
ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

ʎʳʜʳʧʳʣʦʚ ɼʤʠʪʨʠʡ ɿʦʨʠʛʪʦʝʚʠʯ 

 

 

 

ʉʀʅʊɽɿ, ʉʊʈʋʂʊʋʈɸ ʀ ʕʃɽʂʊʈʆʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ 

ʅʀʆɹʀʁʉʆɼɽʈɾɸʑʀʍ ɸʅʆɼʅʓʍ ʄɸʊɽʈʀɸʃʆɺ ɼʃʗ  

ʃʀʊʀʁ-ʀʆʅʅʓʍ ɸʂʂʋʄʋʃʗʊʆʈʆɺ 

 

 

 

1.4.15. ʍʠʤʠʷ ʪʚʝʨʜʦʛʦ ʪʝʣʘ 

 

 

 

ɸɺʊʆʈɽʌɽʈɸʊ 

ʜʠʩʩʝʨʪʘʮʠʠ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʢʘʥʜʠʜʘʪʘ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʌʝʜʝʨʘʣʴʥʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʙʶʜʞʝʪʥʦʤ ʫʯʨʝʞʜʝʥʠʠ 

ʥʘʫʢʠ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ 

 

ʅʘʫʯʥʳʡ 

ʨʫʢʦʚʦʜʠʪʝʣʴ: 

ɼʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ 

ʂʦʩʦʚʘ ʅʠʥʘ ɺʘʩʠʣʴʝʚʥʘ 

ʆʬʠʮʠʘʣʴʥʳʝ 

ʦʧʧʦʥʝʥʪʳ: 

ɸʥʠʤʠʮʘ ʀʨʠʥʘ ɽʚʛʝʥʴʝʚʥʘ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʀʥʩʪʠʪʫʪ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʘʪʝʤʘʪʠʢʠ ʌʝʜʝʨʘʣʴʥʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ 

ʚr ʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʋʨʘʣʴʩʢʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ. ɽʣʴʮʠʥʘè,  

ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ, ʧʨʦʬʝʩʩʦʨ ʢʘʬʝʜʨʳ ʬʠʟʠʯʝʩʢʦʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ 

 

 ʀʚʘʥʠʱʝʚ ɸʣʝʢʩʘʥʜʨ ɺʠʢʪʦʨʦʚʠʯ, ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʆʙʱʝʩʪʚʦ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʦʪʚʝʪʩʪʚʝʥʥʦʩʪʴʶ çʈɻʥʝʨʘè,  

ʛ. ʄʦʩʢʚʘ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

 

ɺʝʜʫʱʘʷ 

ʦʨʛʘʥʠʟʘʮʠʷ: 

ʌʝʜʝʨʘʣʴʥʦʝ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʙʶʜʞʝʪʥʦʝ ʫʯʨʝʞʜʝʥʠʝ ʥʘʫʢʠ 

ʀʥʩʪʠʪʫʪ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʋʨʘʣʴʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ, ʛ. ɽʢʘʪʝʨʠʥʙʫʨʛ 

 

ɿʘʱʠʪʘ ʩʦʩʪʦʠʪʩʷ ç26è ʥʦʷʙʨʷ 2025 ʛ. ʚ 14:00 ʥʘ ʟʘʩʝʜʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʩʦʚʝʪʘ 24.1.148.01 ʚ ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ ʧʦ 

ʘʜʨʝʩʫ: 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʫʣ. ʂʫʪʘʪʝʣʘʜʟʝ, 18. 

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʠ ʥʘ ʩʘʡʪʝ ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ 

ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʝʭʘʥʦʭʠʤʠʠ ʉʆ ʈɸʅ: http://www.solid.nsc.ru. 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç____è ʦʢʪʷʙʨʷ 2025 ʛ. 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ, 

ʜʦʢʪʦʨ ʭʠʤʠʯʝʩʢʠʭ ʥʘʫʢ    ʐʘʭʪʰʥʝʡʜʝʨ ʊʘʪʴʷʥʘ ʇʝʪʨʦʚʥʘ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɿʘʛʨʷʟʥʝʥʠʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʢʨʠʟʠʩ, ʚʦʟʥʠʢʰʠʝ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʧʦʪʨʝʙʣʝʥʠʷ ʠʩʢʦʧʘʝʤʦʛʦ ʪʦʧʣʠʚʘ, ʩʪʘʣʠ ʩʝʨʴʝʟʥʳʤʠ ʧʨʦʙʣʝʤʘʤʠ ʜʣʷ 

ʯʝʣʦʚʝʯʝʩʪʚʘ, ʚʳʥʫʞʜʘʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʝ ʠʩʪʦʯʥʠʢʠ ʵʥʝʨʛʠʠ 

(ʥʘʧʨʠʤʝʨ, ʩʦʣʥʝʯʥʫʶ, ʚʝʪʨʦʚʫʶ ʠ ʛʠʜʨʦʵʥʝʨʛʠʶ), ʢʦʪʦʨʳʝ ʥʝʧʦʩʪʦʷʥʥʳ ʚʦ 

ʚʨʝʤʝʥʠ ʠ ʪʨʝʙʫʶʪ ʨʘʟʨʘʙʦʪʢʠ ʵʬʬʝʢʪʠʚʥʳʭ, ʙʝʟʦʧʘʩʥʳʭ ʠ ʩʪʘʙʠʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʭʨʘʥʝʥʠʷ ʵʥʝʨʛʠʠ. ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʥʘʢʦʧʠʪʝʣʝʡ ʵʥʝʨʛʠʠ ʣʠʪʠʡ-ʠʦʥʥʳʝ 

ʘʢʢʫʤʫʣʷʪʦʨʳ (ʃʀɸ) ʩʪʘʣʠ ʦʙʲʝʢʪʦʤ ʠʥʪʝʥʩʠʚʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʤʦʤʝʥʪʘ ʠʭ 

ʧʝʨʚʦʡ ʢʦʤʤʝʨʮʠʘʣʠʟʘʮʠʠ ʚ 1991 ʛʦʜʫ. C ʨʘʟʚʠʪʠʝʤ ʵʣʝʢʪʨʦʪʨʘʥʩʧʦʨʪʘ 

ʩʫʱʝʩʪʚʫʶʱʠʝ ʃʀɸ ʥʝ ʤʦʛʫʪ ʫʜʦʚʣʝʪʚʦʨʠʪʴ ʨʘʩʪʫʱʠʝ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ʙʦʣʝʝ 

ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʵʥʝʨʛʠʠ ʠ ʤʦʱʥʦʩʪʷʭ, ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʟʦʧʘʩʥʦʩʪʠ. 

ʉʚʦʡʩʪʚʘ ʃʀɸ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʩʚʦʡʩʪʚ ʵʣʝʢʪʨʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ ʜʦʣʞʥʳ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʘʢʠʤ ʪʨʝʙʦʚʘʥʠʷʤ ʢʘʢ ʩʧʦʩʦʙʥʦʩʪʴ 

ʢ ʦʙʨʘʪʠʤʦʡ ʠʥʪʝʨʢʘʣʷʮʠʠ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʣʠʪʠʷ, ʚʳʩʦʢʘʷ 

ʵʣʝʢʪʨʦʥʥʘʷ ʠ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʪʨʫʢʪʫʨʥʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʧʨʠ ʦʙʨʘʪʠʤʦʡ 

ʠʥʪʝʨʢʘʣʷʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʚʳʩʦʢʫʶ ʫʜʝʣʴʥʫʶ ʝʤʢʦʩʪʴ, 

ʤʦʱʥʦʩʪʴ ʠ ʩʨʦʢ ʩʣʫʞʙʳ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʇʦʪʝʥʮʠʘʣ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʘʨʳ ʵʣʝʢʪʨʦʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʚ ʧʨʝʜʝʣʘʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ 

ʦʢʥʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʵʣʝʢʪʨʦʣʠʪʘ, ʚ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʵʣʝʢʪʨʦʜ ʚʩʪʫʧʘʝʪ ʚ ʨʝʘʢʮʠʶ 

ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʣʦʷ ʪʚʝʨʜʦʵʣʝʢʪʨʦʣʠʪʥʦʡ ʠʥʪʝʨʬʘʟʳ (solid 

electrolyte interface, SEI), ʢʦʪʦʨʘʷ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʝʛʦ ʮʠʢʣʠʨʫʝʤʦʩʪʠ. ɺ 

ʢʦʤʤʝʨʯʝʩʢʠʭ ʃʀɸ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ ʛʨʘʬʠʪ ʩ ʪʝʦʨʝʪʠʯʝʩʢʦʡ 

ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ 372 ʤɸʯ ʛ
-1
. ʇʦʩʢʦʣʴʢʫ ʧʦʪʝʥʮʠʘʣ ʛʨʘʬʠʪʘ ʥʠʞʝ 1 ɺ ʦʪʥ. 

Li
+
/Li, ʪʦ ʚ ʭʦʜʝ ʮʠʢʣʠʨʦʚʘʥʠʷ ʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʵʣʝʢʪʨʦʣʠʪʦʤ, ʦʙʨʘʟʫʷ ʩʣʦʡ 

SEI, ʢʦʪʦʨʳʡ ʧʨʠʚʦʜʠʪ ʢ ʫʭʫʜʰʝʥʠʶ ʮʠʢʣʠʨʫʝʤʦʩʪʠ ʘʥʦʜʘ. ʂʨʦʤʝ ʪʦʛʦ, ʛʨʘʬʠʪ 

ʥʝ ʩʧʦʩʦʙʝʥ ʨʘʙʦʪʘʪʴ ʧʨʠ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʚ ʵʣʝʢʪʨʦʤʦʙʠʣʷʭ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʚʝʜʝʪʩʷ ʧʦʠʩʢ ʥʦʚʳʭ ʦʢʩʠʜʥʳʭ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʧʦʪʝʥʮʠʘʣʦʤ ʚʳʰʝ 1 ɺ ʦʪʥ. Li
+
/Li. ʉʨʝʜʠ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʢʦʤʤʝʨʮʠʘʣʠʟʦʚʘʥ 

ʪʠʪʘʥʘʪ ʣʠʪʠʷ Li4Ti5O12 ʩ ʧʦʪʝʥʮʠʘʣʦʤ 1,55 ɺ ʦʪʥ. Li
+
/Li. ʉʫʱʝʩʪʚʝʥʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ Li4Ti5O12 ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ (175 ʤɸʯ 

ʛ
-1
). ʇʝʨʩʧʝʢʪʠʚʥʳʤʠ ʢʘʥʜʠʜʘʪʘʤʠ ʥʘ ʟʘʤʝʥʫ Li4Ti5O12 ʷʚʣʷʶʪʩʷ ʩʤʝʰʘʥʥʳʝ 

ʦʢʩʠʜʳ ʥʠʦʙʠʷ (TiNb2O7, Ti2Nb10O29, FeNb11O29 ʠ ʜʨ.), ʢʦʪʦʨʳʝ ʚʳʙʨʘʥʳ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʜʘʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ 

ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 388ï400 ʤɸʯ ʛ
-1
, ʯʪʦ ʙʦʣʝʝ ʯʝʤ ʚ ʜʚʘ ʨʘʟʘ 

ʧʨʝʚʳʰʘʝʪ ʝʤʢʦʩʪʴ Li4Ti5O12 ʠ ʩʨʘʚʥʠʤʦ ʩ ʛʨʘʬʠʪʦʤ. ɺʳʩʦʢʠʝ ʟʥʘʯʝʥʠʷ ʫʜʝʣʴʥʦʡ 

ʝʤʢʦʩʪʠ ʤʦʛʫʪ ʙʳʪʴ ʜʦʩʪʠʛʥʫʪʳ ʟʘ ʩʯʝʪ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ Nb
5+

/Nb
3+
, ʢʦʪʦʨʳʡ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʵʣʝʢʪʨʦʜʥʳʭ 

ʧʦʪʝʥʮʠʘʣʘʭ 1,3ï1,6 ɺ ʦʪʥ. Li
+
/Li. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ TiNb2O7 ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʝʱʝ ʚ 2011 ʛʦʜʫ. ɺʧʦʩʣʝʜʩʪʚʠʠ ʩʪʘʣʠ ʠʟʚʝʩʪʥʳ ʜʨʫʛʠʝ ʘʥʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 
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ʦʩʥʦʚʝ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ 

ʨʘʩʪʚʦʨʥʳʤ ʤʝʪʦʜʘʤ ʩʠʥʪʝʟʘ (ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ, ʟʦʣʴ-ʛʝʣʴ), ʢʦʪʦʨʳʝ ʪʨʫʜʥʦ 

ʤʘʩʰʪʘʙʠʨʦʚʘʪʴ ʠ ʚʥʝʜʨʠʪʴ ʚ ʧʨʦʠʟʚʦʜʩʪʚʦ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʪʚʝʨʜʦʬʘʟʥʳʤ 

ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʨʝʥʝʙʨʝʛʘʶʪ, ʦʪʤʝʯʘʷ ʚ ʢʘʯʝʩʪʚʝ ʥʝʜʦʩʪʘʪʢʦʚ ʜʣʠʪʝʣʴʥʦʩʪʴ, 

ʪʨʝʙʦʚʘʥʠʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʥʝʦʧʪʠʤʘʣʴʥʫʶ ʤʦʨʬʦʣʦʛʠʶ ʯʘʩʪʠʮ. ʇʨʠ ʵʪʦʤ 

ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʩ ʮʝʣʴʶ ʩʦʢʨʘʪʠʪʴ 

ʜʣʠʪʝʣʴʥʦʩʪʴ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʘʝʤʦʛʦ 

ʧʨʦʜʫʢʪʘ. 

ʅʠʦʙʠʡʩʦʜʝʨʞʘʱʠʝ ʘʥʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʝ ʣʠʰʝʥʳ ʥʝʜʦʩʪʘʪʢʦʚ (ʚʢʣʶʯʘʷ 

ʥʠʟʢʫ  ʁ ʵʣʝʢʪʨʦʥʥʫ  ʁ ʧʨʦʚʦʜʠʤʦʩʪʴ), ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʶʪ ʠʭ ʤʦʱʥʦʩʪʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʦʵʪʦʤʫ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʦ ʤʥʦʞʝʩʪʚʦ ʨʘʙʦʪ, ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʥʘ ʠʭ ʦʧʪʠʤʠʟʘʮʠʶ. ʆʩʥʦʚʥʳʝ ʩʪʨʘʪʝʛʠʠ ʫʣʫʯʰʝʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ ʧʦʣʫʯʝʥʠʝ 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʦʟʠʪʦʚ ʩ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ, 

ʯʘʩʪʠʯʥʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʠ ʜʦʧʠʨʦʚʘʥʠʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʠʟʚʝʩʪʥʳ ʨʘʙʦʪʳ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʦʚ (V
5+

, Ru
4+

, Cu
2+

, Cr
3+

, Mo
6+
) ʚ ʢʘʯʝʩʪʚʝ 

ʜʦʧʘʥʪʦʚ ʜʣʷ TiNb2O7. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʩʩʣʝʜʦʚʘʥ ʩʣʫʯʘʡ ʜʦʧʠʨʦʚʘʥʠʷ TiNb2O7 

ʢʘʪʠʦʥʘʤʠ V
5+
, ʥʦ ʧʨʠ ʵʪʦʤ ʩʨʘʚʥʝʥʠʝ ʧʦʜʨʝʰʝʪʦʢ (Ti ʠʣʠ Nb) ʜʣʷ ʢʘʪʠʦʥʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ V
5+

 ʥʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ. ɺ ʩʣʫʯʘʝ Ti2Nb10O29 ʚʦʟʤʦʞʥʦ ʧʦʣʥʦʝ 

ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʪʠʪʘʥʘ ʜʨʫʛʠʤʠ ʢʘʪʠʦʥʘʤʠ ʩ ʧʦʣʫʯʝʥʠʝʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ 

ʠʟʦʩʪʨʫʢʪʫʨʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, FeNb11O29, CrNb11O29, AlNb11O29, 

Mg2Nb34O87, Cu2Nb34O87, Ni2Nb34O87, GaNb11O29. ʉʫʱʝʩʪʚʫʝʪ ʩʚʝʜʝʥʠʷ, 

ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʝ ʧʨʝʚʦʩʭʦʜʩʪʚʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ Fe0,67Ti0,67Nb10,67O29 ʥʘʜ 

Ti2Nb10O29 ʠ FeNb11O29, ʧʨʠ ʵʪʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ 

ʩʦʩʪʘʚʦʚ FexTi2-2xNb10+xO29 ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʨʘʟʨʘʙʦʪʢʘ ʤʝʭʘʥʠʯʝʩʢʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʘʥʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʢʦʤʧʣʝʢʩʥʦʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʭ ʩʪʨʫʢʪʫʨʥʦ-

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʧʦʠʩʢ ʧʫʪʝʡ ʠʭ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ɼʦʩʪʠʞʝʥʠʝ ʮʝʣʠ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʰʝʥʠʷ ʩʣʝʜʫʶʱʠʭ ʟʘʜʘʯ: 

1. ʈʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʠʢʠ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ TiNb2O7, Ti2Nb10O29 ʠ FeNb11O29; 
2. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʤʦʨʬʦʣʦʛʠʠ ʧʦʣʫʯʝʥʥʳʭ 

ʧʨʦʜʫʢʪʦʚ; 

3. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ TiNb2O7, Ti2Nb10O29 ʠ FeNb11O29 

ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʚ ʣʠʪʠʝʚʳʭ ʧʦʣʫʷʯʝʡʢʘʭ; 

4. ʀʟʫʯʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ TiNb2O7, Ti2Nb10O29 ʠ 

FeNb11O29 ʫʛʣʝʨʦʜʦʤ ʩ ʮʝʣʴʶ ʧʦʚʳʰʝʥʠʷ ʤʦʱʥʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠ;̫ 

5. ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʠ TiNb2O7 ʜʣʷ 

ʜʦʧʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ V
5+

 ʥʘ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; 

6. ʀʩʩʣʝʜʦʚʘʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʩʦʩʪʘʚʦʚ FexTi2-2xNb10+xO29 ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. 
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ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ 

1. ʈʘʟʨʘʙʦʪʘʥ ʤʝʪʦʜ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ 

ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ TiNb2O7, Ti2Nb10O29 ʠ FeNb11O29, ʢʦʪʦʨʳʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ ʫʤʝʥʴʰʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ (4 ʯʘʩʘ 

ʚʤʝʩʪʦ 12 24 ʯʘʩʦʚ). 

2. ʇʨʝʜʣʦʞʝʥ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ TiNb2O7/ʉ, 

Ti2Nb10O29/ʉ ʠ FeNb11O29/ʉ ʧʫʪʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʯʠʩʪʦʛʦ ʧʨʦʜʫʢʪʘ ʩ 

ʫʛʣʝʨʦʜʥʦʡ ʩʘʞʝʡ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʰʘʨʦʚʦʡ ʤʝʣʴʥʠʮʝ. 

3. ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʧʨʠʨʦʜʳ ʜʚʫʭ 

ʧʦʜʨʝʰʝʪʦʢ TiNb2O7 ʜʣʷ ʜʦʧʠʨʦʚʘʥʠʷ ʘʪʦʤʘʤʠ V
5+

 (Ti1-xVxNb2O7, TiNb2-xVxO7) ʥʘ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚ ʣʠʪʠʝʚʳʭ ʧʦʣʫʷʯʝʡʢʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʣʫʯʰʝʥʠʝ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʘ Ti1-xVxNb2O7, ʚ ʪʦ 

ʚʨʝʤʷ ʢʘʢ ʚ ʩʣʫʯʘʝ TiNb2-xVxO7 ʜʦʧʠʨʦʚʘʥʠʝ ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ 

ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

4. ʀʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʷʜʘ ʩʦʩʪʘʚʦʚ 

FexTi2-2xNb10+xO29 ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʩʦʩʪʘʚʳ 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʙʦʣʝʝ ʣʫʯʰʠʝ ʤʦʱʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

Ti2Nb10O29 ʠ FeNb11O29. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʝʟʥʳ ʧʨʠ ʜʘʣʴʥʝʡʰʝʡ ʨʘʟʨʘʙʦʪʢʝ ʜʨʫʛʠʭ 

ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʈʘʟʨʘʙʦʪʘʥʳ ʫʩʣʦʚʠʷ ʤʝʭʘʥʠʯʝʩʢʠ 

ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ 

TiNb2O7, Ti2Nb10O29 ʠ FeNb11O29. ɺʳʷʚʣʝʥʳ ʧʫʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʫʢʘʟʘʥʥʳʭ 

ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʮʝʣʴʶ ʫʣʫʯʰʝʥʠʷ ʠʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. 

ʇʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʘʢʪʠʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʘʥʦʜʦʚ ʜʣʷ ʣʠʪʠʡ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚ. 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʄʝʪʦʜʦʣʦʛʠʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ ʵʪʘʧʳ ʧʦʣʫʯʝʥʠʷ ʘʥʦʜʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʣʝʢʩʥʦʝ ʠʟʫʯʝʥʠʝ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʦʨʬʦʣʦʛʠʠ 

ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʘʥʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʪʝʟʘ, ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʚʰʝʛʦ ʩʝʙʷ ʢʘʢ ʧʨʦʩʪʦʡ, ʙʳʩʪʨʳʡ ʠ ʵʬʬʝʢʪʠʚʥʳʡ 

ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʩʥʠʟʠʪʴ 

ʪʝʤʧʝʨʘʪʫʨʫ ʠ ʚʨʝʤʷ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʦʙʳʯʥʳʤ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʩʠʥʪʝʟʦʤ. ɼʣʷ ʦʧʪʠʤʠʟʘʮʠʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʧʦʣʫʯʝʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʣʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʩ ʫʛʣʝʨʦʜʦʤ ʚ ʧʣʘʥʝʪʘʨʥʦʡ 

ʤʝʣʴʥʠʮʝ. 

ʍʘʨʘʢʪʝʨʠʩʪʠʢʫ ʧʦʣʫʯʝʥʥʳʭ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʘʯʝʩʪʚʝʥʥʦʛʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩ 

ʫʪʦʯʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ, ʩʢʘʥʠʨʫʶʱʝʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʛʨʘʥʫʣʦʤʝʪʨʠʠ, ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ɸʥʘʣʠʟ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ 
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ʩʪʨʫʢʪʫʨʘʭ TiNb2O7 ʠ FexTi2-2xNb10+xO29 ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʠ. ɺʦʟʤʦʞʥʳʝ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ TiNb2O7 ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ʨʘʟʙʠʝʥʠʷ ʥʘ ʧʦʣʠʵʜʨʳ 

ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ. ʆʮʝʥʢʘ ʩʪʘʙʠʣʴʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʩʯʝʪ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ TiNb2O7, ʜʦʧʠʨʦʚʘʥʥʦʛʦ V
5+
, ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ. ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʤʝʪʦʜʦʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ʉʦʝʜʠʥʝʥʠʷ TiNb2O7, Ti2Nb10O29 ʠ FeNb11O29 ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʤʝʭʘʥʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ, ʦʪʣʠʯʘʶʱʠʤʩʷ ʦʪ 

ʪʨʘʜʠʮʠʦʥʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʫʤʝʥʴʰʝʥʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʴʶ ʦʪʞʠʛʘ  

(4 ʯʘʩʘ ʚʤʝʩʪʦ 12 24 ʯʘʩʦʚ). 

2. ʂʦʤʧʦʟʠʮʠʦʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʩ ʫʛʣʝʨʦʜʦʤ TiNb2O7/ʉ, Ti2Nb10O29/ʉ ʠ 

FeNb11O29/ʉ ʧʦʣʫʯʝʥʳ ʧʫʪʝʤ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ. 

3. ɼʦʧʠʨʦʚʘʥʠʝ TiNb2O7 ʢʘʪʠʦʥʘʤʠ V
5+

 ʚ ʧʦʜʨʝʰʝʪʢʝ ʪʠʪʘʥʘ ʫʣʫʯʰʘʝʪ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʦʧʠʨʦʚʘʥʠʝ ʚ ʧʦʜʨʝʰʝʪʢʝ ʥʠʦʙʠʷ ʥʝ 

ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 

4. ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʩʦʩʪʘʚ Fe0,5TiNb10,5O29 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʙʦʣʝʝ ʣʫʯʰʠʝ 

ʤʦʱʥʦʩʪʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ti2Nb10O29 ʠ FeNb11O29. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ 

ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ, 

ʩʢʘʥʠʨʫʶʱʫʶ ʵʣʝʢʪʨʦʥʥʫʶ ʤʠʢʨʦʩʢʦʧʠʶ, ʛʨʘʥʫʣʦʤʝʪʨʠʶ, 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʫʶ ʨʝʥʪʛʝʥʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, ʩʧʝʢʪʨʦʩʢʦʧʠʶ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʤʝʩʩʙʘʫʵʨʦʚʩʢʫʶ ʩʧʝʢʪʨʦʩʢʦʧʠʶ, 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʝ ʧʨʝʨʳʚʠʩʪʦʝ 

ʪʠʪʨʦʚʘʥʠʝ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʩʯʸʪʳ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʫʧʝʨʢʦʤʧʴʶʪʝʨʘ çʎʝʦʣʠʪè ʄʅʀʎʊʄ ʧʨʠ 

ʉʘʤʘʨʩʢʦʤ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʪʝʭʥʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ. ʇʨʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʦʚʨʝʤʝʥʥʦʝ 

ʦʙʦʨʫʜʦʚʘʥʠʝ ʠ ʥʘʜʝʞʥʳʝ ʤʝʪʦʜʠʢʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʚʦʩʧʨʦʠʟʚʦʜʠʤʳʝ 

ʜʘʥʥʳʝ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 10 ʨʘʙʦʪ, ʚ ʪʦʤ ʯʠʩʣʝ 1 ʧʘʪʝʥʪ ʠ 

4 ʩʪʘʪʴʠ ʚ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʠʟʜʘʥʠʷʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ ʠ ʩʠʩʪʝʤ r

ʮʠʪʠʨʦʚʘʥʠʷ Web of Science ʠ Scopus. ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʙʳʣʠ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ ʝʞʝʛʦʜʥʳʭ ʥʘʫʯʥʳʭ ʩʝʤʠʥʘʨʘʭ ʀʍʊʊʄ ʉʆ ʈɸʅ, 

ʘ ʪʘʢʞʝ ʥʘ 5 ʨʦʩʩʠʡʩʢʠʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ: VI International 

Conference çFundamental Bases of Mechanochemical Technologiesè (Novosibirsk, 

Russia, 2022), ɺʪʦʨʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: 

ʧʨʦʮʝʩʩʳ, ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2022), VI 
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ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʊʝʦʨʠʷ ʠ ʧʨʘʢʪʠʢʘ 

ʩʦʚʨʝʤʝʥʥʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʩʪʚè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2023), 

ʊʨʝʪʴʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʫʩʪʨʦʡʩʪʚʘ: ʧʨʦʮʝʩʩʳ, 

ʤʘʪʝʨʠʘʣʳ, ʪʝʭʥʦʣʦʛʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2023), IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ çɻʦʨʷʯʠʝ ʪʦʯʢʠ ʭʠʤʠʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ: ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2024). 

ɿʘ ʜʦʩʪʠʛʥʫʪʳʝ ʥʘʫʯʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 2024 ʛʦʜʫ ʜʠʩʩʝʨʪʘʥʪʫ ʙʳʣʘ 

ʧʨʠʩʫʞʜʝʥʘ ʠʤʝʥʥʘʷ ʩʪʠʧʝʥʜʠʷ ʇʨʘʚʠʪʝʣʴʩʪʚʘ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʧʨʦʝʢʪʘ ʛʦʩʟʘʜʘʥʠʷ çʇʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʘ 

ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʤʝʪʘʣʣ-ʠʦʥʥʳʭ ʘʢʢʫʤʫʣʷʪʦʨʦʚè (ˉ ɽɻʀʉʋ 

ʅʀʆʂʊʈ 121032500072-3). 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺʩʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʝ ʚ ʜʘʥʥʦʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʝ, ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʳ ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʠʣʠ ʧʨʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ 

ʫʯʘʩʪʠʠ. ɸʚʪʦʨʦʤ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʧʦʠʩʢ ʠ ʘʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʩʠʥʪʝʟ 

ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʙʦʨʢʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʷʯʝʝʢ, ʠʟʫʯʝʥʠʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɸʚʪʦʨ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʟʘʥʠʤʘʣʩʷ 

ʫʪʦʯʥʝʥʠʝʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦ ʤʝʪʦʜʫ ʈʠʪʚʝʣʴʜʘ, ʦʙʨʘʙʘʪʳʚʘʣ 

ʜʘʥʥʳʝ ʩʢʘʥʠʨʫʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ, 

ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʣ ʘʥʘʣʠʟ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ 

ʣʠʪʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʠ. ʆʙʩʫʞʜʝʥʠʝ ʠ ʘʥʘʣʠʟ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ 

ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʠ ʩʦʘʚʪʦʨʘʤʠ ʧʫʙʣʠʢʘʮʠʡ. 

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʪʨʸʭ ʛʣʘʚ, ʟʘʢʣʶʯʝʥʠʷ, ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʝʛʦ 351 ʥʘʠʤʝʥʦʚʘʥʠʝ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 154 ʩʪʨʘʥʠʮʘʭ, 

ʩʦʜʝʨʞʠʪ 7 ʪʘʙʣʠʮ ʠ 95 ʨʠʩʫʥʢʦʚ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ɼʀʉʉɽʈʊɸʎʀʀ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʘʥʘ ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʝʥʘ 

ʩʪʝʧʝʥʴ ʝʝ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ, ʦʙʦʟʥʘʯʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ, ʦʪʨʘʞʝʥʘ ʥʘʫʯʥʘʷ 

ʥʦʚʠʟʥʘ, ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ, ʦʧʠʩʘʥʳ ʤʝʪʦʜʦʣʦʛʠʷ 

ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ; 

ʧʨʠʚʝʜʝʥʘ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ, ʫʢʘʟʘʥʘ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʧʨʝʜʩʪʘʚʣʝʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ. ɺ ʧʝʨʚʦʤ ʨʘʟʜʝʣʝ ʦʧʠʩʘʥ 

ʧʨʠʥʮʠʧ ʨʘʙʦʪʳ ʃʀɸ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʥʘ ʵʣʝʢʪʨʦʜʘʭ. 

ʆʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʠʥʪʝʨʢʘʣʷʮʠʠ ʣʠʪʠʷ ʠ ʠʭ ʩʚʷʟʴ ʩ ʬʦʨʤʦʡ ʢʨʠʚʦʡ 

ʮʠʢʣʠʨʦʚʘʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʠʥʦʚ (ʭʘʨʘʢʪʝʨʠʩʪʠʢ), ʠʩʧʦʣʴʟʫʝʤʳʭ 

ʜʣʷ ʦʧʠʩʘʥʠʷ ʩʚʦʡʩʪʚ ʃʀɸ. 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʠʟʚʝʩʪʥʳʭ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʃʀɸ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ ʜʣʷ 

ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʘʥʦʜʦʚ. ʅʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʚʩʝʭ ʘʥʦʜʦʚ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʳʝ ʘʥʦʜʳ, ʪʘʢ ʢʘʢ ʦʥʠ ʥʘʠʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʘʥʦʜʘʤʠ. ɺʳʙʦʨ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ 

ʠʥʪʝʨʢʘʣʷʮʠʦʥʥʳʭ ʘʥʦʜʦʚ ʦʛʨʘʥʠʯʝʥ ʫʛʣʝʨʦʜʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʠ ʦʢʩʠʜʘʤʠ Ti, V 

ʠ Nb. ʉʨʝʜʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʪʠʪʘʥʘ ʠ ʥʠʦʙʠʷ, ʢʦʪʦʨʳʤ ʧʦʩʚʷʱʝʥ ʪʨʝʪʠʡ ʨʘʟʜʝʣ.  

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʩʥʘʯʘʣʘ ʦʧʠʩʘʥʳ ʩʚʦʡʩʪʚʘ ʠʟʚʝʩʪʥʳʭ ʘʥʦʜʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ: Li 4Ti5O12 ʠ TiO2. ʆʪʤʝʯʝʥ ʦʩʥʦʚʥʦʡ ʥʝʜʦʩʪʘʪʦʢ ʵʪʠʭ ʘʥʦʜʦʚ ï 

ʥʠʟʢʘʷ ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ. ʆʙʦʩʥʦʚʘʥ ʧʝʨʝʭʦʜ ʦʪ ʩʦʝʜʠʥʝʥʠʡ ʪʠʪʘʥʘ ʢ 

ʩʦʝʜʠʥʝʥʠʷʤ ʥʠʦʙʠʷ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʴʶ, ʯʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʝʘʣʠʟʘʮʠʝʡ ʤʥʦʛʦʵʣʝʢʪʨʦʥʥʦʛʦ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ Nb
5+

/Nb
3+

. ɼʘʣʝʝ ʚ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʦ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ 

ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʤʝʰʘʥʥʳʝ 

ʦʢʩʠʜʳ ʪʠʪʘʥʘ ʠ ʥʠʦʙʠʷ, ʩʦʝʜʠʥʝʥʠʷ PNb9O25 ʠ VNb9O25, ʠ ʬʘʟʳ ʚ ʩʠʩʪʝʤʝ  

Nb2O5ïWO3. ɼʘʣʝʝ ʩʣʝʜʫʝʪ ʦʧʠʩʘʥʠʝ ʩʚʦʡʩʪʚ ʧʦʣʠʤʦʨʬʦʚ Nb2O5. ɿʘʪʝʤ ʪʨʝʪʠʡ 

ʨʘʟʜʝʣ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʦʧʠʩʘʥʠʝʤ ʧʨʦʯʠʭ ʩʣʘʙʦ ʠʟʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʠʦʙʠʷ, 

ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʤʝʥʴʰʠʡ ʠʥʪʝʨʝʩ ʠʟ-ʟʘ ʥʝʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʳʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʘʥʦʜʦʚ. 

ɺ ʯʝʪʚʝʨʪʦʤ ʨʘʟʜʝʣʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʟʚʝʩʪʥʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ 

ʦʢʩʠʜʥʳʭ ʵʣʝʢʪʨʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʫʢʘʟʘʥʠʝʤ ʧʨʝʠʤʫʱʝʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ. 

ʆʪʤʝʯʝʥʦ, ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʦʪʜʘʶʪ ʧʨʝʜʧʦʯʪʝʥʠʝ ʨʘʩʪʚʦʨʥʳʤ ʤʝʪʦʜʘʤ 

ʩʠʥʪʝʟʘ, ʢʦʪʦʨʳʝ ʩʣʦʞʥʳ ʠ ʟʘʪʨʘʪʥʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʦʩʪʳʤ ʠ ʤʘʩʰʪʘʙʠʨʫʝʤʳʤ 

ʪʚʝʨʜʦʬʘʟʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʧʨʝʥʝʙʨʝʛʘʶʪ ʠʟ-ʟʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʩʠʥʪʝʟʘ ʧʨʠ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɺ ʧ̫ʪʦʤ ʨʘʟʜʝʣʝ ʧʝʨʝʯʠʩʣʝʥʳ ʩʧʦʩʦʙʳ ʫʣʫʯʰʝʥʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʥʠʦʙʠʡʩʦʜʝʨʞʘʱʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʩʨʝʜʠ ʥʠʭ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʜʦʧʠʨʦʚʘʥʠʝ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʥʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʠʩʩʣʝʜʦʚʘʥʥʳʭ 

ʜʦʧʘʥʪʦʚ, ʦʩʪʘʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʥʝʠʩʩʣʝʜʦʚʘʥʥʳʝ ʚʦʧʨʦʩʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʣʫʯʘʝ 

ʜʦʧʠʨʦʚʘʥʠʷ TiNb2O7 ʢʘʪʠʦʥʘʤʠ V
5+

 ʥʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʚʳʙʦʨʫ 

ʢʘʪʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʠ (Ti
4+

 ʠʣʠ Nb
5+
) ʜʣʷ ʟʘʤʝʱʝʥʠʷ. ɺ ʩʣʫʯʘʝ ʜʦʧʠʨʦʚʘʥʠʷ 

Ti2Nb10O29 ʢʘʪʠʦʥʘʤʠ Fe
3+

 ʥʝ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. 

ʐʝʩʪʦʡ ʨʘʟʜʝʣ ʧʦʜʚʦʜʠʪ ʠʪʦʛʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ 

ʣʠʪʝʨʘʪʫʨʳ ʚʳʙʨʘʥʳ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʘʥʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ: TiNb2O7 ʠ 

Ti2Nb10O29. ʆʙʦʩʥʦʚʘʥ ʚʳʙʦʨ ʢʘʪʠʦʥʦʚ ʜʣʷ ʜʦʧʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʧʠʩʘʥʳ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʘʥʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʝʨʝʯʠʩʣʝʥʳ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʨʘʙʦʪʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ ʩ ʫʢʘʟʘʥʠʝʤ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʫʩʣʦʚʠʡ 

ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ TiNb2O7 ʩʤʝʩʴ TiO2 (99,8%, Sigma-Aldrich) ʠ Nb2O5 (99,9%, 

ʈʝʘʭʠʤ) ʧʦʜʚʝʨʛʘʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2 ʚ 

ʪʝʯʝʥʠʝ 5 ʤʠʥʫʪ ʧʨʠ ʫʩʢʦʨʝʥʠʠ 40g. ʆʪʞʠʛ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 3 4 

ʯʘʩʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900 1100ÁC. ʂʦʤʧʦʟʠʮʠʦʥʥʝr ʤʘʪʝʨʠʘʣʳ ʩ ʫʛʣʝʨʦʜʦʤ 

ʧʦʣʫʯʘʣʠ ʧʫʪʝʤ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʷ ʚ ʤʝʣʴʥʠʮʝ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʘ ʩ ʩʘʞʝʡ ʤʘʨʢʠ 

çʇ277è (99,9%, ʎʅʍʊ ʀʂ ʉʆ ʈɸʅ) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 95:5 ʚ ʪʝʯʝʥʠʝ 3 ʤʠʥʫʪ ʧʨʠ 

ʫʩʢʦʨʝʥʠʠ 20g ʚ ʩʪʘʣʴʥʳʭ ʙʘʨʘʙʘʥʘʭ ʩ ʰʘʨʘʤʠ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ. ʉʠʥʪʝʟ 

ʜʦʧʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ Ti1-xVxNb2O7, TiNb2-xVxO7 (ʛʜʝ x = 0,01; 0,05) ʠ 



9 

FeyTi2-2yNb10+yO29 (ʛʜʝ y = 0,0; 0,4; 0,5; 0,6; 1,0) ʧʨʦʚʦʜʠʣʠ ʘʥʘʣʦʛʠʯʥʦ TiNb2O7 ʩ 

ʜʦʙʘʚʣʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʦʣʠʯʝʩʪʚ V2O5 (99 %, ʈʝʘʭʠʤ) ʠʣʠ Ŭ-Fe2O3  

(99,2 %, ɺʝʢʪʦʥ). 

ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠ ʩʪʨʫʢʪʫʨʫ ʧʦʣʫʯʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ (ʈʌɸ) ʩ ʧʦʤʦʱʴʶ ʜʠʬʨʘʢʪʦʤʝʪʨʘ Bruker D8 Advance 

(ɻʝʨʤʘʥʠʷ). ʉʪʨʫʢʪʫʨʳ ʧʦʣʫʯʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʫʪʦʯʥʷʣʠ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʳ GSAS. ʀʩʩʣʝʜʦʚʘʥʠʝ ʤʦʨʬʦʣʦʛʠʠ ʦʙʨʘʟʮʦʚ 

ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʧʦʤʦʱʠ ʩʢʘʥʠʨʫʶʱʠʭ ʵʣʝʢʪʨʦʥʥʳʭ ʤʠʢʨʦʩʢʦʧʦʚ Hitachi TM-1000 

ʠ Hitachi S-3400N (ʗʧʦʥʠʷ). ʕʣʝʤʝʥʪʥʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦʜʦʤ 

ʵʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʕɼʉ) ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ Thermo 

Scientific EDS ʩ ʜʝʪʝʢʪʦʨʦʤ Silicon Drift Ultra Dry 30 (ʉʐɸ). ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ 

ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʧʦʨʦʰʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʣʘʟʝʨʥʦʛʦ 

ʘʥʘʣʠʟʘʪʦʨʘ ʯʘʩʪʠʮ MicroSizer 201ɸ (ʆʆʆ "ɺɸ ʀʥʩʪʘʣʪ", ʈʦʩʩʠʷ). ʉʧʝʢʪʨʳ 

ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʘʨʘʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ (ʕʇʈ) ʦʙʨʘʟʮʦʚ TiNb2O7, ʜʦʧʠʨʦʚʘʥʥʳʭ 

V
5+
, ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ ʕʇʈ ʩʧʝʢʪʨʦʤʝʪʨʘ Adani SPINSCAN X 

(ɹʝʣʘʨʫʩʴ). ʀʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʮʠʠ ʘʪʦʤʦʚ ʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʠʦʥʦʚ ʞʝʣʝʟʘ ʚ 

ʦʙʨʘʟʮʘʭ FeyTi2-2yNb10+yO29 ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʛʦ 

ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʘ (ʄʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʩʪʘʥʦʚʢʠ 

NZï640/2 (ɺʝʥʛʨʠʷ). 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠ ʚ ʜʚʫʭʵʣʝʢʪʨʦʜʥʦʡ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʡ ʷʯʝʡʢʝ ʪʠʧʘ Swagelok ʩ ʣʠʪʠʝʚʳʤ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʦʤ. 

ʕʣʝʢʪʨʦʜʥʘʷ ʤʘʩʩʘ ʩʦʩʪʦʷʣʘ ʠʟ 75% ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, 20% ʩʘʞʠ çʇ277è, 5% 

ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ (4% ʨʘʩʪʚʦʨ ʧʦʣʠʚʠʥʠʣʠʜʝʥʬʪʦʨʠʜʘ ʚ ʥ-

ʤʝʪʠʣʧʠʨʨʦʣʠʜʦʥʝ), ʢʦʪʦʨʫʶ ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʤ ʩʣʦʝʤ ʩ ʧʦʤʦʱʴʶ ʘʧʧʣʠʢʘʪʦʨʘ 

Doctor Blade ʥʘ ʤʝʜʥʫʶ ʬʦʣʴʛʫ ʠ ʩʫʰʠʣʠ ʚ ʚʘʢʫʫʤʥʦʤ ʰʢʘʬʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

90Áʉ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʯʘʩʦʚ. ʀʟ ʚʳʩʫʰʝʥʥʳʭ ʧʣʝʥʦʢ ʩ ʧʦʤʦʱʴʶ ʨʝʟʘʢʘ ʚʳʨʝʟʘʣʠ 

ʢʨʫʞʢʠ ʜʠʘʤʝʪʨʦʤ 1 ʩʤ ʠ ʧʦʤʝʱʘʣʠ ʚ ʩʪʘʣʴʥʫʶ ʷʯʝʡʢʫ ʩ ʚʥʫʪʨʝʥʥʝʡ ʠʟʦʣʷʮʠʝʡ. 

ʄʘʩʩʘ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʳʣʘ ʚ ʧʨʝʜʝʣʘʭ 1,5 3,0 ʤʛ. ɼʘʣʴʥʝʡʰʫʶ ʩʙʦʨʢʫ 

ʧʨʦʚʦʜʠʣʠ ʚ ʧʝʨʯʘʪʦʯʥʦʤ ʙʦʢʩʝ (VBOX-SS 950, ɺʠʣʠʪʝʢ), ʟʘʧʦʣʥʝʥʥʦʤ ʘʨʛʦʥʦʤ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʦʪʠʚʦʵʣʝʢʪʨʦʜʘ ʚ ʧʦʣʫʷʯʝʡʢʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʣʠʪʠʡ 

(99,9%, Sigma-Aldrich). ʕʣʝʢʪʨʦʜʳ ʨʘʟʜʝʣʷʣʠ ʩʪʝʢʣʦʚʦʣʦʢʦʥʥʳʤ ʬʠʣʴʪʨʦʤ 

(Whatman, Grade GF/C), ʩʤʦʯʝʥʥʳʤ 1M ʨʘʩʪʚʦʨʦʤ ʩʦʣʠ LiPF6 (Ó99,99%, Sigma-

Aldrich) ʚ ʩʤʝʩʠ ʵʪʠʣʝʥʢʘʨʙʦʥʘʪʘ (ʙʝʟʚʦʜʥʳʡ, Ó99,0%, Sigma-Aldrich) ʩ 

ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʦʤ (ʙʝʟʚʦʜʥʳʡ, Ó99,0%, Sigma-Aldrich) ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:1 ʧʦ 

ʤʘʩʩʝ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʢʪʨʦʣʠʪʘ. ɻʝʨʤʝʪʠʯʥʦ ʩʦʙʨʘʥʥʳʝ ʷʯʝʡʢʠ ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʘʤʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʨʝʨʳʚʠʩʪʦʛʦ ʪʠʪʨʦʚʘʥʠʷ (GITT). 

ɸʥʘʣʠʟ ʧʫʪʝʡ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ ʣʠʪʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨʘʭ TiNb2O7 

ʠ FeyTi2-2yNb10+yO29 ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʚʘʣʝʥʪʥʳʭ ʫʩʠʣʠʡ ʩʚʷʟʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ softBV. ɺʦʟʤʦʞʥʳʝ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʧʦʟʠʮʠʠ ʘʪʦʤʦʚ 

ʚʘʥʘʜʠʷ ʚ ʩʪʨʫʢʪʫʨʝ TiNb2O7 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ, ʦʩʥʦʚʘʥʥʦʛʦ ʥʘ ʨʘʟʙʠʝʥʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ ʥʘ ʧʦʣʠʵʜʨʳ 

ɺʦʨʦʥʦʛʦ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʧʘʢʝʪʘ ToposPro. ʈʘʩʯʝʪʳ ʤʝʪʦʜʦʤ ʪʝʦʨʠʠ 

ʬʫʥʢʮʠʦʥʘʣʘ ʧʣʦʪʥʦʩʪʠ (ʊʌʇ) ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʢʦʤʧʣʝʢʩʘ 

VASP. 
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ʊʨʝʪʴʷ ʛʣʘʚʘ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ ʨʘʟʜʝʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʦʙʩʫʞʜʘʶʪʩʷ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ. ʇʝʨʚʳʡ ʨʘʟʜʝʣ ʧʦʩʚʷʱʝʥ ʠʩʩʣʝʜʦʚʘʥʠʶ ʫʩʣʦʚʠʡ 

ʩʠʥʪʝʟʘ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ TiNb2O7. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʧʪʠʤʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʦʪʞʠʛ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 900ï

1100ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ (ʈʠʩʫʥʦʢ 1ʘ). ɼʣʷ ʧʦʣʫʯʝʥʥʦʛʦ ʧʨʠ 900ÁC ʦʙʨʘʟʮʘ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʥʘʣʠʯʠʝ ʧʨʠʤʝʩʥʳʭ ʬʘʟ TiO2 (ʨʫʪʠʣ) ʠ Ti2Nb10O29, ʠʟ ʯʝʛʦ 

ʩʣʝʜʫʝʪ, ʯʪʦ TiNb2O7 ʦʧʪʠʤʘʣʴʥʦ ʧʦʣʫʯʘʪ ɹʧʨʠ 1000ÁC, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 

ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʠʬʨʘʢʪʦʛʨʘʤʤ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ (PDF ˉ77-1374). 

 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ TiNb2O7, ʧʦʣʫʯʝʥʥʳʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

900ÁC, 1000ÁC ʠ 1100ÁC (ʘ) ʠ ʧʨʠ ʨʘʟʥʦʡ ʜʣʠʪʝʣʴʥʦʩʪʠ ʦʪʞʠʛʘ (3 ʠ 4 ʯʘʩʘ) (ʙ) 

 

ɼʣʷ ʩʠʥʪʝʟʘ ʦʜʥʦʬʘʟʥʦʛʦ TiNb2O7 ʜʦʩʪʘʪʦʯʥʦ 4 ʯʘʩʦʚ. ɽʩʣʠ ʦʪʞʠʛ 

ʧʨʦʚʦʜʠʪʴ 3 ʯʘʩʘ, ʪʦ ʧʨʦʜʫʢʪ ʙʫʜʝʪ ʩʦʜʝʨʞʘʪʴ ʧʨʠʤʝʩʥʫʶ ʬʘʟʫ Ti2Nb10O29 

(ʈʠʩʫʥʦʢ 1ʙ). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʩʦʝʜʠʥʝʥʠʷ (TiNb2O7, 

Ti2Nb10O29, FeNb11O29 ʠ ʠʭ ʜʦʧʠʨʦʚʘʥʥʳʝ ʚʘʨʠʘʮʠʠ) ʧʦʣʫʯʘʣʠ ʧʨʠ ʦʜʠʥʘʢʦʚʳʭ 

ʫʩʣʦʚʠʷʭ ʦʪʞʠʛʘ (1000ÁC, 4 ʯʘʩʘ). 

TiNb2O7 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʪʨʫʢʪʫʨʦʡ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ ʩʜʚʠʛʘ ʥʘ 

ʦʩʥʦʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ReO3, ʧʦʩʪʨʦʝʥʥʦʡ ʠʟ (3 ³ 3)Ð ʙʣʦʢʦʚ, ʩʦʩʪʘʚʣʝʥʥʳʭ ʠʟ 

ʦʢʪʘʵʜʨʦʚ MO6 (M = Ti, Nb) (ʈʠʩʫʥʦʢ 1ʙ). 

ʏʘʩʪʴ ʧʦʣʫʯʝʥʥʦʛʦ TiNb2O7 ʧʦʜʚʝʨʛʣʠ ʠʟʤʝʣʴʯʝʥʠʶ (TNO-BM) ʚ 

ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ɸɻʆ-2. ɼʨʫʛʫʶ ʯʘʩʪʴ ʜʠʩʧʝʨʛʠʨʦʚʘʣʠ ʩ ʫʛʣʝʨʦʜʦʤ ʇ277 ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 95:5 ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʩ ʫʛʣʝʨʦʜʦʤ 

(TNO/C). ʄʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ TiNb2O7 ʠʟʫʯʘʣʠ ʤʝʪʦʜʦʤ ʉʕʄ. 

ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʈʠʩʫʥʢʝ 2ʘïʚ. ʏʘʩʪʠʮʳ ʠʩʭʦʜʥʦʛʦ 

TiNb2O7 ʩʦʩʪʦʷʪ ʠʟ ʦʢʨʫʛʣʳʭ ʧʝʨʚʠʯʥʳʭ ʯʘʩʪʠʮ ʨʘʟʤʝʨʦʤ ʦʢʦʣʦ 500 ʥʤ, ʢʦʪʦʨʳʝ 

ʩʦʙʨʘʥʳ ʚ ʘʛʣʦʤʝʨʘʪʳ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ (ʈʠʩʫʥʦʢ 2ʘ). ɼʣʷ ʦʙʨʘʟʮʦʚ TNO-BM 

ʠ TNO/C ʥʘʙʣʶʜʘʝʪʩʷ ʤʝʥʴʰʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ (350 ʥʤ) (ʈʠʩʫʥʦʢ 2ʙ,ʚ). 
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ʈʠʩʫʥʦʢ 2 ï ʄʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʦʙʨʘʟʮʦʚ ʊNO (ʘ), TNO-BM (ʙ) ʠ TNO/C (ʚ), 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ (ʛ) 

 

 
ʈʠʩʫʥʦʢ 3 ï ʂʨʠʚʳʝ ʮʠʢʣʠʨʦʚʘʥʠʷ (a), ʢʨʠʚʳʝ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʝʤʢʦʩʪʠ (ʙ), 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʮʠʢʣʘ (ʚ) ʠ ʦʪ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 

(ʛ) ʜʣʷ TNO, TNO-BM ʠ TNO/C 

 

ɻʨʘʥʫʣʦʤʝʪʨʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʙʨʘʟʮʳ 

TNO-BM ʠ TNO/C ʠʤʝʶʪ ʙʦʣʝʝ ʫʟʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʯʘʩʪʠʮ ʧʦ ʨʘʟʤʝʨʫ  
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(0,2 20 ʤʢʤ) (ʈʠʩʫʥʦʢ 2ʛ). ʉʨʝʜʥʠʡ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʜʣʷ ʦʙʨʘʟʮʦʚ TNO-BM ʠ 

TNO/C ʩʦʩʪʘʚʣʷʝʪ 2,13 ʠ 2,22 ʤʢʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʨʘʟʤʝʨʳ 

ʯʘʩʪʠʮ ʜʣʷ ʦʙʨʘʟʮʘ TNO ʚʘʨʴʠʨʫʶʪʩʷ ʦʪ 1 ʜʦ 100 ʤʢʤ, ʠ ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ 

ʩʦʩʪʘʚʣʷʝʪ 12,4 ʤʢʤ (ʈʠʩʫʥʦʢ 2ʛ). 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ ʊNO, TNO-BM ʠ TNO/C ʙʳʣʠ 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,0 ʜʦ 3,0 ɺ ʧʨʠ 

ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ C/10 5ʉ. ʅʘ ʠʭ ʟʘʨʷʜʥʦ-ʨʘʟʨʷʜʥʳʭ ʢʨʠʚʳʭ ʤʦʞʥʦ 

ʥʘʙʣʶʜʘʪʴ ʪʨʠ ʫʯʘʩʪʢʘ (ʈʠʩʫʥʦʢ 3ʘ). ɺ ʦʙʣʘʩʪʠ ʧʣʘʪʦ ʧʨʠ 1,6 ɺ 

ʠʥʪʝʨʢʘʣʷʮʠʷ/ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʣʠʪʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʅʘ 

ʥʘʯʘʣʴʥʦʤ ʠ ʢʦʥʝʯʥʦʤ ʫʯʘʩʪʢʘʭ ʢʨʠʚʦʡ ʮʠʢʣʠʨʦʚʘʥʠʷ 

ʠʥʪʝʨʢʘʣʷʮʠʷ/ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʣʠʪʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʅʘ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʭ ʢʨʠʚʳʭ ʮʠʢʣʠʨʦʚʘʥʠʷ (ʈʠʩʫʥʦʢ 3ʙ) ʰʠʨʦʢʠʡ 

ʧʝʨʝʢʨʳʚʘʶʱʠʡʩʷ ʧʠʢ ʧʨʠ 1,70 1,80 ɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʝ Ti
4+

/Ti
3+
, ʧʠʢ ʩ 

ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʧʨʠ 1,58 1,67 ɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʝ Nb
5+

/Nb
4+
, ʘ 

ʩʣʝʜʫʶʱʠʡ ʧʠʢ ʧʨʠ 1,28 1,35 ɺ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʘʨʝ Nb
4+

/Nb
3+

. 

ʅʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʨʘʟʨʷʜʥʳʝ ʝʤʢʦʩʪʠ ʩʦʩʪʘʚʣʷʶʪ 310, 322 ʠ 309 ʤɸʯ ʛ
-1
, 

ʟʘʨʷʜʥʳʝ (ʦʙʨʘʪʠʤʳʝ) ʝʤʢʦʩʪʠ  276, 267 ʠ 270 ʤɸʯ ʛ
-1
 ʜʣʷ TNO, TNO-BM ʠ 

TNO/C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʠʟʤʝʣʴʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ TNO-BM 

ʠ TNO/C ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ (ʈʠʩʫʥʦʢ 3ʚ). ʇʦʩʣʝ 50 

ʮʠʢʣʦʚ ʦʙʨʘʪʠʤʘʷ ʝʤʢʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 140, 224 ʠ 225 ʤɸʯ ʛ
-1
 ʜʣʷ TNO, TNO-BM ʠ 

TNO/C ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 3ʚ). 

ʅʘ ʈʠʩʫʥʢʝ 3ʛ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ TiNb2O7. ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ 

ʥʘʠʣʫʯʰʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʙʣʶʜʘʣʠʩʴ ʜʣʷ TNO/ʉ. ʇʨʠ ʩʢʦʨʦʩʪʠ 5ʉ ʦʙʨʘʪʠʤʘʷ 

ʝʤʢʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 143, 131 ʠ 161 ʤɸʯ ʛ
-1
 ʜʣʷ TNO, TNO-BM ʠ TNO/C 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʣʫʯʰʝʥʠʝ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ TNO/ʉ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ 

ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʷʱʝʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʫʛʣʝʨʦʜʥʦʡ ʤʘʪʨʠʮʳ, ʯʪʦ 

ʫʤʝʥʴʰʘʝʪ ʦʤʠʯʝʩʢʠʝ ʧʦʪʝʨʠ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ ʧʨʠ ʚʳʩʦʢʠʭ ʪʦʢʘʭ. 

ʏʪʦʙʳ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ 

ʠʦʥʦʚ ʣʠʪʠʷ DLi+ ʚ TiNb2O7 ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʟʘʨʷʜʘ/ʨʘʟʨʷʜʘ ʧʨʠʤʝʥʷʣʠ ʤʝʪʦʜ 

GITT (ʈʠʩʫʥʦʢ 4). ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ TiNb2O7 ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʤʠʥʠʤʫʤ 

ʟʥʘʯʝʥʠʡ DLi+ (ʈʠʩʫʥʦʢ 4ʙ), ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʘʪʦ ʧʨʠ 1,6 ɺ ʦʪʥ. Li
+
/Li , 

ʛʜʝ ʠʥʪʝʨʢʘʣʷʮʠʷ/ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʅʘ 

ʦʩʪʘʣʴʥʳʭ ʫʯʘʩʪʢʘʭ ʢʨʠʚʦʡ ʮʠʢʣʠʨʦʚʘʥʠʷ, ʛʜʝ ʠʤʝʝʪ ʤʝʩʪʦ ʦʜʥʦʬʘʟʥʳʡ 

ʤʝʭʘʥʠʟʤ, ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʚʳʰʝ. ʉʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ Li
+
 ʚ ʭʦʜʝ ʨʘʟʨʷʜʘ/ʟʘʨʷʜʘ ʜʣʷ TNO ʩʦʩʪʘʚʠʣʦ 7,3 ³ 10

-14
 

ʩʤ
2
 ʩ

-1
 / 9,1 ³ 10

-14
 ʩʤ

2
 ʩ

-1
. ɼʣʷ TNO-BM ʠ TNO/C ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝ, ʯʝʤ ʫ 

TNO, ʠ ʩʦʩʪʘʚʠʣʠ 1,8 ³ 10
-13

 ʩʤ
2
 ʩ

-1
 / 2,6 ³ 10

-13
 ʩʤ

2
 ʩ

-1
 ʠ 1,4 ³ 10

-13
 ʩʤ

2
 ʩ

-1
 / 1,5 ³ 

10
-13

 ʩʤ
2
 ʩ

-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʧʨʠ ʠʟʤʝʣʴʯʝʥʠʠ ʚ 

ʤʝʣʴʥʠʮʝ ʫʤʝʥʴʰʘʝʪʩʷ ʨʘʟʤʝʨ ʯʘʩʪʠʮ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʩʦʢʨʘʱʘʝʪʩʷ ʜʣʠʥʘ 

ʜʠʬʬʫʟʠʦʥʥʳʭ ʧʫʪʝʡ. 
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ʈʠʩʫʥʦʢ 4  ʂʨʠʚʳʝ GITT ʩ ʨʘʚʥʦʚʝʩʥʳʤʠ ʢʨʠʚʳʤʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʠ ʢʨʠʚʳʤʠ 

ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʝʤʢʦʩʪʠ (a), ʟʘʚʠʩʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ Li
+
 ʦʪ ʥʘʧʨʷʞʝʥʠʷ (ʙ) ʜʣʷ TNO, TNO-BM ʠ TNO/C 

 

ɺʦ ʚʪʦʨʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ 

ʢʘʪʠʦʥʥʦʛʦ ʟʘʤʝʱʝʥʠʷ TiNb2O7 ʢʘʪʠʦʥʘʤʠ V
5+

. ʅʘ ʈʠʩʫʥʢʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʜʦʧʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ Ti1-xVxNb2O7 (TNO-V1T, TNO-V5T) ʠ 

TiNb2-xVxO7 (TNO-V1N, TNO-V5N) (x = 0,01; 0,05) ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʩʭʦʜʥʳʤ 

TiNb2O7 (TNO). ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ ʦʜʥʦʬʘʟʥʳʤʠ, ʥʘ ʠʭ 

ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ɼʣʷ ʦʙʨʘʟʮʦʚ ʩ ʥʝʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ (TNO-V1T ʠ TNO-V1N) 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʫʚʝʣʠʯʝʥʥʳʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʫ 

ʦʙʨʘʟʮʦʚ ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ (TNO-V5T ʠ TNO-V5N) ʦʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʤʝʥʴʰʝ (ʈʠʩʫʥʦʢ 6ʘ). ʋʚʝʣʠʯʝʥʠʝ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʧʨʠ ʥʠʟʢʦʤ ʩʦʜʝʨʞʘʥʠʠ ʚʘʥʘʜʠʷ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʚʘʥʘʜʠʡ 

ʟʘʥʠʤʘʝʪ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʧʦʟʠʮʠʠ (ʈʠʩʫʥʦʢ 6ʙ). ʇʨʠ ʙʦʣʴʰʠʭ ʩʦʜʝʨʞʘʥʠʷʭ 

ʚʘʥʘʜʠʷ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʦʚ Ti ʠ Nb ʘʪʦʤʘʤʠ ʚʘʥʘʜʠʷ. ʇʦʩʢʦʣʴʢʫ 

ʠʦʥʥʳʡ ʨʘʜʠʫʩ V
5+

 (0,54 ¡) ʤʝʥʴʰʝ, ʯʝʤ ʫ Ti
4+

 (0,605 ¡) ʠ Nb
5+

 (0,64 ¡), ʦʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ (ʈʠʩʫʥʦʢ 6ʘ). ʅʘ ʈʠʩʫʥʢʝ 6ʘ 

ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʩʦʩʪʘʚ r Ti1-xVxNb2O7 ʠʤʝʁʪ ʙʦʣʴʰʠʡ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ, ʯʝʤ ʫ TiNb2-xVxO7. ɿʘʤʝʱʝʥʠʝ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʦʛʦ ʪʠʪʘʥʘ ʧʷʪʠʚʘʣʝʥʪʥʳʤ 

ʚʘʥʘʜʠʝʤ ʧʨʠʚʦʜʠʪ ʢ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ Ti
4+

 ʠʣʠ Nb
5+

 ʟʘ ʩʯʝʪ ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʡ ʧʨʠʤʝʩʠ. ɺ ʩʣʫʯʘʝ ʛʦʤʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ Nb
5+

 ʢʘʪʠʦʥʘʤʠ 

V
5+

 ʢʦʤʧʝʥʩʘʮʠʠ ʟʘʨʷʜʘ ʥʝ ʧʨʦʠʩʭʦʜʠʪ. 

ʄʝʪʦʜʦʤ ʧʦʣʠʵʜʨʦʚ ɺʦʨʦʥʦʛʦ-ɼʠʨʠʭʣʝ ʚ ʩʪʨʫʢʪʫʨʝ TiNb2O7 ʙʳʣʦ ʚʳʷʚʣʝʥʦ 

ʪʨʠ ʪʠʧʘ ʧʫʩʪʦʪ (ʈʠʩʫʥʦʢ 6ʙ) ʩ ʦʙʲʝʤʦʤ, ʧʨʝʚʳʰʘʶʱʠʤ ʩʨʝʜʥʠʡ ʦʙʲʝʤ ʧʦʣʠʵʜʨʘ 

ɺʦʨʦʥʦʛʦ ʜʣʷ ʘʪʦʤʘ ʚʘʥʘʜʠʷ (7,923 ¡
3
) ʚ 433 ʠʟʚʝʩʪʥʳʭ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʪʨʦʡʥʳʭ 
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ʦʢʩʠʜʘʭ ʩʦʩʪʘʚʘ AxV
V

yOz, ʛʜʝ A ï ʣʶʙʦʡ ʤʝʪʘʣʣ. ʉʦʛʣʘʩʥʦ ʨʘʩʯʝʪʘʤ ʊʌʇ, 

ʨʘʟʤʝʱʝʥʠʝ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ ʚ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʧʦʟʠʮʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠ 

ʥʝʚʳʛʦʜʥʦ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʥʝʦʙʷʟʘʪʝʣʴʥʦ ʛʦʚʦʨʷʪ ʦ ʥʝʚʦʟʤʦʞʥʦʩʪʠ 

ʨʘʟʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚʘʥʘʜʠʷ ʚ ʤʝʞʜʦʫʟʝʣʴʥʳʭ ʧʦʟʠʮʠʷʭ. ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠ 

ʜʦʧʠʨʦʚʘʥʠʠ TiNb2O7 ʢʘʪʠʦʥʘʤʠ V
5+

 ʜʦʣʷ ʤʝʞʜʦʫʟʝʣʴʥʦʛʦ ʚʘʥʘʜʠʷ ʜʦʩʪʘʪʦʯʥʦ 

ʤʘʣʘ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʥʘ ʬʦʨʤʫʣʴʥʫʶ ʝʜʠʥʠʮʫ, 

ʪʘʢ ʢʘʢ ʫ ʦʙʨʘʟʮʦʚ TNO-V1T ʠ TNO-V1N ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʚʘʥʘʜʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʟʥʠʮʘ ʚ ʦʙʲʝʤʝ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʈʠʩʫʥʦʢ 6ʘ). ʂʨʦʤʝ 

ʪʦʛʦ, ʨʘʩʯʝʪʳ ʊʌʇ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʢʘʪʠʦʥʥʦʝ ʟʘʤʝʱʝʥʠʝ ʘʪʦʤʘʤʠ V
5+

 ʚʳʛʦʜʥʦ ʢʘʢ 

ʚ ʧʦʜʨʝʰʝʪʢʝ ʪʠʪʘʥʘ, ʪʘʢ ʠ ʚ ʧʦʜʨʝʰʝʪʢʝ ʥʠʦʙʠʷ. 

 

 
ʈʠʩʫʥʦʢ 5  ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ Ti1-xVxNb2O7 (ʘ) ʠ TiNb2-xVxO7 (ʙ)  

(x = 0,00; 0,01; 0,05), ʫʪʦʯʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ 

 

ʄʝʪʦʜʦʤ ʊʌʇ ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʧʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ 

(ʈʠʩʫʥʦʢ 7) ʜʣʷ TiNb2O7, Ti0,92V0,08Nb2O7 ʠ TiNb1,92V0,08O7. ʐʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ 

ʟʦʥʳ ʜʣʷ ʯʠʩʪʦʛʦ TiNb2O7 ʩʦʩʪʘʚʠʣʘ 2,11 ʵɺ. ɿʘʤʝʱʝʥʠʝ Ti
4+

 ʢʘʪʠʦʥʘʤʠ V
5+

 

ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʜʦ 1,09 ʵɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʟʘʤʝʱʝʥʠʝ ʚ ʧʦʜʨʝʰʝʪʢʝ Nb
5+

 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʩʦʢʨʘʱʝʥʠʶ ʝʝ ʰʠʨʠʥ .r 

 

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80

2ẽ / ʛʨʘʜ.

(TNO)

(TNO-V1T)

(TNO-V5T)

Ti0,95V0,05Nb2O7
(ʘ) (ʙ) TiNb1,95V0,05O7

Ti0,99V0,01Nb2O7 TiNb1,99V0,01O7

TiNb2O7 TiNb2O7

2ẽ / ʛʨʘʜ.

(TNO)

(TNO-V1N)

(TNO-V5N)
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ʈʠʩʫʥʦʢ 6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʚʘʥʘʜʠʷ ʚ 

Ti1-xVxNb2O7 ʠ TiNb2-xVxO7 (ʘ), ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ TiNb2O7 ʩ ʫʢʘʟʘʥʠʝʤ 

ʪʨʝʭ ʪʠʧʦʚ ʧʫʩʪʦʪ, ʛʜʝ ʤʦʛʫʪ ʨʘʟʤʝʱʘʪʴʩʷ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʘʪʦʤʳ ʚʘʥʘʜʠʷ (ʙ) 

 

 
ʈʠʩʫʥʦʢ 7 ï ʇʣʦʪʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʣʷ TiNb2O7, Ti0,92V0,08Nb2O7 ʠ 

TiNb1,92V0,08O7 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ Ti1-xVxNb2O7 ʠ TiNb2-xVxO7 (x = 0,00; 

0,01; 0,05) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,0 ʜʦ 

3,0 ɺ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ C/10 5ʉ. ʅʘ ʧʝʨʚʦʤ ʮʠʢʣʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 0,1C 

ʨʘʟʨʷʜʥʳʝ ʝʤʢʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 310 ʤɸʯ ʛ
-1
 ʜʣʷ TNO, 353 ʤɸʯ ʛ

-1
 ʜʣʷ TNO-V1T,  

332 ʤɸʯ ʛ
-1
 ʜʣ̫ TNO-V5T, 330 ʤɸʯ ʛ

-1
 ʜʣʷ TNO-V1N ʠ 291 ʤɸʯ ʛ

-1
 ʜʣʷ TNO-V5N. 

ɿʘʨʷʜʥʳʝ (ʦʙʨʘʪʠʤʳʝ) ʝʤʢʦʩʪʠ  276, 286, 265, 281 ʠ 258 ʤɸʯ ʛ
-1
 ʜʣʷ TNO,  

TNO-V1T, TNO-V5T, TNO-V1N ʠ TNO-V5N ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʜʣʷ ʦʙʨʘʟʮʦʚ Ti1-xVxNb2O7 ʜʦʩʪʠʛʘʝʪʩʷ ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʦʝ ʮʠʢʣʠʨʦʚʘʥʠʝ (ʈʠʩʫʥʦʢ 

8ʘ). ʇʦʩʣʝ 50 ʮʠʢʣʦʚ ʦʙʨʘʪʠʤʘʷ ʝʤʢʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 244 ʠ 221 ʤɸʯ ʛ
-1
 ʜʣʷ TNO-

V1T ʠ TNO-V5T, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʈʠʩʫʥʦʢ 8ʘ). 

ʅʘ ʈʠʩʫʥʢʝ 8ʙ ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ ʜʣʷ ʦʙʨʘʟʮʦʚ Ti1-xVxNb2O7 ʠ TiNb2-xVxO7 (x = 0,00; 0,01; 0,05). ʇʨʠ 

ʩʢʦʨʦʩʪʠ 2ʉ ʫʜʝʣʴʥʘʷ ʝʤʢʦʩʪʴ ʦʙʨʘʟʮʦʚ TNO-V1T ʠ TNO-V5T ʩʦʩʪʘʚʠʣʘ 243 ʠ 
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215 ʤɸʯ ʛ
-1
, ʯʪʦ ʙʦʣʴʰʝ, ʯʝʤ ʜʣʷ ʠʩʭʦʜʥʦʛʦ TNO (165 ʤɸʯ ʛ

-1
). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ 

ʦʙʨʘʟʮʦʚ TNO-V1N ʠ TNO-V5N ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʚʝʣʠʯʝʥʠʷ 

ʝʤʢʦʩʪʠ (150 ʠ 156 ʤɸʯ ʛ
-1
 ʧʨʠ ʩʢʦʨʦʩʪʠ 2C, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʩʢʦʨʦʩʪʠ 5ʉ 

ʥʘʠʙʦʣʴʰʘʷ ʝʤʢʦʩʪʴ ʜʦʩʪʠʛʘʝʪʩʷ ʜʣʷ TNO-V1T (194 ʤɸʯ ʛ
-1
). ʇʨʠ ʪʦʡ ʞʝ 

ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʝʮ TNO-V5T ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʚʘʥʘʜʠʷ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣ 

ʤʝʥʴʰʫʶ ʝʤʢʦʩʪʴ (105 ʤɸʯ ʛ
-1
), ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʤʝʥʴʰʠʤ ʦʙʲʝʤʦʤ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʙʦʣʝʝ ʟʘʪʨʫʜʥʝʥʥʦʡ ʜʠʬʬʫʟʠʝʡ ʣʠʪʠʷ. 

 

 
ʈʠʩʫʥʦʢ 8  ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʮʠʢʣʘ (ʘ) ʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ (ʙ) ʜʣʷ Ti1-xVxNb2O7 ʠ TiNb2-xVxO7 (x = 0,00; 0,01; 0,05) 

 

 
ʈʠʩʫʥʦʢ 9 ï ɿʘʚʠʩʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ Li

+
 ʦʪ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ TNO-V1T, TNO-V5T, TNO-V1N ʠ TNO-V5N 
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ʄʝʪʦʜʦʤ GITT ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʣʠʪʠʷ DLi+ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʷʜʘ ʠ ʟʘʨʷʜʘ ʜʣʷ ʦʙʨʘʟʮʦʚ Ti1-xVxNb2O7 

ʠ TiNb2-xVxO7 (x = 0,01; 0,05) (ʈʠʩʫʥʦʢ 9). ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʯʠʩʪʦʛʦ TiNb2O7, ʜʣʷ 

ʚʩʝʭ ʜʦʧʠʨʦʚʘʥʥʳʭ ʚʘʥʘʜʠʝʤ ʦʙʨʘʟʮʦʚ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ 

ʟʥʘʯʝʥʠʡ DLi+, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʘʪʦ ʧʨʠ 1,6 ɺ ʦʪʥ. Li
+
/Li, ʛʜʝ 

ʠʥʪʝʨʢʘʣʷʮʠʷ/ʜʝʠʥʪʝʨʢʘʣʷʮʠʷ ʧʨʦʪʝʢʘʝʪ ʧʦ ʜʚʫʭʬʘʟʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʈʝʟʫʣʴʪʘʪʳ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʦʙʨʘʟʮʳ TNO-V1T ʠ TNO-V5T ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʩʦʢʠʝ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ DLi+ ʚ ʭʦʜʝ ʨʘʟʨʷʜʘ/ʟʘʨʷʜʘ, ʨʘʚʥʳʝ 3,7 Ĭ 10
-13

 / 3,0 Ĭ 10
-13

 ʩʤ
2
 ʩ

-1
 ʠ 3,5 Ĭ 

10
-13

 / 2,9 Ĭ 10
-13

 ʩʤ
2
 ʩ

-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʙʨʘʟʮʳ TNO-V1N ʠ  

TNO-V5N ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʤʝʥʴʰʠʝ ʟʥʘʯʝʥʠʷ DLi+, ʢʦʪʦʨʳʝ ʨʘʚʥʳ  

3,0 Ĭ 10
-13

 / 2,8 Ĭ 10
-13

 ʩʤ
2
 ʩ

-1
 ʠ 2,9 Ĭ 10

-13
 / 2,8 Ĭ 10

-13
 ʩʤ

2
 ʩ

-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʈʘʩʩʯʠʪʘʥʥʳʝ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʠʬʬʫʟʠʠ ʣʠʪʠʷ 

ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʩʢʦʨʦʩʪʥʳʭ ʠʩʧʳʪʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʈʠʩʫʥʢʝ 

8ʙ. 

ɺ ʪʨʝʪʴʝʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʨʠʠ ʩʦʩʪʘʚʦʚ 

FeyTi2-2yNb10+yO29 (y = 0,0; 0,4; 0,5; 0,6; 1,0). ʇʦʩʢʦʣʴʢʫ ʧʨʠ ʟʘʤʝʱʝʥʠʠ ʜʚʫʭ 

ʘʪʦʤʦʚ Ti
4+

 ʥʘ Fe
3+

 ʠ Nb
5+

 ʩʦʙʣʶʜʘʝʪʩʷ ʵʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʴ, ʪʦ ʫʚʝʣʠʯʝʥʠʷ 

ʵʣʝʢʪʨʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʟʘ ʩʯʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʵʣʝʢʪʨʦʥʥʳʭ ʜʝʬʝʢʪʦʚ 

(ʵʣʝʢʪʨʦʥʦʚ ʠʣʠ ʜʳʨʦʢ) ʥʝ ʦʞʠʜʘʝʪʩʷ, ʧʦʵʪʦʤʫ ʧʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ 

FeyTi2-2yNb10+yO29 ʧʦʜʚʝʨʛʘʣʠ ʜʠʩʧʝʨʛʠʨʦʚʘʥʠʶ ʩ ʫʛʣʝʨʦʜʦʤ ʇ277 ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

95:5 ʚ ʧʣʘʥʝʪʘʨʥʦʡ ʤʝʣʴʥʠʮʝ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 

ʫʛʣʝʨʦʜʦʤ. 

ʅʘ ʈʠʩʫʥʢʝ 10ʘ-ʜ ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ 

FeyTi2-2yNb10+yO29 (y = 0,0; 0,4; 0,5; 0,6; 1,0; ʜʘʣʝʝ ʠʤʝʥʫʝʤʳʝ ʢʘʢ TNO29, FTNO4, 

FTNO5, FTNO6 ʠ FNO, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤʠ, ʥʘ ʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤʤʘʭ ʦʪʩʫʪʩʪʚʫʶʪ ʨʝʬʣʝʢʩʳ ʧʨʠʤʝʩʥʳʭ ʬʘʟ. 

ʉʪʨʫʢʪʫʨʘ m-Ti2Nb10O29 ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʩʪʨʫʢʪʫʨʳ TiNb2O7 ʪʝʤ, ʯʪʦ ʦʥʘ ʧʦʩʪʨʦʝʥʘ 

ʠʟ ʙʣʦʢʦʚ (3 ³ 4)Ð (ʈʠʩʫʥʦʢ 10ʝ). ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʚ FeyTi2-

2yNb10+yO29 ʣʠʥʝʡʥʦ ʨʘʩʪʝʪ ʦʙʲʝʤ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʈʠʩʫʥʦʢ 10ʝ), ʯʪʦ ʩʚʷʟʘʥʦ 

ʩ ʙʦʣʴʰʠʤʠ ʠʦʥʥʳʤʠ ʨʘʜʠʫʩʘʤʠ Fe
3+

 ʚ ʚʳʩʦʢʦʩʧʠʥʦʚʦʤ ʩʦʩʪʦʷʥʠʠ (ɺʉ) (0,645 ¡) 

ʠ Nb
5+

 (0,64 ¡) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ Ti
4+

 (0,605 ¡). 

ɼʣʷ ʧʦʜʪʚʝʨʞʜʝʥʠʷ ʜʦʧʠʨʦʚʘʥʠʷ ʞʝʣʝʟʦʤ ʠ ʦʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʦʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʠʦʥʦʚ Fe ʦʙʨʘʟʮʳ FeyTi2-2yNb10+yO29 (y = 0,4; 0,5; 0,6; 1,0) ʠʩʩʣʝʜʦʚʘʣʠ 

ʤʝʪʦʜʦʤ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ (ʈʠʩʫʥʦʢ 10ʞ). ʉʧʝʢʪʨʳ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʦʜʠʥʦʯʥʳʤ ʜʫʙʣʝʪʦʤ ʩʦ ʩʭʦʞʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʠʟʦʤʝʨʥʦʛʦ 

ʩʜʚʠʛʘ ʧʦʨʷʜʢʘ ~0,38 ʤʤ ʩ
-1
, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʠʦʥʘʤ Fe

3+
 ʚ 

ʦʢʪʘʵʜʨʠʯʝʩʢʦʤ ʦʢʨʫʞʝʥʠʠ. ɿʥʘʯʝʥʠʷ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ ʤʝʞʜʫ ʩʦʙʦʡ 

ʩʭʦʞʠ ʠ ʙʣʠʟʢʠ ʢ 0,48 ʤʤ ʩ
-1
, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʠʩʢʘʞʝʥʠʡ ʦʢʪʘʵʜʨʦʚ FeO6 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ. ɺ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʢʩʪʝʪʦʚ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʨʠʤʝʩʝʡ ʦʢʩʠʜʦʚ ʞʝʣʝʟʘ. 
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ʈʠʩʫʥʦʢ 10 ï ɼʠʬʨʘʢʪʦʛʨʘʤʤʳ FeyTi2-2yNb10+yO29 (y = 0,0; 0,4; 0,5; 0,6; 1,0), 

ʫʪʦʯʥʝʥʥʳʝ ʤʝʪʦʜʦʤ ʈʠʪʚʝʣʴʜʘ (ʘ-ʜ), ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʝʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ 

FexTi2-2xNb10+xO29 ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ (ʝ), ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʭ ʦʙʨʘʟʮʦʚ FeyTi2-2yNb10+yO29 (ʞ) 

 

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʙʨʘʟʮʦʚ FeyTi2-2yNb10+yO29/ʉ (y = 0,0; 0,4; 0,5; 

0,6; 1,0) ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤʝ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1,0 ʜʦ 

3,0 ɺ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ C/10 20ʉ. ʅʘ ʈʠʩʫʥʢʝ 11ʘ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʙʨʘʟʮʦʚ FeyTi2-2yNb10+yO29/ʉ (y = 0,0; 0,4; 0,5; 0,6; 

1,0) ʦʪ ʥʦʤʝʨʘ ʮʠʢʣʘ ʧʨʠ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ 0,1ʉ. ɺʩʝ ʦʙʨʘʟʮʳ ʧʨʦʷʚʠʣʠ 

ʧʨʠʤʝʨʥʦ ʦʜʠʥʘʢʦʚʫʶ ʫʜʝʣʴʥʫʶ ʝʤʢʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʠ ʮʠʢʣʠʨʦʚʘʥʠʠ. ʅʘ 

ʧʝʨʚʦʤ ʮʠʢʣʝ ʧʨʠ ʩʢʦʨʦʩʪʠ 0,1C ʟʘʨʷʜʥʳʝ (ʦʙʨʘʪʠʤʳʝ) ʝʤʢʦʩʪʠ ʩʦʩʪʘʚʠʣʠ 274, 

308, 296, 283 ʤɸʯ ʛ
-1
 ʠ 282 ʤɸʯ ʛ

-1
 ʜʣʷ TNO29, FTNO4, FTNO5, FTNO6 ʠ FNO, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʦʩʣʝ 50 ʮʠʢʣʦʚ ʚʩʝ ʦʙʨʘʟʮʳ ʩʦʭʨʘʥʠʣʠ ʦʢʦʣʦ 80% ʝʤʢʦʩʪʠ, ʢʘʢ 

ʠ ʢʦʤʧʦʟʠʪ TiNb2O7/C. 
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ʈʠʩʫʥʦʢ 11 ï ɿʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʝʤʢʦʩʪʠ ʦʪ ʥʦʤʝʨʘ ʮʠʢʣʘ (ʘ) ʠ ʦʪ ʩʢʦʨʦʩʪʠ 

ʮʠʢʣʠʨʦʚʘʥʠʷ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ FeyTi2-2yNb10+yO29/ʉ (y = 0,0; 0,4; 0,5; 0,6; 1,0) 

 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʮʠʢʣʠʨʦʚʘʥʠʷ ʥʘʯʠʥʘʝʪ ʧʨʦʷʚʣʷʪʴʩʷ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʦʙʨʘʟʮʘʤʠ (ʈʠʩʫʥʦʢ 11ʙ). ʆʙʨʘʟʮʳ TNO29 ʠ FNO ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʧʨʘʢʪʠʯʝʩʢʠ ʠʜʝʥʪʠʯʥʳʝ ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʠ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʩʢʦʨʦʩʪʠ 5C ʦʥʠ 

ʩʦʩʪʘʚʠʣʠ 216 ʠ 212 ʤɸʯ ʛ
-1
 ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʘ ʵʪʠʭ ʢʦʤʧʦʟʠʪʘ, Ti2Nb10O29/C ʠ 

FeNb11O29/C, ʧʨʝʚʦʩʭʦʜʷʪ TiNb2O7/ʉ (168 ʤɸʯ ʛ
-1
 ʧʨʠ ʩʢʦʨʦʩʪʠ 5C), ʧʦʣʫʯʝʥʥʳʡ ʚ 

ʪʝʭ ʞʝ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ 10C ʠ 20ʉ ʦʙʨʘʟʝʮ 

TNO29 ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʫʜʝʣʴʥʫʶ ʝʤʢʦʩʪʴ 167 ʠ 93 ʤɸʯ ʛ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ 

ʦʙʨʘʟʝʮ FNO ï 157 ʠ 80 ʤɸʯ ʛ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʙʨʘʟʝʮ FTNO6 ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʠ ʧʨʠ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ 0.1ï5ʉ ʯʫʪʴ ʚʳʰʝ, ʯʝʤ TNO29 ʠ 

FNO, ʘ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʩʢʦʨʦʩʪʷʭ ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʠ ʩʪʘʥʦʚʷʪʩʷ ʙʣʠʟʢʠʤʠ ʢ 

TNO29 ʠ FNO (167 ʠ 98 ʤɸʯ ʛ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʇʨʠ ʩʢʦʨʦʩʪʷʭ ʮʠʢʣʠʨʦʚʘʥʠʷ 

5C, 10C ʠ 20C ʥʘʠʙʦʣʴʰʠʝ ʫʜʝʣʴʥʳʝ ʝʤʢʦʩʪʠ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʦʙʨʘʟʮʳ FTNO4 

(249, 224 ʠ 183 ʤɸʯ ʛ
-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʠ FTNO5 (249, 230 ʠ 197 ʤɸʯ ʛ

-1
, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). 

ʄʝʪʦʜʦʤ GITT ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʜʠʬʬʫʟʠʠ ʣʠʪʠʷ DLi+ ʚ ʭʦʜʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʷʜʘ ʠ ʟʘʨʷʜʘ ʜʣʷ ʦʙʨʘʟʮʦʚ 

FeyTi2-2yNb10+yO29/ʉ (y = 0,0; 0,4; 0,5; 0,6; 1,0) (ʈʠʩʫʥʦʢ 12). ɼʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ 

ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʣʦʢʘʣʴʥʳʡ ʤʠʥʠʤʫʤ DLi+, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʣʘʪʦ ʧʨʠ 

1,67 ɺ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʜʚʫʭʬʘʟʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʠʥʪʝʨʢʘʣʷʮʠʠ ʣʠʪʠʷ. ʆʙʨʘʟʮʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʪʠʪʘʥ, ʠʤʝʶʪ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʫʶ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ DLi+ ʜʣʷ 

ʧʣʘʪʦ ʧʨʠ 1,67 ɺ ʠ ʜʣʷ ʦʜʥʦʬʘʟʥʦʡ ʦʙʣʘʩʪʠ ʧʨʠ 1,5ï1,2 ɺ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʦʙʨʘʟʮʘ FNO ʵʪʘ ʨʘʟʥʠʮʘ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʘ. 

ʉ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʞʝʣʝʟʘ ʟʥʘʯʝʥʠʝ DLi+ ʜʣʷ ʧʣʘʪʦ ʧʨʠ 1,67 ɺ 

ʨʘʩʪʝʪ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ ʦʙʣʘʩʪʠ 1,5ï1,2 ɺ ʦʥʦ ʩʥʠʞʘʝʪʩʷ. ʆʙʨʘʟʝʮ FTNO5 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʨʦʤʠʩʩ ʤʝʞʜʫ ʵʪʠʤʠ ʜʚʫʤʷ ʢʦʨʨʝʣʷʮʠʷʤʠ, ʧʦʵʪʦʤʫ ʦʥ 

ʠʤʝʝʪ ʥʘʠʙʦʣʴʰʝʝ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ DLi+, ʨʘʚʥʦʝ 3,5 ³ 10
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/4,5 ³ 10
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c
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 ʜʣʷ 

ʨʘʟʨʷʜʘ/ʟʘʨʷʜʘ (ʈʠʩʫʥʦʢ 12ʝ). ʆʙʨʘʟʮʳ FTNO4 ʠ FTNO6 ʠʤʝʶʪ ʯʫʪʴ ʤʝʥʴʰʠʝ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ DLi+ (3,5 ³ 10
-13

/4,0 ³ 10
-13

 cʤ
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 ʠ 3,3 ³ 10

-13
/3,7 ³ 10
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ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʯʝʤ FTNO5, ʘ ʦʙʨʘʟʮʳ TNO29 ʠ FNO ʠʤʝʶʪ ʥʘʠʤʝʥʴʰʠʝ 


