƺƳƩƲǀƪ ƨƵƥƲƸưǀ 

ƳƯƥƷǀƧƥǃƷƶǄ, ƴƸƷƪƱ ƴƪƵƪƱƪƾƪƲƭǄ ƴƳ ƧƵƥƾƥǃƾƪƮƶǄ ƨƳƵƭƬƳƲƷƥưǁƲƳƮ ƴƳƧƪƵƺƲƳƶƷƭ. ƌƥƷƪƱ ƨƵƥƲƸưǀ ƧǀƶƸƽƭƧƥǃƷƶǄ 

Ʋƥ ƧƳƬƩƸƺƪ ƭ ƵƥƶƶƪƭƧƥưƭƶǁ Ʋƥ ƧƭƦƵƳƶƭƷƪ (Ƨ ƵƥƦƳƷƪ ƭƶƴƳưǁƬƳƧƥưƭ ƨƵƥƲƸưǀ ƵƥƬƱƪƵƥ 0,6-1,6 ƱƱ). Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ 

ƩưǄ ƨƵƥƲƸưƭƵƳƧƥƲƭǄ ƭƶƴƳưǁƬƳƧƥưƭƶǁ 4% ƭ 10% ƶƴƭƵƷƳƧǀƪ ƵƥƶƷƧƳƵǀ ƔƇƆ. ƑƥƶƶƳƧƳƪ ƶƳƩƪƵƫƥƲƭƪ ƔƇƆ Ƨ ƨƵƥƲƸưƥƺ 

ƵƥƶƶƼƭƷǀƧƥưƳƶǁ ƭƬ ƶƳƳƷƲƳƽƪƲƭǄ Ʊƥƶƶ ƴƳƵƳƽƯƳƧƳƮ ƶƱƪƶƭ ƭ Ƶ-Ƶƥ ƔƇƆ ƴƵƭ ƨƵƥƲƸưƭƵƳƧƥƲƭƭ. ƍƶƴƳưǁƬƳƧƥƲƭƪ ƴƵƭ 

ƨƵƥƲƸưƭƵƳƧƥƲƭƭ ƵƥƶƷƧƳƵƥ ƶ ƵƥƬưƭƼƲƳƮ ƱƥƶƶƳƧƳƮ ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƔƇƆ (4% ƭ 10%) ƴƳƬƧƳưǄưƳ ƴƳưƸƼƥƷǁ 

ƨƵƥƲƸưƭƵƳƧƥƲƲǀƪ ƶƱƪƶƭ ƶ ƶƳƩƪƵƫƥƲƭƪƱ ƔƇƆ ƳƯƳưƳ 1% (Ʊƥƶ.) ƭ ƳƯƳưƳ 2% (Ʊƥƶ.) Ƨ ƶƸƺƳƱ ƧƪƾƪƶƷƧƪ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ.  

Ƈƶƪ Ʋƥƽƭ ƴƵƪƩǀƩƸƾƭƪ ƭƶƶưƪƩƳƧƥƲƭǄ ƨƵƥƲƸưƭƵƳƧƥƲƲǀƺ ƶƱƪƶƪƮ ƴƵƳƧƳƩƭưƭƶǁ ƴƵƭ ƭƶƴƳưǁƬƳƧƥƲƭƭ 4% Ƶ-Ƶƥ 

ƔƇƆ (ƶƳƩƪƵƫƥƲƭƪ ƔƇƆ Ƨ ƨƵƥƲƸưƥƺ ƴƳƶưƪ ƧǀƶƸƽƭƧƥƲƭǄ Ʋƪ ƴƵƪƧǀƽƥưƳ 1% Ʊƥƶƶ). ƇƧƭƩƸ ƲƭƬƯƳƮ ƷƪƱƴƪƵƥƷƸƵǀ 

ƵƥƬưƳƫƪƲƭǄ ƶƧǄƬƯƭ, ƭ ƪǅ ƲƪƧǀƶƳƯƳƨƳ ƶƳƩƪƵƫƥƲƭǄ Ƨ ƨƵƥƲƸưƥƺ (<2,5% Ʊƥƶƶ.) ƴƵƪƩƴƳưƥƨƥưƳƶǁ, ƼƷƳ ƴƳƧǀƽƪƲƭƪ 

ƶƳƩƪƵƫƥƲƭǄ ƔƇƆ ƶ ~1% ƩƳ 2% ƶƸƾƪƶƷƧƪƲƲƳƨƳ ƧưƭǄƲƭǄ Ʋƥ ƴƵƳƻƪƶƶǀ ƨƳƵƪƲƭǄ Ʋƪ ƳƯƥƫƪƷ. ƓƩƲƥƯƳ, ǂƯƶƴƪƵƭƱƪƲƷǀ 

ƴƳƯƥƬƥưƭ, ƼƷƳ Ʃƥƫƪ ƷƥƯƳƪ ƲƪƬƲƥƼƭƷƪưǁƲƳƪ ƸƧƪưƭƼƪƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƔƇƆ Ƨ ƨƵƥƲƸưƥƺ (Ʋƥ 1-1,5%) ƴƵƭƧƳƩƭƷ Ư 

ƶƯƥƼƯƳƳƦƵƥƬƲƳƱƸ ƸƧƪưƭƼƪƲƭǃ ƶƯƳƵƳƶƷƭ ƨƳƵƪƲƭǄ (ƷƥƦư. 1). Ƈ ƵƥƱƯƥƺ ƯƳƲƩƸƯƷƭƧƲƳƮ ƱƳƩƪưƭ, ƶƳƨưƥƶƲƳ ƯƳƷƳƵƳƮ 

ƵƥƶƴƵƳƶƷƵƥƲƪƲƭƪ ƹƵƳƲƷƥ ƴƵƳƭƶƺƳƩƭƷ Ƭƥ ƶƼƪƷ ƴƳƶưƪƩƳƧƥƷƪưǁƲƳƨƳ ƬƥƫƭƨƥƲƭǄ ƨƵƥƲƸư ƩƵƸƨ ƳƷ ƩƵƸƨƥ, ƥ ƵƥƬưƳƫƪƲƭƪ 

ƔƇƆ ƴƵƳƭƶƺƳƩƭƷ Ƨ ƬƳƲƪ ƴƵƳƨƵƪƧƥ ƧƳưƲǀ ƨƳƵƪƲƭǄ, ƲƪưǁƬǄ ƳƦƿǄƶƲƭƷǁ ƷƥƯƳƮ ƵƳƶƷ ƶƯƳƵƳƶƷƭ ƨƳƵƪƲƭǄ. ƔƳưƸƼƪƲƲǀƪ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƪ ƵƪƬƸưǁƷƥƷǀ ƩƥǃƷ ƳƶƲƳƧƥƲƭƪ ƴƵƪƩƴƳưƳƫƭƷǁ, ƼƷƳ ƴƵƭ ƴƳƧǀƽƪƲƭƭ ƶƳƩƪƵƫƥƲƭǄ ƔƇƆ Ƨ ƶƱƪƶǄƺ 

Ti+C, (Ti+C) +10, 15% Ni ƯƳƲƩƸƯƷƭƧƲǀƮ ƵƪƫƭƱ, ƴƵƪƩƴƳưƥƨƥǃƾƭƮ ƴƳưƲǀƮ ƴƵƳƨƵƪƧ ƶƱƪƶƭ Ƨ ƧƳưƲƪ ƨƳƵƪƲƭǄ ƶƱƪƲǄƪƷƶǄ 

ƯƳƲƧƪƯƷƭƧƲǀƱ.  Ƈ ǂƷƳƱ ƵƪƫƭƱƪ ƴƳƷƳƯ ƨƥƬƥ ƴƳƩƫƭƨƥƪƷ ƶ ƴƳƧƪƵƺƲƳƶƷƭ ƨƵƥƲƸưǀ Ƶƭƶ.1, ƳƦƪƶƴƪƼƭƧƥǄ ƧǀƶƳƯƸǃ ƶƯƳƵƳƶƷǁ 
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ƨƳƵƪƲƭǄ (ƧƳưƲǀ ƧƳƶƴưƥƱƪƲƪƲƭǄ), ƯƳƷƳƵƥǄ ƬƲƥƼƭƷƪưǁƲƳ ƴƵƪƧǀƽƥƪƷ ƷƪƳƵƪƷƭƼƪƶƯƭƪ ƳƻƪƲƯƭ ƴƳ ƷƪƳƵƭƭ 

ƹƭưǁƷƵƥƻƭƳƲƲƳƨƳ ƨƳƵƪƲƭǄ [1]. ƕƥƲƪƪ Ƨ ƵƥƦƳƷƪ [2] Ʀǀư ƸƶƷƥƲƳƧưƪƲ ƹƥƯƷ ƶƸƾƪƶƷƧƳƧƥƲƭǄ ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƥ 

ƨƳƵƪƲƭǄ ƩưǄ ƶƱƪƶƪƮ Ti + xC (0,5 ʘ x ʘ 1) Ƨ ƴƳƷƳƯƪ ƥƬƳƷƥ. Ƈ ƵƥƱƯƥƺ ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƥ ƧƳƬƱƳƫƲƳ ƴƳƴƥƩƥƲƭƪ 

ƭƶƺƳƩƲƳƨƳ ƔƇƆ Ƭƥ ƹƵƳƲƷ ƧƳƶƴưƥƱƪƲƪƲƭǄ, ƨƩƪ ƳƲ ƵƥƬưƥƨƥƪƷƶǄ Ʋƥ ƨƥƬƳƳƦƵƥƬƲǀƪ ƴƵƳƩƸƯƷǀ Ƭƥ ƶƼƪƷ ǂƯƬƳƷƪƵƱƭƼƪƶƯƳƮ 

ƵƪƥƯƻƭƭ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƷƭƷƥƲƥ ƶ ƸƨưƪƵƳƩƳƱ. ƔƵƳƩƸƯƷǀ ƵƥƬưƳƫƪƲƭǄ, ƹƭưǁƷƵƸǄƶǁ ƼƪƵƪƬ ƲƪƶƨƳƵƪƧƽƸǃ ƼƥƶƷǁ 

ƬƥƶǀƴƯƭ, ƳƦƪƶƴƪƼƭƧƥǃƷ ƵƪƥưƭƬƥƻƭǃ ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƥ. ƓƷƶƸƷƶƷƧƭƪ ƴƪƵƪƺƳƩƥ Ƨ ƯƳƲƧƪƯƷƭƧƲǀƮ ƵƪƫƭƱ ƶƱƪƶƭ 

(Ti+C) + 20%Ni (ƶƳƩƪƵƫƥƾƪƮ 2% Ʊƥƶ. ƔƇƆ) ƱƳƫƪƷ ƦǀƷǁ ƳƦƿǄƶƲƪƲƳ ƴƳƲƭƫƪƲƭƪƱ ƷƪƱƴƪƵƥƷƸƵǀ ƨƳƵƪƲƭǄ, ƯƳƷƳƵƳƪ 

ƴƵƭƧƳƩƭƷ Ư ƶƲƭƫƪƲƭǃ ƷƪƱƴƪƵƥƷƸƵǀ ƹƭưǁƷƵƸǃƾƭƺƶǄ ƨƥƬƳƧ ƭ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƲƪƧƳƬƱƳƫƲƳƶƷƭ ƵƪƥưƭƬƥƻƭƭ 

ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƥ [3]. 

ƗƥƦưƭƻƥ 1. ƖƯƳƵƳƶƷƭ ƨƳƵƪƲƭǄ ƨƵƥƲƸưƭƵƳƧƥƲƲǀƺ ƶƱƪƶƪƮ ƴƵƭ ƵƥƬưƭƼƲƳƱ ƶƳƩƪƵƫƥƲƭƭ ƳƵƨƥƲƭƼƪƶƯƳƮ ƶƧǄƬƯƭ Ƨ Ƶ-Ƶƪ 

ƖƳƶƷƥƧ ƶƱƪƶƭ 
ƖƯƳƵƳƶƷǁ ƨƳƵƪƲƭǄ, ƱƱ/ƶ 

4% Ƶ-Ƶ ƔƇƆ 10% Ƶ-Ƶ ƔƇƆ 

Ti+C 130 155 

(Ti+C) ɛ 5%Ni 95 - 

(Ti+C) ɛ 10%Ni 63 145 

(Ti+C) ɛ 15%Ni 62 87 

(Ti+C) ɛ 20%Ni 43 60 

 

ƕƭƶ. 1 ƖƺƪƱƥƷƭƼƲƳƪ ƴƵƪƩƶƷƥƧưƪƲƭƪ ƳƶƪƧƳƨƳ ƶƪƼƪƲƭǄ ƳƦƵƥƬƻƥ Ƨ ƴƵƳƻƪƶƶƪ ƨƳƵƪƲƭǄ Ƨ ƯƳƲƧƪƯƷƭƧƲƳƱ ƵƪƫƭƱƪ (a); ƵƥƬƵƪƬƥ 
ƨƵƥƲƸưǀ Ʋƥ ƶƷƥƩƭƭ ƧƳƶƴưƥƱƪƲƪƲƭǄ (b); ƭ ƨƳƵƪƲƭǄ (c): 1 ɛ ƭƶƺƳƩƲǀƪ ƨƵƥƲƸưǀ; 2 ɛ ƨƵƥƲƸưǀ ƧƳ ƹƵƳƲƷƪ ƧƳƶƴưƥƱƪƲƪƲƭǄ; 3 ɛ 
ƨƳƵǄƾƭƪ ƨƵƥƲƸưǀ; 4 ɛ ƶƨƳƵƪƧƽƭƪ ƨƵƥƲƸưǀ. ƖƷƵƪưƯƥƱƭ ƴƳƯƥƬƥƲƳ ƲƥƴƵƥƧưƪƲƭǄ ƩƧƭƫƪƲƭǄ Ɣƕ ƔƇƆ (h ɛ ƷƳưƾƭƲƥ ƴƵƳƨƵƪƷƳƨƳ 

ƶưƳǄ). 

Ɔǀưƭ ƳƴƵƪƩƪưƪƲǀ ƳƦưƥƶƷƭ ƵƪƥưƭƬƥƻƭƭ ƯƳƲƩƸƯƷƭƧƲƳƨƳ ƭ ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƳƧ ƨƳƵƪƲƭǄ ƨƵƥƲƸưƭƵƳƧƥƲƲǀƺ 

ƶƱƪƶƪƮ (Ti+C)+xNi ƴƵƭ ƧƥƵǁƭƵƳƧƥƲƭƭ ƶƳƩƪƵƫƥƲƭǄ ƲƭƯƪưǄ ƭ ƔƇƆ. ƘƶƷƥƲƳƧưƪƲ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƴƵƳƩƸƯƷƳƧ ƶƭƲƷƪƬƥ.  

ƔƳƯƥƬƥƲƳ, ƼƷƳ ƴƵƳƩƸƯƷǀ ƨƳƵƪƲƭǄ ƶƳƶƷƳǄƷ ƭƬ ƩƧƸƺ ƹƥƬ : ƯƥƵƦƭƩƥ ƷƭƷƥƲƥ ƭ ƲƭƯƪưǄ. ƓƴƵƪƩƪưƪƲƥ ƴƵƭƦƥƧƯƥ ƶƯƳƵƳƶƷƭ 

ƨƳƵƪƲƭǄ ƨƵƥƲƸưƭƵƳƧƥƲƲǀƺ ƶƱƪƶƪƮ Ƭƥ ƶƼƪƷ ƴƵƳƩƸƯƷƳƧ ƵƥƬưƳƫƪƲƭǄ ƔƇƆ ƴƵƭ ƧƥƵǁƭƵƳƧƥƲƭƭ ƶƳƩƪƵƫƥƲƭǄ ƲƭƯƪưǄ ƭ 

ƔƇƆ Ƨ ƶƱƪƶƭ. ƔƵƳƧƪƩƪƲƳ ƶƵƥƧƲƪƲƭƪ ƵƪƬƸưǁƷƥƷƳƧ ƵƥƶƼƪƷƳƧ ƴƳ ƷƪƳƵƭƭ ƹƭưǁƷƵƥƻƭƳƲƲƳƨƳ ƨƳƵƪƲƭǄ ƶ ƩƥƲƲǀƱƭ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƭƶƶưƪƩƳƧƥƲƭƮ. ƔƵƪƩưƳƫƪƲ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƳ ƵƥƶƼƪƷƲǀƮ ƱƪƷƳƩ ƳƴƵƪƩƪưƪƲƭǄ 

ƴƥƵƥƱƪƷƵƭƼƪƶƯƳƮ ƳƦưƥƶƷƭ ƵƪƥưƭƬƥƻƭƭ ƯƳƲƧƪƯƷƭƧƲƳƨƳ ƵƪƫƭƱƥ ƨƳƵƪƲƭǄ, ƼƷƳ ƴƳƬƧƳưƭưƳ ƩƥƷǁ ƶƴƳƶƳƦ ƳƴƵƪƩƪưƪƲƭǄ 

ƶƳƶƷƥƧƥ ƽƭƺƷǀ ƩưǄ ƸƶƷƳƮƼƭƧƳƨƳ ƭ ƦƪƬƳƴƥƶƲƳƨƳ ƴƳưƸƼƪƲƭǄ ƯƥƵƦƭƩƳƧ ƶ ƱƪƷƥưưƭƼƪƶƯƳƮ ƶƧǄƬƯƳƮ ƭƬ ƨƵƥƲƸưƭƵƳƧƥƲƲƳƮ 

ƽƭƺƷǀ ƴƵƭ ƱƥƶƽƷƥƦƭƵƳƧƥƲƭƭ ƴƵƳƻƪƶƶƥ.  
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Ƈ ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƪ ƴƵƪƳƦƵƥƬƳƧƥƷƪưƭ ǂƲƪƵƨƭƭ (ƗƢƔ) (ƨƪƲƪƵƥƷƳƵǀ (ƗƢƈ), ƳƺưƥƩƭƷƪưƭ 

(ƗƢƓ) ƭ ƲƥƨƵƪƧƥƷƪưƭ (ƗƢƒ)) ƲƥƺƳƩǄƷ Ƨƶƪ ƦƳưǁƽƪƪ ƴƵƭƱƪƲƪƲƭƪ Ƨ ǂưƪƯƷƵƳƲƲƳƮ ƷƪƺƲƭƯƪ. ƔƵƪƭƱƸƾƪƶƷƧƥ ƗƢƔ ƶƧǄƬƥƲǀ 

ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƭƱƭ Ƨ ƶƧƳƪƮ ƵƥƦƳƷƪ ƴƵƭƲƻƭƴƥ ƴƵǄƱƳƨƳ («ƦƪƬƱƥƽƭƲƲƳƨƳ») ƴƵƪƳƦƵƥƬƳƧƥƲƭǄ ƷƪƴưƳƧƳƮ ǂƲƪƵƨƭƭ Ƨ 

ǂưƪƯƷƵƭƼƪƶƯƸǃ ǂƲƪƵƨƭǃ ƭ ƲƥƳƦƳƵƳƷ ƶ ƴƳƱƳƾǁǃ ǂƹƹƪƯƷƳƧ ƌƪƪƦƪƯƥ ƭ ƔƪưǁƷǁƪ [1]. Ƈƶƪ ƗƢƔ ƶƳƶƷƳǄƷ ƭƬ ƷƪƵƱƳƴƥƵ 

(ƗƔ), ƳƦƵƥƬƳƧƥƲƲǀƺ ƧƪƷƧǄƱƭ ƴ - ƭ Ƶ - Ʒƭƴƥ ƴƵƳƧƳƩƭƱƳƶƷƭ, ƭƬƨƳƷƳƧưƪƲƲǀƱƭ ƭƬ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ 
(ƗƢƑ). ƔƵƭ ƳƷƦƳƵƪ ƗƢƑ, ƴƵƭƨƳƩƲǀƺ ƩưǄ ƭƬƨƳƷƳƧưƪƲƭǄ ƗƔ, ƭƶƴƳưǁƬƸƪƷƶǄ ƸƲƭƧƪƵƶƥưǁƲǀƮ ƴƥƵƥƱƪƷƵ ƦƪƬƵƥƬƱƪƵƲƳƮ 

ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƩƳƦƵƳƷƲƳƶƷƭ  

ZT  = a2ÖsÖT/k. ~  N (m* T 5/2) e r-1/2m 3/2/kph, 
ƳƴƵƪƩƪưǄǃƾƭƮ ƯƴƩ h  ƴƵƪƳƦƵƥƬƳƧƥƲƭǄ ǂƲƪƵƨƭƭ Ƨ ƗƔ ƴƵƭ ƳƴƷƭƱƥưǁƲǀƺ ƬƲƥƼƪƲƭǄƺ n(p).  (ƌƩƪƶǁ a- 

ƩƭƹƹƪƵƪƲƻƭƥưǁƲƥǄ ƷƪƵƱƳ-ǂ.Ʃ.ƶ., s ƭ k= kph+ ke - ƸƩƪưǁƲǀƪ ǂưƪƯƷƵƳƴƵƳƧƳƩƲƳƶƷǁ ƭ ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷǁ, ke ƭ kph ɛ 

ǂưƪƯƷƵƳƲƲƥǄ ƭ ƹƳƲƳƲƲƥǄ (ƵƪƽƪƷƳƼƲƥǄ) ƶƳƶƷƥƧưǄǃƾƭƪ ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷƭ, N- ƼƭƶưƳ ǂƯƧƭƧƥưƪƲƷƲǀƺ ǂƯƶƷƵƪƱƸƱƳƧ Ƨ 

ƬƳƲƪ,  m*- ǂƹƹƪƯƷƭƧƲƥǄ Ʊƥƶƶƥ ƴƵƳƧƳƩƭƱƳƶƷƭ, r- ƴƥƵƥƱƪƷƵ ƵƥƶƶƪǄƲƭǄ, m - ƴƳƩƧƭƫƲƳƶƷǁ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ, T ɛ 

ƥƦƶƳưǃƷƲƥǄ ƷƪƱƴƪƵƥƷƸƵƥ) [1- 2]). ƐƸƼƽƭƱƭ ƗƢƑ, ƵƥƦƳƷƥǃƾƭƱƭ Ƨ ƭƲƷƪƵƧƥưƪ ƷƪƱƴƪƵƥƷƸƵ Ƨǀƽƪ ƯƳƱƲƥƷƲƳƮ, ǄƧưǄǃƷƶǄ 

ƧǀƵƳƫƩƪƲƲǀƪ ƴƳưƸƴƵƳƧƳƩƲƭƯƭ (ƴƵƭƱƪƶƲǀƪ ƴƳưƸƱƪƷƥưưǀ) (Ƶ-Ge1-xTe, Ƶ- Sn1-xTe, ƴ- ƭ Ƶ- PbTe, p- Cu2-xSe ƭ ƩƵ.) ƶ 

ƳƴƷƭƱƥưǁƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƲƳƶƭƷƪưƪƮ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) ƴ(Ƶ)~ 1019 ƶƱ-3  [3- 8]. Ƈƶƪ ǂƷƭ ƱƥƷƪƵƭƥưǀ Ƨ ƶƭưƸ ƶƧƳƪƨƳ 

ƴƪƵƪƺƳƩƲƳƨƳ ƳƷ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧ Ư ƱƪƷƥưưƥƱ ƺƥƵƥƯƷƪƵƥ ƭƱƪǃƷ ƴƳƲƭƫƪƲƲƸǃ ƶƷƵƸƯƷƸƵƲƸǃ ƸƶƷƳƮƼƭƧƳƶƷǁ ƭ Ƨ 

ƵƥƦƳƼƭƺ ƭƲƷƪƵƧƥưƥƺ ƷƪƱƴƪƵƥƷƸƵ ƭƶƴǀƷǀƧƥǃƷ ƴƳưƭƱƳƵƹƲǀƪ ƙƔ ƵƥƬưƭƼƲƳƮ ƴƵƭƵƳƩǀ (ƷƪƱƴƪƵƥƷƸƵƥ ƏǃƵƭ Tc ~ 600- 

700 K), ƴƵƭƧƳƩǄƾƭƪ Ư ƵƥƶƷƵƪƶƯƭƧƥƲƭǃ ƧƪƷƧƪƮ ƭ ƶƳƯƵƥƾƪƲƭǃ ƵƪƶƸƵƶƥ ƵƥƦƳƷǀ ƗƔ [2 - 7]. ƉưǄ ƴƳƧǀƽƪƲƭǄ 

ƷƪƵƱƭƼƪƶƯƳƮ ƶƷƥƦƭưǁƲƳƶƷƭ ƶƴưƥƧƳƧ GeTe ƴƵƭƱƪƲǄǃƷƶǄ ƶưƪƩƸǃƾƭƪ ƴƵƭƪƱǀ: 1) ƴƳƲƭƫƪƲƭƪ ƭ ƧǀƧƳƩ Tc Ƭƥ ƴƵƪƩƪưǀ 

ƵƥƦƳƼƪƨƳ ƭƲƷƪƵƧƥưƥ ƷƪƱƴƪƵƥƷƸƵ ƗƢƑ; 2) ƵƥƬƱǀƷƭƪ ƭƲƷƪƵƧƥưƥ ƙƔ ƴƳ ƽƯƥưƪ ƷƪƱƴƪƵƥƷƸƵ ƴƸƷƪƱ ƴƪƵƪƺƳƩƥ Ư 
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ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƱ ƶƭƶƷƪƱƥƱ ƭ 3) ƴƳƧǀƽƪƲƭƪ ƴưƥƶƷƭƼƲƳƶƷƭ ƗƢƑ ƧƦưƭƬƭ Tc ƵƥƬưƭƼƲǀƱƭ ƱƪƷƳƩƥƱƭ [8]. ƕƥƲƪƪ 

ƲƥƱƭ Ʀǀưƥ ƴƳƯƥƬƥƲƥ ƧƳƬƱƳƫƲƳƶƷǁ ƴưƥƶƷƭƹƭƯƥƻƭƭ ƗƢƑ ƴƸƷƪƱ ƧƧƪƩƪƲƭǄ Ƨ ƷƧƪƵƩǀƮ ƵƥƶƷƧƳƵ 

ƦǀƶƷƵƳƩƭƹƹƸƲƩƭƵƸǃƾƭƺ ƴƵƭƱƪƶƪƮ («ƶƸƴƪƵƭƳƲƲǀƺ ƥƨƪƲƷƳƧ (Ɩƅ)» - Ɩu, Ag, Au ƭ ƩƵ.) [9]. ƒƪƩƳƶƷƥƷƯƳƱ Ɩƅ ǄƧưǄƪƷƶǄ 

ƭƺ ƲƪƸƶƷƳƮƼƭƧƳƶƷǁ Ƨ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƥƺ ƗƢƑ. Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƩưǄ ƴưƥƶƷƭƹƭƯƥƻƭƭ ƶƴưƥƧƳƧ GeTe ƧƦưƭƬƭ Ɨƶ 
ƭƶƴƳưǁƬƳƧƥƲǀ ƵƪƩƯƳƬƪƱƪưǁƲǀƪ (ƕƌƑ) ưƪƨƭƵƸǃƾƭƪ ƩƳƦƥƧƯƭ, Ʋƪ ƳƦưƥƩƥǃƾƭƪ ƶƸƴƪƵƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷǁǃ Ƨ ƗƢƑ. 

Ƒǀ ƴƵƪƩƴƳưƳƫƭưƭ, ƼƷƳ ƲƪƯƳƷƳƵǀƪ ưƪƨƭƵƸǃƾƭƪ ƩƳƦƥƧƯƭ Ƨ ƶƴưƥƧƥƺ Ʒƭƴƥ GeTe ƱƳƨƸƷ ƧǀƩƪưǄƷǁƶǄ ƴƳ ƨƵƥƲƭƻƥƱ 

ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƬƪƵƪƲ, ƥƯƷƭƧƭƵƳƧƥƷǁ ƱƪƫƬƪƵƪƲƲƳƪ ƴƵƳƶƯƥưǁƬǀƧƥƲƭƪ ƭ ƷƥƯƭƱ ƳƦƵƥƬƳƱ ƴƵƭƧƳƩƭƷǁ Ư 

ƴưƥƶƷƭƹƭƯƥƻƭƭ ƗƢƑ. ƘƯƥƬƥƲƲǀƮ ƱƪƺƥƲƭƬƱ, Ƨ ƻƪưƳƱ, ƴƳƩƳƦƪƲ ƭƬƧƪƶƷƲƳƱƸ ƱƪƺƥƲƭƬƱƸ ƸƧƪưƭƼƪƲƭǄ ƫƥƵƳƴƵƳƼƲƳƶƷƭ 

ƶƴưƥƧƳƧ ƴƵƭ ưƪƨƭƵƳƧƥƲƭƭ (ƲƥƴƵƭƱƪƵ, ƶƷƥưƭ - ƩƳƦƥƧƯƥƱƭ Mo, W, Ni, Ti, Co ƭ ƩƵ.), ƲƳ ƴƵƳƷƭƧƳƴƳưƳƫƪƲ ƪƱƸ ƴƳ ƬƲƥƯƸ 
[10-11]. Ƈ ƶƷƥưǄƺ ƸƯƥƬƥƲƲǀƪ ƩƳƦƥƧƯƭ ƴƵƭƧƳƩǄƷ Ư ƴƳƧǀƽƪƲƭǃ ƷƪƱƴƪƵƥƷƸƵǀ ƗƥƱƱƥƲƥ TT   ưƪƨƭƵƳƧƥƲƲƳƨƳ ƱƥƷƪƵƭƥưƥ, 

ƯƳƷƳƵƥǄ ƳƷƧƪƷƶƷƧƪƲƲƥ Ƭƥ ƥƯƷƭƧƥƻƭǃ ƩƭƹƹƸƬƭƳƲƲǀƺ ƴƵƳƻƪƶƶƳƧ Ʋƥ ƨƵƥƲƭƻƥƺ ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƬƪƵƪƲ, 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƵƳƶƷ TT ƴƵƭƧƳƩƭƷ Ư ƵƳƶƷƸ ƫƥƵƳƴƵƳƼƲƳƶƷƭ ƱƥƷƪƵƭƥưƳƧ. ƒƥƳƦƳƵƳƷ, Ƨ ƶưƸƼƥƪ GeTe Ʊǀ ƭƶƯƥưƭ 

ưƪƨƭƵƸǃƾƭƪ ƩƳƦƥƧƯƭ, Ʋƪ ƧưƭǄǃƾƭƪ ƶƭưǁƲƳ Ʋƥ ƧƪưƭƼƭƲƸ Tƶ,    ƳƩƲƥƯƳ, ƴƵƭƧƳƩǄƾƭƪ Ư ƶƲƭƫƪƲƭǃ TT    <  Tƶ     ƭ 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ  Ư ƴưƥƶƷƭƹƭƯƥƻƭƭ ƶƴưƥƧƥ Ƨ ƵƥƮƳƲƪ ƹƥƬƳƧƳƨƳ ƴƪƵƪƺƳƩƥ [12]. Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƦǀưƳ ƭƶƶưƪƩƳƧƥƲƳ 

ƧưƭǄƲƭƪ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ (ƕƌƑ) ǂưƪƱƪƲƷƳƧ Ʋƥ ƱƪƺƥƲƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƷƪưưƸƵƭƩƥ ƨƪƵƱƥƲƭǄ GeTe ƧƦưƭƬƭ Ɨƶ (Ƶƭƶ.1).  

 

ƔƳƯƥƬƥƲƳ, ƼƷƳ ƧƧƪƩƪƲƭƪ ƭƷƷƵƭǄ (Y) ƭ ưƥƲƷƥƲƥ (La) Ƨ ƷƧƪƵƩǀƮ ƵƥƶƷƧƳƵ Ʋƥ ƳƶƲƳƧƪ GeTe ƩƪưƥƪƷ ƱƥƷƪƵƭƥư 

ƶƧƪƵƺƴưƥƶƷƭƼƲǀƱ ƧƦưƭƬƭ ƷƪƱƴƪƵƥƷƸƵǀ ƏǃƵƭ Ɨƶ   ~ 630- 700 Ə  

Ƈ ƷƳ ƫƪ ƧƵƪƱǄ, ƬƥƱƪƾƪƲƭƪ ƭƳƲƳƧ Ge2+ Ʋƥ ƭƳƲǀ Sc3+ ƧǀƬǀƧƥƪƷ ƵƳƶƷ ƸƴƵƸƨƭƺ ƲƥƴƵǄƫƪƲƭƮ Ƨ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ 

ƵƪƽƪƷƯƪ, ƼƷƳ ƧƪƩƪƷ Ư ƸƴƵƳƼƲƪƲƭǃ ƶƴưƥƧƳƧ.  ƕƥƬưƭƼƭƪ Ƨ ƴưƥƶƷƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧƥƺ ƶƴưƥƧƳƧ Ʊǀ ƶƧǄƬǀƧƥƪƱ ƶ ƷƪƱ, ƼƷƳ 

Y ƭ La Ƨ GeTe ǄƧưǄǃƷƶǄ ƨƳƵƳƹƭưǁƲǀƱƭ ƴƵƭƱƪƶǄƱƭ, ƯƳƲƻƪƲƷƵƭƵƸǃƾƭƱƭƶǄ Ʋƥ ƨƵƥƲƭƻƥƺ ƬƪƵƪƲ ƭ ƳƶưƥƦưǄǃƾƭƱƭ 

ƱƪƫƬƪƵƪƲƲƳƪ ƧƬƥƭƱƳƩƪƮƶƷƧƭƪ Ƨ ƴƳưƭƯƵƭƶƷƥưưƥƺ ƧƦưƭƬƭ Tc. ƔƵƭ ǂƷƳƱ ƷƪƱƴƪƵƥƷƸƵƥ ƗƥƱƱƥƲƥ TT, Ƨǀƽƪ ƯƳƷƳƵƳƮ 

ƕƭƶ.2. ƓƦƾƭƮ ƧƭƩ ƭƶƶưƪƩƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ Ge0,99TeY0,01 ƩƳ (a) ƭ ƴƳƶưƪ (b ɛ d) ƭƶƴǀƷƥƲƭƮ Ʋƥ ƶƫƥƷƭƪ. (a ɛ ƧƭƩ 
ƶƦƳƯƸ; b ɛ d ɛ ƧƭƩ ƶ ƷƳƵƻƥ ƳƦƵƥƬƻƥ). ƗƪƱƴƪƵƥƷƸƵǀ ƭƶƴǀƷƥƲƭƮ, T, K: b ɛ 420; c ɛ 570; d ɛ 670.  ƔưƥƶƷƭƼƪƶƯƥǄ 

ƩƪƹƳƵƱƥƻƭǄ ƳƦƵƥƬƻƳƧ (l0 ɛ l)/l0: a ɛ 0; b - 0,4; c ɛ 0,8; d ɛ 0,97. 

ƕƭƶ. 1. ƗƪƱƴƪƵƥƷƸƵƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƸƶưƳƧƲƳƨƳ ƴƵƪƩƪưƥ ƴƵƳƼƲƳƶƷƭ sB (a) ƭ ƳƷƲƳƶƭƷƪưǁƲƳƮ ƴưƥƶƷƭƼƪƶƯƳƮ 
ƩƪƹƳƵƱƥƻƭƭ ƴƵƭ ƶƫƥƷƭƭ d (b). ƖƴưƥƧǀ: 1 ɛ GeTe; 2 - Ge0,99TeY0,01; 3 - Ge0,995e1,01Y0,01).  
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ƥƯƷƭƧƭƵƸǃƷƶǄ ƱƪƫƬƪƵƪƲƲǀƪ ƴƵƳƻƪƶƶǀ Ƨ ƴƳưƭƯƵƭƶƷƥưưƥƺ, ƶƲƭƫƥƪƷƶǄ, ƭ ƴưƥƶƷƭƼƲƳƶƷǁ ƶƴưƥƧƳƧ ƸƧƪưƭƼƭƧƥƪƷƶǄ. Ɩ 

ƩƵƸƨƳƮ ƶƷƳƵƳƲǀ, Sc, ƧƭƩƭƱƳ, ǄƧưǄƪƷƶǄ ƨƳƵƳƹƳƦƲƳƮ ƴƵƭƱƪƶǁǃ, ƵƥƶƴƳưƥƨƥǃƾƪƮƶǄ ƴƵƪƭƱƸƾƪƶƷƧƪƲƲƳ Ƨ ƳƦƿƪƱƪ 

ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƬƪƵƪƲ ƭ Ʋƪ ƧǀƺƳƩǄƾƪƮ Ʋƥ ƭƺ ƴƳƧƪƵƺƲƳƶƷǁ ƭƬ-Ƭƥ ƶƧƳƪƮ ƳƷƲƳƶƭƷƪưǁƲƳ ƱƥưƳƮ ƧƪưƭƼƭƲǀ. ƇǀƶƳƯƥǄ 

ƴưƥƶƷƭƼƲƳƶƷǁ ƴƳưƭƯƵƭƶƷƥưưƳƧ ƳƦǀƼƲƳ ǄƧưǄƪƷƶǄ ƶưƪƩƶƷƧƭƪƱ ƴưƥƶƷƭƹƭƻƭƵƸǃƾƪƨƳ ƩƪƮƶƷƧƭǄ ƶƧƳƦƳƩƲǀƺ ƲƳƶƭƷƪưƪƮ 

ƷƳƯƥ (ƶưƸƼƥƮ ƱƪƷƥưưƳƧ, ƨƩƪ ƴ, p~ 1022 ƶƱ -3), ưƭƦƳ ƶƧǄƬƥƲƥ ƶ ƥƯƷƭƧƥƻƭƪƮ ƩƭƹƹƸƬƭƳƲƲǀƺ ƴƵƳƻƪƶƶƳƧ Ʋƥ ƨƵƥƲƭƻƥƺ 

ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƬƪƵƪƲ ƱƥƷƪƵƭƥưƥ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ T>TT . Ƈ ƶưƸƼƥƪ ƴƳưƸƱƪƷƥưưƭƼƪƶƯƭƺ ƶƴưƥƧƳƧ GeTe<Y> ƭƱƪƪƱ 

p~ 1020 ƶƱ -3 <<1022 ƶƱ -3 (ƷƥƦư.1), ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƴƪƵƧǀƮ ƭƬ ƸƯƥƬƥƲƲǀƺ ƱƪƺƥƲƭƬƱƳƧ ƴưƥƶƷƭƹƭƯƥƻƭƭ ƲƪǂƹƹƪƯƷƭƧƪƲ.    

Ɩ ƩƵƸƨƳƮ ƶƷƳƵƳƲǀ, «ƶƳƦƶƷƧƪƲƲƥǄ» ƷƪƱƴƪƵƥƷƸƵƥ ƗƥƱƱƥƲƥ ƶƴưƥƧƳƧ GeTe ƶƳƶƷƥƧưǄƪƷ Tc <TT ~ 0,8.Tm = 800 Ə, ƼƷƳ ƷƥƯƫƪ 

Ʋƪ ƱƳƫƪƷ ƳƦƿǄƶƲƭƷǁ ǂƹƹƪƯƷ ƶƧƪƵƺƴưƥƶƷƭƼƲƳƶƷƭ ƴƳưƭƯƵƭƶƷƥưưƳƧ GeTe<Y>  ƴƵƭ Ɨ~ 600 K. Ƒǀ ƴƵƪƩƴƳưƳƫƭưƭ, ƼƷƳ 

Ƭƥ ǂƹƹƪƯƷ ƶƧƪƵƺƴưƥƶƷƭƼƲƳƶƷƭ GeTe<Y> ƳƷƧƪƷƶƷƧƪƲƲƥ ƴƳƧƪƵƺƲƳƶƷƲƥǄ ƩƭƹƹƸƬƭǄ Y ƭ La ƴƳ ƨƵƥƲƭƻƥƱ 

ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƬƪƵƪƲ, ƥƯƷƭƧƭƵƸǃƾƥǄƶǄ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ T>TT* ~ 600 Ə.  ƉƪƮƶƷƧƭƷƪưǁƲƳ, ƳƷƱƪƼƪƲƲƥǄ Ƨǀƽƪ 

ƲƭƬƯƥǄ ǂƹƹƪƯƷƭƧƲƳƶƷǁ Y ƯƥƯ ƩƳƲƳƵƥ ƸƯƥƬǀƧƥƪƷ Ʋƥ ƷƳ, ƼƷƳ ƼƥƶƷǁ ƥƷƳƱƳƧ ƭƷƷƵƭǄ ƲƥƺƳƩǄƷƶǄ Ƨ ƶƴưƥƧƥƺ GeTe<Y> Ƨ 

ƲƪƮƷƵƥưǁƲƳƱ ƶƳƶƷƳǄƲƭƭ, Ƨ ƷƳƱ Ƽƭƶưƪ ƳƲƭ ƱƳƨƸƷ ƧǀƩƪưǄƷǁƶǄ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƬƪƵƪƲ.  ƏƵƳƱƪ ƷƳƨƳ, Ƨ ƶƴưƥƧƥƺ GeTe<Y>, 

ƦƳƨƥƷǀƺ ƨƪƵƱƥƲƭƪƱ,  ƴƪƵƪƺƳƩ Ƨ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƸǃ ƹƥƬƸ ƭƱƪƪƷ ƺƥƵƥƯƷƪƵ ǂƧƷƪƯƷƳƭƩƲƳƨƳ ƴƵƪƧƵƥƾƪƲƭǄ a Ą b 

+ Ge<Y>, ƴƵƭ ǂƷƳƱ ƭƬ ƷƧƪƵƩƳƨƳ ƵƥƶƷƧƳƵƥ Ʋƥ ƴƳƧƪƵƺƲƳƶƷǁ ƬƪƵƪƲ ƴƳưƭƯƵƭƶƷƥưưƳƧ ƱƳƫƪƷ ƧǀƩƪưǄƷǁƶǄ ƩƳƴƳưƲƭƷƪưǁƲƳƪ 

ƯƳưƭƼƪƶƷƧƳ Y.  ƢƷƭ ƴƵƪƩƴƳưƳƫƪƲƭǄ ƴƳƩƷƧƪƵƫƩƥǃƷƶǄ ƯƵƭƶƷƥưưƳƺƭƱƭƼƪƶƯƭƱ ƥƲƥưƭƬƳƱ ƶƷƵƸƯƷƸƵ ƭƶƶưƪƩƳƧƥƲƲǀƺ 

ƶƴưƥƧƳƧ GeTe <Sc, Y, La>, ƴƵƳƧƪƩƪƲƲǀƱ Ƨ ƵƥƱƯƥƺ ƷƪƳƵƭƭ ƴưƳƷƲƪƮƽƭƺ ƽƥƵƳƧǀƺ ƸƴƥƯƳƧƳƯ [6, 12]. 

ƏƵƭƶƷƥưưƳƺƭƱƭƼƪƶƯƭƮ ƥƲƥưƭƬ. ƒƥ Ƶƭƶ. 3 ƴƳƯƥƬƥƲǀ ƯƳƳƵƩƭƲƥƻƭƳƲƲǀƪ ƴƳưƭǂƩƵǀ ƯƥƷƭƳƲƳƧ Ƨ ƶƷƵƸƯƷƸƵƥƺ a-, 

b- ƭ g- GeTe ƭ ƶƴưƥƧƳƧ  (Sc, Y, La) Te  (T= 300 K).   

 

ƖƳƨưƥƶƲƳ Ƶƭƶ.3, ƳƶƲƳƧƳƮ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵǀ b- GeTe ǄƧưǄƪƷƶǄ ƴưƳƷƲƥǄ ƸƴƥƯƳƧƯƥ ƭƳƲƳƧ  Te2- (rTe
2- = 

2,11 Å) , Ƨ ƳƯƷƥǂƩƵƭƼƪƶƯƭƺ ƴƸƶƷƳƷƥƺ ƯƳƷƳƵƳƮ   (r0 = 0,41 rTe
2- ~ 0,87 Å ) ƵƥƬƱƪƾƥǃƷƶǄ  ƯƥƷƭƳƲǀ Ge2+  (r =  0,65 Å)  [22].  

ƕƥƶƶƷƳǄƲƭƪ ƱƪƫƩƸ ƭƳƲƥƱƭ  Ƨ ƶưƳǄƺ Ɨƪ  Ƨ b- GeTe  ƴƵƭƦưƭƬƭƷƪưǁƲƳ ƵƥƧƲƥ ƶƸƱƱƪ ƵƥƩƭƸƶƳƧ ƭƳƲƳƧ Ɨƪ2-, ƷƥƯ ƼƷƳ 

ƴƳƩƵƪƽƪƷƯƥ Ɨƪ  ƳƦƵƥƬƸƪƷ ƦƥƬƳƧǀƮ ƯƥƵƯƥƶ GeTe.  Ƒƥưǀƪ ƭƳƲǀ Ge2+ ƱƳƨƸƷ ƶƧƳƦƳƩƲƳ ƴƪƵƪƱƪƾƥƷǁƶǄ Ƨ ƴƵƪƩƪưƥƺ 

ƳƯƷƥǂƩƵƭƼƪƶƯƳƮ ƴƸƶƷƳƷǀ, ƴƵƭ ƭƺ ƴƪƵƪƱƪƾƪƲƭƭ ƴƳ ƲƥƴƵƥƧưƪƲƭǃ [111] ƴƵƳƭƶƺƳƩƭƷ ƹƥƬƳƧǀƮ ƴƪƵƪƺƳƩ  b Ą ,h  ƥ 

ƴƵƭ  ƴƪƵƪƱƪƾƪƲƭƭ ƴƳ ƲƥƴƵƥƧưƪƲƭǃ [110] ɛ b Ą g, ƴƵƭ ǂƷƳƱ ƶƷƵƸƯƷƸƵƥ ƶƴưƥƧƳƧ ƶƷƥƲƳƧƭƷƶǄ ƶưƳƭƶƷƳƮ [2]. ƖưƳƭ, 

ƳƦƵƥƬƸǃƾƭƪƶǄ Ƨ  -h GeTe, ǄƧưǄǃƷƶǄ ƴưƳƶƯƭƱƭ, ƥ ƶưƳƭ  g- GeTe  -  ƨƳƹƵƭƵƳƧƥƲƲǀƱƭ (Ƶƭƶ.3 [2].  Ƈ ưƪƨƭƵƳƧƥƲƲǀƺ 

ƶƴưƥƧƥƺ GeTe<Sc, Y, La>  ƦƳưǁƽƭƪ ƴƳ ƵƥƬƱƪƵƸ ƭƳƲǀ  Sc3+ (r=  0,83 Å), Y3+ (r= 0,97 Å) ƭ La3+ (r= 1,04 Å)  [12] ƧǀƷƪƶƲǄǃƷ 

ƕƭƶ.3. ƏƳƲƻƪƲƷƵƥƻƭƳƲƲǀƪ ƴƳưƭǂƩƵǀ ƯƥƷƭƳƲƳƧ Ƨ ƶƷƵƸƯƷƸƵƥƺ b-, a-  ƭ g- GeTe, ScTe , YTe   ƭ LaTe  [6, 12]. 
ƔƵƳƶƷƵƥƲƶƷƧƪƲƲǀƪ ƨƵƸƴƴǀ ƶƭƱƱƪƷƵƭƭ: b- GeTe, YTe   ƭ  LaTe  - Fm̀3m; 2 - a-GeTe  - R3m; g- GeTe ɛ Pnma; ScTe 
ɛ P63/mmc. ƓƦƳƬƲƥƼƪƲƭǄ ƱƪƫƥƷƳƱƲǀƺ ƵƥƶƶƷƳǄƲƭƮ, Å :  ƇƖ ɛ ƧƲƸƷƵƭ ƶưƳǄ; ƑC ɛ ƱƪƫƩƸ ƶưƳǄƱƭ.  ƗƪƱƴƪƵƥƷƸƵƥ T, K: 

1 -  730 Ə; 2- 6 ɛ 300 K. 
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ƭƳƲ Ge2+ ƭƬ ƳƯƷƥǂƩƵƭƼƪƶƯƭƺ ƴƸƶƷƳƷ. ƗƥƯƭƱ ƳƦƵƥƬƳƱ ƵƥƬƱƪƵƲǀƪ ƶƳƳƷƲƳƽƪƲƭǄ Ƨ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵƪ GeTe 

ƲƥƵƸƽƥǃƷƶǄ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƭƬƱƪƲǄǃƷƶǄ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƪ ƭ ƱƪƺƥƲƭƼƶƯƭƪ ƶƧƳƮƶƷƧƥ ƶƴưƥƧƳƧ. 

ƇǀƧƳƩǀ. 1. Ƒƥưǀƪ ƩƳƦƥƧƯƭ ƭƷƷƵƭǄ ƭ ưƥƲƷƥƲƥ ƴƵƭƧƳƩǄƷ Ư ƵƥƬƧƭƷƭǃ ǂƹƹƪƯƷƥ «ƶƧƪƵƺƴưƥƶƷƭƼƲƳƶƷƭ» 

ƴƳưƭƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƳƦƵƥƬƻƳƧ GeTe ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ ƶƧǀƽƪ «ƴƵƭƱƪƶƲƳƮ» ƷƪƱƴƪƵƥƷƸƵǀ ƗƥƱƱƥƲƥ T > TT* ~ 600 

Ə. 

2. ƔưƥƶƷƭƹƭƻƭƵƸǃƾƪƪ ƶƧƳƮƶƷƧƳ ƭƷƷƵƭǄ ƱƳƫƪƷ ƦǀƷǁ ƭƶƴƳưǁƬƳƧƥƲƳ ƴƵƭ ƵƥƬƵƥƦƳƷƯƪ ƲƳƧǀƺ 

ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ GeTe, ƴƵƭƨƳƩƲǀƺ ƩưǄ ƩưƭƷƪưǁƲƳƮ ǂƯƶƴưƸƥƷƥƻƭƭ Ƨ ƵƪƫƭƱƥƺ 

ƷƪƵƱƳƻƭƯưƭƵƳƧƥƲƭǄ ƧƦưƭƬƭ ƷƪƱƴƪƵƥƷƸƵǀ ƏǃƵƭ Tc= 630- 700 K. 

3. Ƈ ƴƵƳƻƪƶƶƪ ƵƥƬƵƥƦƳƷƯƭ ƲƳƧǀƺ ƶƴưƥƧƳƧ Ʋƥ ƳƶƲƳƧƪ GeTe ƶ ƧǀƶƳƯƳƮ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƩƳƦƵƳƷƲƳƶƷǁǃ ZƗ 
> 1 ƭ ƶ ƴƳƲƭƫƪƲƲǀƱƭ ƬƲƥƼƪƲƭǄƱƭ Tc ƩưǄ ƶƳƺƵƥƲƪƲƭǄ ƱƪƺƥƲƭƼƪƶƯƳƮ ƶƷƥƦƭưǁƲƳƶƷƭ ƱƥƷƪƵƭƥưƥ  ƲƪƳƦƺƳƩƭƱƳ  

ƴƵƭƩƪƵƫƭƧƥƷǁƶǄ  ƳƨƵƥƲƭƼƪƲƭǄ  TT*  <  Tc.  

ƕƥƦƳƷƥ ƧǀƴƳưƲǄưƥƶǁ ƴƳ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƱƸ ƬƥƩƥƲƭǃ ʋ 075-00746-19-00. 
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ƕƅƌƕƅƆƓƗƏƅ ƒƍƏƊƐƊƇƠƚ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƉƐƤ ƋƍƉƏƓƖƓƐƊƇƠƚ ƕƊƅƏƗƓƕƓƇ 

DEVELOPMENT OF NICKEL COMPOSITE MATERIALS FOR LIQUID SALT REACTORS  

ƅƨƸƵƪƪƧ Ɛ.Ɗ.1, ƍƧƥƲƳƧ Ɔ.Ɩ.1, ƐƥƴƷƪƧ ƍ.ƒ.1, ƏƥƲƸƽƯƭƲ ƅ.ƍ.2 

Agureev L.E., Ivanov B.S., Laptev I.N., Kanushkin A.I. 
1 ƕƳƶƶƭǄ, ƈƒƛ ƙƈƘƔ «ƛƪƲƷƵ ƏƪưƩǀƽƥ», trynano@gmail.com 

2 ƕƳƶƶƭǄ, ƓƓƓ «ƕƸƶƅƗ», kanushkin.andrey@icloud.com 

ƖƳƬƩƥƲƭƪ ƲƳƧǀƺ ǂƲƪƵƨƪƷƭƼƪƶƯƭƺ ƸƶƷƥƲƳƧƳƯ Ʋƥ ƳƶƲƳƧƪ ƫƭƩƯƳƶƳưƪƧǀƺ ǄƩƪƵƲǀƺ ƵƪƥƯƷƳƵƳƧ ƷƵƪƦƸƪƷ 

ƵƥƬƵƥƦƳƷƯƭ ƯƳƱƴƳƬƭƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ ƭƺ ƯƳƲƶƷƵƸƯƻƭƮ, ƸƶƷƳƮƼƭƧǀƺ Ư ƧƳƬƩƪƮƶƷƧƭǃ ƵƥƶƴưƥƧƳƧ ƶƳưƪƮ ƭ 

ƵƥƩƭƳƥƯƷƭƧƲƳƨƳ ƷƳƴưƭƧƥ [1-3]. ƑƥƷƪƵƭƥưǀ Ʋƥ ƳƶƲƳƧƪ ƲƭƯƪưǄ ƱƳƨƸƷ Ƨ ǂƷƳƮ ƶƧǄƬƭ ƱƳƨƸƷ ƳƯƥƬƥƷǁƶǄ ƩƳƧƳưǁƲƳ 

ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ. ƔƵƭƱƪƲƪƲƭƪ ƶƴưƥƧƳƧ, ƸƴƵƳƼƲǅƲƲǀƺ ƱƥưǀƱƭ ƩƳƦƥƧƯƥƱƭ ƷƸƨƳƴưƥƧƯƭƺ ƲƥƲƳƼƥƶƷƭƻ ƱƳƫƪƷ 

ƶƸƾƪƶƷƧƪƲƲƳ ƴƳƧǀƶƭƷǁ ƱƪƺƥƲƭƼƪƶƯƭƪ, ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ ƭ ƵƪƶƸƵƶ ƵƥƦƳƷǀ ƸƬưƳƧ ƵƪƥƯƷƳƵƳƧ, 

ƭƬƨƳƷƳƧưƪƲƲǀƺ ƭƬ ƷƥƯƭƺ ƱƥƷƪƵƭƥưƳƧ. ƔƳƵƳƽƯƳƧƥǄ ƷƪƺƲƳưƳƨƭǄ ƭƬƨƳƷƳƧưƪƲƭǄ ƱƥƷƪƵƭƥưƳƧ, ƧƯưǃƼƥǃƾƥǄ 

ƱƪƺƥƲƭƼƪƶƯƳƪ ưƪƨƭƵƳƧƥƲƭƪ ƭ ƭƶƯƵƳƧƳƪ ƴưƥƬƱƪƲƲƳƪ ƶƴƪƯƥƲƭƪ, ƶƴƳƶƳƦƶƷƧƸƪƷ ƶƳƺƵƥƲƪƲƭǃ ƱƪưƯƳƨƳ ƵƥƬƱƪƵƥ ƬƪƵƲƥ 

ƭ ƸƴƵƳƼƲƪƲƭǃ ƯƳƱƴƳƬƭƷƳƧ. 

ƒƭƫƪ ƴƵƪƩƶƷƥƧưƪƲǀ ƶƲƭƱƯƭ ƶƷƵƸƯƷƸƵ ƭƶƶưƪƩƸƪƱǀƺ ƶƴưƥƧƳƧ, ƴƳưƸƼƪƲƲǀƪ ƱƪƷƳƩƳƱ ǂưƪƯƷƵƳƲƲƳƮ 

ƱƭƯƵƳƶƯƳƴƭƭ. 
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ƔƳưƸƼƪƲƭƪ ƱƲƳƨƳƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƯƳƱƴƳƬƭƷƳƧ ƲƳƧƳƨƳ ƴƳƯƳưƪƲƭǄ ƩưǄ ƶƳƬƩƥƲƭǄ ƱƥƷƪƵƭƥưƳƧ ƱƪƩƭƻƭƲƶƯƳƨƳ 

ƲƥƬƲƥƼƪƲƭǄ ƭ ƵƪƽƪƲƭǄ ǂƯƳưƳƨƭƼƪƶƯƭƺ ƬƥƩƥƼ ǄƧưǄƪƷƶǄ ƥƯƷƸƥưǁƲƳƮ ƴƵƳƦưƪƱƳƮ ƶƳƧƵƪƱƪƲƲƳƨƳ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ. 

ƓƩƲƭƱ ƭƬ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƲƥƴƵƥƧưƪƲƭƮ ƴƵƭ ƶƳƬƩƥƲƭƭ ƯƳƱƴƳƬƭƷƳƧ ƴƳƩƺƳƩƳƧ ƱƳƫƪƷ ƶƷƥƷǁ ƱƳƩƭƹƭƯƥƻƭǄ ƨưƭƲƭƶƷǀƺ 

ƱƭƲƪƵƥưƳƧ ƵƥƬưƭƼƲǀƱƭ ƲƥƴƳưƲƭƷƪưǄƱƭ. ƗƥƯƥǄ ƱƳƩƭƹƭƯƥƻƭǄ ƴƳƬƧƳưǄƪƷ ƻƪưƪƲƥƴƵƥƧưƪƲƲƳ ƵƪƨƸưƭƵƳƧƥƷǁ ƶƷƵƸƯƷƸƵƸ 

ƯƳƱƴƳƬƭƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƭƬƱƪƲǄƷǁ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƭ ƴƵƭƩƥƧƥƷǁ ƲƳƧǀƪ ƶƧƳƮƶƷƧƥ. Ƈ 

ƼƥƶƷƲƳƶƷƭ, ƭƬƧƪƶƷƲƥ ƶƴƳƶƳƦƲƳƶƷǁ ƱƭƲƪƵƥưǁƲƳƮ ƨưƭƲǀ ǂƹƹƪƯƷƭƧƲƳ ƭƬƧưƪƯƥƷǁ ƭƳƲǀ ƷǄƫƪưǀƺ ƱƪƷƥưưƳƧ ƭ 

ƳƵƨƥƲƭƼƪƶƯƭƪ ƶƳƪƩƭƲƪƲƭǄ. ƔƳǂƷƳƱƸ ƱƳƫƲƳ ƳƫƭƩƥƷǁ, ƼƷƳ ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƪ ƥưǃƱƳƶƭưƭƯƥƷǀ ƱƳƨƸƷ ƦǀƷǁ 

ƭƶƴƳưǁƬƳƧƥƲǀ Ƨ ƯƥƼƪƶƷƧƪ ƱƥƷƵƭƻ ƴƵƭ ƴƳưƸƼƪƲƭƭ ƱƪƩƭƻƭƲƶƯƭƺ ƴƵƪƴƥƵƥƷƳƧ ƭ ƥƩƶƳƵƦƪƲƷƳƧ ƩưǄ ƧǀƩƪưƪƲƭǄ 

ƳƵƨƥƲƭƼƪƶƯƭƺ ƭ ƷƳƯƶƭƼƲǀƺ ƧƪƾƪƶƷƧ ƭƬ ƵƥƬưƭƼƲǀƺ ƧƳƩƲǀƺ ƶƵƪƩ. 

Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƴƳưƸƼƪƲ ƯƳƱƴƳƬƭƻƭƳƲƲǀƮ ƱƥƷƪƵƭƥư ƨƥưưƸƥƬƭƷ/ƱƥƨƲƪƷƭƷ, ƭƶƶưƪƩƳƧƥƲǀ ƪƨƳ 

ƴƳƧƪƵƺƲƳƶƷƲƥǄ ƱƳƵƹƳưƳƨƭǄ, ƴƳƵƭƶƷƳƶƷǁ, ƯƵƭƶƷƥưưƭƼƪƶƯƥǄ ƶƷƵƸƯƷƸƵƥ ƭ ƥƩƶƳƵƦƻƭƳƲƲƥǄ ƥƯƷƭƧƲƳƶƷǁ ƴƳ ƳƷƲƳƽƪƲƭǃ 

ƷƭƥƬƭƲƳƧƳƱƸ ƯƵƥƶƭƷƪưǃ ƱƪƷƭưƪƲƳƧƳƱƸ ƨƳưƸƦƳƱƸ (Ƒƈ). 

ƏƳƱƴƳƬƭƷ ƨƥưưƸƥƬƭƷ/ƱƥƨƲƪƷƭƷ Ʀǀư ƶƭƲƷƪƬƭƵƳƧƥƲ ƱƪƷƳƩƳƱ ƺƭƱƭƼƪƶƯƳƨƳ ƶƳƳƶƥƫƩƪƲƭǄ ƶƳưƪƮ ƫƪưƪƬƥ Ƨ ƴƳƵƥƺ 

ƨƥưưƸƥƬƭƷƥ. Ɩ ǂƷƳƮ ƻƪưǁǃ ƨưƭƲƸ ƩƭƶƴƪƵƨƭƵƳƧƥưƭ Ƨ ƵƥƶƷƧƳƵƪ ƨƪƯƶƥƨƭƩƵƥƷƥ ƺưƳƵƭƩƥ ƫƪưƪƬƥ FeCl3ɥ6H2O ƭ 

ƷƪƷƵƥƨƭƩƵƥƷƥ ƺưƳƵƭƩƥ ƫƪưƪƬƥ FeCl2ɥ4H2O ƴƵƭ ƱƳưǄƵƲƳƱ ƶƳƳƷƲƳƽƪƲƭƭ ƭƳƲƳƧ Fe3+/Fe2+ Ƨ ƵƥƶƷƧƳƵƪ 2:1 Ƨ ƸƶưƳƧƭǄƺ 

ƭƲƷƪƲƶƭƧƲƳƨƳ ƴƪƵƪƱƪƽƭƧƥƲƭǄ ƭ ƧƳƬƩƪƮƶƷƧƭƭ ƸưǁƷƵƥƬƧƸƯƥ. Ƈ ƶƳƳƷƧƪƷƶƷƧƭƪ ƶ ƩƥƲƲǀƱƭ ƲƭƬƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ 

ƥƩƶƳƵƦƻƭƭ-ƩƪƶƳƵƦƻƭƭ ƴƥƵƳƧ ƥƬƳƷƥ ƭƶƶưƪƩƸƪƱǀƪ ƨƥưưƸƥƬƭƷ ƭ ƱƥƨƲƪƷƭƬƭƵƳƧƥƲƲǀƮ ƨƥưưƸƥƬƭƷ ƱƳƫƲƳ 

ƳƷƲƪƶƷƭ Ư ƱƪƬƳƴƳƵƭƶƷǀƱ ƱƥƷƪƵƭƥưƥƱ. ƒƥ ƵƪƲƷƨƪƲƳƧƶƯƭƺ ƩƭƹƵƥƯƷƳƨƵƥƱƱƥƺ ƯƳƱƴƳƬƭƷƥ ƲƥƦưǃƩƥǃƷƶǄ ƴƭƯƭ, 

ƺƥƵƥƯƷƪƵƲǀƪ ƩưǄ ƪƨƳ ƳƷƩƪưǁƲǀƺ ƯƳƱƴƳƲƪƲƷƳƧ, ƷƥƯƭƪ ƯƥƯ ƵƪƹưƪƯƶ (001), ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƮ ƱƪƫƴưƳƶƯƳƶƷƲƳƱƸ 

ƵƥƶƶƷƳǄƲƭǃ 0.734 ƲƱ Ƨ ƨƥưưƸƥƬƭƷƪ, ƭ ƵƪƹưƪƯƶ (311), ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƮ ƱƥƨƲƪƷƭƷƸ.    

ƅƩƶƳƵƦƻƭƳƲƲƳ-ƯƭƲƪƷƭƼƪƶƯƭƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƨƥưưƸƥƬƭƷƥ ƭ ƯƳƱƴƳƬƭƷƥ Ʀǀưƭ ƳƴƵƪƩƪưƪƲǀ ƴƵƭ ƭƶƶưƪƩƳƧƥƲƭƭ 

ƧưƭǄƲƭǄ ƧƵƪƱƪƲƭ ƯƳƲƷƥƯƷƥ ƹƥƬ ƥƩƶƳƵƦƪƲƷƥ ƭ ƵƥƶƷƧƳƵƥ Ƒƈ Ʋƥ ƯƳưƭƼƪƶƷƧƳ ƯƵƥƶƭƷƪưǄ, ƴƪƵƪƽƪƩƽƪƨƳ Ƨ ƹƥƬƸ 

ƥƩƶƳƵƦƪƲƷƥ. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƯƭƲƪƷƭƯƥ ƥƩƶƳƵƦƻƭƭ ƱƪƷƭưƪƲƳƧƳƨƳ ƨƳưƸƦƳƨƳ Ʋƥ ƨƥưưƸƥƬƭƷƪ ƭ ƯƳƱƴƳƬƭƷƪ ƳƴƭƶǀƧƥƪƷƶǄ 

ƸƵƥƧƲƪƲƭƪƱ ƵƪƥƯƻƭƭ ƴƶƪƧƩƳƴƪƵƧƳƨƳ ƴƳƵǄƩƯƥ. ƓƴƵƪƩƪưƪƲǀ: ƵƥƧƲƳƧƪƶƲǀƪ ƯƳƲƻƪƲƷƵƥƻƭƭ ƯƵƥƶƭƷƪưǄ, ƴƳƨưƳƾƪƲƲƳƨƳ 

ƨƥưưƸƥƬƭƷƳƱ ƭ ƯƳƱƴƳƬƭƷƳƱ, ƧƵƪƱǄ ƸƶƷƥƲƳƧưƪƲƭǄ ƥƩƶƳƵƦƻƭƳƲƲƳƨƳ ƵƥƧƲƳƧƪƶƭǄ ƭ ƯƳƲƶƷƥƲƷǀ ƶƯƳƵƳƶƷƭ ƴƵƳƻƪƶƶƥ. 

ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƴƵƳƻƪƶƶ ƥƩƶƳƵƦƻƭƭ ƯƵƥƶƭƷƪưǄ Ʋƥ ƳƦƳƭƺ ƥƩƶƳƵƦƪƲƷƥƺ ƴƵƳƺƳƩƭƷ ƶ ƦƳưǁƽƳƮ ƶƯƳƵƳƶƷǁǃ. ƇƵƪƱǄ 

ƩƳƶƷƭƫƪƲƭǄ ƵƥƧƲƳƧƪƶƭǄ ƶƳƶƷƥƧưǄƪƷ Ʋƪ ƦƳưƪƪ 25 ƱƭƲƸƷ ƴƵƭ ƧǀƶƳƯƳƮ ƶƷƪƴƪƲƭ ƭƬƧưƪƼƪƲƭǄ Ƒƈ, (ƶƧǀƽƪ 90%). 

ƅƩƶƳƵƦƻƭƳƲƲƥǄ ƥƯƷƭƧƲƳƶƷǁ ƯƳƱƴƳƬƭƷƥ ƨƥưưƸƥƬƭƷ/ƱƥƨƲƪƷƭƷ ƴƳ ƳƷƲƳƽƪƲƭǃ Ư Ƒƈ Ʋƥ 20% Ƨǀƽƪ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ 

ƥƲƥưƳƨƭƼƲƳƮ ƺƥƵƥƯƷƪƵƭƶƷƭƯƳƮ ƩưǄ ƲƪƱƳƩƭƹƭƻƭƵƳƧƥƲƲƳƨƳ ƨƥưưƸƥƬƭƷƥ. ƢƷƳƷ ǂƹƹƪƯƷ ƱƳƫƪƷ ƦǀƷǁ ƳƦƸƶưƳƧưƪƲ ƷƪƱ, 

ƥƩƶƳƵƦƻƭǄ Ƒƈ Ʋƥ ƯƳƱƴƳƬƭƷƪ ƳƶƸƾƪƶƷƧưǄƪƷƶǄ Ʋƪ ƷƳưǁƯƳ Ƭƥ ƶƼƪƷ ƥƩƶƳƵƦƻƭƳƲƲƳ-ƥƯƷƭƧƲǀƺ ƻƪƲƷƵƳƧ ƨƥưưƸƥƬƭƷƥ SiɛOH 

ƭ SiɛƓɛSi, ƲƳ ƭ ƩƳƲƳƵƲƳ-ƥƯƻƪƴƷƳƵƲƳƨƳ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƲƪƴƳƩƪưƪƲƲƳƮ ǂưƪƯƷƵƳƲƲƳƮ ƴƥƵǀ ƥƷƳƱƥ ƥƬƳƷƥ Ƒƈ ƭ 

ƲƪƬƥƧƪƵƽƪƲƲƳƨƳ d-ƴƳƩƸƵƳƧƲǄ ƥƷƳƱƥ ƫƪưƪƬƥ ƱƥƨƲƪƷƭƷƥ 
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ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƕƙƙƍ (ƨƵƥƲƷ ʋ 18-43-370015-Ƶ_ƥ). 
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ƖƴưƥƧǀ ƶ ǂƹƹƪƯƷƳƱ ƴƥƱǄƷƭ ƹƳƵƱǀ (ƖƔƙ) Ʋƥ ƳƶƲƳƧƪ ƲƭƯƪưƭƩƥ ƷƭƷƥƲƥ ƥƯƷƭƧƲƳ ƭƶƴƳưǁƬƸǃƷƶǄ Ƨ ƵƥƬưƭƼƲǀƺ 

ƳƦưƥƶƷǄƺ ƲƥƸƯƭ, ƷƪƺƲƭƯƭ ƭ ƱƪƩƭƻƭƲǀ, ƦưƥƨƳƩƥƵǄ ƸƲƭƯƥưǁƲƳƱƸ ƯƳƱƴưƪƯƶƸ ƱƪƺƥƲƭƼƪƶƯƭƺ ƭ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯ. ƗƪƺƲƳưƳƨƭƼƪƶƯƳƪ ƵƥƬƧƭƷƭƪ ƳƦƾƪƶƷƧƥ ƴƵƭƧƳƩƭƷ Ư ƹƳƵƱƭƵƳƧƥƲƭǃ ƲƳƧǀƺ ƷƵƪƦƳƧƥƲƭƮ Ư ƳƶƲƳƧƲǀƱ 

ƹƸƲƯƻƭƳƲƥưǁƲǀƱ ƶƧƳƮƶƷƧƥƱ ƖƔƙ Ʋƥ ƳƶƲƳƧƪ Ti-Ni. ƒƥ ƶƪƨƳƩƲǄƽƲƭƮ ƩƪƲǁ ƶƸƾƪƶƷƧƸƪƷ ƲƪƳƦƺƳƩƭƱƳƶƷǁ ƴƳưƸƼƪƲƭǄ 

ƶƴưƥƧƳƧ ƶ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƱ ǂƹƹƪƯƷƳƱ ƴƥƱǄƷƭ ƹƳƵƱǀ. ƒƥ ƩƥƲƲǀƮ ƱƳƱƪƲƷ ƶƸƾƪƶƷƧƸƪƷ ƻƪưǀƮ ƵǄƩ 

ƭƶƶưƪƩƳƧƥƲƭƮ, ƴƳƶƧǄƾƪƲƲǀƺ ƨƵƸƴƴƪ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƶƴưƥƧƳƧ Ʋƥ ƳƶƲƳƧƪ ƲƭƯƪưƭƩƥ ƷƭƷƥƲƥ, ƷƥƯƭƺ ƯƥƯ Ti-Ni-

X, ƨƩƪ X- Pd, Pt, Zr, Hf [1-4]. ƔƪƵƧƥǄ ƨƵƸƴƴƥ ƶƴưƥƧƳƧ ƴƳƬƧƳưǄƪƷ ƬƲƥƼƭƷƪưǁƲƳ ƴƳƧǀƶƭƷǁ ƷƪƱƴƪƵƥƷƸƵƲǀƮ ƭƲƷƪƵƧƥư 

ƱƥƵƷƪƲƶƭƷƲǀƺ ƴƵƪƧƵƥƾƪƲƭƮ (ƗƍƑƔ), ƳƩƲƥƯƳ ƳƷưƭƼƥǃƷƶǄ ƶưƭƽƯƳƱ ƧǀƶƳƯƳƮ ƶƷƳƭƱƳƶƷǁǃ (Ti-Ni-Pd,  

Ti-Ni-Pt) ƭƬ-Ƭƥ ƲƥưƭƼƭǄ ƩƵƥƨƳƻƪƲƲǀƺ ƱƪƷƥưưƳƧ. ƇƷƳƵƥǄ ƨƵƸƴƴƥ ƶƴưƥƧƳƧ ƷƥƯƫƪ ƴƳƬƧƳưǄƪƷ ƭƬƱƪƲǄƷǁ ƗƍƑƔ Ƨ ƶƷƳƵƳƲƸ 

ƦƳưƪƪ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵ, ƭ ǄƧưǄƪƷƶǄ ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲƳƮ ƶ ƷƳƼƯƭ ƬƵƪƲƭǄ ƳƦƪƶƴƪƼƪƲƭǄ ƲƪƳƦƺƳƩƭƱƳƨƳ 

ƯƳƱƴưƪƯƶƥ ƶƧƳƮƶƷƧ ƴƵƭ ƶƵƥƧƲƭƷƪưǁƲƳ ƲƭƬƯƳƮ ƶƪƦƪƶƷƳƭƱƳƶƷƭ Zr ƭ Hf. ƍƬ ǂƷƭƺ ƩƧƸƺ ƶƭƶƷƪƱ ƲƥƭƦƳưƪƪ 

ƴƵƪƩƴƳƼƷƭƷƪưǁƲǀ ƶƴưƥƧǀ Ti-Ni-Hf, ƴƳƶƯƳưǁƯƸ ƳƲƭ ƳƦưƥƩƥǃƷ ƦƳưǁƽƪƮ ƶƷƥƦƭưǁƲƳƶƷǁǃ ƴƳưƸƼƥƪƱǀƺ ƶƧƳƮƶƷƧ Ƨ 

ƳƷưƭƼƭƪ ƳƷ ƶƴưƥƧƳƧ Ti-Ni-Zr (ƲƥƴƵƭƱƪƵ, Ƨ ƶƴưƥƧƥƺ ƶ ƻƭƵƯƳƲƭƪƱ ƴƵƭ ƻƭƯưƭƼƪƶƯƭƺ ƲƥƨƵƸƬƯƥƺ Ʋƪ ƴƵƳƭƶƺƳƩƭƷ 

ƶƷƥƦƭưƭƬƥƻƭƭ ƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƭƲƷƪƵƧƥưƥ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƹƳƵƱǀ, ƭ ƳƲ ƲƪƸƯưƳƲƲƳ ƵƥƶƷƪƷ) [5].  ƔƵƭ ǂƷƳƱ ƨƵƸƴƴƥ 

ƶƴưƥƧƳƧ Ʋƥ ƳƶƲƳƧƪ Ti-Ni-Hf ǄƧưǄƪƷƶǄ ƷƵƸƩƲƳƩƪƹƳƵƱƭƵƸƪƱƳƮ, ƭ ƴƵƳƦưƪƱǀ ƴƳưƸƼƪƲƭǄ ƳƦƵƥƬƻƳƧ ƭƬ ƩƥƲƲƳƮ ƨƵƸƴƴǀ 

ƶƴưƥƧƳƧ ƱƪƷƳƩƥƱƭ ƴưƥƶƷƭƼƪƶƯƳƮ ƩƪƹƳƵƱƥƻƭƭ Ʋƪ Ʀǀưƥ ƴƳưƲƳƶƷǁǃ ƵƪƽƪƲƥ. Ƈ ƵƥƲƪƪ ƴƵƳƧƳƩƭƱǀƺ ƭƶƶưƪƩƳƧƥƲƭǄƺ Ƨ 

ƳƶƲƳƧƲƳƱ ƸƩƥƧƥưƳƶǁ ƴƳưƸƼƥƷǁ ƷƳưǁƯƳ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƪ ƳƦƵƥƬƻǀ (ƱƭƯƵƳƳƦƵƥƬƻǀ) ƩưǄ ƴƵƳƧƪƩƪƲƭǄ ƲƥƸƼƲǀƺ 

ƭƶƶưƪƩƳƧƥƲƭƮ, ƲƥƴƵƥƧưƪƲƲǀƺ Ʋƥ ƳƴƵƪƩƪưƪƲƭǄ ƧưƭǄƲƭǄ ƶƳƩƪƵƫƥƲƭǄ ƨƥƹƲƭƮ Ʋƥ ƺƥƵƥƯƷƪƵ ƴƵƳƷƪƯƥƲƭǄ 

ƱƥƵƷƪƲƶƭƷƲǀƺ ƴƵƪƧƵƥƾƪƲƭƮ ƭ ƲƪƯƳƷƳƵǀƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ [6-7]. ƔƵƭ ǂƷƳƱ ƬƥƨƳƷƳƧƯƭ Ƨ ƳƶƲƳƧƲƳƱ 

ƴƳưƸƼƥưƭ ƱƪƷƳƩƥƱƭ ưƭƷƪƮƲƳƨƳ ƴƵƳƭƬƧƳƩƶƷƧƥ ƴƵƭ ƳƷƶƸƷƶƷƧƭƭ, ưƭƦƳ ƶ ƲƪƬƲƥƼƭƷƪưǁƲǀƱ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ 

ƴưƥƶƷƭƼƪƶƯƳƮ ƩƪƹƳƵƱƥƻƭƭ (Ƽƥƾƪ ƧƶƪƨƳ ǂƯƶƷƵƸƬƭƭ). ƒƪƶƱƳƷƵǄ Ʋƥ ƷƳ, ƼƷƳ ƴƪƵƶƴƪƯƷƭƧƲƳƶƷǁ ƭƶƴƳưǁƬƳƧƥƲƭǄ Hf Ƹƫƪ 

ƩƳƯƥƬƥƲƥ, ƯƳƱƴưƪƯƶƲǀƪ ƭƶƶưƪƩƳƧƥƲƭǄ ƧưƭǄƲƭǄ ƶƳƩƪƵƫƥƲƭǄ ƨƥƹƲƭǄ Ƨ ƳƦƿƪƱƲǀƺ ƳƦƵƥƬƻƥƺ, Ʋƥ ƧƳƬƱƳƫƲƳƶƷǁ 

ƴƵƭƱƪƲƪƲƭǄ ƷƪƵƱƳƱƪƺƥƲƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ, ƥ ƷƥƯƫƪ ƯƳƲƪƼƲǀƮ ƯƳƱƴưƪƯƶ ƱƪƺƥƲƭƼƪƶƯƭƺ ƭ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ 

ƶƧƳƮƶƷƧ, ƳƷƶƸƷƶƷƧƸǃƷ. 

ƛƪưǁ ƵƥƦƳƷǀ ɛ ƵƥƬƵƥƦƳƷƯƥ ƷƪƺƲƳưƳƨƭƭ ƴƳưƸƼƪƲƭǄ ƩưƭƲƲƳƱƪƵƲǀƺ ƴƳưƸƹƥƦƵƭƯƥƷƳƧ ƭƬ ƶƴưƥƧƳƧ ƶ ƴƥƱǄƷǁǃ 

ƹƳƵƱǀ (ƖƔƙ) Ʋƥ ƳƶƲƳƧƪ ƲƭƯƪưƭƩƥ ƷƭƷƥƲƥ ưƪƨƭƵƳƧƥƲƲǀƺ ƨƥƹƲƭƪƱ. ƖƴưƥƧǀ ƶƭƶƷƪƱǀ Ti-Ni-Hf ƴƳƬƧƳưǄǃƷ ƴƳưƸƼƭƷǁ 

ƷƪƱƴƪƵƥƷƸƵƸ ƯƳƲƻƥ ƳƦƵƥƷƲƳƨƳ ƱƥƵƷƪƲƶƭƷƲƳƨƳ ƴƵƪƧƵƥƾƪƲƭǄ ƅƯ Ƨ ƭƶƴƳưƲƭƷƪưǁƲǀƺ ǂưƪƱƪƲƷƥƺ ƨƳƷƳƧǀƺ ƭƬƩƪưƭƮ 

Ƨǀƽƪ 130 °Ɩ, ƼƷƳ ƧƳƶƷƵƪƦƥƧƥƲƳ Ƨ ƵǄƩƪ ƳƷƵƥƶưƪƮ ƴƵƳƱǀƽưƪƲƲƳƶƷƭ ƴƵƭ ƴƵƳƭƬƧƳƩƶƷƧƪ ƶƭƨƲƥưǁƲƳ-ƴƸƶƯƳƧǀƺ 

ƸƶƷƵƳƮƶƷƧ.  
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ƍƬ ƶƪƵƭƭ ƶƴưƥƧƳƧ ƶ ƵƥƬưƭƼƲǀƱ ƺƭƱƭƼƪƶƯƭƱ ƶƳƶƷƥƧƳƱ Ʀǀư ƭƶƶưƪƩƳƧƥƲ ƶƴưƥƧ ƶ 5 Ƨƪƶ. % Hf. ƍƶƺƳƩƲǀƪ ƶưƭƷƯƭ 

ƴƳưƸƼƥưƭ ƱƪƷƳƩƳƱ ǂưƪƯƷƵƳƲƲƳ-ưƸƼƪƧƳƮ ƴưƥƧƯƭ Ƨ ƴƪƼƭ ƱƳƾƲƳƶƷǁǃ 60 ƯƇƷ ƴƵƭ ƧƥƯƸƸƱƪ 1ῒ10-5 Ƨ ƱƪƩƲƳƱ-ƧƳƩƳ-

ƳƺưƥƫƩƥƪƱƳƱ ƯƵƭƶƷƥưưƭƬƥƷƳƵƪ. ƕƥƬƱƪƵ ƶưƭƷƯƳƧ ƴƳƶưƪ ƧǀƴưƥƧƯƭ ƶƳƶƷƥƧưǄư 11ῒ16ῒ162 ƱƱ, Ʊƥƶƶƥ 102 ƨ (Ƶƭƶ.1). 

 

ƕƭƶ. 1 ƖưƭƷƳƯ ƶƴưƥƧƥ Ti-Ni-Hf ƶ ƶ 5 Ƨƪƶ. % Hf ƴƳƶưƪ ƧǀƴưƥƧƯƭ  
Ƨ ǂưƪƯƷƵƳƲƲƳ-ưƸƼƪƧƳƮ ƴƪƼƭ 

ƉưǄ ƴƳưƸƼƪƲƭǄ ƴƵƸƷƯƳƧ ƩƭƥƱƪƷƵƳƱ 3,5 ƱƱ ƭƶƴƳưǁƬƳƧƥưƭ ƨƳƵǄƼƸǃ ƵƳƷƥƻƭƳƲƲƸǃ ƯƳƧƯƸ (Ƶƭƶ.2). ƏƳƧƯƸ 

ƴƵƳƧƳƩƭưƭ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 900-1000 ºƖ ƶ ƳƷƲƳƶƭƷƪưǁƲƳƮ ƶƷƪƴƪƲǁǃ ƩƪƹƳƵƱƥƻƭƪƮ Ƭƥ ƴƵƳƺƳƩ 5-25 %. ƉưƭƲƲƥ 

ƴƵƸƷƯƳƧ ƴƳƶưƪ ƴƵƭƱƪƲƪƲƭǄ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ ƶƳƶƷƥƧưǄưƥ 900 ƱƱ.  

 

ƕƭƶ. 2 ƔƵƸƷƳƯ ƭƬ ƶƴưƥƧƥ Ti-Ni-Hf ƶ 5 Ƨƪƶ. % Hf Ƨ ƴƵƳƻƪƶƶƪ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ 

ƑƪƺƥƲƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƴƳưƸƼƪƲƲǀƺ ƴƵƸƷƯƳƧ ƳƴƵƪƩƪưǄưƭ ƶ ƴƳƱƳƾǁǃ ƭƶƴǀƷƥƲƭƮ Ʋƥ ƵƥƶƷǄƫƪƲƭƪ ƴƵƭ 

ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ (Ƶƭƶ. 3). ƗƪƱƴƪƵƥƷƸƵƲǀƮ ƭƲƷƪƵƧƥư ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƹƳƵƱǀ (ƗƍƇƙ) ƳƴƵƪƩƪưǄưƭ ƶ 

ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƷƪƵƱƳƱƪƺƥƲƭƼƪƶƯƳƨƳ ƱƪƷƳƩƥ ƴƵƭ ƭƶƴǀƷƥƲƭƭ Ʋƥ ƭƬƨƭƦ. ƍƶƴǀƷƥƲƭǄ ƴƵƳƧƳƩƭưƭ ƩưǄ ƳƦƵƥƬƻƳƧ 

ƲƪƴƳƶƵƪƩƶƷƧƪƲƲƳ ƴƳƶưƪ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ, ƥ ƷƥƯƫƪ ƴƳƶưƪ ƴƵƭƱƪƲƪƲƭǄ ƴƳƶưƪƩƪƹƳƵƱƥƻƭƳƲƲƳƨƳ ƳƷƫƭƨƥ (ƔƉƓ) ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƪ 550 ºƖ Ƨ ƷƪƼƪƲƭƪ 2 ƼƥƶƳƧ ƶ ƳƺưƥƫƩƪƲƭƪƱ Ƨ ƧƳƩƪ ƩưǄ ƳƴƵƪƩƪưƪƲƭǄ ƱƪƺƥƲƭƼƪƶƯƭƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƭ 

ƴƵƭ 1000 °Ɩ Ƨ ƷƪƼƪƲƭƪ 1 Ƽƥƶƥ ƩưǄ ƳƴƵƪƩƪưƪƲƭǄ ƗƍƇƙ. 

 

ƕƭƶ. 3 ƉƭƥƨƵƥƱƱǀ ƵƥƶƷǄƫƪƲƭǄ ƴƵƸƷƯƳƧ ƭƬ ƶƴưƥƧƥ Ti-Ni-Hf ƶ 5 Ƨƪƶ. % Hf ƩƭƥƱƪƷƵƳƱ 3,5 ƱƱ.  ֢֢֢֢ - ƴƳƶưƪ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ; 
- - -  - ƴƳƶưƪ ƯƳƧƯƭ ƭ ƔƉƓ ƴƵƭ 550ƳƖ 
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ƍƶƶưƪƩƸƪƱǀƪ ƴƵƸƷƯƭ ƭƱƪǃƷ ƧǀƶƳƯƭƪ ƴƵƳƼƲƳƶƷƲǀƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ: B̀ = 1000 ƑƔƥ, 0̀.2 = 800 ƑƔƥ ƴƳƶưƪ 

ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ ƭ B̀ = 990 ƑƔƥ, 0̀.2 = 840 ƑƔƥ ƴƳƶưƪ ƔƉƓ, ƴƵƭ ǂƷƳƱ ƭƱƪǃƷ ƩƳƶƷƥƷƳƼƲƸǃ ƴưƥƶƷƭƼƲƳƶƷǁ ( ɻ= 24 

% ƴƳƶưƪ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ ƭ 29 % ƴƳƶưƪ ƔƉƓ) (ƷƥƦư.1). Ƈ ƵƪƬƸưǁƷƥƷƪ ƳƴƵƪƩƪưƪƲƭǄ ƗƍƇƙ ƦǀưƳ ƸƶƷƥƲƳƧưƲƳ, ƼƷƳ 

ƷƪƱƴƪƵƥƷƸƵƥ ƅƲ = 70 °Ɩ, ƅƯ = 125 °Ɩ ƲƪƴƳƶƵƪƩƶƷƧƪƲƲƳ ƴƳƶưƪ ƵƳƷƥƻƭƳƲƲƳƮ ƯƳƧƯƭ, ƭ ƅƲ = 120 °Ɩ, ƅƯ = 155 °Ɩ ƴƳưƪ 

ƴƵƭƱƪƲƪƲƭǄ ƔƉƓ.  

ƗƥƦưƭƻƥ 1. ƕƪƬƸưǁƷƥƷǀ ƭƶƴǀƷƥƲƭƮ Ʋƥ ƵƥƶƷǄƫƪƲƭƪ ƴƵƸƷƯƳƧ  3,5 ƱƱ 

ƗƑƓ 
ỪƵ, 
ƑƔƥ 

0̀,2, 
ƑƔƥ 

Ŵ̀, 
ƑƔƥ 

ƴʁư, 

% 
Ƨ̀, 
ƑƔƥ 

,ɻ 

% 

 3,5 ƱƱ 214 800 586 8,0 1000 24 

 3,5 ƱƱ + 550 °Ɩ, 2 Ƽ 202 840 638 9,0 990 29 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ Ƨ ƺƳƩƪ ƴƵƳƧƪƩƪƲƭǄ ƵƥƦƳƷǀ Ʀǀưƭ ƴƳưƸƼƪƲǀ ƯƥƼƪƶƷƧƪƲƲǀƪ ƩưƭƲƲƳƱƪƵƲǀƪ ƬƥƨƳƷƳƧƯƭ 

ƩƭƥƱƪƷƵƳƱ 3,5 ƱƱ ƭ ƩưƭƲƳƮ 870 ƱƱ ƭƬ ƖƔƙ Ʋƥ ƳƶƲƳƧƪ ƲƭƯƪưƭƩƥ ƷƭƷƥƲƥ ƶ ƶƳƩƪƵƫƥƲƭƪƱ Hf 5 % (Ƨƪƶ.). 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ Ƨ ƵƥƱƯƥƺ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƨƳ ƬƥƩƥƲƭǄ ƍƑƊƗ ƕƅƒ ʋ 075-00947-20-00. 

ƖƔƍƖƓƏ ƍƖƗƓƜƒƍƏƓƇ: 

1. Shape memory alloys: fundamentals, modeling and applications / Brailovski V., Prokoshkin S., Terriault P., 

Trochu F., et. al., Montreal, EST Publishing, 2003, 844 p. 

2. Shape Memory Alloys: Properties, Technologies, Opportunities / Resnina N. and Rubanik V., Ed., Trans Tech 

Publications, Praffikon, 2015 642 p. 

3. ƖƴưƥƧǀ ƲƭƯƪưƭƩƥ ƷƭƷƥƲƥ ƶ ƴƥƱǄƷǁǃ ƹƳƵƱǀ. ƜƥƶƷǁ 1. ƖƷƵƸƯƷƸƵƥ, ƹƥƬƳƧǀƪ ƴƵƪƧƵƥƾƪƲƭǄ ƭ ƶƧƳƮƶƷƧƥ / Ƈ.ƈ. 

ƔƸƽƭƲ ƭ ƩƵ., ƊƯƥƷƪƵƭƲƦƸƵƨ: ƘƵƳ ƕƅƒ, 2006, 438 ƶ. 

4. ƑƥƷƪƵƭƥưǀ ƶ ǂƹƹƪƯƷƳƱ ƴƥƱǄƷƭ ƹƳƵƱǀ. ƖƴƵƥƧ. ƭƬƩ. Ɨ.2 / ƔƳƩ ƵƪƩ. ƐƭƺƥƼƪƧƥ Ƈ.ƅ. ƖƔƆ.: ƍƬƩ-ƧƳ ƒƍƍƚ 

ƖƔƆƈƘ, 1998, 374 ƶ. 

5. Noebe R., Biles T., Padula S. Advanced structural materials: properties, design optimization, and 

applicationsɞ, in: W. Soboyejo, T. Srivastan (Eds.) // Advanced Structural Materials: Properties, Design 

Optimization, and Applicationsɞ, CRC Press, 2007, P.145-187. 

6. M. Zarinejad, Y. Liu, T.J. White, The crystal chemistry of martensite in NiTiHf shape memory alloys // 

Intermetallics, 2008, V.16, P.876-883. 

7. V.G. Pushin, N.N. Kuranova, A.V. Pushin, A.N. Uksusnikov, N.I. Kourov, T.E. Kuntsevich Structural and Phase 

Transformations, Mechanical Properties, and Shape-Memory Effects in Quasibinary Ni50Ti38Hf12 Alloy 

Obtained by Quenching from the Melt // The Physics of Metals and Metallography, 2016, V.117(12), 

P.1251ɛ1260. 
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ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƗƓƇ ƒƅ ƓƖƒƓƇƊ ƔƓƐƍƑƊƕƒƠƚ ƑƅƗƕƍƛ ƍ ƇƠƖƓƏƓƉƍƖƔƊƕƖƒƓƈƓ 

ƘƈƐƊƕƓƉƅ Ƈ ƖƘƆ-Ɨƈƛ ƉƍƅƔƅƌƓƒƊ 

STUDY OF DIELECTRIC PROPERTIES OF COMPOSITES BASED ON POLYMERIC MATRIXES AND HIGH-DISPERSED 

CARBON AT SUB-THZ RANGE 

ƆƥƩǁƭƲ ƅ.Ƈ., ƉƳƵƳƫƯƭƲ Ə.Ƈ., ƏƸưƪƽƳƧ ƈ.Ɗ. 

Badin A.V., Dorozhkin K.V., Kuleshov G.E. 

ƕƳƶƶƭǄ, ƗƳƱƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ, thzlab@mail.tsu.ru 

ƖƳƧƪƵƽƪƲƶƷƧƳƧƥƲƭƪ ƶƳƧƵƪƱƪƲƲǀƺ ƵƥƩƭƳǂưƪƯƷƵƳƲƲǀƺ ƷƪƺƲƳưƳƨƭƮ ƲƪƭƬƦƪƫƲƳ ƶƧǄƬƥƲƳ ƶ ƴƵƳƩƧƭƫƪƲƭƪƱ Ƨ 

ƳƦưƥƶƷǁ ƯƵƥƮƲƪƧǀƶƳƯƭƺ ƭ ƨƭƴƪƵƧǀƶƳƯƭƺ ƼƥƶƷƳƷ. ƒƥ ƷƪƯƸƾƭƮ ƱƳƱƪƲƷ ƷƪƺƲƭƯƥ, ƵƥƦƳƷƥǃƾƥǄ Ƨ ƳƦưƥƶƷƭ ƼƥƶƷƳƷ Ʋƭƫƪ 

100 ƈƈƻ, ƥƯƷƭƧƲƳ ƴƵƳƭƬƧƳƩƭƷƶǄ ƭ ƴƵƭƱƪƲǄƪƷƶǄ Ƨ ƶƭƶƷƪƱƥƺ ƷƪưƪƯƳƱƱƸƲƭƯƥƻƭƭ [1]. ƔƵƳƩƧƭƫƪƲƭƪ Ƨ ƶƸƦƷƪƵƥƨƪƵƻƳƧƸǃ 

ƳƦưƥƶƷǁ (100-300 ƈƈƻ) ƼƥƶƷƳƷ ƶƳƴƵǄƫƪƲƳ ƶ ƲƪƳƦƺƳƩƭƱƳƶƷǁǃ ƵƥƬƵƥƦƳƷƯƭ ƲƳƧǀƺ ƱƥƷƪƵƭƥưƳƧ, ǂƹƹƪƯƷƭƧƲƳ 

ƧƬƥƭƱƳƩƪƮƶƷƧƸǃƾƭƺ ƶ ǂưƪƯƷƵƳƱƥƨƲƭƷƲǀƱ ƭƬưƸƼƪƲƭƪƱ. ƏƵƳƱƪ ƷƳƨƳ, ƴƳƧǀƽƪƲƭƪ ƵƥƦƳƼƭƺ ƼƥƶƷƳƷ ƷƵƪƦƸƪƷ 

ƭƶƴƳưǁƬƳƧƥƲƭǄ ƴƵƪƻƭƬƭƳƲƲǀƺ ƶƭƶƷƪƱ Ƨ ƴƵƳƭƬƧƳƩƶƷƧƪƲƲƳƱ ƴƵƳƻƪƶƶƪ, ƷƥƯƭƺ ƯƥƯ ƥƩƩƭƷƭƧƲǀƪ ƷƪƺƲƳưƳƨƭƭ, 3D-

ƴƪƼƥƷǁ [2]. ƔƵƪƩƶƷƥƧưǄƪƷ ƭƲƷƪƵƪƶ ƭƶƶưƪƩƳƧƥƲƭƪ ƯƳƱƴƳƬƭƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ 3D-ƴƪƼƥƷƭ Ʋƥ ƳƶƲƳƧƪ 

ƴƳưƭƱƪƵƲǀƺ ƱƥƷƵƭƻ ƭ ƸƨưƪƵƳƩƲƳƨƳ ƲƥƴƳưƲƭƷƪưǄ ƶ ƻƪưǁǃ ƭƬƱƪƲƪƲƭǄ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƳƷƲƳƶƭƷƪưǁƲƳ 

ƭƶƺƳƩƲƳƨƳ ƴƳưƭƱƪƵƥ. ƗƵƥƩƭƻƭƳƲƲƳ Ƨ ƯƥƼƪƶƷƧƪ ƱƥƷƵƭƻǀ ƴƵƭƱƪƲǄǃƷ ƺƭƱƭƼƪƶƯƭƪ ƴƳưƭƱƪƵǀ (ưƥƯƭ, ƶƱƳưǀ), Ƨ ƷƳƱ 

Ƽƭƶưƪ ƥƯƵƭưƳƲƭƷƵƭưƦƸƷƥƩƭƪƲƶƷƭƵƳư (ƅƆƖ) ƭ ƴƳưƭǂƷƭưƪƲƷƪƵƥƹƷƥưƥƷ-ƨưƭƯƳưǁ (ƔƢƗƈ), ƳƦưƥƩƥǃƾƭƮ ƧǀƶƳƯƳƮ 

ƺƭƱƭƼƪƶƯƳƮ ƶƷƳƮƯƳƶƷǁǃ Ư ƵƥƶƷƧƳƵƭƷƪưǄƱ. Ƈ ƯƥƼƪƶƷƧƪ ƲƥƴƳưƲƭƷƪưǄ ƭƶƴƳưǁƬƸǃƷ ƸƨưƪƵƳƩƲǀƪ ƲƥƲƳƶƷƵƸƯƷƸƵǀ: 

ƳƩƲƳƶƷƪƲƲǀƪ ƭ ƱƲƳƨƳƶƷƪƲƲǀƪ ƸƨưƪƵƳƩƲǀƪ ƲƥƲƳƷƵƸƦƯƭ [3-5], ƲƥƲƳƧƳưƳƯƲƥ [6, 7], ƨƵƥƹƪƲ [8]. Ə ƲƪƩƳƶƷƥƷƯƥƱ ƩƥƲƲǀƺ 

ƲƥƴƳưƲƭƷƪưƪƮ ƶƷƳƭƷ ƳƷƲƪƶƷƭ ƧǀƶƳƯƸǃ ƶƷƳƭƱƳƶƷǁ. ƅưǁƷƪƵƲƥƷƭƧƲǀƱ ƲƥƴƳưƲƭƷƪưƪƱ ƱƳƫƪƷ ƧǀƶƷƸƴƥƷǁ 

ƧǀƶƳƯƳƩƭƶƴƪƵƶƲǀƮ ƸƨưƪƵƳƩ (ƇƉƘ), ƴƪƵƶƴƪƯƷƭƧƲǀƮ ƩưǄ ƶƳƬƩƥƲƭǄ ƯƳƱƴƳƬƭƷƳƧ ƶ ƴƳƧǀƽƪƲƲƳƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ 

ƴƵƳƲƭƻƥƪƱƳƶƷǁǃ. 

ƉưǄ ƭƶƶưƪƩƳƧƥƲƭǄ Ʀǀưƭ ƭƬƨƳƷƳƧưƪƲǀ ƴưƳƶƯƳƴƥƵƥưưƪưǁƲǀƪ ƳƦƵƥƬƻǀ Ʋƥ ƳƶƲƳƧƪ ƇƉƘ ƭ ƴƳưƭƱƪƵƲǀƺ ƱƥƷƵƭƻ 

ƭƬ ƅƆƖ ƭ ƔƢƗƈ. Ƈ ƷƥƦưƭƻƪ 1 ƴƵƪƩƶƷƥƧưƪƲǀ ƴƥƵƥƱƪƷƵǀ ƳƦƵƥƬƻƳƧ ƱƥƷƪƵƭƥưƳƧ. 

ƗƥƦưƭƻƥ 1. ƔƥƵƥƱƪƷƵǀ ƭƶƶưƪƩƸƪƱǀƺ ƳƦƵƥƬƻƳƧ ƯƳƱƴƳƬƭƷƳƧ 

ƓƦƵƥƬƪƻ 

ƑƥƷƪƵƭƥư 

ƱƥƷƵƭƻǀ ƒƥƴƳưƲƭƷƪưǁ ƗƳưƾƭƲƥ (ƱƯƱ) 

1 ƅƆƖ 

 

ƓƷƶƸƷƶƷƧƸƪƷ 1970 

2 20% ƇƉƘ 630 

3 

ƔƢƗƈ 

ƓƷƶƸƷƶƷƧƸƪƷ 815 

4 20% ƇƉƘ 840 

ƍƬƨƳƷƳƧưƪƲƭƪ ƳƦƵƥƬƻƳƧ Ƨ ƧƭƩƪ ƳƩƲƳƵƳƩƲǀƺ ƴưƥƶƷƭƲ ƴƵƳƭƬƧƳƩƭưƳƶǁ ƴƵƭ ƴƳƱƳƾƭ ƥƩƩƭƷƭƧƲƳƮ ƷƪƺƲƳưƳƨƭƭ 

ƴƳƶưƳƮƲƳƨƳ ƲƥƴưƥƧưƪƲƭǄ ƭƬ ƯƳƱƴƳƬƭƻƭƳƲƲƳƨƳ ƹƭưƥƱƪƲƷƥ. ƏƳƱƴƳƬƭƻƭƳƲƲǀƮ ƱƥƷƪƵƭƥư ƩưǄ ƹƭưƥƱƪƲƷƥ Ʋƥ ƳƶƲƳƧƪ 

ƅƆƖ ƭ ƇƉƘ ƭƬƨƳƷƥƧưƭƧƥưƶǄ ƸưǁƷƵƥƬƧƸƯƳƧǀƱ ƺƭƱƭƼƪƶƯƭƱ ƱƪƷƳƩƳƱ [*]. ƇƧƭƩƸ ƶƷƳƮƯƳƶƷƭ ƔƢƗƈ Ư ƦƳưǁƽƭƲƶƷƧƸ 

ƵƥƶƷƧƳƵƭƷƪưƪƮ ƯƳƱƴƳƬƭƷ Ʋƥ ƳƶƲƳƧƪ ƔƢƗƈ ƭ ƇƉƘ ƴƵƳƭƬƧƳƩƭưƶǄ ƱƪƷƳƩƳƱ ƨƳƵǄƼƪƨƳ ƶƱƪƽƪƲƭǄ. Ƈ ƯƥƼƪƶƷƧƪ 

ƲƥƴƳưƲƭƷƪưƪƮ ƴƳưƭƱƪƵƲƳƮ ƱƥƷƵƭƻǀ ƧƳ Ƨƶƪƺ ƳƦƵƥƬƻƥƺ ƭƶƴƳưǁƬƳƧƥưƶǄ ƇƉƘ ƶƳ ƶƵƪƩƲƭƱ ƵƥƬƱƪƵƳƱ ƼƥƶƷƭƻ 5-20 ƱƯƱ. 

ƙƳƵƱƭƵƳƧƥƲƭƪ ƹƭưƥƱƪƲƷƥ ƩƭƥƱƪƷƵƳƱ 1,75 ƱƱ ƩưǄ 3D-ƴƵƭƲƷƪƵƥ ƴƵƳƭƬƧƳƩƭưƳƶǁ ƵƸƼƲǀƱ ǂƯƶƷƵƸƩƪƵƳƱ. ƔƵƳƻƪƶƶ 

ƴƪƼƥƷƭ ƳƦƵƥƬƻƳƧ ƴƵƳƭƶƺƳƩƭư ƶƳƴưƳƱ 1 ƱƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 230 °Ɩ, ƷƪƱƴƪƵƥƷƸƵƪ ƶƷƳưƥ 60 °Ɩ Ƨ ƵƪƫƭƱƪ 

ƴƪƵƪƯƵǅƶƷƲƳƨƳ ƼƪƵƪƩƳƧƥƲƭǄ ƶưƳƪƧ ƴƵƭ 100% ƬƥƴƳưƲƪƲƭƭ ƳƦƿƪƯƷƥ. Ƈ ƯƥƼƪƶƷƧƪ ǂƷƥưƳƲƲǀƺ ƳƦƵƥƬƻƳƧ Ʀǀưƭ 

ƭƶƴƳưǁƬƳƧƥƲǀ ƲƥƴƪƼƥƷƥƲƲǀƪ ƭƶƺƳƩƲǀƱƭ ƴƳưƭƱƪƵƥƱƭ (ƅƆƖ ƭ ƔƢƗƈ) ƴưƥƶƷƭƲǀ.  

ƍƬƱƪƵƪƲƭǄ ƯƳǂƹƹƭƻƭƪƲƷƥ ƴƵƳƺƳƫƩƪƲƭǄ ƭ ƹƥƬƳƧƳƨƳ ƶƩƧƭƨƥ ƴƵƳƭƬƧƳƩƭưƭƶǁ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ 

ƯƧƥƬƭƳƴƷƭƼƪƶƯƳƨƳ ƐƓƇ-ƶƴƪƯƷƵƳƱƪƷƵƥ (ƵƭƶƸƲƳƯ 1), ƳƶƲƳƧƥƲƲƳƨƳ Ʋƥ ƭƲƷƪƵƹƪƵƳƱƪƷƵƪ Ƒƥƺƥ-ƛƥƲƩƪƵƥ. ƈƪƲƪƵƥƻƭǄ 

ƲƪƴƵƪƵǀƧƲƳƨƳ ƖƸƦ-Ɨƈƻ ƭƬưƸƼƪƲƭǄ ƴƵƳƭƬƧƳƩƭưƥƶǁ ưƥƱƴƳƮ ƳƦƵƥƷƲƳƮ ƧƳưƲǀ (ƐƓƇ), ƴƪƵƪƯƵǀƧƥǃƾƭƮ ƩƭƥƴƥƬƳƲ 
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ƼƥƶƷƳƷ 115-258 ƈƈƻ. ƉƪƷƪƯƷƭƵƳƧƥƲƭƪ ƴƵƳƽƪƩƽƪƨƳ ƼƪƵƪƬ ƭƶƶưƪƩƸƪƱǀƮ ƳƦƵƥƬƪƻ ƳƶƸƾƪƶƷƧưǄưƳƶǁ ǄƼƪƮƯƳƮ ƈƳưƪǄ 

(ƥƯƸƶƷƳ-ƳƴƷƭƼƪƶƯƭƱ ƴƵƪƳƦƵƥƬƳƧƥƷƪưƪƱ).      

 

ƕƭƶ. 1 ƐƓƇ-ƶƴƪƯƷƵƳƱƪƷƵ ƷƪƵƥƨƪƵƻƳƧƳƨƳ ƩƭƥƴƥƬƳƲƥ. 

ƒƥ ƳƶƲƳƧƪ ƭƬƱƪƵƪƲƲǀƺ ƯƳǂƹƹƭƻƭƪƲƷƥ ƴƵƳƺƳƫƩƪƲƭǄ ƭ ƹƥƬƳƧƳƨƳ ƶƩƧƭƨƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƴưƳƶƯƳƧƳưƲƳƧƳƨƳ 

ƴƵƭƦưƭƫƪƲƭǄ Ʀǀưƭ ƵƥƶƶƼƭƷƥƲǀ ƼƥƶƷƳƷƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƯƳƱƴưƪƯƶƲƳƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ (ƵƭƶƸƲƳƯ 

2 ƭ 3). 

 

ƕƭƶ. 2 ƜƥƶƷƳƷƲƥǄ ƬƥƧƭƶƭƱƳƶƷǁ ƩƪƮƶƷƧƭƷƪưǁƲƳƮ ƼƥƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƯƳƱƴƳƬƭƷƳƧ Ʋƥ ƳƶƲƳƧƪ ƅƆƖ, ƔƢƗƈ 
ƭ ƇƉƘ. 
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ƕƭƶ. 3 ƜƥƶƷƳƷƲƥǄ ƬƥƧƭƶƭƱƳƶƷǁ ƱƲƭƱƳƮ ƼƥƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƯƳƱƴƳƬƭƷƳƧ Ʋƥ ƳƶƲƳƧƪ ƅƆƖ, ƔƢƗƈ ƭ ƇƉƘ. 

ƔƳưƸƼƪƲƲǀƪ ƵƪƬƸưǁƷƥƷƥƷǀ ƴƳƯƥƬǀƧƥǃƷ ƴƳƧǀƽƪƲƭƪ Ƨ 1,4 ƵƥƬƥ ƩƪƮƶƷƧƭƷƪưǁƲƳƮ ƼƥƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ 

ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƯƳƱƴƳƬƭƷƥ Ʋƥ ƳƶƲƳƧƪ ƔƢƗƈ ƭ ƇƉƘ ƳƷƲƳƶƭƷƪưǁƲƳ ƯƳƱƴƳƬƭƷƥ Ʋƥ ƳƶƲƳƧƪ ƅƆƖ ƭ ƇƉƘ. ƑƲƭƱƥǄ ƼƥƶƷǁ 

ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ Ƨ ƷƳ ƫƪ ƧƵƪƱǄ ƸƧƪưƭƼƭƧƥƪƷƶǄ Ƨ 2 ƵƥƬƥ. ƗƥƯƳƪ ƵƥƬưƭƼƭƪ, ƧƪƵƳǄƷƲƳ, ƶƧǄƬƥƲƳ ƶ 

ƺƭƱƭƼƪƶƯƳƮ ƷƪƺƲƳưƳƨƭƪƮ ƭƬƨƳƷƳƧưƪƲƭǄ ƭƶƺƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ ƩưǄ 3D ƴƵƭƲƷƪƵƥ, ƯƳƨƩƥ ƴƳƩ ƩƪƮƶƷƧƭƪƱ 

ƸưǁƷƵƥƬƧƸƯƳƧƳƮ ƳƦƵƥƦƳƷƯƭ ƱƳƾƲƳƶƷǁǃ 75 ƇƷ Ƨ ƷƪƼƪƲƭƭ 10 ƱƭƲƸƷ ƥƨưƳƱƪƵƥƷǀ ƇƉƘ ƵƥƬƦƭƧƥǃƷƶǄ.  

ƍƶƶưƪƩƳƧƥƲƭƪ ƧǀƴƳưƲƪƲƳ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƶƳƧƪƷƥ ƴƳ ƨƵƥƲƷƥƱ ƔƵƪƬƭƩƪƲƷƥ ƕƙ ƩưǄ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƮ 
ƴƳƩƩƪƵƫƯƭ ƱƳưƳƩǀƺ ƵƳƶƶƭƮƶƯƭƺ ƸƼƪƲǀƺ ʋ ƑƏ-1709.2020.8. 
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ƚƥưǁƯƳƨƪƲƭƩƲǀƪ ƶƷǅƯưƥ ƶƭƶƷƪƱǀ Ge-S-Bi ƴƵƪƩƶƷƥƧưǄǃƷ ƭƲƷƪƵƪƶ Ƨ ƳƴƷƭƼƪƶƯƭƺ ƴƵƭưƳƫƪƲƭǄƺ Ʋƪ ƷƳưǁƯƳ 

ƦưƥƨƳƩƥƵǄ ƧǀƶƳƯƳƱƸ ƴƳƯƥƬƥƷƪưǃ ƴƵƪưƳƱưƪƲƭǄ, ƴƵƳƬƵƥƼƲƳƶƷƭ ƭ ƲƪưƭƲƪƮƲƳƮ ƧƳƶƴƵƭƭƱƼƭƧƳƶƷƭ, ƲƳ ƭ ƲƥưƭƼƭǃ 

ƸưǁƷƵƥƽƭƵƳƯƳƮ ƴƳưƳƶǀ ưǃƱƭƲƪƶƻƪƲƻƭƭ (1.2 ɛ 2.3 ƱƯƱ), ƳƦƸƶưƳƧưƪƲƲƳƮ ƥƯƷƭƧƲǀƱƭ ƻƪƲƷƵƥƱƭ ƧƭƶƱƸƷƥ, ƴƵƭƵƳƩƥ 

ƯƳƷƳƵǀƺ ƧƬƥƭƱƳƶƧǄƬƥƲƥ ƶƳ ƶƷƪƴƪƲǁǃ ƪƨƳ ƳƯƭƶưƪƲƭǄ. ƔƵƭ ǂƷƳƱ ƩƥƲƲǀƪ Ƴ ƶƳƳƷƲƪƶƪƲƭƭ ƥƯƷƭƧƲƳƶƷƭ ƧƭƶƱƸƷƥ ƭ ƪƨƳ 

ƶƷƪƴƪƲƭ ƳƯƭƶưƪƲƭǄ ƧƪƶǁƱƥ ƴƵƳƷƭƧƳƵƪƼƭƧǀ. ƍƶƴƳưǁƬƳƧƥƲƭƪ ƱƪƷƳƩƥ ƱƭƲƭƱƭƬƥƻƭƭ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ ƩưǄ 

ƴƵƳƨƲƳƬƭƵƳƧƥƲƭǄ ƸƶưƳƧƭƮ ƴƳưƸƼƪƲƭǄ ƲƥƭƦƳưƪƪ ƸƶƷƳƮƼƭƧǀƺ Ư ƯƵƭƶƷƥưưƭƬƥƻƭƭ ƶƷǅƯƳư ƭ ƬƥƩƥƼƥ ƴƳ ƳƴƵƪƩƪưƪƲƭǃ 

ƶƷƪƴƪƲƭ ƳƯƭƶưƪƲƭǄ ƧƭƶƱƸƷƥ ƷƵƪƦƸǃƷ ƬƲƥƲƭǄ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƩƥƲƲǀƺ. 

ƛƪưǁ ƵƥƦƳƷǀ: 

 ɛ ƳƴƵƪƩƪưƪƲƭƪ ƶƷƥƲƩƥƵƷƲǀƺ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƹƸƲƯƻƭƮ ƶƷǅƯƳư GeSx:Bi (1 < x < 2), ƧƯưǃƼƥǄ 

ƧƬƥƭƱƳƶƧǄƬƥƲƲƸǃ ƶƳ ƶƷƪƴƪƲǁǃ ƳƯƭƶưƪƲƭǄ ƧƭƶƱƸƷƥ ǂƲƷƥưǁƴƭǃ ƳƦƵƥƬƳƧƥƲƭǄ;  

 ɛ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƮ ƥƲƥưƭƬ ƧƳƬƱƳƫƲǀƺ ƴƵƳƩƸƯƷƳƧ ƯƵƭƶƷƥưưƭƬƥƻƭƭ.  

Ƈ ƵƪƬƸưǁƷƥƷƪ ƯƥưƳƵƭƱƪƷƵƭƼƪƶƯƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ ƧǀƶƳƯƳƼƭƶƷǀƺ ƳƦƵƥƬƻƳƧ ƶƷǅƯƳư ƶƭƶƷƪƱǀ GeSx:Bi (1 < x < 2) 

ƱƪƷƳƩƳƱ ƩƭƹƹƪƵƪƲƻƭƥưǁƲƳƮ ƶƯƥƲƭƵƸǃƾƪƮ ƯƥưƳƵƭƱƪƷƵƭƭ (Netzsch DSC 404 F1 Pegasus) ƭ ƴƳƶưƪƩƸǃƾƪƮ 

ƳƦƵƥƦƳƷƯƭ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƩƥƲƲǀƺ Ʀǀưƭ ƵƥƶƶƼƭƷƥƲǀ ƷƪƴưƳǅƱƯƳƶƷǁ Cp°(T), ƭƬƱƪƲƪƲƭƪ ǂƲƷƥưǁƴƭƭ H°(T) ʑ Hl°(0), 

ǂƲƷƵƳƴƭƭ S°(T) ʑ Sl°(0) ƭ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ G°(T) ʑ Hl°(0) Ƨ ƩƭƥƴƥƬƳƲƪ T Ÿ 0 ƩƳ 750 Ə. ƖƷƥƲƩƥƵƷƲǀƪ ǂƲƷƥưǁƴƭƭ 

ƳƦƵƥƬƳƧƥƲƭǄ ƶƷǅƯƳư, ƧƬƥƭƱƳƶƧǄƬƥƲƲǀƪ ƶ ƵƥƶƴƵƪƩƪưƪƲƭƪƱ ƬƥƵǄƩƳƧ Ʋƥ ƥƷƳƱƥƺ, Ʀǀưƭ ƳƴƵƪƩƪưƪƲǀ ƱƪƷƳƩƳƱ 

ƧƥưƪƲƷƲƳ-ƳƵƦƭƷƥưǁƲƳƮ ƥƴƴƵƳƯƶƭƱƥƻƭƭ (ƇƓƅ) ƴƳ ǂưƪƯƷƵƳƲƲǀƱ ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƱ ƥƷƳƱƳƧ Ge, S ƭ Bi. ƢƷƳ ƴƳƬƧƳưƭưƳ 

ƳƻƪƲƭƷǁ ƶƷƪƴƪƲǁ ƳƯƭƶưƪƲƭǄ ƧƭƶƱƸƷƥ Ƨ ƭƶƶưƪƩƳƧƥƲƲƳƮ ƶƷƪƯưƳƳƦƵƥƬƸǃƾƪƮ ƶƭƶƷƪƱƪ (ƖƖ) Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƪǅ 

ƶƳƶƷƥƧƥ, ƭƶƺƳƩǄ ƭƬ ƴƵƳƴƳƵƻƭƳƲƥưǁƲƳƶƷƭ ƶƷƪƴƪƲƪƮ ƳƯƭƶưƪƲƭǄ ƲƥƮƩƪƲƲǀƱ ƬƥƵǄƩƥƱ Ʋƥ ƥƷƳƱƥƺ [1]. ƖƳƴƳƶƷƥƧưƪƲƭƪ 

ƲƥƮƩƪƲƲǀƺ Ƨ ƵƪƬƸưǁƷƥƷƪ ƴƵǄƱƳƨƳ ƯƥưƳƵƭƱƪƷƵƭƼƪƶƯƳƨƳ ǂƯƶƴƪƵƭƱƪƲƷƥ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƹƸƲƯƻƭƮ ƶƷǅƯƳư GeSx:Bi 

(1 < x < 2) ƶ ƵƥƶƶƼƭƷƥƲƲǀƱƭ ƱƪƷƳƩƳƱ ƈƭƦƦƶƥ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƱƭ ƹƸƲƯƻƭǄƱƭ ƥƶƶƳƻƭƥƷƭƧƲƳƮ ƱƳƩƪưƭ ƵƥƶƴưƥƧƥ Ƨ 

ƶƳƳƷƧƪƷƶƷƧƸǃƾƪƱ ƷƪƱƴƪƵƥƷƸƵƲƳƱ ƭƲƷƪƵƧƥưƪ ƴƳƯƥƬƥưƳ ƺƳƵƳƽƪƪ ƶƳƳƷƧƪƷƶƷƧƭƪ ƴƳưƸƼƪƲƲǀƺ ƶƷƥƲƩƥƵƷƲǀƺ ǂƲƷƥưǁƴƭƮ 

ƳƦƵƥƬƳƧƥƲƭǄ ƶƷǅƯƳư ƶ ƭƺ ƴƵƪƩƧƥƵƭƷƪưǁƲƳƮ ƳƻƪƲƯƳƮ.  

ƔƪƵƪƶǀƾƪƲƭƪ Ʋƥ ƯƵƭƶƷƥưưƭƬƥƻƭǃ, ƳƴƵƪƩƪưǄƪƱƳƪ ƵƥƬƲƳƶƷǁǃ ƺƭƱƭƼƪƶƯƭƺ ƴƳƷƪƲƻƭƥưƳƧ ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƭ 

ǂƯƶƷƵƥƴƳưƭƵƳƧƥƲƲǀƺ Ʋƥ ƳƦưƥƶƷǁ ƴƪƵƪƳƺưƥƫƩǅƲƲƳƨƳ ƵƥƶƴưƥƧƥ ƫƭƩƯƭƺ ƯƳƱƴƳƲƪƲƷƳƧ, ƩƥưƳ ƧƳƬƱƳƫƲƳƶƷǁ ƸƶƷƥƲƳƧƭƷǁ 

ƶƳƳƷƲƳƽƪƲƭǄ Ge/S, ƴƵƭ ƯƳƷƳƵǀƺ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭ ƧǀƨƳƩƲƥ ƯƵƭƶƷƥưưƭƬƥƻƭǄ GeS ƭ GeS2 ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ.  

ƔƳưƸƼƪƲƲǀƪ ƩƥƲƲǀƪ ƶƴƳƶƳƦƶƷƧƸǃƷ ƧǀƦƳƵƸ ƶƳƶƷƥƧƥ ƶƷǅƯƳư GeSx:Bi (1 < x < 2), ƶ ƳƩƲƳƮ ƶƷƳƵƳƲǀ, ƱƥƯƶƭƱƥưǁƲƳ 

ƸƶƷƳƮƼƭƧǀƺ Ư ƯƵƭƶƷƥưưƭƬƥƻƭƭ, ƥ ƶ ƩƵƸƨƳƮ - ƶ ƷƵƪƦƸƪƱƳƮ ƶƷƪƴƪƲǁǃ ƳƯƭƶưƪƲƭǄ ƧƭƶƱƸƷƥ, ƭ ƷƥƯƭƱ ƳƦƵƥƬƳƱ ƸƶƯƳƵǄǃƷ 

ƵƥƬƵƥƦƳƷƯƸ ƷƪƺƲƳưƳƨƭƭ ƴƳưƸƼƪƲƭǄ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƩưǄ ƴƵƥƯƷƭƯƭ ƧƭƶƱƸƷƶƳƩƪƵƫƥƾƭƺ ƶƷǅƯƳư ƭ ƧǀƷǄƫƯƭ ƭƬ Ʋƭƺ 

ƧƳưƳƯƳƲƲǀƺ ƶƧƪƷƳƧƳƩƳƧ.  

ƍƶƶưƪƩƳƧƥƲƭƪ ƧǀƴƳưƲƪƲƳ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƕƙƙƍ Ƨ ƵƥƱƯƥƺ ƲƥƸƼƲƳƨƳ ƴƵƳƪƯƷƥ ʋ 19-33-90220. 
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ƔƳƴƥƩƥǄ Ƨ ƴƵƭƵƳƩƲǀƪ ƧƳƩƳƪƱǀ ƶ ƴƵƳƱǀƽưƪƲƲǀƱƭ ƶƷƳƼƲǀƱƭ ƧƳƩƥƱƭ, ƭƳƲǀ ƺƵƳƱƥ ƴƵƭƶƸƷƶƷƧƸǃƷ Ƨ Ʋƭƺ Ƨ 

ƩƧƸƺ ƳƶƲƳƧƲǀƺ ƧƥưƪƲƷƲǀƺ ƶƳƶƷƳǄƲƭǄƺ: ƽƪƶƷƭƧƥưƪƲƷƲƳƱ ƭ ƷƵƪƺƧƥưƪƲƷƲƳƱ. ƔƵƭ ǂƷƳƱ ƭƬƧƪƶƷƲƳ, ƼƷƳ ƭƳƲǀ 

ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ ǄƧưǄǃƷƶǄ ƦƳưƪƪ ƷƳƯƶƭƼƲǀƱƭ ƭƬ-Ƭƥ ƯƥƲƻƪƵƳƨƪƲƲƳƨƳ ƭ ƱƸƷƥƨƪƲƲƳƨƳ ƩƪƮƶƷƧƭǄ Ʋƥ ƫƭƧǀƪ 

ƳƵƨƥƲƭƬƱǀ. Ƈ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ Ƶƒ ƵƥƶƷƧƳƵƥ, ƯƳƲƻƪƲƷƵƥƻƭƭ Cr(VI) ƭ ƳƯƭƶưƭƷƪưǁƲƳ-ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲƳƨƳ ƴƳƷƪƲƻƭƥưƥ 

ƲƥƭƦƳưƪƪ ƵƥƶƴƵƳƶƷƵƥƲƪƲƲǀƱƭ ƧƭƩƥƱƭ Cr(VI), ƴƵƭƶƸƷƶƷƧƸǃƾƭƱƭ Ƨ ƧƳƩƲƳƱ ƵƥƶƷƧƳƵƪ, ǄƧưǄǃƷƶǄ Cr2O7
2ɛ, CrO42, H2CrO4 

ƭ HCrO4
ɛ. Ƈ ǂƷƳƱ ƶƳƶƷƳǄƲƭƭ Cr(VI) ƼƵƪƬƧǀƼƥƮƲƳ ƴƳƩƧƭƫƪƲ ƯƥƯ Ƨ ƧƳƩƪ, ƷƥƯ ƭ Ƨ ƴƳƼƧƪ. 

ƓƩƲƭƱ ƭƬ ƲƥƭƦƳưƪƪ ƴƵƪƩƴƳƼƷƭƷƪưǁƲǀƺ ƱƪƷƳƩƳƧ ƳƼƭƶƷƯƭ ƶƷƳƼƲǀƺ ƧƳƩ ƳƷ Cr(VI) ǄƧưǄƪƷƶǄ ƧƳƶƶƷƥƲƳƧưƪƲƭƪ 

Cr(VI) ƩƳ Cr(III), ƴƳƶƯƳưǁƯƸ Cr(III) ƶƼƭƷƥƪƷƶǄ ƱƪƲƪƪ ƷƳƯƶƭƼƲǀƱ ƭ ƴƵƭ ƳƴƵƪƩƪưƪƲƲƳƱ Ƶƒ ƱƳƫƪƷ ƦǀƷǁ ƳƶƥƫƩƪƲ ƭƬ 

ƵƥƶƷƧƳƵƥ Ƨ ƹƳƵƱƪ Cr(OH)3 ƶ ƴƳƶưƪƩƸǃƾƭƱ ƸƩƥưƪƲƭƪƱ Ƨ ƧƭƩƪ ƷƧƪƵƩǀƺ ƳƷƺƳƩƳƧ [1]. 

ƒƥƭƦƳưƪƪ ƵƥƶƴƵƳƶƷƵƥƲƪƲƲǀƱƭ ƴƵƳƱǀƽưƪƲƲǀƱƭ ƧƳƶƶƷƥƲƳƧƭƷƪưǄƱƭ ǄƧưǄǃƷƶǄ ƨƥƬƳƳƦƵƥƬƲǀƮ ƩƭƳƯƶƭƩ ƶƪƵǀ 

ƭưƭ ƦƭƶƸưǁƹƭƷ ƲƥƷƵƭǄ, ƥ ƷƥƯƫƪ ƶƳưƭ Fe(II), ƵƥƦƳƷƥǃƾƭƪ Ƨ Ưƭƶưǀƺ ƸƶưƳƧƭǄƺ. ƓƩƲƥƯƳ ƩƥƲƲǀƪ ƴƳƩƺƳƩǀ ƭƱƪǃƷ ƶƧƳƭ 

ƳƨƵƥƲƭƼƪƲƭǄ. ƏƳƨƩƥ ƭƶƴƳưǁƬƸƪƷƶǄ ƶƸưǁƹƥƷ ƫƪưƪƬƥ (II), Ƨ ƧƭƩƪ ƷƧƪƵƩǀƺ ƳƷƺƳƩƳƧ ƩƳƴƳưƲƭƷƪưǁƲƳ ƳƦƵƥƬƸƪƷƶǄ 

ƨƭƩƵƳƯƶƭƩ ƫƪưƪƬƥ, ƯƳƷƳƵǀƮ ƷƵƪƦƸƪƷ ƴƳƶưƪƩƸǃƾƪƮ ƸƷƭưƭƬƥƻƭƭ. ƔƵƭ ƭƶƴƳưǁƬƳƧƥƲƭƭ ƶƸưǁƹƭƷƥ ƲƥƷƵƭǄ ƴƵƳƭƶƺƳƩƭƷ 

ƧǀƩƪưƪƲƭƪ ƷƳƯƶƭƼƲƳƨƳ ƭ ưƪƷƸƼƪƨƳ ƩƭƳƯƶƭƩƥ ƶƪƵǀ, ƼƷƳ ƱƳƫƪƷ ƧǀƬƧƥƷǁ ƬƥƨƵǄƬƲƪƲƭƪ ƧƳƬƩƸƺƥ. ƢưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƪ 

ƱƪƷƳƩǀ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ Cr(VI), ƲƪƶƱƳƷƵǄ Ʋƥ ƧǀƶƳƯƸǃ ǂƹƹƪƯƷƭƧƲƳƶƷǁ, ƷƵƪƦƸǃƷ ƶƴƪƻƭƥưǁƲƳƮ ƸƶƷƥƲƳƧƯƭ, ƧƳ ƱƲƳƨƭƺ 

ƶưƸƼƥǄƺ ƴƵƳƩƳưƫƭƷƪưǁƲǀ ƭ ƩƳƵƳƨƳƶƷƳǄƾƭ. ƍƬƧƪƶƷƲƳ ƳƦ ƸƩƥưƪƲƭƭ ƺƵƳƱƥ ƭƬ ƶƷƳƼƲǀƺ ƧƳƩ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ 

ƦƥƯƷƪƵƭƮ, ƨƵƭƦƳƧ, ƧƳƩƳƵƳƶưƪƮ ƭ ƵƥƬưƭƼƲǀƺ ƵƥƶƷƪƲƭƮ, ƲƳ ƺƳƷǄ ǂƷƭ ƱƥƷƪƵƭƥưǀ ƩƪƱƳƲƶƷƵƭƵƸǃƷ ƺƳƵƳƽƭƪ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ Ƨ ưƥƦƳƵƥƷƳƵƲǀƺ ƸƶưƳƧƭǄƺ, ƭƺ ƭƶƴƳưǁƬƳƧƥƲƭƪ ƩưǄ ƯƵƸƴƲƳƱƥƶƽƷƥƦƲǀƺ ƳƼƭƶƷƲǀƺ ƶƳƳƵƸƫƪƲƭƮ 

ƲƪƴƵƭƪƱưƪƱƳ ƭƬ-Ƭƥ ƲƪƩƳƶƷƥƷƳƼƲƳƨƳ ƯƳưƭƼƪƶƷƧƥ [2]. 

ƆǀƶƷƵƳ ƵƥƬƧƭƧƥǃƾƪƮƶǄ ƥưǁƷƪƵƲƥƷƭƧƳƮ ƴƵƪƩƶƷƥƧưƪƲƲǀƺ ƱƪƷƳƩƳƧ ǄƧưǄƪƷƶǄ ƹƳƷƳƧƳƶƶƷƥƲƳƧưƪƲƭƪ Cr(VI) ƶ 

ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƺ ƱƥƷƪƵƭƥưƳƧ. ƘưǁƷƵƥƹƭƳưƪƷƳƧǀƮ ƭ ƧƭƩƭƱǀƮ ƶƧƪƷ ƳƦưƥƩƥǃƷ ƩƳƶƷƥƷƳƼƲƳƮ 

ǂƲƪƵƨƭƪƮ ƩưǄ ƳƦƵƥƬƳƧƥƲƭǄ ǂưƪƯƷƵƳƲƲƳ-ƩǀƵƳƼƲǀƺ ƴƥƵ. ƢƷƭ ƲƳƶƭƷƪưƭ ƬƥƵǄƩƥ, ƯƳƷƳƵǀƪ ƱƭƨƵƭƵƸǃƷ Ʋƥ ƴƳƧƪƵƺƲƳƶƷǁ 

ƴƳưƸƴƵƳƧƳƩƲƭƯƥ, ƶƴƳƶƳƦƲǀ ƧƳƶƶƷƥƲƥƧưƭƧƥƷǁ ƭưƭ ƳƯƭƶưǄƷǁ ƼƥƶƷƭƻǀ Ƨ ƵƥƶƷƧƳƵƪ. ƙƳƷƳƯƥƷƥưƭƷƭƼƪƶƯƳƪ 

ƧƳƶƶƷƥƲƳƧưƪƲƭƪ ƺƵƳƱƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƺ ƼƥƶƷƭƻ ƽƭƵƳƯƳ ƭƬƸƼƪƲƳ Ʋƥ ƴƵƭƱƪƵƪ CdS, ZnS, WO3, 

ƵƥƬưƭƼƲǀƺ ƷƭƴƳƧ TiO2, ZnO. ƓƩƲƥƯƳ ƭƺ ƳƶƲƳƧƲǀƱ ƳƨƵƥƲƭƼƭƧƥǃƾƭƱ ƹƥƯƷƳƵƳƱ ǄƧưǄƪƷƶǄ ƧǀƶƳƯƥǄ ǂƹƹƪƯƷƭƧƲƳƶƷǁ Ƨ 

Ƙƙ ƳƦưƥƶƷƭ ƶƴƪƯƷƵƥ. Ƈ ƩƳƴƳưƲƪƲƭƪ ƥƯƷƭƧƲƳƶƷǁ ƹƳƷƳƯƥƷƥưƭƷƭƼƪƶƯƳƨƳ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ Ƨ ƴƵƭƶƸƷƶƷƧƭƭ TiO2 ƭưƭ 

ƩƵƸƨƳƨƳ ƴƳưƸƴƵƳƧƳƩƲƭƯƥ ƶƭưǁƲƳ ƬƥƧƭƶƭƷ ƳƷ ƱƪƫƹƥƬƲƳƮ ƵƪƥƯƻƭƭ, ƴƳǂƷƳƱƸ ƴƪƵƪƩ ƹƳƷƳƯƥƷƥưƭƷƭƼƪƶƯƭƱ 

ƧƳƶƶƷƥƲƳƧưƪƲƭƪƱ Cr(VI) ƩƳưƫƪƲ ƥƩƶƳƵƦƭƵƳƧƥƷǁƶǄ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧƳƮ ƼƥƶƷƭƻǀ. ƓƷƶǃƩƥ ƱƲƳƨƭƪ 
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ƭƶƶưƪƩƳƧƥƲƭǄ ƲƥƴƵƥƧưƪƲǀ Ʋƥ ƸưƸƼƽƪƲƭƪ ƥƩƶƳƵƦƻƭƳƲƲƳƮ ƶƴƳƶƳƦƲƳƶƷƭ ƭ ƹƳƷƳƯƥƷƥưƭƷƭƼƪƶƯƳƮ ƥƯƷƭƧƲƳƶƷƭ 

ƱƥƷƪƵƭƥưƳƧ [3]. 

ƔƳưƭƷƭƷƥƲƥƷ ƯƥưƭǄ Ƨ ƳƷưƭƼƭƪ ƳƷ ƩƭƳƯƶƭƩƥ ƷƭƷƥƲƥ ƳƦưƥƩƥƪƷ ƵƥƬƧƭƷƳƮ ƧƲƪƽƲƪƮ ƭ ƧƲƸƷƵƪƲƲƪƮ ƴƳƧƪƵƺƲƳƶƷǁǃ 

ƶ ƧǀƶƳƯƳƮ ƶƳƵƦƻƭƳƲƲƳƮ ƪƱƯƳƶƷǁǃ, ƴƳƯƥƬƥƲƲƳƮ Ʋƥ ƴƵƭƱƪƵƪ ƭƳƲƳƧ ƩƵƸƨƭƺ ƴƪƵƪƺƳƩƲǀƺ ƱƪƷƥưưƳƧ. ƏƵƳƱƪ ƷƳƨƳ, 

ƴƪƵƪƱƪƲƲƥǄ ƧƥưƪƲƷƲƳƶƷǁ ƷƭƷƥƲƥ Ƨ ƶƳƶƷƥƧƪ ƔƗƏ (Ti4+/Ti3+), ƳƦƸƶưƳƧưƪƲƲƥǄ ƩƪƹƪƯƷƲƳƮ ƶƷƵƸƯƷƸƵƳƮ ƭ ƵƪƨƸưƭƵƸƪƱƥǄ 

ƸƶưƳƧƭǄƱƭ ƶƭƲƷƪƬƥ, ƱƳƫƪƷ ƶƴƳƶƳƦƶƷƧƳƧƥƷǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǃ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ ƩƳ ƷƵƪƺƧƥưƪƲƷƲƳƨƳ ƶƳƶƷƳǄƲƭǄ. 

Ƈ ƶƧǄƬƭ ƶ ǂƷƭƱ ƻƪưǁ ƵƥƦƳƷǀ ǄƧưǄƪƷƶǄ ƭƶƶưƪƩƳƧƥƲƭƪ ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲǀƺ ƶƧƳƮƶƷƧ ƭ ƶƳƵƦƻƭƳƲƲƳƮ ƶƴƳƶƳƦƲƳƶƷƭ 

ƵƪƲƷƨƪƲƳƥƱƳƵƹƲƳƨƳ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƴƳ ƳƷƲƳƽƪƲƭǃ Ư ƭƳƲƥƱ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ, ƥ ƷƥƯƫƪ ƷƪƵƱƭƼƪƶƯƳƨƳ 

ƴƳƧƪƩƪƲƭǄ ƳƦƵƥƬƸǃƾƭƺƶǄ ƴƵƳƩƸƯƷƳƧ. 

ƍƶƶưƪƩƳƧƥƲƳ ƧưƭǄƲƭƪ Ƶƒ ƵƥƶƷƧƳƵƥ Ʋƥ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƸǃ ƶƳƵƦƻƭƳƲƲƸǃ ƪƱƯƳƶƷǁ ƵƪƲƷƨƪƲƳƥƱƳƵƹƲƳƨƳ 

ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ (ƔƗƏ) ƭ ƶƷƪƴƪƲǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ Cr(VI) Ƨ Cr(III) ƶ ƪƨƳ ƸƼƥƶƷƭƪƱ. ƉưǄ ǂƷƳƨƳ ƶƸƶƴƪƲƬƭǄ ƔƗƏ ƶ 

ƯƳƲƻƪƲƷƵƥƻƭƪƮ 10 ƨ/ư ƶƱƪƽƭƧƥƪƷƶǄ ƶ ƵƥƶƷƧƳƵƳƱ K2Cr2O7 ƶ ƯƳƲƻƪƲƷƵƥƻƭƪƮ 2,5 ƱƱƳưǁ/ư, ƯƳƵƵƪƯƷƭƵƸƪƷƶǄ Ƶƒ 

ƴƳưƸƼƪƲƲƳƮ ƶƭƶƷƪƱǀ ƩƳ ƲƪƳƦƺƳƩƭƱƳƨƳ ƬƲƥƼƪƲƭǄ (2,0; 4,0; 6,0; 8,0) ƩƳƦƥƧưƪƲƭƪƱ ƵƥƶƷƧƳƵƥ KOH (1 ƱƳưǁ/ư) ƭ 

ƧǀƩƪƵƫƭƧƥƪƷƶǄ ƴƵƭ ƴƪƵƪƱƪƽƭƧƥƲƭƭ Ƨ ƷƪƼƪƲƭƪ 4 ƼƥƶƳƧ ƶ ƻƪưǁǃ ƸƶƷƥƲƳƧưƪƲƭǄ ƵƥƧƲƳƧƪƶƭǄ ƴƵƳƷƪƯƥǃƾƭƺ 

ƴƵƳƻƪƶƶƳƧ. ƓƶƷƥƷƳƼƲƥǄ ƯƳƲƻƪƲƷƵƥƻƭǄ ƭƳƲƳƧ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƵƥƶƷƧƳƵƪ ƳƴƵƪƩƪưƪƲƥ 

ƶƴƪƯƷƵƳƹƳƷƳƱƪƷƵƭƼƪƶƯƭƱ ƱƪƷƳƩƳƱ ƴƳ ƵƪƥƯƻƭƭ ƶ ƩƭƹƪƲƭưƯƥƵƦƥƬƭƩƳƱ. ƔƪƵƪƶƼƪƷ ƴƳưƸƼƪƲƲǀƺ ƬƲƥƼƪƲƭƮ Ƨ 

ƶƳƵƦƻƭƳƲƲƸǃ ƪƱƯƳƶƷǁ ƴƵƳƭƬƧƪƩƪƲ ƴƳ ƹƳƵƱƸưƪ: 

ὗ
˞̉ ̒Ȣ̖ ˞̏ ̒Ȣ̓Ͻὠ

ά
 

(1) 

ƨƩƪ Q ɛ ƶƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ ƔƗƏ, ƱƱƳưǁ/ƨ; Ɩƭƶƺ.- ƭƶƺƳƩƲƥǄ ƯƳƲƻƪƲƷƵƥƻƭǄ ƭƳƲƳƧ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ 

ƵƥƶƷƧƳƵƪ, ƱƱƳưǁ/ư; ƖƳƶƷ. ɛ ƳƶƷƥƷƳƼƲƥǄ ƯƳƲƻƪƲƷƥƵƻƭǄ ƭƳƲƳƧ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƵƥƶƷƧƳƵƪ, ƱƱƳưǁ/ư; V ɛ ƳƦƿƪƱ 

ƵƥƶƷƧƳƵƥ, ư; m ɛ Ʊƥƶƶƥ ƔƗƏ, ƨ. 

ƖƷƪƴƪƲǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƷƵƪƺƧƥưƪƲƷƲƳƪ ƶƳƶƷƳǄƲƭƪ ƳƴƵƪƩƪưƪƲƥ ƴƳ ƵƥƬƲƭƻƪ 

ƱƪƫƩƸ ƶƳƩƪƵƫƥƲƭƪƱ ƳƦƾƪƨƳ ƺƵƳƱƥ ƭ Cr(VI) ƴƳ ƹƳƵƱƸưƪ: 

‘ȟϷ
˞̏ ̂Ȣ̚ ˞

˞̏ ̂Ȣ̚
ϽρππϷ 

(2) 

ƨƩƪ µ ɛ ƶƷƪƴƪƲǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƷƵƪƺƧƥưƪƲƷƲƳƪ ƶƳƶƷƳǄƲƭƪ, %; ƖƳƦƾ.- ƳƦƾƥǄ 

ƯƳƲƻƪƲƷƵƥƻƭǄ ƭƳƲƳƧ ƺƵƳƱƥ Ƨ ƵƥƶƷƧƳƵƪ, ƱƱƳưǁ/ư; ƖCr(VI) ɛ ƳƶƷƥƷƳƼƲƥǄ ƯƳƲƻƪƲƷƥƵƻƭǄ ƭƳƲƳƧ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ 

Ƨ ƵƥƶƷƧƳƵƪ, ƱƱƳưǁ/ư. 

ƔƳưƸƼƪƲƲǀƪ ƴƳƶưƪ ƶƳƵƦƻƭƳƲƲƳƨƳ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƔƗƏ ƶ ƵƥƶƷƧƳƵƳƱ ƦƭƺƵƳƱƥƷƥ ƯƥưƭǄ ƴƵƳƩƸƯƷǀ 

ƴƳƩƧƪƵƫƪƲǀ ƷƪƱƴƪƵƥƷƸƵƲƳƮ ƳƦƵƥƦƳƷƯƪ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 900 °Ɩ ƭ ƭƶƶưƪƩƳƧƥƲǀ ƱƪƷƳƩƳƱ ƵƪƲƷƨƪƲƳƧƶƯƳƨƳ ƹƥƬƳƧƳƨƳ 

ƥƲƥưƭƬƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƩƭƹƵƥƯƷƳƱƪƷƵƥ ARL XɞTRA ƹƭƵƱǀ Thermo Scientific (ƝƧƪƮƻƥƵƭǄ). 

ƒƥ ƵƭƶƸƲƯƪ 1 ƴƵƪƩƶƷƥƧưƪƲƳ ƧưƭǄƲƭƪ Ƶƒ Ʋƥ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƳ ƳƴƵƪƩƪưƪƲƲƸǃ ƶƳƵƦƻƭƳƲƲƸǃ ƪƱƯƳƶƷǁ 

ƵƪƲƷƨƪƲƳƥƱƳƵƹƲƳƨƳ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƴƳ ƳƷƲƳƽƪƲƭǃ Ư ƭƳƲƥƱ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ. ƇƭƩƲƳ, ƼƷƳ ƩƳ Ƶƒ = 6,0 

ƶƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ ƔƗƏ Ƨ ƴƵƪƩƪưƥƺ ƴƳƨƵƪƽƲƳƶƷƭ ƲƥƺƳƩƭƷƶǄ Ʋƥ ƳƩƲƳƱ ƸƵƳƧƲƪ ƩưǄ Ƨƶƪƺ ƭƶƶưƪƩƳƧƥƲƲǀƺ 

ƵƥƶƷƧƳƵƳƧ. ƔƵƭ ƩƳƶƷƭƫƪƲƭƭ Ƶƒ = 8,0 ƩƥƲƲƥǄ ƧƪưƭƼƭƲƥ ƵƪƬƯƳ ƸƱƪƲǁƽƥƪƷƶǄ. ƗƥƯƳƪ ƶƳƵƦƻƭƳƲƲƳƪ ƴƳƧƪƩƪƲƭƪ 

ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƱƳƫƲƳ ƶƧǄƬƥƷǁ ƶ ƭƬƱƪƲƪƲƭƪƱ ƪƨƳ ƴƳƧƪƵƺƲƳƶƷƲƳƨƳ ƬƥƵǄƩƥ Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƯƭƶưƳƷƲƳƶƷƭ ƶƵƪƩǀ. 

Ƶƒ ƷƳƼƯƭ ƲƸưƪƧƳƨƳ ƬƥƵǄƩƥ ƔƗƏ ƶƳƶƷƥƧưǄƪƷ 6,60 ± 0,25. Ƈ ƯƭƶưƳƮ ƶƵƪƩƪ ƴƳƧƪƵƺƲƳƶƷǁ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƭƱƪƪƷ 

ƴƵƪƭƱƸƾƪƶƷƧƪƲƲƳ ƴƳưƳƫƭƷƪưǁƲǀƮ ƬƥƵǄƩ, ƼƷƳ ƳƦƪƶƴƪƼƭƧƥƪƷ ƸƩƥưƪƲƭƪ ƭƳƲƳƧ Cr2O7
2ɛ ƭƬ ƵƥƶƷƧƳƵƥ. ƔƵƭ ƴƪƵƪƺƳƩƪ Ƨ 

ƾƪưƳƼƲƸǃ ƳƦưƥƶƷǁ Ƶƒ, Ƨ ƯƳƷƳƵƳƮ ƴƳƧƪƵƺƲƳƶƷǁ ƔƗƏ ƶƷƥƲƳƧƭƷƶǄ ƳƷƵƭƻƥƷƪưǁƲƳ ƬƥƵǄƫƪƲƲƳƮ, ƶƳƵƦƻƭƳƲƲƳƪ 

ƧƬƥƭƱƳƩƪƮƶƷƧƭƪ ƶ ƥƲƭƳƲƥƱƭ ƶƷƥƲƳƧƭƷƶǄ ƱƪƲƪƪ ǂƹƹƪƯƷƭƧƲǀƱ. 
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ƕƭƶ. 1 ƖƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƴƳ ƳƷƲƳƽƪƲƭǃ Ư ƭƳƲƥƱ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ ƴƵƭ ƵƥƬưƭƼƲƳƱ ƬƲƥƼƪƲƭƭ 
Ƶƒ 

ƖƳƨưƥƶƲƳ ƵƭƶƸƲƯƸ 2, ƶƷƪƴƪƲǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƷƵƪƺƧƥưƪƲƷƲƳƪ ƶƳƶƷƳǄƲƭƪ Ƨ 

ƴƵƭƶƸƷƶƷƧƭƭ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƶ ƸƧƪưƭƼƪƲƭƪƱ Ƶƒ Ƨ ƩƭƥƴƥƬƳƲƪ ƳƷ 2 ƩƳ 8 ƷƥƯƫƪ ƶƲƭƫƥƪƷ. ƉƥƲƲǀƮ ƹƥƯƷ ƱƳƫƲƳ 

ƳƦƿǄƶƲƭƷǁ ƷƪƱ, ƼƷƳ ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲǀƪ ƴƵƳƻƪƶƶǀ ƴƵƳƷƪƯƥǃƷ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƔƗƏ ƭ ƧƪưƭƼƭƲƥ ƶƷƪƴƪƲƭ 

ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƲƥƴƵǄƱƸǃ ƬƥƧƭƶƭƷ ƳƷ ƯƳưƭƼƪƶƷƧƥ ƶƳƵƦƭƵƳƧƥƲƲǀƺ ƦƭƺƵƳƱƥƷ-ƭƳƲƳƧ. ƓƷƶǃƩƥ, ƼƪƱ Ʋƭƫƪ 

ƶƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ ƔƗƏ, ƷƪƱ Ʋƭƫƪ ƴƵƳƻƪƲƷ ƴƪƵƪƧƳƩƥ ƭƳƲƳƧ Cr(VI) Ƨ Cr(III). 

 

ƕƭƶ. 2 ƖƷƪƴƪƲǁ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƷƵƪƺƧƥưƪƲƷƲƳƪ ƶƳƶƷƳǄƲƭƪ ƴƵƭ ƵƥƬưƭƼƲƳƱ ƬƲƥƼƪƲƭƭ Ƶƒ 

ƗƪƵƱƭƼƪƶƯƳƪ ƴƳƧƪƩƪƲƭƪ ƴƳưƸƼƪƲƲǀƺ ƺƵƳƱƶƳƩƪƵƫƥƾƭƺ ƴƵƳƩƸƯƷƳƧ ƴƵƪƩƶƷƥƧưƪƲƳ Ƨ ƧƭƩƪ ƵƪƲƷƨƪƲƳƧƶƯƭƺ 

ƩƭƹƵƥƯƷƳƨƵƥƱƱ Ʋƥ ƵƭƶƸƲƯƪ 3. 
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ƕƭƶ. 3 ƕƪƲƷƨƪƲƳƧƶƯƭƪ ƩƭƹƵƥƯƷƳƨƵƥƱƱǀ ƴƵƳƩƸƯƷƳƧ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƶ ƭƳƲƥƱƭ ƺƵƳƱƥ, ƳƷƳƫƫƪƲƲǀƪ ƴƵƭ 
900 °Ɩ 

(1 ɛ TiO2 (ƥƲƥƷƥƬ); 2 ɛ TiO2 (ƵƸƷƭư); 3 ɛ K2Ti6O13) 

ƗƪƱƴƪƵƥƷƸƵƲƥǄ ƳƦƵƥƦƳƷƯƥ ƴƳƵƳƽƯƳƧ Ƨ ƧƭƩƪ ƴƳưƭƷƭƷƥƲƥƷƳƧ ƯƥưƭǄ, ƳƦƵƥƦƳƷƥƲƲǀƺ Ƨ ƵƥƶƷƧƳƵƥƺ ƦƭƺƵƳƱƥƷƥ 

ƯƥưƭǄ, ƧǀƬǀƧƥƪƷ ƳƦƵƥƬƳƧƥƲƭƪ ƱƲƳƨƳƹƥƬƲǀƺ ƨƪƷƪƵƳƶƷƵƸƯƷƸƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƶƳƶƷƥƧ ƯƳƷƳƵǀƺ ƬƥƧƭƶƭƷ ƳƷ Ƶƒ 

ƵƥƶƷƧƳƵƥ ƴƵƭ ƴƵƳƧƪƩƪƲƭƭ ƶƳƵƦƻƭƭ. ƗƥƯ, ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƳƷƳƫƫƪƲƲƳƨƳ ƳƦƵƥƬƻƥ, ƴƳưƸƼƪƲƲƳƨƳ Ƨ ƵƪƬƸưǁƷƥƷƪ 

ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƔƗƏ ƶ ƯƭƶưǀƱ ƺƵƳƱƶƳƩƪƵƫƥƾƭƱ ƵƥƶƷƧƳƵƳƱ, ƴƵƪƩƶƷƥƧưǄƪƷ ƶƳƦƳƮ ƶƳƧƳƯƸƴƲƳƶƷǁ ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ 

ƹƥƬ ƴƵƳƶƷǀƺ ƳƯƶƭƩƳƧ ƷƭƷƥƲƥ (II) Ƨ ƩƧƸƺ ƱƳƩƭƹƭƯƥƻƭǄƺ (ƥƲƥƷƥƬ ƭ ƵƸƷƭư). ƔƳ ƱƪƵƪ ƸƧƪưƭƼƪƲƭǄ Ƶƒ ƵƥƶƷƧƳƵƥ 

ƲƥƦưǃƩƥƪƷƶǄ ƴƳƶƷƪƴƪƲƲƥǄ ƬƥƱƪƲƥ ƹƥƬ ƳƯƶƭƩƳƧ Ʋƥ ƵƪƲƷƨƪƲƳƨƵƥƱƱƥƺ Ʋƥ ƨƪƯƶƥƷƭƷƥƲƥƷ ƯƥưƭǄ. ƓƴƭƶƥƲƲƳƪ 

ƷƪƵƱƭƼƪƶƯƳƪ ƴƳƧƪƩƪƲƭƪ ƳƦƸƶưƳƧưƪƲƳ ƺƭƱƭƼƪƶƯƭƱ ƶƳƶƷƥƧƳƱ ƴƳƵƳƽƯƳƧ, ƴƳƩƧƪƵƨƥǃƾƭƺƶǄ ƳƷƫƭƨƸ. ƔƵƭ ƲƪƩƳƶƷƥƷƯƪ 

ƯƥưƭǄ ƯƵƭƶƷƥưưƭƬƸǃƷƶǄ TiO2, ƴƵƭ ƭƬƦǀƷƯƪ ɛ ƯƥưƭƮƶƳƩƪƵƫƥƾƥǄ ƹƥƬƥ K2Ti6O13. ƓƦƵƥƾƥǃƷ Ʋƥ ƶƪƦǄ ƧƲƭƱƥƲƭƪ 

ƵƪƹưƪƯƶǀ ƲƭƬƯƳƮ ƭƲƷƪƲƶƭƧƲƳƶƷƭ (Ʋƥ ƵƪƲƷƨƪƲƳƨƵƥƱƱƪ ƳƦƵƥƬƻƥ, ƴƳưƸƼƪƲƲƳƨƳ ƴƵƭ Ƶƒ = 4,0), ƳƷƲƳƶǄƾƭƪƶǄ Ư ƹƥƬƪ 

ƨƳưưƥƲƩƭƷƳƴƳƩƳƦƲƳƨƳ ƷƧƪƵƩƳƨƳ ƵƥƶƷƧƳƵƥ. ƖƷƵƸƯƷƸƵƥ ƷƥƯƭƺ ƱƥƷƪƵƭƥưƳƧ ƧǀƬǀƧƥƪƷ ƦƳưǁƽƳƮ ƲƥƸƼƲǀƮ ƭƲƷƪƵƪƶ ƭ 

ƴƪƵƶƴƪƯƷƭƧǀ ƩưǄ ƩƥưǁƲƪƮƽƭƺ ƭƶƶưƪƩƳƧƥƲƭƮ ƴƳ ƴƳƩƦƳƵƸ ƸƶưƳƧƭƮ ƪƨƳ ƶƭƲƷƪƬƥ Ƨ ƵƥƶƶƱƥƷƵƭƧƥƪƱƳƮ ƵƪƥƯƻƭƳƲƲƳƮ 

ƶƱƪƶƭ Ƨ ƵƥƱƯƥƺ ƩƥƲƲƳƮ ƵƥƦƳƷǀ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƶƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ ƴƳưƭƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƳƴƵƪƩƪưǄƪƷƶǄ ƧƪưƼƭƭƲƳƮ Ƶƒ ƵƥƶƷƧƳƵƥ, Ƨ ƯƳƷƳƵƳƱ 

ƳƶƸƾƪƶƷƧưǄƪƷƶǄ ƧƬƥƭƱƳƩƪƮƶƷƧƭƪ, ƭ ƩƳƶƷƭƨƥƪƷ ƱƥƯƶƭƱƥưǁƲƳƨƳ ƬƲƥƼƪƲƭǄ 0,23±0,03 ƱƱƳưǁ/ƨ ƴƵƭ Ƶƒ = 2,0. 

ƅƲƥưƳƨƭƼƲƥǄ ƬƥƧƭƶƭƱƳƶƷǁ ƲƥƦưǃƩƥƪƷƶǄ ƩưǄ ƶƷƪƴƪƲƭ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƽƪƶƷƭƧƥưƪƲƷƲƳƨƳ ƺƵƳƱƥ Ƨ ƷƵƪƺƧƥưƪƲƷƲƳƪ 

ƶƳƶƷƳǄƲƭƪ. Ƈ ƯƭƶưƳƮ ƶƵƪƩƪ ƩƥƲƲƥǄ ƧƪưƭƼƭƲƥ ƴƵƪƧǀƽƥƪƷ 90%. ƗƪƱƴƪƵƥƷƸƵƲƥǄ ƳƦƵƥƦƳƷƯƥ ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ƵƥƬƲƳƱ 

Ƶƒ ƺƵƳƱƶƳƩƪƵƫƥƾƭƺ ƴƵƳƩƸƯƷƳƧ ƴƵƭƧƳƩƭƷ Ư ƯƵƭƶƷƥưưƭƬƥƻƭƭ ƱƥƷƪƵƭƥưƳƧ ƵƥƬưƭƼƲƳƨƳ ƹƥƬƳƧƳƨƳ ƶƳƶƷƥƧƥ, ƯƳƷƳƵǀƪ 

ƴƵƭƧưƪƯƥǃƷ ƧƲƭƱƥƲƭƪ ƭ ƷƵƪƦƸǃƷ ƩƪƷƥưǁƲƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ. 
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ƇƐƍƤƒƍƊ ƒƅƒƓƕƅƌƑƊƕƒƠƚ ƜƅƖƗƍƛ ƒƍƗƕƍƉƅ ƅƐƣƑƍƒƍƤ ƒƅ ƖƗƕƘƏƗƘƕƘ ƍ ƖƇƓƎƖƗƇƅ ƏƓƑƔƅƏƗƒƠƚ ƖƇƖ-

ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ ƉƍƆƓƕƍƉƅ ƗƍƗƅƒƅ, ƔƓƐƘƜƊƒƒƠƚ ƑƊƗƓƉƓƑ ƖƇƖ-ƢƏƖƗƕƘƌƍƍ 

INFLUENCE OF NANOSIZED ALUMINUM NITRIDE PARTICLES ON THE STRUCTURE AND PROPERTIES OF COMPACT 

SHS-MATERIALS BASED ON TITANIUM DIBORIDE OBTAINED BY THE SHS-EXTRUSION METHOD 

ƆƳưƳƻƯƥǄ ƅ.Ƈ., ƑƭƺƪƪƧ Ƒ.Ƈ., ƆƥƫƭƲ Ɣ.Ƒ. 

Bolotskaia A.V., Mikheev M.V., Bazhin P.M. 

ƕƳƶƶƭǄ, ƙƪƩƪƵƥưǁƲƳƪ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƦǃƩƫƪƷƲƳƪ ƸƼƵƪƫƩƪƲƭƪ ƲƥƸƯƭ ƍƲƶƷƭƷƸƷ ƶƷƵƸƯƷƸƵƲƳƮ ƱƥƯƵƳƯƭƲƪƷƭƯƭ ƭ 

ƴƵƳƦưƪƱ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƈ. ƑƪƵƫƥƲƳƧƥ ƕƳƶƶƭƮƶƯƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ, moon@ism.ac.ru 

ƒƥ ƩƥƲƲƳƱ ǂƷƥƴƪ ƵƥƬƧƭƷƭǄ ƴƵƳƱǀƽưƪƲƲƳƨƳ ƯƳƱƴưƪƯƶƥ, ƴƵƳƭƬƧƳƩƶƷƧƳ ƭƬƲƳƶƳƶƷƳƮƯƭƺ ƱƥƷƪƵƭƥưƳƧ ƭ 

ƬƥƾƭƷƲǀƺ ƴƳƯƵǀƷƭƮ Ʋƥ ƭƺ ƳƶƲƳƧƪ, ƳƦưƥƩƥǃƾƭƺ ƸƲƭƯƥưǁƲǀƱƭ ƶƧƳƮƶƷƧƥƱƭ, ǄƧưǄƪƷƶǄ ƥƯƷƸƥưǁƲƳƮ ƬƥƩƥƼƪƮ 

ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ. ƍƬƧƪƶƷƲƳ, ƼƷƳ ƩƭƦƳƵƭƩ ƷƭƷƥƲƥ TiB2, ǄƧưǄǃƾƭƮƶǄ ƶƧƪƵƺƷƧƪƵƩǀƱ, ƫƥƵƳƴƵƳƼƲǀƱ ƭ ƷƸƨƳƴưƥƧƯƭƱ 

ƱƥƷƪƵƭƥưƳƱ ƳƷƧƪƼƥƪƷ ƩƥƲƲƳƱƸ ƷƵƪƦƳƧƥƲƭǃ. ƖƳƼƪƷƥƲƭƪ ƷƥƯƭƺ ƶƧƳƮƶƷƧ ƩƪưƥƪƷ TiB2 ƴƪƵƶƴƪƯƷƭƧƲƳƮ ƶƳƶƷƥƧưǄǃƾƪƮ 

ƱƪƷƥưưƳƯƪƵƥƱƭƼƪƶƯƳƨƳ ƯƳƱƴƳƬƭƻƭƳƲƲƳƨƳ ƱƥƷƪƵƭƥưƥ. Ƈ ƳƶƲƳƧƲƳƱ, ƴƳưƸƼƪƲƭƪ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ ƩƭƦƳƵƭƩƥ 

ƷƭƷƥƲƥ ƴƵƳƭƬƧƳƩƭƷƶǄ ƭƶƯƵƳƧǀƱ ƴưƥƬƱƪƲƲǀƱ ƶƴƪƯƥƲƭƪƱ ƭ ƯƥƵƦƳƷƪƵƱƭƼƪƶƯƭƱ ƭưƭ ƱƥƨƲƭƮƷƪƵƱƭƼƪƶƯƭƱ ƱƪƷƳƩƳƱ. 

ƉƥƲƲǀƪ ƷƪƺƲƳưƳƨƭƭ ƭƱƪǃƷ ƵǄƩ ƲƪƩƳƶƷƥƷƯƳƧ, ƶƧǄƬƥƲƲǀƺ ƶƳ ƶưƳƫƲƳƶƷǁǃ, ƱƥưƳƮ ƴƵƳƭƬƧƳƩƭƷƪưǁƲƳƶƷǁǃ ƭ 

ƩƳƵƳƨƳƧƭƬƲƳƮ ƴƵƳƻƪƶƶƳƧ [1].  

ƔƳưƸƼƪƲƭƪ ǂưƪƯƷƵƳƩƲǀƺ ƯƪƵƥƱƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ ƩƭƦƳƵƭƩƥ ƷƭƷƥƲƥ, ƶ ƱƭƲƭƱƥưǁƲƳƮ 

ƴƳƵƭƶƷƳƶƷǁǃ ƧƳƬƱƳƫƲƳ ƳƶƸƾƪƶƷƧưǄƷǁ ƱƪƷƳƩƳƱ ƖƇƖɛǂƯƶƷƵƸƬƭƭ. ƆưƥƨƳƩƥƵǄ ƶƳƼƪƷƥƲƭǃ ƴƵƳƻƪƶƶƳƧ ƨƳƵƪƲƭǄ ƭ 

ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƶƩƧƭƨƳƧƳƨƳ ƩƪƹƳƵƱƭƵƳƧƥƲƭǄ ƱƥƷƪƵƭƥư ƴƵƪƷƪƵƴƪƧƥƪƷ ƶƭưǁƲǀƪ ƶƷƵƸƯƷƸƵƲǀƪ ƭƬƱƪƲƪƲƭǄ 

[2,3]. ƌƥ ƶƼƪƷ ƷƪƺƲƳưƳƨƭƼƲƳƶƷƭ ƭ ǂƲƪƵƨƳǂƹƹƪƯƷƭƧƲƳƶƷƭ ƱƪƷƳƩ ƖƇƖ ɛ ǂƯƶƷƵƸƬƭƭ ƧǀƨƳƩƲƳ ƳƷưƭƼƥƪƷƶǄ ƳƷ 

ƴƵƳƱǀƽưƪƲƲǀƺ ƶƴƳƶƳƦƳƧ ƴƳưƸƼƪƲƭǄ ƱƪƷƥưưƳƯƪƵƥƱƭƼƪƶƯƭƺ ƯƳƱƴƳƬƭƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ.  

Ƈ ƵƥƲƲƭƺ ƵƥƦƳƷƥƺ [4,5] ƦǀưƳ ƴƵƪƩƶƷƥƧưƪƲƳ ƴƳưƸƼƪƲƭƪ ƯƳƱƴƥƯƷƲǀƺ ƯƪƵƥƱƭƼƪƶƯƭƺ ǂưƪƯƷƵƳƩƲǀƺ ƱƥƷƪƵƭƥưƳƧ 

Ʋƥ ƳƶƲƳƧƪ ƩƭƦƳƵƭƩƥ ƷƭƷƥƲƥ ƭ ƱƳƩƭƹƭƻƭƵƳƧƥƲƭƪ ƶƳƶƷƥƧƥ ƲƪƦƳưǁƽƭƱ ƯƳưƭƼƪƶƷƧƳƱ (ƩƳ 5 Ʊƥƶƶ. %) ƲƥƲƳƵƥƬƱƪƵƲǀƺ 

ƼƥƶƷƭƻ ƲƭƷƵƭƩƥ ƥưǃƱƭƲƭǄ. ƆǀưƳ ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƩƳƦƥƧưƪƲƭƪ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƼƥƶƷƭƻ Ƨ ƭƶƺƳƩƲǀƮ ƶƳƶƷƥƧ 

ƳƯƥƬǀƧƥƪƷ ƶƭưǁƲƳƪ ƧưƭǄƲƭǄ Ʋƥ ƵƥƬƱƪƵ ƭ ƱƳƵƹƳưƳƨƭǃ ƬǅƵƪƲ ƩƭƦƳƵƭƩƥ ƷƭƷƥƲƥ. ƔƳưƸƼƪƲƲǀƪ ƯƳƱƴƥƯƷƲǀƪ 

ƯƪƵƥƱƭƼƪƶƯƭƪ ǂưƪƯƷƵƳƩƲǀƪ ƱƥƷƪƵƭƥưǀ ƳƦưƥƩƥưƭ ƦƳưƪƪ ƧǀƶƳƯƭƱƭ ƴƳƯƥƬƥƷƪưǄƱƭ ƱƭƯƵƳƷƧǅƵƩƳƶƷƭ, Ƨ ƶƵƥƧƲƪƲƭƭ ƶ 

Ʋƪ ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƱ ƶƳƶƷƥƧƳƱ. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƩƥƲƲƳƪ ƴƳƧǀƽƪƲƭƪ ƱƭƯƵƳƷƧǅƵƩƳƶƷƭ ƶƧǄƬƥƲƲƳ ƶ ƳƦƵƥƬƳƧƥƲƭƪƱ 

ƲƳƧǀƺ ƹƥƬ ƭ ƸƱƪƲǁƽƪƲƭƪƱ ƶƵƪƩƲƪƨƳ ƵƥƬƱƪƵƥ ƬƪƵƲƥ ƩƭƦƳƵƭƩƥ ƷƭƷƥƲƥ. 

Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƱƪƷƳƩƳƱ ƖƇƖ ɛ ǂƯƶƷƵƸƬƭƭ ƴƳưƸƼƥưƭ ƯƳƱƴƥƯƷƲǀƪ ƯƪƵƥƱƭƼƪƶƯƭƪ ƱƥƷƪƵƭƥưǀ Ʋƥ ƳƶƲƳƧƪ 

ƩƭƦƳƵƭƩƥ ƷƭƷƥƲƥ, ƶ ƸƧƪưƭƼƪƲƲǀƱ ƶƳƩƪƵƫƥƲƭƪƱ ƩƳƦƥƧƯƭ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƼƥƶƷƭƻ ƲƭƷƵƭƩƥ ƥưǃƱƭƲƭǄ Ƨ ƭƶƺƳƩƲƸǃ 

ƽƭƺƷƸ (ƩƳ 15 Ʊƥƶƶ. %), ƥ ƷƥƯƫƪ ƴƵƳƧƳƩƭưƭ ƭƬƸƼƪƲƭƪ ƶƷƵƸƯƷƸƵǀ ƭ ƶƧƳƮƶƷƧ ƴƳưƸƼƪƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƭ ƶƳƴƳƶƷƥƧưǄưƭ 

ƴƳưƸƼƪƲƲǀƪ ƵƪƬƸưǁƷƥƷƳƧ ƶ ƵƪƬƸưǁƷƥƷƥƱƭ ƴƵƳƽưǀƺ ƵƥƦƳƷ. 

ƆǀưƳ ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƱƳƩƭƹƭƻƭƵƳƧƥƲƭƪ ƲƥƲƳƵƥƬƱƪƵƲǀƱƭ ƼƥƶƷƭƻƥƱƭ ƲƭƷƵƭƩƥ ƥưǃƱƭƲƭǄ ƶƭƶƷƪƱǀ TiɛBɛ

Fe ƴƵƭƧƳƩƭƷ Ư ƭƬƱƪưǁƼƪƲƭǃ ƬǅƵƪƲƲƳƮ ƶƷƵƸƯƷƸƵǀ ƱƥƷƪƵƭƥưƥ ƭ ƴƳƧǀƽƥƪƷ ƱƭƯƵƳƷƧǅƵƩƳƶƷǁ Ʋƥ 10 %, ƴƳ ƶƵƥƧƲƪƲƭǃ 

ƶ ƱƥƷƪƵƭƥưƥƱƭ ƦƪƬ ƩƳƦƥƧƳƯ. ƗƥƯƫƪ ƩƳƦƥƧưƪƲƭƪ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƼƥƶƷƭƻ ƲƭƷƵƭƩƥ ƥưǃƱƭƲƭǄ ƴƳƧǀƽƥƪƷ ƶƳƩƪƵƫƥƲƭƪ 

ƦƳƵƭƩƲƳƮ ƭ ƲƭƷƵƭƩƲƳƮ ƹƥƬ Ƨ ƯƳƲƪƼƲƳƱ ƴƵƳƩƸƯƷƪ. 
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ƖƍƒƗƊƌ ƗƕƍƓƏƖƍƉƅ ƇƓƐơƙƕƅƑƅ(VI) ƔƘƗƊƑ ƈƍƉƕƓƗƊƕƑƅƐơƒƓƎ ƓƆƕƅƆƓƗƏƍ ƔƊƕƓƏƖƓƇƓƐơƙƕƅƑƓƇƓƎ 

ƏƍƖƐƓƗƠ 

TUNGSTEN TRIOXIDE(VI) SYNTHESIS BY HYDROTHERMAL TREATMENT OF PEROXO TUNGSTIC ACID  

ƆƸƽƯƳƧƥ Ɨ. Ƒ., ƍƧƥƲƳƧƥ Ɠ. Ɩ., ƆƥƵƥƲƼƭƯƳƧ ƅ. Ɗ. 

Bushkova T. M., Ivanova O. S., Baranchikov A. E. 

ƍƲƶƷƭƷƸƷ ƳƦƾƪƮ ƭ ƲƪƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱ. ƒ. Ɩ. ƏƸƵƲƥƯƳƧƥ ƕƅƒ, 

ƕƳƶƶƭǄ 119991, ƑƳƶƯƧƥ, ƐƪƲƭƲƶƯƭƮ ƴƵ-ƯƷ, Ʃ. 31, a.baranchikov@yandex.ru 

ƆưƥƨƳƩƥƵǄ ƶƧƳƭƱ ƸƲƭƯƥưǁƲǀƱ ǂưƪƯƷƵƳƹƭƬƭƼƪƶƯƭƱ ƶƧƳƮƶƷƧƥƱ ƷƵƭƳƯƶƭƩ ƧƳưǁƹƵƥƱƥ ǄƧưǄƪƷƶǄ ƳƶƲƳƧƳƮ ƩưǄ 

ƶƳƬƩƥƲƭǄ ƽƭƵƳƯƳƨƳ ƯƵƸƨƥ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƧƯưǃƼƥǄ ƹƳƷƳƯƥƷƥưƭƬƥƷƳƵǀ ƩưǄ ƳƼƭƶƷƯƭ ƧƳƩǀ ƭ ƧƳƬƩƸƺƥ 

ƳƷ ƷƳƯƶƭƼƲǀƺ ƧƪƾƪƶƷƧ, ƯƳƱƴƳƲƪƲƷǀ ƹƳƷƳǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ ƴƵƪƳƦƵƥƬƳƧƥƷƪưƪƮ ƶƳưƲƪƼƲƳƮ ǂƲƪƵƨƭƭ, 

ƧǀƶƳƯƳƼƸƧƶƷƧƭƷƪưǁƲǀƪ ƨƥƬƳƧǀƪ ƶƪƲƶƳƵǀ. ƇƳưǁƹƵƥƱ ƱƳƫƪƷ ƳƦƵƥƷƭƱƳ ƭƬƱƪƲǄƷǁ ƶƧƳǃ ƶƷƪƴƪƲǁ ƳƯƭƶưƪƲƭǄ 

(W+6ªW+5), ƼƷƳ ƴƵƭƧƳƩƭƷ Ư ƬƲƥƼƭƷƪưǁƲǀƱ ƭƬƱƪƲƪƲƭǄƱ ƳƴƷƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ WO3 ƭ ƳƦƸƶưƳƧưƭƧƥƪƷ ƧƳƬƱƳƫƲƳƶƷǁ 

ƭƶƴƳưǁƬƳƧƥƲƭǄ ƩƥƲƲƳƨƳ ƶƳƪƩƭƲƪƲƭǄ ƩưǄ ƶƳƬƩƥƲƭǄ ƽƭƵƳƯƳƨƳ ƯƵƸƨƥ ƹƳƷƳƺƵƳƱƲǀƺ ƸƶƷƵƳƮƶƷƧ (Ƨ ƼƥƶƷƲƳƶƷƭ, «ƸƱƲǀƺ 

ƳƯƳƲ»). Ɩ ƷƳƼƯƭ ƬƵƪƲƭǄ ƴƵƥƯƷƭƼƪƶƯƳƨƳ ƴƵƭƱƪƲƪƲƭǄ Ƨ ƦƭƳƱƪƩƭƻƭƲƶƯƭƺ ƴƵƭưƳƫƪƲƭǄƺ ƧƥƫƲƳƮ ƺƥƵƥƯƷƪƵƭƶƷƭƯƳƮ 

ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ WO3 ǄƧưǄƪƷƶǄ ƭƺ ƧǀƵƥƫƪƲƲƥǄ ƶƪưƪƯƷƭƧƲƥǄ ƹƳƷƳƻƭƷƳƷƳƯƶƭƼƲƳƶƷǁ ƴƳ ƳƷƲƳƽƪƲƭǃ Ư 

ƲƳƵƱƥưǁƲǀƱ ƭ ƱƥưƭƨƲƭƬƳƧƥƲƲǀƱ ƯưƪƷƯƥƱ. ƗƵƭƳƯƶƭƩƸ ƧƳưǁƹƵƥƱƥ ƷƥƯƫƪ ƶƧƳƮƶƷƧƪƲ ƦƳƨƥƷǀƮ ƴƳưƭƱƳƵƹƭƬƱ, ƼƷƳ 

ƳƷƯƵǀƧƥƪƷ ƩƳƴƳưƲƭƷƪưǁƲǀƪ ƧƳƬƱƳƫƲƳƶƷƭ ƯƳƲƶƷƵƸƭƵƳƧƥƲƭǄ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ ƩƥƲƲƳƨƳ 

ƶƳƪƩƭƲƪƲƭǄ, ƲƥƴƵƭƱƪƵ, ƨƥƬƳƧǀƺ ƶƪƲƶƳƵƳƧ ƶ ƨƪƷƪƵƳƴƪƵƪƺƳƩƳƱ.  

ƛƪưǁǃ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷǀ ǄƧưǄƪƷƶǄ ƥƲƥưƭƬ ƧưƭǄƲƭǄ ƷƪƱƴƪƵƥƷƸƵǀ ƨƭƩƵƳƷƪƵƱƥưǁƲƳƮ ƳƦƵƥƦƳƷƯƭ Ƨ ƩƭƥƴƥƬƳƲƪ 

70ɛ200̄Ɩ ƶƸƶƴƪƲƬƭƮ ƴƪƵƳƯƶƳƧƳưǁƹƵƥƱƳƧƳƮ ƯƭƶưƳƷǀ Ʋƥ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƴƳưƸƼƥƪƱƳƨƳ ƴƵƭ ǂƷƳƱ ƷƵƭƳƯƶƭƩƥ 

ƧƳưǁƹƵƥƱƥ. 

ƇǀƶƳƯƳƩƭƶƴƪƵƶƲǀƮ WO3 Ʀǀư ƶƭƲƷƪƬƭƵƳƧƥƲ Ƨ ƲƪƶƯƳưǁƯƳ ǂƷƥƴƳƧ. ƔƪƵƪƯƶƳƧƳưǁƹƵƥƱƳƧƸǃ ƯƭƶưƳƷƸ, 

ƭƶƴƳưǁƬƳƧƥƲƲƸǃ Ƨ ƯƥƼƪƶƷƧƪ ƭƶƺƳƩƲƳƨƳ ƧƪƾƪƶƷƧƥ, ƴƳưƸƼƭưƭ ƴƸƷƪƱ ƵƥƶƷƧƳƵƪƲƭǄ ƱƪƷƥưưƭƼƪƶƯƳƨƳ ƧƳưǁƹƵƥƱƥ Ƨ 30% 

ƴƪƵƪƯƭƶƭ ƧƳƩƳƵƳƩƥ. ƉưǄ ƶƭƲƷƪƬƥ ƳƯƶƭƩƥ ƧƳưǁƹƵƥƱƥ ƲƥƧƪƶƯƸ ƧǀƶƸƽƪƲƲƳƮ ƴƪƵƳƯƶƳƧƳưǁƹƵƥƱƳƧƳƮ ƯƭƶưƳƷǀ 

ƶƱƪƽƭƧƥưƭ ƶ ƩƭƶƷƭưưƭƵƳƧƥƲƲƳƮ ƧƳƩƳƮ ƭ ƴƳƧƪƵƨưƭ ƨƭƩƵƳƷƪƵƱƥưǁƲƳƮ ƳƦƵƥƦƳƷƯƪ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 70ɛ200̄Ɩ Ƨ 
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ƷƪƼƪƲƭƪ 24 Ƽ. ƔƳưƸƼƪƲƲǀƮ ƳƶƥƩƳƯ ƳƷƩƪưǄưƭ ƻƪƲƷƵƭƹƸƨƭƵƳƧƥƲƭƪƱ, ƴƵƳƱǀƧƥưƭ ƩƭƶƷƭưưƭƵƳƧƥƲƲƳƮ ƧƳƩƳƮ ƭ 

ƧǀƶƸƽƭƧƥưƭ Ʋƥ ƧƳƬƩƸƺƪ ƴƵƭ 70Ɩ̄ Ƨ ƷƪƼƪƲƭƪ 12 Ƽ. 

ƔƳƯƥƬƥƲƳ, ƼƷƳ ƴƵƳƩƸƯƷƥƱƭ ƨƭƩƵƳƷƪƵƱƥưǁƲƳƮ ƳƦƵƥƦƳƷƯƭ ƶƸƶƴƪƲƬƭƮ ƴƪƵƳƯƶƳƧƳưǁƹƵƥƱƳƧƳƮ ƯƭƶưƳƷǀ ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƥƺ ƩƳ 100Ɩ̄ ǄƧưǄƪƷƶǄ ƳƩƲƳƹƥƬƲǀƮ -̡WO3ÖxH2O ƶ ƳƵƷƳƵƳƱƦƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵƳƮ, ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 

200̄Ɩ ɛ ƳƩƲƳƹƥƬƲǀƮ g-WO3 ƶ ƱƳƲƳƯưƭƲƲƳƮ ƶƷƵƸƯƷƸƵƳƮ. Ƈ ƴƵƳƱƪƫƸƷƳƼƲƳƱ ƩƭƥƴƥƬƳƲƪ ƷƪƱƴƪƵƥƷƸƵ (120ɛ180̄Ɩ) 

ƹƳƵƱƭƵƸƪƷƶǄ ƶƱƪƶǁ g-WO3 ƭ h-WO3 (ƨƪƯƶƥƨƳƲƥưǁƲƥǄ ƶƭƲƨƳƲƭǄ). ƗƥƯƭƱ ƳƦƵƥƬƳƱ, Ƨ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƴƵƪƩƶƷƥƧưƪƲƥ 

ƴƵƳƶƷƥǄ ƱƪƷƳƩƭƯƥ ƴƳưƸƼƪƲƭǄ ƵƥƬưƭƼƲǀƺ ƱƳƩƭƹƭƯƥƻƭƮ ƷƵƭƳƯƶƭƩƥ ƧƳưǁƹƵƥƱƥ ƭƬ ƴƵƪƯƸƵƶƳƵƥ, Ƨ ƶƳƶƷƥƧ ƯƳƷƳƵƳƨƳ 

ƧƺƳƩƭƷ ƷƳưǁƯƳ ƧƳưǁƹƵƥƱ, ƯƭƶưƳƵƳƩ ƭ ƧƳƩƳƵƳƩ. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƕƳƶƶƭƮƶƯƳƨƳ ƲƥƸƼƲƳƨƳ ƹƳƲƩƥ (18-73-10150) ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ 
ƳƦƳƵƸƩƳƧƥƲƭǄ ƛƏƔ ƙƑƍ ƍƓƒƚ ƕƅƒ, ƹƸƲƯƻƭƳƲƭƵƸǃƾƪƨƳ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƨƳ ƬƥƩƥƲƭǄ ƍƓƒƚ ƕƅƒ Ƨ 
ƳƦưƥƶƷƭ ƹƸƲƩƥƱƪƲƷƥưǁƲǀƺ ƲƥƸƼƲǀƺ ƭƶƶưƪƩƳƧƥƲƭƮ. 

ƗƥƦưƭƻƥ 1. ƖƳƩƪƵƫƥƲƭƪ ƱƭƲƪƵƥưǁƲǀƺ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ ƶƳƶƷƥƧƪ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ ƭ ƬƳưǀ ƵƭƶƳƧƳƮ 

 

ƖƳƩƪƵƫƥƲƭƪ, % 

Mg Al Si P S Cl K Ca Na Mn Fe  Zn  

ƕƝ 0,37 0,27 71,86 1,28 1,55 3,34 14,71 4,08 - 0,74 0,53  0,7  

ƌƕƝ 350 

ůƖ 
0,70 0,28 76,27 2,61 1,04 1,35 11,95 4,66 0,14 0,49 0,51  -  

ƌƕƝ 800 

ůƖ 
0,63 0,41 76,78 2,35 1,04 0,75 13,02 3,67 0,12 0,55 0,68  -  

ƍƬ ƵƪƬƸưǁƷƥƷƳƧ, ƴƵƪƩƶƷƥƧưƪƲƲǀƺ Ƨ ƷƥƦưƭƻƪ ƶưƪƩƸƪƷ, ƼƷƳ ǂưƪƱƪƲƷƲǀƮ ƶƳƶƷƥƧ ƱƭƲƪƵƥưǁƲƳƮ ƼƥƶƷƭ ƕƝ ƴƵƭ 

ƶƫƭƨƥƲƭƭ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 350 ůƖ, ƭ 800 ůƖ, ƴƳƼƷƭ Ʋƪ ƭƬƱƪƲǄƪƷƶǄ, ƳƷưƭƼƭƪ Ƨ ƶƳƩƪƵƫƥƲƭǄƺ Ƨƶƪƺ ǂưƪƱƪƲƷƳƧ 

ƲƥƺƳƩƭƷǁƶǄ Ƨ ƴƵƪƩƪưƥƺ ƳƽƭƦƯƭ ƱƪƷƳƩƥ (±3%). ƚƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ ƴƳưƸƼƪƲƲƳƮ ƌƕƝ ƶƧƭƩƪƷƪưǁƶƷƧƸƪƷ Ƴ ƷƳƱ, ƼƷƳ 

ƷƪƵƱƳƳƦƵƥƦƳƷƯƥ ƕƝ Ʋƪ ƭƬƱƪƲǄƪƷ ƶƳƶƷƥƧƥ ƱƭƲƪƵƥưǁƲƳƮ ƼƥƶƷƭ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ, ƥ ƧưƭǄƪƷ ƷƳưǁƯƳ Ʋƥ ƪƪ ƳƵƨƥƲƭƼƪƶƯƸǃ 

ƶƳƶƷƥƧưǄǃƾƸǃ. 

ƕƪƬƸưǁƷƥƷǀ ƴƵƳƧƪƩƪƲƲǀƺ ưƥƦƳƵƥƷƳƵƲǀƺ ǂƯƶƴƪƵƭƱƪƲƷƳƧ ƴƳ ƳƴƵƪƩƪưƪƲƭǃ ƺƭƱƭƼƪƶƯƭƺ ƭ ƱƪƺƥƲƭƼƪƶƯƭƺ 

ƶƧƳƮƶƷƧ ƴƵƭƧƪƩƪƲǀ Ƨ ƷƥƦưƭƻƪ 2. 

ƗƥƦưƭƻƥ 2. ƚƥƵƥƯƷƪƵƭƶƷƭƯƥ ƶƧƳƮƶƷƧ ƲƥƴƳưƲƪƲƲǀƺ 10 Ʊƥƶ.Ƽ. ƌƕƝ ǂƴƳƯƶƭƩƲǀƺ ƯƳƱƴƳƬƭƻƭƮ 

Ɨƭƴ ƲƥƴƳưƲƭƷƪưǄ 
ƋƭƬƲƪƶƴƳƶƳƦƲƳƶƷǁ

, ƱƭƲ 

ƖƳƩƪƵƫƥƲƭƪ ƨƪưǁ ɛ 

ƹƵƥƯƻƭƭ, % Ʊƥƶƶ. 
ƗƧƪƵƩƳƶƷǁ, HD 

ƍƬƲƳƶ, 

10-6Ʊ 
ƏƳǂƹƹƭƻƭƪƲƷ ƷƵƪƲƭǄ 

- 45 86,8 42,2 15,2 0,425 

ƌƕƝ 350 ƳƖ 41 86,1 51,5 12,5 0,185 

ƌƕƝ 800 ƳƖ 38 87,4 48,1 13,0 0,09 

ƅƲƥưƭƬ ƴƳưƸƼƪƲƲǀƺ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƩƥƲƲǀƺ ƶƧƭƩƪƷƪưǁƶƷƧƸǃƷ Ƴ ƷƳƱ, ƼƷƳ ƧƧƪƩƪƲƭƪ Ƨ ƶƳƶƷƥƧ ǂƴƳƯƶƭƩƲǀƺ 

ƯƳƱƴƳƬƭƻƭƮ ƬƳưǀ ƌƕƝ ƶƲƭƫƥƪƷ ƭƺ ƭƬƲƳƶ. ƖƲƭƫƪƲƭƪ ƭƬƲƳƶƥ ƱƳƫƲƳ ƳƦƿǄƶƲƭƷǁ ƷƪƱ, ƼƷƳ ƼƥƶƷƭƻǀ ƌƕƝ, ƭƶƴƳưǁƬƸƪƱǀƪ 

Ƨ ƯƥƼƪƶƷƧƪ ƲƥƴƳưƲƭƷƪưƪƮ, ƴƵƪƴǄƷƶƷƧƸǃƷ ƵƥƬƧƭƷƭǃ ƩƪƹƳƵƱƥƻƭƮ Ƨ ƴƳưƭƱƪƵƲƳƮ ƱƥƷƵƭƻƪ, ƭƨƵƥǄ ƵƳưǁ «ƽƭƴƳƧ», 

ƶƯƵƪƴưǄǃƾƭƺ ƶƷƵƸƯƷƸƵƲǀƪ ǂưƪƱƪƲƷǀ ƶƪƷƼƥƷƳƨƳ ƴƳưƭƱƪƵƥ, ƼƷƳ ƬƥƷƵƸƩƲǄƪƷ ƶƯƳưǁƫƪƲƭƪ ƧƩƳưǁ ƴưƳƶƯƳƶƷƪƮ ƶƩƧƭƨƥ. Ƈ 

ƵƪƬƸưǁƷƥƷƪ, ƩưǄ ƷƳƨƳ ƼƷƳƦǀ ƴƵƳƭƬƳƽƪư ƶƩƧƭƨ, ƷƵƪƦƸƪƷƶǄ ƦƳưǁƽƪ ƸƶƭưƭƮ, ƼƷƳ ǄƧưǄƪƷƶǄ ƶưƪƩƶƷƧƭƪƱ ƧƳƬƵƥƶƷƥƲƭǄ 
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ƷƧƪƵƩƳƶƷƭ ƭ ƫƪƶƷƯƳƶƷƭ ƲƥƴƳưƲƪƲƲƳƨƳ ƌƕƝ ƱƥƷƪƵƭƥưƥ. ƖƷƳƭƷ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƭƬƲƳƶƳƶƷƳƮƯƳƶƷǁ ƲƥƴƳưƲƪƲƲǀƺ ƌƕƝ 

ǂƴƳƯƶƭƩƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƴƵƥƯƷƭƼƪƶƯƭ Ʋƪ ƬƥƧƭƶƭƷ ƳƷ ƷƪƱƴƪƵƥƷƸƵǀ ƶƫƭƨƥƲƭǄ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ. 

ƕƳƶƷ ƭƬƲƳƶƳƶƷƳƮƯƳƶƷƭ ƭ ƷƧƪƵƩƳƶƷƭ ǂƴƳƯƶƭƩƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƭ ƲƥƴƳưƲƪƲƭƭ ƭƺ ƬƳưƳƮ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ 

ƳƦƸƶưƳƧưƪƲ ƷƪƱ, ƼƷƳ ƌƕƝ ƭƱƪƪƷ ƴƳƵƭƶƷƸǃ ƶƷƵƸƯƷƸƵƸ ƭ ƦƳưǁƽƸǃ ƴưƳƾƥƩǁ ƴƳƧƪƵƺƲƳƶƷƭ, ƼƷƳ ƶƴƳƶƳƦƶƷƧƸƪƷ ƺƳƵƳƽƪƱƸ 

ƧƬƥƭƱƳƩƪƮƶƷƧƭǃ ƪƪ ƶ ƴƳưƭƱƪƵƲƳƮ ƱƥƷƵƭƻƪƮ. 

ƔƵƭ ǂƷƳƱ ƷƪƱƴƪƵƥƷƸƵƥ ƴƪƵƪƵƥƦƳƷƯƭ ƕƝ, ƧưƭǄƪƷ Ʋƥ ƥƯƷƭƧƲƳƶƷǁ ƭ ƺƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ ƴƳưƸƼƥƪƱƳƮ ƬƳưǀ [5], Ƨ 

ƼƥƶƷƲƳƶƷƭ ƶƷƪƴƪƲǁ ƪƪ ƯƵƭƶƷƥưưƭƼƲƳƶƷƭ ƭ ƶƳƩƪƵƫƥƲƭƪ ƸƨưƪƵƳƩƥ. ƌƳưƥ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ, ƴƳưƸƼƪƲƲƥǄ ƴƵƭ 350 °Ɩ, 

ƳƦƸƶưƥƧưƭƧƥƪƷ ƦƳưǁƽƭƮ ƱƳƩƭƹƭƻƭƵƸǃƾƭƮ ǂƹƹƪƯƷ, ƼƷƳ ƶƧǄƬƥƲƳ ƶ ƯƵƭƶƷƥưưƭƬƥƻƭƪƮ ƩƭƳƯƶƭƩƥ ƯƵƪƱƲƭǄ ƴƵƭ 

ƴƳƧǀƽƪƲƲǀƺ ƷƪƱƴƪƵƥƷƸƵƥƺ. 

ƌƳưƥ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ, ƯƥƯ ƭ ƦƳưǁƽƭƲƶƷƧƳ ƶƭưƭƯƥƷƲǀƺ ƲƥƴƳưƲƭƷƪưƪƮ, ƭƱƪƪƷ ƨƭƩƵƳƯƶƭưǁƲǀƪ ƭưƭ 

ƶƭưƥƲƳưǁƲǀƪ ƨƵƸƴƴǀ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ. ƔƳ ƩƥƲƲǀƱ ƵƥƦƳƷǀ [5], ƭƱƪƲƲƳ ƲƥưƭƼƭƪ ǂƷƭƺ ƵƪƥƯƻƭƳƲƲƳ-ƶƴƳƶƳƦƲǀƺ ƨƵƸƴƴ 

ƳƦƸƶưƥƧưƭƧƥƪƷ ƴƳƧǀƽƪƲƭƪ ƷƧƪƵƩƳƶƷƭ ǂƴƳƯƶƭƩƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƦưƥƨƳƩƥƵǄ ƧưƭǄƲƭǃ ƭƺ Ʋƥ ƴƵƳƻƪƶƶǀ ƳƷƧƪƵƫƩƪƲƭǄ. 

ƉƥƲƲǀƪ ƬƳưǁ-ƨƪưǁ ƥƲƥưƭƬƥ ƶƧƭƩƪƷƪưǁƶƷƧƸǃƷ Ƴ ƷƳƱ, ƼƷƳ ƨƸƶƷƳƷƥ ƴƵƳƶƷƵƥƲƶƷƧƪƲƲƳƮ ƶƪƷƯƭ ǂƴƳƯƶƭƩƲƳƮ 

ƯƳƱƴƳƬƭƻƭƭ, ƴƵƭ ƲƥƴƳưƲƪƲƭƭ ƪƪ 10 Ʊƥƶ.Ƽ ƬƳưǀ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ ƵƥƶƷƪƷ. ƢƷƳ ǄƧưƪƲƭƪ ƳƦƿǄƶƲǄƪƷƶǄ ƸƧƪưƭƼƪƲƭƪƱ 

ƶƳƩƪƵƫƥƲƭǄ ƨƪưǄ ƴƵƭ ƴƵƭƱƪƲƪƲƭƭ Ƨ ƯƥƼƪƶƷƧƪ ƲƥƴƳưƲƭƷƪưǄ ƌƕƝ, ƴƳưƸƼƪƲƲƳƮ ƶƫƭƨƥƲƭƪƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 800 °Ɩ. 

ƒƪ ƶƱƳƷƵǄ Ʋƥ ƸƱƪƲǁƽƪƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƨƪưǄ Ƨ ǂƴƳƯƶƭƩƲǀƺ ƱƥƷƪƵƭƥưƥƺ, ƲƥƴƳưƲƪƲƲǀƺ ƌƕƝ, ƴƳưƸƼƪƲƲƳƮ ƴƵƭ 

350 °Ɩ, ƸƼƭƷǀƧƥǄ ƲƪƵƥƶƷƧƳƵƭƱƳƶƷǁ Ƨ ƥƻƪƷƳƲƪ ƬƳưǀ, ƷƥƯƫƪ ƱƳƫƲƳ ƶƩƪưƥƷǁ ƧǀƧƳƩ Ƴ ƴƳƧǀƽƪƲƭƭ ƴưƳƷƲƳƶƷƭ ƶƪƷƼƥƷƳƮ 

ƶƷƵƸƯƷƸƵǀ. ƢƷƳ ƳƦƿǄƶƲǄƪƷƶǄ ƥƯƷƭƧƥƻƭƪƮ ƴƵƳƻƪƶƶƥ ƵƥƶƯƵǀƷƭǄ ǂƴƳƯƶƭƩƲƳƨƳ ƯƳưǁƻƥ Ƭƥ ƶƼƪƷ ƴƵƭƶƸƷƶƷƧƭǄ Ʋƥ 

ƴƳƧƪƵƺƲƳƶƷƭ ƬƳưǀ ƕƝ ƨƭƩƵƳƯƶƭưƶƳƩƪƵƫƥƾƭƺ ƨƵƸƴƴ.  

ƇƬƥƭƱƳƩƪƮƶƷƧƭƪ ǂƴƳƯƶƭƩƲƳƨƳ ƴƳưƭƱƪƵƥ ƶ ƯƵƪƱƲƭƮƶƳƩƪƵƫƥƾƭƱƭ ƲƥƴƳưƲƭƷƪưǄƱƭ ƺƥƵƥƯƷƪƵƭƬƸƪƷƶǄ 

ƳƦƵƥƬƳƧƥƲƭƪƱ ƧƳƩƳƵƳƩƲǀƺ ƶƧǄƬƪƮ ƴƳ ƶƺƪƱƪ (Ƶƭƶ. 1), ƴƳƶƯƳưǁƯƸ ƢƉ-20 ƶƳƩƪƵƫƭƷ ƬƲƥƼƭƷƪưǁƲƳƪ ƯƳưƭƼƪƶƷƧƳ Ɠƒ-

ƨƵƸƴƴ ƭ ƱƳƶƷƭƯƳƧǀƺ ƥƷƳƱƳƧ ƯƭƶưƳƵƳƩƥ [6]. 

 

ƕƭƶ.1 ƓƦƵƥƬƳƧƥƲƭƪ ƧƳƩƳƵƳƩƲǀƺ ƶƧǄƬƪƮ 

ƢƷƳ ƷƳƫƪ ƧƲƳƶƭƷ ƶƧƳƮ ƧƯưƥƩ Ƨ ƵƳƶƷ ƷƧƪƵƩƳƶƷƭ ƭ ƭƬƲƳƶƳƶƷƳƮƯƳƶƷƭ ƴƳƯƵǀƷƭƮ ƴƵƭ ƲƥƴƳưƲƪƲƭƭ ƭƺ ƬƳưƳƮ 

ƵƭƶƳƧƳƮ ƽƪưƸƺƭ.  

ƍƶƶưƪƩƳƧƥƲƭǄ ƴƳƯƥƬƥưƭ, ƼƷƳ ƌƕƝ ƲƪƶƯƳưǁƯƳ ƸƱƪƲǁƽƥƪƷ ƧƵƪƱǄ ƨƪưƪƳƦƵƥƬƳƧƥƲƭǄ ƯƳƱƴƳƬƭƻƭƮ, ƷƳ ƪƶƷǁ 

ƳƯƥƬǀƧƥƪƷ ƯƥƷƥưƭƷƭƼƪƶƯƭƮ ǂƹƹƪƯƷ Ʋƥ ƴƵƳƻƪƶƶ ƳƷƧƪƵƫƩƪƲƭǄ (ƷƥƦư. 1). ƢƷƳ ƶƧǄƬƥƲƳ ƶ ƲƥưƭƼƭƪƱ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ 

ƩƭƳƯƶƭƩƥ ƯƵƪƱƲƭǄ, ƴƳưƸƼƪƲƲƳƨƳ ƭƬ ƌƕƝ, ƶƭưƥƲƳưǁƲǀƺ ƨƵƸƴƴ. 

ƍƬ ƴƵƭƧƪƩƪƲƲƳƨƳ Ʋƭƫƪ ƨƵƥƹƭƯƥ ƧƭƩƲƳ, ƼƷƳ ƭƶƶưƪƩƸƪƱǀƪ ƲƥƴƳưƲƭƷƪưƭ ƬƲƥƼƭƷƪưǁƲƳ ƶƲƭƫƥǃƷ ƯƳǂƹƹƭƻƭƪƲƷ 

ƶƷƥƷƭƶƷƭƼƪƶƯƳƨƳ ƷƵƪƲƭǄ ǂƴƳƯƶƭƩƲǀƺ ƱƥƷƪƵƭƥưƳƧ. ƢƷƳƷ ƴƳƯƥƬƥƷƪưǁ ƭƱƪƪƷ ƩƳƶƷƥƷƳƼƲƳ ƲƭƬƯƭƪ ƬƲƥƼƪƲƭǄ, ƼƷƳ 

ƴƳƬƧƳưǄƪƷ ƭƶƴƳưǁƬƳƧƥƷǁ ǂƴƳƯƶƭƩƲǀƪ ƯƳƱƴƳƬƭƻƭƭ, ƲƥƴƳưƲƪƲƲǀƪ ƌƕƝ, Ƨ ƯƥƼƪƶƷƧƪ ƥƲƷƭƹƵƭƯƻƭƳƲƲǀƺ ƴƳƯƵǀƷƭƮ. 

ƖưƪƩƸƪƷ ƳƦƵƥƷƭƷǁ ƧƲƭƱƥƲƭƪ Ʋƥ ƷƳ, ƼƷƳ ƌƕƝ, ƴƳưƸƼƪƲƲƥǄ ƴƵƭ 800 °Ɩ, ƳƦƪƶƴƪƼƭƧƥƪƷ ƱƪƲǁƽƭƮ ƯƳǂƹƹƭƻƭƪƲƷ ƷƵƪƲƭǄ 

ƲƥƴƳưƲƪƲƲǀƺ ƯƳƱƴƳƬƭƻƭƮ. 
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ƕƭƶ. 2 ƌƥƧƭƶƭƱƳƶƷƭ ƯƳǂƹƹƭƻƭƪƲƷƥ ƶƷƥƷƭƼƪƶƯƳƨƳ ƷƵƪƲƭǄ ƳƷ ƧƵƪƱƪƲƭ ƹƳƵƱƭƵƳƧƥƲƭǄ ƯƳƲƷƥƯƷƥ ƶ ƳƷƧƪƵƫƩƪƲƲǀƱ ƅƙ-2 
ǂƴƳƯƶƭƴƳưƭƱƪƵƳƱ: 

1 - Ʋƪ ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƱ; 2 ɛ ƶ 10 Ʊƥƶ.Ƽ. ƌƕƝ, ƴƳưƸƼƪƲƲƳƮ ƴƵƭ 350 °Ɩ; 

3 ɛ ƶ 10 Ʊƥƶ.Ƽ ƌƕƝ, ƴƳưƸƼƪƲƲƳƮ ƴƵƭ 800 °Ɩ 

ƌƥƯưǃƼƪƲƭƪ ƉƳƦƥƧưƪƲƭƪ ƬƳưǀ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ Ƨ ƯƥƼƪƶƷƧƪ ƲƥƴƳưƲƭƷƪưǄ ǂƴƳƯƶƭƩƲǀƺ ƯƳƱƴƳƬƭƻƭƮ 

ƶƴƳƶƳƦƶƷƧƸƪƷ ƸưƸƼƽƪƲƭǃ ƺƭƱƭƯƳ-ƱƪƺƥƲƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƴƳƯƵǀƷƭƮ, ƷƥƯ ƯƥƯ ƬƳưƥ ƵƭƶƳƧƳƮ ƽƪưƸƺƭ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ 

ƭƱƪƪƷ ƶƭưƥƲƳưǁƲǀƪ ƨƵƸƴƴǀ, ƯƳƷƳƵǀƪ ƥƯƷƭƧƭƵƸƪƷ ƵƥƶƯƵǀƷƭƪ ǂƴƳƯƶƭƩƲƳƨƳ ƯƳưǁƻƥ Ƨ ǂƴƳƯƶƭƩƲƳƮ ƶƱƳưƪ. ƆưƥƨƳƩƥƵǄ 

ǂƷƳƱƸ ƴƵƳƻƪƶƶƸ ƴƵƳƭƶƺƳƩƭƷ ƶƲƭƫƪƲƭƪ ƫƭƬƲƪƶƴƳƶƳƦƲƳƶƷƭ ƯƳƱƴƳƬƭƻƭƮ, ƸƧƪưƭƼƪƲƭƪ ƨƸƶƷƳƷǀ ƭƺ ƴƵƳƶƷƵƥƲƶƷƧƪƲƲƳƮ 

ƶƷƵƸƯƷƸƵǀ, ƷƳ ƪƶƷǁ ƴƵƳƭƶƺƳƩƭƷ ƴƳƧǀƽƪƲƭƪ ƶƷƪƴƪƲƭ ƳƷƧƪƵƫƩƪƲƭǄ ƳƦƵƥƬƻƳƧ, ƥ ƷƥƯƫƪ ƴƳƧǀƽƪƲƭƪ ƷƧƪƵƩƳƶƷƭ Ʋƥ 12 

ɛ 18 %, ƭƬƲƳƶƳƶƷƳƮƯƳƶƷƭ Ʋƥ 14 ɛ 18 % ƭ ƶƲƭƫƪƲƭƪ ƯƳǂƹƹƭƻƭƪƲƷƥ ƷƵƪƲƭǄ Ʋƥ 56 - 79 %.  

ƖƔƍƖƓƏ ƍƖƗƓƜƒƍƏƓƇ: 
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ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƗƕƘƏƗƘƕƠ ƍ ƑƅƈƒƍƗƒƠƚ ƖƇƓƎƖƗƇ SM1.2HO0.8FE17, ƊƈƓ ƈƍƉƕƍƉƅ, ƒƍƗƕƍƉƅ ƍ ƔƓƕƓƝƏƓƇ 

ƒƍƗƕƍƉƅ ƔƓƖƐƊ ƑƊƚƅƒƍƜƊƖƏƓƎ ƓƆƕƅƆƓƗƏƍ 

INVESTIGATION OF STRUCTURE AND MAGNETIC PROPERTIES OF SM1.2HO0.8FE17, ITS HYDRIDE, NITRIDE AND 

NITRIDE POWDERS AFTER MECHANICAL ACTIVATION  

ƇƪƶƪưƳƧƥ C.Ƈ. 

Veselova S.V. 

ƕƳƶƶƭǄ, ƑƳƶƯƳƧƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱ. Ƒ.Ƈ. ƐƳƱƳƲƳƶƳƧƥ, sv_veselova@mail.ru 

ƍƬƧƪƶƷƲƳ, ƼƷƳ ƭƲƷƪƵƱƪƷƥưưƭƼƪƶƯƭƪ ƶƳƪƩƭƲƪƲƭǄ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ƭ 3d - ƴƪƵƪƺƳƩƲǀƺ ƱƪƷƥưưƳƧ ǄƧưǄǃƷƶǄ 

ƧƪƶǁƱƥ ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ Ʋƥ ƭƺ ƳƶƲƳƧƪ ƲƳƧǀƺ ƱƥƨƲƭƷƳƷƧƪƵƩǀƺ ƱƥƷƪƵƭƥưƳƧ Ƨ ƧƭƩƸ ƲƥưƭƼƭǄ ƧǀƶƳƯƭƺ 

ƬƲƥƼƪƲƭƮ ƲƥƱƥƨƲƭƼƪƲƲƳƶƷƭ ƲƥƶǀƾƪƲƭǄ, ƷƪƱƴƪƵƥƷƸƵǀ ƏǃƵƭ ƭ ƯƳƲƶƷƥƲƷǀ ƱƥƨƲƭƷƳƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƥƲƭƬƳƷƵƳƴƭƭ. 

ƙƳƵƱƭƵƳƧƥƲƭƪ ǂƷƭƺ ƹƸƲƩƥƱƪƲƷƥưǁƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƳƦƸƶưƳƧưƪƲƳ ƯƥƯ ƩƪƮƶƷƧƭƪƱ ƯƵƭƶƷƥưưƭƼƪƶƯƳƨƳ ƴƳưǄ Ʋƥ 

ƵƪƩƯƳƬƪƱƪưǁƲǀƪ ƭƳƲǀ, ƷƥƯ ƭ ƶƭưǁƲǀƱƭ ƧƲƸƷƵƭ- ƭ ƱƪƫƴƳƩƵƪƽƪƷƳƼƲǀƱƭ ƳƦƱƪƲƲǀƱƭ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄƱƭ [1,2]. Ƈ 

ƼƥƶƷƲƳƶƷƭ, ƶƳƪƩƭƲƪƲƭǄ Ʋƥ ƳƶƲƳƧƪ R2Fe17 Ʋƥ ƶƪƨƳƩƲǄƽƲƭƮ ƩƪƲǁ ǄƧưǄǃƷƶǄ ƳƼƪƲǁ ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ 

ƧǀƶƳƯƳǂƲƪƵƨƪƷƭƼƪƶƯƭƱƭ ƱƥƨƲƭƷƥƱƭ ƲƥƺƳƩǄƷ ƽƭƵƳƯƳƪ ƴƵƭƱƪƲƪƲƭƪ Ƨ ƵƥƬưƭƼƲǀƺ ƳƷƵƥƶưǄƺ ƲƥƸƯƭ ƭ ƷƪƺƲƭƯƭ [3,4]. 

ƒƭƷƵƭƩǀ Sm2Fe17Ny ƩƪƱƳƲƶƷƵƭƵƸǃƷ ƧǀƶƳƯƭƪ ƱƥƨƲƭƷƲǀƪ ƴƥƵƥƱƪƷƵǀ ƶƵƪƩƭ Ƨƶƪƺ ƶƳƪƩƭƲƪƲƭƮ R2Fe17Nƺ. Ƈ ƴƳƶưƪƩƲƭƪ 

ƨƳƩǀ Ʀǀưƭ ƴƵƳƧƪƩƪƲǀ ƭƶƶưƪƩƳƧƥƲƭǄ ƶƷƵƸƯƷƸƵǀ ƭ ƱƥƨƲƭƷƲǀƺ ƶƧƳƮƶƷƧ ƶƳƪƩƭƲƪƲƭƮ Sm2Fe17(N,C,H)x Ʋƥ ƴƵƪƩƱƪƷ 

ƧǀǄƶƲƪƲƭǄ ƧưƭǄƲƭǄ Ʋƥ Ʋƭƺ ƵƥƬưƭƼƲǀƺ ƬƥƱƪƾƪƲƭƮ ƯƥƯ Ƨ ƴƳƩƵƪƽƪƷƯƪ ƕƌƑ, ƷƥƯ ƭ Ƨ ƴƳƩƵƪƽƪƷƯƪ Fe [5-7]. 

ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƭƶƴƳưǁƬƳƧƥƲƭƪ ƷƥƯƭƺ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ ƳƷƯƵǀƧƥƪƷ ƧƳƬƱƳƫƲƳƶƷǁ ƶƳƬƩƥƲƭǄ ƲƳƧǀƺ 

ƱƥƨƲƭƷƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƶ ƲƪƳƦƺƳƩƭƱǀƱ ƯƳƱƴưƪƯƶƳƱ ƱƥƨƲƭƷƲǀƺ ƶƧƳƮƶƷƧ Ƨ ƬƥƩƥƲƲƳƮ ƳƦưƥƶƷƭ ƷƪƱƴƪƵƥƷƸƵ ƭ ƴƳưƪƮ, 

ƼƷƳ ƯƵƥƮƲƪ ƧƥƫƲƳ ƩưǄ ƭƺ ƩƥưǁƲƪƮƽƪƨƳ ƴƵƭƯưƥƩƲƳƨƳ ƴƵƭƱƪƲƪƲƭǄ. 

ƛƪưǁǃ ƵƥƦƳƷǀ - ƶƭƲƷƪƬ ƭ ƭƬƸƼƪƲƭƪ ƶƷƵƸƯƷƸƵǀ ƭ ƱƥƨƲƭƷƲǀƺ ƶƧƳƮƶƷƧ ƬƥƱƪƾƪƲƲƳƨƳ ƶƳƪƩƭƲƪƲƭǄ 

(Sm0.6Ho0.4)2Fe17, ƪƨƳ ƨƭƩƵƭƩƥ, ƲƭƷƵƭƩƥ ƭ ƭƬƱƪưǁƼƪƲƲǀƺ ƴƳƵƳƽƯƳƧ ƲƭƷƵƭƩƥ. 

ƖƴưƥƧ Sm1.2Ho0.8Fe17 Ʀǀư ƧƴƪƵƧǀƪ ƴƵƭƨƳƷƳƧưƪƲ ƱƪƷƳƩƳƱ ƭƲƩƸƯƻƭƳƲƲƳƮ ƴưƥƧƯƭ ƭƬ ƭƶƺƳƩƲǀƺ ƱƪƷƥưưƳƧ 

ƧǀƶƳƯƳƮ ƼƭƶƷƳƷǀ ƶ ƴƳƲƭƫƪƲƲǀƱ ƶƳƩƪƵƫƥƲƭƪƱ ƱƪƷƥưưƭƼƪƶƯƭƺ ƭ ƨƥƬƳƳƦƵƥƬƸǃƾƭƺ ƴƵƭƱƪƶƪƮ (Sm, Ho - 99.5 %, Fe - 

99.9 %) Ƨ ƥƷƱƳƶƹƪƵƪ ƥƵƨƳƲƥ. ƌƥƷƪƱ ƳƦƵƥƬƪƻ ƴƳƩƧƪƵƨƥưƶǄ ƨƳƱƳƨƪƲƭƬƭƵƸǃƾƪƱƸ ƳƷƫƭƨƸ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 1273 Ə Ƨ 

ƷƪƼƪƲƭƪ 8 ƶƸƷƳƯ Ƨ ƧƥƯƸƸƱƪ. Ƈ ƻƪưǄƺ ƯƳƲƷƵƳưǄ ƺƭƱƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ ƴƵƳƧƳƩƭưƶǄ ƯƳưƭƼƪƶƷƧƪƲƲǀƮ ƥƲƥưƭƬ ưƭƷƳƨƳ 

ƶƴưƥƧƥ Ʋƥ ƵƪƲƷƨƪƲƹưƸƳƵƪƶƻƪƲƷƲƳƱ ƶƴƪƯƷƵƳƱƪƷƵƪ PRIMUS II. ƑƭƯƵƳƶƷƵƸƯƷƸƵƸ ƭ ƺƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ ƹƥƬ ƩƳ ƭ ƴƳƶưƪ 

ƨƳƱƳƨƪƲƭƬƥƻƭƭ ƭƶƶưƪƩƳƧƥưƭ ƶ ƴƳƱƳƾǁǃ ƶƯƥƲƭƵƸǃƾƪƨƳ ǂưƪƯƷƵƳƲƲƳƨƳ ƱƭƯƵƳƶƯƳƴƥ «LEO EVO 50 XVP» (ƖƢƑ). 

ƅƲƥưƭƬ ƹƥƬƳƧƳƨƳ ƶƳƶƷƥƧƥ ƭ ƴƥƵƥƱƪƷƵƳƧ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵǀ ƴƳƵƳƽƯƥ ƴƵƳƧƳƩƭưƶǄ ƱƪƷƳƩƳƱ ƩƭƹƵƥƯƻƭƭ 

ƵƪƲƷƨƪƲƳƧƶƯƭƺ ưƸƼƪƮ Ʋƥ ƩƭƹƵƥƯƷƳƱƪƷƵƪ ƉƕƓƒ-4-07 ƶ CoK h ƹƭưǁƷƵƳƧƥƲƲǀƱ ƭƬưƸƼƪƲƭƪƱ. ƘƷƳƼƲƪƲƭƪ 

ƩƭƹƵƥƯƻƭƳƲƲǀƺ ƴƵƳƹƭưƪƮ ƴƵƳƧƳƩƭưƳƶǁ ƴƳ ƱƪƷƳƩƸ ƕƭƷƧƪưǁƩƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƴƵƳƨƵƥƱƱǀ RIETAN-2000. 

ƈƭƩƵƭƩ Ʀǀư ƶƭƲƷƪƬƭƵƳƧƥƲ ƴƵǄƱƳƮ ƵƪƥƯƻƭƪƮ ƭƬƱƪưǁƼƪƲƲƳƨƳ ƴƳƵƳƽƯƥ ƶƴưƥƧƥ ƱƥƶƶƳƮ 10 ƨ ƶ ƧƳƩƳƵƳƩƳƱ 

ƧǀƶƳƯƳƮ ƼƭƶƷƳƷǀ (ƶƳƩƪƵƫƥƲƭƪ ƴƵƭƱƪƶƪƮ 10ɛ3-10ɛ4 Ʊƥƶƶ. %) Ʋƥ ƶƴƪƻƭƥưǁƲƳƮ ƩưǄ ǂƷƭƺ ƻƪưƪƮ ƸƶƷƥƲƳƧƯƪ. ƖƭƲƷƪƬ 

ƲƭƷƵƭƩƥ ƴƵƳƧƳƩƭưƭ ƥƦƶƳƵƦƻƭƪƮ ƥƬƳƷƥ ƳƦƵƥƬƻƳƱ (ƭƬƱƪưǁƼƪƲƲǀƮ ƴƳƵƳƽƳƯ ƶƴưƥƧƥ ƩƭƥƱƪƷƵƳƱ ƱƪƲƪƪ 50 ƱƯƱ; 

ƲƥƧƪƶƯƥ ƱƥƶƶƳƮ ƩƳ 25 ƨ) ƴƳƶưƪ ƴƵƪƩƧƥƵƭƷƪưǁƲƳƨƳ ƻƭƯưƥ ƨƭƩƵƭƵƳƧƥƲƭǄ-ƩƪƨƭƩƵƭƵƳƧƥƲƭǄ. ƔƳƶưƪ ƼƪƨƳ Ʋƥ 

ƲƪƳƯƭƶưƪƲƲƸǃ ƴƳƧƪƵƺƲƳƶƷǁ ƳƦƵƥƬƻƥ ƧƳƬƩƪƮƶƷƧƳƧƥưƭ ƨƥƬƳƱ N2 ƧǀƶƳƯƳƮ ƼƭƶƷƳƷǀ ƴƳƩ ƩƥƧưƪƲƭƪƱ ƩƳ 35 ƑƔƥ ƭ 

ƷƪƱƴƪƵƥƷƸƵƪ 450±5°Ɩ. ƏƳưƭƼƪƶƷƧƳ ƴƳƨưƳƾƪƲƲƳƨƳ ƧƳƩƳƵƳƩƥ/ƥƬƳƷƥ ƳƴƵƪƩƪưǄưƭ ƸƵƥƧƲƪƲƭƪƱ ƇƥƲ-ƩƪƵ-Ƈƥƥưǁƶƥ. Ƈ 

ƵƪƬƸưǁƷƥƷƪ ƴƵƭƨƳƷƳƧưƪƲǀ ƶƷƥƦƭưǁƲǀƪ ƶƳƪƩƭƲƪƲƭǄ Sm1.2ƒƳ0.8Fe17H4.4 ƭ Sm1.2ƒƳ0.8Fe17N2.4. 

ƑƪƺƥƲƳƥƯƷƭƧƥƻƭƳƲƲƥǄ ƳƦƵƥƦƳƷƯƥ ƲƭƷƵƭƩƥ Ʀǀưƥ ƧǀƴƳưƲƪƲƥ Ƨ ƧǀƶƳƯƳǂƲƪƵƨƪƷƭƼƪƶƯƳƮ ƴưƥƲƪƷƥƵƲƳƮ 

ƱƳƲƳƱƪưǁƲƭƻƪ ɠƔƸưǁƧƪƵƭƬƪƷƷƪ 6ɡ (ɠFritschɡ, ƈƪƵƱƥƲƭǄ) Ƨ ƷƪƼƪƲƭƪ 15, 30, 45 ƭ 60 ƱƭƲƸƷ (ƶƯƳƵƳƶƷǁ ƧƵƥƾƪƲƭǄ 

ƦƥƵƥƦƥƲƥ ƶƳƶƷƥƧưǄưƥ 300 ƳƦ/ƱƭƲ). ƘưǁƷƵƥƬƧƸƯƳƧǀƪ ƸƶƷƵƳƮƶƷƧƥ Ʀǀưƭ ƴƵƭƱƪƲƪƲǀ Ư ƭƬƱƪưǁƼƪƲƲǀƱ ƴƳƵƳƽƯƥƱ ƩưǄ 

ƭƺ ƩƭƶƴƪƵƨƭƵƳƧƥƲƭǄ ƭ ƩƪƥƨưƳƱƪƵƥƻƭƭ. 

ƑƥƨƲƭƷƲǀƪ ƶƧƳƮƶƷƧƥ ƳƦƵƥƬƻƳƧ ƭƶƶưƪƩƳƧƥưƭƶǁ ƯƥƯ Ƨ ƶƷƥƷƭƼƪƶƯƭƺ, ƷƥƯ ƭ Ƨ ƭƱƴƸưǁƶƲǀƺ ƱƥƨƲƭƷƲǀƺ ƴƳưǄƺ Ƨ 

ƽƭƵƳƯƳƱ ƩƭƥƴƥƬƳƲƪ ƷƪƱƴƪƵƥƷƸƵ ƶ ƴƳƱƳƾǁǃ ƧƭƦƵƥƻƭƳƲƲƳƨƳ ƱƥƨƲƭƷƳƱƪƷƵƥ Ʒƭƴƥ VSM-250, ƸƶƷƥƲƳƧƯƭ ƭƬƱƪƵƪƲƭǄ 
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ƹƭƬƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƱƥƷƪƵƭƥưƳƧ PPMS-9 (Quantum Design) ƭ Ƨ ưƥƦƳƵƥƷƳƵƭƭ ƶƭưǁƲǀƺ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ Ƨ ƛƪƲƷƵƪ 

ƈƪưǁƱƨƳưǁƻƥ (ƉƵƪƬƩƪƲ-ƕƳƶƶƪƲƩƳƵƹ, ƈƪƵƱƥƲƭǄ). 

ƖƳƨưƥƶƲƳ ƩƥƲƲǀƱ ƕƙƅ ƭ ƖƢƑ, ƴƳƶưƪ ƴƵƳƧƪƩƪƲƭǄ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ ƨƳƱƳƨƪƲƭƬƥƻƭƭ ƭƶƺƳƩƲǀƮ ƳƦƵƥƬƪƻ 

ƶƳƶƷƳƭƷ ƭƬ ƳƶƲƳƧƲƳƮ ƹƥƬƥ 2:17 Ʋƥ 92 Ʊƥƶƶ. ƭ ƱƥƨƲƭƷƳƱǄƨƯƳƮ ƹƥƬǀ -hFe. ƓƶƲƳƧƲƥǄ ƹƥƬƥ (Sm,Ho)2Fe17 Ƨ ƭƶƺƳƩƲƳƱ 

ƳƦƵƥƬƻƪ ƯƵƭƶƷƥưưƭƬƸƪƷƶǄ Ƨ ƵƳƱƦƳǂƩƵƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵƪ Ʒƭƴƥ Th2Zn17 (ƴƵ. ƨƵ. Rm). 

ƇƬƥƭƱƳƩƪƮƶƷƧƭƪ ƭƶƺƳƩƲƳƨƳ ƳƦƵƥƬƻƥ ƶ ƧƳƩƳƵƳƩƳƱ ƭ ƥƬƳƷƳƱ ƴƵƭƧƪưƳ Ư ƸƧƪưƭƼƪƲƭǃ ƴƥƵƥƱƪƷƵƳƧ ƭ ƳƦƿƪƱƲƳƱƸ 

ƵƥƶƽƭƵƪƲƭǃ ƵƪƽƪƷƯƭ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ Sm1.2ƒƳ0.8Fe17. Ƈ ƷƥƦư. 1 ƴƵƭƧƪƩƪƲǀ ƵƪƲƷƨƪƲƳƨƵƥƹƭƼƪƶƯƭƪ ƩƥƲƲǀƪ ƩưǄ 

ƭƶƺƳƩƲƳƨƳ ƳƦƵƥƬƻƥ Sm1.2ƒƳ0.8Fe17, ƨƭƩƵƭƩƥ Sm1.2ƒƳ0.8Fe17H4.4, ƲƭƷƵƭƩƥ Sm1.2ƒƳ0.8Fe17H4.4N2.4 ƭ ƪƨƳ ƭƬƱƪưǁƼƪƲƲǀƺ 

ƴƳƵƳƽƯƳƧ ƴƳƶưƪ ƱƪƺƥƲƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƥƦƶƳƵƦƻƭǄ ƧƳƩƳƵƳƩƥ, ƯƥƯ ƭ Ƨ ƶưƸƼƥƪ ƥƬƳƷƥ, 

ƶƳƴƵƳƧƳƫƩƥƪƷƶǄ ƥƲƭƬƳƷƵƳƴƲǀƱ ƵƥƶƽƭƵƪƲƭƪƱ ǄƼƪƮƯƭ, ƯƳƷƳƵƳƪ ƴƵƳƭƶƺƳƩƭƷ ƴƵƪƭƱƸƾƪƶƷƧƪƲƲƳ Ƨ ƦƥƬƭƶƲƳƮ 

ƴưƳƶƯƳƶƷƭ. ƔƳưƸƼƪƲƲǀƪ ƵƪƬƸưǁƷƥƷǀ Ƨ ƻƪưƳƱ ƺƳƵƳƽƳ ƶƳƨưƥƶƸǃƷƶǄ ƶ ƩƥƲƲǀƱƭ ƩưǄ ƨƭƩƵƭƩƥ ƭ ƲƭƷƵƭƩƥ ƶ ƧǀƶƳƯƭƱ 

ƶƳƩƪƵƫƥƲƭƪƱ ƧƳƩƳƵƳƩƥ ƭ ƥƬƳƷƥ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƴƳưƸƼƪƲƲǀƱƭ Ʋƥ ƳƶƲƳƧƪ ƶƳƪƩƭƲƪƲƭǄ Sm2Fe17 [8,9]. ƖƳƴƳƶƷƥƧưǄǄ 

ƶƷƵƸƯƷƸƵƲǀƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƨƭƩƵƭƩƳƧ ƭ ƲƭƷƵƭƩƳƧ Ʋƥ ƳƶƲƳƧƪ ƭƲƷƪƵƱƪƷƥưưƭƼƪƶƯƳƨƳ ƶƳƪƩƭƲƪƲƭǄ Sm2Fe17 ƭ 

Sm1.2ƒƳ0.8Fe17, ƱƳƫƲƳ ƴƵƪƩƴƳưƳƫƭƷǁ, ƼƷƳ ƬƥƱƪƾƪƲƭƪ ƥƷƳƱƳƧ ƶƥƱƥƵƭǄ ƦƳưƪƪ ƷǄƫƪưǀƱƭ ƥƷƳƱƥƱƭ ƨƳưǁƱƭǄ Ƨ ƹƥƬƪ 

2:17 ƲƪƶƯƳưǁƯƳ ƶƲƭƫƥƪƷ ƵƥƶƷƧƳƵƪƲƭƪ ƯƥƯ ƧƳƩƳƵƳƩƥ, ƷƥƯ ƭ ƥƬƳƷƥ, ƴƳƶƯƳưǁƯƸ ƥƦƶƳƵƦƻƭƳƲƲƥǄ ƪƱƯƳƶƷǁ Sm2Fe17 

ƱƥƯƶƭƱƥưǁƲƳ ƶƳƶƷƥƧưǄƪƷ 5 ƥƷƳƱƳƧ ƧƳƩƳƵƳƩƥ ƭ 3 ƥƷƳƱƥ ƥƬƳƷƥ Ʋƥ ƹƳƵƱƸưǁƲƸǃ ƪƩƭƲƭƻƸ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ. 

ƗƥƦưƭƻƥ 1. ƕƪƲƷƨƪƲƳƨƵƥƹƭƼƪƶƯƭƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƭƶƺƳƩƲƳƨƳ ƳƦƵƥƬƻƥ Sm1.2ƒƳ0.8Fe17, ƨƭƩƵƭƩƥ Sm1.2ƒƳ0.8Fe17H4.4, ƲƭƷƵƭƩƥ 
Sm1.2ƒƳ0.8Fe17H4.4N2.4 ƭ ƪƨƳ ƴƳƵƳƽƯƳƧ ƴƳƶưƪ ƵƥƬưƭƼƲǀƺ ƵƪƫƭƱƳƧ ƱƪƺƥƲƳƥƯƷƭƧƥƻƭƳƲƲƳƮ ƳƦƵƥƦƳƷƯƭ 

ƇƲƪƩƵƪƲƭƪ ƥƷƳƱƳƧ ƧƳƩƳƵƳƩƥ ƭ ƥƬƳƷƥ Ƨ ƯƵƭƶƷƥưưƭƼƪƶƯƸǃ ƵƪƽƪƷƯƸ ƶƳƪƩƭƲƪƲƭƮ Sm1.2ƒƳ0.8Fe17 ƳƯƥƬƥưƳ 

ƧưƭǄƲƭƪ ƷƥƯƫƪ ƭ Ʋƥ ƱƥƨƲƭƷƲǀƪ ƶƧƳƮƶƷƧƥ. ƜƥƶƷƭƼƲƳƪ ƬƥƱƪƾƪƲƭƪ ƥƷƳƱƳƧ ƶƥƱƥƵƭǄ ƨƳưǁƱƭƪƱ Ƨ ƴƳƩƵƪƽƪƷƯƪ ƕƌƑ Ƨ 

ƶƳƼƪƷƥƲƭƭ ƶ ǂƹƹƪƯƷƳƱ ƧƲƪƩƵƪƲƭǄ ưƪƨƯƭƺ ƥƷƳƱƳƧ Ƨ ƯƵƭƶƷƥưưƭƼƪƶƯƸǃ ƵƪƽƪƷƯƸ ƭƶƺƳƩƲƳƨƳ ƶƳƪƩƭƲƪƲƭǄ ƸƧƪưƭƼƭƧƥǃƷ 

ƷƥƯƭƪ ƱƥƨƲƭƷƲǀƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ, ƯƥƯ ƸƩƪưǁƲƥǄ ƲƥƱƥƨƲƭƼƪƲƲƳƶƷǁ, ƯƳǂƵƻƭƷƭƧƲƥǄ ƶƭưƥ. ƅƬƳƷ ƳƯƥƬǀƧƥƪƷ ƨƳƵƥƬƩƳ 

ƦƳưƪƪ ƶƭưǁƲƳƪ ƧưƭǄƲƭƪ Ʋƥ ƲƥƱƥƨƲƭƼƪƲƲƳƶƷǁ ƲƥƶǀƾƪƲƭǄ, ƼƪƱ ƧƳƩƳƵƳƩ. ƖƵƥƧƲƭƷƪưǁƲǀƮ ƥƲƥưƭƬ ƱƥƨƲƭƷƲǀƺ 

ƨƭƶƷƪƵƪƬƭƶƲǀƺ ƶƧƳƮƶƷƧ ƴƳƵƳƽƯƳƧ ƳƦƵƥƬƻƳƧ, ƭƬƱƪƵƪƲƲǀƺ Ƨ ƱƥƨƲƭƷƲǀƺ ƴƳưǄƺ ƲƥƴƵǄƫƪƲƲƳƶƷǁǃ ƩƳ 2 ƭ 9 Ɨư ƴƵƭ 

ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ, ƴƳƯƥƬƥư, ƼƷƳ ƸƧƪưƭƼƪƲƭƪ ƩưƭƷƪưǁƲƳƶƷƭ ƭƬƱƪưǁƼƪƲƭǄ ƴƳƵƳƽƯƳƧ Sm-ƒƳ-Fe-N ƶ ƴƳƱƳƾǁǃ 

ƧǀƶƳƯƳǂƲƪƵƨƪƷƭƼƪƶƯƳƨƳ ƴƳƱƳưƥ ƶƴƳƶƳƦƶƷƧƸƪƷ ƴƳƧǀƽƪƲƭǃ ƳƶƲƳƧƲǀƺ ƱƥƨƲƭƷƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ (Ƨ ƼƥƶƷƲƳƶƷƭ, 

ƸƧƪưƭƼƭƧƥƪƷƶǄ ƯƳǂƵƻƭƷƭƧƲƥǄ ƶƭưƥ ƱƥƷƪƵƭƥưƳƧ) ƭ ƴƳǄƧưƪƲƭǃ ƥƨưƳƱƪƵƥƷƳƧ [10]. 

ƑƪƺƥƲƳƳƦƵƥƦƳƷƥƲƲǀƪ ƴƳƵƳƽƯƭ ƭƬƸƼƥƪƱƳƨƳ ƲƭƷƵƭƩƥ ƳƦưƥƩƥǃƷ ƧǀƶƳƯƳƮ ƸƶƷƳƮƼƭƧƳƶƷǁǃ Ư ƳƯƭƶưƪƲƭǃ 

ƲƪƬƥƧƭƶƭƱƳ ƳƷ ƴƵƳƩƳưƫƭƷƪưǁƲƳƶƷƭ ƧƵƪƱƪƲƭ ƭƬƱƪưǁƼƪƲƭǄ. Ɩ ƸƧƪưƭƼƪƲƭƪƱ ƩưƭƷƪưǁƲƳƶƷƭ ƴƳƱƳưƥ ƴƳǄƧưǄǃƷƶǄ 

ƓƦƵƥƬƪƻ 

ƇƵƪƱǄ 

ƴƳƱƳưƥ 

ƖƳƩƪƵƫƥƲƭƪ 

ƹƥƬǀ 

-hFe Ƨ 

ƳƦƵƥƬƻƪ, % 

a, Å c, Å 

 

c/a 
V, Å3 ŴV/V, % 

Sm2Fe17 [8] - cưƪƩǀ 8.55 12.43 1.454 786.9 - 

Sm2Fe17H4.7 [9] - Ʋƪ ƸƯƥƬƥƲƳ 8.682 12.550 1.446 819.2 3.9 

Sm2Fe17N2.3 [8] - Ʋƪ ƸƯƥƬƥƲƳ 8.73 12.64 1.448 833.7 6.3 

Sm1.2ƒƳ0.8Fe17 - 8 8.522(0) 12.429(6) 1.458 782 - 

Sm1.2ƒƳ0.8Fe17H4.4 - 7 8.644(3) 12.521(5) 1.449 810.5 3.6 

Sm1.2ƒƳ0.8Fe17H4.4N2.4 

0 7 8.702(7) 12.698(9) 1.459 832,9 6.5 

15 7 8.692(7) 12.701(3) 1.461 831,9 

- 
30 7 8.710(6) 12.711(0) 1.459 833,6 

45 7 8.699(4) 12.709(5) 1.461 833,1 

60 7 8.696(3) 12.704(6) 1.461 832,4 
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ƥƨưƳƱƪƵƥƷǀ, ƳƦƵƥƬƳƧƥƲƲǀƪ ƱƪưƯƭƱƭ ƭ ƳƼƭƾƪƲƲǀƱƭ ƼƥƶƷƭƻƥƱƭ, ƯƳƲƷƥƯƷƭƵƸǃƾƭƱƭ ƩƵƸƨ ƶ ƩƵƸƨƳƱ (Ƶƭƶ. 1), ƼƷƳ 

ƶƴƳƶƳƦƲƳ ƴƵƭƧƳƩƭƷǁ Ư ƶƲƭƫƪƲƭǃ ƱƥƨƲƭƷƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ. 

 

ƥ) 

 

Ʀ) 

 

Ƨ) 

 

ƨ) 

ƕƭƶ. 1 ƖƢƑ ƭƬƳƦƵƥƫƪƲƭǄ ƴƳƵƳƽƯƳƧ ƲƭƷƵƭƩƥ Sm1.2ƒƳ0.8Fe17H4.4N2.4 Ƨ ƷƪƼƪƲƭƪ 15 (ƥ), 30 (Ʀ), 45 (Ƨ) ƭ 60 (ƨ) ƱƭƲƸƷ ƶ 
ƴƳƶưƪƩƸǃƾƪƮ ƶƷƥƩƭƪƮ ƸưǁƷƵƥƬƧƸƯƳƧƳƨƳ ƩƵƳƦưƪƲƭǄ. 

ƇƴƪƵƧǀƪ ƴƵƳƧƪƩƪƲǀ ƭƶƶưƪƩƳƧƥƲƭǄ ƳƦƵƥƬƻƥ Sm1.2Ho0.8Fe17, Sm1.2Ho0.8Fe17H4.4 ƭ Sm1.2ƒƳ0.8Fe17N2.4 ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƪ 4.2 Ə Ƨ ƶƭưǁƲǀƺ ƱƥƨƲƭƷƲǀƺ ƴƳưǄƺ ƩƳ 60 Ɨư. ƍƬƱƪƵƪƲƭƪ ƴƳưƪƧǀƺ ƬƥƧƭƶƭƱƳƶƷƪƮ ƲƥƱƥƨƲƭƼƪƲƲƳƶƷƭ 

ƴƳƬƧƳưƭưƳ ƧǀǄƧƭƷǁ, ƼƷƳ ƴƪƵƪƺƳƩ ƳƷƶƸƷƶƷƧƸƪƷ Ƨ ƭƶƺƳƩƲƳƱ ƶƳƪƩƭƲƪƲƭƭ Sm1.2Ho0.8Fe17 ƩƳ ƴƳưƪƮ 60 Ɨư, ƲƳ Ƨ ƨƭƩƵƭƩƪ 

ƯƵƭƷƭƼƪƶƯƳƪ ƴƳưƪ ƴƪƵƪƺƳƩƥ ƶƳƶƷƥƧưǄƪƷ 55 Ɨư, Ƨ ƷƳ ƧƵƪƱǄ ƯƥƯ Ƨ ƲƭƷƵƭƩƪ ƳƲ ƲƥƼƭƲƥƪƷƶǄ Ƨ ƴƳưƪ 43 Ɨư [11]. 

ƗƥƯƫƪ Ʀǀưƭ ƴƵƳƧƪƩƪƲǀ ƭƶƶưƪƩƳƧƥƲƭǄ ƶƧƳƮƶƷƧ ƴƳƵƳƽƯƳƧ Sm1.2ƒƳ0.8Fe17N2.4, ƭƱƪǃƾƭƺ ƵƥƬưƭƼƲƸǃ 

ƩƭƶƴƪƵƶƲƳƶƷǁ Ƨ ƵƪƬƸưǁƷƥƷƪ ƵƥƬưƭƼƲƳƨƳ ƧƵƪƱƪƲƭ ƴƳƱƳưƥ Ƨ ƴưƥƲƥƵƲƳƮ ƽƥƵƳƧƳƮ ƱƪưǁƲƭƻƪ. ƓƦƲƥƵƸƫƪƲƳ, ƼƷƳ 

ƩƭƶƴƪƵƶƲƳƶƷǁ ƼƥƶƷƭƻ Ʋƪ ƳƯƥƬǀƧƥƪƷ ƬƥƱƪƷƲƳƨƳ ƧưƭǄƲƭǄ Ʋƥ ƭƲƩƸƻƭƵƳƧƥƲƲǀƮ ƴƳưƪƱ ƶƴƭƲ-ƴƪƵƪƳƵƭƪƲƷƥƻƭƳƲƲǀƮ 

ƹƥƬƳƧǀƮ ƴƪƵƪƺƳƩ ƭ, ƯƥƯ ƶưƪƩƶƷƧƭƪ, Ʋƥ ƳƦƱƪƲƲƳƪ ƧƬƥƭƱƳƩƪƮƶƷƧƭƪ R-Fe Ƨ ƲƭƷƵƭƩƥƺ Sm-ƒƳ-Fe-N. ƙƸƲƯƻƭƳƲƥưǁƲǀƪ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ, ƴƳưƸƼƪƲƲǀƪ ƩưǄ ƴƳƵƳƽƯƳƧ Sm-ƒƳ-Fe-N ƩƳ ƭ ƴƳƶưƪ ƭƺ ƭƬƱƪưǁƼƪƲƭǄ, ǄƧưǄǃƷƶǄ ƧƥƫƲǀƱƭ ƩưǄ 

ƵƥƬƵƥƦƳƷƯƭ Ʋƥ ƭƺ ƳƶƲƳƧƪ ƲƳƧǀƺ ƧǀƶƳƯƳƯƳǂƵƻƭƷƭƧƲǀƺ ƱƥƨƲƭƷƳƧ. 

ƅƧƷƳƵ ƧǀƵƥƫƥƪƷ ƦưƥƨƳƩƥƵƲƳƶƷǁ Ƭƥ ƴƳƱƳƾǁ Ƨ Ʃ.ƹ.-Ʊ.Ʋ. ƗƪƵƪƽƭƲƳƮ ƍ.Ɩ. ƓƷƩƪưǁƲƥǄ ƦưƥƨƳƩƥƵƲƳƶƷǁ Ƭƥ ƴƳƱƳƾǁ 

Ƨ ƴƵƳƧƪƩƪƲƭƭ ƧǀƶƳƯƳƴƳưƪƧǀƺ ƭƬƱƪƵƪƲƭƮ ƳƦƵƥƬƻƳƧ Ƨ ưƥƦƳƵƥƷƳƵƭƭ ƶƭưǁƲǀƺ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮƧ Ƨ ƛƪƲƷƵƪ 
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Sm2FeTaO7 ɛ ƲƳƧƳƪ ƶƳƪƩƭƲƪƲƭƪ ƶ ƴƭƵƳƺưƳƵƳƴƳƩƳƦƲƳƮ ƶƷƵƸƯƷƸƵƳƮ, ƯƳƷƳƵƳƪ ƴƳ ƶƧƳƭƱ ƹƸƲƯƻƭƳƲƥưǁƲǀƱ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƱ ƴƵƪƧƳƶƺƳƩƭƷ ƺƳƵƳƽƳ ƭƬƧƪƶƷƲǀƮ ƱƥƷƪƵƭƥư ƩưǄ ƷƪƵƱƳƦƥƵǁƪƵƲǀƺ ƴƳƯƵǀƷƭƮ, ƶƷƥƦƭưƭƬƭƵƳƧƥƲƲǀƮ 

ƭƷƷƵƭƪƱ ƳƯƶƭƩ ƻƭƵƯƳƲƭǄ, YSZ. ƑƪƺƥƲƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ Sm2FeTaO7 ƭƬƸƼƪƲǀ ƩƳƶƷƥƷƳƼƲƳ ƺƳƵƳƽƳ, ƳƩƲƥƯƳ, Ƨ 

ƳƶƷƥưǁƲƳƱ ǂƷƳ ƶƳƪƩƭƲƪƲƭƪ, ƯƥƯ ƭ ƶƳƪƩƭƲƪƲƭǄ ƵǄƩƥ Ln2FeTaO7, ƶưƪƩƸƪƷ ƳƷƲƪƶƷƭ Ư ƱƥưƳƭƬƸƼƪƲƲǀƱ. Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ 

Ʀǀư ƴƵƳƧƪƩƪƲ ƴƳƭƶƯ ƭ ƵƥƬƵƥƦƳƷƯƥ ƱƪƷƳƩƳƧ ƶƭƲƷƪƬƥ, ƭƶƶưƪƩƳƧƥƲƭƪ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƺ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ 

ƶƧƳƮƶƷƧ ƶưƳƫƲǀƺ ƷƥƲƷƥưƥƷƳƧ ƕƌƢ ƶ ƳƦƾƪƮ ƹƳƵƱƸưƳƮ Ln2(Fe/Cr)TaO7. 

Ɔǀưƥ ƵƥƬƵƥƦƳƷƥƲƥ ƲƳƧƥǄ ƱƪƷƳƩƭƯƥ ƴƳưƸƼƪƲƭǄ Ln2(Fe/Cr)TaO7 ƶƳƳƶƥƫƩƪƲƭƪƱ ƶ ƴƳƶưƪƩƸǃƾƭƱ ƳƷƫƭƨƳƱ. 

ƑƪƷƳƩƥƱƭ ƉƗƅ/Ɨƈ, ƕƙƅ ƭ ƕƢƑ ƭƬƸƼƪƲƳ ƧưƭǄƲƭƪ ƸƶưƳƧƭƮ ƶƭƲƷƪƬƥ Ʋƥ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƭ ƱƭƯƵƳƶƷƵƸƯƷƸƵƸ ƶƳƪƩƭƲƪƲƭƮ. 
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ƍƶƶưƪƩƳƧƥƲǀ ƷƪƱƴƪƵƥƷƸƵƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƷƪƴưƳƪƱƯƳƶƷƭ, ƱƥƨƲƭƷƲǀƪ ƶƧƳƮƶƷƧƥ ƭ ƶƷƵƸƯƷƸƵƲǀƪ ƳƶƳƦƪƲƲƳƶƷƭ 

ƴƳưƸƼƪƲƲǀƺ ƳƦƵƥƬƻƳƧ. 

Ƈ ƵƪƬƸưǁƷƥƷƪ ƴƵƳƧƪƩƪƲƲƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ ƲƥƱƭ ƦǀưƳ ƴƳƯƥƬƥƲƳ, ƼƷƳ ƴƭƵƳƺưƳƵƳƴƳƩƳƦƲǀƪ ƶƳƪƩƭƲƪƲƭǄ 

Ln2FeTaO7 ƵƪƥưƭƬƸǃƷƶǄ Ƨ ƽƭƵƳƯƳƱ ƵǄƩƸ ưƥƲƷƥƲƳƭƩƳƧ (Ln = Pr-Yb, ƧƯưǃƼƥǄ Y). ƖƳƪƩƭƲƪƲƭǄ ƶ Ln=Pr, Nd, Er, Yb 

ƶƭƲƷƪƬƭƵƳƧƥƲǀ ƧƴƪƵƧǀƪ. ƔƳƯƥƬƥƲƳ, ƼƷƳ ƶƭƲƷƪƬ ƴƭƵƳƺưƳƵƳƴƳƩƳƦƲƳƮ ƹƥƬǀ ƴƵƳƷƪƯƥƪƷ ƼƪƵƪƬ ƳƦƵƥƬƳƧƥƲƭƪ 

ƲƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƱƪƷƥƶƷƥƦƭưǁƲƳƮ ƹƥƬǀ ƹưǃƳƵƭƷƥ, ƯƳƷƳƵƥǄ ƲƪƳƦƵƥƷƭƱƳ ƴƪƵƪƺƳƩƭƷ Ƨ ƴƭƵƳƺưƳƵƳƴƳƩƳƦƲƸǃ 

ƹƥƬƸ ƴƵƭ ƸƧƪưƭƼƪƲƭƭ ƧƵƪƱƪƲƭ ƭưƭ ƷƪƱƴƪƵƥƷƸƵǀ ƯƵƭƶƷƥưưƭƬƥƻƭƭ. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ Ƨƶƪ ƶƳƪƩƭƲƪƲƭǄ ƵǄƩƥ 

Ln2FeTaO7 ƭƱƪǃƷ ƨƪƯƶƥƨƳƲƥưǁƲƸǃ ƶƷƵƸƯƷƸƵƸ (ƴƵ. ƨƵ.R-3), Ƨ ƷƳƱ Ƽƭƶưƪ ƭ ƹƥƬƥ Sm2FeTaO7, ƳƷƲƳƶƭƱƥǄ ƵƥƲƪƪ Ư ƴƵ. ƨƵ. 

Ɩ2/ƶ. ƒƥ ƴƵƭƱƪƵƪ Ln2FeTaO7, Ln=Sm, Gd, Y, ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƷƪƱƴƪƵƥƷƸƵƲƥǄ ƬƥƧƭƶƭƱƳƶƷǁ ƷƪƴưƳƪƱƯƳƶƷƭ Ʋƪ ƭƱƪƪƷ 

ƳƶƳƦƪƲƲƳƶƷƪƮ ƧƴưƳƷǁ ƩƳ ƷƪƱƴƪƵƥƷƸƵǀ 1300 Ə, Ƭƥ ƭƶƯưǃƼƪƲƭƪ ƳƦưƥƶƷƭ 2-25 Ə, Ƨ ƯƳƷƳƵƳƮ ƳƦƲƥƵƸƫƪƲƥ ƥƲƳƱƥưƭǄ. 

ƕƥƶƶƼƭƷƥƲǀ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ ƹƸƲƯƻƭƭ Ln2FeTaO7, Ln=Sm, Gd, Y Ƨ ƩƭƥƴƥƬƳƲƪ 15-1300 Ə. ƍƶƶưƪƩƳƧƥƲƭƪ 

ƱƥƨƲƭƷƲǀƺ ƶƧƳƮƶƷƧ Sm2FeTaO7 ƭ Y2FeTaO7 ƴƳƯƥƬƥưƳ, ƼƷƳ ƶƳƪƩƭƲƪƲƭǄ ǄƧưǄǃƷƶǄ ƴƥƵƥƱƥƨƲƪƷƭƯƥƱƭ, Ƨ ƯƳƷƳƵǀƺ 

ƴƵƭƶƸƷƶƷƧƸǃƷ ƧƬƥƭƱƳƩƪƮƶƷƧƭǄ ƦưƭƫƲƪƨƳ ƴƳƵǄƩƯƥ, ƥ ƴƵƭ ƲƭƬƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƲƥƦưǃƩƥƪƷƶǄ ƴƪƵƪƺƳƩ Ƨ ƶƳƶƷƳǄƲƭƪ 

ƶƴƭƲƳƧƳƨƳ ƶƷƪƯưƥ. 

ƇƴƪƵƧǀƪ, ƴƳƯƥƬƥƲƳ ƶƸƾƪƶƷƧƳƧƥƲƭƪ ƵƥƲƪƪ ƲƪƭƬƧƪƶƷƲǀƺ ƹƥƬ Ln2CrTaO7 Ƨ ƶƭƶƷƪƱƪ Ln2O3-Cr2O3-Ta2O5, (Ln = Sm, 

Gd, Y). Ƈ ƳƷưƭƼƭƪ ƳƷ Ln2FeTaO7, ƳƲƭ ƭƱƪǃƷ ƯƸƦƭƼƪƶƯƸǃ ƶƷƵƸƯƷƸƵƸ Ʒƭƴƥ ƴƭƵƳƺưƳƵƥ, ƴƵ. ƨƵ. Fd-3m. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ 

ƱƥƨƲƭƷƲǀƪ ƶƧƳƮƶƷƧƥ Ln2CrTaO7 ƳƴƵƪƩƪưǄǃƷƶǄ ƹƪƵƵƳƱƥƨƲƭƷƲǀƱƭ (ƙƑ) ƧƬƥƭƱƳƩƪƮƶƷƧƭǄƱƭ Cr3+ ƴƳƩƵƪƽƪƷƯƭ, ƩưǄ 

ƯƳƷƳƵƳƮ ƺƥƵƥƯƷƪƵƲƳ ƲƥưƭƼƭƪ ƙƑ ƴƪƵƪƺƳƩƥ Ƨ ƳƦưƥƶƷƭ 150 Ə. ƒƭƫƪ ǂƷƳƨƳ ƴƪƵƪƺƳƩƥ ƧƳƬƱƳƫƲƳ ƴƵƳǄƧưƪƲƭƪ 

ƱƥƨƲƭƷƳƸƴƵƸƨƭƺ ǂƹƹƪƯƷƳƧ, Ƨ ƼƥƶƷƲƳƶƷƭ ƳƷƵƭƻƥƷƪưǁƲƳƨƳ ƯƳǂƹƹƭƻƭƪƲƷƥ ƵƥƶƽƭƵƪƲƭǄ, ƯƥƯ Ƨ ƶưƸƼƥƪ Y2CrTaO7. 

ƇƲƪƶƪƲƭƪ Ƨ ƵƪƽƪƷƯƸ ƴƭƵƳƺưƳƵƥ ƱƥƨƲƭƷƲƳƨƳ ƕƌ ƯƥƷƭƳƲƥ (ƲƥƵǄƩƸ ƶ ƺƵƳƱƳƱ) ƴƵƭƧƳƩƭƷ Ư ƯƳƲƯƸƵƪƲƻƭƭ ƅƙƑ ƭ ƙƑ 

ƧƬƥƭƱƳƩƪƮƶƷƧƭƮ ƩƧƸƺ ƴƳƩƵƪƽƪƷƳƯ, ƼƷƳ ƶƸƾƪƶƷƧƪƲƲƳ ƱƪƲǄƪƷ ƱƥƨƲƭƷƲƳƪ ƴƳƧƪƩƪƲƭƪ ƴƭƵƳƺưƳƵƳƧ. ƔƵƭ ǂƷƳƱ 

ƧƪƵƳǄƷƲƳƶƷǁ ƩƪƹƳƵƱƥƻƭƭ ƵƪƽƪƷƯƭ, ƶƧǄƬƥƲƲƳƮ ƶƳ ƶƴƳƲƷƥƲƲƳƮ ƲƥƱƥƨƲƭƼƪƲƲƳƶƷǁǃ Ƨ ƳƦưƥƶƷƭ ƙƑ ƴƪƵƪƺƳƩƥ, ƥ ƷƥƯƫƪ 

ƴƳǄƧưƪƲƭƪ ƳƷƵƭƻƥƷƪưǁƲƳƨƳ ƷƪƵƱƭƼƪƶƯƳƨƳ ƵƥƶƽƭƵƪƲƭǄ ƶƲƭƫƥƪƷƶǄ. ƓƴƵƪƩƪưƪƲǀ ƬƲƥƼƪƲƭǄ ƷƪƴưƳƪƱƯƳƶƷƭ 

ƶƳƪƩƭƲƪƲƭƮ Ln2CrTaO7 Ƨ ƭƲƷƪƵƧƥưƪ 300 - 1300 Ə ƭ ƴƳƯƥƬƥƲƳ ƳƷƶƸƷƶƷƧƭƪ ƴƳưƭƱƳƵƹƲǀƺ ƴƪƵƪƺƳƩƳƧ Ƨ Ln2CrTaO7 

ƧƴưƳƷǁ ƩƳ 1450°Ɩ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, Ʀǀưƭ ƵƥƬƵƥƦƳƷƥƲǀ ƶƭƲƷƪƷƭƼƪƶƯƭƪ ƴƳƩƺƳƩǀ, ƴƵƳƧƪƩƪƲƳ ƯƳƱƴưƪƯƶƲƳƪ ƭƶƶưƪƩƳƧƥƲƭƪ 

ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƺ, ƶƷƵƸƯƷƸƵƲǀƺ, ƱƥƨƲƭƷƲǀƺ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƧƴƪƵƧǀƪ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƭ 

ƱƥưƳƭƬƸƼƪƲƲǀƺ ƳƯƶƭƩƳƧ Ʋƥ ƳƶƲƳƧƪ ƷƥƲƷƥưƥƷƳƧ ƕƌƢ.  

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƕƒƙ, ƴƵƳƪƯƷ 18-13-00025. 
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Vompe T.A., Milyaev I.M. 

ƕƳƶƶƭǄ, ƙƪƩƪƵƥưǁƲƳƪ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƦǃƩƫƪƷƲƳƪ ƸƼƵƪƫƩƪƲƭƪ ƲƥƸƯƭ ƍƲƶƷƭƷƸƷ ƱƪƷƥưưƸƵƨƭƭ ƭ 

ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƅ. ƆƥƮƯƳƧƥ ƕƳƶƶƭƮƶƯƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ, tvompe@imet.ac.ru 

ƔƳƶƷƳǄƲƲǀƪ ƱƥƨƲƭƷǀ ƴƵƭƱƪƲǄǃƷ Ƨ ǂưƪƯƷƵƳƱƳƦƭưǄƺ, ƧƪƷƵǄƲǀƺ ƱƪưǁƲƭƻƥƺ, ƸƶƷƵƳƮƶƷƧƥƺ ƴƥƱǄƷƭ, 

ƱƥƨƲƭƷƳưƪƧƭƷƥƻƭƳƲƲǀƺ ƷƵƥƲƶƴƳƵƷƲǀƺ ƶƭƶƷƪƱƥƺ ƭ Ƨ ƦƭƳƱƪƩƭƻƭƲƪ [1]. ƓƶƳƦǀƮ ƭƲƷƪƵƪƶ ƩưǄ ƭƶƶưƪƩƳƧƥƲƭǄ ƸƼƪƲǀƺ 

ƴƵƪƩƶƷƥƧưǄǃƷ ƱƥƨƲƭƷƲǀƪ ƱƥƷƪƵƭƥưǀ ƩưǄ ƭƬƨƳƷƳƧưƪƲƭǄ ƴƳƶƷƳǄƲƲǀƺ ƱƥƨƲƭƷƳƧ ƦƪƬ ƶƳƩƪƵƫƥƲƭǄ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ 

ƱƪƷƥưưƳƧ. ƔƵƭƧưƪƯƥƷƪưǁƲǀƱƭ ƯƥƼƪƶƷƧƥƱƭ ǄƧưǄǃƷƶǄ ƲƭƬƯƥǄ ƶƷƳƭƱƳƶƷǁ, ƧǀƶƳƯƥǄ ƯƳǂƵƻƭƷƭƧƲƥǄ ƶƭưƥ ƭ ƧƳƬƱƳƫƲƳƶƷǁ 
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ƴƵƭƱƪƲƪƲƭǄ ƴƵƭ ƧǀƶƳƯƭƺ ƵƥƦƳƼƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ [2]. ƍƶƴƳưǁƬƳƧƥƲƭƪ ƱƪƷƳƩƥ ƴƳƵƳƽƯƳƧƳƮ ƱƪƷƥưưƸƵƨƭƭ ƩưǄ 

ƴƵƳƭƬƧƳƩƶƷƧƥ ƱƥƨƲƭƷƳƷƧƪƵƩǀƺ ƶƴưƥƧƳƧ ƳƦƪƶƴƪƼƭƧƥƪƷ ƧǀƶƳƯƭƮ ƯƳǂƹƹƭƻƭƪƲƷ ƭƶƴƳưǁƬƳƧƥƲƭǄ ƱƥƷƪƵƭƥưƥ ƭ 

ƴƵƪƻƭƬƭƳƲƲƳƶƷǁ Ƨ ƹƳƵƱƳƧƥƲƭƭ ƭƬƩƪưƭƮ, ƬƲƥƼƭƷƪưǁƲƳ ƸƱƪƲǁƽƥƪƷ ƳƦƿƪƱǀ ƱƪƺƥƲƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ ƭ ƶƲƭƫƥƪƷ 

ƷƵƸƩƳƬƥƷƵƥƷǀ [3]. 

ƛƪưǁǃ ƩƥƲƲƳƮ ƵƥƦƳƷǀ ƦǀưƳ ƭƬƸƼƪƲƭƪ ƧưƭǄƲƭǄ ƵƪƫƭƱƳƧ ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ Ʋƥ ƸƵƳƧƪƲǁ ƱƥƨƲƭƷƲǀƺ 

ƶƧƳƮƶƷƧ ƱƥƨƲƭƷƳƷƧƪƵƩƳƨƳ ƶƴưƥƧƥ Fe-Cr-Co, ưƪƨƭƵƳƧƥƲƲƳƨƳ ƧƳưǁƹƵƥƱƳƱ. 

Ƈ ƯƥƼƪƶƷƧƪ ƭƶƶưƪƩƸƪƱƳƨƳ ƶƴưƥƧƥ Ʀǀư ƧǀƦƵƥƲ ƱƥƨƲƭƷƳƷƧǅƵƩǀƮ ƶƴưƥƧ Fe-28%Cr-10%Co-0.5%W. ƓƦƵƥƬƻǀ 

ƭƶƶưƪƩƸƪƱƳƨƳ ƶƴưƥƧƥ ƴƳưƸƼƥưƭ ƱƪƷƳƩƳƱ ƴƳƵƳƽƯƳƧƳƮ ƱƪƷƥưưƸƵƨƭƭ Ƨ ƍƑƊƗ ƕƅƒ. ƖƴƪƯƥƲƭƪ ƴƵƳƧƳƩƭưƭ Ƨ ƧƥƯƸƸƱƲƳƮ 

ƽƥƺƷƲƳƮ ƴƪƼƭ ƖƝƇ-1,25/24-ƍ1. ƗƥƯƫƪ ƴƵƳƧƳƩƭưƭ ƭƶƶưƪƩƳƧƥƲƭƪ ƴƵƳƻƪƶƶƳƧ ƶƴƪƯƥƲƭǄ. ƑƥƨƲƭƷƲǀƪ ƶƧƳƮƶƷƧƥ 

ƳƦƵƥƬƻƳƧ ƭƬƸƼƥưƭ Ƨ ƥƲƭƬƳƷƵƳƴƲƳƱ ƭ ƭƬƳƷƵƳƴƲƳƱ ƶƳƶƷƳǄƲƭƭ. ƗƪƵƱƳƱƥƨƲƭƷƲƸǃ ƳƦƵƥƦƳƷƯƸ ƴƵƳƧƳƩƭưƭ Ƨ 

ưƥƦƳƵƥƷƳƵƲƳƮ ƴƪƼƭ ƶ ƴƥƲƻƭƵƲǀƱ ǂưƪƯƷƵƳƱƥƨƲƭƷƳƱ Ƨ ƱƥƨƲƭƷƲƳƱ ƴƳưƪ ƲƥƴƵǄƫƪƲƲƳƶƷǁǃ H = 320 Ưƅ/Ʊ. ƗƪƵƱƭƼƪƶƯƸǃ 

ƳƦƵƥƦƳƷƯƸ ƴƵƳƧƳƩƭưƭ Ƨ ưƥƦƳƵƥƷƳƵƲǀƺ ƴƪƼƥƺ ƱƸƹƪưǁƲƳƨƳ Ʒƭƴƥ. ƑƥƨƲƭƷƲǀƪ ƨƭƶƷƪƵƪƬƭƶƲǀƪ ƶƧƳƮƶƷƧƥ ƭƬƸƼƥưƭ Ʋƥ 

ƨƭƶƷƪƵƪƬƭƶƨƵƥƹƪ Permagraph L EP-3. ƓƴƷƭƱƭƬƥƻƭǃ ƵƪƫƭƱƳƧ ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ ƴƵƳƧƳƩƭưƭ ƱƪƷƳƩƳƱ 

ƴưƥƲƭƵƳƧƥƲƭǄ ǂƯƶƴƪƵƭƱƪƲƷƥ ƶ ƴƳƶƷƵƳƪƲƭƪƱ ƻƪƲƷƵƥưǁƲƳƨƳ ƯƳƱƴƳƬƭƻƭƳƲƲƳƨƳ ƴưƥƲƥ 23 + ƬƧƪƬƩƲǀƪ ƷƳƼƯƭ. 

ƉưǄ ƭƶƶưƪƩƸƪƱƳƨƳ ƶƴưƥƧƥ Fe-28%Cr-10%Co-0.5%W Ʀǀưƭ ƴƳưƸƼƪƲǀ ƸƵƥƧƲƪƲƭǄ ƵƪƨƵƪƶƶƭƭ Ƨ ƧƭƩƪ 

ƬƥƧƭƶƭƱƳƶƷƭ ƱƥƨƲƭƷƲǀƺ ƨƭƶƷƪƵƪƬƭƶƲǀƺ ƶƧƳƮƶƷƧ (Br, Hc, (BH)max) ƳƷ ƵƪƫƭƱƳƧ ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ. ƒƥ ƶƴưƥƧƪ 

ƴƳưƸƼƪƲ ƸƵƳƧƪƲǁ ƱƥƨƲƭƷƲǀƺ ƶƧƳƮƶƷƧ, ƯƳƷƳƵǀƮ Ʋƪ ƸƶƷƸƴƥǃƷ ƴƵƳƱǀƽưƪƲƲǀƱ ƱƥƨƲƭƷƳƷƧƪƵƩǀƱ ƶƴưƥƧƥƱ Fe-Cr-Co. 

ƕƥƦƳƷƥ ƧǀƴƳưƲǄưƥƶǁ ƴƳ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƱƸ ƬƥƩƥƲƭǃ ʋ 075-00947-20-00. ƍƶƶưƪƩƳƧƥƲƭƪ ƵƪƫƭƱƳƧ ƶƴƪƯƥƲƭǄ 
ƭƶƶưƪƩƳƧƥƲƲǀƺ ƶƴưƥƧƳƧ ƧǀƴƳưƲƪƲƳ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƕƙƙƍ Ƨ ƵƥƱƯƥƺ ƲƥƸƼƲƳƨƳ ƴƵƳƪƯƷƥ ʋ 18-03-
00666. 
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ƍƲƹƳƵƱƥƻƭǄ Ƴ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧƥƺ ƳƯƶƭƩƲǀƺ ƶƭƶƷƪƱ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƴƵƪƩƶƷƥƧưǄƪƷ 

ƬƲƥƼƭƷƪưǁƲǀƮ ƭƲƷƪƵƪƶ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ ƶƳƧƵƪƱƪƲƲǀƺ ƱƪƷƳƩƳƧ ƴƳưƸƼƪƲƭǄ ƭ ǂƯƶƴưƸƥƷƥƻƭƭ ƱƥƷƪƵƭƥưƳƧ ƧǀƶƽƪƮ 

ƳƨƲƪƸƴƳƵƲƳƶƷƭ [1-3]. ƑƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƪ ƶƭƶƷƪƱǀ, ƶƳƩƪƵƫƥƾƭƪ ƳƯƶƭƩ ƨƥƹƲƭǄ, ǄƧưǄǃƷƶǄ Ƨ ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ 
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ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ  ƩưǄ ƴƳưƸƼƪƲƭǄ ƽƭƵƳƯƳƨƳ ƶƴƪƯƷƵƥ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ, Ƨ ƼƥƶƷƲƳƶƷƭ 

ƷƪƵƱƳƦƥƵǁƪƵƲǀƺ ƴƳƯƵǀƷƭƮ ƩưǄ ƥƧƭƥƻƭƳƲƲƳƮ ƭ ƯƳƶƱƭƼƪƶƯƳƮ ƷƪƺƲƭƯƭ, ƥ ƷƥƯƫƪ ƯƪƵƥƱƭƼƪƶƯƭƺ ƹƳƵƱ ƩưǄ ưƭƷǁǄ 

ƩƪƷƥưƪƮ ƨƥƬƳƷƸƵƦƭƲƲǀƺ ƩƧƭƨƥƷƪưƪƮ [4, 5]. Ƈ ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ ƱƥƷƪƵƭƥưƳƧ ƧǀƶƽƪƮ ƳƨƲƪƸƴƳƵƲƳƶƷƭ 

ƭƶƴƳưǁƬƸƪƷƶǄ Ƨ ƳƶƲƳƧƲƳƱ ƯƪƵƥƱƭƯƥ Ʋƥ ƳƶƲƳƧƪ ƶƷƥƦƭưƭƬƭƵƳƧƥƲƲƳƨƳ ƳƯƶƭƩƳƱ ƭƷƷƵƭǄ ƳƯƶƭƩƥ ƻƭƵƯƳƲƭǄ (7-8 Ʊƥƶƶ % 

Y2O3). ƓƩƲƥƯƳ Ƨ ƷƥƯƳƮ ƯƪƵƥƱƭƯƪ ƴƵƳƷƪƯƥǃƷ ƹƥƬƳƧǀƪ ƴƵƪƧƵƥƾƪƲƭǄ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ Ƨǀƽƪ 1473 Ə, ƯƳƷƳƵǀƪ 

ƴƵƭƧƳƩǄƷ, Ƨ ƼƥƶƷƲƳƶƷƭ, Ư ƵƥƶƷƵƪƶƯƭƧƥƲƭǃ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƬƥƾƭƷƲǀƺ ƴƳƯƵǀƷƭƮ. ƌƥƱƪƾƪƲƭƪ ƼƥƶƷƭ ƳƯƶƭƩƥ 

ƻƭƵƯƳƲƭǄ ƳƯƶƭƩƳƱ ƨƥƹƲƭǄ ƴƳƷƪƲƻƭƥưǁƲƳ ƴƳƬƧƳưǄƪƷ ƴƳƧǀƶƭƷǁ ƭƲƷƪƵƧƥưǀ ƵƥƦƳƼƭƺ ƷƪƱƴƪƵƥƷƸƵ ƱƥƷƪƵƭƥưƳƧ ƧǀƶƽƪƮ 

ƳƨƲƪƸƴƳƵƲƳƶƷƭ, ƧƯưǃƼƥǄ ƴƳƧǀƽƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ƳƷƱƪƼƪƲƲƳƨƳ ƹƥƬƳƧƳƨƳ ƴƪƵƪƺƳƩƥ [4, 5]. 

ƖưƪƩƸƪƷ ƳƶƳƦƪƲƲƳ ƴƳƩƼƪƵƯƲƸƷǁ, ƼƷƳ ƴƳƧǀƽƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ƶƭƲƷƪƬƥ ƭ ǂƯƶƴưƸƥƷƥƻƭƭ 

ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƯƥƯ ƴƵƥƧƭưƳ, ƴƵƭƧƳƩƭƷ Ư ƭƬƦƭƵƥƷƪưǁƲƳƱƸ ƭƶƴƥƵƪƲƭǃ ƯƳƱƴƳƲƪƲƷƳƧ 

ƷƸƨƳƴưƥƧƯƳƮ ƯƪƵƥƱƭƯƭ, ƧƶưƪƩƶƷƧƭƪ ǂƷƳƨƳ ƱƳƫƪƷ ƲƥƦưǃƩƥƷǁƶǄ ƬƲƥƼƭƷƪưǁƲƳƪ ƭƬƱƪƲƪƲƭƪ ƯƳƱƴưƪƯƶƥ ƹƭƬƭƯƳ-

ƺƭƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ. ƍƱƪƲƲƳ ƴƳ ǂƷƭƱ ƴƵƭƼƭƲƥƱ ƵƥƬƵƥƦƳƷƯƥ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƲƪƧƳƬƱƳƫƲƥ ƦƪƬ 

ƩƳƶƷƳƧƪƵƲƳƮ ƭƲƹƳƵƱƥƻƭƭ Ƴ ƴƵƳƻƪƶƶƥƺ ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧƥƺ ƯƪƵƥƱƭƯƭ Ʋƥ ƳƶƲƳƧƪ 

ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ, ƶƳƩƪƵƫƥƾƭƺ ƳƯƶƭƩ ƨƥƹƲƭǄ. ƒƥưƭƼƭƪ ǂƷƭƺ ƩƥƲƲǀƺ ƴƳƬƧƳưǄƪƷ Ʋƪ 

ƷƳưǁƯƳ ƯƳƵƵƪƯƷƲƳ ƴƵƳƧƳƩƭƷǁ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƮ ƶƭƲƷƪƬ, ƲƳ ƭ ƴƵƳƨƲƳƬƭƵƳƧƥƷǁ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƪ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƭƬƸƼƥƪƱǀƺ ƶƭƶƷƪƱ, ƧƯưǃƼƥǄ ƹƥƬƳƧǀƪ ƵƥƧƲƳƧƪƶƭǄ, ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƵƥƬưƭƼƲǀƺ ƱƳƩƪưǁƲǀƺ 

ƴƳƩƺƳƩƳƧ. ƍƱƪƲƲƳ ƸƯƥƬƥƲƲǀƱƭ ƳƦƶƷƳǄƷƪưǁƶƷƧƥƱƭ Ʀǀưƥ ƴƵƳƩƭƯƷƳƧƥƲƥ ƻƪưƪƶƳƳƦƵƥƬƲƳƶƷǁ ƭƬƸƼƪƲƭǄ ƴƵƳƻƪƶƶƳƧ 

ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ Ʋƥ ƳƶƲƳƧƪ ƳƯƶƭƩƥ ƨƥƹƲƭǄ ƭ ƳƯƶƭƩƳƧ 

ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ. 

Ƈ ƯƥƼƪƶƷƧƪ ƳƦƿƪƯƷƳƧ ƲƥƶƷƳǄƾƪƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ ƧǀƦƵƥƲǀ ƶưƪƩƸǃƾƭƪ ƶƭƶƷƪƱǀ, ƶƳƩƪƵƫƥƾƭƪ ƳƯƶƭƩǀ 

ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ ƭ ƨƥƹƲƭǄ: Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2. 

ƘƯƥƬƥƲƲǀƪ ƶƭƶƷƪƱǀ ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀ ƯƥƯ ƳƶƲƳƧƥ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ ƽƭƵƳƯƳƨƳ ƶƴƪƯƷƵƥ ƲƳƧǀƺ ƱƥƷƪƵƭƥưƳƧ, Ƨ 

ƼƥƶƷƲƳƶƷƭ ƶƪƲƶƳƵƳƧ, ưǃƱƭƲƪƶƻƪƲƷƲǀƺ ƴƳƯƵǀƷƭƮ, ƷƪƵƱƳƦƥƵǁƪƵƲǀƺ ƴƳƯƵǀƷƭƮ ƭ ƹƳƵƱ ƩưǄ ưƭƷǁǄ ưƳƴƥƷƳƯ 

ƨƥƬƳƷƸƵƦƭƲƲǀƺ ƩƧƭƨƥƷƪưƪƮ ƭƬ ƶƳƧƵƪƱƪƲƲǀƺ ƫƥƵƳƴƵƳƼƲǀƺ ƶƴưƥƧƳƧ [4, 5]. 

ƍƬƸƼƪƲƭƪ ƴƵƳƻƪƶƶƳƧ ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƳƦƵƥƬƻƳƧ ƯƪƵƥƱƭƯƭ Ʋƥ ƳƶƲƳƧƪ ƸƯƥƬƥƲƲǀƺ 

ƶƭƶƷƪƱ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƧǀƴƳưƲƪƲƳ, ƯƥƯ ƭ ƵƥƲƪƪ, ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ 

[6, 7]. ƌƥƩƥƼƭ ƩƥƲƲƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ ƧƯưǃƼƥưƭ: 

- ƶƭƲƷƪƬ ƭ ƺƥƵƥƯƷƪƵƭƬƥƻƭǃ ƺƭƱƭƼƪƶƯƳƨƳ ƭ ƹƥƬƳƧƳƨƳ ƶƳƶƷƥƧƥ ƳƦƵƥƬƻƳƧ Ƨ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱƥƺ;  

- ƭƩƪƲƷƭƹƭƯƥƻƭǃ ƶƳƶƷƥƧƥ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƥƱƭ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ;  

- ƳƴƵƪƩƪưƪƲƭƪ ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƥƱƭ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ;  

- ƳƴƵƪƩƪưƪƲƭƪ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ Ƨ ƭƬƸƼƥƪƱǀƺ ƶƭƶƷƪƱƥƺ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ; 

- ƵƥƶƶƱƳƷƵƪƲƭƪ ƧƳƬƱƳƫƲƳƶƷƭ ƴƵƭƱƪƲƪƲƭǄ ƴƳưƸǂƱƴƭƵƭƼƪƶƯƳƨƳ ƱƪƷƳƩƥ ƏƳưƪƵƥ ƩưǄ ƵƥƶƼǅƷƥ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƷƵǅƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ, ƶƳƩƪƵƫƥƾƭƺ HfO2, Ʋƥ ƳƶƲƳƧƪ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ 

ƧƪưƭƼƭƲ Ƨ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱƥƺ. 

ƓƦƵƥƬƻǀ ƯƪƵƥƱƭƯƭ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 

ƶƭƲƷƪƬƭƵƳƧƥƲǀ ƷƧǅƵƩƳƹƥƬƲǀƱ ƱƪƷƳƩƳƱ Ʋƥ ƳƶƲƳƧƪ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƭƲƩƭƧƭƩƸƥưǁƲǀƺ ƳƯƶƭƩƳƧ. ƍƶƺƳƩƲǀƪ 

ƵƪƥƨƪƲƷǀ Ƨ ƬƥƩƥƲƲǀƺ ƶƳƳƷƲƳƽƪƲƭǄƺ ƴƪƵƪƷƭƵƥưƭƶǁ Ƨ ƥƨƥƷƳƧƳƮ ƶƷƸƴƯƪ ƭ ƴƵƪƶƶƳƧƥưƭƶǁ Ƨ ƷƥƦưƪƷƯƭ Ʋƥ ƶƷƥưǁƲƳƱ 

ƴƵƪƶƶƪ ƴƳƩ ƩƥƧưƪƲƭƪƱ 200 ƦƥƵ ƶ ƴƳƶưƪƩƸǃƾƪƮ ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƳƮ, ƥ ƷƥƯƫƪ ƶ ƴƳƧƷƳƵƲǀƱ ƴƪƵƪƷƭƵƥƲƭƪƱ ƭ 

ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƳƮ [8-11]. La2Hf2O7 ƭ Gd2Hf2O7 Ʀǀưƭ ƶƭƲƷƪƬƭƵƳƧƥƲǀ ƷƥƯƫƪ ƨưƭƯƳưǁ-ƻƭƷƵƥƷƲǀƱ ƱƪƷƳƩƳƱ [12, 

13]. 

ƓƴƵƪƩƪưƪƲƭƪ ƯƳưƭƼƪƶƷƧƪƲƲƳƨƳ ƺƭƱƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ ƴƳưƸƼƪƲƲǀƺ ƳƦƵƥƬƻƳƧ ƧǀƴƳưƲƪƲƳ ƱƪƷƳƩƳƱ 

ƵƪƲƷƨƪƲƳƧƶƯƳƨƳ ƹưƸƳƵƪƶƻƪƲƷƲƳƨƳ ƥƲƥưƭƬƥ Ʋƥ ƧƳưƲƳƩƭƶƴƪƵƶƭƳƲƲƳƱ ƶƴƪƯƷƵƳƱƪƷƵƪ S8 Tiger (Bruker AXS, ƏƥƵưƶƵƸǂ, 

ƈƪƵƱƥƲƭǄ). ƙƥƬƳƧǀƮ ƶƳƶƷƥƧ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ ƭƩƪƲƷƭƹƭƻƭƵƳƧƥƲ ƱƪƷƳƩƳƱ ƵƪƲƷƨƪƲƳƧƶƯƳƨƳ ƹƥƬƳƧƳƨƳ 
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(ƑƪƫƩƸƲƥƵƳƩƲǀƮ ƻƪƲƷƵ ƩƭƹƵƥƯƻƭƳƲƲǀƺ ƩƥƲƲǀƺ). ƏƳưƭƼƪƶƷƧƪƲƲǀƮ ƥƲƥưƭƬ ƶƳƩƪƵƫƥƲƭǄ ƹƥƬ ƧǀƴƳưƲƪƲ ƱƪƷƳƩƳƱ 

ƕƭƷƧƪưǁƩƥ. ƔƳƩƷƧƪƵƫƩƪƲƳ [8-11] ƶƳƳƷƧƪƷƶƷƧƭƪ ƹƥƬƳƧƳƨƳ ƶƳƶƷƥƧƥ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ ƴƵƭƲǄƷǀƱ Ƨ 

ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ Ƨ ưƭƷƪƵƥƷƸƵƪ ƹƥƬƳƧǀƱ ƵƥƧƲƳƧƪƶƭǄƱ Ƨ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱƥƺ Ʋƥ ƳƶƲƳƧƪ ƳƯƶƭƩƥ ƨƥƹƲƭǄ [14]. 

ƍƬƸƼƪƲƭƪ ƴƵƳƻƪƶƶƳƧ ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ Ƨ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱƥƺ ƧǀƴƳưƲƪƲƳ 

ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ Ʋƥ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƪ ƑƖ-1301 (ƍƲƶƷƭƷƸƷ ƥƲƥưƭƷƭƼƪƶƯƳƨƳ 

ƴƵƭƦƳƵƳƶƷƵƳƪƲƭǄ ƅƒ ƖƖƖƕ, ƐƪƲƭƲƨƵƥƩ, ƖƖƖƕ), ƴƵƪƩƲƥƬƲƥƼƪƲƲƳƱ ƩưǄ ƭƬƸƼƪƲƭǄ ƴƵƳƻƪƶƶƳƧ ƭƶƴƥƵƪƲƭǄ ƭ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƷƵƸƩƲƳưƪƷƸƼƭƺ ƧƪƾƪƶƷƧ [15]. ƍƶƴƥƵƪƲƭƪ ƳƦƵƥƬƻƳƧ Ƨ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱƥƺ 

ƧǀƴƳưƲƪƲƳ ƭƬ ƶƩƧƳƪƲƲƳƮ ƧƳưǁƹƵƥƱƳƧƳƮ ǂƹƹƸƬƭƳƲƲƳƮ ƯƥƱƪƵǀ, ƴƳƬƧƳưǄǃƾƪƮ Ƨ ƳƩƲƳƱ ƭ ƷƳƱ ƫƪ ǂƯƶƴƪƵƭƱƪƲƷƪ 

ƲƥƦưǃƩƥƷǁ ƴƪƵƪƺƳƩ Ƨ ƨƥƬƳƧƸǃ ƹƥƬƸ ƯƥƯ ƳƦƵƥƬƻƥ ƶƭƶƷƪƱǀ ƬƥƩƥƲƲƳƨƳ ƶƳƶƷƥƧƥ, ƷƥƯ ƭ ƶƷƥƲƩƥƵƷƥ. ƉưǄ ƳƴƵƪƩƪưƪƲƭǄ 

ƥƯƷƭƧƲƳƶƷƪƮ ƯƳƱƴƳƲƪƲƷƳƧ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱ Ƨ ƯƥƼƪƶƷƧƪ ƶƷƥƲƩƥƵƷƳƧ Ʀǀưƭ ƧǀƦƵƥƲǀ  ƭƲƩƭƧƭƩƸƥưǁƲǀƪ ƳƯƶƭƩǀ 

ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ. ƑƳưƭƦƩƪƲƳƧǀƮ ƦưƳƯ ƶ ƩƧƸƱǄ ǂƹƹƸƬƭƳƲƲǀƱƭ ƯƥƱƪƵƥƱƭ ƲƥƨƵƪƧƥưƶǄ 

ǂưƪƯƷƵƳƲƲƳƮ ƦƳƱƦƥƵƩƭƵƳƧƯƳƮ. Ƒƥƶƶ-ƶƴƪƯƷƵǀ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƥƱƭ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ Ʀǀưƭ ƴƳưƸƼƪƲǀ ƴƵƭ 

ǂƲƪƵƨƭƭ ƭƳƲƭƬƭƵƸǃƾƭƺ ǂưƪƯƷƵƳƲƳƧ 30 ǂƇ. ƍƲƷƪƲƶƭƧƲƳƶƷƭ ƭƳƲƲǀƺ ƷƳƯƳƧ Ƨ Ʊƥƶƶ-ƶƴƪƯƷƵƥƺ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƥƱƭ 

ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ ƵƪƨƭƶƷƵƭƵƳƧƥưƭƶǁ ƧƷƳƵƭƼƲǀƱ ǂưƪƯƷƵƳƲƲǀƱ ƸƱƲƳƫƭƷƪưƪƱ. 

ƔƵƭ ƵƥƶƶƱƳƷƵƪƲƭƭ ƵƥƧƲƳƧƪƶƭƮ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƥǄ ƹƥƬƥ-ƴƥƵ ƱƪƷƳƩ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-

ƶƴƪƯƷƵƳƱƪƷƵƭƭ ƴƳƬƧƳưǄƪƷ ƭƩƪƲƷƭƹƭƻƭƵƳƧƥƷǁ ƶƳƶƷƥƧ ƴƥƵƥ ƲƥƩ ƭƶƶưƪƩƸƪƱǀƱƭ ƳƦƵƥƬƻƥƱƭ, ƴƳưƸƼƥƷǁ ƧƪưƭƼƭƲǀ 

ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ ƭ ƬƲƥƼƪƲƭǄ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƭƬƸƼƥƪƱƳƮ ƶƭƶƷƪƱǀ 

ƷƥƯƭƪ, ƯƥƯ ƥƯƷƭƧƲƳƶƷƭ ƯƳƱƴƳƲƪƲƷƳƧ, ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ ƳƦƵƥƬƳƧƥƲƭǄ ƭƬ ƳƯƶƭƩƳƧ ƭ ƭƬƦǀƷƳƼƲǀƪ ǂƲƪƵƨƭǄ ƈƭƦƦƶƥ [6, 15]. 

ƍƲƷƪƲƶƭƧƲƳƶƷƭ ƭƳƲƲǀƺ ƷƳƯƳƧ Ƨ Ʊƥƶƶ-ƶƴƪƯƷƵƥƺ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƥƱƭ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ ƴƵǄƱƳ 

ƴƵƳƴƳƵƻƭƳƲƥưǁƲǀ ƴƥƵƻƭƥưǁƲǀƱ ƩƥƧưƪƲƭǄƱ ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ ƲƥƩ ƭƬƸƼƥƪƱǀƱƭ ƳƦƵƥƬƻƥƱƭ, ƴƵƭ 

ƭƶƴƥƵƪƲƭƭ ƭƬ ǂƹƹƸƬƭƳƲƲƳƮ ƯƥƱƪƵǀ ƏƲƸƩƶƪƲƥ [6, 15]. ƅƯƷƭƧƲƳƶƷƭ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱƥƺ ƳƴƵƪƩƪưƪƲǀ 

Ƨ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƱƪƷƳƩƳƱ ƩƭƹƹƪƵƪƲƻƭƥưǁƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ ƴƵƭ ƶƳƴƳƶƷƥƧưƪƲƭƭ ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ 

ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ ƲƥƩ ƳƦƵƥƬƻƳƱ ƶƭƶƷƪƱǀ ƬƥƩƥƲƲƳƨƳ ƶƳƶƷƥƧƥ ƭ ƲƥƩ ƭƲƩƭƧƭƩƸƥưǁƲǀƱ ƯƳƱƴƳƲƪƲƷƳƱ ƯƥƯ 

ƶƷƥƲƩƥƵƷƳƱ ƩưǄ ƳƴƵƪƩƪưƪƲƭǄ ƥƯƷƭƧƲƳƶƷƭ ƶƳƳƷƧƪƷƶƷƧƸǃƾƪƨƳ ƯƳƱƴƳƲƪƲƷƥ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƮ ƹƥƬǀ [6, 15]. 

Ƈ ƵƪƬƸưǁƷƥƷƪ ƥƲƥưƭƬƥ ƶƳƶƷƥƧƥ ƨƥƬƳƧƳƮ ƹƥƬǀ ƲƥƩ ƭƬƸƼƪƲƲǀƱƭ ƳƦƵƥƬƻƥƱƭ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ 

Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ Ƨ ƭƲƷƪƵƧƥưƪ ƷƪƱƴƪƵƥƷƸƵ 2000-2660 Ə ƭƶƴƥƵƪƲƭƪ ƳƦƵƥƬƻƳƧ Ƨ ƶƭƶƷƪƱƥƺ 

Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƴƵƳƷƪƯƥƪƷ ƴƳ ƥƲƥưƳƨƭƭ ƶ ƴƪƵƪƺƳƩƳƱ Ƨ ƴƥƵ 

ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƭƲƩƭƧƭƩƸƥưǁƲǀƺ ƳƯƶƭƩƳƧ ƶ ƳƦƵƥƬƳƧƥƲƭƪƱ ƱƳƲƳƳƯƭƶƭ ƭ ƯƭƶưƳƵƳƩƥ, ƥ ƷƥƯƫƪ ZrO2. ƒƥƦưǃƩƥưƳƶǁ 

ƶƳƳƷƧƪƷƶƷƧƭƪ Ʊƥƶƶ-ƶƴƪƯƷƵƳƧ ƴƥƵƥ ƲƥƩ ƭƬƸƼƪƲƲǀƱƭ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƱƭ ƶƭƶƷƪƱƥƱƭ ƶ Ʊƥƶƶ-ƶƴƪƯƷƵƥƱƭ ƴƥƵƥ ƲƥƩ 

ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƱƭ ƭƲƩƭƧƭƩƸƥưǁƲǀƱƭ ƳƯƶƭƩƥƱƭ Gd2O3, La2O3, Sm2O3, Y2O3, ZrO2 ƭ HfO2 [16]. 

ƖưƪƩƸƪƷ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƲƥƭƦƳưǁƽƥǄ ưƪƷƸƼƪƶƷǁ Ƨ ƸƯƥƬƥƲƲǀƺ ƶƭƶƷƪƱƥƺ Ʀǀưƥ ƺƥƵƥƯƷƪƵƲƥ ƩưǄ ƳƯƶƭƩƳƧ 

ưƥƲƷƥƲƳƭƩƳƧ, ƯƳƷƳƵǀƪ ƭƶƴƥƵǄưƭƶǁ ƶ ƩƭƶƶƳƻƭƥƻƭƪƮ ƴƳ ƶưƪƩƸǃƾƪƮ ƶƺƪƱƪ ƯƥƯ ƭ ƭƲƩƭƧƭƩƸƥưǁƲǀƪ ƳƯƶƭƩǀ 

ưƥƲƷƥƲƳƭƩƳƧ [16]: 

 [M2O3] = 2(MO) + (O),          (1) 

ƨƩƪ ƯƧƥƩƵƥƷƲǀƪ ƭ ƯƵƸƨưǀƪ ƶƯƳƦƯƭ ƶƳƳƷƧƪƷƶƷƧƸǃƷ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƱƸ ƭ ƨƥƬƳƳƦƵƥƬƲƳƱƸ ƶƳƶƷƳǄƲƭǃ 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, Ƒ = La, Gd, Sm, Y. ƉưǄ Sm2O3 ƺƥƵƥƯƷƪƵƲƥ ƷƥƯƫƪ ƵƪƥƯƻƭǄ ƩƭƶƶƳƻƭƥƻƭƭ ƩƳ ƥƷƳƱƥƵƲǀƺ ƶƥƱƥƵƭǄ ƭ 

ƯƭƶưƳƵƳƩƥ: 

[Sm2O3] = 2(Sm) + 3(O).          (2) 

ƖƵƪƩƭ ƳƯƶƭƩƳƧ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ ƲƥƭƱƪƲǁƽƪƮ ưƪƷƸƼƪƶƷǁǃ ƳƦưƥƩƥư Y2O3, ƭƶƴƥƵƪƲƭƪ ƯƳƷƳƵƳƨƳ 

ƴƵƳƷƪƯƥưƳ ƶƳƨưƥƶƲƳ ƶƺƪƱƪ (1). ƔƪƵƪƺƳƩ Ƨ ƨƥƬƳƧƸǃ ƹƥƬƸ HfO2 ƭ ZrO2 ƲƥƦưǃƩƥưƶǄ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ Ƨǀƽƪ 2500 Ə:  

[MeO2] = (MeO) + (O),          (3) 

[ZrO2] = (ZrO2),           (4) 
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ƨƩƪ Ƒƪ = Hf, Zr. 

ƒƥƩ ƭƬƸƼƪƲƲǀƱƭ ƳƦƵƥƬƻƥƱƭ ƸƯƥƬƥƲƲǀƺ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ ƳƴƵƪƩƪưƪƲǀ ƴƥƵƻƭƥưǁƲǀƪ ƩƥƧưƪƲƭǄ 

ƶưƪƩƸǃƾƭƺ ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ:  

GdO, YO ƭ O ƲƥƩ ƶƭƶƷƪƱƳƮ Gd2O3-Y2O3-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2500 Ə [8]; 

LaO, YO ƭ O ƲƥƩ ƶƭƶƷƪƱƳƮ La2O3-Y2O3-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2337 Ə [9]; 

YO, ZrO, ZrO2, HfO ƭ O ƲƥƩ ƶƭƶƷƪƱƳƮ Y2O3-ZrO2-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2660 Ə [10] ƭ SmO, Sm, YO ƭ O ƲƥƩ 

ƶƭƶƷƪƱƳƮ Sm2O3-Y2O3-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2373 Ə [11]. 

ƓƷƱƪƷƭƱ, ƼƷƳ ƷƪƱƴƪƵƥƷƸƵƲǀƪ ƭƲƷƪƵƧƥưǀ ƭƬƸƼƪƲƭǄ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ ƳƯƶƭƩƥ ƨƥƹƲƭǄ Ʀǀưƭ ƧǀƦƵƥƲǀ 

ƶƳƨưƥƶƲƳ ƸƶưƳƧƭǃ, ƴƵƭ ƯƳƷƳƵƳƱ ƳƦƾƪƪ ƩƥƧưƪƲƭƪ ƴƥƵƥ Ƨ ǂƹƹƸƬƭƳƲƲƳƮ ƯƥƱƪƵƪ ƏƲƸƩƶƪƲƥ Ʋƪ ƴƵƪƧǀƽƥưƳ 13 Ɣƥ, 

ƲƪƳƦƺƳƩƭƱƳƨƳ ƩưǄ ƵƪƥưƭƬƥƻƭƭ ƱƳưƪƯƸưǄƵƲƳƨƳ ƭƶƷƪƼƪƲƭǄ ƴƥƵƥ ƭ ƸƶƷƥƲƳƧưƪƲƭǄ Ƨ ƯƥƱƪƵƪ ƩƭƲƥƱƭƼƪƶƯƳƨƳ 

ƵƥƧƲƳƧƪƶƭǄ. ƇǀƦƳƵ ƧƪƵƺƲƪƨƳ ƴƵƪƩƪưƥ ƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƭƲƷƪƵƧƥưƥ ƭƶƶưƪƩƳƧƥƲƭƮ Ʀǀư ƷƥƯƫƪ ƴƵƳƩƭƯƷƳƧƥƲ 

ƲƪƳƦƺƳƩƭƱƳƶƷǁǃ ƶƳƺƵƥƲƪƲƭǄ ƭƬƱƪƲƪƲƭƮ ƶƳƶƷƥƧƥ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƮ ƹƥƬǀ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱ Ƨ ƭƬƳƷƪƵƱƭƼƪƶƯƭƺ 

ƸƶưƳƧƭǄƺ Ƨ ƴƵƳƻƪƶƶƪ ƭƶƴƥƵƪƲƭǄ ƶƳ ƶƯƳƵƳƶƷǁǃ, Ʋƪ ƴƵƪƧǀƽƥǃƾƪƮ (0.2±0.1) ƱƳư. % Ƨ ƱƭƲ, ƳƦƪƶƴƪƼƭƧƥǃƾƪƮ 

ƵƥƧƲƳƧƪƶƭƪ ƱƪƫƩƸ ƬƥƩƥƲƲǀƱ ƶƳƶƷƥƧƳƱ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƮ ƭ ƨƥƬƳƧƳƮ ƹƥƬ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƴƵƭ ƦƳưƪƪ ƧǀƶƳƯƳƮ ưƪƷƸƼƪƶƷƭ ƳƦƵƥƬƻƳƧ ƭƶƶưƪƩƸƪƱǀƺ ƶƭƶƷƪƱ ƭƶƴƥƵƪƲƭƪ ƳƦƵƥƬƻƳƧ 

ƴƵƳƧƳƩƭưƳƶǁ ƴƵƭ ƦƳưƪƪ ƲƭƬƯƳƮ ƷƪƱƴƪƵƥƷƸƵƪ, ƼƷƳ ƳƦƪƶƴƪƼƭƧƥưƳ ƲƥƭƦƳưƪƪ ƩƳƶƷƳƧƪƵƲƳƪ ƳƴƵƪƩƪưƪƲƭƪ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ. ƒƥ ƳƶƲƳƧƪ ƳƴƵƪƩƪưƪƲƭǄ ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ ƴƥƵƥ ƲƥƩ ƭƬƸƼƪƲƲǀƱƭ ƶƭƶƷƪƱƥƱƭ Ƨ 

ƭƬƳƷƪƵƱƭƼƪƶƯƭƺ ƸƶưƳƧƭǄƺ ƸƶƷƥƲƳƧưƪƲƳ, ƶƯƳƵƳƶƷƭ ƭƶƴƥƵƪƲƭǄ ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƶƭƶƷƪƱ ƸƱƪƲǁƽƥưƭƶǁ Ƨ ƶưƪƩƸǃƾƪƱ 

ƴƳƵǄƩƯƪ ƩưǄ ƳƦƵƥƬƻƳƧ ƶ ƵƥƧƲǀƱ ƶƳƳƷƲƳƽƪƲƭƪƱ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƮ ƹƥƬƪ: La2O3-Y2O3-HfO2 > Sm2O3-

Y2O3-HfO2 > Gd2O3-Y2O3-HfO2 > Y2O3-ZrO2-HfO2.  

ƖưƪƩƸƪƷ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƲƪƳƷƿƪƱưƪƱƳƮ ƼƥƶƷǁǃ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷǀ ǄƧƭưƳƶǁ ƷƥƯƫƪ ƭƬƸƼƪƲƭƪ ƴƵƳƻƪƶƶƳƧ 

ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƶưƪƩƸǃƾƭƺ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱ Ʋƥ ƳƶƲƳƧƪ ƳƯƶƭƩƥ ƨƥƹƲƭǄ ƭ 

ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ: Gd2O3-Y2O3, La2O3-HfO2, Y2O3-ZrO2, Sm2O3-Y2O3 ƭ Sm2O3-HfO2. ƕƪƬƸưǁƷƥƷǀ ƭƬƸƼƪƲƭǄ 

ƸƯƥƬƥƲƲǀƺ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱ ƴƵƭƧƪƩƪƲǀ Ƨ ƵƥƦƳƷƥƺ [17-20] ƭ ƷƥƦưƭƻƪ 1. Ƈ ƭƶƶưƪƩƳƧƥƲƲǀƺ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱƥƺ 

ƲƥƦưǃƩƥưƭƶǁ ƳƷƵƭƻƥƷƪưǁƲǀƪ ƳƷƯưƳƲƪƲƭǄ ƳƷ ƭƩƪƥưǁƲƳƨƳ ƴƳƧƪƩƪƲƭǄ Ƨ ƭƲƷƪƵƧƥưƪ ƷƪƱƴƪƵƥƷƸƵ 2373-2660 Ə. 

ƔƳƯƥƬƥƲƳ, ƼƷƳ ƬƲƥƼƪƲƭǄ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ ƭ ƥƯƷƭƧƲƳƶƷƪƮ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3, Y2O3-ZrO2, 

Sm2O3-Y2O3 ƭ Sm2O3-HfO2 ƱƳƨƸƷ ƦǀƷǁ ƳƴƭƶƥƲǀ Ƨ ƵƥƱƯƥƺ ƱƳƩƪưƭ ƶƸƦƵƪƨƸưǄƵƲǀƺ ƵƥƶƷƧƳƵƳƧ [21] ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 

2630 Ə, 2660 Ə, 2373 Ə ƭ 2373 Ə ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ. ƔƵƭ ƸƯƥƬƥƲƲǀƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƴƳưƸƼƪƲǀ ƶưƪƩƸǃƾƭƪ 

ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ Ƨ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱƥƺ ƶƳƨưƥƶƲƳ ƱƳƩƪưƭ 

ƶƸƦƵƪƨƸưǄƵƲǀƺ ƵƥƶƷƧƳƵƳƧ [21]:  
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ƨƩƪ ƺi ɛ ƱƳưǁƲƥǄ ƩƳưǄ ƯƳƱƴƳƲƪƲƷƥ i; T ɛ ƥƦƶƳưǃƷƲƥǄ ƷƪƱƴƪƵƥƷƸƵƥ; ,E

GYGD ,E

YZGD ,E

SYGD  E

SHGD  ɛ 

ƭƬƦǀƷƳƼƲǀƪ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3, Y2O3-ZrO2, Sm2O3-Y2O3 ƭ Sm2O3-HfO2.  
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ƓƷƱƪƷƭƱ ƲƥƭƦƳưƪƪ ƬƲƥƼƭƱǀƪ ƵƪƬƸưǁƷƥƷǀ ƭƬƸƼƪƲƭǄ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱ Ʋƥ ƳƶƲƳƧƪ ƳƯƶƭƩƥ ƨƥƹƲƭǄ [17-20]. Ƈ 

ƶƭƶƷƪƱƪ La2O3-HfO2 ƴƵƳƭưưǃƶƷƵƭƵƳƧƥƲƥ ƯƳƵƵƪưǄƻƭǄ ƲƥƮƩƪƲƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲƳƮ ƬƥƧƭƶƭƱƳƶƷƭ ƥƯƷƭƧƲƳƶƷƪƮ 

La2O3 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2373 Ə ƭ ƭƱƪǃƾƭƺƶǄ ƩƥƲƲǀƺ Ƴ ƹƥƬƳƧǀƺ ƵƥƧƲƳƧƪƶƭǄƺ [19]. Ƈ ƶƭƶƷƪƱƪ Y2O3-ZrO2 

ƸƶƷƥƲƳƧưƪƲƳ ƶƸƾƪƶƷƧƳƧƥƲƭƪ ƥƬƪƳƷƵƳƴƥ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2660 Ə ƭ ƶƳƩƪƵƫƥƲƭƭ Ƨ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲƳƮ ƹƥƬƪ Y2O3, 

ƵƥƧƲƳƱ (28±2) ƱƳư. % [20], ƯƥƯ ƴƳƩƷƧƪƵƫƩƪƲƭƪ ƦƳưƪƪ ƵƥƲƲƭƺ ƭƶƶưƪƩƳƧƥƲƭƮ [22]. Ɩ ƴƵƭƧưƪƼƪƲƭƪƱ ƱƪƷƳƩƥ 

ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ ƯƥưƳƵƭƱƪƷƵƭƭ [23] ƲƥƮƩƪƲǀ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƨƥƹƲƥƷƳƧ ưƥƲƷƥƲƳƭƩƳƧ M2Hf2O7, 

ƨƩƪ Ƒ = La, Gd, Sm. ƓƴƵƪƩƪưƪƲǀ ƷƪƱƴƪƵƥƷƸƵƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ 

LaO ƲƥƩ La2Hf2O7, GdO ƲƥƩ Gd2Hf2O7, ƥ ƷƥƯƫƪ SmO ƭ Sm ƲƥƩ Sm2Hf2O7 Ƨ ƷƪƱƴƪƵƥƷƸƵƲǀƺ ƭƲƷƪƵƧƥưƥƺ 2190-2447 Ə, 

2154-2392 Ə ƭ 2222-2650 Ə ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƥ ƷƥƯƫƪ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ, ǂƲƷƥưǁƴƭƭ ƭ ǂƲƷƵƳƴƭƭ ƳƦƵƥƬƳƧƥƲƭǄ 

ƸƯƥƬƥƲƲǀƺ ƨƥƹƲƥƷƳƧ ƭƬ ƳƯƶƭƩƳƧ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 298 Ə ƭ 2445 Ə [23]. ƔƳƯƥƬƥƲƳ [23], ƼƷƳ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ 

ƶƧƳƮƶƷƧƥ ƨƥƹƲƥƷƳƧ ưƥƲƷƥƲƳƭƩƳƧ ƭƬƱƪƲǄǃƷƶǄ Ƨ ƶƳƳƷƧƪƷƶƷƧƭƭ ƶ ǂƱƴƭƵƭƼƪƶƯƭƱ ƴƵƥƧƭưƳƱ ƳƦ ƸƱƪƲǁƽƪƲƭƭ 

ƸƶƷƳƮƼƭƧƳƶƷƭ ƨƥƹƲƥƷƳƧ ưƥƲƷƥƲƳƭƩƳƧ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƴƭƵƳƺưƳƵƥ ƴƵƭ ƸƱƪƲǁƽƪƲƭƭ ƵƥƩƭƸƶƥ ƭƳƲƥ ưƥƲƷƥƲƳƭƩƥ. 

ƗƥƦưƭƻƥ 1. ƖƳƶƷƥƧ ƴƥƵƥ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱ Ʋƥ ƳƶƲƳƧƪ ƳƯƶƭƩƳƧ ƨƥƹƲƭǄ ƭ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ 
ǂưƪƱƪƲƷƳƧ ƭ ƨƥƹƲƭǄ, ƭƬƸƼƪƲƲǀƪ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ [17-20]: ƴƥƵƻƭƥưǁƲǀƪ ƩƥƧưƪƲƭǄ 
ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ (pi), ƥƯƷƭƧƲƳƶƷƭ (ai) ƭ ƺƭƱƭƼƪƶƯƭƪ ƴƳƷƪƲƻƭƥưǀ ƯƳƱƴƳƲƪƲƷƳƧ (Ŵµi), ƴƥƵƻƭƥưǁƲǀƪ ƱƳưǄƵƲǀƪ 
ǂƲƷƥưǁƴƭƭ ƭƶƴƥƵƪƲƭǄ (ŴvHi), ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ ƳƦƵƥƬƳƧƥƲƭǄ ƭƬ ƳƯƶƭƩƳƧ (ŴG) ƭ ƭƬƦǀƷƳƼƲǀƪ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ (ŴGE) 

ƖƭƶƷƪƱƥ T, Ə ƖƳƶƷƥƧ ƴƥƵƥ 

ƔƳưƸƼƪƲƲǀƪ ƬƲƥƼƪƲƭǄ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ  

ƶƧƳƮƶƷƧ  

 ƐƭƷƪƵƥƷƸƵƥ 

Gd2O3-Y2O3  2630 GdO, YO, O  pi, ai, Ŵµi, ŴG, ŴGE   [17] 

La2O3-HfO2  
2190-2447  LaO, O  pi, ŴvHi, ai, Ŵµi, ŴG, ŴGE   [18] 

2337  LaO, O  pi,  ai, ŴG, ŴGE   [19] 

Y2O3-ZrO2  2349-2660  YO, O, ZrO, ZrO2  pi, ŴvHi, ai, Ŵµi, ŴG, ŴGE   [20] 

Sm2O3-Y2O3  2373  SmO, O, Sm, YO  pi,  ai, ŴG, ŴGE   - 

Sm2O3-HfO2  2222-2650 SmO, Sm, O  pi, ŴvHi, ai, Ŵµi, ŴG, ŴGE   - 

ƓƶƲƳƧƲǀƪ ƭƷƳƨƭ ƭƬƸƼƪƲƭǄ ƴƵƳƻƪƶƶƳƧ ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, 

La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƴƵƭƧƪƩƪƲǀ Ƨ ƷƥƦưƭƻƪ 2. ƔƳưƸƼƪƲƲǀƪ ƩƥƲƲǀƪ ƴƳƬƧƳưƭưƭ 

ƧƭƬƸƥưƭƬƭƵƳƧƥƷǁ Ʋƥ ƷƵƪƸƨƳưǁƲƭƯƥƺ ƈƭƦƦƶƥ-ƕƳƬƪƦƳƱƥ ƷƪƲƩƪƲƻƭƭ ƭƬƱƪƲƪƲƭǄ ƶƳƩƪƵƫƥƲƭǄ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ 

ƯƳƲƩƪƲƶƭƵƳƧƥƲƲǀƺ ƹƥƬƥƺ ƭƬƸƼƪƲƲǀƺ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ ƯƥƯ ƶưƪƩƶƷƧƭƪ ƭƬƦƭƵƥƷƪưǁƲƳƨƳ ƭƶƴƥƵƪƲƭǄ 

ƯƳƱƴƳƲƪƲƷƳƧ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ, Ƶƭƶ. 1. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ Ƨ ƴƵƳƻƪƶƶƪ ƭƬƦƭƵƥƷƪưǁƲƳƨƳ ƭƶƴƥƵƪƲƭǄ ƳƯƶƭƩƳƧ 

ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲǀƪ ƹƥƬǀ ƳƦƵƥƬƻƳƧ Ƨ ƶƭƶƷƪƱƥƺ La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ 

Sm2O3-Y2O3-HfO2 ƳƦƳƨƥƾƥǃƷƶǄ ƲƥƭƱƪƲƪƪ ưƪƷƸƼƭƱ ƯƳƱƴƳƲƪƲƷƳƱ (HfO2) ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 2337 Ə, 2660 Ə ƭ 2373 Ə 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, Ƶƭƶ. 1. ƖưƪƩƸƪƷ ƴƳƩƼƪƵƯƲƸƷǁ, ƼƷƳ ƴƵƭ ƵƥƧƲǀƺ ƱƳưǄƵƲǀƺ ƶƳƳƷƲƳƽƪƲƭǄƺ ƳƯƶƭƩƳƧ Ƨ 

ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱƥƺ Ƨ ƭƬƳƷƪƵƱƭƼƪƶƯƭƺ ƸƶưƳƧƭǄƺ ƳƷƲƳƶƭƷƪưǁƲƥǄ ưƪƷƸƼƪƶƷǁ ƴƳƲƭƫƥƪƷƶǄ 

Ƨ ƵǄƩƸ ƶƭƶƷƪƱ: La2O3-Y2O3-HfO2 > Sm2O3-Y2O3-HfO2 > Gd2O3-Y2O3-HfO2 > Y2O3-ZrO2-HfO2. 
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ƗƥƦưƭƻƥ 2. ƖƳƶƷƥƧ ƴƥƵƥ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ 
Sm2O3-Y2O3-HfO2, ƭƬƸƼƪƲƲǀƺ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ [8-11]: ƴƥƵƻƭƥưǁƲǀƪ ƩƥƧưƪƲƭǄ 
ƱƳưƪƯƸưǄƵƲǀƺ ƹƳƵƱ ƴƥƵƥ (pi), ƥƯƷƭƧƲƳƶƷƭ (ai) ƭ ƺƭƱƭƼƪƶƯƭƪ ƴƳƷƪƲƻƭƥưǀ ƯƳƱƴƳƲƪƲƷƳƧ (Ŵµi), ƴƥƵƻƭƥưǁƲǀƪ ƱƳưǄƵƲǀƪ 
ǂƲƷƥưǁƴƭƭ ƭƶƴƥƵƪƲƭǄ (ŴvHi), ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ ƳƦƵƥƬƳƧƥƲƭǄ ƭƬ ƳƯƶƭƩƳƧ (ŴG) ƭ ƭƬƦǀƷƳƼƲǀƪ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ (ŴGE) 

ƖƭƶƷƪƱƥ T, Ə ƖƳƶƷƥƧ ƴƥƵƥ 

ƔƳưƸƼƪƲƲǀƪ 

ƬƲƥƼƪƲƭǄ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ 

ƶƧƳƮƶƷƧ 

ƐƭƷƪƵƥƷƸƵƥ 

Gd2O3-Y2O3-HfO2 2500 GdO, O, YO  pi, ai, ŴG, ŴGE   [8] 

La2O3-Y2O3-HfO2 2337  LaO, O, YO pi, ai, ŴG, ŴGE  [9] 

Y2O3-ZrO2-HfO2 2660 YO, O, ZrO, ZrO2, HfO  pi, ai, Ŵµi, ŴG, ŴGE  [10] 

Sm2O3-Y2O3-HfO2 2373 SmO, O, Sm, YO pi, ai, ŴG, ŴGE  [11] 

 

ƕƭƶ. 1 ƗƪƲƩƪƲƻƭƭ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƺ ƭƬƱƪƲƪƲƭƮ Ƨ ƯƳƲƩƪƲƶƭƵƳƧƥƲƲǀƺ ƹƥƬƥƺ ƶƭƶƷƪƱ  

La2O3-Y2O3-HfO2 [9] ƭ Y2O3-ZrO2-HfO2 [10] ƧƶưƪƩƶƷƧƭƪ ƭƬƦƭƵƥƷƪưǁƲƳƨƳ ƭƶƴƥƵƪƲƭǄ ƯƳƱƴƳƲƪƲƷƳƧ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 2373 Ə ƭ 
2660 Ə ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ 

ƌƲƥƼƪƲƭǄ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ, ƴƳưƸƼƪƲƲǀƪ Ƨ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, Y2O3-

ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 2500 Ə, 2660 Ə ƭ 2373 Ə ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, Ʀǀưƭ ƥƴƴƵƳƯƶƭƱƭƵƳƧƥƲǀ 

ƶưƪƩƸǃƾƭƱƭ ƸƵƥƧƲƪƲƭǄƱƭ: 
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ƨƩƪ ,E

GYHGD ,E

YZHGD E

SYHGD  ɛ ƭƬƦǀƷƳƼƲǀƪ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ 

Sm2O3-Y2O3-HfO2. ƒƪƳƦƺƳƩƭƱƳ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƳƷƯưƳƲƪƲƭƪ ƬƲƥƼƪƲƭƮ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ, ƲƥƮƩƪƲƲǀƺ ƴƳ 

ƸƵƥƧƲƪƲƭǄƱ (9)-(11), ƳƷ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƧƪưƭƼƭƲ, ƳƴƵƪƩƪưǅƲƲǀƺ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƳ, Ʋƪ ƴƵƪƧǀƽƥưƳ 2 ƯƉƫ/ƱƳưǁ 

ƭưƭ 13 %. 

ƔƳưƸƼƪƲƲǀƪ Ƨ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƬƲƥƼƪƲƭǄ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, La2O3-

Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƶƳƴƳƶƷƥƧưƪƲǀ ƶ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƱƭ ƧƪưƭƼƭƲƥƱƭ, ƵƥƶƶƼƭƷƥƲƲǀƱƭ ƶ 

ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƴƳưƸǂƱƴƭƵƭƼƪƶƯƳƨƳ ƱƪƷƳƩƥ ƏƳưƪƵƥ [24] ƴƳ ƩƥƲƲǀƱ Ƴ ƵƥƧƲƳƧƪƶƭǄƺ Ƨ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ Ƨ 

ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱƥƺ ƶ ƴƵƭƧưƪƼƪƲƭƪƱ ƬƲƥƼƪƲƭƮ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ: 
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ƨƩƪ EijkGD  ɛ ƭƬƦǀƷƳƼƲƥǄ ǂƲƪƵƨƭǄ ƈƭƦƦƶƥ Ƨ ƷƵǅƺƯƳƱƴƳƲƪƲƷƲƳƮ ƶƭƶƷƪƱƪ, ŴGƊij, ŴGƊik, ŴGƊjk ɛ ƭƬƦǀƷƳƼƲǀƪ 

ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ Ƨ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱƥƺ ƴƵƭ ƷƳƱ ƫƪ ƶƳƳƷƲƳƽƪƲƭƭ ƶƳƩƪƵƫƥƲƭƮ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƯƳƱƴƳƲƪƲƷƳƧ, ƼƷƳ ƭ 

Ƨ ƷƵǅƺƯƳƱƴƳƲƪƲƷƲƳƮ ƶƭƶƷƪƱƪ. 

ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƲƥƭưƸƼƽƪƪ ƶƳƳƷƧƪƷƶƷƧƭƪ ƵƥƶƶƼƭƷƥƲƲǀƺ ƭ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƬƲƥƼƪƲƭƮ ƭƬƦǀƷƳƼƲƳƮ 

ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ Ƨ ƵƥƶƶƱƳƷƵƪƲƲǀƺ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱƥƺ ƲƥƦưǃƩƥưƳƶǁ Ƨ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƺ ƳƦưƥƶƷǄƺ, 

ƦưƭƬƯƭƺ Ư ƦƭƲƥƵƲǀƱ ƶƭƶƷƪƱƥƱ (ƴƵƭ ƶƳƩƪƵƫƥƲƭƭ ƷƵƪƷǁƪƨƳ ƯƳƱƴƳƲƪƲƷƥ ƩƳ 20 ƱƳư. %). ƔƵƭ ƸƧƪưƭƼƪƲƭƭ ƶƳƩƪƵƫƥƲƭǄ 

ƷƵƪƷǁƪƨƳ ƯƳƱƴƳƲƪƲƷƥ ƦƳưƪƪ 20 ƱƳư. % Ƨ ƩƥƲƲƳƱ ƶưƸƼƥƪ ƱƪƷƳƩ ƏƳưƪƵƥ ƴƳƬƧƳưǄƪƷ ƴƵƳƧƳƩƭƷǁ ưƭƽǁ ƳƻƪƲƯƸ ƧƪưƭƼƭƲ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ Ƨ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƥƺ ƶƭƶƷƪƱ Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ 

Sm2O3-Y2O3-HfO2 ƶ ƴƳƨƵƪƽƲƳƶƷǁǃ, ƴƵƪƧǀƽƥǃƾƪƮ 50 %. Ƈ ƯƥƼƪƶƷƧƪ ƭưưǃƶƷƵƥƻƭƭ Ƨ ƷƥƦưƭƻƪ 3 ƶƳƴƳƶƷƥƧưƪƲǀ 

ƩƥƲƲǀƪ, ƴƳưƸƼƪƲƲǀƪ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ [9], ƭ ƵƪƬƸưǁƷƥƷǀ ƵƥƶƼƪƷƥ ƬƲƥƼƪƲƭƮ 

ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ Ƨ ƷƧǅƵƩƳƱ ƵƥƶƷƧƳƵƪ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƴƭƵƳƺưƳƵƥ Ƨ ƶƭƶƷƪƱƪ La2O3-Y2O3-HfO2 ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƪ 2337 Ə. ƔƳƯƥƬƥƲƳ, ƼƷƳ ƶƵƪƩƲƪƪ ƳƷƯưƳƲƪƲƭƪ ƵƥƶƶƼƭƷƥƲƲǀƺ ƭ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƬƲƥƼƪƲƭƮ 

ƭƬƦǀƷƳƼƲƳƮ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ Ƨ ǂƷƳƱ ƶưƸƼƥƪ ƵƥƧƲƳ 9 ƯƉƫ/ƱƳưǁ. 

ƗƥƦưƭƻƥ 3. ƌƲƥƼƪƲƭǄ ƭƬƦǀƷƳƼƲƳƮ ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ (ŴGE) Ƨ ƷƧǅƵƩƳƱ ƵƥƶƷƧƳƵƪ ƶƭƶƷƪƱǀ La2O3-Y2O3-HfO2, ƳƴƵƪƩƪưƪƲƲǀƪ 
ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƳ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ (I) [9] ƭ ƵƥƶƶƼƭƷƥƲƲǀƪ ƱƪƷƳƩƳƱ ƏƳưƪƵƥ (II) [24] ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƪ 2337 Ə 

ƖƳƩƪƵƫƥƲƭƪ ƳƯƶƭƩƳƧ  

Ƨ ƳƦƵƥƬƻƥƺ, ƱƳư. %  

-ŴGE , 

ƯƉƫ/ƱƳưǁ |I-II|,  

ƯƉƫ/ƱƳưǁ  
La2O3 Y2O3  HfO2  I  II  

31.7  5.0  63.3  33  39  6  

30.0  10.0  60.0  30  39  9  

28.3  15.0  56.7  27  38  11  

26.7  20.0  53.3  27  36  9  

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƭƬƸƼƪƲƭƪ ƴƵƳƻƪƶƶƳƧ ƭƶƴƥƵƪƲƭǄ ƭ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, 

La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ 

ƴƳƬƧƳưƭưƳ ƶƩƪưƥƷǁ ƶưƪƩƸǃƾƭƪ ƳƶƲƳƧƲǀƪ ƧǀƧƳƩǀ. 

1. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ Ƨǀƽƪ 2000 Ə ƲƥƦưǃƩƥưƳƶǁ ƶƪưƪƯƷƭƧƲƳƪ ƩƭƶƶƳƻƭƥƷƭƧƲƳƪ ƭƶƴƥƵƪƲƭƪ 

ƳƯƶƭƩƳƧ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ ƭƬ ƳƦƵƥƬƻƳƧ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱ, ƥ ƳƯƶƭƩƳƧ ƻƭƵƯƳƲƭǄ ƭ ƨƥƹƲƭǄ ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƥƺ ƦƳưƪƪ 2500 Ə. 

2. ƒƥƮƩƪƲƲǀƪ ƬƲƥƼƪƲƭǄ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ, ƷƥƯƭƺ ƯƥƯ ƥƯƷƭƧƲƳƶƷƭ ƯƳƱƴƳƲƪƲƷƳƧ ƭ ƭƬƦǀƷƳƼƲǀƪ 

ǂƲƪƵƨƭƭ ƈƭƦƦƶƥ, Ƨ ƶƭƶƷƪƱƥƺ Gd2O3-Y2O3-HfO2, La2O3-Y2O3-HfO2, Y2O3-ZrO2-HfO2 ƭ Sm2O3-Y2O3-HfO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ 
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2500 Ə, 2337 Ə, 2660 Ə ƭ 2373 Ə ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƶƧƭƩƪƷƪưǁƶƷƧƳƧƥưƭ ƳƦ ƳƷƵƭƻƥƷƪưǁƲǀƺ ƳƷƯưƳƲƪƲƭǄƺ ƳƷ 

ƭƩƪƥưǁƲƳƶƷƭ. 

3. ƔƳƩƷƧƪƵƫƩƪƲƳ ƶƸƾƪƶƷƧƳƧƥƲƭƪ ƥƬƪƳƷƵƳƴƥ Ƨ ƶƭƶƷƪƱƪ Y2O3-ZrO2 ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 2660 Ə ƭ ƶƳƩƪƵƫƥƲƭƭ 

Y2O3 (28±2) ƱƳư. %. 

4. ƔƳƯƥƬƥƲƥ ƧƳƬƱƳƫƲƳƶƷǁ ƵƥƶƼǅƷƥ ƭƬƦǀƷƳƼƲǀƺ ǂƲƪƵƨƭƮ ƈƭƦƦƶƥ Ƨ ƭƬƸƼƪƲƲǀƺ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƥƺ 

ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ, ƶƳƩƪƵƫƥƾƭƺ ƳƯƶƭƩ ƨƥƹƲƭǄ, ƴƳ ƩƥƲƲǀƱ Ƴ ƵƥƧƲƳƧƪƶƭǄƺ Ƨ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƦƭƲƥƵƲǀƺ 

Ʋƥ ƳƶƲƳƧƪ ƱƪƷƳƩƥ ƏƳưƪƵƥ [24]. 

5. ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƦƭƲƥƵƲǀƺ ƶƭƶƷƪƱ Gd2O3-Y2O3, Y2O3-

ZrO2, Sm2O3-Y2O3 ƭ Sm2O3-HfO2 ƱƳƨƸƷ ƦǀƷǁ ƵƥƶƶƱƳƷƵƪƲǀ Ƨ ƵƥƱƯƥƺ ƱƳƩƪưƭ ƶƸƦƵƪƨƸưǄƵƲǀƺ ƵƥƶƷƧƳƵƳƧ [21]. 

Ƈ ƬƥƯưǃƼƪƲƭƭ ƳƷƱƪƷƭƱ, ƼƷƳ ƵƪƬƸưǁƷƥƷǀ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷǀ ƶ ƳƩƲƳƮ ƶƷƳƵƳƲǀ, ƴƵƪƩƶƷƥƧưǄǃƷ ƬƲƥƼƭƷƪưǁƲǀƮ 

ƭƲƷƪƵƪƶ ƩưǄ ƧǀƦƳƵƥ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƺ ƳƦưƥƶƷƪƮ ƶ ƲƥƭƱƪƲǁƽƪƮ ưƪƷƸƼƪƶƷǁǃ Ƨ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱƥƺ, ƯƳƷƳƵǀƪ 

ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ ƯƪƵƥƱƭƯƭ ƧǀƶƽƪƮ ƳƨƲƪƸƴƳƵƲƳƶƷƭ, ƭ ƩưǄ ƳƴƷƭƱƭƬƥƻƭƭ ƷƪƺƲƳưƳƨƭƮ 

ƴƳưƸƼƪƲƭǄ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ, Ƨ ƼƥƶƷƲƳƶƷƭ, ƱƪƷƳƩƥƱƭ ƳƶƥƫƩƪƲƭǄ ƭƬ ƨƥƬƳƧƳƮ ƹƥƬǀ. Ɩ ƩƵƸƨƳƮ 

ƶƷƳƵƳƲǀ, ƲƥƮƩƪƲƲǀƪ ƬƲƥƼƪƲƭǄ ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƴƳƬƧƳưǄǃƷ ƴƵƳƧƳƩƭƷǁ ƳƴƷƭƱƭƬƥƻƭǃ ƹƥƬƳƧǀƺ 

ƵƥƧƲƳƧƪƶƭƮ Ƨ ƵƥƶƶƱƳƷƵƪƲƲǀƺ ƶƭƶƷƪƱƥƺ Ƨ ƵƥƱƯƥƺ ƵƥƬưƭƼƲǀƺ ƱƳƩƪưǁƲǀƺ ƴƳƩƺƳƩƳƧ ƭ ƭƱƪǃƾƭƺƶǄ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƩƥƲƲǀƺ. 

ƅƧƷƳƵǀ ƦưƥƨƳƩƥƵƲǀ ƙ.ƒ. ƏƥƵƥƼƪƧƻƪƧƸ, ƙƈƘƔ «Ƈƒƍƍ ƥƧƭƥƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ», Ƭƥ ƶƭƲƷƪƬ ƭ 

ƭƩƪƲƷƭƹƭƯƥƻƭǃ ƳƦƵƥƬƻƳƧ ƩƥƲƲƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ, ƥ ƷƥƯƫƪ Ɩ.ƍ. ƐƳƴƥƷƭƲƸ, ƍƲƶƷƭƷƸƷ ƺƭƱƭƭ ƖƔƦƈƘ, Ƭƥ ƴƳƱƳƾǁ Ƨ 

ƴƵƳƧƪƩƪƲƭƭ ǂƯƶƴƪƵƭƱƪƲƷƳƧ ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ Ʊƥƶƶ-ƶƴƪƯƷƵƳƱƪƷƵƭƭ. 

ƅƧƷƳƵǀ ƧǀƵƥƫƥǃƷ ƦưƥƨƳƩƥƵƲƳƶƷǁ Ƭƥ ƴƳƩƩƪƵƫƯƸ ƴƵƳƧƪƩƪƲƭǄ ƩƥƲƲƳƨƳ ƭƶƶưƪƩƳƧƥƲƭǄ ƕƳƶƶƭƮƶƯƳƱƸ ƹƳƲƩƸ 
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Ƈ ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ ƦƳưǁƽƳƪ ƧƲƭƱƥƲƭƪ ƸƩƪưǄƪƷƶǄ ƵƥƬƵƥƦƳƷƯƪ ƦƪƶƶƧƭƲƻƳƧǀƺ ƴǁƪƬƳƱƥƷƪƵƭƥưƳƧ [1]. ƓƶƲƳƧƳƮ 

ƩưǄ ƭƺ ƶƳƬƩƥƲƭǄ, ƲƥƴƵƭƱƪƵ, ƱƳƨƸƷ ƶưƸƫƭƷǁ ƷƧƪƵƩǀƪ ƵƥƶƷƧƳƵǀ (Ɨƕ) ƲƭƳƦƥƷƥ ƯƥưƭǄ-ƲƥƷƵƭǄ (Ə,Nƥ)NbO3 (KNN), ƯƳƷƳƵǀƪ 

Ƨ ƴƳƶưƪƩƲƭƪ ƩƪƶǄƷƭưƪƷƭǄ ƳƼƪƲǁ ƭƲƷƪƲƶƭƧƲƳ ƭƶƶưƪƩƸǃƷƶǄ, ƦưƥƨƳƩƥƵǄ ƦưƭƬƳƶƷƭ ƴǁƪƬƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƩƥƲƲƳƮ 

ƶƭƶƷƪƱǀ Ư ƭƶƴƳưǁƬƸƪƱǀƱ Ƨ ƴƵƳƱǀƽưƪƲƲƳƶƷƭ PbZr1-xTixO3 (ƛƗƖ) ƱƥƷƪƵƭƥưƥƱ [3].  ƓƩƲƥƯƳ ƴƳưƸƼƪƲƭƪ ƯƥƼƪƶƷƧƪƲƲƳƮ 

ƧǀƶƳƯƳƴưƳƷƲƳƮ ƯƪƵƥƱƭƯƭ KNN ƶƳƴƵǄƫƪƲƳ ƶ ƵǄƩƳƱ ƷƵƸƩƲƳƶƷƪƮ, ƷƥƯƭƺ ƯƥƯ ƨƭƩƵƳưƭƬ ƭƶƺƳƩƲǀƺ ƧƪƾƪƶƷƧ, ƸƬƯƭƮ 

ƭƲƷƪƵƧƥư ƳƴƷƭƱƥưǁƲǀƺ ƷƪƱƴƪƵƥƷƸƵ ƶƭƲƷƪƬƥ ƭ ƶƴƪƯƥƲƭǄ, ƲƥƵƸƽƪƲƭƪ ƶƷƪƺƭƳƱƪƷƵƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ ƭƬ-Ƭƥ ƧǀƶƳƯƳƮ 

ưƪƷƸƼƪƶƷƭ ƾƪưƳƼƲǀƺ ƯƳƱƴƳƲƪƲƷƳƧ ƴƵƭ ƳƷƲƳƶƭƷƪưǁƲƳ ƲƪƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƭ, ƯƥƯ ƶưƪƩƶƷƧƭƪ ƲƭƬƯƥǄ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲƥǄ ƴưƳƷƲƳƶƷǁ ƭ ƧǀƶƳƯƥǄ ƴƵƳƧƳƩƭƱƳƶƷǁ ƯƪƵƥƱƭƯ. ƘƯƥƬƥƲƲǀƪ ƷƵƸƩƲƳƶƷƭ ƱƳƨƸƷ ƦǀƷǁ ƸƶƷƵƥƲƪƲǀ 

ƴƸƷƪƱ ƧƧƪƩƪƲƭǄ Ƨ ƶƭƶƷƪƱƸ ƵƥƬưƭƼƲǀƺ ƱƳƩƭƹƭƯƥƷƳƵƳƧ [3].  

ƗƥƯ ƯƥƯ ƴƭƵƳƲƭƳƦƥƷ ƶƷƵƳƲƻƭǄ Sr2Nb2O7 ƭƱƪƪƷ ƳƼƪƲǁ ƧǀƶƳƯƭƪ ƬƲƥƼƪƲƭǄ ƷƪƱƴƪƵƥƷƸƵǀ ƹƥƬƳƧƳƨƳ ƴƪƵƪƺƳƩƥ 

Ɨƶʖ1615 K [4], ƥ Ɨƕ ƶƭƶƷƪƱǀ KNN ƳƦưƥƩƥǃƷ ƳƷƲƳƶƭƷƪưǁƲƳ ƧǀƶƳƯƭƱƭ ƬƲƥƼƪƲƭǄƱƭ ƴǁƪƬƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƥƯƷƭƧƲƳƶƷƭ, 

Ƨ ƶƳƼƪƷƥƲƭƭ ƩƵƸƨ ƶ ƩƵƸƨƳƱ ƳƲƭ ƱƳƨƸƷ ƳƦƪƶƴƪƼƭƷǁ ƲƪƳƦƺƳƩƭƱƳƪ ƶƳƼƪƷƥƲƭƪ ƶƧƳƮƶƷƧ ƩưǄ ƵƥƬƵƥƦƳƷƯƭ ƲƳƧƳƨƳ 

ƴƳƯƳưƪƲƭǄ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƸƶƷƵƳƮƶƷƧ.  

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƥƯƷƸƥưǁƲǀƱ ǄƧưǄƪƷƶǄ ƸƶƷƥƲƳƧưƪƲƭƪ ƬƥƯƳƲƳƱƪƵƲƳƶƷƪƮ Ƨ ƵǄƩƸ ƹƥƬƳƳƦƵƥƬƳƧƥƲƭƪ-ƶƷƵƸƯƷƸƵƥ-

ƶƧƳƮƶƷƧƥ Ƨ ƶƭƶƷƪƱƪ Ɨƕ (1-x)K0.5Na0.5NbO3ɛxSr2Nb2O7. 

ƓƦƿƪƯƷƥƱƭ ƭƶƶưƪƩƳƧƥƲƭǄ ƶƷƥưƭ Ɨƕ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲƳƮ ƶƭƶƷƪƱǀ (1-x)K0.5Na0.5NbO3ɛxSr2Nb2O7, 0,0ʘxʘ0,1, 
Ŵƺ=0,025, ƭƬƨƳƷƳƧưƪƲƲǀƪ ƴƸƷƪƱ ƩƧƸƺƶƷƥƩƭƮƲǀƺ ƷƧƪƵƩƳƹƥƬƲǀƺ ƵƪƥƯƻƭƮ ƶ ƴƳƶưƪƩƸǃƾƭƱ ƶƴƪƯƥƲƭƪƱ ƴƳ ƳƦǀƼƲƳƮ 
ƯƪƵƥƱƭƼƪƶƯƳƮ ƷƪƺƲƳưƳƨƭƭ. Ƈ ƯƥƼƪƶƷƧƪ ƵƪƥƨƪƲƷƳƧ Ʀǀưƭ ƭƶƴƳưǁƬƳƧƥƲǀ: Nb2O5 (Ƽ.), ƨƭƩƵƳƯƥƵƦƳƲƥƷǀ NaHCO3 (ƺ.Ƽ.) ƭ 

KHCO3 (Ƽ.Ʃ.ƥ.) ƭ ƴƵƪƩƧƥƵƭƷƪưǁƲƳ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƮ ƴƭƵƳƲƭƳƦƥƷ ƶƷƵƳƲƻƭǄ Sr2Nb2O7. 

Ƈ ƵƥƦƳƷƪ Ʀǀưƥ ƴƵƳƧƪƩƪƲƥ ƳƴƷƭƱƭƬƥƻƭǄ ƸƶưƳƧƭƮ ƴƳưƸƼƪƲƭǄ ƯƪƵƥƱƭƯƭ Ʋƥ ƶƪƵƭƭ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ 

ƳƦƵƥƬƻƳƧ ƴƳ ƵƪƬƸưǁƷƥƷƥƱ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ (ƕƙƅ) ƭ ƭƬƱƪƵƪƲƭƮ ƳƷƲƳƶƭƷƪưǁƲƳƮ ƴưƳƷƲƳƶƷƭ ƳƦƵƥƬƻƳƧ. 

ƖƳƩƪƵƫƥƲƭƪ ƴƵƭƱƪƶƲǀƺ ƹƥƬ ƳƻƪƲƭƧƥưƳƶǁ ƴƳ ƹƳƵƱƸưƪ I/I1·100, ƨƩƪ I-ƳƷƲƳƶƭƷƪưǁƲƥǄ ƭƲƷƪƲƶƭƧƲƳƶƷǁ ưƭƲƭƭ 
ƴƵƭƱƪƶƲƳƮ ƹƥƬǀ, I1-ƳƷƲƳƶƭƷƪưǁƲƥǄ ƭƲƷƪƲƶƭƧƲƳƶƷǁ ƶƭưǁƲƳƮ ưƭƲƭƭ ƳƶƲƳƧƲƳƮ ƹƥƬǀ. ƕƪƲƷƨƪƲƳƹƥƬƳƧǀƮ ƥƲƥưƭƬ 
ƴƵƳƧƳƩƭưƭ ƱƪƷƳƩƳƱ ƴƳƵƳƽƯƳƧƳƮ ƵƪƲƷƨƪƲƳƧƶƯƳƮ ƩƭƹƵƥƯƻƭƭ Ʋƥ ƩƭƹƵƥƯƷƳƱƪƷƵƪ ƉƕƓƒ-3. ƍƶƶưƪƩƳƧƥƲƭƪ 

ƱƭƯƵƳƶƷƵƸƯƷƸƵǀ ƶƯƳưƳƧ ƳƦƵƥƬƻƳƧ ƳƶƸƾƪƶƷƧưǄưƭ ƶ ƴƳƱƳƾǁǃ ƶƯƥƲƭƵƸǃƾƪƨƳ ǂưƪƯƷƵƳƲƲƳƨƳ ƱƭƯƵƳƶƯƳƴƥ JSMɛ6390L. 

ƉƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƶƴƪƯƷƵǀ ƭƬƱƪƵǄưƭ Ƨ ƭƲƷƪƵƧƥưƪ Ɨ=(300-900) Ə ƶ ƴƳƱƳƾǁǃ ƶƴƪƻƭƥưǁƲƳ ƶƯƳƲƶƷƵƸƭƵƳƧƥƲƲƳƨƳ 

ƶƷƪƲƩƥ, ƧƯưǃƼƥǃƾƪƨƳ LCR-meter Agilent 4980A, Ʋƥ ƼƥƶƷƳƷƥƺ 1Ưƈƻ-1Ƒƈƻ.  

ƕƪƲƷƨƪƲƳƹƥƬƳƧǀƮ ƥƲƥưƭƬ Ɨƕ ƶƭƶƷƪƱǀ (1-x)K0.5Na0.5NbO3ɛ xSr2Nb2O7, 0,0ʘxʘ0,1, Ŵy=0,025, ƴƳƯƥƬƥư, ƼƷƳ Ƨƶƪ 

ƳƦƵƥƬƻǀ ƭƱƪǃƷ ƶƷƵƸƯƷƸƵƸ Ʒƭƴƥ ƴƪƵƳƧƶƯƭƷƥ. ƔƵƭ ƸƧƪưƭƼƪƲƭƭ ƯƳƲƻƪƲƷƵƥƻƭƭ Sr2Nb2O7  Ƨ ƭƲƷƪƵƧƥưƪ 0,0ʘxʘ0,1 Ƨ 

ƶƭƶƷƪƱƪ ƧƳƬƲƭƯƥƪƷ ƵǄƩ ƹƥƬƳƧǀƺ ƴƪƵƪƺƳƩƳƧ: ƕ(Ƒ)Ÿƕ(Ƒ)+ƔƶƯŸƔƶƯ+Ɨ.  

ƇƧƪƩƪƲƭƪ Ƨ ƶƭƶƷƪƱƸ ƴƭƵƳƲƭƳƦƥƷƥ ƶƷƵƳƲƻƭǄ ƷƥƯƫƪ ƶƴƳƶƳƦƶƷƧƸƪƷ ƸƱƪƲǁƽƪƲƭǃ ƵƥƬƱƪƵƥ ƬƪƵƪƲ ƭ ƵƥƬƵǀƺưƪƲƭǃ 

ƱƭƯƵƳƶƷƵƸƯƸƵǀ, ƼƷƳ ƶƯƥƬǀƧƥƪƷƶǄ Ʋƥ ƴưƳƷƲƳƶƷƭ ƳƦƿƪƯƷƳƧ. ƏƵƳƱƪ ƷƳƨƳ, Ʋƥ ƱƭƯƵƳƹƳƷƳƨƵƥƹƭǄƺ ƴƳưƸƼƪƲƲƳƮ ƯƪƵƥƱƭƯƭ 

ƳƦƲƥƵƸƫƪƲǀ ƲƪƯƳƷƳƵǀƪ ƧƯưǃƼƪƲƭǄ ƧƷƳƵƳƮ ƹƥƬǀ (ƴƵƪƩƴƳưƳƫƭƷƪưǁƲƳ ƳƦƳƨƥƾƪƲƲƳƮ ƲƭƳƦƭƪƱ), ƭƱƪǃƾƪƮ, ƦƳưƪƪ 

ƶƧƪƷưƸǃ ƳƯƵƥƶƯƸ. 
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ƕƭƶ. 1 ƙƵƥƨƱƪƲƷǀ ƱƭƯƵƳƶƷƵƸƯƷƸƵǀ ƯƪƵƥƱƭƯ Ɨƕ ƶƭƶƷƪƱǀ (1-x)K0.5Na0.5NbO3ɛ xSr2Nb2O7 

ƉưǄ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƶƴƪƯƷƵƳƧ ƭƶƶưƪƩƸƪƱǀƺ ƳƦƿƪƯƷƳƧ, ƺƥƵƥƯƷƪƵƲƥ ƶƭưǁƲƥǄ ƼƥƶƷƳƷƲƥǄ ƩƭƶƴƪƵƶƭǄ 

ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƭ ƸƧƪưƭƼƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵ ƪƪ ƱƥƯƶƭƱƸƱƳƧ ƶ ƵƳƶƷƳƱ ƼƥƶƷƳƷǀ, ƼƷƳ ƶƧƳƮƶƷƧƪƲƲƳ 

ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƥƱ-ƵƪưƥƯƶƳƵƥƱ. ƔƵƭ ƧƧƪƩƪƲƭƭ ƦƳưƪƪ 5 ƱƳư.% Sr2Nb2O7 ƵƪƬƯƳ ƧƳƬƵƥƶƷƥƪƷ ǂưƪƯƷƵƳƴƵƳƧƳƩƲƳƶƷǁ 

ƱƥƷƪƵƭƥưƥ, ƼƷƳ ƱƳƫƪƷ ƦǀƷǁ ƶƧǄƬƥƲƳ ƶ ƸƧƪưƭƼƪƲƭƪƱ ƯƳưƭƼƪƶƷƧƥ ƶƧƳƦƳƩƲǀƺ ƲƳƶƭƷƪưƪƮ ƬƥƵǄƩƥ Ʋƥ ƨƵƥƲƭƻƥƺ ƩƳƱƪƲƳƧ, 

Ƭƥ ƶƼƪƷ ƩƳƦƥƧưƪƲƭǄ Ƨ ƶƭƶƷƪƱƸ ƩƧƸƺƧƥưƪƲƷƲƳƨƳ ƶƷƵƳƲƻƭǄ. ƌƥƵǄƫƪƲƲǀƪ ƨƵƥƲƭƻǀ ƬƪƵƪƲ ƧƬƥƭƱƳƩƪƮƶƷƧƸǃƷ ƶ 

ƴƪƵƪƱƪƲƲǀƱ ǂưƪƯƷƵƭƼƪƶƯƭƱ ƴƳưƪƱ, ƼƷƳ ƴƵƭƧƳƩƭƷ Ư ƧƳƬƲƭƯƲƳƧƪƲƭǃ ƴƳưǄƵƭƬƥƻƭƭ ƴƳ ƷƭƴƸ ƑƥƯƶƧƪưư-ƇƥƨƲƪƵƥ. 

ƉƳƴƳưƲƭƷƪưǁƲǀƮ ƧƯưƥƩ Ƨ ƴƳưǄƵƭƬƥƻƭƳƲƲǀƮ ƱƪƺƥƲƭƬƱ ƱƳƫƪƷ ƳƯƥƬǀƧƥƷǁƶǄ Ƭƥ ƶƼƪƷ ƧƳƬƲƭƯƲƳƧƪƲƭǄ ƱƪƫƹƥƬƲǀƺ 

ƨƵƥƲƭƻ ƯƪƵƥƱƭƯƥ-ƧƳƬƩƸƺ ƴƵƭ ƴƳƵƳƳƦƵƥƬƳƧƥƲƭƭ. 

Ƈ ƩƥưǁƲƪƮƽƪƮ ƵƥƦƳƷƪ ƴưƥƲƭƵƸƪƷƶǄ ƭƶƶưƪƩƳƧƥƲƭƪ ƴǁƪƬƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƭ ƶƪƨƲƪƷƳǂưƥƶƷƭƼƪƶƯƭƺ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƭƬƸƼƥƪƱǀƺ ƳƦƿƪƯƷƳƧ. 
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ƖƐƓƋƒƠƊ ƓƏƖƍƉƠ ƖƓ ƖƗƕƘƏƗƘƕƓƎ ƕƓƌƍƅƍƗƅ Ƈ ƕƊƅƏƛƍƍ ƓƏƍƖƐƊƒƍƤ ƖƓ  

ƖOMPLEX OXIDES WITH ROSIAITE STRUTURE IN CO OXIDATION REAƖTION  

ƈƳưƳƩƸƺƭƲƥ Ɩ.Ƈ.1, ƐƭƦƪƵƱƥƲ Ɗ.ƣ.2, ƅƵƥƴƳƧƥ Ɠ.Ƈ.3, ƢưưƪƵƷ Ɠ.ƈ.1, ƊƨƳƵǀƽƪƧƥ ƅ.Ƈ.1 

Golodukhina S.V., Liberman E.Yu., Arapova Ɠ.V., Ellert Ɠ.G., Egorysheva ƅ.V. 
1 ƕƳƶƶƭǄ, ƍƲƶƷƭƷƸƷ ƳƦƾƪƮ ƭ ƲƪƳƵƨƥƲƭƼƪƶƯƳƮ ƺƭƱƭƭ ƭƱ. ƒ. Ɩ. ƏƸƵƲƥƯƳƧƥ ƕƅƒ  

2 ƕƳƶƶƭǄ, ƕƳƶƶƭƮƶƯƭƮ ƺƭƱƭƯƳ-ƷƪƺƲƳưƳƨƭƼƪƶƯƭƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱ. Ɖ. ƍ. ƑƪƲƩƪưƪƪƧƥ 
3 ƕƳƶƶƭǄ, ƍƲƶƷƭƷƸƷ ƲƪƹƷƪƺƭƱƭƼƪƶƯƳƨƳ ƶƭƲƷƪƬƥ ƭƱ. ƅ.Ƈ.ƗƳƴƼƭƪƧƥ ƕƅƒ 

ƇǀƺưƳƴƲǀƪ ƨƥƬǀ ƥƧƷƳƱƳƦƭưƪƮ ǄƧưǄǃƷƶǄ ƳƩƲƭƱƭ ƭƬ ƳƶƲƳƧƲǀƺ ƬƥƨƵǄƬƲƭƷƪưƪƮ ƥƷƱƳƶƹƪƵǀ. ƔƳƱƭƱƳ 

ƸƨưƪƯƭƶưƳƨƳ ƨƥƬƥ ƧǀƺưƳƴƲǀƪ ƨƥƬǀ ƶƳƩƪƵƫƥƷ ƴƵƳƩƸƯƷǀ ƲƪƴƳưƲƳƨƳ ƶƫƭƨƥƲƭǄ ƷƳƴưƭƧƥ: ƳƯƶƭƩ ƸƨưƪƵƳƩƥ (II), 

ƸƨưƪƧƳƩƳƵƳƩǀ CHx. ƏƳưƭƼƪƶƷƧƳ ǂƷƭƺ ƴƳƦƳƼƲǀƺ ƴƵƳƩƸƯƷƳƧ ƸƱƪƲǁƽƥǃƷ, Ƭƥ ƶƼƪƷ ƭƺ ƳƯƭƶưƪƲƭǄ ƯƭƶưƳƵƳƩƳƱ Ʋƥ 

ƯƥƷƥưƭƬƥƷƳƵƥƺ. ƖƳƪƩƭƲƪƲƭǄ ƵǄƩƥ LnFe0.5Sb1.5O6 (Ln=La-Sm), ƭƱƪǃƾƭƪ ƶƷƵƸƯƷƸƵƸ ƵƳƬƭƥƭƷƥ (PbSb2O6, ƴƵ. ƨƵ. P-31m), 

ƴƵƳǄƧưǄǃƷ ƧǀƶƳƯƸǃ ƥƯƷƭƧƲƳƶƷǁ Ƨ ƵƪƥƯƻƭƭ ƳƯƭƶưƪƲƭǄ ƖƓ, ƴƵƭƼƪƱ ƲƥƭưƸƼƽƭƪ ƵƪƬƸưǁƷƥƷǀ ƴƵƳƩƪƱƳƲƶƷƵƭƵƳƧƥưƭ La, 

Pr ƭ Ce-ƶƳƩƪƵƫƥƾƭƪ ƳƦƵƥƬƻǀ [1]. ƖƷƵƸƯƷƸƵƥ ǂƷƭƺ ƳƯƶƭƩƳƧ ƳƦƵƥƬƳƧƥƲƥ ƳƷƵƭƻƥƷƪưǁƲƳ ƬƥƵǄƫƪƲƲǀƱƭ ƶưƳǄƱƭ ƭƬ 

ƶƳƪƩƭƲƪƲƲǀƺ ƨƵƥƲǄƱƭ ƳƯƷƥǂƩƵƳƧ (Sb,Fe)O6 Ƨ ƴưƳƶƯƳƶƷƭ [001] ƭ ƭƳƲƥƱƭ ƕƌƢ Ƨ ƳƯƷƥǂƩƵƭƼƪƶƯƭƺ ƴƸƶƷƳƷƥƺ ƱƪƫƩƸ 

ǂƷƭƱƭ ƶưƳǄƱƭ. C ƸƧƪưƭƼƪƲƭƪƱ ƴƳƵǄƩƯƳƧƳƨƳ ƲƳƱƪƵƥ ƕƌƢ ƵƥƶƶƷƳǄƲƭƪ ƱƪƫƩƸ ƶưƳǄƱƭ ƸƱƪƲǁƽƥƪƷƶǄ. ƑƳƲƳƷƳƲƲƳƪ 

ƸƧƪưƭƼƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ƳƯƭƶưƪƲƭǄ ƖƓ ƶ ƵƳƶƷƳƱ ƴƳƵǄƩƯƳƧƳƨƳ ƲƳƱƪƵƥ Ln, ƶƧƭƩƪƷƪưǁƶƷƧƸƪƷ Ƴ ƶƺƳƫƪƶƷƭ ƱƪƺƥƲƭƬƱƥ 

ƵƪƥƯƻƭƭ, ƲƪƶƱƳƷƵǄ Ʋƥ ƷƳ, ƼƷƳ Ƨ ƩƥƲƲƳƱ ƵǄƩƸ ƩưǄ ƶƳƪƩƭƲƪƲƭƮ CeFe0.5Sb1.5O6 ƭ PrFe0.5Sb1.5O6 ƱƳƫƲƳ ƳƫƭƩƥƷǁ 

ƧƳƬƱƳƫƲƳƨƳ ƧưƭǄƲƭǄ ƭƬƱƪƲƪƲƭǄ ƶƷƪƴƪƲƭ ƳƯƭƶưƪƲƭǄ Ln Ʋƥ ƱƪƺƥƲƭƬƱ ƴƵƳƷƪƯƥƲƭǄ ƵƪƥƯƻƭƭ. ƛƪưǁǃ ƩƥƲƲƳƨƳ 

ƭƶƶưƪƩƳƧƥƲƭǄ ƶƷƥưƳ ƭƬƸƼƪƲƭƪ ƳƶƳƦƪƲƲƳƶƷƪƮ ƴƵƳƷƪƯƥƲƭǄ ƯƥƷƥưƭƷƭƼƪƶƯƳƮ ƵƪƥƯƻƭƭ ƳƯƭƶưƪƲƭǄ ƖƓ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ 

LnFe0.5Sb1.5O6. 

ƍƬƸƼƪƲƳ ƧưƭǄƲƭƪ Ʋƥ ƯƥƷƥưƭƷƭƼƪƶƯƸǃ ƥƯƷƭƧƲƳƶƷǁ LƥFe0.5Sb1.5O6 ƱƪƷƳƩƥ ƶƭƲƷƪƬƥ ƭ ƱƳƵƹƳưƳƨƭƭ ƼƥƶƷƭƻ. 

ƒƥƭƱƪƲǁƽƸǃ ƥƯƷƭƧƲƳƶƷǁ ƴƵƳǄƧưǄƪƷ ƯƥƷƥưƭƬƥƷƳƵ 3, ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƮ Ƨ ƵƥƶƴưƥƧƪ ǂƧƷƪƯƷƭƯƭ Na2SO4/K2SO4, ƥ 

ƲƥƭƦƳưǁƽƸǃ ƥƯƷƭƧƲƳƶƷǁ ƴƳƯƥƬƥư ƳƦƵƥƬƪƻ 1, ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƮ ƷƧƪƵƩƳƹƥƬƲǀƱ ƱƪƷƳƩƳƱ (Ƶƭƶ. 1). ƘƱƪƲǁƽƪƲƭƪ 

ƥƯƷƭƧƲƳƶƷƭ ƳƯƥƬƥưƳƶǁ ƳƦƸƶưƳƧưƪƲƳ Ʋƪ ƷƳưǁƯƳ ƶ ƧƳƬƱƳƫƲǀƱ ƳƷƵƥƧưƪƲƭƪƱ ƥƯƷƭƧƲǀƺ ƻƪƲƷƵƳƧ ƯƥƷƥưƭƬƥƷƳƵƥ 

ƶƸưǁƹƥƷƥƱƭ, ƴƳƶƯƳưǁƯƸ ƥƯƷƭƧƲƳƶƷǁ ƳƦƵƥƬƻƥ 4, ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƨƳ ƱƪƷƳƩƳƱ ƶƳƳƶƥƫƩƪƲƭǄ ƶ ƴƳƶưƪƩƸǃƾƭƱ ƳƷƫƭƨƳƱ 

ƲƪƬƲƥƼƭƷƪưǁƲƳ ƭƬƱƪƲƭưƥƶǁ ƴƳƶưƪ ƧǀƩƪƵƫƭƧƥƲƭǄ Ƨ ƵƥƶƴưƥƧƪ ƶƸưǁƹƥƷƳƧ.  
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ƕƭƶ. 1 ƗƪƱƴƪƵƥƷƸƵƲƥǄ ƬƥƧƭƶƭƱƳƶƷǁ ƯƳƲƧƪƵƶƭƭ CO ƩưǄ ƳƦƵƥƬƻƳƧ LaFe0.5Sb1.5O6, ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƱƪƷƳƩƥƱƭ (1 ɛ 
ƷƧƪƵƩƳƹƥƬƲǀƮ ƶƭƲƷƪƬ, 2 ɛ ƶƳƳƶƥƫƩƪƲƭƪ ƨƭƩƵƳƯƶƭƩƳƧ ƶ ƴƳƶưƪƩƸǃƾƭƱ ƳƷƫƭƨƳƱ, 3 ɛ ƶƭƲƷƪƬ Ƨ ƵƥƶƴưƥƧƪ Na2SO4/K2SO4, 4 ɛ 
ƧǀƩƪƵƫƯƥ ƳƦƵƥƬƻƥ 2 Ƨ ƵƥƶƴưƥƧƪ ƶƸưǁƹƥƷƳƧ, 6 - ƳƦƵƥƦƳƷƯƥ ƶƳƳƶƥƫƩƪƲƲǀƺ ƳƶƥƩƯƳƧ Ƨ ƨƭƩƵƳƷƪƵƱƥưǁƲƳ-ƱƭƯƵƳƧƳưƲƳƧǀƺ 

ƸƶưƳƧƭǄƺ ƧǀƩƪƵƫƯƥ Ƨ ƵƥƶƴưƥƧƪ ƶƸưǁƹƥƷƳƧ. 

 ƔƵƭ ƶƭƲƷƪƬƪ Ƨ ƵƥƶƴưƥƧƪ ƶƸưǁƹƥƷƳƧ ƼƥƶƷƭƻǀ ƳƯƶƭƩƥ ƶƳƶƷƳǄưƭ ƭƬ ƴưƥƶƷƭƲ, ƳƵƭƪƲƷƭƵƳƧƥƲƲǀƺ 

ƴƪƵƴƪƲƩƭƯƸưǄƵƲƳ ƲƥƴƵƥƧưƪƲƭǃ [001] (Ƶƭƶ. 2Ʀ). ƒƪƶƳƴƳƶƷƥƧƭƱƳƶƷǁ ƧƪưƭƼƭƲ ưƥƷƪƵƥưǁƲƳƨƳ ƵƥƬƱƪƵƥ ƭ ƷƳưƾƭƲǀ 

ƴƵƭƧƪưƥ Ư ƷƳƱƸ, ƼƷƳ ƧƯưƥƩ ƴưƳƶƯƳƶƷƭ [001] Ƨ ƴưƳƾƥƩǁ ƴƳƧƪƵƺƲƳƶƷƭ ƼƥƶƷƭƻǀ ƦưƭƬƳƯ Ư 100%. ƔƳǂƷƳƱƸ ƱƳƫƲƳ 

ƴƵƪƩƴƳưƳƫƭƷǁ, ƼƷƳ ƥƯƷƭƧƲƳƶƷǁ ƩƥƲƲƳƮ ƴưƳƶƯƳƶƷƭ Ƨ ƯƥƷƥưƭƷƭƼƪƶƯƳƱ ƴƵƳƻƪƶƶƪ ƱƪƲǁƽƪ, ƼƪƱ Ƹ ƩƵƸƨƭƺ, ƶƧǄƬƥƧ 
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ƸƺƸƩƽƪƲƭƪ ƯƥƷƥưƭƷƭƼƪƶƯƳƮ ƥƯƷƭƧƲƳƶƷƭ ƶ ƭƬƱƪƲƪƲƭƪƱ ƱƳƵƹƳưƳƨƭƭ. Ɩ ǂƷƭƱ ƴƵƪƩƴƳưƳƫƪƲƭƪƱ ƶƳƨưƥƶƸƪƷƶǄ ƦƳưƪƪ 

ƧǀƶƳƯƥǄ ƥƯƷƭƧƲƳƶƷǁ ƳƦƵƥƬƻƥ 5 (Ƶƭƶ. 1), ƴƳưƸƼƪƲƲƳƨƳ ƷƥƯƫƪ Ƨ ƵƥƶƴưƥƧƪ ƶƳưƪƮ, ƲƳ ƶ ƴƵƪƩƧƥƵƭƷƪưǁƲƳƮ ƳƦƵƥƦƳƷƯƳƮ Ƨ 

ƨƭƩƵƳƷƪƵƱƥưǁƲƳ-ƱƭƯƵƳƧƳưƲƳƧǀƺ ƸƶưƳƧƭǄƺ. ƜƥƶƷƭƻǀ ǂƷƳƨƳ ƳƦƵƥƬƻƥ ƷƥƯƫƪ ƭƱƪǃƷ ƹƳƵƱƸ ƴưƥƶƷƭƲ, ƲƳ ƩƳưǄ 

ƴưƳƶƯƳƶƷƭ [001] Ƨ ƴưƳƾƥƩƭ ƴƳƧƪƵƺƲƳƶƷƭ ƶƸƾƪƶƷƧƪƲƲƳ ƱƪƲǁƽƪ (Ƶƭƶ. 2Ƨ). ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƲƥƭưƸƼƽƭƪ ƴƳƯƥƬƥƷƪưƭ 

ƯƳƲƧƪƵƶƭƭ ƖƓ Ƹ ƳƦƵƥƬƻƳƧ LaFe0.5Sb1.5O6, ƴƳưƸƼƪƲƲǀƺ ƷƧƪƵƩƳƹƥƬƲǀƱ ƶƭƲƷƪƬƳƱ ƭ ƶƳƳƶƥƫƩƪƲƭƪƱ ƶ ƴƳƶưƪƩƸǃƾƭƱ 

ƳƷƫƭƨƳƱ, ƶƳƶƷƳǄƾƭƺ ƭƬ ƯƧƥƬƭƶƹƪƵƭƼƪƶƯƭƺ ƼƥƶƷƭƻ. ƗƥƯƫƪ ƱƥưƥǄ ƥƯƷƭƧƲƳƶƷǁ ƨƵƥƲƭ [001] ƴƳƬƧƳưǄƪƷ ƶƳƴƳƶƷƥƧƭƷǁ 

ƸƧƪưƭƼƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵ ƳƯƭƶưƪƲƭǄ ƖƓ Ƨ ƵǄƩƸ LnFe0.5Sb1.5O6 (Ln=La-Sm) ƶ ƸƱƪƲǁƽƪƲƭƪƱ ƵƥƶƶƷƳǄƲƭǄ ƱƪƫƩƸ ƶưƳǄƱƭ 

ƳƯƷƥǂƩƵƳƧ (Sb,Fe)O6 Ƨ ƶƷƵƸƯƷƸƵƪ.  

   
 

(ʘ) (ʙ) (ʚ) 

 

ƕƭƶ. 2 ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ LaFe0.5Sb1.5O6, ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƪ ƭƬ ƳƯƶƭƩƳƧ ƱƪƷƳƩƳƱ ƷƧƪƵƩƳƹƥƬƲƳƨƳ ƶƭƲƷƪƬƥ (ƥ), Ƨ ƵƥƶƴưƥƧƪ ƶƳưƪƮ 
(Ʀ) ƭ ƨƭƩƵƳƷƪƵƱƥưǁƲƳ-ƱƭƯƵƳƧƳưƲƳƧƳƮ ƳƦƵƥƦƳƷƯƳƮ ƨƭƩƵƳƯƶƭƩƳƧ ƶ ƴƳƶưƪƩƸǃƾƪƮ ƧǀƩƪƵƫƯƳƮ Ƨ ƵƥƶƴưƥƧƪ ƶƳưƪƮ (Ƨ). 

ƉưǄ ƳƦƵƥƬƻƳƧ CeFe0.5Sb1.5O6 ƭ PrFe0.5Sb1.5O6 Ʀǀưƭ ƳƴƵƪƩƪưƪƲǀ ƶƳƶƷƥƧ ƭ ƶƷƪƴƪƲƭ ƳƯƭƶưƪƲƭǄ ǂưƪƱƪƲƷƳƧ Ʋƥ 

ƴƳƧƪƵƺƲƳƶƷƭ ƶưƳƫƲǀƺ ƳƯƶƭƩƳƧ ƩƳ ƭ ƴƳƶưƪ ƯƥƷƥưƭƷƭƼƪƶƯƭƺ ƭƶƴǀƷƥƲƭƮ Ƨ ƵƪƥƯƻƭƭ ƖƓ + Ɠ2. ƔƳƯƥƬƥƲƳ, ƼƷƳ ƴƳƶưƪ 

ƴƵƳƧƪƩƪƲƭǄ ƸƯƥƬƥƲƲƳƮ ƵƪƥƯƻƭƭ ƶƷƪƴƪƲǁ ƳƯƭƶưƪƲƭǄ Ce3+ ƭ Pr3+ Ʋƪ ƱƪƲǄƪƷƶǄ. Ƈ ƷƳ ƫƪ ƧƵƪƱǄ ƲƥƦưǃƩƥƪƱǀƪ ƭƬƱƪƲƪƲƭǄ 

ƶƳƳƷƲƳƽƪƲƭǄ ƯƥƷƭƳƲƳƧ Sb ƭ Fe Ƨ ƵƥƬƲǀƺ ƶƷƪƴƪƲǄƺ ƳƯƭƶưƪƲƭǄ ƩƳ ƭ ƴƳƶưƪ ƵƪƥƯƻƭƭ ƸƯƥƬǀƧƥǃƷ Ʋƥ ƷƳ, ƼƷƳ ƲƥƭƦƳưƪƪ 

ƧƪƵƳǄƷƲƳ, Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƯƥƷƥưƭƬƥƷƳƵƥ Ƨ ƴƵƳƻƪƶƶƪ ƵƪƥƯƻƭƭ ƴƵƳƭƶƺƳƩǄƷ ƳƯƭƶưƭƷƪưǁƲƳ-ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲǀƪ 

ƴƵƳƻƪƶƶǀ ƶ ƸƼƥƶƷƭƪƱ ƯƥƷƭƳƲƳƧ Sb3+ ª Sb5+ ƭ Fe3+ ª Fe2+, ƥ ƷƥƯƫƪ ƵƪƽƪƷƳƼƲƳƨƳ ƯƭƶưƳƵƳƩƥ ƭ ƧƥƯƥƲƶƭƮ. ƘƼƥƶƷƭƪ 

ƭƳƲƳƧ ƫƪưƪƬƥ ƯƥƯ ƥƯƷƭƧƲǀƺ ƻƪƲƷƵƳƧ ƴƳƩƷƧƪƵƫƩƥƪƷƶǄ ƶƲƭƫƪƲƭƪƱ ƥƯƷƭƧƲƳƶƷƭ ƯƥƷƥưƭƬƥƷƳƵƳƧ ƴƵƭ ƬƥƱƪƾƪƲƭƭ Fe3+ 

Ʋƥ Ga3+. ƔƵƭ ǂƷƳƱ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƯƥƷƥưƭƬƥƷƳƵƳƧ ƲƥƦưǃƩƥƪƷƶǄ ƴƳƧǀƽƪƲƲƳƪ ƶƳƩƪƵƫƥƲƭƪ ƶƸƵǁƱǀ, ƴƳƶƯƳưǁƯƸ 

ƶƳƳƷƲƳƽƪƲƭƪ ǂưƪƱƪƲƷƳƧ Ln:Fe:Sb Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƳƯƶƭƩƳƧ ƶƳƶƷƥƧƭưƳ 1:(0.4-0.5):(2.15-2.3).  

ƑƪƷƳƩƳƱ ƍƏ-ƶƴƪƯƷƵƳƶƯƳƴƭƭ ƩƭƹƹƸƬƲƳƨƳ ƳƷƵƥƫƪƲƭǄ in situ ƴƳƯƥƬƥƲƳ, ƼƷƳ ƵƪƥƯƻƭǄ ƳƯƭƶưƪƲƭǄ ƖƓ Ʋƥ 

ƴƳƧƪƵƺƲƳƶƷƭ ƵƳƬƭƥƭƷƳƧ LnFe0.5Sb1.5O6, Ln=LaɛPr ƴƵƳƷƪƯƥƪƷ ƶ ƸƼƥƶƷƭƪƱ ƴƵƳƱƪƫƸƷƳƼƲǀƺ ƯƳƱƴưƪƯƶƳƧ ƯƥƵƦƳƲƭưƳƧ 

ƱƪƷƥưưƳƧ. Ƈ ƷƳ ƫƪ ƧƵƪƱǄ ƸƶƷƥƲƳƧưƪƲǀ ƳƷưƭƼƭǄ ƴƵƳƷƪƯƥƲƭǄ ƵƪƥƯƻƭƭ Ƨ ƴƵƭƶƸƷƶƷƧƭƭ ưƥƲƷƥƲƶƳƩƪƵƫƥƾƭƺ ƳƦƵƥƬƻƳƧ ƭ 

ƳƦƵƥƬƻƳƧ ƶ ƩƵƸƨƭƱƭ ƕƌƢ. ƒƥ ƳƶƲƳƧƥƲƭƭ ƵƪƬƸưǁƷƥƷƳƧ in situ ƱƳƫƲƳ ƴƵƪƩƴƳưƳƫƭƷǁ, ƼƷƳ Ƨ ƶưƸƼƥƪ ưƥƲƷƥƲƶƳƩƪƵƫƥƾƭƺ 

ƳƦƵƥƬƻƳƧ ƴƵƳƱƪƫƸƷƳƼƲǀƪ ƯƳƱƴưƪƯƶǀ ƯƥƵƦƳƲƭưƳƧ ƱƪƷƥưưƳƧ ƳƦƵƥƬƸǃƷƶǄ ƴƳƶưƪ ƴƳƩƥƼƭ ƵƪƥƯƻƭƳƲƲƳƮ ƶƱƪƶƭ COɛO2 

ƭ ƲƥƨƵƪƧƥƲƭǄ. ƒƥ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ, ƶƳƩƪƵƫƥƾƭƺ Ce ƭ Pr, ƯƥƵƦƳƲƭưǀ ƱƪƷƥưưƥ ƴƵƭƶƸƷƶƷƧƸǃƷ ƩƳ ƴƵƳƧƪƩƪƲƭǄ 

ƯƥƷƥưƭƷƭƼƪƶƯƳƨƳ ƷƪƶƷƥ. ƢƷƭ ƯƥƵƦƳƲƭưǀ, ƴƳ-ƧƭƩƭƱƳƱƸ, ƭƱƪǃƷ ƩƵƸƨƳƪ ƶƷƵƳƪƲƭƪ, ƳƷưƭƼƥǃƷƶǄ ƸƶƷƳƮƼƭƧƳƶƷǁǃ ƭ Ʋƪ 

ƸƼƥƶƷƧƸǃƷ Ƨ ƵƪƥƯƻƭƭ ƳƯƭƶưƪƲƭǄ ƖƓ. ƔƵƭƶƸƷƶƷƧƭƪ ǂƷƭƺ ƯƥƵƦƳƲƭưƳƧ, ƧƪƵƳǄƷƲƳ, ƴƵƪƴǄƷƶƷƧƸƪƷ ƳƦƵƥƬƳƧƥƲƭǃ ƥƯƷƭƧƲǀƺ 

ƴƵƳƱƪƫƸƷƳƼƲǀƺ ƯƳƱƴưƪƯƶƳƧ ƯƥƵƦƳƲƭưƳƧ ƱƪƷƥưưƳƧ, ƶƸƾƪƶƷƧƸǃƾƭƺ Ƨ ƶưƸƼƥƪ ưƥƲƷƥƲƶƳƩƪƵƫƥƾƭƺ ƳƦƵƥƬƻƳƧ. ƢƷƳ 

ƴƵƭƧƳƩƭƷ Ư ƶƲƭƫƪƲƭǃ ƥƯƷƭƧƲƳƶƷƭ ƯƥƷƥưƭƬƥƷƳƵƳƧ. 

Ƈ ƵƪƬƸưǁƷƥƷƪ ƴƵƳƩƪưƥƲƲƳƮ ƵƥƦƳƷǀ ƴƳƯƥƬƥƲƳ, ƼƷƳ ƧǀƶƳƯƥǄ ƯƥƷƥưƭƷƭƼƪƶƯƥǄ ƥƯƷƭƧƲƳƶƷǁ ƵƳƬƭƥƭƷƳƧ 

LnFe0.5Sb1.5O6 (Ln=La-Sm) Ƨ ƵƪƥƯƻƭƭ ƳƯƭƶưƪƲƭǄ ƖO ƳƦƪƶƴƪƼƭƧƥƪƷƶǄ ƦưƥƨƳƩƥƵǄ ƳƯƭƶưƭƷƪưǁƲƳ-ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲǀƱ 

ƴƵƳƻƪƶƶƥƱ ƶ ƸƼƥƶƷƭƪƱ ƭƳƲƳƧ ƫƪưƪƬƥ ƭ ƶƸƵǁƱǀ, ƥ ƷƥƯƫƪ ƦưƥƨƳƩƥƵǄ ƳƦƵƥƬƳƧƥƲƭǃ ƵƪƥƯƻƭƳƲƲƳƶƴƳƶƳƦƲǀƺ 

ƴƵƳƱƪƫƸƷƳƼƲǀƺ ƯƥƵƦƳƲƭưǁƲǀƺ ƶƳƪƩƭƲƪƲƭƮ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƯƥƷƥưƭƬƥƷƳƵƥ. ƔƵƭ ǂƷƳƱ ƩƳƯƥƬƥƲƳ, ƼƷƳ ƲƥƭƦƳưǁƽƸǃ 

ƥƯƷƭƧƲƳƶƷǁ ƭƱƪǃƷ ƳƦƵƥƬƻǀ ƯƥƷƥưƭƬƥƷƳƵƳƧ ƶ ƯƧƥƬƭƶƹƪƵƭƼƪƶƯƳƮ ƱƳƵƹƳưƳƨƭƪƮ, ƶ ƲƥƭƱƪƲǁƽƭƱ ƧƯưƥƩƳƱ ƴưƳƶƯƳƶƷƭ 

[001] Ƨ ƴƳƧƪƵƺƲƳƶƷǁ. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƨƵƥƲƷƥ ƕƙƙƍ ʋ18-03-00470. 
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1 ƒƍƛ «ƏƸƵƼƥƷƳƧƶƯƭƮ ƭƲƶƷƭƷƸƷ» ɛ ƍƕƊƅ, ƨ. ƑƳƶƯƧƥ, ƆƳƨƳƵƳƩƶƯƭƮ Ƈƥư 3, gordi1244@gmail.com 

2 ƒƍƛ «ƏƸƵƼƥƷƳƧƶƯƭƮ ƭƲƶƷƭƷƸƷ», ƨ. ƑƳƶƯƧƥ, ƔưƳƾƥƩǁ ƥƯƥƩ. ƏƸƵƼƥƷƳƧƥ 1 
3 ƒƍƍ ƤƩƪƵƲǀƺ ƴƵƳƦưƪƱ ƆƈƘ, ƨ. ƑƭƲƶƯ, ƆƪưƥƵƸƶǁ 

ƔƳưƭƯƵƭƶƷƥưưƭƼƪƶƯƭƪ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƪ ƱƥƷƪƵƭƥưǀ ƲƥƺƳƩǄƷ ƴƵƭƱƪƲƪƲƭǄ ƴƵƥƯƷƭƼƪƶƯƭ ƧƳ Ƨƶƪƺ ƳƦưƥƶƷǄƺ, 

ƭƶƴƳưǁƬƸǃƾƭƺ ƵƪƨƭƶƷƵƥƻƭǃ ƭƳƲƭƬƭƵƸǃƾƪƨƳ ƭƬưƸƼƪƲƭǄ. Ƈ ƼƥƶƷƲƳƶƷƭ, Ƨ ƳƦƳƵƸƩƳƧƥƲƭƭ ƩưǄ ƭƲƷƵƳƶƯƳƴƭƭ Ƨ 

ƱƪƩƭƻƭƲƶƯƳƮ ƩƭƥƨƲƳƶƷƭƯƪ, ƲƥƴƵƭƱƪƵ, ƩưǄ ƯƳƱƴǁǃƷƪƵƲƳƮ ƷƳƱƳƨƵƥƹƭƭ (ƏƗ), ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƩƪƷƪƯƷƳƵƲƳƨƳ 

ƱƥƷƪƵƭƥưƥ Ƨ ƬƲƥƼƭƷƪưǁƲƳƮ ƶƷƪƴƪƲƭ ƳƴƵƪƩƪưǄǃƷ ƧƳƬƱƳƫƲƳƶƷƭ ƴƵƭƦƳƵƥ ɛ ƧƵƪƱǄ ƶƯƥƲƭƵƳƧƥƲƭǄ, ƯƥƼƪƶƷƧƳ 

ƭƬƳƦƵƥƫƪƲƭǄ, ƩƳƬƳƧƸǃ ƲƥƨƵƸƬƯƸ. ƖưƳƫƲǀƪ ƳƯƶƭƩǀ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƨƵƥƲƥƷƥ ƭ ƳƦƾƪƮ ƹƳƵƱƸưƳƮ (Gd,Y)3(Ga,Al)5O12: 

(Ln)+3 ǄƧưǄǃƷƶǄ ƳƩƲƭƱ ƭƬ ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƶƪƱƪƮƶƷƧ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƥƯƷƭƧƲƳ 

ƭƶƶưƪƩƸƪƱǀƱ ƴƳƶưƪƩƲƪƪ ƩƪƶǄƷƭưƪƷƭƪ. ƏƪƵƥƱƭƼƪƶƯƭƪ ƶƻƭƲƷƭưưǄƷƳƵǀ ǂƷƳƨƳ ƶƳƶƷƥƧƥ ǄƧưǄǃƷƶǄ ƱƥƷƪƵƭƥưƥƱƭ-

ƯƥƲƩƭƩƥƷƥƱƭ ƩưǄ ƏƗ-ƶƯƥƲƪƵƳƧ ƲƳƧƳƨƳ ƴƳƯƳưƪƲƭǄ. Ƈ ƯƥƼƪƶƷƧƪ ƽƭƺƷǀ ƩưǄ ƶƻƭƲƷƭưưǄƻƭƳƲƲƳƮ ƯƪƵƥƱƭƯƭ 

ƭƶƴƳưǁƬƸǃƷƶǄ ƴƳƵƳƽƯƭ ƩƥƲƲƳƨƳ ƶƳƶƷƥƧƥ, ƶƳƶƷƳǄƾƭƪ ƭƬ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƼƥƶƷƭƻ, ƭ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƴƳƵƳƽƯƳƧ 

ƳƴƵƪƩƪưǄǃƷ ƧƳƬƱƳƫƲƳƶƷǁ ƴƳưƸƼƪƲƭǄ ƭ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ ƱƥƷƪƵƭƥưƥ.  

ƢƷƥ ƵƥƦƳƷƥ ƴƳƶƧǄƾƪƲƥ ƭƬƸƼƪƲƭǃ ƧƳƬƱƳƫƲƳƶƷƭ ƭƬƱƪƲƪƲƭǄ ǂưƪƱƪƲƷƲƳƨƳ ƶƳƶƷƥƧƥ, ƶ ƻƪưǁǃ ƴƳưƸƼƪƲƭǄ 

ƬƥƩƥƲƲǀƺ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯƔƳƶưƪ ƴƳưƸƼƪƲƭǄ ƯƪƵƥƱƭƼƪƶƯƭƺ ƳƦƵƥƬƻƳƧ ƭƬ ƴƵƪƩƧƥƵƭƷƪưǁƲƳ 

ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƮ ƲƥƲƳƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲƳƮ ƽƭƺƷǀ ƧǀƦƵƥƲƲǀƺ ƶƳƶƷƥƧƳƧ, ƳƦƵƥƬƻǀ Ʀǀưƭ ƭƶƶưƪƩƳƧƥƲǀ ƶưƪƩƸǃƾƭƱƭ 

ƱƪƷƳƩƥƱƭ: ƖƢƑ, ƕƖƑƅ, ƕƙƅ, ƹƳƷƳưǃƱƭƲƪƶƻƪƲƷƲƥǄ ƶƴƪƯƷƵƳƶƯƳƴƭǄ ƭ ƭƬƱƪƵƪƲƭǄ, ƯƭƲƪƷƭƯƭ ƬƥƷƸƺƥƲƭǄ, ƥ ƷƥƯƫƪ 

ƭƬƱƪƵƪƲƭǄ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƺ ƭƬƱƪƵƪƲƭƮ. 

ƖưƪƩƸƪƷ ƷƥƯ ƫƪ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƴƳưƸƼƪƲƭƪ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƴƳƵƳƽƯƳƧ ƩưǄ ƶƳƬƩƥƲƭǄ ƶƻƭƲƷƭưưǄƷƳƵƥ, ǂƷƳ 

ƳƷƩƪưǁƲƥǄ ƭ ƶưƳƫƲƥǄ ƷƪƺƲƳưƳƨƭƼƪƶƯƥǄ ƬƥƩƥƼƥ, ƼƥƶƷƭƼƲƳ ƳƶƧƪƾƪƲƥ Ƨ ƩƥƲƲƳƮ ƵƥƦƳƷƪ. ƉưǄ ƳƻƪƲƯƭ ƴƳưƲƳƷǀ 

ƶƳƳƶƥƫƩƪƲƭƮ ƯƳƱƴƳƲƪƲƷƳƧ ƭ ƯƳƲƷƵƳưǄ ƵƥƬƱƪƵƥ ƼƥƶƷƭƻ ƭƶƴƳưǁƬƳƧƥưƭ Ʊƥƶƶ-ƶƴƪƯƷƵƥưǁƲǀƮ ƥƲƥưƭƬ ƭ ưƥƬƪƵƲƸǃ 

ƩƭƹƵƥƯƻƭǃ. 

Ƈ ƴƵƳƻƪƶƶƪ ƭƬƸƼƪƲƭǄ ƧƥƵƭƥƻƭƮ ƶƳƶƷƥƧƥ, ƧǀƦƵƥƲƲƳƨƳ ƶƪƱƪƮƶƷƧƥ (Gd,Y)3(Ga,Al)5O12:(Ln)+3 ƶƳ ƶƷƵƸƯƷƸƵƳƮ 

ƨƵƥƲƥƷƥ, ƭ ƭƬƸƼƪƲƭǄ ƭƺ ƶƧƳƮƶƷƧ, Ʀǀưƥ ƸƶƷƥƲƳƧưƪƲƥ ƬƥƧƭƶƭƱƳƶƷǁ ưǃƱƭƲƪƶƻƪƲƷƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƳƷ ƶƳƳƷƲƳƽƪƲƭǄ 

ǂưƪƱƪƲƷƳƧ (Gd/Y, Ga/Al) Ƨ ƶƳƶƷƥƧƪ.  

ƒƥ ƳƶƲƳƧƪ ƴƳưƸƼƪƲƲǀƺ ƩƥƲƲǀƺ, Ʀǀưƥ ƴƳƩƷƧƪƵƫƩƪƲƥ ƨƭƴƳƷƪƬƥ Ƴ ƧưƭǄƲƭƭ Ʋƥ ƩưƭƷƪưǁƲƸǃ ƹƳƶƹƳƵƪƶƻƪƲƻƭǃ 

ƲƪƦƳưǁƽƭƺ ƳƷƯưƳƲƪƲƭƮ ƶƳƩƪƵƫƥƲƭǄ ƨƥưưƭǄ ƳƷ ƶƷƪƺƭƳƱƪƷƵƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ. ƆǀưƳ ƴƳƯƥƬƥƲƳ, ƼƷƳ ƸƧƪưƭƼƪƲƭƪ 

ƶƳƩƪƵƫƥƲƭǄ ƭƷƷƵƭǄ Ƨ ƭƲƷƪƵƧƥưƪ ƳƷ 2,5 ƩƳ 1,2 ƹƳƵƱƸưǁƲǀƺ ƪƩƭƲƭƻ ƳƷƲƳƶƭƷƪưǁƲƳ ƨƥƩƳưƭƲƭǄ ƴƵƭƧƳƩƭƷ Ư 

ƸƧƪưƭƼƪƲƭǃ ƶƧƪƷƳƧǀƺƳƩƥ. ƓƦƵƥƷƲƳƪ ƶƳƳƷƲƳƽƪƲƭƪ ƱƪƫƩƸ ƭƷƷƵƭƪƱ ƭ ƨƥƩƳưƭƲƭƪƱ ƴƵƭƧƳƩƭƷ Ư ƶƩƧƭƨƸ ƴƭƯƥ 

ƹƳƷƳưǃƱƭƲƪƶƻƪƲƻƭƭ. 

ƕƥƦƳƷƥ ƴƳƩƩƪƵƫƥƲƥ ƨƵƥƲƷƳƱ ʋ 14.W03.31.0004 ƔƵƥƧƭƷƪưǁƶƷƧƥ ƕƳƶƶƭƮƶƯƳƮ ƙƪƩƪƵƥƻƭƭ  
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ƖƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵǀ, ƯƥƯ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƮ ƲƥƯƳƴƭƷƪưǁ ǂƲƪƵƨƭƭ, ƭƱƪǃƷ ƵǄƩ ƴƵƭƱƪƲƪƲƭƮ, ƦưƥƨƳƩƥƵǄ 

ƯƳƷƳƵǀƱ ƱƳƫƲƳ ƶ ƸƧƪƵƪƲƲƳƶƷǁǃ ƶƯƥƬƥƷǁ Ƴ ƵƳƶƷƪ ƴƳƷƵƪƦƲƳƶƷƭ Ư ƴƳƩƳƦƲǀƱ ƭƬƩƪưƭǄƱ. ƒƪƶƱƳƷƵǄ Ʋƥ ƴƵƳƶƷƳƷƸ 

ƭƶƴƳưƲƪƲƭǄ ƶƭƱƱƪƷƵƭƼƲǀƪ ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵǀ Ʋƪ ƱƳƨƸƷ ƳƦƪƶƴƪƼƭƷǁ ƩƳƶƷƥƷƳƼƲǀƪ ƴƳƯƥƬƥƷƪưƭ ƴƳ ƸƩƪưǁƲƳƮ 

ǂƲƪƵƨƭƭ ƭ ƱƳƾƲƳƶƷƭ. ƕƳƶƷ ǂƲƪƵƨƪƷƭƼƪƶƯƭƺ ƴƥƵƥƱƪƷƵƳƧ ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵƳƧ ƩƳƶƷƭƨƥǃƷƶǄ, Ƨ ƷƳƱ Ƽƭƶưƪ Ƭƥ ƶƼƪƷ 

ƶƳƬƩƥƲƭǄ ƥƶƭƱƱƪƷƵƭƼƲǀƺ ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵƳƧ, ƯƳƷƳƵǀƪ ƺƥƵƥƯƷƪƵƭƬƸǃƷƶǄ ƵƥƶƽƭƵƪƲƲǀƱ ƳƯƲƳƱ ƲƥƴƵǄƫƪƲƭƮ ƩƳ 

~2,2 Ƈ Ƨ ƧƳƩƲǀƺ ǂưƪƯƷƵƳưƭƷƥƺ, ƥ ƷƥƯƫƪ ƵƥƬƵƥƦƳƷƯƭ ƲƥƲƳƶƷƵƸƯƷƸƵƲǀƺ ǂưƪƯƷƵƳƩƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƶ ƧǀƶƳƯƳƮ 

ƪƱƯƳƶƷǁǃ. ƔƵƭ ǂƷƳƱ ƶƸƾƪƶƷƧƸǃƾƭƪ ƥƲƳƩƲǀƪ ƱƥƷƪƵƭƥưǀ ƴƳ-ƴƵƪƫƲƪƱƸ ƭƱƪǃƷ ƲƭƬƯƸǃ ƪƱƯƳƶƷǁ, ƼƷƳ Ʋƪ ƶƳƳƷƧƪƷƶƷƧƸƪƷ 

ƦƳưǁƽƭƱ ƪƱƯƳƶƷƲǀƱ ƯƥƷƳƩƥƱ. ƔƳǂƷƳƱƸ ƩưǄ ƥƶƭƱƱƪƷƵƭƼƲǀƺ ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵƳƧ ƳƶƷƥƪƷƶǄ ƴƵƳƦưƪƱƳƮ ƶƳƼƪƷƥƲƭƪ 

ƧǀƶƳƯƳƮ ƴưƳƷƲƳƶƷƭ ǂƲƪƵƨƭƭ ƭ ƧǀƶƳƯƳƮ ƴưƳƷƲƳƶƷƭ ƱƳƾƲƳƶƷƭ. ƢưƪƯƷƵƳƩƲǀƪ ƱƥƷƪƵƭƥưǀ ƩưǄ ƥƶƭƱƱƪƷƵƭƼƲǀƺ 

ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵƳƧ ƴƵƪƩƶƷƥƧưǄǃƷ ƶƳƦƳƮ ƵƥƬƧƭƷǀƮ ƸƨưƪƵƳƩƲǀƮ ƱƥƷƪƵƭƥư c ƳƩƲƳƮ ƶƷƳƵƳƲǀ ƭ ƷƵƪƺƹƥƬƲǀƮ 

ƯƳƱƴƳƬƭƷ (ƴƵƳƧƳƩǄƾƭƪ ƱƥƷƪƵƭƥưǀ, ƴƳưƭƱƪƵǀ ƭưƭ ƳƯƶƭƩǀ ƴƪƵƪƺƳƩƲǀƺ ƱƪƷƥưưƳƧ) ƶ ƩƵƸƨƳƮ. Ƈ ƯƥƼƪƶƷƧƪ 

ƴƳƷƪƲƻƭƥưǁƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ ƯƳƲƩƪƲƶƥƷƳƵƳƧ ƭƲƷƪƲƶƭƧƲƳ ƭƶƶưƪƩƸǃƷƶǄ ƳƯƶƭƩǀ ƴƪƵƪƺƳƩƲǀƺ 

ƱƪƷƥưưƳƧ, ƷƥƯƭƪ ƯƥƯ ƳƯƶƭƩǀ ƱƥƵƨƥƲƻƥ, ƫƪưƪƬƥ, ƲƭƯƪưǄ ƭ ƯƳƦƥưǁƷƥ. ƒƪƶƱƳƷƵǄ Ʋƥ ƷƳ, ƼƷƳ ƩƳƶƷƭƨƲƸƷǀ ƶƸƾƪƶƷƧƪƲƲǀƪ 

ƵƪƬƸưǁƷƥƷǀ Ƨ ƵƥƬƵƥƦƳƷƯƪ ƭ ƴƳưƸƼƪƲƭƭ ƲƥƲƳƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲǀƺ ǂưƪƯƷƵƳƩƳƧ Fe2O3, ƯƳƱƴƳƬƭƷƲǀƺ ǂưƪƯƷƵƳƩƳƧ Fe2O3 

ƭ ƯƭƶưƳƵƳƩƲƳƭƲƩƸƻƭƵƳƧƥƲƲǀƺ ǂưƪƯƷƵƳƩƳƧ Fe2O3 ƵƥƬưƭƼƲǀƺ ƱƳƩƭƹƭƯƥƻƭƮ, ƳƨƵƥƲƭƼƪƲƲƥǄ ǂưƪƯƷƵƳƲƲƥǄ ƭ ƭƳƲƲƥǄ 

ƴƵƳƧƳƩƭƱƳƶƷǁ, ƥ ƷƥƯƫƪ ƶưƳƫƲƳƶƷǁ ƶƭƲƷƪƬƥ ƧǀƶƳƯƳǂƹƹƪƯƷƭƧƲǀƺ ƳƯƶƭƩƲǀƺ ǂưƪƯƷƵƳƩƳƧ ƳƶƷƥƪƷƶǄ ƧƥƫƲƪƮƽƪƮ 

ƴƵƳƦưƪƱƳƮ [1-4]. 

ƏƥưƭƮ (K) ƯƥƯ ƳƩƭƲ ƭƬ ƾƪưƳƼƲǀƺ ƱƪƷƥưưƳƧ, ƭƱƪǃƾƭƮ ƶƺƳƩƲǀƪ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƭ ƳƦƭưǁƲǀƪ 

Ƭƥƴƥƶǀ, ƳƦưƥƩƥƪƷ ƴƵƪƧƳƶƺƳƩƲǀƱƭ ƭƲƷƪƵƯƥưƭƵƸǃƾƭƱƭ / ƩƪƭƲƷƪƵƯƥưƭƵƸǃƾƭƱƭ ƶƧƳƮƶƷƧƥƱƭ ƭƳƲƥ Ƨ / ƭƬ ƵƥƬưƭƼƲǀƺ 

ǂưƪƯƷƵƳƥƯƷƭƧƲǀƺ ƱƥƷƪƵƭƥưƳƧ. ƆƳưƪƪ ƷƳƨƳ, ƴƳƷƪƲƻƭƥư ƯƥưƭƪƧƳƨƳ ƥƲƳƩƥ ǄƧưǄƪƷƶǄ ƲƥƭƦƳưƪƪ ƦưƭƬƯƭƱ Ư ƴƳƷƪƲƻƭƥưƸ 

ưƭƷƭƪƧƳƨƳ ƥƲƳƩƥ ƶƵƪƩƭ ƾƪưƳƼƲǀƺ ƱƪƷƥưưƳƧ Ƨ ƳƷưƭƼƭƪ ƳƷ ƲƥƷƵƭǄ. ƖưƪƩƳƧƥƷƪưǁƲƳ, ƯƥưƭƮƲǀƪ ƦƥƷƥƵƪƭ ƱƳƨƸƷ ƦǀƷǁ 

ƯƥƲƩƭƩƥƷƳƱ Ƨ ƯƥƼƪƶƷƧƪ ƸƶƷƵƳƮƶƷƧƥ ƲƥƯƳƴưƪƲƭǄ ƥưǁƷƪƵƲƥƷƭƧƲƳƮ ǂƲƪƵƨƭƭ. ƖƷƥƲƳƧƭƷƶǄ ƧƥƫƲǀƱ ƭƶƶưƪƩƳƧƥƷǁ ƭ 

ƵƥƬƵƥƦƥƷǀƧƥƷǁ ƲƳƧǀƪ ƭ ǂƹƹƪƯƷƭƧƲǀƪ ǂưƪƯƷƵƳƩƲǀƪ ƱƥƷƪƵƭƥưǀ ƩưǄ Ʋƭƺ [5-7]. 

ƉưǄ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ ƲƥƯƳƴƭƷƪưƪƮ ǂƲƪƵƨƭƭ ƴƵƭƱƪƲǄǃƷƶǄ ƵƥƬưƭƼƲǀƪ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƪ ƶưƳƫƲǀƪ 

ƳƯƶƭƩǀ ƾƪưƳƼƲǀƺ, ƾƪưƳƼƲƳ-ƬƪƱƪưǁƲǀƺ ƭ ƴƪƵƪƺƳƩƲǀƺ ƱƪƷƥưưƳƧ ƶ ƵƥƬưƭƼƲƳƮ ƱƳƵƹƳưƳƨƭƪƮ, Ƨ ƷƳƱ Ƽƭƶưƪ 

ƶƷƳưƦƼƥƷƳƮ. ƉưǄ ƱƥƷƪƵƭƥưƳƧ ƶƳ ƶƷƳưƦƼƥƷƳƮ ƱƳƵƹƳưƳƨƭƪƮ ƴƵƭ ƶƳƳƷƲƳƽƪƲƭǄƺ ƩưƭƲǀ Ư ƩƭƥƱƪƷƵƸ ƦƳưƪƪ 10, ƬƥƩƥƼƥ 

ƵƥƧƲƳƱƪƵƲƳƨƳ ƵƥƶƴƵƪƩƪưƪƲƭǄ ǂưƪƯƷƵƳƲƲƳƨƳ ƯƳƲƷƥƯƷƥ ƴƳ ƳƦƿƪƱƸ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲƳƨƳ (ƥƯƷƭƧƲǀƮ ƱƥƷƪƵƭƥư - 

ǂưƪƯƷƵƳƲƲǀƮ ƴƵƳƧƳƩƲƭƯ - ƴƳưƭƱƪƵƲƳƪ ƶƧǄƬƸǃƾƪƪ) ǂưƪƯƷƵƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ ƶƷƥƲƳƧƭƷƶǄ ƷƪƺƲƳưƳƨƭƼƪƶƯƭ ƶưƳƫƲƳƮ. 

ƍƬƧƪƶƷƲǀ ƴƵƭƱƪƲƪƲƭǄ ƸƨưƪƵƳƩƲǀƺ ƲƥƲƳƷƵƸƦƳƯ, ƶưƳƫƲǀƮ ƭ ƱƲƳƨƳƶƷƥƩƭƮƲǀƮ ƴƳƱƳư ƭ ƩƵƸƨƭƪ ƵƪƽƪƲƭǄ. Ƈ ƵƥƱƯƥƺ 

ƩƥƲƲƳƮ ƵƥƦƳƷǀ ƴƵƪƩưƥƨƥƪƷƶǄ ƭƶƴƳưǁƬƳƧƥƷǁ ƨƪƷƪƵƳƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲǀƮ ƱƥƷƪƵƭƥư Ʋƥ ƳƶƲƳƧƪ core-shell 

ƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲǀƺ ƲƥƲƳƱƥƷƪƵƭƥưƳƧ, ƨƩƪ ǄƩƵƳ ɛ ƨƳưưƥƲƩƭƷ K1.5Fe1.5Ti6.5O16, ƥ ƳƦƳưƳƼƯƥ ɛ ƸƨưƪƵƳƩ (Carbon Black). 

Ƈ ƶƧǄƬƭ ƶ ǂƷƭƱ ƻƪưǁǃ ƵƥƦƳƷǀ ǄƧưǄƪƷƶǄ ƭƶƶưƪƩƳƧƥƲƭƪ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƨƳưưƥƲƩƭƷƥ ƶƳƶƷƥƧƥ 

K1.5Fe1.5Ti6.5O16 (KFTO(H)) ƶ ƸƨưƪƵƳƩƲǀƱ ƴƳƯƵǀƷƭƪƱ (CB). 

ƖƭƲƷƪƬ ƨƳưưƥƲƩƭƷƥ KFTO(H) ƳƶƸƾƪƶƷƧưƪƲ ƴƳ ƱƪƷƳƩƭƯƪ, ƳƴƭƶƥƲƲƳƮ Ƨ ƵƥƦƳƷƪ [8]. ƍƬƸƼƪƲƭƪ ƶƷƵƸƯƷƸƵǀ ƭ 

ƶƳƶƷƥƧƥ ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƨƳ ƨƳưưƥƲƩƭƷƥ ƴƵƳƧƪƩƪƲƳ ƴƵƭ ƴƳƱƳƾƭ ƵƪƲƷƨƪƲƳƩƭƹƵƥƯƻƭƳƲƲƳƨƳ ƥƲƥưƭƬƥ Ʋƥ 

ƩƭƹƵƥƯƷƳƱƪƷƵƪ ARL Xɞtra ƱƥƵƯƭ Thermo Sciencific. ƉưǄ ƴƳưƸƼƪƲƭǄ core-shell ƴƳƯƵǀƷƭƮ ƴƵƳƭƬƧƪƩƪƲƥ ƳƦƵƥƦƳƷƯƥ 

ƶƸƺƳƮ ƶƱƪƶƭ ƴƳƵƳƽƯƥ KFTO(H) (90 % ƴƳ Ʊƥƶƶƪ) ƭ ƶƥƫƭ (10 % ƴƳ Ʊƥƶƶƪ) Ƨ ƥƷƱƳƶƹƪƵƪ ƶƸƺƳƨƳ ƥƵƨƳƲƥ Ƨ ƯƧƥƵƻƪƧƳƮ 
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ƷƵƸƦƯƪ ƶƳ ƶƯƳƵƳƶƷǁǃ ƴƳƷƳƯƥ 10 ư/ƱƭƲ Ƨ ƷƪƼƪƲƭƪ 10 ƼƥƶƳƧ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 600 ºC. ƔƳưƸƼƪƲƲǀƪ ƱƥƷƪƵƭƥưǀ 

ƭƶƶưƪƩƳƧƥƲǀ ƱƪƷƳƩƥƱƭ ƶƯƥƲƭƵƸǃƾƪƮ ǂưƪƯƷƵƳƲƲƳƮ ƱƭƯƵƳƶƯƳƴƭƭ, ƵƪƲƷƨƪƲƳ-ƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ ƭ ƍƏ-

ƶƴƪƯƷƵƳƶƯƳƴƭƭ. ƖƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵǀ Ʋƥ ƭƺ ƳƶƲƳƧƪ ƶƳƦƵƥƲǀ Ƨ ƴƳưƸǄƼƪƮƯƭ ƶ ƱƪƷƥưưƭƼƪƶƯƭƱ ƯƥưƭƪƱ Ƨ ƯƳƵƴƸƶƪ 

CR2025. ƢưƪƯƷƵƳƩƲƥǄ Ʊƥƶƶƥ ƶƳƶƷƳǄưƥ ƭƬ 8 ƼƥƶƷƪƮ ƨƳưưƥƲƩƭƷƥ, 1 ƼƥƶƷƭ ƸƨưƪƵƳƩƥ ƭ 1 ƼƥƶƷƭ ƔƇƉƙ ƭ ƲƥƲƪƶƪƲƥ Ʋƥ 

ƶƷƥưǁƲǀƪ ƶƪƷƯƭ ƱƪƷƳƩƳƱ ƴƳƩƴƵƪƶƶƳƧƯƭ. ƖƪƴƥƵƥƷƳƵ ƴƵƳƴƭƷƥƲ ǂưƪƯƷƵƳưƭƷƳƱ 1Ƒ ƵƥƶƷƧƳƵƳƱ KPF6. 

ƢưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƪ ƷƪƶƷƭƵƳƧƥƲƭƪ ƳƦƵƥƬƻƳƧ: ƻƭƯưƭƼƪƶƯƭƪ ƧƳưǁƷƥƱƴƪƵƳƨƵƥƱƱǀ ƭ ƨƥưǁƧƥƲƳƶƷƥƷƭƼƪƶƯƭƪ ƬƥƵǄƩ-

ƵƥƬƵǄƩƲǀƪ ƯƵƭƧǀƪ ƴƳưƸƼƪƲǀ ƶ ƴƳƱƳƾǁǃ ƴƳƷƪƲƻƭƳƶƷƥƷƥ Bio-logic ƴƳ ƩƧƸƺǂưƪƯƷƵƳƩƲƳƮ ƶƺƪƱƪ. ƍƬ ƵƪƬƸưǁƷƥƷƳƧ 

ƻƭƯưƭƼƪƶƯƭƺ ƧƳưǁƷƥƱƴƪƵƳƨƵƥƱƱ ƳƻƪƲƪƲƥ ƸƩƪưǁƲƥǄ ƪƱƯƳƶƷǁ ƳƩƲƳƨƳ ǂưƪƯƷƵƳƩƥ ƴƳ ƸƵƥƧƲƪƲƭǃ (1): 

ὅ̞ ̌

Ὅ᷿Ὠὺ

άὠЎὺ
ȟlȾ̄ (1) 

ƨƩƪ ʕὍὨὺ ɛ ƭƲƷƪƨƵƥư ƯƵƭƧƳƮ ƷƳƯƥ ƨƵƥƹƭƯƥ ƻƭƯưƭƼƪƶƯƳƮ ƧƳưǁƷƥƱƴƪƵƳƨƵƥƱƱǀ; m ɛ ƥƯƷƭƧƲƥǄ Ʊƥƶƶƥ ƳƩƲƳƨƳ 

ǂưƪƯƷƵƳƩƥ (ƨ); V ɛ ƳƯƲƳ ƴƳƷƪƲƻƭƥưƥ ƯƵƭƧƳƮ ƻƭƯưƭƼƪƶƯƳƮ ƧƳưǁƷƥƱƴƪƵƳƨƵƥƱƱǀ (Ƈ); Ŵὺ ɛ ƶƯƳƵƳƶƷƭ ƶƯƥƲƭƵƳƧƥƲƭǄ 

(ƱƇ/ƶ); I ɛ ƧƪưƭƼƭƲƥ ƷƳƯƥ ƨƥưǁƧƥƲƳƶƷƥƷƭƼƪƶƯƳƨƳ ƵƥƬƵǄƩƥ (Ʊƅ); Ŵὸ ɛ ƧƵƪƱǄ ƵƥƬƵǄƩƥ (ƶ); ŴV ɛ ƴƥƩƪƲƭƪ ƲƥƴƵǄƫƪƲƭǄ 

Ƭƥ ƻƭƯư ƵƥƬƵǄƩƥ (Ƈ). 

ƉưǄ ƵƥƶƼƪƷƥ ƴưƳƷƲƳƶƷƭ ƱƳƾƲƳƶƷƭ (ƇƷ/Ưƨ) ƭ ƴưƳƷƲƳƶƷƭ ǂƲƪƵƨƭƭ (ƇƷ/Ưƨ) ƭƶƴƳưǁƬƳƧƥƲǀ ƸƵƥƧƲƪƲƭǄ (2) ƭ (3), 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƶ ƸƼƪƷƳƱ ƵƥƲƪƪ ƵƥƶƶƼƭƷƥƲƲƳƮ ƸƩƪưǁƲƳƮ ƪƱƯƳƶƷƭ (ƙ/ƨ). 

Ὁ
ὅ̞ Ͻ̌Ўὠ

χȢς
ȟˏ  ̘̓Ⱦ̋  ̄ (2) 

ὖ
σφππϽὉ

Ўὸ
ȟˏ Ⱦ̓̋  ̄ (3) 

ƨƩƪ Cǂư ɛ ƸƩƪưǁƲƥǄ ƪƱƯƳƶƷǁ (ƙ/ƨ); ŴV ɛ ƳƯƲƳ ƴƳƷƪƲƻƭƥưƥ (Ƈ). 

ƖƳƶƷƥƧ ƭ ƶƷƵƸƯƷƸƵƥ ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƨƳ ƨƳưưƥƲƩƭƷƥ ƴƳƩƷƧƪƵƩƪƲǀ ƱƪƷƳƩƳƱ ƵƪƲƷƨƪƲƳƧƶƯƳƨƳ ƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ 

(Ƶƭƶ. 1). 

 

ƕƭƶ. 1 ƕƪƲƷƨƪƲƳƧƶƯƥǄ ƩƭƹƵƥƯƷƳƨƵƥƱƱƥ ƨƳưưƥƲƩƭƷƥ ƶƳƶƷƥƧƥ KFTO(H) 

ƒƥ ƩƭƹƵƥƯƷƳƨƵƥƱƱƪ ƴƳưƸƼƪƲƲƳƨƳ ƳƦƵƥƬƻƥ ƴƵƭƶƸƷƶƷƧƸǃƷ Ƨƶƪ ƨƳưưƥƲƩƭƷƲǀƪ ƴƭƯƭ ƺƥƵƥƯƷƪƵƲǀƪ ƩưǄ 87 

ƴƵƳƶƷƵƥƲƶƷƧƪƲƲƳƮ ƨƵƸƴƴǀ (I 4/m). ƔƵƭƶƸƷƶƷƧƸǃƾƭƪ ƴƵƭƱƪƶƭ ƳƷƲƳƶǄƷƶǄ Ư ƳƯƶƭƩƥƱ ƷƭƷƥƲƥ (ƵƸƷƭư) ƧƪưƭƼƭƲƥ ƯƳƷƳƵǀƺ 

ƳƻƪƲƪƲƥ ƳƯƳưƳ 2 %. ƒƥ ƩƭƹƵƥƯƷƳƨƵƥƱƱƪ KFTO(H)/CB ƭƱƪǃƷƶǄ ƩƧƥ ƴƭƯƥ ƱƪƫƩƸ 12.0 ƭ 12.5 ƸƨưƳƧ 2ɸ, ƯƳƷƳƵǀƪ 

ƱƳƫƲƳ ƳƷƲƪƶƷƭ Ư ƳƦƵƥƬƳƧƥƧƽƪƱƸƶǄ ƶưƳǃ ƸƨưƪƵƳƩƲƳƨƳ ƴƳƯƵǀƷƭǄ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƨƳưưƥƲƩƭƷƥ. ƔƵƭ ǂƷƳƱ ƴƭƯ Ʋƥ 

ƱƪƲǁƽƭƺ Ƹƨưƥƺ, ƶƳƳƷƧƪƷƶƧƸǃƾƭƮ ƱƪƫƶưƳƪƧƳƱƸ ƵƥƶƶƷƳǄƲƭǃ 7.23 Å, ƱƳƫƪƷ ƦǀƷǁ ƳƷƲƪƶƪƲ Ư ƧƲƪƽƲƭƱ ƶưƳǄƱ ƸƨưƪƵƳƩƥ 

ƭ ƶƳƳƷƧƪƷƶƧƸƪƷ ƸƧưƥƫƲƪƲƲƳƱƸ ƳƯƶƭƩƸ ƨƵƥƹƪƲƥ, ƥ ƴƭƯ Ʋƥ ƦƳưǁƽƭƺ Ƹƨưƥƺ, ƧƭƩƭƱƳ ƳƷƲƳƶƭƷƶǄ Ư ƶưƳǄƱ 
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ƲƪƴƳƶƵƪƩƶƷƧƪƲƲƳ ƯƳƲƷƥƯƷƭƵƸǃƾƭƱƭ ƶ ƨƳưưƥƲƩƭƷƳƱ, ƭƱƪǃƾƭƱƭ ƦƳưƪƪ ƴưƳƷƲƸǃ ƶƷƵƸƯƷƸƵƸ ƭ ƱƪƲǁƽƪƪ ƱƪƫƶưƳƪƧƳƪ 

ƵƥƶƶƷƳǄƲƭƪ 7.10 Å (001). 

ƅ) Ɔ)  

ƕƭƶ. 2 ƑƳƵƹƳưƳƨƭǄ ƨƳưưƥƲƩƭƷƥ KFTO(H) (ƅ) ƭ core-shell KFTO(H)/CB (Ɔ) 

ƑƳƵƹƳưƳƨƭǄ ƦƥƬƳƧƳƨƳ ƱƥƷƪƵƭƥưƥ ƨƳưưƥƲƩƭƷƥ KFTO(H) ƴƵƪƩƶƷƥƧưǄƪƷ ƶƳƦƳƮ ƶƷƳưƦƼƥƷǀƪ ƼƥƶƷƭƻǀ ƶ 

ƩƭƥƱƪƷƵƳƱ ƳƷ 100 ƲƱ ƩƳ 1,5 ƱƯƱ ƭ ƩưƭƲƸ ƳƷ 3 ƩƳ 15 ƱƯƱ ƴƵƭ ǂƷƳƱ ƳƷƲƳƽƪƲƭƪ ƩưƭƲǀ Ư ƩƭƥƱƪƷƵƸ ƶƳƶƷƥƧưǄƪƷ ƳƯƳưƳ 

15. ƔƳƶưƪ ƲƥƲƪƶƪƲƭǄ ƴƳƯƵǀƷƭƮ ƸƨưƪƵƳƩƥ ƱƳƵƹƳưƳƨƭǄ ƦƥƬƳƧƳƨƳ ƱƥƷƪƵƭƥưƥ ƶƳƺƵƥƲǄƪƷƶǄ Ƭƥ ƭƶƯưǃƼƪƲƭƪƱ 

ƸƧƪưƭƼƪƲƭǄ ƼƥƶƷƭƻ ƱƪƲǁƽƪƨƳ ƵƥƬƱƪƵƥ. ƢƷƳ ƶƧǄƬƥƲƳ ƶ ƥƯƷƭƧƲǀƱ ƵƳƶƷƳƱ ƴưƳƾƥƩƭ ƴƳƯƵǀƷƭǄ ƸƨưƪƵƳƩƥ ƴƳ 

ƴƳƧƪƵƺƲƳƶƷƭ ƨƳưưƥƲƩƭƷƥ, ƧƶưƪƩƶƷƧƭƪ ƼƪƨƳ ƴƵƳƭƶƺƳƩƭƷ ƵƥƬƵƸƽƪƲƭƪ ƯƵƸƴƲǀƺ ƥƨưƳƱƪƵƥƷƳƧ Ʋƥ ƦƳưƪƪ ƱƪưƯƭƪ (Ƶƭƶ. 

2). 

ƒƥ ƵƭƶƸƲƯƪ 3 ƴƵƪƩƶƷƥƧưƪƲǀ ƍƏ-ƙƸƵǁƪ ƶƴƪƯƷƵǀ ƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƨƳưưƥƲƩƭƷƥ, ƶƱƪƶƭ ƶ 

ƸƨưƪƵƳƩƲǀƱ ƱƥƷƪƵƭƥưƳƱ ƭ core-shell ƯƳƱƴƳƬƭƷƥ Ƨ ƩƭƥƴƥƬƳƲƪ ƧƳưƲƳƧǀƺ Ƽƭƶƪư 760-440 ƶƱ-1. 

ƔƳưƳƶƥ ƴƳƨưƳƾƪƲƭǄ ƴƵƭ ~458 ƶƱ-1 Ʋƥ ƍƏ ƶƴƪƯƷƵƪ ƴƵƳƴƸƶƯƥƲƭǄ core-shell ƯƳƱƴƳƬƭƷƥ ƶƳƳƷƧƪƷƶƷƧƸƪƷ 

ƯƳưƪƦƥƲƭǄƱ Ti ɛ O ɛ C ƶƧǄƬǄƱ, ƴƳƩƷƧƪƵƫƩƥǄ ƳƦƵƥƬƳƧƥƲƭƪ core-shell ƶƷƵƸƯƷƸƵǀ. 

ƕƪƬƸưǁƷƥƷǀ ƩƭƹƹƪƵƪƲƻƭƥưǁƲƳƨƳ ƷƪƵƱƭƼƪƶƯƳƨƳ ƥƲƥưƭƬƥ (ƉƗƅ) Ƨ ƵƪƫƭƱƥƺ Ɨƈ/ƉƖƏ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƵƨƳƲƥ ƩưǄ 

core-shell ƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲƳƨƳ ƲƥƲƳƱƥƷƪƵƭƥưƥ ƴƳƯƥƬƥƲǀ Ʋƥ ƵƭƶƸƲƯƪ 4. 

 

ƕƭƶ.3 ƍƏ-ƶƴƪƯƷƵǀ ƴƵƳƴƸƶƯƥƲƭǄ ƨƳưưƥƲƩƭƷƥ KFTO(H) ƭ KFTO(H)/CB 
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ƕƭƶ. 4 ƏƵƭƧǀƪ Ɨƈ/ƉƖƏ ƷƪƵƱƭƼƪƶƯƳƨƳ ƴƳƧƪƩƪƲƭǄ a - KFTO(H) ƭ b - KFTO(H)/CB core-shell ƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲƳƨƳ 
ƲƥƲƳƱƥƷƪƵƭƥưƥ 

 

ƅ)                                                                                            Ɔ) 

ƅ ɛ KFTO(H); Ɔ ɛ KFTO(H)/CB 

ƕƭƶ. 5 ƏƵƭƧǀƪ Ƈƅƚ ƩưǄ ƖƏ ƴƵƭ ƶƯƳƵƳƶƷƭ ƵƥƬƧƪƵƷƯƭ 100 ƱƇ/ƶ 

ƒƥ ƯƵƭƧƳƮ ƉƗƅ ƲƥƦưǃƩƥƪƷƶǄ ǂƲƩƳƷƪƵƱƭƼƪƶƯƭƮ ƴƭƯ ƴƵƭ ~530 °Ɩ, ƯƳƷƳƵƳƱƸ ƶƳƳƷƧƪƷƶƷƧƸƪƷ ƴƳƷƪƵǄ Ʊƥƶƶǀ 

5,82%, ƼƷƳ ƸƯƥƬǀƧƥƪƷ Ʋƥ ƳƷƶƸƷƶƷƧƭƪ ƴƳƷƪƵǁ Ʊƥƶƶǀ CB Ƨ ƴƵƳƻƪƶƶƪ ƹƳƵƱƭƵƳƧƥƲƭǄ core-shell ƴƳƯƵǀƷƭǄ. 

ƓƯƲƳ ƴƳƷƪƲƻƭƥưƥ Ƈƅƚ ƶƳƶƷƥƧưǄƪƷ 3,6 Ƈ, ƶƯƳƵƳƶƷǁ ƵƥƬƧƪƵƷƯƭ ƧƥƵǁƭƵƸƪƷƶǄ ƳƷ 1 ƱƧ/ƶ ƩƳ 100 ƱƇ/ƶ. ƏƵƭƧǀƪ Ƈƅƚ 

ƩưǄ ƶƸƴƪƵƯƳƲƩƪƲƶƥƷƳƵƥ ƴƵƪƩƶƷƥƧưƪƲǀ Ʋƥ Ƶƭƶ. 5. 

ƇƳưǁƷƥƱƴƪƵƳƨƵƥƱƱǀ ƭƱƪǃƷ ƹƳƵƱƸ, ƺƥƵƥƯƷƪƵƲƸǃ ƩưǄ ƳƦƵƥƷƭƱǀƺ ƴƵƳƻƪƶƶƳƧ ƬƥƵǄƩƥ ƭ ƵƥƬƵǄƩƥ ƩƧƳƮƲƳƨƳ 

ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƶưƳǄ. ƔƭƯƭ Ʋƥ Ƈƅƚ Ʋƭƫƪ ƴƳƷƪƲƻƭƥưƥ 2,0 Ƈ ƳƷƲƳƶƭƷƪưǁƲƳ K+/K ƳƷƲƳƶǄƷƶǄ Ư ƭƲƷƪƵƯƥưǄƻƭƭ ƯƥưƭǄ Ƨ 

ƶƳƶƷƥƧ ƨƳưưƥƲƩƭƷƥ ƭ ƧƳƶƶƷƥƲƳƧưƪƲƭǄ ƫƪưƪƬƥ ƭ ƷƭƷƥƲƥ. ƔƵƭ ǂƷƳƱ ƳƦƵƥƷƲǀƮ ƴƵƳƻƪƶƶ ƴƵƳƷƪƯƥƪƷ ƴƵƭ ƴƳƷƪƲƻƭƥưƥƺ 

Ƨǀƽƪ 2,0 Ƈ, ƶƱƪƾƪƲƭƪ ƴƭƯƳƧ Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƶƯƳƵƳƶƷƭ ƵƥƬƧƪƵƷƯƭ ƸƯƥƬǀƧƥƪƷ Ʋƥ ƲƥưƭƼƭƪ ƩƭƹƹƸƬƭƳƲƲƳƮ 

ƶƳƶƷƥƧưǄǃƾƪƮ, ƼƷƳ ưƳƨƭƼƲƳ ƩưǄ ƭƲƷƪƵƯƥưǄƻƭƳƲƲǀƺ ƴƵƳƻƪƶƶƳƧ. ƔƵƭ ǂƷƳƱ ǂưƪƯƷƵƳƩƲƸǃ ƵƪƥƯƻƭǃ ƱƳƫƲƳ ƬƥƴƭƶƥƷǁ 

ƶưƪƩƸǃƾƭƱ ƳƦƵƥƬƳƱ: 

K1.5(Fe3+
1.5Ti4+ 

6.5)O16 + ɻ K+ + ɻ  eʑ ź K1.5+ɻ(Fe(3+ - ɻ  )
1.5Ti(4+ - ɻ ) 

6.5)O16 (4) 

ƒƥ ƵƭƶƸƲƯƪ 6 ƴƵƭƧƪƩƪƲǀ ƨƳƩƳƨƵƥƹǀ ƭƱƴƪƩƥƲƶƥ ǂưƪƯƷƵƳƩƳƧ Ʋƥ ƳƶƲƳƧƪ ƨƳưưƥƲƩƭƷƳƧ ƷƭƷƥƲƥƷƥ ƯƥưƭǄ, 

ƩƳƴƭƵƳƧƥƲƲƳƨƳ ƫƪưƪƬƳƱ, ƴƵƭ ƴƳƷƪƲƻƭƥưƥƺ ƳƷƲƳƶƭƷƪưǁƲƳ K+/K 2,2 Ƈ ɛ ǂưƪƯƷƵƳƩ ƵƥƬƵǄƫƪƲ ƭ 1,3Ƈ ɛ ǂưƪƯƷƵƳƩ 

ƲƥƶǀƾƪƲ ƯƥưƭƪƱ, ƥ ƫƪưƪƬƳ ƭ ƷƭƷƥƲ ƧƳƶƶƷƥƲƳƧưƪƲǀ. 



ƖƪƯƻƭǄ V: ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƱƥƷƪƵƭƥưǀ 

75 

ƅ)                                                                                    Ɔ) 

ƅ ɛ KFTO(H); Ɔ ɛ KFTO(H)/CB 

ƕƭƶ. 6 ƈƳƩƳƨƵƥƹǀ ƭƱƴƪƩƥƲƶƥ ƴƵƭ ƴƳƷƪƲƻƭƥưƥƺ ƳƷƲƳƶƭƷƪưǁƲƳ K+/K 2.2 ƭ 1.3 Ƈ 

ƉưǄ ƴƳƷƪƲƻƭƥưƳƧ 2,2 Ƈ ƨƳƩƳƨƵƥƹǀ ƭƱƪǃƷ ƩƧƪ ƴƳưƸƳƯƵƸƫƲƳƶƷƭ: ƱƥưƸǃ ƴƵƭ ƧǀƶƳƯƭƺ ƼƥƶƷƳƷƥƺ ƭ ƶ ƦƳưǁƽƭƱ 

ƩƭƥƱƪƷƵƳƱ Ʋƥ ƶƵƪƩƲƭƺ ƭ ƲƭƬƯƭƺ ƼƥƶƷƳƷƥƺ. ƍƱƴƪƩƥƲƶ ǂưƪƯƷƵƳƩƳƧ Ƨ ƵƥƬƵǄƫƪƲƲƳƱ ƶƳƶƷƳǄƲƭƭ ƶƳƳƷƧƪƷƶƷƧƸƪƷ 

ǂƯƧƭƧƥưƪƲƷƲƳƮ ƶƺƪƱƪ ƶ ƩƧƸƱǄ ƴƳƶưƪƩƳƧƥƷƪưǁƲǀƱƭ ƸƼƥƶƷƯƥƱƭ ƴƥƵƥưưƪưǁƲǀƺ ƪƱƯƳƶƷƪƮ ƭ ƶƳƴƵƳƷƭƧưƪƲƭƮ, ƴƵƭ ǂƷƳƱ 

ưƭƱƭƷƭƵƸǃƾƭƱ ǄƧưǄƪƷƶǄ ƶƳƴƵƳƷƭƧưƪƲƭƪ ƴƪƵƪƲƳƶƥ ƬƥƵǄƩƥ ƼƪƵƪƬ ƨƵƥƲƭƻƸ ǂưƪƯƷƵƳƩ-ǂưƪƯƷƵƳưƭƷ. 

ƉưǄ ƨƳƩƳƨƵƥƹƳƧ ƴƵƭ ƴƳƷƪƲƻƭƥưƪ 1,3 Ƈ ƯƳƲƷƥƯƷƲƳƪ ƶƳƴƵƳƷƭƧưƪƲƭƪ ƸƱƪƲǁƽƥƪƷƶǄ Ƨ 5 ƵƥƬ ƩưǄ ǂưƪƯƷƵƳƩƥ ƦƪƬ 

core-shell ƴƳƯƵǀƷƭǄ ƭ Ƨ 3,5 ƵƥƬƥ ƩưǄ ǂưƪƯƷƵƳƩƥ ƶ core-shell ƴƳƯƵǀƷƭƪƱ. ƔƵƭ ǂƷƳƱ ƸƱƪƲǁƽƪƲƭƪ ƴƳƷƪƲƻƭƥưƥ 

ƴƵƭƧƳƩƭƷ Ư ƴƳǄƧưƪƲƭǃ ƩƭƹƹƸƬƭƳƲƲƳƨƳ ƸƼƥƶƷƯƥ Ʋƥ ƨƳƩƳƨƵƥƹƥƺ, ƼƷƳ ƸƯƥƬǀƧƥƪƷ Ʋƥ ưƭƱƭƷƭƵƸǃƾƭƮ ƺƥƵƥƯƷƪƵ 

ƩƭƹƹƸƬƭƳƲƲǀƺ ƴƵƳƻƪƶƶƳƧ ƴƳƶưƪ ƲƥƶǀƾƪƲƭǄ ǂưƪƯƷƵƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ ƭƳƲƥƱƭ ƯƥưƭǄ. 

ƒƥ ƵƭƶƸƲƯƪ 7 ƴƵƪƩƶƷƥƧưƪƲƥ ƬƥƧƭƶƭƱƳƶƷǁ ƸƩƪưǁƲƳƮ ƪƱƯƳƶƷƭ ǂưƪƯƷƵƳƩƳƧ Ʋƥ ƳƶƲƳƧƪ ƷƭƷƥƲƥƷƥ ƯƥưƭǄ, 

ƱƳƩƭƹƭƻƭƵƳƧƥƲƲƳƨƳ ƫƪưƪƬƳƱ, ƶ ƴƳƯƵǀƷƭƪƱ core-shell ƭ ƦƪƬ ƲƪƨƳ Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƶƯƳƵƳƶƷƭ ƵƥƬƧƪƵƷƯƭ Ƈƅƚ. 

 

ƕƭƶ. 7 ƌƥƧƭƶƭƱƳƶƷǁ ƸƩƪưǁƲƳƮ ƪƱƯƳƶƷƭ ƳƷ ƶƯƳƵƳƶƷƭ ƵƥƬƧƪƵƷƯƭ ƩưǄ ƶƱƪƶƭ ƨƳưưƥƲƩƭƷƥ ƭ ƸƨưƪƵƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ ƭ core-shell 
ƶƷƵƸƯƷƸƵƭƵƳƧƥƲƲƳƨƳ ƲƥƲƳƱƥƷƪƵƭƥưƥ 

ƉưǄ Ʊƥưǀƺ ƶƯƳƵƳƶƷƪƮ ƵƥƬƧƪƵƷƯƭ: 1 ƭ 3 ƱƇ/ƶ ƸƩƪưǁƲƥǄ ƪƱƯƳƶƷǁ ǂưƪƯƷƵƳƩƥ ƶ ƴƳƯƵǀƷƭƪƱ core-shell Ƨǀƽƪ Ʋƥ 

10-15%, ƩưǄ 10 ƱƇ/ƶ ɛ ƬƲƥƼƪƲƭǄ ƸƩƪưǁƲƳƮ ƪƱƯƳƶƷƭ ƦưƭƬƯƭ ƩưǄ ƩƧƸƺ ƷƭƴƳƧ ǂưƪƯƷƵƳƩƳƧ, ƥ ƩưǄ ƧǀƶƳƯƭƺ ƶƯƳƵƳƶƷƪƮ 

20, 50 ƭ 100 ƱƇ/ƶ ƸƩƪưǁƲƥǄ ƪƱƯƳƶƷǁ ǂưƪƯƷƵƳƩƳƧ ƦƪƬ ƴƳƯƵǀƷƭǄ Ʋƥ 10-20 % Ƨǀƽƪ. 
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ƒƥ ƵƭƶƸƲƯƪ 8 ƳƷƵƥƫƪƲǀ ƩƳƶƷƭƨƲƸƷǀƪ Ƨ ƵƥƦƳƷƪ ƵƪƬƸưǁƷƥƷǀ, ƥ ƭƱƪƲƲƳ ƸƧƪưƭƼƪƲƭƪ ƸƩƪưǁƲƳƮ ǂƲƪƵƨƭƭ ƶ 9 ƩƳ 

30 ƇƷƼ/Ưƨ ƭ ƱƳƾƲƳƶƷƭ ƶ 400 ƩƳ 1000 ƇƷ/Ưƨ ƴƵƭ ƴƵƭƱƪƲƪƲƭƭ ƴƳƯƵǀƷƭƮ core-shell. 

 

ƕƭƶ. 8 ƉƭƥƨƵƥƱƱƥ ƕƥƨƳƲƪ ƶ ƸƯƥƬƥƲƭƪƱ ƵƪƬƸưǁƷƥƷƳƧ ƵƥƦƳƷǀ 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƴƳưƸƼƪƲǀ core-shell ƴƳƯƵǀƷƭǄ Ʋƥ ƳƶƲƳƧƪ ƷƭƷƥƲƥƷƥ ƯƥưƭǄ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƨƳưưƥƲƩƭƷƥ ƶƳƶƷƥƧƥ 

K1.5Fe1.5Ti6.5O16 ƭ ƸƨưƪƵƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ, ƯƳƷƳƵǀƪ ƶƴƳƶƳƦƶƷƧƸǃƷ ƸƧƪưƭƼƪƲƭǃ ƸƩƪưǁƲƳƮ ǂƲƪƵƨƭƭ ƩƳ 30 ƇƷƼ/Ưƨ ƭ 

ƱƳƾƲƳƶƷƭ ƩƳ 1000 ƇƷ/Ưƨ. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƕƒƙ ƶƳƨưƥƽƪƲƭƪ ʋ 19-73-10133. 
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CRYSTALL STRUCTURE OF SRSCCUS3 

ƈƵƭƨƳƵǁƪƧ Ƒ.Ƈ.1, ƕƸƶƪƮƯƭƲƥ ƅ.Ƈ.1, ƑƳưƳƯƪƪƧ Ƒ.Ɩ.2, ƓƶƷƥƴƼƸƯ Ɗ.ƅ.1, 
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ƔƳ ƩƥƲƲǀƱ ƴƳƵƳƽƯƳƧƳƮ ƵƪƲƷƨƪƲƳƧƶƯƳƮ ƩƭƹƵƥƯƻƭƭ ƳƴƵƪƩƪưƪƲƥ ƯƵƭƶƷƥưưƭƼƪƶƯƥǄ ƶƷƵƸƯƷƸƵƥ ƧƴƪƵƧǀƪ 

ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƨƳ ƶƸưǁƹƭƩƥ SrScCuS3. ƏƵƭƶƷƥưưǀ ƶƳƪƩƭƲƪƲƭǄ ƵƳƱƦƭƼƪƶƯƳƮ ƶƭƲƨƳƲƭƭ, ƴƵ. ƨƵ. Cmcm, ƶƷƵƸƯƷƸƵƲǀƮ 

Ʒƭƴ KZrCuS3 ƶ ƴƥƵƥƱƪƷƵƥƱƭ ǂ. Ǆ.: a = 3.83413 (3) Å, b = 12.8625 (1) Å, c = 9.72654 (8) Å (Ƶƭƶ.1). ƏƵƭƶƷƥưưƭƼƪƶƯƥǄ 

ƶƷƵƸƯƷƸƵƥ ƸƷƳƼƲƪƲƥ ƱƪƷƳƩƳƱ ƕƭƷƧƪưǁƩƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ TOPAS 4.2. Ƈ ƯƥƼƪƶƷƧƪ ƭƶƺƳƩƲƳƮ ƱƳƩƪưƭ ƭƶƴƳưǁƬƳƧƥƲǀ 

ƩƥƲƲǀƪ ƩưǄ ƭƬƳƶƷƵƸƯƷƸƵƲƳƨƳ ƶƳƪƩƭƲƪƲƭǄ SrLuCuS3 [1]. ƏƳƳƵƩƭƲƥƷǀ ƥƷƳƱƳƧ ƭ ƷƪƴưƳƧǀƪ ƴƥƵƥƱƪƷƵǀ ƶƷƵƸƯƷƸƵǀ 

ƴƵƭƧƪƩƪƲǀ Ƨ ƷƥƦưƭƻƪ 1 ƙƥƯƷƳƵǀ ƩƳƶƷƳƧƪƵƲƳƶƷƭ ƶƳƶƷƥƧưǄưƭ: Rwp =  3.77 %, Rp = 2.97 %, Rexp = 2.61 %, RB = 1.45 

%. 

 

ƕƭƶ.1 ƉƭƹƵƥƯƷƳƨƵƥƱƱƥ ƳƦƵƥƬƻƥ ƶƳƶƷƥƧƥ 1Cu2S:1Sc2S3:2SrS ƴƳƶưƪ ƸƷƳƼƲƪƲƭǄ ƶƷƵƸƯƷƸƵǀ ƱƪƷƳƩƳƱ ƕƭƷƧƪưǁƩƥ ƭ ƶƷƵƸƯƷƸƵƥ 
SrScCuS3. 

ƗƥƦưƭƻƥ 1. ƏƳƳƵƩƭƲƥƷǀ ƥƷƳƱƳƧ ƭ ƷƪƴưƳƧǀƪ ƴƥƵƥƱƪƷƵǀ (Å2) SrScCuS3 

ƅƷƳƱ x y z Biso*/Beq 

Sr 0 0.74744 (7) 0.25 0.247(7) 

Cu 0 0.53004 (10) 0.75 1.35 (5)* 

Sc 0 0 0 1.04 (5)* 

S1 0 0.36612 (12) 0.05590 (14) 0.97 (5)* 

S2 0 0.07237 (15) 0.25 1.08 (7)* 
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(Ln = La, Pr, Sm, Gd, Er, Lu) //Acta Cryst, 2019, C75, 584ɛ588.  
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ƔƓƕƓƝƏƅƚ CDTE  

STUDY OF LOSS KINETICS OF PHOTOGENERATED CURRENT CARRIERS IN DOPPED POWDERS CDTE  
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ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƳƮ ƭƲƫƪƲƪƵƭƭ, alisa.gr.1999@yandex.ru 
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ƗƪưưƸƵƭƩ ƯƥƩƱƭǄ ǄƧưǄƪƷƶǄ ƩƳƧƳưǁƲƳ ƴƪƵƶƴƪƯƷƭƧƲǀƱ ƯƥƲƩƭƩƥƷƳƱ ƩưǄ ƴƵƭƱƪƲƪƲƭǄ Ƨ ƷƳƲƯƳƴưƪƲƳƼƲǀƺ 

ƶƳưƲƪƼƲǀƺ ǂưƪƱƪƲƷƥƺ. ƢƹƹƪƯƷƭƧƲƳƶƷǁ ƷƥƯƭƺ ƖƢ Ư ƲƥƶƷƳǄƾƪƱƸ ƧƵƪƱƪƲƭ ƩƳƶƷƭƨưƥ ƵƪƯƳƵƩƲǀƪ 22,1%.[1]. ƓƩƲƥƯƳ ƳƲƥ 

ƪƾƪ Ʋƪ ƩƳƶƷƭƨưƥ ƶƧƳƪƨƳ ƷƪƳƵƪƷƭƼƪƶƯƳƨƳ ƴƵƪƩƪưƥ. Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƴƵƳƧƪƩƪƲƳ ƭƶƶưƪƩƳƧƥƲƭƪ ƯƭƲƪƷƭƯƭ ƨƭƦƪưƭ 

ƹƳƷƳƨƪƲƪƵƭƵƳƧƥƲƲǀƺ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ Ƨ ƴƳƵƳƽƯƥƺ ƷƪưưƸƵƭƩƥ ƯƥƩƱƭǄ, ưƪƨƭƵƳƧƥƲƲƳƨƳ ƴƳƶưƪƩƳƧƥƷƪưǁƲƳ ƺưƳƵƳƱ ƭ 

ƮƳƩƳƱ. 

ƔƳƵƳƽƯƭ CdTe, ưƪƨƭƵƳƧƥƲƲǀƪ CdCl2 ƭ CdI2, ƶƭƲƷƪƬƭƵƳƧƥưƭƶǁ ƥƱƴƸưǁƲǀƱ ƱƪƷƳƩƳƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 1100 oC 

Ƨ ƷƪƼƪƲƭƪ 100 ƼƥƶƳƧ. ƍƬƱƪƵƪƲƭǄ ƴƵƳƧƳƩƭưƭƶǁ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ ƱƪƷƳƩƳƱ ƖƇƜ-ƹƳƷƳƴƵƳƧƳƩƭƱƳƶƷƭ 

(ƩƭƥƴƥƬƳƲ ƼƥƶƷƳƷ 36 ƈƈƻ, ƵƥƬƵƪƽƪƲƭƪ 5 Ʋƶ) [2]. ƙƳƷƳƴƵƳƧƳƩƭƱƳƶƷǁ ƧƳƬƦƸƫƩƥưƭ ƥƬƳƷƲǀƱ ưƥƬƪƵƳƱ Ɛƈƍ 21 ( ˂=337 

ƲƱ, tƭƱƴ= 8 Ʋƶ, Imax = 2,4Ö1014 ƯƧƥƲƷ/ƶƱ2 Ƭƥ ƭƱƴƸưǁƶ).  

ƅƲƥưƭƬ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƩƥƲƲǀƺ ƴƳƯƥƬƥư, ƼƷƳ Ƨƶƪ ƭƬƱƪƵƪƲƲǀƪ ƹƳƷƳƳƷƯưƭƯƭ ƸƩƳƧưƪƷƧƳƵƭƷƪưǁƲƳ 

ƳƴƭƶǀƧƥưƭƶǁ ƳƩƲƳƮ ǂƯƶƴƳƲƪƲƻƭƥưǁƲƳƮ ƯƳƱƴƳƲƪƲƷƳƮ. ƌƥƧƭƶƭƱƳƶƷƭ ƳƷ ƭƲƷƪƲƶƭƧƲƳƶƷƭ ƴƥƩƥǃƾƪƨƳ ƶƧƪƷƥ (I) Ʀǀưƭ 

ưƭƲƪƮƲǀ, ƥ ƺƥƵƥƯƷƪƵƭƶƷƭƼƪƶƯƭƪ ƧƵƪƱƪƲƥ ƶƴƥƩƳƧ Ʋƪ ƬƥƧƭƶƪưƭ ƳƷ I. ƢƷƳ ƱƳƫƪƷ ƨƳƧƳƵƭƷǁ Ƴ ƷƳƱ, ƼƷƳ Ƨ ǂƯƶƴƪƵƭƱƪƲƷƪ 

ƲƥƦưǃƩƥưƭƶǁ ƴƵƳƻƪƶƶǀ ƴƪƵƧƳƨƳ ƴƳƵǄƩƯƥ (ƲƥƴƵƭƱƪƵ, ƬƥƺƧƥƷ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ Ʋƥ ưƳƧƸƽƯƭ). ƔƳưƸƼƪƲƲǀƪ ƧƵƪƱƪƲƥ 

ƶƴƥƩƳƧ ƖƇƜ ƹƳƷƳƳƷƯưƭƯƥ ƩưǄ ƴƳƵƳƽƯƳƧ: CdTe, Cd2,7Te2,2Cl ƭ Cd9,96Te8,75Cl1,4I Ʀǀưƭ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƵƥƧƲǀ ~14, 40 ƭ 

10 Ʋƶ. ƓƩƲƥƯƳ, ƵƥƶƶƼƭƷƥƲƲƳƪ ƧƵƪƱǄ ƩƳ ǂưƪƯƷƵƳƲ-ƩǀƵƳƼƲƳƮ ƵƪƯƳƱƦƭƲƥƻƭƭ ƵƥƧƲƳ †   = 1.2 Ʋƶ, ƨƩƪ 

krec= 2*10-11 ƶƱ3ƶ-1ɛ ƯƳƲƶƷƥƲƷƥ ƶƯƳƵƳƶƷƭ ƵƪƥƯƻƭƭ ǂưƪƯƷƵƳƲ-ƩǀƵƳƼƲƳƮ ƵƪƯƳƱƦƭƲƥƻƭƭ [2], kB ɛ ƯƳǂƹƹƭƻƭƪƲƷ 

ƴƳƨưƳƾƪƲƭǄ,  ɛ ƯƧƥƲƷƳƧǀƮ ƧǀƺƳƩ. Ƈ ƶƧǄƬƭ ƶ ƧǀƽƪƭƬưƳƫƪƲƲǀƱ, ƱƳƫƲƳ ƶƩƪưƥƷǁ ƧǀƧƳƩ Ƴ ƷƳƱ, ƼƷƳ ƴƵƳƻƪƶƶǀ ƬƥƺƧƥƷƥ 

ƲƳƶƭƷƪưƪƮ ƷƳƯƥ Ʋƥ ưƳƧƸƽƯƭ ƴƵƳƭƶƺƳƩǄƷ Ʋƥ ƧƵƪƱƪƲƥƺ, ƱƪƲǁƽƭƺ 1.2 Ʋƶ, ƷƳƨƩƥ ƯƥƯ Ƨ ǂƯƶƴƪƵƭƱƪƲƷƪ, ƧƪƵƳǄƷƲƳ, 

ƲƥƦưǃƩƥǃƷƶǄ «ƧƷƳƵƭƼƲǀƪ» ƴƵƳƻƪƶƶǀ, ƧƯưƥƩ Ƨ ƯƳƷƳƵǀƪ ƧƲƳƶǄƷ ƴƳƧƷƳƵƲƳƧǀƽƪƩƽƭƪ ƭƬ ưƳƧƸƽƪƯ ƬƥƵǄƩǀ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, Ƨ ƴƵƳƻƪƶƶƪ ưƪƨƭƵƳƧƥƲƭǄ ƺưƳƵƳƱ ƴƵƳƭƶƺƳƩƭƷ ƸƧƪưƭƼƪƲƭƪ ƧƵƪƱƪƲƭ ƶƴƥƩƥ Ƨ ƷƪưưƸƵƭƩƪ 

ƯƥƩƱƭǄ, ƳƦƸƶưƳƧưƪƲƲƳƪ, ƴƳ-ƧƭƩƭƱƳƱƸ, ƳƦƵƥƬƳƧƥƲƭƪƱ ƴƳ ƱƪƺƥƲƭƬƱƸ ƶƥƱƳƯƳƱƴƪƲƶƥƻƭƭ ƥƶƶƳƻƭƥƷƳƧ, ǄƧưǄǃƾƭƺƶǄ 

ưƳƧƸƽƯƥƱƭ ƶ ƱƪƲǁƽƪƮ ƨưƸƦƭƲƳƮ ƭ ƱƪƲǁƽƭƱ ƶƪƼƪƲƭƪƱ ƬƥƺƧƥƷƥ ǂưƪƯƷƵƳƲƥ [3], ƥ ƩƳƴƳưƲƭƷƪưǁƲƳ ưƪƨƭƵƳƧƥƲƭƪ ƭƳƩƳƱ 

ƴƵƭƧƳƩƭƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƩƳƴƳưƲƭƷƪưǁƲǀƺ ƦƳưƪƪ ƨưƸƦƳƯƭƺ ƻƪƲƷƵƳƧ. ƢƷƳ ƨƳƧƳƵƭƷ Ƴ ƷƳƱ, ƼƷƳ ƩƳƴƳưƲƭƷƪưǁƲƳƪ 

ưƪƨƭƵƳƧƥƲƭƪ ƶưƳǄ CdTe ƱƳƫƪƷ ƴƵƭƧƪƶƷƭ Ư ƸƺƸƩƽƪƲƭǃ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƖƢ.  

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƘƒƘ «ƘƶƷƥƲƳƧƯƥ ƩưǄ ƭƬƱƪƵƪƲƭǄ ƧƵƪƱƪƲ ƫƭƬƲƭ ƹƳƷƳƨƪƲƪƵƭƵƳƧƥƲƲǀƺ 
ƲƳƶƭƷƪưƪƮ ƷƳƯƥ ƱƪƷƳƩƳƱ ƱƭƯƵƳƧƳưƲƳƧƳƮ ƹƳƷƳƴƵƳƧƳƩƭƱƳƶƷƭ Ƨ ƩƭƥƴƥƬƳƲƪ ƼƥƶƷƳƷ 36 ƈƈƛ» ƭ Ƨ ƵƥƱƯƥƺ ƨƳƶƬƥƩƥƲƭǄ 
ʋƅƅƅƅ-ƅ19-119070790003-7. 
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ƓƷƯƵǀƷƥǄ ƴƳƵƭƶƷƥǄ ƱƭƯƵƳƶƷƵƸƯƷƸƵƥ ƻƪƳưƭƷƳƧ ƳƴƵƪƩƪưǄƪƷ ƭƺ ƥƩƶƳƵƦƻƭƳƲƲǀƪ ƶƧƳƮƶƷƧƥ [1, 2]. ƅƧƷƳƵǀ [3] 

ƴƳƯƥƬƥưƭ, ƼƷƳ ƸƱƪƲǁƽƪƲƭƪ ƵƥƬƱƪƵƳƧ ƼƥƶƷƭƻ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ ƩƳ 0,63-1,00 ƱƱ ƩƥƪƷ ưƸƼƽƭƪ ƵƪƬƸưǁƷƥƷǀ 

ƴƳ ƶƳƵƦƻƭƭ ƲƪƹƷƪƴƵƳƩƸƯƷƳƧ, ƼƪƱ ƷƥƯƳƮ ƫƪ ƶƳƵƦƪƲƷ ƶƳ ƶƵƪƩƲƭƱƭ ƵƥƬƱƪƵƥƱƭ ƼƥƶƷƭƻ 1,5-3,0 ƱƱ. ƇƱƪƶƷƪ ƶ ƷƪƱ 

ƸƶƷƥƲƳƧưƪƲƳ [4], ƼƷƳ ƱƥƯƶƭƱƥưǁƲƸǃ ƶƳƵƦƻƭƳƲƲƸǃ ƶƴƳƶƳƦƲƳƶƷǁ ƭƱƪǃƷ ƴƳƵƳƽƯƭ ƯưƭƲƳƴƷƭưƳưƭƷƥ ƴƳƶưƪ 

ƱƪƺƥƲƳƥƯƷƭƧƥƻƭƭ Ƨ ƷƪƼƪƲƭƪ ƳƴƵƪƩƪưƪƲƲƳƨƳ ƧƵƪƱƪƲƭ, ƯƳƷƳƵƳƪ ǄƧưǄƪƷƶǄ ƳƴƷƭƱƥưǁƲǀƱ.  

Ƈ ƵƥƦƳƷƪ ƭƶƴƳưǁƬƳƧƥưƭ ƧǀƶƳƯƳƯƵƪƱƲƭƶƷǀƪ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƸǃ ƴƳƵƳƩƸ ƚƳưƭƲƶƯƳƨƳ ƭ 

ƯưƭƲƳƴƷƭưƳưƭƷƳƧƸǃ ƴƳƵƳƩƸ ƝƭƧǀƵƷƸƮƶƯƳƨƳ ƱƪƶƷƳƵƳƫƩƪƲƭƮ (ƌƥƦƥƮƯƥưǁƶƯƭƮ ƯƵƥƮ). ƔƳ ƩƥƲƲǀƱ 

ǂƲƪƵƨƳƩƭƶƴƪƵƶƭƳƲƲƳƮ ƵƪƲƷƨƪƲƳƧƶƯƳƮ ƶƴƪƯƷƵƳƶƯƳƴƭƭ ƱƳưǁƲƳƪ ƳƷƲƳƽƪƲƭƪ Si/Al ƩưǄ ǂƷƭƺ ƴƳƵƳƩ ƶƳƶƷƥƧưǄƪƷ 5 ƭ 4 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ. Ƈ ƯƥƼƪƶƷƧƪ ƳƵƨƥƲƭƼƪƶƯƭƺ ƱƳƩƭƹƭƯƥƷƳƵƳƧ ƴƵƭƱƪƲǄưƭ ƶƭƲƷƪƷƭƼƪƶƯƭƪ ƴƳưƭƱƪƵǀ: ƴƳưƭƥƯƵƭưƥƱƭƩ 

(Ɣƅƅ, 130617, ƏƭƷƥƮ) ƭ ƴƳưƭƧƭƲƭưƳƧǀƮ ƶƴƭƵƷ (ƔƇƖ, 02-1799, ƏƭƷƥƮ).  

ƓƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƪ ƱƪƺƥƲƳƯƳƱƴƳƬƭƷǀ [5] ƴƳưƸƼƥưƭ ƱƪƺƥƲƭƼƪƶƯƳƮ ƥƯƷƭƧƥƻƭƪƮ ƧƳƬƩƸƽƲƳ-ƶƸƺƳƮ ƶƱƪƶƭ 

ƻƪƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ ƭ ƴƳưƭƱƪƵƥ Ƨ ưƥƦƳƵƥƷƳƵƲƳƱ ƭƶƷƭƵƥƷƪưƪ ƧƭƦƵƥƻƭƳƲƲƳƱ ƼƥƽƪƧƳƱ ƍƇƜ-3 Ƨ ƷƪƼƪƲƭƪ 3 ƱƭƲƸƷ. 

ƑƥƵƯƭƵƳƧƯƥ ƳƦƵƥƬƻƳƧ ƸƯƥƬƥƲƥ Ƨ ƷƥƦưƭƻƪ 1. 

ƗƥƦưƭƻƥ 1. ƓƦƳƬƲƥƼƪƲƭǄ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƳƧ 

ƓƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƪ 

 ƶƳƵƦƪƲƷǀ 

ƔƳưƭƱƪƵǀ ƖƳƩƪƵƫƥƲƭƪ 

 ƴƳưƭƱƪƵƥ,  

 Ʊƥƶ. % 

ƑƭƲƪƵƥưǀ 

 (ƶƳƩƪƵƫƥƲƭƪ, %) 

ƑƪƶƷƳƵƳƫƩƪƲƭǄ 

 ƻƪƳưƭƷƳƧ 

I-5 Ɣƅƅ 5 ƯưƭƲƳƴƷƭưƳưƭƷ (40); ƶƷƭưǁƦƭƷ 

(20); ƱƭƯƵƳƯưƭƲ (30); ƯƧƥƵƻ 

(10) 

ƚƳưƭƲƶƯƳƪ 

I-10 10 

I-20 20 

II-5 5 ƯưƭƲƳƴƷƭưƳưƭƷ (80);  

ƯƧƥƵƻ (20) 

ƝƭƧǀƵƷƸƮƶƯƳƪ 

II-10 10 

II-20 20 

I¡-5 ƔƇƖ 5 ƯưƭƲƳƴƷƭưƳưƭƷ (40); ƶƷƭưǁƦƭƷ 

(20); ƱƭƯƵƳƯưƭƲ (30); ƯƧƥƵƻ 

(10) 

ƚƳưƭƲƶƯƳƪ 

I¡-10 10 

I¡-20 20 

II¡-5 5 ƯưƭƲƳƴƷƭưƳưƭƷ (80);  

ƯƧƥƵƻ (20) 

ƝƭƧǀƵƷƸƮƶƯƳƪ 

II¡-10 10 

II¡-20 20 

ƑƳƵƹƳưƳƨƭǃ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƱƪƺƥƲƳƯƳƱƴƳƬƭƷƳƧ ƭƬƸƼƥưƭ ƶ ƴƳƱƳƾǁǃ ƶƯƥƲƭƵƸǃƾƪƨƳ ǂưƪƯƷƵƳƲƲƳƨƳ 

ƱƭƯƵƳƶƯƳƴƥ (ƖƢƑ) JSM-6510LVĀJEOL (ƤƴƳƲƭǄ). ƒƥ ƲƪƴƵƳƧƳƩǄƾƭƮ ƳƦƵƥƬƪƻ ƲƥƴǀưǄưƭ ƷƳƲƯƭƮ ƶưƳƮ ƴưƥƷƭƲǀ 

ƸƶƷƥƲƳƧƯƳƮ JFC-1600 (ƇƪưƭƯƳƦƵƭƷƥƲƭǄ). ƕƥƬƱƪƵǀ 10 · 30 ƼƥƶƷƭƻ Ʋƥ ƖƢƑ ƭƬƳƦƵƥƫƪƲƭǄƺ ƥƲƥưƭƬƭƵƳƧƥưƭ ƶ 

ƴƳƱƳƾǁǃ ƴƵƳƨƵƥƱƱǀ Image-Pro Plus v3.0. ƉƭƶƴƪƵƶƲǀƮ ƶƳƶƷƥƧ ƳƦƵƥƬƻƳƧ ƭƬƸƼƥưƭ ƶƭƷƳƧǀƱ ƱƪƷƳƩƳƱ, ƵƥƶƶƼƭƷǀƧƥǄ 

ƶƳƩƪƵƫƥƲƭƪ ƹƵƥƯƻƭƭ ƴƳƵƳƽƯƥ ƶ ƳƴƵƪƩƪưƪƲƲǀƱ ƵƥƬƱƪƵƳƱ ƚ, Ƨ %. ƒƪƹƷƪƪƱƯƳƶƷǁ (Ə, ƨ/ƨ) ƭƬƱƪƵǄưƭ 

ƨƵƥƧƭƱƪƷƵƭƼƪƶƯƭƱ ƱƪƷƳƩƳƱ, ƴƳƨƵƸƫƥǄ Ƨ ƶƪƷƯƪ 1 ƨ ƴƳƵƳƽƯƥ Ƨ ƲƪƹƷǁ ƭ ƧǀƩƪƵƫƭƧƥǄ 15 ƱƭƲƸƷ. 
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ƒƥ Ƶƭƶ. 1 ƭ 2 ƴƵƭƧƪƩƪƲǀ ƱƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƶƯƥƲƭƵƸǃƾƪƮ ǂưƪƯƷƵƳƲƲƳƮ ƱƭƯƵƳƶƯƳƴƭƭ, ƨƭƶƷƳƨƵƥƱƱƥ ƭ ƯƵƭƧǀƪ 

ƵƥƶƴƵƪƩƪưƪƲƭǄ ƼƥƶƷƭƻ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ, ƱƪƺƥƲƳƥƯƷƭƧƭƵƳƧƥƲƲǀƺ Ƨ ưƥƦƳƵƥƷƳƵƲƳƱ ƭƶƷƭƵƥƷƪưƪ 

ƧƭƦƵƥƻƭƳƲƲƳƱ ƼƥƽƪƧƳƱ ƍƇƜ-3 Ƨ ƷƪƼƪƲƭƪ 3 ƱƭƲƸƷ ƦƪƬ ƩƳƦƥƧƳƯ ƴƳưƭƱƪƵƥ. 

 

ƕƭƶ. 1 ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƖƢƑ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ, ƱƪƺƥƲƳƥƯƷƭƧƭƵƳƧƥƲƲǀƺ ƦƪƬ ƩƳƦƥƧƳƯ ƴƳưƭƱƪƵƥ: I- 
ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƥǄ ƴƳƵƳƩƥ; II ɛ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƥǄ ƴƳƵƳƩƥ; ƱƥƶƽƷƥƦƲƥǄ ưƭƲƭǄ ƶƳƶƷƥƧưǄƪƷ 50 ƱƯƱ; ƸƧƪưƭƼƪƲƭƪ ³ 

500 

 

ƕƭƶ. 2 ƈƭƶƷƳƨƵƥƱƱƥ (ƶưƪƧƥ) ƭ ƯƵƭƧǀƪ ƵƥƶƴƵƪƩƪưƪƲƭǄ ƼƥƶƷƭƻ (ƶƴƵƥƧƥ) ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ, ƱƪƺƥƲƳƥƯƷƭƧƭƵƳƧƥƲƲǀƺ 
ƦƪƬ ƩƳƦƥƧƳƯ ƴƳưƭƱƪƵƥ, ƴƳưƸƼƪƲƲǀƪ ƱƪƷƳƩƥƱƭ ƳƦƵƥƦƳƷƯƭ ƱƭƯƵƳƹƳƷƳƨƵƥƹƭƮ ƖƢƑ ƭ ƶƭƷƳƧǀƱ ƥƲƥưƭƬƳƱ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ 

ƓƦƲƥƵƸƫƪƲƳ, ƼƷƳ ƧƶưƪƩƶƷƧƭƪ ƱƪƺƥƲƭƼƪƶƯƳƮ ƥƯƷƭƧƥƻƭƭ ƱƭƲƪƵƥưǁƲǀƺ ƴƳƵƳƩ ƳƦƵƥƬƸǃƷƶǄ ƯƧƥƬƭƶƹƪƵƭƼƪƶƯƭƪ 

ƥƨƵƪƨƥƷǀ ƼƥƶƷƭƻ (Ƶƭƶ. 1). ƢƷƳ ƳƦƿǄƶƲǄƪƷƶǄ ƴƳƧǀƽƪƲƲƳƮ ƵƪƥƯƻƭƳƲƲƳƮ ƶƴƳƶƳƦƲƳƶƷǁǃ ƳƦƵƥƬƳƧƥƲƲǀƺ ƴƵƭ 

ƱƪƺƥƲƭƼƪƶƯƳƱ ƭƶƷƭƵƥƲƭƭ ƼƥƶƷƭƻ ƭ ƭƺ ƶƥƱƳƴƵƳƭƬƧƳưǁƲƳƮ ƥƨƵƪƨƥƻƭƪƮ. ƖưƪƩƸƪƷ ƳƷƱƪƷƭƷǁ, ƼƷƳ ƵƥƬưƭƼƭƪ Ƨ ƹƥƬƳƧƳƱ 

ƶƳƶƷƥƧƪ ƴƳƵƳƩ (ƲƥưƭƼƭƪ ƶƷƭưǁƦƭƷƥ) Ʋƪ ƴƵƭƧƳƩƭƷ Ư ƧƭƩƭƱǀƱ ƱƳƵƹƳưƳƨƭƼƪƶƯƭƱ ƳƷưƭƼƭǄƱ ƴƳƧƪƵƺƲƳƶƷƪƮ ƳƦƵƥƬƻƳƧ 

I ƭ II. ƓƩƲƥƯƳ ƵƥƶƴƵƪƩƪưƪƲƭƪ ƼƥƶƷƭƻ ƥƲƥưƭƬƭƵƸƪƱǀƺ ƱƭƲƪƵƥưǁƲǀƺ ƴƳƵƳƽƯƳƧ ƵƥƬưƭƼƥƪƷƶǄ (Ƶƭƶ. 2) ɛ Ƨ ƶưƸƼƥƪ 

ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ (II) ƳƲƳ ƦƳưƪƪ ƽƭƵƳƯƳƪ. 

ƕƪƬƸưǁƷƥƷǀ ƱƭƯƵƳƶƯƳƴƭƼƪƶƯƳƨƳ ƥƲƥưƭƬƥ ƱƪƺƥƲƳƺƭƱƭƼƪƶƯƭ ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƺ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ 

ƴƵƪƩƶƷƥƧưƪƲǀ Ʋƥ ƵƭƶƸƲƯƥƺ 3 ƭ 4. ƒƥ ƭƬƳƦƵƥƫƪƲƭǄƺ ƵƭƶƸƲƯƥ 3 ƧƭƩƲƳ, ƼƷƳ Ƨ ƵƪƬƸưǁƷƥƷƪ ƱƳƩƭƹƭƻƭƵƳƧƥƲƭǄ 

ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƳƦƵƥƬƸǃƷƶǄ ƥƨƵƪƨƥƷǀ ƴƳưƭƩƭƶƴƪƵƶƲǀƺ ƼƥƶƷƭƻ ƲƪƭƬƳƱƪƷƵƭƼƪƶƯƳƮ 

ƽƥƵƳƳƦƵƥƬƲƳƮ ƹƳƵƱǀ. ƔƵƭ ǂƷƳƱ ƸƧƪưƭƼƪƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƴƳưƭƱƪƵƥ ƴƵƭƧƳƩƭƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƴưƳƷƲǀƺ ƳƯƥƷƥƲƲǀƺ 

ƥƨƵƪƨƥƷƳƧ ƼƥƶƷƭƻ (I-20) ƭ Ʋƪ ƧƲƳƶƭƷ ƶƸƾƪƶƷƧƪƲƲǀƮ ƧƯưƥƩ Ƨ ƱƳƵƹƳưƳƨƭǃ ƴƳƧƪƵƺƲƳƶƷƭ ƶƳƵƦƪƲƷƳƧ Ʋƥ ƳƶƲƳƧƪ 

ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ (II-5; II-10; II-20). Ƈ ƴƳƶưƪƩƲƪƱ ƶưƸƼƥƪ ƲƥƦưǃƩƥƪƷƶǄ «ƴƳƩƶƷƵƳƮƯƥ» [6] ƶƷƵƸƯƷƸƵǀ 

«ƨƳƶƷǄ» ɛ ƴƳưƭƥƯƵƭưƥƱƭƩƥ ƴƳƩ ƶƷƵƸƯƷƸƵƸ «ƺƳƬǄƭƲƥ» ɛ ƯưƭƲƳƴƷƭưƳưƭƷƥ. 
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ƕƭƶ. 3 ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƖƢƑ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ, ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƺ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ: I- ƯưƭƲƳƴƷƭưƳưƭƷ-
ƶƷƭưǁƦƭƷƳƧƥǄ ƴƳƵƳƩƥ; II ɛ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƥǄ ƴƳƵƳƩƥ; 5, 10, 20 ɛ ƶƳƩƪƵƫƥƲƭƪ ƴƳưƭƥƯƵƭưƥƱƭƩƥ, Ʊƥƶ. %, ƱƥƶƽƷƥƦƲƥǄ ưƭƲƭǄ 

ƶƳƶƷƥƧưǄƪƷ 20 ƱƯƱ; ƸƧƪưƭƼƪƲƭƪ ³ 800 

 

ƕƭƶ. 4 ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƖƢƑ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ, ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƺ ƴƳưƭƧƭƲƭưƳƧǀƱ ƶƴƭƵƷƳƱ: I- ƯưƭƲƳƴƷƭưƳưƭƷ-
ƶƷƭưǁƦƭƷƳƧƥǄ ƴƳƵƳƩƥ; II ɛ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƥǄ ƴƳƵƳƩƥ; 5, 10, 20 ɛ ƶƳƩƪƵƫƥƲƭƪ ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ, Ʊƥƶ. %; ƱƥƶƽƷƥƦƲƥǄ 

ưƭƲƭǄ ƶƳƶƷƥƧưǄƪƷ 50 ƱƯƱ; ƸƧƪưƭƼƪƲƭƪ ³ 500 

ƅƲƥưƭƬ ƭƬƳƦƵƥƫƪƲƭƮ, ƴƵƭƧƪƩƪƲƲǀƺ Ʋƥ ƵƭƶƸƲƯƪ 4, ƴƳƯƥƬƥư ƨƪƷƪƵƳƹƥƬƲǀƪ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƪ ƶƭƶƷƪƱǀ. 

ƖƧƪƷưǀƪ ƥƨƵƪƨƥƷǀ ƼƥƶƷƭƻ ƶƹƪƵƭƼƪƶƯƳƮ ưƭƦƳ ƴƵƳƩƳưƨƳƧƥƷƳƮ ƹƳƵƱ ƵƥƶƴƵƪƩƪưƪƲǀ ƲƪƵƥƧƲƳƱƪƵƲƳ Ʋƥ 

ƵƥƶƶƱƥƷƵƭƧƥƪƱǀƺ ƷƪƱƲǀƺ ƸƼƥƶƷƯƥƺ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ. ƔƵƭ ƶƳƩƪƵƫƥƲƭƭ ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ 20 Ʊƥƶ. % Ʋƥ 

ƱƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƲƥƦưǃƩƥƪƷƶǄ ƹƥƬƥ ƧǀƶƳƯƳƩƭƶƴƪƵƶƲǀƺ ƼƥƶƷƭƻ ƭ ƳƩƭƲƳƼƲǀƪ ƧƯưǃƼƪƲƭǄ ƴưƥƶƷƭƲƼƥƷǀƺ ƶƧƪƷưǀƺ 
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ƯƳƲƨưƳƱƪƵƥƷƳƧ ƵƥƬƱƪƵƳƱ ƩƳ 160 ƱƯƱ. ƖưƪƩƳƧƥƷƪưǁƲƳ, ƱƳƩƭƹƭƯƥƻƭǄ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ 

ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƭ ƴƳưƭƧƭƲƭưƳƧǀƱ ƶƴƭƵƷƳƱ ƴƵƭƧƳƩƭƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƱƳƵƹƳưƳƨƭƼƪƶƯƭ ƵƥƬƲǀƺ ƴƳƧƪƵƺƲƳƶƷƪƮ 

ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƳƧ ƶ ƳƼƪƧƭƩƲƳƮ ƨƪƷƪƵƳƹƥƬƲƳƶƷǁǃ ƶƭƶƷƪƱǀ ƧƳ ƧƷƳƵƳƱ ƶưƸƼƥƪ. 

ƕƥƶƴƵƪƩƪưƪƲƭƪ ƼƥƶƷƭƻ ƵƥƬƱƪƵƥƱƭ ƱƪƲƪƪ 70 ƱƯƱ ƴƳƯƥƬƥƲƳ Ʋƥ ƨƭƶƷƳƨƵƥƱƱƥƺ ƵƭƶƸƲƯƥ 5. 

 

ƕƭƶ. 5 ƈƭƶƷƳƨƵƥƱƱƥ ƵƥƶƴƵƪƩƪưƪƲƭǄ ƼƥƶƷƭƻ, ƭƬƱƪƵƪƲƲǀƺ Ʋƥ ƱƭƯƵƳƹƳƷƳƨƵƥƹƭǄƺ ƖƢƑ Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƭƺ ƵƥƬƱƪƵƥ 

ƒƥƮƩƪƲƳ, ƼƷƳ ƶƳƵƦƪƲƷǀ ƼƪƷƯƳ ƵƥƬưƭƼƥǃƷƶǄ ƶƳƩƪƵƫƥƲƭƪƱ ƼƥƶƷƭƻ ƷƳƲƯƭƺ ƹƵƥƯƻƭƮ. ƍƬ ƵƭƶƸƲƯƥ 5 ƧƭƩƲƳ, ƼƷƳ ƶ 

ƸƧƪưƭƼƪƲƭƪƱ ƶƳƩƪƵƫƥƲƭǄ ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ ƲƥƦưǃƩƥƪƷƶǄ ƴƳƧǀƽƪƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƼƥƶƷƭƻ ƳƷ 1 ƩƳ 10 ƱƯƱ Ƹ 

ƩƧƸƺ ƷƭƴƳƧ ƻƪƳưƭƷƳƧǀƺ ƴƳƵƳƩ. ƔƵƭ ƱƳƩƭƹƭƻƭƵƳƧƥƲƭƭ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƳƮ ƴƳƵƳƩǀ, 

ƲƥƴƵƳƷƭƧ, ƵƪƨƭƶƷƵƭƵƸƪƷƶǄ ƸƱƪƲǁƽƪƲƭƪ ƼƥƶƷƭƻ ƸƯƥƬƥƲƲƳƨƳ ƵƥƬƱƪƵƥ, ƥ Ƹ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ ɛ ƶƲƥƼƥưƥ 

ƸƧƪưƭƼƪƲƭƪ, ƥ ƶưƪƩƳƱ ƭƶƼƪƬƲƳƧƪƲƭƪ ƼƥƶƷƭƻ ƹƵƥƯƻƭƭ 1-10 ƱƯƱ. 

ƖƭƷƳƧǀƮ ƥƲƥưƭƬ ƱƪƺƥƲƳƯƳƱƴƳƬƭƷƳƧ ƴƳƬƧƳưƭư ƸƶƷƥƲƳƧƭƷǁ, ƼƷƳ ƩưǄ ƳƶƲƳƧƲƳƮ Ʊƥƶƶǀ ƼƥƶƷƭƻ ƺƥƵƥƯƷƪƵƲǀ 

ƵƥƬƱƪƵǀ ƳƷ 80 ƩƳ 315 ƱƯƱ (Ƶƭƶ. 6). ƇǀǄƧưƪƲƳ, ƼƷƳ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ ƱƭƲƪƵƥưǁƲǀƺ ƴƳƵƳƩ ƭ ƶƳƩƪƵƫƥƲƭƪ ƴƳưƭƱƪƵƥ Ƨ 

ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƥƺ ƳƯƥƬǀƧƥǃƷ ƧưƭǄƲƭƪ Ʋƥ ƭƺ ƩƭƶƴƪƵƶƲǀƮ ƶƳƶƷƥƧ. ƔƵƭ ƱƳƩƭƹƭƯƥƻƭƭ 

ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƯƵƭƧǀƪ ƵƥƶƴƵƪƩƪưƪƲƭǄ ƴƵƥƯƷƭƼƪƶƯƭ ƶƳƧƴƥƩƥǃƷ ƭ ~75 % ƼƥƶƷƭƻ 

ƭƱƪǃƷ ƵƥƬƱƪƵǀ 80 ƭ 140 ƱƯƱ (Ƶƭƶ. 6). ƢƷƭ ƵƪƬƸưǁƷƥƷǀ ƶƳƨưƥƶƸǃƷƶǄ ƶ ƩƥƲƲǀƱƭ, ƴƳưƸƼƪƲƲǀƱƭ ƱƪƷƳƩƳƱ ƖƢƑ. Ƈ 

ƶưƸƼƥƪ ƱƳƩƭƹƭƻƭƵƳƧƥƲƭǄ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƳƮ ƴƳƵƳƩǀ ƭƱƪƪƷ ƱƪƶƷƳ ƦƳưƪƪ ƸƬƯƳƪ 

ƵƥƶƴƵƪƩƪưƪƲƭƪ ƶ ƱƥƯƶƭƱƸƱƳƱ ƴƵƭ 140 ƱƯƱ ƴƵƭ ƶƳƩƪƵƫƥƲƭƭ ƴƳưƭƥƯƵƭưƥƱƭƩƥ 5 ƭ 20 Ʊƥƶ. %. ƉưǄ 

ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƳƧ Ʋƥ ƳƶƲƳƧƪ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƳƮ ƴƳƵƳƩǀ ƭ ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ ƴƵƭ 

ƶƳƩƪƵƫƥƲƭƭ ƴƳưƭƱƪƵƥ 5 ƭ 10 % ƴƵƭƱƪƵƲƳ 85 % ƼƥƶƷƭƻ ƭƱƪǃƷ ƵƥƬƱƪƵ 80 ƭ 140 ƱƯƱ, ƥ ƴƵƭ 20 % ƱƳƩƭƹƭƯƥƷƳƵƥ ɛ 

ƵƥƬƱƪƵƲƳƶƷǁ 74 % ƼƥƶƷƭƻ ƶƳƶƷƥƧưǄƪƷ Ƹƫƪ 140 ƭ 315 ƱƯƱ.  
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ƕƭƶ. 6 ƖƳƩƪƵƫƥƲƭƪ ƼƥƶƷƭƻ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƱƪƺƥƲƳƯƳƱƴƳƬƭƷƳƧ ƯƥƯ ƹƸƲƯƻƭǄ ƵƥƬƱƪƵƳƧ ƼƥƶƷƭƻ ƴƳ ƩƥƲƲǀƱ ƶƭƷƳƧƳƨƳ 
ƥƲƥưƭƬƥ 

Ƈ ƷƥƦưƭƻƪ 2 ƴƵƭƧƪƩƪƲǀ ƩƥƲƲǀƪ ƧƪưƭƼƭƲ ƲƪƹƷƪƪƱƯƳƶƷƭ ƩưǄ ƭƶƶưƪƩƸƪƱǀƺ ƶƳƵƦƪƲƷƳƧ Ƨ ƶƵƥƧƲƪƲƭƭ ƶ 

ƯƳƲƷƵƳưǁƲǀƱƭ ƳƦƵƥƬƻƥƱƭ ɛ ƱƪƺƥƲƳƥƯƷƭƧƭƵƳƧƥƲƲǀƱƭ ƻƪƳưƭƷƳƧǀƱƭ ƴƳƵƳƩƥƱƭ ƦƪƬ ƩƳƦƥƧƳƯ ƴƳưƭƱƪƵƥ (I ƭ II).  

ƗƥƦưƭƻƥ 2. ƇƪưƭƼƭƲǀ ƲƪƹƷƪƪƱƯƳƶƷƪƮ ƭ ƶƳƩƪƵƫƥƲƭǄ ƳƷƩƪưǁƲǀƺ ƹƵƥƯƻƭƮ ƴƳƵƳƽƯƳƧǀƺ ƶƳƵƦƪƲƷƳƧ 

ƓƦƵƥƬƻǀ ƒƪƹƷƪǅƱƯƳƶƷǁ,  

 Ə, ƨ/ƨ 

ƖƳƩƪƵƫƥƲƭƪ ƼƥƶƷƭƻ ƹƵƥƯƻƭƮ ƵƥƬƱƪƵƳƱ r, % 

r = 1-10 ƱƯƱ r = 11-20 ƱƯƱ r = 80 ƱƯƱ r = 140 ƱƯƱ r = 315 ƱƯƱ 

I 1,30 43 33 19 74 6 

I-5 1,14 93 7 16 69 11 

I-10 1,07 52 31 38 47 8 

I-20 1,31 61 29 26 65 6 

II 1,31 20 45 44 44 5 

II-5 1,23 47 31 36 37 16 

II-10 1,13 81 6 35 40 14 

II-20 1,33 0 86 35 41 11 

I¡-5 1,42 28 40 45 39 5 

I¡-10 1,41 41 12 45 38 6 

I¡-20 1,49 52 39 12 48 26 

II¡-5 1,37 45 18 16 67 13 

II¡-10 1,45 47 26 22 58 17 

II¡-20 1,55 61 22 23 42 25 

ƓƦƲƥƵƸƫƪƲƳ, ƼƷƳ ƶ ƧƳƬƵƥƶƷƥƲƭƪƱ ƶƳƩƪƵƫƥƲƭǄ ƴƳưƭƱƪƵƥ, ƸƧƪưƭƼƭƧƥƪƷƶǄ ƭ ƬƲƥƼƪƲƭƪ ƲƪƹƷƪǅƱƯƳƶƷƭ 

ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƱƪƺƥƲƳƯƳƱƴƳƬƭƷƳƧ. ƉưǄ ƳƦƵƥƬƻƳƧ, ƥƯƷƭƧƭƵƳƧƥƲƲǀƺ ƶ ƴƳưƭƧƭƲƭưƳƧǀƱ ƶƴƭƵƷƳƱ ƴƵƭ 
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ƴƳƧǀƽƪƲƭƭ ƱƥƶƶƳƧƳƮ ƩƳưƭ ƴƳưƭƱƪƵƥ ƩƳ 20 %, ƲƥƦưǃƩƥƪƷƶǄ ƸƧƪưƭƼƪƲƭƪ ƶƳƩƪƵƫƥƲƭǄ ƼƥƶƷƭƻ ƵƥƬƱƪƵƳƱ 315 ƱƯƱ, 

ƳƩƲƥƯƳ, ƩưǄ ƯưƭƲƳƴƷƭưƳưƭƷƳƧǀƺ ƴƳƵƳƩ ƥƯƷƭƧƭƵƳƧƥƲƲǀƺ ƶ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƴƵƳƶưƪƫƭƧƥƪƷƶǄ ƶƲƭƫƪƲƭƪ 

ƶƳƩƪƵƫƥƲƭǄ ƼƥƶƷƭƻ ƩƥƲƲƳƨƳ ƵƥƬƱƪƵƥ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƱƪƺƥƲƳƺƭƱƭƼƪƶƯƥǄ ƱƳƩƭƹƭƯƥƻƭǄ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƳƮ ƭ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ 

ƴƳƵƳƩ ƴƳưƭƥƯƵƭưƥƱƭƩƳƱ ƭ ƴƳưƭƧƭƲƭưƳƧǀƱ ƶƴƭƵƷƳƱ ƴƵƭƧƳƩƭƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƱƳƵƹƳưƳƨƭƼƪƶƯƭ ƵƥƬƲǀƺ 

ƴƳƧƪƵƺƲƳƶƷƪƮ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƳƧ ƶ ƳƼƪƧƭƩƲƳƮ ƨƪƷƪƵƳƹƥƬƲƳƶƷǁǃ ƶƭƶƷƪƱǀ ƧƳ ƧƷƳƵƳƱ ƶưƸƼƥƪ. 

ƙƥƬƳƧǀƮ ƶƳƶƷƥƧ ƻƪƳưƭƷƳƧǀƺ ƴƳƵƳƩ ƭ ƶƳƩƪƵƫƥƲƭƪ ƴƳưƭƱƪƵƥ Ƨ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƥƺ ƳƯƥƬǀƧƥǃƷ 

ƧưƭǄƲƭƪ Ʋƥ ƭƺ ƩƭƶƴƪƵƶƲǀƮ ƶƳƶƷƥƧ. ƔƵƭ ƱƳƩƭƹƭƯƥƻƭƭ ƯưƭƲƳƴƷƭưƳưƭƷ-ƶƷƭưǁƦƭƷƳƧƳƮ ƴƳƵƳƩǀ 10 Ʊƥƶ. % 

ƴƳưƭƥƯƵƭưƥƱƭƩƥ ƲƥƦưǃƩƥƪƷƶǄ ƸƽƭƵƪƲƭƪ ƯƵƭƧƳƮ ƵƥƶƴƵƪƩƪưƪƲƭǄ, ƥ ƪƪ ƶƩƧƭƨ Ƨ ƶƷƳƵƳƲƸ ƸƱƪƲǁƽƪƲƭǄ ƩƭƶƴƪƵƶƲƳƶƷƭ 

ƭƱƪƪƷ ƱƪƶƷƳ ƴƵƭ ƧƳƬƩƪƮƶƷƧƭƭ 20 Ʊƥƶ. % ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ. ƑƳƩƭƹƭƯƥƻƭǄ ƯưƭƲƳƴƷƭưƳưƭƷƳƧƳƮ ƴƳƵƳƩǀ 5-20 

Ʊƥƶ. % ƴƳưƭƥƯƵƭưƥƱƭƩƥ Ʋƪ ƭƬƱƪƲǄƪƷ ƧƭƩ ƯƵƭƧǀƺ ƵƥƶƴƵƪƩƪưƪƲƭǄ, ƥ 5-20 Ʊƥƶ. % ƴƳưƭƧƭƲƭưƳƧƳƨƳ ƶƴƭƵƷƥ 

ƳƦƸƶưƥƧưƭƧƥǃƷ ƸƽƭƵƪƲƭǄ ǂƷƭƺ ƯƵƭƧǀƺ. 

ƒƥƮƩƪƲƳ, ƼƷƳ ƸƧƪưƭƼƪƲƭƪ ƩƳưƭ ƼƥƶƷƭƻ ƵƥƬƱƪƵƥƱƭ 10 ƭ 315 ƱƯƱ Ƨ ƶƳƶƷƥƧƪ ƳƵƨƥƲƳƱƭƲƪƵƥưǁƲǀƺ ƶƳƵƦƪƲƷƳƧ, 

ƶƳƩƪƵƫƥƾƭƺ ƴƳưƭƧƭƲƭưƳƧǀƮ ƶƴƭƵƷ ƶƳƴƵƳƧƳƫƩƥƪƷƶǄ ƸƧƪưƭƼƪƲƭƪƱ ƲƪƹƷƪƪƱƯƳƶƷƭ. ƓƩƲƥƯƳ ƩưǄ ƥƲƥưƳƨƭƼƲǀƺ 

ƱƥƷƪƵƭƥưƳƧ, ƶƳƩƪƵƫƥƾƭƺ ƴƳưƭƥƯƵƭưƥƱƭƩ ƷƥƯƳƮ ƬƥƧƭƶƭƱƳƶƷƭ Ʋƪ ƧǀǄƧưƪƲƳ. 
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ƘƶƯƳƵƪƲƭƪ ƴƵƳƻƪƶƶƥ ƺƭƱƭƼƪƶƯƳƮ ƵƪƥƯƻƭƭ Ƨ ƯƥƷƥưƭƬƪ ƧƳƬƱƳƫƲƳ ƦưƥƨƳƩƥƵǄ ƴƵƭƶƸƷƶƷƧƭǃ ƯƥƷƥưƭƬƥƷƳƵƳƧ. 

ƖƵƪƩƭ ƲƥƲƪƶǅƲƲǀƺ ƨƪƷƪƵƳƨƪƲƲǀƺ ƯƥƷƥưƭƬƥƷƳƵƳƧ (ƯƳƷƳƵǀƪ ƶƳƩƪƵƫƥƷ ƥƯƷƭƧƲǀƮ ƯƳƱƴƳƲƪƲƷ, ƲƥƲƪƶǅƲƲǀƮ Ʋƥ 

ƯƥƷƥưƭƷƭƼƪƶƯƭ ƭƲƪƵƷƲƳƪ ƷƪưƳ-ƲƳƶƭƷƪưǁ) ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ ƧǀƩƪưǄǃƷ ƻƪưǁƲƳƱƪƷƥưưƭƼƪƶƯƭƪ [1-6], Ƨ ƯƳƷƳƵǀƺ Ƨ 

ƯƥƼƪƶƷƧƪ ƳƶƲƳƧǀ-ƲƳƶƭƷƪưǄ ƭƶƴƳưǁƬƸƪƷƶǄ ƱƪƷƥưưƭƼƪƶƯƥǄ ƶƪƷƯƥ ƭưƭ ƹƳưǁƨƥ. ƗƥƯƥǄ ƳƶƲƳƧƥ ƳƦưƥƩƥƪƷ ƺƳƵƳƽƪƮ 

ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷǁǃ, ƧǀƶƳƯƳƮ ƱƪƺƥƲƭƼƪƶƯƳƮ ƴƵƳƼƲƳƶƷǁǃ ƭ ƺƳƵƳƽƭƱƭ ƨƭƩƵƳƩƭƲƥƱƭƼƪƶƯƭƱƭ ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƱƭ, 

ƳƩƲƥƯƳ ƳƲƥ ƭƱƪƪƷ ƱƥưƸǃ ƸƩƪưǁƲƸǃ ƴƳƧƪƵƺƲƳƶƷǁ [4,5]. Ƈ ǂƷƳƱ ƶưƸƼƥƪ ƻƪưƪƶƳƳƦƵƥƬƲƳ ƸƧƪưƭƼƭƧƥƷǁ ƸƩƪưǁƲƸǃ 

ƴƳƧƪƵƺƲƳƶƷǁ ƯƥƷƥưƭƬƥƷƳƵƥ Ƭƥ ƶƼƪƷ ƲƥƲƪƶƪƲƭǄ ƯƥƷƥưƭƷƭƼƪƶƯƭ ƥƯƷƭƧƲƳƨƳ ƴƳƯƵǀƷƭǄ ƶ Ƹƫƪ ƵƥƬƧƭƷƳƮ ƴƳƧƪƵƺƲƳƶƷǁǃ.  

ƅƲƥưƭƬ ƶƸƾƪƶƷƧƸǃƾƭƺ Ʋƥ ƶƪƨƳƩƲǄƽƲƭƮ ƩƪƲǁ ƵƥƬƵƥƦƳƷƳƯ ƻƪưǁƲƳƱƪƷƥưưƭƼƪƶƯƭƺ ƯƥƷƥưƭƬƥƷƳƵƳƧ ƴƳƯƥƬƥư, ƼƷƳ 

ƦƳưǁƽƭƲƶƷƧƳ ƭƬ Ʋƭƺ ƭƱƪƪƷ Ƨ ƶƧƳƪƱ ƶƳƶƷƥƧƪ ƦưƥƨƳƵƳƩƲǀƪ ƱƪƷƥưưǀ, ƥ ƲƥƲƪƶƪƲƭƪ ƥƯƷƭƧƲƳƨƳ ƯƳƱƴƳƲƪƲƷƥ ƭƩƪƷ Ƨ 

ƲƪƶƯƳưǁƯƳ ǂƷƥƴƳƧ, ƯƥƯ Ƨ ƵƥƦƳƷƪ [3] ƼƪƵƪƬ ƴƵƳƱƪƫƸƷƳƼƲǀƮ ƶưƳƮ ƳƯƶƭƩƥ ƥưǃƱƭƲƭǄ. Ƈƶǅ ǂƷƳ ƧƪƩƪƷ Ư ƴƳƧǀƽƪƲƭǃ ƭƺ 

ƶƷƳƭƱƳƶƷƭ ƭ ƸƩƳƵƳƫƥƲƭǃ ƺƭƱƭƼƪƶƯƳƨƳ ƴƵƳƻƪƶƶƥ, ƴƳǂƷƳƱƸ ƲƪƳƦƺƳƩƭƱƳ ƶƳƬƩƥƲƭƪ ǂƹƹƪƯƷƭƧƲǀƺ 

ƻƪưǁƲƳƱƪƷƥưưƭƼƪƶƯƭƺ ƯƥƷƥưƭƬƥƷƳƵƳƧ Ʋƥ ƳƶƲƳƧƪ ƲƪƦưƥƨƳƵƳƩƲǀƺ ƱƪƷƥưưƳƧ.   

Ƈ ƭƶƶưƪƩƳƧƥƲƭǄƺ ƴƳƶưƪƩƲƭƺ ƩƪƶǄƷƭưƪƷƭƮ ƳƷƱƪƼƥǃƷ ǂƹƹƪƯƷƭƧƲƳƶƷǁ ƯƥƷƥưƭƬƥƷƳƵƳƧ Ʋƥ ƳƶƲƳƧƪ 

ƲƪƦưƥƨƳƵƳƩƲǀƺ ƱƪƷƥưưƳƧ Co, Mn, Cr, Zn, Cu, Ni ƭ ƩƵ., ƭƺ ƳƯƶƭƩƳƧ ƭ ƶƳƼƪƷƥƲƭƮ, ƴƵƭƼƪƱ ƦƳưǁƽƸǃ ƯƥƷƥưƭƷƭƼƪƶƯƸǃ 

ƥƯƷƭƧƲƳƶƷǁ ƴƵƳǄƧưǄǃƷ ƯƥƷƥưƭƬƥƷƳƵǀ, ƭƱƪǃƾƭƪ Ƨ ƶƧƳƪƱ ƶƳƶƷƥƧƪ ƳƷ ƩƧƸƺ ƭ ƦƳưƪƪ ƯƳƱƴƳƲƪƲƷƳƧ [1,2,7-10]. Ƈ ƲƥƸƼƲƳƮ 

ƶƷƥƷǁƪ [7] ƥƧƷƳƵǀ ƳƷƱƪƼƥǃƷ, ƼƷƳ ƨƪƷƪƵƳƨƪƲƲǀƪ ƯƥƷƥưƭƬƥƷƳƵǀ Ʋƥ ƳƶƲƳƧƪ ƱƪƩƭ ƱƳƨƸƷ ƶƸƾƪƶƷƧƪƲƲƳ ƶƲƭƬƭƷǁ ƳƦƾƸǃ 

ƶƷƳƭƱƳƶƷǁ ƯƥƷƥưƭƬƥƷƳƵƥ ƭ ƴƳƧǀƶƭƷǁ ƶƷƪƴƪƲǁ ƳƼƭƶƷƯƭ ƶƷƳƼƲǀƺ ƧƳƩ, ƥ ƴƪƵƪƺƳƩƲǀƪ ƱƪƷƥưưǀ ƳƦưƥƩƥǃƷ ƧǀƶƳƯƳƮ 

ƯƥƷƥưƭƷƭƼƪƶƯƳƮ ƥƯƷƭƧƲƳƶƷǁǃ. Ƈ ƵƥƦƳƷƪ [8] ƥƧƷƳƵǀ ƭƶƶưƪƩƳƧƥưƭ ƦƭƱƪƷƥưưƭƼƪƶƯƭƪ ƯƥƷƥưƭƬƥƷƳƵǀ ƭ ƸƶƷƥƲƳƧƭưƭ, ƼƷƳ 

ƩƳƦƥƧưƪƲƭƪ Ʃƥƫƪ ƲƪƬƲƥƼƭƷƪưǁƲƳƨƳ ƯƳưƭƼƪƶƷƧƥ ƱƪƷƥưưƭƼƪƶƯƳƨƳ ƖƳ (ƴƵƳƱƳƷƭƵƳƧƥƲƭƪ ƯƳƦƥưǁƷƳƱ) Ư Fe-ƲƥƲƪƶƪƲƲǀƱ 

ƯƥƷƥưƭƬƥƷƳƵƥƱ ƶƭƲƷƪƬƥ ƙƭƽƪƵƥ-ƗƵƳƴƽƥ, ƬƥƱƪƷƲƳ ƴƳƧǀƽƥƪƷ ƳƦƾƸǃ ƯƥƷƥưƭƷƭƼƪƶƯƸǃ ƥƯƷƭƧƲƳƶƷǁ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ 

ƯƥƷƥưƭƬƥƷƳƵƥƱƭ, ƨƩƪ ƥƯƷƭƧƲǀƱ ƻƪƲƷƵƳƱ ǄƧưǄƪƷƶǄ ƷƳưǁƯƳ ƳƩƭƲ ƱƪƷƥưư. 

ƓƩƲƭƱ ƭƬ ƳƶƲƳƧƲǀƺ ƯƵƭƷƪƵƭƪƧ, ƴƵƪƩƿǄƧưǄƪƱǀƱ Ư ƯƥƷƥưƭƬƥƷƳƵƥƱ, ǄƧưǄƪƷƶǄ ƵƥƬƧƭƷƥǄ ƴƳƧƪƵƺƲƳƶƷǁ. Ƈ ƵǄƩƪ 

ƭƶƶưƪƩƳƧƥƲƭƮ ƳƷƱƪƼƥƪƷƶǄ [11-15], ƼƷƳ ƱƪƷƳƩ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ ƴƳƬƧƳưǄƪƷ ƴƳưƸƼƥƷǁ ƵƥƬưƭƼƲƸǃ ƱƳƵƹƳưƳƨƭǃ 

ƴƳƧƪƵƺƲƳƶƷƭ, ƸƴƵƥƧưǄƷǁ ƴƵƳƻƪƶƶƳƱ ƶƷƵƸƯƷƸƵƳƳƦƵƥƬƳƧƥƲƭǄ ƭ Ʋƪ ƲƥƵƸƽƥƷǁ ƴƳƩưƳƫƯƸ. Ƈƶǅ ǂƷƳ ƨƳƧƳƵƭƷ Ƴ 

ƴƪƵƶƴƪƯƷƭƧƲƳƶƷƭ ƩƥƲƲƳƨƳ ƱƪƷƳƩƥ ƩưǄ ƴƳưƸƼƪƲƭǄ ƴƳƯƵǀƷƭƮ, ƳƦưƥƩƥǃƾƭƺ ƵƥƬƧƭƷƳƮ ƴƳƧƪƵƺƲƳƶƷǁǃ. ƌƥƩƥƼƥ 

ƶƳƧƱƪƶƷƲƳƨƳ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƨƳ ƳƶƥƫƩƪƲƭǄ ƩƧƸƺ, ƥ ƷƪƱ ƦƳưƪƪ ƲƪƶƯƳưǁƯƭƺ ƱƪƷƥưưƳƧ, ƳƷƧƪƼƥǃƾƭƺ ƴƵƭ ǂƷƳƱ 

ƳƴƵƪƩƪưƪƲƲǀƱ ƷƵƪƦƳƧƥƲƭǄƱ, ǄƧưǄƪƷƶǄ ƳƼƪƲǁ ƶưƳƫƲƳƮ, ƷƵƪƦƸƪƷ ƶƷƵƳƨƳƨƳ ƴƳƩƩƪƵƫƥƲƭǄ ƳƴƷƭƱƥưǁƲǀƺ ƸƶưƳƧƭƮ 

ǂưƪƯƷƵƳưƭƬƥ (ƶƳƶƷƥƧƥ ƭ ƷƪƱƴƪƵƥƷƸƵǀ ǂưƪƯƷƵƳưƭƷƥ, ƵƪƫƭƱƳƧ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ). ƚƳƵƳƽƳ ƭƬƸƼƪƲƳ 

ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƪ ƼƭƶƷǀƺ ƱƪƷƥưưƳƧ, ƥ ƷƥƯƫƪ ưƥƷƸƲƭƵƳƧƥƲƭƪ, ƦƵƳƲƬƭƵƳƧƲƭƪ, ƳƶƥƫƩƪƲƭƪ ƶƴưƥƧƳƧ ƳưƳƧƥ [11, 14], 

ƲƳ ƴƵƭ ǂƷƳƱ ƲƥưƭƼƭƪ ƵƥƬƧƭƷƳƮ ƴƳƧƪƵƺƲƳƶƷƭ Ƹ ƷƥƯƭƺ ƴƳƯƵǀƷƭƮ ƬƥƼƥƶƷƸǃ Ʋƪ ǄƧưǄƪƷƶǄ ƳƦǄƬƥƷƪưǁƲǀƱ ƯƵƭƷƪƵƭƪƱ.  

ƉƥƲƲƥǄ ƵƥƦƳƷƥ ƴƳƶƧǄƾƪƲƥ ƴƳưƸƼƪƲƭǃ ƱƪƷƳƩƳƱ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƱƪƩǁ-ƻƭƲƯƳƧǀƺ 

ƴƳƯƵǀƷƭƮ, ƳƦưƥƩƥǃƾƭƺ ƵƥƬƧƭƷƳƮ ƴƳƧƪƵƺƲƳƶƷǁǃ, ƭ ƭƶƶưƪƩƳƧƥƲƭǃ ƧưƭǄƲƭǄ ƷƪƱƴƪƵƥƷƸƵǀ ǂưƪƯƷƵƳưƭƷƥ ƶ ƵƥƬưƭƼƲǀƱ 

ƶƳƩƪƵƫƥƲƭƪƱ ƲƭƷƵƥƷƥ ƻƭƲƯƥ Ʋƥ ƭƺ ƱƳƵƹƳưƳƨƭǃ ƭ ƺƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ. 

ƉưǄ ƴƳưƸƼƪƲƭǄ Ʋƥ ƱƪƷƥưưƭƼƪƶƯƳƱ ƶƪƷƼƥƷƳƱ ƲƳƶƭƷƪưƪ ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƭƱƪƲǄưƭ ƱƪƷƳƩ 

ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ ƭƬ ƵƥƶƷƧƳƵƥ ǂưƪƯƷƵƳưƭƷƥ. ƍƶƴƳưǁƬƳƧƥưƳƶǁ ƩƧƥ Ʒƭƴƥ ǂưƪƯƷƵƳưƭƷƳƧ, ƧƯưǃƼƥǃƾƭƺ Cu(NO3)2ɥ3H2O 

(ƚƜ, ACROS ORGANICS) ɛ 10 ƨ/ư ƭ Zn(NO3)2ɥ6H2O (ƚƜ, ƌƅƓ «ƇƊƏƗƓƒ») ɛ 100 ƨ/ư ƭưƭ 200 ƨ/ư ƩưǄ I, II ǂưƪƯƷƵƳưƭƷƥ 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ. ƢưƪƯƷƵƳƳƶƥƫƩƪƲƭƪ ƴƵƳƧƳƩƭưƳƶǁ Ƨ ƩƧƸƺǂưƪƯƷƵƳƩƲƳƮ ǄƼƪƮƯƪ ƴƵƭ ƨƥưǁƧƥƲƳƶƷƥƷƭƼƪƶƯƳƱ ƵƪƫƭƱƪ ƶ 
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ƴưƳƷƲƳƶƷǁǃ ƷƳƯƥ 20 Ʊƅ/ƶƱ2 Ƨ ƷƪƼƪƲƭƪ 15 ƱƭƲƸƷ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ưƥƦƳƵƥƷƳƵƲƳƨƳ ƴƳƷƪƲƻƭƳƶƷƥƷƥ ɛ ƨƥưǁƧƥƲƳƶƷƥƷƥ 

ƱƳƩƪưƭ Elins Ɣƍ-50PRO3. Ƈ ƯƥƼƪƶƷƧƪ ƯƥƷƳƩƥ ƭƶƴƳưǁƬƳƧƥưƶǄ ƶƪƷƼƥƷǀƮ ƲƳƶƭƷƪưǁ ƭƬ ƲƪƵƫƥƧƪǃƾƪƮ ƶƷƥưƭ ƱƥƵƯƭ 

12ƚ18ƒ10Ɨ ƶ ƵƥƬƱƪƵƳƱ ǄƼƪƮƯƭ (228±3) ƱƯƱ ƭ ƩƭƥƱƪƷƵƳƱ ƴƵƳƧƳưƳƯƭ (90±2) ƱƯƱ. Ƈ ƯƥƼƪƶƷƧƪ ƥƲƳƩƥ ƭƶƴƳưǁƬƳƧƥưƥƶǁ 

ƱƪƩƲƥǄ ƴưƥƶƷƭƲƥ ƱƥƵƯƭ Ƒ1. ƓƷƲƳƽƪƲƭƪ ƴưƳƾƥƩƭ ƥƲƳƩƥ Ư ƯƥƷƳƩƸ ƶƳƶƷƥƧưǄưƳ 2 Ư 1. 

ƢƯƶƴƪƵƭƱƪƲƷǀ ƴƵƳƧƳƩƭưƭƶǁ Ƨ ƩƧƥ ǂƷƥƴƥ. ƖƲƥƼƥưƥ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƪ Ƨ ƯƥƫƩƳƱ Ʒƭƴƪ ǂưƪƯƷƵƳưƭƷƥ ƴƵƳƺƳƩƭưƳ 

ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ, ƬƥƷƪƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ ǂưƪƯƷƵƳưƭƷƳƧ 40ºƖ. ƉưǄ ƵƪƨƸưƭƵƳƧƥƲƭǄ ƭ ƴƳƩƩƪƵƫƥƲƭǄ 

ƷƪƱƴƪƵƥƷƸƵǀ ǂưƪƯƷƵƳưƭƷƥ ƴƵƭƱƪƲǄưƶǄ ƫƭƩƯƳƶƷƲǀƮ ƷƪƵƱƳƶƷƥƷ TERMEX BT8-2.  

ƢưƪƯƷƵƳƲƲƳ-ƱƭƯƵƳƶƯƳƴƭƼƪƶƯƭƪ ƭƶƶưƪƩƳƧƥƲƭǄ ƴƳưƸƼƪƲƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƳƧƳƩƭưƭƶǁ Ʋƥ ƶƯƥƲƭƵƸǃƾƪƱ 

ǂưƪƯƷƵƳƲƲƳƱ ƱƭƯƵƳƶƯƳƴƪ Carl Zeiss Sigma, ƺƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ ƴƳƯƵǀƷƭƮ ƳƴƵƪƩƪưǄưƭ ƴƵƭ ƴƳƱƳƾƭ 

ǂƲƪƵƨƳƩƭƶƴƪƵƶƭƳƲƲƳƨƳ ƵƪƲƷƨƪƲƳƹưƸƳƵƪƶƻƪƲƷƲƳƨƳ ƶƴƪƯƷƵƳƱƪƷƵƥ Shimadzu EDX-8000.  

ƒƥ ƴƪƵƧƳƱ ǂƷƥƴƪ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƪ ƴƵƳƧƳƩƭưƳƶǁ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ ǂưƪƯƷƵƳưƭƷƥ. 

ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ Ƨ ǂưƪƯƷƵƳưƭƷƪ I Ʒƭƴƥ ƴƳƯƥƬƥưƭ, ƼƷƳ 

Ʋƥ ƱƪƷƥưưƭƼƪƶƯƳƮ ƶƪƷƯƪ-ƲƳƶƭƷƪưƪ ƳƦƵƥƬƳƧƥưƳƶǁ ƴƳƯƵǀƷƭƪ ƷƳưƾƭƲƳƮ ƴƵƭƱƪƵƲƳ 20 ƱƯƱ, ƳƩƲƥƯƳ ƳƲƳ ƩƳƶƷƥƷƳƼƲƳ 

ƵǀƺưƳƪ (Ƶƭƶ.1 ƥ).  

      

 ƥ                                                                          Ʀ 

     

Ƨ                                                                          ƨ 

ƕƭƶ.1 ƑƳƵƹƳưƳƨƭǄ ƴƳƧƪƵƺƲƳƶƷƭ ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ Ƨ ǂưƪƯƷƵƳưƭƷƥƺ I (ƥ, Ʀ) ƭ  II (Ƨ, ƨ) ƶ 
ƵƥƬưƭƼƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƲƭƷƵƥƷƥ ƻƭƲƯƥ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ. 

ƢưƪƯƷƵƳƲƲƳ-ƱƭƯƵƳƶƯƳƴƭƼƪƶƯƭƪ ƭƶƶưƪƩƳƧƥƲƭǄ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳƯƥƬƥưƭ ƭƲƷƪƲƶƭƧƲƳƪ ƳƦƵƥƬƳƧƥƲƭƪ 

ƯƵƭƶƷƥưưƳƧ ƱƪƩƭ, ƥ Ƨ ƨưƸƦƭƲƪ ƴƳƯƵǀƷƭǄ - ƲƥƲƳƴưƥƶƷƭƲǀ ƻƭƲƯƥ (Ƶƭƶ. 1 Ʀ). ƚƳƷǄ ƱƪƩǁ ƭƲƷƪƲƶƭƧƲƳ ƴƳƯƵǀƧƥƪƷ 

ƴƳƩưƳƫƯƸ, ƥ ƻƭƲƯ ƴƵƥƯƷƭƼƪƶƯƭ Ʋƪ ƬƥƱƪƷƪƲ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ, ƴƳ ƵƪƬƸưǁƷƥƷƥƱ ƵƪƲƷƨƪƲƳƶƴƪƯƷƵƥưǁƲƳƨƳ ƥƲƥưƭƬƥ (ƕƖƅ) 

ƯƳưƭƼƪƶƷƧƳ ƻƭƲƯƥ Ƨ ƴƳƯƵǀƷƭƭ ƶƳƶƷƥƧƭưƳ 51,8 Ʊƥƶƶ.%, ƱƪƩƭ ɛ 48,2 Ʊƥƶƶ.% (Ƶƭƶ.2 ƥ). 
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ƕƭƶ.2 ƚƭƱƭƼƪƶƯƭƮ ƶƳƶƷƥƧ ƴƳƯƵǀƷƭƮ,ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ ƭƬ ǂưƪƯƷƵƳưƭƷƳƧ I, II ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ 
(ƥ) ƭ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ ǂưƪƯƷƵƳưƭƷƳƧ 40°Ɩ (Ʀ). 

ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ Ƨ ǂưƪƯƷƵƳưƭƷƪ II Ʒƭƴƥ (Ƶƭƶ. 

1 Ƨ, ƨ), ƨƩƪ ƯƳưƭƼƪƶƷƧƳ ƥƬƳƷƲƳƯƭƶưƳƨƳ ƻƭƲƯƥ ƸƧƪưƭƼƪƲƳ Ƨ ƩƧƥ ƵƥƬƥ, ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ ƴƵƪƩǀƩƸƾƭƱ ǂưƪƯƷƵƳưƭƷƳƱ, 

ƴƳƯƥƬƥưƭ, ƼƷƳ ƱƳƵƹƳưƳƨƭǄ ƴƳƧƪƵƺƲƳƶƷƭ ƶƸƾƪƶƷƧƪƲƲƳ ƳƷưƭƼƥƪƷƶǄ ƳƷ ƱƳƵƹƳưƳƨƭƭ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ ƵƥƲƪƪ. 

ƍƶƶưƪƩƳƧƥƲƭǄ ƴƵƭ ƸƧƪưƭƼƪƲƭƭ 10000ƺ (Ƶƭƶ.1 ƨ) ƴƳƬƧƳưǄǃƷ ƸƷƧƪƵƫƩƥƷǁ, ƼƷƳ ƴƳƧƪƵƺƲƳƶƷǁ ƴƳƯƵǀƷƭǄ ƵƥƬƧƭƷƥǄ, 

ƦưƥƨƳƩƥƵǄ ƲƥưƭƼƭǃ ƱƪƩƲǀƺ ƯƵƭƶƷƥưưƳƧ ƵƥƬƱƪƵƳƱƭ ƳƷ 200 ƩƳ 500 ƲƱ, ƯƳƷƳƵǀƪ ƴƳƯƵǀƷǀ ƭ ƳƯƵƸƫƪƲǀ ƻƭƲƯƳƧǀƱƭ 

ƲƥƲƳƴưƥƶƷƭƲƥƱƭ. ƖƳƩƪƵƫƥƲƭƪ ƻƭƲƯƥ Ƨ ƴƳƯƵǀƷƭƭ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ ƳƦƵƥƬƻƥƱƭ, ƴƳưƸƼƪƲƲǀƱƭ ƭƬ ǂưƪƯƷƵƳưƭƷƥ I Ʒƭƴƥ, 

ƸƧƪưƭƼƭưƳƶǁ Ʋƥ 6 Ʊƥƶƶ.% (Ƶƭƶ.2 ƥ). ƓƩƲƥƯƳ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƷƥƯƭƺ ƴƳƯƵǀƷƭƮ ƭƱƪǃƷƶǄ ƷƵƪƾƭƲǀ, ƼƷƳ ƱƳƫƪƷ ƴƵƭƧƪƶƷƭ 

Ư ƭƺ ƦǀƶƷƵƳƱƸ ƵƥƬƵƸƽƪƲƭǃ Ƨ ƴƵƳƻƪƶƶƪ ƴƵƳƧƪƩƪƲƭǄ ƯƥƷƥưƭƷƭƼƪƶƯƭƺ ƵƪƥƯƻƭƮ ƶ ƴƵƭƱƪƲƪƲƭƪƱ ƭƺ Ƨ ƯƥƼƪƶƷƧƪ 

ƯƥƷƥưƭƬƥƷƳƵƳƧ. 

ƒƥ ƧƷƳƵƳƱ ǂƷƥƴƪ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƪ ƴƵƳƧƳƩƭưƳƶǁ ƭƬ Ʒƪƺ ƫƪ ǂưƪƯƷƵƳưƭƷƳƧ, ƲƳ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 40°C 

ƑƳƵƹƳưƳƨƭǄ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ ƶ ƲƥƨƵƪƧƳƱ ǂưƪƯƷƵƳưƭƷƥ ƩƳ 40°C, ƭƱƪƪƷ ƳƷưƭƼƭǄ ƳƷ 

ƱƳƵƹƳưƳƨƭƭ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ Ƨ ƺƳƩƪ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ. ƔƳưƸƼƪƲƲǀƪ Ʋƥ 

ƩƥƲƲƳƱ ǂƷƥƴƪ ƴƳƯƵǀƷƭǄ ƦƳưƪƪ ƵƳƧƲƳƱƪƵƲǀƪ, ƷƵƪƾƭƲǀ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƳƷƶƸƷƶƷƧƸǃƷ. 

ƑƳƵƹƳưƳƨƭǄ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ, ƴƳưƸƼƪƲƲǀƺ Ƨ ǂưƪƯƷƵƳưƭƷƪ I Ʒƭƴƥ ƶ ƲƥƨƵƪƧƳƱ (Ƶƭƶ.3 ƥ, Ʀ), ƶƸƾƪƶƷƧƪƲƲƳ 

ƳƷưƭƼƥƪƷƶǄ ƳƷ ƱƳƵƹƳưƳƨƭƭ ƳƦƵƥƬƻƳƧ, ƴƳưƸƼƪƲƲǀƺ Ƨ ƩƥƲƲƳƱ Ʒƭƴƪ ǂưƪƯƷƵƳưƭƷƥ, ƲƳ ƦƪƬ ƲƥƨƵƪƧƥ. ƑƳƵƹƳưƳƨƭǄ ƷƥƯƳƨƳ 

ƴƳƯƵǀƷƭǄ Ƨ ƧƭƩƪ ƶƹƪƵƭƼƪƶƯƭƺ ƳƦƵƥƬƳƧƥƲƭƮ ƱƭƯƵƳƲƲǀƺ ƵƥƬƱƪƵƳƧ ƥƨưƳƱƪƵƥƷƳƧ ƭƬ ƲƥƲƳƵƥƬƱƪƵƲǀƺ ƱƪƩƲǀƺ 

ƯƵƭƶƷƥưưƭƷƳƧ, ƯƳƷƳƵǀƪ ƳƯƵƸƫƪƲǀ ƭ ƴƳƯƵǀƷǀ ƲƥƲƳƴưƥƶƷƭƲƥƱƭ ƻƭƲƯƥ. ƚƳƷǄ ƴưƥƶƷƭƲǀ ƻƭƲƯƥ, ƳƷƼƪƷưƭƧƳ ƧƭƩƲǀ Ʋƥ 

ƖƢƑ-ƭƬƳƦƵƥƫƪƲƭǄƺ, ƕƖƅ ƥƲƥưƭƬ ƴƳƯƥƬƥư ƲƥưƭƼƭƪ Ƨ ƴƳƯƵǀƷƭƭ 35,8 Ʊƥƶƶ.% ƻƭƲƯƥ, ƼƷƳ ƴƳƼƷƭ Ƨ 1,5 ƵƥƬƥ ƱƪƲǁƽƪ, ƼƪƱ 

Ƨ ƳƦƵƥƬƻƪ, ƴƳưƸƼƪƲƲƳƱ Ƨ ǂưƪƯƷƵƳưƭƷƪ I Ʒƭƴƥ ƦƪƬ ƲƥƨƵƪƧƥ, ƴƵƭ ǂƷƳƱ ƯƳưƭƼƪƶƷƧƳ ƱƪƩƭ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƧƳƬƵƳƶưƳ ƩƳ 

64,2 Ʊƥƶƶ.%. 

ƑƭƯƵƳƹƳƷƳƨƵƥƹƭƭ ƴƳƧƪƵƺƲƳƶƷƭ ƳƦƵƥƬƻƳƧ, ƴƳưƸƼƪƲƲǀƺ Ƨ ǂưƪƯƷƵƳưƭƷƪ II Ʒƭƴƥ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 40°C (Ƶƭƶ. 3 

Ƨ, ƨ), ƷƥƯƫƪ ƴƳƯƥƬƥưƭ ƶƸƾƪƶƷƧƪƲƲƳƪ ƵƥƬưƭƼƭƪ ƶ ƱƳƵƹƳưƳƨƭƪƮ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ƷƳƱ ƫƪ ǂưƪƯƷƵƳưƭƷƪ, ƲƳ 

ƦƪƬ ƲƥƨƵƪƧƥ. ƔƳƧƪƵƺƲƳƶƷǁ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ ƶ ƲƥƨƵƪƧƳƱ ǂưƪƯƷƵƳưƭƷƥ, ƴƵƪƩƶƷƥƧưǄƪƷ ƶƳƦƳƮ ƱƪưƯƭƪ ƯƵƭƶƷƥưưǀ 

ƱƪƩƭ, ƳƯƵƸƫƪƲƲǀƪ ƲƥƲƳƴưƥƶƷƭƲƥƱƭ ƻƭƲƯƥ, ƴƵƭ ǂƷƳƱ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳǄƧƭưƳƶǁ ƬƥƱƪƷƲƳ ƦƳưǁƽƪƪ ƯƳưƭƼƪƶƷƧƳ 

ƻƭƲƯƳƧǀƺ ƴưƥƷƭƲ ƦƳưƪƪ ƯƵƸƴƲƳƨƳ ƵƥƬƱƪƵƥ ƩƳ 10 ƱƯƱ Ƨ ƩưƭƲƸ ƭ ƷƳưƾƭƲƳƮ ƳƷ 20 ƩƳ 50 ƲƱ. ƕƖƅ ƥƲƥưƭƬ ƴƳƯƥƬƥư Ƨ 

ƴƳƯƵǀƷƭƭ ƳƯƳưƳ 51,2 Ʊƥƶƶ.% ƻƭƲƯƥ, ƼƷƳ ƧƶƪƨƳ ƴƵƭƱƪƵƲƳ Ʋƥ 6 Ʊƥƶƶ.% ƱƪƲǁƽƪ, ƼƪƱ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ ƦƪƬ 

ƲƥƨƵƪƧƥ ǂưƪƯƷƵƳưƭƷƥ.  
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ƕƭƶ.3 ƑƳƵƹƳưƳƨƭǄ ƴƳƧƪƵƺƲƳƶƷƭ ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ Ƨ ǂưƪƯƷƵƳưƭƷƥƺ I (ƥ, Ʀ) ƭ II (Ƨ, ƨ) ƶ 
ƵƥƬưƭƼƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƲƭƷƵƥƷƥ ƻƭƲƯƥ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 40°C.  

ƍƬƧƪƶƷƲƳ [16], ƼƷƳ ƶƷƥƲƩƥƵƷƲǀƪ ǂưƪƯƷƵƳƩƲǀƪ ƴƳƷƪƲƻƭƥưǀ ƻƭƲƯƥ ƭ ƱƪƩƭ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ƵƥƧƲǀ ­0,76 Ƈ ƭ 

+0,34 Ƈ. Ƈ ưƭƷƪƵƥƷƸƵƪ ƳƷƱƪƼƥƪƷƶǄ [16], ƼƷƳ ƴƳƧǀƽƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ǂưƪƯƷƵƳưƭƷƥ ƶƴƳƶƳƦƶƷƧƸƪƷ ƸƧƪưƭƼƪƲƭǃ 

ƶƳƩƪƵƫƥƲƭǄ ƱƪƷƥưưƥ ƶ ƦƳưƪƪ ǂưƪƯƷƵƳƴƳưƳƫƭƷƪưǁƲǀƱ ƴƳƷƪƲƻƭƥưƳƱ, ƥ ƷƥƯƫƪ ƦƳưƪƪ ƭƲƷƪƲƶƭƧƲƳ ƳƶƥƫƩƥƪƷƶǄ ƷƳƷ 

ƱƪƷƥưư, ƯƳƷƳƵǀƮ ǄƧưǄƪƷƶǄ ƦƳưƪƪ ƦưƥƨƳƵƳƩƲǀƱ ƯƳƱƴƳƲƪƲƷƳƱ. ƉƥƲƲǀƪ ƸƷƧƪƵƫƩƪƲƭǄ ƴƳƩƷƧƪƵƫƩƥǃƷƶǄ ƵƪƬƸưǁƷƥƷƥƱƭ 

Ʋƥƽƭƺ ƭƶƶưƪƩƳƧƥƲƭƮ. ƉƪƮƶƷƧƭƷƪưǁƲƳ, ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ ƳƦƵƥƬƻƥƱƭ, ƴƳưƸƼƪƲƲǀƱƭ Ƨ ƺƳƩƪ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭǄ Ƨ I Ʒƭƴƪ 

ǂưƪƯƷƵƳưƭƷƥ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ, ƴƳưƸƼƪƲƭƪ ƳƦƵƥƬƻƳƧ ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƴƳƯƵǀƷƭƮ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 

ǂưƪƯƷƵƳưƭƷƥ 40°C, ƴƳƬƧƳưƭưƳ ƸƧƪưƭƼƭƷǁ ƶƳƩƪƵƫƥƲƭƪ ƱƪƩƭ Ƨ ƴƳƯƵǀƷƭƭ ƶ 48,2 Ʊƥƶƶ.% ƩƳ 64,2 Ʊƥƶƶ.%. ƚƭƱƭƼƪƶƯƭƮ 

ƶƳƶƷƥƧƪ ƴƳƯƵǀƷƭƮ, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ ƧƳ II Ʒƭƴƪ ǂưƪƯƷƵƳưƭƷƥ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƭ ƴƳƧǀƽƪƲƲƳƮ 

ƷƪƱƴƪƵƥƷƸƵƪ ƷƥƯƫƪ ƭƬƱƪƲƭưƶǄ ƧƳ ƧƷƳƵƳƱ ƶưƸƼƥƪ Ƨ ƶƷƳƵƳƲƸ ƸƧƪưƭƼƪƲƭǄ ƯƳưƭƼƪƶƷƧƥ ƱƪƩƭ Ƨ ƴƳƯƵǀƷƭƭ. ƚƳƷǄ ƴƵƭ 

ǂưƪƯƷƵƳƳƶƥƫƩƪƲƭƭ ƴƳƯƵǀƷƭƮ ƧƳ II Ʒƭƴƪ ǂưƪƯƷƵƳưƭƷƥ ƶ ƴƵƭƱƪƲƪƲƭƪƱ ƲƥƨƵƪƧƥ ƯƳưƭƼƪƶƷƧƳ ƱƪƩƭ Ƨ ƴƳƯƵǀƷƭƭ 

ƸƧƪưƭƼƭưƳƶǁ ƷƳưǁƯƳ Ʋƥ 6 Ʊƥƶƶ.%, ƱƳƵƹƳưƳƨƭǄ ƴƳƯƵǀƷƭƮ ƭƬƱƪƲƭưƥƶǁ, ƷƵƪƾƭƲǀ ƳƷƶƷƸƷƶƷƧƸǃƷ. 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƴƳƧǀƽƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ǂưƪƯƷƵƳưƭƷƥ ƴƳƧưƭǄưƳ Ʋƥ ƱƳƵƹƳưƳƨƭǃ ƴƳƧƪƵƺƲƳƶƷƭ 

ƩƧƸƺƯƳƱƴƳƲƪƲƷƲǀƺ ƱƪƩǁ-ƻƭƲƯƳƧǀƺ ƴƳƯƵǀƷƭƮ, ƥ ƷƥƯƫƪ ƭƬƱƪƲƭưƳ ƶƳƳƷƲƳƽƪƲƭƪ ƯƳƱƴƳƲƪƲƷƳƧ Ƨ ƶƷƳƵƳƲƸ ƸƧƪưƭƼƪƲƭǄ 

ƶƳƩƪƵƫƥƲƭǄ ƱƪƩƭ. ƖƥƱƭ ƴƳƯƵǀƷƭǄ ƭƱƪǃƷ ƵƥƬƧƭƷƸǃ ƴƳƧƪƵƺƲƳƶƷǁ ƦưƥƨƳƩƥƵǄ ƲƥưƭƼƭǃ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƲƥƲƳ- ƭ 

ƱƭƯƵƳƵƥƬƱƪƵƲǀƺ ƯƵƭƶƷƥưưƳƧ ƱƪƩƭ ƭ ƴưƥƶƷƭƲƥƱ ƻƭƲƯƥ, ƼƷƳ ƩƪưƥƪƷ ƧƳƬƱƳƫƲǀƱ ƭƺ ƴƵƭƱƪƲƪƲƭƪ Ƨ ƯƥƼƪƶƷƧƪ 

ƯƥƷƥưƭƷƭƼƪƶƯƭ ƥƯƷƭƧƲǀƺ ƱƥƷƪƵƭƥưƳƧ. 
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Nitric acid production represents the largest source of N2O in the chemical industry, with a global annual 

emission of 23.7 million tons / year N2O. The high impact of N2O on the environment as greenhouse gas and 

stratospheric ozone depletory [1].  

In this production, the formation of nitrous oxide is possible along two chemical routes [2]: 

1. During the oxidation of ammonia in the contact apparatus, nitrous oxide (N2O) is formed as a non-target by-

product. 

4NH3 + 4O2 ᵰ2N2O + 6H2O (1) 

2. In the process of low-temperature catalytic reduction of nitrogen oxides with ammonia. 

2NH3 + 8NO Ÿ 5N2O + 3H2O (2) 

4NH3 + 3O2 + 4NO Ÿ 4N2O + 6H2O (3) 

The efficiency of the catalytic reduction of nitrous oxide (I) is determined primarily by the activity of the used 

catalyst. The active site of ƖƳƓ -exchanged catalyst for N2O decomposition is well known as divalent CoO (II) cations 

which closely collaborate on the N2O splitting. Thus, the formation of CoOɛO is a key to achieve better performance 

in the N2O decomposition. The catalyst preparation method plays an important role in controlling the catalyst activity 

[3].  

The catalystɞs activity towards N2O decomposition is often significantly affected by the various components 

such as H2O, O2 in the flue gas. The catalyst activity inhibition from H2O and O2 should be paid serious attention to. 

Therefore, the effects of the components in the flue gas on the catalystɞs activity have also been investigated 

in the study. 

Catalysts based on cobalt ferrite are highly active in the decomposition of nitrous oxide in the production of 

nitric acid. The residual nitrous oxide content depends on the selected process conditions. On the same catalyst, 

catalytic activity may vary. The paper presents the dependence of the degree of conversion on almost all technological 

factors: temperature, pressure, water vapor and H2, O2. 

As shown in figure 1, when the pressure increases to 1.1 MPa, the influence of the ratio of components in the 

catalyst causes more significant changes in the catalytic activity. So, on cobalt ferrite of stoichiometric composition, a 

50% degree of decomposition of N2O is observed at 478°Ɩ, and 100% at 548°Ɩ. The increase in pressure leads to a 

significant decrease in the temperature range of the catalyst. So, at a temperature of 255°Ɩ, a 50% conversion of N2O 

occurs, and at 347 ° Ɩ, nitrous oxide is completely decomposed. An increase in the content of cobalt oxide to 44% in 

the catalyst makes it possible to reduce the temperature of half and complete decomposition of N2O by 36ɛ45°Ɩ, 

respectively. 
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Fig.1 The catalytic activity of the catalyst based on CoFe2O4 

1-Fe2O3: CoO = 1.1; 2-Fe2O3: CoO = 0.6; 3-Fe2O3: CoO = 1. 

The reduction of nitrous oxide (I) contained in exhaust gases in various production schemes can be carried out 

at a pressure of from 0.4 to 1.1 MPa. For this reason, we conducted detailed studies of the effect of pressure on the 

decomposition of nitrous oxide. The figure shows the dependences of the degree of decomposition of N2O on 

temperature and pressure. It is shown that an increase in pressure from 0.1 MPa to 1.1 MPa allows to increase the 

degree of decomposition of nitrous oxide by 6 times. So, for example, at a temperature of 310°C and a pressure of 0.1 

MPa, the degree of decomposition is only 17%, and at 1.1 MPa 99.5%. 

Also, the effect of oxygen and water on the decomposition of N2O is presented. The nature of the inhibitory 

effect of water and oxygen is markedly different. Whereas in the case of water, it consists in simply blocking the site, 

the role of oxygen is presented in two stages. At the first stage of the N2O decomposition reaction, oxygen competes 

with nitrous oxide for active centers, and at the second stage, it mixes with the oxygen recombination stage, creating 

idle cycles. 
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ƗƕƅƒƖƔƓƕƗƒƠƊ ƖƇƓƎƖƗƇƅ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƊƑƆƕƅƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ ƕƘƗƊƒƅƗƅ ƍ 

ƓƏƖƍƉƅ ƇƍƖƑƘƗƅ, ƔƓƐƘƜƊƒƒƠƚ ƏƕƍƖƗƅƐƐƍƌƅƛƍƊƎ ƍƌ ƜƅƖƗƍƜƒƓ ƕƅƖƔƐƅƇƐƊƒƒƓƈƓ ƖƓƖƗƓƤƒƍƤ 

TRANSPORT PROPERTIES OF COMPOSITE MEMBRANE MATERIALS BASED ON RUTHENATE AND OXIDE OF 
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Ɩ ƯƥƫƩǀƱ ƨƳƩƳƱ Ƨƶƪ ƥƯƷƭƧƲƪƪ ƵƥƬƧƭƧƥǃƷƶǄ ƷƪƺƲƳưƳƨƭƭ ƶƪưƪƯƷƭƧƲƳƨƳ ƧǀƩƪưƪƲƭǄ ƼƭƶƷƳƨƳ ƯƭƶưƳƵƳƩƥ ƭƬ 

ƧƳƬƩƸƺƥ ƭ ƩƵƸƨƭƺ ƯƭƶưƳƵƳƩƶƳƩƪƵƫƥƾƭƺ ƨƥƬƳƧǀƺ ƶƱƪƶƪƮ ƴƵƭ ƴƳƱƳƾƭ ƴưƳƷƲǀƺ ƭƳƲƳƷƵƥƲƶƴƳƵƷƲǀƺ ƱƪƱƦƵƥƲ ƶƳ 

ƶƱƪƽƥƲƲƳƮ ƭƳƲƲƳ-ǂưƪƯƷƵƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷǁǃ [1], ƵƥƦƳƷƥǃƾƭƺ ƴƵƭ 600 ɛ 1000 °Ɩ ƴƳƩ ƩƪƮƶƷƧƭƪƱ ƵƥƬƲƳƶƷƭ 

ƴƥƵƻƭƥưǁƲǀƺ ƩƥƧưƪƲƭƮ ƯƭƶưƳƵƳƩƥ. ƔƪƵƶƴƪƯƷƭƧƲǀƱƭ ƱƥƷƪƵƭƥưƥƱƭ ƷƥƯƭƺ ƶƵƪƩƲƪƷƪƱƴƪƵƥƷƸƵƲǀƺ (730 ɛ 820 °Ɩ) 

ƱƪƱƦƵƥƲ ƱƳƨƸƷ ƶƷƥƷǁ ƯƪƵƥƱƭƼƪƶƯƭƪ ƯƳƱƴƳƬƭƷǀ, Ƨ ƯƳƷƳƵǀƺ ƲƪƶƷƥƦƭưƭƬƭƵƳƧƥƲƲǀƮ ƳƯƶƭƩ ƧƭƶƱƸƷƥ -ɻBi2O3, 

ƵƪƯƳƵƩƶƱƪƲ ƴƳ ƯƭƶưƳƵƳƩ-ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷƭ, ƺƭƱƭƼƪƶƯƭ ƭ ƷƪƵƱƭƼƪƶƯƭ ƶƳƧƱƪƶƷƭƱ ƶ ǂưƪƯƷƵƳƲƳƴƵƳƧƳƩǄƾƭƱ 

ƯƳƱƴƳƲƪƲƷƳƱ, ƴƳƩƦƳƵ ƯƳƷƳƵƳƨƳ ƳƨƵƥƲƭƼƪƲ. ƏƵƳƱƪ ƷƳƨƳ, ƴƳưƸƼƪƲƭƪ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ ƼƭƶƷƳƨƳ -ɻBi2O3 

ƬƥƷƵƸƩƲƭƷƪưǁƲƳ ƭƬ-Ƭƥ ƬƲƥƼƭƷƪưǁƲƳƨƳ ƭƬƱƪƲƪƲƭǄ ƳƦƿƪƱƥ ƭ ƵƥƶƷƵƪƶƯƭƧƥƲƭǄ ƧƧƭƩƸ ƴƳưƭƱƳƵƹƲǀƺ ƴƵƪƧƵƥƾƪƲƭƮ 

Ÿɻ Ÿ̡  hƴƵƭ ƳƺưƥƫƩƪƲƭƭ [2]. ƉƥƲƲƸǃ ƴƵƳƦưƪƱƸ ƱƳƫƲƳ ƵƪƽƭƷǁ Ƭƥ ƶƼƪƷ ƵƪƥưƭƬƥƻƭƭ ƱƪƷƥƶƷƥƦƭưǁƲƳƨƳ ƵƥƧƲƳƧƪƶƭǄ 

-ɻBi2O3źɔ-Bi2O3 (a=10,25 Å, ƴƵƳƶƷƵƥƲƶƷƧƪƲƲƥǄ ƨƵƸƴƴƥ I23) ƴƵƭ ƷƪƵƱƳƻƭƯưƭƵƳƧƥƲƭƭ ƦưƥƨƳƩƥƵǄ ƴƵƭƲƻƭƴƸ 

ƳƵƭƪƲƷƥƻƭƳƲƲƳƨƳ ƭ ƵƥƬƱƪƵƲƳƨƳ ƶƳƳƷƧƪƷƶƷƧƭǄ ƉƥƲƯƳƧƥ ɛ ƏƳƲƳƦƪƪƧƶƯƳƨƳ [3]. Ƈ ƶƧǄƬƭ ƶ ǂƷƭƱ, ƻƪưǁǃ ƩƥƲƲƳƮ ƵƥƦƳƷǀ 

ǄƧưǄƪƷƶǄ ƴƳưƸƼƪƲƭƪ ƭ ƭƶƶưƪƩƳƧƥƲƭƪ ƷƵƥƲƶƴƳƵƷƲǀƺ ƶƧƳƮƶƷƧ ƲƳƧǀƺ ƶƵƪƩƲƪƷƪƱƴƪƵƥƷƸƵƲǀƺ (730 ɛ 820 °Ɩ)  

ƱƥƷƪƵƭƥưƳƧ ƱƪƱƦƵƥƲ Ʋƥ ƳƶƲƳƧƪ Bi2O3 ƭ Bi1,5Er0,5Ru2O7, ƩưǄ ƯƳƷƳƵǀƺ, ƯƥƯ ƸƶƷƥƲƳƧưƪƲƳ, ƱƳƨƸƷ ƦǀƷǁ ƸƩƳƧưƪƷƧƳƵƪƲǀ 

ƧǀƽƪƭƬưƳƫƪƲƲǀƪ ƷƵƪƦƳƧƥƲƭǄ. 

Ƈ ƯƥƼƪƶƷƧƪ ƯƳƱƴƳƲƪƲƷƳƧ ƩưǄ ƴƳưƸƼƪƲƭǄ ƯƳƱƴƳƬƭƻƭƳƲƲƳƮ ƱƪƱƦƵƥƲǀ ƭƶƴƳưǁƬƳƧƥưƭ ƴƳƵƳƽƯƭ Bi1,6Er0,4O3 ƭ 

Bi3Ru3O11, ƧƬǄƷǀƪ Ƨ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƶƳƳƷƲƳƽƪƲƭǄƺ ƭ ƴƵƪƩƧƥƵƭƷƪưǁƲƳ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƪ ƭƬ ƭƶƺƳƩƲǀƺ ƳƯƶƭƩƳƧ 

ƯƧƥưƭƹƭƯƥƻƭƭ «Ƴƶ.Ƽ.» ƴƵƭ 800 °Ɩ Ƨ ƷƪƼƪƲƭƪ 48 Ƽ ƶ ƳƩƲƭƱ ƴƵƳƱƪƫƸƷƳƼƲǀƱ ƴƳƱƳưƳƱ. ƔƳƵƳƽƯƭ ƳƩƲƳƳƶƲƳ 

ƴƵƪƶƶƳƧƥưƭ ƴƵƭ 200 ƑƔƥ ƭ ƶƴƪƯƥưƭ ƫƭƩƯƳƹƥƬƲǀƱ ƱƪƷƳƩƳƱ ƴƵƭ 900 °Ɩ Ƨ ƷƪƼƪƲƭƪ 4 Ƽ ƶ ƳƦƵƥƬƳƧƥƲƭƪƱ ƷƧƪƵƩƳƨƳ 

Bi1,5Er0,5Ru2O7 (a=10,255 Å, ƴƵƳƶƷƵƥƲƶƷƧƪƲƲƥǄ ƨƵƸƴƴƥ Fdσm) ƭ ƵƥƶƴưƥƧƥ, ƵƥƧƲƳƱƪƵƲƳ ƬƥƴƳưƲƭƧƽƪƨƳ ƴƳƵǀ ƶ 

ƹƳƵƱƭƵƳƧƥƲƭƪƱ ƫƭƩƯƳƯƥƲƥưǁƲƳƮ ƬƪƵƲƳƨƵƥƲƭƼƲƳƮ ƶƷƵƸƯƷƸƵǀ Ƨ ƱƥƷƪƵƭƥưƪ. ƔƵƭ ƳƺưƥƫƩƪƲƭƭ ƩƥƲƲƳƨƳ ƵƥƶƴưƥƧƲƳ-

ƳƯƶƭƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ Ʋƭƫƪ 825 °Ɩ ƯƵƭƶƷƥưưƭƬƳƧƥưƶǄ ƧǀƶƳƯƳƴưƳƷƲǀƮ ƯƳƱƴƳƬƭƷ Ʋƥ ƳƶƲƳƧƪ -ɻBi2O3 ɛ 50 Ʊƥƶƶ.% 

Bi1,5Er0,5Ru2O7 ƶ ƯƳǂƹƹƭƻƭƪƲƷƳƱ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƴƳ ƯƭƶưƳƵƳƩƸ 1,8Ā10-8 ƱƳưǁĀƶƱ-1Āƶ-1 ƭ ƶƪưƪƯƷƭƧƲƳƶƷǁǃ 

(ƶƳƳƷƲƳƽƪƲƭƪ ƴƳƷƳƯƳƧ ƯƭƶưƳƵƳƩƥ Ư ƥƬƳƷƸ) ƦƳưƪƪ 100 ƴƵƭ 800 °Ɩ. ƇǀƶƳƯƭƪ ƴƳƯƥƬƥƷƪưƭ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƭ 

ƶƪưƪƯƷƭƧƲƳƶƷƭ ƴƳ ƯƭƶưƳƵƳƩƸ Ƨ ƶƵƥƧƲƪƲƭƭ ƶ ƱƭƵƳƧǀƱƭ ƥƲƥưƳƨƥƱƭ ƩƪưƥǃƷ ǂƷƭ ƯƳƱƴƳƬƭƷǀ ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ ƩưǄ 

ƴƵƭƱƪƲƪƲƭǄ Ƨ ƯƥƼƪƶƷƧƪ ƭƳƲƲƳ-ƷƵƥƲƶƴƳƵƷƲǀƺ ƱƪƱƦƵƥƲ Ƨ ƶƪƴƥƵƥƷƳƵƥƺ ƼƭƶƷƳƨƳ ƯƭƶưƳƵƳƩƥ. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƨƵƥƲƷƥ ƕƒƙ, ƴƵƳƪƯƷ ʋ 19-09-00361. 
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ƖƳƧƵƪƱƪƲƲǀƮ ǂƷƥƴ ƵƥƬƧƭƷƭǄ ƲƥƸƯƭ Ƴ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƥƺ ƭ ƭƺ ƭƶƴƳưǁƬƳƧƥƲƭƭ Ƨ ƴǁƪƬƳƷƪƺƲƭƯƪ 

ƭ ƩƵƸƨƭƺ ƷƪƺƲƭƼƪƶƯƭƺ ƲƥƴƵƥƧưƪƲƭǄƺ ƺƥƵƥƯƷƪƵƭƬƸƪƷƶǄ ƩƳƶƷƭƫƪƲƭƪƱ ƲƪƯƳƷƳƵƳƮ ƳƦưƥƶƷƭ ƲƥƶǀƾƪƲƭǄ ƩưǄ 

ƴƥƵƥƱƪƷƵƳƧ ǂưƪƱƪƲƷƳƧ ƭ ƸƶƷƵƳƮƶƷƧ Ʋƥ ƭƺ ƳƶƲƳƧƪ. Ƈ ƷƳ ƫƪ ƧƵƪƱǄ ƴƳƷƵƪƦƲƳƶƷƭ ƷƪƺƲƭƯƭ ƶƷƥƧǄƷ ƴƪƵƪƩ 

ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭƪƱ ƬƥƩƥƼƭ, ƷƵƪƦƸǃƾƭƪ Ʋƪ ƷƳưǁƯƳ ƶƸƾƪƶƷƧƪƲƲƳƨƳ ƧǀƺƳƩƥ ƵǄƩƥ ƺƥƵƥƯƷƪƵƭƶƷƭƯ Ƭƥ «ƴƵƭƧǀƼƲǀƪ» 

ƴƵƪƩƪưǀ, ƲƳ ƭ ƸƱƪƲƭǄ ƧƥƵǁƭƵƳƧƥƷǁ ƶƧƳƮƶƷƧƥƱƭ ƱƥƷƪƵƭƥưƳƧ, ƩƳƦƭƧƥǄƶǁ ƲƪƳƦƺƳƩƭƱƳƨƳ ƶƳƼƪƷƥƲƭǄ ƭƺ ƴƥƵƥƱƪƷƵƳƧ. 

ƊƶƷƪƶƷƧƪƲƲǀƱ ƽƥƨƳƱ Ʋƥ ƴƸƷƭ ƶƳƬƩƥƲƭǄ ƲƳƧǀƺ ƧǀƶƳƯƳǂƹƹƪƯƷƭƧƲǀƺ ƴǁƪƬƳƯƪƵƥƱƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ ǄƧƭưƶǄ 

ƴƪƵƪƺƳƩ ƳƷ ƩƧƸƺ- ƭ ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ Ư ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƱ ƶƭƶƷƪƱƥƱ Ʋƥ ƳƶƲƳƧƪ ƷƭƷƥƲƥƷƥ-ƻƭƵƯƳƲƥƷƥ ƶƧƭƲƻƥ 

(ƛƗƖ), ƧƴƪƵƧǀƪ ƳƶƸƾƪƶƷƧưƪƲƲǀƮ Ƨ ƲƥƽƪƱ ƯƳưưƪƯƷƭƧƪ. ƍƱƪƲƲƳ Ƨ ǂƷƭƺ ƶƭƶƷƪƱƥƺ ƸƩƥưƳƶǁ ƴƳưƸƼƭƷǁ ƲƪƳƦƺƳƩƭƱǀƪ 

ƩưǄ ƵƥƬưƭƼƲǀƺ ƳƦưƥƶƷƪƮ ƴƵƭƱƪƲƪƲƭƮ ƶƳƼƪƷƥƲƭǄ ƴƥƵƥƱƪƷƵƳƧ. ƗƥƯƭƪ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƪ ƶƭƶƷƪƱǀ ƱƳƫƲƳ ƬƥƴƭƶƥƷǁ 

Ƨ ƧƭƩƪ: Pb(Zr1-xTix)O3 ɛ В 0Â" "/ , ƨƩƪ n = 2ɛ4, h  = 1/2, 1/3, 1/4 Ƨ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƧƥưƪƲƷƲƳƶƷƪƮ " ƭ 

" : a) ƴƵƭ "  ɛ Mg(II), Ni(II), Zn(II), Co(II), Mn(II), Cd(II), Fe(II), Ca(II); h  = 1/2 ƩưǄ " ɛ W(VI) ƭ  h= 1/3 ƩưǄ " ɛ Nb(V), 

Sb(V), Ta(V); Ʀ) ƴƵƭ "  ɛ Bi(III), Sn(III) h  = 1/2 ƩưǄ " ɛ Nb(V), Sb(V), Ta(V); Ƨ) ƴƵƭ "  ɛ Li(I) h  = 1/4 ƩưǄ " ɛ Nb(V), 

Sb(V), Ta(V). 

ƏƳƱƴƳƲƪƲƷǀ ƼƪƷǀƵƪƺ-, ƴǄƷƭ- ƭ ƽƪƶƷƭƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ Ʀǀưƭ ƧǀƦƵƥƲǀ ƴƳ ƵƪƬƸưǁƷƥƷƥƱ ƭƶƶưƪƩƳƧƥƲƭƮ 

ƷƵƪƺƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ, ƳƴƭƶƥƲƲǀƺ Ƨ ƴƥƷƪƲƷƲƳƮ ưƭƷƪƵƥƷƸƵƪ, ƥ ƷƥƯƫƪ ƴƳưƸƼƪƲƲǀƺ Ƨ ƵǄƩƪ ƶưƸƼƥƪƧ Ƨ Ʋƥƽƭƺ 

ƵƥƦƳƷƥƺ. ƒƥ ƳƶƲƳƧƪ ƩƥƲƲǀƺ Ƴ ƹƥƬƳƧǀƺ ƩƭƥƨƵƥƱƱƥƺ ƭ ƹƭƬƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧƥƺ ƷƵƳƮƲǀƺ ƶƭƶƷƪƱ Ʀǀưƥ ƶƳƶƷƥƧưƪƲƥ 

ƴƵƳƨƵƥƱƱƥ ƭƶƶưƪƩƳƧƥƲƭƮ ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱ, ƧƯưǃƼƥǃƾƥǄ ƴƳƱƭƱƳ ƧǀƦƳƵƥ 

ƯƳƱƴƳƲƪƲƷƳƧ ƷƥƯƫƪ ƭ ƧǀƦƳƵ ƳƦưƥƶƷƪƮ ƶƳƶƷƥƧƳƧ ƶ ƳƴƷƭƱƥưǁƲǀƱƭ ƶƧƳƮƶƷƧƥƱƭ, ƼƷƳ ƴƳƬƧƳưƭưƳ ƶƳƯƵƥƷƭƷǁ ƳƦƿƪƱ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƭƶƶưƪƩƳƧƥƲƭƮ.  

Ƈ ƵƥƬƧƭƷƭƭ ƵƥƦƳƷ ƴƳ ƴƳƭƶƯƸ ƭ ƶƳƬƩƥƲƭǃ ƲƳƧǀƺ ƧǀƶƳƯƳǂƹƹƪƯƷƭƧƲǀƺ ƴǁƪƬƳƯƪƵƥƱƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ 

ƧƥƫƲƸǃ ƵƳưǁ ƶǀƨƵƥư ƵƥƬƵƥƦƳƷƥƲƲǀƮ ƱƪƷƳƩ ƳƴƵƪƩƪưƪƲƭǄ ƨƵƥƲƭƻ ƱƳƵƳƹƳƷƵƳƴƲǀƺ ƳƦưƥƶƷƪƮ (ƑƓ) (ƳƦưƥƶƷƭ 

ƶƷƵƸƯƷƸƵƲƳƨƳ ƹƥƬƳƧƳƨƳ ƴƪƵƪƺƳƩƥ, Ƨ ƳƯƵƪƶƷƲƳƶƷƭ ƯƳƷƳƵǀƺ ǂưƪƯƷƵƳƹƭƬƭƼƪƶƯƭƪ ƴƥƵƥƱƪƷƵǀ ǂƯƶƷƵƪƱƥưǁƲǀ) Ƨ 

ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱƥƺ ƶưƳƫƲǀƺ ƳƯƶƭƩƳƧ, ƯƳƷƳƵǀƮ ƶƧƳƩƭƷƶǄ Ư ƶưƪƩƸǃƾƪƱƸ. ƔƳ ƴƳưƳƫƪƲƭǃ ƑƓ Ƨ k-n 

ƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱƥƺ, ƶƳƶƷƥƧưǄǃƾƭƺ ƭƶƶưƪƩƸƪƱƸǃ k-ƯƳƱƴƳƲƪƲƷƲƸǃ ƶƭƶƷƪƱƸ, ƑƓ ƴƳƶưƪƩƲƪƮ ƥƴƴƵƳƯƶƭƱƭƵƸƪƷƶǄ 

Ƨ ƳƦưƥƶƷƭ ƶƳƶƷƥƧƳƧ ƶ ƱƥƯƶƭƱƥưǁƲǀƱƭ ƴǁƪƬƳǂưƪƯƷƵƭƼƪƶƯƭƱƭ ƴƥƵƥƱƪƷƵƥƱƭ ƼƥƶƷǁǃ ƴƵƳƶƷƵƥƲƶƷƧƥ ƱƪƵƲƳƶƷƭ (k-2). 

ƉưǄ ƶƳƶƷƥƧƳƧ ƧǀƩƪưƪƲƲƳƮ ƳƦưƥƶƷƭ ƴƵƳƧƳƩǄƷƶǄ ƵƪƲƷƨƪƲƳƶƷƵƸƯƷƸƵƲǀƪ ƭƶƶưƪƩƳƧƥƲƭǄ ƭ ƭƬƱƪƵƪƲƭǄ 

ǂưƪƯƷƵƳƹƭƬƭƼƪƶƯƭƺ ƴƥƵƥƱƪƷƵƳƧ.  

ƏƥƯ ƴƳƯƥƬƥưƭ Ʋƥƽƭ ƭƶƶưƪƩƳƧƥƲƭǄ, ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƪ ƶƭƶƷƪƱǀ ƭƱƪǃƷ ƵǄƩ ƬƲƥƼƭƷƪưǁƲǀƺ ƴƵƪƭƱƸƾƪƶƷƧ 

ƴƪƵƪƩ ƶƳƶƷƥƧưǄǃƾƭƱƭ ƭƺ ƩƧƳƮƲǀƱƭ ƭ ƷƵƳƮƲǀƱƭ ƶƭƶƷƪƱƥƱƭ: ƥ) ƶ ƸƧƪưƭƼƪƲƭƪƱ Ƽƭƶưƥ ƯƳƱƴƳƲƪƲƷƳƧ ƶƭƶƷƪƱǀ ƵƥƶƷƪƷ 

ƱƪƵƲƳƶƷǁ ƑƓ (ƭƬƳƱƪƷƵƭƼƪƶƯƳƪ ƶƪƼƪƲƭƪ ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ k-ƯƳƱƴƳƲƪƲƷƲƳƮ ƶƭƶƷƪƱǀ ƭƱƪƪƷ Ƨ ƶưƸƼƥƪ 

ƩƧƸƺƹƥƬƲƳƨƳ ƴƪƵƪƺƳƩƥ k-1 ƱƪƵƲƸǃ ƑƓ), ƼƷƳ ƬƲƥƼƭƷƪưǁƲƳ ƵƥƶƽƭƵǄƪƷ ƧƳƬƱƳƫƲƳƶƷƭ ƧǀƦƳƵƥ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ (Ɨƕ) 

ƶ ƬƥƩƥƲƲǀƱ ƶƳƼƪƷƥƲƭƪƱ ƴƥƵƥƱƪƷƵƳƧ; Ʀ) ƧƧƪƩƪƲƭƪ ƲƳƧǀƺ ƯƳƱƴƳƲƪƲƷƳƧ, ƳƦƵƥƬƸǃƾƭƺ Ɨƕ ƶ ƯƳƱƴƳƲƪƲƷƥƱƭ ƭƶƺƳƩƲƳƮ 

ƶƭƶƷƪƱǀ, ƴƳƬƧƳưǄƪƷ Ƨ ƽƭƵƳƯƭƺ ƴƵƪƩƪưƥƺ ƭƬƱƪƲǄƷǁ ƶƳƶƷƥƧ, ƥ ƶưƪƩƳƧƥƷƪưǁƲƳ, ƭ ƴƥƵƥƱƪƷƵǀ Ɨƕ ƭ ƴƳưƸƼƥƷǁ ƦƳưǁƽƳƪ 

ƵƥƬƲƳƳƦƵƥƬƭƪ ƶƧƳƮƶƷƧ ƱƥƷƪƵƭƥưƳƧ. ƆưƥƨƳƩƥƵǄ ǂƷƳƱƸ Ʋƥ ƳƶƲƳƧƪ ƳƩƲƳƮ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲƳƮ ƶƭƶƷƪƱǀ ƱƳƫƲƳ 

ƴƳưƸƼƥƷǁ ƱƥƷƪƵƭƥưǀ ƩưǄ ƵƥƬưƭƼƲǀƺ ƳƦưƥƶƷƪƮ ƴƵƭƱƪƲƪƲƭƮ, ƼƷƳ ƸƩƳƦƲƳ ƩưǄ ƭƺ ƴƵƳƭƬƧƳƩƶƷƧƥ; Ƨ) ƶ ƸƧƪưƭƼƪƲƭƪƱ 

Ƽƭƶưƥ ƯƳƱƴƳƲƪƲƷƳƧ ƶƭƶƷƪƱǀ ƴƳƧǀƽƥƪƷƶǄ ǂƹƹƪƯƷƭƧƲƳƶƷǁ Ɨƕ; ƨ) ƶ ƵƳƶƷƳƱ Ƽƭƶưƥ ƯƳƱƴƳƲƪƲƷƳƧ ƩƳ 4-6, ƯƥƯ ƴƵƥƧƭưƳ, 

ƸưƸƼƽƥƪƷƶǄ ƷƪƺƲƳưƳƨƭƼƲƳƶƷǁ ƶƭƶƷƪƱ. ƢƷƳ, ƧƪƵƳǄƷƲƳ, ƶƧǄƬƥƲƳ ƶ ƷƪƱ, ƼƷƳ ƨƪƷƪƵƳƧƥưƪƲƷƲǀƪ ƬƥƱƪƾƪƲƭǄ ƴƵƭ 
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ƸƧƪưƭƼƪƲƭƭ ƲƥƦƳƵƥ ƧƺƳƩǄƾƭƺ Ƨ Ɨƕ ƭƳƲƳƧ ƴƵƭƧƳƩǄƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƩƳƴƳưƲƭƷƪưǁƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƭ ƷƳƼƪƼƲǀƺ 

ƩƪƹƪƯƷƳƧ, ƳƦƪƶƴƪƼƭƧƥǃƾƭƺ ƭƲƷƪƲƶƭƧƲƳƪ ƴƵƳƷƪƯƥƲƭƪ ƩƭƹƹƸƬƭƳƲƲǀƺ ƴƵƳƻƪƶƶƳƧ, ƥ ƶưƪƩƳƧƥƷƪưǁƲƳ, ƴƵƳƻƪƶƶƥ 

ƶƴƪƯƥƲƭǄ, ƹƳƵƱƭƵƳƧƥƲƭǄ ƳƴƷƭƱƥưǁƲƳƮ ƱƭƯƵƳƶƷƵƸƯƷƸƵǀ ƭ ƹƭƬƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƯƪƵƥƱƭƯƭ. 

Ƈ ƭƶƶưƪƩƳƧƥƲƲǀƺ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƺ ƶƭƶƷƪƱƥƺ ƵƥƶƶƱƳƷƵƪƲǀ ƬƥƯƳƲƳƱƪƵƲƳƶƷƭ, ƶƧǄƬǀƧƥǃƾƭƪ 

ǂưƪƯƷƵƳƹƭƬƭƼƪƶƯƭƪ ƭ ƶƷƵƸƯƷƸƵƲǀƪ ƴƥƵƥƱƪƷƵǀ ƯƥƯ Ƨ ƳƯƵƪƶƷƲƳƶƷƭ ƑƓ, ƷƥƯ ƭ Ƨ ƦƳưƪƪ ƽƭƵƳƯƭƺ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƺ 

ƭƲƷƪƵƧƥưƥƺ ƭ ƴƳƬƧƳưǄǃƾƭƪ ƸƶƷƥƲƳƧƭƷǁ ƶƧǄƬǁ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƺ ƬƥƧƭƶƭƱƳƶƷƪƮ ƴƥƵƥƱƪƷƵƳƧ ƶ ƳƦưƥƶƷǄƱƭ 

ƴƵƭƱƪƲƪƲƭƮ ƴǁƪƬƳƯƪƵƥƱƭƯƭ. Ƈ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƧƭƩƥ ƯƥƷƭƳƲƳƧ Ƈ, ƧƺƳƩǄƾƭƺ Ƨ ƶưƳƫƲǀƪ ƳƯƶƭƩǀ, 

ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƪ ƶƭƶƷƪƱǀ ƳƷưƭƼƥǃƷƶǄ ƴƳ ƶƷƪƴƪƲƭ ƶƪƨƲƪƷƳƫƪƶƷƯƳƶƷƭ. ƖƪƨƲƪƷƳƫƪƶƷƯƳƶƷǁ (ƖƋ) 

ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƯƪƵƥƱƭƯƭ ƳƴƵƪƩƪưǄƪƷƶǄ Ƨ ƬƲƥƼƭƷƪưǁƲƳƮ ƶƷƪƴƪƲƭ ƧƪưƭƼƭƲƳƮ ưƳƯƥưǁƲǀƺ ƸƴƵƸƨƭƺ 

ƲƥƴƵǄƫƪƲƭƮ, ƧƳƬƲƭƯƥǃƾƭƺ ƴƵƭ ƴƪƵƪƳƵƭƪƲƷƥƻƭƭ ƩƳƱƪƲƳƧ. Ɩ ƵƳƶƷƳƱ ǂƷƭƺ ƲƥƴƵǄƫƪƲƭƮ ƖƋ ƧƳƬƵƥƶƷƥƪƷ, ƴƵƭ ǂƷƳƱ 

ƵƥƶƷƪƷ ƯƳǂƵƻƭƷƭƧƲƥǄ ƶƭưƥ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƥ, Ɗƶ, Ʒ.ƪ. ƸƱƪƲǁƽƥƪƷƶǄ ƴƳƩƥƷưƭƧƳƶƷǁ ƩƳƱƪƲƳƧ ƧƲƪƽƲƭƱ ƧƳƬƩƪƮƶƷƧƭǄƱ. 

ƉƵƸƨƳƮ ƱƪƵƳƮ ƖƋ ƯƪƵƥƱƭƯƭ ƱƳƫƪƷ ƶưƸƫƭƷǁ ƳƩƲƳƵƳƩƲǀƮ ƴƥƵƥƱƪƷƵ ƩƪƹƳƵƱƥƻƭƭ, ,ɻ ƺƥƵƥƯƷƪƵƭƬƸǃƾƭƮ ƶƴƳƲƷƥƲƲƸǃ 

ƩƪƹƳƵƱƥƻƭǃ. ƓƷ Ʋƪƪ ƬƥƧƭƶƭƷ ƧƪưƭƼƭƲƥ ƲƥƴƵǄƫƪƲƭƮ ƧƳƬƲƭƯƥǃƾƭƺ ƴƵƭ ƴƪƵƪƳƵƭƪƲƷƥƻƭƭ ƩƳƱƪƲƳƧ, Ʒ.ƪ. Ɗƶ ƲƥƺƳƩƭƷƶǄ 

Ƨ ƴƵǄƱƳƮ ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ .ɻ ƆƳưǁƽƭƲƶƷƧƳ ƴƥƵƥƱƪƷƵƳƧ ƴǁƪƬƳƯƪƵƥƱƭƯƭ ƱƳƫƲƳ ƶƧǄƬƥƷǁ ƶ ƸƯƥƬƥƲƲǀƱƭ (Ɗƶ ƭ ɻ) ƭ 

ƴƵƳƧƳƩƭƷǁ ƴƳ ƲƭƱ ƳƻƪƲƯƸ ƶƪƨƲƪƷƳƫƪƶƷƯƳƶƷƭ (ƶƪƨƲƪƷƳƱǄƨƯƳƶƷƭ) ƱƥƷƪƵƭƥưƥ. ƗƥƯ ƶ ƵƳƶƷƳƱ ,ɻ ƥ ƶưƪƩƳƧƥƷƪưǁƲƳ, ƭ Ɗƶ, 

ƭƬ-Ƭƥ ƸƱƪƲǁƽƪƲƭǄ ƴƳƩƧƭƫƲƳƶƷƭ ƩƳƱƪƲƲǀƺ ƨƵƥƲƭƻ ƸƱƪƲǁƽƥǃƷƶǄ ƴƳƷƪƵƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƪ tgɻ  ƭ ƱƪƺƥƲƭƼƪƶƯƭƪ 

1/QM, ƥ ƱƪƺƥƲƭƼƪƶƯƥǄ ƩƳƦƵƳƷƲƳƶƷǁ QM ƧƳƬƵƥƶƷƥƪƷ. ƉƭǂưƪƯƷƵƭƼƪƶƯƥǄ ƴƵƳƲƭƻƥƪƱƳƶƷǁ, 3ʁ3
Ɨ/ 0ʁ, ƸƱƪƲǁƽƥƪƷƶǄ ƶ ƵƳƶƷƳƱ 

,ɻ ƥ ƶƯƳƵƳƶƷǁ ƬƧƸƯƥ V1
Ɗ ƧƳƬƵƥƶƷƥƪƷ. ƗƳƼƯƥ ƏǃƵƭ, ƗƯ, Ƨ ƴƵƪƩƪưƥƺ ƳƩƲƳƮ ƶƭƶƷƪƱǀ ƭƬƱƪƲǄƪƷƶǄ Ƨ ƷƳƱ ƫƪ ƲƥƴƵƥƧưƪƲƭƭ 

ƼƷƳ ƭ .ɻ ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƶ ƵƳƶƷƳƱ ƖƋ, ƴƥƵƥƱƪƷƵǀ ,ɻ Ɗƶ, QM, V1
Ɗ, ƗƯ ƧƳƬƵƥƶƷƥǃƷ, ƥ 3ʁ3

Ɨ/ 0ʁ ƭ tgɻ  ƸƱƪƲǁƽƥǃƷƶǄ. 

ƏƳǂƹƹƭƻƭƪƲƷǀ ǂưƪƯƷƵƳƱƪƺƥƲƭƼƪƶƯƳƮ ƶƧǄƬƭ, Ƨ ƼƥƶƷƲƳƶƷƭ ƏƵ, ƲƥƭƦƳưƪƪ ƴƳưƲƳ ƺƥƵƥƯƷƪƵƭƬƸǃƷ ǂƹƹƪƯƷ 

ƴƵƪƳƦƵƥƬƳƧƥƲƭǄ ǂƲƪƵƨƭƭ Ƨ ƴǁƪƬƳƱƥƷƪƵƭƥưƥƺ ƭ ǄƧưǄǃƷƶǄ ƧƥƫƲƪƮƽƭƱƭ ƴƥƵƥƱƪƷƵƥƱƭ, ƺƥƵƥƯƷƪƵƭƬƸǃƾƭƱƭ ƭƺ 

ǂƹƹƪƯƷƭƧƲƳƶƷǁ. ƏƥƯ ƴƵƥƧƭưƳ ƳƲƭ ƸƱƪƲǁƽƥǃƷƶǄ ƶ ƵƳƶƷƳƱ ƖƋ. ƔǁƪƬƳƱƳƩƸưǁ d31, ƬƥƧƭƶǄƾƭƮ ƯƥƯ ƳƷ ƏƵ, ƷƥƯ ƭ ƳƷ 3ʁ3
Ɨ/ 0ʁ 

(d ~ Ѝ‐˟·Ə) ƷƥƯƫƪ ƩƳưƫƪƲ ƸƱƪƲǁƽƥƷǁƶǄ ƶ ƵƳƶƷƳƱ ƶƪƨƲƪƷƳƫƪƶƷƯƳƶƷƭ.  

ƒƥ ƳƶƲƳƧƪ ƥƲƥưƭƬƥ ƬƥƧƭƶƭƱƳƶƷƪƮ ƶƷƵƸƯƷƸƵƲǀƺ ƭ ǂưƪƯƷƵƳƹƭƬƭƼƪƶƯƭƺ ƴƥƵƥƱƪƷƵƳƧ Ɨƕ ƱƲƳƨƳƯƳƱƴƳƲƪƲƷƲǀƺ 

ƶƭƶƷƪƱ ƳƷ ƳƩƲƳƮ ƭƬ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƺƭƱƭƼƪƶƯƳƮ ƶƧǄƬƭ ɛ ǂưƪƯƷƵƳƳƷƵƭƻƥƷƪưǁƲƳƶƷƭ (ƢƓ) ƭƳƲƳƧ Ƈ ƵƥƬưƭƼƲƳƨƳ Ʒƭƴƥ ƴƵƭ 

ƹƭƯƶƭƵƳƧƥƲƲƳƱ ƳƷƲƳƽƪƲƭƭ Ti/Zr ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƶƷƪƴƪƲǁ ƖƋ ƴƵǄƱƳ ƴƵƳƴƳƵƻƭƳƲƥưǁƲƥ ƢƓ ƯƥƷƭƳƲƥ Ƈǋǋ (ƴƵƭ Ƈǋ ɛ 

const). ƔƵƳƧƪƩƪƲƲǀƮ ƥƲƥưƭƬ ƴƳƬƧƳưƭư ƯưƥƶƶƭƹƭƻƭƵƳƧƥƷǁ ƯƥƷƭƳƲǀ Ƈǋǋ ƴƳ ƶƷƪƴƪƲƭ ƖƋ ƭ ƶƹƳƵƱƸưƭƵƳƧƥƷǁ ƴƵƥƧƭưƥ 

ƧǀƦƳƵƥ ƯƥƷƭƳƲƳƧ Ƈǋ ƭ Ƈǋǋ ƩưǄ ƴƳưƸƼƪƲƭǄ Ɨƕ ƵƥƬưƭƼƲƳƮ ƶƷƪƴƪƲƭ ƶƪƨƲƪƷƳƫƪƶƷƯƳƶƷƭ (ƶƪƨƲƪƷƳƱǄƨƯƳƶƷƭ). 

ƕƥƶƶƱƳƷƵƪƲƲǀƪ ƬƥƯƳƲƳƱƪƵƲƳƶƷƭ ƴƳƬƧƳưǄǃƷ ƴƵƳƨƲƳƬƭƵƳƧƥƷǁ ƶƧƳƮƶƷƧƥ ƶƪƨƲƪƷƳƱƥƷƪƵƭƥưƳƧ ƴƳ ƭƺ ƶƳƶƷƥƧƸ, ƭưƭ, ƶ 

ƩƵƸƨƳƮ ƶƷƳƵƳƲǀ, ƳƦưƪƨƼƥǃƷ ƲƥƺƳƫƩƪƲƭƪ ƶƳƶƷƥƧƳƧ Ɨƕ ƶ ƷƵƪƦƸƪƱǀƱƭ ƶƧƳƮƶƷƧƥƱƭ, ƼƷƳ ƱƳƫƪƷ ƦǀƷǁ ƴƳưƪƬƲƳ ƴƵƭ 

ƵƥƬƵƥƦƳƷƯƪ ƲƳƧǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ ƵƥƬưƭƼƲǀƺ ƳƦưƥƶƷƪƮ ƴƵƭƱƪƲƪƲƭǄ. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƑƭƲƭƶƷƪƵƶƷƧƥ ƲƥƸƯƭ ƭ ƧǀƶƽƪƨƳ ƳƦƵƥƬƳƧƥƲƭǄ ƕƳƶƶƭƮƶƯƳƮ 
ƙƪƩƪƵƥƻƭƭ (ƈƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƬƥƩƥƲƭƪ Ƨ ƳƦưƥƶƷƭ ƲƥƸƼƲƳƮ ƩƪǄƷƪưǁƲƳƶƷƭ, ƣƫƲǀƮ ƹƪƩƪƵƥưǁƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ, 2020 
ƨ.). 
  



ƖƪƯƻƭǄ V: ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƱƥƷƪƵƭƥưǀ 

95 

ƒƓƇƠƊ ƖƏƅƒƉƍƎ ƖƓƉƊƕƋƅƞƍƊ ƏƕƍƖƗƅƐƐƠ. 

NEW SCANDIUM CONTAINING CRYSTALS. 

ƊƵƱƳƼƪƲƯƳƧ ƍ.Ƒ., ƏƸƷƳƧƳƮ Ɩ.ƅ., ƌƥƨƸƱƪƲƲǀƮ ƅ.ƍ., ƈƥƶƥƲƳƧ ƅ.ƅ., ƣƵƥƶƳƧƥ Ɠ.Ƈ., ƇƥƶƭưƪƲƯƳ Ɩ.ƅ. 

Ermochenkov I.M., Kutovoi S.A., Zagumenny A.I., Gasanov A.A., Yurasova O.V., Vasilenko S.A. 

ƕƳƶƶƭƮƶƯƥǄ ƙƪƩƪƵƥƻƭǄ, ƈƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƲƥƸƼƲƳ-ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƭ ƴƵƳƪƯƷƲǀƮ ƭƲƶƷƭƷƸƷ ƵƪƩƯƳƱƪƷƥưưƭƼƪƶƯƳƮ 

ƴƵƳƱǀƽưƪƲƲƳƶƷƭ "ƈƭƵƪƩƱƪƷ", ermochenkov_i_m@mail.ru 

ƏƵƭƶƷƥưưǀ ƳƵƷƳƶƭưƭƯƥƷƳƧ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ (ƕƌƢ) ƲƥƺƳƩǄƷ ƽƭƵƳƯƳƪ ƴƵƭƱƪƲƪƲƭƪ Ƨ 

ƧǀƶƳƯƳƷƪƺƲƳưƳƨƭƼƲǀƺ ƶƹƪƵƥƺ ƲƥƸƯƭ ƭ ƷƪƺƲƭƯƭ. ƒƥƴƵƭƱƪƵ, Ƨ ƯƧƥƲƷƳƧƳƮ ƴƥƱǄƷƭ ƩưǄ ƶƧƪƷƥ, ƯƳƷƳƵƥǄ ǄƧưǄƪƷƶǄ 

ƧƥƫƲƪƮƽƭƱ ǂưƪƱƪƲƷƳƱ Ƨ ƦƸƩƸƾƭƺ ƯƧƥƲƷƳƧǀƺ ƯƳƱƱƸƲƭƯƥƻƭƳƲƲǀƺ ƨưƳƦƥưǁƲǀƺ ƧƳưƳƯƳƲƲƳ-ƳƴƷƭƼƪƶƯƳƮ ƶƪƷǄƺ 

ƩƥưǁƲƪƨƳ ƩƪƮƶƷƧƭǄ ƩưǄ ƦƥƲƯƳƧ ƭ ƹƭƲƥƲƶƳƧǀƺ ƳƵƨƥƲƭƬƥƻƭƮ, ƷƵƪƦƸǃƾƭƺ ƱƥƯƶƭƱƥưǁƲƳƮ ƶƪƯƵƪƷƲƳƶƷƭ ƴƵƭ ƴƪƵƪƩƥƼƪ 

ƭƲƹƳƵƱƥƻƭƭ. ƉƵƸƨƳƮ ƳƦưƥƶƷǁǃ ƴƵƭƱƪƲƪƲƭǄ ƳƵƷƳƶƭưƭƯƥƷƳƧ ƧǀƶƷƸƴƥǃƷ ƱƪƩƭƻƭƲƶƯƭƪ ƴƳƬƭƻƭƳƲƲƳ-ǂƱƭƶƶƭƳƲƲǀƪ 

ƷƳƱƳƨƵƥƹǀ (ƔƢƗ), ƩưǄ ƬƥƩƥƼ ƩƪƷƪƯƷƭƵƳƧƥƲƭǄ ƴƥƷƳưƳƨƭƮ, Ƨ ƷƳƱ Ƽƭƶưƪ ƳƲƯƳƬƥƦƳưƪƧƥƲƭƮ, ƭƶƶưƪƩƳƧƥƲƭǄ ƷƪƼƪƲƭǄ 

ƦƳưƪƬƲƭ, ƥ ƷƥƯƫƪ ƯƳƲƷƵƳưǄ ǂƹƹƪƯƷƭƧƲƳƶƷƭ ưƪƼƪƲƭǄ. ƓƩƲƭƱ ƭƬ ƩƳƶƷƳƭƲƶƷƧ ƔƢƗ-ƷƳƱƳƨƵƥƹƭƭ ǄƧưǄƪƷƶǄ ƴƳưƲƳƪ 

ƶƯƥƲƭƵƳƧƥƲƭƪ Ʒƪưƥ ƴƥƻƭƪƲƷƥ, ƼƷƳ, ƴƵƭ ƳƷƲƳƶƭƷƪưǁƲƳ ƧǀƶƳƯƳƱ ƵƥƬƵƪƽƪƲƭƭ, ƴƳƬƧƳưǄƪƷ ƳƴƵƪƩƪưǄƷǁ ƬƥƦƳưƪƧƥƲƭǄ Ʋƥ 

ƵƥƲƲƭƺ ƶƷƥƩƭǄƺ, ƼƷƳ ƯƵƥƮƲƪ ƧƥƫƲƳ ƩưǄ ǂƹƹƪƯƷƭƧƲƳƨƳ ƶƧƳƪƧƵƪƱƪƲƲƳƨƳ ưƪƼƪƲƭǄ. ƒƥ ƶƪƨƳƩƲǄƽƲƭƮ ƩƪƲǁ Ƨ ƕƙ 

ƯƳưƭƼƪƶƷƧƳ ƔƢƗ-ƷƳƱƳƨƵƥƹƳƧ ƯƵƥƮƲƪ ƳƨƵƥƲƭƼƪƲƳ, Ƨƶƪ ƳƲƭ ƭƲƳƶƷƵƥƲƲƳƨƳ ƴƵƳƭƶƺƳƫƩƪƲƭǄ, Ƨ ƶƧǄƬƭ ƳƷƶƸƷƶƷƧƭƪƱ 

ƳƷƪƼƪƶƷƧƪƲƲƳƨƳ ƴƵƳƭƬƧƳƩƶƷƧƥ. 

ƈƳƶƯƳƵƴƳƵƥƻƭǄ «ƕƳƶƥƷƳƱ» ƭƲƭƻƭƭƵƳƧƥưƥ ƵƥƦƳƷǀ ƴƳ ƶƳƬƩƥƲƭǃ ƳƷƪƼƪƶƷƧƪƲƲǀƺ ƔƢƗ-ƷƳƱƳƨƵƥƹƳƧ. Ƈ 

ƵƥƬƵƥƦƳƷƯƪ ƥƴƴƥƵƥƷƲƳƨƳ ƳƦƪƶƴƪƼƪƲƭǄ ƴƵƭƲƭƱƥƪƷ ƸƼƥƶƷƭƪ ƅƓ «ƒƍƍƗƙƅ». ƔƵƳƭƬƧƳƩƶƷƧƳƱ ƯƵƭƶƷƥưưƳƧ 

ƶƻƭƲƷƭưưǄƷƳƵƳƧ ƭ ƭƬƨƳƷƳƧưƪƲƭƪƱ ƴƭƯƶƪưƪƮ ƩưǄ ƩƪƷƪƯƷƭƵƸǃƾƪƨƳ ƸƶƷƵƳƮƶƷƧƥ ƬƥƲƭƱƥƪƷƶǄ ƅƓ «ƈƭƵƪƩƱƪƷ». ƇƴƪƵƧǀƪ 

Ƨ ƕƳƶƶƭƭ ƅƓ «ƈƭƵƪƩƱƪƷ» ƴƵƭƶƷƸƴƭư Ư ƵƥƬƵƥƦƳƷƯƪ ƴƵƳƱǀƽưƪƲƲƳƨƳ ƴƵƳƭƬƧƳƩƶƷƧƥ ƲƳƧƳƨƳ ƶƻƭƲƷƭưưǄƻƭƳƲƲƳƨƳ 

ƱƥƷƪƵƭƥưƥ ɛ ưǃƷƪƻƭƮ-ƭƷƷƵƭƪƧƳƨƳ ƳƯƶƭƳƵƷƳƶƭưƭƯƥƷƥ, ưƪƨƭƵƳƧƥƲƲƳƨƳ ƭƳƲƥƱƭ ƻƪƵƭǄ, Ce:(Lu,Y)2SiO5, ƩưǄ 

ƴƳƬƭƻƭƳƲƲƳ-ǂƱƭƶƶƭƳƲƲǀƺ ƷƳƱƳƨƵƥƹƳƧ 5-ƨƳ ƴƳƯƳưƪƲƭǄ. ƏƵƭƶƷƥưưǀ ƩƭƥƱƪƷƵƳƱ Ʋƪ ƱƪƲƪƪ 65-ƱƱ, ƩưƭƲƳƮ ƦƳưƪƪ 200-

ƱƱ ƭ ƧƪƶƳƱ Ʋƪ ƱƪƲƪƪ 4-5 Ưƨ ƦƸƩƸƷ ƧǀƵƥƾƭƧƥƷǁƶǄ ƱƪƷƳƩƳƱ ƜƳƺƵƥưǁƶƯƳƨƳ ƭƬ ƭƵƭƩƭƪƧǀƺ ƷƭƨưƪƮ ƩƭƥƱƪƷƵƳƱ ƦƳưƪƪ 

120 ƱƱ. ƓƷƯƵǀƧƥƪƱƳƪ ƴƵƳƭƬƧƳƩƶƷƧƳ ƦƸƩƪƷ ƳƶƲƳƧƥƲƳ Ʋƥ ƳƷƪƼƪƶƷƧƪƲƲƳƱ ƵƳƶƷƳƧƳƱ ƳƦƳƵƸƩƳƧƥƲƭƭ. Ɩ ǂƷƳƮ ƻƪưǁǃ Ƨ 

2020 ƨ. ƶƳƬƩƥƲƥ ƸƶƷƥƲƳƧƯƥ «ƒƭƯƥ-3Ɛ» (Ƶƭƶ.1), ƵƥƬƵƥƦƳƷƥƲƲƥǄ ƶ ƸƼƪƷƳƱ ƳƴǀƷƥ ǂƯƶƴưƸƥƷƥƻƭƭ ƭƲƳƶƷƵƥƲƲǀƺ ƸƶƷƥƲƳƧƳƯ 

ƴƳ ƧǀƵƥƾƭƧƥǃ ƯƵƭƶƷƥưưƳƧ ƳƵƷƳƶƭưƭƯƥƷƳƧ ƕƌƢ, Ʋƥ ƦƥƬƪ ƳƷƪƼƪƶƷƧƪƲƲƳƮ ƸƶƷƥƲƳƧƯƭ «ƒƭƯƥ» ƴƵƳƭƬƧƳƩƶƷƧƥ ƙƈƘƔ 

Ƣƌƅƒ. ƗƪƺƲƳưƳƨƭǄ ƴƵƳƭƬƧƳƩƶƷƧƥ ƯƵƭƶƷƥưưƳƧ Ʋƥ ƳƷƪƼƪƶƷƧƪƲƲƳƮ ƸƶƷƥƲƳƧƯƪ ƵƥƬƵƥƦƳƷƥƲƥ Ƨ ƅƓ «ƈƭƵƪƩƱƪƷ» ƭ Ʋƪ ƭƱƪƪƷ 

ƥƲƥưƳƨƳƧ ƯƥƯ Ƨ ƕƳƶƶƭƭ, ƷƥƯ ƭ Ƭƥ ƵƸƦƪƫƳƱ. ƓƶƳƦƪƲƲƳƶƷƭ ƳƷƪƼƪƶƷƧƪƲƲƳƮ ƸƶƷƥƲƳƧƯƭ «ƒƭƯƥ-3Ɛ»: 

1) ƕƳƶƷƳƧƥǄ ƯƥƱƪƵƥ ƵƥƶƴƳưƳƫƪƲƥ ƧƲƭƬƸ ƩưǄ ƸƩƳƦƶƷƧƥ ƵƥƦƳƷǀ ƳƴƪƵƥƷƳƵƥ ƶ ƷǄƫƪưǀƱƭ ƼƥƶƷǄƱƭ ƯƪƵƥƱƭƯƭ ƭ 

ƭƵƭƩƭƪƧǀƱ ƷƭƨưƪƱ ƶ ƵƥƶƴưƥƧƳƱ (12 ɛ 20 Ưƨ) 

2) ƉƧƸƶƷƪƲƲƥǄ ƧƳƩƳ-ƳƺưƥƫƩƥƪƱƥǄ ƯƥƱƪƵƥ ƭƬ ƲƪƵƫƥƧƪǃƾƪƮ ƶƷƥưƭ ƵƥƬƱƪƵƳƱ Å800ƱƱ×H1200ƱƱ 

3) ƔƵǄƱƳƸƨƳưǁƲƳƪ ƳƯƲƳ Ʋƥ ƩƧƪƵƭ ƯƥƱƪƵǀ ƩưǄ ƴƳƶƷƳǄƲƲƳƨƳ ƲƥƦưǃƩƪƲƭǄ ƶƦƳƯƸ ƱƪƲƭƶƯƥ Ʋƥ ƹƵƳƲƷƪ 

ƯƵƭƶƷƥưưƭƬƥƻƭƭ ƱƪƫƩƸ ƵƥƶƷƸƾƭƱ ƯƵƭƶƷƥưưƳƱ ƭ ƵƥƶƴưƥƧƳƱ. 

4) ƓƯƲƳ Ʋƥ ƧƪƵƺƲƪƮ ƼƥƶƷƭ ƯƥƱƪƵǀ ƩưǄ ƲƥƦưǃƩƪƲƭǄ ƭ ƬƥƷƵƥƧưƪƲƭǄ. 

5) ƓƦƪƶƴƪƼƪƲƭƪ ƦƪƬƳƴƥƶƲƳƶƷƭ ƬƥƷƵƥƧƳƼƲƳƨƳ ƯƵƭƶƷƥưưƥ ƭ ƧƳƬƱƳƫƲƳƶƷƭ ƧƵƥƾƪƲƭǄ ƽƷƳƯƥ Ƨ ƶưƸƼƥƪ ƬƥƶƷǀƧƥƲƭǄ 

ƵƥƶƴưƥƧƥ/ ƯƥƶƥƲƭǄ ƯƵƭƶƷƥưưƳƱ ƶƷƪƲƯƭ ƷƭƨưǄ, ƪƶưƭ ƩƭƥƱƪƷƵ ƯƵƭƶƷƥưưƥ ƶƭưǁƲƳ ƵƥƶƽƭƵƭưƶǄ ƭ ƯƵƭƶƷƥưư ƴƵƭƵƳƶ Ư 

ƶƷƪƲƯƪ ƷƭƨưǄ.  

6) ƅƧƷƳƱƥƷƭƼƪƶƯƳƪ ƴƳƩƩƪƵƫƥƲƭƪ ƬƥƵƥƲƪƪ ƬƥƩƥƲƲƳƮ ƹƳƵƱǀ ƵƥƶƷƸƾƪƨƳ ƯƵƭƶƷƥưưƥ (ƥƧƷƳƱƥƷƭƼƪƶƯƭƮ ƯƳƲƷƵƳưǁ 

ƩƭƥƱƪƷƵƥ), ƶƭƶƷƪƱƥ ƴƵǄƱƳƨƳ ƧƬƧƪƽƭƧƥƲƭǄ ƵƥƶƷƸƾƪƨƳ ƶưƭƷƯƥ, ƧǀƶƳƯƳƼƥƶƷƳƷƲǀƮ ƲƥƨƵƪƧ (ƩƳ 20 Ưƈƻ) ƶ 

ƥƧƷƳƱƥƷƭƼƪƶƯƳƮ ƴƳƩƶƷƵƳƮƯƳƮ ƼƥƶƷƳƷǀ (IGBT), ƦǀƶƷƵƳƪ ƴƪƵƪƯưǃƼƪƲƭƪ ƱƪƫƩƸ ƥƧƷƳƱƥƷƭƼƪƶƯƭƱ ƭ ƵƸƼƲǀƱ ƷƭƴƥƱƭ 

ƸƴƵƥƧưƪƲƭǄ. 
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ƅƧƷƳƱƥƷƭƬƭƵƳƧƥƲƲƥǄ ƵƳƶƷƳƧƥǄ ƸƶƷƥƲƳƧƯƥ «ƒƭƯƥ-3Ɛ» ƳƦƪƶƴƪƼƭƧƥƪƷ ƷƪƱƴƪƵƥƷƸƵƸ ƴƵƳƻƪƶƶƥ ƧǀƵƥƾƭƧƥƲƭǄ 

ƯƵƭƶƷƥưưƥ Ʋƪ ƱƪƲƪƪ 2200°Ɩ, ƼƷƳ ƩƳƶƷƥƷƳƼƲƳ ƩưǄ ƴƳưƸƼƪƲƭǄ ƯƵƭƶƷƥưưƳƧ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƺ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ 

ƶƳƪƩƭƲƪƲƭƮ, Ƨ ƷƳƱ Ƽƭƶưƪ ƳƵƷƳƶƭưƭƯƥƷƥ ưǃƷƪƻƭǄ. 

 

ƕƭƶ. 1 ƘƶƷƥƲƳƧƯƥ ƩưǄ ƧǀƵƥƾƭƧƥƲƭǄ ƯƵƭƶƷƥưưƳƧ «ƒƭƯƥ-3Ɛ» 

ƙƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ ƳƯƶƭƳƵƷƳƶƭưƭƯƥƷƳƧ ƵƪƩƯƳƬƪƱƪưǁƲǀƺ ǂưƪƱƪƲƷƳƧ (Re), ƶƳƶƷƥƧƥ Re2SiO5 ƶƳƼƪƷƥǃƷƶǄ 

ƶ ƳƼƪƲǁ ƧǀƶƳƯƳƮ ƵƥƩƭƥƻƭƳƲƲƳƮ ƭ ƺƭƱƭƼƪƶƯƳƮ ƶƷƳƮƯƳƶƷǁǃ, ƩƳƶƷƥƷƳƼƲƳ ƧǀƶƳƯƳƮ ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷǁǃ ƭ ƳƷƶƸƷƶƷƧƭƪƱ 

ƨƭƨƵƳƶƯƳƴƭƼƲƳƶƷƭ [1].  

ƏƵƭƶƷƥưưǀ ƳƯƶƭƳƵƷƳƶƭưƭƯƥƷƳƧ ưǃƷƪƻƭǄ Lu2SiO5:Ce ƭ Lu2-xYxSiO5:Ce ƭƱƪǃƷ ƷƪƱƴƪƵƥƷƸƵǀ ƴưƥƧưƪƲƭǄ ƦƳưƪƪ 

2000ƳƖ. ƇǀƵƥƾƭƧƥƲƭƪ ǂƷƭƺ ƯƵƭƶƷƥưưƳƧ ƱƪƷƳƩƳƱ ƜƳƺƵƥưǁƶƯƳƨƳ ƧƳƬƱƳƫƲƳ ƷƳưǁƯƳ ƭƬ ƩƳƵƳƨƳƶƷƳǄƾƭƺ ƭƵƭƩƭƪƧǀƺ 

ƷƭƨưƪƮ, ƲƳ ƴƵƭ ǂƷƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƴƵƳƭƶƺƳƩƭƷ ƱƪƩưƪƲƲƳƪ ƭƶƴƥƵƪƲƭƪ ƱƪƷƥưưƥ ƶ ƴƳƧƪƵƺƲƳƶƷƭ ƷƭƨưǄ, Ƨ ƵƪƬƸưǁƷƥƷƪ 

ƴƳƶưƪ ƲƪƶƯƳưǁƯƭƺ ƴƵƳƻƪƶƶƳƧ ƵƳƶƷƥ ƱƳƨƸƷ ƧƳƬƲƭƯƲƸƷǁ ƷƵƪƾƭƲǀ, ƼƪƵƪƬ ƯƳƷƳƵǀƪ ƴƵƳƭƶƺƳƩƭƷ ƧǀƷƪƯƥƲƭƪ ƵƥƶƴưƥƧƥ Ʋƥ 

ƳƶƲƳƧƪ ƩƳƵƳƨƳƶƷƳǄƾƪƨƳ ƳƯƶƭƩƥ ưǃƷƪƻƭǄ. ƔƳǂƷƳƱƸ ƯƵƥƮƲƪ ƥƯƷƸƥưǁƲǀ ƭƶƶưƪƩƳƧƥƲƭǄ ƴƳ ƴƳƭƶƯƸ ƶƴƳƶƳƦƳƧ ƴƳƲƭƫƪƲƭǄ 

ƷƪƱƴƪƵƥƷƸƵǀ ƴưƥƧưƪƲƭǄ ƳƵƷƳƶƭưƭƯƥƷƳƧ. ƓƩƲƭƱ ƭƬ ƶƴƳƶƳƦƳƧ ƵƪƽƪƲƭǄ ƩƥƲƲƳƮ ƴƵƳƦưƪƱǀ ǄƧưǄƪƷƶǄ ƭƶƶưƪƩƳƧƥƲƭƪ 

ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ ƭ ƸƶƷƥƲƳƧưƪƲƭƪ ƶƳƶƷƥƧƥ ƶ ƲƥƭƱƪƲǁƽƪƮ ƷƪƱƴƪƵƥƷƸƵƳƮ ƴưƥƧưƪƲƭǄ. ƗƥƯ Ƨ ƭƶƶưƪƩƳƧƥƲƭǄƺ [2] 

ƳƦƲƥƵƸƫƪƲƳ ƲƳƧƳƪ ƺƭƱƭƼƪƶƯƳƪ ƶƳƪƩƭƲƪƲƭƪ {Y2Sc1}0.3(Sc)[Si]O5, ƷƪƱƴƪƵƥƷƸƵƥ ƴưƥƧưƪƲƭǄ ƯƳƷƳƵƳƨƳ ƶƳƶƷƥƧưǄƪƷ 

1830ƳƖ, ƼƷƳ Ʋƭƫƪ ƷƪƱƴƪƵƥƷƸƵǀ ƴưƥƧưƪƲƭǄ ƭƶƺƳƩƲǀƺ ƧƪƾƪƶƷƧ Y2SiO5 ƭ Sc2SiO5, ƶƳƶƷƥƧưǄǃƾƭƺ 1980ƳƖ ƭ 1890ƳƖ, 

ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ.  

ƇǀƵƥƾƪƲƲǀƪ ƯƵƭƶƷƥưưǀ Sc2SiO5 ƭ {Y2Sc1}0.3(Sc)[Si]O5 ǄƧưǄǃƷƶǄ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƱƭ ƧƪƾƪƶƷƧƥƱƭ, ƳƲƭ 

ƳƦưƥƩƥǃƷ ƧƲƸƷƵƪƲƲƪƮ ưǃƱƭƲƪƶƻƪƲƻƭƪƮ ƭ ƱƳƨƸƷ ƲƥƮƷƭ ƴƵƭƱƪƲƪƲƭƮ Ƨ ƴƵƭƦƳƵƥƺ ƯƧƥƲƷƳƧƳƮ ƴƥƱǄƷƭ [3].  

Ɩ ƻƪưǁǃ ƶƲƭƫƪƲƭǄ ƷƪƱƴƪƵƥƷƸƵǀ ƧǀƵƥƾƭƧƥƲƭǄ ƯƵƭƶƷƥưưƳƧ ƳƯƶƭƳƵƷƳƶƭưƭƯƥƷƳƧ ưǃƷƪƻƭǄ, ƥƧƷƳƵƥƱƭ 

ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷǀ ƭƬƸƼƪƲƥ ƹƥƬƳƧƥǄ ƩƭƥƨƵƥƱƱƥ ƶƭƶƷƪƱǀ: ƳƵƷƳƶƭưƭƯƥƷ ưǃƷƪƻƭǄ ɛ ƳƵƷƳƶƭưƭƯƥƷ ƶƯƥƲƩƭǄ (ƕƭƶ.2.), ƭ 

ƳƦƲƥƵƸƫƪƲ ƶƳƶƷƥƧ ƶ ƦƳưƪƪ ƲƭƬƯƳƮ ƷƪƱƴƪƵƥƷƸƵƳƮ ƴưƥƧưƪƲƭǄ. ƔƥƵƥƱƪƷƵǀ ƲƳƧǀƺ ƶƻƭƲƷƭưưǄƻƭƳƲƲǀƺ ƯƵƭƶƷƥưưƳƧ 

ƴƵƭƧƪƩƪƲǀ Ƨ ƵƥƦƳƷƪ [4]. ƓƴƵƪƩƪưƪƲƳ, ƼƷƳ ƯƵƭƶƷƥưưǀ ƳƯƶƭƳƵƷƳƶƭưƭƯƥƷƳƧ ưǃƷƪƻƭǄ, ưƪƨƭƵƳƧƥƲƲǀƪ ƶƯƥƲƩƭƪƱ, 

ƯƥưǁƻƭƪƱ ƭ ƻƪƵƭƪƱ, ƭƱƪǃƷ ƳƼƪƲǁ ƯƳƵƳƷƯƳƪ ƧƵƪƱǄ ƶƻƭƲƷƭưưǄƻƭƭ 22-26 Ʋƶ, ƯƳƷƳƵƳƪ ǄƧưǄƪƷƶǄ ƧƥƫƲƪƮƽƭƱ 

ƴƥƵƥƱƪƷƵƳƱ ƩưǄ ƲƳƧƪƮƽƭƺ ƷƳƱƳƨƵƥƹƳƧ ƶ ƧƵƪƱǄ ƴƵƳưƪƷƲƳƮ ƷƪƺƲƳưƳƨƭƪƮ. ƏƵƳƱƪ ƷƳƨƳ, ƧǀƵƥƾƭƧƥƲƭƪ ƯƵƭƶƷƥưưƳƧ ƭƬ 

ƵƥƶƴưƥƧƥ ƷƥƯƳƨƳ ƶƳƶƷƥƧƥ ƴƳƬƧƳưƭƷ ƸƱƪƲǁƽƭƷǁ ƭƬƲƳƶ ƭƵƭƩƭƪƧƳƨƳ ƳƶƲƥƾƪƲƭǄ ƵƳƶƷƳƧƳƮ ƸƶƷƥƲƳƧƯƭ.  



ƖƪƯƻƭǄ V: ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƱƥƷƪƵƭƥưǀ 

97 

 

ƕƭƶ. 2 ƗƪƱƴƪƵƥƷƸƵƥ ƴưƥƧưƪƲƭǄ ƯƵƭƶƷƥưưƳƧ Lu2-xScxSiO5 
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ƖƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƪ ƱƥƷƪƵƭƥưǀ ƶ ƵƪưƥƯƶƳƵƲǀƱ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƱ ƴƳƧƪƩƪƲƭƪƱ ƽƭƵƳƯƳ ƭƶƴƳưǁƬƸǃƷƶǄ ƩưǄ 

ƴƵƥƯƷƭƼƪƶƯƭƺ ƴƵƭƱƪƲƪƲƭƮ, ƷƥƯƭƺ ƯƥƯ ƩƥƷƼƭƯƭ, ƯƳƲƩƪƲƶƥƷƳƵǀ, ƭƶƴƳưƲƭƷƪưǁƲǀƪ ƱƪƺƥƲƭƬƱǀ ƭ 

ƴǁƪƬƳƴƵƪƳƦƵƥƬƳƧƥƷƪưƭ, ƦưƥƨƳƩƥƵǄ ƽƭƵƳƯƳƱƸ ƩƭƥƴƥƬƳƲƸ ƷƪƱƴƪƵƥƷƸƵ ƴƪƵƪƺƳƩƥ, ƥ ƷƥƯƫƪ ƦưƥƨƳƩƥƵǄ ƶƧƳƪƮ ƧǀƶƳƯƳƮ 

ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ. ƕƪưƥƯƶƳƵƲǀƪ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƭ ƺƥƵƥƯƷƪƵƭƬƸǃƷƶǄ ƸƽƭƵƪƲƭƪƱ ƷƪƱƴƪƵƥƷƸƵƲƳ-

ƬƥƧƭƶƭƱƳƨƳ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƱƥƯƶƭƱƸƱƥ ƭ ƩƭƶƴƪƵƶƭƪƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ Ʋƥ ƵƥƬưƭƼƲǀƺ ƼƥƶƷƳƷƥƺ 

ƧƦưƭƬƭ ƷƪƱƴƪƵƥƷƸƵǀ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƱƥƯƶƭƱƸƱƥ. ƍƱ ƶƧƳƮƶƷƧƪƲƲƥ ƶƴƳƲƷƥƲƲƥǄ ƴƳưǄƵƭƬƥƻƭǄ Ʃƥƫƪ ƴƵƭ 
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ƷƪƱƴƪƵƥƷƸƵƪ, ƴƵƪƧǀƽƥǃƾƪƮ ƱƥƯƶƭƱƥưǁƲƸǃ, ƴƵƭ ƯƳƷƳƵƳƮ ƴƵƳƭƶƺƳƩƭƷ ƶƷƵƸƯƷƸƵƲǀƮ ƴƪƵƪƺƳƩ Ƨ ƲƳƵƱƥưǁƲǀƺ 

ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƥƺ. ƓƶƲƳƧƲƳƪ ƧƲƭƱƥƲƭƪ ƲƥƸƼƲƳƨƳ ƶƳƳƦƾƪƶƷƧƥ Ƨ ǂƷƳƱ ƴưƥƲƪ ƸƩƪưǄƪƷƶǄ ƹƪƵƵƭƷƸ ƧƭƶƱƸƷƥ BiFeO3 

(BFO) ƭ ƪƨƳ ƷƧƪƵƩǀƱ ƵƥƶƷƧƳƵƥƱ, ƱƸưǁƷƭƹƪƵƵƳƭƯƸ ƶ ƧǀƶƳƯƭƱƭ ƬƲƥƼƪƲƭǄƱƭ ƷƪƱƴƪƵƥƷƸƵ ƶƪƨƲƪƷƳ-

ƴƥƵƥǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƭ ƱƥƨƲƭƷƲƳƨƳ ƹƥƬƳƧǀƺ ƴƪƵƪƺƳƩƳƧ (ƷƪƱƴƪƵƥƷƸƵƥ ƏǃƵƭ TC ~ 1103 K, ƷƪƱƴƪƵƥƷƸƵƥ ƒƪƪưǄ TN 

~ 643 K). ƓƩƲƥƯƳ ƽƭƵƳƯƳƱƸ ƴƵƥƯƷƭƼƪƶƯƳƱƸ ƭƶƴƳưǁƬƳƧƥƲƭǃ ƷƥƯƭƺ ƱƥƷƪƵƭƥưƳƧ ƴƵƪƴǄƷƶƷƧƸƪƷ ƵǄƩ ƷƪƺƲƳưƳƨƭƼƪƶƯƭƺ 

ƹƥƯƷƳƵƳƧ. ƔƵƪƫƩƪ ƧƶƪƨƳ, ǂƷƳ ƶƷƵƸƯƷƸƵƲƥǄ ƲƪƸƶƷƳƮƼƭƧƳƶƷǁ, ƧǀƬƧƥƲƲƥǄ ƴƳƨƵƥƲƭƼƲǀƱ ƴƳưƳƫƪƲƭƪƱ BiFeO3 Ƨ 

ƶƷƵƸƯƷƸƵƲƳƱ Ʒƭƴƪ ƴƪƵƳƧƶƯƭƷƥ [1], ƥ ƷƥƯƫƪ ƧǀƶƳƯƥǄ ƴƵƳƧƳƩƭƱƳƶƷǁ ƭ ƷƪƵƱƭƼƪƶƯƥǄ ƲƪƶƷƥƦƭưǁƲƳƶƷǁ, ƳƦƸƶưƳƧưƪƲƲƥǄ 

ƴƳǄƧưƪƲƭƪƱ ƩƳƴƳưƲƭƷƪưǁƲǀƺ ƥƲƳƱƥưƭƮ (ƱƥƯƶƭƱƸƱƳƧ) Ʋƥ ƷƪƵƱƳƼƥƶƷƳƷƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƺ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ 

ƶƧƳƮƶƷƧ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ƯƪƵƥƱƭƯ. ƔƪƵƪƼƭƶưƪƲƲǀƪ ǄƧưƪƲƭǄ ǄƧưǄǃƷƶǄ ƶưƪƩƶƷƧƭƪƱ ƯƥƯ ƦưƭƬƳƶƷƭ ƷƪƱƴƪƵƥƷƸƵ 

ƶƭƲƷƪƬƥ ƗƶƭƲƷ=800°C, ƶƴƪƯƥƲƭǄ Ɨƶƴ=870°C ƭ ƭƲƯƳƲƨƵƸǂƲƷƲƳƨƳ (ƶ ƵƥƬưƳƫƪƲƭƪƱ) ƴưƥƧưƪƲƭǄ Ɨƴư.=850÷910°C, Ƨ 
ƬƥƧƭƶƭƱƳƶƷƭ ƳƷ ƶƳƩƪƵƫƥƲƭǄ ƴƵƭƱƪƶƪƮ ƭ ƧƵƪƱƪƲƭ ƧǀƩƪƵƫƯƭ, ƷƥƯ ƭ ƴƪƵƪƱƪƲƲƳƮ ƶƷƪƴƪƲƭ ƳƯƭƶưƪƲƭǄ ƫƪưƪƬƥ. ƙƪƵƵƭƷ 

ƧƭƶƱƸƷƥ ƱƪƷƥƶƷƥƦƭưƪƲ ƭ Ƨ ƷƪƱƴƪƵƥƷƸƵƲƳƱ ƭƲƷƪƵƧƥưƪ ƗƶƭƲƷ-Ɨƶƴ-Ɨƴư BiFeO3 ƵƥƬưƥƨƥƪƷƶǄ ƶƳƨưƥƶƲƳ ƵƪƥƯƻƭƭ c 

ƳƦƵƥƬƳƧƥƲƭƪƱ ƴƵƭƱƪƶƲǀƺ ƹƥƬ: 49BiFeO3Ÿ12Bi2Fe4O9+Bi25FeO39 [2], ƸƶƷƵƥƲƪƲƭƪ ƯƳƷƳƵǀƺ ƴƵƪƧƵƥƾƥƪƷƶǄ Ƨ 

ƳƷƩƪưǁƲƸǃ ƶưƳƫƲƸǃ ƷƪƺƲƳưƳƨƭƼƪƶƯƸǃ ƬƥƩƥƼƸ [3]. ƕƪƽƪƲƭƪ ǂƷƳƮ ƬƥƩƥƼƭ ƧƳƬƱƳƫƲƳ, ƲƥƴƵƭƱƪƵ, Ƭƥ ƶƼƪƷ ƶƳƬƩƥƲƭǄ 

ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ (Ɨƕ) Ʋƥ ƳƶƲƳƧƪ ƹƪƵƵƭƷƥ ƧƭƶƱƸƷƥ c ƩƳƴƳưƲƭƷƪưǁƲǀƱƭ ƯƳƱƴƳƲƪƲƷƥƱƭ. 

Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƴƵƪƩƶƷƥƧưƪƲǀ ƵƪƬƸưǁƷƥƷǀ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƭƶƶưƪƩƳƧƥƲƭƮ ƯƪƵƥƱƭƯƭ ƷƧƪƵƩƳƨƳ 

ƵƥƶƷƧƳƵƥ ƶƷƪƺƭƳƱƪƷƵƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ 0.5BiFeO3ɛ0.5PbFe0.5Nb0.5O3 (0.5BFOɛ0.5PFN), Ƨ ƯƳƷƳƵƳƱ Ƨ ƯƥƼƪƶƷƧƪ ƧƷƳƵƳƨƳ 

ƯƳƱƴƳƲƪƲƷƥ Ʀǀư ƧǀƦƵƥƲ ƱƸưǁƷƭƹƪƵƵƳƭƯ ɜ ƹƪƵƵƳƲƭƳƦƥƷ ƶƧƭƲƻƥ ƶ TC ~ 97°Ɩ ƭ TN ~ -120-160°Ɩ. 

ƓƦƵƥƬƻǀ Ʀǀưƭ ƴƳưƸƼƪƲǀ ƷƧƪƵƩƳƹƥƬƲǀƱ ƱƪƷƳƩƳƱ. ƖƴƪƯƥƲƭƪ ƴƵƳƧƳƩƭưƳƶǁ ƴƳ ƳƦǀƼƲƳƮ ƯƪƵƥƱƭƼƪƶƯƳƮ 

ƷƪƺƲƳưƳƨƭƭ. ƍƬƱƪƵƪƲƭǄ ƳƷƲƳƶƭƷƪưǁƲƳƮ ƯƳƱƴưƪƯƶƲƳƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ *ʁ/ʁ 0 = ʁ '/ 0ʁɛi 'ʁ'/ 0ʁ 

ƴƵƳƭƬƧƳƩƭưƭ Ƨ ƩƭƥƴƥƬƳƲƪ ƼƥƶƷƳƷ f = 20ɛ2 Ā 106 Hz Ƨ ƭƲƷƪƵƧƥưƪ ƷƪƱƴƪƵƥƷƸƵ 20ɛ600 ºƖ Ʋƥ ƥƧƷƳƱƥƷƭƼƪƶƯƳƱ 

ƭƬƱƪƵƭƷƪưǁƲƳƱ ƶƷƪƲƩƪ Ʋƥ ƦƥƬƪ LCR-ƱƪƷƵƥ Agilent E4980A ƭ ƷƪƵƱƳƵƪƨƸưǄƷƳƵƥ ƇƥƵƷƥ ƗƔ703. ƔƪƷưƭ 

ƩƭǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƨƭƶƷƪƵƪƬƭƶƥ Ʋƥ ƼƥƶƷƳƷƪ 50 Hz ƴƳưƸƼƥưƭ ƶ ƴƳƱƳƾǁǃ ƳƶƻƭưưƳƨƵƥƹƭƼƪƶƯƳƮ ƸƶƷƥƲƳƧƯƭ ƖƳƮƪƵƥɛ

ƗƥƸǂƵƥ. ƍƬƱƪƵƪƲƭǄ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƴƵƳƲƭƻƥƪƱƳƶƷƪƮ Ƨ ƳƷƶƸƷƶƷƧƭƪ ƭ Ƨ ƴƵƭƶƸƷƶƷƧƭƭ ƴƳƶƷƳǄƲƲƳƮ ƱƥƨƲƭƷƲƳƮ 

ƭƲƩƸƯƻƭƭ B = 0.86 T ƴƵƳƧƳƩƭưƭƶǁ Ʋƥ ƱƪƺƥƲƭƼƪƶƯƭ ƶƧƳƦƳƩƲǀƺ ƳƦƵƥƬƻƥƺ Å10 x 1 mm ƴƵƭ ƲƥƴƵǄƫƪƲƲƳƶƷƭ 

ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƳưǄ E = 1 V/mm Ʋƥ ƼƥƶƷƳƷƪ 1.2 Ƒƒz. ƍƶƴƳưǁƬƳƧƥưƶǄ ƶƴƪƻƭƥưǁƲƳ ƶƯƳƲƶƷƵƸƭƵƳƧƥƲƲǀƮ 

ƥƧƷƳƱƥƷƭƼƪƶƯƭƮ ƭƬƱƪƵƭƷƪưǁƲǀƮ ƶƷƪƲƩ, ƧƯưǃƼƥƧƽƭƮ ƴƵƪƻƭƬƭƳƲƲǀƮ LCR-ƱƪƷƵ Agilent 4980A, ƯƥƷƸƽƯƸ 

ƭƲƩƸƯƷƭƧƲƳƶƷƭ, ƶƳƬƩƥǃƾƸǃ ƴƳƶƷƳǄƲƲƳƪ ƱƥƨƲƭƷƲƳƪ ƴƳưƪ, ƭ ƶƴƪƻƭƥưǁƲƳ ƵƥƬƵƥƦƳƷƥƲƲǀƮ ƴƵƳƨƵƥƱƱƲǀƮ ƯƳƱƴưƪƯƶ 

«Kalipso v.2.0.0.27», ƴƳƬƧƳưǄǃƾƭƮ ƶƲƭƱƥƷǁ ƱƥƨƲƭƷƳƩƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƶƴƪƯƷƵǀ Ƨ ƥƧƷƳƱƥƷƭƼƪƶƯƳƱ ƵƪƫƭƱƪ. ƢƷƭ 

ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƪ ƱƪƷƳƩǀ ƴƳƬƧƳưƭưƭ ƳƻƪƲƭƷǁ ƳƶƷƥƷƳƼƲƸǃ ƴƳưǄƵƭƬƥƻƭǃ PR, ƯƳǂƵƻƭƷƭƧƲƳƪ ƴƳưƪ EƖ ƭ ƵƥƶƶƼƭƷƥƷǁ 
ƱƥƨƲƭƷƳƩƭǂưƪƯƷƵƭƼƪƶƯƭƮ ƯƳǂƹƹƭƻƭƪƲƷ (ƑƉƢ, MD) ƭƶƶưƪƩƸƪƱǀƺ ƳƦƵƥƬƻƳƧ. 

ƒƥ Ƶƭƶ. 1 ƴƵƪƩƶƷƥƧưƪƲǀ ƬƥƧƭƶƭƱƳƶƷƭ P(U) ƩưǄ ƯƪƵƥƱƭƯƭ 0.5BFOɛ0.5PFN ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ, 

ƴƳưƸƼƪƲƲǀƪ ƴƵƭ ƵƥƬưƭƼƲǀƺ ƥƱƴưƭƷƸƩƥƺ ƧƲƪƽƲƪƨƳ ƲƥƴƵǄƫƪƲƭǄ ƭ ƶƧƭƩƪƷƪưǁƶƷƧƸǃƾƭƪ Ƴ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƺ 

ƶƧƳƮƶƷƧƥƺ ƳƦƿƪƯƷƥ. 

 

ƕƭƶ.1 ƔƪƷưƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƨƭƶƷƪƵƪƬƭƶƥ ƯƪƵƥƱƭƯƭ Ɨƕ ƶƳƶƷƥƧƥ 0.5BFOɛ0.5PFN ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ 
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ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƳƶƷƥƷƳƼƲƥǄ ƴƳưǄƵƭƬƥƻƭǄ (PR) ƵƥƧƲǄƪƷƶǄ 0.1 C/m2, ƥ ƯƳǂƵƻƭƷƭƧƲƳƪ ƴƳưƪ EƖ = 5 · 105 V/m. 

ƒƥ Ƶƭƶ. 2 ƴƵƭƧƪƩƪƲǀ ƵƪƬƸưǁƷƥƷǀ ƭƶƶưƪƩƳƧƥƲƭƮ Ƨ ƵƪƫƭƱƪ ƳƺưƥƫƩƪƲƭǄ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ 

(ƬƥƧƭƶƭƱƳƶƷƭ 'ʁ/ 0ʁ(Ɨ, f) ƭ "ʁ/ʁ 0(Ɨ, f)) ƯƪƵƥƱƭƯƭ 0.5BFOɛ0.5PFN. 

 

ƕƭƶ.2 a) - ƬƥƧƭƶƭƱƳƶƷƭ 'ʁ/ 0ʁ(Ɨ) (1) ƭ "ʁ/ʁ 0(Ɨ) (2) ƯƪƵƥƱƭƯƭ 0.5BFOɛ0.5PFN Ƨ ƭƲƷƪƵƧƥưƪ ƷƪƱƴƪƵƥƷƸƵ 30ɛ300 ºƖ Ʋƥ ƼƥƶƷƳƷƥƺ 
ƭƬƱƪƵƭƷƪưǁƲƳƨƳ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƳưǄ 800 kHz, 1 ƑHz, 1.2 ƑHz, 1.5 ƑHz ƭ 2 MHz (ƲƥƴƵƥƧưƪƲƭƪ ƵƳƶƷƥ f ƸƯƥƬƥƲƲƳ ƶƷƵƪưƯƥƱƭ). 

b) - ƬƥƧƭƶƭƱƳƶƷǁ ('ʁ/ 0ʁ)-1(Ɨ) ƴƵƭ f = 2 MHz, ƴƵǄƱƥǄ ưƭƲƭǄ ɛ ƭưưǃƶƷƵƥƻƭǄ ƧǀƴƳưƲƪƲƭǄ ƬƥƯƳƲƥ ƏǃƵƭ ɛ ƇƪƮƶƶƥ 

ƔƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ ƱƥƷƪƵƭƥư ƺƥƵƥƯƷƪƵƭƬƳƧƥưƶǄ ƩƳƶƷƥƷƳƼƲƳ ƧǀƶƳƯƭƱƭ ƬƲƥƼƪƲƭǄƱƭ 'ʁ/ 0ʁ = 1100ɛ

1250 ƭ ƲƭƬƯƭƱƭ "ʁ/ʁ 0 = 155ɛ160. Ƈ ƭƲƷƪƵƧƥưƪ Ɨ = 150ɛ300 ºƖ ƴƵƭ ƴƳƲƭƫƪƲƭƭ ƷƪƱƴƪƵƥƷƸƵǀ ƲƥƦưǃƩƥƪƷƶǄ 

ƸƧƪưƭƼƪƲƭƪ 'ʁ/ 0ʁ ƭ ƹƳƵƱƭƵƳƧƥƲƭƪ Ƨ ƳƯƵƪƶƷƲƳƶƷƭ ƳƫƭƩƥƪƱƳƨƳ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƥƵƥǂưƪƯƷƵƭƼƪƶƯƳƨƳ 

ƹƥƬƳƧƳƨƳ ƴƪƵƪƺƳƩƥ [4] ƱƥƯƶƭƱƸƱƳƧ, Tm1, ƶƩƧƭƨƥǃƾƭƺƶǄ Ƨ ƳƦưƥƶƷǁ ƦƳưƪƪ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵ ƴƳ ƱƪƵƪ ƸƧƪưƭƼƪƲƭǄ 

f. ƉƥưǁƲƪƮƽƪƪ ƴƳƲƭƫƪƲƭƪ ƷƪƱƴƪƵƥƷƸƵǀ ƴƵƭƧƳƩƭƷ Ư ƱƳƲƳƷƳƲƲƳƱƸ ƶƲƭƫƪƲƭǃ 'ʁ/ 0ʁ ƭ ƸƱƪƲǁƽƪƲƭǃ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ 

ƩƭƶƴƪƵƶƭƭ. ƉƥƲƲƳƪ ƴƳƧƪƩƪƲƭƪ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƴƥƵƥƱƪƷƵƳƧ ƶƧƭƩƪƷƪưǁƶƷƧƸƪƷ Ƴ ƴƵƭƲƥƩưƪƫƲƳƶƷƭ ƭƶƶưƪƩƸƪƱƳƨƳ 

ƳƦƿƪƯƷƥ Ư ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƥƱ-ƵƪưƥƯƶƳƵƥƱ. ƕƪưƥƯƶƳƵƲǀƪ ƶƧƳƮƶƷƧƥ Ƨ ƭƶƶưƪƩƸƪƱƳƱ ƳƦƿƪƯƷƪ ƳƦƸƶưƳƧưƪƲǀ ƯƥƯ 

ƵƥƬƸƴƳƵǄƩƳƼƪƲƭƪƱ ƪƨƳ ƶƷƵƸƯƷƸƵǀ, ƷƥƯ ƭ ƶƴƪƻƭƹƭƯƳƮ ƩƪƹƪƯƷƲƳƮ ƴƳƩƶƭƶƷƪƱǀ. 

ƒƥ Ƶƭƶ. 3 ƴƵƭƧƪƩƪƲǀ ƵƪƬƸưǁƷƥƷǀ ƭƶƶưƪƩƳƧƥƲƭǄ ƱƥƨƲƭƷƳƩƭǂưƪƯƷƵƭƼƪƶƯƳƨƳ ǂƹƹƪƯƷƥ Ƨ ƯƪƵƥƱƭƯƪ 0.5BFOɛ

0.5PFN. 

ƕƭƶ.3 ƗƪƱƴƪƵƥƷƸƵƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ 'ʁ/ 0ʁ (f = 1.2 ƑHz) ƯƪƵƥƱƭƯƭ 0.5BFOɛ0.5PFN ƴƵƭ ƧƬƥƭƱƲƳ ƴƥƵƥưưƪưǁƲƳƮ ƳƵƭƪƲƷƥƻƭƭ 
ƭƬƱƪƵƭƷƪưǁƲƳƨƳ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƭ ƴƳƶƷƳǄƲƲƳƨƳ ƱƥƨƲƭƷƲƳƨƳ ƴƳưƪƮ. ƒƥ ƧƶƷƥƧƯƪ ƴƳƯƥƬƥƲǀ ƷƪƱƴƪƵƥƷƸƵƲǀƪ ƭƬƱƪƲƪƲƭǄ 

ƯƳǂƹƹƭƻƭƪƲƷƥ MD 

ƔƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ Ʋƭƫƪ 200 ºƖ Ƨ ƭƲƷƪƵƧƥưƪ 150ɛ200 ºƖ Ƨ ƱƥƨƲƭƷƲƳƱ ƴƳưƪ ƬƲƥƼƪƲƭǄ 'ʁ/ 0ʁ ƸƱƪƲǁƽƥǃƷƶǄ 

(ƳƷƵƭƻƥƷƪưǁƲǀƮ ƑƉƢ, MD < 0), ƥ ƴƵƭ Ɨ = 70ɛ150 ºƖ ɜ ƸƧƪưƭƼƭƧƥǃƷƶǄ (ƴƳưƳƫƭƷƪưǁƲǀƮ ƑƉƢ, MD > 0). 
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ƑƥƯƶƭƱƥưǁƲƥǄ ƧƪưƭƼƭƲƥ ƹƭƯƶƭƵƸƪƱƳƨƳ ƑƉƢ ƶƳƶƷƥƧưǄƪƷ 1.64%. ƙƥƯƷ ƴƵƳǄƧưƪƲƭǄ ǂƷƳƨƳ ǂƹƹƪƯƷƥ ƨưƥƧƲǀƱ ƳƦƵƥƬƳƱ 

Ƨ ƶƱƪƾƪƲƭƭ ƷƪƱƴƪƵƥƷƸƵǀ ƱƥƯƶƭƱƸƱƥ 'ʁ/ 0ʁ(T) ǄƧưǄƪƷƶǄ ƴƳƩƷƧƪƵƫƩƪƲƭƪƱ ƷƳƨƳ, ƼƷƳ ƳƦƿƪƯƷ ǄƧưǄƪƷƶǄ 

ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƳƱ-ƵƪưƥƯƶƳƵƳƱ. 

ƍƶƶưƪƩƳƧƥƲƭƪ ƧǀƴƳưƲƪƲƳ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƑƭƲƭƶƷƪƵƶƷƧƥ ƲƥƸƯƭ ƭ ƧǀƶƽƪƨƳ ƳƦƵƥƬƳƧƥƲƭǄ 
ƕƳƶƶƭƮƶƯƳƮ ƙƪƩƪƵƥƻƭƭ (ƈƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƬƥƩƥƲƭƪ Ƨ ƶƹƪƵƪ ƲƥƸƼƲƳƮ ƩƪǄƷƪưǁƲƳƶƷƭ ƴƵƳƪƯƷ ʋ Ɔƅƌ0110/20-3-07ƍƙ, 
ƣƫƲǀƮ ƹƪƩƪƵƥưǁƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ, 2020 ƨ.). 
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ƍƖƖƐƊƉƓƇƅƒƍƊ ƖƐƓƋƒƠƚ ƗƇƊƕƉƠƚ ƕƅƖƗƇƓƕƓƇ ƉƍƓƏƖƍƉƅƛƊƕƍƤ, ƐƊƈƍƕƓƇƅƒƒƠƚ ƖƅƑƅƕƍƊƑ 

INVESTIGATION OF COMPLEX SAMARIUM DOPED CERIA SOLID SOLUTIONS 

ƌƥƨƥƮƲƳƧ ƍ.Ƈ. 

Zagaynov I.V. 

ƕƳƶƶƭǄ, ƍƑƊƗ ƕƅƒ, igorscience@gmail.com 

ƖƳƬƩƥƲƭƪ ƲƳƧǀƺ ƱƸưǁƷƭƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƳƶƲƳƧƪ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƩƭƳƯƶƭƩƥ ƻƪƵƭǄ, 

ƴƪƵƶƴƪƯƷƭƧƲǀƺ Ƨ ƯƥƼƪƶƷƧƪ ƯƥƷƥưƭƬƥƷƳƵƳƧ, ƲƳƶƭƷƪưƪƮ ƯƥƷƥưƭƬƥƷƳƵƳƧ ƭ ǂưƪƯƷƵƳưƭƷƳƧ ƩưǄ ƶƵƪƩƲƪƷƪƱƴƪƵƥƷƸƵƲǀƺ 

ƷƧƪƵƩƳƳƯƶƭƩƲǀƺ ƷƳƴưƭƧƲǀƺ ǂưƪƱƪƲƷƳƧ (ƖƗ-ƗƓƗƢ) ǄƧưǄƪƷƶǄ ƥƯƷƸƥưǁƲƳƮ ƬƥƩƥƼƪƮ. ƔƳƶƯƳưǁƯƸ ƴƵƭƱƪƲǄƪƱǀƪ Ʋƥ 

ƩƥƲƲǀƮ ƱƳƱƪƲƷ ƯƥƷƥưƭƼƪƶƯƭƪ ƶƭƶƷƪƱǀ ƭ ƖƗ-ƗƓƗƢ ƴƳ ƷƪƱ ƭưƭ ƭƲǀƱ ƴƵƭƼƭƲƥƱ ƲƪƩƳƶƷƥƷƳƼƲƳ ƴƵƳƭƬƧƳƩƭƷƪưǁƲǀ, 

ǂƲƪƵƨƳƬƥƷƵƥƷƲǀ ƭưƭ ǂƯƳƲƳƱƭƼƪƶƯƭ ƲƪƵƪƲƷƥƦƪưǁƲǀ, ƲƪƳƦƺƳƩƭƱ ƴƳƭƶƯ ƲƳƧǀƺ ƥưǁƷƪƵƲƥƷƭƧƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ 

ƵƪƽƪƲƭǄ ƧǀƽƪƸƴƳƱǄƲƸƷǀƺ ƬƥƩƥƼ. ƔƵƪƭƱƸƾƪƶƷƧƳ ƷƥƯƭƺ ƱƥƷƪƵƭƥưƳƧ ƶƧǄƬƥƲƳ ƶ ƷƪƱ, ƼƷƳ CeO2 ƳƦưƥƩƥƪƷ ƦƳưǁƽƭƱ 

ƬƥƴƥƶƳƱ ƯƭƶưƳƵƳƩƲƳƮ ƪƱƯƳƶƷƭ (OSC) ƭ ƧǀƶƳƯƳƮ ƴƳƩƧƭƫƲƳƶƷǁǃ ƯƭƶưƳƵƳƩƥ, ƼƷƳ ƱƳƫƪƷ ƳƦƪƶƴƪƼƭƷǁ ƪƨƳ ƧǀƶƳƯƸǃ 

ƯƥƷƥưƭƷƭƼƪƶƯƸǃ ƥƯƷƭƧƲƳƶƷǁ ƭ ǂưƪƯƷƵƳƴƵƳƧƳƩƲƳƶƷǁ (ƥ, ƯƥƯ ƴƵƥƧƭưƳ, ǂƷƭ ƩƥƲƲǀƪ ƩưǄ CeO2 ƯƳƵƵƪưƭƵƸǃƷ ƱƪƫƩƸ ƶƳƦƳƮ 

ƩưǄ ƳƦƿǄƶƲƪƲƭƮ ƬƥƧƭƶƭƱƳƶƷƪƮ). 

ƖƪƵƭǄ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƴƳưƸƼƪƲƥ ƱƪƷƳƩƳƱ ƶƳƳƶƥƫƩƪƲƭǄ ƶ ƳƩƲƳƧƵƪƱƪƲƲƳƮ ƸưǁƷƵƥƬƧƸƯƳƧƳƮ ƳƦƵƥƦƳƷƯƳƮ 

ƭƬ Ưƭƶưǀƺ ƧƳƩƲǀƺ ƵƥƶƷƧƳƵƳƧ ƶƳưƪƮ ƶ ƴƳƶưƪƩƸǃƾƭƱ ƴƵƳƯƥưƭƧƥƲƭƪƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ 500°Ɩ. ƉƳƴƭƵƳƧƥƲƭƪ 

ƴƵƳƧƳƩƭưƭ ƧƭƶƱƸƷƳƱ, ƨƥƩƳưƭƲƭƪƱ, ƱƥƵƨƥƲƻƳƱ/ƻƭƵƯƳƲƭƪƱ/ƱƪƩǁǃ/ƲƭƯƪưƪƱ/ƯƳƦƥưǁƷƳƱ. ƔƵƳƧƪƩƪƲƥ 

ƺƥƵƥƯƷƪƵƭƬƥƻƭǄ ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ ƱƪƷƳƩƥƱƭ ƴƵƳƶƧƪƼƭƧƥǃƾƪƮ ǂưƪƯƷƵƳƲƲƳƮ ƱƭƯƵƳƶƯƳƴƭƭ, 

ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ, ƲƭƬƯƳƷƪƱƴƪƵƥƷƸƵƲƳƮ ƥƩƶƳƵƦƻƭƭ ƥƬƳƷƥ ƭ ƩƵ. ƔƳƯƥƬƥƲƳ, ƼƷƳ Ƨƶƪ ƴƳưƸƼƪƲƲǀƪ ƴƳƵƳƽƯƭ 

ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƯƵƭƶƷƥưưƭƬƸǃƷƶǄ Ƨ ƯƸƦƭƼƪƶƯƸǃ ƶƷƵƸƯƷƸƵƸ Ʒƭƴƥ ƹưǃƳƵƭƷƥ, ƴƵƭ ǂƷƳƱ ƶƵƪƩƲƭƮ ƵƥƬƱƪƵ ƼƥƶƷƭƻ 

ƶƳƶƷƥƧưǄư 10 ƲƱ. 

ƉƥƲƲǀƪ ƶƭƶƷƪƱǀ (Cu0.08Mn0.02Sm(Nd)xCe0.9-xO2) Ʀǀưƭ ƭƶƴǀƷƥƲǀ Ƨ ƯƥƼƪƶƷƧƪ ƯƥƷƥưƭƬƥƷƳƵƳƧ Ƨ ƵƪƥƯƻƭƭ 

ƳƯƭƶưƪƲƭǄ ƖƓ Ƨ ƱƳƩƪưǁƲƳƮ ƨƥƬƳƧƳƮ ƶƱƪƶƭ ƴƵƳƷƳƼƲǀƱ ƱƪƷƳƩƳƱ, ƥ ƷƥƯƫƪ Ƨ ƯƥƼƪƶƷƧƪ ǂưƪƯƷƵƳưƭƷƥ ƩưǄ ƖƗ-ƗƓƗƢ. 

ƒƥƭƦƳưƪƪ ƧǀƶƳƯƥǄ ƯƥƷƥưƭƷƭƼƪƶƯƥǄ ƥƯƷƭƧƲƳƶƷǁ ƴƵƳǄƧưǄưƥƶǁ Ƹ Cu0.08Mn0.02Nd0.05Ce0.85O2, ƥ ǂưƪƯƷƵƳƴƵƳƧƳƩƲƳƶƷǁ - ƩưǄ 
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ƶƭƶƷƪƱǀ Cu0.08Mn0.02Sm0.05Zr0.1Ce0.85O2, ƴƳǂƷƳƱƸ ƩƥƲƲǀƪ ƳƦƵƥƬƻǀ ƱƳƨƸƷ ƦǀƷǁ ƭƶƴƳưǁƬƳƧƥƲ Ƨ ƯƥƼƪƶƷƧƪ ƯƥƷƥưƭƬƥƷƳƵƥ ƭ 

ƲƳƶƭƷƪưǄ ƯƥƷƥưƭƬƥƷƳƵƥ ƩưǄ ƴƳƶưƪƩƸǃƾƪƨƳ ƲƥƲƪƶƪƲƭǄ ƥƯƷƭƧƲƳƮ ƹƥƬǀ, ƥ ƷƥƯƫƪ ƧƳƬƱƳƫƲƳƨƳ ǂưƪƯƷƵƳưƭƷƥ ƖƗ-ƗƓƗƢ 

[1-3]. 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƨƵƥƲƷƥ ƕƒƙ. 
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Ƈ ƶƭƶƷƪƱƪ Si-Al-O-N ƭƬƸƼƪƲǀ ƳƶƳƦƪƲƲƳƶƷƭ ƶƭƲƷƪƬƥ ƶƭƥưƳƲƳƧ, ƴƳưƸƼƪƲƲǀƺ ƳƦƫƭƨƳƱ ƴƵƭ 1600-1750ƳƖ Ƨ 

ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ ƧǀƶƳƯƳƩƭƶƴƪƵƶƲǀƺ ƶƱƪƽƥƲƲǀƺ ƯƶƪƵƳƨƪưƪƮ ƭƬ ƥưƯƳƯƶƭƩƳƧ ƯƵƪƱƲƭǄ ƭ ƥưǃƱƭƲƭǄ. ƖưƪƩƸƪƷ 

ƳƷƱƪƷƭƷǁ, ƼƷƳ ƱƳưƪƯƸưƥ ƥƬƳƷƥ ƯƵƥƮƲƪ ƴƵƳƼƲƥ ƭ ƩƭƶƶƳƻƭƥƻƭǄ ƱƳưƪƯƸư ƥƬƳƷƥ ƩưǄ ƵƪƥƯƻƭƮ ƥƬƳƷƭƵƳƧƥƲƭǄ ƳƯƶƭƩƳƧ 

Ʃƥƫƪ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ ǂƯƶƴƪƵƭƱƪƲƷƥ 1600-1750ƳƖ ƦƪƬ ƶƴƪƻƭƥưǁƲǀƺ ƥƯƷƭƧƭƵƸǃƾƭƺ ƴƵƳƻƪƶƶ ƩƳƦƥƧƳƯ 

ƷƪƳƵƪƷƭƼƪƶƯƭ ƲƪƧƳƬƱƳƫƲƥ. ƅƬƳƷ ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ ƵƪƥƨƭƵƸƪƷ ƷƳưǁƯƳ ƶ ƱƪƷƥưưƥƱƭ ƭ ƱƪƷƥưưƳƭƩƥƱƭ, ƥ 

ƲƭƷƵƭƩǀ ƳƦƵƥƬƸǃƷƶǄ ƭƬ ƥƬƳƷƥ ƭ ƳƯƭƶưƳƧ ƱƪƷƥưưƳƧ ƷƳưǁƯƳ Ƨ ƴƵƭƶƸƷƶƷƧƭƭ ƸƨưǄ (ƵƪƥƯƻƭǄ ƖƪƵƴƪƯƥ). 

ƔƳưƸƼƪƲƲǀƪ ƶ ƴƵƭƱƪƲƪƲƭƪƱ ƥưƯƳƯƶƳƷƪƺƲƳưƳƨƭƮ ƳƯƶƭƩǀ ƱƪƷƥưưƳƧ ƳƷưƭƼƥǃƷƶǄ ƴƳ ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƱ ƳƷ 

ƷƵƥƩƭƻƭƳƲƲǀƺ ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƵƥƬƲƳƧƭƩƲƳƶƷƪƮ ƭ ƥƱƳƵƹƲǀƺ ƨƭƩƵƳƯƶƭƩƳƧ, ƥ ƧƥƵǁƭƵƳƧƥƲƭƪƱ ƸƶưƳƧƭƮ ƨƭƩƵƳưƭƬƥ 

ƱƳƫƲƳ ƧưƭǄƷǁ Ʋƥ ƹƥƬƳƧǀƮ ƶƳƶƷƥƧ, ƵƥƶƴƵƪƩƪưƪƲƭƪ ƧƪƾƪƶƷƧƥ, ƧƧƪƩƪƲƭƪ ƶƴƪƯƥǃƾƭƺ ƭ ưƪƨƭƵƸǃƾƭƺ ƩƳƦƥƧƳƯ Ƨ 

ƳƦƿƪƱƪ ƭ ƩƭƶƴƪƵƶƲƳƶƷǁ ƵƪƥƯƻƭƳƲƲǀƺ ƶƱƪƶƪƮ [1-3]. 

ƌƳưǁ-ƨƪưǁ ƴƵƳƻƪƶƶ ƶ ƸƼƥƶƷƭƪƱ ƩƧƸƺ ƥưƯƳƯƶƭƩƳƧ ƷƪƷƵƥǂƷƳƯƶƭƶƭưƥƲƥ Si(OC2H5)4 (ƗƢƓƖ) ƭ ƧƷƳƵ-ƦƸƷƳƯƶƭƩƥ 

ƥưǃƱƭƲƭǄ Al(OR)3, ƨƩƪ OR ɛ ƥưƯƳƯƶƳ-ƨƵƸƴƴƥ, ƱƳƫƪƷ ƵƥƶƶƱƥƷƵƭƧƥƷǁƶǄ ƯƥƯ ƩƧƸƺƶƷƥƩƭƮƲƥǄ ƲƪƳƵƨƥƲƭƼƪƶƯƥǄ 

ƴƳưƭƱƪƵƭƬƥƻƭǄ. ƔƵƳƻƪƶƶ ƭƲƭƻƭƭƵƸƪƷƶǄ ƨƭƩƵƳưƭƬƳƱ ƥưƯƳƯƶƳ-ƨƵƸƴƴ, ƼƷƳ ƴƵƭƧƳƩƭƷ Ư ƳƦƵƥƬƳƧƥƲƭǃ ƶƱƪƶƭ ƶƴƭƵƷƳƧ 

(C2H5OH, ROH ƭ ƩƵ.) ƭ ƨƭƩƵƳƯƶƭưƭƵƳƧƥƲƲǀƺ ƱƪƷƥưưƭƼƪƶƯƭƺ ƻƪƲƷƵƳƧ. ƌƥƷƪƱ ƴƵƳƭƶƺƳƩƭƷ ƷƵƪƺƱƪƵƲƳƪ 

ƵƥƶƴƵƳƶƷƵƥƲƪƲƭƪ ǂƷƳƨƳ ƴƵƳƻƪƶƶƥ ƭ ƳƦƵƥƬƳƧƥƲƭƪ ƳƯƶƳƴƳưƭƱƪƵƳƧ ƯƵƪƱƲƭǄ ƭ ƥưǃƱƭƲƭǄ. Si(OR)4 ƭ Al(OR)3 ƳƦưƥƩƥǃƷ 

ƺƳƵƳƽƪƮ ƵƪƥƯƻƭƳƲƲƳƮ ƶƴƳƶƳƦƲƳƶƷǁǃ Ƨ ƴƵƳƻƪƶƶƥƺ ƨƭƩƵƳưƭƬƥ. ƔƳưƭƯƳƲƩƪƲƶƥƻƭǃ ƴƵƳƱƪƫƸƷƳƼƲǀƺ ƴƵƳƩƸƯƷƳƧ 

ƱƳƫƲƳ ƯƳƲƷƵƳưƭƵƳƧƥƷǁ ƴƳƩƦƳƵƳƱ Ƶƒ ƶƵƪƩǀ, ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƬƳưǄ, ƵƥƶƷƧƳƵƭƷƪưǄ ƭ ƷƪƱƴƪƵƥƷƸƵƳƮ.  

ƖƯƳƵƳƶƷǁ ƴƳưƭƱƪƵƭƬƥƻƭƭ ƯƶƪƵƳƨƪưƪƮ ƯƳƲƷƵƳưƭƵƳƧƥưƭ ƯƭƶưƳƷƲǀƱƭ ƯƥƷƥưƭƬƥƷƳƵƥƱƭ, Ƨ ƵƪƬƸưǁƷƥƷƪ ƼƪƨƳ 

ƱƳƫƲƳ ƴƳưƸƼƥƷǁ ƯƥƯ ƧǀƶƳƯƳƩƭƶƴƪƵƶƲǀƪ ƴƳƵƳƽƯƭ ƨƭƩƵƥƷƭƵƳƧƥƲƲǀƺ ƶƱƪƽƥƲƲǀƺ ƳƯƶƭƩƳƧ, ƷƥƯ ƭ ƴƵƳƬƵƥƼƲǀƪ 

ƱƳƲƳưƭƷƲǀƪ ƯƶƪƵƳƨƪưƭ (ƴƳưƭƱƪƵƲǀƪ ƶƷƪƯưƥ). ƒƥ Ƶƭƶ. 1. ƴƳƯƥƬƥƲƥ ƹƳƷƳƨƵƥƹƭǄ ƱƳƲƳưƭƷƲƳƨƳ ƳƦƵƥƬƻƥ ƯƶƪƵƳƨƪưǄ 

(ƴƳưƭƱƪƵƲƳƨƳ ƶƷƪƯưƥ) ƶƳƶƷƥƧƥ 3SiO2.1,5Al2O3
.nH2O ƩưǄ ƴƳƶưƪƩƸǃƾƪƨƳ ƥƬƳƷƭƵƳƧƥƲƭǄ. Ƈ ƴƵƳƻƪƶƶƪ ƶƷƥƵƪƲƭǄ 

ƶƱƪƽƥƲƲǀƺ ƨƪưƪƮ ƴƵƳƩƸƯƷǀ ƨƭƩƵƳưƭƬƥ, ƯƳƷƳƵǀƪ Ƨ ƦƳưǁƽƪƮ ƼƥƶƷƭ ƴƵƪƩƶƷƥƧưƪƲǀ ƶƴƭƵƷƥƱƭ, ƥƩƶƳƵƦƭƵƸǃƷƶǄ ƭ 

ƺƪƱƳƶƳƵƦƭƵƸǃƷƶǄ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳƵƳƽƯƳƧ ƭưƭ Ƨ ƳƦƿƪƱƪ ƴƳưƭƱƪƵƲǀƺ ƯƶƪƵƳƨƪưƪƮ.  
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ƍƬƧƪƶƷƲƳ [4, 5], ƼƷƳ ƴƭƵƳưƭƷƭƼƪƶƯƳƪ ƵƥƬưƳƫƪƲƭƪ ƶƴƭƵƷƳƧ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ Ƨ ƴƵƭƶƸƷƶƷƧƭƭ ƨưƭƲƳƬƪƱƥ 

ƴƵƪƩƴƳưƥƨƥƪƷ ƳƦƵƥƬƳƧƥƲƭƪ ƖƓ, H2 ƭ ƴƵƪƩƪưǁƲǀƺ ƭ ƲƪƴƵƪƩƪưǁƲǀƺ ƸƨưƪƧƳƩƳƵƳƩƳƧ, ƯƳƷƳƵǀƪ ƱƳƨƸƷ ƶƷƭƱƸưƭƵƳƧƥƷǁ 

ƹƥƬƳƧǀƪ ƴƵƪƧƵƥƾƪƲƭǄ ƶƱƪƽƥƲƲǀƺ ƳƯƶƭƩƳƧ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ. 

ƘƶưƳƧƭǄ ƳƦƵƥƬƳƧƥƲƭǄ ƶƭƥưƳƲƳƧ ƭƬ ƶƱƪƽƥƲƲǀƺ ƯƶƪƵƳƨƪưƪƮ ƳƴƵƪƩƪưǄưƭ ƴƳ ƩƥƲƲǀƱ 

ƷƪƵƱƳƨƵƥƧƭƱƪƷƵƭƼƪƶƯƳƨƳ (ƉƖƏ-Ɨƈ) ƥƲƥưƭƬƥ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ ƭ ƕƙƅ. ƉưǄ ƶƱƪƽƥƲƲǀƺ ƯƶƪƵƳƨƪưƪƮ ƴƵƭ 

ƷƪƵƱƳƨƵƥƧƭƱƪƷƵƭƭ, ƶƳƧƱƪƾƪƲƲƳƮ ƶ Ʊƥƶƶ-ƶƴƪƯƷƵƥưǁƲǀƱ ƥƲƥưƭƬƳƱ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ, ƲƥƦưǃƩƥưƶǄ ƧǀƶƳƯƭƮ 

ƭƳƲƲǀƮ ƷƳƯ ƧƳƩƳƵƳƩƥ (M.m = 2), ƥ ƷƥƯ ƫƪ ƧǀƶƳƯƭƮ ƭƳƲƲǀƮ ƷƳƯ ƵƥƩƭƯƥưƳƧ ƶ M.m= 28, ƥ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƪ ƴƳƵǄƩƯƥ 

500 ƨƵƥƩƸƶƳƧ ƹƭƯƶƭƵƳƧƥưƭƶǁ ƵƥƩƭƯƥưǀ, ƯƳƷƳƵǀƪ ƱƳƫƲƳ ƦǀưƳ ƳƷƲƪƶƷƭ Ư ƵƥƬƲǀƱ ưƪƷƸƼƭƱ ƯƳƱƴƳƲƪƲƷƥƱ. ƒƥƴƵƭƱƪƵ, 

ƵƥƩƭƯƥư ƶ M.m=44 ƱƳƫƪƷ ƦǀƷǁ ƳƷƲƪƶƪƲ Ʋƪ ƷƳưǁƯƳ Ư Ɩ3H8+, ƖO2+, N2O+, ƲƳ ƭ Ư SiO+. ƓƩƲƳƬƲƥƼƲƳ ƧǀƩƪưƭƷǁ 

ƶƳƶƷƥƧưǄǃƾƸǃ ƵƥƩƭƯƥưƥ CO+, ƯƳƷƳƵǀƮ ƷƥƯ ƫƪ ƭƱƪƪƷ ƱƳưƪƯƸưǄƵƲƸǃ ƱƥƶƶƸ 28, Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ ƴƵƳƦưƪƱƥƷƭƼƲƳ. 

ƉưǄ ƭƩƪƲƷƭƹƭƯƥƻƭƭ ƴƵƪƧƵƥƾƪƲƭƮ ƥƩƶƳƵƦƭƵƳƧƥƲƲǀƺ ƭ ƺƪƱƭƶƳƵƦƭƵƳƧƥƲƲǀƺ ƴƵƳƩƸƯƷƳƧ ƨƭƩƵƳưƭƬƥ Ʋƥ ƶƱƪƽƥƲƲƳƱ 

ƨƪưƪ ƭƬ ƧƷƳƵƦƸƷƳƯƶƭƩƥ ƥưǃƱƭƲƭǄ ƭ ƷƪƷƵƥǂƷƳƯƶƭƶƭưƥƲƥ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƯƶƪƵƳƨƪưǄ Ʀǀưƥ ƴƵƭƱƪƲƪƲƥ  ƨƥƬƳƧƥǄ 

ƺƵƳƱƥƷƳƨƵƥƹƭǄ ɜ ƱƪƷƳƩ ƵƥƬƩƪưƪƲƭǄ ưƪƷƸƼƭƺ ƯƳƱƴƳƲƪƲƷƳƧ, ƴƵƭ ƯƳƷƳƵƳƱ ƴƳƩƧƭƫƲƳƮ ƹƥƬƳƮ ƶưƸƫƭƷ ƭƲƪƵƷƲǀƮ ƨƥƬ 

(ƨƥƬ-ƲƳƶƭƷƪưǁ), ƴƵƳƷƪƯƥǃƾƭƮ ƼƪƵƪƬ ƲƪƴƳƩƧƭƫƲƸǃ ƹƥƬƸ ƶ ƦƳưǁƽƳƮ ƴƳƧƪƵƺƲƳƶƷǁǃ. Ƈ ƯƥƼƪƶƷƧƪ ƴƳƩƧƭƫƲƳƮ ƹƥƬǀ Ʀǀư 

ƭƶƴƳưǁƬƳƧƥƲ ƥƬƳƷ. ƒƪƴƳƩƧƭƫƲƳƮ ƹƥƬƳƮ, ƷƧƪƵƩǀƱ ƲƳƶƭƷƪưƪƱ ƧǀƶƷƸƴƥư ƶƥƱ ƶƱƪƽƥƲƲǀƮ ƨƪưǁ. 

 
ƕƭƶ.1 ƙƳƷƳƨƵƥƹƭǄ ƱƳƲƳưƭƷƲƳƨƳ ƳƦƵƥƬƻƥ ƯƶƪƵƳƨƪưǄ (ƴƳưƭƱƪƵƲƳƨƳ ƶƷƪƯưƥ) ƶƳƶƷƥƧƥ 3SiO2

.1,5Al2O3
.nH2O. 

ƍƩƪƲƷƭƹƭƯƥƻƭǃ ƨƥƬƳƧ, ƧǀƩƪưƭƧƽƭƺƶǄ ƭƬ ƶƱƪƽƥƲƲƳƨƳ ƨƪưǄ 3SiO2
.1,5Al2O3

.nH2O ƳƶƸƾƪƶƷƧưǄưƭ ƴƳ ƭƬƱƪƲƪƲƭǃ 

ƶƭƨƲƥưƥ ƧƳ ƧƵƪƱƪƲƭ. Ƈ ƯƥƼƪƶƷƧƪ ƶƵƥƧƲƭƷƪưǁƲƳƨƳ ƨƵƥƩƸƭƵƳƧƳƼƲƳƨƳ ǂƷƥưƳƲƥ ƭƶƴƳưǁƬƳƧƥưƭƶǁ Ʋƪ ƭƲƩƭƧƭƩƸƥưǁƲǀƪ 

ƨƥƬǀ, ƥ ƶƪƵƷƭƹƭƻƭƵƳƧƥƲƲƥǄ ƨƥƬƳƧƥǄ ƶƱƪƶǁ, ƶƳƶƷƳǄƾƥǄ ƭƬ 2,5% ƯƭƶưƳƵƳƩƥ (O2), 5% ƱƪƷƥƲƥ (CH4) ƭ 92,5% ƥƬƳƷƥ (N2) 

Ƨ ƯƳƷƳƵƸǃ Ʀǀưƭ ƩƳƦƥƧưƪƲǀ ƧƳƩƳƵƳƩ (H2) ƭ ƱƳƲƳƳƯƶƭƩ ƸƨưƪƵƳƩƥ (CO) Ƨ ƯƳưƭƼƪƶƷƧƥƺ 5-10%. ƗƥƯƥǄ ǂƷƥưƳƲƲƥǄ ƶƱƪƶǁ 

ƭƶƴƳưǁƬƳƧƥưƥƶǁ Ƨ ƶƧǄƬƭ ƶ ƷƪƱ, ƼƷƳ Ƨ ƨƥƬƳƧǀƺ ƶƱƪƶǄƺ, ƳƷƩƪưǁƲǀƪ ƨƥƬǀ ƱƳƨƸƷ ƴƳƯƥƬǀƧƥƷǁ ƩƵƸƨƭƪ ƳƦưƥƶƷƭ ƴƵƳǄƧưƪƲƭǄ 

ƶƭƨƲƥưƥ. ƏƥƼƪƶƷƧƪƲƲƳƪ ƳƴƵƪƩƪưƪƲƭƪ ƭ ƴƪƵƪƶƼƪƷ ƶ ƸƼƪƷƳƱ ƨƵƥƩƸƭƵƳƧƯƭ ƴƳƬƧƳưƭư ƳƻƪƲƭƷǁ ƷƪƱƴƪƵƥƷƸƵƲǀƪ 

ƭƲƷƪƵƧƥưǀ ƳƦƵƥƬƳƧƥƲƭǄ ƭ ƧǀƩƪưƪƲƭǄ ƵƥƬưƭƼƲǀƺ ƨƥƬƳƧ, ƯƳƷƳƵǀƪ ƳƦƵƥƬƳƧƥưƭƶǁ Ƨ ƵƪƬƸưǁƷƥƷƪ ƴƭƵƳưƭƬƥ Ƨ ƥƷƱƳƶƹƪƵƪ 

ƥƬƳƷƥ. ƔƳ ƩƥƲƲǀƱ ƨƥƬƳƧƳƮ ƺƵƳƱƥƷƳƨƵƥƹƭƭ Ƨ ƩƭƥƴƥƬƳƲƪ ƗƯ-900ƳƖ ƦǀưƳ ƸƶƷƥƲƳƧưƪƲƳ, Ƹƫƪ ƴƵƭ 200ƳƖ ƲƥƦưǃƩƥƪƷƶǄ 

ƧǀƩƪưƪƲƭƪ CO ƭ ƱƪƷƥƲƥ, ƱƥƯƶƭƱƥưǁƲƳƪ Ƨ ƴƵƳƻƪƲƷƲƳƱ ƶƳƳƷƲƳƽƪƲƭƭ ƳƦƵƥƬƳƧƥƲƭƪ ƸƨƥƵƲƳƨƳ ƨƥƬƥ ƦǀưƳ 

ƬƥƹƭƯƶƭƵƳƧƥƲƳ ƴƵƭ 350ƳƖ, Ʀưƭƫƪ Ư 400ƳƖ Ʀǀư ƬƥƹƭƯƶƭƵƳƧƥƲ ƧƳƩƳƵƳƩ, ƱƥƯƶƭƱƥưǁƲƳƪ ƯƳưƭƼƪƶƷƧƳ ƯƳƷƳƵƳƨƳ 

ƳƷƱƪƼƪƲƳ Ƨ ƩƭƥƴƥƬƳƲƪ 550-800ƳƖ. ƍƬ ƼƪƨƳ ƱƳƫƲƳ ƶƩƪưƥƷǁ ƧǀƧƳƩ, ƼƷƳ ƴƭƵƳưƭƬ ƳƵƨƥƲƭƼƪƶƯƭƺ ƴƵƳƩƸƯƷƳƧ ƨƭƩƵƳưƭƬƥ 

ƥưƯƳƯƶƭƩƳƧ ƱƪƷƥưưƳƧ Ƨ ƥƷƱƳƶƹƪƵƪ ƥƬƳƷƥ, ƳƦƪƶƴƪƼƭƧƥǃƷ ƳƦƵƥƬƳƧƥƲƭƪ ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲƳƮ ƶƵƪƩǀ ƭ ƥƯƷƭƧƥƻƭƭ 

ƴƳƧƪƵƺƲƳƶƷƭ ƥƱƳƵƹƲǀƺ ƨƭƩƵƥƷƭƵƳƧƥƲƲǀƺ ƳƯƶƭƩƳƧ ƯƵƪƱƲƭǄ ƭ ƥưǃƱƭƲƭǄ ƭ (ƭưƭ) ƱƳưƪƯƸư ƥƬƳƷƥ, ƶƴƳƶƳƦƶƷƧƸǄ 

ƴƵƳƻƪƶƶƥƱ ƥƬƳƷƭƵƳƧƥƲƭǄ ƭ ƹƳƵƱƭƵƳƧƥƲƭǃ ƻƪưƪƧƳƨƳ ƴƵƳƩƸƯƷƥ (ƶƭƥưƳƲƥ). 

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƹƭƲƥƲƶƳƧƳƮ ƴƳƩƩƪƵƫƯƪ ƕƙƙƍ, ƴƵƳƪƯƷ ʋ 20-03-00455ƥ. 
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CƷƵƸƯƷƸƵƲǀƪ ƴƵƪƳƦƵƥƬƳƧƥƲƭǄ Ƨ ƴƵƳƻƪƶƶƪ ƹƥƬƳƧƳƨƳ ƵƥƬƩƪưƪƲƭǄ ƶƷƪƯưƥ ƴƳƬƧƳưǄǃƷ ƴƵƭƩƥƧƥƷǁ ƪƱƸ ƵƥƬưƭƼƲǀƪ 

ƶƧƳƮƶƷƧƥ. Ƈ ƼƥƶƷƲƳƶƷƭ, ƴƵƭ ƧƺƳƫƩƪƲƭƭ ƯƵƥƶǄƾƪƮ ƴƵƭƱƪƶƭ Ƨ ƶƷƵƸƯƷƸƵƸ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƹƥƬǀ ƧƳƬƱƳƫƲƳ 

ƭƲƭƻƭƭƵƳƧƥƷǁ ƭ/ƭưƭ ƸưƸƼƽƭƷǁ ƶƴƪƯƷƵƥưǁƲƳ-ưǃƱƭƲƪƶƻƪƲƷƲǀƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƶƷƪƯưƳƯƪƵƥƱƭƯƭ. ƍƬƱƪƲǄǄ 

ƳƦƿǅƱƲƸǃ ƩƳưǃ ƯƵƭƶƷƥưưƳƧ Ƨ ƶƷƪƯưƪ, ƭƺ ƵƥƬƱƪƵǀ ƭ ƶƳƶƷƥƧ ƸƩƥƪƷƶǄ ƸƴƵƥƧưǄƷǁ ƳƴƷƭƼƪƶƯƭƱƭ ƶƧƳƮƶƷƧƥƱƭ ƱƥƷƪƵƭƥưƥ, 

ƼƷƳ ƧƥƫƲƳ ƴƵƭ ƵƥƬƵƥƦƳƷƯƥƺ ưǃƱƭƲƪƶƻƪƲƷƲǀƺ ƭ ưƥƬƪƵƲǀƺ ƶƵƪƩ [1]. ƍƬƧƪƶƷƲƥ ƩƳƴƭƵƳƧƥƲƲƥǄ Ni2+
 ƴƵƳƬƵƥƼƲƥǄ 

ƶƷƪƯưƳƯƪƵƥƱƭƯƥ Ʋƥ ƳƶƲƳƧƪ ƧǀƶƳƯƳƨƥưưƥƷƲǀƺ ƹƥƬ, ƽƭƵƳƯƳƴƳưƳƶƲƥǄ ƍƏ ưǃƱƭƲƪƶƻƪƲƻƭǄ ƯƳƷƳƵƳƮ ƩƪưƥƪƷ ǂƷƳƷ 

ƱƥƷƪƵƭƥư ƴƪƵƶƴƪƯƷƭƧƲǀƱ ƩưǄ ƶƳƬƩƥƲƭǄ Ʋƥ ƪƨƳ ƳƶƲƳƧƪ ƧƳưƳƯƳƲƲǀƺ ƳƴƷƭƼƪƶƯƭƺ ƸƶƭưƭƷƪưƪƮ ƭ ƴƪƵƪƶƷƵƥƭƧƥƪƱǀƺ 

ưƥƬƪƵƳƧ [2, 3]. ƖƵƪƩƭ ƨƥưưƥƷƲǀƺ ƹƥƬ ƳƶƳƦǀƮ ƭƲƷƪƵƪƶ ƴƵƪƩƶƷƥƧưǄƪƷ ƹƥƬƥ LiGa5O8 ƦưƥƨƳƩƥƵǄ ƧǀƶƳƯƳƱƸ ƯƧƥƲƷƳƧƳƱƸ 

ƧǀƺƳƩƸ ưǃƱƭƲƪƶƻƪƲƻƭƭ Ƨ ƲƪƮ ƭƳƲƳƧ Ni2+ [4]. ƕƥƲƪƪ ƲƥƱƭ Ʀǀưƥ ƭƬƸƼƪƲƥ ƴƳƶưƪƩƳƧƥƷƪưǁƲƳƶƷǁ ƧǀƩƪưƪƲƭǄ 

ƯƵƭƶƷƥưưƭƼƪƶƯƭƺ ƹƥƬ Ƨ ƶƷƪƯưƥƺ ƶƭƶƷƪƱǀ Li2O-Na2O-Ga2O3-SiO2-GeO2 ƭ ƴƳƯƥƬƥƲƳ, ƼƷƳ ƯƵƭƶƷƥưưǀ LiGa5O8 

ƹƳƵƱƭƵƸǃƷƶǄ Ƭƥ ƶƼƪƷ ƩƭƹƹƸƬƭƭ ƭƳƲƳƧ Li+ Ƨ ƵƥƲƪƪ ƧǀƩƪưƭƧƽƭƪƶǄ ƲƥƲƳƯƵƭƶƷƥưưǀ -ɹGa2O3 [5]. ƓƩƲƥƯƳ ƧǀƩƪưƪƲƭƪ 

LiGa5O8 Ƨ ǂƷƭƺ ƶƷƪƯưƥƺ ƦǀưƳ ƬƥƹƭƯƶƭƵƳƧƥƲƳ ưƭƽǁ Ʋƥ ƴƳƬƩƲƭƺ ƶƷƥƩƭǄƺ ƹƥƬƳƧƳƨƳ ƵƥƬƩƪưƪƲƭǄ, ƯƳƨƩƥ ƶƷƪƯưƳƯƪƵƥƱƭƯƥ 

ƷƪƵǄưƥ ƴƵƳƬƵƥƼƲƳƶƷǁ [5]. ƔƵƭƱƪƲƪƲƭƪ ƩưƭƷƪưǁƲƳƮ ƴƵƪƩƯƵƭƶƷƥưưƭƬƥƻƭƳƲƲƳƮ ƷƪƵƱƳƳƦƵƥƦƳƷƯƭ, Ƨ ƺƳƩƪ ƯƳƷƳƵƳƮ, ƯƥƯ 

ƳƫƭƩƥƪƷƶǄ, ƺƭƱƭƼƪƶƯƥǄ ƩƭƹƹƪƵƪƲƻƭƥƻƭǄ ƷƥƯƫƪ ƦƸƩƪƷ ƴƵƳƭƶƺƳƩƭƷǁ, ƲƳ ƴƵƭ ƦƳưƪƪ ƲƭƬƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ, ƴƳƬƧƳưƭƷ 

ƶƳƺƵƥƲƭƷǁ ƧǀƶƳƯƳƪ ƶƧƪƷƳƴƵƳƴƸƶƯƥƲƭƪ ƱƥƷƪƵƭƥưƥ. 

Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƭƶƶưƪƩƳƧƥƲƥ ƧƳƬƱƳƫƲƳƶƷǁ ƧǀƩƪưƪƲƭǄ ƹƥƬǀ LiGa5O8 Ƨ ƴƵƳƬƵƥƼƲƳƮ ƶƷƪƯưƳƯƪƵƥƱƭƯƪ Ƨ 

ƶƭƶƷƪƱƪ Me2O-Ga2O3-XO2 (Me = Li, Na; X = Si, Ge). ƘƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƧǀƩƪưƪƲƭƪ ƲƥƲƳƯƵƭƶƷƥưưƳƧ ǂƷƳƮ ƹƥƬǀ Ƨ 

ƱƥưƳƾƪưƳƼƲǀƺ ƨƥưưƭƪƧƳƶƭưƭƯƳƨƪƵƱƥƲƥƷƲǀƺ ƶƷƪƯưƥƺ ƴƵƳƭƶƺƳƩƭƷ ƴƵƭ ƭƶƴƳưǁƬƳƧƥƲƭƭ ƩƧƸƺƶƷƸƴƪƲƼƥƷƳƨƳ ƵƪƫƭƱƥ 

ƷƪƵƱƳƳƦƵƥƦƳƷƯƭ, ƴƪƵƧƥǄ ƶƷƸƴƪƲǁ ƯƳƷƳƵƳƨƳ Ƭƥ ƶƼƪƷ ƦƳưǁƽƳƮ ƩưƭƷƪưǁƲƳƧƶƷƭ (45 Ƽ) ƳƦƪƶƴƪƼƭƧƥƪƷ ƩƭƹƹƸƬƭǃ ƭƳƲƳƧ 

Li+ Ƨ ƳƦƳƨƥƾƪƲƲǀƪ Ga2O3 ƲƥƲƳƲƪƳƩƲƳƵƳƩƲƳƶƷƭ, ƶƳƩƪƵƫƥƾƭƪƶǄ Ƨ ƭƶƺƳƩƲƳƱ ƶƷƪƯưƪ. ƔƳƶưƪƩƸǃƾƥǄ ƯƵƭƶƷƥưưƭƬƥƻƭǄ 
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ƴƵƪƩƧƥƵƭƷƪưǁƲƳ ƳƦƵƥƦƳƷƥƲƲƳƨƳ ƷƥƯƭƱ ƳƦƵƥƬƳƱ ƶƷƪƯưƥ ƴƵƭƧƳƩƭƷ Ư ƧǀƩƪưƪƲƭǃ ƴƵƪƭƱƸƾƪƶƷƧƪƲƲƳ ƲƥƲƳƯƵƭƶƷƥưưƳƧ 

LiGa5O8, Ƴ ƼƪƱ ƶƧƭƩƪƷƪưǁƶƷƧƸǃƷ ƩƥƲƲǀƪ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ. 
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ƉƍƢƐƊƏƗƕƍƜƊƖƏƍƊ ƖƇƓƎƖƗƇƅ ƑƓƉƍƙƍƛƍƕƓƇƅƒƒƠƚ ƏƊƕƅƑƍƏ ƒƅ ƓƖƒƓƇƊ ƗƍƗƅƒƅƗƅ ƒƅƗƕƍƤ-ƇƍƖƑƘƗƅ 

(NA0.5BI0.5)(TI1-XWX)O3 (X = 0 ɛ 0.1) 

DIELECTRIC PROPERTIES OF MODIFIED CERAMICS BASED ON SODIUM-BISMUTH TITANATE  

(NA0.5BI0.5)(TI1-XWX)O3 (X = 0 ɛ 0.1) 

ƏƥưƪƧƥ ƈ.Ƒ.1, ƔƳưƭƷƳƧƥ Ɗ.Ɖ.1, ƆƪưǁƯƳƧƥ Ɖ.ƅ.2, ƑƳƶƸƲƳƧ ƅ.Ƈ.2, ƖƷƪƹƥƲƳƧƭƼ Ɩ.ƣ.2  

Kaleva G.M.1, Politova E.D.1, Belkova D.A.2, Mosunov A.V.2, Stefanovich S.Yu.2 

 1 ƕƳƶƶƭǄ, ƙƪƩƪƵƥưǁƲǀƮ ƭƶƶưƪƩƳƧƥƷƪưǁƶƯƭƮ ƻƪƲƷƵ ƺƭƱƭƼƪƶƯƳƮ ƹƭƬƭƯƭ ƭƱ. ƒ.ƒ. ƖƪƱƪƲƳƧƥ, kaleva@nifhi.ru 
2ƑƳƶƯƳƧƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ ƭƱ. Ƒ.Ƈ. ƐƳƱƳƲƳƶƳƧƥ 

ƍƬƸƼƪƲƳ ƧưƭǄƲƭƪ ƯƥƷƭƳƲƲƳƨƳ ƬƥƱƪƾƪƲƭǄ Ƨ ƴƳƩƵƪƽƪƷƯƪ ƅ ƷƭƷƥƲƥƷƥ ƲƥƷƵƭǄ-ƧƭƶƱƸƷƥ Ʋƥ ƴƥƵƥƱƪƷƵǀ 

ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵǀ ƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƯƪƵƥƱƭƯ (Na0.5Bi0.5)(Ti1-xWx)O3 ƶ x = 0 ɛ 0.1. ƘƶƷƥƲƳƧưƪƲƳ 

ƧưƭǄƲƭƪ ƬƥƱƪƾƪƲƭƮ Ʋƥ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƭ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƯƪƵƥƱƭƯ.  

ƖƵƪƩƭ ƲƥƭƦƳưƪƪ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƭƲƷƪƲƶƭƧƲƳ ƭƶƶưƪƩƸƪƱǀƺ Ƨ ƴƳƶưƪƩƲƪƪ ƩƪƶǄƷƭưƪƷƭƪ ƦƪƶƶƧƭƲƻƳƧǀƺ 

ƱƥƷƪƵƭƥưƳƧ - ƳƯƶƭƩǀ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƴƪƵƳƧƶƯƭƷƥ Ʋƥ ƳƶƲƳƧƪ ƵƳƱƦƳǂƩƵƭƼƪƶƯƳƨƳ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƯƥ-ƵƪưƥƯƶƳƵƥ 

ƷƭƷƥƲƥƷƥ ƲƥƷƵƭǄ-ƧƭƶƱƸƷƥ (Na0.5Bi0.5)TiO3 (NBT) [1 - 5]. ƖƳƶƷƥƧǀ Ʋƥ ƳƶƲƳƧƪ NBT ƺƥƵƥƯƷƪƵƭƬƸƪƷƶǄ ƦƳưǁƽƳƮ ƳƶƷƥƷƳƼƲƳƮ 

ƴƳưǄƵƭƬƥƻƭƪƮ Pr = 38 ƱƯƏư/ƶƱ2 ƭ ƩƳƧƳưǁƲƳ ƧǀƶƳƯƳƮ ƷƪƱƴƪƵƥƷƸƵƳƮ ƏǃƵƭ ƗƖ = 320ƳC, ƼƷƳ ƳƴƵƪƩƪưǄƪƷ ƴƪƵƶƴƪƯƷƭƧǀ 

ƶƳƬƩƥƲƭǄ ƲƳƧǀƺ ƴƪǁƬƳƯƪƵƥƱƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƭƺ ƳƶƲƳƧƪ.   

ƓƶƳƦƪƲƲƳƶƷǁǃ NBT ǄƧưǄƪƷƶǄ ƲƥưƭƼƭƪ ƴƳưǄƵƲǀƺ ƯưƥƶƷƪƵƳƧ, ƳƴƵƪƩƪưǄǃƾƭƺ ƧǀƶƳƯƸǃ ƴƳƩƧƭƫƲƳƶƷǁ ƨƵƥƲƭƻ 

ƱƪƫƩƸ ƩƳƱƪƲƲǀƱƭ ƶƷƪƲƯƥƱƭ, ƼƷƳ ƶƴƳƶƳƦƶƷƧƸƪƷ ƴƳưǄƵƭƬƥƻƭƭ ƯƪƵƥƱƭƯ. ƓƩƲƥƯƳ, ƴưƳƺƳ ƯƳƲƷƵƳưƭƵƸƪƱǀƪ ƴƳƷƪƵƭ 

ƧǀƶƳƯƳưƪƷƸƼƭƺ ƳƯƶƭƩƳƧ ƲƥƷƵƭǄ ƭ ƧƭƶƱƸƷƥ ƴƵƭ ƶƴƪƯƥƲƭƭ ƳƴƵƪƩƪưǄǃƷ ƴưƳƺƸǃ ƧƳƶƴƵƳƭƬƧƳƩƭƱƳƶƷǁ ƵƪƬƸưǁƷƥƷƳƧ. 

ƖƳƳƷƧƪƷƶƷƧƪƲƲƳ, ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ NBT ƶƳƶƷƥƧƳƧ ƬƥƧƭƶǄƷ ƳƷ ƶƷƪƺƭƳƱƪƷƵƭƭ, ƳƴƵƪƩƪưǄƪƱƳƮ ƸƶưƳƧƭǄƱƭ 

ƴƳưƸƼƪƲƭǄ [6 - 9]. ƓƷƱƪƷƭƱ, ƼƷƳ ƴƵƭ ƩƪƹƭƻƭƷƪ ƯƥƷƭƳƲƳƧ ƅ ƭ ƴƵƭ ƧƧƪƩƪƲƭƭ ƥƯƻƪƴƷƳƵƲǀƺ ƩƳƦƥƧƳƯ Ƨ ƴƳƬƭƻƭƭ Ƈ ƩưǄ 

ƶƳƺƵƥƲƪƲƭǄ ƲƪƮƷƵƥưǁƲƳƶƷƭ ƬƥƵǄƩƥ ƵƪƽƪƷƯƭ ƳƦƵƥƬƸǃƷƶǄ ƧƥƯƥƲƶƭƭ ƯƭƶưƳƵƳƩƥ, ƶƴƳƶƳƦƶƷƧƸǃƾƭƪ ƬƲƥƼƭƷƪưǁƲƳƱƸ 

ƴƳƧǀƽƪƲƭǃ ƭƳƲƲƳƮ ƶƳƶƷƥƧưǄǃƾƪƮ ƴƵƳƧƳƩƭƱƳƶƷƭ, ƭ ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ ɛ ƶƳƬƩƥƲƭǃ ƭƳƲƳƴƵƳƧƳƩǄƾƭƺ ƯƪƵƥƱƭƯ [10 - 14]. 

ƕƥƲƪƪ Ƨ ƳƦƵƥƬƻƥƺ, ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƺ ƯƥƷƭƳƲƥƱƭ ƱƥƨƲƭǄ, ƲƥƱƭ ƧǀǄƧưƪƲǀ ǂƹƹƪƯƷǀ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƵƪưƥƯƶƥƻƭƭ 

ƴƵƭ ƧǀƶƳƯƭƺ ƷƪƱƴƪƵƥƷƸƵƥƺ (> 700 K), ƴƳƩƷƧƪƵƫƩƥǃƾƭƪ ƴƵƭƶƸƷƶƷƧƭƪ ƧƥƯƥƲƶƭƮ Ƨ ƴƳƩƵƪƽƪƷƯƪ ƯƭƶưƳƵƳƩƥ [15]. 
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ƇǀǄƧưƪƲƳ ƷƥƯƫƪ, ƼƷƳ ƴƵƭ ƧƧƪƩƪƲƭƭ ƥƯƻƪƴƷƳƵƲǀƺ ƩƳƦƥƧƳƯ Ƨ ƴƳƬƭƻƭƭ Ƈ (Mg2+) ƲƥƦưǃƩƥƪƷƶǄ ƴƳƲƭƫƪƲƭƪ ƬƲƥƼƪƲƭƮ 

ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ rʁt, ƷƳƨƩƥ ƯƥƯ ƧƧƪƩƪƲƭƪ ƩƳƲƳƵƲǀƺ ƩƳƦƥƧƳƯ Ƨ 

ƴƳƬƭƻƭƭ Ƈ (Nb5+) ƶƳƴƵƳƧƳƫƩƥƪƷƶǄ ƴƳƧǀƽƪƲƭƪƱ ƬƲƥƼƪƲƭƮ rʁt [16].  

Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƭƬƸƼƪƲǀ ƳƶƳƦƪƲƲƳƶƷƭ ƹƥƬƳƳƦƵƥƬƳƧƥƲƭǄ, ƴƥƵƥƱƪƷƵǀ ƶƷƵƸƯƷƸƵǀ, ƱƭƯƵƳƶƷƵƸƯƷƸƵƥ, 

ƩƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƭ ƶƪƨƲƪƷƳǂưƪƯƷƵƭƼƪƶƯƭƪ (ƖƢ) ƶƧƳƮƶƷƧƥ ƯƪƵƥƱƭƯ ƶ ƩƳƲƳƵƲǀƱƭ ƬƥƱƪƾƪƲƭǄƱƭ Ƨ ƶƭƶƷƪƱƪ 

(Na0.5Bi0.5)(Ti1-xWx)O3 ƶ x = 0 ɛ 0.1.   

ƏƪƵƥƱƭƼƪƶƯƭƪ ƳƦƵƥƬƻǀ (Na0.5Bi0.5)(Ti1-xWx)O3 ƶ x = 0 ɛ 0.15 ƴƳưƸƼƥưƭ ƱƪƷƳƩƳƱ ƷƧƪƵƩƳƹƥƬƲƳƨƳ ƶƭƲƷƪƬƥ 

ƩƧƸƯƵƥƷƲǀƱ ƳƦƫƭƨƳƱ ƴƵƭ ƷƪƱƴƪƵƥƷƸƵƥƺ T1=1070 K (6 Ƽ) ƭ T2=1470 (10 ƱƭƲ.) ɛ 1170 K ( 4 Ƽ). Ƈ ƯƥƼƪƶƷƧƪ ƭƶƺƳƩƲǀƺ 

ƵƪƥƨƪƲƷƳƧ ƭƶƴƳưǁƬƳƧƥưƭ ƯƥƵƦƳƲƥƷ Na2CO3 (ɠƼ.Ʃ.ƥ.ɡ), ƳƯƶƭƩǀ Bi2O3, W2O3 ƭ TiO2 (ɠƳƶ.Ƽ.ɡ). 

ƙƥƬƳƧǀƮ ƶƳƶƷƥƧ ƭ ƴƥƵƥƱƪƷƵǀ ƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƶƷƵƸƯƷƸƵǀ ƳƴƵƪƩƪưǄưƭ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ 

ƱƪƷƳƩƳƱ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ (ƕƙƅ) (ƩƭƹƵƥƯƷƳƱƪƷƵ ƉƕƓƒ-3M, CuKh -ƭƬưƸƼƪƲƭƪ). ƉƭǂưƪƯƷƵƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ 

ƯƪƵƥƱƭƯ ƭƬƸƼƥưƭ ƱƪƷƳƩƳƱ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƶƴƪƯƷƵƳƶƯƳƴƭƭ (ƭƬƱƪƵƭƷƪưǁ Agilent 4284 A, 1 Ƈ) Ƨ ƭƲƷƪƵƧƥưƪ 

ƷƪƱƴƪƵƥƷƸƵ 300 ɛ 1000 Ə ƭ ƼƥƶƷƳƷ 100 ƈƻ ɛ 1 Ƒƈƻ. ƇƪưƭƼƭƲƸ ƶƴƳƲƷƥƲƲƳƮ ƴƳưǄƵƭƬƥƻƭƭ Ps ƳƦƵƥƬƻƳƧ ƳƻƪƲƭƧƥưƭ ƴƳ 

ƧƪưƭƼƭƲƪ ƶƭƨƲƥưƥ ƨƪƲƪƵƥƻƭƭ ƧƷƳƵƳƮ ƨƥƵƱƳƲƭƯƭ (ƈƇƈ) ưƥƬƪƵƲƳƨƳ ƭƬưƸƼƪƲƭǄ (Nd:YAG ưƥƬƪƵ, =1.064 ƱƯƱ) 

q=I2̟ /I2̟ (SiO2), ƴƵƳƴƳƵƻƭƳƲƥưǁƲƳƨƳ ƧƪưƭƼƭƲƪ Ps: q~Ps
2.  

ƖƳƨưƥƶƲƳ ƩƥƲƲǀƱ ƕƙƅ, ƳƩƲƳƹƥƬƲǀƪ ƳƦƵƥƬƻǀ (Na0.5Bi0.5)(Ti1-xWx)O3 ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƴƪƵƳƧƶƯƭƷƥ ƴƳưƸƼƪƲǀ ƴƵƭ x 
< 0.08 (ƕƭƶ. 1). ƔƵƭ ƩƥưǁƲƪƮƽƪƱ ƴƳƧǀƽƪƲƭƭ ƬƲƥƼƪƲƭƮ x Ʋƥ ƩƭƹƵƥƯƷƳƨƵƥƱƱƥƺ ƵƪƨƭƶƷƵƭƵƸǃƷƶǄ ƩƳƴƳưƲƭƷƪưǁƲǀƪ 

ƴƭƯƭ, ƴƳưƳƫƪƲƭƪ ƯƳƷƳƵǀƺ ƴƳƬƧƳưǄƪƷ ƴƵƪƩƴƳưƳƫƭƷǁ ƹƳƵƱƭƵƳƧƥƲƭƪ ƴƵƭƱƪƶƲƳƮ ƹƥƬǀ (Na0.5Bi4.5)Ti4O15. ƔƵƭ 

ƸƯƥƬƥƲƲǀƺ ƬƲƥƼƪƲƭǄƺ ƺ ƴƥƵƥƱƪƷƵǀ ƴƶƪƧƩƳƯƸƦƭƼƪƶƯƳƮ ƵƪƽƪƷƯƭ ƳƶƲƳƧƲƳƮ ƹƥƬǀ ƴƵƥƯƷƭƼƪƶƯƭ Ʋƪ ƱƪƲǄǃƷƶǄ, ƼƷƳ 
ƶƳƨưƥƶƸƪƷƶǄ ƶ ƦưƭƬƯƭƱƭ ƬƲƥƼƪƲƭǄƱƭ ƭƳƲƲǀƺ ƵƥƩƭƸƶƳƧ ƯƥƷƭƳƲƳƧ Ti4+ ƭ W6+ (0.605 ƭ 0.60, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ).  

 

ƕƭƶ. 1 ƉƭƹƵƥƯƷƳƨƵƥƱƱǀ (a) ƭ ƸƼƥƶƷƯƭ ƩƭƹƵƥƯƷƳƨƵƥƱƱ (b) ƳƦƵƥƬƻƳƧ ƯƪƵƥƱƭƯ  

(Na0.5Bi0.5)(Ti1-xWx)O3 ƶ x=0.0 (1), 0.02 (2), 0.04 (3), 0.06 (4), 0.08 (5), 0.10 (6), 0.15 (7) 

Ƈ ƵƪƬƸưǁƷƥƷƪ ƭƬƱƪƵƪƲƭƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƧǀǄƧưƪƲǀ ƷƭƴƭƼƲǀƪ ƩưǄ NBT ƶƳƶƷƥƧƳƧ ƖƢ 

ƹƥƬƳƧǀƪ ƴƪƵƪƺƳƩǀ - ƥƲƳƱƥưƭƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƧƦưƭƬƭ ~ 450 K ƭ ƴƭƯƭ ƴƵƭ Tm ~ 600 K (ƕƭƶ. 2). 

ƙƥƬƳƧǀƪ ƴƪƵƪƺƳƩǀ ƴƵƭ 390ɛ420 K ƩƪƱƳƲƶƷƵƭƵƸǃƷ ƧǀƵƥƫƪƲƲƳƪ ƵƪưƥƯƶƳƵƲƳƪ ƴƳƧƪƩƪƲƭƪ, ƺƥƵƥƯƷƪƵƲƳƪ ƩưǄ 

ƶƳƶƷƥƧƳƧ NBT, ƳƦƸƶưƳƧưƪƲƲƳƪ ƴƵƭƶƸƷƶƷƧƭƪƱ ƴƳưǄƵƲǀƺ ƖƢ ƳƦưƥƶƷƪƮ Ƨ ƲƪƴƳưǄƵƲƳƮ ƱƥƷƵƭƻƪ [17, 18]. ƔƵƭ ƧǀƶƳƯƭƺ 

ƷƪƱƴƪƵƥƷƸƵƥƺ ƧƦưƭƬƭ 750 ɛ 800 K Ƨ ƳƦƵƥƬƻƥƺ, ƧǀǄƧưƪƲǀ ƷƥƯƫƪ ƥƲƳƱƥưƭƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ, 

ƴƳƩƷƧƪƵƫƩƥǃƾƭƪ ƴƵƭƶƸƷƶƷƧƭƪ ƴƵƭƱƪƶƲǀƺ ƹƥƬ Ƨ ƳƦƵƥƬƻƥƺ (ƕƭƶ. 2).  
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ƒƥ Ƶƭƶ. 3 ƴƳƯƥƬƥƲǀ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƴƥƵƥƱƪƷƵƳƧ ƩưǄ ƭƬƸƼƪƲƲǀƺ ƶƭƶƷƪƱ, 

ƭƬƱƪƵƪƲƲǀƪ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ. ƔƳƧǀƽƪƲƭƪ ƯƳƲƻƪƲƷƵƥƻƭƭ ƯƥƷƭƳƲƳƧ ƧƳưǁƹƵƥƱƥ ƴƵƭƧƳƩƭƷ Ư ƴƳƲƭƫƪƲƭǃ 

ƬƲƥƼƪƲƭƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ ƴƵƭ ƴƳƧǀƽƪƲƭƭ ƬƲƥƼƪƲƭƮ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƴƳƷƪƵǁ. ƔƵƭ ƸƧƪưƭƼƪƲƭƭ 

ƬƲƥƼƪƲƭǄ x Ƨ ƳƦƵƥƬƻƥƺ (Na0.5Bi0.5)(Ti1-xWx)O3 ƲƥƦưǃƩƥƪƷƶǄ ƴƳƲƭƫƪƲƭƪ ƧƪưƭƼƭƲǀ ƶƴƳƲƷƥƲƲƳƮ ƴƳưǄƵƭƬƥƻƭƭ ƶƳƨưƥƶƲƳ 

ƵƪƬƸưǁƷƥƷƥƱ ƭƬƱƪƵƪƲƭƮ ƱƪƷƳƩƳƱ ƈƇƈ (Ƶƭƶ. 3ƨ), ƸƯƥƬǀƧƥǃƾƪƪ Ʋƥ ƸƺƸƩƽƪƲƭƪ ƖƢ ƶƧƳƮƶƷƧ ƭ ƭƬƸƼƪƲƲǀƺ ƯƪƵƥƱƭƯ 
ƧƶưƪƩƶƷƧƭƪ ƧƳƬƱƳƫƲƳƨƳ ƸƱƪƲǁƽƪƲƭǄ ƵƥƬƱƪƵƳƧ ƴƳưǄƵƲǀƺ ƳƦưƥƶƷƪƮ.  
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ƕƭƶ. 3 ƏƳƲƻƪƲƷƵƥƻƭƳƲƲǀƪ ƬƥƧƭƶƭƱƳƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƲƭƻƥƪƱƳƶƷƭ (ƥ), ƷƥƲƨƪƲƶƥ Ƹƨưƥ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƴƳƷƪƵǁ (Ʀ), 
ǂưƪƯƷƵƳƴƵƳƧƳƩƭƱƳƶƷƭ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ (Ƨ) ƭ ƭƲƷƪƲƶƭƧƲƳƶƷƭ ƶƭƨƲƥưƥ ƈƇƈ I2w/I2w(SiO2) (ƨ) ƳƦƵƥƬƻƳƧ Na0.5Bi0.5)(Ti1-

xWx)O3 ƶ x=0.0 ɛ 0.15 

ƕƭƶ. 2 ƗƪƱƴƪƵƥƷƸƵƲǀƪ 
ƬƥƧƭƶƭƱƳƶƷƭ ƩƭǂưƪƯƷƵƭƼƪƶƯƳƮ 
ƴƵƳƲƭƻƥƪƱƳƶƷƭ e(T), ƳƦƵƥƬƻƳƧ 
ƯƪƵƥƱƭƯ Na0.5Bi0.5)(Ti1-xWx)O3 ƶ 

x=0.0 (1), 0.01 (2), 0.03 (3), 0.04 (4), 
0.06 (5). ƏƵƭƧǀƪ ƭƬƱƪƵƪƲǀ Ʋƥ 

ƼƥƶƷƳƷƪ f= 1 Ƒƈƻ. 
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ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƭƬƱƪƲƪƲƭƪ ƩƭǂưƪƯƷƵƭƼƪƶƯƭƺ ƶƧƳƮƶƷƧ ƭƬƸƼƪƲƲǀƺ ƯƪƵƥƱƭƯ Na0.5Bi0.5)(Ti1-xWx)O3 ƴƳƩƷƧƪƵƫƩƥƪƷ 

ƧưƭǄƲƭƪ ƶƷƪƺƭƳƱƪƷƵƭƭ ƯƥƷƭƳƲƲǀƺ ƴƳƩƵƪƽƪƷƳƯ Ʋƥ ƭƺ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƶƧƳƮƶƷƧƥ.  

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƕƳƶƶƭƮƶƯƳƨƳ ƹƳƲƩƥ ƹƸƲƩƥƱƪƲƷƥưǁƲǀƺ ƭƶƶưƪƩƳƧƥƲƭƮ (ƔƵƳƪƯƷ 17-03-
00542) ƭ ƑƭƲƳƦƵƲƥƸƯƭ ƕƙ (ƨƳƶƬƥƩƥƲƭƪ ƴƳ ƷƪƱƪ ʋ 45.22 (ƅƅƅƅ-ƅ18-118012390045-2).  
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3ƍƲƷƭƷƸƷ ƳƦƾƪƮ ƹƭƬƭƯƭ ƭƱ. ƅ.Ƒ. ƔƵƳƺƳƵƳƧƥ ƕƳƶƶƭƮƶƯƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ, ƑƳƶƯƧƥ, ƕƳƶƶƭǄ 
4ƍƲƶƷƭƷƸƷ ƱƭƯƵƳƦƭƳưƳƨƭƭ ƭ ƧƭƵƸƶƳưƳƨƭƭ ƭƱ. Ɖ.Ə. ƌƥƦƳưƳƷƲƳƨƳ ƒƥƻƭƳƲƥưǁƲƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ, ƏƭƪƧ, ƘƯƵƥƭƲƥ 

ƘƲƭƯƥưǁƲǀƪ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƪ ƶƧƳƮƶƷƧƥ ƲƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƳƨƳ ƩƭƳƯƶƭƩƥ ƻƪƵƭǄ, Ƨ ƷƳƱ Ƽƭƶưƪ ƲƭƬƯƥǄ 

ƷƳƯƶƭƼƲƳƶƷǁ, ƧǀƵƥƫƪƲƲǀƪ ƥƲƷƭƳƯƶƭƩƥƲƷƲǀƪ ƶƧƳƮƶƷƧƥ ƭ ƧǀƶƳƯƭƮ ƯƳǂƹƹƭƻƭƪƲƷ ƴƳƨưƳƾƪƲƭǄ Ƙƙ ƭƬưƸƼƪƲƭǄ, 

ƴƳƬƧƳưǄǃƷ ƭƶƴƳưǁƬƳƧƥƷǁ ƩƥƲƲǀƮ ƱƥƷƪƵƭƥư ƩưǄ ƶƳƬƩƥƲƭǄ ƲƳƧǀƺ ƶƳưƲƻƪƬƥƾƭƷƲǀƺ ƯƳƱƴƳƬƭƻƭƮ [1]. 

ƙƸƲƯƻƭƳƲƥưǁƲǀƪ ƺƥƵƥƯƷƪƵƭƶƷƭƯƭ ƬƳưƪƮ ƭ ƴƳƵƳƽƯƳƧ Ʋƥ ƳƶƲƳƧƪ ƲƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƳƨƳ ƩƭƳƯƶƭƩƥ ƻƪƵƭǄ ƽƭƵƳƯƳ 

ƭƬƸƼƥǃƷƶǄ. Ɩ ƷƳƼƯƭ ƬƵƪƲƭǄ ƴƵƥƯƷƭƼƪƶƯƳƨƳ ƴƵƭƱƪƲƪƲƭǄ ƴƪƵƶƴƪƯƷƭƧƲǀƱƭ ƴƵƪƩƶƷƥƧưǄǃƷƶǄ ƳƦƿƪƱƲǀƪ ƱƥƷƪƵƭƥưǀ ƭ 

ƯƳƱƴƳƬƭƷǀ, Ƨ ƯƳƷƳƵǀƺ CeO2 ƭƱƱƳƦƭưƭƬƳƧƥƲ Ƨ ƴƳưƭƱƪƵƲƳƮ ƱƥƷƵƭƻƪ. ƒƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƥǄ ƻƪưưǃưƳƬƥ ɛ 

ƲƪƷƳƯƶƭƼƲǀƮ ƭ ƦƭƳƵƥƬưƥƨƥƪƱǀƮ ƴƳưƭƱƪƵ, ƴƵƳƼƲƳƶƷǁ ƭ ƨƭƦƯƳƶƷǁ ƱƥƷƪƵƭƥưƳƧ Ʋƥ ƪƪ ƳƶƲƳƧƪ ƩƪưƥƪƷ ƪƪ ƸƩƳƦƲƳƮ 

ƱƥƷƵƭƻƪƮ ƩưǄ ƶƳƬƩƥƲƭǄ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƯƳƱƴƳƬƭƷƳƧ [2]. 

Ƈ ƩƥƲƲƳƮ ƵƥƦƳƷƪ ƴưƪƲƯƭ Ʋƥ ƳƶƲƳƧƪ ƲƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƳƮ ƻƪưưǃưƳƬǀ Ʀǀưƭ ƱƳƩƭƹƭƻƭƵƳƧƥƲǀ 

ƲƥƲƳƼƥƶƷƭƻƥƱƭ CeO2 ƭ WO3. Ƙƙ-ƳƦưƸƼƪƲƭƪ ƹƳƷƳƺƵƳƱƲǀƺ ƲƥƲƳƼƥƶƷƭƻ WO3 ƧǀƬǀƧƥƪƷ ƴƵƳƷƪƯƥƲƭƪ ƳƯƭƶưƭƷƪưǁƲƳ-

ƧƳƶƶƷƥƲƳƧƭƷƪưǁƲǀƺ ƵƪƥƯƻƭƮ ƶ ƸƼƥƶƷƭƪƱ ƥƷƳƱƳƧ ƧƳưǁƹƵƥƱƥ [3], ƼƷƳ ƩƪưƥƪƷ WO3 ƸƩƳƦƲǀƱ ƱƳƩƪưǁƲǀƱ ƳƦƿƪƯƷƳƱ ƩưǄ 

ƥƲƥưƭƬƥ Ƙƙ-ƬƥƾƭƷƲǀƺ ƶƧƳƮƶƷƧ CeO2. ƔưƪƲƯƭ CeO2/ƻƪưưǃưƳƬƥ (ƳƷ 1/10 ƩƳ 1/100 ƱƳưǁƲ.), WO3/ƻƪưưǃưƳƬƥ (1/10 

ƱƳưǁƲ.) ƭ WO3/CeO2/ƻƪưưǃưƳƬƥ (ƳƷ 1/1/10 ƩƳ 10/1/100 ƱƳưǁƲ.) ƴƵƳƩƪƱƳƲƶƷƵƭƵƳƧƥưƭ ƧǀƶƳƯƳƪ ƴƳƨưƳƾƪƲƭƪ Ƨ Ƙƙ 

ƳƦưƥƶƷƭ ƶƴƪƯƷƵƥ. Ƙƙ-ƬƥƾƭƷƲƳƪ ƩƪƮƶƷƧƭƪ ƲƥƲƳƯƵƭƶƷƥưưƭƼƪƶƯƳƨƳ CeO2, ƧǀǄƧưƪƲƳ ƴƸƷƪƱ ƥƲƥưƭƬƥ ƯƭƲƪƷƭƯƭ 

ƳƯƵƥƽƭƧƥƲƭǄ ƹƳƷƳƺƵƳƱƲǀƺ ƯƳƱƴƳƬƭƷƲǀƺ ƴưƪƲƳƯ, ƶƳƩƪƵƫƥƾƭƺ ƳƯƶƭƩ ƧƳưǁƹƵƥƱƥ. ƆǀưƳ ƴƳƯƥƬƥƲƳ, ƼƷƳ CeO2 

ƳƯƥƬǀƧƥƪƷ Ƙƙ-ƬƥƾƭƷƲǀƮ ǂƹƹƪƯƷ ƯƥƯ ƲƪƴƳƶƵƪƩƶƷƧƪƲƲƳ Ƨ ƶƳƶƷƥƧƪ ƯƳƱƴƳƬƭƷƥ WO3/CeO2/ƻƪưưǃưƳƬƥ, ƷƥƯ ƭ Ƨ ƶƳƶƷƥƧƪ 

ƴƳƯƵǀƷƭǄ CeO2/ƻƪưưǃưƳƬƥ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƴưƪƲƳƯ WO3/ƻƪưưǃưƳƬƥ. ƓƶƲƳƧƲǀƱ ƱƪƺƥƲƭƬƱƳƱ ƬƥƾƭƷƲƳƨƳ ƩƪƮƶƷƧƭǄ 

ƩƭƳƯƶƭƩƥ ƻƪƵƭǄ ǄƧưǄƪƷƶǄ ƴƳƨưƳƾƪƲƭƪ Ƙƙ ƭƬưƸƼƪƲƭǄ, ƥƲƷƭƳƯƶƭƩƥƲƷƲǀƪ ƶƧƳƮƶƷƧƥ CeO2 Ƨ ƩƥƲƲƳƮ ƶƭƶƷƪƱƪ Ʋƪ 

ƴƵƳǄƧưǄǃƷƶǄ.  

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƕƒƙ 18-73-10150. 
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ƴƳưƭƭƬƳƦƸƷƭưƪƲƥ. 

ƑƪƷƳƩƭƯƥ ƭƶƶưƪƩƳƧƥƲƭǄ: ƷƪƳƵƪƷƭƼƪƶƯƭƮ ƥƲƥưƭƬ ƶ ƴƵƭƧưƪƼƪƲƭƪƱ ƱƥƷƪƱƥƷƭƼƪƶƯƳƨƳ ƥƴƴƥƵƥƷƥ ƷƪƳƵƭƭ 

ƯƥƷƥƶƷƵƳƹ. 

 

ƕƭƶ. 1 ƈƪƳƱƪƷƵƭƼƪƶƯƳƪ ƴƵƪƩƶƷƥƧưƪƲƭƪ ƱƲƳƨƳƳƦƵƥƬƭǄ ƯƥƷƥƶƷƵƳƹǀ "ƶƦƳƵƯƥ" ƩưǄ ƷƪƴưƳƧƳƮ ƹƳƵƱǀ ƴƵƳƦƳǄ 

ƓƶƲƳƧƲǀƪ ƥƲƥưƭƷƭƼƪƶƯƭƪ ƶƳƳƷƲƳƽƪƲƭǄ ƵƥƬƵƥƦƳƷƥƲƲƳƮ ƱƳƩƪưƭ: 

1. ƢƲƪƵƨƪƷƭƼƪƶƯƥǄ ƹƸƲƯƻƭǄ ƯƥƷƥƶƷƵƳƹǀ Ʒƭƴƥ "ƶƦƳƵƯƥ": 
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2. ƘƵƥƧƲƪƲƭƪ ƱƲƳƨƳƳƦƵƥƬƭǄ ƯƥƷƥƶƷƵƳƹǀ "ƶƦƳƵƯƥ" ƩưǄ ƷƪƴưƳƧƳƮ ƹƳƵƱǀ ƴƵƳƦƳǄ: 

 

3. ƢưƪƯƷƵƭƼƪƶƯƥǄ ƴƵƳƼƲƳƶƷǁ ƭ ƷƪƱƴƪƵƥƷƸƵƥ Ƨ ƷƳƼƯƥƺ, ưƪƫƥƾƭƺ Ʋƥ ƦƭƹƸƵƯƥƻƭƳƲƲƳƮ ƯƵƭƧƳƮ: 

 

ƗƥƦưƭƻƥ 1. ƔƥƵƥƱƪƷƵǀ ƱƥƷƪƱƥƷƭƼƪƶƯƳƮ ƱƳƩƪưƭ ǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƼƲƳƶƷƭ ƴƳưƭƭƬƳƦƸƷƭưƪƲƥ 

ƔƥƵƥƱƪƷƵ ƱƳƩƪưƭ ƔƵƪƩƶƷƥƧưƪƲƭƪ 

ƴƥƵƥƱƪƷƵƥ 

(ƵƥƬƱƪƵƲƳƶƷǁ) 

ƚƥƵƥƯƷƪƵƲƥǄ ƷƳƼƯƥ ƱƲƳƨƳƳƦƵƥƬƭǄ 

D  Bɛ  B+ 

ƢưƪƯƷƵƭƼƪƶƯƥǄ 

ƴƵƳƼƲƳƶƷǁ 

ƑƥƷƪƱƥƷƭƼƪƶƯƳƪ 

(ƦƪƬƵƥƬƱƪƵƲǀƮ) 

0 ɛ0,291 +0,291 

ƹƭƬƭƼƪƶƯƳƪ (ƑƇ/Ʊ) 366,9 260,2 473,7 

ƗƪƱƴƪƵƥƷƸƵƥ ƱƥƷƪƱƥƷƭƼƪƶƯƳƪ 

(ƦƪƬƵƥƬƱƪƵƲǀƮ) 

0 ɛ0,049 +0,049 

ƙƭƬƭƼƪƶƯƳƪ (K) 227,3 216,1 238,5 

 

ƕƭƶ. 2 ƔƳƧƪƵƺƲƳƶƷǁ ƯƵƭƷƭƼƪƶƯƭƺ ƬƲƥƼƪƲƭƮ ǂƲƪƵƨƪƷƭƼƪƶƯƳƮ ƹƸƲƯƻƭƭ ƴƳưƭƭƬƳƦƸƷƭưƪƲƥ 

ƕƪƬƸưǁƷƥƷǀ ƭƶƶưƪƩƳƧƥƲƭǄ: ƵƥƬƵƥƦƳƷƥƲƥ ƱƥƷƪƱƥƷƭƼƪƶƯƥǄ ƱƳƩƪưǁ ǂưƪƯƷƵƭƼƪƶƯƳƮ ƴƵƳƼƲƳƶƷƭ ƴƳưƭƱƪƵƳƧ; ƩƥƲƥ 

ƯƳưƭƼƪƶƷƧƪƲƲƥǄ ƳƻƪƲƯƥ ƴƥƵƥƱƪƷƵƳƧ ƱƳƩƪưƭ ƩưǄ ƳƦƵƥƬƻƳƧ ƴƳưƭƭƬƳƦƸƷƭưƪƲƥ, ƲƥƺƳƩƭƧƽƭƺƶǄ ƴƳƩ ƩƪƮƶƷƧƭƪƱ 

ƭƱƴƸưǁƶƲƳƨƳ ƲƥƴƵǄƫƪƲƭǄ. 

ƇǀƧƳƩǀ: ƴƳưƸƼƪƲƲǀƪ ƵƪƬƸưǁƷƥƷǀ ƱƳƨƸƷ ƦǀƷǁ ƭƶƴƳưǁƬƳƧƥƲǀ ƩưǄ ƧƶƯƵǀƷƭǄ ƱƪƺƥƲƭƬƱƳƧ ǂưƪƯƷƵƳƷƪƴưƳƧƳƨƳ 

ƴƵƳƦƳǄ ƭ ƳƦƳƶƲƳƧƥƲƭǄ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƬƥƯƳƲƳƱƪƵƲƳƶƷƪƮ ƴƵƳƦƳƮƲǀƺ ǄƧưƪƲƭƮ, ƭƱƪǃƾƭƺ ƱƪƶƷƳ ƴƵƭ 

ǂƯƶƴưƸƥƷƥƻƭƭ ƭ ƷƪƺƲƭƼƪƶƯƭƺ ƭƶƴǀƷƥƲƭǄƺ ƴƳưƭƱƪƵƲǀƺ ƭƬƳưǄƻƭƳƲƲǀƺ ƱƥƷƪƵƭƥưƳƧ. 
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ƖƳƬƩƥƲƭƪ ƲƳƧǀƺ ƲƥƲƳƯƳƱƴƳƬƭƷƳƧ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƲƪƳƵƨƥƲƭƼƪƶƯƭƺ ƭ ƴƳưƭƱƪƵƲǀƺ ƱƥƷƪƵƭƥưƳƧ, ƧǀƬǀƧƥƪƷ 

ƴƳƧǀƽƪƲƲǀƮ ƲƥƸƼƲǀƮ ƭƲƷƪƵƪƶ, ƼƷƳ ƳƦƸƶưƳƧưƪƲƳ ƽƭƵƳƯƭƱƭ ƴƵƥƯƷƭƼƪƶƯƭƱƭ ƧƳƬƱƳƫƲƳƶƷǄƱƭ ƴƵƭƱƪƲƪƲƭǄ ƩƥƲƲǀƺ 

ƱƥƷƪƵƭƥưƳƧ. ƙƸƲƯƻƭƳƲƥưƭƬƥƻƭǄ ƲƥƲƳƱƥƷƪƵƭƥưƳƧ ƴƳưƭƱƪƵƥƱƭ ƴƵƭƧƳƩƭƷ Ư ƶƳƬƩƥƲƭǃ ƱƥƷƪƵƭƥưƳƧ ƶ ƲƳƧǀƱƭ 

ƺƥƵƥƯƷƪƵƭƶƷƭƯƥƱƭ ƭ ƶƧƳƮƶƷƧƥƱƭ. ƖƧƳƮƶƷƧƥ ƭ ƶƷƵƸƯƷƸƵƥ, ƥƲƭƬƳƷƵƳƴƭǄ ƴƳƧƪƵƺƲƳƶƷƪƮ, ƩưƭƲƥ 500-1000 ƲƱ, ƩƭƥƱƪƷƵ 

50-70 ƲƱ ƭ ƴƳưƳƶƷǁ ƩƳ 20 ƲƱ, ƴƵƭƵƳƩƲƳƨƳ ƱƥƷƪƵƭƥưƥ, ƲƥƲƳƷƵƸƦƳƯ ƨƥưưƸƥƬƭƷƥ, ƴƳƬƧƳưǄƪƷ ƴƵƳƧƳƩƭƷǁ ƬƥƨƵƸƬƯƸ 

ƵƥƬưƭƼƲǀƺ ƹƸƲƯƻƭƳƲƥưǁƲǀƺ ƶƳƪƩƭƲƪƲƭƮ ƭ ƱƳƩƭƹƭƯƥƻƭǃ ƧƲƪƽƲƪƮ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳưƭƱƪƵƥƱƭ. ƏƵƳƱƪ ƷƳƨƳ, 

ƴƳƯƥƬƥƲƥ ƦƭƳƶƳƧƱƪƶƷƭƱƳƶƷǁ ƲƥƲƳƷƵƸƦƳƯ ƨƥưưƸƥƬƭƷƥ ƶ ƯưƪƷƯƥƱƭ ƱưƪƯƳƴƭƷƥǃƾƭƺ, ƴƵƳƶƷƪƮƽƭƺ ƭ ƱƭƯƵƳƳƵƨƥƲƭƬƱƳƧ 

(1; 2; 3). ƔƳǂƷƳƱƸ, ƶ ƩƥƲƲǀƱƭ ƲƪƳƵƨƥƲƭƼƪƶƯƭƱƭ ƯƪƵƥƱƭƼƪƶƯƭƱƭ ƱƥƷƪƵƭƥưƥƱƭ ƶƧǄƬǀƧƥǃƷ ƧƳƬƱƳƫƲƳƶƷǁ ƶƳƬƩƥƲƭǄ 

ƵǄƩƥ ƲƳƧǀƺ ƴƪƵƶƴƪƯƷƭƧƲǀƺ ƱƥƷƪƵƭƥưƳƧ ƩưǄ ƶƳƧƵƪƱƪƲƲƳƮ ƦƭƳưƳƨƭƭ ƭ ƱƪƩƭƻƭƲǀ. ƒƥƲƳƷƵƸƦƯƭ ƨƥưưƸƥƬƭƷƥ ƱƳƨƸƷ 

ƹƳƵƱƭƵƳƧƥƷǁ ƶƥƱƳƳƵƨƥƲƭƬƸǃƾƭƪƶǄ ƶưƳƭ ƯƥƯ Ʋƥ ƴưƥƲƥƵƲǀƺ (4), ƷƥƯ ƭ Ʋƥ ƳƦƿƪƱƲǀƺ ƴƳƧƪƵƺƲƳƶƷǄƺ (5). 

Ƈ ƵƥƦƳƷƪ Ʀǀưƥ ƵƥƬƵƥƦƳƷƥƲƥ ƱƪƷƳƩƭƯƥ ƹƳƵƱƭƵƳƧƥƲƭǄ ƶƷƥƦƭưǁƲǀƺ ƶƷƵƸƯƷƸƵ ƴƸƷƪƱ ƶƷƥƦƭưƭƬƥƻƭƭ Ưƥƴƪưǁ 

ƧƳƩƲǀƺ ƶƸƶƴƪƲƬƭƮ ƦƥƯƷƪƵƭƥưǁƲǀƺ ƯƸưǁƷƸƵ ƨƭƩƵƳƹƳƦƲƳ-ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƱƭ ƲƥƲƳƷƵƸƦƯƥƱƭ ƨƥưưƸƥƬƭƷƥ. 

ƈƭƩƵƳƹƳƦƲǀƮ ƨƥưưƸƥƬƭƷ ƴƳưƸƼƥưƭ ƹƸƲƯƻƭƳƲƥưƭƬƥƻƭƪƮ ƧƲƪƽƲƪƮ ƴƳƧƪƵƺƲƳƶƷƭ ƲƥƲƳƷƵƸƦƳƯ 

ƳƯƷƥƩƪƻƭưƷƵƭƱƪƷƳƯƶƭƶƭưƥƲƳƱ (ƓƉƗƑƖ). ƒƥ ƵƭƶƸƲƯƪ 1 ƴƳƯƥƬƥƲƳ ƶƺƪƱƥ ƹƳƵƱƭƵƳƧƥƲƭǄ ƶƷƥƦƭưƭƬƭƵƳƧƥƲƲǀƺ 

ƲƥƲƳƷƵƸƦƯƥƱƭ ƨƥưưƸƥƬƭƷƥ ƶƷƵƸƯƷƸƵ. ƗƥƯƭƪ ƶƷƵƸƯƷƸƵǀ Ʀǀưƭ ƴƳưƸƼƪƲǀ ƴƸƷƪƱ ƵƥƶƯƥƷǀƧƥƲƭǄ Ưƥƴưƭ ƧƳƩƲƳƮ ƶƸƶƴƪƲƬƭƭ 

ƴƳ ƴƳƧƪƵƺƲƳƶƷƭ ƴƳƵƳƽƯƥ ƨƭƩƵƳƹƳƦƲƳ-ƱƳƩƭƹƭƻƭƵƳƧƥƲƲƳƨƳ ƨƥưưƸƥƬƭƷƥ. ƑƳƩƭƹƭƻƭƵƳƧƥƲƲǀƪ ƲƥƲƳƷƵƸƦƯƭ 

ƹƳƵƱƭƵƳƧƥưƭ ƷƧƪƵƩƸǃ ƳƦƳưƳƼƯƸ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ Ưƥƴƪưǁ ƧƳƩƲƳƮ ƶƸƶƴƪƲƬƭƭ. 

 

ƕƭƶ.1 ƖƺƪƱƥƷƭƼƪƶƯƳƪ ƭƬƳƦƵƥƫƪƲƭƪ ƴƵƳƻƪƶƶƥ ƴƳưƸƼƪƲƭǄ ƶƷƵƸƯƷƸƵ, ƶƷƥƦƭưƭƬƭƵƳƧƥƲƲǀƺ ƨƭƩƵƳƹƳƦƲƳ-ƱƳƩƭƹƭƻƭƵƳƧƥƲƲǀƱ 
ƨƥưưƸƥƬƭƷƳƱ (6). 

ƕƥƬƱƪƵ ƴƳưƸƼƥƪƱǀƺ ƶƷƵƸƯƷƸƵ ƬƥƧƭƶƪư ƳƷ ƳƦƿƪƱƥ ƭƶƴƳưǁƬƸƪƱƳƮ ƧƳƩƲƳƮ ƶƸƶƴƪƲƬƭƭ. ƉƥƲƲƥǄ ƭƲƯƥƴƶƸưǄƻƭǄ 

Ʀǀưƥ ƸƶƴƪƽƲƳ ƴƵƭƱƪƲƪƲƥ ƩưǄ ƵƥƬưƭƼƲǀƺ ƯƸưǁƷƸƵ ƱƭƯƵƳƳƵƨƥƲƭƬƱƳƧ: S. cerevisiae, E. coli, A. borkumensis ƭ B. 
subtilis. ƉưǄ ƴƳƧǀƽƪƲƭǄ ƶƷƥƦƭưǁƲƳƶƷƭ Ʋƥ ƧƲƸƷƵƪƲƲƪƮ ƴƳƧƪƵƺƲƳƶƷƭ ƶƷƵƸƯƷƸƵǀ, ƳƦƵƥƬƳƧƥƲƲƳƮ ƨƭƩƵƳƹƳƦƲǀƱ 

ƨƥưưƸƥƬƭƷƳƱ, Ʀǀưƥ ƶƹƳƵƱƭƵƳƧƥƲƥ ƴƳưƭƱƪƵƲƥǄ ƴưƪƲƯƥ ƭƬ ƳƩƲƳƨƳ ƭƬ ƴƳưƭƱƪƵƳƧ, ƯƥƵƦƳƯƶƭƱƪƷƭưƻƪưưǃưƳƬǀ (ƖƑƖ), 

ƴƳưƭƧƭƲƭưƴƭƵƵƳưƭƩƳƲƥ (PVP), ƴƳưƭƩƭƥưưƭưƩƭƱƪƷƭưƥƱƱƳƲƭƮ ƺưƳƵƭƩƥ (PDADMAC). ƗƥƯƭƪ ƶƷƵƸƯƷƸƵǀ 

ƴƵƳƩƪƱƳƲƶƷƵƭƵƳƧƥưƭ ƧǀƶƳƯƸǃ ƶƷƥƦƭưǁƲƳƶƷǁ, ƼƪƱ ƶƷƵƸƯƷƸƵǀ ƦƪƬ ƭƶƴƳưǁƬƳƧƥƲƭǄ ƴƳưƭƱƪƵƳƧ. ƔƳƶưƪ ƭƲƯƸƦƭƵƳƧƥƲƭǄ 

ƶ ƖƑƖ ƭ PEI ƭƲƯƥƴƶƸưƭƵƳƧƥƲƲǀƪ ƦƥƯƷƪƵƭƥưǁƲǀƪ ƯưƪƷƯƭ ƶƳƺƵƥƲƭưƭ ƫƭƬƲƪƶƴƳƶƳƦƲƳƶƷǁ. PDADMAC (ƳƷƵƭƻƥƷƪưǁƲǀƮ 

ƯƳƲƷƵƳưǁ) ƴƵƳƩƪƱƳƲƶƷƵƭƵƳƧƥư ƻƭƷƳƷƳƯƶƭƼƪƶƯƸǃ ƥƯƷƭƧƲƳƶƷǁ Ư ƦƥƯƷƪƵƭƥưǁƲǀƱ ƯưƪƷƯƥƱ B. subtilis, Ƨ ƴƵƭƶƸƷƶƷƧƭƭ 
ƩƥƲƲƳƨƳ ƴƳưƭƱƪƵƥ ƯưƪƷƯƭ Ʋƪ ƵƳƶưƭ (ƵƭƶƸƲƳƯ 2). 
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ƕƭƶ. 2 ƙƳƵƱƭƵƳƧƥƲƭƪ ƯƳưƳƲƭƮ Bacillus subtilis Ʋƥ ƷƧƪƵƩƳƮ ƶƵƪƩƪ ƴƳƶưƪ 12 ƼƥƶƳƧƳƨƳ ƭƲƯƸƦƭƵƳƧƥƲƭǄ Ƨ ƶƷƵƸƯƷƸƵƥƺ, 
ƶƷƥƦƭưƭƬƭƵƳƧƥƲƲǀƺ ƨƭƩƵƳƹƳƦƲǀƱ ƨƥưưƸƥƬƭƷƳƱ, ƶ ƧƲƸƷƵƪƲƲƪƮ ƳƦƳưƳƼƯƳƮ ƭƬ ƴƳưƭƱƪƵƳƧ (CMC, PEG ƭ PDADMAC). ƉƭƥƱƪƷƵ 

ƼƥƽƯƭ ƔƪƷƵƭ ɛ 9 ƶƱ. 

ƕƳƶƷ ƦƥƯƷƪƵƭƮ A. borkumensis, ƭƲƯƥƴƶƸưƭƵƳƧƥƲƲǀƺ Ƨ ƶƷƵƸƯƷƸƵǀ ƶ ƴƳưƭƱƪƵƲƳƮ ƳƦƳưƳƼƯƳƮ, ƴƳƶưƪ 
ƭƲƯƸƦƭƵƳƧƥƲƭǄ Ʋƥ ƧƳƬƩƸƺƪ ƥƲƥưƳƨƭƼƪƲ ƵƳƶƷƸ ƯƸưǁƷƸƵǀ, ƭƲƯƸƦƭƵƳƧƥƲƲƳƮ Ƨ ƫƭƩƯƳƮ ƶƵƪƩƪ, ƼƷƳ ƴƳƩƷƧƪƵƫƩƥƪƷ, ƼƷƳ 

ƳƦƳưƳƼƯƥ ƭƬ ƨƥưưƸƥƬƭƷƥ ƲƪƷƳƯƶƭƼƲƥ ƭ ƦƭƳƶƳƧƱƪƶƷƭƱƥ ƭ Ʋƪ ƭƲƨƭƦƭƵƸƪƷ ƵƳƶƷ ƯưƪƷƳƯ ƧƲƸƷƵƭ ƶƷƵƸƯƷƸƵ. 

ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƱƥƷƪƵƭƥưǀ ƭƶƴƳưǁƬƸǃƷƶǄ Ƨ ƯƥƼƪƶƷƧƪ ƧƲƪƽƲƪƮ ƬƥƾƭƷƲƳƮ ƳƦƳưƳƼƯƭ ƩưǄ ƫƭƧǀƺ ƯưƪƷƳƯ. 

ƍƲƯƥƴƶƸưǄƻƭǄ ƯưƪƷƳƯ Ƨ ƲƪƳƵƨƥƲƭƼƪƶƯƭƪ ƱƥƷƪƵƭƥưǀ ƳƦƪƶƴƪƼƭƧƥƪƷ ƧƲƪƽƲǃǃ ƬƥƾƭƷƸ ƯưƪƷƳƯ ƳƷ ƳƯƵƸƫƥǃƾƪƮ ƶƵƪƩǀ. 

ƖƷƵƸƯƷƸƵǀ, ƴƳưƸƼƪƲƲǀƺ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƨƭƩƵƳƹƳƦƲƳ-ƱƳƩƭƹƭƻƭƵƳƧƥƲƲƳƨƳ ƨƥưưƸƥƬƭƷƥ, ƴƪƵƶƴƪƯƷƭƧƲǀ ƩưǄ 

ƵƪƽƪƲƭǄ ƦƭƳƷƪƺƲƳưƳƨƭƼƪƶƯƭƺ ƭ ǂƯƳưƳƨƭƼƪƶƯƭƺ ƬƥƩƥƼ, ƷƥƯƭƺ ƯƥƯ ƺƵƥƲƪƲƭƪ ƦƥƯƷƪƵƭƥưǁƲǀƺ ƯƸưǁƷƸƵ ƭ 

ƦƭƳƵƪƱƪƩƭƥƻƭǄ ƲƪƹƷǄƲǀƺ ƬƥƨƵǄƬƲƪƲƭƮ. 

ƕƥƦƳƷƥ ƴƳƩƩƪƵƫƥƲƥ ƨƵƥƲƷƳƱ ƕƙƙƍ 18-34-20126 ƱƳư_ƥ_ƧƪƩ. 
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nanotube liquid marbles enhanced with inner biofilm formation for the encapsulation and storage of 
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ƍƌƘƜƊƒƍƊ ƇƐƍƤƒƍƤ ƔƕƓƛƊƖƖƓƇ ƈƓƕƊƒƍƤ ƍ ƇƠƖƓƏƓƗƊƑƔƊƕƅƗƘƕƒƓƈƓ ƖƉƇƍƈƓƇƓƈƓ ƉƊƙƓƕƑƍƕƓƇƅƒƍƤ 

ƒƅ ƖƗƕƘƏƗƘƕƘ ƖƐƓƍƖƗƠƚ ƏƓƑƔƓƌƍƛƍƓƒƒƠƚ ƑƅƗƊƕƍƅƐƓƇ ƒƅ ƓƖƒƓƇƊ TI-B 

STUDYING THE INFLUENCE OF COMBUSTION PROCESSES AND HIGH-TEMPERATURE SHEAR DEFORMATION ON 

THE STRUCTURE OF LAYERED COMPOSITE MATERIALS BASED ON TI-B 

ƏƳƲƶƷƥƲƷƭƲƳƧ ƅ.Ɩ., ƆƥƫƭƲ Ɣ.Ƒ., ƜƭƫƭƯƳƧ ƅ.Ɣ., ƔƵƳƯƳƴƪƻ ƅ.Ɖ. 

Konstantinov A.S., Bazhin P.M., Chizhikov A.P., Prokopets A.D. 

ƕƳƶƶƭǄ, ƙƪƩƪƵƥưǁƲƳƪ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƪ ƦǃƩƫƪƷƲƳƪ ƸƼƵƪƫƩƪƲƭƪ ƲƥƸƯƭ ƍƲƶƷƭƷƸƷ ƶƷƵƸƯƷƸƵƲƳƮ ƱƥƯƵƳƯƭƲƪƷƭƯƭ ƭ 

ƴƵƳƦưƪƱ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƭƱ. ƅ.ƈ. ƑƪƵƫƥƲƳƧƥ ƕƳƶƶƭƮƶƯƳƮ ƥƯƥƩƪƱƭƭ ƲƥƸƯ, konstanta@ism.ac.ru. 

Ƈ ƵƥƬưƭƼƲǀƺ ƳƦưƥƶƷǄƺ ƴƵƳƱǀƽưƪƲƲƳƶƷƭ ƦưƥƨƳƩƥƵǄ ƶƧƳƭƱ ƧǀƩƥǃƾƭƱƶǄ ƶƧƳƮƶƷƧƥƱ, ƬƲƥƼƭƷƪưǁƲƳ 

ƴƵƪƧƳƶƺƳƩǄƾƭƱ ƷƵƥƩƭƻƭƳƲƲǀƪ ƱƪƷƥưưǀ, ƶƴưƥƧǀ ƭ ƯƪƵƥƱƭƯƭ, ƲƥƺƳƩǄƷ Ƨƶƪ ƦƳưƪƪ ƽƭƵƳƯƳƪ ƴƵƭƱƪƲƪƲƭƪ ƶưƳƭƶƷǀƪ 

ƯƳƱƴƳƬƭƻƭƳƲƲǀƪ ƱƥƷƪƵƭƥưǀ (ƖƏƑ) [1,2]. ƢƷƳƱƸ ƶƴƳƶƳƦƶƷƧƸƪƷ ƧǀƶƳƯƥǄ ƷƧƪƵƩƳƶƷǁ, ƱƪƺƥƲƭƼƪƶƯƥǄ ƴƵƳƼƲƳƶƷǁ, 

ƺƭƱƭƼƪƶƯƥǄ ƭƲƪƵƷƲƳƶƷǁ ƭ ƷƪƵƱƭƼƪƶƯƥǄ ƶƷƥƦƭưǁƲƳƶƷǁ [3]. ƗƪƺƲƳưƳƨƭǄ ƶƥƱƳƵƥƶƴƵƳƶƷƵƥƲǄǃƾƪƨƳƶǄ 

ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƶƭƲƷƪƬƥ (ƖƇƖ), ƭ ƵƥƬƵƥƦƳƷƥƲƲƥǄ Ʋƥ ƪƨƳ ƦƥƬƪ ƷƪƺƲƳưƳƨƭǄ ƖƇƖ-ƶƫƥƷƭǄ ƶƳƼƪƷƥƪƷ Ƨ ƶƪƦƪ 

ƴƵƳƻƪƶƶ ƨƳƵƪƲƭǄ ƶ ƶƳƧƱƪƶƷƲǀƱ ƧƳƬƩƪƮƶƷƧƭƪ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƩƪƹƳƵƱƭƵƳƧƥƲƭǄ, ƭ ƳƦƪƶƴƪƼƭƧƥƪƷ 

ƧƳƬƱƳƫƲƳƶƷǁ ƴƳưƸƼƪƲƭǄ ƭƬƩƪưƭƮ ƶ ƳƶƷƥƷƳƼƲƳƮ ƴƳƵƭƶƷƳƶƷǁǃ Ʋƪ ƦƳưƪƪ 5 %. Ƈ ƴƵƳƻƪƶƶƪ ƶƫƥƷƭǄ ƧƳƬƲƭƯƥǃƷ ƳƶƪƧǀƪ ƭ 

ƵƥƩƭƥưǁƲǀƪ ƲƥƴƵǄƫƪƲƭǄ, ƼƷƳ ƳƦƪƶƴƪƼƭƧƥƪƷ ƧǀƶƳƯƸǃ ƶƷƪƴƪƲǁ ƩƪƹƳƵƱƥƻƭƭ ƱƥƷƪƵƭƥưƥ. ƏƥƯ ƶưƪƩƶƷƧƭƪ, ǂƷƳ ƴƵƭƧƳƩƭƷ 

Ư ƳƦƵƥƬƳƧƥƲƭǃ ƱƪƲƪƪ ƴƳƵƭƶƷƳƨƳ ƱƪƷƥưưƳƯƪƵƥƱƭƼƪƶƯƳƨƳ ƯƳƱƴƳƬƭƷƥ ƶ ƵƥƧƲƳƱƪƵƲǀƱ ƵƥƶƴƵƪƩƪưƪƲƭƪƱ ƹƥƬ ƧƳ ƧƶƪƱ 

ƳƦƿƪƱƪ ƭƬƩƪưƭǄ. ƉưǄ ƴƳưƸƼƪƲƭǄ ƯƳƱƴƳƬƭƷƳƧ Ʋƥ ƳƶƲƳƧƪ ƷƭƷƥƲƥ, ƸƴƵƳƼƲƪƲƲǀƺ ƯƪƵƥƱƭƼƪƶƯƭƱƭ ƼƥƶƷƭƻƥƱƭ, Ƨƶƪ ǂƷƭ 

ƹƥƯƷƳƵǀ ǄƧưǄǃƷƶǄ ƦưƥƨƳƴƵƭǄƷƲǀƱƭ. ƔƵƳƻƪƶƶ ƴƳưƸƼƪƲƭǄ ƖƏƑ ƸƶưƳƧƲƳ ƱƳƫƲƳ ƵƥƬƩƪưƭƷǁ Ʋƥ ƩƧƥ ƷƪƺƲƳưƳƨƭƼƪƶƯƭƺ 

ǂƷƥƴƥ: ƴƪƵƧǀƮ - ƴƳưƸƼƪƲƭƪ ƱƥƯƵƳƶưƳƪƧ, ƧƷƳƵƳƮ - ƭƺ ƯƳƲƶƳưƭƩƥƻƭǄ ƴƳƩ ƧƳƬƩƪƮƶƷƧƭƪƱ ƩƥƧưƪƲƭǄ ƭưƭ Ƭƥ ƶƼƪƷ 

ƷƪƵƱƭƼƪƶƯƳƮ ƳƦƵƥƦƳƷƯƭ. ƗƪƺƲƳưƳƨƭǄ ƶƧƳƦƳƩƲƳƨƳ ƖƇƖ-ƶƫƥƷƭǄ ƴƳƬƧƳưǄƪƷ ƶƳƼƪƷƥƷǁ ƳƦƪ ǂƷƭ ƬƥƩƥƼƭ Ƨ ƳƩƲƳƱ 

ƷƪƺƲƳưƳƨƭƼƪƶƯƳƱ ƻƭƯưƪ, ƯƳƷƳƵǀƮ ƴƳƬƧƳưǄƪƷ ƴƳưƸƼƥƷǁ ƖƏƑ ƶ ƬƥƩƥƲƲƳƮ ƶƷƵƸƯƷƸƵƳƮ Ƭƥ ƩƪƶǄƷƯƭ ƶƪƯƸƲƩ. 

Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƱƪƷƳƩƳƱ ƶƧƳƦƳƩƲƳƨƳ ƖƇƖ-ƶƫƥƷƭǄ [4] Ʀǀưƭ ƴƳưƸƼƪƲǀ ƖƏƑ Ʋƥ ƳƶƲƳƧƪ ƦƳƵƭƩƳƧ ƷƭƷƥƲƥ 

Ʋƥ ƷƭƷƥƲƳƧƳƱ ƶƴưƥƧƪ ƇƗ6 (Ti6Al4V) ƭ ƭƬƸƼƪƲǀ ƳƶƳƦƪƲƲƳƶƷƭ ƭƺ ƶƷƵƳƪƲƭǄ. Ƈ ƯƥƼƪƶƷƧƪ ƳƦƿƪƯƷƥ ƭƶƶưƪƩƳƧƥƲƭǄ Ʀǀưƭ 

ƧǀƦƵƥƲǀ ƱƥƷƪƵƭƥưǀ Ʋƥ ƳƶƲƳƧƪ ƦƳƵƭƩƥ ƷƭƷƥƲƥ, ƽƭƵƳƯƳ ƭƶƴƳưǁƬƸƪƱǀƮ Ƨ ƥƧƷƳƱƳƦƭưǁƲƳƮ, ƥƧƭƥƻƭƳƲƲƳƮ, 

ƱƪƷƥưưƸƵƨƭƼƪƶƯƳƮ ƴƵƳƱǀƽưƪƲƲƳƶƷƭ, ƱƪƩƭƻƭƲƪ ƭ ƩƵ. Ƈ ƯƥƼƪƶƷƧƪ ƯƵƥƮƲƪƨƳ ƭƬ ƶưƳƪƧ ƭƶƴƳưǁƬƳƧƥưƥƶǁ ƴưƥƶƷƭƲƥ ƭƬ 

ƶƴưƥƧƥ ƇƗ6 (Ti6Al4V) ƵƥƬƱƪƵƥƱƭ 90ƺ40 ƱƱ ƭ ƷƳưƾƭƲƳƮ 2 ƱƱ. ƉưǄ ƳƦƵƥƬƳƧƥƲƭǄ ƶƳƪƩƭƲƪƲƭǄ TiB ƭ ƱƪƷƥưưƭƼƪƶƯƳƮ 

ƶƧǄƬƯƭ ƷƭƷƥƲƥ Ƨ ƯƳưƭƼƪƶƷƧƪ 40 Ʊƥƶƶ. % ƭƶƴƳưǁƬƳƧƥưƭƶǁ ƭƶƺƳƩƲǀƪ ƴƳƵƳƽƯƭ ƷƭƷƥƲƥ ƱƥƵƯƭ ƔƗƖ (45 ƱƯƱ, 89 Ʊƥƶƶ. %) 

ƭ ƥƱƳƵƹƲƳƨƳ ƼǅƵƲƳƨƳ ƦƳƵƥ ƱƥƵƯƭ Ɔ-99ƅ (1 ƱƯƱ, 11 Ʊƥƶƶ. %). ƗƥƯƳƪ ƶƳƳƷƲƳƽƪƲƭƪ ƴƳƬƧƳưǄƪƷ ƴƵƭƩƥƷǁ ƴưƥƶƷƭƼƲƳƶƷǁ 

ƶƭƲƷƪƬƭƵƳƧƥƲƲƳƱƸ ƱƥƷƪƵƭƥưƸ ƴƵƭ ƶƫƥƷƭƭ. ƒƥ ƳƶƲƳƧƪ ƴƵƳƧƪƩƪƲƲǀƺ ǂƯƶƴƪƵƭƱƪƲƷƥưǁƲǀƺ ƵƥƦƳƷ Ʀǀưƭ ƴƳưƸƼƪƲǀ ƖƏƑ 

ƵƥƬƱƪƵƥƱƭ 90ƺ40 ƱƱ ƶ ƧǀƶƳƷƳƮ ƯƪƵƥƱƭƼƪƶƯƳƨƳ ƱƥƷƪƵƭƥưƥ Ʋƥ ƳƶƲƳƧƪ ƦƳƵƭƩƥ ƷƭƷƥƲƥ 25 ƱƱ (Ƶƭƶ.1).  

 

ƕƭƶ. 1 ƙƳƷƳ ƳƦƵƥƬƻƳƧ ƭƬ ƱƥƷƪƵƭƥưƥ TiB-40 Ʊƥƶƶ.%Ti, ƴƳưƸƼƪƲƲǀƺ ƴƵƭ ƧƵƪƱƪƲƭ ƬƥƩƪƵƫƯƭ 25 ƶ ƶ ƭƶƺƳƩƲǀƱƭ ƵƥƬƱƪƵƥƱƭ: ƥ - 
40ƺ90ƺ25 ƱƱ 
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ƍƶƶưƪƩƳƧƥƲƭƪ ƧǀƴƳưƲƪƲƳ Ƭƥ ƶƼƪƷ ƨƵƥƲƷƥ ƕƳƶƶƭƮƶƯƳƨƳ ƲƥƸƼƲƳƨƳ ƹƳƲƩƥ (ƴƵƳƪƯƷ ʋ 18-79-10254). 
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ƕƳƶƶƭǄ, ƍƲƶƷƭƷƸƷ ƹƭƬƭƯƭ ƷƧƪƵƩƳƨƳ Ʒƪưƥ ƕƅƒ, prohorov@issp.ac.ru 

ƍƶƶưƪƩƸƪƱǀƪ ƴƳƯƵǀƷƭǄ ƳƷƲƳƶǄƷƶǄ Ư ƯƥƷƪƨƳƵƭƭ ƩƭƹƹƸƬƭƳƲƲǀƺ, ƵƥƬưƭƼƥǃƾƭƺƶǄ ƲƥƲƪƶƪƲƭƪƱ ƱƥƷƪƵƭƥưƥ 

ƴƳƯƵǀƷƭǄ Ʋƥ ƴƳƧƪƵƺƲƳƶƷǁ ƱƪƷƥưưƥ, ƯƥƯ-ƷƳ ɛ ƭƬ ƴƳƵƳƽƯƳƧǀƺ ƶƱƪƶƪƮ, ƨƥƬƳƧǀƺ ƶƵƪƩ, ƵƥƶƴưƥƧƳƧ, ƴƥƶƷ ƭ ƶƸƶƴƪƲƬƭƮ. 

ƌƩƪƶǁ ƫƪ ƲƥƶǀƾƪƲƭǃ ƱƪƷƥưưƥ ƸƨưƪƵƳƩƳƱ ƶưƸƫƥƷ ưƪƲƷǀ ƷƪƵƱƳƵƥƶƽƭƵƪƲƲƳƨƳ ƨƵƥƹƭƷƥ (Ɨƕƈ ɛ thermally expanded 

graphite), ƭƶƴƳưǁƬƸǃƾƭƪƶǄ Ƨ ƴƥƯƪƷƥƺ ƯƥƯ ƴƵƳƯưƥƩƯƭ ƱƪƫƩƸ ƹƳưǁƨƥƱƭ ƲƭƳƦƭǄ ƭưƭ Ti-ƶƴưƥƧƥ, ƷƳ ƪƶƷǁ Ƨ «ƬƥƯƵǀƷƳƮ» 

ƳƷ ƭƺ ƳƯƭƶưƪƲƭǄ ƯƳƲƶƷƵƸƯƻƭǄƺ. ƖƳƶƷƥƧ Ti-ƶƴưƥƧƥ: Tiɛ10,0%Crɛ7,3%Moɛ2,6 Ʊƥƶ.%Al. 

ƔƳưƸƼƪƲƭƪ Ti- ƭ Nb-ưƪƲƷ ƶ 2-ƶƷƳƵƳƲƲƭƱ ƯƥƵƦƭƩƲǀƱ ƴƳƯƵǀƷƭƪƱ ƧƯưǃƼƥƪƷ: ƶƦƳƵƯƸ ƴƥƯƪƷƥ ƭƬ 10ɛ20 ưƪƲƷ, 

ƲƥƴƵƭƱƪƵ, ƭƬ ƲƭƳƦƭǄ, ƷƳưƾƭƲƳƮ ƲƪƶƯƳưǁƯƳ ƩƪƶǄƷƯƳƧ ƱƯƱ, ƭ ưƪƲƷ Ɨƕƈ, ƷƪƵƱƭƼƪƶƯƸǃ ƳƦƵƥƦƳƷƯƸ (ƗƓ) ƴƳƩ ƩƥƧưƪƲƭƪƱ 

ƩƳ 15 ƑƔƥ ƴƵƭ 1500°Ɩ Ƨ ƷƪƼƪƲƭƪ 15ɛ60 ƱƭƲ (Ƶƭƶ. 1) ƭ ƵƥƬƦƳƵƯƸ ƴƥƯƪƷƥ ƴƳ ƨƵƥƲƭƻƥƱ ƱƪƫƩƸ ƩƧƸƺ ưƪƲƷ Ɨƕ-ƨƵƥƹƭƷƥ. 
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ƕƭƶ.1 ƖƺƪƱƥƷƭƼƪƶƯƳƪ ƭƬƳƦƵƥƫƪƲƭƪ ƴƥƯƪƷƥ ƭ ƪƨƳ ƗƓ ƩưǄ ƴƳưƸƼƪƲƭǄ ƑƪƖ-
ƴƳƯƵǀƷƭƮ Ʋƥ Ƒƪ-ƹƳưǁƨƥƺ  

ƕƭƶ. 2 ƖƷƵƸƯƷƸƵƥ ƶƪƼƪƲƭǄ Nb-ƹƳưǁƨƭ ƷƳưƾƭƲƳƮ 60 ƱƯƱ ƴƳƶưƪ ƗƓ ƴƵƭ 
1500ºƖ ƭ 15 ƑƔƥ Ƨ ƷƪƼƪƲƭƪ 1 Ƽ: 1ɛ5 ɛ ƷƳƼƯƭ ưƳƯƥưǁƲƳƨƳ 

ƵƪƲƷƨƪƲƳƶƴƪƯƷƵƥưǁƲƳƨƳ ƥƲƥưƭƬƥ 

ƕƭƶ. 3 ƔƵƳƼƲƳƶƷǁ Ƈ̀ ƯƳƱƴƳƬƭƷƳƧ ƭƬ ưƪƲƷ Ti-ƶƴưƥƧƥ (,̧ r, p) ƭ ƲƭƳƦƭǄ (Â, 
Ã, ¹) ƶ ƯƥƵƦƭƩƲǀƱƭ ƴƳƯƵǀƷƭǄƱƭ ƴƳƶưƪ ƩƭƹƹƸƬƭƳƲƲƳƮ ƶƧƥƵƯƭ ƴƥƯƪƷƳƧ 

ƴƵƭ  

1250ºƖ ƭ 10 ƑƔƥ Ƨ ƷƪƼƪƲƭƪ 2 Ƽ 

 

ƔƵƭ ƗƓ ƴƥƯƪƷƳƧ Ɨƕƈ/Ɨƕƈ/Nb/Ɨƕƈ/Ɨƕƈ/Nbɦ Nb-ƹƳưǁƨƭ Ʋƥƶǀƾƥưƭƶǁ ƸƨưƪƵƳƩƳƱ ƩƳ ǂƧƷƪƯƷƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ 

(Nb) + ̡-Nb2C, ƥ Ʋƥ ƴƳƧƪƵƺƲƳƶƷǄƺ ƹƳưǁƨ ƹƳƵƱƭƵƳƧƥưƭƶǁ ƱƳƲƳƯƥƵƦƭƩƲǀƪ ƴƳƯƵǀƷƭǄ NbC1-ƺ (Ƶƭƶ. 2). 

ƍƬ Nb-ƹƳưǁƨ ƭ ƹƳưǁƨ Ti-ƶƴưƥƧƥ ƶ ƴƳƯƵǀƷƭǄƱƭ ƶƳƶƷƥƧưǄưƭƶǁ ƴƥƯƪƷǀ Ti/CTiC/CTiCɦ ƭ Nb/CNbC/CNbCɦ ƩưǄ 

ƷƧƪƵƩƳƹƥƬƲƳƨƳ ƴƳưƸƼƪƲƭǄ ƭƬ Ʋƭƺ ƶưƳƭƶƷǀƺ ƯƳƱƴƳƬƭƷƳƧ ƶ ƯƥƵƦƭƩƲǀƱ ƸƴƵƳƼƲƪƲƭƪƱ. ƇǀƦƵƥƲƲǀƮ ƵƪƫƭƱ 

ƩƭƹƹƸƬƭƳƲƲƳƮ ƶƧƥƵƯƭ: 1250ºƖ Ƨ ƷƪƼƪƲƭƪ 2 Ƽ ƴƵƭ ~10 ƑƔƥ. Ɔǀư ƴƵƳƧƪƩƪƲ ƦƳưǁƽƳƮ ƯƳƱƴưƪƯƶ ƴƵƳƼƲƳƶƷƲǀƺ 

ƭƶƴǀƷƥƲƭƮ Ʋƥ 3-ƷƳƼƪƼƲǀƮ ƭƬƨƭƦ ƴƵƭ 20ºƖ ƭ ƷƪƱƴƪƵƥƷƸƵƥƺ ƩƳ 900ºƖ (Ƶƭƶ. 3). ƔƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ ƴƵƪƩƪư 

ƴƵƳƼƲƳƶƷƭ ƯƳƱƴƳƬƭƷƳƧ Ƈ̀ = 1000ɛ1400 ƑƔƥ, Ƨ ƭƲƷƪƵƧƥưƪ 650-900ºƖ - ƳƷ 600 ƩƳ 1100 ƑƔƥ. 

 

 

 

ƍƖƔƓƐơƌƓƇƅƒƍƊ ƗƊƕƑƓƢƐƊƏƗƕƍƜƊƖƏƍƚ ƑƅƗƊƕƍƅƐƓƇ ƖƊƑƊƎƖƗƇƅ [(GE, SN, PB)TE]M [(BI, SB)2(TE, SE)3]N (M, N= 

0, 1, 2ɦ) ƉƐƤ ƔƓƐƘƜƊƒƍƤ ƑƅƈƒƍƗƒƠƚ ƔƓƐƊƎ  H  Ƈ ƏƓƒƗƘƕƅƚ ƏƓƕƓƗƏƓƌƅƑƏƒƘƗƠƚ ƗƊƕƑƓƔƅƕ  
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ƍƶƶưƪƩƳƧƥƲǀ ƦƪƬƵƥƬƱƪƵƲƥǄ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƥǄ ƩƳƦƵƳƷƲƳƶƷǁ ZT= a2ÖsÖT/k (ƴƵǄƱƳƪ ƴƵƪƳƦƵƥƬƳƧƥƲƭƪ 
ƷƪƴưƳƧƳƮ ǂƲƪƵƨƭƭ Ƨ ǂưƪƯƷƵƭƼƪƶƯƸǃ ǂƲƪƵƨƭǃ) ƭ ƱƥƨƲƭƷƳƷƧƳƵƲƥǄ ƶƴƳƶƳƦƲƳƶƷǁ ƷƪƵƱƳǂưƪƱƪƲƷƳƧ X= j/q = Y/(1+ZT) 
(ƴƳưƸƼƪƲƭƪ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ H Ƨ ƯƳƲƷƸƵƥƺ ƯƳƵƳƷƯƳƬƥƱƯƲƸƷǀƺ ƷƪƵƱƳƴƥƵ) Ʋƥ ƴƵƭƱƪƵƪ «ƪƶƷƪƶƷƧƪƲƲǀƺ» 

ƲƥƲƳƶƷƵƸƯƷƸƵ - ƶưƳƭƶƷǀƺ  ƷƵƳƮƲǀƺ ƶƴưƥƧƳƧ (ƗƖ) ƶƪƱƪƮƶƷƧƥ [(Ge, Sn, Pb)(Te, Se)]m [(Bi,Sb)2(Te,Se)3]n, ƶ ƲƪƭƬƳƧƥưƪƲƷƲǀƱ 
ƯƥƷƭƳƲƲǀƱ ƬƥƱƪƾƪƲƭƪƱ (Ge, Sn, Pb ź Bi, Sb). (ƌƩƪƶǁ a- ƩƭƹƹƪƵƪƲƻƭƥưǁƲƥǄ ƷƪƵƱƳ-ǂ.Ʃ.ƶ., s ƭ k - ƸƩƪưǁƲǀƪ 
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ǂưƪƯƷƵƳƴƵƳƧƳƩƲƳƶƷǁ ƭ ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷǁ, j ƭ q ɛ ƴưƳƷƲƳƶƷƭ ƷƳƯƥ ƭ ƷƪƴưƳƧƳƨƳ ƴƳƷƳƯƥ Ƨ ƷƪƵƱƳƴƥƵƥƺ  (ƗƔ), Y= ùaù s 
/k;  T- ƥƦƶƳưǃƷƲƥǄ ƷƪƱƴƪƵƥƷƸƵƥ) (Ƶƭƶ.1) [1-2].  

   

                                   ƥ                                                                         Ʀ                               

ƕƭƶ. 1 ƇƳƬƩƪƮƶƷƧƭƪ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ ƯƳƵƳƷƯƳƬƥƱƯƲƸƷƳƮ ƷƪƵƱƳƴƥƵǀ Cu-Fe Ʋƥ ƱƥƨƲƭƷƲƸǃ ƶƷƵƪưƯƸ (ƥ) ƭ ƴƳƩƿƪƱ ƨƵƸƬƳƧ ƶ 
ƴƳƱƳƾǁǃ ƱƥƨƲƭƷƲƳƨƳ ƴƳưǄ ƷƪƵƱƳƴƥƵǀ co ƶƷƥưǁƲǀƱ ƶƪƵƩƪƼƲƭƯƳƱ (Ƨƪƶ ƨƵƸƬƥ ƩƳ 10 Ưƨ ƭ ƦƳưƪƪ) (Ʀ) [3] 

ƔƵƭ ƴƪƵƪƺƳƩƪ ƳƷ ƦƭƲƥƵƲǀƺ ƶƴưƥƧƳƧ (ƆƖ) Ư ƗƖ ƲƥƦưǃƩƥưƭ ƳƦƵƥƬƳƧƥƲƭƪ ƹƥƬǀ «ƹƳƲƳƲƲƳƪ ƶƷƪƯưƳ - 

ǂưƪƯƷƵƳƲƲǀƮ ƯƵƭƶƷƥưư» (ƙƖƢƏ) (1 ~ lph/a << e˂/a) ƭ ƪƪ ƴƳƶưƪƩƸǃƾƪƪ ƧǀƵƳƫƩƪƲƭƪ (1 ~ lph/a ~ e˂/a), 
ƶƳƴƵƳƧƳƫƩƥƧƽƪƪƶǄ ƵƪƬƯƭƱ ƸƧƪưƭƼƪƲƭƪƱ ƯƳƲƻƪƲƷƵƥƻƭƭ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ Ƨ ƳƦƵƥƬƻƥƺ (n, p= 1019 Ą1020 ƶƱ-3). (ƌƩƪƶǁ 

e˂ ƭ lph ɛ ƶƵƪƩƲǄǄ ƩưƭƲƥ ƶƧƳƦƳƩƲƳƨƳ ƴƵƳƦƪƨƥ ǂưƪƯƷƵƳƲƳƧ ƭ ƹƳƲƳƲƳƧ, a~ 0,3 ƲƱ ɛ ƯƵƥƷƼƥƮƽƪƪ ƱƪƫƥƷƳƱƲƳƪ 

ƶƳƶƷƳǄƲƭƪ, T= 300 K). Ƈ ƵƪƬƸưǁƷƥƷƪ ƧƪưƭƼƭƲƥ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƩƳƦƵƳƷƲƳƶƷƭ ZT ƳƦƵƥƬƻƳƧ ƴƳƲƭƫƥưƥƶǁ, ƥ 
ƧƪưƭƼƭƲƥ ƭƺ ƱƥƨƲƪƷƳƷƧƳƵƲƳƮ ƶƴƳƶƳƦƲƳƶƷƭ X, ƩƳƶƷƭƨƥƪƱƳƮ Ƨ ƵƪƫƭƱƪ ƱƥƯƶƭƱƥưǁƲƳƨƳ ƷƳƯƥ Imax, ƶƸƾƪƶƷƧƪƲƲƳ 

ƸƧƪưƭƼƭƧƥưƥƶǁ, ƼƷƳ ƶƧǄƬǀƧƥƪƷƶǄ Ƨ ƵƥƦƳƷƪ ƶ ƧǀƵƳƫƩƪƲƭƪƱ ƹƥƬǀ ƙƖƢƏ Ƨ ƗƖ ƴƵƭ ƲƪƭƬƳƧƥưƪƲƷƲƳƱ ƯƥƷƭƳƲƲƳƱ 

ƬƥƱƪƾƪƲƭƭ.   ƖƳƨưƥƶƲƳ [4], Ƨ ƵƪƫƭƱƪ Imax  ǂƹƹƪƯƷƭƧƲƳƶƷǁ ƴƵƪƳƦƵƥƬƳƧƥƲƭǄ ƷƪƴưƳƧƳƨƳ ƴƳƷƳƯƥ Ƨ ǂưƪƯƷƵƭƼƪƶƯƭƮ ƷƳƯ 

Q Ą I ƴƵƭ Ʊƥưǀƺ ƴƪƵƪƴƥƩƥƺ ƷƪƱƴƪƵƥƷƸƵǀ DT ƳƴƭƶǀƧƥƪƷƶǄ ƶƳƳƷƲƳƽƪƲƭƪƱ (ƏƗ) 

(ƌƩƪƶǁ:  j = I/S ƭ q =Q/ 2Sɛ ƴưƳƷƲƳƶƷƭ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƷƳƯƥ I ƭ ƷƪƴưƳƧƳƨƳ ƴƳƷƳƯƥ Q ƼƪƵƪƬ ƗƔ; S= Sp = Sn; Sp ƭ 
Sn  ɛ ƴƳƴƪƵƪƼƲƳƪ ƶƪƼƪƲƭƪ p- ƭ  n- ƧƪƷƧƪƮ; Y= ùaù s /k = Z/ h  ɛ ƴƥƵƥƱƪƷƵ   «ƱƥƨƲƭƷƳƷƧƳƵƲƳƮ» ƶƴƳƶƳƦƲƳƶƷƭ ƗƢƑ; 

a= ap ƭ  a= ùanù -  ƩưǄ ƱƥƷƪƵƭƥưƳƧ p- ƭ n- Ʒƭƴƥ ƴƵƳƧƳƩƭƱƳƶƷƭ,  ƭ a= ap - an  - ƩưǄ ƗƔ Ƨ ƻƪưƳƱ). 

 

ƥ                                                                           Ʀ 

ƕƭƶ. 2 ƌƥƧƭƶƭƱƳƶƷǁ ƯƳƲƻƪƲƷƵƥƻƭƭ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ n(p)  (ƥ)  ƭ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƩƳƦƵƳƷƲƳƶƷƭ ZT ƳƷ ƶƳƶƷƥƧƥ ƷƵƳƮƲǀƺ 
ƶƴưƥƧƳƧ (ƗƖ) (T= 300 K).  1 - (GeTe)m(Bi2Te3)n;  2 - (GeTe)m(Sb2Te3)n; 3 -   (SnTe)m(Bi2Te3)n; 4 ɛ (PbTe)m(Bi2Te3)n; 5 -  

(PbSe)m(Bi2Se3)n; 6 ɛ (PbSe)m(Sb2Se3)n.  Ɨƭƴ ƴƵƳƧƳƩƭƱƳƶƷƭ ƳƦƵƥƬƻƳƧ: p - 1 (ƴƵƭ  n/(n+m) < 0,5), 2, 3;  n -  1 (ƴƵƭ  n/(n+m) > 0,5), 
4, 5 

ƚ = j/ q = h / (rÖ ˁ + h 2T) = (Z/h)/ (1+ZT) = YÖ(1+ZT).                                 (1)                              (2) 
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Ƈ ƵƥƦƳƷƪ ƴƳƯƥƬƥƲƳ,  ƼƷƳ ƴƳƧǀƽƪƲƲǀƪ ƬƲƥƼƪƲƭǄ  ƯƳǂƹƹƭƻƭƪƲƷƥ X  Ƨ ƗƖ  (ƕƭƶ.3ƥ) ƶƧǄƬƥƲƲǀ ƶ ƴƳƲƭƫƪƲƲǀƱƭ  

ƬƲƥƼƪƲƭǄƱƭ kph ƭ ZT, ƭ ƴƳƧǀƽƪƲƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƭ ƲƳƶƭƷƪưƪƮ n, p Ƨ ƳƦƵƥƬƻƥƺ, ƺƥƵƥƯƷƪƵƲǀƱƭ ƩưǄ ƧǀƵƳƫƩƪƲƲƳƮ 
ƹƥƬǀ ƙƖƢƏ [4-5]. ƓƦƾƸǃ ƯƥƵƷƭƲƸ ǄƧưƪƲƭƮ, ƶƳƴƵƳƧƳƫƩƥǃƾƭƺ ƴƪƵƪƺƳƩ  ƆƖ Ą ƗƖ ƭ ƳƦƵƥƬƳƧƥƲƭƪ ƹƥƬǀ ƙƖƢƏ Ƨ 

ƳƦƵƥƬƻƥƺ, ƯƥƼƪƶƷƧƪƲƲƳ ƳƦƿǄƶƲǄƪƷ ƕƭƶ. 3  [6-8]. ƏƵƭƧƥǄ 3, Ƶƭƶ.3  ƶƳƳƷƧƪƷƶƷƧƸƪƷ ƭƬƧƪƶƷƲƳƮ ƯƳƲƻƪƲƷƵƥƻƭƳƲƲƳƮ 

ƬƥƧƭƶƭƱƳƶƷƭ  ZT =f (n, p)  ƶ ƱƥƯƶƭƱƸƱƳƱ ƴƵƭ  n, p ~  1019 ƶƱ-3, ƴƳưƸƼƪƲƲƳƮ ƵǄƩƳƱ ƥƧƷƳƵƳƧ c ƸƼƪƷƳƱ ƯƵƭƧƭƬƲǀ 

ƬƥƧƭƶƭƱƳƶƷƪƮ ,h s, k =f(n, p)  (ƯƵƭƧǀƪ  2, 7, 8). [8].  ƔƵƭ ǂƷƳƱ, ƴƳưƸƼƪƲƲǀƪ ƷƪƱ ƫƪ ƱƪƷƳƩƳƱ ƱƥƯƶƭƱƸƱǀ A ƭ Y 

ƳƯƥƬǀƧƥǃƷƶǄ ƶƱƪƾƪƲƲǀƱƭ Ƨ ƶƷƳƵƳƲƸ ƦƳưǁƽƭƺ ƯƳƲƻƪƲƷƵƥƻƭƮ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ (n(p)) (ƯƵƭƧǀƪ 4 ƭ 5, Ƶƭƶ.3) [8]. 
ƔƪƵƪƺƳƩ ƯƵƭƶƷƥưư Ą ƙƖƢƏ ƴƵƭ ƸƶưƳƧƭƭ e˂ ɛ const  Ʋƪ ƱƪƲǄƪƷ ƧƪưƭƼƭƲǀ ƴƥƵƥƱƪƷƵƥ  A  (ƯƵƭƧƥǄ 4), ƳƩƲƥƯƳ ƴƵƭƧƳƩƭƷ 

Ư ƸƧƪưƭƼƪƲƭǃ (ZT)max ƭ Y max ƴƳ ƥƦƶƳưǃƷƲƳƮ ƧƪưƭƼƭƲƪ, ƥ ƷƥƯƫƪ  Ư ƶƱƪƾƪƲƭǃ ƱƥƯƶƭƱƸƱƳƧ Ƨ ƶƷƳƵƳƲƸ ƱƪƲǁƽƭƺ n, p 

(ƯƵƭƧǀƪ  3 Ą 1 ƭ 6 Ą 5, Ƶƭƶ.3). Ƈ ƶƧƳǃ ƳƼƪƵƪƩǁ, ƧǀƵƳƫƩƪƲƭƪ ƹƥƬǀ ƙƖƢƏ ƳƩƲƳƧƵƪƱƪƲƲƳ ƶƲƭƫƥƪƷ ƧƪưƭƼƭƲǀ  ZT  
ƭ Y (ƯƵƭƧǀƪ 1 Ą 12,  5 Ą 11, Ƶƭƶ.3), ƼƷƳ, Ƨ ƻƪưƳƱ, Ʋƪ  ƶưƭƽƯƳƱ  ƶƭưǁƲƳ ƱƪƲǄƪƷ ƬƲƥƼƪƲƭƪ ƴƥƵƥƱƪƷƵƥ  Xmax (ƶƱ. 

ƶƳƳƷƲƳƽƪƲƭƪ (2)). ƖƵƥƧƲƪƲƭƪ ƶ ƭƬƧƪƶƷƲǀƱƭ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƱƭ ƱƥƷƪƵƭƥưƥƱƭ (ƗƢƑ) (ƱƪƷƥưưƥƱƭ, ƴƳưƸƱƪƷƥưưƥƱƭ 

ƭ ƴƳưƸƴƵƳƧƳƩƲƭƯƥƱƭ), ƭƶƴƳưǁƬƸƪƱǀƱƭ ƩưǄ ƴƳưƸƼƪƲƭǄ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ H Ƨ ƯƳƲƷƸƵƥƺ ƯƳƵƳƷƯƳƬƥƱƯƲƸƷǀƺ ƗƔ, 
ƴƳƯƥƬƥưƳ, ƼƷƳ ƭƶƶưƪƩƳƧƥƲƲǀƪ ƗƖ, ƳƦƵƥƬƸǃƷ ƲƳƧǀƮ Ưưƥƶƶ ƱƥƨƲƭƷƳƷƧƳƵƲǀƺ ƗƢƑ ƶ ƴƳƧǀƽƪƲƲǀƱƭ ƬƲƥƼƪƲƭǄƱƭ 

ƴƥƵƥƱƪƷƵƳƧ X ƭ Y. 

 

ƥ                                                                            Ʀ  

ƕƭƶ. 3  ƌƥƧƭƶƭƱƳƶƷƭ ZT= f(X) ƆƖ ƭ ƗƖ (ƥ) ƭ ƳƶƲƳƧƲǀƺ ƺƥƵƥƯƷƪƵƭƶƷƭƯ ƗƢƑ  ƳƷ  ƯƳƲƻƪƲƷƵƥƻƭƭ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ n (p) (Ʀ) (T= 300 
K). 1, 3, 12 ɛ ZT;  2 -  a; 4 ɛ A= a2 s; 5, 6, 11 ɛ Y=a s /  k;  7 -  s; 8 - k= kL+ ke;  9, 10 -  kL . 2, 3, 4, 6 - 9 ɛ ƯƵƭƶƷƥưưǀ; 1, 5 - 

ƹƥƬƥ ƙƖƢƏ; 1, 12- ƧǀƵƳƫƩƪƲƲƥǄ ƹƥƬƥ ƙƖƢƏ  [8]. ƓƦƳƬƲƥƼƪƲƭǄ ɛ ƶƱ. Ƶƭƶ.2ƥ 

ƇǀƧƳƩǀ. 1. ƕƥƬƵƥƦƳƷƥƲ ƲƳƧǀƮ Ưưƥƶƶ ƱƥƨƲƭƷƳƷƧƳƵƲǀƺ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ (ƗƢƑ) Ʋƥ ƳƶƲƳƧƪ  

«ƪƶƷƪƶƷƧƪƲƲǀƺ» ƲƥƲƳƶƷƵƸƯƷƸƵ - ƶưƳƭƶƷǀƺ  ƷƵƳƮƲǀƺ ƶƴưƥƧƳƧ (ƗƖ) ƶƪƱƪƮƶƷƧƥ [(Ge, Sn, Pb)(Te, Se)]m [(Bi,Sb)2(Te,Se)3]n, 
ƶ ƲƪƭƬƳƧƥưƪƲƷƲǀƱ ƯƥƷƭƳƲƲǀƱ ƬƥƱƪƾƪƲƭƪƱ. 2. ƇǀƶƳƯƥǄ ƱƥƨƲƭƷƳƷƧƳƵƲƥǄ ƶƴƳƶƳƦƲƳƶƷǁ  ƗƖ ƶƪƱƪƮƶƷƧƥ (X ƩƳ 6- 8 Ƈ-1)  

ƶƧǄƬƥƲƥ ƶ ƳƦƵƥƬƳƧƥƲƭƪƱ Ƨ ƶƴưƥƧƥƺ ƧǀƵƳƫƩƪƲƲƳƮ ƹƥƬǀ «ƹƳƲƳƲƲƳƪ ƶƷƪƯưƳ - ǂưƪƯƷƵƳƲƲǀƮ ƯƵƭƶƷƥưư» (ƙƖƢƏ) ƶ  

ƧǀƶƳƯƳƮ ƯƳƲƻƪƲƷƵƥƻƭƪƮ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ p, n > 1020 ƶƱ-3 ƭ  ƲƭƬƯƭƱƭ ƷƪƴưƳƴƵƳƧƳƩƲƳƶƷǁǃ  k = 4-6 Ö10-3, ƇƷ/ (cƱÖK) ƭ 

ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƳƮ ƩƳƦƵƳƷƲƳƶƷǁǃ ZT ~ 0,1. 3. ƔƵƪƭƱƸƾƪƶƷƧƳ ƷƪƵƱƳƴƥƵ ƴƵƭ ƴƳưƸƼƪƲƭƭ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ  ƴƳ 
ƶƵƥƧƲƪƲƭǃ ƶ ƴƳƶƷƳǄƲƲǀƱƭ ƱƥƨƲƭƷƥƱƭ ƶƳƶƷƳƭƷ Ƨ ƳƷƶƸƷƶƷƧƭƭ Ƹ ƗƢƑ ƷƪƱƴƪƵƥƷƸƵǀ ƏǃƵƭ TC, ƳƨƵƥƲƭƼƭƧƥǃƾƪƨƳ 

ƷƪƱƴƪƵƥƷƸƵƲǀƮ ƭƲƷƪƵƧƥư ƴƳưƸƼƪƲƭǄ ƱƥƨƲƭƷƲǀƺ ƴƳưƪƮ,  ƥ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ ƶƳưƪƲƳƭƩƥƱƭ ɛ Ƨ ƳƷƶƸƷƶƷƧƭƭ ƧƲƪƽƲƪƨƳ 

ƭƶƷƳƼƲƭƯƥ ƢƉƖ. 
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ƍƶƶưƪƩƳƧƥƲǀ ƱƪƺƥƲƭƬƱ ƭ ƯƭƲƪƷƭƯƥ ǂƹƹƪƯƷƥ ƧƳƩƳƵƳƩƲƳƨƳ ƵƥƬƵƸƽƪƲƭǄ (Ƈƕ) ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƺ 

ƱƥƷƪƵƭƥưƳƧ (ƗƢƑ) Ƨ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ ǄƼƪƮƯƥƺ (ƢƚƤ) ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ ƧƳƩǀ (T = 300 K).   ƓƦƲƥƵƸƫƪƲƳ, ƼƷƳ 
ƵƥƬưƭƼƲǀƪ ƨƵƸƴƴǀ ƗƢƑ ƧƪƩƸƷ ƶƪƦǄ ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ ƴƳ- ƵƥƬƲƳƱƸ (Ƶƭƶ.1).  ƒƭƬƯƳƷƪƱƴƪƵƥƷƸƵƲǀƪ (Bi, Sb ƭ  Bi ɛ Sb) 

(ƨƵƸƴƴƥ I) ƭ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲǀƪ (Ge ɛ Si) ƗƢƑ (ƨƵƸƴƴƥ III)  ƳƯƥƬƥưƭƶǁ ƸƶƷƳƮƼƭƧǀƱƭ ƳƷƲƳƶƭƷƪưǁƲƳ Ƈƕ Ƨ ƢƚƤ 

(Ƶƭƶ.1ƥ). Ƈ ƳƷưƭƼƭƪ ƳƷ Ʋƭƺ, ƶƵƪƩƲƪƷƪƱƴƪƵƥƷƸƵƲǀƪ ƗƢƑ (GeTe, Bi2Te3, Cu2Se ƭ ƩƵ.) (ƨƵƸƴƴƥ II) ƴƵƭ 

«ƲƥƧƳƩƳƵƳƫƭƧƥƲƭƭ» ƭƶƴǀƷǀƧƥưƭ ƶƧƪƵƺƦǀƶƷƵƳƪ Ƈƕ, ƶƧǄƬƥƲƲƳƪ ƶ ƩƭƹƹƸƬƭƪƮ ƴƵƳƷƳƲƳƧ H1+ ƧƨưƸƦǁ ƳƦƵƥƬƻƳƧ ƭ ƭƺ 

ƥƷƳƱƭƬƥƻƭƪƮ ƭ ƱƳưƭƬƥƻƭƪƮ Ʋƥ ƩƪƹƪƯƷƥƺ - «ƯƳưưƪƯƷƳƵƥƺ» ƧƳƩƳƵƳƩƥ (ƩƭƶưƳƯƥƻƭǄƺ, ƨƵƥƲƭƻƥƺ ƬƪƵƪƲ ƭ Ʒ.ƴ.) (Ƶƭƶ.1Ʀ ƭ 

1Ƨ). ƒƪƵƥƧƲƳƧƪƶƲƳƪ ƶƳƶƷƳǄƲƭƪ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƳƦƿƪƱƪ ƳƦƵƥƬƻƳƧ Ƨ ƳƷƶƸƷƶƷƧƭƭ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƳưǄ ƢƚƤ 

ƴƳƩƷƧƪƵƫƩƥƪƷƶǄ ƬƲƥƯƳƱ ƶƳƳƷƧƪƷƶƷƧƸǃƾƭƺ ǂưƪƯƷƵƳƩƲǀƺ ƴƳƷƪƲƻƭƥưƳƧ ƗƢƑ ƳƷƲƳƶƭƷƪưǁƲƳ ƧƳƩƳƵƳƩƲƳƨƳ ǂưƪƯƷƵƳƩƥ 

(E0 > 0). ƇƳƬƱƳƫƲƳƶƷǁ ƧƺƳƫƩƪƲƭǄ ƴƵƳƷƳƲƳƧ H1+ ƶƧǄƬƥƲƥ ƶ ƩƪƮƶƷƧƭƪƱ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƳưǄ ƢƚƤ. ƖƳƳƷƧƪƷƶƷƧƪƲƲƳ 

ƨưƸƦƭƲƥ ƴƵƳƲƭƯƲƳƧƪƲƭǄ ƲƪƵƥƧƲƳƧƪƶƲǀƺ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƳƦƵƥƬƻǀ Ʀǀưƥ ƳƨƵƥƲƭƼƪƲƥ ƭ ƳƴƵƪƩƪưǄưƥƶǁ ƭƺ ƦƳưǁƽƭƱƭ 

ƯƳǂƹƹƭƻƭƪƲƷƥƱƭ ƩƭƹƹƸƬƭƭ, ƶƧǄƬƥƲƲǀƱƭ ƶ ƩƪƮƶƷƧƭƪƱ ǂƹƹƪƯƷƥ ƸƶƯƳƵƪƲƭǄ ƴƵƳƷƳƲƳƧ H1+ ƬƳƲƲǀƱƭ ǂưƪƯƷƵƳƲƥƱƭ 

(ƩǀƵƯƥƱƭ) ƴƵƭ ƭƺ ƶƳƧƱƪƶƷƲƳƮ «ƺƭƱƭƼƪƶƯƳƮ» ƩƭƹƹƸƬƭƭ Ƨ ƳƦƵƥƬƻƥƺ.  ƔƵƭ ǂƷƳƱ ƩưǄ ƴƳưƸƼƪƲƭǄ ƱƥƯƶƭƱƥưǁƲƳƨƳ Ƈƕ 

ƳƦƵƥƬƻƳƧ ƴƳƩƧƭƫƲƳƶƷǁ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) Ƨ ƗƢƑ ƩƳưƫƲƥ Ʀǀưƥ ƭƱƪƷǁ ƳƴƷƭƱƥưǁƲƸǃ ƧƪưƭƼƭƲƸ µn,p
ƳƴƷ ~ 10 cƱ2 /(B.c). 

Ƈ ƶƧƳǃ ƳƼƪƵƪƩǁ, ƳƷƶƸƷƶƷƧƭƪ ǂƹƹƪƯƷƥ Ƈƕ Ƨ ƶƴưƥƧƥƺ Bi, Sb, Bi ɛ Sb ƭ Ge ɛ Si (Ƶƭƶ.1ƥ) ƳƦƿǄƶƲǄƪƷƶǄ Ƨ ƵƥƦƳƷƪ 

ƳƷƯưƳƲƪƲƭƪƱ ƧƪưƭƼƭƲǀ  µn,p ~ 105  - 106  cƱ2 /(B.c) ƳƷ ƳƴƷƭƱƥưǁƲƳƮ, Ƨ ƵƪƬƸưǁƷƥƷƪ ƼƪƨƳ ƴƵƳƷƳƲǀ H1+  Ʋƪ ƴƵƳƲƭƯƥǃƷ Ƨ 

ƳƦƵƥƬƻǀ, ƭƺ  ƥƷƳƱƭƬƥƻƭǄ ƭ ƱƳưƭƬƥƻƭǄ ƴƵƳƭƶƺƳƩƭƷ Ƹƫƪ Ʋƥ ƴƳƧƪƵƺƲƳƶƷƭ ƯƥƷƳƩƥ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ Ƈƕ ƳƦƵƥƬƻƳƧ «Ƨ 

ƳƦƿƪƱƪ» Ʋƪ ƲƥƦưǃƩƥƪƷƶǄ.  
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Ƈ ƵƥƦƳƷƪ ƲƥƮƩƪƲƥ ƪƾƪ ƳƩƲƥ ƧƳƬƱƳƫƲƥǄ ƴƵƭƼƭƲƥ ƳƷƶƸƷƶƷƧƭǄ Ƈƕ Ƨ ǂƷƭƺ ƶƴưƥƧƥƺ, ƪǃ ǄƧưǄƪƷƶǄ ƳƷƵƭƻƥƷƪưǁƲǀƮ 

ƬƲƥƯ ƭƺ ǂưƪƯƷƵƳƩƲǀƺ ƴƳƷƪƲƻƭƥưƳƧ E0 < 0. ƔƵƭƱƪƵǀ  ƵƥƬƵƸƽƪƲƭǄ ƗƢƑ ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ ƧƳƩǀ Ƨ ƢƚƤ (ƨƵƸƴƴƥ II) 

ƴƳƯƥƬƥƲǀ Ʋƥ Ƶƭƶ.2.  

     

ƑƪƺƥƲƭƬƱ ƭ ƯƭƲƪƷƭƯƥ Ƈƕ ƗƢƑ.  ƔƵƳƻƪƶƶǀ Ƈƕ ƗƢƑ Ƨ ƢƚƤ ƱƳƨƸƷ ƦǀƷǁ ƵƥƬƦƭƷǀ Ʋƥ ƶưƪƩƸǃƾƭƪ ƶƷƥƩƭƭ. ƢƷƳ: 1) 

- ǂưƪƯƷƵƳưƭƬ ƧƳƩǀ ƭ ƥƩƶƳƵƦƻƭǄ ƴƵƳƷƳƲƳƧ   H1+  Ʋƥ ƯƥƷƳƩƪ   (Ƶƭƶ.3ƥ); 2)- ƭƲƫƪƯƻƭǄ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƗƢƑ ǂưƪƯƷƵƭƼƪƶƯƭƱ 

ƕƭƶ.1. ƕƥƬưƭƼƲǀƪ Ʒƭƴǀ Ƈƕ ƗƢƑ Ƨ ƢƚƤ. a -  Ƈƕ   ƳƷƶƸƷƶƷƧƸƪƷ (Bi, Sb);  Ʀ ɛ  ƴƳưƭƯƵƭƶƷƥưưǀ (GeTe, Cu2Te); Ƨ -  
ƱƳƲƳƯƵƭƶƷƥưưǀ Ʒƭƴƥ Bi2Te3. ƝƷƵƭƺƥƱƭ ƴƳƯƥƬƥƲ ƸƵƳƧƪƲǁ ƧƳƩǀ Ƨ ƢƚƤ,  ƶƷƵƪưƯƥƱƭ ɛ ƲƥƴƵƥƧưƪƲƭƪ ƴƪƵƪƱƪƾƪƲƭǄ 
ƧƪƾƪƶƷƧƥ  ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ,  3̀ - ƷƵƭƨƳƲƥưǁƲǀƪ Ƴƶƭ ƱƳƲƳƯƵƭƶƷƥưưƳƧ,  o - ƴƸƬǀƵǁƯƭ ƧƳƩƳƵƳƩƥ, ¶ - ƹƵƥƨƱƪƲƷǀ 

ƵƥƬƵƸƽƪƲƭǄ ƴƳưƭƯƵƭƶƷƥưưƥ. 

ƕƭƶ.2. ƓƦƵƥƬƪƻ Ge1-xTex (x= 50,4 ƥƷ.% Te) ƩƳ (ƥ) ƭ ƴƳƶưƪ (Ʀ)  Ƈƕ Ƨ ƢƚƤ; Ƨ ɛ  ƺƥƵƥƯƷƪƵ ƵƥƬƵƸƽƪƲƭǄ ƶưƳƭƶƷƳƨƳ ƯƵƭƶƷƥưưƥ 
Pb2Sb6Te11. 
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ƴƳưƪƱ ƢƚƤ); 3) ɛ ǂưƪƯƷƵƳƩƭƹƹƸƬƭǄ ƴƵƳƷƳƲƳƧ H1+ ƧƨưƸƦǁ ƗƢƑ ƩƳ ƱƪƶƷƥ ƵƥƶƴƳưƳƫƪƲƭǄ «ƯƳưưƪƯƷƳƵƳƧ» ƧƳƩƳƵƳƩƥ;   

4) - ƥƷƳƱƭƬƥƻƭǄ ƭ ƱƳưƭƬƥƻƭǄ ƴƵƳƷƳƲƳƧ H1+ ƭ ƴƳƶưƪƩƸǃƾƪƪ Ƈƕ ƗƢƑ (Ƶƭƶ.3 Ʀ). Ƈ ƴƵƳƻƪƶƶƪ ƩƭƹƹƸƬƭƭ ƧƳƩƳƵƳƩƥ ƴƳ 

ƳƦƵƥƬƻƸ ƧƳƬƱƳƫƲƳ ƷƥƯƫƪ ƳƦƵƥƬƳƧƥƲƭƪ ƵƥƧƲƳƧƪƶƲǀƺ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƭ ƺƭƱƭƼƪƶƯƭƺ ƶƳƪƩƭƲƪƲƭƮ (ƨƭƩƵƭƩƳƧ) (1), 

ƼƷƳ ƱƳƫƪƷ ƴƵƭƧƳƩƭƷǁ Ư ƸƧƪưƭƼƪƲƭǃ Ʊƥƶƶǀ  ƱƥƷƪƵƭƥưƥ (Dm > 0) ƴƳƩƳƦƲƳ ƶưƸƼƥǃ ƖƒƇ (Ƶƭƶ.3Ƨ)[1-4].  

 

ƢưƪƯƷƵƳưƭƬ ƧƳƩǀ ƭ ƥƩƶƳƵƦƻƭǄ ƴƵƳƷƳƲƳƧ H1+ Ʋƥ ƯƥƷƳƩƪ. ƘƯƥƬƥƲƲǀƪ ƴƵƳƻƪƶƶǀ ƵƪƥưƭƬƳƧƥưƭƶǁ Ƨ ƢƚƤ (Ƶƭƶ.2ƥ) 
Ƭƥ ƶƼƪƷ ƭƶƴƳưǁƬƳƧƥƲƭǄ ƲƥƴƵǄƫƪƲƭǄ ǂưƪƯƷƵƳưƭƬƥ U = 10 B > Up = 1,23 Ƈ.  ƔƵƭ ǂƷƳƱ ƥƩƶƳƵƦƭƵƳƧƥƲƲǀƪ ƴƵƳƷƳƲǀ H1+ 

ƱƳƨưƭ ưƭƦƳ ƧƶƷƸƴƥƷǁ ƩƵƸƨ ƶ ƩƵƸƨƳƱ Ƨ ƺƭƱƭƼƪƶƯƸǃ ƵƪƥƯƻƭǃ ƱƳưƭƬƥƻƭƭ ƴƵǄƱƳ Ʋƥ ƯƥƷƳƩƪ, ưƭƦƳ ƭƲƫƪƯƷƭƵƳƧƥƷǁƶǄ 

ǂưƪƯƷƵƭƼƪƶƯƭƱ ƴƳưƪƱ ƢƚƤ Ƨ ƳƦƵƥƬƻǀ. ƉưǄ ǂưƪƯƷƵƳƭƲƫƪƯƻƭƭ Ƨ ƳƦƵƥƬƻǀ ƴƵƳƷƳƲǀ H1+ ƩƳưƫƲǀ Ʀǀưƭ ƶƳƺƵƥƲǄƷǁ ƶƧƳƮ 

ƬƥƵǄƩ. 

ƍƲƫƪƯƻƭǄ ƲƪƵƥƧƲƳƧƪƶƲǀƺ ƴƵƳƷƳƲƳƧ Ƨ ƗƢƑ. ƍƬ ƶƳƳƷƲƳƽƪƲƭǄ E0 > 0, ƲƥƦưǃƩƥƪƱƳƨƳ Ƨ ƗƢƑ ƨƵƸƴƴǀ II,  ƶưƪƩƸƪƷ, 

ƼƷƳ Ƨ ƳƷƶƸƷƶƷƧƭƭ ǂưƪƯƷƵƭƼƪƶƯƳƨƳ ƴƳưǄ  ƴƵƳƷƳƲǀ H1+ Ƨ ƳƦƵƥƬƻƥƺ  ǄƧưǄƪƷƶǄ ƲƪƵƥƧƲƳƧƪƶƲǀƱ ƭ Ʋƪ ƳƦƵƥƬƸǃƷ ƶ ƗƢƑ 

ƺƭƱƭƼƪƶƯƭƺ ƶƳƪƩƭƲƪƲƭƮ. ƔƪƵƪƺƳƩ Ư ƵƥƧƲƳƧƪƶƲƳƱƸ ƶƳƶƷƳǄƲƭǃ Ƨ ǂƷƭƺ ƗƢƑ ƴƵƳƭƶƺƳƩƭư ƴƸƷƪƱ ƩƭƹƹƸƬƭƭ ƧƳƩƳƵƳƩƥ 

ƧƨưƸƦǁ ƳƦƵƥƬƻƥ ƶ ƪƨƳ ƴƳƶưƪƩƸǃƾƪƮ ƥƷƳƱƭƬƥƻƭƪƮ ƭ ƱƳưƭƬƥƻƭƪƮ Ʋƥ ƩƪƹƪƯƷƥƺ ɛ «ƯƳưưƪƯƷƳƵƥƺ» ƧƳƩƳƵƳƩƥ (Ƶƭƶ.3Ʀ). 

ƔƳưƲƳƪ ƸƩƥưƪƲƭƪ ƲƪƵƥƧƲƳƧƪƶƲƳƨƳ ƧƳƩƳƵƳƩƥ ƭƬ ƗƢƑ ƴƵƳƭƶƺƳƩƭưƳ Ƨ ƵƪƬƸưǁƷƥƷƪ ƴƳƶưƪƩƸǃƾƪƨƳ Ƈƕ ƳƦƵƥƬƻƳƧ 

(Ƶƭƶ.3Ʀ). ƑƥƯƶƭƱƥưǁƲƳƪ ƼƭƶưƳ ƴƵƳƷƳƲƳƧ, ƧƧƪƩƪƲƲǀƺ Ƨ ƳƦƵƥƬƻǀ ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ, ƱƳƨưƳ ƩƳƶƷƭƨƥƷǁ N = I.t/ |q0| ~ 2,8. 

1020 (ƬƩƪƶǁ I ƭ t ɛ  ƷƳƯ ƭ ƧƵƪƱǄ ǂưƪƯƷƵƳưƭƬƥ, q0 = -1,6.10-19 Əư ɛ ǂưƪƱƪƲƷƥƵƲǀƮ ƬƥƵǄƩ.), ƼƷƳ ƶƳƳƷƧƪƷƶƷƧƸƪƷ 

ƱƥƯƶƭƱƥưǁƲƳƮ ƴưƳƷƲƳƶƷƭ ƴƵƳƷƳƲƳƧ Ƨ ƳƦƵƥƬƻƥƺ n(H1+) = NH /abc ~ 1.1022 ƶƱ-3 (ƬƩƪƶǁ a, b,c~ 2- 10 ƱƱ ɛ ƵƥƬƱƪƵǀ 

ƭƶƶưƪƩƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ). ƏƳưƭƼƪƶƷƧƳ ƱƳưƪƮ ƧƳƩƳƵƳƩƥ H, ƧƧƪƩƪƲƲǀƺ Ƨ ƗƢƑ, ƶƳƶƷƥƧưǄưƳ f~  0,5.10-3 ƱƳưǄ (ƳƦƿƪƱ 
V= Vm,f ~ 10 ƶƱ3, ƬƩƪƶǁ Vm=22,44  ƩƱ3/ ƱƳưǁ ɛ ƱƳưǄƵƲǀƮ ƳƦƿƪƱ H2),  Ʊƥƶƶƥ ƧƧƪƩƪƲƲƳƨƳ ƧƳƩƳƵƳƩƥ Dm(H) ~0,0005 ƨ.  
ƔƵƭ ƶƫƥƷƭƭ V ~ 10 ƶƱ3 ƧƳƩƳƵƳƩƥ ƩƳ ƳƦƿƪƱƥ ƭƶƶưƪƩƳƧƥƲƲǀƺ ƳƦƵƥƬƻƳƧ ƪƨƳ ƩƥƧưƪƲƭƪ ƧƳƬƵƥƶƷƪƷ ƩƳ ~3.104 ƥƷƱ (~ 3 

ƈƔƥ), ƼƷƳ ƴƵƪƧǀƽƥƪƷ ƴƵƪƩƪưǀ ƴƵƳƼƲƳƶƷƭ ƗƢƑ ƭ ǄƧưǄƪƷƶǄ ƴƵƭƼƭƲƳƮ Ƈƕ ƳƦƵƥƬƻƳƧ.  

Ɩ ƩƵƸƨƳƮ ƶƷƳƵƳƲǀ, ƩưǄ ƶƴưƥƧƳƧ ƗƢƑ ƨƵƸƴƴǀ I ƭ III ƭƱƪƪƱ E0 <0, ƷƳ ƪƶƷǁ, ƴƳƩƳƦƲƳ ƶưƸƼƥǃ ƶƴưƥƧƳƧ ɛ 

ƲƥƯƳƴƭƷƪưƪƮ ƧƳƩƳƵƳƩƥ (ƖƒƇ), Ƨ Ʋƭƺ ƧƳƬƱƳƫƲƳ ƳƦƵƥƬƳƧƥƲƭƪ ƵƥƧƲƳƧƪƶƲǀƺ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƭ ƨƭƩƵƭƩƳƧ (Ƶƭƶ.3Ƨ) 

[1-3],.  ƔƵƭ ǂƷƳƱ ƼƥƶƷǁ ƴƳƷƳƯƥ ƴƵƳƷƳƲƳƧ H1+ ƳƷƧưƪƯƥƪƷƶǄ Ʋƥ ƺƭƱƭƼƪƶƯƸǃ ƵƪƥƯƻƭǃ ƱƳưƭƬƥƻƭƭ, ƶƳƳƷƧƪƷƶƷƧƪƲƲƳ 

ƧƪƵƳǄƷƲƳƶƷǁ «ƨƥƬƳƧƳƨƳ» Ƈƕ ƶƲƭƫƥƪƷƶǄ. ƔƳưƲƳƪ ƳƷƶƸƷƶƷƧƭƪ Ƈƕ, ƲƥƦưǃƩƥƧƽƪƪƶǄ Ƨ ƶƴưƥƧƥƺ ƨƵƸƴƴ I ƭ III, Ʊǀ ƳƦƿǄƶƲǄƪƱ 

ƩƪƮƶƷƧƭƪƱ ƩƳƴƳưƲƭƷƪưǁƲƳƨƳ ƹƥƯƷƳƵƥ -  ƱƥưƳƮ ƨưƸƦƭƲƳƮ ƴƵƳƲƭƯƲƳƧƪƲƭǄ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƳƦƵƥƬƻǀ d/a, ƶƧǄƬƥƲƲƳƮ ƶ 
ƧǀƶƳƯƳƮ ƴƳƩƧƭƫƲƳƶƷǁǃ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) Ƨ ǂƷƭƺ ƨƵƸƴƴƥƺ ƗƢƑ.  

ƈưƸƦƭƲƥ ƴƵƳƲƭƯƲƳƧƪƲƭǄ ƴƵƳƷƳƲƳƧ Ƨ ƳƦƵƥƬƻǀ d/a. Ƈ ƳƦƵƥƬƻƥƺ ƗƢƑ ƶ ƭƲƫƪƯƷƭƵƳƧƥƲƲǀƱƭ ƲƪƵƥƧƲƳƧƪƶƲǀƱƭ 
ƴƵƳƷƳƲƥƱƭ H1+  ƴƵƳƻƪƶƶǀ ƥƷƳƱƭƬƥƻƭƭ ƭ ƱƳưƭƬƥƻƭƭ ƴƵƳƭƶƺƳƩǄƷ Ʋƥ ƵƥƶƶƷƳǄƲƭƭ d  ƳƷ ƹƥƬƳƧƳƮ ƨƵƥƲƭƻǀ H2O/ ƗƢƑ, 

ƼƷƳ ƷƵƪƦƸƪƷ ƴƳƩƧƳƩƥ ǂưƪƯƷƵƳƲƳƧ ƭƬ ƧƲƪƽƲƪƮ ǂưƪƯƷƵƭƼƪƶƯƳƮ ƻƪƴƭ Ʋƥ ƵƥƶƶƷƳǄƲƭƪ  (l-d) ~ l (ƕƭƶ.3ƥ). ƗƥƯƭƱ ƳƦƵƥƬƳƱ, 
ƨưƸƦƭƲƥ ƴƵƳƲƭƯƲƳƧƪƲƭǄ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƳƦƵƥƬƪƻ ƱƳƫƪƷ ƦǀƷǁ ƳƻƪƲƪƲƥ ƭƬ ƶƳƳƷƲƳƽƪƲƭǄ   

ƕƭƶ.3. ƈưƸƦƭƲƥ ƴƵƳƲƭƯƲƳƧƪƲƭǄ ƧƳƩƳƵƳƩƥ d Ƨ ƳƦƵƥƬƻǀ ƗƢƑ (ƥ, Ʀ) ƭ ƖƒƇ (Ƨ). 

1 ɛ  ƩƪƹƪƯƷ ɛ «ƯƳưưƪƯƷƳƵ» ƧƳƩƳƵƳƩƥ, 2 ɛ ƷƧƪƵƩǀƮ ƵƥƶƷƧƳƵ ƧƳƩƳƵƳƩƥ Ƨ ƖƒƇ, 3 ɛ ƨƭƩƵƭƩ, ccɞ - ƹƥƬƳƧƥǄ 
ƨƵƥƲƭƻƥ ƳƦƵƥƬƪƻ ɛ ƧƳƩƥ. (d~ 0; d ~ 0 - l; dɡ~ l). 
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d/a ~ lÖmH
1+/ (a mn, p).                                                                                (1) 

(ƌƩƪƶǁ mH
1+ ƭ mn, p ɛ ƴƳƩƧƭƫƲƳƶƷƭ ƭƳƲƳƧ ƧƳƩƳƵƳƩƥ ƭ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) Ƨ ƗƢƑ) (Ƶƭƶ.3).  ƔƵƭ ƳƻƪƲƯƥƺ 

ƴƥƵƥƱƪƷƵƥ d ƭƶƴƳưǁƬƳƧƥưƭ ƭƬƧƪƶƷƲǀƪ ƬƲƥƼƪƲƭǄ mn,p ƗƢƑ ƭ ƖƒƇ (mn,p ~ 10 cƱ2/ Ƈ.ƶ), ƥ ƷƥƯƫƪ ƯƳǂƹƹƭƻƭƪƲƷǀ 

ƩƭƹƹƸƬƭƭ ƧƳƩƳƵƳƩƥ Ƨ ƶƴưƥƧƥƺ ƖƒƇ (DH = 5.10-5 ɛ 1011 ƶƱ2/c) [1- 6]. ƔƵƭ ƳƻƪƲƯƥƺ ƧƱƪƶƷƳ ƲƪƭƬƧƪƶƷƲǀƺ ƬƲƥƼƪƲƭƮ DH 

ƗƢƑ ƦƵƥưƭ  ƴƵƪƩƴƳưƳƫƭƷƪưǁƲƳ ƦưƭƬƯƭƪ Ư ƲƭƱ ƴƳ ƴƳƵǄƩƯƸ ƧƪưƭƼƭƲǀ ƭƬƧƪƶƷƲǀƪ ƬƲƥƼƪƲƭǄ DCu ƱƪƩƭ, ƴƪƵƪƶƼƭƷƥƲƲǀƪ 

Ƨ mH  ƶ ƴƳƱƳƾǁǃ ƶƳƳƷƲƳƽƪƲƭǄ ƢƮƲƽƷƪƮƲƥ mH= DH/ k0T.  

ƔƵƳƧƪƩƪƲƲǀƪ ƳƻƪƲƯƭ  ƴƳƯƥƬǀƧƥǃƷ, ƼƷƳ Ƨ  ƗƢƑ ƨƵƸƴƴǀ II mn,p ~ 10 ƶƱ2/ (Ƈ.ƶ), ƴƵƭ ǂƷƳƱ ƧƪưƭƼƭƲƥ  d/a ƩƳƶƷƭƨƥƪƷ  
800 ƭ ƦƳưƪƪ, Ƨ ƵƪƬƸưǁƷƥƷƪ ƳƯƥƬǀƧƥƪƷƶǄ ƧƳƬƱƳƫƲǀƱ ƭƲƷƪƲƶƭƧƲƳƪ  Ƈƕ ƳƦƵƥƬƻƳƧ «ƭƬƲƸƷƵƭ» (Ƶƭƶ.3Ʀ). Ɩ ƩƵƸƨƳƮ 

ƶƷƳƵƳƲǀ, ƩưǄ ƗƢƑ ƨƵƸƴƴ I ƭ III  ƭƱƪƪƱ mn,p ~ 103- 105 ƶƱ2/ (Ƈ.ƶ) ƭ d/a < 10-4 ɛ 10-5.  Ƈ ƵƪƬƸưǁƷƥƷƪ ƥƷƳƱƭƬƥƻƭǄ ƭ 

ƱƳưƭƬƥƻƭǄ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƢƚƤ ƴƵƳƭƶƺƳƩƭƷ Ƹƫƪ Ʋƥ ƹƥƬƳƧƳƮ ƨƵƥƲƭƻƪ H2O/ ƗƢƑ, ƴƵƳƷƳƲǀ H1+ Ʋƪ ƴƵƳƲƭƯƥǃƷ Ƨ 

ƳƦƵƥƬƻǀ ƭ Ƈƕ Ʋƪ ƴƵƳƭƶƺƳƩƭƷ (Ƶƭƶ.1ƥ ƭ 3a). Ƈ ƷƳ ƫƪ ƧƵƪƱǄ, Ƨ ƖƒƇ ƴƵƭ Ʒƪƺ ƫƪ ƬƲƥƼƪƲƭǄƺ d/a,  Ƈƕ ƴƳ «ƨƥƬƳƧƳƱƸ» 
ƱƪƺƥƲƭƬƱƸ ưƭƦƳ ƳƷƶƸƷƶƷƧƸƪƷ, ưƭƦƳ ƳƶưƥƦưƪƲƳ ƭƬ-Ƭƥ ƳƦƵƥƬƳƧƥƲƭǄ Ƨ ƳƦƵƥƬƻƥƺ ƷƧƪƵƩǀƺ ƵƥƶƷƧƳƵƳƧ ƧƳƩƳƵƳƩƥ ƭ  

ƵƥƧƲƳƧƪƶƲǀƺ ƨƭƩƵƭƩƳƧ  (Ƶƭƶ.3Ƨ) [1-9].   

<ƚƭƱƭƼƪƶƯƥǄ> ƩƭƹƹƸƬƭǄ ƧƳƩƳƵƳƩƥ Ƨ ƳƦƵƥƬƻƥƺ. ƈưƸƦƭƲƥ ƴƵƳƲƭƯƲƳƧƪƲƭǄ  ƲƪƵƥƧƲƳƧƪƶƲǀƺ ƴƵƳƷƳƲƳƧ H1+ Ƨ 

ƳƦƵƥƬƻǀ ƶƳƶƷƥƧưǄƪƷ ƧƪưƭƼƭƲƸ d/a ~ ̀ DH. (ƌƩƪƶǁ D̀H -  ƯƳǂƹƹƭƻƭƪƲƷ «ƺƭƱƭƼƪƶƯƳƮ» ƩƭƹƹƸƬƭƭ ƧƳƩƳƵƳƩƥ  Ƨ 

ƱƥƷƪƵƭƥưƪ, ƭƱƪǃƾƭƮ ƬƲƥƼƭƷƪưǁƲƸǃ ƧƪưƭƼƭƲƸ. Ƒǀ ƴƵƪƩƴƳưƥƨƥƪƱ, ƼƷƳ Ƭƥ  ƵƳƶƷ D̀H  Ƨ ƗƢƑ ƳƷƧƪƷƶƷƧƪƲƪƲ ƭƬƧƪƶƷƲǀƮ 

ǂƹƹƪƯƷ ƸƶƯƳƵƪƲƭǄ ƴƳƩƧƭƫƲǀƺ ƭƳƲƳƧ ǂưƪƯƷƵƳƲƥƱƭ (ƩǀƵƯƥƱƭ), ƴƳƩƵƳƦƲƳ ƭƬƸƼƪƲƲǀƮ ƵƥƲƪƪ ƩưǄ Cu2-xSe [5-7]. 

ƉƪƮƶƷƧƭƷƪưǁƲƳ, ƴƵƳƲƭƯƥǄ Ƨ ƷƧƪƵƩǀƪ ƱƪƷƥưưǀ, ƧƳƩƳƵƳƩ ƳƦƵƥƬƸƪƷ ƧƱƪƶƷƪ c ƵƪƽƪƷƯƳƮ ƱƪƷƥưưƥ ƲƪƵƥƧƲƳƧƪƶƲƸǃ 

ƶƸƴƪƵƭƳƲƲƸǃ ƹƥƬƸ ƗƢƑ<M>, ƳƦưƥƩƥǃƾƸǃ ƶƱƪƽƥƲƲƳƮ ƴƵƳƷƳƲƲƳƮ (H1+) ƭ «ƬƳƲƲƳƮ» ǂưƪƯƷƵƳƲƲƳƮ (ƩǀƵƳƼƲƳƮ) 

ƴƵƳƧƳƩƭƱƳƶƷǁǃ. Ƈ ƷƥƯƭƺ ƶƭƶƷƪƱƥƺ Ƨ ƶƭưƸ ƩƪƮƶƷƧƭǄ ƸƶưƳƧƭǄ ǂưƪƯƷƵƭƼƪƶƯƳƮ ƲƪƮƷƵƥưǁƲƳƶƷƭ ƴƵƳƭƶƺƳƩƭƷ ƶƳƧƱƪƶƷƲƥǄ 

(Ʒ.Ʋ. «ƺƭƱƭƼƪƶƯƥǄ») ƩƭƹƹƸƬƭǄ ƴƵƳƷƳƲƳƧ ƭ ǂưƪƯƷƵƳƲƳƧ ƭ ƩƪƮƶƷƧƸƪƷ ǂƹƹƪƯƷ ƸƶƯƳƵƪƲƭǄ (ƢƘ) ƭƳƲƳƧ ƦƳưƪƪ 

ƴƳƩƧƭƫƲǀƱƭ ǂưƪƯƷƵƳƲƥƱƭ (ƩǀƵƯƥƱƭ). ƖƳƨưƥƶƲƳ ƷƪƳƵƭƭ «ƺƭƱƭƼƪƶƯƳƮ» ƩƭƹƹƸƬƭƭ Ƨ ƷƧƪƵƩǀƺ Ʒƪưƥƺ, ƧƪưƭƼƭƲƥ ƢƘ 

ƭƳƲƳƧ ǂưƪƯƷƵƳƲƥƱƭ KƢƘ Ƨ ƖƍƔ ƬƥƧƭƶƭƷ ƳƷ ƯƳƲƻƪƲƷƵƥƻƭƭ ƬƳƲƲǀƺ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) Ƨ ƴƵƳƧƳƩƲƭƯƥƺ ƭ 

ƸƧƪưƭƼƭƧƥƪƷƶǄ ƴƵƭ ƸƱƪƲǁƽƪƲƭƭ (n, p).  

KƢƘ =̀ D / Di ~ Ni/ (n,p).                                                                                   (2) 

(ƌƩƪƶǁ Di ɛ ƯƳǂƹƹƭƻƭƪƲƷ ƩƭƹƹƸƬƭƭ ƴƳƩƧƭƫƲǀƺ ƭƳƲƳƧ Ƨ ƳƷƶƸƷƶƷƧƭƭ ǂưƪƯƷƵƳƲƳƧ, Ni ƭ n, p ɛ ƯƳƲƻƪƲƷƵƥƻƭǄ 
ƴƳƩƧƭƫƲǀƺ ƭƳƲƳƧ ƭ ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ)) [14].  Ƈ ƱƪƷƥưưƥƺ ƭƱƪƪƱ Ni ~ n(p) ~ 1022ƶƱ-3, ƴƵƭ ǂƷƳƱ ƧƪưƭƼƭƲƥ KƢƘ 
ƳƯƥƬǀƧƥƪƷƶǄ ƦưƭƬƯƳƮ Ư ƪƩƭƲƭƻƪ.    Ɩ ƩƵƸƨƳƮ ƶƷƳƵƳƲǀ, ƩưǄ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧ - ƖƍƔ, ƨƩƪ Ni ~ 1022ƶƱ-3 ƭ n(p) ~ 1018- 

1020 ƶƱ--3, ƴƳưƸƼƥƪƱ ƏƢƘ ~ 102- 104 ƭ ƦƳưƪƪ [8]. ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƧǀƶƳƯƥǄ ƶƯƳƵƳƶƷǁ Ƈƕ ƗƢƑ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ Ƈƕ 

ƱƪƷƥưưƳƧ (Ƨ ƼƥƶƷƲƳƶƷƭ ƖƒƇ), ƶƧǄƬƥƲƥ ƶ ƩƪƮƶƷƧƭƪƱ ƢƘ ƴƳƩƧƭƫƲǀƺ ƭƳƲƳƧ ǂưƪƯƷƵƳƲƥƱƭ, ƩƳƶƷƭƨƥǃƾƪƨƳ Ƨ ƳƦƵƥƬƻƥƺ 

ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƺ ƗƢƑ ƬƲƥƼƭƷƪưǁƲƳƮ ƧƪưƭƼƭƲǀ [8-14].  

Ƈ ƬƥƯưǃƼƪƲƭƭ ƳƷƱƪƷƭƱ ƵƥƬưƭƼƭƪ ƖƒƇ ƭ ƗƢƑ Ƨ ƬƲƥƯƥƺ ƲƳƵƱƥưǁƲǀƺ ǂưƪƯƷƵƳƩƲǀƺ ƴƳƷƪƲƻƭƥưƳƧ (Ƶƭƶ.4)  Ƨ 

ƵƪƬƸưǁƷƥƷƪ ƼƪƨƳ ƖƒƇ ƥƩƶƳƵƦƭƵƸǃƷ ƵƥƧƲƳƧƪƶƲǀƮ ƧƳƩƳƵƳƩ Ƨ ƶƧƳƪƱ ƳƦƿƪƱƪ, ƥ ƗƢƑ ưƭƦƳ Ʋƪ ƩƳƴƸƶƯƥǃƷ 

ƲƪƵƥƧƲƳƧƪƶƲǀƮ ƧƳƩƳƵƳƩ Ƨ ƶƧƳƮ ƳƦƿƪƱ (ƨƵƸƴƴǀ I ƭ III), ưƭƦƳ ƴƵƭ ƴƵƳƲƭƯƲƳƧƪƲƭƭ ƲƪƵƥƧƲƳƧƪƶƲƳƨƳ ƧƳƩƳƵƳƩƥ Ƨ ƳƦƿƪƱ 

ƭƶƴǀƷǀƧƥǃƷ ƧƳƩƳƵƳƩƲƳƪ ƵƥƬƵƸƽƪƲƭƪ (ƨƵƸƴƴƥ II) . 



ƖƪƯƻƭǄ V: ƒƪƳƵƨƥƲƭƼƪƶƯƭƪ ƹƸƲƯƻƭƳƲƥưǁƲǀƪ ƱƥƷƪƵƭƥưǀ 

122 

 

ƇǀƧƳƩǀ. 1. ƍƶƶưƪƩƳƧƥƲ ǂƹƹƪƯƷ ƶƧƪƵƺƦǀƶƷƵƳƨƳ ƧƳƩƳƵƳƩƲƳƪ ƵƥƬƵƸƽƪƲƭƪ (Ƈƕ) ƵǄƩƥ ƶƵƪƩƲƪƷƪƱƴƪƵƥƷƸƵƲǀƺ 

ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƺ ƷƪƵƱƳǂưƪƯƷƵƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ (ƗƢƑ) (GeTe, Bi2Te3, Cu2Se ƭ ƩƵ.) Ƨ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƭƺ 

ǄƼƪƮƯƥƺ (ƢƚƤ) ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ ƧƳƩǀ. ƓƦƲƥƵƸƫƪƲƳ, ƼƷƳ Ƈƕ ƳƦƵƥƬƻƳƧ ƨƵƸƴƴǀ ƴƳưƸƱƪƷƥưưƳƧ (Bi, Sb ƭ Bi ɛ Sb), ƥ 

ƷƥƯƫƪ ƽƭƵƳƯƳƬƳƲƲǀƺ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧ (Ge ɛ Si),  Ƨ Ʒƪƺ ƫƪ ƸƶưƳƧƭǄƺ Ʋƪ ƴƵƳƭƶƺƳƩƭƷ. 

2. ƢƹƹƪƯƷ Ƈƕ Ƨ ƗƢƑ (GeTe, Bi2Te3, Cu2Se ƭ ƩƵ.) ƳƦƿǄƶƲǄƪƷƶǄ ƭƲƫƪƯƻƭƪƮ ǂưƪƯƷƵƭƼƪƶƯƭƱ ƴƳưƪƱ 

ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƮ ǄƼƪƮƯƭ ƲƪƵƥƧƲƳƧƪƶƲǀƺ ƴƵƳƷƳƲƳƧ H1+ Ƨ ƳƦƵƥƬƻǀ, ƭƺ ƦǀƶƷƵƳƮ ǂưƪƯƷƵƳƩƭƹƹƸƬƭƪƮ ƧƨưƸƦǁ 

ƱƥƷƪƵƭƥưƥ ƭ ƴƳƶưƪƩƸǃƾƪƮ ƱƳưƭƬƥƻƭƪƮ, ƴƵƭƧƳƩǄƾƪƮ Ư «ƨƥƬƳƧƳƱƸ» Ƈƕ ƱƥƷƪƵƭƥưƳƧ.  ƓƷƶƸƷƶƷƧƭƪ ǂƹƹƪƯƷƥ Ƈƕ Ƨ ƵǄƩƪ 

ƗƢƑ (Bi, Sb, Bi ɛ Sb ƭ  Ge ɛ Si) ƶƧǄƬƥƲƳ Ƨ ƵƥƦƳƷƪ ƶ ƧǀƶƳƯƳƮ ƴƳƩƧƭƫƲƳƶƷǁǃ ƭƺ ƬƳƲƲǀƺ  ǂưƪƯƷƵƳƲƳƧ (ƩǀƵƳƯ) (mn, p ~ 

106 ƶƱ2/(Ƈ.c)), ƴƵƪƴǄƷƶƷƧƸǃƾƪƮ ƴƵƳƲƭƯƲƳƧƪƲƭǃ ƴƵƳƷƳƲƳƧ H1+ ƧƨưƸƦǁ ƗƢƑ.  

3. ƇǀƶƳƯƥǄ ƶƯƳƵƳƶƷǁ Ƈƕ  ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧǀƺ ƗƢƑ ƴƳ ƶƵƥƧƲƪƲƭǃ ƶ ƱƪƷƥưưƥƱƭ ƭ ƶƴưƥƧƥƱƭ ɛ ƲƥƯƳƴƭƷƪưǄƱƭ 

ƧƳƩƳƵƳƩƥ (ƖƒƇ), ƳƦƿǄƶƲǄƪƷƶǄ ƳƷƲƳƶƭƷƪưǁƲƳ ƱƥưǀƱ ƴƵƪƩƪưƳƱ ƴƵƳƼƲƳƶƷƭ  ƗƢƑ (sB~ 200 ƑƔƥ), ƭ  ƦǀƶƷƵƳƮ 

ƩƭƹƹƸƬƭƪƮ ƧƳƩƳƵƳƩƥ Ƨ ƵƪƽƪƷƯƪ ƴƳưƸƴƵƳƧƳƩƲƭƯƳƧ ƴƳ ƶƸƴƪƵƭƳƲƲƳƱƸ ƱƪƺƥƲƭƬƱƸ.  

4. ƒƥƦưǃƩƥƧƽƭƮƶǄ ǂƹƹƪƯƷ Ƈƕ ƱƳƫƪƷ ƦǀƷǁ ƭƶƴƳưǁƬƳƧƥƲ ƩưǄ ƩƭƶƴƪƵƨƭƵƳƧƥƲƭǄ ƴƳưƭƯƵƭƶƷƥưưƭƼƪƶƯƭƺ 

ƱƥƷƪƵƭƥưƳƧ, ƥ ƷƥƯƫƪ ƴƳưƸƼƪƲƭǄ ƯƳưưƳƭƩƲƳƮ ƱƪƩƭ ƴƸƷƪƱ ǂưƪƯƷƵƳưƭƬƥ ƱƪƩǁ- ƴƵƳƧƳƩǄƾƭƺ ƖƍƔ. ƉưǄ ƬƥƾƭƷǀ ƗƔƢ ƳƷ 

Ƈƕ ƴƵƭ ǂưƪƯƷƵƳưƭƬƪ, ƯƵƳƱƪ ƴƵƭƱƪƲƪƲƭǄ ƨƭƩƵƳ - ƭ ǂưƪƯƷƵƳƭƬƳưǄƻƭƭ,  ƱƳƫƲƳ ƭƶƴƳưǁƬƳƧƥƷǁ ƷƥƯƫƪ ƗƢƑ ƶ 

ƳƷƵƭƻƥƷƪưǁƲǀƱƭ ǂưƪƯƷƵƳƩƲǀƱƭ ƴƳƷƪƲƻƭƥưƥƱƭ (E0 < 0) ƭ ƧǀƶƳƯƳƮ ƴƳƩƧƭƫƲƳƶƷǁǃ ƲƳƶƭƷƪưƪƮ ƷƳƯƥ (mn, p ~ 104 -106 

ƶƱ2/(B.c)).   

ƕƥƦƳƷƥ ƧǀƴƳưƲǄưƥƶǁ ƴƳ ƨƳƶƸƩƥƵƶƷƧƪƲƲƳƱƸ ƬƥƩƥƲƭǃ ʋ 075-00746-19-00. 
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ƔƵƳƱǀƽưƪƲƲǀƪ ƴƪƵƪƬƥƵǄƫƥƪƱǀƪ ưƭƷƭƪƧǀƪ ƥƯƯƸƱƸưǄƷƳƵǀ ƴƳƩƧƪƵƫƪƲǀ ƶƴƳƲƷƥƲƲƳƱƸ ƧƳƶƴưƥƱƪƲƪƲƭǃ ƭ 

Ʃƥƫƪ ƧƬƵǀƧƸ ƭƬ-Ƭƥ ƳƨƲƪƳƴƥƶƲǀƺ ƫƭƩƯƭƺ ƳƵƨƥƲƭƼƪƶƯƭƺ ǂưƪƯƷƵƳưƭƷƳƧ Ƨ ƭƺ ƶƳƶƷƥƧƪ. ƔƵƳƦưƪƱǀ ƦƪƬƳƴƥƶƲƳƶƷƭ 

ưƭƷƭƪƧǀƺ ƥƯƯƸƱƸưǄƷƳƵƳƧ ƧƳƬƱƳƫƲƳ ƵƪƽƭƷǁ ƴƵƭ ƭƶƴƳưǁƬƳƧƥƲƭƭ ƲƪƧƳƶƴưƥƱƪƲǄǃƾƭƺƶǄ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ. 

ƒƪƶƱƳƷƵǄ Ʋƥ ƱƲƳƨƳưƪƷƲƭƪ ƸƶƭưƭǄ ƶƵƪƩƭ ƷǀƶǄƼ ưƭƷƭƮƶƳƩƪƵƫƥƾƭƺ ƲƪƳƵƨƥƲƭƼƪƶƯƭƺ ƱƥƷƪƵƭƥưƳƧ Ʀǀưƭ ƳƦƲƥƵƸƫƪƲǀ 

ưƭƽǁ ƲƪƶƯƳưǁƯƳ ƨƵƸƴƴ ƭƳƲƲǀƺ ƴƵƳƧƳƩƲƭƯƳƧ: ƶƪƱƪƮƶƷƧƳ Li10GeP2S12, ƨƵƥƲƥƷƳƧ Li7La3Zr2O12, Li1+xAlxTi(Ge)2ʑx(PO4)3 ƭ 

ƴƪƵƳƧƶƯƭƷƳƧ Li3xLa0.67ʑxTiO3 [1]. 

ƔƳ ƶưƳƧƥƱ ƴƵƪƬƭƩƪƲƷƥ ƕƳƶƶƭƮƶƯƳƨƳ ƶƳǃƬƥ ƺƭƱƭƯƳƧ Ƈ.Ɣ. ƍƧƥƲƳƧƥ Ʋƥ XXI ƑƪƲƩƪưƪƪƧƶƯƳƱ ƶƿƪƬƩƪ ƴƳ ƳƦƾƪƮ 

ƭ ƴƵƭƯưƥƩƲƳƮ ƺƭƱƭƭ ƭƱƴƳƵƷ Ƨ ƕƳƶƶƭǃ ƴƵƳƩƸƯƷƳƧ ƱƥưƳƷƳƲƲƥƫƲƳƮ ƺƭƱƭƭ ƶƳƶƷƥƧưǄƪƷ 90% ƳƷ ƴƳƷƵƪƦƲƳƶƷƪƮ ƵǀƲƯƥ. 

Ƈ ǂƷƳƮ ƶƧǄƬƭ ƶƸƾƪƶƷƧƸƪƷ ƲƥƶƷƳǄƷƪưǁƲƥǄ ƲƪƳƦƺƳƩƭƱƳƶƷǁ ƶƳƬƩƥƧƥƷǁ Ƨ ƕƳƶƶƭƭ ƶƳƦƶƷƧƪƲƲǀƪ ƴƵƳƭƬƧƳƩƶƷƧƥ ƷƥƯƳƨƳ 

ƸƵƳƧƲǄ ƶ ƥƯƻƪƲƷƳƱ Ʋƥ ƴƳưƭƷƭƯƸ ƭƱƴƳƵƷƳƬƥƱƪƾƪƲƭǄ.  

Ƈ ƲƥƶƷƳǄƾƪƪ ƧƵƪƱǄ Ƨ ƍƚƗƕƢƑƖ ƙƍƛ ƏƳưǁƶƯƳƨƳ ƲƥƸƼƲƳƨƳ ƻƪƲƷƵƥ ƕƅƒ ƵƥƬƵƥƦƳƷƥƲǀ ƲƳƧǀƪ ǂƹƹƪƯƷƭƧƲǀƪ 

ƶƴƳƶƳƦǀ ƶƭƲƷƪƬƥ ƲƪƳƵƨƥƲƭƼƪƶƯƭƺ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ ƶ ƧǀƶƳƯƳƮ ưƭƷƭƮ-ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷǁǃ. ƢƷƳ ƱƥƷƪƵƭƥưǀ 

ƶƳ ƶƷƵƸƯƷƸƵƳƮ NASICON ƶƳƶƷƥƧƥ Li1+xAlxTi2-x(PO4)3 (LATP) ƭ Li1+xAlxGe2-x(PO4)3 (LAGP), ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƴƪƵƳƧƶƯƭƷƥ 

Li3xLa2/3-xTiO3 (LLT) ƭ ƶƳ ƶƷƵƸƯƷƸƵƳƮ ƨƵƥƲƥƷƥ Li7-3ƺAlƺLa3Zr2O12 (LLZ), ƯƳƷƳƵǀƪ ƱƳƨƸƷ ƭƶƴƳưǁƬƳƧƥƷǁƶǄ Ƨ ƱƥƶƶƳƧƳƱ 

ƴƵƳƭƬƧƳƩƶƷƧƪ [2-4]. ƔƳƶƯƳưǁƯƸ ƩưǄ ƴƵƭƱƪƲƪƲƭǄ Ƨ ƯƥƼƪƶƷƧƪ ƶƪƴƥƵƥƷƳƵƥ ưƭƷƭƪƧƳ-ƧƳƬƩƸƽƲǀƺ ǂưƪƱƪƲƷƳƧ ƶ ưƭƷƭƪƧǀƱ 

ƥƲƳƩƳƱ ƭ ƧƳƩƲǀƱƭ ǂưƪƯƷƵƳưƭƷƥƱƭ ƲƪƳƦƺƳƩƭƱƳ ƴƳưƸƼƪƲƭƪ ƶƷƥƦƭưǁƲƳƮ ƯƪƵƥƱƭƯƭ Ƨ ƧƭƩƪ ƧǀƶƳƯƳƴưƳƷƲǀƺ ƴưƥƶƷƭƲ, 

ƸƶƷƥƲƳƧưƪƲǀ ƸƶưƳƧƭǄ ƭƬƨƳƷƳƧưƪƲƭǄ ƴưƳƷƲǀƺ ƷƳƲƯƭƺ (600-700 ƱƯƱ) ƷƥƦưƪƷ ƭƬ ƶƸƦƱƭƯƵƳƲƲǀƺ ƴƳƵƳƽƯƳƧ LATP, LAGP 

ƭ LLT ƱƪƷƳƩƳƱ ƧǀƶƳƯƳƷƪƱƴƪƵƥƷƸƵƲƳƨƳ ƶƴƪƯƥƲƭǄ. ƓƩƲƥƯƳ ƩưǄ ƶƲƭƫƪƲƭǄ ƶƳƴƵƳƷƭƧưƪƲƭǄ ƶưƳǄ ƶƪƴƥƵƥƷƳƵƥ ƷƧƪƵƩƳƨƳ 

ǂưƪƯƷƵƳưƭƷƥ Ƨ ƴƳưƲƳƶƷǁǃ ƷƧƪƵƩƳƷƪưǁƲǀƺ ƥƯƯƸƱƸưǄƷƳƵƥƺ ƲƳƧƳƨƳ ƴƳƯƳưƪƲƭǄ ƷƵƪƦƸǃƷƶǄ ƸưǁƷƵƥƷƳƲƯƭƪ ƴưƪƲƯƭ, 

ƯƳƷƳƵǀƪ ƱƳƫƲƳ ƴƳưƸƼƭƷǁ ƶƳƧƵƪƱƪƲƲǀƱƭ ƱƪƷƳƩƥƱƭ: ƴƳƨƵƸƫƪƲƭǄ ƴƳƩưƳƫƯƭ (dip-coating), ưƪƲƷƳƼƲƳƨƳ ưƭƷǁǄ (tape 

casting), ƥǂƵƳƬƳưǁƲƳƨƳ ƲƥƴǀưƪƲƭǄ, ƵƥƩƭƳƼƥƶƷƳƷƲƳƨƳ ƱƥƨƲƪƷƵƳƲƲƳƨƳ ƵƥƶƴǀưƪƲƭǄ. ƔƵƭƲƻƭƴƭƥưǁƲƥǄ ƧƳƬƱƳƫƲƳƶƷǁ 

ƴƳưƸƼƪƲƭǄ ƴưƪƲƳƯ LATP ƱƪƷƳƩƳƱ ƴƳƨƵƸƫƪƲƭǄ ƶƥƴƹƭƵƳƧƳƮ ƴƳƩưƳƫƯƭ Ƨ ƧƳƩƲƳ-ƴƪƵƳƯƶƭƩƲǀƮ ƵƥƶƷƧƳƵ ƴƵƪƯƸƵƶƳƵƥ 

ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ ƶ ƨưƭƻƪƵƭƲƳƱ Ƨ ƯƥƼƪƶƷƧƪ ƴưƪƲƯƳƳƦƵƥƬƳƧƥƷƪưǄ ƴƳƯƥƬƥƲƥ Ƨ ƵƥƦƳƷƪ [5]. ƅƧƷƳƵǀ [6-8] ƶƼƭƷƥǃƷ, 

ƼƷƳ ƱƪƷƳƩ ƵƥƩƭƳƼƥƶƷƳƷƲƳƨƳ ƱƥƨƲƪƷƵƳƲƲƳƨƳ ƵƥƶƴǀưƪƲƭǄ ƭƱƪƪƷ ƴƵƪƭƱƸƾƪƶƷƧƥ: ƧǀƶƳƯƥǄ ƶƯƳƵƳƶƷǁ ƲƥƴǀưƪƲƭǄ, 

ƴƵƳƶƷƳƷƥ ƴƵƳƻƪƶƶƥ, ƧǀƶƳƯƳƪ ƯƥƼƪƶƷƧƳ ƴưƪƲƳƯ ƭ ƧƳƬƱƳƫƲƳƶƷǁ ƱƥƶƽƷƥƦƭƵƳƧƥƲƭǄ ƳƷ ưƥƦƳƵƥƷƳƵƲǀƺ ƩƳ 

ƴƵƳƱǀƽưƪƲƲǀƺ ƳƦƿƪƱƳƧ.  

ƑƭƽƪƲƭ ƩưǄ ƵƥƶƴǀưƪƲƭǄ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ LAGP ƭ LLZ ƴƵƪƩưƥƨƥǃƷ ƯƳƱƴƥƲƭƭ Toshima Manufacturing 

(ƤƴƳƲƭǄ), MTI Co., Ampcera Inc. (ƖƝƅ). ƢƷƳ ƯƪƵƥƱƭƼƪƶƯƭƪ ƴưƥƶƷƭƲǀ ƩƭƥƱƪƷƵƳƱ 5.08 ƶƱ ƭ ƷƳưƾƭƲƳƮ 0.31 ƶƱ ƴƳ ƻƪƲƪ 

1300-1600 $ Ƭƥ ƽƷƸƯƸ [9].  

Ƈ ƲƥƶƷƳǄƾƪƮ ƵƥƦƳƷƪ ƴƵƭƧƳƩǄƷƶǄ ƵƪƬƸưǁƷƥƷǀ ƹƳƵƱƭƵƳƧƥƲƭǄ ƶƳƦƶƷƧƪƲƲǀƺ ƯƪƵƥƱƭƼƪƶƯƭƺ ƱƭƽƪƲƪƮ LATP ƭ 

LLZ ƶƷƪƺƭƳƱƪƷƵƭƼƪƶƯƳƨƳ ƶƳƶƷƥƧƥ ƱƪƷƳƩƳƱ ƺƳưƳƩƲƳƨƳ ƴƵƪƶƶƳƧƥƲƭǄ ƭƬ ƴƳƵƳƽƯƳƧ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ, 

ƶƭƲƷƪƬƭƵƳƧƥƲƲǀƺ ƶƴƳƶƳƦƥƱƭ [2-4], ƼƷƳ ƬƲƥƼƭƷƪưǁƲƳ ƶƲƭƬƭƷ ƶƪƦƪƶƷƳƭƱƳƶƷǁ ƴưƪƲƳƯ. 

ƖƭƲƷƪƬƭƵƳƧƥƲƲǀƪ ƴƳƵƳƽƯƭ ƭ ƱƭƽƪƲƭ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ Ʀǀưƭ ƳƺƥƵƥƯƷƪƵƭƬƳƧƥƲǀ ƱƪƷƳƩƥƱƭ ƕƙƅ, 

ƭƬƱƪƵƪƲƭƪƱ ƭƳƲƲƳƮ ƭ ǂưƪƯƷƵƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷƭ. ƙƥƬƳƧǀƮ ƶƳƶƷƥƧ ƳƴƵƪƩƪưǄưƭ ƶ ƭƶƴƳưǁƬƳƧƥƲƭƪƱ ƩƭƹƵƥƯƷƳƱƪƷƵƥ 

XRD-6000 (Shimadzu, ƤƴƳƲƭǄ). ƕƥƶƽƭƹƵƳƧƯƸ ƩƭƹƵƥƯƷƳƨƵƥƱƱ ƴƵƳƧƳƩƭưƭ Ʋƥ ƳƶƲƳƧƪ ƦƥƬǀ ƩƥƲƲǀƺ ICDD PDF-4. 

ƘƩƪưǁƲƸǃ ƴƳƧƪƵƺƲƳƶƷǁ ƴƳƵƳƽƯƳƧ ƳƴƵƪƩƪưǄưƭ ƱƪƷƳƩƳƱ ƷƪƵƱƭƼƪƶƯƳƮ ƩƪƶƳƵƦƻƭƭ ƥƬƳƷƥ Ʋƥ ǂưƪƯƷƵƳƲƲƳƱ 

ƭƬƱƪƵƭƷƪưƪ ƸƩƪưǁƲƳƮ ƴƳƧƪƵƺƲƳƶƷƭ FlowSorb II 2300 (Micromeritics). ƖƳƩƪƵƫƥƲƭƪ ǂưƪƱƪƲƷƳƧ (ưƭƷƭǄ, ƻƭƵƯƳƲƭǄ, 
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ưƥƲƷƥƲƥ, ƥưǃƱƭƲƭǄ, ƷƭƷƥƲƥ ƭ ƹƳƶƹƳƵƥ) ƳƴƵƪƩƪưǄưƭ ƱƪƷƳƩƳƱ ƥƷƳƱƲƳ-ǂƱƭƶƶƭƳƲƲƳƮ ƶƴƪƯƷƵƳƱƪƷƵƭƭ ƶ ƭƲƩƸƯƷƭƧƲƳ 

ƶƧǄƬƥƲƲƳƮ ƴưƥƬƱƳƮ Ʋƥ ƴƵƭƦƳƵƪ ICPE 9000 (Shimadzu, ƤƴƳƲƭǄ).  

ƉưǄ ƭƬƸƼƪƲƭǄ ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷƭ ƱƭƽƪƲƪƮ (s) ƭƶƶưƪƩƳƧƥưƭ ƩƭƶƴƪƵƶƭǃ ƯƳƱƴưƪƯƶƲƳƨƳ ƭƱƴƪƩƥƲƶƥ ƶ 

ƥƱƴưƭƷƸƩƳƮ ƴƪƵƪƱƪƲƲƳƨƳ ƶƭƨƲƥưƥ ƩƳ 0.1 Ƈ Ƨ ƩƭƥƴƥƬƳƲƪ ƼƥƶƷƳƷ 10-2Ö106 ƈƻ ƭƱƴƪƩƥƲƶƱƪƷƵƳƱ Z-2000 (Elins). ƜƭƶưƳ 

ƴƪƵƪƲƳƶƥ ƭƳƲƥ Li+ ƭ ƬƲƥƼƪƲƭƪ ǂưƪƯƷƵƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷƭ ƳƴƵƪƩƪưǄưƭ ƱƪƷƳƩƳƱ ƴƳƷƪƲƻƭƳƶƷƥƷƭƼƪƶƯƳƮ 

ƺƵƳƲƳƥƱƴƪƵƳƱƪƷƵƭƭ ƴƳƷƪƲƻƭƳƶƷƥƷƳƱ P-8 (Elins). 
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Ʀ 

ƕƭƶ. 1 ƇƲƪƽƲƭƮ ƧƭƩ ƴƪưưƪƷ ƭ ƱƭƽƪƲƪƮ LATP (ƥ) ƭ ƱƭƽƪƲƪƮ LLZ (Ʀ) 

ƖƴƪƯƥƲƭƪ ƶƴƵƪƶƳƧƥƲƲǀƺ ƭƬ ƴƳƵƳƽƯƳƧ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ ƱƥƶƶƭƧƲǀƺ ƱƭƽƪƲƪƮ ƩưǄ ƵƥƶƴǀưƪƲƭǄ 

(ƩƭƥƱƪƷƵƳƱ 14 ƱƱ ƭ ƷƳưƾƭƲƳƮ 6-8 ƱƱ) ƳƶƸƾƪƶƷƧưǄưƭ ƥƲƥưƳƨƭƼƲƳ ƶƴƪƯƥƲƭǃ ƴƪưưƪƷ (ƩƭƥƱƪƷƵƳƱ ʙ 10 ƱƱ ƭ 

ƷƳưƾƭƲƳƮ 1-2 ƱƱ). Ɔǀư ƸƶƷƥƲƳƧưƪƲ ƶưƪƩƸǃƾƭƮ ƵƪƫƭƱ ƶƴƪƯƥƲƭǄ ƩưǄ ƴƳưƸƼƪƲƭǄ ƴưƳƷƲǀƺ ƳƦƵƥƬƻƳƧ. ƉưǄ ƱƭƽƪƲƪƮ 

LATP: ƲƥƨƵƪƧ Ƨ ƱƸƹƪưǁƲƳƮ ƴƪƼƭ ƑƍƑƔ-3Ɣ ƶƳ ƶƯƳƵƳƶƷǁǃ 10 ƨƵƥƩ/ƱƭƲ ƩƳ ƷƪƱƴƪƵƥƷƸƵǀ 1000ƳƖ ƭ ƭƬƳƷƪƵƱƭƼƪƶƯƥǄ 

ƧǀƩƪƵƫƯƥ Ƨ ƷƪƼƪƲƭƪ 2 Ƽ (Ƶƭƶ. 1ƥ). ƉưǄ ƱƭƽƪƲƪƮ LLZ: ƲƥƨƵƪƧ (Ƨ ƯƳƵƸƲƩƳƧǀƺ ƷƭƨưǄƺ ƴƳƩ ƱƥƷƳƼƲǀƱ ƴƳƵƳƽƯƳƱ) Ƨ 

ƱƸƹƪưǁƲƳƮ ƴƪƼƭ ƶƳ ƶƯƳƵƳƶƷǁǃ 10 ƨƵƥƩ/ƱƭƲ ƩƳ ƷƪƱƴƪƵƥƷƸƵǀ 1000ƳƖ ƭ ƬƥƷƪƱ ƲƥƨƵƪƧ ƶƳ ƶƯƳƵƳƶƷǁǃ 2 ƨƵƥƩ/ƱƭƲ ƩƳ 

1150ƳƖ ƶ ƭƬƳƷƪƵƱƭƼƪƶƯƳƮ ƧǀƩƪƵƫƯƳƮ Ƨ ƷƪƼƪƲƭƪ 8 Ƽ (Ƶƭƶ. 1Ʀ).  

ƖƳƳƷƧƪƷƶƷƧƭƪ ƱƭƽƪƲƭ LATP ƺƭƱƭƼƪƶƯƳƱƸ ƶƳƶƷƥƧƸ Li1.3Al0.3Ti1.7(PO4)3 ƦǀưƳ ƴƳƩƷƧƪƵƫƩƪƲƳ ƱƪƷƳƩƳƱ ƥƷƳƱƲƳ-

ǂƱƭƶƶƭƳƲƲƳƮ ƶƴƪƯƷƵƳƱƪƷƵƭƭ ƶ ƭƲƩƸƯƷƭƧƲƳ ƶƧǄƬƥƲƲƳƮ ƴưƥƬƱƳƮ (ƶƳƩƪƵƫƥƲƭƪ Li2O - 5.04 Ʊƥƶ. %, Al2O3 - 3.99 Ʊƥƶ. %, 

TiO2 - 35.15 Ʊƥƶ. %, P2O5 - 55.32 Ʊƥƶ. %). 

 

ƕƭƶ. 2 ƉƭƹƵƥƯƷƳƨƵƥƱƱƥ ƱƭƽƪƲƭ ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ LATP 

ƔƳ ƩƥƲƲǀƱ ƕƙƅ ƱƭƽƪƲƭ LATP ǄƧưǄǃƷƶǄ ƱƳƲƳƹƥƬƲǀƱƭ (ICDD PDF 35-0754). Ƈƶƪ ƵƪƲƷƨƪƲƳƧƶƯƭƪ ƵƪƹưƪƯƶǀ 

ƳƦƵƥƬƻƥ Ʀǀưƭ ƳƷƼƪƷưƭƧƳ ƵƥƬƵƪƽƪƲǀ, ƥ ƸƬƯƭƪ ƴƭƯƭ ƶƧƭƩƪƷƪưǁƶƷƧƸǃƷ Ƴ ƧǀƶƳƯƳƮ ƯƵƭƶƷƥưưƭƼƲƳƶƷƭ (Ƶƭƶ. 2).  

ƆǀưƳ ƧǀƴƳưƲƪƲƳ ƭƬƱƪƵƪƲƭƪ ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷƭ ƱƭƽƪƲƪƮ Ƨ ǄƼƪƮƯƪ Ɩ/LATP/C ƴƵƭ ƯƳƱƲƥƷƲƳƮ 

ƷƪƱƴƪƵƥƷƸƵƪ. ƒƥ ƳƶƲƳƧƪ ƥƲƥưƭƬƥ ƶƴƪƯƷƵƳƧ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƨƳ ƭƱƴƪƩƥƲƶƥ ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƬƲƥƼƪƲƭƪ ƸƩƪưǁƲƳƮ 

ƴƵƳƧƳƩƭƱƳƶƷƭ ƱƭƽƪƲƪƮ ƶƳƳƷƧƪƷƶƷƧƸƪƷ ƬƲƥƼƪƲƭǄƱ, ƴƳưƸƼƪƲƲǀƱ ƩưǄ ƴƪưưƪƷ (Ƶƭƶ. 3) ƭ ƶƳƶƷƥƧưǄƪƷ ~1·10-4 ƖƱ/ƶƱ. 
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ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƳƴƵƪƩƪưƪƲǀ ƸƶưƳƧƭǄ ƹƳƵƱƭƵƳƧƥƲƭǄ ƱƭƽƪƲƪƮ ƩưǄ ƵƥƶƴǀưƪƲƭǄ ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ LATP 

ƴưƳƷƲƳƶƷǁǃ 80-85%. 

 

ƕƭƶ. 3 ƈƳƩƳƨƵƥƹ ƴƪưưƪƷǀ (ƥ) ƭ ƱƭƽƪƲƭ (Ʀ) ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ LATP ƴƵƭ 20°C 

Ɖƥưƪƪ ƦǀưƳ ƸƶƷƥƲƳƧưƪƲƳ, ƼƷƳ ƴƵƭ ƶƴƪƯƥƲƭƭ ƴƪưưƪƷ ƭ ƱƭƽƪƲƪƮ ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ LLZ Ƨ ƳƩƭƲƥƯƳƧǀƺ 

ƸƶưƳƧƭǄƺ ƶ ƭƬƳƷƪƵƱƭƼƪƶƯƳƮ ƧǀƩƪƵƫƯƳƮ ƴƵƭ 1150ƳƖ Ƨ ƷƪƼƪƲƭƪ 8 Ƽ Ƨ ƴƪƵƧƳƱ ƶưƸƼƥƪ ƹƳƵƱƭƵƸǃƷƶǄ ƴƪưưƪƷǀ 

ƯƸƦƭƼƪƶƯƳƮ ƱƳƩƭƹƭƯƥƻƭƭ (Ƶƭƶ. 4ƥ), ƥ Ƨ ƶưƸƼƥƪ ƱƥƶƶƭƧƲǀƺ ƱƭƽƪƲƪƮ ƧƪƶƳƱ 4-5 ƨ ƳƦƵƥƬƻǀ LLZ ƴƵƪƩƶƷƥƧưǄǃƷ ƶƳƦƳƮ 

ƶƱƪƶǁ ƩƧƸƺ ƱƳƩƭƹƭƯƥƻƭƮ: ƷƪƷƵƥƨƳƲƥưǁƲƳƮ ƭ ƯƸƦƭƼƪƶƯƳƮ (Ƶƭƶ. 4Ʀ).  

 

 

ƕƭƶ. 4  ƉƭƹƵƥƯƷƳƨƵƥƱƱƥ ƴƪưưƪƷ (ƥ) ƭ ƱƭƽƪƲƪƮ (Ʀ) ƷƧƪƵƩƳƨƳ ǂưƪƯƷƵƳưƭƷƥ LLZ ƴƳƶưƪ ƶƴƪƯƥƲƭǄ Ƨ ƳƩƭƲƥƯƳƧǀƺ ƸƶưƳƧƭǄƺ 

ƒƥ ƵƪƲƷƨƪƲƳƨƵƥƱƱƥƺ ƷƪƷƵƥƨƳƲƥưǁƲƸǃ ƹƥƬƸ LLZ ƱƳƫƲƳ ƭƩƪƲƷƭƹƭƻƭƵƳƧƥƷǁ ƴƳ ƵƥƶƾƪƴưƪƲƭǃ ƴƭƯƳƧ ƶ 

ƭƲƩƪƯƶƥƱƭ ƑƭưưƪƵƥ 211 ƴƵƭ 2 ̒= 16.5 ƨƵƥƩ ƭ ƴƭƯƥ ƶ ƭƲƩƪƯƶƥƱƭ ƑƭưưƪƵƥ 420 ƴƵƭ 2̒  = 30.5 ƨƵƥƩ (ƲƥƭƦƳưƪƪ 

ƧǀƵƥƫƪƲƳ). ƕƥƶƾƪƴưƪƲƲǀƮ ƴƭƯ ƴƵƭ 2 ̒= 30.5 ƨƵƥƩ ƶưƭƧƥƪƷƶǄ Ƨ ƳƩƭƲ ƺƳƵƳƽƳ ƵƥƬƵƪƽƪƲƲǀƮ ƴƭƯ ƩưǄ ƯƸƦƭƼƪƶƯƳƮ 
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ƱƳƩƭƹƭƯƥƻƭƭ LLZ (Ƶƭƶ. 4ƥ). ƉƳƴƳưƲƭƷǁ ƵƪƬƸưǁƷƥƷǀ ƕƙƅ ƭ ƴƳƩƷƧƪƵƩƭƷǁ ƲƥưƭƼƭƪ ƷƪƷƵƥƨƳƲƥưǁƲƳƮ ƱƳƩƭƹƭƯƥƻƭƭ Ƨ 

ƳƦƵƥƬƻƥƺ LLZ ƱƳƨƸƷ ƷƥƯƫƪ ƩƥƲƲǀƪ ƕƥƱƥƲƳƧƶƯƳƮ ƶƴƪƯƷƵƳƶƯƳƴƭƭ ƭ ƶƴƪƯƷƵƳƶƯƳƴƭƭ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƨƳ ƭƱƴƪƩƥƲƶƥ. 

Ƈ ƶƳƳƷƧƪƷƶƷƧƭƭ ƶ ƵƪƬƸưǁƷƥƷƥƱƭ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ ƴƵƭ ƭƬƸƼƪƲƭƭ ƭƳƲƲƳƨƳ ƴƪƵƪƲƳƶƥ LLZ ƱƪƷƳƩƳƱ 

ƶƴƪƯƷƵƳƶƯƳƴƭƭ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƨƳ ƭƱƴƪƩƥƲƶƥ ƴƳưƸƼƪƲǀ ƬƲƥƼƭƷƪưǁƲǀƪ ƵƥƶƺƳƫƩƪƲƭǄ ƬƲƥƼƪƲƭƮ ƭƳƲƲƳƮ 

ƴƵƳƧƳƩƭƱƳƶƷƭ ƩưǄ ƴƪưưƪƷ ƭ ƱƭƽƪƲƪƮ (Ƶƭƶ. 5). ƉƳƴƳưƲƭƷƪưǁƲƳƪ ƶƴƪƯƥƲƭƪ ƱƭƽƪƲƪƮ ƴƵƭ 1150ƳƖ ƶƴƳƶƳƦƶƷƧƳƧƥưƳ 

ƬƲƥƼƭƷƪưǁƲƳƱƸ ƶƲƭƫƪƲƭǃ ƶƳƴƵƳƷƭƧưƪƲƭǄ (Ƨ 3-10 ƵƥƬ), ƼƷƳ ƱƳƫƪƷ ƶƧƭƩƪƷƪưǁƶƷƧƳƧƥƷǁ Ƴ ƷƵƥƲƶƹƳƵƱƥƻƭƭ ƯƸƦƭƼƪƶƯƳƮ 

ƱƳƩƭƹƭƯƥƻƭƭ LLZ Ƨ ƷƪƷƵƥƨƳƲƥưǁƲƸǃ ƭ ƳƦƪƶƴƪƼƭƧƥƪƷ ƴƳưƸƼƪƲƭƪ ƱƥƷƪƵƭƥưƳƧ ƶ ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷǁǃ ~1·10-4 

ƖƱ/ƶƱ ƴƵƭ ƯƳƱƲƥƷƲƳƮ ƷƪƱƴƪƵƥƷƸƵƪ.  

 

ƕƭƶ. 5 ƗƭƴƭƼƲǀƮ ƨƳƩƳƨƵƥƹ ƴƪưưƪƷǀ LLZ ƩƭƥƱƪƷƵƳƱ 11 ƱƱ ƭ ƷƳưƾƭƲƳƮ 1.4 ƱƱ (ƥ) ƭ ƱƭƽƪƲƭ LLZ (Ʀ) ƩƭƥƱƪƷƵƳƱ 14 ƱƱ ƭ 
ƷƳưƾƭƲƳƮ 7.6 ƱƱ ƴƵƭ 20°C 

ƗƥƯƭƱ ƳƦƵƥƬƳƱ, ƱƪƷƳƩƥƱƭ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ ƭ ƶƴƪƯƷƵƳƶƯƳƴƭƭ ǂưƪƯƷƵƳƺƭƱƭƼƪƶƯƳƨƳ ƭƱƪƩƥƲƶƥ 

ƸƶƷƥƲƳƧưƪƲǀ ƸƶưƳƧƭǄ ƹƳƵƱƭƵƳƧƥƲƭǄ ƴưƳƷƲǀƺ ƳƩƲƳƹƥƬƲǀƺ ƱƭƽƪƲƪƮ ƩưǄ ƵƥƶƴǀưƪƲƭǄ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ LATP 

ƭ LLZ ƶ ƧǀƶƳƯƳƮ Li+-ƭƳƲƲƳƮ ƴƵƳƧƳƩƭƱƳƶƷǁǃ. ƓƴƵƪƩƪưƪƲƲƳƪ ƱƪƷƳƩƳƱ ƴƳƷƪƲƻƭƳƶƷƥƷƭƼƪƶƯƳƮ ƺƵƳƲƳƥƱƴƪƵƳƱƪƷƵƭƭ 

ƼƭƶưƳ ƴƪƵƪƲƳƶƥ ƭƳƲƥ Li+ Ƨ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƥƺ LATP ƭ LLZ ƲƥƺƳƩƭƷƶǄ Ƨ ƭƲƷƪƵƧƥưƪ 0.97-0.99, ƼƷƳ ƸƯƥƬǀƧƥƪƷ Ʋƥ 

ƷƳ, ƼƷƳ ƱƥƷƪƵƭƥưǀ ǄƧưǄǃƷƶǄ ƼƭƶƷƳ ƭƳƲƲǀƱƭ ƴƵƳƧƳƩƲƭƯƥƱƭ. ƑƭƽƪƲƭ ƷƧƪƵƩǀƺ ǂưƪƯƷƵƳưƭƷƳƧ LLZ ƲƥƴƵƥƧưƪƲǀ Ƨ 

ƬƥƭƲƷƪƵƪƶƳƧƥƲƲǀƪ ƳƵƨƥƲƭƬƥƻƭƭ.  

ƕƥƦƳƷƥ ƧǀƴƳưƲƪƲƥ ƴƵƭ ƴƳƩƩƪƵƫƯƪ ƔƵƳƨƵƥƱƱǀ ƹƸƲƩƥƱƪƲƷƥưǁƲǀƺ ƭƶƶưƪƩƳƧƥƲƭƮ ƔƵƪƬƭƩƭƸƱƥ ƕƅƒ 
«ƔƪƵƶƴƪƯƷƭƧƲǀƪ ƹƭƬƭƯƳ-ƺƭƱƭƼƪƶƯƭƪ ƷƪƺƲƳưƳƨƭƭ ƶƴƪƻƭƥưǁƲƳƨƳ ƲƥƬƲƥƼƪƲƭǄ». 

ƅƧƷƳƵǀ ƧǀƵƥƫƥǃƷ ƦưƥƨƳƩƥƵƲƳƶƷǁ Ƭƥ ƧǀƴƳưƲƪƲƭƪ ƵƪƲƷƨƪƲƳƹƥƬƳƧƳƨƳ ƥƲƥưƭƬƥ ƳƦƵƥƬƻƳƧ ƑƥƯƥƵƳƧƳƮ Ɨ.ƍ. ƭ 

ƏƸƬƲƪƻƳƧƸ Ƈ.Ƥ.  
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ƏƓƑƔơƣƗƊƕƒƅƤ ƑƓƉƊƐơ ƙƅƌƓƇƓƎ ƉƍƅƈƕƅƑƑƠ ƖƍƖƗƊƑƠ LIF-PUF3-KF 

COMPUTER MODEL OF THE SYSTEM 'S PHASE DIAGRAM 

ƐƥƱƸƪƧƥ Ƒ.Ƈ.1, ƌƪưƪƲƥǄ ƅ.Ƣ.1, ƐƸƻǀƯ Ƈ.ƍ.1,2 

Lamueva M.V., Zelenaya A.E., Lutsyk V.I.  
1 ƕƳƶƶƭǄ, ƍƲƶƷƭƷƸƷ ƹƭƬƭƼƪƶƯƳƨƳ ƱƥƷƪƵƭƥưƳƧƪƩƪƲƭǄ ƖƓ ƕƅƒ, vluts@ipms.bscnet.ru 

2 ƕƳƶƶƭǄ, ƆƸƵǄƷƶƯƭƮ ƨƳƶƸƩƥƵƶƷƧƪƲƲǀƮ ƸƲƭƧƪƵƶƭƷƪƷ, vluts@ipms.bscnet.ru 

ƔƵƳƶƷƵƥƲƶƷƧƪƲƲǀƪ ƯƳƱƴǁǃƷƪƵƲǀƪ ƱƳƩƪưƭ Ɨ-ƺ-Ƹ (3D) ƭ Ɨ-ƺ-Ƹ-z (4D) ƩƭƥƨƵƥƱƱ ɛ ǂƷƳ ƲƳƧǀƮ ƸƲƭƯƥưǁƲǀƮ 

ƭƲƶƷƵƸƱƪƲƷ ƱƥƷƪƵƭƥưƳƧƪƩƥ [1]. 

ƉưǄ ƴƳƶƷƵƳƪƲƭǄ ƯƳƱƴǁǃƷƪƵƲƳƮ ƱƳƩƪưƭ ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ LiF-PuF3-KF ƭƶƴƳưǁƬƳƧƥưƭƶǁ 

ƷƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭ ƵƥƶƶƼƭƷƥƲƲǀƪ ƯƳƳƵƩƭƲƥƷǀ ƦƭƲƥƵƲǀƺ ƭ ƷƵƳƮƲǀƺ ƷƳƼƪƯ [2-3] (Ƶƭƶ. 1). ƕƥƶƶƱƥƷƵƭƧƥƪƱƥǄ ƶƭƶƷƪƱƥ 

LiF-PuF3-KF (A-B-C) ƶƳƩƪƵƫƭƷ ƳƩƲƳ ƭƲƯƳƲƨƵƸǂƲƷƲƳƪ R1=KPuF4 ƭ ƳƩƲƳ ƯƳƲƨƵƸǂƲƷƲƳƪ R2=K3PuF6 ƶƳƪƩƭƲƪƲƭǄ Ʋƥ ƨƵƥƲƭ 

KF-PuF3 ƭ ƺƥƵƥƯƷƪƵƭƬƸƪƷƶǄ ƩƧƸƱǄ ǂƧƷƪƯƷƭƼƪƶƯƭƱ (E1: LE1ŸLiF+R1+R2; E2: LE2ŸLiF+KF+R2) ƭ ƳƩƲƭƱ 

ƯƧƥƬƭƴƪƵƭƷƪƯƷƭƼƪƶƯƭƱ (Q: LQ+PuF3ŸLiF+R1) ƴƵƪƧƵƥƾƪƲƭǄƱƭ. ƒƥ ƱƳƲƳƧƥƵƭƥƲƷƲƳƮ ưƭƲƭƭ ưƭƯƧƭƩƸƶƥ Ɗ1Ɗ2 

ƶƳƩƪƵƫƭƷƶǄ ƷƳƼƯƥ ƱƥƯƶƭƱƸƱƥ emax.  

https://www.msesupplies.com/
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ƕƭƶ.1 ƗƪƵƱƳƩƭƲƥƱƭƼƪƶƯƭ ƵƥƶƶƼƭƷƥƲƲǀƪ ƹƥƬƳƧǀƪ ƩƭƥƨƵƥƱƱǀ ƶƭƶƷƪƱ KF-PuF3 (ƥ) [2], LiF-PuF3 (Ʀ) ƭ LiF-KF (Ƨ) [3], LiF-PuF3-KF 
(ƨ) [2].              

ƒƥ ƳƶƲƳƧƪ ƶƺƪƱǀ ƱƳƲƳ- ƭ ƲƳƲƧƥƵƭƥƲƷƲǀƺ ƵƥƧƲƳƧƪƶƭƮ ƴƳƶƷƵƳƪƲƥ ƯƳƱƴǁǃƷƪƵƲƥǄ ƱƳƩƪưǁ ƹƥƬƳƧƳƮ 

ƩƭƥƨƵƥƱƱǀ ƶƭƶƷƪƱǀ LiF-PuF3-KF, ƶƳƩƪƵƫƥƾƥǄ 5 ƴƳƧƪƵƺƲƳƶƷƪƮ ưƭƯƧƭƩƸƶƥ (q), 14 ưƭƲƪƮƼƥƷǀƺ ƴƳƧƪƵƺƲƳƶƷƪƮ (qr), 2 

ƧƪƵƷƭƯƥưǁƲǀƪ ƴưƳƶƯƳƶƷƭ (ƴƵƳƺƳƩǄƾƭƪ ƼƪƵƪƬ LiF ƭ R1, R2: vAR1, vAR2) ƭ 3 ƨƳƵƭƬƳƲƷƥưǁƲǀƪ ƴưƳƶƯƳƶƷƭ (h) ƴƵƭ 

ƷƪƱƴƪƵƥƷƸƵƥƺ ƲƳƲƧƥƵƭƥƲƷƲǀƺ ƷƳƼƪƯ E1, Ɗ2 ƭ Q (Ƶƭƶ. 2, ƷƥƦư. 1). ƙƥƬƳƧƥǄ ƩƭƥƨƵƥƱƱƥ ƷƥƯƫƪ ƧƯưǃƼƥƪƷ 7 ƩƧƸƺƹƥƬƲǀƺ 

ƳƦưƥƶƷƪƮ (L+A, L+B, L+C, L+R1, L+R2, A+R1, A+R2) ƭ 10 ƷƵƪƺƹƥƬƲǀƺ ƳƦưƥƶƷƪƮ (L+A+B, L+A+C, L+A+R1, L+A+R2, 

L+B+R1, L+C+R2, L+R1+R2, A+B+R1, A+R1+R2, A+R2+C) (ƷƥƦư. 2). ƙƳƵƱƭƵƳƧƥƲƭƪ ƯƳƱƴǁǃƷƪƵƲƳƮ ƱƳƩƪưƭ 

ƴƵƳƭƬƧƳƩƭƷƶǄ ƴƸƷƪƱ ƶƦƳƵƯƭ ƭƬ ƹƥƬƳƧǀƺ ƳƦưƥƶƷƪƮ [4-5].  

 

ƕƭƶ.2 XY ƴƵƳƪƯƻƭǄ (ƥ) ƭ 3D ƱƳƩƪưǁ (Ʀ) ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ ƶƭƶƷƪƱǀ LiF-PuF3-ƏF 
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ƗƥƦưƭƻƥ 1. ƏƳƲƷƸƵ ƴƳƧƪƵƺƲƳƶƷƪƮ ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ 

ƖƭƱƧƳư ƏƳƲƷƸƵ  ƖƭƱƧƳư ƏƳƲƷƸƵ  

qA LiFeABQE1emaxE2eAC qr
R2A E1emaxE2R2E1R2mR2E2 

qB PuF3eABQpBR1 qr
BR1 pBR1QBR1BQ 

qƖ KFeACE2eCR2 qr
R1B pBR1QR1BR1Q 

qR1 pBR1QE1eR1R qr
R1R2 eR1R2E1R1R2R1E1 

qR2 eR1R2E1emaxE2eCR2 qr
R2R1 eR1R2E1R2R1R2E1 

qr
AB eABQABAQ qr

CR2 eCR2E2CR2CE2 

qr
BA eABQBABQ qr

R2C eCR2E2R2CR2E2 

qr
AC eACE2ACAE2 hE1 AE1R1E1R2E1 

qr
CA eACE2CACE2 hE2 AE2CE2R2E2 

qr
AR1 QE1AQAE1 hQ AQBQR1QQ 

qR1A QE1R1QR1E1 vAR1 AQR1QA0R10 

qr
AR2 E1emaxE2AE1AmAE2 vAR2 AmR2mA0R20 

ƗƥƦưƭƻƥ 2. ƖƷƵƳƪƲƭƪ ƹƥƬƳƧǀƺ ƳƦưƥƶƷƪƮ 

ƖƭƱƧƳư ƓƨƵƥƲǄǃƾƭƪ ƴƳƧƪƵƺƲƳƶƷƭ  ƖƭƱƧƳư ƓƨƵƥƲǄǃƾƭƪ ƴƳƧƪƵƺƲƳƶƷƭ  

L+A  qA, qrAB, qrAR1, qrAR2, qrAC L+A+R1 qr
AR1, qrR1A, hQ, hE1, vAR1 

L+B qB, qrBA, qrBR1 L+A+R2 qr
AR2, qrR2A, hE1, hE2, vAR2 

L+C qC, qrCA, qrCR2 L+B+R1 qr
BR1, qrR1B, hQ 

L+R1 qR1, qrR1A, qrR1B, qrR1R2 L+C+R2 qr
CR, qrRC, hE2 

L+R2 qR2, qrR2A, qrR2C, qrR2R1 L+R1+R2 qr
R1R2, qrR2R1, hE1 

A+R1 vAR1 A+B+R1 hQ, vAR1 

A+R2 vAR2 A+C+R2 hE2, vAR2 

L+A+B qr
AB, qrBA, hQ A+R1+R2 hE1, vAR1, vAR2 

L+A+C qr
AC, qrCA, hE2  

ƕƥƬƵƥƦƳƷƥƲƲƥǄ ƱƳƩƪưǁ ƹƥƬƳƧƳƮ ƩƭƥƨƵƥƱƱǀ ǄƧưǄƪƷƶǄ ƭƲƶƷƵƸƱƪƲƷƳƱ ƩưǄ ƪƪ ƭƬƸƼƪƲƭǄ. ƒƥ ƪƪ ƳƶƲƳƧƪ ƱƳƨƸƷ 

ƦǀƷǁ ƵƥƶƼƭƷƥƲǀ ƴƵƳƭƬƧƳưǁƲǀƪ ƭƬƳƷƪƵƱƭƼƪƶƯƭƪ ƭ ƴƳưƭƷƪƵƱƭƼƪƶƯƭƪ ƵƥƬƵƪƬǀ (Ƶƭƶ. 3-4, ƷƥƦư. 3). 

 

ƕƭƶ.3 ƍƬƳưƭƲƭƭ ƶ ƽƥƨƳƱ 50 (ƥ), ƭƬƳƷƪƵƱƭƼƪƶƯƭƮ ƵƥƬƵƪƬ ƴƵƭ 850 Ə (Ʀ) (ƷƥƦư. 3) 

  


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































