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ɺʚʝʜʝʥʠʝ 

ɺ ʪʨʘʜʠʮʠʦʥʥʦʤ ʤʝʪʦʜʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʦʚ ʛʘʤʤʘ-ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʨʘʜʠʦʘʢʪʠʚʥʳʝ ʵʣʝʤʝʥʪʳ. 

ʉʫʱʝʩʪʚʝʥʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʵʪʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʨʘʙʦʪʳ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ. ʀʟ-ʟʘ ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ ʠʟʣʫʯʝʥʠʷ 

ʪʘʢʦʛʦ ʠʩʪʦʯʥʠʢʘ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʧʘʜʘʝʪ ʣʠʰʴ ʤʘʣʘʷ ʝʛʦ ʯʘʩʪʴ. ʕʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ ʥʘʙʦʨʘ ʥʫʞʥʦʡ 

ʩʪʘʪʠʩʪʠʢʠ ʚ ʩʧʝʢʪʨʝ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʘʝʤʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 

ʅʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʳʤ ʠ ʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʠʩʢʣʶʯʝʥʠʷ ʵʪʦʛʦ ʥʝʜʦʩʪʘʪʢʘ 

ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʷʜʝʨʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʛʘʤʤʘ-

ʢʚʘʥʪʦʚ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʛʦ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʢʦʪʦʨʦʝ ʤʦʞʥʦ 

ʩʬʦʢʫʩʠʨʦʚʘʪʴ ʚ ʧʷʪʥʦ ʤʠʢʨʦʥʥʳʭ ʨʘʟʤʝʨʦʚ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʚʦʟʥʠʢʘʝʪ 

ʧʨʦʙʣʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʚ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʳʜʝʣʝʥʠʷ ʠʟ çʙʝʣʦʛʦè ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʠʥʪʝʨʚʘʣʘ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤʫ 

ʨʝʟʦʥʘʥʩʫ.  

ɼʣʷ ʥʘʠʙʦʣʝʝ ʚʦʩʪʨʝʙʦʚʘʥʥʦʛʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʠʟʦʪʦʧʘ ʞʝʣʝʟʘ 57Fe 

ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʚ ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʴʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʦʨʘʪʘ ʞʝʣʝʟʘ FeBO3, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ 

ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʜʝʨʥʦ-ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʬʨʘʢʮʠʠ.  

ʆʜʥʘʢʦ, ʢ ʩʪʨʫʢʪʫʨʥʦʤʫ ʩʦʚʝʨʰʝʥʩʪʚʫ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ 

ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʝ ʪʨʝʙʦʚʘʥʠʷ. ɺʘʞʥʳʤ 

ʦʢʘʟʳʚʘʝʪʩʷ ʫʯʝʪ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ 

ʢ ʠʩʢʘʞʝʥʠʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ. 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʠʥʦʯʥʦʡ ʣʠʥʠʠ ʠʟʣʫʯʝʥʠʷ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤʫ ʨʝʟʦʥʘʥʩʫ, ʥʝʦʙʭʦʜʠʤʦ ʥʘʛʨʝʚʘʪʴ ʢʨʠʩʪʘʣʣ 

ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ (ʦʢʦʣʦ 348 ʂ). ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʝʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ FeBO3 ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʚʳʰʝ ʠ ʥʠʞʝ ʪʦʯʢʠ ʅʝʝʣʷ. 
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ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʙʦʨʘʪʫ ʞʝʣʝʟʘ, ʢʘʢ ʢ ʤʦʥʦʭʨʦʤʘʪʦʨʫ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʩʭʝʤʝ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ, ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʚʝʨʭʪʦʥʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʚ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʘ FeBO3 ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ.  

ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʚ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ 

ʪʘʢʞʝ ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʥʘ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʵʬʬʝʢʪʦʚ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ FeBO3. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʳ ʬʘʟʦʚʳʝ ʪʨʘʥʩʬʦʨʤʘʮʠʠ. ʇʦʵʪʦʤʫ ʚʘʞʥʳʤ ʷʚʣʷʝʪʩʷ 

ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʨʝʜʝʣʦʚ, ʧʨʠ ʢʦʪʦʨʳʭ ʙʦʨʘʪ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʦ ʩʪʘʙʠʣʴʥʳʤ. ʊʘʢʞʝ, ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʚ ʨʘʟʣʠʯʥʳʭ 

ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʥʘʫʯʥʳʡ ʠʥʪʝʨʝʩ ʢʘʢ ʤʝʪʦʜ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

ɺʝʩʴʤʘ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʟʦʩʪʨʫʢʪʫʨʥʳʭ 

ʙʦʨʘʪʫ ʞʝʣʝʟʘ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Fe1-xGaxBO3, ʚ ʢʦʪʦʨʳʭ ʯʘʩʪʴ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 

ʟʘʤʝʱʘʝʪʩʷ ʠʦʥʘʤʠ ʛʘʣʣʠʷ. ʊʦʛʜʘ ʚʤʝʩʪʦ ʪʦʛʦ, ʯʪʦʙʳ ʥʘʛʨʝʚʘʪʴ ʢʨʠʩʪʘʣʣ-

ʤʦʥʦʭʨʦʤʘʪʦʨ ʜʦ ʪʦʯʢʠ ʅʝʝʣʷ, ʟʥʘʯʝʥʠʝ ʊN ʤʦʞʥʦ ʫʧʨʘʚʣʷʝʤʦ ʧʦʥʠʞʘʪʴ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʠʘʤʘʛʥʠʪʥʦʡ ʧʨʠʤʝʩʠ Ga. ɼʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ 

ʧʨʠʣʦʞʝʥʠʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʟʫʯʠʪʴ ʵʚʦʣʶʮʠʶ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʤʘʛʥʠʪʥʳʭ ʠ ʨʝʟʦʥʘʥʩʥʳʭ ʩʚʦʡʩʪʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʧʨʠ ʜʦʧʠʨʦʚʘʥʠʠ ʛʘʣʣʠʝʤ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʚʘʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʨʘʟʙʘʚʣʝʥʠʷ ʥʘ ʘʪʦʤʥʫʶ 

ʩʪʨʫʢʪʫʨʫ, ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ, ʩʪʝʧʝʥʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʢʘʯʝʩʪʚʘ ʠ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʩʪʘʙʠʣʴʥʦʩʪʴ ʦʙʨʘʟʮʦʚ. 
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ʎʝʣʠ ʠ ʟʘʜʘʯʠ ʨʘʙʦʪʳ 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ, ʮʝʣ̫ʤʠ ʨʘʙʦʪʳ ʷʚʣʷʶʪʩʷ ʩʣʝʜʫʶʱʠʝ 

ʥʘʧʨʘʚʣʝʥʠʷ: 

Á ʇʦʣʫʯʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʦʙʨʘʟʮʳ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ FeBO3 ʠ  

57FeBO3 ʚʳʩʦʢʦʛʦ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʦʚ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ Fe1-xGaxBO3 ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠ ʟʘʜʘʥʥʳʤʠ ʤʘʛʥʠʪʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, 

ʫʩʪʘʥʦʚʠʪʴ ʤʝʭʘʥʠʟʤʳ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜ.  

Á ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʪʴ ʘʪʦʤʥʫʶ ʩʪʨʫʢʪʫʨʫ, ʠʟʫʯʠʪʴ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʦʚ 

FeBO3; ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʤʘʛʥʠʪʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʜʝʥʠʷ ʵʪʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʙʣʠʟʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

Á ʋʩʪʘʥʦʚʠʪʴ ʚʣʠʷʥʠʝ ʜʦʧʠʨʦʚʘʥʠʷ ʛʘʣʣʠʝʤ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ 

ʞʝʣʝʟʘ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʤʘʛʥʠʪʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʦʚ; ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ                

Fe1-xGaxBO3 ʚ ʷʜʝʨʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

 

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʮʝʣʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ 

ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

Á ɺʳʨʘʩʪʠʪʴ ʤʦʥʦʢʨʠʩʪʘʣʣʳ FeBO3 ʠ 
57FeBO3 ʠ Fe1-xGaxBO3, 

ʘʪʪʝʩʪʦʚʘʪʴ ʠʭ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʠ ʵʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʭ 

ʤʝʪʦʜʦʚ. 

Á ʆʧʨʝʜʝʣʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʜʠʘʧʘʟʦʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʦʚ FeBO3 ʠ Fe1-xGaxBO3, ʠʟʫʯʠʪʴ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʙʨʘʟʮʦʚ, 

ʧʦʜʚʝʨʛʥʫʪʳʭ ʚʦʟʜʝʡʩʪʚʠʶ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

(ʛʘʟʦʚʳʭ) ʩʨʝʜʘʭ. 



9 

 

Á ʀʟʫʯʠʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ FeBO3 ʠ Fe1-xGaxBO3 (0 Ò x Ò 1) 

ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʢʣʶʯʘʷ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ 

ʧʝʨʝʭʦʜʘ. 

Á ʆʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʦʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʢʘʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ, ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʚʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ. 

Á ʀʟʫʯʠʪʴ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʠ ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʦʪʨʘʞʝʥʠʡ ʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3 ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

Á ʇʨʦʚʝʩʪʠ ʧʨʝʮʠʟʠʦʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ FeBO3 

ʠ Fe1-xGaxBO3, ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ; ʠʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʙʦʨʘʪʝ ʞʝʣʝʟʘ 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

Á ʆʧʨʝʜʝʣʝʥʳ ʜʠʘʧʘʟʦʥʳ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʠ ʠʟʫʯʝʥʘ 

ʪʨʘʥʩʬʦʨʤʘʮʠʷ ʬʘʟ ʚ ʢʨʠʩʪʘʣʣʘʭ FeBO3 ʠ Fe1-xGaxBO3 ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʘʨʘʢʪʝʨ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʟʣʠʯʝʥ ʜʣʷ çʯʠʩʪʳʭè ʬʘʟ (FeBO3, GaBO3) ʠ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ.  

Á ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʤʦʨʬʥʦʝ ʟʘʤʝʱʝʥʠʝ ʞʝʣʝʟʘ ʥʘ ʛʘʣʣʠʡ ʚ ʢʨʠʩʪʘʣʣʝ 

FeBO3 ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʧʦʥʠʞʝʥʠʶ ʩʪʝʧʝʥʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Fe1-xGaxBO3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʨʠʩʪʘʣʣʘʤʠ çʯʠʩʪʳʭè ʬʘʟ 

FeBO3 ʠ GaBO3. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʚ ʢʘʞʜʦʤ ʠʟ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʥʳʭ ʩʦʩʪʘʚʦʚ 

ʩʫʱʝʩʪʚʫʶʪ ʩʨʘʚʥʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʦʙʣʘʩʪʠ, ʩʚʦʙʦʜʥʳʝ ʦʪ ʜʝʬʝʢʪʦʚ ʠ 

ʥʘʧʨʷʞʝʥʠʡ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. 

Á ʇʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʚ ʢʨʠʩʪʘʣʣʝ FeBO3 ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʧʨʠʚʦʜʠʪ ʢ ʫʰʠʨʝʥʠʶ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʢʨʠʚʳʭ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 
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ʦʪʨʘʞʝʥʠʷ, ʨʘʩʱʝʧʣʝʥʠʶ ʨʝʬʣʝʢʩʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʫʟʣʘʤ ʦʙʨʘʪʥʦʡ 

ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʘ ʠ ʢ ʨʘʟʣʠʯʥʦʤʫ ʭʘʨʘʢʪʝʨʫ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʚʳʰʝ ʠ 

ʥʠʞʝ ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ. 

Á  ʀʟ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ ʠ ʠʭ ʤʦʜʝʣʴʥʦʡ 

ʦʙʨʘʙʦʪʢʠ ʦʧʨʝʜʝʣʝʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ FeBO3 ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ, ʚʢʣʶʯʘʷ ʦʙʣʘʩʪʴ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ.  

Á ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʳʝ 

ʵʬʬʝʢʪʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ FeBO3.  

Á ʇʦ ʜʘʥʥʳʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚʳʯʠʩʣʝʥʳ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ɼʝʙʘʷ ʜʣʷ 

ʢʘʪʠʦʥʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʙʦʨʘʪʘ ʞʝʣʝʟʘ.  

Á ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʞʝ ʥʝʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʜʠʘʤʘʛʥʠʪʥʦʡ çʧʨʠʤʝʩʠè 

ʛʘʣʣʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʤʘʛʥʠʪʥʳʝ 

ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ FeBO3. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʨʠʩʪʘʣʣʳ Fe1-xGaxBO3 

ʦʪʣʠʯʘʶʪʩʷ ʧʦʚʳʰʝʥʥʦʡ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴʶ. 

Á ɺʚʝʜʝʥʠʝ ʛʘʣʣʠʷ ʚ ʩʪʨʫʢʪʫʨʫ FeBO3 ʚʝʜʝʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʠʟʤʝʥʝʥʠʶ 

ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʷʜʝʨ 57Fe, ʯʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʧʦʷʚʣʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ 

ʢʦʤʧʦʥʝʥʪ ʠ ʩʣʦʞʥʦʡ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ Fe1-xGaxBO3.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ 

ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 

ʤʦʛʫʪ ʥʘʡʪʠ ʫʥʠʢʘʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ ʯʝʪʚʝʨʪʦʛʦ 

ʧʦʢʦʣʝʥʠʷ. ʀʥʪʝʨʝʩ ʢ ʥʠʤ ʫʞʝ ʧʨʦʷʚʣʷʶʪ ʩʠʥʭʨʦʪʨʦʥʥʳʝ ʮʝʥʪʨʳ ʈʦʩʩʠʠ, 

ʌʨʘʥʮʠʠ, ɻʝʨʤʘʥʠʠ, ʗʧʦʥʠʠ ʠ ʉʐɸ.  ʅʘʠʙʦʣʝʝ ʚʘʞʥʦʝ ʪʨʝʙʦʚʘʥʠʝ ʢ 

ʧʦʜʦʙʥʳʤ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤ ʦʙʨʘʟʮʘʤ ï ʠʭ ʚʳʩʦʢʦʝ ʩʪʨʫʢʪʫʨʥʦʝ 

ʩʦʚʝʨʰʝʥʩʪʚʦ.  
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ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚʳʩʦʢʦʩʦʚʝʨʰʝʥʥʳʝ 

ʢʨʠʩʪʘʣʣʳ FeBO3, ʦʙʦʛʘʱʝʥʥʳʝ ʧʦ ʠʟʦʪʦʧʫ 
57Fe, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʨʝʮʠʟʠʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʢʨʠʩʪʘʣʣʦʚ 

FeBO3, ʚ ʪʦ ʯʠʩʣʝ, ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. 

ʆʧʨʝʜʝʣʝʥʦ ʚʣʠʷʥʠʝ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʬʦʨʤʫ ʠ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʚ ʙʦʨʘʪʝ ʞʝʣʝʟʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʙʫʜʫʪ ʚʘʞʥʳ ʜʣʷ ʥʘʩʪʨʦʡʢʠ ʯʠʩʪʦʡ ʷʜʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʘʭ FeBO3 ʠ ʧʨʠ ʬʦʨʤʠʨʦʚʘʥʠʠ ʦʜʠʥʦʯʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ 

ʣʠʥʠʠ ʚ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʤʝʪʦʜʠʢʘʭ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʷʜʝʨʥʦʤ ʨʝʟʦʥʘʥʩʝ. 

ʆʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʦʩʪʨʠʢʮʠʦʥʥʳʭ ʜʝʬʦʨʤʘʮʠʡ ʥʘ 

ʩʪʝʧʝʥʴ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ, ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ 

ʦʪʨʘʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. ʋʯʝʪ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʙʫʜʝʪ ʚʘʞʝʥ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ FeBO3 ʚ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘ ʩʯʝʪ ʧʨʠʣʦʞʝʥʠʷ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʢ ʢʨʠʩʪʘʣʣʫ 

ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʤʦʞʥʦ ʦʩʫʱʝʩʪʚʣʷʪʴ ʤʦʜʫʣʷʮʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ʰʠʨʠʥʳ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʧʫʯʢʘ, ʦʪʨʘʞʝʥʥʦʛʦ ʦʪ ʢʨʠʩʪʘʣʣʘ, ʧʫʪʝʤ ʫʧʨʘʚʣʝʥʠʷ ʤʘʛʥʠʪʥʦʡ 

ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

ʆʧʨʝʜʝʣʝʥʳ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ 

ʩʦʩʪʘʚʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Fe1-xGaxBO3. ʕʪʦ, ʚ ʯʘʩʪʥʦʩʪʠ, ʢʨʠʩʪʘʣʣʳ ʩ ʪʦʯʢʦʡ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ 

ʜʠʘʤʘʛʥʠʪʥʦʝ çʨʘʟʙʘʚʣʝʥʠʝè ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʪʦʨʦʤʫ ʧʦʥʠʞʝʥʠʶ 

ʩʪʝʧʝʥʠ ʠʭ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠ ʧʦʷʚʣʝʥʠʶ ʩʣʦʞʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʠʭ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ, ʧʨʝʠʤʫʱʝʩʪʚʘ, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʦʥʠʞʝʥʥʳʤ 

ʟʥʘʯʝʥʠʝʤ ʪʦʯʢʠ ʅʝʝʣʷ, ʜʘʶʪ ʥʘʜʝʞʜʫ ʥʘ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3 ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʷʜʝʨʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʦʙʨʘʟʮʳ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ ʅʝʝʣʷ ʦʢʦʣʦ 42Á C ʤʦʛʫʪ 

ʙʳʪʴ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 
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ʩʚʝʨʭʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʜʘʪʯʠʢʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʣʦʢʘʣʴʥʦʡ 

ʣʝʯʝʙʥʦʡ ʛʠʧʝʨʪʝʨʤʠʠ. 

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

Á ʄʝʭʘʥʠʟʤ ʬʘʟʦʚʳʭ ʠ ʩʪʨʫʢʪʫʨʥʳʭ ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ ʥʘ ʦʩʥʦʚʝ 

ʙʦʨʘʪʝ ʞʝʣʝʟʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʚ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ. 

Á ʇʨʝʮʠʟʠʦʥʥʳʝ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʚ ʧʨʠʙʣʠʞʝʥʠʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʛʦ 

ʤʘʛʥʠʪʥʦʛʦ ʜʠʧʦʣʴʥʦʛʦ ʠ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

Á ʕʬʬʝʢʪ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ 

ʢʨʠʩʪʘʣʣʦʚ FeBO3, ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ ʭʘʨʘʢʪʝʨ 

ʪʝʧʣʦʚʦʛʦ ʨʘʩʰʠʨʝʥʠʷ. 

Á ʇʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 

FeBO3    ʠ ʠʭ ʩʚʷʟʴ ʩ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. 

Á ʕʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʜʦʧʠʨʦʚʘʥʠʷ ʛʘʣʣʠʝʤ ʢʨʠʩʪʘʣʣʦʚ FeBO3 ʥʘ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ, ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ ʠ 

ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ. 

Á ʄʝʭʘʥʠʟʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʨʭʪʦʥʢʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3. 

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ ʣʝʛʣʠ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʦʚʝʜʝʥʥʳʭ 

ʘʚʪʦʨʦʤ ʚ 2017-2023 ʛʦʜʘʭ ʚ ʀʥʩʪʠʪʫʪʝ ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʠ ʠʤ. ɸ.ɺ ʐʫʙʥʠʢʦʚʘ 

ʌʅʀʎ çʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ ʠ ʬʦʪʦʥʠʢʘè ʈɸʅ. 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʥʘ ʦʩʥʦʚʝ ʙʦʨʘʪʦʚ 

ʞʝʣʝʟʘ ʧʨʦʚʦʜʠʣʠʩʴ ʘʚʪʦʨʦʤ ʚ ʩʦʩʪʘʚʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʃʘʙʦʨʘʪʦʨʠʠ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʌɻɸʋʆ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè ʚ 2015-2020 ʛʦʜʘʭ.  
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ ʩʦʩʪʦʠʪ ʚ ʧʦʜʙʦʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʪʦʜʠʢ ʠ 

ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʦʚʝʜʝʥʠʠ ʨʘʙʦʪ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ (ʚ ʩʦʩʪʘʚʝ ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ), ʨʘʟʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ 

ʫʩʪʘʥʦʚʢʠ ʠ ʚʳʧʦʣʥʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʦʙʨʘʟʮʦʚ, ʘʪʪʝʩʪʘʮʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʠ ʨʝʥʪʛʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ, 

ʫʯʘʩʪʠʶ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶʱʝʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʪʦʤʝʪʨʠʠ, ʧʨʦʚʝʜʝʥʠʠ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʢʦʤʧʴʶʪʝʨʥʦʡ 

ʦʙʨʘʙʦʪʢʝ ʨʝʟʫʣʴʪʘʪʦʚ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʶ ʚʩʝʭ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʝ ʠ 

ʥʘʧʠʩʘʥʠʶ ʥʘʫʯʥʳʭ ʩʪʘʪʝʡ ʠ ʦʪʯʝʪʦʚ, ʚ ʫʯʘʩʪʠʠ ʚ ʢʦʥʬʝʨʝʥʮʠʷʭ ʩ ʜʦʢʣʘʜʘʤʠ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪ  r

ʆʪʜʝʣʴʥʳʝ ʯʘʩʪʠ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʫʩʪʥʳʭ ʠ ʩʪʝʥʜʦʚʳʭ ʜʦʢʣʘʜʦʚ ʚ ʨʘʤʢʘʭ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʠ ʥʘʮʠʦʥʘʣʴʥʳʭ 

ʢʦʥʬʝʨʝʥʮʠʡ, ʰʢʦʣ, ʩʝʤʠʥʘʨʦʚ ʠ ʩʠʤʧʦʟʠʫʤʦʚ: 

Á VIII ɽʚʨʦʘʟʠʘʪʩʢʠʡ ʩʠʤʧʦʟʠʫʤ çʊʝʥʜʝʥʮʠʠ ʚ ʤʘʛʥʝʪʠʟʤʝè 

(EASTMAG - 2022), ʂʘʟʘʥʴ, 22 ï 26 ʘʚʛʫʩʪʘ 2022 ʛ. 

Á IV ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʙʘʣʪʠʡʩʢʘʷ ʢʦʥʬʝʨʝʥʮʠʷ ʧʦ ʤʘʛʥʝʪʠʟʤʫ (IBCM 

ï 2021), ʂʘʣʠʥʠʥʛʨʘʜ, 29 ʘʚʛʫʩʪʘ ï 2 ʩʝʥʪʷʙʨʷ 2021 ʛ. 

Á  XV ʠ XVI  ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʄʸʩʩʙʘʫʵʨʦʚʩʢʘʷ 

ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʠ ʝʝ ʧʨʠʤʝʥʝʥʠʷè, ʉʦʯʠ, 10 ï 16 ʩʝʥʪʷʙʨʷ 2018 ʛ. ʠ 

ɽʢʘʪʝʨʠʥʙʫʨʛ, 4 ï 9 ʩʝʥʪʷʙʨʷ 2022 ʛ. 

Á ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʌʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʘʪʝʨʠʘʣʳè 

(ICFM ï 21), ɸʣʫʰʪʘ, 4 ï 8 ʥʦʷʙʨʷ 2021 ʛ.  

Á XXII ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʘʷ ʐʢʦʣʘ "ɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ", ʂʘʟʘʥʴ, 22 ï 26 ʘʚʛʫʩʪʘ 

2022 ʛ. 

Á XXIV, XXV, XXVI, XXVII I, XXXIV, XXX ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʥʘʫʯʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çʃʦʤʦʥʦʩʦʚè, ʄʦʩʢʚʘ, 

1- 14 ʘʧʨʝʣʷ 2017 ʛ., 9 -13 ʘʧʨʝʣʷ 2018 ʛ., 8 ï 12 ʘʧʨʝʣʷ 2019 ʛ., 12 ï 23 ʘʧʨʝʣʷ 

2021 ʛ., 11 ï 22 ʘʧʨʝʣʷ 2022 ʛ., 10 ï 21 ʘʧʨʝʣʷ 2023 ʛ. 
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Á XVI ʠ XVII ʢʫʨʯʘʪʦʚʩʢʘʷ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʘʷ ʤʦʣʦʜʸʞʥʘʷ ʥʘʫʯʥʘʷ 
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ʜʦʢʣʘʜ, ʇʝʨʚʦʡ ʠ ɺʪʦʨʦʡ ʧʨʝʤʠʷʤʠ ʥʘ ʤʦʣʦʜʝʞʥʳʭ ʢʦʥʢʫʨʩʘʭ ʥʘʫʯʥʳʭ ʨʘʙʦʪ 
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ʈʦʩʩʠʡʩʢʠʤ ʬʦʥʜʦʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (ˉˉ 19-29-12016, 18-32-

00210, 17-42-92015), ʉʦʚʝʪʦʤ ʧʦ ʛʨʘʥʪʘʤ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ 

(  ̄4171.2022.1). 
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ɻʣʘʚʘ 1.  ʃʠʪʝʨʘʪʫʨʥʳʡ ʦʙʟʦʨ 

 

1.1 . ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʦʩʥʦʚʥʳʝ ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʦʨʘʪʘ 

ʞʝʣʝʟʘ FeBO3 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʙʦʨʘʪʘ ʞʝʣʝʟʘ FeBO3 ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ 

ʚʧʝʨʚʳʝ ʝʱʝ ʚ 1963 ʛʦʜʫ, ʠʥʪʝʨʝʩ ʢ ʠʩʩʣʝʜʦʚʘʥʠʶ ʝʛʦ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ 

ʜʘʣʴʥʝʡʰʝʤʫ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʶ ʤʝʪʦʜʦʚ ʝʛʦ ʚʳʨʘʱʠʚʘʥʠʷ ʥʝ ʫʛʘʩʘʝʪ [1ï4]. 

ɹʦʨʘʪ ʞʝʣʝʟʘ, FeBO3 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʨʠʩʪʘʣʣ, ʷʚʣʷʶʱʠʡʩʷ 

çʧʨʦʟʨʘʯʥʳʤ ʤʘʛʥʝʪʠʢʦʤè ï ʤʘʪʝʨʠʘʣʦʤ, ʩʦʯʝʪʘʶʱʠʤ ʤʘʛʥʠʪʥʦʝ 

ʫʧʦʨʷʜʦʯʝʥʠʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ  ʚʳʩʦʢʫʶ ʧʨʦʟʨʘʯʥʦʩʪʴ ʚ ʚʠʜʠʤʦʤ 

ʜʠʘʧʘʟʦʥʝ [5; 6]. ʀʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʢʨʠʩʪʘʣʣʫ ʦʙʫʩʣʦʚʣʝʥ 

ʫʥʠʢʘʣʴʥʳʤ ʩʦʯʝʪʘʥʠʝʤ ʤʘʛʥʠʪʥʳʭ, ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ, ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʠʭ, 

ʨʝʟʦʥʘʥʩʥʳʭ ʠ ʜʨʫʛʠʭ ʩʚʦʡʩʪʚ ʵʪʦʛʦ ʤʘʪʝʨʠʘʣʘ [7ï9]. ɺ ʵʪʦʡ ʩʚʷʟʠ ʢʨʠʩʪʘʣʣʳ 

FeBO3 ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʦʙʣʘʩʪʠ 

ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʠ ʤʘʛʥʝʪʠʟʤʘ [1]. 

ʈʘʥʝʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ FeBO3 ʙʳʣʘ ʫʪʦʯʥʝʥʘ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʣʘ FeBO3, ʚʳʨʘʱʝʥʥʦʛʦ ʤʝʪʦʜʦʤ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

[10]. ʆʥʘ ʦʧʠʩʳʚʘʝʪʩʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3 ←c (Z = 6) ʩ ʧʘʨʘʤʝʪʨʘʤʠ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ (ʚ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʝ) a = 4,626(1) ¡, b = 14,493(6) 

¡, V = 268,6 ¡3. ɹʦʨʘʪ ʞʝʣʝʟʘ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʤʠʥʝʨʘʣʫ ʢʘʣʴʮʠʪʘ CaCO3. 

ʈʘʩʯʝʪʥʘʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʠʣʘ 4,27 ʛ/ʩʤ3 

(ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ, ʧʦʣʫʯʝʥʥʘʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʠʢʥʦʤʝʪʨʘ, 

ʩʦʩʪʘʚʣʷʝʪ 4,28(3) ʛ/ʩʤ3). ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [10] ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʜʣʠʥʳ ʦʩʥʦʚʥʳʭ 

ʘʪʦʤʥʳʭ ʩʚʷʟʝʡ ʠ ʫʛʣʦʚʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ.  

ɺ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʘʪʦʤʳ ʞʝʣʝʟʘ ʦʙʨʘʟʫʶʪ ʩ ʙʣʠʞʘʡʰʠʤ 

ʢʠʩʣʦʨʦʜʥʳʤ ʦʢʨʫʞʝʥʠʝʤ ʦʢʪʘʵʜʨ Feʆ6. ʕʣʝʤʝʥʪʘʨʥʘʷ ʷʯʝʡʢʘ ʩʦʩʪʦʠʪ ʠʟ ʩʣʦʝʚ 

ʪʘʢʠʭ ʦʢʪʘʵʜʨʦʚ, ʢʦʪʦʨʳʝ ʚʜʦʣʴ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʯʝʨʝʜʫʶʪʩʷ ʩ 

ʪʨʝʫʛʦʣʴʥʠʢʘʤʠ BO3 (ʩʤ. ʨʠʩʫʥʦʢ 1.1). ʈʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʩʣʦʷʤʠ BO3 

ʩʦʩʪʘʚʣʷʝʪ c/6. ʊʨʝʫʛʦʣʴʥʠʢʠ BO3 ʦʜʠʥʘʢʦʚʦ ʦʨʠʝʥʪʠʨʦʚʘʥʳ ʚ ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ 
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ʩʣʦʷ (ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ab, ʩʤ. ʨʠʩʫʥʦʢ 1.1), ʘ ʚ ʩʦʩʝʜʥʠʭ ʩʣʦʷʭ ʠʤʝʶʪ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʫʶ ʦʨʠʝʥʪʘʮʠʶ.  

 

ʈʠʩʫʥʦʢ 1.1. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʙʦʨʘʪʘ ʞʝʣʝʟʘ FeBO3 

 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʳ, ʙʦʨʘʪ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ 

ʘʥʪʠʬʝʨʨʦʤʘʛʥʝʪʠʢʦʤ ʩʦ ʩʣʘʙʳʤ ʬʝʨʨʦʤʘʛʥʝʪʠʟʤʦʤ ʠ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʝʡ ʪʠʧʘ ʣʝʛʢʘʷ ʧʣʦʩʢʦʩʪʴ [11; 12]. ʉʧʠʥʳ ʘʪʦʤʦʚ ʞʝʣʝʟʘ 

ʨʘʩʧʦʣʦʞʝʥʳ ʚ ʩʣʦʷʭ, ʧʘʨʘʣʣʝʣʴʥʳʭ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʠ 

ʫʧʦʨʷʜʦʯʝʥʳ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʦ. ʆʜʥʘʢʦ, ʚʚʠʜʫ ʘʥʪʠʩʠʤʤʝʪʨʠʯʥʦʛʦ 

ʩʫʧʝʨʦʙʤʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʵʬʬʝʢʪ ɼʟʷʣʦʰʠʥʩʢʦʛʦ ï ʄʦʨʠʠ [13]), 

ʤʘʛʥʠʪʥʳʝ ʧʦʜʨʝʰʝʪʢʠ ʩʣʝʛʢʘ ʩʢʦʰʝʥʳ, ʯʪʦ ʩʦʟʜʘʝʪ ʩʣʘʙʳʡ ʨʝʟʫʣʴʪʠʨʫʶʱʠʡ 

ʤʘʛʥʠʪʥʳʡ ʤʦʤʝʥʪ [1; 14]. ʅʘʣʠʯʠʝ ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʧʨʦʮʝʩʩʳ 

ʧʝʨʝʤʘʛʥʠʯʠʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣʣʘʭ ʙʦʨʘʪʘ ʞʝʣʝʟʘ. ʊʦʯʢʘ ʅʝʝʣʷ ʩʦʩʪʘʚʣʷʝʪ TN = 

348,3 ʂ [11]. 

 ɿʥʘʢ ʢʦʥʩʪʘʥʪʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼʟʷʣʦʰʠʥʩʢʦʛʦ -  ʄʦʨʠʷ ʚ ʙʦʨʘʪʝ 

ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʦʪʨʠʮʘʪʝʣʴʥʳʤ [15; 16]. ʈʘʩʯʝʪʥʳʡ ʫʛʦʣ ʩʢʦʩʘ ʤʘʛʥʠʪʥʳʭ 

ʤʦʤʝʥʪʦʚ ʩʦʩʪʘʚʣʷʝʪ 0.8Á [17],  ʘ ʠʟʤʝʨʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ï 0.9Á [2]. 

ɺʝʣʠʯʠʥʘ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʥʘ ʘʪʦʤʘʭ ʞʝʣʝʟʘ, ʧʦ ʜʘʥʥʳʤ ʥʝʡʪʨʦʥʦʛʨʘʬʠʠ ʠ 
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ab-initio ʨʘʩʯʝʪʦʚ, ʩʦʩʪʘʚʣʷʝʪ 4.7mɹ [11; 18]. ɿʥʘʯʝʥʠʝ ʧʦʜʨʝʰʝʪʦʯʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʧʨʠ 0 ʂ ʩʦʩʪʘʚʣʷʝʪ 520 ɻʩ [14].   

ɹʦʨʘʪ ʞʝʣʝʟʘ ʧʦ ʩʚʦʝʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʠ ʤʘʛʥʠʪʥʦʡ ʩʪʨʫʢʪʫʨʝ ʚʝʩʴʤʘ 

ʩʭʦʞ ʩ ʛʝʤʘʪʠʪʦʤ Ŭ-Fe2O3 [19]. ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʛʝʤʘʪʠʪʘ ʪʘʢʞʝ ʦʧʠʩʳʚʘʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʛʨʫʧʧʦʡ R3 ᵊc, ʦʜʥʘʢʦ, ʝʩʣʠ ʚ FeBO3 ʘʪʦʤʳ ʞʝʣʝʟʘ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʜʦʣʴ ʦʩʠ ʪʨʝʪʴʝʛʦ ʧʦʨʷʜʢʘ ʯʝʨʝʟ 3 ʢʠʩʣʦʨʦʜʥʳʭ ʩʣʦʷ, ʪʦ ʚ Ŭ-

Fe2O3  ʘʪʦʤʳ ʞʝʣʝʟʘ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʯʝʨʝʟ ʦʜʠʥ ʠʣʠ ʜʚʘ ʢʠʩʣʦʨʦʜʥʳʭ ʩʣʦʷ [20; 

21]. ʂʘʢ ʠ ʙʦʨʘʪ ʞʝʣʝʟʘ, ʛʝʤʘʪʠʪ ʠʤʝʝʪ ʘʥʪʠʬʝʨʨʦʤʘʛʥʠʪʥʳʡ ʪʠʧ ʫʧʦʨʷʜʦʯʝʥʠʷ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʘʪʦʤʦʚ Fe [22]. ɺ ʦʪʣʠʯʠʝ ʦʪ ʙʦʨʘʪʘ ʞʝʣʝʟʘ, ʚ ʛʝʤʘʪʠʪʝ 

ʩʫʱʝʩʪʚʫʝʪ ʪʦʯʢʘ ʄʦʨʠʥʘ, ʧʨʠ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʧʦʥʪʘʥʥʘʷ ʩʧʠʥʦʚʘʷ 

ʧʝʨʝʦʨʠʝʥʪʘʮʠʷ [23]. 

ɺ ʢʨʠʩʪʘʣʣʘʭ FeBO3 ʩʫʱʝʩʪʚʫʝʪ ʤʘʛʥʠʪʥʘʷ ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ [24ï26]. 

ɼʦʤʝʥʥʳʝ ʩʣʦʠ ʧʘʨʘʣʣʝʣʴʥʳ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.2) ʢʨʠʩʪʘʣʣʘ ʠ 

ʨʘʟʜʝʣʝʥʳ ʙʣʦʭʦʚʩʢʠʤʠ ʜʦʤʝʥʥʳʤʠ ʛʨʘʥʠʮʘʤʠ, ʦʨʪʦʛʦʥʘʣʴʥʳʤʠ ʵʪʦʡ 

ʧʣʦʩʢʦʩʪʠ, ʘ ʚʝʣʠʯʠʥʘ ʩʧʦʥʪʘʥʥʦʡ ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 100 ʕ [14; 

27; 28].  

 

 

 ʈʠʩʫʥʦʢ 1.2. ʄʘʛʥʠʪʥʘʷ 

ʜʦʤʝʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ʥʘ 

ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʙʦʨʘʪʘ ʞʝʣʝʟʘ, 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʥʥʘʷ ʩ ʧʦʤʦʱʴʶ 

ʤʘʛʥʠʪʦʦʧʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ 

ʌʘʨʘʜʝʷ (ʠʟ ʨʘʙʦʪʳ [14]). 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʥʘ ʢʨʠʩʪʘʣʣʘʭ FeBO3 ʠʟʫʯʝʥʳ ʷʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʤʘʛʥʝʪʠʟʤʘ [29ï32], ʤʘʛʥʠʪʥʦʛʦ ʜʚʫʧʨʝʣʦʤʣʝʥʠʷ ʟʚʫʢʘ [33]; 

ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʝ ʷʚʣʝʥʠʷ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ 
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ʠʤʧʫʣʴʩʘʤʠ [34; 35]. ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʦʛʦ ʜʘʚʣʝʥʠʷ ʚ ʙʦʨʘʪʝ ʞʝʣʝʟʘ 

ʦʙʥʘʨʫʞʝʥ ʧʝʨʝʭʦʜ ʜʠʵʣʝʢʪʨʠʢ-ʤʝʪʘʣʣ, ʩ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʝʤ ʤʘʛʥʠʪʥʳʭ 

ʩʚʦʡʩʪʚ ʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ [36ï38]. ʉ ʨʦʩʪʦʤ ʜʘʚʣʝʥʠʷ ʜʦ 50 ɻʇʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʅʝʝʣʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ ʜʚʘ ʨʘʟʘ (ʜʦ å 600 ʂ), ʘ ʟʘʪʝʤ 

ʧʨʦʠʩʭʦʜʷʪ ʢʦʣʣʘʧʩ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ, ʩʚʷʟʘʥʥʳʡ ʩ ʧʝʨʝʭʦʜʦʤ ʠʦʥʦʚ Fe3+ ʠʟ 

ʚʳʩʦʢʦʩʧʠʥʦʚʦʛʦ ʚ ʥʠʟʢʦʩʧʠʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʩʪʨʫʢʪʫʨʥʳʤ ʬʘʟʦʚʳʤ ʧʝʨʝʭʦʜʦʤ ʩʦ ʩʢʘʯʢʦʦʙʨʘʟʥʳʤ ʫʤʝʥʴʰʝʥʠʝʤ ʦʙʲʝʤʘ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ [39ï41]. 

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʢʦʤʧʦʟʠʪʥʳʝ ʤʘʪʝʨʠʘʣʳ ʥʘ 

ʦʩʥʦʚʝ FeBO3. ʅʝʜʘʚʥʦ ʙʳʣʘ ʩʠʥʪʝʟʠʨʦʚʘʥʘ ʪʦʥʢʘʷ ʤʘʛʥʠʪʥʘʷ ʧʣʝʥʢʘ FeBO3 ʥʘ 

ʠʟʦʩʪʨʫʢʪʫʨʥʦʡ ʜʠʘʤʘʛʥʠʪʥʦʡ ʧʦʜʣʦʞʢʝ GaBO3 [42]. ʇʦ ʜʘʥʥʳʤ 

ʤʘʛʥʠʪʦʨʝʟʦʥʘʥʩʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʨʝʜʝʣʝʥʦ ʧʦʣʝ ɼʟʷʣʦʰʠʥʩʢʦʛʦ ʠ 

ʠʟʦʪʨʦʧʥʘʷ ʵʥʝʨʛʝʪʠʯʝʩʢʘʷ ʱʝʣʴ ʥʠʟʢʦʯʘʩʪʦʪʥʦʡ ʤʦʜʳ ɸʌʄʈ [43]. ʊʦʥʢʘʷ 

ʧʣʝʥʢʘ ʠʥʪʝʨʝʩʥʘ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʟʫʯʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ 

ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʚ ʙʦʨʘʪʝ ʞʝʣʝʟʘ, ʢʦʪʦʨʳʝ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʦʙʲʝʤʥʳʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʘʛʥʝʪʠʟʤ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʯʝʥʴ ʙʦʣʴʰʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ [42; 44].  

ʆʪʢʨʳʚʘʶʪʩʷ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʚ ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʣʠʪʠʡ-ʠʦʥʥʳʭ 

ʘʢʢʫʤʫʣʷʪʦʨʦʚ ʧʨʠʚʦʜʠʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [45; 

46].  

ɺ ʨʷʜʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʨʘʙʦʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʠ 

ʥʘʥʦʨʘʟʤʝʨʥʳʝ ʧʦʨʦʰʢʠ FeBO3 ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ [6; 47; 48]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʠʭ 

ʢʨʠʩʪʘʣʣʘʭ ʦʙʥʘʨʫʞʝʥʳ ʵʬʬʝʢʪʳ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʧʦʜʩʠʩʪʝʤʳ ʥʘ ʘʤʧʣʠʪʫʜʫ 

ʠ ʬʘʟʫ ʧʨʦʜʦʣʴʥʦʛʦ ʟʚʫʢʘ [49]. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʢʨʠʩʪʘʣʣʳ FeBO3 ʚ 

ʤʘʛʥʠʪʦʘʢʫʩʪʠʯʝʩʢʠʭ ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʷʭ. 
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ʀʟ-ʟʘ ʤʘʣʦʡ ʚʝʣʠʯʠʥʳ ʬʝʨʨʦʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʠ ʩʣʘʙʦʡ ʤʘʛʥʠʪʥʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ ʚ ʙʘʟʠʩʥʦʡ ʧʣʦʩʢʦʩʪʠ ʚ ʢʨʠʩʪʘʣʣʘʭ FeBO3 ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ 

ʧʨʦʷʚʣʷʶʪʩʷ ʵʬʬʝʢʪʳ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʤʘʛʥʝʪʠʟʤʘ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʦʩʦʙʦʡ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ [44; 50]. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʧʦʚʝʨʭʥʦʩʪʴ ʠʟʦʤʝʪʨʠʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʤʦʞʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʵʣʝʤʝʥʪʘ ʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ. 

ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚʳʩʦʢʦʩʦʚʝʨʰʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʚ ʢʦʪʦʨʳʭ ʞʝʣʝʟʦ ʦʙʦʛʘʱʝʥʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʤ ʠʟʦʪʦʧʦʤ 57FeBO3, ʚ 

ʢʘʯʝʩʪʚʝ ʠʜʝʘʣʴʥʳʭ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʠʟ çʙʝʣʦʛʦè 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʠʥʪʝʨʚʘʣʘ ʩ ʵʥʝʨʛʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤʫ ʨʝʟʦʥʘʥʩʫ [51ï53]. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʙʦʨʘʪ ʞʝʣʝʟʘ 

ʦʙʣʘʜʘʝʪ ʦʧʪʠʤʘʣʴʥʳʤʠ ʜʣʷ ʨʝʰʝʥʠʷ ʪʘʢʦʡ ʟʘʜʘʯʠ ʧʘʨʘʤʝʪʨʘʤʠ ʷʜʝʨʥʦ-

ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʬʨʘʢʮʠʠ [54ï57].  

ʄʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʙʦʨʘʪ ʞʝʣʝʟʘ ʷʚʣʷʝʪʩʷ ʚʝʩʴʤʘ çʥʘʫʢʦʝʤʢʠʤè 

ʤʦʜʝʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʥʘ ʢʦʪʦʨʦʤ ʧʦʣʫʯʝʥʳ ʠʥʪʝʨʝʩʥʳʝ ʠ ʚʘʞʥʳʝ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ.  ɼʘʣʴʥʝʡʰʝʝ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʠʢ 

ʩʠʥʪʝʟʘ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʝʛʦ ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʚʘʞʥʦ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʠʤʝʥʝʥʠʷ FeBO3 ʚ ʥʦʚʳʭ ʚʳʩʦʢʦʪʝʭʥʦʣʦʛʠʯʥʳʭ ʦʪʨʘʩʣʷʭ.  

 

1.2 ʄʝʪʦʜʳ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 

ʂʨʠʩʪʘʣʣ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʤʦʞʝʪ ʙʳʪʴ ʩʠʥʪʝʟʠʨʦʚʘʥ ʜʚʫʤʷ ʦʩʥʦʚʥʳʤʠ 

ʩʧʦʩʦʙʘʤʠ: ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ ʠ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ 

[14]. ʇʝʨʚʳʡ ʩʧʦʩʦʙ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʦʚʝʨʰʝʥʥʳʭ ʧʣʘʩʪʠʥʯʘʪʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ɺʪʦʨʦʡ ʩʧʦʩʦʙ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʙʲʝʤʥʳʭ 

(ʠʟʦʤʝʪʨʠʯʥʳʭ) ʢʨʠʩʪʘʣʣʦʚ. 

ʇʣʘʩʪʠʥʯʘʪʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʨʘʥʝʝ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ 

ʛʨʫʧʧʘʤʠ ʠʟ ʂʨʳʤʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʛ. ʉʠʤʬʝʨʦʧʦʣʴ) [58], ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʉʆ ʈɸʅ (ʛ. ʂʨʘʩʥʦʷʨʩʢ) [59], ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʦʛʦ ʠʥʩʪʠʪʫʪʘ ʈɸʅ (ʛ. ʉʘʥʢʪ-
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ʇʝʪʝʨʙʫʨʛ) [60], ʮʝʥʪʨʘ SPring-8 (ʛ. ʍʸʛʦ, ʗʧʦʥʠʷ) [61], ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʏʝʭʦʩʣʦʚʘʪʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ (ʛ. ʇʨʘʛʘ, ʏʝʭʠʷ) [62].  

ʆʙʱʠʤ ʜʣʷ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʚʳʰʝ ʨʘʙʦʪ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ Fe2O3ī B2O3īPbOīPbF2 ʠʣʠ Fe2O3īB2O3īBi2O3. 

ʆʢʩʠʜ ʞʝʣʝʟʘ Fe2O3 ʷʚʣʷʝʪʩʷ ʢʨʠʩʪʘʣʣʦʙʨʘʟʫʶʱʠʤ ʢʦʤʧʦʥʝʥʪʦʤ, ʦʢʩʠʜ 

ʚʠʩʤʫʪʘ Bi2O3 ʠʣʠ ʩʦʯʝʪʘʥʠʝ ʦʢʠʩʠ ʩʚʠʥʮʘ PbO ʠ ʬʪʦʨʠʩʪʦʛʦ ʩʚʠʥʮʘ PbF2 

ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ, ʘ ʦʢʩʠʜ ʙʦʨʘ B2O3 ʚʳʩʪʫʧʘʝʪ ʠ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʦʥʝʥʪʘ, ʦʙʨʘʟʫʶʱʝʛʦ ʢʨʠʩʪʘʣʣ, ʠ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ.  

ʆʩʥʦʚʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʩʧʣʘʚʘ ï ʨʘʩʪʚʦʨʠʪʝʣʷ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʦʜʠʪʴ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʫʶʱʝʝ 

ʚʝʱʝʩʪʚʦ ʚ ʞʠʜʢʦʝ ʩʦʩʪʦʷʥʠʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʙʦʣʝʝ ʥʠʟʢʦʡ, ʯʝʤ ʝʛʦ ʪʦʯʢʘ 

ʧʣʘʚʣʝʥʠʷ [63]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ ʩʦʯʝʪʘʝʪ ʜʦʩʪʦʠʥʩʪʚʘ ʨʘʩʪʚʦʨʥʳʭ ʠ ʨʘʩʧʣʘʚʥʳʭ 

ʤʝʪʦʜʦʚ [64ï66]. 

ʄʦʞʥʦ ʚʳʜʝʣʠʪʴ ʜʚʝ ʦʩʥʦʚʥʳʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʠʟ 

ʨʘʩʪʚʦʨʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ: 

Á ʉʧʦʥʪʘʥʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʧʫʪʝʤ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʜʦʣʞʝʥ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʷʭ; ʣʠʙʦ ʚʳʨʘʱʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʜʦʣʞʥʳ 

ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʦʪ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘ ʜʦ ʧʦʣʥʦʛʦ ʝʛʦ ʟʘʪʚʝʨʜʝʚʘʥʠʷ.  

Á ʂʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʦʚ ʥʘ ʟʘʪʨʘʚʢʫ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚ 

ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚ ʧʦʤʝʱʘʝʪʩʷ ʟʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ, ʢʦʪʦʨʳʡ ʨʘʟʨʘʩʪʘʝʪʩʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ. ɿʘʪʨʘʚʦʯʥʳʡ ʢʨʠʩʪʘʣʣ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʫʯʝʥ ʩ 

ʧʦʤʦʱʴʶ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

 

ʆʪʜʝʣʴʥʦ ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʨʘʙʦʪʳ ʛʨʫʧʧʳ ʠʟ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ 

ʏʝʭʦʩʣʦʚʘʮʢʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ, ʚ ʨʘʤʢʘʭ ʢʦʪʦʨʳʭ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ 

ʚʳʩʦʢʦʩʦʚʝʨʰʝʥʥʳʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 57FeBO3, ʦʙʦʛʘʱʝʥʥʳʝ ʧʦ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʤʫ ʠʟʦʪʦʧʫ 57Fe. ʕʪʠ ʢʨʠʩʪʘʣʣʳ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 
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ʧʨʦʚʝʜʝʥʠʷ ʷʜʝʨʥʦ-ʨʝʟʦʥʘʥʩʥʳʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ (ESRF, 

ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ). ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʦʨʠʛʠʥʘʣʴʥʘʷ ʤʝʪʦʜʠʢʘ, ʧʨʠ 

ʢʦʪʦʨʦʡ ʪʱʘʪʝʣʴʥʦ ʧʨʦʩʫʰʝʥʥʘʷ ʰʠʭʪʘ ʤʝʣʢʠʤʠ ʧʦʨʮʠʷʤʠ ʥʘʧʣʘʚʣʷʣʘʩʴ ʚ 

ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ, ʥʘ ʢʦʪʦʨʳʡ ʟʘʪʝʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʙʳʣʠ ʥʘʜʝʪʳ 

ʧʣʘʪʠʥʦʚʳʝ ʩʝʪʢʘ ʠ ʪʠʛʝʣʴ-ʢʨʳʰʢʘ (ʩʤ. ʩʭʝʤʫ ʥʘ ʨʠʩʫʥʢʝ 1.3). ɿʘʢʨʳʪʳʡ ʪʠʛʝʣʴ 

ʩ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʦʤ ʧʦʤʝʱʘʣʩʷ ʚ ʢʦʥʪʝʡʥʝʨ ʠ ʟʘʪʝʤ - ʚ ʙʝʟʛʨʘʜʠʝʥʪʥʫʶ ʟʦʥʫ 

ʣʘʙʦʨʘʪʦʨʥʦʡ ʰʘʭʪʥʦʡ ʧʝʯʠ, ʢʦʪʦʨʘʷ ʠʤʝʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʣʘʚʥʦʛʦ ʧʦʚʦʨʦʪʘ 

ʚʦʢʨʫʛ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʦʩʠ. ʊʘʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ ʧʝʯʠ ʧʦʟʚʦʣʷʝʪ ʦʪʜʝʣʠʪʴ 

ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ ʦʪ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘ ʜʦ ʝʛʦ ʦʪʚʝʨʜʝʚʘʥʠʷ. 

 

 

 

ʈʠʩʫʥʦʢ 1.3. ʀʟ ʨʘʙʦʪʳ [62]. ʉʣʝʚʘ ï ʫʧʘʢʦʚʢʘ ʪʠʛʣʝʡ ʜʣʷ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, (1) ï ʢʦʥʪʝʡʥʝʨ, (2) ï ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ ˉ1, (3) - 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʨʘʩʧʣʘʚ, (4) ï ʩʝʪʢʘ, (5) - ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ ˉ 2. 

ʉʧʨʘʚʘ ï ʧʨʠʤʝʨʳ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʘʚʪʦʨʘʤ [62] ʫʜʘʚʘʣʦʩʴ ʩʠʥʪʝʟʠʨʦʚʘʪʴ 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ 57FeBO3 ʚ ʚʠʜʝ ʧʣʘʩʪʠʥ ʩ ʜʠʘʤʝʪʨʦʤ ʙʦʣʝʝ 3 ʤʤ (ʩʤ. ʨʠʩʫʥʦʢ 

1.3). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ ʨʷʜʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʡ ʦʙʥʘʨʫʞʠʚʘʣʠʩʴ 

ʝʜʠʥʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ FeBO3 ʩ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʧʦʙʦʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʬʘʟʳ ʦʨʪʦʙʦʨʘʪʘ Fe3BO6 [67]. ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ ʙʳʣ 

ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʭʠʤʠʯʝʩʢʦʡ ʵʢʩʪʨʘʢʮʠʠ ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʠʟʦʪʦʧʘ 57Fe ʠʟ 

ʩʣʠʪʦʛʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʉʫʜʷ ʧʦ ʦʪʩʫʪʩʪʚʠʶ ʧʫʙʣʠʢʘʮʠʡ 
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ʥʘʯʠʥʘʷ ʩ 1991 ʛ., ʜʘʥʥʘʷ ʥʘʫʯʥʘʷ ʛʨʫʧʧʘ ʙʦʣʴʰʝ ʥʝ ʟʘʥʠʤʘʝʪʩʷ ʨʦʩʪʦʤ 

ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʛʨʫʧʧʦʡ ʠʟ ʀʥʩʪʠʪʫʪʘ ʬʠʟʠʢʠ ʉʆ ʈɸʅ ʤʝʪʦʜʦʤ ʠʟ ʨʘʩʪʚʦʨʘ 

ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʪʘʢʞʝ ʤʦʥʦʢʨʠʩʪʘʣʣʳ 

ʪʨʠʛʦʥʘʣʴʥʳʭ ʙʦʨʘʪʦʚ ʩ ʨʘʟʚʠʪʳʤ ʥʝʙʘʟʠʩʥʳʤʠ ʛʨʘʥʷʤʠ [68]. 

 ɺʪʦʨʦʡ ʦʩʥʦʚʥʦʡ ʩʧʦʩʦʙ ï ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʟ ʛʘʟʦʚʦʡ ʬʘʟʳ [69; 70] - 

ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʧʦʤʝʱʝʥʠʝ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ 

ʦʙʝʟʚʦʞʝʥʥʳʭ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪ ʢʨʠʩʪʘʣʣʘ - ʦʢʩʠʜʘ ʙʦʨʘ B2O3  ʠ 

ʦʢʩʠʜʘ ʞʝʣʝʟʘ Fe2O3 ʚ ʦʪʜʝʣʴʥʳʭ ʧʣʘʪʠʥʦʚʳʭ ʣʦʜʦʯʢʘʭ. ʀʟ ʘʤʧʫʣʳ 

ʦʪʢʘʯʠʚʘʝʪʩʷ ʚʦʟʜʫʭ, ʥʘʧʫʩʢʘʝʪʩʷ ʭʣʦʨʠʩʪʳʡ ʚʦʜʦʨʦʜ ʅʉl. ɸʤʧʫʣʘ ʟʘʧʘʠʚʘʝʪʩʷ 

ʠ ʧʦʤʝʱʘʝʪʩʷ ʚ ʙʝʟʛʨʘʜʠʝʥʪʥʫʶ ʟʦʥʫ ʰʘʭʪʳ ʪʨʫʙʯʘʪʦʡ ʧʝʯʠ. ʉʠʥʪʝʟ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʚʳʜʝʨʞʢʝ.   

ɼʨʫʛʘʷ ʨʘʟʥʦʚʠʜʥʦʩʪʴ ʤʝʪʦʜʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ FeBO3 ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ ʧʨʝʜʧʦʣʘʛʘʝʪ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʠʟ 

ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ. ʆʥʠ ʫʩʪʘʥʘʚʣʠʚʘʶʪʩʷ ʥʘ ʩʧʝʮʠʘʣʴʥʦʤ ʧʣʘʪʠʥʦʚʦʤ 

ʜʝʨʞʘʪʝʣʝ ʚ ʣʦʜʦʯʢʫ ʩ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ. ʂʘʢ ʠ ʚ ʩʪʘʥʜʘʨʪʥʦʤ ʩʧʦʩʦʙʝ, ʣʦʜʦʯʢʠ ʩ 

ʦʢʩʠʜʦʤ ʙʦʨʘ ʠ ʦʢʩʠʜʦʤ ʞʝʣʝʟʘ ʧʦʤʝʱʘʶʪʩʷ ʚ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ, ʢʦʪʦʨʘʷ 

ʧʦʩʣʝ ʚʘʢʫʫʤʠʟʘʮʠʠ ʠ ʥʘʢʘʯʢʠ ʭʣʦʨʠʩʪʳʤ ʚʦʜʦʨʦʜʦʤ ʟʘʧʘʠʚʘʝʪʩʷ ʠ 

ʧʦʤʝʱʘʝʪʩʷ ʚ ʧʝʯʴ ʩ ʟʘʜʘʥʥʳʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ. ʈʦʩʪ ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʨʠ ʧʦʥʠʞʝʥʥʦʤ ʜʘʚʣʝʥʠʠ ʭʣʦʨʠʩʪʦʛʦ ʚʦʜʦʨʦʜʘ, ʯʪʦ ʚʝʜʝʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʢʘʯʝʩʪʚʘ ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ [14]. ʇʨʠ ʵʪʦʤ 

ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ ʩʧʦʥʪʘʥʥʦʝ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʩʠʥʪʝʟʘ ʦʙʨʘʟʫʶʪʩʷ ʤʦʥʦʢʨʠʩʪʘʣʣʳ ʩ ʭʦʨʦʰʦ ʨʘʟʚʠʪʳʤʠ ʥʝʙʘʟʠʩʥʳʤʠ ʛʨʘʥʷʤʠ 

ʠ ʩ ʙʦʣʴʰʠʤ ʨʘʩʩʪʦʷʥʠʝʤ ʤʝʞʜʫ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʤʠ ʙʘʟʠʩʥʳʤʠ ʛʨʘʥʷʤʠ (ʩʤ. 

ʨʠʩʫʥʦʢ 1.4).  ʉʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʬʦʨʤʦʡ ʟʘʪʨʘʚʦʯʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 

ʠ ʬʦʨʤʦʡ ʢʦʥʝʯʥʳʭ ʦʙʨʘʟʮʦʚ [70].  
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ʈʠʩʫʥʦʢ. 1.4 

ʀʟʦʤʝʪʨʠʯʥʳʝ 

(ʦʙʲʝʤʥʳʝ) 

ʤʦʥʦʢʨʠʩʪʘʣʣʳ FeBO3, 

ʚʳʨʘʱʝʥʥʳʝ ʠʟ ʛʘʟʦʚʦʡ 

ʬʘʟʳ (ʠʟ ʨʘʙʦʪʳ [70]). 

 

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʫʧʦʤʷʥʫʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʩʠʥʪʝʟʘ FeBO3 ʠʟ ʪʚʝʨʜʦʡ 

ʬʘʟʳ. ʕʪʦʪ ʩʧʦʩʦʙ ʧʨʠʛʦʜʝʥ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

(ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʭ) ʦʙʨʘʟʮʦʚ. ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʤʝʣʢʦʜʠʩʧʝʨʩʥʳʝ ʦʢʩʠʜ ʞʝʣʝʟʘ 

Fe2O3 ʠ ʢʨʠʩʪʘʣʣʳ ʙʦʨʥʦʡ ʢʠʩʣʦʪʳ H3BO3 ʚ ʧʨʦʧʦʨʮʠʠ 2:1 ʧʨʝʩʩʫʶʪʩʷ ʚ 

ʧʘʣʣʝʪʳ ʠ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʠ ʜʚʫʭ ʜʥʝʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 670ÁC, ʘ ʟʘʪʝʤ 

ʩʫʪʢʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 860ÁC [71; 72]. ʇʦʩʣʝ ʵʪʦʛʦ ʦʙʨʘʟʮʳ ʟʘʢʘʣʠʚʘʶʪʩʷ ʥʘ 

ʚʦʟʜʫʭʝ ʠ ʧʨʦʤʳʚʘʶʪʩʷ ʚʦʜʦʡ ʜʣʷ ʫʜʘʣʝʥʠʷ ʠʟʣʠʰʢʘ ʦʢʩʠʜʘ ʙʦʨʘ. ʂʦʥʝʯʥʳʡ 

ʧʨʦʜʫʢʪ ʪʘʢʦʡ ʨʝʘʢʮʠʠ ʠʤʝʝʪ ʚʠʜ ʭʦʨʦʰʦ ʢʨʠʩʪʘʣʣʠʟʦʚʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʦʙʨʘʟʮʳ ʤʦʛʫʪ ʩʦʜʝʨʞʘʪʴ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʨʠʤʝʩʥʳʭ ʬʘʟ ï ʦʨʪʦʙʦʨʘʪʘ Fe3BO6 ʠ ʛʝʤʘʪʠʪʘ a-Fe2O3. ʇʨʠʯʝʤ, 

ʢʘʢ ʧʦʜʯʝʨʢʠʚʘʣʠ ʘʚʪʦʨʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʙʦʪ, ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʨʝʘʛʝʥʪʦʚ ʠ ʢʦʨʨʝʢʪʠʨʦʚʢʘ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʝʞʠʤʦʚ ʥʝ ʧʨʠʚʝʣʠ ʢ ʦʜʥʦʬʘʟʥʦʩʪʠ 

ʧʨʦʜʫʢʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʆʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʦʙʨʘʟʮʳ ʧʣʦʭʦ ʧʦʜʭʦʜʷʪ 

ʜʣʷ ʤʘʛʥʠʪʥʳʭ ʠ ʦʧʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ.  
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1.3 ʉʚʝʜʝʥʠʷ ʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ 

ʞʝʣʝʟʘ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ 
 

ʆʪʞʠʛʦʤ ʥʘʟʳʚʘʶʪ ʪʝʨʤʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʛʨʝʚʘʥʠʠ ʦʙʨʘʟʮʘ, ʚʳʜʝʨʞʢʝ ʝʛʦ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʭʣʘʞʜʝʥʠʠ [73]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, 

ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʨʝʞʠʤ ʦʪʞʠʛʘ ʦʙʨʘʟʮʦʚ, ʷʚʣʷʶʪʩʷ ʪʝʤʧʝʨʘʪʫʨʘ, ʚʨʝʤʷ, ʘ ʪʘʢʞʝ 

ʩʨʝʜʘ, ʚ ʢʦʪʦʨʦʡ ʦʪʞʠʛ ʧʨʦʠʟʚʦʜʠʪʩʷ. 

ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʝʯʥʦʛʦ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʫʩʣʦʚʥʦ ʨʘʟʣʠʯʘʶʪ ʦʪʞʠʛ 

ʧʝʨʚʦʛʦ ʪʠʧʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʬʘʟʦʚʦʡ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʠ 

ʦʪʞʠʛ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʷʚʣʝʥʠʝ ʥʦʚʳʭ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ. 

 ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʟʥʘʯʝʥʠʷ, ʨʘʟʣʠʯʘʶʪ [73]: 

¶ ɼʠʬʬʫʟʠʦʥʥʳʡ ʦʪʞʠʛ, ʢʦʪʦʨʳʡ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʫʩʪʨʘʥʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʠʣʠ ʬʘʟʦʚʦʡ ʥʝʦʜʥʦʨʦʜʥʦʩʪʠ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʧʦʜʚʠʞʥʦʩʪʠ 

ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʩʪʝʧʝʥʥʦʤ 

ʚʳʨʘʚʥʠʚʘʥʠʠ ʩʦʩʪʘʚʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʪʘʢʦʛʦ ʦʪʞʠʛʘ ʧʨʠʙʣʠʞʘʝʪʩʷ ʢ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʚʝʱʝʩʪʚʘ. 

¶ ʈʝʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʳʡ ʦʪʞʠʛ, ʧʨʠ ʢʦʪʦʨʦʤ ʦʙʨʘʟʝʮ ʥʘʛʨʝʚʘʝʪʩʷ 

ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʦʡ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ 

ʫʩʪʨʘʥʝʥʠʷ ʩʜʚʠʛʦʚʳʭ ʜʝʬʦʨʤʘʮʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

¶ ʆʪʞʠʛ ʜʣʷ ʩʥʷʪʠʷ ʚʥʫʪʨʝʥʥʠʭ ʥʘʧʨʷʞʝʥʠʡ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 

ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʷ ʜʠʩʣʦʢʘʮʠʡ ʚ ʦʙʨʘʟʮʝ. ʆʙʳʯʥʦ ʵʪʦ ʧʨʝʜʧʣʘʚʠʣʴʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʈʘʙʦʪʳ ʧʦ ʦʪʞʠʛʫ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʧʨʦʚʦʜʠʣʠʩʴ ʚ 1960-ʭ - 1970-ʭ ʛʦʜʘʭ 

ɾʫʙʝʨʪʦʤ ʠ ʜʨ. ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ [74], ʘ ʪʘʢʞʝ ɿʚʝʨʝʚʦʡ ʠ ʜʨ. 

ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ [75].  ɺ ʢʘʯʝʩʪʚʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ 

ʧʨʠʤʝʥʷʣʠʩʴ ɼʊɸ ʠ ʈʌɸ.  
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ɺ ʨʘʙʦʪʝ [74] ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʙʦʨʘʪ ʞʝʣʝʟʘ  

ʩʪʘʥʦʚʠʪʩʷ  ʥʝʩʪʘʙʠʣʴʥʳʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 900ÁC, ʢʦʛʜʘ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ 

ʚʥʝʟʘʧʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʥʘ ʦʢʩʠʜ ʙʦʨʘ B2O3  ʠ ʦʢʩʠʜ ʞʝʣʝʟʘ Fe2O3. ɺ ʩʣʫʯʘʝ 

ʜʘʣʴʥʝʡʰʝʡ ʚʳʜʝʨʞʢʠ ʦʙʨʘʟʮʦʚ ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʥʝʡ ʚ ʢʦʥʝʯʥʦʤ ʩʦʩʪʘʚʝ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʬʘʟʘ ʦʨʪʦʙʦʨʘʪʘ ʞʝʣʝʟʘ Fe3BO6 .  

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ [75], ʚ ʮʝʣʦʤ, ʢʦʨʨʝʣʠʨʫʶʪ ʩ ʚʳʰʝʠʟʣʦʞʝʥʥʳʤʠ. ɺ 

ʨʘʤʢʘʭ ʵʪʦʡ ʨʘʙʦʪʳ ʙʦʨʘʪ ʞʝʣʝʟʘ ʠ ʦʨʪʦʙʦʨʘʪ ʞʝʣʝʟʘ ʩʠʥʪʝʟʠʨʦʚʘʣʠʩʴ ʤʝʪʦʜʦʤ 

ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʨʘʩʧʣʘʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʢʩʠʜʘ ʩʚʠʥʮʘ ʚ ʢʘʯʝʩʪʚʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʧʨʝʜʩʪʘʚʣʷʣʠ ʩʦʙʦʡ   

ʧʣʘʩʪʠʥʳ ʜʦ 5,5 ʤʤ ʚ ʧʦʧʝʨʝʯʥʠʢʝ, ʘ ʦʨʪʦʙʦʨʘʪʘ ʞʝʣʝʟʘ -  ʪʦʥʢʠʝ ʚʳʪʷʥʫʪʳʝ 

ʧʣʘʩʪʠʥʢʠ 10ʭ3ʭ0,3 ʤʤ. ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʫʩʪʘʥʦʚʢʘ ɼʊɸ, ʚ ʢʦʪʦʨʦʡ ʨʝʛʠʩʪʨʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʩ 

ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʦʤʝʪʨʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʧʨʠʤʝʥʷʣʩʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʜʠʬʨʘʢʪʦʤʝʪʨ ɼʈʆʅ-1.  ʋʪʚʝʨʞʜʘʝʪʩʷ, ʯʪʦ ʙʦʨʘʪ ʞʝʣʝʟʘ ʥʝ 

ʧʨʝʪʝʨʧʝʚʘʝʪ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 910ÁC. ʇʦʩʣʝ ʦʪʞʠʛʘ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʦʙʨʘʟʮʘʭ ʧʨʠʩʫʪʩʪʚʦʚʘʣʘ ʬʘʟʘ Fe2O3, ʘ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ ʥʘʣʠʯʠʝ ʘʤʦʨʬʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ, ʢʦʪʦʨʘʷ ʥʝ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ 

ʈʌɸ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʧʨʠ ʚʳʜʝʨʞʢʝ ʦʙʨʘʟʮʦʚ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ; ʘ ʚ 

ʩʣʫʯʘʝ ʚʳʜʝʨʞʢʠ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʯʘʩʦʚ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʬʘʟʘ Fe3BO6 .  

ɺ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʠʥʷʪʴ ʚʦ ʚʥʠʤʘʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʪʚʝʨʜʦʬʘʟʥʦʤʫ  ʩʠʥʪʝʟʫ, ʧʨʦʚʝʜʝʥʥʳʝ ʄʘʢʨʘʤʦʤ  ʠ ʜʨ. [72] ʚ ʰʠʨʦʢʦʤ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ ʠ ʩ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʠʩʭʦʜʥʳʭ ʩʦʩʪʘʚʣʷʶʱʠʭ.  

ʉʦʛʣʘʩʥʦ ʵʪʠʤ ʜʘʥʥʳʤ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʘʣʠʯʠʝ ʬʘʟʳ Fe3BO6 ʢʘʢ ʧʨʦʜʫʢʪʘ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʚʰʠʭ ʢʦʤʧʦʥʝʥʪ ʨʘʟʣʦʞʝʥʠʷ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ  ʚ ʬʘʟʫ ʦʨʪʦʙʦʨʘʪʘ ʞʝʣʝʟʘ, ʢʘʢ ʙʦʣʝʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫʶ (ʩʤ. 

ʨʠʩʫʥʦʢ 1.5). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʦʪʨʘʞʝʥʘ ʚʦʟʤʦʞʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʩʠʩʪʝʤʳ B2O3 - Fe2O3. 
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ʈʠʩʫʥʦʢ 1.5. ɺʦʟʤʦʞʥʘʷ ʬʘʟʦʚʘʷ 

ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ B2O3 - Fe2O3 (ʠʟ 

ʨʘʙʦʪʳ [72]). 

 

 

 

 

1.4 ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʟʘʤʝʱʝʥʠʷ ʠ ʚʥʝʜʨʝʥʠʷ ʥʘ ʦʩʥʦʚʝ FeBO3 
 

ɹʦʨʘʪ ʞʝʣʝʟʘ FeBO3 ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʥʝʤʘʛʥʠʪʥʳʤ ʙʦʨʘʪʘʤ ʛʘʣʣʠʷ GaBO3, 

ʠʥʜʠʷ InBO3, ʩʢʘʥʜʠʷ ScBO3 ʠ ʣʶʪʝʮʠʷ LuBO3  ʠ ʦʙʨʘʟʫʝʪ ʩ ʥʠʤʠ ʥʝʧʨʝʨʳʚʥʳʡ 

ʨʷʜ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ [1; 71; 76]. ʀʟʤʝʥʷʷ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ Fe ʠ ʜʠʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ Ga, In, Sc ʠʣʠ 

Lu ʚ ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʘʭ (ʪ.ʥ. ʜʠʘʤʘʛʥʠʪʥʦʝ çʨʘʟʙʘʚʣʝʥʠʝè), ʦʢʘʟʳʚʘʝʪʩʷ 

ʚʦʟʤʦʞʥʳʤ ʫʧʨʘʚʣʷʝʤʦ ʠʟʤʝʥʷʪʴ ʤʘʛʥʠʪʥʳʝ ʠ ʨʝʟʦʥʘʥʩʥʳʝ ʩʚʦʡʩʪʚʘ ʙʦʨʘʪʘ 

ʞʝʣʝʟʘ [77]. ʊʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʥʘ ʦʩʥʦʚʝ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʠʟ 

ʨʘʩʪʚʦʨʘ ʚ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ ʠ, ʢʘʢ ʠ ʠʩʭʦʜʥʳʡ ʢʨʠʩʪʘʣʣ, ʠʤʝʶʪ 

ʚʠʜ ʪʦʥʢʠʭ ʙʘʟʠʩʥʳʭ ʧʣʘʩʪʠʥ (ʩʤ. ʨʠʩʫʥʦʢ 1.6) [78]. ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʟʘʤʝʱʝʥʠʷ Fe1-xAl xBO3 [79]. 
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ʈʠʩʫʥʦʢ 1.6. ʌʦʪʦʛʨʘʬʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3 (ʩʣʝʚʘ),   Fe1-xScxBO3 (ʚ 

ʮʝʥʪʨʝ) ʠ Fe1-xAl xBO3 (ʩʧʨʘʚʘ) (ʠʟ ʨʘʙʦʪ [78; 79]). 

 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ ʢʨʠʩʪʘʣʣʦʚ ʩʤʝʰʘʥʥʦʛʦ ʩʦʩʪʘʚʘ Fe1-xGaxBO3, Fe1-

xScxBO3 ʠ Fe1-xAl xBO3 ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ 

ʜʠʬʨʘʢʮʠʠ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ ʟʘʤʝʱʘʶʱʝʛʦ ʪʦʤʘ, ʧʘʨʘʤʝʪʨʳ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ ʤʦʛʫʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʠʣʠ ʫʤʝʥʴʰʘʪʴʩʷ (ʩʤ. ʪʘʙʣʠʮʫ 1.1) 

[78; 79].  

 

ʊʘʙʣʠʮʘ 1.1. ʇʘʨʘʤʝʪʨʳ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʷʯʝʡʢʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3, 

Fe1-xScxBO3 ʠ Fe1-xAl xBO3  (ʜʘʥʥʳʝ ʠʟ ʨʘʙʦʪ [78; 79]). 

 FeBO3 Fe0.94Al0.06BO3 Fe0.94Ga0.06BO3 Fe0.94Sc0.06BO3 

a, ¡ 4.626(1) 4.6245(1 4.6246(1) 4.6397(3) 

c, ¡ 14.493(6) 14.4810(3) 14.4808(4) 14.5814(10) 

 

ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘ ʩʯʝʪ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʧʘʨʘʤʘʛʥʠʪʥʳʭ ʠʦʥʦʚ ʞʝʣʝʟʘ Fe3+ 

ʚ ʜʠʘʤʘʛʥʠʪʥʦʡ ʤʘʪʨʠʮʝ [80]. ʆʥʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʧʝʨʝʭʦʜʘ ʦʪ ʤʘʛʥʠʪʦʫʧʦʨʷʜʦʯʝʥʥʦʛʦ ʢ ʧʘʨʘʤʘʛʥʠʪʥʦʤʫ ʩʦʩʪʦʷʥʠʶ, 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʠʩʘʥʠʷ ʤʘʛʥʠʪʥʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠ ʠʟʫʯʝʥʠʷ 

ʦʪʜʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʬʦʨʤʠʨʫʶʱʠʭ ʤʘʛʥʠʪʥʳʝ ʩʚʦʡʩʪʚʘ ʙʦʨʘʪʘ ʞʝʣʝʟʘ [81; 

82].  
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ʂʨʦʤʝ ʪʦʛʦ, ʢʨʠʩʪʘʣʣʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ ʠʥʪʝʨʝʩʥʳ ʜʣʷ 

ʧʨʠʤʝʥʝʥʠʷ ʚ ʪʝʭʥʠʯʝʩʢʠʭ ʫʩʪʨʦʡʩʪʚʘʭ.  ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʦʟʤʦʞʥʦʩʪʴ ʁʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠ ʟʘʜʘʥʥʳʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʨʘʩʰʠʨʠʪʴ ʦʙʣʘʩʪʠ ʠʭ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʧʨʠʣʦʞʝʥʠʷ [83; 84].  

ɿʜʝʩʴ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ. ɼʠʘʤʘʛʥʠʪʥʦʝ 

ʨʘʟʙʘʚʣʝʥʠʝ, ʥʝʩʤʦʪʨʷ ʥʘ ʙʣʠʟʦʩʪʴ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʟʘʤʝʱʘʝʤʦʛʦ ʠ 

ʟʘʤʝʱʘʶʱʝʛʦ ʘʪʦʤʦʚ, ʧʦ ʩʫʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʜʝʬʝʢʪʦʤ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʩʪʨʫʢʪʫʨʳ [66]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ ʜʠʘʤʘʛʥʠʪʥʦʡ ʧʨʠʤʝʩʠ ʥʘ 

ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝ 

ʧʨʦʚʦʜʠʣʦʩʴ.  

ʆʪʤʝʪʠʤ ʪʘʢʞʝ ʦʧʨʝʜʝʣʝʥʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʠʥʪʝʨʝʩ ʢ ʪʚʝʨʜʳʤ 

ʨʘʩʪʚʦʨʘʤ ʚʥʝʜʨʝʥʠʷ FeBO3:Ni [85; 86].  ʊʘʢʠʝ ʢʨʠʩʪʘʣʣʳ ʫʜʘʝʪʩʷ ʚʳʨʘʩʪʠʪʴ 

ʣʠʰʴ ʩ ʤʠʥʠʤʘʣʴʥʦʡ (ʦʢʦʣʦ 0.1 ʤʘʩʩ. %) ʢʦʥʮʝʥʪʨʘʮʠʝʡ ʥʠʢʝʣʷ [87]. ʇʨʠ 

ʧʨʝʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʧʦʨʦʛʘ, ʧʨʠ ʩʠʥʪʝʟʝ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʨʦʩʪ ʰʧʠʥʝʣʴʥʳʭ ʬʘʟ ʚʤʝʩʪʦ ʬʘʟʳ FeBO3:Ni.  ɺʥʝʜʨʝʥʠʝ Ni ʚ ʤʘʪʨʠʮʫ FeBO3 

ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʜʦʤʝʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʵʬʬʝʢʪʘ ʬʦʪʦʤʘʛʥʠʪʥʦʡ ʧʘʤʷʪʠ (ʩʤ. ʨʠʩʫʥʦʢ 1.7) [88]. 

ʇʨʠʨʦʜʘ ʵʪʠʭ ʷʚʣʝʥʠʡ ʜʦ ʩʠʭ ʧʦʨ ʦʩʪʘʝʪʩʷ ʧʦʜ ʚʦʧʨʦʩʦʤ.  ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʥʘʙʣʶʜʘʝʤʳʝ ʬʦʪʦʤʘʛʥʠʪʥʳʝ ʵʬʬʝʢʪʳ ʩʚʷʟʘʥʳ ʩ ʜʝʬʦʨʤʘʮʠʷʤʠ ʗʥʘ-ʊʝʣʣʝʨʘ. 

 

ʈʠʩʫʥʦʢ  1.7. .ɺʠʟʫʘʣʠʟʘʮʠʷ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ 

ʢʨʠʩʪʘʣʣʦʚ FeBO3:Ni ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʘʛʥʠʯʝʥʥʳʭ 

ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ. ʉʪʨʝʣʢʘʤʠ ʧʦʢʘʟʘʥʦ ʥʘʧʨʘʚʣʝʥʠʝ ʤʘʛʥʠʪʥʦʛʦ 

ʧʦʣʷ ʧʨʠ ʦʩʚʝʱʝʥʠʠ (ʠʟ ʨʘʙʦʪʳ [88]). 
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1.5  ʇʨʝʜʳʜʫʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ FeBO3 ʠ Fe1-xGaxBO3 ʤʝʪʦʜʦʤ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ʇʝʨʚʳʝ ʠ ʝʜʠʥʩʪʚʝʥʥʳʝ ʨʘʙʦʪʳ ʧʦ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʝ  FeBO3 ʙʳʣʠ ʚʳʧʦʣʥʝʥʳ ʕʡʙʰʠʮʦʤ ʠ ʩʦʘʚʪʦʨʘʤʠ  ʚ 1970 ʠ 1973 

ʛʦʜʘʭ [89; 90].  ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ ʵʪʦʤʫ ʤʘʪʝʨʠʘʣʫ, ʜʘʣʴʥʝʡʰʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʥʘ 

ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʘʭ FeBO3 ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. ʉʢʦʨʝʝ ʚʩʝʛʦ, ʵʪʦ 

ʩʚʷʟʘʥʦ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʛʦʜʥʳʭ ʜʣʷ ʠʟʤʝʨʝʥʠʡ.  

ʆʩʦʙʝʥʥʦʩʪʠ ʷʜʝʨʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʦʩʦʙʝʥʥʦ ʚʘʞʥʳ 

ʜʣʷ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚ ʵʪʠʭ ʨʘʙʦʪʘʭ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʚʝʣʠʯʠʥʘ ʩʚʝʨʭʪʦʥʢʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʷʜʨʝ ʞʝʣʝʟʘ ʠ ʝʸ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʮʝʥʠʚʘʣʠʩʴ ʚ ʛʨʫʙʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʠʟ ʨʘʩʩʪʦʷʥʠʷ 

ʤʝʞʜʫ ʢʨʘʡʥʠʤʠ ʣʠʥʠʷʤʠ ʰʝʩʪʠʣʠʥʝʡʥʦʛʦ ʩʧʝʢʪʨʘ ʙʝʟ ʫʯʝʪʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʛʜʝ ʵʥʝʨʛʠʷ ʤʘʛʥʠʪʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʪʘʥʦʚʠʪʩʷ ʩʨʘʚʥʠʤʦʡ ʩ ʵʥʝʨʛʠʝʡ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ [89].  ɺ ʵʪʦʡ ʨʘʙʦʪʝ ʥʝ ʦʧʠʩʘʥʘ ʬʠʟʠʯʝʩʢʘʷ 

ʤʦʜʝʣʴ, ʢʦʪʦʨʘʷ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʨʘʩʯʝʪʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʦʚ, ʘ 

çʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʝè ʩʧʝʢʪʨʳ ʧʣʦʭʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʦʩʦʙʝʥʥʦ ʚʳʰʝ ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʩʤ. ʨʠʩʫʥʦʢ 

1.8).  

 

ʈʠʩʫʥʦʢ 1.8. ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ FeBO3 (ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ ʠ 

ʢʦʤʧʴʶʪʝʨʥʦ - ʩʛʝʥʝʨʠʨʦʚʘʥʥʳʡ) ʚʳʰʝ ʪʦʯʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʠʟ ʨʘʙʦʪʳ [89]). 
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ʇʦʤʠʤʦ ʵʪʦʛʦ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ ʢʨʠʩʪʘʣʣ ʩ ʪʦʣʱʠʥʦʡ 

ʧʦʨʷʜʢʘ 50 ʤʢʤ, ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʧʨʠʙʣʠʞʝʥʠʝ ʪʦʥʢʦʛʦ 

ʧʦʛʣʦʪʠʪʝʣʷ ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ ʧʦʛʨʝʰʥʦʩʪʷʤ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 

ʘʥʘʣʠʟʘ [91ï93]. ɺʘʞʥʳʤ ʦʙʩʪʦʷʪʝʣʴʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʚ ʨʘʙʦʪʘʭ [89; 90] ʥʝ 

ʫʯʪʝʥʘ ʠ ʥʝ ʦʙʩʫʞʜʘʣʘʩʴ ʘʩʠʤʤʝʪʨʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʩʧʝʢʪʨʘ, ʢʦʪʦʨʘʷ 

ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʧʨʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʦʤ ʤʘʛʥʠʪʥʦʤ ʜʠʧʦʣʴʥʦʤ ʠ 

ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʢʚʘʜʨʫʧʦʣʴʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ (ʩʤ. ʨʠʩʫʥʦʢ 1.9). ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ, ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʥʝʦʙʭʦʜʠʤʦ ʦʧʠʩʳʚʘʪʴ ʚ ʨʘʤʢʘʭ ʧʦʣʥʦʛʦ 

ʛʘʤʠʣʴʪʦʥʠʘʥʘ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʡ ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʤ ʦʙʘ ʪʠʧʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

 

 

 

 

 

ʈʠʩʫʥʦʢ 1.9. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ 

ʤʦʥʦʢʨʠʩʪʘʣʣʘ FeBO3 ʥʠʞʝ ʪʦʯʢʠ 

ʤʘʛʥʠʪʥʦʛʦ ʧʝʨʝʭʦʜʘ (ʠʟ ʨʘʙʦʪʳ 

[89]).  

 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Fe1-xGaxBO3 ʨʘʥʝʝ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [60]. ʋʩʪʘʥʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʤʘʛʥʠʪʥʦʛʦ 

ʧʝʨʝʭʦʜʘ ʠ ʚʝʣʠʯʠʥʳ ʤʘʛʥʠʪʥʦʛʦ ʩʚʝʨʭʪʦʥʢʦʛʦ ʧʦʣʷ ʥʘ ʷʜʨʘʭ ʞʝʣʝʟʘ ʚ 

ʢʨʠʩʪʘʣʣʘʭ Fe1-xGaxBO3 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ FeBO3. ʆʜʥʘʢʦ, ʦʩʦʙʝʥʥʦʩʪʠ 

ʬʦʨʤʠʨʦʚʘʥʠʷ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ, ʩʚʷʟʘʥʥʳʝ ʩ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʤ ʤʘʛʥʠʪʥʳʤ 

ʜʠʧʦʣʴʥʳʤ ʠ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ, ʠ ʚʣʠʷʥʠʝ ʥʘ 

ʥʠʭ ʜʠʘʤʘʛʥʠʪʥʦʛʦ çʨʘʟʙʘʚʣʝʥʠʷè, ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʘʭ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʣʠʰʴ ʚʝʨʦʷʪʥʦʩʪʷʤʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʨʝʟʦʥʘʥʩʥʳʭ ʧʝʨʝʭʦʜʦʚ [94].  

ɺ ʩʣʫʯʘʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʠʥʠʡ ʟʘʚʠʩʷʪ ʪʘʢʞʝ ʦʪ 

ʥʘʧʨʘʚʣʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʥʘ ʷʜʨʘʭ ʞʝʣʝʟʘ (ʢʦʪʦʨʦʝ 

ʩʦʚʧʘʜʘʝʪ ʩ ʥʘʧʨʘʚʣʝʥʠʝʤ ʤʘʛʥʠʪʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʘ ʞʝʣʝʟʘ) ʠ ʛʣʘʚʥʦʡ ʦʩʠ 

ɻʕʇ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ɔ-ʢʚʘʥʪʘ, ʠʩʧʫʱʝʥʥʦʛʦ 

ʠʩʪʦʯʥʠʢʦʤ ʠʟʣʫʯʝʥʠʷ. ɺ ʵʪʦʤ ʟʘʢʣʶʯʘʶʪʩʷ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʵʬʬʝʢʪʳ ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ. ʅʘʙʣʶʜʝʥʠʝ ʠ ʪʨʘʢʪʦʚʢʘ ʵʪʠʭ ʵʬʬʝʢʪʦʚ ʚʧʝʨʚʳʝ 

ʚʳʧʦʣʥʝʥʳ ʚ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ʍʘʥʥʳ ʠ ʩʦʘʚʪʦʨʦʚ [95ï99], ʠ ʟʘʪʝʤ ʨʘʟʚʠʪʳ 

ɻʦʥʟʝʨʦʤ [100]. 

ʆʪʤʝʪʠʤ, ʯʪʦ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʨʝʟʦʥʘʥʩʥʳʭ ʣʠʥʠʡ ʦʪ 

ʦʨʠʝʥʪʘʮʠʠ ʦʙʨʘʟʮʘ ʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʪʘʢʞʝ ʠ ʥʘ ʧʦʣʠʢʨʠʩʪʘʣʣʘʭ, ʝʩʣʠ 

ʚʝʨʦʷʪʥʦʩʪʴ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʘʥʠʟʦʪʨʦʧʥʘ (ʵʬʬʝʢʪ ɻʦʣʴʜʘʥʩʢʦʛʦ ï 

ʂʘʨʷʛʠʥʘ) [94; 101].  

ʉʦʦʪʥʦʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʣʠʥʠʡ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ 

ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʥʘʤʘʛʥʠʯʝʥʥʳʭ ʚʥʝʰʥʠʤ ʤʘʛʥʠʪʥʳʤ ʧʦʣʝʤ, ʘ ʪʘʢʞʝ 

ʧʦʣʠʜʦʤʝʥʥʳʭ ʬʝʨʨʦʤʘʛʥʝʪʠʢʦʚ, ʥʝ ʦʙʣʘʜʘʶʱʠʭ ʩʧʦʥʪʘʥʥʦʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʴʶ, ʦʧʠʩʳʚʘʝʪʩʷ ʠʟʚʝʩʪʥʳʤʠ ʠʟ ʣʠʪʝʨʘʪʫʨʳ ʚʳʨʘʞʝʥʠʷʤʠ [101; 

102]. ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ ʥʘʣʠʯʠʷ ʩʨʘʚʥʠʪʝʣʴʥʦ ʢʨʫʧʥʳʭ ʤʘʛʥʠʪʥʳʭ ʜʦʤʝʥʦʚ, 

ʢʦʛʜʘ ʠʭ ʢʦʥʬʠʛʫʨʘʮʠʷ ʥʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʨʘʟʙʨʦʩʦʤ ʦʨʠʝʥʪʘʮʠʡ 

ʥʘʤʘʛʥʠʯʝʥʥʦʩʪʝʡ, ʪʘʢʦʡ ʧʦʜʭʦʜ ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʧʨʠʤʝʥʠʤ.  

ɺ ʵʪʦʡ ʩʚʷʟʠ, ʦʜʥʦʡ ʠʟ ʮʝʣʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʣʠʩʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʥʘ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ 

ʵʬʬʝʢʪʳ ʚ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ FeBO3.  

 

 

 

 



32 

 

1.6 ʇʨʠʤʝʥʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʜʣʷ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  

 

ʄ ʩyʩʙʘʫʵʨʦʚʩʢʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʤ ʠ 

ʵʬʬʝʢʪʠʚʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʝʪʦʜʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʩʪʨʫʢʪʫʨʥʳʭ, 

ʵʣʝʢʪʨʦʥʥʳʭ ʠ ʤʘʛʥʠʪʥʳʭ ʩʚʦʡʩʪʚ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ [101ï103]. ɺ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʷʜʝʨʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʷʚʣʷʝʪʩʷ 

ʥʝʢʦʛʝʨʝʥʪʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʤʦʞʝʪ ʙʳʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʧʨʦʩʪʦ ʧʨʝʜʩʪʘʚʣʝʥ ʢʘʢ ʣʠʥʝʡʥʘʷ ʢʦʤʙʠʥʘʮʠʷ ʢʦʤʧʦʥʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʨʘʟʣʠʯʥʳʤ ʩʦʩʪʦʷʥʠʷʤ ʷʜʝʨ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʟʦʥʘʥʩʝ. ʆʜʥʘʢʦ ʙʦʣʴʰʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʝʵʬʬʝʢʪʠʚʥʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʦʝ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʦʩʪʨʘʥʷʝʪʩʷ ʧʦ ʩʬʝʨʝ (ʚ 4ˊ), ʠ ʥʘ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ ʧʦʧʘʜʘʝʪ ʣʠʰʴ 

ʤʘʣʘʷ ʝʛʦ ʯʘʩʪʴ. ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʜʣʠʪʝʣʴʥʳʭ ʠʟʤʝʨʝʥʠʡ ʜʣʷ 

ʥʘʙʦʨʘ ʥʫʞʥʦʡ ʩʪʘʪʠʩʪʠʢʠ, ʯʪʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʘʯʝʩʪʚʝ ʧʦʣʫʯʝʥʥʳʭ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʵʪʦʤʫ ʩʪʘʥʜʘʨʪʥʘʷ ʤʝʪʦʜʠʢʘ ʧʣʦʭʦ ʧʦʜʭʦʜʠʪ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʲʝʢʪʦʚ ʤʘʣʳʭ ʨʘʟʤʝʨʦʚ (ʤʝʥʝʝ 100 ʤʢʤ) ʠ ʜʣʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚ 

ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʩʠʣʴʥʳʝ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, 

ʚʳʩʦʢʠʝ ʠ ʥʠʟʢʠʝ ʪʝʤʧʝʨʘʪʫʨʳ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ 

ʚʳʩʦʢʠʭ ʠ ʩʚʝʨʭʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ ʤʝʛʘʙʘʨʥʦʛʦ ʜʠʘʧʘʟʦʥʘ ʚ ʢʘʤʝʨʘʭ ʩ 

ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ.  

 ɺ ʵʪʦʡ ʩʠʪʫʘʮʠʠ ʥʘʠʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʭʝʤʝ ʚʤʝʩʪʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ 

ʠʩʪʦʯʥʠʢʘ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʳʩʦʢʦʠʥʪʝʥʩʠʚʥʦʝ ʩʠʥʭʨʦʪʨʦʥʥʦʝ ʠʟʣʫʯʝʥʠʝ, ʢʦʪʦʨʦʝ 

ʤʦʞʝʪ ʙʳʪʴ ʩʬʦʢʫʩʠʨʦʚʘʥʦ ʚ ʧʷʪʥʦ ʩ ʜʠʘʤʝʪʨʦʤ ʥʝʩʢʦʣʴʢʦ ʤʠʢʨʦʤʝʪʨʦʚ [104]. 

ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʝʜʣʦʞʝʥʦ ʠ ʨʝʘʣʠʟʦʚʘʥʦ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʤʝʪʦʜʘ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʦʩʥʦʚʘʥʥʳʭ ʥʘ ʷʜʝʨʥʦʤ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʝ 

[105].  
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ʍʨʦʥʦʣʦʛʠʯʝʩʢʠ, ʧʝʨʚʳʤ ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʤʝʪʦʜ NFS (Nuclear Forward 

Scattering, ʷʜʝʨʥʦʝ ʨʘʩʩʝʷʥʠʝ ʚʧʝʨʝʜ) [106]. ʕʪʦ ʩʠʥʭʨʦʪʨʦʥʥʳʡ ʘʥʘʣʦʛ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚʦ ʚʨʝʤʝʥʥʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ. ɸʪʦʤʥʦʝ ʷʜʨʦ 

ʚʦʟʙʫʞʜʘʝʪʩʷ ʢʦʨʦʪʢʠʤ ʠʤʧʫʣʴʩʦʤ ʠʟʣʫʯʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ ʨʝʛʠʩʪʨʠʨʫʝʪʩʷ 

ʧʨʦʮʝʩʩ ʨʝʣʘʢʩʘʮʠʠ ʷʜʨʘ.  

ɺ ʵʪʦʤ ʤʝʪʦʜʝ ʜʣʷ ʚʳʜʝʣʝʥʠʷ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʘʙʦʨ 

ʢʨʝʤʥʠʝʚʳʭ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʠ ʩʪʘʥʜʘʨʪʥʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʦʧʪʠʢʠ [107; 108]. 

ʇʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʜʩʪʨʦʡʢʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʜʦʩʪʘʪʦʯʥʦ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ. ʕʪʦ ʜʝʣʘʝʪ ʚʦʟʤʦʞʥʳʤ ʥʘʙʣʶʜʝʥʠʝ ʨʝʟʦʥʘʥʩʘ ʥʘ ʷʜʨʘʭ 

ʨʘʟʣʠʯʥʳʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʟʦʪʦʧʦʚ, ʪʘʢʠʭ ʢʘʢ ʞʝʣʝʟʦ 57Fe, ʥʠʢʝʣ ɹ 61Ni ʠ 

ʦʣʦʚʦ 119Sn, ʯʪʦ ʷʚʣʷʝʪʩʷ ʥʝʦʩʧʦʨʠʤʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʤʝʪʦʜʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʤʝʨʝʥʥʳʡ ʩʧʝʢʪʨ NFS (ʚʦ ʚʨʝʤʝʥʥʦʤ ʨʘʟʨʝʰʝʥʠʠ) 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʪʫʭʘʶʱʠʝ ʦʩʮʠʣʣʷʮʠʠ [107]. ʏʘʩʪʦʪʘ ʦʩʮʠʣʣʷʮʠʡ ʟʘʚʠʩʠʪ 

ʦʪ ʚʝʣʠʯʠʥʳ ʩʚʝʨʭʪʦʥʢʠʭ ʧʦʣʝʡ ʥʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʤ ʷʜʨʝ. ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

ʢʦʤʧʴʶʪʝʨʥʦʡ ʦʙʨʘʙʦʪʢʝ ʜʘʥʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʇʨʠ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʩʧʝʢʪʨʘ 

ʩʫʱʝʩʪʚʫʶʪ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʜʣʷ ʧʝʨʝʭʦʜʘ ʠʟ ʚʨʝʤʝʥʥʦʛʦ 

ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘ   ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ (ʪ.ʝ. ʚ ʘʥʘʣʦʛʠʯʥʦʝ ʩʪʘʥʜʘʨʪʥʦʤʫ 

ʣʘʙʦʨʘʪʦʨʥʦʤʫ ʤʝʪʦʜʫ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ).  ʆʜʥʘʢʦ, ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʩʧʝʢʪʨ ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʢʦʤʧʦʥʝʥʪ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʣʠʯʥʳʤ 

ʩʦʩʪʦʷʥʠʷʤ ʷʜʝʨ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʟʦʥʘʥʩʝ, ʚʦʟʤʦʞʥʘ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʚ 

ʦʙʨʘʙʦʪʢʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʉʫʱʝʩʪʚʝʥʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʤʝʪʦʜʘ NFS ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʚ ʠʤʧʫʣʴʩʥʦʤ ʨʝʞʠʤʝ, ʘ ʪʘʢʞʝ 

ʞʝʩʪʢʠʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʬʠʣʴʪʨʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʤʝʞʜʫ ʠʤʧʫʣʴʩʘʤʠ. ɺ ʪʘʢʦʤ 

ʨʝʞʠʤʝ ʧʘʨʘʤʝʪʨʳ ʠʟʣʫʯʝʥʠʷ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʫʩʢʦʨʠʪʝʣʷ ʤʦʛʫʪ ʥʝ 

ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʜʨʫʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ. ɺ ʵʪʦʡ ʩʚʷʟʠ ʚʨʝʤʷ, ʚʳʜʝʣʷʝʤʦʝ ʜʣʷ ʨʘʙʦʪʳ ʫʩʢʦʨʠʪʝʣʷ ʚ ʠʤʧʫʣʴʩʥʦʤ 

ʨʝʞʠʤʝ, ʤʘʣʦ.  
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ɽʱʝ ʦʜʠʥ ʩʠʥʭʨʦʪʨʦʥʥʳʡ ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʜʝʨʥʳʭ ʨʝʟʦʥʘʥʩʦʚ 

ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ çʩʠʥʭʨʦʪʨʦʥʥʳʡ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʡ ʠʩʪʦʯʥʠʢè, ʠʣʠ SMS 

(Synchrotron Mºssbauer Source) [109]. ʕʪʦ ʩʠʥʭʨʦʪʨʦʥʥʳʡ ʘʥʘʣʦʛ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʨʝʟʦʥʘʥʩʘ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʧʨʝʜʩʪʘʚʣʝʥʠʠ, ʥʘʧʦʜʦʙʠʝ 

ʪʨʘʜʠʮʠʦʥʥʦʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʦ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʤʝʩʪʦ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ.  

ʅʘʠʙʦʣʴʰʝʡ ʩʣʦʞʥʦʩʪʴʶ ʧʨʠ ʨʝʘʣʠʟʘʮʠʠ ʤʝʪʦʜʘ SMS ʷʚʣʷʝʪʩʷ 

ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟ çʙʝʣʦʛʦè ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚʳʜʝʣʠʪʴ ʠʥʪʝʨʚʘʣ ʩ 

ʵʥʝʨʛʠʝʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʤʫ ʨʝʟʦʥʘʥʩʫ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʥʘ 

ʥʘʯʘʣʴʥʦʤ ʵʪʘʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʠʩʪʝʤʘ ʩʪʘʥʜʘʨʪʥʳʭ ʤʦʥʦʭʨʦʤʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ 

ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ, ʢʦʪʦʨʳʝ, ʦʜʥʘʢʦ, ʥʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ ʪʦʯʥʦʩʪʠ 

ʥʘʩʪʨʦʡʢʠ ʥʘ ʨʝʟʦʥʘʥʩʥʫʶ ʯʘʩʪʦʪʫ. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʥʘ ʬʠʥʘʣʴʥʦʡ ʩʪʘʜʠʠ ʤʦʥʦʭʨʦʤʘʪʠʟʘʮʠʠ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʵʬʬʝʢʪ çʯʠʩʪʦʡè ʷʜʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ 

ʠʟʣʫʯʝʥʠʷ ʥʘ ʢʨʠʩʪʘʣʣʘʭ FeBO3. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʥʘʛʨʝʚʝ ʢʨʠʩʪʘʣʣʘ ʜʦ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʙʣʠʟʠ ʪʦʯʢʠ ʅʝʝʣʷ ʠ ʧʨʠʣʦʞʝʥʠʠ ʚʥʝʰʥʝʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ 

ʤʦʞʥʦ ʚ ʦʪʨʘʞʝʥʥʦʤ ʠʟʣʫʯʝʥʠʠ ʧʦʣʫʯʠʪʴ ʦʜʠʥʦʯʥʫʶ ʨʝʟʦʥʘʥʩʥʫʶ ʣʠʥʠʶ [54].  

ʕʪʦ ʷʚʣʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʜʣʷ ʩʝʤʝʡʩʪʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʧʣʦʩʢʦʩʪʝʡ (001) ʚ FeBO3 ʠʤʝʝʪ ʤʝʩʪʦ ʧʦʛʘʩʘʥʠʝ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʦʪʨʘʞʝʥʠʡ, ʚ 

ʯʘʩʪʥʦʩʪʠ, ʜʣʷ ʜʚʫʭ ʠʦʥʦʚ Fe, ʚʭʦʜʷʱʠʭ ʚ ʩʦʩʪʘʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ - ʚʚʠʜʫ 

ʨʘʟʥʦʛʦ ʟʥʘʢʘ ʘʤʧʣʠʪʫʜ ʨʘʩʩʝʷʥʠʷ [110]. ɼʠʬʨʘʢʮʠʷ ʞʝ ʨʝʟʦʥʘʥʩʥʦʛʦ 

(ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ) ʠʟʣʫʯʝʥʠʷ, ʧʦʣʷʨʠʟʘʮʠʷ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʦʪ ʦʨʠʝʥʪʘʮʠʠ 

ʤʘʛʥʠʪʥʳʭ ʤʦʤʝʥʪʦʚ ʷʜʝʨ 57Fe, ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʦʡ ʠʟ-ʟʘ ʧʦʯʪʠ 

ʘʥʪʠʧʘʨʘʣʣʝʣʴʥʦʛʦ ʫʧʦʨʷʜʦʯʝʥʠʷ ʜʚʫʭ ʤʘʛʥʠʪʥʳʭ ʧʦʜʨʝʰʝʪʦʢ ʚ FeBO3 [110].  

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʤʝʪʦʜ SMS ʨʝʘʣʠʟʦʚʘʥ ʥʘ ʩʠʥʭʨʦʪʨʦʥʘʭ ʪʨʝʪʴʝʛʦ ʠ 

ʯʝʪʚʝʨʪʦʛʦ ʧʦʢʦʣʝʥʠʡ, ʚʢʣʶʯʘʷ ɽʚʨʦʧʝʡʩʢʠʡ ʩʠʥʭʨʦʪʨʦʥʥʳʡ 

ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʮʝʥʪʨ ESRF (ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ) [105; 109; 111], PETRA-III 

(DESY, ɻʘʤʙʫʨʛ, ɻʝʨʤʘʥʠʷ) [112], SPring-8, (ʗʧʦʥʠʷ) [61; 113; 114]; ʚ 

ʥʘʩʪʦʷʱʝʝ ʧʨʦʝʢʪʠʨʫʝʪʩʷ ʥʘ ʩʠʥʭʨʦʪʨʦʥʘʭ APS (ɸʨʛʦʥʥ, ʏʠʢʘʛʦ, ʉʐɸ) ʠ TPS 
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(ʊʘʡʚʘʥʴ). ɺ ʨʘʤʢʘʭ ʥʘʮʠʦʥʘʣʴʥʦʛʦ ʧʨʦʝʢʪʘ çʅʘʫʢʘè ʪʘʢʘʷ ʤʝʪʦʜʠʢʘ 

ʟʘʧʣʘʥʠʨʦʚʘʥʘ ʢ ʨʝʘʣʠʟʘʮʠʠ ʚ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʨʦʩʩʠʡʩʢʠʭ ʩʠʥʭʨʦʪʨʦʥʥʳʭ 

ʮʝʥʪʨʘʭ çʉʀʃɸè (ʇʨʦʪʚʠʥʦ, ʄʦʩʢʦʚʩʢʘʷ ʦʙʣʘʩʪʴ) ʠ çʉʂʀʌè (ʅʦʚʦʩʠʙʠʨʩʢ) 

[115]. 

ɹʣʘʛʦʜʘʨʷ ʪʦʥʢʦʡ ʬʦʢʫʩʠʨʦʚʢʠ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʧʫʯʢʘ (ʚ ʧʷʪʥʦ ʧʦʨʷʜʢʘ 

ʤʠʢʨʦʥʘ), ʚʘʞʥʝʡʰʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʪʘʢʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʦʚʳʭ ʚʳʩʦʢʦ-ʵʥʝʨʛʦʥʘʩʳʱʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʡ, ʩʦʟʜʘʚʘʝʤʳʭ ʚ ʢʘʤʝʨʘʭ ʩ 

ʘʣʤʘʟʥʳʤʠ ʥʘʢʦʚʘʣʴʥʷʤʠ [116]. ʋʩʧʝʭ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʤʦʞʝʪ ʧʨʠʙʣʠʟʠʪʴ 

ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤʳ ʢʦʤʥʘʪʥʦʡ ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ. 

ʄʝʪʦʜ SMS ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʚ ʛʝʦʤʝʪʨʠʠ "ʥʘ ʧʦʛʣʦʱʝʥʠʝ" (ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʦʥ ʷʚʣʷʝʪʩʷ ʧʨʷʤʳʤ ʘʥʘʣʦʛʦʤ ʣʘʙʦʨʘʪʦʨʥʦʡ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ 

ʩʧʝʢʪʨʦʩʢʦʧʠʠ), ʚ ʚʠʜʝ ʨʝʟʦʥʘʥʩʥʦʡ ʜʠʬʨʘʢʮʠʠ (ʤʸʩʩʙʘʫʵʨʦʛʨʘʬʠʠ) ʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʨʝʬʣʝʢʪʦʤʝʪʨʠʠ.  

ʆʪʤʝʪʠʤ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ 57FeBO3 ʷʚʣʷʶʪʩʷ ʨʘʩʭʦʜʥʳʤ ʤʘʪʝʨʠʘʣʦʤ ʧʨʠ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʨʝʟʦʥʘʥʩʥʦʛʦ ʤʦʥʦʭʨʦʤʘʪʦʨʘ. ʇʨʦʙʣʝʤʘ ʜʝʬʠʮʠʪʘ 

ʚʳʩʦʢʦʩʦʚʝʨʰʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 

ʥʘʢʣʘʜʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʨʝʟʦʥʘʥʩʥʳʭ 

ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ.  

ʉʫʱʝʩʪʚʫʶʱʠʝ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠʝ ʨʘʙʦʪʳ ʥʝ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʦʧʠʩʳʚʘʶʪ 

ʷʚʣʝʥʠʷ, ʥʘʙʣʶʜʘʝʤʳʝ ʧʨʠ ʷʜʝʨʥʦʡ ʜʠʬʨʘʢʮʠʠ ʦʪ ʢʨʠʩʪʘʣʣʘ 57FeBO3. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʚʢʣʶʯʘʶʱʝʡ ʚʢʣʘʜʳ ʦʪ 

ʩʚʝʨʭʪʦʥʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʦʟʚʦʣʠʪ ʧʨʦʚʦʜʠʪʴ ʧʨʝʮʠʟʠʦʥʥʫʶ ʧʦʜʩʪʨʦʡʢʫ 

ʥʘ ʷʜʝʨʥʳʝ ʦʪʨʘʞʝʥʠʷ ʠ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʪʘʢʦʛʦ ʢʨʠʩʪʘʣʣʘ - 

ʤʦʥʦʭʨʦʤʘʪʦʨʘ.  

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʦʜʠʥʦʯʥʦʡ ʨʝʟʦʥʘʥʩʥʦʡ ʣʠʥʠʠ ʦʪ 

ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʪʨʝʙʫʝʪʩʷ ʫʜʝʨʞʠʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʢʨʠʩʪʘʣʣʘ 

57FeBO3 ʚ ʫʟʢʦʤ ʜʠʘʧʘʟʦʥʝ ʚʦʟʣʝ ʪʦʯʢʠ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʟʝʝʤʘʥʦʚʩʢʠʤ ʨʘʩʱʝʧʣʝʥʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 
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[110].  ʕʪʦ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪ ʜʠʬʨʘʢʮʠʦʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ. ʆʜʥʠʤ ʠʟ 

ʚʦʟʤʦʞʥʳʭ ʨʝʰʝʥʠʡ ʷʚʣʷʝʪʩʷ ʧʦʠʩʢ ʠ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʩ ʘʥʘʣʦʛʠʯʥʳʤʠ 

ʜʠʬʨʘʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʠʤʝʶʱʠʤʠ ʪʦʯʢʫ ʅʝʝʣʷ ʚʙʣʠʟʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʊʘʢ, ʚ ʨʘʙʦʪʝ [110] ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʥʘ ʢʨʠʩʪʘʣʣʘʭ Fe1-xGaxBO3 

ʦʢʦʣʦ ʪʦʯʢʠ ʅʝʝʣʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʣʠʟʢʦʡ ʢ ʢʦʤʥʘʪʥʦʡ. 

 

 

1.7  ɺʳʚʦʜʳ ʠʟ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ 

  

ɺ ʵʪʦʡ ʛʣʘʚʝ ʨʘʩʩʤʦʪʨʝʥʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʩʪʨʫʢʪʫʨʘ ʙʦʨʘʪʘ 

ʞʝʣʝʟʘ. ʇʝʨʝʯʠʩʣʝʥʳ ʦʩʥʦʚʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʩʥʦʚʝ ʩʚʦʡʩʪʚ ʢʨʠʩʪʘʣʣʦʚ FeBO3.  ʇʨʠʚʝʜʝʥʳ ʦʩʥʦʚʥʳʝ 

ʧʨʠʥʮʠʧʳ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʩʠʥʪʝʟʘ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʦʙʨʘʟʮʦʚ ʙʦʨʘʪʘ ʞʝʣʝʟʘ. ʈʘʩʩʤʦʪʨʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʧʨʝʜʝʣʦʚ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ FeBO3. ʇʦʢʘʟʘʥʘ 

ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ ʜʠʘʤʘʛʥʠʪʥʦʛʦ ʟʘʤʝʱʝʥʠʷ ʞʝʣʝʟʘ ʚ ʤʘʪʨʠʮʝ ʙʦʨʘʪʘ ʞʝʣʝʟʘ 

ʠʦʥʘʤʠ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʩ ʫʧʨʘʚʣʷʝʤʳʤʠ ʠ ʟʘʜʘʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠʚʝʜʝʥʳ ʩʫʱʝʩʪʚʫʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ FeBO3 ʠ Fe1-xGaxBO3. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʘʥʘʣʠʟʘ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʩʣʝʜʫʶʱʝʝ: 

Á ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʦʪʩʫʪʩʪʚʫʶʪ ʩʚʝʜʝʥʠʷ ʦ ʚʨʝʤʝʥʠ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ 

ʚʳʜʝʨʞʢʠ ʠ ʭʠʤʠʯʝʩʢʦʡ ʩʨʝʜʝ ʦʪʞʠʛʘ. ʅʝ ʠʟʫʯʝʥ ʪʘʢʞʝ ʤʝʭʘʥʠʟʤ 

ʪʨʘʥʩʬʦʨʤʘʮʠʡ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ ʧʨʠ ʦʪʞʠʛʝ ʚ ʢʨʠʩʪʘʣʣʘʭ ʩʤʝʰʘʥʥʦʛʦ 

ʩʦʩʪʘʚʘ Fe1-xGaxBO3. 

Á ʉʦʩʪʘʚʳ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ Fe1-xGaxBO3 ʩ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʅʝʝʣʷ, 

ʢʦʪʦʨʳʝ ʠʥʪʝʨʝʩʥʳ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʠʭ ʧʨʠʣʦʞʝʥʠʡ, ʥʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʠ ʥʝ 

ʦʧʠʩʘʥʳ ʚ ʣʠʪʝʨʘʪʫʨʝ. 
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Á ʅʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʟʘʤʝʱʝʥʠʷ ʞʝʣʝʟʘ ʥʘ ʛʘʣʣʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ 

ʥʘ ʩʪʝʧʝʥʴ ʩʦʚʝʨʰʝʥʩʪʚʘ ʠʭ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ.  

Á ɺ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʘʙʦʪʘʭ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚʣʠʷʥʠʝ 

ʤʘʛʥʠʪʦʫʧʨʫʛʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʥʘ ʩʪʨʫʢʪʫʨʥʦʝ ʩʦʚʝʨʰʝʥʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʠ ʥʘ 

ʧʘʨʘʤʝʪʨʳ ʜʠʬʨʘʢʮʠʦʥʥʳʭ ʦʪʨʘʞʝʥʠʡ 

Á ɼʝʪʘʣʴʥʦʝ ʠʟʫʯʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʦʨʤʠʨʦʚʘʥʠʷ ʩʚʝʨʭʪʦʥʢʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ FeBO3 ʠ Fe1-xGaxBO3, ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʝ 

ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʠʥʭʨʦʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʬʘʢʪʠʯʝʩʢʠ 

ʥʝ ʧʨʦʚʦʜʠʣʦʩʴ. 

ɺ ʩʚʷʟʠ ʩ ʠʟʣʦʞʝʥʥʳʤ ʚʳʰʝ, ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʮʝʣʠ ʠ ʟʘʜʘʯʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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ɻʣʘʚʘ 2. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʯʘʩʪʴ 

 

ɼʣʷ ʚʳʧʦʣʥʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʳʭ ʮʝʣʝʡ ʠ ʟʘʜʘʯ, ʚ ʨʘʤʢʘʭ ʧʨʦʚʝʜʝʥʠʷ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʠ ʟʘʜʝʡʩʪʚʦʚʘʥ r ʩʣʝʜʫʶʱʠʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʝʪʦʜʳ:  

1. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ ʠʟ ʨʘʩʪʚʦʨʘ ʚ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʤ ʨʘʩʧʣʘʚʝ 

2. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʦʪʞʠʛ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʚʳʭ ʩʨʝʜʘʭ 

3. ʈʝʥʪʛʝʥʦʚʩʢʠʡ ʬʘʟʦʚʳʡ ʘʥʘʣʠʟ 

4. ʈʝʥʪʝʥʦʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʠʟ 

5. ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʳʡ ʘʥʘʣʠʟ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ, ʚ ʪ.ʯ. ʚ ʜʠʘʧʘʟʦʥʝ 

ʪʝʤʧʝʨʘʪʫʨ ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ 

6. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʜʠʬʨʘʢʮʠʷ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ (ʚ ʜʚʫʭ ï ʠ 

ʪʨʝʭʢʨʠʩʪʘʣʴʥʦʡ ʩʭʝʤʘʭ, ʚ ʪ.ʯ. ʚʦ ʚʥʝʰʥʠʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ) 

7. ʈʝʥʪʛʝʥʦʚʩʢʘʷ ʪʦʧʦʛʨʘʬʠʷ  

8. ʕʥʝʨʛʦʜʠʩʧʝʨʩʠʦʥʥʳʡ ʘʥʘʣʠʟ 

9. ʕʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ (ʧʨʦʩʚʝʯʠʚʘʶʱʘʷ ʠ ʨʘʩʪʨʦʚʘʷ) 

10. ʆʧʪʠʯʝʩʢʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

11.  SQUID-ʤʘʛʥʠʪʦʤʝʪʨʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 10 ï 400 ʂ, ʚ ʪ.ʯ. ʚ 

ʩʠʣʴʥʳʭ ʤʘʛʥʠʪʥʳʭ ʧʦʣʷʭ. 

12.  ʗʜʝʨʥʘʷ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣʘʭ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʪ.ʯ. ʚʙʣʠʟʠ ʤʘʛʥʠʪʥʦʛʦ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʠ 

ʩ ʦʨʠʝʥʪʘʮʠʝʡ ʦʙʨʘʟʦʚ ʧʦʜ ʨʘʟʣʠʯʥʳʤʠ ʫʛʣʘʤʠ. 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʢʦʤʧʣʝʢʩʥʦʛʦ ʧʦʜʭʦʜʘ ʚ ʚʳʙʦʨʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʦʙʝʩʧʝʯʠʣʦ ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ. 
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2.1. ʆʙʦʨʫʜʦʚʘʥʠʝ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʦʙʨʘʙʦʪʢʠ 

ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ 

 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʚʳʨʘʱʠʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʚʝʜʝʥʳ ʘʚʪʦʨʦʤ ʚ ʩʦʩʪʘʚʝ 

ʥʘʫʯʥʦʡ ʛʨʫʧʧʳ ʧʦʜ ʨʫʢʦʚʦʜʩʪʚʦʤ ʄ.ɹ. ʉʪʨʫʛʘʮʢʦʛʦ ʥʘ ʙʘʟʝ ʃʘʙʦʨʘʪʦʨʠʠ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʌɻɸʆʋ ɺʆ çʂʌʋ ʠʤ. ɺ.ʀ. ɺʝʨʥʘʜʩʢʦʛʦè.  

ʄʝʪʦʜ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʷʚʣʷʝʪʩʷ ʠʟʚʝʩʪʥʳʤ ʠ 

ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ [63]. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʦʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚ ʛʨʘʥʘʪʦʚ, 

ʧʝʨʦʚʩʢʠʪʦʚ, ʨʘʟʣʠʯʥʳʭ ʬʝʨʨʠʪʦʚ, ʚʢʣʶʯʘʷ ʰʧʠʥʝʣʠ, ʙʦʨʘʪʦʚ  ʠ ʤʥʦʞʝʩʪʚʘ 

ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ [65; 66].  

ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʦʚ ʩʚʷʟʘʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ [65]. ɸʧʧʘʨʘʪʫʨʥʦʝ 

ʦʬʦʨʤʣʝʥʠʝ ʵʪʦʛʦ ʤʝʪʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʩʣʦʞʥʝʝ, ʯʝʤ ʧʨʠ ʩʠʥʪʝʟʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ 

ʚʦʜʥʳʭ ʠʣʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʦʚ [65]. 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʝʤʝʡʩʪʚʘ ʙʦʨʘʪʦʚ ʞʝʣʝʟʘ, ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʚ 

ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʢʦʤʧʣʝʢʩ ʨʦʩʪʦʚʳʭ ʫʩʪʘʥʦʚʦʢ, ʢʦʪʦʨʳʡ 

ʚʢʣʶʯʘʣ ʚ ʩʝʙʷ ʪʨʠ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʝ ʰʘʭʪʥʳʭ ʵʣʝʢʪʨʦʧʝʯʝʡ ʉʐʆʃ-1.3/12-

ʀ1. ʕʪʦ ʧʦʟʚʦʣʷʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʨʦʚʦʜʠʪʴ ʥʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʣʦʚ ʠ ʨʝʰʘʪʴ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʨʦʩʪʦʚʳʝ ʟʘʜʘʯʠ.  ɼʣʷ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʫʧʨʘʚʣʝʥʠʷ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʮʝʩʩʦʤ ʩʠʥʪʝʟʘ ʙʳʣ ʧʨʠʤʝʥʝʥ 

ʯʝʪʳʨʝʭʢʘʥʘʣʴʥʳʡ ʧʨʦʛʨʘʤʤʥʳʡ ʨʝʛʫʣʷʪʦʨ ʪʝʤʧʝʨʘʪʫʨʳ ʊɽʈʄʆɼɸʊ-19ɽ5. 

ɼʣʷ ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʦʟʜʫʰʥʦʡ ʩʨʝʜʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʤʫʬʝʣʴʥʘʷ ʧʝʯʴ 

LOIP LF-7. ɼʣʷ ʢʦʥʪʨʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʰʘʭʪʫ ʧʝʯʠ ʙʳʣʘ ʚʚʝʜʝʥʘ 

ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ S-ʪʝʨʤʦʧʘʨʘ, ʩʧʘʡ ʢʦʪʦʨʦʡ ʨʘʩʧʦʣʘʛʘʣʩʷ ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ 

ʙʣʠʟʦʩʪʠ ʢ ʠʩʩʣʝʜʫʝʤʳʤ ʦʙʨʘʟʮʘʤ. ʇʦʛʨʝʰʥʦʩʪʴ ʚ ʦʧʨʝʜʝʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʜʦ 1000Áʉ ʩʦʩʪʘʚʠʣʘ ʥʝ ʙʦʣʝʝ Ñ2,5ÁC.  
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ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ ʧʝʯʠ ʚʢʣʶʯʘʣ ʥʘʛʨʝʚ ʢʨʠʩʪʘʣʣʘ ʩʦ ʩʢʦʨʦʩʪʴʶ 

350ÁC/ʯʘʩ, ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʚʳʜʝʨʞʢʫ ʧʨʠ ʟʘʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (800ÁC ʠ 

1000ÁC) ʚ ʪʝʯʝʥʠʝ 4 ʯʘʩʦʚ. ɿʘʪʝʤ ʧʝʯʴ ʚʳʢʣʶʯʘʣʘʩʴ ʠ ʦʭʣʘʞʜʘʣʘʩʴ ʜʦ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʪʞʠʛʫ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ ʘʚʪʦʨʦʤ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ (ʩʤ. ʨʠʩʫʥʦʢ 2.1), ʦʩʥʦʚʦʡ ʢʦʪʦʨʦʡ ʩʣʫʞʠʣʘ 

ʪʨʫʙʯʘʪʘʷ ʧʝʯʴ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (1). ʅʘ ʚʩʶ ʜʣʠʥʫ ʰʘʭʪʳ ʧʝʯʠ ʙʳʣʘ ʚʚʝʜʝʥʘ 

ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ (2) ʜʠʘʤʝʪʨʦʤ d = 20 ʤʤ. ʊʨʫʙʢʘ ʛʝʨʤʝʪʠʯʥʦ ʩʦʝʜʠʥʝʥʘ ʩ 

ʦʜʥʦʛʦ ʢʨʘʷ ʩ ʛʘʟʦʚʳʤ ʟʘʪʚʦʨʦʤ (ʩʢʣʷʥʢʦʡ ɼʨʝʢʩʝʣʷ 10), ʩ ʜʨʫʛʦʛʦ ʢʨʘʷ - ʩʦ 

ʩʪʝʢʣʷʥʥʳʤ ʩʦʝʜʠʥʠʪʝʣʴʥʳʤ ʪʨʦʡʥʠʢʦʤ. ɼʚʘ ʜʨʫʛʠʭ ʢʦʥʮʘ ʪʨʦʡʥʠʢʘ ʯʝʨʝʟ 

ʢʨʘʥʳ (8) ʠ ʤʘʥʦʤʝʪʨʳ (9) ʙʳʣʠ ʧʦʜʢʣʶʯʝʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʙʘʣʣʦʥʫ ʩ 

ʘʨʛʦʥʦʤ (ʆʉʏ, ɻʆʉʊ 10157-62) ʠ ʢ ʛʝʥʝʨʘʪʦʨʫ ʚʦʜʦʨʦʜʘ ʍʨʦʤʘʪʝʢ 10-400. ɻʘʟ 

ʧʦʜʘʚʘʣʩʷ ʦʪ ʥʘʯʘʣʘ ʥʘʛʨʝʚʘ ʠ ʜʦ ʧʦʣʥʦʛʦ ʦʩʪʳʚʘʥʠʷ ʧʝʯʠ ʩ ʧʦʩʪʦʷʥʥʦʡ 

ʩʢʦʨʦʩʪʴʶ ~ 0,2 ʣ/ʤʠʥ. ʇʝʨʝʜ ʦʪʞʠʛʦʤ ʚ ʧʨʦʪʦʢʝ ʚʦʜʦʨʦʜʘ ʩʠʩʪʝʤʘ ʧʨʦʜʫʚʘʣʘʩʴ 

ʘʨʛʦʥʦʤ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ. ʆʪʨʘʙʦʪʘʥʥʳʡ ʛʘʟ ʫʜʘʣʷʣʩʷ ʠʟ ʧʦʤʝʱʝʥʠʷ ʟʘ ʩʯʝʪ 

ʧʨʠʥʫʜʠʪʝʣʴʥʦʛʦ ʧʨʠʪʦʯʥʦ-ʚʳʪʷʞʥʦʛʦ ʚʝʥʪʠʣʠʨʦʚʘʥʠʷ (11).  

ʊʝʤʧʝʨʘʪʫʨʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ ʮʠʬʨʦʚʦʛʦ ʨʝʛʫʣʷʪʦʨʘ Omron 

EC5WL, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʣ ʫʧʨʘʚʣʝʥʠʝ ʧʝʯʴʶ ʧʦʩʨʝʜʩʪʚʦʤ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ 

ʨʝʣʝ SSR-40LA (5) ʠ ʧʦʥʠʞʘʶʱʝʛʦ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ (6). ʉʧʘʡ ʫʧʨʘʚʣʷʶʱʝʡ 

ʪʝʨʤʦʧʘʨʳ ʪʠʧʘ S (7) ʥʘʭʦʜʠʣʩʷ ʚʙʣʠʟʠ ʥʘʛʨʝʚʘʪʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ. ʇʨʠ 

ʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʠ ʨʝʞʠʤʦʚ ʦʪʞʠʛʘ ʫʯʠʪʳʚʘʣʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʚ 

ʰʘʭʪʝ ʧʝʯʠ, ʚʥʦʩʠʤʳʡ ʢʚʘʨʮʝʚʦʡ ʪʨʫʙʢʦʡ. ʉʢʦʨʦʩʪʴ ʥʘʛʨʝʚʘ ʩʦʩʪʘʚʣʷʣʘ 

25ÁC/ʤʠʥ, ʚʨʝʤʷ ʠʟʦʪʝʨʤʠʯʝʩʢʦʛʦ ʚʳʜʝʨʞʠʚʘʥʠʷ ï 4 ʯʘʩʘ.  
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ʈʠʩʫʥʦʢ 2.1. ʉʭʝʤʘ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʫʩʪʘʥʦʚʢʠ ʜʣʷ 

ʦʪʞʠʛʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʨʝʜʘʭ: 1 ï ʧʝʯʴ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ, 2 ï ʢʚʘʨʮʝʚʘʷ ʪʨʫʙʢʘ, 3 ï ʬʘʨʬʦʨʦʚʘʷ ʣʦʜʦʯʢʘ ʩ ʦʙʨʘʟʮʦʤ, 4 

ï ʪʝʨʤʦʨʝʛʫʣʷʪʦʨ Omron EC5WL, 5 ï ʪʚʝʨʜʦʪʝʣʴʥʦʝ ʨʝʣʝ SSR-25LA, 6 ï 

ʧʦʥʠʞʘʶʱʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ, 7 ï S-ʪʝʨʤʦʧʘʨʘ, 8 ï ʢʨʘʥ, 9 ï ʤʘʥʦʤʝʪʨ, 10 ï 

ʩʢʣʷʥʢʘ ɼʨʝʢʩʝʣʷ, 11 ï ʣʘʙʦʨʘʪʦʨʥʘʷ ʚʳʪʷʞʢʘ. 

 

2.2. ʄʝʪʦʜ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

2.2.1 ʂʨʘʪʢʠʝ ʩʚʝʜʝʥʠʷ ʦ ʧʨʠʨʦʜʝ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ  

ʕʬʬʝʢʪ ʄʸʩʩʙʘʫʵʨʘ  (ʷʜʝʨʥʳʡ ʛʘʤʤʘ-ʨʝʟʦʥʘʥʩ) ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʠʩʧʫʩʢʘʥʠʠ ʠ/ʠʣʠ ʧʦʛʣʦʱʝʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʦʚ ʘʪʦʤʥʳʤʠ ʷʜʨʘʤʠ ʚ ʪʚʸʨʜʦʤ ʪʝʣʝ, 

ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʢʦʣʝʙʘʪʝʣʴʥʦʡ ʵʥʝʨʛʠʠ ʪʝʣʘ [94].  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ ʘʪʦʤʥʦʝ ʷʜʨʦ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ 

ʙʝʩʢʦʥʝʯʥʦ ʜʦʣʛʦʝ ʚʨʝʤʷ ʙʝʟ ʚʦʟʜʝʡʩʪʚʠʡ ʠʟʚʥʝ. ɺʨʝʤʷ ʞʠʟʥʠ ʘʪʦʤʥʦʛʦ ʷʜʨʘ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʷʚʣʷʝʪʩʷ ʢʦʥʝʯʥʦʡ ʚʝʣʠʯʠʥʦʡ.  

ʇʨʠ ʧʦʛʣʦʱʝʥʠʠ ʛʘʤʤʘ-ʢʚʘʥʪʘ ʨʝʟʦʥʘʥʩʥʦʡ ʯʘʩʪʦʪʳ ʘʪʦʤʥʳʤ ʷʜʨʦʤ ʦʥʦ 

ʧʝʨʝʭʦʜʠʪ ʚ ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ 

ʥʘʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʣʠʯʥʳʭ ʦʪ ʪʘʢʦʚʳʭ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ [101].  

ʇʨʠ ʠʩʧʫʩʢʘʥʠʠ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʠʤʩʷ ʷʜʨʦʤ-ʠʩʪʦʯʥʠʢʦʤ ɔ-ʢʚʘʥʪʘ ʩ 

ʵʥʝʨʛʠʝʡ E0, ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʟʘʢʦʥʘʤʠ ʩʦʭʨʘʥʝʥʠʷ ʠʤʧʫʣʴʩʘ ʠ ʵʥʝʨʛʠʠ, 
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ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʵʥʝʨʛʠʠ, ʫʭʦʜʷʱʝʡ ʩ ʠʩʧʫʱʝʥʥʳʤ ɔ-ʢʚʘʥʪʦʤ ʤʦʞʝʪ ʙʳʪʴ 

ʟʘʧʠʩʘʥʦ ʚ ʩʣʝʜʫʶʱʝʤ ʚʠʜʝ: 

DR

ʠʩʧʫʱ
EEEE ++= 0g                 (2.1)                                       

ʛʜʝ 
ʦʩʥʚʦʟʙEEE -=0  - ʨʘʟʥʦʩʪʴ ʵʥʝʨʛʠʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʠ ʦʩʥʦʚʥʦʛʦ 

ʩʦʩʪʦʷʥʠʡ ʷʜʨʘ-ʠʩʪʦʯʥʠʢʘ; RE  ï ʵʥʝʨʛʠʷ ʦʪʜʘʯʠ ʷʜʨʘ, DE  ï ʜʦʧʣʝʨʦʚʩʢʦʝ 

ʩʤʝʱʝʥʠʝ (ʟʥʘʢ ñ-ò ʚ ʫʨʘʚʥʝʥʠʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʣʫʯʘʶ ʜʚʠʞʝʥʠʷ ʷʜʨʘ-

ʠʩʪʦʯʥʠʢʘ ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʤ ʚʳʣʝʪʫ ɔ -ʢʚʘʥʪʘ) [101].  

ʏʪʦʙʳ ʨʘʚʥʦʤʝʨʥʦ ʜʚʠʞʫʱʝʝʩʷ ʠ ʥʘʭʦʜʷʱʝʝʩʷ ʚ ʦʩʥʦʚʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʷʜʨʦ ʤʦʛʣʦ ʧʦʛʣʦʪʠʪʴ ɔ-ʢʚʘʥʪ, ʠʩʧʫʱʝʥʥʳʡ ʠʩʪʦʯʥʠʢʦʤ, ʠ ʧʝʨʝʡʪʠ ʚ 

ʚʦʟʙʫʞʜʝʥʥʦʝ ʩʦʩʪʦʷʥʠʝ, ʧʨʝʪʝʨʧʝʚ ʦʪʜʘʯʫ, ʵʥʝʨʛʠʷ ʧʦʛʣʦʱʝʥʥʦʛʦ ɔ-ʢʚʘʥʪʘ 

ʜʦʣʞʥʘ ʙʳʪʴ ʫʚʝʣʠʯʝʥʘ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ ʥʘ ʚʝʣʠʯʠʥʫ ʵʥʝʨʛʠʠ ʦʪʜʘʯʠ: 

R

ʧʦʛʣʦʱ
EEE += 0g                     (2.2)    

ʂʘʢ ʚʠʜʥʦ ʠʟ ʨʠʩʫʥʢʘ 2.2, ʦʙʣʘʩʪʴ ʧʝʨʝʢʨʳʚʘʥʠʷ ʧʣʦʱʘʜʝʡ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʜʚʫʤʷ ʢʨʠʚʳʤʠ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ 

ʷʜʨʘ ʚ ʠʩʪʦʯʥʠʢʝ ʠ ʧʦʛʣʦʪʠʪʝʣʝ,  ʦʯʝʥʴ ʤʘʣʘ. ʕʪʦ ʟʥʘʯʠʪ, ʯʪʦ ʦʯʝʥʴ ʤʘʣʘ 

ʚʝʨʦʷʪʥʦʩʪʴ ʷʜʝʨʥʦʛʦ ɔ-ʨʝʟʦʥʘʥʩʘ ʜʣʷ ʘʪʦʤʦʚ ʠʣʠ ʤʦʣʝʢʫʣ, ʩʚʦʙʦʜʥʦ 

ʜʚʠʛʘʶʱʠʭʩʷ ʚ ʛʘʟʦʚʦʡ ʠʣʠ ʞʠʜʢʦʡ ʬʘʟʘʭ.   

 

 

 

ʈʠʩʫʥʦʢ 2.2.  

ʈʘʩʧʨʝʜʝʣʝʥʠʝ 

ʠʩʧʫʩʢʘʝʤʳʭ ʠ 

ʧʦʛʣʦʱʘʝʤʳʭ ɔ-ʢʚʘʥʪʦʚ 

ʧʦ ʵʥʝʨʛʠʷʤ (ʠʟ ʨʘʙʦʪʳ 

[117]). 
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ʆʜʥʘʢʦ, ʝʩʣʠ ʨʘʩʩʤʦʪʨʝʪʴ ʷʜʝʨʥʳʡ ʧʝʨʝʭʦʜ ʜʣʷ ʘʪʦʤʘ, ʟʘʢʨʝʧʣʝʥʥʦʛʦ ʚ 

ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪʘʣʣʘ, ʪʦ ʠʟʤʝʥʝʥʠʝ ʵʥʝʨʛʠʠ ʪʘʢʦʛʦ ʧʝʨʝʭʦʜʘ ʙʫʜʝʪ ʦʧʨʝʜʝʣʷʪʴʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʚʥʫʪʨʝʥʥʝʡ ʵʥʝʨʛʠʠ ʚʩʝʛʦ ʵʪʦʛʦ ʢʨʠʩʪʘʣʣʘ [101]. ʋʯʠʪʳʚʘʷ, ʯʪʦ 

ʢʨʠʩʪʘʣʣ ʷʚʣʷʝʪʩʷ ʢʚʘʥʪʦʚʦʡ ʩʠʩʪʝʤʦʡ, ʠʟʤʝʥʝʥʠʝ ʝʛʦ ʵʥʝʨʛʠʠ ʤʦʞʝʪ 

ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʥʘ ʜʠʩʢʨʝʪʥʳʝ ʟʥʘʯʝʥʠʷ. ɽʩʣʠ ʵʥʝʨʛʠʠ ʠʟʣʫʯʝʥʠʷ ʥʝ 

ʭʚʘʪʘʝʪ ʜʣʷ ʧʝʨʝʚʦʜʘ ʢʨʠʩʪʘʣʣʘ ʠʟ ʦʜʥʦʛʦ ʢʚʘʥʪʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʚ ʜʨʫʛʦʝ, ʪʦ ʝʛʦ 

ʚʥʫʪʨʝʥʥʷʷ ʵʥʝʨʛʠʷ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʠ ʧʨʦʮʝʩʩ ʧʦʛʣʦʱʝʥʠʷ ʢʚʘʥʪʘ ʧʨʦʠʩʭʦʜʠʪ 

ʘʙʩʦʣʶʪʥʦ ʫʧʨʫʛʦ. ɺ ʵʪʦʤ ʩʦʩʪʦʠʪ ʩʫʪʴ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ.   

ʉʦʛʣʘʩʥʦ ʧʨʠʥʮʠʧʫ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʠ ɻʝʡʟʝʥʙʝʨʛʘ, ʵʥʝʨʛʠʷ ʢʚʘʥʪʦʚʦʡ 

ʩʠʩʪʝʤʳ ʤʦʞʝʪ ʙʳʪʴ ʦʧʨʝʜʝʣʝʥʘ ʥʝ ʪʦʯʥʝʝ, ʯʝʤ 

t

Z
²DE

                      (2.3)                                                          

ʛʜʝ t - ʩʨʝʜʥʝʝ ʚʨʝʤʷ ʞʠʟʥʠ ʜʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ 

ʉʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʞʜʳʡ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʚʦʟʙʫʞʜʝʥʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʙʫʜʝʪ ʠʤʝʪʴ ʥʝʢʦʪʦʨʫʶ ʝʩʪʝʩʪʚʝʥʥʫʶ ʰʠʨʠʥʫ:     

t

Z
=D¹ Eɻ

                (2.4) 

ʍʘʨʘʢʪʝʨʥʦʝ ʚʨʝʤ ̫ʞʠʟʥʠ  ʘʪʦʤʥʳʭ ʷʜʝʨ ʚ ʚʦʟʙʫʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ  Ű ~ 10-9-10-8 ʩ [117].  ɽʩʪʝʩʪʚʝʥʥʘʷ ʰʠʨʠʥʘ ʣʠʥʠʡ ʠʣʠ 

ʧʦʛʣʦʱʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ɻ ~ 10-7-10-9 ʵɺ. ɺ ʵʪʦʡ ʩʚʷʟʠ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʯʠʪʘʶʪʩʷ ʤʝʪʦʜʦʤ ʩ ʯʨʝʟʚʳʯʘʡʥʦ ʚʳʩʦʢʠʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ ʨʘʟʨʝʰʝʥʠʝʤ. 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʥʘʙʣʶʜʝʥʠʶ ʵʬʬʝʢʪʘ ʄʸʩʩʙʘʫʵʨʘ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʪʦʯʥʠʢʘ ɔ-ʠʟʣʫʯʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʘʷ ʤʘʪʨʠʮʘ ʩ ʚʥʝʜʨʝʥʥʳʤ ʚ 

ʥʝʝ ʨʘʜʠʦʥʫʢʣʠʜʥʳʤ ʚʝʱʝʩʪʚʦʤ [117]. ɺ ʢʘʯʝʩʪʚʝ ʧʦʛʣʦʪʠʪʝʣʷ ʚʩʪʫʧʘʝʪ 

ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ.  
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ʇʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʠʩʪʦʯʥʠʢ ʠʟʣʫʯʝʥʠʷ ʠ ʦʙʨʘʟʝʮ ʷʚʣʷʶʪʩʷ 

ʥʝʵʢʚʠʚʘʣʝʥʪʥʳʤʠ (ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ) ʚʝʱʝʩʪʚʘʤʠ. ɺ ʵʪʦʡ 

ʩʚʷʟʠ ʤʘʢʩʠʤʫʤʳ ʨʝʟʦʥʘʥʩʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (ʪ.ʝ. ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ) 

ʦʢʘʟʳʚʘʝʪʩʷ ʩʤʝʱʝʥʥʳʤ ʦʪ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ ʵʥʝʨʛʠʠ ʜʦʧʣʝʨʦʚʩʢʦʡ ʤʦʜʫʣʷʮʠʠ. 

ɺʦʟʥʠʢʥʦʚʝʥʠʝ ʩʜʚʠʛʘ ʦʙʫʩʣʦʚʣʝʥʦ ʨʘʟʣʠʯʥʦʡ ʚʝʣʠʯʠʥʦʡ ʢʫʣʦʥʦʚʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʘʪʦʤʥʳʤ ʷʜʨʦʤ ʠ ʦʢʨʫʞʘʶʱʠʤʠ ʝʛʦ ʵʣʝʢʪʨʦʥʘʤʠ ʚ 

ʠʩʪʦʯʥʠʢʝ ʠʟʣʫʯʝʥʠʷ ʠ ʠʩʩʣʝʜʫʝʤʦʤ ʦʙʨʘʟʮʝ (ʩʤ. ʨʠʩʫʥʦʢ 2.3). ʈʘʩʩʪʦʷʥʠʝ ʦʪ 

ʮʝʥʪʨʘ ʩʧʝʢʪʨʘ ʜʦ ʥʫʣʝʚʦʡ ʦʪʤʝʪʢʠ ʵʥʝʨʛʠʠ, ʠʟʤʝʨʝʥʥʦʝ ʚ ʤʤ/ʩ, ʥʘʟʳʚʘʝʪʩʷ 

ʠʟʦʤʝʨʥʳʤ (ʠʣʠ ʭʠʤʠʯʝʩʢʠʤ) ʩʜʚʠʛʦʤ [102].  

 

 

ʈʠʩʫʥʦʢ 2.3. ʉʭʝʤʘ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʠʟʦʤʝʨʥʦʛʦ ʩʜʚʠʛʘ (ʠʟ ʨʘʙʦʪʳ 

[102]). 

 

ʂʘʞʜʦʝ ʷʜʨʦ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʢʚʘʜʨʫʧʦʣʴʥʳʤ ʤʦʤʝʥʪʦʤ, 

ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʦʪʢʣʦʥʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʟʘʨʷʜʘ ʦʪ 

ʩʬʝʨʠʯʝʩʢʦʡ ʩʠʤʤʝʪʨʠʠ. ʕʣʝʢʪʨʠʯʝʩʢʠʡ ʟʘʨʷʜ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʦʚʤʝʩʪʥʳʤ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʦʥʥʦʡ ʦʙʦʣʦʯʢʠ ʘʪʦʤʘ ʠ ʦʢʨʫʞʘʶʱʠʭ ʝʛʦ 

ʟʘʨʷʜʦʚ.  

ɺ ʩʣʫʯʘʝ ʷʜʝʨ ʠʟʦʪʦʧʘ ʞʝʣʝʟʘ 57Fe ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʢʚʘʜʨʫʧʦʣʴʥʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʯʘʩʪʠʯʥʦʤʫ ʩʥʷʪʠʶ ʚʳʨʦʞʜʝʥʠʷ ʵʥʝʨʛʠʠ ʷʜʝʨʥʳʭ 

ʧʦʜʫʨʦʚʥʝʡ ʚʦʟʙʫʞʜʝʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʷʜʝʨʥʳʡ ʩʧʠʥ Iex = 3/2), ʘ ʦʩʥʦʚʥʦʝ 

ʩʦʩʪʦʷʥʠʝ  (ʷʜʝʨʥʳʡ ʩʧʠʥ Ig = 1/2) ʦʩʪʘʝʪʩʷ ʚʳʨʦʞʜʝʥʥʳʤ ʧʦ ʤʘʛʥʠʪʥʦʤʫ 

ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ (mg = Ñ1/2) (ʩʤ. ʨʠʩʫʥʦʢ 2.4). ʆʜʥʘʢʦ ʵʪʦ ʚʳʨʦʞʜʝʥʠʝ 

ʩʥʠʤʘʝʪʩʷ ʚ ʤʘʛʥʠʪʥʦʤ ʧʦʣʝ. 
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ʈʠʩʫʥʦʢ 2.4. ʉʭʝʤʘ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʚʦʟʥʠʢʥʦʚʝʥʠʝ 

ʢʚʘʜʨʫʧʦʣʴʥʦʛʦ ʨʘʩʱʝʧʣʝʥʠʷ (ʠʟ 

ʨʘʙʦʪʳ [102]). 

 

ɺʨʘʱʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʠ ʟʘʨʷʞʝʥʥʦʡ ʯʘʩʪʠʮʳ (ʵʣʝʢʪʨʦʥʘ) ʚʦʢʨʫʛ 

ʥʝʢʦʪʦʨʦʡ ʦʩʠ ʠʥʜʫʮʠʨʫʝʪ ʤʘʛʥʠʪʥʦʝ ʧʦʣʝ. ɺʝʣʠʯʠʥʘ ʵʪʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ, 

ʢʦʪʦʨʦʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʤʘʛʥʠʪʥʳʤ ʩʚʝʨʭʪʦʥʢʠʤ ʧʦʣʝʤ, ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ ʩ ʘʪʦʤʥʳʤ ʷʜʨʦʤ ʧʦʣʥʦʩʪʴʶ ʩʥʠʤʘʝʪ 

ʚʳʨʦʞʜʝʥʠʝ ʧʦ ʤʘʛʥʠʪʥʦʤʫ ʢʚʘʥʪʦʚʦʤʫ ʯʠʩʣʫ ʠ ʧʨʠʚʦʜʠʪ ʢ ʨʘʩʱʝʧʣʝʥʠʶ 

ʷʜʝʨʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʩʤ. ʨʠʩʫʥʦʢ 2.5).  

 

 

ʈʠʩʫʥʦʢ  2.5.  ʉʭʝʤʘ, 

ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʧʦʷʚʣʝʥʠʝ 

ʩʚʝʨʭʪʦʥʢʦʡ ʤʘʛʥʠʪʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʚ 

ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʭ ʩʧʝʢʪʨʘʭ 

(ʠʟ ʨʘʙʦʪʳ [102]). 

 

2.2.2 ɸʧʧʘʨʘʪʫʨʥʦʝ ʦʬʦʨʤʣʝʥʠʝ ʤʝʪʦʜʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʡ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 

 

ʄʸʩʩʙʘʫʵʨʦʚʩʢʠʡ ʩʧʝʢʪʨ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʣʠʯʝʩʪʚʘ ɔ-

ʢʚʘʥʪʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ ʢʨʠʩʪʘʣʣ (ʠʣʠ ʦʪʨʘʞʝʥʥʳʭ ʦʪ ʥʝʛʦ) ʦʪ ʩʢʦʨʦʩʪʠ 

ʜʚʠʞʝʥʠʷ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʢʦʪʦʨʳʡ ʫʩʪʘʥʘʚʣʠʚʘʝʪʩʷ ʥʘ ʚʠʙʨʘʪʦʨʝ. 
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ʇʨʠ ʧʦʩʪʫʧʘʪʝʣʴʥʦʤ ʜʚʠʞʝʥʠʠ ʚʠʙʨʘʪʦʨʘ ʦʢʘʟʳʚʘʝʪʩʷ ʚʦʟʤʦʞʥʳʤ ʚʘʨʴʠʨʦʚʘʪʴ 

ʵʥʝʨʛʠʶ ɔ-ʢʚʘʥʪʦʚ ʟʘ ʩʯʝʪ ʵʬʬʝʢʪʘ ɼʦʧʣʝʨʘ.  

 ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ ʚʢʣʶʯʘʝʪ 

ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ (ʩʤ. ʨʠʩʫʥʦʢ 2.6): 

1. ɼʦʧʣʝʨʦʚʩʢʠʡ ʤʦʜʫʣʷʪʦʨ ï ʫʩʪʨʦʡʩʪʚʦ, ʧʦʟʚʦʣʷʶʱʝʝ ʜʚʠʛʘʪʴ ʠʩʪʦʯʥʠʢ ɔ-

ʢʚʘʥʪʦʚ ʦʪʥʦʩʠʪʝʣʴʥʦ ʧʦʛʣʦʪʠʪʝʣʷ (ʠʣʠ ʧʦʛʣʦʪʠʪʝʣʴ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʠʩʪʦʯʥʠʢʘ). 

2. ɼʝʪʝʢʪʦʨ ï ʫʩʪʨʦʡʩʪʚʦ ʨʝʛʠʩʪʨʘʮʠʠ ɔ-ʢʚʘʥʪʦʚ, ʧʨʦʰʝʜʰʠʭ ʯʝʨʝʟ 

ʧʦʛʣʦʪʠʪʝʣʴ. 

3. ɼʠʩʢʨʠʤʠʥʘʪʦʨ ï ʤʦʜʫʣʴ, ʩʦʨʪʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʜʝʪʝʢʪʦʨʘ, ʧʦ ʢʘʥʘʣʘʤ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʵʥʝʨʛʠʝʡ. 

4. ɹʣʦʢ ʫʧʨʘʚʣʝʥʠʷ ï ʕɺʄ, ʢʦʪʦʨʘʷ ʟʘʥʠʤʘʝʪʩʷ ʩʙʦʨʦʤ ʠ ʦʙʨʘʙʦʪʢʦʡ 

ʠʥʬʦʨʤʘʮʠʠ. 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.6. ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ 

ʩʭʝʤʘ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ 

 

ɺ ʨʘʤʢʘʭ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʠʝ ʩʧʝʢʪʨʳ 

ʧʦʣʫʯʝʥʳ ʚ ʛʝʦʤʝʪʨʠʠ ʧʦʛʣʦʱʝʥʠʷ ʥʘ ʩʧʝʢʪʨʦʤʝʪʨʝ MS-1104Em ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʜʠʦʘʢʪʠʚʥʦʛʦ ʠʩʪʦʯʥʠʢʘ Co57(Rh).  

ʀʟʤʝʨʝʥʠʷ ʚ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 5 ï 400 ʂ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʢʨʠʦʩʪʘʪʘ ʟʘʤʢʥʫʪʦʛʦ ʮʠʢʣʘ CFSG-411-MESS. ʂʦʥʩʪʨʫʢʮʠʷ ʢʨʠʦʩʪʘʪʘ ʜʝʪʘʣʴʥʦ 

ʦʧʠʩʘʥʘ ʚ ʨʘʙʦʪʝ [118]. ɸʧʧʘʨʘʪʥʳʝ ʫʰʠʨʝʥʠʷ ʣʠʥʠʡ ʚ ʩʧʝʢʪʨʘʭ ʙʳʣʠ ʤʝʥʝʝ 5% 
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ʚʦ ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ. ʂʦʥʪʨʦʣʴ ʠ ʧʦʜʜʝʨʞʘʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʩʫʱʝʩʪʚʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ Lake Shore 335. ʅʘ ʤʝʜʥʦʤ 

ʜʝʨʞʘʪʝʣʝ ʦʙʨʘʟʮʘ ʫʩʪʘʥʦʚʣʝʥ ʜʘʪʯʠʢ ʪʝʤʧʝʨʘʪʫʨʳ CERNOX, ʢʦʪʦʨʳʡ ʧʨʠ 

300 ʂ ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʦʯʥʦʩʪʴ ʦʢʦʣʦ  Ñ 0.040 ʂ.  

ɺ ʢʘʯʝʩʪʚʝ ʢʦʣʣʠʤʘʪʦʨʘ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʚʠʥʮʦʚʘʷ ʧʣʘʩʪʠʥʘ, ʥʘ ʢʦʪʦʨʫʶ 

ʟʘʢʨʝʧʣʷʣʩʷ ʠʩʩʣʝʜʫʝʤʳʡ ʦʙʨʘʟʝʮ. ʇʨʠ ʠʟʤʝʨʝʥʠʷʭ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨ 4.2 ï 

300 ʂ ʜʣʷ ʣʫʯʰʝʡ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʦʪ ʥʘʛʨʝʚʘʪʝʣʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʰʪʦʢʝ 

ʢʨʠʦʩʪʘʪʘ, ʥʘ ʤʦʥʦʢʨʠʩʪʘʣʣ ʥʘʥʦʩʠʣʩʷ ʪʦʥʢʠʡ ʩʣʦʡ ʘʣʶʤʠʥʠʝʚʦʡ ʬʦʣʴʛʠ (ʩʤ. 

ʨʠʩʫʥʦʢ 2.7). 

 

 

ʈʠʩʫʥʦʢ 2.7. ʊʝʨʤʦʛʨʘʤʤʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʥʘ ʰʪʦʢʝ 

ʢʨʠʦʩʪʘʪʘ 

 

ɼʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʝʦʙʭʦʜʠʤʦʡ ʦʨʠʝʥʪʘʮʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʦʪʥʦʩʠʪʝʣʴʥʦ  

ʥʘʧʨʘʚʣʝʥʠʷ ʚʦʣʥʦʚʦʛʦ ʚʝʢʪʦʨʘ ɔ ï ʢʚʘʥʪʦʚ kɔ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʠ ʠʟʛʦʪʦʚʣʝʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʷʯʝʡʢʘ (ʨʠʩʫʥʦʢ 2.8). ɺ ʵʪʦʡ ʷʯʝʡʢʝ ʫʩʪʘʥʦʚʣʝʥʘ 

ʦʪʢʣʦʥʷʝʤʘʷ ʧʦʜʚʠʞʥʘʷ ʧʘʥʝʣʴ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ 



48 

 

ʧʘʥʝʣʠ ʩ ʪʦʯʥʦʩʪʴʶ ʦʢʦʣʦ Ñ1Á. ʆʙʨʘʟʝʮ ʢʨʝʧʠʣʩʷ ʥʘ ʦʪʢʣʦʥʷʝʤʦʡ ʧʦʜʚʠʞʥʦʡ 

ʧʘʥʝʣʠ, ʠ ʜʝʨʞʘʪʝʣʴ ʨʘʩʧʦʣʘʛʘʣʩʷ ʥʘ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ ʩʧʝʢʪʨʦʤʝʪʨʘ, ʣʠʙʦ 

ʚʚʦʜʠʣʩʷ ʚ ʰʘʭʪʫ ʧʝʯʠ ʧʨʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʠʟʤʝʨʝʥʠʷʭ.  

 

 

 

 

ʈʠʩʫʥʦʢ 2.8. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ 

ʷʯʝʡʢʘ ʜʣʷ ʤʸʩʩʙʘʫʵʨʦʚʩʢʦʛʦ 

ʩʧʝʢʪʨʦʤʝʪʨʘ ʩ ʚʦʟʤʦʞʥʦʩʪʴʶ 

ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʫʛʣʘ ʥʘʢʣʦʥʘ 

ʦʙʨʘʟʮʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʧʪʠʯʝʩʢʦʡ 

ʦʩʠ. ɿʜʝʩʴ (1) ï ʢʦʨʧʫʩ, ʢʦʪʦʨʳʡ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʦʦʩʥʦʩʪʴ ʷʯʝʡʢʠ ʠ 

ʩʧʝʢʪʨʦʤʝʪʨʘ, (2) ï ʚʪʫʣʢʘ ʩ 

ʦʪʢʣʦʥʷʝʤʦʡ ʧʣʘʩʪʠʥʦʡ, (3) ï 

ʠʩʩʣʝʜʫʝʤʳʡ ʢʨʠʩʪʘʣʣ 

 

 

ɺ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʜʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠʟʦʤʝʨʥʳʭ ʩʜʚʠʛʦʚ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʩʪʘʥʜʘʨʪʥʳʡ ʧʦʛʣʦʪʠʪʝʣʴ ʠʟ ʪʦʥʢʦʡ ʬʦʣʴʛʠ  a-Fe. 

ʂʦʤʧʴʶʪʝʨʥʘʷ ʦʙʨʘʙʦʪʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ ʚ 

ʧʨʦʛʨʘʤʤʘʭ Univem ʠ SpectrRelax. 

ʇʨʠ ʨʘʙʦʪʝ ʩ ʤʦʥʦʢʨʠʩʪʘʣʣʘʤʠ ʥʝʦʙʭʦʜʠʤʦ ʧʨʘʚʠʣʴʥʦ ʫʯʠʪʳʚʘʪʴ 

ʵʬʬʝʢʪʠʚʥʫʶ ʪʦʣʱʠʥʫ ʦʙʨʘʟʮʘ, ʢʦʪʦʨʘʷ ʪʘʢʞʝ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʬʦʨʤʫ ʠ 

ʧʘʨʘʤʝʪʨʳ ʤʝʩʩʙʘʫʵʨʦʚʩʢʦʛʦ ʩʧʝʢʪʨʘ (ʩʤ. ʨʠʩʫʥʦʢ 2.9). 

ʇʦʩʢʦʣʴʢʫ ʢʨʠʩʪʘʣʣʳ ʙʦʨʘʪʘ ʞʝʣʝʟʘ ʠʤʝʶʪ ʢʦʥʝʯʥʫʶ ʪʦʣʱʠʥʫ, ʦʜʥʠʤ ʠʟ 

ʥʘʠʙʦʣʝʝ ʩʫʱʝʩʪʚʝʥʥʳʭ ʰʘʛʦʚ ʚ ʘʥʘʣʠʟʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʤʝʩʩʙʘʫʵʨʦʚʩʢʠʭ 

ʩʧʝʢʪʨʦʚ ʷʚʣʷʝʪʩʷ ʫʯʝʪ ʵʪʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʙʱʝʡ ʬʦʨʤʝ ʩʧʝʢʪʨʘ ʧʨʦʧʫʩʢʘʥʠʷ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʚʝʨʪʢʫ ʣʠʥʠʠ ʠʩʪʦʯʥʠʢʘ ʠ ʩʧʝʢʪʨʘ ʧʦʛʣʦʪʠʪʝʣʷ. ɺ 

ʵʪʦʡ ʩʚʷʟʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʩʧʝʢʪʨʳ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠʩʴ ʩ ʫʯʝʪʦʤ 


