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ʄ431 

 

ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʷʚʣʝʥʠʷ ʚ ʪʚʝʨʜʳʭ 

ʪʝʣʘʭ: ʤʘʪʝʨʠʘʣʳ XXV ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ (ʛ. ɺʦʨʦʥʝʞ, 21-25 ʩʝʥʪʷʙʨʷ 

2022 ʛ.); ʦʪʚ. ʨʝʜ. ʃ.ʅ. ʂʦʨʦʪʢʦʚ [ʕʣʝʢʪʨʦʥʥʳʡ ʨʝʩʫʨʩ]. ï ʕʣʝʢʪʨʦʥ. ʪʝʢʩʪʦʚʳʝ, 

ʛʨʘʬ. ʜʘʥʥʳʝ (8,87 ʄʙ). ï ɺʦʨʦʥʝʞ: ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 2022. ï 1 ʵʣʝʢʪʨʦʥ. ʦʧʪ. ʜʠʩʢ (CD-ROM): ʮʚ. ï ʉʠʩʪʝʤ. 

ʪʨʝʙʦʚʘʥʠʷ: ʇʂ 500 ʠ ʚʳʰʝ; 256 ʄʙ ʆɿʋ; Windows XP; SVGA c ʨʘʟʨʝʰʝʥʠʝʤ 

1024Ĭ768; ɸdobe Acrobat; CD-ROM ʜʠʩʢʦʚʦʜ; ʤʳʰʴ. ï ɿʘʛʣ. ʩ ʵʢʨʘʥʘ. 

 

 

ʉʙʦʨʥʠʢ ʩʦʜʝʨʞʠʪ ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʫʯʘʩʪʥʠʢʦʚ 25-ʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʧʨʦʮʝʩʩʘʤ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ɺ ʥʝʤ ʢʨʘʪʢʦ ʠʟʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ 

ʤʘʛʥʠʪʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʦʜʥʦʨʦʜʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʚʢʣʶʯʘʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʦʙʣʘʜʘʶʱʠʝ ʚʳʩʦʢʠʤ ʧʦʪʝʥʮʠʘʣʦʤ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ 

ʧʨʠʤʝʥʝʥʠʡ.    

ʉʙʦʨʥʠʢ ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʨʘʙʦʪʥʠʢʦʚ ʥʘʫʯʥʳʭ ʫʯʨʝʞʜʝʥʠʡ ʠ ʚʳʩʰʠʭ ʫʯʝʙʥʳʭ 

ʟʘʚʝʜʝʥʠʡ, ʩʧʝʮʠʘʣʠʩʪʦʚ ï ʤʘʪʝʨʠʘʣʦʚʝʜʦʚ, ʠʥʪʝʨʝʩʫʶʱʠʭʩʷ ʧʨʦʙʣʝʤʘʤʠ ʬʠʟʠʢʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ. ʇʫʙʣʠʢʫʝʤʳʝ 

ʪʝʟʠʩʳ ʜʦʢʣʘʜʦʚ ʙʫʜʫʪ ʧʦʣʝʟʥ rʘʩʧʠʨʘʥʪʘʤ ʠ ʩʪʫʜʝʥʪʘʤ, ʩʧʝʮʠʘʣʠʟʠʨʫʶʱʠʤʩʷ ʚ ʦʙʣʘʩʪʠ 

ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ. 
 

ʈʝʜʘʢʮʠʦʥʥʘʷ ʢʦʣʣʝʛʠʷ: 

 

ʂʦʨʦʪʢʦʚ ʃ.ʅ. - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. - ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʨʝʜʘʢʪʦʨ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʂʘʣʠʥʠʥ ʖ.ɽ.  - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. ï ʟʘʤ. ʦʪʚʝʪʩʪʚʝʥʥʦʛʦ ʨʝʜʘʢʪʦʨʘ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɾʠʣʦʚʘ ʆ.ɺ. - ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʤ.ʥ.ʩ. ï ʦʪʚʝʪʩʪʚʝʥʥʳʡ ʩʝʢʨʝʪʘʨʴ 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ɻʨʠʜʥʝʚ ʉ.ɸ. - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʀʚʘʥʦʚ ʆ.ʅ. - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. 

ɹʝʣʛʦʨʦʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉʠʜʦʨʢʠʥ ɸ.ʉ. - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ; 

ʉʪʦʛʥʝʡ ʆ.ɺ. - ʜ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬ. 

ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ; 
 

ʋɼʂ 539.389(06)  

ɹɹʂ 22.37ʷ4  

ʀʟʜʘʝʪʩʷ ʧʦ ʨʝʰʝʥʠʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʩʦʚʝʪʘ  

ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

 
 

É ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè, 

2022 



ɺɺɽɼɽʅʀɽ.  

ʈʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʚʝʨʜʳʭ 

ʪʝʣʘʭ - ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ. ʆʥʠ ʩʚʷʟʘʥʳ ʩ ʧʝʨʝʭʦʜʦʤ 

ʤʘʪʝʨʠʘʣʘ ʠʟ ʥʝʨʘʚʥʦʚʝʩʥʦʛʦ ʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠ ʨʘʚʥʦʚʝʩʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦʪ 

ʧʝʨʝʭʦʜ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʘʪʝʨʠʘʣʦʚ, ʚ ʩʚʷʟʠ ʩ ʯʝʤ ʤʦʞʥʦ ʛʦʚʦʨʠʪʴ ʦ ʤʝʭʘʥʠʯʝʩʢʦʡ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ, 

ʤʘʛʥʠʪʥʦʡ ʠ ʜʨ. ʨʘʟʥʦʚʠʜʥʦʩʪʷʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. ɺʳʷʩʥʝʥʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʠʭ ʧʨʦʪʝʢʘʥʠʷ ʠ ʦʙʫʩʣʦʚʣʠʚʘʶʱʠʭ ʠʭ ʬʠʟʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʠʤʝʝʪ ʚʘʞʥʦʝ ʥʘʫʯʥʦʝ ʠ ʧʨʠʢʣʘʜʥʦʝ ʟʥʘʯʝʥʠʝ.  

ʍʦʪʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʚʝʜʫʪʩʷ ʫʞʝ 

ʩʨʘʚʥʠʪʝʣʴʥʦ ʜʘʚʥʦ ʠ ʫʩʧʝʰʥʦ, ʠʥʪʝʨʝʩ ʢ ʥʠʤ ʥʝ ʫʛʘʩʘʝʪ. ʕʪʦ ʩʚʷʟʘʥʦ, ʢʘʢ ʩ 

ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʦʟʚʦʣʷʶʱʠʭ ʥʘ 

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤ ʫʨʦʚʥʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʚʝʱʝʩʪʚʘ 

ʠ ʣʦʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʥʝʤ, ʪʘʢ ʠ ʧʦʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ï 

ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ, ʫʣʴʪʨʘʪʦʥʢʠʭ ʧʣʝʥʦʢ ʠ ʜʨ. ʩʠʥʪʝʪʠʯʝʩʢʠʭ 

ʩʪʨʫʢʪʫʨ. 

ʆʯʝʨʝʜʥʘ ̫ 25-ʷ ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ 

ʷʚʣʝʥʠʷʤ ʚ ʪʚʝʨʜʳʭ ʪʝʣʘʭ (RPS-XXV ) ʦʨʛʘʥʠʟʫʝʪʩʷ ʢʘʬʝʜʨʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ 

ʪʝʣʘ ɺʦʨʦʥʝʞʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʩʦʚʤʝʩʪʥʦ ʩ 

ʅʘʫʯʥʳʤ ʩʦʚʝʪʦʤ ʧʦ ʬʠʟʠʢʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʠ ʜʠʵʣʝʢʪʨʠʢʦʚ ʈʦʩʩʠʡʩʢʦʡ 

ʘʢʘʜʝʤʠʠ ʥʘʫʢ ʚ ʩʝʥʪʷʙʨʝ 2022 ʛʦʜʘ ʚ ʛ. ɺʦʨʦʥʝʞʝ.  

ʕʪʦ ʫʞʝ ʜʚʘʜʮʘʪʴ ʧʷʪʘ ̫ ʧʦ ʩʯʝʪʫ ʢʦʥʬʝʨʝʥʮʠʷ, ʧʦʩʚʷʱʝʥʥʘ ̫ ʬʠʟʠʢʝ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ. ɸ ʧʝʨʚʘʷ çɺʩʝʩʦʶʟʥʘʷ ʥʘʫʯʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ ʷʚʣʝʥʠʷʤ ʚ ʤʝʪʘʣʣʘʭ ʠ ʩʧʣʘʚʘʭè ʩʦʩʪʦʷʣʘʩɹ ʚ ʄʦʩʢʚʝ ʚ 1958 ʛ. 

ʉʣʝʜʫʶʱʘʷ ʧʨʦʰʣʘ ʚ 1960 ʛ. ʚ ʛ. ʍʘʨʴʢʦʚʝ, ʘ ʟʘʪʝʤ ʚ 1963 ʛ ï ʚ ʛ. ɺʦʨʦʥʝʞʝ, ʠ ʪ. 

ʜ. ɹʦʣʴʰʘʷ ʨʦʣʴ ʚ ʦʨʛʘʥʠʟʘʮʠʠ ʵʪʠʭ ʥʘʫʯʥʳʭ ʤʝʨʦʧʨʠʷʪʠʡ ʧʨʠʥʘʜʣʝʞʠʪ ʜ.ʬ.-

ʤ.ʥ., ʧʨʦʬʝʩʩʦʨʫ ɺʘʣʝʥʪʠʥʫ ʉʝʤʝʥʦʚʠʯʫ ʇʦʩʪʥʠʢʦʚʫ, ʚ ʪʝ ʛʦʜʳ ʨʝʢʪʦʨʫ 

ɺʦʨʦʥʝʞʩʢʦʛʦ ʧʦʣʠʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ.  

RPS-XXV  ï ʧʝʨʚʦʝ ʥʘʫʯʥʦʝ ʤʝʨʦʧʨʠʷʪʠʝ ʚ ɻʪʦʤ ʨʷʜʫ, ʦʨʛʘʥʠʟʫʝʤʦʝ ʧʦʩʣʝ 

ʢʦʨʦʥʦʚʠʨʫʩʥʦʡ ʧʘʥʜʝʤʠʠ (COVID ï 19). ʉʫʜʷ ʧʦ ʧʨʝʜʩʪʘʚʣʝʥʥʳʤ ʚ ʜʘʥʥʦʤ 

ʩʙʦʨʥʠʢʝ ʪʝʟʠʩʘʤ ʜʦʢʣʘʜʦʚ, ʤʦʞʥʦ ʢʦʥʩʪʘʪʠʨʦʚʘʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʬʠʟʠʢʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ ʩʨʝʜʘʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʪʨʫʜʥʦʩʪʠ, ʧʨʦʜʦʣʞʘʶʪʩʷ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʚʝʢʪʦʨ ʥʘʫʯʥʳʭ ʠʟʳʩʢʘʥʠʡ 

ʫʯʝʥʳʭ ʧʦʩʪʝʧʝʥʥʦ ʩʤʝʱʘʝʪʩʷ ʢ ɻʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʤ ʨʘʙʦʪʘʤ, 
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ʛʝʪʝʨʦʛʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʤʠʢʨʦ- ʠ ʥʘʥʦʨʘʟʤʝʨʥʳʤʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʷʤʠ, 

ʧʦʣʠʤʝʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ.  

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʢ ʧʦʜʦʙʥʳʤ ʩʪʨʫʢʪʫʨʘʤ ʩʚʷʟʘʥ ʩ ʠʭ ʥʝʦʙʳʯʥʳʤʠ 

ʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʚʦʟʤʦʞʥʦʩʪʷʤʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ.  

ʄʳ ʧʨʝʜʣʘʛʘʝʤ ʯʠʪʘʪʝʣʶ ʦʟʥʘʢʦʤʠʪʩʷ ʩ ʥʦʚʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʳʭ 

ʩʨʝʜʘʭ. 
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ɹʫʥʠʥ ʄ.ɸ., ʏʫʤʘʯʝʥʢʦ ʂ.ʉ., ʇʘʚʣʝʥʢʦ ɸ.ɺ., ʈʘʝʚʩʢʠʡ ʀ.ʇ. 
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ʂ ʆʇʈɽɼɽʃɽʅʀʖ ʉʊɽʇɽʅʀ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ ʋʇʆʈʗɼʆʏɽʅʀʗ 

ɼɺʆʁʅʓʍ ʇɽʈʆɺCʂʀʊʆɺ 3

//

2/1

/

2/1 OBAB ʀɿ ɼɸʅʅʓʍ ʇʆʈʆʐʂʆɺʆʁ 

ɼʀʌʈɸʂʊʆʄɽʊʈʀʀééééééééééééééééééééééééééé 

ɹʫʥʠʥʘ ʆ.ɸ. , ʏʠʯʢʘʥʦʚ ɺ.ɸ. , ɹʫʥʠʥ ʄ.ɸ.  

 

 

62 

ʆ ʇʆɻʈɽʐʅʆʉʊʀ ʆʇʈɽɼɽʃɽʅʀʗ ʉʊɽʇɽʅʀ ʂʆʄʇʆɿʀʎʀʆʅʅʆɻʆ 

ʋʇʆʈʗɼʆʏɽʅʀʗ ɼɺʆʁʅʓʍ ʇɽʈʆɺʉʂʀʊʆɺ 3

//

2/1

/

2/1 OBAB ʅɸ ʆʉʅʆɺɽ 

ʀʅʊɽʅʉʀɺʅʆʉʊɽʁ ʉɺɽʈʍʉʊʈʋʂʊʋʈʅʓʍ ʈɽʌʃɽʂʉʆɺéééééééééé 

ʏʠʯʢʘʥʦʚ ɺ.ɸ., ɹʫʥʠʥʘ ʆ.ɸ., ɹʫʥʠʥ ʄ. ɸ.  
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BiFeO3-PbFe1/2Nb1/2O3-PbTiO3éééééééééééééééééééééééé 
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ʆʉʆɹɽʅʅʆʉʊʀ ʈɽʃɸʂʉɸʎʀʆʅʅʓʍ ʇʈʆʎɽʉʉʆɺ ʂɽʈɸʄʀʂʀ ʅʀʆɹɸʊɸ 
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ɺ ʈɸʁʆʅɽ ʌɸɿʆɺʆɻʆ ʇɽʈɽʍʆɼɸéééééééééééééééééééé.. 

ɻʫʩʝʚʘ ʆ.ʉ., ʄʘʣʳʰʢʠʥʘ ʆ.ɺ., ʂʠʩʣʦʚʘ ʀ.ʃ. 
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ʂɽʈɸʄʀʂʀ ʊʀʊɸʅɸʊ ɹɸʈʀʗéééééééééééééééééééééé. 

ʄʘʣʳʰʢʠʥʘ ʆ.ɺ., ʂʠʩʣʦʚʘ ʀ.ʃ., ʀʚʘʥʦʚʘ ɸ.ʀ., ʀʚʘʥʦʚ ɺ.ɺ. 
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ɺʃʀʗʅʀɽ ɹɸʈʀʗ ʅɸ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʁ ʆʊʂʃʀʂ KNNéééééééé. 

ɸʣʴ ʉʘʠʜʠ ʉ. ʈ., ʉʦʧʠʪ ɸ.ɺ., ɾʦʛʘ ʃ.ɺ. 
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ɼʀʕʃɽʂʊʈʀʏɽʉʂɸʗ ʀ ʇʔɽɿʆʕʃɽʂʊʈʀʏɽʉʂɸʗ ʈɽʃɸʂʉɸʎʀʗ  

ɺ ʇʔɽɿʆʂɽʈɸʄʀʂɽ ɺ ʆɹʃɸʉʊʀ ʉʃɸɹʓʍ ʇʆʉʊʆʗʅʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ 

ʇʆʃɽʁééééééééééééééééééééééééééééééééé. 

ʐʚʝʮʦʚ ʀ.ɸ., ʐʚʝʮʦʚʘ ʅ.ɸ., ʇʝʪʨʦʚʘ ɽ.ʀ., ʄʘʢʘʨʴʝʚ ɼ.ʀ., ʈʳʙʷʥʝʮ A.ʅ. 
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ɺʃʀʗʅʀɽ ʇʈʀʄɽʉʀ ʊʋʃʀʗ ʅɸ ʇʀʈʆʕʃɽʂʊʈʀʏɽʉʂʀɽ  

ʀ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ ʅʀʆɹɸʊɸ ɹɸʈʀʗ 

ʉʊʈʆʅʎʀʗééééééééééééééééééééééééééééééé. 

ʂʠʩʣʦʚʘ ʀ.ʃ., ʉʝʨʛʝʝʚʘ ʆ.ʅ., ʑʝʛʣʦʚʘ ɸ.ʀ., ʃʳʢʦʚ ʇ.ɸ., ʀʚʣʝʚʘ ʃ.ʀ.,  
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ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʋʖ ʇʈʆʅʀʎɸɽʄʆʉʊʔ ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ 

ʊɺɽʈɼʆɻʆ ʈɸʉʊɺʆʈɸ Ba0,8Sr0,2TiO3éééééééééééééééééééé. 

ɻʨʠʜʥʝʚ ʉ.ɸ., ʇʦʧʦʚ ʀ.ʀ. 
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7 

ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊɸʍ ʇʆʉʃɽ 

ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʋʉʂʆʈɽʅʀʁééééééééééééééééééééé.. 

ɹʝʣʦʢʦʙʳʣʴʩʢʠʡ ʄ.ɺ., ɹʦʛʘʪʠʥ ɸ.ʉ., ʂʘʙʠʨʦʚ ʖ.ɺ., ʉʠʜʦʨʝʥʢʦ ɽ.ʅ., ʏʝʙʘʥʦʚʘ ɽ.ɺ., 

ʇʨʫʮʘʢʦʚʘ ʅ.ɺ 
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ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ ʄʋʃʔʊʀʌɽʈʈʆʀʂʆɺ  

(1-x)BiFeO3 ï xYMnO3 ɺ ʈɸʁʆʅɽ ʂʆʅʎɽʅʊʈɸʎʀʁ ɿʆʃʆʊʆɻʆ ʉɽʏɽʅʀʗééé 

ʅʘʟʘʨʝʥʢʦ ɸ.ɺ., ʈʫʜʩʢʘʷ ɸ.ɻ., ʇʘʚʣʝʥʢʦ ɸ.ɺ., ɻʣʘʟʫʥʦʚʘ ɽ.ɺ., ʐʠʣʢʠʥʘ ʃ.ɸ., 

ʈʝʟʥʠʯʝʥʢʦ ʃ.ɸ.  
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ʕʃɽʂʊʈʆʄɽʍɸʅʀʏɽʉʂɸʗ ʈɽʃɸʂʉɸʎʀʗ ɺ ʇʔɽɿʆʂɽʈɸʄʀʂɽ ɺ ʆɹʃɸʉʊʀ 

ʉʃɸɹʓʍ ʇʆʉʊʆʗʅʅʓʍ ʕʃɽʂʊʈʀʏɽʉʂʀʍ ʇʆʃɽʁéééééééééééé.. 

ʐʚʝʮʦʚʘ ʅ.ɸ., ʐʚʝʮʦʚ ʀ.ɸ., ʇʝʪʨʦʚʘ ɽ.ʀ., ʈʝʟʥʠʯʝʥʢʦ ɸ.ʅ., ʈʳʙʷʥʝʮ A.ʅ. 
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ʈɽʃɸʂʉɸʎʀʗ ɻɸʈʄʆʅʀʂ ʊʆʂɸ ʇɽʈɽʇʆʃʗʈʀɿɸʎʀʀ ʂʈʀʉʊɸʃʃɸ 

RB2ZNʉL4 ɺ ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʏɽʉʂʆʁ ʌɸɿɽ ʇʆʉʃɽ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ 

ʆʊɾʀɻɸéééééééééééééééééééééééééééééééé. 

ɻʦʨʙʘʪʝʥʢʦ ɺ.ɺ., ʇʨʘʩʦʣʦʚ ɹ.ʅ., ɻʦʨʙʘʪʝʥʢʦ ʉ.ɸ., ɼʘʮʝʥʢʦ ʅ.ɺ. 
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ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ ʊʈʀɻʃʀʎʀʅʉʋʃʔʌɸʊɸ  

ʉ ʈɸɿʃʀʏʅʓʄʀ ʇʈʀʄɽʉʗʄʀéééééééééééééééééééééé 
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PLENARY LECTURE S 

UDC 538.9 
 

PHYSICS AND APPLICATION OF FERROELECTRIC  DOMAINS .  

CENTENARY OF FERROELECTRICITY  
 

V.Ya. Shur 

Chief Researcher, vladimir.shur@urfu.ru 

Ural Federal University, Ekaterinburg, Russia 
 

The difference between ferroelectric and magnetic domains, modern methods of domain 

imaging and the main stages of the domain kinetics are presented. Particular attention is paid to 

strongly nonequilibrium switching conditions. The results of systematic experimental study of the 

domain shape are considered. The explanation of obtained effects is based on the analogy between 

growth of domains and crystals from the liquid phase. 

Keywords: domain structure, polarization reversal, domain engineering, lithium niobate, 

lithium tantalate. 

Ferroelectrics are often considered as the electric analog of ferromagnets thanks 

to existence of hysteresis loops, structural phase transitions and domain kinetics in the 

field. At the same time the screening of depolarizing fields in ferroelectrics which has 

no analogue in ferromagnets leads to stabilization of metastable domain structures, thus 

opening the way for domain engineering. 

The evolution of domain structures during polarization reversal was studied in 

single crystals of various uniaxial ferroelectrics. It was shown that the convex 

polygonal domain shape with walls parallel to the main crystallographic directions 

were formed for effective screening only. The irregular polygons are formed if 

screening is ineffective. The rapid recovery of the polygonal shape after domain 

merging is due to the appearance of the ultrafast domain walls deviating from the main 

crystallographic directions. To explain the shape of growing domains, we considered: 

(a) stochastic step nucleation with an equiprobable position of nucleation centers 

leading to rounded domain shape, (b) determined step generation at the polygon 

vertices stimulating the shape defined by the crystal symmetry.  

Stochastic nucleation at the elevated temperature, due to increase of the bulk 

conductivity, opened the way to fractal and dendritic domains. The evolution of self-

assembled structures has been investigated by high resolution domain imaging and 

direct observation of domain kinetics. The kinetic approach was used for analysis of 

obtained results considering the decisive role of the residual depolarizing field caused 

by bulk screening delay. This field appeared behind a moving domain wall and slowed 

down the domain growth. The domain shape changes at highly nonequilibrium 

switching conditions leads to appearance of self-similar domain structures. The 

simulations of the shape change have been carried out. 

The micro- and nano-domain engineering is an important step in the 

manufacturing of the electro-optical and nonlinear optical devices. The periodically 

poled crystals allowed to develop the light sources with record frequency conversion 

mailto:vladimir.shur@urfu.ru


11 

efficiency using the quasi-phase-matching effect. The prospects for domain 

engineering are very broad. The production of submicron-thick single-crystalline thin 

films of lithium niobate and lithium tantalate by ion cleavage, opens the possibility for 

creating nonlinear optical waveguides with submicron domain periods. The 

development of the domain wall control will be important for nanoelectronics with 

walls as the active elements. 
The equipment of the Ural Center for Shared Use ñModern nanotechnologyò Ural Federal 

University (Reg.ˉ 2968) was used with the financial support of the Ministry of Science and Higher 

Education of the Russian Federation (Project ˉ 075-15-2021-677). The research was made possible 

by Russian Science Foundation (grant 19-12-00210). 
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ʅʆɺʓɽ ʇʈɽɼʉʊɸɺʃɽʅʀʗ ʆ ʇʈʀʈʆɼɽ ʆɹʈɸɿʆɺɸʅʀʗ 

ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʉʊɽʂʆʃ, ʀʍ ʉʊʈʋʂʊʋʈʅʆʁ ʈɽʃɸʂʉɸʎʀʀ  

ʀ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ 
 

ʅ.ʇ. ʂʦʙʝʣʝʚ1, ɺ.ɸ. ʍʦʥʠʢ2 
1ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, kobelev@issp.ac.ru 

2ɿʘʚ. ʥʘʫʯ.-ʠʩʩʣʝʜ. ʣʘʙ. ʬʠʟʠʢʠ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, v.a.khonik@yandex.ru  
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ 

2ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɼʦʢʣʘʜ ʧʦʩʚʷʱʝʥ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʤʫ ʠʟʣʦʞʝʥʠʶ ʥʦʚʦʡ ʢʦʥʮʝʧʮʠʠ ʬʦʨʤʠʨʦʚʘʥʠʷ, 

ʜʝʬʝʢʪʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ - ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ, ʧʦʣʫʯʠʚʰʝʡ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʚ ʧʦʩʣʝʜʥʠʝ ʥʝʩʢʦʣʴʢʦ ʣʝʪ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʝʢʣʘ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʷʚʣʝʥʠʷ, ʜʝʬʝʢʪʳ, 

ʤʝʞʫʟʝʣʴʥʘʷ ʪʝʦʨʠʷ. 
 

ʆʧʠʩʘʥʳ ʧʨʝʜʧʦʩʳʣʢʠ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʠ ʙʘʟʦʚʳʝ ʧʦʣʦʞʝʥʠʷ ʤʝʞʫʟʝʣʴʥʦʡ 

ʪʝʦʨʠʠ, ʧʨʝʜʧʦʣʘʛʘʶʱʝʡ, ʯʪʦ ʧʣʘʚʣʝʥʠʝ ʤʝʪʘʣʣʦʚ ʩʚʷʟʘʥʦ ʩ ʠʥʪʝʥʩʠʚʥʦʡ 

ʛʝʥʝʨʘʮʠʝʡ ʤʝʞʫʟʝʣʴʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʫʩʪʦʡʯʠʚʦʡ ʛʘʥʪʝʣʴʥʦʡ (ʨʘʩʱʝʧʣʝʥʥʦʡ) 

ʬʦʨʤʝ. ʕʪʠ ʜʝʬʝʢʪʳ ʦʩʪʘʶʪʩʷ ʠʜʝʥʪʠʬʠʮʠʨʫʝʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʨʘʩʧʣʘʚʘ. ɿʘʢʘʣʢʘ ʨʘʩʧʣʘʚʘ ʬʠʢʩʠʨʫʝʪ ʜʝʬʝʢʪʥʫʶ ʩʪʨʫʢʪʫʨʫ ʪʠʧʘ ʤʝʞʫʟʝʣʴʥʳʭ 

ʛʘʥʪʝʣʝʡ ʚ ʪʚʝʨʜʦʤ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʩʪʝʢʣʝ. ʕʚʦʣʶʮʠʷ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ ʧʨʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ (ʢʘʢ ʚ ʦʙʣʘʩʪʠ ʩʪʨʫʢʪʫʨʥʦʡ 

ʨʝʣʘʢʩʘʮʠʠ, ʪʘʢ ʠ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ) ʤʦʞʝʪ ʙʳʪʴ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʥʘ ʚ 

ʪʝʨʤʠʥʘʭ ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʪʠʧʘ ʤʝʞʫʟʝʣʴʥʳʭ ʛʘʥʪʝʣʝʡ, 

ʚʤʦʨʦʞʝʥʥʳʭ ʧʨʠ ʟʘʢʘʣʢʝ ʨʘʩʧʣʘʚʘ.  

 ʈʘʩʩʤʦʪʨʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʧʦʩʚʷʱʝʥʥʳʝ ʦʮʝʥʢʝ 

ʘʜʝʢʚʘʪʥʦʩʪʠ ʛʣʘʚʥʳʭ ʛʠʧʦʪʝʟ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ.  ɼʝʪʘʣʴʥʦ 

ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʘ ʤʥʦʛʦʩʪʦʨʦʥʥʷʷ ʩʚʷʟʴ ʤʝʞʜʫ ʨʝʣʘʢʩʘʮʠʝʡ ʩʜʚʠʛʦʚʦʡ 

ʫʧʨʫʛʦʩʪʠ ʠ ʪʝʧʣʦʚʳʤʠ ʷʚʣʝʥʠʷʤʠ ʧʨʠ ʨʘʟʥʳʭ ʚʠʜʘʭ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʤʦʛʫʪ ʙʳʪʴ ʭʦʨʦʰʦ ʦʧʠʩʘʥʳ ʚ ʨʘʤʢʘʭ ʧʨʦʩʪʦʛʦ ʤʘʪʝʤʘʪʠʯʝʩʢʦʛʦ ʬʦʨʤʘʣʠʟʤʘ  

ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ. ʆʪʤʝʯʝʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʵʪʦʡ 

mailto:kobelev@issp.ac.ru
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ʪʝʦʨʠʠ ʷʚʣʷʝʪʩʷ ʘʜʝʢʚʘʪʥʦʝ ʦʧʠʩʘʥʠʝ ʠʟʙʳʪʦʯʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ. ʈʘʩʩʤʦʪʨʝʥʳ ʧʨʦʙʣʝʤʳ ʠ ʧʫʪʠ ʜʘʣʴʥʝʡʰʝʛʦ 

ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʷ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 20-62-46003. 

 

ʋɼʂ 539.213:548.5 
 

ɸʅɸʃʀɿ ʂʀʅɽʊʀʂʀ ʂʈʀʉʊɸʃʃʀɿɸʎʀʀ ʄɽʊɸʃʃʀʏɽʉʂʀʍ 

ʉʊɽʂʆʃ ɺ ʀɿʆʊɽʈʄʀʏɽʉʂʀʍ ʀ ʅɽʀɿʆʊɽʈʄʀʏɽʉʂʀʍ 

ʋʉʃʆɺʀʗʍ  
 

ʉ.ɺ. ɺʘʩʠʣʴʝʚ1, ɽ.ɸ. ʉʚʠʨʠʜʦʚʘ2, ɺ.ʀ. ʊʢʘʯ3 

1ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʩʪ. ʥʘʫʯʥ. ʩʦʪʨ., vasils75@gmail.com 
2ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʥʘʫʯʥ. ʩʦʪʨ., ksvir@list.ru  

3ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʛʣ. ʥʘʫʯʥ. ʩʦʪʨ., stalker_1345@mail.ru 

ɻʋ çɼʦʥʝʮʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘè, ɼʦʥʝʮʢ 

ɻʆ ɺʇʆ çɼʦʥʙʘʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳè, ʄʘʢʝʝʚʢʘ 
 

ʅʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʘ Fe48Co32P14B6 ʨʘʩʩʤʦʪʨʝʥʘ ʤʝʪʦʜʦʣʦʛʠʷ ʦʮʝʥʢʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʦʧʨʝʜʝʣʷʶʱʠʭ ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʣʘʭ. ʆʙʩʫʞʜʝʥʳ ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʭʦʜʳ ʢ ʘʥʘʣʠʟʫ ʧʨʦʮʝʩʩʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʧʠʩʘʥʳ ʨʘʟʨʘʙʦʪʘʥʥʳʝ ʘʚʪʦʨʘʤʠ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʦʧʠʩʳʚʘʶʱʠʝ 

ʢʠʥʝʪʠʢʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʸʢʦʣ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʸʢʣʘ, ʢʠʥʝʪʠʢʘ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 
 

ʆʮʝʥʢʠ ʩʢʦʨʦʩʪʝʡ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʸʢʣʘʭ 

ʧʦʤʠʤʦ ʧʨʠʢʣʘʜʥʦʛʦ ʠʥʪʝʨʝʩʘ ʚʘʞʥʳ ʩ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʦʪʢʨʳʚʘʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ 

ʚʣʠʷʥʠʷ ʣʝʛʠʨʦʚʘʥʠʷ ʥʘ ʢʠʥʝʪʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʧʣʘʚʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʦʣʫʚʝʢʦʚʫʶ ʠʩʪʦʨʠʶ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʸʢʦʣ, ʤʥʦʛʠʝ ʘʩʧʝʢʪʳ ʵʪʠ 

ʧʨʦʮʝʩʩʦʚ ʦʩʪʘʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʡ.   

ɺ ʨʘʙʦʪʝ ʧʨʠʚʝʜʝʥ ʢʨʠʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, 

ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʘʥʘʣʠʟʘ ʠ ʦʧʠʩʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʸʢʦʣ ʚ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʦʮʝʥʢʠ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʦʚ, 

ʢʦʥʪʨʦʣʠʨʫʶʱʠʭ ʵʪʦʪ ʧʨʦʮʝʩʩ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ 

ʩʫʱʝʩʪʚʫʶʱʠʭ ʧʦʜʭʦʜʦʚ ʷʚʣʷʶʪʩʷ ʥʝʢʦʨʨʝʢʪʥʳʡ ʫʯʸʪ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ 

ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ ʟʘʨʦʞʜʝʥʠʷ ʠ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ ʧʨʦʮʝʩʩʘ 

ʧʨʝʚʨʘʱʝʥʠʷ.  

ɼʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʫʯʸʪʘ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ 

ʫʨʘʚʥʝʥʠʝ ʢʠʥʝʪʠʢʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [1], ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ 

ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʫʨʘʚʥʝʥʠʷ ʂʦʣʤʦʛʦʨʦʚʘ ʤʘʩʩʦʚʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [2] ʠ 

ʫʨʘʚʥʝʥʠʷ ʂʵʱʠʝʚʘ, ʦʧʠʩʳʚʘʶʱʝʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʝ ʟʘʨʦʞʜʝʥʠʝ [3]. 

ʅʝʜʦʩʪʘʪʢʦʤ ʧʨʝʜʣʦʞʝʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʣʦ ʢʠʥʝʪʠʢʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʠʧʠʯʥʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʸʢʦʣ Fe40Ni40P14B6 ʠ Fe40Co40P14B6 
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[1], ʷʚʣʷʣʦʩʴ ʥʘʣʠʯʠʝ ʙʝʩʢʦʥʝʯʥʦʛʦ ʨʷʜʘ. ʆʜʥʘʢʦ ʧʦʩʣʝʜʫʶʱʠʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ 

[4], ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʪʝʧʝʥʠ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʟʘʨʦʞʜʝʥʠʷ 

ʧʨʷʤʦʡ ʠ ʦʙʨʘʪʥʳʡ ʨʷʜʳ ʂʵʱʠʝʚʘ ʤʦʛʫʪ ʙʳʪʴ ʟʘʤʝʥʝʥʳ ʪʦʣʴʢʦ ʧʝʨʚʳʤʠ 

ʯʣʝʥʘʤʠ ʨʘʟʣʦʞʝʥʠʷ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʧʨʦʩʪʠʣʦ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʜʭʦʜʘ ʢ ʘʥʘʣʠʟʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ Fe48Co32P14B6 ʚ ʩʦʯʝʪʘʥʠʠ ʩ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ 

U(T) ʧʦʟʚʦʣʠʣʦ ʦʮʝʥʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʩʪʘʮʠʦʥʘʨʥʦʡ ʩʢʦʨʦʩʪʠ 

ʟʘʨʦʞʜʝʥʠʷ ʠ ʝʸ ʠʟʤʝʥʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʨʠʩ. 1) [5].  
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ʈʠʩ. 1. ʉʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ J(T)  

ɺ 

 ʩʪʝʢʣʝ Fe48Co32P14B6: ʩʪʘʮʠʦʥʘʨʥʳʝ 

ʟʥʘʯʝʥʠʷ, ʦʮʝʥʝʥʥʳʝ ʧʦ ʜʘʥʥʳʤ U(T) (ǒ)  

ʠ ʨʘʩʩʯʠʪʘʥʥʳʝ ʚ ʢʣʘʩʩʠʯʝʩʢʦʤ 

ʧʨʠʙʣʠʞʝʥʠʠ, ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʷ ʚ ʥʘʯʘʣʝ 

(ƶ) ʠ ʚ ʢʦʥʮʝ (Ƹ) ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ [5] 

ʈʠʩ. 2. ʉʨʘʚʥʝʥʠʝ ʨʘʩʩʯʠʪʘʥʥʳʭ (ʣʠʥʠʠ)  

ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ (ʣʠʥʠʠ + ʩʠʤʚʦʣʳ) 

ʢʨʠʚʳʭ ʟʘʚʠʩʠʤʦʩʪʠ dX/dT ʦʪ T ʜʣʷ ʩʪʝʢʣʘ 

Fe48Co32P14B6, ʥʘʛʨʝʪʦʛʦ ʩʦ ʩʢʦʨʦʩʪʴʶ 

10 K/ʤʠʥ (a) ʠ 40 K/ʤʠʥ (b) 

 

ʇʨʦʚʝʜʝʥʥʳʡ ʥʘ ʦʩʥʦʚʝ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʘʥʘʣʠʟ ʢʠʥʝʪʠʢʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʸʢʦʣ ʚ ʫʩʣʦʚʠʷʭ ʥʘʛʨʝʚʘ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʧʦʟʚʦʣʠʣ 

ʧʦʣʫʯʠʪʴ ʩʠʩʪʝʤʫ ʫʨʘʚʥʝʥʠʡ, ʦʧʠʩʳʚʘʶʱʠʭ ʠʟʤʝʥʝʥʠʷ ʜʦʣʠ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʦʙʲʝʤʘ X(T) ʜʣʷ ʤʘʣʳʭ ʠ ʙʦʣʴʰʠʭ ʩʪʝʧʝʥʝʡ ʦʪʢʣʦʥʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʦʪ ʩʪʘʮʠʦʥʘʨʥʳʭ ʟʥʘʯʝʥʠʡ. ʂʦʨʨʝʢʪʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ 

ʧʦʜʭʦʜʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʭʦʨʦʰʠʤ ʩʦʛʣʘʩʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʙʝʟ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʧʦʜʛʦʥʦʯʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʪʝʢʣʘ Fe48Co32P14B6 (ʨʠʩ. 2).  
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʦʤ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 

ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ Sr2MnTiO6. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 600 ʜʦ 43ʂ ʚ ʩʧʝʢʪʨʝ ʕʇʈ 

ʥʘʙʣʶʜʘʣʘʩʴ ʦʜʥʘ ʦʙʤʝʥʥʦ ʩʫʞʝʥʥʘʷ ʣʠʥʠʷ ʥʘ g~2, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʠʦʥʘʤʠ Mn3+ ʠ Mn4+, 

ʩʚʷʟʘʥʥʳʤʠ ʦʙʤʝʥʥʳʤʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʤʠ.  ʇʨʠʨʦʜʘ ʰʠʨʠʥʳ ʣʠʥʠʠ ʕʇʈ ʦʙʩʫʞʜʘʝʪʩʷ. ɺ 

ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 39-43 ʂ ʚ ʩʧʝʢʪʨʝ ʧʦʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʣʠʥʠʷ ʩ g~13 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʢʠʨʤʠʦʥʦʚ, ʩʚʷʟʘʥʥʘʷ ʩ ʫʧʦʨʷʜʦʯʝʥʥʳʤʠ ʦʙʣʘʩʪʷʤʠ ʚ 

ʧʘʨʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʢʠʨʤʠʦʥ, ʜʚʦʡʥʳʝ ʧʝʨʦʚʩʢʠʪʳ, ʤʘʛʥʠʪʥʳʡ ʨʝʟʦʥʘʥʩ, ʧʝʨʝʤʝʥʥʘʷ 

ʚʘʣʝʥʪʥʦʩʪʴ. 
 

ʉʣʦʠʩʪʳʝ ʦʢʩʠʜʳ ʥʘ ʦʩʥʦʚʝ ʧʝʨʦʚʩʢʠʪʘ ʰʠʨʦʢʦ ʠʩʩʣʝʜʫʶʪʩʷ ʚ ʧʦʩʣʝʜʥʝʝ 

ʚʨʝʤʷ ʙʣʘʛʦʜʘʨʷ ʠʭ ʠʥʪʝʨʝʩʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʠ ʤʘʛʥʠʪʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʚʢʣʶʯʘʷ 

ʢʦʣʦʩʩʘʣʴʥʦʝ ʤʘʛʥʠʪʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʧʝʨʝʭʦʜ ʤʝʪʘʣʣ-ʠʟʦʣʷʪʦʨ, ʛʠʛʘʥʪʩʢʠʡ 

ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʠ ʧʦʚʝʜʝʥʠʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ [1]. ʉʚʦʡʩʪʚʘ ʵʪʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʩʦʩʪʘʚʘ, ʢʦʣʠʯʝʩʪʚʘ ʩʣʦʝʚ, ʜʝʬʠʮʠʪʘ ʢʠʩʣʦʨʦʜʘ ʠ 

ʪ. ʜ. ʇʝʨʦʚʩʢʠʪʳ ʥʘʭʦʜʷʪ ʩʚʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ ʨʘʟʣʠʯʥʳʭ 

ʫʩʪʨʦʡʩʪʚ. ʇʝʨʦʚʩʢʠʪ Sr2MnTiO6 ʚʳʟʳʚʘʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ 

ʚʳʩʦʢʠʤ ʟʥʘʯʝʥʠʝʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʦʥʩʪʘʥʪʦʡ Ůô ʩʦ  ʟʥʘʯʝʥʠʝʤ 125000 ʜʣʷ 

ʯʘʩʪʦʪʳ 1 ʢɻʮ ʠ ʪʝʤʧʝʨʘʪʫʨʳ 700ʂ [2]. 

ʇʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʨʦʰʢʠ ʧʝʨʦʚʩʢʠʪʘ Sr2MnTiO6 ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʧʨʝʢʫʨʩʦʨʥʳʤ ʤʝʪʦʜʦʤ çsolution combustionè ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Sr(NO3)2, MnO2, 

i-Ti(OC3H7)4 ʠ ʜʚʫʟʘʤʝʱʝʥʥʦʛʦ ʮʠʪʨʘʪʘ ʘʤʤʦʥʠʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʪʝʣʷ. ʇʦ ʢʦʣʠʯʝʩʪʚʫ ʠʟʦʧʨʦʧʠʣʘʪʘ ʪʠʪʘʥʘ, ʚʟʚʝʰʝʥʥʦʛʦ ʚ 

ʟʘʢʨʳʪʦʤ ʙʶʢʩʝ ʨʘʩʩʯʠʪʳʚʘʣʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʥʘʚʝʩʢʠ ʦʩʪʘʣʴʥʳʭ ʨʝʘʛʝʥʪʦʚ. 

ɼʠʦʢʩʠʜ ʤʘʨʛʘʥʮʘ ʨʘʩʪʚʦʨʷʣʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

20% ʜʚʫʟʘʤʝʱʝʥʥʦʛʦ ʮʠʪʨʘʪʘ ʘʤʤʦʥʠʷ. ʀʟʦʧʨʦʧʠʣʘʪ ʪʠʪʘʥʘ ʛʠʜʨʦʣʠʟʦʚʘʣʠ 70% 

ʨʘʩʪʚʦʨʦʤ ʵʪʠʣʦʚʦʛʦ ʩʧʠʨʪʘ, ʟʘʪʝʤ ʧʦʣʫʯʠʚʰʠʡʩʷ ʧʨʦʜʫʢʪ ʨʘʩʪʚʦʨʷʣʠ ʚ ʘʟʦʪʥʦʡ 

ʢʠʩʣʦʪʝ. ʅʠʪʨʘʪ ʩʪʨʦʥʮʠʷ ʨʘʩʪʚʦʨʷʣʠ ʚ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʝ. ɺʩʝ ʪʨʠ 
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ʨʘʩʪʚʦʨʘ ʩʤʝʰʠʚʘʣʠ, ʜʦʙʘʚʣʷʣʠ ʦʩʪʘʚʰʠʡʩʷ ʮʠʪʨʘʤ ʘʤʤʦʥʠʷ. ʇʦʣʫʯʝʥʥʳʡ 

ʨʘʩʪʚʦʨ ʫʧʘʨʠʚʘʣʠ ʜʦ ʚʦʟʛʦʨʘʥʠʷ ʨʝʘʢʮʠʦʥʥʦʡ ʤʘʩʩʳ. ʇʨʦʜʫʢʪ ʧʠʨʦʣʠʟʘ 

ʧʦʜʚʝʨʛʘʣʠ ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ 973 ʂ ʜʣʷ ʫʜʘʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ. ɼʘʣʝʝ 

ʦʙʨʘʟʝʮ ʜʚʘʞʜʳ ʦʪʞʠʛʘʣʠ ʧʨʠ 1373 ʂ ʚ ʪʝʯʝʥʠʝ 8 ʯʘʩʦʚ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤ 

ʠʟʤʝʣʴʯʝʥʠʝʤ. ʇʨʦʮʝʩʩ ʬʘʟʦʦʙʨʘʟʦʚʘʥʠʷ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʤ 

ʘʥʘʣʠʟʦʤ. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʢʨʠʩʪʘʣʣʦʚ ʚʳʧʦʣʥʝʥ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʝ 

Rigaku Smart Lab ʥʘ ʪʨʫʙʢʝ ʩ Cu-ʘʥʦʜʦʤ ʚ ʜʠʩʢʨʝʪʥʦʤ ʨʝʞʠʤʝ ʩ ʰʘʛʦʤ 0,04Ü. ʇʦ 

ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ (ʈʉɸ) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʙʨʘʟʝʮ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʬʘʟʥʳʤ, ʥʝ ʩʦʜʝʨʞʠʪ ʧʨʠʤʝʩʝʡ.  
ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ Sr2MnTiO6. 

.  

ʈʠʩʫʥʦʢ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʦʚ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ Sr2MnTiO6 
 

ɹʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʕʇʈ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 4,5 - 600 ʂ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ 

Bruker EMX plus. ɺʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʚ ʩʧʝʢʪʨʝ ʕʇʈ ʥʘʙʣʶʜʘʝʪʩʷ 

ʦʜʥʘ ʣʠʥʠʷ, ʢʨʦʤʝ ʠʥʪʝʨʚʘʣʘ ʦʪ 39-43ʂ ʅʘ ʨʠʩ. ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʣʫʯʝʥʥʳʝ 

ʩʧʝʢʪʨʳ ʕʇʈ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 36-46 ʂ, ʛʜʝ ʥʘʙʣʶʜʘʣʠʩʴ ʜʚʝ ʣʠʥʠʠ ʕʇʈ 

ʩ ʵʬʬʝʢʪʠʚʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ g-ʬʘʢʪʦʨʘ g1~2 ʠ g2~13, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʬʘʟʦʚʳʤ 

ʤʘʛʥʠʪʥʳʤ ʨʘʩʩʣʦʝʥʠʝʤ ʚ Sr2MnTiO6 ʧʨʠ ʜʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʄʳ ʩʚʷʟʳʚʘʝʤ 

ʥʘʙʣʶʜʝʥʠʝ ʚʪʦʨʦʡ ʣʠʥʠʠ ʩ g2~13 ʥʝ ʩ ʥʘʣʠʯʠʝʤ ʧʨʠʤʝʩʝʡ ʚ ʦʙʨʘʟʮʝ, ʘ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʨʨʝʣʠʨʦʚʘʥʥʳʭ ʦʙʣʘʩʪʝʡ ʤʘʨʛʘʥʮʘ ʦʜʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ, ʚʝʨʦʷʪʥʦ 

ʦʙʨʘʟʫʶʱʠʭ ʩʢʠʨʤʠʦʥʳ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʧʘʨʘʤʘʛʥʠʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʙʣʘʩʪʝʡ, ʛʜʝ 

ʧʨʝʦʙʣʘʜʘʝʪ ʤʘʨʛʘʥʝʮ ʜʨʫʛʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʚ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-42-02014. 
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2,3ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʉʜʝʣʘʥ ʢʨʘʪʢʠʡ ʘʥʘʣʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʦʥʫ 

ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ. ʆʪʤʝʯʝʥʳ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʤʝʪʘʣʣʘʭ, ʩʪʝʢʣʘʭ, ʧʦʣʠʤʝʨʘʭ, ʘʤʦʨʬʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʘʭ: ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʦʙʝ ʩʪʦʨʦʥʳ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʚʘʢʘʥʩʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠʣʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʘʤʦʨʬʥʳʭ 

ʪʚʝʨʜʳʭ ʪʝʣ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʘ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʫʯʘʩʪʢʘ ʩ ʨʘʟʥʦʡ ʵʥʝʨʛʠʝʡ ʘʢʪʠʚʘʮʠʠ. 

ʅʘʙʣʶʜʘʝʤʦʝ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʬʦʥʘ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʥʘ 

ʦʙʦʠʭ ʫʯʘʩʪʢʘʭ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʤʠʛʨʘʮʠʝʡ ʚʘʢʘʥʩʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʠ 

ʚʘʢʘʥʩʠʦʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʥʫʪʨʝʥʥʝʝ ʪʨʝʥʠʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ, ʚʘʢʘʥʩʠʦʥʥʳʡ 

ʤʝʭʘʥʠʟʤ. 
 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ɺʊ), ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʜʦ ʪʝʤʧʝʨʘʪʫʨ (0,7-0,8)ʊm  (Tm ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ) ʧʨʦʠʩʭʦʜʠʪ 

ʧʦʯʪʠ ʣʠʥʝʡʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ɺʊ. ɺʳʰʝ ʵʪʠʭ ʪʝʤʧʝʨʘʪʫʨ ʯʘʩʪʦ ʥʘʙʣʶʜʘʝʪʩʷ 

ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ Q-1(T), ʢʦʪʦʨʘʷ ʠ ʥʘʟʳʚʘʝʪʩʷ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʤ ʬʦʥʦʤ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ (ɺʊ) ʚ 

ʨʘʟʣʠʯʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʩ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʦʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʟʘʜʦʣʛʦ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ ʚ ʥʠʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʨʦʩʪ ɺʊ 

(ʦʙʣʘʩʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ Ŭ-ʨʝʣʘʢʩʘʮʠʠ), ʢʦʪʦʨʳʡ ʢʘʢ ʠ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʬʦʥʫ ɺʊ ʚ ʵʪʦʤ ʢʣʘʩʩʝ 

ʤʘʪʝʨʠʘʣʦʚ, ʧʦʩʢʦʣʴʢʫ ʘʤʦʨʬʥʦʝ ʩʦʩʪʦʷʥʠʝ ʵʪʠʭ ʩʠʩʪʝʤ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʝʨʝʭʦʜʠʪ ʣʠʙʦ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ, ʣʠʙʦ ʚ ʩʦʩʪʦʷʥʠʝ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʞʠʜʢʦʩʪʠ. 

ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʨʦʩʪʘ ɺʊ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʘʤʦʨʬʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣʘʭ ʚ ʨʷʜʝ ʥʘʫʯʥʳʭ ʨʘʙʦʪ ʧʨʝʜʣʘʛʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ 

ʤʝʭʘʥʠʟʤʳ ʟʘʪʫʭʘʥʠʷ, ʦʜʥʘʢʦ ʦʙʱʝʧʨʠʟʥʘʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʥʘ ʵʪʫ ʧʨʦʙʣʝʤʫ 

ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʘʤʦʨʬʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ ʷʚʣʷʝʪʩʷ 

ʥʘʣʠʯʠʝ ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʝʤʘ (ʦʙʣʘʩʪʝʡ ʧʦʥʠʞʝʥʥʦʡ ʧʣʦʪʥʦʩʪʠ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʤʳʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʧʦ ʨʘʟʤʝʨʘʤ), ʯʪʦ ʧʦʟʚʦʣʠʣʦ 

ʩʚʷʟʘʪʴ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʝ ʚʦʟʨʘʩʪʘʥʠʝ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩ ʤʠʛʨʘʮʠʝʡ 

ʚʘʢʘʥʩʠʦʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚ ʨʘʤʢʘʭ 

ʚʘʢʘʥʩʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ɺʊ ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 
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ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʦʥʘ ʥʝʢʦʪʦʨʳʭ ʪʚʝʨʜʳʭ 

ʪʝʣ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʘʚʪʦʨʘʤʠ. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ɺʊ ʜʣʷ ʘʤʦʨʬʥʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʧʣʘʚʘ Cu66Ti34, ʚ ʢʦʪʦʨʦʡ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʦʥ ɺʊ 

ʥʘʢʣʘʜʳʚʘʝʪʩʷ ʘʩʩʠʤʝʪʨʠʯʥʳʡ ʤʘʢʩʠʤʫʤ ʧʨʠ ʊ = 690 ʂ, ʚʳʩʦʪʘ ʢʦʪʦʨʦʛʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʯʘʩʪʦʪʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʧʦ ʟʘʢʦʥʫ Q-1 ~ 1 

/ f1/2. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʘʢʘʥʩʠʦʥʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʫʯʘʩʪʦʢ 

a-ʨʝʣʘʢʩʘʮʠʠ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʩʚʷʟʘʥ ʩ ʤʠʛʨʘʮʠʝʡ ʥʝʨʘʚʥʦʚʝʩʥʳʭ, ʘ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ (ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʩʪʝʢʣʦʚʘʥʠʷ) ï ʨʘʚʥʦʚʝʩʥʳʭ 

ʪʦʯʝʯʥʳʭ ʜʝʬʝʢʪʦʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ. ɺʝʣʠʯʠʥʫ ʚʥʫʪʨʝʥʥʝʛʦ ʪʨʝʥʠʷ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʫʯʘʩʪʢʘʭ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʩʤ. ʨʠʩ.) ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʩ ʧʦʤʦʱʴʶ ʩʣʝʜʫʶʱʠʭ ʚʳʨʘʞʝʥʠʡ: 
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ɿʜʝʩʴ Q0
ï1 ï ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʤʥʦʞʠʪʝʣʴ, ʩʣʘʙʦ ʟʘʚʠʩʷʱʠʡ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, Em ï ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʧʦʜʚʠʞʥʦʛʦ ʜʝʬʝʢʪʘ, ɽv ï ʵʥʝʨʛʠʷ 

ʦʙʨʘʟʦʚʘʥʠʷ ʜʝʬʝʢʪʦʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ, k ï ʧʦʩʪʦʷʥʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʊ ï 

ʪʝʤʧʝʨʘʪʫʨʘ. 

  
ʈʠʩʫʥʦʢ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ɺʊ ʘʤʦʨʬʥʦʛʦ (1-3) ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ (4) ʩʧʣʘʚʘ 

Cu66Ti34 ʧʨʠ ʯʘʩʪʦʪʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ: 151 (1); 2175 (2); 2786 (3); 200 (4) ɻʮ  

ʚ ʢʦʦʨʜʠʥʘʪʘʭ Qï1 ʦʪ ʊ (ʘ) ʠ lnQï1 ʦʪ 1/ʊ (ʙ).  

ʅʘ ʚʩʪʘʚʢʝ - ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ʤʘʢʩʠʤʫʤʘ ɺʊ ʦʪ 1/ f-1/2 

 

ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʚʝʣʠʯʠʥʘʭ ʵʥʝʨʛʠʡ ʤʠʛʨʘʮʠʠ ʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʘʢʘʥʩʠʦʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʝʢʦʪʦʨʳʭ 

ʘʤʦʨʬʥʳʭ ʪʚʝʨʜʳʭ ʪʝʣ. 
ʊʘʙʣʠʮʘ 

ʕʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʤʠʛʨʘʮʠʠ ʚʘʢʘʥʩʠʦʧʦʜʦʙʥʳʭ ʜʝʬʝʢʪʦʚ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤ 
ˉ ʧ/ʧ  ʉʠʩʪʝʤʘ Em, ʵɺ Ev, ʵɺ 

1 ʉʧʣʘʚ Cu66Ti34 0,94  °0,04 0,93 ° 0,04 

2 ʇʦʣʠʤʝʨ ʊ-107 0,72 ° 0,05 1,41 ° 0,06 

3 ʇʣʝʥʢʘ BiFeO3 0.80 ° 0.08 0.88 ° 0.08 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ ʚ 

ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ˉ FZGM-2020-0007.  

ʘ ʙ 
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MECHANICAL  STABILITY  OF MULTILAYER POROUS POLYMER 

SEPARATOR IN LITHIUM -ION BATTERIES   
 

A. Maksimov1, O. Maksimova2  
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Cherepovets State University, Sovetskii Pr. 8, Cherepovets, 162600, Russian Federation 

 
We have used Grosberg-Khokhlov theory of coil-globule transition for description of mechanical 

properties of porous polymer films in electrolyte solvents. It has been shown that the Young's modulus is 

maximal at the swelling ratio Ŭ = 1 that corresponds to the dry film or the film in Ū- solvent. In good 

solvents, with the increase in the value of Ŭ, the Young's modulus monotonously decreases to zero and 

film is softened. Unlike from Flory theory, the effect of hardening of porous films (the poroelastic effect) 

is impossible in any good solvents. 

Key words: 2-nd virial approximation, porous film, polymer separator, Youngôs modulus, 

swelling ratio, lithium-ion batteries, Ū- solvent. 

 

The mechanical stability polymer components may play an important role in the 

long term performance of different devices [1], e.g. in multilayer porous polymer 

separators in lithium-ion batteries (LIB). Experimental measurements [2] showed, on 

the one hand, certain solvents such as dimethyl carbonate, diethyl carbonate, and ethyl 

acetate cause marked softening of the separator. On the other hand, the authors [2] 

failed to explain that in other solvents, such as propylene carbonate and acetonitrile, 

the separator retains the mechanical properties of the dry film. To explain these results 

and predict new effects, we have developed in the 2-nd virial approximation a 

phenomenological theory of the mechanical properties of swollen porous polymer 

films in electrolyte solvents. 

The simplest physics-based model for swelling of non-porous polymers induced 

by solvents is the ñbeads on a stringò model of Gaussian subchains [3]. In this model, 

the free energy of a swollen film, containing n polymer coils from N strings (subchains) 

having the root-mean-square dimensions R, has the form [4] 

Ὂḳ  ȟ                                          (1) 

where a is the root-mean-square distance between adjacent beads, B is the second 

virial coefficient, n is the number of chains in the film. 

The change in the free energy under uniaxial compressive strain is equal to 

ῳὊ ‌ ˞‐ȟ‘ ρ
˞ ȟ

ρ
Ȣ

˞ ȟ Ȣ ρ ȟ              (2) 

where Ŭ is swelling ratio, Ů is the relative strain of the swollen film (along the z 

axis), ɛ is Poisson's ratio, the function ˞‐ȟ‘ ρ
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The stress along the z axis in the film is defined as „ ρὠϳ  ‬ῳὊ‬‐ϳ ȟ where 

V1=Ŭ
3V0 and V0 are the volumes of swollen and dry films, correspondently. If we use 

equation for the swelling ratio Ŭ in Grosberg-Khokhlov theory of coil-globule 

transition [3]: ‌ ‌ σὄЍὔ τʌὥȟϳ  then the stress-strain dependence has the form 

„ ὃ‐ȟ‘ ‌ ρ
˞ ȟ Ȣ ˞ ȟ ˞ ȟ Ȣ

 ,                        (3) 

where the function ὃ‐ȟ‘
˞ ȟ

ρ ς ‘ ‐ρ ς‘ , „ ὯὝ’, and ɜ0=n/V0 

is the number of chains (coils) per unit volume of the dry film. 

At small strain (|Ů | << 1), the expansions ρ ρ˞‐ȟ‘ϳ ḙ τ‐ρ ς‘ σϳȟ  

ρ ρ˞‐ȟ‘ Ȣϳ ḙ υ‐ρ ς‘ σϳ are valid, and ů is expressed as 

„ḙ
 
 ρ ς ‘ ‐ρ ς‘ ρ ς‘ υ‌ ‐ȟ                          (4) 

Thus, the Young's modulus of the film in the solvent ɽ=dů/dŮ |Ů=0  is equal to  

                           Ὁ
 
 υ‌ ȟ                                                    (5) 

where the maximal value of Young's modulus ɽm=4„  ρ ς ‘ Ⱦσ 
corresponds to the dry film or the film in Ū- solvent, when Ŭ* = 1. The value ɽm 

decreases with the increase in Poissonôs ratio ɛ from ɽ0=ρȢσσ„ (at ɛ =0) to zero (at ɛ 

= 0.5). For values Ŭ>1, the value of E monotonously decreases to zero with the increase 

in the swelling ratio Ŭ (Fig.1). Thus, the effect of hardening of porous films (the poro-

elastic effect [4]) in Grosberg-Khokhlov theory is impossible in any good solvents. 

Note that the maximal value of Young's modulus ɽm in Flory theory occurs at 

Ŭ* = (1.8)0.5 ~ 1.34 (Figure 1b). Thus, the effect of hardening of porous films is possible 

in some good solvents for that the swelling ratio Ŭ < Ŭ*.  

 

     
 

Figure. a - the reduced Youngôs modulus E/ů0 of PP films in different solvents vs. swelling ratio Ŭ in 

Grosberg-Khokhlov theory for ɛ = 0.1 (1), 0.1 (2), 0.2 (3), 0.3 (4). b ï the quantity e =E/ů0(1-2ɛ2) vs. 

swelling ratio Ŭ in Grosberg-Khokhlov theory (1) and in Flory theory (2)  

 

Thus, the decrease in the elastic modulus of the polypropylene (PP) separator 

could be due to its swelling in solvents that is confirmed by experimental 

measurements [2]. The findings of this work allow us to better understand mechanical 

properties of polymer components for long-term operation LIB due to higher their 

mechanical stability of polymer in electrolyte environment. 
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The Burns temperature as a function of the parameters of the structural inhomogeneity region 

was determined and the freezing temperature of a distinct polar nanoregion was estimated, in the 

frame of a çrandom temperatureè phenomenological model, proposed to describe the properties of 

ferroelectric relaxors. It has been shown the account of the temperature dependence of the free 

energy of the polar region is significant to determine the relation of relaxation frequency on 

temperature.  

Keywords: ferroelectric relaxor, Burns temperature. 

 

The relaxor volume contains the regions with a higher phase transition (PT) 

temperature () ()CT r c r=Q+  due to the inhomogeneous chemical composition. The 

PT temperature ()CT r  depends on the size of the inhomogeneous region ()l r , shape 

and deviation ()c r  from the average temperature Q PT in the sample. 

We consider a distinct polar region (PR) with the size Lp which contains an area 

of structural inhomogeneity with the size l, namely Lp>>l. We write the Landau ï 

Ginzburg expansion of free energy for this region near the temperature of the second 

order PT [1]: 

()
( )

22 ,
2 2

V

r
F P P dV

a kå õ
= - + Ðæ ö
ç ÷
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where () ()( ) ( ) () ()0 0 0 0Cr T r T T c r c ra a a a a a= - = Q- + = + is the 

expansion coefficient in series; əåa2 is the correlating constant, a is the lattice 

parameter; ( ){ }0,0, , ,P P x y z=  is the polarization vector; V is the PR volume. Variation 

functional (1) on polarization gives the equilibrium equation 
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()0P c r P P.k a aD + =-
     

(2) 

The comparison of the equation (2) with the stationary Schrºdinger equation 

()
2

,
2

U r E
m
y y yD - =-

    

(3) 

for a particle of mass m in the potential well ()U r  allows to notice that the 

polarization P is comparable to the wave function ɣ, and the local maximum height 

()c r  is as well as comparable with the well depth ()U r , and temperature coefficient 

Ŭ ï the full particle energy E. Then the bound states of the particle are comparable to 

the local PT, and the transition of the material to the conducting state ï the PT in relaxor. 

The piecewise polarization function ()P r  at the boundary of the structural 

inhomogeneity region inside the PR has to satisfy the conditions of smooth stitching; 

in the center of the PR, the function ()P r  should be in agreement with the condition 

of a maximum; and the polarization should be absent in outside the PR, as it follows 

from the physical considerations. The smallest eigenvalue of the formulated boundary 

value problem for an inhomogeneous PR determines the Burns temperature deviation 

d dT TD = -Q depending on area size ()l r , height and forms of local ejection ()c r . 

We have considered three types of çpotential wellsè: rectangular, parabolic and 

spherical (Fig. 1), for each of it the analytical polarization distribution has been 

obtained, which is used to numerically find the deviation ȹTd depending on the 

mentioned parameters. It should be noted that the non-linear character ()dT lD  was 

clearly observed for the bulk case only, and the width of the PT diffuse ()lDQ  was 

significantly lower than for the one-dimensional case. 

 

 

 

Figure. The dependences of the Burns temperature deviation d dT TD = -Q on the local  

maximum height ()
0,

max
pr L

c c r
è øÍê ú

=  (a), on the region size l/a (b) for the volume case 

 

a) b) 
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The Burns temperature deviation ȹTd for the c=20 K at the region size l = 17ï

33 ML in TGS model crystal lies between 0-6 ʂ (Fig 1b), which correspond with the 

value 5.85 ʂ, found in the experiment [2] for the relaxor Sr
0.993
Ca
0.007
TiO

3. 
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We examine the relaxation of polymer chains dissolved in organic solvents by means of 

molecular dynamics simulations. A coarse-grained model of polypropylene along with organic 

solvents (acetone, cyclopentane, propylene carbonate, acetonitrile) was employed. To study the 

relaxation, we calculated the time dependence of the mean square displacement of solvent molecules 

and polypropylene monomers. The simulation results show that the relaxation time of the 

polypropylene decreases when it dissolved. Moreover, the relaxation time of the solvent becomes 

comparable with the one of polymer chains. The effect of solvents on the temperature of the glass 

transition is also studied. 

Keywords: polymer solutions, molecular dynamics, relaxation time, polypropylene, organic 

solvents. 

 

The addition of polymer components to Newtonian solvents strongly affects 

their rheological properties [1]. Particularly, it was shown that the presence of polymer 

particles in the fluid leads to emergence of two peaks in the flow velocity distribution 

(Fig. a) [2]. The extensional viscosity of such solutions becomes quite large which can 

be useful for many industrial applications such as inkjet printing. In this work, we 

investigated the relaxation properties of polymer solutions by the molecular dynamics 

method. 

We implemented the model of polypropylene based the TRAPP force field 

which is described in [3]. To simulate the organic solvents, we applied the rigid coarse-

grained models with Lennard-Jones and Coulomb interactions [4, 5]. The solutions 

with different polymer concentrations were built. The simulation was performed by the 

LAMMPS package.  

To estimate the relaxation times of the polymer and the solvents, we calculated 

the mean square displacement of monomers and solventôs molecules: 
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where N  is the number of solution atoms or monomers, 
ir  is the radius vector of i-th 

atom (monomer), 
0t  is the initial time of the simulation. 

Some of the results for polypropylene-acetone solutions are shown in Fig. b. As 

one can see, the relaxation time of the polypropylene decreases when it dissolved. 

Furthermore, the shape of the mean square displacement curves of the polymer and the 

solvent significantly changes compared with ones for the pure components. 

Consequently, the relaxation times of the solvent and the polymer become comparable. 

 

 
(a) 

 
(b) 

Figure. (ʘ) The normalized velocity distribution of the dilute polymer solution along the flow 

direction (b) Time dependence of the mean square displacement of acetone molecules  

and polypropylene monomers.  1 ï pure acetone, 2 ï acetone in the solution, 3 ï polypropylene  

in the solution, 4 ï pure polypropylene. The concentration of polypropylene in the solvent is 25%. 

 

The temperature of polymer glass transition was estimated by the change in the 

slope of the energy-temperature curve. We found that the transition temperature 

decreases with increasing the solvent concentration.  
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ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʚʝʜʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ DyFe11Ti ʚ ʧʨʦʮʝʩʩʝ ʨʝʣʘʢʩʘʮʠʠ. 

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʝ ʠʟʦʙʨʘʞʝʥʠʷ ʜʦʤʝʥʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ ʥʘ 

ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʦʜʥʦʦʩʥʦʛʦ ʤʘʛʥʝʪʠʢʘ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʡʩʷ ʪʨʘʥʩʬʦʨʤʘʮʠʝʡ ʜʦʤʝʥʦʚ, 

ʤʦʞʝʪ ʙʳʪʴ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ D(t), ʢʦʪʦʨʘʷ 

ʠʤʝʝʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʨʝʣʘʢʩʘʮʠʷ, ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ, ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ. 
 

ʅʘ ʙʘʟʠʩʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʤʘʛʥʝʪʠʢʘ ʩ ʤʘʛʥʠʪʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ çʦʩʴ ʣʝʛʢʦʛʦ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷè ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʜʦʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʫʤʝʥʴʰʘʶʪ ʝʛʦ ʤʘʛʥʠʪʦʩʪʘʪʠʯʝʩʢʫʶ 

ʵʥʝʨʛʠʶ. ɺ ʩʦʝʜʠʥʝʥʠʷʭ DyFe11Ti ʨʘʥʝʝ [1] ʙʳʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥ ʵʬʬʝʢʪ 

ʚʣʠʷʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʥʘ ʝʝ ʜʦʤʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ (ɼʉ): 

ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʷʶʪ ʘʥʠʟʦʪʨʦʧʠʶ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʠ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʘʚʥʦʚʝʩʥʦʡ ɼʉ ʪʨʝʙʫʝʪʩʷ ʜʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ. ʈʝʣʘʢʩʘʮʠʶ ɼʉ ʧʦʚʝʨʭʥʦʩʪʠ ʢ 

ʨʘʚʥʦʚʝʩʥʦʤʫ ʩʦʩʪʦʷʥʠʶ ʤʦʞʥʦ ʚʠʟʫʘʣʴʥʦ ʥʘʙʣʶʜʘʪʴ ʧʦ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

ʜʦʤʝʥʦʚ, ʢʦʪʦʨʳʝ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʥʘ ʦʜʥʦʤ ʠ ʪʦʤ ʞʝ ʫʯʘʩʪʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʯʝʨʝʟ 

ʨʘʟʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʚʨʝʤʝʥʠ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʠʟʦʙʨʘʞʝʥʠʷ ɼʉ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʧʦʣʷʨʥʦʛʦ ʵʬʬʝʢʪʘ ʂʝʨʨʘ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ DyFe11Ti ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʠ ʧʦʚʝʨʭʥʦʩʪʠ. ʅʘ ʧʝʨʚʦʤ 

ʩʥʠʤʢʝ (ʩʤ. ʨʠʩ. 1 ʘ) ʧʨʝʜʩʪʘʚʣʝʥʘ ɼʉ, ʧʦʣʫʯʝʥʥʘʷ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʣʠʨʦʚʢʠ. ʉ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩ. 1 ʙ-ʛ) ʬʦʨʤʠʨʫʝʪʩʷ 

ʨʘʚʥʦʚʝʩʥʘʷ ɼʉ, ʪʠʧʠʯʥʘʷ ʜʣʷ ʦʜʥʦʦʩʥʳʭ ʤʘʛʥʝʪʠʢʦʚ: ʧʝʨʚʳʤʠ ʧʨʦʩʪʫʧʘʶʪ 

ʢʦʥʪʫʨʳ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ, ʪ.ʝ. ʧʦʷʚʣʷʝʪʩʷ ʣʘʙʠʨʠʥʪʥʘʷ ɼʉ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʣʷʤ ʨʘʩʩʝʥ̫ʠʷ, ʘ ʟʘʪʝʤ ʩʪʘʥʦʚʷʪʩʷ ʨʘʟʣʠʯʠʤʳʤʠ ʢʦʥʪʫʨʳ 

ʟʘʤʳʢʘʶʱʠʭ ʜʦʤʝʥʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʪʝʯʝʥʠʝ 10 ʯʘʩʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪʩʷ 

ʨʘʚʥʦʚʝʩʥʘʷ ɼʉ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɺ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʨʘʚʥʠʪʝʣʴʥʳʡ ʘʥʘʣʠʟ ɼʉ ʥʘ ʨʘʟʥʳʭ ʵʪʘʧʘʭ 

ʨʝʣʘʢʩʘʮʠʠ ʚʳʧʦʣʥʷʣʩʷ ʤʝʪʦʜʘʤʠ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ. ɼʣʷ ʵʪʦʛʦ 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʠʭ ʬʨʘʢʪʘʣʴʥʘʷ ʨʘʟʤʝʨʥʦʩʪʴ DL. ɺʦʟʤʦʞʥʦʩʪʴ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʦʡ 
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ɼʉ ʩ ʧʦʤʦʱʴʶ ʘʧʧʘʨʘʪʘ ʬʨʘʢʪʘʣʴʥʦʡ ʛʝʦʤʝʪʨʠʠ ʠʟʚʝʩʪʥʘ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ [2]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ, ʨʘʟʚʠʪʘʷ ʚ 

ʨʘʙʦʪʘʭ [3, 4]. ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʘ ʚʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʨʘʢʪʘʣʴʥʦʡ 

ʨʘʟʤʝʨʥʦʩʪʠ ɼʉ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ DyFe11Ti. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ 

ʨʝʣʘʢʩʘʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʣʠʥʝʡʥʳʡ ʚʨʝʤʝʥʥʦʡ ʨʦʩʪ ʟʥʘʯʝʥʠʷ DL. 

    
ʘ ʙ ʚ ʛ 

ʈʠʩ. 1. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ɼʉ ʥʘ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ DyFe11Ti  

ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (ʘ ï 3 ʯʘʩʘ, ʙ ï 6 ʯʘʩʦʚ, ʚ ï 8 ʯʘʩʦʚ, ʛ ï 10 ʯʘʩʦʚ).  
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ʈʠʩ. 2. ɺʨʝʤʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʬʨʘʢʪʘʣʴʥʦʡ ʨʘʟʤʝʨʥʦʩʪʠ ɼʉ ʤʦʥʦʢʨʠʩʪʘʣʣʘ DyFe11Ti 

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ 

ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ ʚ ʨʘʤʢʘʭ ʚʳʧʦʣʥʝʥʠʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ 

ʜʝʷʪʝʣʴʥʦʩʪʠ (ʧʨʦʝʢʪ ˉ 0817-2020-0007). 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʨʦʚʝʜʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝ-

ʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ Cu57Zr43 ʚ ʫʩʣʦʚʠʷʭ ʦʜʥʦʦʩʥʦʛʦ ʩʞʘʪʠʷ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʪʘʪʠʩʪʠʢʦ-

ʛʝʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ ʦʩʥʦʚʝ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ɺʦʨʦʥʦʛʦ ʠʟʫʯʝʥʘ ʵʚʦʣʶʮʠʷ 

ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʦʙʣʘʩʪʠ ʟʘʨʦʞʜʝʥʠʷ ʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠ ̫ʧʦʣʦʩʳ ʩʜʚʠʛʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʜʠʥʘʤʠʢʘ, 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

 

ʄʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʜʠʥʘʤʠʢʠ ʧʦʩʪʨʦʝʥʘ ʤʦʜʝʣʴ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ Cu57Zr43, ʩʦʜʝʨʞʘʱʘʷ 500000 ʘʪʦʤʦʚ. ʄʝʞʘʪʦʤʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʧʠʩʳʚʘʣʦʩʴ ʤʥʦʛʦʯʘʩʪʠʯʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʠʟ ʨʘʙʦʪʳ [1]. 

ʈʘʩʯʝʪʥʘʷ ʷʯʝʡʢʘ ʠʤʝʣʘ ʬʦʨʤʫ ʧʨʷʤʦʫʛʦʣʴʥʦʛʦ ʧʘʨʘʣʣʝʣʝʧʠʧʝʜʘ ʨʘʟʤʝʨʘʤʠ Lx = 

59.67 ¡, Ly = 238.69 ¡ ʠ Lz = 476.43 ¡, ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʦʩʠ z ʙʳʣʠ ʥʘʣʦʞʝʥʳ 

ʧʝʨʠʦʜʠʯʝʩʢʠʝ ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ. 

ɼʝʬʦʨʤʘʮʠʷ ʤʦʜʝʣʠ ʩʦ ʩʨʝʜʥʝʡ ʩʢʦʨʦʩʪʴʶ 6Ĭ107 ʩ-1 ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ 

ʩʞʘʪʠʝʤ ʚʜʦʣʴ ʦʩʠ z. ʅʘ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʥʘʧʨʷʞʝʥʠʷ s ʠ 

ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʦʪ ʚʝʣʠʯʠʥʳ ʜʝʬʦʨʤʘʮʠʠ e ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʧʨʠ 

e º 6 % (ʨʠʩ. 1, ʘ).  
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                                          ʘ)                                                                   ʙ) 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ ʥʘʧʨʷʞʝʥʠʷ ʠ ʩʨʝʜʥʝʡ ʧʦʪʝʥʮʠʘʣʴʥʦʡ ʵʥʝʨʛʠʠ ʘʪʦʤʘ ʦʪ ʩʪʝʧʝʥʠ 

ʜʝʬʦʨʤʘʮʠʠ (ʘ), ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ ʧʨʠ ʜʝʬʦʨʤʘʮʠʠ  e = 0,06 (ʙ) 
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ʉ ʮʝʣʴʶ ʠʟʫʯʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʣʦʢʘʣʠʟʘʮʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʜʣʷ 

ʤʦʜʝʣʝʡ ʥʘ ʨʘʟʣʠʯʥʳʭ ʩʪʘʜʠʷʭ ʩʞʘʪʠʷ ʧʨʦʠʟʚʦʜʠʣʩʷ ʨʘʩʯʝʪ ʢʚʘʜʨʘʪʠʯʥʳʭ 

ʥʝʘʬʬʠʥʥr ʭ ʩʤʝʱʝʥʠʡ 2

min
D  [2], ʢʦʪʦʨʳʝ ʧʨʦʠʟʦʰʣʠ ʩ ʤʦʤʝʥʪʘ ʥʘʯʘʣʘ 

ʥʘʛʨʫʞʝʥʠʷ. ʅʘ ʨʠʩ. 1, ʙ ʧʨʝʜʩʪʘʚʣʝʥʦ ʠʟʦʙʨʘʞʝʥʠʝ ʤʦʜʝʣʠ ʧʨʠ e = 6 %, ʮʚʝʪ 

ʘʪʦʤʦʚ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʶ 2

min
D . ʀʟ ʨʠʩ. 1 ʚʠʜʥʦ, ʯʪʦ ʨʝʟʢʠʡ ʩʧʘʜ ʥʘ ʢʨʠʚʦʡ 

s(e) ʩʚʷʟʘʥ ʩ ʣʦʢʘʣʠʟʘʮʠʝʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʫʟʢʦʡ ʧʦʣʦʩʝ ʩʜʚʠʛʘ, 

ʨʘʩʧʨʦʩʪʨʘʥʷʶʱʝʡʩʷ ʦʪ ʦʜʥʦʡ ʛʨʘʥʠ ʦʙʨʘʟʮʘ ʜʦ ʜʨʫʛʦʡ ʧʦʜ ʫʛʣʦʤ ʦʢʦʣʦ 45Á ʢ 

ʥʘʧʨʘʚʣʝʥʠʶ ʩʞʘʪʠʷ.  

ɼʣʷ ʠʟʫʯʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʝʨʝʩʪʨʦʝʢ ʘʪʦʤʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ɺʦʨʦʥʦʛʦ (ʄɺ) ʩ 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʪʦʧʦʣʦʛʠʯʝʩʢʠʤʠ ʠʥʜʝʢʩʘʤʠ ʦʪ ʩʪʝʧʝʥʠ ʜʝʬʦʨʤʘʮʠʠ (ʨʠʩ. 2).  
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʜʦʣʠ ʦʩʥʦʚʥʳʭ ʪʠʧʦʚ ʤʥʦʛʦʛʨʘʥʥʠʢʦʚ ɺʦʨʦʥʦʛʦ ʦʪ ʚʝʣʠʯʠʥʳ  

ʜʝʬʦʨʤʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʳʝ ʜʣʷ ʦʙʣʘʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʧʦʣʦʩʳ ʩʜʚʠʛʘ 

 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʮʝʩʩ ʦʙʨʘʟʦʚʘʥʠʷ ʧʦʣʦʩʳ ʩʜʚʠʛʘ, ʚ ʢʦʪʦʨʦʡ 

ʣʦʢʘʣʠʟʫʝʪʩʷ ʧʣʘʩʪʠʯʝʩʢʘʷ ʜʝʬʦʨʤʘʮʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ, ʩʚʷʟʘʥ ʩ ʨʝʟʢʠʤ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚ ʦʙʣʘʩʪʠ ʧʦʣʦʩʳ ʢʦʣʠʯʝʩʪʚʘ ʄɺ ʩ ʠʥʜʝʢʩʦʤ (0-0-12), ʪ.ʝ. ʩ 

ʨʘʟʨʫʰʝʥʠʝʤ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʳʭ ʠʢʦʩʘʵʜʨʠʯʝʩʢʠʭ ʘʪʦʤʥʳʭ ʢʦʥʬʠʛʫʨʘʮʠʡ. 
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2009. ï V. 89. ï N. 11. ï P. 967 ï 987. 

3. Falk M.L. Dynamics of viscoplastic deformation in amorphous solids / M.L. Falk, 

J.S. Langer // Phys. Rev. E. ï 1998. ï V. 57. ï N. 6. ï P. 7192 ï 7205. 
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ʋɼʂ 537.9 

 

ɼʀʉʃʆʂɸʎʀʆʅʅɸʗ ʄʆɼɽʃʔ ʄɸʃʆʋɻʃʆɺʓʍ ɻʈɸʅʀʎ 

ʅɸʂʃʆʅɸ ɺ ɺʓʉʆʂʆʊɽʄʇɽʈɸʊʋʈʅʓʍ ʉɺɽʈʍʇʈʆɺʆɼʅʀʂɸʍ  
 

ʖ.ɸ. ʇʦʤʝʨʘʥʮʝʚ 

ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, pomerant_yu@mail.ru  

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʘ ʜʠʩʣʦʢʘʮʠʦʥʥʘʷ ʤʦʜʝʣʴ ʤʘʣʦʫʛʣʦʚʳʭ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮ ʜʣʷ 

ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. ʄʦʜʝʣʴ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʝʥʢʦʡ 045  ʜʠʩʣʦʢʘʮʠʡ ʩ ʦʩʷʤʠ [001]ʠ 

ʛʨʘʥʠʮʝʡ ʚ ʧʣʦʩʢʦʩʪʠ (110). ʈʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʩʱʝʧʣʝʥʠʝ ʢʘʞʜʦʡ ʜʠʩʣʦʢʘʮʠʠ 

ʚ ʧʣʦʩʢʦʩʪʠ ʩʢʦʣʴʞʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʜʝʬʝʢʪʘ ʫʧʘʢʦʚʢʠ ʤʝʞʜʫ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 

ʜʠʩʣʦʢʘʮʠʷʤʠ.  

 ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʣʦʫʛʣʦʚʳʝ ʛʨʘʥʠʮʳ ʥʘʢʣʦʥʘ, ʯʘʩʪʠʯʥʳʝ ʜʠʩʣʦʢʘʮʠʠ, ʜʝʬʝʢʪ 

ʫʧʘʢʦʚʢʠ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʝ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʠ, ʧʣʦʪʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ. 

 

ɻʨʘʥʠʮʳ ʟʝʨʝʥ ʚ ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ ʩ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʧʝʨʝʭʦʜʘ ʠʩʧʳʪʳʚʘʶʪ ʩʠʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʚʝʣʠʯʠʥʳ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʪʦʢʘ ʚ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʙʦʣʴʰʝʡ ʯʘʩʪʴʶ ʩ ʚʣʠʷʥʠʝʤ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ ʛʨʘʥʠʮ ʟʝʨʝʥ ʥʘ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʴ [1,2]. 

ʊʘʢ, ʥʝʜʘʚʥʝʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʛʨʘʥʠʮ ʟʝʨʝʥ ʥʘ ʧʣʦʪʥʦʩʪʴ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʪʦʢʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʭ [1] ʦʩʥʦʚʳʚʘʣʦʩʴ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʠʤʧʫʣʴʩʥʳʤ ʣʘʟʝʨʦʤ ʧʫʪʝʤ ʦʩʘʞʜʝʥʠ ̫ ʧʣʝʥʦʢ ʥʘ 

ʙʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʧʦʜʣʦʞʢʠ, ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʣʠ ʝʩʪʝʩʪʚʝʥʥʳʝ ʛʨʘʥʠʮʳ ʟʝʨʝʥ. 

ɺ ʧʨʝʜʣʦʞʝʥʥʦʡ ʤʦʜʝʣʠ ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʛʨʘʥʠʮʳ ʢʦʤʧʦʥʝʥʪʳ ʚʝʢʪʦʨʦʚ 

ɹʶʨʛʝʨʩʘ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʨʫʯʝʥʠʝʤ ʠ ʠʟʛʠʙʦʤ, ʯʝʨʝʜʫʶʪʩʷ ʧʦ ʟʥʘʢʫ ʦʪ ʜʠʩʣʦʢʘʮʠʠ 

ʢ ʜʠʩʣʦʢʘʮʠʠ.  

ʈʘʩʱʝʧʣʝʥʠʝ 045 ʜʠʩʣʦʢʘʮʠʡ ʚ ʛʨʘʥʠʮʝ, ʧʦʜʪʚʝʨʞʜʘʝʤʦʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʦ ʩʭʝʤʝ: 

 [011] [121] [112]
2 6 6

a a a
­ + ,                                              (1) 

 [101] [112] [211]
2 6 6

a a a
­ + .                                                                     (2) 

                                                                                      

ɺ ʧʝʨʚʦʡ ʨʝʘʢʮʠʠ ʜʝʬʝʢʪ ʫʧʘʢʦʚʢʠ ʦʙʨʘʟʫʝʪʩʷ ʚ ʧʣʦʩʢʦʩʪʠ (100), ʚʦ 

ʚʪʦʨʦʡï ʚ ʧʣʦʩʢʦʩʪʠ (010).  

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʫʧʨʫʛʦʩʪʠ ʚ ʨʘʙʦʪʝ ʨʘʩʩʯʠʪʘʥʳ ʫʧʨʫʛʠʝ ʵʥʝʨʛʠʠ 

ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʛʨʘʥʠʮ (ʧʨʠʭʦʜʷʱʠʝʩʷ ʥʘ ʝʜʠʥʠʮʫ ʜʣʠʥʳ ʜʠʩʣʦʢʘʮʠʠ), 

ʦʙʨʘʟʦʚʘʥʥʳʭ ʩʪʝʥʢʘʤʠ ʢʨʘʝʚʳʭ 090  ʜʠʩʣʦʢʘʮʠʡ (W0), ʥʝʨʘʩʱʝʧʣʝʥʥʳʤʠ 045  

ʜʠʩʣʦʢʘʮʠʷʤʠ (W1) ʠ ʨʘʩʱʝʧʣʝʥʥʳʤʠ 045  ʜʠʩʣʦʢʘʮʠʷʤʠ (W2) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮʳ q. ɻʨʘʬʠʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ. 
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ɺʳʧʦʣʥʝʥʥʳʝ ʚ ʨʘʙʦʪʝ ʨʘʩʯʝʪʳ ʫʧʨʫʛʠʭ ʵʥʝʨʛʠʡ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʛʨʘʥʠʮ 

ʧʦʢʘʟʳʚʘʶʪ: ʧʨʠ ʫʛʣʘʭ ʨʘʟʦʨʠʝʥʪʘʮʠʠ ʟʝʨʝʥ 05q>  ʫʧʨʫʛʘʷ ʵʥʝʨʛʠʷ ʛʨʘʥʠʮʳ 

ʥʘʢʣʦʥʘ ʠʟ ʨʘʩʱʝʧʣʝʥʥʳʭ 045  ʜʠʩʣʦʢʘʮʠʡ ʩʪʘʥʦʚʠʪʩʷ ʤʝʥʴʰʝ ʵʥʝʨʛʠʠ ʛʨʘʥʠʮʳ 

ʠʟ 090 ʜʠʩʣʦʢʘʮʠʡ ʩ ʦʩʴʶ [001] ʠ ʦʙʨʘʟʫʶʱʠʭ ʜʠʩʣʦʢʘʮʠʦʥʥʫʶ ʛʨʘʥʠʮʫ ʚ 

ʧʣʦʩʢʦʩʪʠ (110), ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʝʨʚʦʡ ʚ 

ʛʨʘʥʠʮʘʭ ʥʘʢʣʦʥʘ ʦʢʩʠʜʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ. ɺʩʝ ʧʘʨʘʤʝʪʨʳ ʧʨʝʜʣʦʞʝʥʥʦʡ 

ʜʠʩʣʦʢʘʮʠʦʥʥʦʡ ʤʦʜʝʣʠ ʬʠʢʩʠʨʦʚʘʣʠʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʣʠʪʝʨʘʪʫʨʥʳʤʠ 

ʜʘʥʥʳʤʠ ʧʝʨʝʜ ʨʘʩʯʝʪʘʤʠ. 
 

 
 

ʈʠʩʫʥʦʢ. ɿʘʚʠʩʠʤʦʩʪʠ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʫʧʨʫʛʠʭ ʵʥʝʨʛʠʡ ʜʠʩʣʦʢʘʮʠʦʥʥʳʭ ʛʨʘʥʠʮ, 

ʦʙʨʘʟʦʚʘʥʥʳʭ 045  ʥʝʨʘʩʱʝʧʣʝʥʥʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ 1 0/W W  ʠ ʦʙʨʘʟʦʚʘʥʥʳʭ 045  

ʨʘʩʱʝʧʣʝʥʥʳʤʠ ʜʠʩʣʦʢʘʮʠʷʤʠ  2 0/W W  ʦʪ ʫʛʣʘ ʥʘʢʣʦʥʘ ʛʨʘʥʠʮʳ q: (1) ï ʟʘʚʠʩʠʤʦʩʪʴ 

1 0/W W  ʦʪ q; (2) ï ʟʘʚʠʩʠʤʦʩʪʴ 2 0/W W  ʦʪ q 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Eisterer M. Predicting critical currents in grain-boundary limited superconductors/ M. 

Eisterer // Phys. Rev. B. ï 2019. - Vol. 99.  094501. 

2. Xue F. Critical Current Density Through Grain Boundaries in High-Temperature 

Superconductors/ F. Xue, Y. Gu, X. Gou // J. Supercond. Nov. Magn. ï 2016. - Vol. 29. ï pp. 2711ï

2716. 
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Session 2. Mechanical Relaxation 
 

ʋɼʂ 621.382.8.002 
 

ʈɽʃɸʂʉɸʎʀʗ ʄɽʍɸʅʀʏɽʉʂʀʍ ʅɸʇʈʗɾɽʅʀʁ ʇʈʀ ʀɿɻʀɹɽ 

ʇʃɸʉʊʀʅ ʂʈɽʄʅʀʗ 
 

ɺ.ɺ. ɽʤʮʝʚ1, ɺ.ɺ. ʊʦʧʦʨʦʚ2, ɻ.ɸ. ʆʛʘʥʝʩʷʥ3, ɼ.ʉ. ʇʦʣʦʩʢʠʥ4, ɸ.ɸ. ɸʨʝʬɹʝʚ5 
1ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ., emtsev@mail.ioffe.ru 
2ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, toporov@mail.ioffe.ru 

3ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, gagik.oganesyan@mail.ioffe.ru 
4ʉʪ. ʥʘʫʯ. ʩʦʪʨ., ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, dmitrii.poloskin@mail.ioffe.ru 

5ʉʪʫʜʝʥʪ, piterpetreli24661@mail.ru 
1-4ʌʊʀ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ 

5ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʵʣʝʢʪʨʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʃʕʊʀè 

ʠʤ. ɺ.ʀ. ʋʣʴʷʥʦʚʘ 
 

ɺʧʝʨʚʳʝ ʤʝʪʦʜʦʤ ʨʘʤʘʥʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ 

ʚ ʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʨʘʩʪʷʥʫʪʦʡ ʠ ʩʞʘʪʦʡ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥ ʢʨʝʤʥʠʷ ʧʨʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʤ 

ʠʟʛʠʙʝ ʢʦʣʴʮʝʚʳʤ ʧʫʘʥʩʦʥʦʤ. ʅʘ ʨʘʩʪʷʥʫʪʦʡ ʩʪʦʨʦʥʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ ʨʘʩʪʫʪ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʚʝʣʠʯʠʥʝ ʜʝʬʦʨʤʘʮʠʠ, ʘ ʥʘ ʩʞʘʪʦʡ ï ʪʦʣʴʢʦ ʜʦ ʜʝʬʦʨʤʘʮʠʠ 0.18%, ʘ ʟʘʪʝʤ 

ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʅʘ ʦʙʝʠʭ ʩʪʦʨʦʥʘʭ ʧʣʘʩʪʠʥʳ ʠʤʝʝʪ ʤʝʩʪʦ ʫʧʨʫʛʘʷ ʜʝʬʦʨʤʘʮʠʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʡ ʠʟʛʠʙ, ʨʘʩʪʷʞʝʥʠʝ, 

ʩʞʘʪʠʝ. 
 

ʊʝʭʥʦʣʦʛʠʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʨʠʙʦʨʦʚ ʠ ʠʥʪʝʛʨʘʣʴʥʳʭ 

ʩʭʝʤ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʨʦʮʝʩʩ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ, ʚʦ ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʚʦʟʥʠʢʘʶʪ 

ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʧʨʷʞʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʷ ʢʦʪʦʨʳʭ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʠ ʢʘʯʝʩʪʚʦ ʧʨʠʙʦʨʦʚ [1]. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʵʪʦʡ ʧʨʦʙʣʝʤʳ 

ʧʨʝʜʥʘʤʝʨʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʥʠʝ ʠʭ 

ʨʝʣʘʢʩʘʮʠʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʨʘʟʥʳʭ ʤʝʪʦʜʠʢ ʧʨʝʜʩʪʘʚʣʷʝʪ ʧʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ. 

ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʨʘʚʥʠʪʝʣʴʥʦʤ ʠʟʫʯʝʥʠʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʥʘʧʨʷʞʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʥʘ ʩʪʦʨʦʥʘʭ ʧʣʘʩʪʠʥ Si ʧʨʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʤ 

ʠʟʛʠʙʝ. 

ʈʘʤʘʥʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪʠʚʥʳʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠ ʜʝʬʦʨʤʘʮʠʡ ʚ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʧʣʘʩʪʠʥʘʭ. ʇʦ ʩʜʚʠʛʫ ʧʠʢʘ ʨʘʤʘʥʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʟʥʘʷ, ʯʪʦ ʩʞʠʤʘʶʱʝʝ 

ʥʘʧʨʷʞʝʥʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ, ʘ ʨʘʩʪʷʛʠʚʘʶʱʝʝ ʥʘʧʨʷʞʝʥʠʝ ʢ ʧʦʥʠʞʝʥʠʶ 

ʯʘʩʪʦʪʳ ʬʦʥʦʥʥʦʡ ʣʠʥʠʠ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʣʫʞʠʣʠ ʧʦʣʠʨʦʚʘʥʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ 

Si(100) ʪʦʣʱʠʥʦʡ 400 ʤʢʤ, ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʛʘʣʠʩʴ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʤʫ ʠʟʛʠʙʫ 

ʢʦʣʴʮʝʚʳʤ ʧʫʘʥʩʦʥʦʤ ʚ ʩʧʝʮʠʘʣʴʥʦʤ ʫʩʪʨʦʡʩʪʚʝ. ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʫʩʪʨʦʡʩʪʚʘ 

ʢʨʝʤʥʠʝʚʘʷ ʧʣʘʩʪʠʥʘ ʠʩʧʳʪʳʚʘʝʪ ʨʘʩʪʷʞʝʥʠʝ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ ʠ ʩʞʘʪʠʝ ʩ 

ʜʨʫʛʦʡ. ʈʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʚʦʟʙʫʞʜʘʣʠʩʴ ʠʟʣʫʯʝʥʠʝʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʘʣʶʤʦʠʪʪʨʠʝʚʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ (2.32 ʵɺ) ʠ ʤʦʱʥʦʩʪʴʶ 36 ʤɺʪ. 

ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʝʜʝʥʳ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʛʝʦʤʝʪʨʠʠ ʦʙʨʘʪʥʦʛʦ 
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ʨʘʩʩʝʷʥʠʷ. ʉʧʝʢʪʨʳ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʜʦ ʧʨʠʣʦʞʝʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʢ ʧʣʘʩʪʠʥʝ ʠ ʧʦʩʣʝ ʜʝʡʩʪʚʠʷ ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʥʘʧʨʷʞʝʥʠʷ. ɺ 

ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʩʧʝʢʪʨʳ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʢʘʢ ʥʘ ʣʠʮʝʚʦʡ ʧʦʚʝʨʭʥʦʩʪʠ 

ʧʣʘʩʪʠʥʳ (ʨʘʩʪʷʥʫʪʦʝ ʩʦʩʪʦʷʥʠʝ), ʪʘʢ ʠ ʩ ʦʙʨʘʪʥʦʡ ʩʪʦʨʦʥʳ, ʛʜʝ ʙʳʣʦ ʧʨʠʣʦʞʝʥʦ 

ʤʝʭʘʥʠʯʝʩʢʦʝ ʥʘʧʨʷʞʝʥʠʝ (ʩʦʩʪʦʷʥʠʝ ʩʞʘʪʠʝ). 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʣʠʯʠʥʳ ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ ʥʘ ʨʘʩʪʷʥʫʪʦʡ ʠ 

ʩʞʘʪʦʡ ʩʪʦʨʦʥʝ ʠʟʤʝʨʷʣʠ ʩʤʝʱʝʥʠʝ ʯʘʩʪʦʪʳ ʧʦʣʦʩʳ 520.5 ʩʤ-1, ʘ ʟʘʪʝʤ 

ʦʧʨʝʜʝʣʷʣʠ ʚʝʣʠʯʠʥʫ ʥʘʧʨʷʞʝʥʠʷ ʧʦ ʩʜʚʠʛʫ ʯʘʩʪʦʪ rɻ ʪʦʡ ʧʦʣʦʩ rʚ ʨʘʤʘʥʦʚʩʢʠʭ 

ʩʧʝʢʪʨʘʭ [2]. 

ʅʘ ʨʠʩʫʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʯʘʩʪʦʪʳ ʬʦʥʦʥʦʚ ʦʪ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ ʜʣʷ ʨʘʩʪʷʥʫʪʦʡ ʠ ʩʞʘʪʦʡ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʳ. ʅʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʪʦʯʝʢ ʧʨʠ ʩʞʘʪʠʠ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʥʘʧʨʷʞʝʥʠʷ ʠʟʤʝʥʝʥʠʝ 

ʯʘʩʪʦʪʳ ʬʦʥʦʥʦʚ ʧʨʝʢʨʘʱʘʝʪʩʷ. ʕʪʦʪ ʨʝʟʫʣʴʪʘʪ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʤʥʦʛʦʢʨʘʪʥʦ 

ʥʘ ʨʘʟʥʳʭ ʧʣʘʩʪʠʥʘʭ. 

 
ʈʠʩʫʥʦʢ. ʀʟʤʝʥʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʬʦʥʦʥʥʦʡ ʣʠʥʠʠ ʚ ʧʣʘʩʪʠʥʝ Si c ʨʦʩʪʦʤ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʥʘʧʨʷʞʝʥʠʷ: 

1 (ʪʦʯʢʠ) - ʨʘʩʪʷʞʝʥʠʝ ; 2 (ʢʚʘʜʨʘʪʳ) ï ʩʞʘʪʠʝ 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʤ ʠʟʛʠʙʝ Si ʜʝʬʦʨʤʘʮʠʷ ʥʘ 

ʨʘʩʪʷʥʫʪʦʡ ʩʪʦʨʦʥʝ ʧʨʝʚʳʰʘʣʘ ʜʝʬʦʨʤʘʮʠʶ ʩʞʘʪʦʡ ʩʪʦʨʦʥʳ. ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʩʚʷʟʘʥ ʩ ʠʟʤʝʥʝʥʠʝʤ ʨʝʣʴʝʬʘ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ. ʆʜʥʘʢʦ ʦʪʤʝʪʠʤ, ʯʪʦ ʨʘʤʘʥʦʚʩʢʠʝ ʩʧʝʢʪʨʳ ʩ 

ʦʙʝʠʭ ʩʪʦʨʦʥ ʧʣʘʩʪʠʥʳ ʧʦʣʥʦʩʪʴʶ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʧʦʩʣʝ ʩʥʷʪʠʷ ʥʘʛʨʫʟʢʠ, ʪʦ 

ʝʩʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʩʥʦʚʘ ʩʪʘʥʦʚʠʪʴʩʷ ʧʣʦʩʢʦʡ. 
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4ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ 

 

ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ Zr65Cu15Al10Ni10 ʦʪ 

ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʚʧʣʦʪʴ ʜʦ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʅʘ ʵʪʦʡ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʦʙʱʠʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʦʦʪʥʦʰʝʥʠʡ ʨʘʩʩʯʠʪʘʥʳ ʬʣʫʢʪʫʘʮʠʦʥʥʘ ̫ ʵʥʪʨʦʧʠ ̫ ʠ 

ʬʣʫʢʪʫʘʮʠʦʥʥʘ ̫ʪʝʧʣʦʝʤʢʦʩʪ.ɹ ɺʳʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʧʘʨʘʤʝʪʨʦʚ 

ʧʦʨʷʜʢʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʩʦʩʪʦʷʥʠʠ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ 

ʞʠʜʢʦʩʪʠ ʤʦʞʝʪ ʠʤʝʪʴ ʤʝʩʪʦ ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ 2-ʛʦ ʨʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ, ʬʣʫʢʪʫʘʮʠʦʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ, 

ʧʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ, ʬʘʟʦʚʳʡ ʧʝʨʝʭʦʜ. 

 

ʀʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ G ʚʳʧʦʣʥʷʣʠʩʴ ʤʝʪʦʜʦʤ ʕʄɸʇ, ʜʝʪʘʣʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʘʥʘʣʦʛʠʯʥʳ ʦʧʠʩʘʥʥʳʤ ʚ ʨʘʙʦʪʝ [1]. ʊʝʤʧʝʨʘʪʫʨʘ ʩʪʝʢʣʦʚʘʥʠʷ Tg 

ʦʧʨʝʜʝʣʷʣʘʩʴ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ. ʅʘ 

ʨʠʩ.1 ʧʦʢʘʟʘʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ G(T) ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʠ 

ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʡ. ʏʝʨʥʳʤ ʧʫʥʢʪʠʨʦʤ ʧʦʢʘʟʘʥʘ ʩʫʤʤʘ ʵʣʝʢʪʨʦʥʥʦʡ ʠ 

ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʡ ʢʦʤʧʦʥʝʥʪʳ, ʚʳʯʠʪʘʷ ʢʦʪʦʨʫʶ ʠʟ ʤʦʜʫʣʷ ʩʜʚʠʛʘ, ʤʦʞʥʦ 

ʧʦʣʫʯʠʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ ʢʦʤʧʦʥʝʥʪʫ Grel. 

 
 

ʈʠʩ. 1. ʄʦʜʫʣʠ ʩʜʚʠʛʘ ʚ ʠʩʭʦʜʥʦʤ  

ʠ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʈʠʩ. 2. ʌʣʫʢʪʫʘʮʠʦʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʚ 

ʠʩʭʦʜʥʦʤ ʠ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʷʭ 
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ʉʦʛʣʘʩʥʦ [1], ʤʠʥʠʤʘʣʴʥʘʷ ʨʘʙʦʪʘ Rmin ʧʦ ʧʝʨʝʩʪʨʦʡʢʝ ʧʦʜʩʠʩʪʝʤʳ 

ʜʝʬʝʢʪʦʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ (ʄʉ) ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʣʠʯʠʥʦʡ Grel 

0
min

A
rel

N V
dR dG

b
=- ,     (1) 

ʛʜʝ V0 - ʭʘʨʘʢʪʝʨʥʳʡ ʦʙʲʝʤ ʣʦʢʘʣʴʥʳʭ ʘʪʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ ʚ ʜʝʬʝʢʪʥʳʭ 

ʦʙʣʘʩʪʷʭ, NA - ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ, ɓ - ʩʜʚʠʛʦʚʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ [2]. 

ʀʟ ʬʣʫʢʪʫʘʮʠʦʥʥʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ Rmin ʨʘʚʥʘ 

ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʌf, ʩʚʷʟʘʥʥʦʤʫ ʩ 

ʬʣʫʢʪʫʘʮʠʦʥʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ. ʕʪʠ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ 

ʢʘʢ ʧʝʨʝʭʦʜʳ ʜʝʬʝʢʪʦʚ ʠʟ ʦʜʥʦʛʦ ʢʚʘʟʠʨʘʚʥʦʚʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ [1]. 

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʠ ʠʩʧʦʣʴʟʫʷ ʩʪʘʥʜʘʨʪʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʌf ʧʦ ʩʪʝʧʝʥʷʤ ʧʘʨʘʤʝʪʨʘ 

ʧʦʨʷʜʢʘ ɝ, ʤʳ ʚʳʯʠʩʣʠʣʠ ʬʣʫʢʪʫʘʮʠʦʥʥʫʶ ʪʝʧʣʦʝʤʢʦʩʪʴ Cf, ʩʚʷʟʘʥʥʫʶ ʩ 

ʣʦʢʘʣʴʥʳʤʠ ʘʪʦʤʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʧʨʠ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ (ʨʠʩ. 2). 

ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʚʙʣʠʟʠ T0, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʘʢʩʠʤʫʤʘʤ ʢʨʠʚʳʭ Cf(T), 

ʬʣʫʢʪʫʘʮʠʦʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʠʤʝʝʪ ʚʠʜ 
01/fC T T- . ʅʘ ʨʠʩ.3 ʵʪʘ 

ʟʘʚʠʩʠʤʦʩʪʴ ʧʦʢʘʟʘʥʘ ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ. ʅʘ ʨʠʩ.4 

ʧʦʢʘʟʘʥʦ ʧʦʚʝʜʝʥʠʝ ɝ ʚʙʣʠʟʠ T0. 

  
ʈʠʩ. 3. ʌʣʫʢʪʫʘʮʠʦʥʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ  

ʚ ʜʚʦʡʥʳʭ ʣʦʛʘʨʠʬʤʠʯʝʩʢʠʭ ʢʦʦʨʜʠʥʘʪʘʭ 

ʈʠʩ. 4. ʇʘʨʘʤʝʪʨ ʧʦʨʷʜʢʘ ɝ 

 

ʀʟ ʨʠʩ.3-4 ʚʠʜʥʦ, ʯʪʦ Cf ʠ ɝ ʠʤʝʝʪ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʢʨʠʪʠʯʝʩʢʠʭ ʷʚʣʝʥʠʡ. ʍʘʨʘʢʪʝʨ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

Cf ʠ ɝ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʩʪʝʢʣʦʚʘʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʦʡ 

ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ ʞʠʜʢʦʩʪʠ ʚ ʤʘʩʰʪʘʙʝ ʤʠʢʨʦʦʙʣʘʩʪʝʡ ʤʦʞʥʦ ʦʧʠʩʳʚʘʪʴ ʚ 

ʨʘʤʢʘʭ ʪʝʦʨʠʠ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ɻʠʥʟʙʫʨʛʘ-ʃʘʥʜʘʫ. 
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 20-62-46003. 
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ɹʆɿʆʅʅʓʁ ʇʀʂ ʊɽʇʃʆɽʄʂʆʉʊʀ ɺʓʉʆʂʆʕʅʊʈʆʇʀʁʅʆɻʆ 

ɸʄʆʈʌʅʆɻʆ ʉʇʃɸɺɸ TiZrHfCuNiBe 
 

ɸ.ʉ. ʄʘʢʘʨʦʚ1, ɻ.ɺ. ɸʬʦʥʠʥ2, ʂ.ɺ. ɿʘʭʘʨʦʚ3, ɸ.ʅ. ɺʘʩʠʣʴʝʚ4,  

J.C. Qiao5, ʅ.ʇ. ʂʦʙʝʣʝʚ6, ɺ.ɸ.ʍʦʥʠʢ7 
1,2,7 ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 

3,4ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ 
5Northwestern Polytechnical University, Xiôan, China 

6ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʈɸʅ 

 

ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʦʛʦ 

ʦʙʲʝʤʥʦʛʦ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ TiZrHfCuNiBe, ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʘʟʣʠʯʥʦʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ 

ʪʝʨʤʦʦʙʨʘʙʦʪʢʝ. ʅʘ ʦʩʥʦʚʝ ʨʝʟʫʣʴʪʘʪʦʚ ʩʧʝʮʠʘʣʴʥʦ ʚʳʧʦʣʥʝʥʥʳʭ ʢʘʣʦʨʠʤʝʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ ʠ ʠʟʤʝʨʝʥʠʡ ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʚ ʨʘʤʢʘʭ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʪʘ ʙʦʟʦʥʥʦʛʦ ʧʠʢʘ ʣʠʥʝʡʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʘʢ ʩ ʚʦʟʨʘʩʪʘʥʠʝʤ ʚʝʣʠʯʠʥʳ 

ʠʟʙʳʪʦʯʥʦʡ ʵʥʪʘʣʴʧʠʠ ʩʧʣʘʚʘ, ʪʘʢ ʠ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ ʤʝʞʫʟʝʣʴʥʦʛʦ 

ʪʠʧʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʚʳʩʦʢʦʵʥʪʨʦʧʠʡʥʳʝ ʦʙʲʝʤʥʳʝ ʘʤʦʨʬʥʳʝ ʩʧʣʘʚʳ, ʤʦʜʫʣʴ ʩʜʚʠʛʘ, 

ʙʦʟʦʥʥʳʡ ʧʠʢ ʪʝʧʣʦʝʤʢʦʩʪʠ, ʢʘʣʦʨʠʤʝʪʨʠʷ. 

 

ɺ ʨʘʤʢʘʭ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ (ʄʊ) ʙʦʟʦʥʥʳʡ ʧʠʢ (ɹʇ) ʪʝʧʣʦʝʤʢʦʩʪʠ 

ʚʳʟʚʘʥ ʨʝʟʦʥʘʥʩʥʳʤʠ ʥʠʟʢʦʯʘʩʪʦʪʥʳʤʠ ʢʦʣʝʙʘʪʝʣʴʥʳʤʠ ʤʦʜʘʤʠ ʜʝʬʝʢʪʦʚ 

ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʳ [1]. ʅʠʟʢʦʯʘʩʪʦʪʥʳʝ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ 

ʜʝʬʝʢʪʦʚ ʩʚʷʟʘʥʳ ʩ ʙʦʣʴʰʦʡ ʧʦʜʘʪʣʠʚʦʩʪʴʶ ʩʜʚʠʛʦʚʳʤ ʥʘʧʨʷʞʝʥʠʷʤ ʛʨʫʧʧʳ 

ʘʪʦʤʦʚ ʚʙʣʠʟʠ ʷʜʨʘ ʜʝʬʝʢʪʘ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʥʝʨʝʣʘʢʩʠʨʦʚʘʥʥʦʛʦ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʧʨʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʠ/ʠʣʠ ʛʝʥʝʨʘʮʠʠ 

ʜʝʬʝʢʪʦʚ. ʂʦʥʮʝʥʪʨʘʮʠʝʡ ʜʝʬʝʢʪʦʚ ʩ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

1
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ʛʜʝ ,a b ï ʙʝʟʨʘʟʤʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʩʧʣʘʚʘ (ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʠ 

ʜʝʬʝʢʪʘ, ʩʜʚʠʛʦʚʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ), / Gm  ï ʦʪʥʦʰʝʥʠʝ ʤʦʜʫʣʷ ʩʜʚʠʛʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʠ ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1]. ɽʩʣʠ ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ 

ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩ ʜʝʬʝʢʪʦʚ ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ, ʪʦ 

ʚʳʩʦʪʘ ɹʇ Bh  ʚ ʨʘʤʢʘʭ ʄʊ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ  
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ʛʜʝ R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ,D DQ w  ï ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʯʘʩʪʦʪʘ ɼʝʙʘʷ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ, Rw  ï ʯʘʩʪʦʪʘ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ ʜʝʬʝʢʪʘ, f  ï ʯʠʩʣʦ 

ʨʝʟʦʥʘʥʩʥʳʭ ʤʦʜ, ,a b ʦʧʨʝʜʝʣʝʥʳ ʚʳʰʝ [1]. 
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ʈʠʩ. 1. ɺʳʩʦʪʘ ʙʦʟʦʥʥʦʛʦ ʧʠʢʘ, 

ʦʧʨʝʜʝʣʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠ 

ʨʘʩʩʯʠʪʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2)  

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ 

ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ʙʦʟʦʥʥʦʛʦ ʧʠʢʘ 

ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʙʳʪʦʯʥʦʡ ʵʥʪʘʣʴʧʠʠ ʩʧʣʘʚʘ 

 

ʅʘ ʨʠʩ.1 ʧʨʠʚʝʜʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ɹʇ Bh  ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢʪʦʚ 

ʤʝʞʫʟʝʣʴʥʦʛʦ ʪʠʧʘ ʩ, ʦʧʨʝʜʝʣʝʥʥʦʡ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (1). ʇʦʢʘʟʘʥʘ ʚʳʩʦʪʘ 

ɹʇ Bh , ʢʦʪʦʨʘʷ ʨʘʩʩʯʠʪʘʥʘ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2) ʚʤʝʩʪʝ ʩ ʦʧʨʝʜʝʣʸʥʥʦʡ ʥʘ 

ʦʩʥʦʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʪʝʧʣʦʝʤʢʦʩʪʠ. 

ɺʠʜʥʦ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ( )B Bh h ʩ=  ʣʠʥʝʡʥʘ, ʘ  ʨʘʩʯʝʪ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2) 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʦʯʝʥʴ ʭʦʨʦʰʝʝ ʚʦʩʧʨʦʠʟʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʚʳʩʦʪʳ ɹʇ. 

ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʧʦʜʯʝʨʢʥʫʪʴ, ʯʪʦ ʥʘʢʣʦʥ ʟʘʚʠʩʠʤʦʩʪʠ ( )B Bh h ʩ= ʩʦʩʪʘʚʣʷʝʪ /Bdh dʩ 

= (3,3Ñ0,4)Ĭ10ï3 ɼʞ/(ʤʦʣʴĬʂ4). 

ʅʘ ʨʠʩ.2 ʧʨʝʜʩʪʘʚʣʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʩʦʪʳ ɹʇ Bh  ʦʪ ʚʝʣʠʯʠʥʳ ʠʟʙʳʪʦʯʥʦʡ 

ʵʥʪʘʣʴʧʠʠ ʩʧʣʘʚʘ. ʀʟʙʳʪʦʯʥʘʷ ʵʥʪʘʣʴʧʠʷ ʩʧʣʘʚʘ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʥʘ ʦʩʥʦʚʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʡ ʩʢʘʥʠʨʫʶʱʝʡ ʢʘʣʦʨʠʤʝʪʨʠʠ 

ʧʨʠ ʧʦʤʦʱʠ ʩʦʦʪʥʦʰʝʥʠʷ 
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ʛʜʝ T  ï ʩʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ (3 ʂ/ʤʠʥ), WD  ς ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʡ ʪʝʧʣʦʚʦʡ ʧʦʪʦʢ. 

ʃʠʥʠʷ ʥʘ ʨʠʩ.2 ʠʣʣʶʩʪʨʠʨʫʝʪ ʣʠʥʝʡʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʠʩʭʦʜʥʳʭ ʜʘʥʥʳʭ ʧʦ 

ʤʝʪʦʜʫ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ, ʢʦʪʦʨʘʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ( )B Bh h H= D  ʠʤʝʝʪ 

ʥʘʢʣʦʥ /Bdh d HD  = 8,8Ĭ10ï9 Kï4. ʂʦʵʬʬʠʮʠʝʥʪ ʇʠʨʩʦʥʘ ʩʦʩʪʘʚʣʷʝʪ 0,991. 
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LOW -FREQUENCY INTERNAL FRICTION  

IN THE Na 0.875Li 0.125NbO3 CERAMIC   

 

L.N. Korotkov1, S.A. Gridnev2, M.A. Belousov3, L.A. Reznichenko4 
1-3Voronezh State Technical University, 394026, Voronezh, Russia. 

4Southern Federal University, Research Institute of Physics, Rostov-on-Don, Russia 

 

The temperature and amplitude dependences of internal friction Q-1 and shear modulus G for 

the Na0.875Li0.125NbO3 solid solution were studied in the temperature range of 300 - 700 K. It was 

found that the material undergoes two structural phase transitions near temperatures T1 å 620 K and 

T2 å 559 K. Both low-temperature phases are ferroelectric one, whereas the phase above the 

temperature T1 is paraelectric one. It is shown that the main contribution to mechanical losses below 

T1 is related to the motion of domain walls. The Q-1 maxima observed near temperatures T1 and T2 

are satisfactory described within the framework of the low-frequency fluctuation mechanism of 

internal friction. The amplitude dependences of Q-1 are in agreement with the Friedel dislocation 

model.  

Keywords: Internal friction, Amplitude dependences, Ferroelectric ceramics, Phase 

transitions, Domain and Dislocation contributions. 
 

Lead-free piezoelectric materials, due to their environmental friendliness, are 

currently attracting close attention as an alternative to widely used today the ñtoxicò 

Pb(Zr,Ti)O3 type ferroelectric ceramics. Solid solutions based on NaNbO3 occupy a 

leading place among such materials. They are characterized by a large number of 

structural phase transitions and have a unique combination of physical characteristics, 

which make these materials interesting for practical use.  

The crystal structure and electro-physical properties of (Na1-xLi x)NbO3 system 

are well studied at present in contrast to the elastic and inelastic properties. Therefore, 

Therefore, this work was devoted to studying the low frequency sound attenuation in 

Na0.875Li 0.125NbO3 solid solution. 

The results of the studies (Fig) have shown that solid Nʘ0,875Li 0,125Nbʆ3 solution 

undergo two structural phase transitions within the temperature range of 300 - 700 K. 

Along with the ferroelectric phase transition near the temperature T1 º 620 K, another 

structural phase transition was found near the temperature T2 º 559 K. 

The Q-1 maxima observed near of both phase transitions are mainly due to the 

motion of the interphase boundaries and can be satisfactory described in the framework 

of the low-frequency fluctuation mechanism of internal friction. 

The analysis of obtained data revealed that both low-temperature phases are 

ferroelectric one, whereas the phase that occurs above the temperature T1 is paraelectric 

ones. Both phase transitions at T1 and T2 are first-order transitions. The volumes of the 

critical nucleus at both phase transitions estimated as V0 º 10ï23 m3. 

We revealed that the main contribution to mechanical losses in the ferroelectric region, 

excluding the temperature regions near structural phase transitions is associated with 

the domain walls kinetics. 
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Figure. Temperature dependences of shear modulus G (a) and internal friction Q-1 (b) in heating (1) 

and cooling (2) modes 
 

Besides, a noticeable increase in the value of internal friction with the 

deformation amplitude of the sample was found. The amplitude dependences of Q-1(xm) 

can be satisfactory described within the framework of Friedel dislocation model. The 

study showed that the parameter s, which characterizes the dependence of internal 

friction on the deformation amplitude, depends on temperature in the same way as the 

shear modulus G. The abrupt increase in the parameter s during the transition to the 

paraelectric phase is presumably associated with a significant increase in the modulus 

G above ʊ1 and redistribution of elastic stresses in the sample because of the 

disappearance of the domain structure. 

 

ʋɼʂ 539.213.27:548.5 
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ɻʋ çɼʦʥʝʮʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘè, ɼʦʥʝʮʢ 

ɻʆ ɺʇʆ çɼʦʥʙʘʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳè 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 

 

ʀʩʩʣʝʜʦʚʘʥʘ ʩʚʷʟʴ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʩʦʩʪʦʷʥʠʷʤʠ, ʬʦʨʤʠʨʫʶʱʠʤʠʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ ʩʪʝʢʣʘ Al 86Ni9Gd5, ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʯʘʩʪʠʯʥʦ ʠ ʧʦʣʥʦʩʪʴʶ 

ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʤʦʥʦʪʦʥʥʦʤʫ 
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ʠʟʤʝʥʝʥʠʶ ʩʚʦʡʩʪʚ ʠ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ 

ʦʙʨʘʟʮʦʚ ʦʙʫʩʣʦʚʣʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʩʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʘʣʶʤʠʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʥʘʛʨʝʚ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ, ʩʪʨʫʢʪʫʨʘ, 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ.  

 

ʄʝʪʘʣʣʠʯʝʩʢʠʝ ʩʪʸʢʣʘ ʥʘ ʦʩʥʦʚʝ Al, ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠ 

ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʠ ʬʦʨʤʠʨʫʶʱʠʝʩʷ ʚ ʧʨʦʮʝʩʩʝ ʠʭ ʯʘʩʪʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʥʦʬʘʟʥʳʝ ʢʦʤʧʦʟʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ 

ʧʨʦʯʥʦʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʧʨʠʤʝʨʥʦ 900ï1000 ʠ 1300ï1500 ʄʇʘ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ [1]). ʆʜʥʘʢʦ ʧʨʘʢʪʠʯʝʩʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ 

ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʠʟʢʦʡ ʩʢʣʦʥʥʦʩʪʴʶ ʢ ʘʤʦʨʬʠʟʘʮʠʠ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʫʣʝʚʦʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʢʦʥʩʦʣʠʜʘʮʠʠ 

ʙʳʩʪʨʦʦʭʣʘʞʜʸʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʩʚʷʟʝʡ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʩʦʩʪʦʷʥʠʷʤʠ, ʦʙʨʘʟʫʶʱʠʤʠʩʷ ʚ ʪʠʧʠʯʥʦʤ ʩʪʝʢʣʝ Al 86Ni9Gd5 ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʭʦʜʘ 

ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʚ ʫʩʣʦʚʠʷʭ ʥʝʧʨʝʨʳʚʥʦʛʦ ʥʘʛʨʝʚʘ. ʉʪʨʫʢʪʫʨʘ 

ʣʝʥʪʦʯʥʳʭ ʦʙʨʘʟʮʦʚ ʪʦʣʱʠʥʦʡ 40 ʤʢʤ, ʧʦʣʫʯʝʥʥʳʭ ʩʧʠʥʥʠʥʛʦʚʘʥʠʝʤ ʨʘʩʧʣʘʚʘ, 

ʠʟʫʯʘʣʘʩʴ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʇʕʄ) ʠ ʩʢʘʥʠʨʫʶʱʝʡ 

(ʉʕʄ) ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʘ ʪʝʨʤʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʮʝʥʠʚʘʣʘʩʴ ʧʦ 

ʜʘʥʥʳʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʉʂ). ʄʝʭʘʥʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʠʟʫʯʘʣʠʩʴ ʠʩʧʳʪʘʥʠʷʤʠ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʠ ʠʟʤʝʨʝʥʠʷʤʠ 

ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ.  

ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʪʝʨʤʦʛʨʘʤʤʳ ɼʉʂ (ʨʠʩ. 1) ʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ ʜʘʥʥʳʭ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʝʢʣʘ Al86Ni9Gd5 ʧʨʦʪʝʢʘʝʪ ʚ ʜʚʝ ʩʪʘʜʠʠ, ʥʘ 

ʧʝʨʚʦʡ ʠʟ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʝʪʩʷ ʥʘʥʦʢʦʤʧʦʟʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Al, ʩʨʝʜʥʠʡ ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʩʦʩʪʘʚʣʷʝʪ 18 ʥʤ ʠ ʘʤʦʨʬʥʦʡ 

ʤʘʪʨʠʮʳ, ʚ ʢʦʪʦʨʦʡ ʥʘ ʚʪʦʨʦʡ ʩʪʘʜʠʠ (580ï610 K) ʬʦʨʤʠʨʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʘ ʦʩʥʦʚʝ Al ʩ ʨʘʟʤʝʨʘʤʠ ʧʨʠʤʝʨʥʦ 32ï34 ʥʤ. ʊʨʝʪʠʡ 

ʤʘʢʩʠʤʫʤ ʪʝʧʣʦʚʳʜʝʣʝʥʠʷ ʚ ʠʥʪʝʨʚʘʣʝ 615ï650 K ʦʙʫʩʣʦʚʣʝʥ ʫʢʨʫʧʥʝʥʠʝʤ 

ʢʨʠʩʪʘʣʣʦʚ ʚʩʝʭ ʬʘʟ ʜʦ ʧʨʠʤʝʨʥʦ 100 ʥʤ (ʨʠʩ. 2).  
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ʈʠʩ. 1. ɼʉʂ ʪʝʨʤʦʛʨʘʤʤʘ ʩʪʝʢʣʘ 

Al 86Ni9Gd5 ʧʨʠ 10 K/ʤʠʥ ʠ ʠʟʤʝʥʝʥʠʷ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ  

ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʣʝʥʪ, 

ʥʘʛʨʝʪʳʭ ʜʦ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

ʈʠʩ. 2. ʄʠʢʨʦʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʘ, ʥʘʛʨʝʪʦʛʦ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ (675 K) ʟʘʚʝʨʰʝʥʠʷ  

ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʥʘʥʦʤʘʩʰʪʘʙʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʚʦʟʨʘʩʪʘʥʠʶ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ (ʦʪ 3,0 ʜʦ 4,7 ɻʇʘ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʛʨʫʙʣʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʪʨʝʪʴʝʡ ʩʪʘʜʠʠ ʧʨʝʚʨʘʱʝʥʠʷ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʪʚʸʨʜʦʩʪʠ ʜʦ 2,9 ɻʇʘ. ʆʮʝʥʢʠ ʧʣʘʩʪʠʯʥʦʩʪʠ 

ʪʝʨʤʦʙʨʘʙʦʪʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʦ ʢʨʠʚʳʤ çʥʘʛʨʫʟʢʘ-ʜʝʬʦʨʤʘʮʠʷè ʠʩʧʳʪʘʥʠʡ ʥʘ 

ʪʨʸʭʪʦʯʝʯʥʳʡ ʠʟʛʠʙ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩʳ ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʠ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʠʚʦʜʷʪ ʢ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʝʝ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ [2]. ʆʜʥʘʢʦ ʧʦ ʤʝʨʝ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʳ ʠ ʫʚʝʣʠʯʝʥʠʷ ʨʘʟʤʝʨʦʚ ʬʘʟʦʚʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʥʘʯʠʥʘʝʪ ʚʦʟʨʘʩʪʘʪʴ ʜʦ 1% (ʨʠʩ. 1). ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ 

ʚʦʟʨʘʩʪʘʥʠʷ ʧʣʘʩʪʠʯʥʦʩʪʠ ʥʘʙʣʶʜʘʣʩʷ ʚ ʦʙʨʘʟʮʘʭ ʩʧʣʘʚʘ Al87Ni8La5, ʧʦʣʫʯʝʥʥʳʭ 

ʠʩʢʨʦʚʳʤ ʧʣʘʟʤʝʥʥʳʤ ʩʧʝʢʘʥʠʝʤ ʘʤʦʨʬʥʳʭ ʧʦʨʦʰʢʦʚ [3] ʠ ʦʙʲʷʩʥʷʣʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʧʨʝʨʳʚʥʦʡ ʩʝʪʢʠ ʧʣʘʩʪʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʯʠʩʪʦʛʦ Al. ɺ ʩʪʝʢʣʝ 

Al 86Ni9Gd5 ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʜʦʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʥʝ ʧʦʟʚʦʣʠʣʘ 

ʩʬʦʨʤʠʨʦʚʘʪʴ ʪʘʢʦʛʦ ʨʦʜʘ ʩʝʪʢʫ (ʨʠʩ. 2), ʦʜʥʘʢʦ ʫʨʦʚʝʥʴ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, 

ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʧʦʣʥʦʩʪʴʶ ʟʘʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʚʳʙʨʘʥʥʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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ʋɼʂ 538.953 

 

ʂʀʅɽʊʀʂɸ ʈɽʃɸʂʉɸʎʀʀ ʇʃʆʊʅʆʉʊʀ ɺ ʄɽʊɸʃʃʀʏɽʉʂʆʄ 

ʉʊɽʂʃɽ Zr 56Co28Al16 

 
ʄ.ɸ. ʂʨʝʪʦʚʘ1, ʈ.ʉ. ʍʤʳʨʦʚ2 ɸ.ʉ. ʄʘʢʘʨʦʚ3, ɺ.ɸ. ʍʦʥʠʢ4 

1,3,4ɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ 
2 ʄʦʩʢʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ çʉʊɸʅʂʀʅè  

 

ɺʳʧʦʣʥʝʥʳ ʠʟʦʪʝʨʤʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʝʢʣʘ Zr56Co28Al16. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʚʳʧʦʣʥʝʥʥʦʡ ʨʘʙʦʪʳ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʝʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʪʨʫʢʪʫʨʥʘʷ ʨʝʣʘʢʩʘʮʠʷ, ʤʝʪʘʣʣʠʯʝʩʢʦʝ ʩʪʝʢʣʦ, ʧʣʦʪʥʦʩʪʴ, ʤʦʜʫʣʴ 

ʩʜʚʠʛʘ. 

 

ʇʣʦʪʥʦʩʪʴ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʢʦʣ (ʄʉ) ʦʙʳʯʥʦ ʥʘ 0.3ï1% ʤʝʥʴʰʝ 

ʧʣʦʪʥʦʩʪʠ ʠʭ ʤʘʪʝʨʠʥʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʈʦʩʪ ʧʣʦʪʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʧʨʠ 

ʩʪʨʫʢʪʫʨʥʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʥʝʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʚʳʟʚʘʥʥʦʡ 
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ʪʝʨʤʦʦʙʨʘʙʦʪʢʦʡ. ʕʪʦ ʷʚʣʝʥʠʝ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʄʉ, ʪʘʢ ʠ 

ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ. ɺ ʨʘʤʢʘʭ ʤʝʞʫʟʝʣʴʥʦʡ ʪʝʦʨʠʠ ʢʠʥʝʪʠʢʘ 

ʨʝʣʘʢʩʘʮʠʠ ʧʣʦʪʥʦʩʪʠ ʄʉ ʧʨʠ ʥʘʛʨʝʚʝ ʦʧʠʩʳʚʘʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ [1] 
Ў

ὰὲ ,                                           (1) 

ʛʜʝ Ὃ ʠ ‘ ï ʤʦʜʫʣʠ ʩʜʚʠʛʘ ʄʉ ʠ ʝʛʦ ʤʘʪʝʨʠʥʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʜʝʢʩ rt ʦʙʦʟʥʘʯʘʝʪ ʢʦʤʥʘʪʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ, Ὕ ï ʘʙʩʦʣʶʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ, ‌ ʠ ‍ ï ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʦʙʲʝʤ ʠ ʩʜʚʠʛʦʚʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, 

ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʮʝʥʝʥʳ ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʄʉ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʨʦʚʝʨʢʝ ʵʪʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʜʣʷ ʦʙʲʝʤʥʦʛʦ ʄʉ 

Zr56Co28Al16.  

ɼʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʧʨʠʙʦʨʝ Netzsh DIL 

402, ʠʟʤʝʨʝʥʠʷ ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʦʩʫʱʝʩʪʚʣʝʥʳ ʤʝʪʦʜʦʤ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʛʦ 

ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ. ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʣʦʪʥʦʩʪʠ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʢʘʢ Ў”Ⱦ”  ЎὠȾὠ, ʛʜʝ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʦʙʲʝʤʘ 
ʦʧʨʝʜʝʣʷʣʦʩʴ ʠʟ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʭ ʢʨʠʚʳʭ. ɹʳʣʠ ʚʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ 

ʤʦʜʫʣʷ ʩʜʚʠʛʘ ʠ ʨʝʣʘʢʩʘʮʠʠ ʦʙʲʝʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʄʉ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʧʦʩʣʝ ʨʝʣʘʢʩʘʮʠʠ, ʦʩʫʱʝʩʪʚʣʷʝʤʦʡ ʥʘʛʨʝʚʦʤ ʚ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʦʭʣʘʞʜʝʥʥʦʡ 

ʞʠʜʢʦʩʪʠ.  ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʬʦʨʤʫʣʘ (1) ʜʘʝʪ ʚʧʦʣʥʝ 

ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ ʜʠʣʘʪʦʤʝʪʨʠʯʝʩʢʠʤ ʜʘʥʥʳʤ ʠ ʠʟʤʝʨʝʥʠʷʤ 

ʤʦʜʫʣʷ ʩʜʚʠʛʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ, ʯʪʦ ʤʦʜʫʣʴ ʩʜʚʠʛʘ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʝʡʰʠʤ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʦʤ, ʢʦʥʪʨʦʣʠʨʫʶʱʠʤ ʢʠʥʝʪʠʢʫ 

ʨʝʣʘʢʩʘʮʠʠ ʄʉ.  
ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ20-62-46003. 
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ɻʋ çɼʦʥʝʮʢʠʡ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ɸ. ɻʘʣʢʠʥʘè, ɼʦʥʝʮʢ 

ɻʆ ɺʇʆ çɼʦʥʙʘʩʩʢʘʷ ʥʘʮʠʦʥʘʣʴʥʘʷ ʘʢʘʜʝʤʠʷ ʩʪʨʦʠʪʝʣʴʩʪʚʘ ʠ ʘʨʭʠʪʝʢʪʫʨʳè, ʄʘʢʝʝʚʢʘ 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʪʚʸʨʜʦʛʦ ʪʝʣʘ ʈɸʅ, ʏʝʨʥʦʛʦʣʦʚʢʘ 
 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʦʙʨʘʟʮʦʚ ʩ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʯʘʩʪʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʝʡ 

ʘʤʦʨʬʥʦʛʦ ʩʧʣʘʚʘ Al 86Ni9Gd5 ʚ ʫʩʣʦʚʠʷʭ ʣʠʥʝʡʥʦʛʦ ʥʘʛʨʝʚʘ ʠ ʚ ʧʨʦʮʝʩʩʝ ʜʝʬʦʨʤʘʮʠʠ ʤʝʪʦʜʦʤ 

ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ. ʆʙʩʫʞʜʝʥʳ ʩʚʷʟʠ ʤʝʞʜʫ ʩʪʨʫʢʪʫʨʥʳʤʠ ʨʘʟʣʠʯʠʷʤʠ 

ʥʘʥʦʬʘʟʥʳʭ ʢʦʤʧʦʟʠʪʦʚ ʠ ʠʭ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.   

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʦʨʬʥʳʡ ʩʧʣʘʚ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ, ʣʠʥʝʡʥʳʡ ʥʘʛʨʝʚ, ʢʨʫʯʝʥʠʝ ʧʦʜ 

ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ, ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʩʪʨʫʢʪʫʨʳ, ʨʘʟʤʝʨ ʟʝʨʥʘ, ʪʚʸʨʜʦʩʪʴ, ʧʣʘʩʪʠʯʥʦʩʪʴ.  
 

ʇʨʘʢʪʠʯʝʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʩʧʣʘʚʘʤ ʥʘ ʦʩʥʦʚʝ Al ʩ ʘʤʦʨʬʥʦ-

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʦʙʫʩʣʦʚʣʝʥ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʠʤ 

ʫʨʦʚʥʝʤ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʢʦʪʦʨʳʝ ʚʩʣʝʜʩʪʚʠʝ 

ʥʠʟʢʦʡ ʩʢʣʦʥʥʦʩʪʠ ʘʣʶʤʠʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʢ ʘʤʦʨʬʠʟʘʮʠʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ 

ʚʨʝʤʝʥʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʣʠʰʴ ʚ ʦʙʨʘʟʮʘʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ (Ò 1 ʤʤ) 

ʨʘʟʤʝʨʦʚ. ʇʨʦʚʝʜʝʥʥʳʝ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ [1,2] ʧʦʢʘʟʘʣʠ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ 

ʜʣʷ ʢʦʥʩʦʣʠʜʘʮʠʠ ʙʳʩʪʨʦʦʭʣʘʞʜʸʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʳʩʦʢʦʛʦ 

ʫʨʦʚʥʷ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ. ʆʜʥʘʢʦ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʧʨʦʮʝʩʩʘ ʜʝʬʦʨʤʘʮʠʦʥʥʦ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʥʘʥʦʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʦʙʭʦʜʠʤʳ 

ʜʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ, ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ (ʇʕʄ) ʠ 

ʩʢʘʥʠʨʫʶʱʝʡ (ʉʕʄ) ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʠʩʧʳʪʘʥʠʡ ʥʘ ʪʨʸʭʪʦʯʝʯʥʳʡ 

ʠʟʛʠʙ ʠ ʠʟʤʝʨʝʥʠʷ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʠʟʫʯʝʥʳ ʩʪʨʫʢʪʫʨʘ ʠ ʩʚʦʡʩʪʚʘ ʥʘʥʦʬʘʟʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʚ ʦʙʨʘʟʮʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʢʦʥʩʦʣʠʜʘʮʠʝʡ ʘʤʦʨʬʥʳʭ ʣʝʥʪ ʩʧʣʘʚʘ 

Al 86Ni9Gd5 ʤʝʪʦʜʦʤ ʢʨʫʯʝʥʠʷ ʧʦʜ ʚʳʩʦʢʠʤ ʜʘʚʣʝʥʠʝʤ (2ï4 ʦʙʦʨʦʪʘ ʧʦʜ 

ʜʘʚʣʝʥʠʝʤ 2 ʠ 4 ɻʇʘ) ʠ ʚ ʧʨʦʮʝʩʩʝ ʥʘʛʨʝʚʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 10 K/ʤʠʥ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ 479 K.  

ʈʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʜʝʬʦʨʤʘʮʠʷ 

ʜʚʫʭʩʣʦʡʥʳʭ ʧʘʢʝʪʦʚ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ ʢʦʥʩʦʣʠʜʘʮʠʠ ʣʝʥʪ ʚ ʜʠʩʢʘʭ ʜʠʘʤʝʪʨʦʤ 

5 ʤʤ ʠ ʬʦʨʤʠʨʦʚʘʥʠʶ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ, ʩʦʜʝʨʞʘʱʠʭ 23ï26% 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Al ʩʦ ʩʨʝʜʥʠʤʠ ʨʘʟʤʝʨʘʤʠ ʦʢʦʣʦ 6 ʥʤ, ʚ ʪʦ ʚʨʝʤʷ ʚ ʧʨʦʮʝʩʩʝ 

ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʣʝʥʪʘʭ ʬʦʨʤʠʨʫʶʪʩʷ 

ʥʘʥʦʢʨʠʩʪʘʣʣʳ ʩʦ ʩʨʝʜʥʠʤ ʨʘʟʤʝʨʦʤ 21 ʥʤ ʠ ʦʙʲʸʤʥʦʡ ʜʦʣʝʡ 17%. ɸʥʘʣʠʟ 

ʵʣʝʢʪʨʦʥʥʦʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʡ ʧʦʢʘʟʘʣ, ʯʪʦ ʨʘʟʤʝʨʳ 

ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʚ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʦʤ ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʦʙʨʘʟʮʘʭ ʭʦʨʦʰʦ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʪʩʷ ʣʦʛʥʦʨʤʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ (ʨʠʩ.), ʚ ʢʦʪʦʨʳʭ 

ʫʩʨʝʜʥʝʥʥʳʝ ʧʦ ʦʙʲʝʤʫ ʨʘʟʤʝʨʳ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʙʣʠʟʢʠ ʢ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʤ 

ʦʮʝʥʢʘʤ.  

mailto:val-bur_63@mail.ru
mailto:aronin@issp.ac.ru
mailto:stalker_1345@mail.ru


42 

0 10 20 30 40
0

25

50

75

100

125

 

 

N

D, nm

 

2 4 6 8 10 12 14
0

40

80

120

160

 

 

N

D, nm

 

ʈʠʩʫʥʦʢ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʨʘʟʤʝʨʦʚ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ Al 

(ʛʠʩʪʦʛʨʘʤʤʘ) ʚ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʭ (ʘ) ʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ (ʙ) ʦʙʨʘʟʮʘʭ ʠ ʣʦʛʥʦʨʤʘʣʴʥʘʷ 

ʘʧʧʨʦʢʩʠʤʘʮʠʷ (ʣʠʥʠʠ) 

 

ʆʙʨʘʟʮʳ ʩ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʤʠ ʩʪʨʫʢʪʫʨʘʤʠ ʠʤʝʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ 

ʚʳʩʦʢʫʶ ʪʚʸʨʜʦʩʪʴ (4,1 ʠ 4,6 ɻʇʘ ʜʠʩʢʠ ʠ 3,7 ɻʇʘ ʪʝʨʤʦʦʙʨʘʙʦʪʘʥʥʳʝ ʣʝʥʪʳ) ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʘʤʦʨʬʥʦʡ ʣʝʥʪʦʡ (2,7 ɻʇʘ). ʆʜʥʘʢʦ ʪʝʨʤʠʯʝʩʢʠ ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʦʭʨʫʧʯʠʚʘʥʠʶ ʦʙʨʘʟʮʦʚ (ʩʥʠʞʝʥʠʶ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʦʪ 2 ʜʦ 0,4%), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʣʘʩʪʠʯʥʦʩʪʴ ʢʦʥʩʦʣʠʜʠʨʦʚʘʥʥʳʭ 

ʜʠʩʢʦʚ ʩʦʩʪʘʚʣʷʣʘ 1,9 ʠ 2,3%, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

ʩʚʦʙʦʜʥʦʛʦ ʦʙʲʸʤʘ ʘʤʦʨʬʥʦʡ ʤʘʪʨʠʮʳ, ʩʦʟʜʘʚʘʝʤʦʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʣʘʩʪʠʯʝʩʢʦʛʦ 

ʪʝʯʝʥʠʷ. ʂʦʤʙʠʥʘʮʠʷ ʚʳʩʦʢʦʡ ʪʚʸʨʜʦʩʪʠ, ʧʨʠʝʤʣʝʤʦʡ ʧʣʘʩʪʠʯʥʦʩʪʠ ʠ ʭʦʨʦʰʝʡ 

ʘʜʛʝʟʠʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʝʪʦʜʦʚ 

ʠʥʪʝʥʩʠʚʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʸʤʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ 

ʦʩʥʦʚʝ Al ʩ ʫʣʫʯʰʝʥʥʳʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Yavari, A.R. Nanostructured bulk Al90Fe5Nd5 prepared by cold consolidation of gas 

atomized powder using severe plastic deformation / R. Yavari, W.J. Botta Fihlo, C.A.D. Rodrigues 

[at.el.] // Scr. Mater. ï 2002. ï Vol. 46. ï P. 711ï716. 

2. Shpak, A.P. Nanostructured Al86Gd6Ni6Co2 bulk alloy produced by twist extrusion of 

amorphous melt-spun ribbons / A.P. Shpak, V.N. Varyukhin, V.I. Tkatch [at.el.] // Mater. Sci. Eng. 

A. ï 2006. ï Vol. 425. ï P. 172ï177.   
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The work presents the results of a comparative dielectric study of two main groups of 

pyrochlores: ferroelectrics based on Cd2Nb2O7 crystal and nonferroelectrics based on Bi-containing 

ceramics and crystals. The mechanisms of dielectric relaxation in the studied pyrochlore crystals and 

ceramics are discussed. 

Key words: Pyrochlore, dielectric relaxation, ferroelectricity, displacive disorder, domain-

wall freezing. 
 

Crystals with pyrochlore structure are diverse family of materials with the 

various functional properties including high radiation resistance, ionic conductivity, 

magnetoresistance, superconductivity and many others. However, despite rich variety 

of physical properties, there are only a few confirmed examples of the bulk 

ferroelectrics ī all of them refer to Cd2Nb2O7 [1] and to its solutions. Reasons for 

absence of the long-range ferroelectricity in the vast majority of pyrochlores are 

discussed in terms of geometrical frustration which leads to the dispalcive disorder of 

the ñferroelectrically activeò cations, in particular in Bi-containing pyrochlores [2-4]. 

In this report, we compare the studied mechanisms of dielectric relaxation in two 

main groups of dielectric materials: ferroelectrics based on Cd2Nb2O7 crystal and non-

ferroelectrics based on Bi-containing ceramics and crystals. It is shown that Cd2Nb2O7 

crystals demonstrate all typical features of the domain-wall "freezing" dynamics [5] 

instead of the previously suggested relaxor behavior. Dielectric relaxation in Bi-

containing pyrochlores can be explained within the temperature-activated Bi-hopping 

model. 
The reported study was funded by Russian Science Foundation (RSF) research projects no. 

22-72-10022. 
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7ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʟʘʚ.ʣʘʙ., sergey.a.kukushkin@mail.ru 
1,2ʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʊʚʝʨʴ, ʈʦʩʩʠʷ 

3-5ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ɸ.ʌ. ʀʦʬʬʝ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ,  
6ʅʀʎ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè - ʎʅʀʀ ʂʄ çʇʨʦʤʝʪʝʡè, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

7ʀʥʩʪʠʪʫʪ ʇʨʦʙʣʝʤ ʄʘʰʠʥʦʚʝʜʝʥʠʷ ʈɸʅ, ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ 

 

ʀʩʩʣʝʜʦʚʘʥʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʜʠʵʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʥʳʭ ʩʣʦʝʚ AlxGa1-

xN, ʵʧʠʪʘʢʩʠʘʣʴʥʦ ʚʳʨʘʱʝʥʥʳʭ ʥʘ ʛʠʙʨʠʜʥʳʭ ʧʦʜʣʦʞʢʘʭ SiC/Si ʤʝʪʦʜʦʤ ʭʣʦʨʠʜ-ʛʠʜʨʠʜʥʦʡ 

ʵʧʠʪʘʢʩʠʠ. ʆʙʥʘʨʫʞʝʥʳ ʨʝʣʘʢʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ, ʚʳʟʚʘʥʥʳʝ ʤʝʞʩʣʦʡʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʝʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʜʣʦʞʢʠ SiC/Si, ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʣʦʠ AlGaN, ʨʝʣʘʢʩʦʨʥʳʝ ʩʚʦʡʩʪʚʘ 

 

ʐʠʨʦʢʦʟʦʥʥʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʠ ʥʠʪʨʠʜʦʚ ʘʣʶʤʠʥʠʷ (AlN), ʛʘʣʣʠʷ (GaN), 

ʠʥʜʠʷ (InN) ʠ ʠʭ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʚ ʙʣʠʞʘʡʰʝʝ ʚʨʝʤʷ ʩʪʘʥʫʪ ʙʘʟʦʚʳʤʠ 

ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʠʣʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ, ʣʘʟʝʨʥʳʭ ʠ ʩʚʝʪʦʜʠʦʜʥʳʭ 

ʤʘʪʨʠʮ. ɺʤʝʩʪʝ ʩ ʪʝʤ, ʠʭ ʧʦʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʠʭ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚ, ʩʪʘʙʠʣʴʥʦ 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ [1-2].  

ʅʝʜʘʚʥʦ ʨʘʟʚʠʪʘʷ ʦʨʠʛʠʥʘʣʴʥʘʷ ʪʝʭʥʦʣʦʛʠʷ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʟʘʤʝʱʝʥʠʷ 

ʢʨʝʤʥʠʷ ʫʛʣʝʨʦʜʦʤ ʩ ʧʦʣʫʯʝʥʠʝʤ ʘʪʦʤʥʦ-ʛʣʘʜʢʠʭ ʥʘʥʦʩʣʦʝʚ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʥʘ 

ʢʨʝʤʥʠʝʚʦʡ ʧʦʜʣʦʞʢʝ (SiC/(111)Si) [3] ʧʦʟʚʦʣʷʝʪ ʚʳʨʘʱʠʚʘʪʴ ʪʦʥʢʠʝ 

ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ ʩʣʦʠ ʥʠʪʨʠʜʦʚ ʥʘ ʪʘʢʠʭ ʧʦʜʣʦʞʢʘʭ [4]. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ 

ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʘ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʪʦʚ ʥʠʪʨʠʜʦʚ 

ʘʣʶʤʠʥʠʷ ʠ ʛʘʣʣʠʷ ʩ ʨʘʟʣʠʯʥʳʤ ʵʣʝʤʝʥʪʥʳʤ ʩʦʦʪʥʦʰʝʥʠʝʤ Al ʠ Ga (AlGaN), 

ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʛʠʜʨʠʜ-ʭʣʦʨʠʜʥʦʡ ʵʧʠʪʘʢʩʠʠ ʥʘ ʧʦʜʣʦʞʢʘʭ SiC/Si. 

ʊʦʣʱʠʥʘ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ ʝʜʠʥʠʮ ʜʦ ʜʝʩʷʪʢʦʚ 

ʤʠʢʨʦʤʝʪʨʦʚ. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ɗ-2ɗ (Rigaru, Ultima IV). ʄʠʢʨʦʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʪʦʨʮʝʚʳʭ ʩʢʦʣʦʚ ʦʙʨʘʟʮʦʚ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ 

ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ ʨʘʩʪʨʦʚʦʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʈEM) ʥʘ ʫʩʪʘʥʦʚʢʝ LIRA 

3 (Tescan) (ʨʠʩ. 1). ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʠʟʤʝʨʠʪʝʣʝʡ ʠʤʤʠʪʘʥʩʦʚ ɽ7-20 ʠ ɽ7-30. 
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ʘ)                                                            ʙ) 

ʈʠʩ.1. ʈɽʄ - ʠʟʦʙʨʘʞʝʥʠʷ ʪʦʨʮʝʚʳʭ ʩʢʦʣʦʚ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨ AlxGa1-xN, ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ  

ʥʘ ʧʦʜʣʦʞʢʘʭ SiC/(110)Si (ʘ) ʠ SiC/(111)Si ʙ) 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ: ʘ) ʦʙʥʘʨʫʞʝʥʦ ʷʚʣʝʥʠʝ 

ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʛʦ, ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʩʣʦʝʚ, ʦʙʨʘʟʦʚʘʥʠʷ ʩʠʩʪʝʤʳ 

ʛʝʪʝʨʦʧʝʨʝʭʦʜʦʚ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʝʨʠʦʜʠʯʝʩʢʠʭ ʨʘʩʧʦʣʦʞʝʥʥʳʭ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʥʘʧʨʘʚʣʝʥʠʶ ʨʦʩʪʘ ʩʣʦʝʚ AlGaN ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʙ) ʥʘ 

ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʝʤʢʦʩʪʠ ʚʳʷʚʣʝʥʘ ʩʠʣʴʥʘʷ ʨʝʣʘʢʩʘʮʠʷ ʝʤʢʦʩʪʠ ʫ ʚʩʝʭ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ. ʆʙʩʫʞʜʘʶʪʩʷ ʧʨʠʯʠʥʳ ʥʘʙʣʶʜʘʝʤʳʭ ʷʚʣʝʥʠʡ. 
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ʘ)                                                                    ʙ) 

ʈʠʩ 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʤʢʦʩʪʠ (ʘ) ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ) ʢʦʤʧʦʟʠʪʥʦʛʦ 

ʦʙʨʘʟʮʘ AlGaN 
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ʌɻɹʆʋ ɺʆ çʈʦʩʩʠʡʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʧʝʜʘʛʦʛʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ. ʀ. ɻʝʨʮʝʥʘè 

 

ʀʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʜʚʫʭʩʪʘʜʠʡʥʦʡ ʪʚʝʨʜʦʪʝʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʝʨʦʚʩʢʠʪʦʚʦʡ 

ʬʘʟʳ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ, ʦʩʘʞʜʝʥʥʳʭ ʥʘ ʧʦʜʣʦʞʢʫ Si/SiO2/Pt ʤʝʪʦʜʦʤ 

ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʟʘʪʝʤ ʦʪʦʞʞʝʥʥʳʭ ʧʨʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʆʙʩʫʞʜʘʝʪʩʷ ʩʚʷʟʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʦʥʢʠʭ ʧʣʝʥʦʢ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʮʠʨʢʦʥʘʪ-ʪʠʪʘʥʘʪ ʩʚʠʥʮʘ, ʬʘʟʘ ʧʝʨʦʚʩʢʠʪʘ 

 

ʆʜʥʠʤ ʠʟ ʙʘʟʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʫʩʪʨʦʡʩʪʚ 

ʤʠʢʨʦʵʣʝʢʪʨʦʤʝʭʘʥʠʢʠ ʷʚʣʷʶʪʩʷ ʪʦʥʢʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʧʣʝʥʢʠ 

ʮʠʨʢʦʥʘʪʘ-ʪʠʪʘʥʘʪʘ ʩʚʠʥʮʘ Pb(Zr,Ti)O3 (PZT). ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʬʘʟʦʚʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʩʦʩʪʘʚ ʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʪʦʥʢʠʭ ʧʣʝʥʦʢ PZT, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʠ ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʳ. ʇʣʝʥʢʠ ʪʦʣʱʠʥʦʡ 

500 ʥʤ ʠʟʛʦʪʘʚʣʠʚʘʣʠʩʴ ʜʚʫʭʩʪʘʜʠʡʥʳʤ ʤʝʪʦʜʦʤ ɺʏ ʤʘʛʥʝʪʨʦʥʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ 

ʥʘ ʧʣʘʪʠʥʠʨʦʚʘʥʥʳʝ ʢʨʝʤʥʠʝʚʳʝ ʧʣʘʩʪʠʥʳ (ʦʩʘʞʜʝʥʠʝ ʧʨʠ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʧʦʜʣʦʞʢʠ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʦʪʞʠʛʦʤ ʧʨʠ ʊʦʪʞ = 530-600 ʦʉ). ʄʝʪʦʜʘʤʠ ʨʘʩʪʨʦʚʦʡ 

ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ, ʣʠʥʝʡʥʦʡ ʠ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʠʟʫʯʘʣʘʩʴ ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʣʝʥʦʢ. ɼʣʷ ʠʟʫʯʝʥʠʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʥʘ ʙʘʟʝ 

ʠʟʤʝʨʠʪʝʣʷ ʠʤʤʠʪʘʥʩʘ ɽ7-20. 

ʀʟʫʯʘʣʠʩʴ ʦʩʦʙʝʥʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʚʫʭ ʪʠʧʦʚ ʩʬʝʨʦʣʠʪʦʚʳʭ 

ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʪʨʫʢʪʫʨ, ʦʪʣʠʯʘʚʰʠʭʩʷ ʢʦʣʴʮʝʚʦʡ (ʨʠʩ.1, ʘ, ʚ) ʠʣʠ ʣʫʯʠʩʪʦʡ 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ (ʨʠʩ. 1, ʙ, ʛ) [1, 2]. ʈʝʟʫʣʴʪʘʪʳ ʩʪʨʫʢʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʦʮʝʩʩ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʪʘʢʠʭ ʧʝʨʦʚʩʢʠʪʦʚʳʭ ʩʬʝʨʦʣʠʪʦʚ ʠʟ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʳ ʧʠʨʦʭʣʦʨʘ ʧʨʦʪʝʢʘʣ ʚ ʜʚʘ ʵʪʘʧʘ. ʅʘ ʧʝʨʚʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʦʙʨʘʟʦʚʘʥʠʝ ʨʳʭʣʦʡ (ʥʝʧʣʦʪʥʦʡ) ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ, 

ʩʦʧʨʦʚʦʞʜʘʚʰʝʡʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʦʨ (ʨʠʩ. 1, ʘ, ʙ). ʇʦʨʳ 

ʚʦʟʥʠʢʘʣʠ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʝʞʜʫ ʬʘʟʘʤʠ, ʦʙʨʘʟʫʷ ʪʘʢ ʥʘʟʳʚʘʝʤʫʶ ʢʦʨʢʫ, 

ʢʦʪʦʨʘʷ ʩʦʧʨʦʚʦʞʜʘʣʘ ʬʘʟʦʚʫʶ ʛʨʘʥʠʮʫ ʧʨʠ ʝʝ ʜʚʠʞʝʥʠʠ. ʅʘ ʚʪʦʨʦʤ ʵʪʘʧʝ 

ʧʨʦʠʩʭʦʜʠʣʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʙʦʣʝʝ ʧʣʦʪʥʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ (ʨʠʩ. 1, ʚ, 

ʛ). ʅʘ ʦʙʦʠʭ ʵʪʘʧʘʭ ʧʨʦʮʝʩʩ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ 

ʠʟʙʳʪʦʯʥʦʛʦ ʩʚʠʥʮʘ. ʀʟʫʯʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʦʥʢʠʭ ʧʣʝʥʦʢ    
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ʘ)       ʙ) 

 

            
ʚ)       ʛ) 

 

ʈʠʩʫʥʦʢ. ʆʧʪʠʯʝʩʢʠʝ (ʘ,ʙ) ʠ ʉʕʄ (ʚ,ʛ) ʠʟʦʙʨʘʞʝʥʠʷ ʧʨʦʮʝʩʩʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠ 

ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʬʘʟʳ ʧʝʨʦʚʩʢʠʪʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʬʝʨʦʣʠʪʦʚʳʭ ʦʩʪʨʦʚʢʘʭ (ʘ,ʙ) ʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʧʣʦʰʥʦʡ ʧʝʨʦʚʩʢʠʪʦʚʦʡ ʬʘʟʳ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ PZT (ʚ, ʛ) 
 

ʚʳʷʚʠʣʦ ʘʥʦʤʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 100 ɻʮ - 1 ʄɻʮ, ʠʟʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥ 

ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʠ ʩʘʤʦʧʦʣʷʨʠʟʘʮʠʠ. 
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In the compositions of the system of the solid solutions (1-x)BiFeO3ïxKNbO3 at room 

temperature, the following sequence of the phases was found with increasing of x from 0 to 1:  

R3c Ÿ Pbnm Ÿ P4mm Ÿ Amm2, and in the compositions of the system of the solid solutions  

(1-x)BiFeO3ïxNaNbO3 at room temperature, depending on x, the following phases are stabilized: R3c 

Ÿ PbnmŸ Pm3m Ÿ P4/mbm Ÿ Pbcm. The solid solutions combining ferro-relaxor and magnetic 

properties are determined. 

Keywords: BiFeO3, KNbO3, NaNbO3, solid solutions, ferroelectric relaxors, multiferroics. 
 

In recent years intensive searches for new materials that combine ferroelectric, 

magnetic, and relaxor properties have led to studies of various solid solution systems 

based on the classical multiferroic BiFeO3 [1ï3]. The systems with the substitution of 

the Bi3+ ions by the K+ ions [4] and Na+ ions [5] are of particular interest. The studies 

of several compositions of the (1-x)BiFeO3ïxKNbO3 (0 Ò x Ò 0.7) system showed that 

in the compositions with x = 0.1 and 0.2 at room temperature, ferroelectric properties 

appear in the form of hysteresis loops, and in the composition with x = 0.1, there is 

magnetic hysteresis. Preliminary measurements of the dielectric and magnetic 

properties of the compositions of the (1-x)BiFeO3ïxNaNbO3 [5, 6] allow them to be 

classified as multiferroics. The analysis of temperature changes in the structures of 

BiFeO3 and NaNbO3 shows that they manifest the effects of the interaction of different 

order parameters of ferroelastic and ferroelectric character. 

The compositions of the solid solutions of the (1-x)BiFeO3ïxKNbO3 (0 Ò ʭ Ò 1 

with æʭ = 0.1) and (1-x)BiFeO3ïxNaNbO3 (0 Ò ʭ Ò 0.3 ʩ æʭ = 0.1; 0.35 Ò ʭ Ò 0.65 with 

æʭ = 0.05; 0.7 Ò ʭ Ò 1.0 ʩ æʭ = 0.1) systems were synthesized by the solid-phase 

reactions from the oxides Bi2O3, Fe2O3 and preliminarily synthesized KNbO3 and 

NaNbO3 at T1 = 800 C, Ű = 10 h, repeated firing of these solid solutions was performed 

at T2 = 900 C, Ű = 5 h. The temperature dependences of permittivities at different 

frequencies were measured using a Wayne Kerr 6500B impedance analyzer. The 

structural parameters were studied on a DRON-3M X-ray diffractometer (CuKŬ 

radiation, Ni filter). The X-ray diffraction patterns were processed using the Powder 

Cell 2.4 program. 
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Figure shows the temperature dependences of permittivities at different 

frequencies of the (1-x)BiFeO3ïxKNbO3 (ʘ) and (1-x)BiFeO3ïxNaNbO3 (x = 0.3; 0.5; 

0.7) (b) samples. 
 

 x = 0.3 x = 0.5 x = 0.7 

a 

   

b 

   
Figure. Temperature dependences of dielectric permitivities of the (ʘ) (1-x)BiFeO3ïxKNbO3 and (b) 

(1-x)BiFeO3ïxNaNbO3 (x = 0.3; 0.5;0.7) samples at different frequencies 
 

It can be seen that the temperatures of the permittivity maxima strongly depend 

on the frequency of the measuring field, which indicates the relaxor nature of the phase 

transitions in all the studied compositions. 
The study was carried out with the financial support of the Ministry of Science and Higher 

Education of the Russian Federation (State task in the field of scientific activity, scientific project No. 

(0852-2020-0032)/(BAZ0110/20-3-07IF) 
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ʇʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʠʥʝʡʥʳʭ ʠ ʥʝʣʠʥʝʡʥʳʭ ʩʚʦʡʩʪʚ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

RbNO3/Al2O3. ʆʧʨʝʜʝʣʝʥʳ ʚʨʝʤʝʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚʳʰʝ ʠ ʥʠʞʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 436 ʂ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ RbNO3 ʚ ʧʦʨʘʭ ʤʘʪʨʠʮʳ Al2O3 ʥʘʙʣʶʜʘʝʪʩʷ 

ʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʠʟʤʝʥʝʥʠʝ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ, ʥʘʥʦʢʦʤʧʦʟʠʪ, ʥʠʪʨʘʪ ʨʫʙʠʜʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ.  

 

ʅʠʪʨʘʪ ʨʫʙʠʜʠʷ ʠʤʝʝʪ ʯʝʪʳʨʝ ʫʩʪʦʡʯʠʚʳʝ ʬʦʨʤʳ. ʇʨʠ ʢʦʤʥʘʪʝ RbNO3 

ʠʤʝʝʪ ʪʨʠʛʦʥʘʣʴʥʫʶ ʬʦʨʤʫ (ʬʘʟʘ IV). ʕʪʘ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʫʩʪʦʡʯʠʚʦʡ ʚʧʣʦʪʴ ʜʦ 

437 ʂ ʠ ʧʦ ʜʘʥʥʳʤ [1] ʷʚʣʷʝʪʩʷ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 180-

ʛʨʘʜʫʩʥʳʭ ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʜʦʤʝʥʦʚ. ɺ ʠʥʪʝʨʚʘʣʝ 437 ï 492 ʂ RbNO3 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʢʫʙʠʯʝʩʢʦʡ ʧʘʨʘʬʘʟʝ (ʬʘʟʘ III). ʇʦ ʜʘʥʥʳʤ [2] ʧʨʠ ʬʘʟʦʚʦʤ 

ʧʝʨʝʭʦʜʝ 437 ʂ ʧʨʦʚʦʜʠʤʦʩʪʴ RbNO3 ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ, ʠ ʵʪʘ ʬʘʟʘ 

ʦʙʣʘʜʘʝʪ ʩʫʧʝʨʠʦʥʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʴʶ. ɺ ʠʥʪʝʨʚʘʣʝ ʦʪ 492 ʜʦ 558 ʂ RbNO3 

ʥʘʭʦʜʠʪʩʷ ʚ ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ ʬʘʟʝ (ʬʘʟʘ II). ʕʪʘ ʬʘʟʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ [3]. ɺʳʰʝ 558 ʂ RbNO3 ʩʥʦʚʘ ʧʝʨʝʭʦʜʠʪ ʚ ʢʫʙʠʯʝʩʢʫʶ 

ʬʘʟʫ (ʬʘʟʘ I), ʢʦʪʦʨʘʷ ʩʫʱʝʩʪʚʫʝʪ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 587 ʂ. 

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʥʘʥʦʢʦʤʧʦʟʠʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʭʠʤʠʯʝʩʢʠ ʯʠʩʪʳʡ RbNO3 

ʠ ʦʢʩʠʜʥʳʝ ʧʣʝʥʢʠ Al2O3, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʬʠʨʤʦʡ çTopMembranes Technologyè ʩ 

ʨʘʟʤʝʨʘʤʠ ʷʯʝʝʢ 125 ʥʤ, ʜʠʘʤʝʪʨʦʤ ʧʦʨ 100 ʥʤ ʠ ʪʦʣʱʠʥʦʡ 10 ʤʢʤ. ɺʥʝʜʨʝʥʠʝ 

ʥʠʪʨʘʪʘ ʨʫʙʠʜʠʷ ʚ ʧʦʨʳ ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʠʟ ʥʘʛʨʝʪʦʛʦ ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ. ɺ 

ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʦʙʨʘʟʮʳ RbNO3 ʚ ʚʠʜʝ ʜʠʩʢʦʚ ʩ 

ʜʠʘʤʝʪʨʦʤ 10 ʤʤ ʠ ʪʦʣʱʠʥʦʡ 1.5 ʤʤ, ʧʦʣʫʯʝʥʥʳʝ ʧʨʝʩʩʦʚʘʥʠʝʤ ʧʨʠ ʜʘʚʣʝʥʠʠ 

8*103 ʢʛ/ʩʤ2.  

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ e'(T) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ɔ3ɤ(T) ʜʣʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʥʠʪʨʘʪʘ 

ʨʫʙʠʜʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩ. 1ʘ. ʌʘʟʦʚʳʡ ʧʝʨʝʭʦʜ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʧʨʦʮʝʩʩʝ 

ʥʘʛʨʝʚʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 439 K ʠ ʚ ʭʦʜʝ ʦʭʣʘʞʜʝʥʠʷ ï ʧʨʠ 436 K. ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʠʤʝʣ ʟʥʘʯʝʥʠʝ ʦʢʦʣʦ 1%.  

ʅʘ ʨʠʩ. 1b ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʝʤʢʦʩʪʠ ʦʙʨʘʟʮʘ ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ɔ3ɤ(T) ʜʣʷ ʢʦʤʧʦʟʠʪʘ. ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʛʨʘʬʠʢʦʚ, 

ʜʣʷ ʢʦʤʧʦʟʠʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ ʩʥʠʞʘʶʪʩʷ ʜʦ 433 ʂ ʧʨʠ ʥʘʛʨʝʚʝ 
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ʠ ʜʦ 427 K ï ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ. ʂʦʵʬʬʠʮʠʝʥʪ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʚʙʣʠʟʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠʤʝʨʥʦ ʚ 2.5 ʨʘʟʘ.  

 
ʈʠʩ. 1. ɿʘʚʠʩʠʤʦʩʪʠ e'(T) ʠ ɔ3ɤ(T) ʜʣʷ ʦʙʲʝʤʥʦʛʦ RbNO3 (a) ʠ C(T) ʠ ɔ3ɤ(T) ʜʣʷ ʥʘʥʦʢʦʤʧʦʟʠʪʘ 

RbNO3/Al 2O3 (b), ʥʘʛʨʝʚ ïʟʘʧʦʣʥʝʥʥʳʝ ʩʠʤʚʦʣʳ, ʦʭʣʘʞʜʝʥʠʝ ï ʧʫʩʪʳʝ ʩʠʤʚʦʣʳ 

 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ tgd ʦʪ ʯʘʩʪʦʪʳ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʠ ʟʘʚʠʩʠʤʦʩʪʴ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʜʣʷ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ RbNO3/Al 2O3. 
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ tgd(F) (a) ʠ t(T) (b) ʜʣʷ ʢʦʤʧʦʟʠʪʘ RbNO3/Al 2O3 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʨʘʙʦʪʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʜʣʷ RbNO3/Al 2O3 ʩ ʜʠʘʤʝʪʨʦʤ 

ʧʦʨ 100 ʥʤ ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʱʝʥʠʝ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʦʙʣʘʩʪʴ. ʋʚʝʣʠʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʪʴʝʡ ʛʘʨʤʦʥʠʢʠ ʚʙʣʠʟʠ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʦʚ ʯʘʩʪʠʮ 

RbNO3 ʜʦ ʥʘʥʦʤʝʪʨʦʚʦʛʦ ʜʠʘʧʘʟʦʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʭʦʜʫ ʥʠʪʨʘʪʘ ʨʫʙʠʜʠʷ ʠʟ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ. ʈʝʟʢʦʝ ʫʤʝʥʴʰʝʥʠʝ 

ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ ʥʘ ʬʘʟʦʚʦʤ ʧʝʨʝʭʦʜʝ ʤʦʞʝʪ ʦʙʲʷʩʥʷʪʴʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʨʠ ʧʝʨʝʭʦʜʝ RbNO3 ʚ ʩʫʧʝʨʠʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʛʨʘʥʪʘ ʈʌʌʀ  ̄19-29-03004.  
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1-3ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ.ʍ.ʀ.ɸʤʝʨʭʘʥʦʚʘ ɼʌʀʎ ʈɸʅ, ʛ. ʄʘʭʘʯʢʘʣʘ 
4,5ʌɹɻʆʋ ɺʆ çʏʝʯʝʥʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤ. ɸ.ʂʘʜʳʨʦʚʘè, ʛ. ɻʨʦʟʥʳʡ 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʯʠʩʪʢʠ ʣʦʚʫʰʝʢ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩ ʧʨʠʤʝʩʴʶ ʞʝʣʝʟʘ 0.06%. ʍʘʨʘʢʪʝʨʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ 

ʣʦʚʫʰʝʢ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʣʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʠ ʵʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʜʘʥʥʘʷ ʣʦʚʫʰʢʘ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʦʙʣʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʩʪʘʣʣ, ʥʠʦʙʘʪ ʣʠʪʠʷ, ʧʨʠʤʝʩʴ, ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ 

ʣʶʤʠʥʝʩʮʝʥʮʠʷ, ʣʦʚʫʰʢʘ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ, ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ. 

 

ɺ ʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩ ʧʨʠʤʝʩʴʶ ʞʝʣʝʟʘ 0.06%, ʠʩʩʣʝʜʦʚʘʥʘ 

ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ 

ʦʧʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʝ ʢʦʪʦʨʘʷ ʩʦʩʪʦʷʣʘ ʠʟ ʩʧʝʢʪʨʦʤʝʪʨʘ ɼʄʈ-23 ʨʘʙʦʯʘʷ 

ʦʙʣʘʩʪʴ ʢʦʪʦʨʦʛʦ ʦʪ 350ʥʤ ʜʦ 1000ʥʤ, ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʦʛʦ ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 350 ʥʤ ʠ ʤʦʱʥʦʩʪʴʶ200ʤɺʪ, ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʳ ʩ ʠʟʣʫʯʝʥʠʝʤ 

ʚ ʜʠʘʧʦʟʦʥʝ (340-600)ʥʤ, ʬʦʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʫʤʥʦʞʠʪʝʣʷ ʍʘʤʘʤʘʪʩʫ ʢʦʪʦʨʳʡ 

ʯʫʚʩʪʚʠʪʝʣʝʥ ʚ ʜʠʘʧʦʟʦʥʝ (230-920)ʥʤ ʠ ʘʟʦʪʥʦʛʦ ʢʨʠʦʩʪʘʪʘ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʣ 

ʠʟʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʦʪ 77ʂ ʜʦ 300ʂ. ʌʦʨʚʘʢʫʫʤʥʳʡ ʥʘʩʦʩ ʧʦʟʚʦʣʷʣ ʩʦʟʜʘʚʘʪʴ 

ʚ ʢʨʠʦʩʪʘʪʝ ʚʘʢʫʫʤ 10-5ʇʘ. ʉʧʝʢʪʨ ʊʉʃ ʩʥʠʤʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 78ʂ,ʧʦʩʣʝ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʟʘʩʚʝʪʢʠ ʢʨʠʩʪʘʣʣʘ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʚ ʪʝʯʝʥʠʠ 5ʤʠʥʫʪ, 

ʚʳʨʝʟʘʷ ʩʧʝʢʪʨ ʠʟʣʫʯʝʥʠʷ ʣʘʤʧʳ ʩ ʧʦʤʦʱʴʶ ʩʚʝʪʦʬʠʣʴʪʨʘ ʉɿʉ-23 ʚ ʜʠʘʧʦʟʦʥʝ 

(350-560) ʥʤ[1]. ɺ ʊʉʃ ʧʨʦʷʚʣʷʝʪʩʷ ʵʣʝʢʪʨʦʥʥʘʷ ʣʦʚʫʰʢʘ ʩ ʛʣʫʙʠʥʦʡ E ð (0.19-

0.2) ʵɺ. ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʣʦʚʫʰʝʢ ʠ ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʭʘʨʘʢʪʝʨʥʦʡ 

ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʣʦʚʫʰʝʢ ʷʚʣʷʝʪʩʷ ʠʭ ʤʘʣʦʝ ʩʝʯʝʥʠʝ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʘ. ɼʣʷ 

ʵʣʝʢʪʨʦʥʥʳʭ ʣʦʚʫʰʝʢ ʩʝʯʝʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʧʦʨʷʜʢʘ 10 ʤʠʥʫʩ ʧʷʪʥʘʜʮʘʪʦʡ 

ʩʪʝʧʝʥʠ ʩʤ ʚ ʢʚʘʜʨʘʪʝ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʳ ʠʤʝʝʤ ʜʝʣʦ ʥʝ ʩ ʧʨʠʨʦʜʥʳʤ ʩʝʯʝʥʠʝʤ 

ʟʘʭʚʘʪʘ, ʵʬʬʝʢʪʠʚʥʳʤ. ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʵʬʬʝʢʪʠʚʥʦʛʦ ʩʝʯʝʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
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ʦ ʪʦʤ, ʯʪʦ ʣʦʚʫʰʢʘ ʣʦʢʘʣʠʟʦʚʘʥʘ ʚ ʦʙʣʘʩʪʠ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ ʩ 

ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʢʦʣʣʝʢʪʠʚʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ. ʇʦʵʪʦʤʫ ʧʨʠ ʟʘʭʚʘʪʝ ʥʘ 

ʣʦʚʫʰʢʫ ʵʣʝʢʪʨʦʥʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʜʦʣʝʚʘʪʴ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʙʘʨʴʝʨ. ɺʝʣʠʯʠʥʫ 

ʙʘʨʴʝʨʘ ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ð ʩʝʯʝʥʠʷ ʟʘʭʚʘʪʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʫʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʦʣʦʩʳ ʊʉʃ. ɺ ʨʘʙʦʪʝ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʘʢʩʠʤʫʤ 

ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʨʠʭʦʜʠʪʩʷ ʥʘ ɚ = 400ʥʤ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʧʦʣʦʩʝ 

ʧʦʛʣʦʱʝʥʠʷ Fe+2.ʀʩʣʝʜʦʚʘʥʠʝ ʕʇʈ ʩʧʝʢʪʨʦʚ[3] ʠ ʵʬʬʝʢʪʘ ʄʝʩʩʙʘʫʵʨʘ[4] ʚ 

ʢʨʠʩʪʘʣʣʘʭ LiNbO3: Fe ʫʢʘʟʳʚʘʝʪ ʥʘ ʥʘʣʠʯʠʝ ʢʦʤʧʣʝʢʩʦʚ Fe+2 ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ 

ʚʜʦʣʴ ʦʩʠ [001], ʧʨʠʯʝʤ ʟʘʤʝʱʘʶʱʝʛʦ Nb5+.ʀʤʝʶʪʩʷ ʜʘʥʥʳʝ ʫʢʘʟʳʚʘʶʱʠʝ ʥʘ 

ʜʦʥʦʨʥʳʡ ʠ ʘʢʮʝʧʪʦʨʥʡ ʭʘʨʘʢʪʝʨ ʢʦʤʧʣʝʢʩʦʚ Fe+2 ʠ Fe+3 [5] 
ʊʘʙʣʠʮʘ 

ʈʝʟʫʣʴʪʘʪʳ ʪʝʨʤʦʦʯʠʩʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʩ ʧʨʠʤʝʩʴʶ ʞʝʣʝʟʘ(0.06%) 

ˉ Et [eV] St [cm2] Tm [K] 

1 0.186    0ᴜ. 014 6.693Ā10-18 

 

101 

2 0.203   ᴜ  0 .03 3.564 10-18 112 

3 0.190  ᴜ  0 .1 1.608 10-19 121 

4 0.200  ᴜ  0 .01 8.334 10-20 130 

5 0.183  ᴜ  0 . 0 1 1 5.04110-21 138 

6 0.189   ᴜ  0 .017 1.837 10-21 150 

7 0.206  ᴜ  0 .06 1.513 10-21 162 

8 0.0854ᴜ    0 .08 2.15110-26 194 

 

ʈʘʩʯʝʪ ʵʥʝʨʛʠʠ ʮʝʥʪʨʘ Fe2+ [6] ʜʘʝʪ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ʵʪʦʛʦ ʮʝʥʪʨʘ 3.6ɻ ɺ, 

ʝʩʣʠ ʫʯʝʩʪʴ ʯʪʦ ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦ ʟʦʥʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ ʨʘʚʥʘ 

3,7ʵʚ[6], ʪʦ ʧʨʠʨʦʜʘ ʠʟʫʯʝʥʥʳʭ ʮʝʥʪʨʦʚ ʟʘʭʚʘʪʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦʢʘ ʥʝʷʩʥʘ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ɺʝʡʥʙʝʨʛ ʊ.ʀ. ʂʘʪʘʣʦʛ ʮʚʝʪʥʦʛʦ ʩʪʝʢʣʘ. ï ʄ: ʀʟʜʘʪʝʣʴʩʪʚʦ çʄʘʰʠʥʦʩʪʨʦʝʥʠʝè, 

1967ʛ.- 400ʩ. 

2. ɺ.ʄ.ʌʨʠʜʢʠʥ. ɸʥʦʤʘʣʴʥʳʡ ʬʦʪʦʚʦʣʴʪʘʠʯʝʩʢʠʡ ʵʬʬʝʢʪ./ ɺ.ʄ.ʌʨʠʜʢʠʥ, ɹ.ʅ.ʇʦʧʦʚ. 

//ʋʩʧʝʭʠ ʬʠʟʠʯʝʩʢʠʭ ʥʘʫʢ. - ʊ.126,ʚʳʧ.4,ʩʪʨ.657-671.1978ʛ. 

3. G u ɖ t e ʛ P. In: Third Symposium on Semiconducting Ferroelectrics.Rostov-on-Don. 

28ð30, May 1976 /G u ɖ t e ʛ P., M i c h e r o n F.//  Ferroelectrics.-  1977.- V. 18.- P.27. 

4. ʂ r a t ɕ i g E., ʂ u r ɕ ȼ.// Ferroelectrics. ï 1976. - V. 13. -  P. 295. 

5. ʊʩʫʷ ʍ.ʕʬʬʝʢʪ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʠʦʙʘʪʘ ʣʠʪʠʷ ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʠʦʥʘʤʠ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. //ʀʟʚ. ɸʅ ʉʉʉʈ. ʉʝʨ.  ʬʠʟ. ï 1977. -     ʊ. 41. -  ʉ. 740. 

6. ʄʘʛʦʤʘʜʦʚ ʈ.ʄ. ʀʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʣʠʪʠʷ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʞʝʣʝʟʦʤ. /ʄʘʛʦʤʘʜʦʚ ʈ.ʄ., ʎʝʙʘʝʚ ʉ.ʅ., ɼʝʣʴʤʠʭʘʥʦʚ ʈ.ʈ. // ʊʨʫʜʳ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʪʠʢʘ ï 2011è.- ʋʣʴʷʥʦʚʩʢ. -  2011ʛ.- ʊ 2.-  ʉ.36-37. 

  



54 

ʋɼʂ 538.956 

 

DIELECTRIC PROPERTIES OF SOLID SOLUTION SYSTEMS BASED ON 

BISMUTH FERRITE AND LEAD FERRONIOBATE MODIFIED WITH 

GERMANIUM OXIDE  
 

K.M. Zhidel1, ɸ.V. Pavlenko2, ɽ.I. Sitalo3, P.A. Astafev4, L.A. Reznichenko5 

1Researcher, postgraduate student, Research Institute of Physics, karinagidele@gmail.com 
2Leading Researcher, Research Institute of Physics, Chief Researcher, Doctor of Physical and 

Mathematical Sciences, avpavlenko@sfedu.ru 
3Senior Researcher Research Institute of Physics, Candidate of Physical and Mathematical 

Sciences, sitalo@sfedu.ru 
4 Researcher, postgraduate student, l.6.e.9.w.4.a.9.p@yandex.ru 

5 Chief Researcher, department head, Doctor of Physical and Mathematical Sciences, Professor, 

lareznichenko@sfedu.ru 
1-5FSAEI HE çSouthern Federal Universityè, 

2FRC çSouthern Scientific Center of the Russian Academy of Sciencesè 

 

The paper presents the investigation results of the dielectric properties for the compositions 

of ferroelectric ceramics (1-x)BiFeO3-xPbFe0.5Nb0.5O3 (BFO-PFN) solid solutions with x = 0.3, 

superstoichiometrically modified with GeO2 in amounts of (0.5-1.0) wt. %. Solid solutions were 

obtained using conventional ceramic technology. The modified compositions show temperature 

regions with a relaxor state on the dielectric spectra. 

Keywords: solid solutions, modification, dielectric spectra, multiferroic, ferroelectric relaxor. 

 

The creation of materials based on ferroelectric complex oxides with desired 

improved properties is an important material science problem, without which it is 

impossible to satisfy the growing demands of radio electronics. 

Modification, i.e. the introduction of small (not more than 10 wt. %) amounts of 

certain oxides in order to change or study the physical properties of ferroelectric solid 

solutions is widely used [1]. The modification of oxides solid solutions with a 

perovskite-type structure has become most widely used due to the wide isomorphism 

characteristic of this structural type. Modification as a method of creating new 

materials is of an auxiliary nature [2-3] and is most often used to bring the values of 

individual parameters to a level that meets certain technical requirements. 

In this work, solid solutions of systems based on multiferroics of bismuth ferrite 

BiFeO3 (BFO) and lead ferroniobate PbFe0.5Nb0.5O3 (PFN) were used as the basis for 

modification. The subsequent modification of GeO2 with germanium oxide was carried 

out in order to significantly improve the electrical characteristics and create industrial 

materials. 

The objects of study were solid solutions of the binary system (1-x)BiFeO3-

xPbFe0.5Nb0.5O3 (BFO-PFN) with x = 0.3, superstoichiometrically modified with GeO2 

in amounts of (0.5-1.0) wt. %, which was introduced at the stage of mixing the initial 

reagents. All solid solutions under study were obtained by single or double solid-phase 

synthesis followed by sintering using conventional ceramic technology. The density of 

the resulting ceramics was 90% of the theoretical. After grinding, electrodes were 

mailto:sitalo@sfedu.ru
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applied to the samples by burning silver paste. 

At the first stage, to certify the electrophysical properties of the studied solid 

solutions, their dielectric properties were measured. In this case, the real and imaginary 

parts of the complex permittivity (Ů' and Ů'') and the tangent of the dielectric loss angle 

(tan ŭ) of ceramic samples were determined as a function of temperature. 

The dielectric studies were carried out in the 102 to 106 Hz range in the course 

of both heating and cooling at a rate of 2 to 3ÁC/min with the aid of a Novocontrol 

Alpha-A high-performance impedance analyzer (Novocontrol Technologies GmbH & 

Co. KG, Hundsangen, Germany). The calculation of the permittivity was carried out 

according to the capacitance values of a flat capacitor. 

Additional studies aimed at analyzing the spectra of dielectric spectroscopy and 

elucidating the nature of the dielectric response in objects are currently being carried 

out. 

The study was carried out on the equipment of the Shared Research Facility 

Center of SFedU, Research Institute of Physics with the financial support of the 

Ministry of Science and Higher Education of the Russian Federation (State task in the 

field of scientific activity, scientific project No. (0852-2020-0032)/(BAZ0110/20-3-

07IF)). 
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ʀʅɼʋʎʀʈʆɺɸʅʅʓɽ ʇʔɽɿʆʈɽɿʆʅɸʅʉʅʓɽ ʗɺʃɽʅʀʗ  
ɺ ʈɽʃɸʂʉʆʈɽ PbMg1/3Nb2/3O3 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ-ʨʝʣʘʢʩʦʨʘ 

PbMg1/3Nb2/3O3, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʧʨʠʣʦʞʝʥʠʝʤ ʩʣʘʙʦʛʦ (ʩʫʙʢʨʠʪʠʯʝʩʢʦʛʦ) ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ̫, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ (80é400ʂ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʣʝʢʪʠʚʥʦʡ 

ʜʠʥʘʤʠʢʝ ʣʦʢʘʣʴʥʳʭ ʧʦʣʷʨʥʳʭ ʦʙʣʘʩʪʝʡ ʟʘ ʩʯʝʪ ʠʭ ʩʚʷʟʠ ʩ ʫʧʨʫʛʦʡ ʧʦʜʩʠʩʪʝʤʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ-ʨʝʣʘʢʩʦʨʳ, ʤʘʛʥʦʥʠʦʙʘʪ ʩʚʠʥʮʘ, 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ. 
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ʆʩʪʨʦʡ ʥʝʦʙʭʦʜʠʤʦʩʪʴʶ ʚ ʦʙʣʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʦʨʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ ʫʣʫʯʰʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʦʚ ʜʣʷ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʧʦʣʷʨʥʳʭ 

ʦʙʣʘʩʪʝʡ ʩ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [1] ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʨʝʣʘʢʩʦʨʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ KTa1-xNbxO3 ʙʳʣʘ ʚʧʝʨʚʳʝ 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʨʝʟʦʥʘʥʩʘ ʩʣʘʙʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ (<50 ɺ/ʩʤ). ɸʚʪʦʨʳ ʥʘʙʣʶʜʘʣʠ 

ʨʝʟʦʥʘʥʩʥʳʝ ʧʠʢʠ ʥʘ ʯʘʩʪʦʪʥʳʭ ʩʧʝʢʪʨʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʚʳʰʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ Tc. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʚʳʰʝ Tc ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʦʣʷʨʠʟʘʮʠʷ ʤʝʪʘʩʪʘʙʠʣʴʥʘ ʠ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʳʭ ʧʝʨʠʦʜʦʚ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʦʟʞʝ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʙʦʣʝʝ ʜʝʪʘʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʙʥʘʨʫʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʢʨʠʩʪʘʣʣʘʭ ʪʦʡ ʞʝ ʩʠʩʪʝʤʳ [2], ʦʜʥʘʢʦ 

ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʜʘʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʥʝ ʧʦʣʫʯʠʣʘ. 

ɼʨʫʛʦʡ ʛʨʫʧʧʦʡ ʘʚʪʦʨʦʚ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʤʝʪʦʜ, 

ʥʘʟʚʘʥʥʳʡ ʨʝʟʦʥʘʥʩʥʦʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʝʡ (RPS), ʩ ʧʦʤʦʱʴʶ 

ʢʦʪʦʨʦʛʦ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʧʦʣʷʨʥʳʝ ʦʙʣʘʩʪʠ ʚ ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ 

PbSc0.5Ta0.5O3 (PST), BaTiO3 ʠ SrTiO3 [3ï5]. ʇʨʝʜʣʦʞʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʤʝʪʦʜʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʣʦʞʝʥʠʝ ʧʝʨʝʤʝʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ ʘʤʧʣʠʪʫʜʦʡ 

1é20 ɺ ʢ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʦʤʫ ʦʙʨʘʟʮʫ, ʢʦʪʦʨʦʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʯʝʨʝʟ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʚʦʟʙʫʞʜʘʝʪ ʚ ʦʙʨʘʟʮʝ ʤʝʭʘʥʠʯʝʩʢʠʝ ʢʦʣʝʙʘʥʠʷ, ʯʪʦ 

ʩʦʟʜʘʝʪ ʧʦʣʷ ʜʝʬʦʨʤʘʮʠʠ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʝ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʧʦʣʶ. 

ʈʝʟʫʣʴʪʠʨʫʶʱʘʷ ʫʧʨʫʛʘʷ ʚʦʣʥʘ ʩʪʘʥʦʚʠʪʩʷ ʨʝʟʦʥʘʥʩʥʦʡ, ʝʩʣʠ ʝʝ ʯʘʩʪʦʪʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʦʜʥʦʡ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʯʘʩʪʦʪ ʦʙʨʘʟʮʘ. ʕʪʦ ʜʝʣʘʝʪ RPS 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤ ʢʘʢ ʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ, ʪʘʢ ʠ ʢ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʤʫ 

ʧʦʣʷʨʥʦʤʫ ʫʧʦʨʷʜʦʯʝʥʠʶ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʠʝ ʨʝʟʦʥʘʥʩʥʳʭ ʢʦʣʝʙʘʥʠʡ 

ʯʨʝʟʚʳʯʘʡʥʦ ʫʩʠʣʠʚʘʝʪ ʘʤʧʣʠʪʫʜʫ ʫʧʨʫʛʠʭ ʚʦʣʥ. ɺ ʦʙʨʘʟʮʘʭ ʨʝʣʘʢʩʦʨʘ PST, 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʢʦʪʦʨʳʭ ʥʘʭʦʜʠʣʘʩʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚ ʥʝʧʦʣʷʨʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʧʦʟʚʦʣʠʣʘ ʧʨʦʩʣʝʜʠʪʴ ʟʘ ʜʠʥʘʤʠʢʦʡ ʣʦʢʘʣʴʥʳʭ 

ʧʦʣʷʨʥʳʭ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠ ʘʢʪʠʚʥʳʭ ʦʙʣʘʩʪʝʡ. ʇʨʠ ʵʪʦʤ, ʨʝʟʦʥʘʥʩʥʳʝ 

ʯʘʩʪʦʪʳ, ʜʝʪʝʢʪʠʨʫʝʤʳʝ ʩ ʧʦʤʦʱʴʶ RPS, ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ 

ʨʝʟʦʥʘʥʩʥʳʤ ʯʘʩʪʦʪʘʤ, ʠʟʤʝʨʷʝʤʳʤ ʫʣʴʪʨʘʟʚʫʢʦʚʳʤ ʤʝʪʦʜʦʤ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʦʧʠʩʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʝʪʦʜʠʢʠ ï 

ʨʝʟʦʥʘʥʩʥʦʡ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠʤʧʝʜʘʥʩ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ (RPIS) ï ̫ ʚʣʷʶʱʝʡʩʷ 

ʨʘʟʚʠʪʠʝʤ ʠʜʝʡ, ʠʟʣʦʞʝʥʥʳʭ ʚ [1], ʘ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʴʝʟʦʦʪʢʣʠʢʘ ʚ ʥʝʧʦʣʷʨʠʟʦʚʘʥʥʳʭ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ PbMg1/3Nb2/3O3 ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 

(80é400ʂ), ʧʨʠʤʝʥʷʷ ʧʨʦʪʦʢʦʣʳ çʥʘʛʨʝʚ ʚ ʧʦʣʝè, çʥʘʛʨʝʚ ʙʝʟ ʧʦʣʷ ï 

ʦʭʣʘʞʜʝʥʠʝ ʚ ʧʦʣʝè ʠ çʦʭʣʘʞʜʝʥʠʝ ʚ ʧʦʣʝ ï ʥʘʛʨʝʚ ʙʝʟ ʧʦʣʷè. 

ʅʘ ʠʟʚʝʩʪʥʦʡ E-T ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ ʤʘʛʥʦʥʠʦʙʘʪʘ ʩʚʠʥʮʘ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʛʨʘʥʠʮʘ, ʦʪʜʝʣʷʶʱʘʷ ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʦʣʥʦʩʪʴʶ 

çʟʘʤʦʨʦʞʝʥʥʳʭè ʧʦʣʷʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʦʪ ʦʙʣʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʦ 

ʠʥʜʫʮʠʨʦʚʘʥʠʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʦʪʢʣʠʢʘ ʟʘ ʩʯʝʪ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 
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ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʧʦʣʷʨʠʟʘʮʠʝʡ ʠ ʜʝʬʦʨʤʘʮʠʝʡ. ʆʩʦʙʦ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʜʘʥʥʘʷ ʛʨʘʥʠʮʘ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ, ʤʥʦʛʦ ʤʝʥʴʰʠʭ ʪʝʤʧʝʨʘʪʫʨ 

ʟʘʤʝʨʟʘʥʠʷ, ʦʧʨʝʜʝʣʷʝʤʳʭ ʠʟ ʘʥʘʣʠʟʘ ʧʘʨʘʣʣʝʣʴʥʦ ʠʩʩʣʝʜʫʝʤʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ, ʠʩʧʦʣʴʟʫʷ ʵʤʧʠʨʠʯʝʩʢʠʡ ʟʘʢʦʥ ʌʦʛʝʣʷ-ʌʫʣʯʝʨʘ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʧʦʩʣʝʜʥʝʛʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʵʚʦʣʶʮʠʠ ʧʦʣʷʨʥʳʭ 

ʩʦʩʪʦʷʥʠʡ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ-ʨʝʣʘʢʩʦʨʘʭ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ (ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ˉ 

(0852-2020-0032)/(ɹɸɿ0110/20-3-07ʀʌ), ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʮʝʥʪʨʘ ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ 

çʕʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ, ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʚʳʝ ʩʚʦʡʩʪʚʘ ʪʚʝʨʜʳʭ ʪʝʣè ʅʀʀ ʬʠʟʠʢʠ 

ʖʌʋ. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Pattnaik R., Toulouse J. New dielectric resonances in mesoscopic ferroelectrics // Physical 

Review Letters. 1997. V. 79 (23), pp. 4677-4680 

2. Toulouse J., Cai L., Pattnaik R. K., Boatner L. A. Multiscale dynamics in relaxor ferroelectrics 

// EPL. 2014. V. 105, p. 17001 

3. Aktas O., Salje E. K. H., Crossley S., Lampronti G.I., Whatmore R.W., Mathur N.D., Carpenter 

M.A. Ferroelectric precursor behavior in PbSc0.5Ta0.5O3 detected by field-induced resonant piezoelectric 

spectroscopy // Physical Review B. 2013. V. 88, p. 174112 

4. Aktas O., Carpenter M.A., Salje E. K. H. Polar precursor ordering in BaTiO3 detected by 

resonant piezoelectric spectroscopy // Appl. Phys. Lett. 2013. V. 103, pp. 142902-4 

5. Salje E. K. H., Aktas O., Carpenter M. A. Domains within domains and walls within walls: 

evidence for polar domains in cryogenic SrTiO3 // Phys.Rev.Lett. 2013. V. 111, pp. 247603-5 

 

ʋɼʂ 538.9 
 

ʇʈʆɹʃɽʄɸ ʆʇʀʉɸʅʀʗ ʈɽʃɸʂʉɸʎʀʆʅʅʓʍ ʄʆɼ 

ɺ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ ʉʇɽʂʊʈʆʉʂʆʇʀʀ 
 

ʉ.ɺ. ʏʫʯʫʧʘʣ1, ɸ.ɸ. ɺʦʣʢʦʚ2 
1ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, MirrorMan@yandex.ru 
2ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, aavol@bk.ru 

ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 
 

ʆʙʩʫʞʜʘʝʪʩʷ ʧʨʦʙʣʝʤʘ ʚʳʙʦʨʘ ʤʦʜʝʣʠ ʜʣʷ ʦʧʠʩʘʥʠʷ ʰʠʨʦʢʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʦʣʦʩ 

ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ ʚʝʱʝʩʪʚ. ʇʨʠʚʦʜʠʪʩʷ ʧʨʠʤʝʨ ʧʨʝʦʜʦʣʝʥʠʷ 

ʪʨʫʜʥʦʩʪʠ ʦʧʠʩʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʧʝʢʪʨʦʚ ʞʠʜʢʦʡ ʚʦʜʳ ʟʘʤʝʥʦʡ ʜʝʙʘʝʚʩʢʦʛʦ 

ʨʝʣʘʢʩʘʪʦʨʘ ʧʝʨʝʪʦʨʤʦʞʝʥʥʳʤ ʣʦʨʝʥʮʝʚʩʢʠʤ ʦʩʮʠʣʣʷʪʦʨʦʤ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʧʝʢʪʨʳ, ʧʨʦʚʦʜʠʤʦʩʪʴ, ʨʝʣʘʢʩʘʮʠʷ ɼʝʙʘʷ, 

ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʦʩʮʠʣʣʷʪʦʨ. 
 

ɺʘʞʥʫʶ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʘʜʘʯʫ ʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʦʧʠʩʘʥʠʝ ʰʠʨʦʢʠʭ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʦʜ. ɼʣʷ ʦʧʠʩʘʥʠʷ ʩʧʝʢʪʨʦʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʨʦʩʪʘʷ ʬʦʨʤʫʣʘ 

ʜʝʙʘʝʚʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ 

 ( ) / (1 )D Die w e wt=D + , (1) 
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ʛʜʝ ȹŮ ð ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʡ ʚʢʣʘʜ, ŰD ð ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. ʅʘ 

ʭʨʝʩʪʦʤʘʪʠʡʥʦʤ ʫʨʦʚʥʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1/ŰD ʝ yʧʨʠʤʝʥʝʥʠʝ 

ʥʝʢʦʨʨʝʢʪʥʦ ʠʟ-ʟʘ ʧʨʦʠʟʚʦʜʠʤʦʛʦ ʝʶ ʥʝʬʠʟʠʯʥʦ ʚʳʩʦʢʦʛʦ ʚʢʣʘʜʘ ʚ 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʥʘʨʫʰʝʥʠʷ ʵʪʠʤ ʧʨʘʚʠʣʘ ʩʫʤʤ. ʇʨʠʯʠʥʘ ʧʦʷʚʣʝʥʠʷ ʧʘʨʘʟʠʪʥʦʛʦ 

ʭʚʦʩʪʘ ʢʨʦʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʠʩʭʦʜʥʦʝ ʜʠʬʬʫʟʠʦʥʥʦʝ ʫʨʘʚʥʝʥʠʝ ʜʚʠʞʝʥʠʷ ʜʣʷ 

ʨʝʣʘʢʩʘʮʠʠ ʥʝ ʫʯʠʪʳʚʘʝʪ ʙʳʩʪʨʫʶ ʚʪʦʨʫʶ ʧʨʦʠʟʚʦʜʥʫʶ ʢʦʦʨʜʠʥʘʪʳ ʧʦ 

ʚʨʝʤʝʥʠ. 

ɼʠʘʣʝʢʪʠʯʝʩʢʠʡ ʦʪʢʣʠʢ ʚʝʱʝʩʪʚʘ ʧʦ ʬʦʨʤʝ (1) ʚʳʛʣʷʜʠʪ ʢʘʢ ʤʦʱʥʳʡ Ů(ɤ)-

ʢʦʣʦʢʦʣ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ɿʘʜʘʯʫ ʩʦʩʪʘʚʣʷʝʪ ʦʧʠʩʘʥʠʝ ʩʧʘʜʘ ʧʦʪʝʨʴ ʥʘ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. ʊʠʧʠʯʥʦ, ʜʣʷ ʧʦʜʘʚʣʝʥʠʷ ʵʪʠʭ ʧʦʪʝʨʴ ʧʨʝʜʣʘʛʘʶʪʩʷ 

ʠʟʦʱʨʸʥʥʳʝ ʤʦʜʝʣʠ: ʥʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ ʞʠʜʢʦʡ ʚʦʜʳ ʤʦʜʝʣʴ ʩʣʫʯʘʡʥʦʡ 

ʯʘʩʪʦʪʥʦʡ ʤʦʜʫʣʷʮʠʠ [1].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʧʨʝʜʣʘʛʘʝʤ ʧʦʜʭʦʜ, ʨʘʜʠʢʘʣʴʥʦ ʫʧʨʦʱʘʶʱʠʡ 

ʦʧʠʩʘʥʠʝ ʰʠʨʦʢʠʭ ʩʧʝʢʪʨʦʚ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʧʨʠʤʝʥʝʥʠʠ ʣʦʨʝʥʮʝʚʩʢʦʛʦ 

ʧʝʨʝʪʦʨʤʦʞʝʥʥʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ.  ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʩʠʣʴʥʦʤ ʟʘʪʫʭʘʥʠʠ ʯʘʩʪʦʪʘ 

ʠ ʟʘʪʫʭʘʥʠʝ ʦʩʮʠʣʣʷʪʦʨʘ ʢʘʢ ʥʝʟʘʚʠʩʠʤʳʝ ʧʘʨʘʤʝʪʨʳ ʪʝʨʷʶʪ ʩʤʳʩʣ. ʄʳ 

ʥʘʭʦʜʠʤ ʧʫʪʴ, ʟʘʠʤʩʪʚʦʚʘʥʥʳʡ ʠʟ ʬʠʟʠʢʠ ʵʣʝʢʪʨʦʣʠʪʦʚ, ʜʦʧʫʩʢʘʶʱʠʡ 

ʵʬʬʝʢʪʠʚʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʧʝʨʝʪʦʨʤʦʞʝʥʥʦʛʦ ʣʦʨʝʥʮʝʚʩʢʦʛʦ ʦʩʮʠʣʣʷʪʦʨʘ ʚʟʘʤʝʥ 

ʜʝʙʘʝʚʩʢʦʛʦ ʨʝʣʘʢʩʘʪʦʨʘ ʠ ʩʥʠʤʘʶʱʠʡ ʧʨʦʙʣʝʤʫ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. 
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ʈʘʩʩʤʦʪʨʝʥʦ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʙʣʦʢʦʚ ʨʘʟʤʝʨʦʤ ~ 0.1 ʤʢʤ2 ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ NaNbO3 (NNO). ʆʥ ʥʝʚʝʣʠʢ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʪʝʥʮʠʘʣʘʤʠ ʠʩʢʫʩʩʪʚʝʥʥʦ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ (M.A.Bunin et.al. Ferroelectrics, 2022, 590:1, 190), ʥʦ ʩʪʘʙʠʣʴʥʝʝ ʚʦ 

ʚʨʝʤʝʥʠ. ɺ ʨʘʤʢʘʭ ʧʨʝʜʣʦʞʝʥʥʦʡ M.ɼ. ɻʣʠʥʯʫʢ ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʡ ʪʝʦʨʠʠ 

ʩʘʤʦʧʦʣʷʨʠʟʘʮʠʠ ʠ ʵʣʝʢʪʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʪʦʥʢʠʭ ʧʣʝʥʢʘʭ ʧʦʚʝʨʭʥʦʩʪʠ ʦʮʝʥʝʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʵʣʝʢʪʨʝʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʙʣʦʢʦʚ. ʈʝʟʫʣʴʪʘʪ ʩʨʘʚʥʠʚʘʝʪʩʷ ʩ ʜʘʥʥʳʤʠ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʭ DFT-ʨʘʩʯʝʪʦʚ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʢʝʨʘʤʠʢʝ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʦʥʢʠʝ ʧʣʝʥʢʠ, ʥʠʦʙʘʪ ʥʘʪʨʠʷ, ʧʦʪʝʥʮʠʘʣ, ʵʣʝʢʪʨʝʪ 
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ʇʦʥʠʤʘʥʠʝ ʠ ʢʦʥʪʨʦʣʴ ʷʚʣʝʥʠʡ ʠʥʞʝʢʮʠʠ, ʟʘʭʚʘʪʘ ʠ ʧʝʨʝʥʦʩʘ ʟʘʨʷʜʘ ï 

ʦʜʥʘ ʠʟ ʚʘʞʥʝʡʰʠʭ ʧʨʦʙʣʝʤ ʧʦʚʳʰʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʵʣʝʢʪʨʦʥʥʳʭ 

ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʪʦʥʢʠʭ ʧʣʝʥʦʢ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ. ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʨʝʟʢʦ 

ʚʦʟʨʦʩ ʠʥʪʝʨʝʩ ʢ ʵʢʦʣʦʛʠʯʥʳʤ ʩʦʩʪʘʚʘʤ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ.  

ʅʠʦʙʘʪ ʥʘʪʨʠʷ, NaNbO3, ʠʟʚʝʩʪʝʥ ʢʘʢ ʬʝʨʨʦʠʢ ʩ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʦʡ ʧʝʨʦʚʩʢʠʪʘ ʠ ʩʣʦʞʥʦʡ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʩʝʤʠ ʩʪʨʫʢʪʫʨʥʳʭ 

ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: ʥʝʧʦʣʷʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ­ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ ­ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ. ʈʘʩʩʤʦʪʨʝʥʠʶ ʨʦʣʠ Q(Pmc21)ï  ʠ P(Pbcm) ï ʬʘʟ ʚ 

ʵʧʠʪʘʢʩʠʘʣʴʥʦʡ ʜʝʬʦʨʤʘʮʠʠ ʥʝʩʦʦʪʚʝʪʩʪʚʠʷ (ɼʅ; Um) ʧʣʝʥʦʢ NNO ʧʦʩʚʷʱʝʥʳ 

ʧʝʨʚʦʧʨʠʥʮʠʧʥʳʝ DFT-ʨʘʩʯʝʪʳ [1 ʠ ʩʩʳʣʢʠ ʚ ʥʝʡ], ʠ ʵʢʩʧʝʨʠʤʝʥʪ [2 ʠ ʩʩʳʣʢʠ ʚ 

ʥʝʡ]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ɼʅ ʚʦʟʤʦʞʥʳ ʪʨʠ ʨʘʟʥʳʝ ʬʘʟʳ, ʘ ʦʜʥʘ ʠʟ ʥʠʭ, Pca21 ï 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ ʦʯʝʥʴ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ Um (1.27% · 1.50%). ɺ 

ʬʝʥʦʤʝʥʦʣʦʛʠʯʝʩʢʦʤ ʦʧʠʩʘʥʠʠ ʚʣʠʷʥʠʷ ɼʅ ʥʘ ʩʚʦʡʩʪʚʘ ʪʦʥʢʠʭ ʩʵ ʧʣʝʥʦʢ ʚ ʃɻɼ- 

ʧʨʠʙʣʠʞʝʥʠʠ [3], ʪʦʣʱʠʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʧʝʨʝʭʦʜ FE ª PE, 

ʦʮʝʥʠʚʘʣʘʩʴ ʧʘʨʘʤʝʪʨʦʤ hcr.  ʇʨʠ h < hcr ɼʅ ʠ ʧʴʝʟʦ-ʩʚʦʡʩʪʚʘ ʧʦʨʦʞʜʘʶʪ 

ʥʦʨʤʘʣʴʥʦʝ ʧʦʚʝʨʭʥʦʩʪʠ ʚʥʫʪʨʝʥʥʝʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ mE
C

, 

ʥʝʢʦʤʧʝʥʩʠʨʦʚʘʥʥʘʷ ʨʘʟʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʠ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ E0 ʠʥʜʫʮʠʨʫʝʪ 

ʵʣʝʢʪʨʝʪʦʧʦʜʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

ʉʪʨʫʢʪʫʨʘ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ɻ ʧʠʪʘʢʩʠʘʣʴʥʦʡ [001] ʧʣʝʥʢʠ NaNbO3 

ʥʘ ʩʣʦʝ SrRuO3 ʠ ʧʦʜʣʦʞʢʝ MgO, ʧʦʣʫʯʝʥʥʦʡ ʤʝʪʦʜʦʤ ɺʏ- ʨʘʩʧʳʣʝʥʠʷ, 

ʠʩʩʣʝʜʦʚʘʥʳ ʚ [4]. ɺ [5] ʪʘ ʞʝ ʧʣʝʥʢʘ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ ʩʢʘʥʠʨʫʶʱʝʡ 

ʟʦʥʜʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʝʣʴʝʬ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥ ʩʦʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʙʣʦʢʘʤʠ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤ (~ ï(10-20)ʤɺ) 

ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ɼʠʩʩʠʧʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʨʠ ʠʥʞʝʢʮʠʠ ʟʦʥʜʦʤ ɸʉʄ 

ʚ ʫʯʘʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ (0.5³0.5) ʤʢʤ2 ʧʨʠ ʩʤʝʱʝʥʠʷʭ -1 V, -2 V, -3 V ʠʩʩʣʝʜʦʚʘʥʘ 

ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʟʦʥʜʘ ʂʝʣʴʚʠʥʘ [5]. ʕʪʦʪ ʧʦʪʝʥʮʠʘʣ ʩʧʘʜʘʣ ʚ 

ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ. ɺ ʢʦʥʮʝ ʠʟʤʝʨʝʥʠʡ ʥʘ ʪʦʤ ʞʝ ʤʝʩʪʝ, ʯʪʦ ʚ ʠʩʭʦʜʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʣʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʣʦʢʦʚ 

[5]. ʕʪʦ ʦʟʥʘʯʘʣʦ, ʯʪʦ ʜʣʷ ʙʣʦʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ ʜʠʩʩʠʧʘʮʠʷ ʟʘʨʷʜʘ ʧʨʦʪʝʢʘʣʘ 

ʠʥʘʯʝ.  

ɺ ʨʘʤʢʘʭ ʪʝʦʨʠʠ [3] ʨʘʩʩʯʠʪʘʥʘ Um(T) - ʩʣʦʞʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʬʫʥʢʮʠʷ, ʠʟ- 

ʟʘ ʯʝʛʦ ʟʥʘʯʝʥʠʷ ɼʅ ʤʦʛʫʪ ʙʳʪʴ ʥʝʦʜʥʦʨʦʜʥʳ ʠ ʧʦ ʪʦʣʱʠʥʝ ʠ ʣʘʪʝʨʘʣʴʥʦ. 

ʇʦʩʣʝʜʥʝʝ ʤʦʞʝʪ ʦʙʝʩʧʝʯʠʚʘʪʴ ʥʝʦʜʠʥʘʢʦʚʦʩʪʴ ʩʚʦʡʩʪʚ ʙʣʦʢʦʚ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʥʘʙʣʶʜʘʝʤʦʤʫ ʦʪʩʫʪʩʪʚʠʶ ʧʦʪʝʥʮʠʘʣʘ ʫ ʥʝʢʦʪʦʨʳʭ ʙʣʦʢʦʚ. 

ʆʮʝʥʢʘ ʚʝʣʠʯʠʥʳ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ ʚ ʧʣʝʥʢʝ ʜʘʣʘ Em ~ ï (10ï150) kV/cm, ʯʪʦ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʟʥʘʯʝʥʠʷʤʠ EC ʦʪ 11 ʜʦ 50 kV/cm [6]. ʕʪʘ ʧʦʜʪʚʝʨʜʠʣʦ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʚʥʫʪʨʝʥʥʝʛʦ ʧʦʣʷ E < 0, ʦʙʲʷʩʥʷʶʱʝʛʦ ʩʜʚʠʛ ʚʣʝʚʦ ʧʝʪʣʠ 

ʛʠʩʪʝʨʝʟʠʩʘ d33(Um) ʚ [5], ʚ ʩʦʛʣʘʩʠʠ ʩ [4], ʛʜʝ ʪʘʢʦʡ ʩʜʚʠʛ ʧʝʪʣʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʩʦʯʝʪʘʥʠʶ Um > 0 ʠ Em <  0. ɺʦʟʤʦʞʥʦʝ ʵʣʝʢʪʨʝʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʙʣʦʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʲʷʩʥʷʝʪ ʫʥʠʧʦʣʷʨʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʝʥʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ [4] ʠ 

ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʨʘʥʝʝ [7] ʩʣʘʙʳʤʠ ʵʣʝʢʪʨʝʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʚ 

ʢʝʨʘʤʠʢʝ NNO. 
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0852-2020-0032 (ɹɸɿ0110/20-3-08ʀʌ)]. 
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ʧʦʚʝʨʭʥʦʩʪʠ ʪʦʡ ʞʝ ʧʣʝʥʢʠ ʟʦʥʜʦʤ ʘʪʦʤʥʦʛʦ ʩʠʣʦʚʦʛʦ ʤʠʢʨʦʩʢʦʧʘ Veeco 

Multimode VS ʠʥʞʝʢʪʠʨʦʚʘʣʩʷ ʟʘʨʷʜ, ʘ ʟʘʪʝʤ ʤʝʪʦʜʦʤ ʩʠʣʦʚʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʟʦʥʜʘ ʂʝʣʴʚʠʥʘ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʜʠʩʩʠʧʘʮʠʷ ʧʦʪʝʥʮʠʘʣʘ ʧʦʚʝʨʭʥʦʩʪʠ [2]. ʈʝʣʴʝʬ 

ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥ ʩʦʥʘʧʨʘʚʣʝʥʥʳʤʠ ʙʣʦʢʘʤʠ, ʥʝʢʦʪʦʨʳʝ ʠʟ ʢʦʪʦʨʳʭ 

ʦʙʣʘʜʘʶʪ ʥʝʙʦʣʴʰʠʤ (~ ï(10-20)ʤɺ) ʩʦʙʩʪʚʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ. ʅʘ ʫʯʘʩʪʦʢ 

ʠʥʞʝʢʮʠʠ ʧʦʧʘʜʘʣʦ 2-3 ʙʣʦʢʘ, ʧʦʪʝʥʮʠʘʣ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʣʩʷ ʥʘʤʥʦʛʦ 

ʤʝʜʣʝʥʥʝʝ, ʯʝʤ ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʡ ʠ ʦʪʯʝʪʣʠʚʦ ʧʨʦʷʚʣʷʣʩʷ ʥʘ ʪʦʤ ʞʝ ʤʝʩʪʝ ʚ 

ʢʦʥʮʝ ʠʟʤʝʨʝʥʠʡ.  

ʋʯʪʝʤ ʧʦʪʝʥʮʠʘʣ ʙʣʦʢʦʚ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ ʜʠʩʩʠʧʘʮʠʠ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ. ɺ [2] ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʦʧʠʩʘʥʠʷ ʧʦʪʝʥʮʠʘʣʘ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʳʭ ʫʯʘʩʪʢʦʚ ʜʦʩʪʘʪʦʯʥʦ ʫʨʘʚʥʝʥʠʷ ɻʘʫʩʩʘ. ʇʷʪʥʦ ʧʦʪʝʥʮʠʘʣʘ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʧʣʸʥʢʠ ʠʤʝʝʪ ʵʣʣʠʧʪʠʯʝʩʢʫʶ ʬʦʨʤʫ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʦʪʥʦʰʝʥʠʝʤ ʜʣʠʥ ʦʩʝʡ 
b

a
, ʘ ʝʛʦ ʩʝʯʝʥʠʷ ï ʬʫʥʢʮʠʝʡ ɻʘʫʩʩʘ. ʈʘʩʩʯʠʪʘʥʥʦʝ ʚ [2] 

ʧʦ ʜʘʥʥʳʤ ʜʣʷ r-ʬʘʟʳ ʟʥʘʯʝʥʠʝ ʵʪʦʡ ʚʝʣʠʯʠʥʳ = 2.88, ʯʪʦ ʙʦʣʴʰʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʧʦʯʪʠ ʜʣʷ ʚʩʝʭ ʵʪʘʧʦʚ ʠʟʤʝʨʝʥʠʡ ʤʝʥʴʰʝ. ʇʦʩʣʝʜʥʝʝ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ ʥʘ ʟʦʥʜʝ ʠ ʠʟʤʝʥʷʝʪʩʷ ʩʦ ʚʨʝʤʝʥʝʤ. ʕʪʦ ʦʟʥʘʯʘʝʪ, 

ʯʪʦ ʚʣʠʷʝʤ ʙʣʦʢʦʚ ʥʝʣʴʟʷ ʧʨʝʥʝʙʨʝʛʘʪʴ.  

ɼʝʡʩʪʚʫʶʱʝʝ ʥʘ ʥʦʩʠʪʝʣʠ ʧʦʣʝ E
C
 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʫʤʤʦʡ ʪʨʝʭ ʢʦʤʧʦʥʝʥʪ: 

E
C

 = eltcrst EEE
CCC
++ S , ʛʜʝ crstE

C
 ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʭ ʩʦʦʙʨʘʞʝʥʠʡ 

ʦ ʣʘʪʝʨʘʣʴʥʦʡ ʢʦʤʧʦʥʝʥʪʝ ʧʦʣʷ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ [2], ʠ ʜʚʫʭ 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʦʨʤʘʣʴʥʦ ʧʦʚʝʨʭʥʦʩʪʠ: telE
C

 - ʧʦʣʷ çʵʣʝʢʪʨʝʪʥʳʭè ʙʣʦʢʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ SE
C

 - ʧʦʣʷ ʫʪʝʯʢʠ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʧʦʜʣʦʞʢʫ. ʈʘʟʤʝʨʳ 

ʧ̫ ʪʥʘ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʘʪʝʨʘʣʴʥʦʡ ʧʨʦʝʢʮʠʝʡE
C
. ʈʝʟʫʣʴʪʠʨʫʶʱʝʝ ʧʦʣʝtelE

C
 ʥʝ 

ʦʙʷʟʘʪʝʣʴʥʦ ʩʦʚʧʘʜʘʝʪ ʩ mE
C

 ʦʪʜʝʣʴʥʦʛʦ ʙʣʦʢʘ. SE
C

 ʦʧʨʝʜʝʣʷʝʪʩʷ ʥʦʨʤʘʣʴʥʦʡ 

ʧʨʦʝʢʮʠʝʡ ʢʦʤʧʦʥʝʥʪ ʪʝʥʟʦʨʘ ʫʜʝʣʴʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ 

ʦʩʪʘʶʱʝʛʦʩʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ. ʈʘʩʩʤʦʪʨʝʥʦ ʠʟʤʝʥʝʥʠʝ 

ʧʦʪʝʥʮʠʘʣʘ ʜʣʷ ʚʩʝʭ ʚʝʣʠʯʠʥ ʩʤʝʱʝʥʠʡ ʥʘ ʟʦʥʜʝ (-1 V, -2 V, -3 V). 

ʈʘʩʪʝʢʘʥʠʝ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʩʦʟʜʘʝʪ ʚʥʝʰʥʝʝ 

ʧʦʣʝ ʜʣʷ ʵʣʝʢʪʨʝʪʥʳʭ ʙʣʦʢʦʚ, ʢʦʪʦʨʦʝ ʦʩʣʘʙʝʚʘʝʪ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ, ʥʦ 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʵʣʝʢʪʨʝʪʥʳʡ ʟʘʨʷʜ ʩʪʘʙʠʣʴʥʳʤ, ʧʨʝʧʷʪʩʪʚʫʷ ʝʛʦ ʵʢʨʘʥʠʨʦʚʘʥʠʶ 

ʩʚʦʙʦʜʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ. ʇʦʵʪʦʤʫ ʠʭ ʧʦʪʝʥʮʠʘʣ ʟʘʤʝʪʝʥ ʜʘʞʝ ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʧʦʪʝʥʮʠʘʣ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ ʫʤʝʥʴʰʠʣʩʷ (ʙʦʣʝʝ ʯʝʤ) ʥʘ ʧʦʨʷʜʦʢ. 

ʋʪʝʯʢʘ ʚ ʧʦʜʣʦʞʢʫ ʠ ʣʘʪʝʨʘʣʴʥʦʝ ʨʘʩʪʝʢʘʥʠʝ ʦʧʨʝʜʝʣʷʶʪ ʩʢʦʨʦʩʪʴ ʜʠʩʩʠʧʘʮʠʠ 

ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ ʚ ʨʘʟʥʳʝ ʠʥʪʝʨʚʘʣʳ ʚʨʝʤʝʥʠ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʦʪʦʨʳʭ 

ʟʘʚʠʩʠʪ ʦʪ ʚʝʣʠʯʠʥʳ ʩʤʝʱʝʥʠʷ, ʪʦʣʱʠʥʳ ʧʣʝʥʢʠ ʠ ʨʘʩʩʪʦʷʥʠʷ ʤʝʞʜʫ 

ʧʣʦʱʘʜʢʘʤʠ. ʅʘ ʨʝʟʫʣʴʪʘʪ ʣʘʪʝʨʘʣʴʥʦʡ ʜʠʩʩʠʧʘʮʠʠ ʧʦʩʣʝ ʟʘʚʝʨʰʝʥʠʷ ʦʩʥʦʚʥʦʡ 

ʫʪʝʯʢʠ ʚ ʧʦʜʣʦʞʢʫ ʚʣʠʷʝʪ ʟʘʨʷʜ, ʨʘʩʧʦʣʦʞʝʥʥʳʡ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ~ 4 ʭʘʨʘʢʪʝʨʥʳʭ 

ʨʘʟʤʝʨʦʚ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʡ ʧʣʦʱʘʜʢʠ.  

ʈʘʟʤʝʨʳ ʧʷʪʥʘ ʧʦʪʝʥʮʠʘʣʘ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ ʟʘʚʠʩʷʪ ʦʪ ʩʤʝʱʝʥʠʷ 

ʥʘ ʟʦʥʜʝ, ʥʘʣʠʯʠʷ ʚʙʣʠʟʠ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʠ ʵʣʝʢʪʨʝʪʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 
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ʙʣʦʢʦʚ ʧʦʚʝʨʭʥʦʩʪʠ. ʀʟʤʝʥʷʷ ʧʝʨʚʳʝ ʜʚʝ ʧʨʠʯʠʥʳ, ʤʦʞʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʨʝʤʷ 

ʨʝʣʘʢʩʘʮʠʠ ʠʥʞʝʢʪʠʨʦʚʘʥʥʦʛʦ ʟʘʨʷʜʘ. ʋʪʝʯʢʘ ʚ ʧʦʜʣʦʞʢʫ ʥʝʚʝʣʠʢʘ. ʇʨʠ 

ʥʝʙʦʣʴʰʠʭ ʩʤʝʱʝʥʠʷʭ ʚʘʞʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʵʣʝʢʪʨʝʪʥʘʷ ʧʨʠʨʦʜʘ ʟʘʨʷʜʘ ʙʣʦʢʦʚ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʢʦʪʦʨʘʷ ʦʙʫʩʣʦʚʣʝʥʘ ʥʝʫʩʪʦʡʯʠʚʳʤ misfit ʦʤ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ˉ 

0852-2020-0032 (ɹɸɿ0110/20-3-08ʀʌ)]. 
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ʋʇʆʈʗɼʆʏɽʅʀʗ ɼɺʆʁʅʓʍ ʇɽʈʆɺCʂʀʊʆɺ 3
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2/1

/

2/1 OBAB ʀɿ ɼɸʅʅʓʍ 
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ʅʀʀ ʬʠʟʠʢʠ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 

 

ɸʥʘʣʠʟʠʨʫʝʪʩʷ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ s ʩʣʦʞʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʦʜʠʥʦʯʥʳʭ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ 

ʨʝʬʣʝʢʩʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʡ ʧʦʜʭʦʜ ʜʘʝʪ ʢʦʨʨʝʢʪʥʳʝ ʟʥʘʯʝʥʠʷ s ʪʦʣʴʢʦ ʜʣʷ 

ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʳʭ ʛʨʫʧʧ. ɺ ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ 

ʦʧʨʝʜʝʣʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ s ʙʫʜʫʪ, ʩʢʦʨʝʝ ʚʩʝʛʦ, ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʝʛʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʦʚʩʢʠʪ, ʫʧʦʨʷʜʦʯʝʥʠʝ, ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ 

ʨʝʬʣʝʢʩʳ, ʩʪʨʫʢʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʘ ʦʪʨʘʞʝʥʠʡ 
 

ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʭ ʛʨʫʧʧ ʦʙʲʝʢʪʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʚʷʟʠ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ 

ʷʚʣʷʶʪʩʷ ʩʣʦʞʥʳʝ ʦʢʩʠʜʳ ʩʝʤʝʡʩʪʚʘ ʧʝʨʦʚʩʢʠʪʘ (ʆʉʇ). 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʩʬʦʢʫʩʠʨʦʚʘʥʘ ʥʘ ʩʪʨʫʢʪʫʨʥʳʭ ʘʩʧʝʢʪʘʭ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ3

//

2/1

/

2/1 OBAB  , ʚ ʢʦʪʦʨʳʭ ʜʚʘ 

ʨʘʟʣʠʯʥʳʭ ʢʘʪʠʦʥʘ B¡ ʠ B¡¡ ʤʦʛʫʪ ʟʘʥʠʤʘʪʴ ʧʦʟʠʮʠʠ ʚ ʜʚʫʭ ʧʦʜʨʝʰʝʪʢʘʭ B1 ʠ B2, 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʪʠʦʥʦʚ ʚ ʫʟʣʘʭ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

(Disordered, D) ʣʠʙʦ ʫʧʦʨʷʜʦʯʝʥʥʳʤ (Ordered, O). ʉʨʝʜʠ ʆʉʇ 3

//

2/1

/

2/1 OBAB

ʠʟʚʝʩʪʥʳ ʠ ʪʘʢʠʝ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʢʘʢ ʚ O-, ʪʘʢ ʠ ʚ D- ʩʦʩʪʦʷʥʠʷʭ 

ɼʣʷ ʪʘʢʠʭ ʩʦʩʪʘʚʦʚ ʦʧʠʩʘʥ ʧʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʞʜʫ O ʠ D ʭʘʨʘʢʪʝʨ ʫʧʦʨʷʜʦʯʝʥʠʷ 

mailto:oksanchik2603@mail.ru


63 

[1-4].  

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʝ ʦʧʠʩʘʥʠʝ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʩ 

ʫʧʦʨʷʜʦʯʠʚʘʶʱʝʡʩʷ B- ʧʦʜʨʝʰʝʪʢʦʡ ʠʩʧʦʣʴʟʫʝʪ ʧʦʥʷʪʠʝ ʩʪʝʧʝʥʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ, ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ s. ɿʥʘʯʝʥʠʝ s = 1 ʦʧʠʩʳʚʘʝʪ 

ʫʧʦʨʷʜʦʯʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ O, ʘ s = 0 ï ʥʝʫʧʦʨʷʜʦʯʥʥʦʝ ʩʦʩʪʷʥʠʝ D. 

ʇʨʦʤʝʞʫʪʦʯʥʳʡ ʤʝʞʜʫ O ʠ D ʭʘʨʘʢʪʝʨ ʫʧʦʨʷʜʦʯʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʟʥʘʯʝʥʠʷʤ 

ʩʪʝʧʝʥʠ ʫʧʦʨʷʜʦʯʝʥʠʷ 0<s<1 

ʀʟʚʝʩʪʥʦʝ ʠ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʯʝʩʢʦʛʦ ʩʤʳʩʣʘ 

ʩʪʝʧʝʥʠ s ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ 1:1 ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ  ʜʘʝʪʩʷ  ʚ  

[1-3] 

s = 2p ï 1                (1), 

ʛʜʝ p ï ʚʝʨʦʷʪʥʦʩʪʴ ʟʘʧʦʣʥʝʥʠʷ ʠʦʥʘʤʠ  B¡ ʧʦʟʠʮʠʡ ʚ ʠʭ çʩʦʙʩʪʚʝʥʥʦʡè 

ʧʦʜʨʝʰʝʪʢʝ B1. ʇʘʨʘʤʝʪʨ p ʚʭʦʜʠʪ ʚ ʩʪʨʫʢʪʫʨʥʳʝ ʘʤʧʣʠʪʫʜʳ F(hkl), ʪʦ ʝʩʪʴ ʚ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʨʝʬʣʝʢʩʦʚ.   

ʆʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʟʘʜʘʯ ʚ ʧʨʦʮʝʩʩʝ ʩʦʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ 

ʢʦʥʪʨʦʣʴ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʪʝʟʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ s 

ʩʦʛʣʘʩʥʦ (1) ʤʦʞʝʪ ʙʳʪʴ ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʨʝʥʠʠ ʟʥʘʯʝʥʠʷ ʬʘʢʪʦʨʘ p ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʣʥʦʧʨʦʬʠʣʴʥʦʛʦ ʫʪʦʯʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ. ʊʘʢʦʡ ʤʝʪʦʜ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ 

ʵʢʩʧʨʝʩʩ- ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʩʠʥʪʝʟʘ. ʇʦʵʪʦʤʫ ʥʘʤʥʦʛʦ ʯʘʱʝ ʧʨʠʤʝʥʷʝʪʩʷ 

ʫʧʨʦʱʝʥʥʘʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʪʨʝʙʫʶʱʘʷ ʤʝʥʝʝ ʦʙʲʸʤʥʦʛʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘ - ʦʧʨʝʜʝʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ s ʧʦ ʧʨʠʚʝʜʝʥʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʳʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ. ʐʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʘʷ ʦʮʝʥʢʘ [4]:  

calcordermainss

measmainss

II

II
s

)(

)(2 =                                      (2) 

ʩʤʳʩʣ ʵʪʦʛʦ ʫʨʘʚʥʝʥʠʷ ʩʦʩʪʦʠʪ ʚ ʘʥʘʣʠʟʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ Iss; ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʟʥʘʤʝʥʘʪʝʣʝ, ʥʫʞʥʳ ʜʣʷ 

ʧʨʠʚʝʜʝʥʠʷ Iss ʢ ʦʙʱʝʡ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʰʢʘʣʝ. 

ʇʨʠ ʵʪʦʤ ʧʦ ʫʤʦʣʯʘʥʠʶ ʧʨʠʥʠʤʘʝʪʩʷ ʩʦʚʧʘʜʝʥʠʝ ʟʥʘʯʝʥʠʡ, ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʩʦʦʪʥʦʰʝʥʠʷʤʠ (1) ʠ (2). ʅʠʢʦʛʜʘ ʥʝ ʫʯʠʪʳʚʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʪʦʞʜʝʩʪʚʦ 

ʥʝʦʯʝʚʠʜʥʦ, ʧʦʩʢʦʣʴʢʫ. ʬʠʟʠʯʝʩʢʠʡ ʩʤʳʩʣ ʧʘʨʘʤʝʪʨʘ s ʚ (1) ʠ ʧʨʠʤʝʥʷʝʤʦʝ ʜʣʷ 

ʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʦʪʥʦʰʝʥʠʝ (2) ʦʩʥʦʚʘʥʳ ʥʘ ʨʘʟʥʳʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷʭ. ʅʝʩʣʦʞʥʳʡ ʘʥʘʣʠʟ ʩʪʨʫʢʪʫʨʥʳʭ ʘʤʧʣʠʪʫʜ ʧʨʠʚʦʜʠʪ ʢ 

ʧʦʥʠʤʘʥʠʶ ʪʦʛʦ, ʯʪʦ ʜʣʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʛʨʫʧʧ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ s, ʦʧʨʝʜʝʣʝʥʥʳʝ ʧʦ ʬʦʨʤʫʣʘʤ (2) ʠ (1), 

ʩʦʚʧʘʜʘʶʪ, ʘ ʦʪʩʫʪʩʪʚʠʝ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ ʦʙʫʩʣʦʚʣʠʚʘʝʪ ʨʘʩʭʦʞʜʝʥʠʝ ʤʝʞʜʫ 

ʵʪʠʤʠ ʚʝʣʠʯʠʥʘʤʠ. ʇʦʜʨʦʙʥʳʡ ʘʥʘʣʠʟ ʩʦʦʪʚʝʪʩʪʚʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ s ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʧʨʠʚʝʜʝʥ ʚ ʥʘʰʝʡ 

ʨʘʙʦʪʝ ɺ.ɸ. ʏʠʯʢʘʥʦʚ, ʆ.ɸ. ɹʫʥʠʥʘ, ʄ.ɸ. ɹʫʥʠʥ, - çʆ ʧʦʛʨʝʰʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʪʝʧʝʥʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ 3

//

2/1

/

2/1 OBAB   ʥʘ 

ʦʩʥʦʚʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚè, ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʥʘ 

ʢʦʥʬʝʨʝʥʮʠʶ RPS-25. 
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ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ˉ 

0852-2020-0032 (ɹɸɿ0110/20-3-08ʀʌ)]. 
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/
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ɺ.ɸ. ʏʠʯʢʘʥʦʚ1, ʆ.ɸ. ɹʫʥʠʥʘ2, ʄ. ɸ. ɹʫʥʠʥ3 
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ʅʀʀ ʬʠʟʠʢʠ ʖʞʥʦʛʦ ʬʝʜʝʨʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ 
 

ɺ ʨʘʙʦʪʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʦʙʱʝʧʨʠʥʷʪʘʷ ʤʝʪʦʜʠʢʘ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʦʮʝʥʢʠ ʧʘʨʘʤʝʪʨʘ s 

ʩʪʝʧʝʥʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʧʦ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʦʜʠʥʦʯʥʳʭ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ (N. Setter and L. E. Cross, 1980). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʨʝʢʪʥʳʝ 

ʟʥʘʯʝʥʠʷ s ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʜʣʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʦʡ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʳ. ɺ 

ʩʣʫʯʘʝ ʦʪʩʫʪʩʪʚʠʷ ʮʝʥʪʨʘ ʠʥʚʝʨʩʠʠ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ s 

ʙʫʜʫʪ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚʳʰʝ ʟʥʘʯʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʝʛʦ ʬʠʟʠʯʝʩʢʦʤʫ ʩʤʳʩʣʫ (A.A. 

Bokov 1993; V.P. Sakhnenko 2018). ʕʪʫ ʨʘʟʥʠʮʫ ʩʣʝʜʫʝʪ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʘʥʘʣʠʟʝ ʩʚʦʡʩʪʚ 

ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʩ ʨʘʟʥʦʡ ʩʪʝʧʝʥʴʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʝʨʦʚʩʢʠʪ, ʫʧʦʨʷʜʦʯʝʥʠʝ, ʩʪʝʧʝʥʴ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ, 

ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʝ ʨʝʬʣʝʢʩʳ, ʩʪʨʫʢʪʫʨʥʘʷ ʘʤʧʣʠʪʫʜʘ 

ʦʪʨʘʞʝʥʠʡ 
 

ʇʨʦʙʣʝʤʳ ʢʦʨʨʝʢʪʥʦʩʪʠ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʘʨʘʤʝʪʨʘ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ s ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ 

ʜʦʢʣʘʜʝ ʆ.ɸ. ɹʫʥʠʥʦʡ, ɺ.ɸ. ʏʠʯʢʘʥʦʚʘ, ʄ.ɸ. ɹʫʥʠʥʘ çʂ ʦʧʨʝʜʝʣʝʥʠʶ ʩʪʝʧʝʥʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ 
3

//

2/1

/

2/1 OBAB  ʠʟ ʜʘʥʥʳʭ 

ʧʦʨʦʰʢʦʚʦʡ ʜʠʬʨʘʢʪʦʤʝʪʨʠʠè ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʥʘ ʧʨʠʤʝʨʘʭ ʆʉʇ  

32/12/1 OTaPbSc , 32/12/1 OSbCaCr
 , 32/12/1 OSbSrY . 

ʉʪʨʫʢʪʫʨʥʦʝ ʩʦʩʪʦʷʥʠʝ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ  
3

//

2/1

/

2/1 OBAB  ʩ ʚʦʟʤʦʞʥʳʤ 

ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ ɺ-ʧʦʜʨʝʰʝʪʢʘʭ ʧʨʠʥʷʪʦ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

mailto:oksanchik2603@mail.ru
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ʧʘʨʘʤʝʪʨʦʤ, ʥʘʟʳʚʘʝʤʳʤ ʩʪʝʧʝʥʴʶ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ, ʠʣʠ ʭʠʤʠʯʝʩʢʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ, 0 Ò s Ò 1.  ʉʦʛʣʘʩʥʦ [1-3]:  

                             12 -= ps                                    (1) 

ʟʘʧʦʣʥʝʥʠʷ ʧʦʟʠʮʠʡ ʚ ʦʜʥʦʡ ʠʟ ʜʚʫʭ ʧʦʜʨʝʰʸʪʦʢ B¡ ʠ B'' ʘʪʦʤʘʤʠ ʦʜʥʦʛʦ, 

ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʩʦʨʪʘ, ʠʟ ʜʚʫʭ, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʜʘʥʥʦʛʦ ʦʢʩʠʜʘ: 0 Ò p Ò 0.5 ʠʣʠ 

0.5 Ò p Ò1. 

ʇʨʠ ʵʢʩʧʨʝʩʩ-ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ s ʧʨʠʥʷʪʦ ʦʧʨʝʜʝʣʷʪʴ 

ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʳʤ ʠʥʪʝʥʩʠʚʥʦʩʪʷʤ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ [4]:  

              
calcordermainss

measmainss

II

II
s

)(

)(2 =                         (2) 

ʛʜʝ )( mainss II  -ʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʦʛʦ (ss) ʠ ʦʜʥʦʛʦ ʠʟ 

ʦʩʥʦʚʥʳʭ ʨʝʬʣʝʢʩʦʚ (main) ï ʠʟʤʝʨʝʥʥʦʝ (meas) ʠ ʚʳʯʠʩʣʝʥʥʦʝ (calc.order). 

ʇʦʩʢʦʣʴʢʫ (1) ʠ (2) ʧʦʣʫʯʝʥʳ ʥʘ ʦʩʥʦʚʝ ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʨʘʟʣʠʯʥʳʭ 

ʩʦʦʙʨʘʞʝʥʠʡ, ʘʥʘʣʠʟ ʠʭ ʩʦʦʪʚʝʪʩʪʚʠʷ ʘʢʪʫʘʣʝʥ ʠ ʦʧʨʝʜʝʣʷʝʪ ʮʝʣʴ ʨʘʙʦʪʳ.  

ɼʣʷ ʜʚʦʡʥʳʭ ʧʝʨʦʚʩʢʠʪʦʚ ʟʘʜʘʚʘʣʘʩʴ ʠʩʭʦʜʥʘʷ ʤʦʜʝʣʴ ʩʪʨʫʢʪʫʨʳ ʠ ʟʘʪʝʤ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʤʦʜʝʣʴʥʳʝ ʨʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʨʘʟʥʳʭ 

ʟʥʘʯʝʥʠʡ ʚʝʨʦʷʪʥʦʩʪʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʟʠʮʠʡ p. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʮʝʥʪʨʦʩʠʤʤʝʪʨʠʯʥʳʭ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ ʛʨʫʧʧ 

çʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝè ʟʥʘʯʝʥʠʷ (2) ʩʦʚʧʘʜʘʶʪ ʩ çʪʝʦʨʝʪʠʯʝʩʢʠʤʠè (1) ʚʦ ʚʩʸʤ 

ʜʦʧʫʩʪʠʤʦʤ ʠʥʪʝʨʚʘʣʝ ʟʥʘʯʝʥʠʡ p. 

ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʦʩʪʦʷʥʠʝ ʧʦʣʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ (p = 0.5, s = 0) ʠ 

ʯʘʩʪʠʯʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ (0 < p < 0.5, 0 < s < 1) ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʟʘʚʳʰʝʥʥʳʤ 

çʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤè ʟʥʘʯʝʥʠʝʤ ʩʪʝʧʝʥʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ s. 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʩʚʝʨʭʩʪʨʫʢʪʫʨʥʳʭ ʨʝʬʣʝʢʩʦʚ ʚʥʦʩʷʪ ʩʤʝʱʝʥʠʷ ʘʪʦʤʦʚ ʚ ʧʦʜʨʝʰʝʪʢʘʭ A ʠ 

ʢʠʩʣʦʨʦʜʘ.  

ʄʘʢʩʠʤʘʣʴʥʦʝ ʦʪʢʣʦʥʝʥʠʝ ʤʝʞʜʫ ʟʥʘʯʝʥʠʷʤʠ ʩʪʝʧʝʥʠ ʢʦʤʧʦʟʠʮʠʦʥʥʦʛʦ 

ʫʧʦʨʷʜʦʯʝʥʠʷ s, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʦʩʥʦʚʝ ʩʦʦʪʥʦʰʝʥʠʡ (1) ʠ (2) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ 

ʤʦʜʝʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ  32/12/1 OSbCaCr ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 40% ʚʙʣʠʟʠ ʩʦʩʪʦʷʥʠʷ 

ʧʦʣʥʦʛʦ ʨʘʟʫʧʦʨʷʜʦʯʝʥʠʷ. 

ʈʝʟʫʣʴʪʘʪ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʥʘʣʠʯʠʝʤ/ʦʪʩʫʪʩʪʚʠʝʤ ʚ ʩʪʨʫʢʪʫʨʝ ʮʝʥʪʨʘ 

ʠʥʚʝʨʩʠʠ ʠ ʧʦʵʪʦʤʫ ʩʧʨʘʚʝʜʣʠʚ ʜʣʷ ʣʶʙʳʭ ʆʉʇ 
3

//

2/1

/

2/1 OBAB . 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʌ [ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʝ ʟʘʜʘʥʠʝ ʚ ʩʬʝʨʝ ʥʘʫʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʥʘʫʯʥʳʡ ʧʨʦʝʢʪ ˉ 

0852-2020-0032 (ɹɸɿ0110/20-3-08ʀʌ)]. 
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ʌɻɸʆʋ ɺʆ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ʄʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʝʢʘʥʠʝʤ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʳ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ (0.4-x)BiFeO3-

0.6PbFe0.5Nb0.5O3-xPbTiO3 (0.075 Ò x Ò 0.175, ȹx = 0.025). ʇʨʠ ʧʦʤʦʱʠ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʲʝʢʪʦʚ. ʋʩʪʘʥʦʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʳʷʚʠʣʦ ʧʦʚʝʜʝʥʠʝ, ʭʘʨʘʢʪʝʨʥʦʝ ʜʣʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ-ʨʝʣʘʢʩʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʫʩʪʦʡʯʠʚʦʛʦ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʢʣʠʢʘ 

(ʩʚʳʰʝ 300 ʧʂʣ/ʅ) ʚ ʨʷʜʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ, ʧʴʝʟʦʤʦʜʫʣʴ. 

 

ʄʫʣʴʪʠʬʝʨʨʦʠʢʠ ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ, ʤʘʛʥʠʪʥʳʤ ʠʣʠ 

ʫʧʨʫʛʠʤ ʫʧʦʨʷʜʦʯʝʥʠʝʤ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʝʤʳʭ ʦʙʲʝʢʪʦʚ ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ [1] ʠʟ-ʟʘ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʠʭ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ. ʌʝʨʨʦʥʠʦʙʘʪ ʩʚʠʥʮʘ PbFe0.5Nb0.5O3 (PFN) (TC ~ 370 

ʂ, TN ~ 120ï150 ʂ) ʠ ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ BiFeO3 (BF) (TC ~ 1103 K, TN ~ 643 K) ï ʦʜʥʠ 

ʠʟ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʤʘʪʝʨʠʘʣʦʚ ʠ ʜʘʚʥʦ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ 

ʦʩʥʦʚʘ ʜʣʷ ʥʦʚʳʭ ʤʘʛʥʠʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʩʠʩʪʝʤ ʷʚʣʷʝʪʩʷ ʪʨʦʡʥʘʷ ʩʠʩʪʝʤʘ (1-x-y)BF-yPFN-xPT, ʚ ʢʦʪʦʨʦʡ, 

ʩʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ [2] ʠ ʥʘʰʠʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ 

[3], ʧʨʠʩʫʪʩʪʚʫʝʪ ʤʦʨʬʦʪʨʦʧʥʘʷ ʦʙʣʘʩʪʴ (ʄʆ) ʩ ʩʦʩʫʱʝʩʪʚʫʶʱʠʤʠ 

ʨʦʤʙʦʵʜʨʠʯʝʩʢʦʡ (ʈʵ) ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (ʊ) ʬʘʟʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʫʩʪʘʥʦʚʠʪʴ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʬʦʨʤʠʨʦʚʘʥʠʷ 

ʩʪʨʫʢʪʫʨʥʳʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʙʨʘʟʮʦʚ 

ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʳ (1-x-y)BF-yPFN-xPT ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩ ʚʳʩʦʢʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ PFN, ʯʪʦ ʠ ʩʪʘʣʦ ʮʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

ʆʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʠʣʠʩʴ ʢʝʨʘʤʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʊʈ ʪʨʦʡʥʦʡ 

ʩʠʩʪʝʤʳ (0.4-x)BiFeO3-0.6PbFe0.5Nb0.5O3-xPbTiO3 (0.075Ò ʭ Ò 0.175, ȹx = 0.025), 

ʧʦʣʫʯʝʥʥʳʝ ʧʫʪʸʤ ʜʚʫʢʨʘʪʥʦʛʦ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ ʩ ʧʦʩʣʝʜʫʶʱʠʤ 

ʩʧʝʢʘʥʠʝʤ ʧʦ ʦʙʳʯʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

ʧʦʢʘʟʘʣ, ʯʪʦ ʚʩʝ ʠʩʩʣʝʜʫʝʤʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʚ ʩʪʨʫʢʪʫʨʝ 

ʧʝʨʦʚʩʢʠʪʘ. ɺ ʪʨʝʭ ʦʙʨʘʟʮʘʭ ʩ x = 0.075,0.125 ʠ 0.175 ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʤʘʭ ʚʠʜʥʳ 

ʩʣʝʜʳ ʧʦʩʪʦʨʦʥʥʝʡ ʬʘʟʳ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʠʨʦʭʣʦʨʘ. ʉʦʩʪʘʚʳ ʩ 
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0.075Ò ʭ Ò 0.15 ʢʨʠʩʪʘʣʣʠʟʦʚʘʣʠʩʴ ʚ ʢʫʙʠʯʝʩʢʦʡ (ʂ) ʬʘʟʝ (ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ 

ʢʣʘʩʪʝʨʦʚ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (ʊ) ʬʘʟʳ), ʘ ʩʦʩʪʘʚ ʩ x = 0.175 ï ʚ ʊ ʬʘʟʝ (ʨʠʩ. 1ʘ). 
 

 
ʘ)       ʙ) 

ʈʠʩʫʥʦʢ. ʂʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʘʨʘʤʝʪʨʦʚ ʠ ʦʙʲʝʤʘ ʢʫʙʠʯʝʩʢʦʡ (V ï (1), a ï (2))  

ʠ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ (V ï (3), c - (4), a - (5)) ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ; ʟʘʚʠʩʠʤʦʩʪʠ Ů'/Ů0(T) ʠ tgŭ(T) 

ʦʙʲʝʢʪʦʚ ʥʘ ʯʘʩʪʦʪʝ f = 50 ʢɻʮ 

 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ Ů'/Ů0 ʧʨʠʩʫʪʩʪʚʫʶʪ ʜʚʘ ʤʘʢʩʠʤʫʤʘ. ɺ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ (350õ420) ʂ ʥʘ ʤʘʣʳʭ ʯʘʩʪʦʪʘʭ ʥʘʙʣʶʜʘʝʪʩʷ 

ʬʦʨʤʠʨʦʚʘʥʠʝ çʛʦʨʙʘè, ʢʦʪʦʨʳʡ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ f ʪʨʘʥʩʬʦʨʤʠʨʫʝʪʩʷ ʚ ʧʝʨʚʳʡ 

ʩʠʣʴʥʦ ʨʘʟʤʳʪʳʡ ʤʘʢʩʠʤʫʤ (ʨʠʩ. 1ʙ). ɺʪʦʨʦʡ ʝʱʝ ʙʦʣʝʝ ʨʘʟʤʳʪʳʡ ʤʘʢʩʠʤʫʤ 

ʬʦʨʤʠʨʫʝʪʩʷ ʚ ʠʥʪʝʨʚʘʣʝ (550õ750) ʂ. ɺʦ ʚʩʝʭ ʦʙʨʘʟʮʘʭ ʠ ʧʝʨʚʳʡ, ʠ ʚʪʦʨʦʡ 

ʤʘʢʩʠʤʫʤʳ, Tm1 ʠ Tm2, ʩʜʚʠʛʘʶʪʩʷ ʚ ʦʙʣʘʩʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʧʦ ʤʝʨʝ 

ʫʚʝʣʠʯʝʥʠʷ f, ʧʨʠ ʵʪʦʤ ʩʪʝʧʝʥʴ ʨʘʟʤʳʪʠʷ ʠ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʪʦʯʢʝ ʤʘʢʩʠʤʫʤʘ ʫ ʚʪʦʨʦʛʦ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ. ʇʝʨʚʳʡ 

ʤʘʢʩʠʤʫʤ ʥʘ ʟʘʚʠʩʠʤʦʩʪʷʭ Ů'/Ů0(T), ʩʢʦʨʝʝ ʚʩʝʛʦ, ʩʚʷʟʘʥ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʠʟ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʫʶ ʬʘʟʫ (ʢʦʪʦʨʳʡ ʚ ʦʙʨʘʟʮʘʭ 

0.075Ò ʭ Ò 0.15 ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʣʘʩʪʝʨʘʭ ʊ ʬʘʟʳ). ɺʪʦʨʦʡ ʤʘʢʩʠʤʫʤ ʥʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ Ů'/Ů0(T) ʩʚʷʟʘʥ ʩ ʵʬʬʝʢʪʘʤʠ ʄʘʢʩʚʝʣʣ-ɺʘʛʥʝʨʦʚʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

ʠ ʨʝʣʘʢʩʘʮʠʝʡ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʦʚ ʥʘ ʤʝʞʟʝʨʝʥʥʳʭ ʛʨʘʥʠʮʘʭ. ʈʘʟʤʳʪʠʝ ʉʕŸʇʕ 

ʧʝʨʝʭʦʜʘ ʤʦʞʝʪ ʙʳʪʴ ʩʣʝʜʩʪʚʠʝʤ ʫʩʠʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʭʠʤʠʯʝʩʢʦʛʦ ʙʝʩʧʦʨʷʜʢʘ 

ʠʟ-ʟʘ ʚʩʪʨʘʠʚʘʥʠʷ ʠʦʥʦʚ ʤʝʪʘʣʣʦʚ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ (Fe, Ti) ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʙʘʟʦʚʦʛʦ ʩʦʝʜʠʥʝʥʠʷ (PFN) ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʠʭ 

ʨʘʩʩʝʣʝʥʠʷ ʚ ʥʝʨʝʛʫʣʷʨʥʳʭ ʧʦʟʠʮʠʷʭ ʠ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʳʭ ʧʨʦʩʣʦʡʢʘʭ. ʊʘʢʞʝ ʫ 

ʨʷʜʘ ʦʙʨʘʟʮʦʚ ʫʜʘʣʦʩʴ ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʚʳʩʦʢʠʝ ʠ ʩʪʘʙʠʣʴʥʳʝ ʧʦ ʚʨʝʤʝʥʠ 

ʧʴʝʟʦʦʪʢʣʠʢʠ. ʄʘʢʩʠʤʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʧʴʝʟʦʤʦʜʫʣʷ d33 ʥʘʙʣʶʜʘʣʠʩʴ ʚ ʦʙʨʘʟʮʝ 

0.25BF-0.6PFN-0.15PT (~ 320 ʧʂʣ/ʅ). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʮʝʣʝʩʦʦʙʨʘʟʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ. 
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2ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ 

ʤʘʪʝʨʠʘʣʘ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʘ ʝʛʦ ʦʩʥʦʚʝ. ʋʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʜʠʥʦʯʥʦʛʦ ʩʠʥʪʝʟʘ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ Q ʬʘʟʘ ʧʝʨʝʭʦʜʠʪ ʚ R ʬʘʟʫ ʧʨʠ ʪʦʡ ʞʝ 

ʪʝʤʧʝʨʘʪʫʨʝ (360ʦʉ), ʯʪʦ ʠ ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ P ʬʘʟʘ. ɺʠʜ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ eò(eô) ʠ ʭʘʨʘʢʪʝʨ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʯʠʩʣʦʤ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ, ʪʘʢ ʠ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʪ.ʝ. ʩʪʨʫʢʪʫʨʥʦʡ 

ʬʘʟʦʡ ʤʘʪʝʨʠʘʣʘ). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʥʠʦʙʘʪ ʥʘʪʨʠʷ, ʙʝʩʩʚʠʥʮʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 

 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙʨʘʟʮʘʭ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ NaNbO3 (NN), ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 650ʦʉ. ʊʚʝʨʜʦʬʘʟʥʳʡ ʩʠʥʪʝʟ ʤʘʪʝʨʠʘʣʘ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʝʨʘʤʠʢʠ NN ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʪʨʝʤʷ ʨʘʟʣʠʯʥʳʤʠ ʩʧʦʩʦʙʘʤʠ: 

ʦʜʠʥʦʯʥʳʡ ʩʠʥʪʝʟ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 650oC (NN650) ʠʣʠ 700ʉ̄ (NN700); ʠ 

ʜʚʦʡʥʦʡ ʩʠʥʪʝʟ, ʦʙʘ ʧʨʠ 700oC (NN700-700).  

ʅʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢ ʢʝʨʘʤʠʢʝ NN ʚʳʟʚʘʥ ʪʝʤ, ʯʪʦ ʩʠʥʪʝʪʠʯʝʩʢʠʡ NN ʠʤʝʝʪ 

ʩʝʤʴ ʨʘʟʣʠʯʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʟ [1], ʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 360ʦʉ 

ʚʦʟʤʦʞʥʦ ʩʦʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ Q ʠ 

ʘʥʪʠʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ P, ʟʘʚʠʩʷʱʝʝ ʦʪ ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ [2]. ʈʘʥʝʝ ʥʘʤʠ 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ [3], ʯʪʦ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ NN, ʧʦʣʫʯʝʥʥʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ 

ʦʜʠʥʦʯʥʦʛʦ ʩʠʥʪʝʟʘ ʤʘʪʝʨʠʘʣʘ ʦʙʣʘʜʘʶʪ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ɸʚʪʦʨʘʤʠ [1] ʥʝ ʫʢʘʟʘʥʘ ʚʝʨʭʥʷʷ ʛʨʘʥʠʮʘ Q 

ʬʘʟʳ, ʥʦ, ʧʦʩʢʦʣʴʢʫ, ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʫ ʦʙʨʘʟʮʦʚ NN650 ʠ NN700 (ʨʠʩ. 1ʘ, ʙ) ʧʨʠ ʊ ~ 360ʦʉ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʝʪʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ, ʝʩʪʝʩʪʚʝʥʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʧʨʠ ʵʪʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʪʨʫʢʪʫʨʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠʟ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ Q ʬʘʟʳ ʚ R ʬʘʟʫ. ʋ ʦʙʨʘʟʮʘ NN700-700 ʤʘʢʩʠʤʫʤ ʧʨʠ 

ʊ ~ 360ʦʉ ʦʪʩʫʪʩʪʚʫʝʪ, ʠ ʥʘ ʦʪʜʝʣʴʥʳʭ ʯʘʩʪʦʪʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʊ ~ 400ʦʉ. 

ʆʪʨʠʮʘʪʝʣʴʥʳʡ ʤʠʥʠʤʫʤ, ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʯʘʩʪʦʪʝ 10 ʄɻʮ, ʚʳʟʚʘʥ ʨʝʟʦʥʘʥʩʦʤ 

ï ʘʥʪʠʨʝʟʦʥʘʥʩʦʤ ʠʤʝʶʱʝʤ ʤʝʩʪʦ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1 ʄɻʮ. 

ʇʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣʦ ʟʘʚʠʩʠʤʦʩʪʴ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʯʘʩʪʦʪʳ ʧʝʨʝʭʦʜʘ ʦʪ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʢ ʜʠʩʧʝʨʩʠʠ, 

ʦʧʠʩʳʚʘʝʤʦʡ çʢʣʘʩʩʠʯʝʩʢʠʤè ʫʨʘʚʥʝʥʠʝʤ ɻʘʚʨʠʣʴʷʢʘ ï ʅʝʛʘʤʠ. ɸʥʘʣʠʟ 

mailto:oksanchik2603@mail.ru
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ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʦʚʦʜʠʣʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʧʦ 

ʜʠʘʛʨʘʤʤʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ bò(bô) (ʨʠʩ. 1).  
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ʠ ʜʠʘʛʨʘʤʤʳ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ (ʩʧʨʘʚʘ) ʦʙʨʘʟʮʦʚ NN650 (ʘ), NN700 (ʙ) NN700-700 (ʚ) 
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1ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2,3ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʢʝʨʘʤʠʢʠ 

ʥʠʦʙʘʪʘ ʙʘʨʠʷïʢʘʣʴʮʠʷ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʘʥʘʣʠʟʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʚʢʣʶʯʘʶʱʝʤ 

ʪʦʯʢʫ ʂʶʨʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʝʩʪʘʙʠʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʩʚʦʡʩʪʚʝʥʥʦʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʝʨʘʤʠʢʘʤ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʠʤʝʝʪ 

ʤʝʩʪʦ ʪʦʣʴʢʦ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʝ. ɺ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʝ ʦʙʥʘʨʫʞʝʥʦ 

çʧʝʨʝʢʨʳʪʠʝè ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʢʨʠʚʳʭ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ ʤʝʭʘʥʠʟʤʘʤ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʙʝʩʩʚʠʥʮʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʢʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʙʘʨʠʷïʢʘʣʴʮʠʷ. 

 

ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʙʨʦʥʟ,r ʩʦʩʪʘʚʘ ʉʘ0.3Ba0.7Nb2O6 (CBN30) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʘ. ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 ʦʉ. ʎʝʣʴʶ 

ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 

ɻʮ ʜʦ 30 ʄɻʮ, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ 25 ʜʦ 300 ʦʉ. ɽʩʣʠ ʜʣʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ CBN30 ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ 220ʦʉ [1], ʪʦ ʫ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʤʘʢʩʠʤʫʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʣʩʷ ʧʨʠ 282ʦʉ [2], 

ʧʦʵʪʦʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʠʩʧʝʨʩʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʵʪʦʤʫ ʠʥʪʝʨʚʘʣʫ. 

ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 0,1 ï 30 ɻʮ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʢ 

(ʨʠʩ. 1) ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 220ʦʉ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʩʣʘʙʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ 

ʯʘʩʪʦʪʘʭ ʚʳʰʝ 100 ɻʮ ʠ ʩʠʣʴʥʳʡ ʨʦʩʪ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɺ 

ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ 7 ï12 ʄɻʮ, ʩ ʧʨʠʙʣʠʞʝʥʠʝʤ ʢ 200ʦʉ, ʧʦʷʚʣʷʝʪʩʷ ʘʥʦʤʘʣʠʷ ʚ 

ʚʠʜʝ ʨʝʟʦʥʘʥʩʘ ï ʘʥʪʠʨʝʟʦʥʘʥʩʘ. ʉʦʛʣʘʩʥʦ [3], ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʜʠʩʧʝʨʩʠʠ ʵʪʦʡ 

ʦʙʣʘʩʪʠ ʯʘʩʪʦʪ ʜʦʣʞʥʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ ʦʢʨʫʞʥʦʩʪʴ, ʯʪʦ ʤʳ ʠ ʥʘʙʣʶʜʘʣʠ (ʨʠʩ. 

2). ʈʘʜʠʫʩ ʦʢʨʫʞʥʦʩʪʠ ʨʝʟʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʣʷ ʦʙʣʘʩʪʠ 

ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠʤʝʣʦ ʤʝʩʪʦ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʢ ʦʩʠ eô. ʇʨʠʯʝʤ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʷʤʘʷ ʧʨʘʢʪʠʯʝʩʢʠ ʧʘʨʘʣʣʝʣʴʥʘ 

ʦʩʠ eô, ʘ ʟʘʪʝʤ ʩʦ 170ʦʉ ʥʘʯʠʥʘʝʪ çʧʦʜʥʠʤʘʪʴʩʷè. 

mailto:oksanchik2603@mail.ru
mailto:inkis3333@mail.ru
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ʈʠʩ. 1. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢʠ CBN30  

ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (oC) 
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ʈʠʩ. 2. ɼʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢʠ 

CBN30 ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ (oC) 
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1ʇʨʦʬʝʩʩʦʨ, Olga.Malyshkina@mail.ru 
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ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʦʜʠʬʠʢʘʪʦʨʦʚ 5% LiTaO3 ʠ 

5% SrTiO3 ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ-ʣʠʪʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʜʘʥʥʳʭ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʤʫ ʫ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ-ʣʠʪʠʷ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 450 ï 

500 ʦʉ. ʍʘʨʘʢʪʝʨ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʜʠʩʧʝʨʩʠʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʠʜʘ ʤʦʜʠʬʠʢʘʪʦʨʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʙʝʩʩʚʠʥʮʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʢʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ-ʣʠʪʠʷ. 

 

ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷïʣʠʪʠʷ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 

90% NaNbO3 + 10% LiNbO3 (LNN) ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ 5% LiTaO3 ʠʣʠ 5% 

SrTiO3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1150 ʦʉ. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ 

ʚʳʷʩʥʝʥʠʷ ʚʣʠʷʥʠʝ ʜʘʥʥʳʭ ʧʨʠʤʝʩʝʡ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ LNN. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ɻʮ ʜʦ 

15 ʄɻʮ, ʧʦʢʘʟʘʣʠ, ʩʣʘʙʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 100 ɻʮ, ʥʝ ʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʤʦʜʠʬʠʢʘʪʦʨʘ (ʈʠʩ. 
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ʈʠʩ.1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ LNN 

+5%LiTaO3 (ʘ) ʠ LNN +5%SrTiO3 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ 

 

ɼʣʷ ʦʙʦʠʭ ʩʦʩʪʘʚʦʚ ʥʘ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 
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ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʩʧʘʜ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʯʘʩʪʦʪʝ (ʨʠʩ. 2), ʢʦʪʦʨʦʤʫ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʤʘʢʩʠʤʫʤ ʥʘ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ. ʏʘʩʪʦʪʘ çʩʧʘʜʘè ʨʘʩʪʝʪ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. ɸʥʘʣʠʟ ʜʠʘʛʨʘʤʤ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʦʢʘʟʘʣ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ ʫʤʝʥʴʰʝʥʠʝ 

ʥʘʠʙʦʣʝʝ ʚʝʨʦʷʪʥʦʛʦ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ LNN ʩ ʦʙʦʠʤʠ 

ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʚʠʜ ʜʠʘʛʨʘʤʤ ʜʠʩʧʝʨʩʠʠ ʜʣʷ ʦʙʨʘʟʮʦʚ ʩ 

ʨʘʟʥʳʤʠ ʤʦʜʠʬʠʢʘʪʦʨʘʤʠ ʨʘʟʣʠʯʝʥ (ʈʠʩ. 3), ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʠʩʫʪʩʪʚʫʝʪ 

ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʢʝʨʘʤʠʢ ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ ʥʘ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ. ʏʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʦʪ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʢ çʢʣʘʩʩʠʯʝʩʢʦʡè 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ. 
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è

f, Hz
330

o
C

510
o
C

 
ʙ) 

ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ LNN 

+5%LiTaO3 (ʘ) ʠ LNN +5%SrTiO3 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 
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ʈʠʩ. 3. ɼʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʢʝʨʘʤʠʢ LNN +5%LiTaO3 (ʘ) ʠ LNN +5%SrTiO3 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 
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ʋɼʂ 537.868.3, 537.9 

 

ɺʃʀʗʅʀɽ ʇʈʀʄɽʉʀ ʇɸʈɸʊɽʃʃʋʈʀʊɸ ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ 

ʉɺʆʁʉʊɺɸ ʂɽʈɸʄʀʂʀ ʅɸ ʆʉʅʆɺɽ KNN  
 

ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ1, ɼ.ɺ.ʄʘʤʘʝʚ2 

1ʇʨʦʬʝʩʩʦʨ, Olga.Malyshkina@mail.ru 
2ɸʩʧʠʨʘʥʪ, yaamamoto@yandex.ru 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʘʨʦʚ ʧʘʨʘʪʝʣʣʫʨʠʪʘ ʚ 

ʧʨʦʮʝʩʩʝ ʩʧʝʢʘʥʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʥʘ ʦʩʥʦʚʝ 

ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷïʢʘʣʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʪʝʣʣʫʨʠʪ ʚʭʦʜʠʪ ʚ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ, ʥʘ 

ʧʦʨʷʜʦʢ ʫʚʝʣʠʯʠʚʘʷ ʨʘʟʤʝʨ ʟʝʨʝʥ. ɽʛʦ ʧʨʠʩʫʪʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʠʩʯʝʟʥʦʚʝʥʠʶ ʤʘʢʩʠʤʫʤʘ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 240ʦʉ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʤʫ ʥʝʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ, ʠ 

ʩʛʣʘʞʠʚʘʥʠʶ ʨʝʟʦʥʘʥʩʥʦʛʦ ï ʘʥʪʠʨʝʟʦʥʘʥʩʥʦʛʦ ʧʠʢʘ ʚ ʜʠʘʧʘʟʦʥʝ 5 ï 15 ʄɻʮ, ʧʦʷʚʣʷʶʱʝʛʦʩʷ 

ʚ ʩʠʩʪʝʤʝ KNN ʧʨʠ ʚʚʝʜʝʥʠʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʙʝʩʩʚʠʥʮʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʦʤʧʣʝʢʩʥʘʷ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʤʝʭʘʥʠʟʤʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

 

ʆʙʨʘʟʮʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷïʢʘʣʠʷ 

(mKNN) ʦʙʱʝʡ ʬʦʨʤʫʣʦʡ (Na0.5K0.49Li 0.05Sr0.05)(Nb0.9Ta0.05Ti0.05)O3 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ʦʉ. ɹʳʣʦ ʧʨʦʠʟʚʝʜʝʥʦ ʜʚʝ ʧʘʨʪʠʠ ʦʙʨʘʟʮʦʚ, ʚ ʦʜʥʫ ʙʳʣʘ 

ʚʚʝʜʝʥʘ ʧʨʠʤʝʩʴ TeO2 ~ 5 ʤʘʩʩʦʚʳʭ %. ʎʝʣʴʶ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʦʩʴ ʚʳʷʩʥʝʥʠʷ 

ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʧʘʨʘʪʝʣʣʫʨʠʪʘ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ KNN. 

ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʦʜʠʤʳʝ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ɻʮ ʜʦ 

15 ʄɻʮ, ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ mKNN ʜʦʙʘʚʢʠ TeO2 ʧʨʠʚʦʜʠʪ ʢ 

ʠʩʯʝʟʥʦʚʝʥʠʶ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʘʢʩʠʤʫʤʘ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʫ mKNN ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʨʘʡʦʥʝ 220 ï

250ʦʉ (ʈʠʩ. 1). ʕʪʦʪ ʤʘʢʩʠʤʫʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʪʨʫʢʪʫʨʥʦʤʫ ʬʘʟʦʚʦʤʫ ʧʝʨʝʭʦʜʫ 

ʚ ʢʝʨʘʤʠʢʝ KNN.   

ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʘʥʦʤʘʣʴʥʦʝ ʧʦʚʝʜʝʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ (ʈʠʩ. 2). ʏʝʪʢʠʡ ʧʠʢ, ʚʠʜ ʢʦʪʦʨʦʛʦ 

ʘʥʘʣʦʛʠʯʝʥ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʨʝʟʦʥʘʥʩʫïʘʥʪʠʨʝʟʦʥʘʥʩʫ, ʧʦʷʚʣʷʝʪʩʷ ʫ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʢʝʨʘʤʠʢʠ mKNN ʧʨʠ ʚʚʝʜʝʥʠʠ ʧʘʨʘʪʝʣʣʫʨʠʪʘ. ɺ ʦʪʩʫʪʩʪʚʠʠ 

ʚ ʦʙʨʘʟʮʝ ʧʨʠʤʝʩʠ ʧʘʨʘʪʝʣʣʫʨʠʪʘ ʨʝʟʦʥʘʥʩʥʘ ̫ʩʦʩʪʘʚʣʷʶʱʘ ̫ʧʠʢʘ ʦʪʩʫʪʩʪʚʫʝʪ,  

ʠʤʝʝʪ ʤʝʩʪʦ ʪʦʣʴʢʦ ʩʣʘʙʳʡ ʘʥʪʠʨʝʟʦʥʘʥʩʥʳʡ ʤʠʥʠʤʫʤ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʤʠʥʠʤʫʤ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʥʘʙʣʶʜʘʝʤʳʡ ʥʘ ʯʘʩʪʦʪʘʭ ʚʳʰʝ 5 ʄɻʮ, ʦʙʫʩʣʦʚʣʝʥ  ʜʘʥʥʦʡ ʘʥʦʤʘʣʠʝʡ. 
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ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ 

mKNN (ʘ) ʠ mKNN +TeO2 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ ʠʟʤʝʨʠʪʝʣʴʥʦʛʦ ʧʦʣʷ 
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ʈʠʩ. 2. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ 

mKNN (ʘ) ʠ mKNN +TeO2 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨ 

 

ʇʦʣʫʯʝʥʠʝ ʠ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ ʎʝʥʪʨʘ 

ʢʦʣʣʝʢʪʠʚʥʦʛʦ ʧʦʣʴʟʦʚʘʥʠʷ ʊʚʝʨʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ.  
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ʋɼʂ 537.868.3, 537.9 
 

ɺʃʀʗʅʀɽ ʇʈʀʄɽʉʀ ʉʊʈʆʅʎʀʗ ʅɸ ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ 

ʉɺʆʁʉʊɺɸ ʂɽʈɸʄʀʂʀ ʊʀʊɸʅɸʊ ɹɸʈʀʗ  
 

ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ1, ʀ.ʃ.ʂʠʩʣʦʚʘ2, ɸ.ʀ. ʀʚʘʥʦʚʘ3, ɺ.ɺ. ʀʚʘʥʦʚ4 
1ʇʨʦʬʝʩʩʦʨ, Olga.Malyshkina@mail.ru 

2ɼʦʮʝʥʪ, inkis@mail.ru 
3ɼʦʮʝʥʪ, alex.ivanova33@yandex.ru 

4ʉʪʫʜʝʥʪ, vladislav_40@mail.ru 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʢʝʨʘʤʠʢʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷïʩʪʨʦʥʮʠʷ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʫ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘ ʯʘʩʪʦʪʝ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʥʘʙʣʶʜʘʣʩʷ ʤʘʢʩʠʤʫʤ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʧʦʪʝʨʴ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʠʤʝʝʪ ʤʝʩʪʦ ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Ba/Sr ʚ ʩʦʩʪʘʚʝ 

ʢʝʨʘʤʠʢʠ ʟʘʚʠʩʠʪ ʥʝ ʪʦʣʴʢʦ ʭʦʜ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʥʦ ʠ ʯʘʩʪʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ 

ʪʠʧʘ ʜʠʩʧʝʨʩʠʠ, ʟʘʚʠʩʠʪ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʝʨʘʤʠʢʘ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ, ʜʠʩʧʝʨʩʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʙʝʩʩʚʠʥʮʦʚʘʷ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ. 
 

ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʳ ʩʨʘʚʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠ ʢʦʤʧʣʝʢʩʥʦʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʝʨʘʤʠʢʠ Ba1-xSrxTiO3 (BST) ʩ x=0,1; 0,2; 0,25; 

0,3; 0,35; 0,4; 0,5. ʆʙʨʘʟʮʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʨʘʩʪʨʦʚʦʤ ʵʣʝʢʪʨʦʥʥʦʤ ʤʠʢʨʦʩʢʦʧʝ 

JEOL JSM6610LV. ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʠʟʤʝʨʠʪʝʣʝ ʠʤʤʠʪʘʥʩʘ ɺɽʂʊʆʈï175 ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 0,1 

ɻʮ ʜʦ 30 ʄɻʮ.  

ɺ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 0,1 ï 10 ɻʮ ʫ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʩʦʩʪʘʚʦʚ ʥʘʙʣʶʜʘʣʩʷ 

ʨʘʟʙʨʦʩ ʟʥʘʯʝʥʠʡ, ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʪʘʢ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ, ʭʘʨʘʢʪʝʨʥʳʡ ʜʣʷ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʝʨʘʤʠʢ 

(ʨʠʩ. 1). ʊʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʠʤʝʝʪ ʤʘʢʩʠʤʫʤ ʥʘ ʯʘʩʪʦʪʝ, 

ʢʦʪʦʨʘʷ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʨʝʟʢʦʤʫ ʫʤʝʥʴʰʝʥʠʶ ʟʥʘʯʝʥʠʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ɼʘʥʥʘʷ ʯʘʩʪʦʪʘ ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Ba/Sr ʚ ʩʦʩʪʘʚʝ 

ʢʝʨʘʤʠʢʠ BST. ɺʚʝʜʝʥʠʝ ʚ ʩʦʩʪʘʚ ʢʝʨʘʤʠʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ ʥʝ ʪʦʣʴʢʦ 

ʧʦʥʠʞʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʥʦ ʠ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʷʝʪ ʭʦʜ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚ ʦʙʣʘʩʪʠ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʨʠʩ. 2ʘ). ʇʦʣʦʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʟʘʚʠʩʠʪ ʦʪ ʯʘʩʪʦʪʳ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʳʤ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʤ ï ʨʝʣʘʢʩʦʨʦʤ.  

ɼʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ Ůò(Ůô) ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ ʠʤʝʶʪ 
ʚʠʜ ʥʝʩʠʤʤʝʪʨʠʯʥʦʡ ʜʫʛʠ ʧʦʣʫʦʢʨʫʞʥʦʩʪʠ (ʨʠʩ. 2ʙ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, 

ʯʪʦ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʥʠʟʢʦʯʘʩʪʦʪʥʳʝ ʜʠʧʦʣʠ. 

mailto:oksanchik2603@mail.ru
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ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ ʥʘʙʣʶʜʘʣʘʩʴ ʣʠʥʝʡʥʘʷ ʜʠʩʧʝʨʩʠʷ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. 
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ʘ)                                                         ʙ) 

ʈʠʩ. 1. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ  Ba0.5Sr0.5TiO3 (ʢʨʠʚʘʷ 1), Ba0.7Sr0.3TiO3 (ʢʨʠʚʘʷ 2)  

ʠ Ba0.8Sr0.2TiO3 (ʢʨʠʚʘʷ 3) 
 

0 30 60 90 120 150

200

400

600

800
e

T, 
0
C

1
2

3

     0 500 1000 1500
0

500

1000

1500

3

e'

e''

1 2

 
ʘ)                                                         ʙ) 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ Ů (ʘ) ʥʘ ʯʘʩʪʦʪʝ 10 ʢɻʮ ʠ ʜʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ (ʙ)  

ʜʣʷ ʦʙʨʘʟʮʦʚ Ba0.5Sr0.5TiO3 (ʢʨʠʚʘʷ 1), Ba0.7Sr0.3TiO3 (ʢʨʠʚʘʷ 2) ʠ Ba0.8Sr0.2TiO3 (ʢʨʠʚʘʷ 3) 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʪʠʧʘ 

ʜʠʩʧʝʨʩʠʠ, ʟʘʚʠʩʠʪ ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ Ba/Sr ʚ ʩʦʩʪʘʚʝ ʢʝʨʘʤʠʢʠ. ʇʨʠ ʫʤʝʥʴʰʝʥʠʠ 

ʩʦʜʝʨʞʘʥʠʷ Sr ʛʨʘʥʠʮʘ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ 

ʥʠʟʢʠʭ ʯʘʩʪʦʪ: ʦʪ 260 ɻʮ ʜʣʷ ʩʦʩʪʘʚʘ ʩ x = 0,5 ʜʦ 30 ɻʮ ʜʣʷ ʩʦʩʪʘʚʘ ʩ x = 0,1. 

ʉʨʘʚʥʝʥʠʝ ʜʠʘʛʨʘʤʤ ʜʠʩʧʝʨʩʠʠ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ (ʨʠʩ. 3), ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʣʘʩʪʴ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʢʦʪʦʨʫʶ ʪʨʘʜʠʮʠʦʥʥʦ 

ʩʚʷʟʳʚʘʶʪ ʩ ʤʠʛʨʘʮʠʦʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʘ ʩ ʨʘʟʤʝʨʦʤ 

ʟʝʨʝʥ, ʧʦʩʢʦʣʴʢʫ ʠʭ ʨʘʟʤʝʨʳ ʫʚʝʣʠʯʠʚʘʶʪʩʷ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ Sr.  
 

 
ʘ)                                          ʙ)                                         ʚ) 

ʈʠʩ. 3. ʈʕʄ ʠʟʦʙʨʘʞʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʟʝʨʝʥ ʢʝʨʘʤʠʢʠ Ba0.5Sr0.5TiO3 (ʘ), Ba0.7Sr0.3TiO3 (ʙ)  

ʠ Ba0.8Sr0.2TiO3 (ʚ). ʄʘʩʰʪʘʙʥʘʷ ʤʝʪʢʘ 5 ʤʢʤ 
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ʋɼʂ 537.226.3 

 

ɺʃʀʗʅʀɽ ɹɸʈʀʗ ʅɸ ʌʆʊʆʕʃɽʂʊʈʀʏɽʉʂʀʁ ʆʊʂʃʀʂ KNN 
 

ʉ. ʈ. ɸʣʴ ʉʘʠʜʠ1, ɸ.ɺ. ʉʦʧʠʪ2, ʃ.ɺ. ɾʦʛʘ3  
1ʘʩʧʠʨʘʥʪ, srs.noor@yahoo.com 

2ʜʦʮʝʥʪ, sandrej74@mail.ru 
3ʜʦʢʪʦʨ, levzhoga@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʬʦʪʦʪʦʢʘ ʚ ʢʦʨʦʪʢʦʟʘʤʢʥʫʪʳʭ ʦʙʨʘʟʮʘʭ  ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʢʠ 

KNNïxBʘ ʦʙʣʫʯʝʥʥʳʭ ʩʚʝʪʦʤ ʦʧʪʠʯʝʩʢʦʛʦ ʜʠʘʧʘʟʦʥʘ ʤʦʱʥʦʩʪʴʶ 0.15 ɺʪ/ʩʤ2 ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɺʘ, ʢʘʢ ʤʘʢʩʠʤʘʣʴʥʳʝ, ʪʘʢ ʠ 

ʫʩʪʘʥʦʚʠʚʰʝʝʩʷ ʟʥʘʯʝʥʠʷ ʬʦʪʦʪʦʢʘ ʚʦʟʨʘʩʪʘʶʪ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʩʴ ɺʘ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ ʫʤʝʥʴʰʘʝʪ ʰʠʨʠʥʫ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ, ʦʙʣʝʛʯʘʷ ʧʨʦʮʝʩʩʳ ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʠ, ʘ ʩ 

ʜʨʫʛʦʡ, ʠʦʥʳ ɺʘ ʤʦʛʫʪ ʟʘʭʚʘʪʳʚʘʪʴ ʟʘʨʷʜʳ ʠ ʙʳʪʴ ʠʩʪʦʯʥʠʢʘʤʠ ʝʛʦ ʥʘʢʦʧʣʝʥʠʷ, ʢʦʪʦʨʳʡ 

ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʦʙʨʘʟʮʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʬʦʪʦʪʦʢ, ʩʪʘʮʠʦʥʘʨʥʳʡ ʪʦʢ, ʬʦʪʦʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʚʠʥʝʮ ʥʝ 

ʩʦʜʝʨʞʘʱʘʷ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʘ KNN, ʣʝʛʠʨʦʚʘʥʠʝ ʙʘʨʠʝʤ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ. 

 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʧʦʚʝʜʝʥʠʝ ʢʠʥʝʪʠʢʠ ʬʦʪʦʪʦʢʘ ʩʝʛʥʝʪʦʢʝʨʘʤʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ (1-x)(K0.5Na0.5)NbO3+0.5mol.%MnO2+xBa (KNNïxBʘ), ʛʜʝ 

ʭ = 0; 0,02 ʠ 0,04 mol%Ba, ʢʦʪʦʨʳʝ ʠʟʛʦʪʦʚʣʝʥʳ ʪʨʘʜʠʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʆʙʨʘʟʮʳ ʙʳʣʠ ʩʦʩʪʘʨʝʥʳ ʚ ʪʝʤʥʦʪʝ ʧʦʩʣʝ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʚ ʪʝʯʝʥʠʝ ʧʦʣʫʛʦʜʘ. ʇʝʨʬʦʨʠʨʦʚʘʥʥʳʝ 

ʵʣʝʢʪʨʦʜʳ ʙʳʣʠ ʥʘʥʝʩʝʥʳ ʤʝʪʦʜʦʤ ʚʞʠʛʘʥʠʷ ʩʝʨʝʙʨʝʥʥʦʡ ʧʘʩʪʳ. ʄʝʪʦʜʠʢʘ 

ʠʟʤʝʨʝʥʠʷ ʧʨʠʤʝʥʷʣʘʩʴ ʘʥʘʣʦʛʠʯʥʘʷ [1]. ɼʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠʤʝʶʪ ʩʪʨʫʢʪʫʨʫ 

ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʠ ʧʨʠ ʜʘʥʥʦʤ ʩʦʦʪʥʦʰʝʥʠʠ K/Na 50/50 ʥʘʭʦʜʷʪʩʷ ʥʘ 

ʤʦʨʬʦʪʨʦʧʥʦʡ ʬʘʟʦʚʦʡ ʛʨʘʥʠʮʝ,  ʜʝʤʦʥʩʪʨʠʨʫʷ ʥʘʠʣʫʯʰʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ [2,3].  

 
ʈʠʩʫʥʦʢ. ʂʠʥʝʪʠʢʘ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʪʦʢʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʦʙʨʘʟʮʘʭ KNN+ʭBa 
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ʈʠʩʫʥʦʢ ʠʣʣʶʩʪʨʠʨʫʝʪ ʚʨʝʤʝʥʥʫʶ ʢʠʥʝʪʠʢʫ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʪʦʢʘ 

KNN+ʭBa. ʀʟ ʧʦʚʝʜʝʥʠʷ ʢʨʠʚʳ ʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʘʣʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ɺʘ, ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʬʦʪʦʪʦʢʘ, ʢʘʢ ʚ 

ʧʝʨʝʭʦʜʥʦʡ ʦʙʣʘʩʪʠ, ʪʘʢ ʠ ʦʙʣʘʩʪʠ ʫʩʪʘʥʦʚʠʚʰʝʛʦʩʷ ʪʦʢʘ ʧʨʠ ʚʢʣʶʯʝʥʠʠ ʩʚʝʪʘ. 

ʇʨʠ ʦʪʢʣʶʯʝʥʠʠ ʩʚʝʪʘ ʪʦʢ ʩʧʘʜʘʝʪ ʜʦ ʥʫʣʷ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [4].  

ʇʦʩʢʦʣʴʢʫ KNN ʠʟʚʝʩʪʥʳ ʢʘʢ ʜʝʬʝʢʪʥʳʝ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʝʨʦʚʩʢʠʪʳ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʣʝʪʫʯʝʩʪʠ Na ʠ K [5] ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ 

ʧʣʦʪʥʦʩʪʴ ʜʝʬʝʢʪʦʚ KNN ʟʘ ʩʯʝʪ ʣʝʛʠʨʦʚʘʥʠʷ ʙʘʨʠʝʤ ʤʦʞʝʪ ʩʥʠʞʘʪʴʩʷ. ʇʨʠ 

ʵʪʦʤ, ʢʦʛʜʘ ʦʙʨʘʟʝʮ ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʚʦʟʜʝʡʩʪʚʠʶ ʠʟʣʫʯʝʥʠʷ ʠ ʭʨʘʥʠʪʩʷ ʚ 

ʪʝʤʥʦʪʝ, ʜʝʬʝʢʪʳ ʤʦʛʫʪ ʚʨʝʤʝʥʥʦ ʟʘʨʷʞʘʪʴʩʷ. ʇʨʠ ʦʩʚʝʱʝʥʠʠ ʟʘʨʷʜʳ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʠ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʟʥʠʢʥʦʚʝʥʠʶ 

ʥʘʙʣʶʜʘʝʤʦʛʦ ʬʦʪʦʪʦʢʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʜʣʷ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʙʘʨʠʝʤ ʦʙʨʘʟʮʘ KNN 

ʰʠʨʠʥʘ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ ʫʞʝ (ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ >4 ʵɺ ʜʣʷ ʯʠʩʪʦʛʦ KNN [6]). ʠ 

ʩʣʝʜʦʚʘʪʝʣʴʥʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʥʘʢʦʧʣʝʥʥʳʭ ʟʘʨʷʜʦʚ ʙʫʜʝʪ ʠʜʪʠ ʙʦʣʝʝ 

ʠʥʪʝʥʩʠʚʥʦ, ʯʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʦʙʲʷʩʥʝʥʠʝʤ ʙʦʣʴʰʝʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʯʠʩʪʳʤ KNN.  ʇʦʩʣʝ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʙʦʣʴʰʝʡ ʯʘʩʪʠ ʟʘʭʚʘʯʝʥʥʳʭ 

ʟʘʨʷʜʦʚ, ʥʘʙʣʶʜʘʝʤʳʝ ʚʝʣʠʯʠʥʳ ʧʣʦʪʥʦʩʪʠ ʬʦʪʦʪʦʢʘ ʪʦʢʘ ʚʳʭʦʜʷʪ ʥʘ 

ʥʘʩʳʱʝʥʠʝ. ɼʣʷ ʦʙʨʘʟʮʦʚ KNN+4Ba, ʧʦ-ʚʠʜʠʤʦʤʫ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʝʬʝʢʪʦʚ 

ʩʧʦʩʦʙʥʳʭ ʢ ʥʘʢʦʧʣʝʥʠʶ ʟʘʨʷʜʘ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ï ʧʣʦʪʥʦʩʪʴ ʬʦʪʦʪʦʢʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʜʚʘ ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ KNN+2Ba (ʨʠʩ.1). ʆʜʥʘʢʦ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠ ʧʦʩʣʝʜʫʶʱʠʡ ʟʘʭʚʘʪ ʣʦʚʫʰʢʘʤʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʜʝʪ ʥʝ ʪʘʢ 

ʠʥʪʝʥʩʠʚʥʦ, ʯʪʦ ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʤʝʥʴʰʝʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ 

ʟʘʨʷʜʘ ʠ ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚʨʝʤʷ ʚʳʨʘʙʦʪʢʠ ʬʦʪʦʪʦʢʘ ʠʤʝʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʦʝ 

ʠʥʪʝʨʚʘʣ. 
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ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɹɽʉʉɺʀʅʎʆɺʆɻʆ ʊɺɽʈɼʆɻʆ 

ʈɸʉʊɺʆʈɸ 0,3(K 0,5Bi0,5TiO 3) ï 0,7(BaNi0,33Sb0,67O3) 
 

ʉ.ɸ. ɻʨʠʜʥʝʚ1, ʀ.ʖ. ʂʦʙʷʢʦʚ2 
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ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʦʙʨʘʟʮʘʭ ʥʦʚʦʛʦ 

ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 0,7(K0,5Bi0,5TiO3) ï 0,3(BaNi0,33Sb0,67O3). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚʙʣʠʟʠ 600 K 

ʧʨʠʩʫʪʩʪʚʫʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʰʠʨʦʢʠʡ ʧʠʢ, ʩʤʝʱʘʶʱʠʡʩʷ ʚʚʝʨʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʢʘʣʝ 

ʚ ʯʘʩʪʦʪʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 25 ɻʮ ʜʦ 10 ʢɻʮ, ʢʦʪʦʨʳʡ ʧʦ ʩʚʦʝʡ ʧʨʠʨʦʜʝ ʷʚʣʷʝʪʩʷ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʤ. ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʷʚʥʦ 

ʚʳʨʘʞʝʥʥʳʭ ʧʠʢʦʚ ʥʝ ʠʤʝʝʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʧʨʦʮʝʩʩ. 

 

ʀcʩʣʝʜʫʝʤʳʝ ʦʙʨʘʟʮʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ 0,3(K0,5Bi0,5TiO3) ï 

0,7(BaNi0,33Sb0,67O3) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʦ ʩʪʘʥʜʘʨʪʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ. 

ʉʠʥʪʝʟ ʠ ʩʧʝʢʘʥʠʝ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1030 Áʉ ʚ ʪʝʯʝʥʠʝ 5 ʯʘʩʦʚ.  

ʀʟ ʨʝʟʫʣʴʪʘʪʦʚ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʪʦ, ʯʪʦ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʤʝʩʴ ʦʩʥʦʚʥʦʡ ʬʘʟʳ (85%) ʩ 

ʪʝʪʨʘʛʦʥʘʣʴʥʳʤ ʪʠʧʦʤ ʨʝʰʝʪʢʠ (P4mm, a = 3,933 ¡, c = 3,975 ¡) ʠ ʥʝʩʢʦʣʴʢʠʭ 

ʧʨʠʤʝʩʥʳʭ ʬʘʟ, ʪʘʢʠʭ ʢʘʢ Bi1,74Ti2O6,624 (10 %) ʠ BaSb2O6 (5 %). 

ʅʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ 

ʚʙʣʠʟʠ 600 K ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʡ ʰʠʨʦʢʠʡ ʧʠʢ, ʩʤʝʱʘʶʱʠʡʩʷ 

ʚʚʝʨʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʰʢʘʣʝ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʯʘʩʪʦʪʳ ʦʪ 25 ɻʮ ʜʦ 10 ʢɻʮ, ʯʪʦ 

ʛʦʚʦʨʠʪ ʦ ʝʛʦ ʨʝʣʘʢʩʘʮʠʦʥʥʦʡ ʧʨʠʨʦʜʝ (ʨʠʩ.1ʙ). ʅʘ ʟʘʚʠʩʠʤʦʩʪʷʭ 

ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ůô(ʊ) ʷʚʥʦ ʚʳʨʘʞʝʥʥʳʭ 

ʤʘʢʩʠʤʫʤʦʚ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʨʠʩ. 1ʘ). 
 

 
ʘ)      ʙ) 

ʈʠʩ. 1 ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ (ʙ)  
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ʇʨʝʜʧʦʣʘʛʘ ̫ʜʝʙʘʝʚʩʢʠʡ ʭʘʨʘʢʪʝʨ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʟ ʫʩʣʦʚʠʷ 

ʤʘʢʩʠʤʫʤʘ ʧʦʪʝʨʴ ɤŰ = 1 ʦʧʨʝʜʝʣʝʥʳ ʟʥʘʯʝʥʠʷ ʚʨʝʤʝʥ ʨʝʣʘʢʩʘʮʠʠ Ű ʜʣʷ ʢʘʞʜʦʡ 

ʠʟ ʪʝʤʧʝʨʘʪʫʨ ʧʠʢʘ ʠ ʧʦʩʪʨʦʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ lnŰ ʦʪ ʦʙʨʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ. 

2). 

 
ʈʠʩ. 2 ɿʘʚʠʩʠʤʦʩʪʴ ʥʘʪʫʨʘʣʴʥʦʛʦ ʣʦʛʘʨʠʬʤʘ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʦʪ ʦʙʨʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ 

 

ʀʟ ʨʠʩʫʥʢʘ ʚʠʜʥʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʪʦʯʢʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʣʝʞʘʪ 

ʥʘ ʧʨʷʤʦʡ ʣʠʥʠʠ ʛʨʘʬʠʢʘ, ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʪʝʨʤʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʥʥʦʤ ʭʘʨʘʢʪʝʨʝ 

ʧʨʦʮʝʩʩʘ ʨʝʣʘʢʩʘʮʠʠ, ʚʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ Ű ʢʦʪʦʨʦʛʦ ʤʦʞʥʦ ʦʧʠʩʘʪʴ ʬʦʨʤʫʣʦʡ 

ɸʨʨʝʥʠʫʩʘ: 

0Ű Ű exp .
U

kT

è ø
= é ù

ê ú
 

ʇʦ ʯʘʩʪʦʪʥʦʤʫ ʩʜʚʠʛʫ ʤʘʢʩʠʤʫʤʦʚ ʥʘ ʟʘʚʠʩʠʤʦʩʪʠ tgŭ(ʊ) ʙʳʣʠ ʦʮʝʥʝʥʳ 

ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʨʝʣʘʢʩʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ U ʠ 

ʧʨʝʜʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʤʥʦʞʠʪʝʣʷ Ű0, ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ 0,54 ʵɺ ʠ 3,5ẗ10ï6 ʩ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʦʮʝʩʩ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚ 0,3(K0,5Bi0,5TiO3) ï 0,7(BaNi0.33Sb0.67O3) ʩʚʷʟʘʥ ʩ ʢʠʩʣʦʨʦʜʥʳʤʠ 

ʚʘʢʘʥʩʠʷʤʠ, ʢʦʪʦʨʳʝ ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʦʪʞʠʛʝ ʚ ʧʨʦʮʝʩʩʝ 

ʩʠʥʪʝʟʘ ʢʝʨʘʤʠʢʠ, ʘ ʪʘʢʞʝ ʠʟ-ʟʘ ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʠ ʢʠʩʣʦʨʦʜʘ [1]. 

 
ʃʠʪʝʨʘʪʫʨʘ 

1. Gridnev S.A. Dielectric relaxation in disordered ferroelectrics // Ferroelectrics, 2002 - V. 

266. - P. 171-209. 
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ʋɼʂ 538.935, 538.975 
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ʌɻɹʆʋ çʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ 

ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. 

ʇʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠʤʧʝʜʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʪʦʥʢʠʭ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʧʦʣʷʨʠʟʘʮʠʠ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʠ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ 

ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ (PRAP). ʇʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʠʟʤʝʨʝʥʥʳʭ ʠʤʧʝʜʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ, ʠ ʧʨʝʜʣʦʞʝʥʘ ʬʠʟʠʯʝʩʢʘʷ 

ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʤʧʝʜʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʦʤʝʥʥʦ-

ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʷʚʣʝʥʠʡ ʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ ʠ ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʷʚʣʷʝʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʢʘʢ ʜʣʷ ʦʮʝʥʢʠ ʩʚʦʡʩʪʚ, ʪʘʢ ʠ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʤʘʪʝʨʠʘʣʦʚ. ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʦʧʨʝʜʝʣʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʘʣʦʧʨʠʛʦʜʥʳ ʜʣʷ ʠʟʫʯʝʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʝ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. ʂʨʦʤʝ 

ʪʦʛʦ, ʵʪʠ ʤʝʪʦʜʳ ʥʝ ʧʦʟʚʦʣʷʶʪ ʦʮʝʥʠʪʴ ʢʦʤʧʣʝʢʩʥʳʝ ʧʘʨʘʤʝʪʨʳ 

ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʥʝʩʠʥʬʘʟʥʳʡ ʦʪʢʣʠʢ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʥʝʰʥʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ. 

ɺ ʥʘʰʝʡ ʧʨʝʜʳʜʫʱʝʡ ʨʘʙʦʪʝ [1] ʤʳ ʧʨʝʜʣʦʞʠʣʠ ʥʦʚʳʡ ʤʝʪʦʜ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʠ ʧʝʨʝʭʦʜʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʝ ʧʨʠ 

ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʟʤʝʨʝʥʠʠ ʠ ʘʥʘʣʠʟʝ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ 

ʩʧʝʢʪʨʦʚ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ ʩʧʝʢʪʨʦʚ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʪʦʣʱʠʥʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʤʦʜ ʢʦʣʝʙʘʥʠʡ 

ʪʦʥʢʠʭ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʧʦʟʚʦʣʠʣʠ ʧʦʣʫʯʠʪʴ ʚʨʝʤʝʥʥʳʝ ʠ ʧʦʣʝʚʳʝ 

ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʚ 

ʦʙʣʘʩʪʠ ʩʣʘʙʳʭ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ. ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ 

ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ. 

mailto:wbeg@mail.ru
mailto:dmakarev@rambler.ru
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ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʩʝʛʥʝʪʦʤʷʛʢʦʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʩʦʩʪʘʚʘ PbTi0.45Zr0.53(W1/2Cd1/2)0.02O3 ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (Ů33
T ʠ 

Ů33
S) ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʩʪʦʷʥʥʳʭ ʧʦʩʪʦʷʥʥʳʭ (d31 ʠ h33) ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ 

ʧʦʣʷʨʠʟʘʮʠʠ ʧʴʝʟʦʵʣʝʤʝʥʪʦʚ. 

ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ 

ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ ʠ ʪʦʣʱʠʥʥʦʡ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ 

ʠʤʧʝʜʘʥʩʘ Agilent 4294A ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ ʤʦʜʫʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ 

(Ñ 40 ɺ) ʠ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ PRAP [2]. ʇʨʠʤʝʨ 

ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ. 
 

 
ʈʠʩʫʥʦʢ. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʘ) ʠ ʤʥʠʤʦʡ (ʙ) ʯʘʩʪʝʡ ʧʦʧʝʨʝʯʥʦʛʦ 

ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʘ 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʛʥʝʪʦʤʷʛʢʦʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, 

ʤʝʥʴʰʠʭ ʢʦʵʨʮʠʪʠʚʥʦʛʦ, ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʪʠʤʳʤʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷʤʠ 90-̄ʥʳʭ 

(71̄ -, 109̄ -ʥʳʭ) ʜʦʤʝʥʦʚ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʠ ʧʨʦʮʝʩʩʘʤʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʦʩʠʪʝʣʷʤʠ 

ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-11-00302, 

https://rscf.ru/project/22-11-00302/ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 

 

ʃʠʪʝʨʘʪʫʨʘ 
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2. PRAP (Piezoelectric Resonance Analysis Program). TASI Technical Software Inc. 

(www.tasitechnical.com). 
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ɺʃʀʗʅʀɽ ʇʈʀʄɽʉʀ ʊʋʃʀʗ ʅɸ ʇʀʈʆʕʃɽʂʊʈʀʏɽʉʂʀɽ  

ʀ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ  

ʅʀʆɹɸʊɸ ɹɸʈʀʗ ʉʊʈʆʅʎʀʗ  
 

ʀ.ʃ. ʂʠʩʣʦʚʘ1, ʆ.ʅ. ʉʝʨʛʝʝʚʘ2, ɸ.ʀ. ʑʝʛʣʦʚʘ3, ʇ.ɸ. ʃʳʢʦʚ4,  

ʃ.ʀ. ʀʚʣʝʚʘ5, ɸ.ɺ. ʉʦʣʥʳʰʢʠʥ6 

1ʂ.ʬ-ʤ.ʥ, ʜʦʮʝʥʪ, inkis@mail.ru 
2ʂ.ʬ-ʤ.ʥ, ʚʝʜʫʱʠʡ ʠʥʞʝʥʝʨ,  o_n_sergeeva@mail.ru  

3ʄʘʛʠʩʪʨʘʥʪ, sheglova.anastasiya2014@yandex.ru 
4ʂ.ʪ.ʥ, ʩʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, lykov@lst.gpi.ru 

5ɼ-ʨ ʪ.ʥ, ʛʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ivleva@lst.gpi.ru 
6ɼ-ʨ ʬ-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ, a.solnyshkin@mail.ru 

1-3,6ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
4,5ʌɻɹʋʅ ʌʀʎ ʀʥʩʪʠʪʫʪ ʦʙʱʝʡ ʬʠʟʠʢʠ ʠʤ. ɸ.ʄ. ʇʨʦʭʦʨʦʚʘ ʈɸʅ 

 

ɺ ʨʘʙʦʪʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʧʨʠʤʝʩʠ ʪʫʣʠʷ ʚ ʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ 

(SBN:61) ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʦʙʣʘʩʪʠ ʨʘʟʤʳʪʠʷ 

ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʇʦʣʷʨʠʟʘʮʠʷ ʚʥʝʰʥʠʤ ʧʦʣʝʤ ʯʘʩʪʠʯʥʦ ʩʪʘʙʠʣʠʟʠʨʫʝʪ ʧʦʣʷʨʥʦʝ ʩʦʩʪʦʷʥʠʝ 

ʦʙʨʘʟʮʦʚ, ʦʜʥʘʢʦ ʥʝʦʜʥʦʨʦʜʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʧʦ ʪʦʣʱʠʥʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʙʣʘʩʪʝʡ ʩ ʨʘʟʚʠʪʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ 

ʩʠʣʴʥʦ ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʢʨʠʩʪʘʣʣʳ ʥʠʦʙʘʪ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ, ʣʝʛʠʨʦʚʘʥʥʳʝ ʠʦʥʘʤʠ ʪʫʣʠʷ, 

ʧʝʨʝʢʣʶʯʘʝʤʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ. 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʨʠʤʝʩʠ ʪʫʣʠʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝcʢʠʝ ʠ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ (SBN:61), 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʠʦʥʘʤʠ Tm3+. ʂʨʠʩʪʘʣʣʳ ʧʦʣʫʯʝʥʳ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʤ ʩʧʦʩʦʙʦʤ 

ʉʪʝʧʘʥʦʚʘ ʠʟ ʨʘʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 0,5, 1,0 ʠ 2,0 ʚʝʩ.% Tm2O3. ʇʝʨʝʢʣʶʯʘʝʤʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ ʠ ʢʦʵʨʮʠʪʠʚʥʦʝ ʧʦʣʝ ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, 

ʠʩʧʦʣʴʟʫʷ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʫʶ ʩʭʝʤʫ ʉʦʡʝʨʘ-ʊʘʫʵʨʘ. ʇʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʜʠʥʘʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʧʨʷʤʦʫʛʦʣʴʥʦʡ 

ʤʦʜʫʣʷʮʠʠ ʪʝʧʣʦʚʦʛʦ ʧʦʪʦʢʘ ʚ ʠʥʪʝʨʚʘʣʝ ʯʘʩʪʦʪ 0,5 ï 1000 ɻʮ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʩʧʝʨʩʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʦ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ 

ʯʘʩʪʦʪ (ʨʠʩʫʥʦʢ 1).  
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ʈʠʩ. 1. ɼʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ  

ʜʣʷ ʠʩʭʦʜʥʳʭ ʦʙʨʘʟʮʦʚ SBN:61 ʙʝʩʧʨʠʤʝʩʥʳʭ (1) ʠ ʩ ʧʨʠʤʝʩʷʤʠ ʪʫʣʠʷ (2-4) 

https://e.mail.ru/compose?To=sheglova.anastasiya2014@yandex.ru
mailto:ivleva@lst.gpi.ru
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ɺ ʪʘʙʣʠʮʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ, ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ 

ʧʝʨʝʢʣʶʯʘʪʝʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ SBN:61 ʩ 

ʨʘʟʣʠʯʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʠʦʥʦʚ ʪʫʣʠʷ. ʂʘʢ ʚʠʜʥʦ, ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʧʨʠʤʝʩʠ ʪʫʣʠʷ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʤʫ ʨʘʟʤʳʪʠʶ ʦʙʣʘʩʪʠ ʂʶʨʠ. 
 

ʊʘʙʣʠʮʘ 
 ɼʠʵʣʝʢʪʨʠʯʝʩ

ʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪ

ʴ Ů, fʠʟʤ =1 ʢɻʮ 

ʆʙʣʘʩʪ ɹ

ʂʶʨʠ 

q, ʂ 

ʇʝʨʝʢʣʶʯʘʝʤʘʷ 

ʧʦʣʷʨʠʟʘʮʠʷ 

ʈ, ʤʢʂʣ/ʩʤ2 

ʂʦʵʨʮʠʪʠʚʥʦʝ 

ʧʦʣʝ ɽ, ʢɺ/ʩʤ 

ʇʠʨʦʢʦʵʬʬʠʮʠ

ʝʥʪ 

gɻʬʬ, 10-4 

ʂʣ/ʤ2ʂ 

SBN (pure) 1110 13 50 0,7 4,5 

SBN+0,5 % Tm 1150 18 7 2,6 2,6 

SBN+ 1 % Tm 1700 24 37 0,8 3,5 

SBN+ 2 % Tm 2040 30 36 0,6 4,5 

ʇʦʩʣʝ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ ʧʦʩʪʦʷʥʥʳʤ ʧʦʣʝʤ ʜʠʩʧʝʨʩʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʘʢʪʠʯʝʩʢʠ ʠʩʯʝʟʘʝʪ, ʘ ʚʝʣʠʯʠʥʘ e ʫʤʝʥʴʰʘʝʪʩʷ ʧʦʯʪʠ ʚ ʜʚʘ 

ʨʘʟʘ. ʆʜʥʘʢʦ ʧʦʣʷʨʠʟʘʮʠʷ ʚ ʧʦʣʷʭ ʪʘʢʦʡ ʚʝʣʠʯʠʥʳ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʧʦʣʥʦʡ 

ʤʦʥʦʜʦʤʝʥʠʟʘʮʠʠ ʦʙʨʘʟʮʦʚ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʥʝʦʜʥʦʨʦʜʥʳʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʪʦʣʱʠʥʝ (L) ʢʨʠʩʪʘʣʣʦʚ, ʨʘʩʩʯʠʪʘʥʥʳʝ 

ʧʦ ʯʘʩʪʦʪʥʳʤ ʟʘʚʠʩʠʤʦʩʪʷʤ ʧʠʨʦʪʦʢʘ (ʨʠʩʫʥʦʢ 2). 
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ʈʠʩ. 2. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʚʝʣʠʯʠʥʳ ʧʠʨʦʢʦʵʬʬʠʮʠʝʥʪʘ g ʧʦ ʪʦʣʱʠʥʝ L ʜʣʷ ʦʙʨʘʟʮʦʚ SBN:61 

ʙʝʩʧʨʠʤʝʩʥʳʭ ʠ ʩ ʧʨʠʤʝʩʷʤʠ ʪʫʣʠʷ.  

ʉʪʨʝʣʢʦʡ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ. 
 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʳ ʩ ʪʝʤ, ʯʪʦ ʠʦʥʳ Tm3+ ʤʦʛʫʪ 

ʟʘʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʝ ʧʦʣʦʞʝʥʠʷ ʚ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ SBN [1]. C 

ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ʪʫʣʠʷ ʚʦʟʨʘʩʪʘʝʪ ʩʪʨʫʢʪʫʨʥʘʷ ʨʘʟʫʧʦʨʷʜʦʯʝʥʥʦʩʪʴ 

ʢʨʠʩʪʘʣʣʘ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ ʚʚʦʜʠʤʘʷ ʧʨʠʤʝʩʴ ʩʪʘʥʦʚʠʪʩʷ ʮʝʥʪʨʦʤ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʜʦʤʝʥʦʚ, ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʝʜʝʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʧʝʨʝʢʣʶʯʘʝʤʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʨʦʩʪʫ ʚʝʣʠʯʠʥʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʫʤʝʥʴʰʝʥʠʶ ʢʦʵʨʮʠʪʠʚʥʦʛʦ ʧʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʘʤʠ 

ʩ ʤʘʣʳʤ ʩʦʜʝʨʞʘʥʠʝʤ (0,5 ʚʝʩ.%) Tm2O3. ʈʘʟʚʠʪʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʷʚʣʷʝʪʩʷ 

ʧʨʝʧʷʪʩʪʚʠʝʤ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʧʦʣʷʨʠʟʘʮʠʠ ʚ ʩʠʣʴʥʦ 

ʣʝʛʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ.  
 

ʃʠʪʝʨʘʪʫʨʘ 

1. U. Caldino et.al., Luminescence of rare earth ions in strontium barium niobate around the phase 

transition ferroelectrics // Ferroelectrics, - 2008. V.363, P. 
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ʋɼʂ 53.097, 538.91 

 

ɺʃʀʗʅʀɽ ʇʆʉʊʆʗʅʅʆɻʆ ʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʇʆʃʗ 

ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʋʖ ʇʈʆʅʀʎɸɽʄʆʉʊʔ 

ʉɽɻʅɽʊʆʕʃɽʂʊʈʀʏɽʉʂʆɻʆ ʊɺɽʈɼʆɻʆ ʈɸʉʊɺʆʈɸ Ba0,8Sr0,2TiO3  
 

ʉ.ɸ. ɻʨʠʜʥʝʚ1, ʀ.ʀ. ʇʦʧʦʚ2 

1ʇʨʦʬʝʩʩʦʨ, s_gridnev@mail.ru 
2ɸʩʧʠʨʘʥʪ, popovich_vano@mail.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ʀʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʪʘʥʛʝʥʩ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʪʚʝʨʜʦʤ 

ʨʘʩʪʚʦʨʝ Ba0,8Sr0,2TiO3 ʚ ʦʢʨʝʩʪʥʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʥʝʰʥʝʝ 

ʧʦʩʪʦʷʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʩʤʝʱʘʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʦʚ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ ʚ ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 

ʧʨʠʯʝʤ ʧʦʣʝʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʣʠʟʢʘ 

ʢ ʣʠʥʝʡʥʦʡ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʘʪʝʨʠʘʣʦʚ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʧʝʨʚʦʛʦ ʨʦʜʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʪʠʪʘʥʘʪ ʙʘʨʠʷ-ʩʪʨʦʥʮʠʷ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʧʦʩʪʦʷʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ. 

 

ʆʙʨʘʟʮʳ Ba0,8Sr0,2TiO3 ʙʳʣʠ ʧʨʠʛʦʪʦʚʣʝʥʳ ʧʦ ʪʨʘʜʠʮʠʦʥʥʦʡ ʢʝʨʘʤʠʯʝʩʢʦʡ 

ʪʝʭʥʦʣʦʛʠʠ [1]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1300 

ÁC ʚ ʪʝʯʝʥʠʝ 2 ʯ, ʩʧʝʢʘʥʠʝ ï ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1360 ÁC ʚ ʪʝʯʝʥʠʝ 4 ʯ. 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠʟʤʝʨʝʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʧʨʠʣʦʞʝʥʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ ʧʦʜʘʚʣʷʝʪ ʤʘʢʩʠʤʫʤʳ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů 

(ʨʠʩ. 1, ʘ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭ (ʨʠʩ. 1, ʙ) ʠ ʩʤʝʱʘʝʪ ʠʭ ʚ 

ʩʪʦʨʦʥʫ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, ʘ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Tm ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ= ʙʣʠʟʢʘ ʢ ʣʠʥʝʡʥʦʡ (ʚʩʪʘʚʢʘ ʥʘ ʨʠʩ. 1, ʘ).  

 
ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů (ʘ) ʠ ʪʘʥʛʝʥʩʘ ʫʛʣʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʨʴ tgŭ (ʙ) ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʤ ʪʚʝʨʜʦʤ ʨʘʩʪʚʦʨʝ Ba0,8Sr0,2TiO3, 

ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʯʘʩʪʦʪʝ 1 ʢɻʮ ʧʨʠ ʨʘʟʥʦʡ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʚʥʝʰʥʝʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣ.̫ ʅʘ ʚʩʪʘʚʢʝ: ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʪ ʥʘʧʨʷʞʝʥʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ɽ= 

mailto:oksanchik2603@mail.ru
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ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʙʲʷʩʥʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʪʝʦʨʠʠ [2], 

ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘʭ ʩ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ 1-ʛʦ ʨʦʜʘ ʩʤʝʱʝʥʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʳʨʘʞʝʥʠʝʤ 

 

ȹTC=E=/(PSŬ0),      (1) 

 

ʛʜʝ PS ï ʩʧʦʥʪʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ, Ŭ0 = 1/(2CWŮ0) ï ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ 

ʢʦʵʬʬʠʮʠʝʥʪ ʧʨʠ P2 ʚ ʨʘʟʣʦʞʝʥʠʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ʚ ʨʷʜ ʧʦ ʃʘʥʜʘʫ, CW ï 

ʧʦʩʪʦʷʥʥʘʷ ʂʶʨʠ-ɺʝʡʩʩʘ, Ů0 ï ʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ɺʟʷʚ PS = 0,25 ʂʣ/ʤ
2 [3] ʠ ʦʧʨʝʜʝʣʠʚ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʠʟʤʝʨʝʥʠʡ Ŭ0 å 7Ŀ10
5 ʤ2Ŀʅ/ʂʣ , ʙʳʣʘ ʩʜʝʣʘʥʘ ʦʮʝʥʢʘ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʧʨʠ ɽ= = 10 ʢɺ/ʩʤ. ʇʦʣʫʯʝʥʥʦʝ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʚʳʨʘʞʝʥʠʝʤ (1) ʩʤʝʱʝʥʠʝ ȹTm å 5,7 ʂ ʙʣʠʟʢʦ ʢ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʟʥʘʯʝʥʠʶ ȹTm å 8,3 ʂ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʚ ʨʘʤʢʘʭ 

ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 20-32-90148. 
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ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʇʆʃʀʄɽʈʅʓʍ ʂʆʄʇʆɿʀʊɸʍ 

ʇʆʉʃɽ ʕʂʉʊʈɽʄɸʃʔʅʓʍ ʋʉʂʆʈɽʅʀʁ 
 

ʄ.ɺ. ɹʝʣʦʢʦʙʳʣʴʩʢʠʡ1, ɸ.ʉ. ɹʦʛʘʪʠʥ2, ʖ.ɺ. ʂʘʙʠʨʦʚ3, ɽ.ʅ. ʉʠʜʦʨʝʥʢʦ4,  

ɽ.ɺ. ʏʝʙʘʥʦʚʘ5, ʅ.ɺ ʇʨʫʮʘʢʦʚʘ6 
1ɸʩʧʠʨʘʥʪ, marks007@mail.ru 

2ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, asbbogatin13@yandex.ru 
3ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, salv62@mail.ru 

4ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, ensidorenko@sfedu.ru 
5ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ,starphish@yandex.ru 

6ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ,shpilevay@mail.ru 
1,2,3,4ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

5,6ɼʦʥʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʈʦʩʪʦʚ-ʥʘ-ɼʦʥʫ 

 

ʉʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʠʟʫʯʝʥʳ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʧʨʦʪʝʢʘʥʠʷ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʢʦʨʝʥʠʡ. ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʡ ʦʪ 800g ʜʦ 5500g ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʧʦʣʠʤʝʨʥʳʭ ʦʙʨʘʟʮʦʚ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʥʝ ʟʘʚʝʨʰʘʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 

ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʘʥʛʘʥʠʪ, ʢʦʤʧʦʟʠʪ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. 
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ʂʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʦʜʥʦʬʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘʣʠʯʠʝʤ 

ʥʝʦʜʥʦʨʦʜʥʦʩʪʝʡ ʨʘʟʥʦʛʦ ʤʘʩʰʪʘʙʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʧʨʠ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʩʚʦʡʩʪʚʘ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʤʦʛʫʪ ʨʝʟʢʦ ʠʟʤʝʥʷʪʴʩʷ. ʎʝʣʴ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ - 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʠʤʝʨʥʳʭ ʠ ʢʝʨʘʤʠʯʝʩʢʠʭ 

ʢʦʤʧʦʟʠʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚʙʣʠʟʠ ʧʦʨʦʛʘ ʧʝʨʢʦʣʷʮʠʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʢʦʨʝʥʠʡ, ʧʦʨʷʜʢʘ 5Ŀ104 ʤ/ʩ2.ɼʣʷ ʥʘʰʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʳ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʝʩʢʦʣʴʢʦ ʚʠʜʦʚ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʩʦʩʪʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 80-90% 

ʤʘʩʩʳ ʧʨʦʚʦʜʷʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʠ ʧʨʠʤʝʨʥʦ 10-20% ʤʘʩʩ. ʫʧʨʫʛʦʛʦ: 

80%LSMO/20%LDPE, ʛʜʝ LSMO ï ʧʨʦʚʦʜʷʱʠʡ ʤʘʥʛʘʥʠʪ La0.7Sr0.3MnO3, LDPE ï 

ʧʦʣʠʵʪʠʣʝʥ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ [1], ʘ ʜʣʷ ʩʨʘʚʥʝʥʠʷ ï ʢʝʨʘʤʠʢʫ: 

80%LSMO/20%GeO2, GeO2 ï ʘʤʦʨʬʥʳʡ ʦʢʩʠʜ ʛʝʨʤʘʥʠʷ IV,[2]. ɼʣʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʮʝʥʪʨʠʬʫʛʘ ʎʃʅ-2. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ 

ʚʦʟʜʝʡʩʪʚʠʶ ʫʩʢʦʨʝʥʠʡ ʦʪ 800g ʧʨʠ 3000 ʦʙ/ʤʠʥ ʜʦ 5500g ʧʨʠ 8000 ʦʙ/ʤʠʥ. ɼʣʷ 

ʢʝʨʘʤʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʥʝ ʥʘʙʣʶʜʘʣʦʩʴ ʠʟʤʝʥʝʥʠʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʥʘʜʝʷʪʴʩʷ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʪʘʢʦʡ 

ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʡ ʢʝʨʘʤʠʢʠ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ.  

ɼʣʷ ʧʦʣʠʤʝʨʥʳʭ ʩʦʩʪʘʚʦʚ ʥʘʙʣʶʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʘʷ ʤʝʜʣʝʥʥʘʷ ʯʘʩʪʠʯʥʘʷ ʨʝʣʘʢʩʘʮʠʷ. 

ɺʦʟʤʦʞʥʳʡ ʤʝʭʘʥʠʟʤ ʧʨʦʮʝʩʩʘ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1. 

 

 
 

ʈʠʩ. 1. ʈʘʩʩʣʦʝʥʠʝ ʧʦʣʠʤʝʨʥʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʫʩʢʦʨʝʥʠʷ ᴆ́ 

 

ʇʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʡ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 800g ʜʦ 5500g ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʚʦʟʚʨʘʱʝʥʠʝ ʢ ʥʘʯʘʣʴʥʳʤ ʟʥʘʯʝʥʠʷʤ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʨʠʩ. 2, 3.  
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ʈʠʩ.2. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 

 80%LSMO/20%LDPE ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʫʩʢʦʨʝʥʠʡ 

 

 
 

ʈʠʩ.3. ɿʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʘ 80%LSMO/20%LDPE  

ʦʪ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʫʩʢʦʨʝʥʠʷ 5500 g 

 

ɺ ʠʟʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʦʨʛʘʥʠʯʝʩʢʦʡ ʤʘʪʨʠʮʝʡ, ʚʝʨʦʷʪʥʦ, ʥʘʙʣʶʜʘʝʪʩʷ 

ʨʘʩʩʣʦʝʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦ ʠʭ ʧʣʦʪʥʦʩʪʠ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʨʘʩʪʘʥʠʶ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʙʨʘʟʮʦʚ. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʂʘʙʠʨʦʚ ʖ.ɺ. ʇʴʝʟʦʨʝʟʠʩʪʠʚʥʦʩʪʴ ʠ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴ ʧʦʣʠʤʝʨʥʳʭ 

ʢʦʤʧʦʟʠʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʘʥʛʘʥʠʪʘ La0.7Sr0.3MnO3/ ʖ.ɺ. ʂʘʙʠʨʦʚ, ɸ.ʉ. ɹʦʛʘʪʠʥ, ɽ.ʅ. ʉʠʜʦʨʝʥʢʦ 

ʠ ʜʨ. // ʇʠʩʴʤʘ ʦ ʤʘʪʝʨʠʘʣʘʭ. ï 2019. ï ɺʳʧ. 9. ï ˉ 2. ï ʉ. 223-227. 

2. ʂʘʙʠʨʦʚ ʖ.ɺ. ʆʪʨʠʮʘʪʝʣʴʥʘʷ ʤʘʛʥʠʪʦʨʝʟʠʩʪʠʚʥʦʩʪʴ ʢʦʤʧʦʟʠʪʥʦʡ ʢʝʨʘʤʠʢʠ (1-

x)La0.7Sr0.3MnO3/x(GeO2, Li 4P2O7) / ʖ.ɺ. ʂʘʙʠʨʦʚ, ɸ.ʉ. ɹʦʛʘʪʠʥ, ʅ.ɺ. ʃʷʥʛʫʟʦʚ ʠ ʜʨ. // ʇʠʩʴʤʘ 

ʚ ʞʫʨʥʘʣ ʪʝʭʥʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ï 2016. ï ʊ. 42. ï ɺʳʧ. 6. ï ʉ. 1-5. 
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ʋɼʂ 537.533.35, 537.9, 539.2 

 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʊɺɽʈɼʓʍ ʈɸʉʊɺʆʈʆɺ ʄʋʃʔʊʀʌɽʈʈʆʀʂʆɺ  

(1-x)BiFeO3 ï xYMnO 3 ɺ ʈɸʁʆʅɽ ʂʆʅʎɽʅʊʈɸʎʀʁ ɿʆʃʆʊʆɻʆ 

ʉɽʏɽʅʀʗ 
 

ɸ.ɺ. ʅʘʟʘʨʝʥʢʦ1, ɸ.ɻ. ʈʫʜʩʢʘʷ2, ɸ.ɺ. ʇʘʚʣʝʥʢʦ3 ɽ.ɺ. ɻʣʘʟʫʥʦʚʘ4,  

ʃ.ɸ. ʐʠʣʢʠʥʘ5, ʃ.ɸ. ʈʝʟʥʠʯʝʥʢʦ6 
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2ʇʨʦʬʝʩʩʦʨ, ʜ.ʬ.-ʤ.ʥ., arudskaya@yandex.ru 
3ɺʝʜʫʱʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʜ.ʬ.-ʤ.ʥ., antvpr@mail.ru 

4ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʢ.ʬ.-ʤ.ʥ., kate93g@mail.ru  
5ʅʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, lid-shilkina@yandex.ru, 

6ɻʣʘʚʥʳʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, ʜ.ʬ.-ʤ.ʥ., ʧʨʦʬʝʩʩʦʨ lareznichenko@sfedu.ru 
1,3ʌʝʜʝʨʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ʖʞʥʳʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ 

2, 4-6ʖʞʥʳʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ 

 

ɺ ʨʘʙʦʪʝ ʙʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʠʩʪʝʤʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ 

ʦʩʥʦʚʝ ʜʚʫʭ ʤʫʣʴʪʠʬʝʨʨʦʠʢʦʚ (1ïx)BiFeO3 ï xYMnO3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ x = 0,4ï0,5. 

ʇʨʦʚʝʜʝʥʳ ʘʥʘʣʠʟʳ ʩʪʨʫʢʪʫʨʳ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʆʙʩʫʞʜʝʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʘʷ ʵʚʦʣʶʮʠʷ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʝʜʝʣʘʭ ʜʘʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ.  

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ, ʤʘʥʛʘʥʠʪ 

ʠʪʪʨʠʷ, ʧʝʨʦʚʩʢʠʪʦʧʦʜʦʙʥʳʝ ʩʦʝʜʠʥʝʥʠʷ, ʤʠʢʨʦʩʢʦʧʠʷ. 

 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʬʝʨʨʠʪ ʚʠʩʤʫʪʘ (BiFeO3) ʠ ʤʘʥʛʘʥʠʪ ʠʪʪʨʠʷ (YMnO3) 

ʷʚʣʷʶʪʩʷ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘʤʠ ʩ ʩʠʣʴʥʦ ʨʘʟʣʠʯʘʶʱʠʤʠʩʷ ʩʪʨʫʢʪʫʨʘʤʠ ʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʬʘʟʦʚʳʭ ʫʧʦʨʷʜʦʯʝʥʠʡ. BiFeO3 ʠʤʝʝʪ ʨʦʤʙʦʵʜʨʠʯʝʩʢʫʶ 

ʩʪʨʫʢʪʫʨʫ R3c ʧʝʨʦʚʩʢʠʪʦʚʦʛʦ ʪʠʧʘ ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ TN ~ 

640 K ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ TC ~ 1100 K ʧʝʨʝʭʦʜʦʚ [1, 2], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

YMnO3 ʠʤʝʝʪ ʧʦʣʷʨʥʫʶ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʬʘʟʫ P63cm ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ TN ~ 80 K 

ʠ TC ~ 900 K [3, 4]. 

ɿʥʘʯʠʪʝʣʴʥʦʝ ʨʘʟʣʠʯʠʝ ʪʝʤʧʝʨʘʪʫʨ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʤʘʛʥʠʪʥʳʭ 

ʧʝʨʝʭʦʜʦʚ ʚ BiFeO3 ʠ YMnO3 ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʣʘʙʦʡ ʚʟʘʠʤʦʩʚʷʟʠ ʷʚʣʝʥʠʡ 

ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʨʷʜʢʘ-ʙʝʩʧʦʨʷʜʢʘ ʚ ʵʪʠʭ ʦʙʲʝʢʪʘʭ. ʊʘʢʦʝ 

ʩʦʯʝʪʘʥʠʝ ʤʘʛʥʠʪʥʳʭ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʤʘʪʝʨʠʘʣʘʭ ʜʝʣʘʝʪ ʠʭ 

ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʵʣʝʤʝʥʪʦʚ. ʆʜʥʘʢʦ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʚʟʘʠʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʳʤʠ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʤʘʪʝʨʠʘʣʦʚ ʨʘʟʣʠʯʥʳʤʠ ʚʥʝʰʥʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ (ʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʠ 

ʤʘʛʥʠʪʥʳʤʠ ʧʦʣʷʤʠ, ʜʝʬʦʨʤʘʮʠʠ ʠ ʪ.ʜ.).  

ʈʘʥʝʝ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʪʨʫʢʪʫʨʥʳʭ ʩʦʩʪʦʷʥʠʡ ʚʦ ʚʩʝʤ ʨʷʜʝ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ BiFeO3īYMnO3, ʢʦʪʦʨʳʝ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ YMnO3 ʥʘʙʣʶʜʘʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʵʚʦʣʶʮʠʷ ʬʘʟ: R3c Ÿ Pbnm Ÿ 

C2 Ÿ Pnma Ÿ P63cm [5]. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʝʥʦ ʨʘʟʣʠʯʠʝ ʤʝʞʜʫ 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʬʘʟʘʤʠ Pbnm ʠ Pnma, ʧʨʠʥʘʜʣʝʞʘʱʠʭ ʦʜʥʦʡ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʝ ʩʠʤʤʝʪʨʠʠ, ʥʦ ʦʪʨʘʞʘʶʱʠʭ ʨʘʟʥʫʶ ʫʩʪʘʥʦʚʢʫ 

mailto:avnazarenko1@gmail.com
mailto:arudskaya@yandex.ru
mailto:antvpr@mail.ru
mailto:kate93g@mail.ru
https://e.mail.ru/compose/?mailto=mailto%3alid%2dshilkina@yandex.ru
mailto:lareznichenko@sfedu.ru


92 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ. ʅʘʣʠʯʠʝ ʤʦʥʦʢʣʠʥʥʦʡ ʬʘʟʳ ʚʳʟʳʚʘʝʪ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ, 

ʪʘʢ ʢʘʢ ʦʥʘ ʧʦʜʦʙʥʘ ʬʘʟʝ, ʥʘʙʣʶʜʘʝʤʦʡ ʚ ʤʫʣʴʪʠʬʝʨʨʦʠʢʝ BiMnO3 [6]. ʆʜʥʘʢʦ, 

ʜʘʣʴʥʝʡʰʝʝ ʝʝ ʠʟʫʯʝʥʠʝ ʚʳʷʚʠʣʦ ʦʩʦʙʝʥʥʦʩʪʴ. ʋʯʠʪʳʚʘʷ ʪʦ, ʯʪʦ ʦʥʘ ʷʚʣʷʝʪʩʷ 

ʧʨʦʤʝʞʫʪʦʯʥʦʡ ʬʘʟʦʡ ʤʝʞʜʫ ʦʨʪʦʨʦʤʙʠʯʝʩʢʠʤʠ ʫʧʦʨʷʜʦʯʝʥʠʷʤʠ, ʝʝ 

ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʜʦʣʞʥʘ ʙʳʪʴ çʧʦʭʦʞʘè ʥʘ ʥʠʭ [7]. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʮʝʣʴʶ ʜʘʣʴʥʝʡʰʝʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʠʩʪʝʤʳ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (1ïx)BiFeO3 ï xYMnO3 ʩ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ x = 0,4ï0,5, ʪʘʢ ʢʘʢ 

ʧʨʠʤʝʨʥʦ ʚ ʵʪʦʤ ʜʠʘʧʘʟʦʥʝ ʧʨʦʭʦʜʠʪ ʪʘʢ ʥʘʟʳʚʘʝʤʘʷ ʤʦʨʬʦʪʨʦʧʥʘʷ ʬʘʟʦʚʘʷ 

ʛʨʘʥʠʮʘ, ʛʜʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʳʝ, ʢʘʢ ʧʦʢʘʟʘʣʠ ʥʘʰʠ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʪʨʫʢʪʫʨʥʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʅʝ ʤʘʣʦʚʘʞʥʳʤ 

ʵʪʘʧʦʤ ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʠʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʟʛʦʪʦʚʣʝʥʥʳʭ ʦʙʲʝʢʪʦʚ, ʪʘʢ 

ʢʘʢ ʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʘʭ ʩ ʫʯʘʩʪʠʝʤ YMnO3 ʩʠʥʪʝʟ ʤʦʞʝʪ ʧʨʦʭʦʜʠʪʴ ʩ ʫʯʘʩʪʠʝʤ 

ʞʠʜʢʠʭ ʬʘʟ [8, 9]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʙʫʜʫʪ 

ʦʩʫʱʝʩʪʚʣʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʪʘʢʞʝ ʧʨʦʚʝʜʝʥʳ ʈʉɸ 

ʠ ʈʌɸ ʘʥʘʣʠʟʳ. 
ʈʘʙʦʪʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʚ ʨʘʤʢʘʭ ʛʨʘʥʪʘ ʈʅʌ ˉ 22-72-00143. 
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ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ 

ʨʝʣʘʢʩʘʮʠʠ ʚ ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ʇʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʢʦʤʧʣʝʢʩʥʳʭ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʣʷʨʠʟʘʮʠʠ ʚʳʧʦʣʥʝʥʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʧʨʦʛʨʘʤʤʳ ʘʥʘʣʠʟʘ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ (PRAP) ʜʣʷ 

ʪʦʣʱʠʥʥʦʡ ʠ ʨʘʜʠʘʣʴʥʦʡ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʠʩʢʦʚ. ʇʨʝʜʣʦʞʝʥʘ 

ʬʠʟʠʯʝʩʢʘʷ ʠʥʪʝʨʧʨʝʪʘʮʠʷ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʘʷ ʨʝʣʘʢʩʘʮʠʷ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, 

ʢʦʤʧʣʝʢʩʥʳʝ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʠʤʧʝʜʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʜʦʤʝʥʥʦ-

ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 
 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʟʘʚʠʩʠʤʦʩʪʝʡ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʠ ʦʪ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʣʦʞʥʫʶ ʠ ʥʝʦʜʥʦʟʥʘʯʥʫʶ ʟʘʜʘʯʫ ʚʩʣʝʜʩʪʚʠʝ ʚʨʝʤʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ 

ʧʘʨʘʤʝʪʨʦʚ, ʚʳʟʚʘʥʥʳʭ ʧʝʨʝʭʦʜʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ (ʨʝʣʘʢʩʘʮʠʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʜʦʤʝʥʥʦ-ʦʨʠʝʥʪʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʪ.ʜ.). 

ʉʪʘʥʜʘʨʪʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʠʟʤʝʨʝʥʠʝ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʪʦʢʘ, 

ʨʝʚʝʨʩʠʚʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʜʨ.) ʧʨʠʥʮʠʧʠʘʣʴʥʦ ʥʝ ʤʦʛʫʪ 

ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ 

ʧʘʨʘʤʝʪʨʦʚ ʠ ʠʟʫʯʝʥʠʷ ʜʦʤʝʥʥʦ-ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʚ ʩʝʛʥʝʪʦʢʝʨʘʤʠʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʦʩʢʦʣʴʢʫ 

ʠʤʝʶʪ ʥʠʟʢʫʶ ʪʦʯʥʦʩʪʴ ʠ ʥʝ ʫʯʠʪʳʚʘʶʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʧʦʪʝʨʠ. 

ʈʘʥʝʝ ʥʘʤʠ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʘʥʘʣʠʟʘ ʜʦʤʝʥʥʦ-

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʝʛʥʝʪʦʧʴʝʟʦʢʝʨʘʤʠʢʝ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ 

ʠʤʧʝʜʘʥʩʥʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠ ʘʥʘʣʠʟʝ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ [1]. 

ʇʨʝʜʣʦʞʝʥʥʳʡ ʤʝʪʦʜ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʫʶ ʪʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʥʘʙʦʨʦʚ 

ʢʦʤʧʣʝʢʩʥʳʭ ʫʧʨʫʛʠʭ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʠ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʩʝʛʥʝʪʦʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʘ ʪʘʢʞʝ ʠʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʚʥʝʰʥʠʭ 

ʚʦʟʜʝʡʩʪʚʠʷʭ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ 

ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʨʝʣʘʢʩʘʮʠʠ ʚ ʩʝʛʥʝʪʦʤʷʛʢʦʡ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʩʦʩʪʘʚʘ 
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PbTi0.45Zr0.53(W1/2Cd1/2)0.02O3 ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ. ɺʳʧʦʣʥʝʥʳ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ (kt ʠ kp) ʠ ʫʧʨʫʛʠʭ 

ʧʦʩʪʦʷʥʥʳʭ (C33
D ʠ S11

E) ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʟʥʘʯʝʥʠʷʭ ʧʨʠʣʦʞʝʥʥʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷʭ ʧʦʣʷʨʠʟʘʮʠʠ. ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ 

ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʠ ʘʥʘʣʠʟ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʜʣʷ ʨʘʜʠʘʣʴʥʦʡ ʠ 

ʪʦʣʱʠʥʥʦʡ ʤʦʜ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʠʭ ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʠʭ ʜʠʩʢʦʚ ʩʝʛʥʝʪʦʤʷʛʢʦʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʚʳʧʦʣʥʷʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʥʘʣʠʟʘʪʦʨʘ ʠʤʧʝʜʘʥʩʘ Agilent 4294A ʩ ʠʥʪʝʛʨʠʨʦʚʘʥʥʳʤ 

ʤʦʜʫʣʝʤ ʧʦʩʪʦʷʥʥʦʛʦ ʥʘʧʨʷʞʝʥʠʷ (Ñ 40 ɺ). ɼʣʷ ʘʥʘʣʠʟʘ ʧʴʝʟʦʨʝʟʦʥʘʥʩʥʳʭ 

ʩʧʝʢʪʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʤʦʜʫʣʴ ʩʙʦʨʘ ʜʘʥʥʳʭ PRAP [2] ʜʣʷ ʩʢʘʥʠʨʦʚʘʥʠʷ ʚ 

ʧʦʩʪʦʷʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ. ɺʨʝʤʷ ʚʳʙʦʨʢʠ ʠʤʧʝʜʘʥʩʥʳʭ ʩʧʝʢʪʨʦʚ ʙʳʣʦ 

ʨʘʚʥʳʤ 3 ʩ. ʇʨʠʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩʫʥʢʝ. 

 
ʈʠʩʫʥʦʢ. ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ (ʘ) ʠ ʤʥʠʤʦʡ (ʙ) ʯʘʩʪʝʡ ʨʘʜʠʘʣʴʥʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʦʡ ʩʚʷʟʠ ʨʘʜʠʘʣʴʥʦʡ ʤʦʜʳ ʢʦʣʝʙʘʥʠʡ ʪʦʥʢʦʛʦ 

ʧʴʝʟʦʢʝʨʘʤʠʯʝʩʢʦʛʦ ʜʠʩʢʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ,  

ʩʦʚʧʘʜʘʶʱʝʛʦ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʧʦʣʷʨʠʟʘʮʠʠ 
 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʨʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʢʦʤʧʣʝʢʩʥʳʭ ʵʣʝʢʪʨʦʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʝʛʥʝʪʦʤʷʛʢʦʡ 

ʧʴʝʟʦʢʝʨʘʤʠʢʠ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʩʣʘʙʳʭ ʧʦʩʪʦʷʥʥʳʭ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʣʝʡ, 

ʤʝʥʴʰʠʭ ʢʦʵʨʮʠʪʠʚʥʦʛʦ, ʦʙʫʩʣʦʚʣʝʥ ʦʙʨʘʪʠʤʳʤʠ ʧʝʨʝʦʨʠʝʥʪʘʮʠʷʤʠ 90-̄ʥʳʭ 

(71̄ -, 109̄ -ʥʳʭ) ʜʦʤʝʥʦʚ, ʧʨʠʚʦʜʷʱʠʤʠ ʢ ʠʟʤʝʥʝʥʠʶ ʦʩʪʘʪʦʯʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʠ ʧʨʦʮʝʩʩʘʤʠ ʵʢʨʘʥʠʨʦʚʘʥʠʷ ʧʨʠʣʦʞʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʦʩʠʪʝʣʷʤʠ 

ʦʙʲʝʤʥʦʛʦ ʟʘʨʷʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʤʝʪʦʜ ʢʦʤʧʣʝʢʩʥʦʡ 

ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʦʚ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʤʝʭʘʥʠʟʤʳ ʜʦʤʝʥʥʦ-

ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʧʴʝʟʦʢʝʨʘʤʠʢʝ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 

ʩ ʫʯʝʪʦʤ ʥʝʩʠʥʬʘʟʥʦʛʦ ʦʪʢʣʠʢʘ ʤʘʪʝʨʠʘʣʘ ʥʘ ʚʥʝʰʥʠʝ ʚʦʟʜʝʡʩʪʚʠʷ. 
ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʳʧʦʣʥʝʥʦ ʟʘ ʩʯʝʪ ʛʨʘʥʪʘ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ ˉ 22-11-00302, 

https://rscf.ru/project/22-11-00302/ ʚ ʖʞʥʦʤ ʬʝʜʝʨʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ. 
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2. PRAP (Piezoelectric Resonance Analysis Program). TASI Technical Software Inc. 

(www.tasitechnical.com). 
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4ʂ-ʪ ʪʝʭʥ. ʥʘʫʢ, ʜʦʮʝʥʪ, e-mail: natdatsenko@mail.ru 
1ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 

2ʆʆʆ ç ʀʥʚʝʩʪʠʮʠʠ ʠ ʪʝʭʥʦʣʦʛʠʠè, ɺʦʨʦʥʝʞ,  ʈʦʩʩʠʷ 
3ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʘʷ ʛʦʩʫʜʘʨʩʪʚʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʩʧʦʨʪʘè 

4ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʥʞʝʥʝʨʥʳʭ ʪʝʭʥʦʣʦʛʠʡè 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʨʝʣʘʢʩʘʮʠʷ ʘʤʧʣʠʪʫʜ ʨʝʘʢʪʠʚʥʳʭ ʠ ʘʢʪʠʚʥʳʭ 

ʩʦʩʪʘʚʣʷʶʱʠʭ ʛʘʨʤʦʥʠʢ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ, ʚʦʟʥʠʢʘʶʱʝʛʦ ʚ ʧʨʦʮʝʩʩʝ ʧʝʨʝʧʦʣʷʨʠʟʘʮʠʠ 

ʢʨʠʩʪʘʣʣʘ Rb2ZnGl4 ʚ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʝ ʧʦʩʣʝ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʦʪʞʠʛʘ. ɺʳʷʚʣʝʥʳ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚʣʠʷʥʠʷ ʜʝʬʝʢʪʦʚ ʥʘ ʥʝʣʠʥʝʡʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʠʥʘʤʠʢʦʡ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʣʷʨʠʟʘʮʠʷ, ʛʘʨʤʦʥʠʯʝʩʢʠʡ ʘʥʘʣʠʟ, ʜʦʤʝʥʥʳʝ ʛʨʘʥʠʮʳ, 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ.  
 

An equivalent electrical replacement circuit of the test sample is represented as 

a parallel inclusion of xC
 capacitance and xG

 conductivity. In this case, it is assumed 

that in the studied crystal samples, due to the application of 
0

( ) sinmE t E t= w

alternating electric field to them with a 
0ɤ  frequency and mE

 amplitude sufficient for 

complete monodomenization of the sample, a current of a complex periodic form 

arises, the density of which is described by a Fourier series: 

0
1

( ) cos( )x k k
k

J t J k t
¤

=

= w - jä , 

where k are the harmonic numbers of the Fourier series, 
k

J
 
ï the amplitude of 

the current density k-harmonic, kjï the phase shift angles between the corresponding 

current harmonics and their reactive components [1]. 

During the isothermal exposure of the test sample at a temperature of 

2,5cT T= - K (
cT ï Curie point), 

k
J

 
and kj are determined by harmonic analysis of 

the )(tJx  current density time dependence. The process of the test sample 

repolarization was carried out in the ferroelectric phase under the )(tE
 influence of a 

0.3 Hz frequency and 51,6 10mE = Ö  V/m amplitude, sufficient for complete 

monodomenization of the sample. The coercive field (
kE ) of the test sample at 

http://www.tasitechnical.com/
mailto:pasternakyg@mail.ru
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temperature 2,5cT T= - K is 50,3 10Ö  V/m. The )(tJx  time dependences and the time 

dependences of the )(tJc  reactive component and the )(tJg  
active component of the 

)(tJx  current density are synthesized by using Mathcad application software package. 

It can be seen from the figure that the currents )(tJg  
and )(tJc  in magnitude and phase 

coincide during the first and third quarters of the )(tE  period.  

 
Figure. The ( )xJ t , ( )cJ t , and ( )gJ t  

 
current densities dependences time 

 

During the second and fourth quarters of the )(tE  period, the currents )(tJg  
and 

)(tJc coincide in magnitude and in phase are in antiphase. Note that the amplitude of 

the first harmonic of the )(tJc  current is much larger than the amplitude of the first 

harmonic of the )(tJg  current. 

Electric annealing [2] was performed with isothermal exposure of the Rb2ZnCl4 

crystal test sample by connecting an alternating electric field (E~) with a frequency of 

about 20 kHz and an amplitude higher than
kE . It is known [2] that the effect of the E~ 

field on the sample leads to a 
kE  decrease, which confirms the process of freeing the 

domain boundaries (DB) from defects. After E~ switching off, an 
kE  increase occurs, 

that is, the reverse process is the process of DB fixing with defects. 

 It is established that after E~ switching off, relaxation of the amplitudes of 

harmonics gJ
 
and cJ  is observed, and relaxation of the amplitudes of harmonics xJ is 

not observed. Thus, it has been experimentally established that in the process of 

relaxation of the domain structure, the amplitudes of xJ
 harmonics remain constant, 

and their corresponding kj angles increase after E~ switching off. 
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ʇʆʃʋʏɽʅʀɽ, ʌɸɿʆɺʓʁ ʉʆʉʊɸɺ ʀ ʉɺʆʁʉʊɺɸ ɼɺʋʍʉʃʆʁʅʓʍ 

ʉʊʈʋʂʊʋʈ BiFeO3/Sr0.4Ba0.6Nb2O6 

 
ɸ.ɺ. ʇʘʚʣʝʥʢʦ1, ɼ.ɺ. ʉʪʨʶʢʦʚ2; ʅ.ɺ. ʄʘʣʦʤʳʞʝʚʘ3 

1ɿʘʚ. ʣʘʙ., antvpr@mail.ru 
2ʉʪʘʨʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, strdl@mail.ru 

3ʄʣʘʜʰʠʡ ʥʘʫʯʥʳʡ ʩʦʪʨʫʜʥʠʢ, nlyahova@sfedu.ru 
1,2ʌʀʎ ʖʅʎ ʈɸʅ 

3ʅʀʀ ʌʠʟʠʢʠ ʖʌʋ 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʘʥʘʣʠʟʫ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ 

ʜʚʫʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʥʘ ʦʩʥʦʚʝ ʤʫʣʴʪʠʬʝʨʨʦʠʢʘ ʬʝʨʨʠʪʘ ʚʠʩʤʫʪʘ ʠ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʘ 

ʥʠʦʙʘʪʘ ʙʘʨʠʷ ʩʪʨʦʥʮʠʷ, ʩʬʦʨʤʠʨʦʚʘʥʥʦʡ ʥʘ ʧʦʜʣʦʞʢʝ MgO(001). ʋʩʪʘʥʦʚʣʝʥʳ ʵʧʠʪʘʢʩʠʘʣʴʥʳʝ 

ʩʦʦʪʥʦʰʝʥʠʷ ʤʝʞʜʫ ʩʣʦʷʤʠ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ ʠ ʧʦʜʣʦʞʢʦʡ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʛʝʪʝʨʦʵʧʠʪʘʢʩʠʷ, ʤʫʣʴʪʠʬʝʨʨʦʠʢ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ. 

 
ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʬʠʟʠʯʝʩʢʦʝ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝ ʥʘʭʦʜʠʪʩʷ ʥʘ ʩʪʘʜʠʠ 

ʙʫʨʥʦʛʦ ʨʘʟʚʠʪʠʷ, ʯʪʦ ʩʚʷʟʘʥʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʩ ʚʦʩʪʨʝʙʦʚʘʥʥʦʩʪʴʶ ʚ ʥʦʚʳʭ 

ʤʘʪʝʨʠʘʣʘʭ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʤʠʢʨʦʵʣʝʢʪʨʦʥʠʢʠ, ʄʕʄʉ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʵʣʝʢʪʨʦʥʠʢʠ. ʆʜʥʠʤʠ ʠʟ ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢʠ ʠ ʤʫʣʴʪʠʬʝʨʨʦʠʢʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʨʝʜʩʪʘʚʣʝʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʚʫʭʩʣʦʡʥʦʡ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ 

ʤʫʣʴʪʠʬʝʨʨʦʠʢ/ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʢ, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʚʳʩʪʫʧʠʣ ʬʝʨʨʠʪ 

ʚʠʩʤʫʪʘ (BiFeO3, BFO) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʠʧʘ ʧʝʨʦʚʩʢʠʪʘ ʠ ʨʝʢʦʨʜʥʦ ʚʳʩʦʢʠʤʠ 

ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ ʚʪʦʨʦʛʦ ï ʥʠʦʙʘʪ ʙʘʨʠʷ-

ʩʪʨʦʥʮʠʷ (Sr0.4Ba0.6Nb2O6, BSN) ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ ʚʦʣʴʬʨʘʤʦʚʦʡ 

ʙʨʦʥʟʳ ʠ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʚʝʣʠʯʠʥʘʤʠ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ. ʊʦʣʱʠʥʘ 

ʢʘʞʜʦʛʦ ʩʣʦʷ ʩʦʩʪʘʚʣʷʣʘ ~ 300 ʥʤ. ɺ ʢʘʯʝʩʪʚʝ ʧʦʜʣʦʞʢʠ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʧʣʘʩʪʠʥʘ MgO ʩʨʝʟʘ (001) ʪʦʣʱʠʥʦʡ 0.5 ʤʤ. ʅʘʧʳʣʝʥʠʝ 

ʧʣʝʥʦʢ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʤʝʪʦʜʦʤ ɺʏ ʢʘʪʦʜʥʦʛʦ ʨʘʩʧʳʣʝʥʠʷ ʥʘ ʫʩʪʘʥʦʚʢʝ çʇʣʘʟʤʘ 

50 ʉʕè ʚ ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʧʨʠ ʜʘʚʣʝʥʠʠ 0.5-0.6 ʊ. ʈʝʥʪʛʝʥʜʠʬʨʘʢʮʠʦʥʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʥʘ ʠʟʤʝʨʠʪʝʣʴʥʦʤ ʢʦʤʧʣʝʢʩʝ ʈʀʂʆʈ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʣʫʯʝʥʥʘʷ ʜʚʫʭʩʣʦʡʥʘʷ 

ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʘ BFO/SBN/MgO(001) ʷʚʣʷʝʪʩʷ ʙʝʩʧʨʠʤʝʩʥʦʡ. ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ɗ-

2ɗ ʩʲʝʤʢʠ, ű-ʩʢʘʥʠʨʦʚʘʥʠʷ ʨʝʬʣʝʢʩʘ (113) ʩʣʦʷ BFO ʠ (221) ʩʣʦʷ SBN ʙʳʣ ʜʦʢʘʟʘʥ 

ʠʭ ʵʧʠʪʘʢʩʠʘʣʴʥʳʡ ʨʦʩʪ. ʇʨʠ ʵʪʦʤ ʚ ʩʣʦʝ SBN ʦʙʥʘʨʫʞʝʥʦ ʬʦʨʤʠʨʦʚʘʥʠʝ ʜʚʫʭ 

ʪʠʧʦʚ ʦʨʠʝʥʪʘʮʠʦʥʥʳʭ ʜʦʤʝʥʦʚ ʩ ʧʦʚʦʨʦʪʦʤ ʦʩʝʡ ʚ ʧʣʦʩʢʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʥʘ 

Ñ18.4Á, ʧʨʠ ʵʪʦʤ ʦʩʠ ʚ ʧʣʦʩʢʦʩʪʠ ʩʦʧʨʷʞʝʥʠʷ ʥʘʧʳʣʝʥʥʦʛʦ ʩʚʝʨʭʫ ʩʣʦʡ BFO 

ʬʦʨʤʠʨʫʝʪʩʷ ʧʘʨʘʣʣʝʣʴʥʦ ʦʩʷʤ ʧʦʜʣʦʞʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʣʦʷ 

BFO ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʠʥʥʦʡ ʩ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʡ ʨʝʣʘʢʩʘʮʠʝʡ ʧʘʨʘʤʝʪʨʦʚ, ʘ ʜʣʷ 

ʩʣʦʷ SBN ʜʝʬʦʨʤʘʮʠʷ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʜʦʩʪʠʛʘʝʪ 0.8% ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʥʦʨʤʘʣʠ 

ʢ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʢʠ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ɻʇ ʄɼ-483.2022.1.2. ʠ ʥʘʫʯʥʦʛʦ ʧʨʦʝʢʪʘ ˉ 

ɻ30110/22-01-ʕʇ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʄʠʥʠʩʪʝʨʩʪʚʘ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ 

ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ.  
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Session 4. Magnetic Field Effect and Magnetic Relaxation 
 

ʋɼʂ 538.955 

 

ɺʃʀʗʅʀɽ ʇʆʉʊʆʗʅʅʆɻʆ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ  

ʅɸ ɼʀʕʃɽʂʊʈʀʏɽʉʂʀɽ ʍɸʈɸʂʊɽʈʀʉʊʀʂʀ 

ʊʈʀɻʃʀʎʀʅʉʋʃʔʌɸʊɸ ʉ ʈɸɿʃʀʏʅʓʄʀ ʇʈʀʄɽʉʗʄʀ 

 
ʆ.ʄ. ɻʦʣʠʮʳʥʘ1, ʉ.ʅ. ɼʨʦʞʜʠʥ2, ɻ.ʉ. ɻʨʠʛʦʨʷʥ3 

1ʂʘʥʜ.ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, golitsynaom@yandex.ru 
2ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʧʨʦʬʝʩʩʦʨ, drozhdin@phys.vsu.ru 

3 ʂʘʥʜ.ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, gri7287@yandex.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 

ɼʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʳʡ ʠ ʧʨʠʤʝʩʥʳʝ ʢʨʠʩʪʘʣʣʳ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ (ʊɻʉ), ʟʘʚʠʩʷʱʝʝ ʦʪ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

ʠ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, ʧʨʠʚʦʜʠʪ ʢ ʜʣʠʪʝʣʴʥʦʤʫ ʠ ʥʝʤʦʥʦʪʦʥʥʦʤʫ  ʠʟʤʝʥʝʥʠʶ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʨʠʩʪʘʣʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ, ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʡ ʢʨʠʩʪʘʣʣ 

ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪ. 

ʆʜʥʦʡ ʠʟ ʤʘʣʦʠʟʫʯʝʥʥʳʭ ʧʨʦʙʣʝʤ ʬʠʟʠʢʠ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʘʛʥʠʪʦʩʪʠʤʫʣʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʭ ʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʚ ʥʝʤʘʛʥʠʪʥʳʭ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʘʭ [1-3].  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ ʩʣʘʙʦʛʦ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ (ʧʦʩʪʦʷʥʥʳʡ ʤʘʛʥʠʪ, ɺ = 0,3 ʊ, ʚʨʝʤʷ ʵʢʩʧʦʟʠʮʠʠ 30 ʤʠʥʫʪ) ʥʘ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ Ů ʥʦʤʠʥʘʣʴʥʦ ʯʠʩʪʦʛʦ ʪʨʠʛʣʠʮʠʥʩʫʣʴʬʘʪʘ 

(ʊɻʉ) -ʭʠʤʠʯʝʩʢʘʷ ʬʦʨʤʫʣʘ (NH2CH2COOH)3ĿH2SO4 ïʦʜʥʦʦʩʥʦʛʦ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʩ ʤʦʜʝʣʴʥʳʤ ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʤ ʬʘʟʦʚʳʤ 

ʧʝʨʝʭʦʜʦʤ II  ʨʦʜʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʊʉ = 49 ʦʉ, ʘ ʪʘʢʞʝ ʜʝʡʪʝʨʠʨʦʚʘʥʥʦʛʦ ʊɻʉ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʜʝʡʪʝʨʠʷ ʚ ʨʘʩʪʚʦʨʝ ~ 80% ï ɼʊɻʉ;   ʊɻʉ ʩ ʧʨʠʤʝʩʴʶ ʠʦʥʦʚ 

ʢʦʙʘʣʴʪʘ Cʦ2+ (ʚʝʩʦʚʦʝ ʩʦʜʝʨʞʘʥʠʝ ʩʦʣʠ ʢʦʙʘʣʴʪʘ ʚ ʨʘʩʪʚʦʨʝ ~10%) -ʊɻʉ+ʉʦ2+; 

ʧʦʜʚʝʨʛʥʫʪʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʤʫ ʦʙʣʫʯʝʥʠʶ ʩ ʫʩʪʦʡʯʠʚʳʤʠ ʨʘʜʠʘʮʠʦʥʥʳʤʠ 

ʜʝʬʝʢʪʘʤʠ ï ʍR-ʊɻʉ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʦʙʣʫʯʝʥʠʝ (CuKŬ , ʵʥʝʨʛʠʷ 30 keV, 

ʵʢʩʧʦʟʠʮʠʦʥʥʘʷ ʤʦʱʥʦʩʪʴ ʜʦʟʳ ND = 240 kRĿh-1 ) ʟʥʘʯʠʪʝʣʴʥʦ  ʧʨʝʜʰʝʩʪʚʦʚʘʣʦ 

ʤʘʛʥʠʪʥʦʤʫ ʚʦʟʜʝʡʩʪʚʠʶ. ʀʟʤʝʨʝʥʠʷ Ů ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʦʪ 20ʦʉ ʜʦ 47 ʦʉ (ʊɻʉ, ʊɻʉ+ʉʦ2+ , ʍR-ʊɻʉ) ʠ 20ʦõ54ʦʉ (ɼʊɻʉ). ʀʩʩʣʝʜʦʚʘʣʦʩʴ 

ʪʘʢʞʝ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ  ʥʘ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʂʶʨʠ ʊʉ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

1) ɼʣʷ ʊɻʉ, ɼʊɻʉ ʠ ʍR-ʊɻʉ ʤʘʛʥʠʪʥʳʡ ʵʬʬʝʢʪ ʩʫʱʝʩʪʚʝʥʥʦ ʘʥʠʟʦʪʨʦʧʝʥ 

ʠ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ɺ ʠ PS : ʵʬʬʝʢʪ ʧʦʣʥʦʩʪʴʶ 

ʦʪʩʫʪʩʪʚʫʝʪ, ʢʦʛʜʘ ʚʝʢʪʦʨʳ ɺ ʠ PS ʢʦʣʣʠʥʝʘʨʥʳ. ɼʣʷ ʊɻʉ ʦʥ ʥʘʠʙʦʣʝʝ ʩʠʣʴʥʦ 

ʚʳʨʘʞʝʥ, ʢʦʛʜʘ ɺ ʠ PS ʚʟʘʠʤʥʦ ʦʨʪʦʛʦʥʘʣʴʥʳ ʠ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʨʠʝʥʪʠʨʦʚʘʥʦ 

ʚʜʦʣʴ ʢʨʠʩʪʘʣʣʦʬʠʟʠʯʝʩʢʦʡ ʦʩʠ ʘ, ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ɺ  ʚʜʦʣʴ ʦʩʠ ʩ ʢʨʠʩʪʘʣʣʘ 

ʵʬʬʝʢʪ ʚʳʨʘʞʝʥ ʩʣʘʙʝʝ.  ɼʣʷ ʢʨʠʩʪʘʣʣʦʚ ɼʊɻʉ ʠ  ʍR-ʊɻʉ ʧʨʠ ʩʦʚʤʝʱʝʥʠʠ  ɺ ʩ 
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ʦʩʴʶ ʩ ʵʬʬʝʢʪ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ;  ʚ ʢʨʠʩʪʘʣʣʝ ʊɻʉ+ʉʦ2+ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʝʪʩʷ 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʦʨʠʝʥʪʘʮʠʠ ʚʝʢʪʦʨʦʚ ɺ ʠ PS . 

2) ɺʨʝʤʝʥʥ·ʝ ʧʦʚʝʜʝʥʠʝ Ů ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʢʨʠʩʪʘʣʣ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʥʝʤʦʥʦʪʦʥʥʦʝ: ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩʥʘʯʘʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʡ ʨʦʩʪ ʟʥʘʯʝʥʠʡ Ů. ʕʢʩʪʨʝʤʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʫʢʘʟʘʥʥʳʡ ʧʘʨʘʤʝʪʨ 

ʜʦʩʪʠʛʘʝʪ ʧʨʠʤʝʨʥʦ ʯʝʨʝʟ 30  ʯʘʩʦʚ (ʊɻʉ), ʙʦʣʝʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ 

ʟʥʘʯʝʥʠʡ Ů ʧʨʦʠʩʭʦʜʠʪ ʚ ʢʨʠʩʪʘʣʣʝ ʊɻʉ+ʉʦ2+ (~50 ʯʘʩʦʚ). ɺ ʢʨʠʩʪʘʣʣʘʭ ɼʊɻʉ ʠ  

ʍR-ʊɻʉ ɻ ʪʠ ʧʨʦʮʝʩʩʳ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ ʠ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʳ (ʥʝ ʙʦʣʝʝ 10 ʯʘʩʦʚ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʧʨʦʠʩʭʦʜʠʪ ʜʣʠʪʝʣʴʥʦʝ (ʜʝʩʷʪʢʠ ʯʘʩʦʚ) ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʭ 

ʠʩʭʦʜʥʳʭ ʟʥʘʯʝʥʠʡ (ʈʠʩʫʥʦʢ). 

 

 
ʈʠʩʫʥʦʢ. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ Ů ʢʨʠʩʪʘʣʣʘ ʊɻʉ  

ʜʦ ʧʦʤʝʱʝʥʠʷ ʦʙʨʘʟʮʘ ʚ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʠ ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ ʚʨʝʤʝʥʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ 

ʦʙʨʘʟʮʘ ʠʟ ʧʦʣʷ 

 

ʈʝʣʘʢʩʘʮʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ ʥʘʙʣʶʜʘʝʤʳʭ ʵʬʬʝʢʪʦʚ ʤʦʞʝʪ ʫʢʘʟʳʚʘʪʴ ʥʘ 

ʫʯʘʩʪʠʝ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʘʭ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʢʨʠʩʪʘʣʣʘ, ʝʛʦ ʟʘʨʷʜʦʚʦʡ 

ʧʦʜʩʠʩʪʝʤʳ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʳʭ ʬʘʢʪʦʨʦʚ, ʩʚʷʟʳʚʘʝʤʳʭ ʩ ʠʟʤʝʥʝʥʠʝʤ 

ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  
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ʌʆʈʄɸʃʀɿʆɺɸʅʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ 

ʆɹʈɸɿʆɺɸʅʀʗ ʌʀɿʀʏɽʉʂʆʁ ʉɽʊʂʀ ɺ ɹʀʆʂʆʄʇʆɿʀʊɽ ʇʆʉʃɽ 

ʆɹʈɸɹʆʊʂʀ ʀʄʇʋʃʔʉʅʓʄ ʄɸɻʅʀʊʅʓʄ ʇʆʃɽʄ 
 

ʅ.ʉ. ʂʘʤʘʣʦʚʘ 

ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, ʜʦʮʝʥʪ, meetvgltu3@vglta.vrn.ru 

ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʣʝʩʦʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ  

ʠʤʝʥʠ ɻ.ʌ. ʄʦʨʦʟʦʚʘè, ɺʦʨʦʥʝʞ, ʈʦʩʩʠʷ 

 

ɺ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʜʠʥʘʤʠʢʠ ʠʟʤʝʥʝʥʠʷ ʪʚʝʨʜʦʩʪʠ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʪʨʝʭʩʪʦʨʦʥʥʠʤ ʩʞʘʪʠʝʤ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʥʳʤ 

ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʚʳʷʚʣʝʥ ʤʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʝʪʢʠ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʉ-ʆ-ʉ ʤʝʞʜʫ ʤʘʢʨʦʤʦʣʝʢʫʣʘʤʠ ʮʝʣʣʶʣʦʟʳ. ʄʝʪʦʜʦʤ 

ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʚ ʨʘʤʢʘʭ ʘʥʘʣʠʟʘ ʵʥʪʨʦʧʠʠ ʚʳʷʚʣʝʥ ʚʦʟʤʦʞʥʳʡ ʭʘʨʘʢʪʝʨ 

ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʪʚʝʨʜʦʩʪʠ ʙʠʦʢʦʤʧʦʟʠʪʘ ʦʪ ʚʨʝʤʝʥʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʦʙʨʘʙʦʪʢʘ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ 

ʤʦʜʝʣʠʨʦʚʘʥʠʝ, ʙʠʦʢʦʤʧʦʟʠʪʳ, ʥʘʜʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ. 

 

ʈʘʥʝʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʜʪʚʝʨʞʜʘʶʱʠʝ ʪʦʪ 

ʬʘʢʪ, ʯʪʦ ʚ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ ʦʙʨʘʟʫʶʪʩʷ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʝ ʩʚʷʟʠ ʉ-ʆ-ʉ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʮʝʣʶʣʦʟʳ ʚ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʝ ʙʝʨʝʟʳ [1-2].  

 
ʈʠʩʫʥʦʢ. ɼʠʥʘʤʠʢʘ ʠʟʤʝʥʝʥʠʷ ʪʦʨʮʝʚʦʡ ʪʚʝʨʜʦʩʪʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʙʝʨʝʟʳ 

ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ 

 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʦʙʨʘʙʦʪʢʠ ʜʣʷ ʚʩʝʭ ʦʙʨʘʟʮʦʚ ʩʦʩʪʘʚʣʷʣʘ 30 ʩ (ʧʨʠ ʜʣʠʪʝʣʴʥʦʩʪʠ 

ʠʤʧʫʣʴʩʘ t1 = 30 ʤʢʩ). ʇʨʠ ʵʪʦʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʪʚʝʨʜʦʩʪʴ 

ʦʙʨʘʟʮʦʚ ʜʦʩʪʠʛʘʣʘ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʯʝʨʝʟ ʜʦʩʪʘʪʦʯʥʦ ʜʣʠʪʝʣʴʥʳʡ 

ʧʨʦʤʝʞʫʪʦʢ ʚʨʝʤʝʥʠ (ʩʤ. ʨʠʩʫʥʦʢ 1). ʕʪʦʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʡ ʬʘʢʪ 

ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʙʲʷʩʥʠʪʴ ʪʝʤ, ʯʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʩʝʪʢʠ 

ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ ʧʣʦʱʘʜʴʶ ů ʫʤʝʥʴʰʘʝʪ ʧʦʜʚʠʞʥʦʩʪʴ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ V ʬʦʨʤʠʨʫʷ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʷʚʣʝʥʠʷ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ, 
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ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʪʦʨʮʝʚʫʶ ʪʚʝʨʜʦʩʪʴ ʦʙʨʘʟʮʦʚ ʙʠʦʢʦʤʧʦʟʠʪʘ.  ɺ 

ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʜʣʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʚʝʨʦʷʪʥʦʩʪʠ 

ʥʦʚʦʛʦ ʤʘʢʨʦʩʦʩʪʦʷʥʠʷ ʩʣʦʷ ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ:  

)ln(lnln
*

*

* N

NN

N

N
W

-
-=q      (1) 

ʛʜʝ N, N*-ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ ʠ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦ 

ʚʦʟʤʦʞʥʦʝ ʯʠʩʣʦ ʚ ʫʩʣʦʚʠʷʭ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʘ ɗ-ʢʦʣʠʯʝʩʪʚʦ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʚʦʟʤʦʞʥʳʭ ʩʦʩʪʦʷʥʠʡ ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʩʣʦʝ. ʉ ʫʯʝʪʦʤ 

ʩʦʦʪʥʦʰʝʥʠʷ ɹʦʣʴʮʤʘʥʘ Si=kɹlnW (kɹ=1,38Ŀ10
-23ɼʞ/ʂ)  ʵʣʝʤʝʥʪʘʨʥʦʝ ʠʟʤʝʥʝʥʠʝ 

ʵʥʪʨʦʧʠʠ S ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ: 
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ʛʜʝ ŭA-ʬʘʢʪʦʨ ʚʣʠʷʥʠʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʝʞʤʦʣʝʢʫʣʷʨʥʳʭ ʩʚʷʟʝʡ. ʉʦʦʪʥʦʰʝʥʠʝ 

(2) ʤʦʞʥʦ ʧʨʝʦʙʨʘʟʦʚʘʪʴ ʢ ʜʠʬʝʨʝʥʮʠʘʣʴʥʦʤʫ ʫʨʘʚʥʝʥʠʶ, ʢʦʪʦʨʦʝ ʠʤʝʝʪ 

ʘʥʘʣʠʪʠʯʝʩʢʦʝ ʨʝʰʝʥʠʝ ʧʨʠ ʫʩʣʦʚʠʠ, ʯʪʦ ʚ ʣʠʥʛʦʫʛʣʝʚʦʜʥʦʡ ʤʘʪʨʠʮʝ 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʡ ʜʨʝʚʝʩʠʥʳ ʠʤʝʝʪʩʷ N0 ʫʟʣʦʚ ʚ ʤʦʤʝʥʪ ʦʙʨʘʙʦʪʢʠ 

ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʇʦʩʢʦʣʴʢʫ ʪʦʨʮʝʚʘʷ ʪʚʝʨʜʦʩʪʴ ʧʨʷʤʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʯʠʩʣʫ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ, ʪʦ ʜʣʷ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʪʚʝʨʜʦʩʪʠ: 
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 ʛʜʝ Ŭ=ŭAV/(ůɗkɹT)-ʧʘʨʘʤʝʪʨ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʝʪʢʠ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ ʧʦ 

ʩʫʪʠ ʦʧʨʝʜʝʣʷʝʤʳʡ ʚʨʝʤʝʥʝʤ ʝʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʦʪʥʦʰʝʥʠʝʤ ʬʘʢʪʦʨʘ ʚʣʠʷʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢ ʪʝʧʣʦʚʦʡ ʵʥʝʨʛʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ (T), ʘ ɖ=1/ 

N*ʦʧʨʝʜʝʣʷʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ ʚ ʫʩʣʦʚʠʷʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɺʳʯʠʩʣʠʪʝʣʴʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʩʷ ʤʝʪʦʜʦʤ ʦʧʪʠʤʠʟʘʮʠʠ 

ʢʨʠʪʝʨʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʅʵʰʘ-ʉʘʪʢʣʠʬʬʘ (ʄɽ) [3]. 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʝʛʦ ʤʘʢʩʠʤʘʣʴʥʘʷ ʚʝʣʠʯʠʥʘ ʜʣʷ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ (ʩʤ. ʨʠʩʫʥʦʢ) ʩʦʩʪʘʚʣʷʝʪ 0,98, ʧʨʠ ʵʪʦʤ ʚʨʝʤʷ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʩʝʪʢʠ ʠʟ ʫʟʣʦʚ ʟʘʮʝʧʣʝʥʠʷ Ű=1/Ŭ ʩʦʩʪʘʚʣʷʝʪ 1,93 ʯʘʩʘ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ ʬʦʨʤʘʣʠʟʦʚʘʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʚ ʨʘʤʢʘʭ ʢʣʘʩʩʠʯʝʩʢʦʡ 

ʪʝʨʤʦʜʠʥʘʤʠʢʠ ʧʦʟʚʦʣʷʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʫʟʣʦʚ 

ʟʘʮʝʧʣʝʥʠʷ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ ʠʤʧʫʣʴʩʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʧʦʣʝʤ. 
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ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè  

 

ɺ ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʦʚ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʦʡ ʣʝʥʪʳ 

ʩʦʩʪʘʚʘ Fe66Co0.9Ni1B26,5Si5,6 ʚ ʚʠʜʝ ʫʟʢʠʭ ʧʦʣʦʩʦʢ ʥʘ ʝʝ ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ, 

ʠʟʤʝʨʝʥʥʳʝ ʧʦ ʯʘʩʪʥʳʤ ʧʝʪʣʷʤ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ. ɺʝʣʠʯʠʥʘ ʧʣʦʪʥʦʩʪʠ ʧʦʩʪʦʷʥʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʦʙʨʘʙʦʪʢʠ ʠʟʤʝʥʷʣʘʩʴ ʚ ʠʥʪʝʨʚʘʣʝ j= 0 õ 30 ʄɸ/ʤ2. ʆʙʨʘʙʦʪʢʘ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 2 ʤʠʥʫʪ. ʎʝʣʴʶ ʦʙʨʘʙʦʪʢʠ ʷʚʣʷʣʦʩʴ ʢʘʢ ʩʥʷʪʠʝ 

ʟʘʢʘʣʦʯʥʳʭ ʥʘʧʨʷʞʝʥʠʡ ʚ ʣʝʥʪʝ, ʪʘʢ ʠ ʥʘʚʝʜʝʥʠʝ ʚ ʥʝʡ ʩʧʠʨʘʣʝʚʠʜʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʅʘ 

ʟʘʚʠʩʠʤʦʩʪʷʭ ʢʦʵʨʮʠʪʠʚʥʦʡ ʩʠʣʳ ʅʩ ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʧʨʠʣʦʞʝʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅmax, 

ʦʩʪʘʪʦʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Br ʦʪ ʅmax ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 ʫʯʘʩʪʢʘ: ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʅʩ(ʅmax), Br(ʅmax), ʥʘ ʚʪʦʨʦʤ ï ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʅʩ(ʅmax), 

Br(ʅmax). 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʘʤʦʨʬʥʳʝ ʣʝʥʪʳ, ʯʘʩʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ. 

  

ʇʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʡ ʦʙʨʘʙʦʪʢʠ ʧʦʩʪʦʷʥʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ j= 0 õ 30 ʄɸ/ʤ2 ʦʙʨʘʟʮʦʚ 

ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʦʡ ʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʣʝʥʪʳ ʩʦʩʪʘʚʘ Fe66Co0.9Ni1B26,5Si5,6, ʥʘ 

ʜʠʥʘʤʠʯʝʩʢʠʝ ʤʘʛʥʠʪʥʳʝ ʧʘʨʘʤʝʪʨʳ (ʢʦʵʨʮʠʪʠʚʥʘʷ ʩʠʣʘ ʅʩ, ʦʩʪʘʪʦʯʥʘʷ 

ʠʥʜʫʢʮʠʠ Br, ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʘʷ ʤʘʛʥʠʪʥʘʷ  ʧʨʦʥʠʮʘʝʤʦʩʪʴ ɛd, ʠʟʤʝʨʝʥʥʳʭ ʧʦ 

ʯʘʩʪʥʳʤ ʧʝʪʣʷʤ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ [1].  ʀʟʤʝʨʝʥʠʷ ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ 

ʠʥʜʫʢʮʠʦʥʥʳʤ ʤʝʪʦʜʦʤ.  

 

 
ʘ)      ʙ) 

ʈʠʩ. 1. ʏʘʩʪʥʳʝ ʧʝʪʣʠ ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʣʝʥʪ, ʧʨʦʰʝʜʰʠʭ ʦʙʨʘʙʦʪʢʫ 

ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʧʣʦʪʥʦʩʪʠ (ʘ - j= 20,7 ʄɸ/ʤ2, ʙ - j= 27,6 ʄɸ/ʤ2) 

mailto:ryu888@yandex.ru
mailto:natek@mail.ru
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ʅʘ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ Br(Bmax), ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 

ʭʘʨʘʢʪʝʨʥʳʭ ʫʯʘʩʪʢʘ: ʧʝʨʚʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʘʥ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ 

ʛʨʘʥʠʮ ʚ ʣʝʥʪʝ ʧʨʠ ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʠ, ʚʪʦʨʦʡ ʫʯʘʩʪʦʢ ï ʩ ʧʨʦʮʝʩʩʘʤʠ ʧʦʚʦʨʦʪʘ 

ʚʝʢʪʦʨʦʚ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʥʝʰʥʝʛʦ ʧʦʣʷ. ʉ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʦʙʨʘʙʦʪʢʠ ʦʙʨʘʟʮʦʚ ʜʦ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ j=27,6 ʄɸ/ʤ2, 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ Br(Bmax), ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʩʤʝʱʝʥʠʝʤ 

ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʥʘʯʘʣʦʤ ʧʨʦʮʝʩʩʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʦʙʨʘʟʮʘ ʧʨʠ ʜʘʥʥʦʡ ʧʣʦʪʥʦʩʪʠ ʪʦʢʘ ʝʛʦ ʦʙʨʘʙʦʪʢʠ.  

ʅʘ ʟʘʚʠʩʠʤʦʩʪʷʭ ʅʩ(ʅmax), Br(ʅmax) ʠ ɛd(ʅmax) ʪʘʢʞʝ ʤʦʞʥʦ ʚʳʜʝʣʠʪʴ 2 

ʫʯʘʩʪʢʘ: ʥʘ ʧʝʨʚʦʤ ʫʯʘʩʪʢʝ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʠʡ ʨʦʩʪ ʅʩ(ʅmax), Br(ʅmax) ʠ ɛd(ʅmax), 

ʥʘ ʚʪʦʨʦʤ ï ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʡ ʨʦʩʪ ʅʩ(ʅmax), Br(ʅmax) ʠ ʫʤʝʥʴʰʝʥʠʝ ɛd(ʅmax). 

ʅʘʣʠʯʠʝ ʧʝʨʚʦʛʦ ʫʯʘʩʪʢʘ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ, 

ʥʘʣʠʯʠʝ ʚʪʦʨʦʛʦ ʫʯʘʩʪʢʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʩʪʨʦʡʢʝ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʦʙʣʘʩʪʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ ʚʳʩʦʢʦʡ ʜʠʩʧʝʨʩʠʝʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ. ʅʘ 

ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʪʦʤ, ʯʪʦ 

ʦʙʨʘʙʦʪʢʘ ʧʦʩʪʦʷʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʦʡ ʣʝʥʪʳ ʩʦʩʪʘʚʘ 

Fe66Co0.9Ni1B26,5Si5,6, ʥʝ ʥʘʚʦʜʠʪ ʦʜʥʦʨʦʜʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʚ 

ʠʩʩʣʝʜʫʝʤʳʭ ʣʝʥʪʘʭ. ɺʦʟʤʦʞʥʦʡ ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʫʛʣʦʚʦʡ ʠ ʘʤʧʣʠʪʫʜʥʦʡ ʜʠʩʧʝʨʩʠʠ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ, 

ʩʚʷʟʘʥʥʦʡ ʩ ʨʘʟʣʠʯʥʳʤ (ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤ) ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʭ ʧʦʚʝʨʭʥʦʩʪʷʭ ʣʝʥʪ ʧʨʠ ʠʭ ʦʙʨʘʙʦʪʢʝ ʧʦʩʪʦʷʥʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ʇʨʠ ʵʪʦʤ ʚ ʦʙʲʝʤʝ ʣʝʥʪʳ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʪʝʧʝʥʥʘʷ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ ʚʝʢʪʦʨʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʘ 1800. 
 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ Br, ʠʟʤʝʨʝʥʥʦʡ ʧʦ ʯʘʩʪʥʳʤ ʧʝʪʣʷʤ 

ʤʘʛʥʠʪʥʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ, ʦʪ ʤʘʢʩʠʤʘʣʴʥʦʡ Bmax ʜʣʷ ʣʝʥʪ, ʧʨʦʰʝʜʰʠʭ ʦʙʨʘʙʦʪʢʫ ʧʦʩʪʦʷʥʥʳʤ 

ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ ʨʘʟʣʠʯʥʦʡ ʧʣʦʪʥʦʩʪʠ j 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʢʫʣʢʠʥʘ ʅ.ɸ. ʊʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʠ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ 

ʤʘʛʥʠʪʦʤʷʛʢʠʭ ʩʧʣʘʚʦʚ / ʅ.ɸ. ʉʢʫʣʢʠʥʘ,  ʆ.ɸ. ʀʚʘʥʦʚ, ɽ.ɸ. ʉʪʝʧʘʥʦʚʘ // ɽʢʘʪʝʨʠʥʙʫʨʛ, ʋʨʌʋ, 

ï 2019. ï 154 ʩ.   
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ʋɼʂ: 537.62 

 

ɺʃʀʗʅʀɽ ʇʃɸʉʊʀʏɽʉʂʆʁ ɼɽʌʆʈʄɸʎʀʀ ʅɸ ʄɸɻʅʀʊʅʓɽ 

ʉɺʆʁʉʊɺɸ ʇʈʆɺʆʃʆʂ CoFeNbSiB 

 
ʅ.ɸ. ʃ -ʁʶ 1, ʅ.ɺ. ʄʦʨʦʟʦʚʘ2, ʉ.ʄ. ɿʫʙʨʠʮʢʠʡ 3, ɸ.ɺ. ɻʘʚʨʠʣʶʢ 4, 

ɽ.ɸ. ɻʦʣʳʛʠʥ 5, ɸ. ɸ. ɻʘʚʨʠʣʶʢ6 
1ɸʩʧʠʨʘʥʪ, ryu888@yandex.ru 

2ʂ-ʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, natek@mail.ru 
3ʂ-ʪ ʬʠʟ.-ʤʘʪ. ʥʘʫʢ, szubr58@gmail.com 

4ʂ-ʪ ʬʠʟ-ʤʘʪ. ʥʘʫʢ, egolygin2011@gmail.com 
5ʂ-ʪ ʬʠʟ-ʤʘʪ. ʥʘʫʢ, zubr@api.isu.ru 

6ɼ-ʨ. ʬʠʟ-ʤʘʪ. ʥʘʫʢ, zubr@api.isu.ru 

ʌɻɹʆʋ ɺʆ çʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 

 
ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʥʘʤʠʯʝʩʢʠʭ ʤʘʛʥʠʪʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ 

ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢ ʩʦʩʪʘʚʘ Co66Fe4Nb2.5Si12.5B15 ʦʙʨʘʙʦʪʘʥʥʳʭ ʧʦʩʪʦʷʥʥʳʤ 
ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʪʦʢʦʤ. ɺʳʷʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ ʦʪ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʝʪʘʣʣʠʯʝʩʢʠʝ ʧʨʦʚʦʣʦʢʠ, ʪʝʨʤʦʤʘʛʥʠʪʥʘʷ ʦʙʨʘʙʦʪʢʘ, ʧʨʦʮʝʩʩʳ 

ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ. 

 

ʀʟʚʝʩʪʝʥ ʤʝʪʦʜ [1,2] ʦʧʨʝʜʝʣʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ 

ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʬʝʨʨʦʤʘʛʥʠʪʥʳʭ ʤʘʪʝʨʠʘʣʘʭ ʧʦ ʯʘʩʪʥʳʤ ʧʝʪʣʷʤ  

ʛʠʩʪʝʨʝʟʠʩʘ. ɺ ʦʩʥʦʚʝ ʝʛʦ ʣʝʞʠʪ ʘʥʘʣʠʟ ʟʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʠʥʜʫʢʮʠʠ 

ʦʙʨʘʟʮʘ Br ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʜʣʷ ʯʘʩʪʥʦʡ ʧʝʪʣʠ  ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ 

Bm. ʄʝʪʦʜʠʢʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʜʣʷ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʣʝʥʪ, ʧʨʠʤʝʥʝʥʘ ʜʣʷ 

ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢ ʩʦʩʪʘʚʘ 

Co66Fe4Nb2.5Si12.5B15 ʜʣʠʥʦʡ 0,09 ʤ, ʜʠʘʤʝʪʨʦʤ 155 ʤʢʤ. ɿʥʘʯʝʥʠʝ ʢʦʥʩʪʘʥʪʳ 

ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʠ ɚS ʧʨʦʚʦʣʦʢ ʚ ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ~10ï7. ʅʘʚʝʜʝʥʠʝ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʚ ʧʨʦʚʦʣʦʢʘʭ ʧʨʦʚʦʜʠʣʦʩʴ ʧʫʪʝʤ ʧʨʦʧʫʩʢʘʥʠʷ ʧʦ ʥʠʤ  

ʧʦʩʪʦʷʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ ʧʣʦʪʥʦʩʪʴʶ j=38,7 ʄɸ/ʤ2 ʥʘ ʚʦʟʜʫʭʝ ʚ ʪʝʯʝʥʠʝ 

2 ʤʠʥʫʪ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʧʨʠʣʦʞʝʥʠʝʤ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 5,3 ʜʦ 106 ʄʇʘ. ɿʥʘʯʝʥʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʧʨʦʚʦʣʦʢ ȹl/l0 

ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ ʨʘʩʪʷʛʠʚʘʶʱʠʭ ʥʘʧʨʷʞʝʥʠʡ ů ʠʟʤʝʥʷʣʦʩʴ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 0,23 

(ů = 5,3 ʄʇʘ) ʜʦ 4,47 % (ů = 106 ʄʇʘ). ʇʦʩʣʝ ʥʘʚʝʜʝʥʠʷ ʧʣʘʩʪʠʯʝʩʢʦʡ 

ʜʝʬʦʨʤʘʮʠʠ ʦʧʨʝʜʝʣʷʣʠʩʴ ʟʘʚʠʩʠʤʦʩʪʠ Br(Bm).  

ʅʘ ʨʠʩ. 1 (a, ʙ) ʧʨʠʚʝʜʝʥʳ ʯʘʩʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʠʩʭʦʜʥʳʭ ʚ 

ʧʣʘʩʪʠʯʝʩʢʠ ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢ ʧʨʠ ȹl/l0=4,47 (ʛʜʝ l0 ï ʜʣʠʥʘ 

ʥʝʜʝʬʦʨʤʠʨʦʚʘʥʥʦʡ ʧʨʦʚʦʣʦʢʠ, ȹl=lïl0 ï ʠʟʤʝʥʝʥʠʝ ʜʣʠʥʳ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʜʝʬʦʨʤʘʮʠʠ). ʆʩʥʦʚʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʧʣʘʩʪʠʯʝʩʢʠ 

ʜʝʬʦʨʤʠʨʦʚʘʥʥʳʭ ʧʨʦʚʦʣʦʢʘʭ ʷʚʣʷʶʪʩʷ ʧʨʦʮʝʩʩʳ ʧʦʚʦʨʦʪʘ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ. 

ʅʘ ʨʠʩ. 2 ʧʨʠʚʝʜʝʥʳ ʟʘʚʠʩʠʤʦʩʪʠ Br(Bm). ɺʳʷʚʣʝʥʳ ʜʚʘ ʫʯʘʩʪʢʘ ʩ ʨʘʟʥʳʤ ʫʛʣʦʤ 

ʥʘʢʣʦʥʘ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʦʩʠ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʅ. ʇʝʨʚʳʡ ʫʯʘʩʪʦʢ ʩʚʷʟʘʥ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʝʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʚʦʣʦʢʠ, ʘ ʚʪʦʨʦʡ ʩ 

ʧʨʦʮʝʩʩʘʤʠ ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʚ ʷʜʨʝ ʧʨʦʚʦʣʦʢʠ. ʇʣʘʩʪʠʯʝʩʢʘʷ 
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ʜʝʬʦʨʤʘʮʠʷ ʠʟʤʝʥʷʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʚ ʧʨʦʚʦʣʦʢʘʭ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʙʲʝʤ ʠʭ ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʡ ʦʙʣʘʩʪʠ ʠ ʫʤʝʥʴʰʘʝʪ  ʦʙʲʝʤ ʷʜʨʘ. ʇʨʠ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ʣʝʥʪ Br ʙʣʠʟʢʘ ʢ ʥʫʣʶ, ʘ ʧʨʦʮʝʩʩʳ 

ʩʤʝʱʝʥʠʷ ʜʦʤʝʥʥʳʭ ʛʨʘʥʠʮ ʥʘʯʠʥʘʶʪ ʧʨʦʪʝʢʘʪʴ ʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʚʳʩʦʢʠʭ ʅ.  

 

 
ʈʠʩ. 1. ʏʘʩʪʥʳʝ ʧʝʪʣʠ ʛʠʩʪʝʨʝʟʠʩʘ ʙʳʩʪʨʦʟʘʢʘʣʝʥʥʳʭ ʧʨʦʚʦʣʦʢ ʩʦʩʪʘʚʘ Co66Fe4Nb2.5Si12.5B15. 

ʘ ï ʚ ʦʪʩʫʪʩʪʚʠʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, ʙ - ʧʨʠ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ ȹl/l0=4,47% 

 

 
ʈʠʩ. 2. ɿʘʚʠʩʠʤʦʩʪʠ ʦʩʪʘʪʦʯʥʦʡ ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Br ʦʪ ʚʝʣʠʯʠʥʳ ʤʘʢʩʠʤʘʣʴʥʦʡ 

ʤʘʛʥʠʪʥʦʡ ʠʥʜʫʢʮʠʠ Bm ʯʘʩʪʥʳʭ ʧʝʪʝʣʴ ʛʠʩʪʝʨʝʟʠʩʘ ʧʨʦʚʦʣʦʢ ʩʦʩʪʘʚʘ Co66Fe4Nb2.5Si12.5B15, 

ʧʨʦʰʝʜʰʠʭ ʧʣʘʩʪʠʯʝʩʢʫʶ ʜʝʬʦʨʤʘʮʠʶ 

 

ʃʠʪʝʨʘʪʫʨʘ 

1. ʉʢʫʣʢʠʥʘ ʅ.ɸ. ʇʨʦʮʝʩʩʳ ʥʘʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʣʝʥʪʘʭ ʘʤʦʨʬʥʳʭ ʤʘʛʥʠʪʦʤʷʛʢʠʭ 

ʩʧʣʘʚʦʚ / ʅ.ɸ. ʉʢʫʣʢʠʥʘ, ʆ.ɸ. ʀʚʘʥʦʚ, ɸ.ʂ. ʄʘʟʝʝʚʘ, ʇ.ɸ. ʂʫʟʥʝʮʦʚ, ɽ.ɸ. ʉʪʝʧʘʥʦʚʘ, ʆ.ɺ. 

ɹʣʠʥʦʚʘ, ɽ.ɸ. ʄʠʭʘʣʠʮʳʥʘ // ʌʄʄ. ï 2018. ï ʊ.119, ˉ.2. ï C. 137-143.  

2. Skulkina N.A. Cooling  rate upon  in  air  heat treatment and magnetic properties of 

amorphous soft magnetic alloys / O.A. Ivanov, N.D. Denisov, V.I. Chekis // JMMM. ï 2019. ï V.470. 

- P. 156-158.  
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ʋɼʂ 537.868.3, 537.9 
 

ɺʃʀʗʅʀɽ ʄɸɻʅʀʊʅʆɻʆ ʇʆʃʗ ʅɸ ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ 

ʇʈʆʎɽʉʉʓ ɺ ʉʃʆʀʉʊʆʄ ʂʆʄʇʆɿʀʊɽ  

ʌɽʈʈʀʊ ɹɸʈʀʗ ï ʊʀʊɸʅɸʊ ɹɸʈʀʗ  
 

ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ1, ɻ.ʉ.ʐʠʰʢʦʚ2 

1ʇʨʦʬʝʩʩʦʨ, Olga.Malyshkina@mail.ru 
2ɸʩʧʠʨʘʥʪ, grigoriyshishkov@yandex.ru 

ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʥʘ ʜʠʩʧʝʨʩʠʦʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʣʦʠʩʪʦʛʦ 

ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ï ʬʝʨʨʠʪʘ ʙʘʨʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ 

ʧʦʣʝ ʥʝ ʚʣʠʷʝʪ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʧʝʨʝʤʝʥʥʦʤ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʥʘ 

ʯʘʩʪʦʪʘʭ ʚʳʰʝ 1600 ɻʮ. ʇʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʦʪʞʠʛ ʚ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʝ 

ʫʚʝʣʠʯʠʚʘʝʪ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ, ʘ ʧʦʩʣʝʜʫʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʦʩʪʦʷʥʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠʚʦʜʠʪ ʢ ʝʛʦ ʫʤʝʥʴʰʝʥʠʶ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʤʫʣʴʪʠʬʝʨʨʦʠʢ, ʙʝʩʩʚʠʥʮʦʚʳʝ 

ʤʘʪʝʨʠʘʣʳ, ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ. 
 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʠʩʩʣʝʜʦʚʘʥʳ 

ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʦʙʨʘʟʮʘʭ ʜʚʫʭʩʣʦʡʥʦʛʦ ʢʦʤʧʦʟʠʪʘ ʥʘ ʦʩʥʦʚʝ 

ʢʝʨʘʤʠʢ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ ʠ ʬʝʨʨʠʪʘ ʙʘʨʠʷ (ʨʠʩ. 1, ʘ). ʆʙʨʘʟʮʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ 

ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. ʉʧʝʢʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1250 ʦʉ. 

ɿʘʛʦʪʦʚʢʠ ʠʤʝʣʠ ʬʦʨʤʫ ʜʠʩʢʦʚ ʜʠʘʤʝʪʨʦʤ 5 ʤʤ. ɺ ʧʨʦʮʝʩʩʝ ʧʦʣʫʯʝʥʠʷ ʚʥʘʯʘʣʝ, 

ʧʦʜ ʜʘʚʣʝʥʠʝʤ ~ 100 ʘʪʤ., ʧʨʝʩʩʦʚʘʣʩʷ ʧʦʨʦʰʦʢ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ (80% ʤʘʩʩʦʚʳʭ 

%), ʟʘʪʝʤ ʚ ʧʨʝʩʩ-ʬʦʨʤʫ ʜʦʩʳʧʘʣʩʷ ʧʦʨʦʰʦʢ ʬʝʨʨʠʪʘ ʙʘʨʠʷ (20 ʤʘʩʩʦʚʳʭ %) ʠ 

ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʝʩʩʦʚʘʥʠʝ ʧʦʜ ʜʘʚʣʝʥʠʝʤ 1000 ʘʪʤ.   

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ɻʮ ʜʦ 15 

ʄɻʮ (ʨʠʩ. 1 ʙ, ʚ) ʜʦ (ʢʨʠʚʳʝ 1 ï 3) ʠ ʧʦʩʣʝ (ʢʨʠʚʳʝ 4 ï 6) ʦʪʞʠʛʘ ʦʙʨʘʟʮʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 160ʦʉ (ʪʝʤʧʝʨʘʪʫʨʘ ʂʶʨʠ ʢʝʨʘʤʠʢʠ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ 130ʦʉ); ʜʦ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʦʤ 250 ʤʊʣ (ʢʨʠʚʳʝ 1, 4), ʚ ʧʨʦʮʝʩʩʝ ʚʦʟʜʝʡʩʪʚʠʷ 

(ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʙʨʘʟʮʘ ʨʝʙʨʦʤ ʢ ʧʣʦʩʢʦʩʪʠ ʤʘʛʥʠʪʘ (ʢʨʠʚʳʝ 2, 5)) ʠ ʧʦʩʣʝ 

ʚʦʟʜʝʡʩʪʚʠʷ (ʢʨʠʚʳʝ 3, 6).  

ʅʘ ʯʘʩʪʦʪʝ ɻ ʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ 1600 ɻʮ ʠ ʚʳʰʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʦʙʨʘʟʮʘ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʪʞʠʛʘ ʠ 

ʚʦʟʜʝʡʩʪʚʠʷ ʧʦʩʪʦʷʥʥʳʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ɺ ʪʦʞʝ ʚʨʝʤʷ ʦʪʞʠʛ ʦʙʨʘʟʮʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʘʨʘʵʣʝʢʪʨʠʯʝʩʢʦʡ ʬʘʟʳ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ 

ʫʤʝʥʴʰʝʥʠʶ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʥʘ ʙʦʣʝʝ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ. 

ʇʦʩʪʦʷʥʥʦʝ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʦʣʴʢʦ ʚ ʩʣʫʯʘʝ ʦʪʦʞʞʝʥʥʦʛʦ ʦʙʨʘʟʮʘ, ʫʤʝʥʴʰʘʷ ʚʝʣʠʯʠʥʫ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ.  

ɼʠʘʛʨʘʤʤ rʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

eôô(eô) ʧʦʢʘʟʘʣʠ ʟʘʚʠʩʠʤʦʩʪʴ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ, ʦʪ ʚʦʟʜʝʡʩʪʚʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 
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(ʨʠʩ. 2, ʘ). ʅʘ ʵʪʠʭ ʯʘʩʪʦʪʘʭ ʘʥʘʣʠʟ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʧʨʦʚʦʜʠʣʩʷ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʤʧʠʨʠʯʝʩʢʦʛʦ ʧʨʠʝʤʘ ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ 

bò(bô) (ʨʠʩ. 2, ʙ). ʏʘʩʪʦʪʘ ʧʝʨʝʭʦʜʘ ʦʪ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʢ ʜʠʩʧʝʨʩʠʠ, 

ʦʧʠʩʳʚʘʝʤʦʡ çʢʣʘʩʩʠʯʝʩʢʠʤè ʫʨʘʚʥʝʥʠʝʤ ɻʘʚʨʠʣʴʷʢʘ ï ʅʝʛʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʯʘʩʪʦʪʝ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʭʦʜʘ ʯʘʩʪʦʪʥʳʭ 

ʟʘʚʠʩʠʤʦʩʪʝʡ, ʢʘʢ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ, ʪʘʢ ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʨʠʩ. 1 ʙ, ʚ). 
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ʘ)                                          ʙ)                                                 ʚ) 

ʈʠʩ. 1. ɺʥʝʰʥʠʡ ʚʠʜ (ʘ), ʯʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʙ)  

ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (ʚ) ʢʦʤʧʦʟʠʪʘ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ï ʬʝʨʨʠʪ ʙʘʨʠʷ 
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ʘ)                                                                ʙ)                                                 

ʈʠʩ.2. ɼʠʘʛʨʘʤʤʳ ʜʠʩʧʝʨʩʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʘ)  

ʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷ (ʙ) ʢʦʤʧʦʟʠʪʘ ʪʠʪʘʥʘʪ ʙʘʨʠʷ ï ʬʝʨʨʠʪ ʙʘʨʠʷ 
 

ʅʘʣʠʯʠʝ ʦʙʣʘʩʪʠ ʣʠʥʝʡʥʦʡ ʜʠʩʧʝʨʩʠʠ ʦʧʨʝʜʝʣʷʝʪʩʷ, ʩʦʛʣʘʩʥʦ [1], 

ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʳʤʠ ʨʝʣʘʢʩʘʮʠʦʥʥʳʤʠ ʧʨʦʮʝʩʩʘʤʠ. ʇʦʩʢʦʣʴʢʫ ʫ ʠʩʩʣʝʜʫʝʤʦʛʦ ʚ 

ʨʘʙʦʪʝ ʢʦʤʧʦʟʠʪʘ ʦʜʥʫ ʧʦʚʝʨʭʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ ʩʣʦʡ ʬʝʨʨʠʪʘ ʙʘʨʠʷ, 

ʦʙʣʘʜʘʶʱʝʛʦ ʤʘʛʥʠʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʦʯʝʚʠʜʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʦʪ ʩʣʦʡ 

ʦʧʨʝʜʝʣʷʝʪ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʳʝ ʧʨʦʮʝʩʩʳ ʥʘ ʥʠʟʢʠʭ 

ʯʘʩʪʦʪʘʭ. 

ɺ ʦʙʣʘʩʪʠ çʢʣʘʩʩʠʯʝʩʢʦʡè ʜʠʩʧʝʨʩʠʠ ʦʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ ʥʘʣʠʯʠʝ 

ʪʨʝʭ ʜʫʛ ʦʢʨʫʞʥʦʩʪʠ, ʜʚʝ ʠʟ ʢʦʪʦʨʳʭ ʨʘʟʜʝʣʝʥʳ ʜʦʩʪʘʪʦʯʥʦ ʧʦʣʦʛʠʤ ʤʠʥʠʤʫʤʦʤ. 

ʏʘʩʪʦʪʘ, ʵʪʦʛʦ ʤʠʥʠʤʫʤʘ ʩʦʩʪʘʚʣʷʝʪ ~ 1 MHz. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ 

ʯʘʩʪʦʪ ʦʪ 1 ʜʦ 1,5 MHz ʠʤʝʝʪ ʤʝʩʪʦ ʩʝʨʠʷ ʧʴʝʟʦʨʝʟʦʥʘʥʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʧʴʝʟʦʤʦʜʫʣʶ d33. 
 

ʃʠʪʝʨʘʪʫʨʘ 

1. Jonscher, A.K. Dielectric relaxation in solids / A.K. Jonscher ï London: Chelsea Dielectrics 

Press, 1983. ï 400 p.   
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Session 5. Relaxation phenomena in nano-  and low- dimensional systems  
 

ʋɼʂ 537.868.3, 537.9 

 

ʊɽʄʇɽʈɸʊʋʈʅʓɽ ɿɸɺʀʉʀʄʆʉʊʀ ɼʀʕʃɽʂʊʈʀʏɽʉʂʆʁ 

ʇʈʆʅʀʎɸɽʄʆʉʊʀ ʀ ʇʈʆɺʆɼʀʄʆʉʊʀ ʂɽʈɸʄʀʂʀ ʅʀʆɹɸʊɸ 

ʅɸʊʈʀʗ-ʃʀʊʀʗ  
 

ʆ.ɺ. ʄʘʣʳʰʢʠʥʘ1, ʅ.ɽ.ʄʘʣʳʰʝʚʘ2 

1ʇʨʦʬʝʩʩʦʨ, Olga.Malyshkina@mail.ru 
2ɸʩʩʠʩʪʝʥʪ, mne.70@mail.ru 

1ʌɻɹʆʋ ɺʆ çʊʚʝʨʩʢʦʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪè 
2ʌɻʂɺʆʋ ɺʇʆ çɺʦʝʥʥʘʷ ʘʢʘʜʝʤʠʷ ʚʦʟʜʫʰʥʦ-ʢʦʩʤʠʯʝʩʢʦʡ ʦʙʦʨʦʥʳ ʠʤʝʥʠ ʄʘʨʰʘʣʘ 

ʉʦʚʝʪʩʢʦʛʦ ʉʦʶʟʘ ɻ.ʂ. ɾʫʢʦʚʘè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ï ʣʠʪʠʷ ʩ ʧʨʦʮʝʥʪʥʳʤ ʚʭʦʞʜʝʥʠʝʤ ʣʠʪʠʷ 10 ʠ 40 %. 

ʋʩʪʘʥʦʚʣʝʥʦ ʨʘʟʣʠʯʠʝ ʚ ʧʦʚʝʜʝʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ɽʩʣʠ 

ʢʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ ʣʠʪʠʷ ʩ 10% ʚʭʦʞʜʝʥʠʝʤ ʣʠʪʠʷ ʦʙʣʘʜʘʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʤʠ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʦ ʫ ʢʝʨʘʤʠʢʠ ʩ 40% ʚʭʦʞʜʝʥʠʝʤ ʣʠʪʠʷ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʝʦʙʣʘʜʘʶʪ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʩʚʦʡʩʪʚʘ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʝ ʚ 

ʢʘʯʝʩʪʚʝ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʘʷ ʢʝʨʘʤʠʢʘ, ʙʝʩʩʚʠʥʮʦʚʳʝ ʤʘʪʝʨʠʘʣʳ, 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʢʝʨʘʤʠʢʘ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷ-ʣʠʪʠʷ. 

 

ʆʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʥʠʦʙʘʪʘ ʥʘʪʨʠʷïʣʠʪʠʷ (LNN) Li 0,1Na0,9NbO3 (LNN0,1) ʠ 

Li 0,4Na0,6NbO3 (LNN0,4) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʘ. 

ʉʧʝʢʘʥʠʝ ʦʙʨʘʟʮʦʚ ʦʩʫʱʝʩʪʚʣʷʣʦʩʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100 ʦʉ. ʎʝʣʴʶ ʨʘʙʦʪʳ 

ʷʚʣʷʣʦʩʴ ʩʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ (ʢʦʤʧʣʝʢʩʥʳʝ 

ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʠ ʧʨʦʚʦʜʠʤʦʩʪʴ) ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢʠ LNN0,1 ʠ 

LNN0,4. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩ ɹʚ ʜʠʘʧʘʟʦʥʝ ʯʘʩʪʦʪ ʦʪ 1 ɻʮ 

ʜʦ 1 ʄɻʮ.  

ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʦʩʪʘʚʦʚ LNN0,1 ʠ LNN0,4 (ʈʠʩ. 1) 

ʨʘʟʣʠʯʘʶʪʩʷ ʪʦʣʴʢʦ ʧʦʣʦʞʝʥʠʝʤ ʤʘʢʩʠʤʫʤʘ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, 

ʪʦ ʪʝʤʧʝʨʘʪʫʨʥʦʝ ʧʦʚʝʜʝʥʠʝ ʠʭ ʧʨʦʚʦʜʠʤʦʩʪʠ ʠʤʝʝʪ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʨʘʟʣʠʯʠʷ 

(ʈʠʩ. 2). ɽʩʣʠ ʫ ʦʙʨʘʟʮʦʚ LNN0,1 ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʭʦʜ ʧʨʦʚʦʜʠʤʦʩʪʠ ů 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʜʠʵʣʝʢʪʨʠʢʘʤ, ʪʦ ʫ ʦʙʨʘʟʮʦʚ LNN0,4
 
ʦʥ ʙʣʠʞʝ ʢ ʧʦʣʫʧʨʦʚʦʜʥʠʢʘʤ 

[1]. 

ʉʤʝʝɦʥʠʝ ʧʣʘʪʦ ʥʘ ʯʘʩʪʦʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʷʭ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʦʙʣʘʩʪʴ 

ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ, ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʝʣʘʢʩʘʮʠʦʥʥʫʶ 

ʧʨʠʨʦʜʫ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʈʠʩ. 3). ʋ ʦʙʨʘʟʮʘ LNN0,4 ʥʘ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʩʤʝʥʘ ʭʘʨʘʢʪʝʨʘ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʅʘ ʥʠʟʢʠʭ ʯʘʩʪʦʪʘʭ, ʤʝʥʝʝ 1 ʢɻʮ, 

ʧʨʝʦʙʣʘʜʘʝʪ ʠʦʥʥʘʷ ʧʨʦʚʦʜʠʤʦʩʪʴ, ʥʘ ʢʦʪʦʨʫʶ ʫʢʘʟʳʚʘʝʪ ʧʣʘʪʦ ʯʘʩʪʦʪʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ůǋ(f), ʥʘ ʯʘʩʪʦʪʘʭ ɻʮ  ɻʮ 43 1010 ·  ï ʧʨʳʞʢʦʚʘʷ, ʧʦʩʢʦʣʴʢʫ 
sw´s¡ , 

ʘ ʥʘ ʚʳʩʦʢʠʭ, ʙʦʣʝʝ 104 ɻʮ, ʩʥʦʚʘ ʠʦʥʥʘʷ. 

mailto:oksanchik2603@mail.ru
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ɺʳʷʚʣʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʚ ʤʝʭʘʥʠʟʤʝ ʧʨʦʚʦʜʠʤʦʩʪʠ ʜʘʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʟʚʦʣʷʶʪ ʦʙʲʷʩʥʠʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʧʦʥʪʘʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʟʘʬʠʢʩʠʨʦʚʘʥʥʦʡ ʧʦ ʧʝʪʣʝ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʠʩʪʝʨʝʟʠʩʘ ʠ ʧʦ ʥʘʣʠʯʠʶ 

ʧʠʨʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʪʦʣʴʢʦ ʫ ʤʘʪʝʨʠʘʣʘ LNN0,1. 
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ʘ)                                                                              ʙ) 

ʈʠʩ. 1. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ 

LNN0,1 (ʘ) ʠ LNN0,4 (ʙ) ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʯʘʩʪʦʪ 
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ʘ)                                                                              ʙ) 

ʈʠʩ. 2. ʊʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ 

ʦʙʨʘʟʮʦʚ ʢʝʨʘʤʠʢ LNN0,1 (ʘ) ʠ LNN0,4 (ʙ) 
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ʘ)                                                                    ʙ) 

ʈʠʩ. 3. ʏʘʩʪʦʪʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦʡ ʯʘʩʪʠ ʢʦʤʧʣʝʢʩʥʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ 

ʢʝʨʘʤʠʢ LNN0,1 (ʘ) ʠ LNN0,4 (ʙ) 
 

ʃʠʪʝʨʘʪʫʨʘ 
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The results of a synchrotron radiation diffraction study of the temperature evolution of the 

crystal structure of NaNO3 embedded in a porous glass with an average pore diameter of 7 nm in a 

wide temperature range of 300ï515 K are reported. A significant decrease of the structural 

(orientational) transition temperature by more than 50 K (up to 496 K) compared to bulk NaNO3 was 

found. A crossover of the temperature dependence of the critical index ɓ(ʊ) is observed at a 

temperature ʊ* = 455 K. The values of anisotropic temperature displacement parameters Uij for all 

atoms in nanostructured NaNO3 are obtained and it is found that they are larger than for bulk material 

and sharply increase in the temperature region above T* up to TC (496 K). The analysis of the results 

allows us to state that in this NCM, the thermal vibrations of atoms play a fundamental role in the 

implementation of the structural transition. 

Keywords: porous glasses, phase transitions, nanocomposite materials, sodium nitrate, size 

effects. 
 

Bulk sodium nitrate NaNO3 undergoes an orientational (structural) ñorder-

disorderò phase transition at 549 K and melts at T ~ 580 K. At a low temperature it 

crystallizes in the calcite structure (space group R-3c) and upon heating gradual 

orientational disordering of the nitrate molecular groups of NO3 occurs around a 

threefold axis parallel to the crystallographic c axis, and at 549 K a structural transition 

R-3c Ÿ R-3m occurs. It is accompanied by the disappearance of superstructural 

reflections at the Z points of the reciprocal space. The intensity of superstructural peaks 

obeys the power law I = I0Ű
2ɓ, where Ű is the reduced temperature: Ű = (Tc ī T) / Tc, ɓ 

is the critical index. In bulk NaNO3, the ɓ index exhibits complex behavior upon 

heating. In a wide temperature range (280ï460 K), its value is ɓ = 0.25 [1], then in the 

temperature range 460ï543 K, the value of ɓ decreases to 0.22, and then sharply 

increases to 0.41 in the vicinity of the orientational transition [2]. 

The nanocomposite was produced by embedded of NaNO3 from the melt under 

pressure into the pore space of nanoporous silica glass with average pore diameter 7 

nm, which is determined by adsorption and mercury porosimetry. The porosity, 

determined from the weight loss after leaching, was 23%. The degree of filling was 

determined by weighing the samples before and after the introduction of sodium nitrate 

into the pore space and was 90%. The studies were performed by synchrotron radiation 

diffraction (station BM01A, ESRF, France, wavelength ɚ = 0.703434 ¡).  

The following results were obtained from the analysis of diffraction data. From 

the temperature dependence of the intensity of the superstructural peak (113), the 
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dependence of the critical index ɓ(ʊ) for nanostructured sodium nitrite upon heating 

was determined (fig. 1) and a crossover was observed on this dependence at a 

temperature T* å 455 K. The values of the critical index ɓ(T<T*) = 0.25(2), which 

coincides with the value for bulk NaNO3 in this temperature range and ɓ(T > T*) = 

0.48(3) are obtained. 
 

  

Fig.1.Temperature dependence of the 

normalized intensity of the superstructural 

peak (113) (points) and its approximation 

above and below ʊ*= 455 K by the power 

function I = I0Ű
2ɓ (lines). The squares indicate 

the experimental points for the temperature 

dependence of the superstructural peak (-123) 

intensity of the bulk NaNO3 

Fig.2. Temperature dependences of 

anisotropic mean-square displacements U11 

(black squares), U22 (blue triangles) and U33 

(red rounds) for Na, N and O atoms in NCM 

NaNO3 + PG7 (filled symbols) and bulk 

NaNO3 (empty symbols) upon heating 

 

The structural transition temperature TC = 496(1) K was determined, which is 

significantly lower than TC = 549 K for bulk material. From Bragg peak broadening 

the average size of nanoparticles at room temperature is estimated 40(5) nm, but it 

increases sharply above the crossover temperature ʊ* å 455 K. The linear temperature 

expansion coefficients along (‌1) and perpendicular (‌2) to the c axis are larger than 

for bulk in the entire temperature range, in addition, for ‌2 a sharp increase is observed 

at a temperature T å 450 K. It was shown that the values of anisotropic temperature 

displacements Uij for all atoms in nanostructured sodium nitrate sharply increase 

(compared to bulk NaNO3) near the crossover temperature T* and above (Fig.2). 

Simultaneously, at the same temperature ʊ*, a noticeable increase of the rotation angle 

of NO3 nitrate groups around the c axis begins. The analysis of the results allows us to 

state that in this NCM, thermal vibrations of atoms play a fundamental role in the 

implementation of the structural transition and the phase transition model associated 

with the rotation of NO3 groups around the c axis adequately describes the microscopic 

nature of this transition. 
The work was supported by RFBR grant No. 19-52-80019. 
 

 

 

 



112 

References 

1. W. W. Schmahl, E. Salje. X Ray Diffraction Study of the Orientational Order/Disorder 

Transition in NaNO3: Evidence for Order Parameter Coupling. Phys Chem Minerals Vol. 16, 8, P. 

790 (1989).  

2. W.C.-K. Poon, E. Salje. The excess optical birefringence and phase transition in sodium 

nitrate J. Phys. C. Solid State Phys. Vol. 21, 4, 715 (1988).  

 

ʋɼʂ: 539.269 
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1-3, 5ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
4ʀʌ ʉʆ ʈɸʅ ʛ. ʂʨʘʩʥʦʷʨʩʢ 

 

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʘ ʤʥʦʛʦʩʣʦʡʥʘʷ ʛʝʪʝʨʦʛʝʥʥʘʷ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ 33 

ʯʝʨʝʜʫʶʱʠʭʩʷ ʩʣʦʝʚ ʢʦʤʧʦʟʠʪʘ (Co40Fe40B20)34(SiO2)66 ʠ ʦʢʩʠʜʦʚ ZnO ʠ SnO2, ʧʦʣʫʯʝʥʥʘʷ 
ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. ʉʪʨʫʢʪʫʨʘ ʦʙʨʘʟʮʦʚ ʠʩʩʣʝʜʦʚʘʥʘ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʠ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ 

ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 6000ʉ ʬʘʟʦʚʳʝ ʠ 

ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʬʘʟ. ɺ ʧʨʦʮʝʩʩʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʣʝʥʦʢ 

[(Co40Fe40B20)34(SiO2)66/ZnO/SnO2]33 ʤʥʦʛʦʩʣʦʡʥʘʷ ʩʪʨʫʢʪʫʨʘ ʨʘʟʨʫʰʘʝʪʩʷ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ, ʩʪʨʫʢʪʫʨʥʳʝ ʤʝʪʦʜʳ ʘʥʘʣʠʟʘ, ʬʘʟʦʚʳʝ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʪʝʨʤʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ. 

ʆʙʨʘʟʮʳ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʧʨʠ ʧʦʩʣʦʡʥʦʤ ʥʘʥʝʩʝʥʠʠ ʤʘʪʝʨʠʘʣʘ ʤʠʰʝʥʝʡ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ 

ʧʦʜʣʦʞʢʫ. ʊʦʣʱʠʥʳ ʧʣʝʥʦʢ ʠʟʤʝʨʷʣʠʩʴ ʧʨʠ ʧʦʤʦʱʠ ʦʧʪʠʯʝʩʢʦʛʦ 

ʠʥʪʝʨʬʝʨʦʤʝʪʨʘ ʄʀʀ-4. ʊʦʣʱʠʥʳ ʩʣʦʝʚ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʩʭʦʜʷ ʠʟ ʧʘʨʘʤʝʪʨʦʚ 

ʥʘʥʝʩʝʥʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʩʘʞʜʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʥʘ ʚʨʘʱʘʶʱʫʶʩʷ ʧʦʜʣʦʞʢʫ 

ʧʨʠ ʨʘʩʧʳʣʝʥʠʠ ʩ ʦʜʥʦʡ ʤʠʰʝʥʠ. ʅʘʣʠʯʠʝ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʧʣʝʥʦʢ 

ʧʦʜʪʚʝʨʞʜʘʣʦʩʴ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʧʦ ʤʘʣʦʫʛʣʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʬʨʘʢʮʠʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʙʨʵʛʛʦʚʩʢʠʭ ʫʛʣʦʚ 2ᾔ=1-10Á ʠ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ ʤʝʪʦʜʦʤ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ 

ʨʠʩ. 1. ɺ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʤʥʦʛʦʩʣʦʡʥʳʝ ʧʣʝʥʢʠ 

[(Co40Fe40B20)34(SiO2)66/ZnO/SnO2]33 ʪʦʣʱʠʥʦʡ 0,23 ʤʢʤ ʠ 0,41 ʤʢʤ ʠʤʝʶʪ 

ʨʝʥʪʛʝʥʦʘʤʦʨʬʥʫʶ ʩʪʨʫʢʪʫʨʫ. ɼʣʷ ʙʦʣʝʝ ʪʦʣʩʪʳʭ ʧʣʝʥʦʢ ʚ ʦʙʣʘʩʪʠ 2ᾔ ʦʢʦʣʦ 350 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʳʡ ʧʠʢ ʰʠʨʠʥʦʡ ʦʢʦʣʦ 40, ʢʦʪʦʨʳʡ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʧʣʦʩʢʦʩʪʠ (101) SnO2. 

ʇʣʝʥʢʠ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʚ ʚʘʢʫʫʤʝ ʚ ʠʥʪʝʨʚʘʣʝ 

ʪʝʤʧʝʨʘʪʫʨ ʦʪ 250 ʜʦ 600 0ʉ ʩ ʰʘʛʦʤ ʚ 50 0ʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. ɼʦ 450 0ʉ 

mailto:oksanchik2603@mail.ru
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ʠʟʤʝʥʝʥʠʡ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʩʭʦʜʥʳʤ ʩʦʩʪʦʷʥʠʝʤ ʦʙʨʘʟʮʦʚ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ. ʇʨʦʚʝʜʝʥ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʤʥʦʛʦʩʣʦʡʥʳʭ ʩʪʨʫʢʪʫʨ ʧʦʩʣʝ ʦʪʞʠʛʘ 

ʧʨʠ 600 0ʉ, ʨʠʩ. 2. 

 
ʈʠʩ. 1 ʕʣʝʢʪʨʦʥʦʛʨʘʤʤʘ ʠ ʫʯʘʩʪʦʢ ʧʦʧʝʨʝʯʥʦʛʦ ʩʨʝʟʘ ʤʥʦʛʦʩʣʦʡʥʦʡ ʩʪʨʫʢʪʫʨʳ 

[(Co40Fe40B20)34(SiO2)66/ZnO/SnO2]33 
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ʈʠʩ. 2. ɼʠʬʨʘʢʪʦʛʨʘʤʤʘ ʧʣʝʥʢʠ [(Co40Fe40B20)34(SiO2)66/ZnO/SnO2]33 ʪʦʣʱʠʥʦʡ a - 0,41 ʤʢʤ, 

b - 0,68 ʤʢʤ ʧʦʩʣʝ ʪʝʨʤʦʦʙʨʘʙʦʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600 Áʉ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ. 
 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʬʘʟʦʚʳʝ ʠ ʩʪʨʫʢʪʫʨʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʬʘʟ. ʊʘʢ ʧʨʠ ʪʦʣʱʠʥʘʭ ʩʣʦʝʚ (Co40Fe40B20)34(SiO2)66, ZnO, SnO2 4,7 ʥʤ, 1,7 ʥʤ ʠ 

3,5 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ ʘʤʦʨʬʥʦʡ ʩʪʨʫʢʪʫʨʳ ʵʪʠʭ ʩʣʦʝʚ ʚʳʜʝʣʷʶʪʩʷ ʬʘʟʳ: 

Co2.85Sn2, ZnFe2O4, (Co0.62Fe1.38)FeO4. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʨʠ ʪʦʣʱʠʥʘʭ ʩʣʦʝʚ 

(Co40Fe40B20)34(SiO2)66, ZnO, SnO2 6,3 ʥʤ, 6,1 ʥʤ ʠ 5,1 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠ 

ʧʨʠʩʫʪʩʪʚʠʠ ʢʨʠʩʪʘʣʣʠʪʦʚ ʚ ʬʘʟʝ SnO2, ʬʦʨʤʠʨʫʶʪʩʷ ʬʘʟʳ: (Co0.62Fe1.38)FeO4, 

SnO2, CoSn, (Zn0.35Fe0.65)Fe2O4. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 550 Áʉ ʧʨʦʠʩʭʦʜʠʪ ʨʘʟʨʫʰʝʥʠʝ 

ʩʣʦʠʩʪʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʄʠʥʦʙʨʥʘʫʢʠ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ 

(ʧʨʦʝʢʪ ˉ FZGM-2020-0007). 
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ʋɼʂ 537.1 

 

ʈɽʃɸʂʉɸʎʀʆʅʅʓɽ ʇʈʆʎɽʉʉʓ ɺ ʄɽʄʈʀʉʊʀɺʅʓʍ ʕʃɽʄɽʅʊɸʍ 

ʅɸ ʆʉʅʆɺɽ ʅɸʅʆʂʆʄʇʆɿʀʊɸ (Co40Fe40B20)ʍ(LiNbO 3)100-X 
 

ɸ.ɺ. ʉʠʪʥʠʢʦʚ1, ʖ.ɽ. ʂʘʣʠʥʠʥ2, ʄ.ʅ. ʂʦʧʳʪʠʥ3,  

ɸ.ɽ. ʅʠʢʦʥʦʚ4, ɸ.ʈ. ʐʘʢʫʨʦʚ5, ɺ.ɺ. ʈʳʣʴʢʦʚ6 

1ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, sitnikov04@mail.ru 
2ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, kalinin48@mail.ru 
3ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥ., ʜʦʮʝʥʪ mkopytin@cchgeu.ru 

4ɸʩʧʠʨʘʥʪ, nikonov.sasha1994@gmail.com 
5ʉʪʫʜʝʥʪ, aleks.shakurov@mail.ru 

6ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʚ.ʥ.ʩ., rylkov_vv@nrcki.ru 

1-6ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
1,6ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʝʣʘʢʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʤʝʤʨʠʩʪʦʥʳʭ ʩʪʨʫʢʪʫʨʘʭ Cr/Cu/Cr/(Co40Fe40B20)X(LiNbO3)100-X/Cr/Cu/Cr/ʩʠʪʘʣʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ ʥʠʟʢʦʦʤʥʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨ rʷʚʣʷʝʪʩʷ 

ʠʥʞʝʢʮʠʷ ʪʝʨʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟʙʳʪʦʯʥʳʭ ʥʦʩʠʪʝʣʝʡ ʠ ʪʦʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, 

ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʣʦʚʫʰʢʘʤʠ, ʘ ʚ ʚʳʩʦʢʦʦʤʥʦʤ ʩʦʩʪʦʷʥʠʠ ʦʩʥʦʚʥʳʤ - ʵʬʬʝʢʪ ʐʦʪʪʢʠ. 

ɺʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʦʩʣʝ ʧʝʨʝʚʦʜʘ ʩʪʨʫʢʪʫʨʳ ʚ 

ʚʩrʦʢʦʦʤʥʦʝ ʠ ʥʠʟʢʦʦʤʥʦʝ ʩʦʩʪʦʷʥʠʷ ʦʧʠʩʳʚʘʶʪʩʷ ʩʫʤʤʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʝʧʝʥʥʦʡ 

ʢʦʤʧʦʥʝʥʪ. ʅʘʡʜʝʥʳ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ~ 0.6 ʵɺ ʠ ~ 5*10-8 ʩʝʢ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ~ 0.75 ʵɺ ʠ ~ 

5*10-9 ʩʝʢ ʜʣʷ ʩʪʝʧʝʥʥʦʛʦ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʦʙʘʪ ʣʠʪʠʷ, ʨʝʣʘʢʩʘʮʠʷ ʧʨʦʚʦʜʠʤʦʩʪʠ, ʤʝʤʨʠʩʪʦʨʳ, ʤʝʭʘʥʠʟʤʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ. 

 

ʄʝʤʨʠʩʪʦʨʥʳʝ ʵʣʝʤʝʥʪʳ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ ʨʘʩʧʳʣʝʥʠʷ. 

ɼʣʷ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʤʘʩʢʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ 

ʨʠʩ.1. ʊʦʣʱʠʥʘ ʢʦʤʧʦʟʠʪʘ ʩʦʩʪʘʚʣʷʣʘ ~1 ʤʢʤ.  

ʄʝʞʜʫ ʢʦʤʧʦʟʠʪʦʤ ʠ ʥʠʞʥʠʤ ʵʣʝʢʪʨʦʜʦʤ ʧʫʪʝʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʨʦʩʣʦʡʢʠ LiNbO3 ʪʦʣʱʠʥʦʡ ~ 15 ʥʤ.  

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʚʝʣʠʯʠʥʳ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʦʙʨʘʟʮʦʚ ʧʦʩʣʝ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʭ ʚʳʩʦʢʦʦʤʥʦʛʦ (Roff) ʠ 

ʥʠʟʢʦʦʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (Ron) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 21Áʉ, 48Áʉ, 67Áʉ ʠ 78Áʉ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʨʝʟʠʩʪʠʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ ʜʘʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚʥʦʩʠʪ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʧʨʦʩʣʦʡʢʘ LiNbO3, ʨʘʩʧʦʣʦʞʝʥʥʘʷ ʤʝʞʜʫ 

ʢʦʤʧʦʟʠʪʦʤ ʠ ʥʠʞʥʝʤ ʢʦʥʪʘʢʪʦʤ, ʚʥʫʪʨʠ ʢʦʪʦʨʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʧʨʦʚʦʜʷʱʠʡ 

ʢʘʥʘʣ ʠʟ ʢʠʩʣʦʨʦʜʥʳʭ ʚʘʢʘʥʩʠʡ.  

ɸʥʘʣʠʟ ɺɸʍ ʩʪʨʫʢʪʫʨʳ Cr/Cu/Cr/(Co40Fe40B20)X(LiNbO3)100-X/Cr/Cu/Cr/ʩʠʪʘʣʣ 

(ʨʠʩ.2) ʧʦʢʘʟʘʣ, ʯʪʦ ʜʦʤʠʥʠʨʫʶʱʠʤʠ ʤʝʭʘʥʠʟʤʘʤʠ ʚ ʥʠʟʢʦʦʤʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚ 

ʩʪʨʫʢʪʫʨʝ ʷʚʣʷʝʪʩʷ ʠʥʞʝʢʮʠʷ ʪʝʨʤʠʯʝʩʢʠ ʛʝʥʝʨʠʨʫʝʤʳʭ ʠʟʙʳʪʦʯʥʳʭ ʥʦʩʠʪʝʣʝʡ 

ʠ ʪʦʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʟʘʨʷʜʘ, ʦʛʨʘʥʠʯʝʥʥʦʛʦ ʣʦʚʫʰʢʘʤʠ. ɺ ʚʳʩʦʢʦʦʤʥʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʧʨʦʚʦʜʠʤʦʩʪʠ ʷʚʣʷʝʪʩʷ ʵʬʬʝʢʪ ʐʦʪʪʢʠ.  

https://www.teacode.com/online/udc/53/537.1.html
https://kias.rfbr.ru/index.php
https://kias.rfbr.ru/index.php
mailto:sitnikov04@mail.ru
mailto:kalinin48@mail.ru
mailto:mkopytin@cchgeu.ru
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ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ 

ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ 
ʈʠʩ.2 ɺɸʍ ʩʪʨʫʢʪʫʨʳ 

ʄʝ/(Co40Fe40B20)ʭ(LiNbO3)100ïx/ʄʝ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 

 

ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʧʣʝʥʦʢ ʢʦʤʧʦʟʠʪʥʳʭ ʩʪʨʫʢʪʫʨ ʄʝ/(Co40Fe40B20)ʭ(LiNbO3)100ïx/ʄʝ 

ʧʦʩʣʝ ʧʝʨʝʚʦʜʘ ʩʪʨʫʢʪʫʨʳ ʚ ʚʳʩʦʢʦʦʤʥʦʝ ʠ ʥʠʟʢʦʦʤʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʧʠʩʳʚʘʶʪʩʷ 

ʩʫʤʤʦʡ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʠ ʩʪʝʧʝʥʥʦʡ ʢʦʤʧʦʥʝʥʪ.  
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ʈʠʩ.3. ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʘ - ʥʠʟʢʦʦʤʥʳʭ ʠ b - ʚʳʩʦʢʦʦʤʥʳʭ ʢʨʠʚʳʭ 

 

 ɸʧʧʨʦʢʩʠʤʘʮʠʷ ʚʨʝʤʝʥʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʚʦʜʠʤʦʩʪʠ ʚʳʨʘʞʝʥʠʝʤ Ὃὸ ὃ ὃ Ὡz ὃ ᶻ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʨʠʩ.3) ʠʟʤʝʨʝʥʠʷ ʧʦʟʚʦʣʠʣʘ 

ʚʳʯʠʩʣʠʪʴ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ ʠ ʚʨʝʤʝʥʘ ʨʝʣʘʢʩʘʮʠʠ ʠʩʩʣʝʜʫʝʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʘʚʠʣʠ ~ 0.6 ʵɺ ʠ ~5*10-8 ʩʝʢ ʜʣʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ~ 

0.75 ʵɺ ʠ ~ 5*10-9 ʩʝʢ ʜʣʷ ʩʪʝʧʝʥʥʦʛʦ. 

ʕʢʩʧʦʥʝʥʮʠʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʤʦʞʥʦ ʦʪʥʝʩʪʠ ʢ ʜʠʬʬʫʟʠʠ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ 

ʚ ʥʠʦʙʘʪʝ ʣʠʪʠʷ, ʘ ʩʪʝʧʝʥʥʦʡ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʦʙʲʸʤʥʦʤ ʟʘʨʷʜʝ ʵʣʝʢʪʨʦʥʦʚ ʥʘ 

ʛʣʫʙʦʢʠʭ ʣʦʚʫʰʢʘʭ ʚ ʠʥʪʝʨʬʝʡʩʝ ʜʠʵʣʝʢʪʨʠʢ -ʵʣʝʢʪʨʦʜ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 

16-19-10233). 
 

ʧʦʜʣʦʞʢʘ 

ʄʝʪʘʣʣ 

LiNbO 3  

ʂʦʤʧʦʟʠʪ 

ʄʝʪʘʣʣ 
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ʊɽʈʄʀʏɽʉʂɸʗ ʉʊɸɹʀʃʔʅʆʉʊʔ ʄɽʄʈʀʉʊʆʈʅʓʍ ʉʊʈʋʂʊʋʈ 

ʄʝ/ʅʂ/ʄʝ ʠ ʄʝ/ʅʂ/ɼʵ/ʄʝ ʅɸ ʆʉʅʆɺɽ LiNbO 3 
 

ɸ.ɺ. ʉʠʪʥʠʢʦʚ1, ʖ.ɽ. ʂʘʣʠʥʠʥ2, ɸ.ɽ. ʅʠʢʦʥʦʚ3, ɸ.ʈ. ʐʘʢʫʨʦʚ4, ʀ.ɺ. ɹʘʙʢʠʥʘ5, 

ɺ.ɺ. ʈʳʣʴʢʦʚ6, ɸ.ɺ. ɸʣʝʭʠʥ7 

 

1ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, sitnikov04@mail.ru 
2ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʧʨʦʬʝʩʩʦʨ, kalinin48@mail.ru 

3ɸʩʧʠʨʘʥʪ, nikonov.sasha1994@gmail.com 
4ʉʪʫʜʝʥʪ, aleks.shakurov@mail.ru 

5ʂʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥ., ʜʦʮʝʥʪ ivbabkina@mail.ru 
6ɼ-ʨ ʬʠʟ.-ʤʘʪ. ʥ., ʚ.ʥ.ʩ., rylkov_vv@nrcki.ru 

1-7ʌɻɹʆʋ ɺʆ çɺʦʨʦʥʝʞʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪè 
1,6ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ çʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥʩʪʠʪʫʪè 

 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʪʝʨʤʠʯʝʩʢʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʠʭ ʤʝʤʨʠʩʪʦʨʥʳʭ ʩʚʦʡʩʪʚ. ɺʳʷʚʣʝʥʦ, ʯʪʦ ʚ ʩʪʨʫʢʪʫʨʘʭ 

Cr/Cu/Cr/(Co40Fe40B20)X(LiNbO3)100-X/Cr/Cu/Cr/ʩʠʪʘʣʣ ʤʝʤʨʠʩʪʦʨʥʳʝ ʩʚʦʡʩʪʚʘ ʜʝʛʨʘʜʠʨʫʶʪ, 

ʥʘʯʠʥʘʷ ʩ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ 1000ʉ. ɽʩʣʠ ʟʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ 

ʦʪʚʝʯʘʝʪ ʧʨʦʩʣʦʡʢʘ LiNbO3, ʦʩʘʞʜʝʥʥʘʷ ʠʟ ʤʠʰʝʥʠ ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʪʦ ʦʪʞʠʛ ʜʦ 1000ʉ 

ʫʚʝʣʠʯʠʚʘʝʪ ʦʪʥʦʰʝʥʠʝ Roff/Ron. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʦʪʞʠʛʘ 3500ʉ ʨʝʟʠʩʪʠʚʥʦʝ ʧʝʨʝʢʣʶʯʝʥʠʝ 

ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʨʦʧʘʜʘʝʪ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʘ 

(Co40Fe40B20)X(LiNbO3)100-X. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʠʦʙʘʪ ʣʠʪʠʷ, ʢʦʤʧʦʟʠʪ, ʤʝʤʨʠʩʪʠʚʥʳʝ ʩʚʦʡʩʪʚʘ, ʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ. 

 

ʄʝʤʨʠʩʪʦʨʥʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʤʝʪʦʜʦʤ ʠʦʥʥʦ-ʣʫʯʝʚʦʛʦ 

ʨʘʩʧʳʣʝʥʠʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʘʩʦʢ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʤʝʨʦʚ ʨʠʩ.1. 

ʀʩʩʣʝʜʦʚʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʚʘʨʠʘʥʪʳ ʩʪʨʫʢʪʫʨ: 

Cr/Cu/Cr/(Co40Fe40B20)X(LiNbO3)100-X/LiNbO3/Cr/Cu/Cr/ʩʠʪʘʣʣ ʠ 

Cr/Cu/Cr/(Co40Fe40B20)X(LiNbO3)100-X/Cr/Cu/Cr/ʩʠʪʘʣʣ. ʊʦʣʱʠʥʘ ʢʦʤʧʦʟʠʪʘ 

ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0,4 ʤʢʤ ʜʦ 0,2 ʤʢʤ, ʪʦʣʱʠʥʘ ʧʨʦʩʣʦʡʢʠ LiNbO3 ʩʦʩʪʘʚʣʷʣʘ 15 

ʥʤ, ʚ ʩʣʫʯʘʝ ʝʝ ʦʩʘʞʜʝʥʠʷ ʠʟ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʤʠʰʝʥʠ, ʠ ~ 15 ʥʤ, ʝʩʣʠ ʦʥʘ 

ʬʦʨʤʠʨʦʚʘʣʘʩʴ ʧʫʪʝʤ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʥʘʧʳʣʝʥʠʷ 

ʢʦʤʧʦʟʠʪʘ. ʆʙʨʘʟʮʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʤ ʦʪʞʠʛʘʤ ʚ ʚʘʢʫʫʤʝ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʦʪ 100 0ʉ ʜʦ 400 0ʉ ʯʝʨʝʟ 50 0ʉ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ.  

ʈʠʩ. 1 ʉʪʨʫʢʪʫʨʘ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʝʤʨʠʩʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ 
  

ʧʦʜʣʦʞʢʘ 
ʄʝʪʘʣʣ 

LiNbO 3  

ʂʦʤʧʦʟʠʪ 

ʄʝʪʘʣʣ 

https://www.teacode.com/online/udc/53/537.1.html
https://kias.rfbr.ru/index.php
https://kias.rfbr.ru/index.php
https://kias.rfbr.ru/index.php
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ʀʟʤʝʨʝʥʠʝ ɺɸʍ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ ʥʘʙʣʶʜʘʶʪʩʷ ʙʦʣʴʰʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʭʦʜʝ ʢʨʠʚʳʭ (ʨʠʩ.2). 

ɸʥʘʣʠʟ ʦʪʥʦʰʝʥʠʷ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʳʩʦʢʦʦʤʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (Roff) ʢ 

ʥʠʟʢʦʦʤʥʦʤʫ (Ron) (ʨʠʩ.3) ʧʦʢʘʟʘʣ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʦʩʘʞʜʝʥʠʷ ʢʦʤʧʦʟʠʪʘ ʙʝʟ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʥʝʩʝʥʥʦʛʦ ʩʣʦʷ LiNbO3 ʜʝʛʨʘʜʘʮʠʷ ʤʝʤʨʠʩʪʠʚʥʳʭ ʩʚʦʡʩʪʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʧʨʠ ʤʠʥʠʤʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɽʩʣʠ ʚ ʩʪʨʫʢʪʫʨʝ ʠʤʝʝʪʩʷ 

ʦʩʘʞʜʝʥʥʘʷ ʧʨʦʩʣʦʡʢʘ ʥʠʦʙʘʪʘ ʣʠʪʠʷ, ʪʦ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪʞʠʛʘ 2000ʉ 

ʦʪʥʦʰʝʥʠʝ Roff/Ron ʚʦʟʨʘʩʪʘʝʪ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʧʨʦʩʣʦʡʢʘ LiNbO3, 

ʚʦʟʥʠʢʰʘʷ ʟʘ ʩʯʝʪ ʧʨʦʮʝʩʩʦʚ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʥʘ ʥʘʯʘʣʴʥʳʭ ʵʪʘʧʘʭ ʨʦʩʪʘ 

ʥʘʥʦʢʦʤʧʦʟʠʪʘ (Co40Fe40B20)X(LiNbO3)100-X, ʩʦʜʝʨʞʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʜʝʬʝʢʪʦʚ ʩʪʨʫʢʪʫʨʳ ʠ ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʪʦʤʦʚ ʤʝʪʘʣʣʘ, ʯʪʦ ʧʨʦʚʦʮʠʨʫʝʪ ʧʨʦʮʝʩʩʳ 

ʨʝʣʘʢʩʘʮʠʠ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 
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ʈʠʩ. 2 ɺɸʍ ʩʪʨʫʢʪʫʨʳ ʘ - Cr/Cu/Cr/(Co40Fe40B20)13.7(LiNbO3)86.3/Cr/Cu/Cr/ʩʠʪʘʣʣ ʠ b - 

Cr/Cu/Cr/(Co40Fe40B20)13.7(LiNbO3)86.3/LiNbO3/Cr/Cu/Cr/ʩʠʪʘʣʣ ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ  

ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ 
 

ʊʝʤʧʝʨʘʪʫʨʘ 350 0ʉ ʦʢʘʟʘʣʘʩʴ ʢʨʠʪʠʯʝʩʢʦʡ ʚ ʠʩʩʣʝʜʫʝʤʳʭ ʩʪʨʫʢʪʫʨʘʭ,ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʧʨʦʮʝʩʩʘʤʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʘ (Co40Fe40B20)X(LiNbO3)100-X. 

  
ʈʠʩ. 3. ɿʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠ ̫ROFF/RON ʩʪʨʫʢʪʫʨʳ ʘ -Cr/Cu/Cr/(Co40Fe40B20)13.7(LiNbO3)86.3 

/Cr/Cu/Cr/ʩʠʪʘʣʣ ʠ b - Cr/Cu/Cr/(Co40Fe40B20)13.7(LiNbO3)86.3/LiNbO3/Cr/Cu/Cr/ʩʠʪʘʣʣ  

ʚ ʠʩʭʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʧʦʩʣʝ ʪʝʨʤʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ  

ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ 
 

ʇʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʟʠʪʘ (Co40Fe40B20)X(LiNbO3)100-X ʦʙʨʘʟʫʶʪʩʷ 

ʢʨʠʩʪʘʣʣʠʪʳ ʩʧʣʘʚʘ CoFe, ʩʦʝʜʠʥʝʥʠʡ LiNbO3 ʠ NbO2. ʅʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʘʷ 

ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʢʠ ʨʘʟʨʫʰʘʝʪʩʷ. 
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʦʩʩʠʡʩʢʦʛʦ ʥʘʫʯʥʦʛʦ ʬʦʥʜʘ (ʛʨʘʥʪ ˉ 

16-19-10233). 


