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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʦʪʜʝʣʝ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʬʝʜʝʨʘʣʴʥʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʘʚʪʦʥʦʤʥʦʛʦ ʦʙʨʘʟʦʚʘ-

ʪʝʣʴʥʦʛʦ ʫʯʨʝʞʜʝʥʠʷ ʚʳʩʰʝʛʦ ʧʨʦʬʝʩʩʠʦʥʘʣʴʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ çʖʞʥʳʡ ʬʝ-

ʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè, ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ. 

 

ʅʘʫʯʥʳʡ ʨʫʢʦʚʦʜʠʪʝʣʴ: ʜʦʢʪʦʨ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, 

ʧʨʦʬʝʩʩʦʨ ʈʝʟʥʠʯʝʥʢʦ ʃʘʨʠʩʘ ɸʥʜʨʝʝʚʥʘ 
 

ʆʬʠʮʠʘʣʴʥʳʝ ʦʧʧʦʥʝʥʪʳ: ʃʫʥʠʥ ʃʝʦʥʠʜ ʉʝʨʛʝʝʚʠʯ, 

ʟʘʩʣʫʞʝʥʥʳʡ ʜʝʷʪʝʣʴ ʥʘʫʢʠ ʈʌ, ʜʦʢʪʦʨ    

ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, 

ʌɻɹʆʋ ɺʇʆ çʖʞʥʦ-ʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨ-

ʩʪʚʝʥʥʳʡ ʧʦʣʠʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

(ʅʇʀ) ʠʤ. ʄ.ʀ. ʇʣʘʪʦʚʘè, ʟʘʚʝʜʫʶʱʠʡ   

ʢʘʬʝʜʨʦʡ çʅʘʥʦʪʝʭʥʦʣʦʛʠ ̫ʚ ʵʣʝʢʪʨʦʥʠʢʝè 

  

ɻʘʜʞʠʝʚ ɻʘʜʞʠ ɻʘʤʟʘʝʚʠʯ, 

ʢʘʥʜʠʜʘʪ ʬʠʟʠʢʦ-ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ,   

ɼʘʛʝʩʪʘʥʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈɸʅ, ʚʝʜʫʱʠʡ 

ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ 

 

ɺʝʜʫʱʘʷ ʦʨʛʘʥʠʟʘʮʠʷ: ʌɻɹʆʋ ɺʇʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʫʥʠʚʝʨʩʠʪʝʪè (ʛ. ʊʚʝʨʴ) 

ɿʘʱʠʪʘ ʜʠʩʩʝʨʪʘʮʠʠ ʩʦʩʪʦʠʪʩʷ 17 ʜʝʢʘʙʨʷ 2014 ʛʦʜʘ ʚ 15
00

 ʯʘʩʦʚ ʥʘ ʟʘʩʝʜʘʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ ɼ 212.076.02 ʧʨʠ ʌɻɹʆʋ ɺʇʆ çʂʘʙʘʨʜʠʥʦ-

ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘè ʧʦ ʘʜʨʝʩʫ: 

360004, ʛ. ʅʘʣʴʯʠʢ, ʫʣ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ, 173.  

 

ʉ ʜʠʩʩʝʨʪʘʮʠʝʡ ʤʦʞʥʦ ʦʟʥʘʢʦʤʠʪʴʩʷ ʚ ʙʠʙʣʠʦʪʝʢʝ ʌɻɹʆʋ ɺʇʆ çʂʘʙʘʨʜʠ-

ʥʦ-ɹʘʣʢʘʨʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ʍ.ʄ. ɹʝʨʙʝʢʦʚʘè ʠ ʥʘ ʩʘʡʪʝ 

http://diser.kbsu.ru. 

 

 

ɸʚʪʦʨʝʬʝʨʘʪ ʨʘʟʦʩʣʘʥ ç____è ____________ 2014 ʛʦʜʘ 

 

 

 

 

ʋʯʝʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʩʦʚʝʪʘ       ɸ. ɸ. ɸʭʢʫʙʝʢʦʚ 
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ʆɹʑɸʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂɸ ʈɸɹʆʊʓ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʅʘʠʙʦʣʝʝ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʚ ʬʠʟʠʢʝ ʢʦʥ-

ʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʬʠʟʠʢʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [1]. 

ʇʨʠ ʵʪʦʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʥʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠ ʨʘʟʨʘ-

ʙʦʪʯʠʢʦʚ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʦʡ ʘʧʧʘʨʘʪʫʨʳ ʧʨʠʚʣʝʢʘʶʪ ʤʘʪʝʨʠʘʣʳ, ʥʝ ʩʦʜʝʨ-

ʞʘʱʠʝ ʪʦʢʩʠʯʥʳʝ ʵʣʝʤʝʥʪʳ, ʯʪʦ ʧʨʦʜʠʢʪʦʚʘʥʦ ʚʚʝʜʝʥʠʝʤ ʥʦʚʦʡ ʟʘʢʦʥʦʜʘ-

ʪʝʣʴʥʦʡ ʙʘʟʳ (DIRECTIVE 2002/95/EC OF THE EUROPEAN PARLIAMENT 

AND OF THE COUNCIL of 27 January 2003 on the restriction of the use of cer-

tain hazardous substances in electronic equipment // Official Journal of the Euro-

pean Union. ï 2003. ï̄  37. ï P. 19-23.), ʟʘʧʨʝʱʘʶʱʝʡ ʪʨʘʜʠʮʠʦʥʥʦʝ ʧʨʠʤʝ-

ʥʝʥʠʝ ʩʚʠʥʮʘ ʚ ʧʴʝʟʦʪʝʭʥʠʯʝʩʢʠʭ ʦʪʨʘʩʣʷʭ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ʚʦʟʦʙʥʦʚʠʣʩʷ ʠ 

ʫʩʠʣʠʣʩʷ ʠʥʪʝʨʝʩ ʢ ʢʦʤʧʦʟʠʮʠʷʤ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ 

(ʅʑʄ) [2], ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ (BiFeO3) ï ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʙʘʟʦʚʳʤ ʩʨʝʜʘʤ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʫʩʪʨʦʡʩʪʚ ʤʠʢʨʦ-, ʥʘʥʦʵʣʝʢʪʨʦʥʠʢʠ, ʩʧʠʥʪʨʦʥʠʢʠ. ʆʜʥʘʢʦ, ʥʝ ʫʯʝʪ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʝʛʦ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦ-

ʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʝʢʪʦʚ ʧʨʠʚʝʣ ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʢ ʥʝʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʠ ʥʝʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʧʦʣʫʯʘʝʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢ-

ʞʝ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘ ʧʨʘʢʪʠʢʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʝʜʩʪʘʚʣʷ-

ʝʪʩʷ ʘʢʪʫʘʣʴʥʳʤ ʫʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʬʦʨʤʠ-

ʨʦʚʘʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʩʚʷʟʝʡ ʤʝʞʜʫ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤʠ ʭʘʨʘʢʪʝʨʠ-

ʩʪʠʢʘʤʠ ʩʪʨʫʢʪʫʨʳ, ʟʝʨʝʥʥʳʤ ʩʪʨʦʝʥʠʝʤ ʠ ʤʘʢʨʦʦʪʢʣʠʢʘʤʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦ-

ʨʦʚ (ʊʈ) ʥʘ ʦʩʥʦʚʝ ʅʑʄ, BiFeO3, ʯʪʦ ʠ ʩʪʘʣʦ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʥʝʦʙʭʦʜʠʤʦ ʨʝʰʠʪʴ ʩʣʝʜʫʶʱʠʝ 

ʟʘʜʘʯʠ: 

1. ʆʩʫʱʝʩʪʚʠʪʴ ʘʥʘʣʠʟ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦ ʅʑʄ (ʩ ʘʢʮʝʥ-

ʪʦʤ ʥʘ ʊʈ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ ï ʣʠʪʠʷ), ʢʦʤʧʦʟʠʮʠʷʭ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ. 

2. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʫʩʣʦʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʥʘ ʧʨʦʮʝʩʩʳ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʳʙʨʘʥʥʳʭ ʦʙʲʝʢʪʦʚ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʦʧ-

ʪʠʤʠʟʠʨʦʚʘʪʴ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ ʠʭ ʧʦʣʫʯʝʥʠʷ ʩ ʥʘʜʝʞʥʳʤʠ, ʚʦʩ-

ʧʨʦʠʟʚʦʜʠʤʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

3. ʆʧʨʝʜʝʣʠʪʴ ʧʫʪʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 
ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʊʈ ʚʘʨʠʘʮʠʝʡ ʠʭ ʫʩʣʦʚʠʡ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ, ʷʚʣʷʶʱʠʭʩʷ  

ʢʘʢ ʜʝʪʘʣʷʤʠ ʪʝʭʥʦʣʦʛʠʡ, ʪʘʢ ʠ ʧʨʦʚʦʜʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 

4. ʋʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʚʝʱʝʩʪʚʘʤ ʥʝ-

ʢʦʪʦʨʳʭ ʦʙʱʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʢʦʨʨʝʣʷʮʠʦʥʥʦʡ ʩʚʷʟʠ ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ï 

ʩʚʦʡʩʪʚʘ ʠ ʧʨʠʨʦʜʝ ʘʥʦʤʘʣʴʥʳʭ ʷʚʣʝʥʠʡ ʚ ʦʙʣʘʩʪʷʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʠ ʧʦʣʠ-

ʤʦʨʬʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ  ʚʳʷʚʠʪʴ ʩʧʝʮʠʬʠʢʫ ʤʘʢʨʦʦʪʢʣʠʢʦʚ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʠ-

ʩʪʝʤʘʭ, ʩʚʷʟʘʥʥʫʶ ʩ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʠʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. 

5. ɺʳʙʨʘʪʴ ʥʘ ʙʘʟʝ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʝʨʩʧʝʢ-

ʪʠʚʥʳʝ ʦʩʥʦʚʳ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʚ ʵʣʝʢʪʨʦʥʠʢʝ, ʦʩʫʱʝʩʪʚʠʪʴ ʢʦʤʧʣʝʢʩ ʤʝʨ ʧʦ ʦʭʨʘʥʝ ʩʦʟʜʘʥʥʦʡ ʠʥʪʝʣʣʝʢʪʫ-

ʘʣʴʥʦʡ ʩʦʙʩʪʚʝʥʥʦʩʪʠ. 
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ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

ï ʊʈ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ ʥʠʦʙʘʪʦʚ ʥʘʪʨʠʷ ï ʤʝʜʠ (1-ʭ)NaNbO3ïʭ/2CuNb2O6, 

0.00 ÒʭÒ 0.1625, ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʡ ʰʘʛ ȹʭ = 0.0125,  

ï ʊʈ ʥʘ ʦʩʥʦʚʝ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ (Na, Li)NbO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 

(1õ3) ʤʘʩʩ.% CuO, SnO2, MnO2, (MnO2+ CuO), ȹʭ = 1 ʤʘʩʩ %; (0.5õ3) ʤʘʩʩ.% 

NiO ʠ (Bi2O3+Fe2O3), ȹʭ = 0.5 ʤʘʩʩ %; 

ï ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3, ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ 0.5 ʤʘʩʩ.% CoO, NiO, CuO, 

ZnO, Cr2O3, MnO2, Li 2CO3, B2O3, TiO2, Nb2O5. 

ʊʚʝʨʜʦʪʝʣʴʥʳʝ ʩʦʩʪʦʷʥʠʷ ʦʙʲʝʢʪʦʚ: ʜʠʩʧʝʨʩʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ 

(ʰʠʭʪʳ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʧʦʨʦʰʢʠ, ʠʟʤʝʣʴʯʝʥʥʳʝ ʧʦʣʠʢʨʠʩʪʘʣʣʳ), ʢʝʨʘʤʠʢʠ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʭʦʜʝ ʚʳʧʦʣʥʝʥʠʷ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ: 

ï ʫʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ  

(1-ʭ) NaNbO3ï x/2CuNb2O6 (0.00 Ò x Ò 0.1625, ȹx = 0.0125) ʚ ʧʨʦʮʝʩʩʝ ʧʨʠʛʦ-

ʪʦʚʣʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ; ʚʳʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʭ ʨʝʢʨʠ-

ʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʩʧʝʢʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ; ʧʦʢʘʟʘʥʘ ʟʘʚʠ-

ʩʠʤʦʩʪʴ ʩʚʦʡʩʪʚ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ Nb2O5; ʧʦʩʪʨʦʝʥʘ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠ-

ʩʪʝʤʳ, ʩʦʜʝʨʞʘʱʘʷ ʩʣʦʞʥʫʶ ʤʦʨʬʦʪʨʦʧʥʫʶ ʦʙʣʘʩʪʴ; ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʳ 

ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʜʠʩʧʝʨʩʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʚʣʠʷʥʠʝʤ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ; 

ï ʚʳʷʚʣʝʥʳ ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ ʩʚʷʟʠ ʩʦʩʪʘʚ ï ʩʪʨʫʢʪʫʨʘ ïʩʚʦʡʩʪʚʘ; ʨʘʟʨʘʙʦʪʘʥʘ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʨʝʘʣʠʟʦʚʘʥʘ ʩʭʝʤʘ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʷ ʊʈ, ʚʢʣʶʯʘʶʱʠʭ 

(Na,Li)NbO3, ʤʦʥʦʦʢʩʠʜʘʤʠ Mn, Cu, Ni ʠ ʩʣʦʞʥʳʤʠ ʜʦʙʘʚʢʘʤʠ MnO2+CuO, 

Bi2O3+Fe2O3; ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʚʦʟʥʠʢʘ-

ʶʱʠʭ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʢʘʯʝʩʪʚʝʥʥʦ-ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʢʦʪʦʨʳʭ ʟʘʚʠ-

ʩʠʪ ʦʪ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʚʦʜʠʤʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ; ʢʦʤʧʣʝʢʩʦʤ ʤʝʪʦʜʦʚ ʫʩʪʘʥʦʚ-

ʣʝʥʘ ʣʦʢʘʣʠʟʘʮʠʷ ʠʦʥʦʚ-ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʟʦʚʳʭ ʊʈ;  

ï ʧʦʢʘʟʘʥʳ ʧʫʪʠ ʧʦʚʳʰʝʥʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ BiFeO3 ʧʫʪʝʤ ʣʝʛʠʨʦʚʘ-

ʥʠʷ d-ʵʣʝʤʝʥʪʘʤʠ (Mn, Co, Ni), ʘ ʪʘʢʞʝ ʦʢʩʠʜʘʤʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʭ ʠʦʥʦʚ 

(Nb
+5

,Ti
+4
); ʫʩʪʘʥʦʚʣʝʥʦ ʚʣʠʷʥʠʝ ʩʧʝʮʠʬʠʢʠ ʚʚʦʜʠʤʳʭ ʠʦʥʦʚ ʥʘ ʭʘʨʘʢʪʝʨ ʩʚʷʟʥʦ-

ʩʪʠ ʠ ʤʦʨʬʦʣʦʛʠʶ ʟʝʨʝʥ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ; ʚʳʷʚʣʝʥʳ ʤʝʭʘʥʠʟ-

ʤʳ ʫʚʝʣʠʯʝʥʠʷ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ BiFeO3 ʧʨʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ ʚʳʩʦʢʦʟʘʨʷʜʥʳʤʠ 

ʠ ʥʠʟʢʦʟʘʨʷʜʥʳʤʠ ʠʦʥʘʤʠ; ʦʧʨʝʜʝʣʝʥʘ ʨʦʣʴ ʜʝʬʝʢʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʚ ʬʦʨʤʠʨʦʚʘ-

ʥʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ BiFeO3 ʚ ʦʢʨʝʩʪʥʦʩʪʠ 100 Üʉ; 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ 

ʇʨʠ ʚʳʧʦʣʥʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʘʚʪʦʨʦʤ (ʩʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʦʪ-

ʜʝʣʘ ʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ) ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ: 

ï ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʝʨʘʤʠʯʝʩʢʠʡ ʤʘʪʝʨʠʘʣ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡʩʷ  ʩʨʝʜʥʠʤ 

ʟʥʘʯʝʥʠʝʤ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů33
ʊ
/Ů0 ~ 121), ʜʦ-

ʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʤʠ ʧʴʝʟʦʤʦʜʫʣʝʤ (d33 ~ 45 ʧʂʣ/ʅ), ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ 

(g33 ~ 42 ʤɺĀʤ/ʅ), ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (Kp ~ 0.19), ʚʳ-

ʩʦʢʦʡ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʴʶ (Qm ~ 516), ʠ ʩʢʦʨʦʩʪʴʶ ʟʚʫʢʘ (V1
E
 ~ 5.8 

ʂʤ/ʩ), ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʩʨʝʜʥʝʯʘʩʪʦʪʥʳʭ ʨʘʜʠʦʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚʘʭ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʨʝʞʠʤʝ ʧʨʠʝʤʘ (ʇʘʪʝʥʪ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ ˉ 2498959 



5 

 

ʦʪ 20.11.2013. ʧʦ ʟʘʷʚʢʝ ˉ 2011145119/03(067608.) ʦʪ 09.11.2011 (ʧʨʠʦʨʠʪʝʪ). 

ʄʇʂ ʉ04ɺ 35/495 (2006.01). ʆʧʫʙʣʠʢʦʚʘʥ 20.11.2013. ɹʶʣ. ˉ 32.; 

ï ʤʝʪʦʜʠʢʠ, ʘʪʪʝʩʪʦʚʘʥʥʳʝ ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʡ ʩʣʫʞʙʦʡ ʩʪʘʥʜʘʨʪʥʳʭ ʩʧʨʘʚʦʯʥʳʭ 

ʜʘʥʥʳʭ (ɻʉʉʉɼ) ʈʦʩ. ʥ-ʪ. ʮʝʥʪʨʘ ʠʥʬʦʨʤʘʮʠʠ ʧʦ ʩʪʘʥʜʘʨʪʠʟʘʮʠʠ, ʤʝʪʨʦʣʦʛʠʠ ʠ 

ʦʮʝʥʢʝ ʩʦʦʪʚʝʪʩʪʚʠʷ (ʌɻʋʇ çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè, ʛ. ʄʦʩʢʚʘ); ʚ ʪʦʤ ʯʠʩʣʝ, 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʨʝʚʝʨʩʠʚʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘ-

ʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (300 õ 450) ʂ, ʯʘʩʪʦʪ ʧʝʨʝʤʝʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (10
2
 õ 10

5
) ɻʮ ʠ ʥʘʧʨʷʞʝʥʥʦʩʪʝʡ ʧʦʩʪʦʷʥʥʦʛʦ ʩʤʝʱʘʶ-

ʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ (0 õ 30) ʢɺ/ʩʤ // ɸʪʪʝʩʪʘʪ ˉ 199 ʦʪ 16.05.2012 ʛ. 

 ̄ɻʉʉʉɼ ʄʕ 199 ï 2012 ʌɻʋʇ çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè; 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʨʘʟ-

ʣʠʯʥʳʭ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʫʣʴʪʠʬʝʨʨʦʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʰʠʨʦʢʦʤ 

ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ (300 õ 750) ʂ ʠ ʯʘʩʪʦʪ (1 õ 2Ț10
6
) ɻʮ // ɸʪʪʝʩʪʘʪ ˉ 200 

ʦʪ 16.05.2012. ˉ ɻʉʉʉɼ ʄʕ 200 ï 2012 ʌɻʋʇ çʉʪʘʥʜʘʨʪʠʥʬʦʨʤè. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ɺ ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʦʚʳʭ ʩʦʩʪʦʷʥʠʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦʵʣʝʢʪʨʠʯʝ-

ʩʢʠʭ ʠ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚ ʊʈ ʩʠʩʪʝʤʳ (1-ʭ) NaNbO3 ï x/2CuNb2O6 (0.00 Ò x Ò 0.1625, 

ȹx = 0.0125) ʢʨʠʪʠʯʝʩʢʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʧʨʝʜʳʩʪʦʨʠʷ, ʩ ʢʦʪʦʨʦʡ 

ʩʚʷʟʘʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʣʦʞʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʳʭ ʩʨʝʜ. 

2. ʈʦʩʪ ʤʝʭʘʥʠʯʝʩʢʦʡ ʜʦʙʨʦʪʥʦʩʪʠ ʠ ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʥʘ ʬʦʥʝ 

ʩʥʠʞʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʝʡ, ʧʦʪʝʨʴ ʠ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʭ ʦʢʩʠʜʘʤʠ Cu, Ni, Mn ʢʝʨʘʤʠʢʘʭ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʦʚ 

ʥʘʪʨʠʷ-ʣʠʪʠʷ ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʟʦʚʘʥʠʝʤ ʘʥʠʦʥʥʦʜʝʬʠʮʠʪʥʳʭ ʠ ʘʥʠʦʥʥʦʠʟʙʳ-

ʪʦʯʥʳʭ ʊʈ ʧʦʚʳʰʝʥʥʦʡ ʩʝʛʥʝʪʦʞʝʩʪʢʦʩʪʠ. 

3. ɸʥʦʤʘʣʠʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ BiFeO3 

ʚʙʣʠʟʠ 100 Üʉ ʷʚʣʷʶʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʠʟʤʝʥʝʥʠʡ ʝʛʦ ʨʝʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʠʠ Co, Ni, Zn; ʚ ʩʣʫʯʘʝ ʩ Ti, ʝʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ ʚʭʦʞʜʝ-

ʥʠʝ ʚ ʙʘʟʦʚʫʶ ʨʝʰʝʪʢʫ ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʜʝʬʝʢʪʥʦʩʪʠ ʠ ʧʦʚʳʰʝʥʠʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʦʙʲʝʢʪʦʚ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʨʝʟʫʣʴʪʘʪʦʚ 

ʅʘʜʝʞʥʦʩʪʴ ʠ ʜʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʦʙʫʩʣʦʚ-

ʣʝʥʳ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʤʧʣʝʢʩʘ ʚʟʘʠʤʦʜʦʧʦʣʥʷʶʱʠʭ ʵʢʩʧʝ-

ʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ; ʩʦʛʣʘʩʠʝʤ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦ-

ʣʫʯʝʥʥʳʭ ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ; ʧʨʠʤʝʥʝʥʠʝʤ ʘʧʨʦʙʠʨʦʚʘʥʥʳʭ ʤʝʪʦʜʠʢ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʘʪʪʝʩʪʦʚʘʥʥʳʭ ɻʉʉʉɼ, ʠ ʤʝʪʨʦʣʦʛʠʯʝʩʢʠ ʘʪ-

ʪʝʩʪʦʚʘʥʥʦʡ ʧʨʝʮʠʟʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʡ ʠ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʘʧʧʘʨʘʪʫʨʳ, ʚ 

ʪʦʤ ʯʠʩʣʝ, ʚʳʧʫʩʢʘ 2004-2012 ʛʛ.; ʧʨʦʚʝʜʝʥʠʝʤ ʠʟʤʝʨʝʥʠʡ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʦʙ-

ʨʘʟʮʦʚ ʢʘʞʜʦʛʦ ʩʦʩʪʘʚʘ, ʧʦʢʘʟʘʚʰʠʭ ʭʦʨʦʰʫʶ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ ʩʚʦʡʩʪʚ. 

ɸʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʩʠʤʧʦʟʠʫʤʘʭ, ʢʦʥ-

ʬʝʨʝʥʮʠʷʭ, ʩʦʚʝʱʘʥʠʷʭ ʠ ʩʝʤʠʥʘʨʘʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ: IV ʄʝʞʜʫʥʘʨʦʜʥʳʡ 

ʢʦʥʛʨʝʩʩ (V ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ) çʕʢʦʣʦʛʠʷ ʠ 

ʙʝʟʦʧʘʩʥʦʩʪʴ ʞʠʟʥʝʜʝʷʪʝʣʴʥʦʩʪʠ ʧʨʦʤʳʰʣʝʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʳʭ ʢʦʤʧʣʝʢʩʦʚè 
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(çELPIT ï 2011, 2013è), ʛ. ʊʦʣʴʷʪʪʠ - ʛ. ʉʘʤʘʨʘ, 2011, 2013; II  ʄʝʞʜʫʥʘʨʦʜ-

ʥʳʡ ʤʦʣʦʜʝʞʥʳʡ ʩʠʤʧʦʟʠʫʤ çʌʠʟʠʢʘ ʙʝʩʩʚʠʥʮʦʚʳʭ ʧʴʝʟʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠ-

ʘʣʦʚ. (ɸʥʘʣʠʟ ʩʦʚʨʝʤʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ)è (çLFPM ï 

2013è), ʛ. ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ ï ʛ. ʊʫʘʧʩʝ, 2013. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʆʅ ʈʌ (ʙʘʟʦʚʘʷ ʠ ʧʨʦ-

ʝʢʪʥʘʷ ʯʘʩʪʠ ʛʦʩ. ʟʘʜʘʥʠʷ ʪʝʤʳ ˉ 213.01-11/2014-21, 213.01-2014/012-ɺɻ, ʠ 

3.1246.2014/ʂ) ʠ ʌʎʇ (ɻʂ ˉ 14.575.21.0007). 

ʇʫʙʣʠʢʘʮʠʠ 
ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʪʨʘʞʝʥʳ ʚ 9-ʪʠ ʩʪʘʪʴʷʭ, ʠʟ ʢʦʪʦ-

ʨʳʭ 6 ʦʧʫʙʣʠʢʦʚʘʥʳ ʚ ʮʝʥʪʨʘʣʴʥʳʭ ʦʪʝʯʝʩʪʚʝʥʥʳʭ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ 

ʇʝʨʝʯʝʥʴ ʚʝʜʫʱʠʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʥʘʫʯʥʳʭ ʞʫʨʥʘʣʦʚ ʠ ʠʟʜʘʥʠʡ, ʨʝʢʦʤʝʥʜʦ-

ʚʘʥʥʳʭ ɺɸʂ ʈʌ, ʠ ʦʜʥʦʤ ʧʘʪʝʥʪʝ ʈʌ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʚ ʨʘʟʨʘʙʦʪʢʫ ʧʨʦʙʣʝʤʳ 

ɸʚʪʦʨʦʤ ʣʠʯʥʦ ʦʧʨʝʜʝʣʝʥʳ ʟʘʜʘʯʠ, ʨʝʰʘʝʤʳʝ ʚ ʨʘʙʦʪʝ; ʩʦʙʨʘʥʳ ʠ 

ʦʙʦʙʱʝʥʳ ʚ ʚʠʜʝ ʘʥʘʣʠʪʠʯʝʩʢʦʛʦ ʦʙʟʦʨʘ ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʚʝʜʝʥʠʷ ʧʦ ʪʝ-

ʤʝ ʜʠʩʩʝʨʪʘʮʠʠ; ʚʳʙʨʘʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ ʨʝʛʣʘʤʝʥʪʳ, ʨʘʟʨʘ-

ʙʦʪʘʥʳ ʠ ʩʦʟʜʘʥʳ ʤʝʪʦʜʠʢʠ; ʧʨʦʚʝʜʝʥʳ ʠʟʤʝʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʴʝʟʦ-

ʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʫʧʨʫʛʠʭ, ʤʘʛʥʠʪʦʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʚʩʝʭ ʦʙʲ-

ʝʢʪʦʚ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʦʠʟʚʝʜʝʥʘ ʦʙʨʘʙʦʪʢʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ; ʧʨʦʠʟʚʝʜʝʥʦ ʢʦʤʧʴʶʪʝʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʚʩʝʛʦ 

ʛʨʘʬʠʯʝʩʢʦʛʦ ʠ ʪʝʢʩʪʦʚʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʠʪʝʣʝʤ ʨʘʙʦʪʳ ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬ. ʈʝʟʥʠ-

ʯʝʥʢʦ ʃ.ɸ. ʦʩʫʱʝʩʪʚʣʝʥ ʚʳʙʦʨ ʥʘʧʨʘʚʣʝʥʠʡ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʪʝʤʘ ʠ ʮʝʣʴ ʨʘʙʦʪʳ, ʧʨʦʚʝʜʝʥʦ ʦʙʩʫʞʜʝʥʠʝ ʠ ʦʙʦʙʱʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʚ ʜʠʩ-

ʩʝʨʪʘʮʠʠ ʜʘʥʥʳʭ, ʦʩʫʱʝʩʪʚʣʝʥʘ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʥʝʢʦʪʦʨʳʭ ʧʦʣʫʯʝʥʥʳʭ ʵʢʩ-

ʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʘ ʪʘʢʞʝ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʚʳʚʦʜʳ ʧʦ ʨʘʙʦʪʝ ʠ 

ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ. 

ʉʦʚʤʝʩʪʥʦ ʩ ʩʦʪʨʫʜʥʠʢʘʤʠ ʅʀʀ ʬʠʟʠʢʠ, ʬʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ 

ʖʌʋ ʠ ʜʨʫʛʠʭ ʥʘʫʯʥʳʭ ʎʝʥʪʨʦʚ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʨʘʙʦʪʳ: ʠʟʛʦ-

ʪʦʚʣʝʥ ʦʩʥʦʚʥʦʡ ʤʘʩʩʠʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ; 

ʧʨʦʚʝʜʝʥʳ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ; ʚʳʧʦʣʥʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʵʣʝʤʝʥʪʥʦʛʦ ʩʦʩʪʘʚʘ ʢʝʨʘʤʠʢ. 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ. ʆʩʥʦʚʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʨʘʙʦʪʳ ʦʪ-

ʨʘʞʝʥʦ ʚʦ ʚʚʝʜʝʥʠʠ, 5 ʛʣʘʚʘʭ, ʦʩʥʦʚʥʳʭ ʨʝʟʫʣʴʪʘʪʘʭ ʠ ʚʳʚʦʜʘʭ, ʟʘʢʣʶʯʝʥʠʠ 

ʠ ʧʨʠʣʦʞʝʥʠʠ, ʠʟʣʦʞʝʥʥʳʭ ʥʘ 181 ʩʪʨʘʥʠʮʝ. ɺ ʜʠʩʩʝʨʪʘʮʠʠ 87 ʨʠʩʫʥʢʦʚ, 

48 ʪʘʙʣʠʮ, ʩʧʠʩʦʢ ʮʠʪʠʨʫʝʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʩʪʦʷʱʠʡ ʠʟ 324 ʥʘʠʤʝʥʦʚʘʥʠʷ. 

 

ʆʉʅʆɺʅʆɽ ʉʆɼɽʈɾɸʅʀɽ ʈɸɹʆʊʓ 

ɺʦ ʚʚʝʜʝʥʠʠ ʦʙʦʩʥʦʚʳʚʘʝʪʩʷ ʘʢʪʫʘʣʴʥʦʩʪʴ ʚʳʙʨʘʥʥʦʡ ʪʝʤʳ ʨʘʙʦʪʳ, 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʝʝ ʮʝʣʴ ʠ ʟʘʜʘʯʠ, ʦʧʨʝʜʝʣʝʥʳ ʦʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʫʯ-

ʥʘʷ ʥʦʚʠʟʥʘ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʧʨʦʚʝ-

ʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʦʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ, 

ʦʧʠʩʘʥʳ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʙʦʪʳ, ʣʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ, ʨʘʩʢʨʳʪʘ 

ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ, ʜʘʥʘ ʢʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʢʘʞʜʦʡ ʛʣʘʚʳ. 
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ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʜʘʥ ʣʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ ʦʩʥʦʚʥʳʭ ʙʠʙʣʠʦʛʨʘʬʠʯʝ-

ʩʢʠʭ ʩʚʝʜʝʥʠʡ ʦʙ ʦʙʲʝʢʪʘʭ, ʠʩʩʣʝʜʫʝʤʳʭ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ. ʆʧʠʩʘʥʳ ʦʩ-

ʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʝʨʘʤʠʢ ʥʘ ʦʩʥʦʚʝ 

ʅʑʄ, ʠ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ. 

ɺʪʦʨʘʷ ʛʣʘʚʘ ï ʤʝʪʦʜʠʯʝʩʢʘʷ, ʚ ʥʝʡ ʦʧʠʩʳʚʘʶʪʩʷ ʤʝʪʦʜʳ ʧʦʣʫʯʝʥʠʷ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʨʘʟʮʦʚ.  

ɺʩʝ ʦʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʩ ʧʦʩʣʝʜʫʶ-

ʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ.  

ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʮʦʚ ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ 

ʤʠʢʨʦʩʢʦʧʝ-ʤʠʢʨʦʘʥʘʣʠʟʘʪʦʨʝ (ʈʕʄ) ʂʘʤʝʙʘʢʩ-ʤʠʢʨʦ, ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦ-

ʩʢʦʧʝ çHitachi TM-1000è, ʦʧʪʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ Leica 

DMI5000M.ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3, ʘ ʧʨʠ T = (300 õ 1000) K ï 

ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɸɼʇ-1 (ʬʦʢʫʩʠʨʦʚʢʘ ʧʦ ɹʨʵʛʛʫ-ɹʨʝʥʪʘʥʦ) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʪ-

ʬʠʣʴʪʨʦʚʘʥʥʦʛʦ CoKŬ-ʠʟʣʫʯʝʥʠʷ. ʈʘʩʯʸʪ ʧʘʨʘʤʝʪʨʦʚ (ʣʠʥʝʡʥʳʭ ï a, c, ʫʛʣʦʚʦʛʦ 

ï Ŭ, ʦʙʲʸʤʘ ï V ɻ ʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ) ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʩʪʘʥʜʘʨʪʥʳʤ ʤʝʪʦʜʠʢʘʤ. 

ʆʧʨʝʜʝʣʝʥʠʝ ʠʟʤʝʨʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ɟʠʟʤ ʦʩʫʱʝʩʪʚʣʷʣʠ ʤʝʪʦ-

ʜʦʤ ʛʠʜʨʦʩʪʘʪʠʯʝʩʢʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʚ ʦʢʪʘʥʝ, ʨʘʩʯʝʪ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʧʣʦʪʥʦ-

ʩʪʠ ɟʨʝʥʪʛ ʧʨʦʠʟʚʦʜʠʣʠ ʧʦ ʬʦʨʤʫʣʝ:   , ʛʜʝ ʄ - ʚʝʩ ʬʦʨʤʫʣʴ-

ʥʦʡ ʝʜʠʥʠʮʳ ʚ ʛʨʘʤʤʘʭ, V ï ʦʙʲʝʤ ʧʝʨʦʚʩʢʠʪʥʦʡ ʷʯʝʡʢʠ ʚ ¡
3
, ʘ ʦʪʥʦʩʠʪʝʣʴ-

ʥʦʡ ɟʦʪʥ ï ʧʦ ʬʦʨʤʫʣʝ . 

ʈʝʥʪʛʝʥʦʵʣʝʢʪʨʦʥʥʳʝ (ʈʕ) ʩʧʝʢʪʨʳ ʧʦʣʫʯʘʣʠ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ʧʦʚʝʨʭʥʦ-

ʩʪʠ ʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ ʅʀʀ ʬʠʟʠʢʠ ʖʌʋ (ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. ʂʦʟʘʢʦʚ) 

ʩ ʧʦʤʦʱʴʶ ʤʦʜʫʣʷ ʈʕ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʩ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ AlKŬ ï ʣʠʥʠʠ ʩʠʩʪʝʤʳ ʘʥʘʣʠʟʘ ʧʦʚʝʨʭʥʦʩʪʠ Escalab 250. 

ʕʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʨʦʥʠ-

ʮʘʝʤʦʩʪʠ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ Ů/Ů0 ʠ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ Ů33
ʊ
/Ů0 ʦʙʨʘʟʮʦʚ; ʧʴʝʟʦʤʦ-

ʜʫʣʠ dij, ʧʴʝʟʦʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ gij, ʢʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ 

ʧʣʘʥʘʨʥʦʡ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ Kp, ʤʝʭʘʥʠʯʝʩʢʫ  ʁʜʦʙʨʦʪʥʦʩʪʴ QM) ʨʘʩʩʯʠʪʳʚʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʦʜʠʢʦʡ ɻʉʉʉɼ ʄʕ 183 ï 2011 ʥʘ ʦʩʥʦʚʝ ʠʟʤʝʨʝʥʠʡ 

ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʟʘʪʦʨʘ ʠʤʧʝʜʘʥʩʘ Wayne Kerr 6500B ʠ YE2030A d33 METER. 

ʂʦʤʧʣʝʢʩʥʫʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴʢ Ů* ʧʨʠ ʊ =(300õ1000) ʂ ʠ 

f =(25õ10
6
) ɻʮ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ LCRïʤʝʪʨʘ Agilent E4980A, ʘ ʧʨʠ        

f = (10
-1
 õ 10

5
) ɻʮ-LCRïʤʝʪʨʘ HIOKI 3522-50. 

ɺ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʈ ʙʠʥʘʨʥʦʡ 

ʩʠʩʪʝʤʳ (1-ʭ)NaNbO3 ï x/2CuNb2O6. 

ʅʘ ʨʠʩʫʥʢʝ 1 ʧʦʢʘʟʘʥʳ ʠʟʤʝʥʝʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʥʪ-

ʛʝʥʦʚʩʢʠʭ ʤʘʢʩʠʤʫʤʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʨʠʤʝʩʥʳʤ ʬʘʟʘʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʊʈ. ɺʠʜʥʦ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʝʡ ʠʟʤʝʥʷʝʪʩʷ ʥʝ-

ʣʠʥʝʡʥʦ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʥʦʩʷʪ ʭʘʨʘʢʪʝʨ ʟʘʪʫʭʘʶʱʠʭ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʨʦʮʝʩ-

ʩʦʚ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʤʥʦʛʦʩʪʘʜʠʡʥʦʩʪʠ ʢʦʥʢʫʨʝʥʪʥʦʛʦ ʚʩʪʨʘʠʚʘʥʠʷ 

ʤʝʜʠ ʚ ʨʝʰʝʪʢʫ ʧʝʨʦʚʩʢʠʪʘ. ʂʨʠʪʠʯʝʩʢʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʬʘʟʦʦʙʨʘʟʦ-

ʚʘʥʠʷ, ʬʦʨʤʠʨʦʚʘʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʜʝʬʝʢʪʥʦʩʪʴ ʢʝ-
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ʨʘʤʠʯʝʩʢʠʭ ʩʧʝʢʦʚ ʦʢʘʟʳʚʘʝʪ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʩʠʜʘ ʥʠʦ-

ʙʠʷ (ʨʠʩʫʥʦʢ 2), ʪʘʢ ʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ Cu-ʩʦʜʝʨʞʘʱʠʭ ʞʠʜʢʠʭ ʬʘʟ, (ʧʣʘʚʥʝʡ), 

(ʧʦ ʪʠʧʫ ʢʦʥʪʘʢʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ [4]) ʧʨʠ ʩʠʥʪʝʟʝ ʠ ʩʧʝʢʘʥʠʠ ʢʝʨʘʤʠʢ. 

 
ʈʠʩʫʥʦʢ 1 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʤʘʢ-

ʩʠʤʫʤʦʚ I/I1 ʦʪ ʊʩʠʥʪ ʊʈ ʩʠʩʪʝʤʳ (1-ʭ = 0.025; 2-ʭ = 0.05; 3-ʭ = 0.075; 4-ʭ = 0.10) 
 

 
ʈʠʩʫʥʦʢ 2 ï ʆʪʰʣʠʬʦʚʘʥʥʳʝ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʝʯʸʥʥʳʭ ʢʝʨʘʤʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʩʦʩʪʘʚʘ ʠ ʢʚʘʣʠʬʠʢʘʮʠʠ, ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʳʨʴʷ (ʩʣʝʚʘ), ʩʨʝʟʳ ʢʝʨʘʤʠʯʝʩʢʦʛʦ 

ʦʙʨʘʟʮʘ ʢʚʘʣʠʬʠʢʘʮʠʠ çʆʩʯè ʥʘ ʨʘʟʣʠʯʥʦʡ ʛʣʫʙʠʥʝ (ʩʧʨʘʚʘ) 
 

ʅʘ ʨʠʩʫʥʢʝ 2 ʧʦʢʘʟʘʥʳ ʬʦʪʦʛʨʘʬʠʠ ʦʪʰʣʠʬʦʚʘʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦ-

ʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʸʢʦʚ ʊʈ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʧʨʠ ʦʧʪʠ-

ʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ, ʧʦʜʦʙʨʘʥʥʦʡ ʚ ʠʥʪʝʨʚʘʣʝ ʊʩʧ = (1050õ1100) Üʉ. 

ʍʦʨʦʰʦ ʟʘʤʝʪʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʢʝʨʘʤʠʢʠ ʨʝʟʢʦ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʭʘʨʘʢʪʝʨʫ 

ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʘʢʨʦʜʝʬʝʢʪʦʚ (ʪʨʝʱʠʥ ʠ ʩʢʦʣʦʚ): ʚ ʊʈ ʩ ʥʠʟʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ 

ʤʝʜʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʢʘʣʳʚʘʥʠʝ ʢʨʘʸʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʧʸʢʦʚ, ʯʪʦ ʤʦʞʝʪ 

ʙʳʪʴ ʚʳʟʚʘʥʦ ʥʘʢʦʧʣʝʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʥʦʛʦʯʠʩ-

ʣʝʥʥʳʭ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʩʧʝʯʸʥʥʳʭ ʟʘʛʦʪʦʚʦʢ, ʭʘʨʘʢʪʝʨʥʳʭ 

ʜʣʷ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʢʩʠ-

ʜʘ ʥʠʦʙʠʷ ʢʚʘʣʠʬʠʢʘʮʠʡ çʆʩʯè ʠ çʅʙʦ-ʇʪè ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢ ʊʈ ʩʦʩʪʘʚʘ 
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(1-x) NaNbO3 ï x/2 CuNb2O6 ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʥʳʤ ʨʝʟʫʣʴʪʘʪʘʤ: 

ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Nb2O5 ï çʆʩʯè ʚ ʠʥʪʝʨʚʘʣʝ 0 < x Ò 0.075 ʦʙʨʘʟʫʝʪʩʷ ʙʝʩʧʨʠ-

ʤʝʩʥʳʡ ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʫʚʝʣʠʯʝʥʠʝ x ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ; 
ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Nb2O5 ï çʅʙʦ-ʇʪè ʧʦʣʫʯʠʪʴ ʙʝʩʧʨʠʤʝʩʥʳʡ ʊʈ ʥʝ ʫʜʘ-

ʣʦʩʴ. ʂʨʦʤʝ ʧʝʨʦʚʩʢʠʪʥʦʡ ʬʘʟʳ ʊʈ ʩʦʜʝʨʞʘʪ ʩʣʝʜʫʶʱʠʝ ʩʦʝʜʠʥʝʥʠʷ: 

CuNb2O6 ʩ ʤʦʥʦʢʣʠʥʥʦʡ (ʄ) ʷʯʝʡʢʦʡ, CuNb2O6 ʩ ʨʦʤʙʠʯʝʩʢʦʡ (ʈ) ʷʯʝʡʢʦʡ, 

Na2Nb8O21 ʠ Na2.6CuNb11O30; 

ï ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ Nb2O5 ï çʆʩʯè ʚ ʩʠʩʪʝʤʝ ʊʈ ʠʤʝʝʪ ʤʝʩʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 

ʠʟ ʈ ʬʘʟʳ (ʧʝʨʦʚʩʢʠʪʥʘʷ ʷʯʝʡʢʘ ʤʦʥʦʢʣʠʥʥʘʷ ʩ ʫʜʚʦʝʥʥʳʤ ʧʘʨʘʤʝʪʨʦʤ b ï ʄ2) ʚ 

ʪʝʪʨʘʛʦʥʘʣʴʥʫʶ (ʊ) ʬʘʟʫ ʯʝʨʝʟ ʩʣʦʞʥʫʶ ʄʆ. ʉʦʩʪʘʚ ʄʆ ʫʩʪʘʥʦʚʠʪʴ ʥʝʚʦʟʤʦʞ-

ʥʦ ʠʟïʟʘ ʦʯʝʥʴ ʙʣʠʟʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʷʯʝʡʢʠ ʚʭʦʜʷʱʠʭ ʚ ʥʝʝ ʬʘʟ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

ʥʘʣʦʞʝʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʠʥʠʡ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʤʝʩʴ ʄ- ʠ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ 

(ʈ)ɻ ʬʘʟ, ʧʦʵʪʦʤʫ ʬʘʟʘ ʚ ʄʆ ʥʘʟʚʘʥʘ ʥʘʤʠ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʦʡ (ʇʩʢ). ʅʠʞʥʷʷ ʛʨʘ-

ʥʠʮʘ ʄʆ ʨʘʩʧʦʣʦʞʝʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 0.00<x<0.0625, ʚʝʨʭʥʷʷ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ ʠʟ-ʟʘ 

ʧʦʷʚʣʝʥʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʠʩʪʠʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦ-

ʥʝʥʪʦʚ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʘʜʘʥʥʦʡ ʩʪʝʭʠʦʤʝʪʨʠʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʩʣʝʜʦʚʘ-

ʪʝʣʴʥʦʩʪʴ ʬʘʟ ʧʨʠ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʚ ʠʟʫʯʝʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʘʢʦ-

ʚʘ: ʈ(ʄ2)Ÿ ʈ(ʄ2)+ʈʵŸʈʵŸʈʵ+ʊ; ʚ ʊʈ ʩ ʫʯʘʩʪʠʝʤ Nb2O5 ï çʅʙʦ-ʇʪè ʢʦʥʮʝʥʪʨʘ-

ʮʠʷ ʧʦʩʪʦʨʦʥʥʠʭ ʬʘʟ ʩ ʨʦʩʪʦʤ x ʤʝʥʷʝʪʩʷ ʥʝʤʦʥʦʪʦʥʥʦ, ʧʨʠ ʵʪʦʤ ʪʘʢʞʝ ʥʝʤʦʥʦ-

ʪʦʥʥʦ ʠʟʤʝʥʷʝʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʊʈ. ʇʦʵʪʦʤʫ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʚ 

ʩʤʝʥʝ ʬʘʟ ʩ ʨʘʟʣʠʯʥʦʡ ʩʠʤʤʝʪʨʠʝʡ ʩ ʨʦʩʪʦʤ x ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ;  

ï ʥʘ ʧʣʦʪʥʦʩʪʴ ʢʝʨʘʤʠʢʠ ʢʚʘʣʠʬʠʢʘʮʠʷ Nb2O5 ʥʝ ʚʣʠʷʝʪ, ʩʢʘʟʳʚʘʝʪʩʷ ʪʦʣʴʢʦ 

ʚʝʣʠʯʠʥʘ x: ʯʝʤ ʙʦʣʴʰʝ CuNb2O6 ʚ ʊʈ, ʪʝʤ ʥʠʞʝ ʧʣʦʪʥʦʩʪʴ.  

ʌʦʨʤʠʨʦʚʘʥʠʝ ʧʣʘʚʥʝʡ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʙʠʤʦʜʘʣʴʥʦʡ ʤʠʢ-

ʨʦʩʪʨʫʢʪʫʨʳ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʛʠʛʘʥʪʩʢʠʭ ʟʝʨʝʥ  ʠ ʠʭ ʢʦʥʛʣʦʤʝʨʘʪʦʚ, ʚ ʤʝʞ-

ʢʨʠʩʪʘʣʣʠʪʥʳʭ ʧʨʦʩʣʦʡʢʘʭ ʢʦʪʦʨʳʭ ʬʦʨʤʠʨʫʝʪʩʷ ʤʝʣʢʦʟʝʨʥʠʩʪʘʷ ʨʳʭʣʘʷ 

ʩʪʨʫʢʪʫʨʘ  ʯʘʩʪʦ ʩ ʨʘʜʠʘʣʴʥʦ-ʢʦʣʴʮʝʚʦʡ ʩʝʪʢʦʡ ʛʨʘʥʠʮ (ʨʠʩʫʥʦʢ 3). 
 

 
50 ʤʢʤ 

ʈʠʩʫʥʦʢ 3 ï ʌʨʘʛʤʝʥʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʢʝʨʘʤʠʢʠ ʊʈ,  ʧʨʠʛʦʪʦʚʣʝʥʥʦʡ 

ʠʟ Nb2O5 ʢʚʘʣʠʬʠʢʘʮʠʠ çʆʩʯè. ʐʪʨʠʭ-ʧʫʥʢʪʠʨʥʳʤʠ ʣʠʥʠʷʤʠ ʚʳʜʝʣʝʥʘ ʦʙ-

ʣʘʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ ʨʳʭʣʦʡ ʩʪʨʫʢʪʫʨʳ 
 

ʅʘ ʨʠʩʫʥʢʝ 4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ Ů/Ů0 ʠ tgŭ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ f ʧʝʨʝʤʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʊʈ ʩ ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨ-

ʞʘʥʠʝʤ CuNb2O6. ʍʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʩʝʛʥʝʪʦ(ʘʥʪʠʩʝʛʥʝʪʦ)ʵʣʝʢʪʨʠʢʦʚ ʟʘʚʠʩʠ-

ʤʦʩʪʴ Ů/Ů0 ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʂʶʨʠ ʊʢ ʠʤʝʝʪ ʨʷʜ ʦʩʦʙʝʥʥʦʩʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʵʚʦʣʶʮʠʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʧʨʠ ʦʙʦʛʘʱʝʥʠʠ ʩʠʩʪʝʤʳ ʥʠʦʙʘʪʦʤ ʤʝʜʠ. ʊʘʢ, ʧʨʘʢʪʠʯʝʩʢʠ             

ɚ-ʦʙʨʘʟʥʳʡ ʧʠʢ Ů/Ů0 ʚ NaNbO3 ʧʦʩʪʝʧʝʥʥʦ ʨʘʟʤʳʚʘʝʪʩʷ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʧʣʘʪʦʦʙʨʘʟʥʳʭ ʫʯʘʩʪʢʦʚ ʚ ʤʘʢʩʠʤʫʤʝ Ů/Ů0. 

 

çʆʩʯè 

 

 

 

 

çʅʙʦ-ʇʪè 

 

 

 

 
ʈʠʩʫʥʦʢ 4 ï ɿʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩʠʩʪʝʤʳ (1-ʭ) NaNbO3ï x/2CuNb2O6 ʥʘ 

ʨʘʟʥʳʭ ʯʘʩʪʦʪʘʭ f ʧʝʨʝʤʝʥʥʦʛʦ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 
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