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çʉʀʅʊɽɿ ɯ ɽʃɽʂʊʈʆʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ʄɸʊɽʈɯɸʃɯɺ ɿ ʌʊʆʈʀɼʅʆʖ 

ʇʈʆɺɯɼʅɯʉʊʖ ʅɸ ʆʉʅʆɺɯ BaSnF4 ʊɸ ɻɽʊɽʈʆʌɸɿʅʀʍ ʂʆʄʇʆɿʀʎɯʁ ɼʃʗ 

ʌʊʆʈʀɼ-ɯʆʅʅʀʍ ɼɾɽʈɽʃ ʉʊʈʋʄʋè 

 

102 ï ʍʽʤʽʷ (ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ) 

 

 

ʇʦʜʘʻʪʴʩʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ. 

ɼʠʩʝʨʪʘʮʽʷ ʤʽʩʪʠʪʴ ʨʝʟʫʣʴʪʘʪʠ ʚʣʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʽʜʝʡ, 

ʨʝʟʫʣʴʪʘʪʽʚ ʽ ʪʝʢʩʪʽʚ ʽʥʰʠʭ ʘʚʪʦʨʽʚ ʤʘʶʪʴ ʧʦʩʠʣʘʥʥʷ ʥʘ ʚʽʜʧʦʚʽʜʥʝ ʜʞʝʨʝʣʦ 

____________ ʃʠʩʝʥʢʦ ʆ.ɺ 

 

ʅʘʫʢʦʚʠʡ ʢʝʨʽʚʥʠʢ: ʜʦʢʪʦʨ ʭʽʤʽʯʥʠʭ ʥʘʫʢ, ʧʨʦʬʝʩʦʨ, ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪ ʅɸʅ 

ʋʢʨʘʾʥʠ ʆʤʝʣʴʯʫʢ ɸʥʘʪʦʣʽʡ ʆʧʘʥʘʩʦʚʠʯ. 
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ɸʅʆʊɸʎɯʗ 

ʃʠʩʝʥʢʦ ʆ.ɺ. çCʠʥʪʝʟ ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʟ ʬʪʦʨʠʜʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʥʘ ʦʩʥʦʚʽ BaSnF4 ʪʘ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ 

ʜʞʝʨʝʣ ʩʪʨʫʤʫè ï ʂʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʥʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʫ. 

ɼʠʩʝʨʪʘʮʽʷ ʥʘ ʟʜʦʙʫʪʪʷ ʥʘʫʢʦʚʦʛʦ ʩʪʫʧʝʥʷ ʜʦʢʪʦʨʘ ʬʽʣʦʩʦʬʽʾ ʟʘ 

ʩʧʝʮʽʘʣʴʥʽʩʪʶ 102 ʍʽʤʽʷ (ʇʨʠʨʦʜʥʠʯʽ ʥʘʫʢʠ). ï ɯʥʩʪʠʪʫʪ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ 

ʭʽʤʽʾ ʽʤ. ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʂʠʾʚ, 2025. 

ɼʘʥʘ ʢʚʘʣʽʬʽʢʘʮʽʡʥʘ ʥʘʫʢʦʚʘ ʧʨʘʮʷ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʚʠʨʽʰʝʥʥʷ ʘʢʪʫʘʣʴʥʠʭ 

ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ, ʦʜʥʠʤ ʟ ʷʢʠʭ ʻ ʩʪʚʦʨʝʥʥʷ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ 

ʩʪʨʫʤʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʧʽʜʭʦʜʦʤ ʻ ʩʪʚʦʨʝʥʥʷ ʛʝʪʝʨʦʬʘʟʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ, ʚ ʷʢʠʭ ʘʥʽʦʥ ʬʪʦʨʫ ʟʘʙʝʟʧʝʯʫʻ ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ ʤʽʞ 

ʝʣʝʢʪʨʦʜʘʤʠ, ʘ ʫʪʚʦʨʝʥʥʷ ʬʪʦʨʠʜʽʚ ʤʝʪʘʣʽʚ ʨʽʟʥʦʛʦ ʩʪʫʧʝʥʷ ʦʢʠʩʥʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ 

ʚʠʥʠʢʥʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ. ʊʝʦʨʝʪʠʯʥʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʜʦʟʚʦʣʷʶʪʴ 

ʩʪʚʦʨʶʚʘʪʠ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ ʟ ʧʠʪʦʤʦʶ ʻʤʥʽʩʪʶ ʪʘ ʛʫʩʪʠʥʦʶ ʝʥʝʨʛʽʾ, 

ʩʧʽʚʩʪʘʚʥʠʤʠ ʟ ʣʽʪʽʡ-ʽʦʥʥʠʤʠ ʙʘʪʘʨʝʷʤʠ, ʷʢʽ ʥʘʨʘʟʽ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤʠ, 

ʘʣʝ ʟ ʢʨʘʱʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʾ ʙʝʟʧʝʢʠ, ʥʠʞʯʦʶ ʩʦʙʽʚʘʨʪʽʩʪʶ 

ʚʠʛʦʪʦʚʣʝʥʥʷ. ʇʨʠʡʤʘʶʯʠ ʜʦ ʫʚʘʛʠ ʦʙʤʝʞʝʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʧʦʢʣʘʜʽʚ ʣʽʪʽʻʚʦʾ 

ʩʠʨʦʚʠʥʠ ʪʘ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʨʽʟʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʻ ʘʢʪʫʘʣʴʥʠʤ ʥʝ ʣʠʰʝ 

ʥʘʫʢʦʚʠʤ, ʘʣʝ ʡ ʧʨʠʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ. 

ɺʠʢʦʥʘʥʘ ʨʦʙʦʪʘ ʧʨʠʩʚʷʯʝʥʘ ʧʦʰʫʢʫ ʪʘ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʜʞʝʨʝʣ ʩʪʨʫʤʫ, ʜʦʩʣʽʜʞʝʥʥʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʛʝʪʝʨʦʬʘʟʥʠʭ 

ʢʦʤʧʦʟʠʮʽʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʝʣʝʢʪʨʦʜʥʽ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʽ ʤʘʪʝʨʽʘʣʠ. ɺ ʨʦʙʦʪʽ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʽʟ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʦʪʨʠʤʘʥʠʭ 

ʰʣʷʭʦʤ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ Ba2+ ʥʘ ʢʘʪʽʦʥʘʤʠ La3+, Y3+, Bi3+ ʫ ʩʪʨʫʢʪʫʨʘʭ 

BaSnF4 ʪʘ Ba1-ySn1+yF4, ʾʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʽ ʜʝʷʢʠʭ 

ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ 

ʩʪʨʫʤʫ ʷʢ ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪʥʽ ʤʘʪʝʨʽʘʣʠ. 



ʄʝʪʦʶ ʜʘʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʪʘ 

ʤʦʜʠʬʽʢʘʮʽʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4 ʪʘ ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ 

ʢʘʪʽʦʥʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ 

ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ: 

╖ ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʱʦʜʦ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 

BaSnF4 ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ.  

╖ ʈʦʟʨʦʙʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ BaSnF4 ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

╖  ʉʠʥʪʝʟʫʚʘʪʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x ʪʘ Ba1-xYxSnF4+x, ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ˇʨʘʪʦʢ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ.  

╖ ɺʠʟʥʘʯʠʪʠ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʡ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʬʪʦʨʠʜ-ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʨʦʜʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ.  

╖ ʆʮʽʥʠʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ 

ʬʪʦʨʠʜ-ʽʦʥʽʚ ʟʘ ʤʝʪʦʜʦʤ ʍʝʙʙʘïɺʘʛʥʝʨʘ. 

╖ ʉʢʦʤʧʦʥʫʚʘʪʠ ʛʝʪʝʨʦʬʘʟʥʽ ʢʦʤʧʦʟʠʮʽʾ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʜʦʩʣʽʜʠʪʠ 

ʾʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ. 

╖ ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʤʧʦʟʠʮʽʡ ʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ 

ʥʦʚʦʛʦ ʪʠʧʫ. 

ʋ ʧʝʨʰʦʤʫ ʨʦʟʜʽʣʽ ʥʘʚʝʜʝʥʦ ʨʦʟʛʦʨʥʫʪʠʡ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʜʦʩʣʽʜʞʝʥʴ, 

ʧʨʠʩʚʷʯʝʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʩʠʩʪʝʤʘʤ ʪʘ ʧʝʨʩʧʝʢʪʠʚʘʤ ʨʦʟʚʠʪʢʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ 

ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ʈʦʟʛʣʷʥʫʪʦ ʾʭ ʪʝʦʨʝʪʠʯʥʽ ʘʩʧʝʢʪʠ, ʙʫʜʦʚʫ, ʧʨʠʥʮʠʧʠ 

ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʚʝʨʜʠʭ 



ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʩʠʩʪʝʤʘʭ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɿʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʤ ʝʣʝʢʪʨʦʣʽʪʘʤ, ̫ ʢ ʢʣʶʯʦʚʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ: 

ʫʟʘʛʘʣʴʥʝʥʦ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʾʭ ʢʣʘʩʠʬʽʢʘʮʽʶ, ʩʪʨʫʢʪʫʨʥʽ ʪʠʧʠ (ʬʣʶʦʨʠʪʦʚʠʡ, 

ʪʠʩʦʥʽʪʦʚʠʡ, PbSnF4-ʧʦʜʽʙʥʠʡ), ʤʝʭʘʥʽʟʤʠ ʦ̔ʥʥʦʛʦ ʧʝʨʝʥʝʩʝʥʥʷ, ʚʧʣʠʚ ʜʝʬʝʢʪʽʚ ʽ 

ʢʘʪʽʦʥʥʦʛʦ ʦʪʦʯʝʥʥʷ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʘ ʪʘʢʦʞ ʨʦʣʴ ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ 

ʝʣʝʢʪʨʦʥʽʚ. ʉʠʩʪʝʤʘʪʠʟʦʚʘʥʦ ʜʘʥʽ ʱʦʜʦ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʩʪʽʡʢʦʩʪʽ ʚʽʜʦʤʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʤʝʪʦʜʠ ʾʭ ʩʠʥʪʝʟʫ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʤʦʜʠʬʽʢʘʮʽʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʦ̔ʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘ ʧʽʜʩʪʘʚʽ 

ʧʨʦʚʝʜʝʥʦʛʦ ʦʛʣʷʜʫ ʩʬʦʨʤʫʣʴʦʚʘʥʦ ʥʘʫʢʦʚʫ ʧʨʦʙʣʝʤʫ, ʚʠʟʥʘʯʝʥʦ ʤʝʪʫ ʪʘ 

ʦʢʨʝʩʣʝʥʦ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʋ ʜʨʫʛʦʤʫ ʨʦʟʜʽʣʽ ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʢʦʨʠʩʪʘʥʠʭ ʫ 

ʨʦʙʦʪʽ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʦʧʠʩʘʥʦ ʟʘʩʪʦʩʦʚʘʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʤʝʪʦʜʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʘʥʘʣʽʪʠʯʥʽ ʧʽʜʭʦʜʠ. ʆʢʨʝʤʫ ʫʚʘʛʫ ʧʨʠʜʽʣʝʥʦ ʤʝʪʦʜʠʢʘʤ ʩʠʥʪʝʟʫ 

ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʟ, ʚʢʣʶʯʘʶʯʠ ʫʤʦʚʠ ʧʨʦʚʝʜʝʥʥʷ ʨʝʘʢʮʽʡ, ʧʘʨʘʤʝʪʨʠ 

ʪʝʨʤʦʦʙʨʦʙʢʠ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʢʦʥʪʨʦʣʶ ʩʢʣʘʜʫ ʽ ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʪʨʝʪʴʦʤʫ ʨʦʟʜʽʣʽ ʜʠʩʝʨʪʘʮʽʾ ʨʦʟʛʣʷʥʫʪʦ ʦʨʠʛʽʥʘʣʴʥʽ ʧʽʜʭʦʜʠ ʜʦ ʩʠʥʪʝʟʫ ʪʘ 

ʜʦʩʣʽʜʞʝʥʥʷ ʪʘʢʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ: Ba1-xLaxSnF4+x, Ba1-xYxSnF4+x,  

Ba0,90-xLaxSn1,10F4,00+x, Ba0,86-xLaxSn1,14F4,00+x, Ba0,80-xLaxSn1,20F4,00+x. ʈʦʟʨʦʙʣʝʥʦ 

ʜʚʦʩʪʘʜʽʡʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʟʘʟʥʘʯʝʥʠʭ ʬʘʟ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʧʠʪʦʤʠʭ 

ʚʠʪʨʘʪ ʝʥʝʨʛʽʾ ʪʘ ʨʝʘʛʝʥʪʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʽʜʦʤʠʤʠ ʤʝʪʦʜʘʤʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ 

ʩʠʥʪʝʟʫ ʟ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʬʪʦʨʠʜʽʚ ʙʘʨʽʶ, ʣʘʥʪʘʥʫ, ʽʪʨʽʶ ʪʘ ʩʪʘʥʫʤʫ, ʜʣʷ ʷʢʠʭ 

ʭʘʨʘʢʪʝʨʥʘ ʚʝʣʠʢʘ ʨʽʟʥʠʮʷ ʫ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʣʘʚʣʝʥʥʷ. ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʦʙôʻʤʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʧʨʝʢʫʨʩʦʨʽʚ ʦʪʨʠʤʘʥʠʭ ʥʘ 

ʧʝʨʰʽʡ ʩʪʘʜʽʡ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʬʘʟʠ Ba1-xLaxF2+x, 

Ba1-xYxF2+x ʽʟʦʩʪʨʫʢʪʫʨʥʽ BaF2. ɰʭ ʢʨʠʩʪʘʣʽʯʥʘ ʛʨʘʪʢʘ ʚʽʜʧʦʚʽʜʘʻ ʢʫʙʽʯʥʽʡ ʩʠʥʛʦʥʽʾ, 

ʦʙʣʘʩʪʴ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʤʝʞʘʭ 0᾽xÒ0,12 ʪʘ 

0᾽xÒ0,10 ʚʽʜʧʦʚʽʜʥʦ. ɺʠʷʚʣʝʥʦ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ 

ʨʦʟʯʠʥʽʚ ʥʘ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʪʘ ʧʦʚʥʦʪʫ ʩʧʽʚʦʩʘʜʞʝʥʥʷ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʪʘ ʭʽʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ, ʟʘʣʝʞʥʦʩʪʷʤʠ 

ʟʤʽʥʠ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ. 



ʇʨʠʚʝʜʝʥʦ ʫʤʦʚʠ ʜʚʦʭʩʪʘʜʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ Ba1-xLaxSnF4+x ʬʘʟ, ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʚʧʣʠʚ ʪʠʩʢʫ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʟʨʘʟʢʽʚ ʜʦ 

ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʥʘ ʚʝʣʠʯʠʥʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʠʚʝʜʝʥʦ 

ʦʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʅʘʚʝʜʝʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ 

ʨʝʟʫʣʴʪʘʪʠ, ʱʦ ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʧʣʠʚ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʥʘ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʪʘ 

ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ.  

ɺʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʚʢʣʘʜʫ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʟʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ. ɼʦʚʝʜʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʘ ʜʦʩʣʽʜʞʝʥʠʭ ʥʝʟʥʘʯʥʘ, ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʙʣʠʟʴʢʽ ʜʦ 1, ʟʘʛʘʣʴʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʫʥʽʧʦʣʷʨʥʘ, ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ. 

ʇʦʢʘʟʘʥʦ, ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ BaSnF4 ʟʙʽʣʴʰʫʻʪʴʩʷ ʧʨʠ ʟʘʤʽʥʽ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ 

ʙʘʨʽʶ ʪʘ/ʘʙʦ ʩʪʘʥʫʤʫ ʢʘʪʽʦʥʘʤʠ ʣʘʥʪʘʥʫ ʘʙʦ ʽʪʨʽʶ, ʘ ʪʘʢʦʞ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ SnF2:BaF2. ʅʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʘʟʠ Ba1-ySn1+yF4 (0<yÒ0,20) ʤʘʶʪʴ 

ʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ BaSnF4. 

ʉʠʥʪʝʟʦʚʘʥʦ ʦʜʥʦʬʘʟʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ Ba1-xɺx̔F2+x  ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

0,30ÒʭÒ0,43. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʧʽʢʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʜʠʬʪʦʨʠʜʦʤ ʩʪʘʥʫʤʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

773 ʂ ʧʨʦʪʷʛʦʤ 30 ʭʚ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʶ 

ʨʝʘʢʮʽʻʶ (ʆɺʈ), ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʾ ʫʪʚʦʨʶʶʪʴʩʷ ʛʝʢʩʘʬʪʦʨʩʪʘʥʘʪ ʙʘʨʽʶ ʪʘ ʚʽʩʤʫʪ.  

ʏʝʪʚʝʨʪʠʡ ʨʦʟʜʽʣ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʤʽʩʪʠʪʴ ʦʧʠʩ ʧʽʜʭʦʜʽʚ ʜʦ 

ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ, ʧʽʜʙʦʨʫ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʠʭ ʧʘʨ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ. ʇʨʠʚʝʜʝʥʦ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʬʪʦʨʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʨʽʟʥʠʭ ʩʪʫʧʝʥʽʚ ʦʢʠʩʥʝʥʥʷ, ʷʢ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʌɯɹ, ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ ʪʘ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʝʷʢʠʭ Red/Ox ʧʘʨ, 

ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ. ɼʦʩʣʽʜʞʝʥʦ ʤʘʢʝʪʥʽ ʟʨʘʟʢʠ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ 

ʙʘʪʘʨʝʡ (ʌɯɹ) ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʘʥʦʜʽʚ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʧʨʦʪʽʢʘʶʪʴ ʥʝʦʙʦʨʦʪʥʦ. ʇʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʴ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ (ʌɯɹ) ʟ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʤʠ 

ʝʣʝʢʪʨʦʜʥʠʤʠ ʧʘʨʘʤʠ MᾳFm/MᾳᾳFz, ʥʘʧʨʠʢʣʘʜ, SmF3|Pb0,43ɺʘ0,43Sn1,14F4,00|MnF2. 



ʄʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʢʚʘʟʽʦʙʦʨʦʪʥʽʩʪʴ Red/Ox 

ʧʨʦʮʝʩʽʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʛʝʥʝʨʫʚʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ʗʢ 

ʝʣʝʢʪʨʦʣʽʪ ʚ ʜʘʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʚʠʩʦʢʦʧʨʦʚʽʜʥʽ ʬʘʟʠ 

ʽʟʦʩʪʨʫʢʪʫʨʥʽ PbSnF4. ʇʨʠʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʩʪʽʡʢʦʩʪʽ (ɺɽʉ) ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʾʭ ʧʦʚʝʜʽʥʢʫ ʧʨʠ ʮʠʢʣʫʚʘʥʥʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʞʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʟʥʘʯʝʥʠʭ ʟʥʘʯʝʥʴ ɺɽʉ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʟʨʘʟʢʽʚ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ PbSnF4, ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ ï

1,85Ñ0,05 õ +2,00Ñ0,05 ɺ, ʧʨʠʯʦʤʫ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʧʣʶʤʙʫʤʫ 

ʢʘʪʽʦʥʘʤʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʟʘʤʽʩʥʠʢʽʚ (K+, Nd3+, Ba2+), ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʮʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʮʠʢʣʫʚʘʥʥʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʧʣʶʤʙʫʤʫ ʪʘ 

ʩʪʘʥʦʤʫ ʚ ʽʥʪʝʨʚʘʣʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʰʠʨʰʦʤʫ ʟʘ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘʭ ʨʝʻʩʪʨʫʶʪʴʩʷ ʩʠʛʥʘʣʠ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʧʦʚôʷʟʘʥʽ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʬʪʦʨʠʜʽʚ ʩʪʘʥʫʤʫ ʪʘ ʦʣʦʚʘ ʚʠʱʠʭ ʩʪʫʧʝʥʽʚ ʦʢʠʩʥʝʥʥʷ. 

ʇôʷʪʠʡ ʨʦʟʜʽʣ ʧʨʠʩʚʷʯʝʥʦ ʫʟʘʛʘʣʴʥʝʥʥʶ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʽ 

ʚʠʟʥʘʯʝʥʥʶ ʧʝʨʩʧʝʢʪʠʚ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʜʦʩʣʽʜʞʝʥʴ ʫ ʛʘʣʫʟʽ ʪʚʝʨʜʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʉʬʦʨʤʫʣʴʦʚʘʥʦ ʦʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʧʦʣʦʞʝʥʥʷ ʪʘ 

ʚʠʩʥʦʚʢʠ ʱʦʜʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʫʪʚʦʨʝʥʥʷ, ʩʪʨʫʢʪʫʨʠ ʡ ʧʨʦʚʽʜʥʦʩʪʽ ʬʘʟ ʪʠʧʫ 

MSnF4.  

ʆʢʨʝʩʣʝʥʦ ʧʦʜʘʣʴʰʽ ʥʘʧʨʷʤʠ ʜʦʩʣʽʜʞʝʥʴ, ʧʦʚôʷʟʘʥʽ ʟ ʨʦʟʰʠʨʝʥʥʷʤ ʩʠʩʪʝʤ 

BaïSnïF ʟʘ ʨʘʭʫʥʦʢ ʚʚʝʜʝʥʥʷ ʽʥʰʠʭ ʽʟʦ- ʪʘ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ, ʘ ʪʘʢʦʞ ʟ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʻʶ ʽʥʪʝʨʬʝʡʩʫ ʝʣʝʢʪʨʦʣʽʪïʝʣʝʢʪʨʦʜ. 

ʇʦʢʘʟʘʥʦ ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ 

BaSnF4 ʫ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʷʭ. ʋ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʚʠʟʥʘʯʝʥʦ 

ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʦʢʨʝʩʣʝʥʦ ʥʘʧʨʷʤʠ 

ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ, ʩʪʘʙʽʣʴʥʠʭ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 

ʙʝʟʧʝʯʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʩʠʩʪʝʤ ʟ ʚʠʩʦʢʠʤʠ ʧʠʪʦʤʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚʧʝʨʰʝ 

ʦʜʝʨʞʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 



- ʉʠʥʪʝʟʦʚʘʥʦ ʥʦʚʽ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ 2-ʭ ʩʪʘʜʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ ʩʠʥʪʝʟʫ: Ba1-xLaxSnF4+x 

(0<xÒ0,12), Ba1-xYxSnF4+x (0<xÒ0,10), Ba0,90-xLaxSn1,10F4,00+x (0<xÒ0,12), Ba0,86-

xLaxSn1,14F4,00+x (0<xÒ0,12), Ba0,80-xLaxSn1,20F4,00+x (0<xÒ0,12). 

- ɺʠʷʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʽʚ Ba2+ ʢʘʪʽʦʥʘʤʠ La3+, Y3+ ʫ ʩʢʣʘʜʥʦʤʫ 

ʬʪʦʨʠʜʽ BaSnF4, ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʤʘʶʪʴ ʬʘʟʠ ʩʢʣʘʜʫ Ba0,90Y0,10SnF4,10 ʽ Ba0,93La0,07SnF4,07 (ů353ʂ = 1,53Ā10ï3 ʉʤ/ʩʤ 

ʽ ů353ʂ = 9,02Ā10ï4 ʉʤ/ʩʤ ʚʽʜʧʦʚʽʜʥʦ), ʷʢʘ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʘ 2 

ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ ʧʝʨʝʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ BaSnF4. 

- ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ ʢʘʪʽʦʥʘʤʠ La3+, Y3+ ʩʧʦʣʫʢʠ BaSnF4 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʠʤ ʙʽʣʴʰʽʡ ʤʽʨʽ, 

ʯʠʤ ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʤʽʩʥʠʢʘ. ɺʠʷʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʜʣʷ 

ʚʩʽʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜʨʦʚʽʜʥʠʭ ʬʘʟ; 

- ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʢʘʪʽʦʥʘʤʠ La3+ ʫ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ Ba0,90Sn1,10F4,00, Ba0,86Sn1,14F4,00, Ba0,80Sn1,20F4,00 ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʡʢʨʘʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʬʘʟʘʤʠ ʤʘʶʪʴ ʬʘʟʠ ʪʘʢʦʛʦ ʩʢʣʘʜʫ:  

¶ Ba0,78La0,12Sn1,12F4,12 (ů = 4,26Ŀ10
-3 ʉʤ/ʩʤ, ʧʦʨʽʚʥʷʥʦ ʟ Ba0,90Sn1,10F4,00  

ů = 2,94Ŀ10-5 ʉʤ/ʩʤ); 

¶ Ba0,74La0,12Sn1,14F4,12 ů = 2,91Ŀ10
-3 ʉʤ/ʩʤ), ʧʦʨʽʚʥʷʥʦ ʟ Ba0,86Sn1,14F4,00  

(ů = 3,52Ŀ10-4 ʉʤ/ʩʤ; 

¶ Ba0,70La0,10Sn1,20F4,10 (ů = 4,13Ŀ10
-3 ʉʤ/ʩʤ), ʧʦʨʽʚʥʷʥʦ ʟ Ba0,80Sn1,20F4,00  

(ů = 1,79Ŀ10-3 ʉʤ/ʩʤ); 

- ʈʦʟʨʦʙʣʝʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʜʚʦʩʪʘʜʽʡʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ 

ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ. 

- ɺʠʟʥʘʯʝʥʦ, ʦʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʩʠʩʪʝʤʠ BaF2-LaF3-SnF2, 

ʱʦ ʩʢʣʘʜʘʻ 9,8 MPa ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ. 



- ɼʦʚʝʜʝʥʦ, ʱʦ ʟʨʘʟʢʠ ʚʩʽʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʤʘʶʪʴ ʫʥʽʧʦʣʷʨʥʫ ʦ̔ʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʽʦʥʠ ʬʪʦʨʫ. ɺʠʟʥʘʯʝʥʽ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʟʘ 

ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ.  

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʨʝʘʣʴʥʦʛʦ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Pb1-xMxSnF4Ñx (ʄ=K, Nd, Ba), ̫ ʢʝ ʜʣʷ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʘʻ: ï1,85Ñ0,05 õ +2,00Ñ0,05 ɺ ʽ 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʘʤʽʩʥʠʢʘ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ BaSnF4, ʫ ʢ̫ʠʭ 

ʯʘʩʪʠʥʘ ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʟʘʤʽʱʝʥʘ ʢʘʪʽʦʥʘʤʠ ʣʘʥʪʘʥʫ ʪʘ ʽʪʨʽʶ, ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʽʥʪʝʨʚʘʣʠ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʆʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ 

ʧʘʨʘʤʝʪʨʠ ʥʦʚʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ. ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʚ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ, ʫʤʦʚ ʩʠʥʪʝʟʫ ʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʆʮʽʥʝʥʦ ʨʝʘʣʴʥʽ ʤʝʞʽ ɺɽʉ ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʪʨʫʢʪʫʨʠ PbSnF4. ʅʘʢʦʧʠʯʝʥʦ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʧʣʶʤʙʫʤʫ, 

ʙʘʨʽʶ, ʩʪʘʥʫʤʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ 

ʥʦʚʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ 

ʬʘʟʠ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʚʽʜ ʾʭ ʩʢʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʫ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʜʦʚʽʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʬʪʦʨʠʜʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʂʣʶʯʦʚʽ ʩʣʦʚʘ: ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ, ʩʢʣʘʜʥʽ ʬʪʦʨʠʜʠ ʩʪʘʥʫʤʫ, ʧʣʶʤʙʫʤʫ ʪʘ 

ʙʘʨʽʶ, ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʟʘʤʽʱʝʥʥʷ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ, ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ, ʮʠʢʣʽʯʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ, ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 



ABSTRACT 

O.V. Lysenko, çSynthesis and electrochemical properties of materials with fluoride 

conductivity based on BaSnF4 and heterophase compositions for fluoride-ion power 

sourcesè ï Qualifying scientific work submitted as a manuscript. 

Dissertation for the degree of Doctor of Philosophy in the specialty 102 Chemistry 

(Natural Sciences). ï V.I. Vernadsky Institute of General and Inorganic Chemistry of the 

National Academy of Sciences of Ukraine, Kyiv, 2025. 

This qualifying scientific work is aimed at solving the urgent tasks of modern 

science and technology, including the development of next-generation electrochemical 

power sources. A promising approach is the creation of heterophase fluoride-conducting 

systems in which the fluorine anion ensures charge transfer between the electrodes, and 

the formation of metal fluorides of varying degrees of oxidation, which generates an 

electromotive force. Theoretically, such systems can provide electric current sources with 

high specific capacity and energy density comparable to lithium-ion batteries, but with 

improved operational safety and lower production cost. Given the limited natural reserves 

of lithium and the growing demand for sources of electrical energy for various purposes, 

the development and creation of alternative current sources is an urgent not only 

scientific, but also applied task. 

The work carried out is devoted to the search and synthesis of fluoride-conducting 

phases with improved conductive properties suitable for the creation of new current 

sources, to the study of electrochemical properties of heterophase compositions for use 

as electrode and electrolyte materials. The paper presents the results of research on the 

synthesis of fluoride-conducting phases by partial substitution of Ba2+ with La3+, Y3+, and 

Bi3+ cations in BaSnF4 and Ba1-ySn1+yF4 structures, their electrochemical properties, and 

the properties of some heterophase compositions that can be used in fluoride-ion power 

sources as electrode/electrolyte materials. 

The purpose of this qualification work is to develop methods for the synthesis and 

modification of fluoride conductive materials based on BaSnF4 and to elucidate the effect 

of cationic doping on their structural and electrically conductive properties, as well as to 



study electrochemical processes in heterophase compositions of fluoride-ion power 

sources. 

To achieve the set goal, it was necessary to perform the following main tasks: 

╖ Analyze literature data on fluoride-conducting materials of the BaSnF4 type and 

determine promising directions for their modification to increase ionic conductivity and 

electrochemical stability. To characterize the electrochemical processes occurring in such 

systems.  

╖ Develop an energy-efficient method of synthesis of fluoride-conducting materials 

based on BaSnF4 with controlled structural characteristics. 

╖ Synthesize polycrystalline samples of non-stoichiometric fluoride-conducting phases 

of the composition of Ba1-y-xLaxSn1+yF4+x and Ba1-xYxSnF4+x, determine the limits of the 

existence of solid solutions, and investigate the effect of cationic substitution on the 

crystal structure, parameters of crystal lattices, and electrical conductivity.  

╖ Determine the electrochemical stability window and temperature dependence of 

fluoride-ion conductivity of synthesized samples and establish the nature of charge 

carriers.  

╖ Estimate the electronic component of conductivity and determine the transfer numbers 

of fluoride ions according to the HebbïWagner method. 

╖ To compose heterophase compositions of fluoride-ion batteries and investigate their 

electrochemical behavior. 

╖ To justify the possibility of practical use of synthesized fluoride-conducting materials 

and compositions in fluoride-ion power sources of a new type. 

The first chapter provides a detailed analysis of the current state of research devoted 

to electrochemical systems and prospects for the development of fluoride-ion power 

sources. Theoretical aspects, structure, principles of functioning, and features of 

processes occurring in solid multilayer systems for electrical energy accumulation are 

considered. Considerable attention is paid to fluoride-conducting electrolytes as a key 

component of fluoride-ion batteries: information on their classification, structural types 

(fluorite, tisonite, PbSnF4-type), ion transfer mechanisms, the influence of defects and 

cationic environment on conductivity, as well as the role of stereoactive lone pair of 



electrons. Data on the conductivity and stability of known materials are systematized, and 

the main methods of their synthesis and approaches to the modification of the crystal 

lattice in order to increase ionic conductivity are characterized. On the basis of the 

conducted review, a scientific problem was formulated, the purpose was determined, and 

the main tasks of the research were outlined. 

The second chapter presents in detail the characteristics of the starting reagents 

used in the work, describes the applied experimental research methods, and analytical 

approaches. Particular attention is paid to the methods of synthesis of samples of the 

studied phases, including the conditions of reactions, heat treatment parameters and 

features of control of the composition and structure of the obtained materials. 

In the third chapter of the dissertation, original approaches to the synthesis and 

research of the following fluoride-conducting phases are considered: Ba1-xLaxSnF4+x,  

Ba1-xYxSnF4+x, Ba0.90-xLaxSn1.10F4.00+x, Ba0.86-xLaxSn1.14F4.00+x, Ba0.80-xLaxSn1.20F4.00+x. A 

two-stage method of synthesis of the specified phases has been developed, which ensures 

a reduction in the specific consumption of energy and reagents compared to known 

methods of solid-phase synthesis from individual fluorides of barium, lanthanum, yttrium 

and tin, which are characterized by a large difference in melting points. By the methods 

of X-ray phase analysis and calculation of the volumes of elementary cells of precursors 

obtained at the first stage by the coprecipitation method, it was established that the 

obtained phases Ba1-xLaxF2+x, Ba1-xYxF2+x are isostructural BaF2. Their crystal lattice 

corresponds to cubic syngonia, the region of existence of solid substitution solutions is 

within 0᾽xÒ0.12 and 0᾽xÒ0.10, respectively. The positive effect of the use of aqueous-

alcoholic solutions on the quality of the obtained solid solutions and the completeness of 

co-precipitation was revealed, which was confirmed by the results of X-ray phase and 

chemical analysis, and the dependence of the change in the volume of elementary cells 

on the amount of the substituent. 

The conditions of two-stage synthesis of the studied fluoride-conducting phases of 

Ba1-xLaxSnF4+x phases, the influence of temperature and duration of synthesis are given. 

The influence of the pressure used in the manufacture of samples before measuring 

electrical conductivity on the amount of conductivity was demonstrated, and the optimal 



pressure for pressing the studied samples was given. Experimental results demonstrating 

the influence of the amount of substituent on the ionic conductivity and the activation 

energy of the ionic conductivity of the synthesized phases are presented.  

The contribution of electronic conductivity to the total conductivity of the 

synthesized phases was found to be negligible; the transfer numbers of fluoride ions are 

close to unity, indicating unipolar ionic conductivity.  

The conductivity of BaSnF4 is shown to increase when a portion of barium and/or 

tin cations are replaced by lanthanum or yttrium cations, and when the SnF2:BaF2 ratio is 

increased. The non-stoichiometric phases of Ba1-ySn1+yF4 (0<yÒ0.20) have higher 

conductivity when compared to BaSnF4. 

Single-phase solid solutions of Ba1-xɺx̔F2+x  were synthesized in the concentration 

range of 0.30ÒʭÒ0.43. 

It was found that sintering of the obtained phases with tin difluoride at a 

temperature of 773 K for 30 minutes in an argon atmosphere is accompanied by a redox 

reaction, as a result of which barium hexafluorostanate and bismuth are formed.  

The fourth chapter of the dissertation contains a description of approaches to the 

design of mock-up samples of fluoride-ion batteries, selection of redox pairs for 

electrodes. The justification of the possibility of using transition metal fluorides of 

various oxidation states as electrode materials of FIB is given, the electromotive force 

and specific capacity of some Red/Ox pairs promising for use are evaluated. Layout 

samples of fluoride-ion batteries (FIB) using metal anodes were studied. It was 

established that electrochemical processes in such systems proceed irreversibly. The 

results of studies of mock-up samples of fluoride-ion batteries (FIBs) with redox electrode 

pairs MǋFm/MǋǋFz, for example, SmF3|Pb0.43ɺʘ0.43Sn1.14F4.00|MnF2, are presented. The 

method of cyclic voltammetry demonstrated the quasi-reversibility of Red/Ox processes 

in such systems and the possibility of generating electrical energy. Highly conductive 

isostructural phases of PbSnF4 were used as an electrolyte in these studies. The results of 

studies of the electrochemical stability window of synthesized fluoride-conducting 

phases, and their behavior during cycling, are presented. It was established that the limits 

of the experimentally determined values of the electrochemical stability window of the 



synthesized samples of fluoride-conducting phases, isostructural PbSnF4, are in the 

interval ï1.85Ñ0.05 õ +2.00Ñ0.05 V, and the replacement of part of the lead cations with 

cations of heterovalent substituents (K+, Nd3+, Ba2+) does not significantly affect this 

characteristic. 

It was noted that during the cycling of fluoride-conducting phases based on lead 

and steady state in a potential interval wider than the electrochemical stability window, 

signals that can be associated with the formation of fluorides of tin and tin of higher 

oxidation states are recorded on voltamplograms. 

The fifth chapter is devoted to the generalization of experimental results and the 

determination of prospects for further development of research in the field of solid 

fluoride conductive materials. The main scientific provisions and conclusions regarding 

the regularities of the formation, structure and conductivity of phases of the MSnF4 type 

are formulated.  

Further areas of research related to the expansion of BaïSnïF systems due to the 

introduction of other iso- and heterovalent cations, as well as to the improvement of 

synthesis methods and stabilization of the electrolyteïelectrode interface, are outlined. 

The prospects of using fluoride materials of isostructural BaSnF4 in solid-state fluoride-

ion batteries are shown. This section defines the scientific novelty and practical value of 

the obtained results, outlines directions for further research to create effective, stable and 

environmentally safe fluoride ion systems with high specific energy characteristics. 

Scientific novelty of the obtained results. When performing this work, the 

following scientific results were obtained for the first time: 

- New highly conductive solid fluoride conductive phases have been synthesized 

according to a specially developed 2-stage synthesis technique: Ba1-xLaxSnF4+x 

(0<xÒ0.12), Ba1-xYxSnF4+x (0<xÒ0.10), Ba0.90-xLaxSn1.10F4.00+x (0<xÒ0.12),  

Ba0.86-xLaxSn1.14F4.00+x (0<xÒ0.12), Ba0.80-xLaxSn1.20F4.00+x (0<xÒ0.12). 

- It was found that the partial substitution of Ba2+ cations with La3+, Y3+ cations in the 

complex fluoride BaSnF4 contributes to an increase in electrical conductivity. The 

composition phases Ba0.90Y0.10SnF4.10 and Ba0.93La0.07SnF4.07 (ů353ʂ = 1.53Ā10ï3 S/cm 

and ů353ʂ = 9.02Ā10ï4 S/cm respectively), have the highest conductivity, which at a 



given temperature is almost 2 orders of magnitude higher than the conductivity of the 

original BaSnF4. 

- It was established that heterovalent doping with La3+, Y3+ cations of the BaSnF4 

compound provides a decrease in the activation energy of ionic conductivity to a 

greater extent, the higher the concentration of the substituent. The revealed regularity 

is inherent in all synthesized samples of fluoride-conducting phases; 

- It is found that the substitution of a portion of barium cations with La3+ cations in the 

non-stoichiometric phases Ba0.90Sn1.10F4.00, Ba0.86Sn1.14F4.00, Ba0.80Sn1.20F4.00 

contributes to increase the electrical conductivity. The phases of the following 

composition have the best conductivity at room temperature compared to the initial 

phases: 

¶ Ba0.78La0.12Sn1.12F4.12 (ů = 4.26Ŀ10-3 S/cm), compared to Ba0.90Sn1.10F4.00  

ů = 2.94Ŀ10-5 S/cm); 

¶ Ba0.74La0.12Sn1.14F4.12 ů = 2.91Ŀ10-3 S/cm), compared to Ba0.86Sn1.14F4.00  

(ů = 3.52Ŀ10-4 S/cm; 

¶ Ba0.70La0.10Sn1.20F4.10 (ů = 4.13Ŀ10-3 S/cm), compared to Ba0.80Sn1.20F4.00  

(ů = 1.79Ŀ10-3 S/cm); 

- An energy-efficient two-stage method of synthesis of fluoride-conducting materials 

based on BaSnF4 has been developed, which ensures the production of high-quality 

samples at lower temperatures and ensures a reduction in the duration of synthesis. 

- Determined, the optimal sample pressing pressure for the BaF2-LaF3-SnF2 system 

which is 9.8 MPa for cylindrical samples with a diameter of 8 mm. 

- Samples of all synthesized phases have been shown to have unipolar ionic 

conductivity provided by fluoride anions. The determined transfer numbers by 

fluoride anions are close to unity.  

- An evaluation of the real electrochemical stability window of the fluoride-conducting 

phases of the composition Pb1-xMxSnF4Ñx (ʄ=K, Nd, Ba), was experimentally 

performed, which for the synthesized fluoride-conducting phases is: ï1.85Ñ0.05 õ 

+2.00Ñ0.05 V and is practically independent of the content of the substituent. 



Practical significance of the obtained results of the dissertation work. Techniques 

for the synthesis of fluoride-conducting phases of isostructural BaSnF4 have been 

developed, in which part of barium cations is replaced by lanthanum and yttrium cations, 

and the concentration intervals of the existence of solid solutions have been determined. 

Parameters of new fluoride-conducting phases were obtained and investigated. Patterns 

affecting the conductivity of the obtained phases depending on the composition, synthesis 

conditions and electrical conductivity studies were revealed. The real electrochemical 

stability window limits for the non-stoichiometric fluoride-conducting phases of the 

PbSnF4 structure were evaluated. Information on the electrochemical behavior of 

fluoride-conducting phases based on fluorides of lead, barium, and tin has been 

accumulated and summarized. The obtained results can be useful in the arrangement of 

new electrochemical devices in which solid fluoride-conducting phases are used. 

The obtained data on the dependence of the conductivity of the synthesized phases 

on their composition and temperature have independent practical value and can be used 

as a reference material for further research and development of fluoride electrolytes. 

Key words: fluoride-conducting phases, complex fluorides of tin, lead and barium, 

heterovalent substitution, electrical conductivity, charge transfer, cyclic voltammetry, 

electrochemical stability window. 
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ʉʇʀʉʆʂ ʉʂʆʈʆʏɽʅʔ 

ʌʪʦʨʠʜ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ï ʌɯɹ; 

ɽʣʝʢʪʨʦʨʫʰʽʡʥʘ ʩʠʣʘ ï ɽʈʉ; 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ï ʈʌɸ; 

ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʨʝʥʪʛʝʥʽʚʩʴʢʠʡ ʘʥʘʣʽʟ ï EDX; 

ʎʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ ï ʎɺɸ; 

ɺʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ï ɺɽʉ; 

ʃʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ï ʃɯɹ; 

ʇʦʣʽʝʪʠʣʝʥʦʢʩʠʜ ï PEO; 

ɽʣʝʤʝʥʪ ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ ï CPE; 

ʉʪʫʧʽʥʴ ʦʢʠʩʥʝʥʥʷ  ï ʩ.ʦ.; 

ʆʢʠʩʥʦ-ʚʽʜʥʦʚʥʘ ʨʝʘʢʮʽʷ ï ʆɺʈ; 

ʍ̔ ʤʽʯʥ ̔ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ï ʍɼʉ; 

ʄʦʣʴʥʠʭ ʯʘʩʪʠʥ ï ʤ.ʯ. 

ʍʽʤʽʯʥʦ ʯʠʩʪʠʡ ï ʭ.ʯ.; 

ʏʠʩʪʠʡ ʜʣʷ ʘʥʘʣʽʟʫ ï ʯ.ʜ.ʘ.; 

ʂʽʤʥʘʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ ï ʂʊ. 



ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʧʨʝʜʤʝʪʦʤ ʦʩʦʙʣʠʚʦʾ ʫʚʘʛʠ ʻ ʨʦʟʨʦʙʢʘ ʪʘ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʩʠʩʪʝʤ ʾʾ ʥʘʢʦʧʠʯʝʥʥʷ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʜʝʢʽʣʴʢʦʤʘ ʦʩʥʦʚʥʠʤʠ ʯʠʥʥʠʢʘʤʠ. ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʨʽʟʢʝ ʟʨʦʩʪʘʥʥʷ ʧʦʧʠʪʫ ʥʘ 

ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʫ ʝʥʝʨʛʽʶ, ʽʥʰʠʤ ï ʚʠʩʥʘʞʝʥʽʩʪʴ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ, ʥʝʦʙʭʽʜʥʠʭ 

ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʘʪʝʨʽʘʣʽʚ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. ɺ ʦʩʪʘʥʥʽ ʜʝʩʷʪʠʣʽʪʪʷ ʯʝʨʝʟ 

ʥʘʜʤʽʨʥʝ ʪʘ ʥʝʨʘʮʽʦʥʘʣʴʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʣʶʜʩʪʚʦ 

ʟʽʪʢʥʫʣʦʩʷ ʟ ʨʷʜʦʤ ʛʣʦʙʘʣʴʥʠʭ ʧʨʦʙʣʝʤ, ʷʢʽ ʧʦʪʨʝʙʫʶʪʴ ʥʝʚʽʜʢʣʘʜʥʦʛʦ ʚʠʨʽʰʝʥʥʷ, 

ʘ ʩʘʤʝ: 

ī ʧʨʦʙʣʝʤʘ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʟʨʦʩʪʘʶʯʠʡ ʧʦʧʠʪ ʥʘ ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ 

ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ; 

ī ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʧʦʚʥʝ ʚʠʯʝʨʧʘʥʥʷ ʧʦʢʣʘʜʽʚ ʧʨʠʨʦʜʥʦʾ ʩʪʨʘʪʝʛʽʯʥʦʾ 

ʩʠʨʦʚʠʥʠ; 

ī ʝʢʦʣʦʛʽʯʥʝ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ ʚʠʢʠʜʘʤʠ ʧʨʦʤʠʩʣʦʚʠʭ ʧʽʜʧʨʠʻʤʩʪʚ ʽ 

ʜʚʠʛʫʥʽʚ ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. 

ʇʨʠʚʘʙʣʠʚʠʤ ʰʣʷʭʦʤ ʚʠʨʽʰʝʥʥʷ ʟʘʟʥʘʯʝʥʠʭ ʧʨʦʙʣʝʤ ʻ ʟʘʤʽʥʘ 

ʥʝʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʚʽʜʥʦʚʣʶʚʘʥʠʤʠ (ʩʦʥʷʯʥʘ, ʚʽʪʨʦʚʘ, ʛʽʜʨʦʝʥʝʨʛʽʷ) 

ʪʘ ʙʽʣʴʰ ʽʥʪʝʥʩʠʚʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʷʢ ʘʣʴʪʝʨʥʘʪʠʚʠ ʜʚʠʛʫʥʘʤ 

ʚʥʫʪʨʽʰʥʴʦʛʦ ʟʛʦʨʘʥʥʷ. ʉʪʨʽʤʢʝ ʥʘʩʠʯʝʥʥʷ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ ʧʨʠʩʪʨʦʷʤʠ, ʚ ʷʢʠʭ 

ʨʫʰʽʡʥʦʶ ʩʠʣʦʶ ʻ ʝʣʝʢʪʨʦʝʥʝʨʛʽʷ (ʝʣʝʢʪʨʦʤʦʙʽʣʽ, ʪʨʘʥʩʧʦʨʪ, ʟʘʩʦʙʠ ʟʚôʷʟʢʫ ʪʘ 

ʪʝʣʝʢʦʤʫʥʽʢʘʮʽʾ, ʩʠʩʪʝʤʠ ʥʘʚʽʛʘʮʽʾ ʪʦʱʦ), ʚʠʚʦʜʷʪʴ ʧʨʦʙʣʝʤʫ ʝʥʝʨʛʦʟʘʙʝʟʧʝʯʝʥʥʷ, 

ʨʦʟʨʦʙʣʝʥʥʷ ʽ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʪʘ ʾʾ ʟʙʝʨʽʛʘʥʥʷ ʦʜʥʽʻʶ ʟ ʥʘʡʙʽʣʴʰ 

ʘʢʪʫʘʣʴʥʠʭ ʧʨʦʙʣʝʤ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ.  

ɯʩʥʫʶʯʽ ʣʽʪʽʡ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ ʤʘʡʞʝ 50 ʨʦʢʽʚ ʥʝ ʤʘʶʪʴ ʢʦʥʢʫʨʝʥʪʽʚ ʥʘ ʨʠʥʢʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ, ʘʣʝ ʦʙʤʝʞʝʥʽʩʪʴ ʧʦʢʣʘʜʽʚ ʧʨʠʨʦʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʥʝʦʙʭʽʜʥʦʾ 

ʜʣʷ ʾʭ ʚʠʨʦʙʥʠʮʪʚʘ, ʥʝ ʚ ʩʧʨʦʤʦʟʽ ʟʘʜʦʚʽʣʴʥʠʪʠ ʟʨʦʩʪʘʶʯʽ ʧʦʪʨʝʙʠ ʩʚʽʪʦʚʦʛʦ ʨʠʥʢʫ. 

ʊʦʤʫ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʾ ʻ ʨʦʟʨʦʙʢʘ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʪʘ ʘʢʫʤʫʣʷʪʦʨʽʚ ʥʦʚʦʛʦ ʪʠʧʫ, ʷʢʽ ʟʤʦʞʫʪʴ ʟʘʜʦʚʽʣʴʥʠʪʠ ʧʦʪʨʝʙʠ ʩʫʩʧʽʣʴʩʪʚʘ 

ʚ ʫʩʽʭ ʩʬʝʨʘʭ ʜʽʷʣʴʥʦʩʪʽ. 



ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ 

ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʘʢʽ ʤʘʡʙʫʪʥʽ ʚʠʤʦʛʠ ʨʠʥʢʫ ʩʧʦʞʠʚʘʯʽʚ: ʜʦʩʪʫʧʥʽʩʪʴ 

ʨʝʩʫʨʩʽʚ, ʧʦʧʠʪ ʽʥʰʠʭ ʛʘʣʫʟʝʡ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ, ʧʠʪʦʤʽ ʧʦʢʘʟʥʠʢʠ, 

ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʩʪʽʡʢʽʩʪʴ, ʙʝʟʧʝʢʘ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʝʢʦʣʦʛʽʯʥʽʩʪʴ, ʪʦʱʦ. 

ʅʘʨʘʟʽ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʝʢʽʣʴʢʘ ʢʦʥʮʝʧʮʽʡ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ, 

ʩʝʨʝʜ ʷʢʠʭ: ʥʘʪʨʽʡ-, ʤʘʛʥʽʡ-, ʢʘʣʴʮʽʡ- ʪʘ ʘʣʶʤʽʥʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ, ʬʪʦʨʠʜ-ʽʦʥʥʽ 

ʙʘʪʘʨʝʾ. ʅʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʽ ʨʽʰʝʥʥʷ ʪʘ ʟʜʦʙʫʪʢʠ ʚ ʜʘʥʦʤʫ ʥʘʧʨʷʤʢʫ ʩʚʽʜʯʘʪʴ ʧʨʦ 

ʧʝʨʩʧʝʢʪʠʚʫ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʣʝ ʰʠʨʦʢʝ ʧʨʘʢʪʠʯʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʥʘ 

ʢʦʤʝʨʮʽʡʥʦʤʫ ʨʽʚʥʽ ʦʙʤʝʞʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʥʘʫʢʦʚʠʭ ʟʘʩʘʜ ʧʽʜʙʦʨʫ ʪʘ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʉʘʤʝ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʪʨʝʙʫʻ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ, 

ʙʝʟʧʝʯʥʠʭ ʪʘ ʜʦʚʛʦʚʽʯʥʠʭ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʢʦʥʮʝʧʮʽʡ 

ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʟʘʩʣʫʛʦʚʫʶʪʴ ʥʘ ʫʚʘʛʫ ʬʪʦʨʠʜ-ʽʦʥʥʽ 

ʙʘʪʘʨʝʾ (ʌɯɹ), ʷʢʽ ʧʦʻʜʥʫʶʪʴ ʚʠʩʦʢʫ ʛʫʩʪʠʥʫ ʝʥʝʨʛʽʾ, ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ 

ʪʘ ʙʝʟʧʝʢʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ɺ ʪʘʢʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ ʽ ʤʘʩʠ ʤʽʞ 

ʝʣʝʢʪʨʦʜʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʽʦʥʠ ʬʪʦʨʫ, ʘ ʧʦʪʝʥʮʽʘʣʫʪʚʦʨʶʶʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʻ 

ʟʤʽʥʘ ʩʪʫʧʝʥʶ ʦʢʠʩʥʝʥʥʷ ʬʪʦʨʠʜʽʚ ʜʝʷʢʠʭ ʤʝʪʘʣʽʚ ʥʘ ʝʣʝʢʪʨʦʜʘʭ. ʋʪʚʦʨʝʥʥʷ 

ʬʪʦʨʠʜʽʚ ʤʝʪʘʣʽʚ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ, ʱʦ 

ʦʙʫʤʦʚʣʶʻ ʚʠʩʦʢʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʠʭ ʩʠʣ ʌɯɹ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜʽʚ ʙʘʛʘʪʦʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ, ʷʢ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ 

ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʌɯɹ, ʟʜʘʪʥʠʭ ʟʘʣʫʯʘʪʠ ʜʦ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʮʝʩʽʚ ʜʝʢʽʣʴʢʘ 

ʘʥʽʦʥʽʚ F  ʥʘ ʘʪʦʤ ʤʝʪʘʣʫ, ʜʦʟʚʦʣʷʻ ʧʽʜʚʠʱʫʚʘʪʠ ʧʠʪʦʤʫ ʻʤʥʽʩʪʴ ʪʘ ʝʣʝʢʪʨʦʨʫʰʽʡʥʫ 

ʩʠʣʫ. ʋ ʧʨʠʨʦʜʽ ʝʣʝʤʝʥʪ ʬʪʦʨ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʠʡ ʚ ʚʠʛʣʷʜʽ ʤʽʥʝʨʘʣʫ ʬʣʶʦʨʠʪʫ, 

ʧʨʠʨʦʜʥʽ ʧʦʢʣʘʜʠ ʡʦʛʦ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʶʪʴ ʟʘʧʘʩʠ ʣʽʪʽʻʚʦʾ ʩʠʨʦʚʠʥʠ, ʱʦ ʟʥʽʤʘʻ 

ʦʙʤʝʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʨʝʩʫʨʩʦʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʧʦʩʪʘʯʘʥʥʷ. 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʽʪʽʡ- ʦ̔ʥʥʠʭ ʙʘʪʘʨʝʡ ʌɯɹ ʧʦʞʝʞʦ- ʪʘ ʚʠʙʫʭʦʙʝʟʧʝʯʥʽ ʧʨʠ 

ʝʢʩʧʣʫʘʪʘʮʽʾ, ʙʝʟʧʝʯʥʽ ʜʣʷ ʜʦʚʢʽʣʣʷ, ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʚ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ 

ʪʝʤʧʝʨʘʪʫʨ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʧʠʪʦʤʫ ʛʫʩʪʠʥʫ ʝʥʝʨʛʽʾ ʩʧʽʚʩʪʘʚʥʫ ʟ ʃɯɹ. 

ʇʨʠ ʧʝʚʥʦʤʫ ʚʠʙʦʨʽ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʥʘ 

ʩʪʚʦʨʠʪʠ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ ʟ ʚʠʩʦʢʠʤʠ ʧʠʪʦʤʠʤʠ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 



ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʩʪʘʥʦʤ ʥʘ ʩʴʦʛʦʜʥʽ ʥʘʢʦʧʠʯʝʥʦ ʟʥʘʯʥʠʡ ʷʢ 

ʪʝʦʨʝʪʠʯʥʠʡ, ʪʘʢ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʚʽʜʥʦʩʥʦ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ 

ʩʪʨʫʤʫ, ʥʘʫʢʦʚʽ ʦʩʥʦʚʠ ʚʠʙʦʨʫ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʘʢʠʭ 

ʧʨʠʩʪʨʦʾʚ ʚʠʚʯʝʥʦ ʥʝʜʦʩʪʘʪʥʴʦ. ɺʢʨʘʡ ʦʙʤʝʞʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ 

ʧʦʚʝʜʽʥʢʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʟʦʢʨʝʤʘ ʧʨʦ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ. 

ʆʩʥʦʚʥʦʶ ʧʝʨʝʰʢʦʜʦʶ, ʱʦ ʛʘʣʴʤʫʻ ʢʦʤʝʨʮʽʘʣʽʟʘʮʽʶ ʢʦʥʮʝʧʮʽʾ ʌɯɹ ʻ ʦʙʤʝʞʝʥʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʧʨʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ: 

ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ, ʟʦʢʨʝʤʘ, ʚʽʜʩʫʪʥʽʩʪʶ ʧʨʘʚʠʣ ʚʠʙʦʨʫ ʫʤʦʚ, ʷʢʽ ʙ ʟʘʙʝʟʧʝʯʫʚʘʣʠ 

ʦʙʦʨʦʪʥʠʡ ʧʝʨʝʥʦʩ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʯʝʨʝʟ ʤʽʞʬʘʟʥʫ ʧʦʚʝʨʭʥʶ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʮʝʩʽʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʥʘʢʦʧʠʯʝʥʥʷ ʜʘʥʠʭ ʻ ʥʝʦʙʭʽʜʥʦʶ ʽ ʚʘʞʣʠʚʦʶ ʫʤʦʚʦʶ 

ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʌɯɹ.  

ʂʣʶʯʦʚʫ ʨʦʣʴ ʫ ʬʫʥʢʮʽʦʥʫʚʘʥʥʽ ʌɯɹ ʚʽʜʽʛʨʘʶʪʴ ʪʚʝʨʜʽ ʝʣʝʢʪʨʦʣʽʪʠ ʟ ʚʠʩʦʢʦʶ 

ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʜʦʩʪʘʪʥʴʦʶ ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ. ʅʘʡʙʽʣʴʰ 

ʧʨʠʚʘʙʣʠʚʠʤʠ ʩʧʦʣʫʢʘʤʠ ʜʣʷ ʢʦʥʩʪʨʫʶʚʘʥʥʷ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʌɯɹ ʻ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʬʣʶʦʨʠʪʫ ʪʘ ʧʦʭʽʜʥʽ ʥʘ ʾʭ 

ʦʩʥʦʚʽ, ʽʟʦʪʠʧʥʽ ʰʘʨʫʚʘʪʠʤ ʩʪʨʫʢʪʫʨʘʤ MSnF4, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʘ ʚʠʩʦʢʘ ʘʥʽʦʥʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʥʠʟʴʢʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʝʨʝʭʦʜʫ ʫ ʩʫʧʝʨʽʦʥʥʠʡ ʩʪʘʥ. ʇʦʜʘʣʴʰʝ 

ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʣʠʚʝ ʰʣʷʭʦʤ ʩʠʥʪʝʟʫ ʥʦʚʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ, 

ʟʦʢʨʝʤʘ ʪʘʢʠʭ, ʱʦ ʥʝ ʤʽʩʪʷʪʴ ʫ ʩʚʦʻʤʫ ʩʢʣʘʜʽ ʪʦʢʩʠʯʥʠʭ ʩʧʦʣʫʢ ʧʣʶʤʙʫʤʫ ʪʘ 

ʚʩʝʙʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ.  

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ ʪʘ ʪʝʤʘʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ 

ʚʠʢʦʥʘʥʦ ʚ ʨʘʤʢʘʭ ʧʣʘʥʦʚʠʭ ʥʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʠʭ ʨʦʙʽʪ ɯʥʩʪʠʪʫʪʫ ʟʘʛʘʣʴʥʦʾ ʪʘ 

ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ. ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ, ʟʦʢʨʝʤʘ: çʉʠʥʪʝʟ, ʙʫʜʦʚʘ 

ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʥʦʚʠʭ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ, ʩʧʣʘʚʽʚ ʪʘ ʢʦʤʧʦʟʠʪʽʚ 

ʜʣʷ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾè (ˉ ʜʝʨʞʘʚʥʦʾ ʨʝʻʩʪʨʘʮʽʾ 0118U003438, 2018ï2022 

ʨʨ.); çʅʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡè (ˉ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0122U000842, 2022 ʨ.); çʍʽʤʽʯʥʠʡ ʜʠʟʘʡʥ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʜʣʷ ʬʪʦʨʠʜ- ʦ̔ʥʥʠʭ ʙʘʪʘʨʝʡ, ʧʘʣʠʚʥʠʭ ʢʦʤʽʨʦʢ ʪʘ ʛʝʥʝʨʘʪʦʨʽʚ ʚʦʜʥʶè (ˉ ʜʝʨʞʘʚʥʦʾ 

ʨʝʻʩʪʨʘʮʽʾ 0123U100606, 2023ï2027 ʨʨ.). 



ʄʝʪʘ ʽ ʟʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ. ʄʝʪʦʶ ʜʘʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ 

ʤʝʪʦʜʽʚ ʩʠʥʪʝʟʫ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4 ʪʘ 

ʟôʷʩʫʚʘʥʥʷ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ, ʘ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ ʛʝʪʝʨʦʬʘʟʥʠʭ 

ʢʦʤʧʦʟʠʮʽʷʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ: 

╖ ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʱʦʜʦ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 

BaSnF4 ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ.  

╖ ʈʦʟʨʦʙʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ BaSnF4 ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

╖  ʉʠʥʪʝʟʫʚʘʪʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x ʪʘ Ba1-xYxSnF4+x, ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ.  

╖ ɺʠʟʥʘʯʠʪʠ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʬʪʦʨʠʜ-ʽʦʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʨʦʜʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ.  

╖ ʆʮʽʥʠʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ 

ʬʪʦʨʠʜ-ʽʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʍʝʙʙʘïɺʘʛʥʝʨʘ. 

╖ ʉʢʦʤʧʦʥʫʚʘʪʠ ʛʝʪʝʨʦʬʘʟʥʽ ʢʦʤʧʦʟʠʮʽʾ ʬʪʦʨʠʜ ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʜʦʩʣʽʜʠʪʠ ʾʭ 

ʝʣʝʢʪʨʦʭʽʤʯʥʫ ʧʦʚʝʜʽʥʢʫ. 

╖ ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʤʧʦʟʠʮʽʡ ʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ 

ʥʦʚʦʛʦ ʪʠʧʫ. 

ʆʙôʻʢʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ʊʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʽʟʦʩʪʨʫʢʪʫʨʥʽ BaSnF4, 

ʩʧʦʨʽʜʥʝʥʽ ʬʘʟʠ ʪʘ ʛʝʪʝʨʦʬʘʟʥʽ ʢʦʤʧʦʟʠʮʽʾ ʜʣʷ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. 

ʇʨʝʜʤʝʪ ʜʦʩʣʽʜʞʝʥʥʷ ï ɺʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʥʘ ʩʪʨʫʢʪʫʨʫ, 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 



BaSnF4, ʘ ʪʘʢʦʞ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʦʮʝʩʠ ʫ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʜʣʷ ʬʪʦʨʠʜ-

ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʚʠʷʚʣʝʥʥʷ 

ʦʙʣʘʩʪʝʡ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʪʘ ʦʙʯʠʩʣʝʥʥʷ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ˇʨʘʪʢʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ (ʈʌɸ). 

ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʩʪʘʥʦʚʣʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟʫ (EDX). ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʤʝʪʦʜʠ 

ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʪʘ ʟʤʽʥʥʦʩʪʨʫʤʦʚʦʛʦ ʤʦʩʪʦʚʦʛʦ ʘʥʘʣʽʟʫ. 

ɽʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʘʢʦʞ ʯʠʩʣʦʚʽ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʽʚ ʧʝʨʝʥʦʩʫ 

ʬʪʦʨʠʜ- ʦ̔ʥʽʚ ʦʮʽʥʶʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʣʷʨʠʟʘʮʽʡʥʦʛʦ ʤʝʪʦʜʫ ʍʝʙʙʘïɺʘʛʥʝʨʘ. 

ʎʠʢʣʽʯʥʫ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽ ʁ(ʎɺɸ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʰʠʨʠʥʠ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʽʢʥʘ ʩʪʘʙʽʣʴʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʘ 

ʪʘʢʦʞ ʜʣʷ ʘʥʘʣʽʟʫ ʦʩʦʙʣʠʚʦʩʪʝʡ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ 

ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ. 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʇʨʠ ʚʠʢʦʥʘʥʥʽ ʜʘʥʦʾ ʨʦʙʦʪʠ ʚʧʝʨʰʝ 

ʦʜʝʨʞʘʥʽ ʪʘʢʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

- ʉʠʥʪʝʟʦʚʘʥʦ ʥʦʚʽ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʘ 

ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʦʶ 2-ʭ ʩʪʘʜʽʡʥʦʶ ʤʝʪʦʜʠʢʦʶ ʩʠʥʪʝʟʫ: Ba1-xLaxSnF4+x 

(0<xÒ0,12), Ba1-xYxSnF4+x (0<xÒ0,10), Ba0,90-xLaxSn1,10F4+x (0<xÒ0,12), Ba0,86-

xLaxSn1,14F4+x (0<xÒ0,12), Ba0,80-xLaxSn1,20F4+x (0<xÒ0,12). 

- ɺʠʷʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʽʚ Ba2+ ʢʘʪʽʦʥʘʤʠ La3+, Y3+ ʫ ʩʢʣʘʜʥʦʤʫ 

ʬʪʦʨʠʜʽ BaSnF4, ʩʧʨʠʷʻ ʟʙʽʣʴʰʝʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʤʘʶʪʴ ʬʘʟʠ ʩʢʣʘʜʫ Ba0,90Y0,10SnF4,10 ʽ Ba0,93La0,07SnF4,07 (ů353ʂ = 1,53Ā10ï3 ʉʤ/ʩʤ 

ʽ ů353ʂ = 9,02Ā10ï4 ʉʤ/ʩʤ ʚʽʜʧʦʚʽʜʥʦ), ʷʢʘ ʧʨʠ ʜʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʡʞʝ ʥʘ 2 

ʧʦʨʷʜʢʠ ʚʝʣʠʯʠʥʠ ʧʝʨʝʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʭʽʜʥʦʛʦ BaSnF4. 

- ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ ʢʘʪʽʦʥʘʤʠ La3+, Y3+ ʩʧʦʣʫʢʠ BaSnF4 

ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʪʠʤ ʙʽʣʴʰʽʡ ʤʽʨʽ, 

ʯʠʤ ʚʠʱʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʟʘʤʽʩʥʠʢʘ. ɺʠʷʚʣʝʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʜʣʷ 

ʚʩʽʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜʨʦʚʽʜʥʠʭ ʬʘʟ; 



- ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʢʘʪʽʦʥʘʤʠ La3+ ʫ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ Ba0,90Sn1,10F4,00, Ba0,86Sn1,14F4,00, Ba0,80Sn1,20F4,00 ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʡʢʨʘʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʢʽʤʥʘʪʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʠʤʠ ʬʘʟʘʤʠ ʤʘʶʪʴ ʬʘʟʠ ʪʘʢʦʛʦ ʩʢʣʘʜʫ:  

¶ Ba0,78La0,12Sn1,12F4,12 (ů = 4,26Ŀ10-3 ʉʤ/ʩʤ, ʧʦʨʽʚʥʷʥʦ ʟ Ba0,90Sn1,10F4,00  

ů = 2,94Ŀ10-5 ʉʤ/ʩʤ); 

¶ Ba0,74La0,12Sn1,14F4,12 ů = 2,91Ŀ10-3 ʉʤ/ʩʤ), ʧʦʨʽʚʥʷʥʦ ʟ Ba0,86Sn1,14F4,00  

(ů = 3,52Ŀ10-4 ʉʤ/ʩʤ; 

¶ Ba0,70La0,10Sn1,20F4,10 (ů = 4,13Ŀ10
-3 ʉʤ/ʩʤ), ʧʦʨʽʚʥʷʥʦ ʟ Ba0,80Sn1,20F4,00  

(ů = 1,79Ŀ10-3 ʉʤ/ʩʤ); 

- ʈʦʟʨʦʙʣʝʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʜʚʦʩʪʘʜʽʡʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ 

ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ. 

- ɺʠʟʥʘʯʝʥʦ, ʦʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʩʠʩʪʝʤʠ BaF2-LaF3-SnF2, 

ʱʦ ʩʢʣʘʜʘʻ 9,8 MPa ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ. 

- ɼʦʚʝʜʝʥʦ, ʱʦ ʟʨʘʟʢʠ ʚʩʽʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʤʘʶʪʴ ʫʥʽʧʦʣʷʨʥʫ ʦ̔ʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʷʢʫ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʽʦʥʠ ʬʪʦʨʫ. ɺʠʟʥʘʯʝʥʽ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʟʘ 

ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ.  

- ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʠʢʦʥʘʥʦ ʦʮʽʥʢʫ ʨʝʘʣʴʥʦʛʦ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Pb1-xMxSnF4Ñx (ʄ=K, Nd, Ba), ̫ ʢʝ ʜʣʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʘʻ: ï1,85Ñ0,05 õ +2,00Ñ0,05 ɺ ʽ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʤʽʩʪʫ ʟʘʤʽʩʥʠʢʘ.  

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ BaSnF4, ʜʝ 

ʯʘʩʪʠʥʘ ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʟʘʤʽʱʝʥʘ ʢʘʪʽʦʥʘʤʠ ʣʘʥʪʘʥʫ ʪʘ ʽʪʨʽʶ, ʚʠʟʥʘʯʝʥʦ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʽ ʽʥʪʝʨʚʘʣʠ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʆʪʨʠʤʘʥʦ ʪʘ ʜʦʩʣʽʜʞʝʥʦ 

ʧʘʨʘʤʝʪʨʠ ʥʦʚʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ. ɺʠʷʚʣʝʥʦ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ, ʱʦ ʚʧʣʠʚʘʶʪʴ 

ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʚ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ, ʫʤʦʚ ʩʠʥʪʝʟʫ ʪʘ ʜʦʩʣʽʜʞʝʥʴ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. ʆʮʽʥʝʥʦ ʨʝʘʣʴʥʽ ʤʝʞʽ ɺɽʉ ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʪʨʫʢʪʫʨʠ PbSnF4. ʅʘʢʦʧʠʯʝʥʦ ʪʘ ʫʟʘʛʘʣʴʥʝʥʦ ʽʥʬʦʨʤʘʮʽʶ 



ʧʨʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʧʣʶʤʙʫʤʫ, 

ʙʘʨʽʶ, ʩʪʘʥʫʤʫ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʢʦʤʧʦʥʫʚʘʥʥʽ 

ʥʦʚʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʠʩʪʨʦʾʚ ʚ ʷʢʠʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ 

ʬʘʟʠ. 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʚʽʜ ʾʭ ʩʢʣʘʜʫ ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ ʤʘʶʪʴ ʩʘʤʦʩʪʽʡʥʫ ʧʨʘʢʪʠʯʥʫ ʮʽʥʥʽʩʪʴ ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʜʦʚʽʜʢʦʚʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʢʠ ʬʪʦʨʠʜʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ɺʠʙʽʨ ʪʝʤʠ ʪʘ ʧʦʩʪʘʥʦʚʢʘ ʥʘʫʢʦʚʠʭ ʟʘʜʘʯ, 

ʘʥʘʣʽʟ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʦʪʨʠʤʘʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ, 

ʦʙʛʦʚʦʨʝʥʥʷ ʚʠʩʥʦʚʢʽʚ, ʧʨʦʚʦʜʠʣʠʩʷ ʘʚʪʦʨʦʤ ʫ ʪʽʩʥʽʡ ʩʧʽʚʧʨʘʮʽ ʟ ʥʘʫʢʦʚʠʤ 

ʢʝʨʽʚʥʠʢʦʤ, ʜ.ʭ.ʥ., ʧʨʦʬ., ʯʣʝʥ-ʢʦʨʝʩʧʦʥʜʝʥʪʦʤ ʅɸʅ ʋʢʨʘʾʥʠ ʆʤʝʣʴʯʫʢʦʤ ɸ. ʆ.. 

ɿʜʦʙʫʚʘʯ ʩʘʤʦʩʪʽʡʥʦ ʟʜʽʡʩʥʠʚ ʢʦʤʧʣʝʢʩʥʠʡ ʦʛʣʷʜ ʩʪʘʥʫ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʴ 

ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚʈʦʟʨʦʙʠʚ 

ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʪʘ ʧʨʦʚʽʚ ʩʠʥʪʝʟ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ Ba1-y-xMxSn1+yF4+x 

(ʄ=La, Y). ɿʨʦʙʠʚ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʩʪʨʫʢʪʫʨʠ ʦʪʨʠʤʘʥʠʭ ʬʘʟ, ʨʦʟʨʘʭʫʚʘʚ ʧʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ, ʱʦ ʜʦʟʚʦʣʠʣʦ ʚʠʟʥʘʯʠʪʠ 

ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʋʟʘʛʘʣʴʥʠʚ ʨʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ 

ʘʥʘʣʽʟʫ ʜʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʢʣʘʜʫ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ. ɸʚʪʦʨ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʠʢʦʥʘʚ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ 

ʟʨʘʟʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʪʘ 

ʟʤʽʥʥʦʩʪʨʫʤʦʚʦʛʦ ʤʦʩʪʦʚʦʛʦ ʤʝʪʦʜʫ, ʦʮʽʥʠʚ ʚʥʝʩʦʢ ʝʣʝʢʪʨʦʥʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʚ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʘʥʽʦʥʽʚ ʬʪʦʨʫ. ɿʜʦʙʫʚʘʯ ʤʝʪʦʜʘʤʠ ʎɺɸ 

ʦʮʽʥʠʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʩʪʽʡʢʽʩʪʴ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʜʣʷ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʪʘ ʥʦʚʠʭ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ. ɿʜʽʡʩʥʠʚ 

ʩʠʥʪʝʟ ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʤʘʢʝʪʽʚ ʌɯɹ, ʩʢʦʥʩʪʨʫʡʦʚʘʚ ʪʝʨʤʦʩʪʽʡʢʫ ʢʦʤʽʨʢʫ 

ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʧʨʦʚʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʘʣʴʪʘʤʧʝʨʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʌɯɹ. 



ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ʆʩʥʦʚʥʽ ʥʘʫʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʩʝʤʠ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 

ɿʦʢʨʝʤʘ, ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʷ ʥʘ ʪʘʢʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ: 

¶ ɯʍ ʋʢʨʘʾʥʩʴʢʠʡ ʟôʾʟʜ ʟ ʝʣʝʢʪʨʦʭʽʤʽʾ (21-23 ʚʝʨʝʩʥʷ 2021 ʨ., ʤ. ʂʠʾʚ);  

¶ ʂʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɯɿʅʍ ï 2021 (24-25 ʣʠʩʪʦʧʘʜʘ 2021 ʨ., ʤ. ʂʠʾʚ);  

¶ ʂʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɯɿʅʍ ï 2022 (2 ʛʨʫʜʥʷ 2022 ʨ., ʤ. ʂʠʾʚ);  

¶ ʂʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ɯɿʅʍ ï 2023 (30 ʪʨʘʚʥʷ 2023 ʨ., ʤ. ʂʠʾʚ);  

¶ ʄʽʞʥʘʨʦʜʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ ʭʽʤʽʾ, ʭʽʤʽʯʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʝʢʦʣʦʛʽʾ, ʧʨʠʩʚʷʯʝʥʽʡ 

125-ʨʽʯʯʶ ʂʇɯ ʽʤ. ɯʛʦʨʷ ʉʽʢʦʨʩʴʢʦʛʦ (26-29 ʚʝʨʝʩʥʷ 2023 ʨ., ʤ. ʂʠʾʚ); 

¶ XI ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʘ ʢʦʥʬʝʨʝʥʮʽʷ çʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʫ 

ʧʨʦʤʠʩʣʦʚʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ (ʉʊʇɺ-2024)è (23ï26 ʢʚʽʪʥʷ 2024 ʨ. ï ʤ. ʉʫʤʠ.) 

¶ ɯV ɺʩʝʫʢʨʘʾʥʩʴʢʘ ʽʥʪʝʨʥʝʪ-ʢʦʥʬʝʨʝʥʮʽʷ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ çʇʝʨʩʧʝʢʪʠʚʠ ʭʽʤʽʾ 

ʚ ʩʫʯʘʩʥʦʤʫ ʩʚʽʪʽè ʟʙʽʨʥʠʢ ʤʘʪʝʨʽʘʣʽʚ ʢʦʥʬʝʨʝʥʮʽʾ (20 ʣʠʩʪʦʧʘʜʘ 2024 ʨʦʢʫ, ʤ. 

ɾʠʪʦʤʠʨ).  

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʦʧʫʙʣʽʢʦʚʘʥʦ ʯʦʪʠʨʠ ʩʪʘʪ ̔

ʫ ʥʘʫʢʦʚʠʭ ʞʫʨʥʘʣʘʭ 3-ʛʦ ʪʘ 4-ʛʦ ʢʚʘʨʪʠʣʷ, ʱʦ ʮʠʪʫʶʪʴʩʷ ʚ ʥʘʫʢʦʤʝʪʨʠʯʥʠʭ ʙʘʟʘʭ 

ʜʘʥʠʭ Web of Science ʽ Scopus, ʩʽʤ ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʥʘʮʽʦʥʘʣʴʥʠʭ ʪʘ ʤʽʞʥʘʨʦʜʥʠʭ 

ʢʦʥʬʝʨʝʥʮʽʷʭ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʠʢʣʘʜʥʫ ʮʽʥʥʽʩʪʴ ʚʠʢʦʥʘʥʦʾ 

ʨʦʙʦʪʠ. 

ʉʪʨʫʢʪʫʨʘ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ. ɼʠʩʝʨʪʘʮʽʡʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʘʥʦʪʘʮʽʾ, ʚʩʪʫʧʫ, ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ ʪʘ ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (180 

ʥʘʡʤʝʥʫʚʘʥʴ). ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʪʘʥʦʚʠʪʴ 192 ʩʪʦʨʽʥʦʢ, ʚʢʣʶʯʘʶʯʠ 22 

ʪʘʙʣʠʮ ̔ʪʘ 81 ʽʣʶʩʪʨʘʮʽ.ʁ ʋ ʨʦʙʦʪʽ ʧʦʩʣʽʜʦʚʥʦ ʚʠʢʣʘʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ 

ʜʦʩʣʽʜʞʝʥʴ ʟ ʧʨʦʙʣʝʤʠ ʨʦʟʨʦʙʣʝʥʥʷ ʪʘ ʩʪʚʦʨʝʥʥʷ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ, 

ʦʙʛʨʫʥʪʦʚʘʥʦ ʤʝʪʫ ʪʘ ʦʩʥʦʚʥʽ ʟʘʚʜʘʥʥʷ ʨʦʙʦʪʠ, ʤʝʪʦʜʦʣʦʛʽʶ ʜʦʩʣʽʜʞʝʥʴ ʪʘ 

ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʫ, ʘʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ, ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ 

ʚʠʩʥʦʚʢʠ, ʱʦ ʜʦʟʚʦʣʷʻ ʦʮʽʥʠʪʠ ʥʘʫʢʦʚʫ ʥʦʚʠʟʥʫ ʪʘ ʧʨʘʢʪʠʯʥʫ ʟʥʘʯʫʱʽʩʪʴ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. 



ʈʆɿɼɯʃ 1. ɸʅɸʃɯɿ ʉʊɸʅʋ ʇʈʆɹʃɽʄʀ ʊɸ ʆʉʅʆɺʀ ɽʃɽʂʊʈʆʍɯʄɯɰ 

ʌʊʆʈʀɼ-ɯʆʅʅʀʍ ɹɸʊɸʈɽʁ (ʃʽʪʝʨʘʪʫʨʥʠʡ ʦʛʣʷʜ) 

1.1. ʉʫʯʘʩʥʠʡ ʩʪʘʥ ʨʦʟʚʠʪʢʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ 

ʍʽʤʽʯʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ (ʍɼʉ) ï ʮʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʨʠʩʪʨʦʾ, ʱʦ ʜʦʟʚʦʣʷʶʪʴ 

ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʭʽʤʽʯʥʫ ʝʥʝʨʛʽʶ ʚ ʝʣʝʢʪʨʠʯʥʫ. ɺʦʥʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʪʘʢʠʭ ʢʣʶʯʦʚʠʭ 

ʝʣʝʤʝʥʪʽʚ ʷʢ: ʢʘʪʦʜ, ʘʥʦʜ, ʝʣʝʢʪʨʦʣʽʪ. ʇʦʟʠʪʠʚʥʠʡ ʽ ʥʝʛʘʪʠʚʥʠʡ ʝʣʝʢʪʨʦʜ 

ʧʦʤʽʱʝʥʠʡ ʚ ʨʦʟʯʠʥ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʟôʻʜʥʘʥʽ ʟʦʚʥʽʰʥʽʤ ʝʣʝʢʪʨʠʯʥʠʤ ʢʦʣʦʤ ʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʶ ʩʠʩʪʝʤʦʶ. ʄʦʞʥʘ ʚʚʘʞʘʪʠ ʝʣʝʢʪʨʦʣʽʪ ʢʣʶʯʦʚʠʤ ʝʣʝʤʝʥʪʦʤ ʚ 

ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤʘʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ, ʘʜʞʝ ʚʽʥ ʦʙʤʝʞʫʻ ʦʙʤʽʥ ʝʣʝʢʪʨʦʥʽʚ, ʘʣʝ 

ʜʦʟʚʦʣʷʻ ʤʘʩʦʦʙʤʽʥ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʨʝʘʢʮʽʾ. ʏʝʨʝʟ ʱʦ ʧʽʜ ʯʘʩ ʧʨʠʻʜʥʘʥʥʷ ʪʘʢʦʾ 

ʩʠʩʪʝʤʠ ʜʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ, ʝʣʝʢʪʨʦʥʠ ʤʦʞʫʪʴ ʧʨʦʭʦʜʠʪʠ ʟʥʘʯʥʦ ʜʦʚʰʠʡ ʰʣʷʭ, 

ʚʠʢʦʥʫʶʯʠ ʨʦʙʦʪʫ ʩʪʨʫʤʫ. ʅʘʨʘʟʽ ʣʠʰʝ ʪʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʦʪʨʠʤʫʚʘʪʠ ʝʥʝʨʛʽʶ 

ʭʽʤʽʯʥʠʭ ʆɺʈ ʥʝ ʚ ʬʦʨʤʽ ʪʝʧʣʦʪʠ, ʘ ʚ ʚʠʛʣʷʜʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ.  

ɿʘ ʟʜʘʪʥʽʩʪʶ ʟʘʨʷʜʞʘʪʠʩʴ, ʾʭ ʧʦʜʽʣʷʶʪʴ ʥʘ ʧʝʨʚʠʥʥʽ ʪʘ ʚʪʦʨʠʥʥʽ. ʇʝʨʚʠʥʥʽ 

ʙʘʪʘʨʝʾ ʧʽʩʣʷ ʨʦʟʨʷʜʫ ʥʝʤʦʞʣʠʚʦ ʧʝʨʝʟʘʨʷʜʠʪʠ, ʾʭ ʫʪʠʣʽʟʫʶʪʴ. ɺʪʦʨʠʥʥʽ ʤʦʞʥʘ 

ʧʝʨʝʟʘʨʷʜʠʪʠ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ. ʊʘʢʽ ʘʢʫʤʫʣʷʪʦʨʠ ʫʪʠʣʽʟʫʶʪʴ ʣʠʰʝ ʧʽʩʣʷ 

ʟʥʘʯʥʦʾ ʚʪʨʘʪʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. ɿ ʪʦʯʢʠ ʟʦʨʫ ʢʦʥʩʪʨʫʢʮʽʾ, ʙʘʪʘʨʝʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʝʢʽʣʴʢʦʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʢʦʤʽʨʦʢ ʟôʻʜʥʘʥʠʭ ʧʦʩʣʽʜʦʚʥʦ ʽ/ʘʙʦ 

ʧʘʨʘʣʝʣʴʥʦ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʝʚʥʦʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʪʘ ʻʤʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ. 

ʅʘʨʘʟʽ ʣʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʻ ʥʘʡʙʽʣʴʰ ʨʦʟʧʦʚʩʶʜʞʝʥʠʤ ʪʠʧʦʤ 

ʝʣʝʢʪʨʠʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʚ ʩʫʯʘʩʥʠʭ ʧʨʠʣʘʜʘʭ, ʪʘʢʠʭ ʷʢ: ʤʦʙʽʣʴʥʽ ʪʝʣʝʬʦʥʠ, 

ʥʦʫʪʙʫʢʠ, ʧʣʘʥʰʝʪʠ, ʝʣʝʢʪʨʦʤʦʙʽʣʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʦʛʦ. ʎʝʡ ʬʘʢʪ ʙʝʟʫʤʦʚʥʦ 

ʧʦʚ'ʷʟʘʥʠʡ ʟ ʚʠʩʦʢʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ ʻʤʥʦʩʪʽ, ʝʬʝʢʪʠʚʥʦʩʪʽ, ʮʠʢʣʽʯʥʦʩʪʽ ʪʘʢʠʭ 

ʩʠʩʪʝʤ. ɺ ʥʠʭ ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ ʽ ʤʘʩʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʦʥʘʤʠ ʣʽʪʽʶ. ʊʝʭʥʦʣʦʛʽʷ Li-ion 

ʟôʷʚʠʣʘʩʴ ʥʘ ʨʠʥʢʫ ʚ 90-ʭ ʨʦʢʘʭ ʤʠʥʫʣʦʛʦ ʩʪʦʣʽʪʪʷ, ʧʨʦʪʝ ʽ ʜʦ ʩʴʦʛʦʜʥʽ ʚʦʥʘ ʻ 

ʣʽʜʝʨʦʤ ʧʨʦʜʘʞʽʚ. ɺʧʝʨʰʝ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʃɯɹ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʄ.ʉ. ʋʾʪʪʽʥʛʝʤʦʤ ʚ 1970 ʨ.. ʂʦʤʽʨʢʘ ʩʢʣʘʜʘʣʘʩʴ ʟ ʢʘʪʦʜʫ ʪʠʪʘʥ (ɯɯ) ʩʫʣʴʬʽʜʫ ʽ 

ʣʽʪʽʻʚʦʛʦ ʘʥʦʜʫ [1]. ʇʦʪʽʤ ʚ 1980-1981 ʙʫʣʦ ʜʦʚʝʜʝʥʦ ʽʥʪʝʨʢʘʣʷʮʽʶ ʣʽʪʽʶ ʚ ʛʨʘʬʽʪ, 

ʱʦ ʚʽʜʢʨʠʣʦ ʰʣʷʭʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʷʢ ʘʥʦʜʫ [2]. ʇʦʜʘʣʴʰʽ ʢʘʪʦʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ 

ʜʦʟʚʦʣʠʣʠ ʢʦʤʧʘʥʽʾ Sony ʧʨʝʜʩʪʘʚʠʪʠ ʥʘ ʨʠʥʢʫ ʧʝʨʰʫ ʢʦʤʝʨʮʽʡʥʫ ʃɯɹ. ʂʘʪʦʜ ʙʫʚ 



ʩʪʚʦʨʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʣʽʪʽʡ ʢʦʙʘʣʴʪʽʪʫ [3]. ʇʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʝʣʝʢʪʨʦʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʟʘʧʨʦʧʦʥʫʚʘʚ ʨʠʥʢʫ ʢʘʪʦʜ ʟ ʤʘʛʥʽʻʚʦʾ ʰʧʽʥʝʣʽ [4]. ɺ 1989 ʨʦʮʽ ʦʢʩʠʜʠ 

ʟʘʤʽʥʠʣʠʩʴ ʩʫʣʴʬʘʪʘʤʠ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʧʨʦʜʫʢʫʚʘʥʥʷʤ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ 

ʜʘʥʠʤ ʤʘʪʝʨʽʘʣʦʤ [5]. ɺ 1996 ʨʦʮʽ ʷʢ ʢʘʪʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʬʦʩʬʘʪʠ, ʥʘʧʨʠʢʣʘʜ LiFePO4 [6]. ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʨʦʟʚʠʪʢʫ Li-

ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʩʪʘʣʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʰʣʷʭʦʤ ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠʩʘʜʢʦʶ ʘʣʶʤʽʥʽʶ, ʥʽʦʙʽʶ ʽ ʮʠʨʢʦʥʽʶ [7]. ɺ ʧʦʜʘʣʴʰʦʤʫ 

ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʦ ʥʘʥʦʨʦʟʤʽʨʽʚ ʪʝʞ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʣʦ 

ʥʘ ʻʤʥʽʩʪʴ ʽ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ [8]. ʃʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʤʘʶʪʴ ʨʽʜʢʠʡ ʝʣʝʢʪʨʦʣʽʪ, 

ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʨʛʘʥʽʯʥʦʛʦ ʨʦʟʯʠʥʥʠʢʘ ʥʘʩʠʯʝʥʦʛʦ ʣʽʪʽʻʚʦʶ ʩʽʣʣʶ. 

ʈʦʟʚʠʪʦʢ ʜʘʥʦʛʦ ʪʠʧʫ ʙʘʪʘʨʝʡ ʧʨʦʜʦʚʞʫʻʪʴʩʷ, ʥʘʨʦʱʫʻʪʴʩʷ ʟʥʘʯʥʘ ʙʘʟʘ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʪʝ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʧʦʢʣʘʜʽʚ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʩʦʢʫ 

ʚʘʨʪʽʩʪʴ ʪʘ ʪʝʦʨʝʪʠʯʥʠʡ ʧʦʨʽʛ ʻʤʥʦʩʪʽ ʻ ʥʝʤʦʞʣʠʚʠʤ ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʽ ʪʘ ʚʠʨʦʙʥʠʮʪʚʽ ʯʠʩʪʦʾ ʝʥʝʨʛʽʾ. ʃʽʪʽʡ ʧʨʠʩʫʪʥʽʡ 

ʚ ʥʝʟʥʘʯʥʠʭ ʢʽʣʴʢʦʩʪʷʭ ʚ ʟʝʤʥʽʡ ʢʦʨʽ ʪʘ ʤʦʨʽ, ʘ ʡʦʛʦ ʚʠʜʦʙʫʪʦʢ ʻ ʚʠʩʦʢʦʚʘʨʪʽʩʥʠʤ. 

ʇʨʘʚʠʣʴʥʘ ʧʝʨʝʨʦʙʢʘ ʨʝʩʫʨʩʽʚ ʤʦʞʝ ʧʨʠʟʫʧʠʥʠʪʠ ʰʚʠʜʢʝ ʚʠʩʥʘʞʝʥʥʷ ʣʽʪʽʻʚʠʭ 

ʨʝʩʫʨʩʽʚ, ʘʣʝ ʮʝ ʱʝ ʙʽʣʴʰʝ ʧʽʜʚʠʱʠʪʴ ʚʘʨʪʽʩʪʴ ʘʢʫʤʫʣʷʪʦʨʽʚ. ʇʝʨʝʭʽʜʥʽ ʤʝʪʘʣʠ, ʱʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ ʻ ʤʘʣʦ ʧʦʰʠʨʝʥʠʤʠ, ʪʦʤʫ 

ʤʘʶʪʴ ʱʝ ʙʽʣʴʰʠʡ ʧʦʧʠʪ ʽ ʚʠʩʦʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ. ɿ ʮʽʻʾ ʧʨʠʯʠʥʠ ʚ 

ʫʩʴʦʤʫ ʩʚʽʪʽ ʥʘʫʢʦʚʮʽ ʧʨʘʮʶʶʪʴ ʥʘʜ ʨʦʟʨʦʙʢʦʶ ʥʦʚʠʭ çʧʦʩʪ ʣʽʪʽʻʚʠʭè 

ʘʢʫʤʫʣʷʪʦʨʽʚ. ʇʨʦʪʷʛʦʤ ʦʩʪʘʥʥʴʦʛʦ ʜʝʩʷʪʠʣʽʪʪʷ ʧʨʠʚʘʪʥʽ ʪʘ ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʽʟʘʮʽʾ 

ʜʦʢʣʘʣʠ ʙʘʛʘʪʦ ʟʫʩʠʣʴ ʱʦʙ ʚʠʡʪʠ ʟʘ ʤʝʞʽ ʨʽʚʥʷ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʪʝʭʥʦʣʦʛʽʡ.  

ʗʢ ʘʣʴʪʝʨʥʘʪʠʚʫ ʣʽʪʽʡ-ʽʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʧʦʥʫʶʪʴ ʬʪʦʨʠʜ-ʽʦʥʥʽ ʙʘʪʘʨʝʾ, ʚ 

ʷʢʠʭ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ ʽ ʤʘʩʠ ʤʽʞ ʝʣʝʢʪʨʦʜʘʤʠ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʫʪʴ 

ʘʥʽʦʥʠ ʬʪʦʨʫ, ʘ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʶʶʯʠʤʠ ʧʨʦʮʝʩʘʤʠ ʙʫʜʫʪʴ Red/Ox ʧʨʦʮʝʩʠ 

ʬʪʦʨʫʚʘʥʥʷ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʟʤʽʥʦʶ ʩʪʫʧʝʥʶ ʦʢʠʩʥʝʥʥʷ ʤʝʪʘʣʽʚ ʘʙʦ ʾʭ 

ʩʧʦʣʫʢ ʥʘ ʝʣʝʢʪʨʦʜʘʭ.  

ɺʘʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʦʮʽʥʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ ʘʢʫʤʫʣʷʪʦʨʘ ʻ ʨʦʙʦʯʘ ʥʘʧʨʫʛʘ 

(ʧʦʪʝʥʮʽʘʣ) ʢʦʤʽʨʢʠ ʪʘ ʾʾ ʻʤʥʽʩʪʴ. 



ʇʦʪʝʥʮʽʘʣ ʢʦʤʽʨʢʠ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʷʢ ʨʽʟʥʠʮʷ ʧʦʪʝʥʮʽʘʣʽʚ ʥʘʧʽʚʨʝʘʢʮʽʡ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʢʘʪʦʜʽ ʽ ʘʥʦʜʽ. ɼʘʥʠʡ ʧʘʨʘʤʝʪʨ ʱʝ ʥʘʟʠʚʘʶʪʴ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʶ 

ʩʠʣʦʶ ɽʈʉ. 

ЎὉ Ὁ Ὁ  

ʜʝ Ὁ+ ʽ Ὁī ʩʪʘʥʜʘʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʧʦʟʠʪʠʚʥʦʛʦ ʽ ʥʝʛʘʪʠʚʥʦʛʦ ʝʣʝʢʪʨʦʜʫ 

ʚʽʜʧʦʚʽʜʥʦ.  

ʆʩʢʽʣʴʢʠ ʜʦʚʽʜʢʦʚʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʜʘʥʽ ʚʠʤʽʨʷʥʽ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʪʦ ʚ 

ʫʤʦʚʘʭ ʚʽʜʤʽʥʥʠʭ ʚʽʜ ʩʪʘʥʜʘʨʪʥʠʭ, ʧʦʪʝʥʮʽʘʣ ʨʦʟʨʘʭʦʚʫʶʪʴ ʟʘ ʨʽʚʥʷʥʥʷʤ ʅʝʨʥʩʪʘ.  

Ὁ Ὁ ὰὲ ,                                                 (1.1) 

ʜʝ (oʭ) ï ʘʢʪʠʚʥʽʩʪʴ ʦʢʠʩʣʝʥʦʾ ʬʦʨʤʠ; (red) ï ʘʢʪʠʚʥʽʩʪʴ ʚʽʜʥʦʚʣʝʥʦʾ ʬʦʨʤʠ; 

R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʧʦʩʪʽʡʥʘ; ɽ0ïʩʪʘʥʜʘʨʪʥʠʡ ʚʽʜʥʦʩʥʠʡ ʝʣʝʢʪʨʦʜʥʠʡ 

ʧʦʪʝʥʮʽʘʣ; ʊ ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; F ï ʯʠʩʣʦ ʌʘʨʘʜʝʷ; n ï ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ, 

ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʫ ʧʨʦʮʝʩʽ. 

ʉʪʘʥʜʘʨʪʥʠʡ ʧʦʪʝʥʮʽʘʣ ʢʦʤʽʨʢʠ ʧʦʚôʷʟʘʥʠʡ ʟʽ ʟʤʽʥʦʶ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ 

ʯʝʨʝʟ ʥʘʩʪʫʧʥʝ ʨʽʚʥʷʥʥʷ. 

ЎὋ ὲὊЎὉ ,                                                   (1.2) 

ʜʝ ȹG0 ð ʩʪʘʥʜʘʨʪʥʘ ʟʤʽʥʘ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ; n ð ʢʽʣʴʢʽʩʪʴ ʧʝʨʝʥʝʩʝʥʠʭ 

ʝʣʝʢʪʨʦʥʽʚ; F ð ʯʠʩʣʦ ʌʘʨʘʜʝʷ;  

ɿʤʽʥʫ ʚʽʣʴʥʦʾ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʥʘʩʪʫʧʥʦʶ ʬʦʨʤʫʣʦʶ: 

ЎὋ ЎὌ ὝЎὛ,                                            (1.3) 

ʜʝ æὌ0 ð ʩʪʘʥʜʘʨʪʥʘ ʟʤʽʥʘ ʝʥʪʘʣʴʧʽʾ; æS0 ð ʩʪʘʥʜʘʨʪʥʘ ʟʤʽʥʘ ʝʥʪʨʦʧʽʾ; ʊ ï 

ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ. 

ʈʦʟʨʘʭʫʚʘʪʠ ʩʪʘʥʜʘʨʪʥʫ ʟʤʽʥʫ ʝʥʪʘʣʴʧʽʾ ʪʘ ʝʥʪʨʦʧʽʾ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ 

ʩʪʘʥʜʘʨʪʥʽ ʝʥʪʘʣʴʧʽʾ ʽ ʝʥʪʨʦʧʽʾ ʫʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ ʟʘ ʥʘʩʪʫʧʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ: 

ЎὌ В   ὲЎὌ В   άЎὌ ȟ                     (1.4) 

ЎὛ В   ὲЎὛ В   άЎὛ ȟ                        (1.5) 

ʜʝ n i m ʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʢʦʝʬʽʮʽʻʥʪʠ ʧʨʠ ʬʦʨʤʫʣʘʭ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʯʦʚʠʥ ʚ 

ʨʽʚʥʷʥʥʽ ʨʝʘʢʮʽʾ.  



ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʧʦʪʝʥʮʽʘʣʠ ʻ ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʪʝʦʨʝʪʠʯʥʠʭ, ʘʣʝ ʦʮʽʥʢʘ 

ʦʩʪʘʥʥʽʭ ʻ ʚʘʞʣʠʚʦʶ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʧʘʨ ʟ ʚʠʩʦʢʠʤʠ ʥʘʧʨʫʛʘʤʠ ʢʦʤʽʨʢʠ. 

ɺʘʞʣʠʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʜʣʷ ʦʮʽʥʢʠ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʤʽʨʢʠ ʻ 

ʻʤʥʽʩʪʴ ʢʦʤʽʨʢʠ. ɺʦʥʘ ʧʦʢʘʟʫʻ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, ʷʢʫ ʤʽʩʪʠʪʴ ʧʦʚʥʽʩʪʶ 

ʟʘʨʷʜʞʝʥʠʡ ʘʢʫʤʫʣʷʪʦʨ ʪʘ ʟʘ ʷʢʠʡ ʯʘʩ ʤʦʞʝ ʚʽʜʜʘʪʠ ʮʶ ʝʥʝʨʛʽʶ ʧʨʠ ʧʝʚʥʽʡ ʥʘʧʨʫʟʽ. 

ʎʝʡ ʧʘʨʘʤʝʪʨ ʚʠʨʘʞʘʻʪʴʩʷ ʚ ʘʤʧʝʨ-ʛʦʜʠʥʘʭ (ɸ ʛʦʜ) ʪʘ ʨʦʟʨʘʭʦʚʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

ὗ ᷿ὍὸὨὸȟ                                                       (1.6) 

ʜʝ ɯ ï ʩʠʣʘ ʩʪʨʫʤʫ; t ï ʯʘʩ.  

ɺ ʚʠʧʘʜʢʫ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʜʘʥʠʡ ʚʠʨʘʟ ʤʦʞʥʘ ʟʚʝʩʪʠ ʜʦ: 

ὗ Ὅὸȟ                                                               (1.7) 

ɺʘʞʣʠʚʠʤ ʧʦʢʘʟʥʠʢʦʤ ʘʢʫʤʫʣʷʪʦʨʘ ʻ ʡʦʛʦ ʛʘʙʘʨʠʪʠ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʘʪʘʨʝʾ 

ʚʽʜʥʦʩʥʦ ʾʾ ʛʘʙʘʨʠʪʽʚ ʦʧʠʩʫʻ ʧʠʪʦʤʘ ʻʤʥʽʩʪʴ. ɭ 2 ʚʠʜʠ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ: 

ʛʨʘʚʽʤʝʪʨʠʯʥʘ ʪʘ ʦʙôʻʤʥʘ. ɺʠʨʘʞʘʶʪʴ ʾʭ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

ὗ ȟ                                                              (1.8) 

ὗ ȟ                                                               (1.9) 

ὗ ȟ                                                         (1.10) 

ʜʝ m ï ʤʘʩʘ (ʛ); V ï ʦʙôʻʤ (ʩʤ3); ɟ ï ʦʙôʻʤʥʘ ʤʘʩʦʚʘ ʱʽʣʴʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʫ (ʛ/ʩʤ3). 

ʄʘʢʩʠʤʘʣʴʥʫ ʪʝʦʨʝʪʠʯʥʫ ʧʠʪʦʤʫ ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʻʤʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ ʟʘ ʬʦʨʤʫʣʦʶ.  

ὗ ȟ Ȣ
ȟ                                                     (1.11) 

ʜʝ F ð ʯʠʩʣʦ ʌʘʨʘʜʝʷ; n ï ʯʠʩʣʦ ʝʣʝʢʪʨʦʥʽʚ ʯʠ ʽʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʆɺʈ; 

M ï ʤʦʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ; g ï ʤʘʩʘ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʨʠʡʤʘʻ ʫʯʘʪʴ ʚ 

ʨʝʘʢʮʽʾ.  

ʏʝʨʝʟ ʦʙôʻʤʥʫ ʤʘʩʦʚʫ ʱʽʣʴʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʫ ʤʦʞʥʘ 

ʨʦʟʨʘʭʫʚʘʪʠ ʪʝʦʨʝʪʠʯʥʫ ʧʠʪʦʤʫ ʦʙôʻʤʥʫ ʻʤʥʽʩʪʴ. 

ὗ ȟ ὗ ȟ”,                                                   (1.12) 

ʊʝʦʨʝʪʠʯʥʫ ʻʤʥʽʩʪʴ ʢʦʤʽʨʢʠ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ ʢʦʤʙʽʥʘʮʽʶ ʜʚʦʭ ʝʣʝʢʪʨʦʜʽʚ 



ὗ ὓᴂȾὓὊ  ȟ                                   (1.13) 

ʇʨʠʚʘʙʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʌɯɹ ʦʙʫʤʦʚʣʝʥʘ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʝʣʝʢʪʨʦʥʥʦʾ 

ʙʫʜʦʚʠ ʘʪʦʤʫ ʌʪʦʨʫ. ɼʘʥʠʡ ʝʣʝʤʝʥʪ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ VII ʛʨʫʧʽ, ʛʦʣʦʚʥʽʡ ʧʽʜʛʨʫʧʽ, 

2-ʛʦ ʧʝʨʽʦʜʫ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʭʽʤʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ ʪʘ ʧʦʟʥʘʯʘʻʪʴʩʷ ʩʠʤʚʦʣʦʤ F. 

ʅʘʷʚʥʽʩʪʴ ʣʠʰʝ 2-ʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʫʪʚʦʨʶʶʪʴ ʘʪʦʤ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʤʘʣʠʭ ʨʦʟʤʽʨʽʚ ʪʘ 

ʥʝʚʠʩʦʢʦʾ ʘʪʦʤʥʦ ʾ ʤʘʩʠ ʝʣʝʤʝʥʪʘ. ʌʪʦʨ ʤʘʻ 7 ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʟʦʚʥʽʰʥʴʦʤʫ 

ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ, ʦʪʞʝ ʡʦʤʫ ʥʝ ʚʠʩʪʘʯʘʻ 1 ʝʣʝʢʪʨʦʥʫ ʜʦ ʬʦʨʤʫʚʘʥʥʷ 

ʟʘʚʝʨʰʝʥʦʛʦ ʦʢʪʝʪʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʡʦʛʦ ʙʫʜʦʚʫ ʚʽʥ ʤʘʻ ʥʘʡʙʽʣʴʰʫ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ, ʪʦʤʫ ʻ ʜʫʞʝ ʨʝʘʢʮʽʡʥʦʟʜʘʪʥʠʤ [9]. ɿʘʚʜʷʢʠ ʯʦʤʫ ʚʽʥ ʫʪʚʦʨʶʻ 

ʩʪʘʙʽʣʴʥʽ ʬʪʦʨʠʜʠ ʟ ʙʘʛʘʪʴʤʘ ʤʝʪʘʣʘʤʠ, ʪʦʤʫ ʨʝʘʢʮʽʾ ʬʪʦʨʫʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ 

ʚʝʣʠʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʤʽʥʠ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ ȹGʫʪʚ ʪʘ ʤʘʶʪʴ ʚʝʣʠʢʽ ʟʥʘʯʝʥʥʷ ɽʈʉ 

ʩʠʩʪʝʤ ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʘʥʽ ʨʝʘʢʮʽʾ. ʇʨʠʡʤʘʶʯʠ ʝʣʝʢʪʨʦʥ ʬʪʦʨ ʫʪʚʦʨʶʻ 

ʦʜʥʦʟʘʨʷʜʥʠʡ ʘʥʽʦʥ F- ʷʢʠʡ ʻ ʜʫʞʝ ʩʪʘʙʽʣʴʥʠʤ, ʨʫʭʦʤʠʤ ʪʘ ʤʘ ̒ʰʠʨʦʢʝ ʚʽʢʥʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʪʦʤʫ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʥʦʩʽʻʤ ʟʘʨʷʜʫ ʚ ʩʠʩʪʝʤʘʭ 

ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ. ʇʦʟʠʪʠʚʥʠʤ ʻ ʪʘʢʦʞ ʬʘʢʪ ʪʦʛʦ, ʱʦ ʜʝʷʢʽ ʬʪʦʨʠʜʠ 

ʤʝʪʘʣʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʦʤʫ ʩʪʘʥʽ ʤʘʶʪʴ ʚʠʩʦʢʫ, ʩʝʣʝʢʪʠʚʥʫ ʟʘ ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ, 

ʫʥʽʧʦʣʷʨʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ (1Ŀ10ï2ï1Ŀ10ï3 ʉʤ/ʩʤ) ʧʨʠ ʥʝʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʪʘ ʥʝʟʥʘʯʥʫ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ (1Ŀ10ï6ï1Ŀ10ï8 ʉʤ/ʩʤ) [10]. ʎʝ ʚʽʜʢʨʠʚʘʻ ʰʣʷʭ 

ʜʦ ʩʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʪʘ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʚʝʨʜʦʪʽʣʴʥʦʾ ʌɯɹ. 

ʂʨʽʤ ʪʦʛʦ, ʩʣʽʜ ʤʘʪʠ ʥʘ ʫʚʘʟʽ, ʱʦ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʥʝʦʨʛʘʥʽʯʥʠʭ ʬʪʦʨʠʜʽʚ 

ʫʪʚʦʨʝʥʘ ʧʦʣʽʚʘʣʝʥʪʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʷʢʽ ʚ Red/Ox ʧʨʦʮʝʩʘʭ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

ʚ ʩʧʨʦʤʦʟʽ ʨʝʘʛʫʚʘʪʠ ʚʽʜʨʘʟʫ ʟ ʜʝʢʽʣʴʢʦʤʘ ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ, ʘ ʦʪʞʝ ʛʝʥʝʨʫʚʘʪʠ ʚ 

ʟʦʚʥʽʰʥʻ ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ ʜʝʢʽʣʴʢʘ ʝʣʝʢʪʨʦʥʽʚ, ʽ ʷʢ ʥʘʩʣʽʜʦʢ ʟʙʽʣʴʰʫʚʘʪʠ 

ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʻʤʥʽʩʪʴ ʩʠʩʪʝʤʠ. ʊʘʢʦʞ ʧʦʟʠʪʠʚʥʠʤ ʻ ʬʘʢʪ ʙʽʣʴʰʦʾ ʚʘʛʠ ʪʘʢʠʭ 

ʩʧʦʣʫʢ ʟʘ ʨʘʭʫʥʦʢ ʯʦʛʦ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʪʽʻʾ ʝʥʝʨʛʽʾ ʚ ʟʥʘʯʥʦ ʤʝʥʰʦʤʫ ʦʙôʻʤʽ, ʪʦʙʪʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜʽʚ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʚ ʧʝʨʩʧʝʢʪʠʚʽ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʥʦʾ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ. ʇʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʬʘʢʪʦʨʠ ʚʢʘʟʫʶʪʴʩʷ ʥʘ 

ʤʦʞʣʠʚʦʩʪʽ ʩʪʚʦʨʝʥʥʷ ʙʘʪʘʨʝʡ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʪʘ ʦʙôʻʤʥʦʶ ʝʥʝʨʛʽʻʶ [11]. 



ʇʦʨʽʚʥʶʶʯʠ ʪʝʦʨʝʪʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʟ ʽʥʰʠʤʠ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ (ʨʠʩ. 1.1.) ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʬʪʦʨʠʜʥʘ 

ʪʝʭʥʦʣʦʛʽʷ ʤʘʻ ʚʠʱʽ ʪʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ʻʤʥʦʩʪʽ ʥʽʞ ʽʩʥʫʶʯʽ ʣʽʪʽʡ-ʽʦʥʥʽ ʩʠʩʪʝʤʠ 

ʪʘ ʟʘʡʤʘʻ ʢʦʥʢʫʨʝʥʪʥʝ ʤʽʩʮʝ ʟ ʧʦʤʽʞ ʪʠʭ ʢʦʥʮʝʧʮʽʡ ʱʦ ʨʦʟʚʠʚʘʶʪʴʩʷ ʟʘ 

ʪʝʦʨʝʪʠʯʥʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ.  

  

ʈʠʩ. 1.1. ʇʦʨʽʚʥʷʣʴʥʘ ʩʭʝʤʘ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ 

ʘʢʫʤʫʣʷʪʦʨʥʠʭ ʩʠʩʪʝʤ ʟ ʧʦʛʣʷʜʫ ʥʘ ʪʝʦʨʝʪʠʯʥʽ ʧʠʪʦʤʽ ʪʘ ʦʙôʻʤʥʽ ʛʫʩʪʠʥʠ ʝʥʝʨʛʽʾ. 

[12]. 

ɿ ʦʛʣʷʜʫ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʫ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʪʨʠʤʘʥʥʷ, 

ʬʪʦʨʠʜʠ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʤʝʪʘʣʽʚ ʧʨʠʚʘʙʣʠʚʽ ʢʘʥʜʠʜʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʽ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʦʚʠʭ ʝʥʝʨʛʦʛʝʥʝʨʫʶʯʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ 

ʘʢʪʫʘʣʴʥʠʤ ʻ ʥʘʢʦʧʠʯʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʨʦʟʚʠʪʢʫ ʜʘʥʦʾ ʢʦʥʮʝʧʮʽʾ. 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʥʘʡʧʨʦʩʪʽʰʦʾ ʬʪʦʨʠʜ-ʽʦʥʥʦʾ ʙʘʪʘʨʝʾ ʟʦʙʨʘʞʝʥʘ ʥʘ 

ʨʠʩʫʥʢʫ 1.2. ɺʦʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʝʪʘʣʽʯʥʦʛʦ ʘʥʦʜʫ (ὓ) ʟ ʚʠʩʦʢʠʤ ʚʽʜôʻʤʥʠʤ 

ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʦʜʥʦʛʦ ʧʦʪʝʥʮʽʘʣʫ, ʘ ʢʘʪʦʜʦʤ ʚʠʩʪʫʧʘʻ ʬʪʦʨʠʜ ʤʝʪʘʣʫ (ὓὊὼ), ʷʢʽ 

ʨʦʟʜʽʣʝʥʽ ʬʪʦʨʠʜ-ʽʦʥʥʠʤ ʧʨʦʚʽʜʥʠʢʦʤ [13].  



 

ʈʠʩ. 1.2. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʬʪʦʨʠʜ-ʽʦʥʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʧʦʰʘʨʦʚʠʤ 

ʨʦʟʤʽʱʝʥʥʷʤ ʦʙôʻʤʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʪʘ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɺ ʧʨʦʮʝʩʽ ʨʦʟʨʷʜʫ ʥʘ ʘʥʦʜʽ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ ʤʦʞʣʠʚʦʾ 

ʩʧʦʥʪʘʥʥʦʾ ʆɺʈ, ʛʝʥʝʨʫʶʪʴʩʷ ʝʣʝʢʪʨʦʥʠ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʬʪʦʨʫʚʘʥʥʷ ʤʝʪʘʣʫ ʜʦ 

ʬʪʦʨʠʜ ʤʝʪʘʣʫ [13]. ʇʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ 

ʩʭʝʤʦʶ ʥʘ ʨʠʩʫʥʢʫ 1.3. ʋʪʚʦʨʝʥʽ ʝʣʝʢʪʨʦʥʠ ʯʝʨʝʟ ʟʦʚʥʽʰʥʻ ʢʦʣʦ ʥʘʜʭʦʜʷʪʴ ʜʦ 

ʢʘʪʦʜʫ, ʜʝ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʬʪʦʨʠʜʦʤ ʤʝʪʘʣʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʽʥ ʚʽʜʥʦʚʣʶʻʪʴʩʷ ʜʦ 

ʤʝʪʘʣʫ. ɸʥʽʦʥʠ, ʱʦ ʚʠʜʽʣʠʣʠʩʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʨʝʘʢʮʽʾ ʤʽʛʨʫʶʪʴ ʯʝʨʝʟ ʝʣʝʢʪʨʦʣʽʪ ʜʦ 

ʤʝʪʘʣʫ. ʇʝʨʝʣʽʯʝʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʩʦʦʙʤʽʥʫ 

ʪʘ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ. ʇʽʜ ʯʘʩ ʟʘʨʷʜʫ ʜʘʥʽ ʧʨʦʮʝʩʠ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ 

ʧʨʦʪʠʣʝʞʥʦʤʫ ʥʘʧʨʷʤʢʫ.  

ʌɯɹ ʧʨʘʮʶʶʪʴ ʜʝʱʦ ʚʽʜʤʽʥʥʦ ʚʽʜ ʃɯɹ, ʚʦʥʠ ʥʝ ʰʪʦʚʭʘʶʪʴ ʝʣʝʢʪʨʦʥʠ, ʘ 

ʧʨʠʪʷʛʫʶʪʴ ʾʭ. ʇʨʠʥʮʠʧʦʚʦ ʚʽʜʤʽʥʥʠʤ ʻ ʽ ʤʝʭʘʥʽʟʤ ʨʝʘʢʮʽʡ ʥʘ ʝʣʝʢʪʨʦʜʘʭ. ɺ ʣʽʪʽʡ-

ʽʦʥʥʠʭ ʙʘʪʘʨʝʷʭ ʨʝʘʢʮʽʾ ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʣʷʭʦʤ ʽʥʪʝʨʢʘʣʷʮʽʾ/ʜʝʽʥʪʝʨʢʘʣʷʮʽʾ, ʘ 

ʬʪʦʨʠʜ-ʽʦʥʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʥʘʨʘʟʽ ʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʨʝʘʢʮʽʷʭ 

ʢʦʥʚʝʨʩʽʾ (ʧʝʨʝʪʚʦʨʝʥʥʷ), ʧʨʦʪʝ ʧʘʨʘʣʝʣʴʥʦ ʧʦʯʠʥʘʻ ʨʦʟʚʠʚʘʪʠʩʴ ʥʘʧʨʷʤʦʢ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʪʝʨʢʘʣʷʮʽʡʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. 



 

ʈʠʩ. 1.3. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʧʨʦʮʝʩʽʚ ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʚ 

ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʢʦʤʽʨʢʘ: ʘ) ʘʥʦʜ ï ʤʝʪʘʣ; ʙ) ʘʥʦʜ ï ʬʪʦʨʠʜ ʤʝʪʘʣʫ. 

ʆʜʥʽʻʶ ʽʟ ʥʝʦʙʭʽʜʥʠʭ ʫʤʦʚ ʨʝʘʣʽʟʘʮʽʾ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʪʘʢʦʛʦ ʪʠʧʫ ʻ 

ʧʨʘʚʠʣʴʥʠʡ ʚʠʙʽʨ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʚʠʨʦʙʣʷʪʠ ʝʣʝʢʪʨʠʯʥʫ 

ʝʥʝʨʛʽʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʦʨʦʪʥʠʭ ʆɺʈ. ɼʣʷ ʮʴʦʛʦ ʢʘʪʦʜʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʌɯɹ ʤʘʻ 

ʙʫʪʠ ʪʝʨʤʦʩʪʽʡʢʠʡ ʬʪʦʨʠʜ ʤʝʪʘʣʫ ʘʙʦ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʬʪʦʨʠʜʽʚ ʟ ʚʠʩʦʢʦʶ ʬʪʦʨʠʜ-

ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ, ʱʦ ʤʘʻ ʥʠʟʴʢʠʡ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, 

CuF2, BiF3, CeF3, KBiF4, SnF2, NiF2 ʪʘ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ). ɸʥʦʜʦʤ ʤʦʞʝ 

ʚʠʩʪʫʧʘʪʠ ʤʝʪʘʣ ʘʙʦ ʩʧʣʘʚ ʟ ʚʠʩʦʢʠʤ ʥʝʛʘʪʠʚʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʧʦʪʝʥʮʽʘʣʫ (ʥʘʧʨʠʢʣʘʜ, Ce, Zn, Bi, Mg, La, Sn, Pb, Ca, ʪʘ ʩʧʣʘʚʠ ʥʘ ʾʭ ʦʩʥʦʚʽ), 

ʬʪʦʨʫʚʘʥʥʷ ʷʢʦʛʦ ʩʧʨʠʷʻ ʫʪʚʦʨʝʥʥʶ ʬʪʦʨʠʜʽʚ ʟ ʚʠʩʦʢʠʤ ʽʟʦʙʘʨʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ 

ʫʪʚʦʨʝʥʥʷ ʽ ʚʠʩʦʢʦʶ ʬʪʦʨʠʜ-ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ [14]. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʽʚ ʟ 

ʚʠʩʦʢʦʶ ʝʣʝʢʪʨʦʧʦʟʠʪʠʚʥʽʩʪʶ (Mg, Ca ʪʘ ʽʥ.) ʷʢ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʤʝʞʝʥʝ 

ʚʫʟʴʢʠʤ ʚʽʢʥʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʽʩʥʫʶʯʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʫʡʥʫʚʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʝʣʝʢʪʨʦʣʽʪ/ʝʣʝʢʪʨʦʜ ʽʟ ʧʦʜʘʣʴʰʠʤ 

ʟʫʧʠʥʝʥʥʷʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ [15]. ʆʧʠʩʘʥʠʡ ʚʠʱʝ ʧʽʜʭʽʜ ʟʘʟʚʠʯʘʡ 

ʜʦʟʚʦʣʷʻ ʨʝʘʣʽʟʫʚʘʪʠ ʧʝʨʚʠʥʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ, ʟ Red/Ox ʧʨʦʮʝʩʘʤʠ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʷʢ ʥʘ ʨʠʩʫʥʢʫ 1.3ʘ.  

ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʽ [16] ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʢʦʤʽʨʦʢ ʟ ʥʘʧʠʣʝʥʠʤʠ 

ʤʝʪʘʣʝʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ (Cu, Ag, Au, Pt ʽ Ni) ʪʘ ʪʚʝʨʜʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ La0,9Ba0,1F2,9. 

ʄʝʪʦʜʘʤʠ ʉɽʄ ʪʘ ʎɺɸ (ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ ʚʠʱʝ ʟʘ 2 ɺ ʪʘ ʰʚʠʜʢʦʩʪʽ ʩʢʘʥʫʚʘʥʥʷ 

2 ʤɺ/ʩ ʬʽʢʩʫʻʪʴʩʷ ʧʨʦʪʽʢʘʥʥʷ ʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ) ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʟʘʻʤʦʜʽʶ ʤʽʞ 



ʘʥʦʜʦʤ Cu ʪʘ ʝʣʝʢʪʨʦʣʽʪʦʤ. ɸ ʫ ʚʠʧʘʜʢʫ ʽʦʥʽʚ Ag+ ʚʽʜʤʽʯʝʥʦ ʜʠʬʫʟʽʶ ʚ ʦʙôʻʤ 

ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʤʘʣʠʤʠ ʨʦʟʤʽʨʘʤʠ ʽʦʥʫ. Ag, Au, Pt ʽ Ni ʭʦʯ ʽ ʥʝ 

ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʧʨʦʪʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʩʢʣʘʜʥʠʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ ʟ ʧʦʜʘʣʴʰʦʶ ʜʝʛʨʘʜʘʮʽʻʶ ʤʝʞʽ ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ. ʅʘʡʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʦ ʩʝʙʝ ʧʦʢʘʟʘʚ ʘʥʦʜ ʟ Ni, ʟʘʚʜʷʢʠ ʫʪʚʦʨʝʥʥʶ ʧʘʩʠʚʘʮʽʡʥʦʛʦ ʰʘʨʫ ʚʽʥ 

ʤʝʥʰʝ ʧʽʜʜʘʻʪʴʩʷ ʜʝʛʨʘʜʘʮʽʾ. ʆʧʠʩʘʥʽ ʚʠʱʝ ʧʨʦʮʝʩʠ ʚʢʘʟʫʶʪʴ ʥʘ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʠʬʫʟʽʡʥʠʭ ʙʘʨôʻʨʽʚ ʚ ʧʘʨʽ ʟ ʜʘʥʠʤʠ ʘʥʦʜʘʤʠ. ʄʝʪʘʣʝʚʠʡ Li ʪʘʢʦʞ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʷʢ ʝʣʝʢʪʨʦʜ ʜʣʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ [17].  

ʇʝʨʰʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʌɯɹ ʚʠʢʦʥʘʥʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʙʽʥʘʮʽʾ M/ʪʚʝʨʜʠʡ ʝʣʝʢʪʨʦʣʽʪ/MFx ʙʫʣʠ ʦʧʫʙʣʽʢʦʚʘʥʽ ʚ ʨʦʙʦʪʘʭ [18ï20].  

ɿʘʛʘʣʴʥʦʶ ʪʝʥʜʝʥʮʽʻʶ ʻ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʻʤʥʦʩʪʽ ʢʦʤʽʨʢʠ ʟ ʢʦʞʥʠʤʠ ʥʘʩʪʫʧʥʠʤ 

ʮʠʢʣʦʤ, ʦɦ ʧʦʷʩʥʶʻʪʴʩʷ ʚʪʨʘʪʦʶ ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ ʚ 

ʨʝʟʫʣʴʪʘʪʽ Red/Ox ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʪʦʛʦ, ʞʦʨʩʪʢʠʡ ʪʘ ʢʨʠʭʢʠʡ ʝʣʝʢʪʨʦʣʽʪ 

La0,9Ba0,1F2,9, ʷʢʠʡ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʚ ʨʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʟʘʚʜʷʢʠ 

ʚʠʩʦʢʽʡ ʧʨʦʚʽʜʥʦʩʪʽ, ʫʪʚʦʨʶʻ ʧʦʛʘʥʠʡ ʢʦʥʪʘʢʪ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ, ʘ ʚʽʜʧʦʚʽʜʥʦ 

ʟʥʘʯʥʦ ʧʽʜʚʠʱʫ ̒ ʤʽʞʬʘʟʥʠʡ ʦʧʽʨ. ʊʦʤʫ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʙʘʪʘʨʝʡ ʚ 

ʝʣʝʢʪʨʦʣʽʪ ʜʦʜʘʶʪʴ ʜʦʙʘʚʢʠ ʧʦʣʽʤʝʨʽʚ ʥʘʚʽʪʴ ʚ ʣʽʪʽʡ ʽʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ. ʇʦʣʽʤʝʨ ʚ 

ʪʚʝʨʜʦʪʽʣʴʥʦʤʫ ʢʦʤʧʦʟʠʪʥʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ ʙʫʜʝ ʜʽʷʪʠ ʷʢ ʩʧʦʣʫʯʥʘ ʨʝʯʦʚʠʥʘ, ʷʢʘ 

ʫʪʨʠʤʫʻ ʥʝʦʨʛʘʥʽʯʥʽ ʯʘʩʪʢʠ ʨʘʟʦʤ ʽ ʟʘʙʝʟʧʝʯʫʻ ʙʫʬʝʨʥʠʡ ʰʘʨ çʤôʷʢʦʛʦ ʢʦʥʪʘʢʪʫè 

ʥʘ ʤʝʞʽ ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ ʽ ʟʤʝʥʰʫʻ ʚʧʣʠʚ ʟʤʽʥʠ ʦʙôʻʤʫ ʝʣʝʢʪʨʦʜʫ. PEO ʦʜʠʥ ʟ 

ʥʘʡʙʽʣʴʰ ʩʧʨʠʷʪʣʠʚʠʭ ʢʘʥʜʠʜʘʪʽʚ, ʘʜʞʝ ʤʘʻ ʥʝʚʝʣʠʢʠʡ ʤʽʞʬʘʟʥʠʡ ʦʧʽʨ ʽ ʚʠʩʦʢʫ 

ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ [21ï24]. ɸʚʪʦʨʘʤʠ [25] ʙʫʣʦ ʦʮʽʥʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʢʦʤʽʨʢʫ 

FeF3/Li ʟ ʢʦʤʧʦʟʠʪʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ La0,95Ba0,05F2,95@PEO. ɼʦʩʣʽʜʞʝʥʥʷ ʟʘʨʷʜ-

ʨʦʟʨʷʜʫ ʧʨʦʚʦʜʠʣʠ ʚ ʽʥʪʝʨʚʘʣʽ 1,0-4,5 ɺ ʧʨʠ ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ 0,1 ɸ/ʩʤ2 ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 

ʢʦʤʽʨʢʠ 343 ʂ. ʇʝʨʰʘ ʨʦʟʨʷʜʥʘ ʻʤʥʽʩʪʴ ʩʢʣʘʣʘ 113,5 ʤɸ/ʛʦʜ, ʱʦ ʩʪʘʥʦʚʠʪʴ 15,9% 

ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʾ. ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʽʟʦʣʴʦʚʘʥʽʩʪʴ ʯʘʩʪʠʥʠ 

ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʩʠʩʪʝʤʘʭ, ʘʜʞʝ ʜʣʷ ʪʦʛʦ ʱʦʙ ʚʽʜʙʫʚʩʷ 

ʝʣʝʤʝʥʪʘʨʥʠʡ ʘʢʪ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʙʦʚôʷʟʢʦʚʠʤ ʻ ʫʪʚʦʨʝʥʥʷ 

ʪʨʠʬʘʟʥʦʾ ʤʝʞʽ ʘʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ/ʝʣʝʢʪʨʦʥʥʘ ʜʦʙʘʚʢʘ/ʽʦʥʥʘ ʜʦʙʘʚʢʘ (ʨʠʩ.1.4). ɺ 

ʦʙôʻʤʽ ʜʝ ʮʷ ʫʤʦʚʘ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʝ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽ 



ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʩʪʨʫʤʦʫʪʚʦʨʶʶʯʠʭ ʧʨʦʮʝʩʘʭ. ɺ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʩʢʣʘʜʥʠʤ ʻ ʩʪʚʦʨʝʥʥʷ 

ʫʤʦʚ ʜʣʷ ʧʽʜʚʦʜʫ/ʚʽʜʚʦʜʫ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʽʦʥʽʚ ʚʽʜ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʯʝʨʝʟ ʱʦ 

ʢʨʠʪʠʯʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʮʠʢʣʫʚʘʥʥʽ 

ʻʤʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʽ ʧʽʩʣʷ 5 ʮʠʢʣʫ ʘʚʪʦʨʠ ʟʘʬʽʢʩʫʚʘʣʠ 18,1 ʤɸ/ʛʦʜ. ɺʦʥʠ 

ʧʦʷʩʥʶʶʪʴ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ ʻʤʥʦʩʪʽ ʯʘʩʪʢʦʚʦʶ ʜʝʛʨʘʜʘʮʽʻʶ ʧʦʣʽʤʝʨʥʦʾ ʜʦʙʘʚʢʠ ʧʽʜ 

ʜʽʻʶ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʫʡʥʫʚʘʥʥʷʤ ʢʦʤʧʦʟʠʪʥʦʛʦ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʮʝʩʘʤʠ 

ʽʥʪʝʨʢʘʣʷʮʽʾ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʪʘ ʚʟʘʻʤʦʜʽʻʶ ʣʽʪʽʶ ʟ ʢʦʤʧʦʟʠʪʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʽʟʦʣʷʮʽʡʥʦʛʦ ʰʘʨʫ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʷʢʠʭ ʜʦʩʣʽʜʞʝʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʥʘʚʝʜʝʥʘ ʚ 

ʪʘʙʣʠʮʽ 1.1. 

ʊʘʙʣʠʮʷ 1.1. ï ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʝʷʢʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ [11]. 

ʊʠʧ ɹʫʜʦʚʘ ɸʥʦʜ ɽʣʝʢʪʨʦʣʽʪ ʂʘʪʦʜ 
t, 

0ʉ 

ʇʠʪʦʤʘ 

ʻʤʥʽʩʪʴ, 

ʤɸĀʛʦʜ./ʛ 

ʅʘʧʨʫʛ

ʘ, ɺ 

ʧʝʨʚʠʥʥʝ 
ʪʦʥʢʦ-

ʧʣʽʚʢʦʚʘ 
Pb PbF2 CuF2 25 108 0,4-0,5 

ʧʝʨʚʠʥʥʝ ʧʣʽʚʢʦʚʘ 

Ca Ca0,68U0,02Ce0,3F2,34 

BiO0,1F2,8 100 ï 3,0 Ca0,85La0,15 Ca0,68U0,02Ce0,3F2,34 

Ca1-xYx Ba0,55La0,45F2,45 

ʧʝʨʚʠʥʥʝ ʧʣʽʚʢʦʚʘ Pb PbF2+AgF BiO0,09F2,82 25 ï 0,33 

ʧʝʨʚʠʥʥʝ ʰʘʨʫʚʘʪʘ 
La La0,94Ba0,06F2,94 PbF2+0,06KF 

500 
130 2,3 

Ce Ce0,94Ba0,06F2,94 BiF3+0,06KF 200 2,7 

ʚʪʦʨʠʥʥʝ ʰʘʨʫʚʘʪʘ Mg 
Ce0,94Ba0,06F2,94 

+CaF2 

NiF2 400-

500 
ï ï 

CuF2 

ʚʪʦʨʠʥʥʝ ʰʘʨʫʚʘʪʘ Ce La0,9Ba0,1F2,9 

CuF2 

150 320 2,0-2,7 
BiF3 

SnF2 

KBiF4 

ɽʣʝʤʝʥʪʠ ʪʘʢʦʛʦ ʪʠʧʫ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʛʘʥʦ ʧʝʨʝʟʘʨʷʜʞʘʶʪʴʩʷ, ʱʦ ʧʦʚôʷʟʘʥʦ 

ʟʽ ʟʥʘʯʥʠʤʠ ʟʤʽʥʘʤʠ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʨʝʟʫʣʴʪʘʪʽ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ 

ʨʝʘʢʮʽʡ, ʘ ʥʘʩʣʽʜʢʦʤ ʯʦʛʦ ʻ ʚʪʨʘʪʘ ʢʦʥʪʘʢʪʫ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɹʣʦʢʫʚʘʥʥʷʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʝ ʪʘʢʦʞ ʚʽʜʙʫʚʘʪʠʩʴ ʫʪʚʦʨʝʥʠʤʠ 

ʥʦʚʠʤʠ ʬʪʦʨʠʜʥʠʤʠ ʘʙʦ ʤʝʪʘʣʝʚʠʤʠ ʬʘʟʘʤʠ, ʱʦ ʤʦʞʫʪʴ ʙʣʦʢʫʚʘʪʠ ʷʢ ʝʣʝʢʪʨʦʥʥʫ, 

ʪʘʢ ʽ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʦʙôʻʤʽ ʘʥʦʜʫ. ʏʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʪʘʢʠʭ ʬʘʟ ʥʘ ʧʦʚʝʨʭʥʽ 

ʛʨʘʥʫʣʠ, ʯʘʩʪʠʥʘ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʝʨʝʜʠʥʽ ʛʨʘʥʫʣʠ ʥʝ 

ʧʨʠʡʤʘʻ ʫʯʘʩʪʴ ʚ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʨʦʮʝʩʘʭ, ʪʦʤʫ ʥʘʚʽʪʴ ʥʘ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʥʝ 



ʚʜʘʻʪʴʩʷ ʜʦʩʷʛʪʠ ʤʘʢʩʠʤʘʣʴʥʦʾ ʻʤʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ. ʇʝʨʝʣʽʯʝʥʽ ʥʝʛʘʪʠʚʥʽ ʧʨʦʮʝʩʠ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʦʙʦʨʦʪʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʽ 

ʧʦʜʘʣʴʰʦʛʦ ʧʨʠʧʠʥʝʥʥʷ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ.  

 

ʈʠʩ. 1.4. ʉʭʝʤʘ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʘʢʪʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʥʘ 

ʪʨʠʬʘʟʥʽʡ ʤʝʞʽ. 

ɿʘʟʚʠʯʘʡ, ʚ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ ʧʨʠʩʫʪʥʽ ʱʦʥʘʡʤʝʥʰʝ ʜʚʽ ʤʝʞʽ ʨʦʟʜʽʣʫ 

ʬʘʟ ʟ ʨʽʟʥʠʤ ʪʠʧʦʤ ʧʨʦʚʽʜʥʦʩʪʽ: ʽʦʥʥʠʡ, ʽʦʥʥʦ-ʝʣʝʢʪʨʦʥʥʠʡ, ʝʣʝʢʪʨʦʥʥʠʡ. ʊʦʤʫ 

ʥʝʦʙʭʽʜʥʠʤʠ ʫʤʦʚʘʤʠ ʜʣʷ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ 

ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʻ ʩʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʪʘ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʟʘ ʽʦʥʘʤʠ ʬʪʦʨʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʦʙʦʨʦʪʥʝ ʧʝʨʝʥʝʩʝʥʥʷ 

ʟʘʨʷʜʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʬʘʟ ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʠʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʦʛʦ ʥʠʟʴʢʦʦʤʥʦʛʦ ʢʦʥʪʘʢʪʫ ʤʽʞ 

ʩʪʨʫʤʦʚʽʜʚʦʜʘʤʠ ʪʘ ʢʦʞʥʠʤ ʽʟ ʢʦʤʧʦʥʝʥʪʽʚ ʝʣʝʢʪʨʦʜʽʚ. 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʽʦʥʽʚ ʽ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙôʻʤʽ ʤʘʪʝʨʽʘʣʫ 

ʝʣʝʢʪʨʦʜʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟ 

ʜʦʜʘʪʢʦʚʦʶ ʝʣʝʢʪʨʦʥʥʦʶ ʪʘ ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ (ʨʠʩ. 1.5). ɼʘʥʠʡ ʘʩʧʝʢʪ ʜʫʞʝ 

ʚʘʞʣʠʚʠʡ, ʘʜʞʝ ʧʨʠ ʧʦʩʣʽʜʦʚʥʠʭ ʮʠʢʣʘʭ ʟʘʨʷʜʫ ʽ ʨʦʟʨʷʜʫ, ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʚʪʨʘʯʘʪʠ 



ʩʚʦʶ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʬʪʦʨʠʜʽʚ-ʜʽʝʣʝʢʪʨʠʢʽʚ, ʯʠ ʽʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ ʤʝʪʘʣʽʚ, ʱʦ ʙʣʦʢʫʻ ʯʘʩʪʠʥʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʣʷ 

ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʽʚ. ʊʦʤʫ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʨʽʟʥʽ ʝʣʝʢʪʨʦʥʥʽ ʪʘ ʽʦʥʥʽ ʜʦʙʘʚʢʠ. ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʨʝʨʚʥʦʛʦ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʚʫʛʣʝʮʝʚʽ ʤʘʪʝʨʽʘʣʠ: ʛʨʘʬʽʪ, ʛʨʘʬʝʥ, ʢʘʨʙʦʥʦʚʽ ʥʘʥʦʪʨʫʙʢʠ ʯʠ 

ʩʘʞʘ. ʊʨʘʥʩʧʦʨʪ ʝʣʝʢʪʨʦʥʽʚ ʚ ʦʙôʻʤʽ ʝʣʝʢʪʨʦʜʫ ʜʦ ʩʪʨʫʤʦʧʨʠʡʤʘʯʽʚ ʥʘʟʠʚʘʶʪʴ 

ʝʣʝʢʪʨʦʥʥʦʶ ʧʝʨʢʦʣʷʮʽʻʶ. ʄʽʥʽʤʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʜʦʙʘʚʢʠ, ʱʦ 

ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʝʨʢʦʣʷʮʽʾ ʥʘʟʠʚʘʻʪʴʩʷ ʧʦʨʦʛʦʤ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʝʨʢʦʣʷʮʽʾ [17, 26]. ɼʣʷ ʢʦʤʧʦʟʠʪʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʽʟʢʦʶ 

ʟʤʽʥʦʶ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʜʦʜʘʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʘʨʙʦʥʫ. ʄʽʛʨʘʮʽʷ ʽʦʥʽʚ ʜʦ ʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʦʜʘʚʘʥʥʷʤ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʚ ʢʦʤʧʦʟʠʪʥʠʡ 

ʤʘʪʝʨʽʘʣ ʝʣʝʢʪʨʦʜʫ. ɺʘʞʣʠʚʦ, ʱʦʙ ʝʣʝʢʪʨʦʣʽʪ ʙʫʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʩʪʽʡʢʠʤ ʽ ʥʝ 

ʨʦʟʢʣʘʜʘʚʩʷ ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ ʝʣʝʤʝʥʪʫ. ʂʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ ʚʠʟʥʘʯʘʻʪʴʩʷ 

ʧʦʨʦʛʦʤ ʽʦʥʥʦʾ ʧʝʨʢʦʣʷʮʽʾ [26]. ɺʘʞʣʠʚʦ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʰʣʷʭʠ ʽʦʥʥʦʾ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʚʽʪʴ ʜʣʷ ʧʨʦʚʽʜʥʠʭ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʘʜʞʝ ʚ 

ʨʝʟʫʣʴʪʘʪʽ ʆɺʈ ʚʦʥʠ ʤʦʞʫʪʴ ʚʪʨʘʪʠʪʠ ʯʠ ʪʦ ʽʦʥʥʫ, ʯʠ ʪʦ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽ 

ʟʘʙʣʦʢʫʚʘʪʠ ʨʦʙʦʪʫ ʝʣʝʤʝʥʪʫ.  

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ 

ʧʦʪʨʽʙʥʦ ʨʝʪʝʣʴʥʦ ʟʤʽʰʘʪʠ, ʦʜʥʦʨʽʜʥʦʾ ʤʘʩʠ. ʉʠʥʪʝʟ ʮʠʭ ʩʫʤʽʰʝʡ ʚ ʰʘʨʦʚʠʭ 

ʤʣʠʥʘʭ ʻ ʧʦʰʠʨʝʥʦʶ ʧʨʘʢʪʠʢʦʶ [10, 27ï29]. ʊʘʢʠʤ ʯʠʥʦʤ ʦʪʨʠʤʫʶʪʴʩʷ ʤʘʪʝʨʽʘʣʠ 

ʥʘʥʦʨʦʟʤʽʨʽʚ. ɺ ʜʘʥʦʤʫ ʧʽʜʭʦʜʽ ʚʘʞʣʠʚʦ ʚʨʘʭʦʚʫʚʘʪʠ ʨʝʘʢʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʘʜʞʝ ʟʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʝʡ ʧʨʦʮʝʩ ʻ ʜʦʩʪʘʪʥʴʦ ʝʥʝʨʛʽʡʥʠʤ. ɼʘʣʽ 

ʧʦʨʦʰʦʢ ʤʦʞʥʘ ʦʙʨʦʙʣʷʪʠ ʨʽʟʥʠʤʠ ʩʧʦʩʦʙʘʤʠ (ʥʘʧʨʠʢʣʘʜ ʚʽʜʧʘʣ), ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʙʘʞʘʥʦʾ ʩʪʨʫʢʪʫʨʠ [27]. ʇʦʪʽʤ ʟ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʩʪʚʦʨʶʶʪʴ ʤʘʢʝʪʥʽ ʟʨʘʟʢʠ 

ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ, ʥʘʨʘʟʽ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʤʝʪʦʜʦʤ ʻ ʭʦʣʦʜʥʝ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʫ. 

ʐʘʨʦʚʠʡ ʤʣʠʥ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʭʦʣʦʜʥʠʤ ʧʨʝʩʫʚʘʥʥʷʤ ʻ ʰʚʠʜʢʠʤ, ʝʢʦʥʦʤʽʯʥʦ 

ʚʠʛʽʜʥʠʤ ʪʘ ʧʨʦʩʪʠʤ ʩʧʦʩʦʙʦʤ ʦʪʨʠʤʘʥʥʷ ʧʦʚʥʽʩʪʶ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʙʘʪʘʨʝʡ. ɼʘʥʠʡ 

ʤʝʪʦʜ ʥʝ ʟʘʙʝʟʧʝʯʫʻ ʚʝʣʠʢʠʡ ʢʦʥʪʨʦʣʴ ʥʘʜ ʦʪʨʠʤʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʘʣʝ ʮʴʦʛʦ 

ʜʦʩʪʘʪʥʴʦ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 



 

ʈʠʩ. 1.5. ɹʫʜʦʚʘ ʢʦʤʧʦʟʠʪʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʪʘ ʰʣʷʭʠ ʪʨʘʥʩʧʦʨʪʫ ʟʘʨʷʜʽʚ.  

ʋʩʧʽʰʥʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʘʪʦʜʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ 

ʘʚʪʦʨʘʤʠ [30]. ʈʦʟʛʣʷʥʫʪʦ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʤʽʨʢʠ 

ɺʽF3/BaSnF4/Sn (ʘʙʦ Zn) ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʦʤʧʦʟʠʪʥʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɺʽF3 ʙʫʚ ʦʙʨʘʥʠʡ ʷʢ ʢʘʪʦʜʥʠʡ ʤʘʪʝʨʽʘʣ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʻ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʟʘ ʽʦʥʘʤʠ ʬʪʦʨʫ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʪʘ ʤʘʻ 

ʥʠʟʴʢʠʡ ʽʟʦʙʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʫʪʚʦʨʝʥʥʷ ʽ ʧʦʢʘʟʫʻ ʭʦʨʦʰʫ ʦʙʦʨʦʪʥʽʩʪʴ ʫ 

ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʌɯɹ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, Sn ʽ Zn ʙʫʣʠ ʦʙʨʘʥʽ ʚ ʷʢʦʩʪʽ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʚʜʷʢʠ ʾʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽʡ ʩʪʽʡʢʦʩʪʴ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

BaSnF4. ʂʘʪʦʜʥʠʡ ʢʦʤʧʦʟʠʪ ʛʦʪʫʚʘʣʠ ʦʜʥʦʯʘʩʥʠʤ ʤʝʭʘʥʽʯʥʠʤ ʟʤʽʰʫʚʘʥʥʷ BiF3, 

ʢʘʨʙʦʥʦʚʠʭ ʥʘʥʦʪʨʫʙʦʢ ʽ BaSnF4 ʧʨʠ ʤʘʩʦʚʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 40:10:50 ʚʽʜʧʦʚʽʜʥʦ. 

ɸʥʦʜʥʠʡ ʢʦʤʧʦʟʠʪ ʤʘʚ ʢʽʥʮʝʚʝ ʤʘʩʦʚʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ Sn ʘʙʦ Zn:BaSnF4:ʢʘʨʙʦʥʦʚʽ 

ʥʘʥʦʪʨʫʙʢʠ 50:40:10 ʚʽʜʧʦʚʽʜʥʦ. ɿʘ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʘʨʘ 

Sn/BiF3 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʻʤʥʽʩʪʶ ʨʦʟʨʷʜʫ 120 ʤɸ/ʛʦʜ ʥʘ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʟʽ 

ʰʚʠʜʢʠʤ ʾʾ ʟʤʝʥʰʝʥʥʷʤ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʮʠʢʣʶʚʘʥʥʽ. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʘʨʘ Zn/BiF3 

ʤʘʻ ʤʝʥʰʫ ʻʤʥʽʩʪʴ ʧʝʨʰʦʛʦ ʨʦʟʨʷʜʫ, ʘʣʝ ʻ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ 

ʮʠʢʣʶʚʘʥʥʽ. ʏʝʨʝʟ 20 ʮʠʢʣʽʚ ʻʤʥʽʩʪʴ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʩʢʣʘʜʘʣʘ ʧʨʠʙʣʠʟʥʦ 61 ʤɸ/ʛʦʜ. 

ʍʦʯʘ ʥʘʚʝʜʝʥʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʠʩʪʝʤʠ ʧʨʘʮʶʶʪʴ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʾʭ 



ʥʝʜʦʣʽʢʦʤ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʽ ʥʘʧʨʫʛʠ (ʜʦ 2 ɺ) ʆɺʈ ʫ ʧʘʨʘʭ Sn/BiF3 ʪʘ Zn/BiF3 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʠʟʴʢʦʾ ʱʽʣʴʥʦʩʪʽ ʝʥʝʨʛʽʾ ʘʢʫʤʫʣʷʪʦʨʽʚ ʟʘ ʾʭ ʫʯʘʩʪʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʽʟʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘʢ ʽ ʥʝ ʚʠʨʽʰʠʣʠ ʧʨʦʙʣʝʤʫ ʟ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ 

ʮʠʢʣʽʚ ʟʘʨʷʜ ʨʦʟʨʷʜʫ ʧʘʨ ʤʝʪʘʣ/ʬʪʦʨʠʜ ʤʝʪʘʣʫ. ɹʽʣʴʰ ʧʨʠʚʘʙʣʠʚʠʤʠ ʚ ʮʴʦʤʫ 

ʚʽʜʥʦʰʝʥʥʽ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜʽʚ ʟʽ ʟʤʽʥʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʦʢʠʩʥʝʥʥʷ, ʷʢ 

ʢʘʪʦʜʥʠʭ ʽ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʇʦʪʝʥʮʽʘʣ-ʫʪʚʦʨʶʶʯʠʤʠ ʧʨʦʮʝʩʘʤʠ, ʪʦʜʽ ʻ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʽ ʨʝʘʢʮʽʾ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʷʢ ʥʘ ʨʠʩ. 1.3ʙ. ʊʘʢʽ ʨʝʘʢʮʽʾ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ 

ʤʝʥʰʠʤʠ ʟʤʽʥʘʤʠ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʘ ʧʽʜʙʽʨ ʝʣʝʢʪʨʦʜʽʚ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʫ ʜʦʟʚʦʣʠʪʴ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʢʽʥʝʪʠʢʫ ʧʨʦʮʝʩʽʚ ʜʠʬʫʟʽʾ ʽʦʥʽʚ F-. 

ɺʘʞʣʠʚʦʶ ʩʢʣʘʜʦʚʦʶ ʭʽʤʽʯʥʦʛʦ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʻ ʝʣʝʢʪʨʦʣʽʪ. ɿʘ ʘʛʨʝʛʘʪʥʠʤ 

ʩʪʘʥʦʤ ʝʣʝʢʪʨʦʣʽʪʫ ʨʦʟʨʽʟʥʷʶʪʴ ʪʘʢʽ ʪʠʧʠ ʌɯɹ: ʧʦʚʥʽʩʪʶ ʪʚʝʨʜʦʪʽʣʴʥʽ ʩʠʩʪʝʤʠ ʪʘ 

ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ ʟ ʨʽʜʢʠʤ ʘʙʦ ʧʦʣʽʤʝʨʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ [31]. ʆʙʠʜʚʘ ʮʽ ʚʠʜʠ ʤʘʶʪʴ 

ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ʈʽʜʢʽ ʝʣʝʢʪʨʦʣʽʪʠ ʤʘʶʪʴ ʛʘʨʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʘ ʢʽʤʥʘʪʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʛʘʨʥʫ ʟʤʦʯʫʚʘʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʥʝʧʝʨʝʨʚʥʦʛʦ ʤʘʩʦʦʙʤʽʥʫ ʤʽʞ ʧʨʦʚʽʜʥʠʢʦʤ ʽ ʘʢʪʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚ ʦʙôʻʤʽ. ɺʦʥʠ 

ʤʽʩʪʷʪʴ ʚ ʩʦʙʽ ʦʨʛʘʥʽʯʥʽ ʨʦʟʯʠʥʥʠʢʠ, ʯʝʨʝʟ ʮʝ ʧʽʜ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ 

ʛʘʟʦʫʪʚʦʨʝʥʥʷ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʦʛʦ ʘʢʫʤʫʣʷʪʦʨʠ ʤʦʞʫʪʴ ʜʝʬʦʨʤʫʚʘʪʠʩʴ ʽ ʧʩʫʚʘʪʠʩʴ, 

ʯʠ ʥʘʚʽʪʴ ʚʠʙʫʭʘʪʠ ʪʘ ʛʦʨʽʪʠ. ʊʘʢʦʞ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʦʰʢʦʜʞʝʥʥʷ ʤʦʞʣʠʚʠʡ ʚʠʪʽʢ 

ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʢʦʨʦʪʢʝ ʟʘʤʠʢʘʥʥʷ. ʇʦʚʥʽʩʪʶ ʪʚʝʨʜʦʪʽʣʴʥʽ ʙʘʪʘʨʝʾ ʤʘʶʪʴ ʚʠʱʽ 

ʧʘʨʘʤʝʪʨʠ ʻʤʥʦʩʪʽ, ʻ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʤʠ, ʤʝʥʰʠʤʠ ʟʘ ʨʘʭʫʥʦʢ ʙʽʣʴʰʦʾ ʱʽʣʴʥʦʩʪʽ 

ʝʣʝʢʪʨʦʣʽʪʫ, ʩʪʽʡʢʽʰʠʤʠ ʜʦ ʤʝʭʘʥʽʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ, ʯʝʨʝʟ ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ 

ʛʥʫʯʢʠʤʠ ʪʘ ʜʣʷ ʜʝʷʢʠʭ ʛʘʣʫʟʝʡ ʧʦʟʠʪʠʚʥʠʤ ʻ ʬʘʢʪ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʙʘʪʘʨʝʡ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɸʣʝ ʪʘʢʽ ʝʣʝʢʪʨʦʣʽʪʠ ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʚʽʜʥʽʩʪʴ, 

ʪʘ ʧʦʛʘʥʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʤʽʛʨʘʮʽʶ ʽʦʥʽʚ ʜʦ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʅʘʨʘʟʽ ʜʣʷ ʌɯɹ 

ʚʽʜʦʤʦ ʙʽʣʴʰʝ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ, ʘʜʞʝ ʨʦʟʨʦʙʢʘ ʨʽʜʢʠʭ ʬʪʦʨ-ʽʦʥʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʫʩʢʣʘʜʥʝʥʘ ʩʧʝʮʠʬʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʪʦʨʠʜʽʚ. ɺʦʥʠ ʤʘʶʪʴ ʛʘʨʥʫ 

ʨʦʟʯʠʥʥʽʩʪʴ ʫ ʚʦʜʽ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʦʟʯʠʥʝʥʥʷ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʽ ʡʦʛʦ 

ʤʽʛʨʘʮʽʾ ʚ ʝʣʝʢʪʨʦʣʽʪ. ɺ ʦʨʛʘʥʽʯʥʠʭ ʨʦʟʯʠʥʥʠʢʘʭ ʟʘ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʠʱʠʭ (0,05 ʄ) 

ʬʪʦʨʠʜʠ ʧʦʛʘʥʦ ʨʦʟʯʠʥʥʽ, ʱʦ ʫʩʢʣʘʜʥʶʻ ʧʨʠʛʦʪʫʚʘʥʥʷ ʨʦʟʯʠʥʫ ʥʘʩʠʯʝʥʦʛʦ 

ʬʪʦʨʠʜ-ʽʦʥʘʤʠ. 



ɿʘ ʙʫʜʦʚʦʶ ʪʚʝʨʜʦʪʽʣʴʥʽ ʬʪʦʨʠʜʥʽ ʙʘʪʘʨʝʾ ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 2 ʪʠʧʠ: ʦʙôʻʤʥʽ ʪʘ 

ʪʦʥʢʦʧʣʽʚʢʦʚʽ [32] (ʨʠʩ. 1.6). ɼʦ ʧʝʨʝʚʘʛ ʦʙôʻʤʥʦʛʦ ʪʠʧʫ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʧʨʦʩʪʽʰʠʡ 

ʧʨʦʮʝʩ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʙʽʣʴʰʘ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʩʚʦʾʭ ʢʦʤʧʦʟʠʪʥʠʭ 

ʝʣʝʢʪʨʦʜʽʚ, ʱʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʩʫʤʽʰʽ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʽ 

ʩʪʨʫʤʦʧʨʦʚʽʜʥʠʭ ʜʦʙʘʚʦʢ. ʇʨʦʪʝ ʯʝʨʝʟ ʜʦʜʘʪʢʦʚʠʡ ʦʧʽʨ ʥʘ ʛʨʘʥʠʮʷʭ ʟʝʨʝʥ, ʙʽʣʴʰʫ 

ʪʦʚʱʠʥʫ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʧʦʛʘʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʽ ʝʣʝʢʪʨʦʣʽʪʦʤ 

ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʘʛʘʣʴʥʠʡ ʦʧʽʨ ʢʦʤʽʨʢʠ, ʱʦ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʩʠʩʪʝʤʠ. 

ʂʨʽʤ ʪʦʛʦ, ʚ ʧʨʦʮʝʩʽ ʨʦʙʦʪʠ, ʯʝʨʝʟ ʟʥʘʯʥʽ ʟʤʽʥʠ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʤʦʞʝ 

ʚʪʨʘʯʘʪʠʩʴ ʢʦʥʪʘʢʪ ʤʽʞ ʩʢʣʘʜʦʚʠʤʠ ʢʦʤʧʦʟʠʪʥʦʛʦ ʝʣʝʢʪʨʦʜʫ, ʯʝʨʝʟ ʱʦ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʧʘʜʽʥʥʷ ʻʤʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʜʝʢʽʣʴʢʦʭ ʨʦʙʦʯʠʭ ʮʠʢʣʽʚ. 

ʇʝʨʝʣʽʯʝʥʽ ʚʠʱʝ ʬʘʢʪʠ ʻ ʥʝʜʦʣʽʢʘʤʠ ʦʙôʻʤʥʦʛʦ ʪʠʧʫ. ʊʦʥʢʦʧʣʽʚʢʦʚʽ ʩʠʩʪʝʤʠ ʪʘʢʦʞ 

ʤʘʶʪʴ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ. ɿʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ ʰʘʨʽʚ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʽʩʪʴ ʧʨʦʮʝʩʽʚ ʟʘʨʷʜ/ʨʦʟʨʷʜʫ, ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʧʦʢʨʘʱʝʥʥʷ ʢʦʥʪʘʢʪʫ ʤʽʞ ʝʣʝʢʪʨʦʜʦʤ ʪʘ ʝʣʝʢʪʨʦʣʽʪʦʤ ʟʘ ʨʘʭʫʥʦʢ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʧʦʰʘʨʦʚʦʛʦ ʫʪʚʦʨʝʥʥʷ ʧʣʽʚʦʢ, ʚʠʱʘ ʱʽʣʴʥʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ. ʅʝʜʦʣʽʢʘʤʠ ʜʘʥʦʛʦ ʪʠʧʫ 

ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʥʠʟʴʢʫ ʦʙôʻʤʥʫ ʱʽʣʴʥʽʩʪʴ ʝʥʝʨʛʽʾ, ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʚʠʨʦʙʥʠʮʪʚʘ, 

ʙʣʦʢʫʚʘʥʥʷ ʰʣʷʭʽʚ ʽʦʥʥʦʾ ʯʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʝʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. 

 

ʈʠʩ. 1.6. ʉʭʝʤʘ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ: ʦʙôʻʤʥʦʛʦ ʪʘ ʪʦʥʢʦʧʣʽʚʢʦʚʦʛʦ 

ʪʠʧʫ. 

ʋ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ ʌɯɹ ʧʦʨʽʚʥʷʥʦ ʟ ʚʽʜʦʤʠʤʠ ʜʞʝʨʝʣʘʤʠ ʩʪʨʫʤʫ ʤʦʞʫʪʴ 

ʤʘʪʠ ʪʘʢʽ ʧʝʨʝʚʘʛʠ: ʜʦʩʪʫʧʥʽʩʪʴ ʨʝʩʫʨʩʽʚ, ʜʦʩʪʫʧʥʽ ʤʝʪʦʜʠ ʩʠʥʪʝʟʫ ʚʠʭʽʜʥʠʭ 



ʢʦʤʧʦʥʝʥʪʽʚ ʩʠʩʪʝʤʠ, ʜʝʰʝʚʠʟʥʘ ʩʠʨʦʚʠʥʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʠʩʦʢʽ ʪʝʦʨʝʪʠʯʥʽ 

ʧʘʨʘʤʝʪʨʠ ʤ̒ʥʦʩʪʽ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʧʨʦʪʝ ʥʘʨʘʟʽ ʪʝʭʥʦʣʦʛʽʷ ʧʦʪʨʝʙʫʻ 

ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

1.2. ʈʦʟʚʠʪʦʢ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽ ʾʭʥʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ 

ʩʠʩʪʝʤʘʭ ʬʪʦʨʠʜ-ʽʦʥʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʝʥʝʨʛʽʾ 

ʊʚʝʨʜʽ ʤʘʪʝʨʽʘʣʠ, ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʠʭ ʟʫʤʦʚʣʝʥʘ ʨʫʭʦʤ ʽʦʥʽʚ ʧʝʚʥʦʛʦ ʩʦʨʪʫ, 

ʥʘʟʠʚʘʪʁʴʩʷ ʪʚʝʨʜʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ. ɹʫʜʦʚʘ ʪʘʢʠʭ ʩʧʦʣʫʢ ʚʠʟʥʘʯʘʻ ʾʭ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʅʘʷʚʥʽʩʪʴ ʞʦʨʩʪʢʦʾ ʽʦʥʥʦʾ ʧʽʜʛʨʘʪʢʠ ʦʜʥʦʛʦ ʩʦʨʪʫ, ʟʘʙʝʟʧʝʯʫʻ ʩʪʘʙʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

ʨʝʯʦʚʠʥʠ, ʘ ʥʘʷʚʥʽʩʪʴ ʨʫʭʣʠʚʠʭ ʽʦʥʽʚ ʽʥʰʦʛʦ ʩʦʨʪʫ ʟʘʙʝʟʧʝʯʫʻ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʤʘʪʝʨʽʘʣʫ. ʊʚʝʨʜʽ ʝʣʝʢʪʨʦʣʽʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ (10-1-10-5 ʉʤ/ʩʤ) ʪʘ ʥʠʟʴʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ ʥʠʞʯʠʭ ʟʘ ʪʦʯʢʫ ʧʣʘʚʣʝʥʥʷ. ʎʽ ʤʘʪʝʨʽʘʣʠ 

ʧʦʜʽʣʷʶʪʴ ʥʘ ʢʘʪʽʦʥʥʽ ʪʘ ʘʥʽʦʥʥʽ ʟʘ ʪʠʧʦʤ ʨʫʭʦʤʦʛʦ ʽʦʥʫ. ʉʝʨʝʜ ʘʥʽʦʥʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ ʦʩʦʙʣʠʚʝ ʤʽʩʮʝ ʟʘʡʤʘʶʪʴ ʬʪʦʨʠʜ-ʽʦʥ ʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ, ʘʜʞʝ ʘʥʽʦʥʠ 

ʬʪʦʨʫ ʤʘʶʯʠ ʚʝʣʠʢʠʡ ʨʦʟʤʽʨ (1,33 A) ʚʩʝ ʞ ʚʠʷʚʣʷʻ ʚʠʩʦʢʫ ʨʫʭʣʠʚʽʩʪʴ ʫ ʪʚʝʨʜʠʭ 

ʪʽʣʘʭ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʤʦʥʦʚʘʣʝʥʪʥʦʩʪʽ ʪʘ ʥʠʟʴʢʽʡ ʱʽʣʴʥʦʩʪʽ ʟʘʨʷʜʫ, ʘ ʦʪʞʝ ʤʦʞʥʘ 

ʜʦʩʷʛʪʠ ʚʠʩʦʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʧʨʠ ʟʥʘʯʥʦ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ɯʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ ʧʝʨʝʜʙʘʯʘʻ ʤʽʛʨʘʮʽʶ ʽʦʥʽʚ ʯʝʨʝʟ ʜʝʬʝʢʪʠ ʚ 

ʢʨʠʩʪʘʣʘʭ ʪʘ ʤʝʞʽ ʟʝʨʝʥ ʤʽʞ ʥʠʤʠ. ʆʪʞʝ ʥʘʷʚʥʽʩʪʴ ʜʝʬʝʢʪʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʤʘʪʝʨʽʘʣʫ 

ʻ ʥʝʦʙʭʽʜʥʦʶ ʫʤʦʚʦʶ ʜʣʷ ʚʠʥʠʢʥʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ ʪʘ ʨʫʭʣʠʚʦʩʪʽ ʥʦʩʽʷ ʟʘʨʷʜʫ. ɺʣʘʩʥʽ ʜʝʬʝʢʪʠ ʽʩʥʫʶʪʴ 

ʚ ʢʨʠʩʪʘʣʽ ʩʘʤʦʨʦʜʥʦ, ʘʜʞʝ ʧʨʠʨʦʜʦʶ ʾʭ ʫʪʚʦʨʝʥʥʷ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʘ ʨʽʚʥʦʚʘʛʘ, 

ʟʘʟʚʠʯʘʡ ʾʭ ʢʽʣʴʢʽʩʪʴ ʨʦʩʪʝ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʦʩʪʽ ʚ ʽʦʥʥʦʤʫ ʢʨʠʩʪʘʣʽ ʚʠʜʽʣʷʶʪʴ ʯʦʪʠʨʠ ʪʠʧʠ ʜʝʬʝʢʪʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʧʦʟʥʘʯʝʥʴ ʚ ʩʠʤʚʦʣʘʭ ʂʨʝʛʝʨʘ-ɺʽʥʢʘ [30]: 

1. ʌʨʝʥʢʝʣʽʚʩʴʢʽ ʜʝʬʝʢʪʠ ï ʢʘʪʽʦʥʥʘ ʚʘʢʘʥʩʽʷ ὠὓᾀī ̔  ʢʘʪʽʦʥ ʫ ʤʽʞʚʫʟʣʽ ὓὭᾀ+. 

ɺʠʥʠʢʘʶʪʴ ʧʨʠ ʧʝʨʝʭʦʜʽ ʢʘʪʽʦʥʘ ʚ ʤʽʞʚʫʟʣʦʚʝ ʧʦʣʦʞʝʥʥʷ ʧʽʜ ʜʽʻʶ ʪʝʧʣʦʚʠʭ 

ʬʣʫʢʪʫʘʮʽʡ.  

2. ɸʥʪʠʬʨʝʥʢʝʣʽʚʩʴʢʽ ʜʝʬʝʢʪʠ ï ʘʥʽʦʥʥʘ ʚʘʢʘʥʩʽʷ ὠὢᾀ+ ʪʘ ʘʥʽʦʥ ʫ ʤʽʞʚʫʟʣʽ 

ὢὭᾀī. ɺʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʬʨʝʥʢʝʣʽʚʩʴʢʠʭ ʣʠʰʝ ʟʥʘʢʦʤ ʟʘʨʷʜʽʚ.  



3. ɼʝʬʝʢʪʠ ʐʦʪʪʢʽ ï ʚʘʢʘʥʩʽʾ ʚ ʢʘʪʽʦʥʥʽʡ ʽ ʘʥʽʦʥʥʽʡ ʧʽʜʛʨʘʪʢʘʭ ( ὠὓᾀī ʪʘ 

ὠὢᾀ+). ʌʦʨʤʫʶʪʴʩʷ ʚʥʘʩʣʽʜʦʢ ʚʠʭʦʜʫ ʦ̔ʥʽʚ ʥʘ ʧʦʚʝʨʭʥʶ ʢʨʠʩʪʘʣʘ ʟ ʧʦʜʘʣʴʰʦʶ 

ʤʽʛʨʘʮʽʻʶ ʚʘʢʘʥʩʽʡ ʫ ʛʣʠʙʠʥʫ.  

4. ɸʥʪʠʰʦʪʪʢʽʚʩʴʢʽ ʜʝʬʝʢʪʠ ï ʤʽʞʚʫʟʣʦʚʽ ʢʘʪʽʦʥʠ ὓὭᾀ+ ʽ ʘʥʽʦʥʠ ὢὭᾀī, ʱʦ 

ʧʦʪʨʘʧʣʷʶʪʴ ʪʫʜʠ ʟ ʧʦʚʝʨʭʥʽ, ʟʤʝʥʰʫʶʯʠ ʯʠʩʣʦ ʚʫʟʣʽʚ ʫ ˇʨʘʪʮʽ. 

ɺʣʘʩʥʽ ʜʝʬʝʢʪʠ, ʱʝ ʥʘʟʠʚʘʶʪʴ ʪʝʧʣʦʚʠʤʠ, ʘʜʞʝ ʪʝʧʣʦʚʽ ʬʣʫʢʪʫʘʮʽʾ ʻ 

ʽʥʽʮʽʘʪʦʨʦʤ ʾʭ ʫʪʚʦʨʝʥʥʷ. ʇʨʠ ʘʙʩʦʣʶʪʥʦʤʫ ʥʫʣʽ ʜʝʬʝʢʪʽʚ ʥʝʤʘʻ, ʘ ʥʘʡʙʽʣʴʰʘ ʾʭ 

ʢʽʣʴʢʽʩʪʴ ʙʣʠʟʴʢʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ. ʊʦʙʪʦ ʪʝʤʧʝʨʘʪʫʨʘ ʟʥʘʯʥʦ ʚʧʣʠʚʘ ̒ʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʽʦʥʥʠʭ ʪʚʝʨʜʠʭ ʧʨʦʚʽʜʥʠʢʽʚ. 

ʂʦʞʝʥ ʤʘʪʝʨʽʘʣ ʤʘʻ ʩʚʽʡ ʙʘʞʘʥʠʡ ʥʘʙʽʨ ʚʥʫʪʨʽʰʥʽʭ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʚ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʪʨʫʢʪʫʨʠ. ʉʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʜʝʬʝʢʪʽʚ 

ʥʝʩʪʠʭʽʦʤʝʪʨʽʾ ʧʦʢʨʘʱʫʻ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɯʩʥʫʶʪʴ ʨʽʟʥʽ 

ʧʽʜʭʦʜʠ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʝʬʝʢʪʽʚ ʚ ʪʚʝʨʜʠʭ ʪʽʣʘʭ, ʥʘʧʨʠʢʣʘʜ ʣʝʛʫʚʘʥʥʷ 

ʘʣʽʦʚʘʣʝʥʪʥʠʤʠ ʢʘʪʽʦʥʘʤʠ ʘʙʦ ʚʚʝʜʝʥʥʷ ʦʙôʻʤʥʠʭ ʜʝʬʝʢʪʽʚ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ 

ʢʦʤʙʽʥʘʮʽʾ ʤʘʪʨʠʮʽ ʪʘ ʣʝʛʫʶʯʦʾ ʜʦʙʘʚʢʠ ʟʦʚʥʽʰʥʽ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʘʙʦ 

ʚʘʢʘʥʩʽʷʤʠ, ʘʙʦ ʤʽʞʚʫʟʣʦʚʠʤʠ ʽʦʥʘʤʠ. ɺʘʢʘʥʩʽʡʥʠʡ ʤʝʭʘʥʽʟʤ ʧʨʦʚʽʜʥʦʩʪʽ ʙʘʟʫʻʪʴʩʷ 

ʥʘ ʤʽʛʨʘʮʽʾ ʽʦʥʽʚ ʟ̔ ʟʘʧʦʚʥʝʥʦʛʦ ʚʫʟʣʘ ʚ ʧʦʨʦʞʥʽʡ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʪʠʣʝʞʥʠʤ ʨʫʭʦʤ 

ʚʘʢʘʥʩʽʾ. ʄʽʞʚʫʟʣʦʚʠʡ ʤʝʭʘʥʽʟʤ ʧʨʦʚʽʜʥʦʩʪʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʧʨʷʤʦʛʦ 

ʧʝʨʝʩʢʦʢʫ ʽʦʥʘ ʟ ʦʜʥʦʛʦ ʤʽʞʚʫʟʣʦʚʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʽʥʰʝ. ɼʦ ʪʦʛʦ ʞ ʤʦʞʣʠʚʠʤ ʻ 

ʨʫʭ ʽʦʥʽʚ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʧʦ ʤʝʞʘʤ ʟʝʨʝʥ ʘʙʦ ʽʥʰʠʤ ʥʝʫʧʦʨʷʜʢʦʚʘʥʠʤ ʜʽʣʷʥʢʘʤ.  

ʇʨʦʚʽʜʥʽʩʪʴ ʙʽʣʴʰʦʩʪʽ ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤ ʨʽʚʥʷʥʥʷʤ: 

„ ȟ                                                      (1.14) 

ʜʝ a ï ʚʽʜʩʪʘʥʴ ʩʪʨʠʙʢʘ ʽʦʥʘ; q ï ʝʣʝʢʪʨʦʥʥʠʡ ʟʘʨʷʜ; k ï ʧʦʩʪʽʡʥʘ ɹʦʣʴʮʤʘʥʘ; 

T ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ; Nc ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ; fh  ïh ʚʠʜʢʽʩʪʴ ʩʪʨʠʙʢʘ 

ʽʦʥʘ.  

ʆʩʪʘʥʥʽ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʟʘʣʝʞʘʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʽ ʧʽʜʧʦʨʷʜʢʦʚʫʶʪʴʩʷ 

ʟʘʢʦʥʘʤ ɸʨʨʝʥʽʫʩʘ: 

ὔ ὔ ὩὼὴὩὼὴ  ȟ                                            (1.15) 

Ὢ ὪὩὼὴὩὼὴ  ȟ                                             (1.16) 



ʜʝ N0 ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʧʨʠ ʥʝʩʢʽʥʯʝʥʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ; H0 ï ʝʥʪʘʣʴʧʽʷ 

ʩʪʚʦʨʝʥʥʷ ʨʫʭʦʤʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ; f0 ï ʦʩʥʦʚʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʥʴ; Hm ï ʝʥʪʘʣʴʧʽʷ 

ʤʽʛʨʘʮʽʾ. 

ʇʽʜʩʪʘʚʠʚʰʠ ʧʘʨʘʤʝʪʨʠ Nc ʪʘ fh ʚ ʧʦʧʝʨʝʜʥʻ ʨʽʚʥʷʥʥʷ ʦʪʨʠʤʘʻʤʦ: 

„ ὩὼὴὩὼὴ  ὩὼὴὩὼὴ  ȟ           (1.17) 

ʜʝ ůQ ï ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʬʘʢʪʦʨ; Ea ï ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ.  

ʇʦʙʫʜʫʚʘʚʰʠ ʛʨʘʬʽʢ ʟʘʣʝʞʥʦʩʪʽ log(ůDCT) ʚʽʜ 1/T, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʝʥʝʨʛʽʶ 

ʘʢʪʠʚʘʮʽʾ ʽ ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʡ ʢʦʝʬʽʮʽʻʥʪ. ʂʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʯʘʩʪʦ ʥʝ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ ʚ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ ʜʣʷ ʣʝʛʦʚʘʥʠʭ ʽʦʥʥʠʭ 

ʧʨʦʚʽʜʥʠʢʽʚ, ʘʜʞʝ ʚ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʘʭ ʢʽʣʴʢʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʜʝʬʝʢʪʽʚ, ʩʪʚʦʨʝʥʠʭ 

ʣʝʛʫʚʘʥʥʷʤ, ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʢʽʣʴʢʽʩʪʴ ʚʥʫʪʨʽʰʥʽʭ ʜʝʬʝʢʪʽʚ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ Ea ʧʦʜʽʙʥʘ ʜʦ ʝʥʪʘʣʴʧʽʾ ʤʽʛʨʘʮʽʾ. 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʤʘʻ ʪʝʨʤʦʘʢʪʠʚʘʮʽʡʥʠʡ ʭʘʨʘʢʪʝʨ, 

ʘʜʞʝ ʽʦʥʠ ʧʨʦʚʦʜʷʪʴ ʩʪʨʫʤ, ʜʦʣʘʶʯʠ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ȹὉὥ, ʪʦʤʫ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʟ ʜʦʩʪʘʪʥʴʦʶ ʝʥʝʨʛʽʻʶ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦʤʫ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʟʨʦʩʪʘʻ ʪʘ ʜʦʙʨʝ ʦʧʠʩʫʻʪʴʩʷ ʧʨʷʤʦʣʽʥʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ, ʱʦ ʧʽʜʢʦʨʷʻʪʴʩʷ ʨʽʚʥʷʥʥʶ ɸʨʨʝʥʽʫʩʘïʌʨʝʥʢʝʣʷ: 

„Ὕ ὃὩὼὴ
Ў
ȟ                                                     (1.18) 

ʜʝ A ð ʧʝʨʝʜʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʬʘʢʪʦʨ, ȹὉʘ ð ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ, k 

ð ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ. 

ʇʨʦʪʝ, ʜʣʷ ʙʘʛʘʪʴʦʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʩʧʦʣʫʢ ʟ ʬʣʶʦʨʠʪʦʚʦʶ ʪʘ 

ʘʥʪʠʬʣʶʦʨʠʪʦʚʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʭʘʨʘʢʪʝʨʥʠʡ ʟʣʘʤ, ʪʘʢ ʟʚʘʥʠʡ çʌʘʨʘʜʝʾʚʩʴʢʠʡ 

ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜè. ɿʛʽʜʥʦ ʟ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʜʘʥʠʤʠ [33, 34], ʡʦʛʦ ʚʠʥʠʢʥʝʥʥʷ 

ʧʦʚôʷʟʘʥʝ ʟ ʝʥʝʨʛʝʪʠʯʥʦ ʘʢʪʠʚʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʧʝʨʝʙʫʜʦʚʘʤʠ ʫ ʪʚʝʨʜʦʤʫ 

ʝʣʝʢʪʨʦʣʽʪʽ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʢʘʥʘʣʽʚ ʜʣʷ ʤʽʛʨʘʮʽʾ, ʘ 

ʪʘʢʦʞ ʧʽʜʚʠʱʫʻʪʴʩʷ ʨʫʭʣʠʚʽʩʪʴ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʤʽʞ ʚʫʟʣʘʤʠ ʣʦʢʘʣʽʟʘʮʽʾ ʪʘ 

ʚʘʢʘʥʪʥʠʤʠ ʧʦʟʠʮʽʷʤʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʊʢ ʤʘʡʞʝ ʚʩʽ ʤʦʙʽʣʴʥʽ 

ʽʦʥʠ ʦʪʨʠʤʫʶʪʴ ʜʦʩʪʘʪʥʶ ʝʥʝʨʛʽʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ ʙʘʨôʻʨʘ. ʆʜʥʦʯʘʩʥʦ 



ʪʝʧʣʦʚʽ ʢʦʣʠʚʘʥʥʷ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʫ ʩʧʨʠʷʶʪʴ ʬʦʨʤʫʚʘʥʥʶ ʥʦʚʠʭ ʰʣʷʭʽʚ ʽʦʥʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʫ ʜʣʷ F- [34]. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʚʞʝ ʥʝ ʚʧʣʠʚʘʻ ʽʩʪʦʪʥʦ 

ʥʘ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʽ ʟʨʦʩʪʘʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʩʪʨʫʢʪʫʨʥʠʭ ʟʤʽʥ ʫ ʪʚʝʨʜʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʟʘʜʘʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ 

ʧʨʦʮʝʩʠ ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʯʘʩ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ ʚ ʪʚʝʨʜʦʤʫ ʝʣʝʢʪʨʦʣʽʪʽ. ʊʘʢ ʷʢ 

ʧʦʪʨʽʙʥʦ ʚʨʘʭʦʚʫʚʘʪʠ ʪʠʧ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ, ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ, 

ʢʽʣʴʢʽʩʪʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʧʦʣʷʨʠʟʦʚʘʥʽʩʪʴ ʽʦʥʽʚ, ʾʭ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʩʦʙʦʶ, ʢʽʣʴʢʽʩʪʴ ʪʘ 

ʜʦʩʪʫʧʥʽʩʪʴ ʚʘʢʘʥʩʽʡ, ʜʝʬʝʢʪʽʚ ʪʘ ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ. ʅʘʨʘʟʽ ʽʩʥʫʻ ʙʘʛʘʪʦ ʤʦʜʝʣʝʡ ʷʢʽ 

ʦʧʠʩʫʶʪʴ ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ:  

1. ʉʪʨʠʙʢʦʚʦ-ʜʠʬʫʟʽʡʥʘ ʤʦʜʝʣʴ. ʈʫʭʣʠʚʠʡ ʽʦʥ ʧʝʚʥʠʡ ʯʘʩ ʧʝʨʝʙʫʚʘʻ ʫ 

"ʧʘʩʪʮʽ" (ʧʦʪʝʥʮʽʡʥʽʡ ʷʤʽ), ʘ ʧʦʪʽʤ ʜʦʣʘʶʯʠ ʝʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʟʜʽʡʩʥʶʻ 

ʧʝʨʝʩʢʦʢ ʫ ʩʫʩʽʜʥʶ ʧʦʟʠʮʽʶ. ʏʘʩ ʩʪʨʠʙʢʘ ʟʥʘʯʥʦ ʤʝʥʰʠʡ, ʥʽʞ ʯʘʩ ʫʪʨʠʤʘʥʥʷ ʥʘ 

ʤʽʩʮʽ. ʎʷ ʤʦʜʝʣʴ ʧʦʷʩʥʶʻ ʜʠʩʢʨʝʪʥʠʡ ʭʘʨʘʢʪʝʨ ʨʫʭʫ ʽʦʥʽʚ [35]; 

2. ʉʪʨʠʙʢʦʚʦ-ʨʝʣʘʢʩʘʮʽʡʥʘ ʤʦʜʝʣʴ. ɼʘʥʘ ʤʦʜʝʣʴ ʨʦʟʛʣʷʜʘʻ ʨʫʭ ʽʦʥʽʚ ʷʢ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʩʪʨʠʙʢʽʚ ʤʽʞ ʚʫʟʣʘʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʧʨʦʪʝ ʟ ʫʨʘʭʫʚʘʥʥʷʤ 

ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ ʦʪʦʯʝʥʥʷ. ʇʽʩʣʷ ʩʪʨʠʙʢʘ ʽʦʥ ʤʦʞʝ ʘʙʦ ʧʦʚʝʨʥʫʪʠʩʷ ʥʘʟʘʜ, 

ʘʙʦ ʞ ʚʽʜʙʫʜʝʪʴʩʷ ʧʝʨʝʙʫʜʦʚʘ ʣʦʢʘʣʴʥʦʛʦ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʦʛʦ ʧʦʣʷ (ñʢʫʣʦʥʽʚʩʴʢʦʾ 

ʢʣʽʪʢʠò), ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʡʦʛʦ ʥʦʚʝ ʧʦʣʦʞʝʥʥʷ. ʂʣʶʯʦʚʠʤ ʧʘʨʘʤʝʪʨʦʤ ʚʠʩʪʫʧʘʻ 

ʢʦʨʝʣʷʮʽʡʥʠʡ ʯʘʩ Ű, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʰʚʠʜʢʽʩʪʴ ʨʝʣʘʢʩʘʮʽʾ/ʧʝʨʝʙʫʜʦʚʠ ʦʪʦʯʝʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʜʝʣʴ ʧʦʷʩʥʶʻ ʥʝ ʣʠʰʝ ʜʠʩʢʨʝʪʥʽʩʪʴ ʨʫʭʫ, ʘʣʝ ʡ ʯʘʩʪʦʪʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ, ʚʩʪʘʥʦʚʣʶʶʯʠ ʟʚôʷʟʦʢ ʤʽʞ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʩʪʨʠʙʢʘʤʠ ʪʘ 

ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ [36]; 

3. ʌʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʪʨʘʥʩʧʦʨʪʫ ʽʦʥʽʚ ʨʦʟʛʣʷʜʘʻ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʷʢ ʥʘʩʣʽʜʦʢ ʟʨʦʩʪʘʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʝʬʝʢʪʽʚ ʌʨʝʥʢʝʣʷ. ɼʘʥʘ ʤʦʜʝʣʴ ʧʦʷʩʥʶʻ ʷʢ ʧʦʚʽʣʴʥʽ, ʪʘʢ ʽ ʩʪʨʠʙʢʦʧʦʜʽʙʥʽ ʟʤʽʥʠ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʯʝʨʝʟ ʟʤʽʥʫ ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʠʭ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʷʢ ʥʘʩʣʽʜʦʢ ʚʟʘʻʤʦʜʽʡ ʤʽʞ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʠʤʠ ʜʝʬʝʢʪʘʤʠ.  ʇʨʠ 

ʮʴʦʤʫ ʝʬʝʢʪʠʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʡʤʦʚʽʨʥʦʩʪʷʤʠ ʜʣʷ 

ʚʘʢʘʥʩʽʡʥʦʛʦ ʪʘ ʤʽʞʚʫʟʣʦʚʦʛʦ ʤʝʭʘʥʽʟʤʽʚ ʧʝʨʝʥʝʩʝʥʥʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ 



ʟʚôʷʟʦʢ ʤʽʞ ʤʽʢʨʦʩʢʦʧʽʯʥʠʤʠ ʜʝʬʝʢʪʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʪʘ ʤʘʢʨʦʩʢʦʧʽʯʥʠʤʠ 

ʪʨʘʥʩʧʦʨʪʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʈʘʟʦʤ ʟ ʪʠʤ, ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʘ ʤʦʜʝʣʴ ʤʘʻ 

ʦʙʤʝʞʝʥʥʷ: ʚʦʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʣʘʩʥʫ ʨʫʭʣʠʚʽʩʪʴ ʽʦʥʽʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʽ ʢʘʥʘʣʽʚ 

ʤʽʛʨʘʮʽʾ ʫ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ. ʊʦʤʫ ʾʾ ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʜʦʮʽʣʴʥʠʤ ʜʣʷ ʷʢʽʩʥʦʛʦ ʦʧʠʩʫ 

ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ [37]; 

4. ʈʝʰʽʪʢʦʚʦ-ʛʘʟʦʚʘ ʤʦʜʝʣʴ ʦʧʠʩʫʻ ʽʦʥʥʠʡ ʪʨʘʥʩʧʦʨʪ ʷʢ ʩʪʨʠʙʢʠ ʽʦʥʽʚ ʫ 

ʜʠʩʢʨʝʪʥʽʡ ʛʨʘʪʮʽ, ʜʝ ʚʽʣʴʥʽ ʧʦʟʠʮʽʾ ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ñʧʦʨʦʞʥʠʥò ʫ ʛʘʟʽ. ʅʘ ʚʽʜʤʽʥʫ 

ʚʽʜ ʧʨʦʩʪʠʭ ʜʠʬʫʟʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʚʦʥʘ ʚʨʘʭʦʚʫʻ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʦʥʘʤʠ ʪʘ 

ʚʘʢʘʥʩʽʷʤʠ, ʱʦ ʟʤʽʥʶʶʪʴ ʝʬʝʢʪʠʚʥʫ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʪʘ ʰʚʠʜʢʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ. ʋ 

ʩʫʯʘʩʥʽʡ ʜʠʩʢʨʝʪʥʽʡ ʨʝʰʽʪʢʦʚʦ-ʛʘʟʦʚʦʾ ʤʦʜʝʣʽ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ, ʱʦ ʽʦʥ ʤʦʞʝ 

ʧʝʨʝʤʽʩʪʠʪʠʩʷ ʣʠʰʝ ʟʘ ʥʘʷʚʥʦʩʪʽ ʩʫʩʽʜʥʴʦʾ ʚʘʢʘʥʩʽʾ. ʏʝʨʝʟ ʚʟʘʻʤʦʜʽʾ ʤʽʞ ʽʦʥʘʤʠ ʪʘ 

ʚʘʢʘʥʪʥʠʤʠ ʧʦʟʠʮʽʷʤʠ ʩʪʨʠʙʦʢ ʟʘʣʝʞʠʪʴ ʚʽʜ ʤʠʪʪʻʚʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʢʦʥʬʽʛʫʨʘʮʽʾ 

ʩʠʩʪʝʤʠ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ ʰʣʷʭʽʚ ʚʦʥʠ ʣʦʢʘʣʽʟʦʚʘʥʽ ʧʨʦʪʷʛʦʤ ʧʝʚʥʦʛʦ ʧʨʦʤʽʞʢʫ ʯʘʩʫ 

[38]; 

5. ʄʦʜʫʣʴʥʠʡ ʬʦʨʤʘʣʽʟʤ - ʧʽʜʭʽʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʽ 

ʯʘʩʪʦʪʥʦʛʦ ʚʽʜʛʫʢʫ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. ʇʦʜʘʣʴʰʠʡ ʘʥʘʣʽʟ 

ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚ ʧʦʻʜʥʘʥʥʽ ʟ ʢʦʤʧôʶʪʝʨʥʠʤ ʤʦʜʝʣʶʚʘʥʥʷʤ ʜʦʟʚʦʣʷʻ 

ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ: ʯʘʩʪʦʪʫ ʩʪʨʠʙʢʽʚ ʽʦʥʽʚ, ʯʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʚ ʧʦʪʝʥʮʽʡʥʽʡ ʷʤʽ ʪʘ 

ʢ̔ ʣʴʢʽʩʪʴ ʨʫʭʣʠʚʠʭ ʽʦʥʽʚ. ʇʦʻʜʥʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟ ʽʥʰʠʤʠ ʤʦʜʝʣʷʤʠ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʽ ʜʘʥʽ [39, 40]. 

ʇʨʦʪʝ ʯʝʨʝʟ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʢʪʦʨʽʚ, ʥʘʨʘʟʽ ʞʦʜʥʘ ʤʦʜʝʣʴ 

ʥʝ ʤʦʞʝ ʙʫʪʠ ʫʥʽʚʝʨʩʘʣʴʥʦʶ ʽ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʪʦʤʫ ʢʦʤʙʽʥʫʚʘʥʥʷ ʨʽʟʥʠʭ 

ʧʽʜʭʦʜʽʚ ʜʦʟʚʦʣʷʻ ʦʧʠʩʫʚʘʪʠ ʪʨʘʥʩʧʦʨʪʥʽ ʧʨʦʮʝʩʠ ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʚ ʽʦʥʥʠʭ 

ʧʨʦʚʽʜʥʠʢʘʭ. 

ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʩʧʦʣʫʢ ʟ ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʫʥʽʧʦʣʷʨʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ 

ʬʪʦʨʠʜʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʚʠʩʦʢʦʶ ʨʦʟʫʧʦʨʷʜʢʦʚʘʥʽʩʪʶ ʘʥʽʦʥʥʦʾ ʧʽʜʛʨʘʪʢʠ. 

ʅʘʨʘʟʽ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʻ ʬʪʦʨʠʜʠ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ: ʬʣʶʦʨʠʪʫ, ʪʽʩʦʥʽʪʫ 

ʪʘ ʛʘʛʘʨʠʥʽʪʫ, ʟʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʠʭ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.1. ʉʧʦʣʫʢʠ 

ʧʝʨʝʣʽʯʝʥʠʭ ʪʠʧʽʚ ʤʘʶʪʴ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʽʦʥʘʤʠ ʬʪʦʨʫ ʧʨʠ 



ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʬʪʦʨʠʜʽʚ ʟʽ ʩʪʨʫʢʪʫʨʦʶ 

ʬʣʶʦʨʠʪʫ ʪʘ ʪʽʩʦʥʽʪʫ ʚʚʘʞʘʻʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʘ ʽʟʦʤʦʨʬʥʘ ʻʤʥʽʩʪʴ ʧʦ 

ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʟʘʤʽʩʥʠʢʽʚ ʪʘ ʧʝʨʝʭʽʜ ʜʦ ʩʫʧʝʨʽʦʥʥʦʛʦ ʩʪʘʥʫ ʧʨʠ 

ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ. ʋ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ ʽʦʥʥʠʡ ʪʨʘʥʩʧʦʨʪ, ʷʢ ʧʨʘʚʠʣʦ, 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʨʫʢʪʫʨʥʦʛʦ ʢʘʨʢʘʩʫ, ʚʣʘʩʥʦʾ ʨʫʭʣʠʚʦʩʪʽ ʧʨʦʚʽʜʥʠʭ ʽʦʥʽʚ ʪʘ ʾʭ 

ʪʝʨʤʽʯʥʦʾ ʘʢʪʠʚʘʮʽʾ, ʢʦʥʮʝʥʪʨʘʮʽʾ ʚʥʫʪʨʽʰʥʽʭ ʪʘ/ʘʙʦ ʟʦʚʥʽʰʥʽʭ ʜʝʬʝʢʪʽʚ, ʘ ʪʘʢʦʞ ʚʽʜ 

ʚʧʣʠʚʫ ʢʨʠʩʪʘʣʽʯʥʦʛʦ ʧʦʣʷ ʨʫʭʦʤʠʭ ʽʦʥʽʚ. ʄʝʭʘʥʽʟʤʠ ʜʠʬʫʟʽʾ ʽʦʥʽʚ ʬʪʦʨʫ 

ʟʜʝʙʽʣʴʰʦʛʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʘʭ ʐʦʪʪʢʽ ʪʘ ʘʥʪʠ-ʌʨʝʥʢʝʣʷ, 

ʚʢʣʶʯʘʶʯʠ ʚʘʢʘʥʩʽʡʥʠʡ ʤʝʭʘʥʽʟʤ, ʤʽʞʚʫʟʣʦʚʠʡ ʤʝʭʘʥʽʟʤ ʽ ʤʽʞʚʫʟʣʦʚʠʡ ʤʝʭʘʥʽʟʤ 

ʦʙʤʽʥʫ ʟʘʤʽʱʝʥʥʷʤ. 

ʊʘʙʣʠʮʷ 1.2.  ╖ ɿʘʛʘʣʴʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʉʪʨʫʢʪʫʨʥʠʡ 

ʪʠʧ 

ʂʨ. ʛʨʘʪʢʘ ʇʨ. 

ʛʨʫʧʘ 

ɿʘʛʘʣʴʥʘ 

ʬʦʨʤʫʣʘ 

ů300, ʉʤ/ʩʤ ɽʘ, ʝɺ 

ʌʣʶʦʨʠʪ ʂʫʙʽʯʥʘ Fm3m MF2 (ʄ=Ba, Ca, 

Pb, Sr, Cd) 

10ï5õ10ï3 0,15-0,3 

ʊʽʩʦʥʽʪ ɻʝʢʩʘʛʦʥʘʣʴʥʘ P3c1 LnF3 

(Ln=LaïNd) 

10ï6õ10ï5 0,3-0,5 

ɻʘʛʘʨʠʥʽʪ ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʈ6m2 MɯʄɯɯLnF6 

(Mɯ ï ʣʫʞʥʽ 

ʤʝʪʘʣʠ; ʄɯɯ ï Ba, 

Ca, Pb, Sr; 

Ln=ʈɿɽ) 

10ï7õ10ï6 0,4-0,8 

ɼʦʩʪʫʧʥʽʩʪʴ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʙʫʤʦʚʣʶʻʪʴʩʷ ʚʽʜʥʦʩʥʦ ʧʨʦʩʪʠʤʠ ʤʝʪʦʜʘʤʠ 

ʩʠʥʪʝʟʫ. ʄʝʪʦʜʠ ʾʭ ʩʠʥʪʝʟʫ ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʬʽʟʠʯʥʽ, ʭʽʤʽʯʥʽ ʪʘ ʤʝʭʘʥʽʯʥʽ. 

ʌʽʟʠʯʥʽ ʤʝʪʦʜʠ ʚʢʣʶʯʘʶʪʴ ʦʩʘʜʞʝʥʥʷ ʟ ʧʘʨʦʚʦʾ ʬʘʟʠ (CVD) [41], ʽʦʥʥʝ 

ʨʦʟʧʠʣʝʥʥʷ ʪʘ ʥʘʰʘʨʫʚʘʥʥʷ [42], ʩʠʥʪʝʟ ʧʽʜ ʚʠʩʦʢʠʤ ʪʠʩʢʦʤ [43] ʘʙʦ ʜʽʻʶ ʫʜʘʨʥʠʭ 

ʭʚʠʣʴ [44], ʣʘʟʝʨʥʝ ʚʠʧʘʨʦʚʫʚʘʥʥʷ [42]. ʉʠʥʪʝʟ ʫ ʫʤʦʚʘʭ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʜʦʟʚʦʣʷʻ 

ʦʪʨʠʤʫʚʘʪʠ ʩʧʦʣʫʢʠ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʠ ʘʪʤʦʩʬʝʨʥʦʤʫ ʪʠʩʢʫ ʪʘ 

ʧʽʜʚʠʱʝʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɼʣʷ ʮʴʦʛʦ ʟʨʘʟʦʢ ʫ ʢʘʧʩʫʣʽ ʧʽʜʜʘʶʪʴ ʪʠʩʢʫ (ʜʝʩʷʪʢʠï

ʩʦʪʥʽ ʢʽʣʦʙʘʨ), ʥʘʛʨʽʚʘʶʪʴ, ʚʠʪʨʠʤʫʶʪʴ ʢʽʣʴʢʘ ʭʚʠʣʠʥ, ʧʽʩʣʷ ʯʦʛʦ ʰʚʠʜʢʦ 

ʦʭʦʣʦʜʞʫʶʪʴ (~400ÁC/ʩʝʢ.) ʽ ʧʦʩʪʫʧʦʚʦ ʟʥʠʞʫʶʪʴ ʪʠʩʢ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ 

ʱʽʣʴʥʠʡ ʢʦʥʪʘʢʪ ʤʽʞ ʨʝʘʛʝʥʪʘʤʠ ʪʘ ʟʘʧʦʙʽʛʘʻ ʨʦʟʢʣʘʜʘʥʥʶ ʘʙʦ ʚʠʧʘʨʦʚʫʚʘʥʥʶ 

ʥʝʩʪʽʡʢʠʭ ʬʘʟ. ʋʜʘʨʥʦ-ʭʚʠʣʴʦʚʠʡ ʤʝʪʦʜ, ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʙʫʭʦʚʠʭ 



ʨʝʯʦʚʠʥ, ʩʪʚʦʨʶʻ ʱʝ ʚʠʱʽ ʪʠʩʢʠ ð ʥʘ 1ï2 ʧʦʨʷʜʢʠ ʙʽʣʴʰʽ ʟʘ ʩʪʘʪʠʯʥʽ, ʭʦʯʘ ʡ ʜʽʶʪʴ 

ʚʦʥʠ ʣʠʰʝ ʤʽʢʨʦʩʝʢʫʥʜʠ ʮʝ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʽ ʩʧʦʣʫʢʠ. 

ʍʽʤʽʯʥʽ ʤʝʪʦʜʠ ʦʭʦʧʣʶʶʪʴ ʪʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʧʨʝʢʫʨʩʦʨʽʚ [45], ʪʚʝʨʜʦʬʘʟʥʽ 

ʨʝʘʢʮʽʾ [46], ʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʽʚ [47], ʟʦʣ-ɹʛʝʣʴ ʪʝʭʥʦʣʦʛʽʾ [48] ʪʘ 

ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʡ ʩʠʥʪʝʟ [49]. ʊʝʨʤʽʯʥʠʡ ʨʦʟʢʣʘʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʪʘʧ ʩʠʥʪʝʟʫ 

ʚʠʭʽʜʥʠʭ ʧʨʝʢʫʨʩʦʨʽʚ, ʚʟʘʻʤʦʜʽʻʶ ʪʨʠʬʪʦʨʦʮʪʦʚʦʾ ʢʠʩʣʦʪʠ ʟ ʢʘʙʦʥʘʪʘʤʠ ʪʘ 

ʛʽʜʨʦʢʩʠʜʘʤʠ ʚʽʜʧʦʚʽʜʥʠʭ ʤʝʪʘʣʽʚ ʟ ʧʦʜʘʣʴʰʠʤ ʥʘʛʨʽʚʘʥʥʷʤ ʚʠʱʝ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʢʣʘʜʫ. ʊʚʝʨʜʦʬʘʟʥʠʡ ʩʠʥʪʝʟ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʭ ʟʘʚʜʷʢʠ ʧʨʦʩʪʦʪʽ ʽ 

ʜʦʩʪʫʧʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʪʨʝʙʫʻ ʥʘʷʚʥʦʩʪʽ ʧʝʯʽ ʟ ʨʝʛʫʣʶʚʘʥʥʷʤ 

ʪʝʤʧʝʨʘʪʫʨʠ, ʨʝʘʢʪʦʨʘ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʽʥʝʨʪʥʦʾ ʘʙʦ ʬʪʦʨʫʶʯʦʾ ʘʪʤʦʩʬʝʨʠ, ʱʦʙ 

ʟʘʙʽʛʪʠ ʩʠʥʪʝʟʫ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ ʦʢʩʠʬʪʦʨʠʜʽʚ, ʽʥʝʨʪʥʦʛʦ ʛʘʟʫ ʪʘ ʧʦʩʫʜʫ. ʅʝ 

ʜʠʚʣʷʯʠʩʴ ʥʘ ʩʚʦʶ ʧʨʦʩʪʦʪʫ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʤʘʪʝʨʽʘʣʠ ʟ ʚʠʩʦʢʦʶ ʯʠʩʪʦʪʦʶ, 

ʜʠʩʧʝʨʩʥʽʩʪʶ ʯʘʩʪʦʢ ʪʘ ʟʘʜʦʚʽʣʴʥʦ ʢʦʥʪʨʦʣʶʚʘʪʠ ʩʢʣʘʜ ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʉʧʽʚʦʩʘʜʞʝʥʥʷ ʰʠʨʦʢʦ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ ʧʦʨʦʰʢʽʚ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʧʨʦʩʪʠʭ ʪʘ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ, ʘ ʪʘʢʦʞ ʾʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ɭ 

ʧʦʰʠʨʝʥʠʤ ʟʘʚʜʷʢʠ ʩʚʦʾʡ ʧʨʦʩʪʦʪʽ, ʧʨʦʪʝ ʚʠʩʦʢʘ ʛʽʛʨʦʩʢʦʧʽʯʥʽʩʪʴ ʜʝʷʢʠʭ ʬʪʦʨʠʜʽʚ 

ʦʙʤʝʞʫʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ ʻ ʜʝʱʦ ʩʢʣʘʜʥʽʰʠʤ, ʘʜʞʝ 

ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʝʪʘʧʠ: ʫʪʚʦʨʝʥʥʷ ʟʦʣʶ, ʫʪʚʦʨʝʥʥʷ ʛʝʣʴ, ʩʫʰʢʘ, ʩʧʽʢʘʥʥʷ. ɸʣʝ ʪʘʢʦʞ 

ʟʘʙʝʟʧʝʯʫʻ ʫʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʭ ʧʦʨʦʰʢʽʚ ʽʟ ʚʝʣʠʢʦʶ ʧʠʪʦʤʦʶ ʧʦʚʝʨʭʥʝʶ, 

ʘ ʪʘʢʦʞ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʪʦʥʢʦʧʣʽʚʢʦʚʽ ʤʘʪʝʨʽʘʣʠ ʪʘ ʬʦʨʤʫʚʘʪʠ ʙʽʣʴʰ ʩʢʣʘʜʥʽ 

ʩʪʨʫʢʪʫʨʠ ʢʽʥʮʝʚʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʥʘʧʨʠʢʣʘʜ, ʥʘʥʦʯʘʩʪʠʥʢʠ LaF3 ʫ ʘʤʦʨʬʥʽʡ ʤʘʪʨʠʮʽ 

SiO2 [50]. 

ʄʝʭʘʥʽʯʥʽ ʤʝʪʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʽʥʪʝʥʩʠʚʥʝ ʧʦʜʨʽʙʥʝʥʥʷ ʫ 

ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʭ ʤʣʠʥʘʭ - ʤʝʭʘʥʦʭʽʤʽʯʥʽ ʨʝʘʢʮʽʾ [51ï53], ʛʘʨʷʯʝ ʧʨʝʩʫʚʘʥʥʷ [54]. 

ʊʘʢ, ʧʨʠ ʤʝʭʘʥʦʭʽʤʽʯʥʦʤʫ ʩʠʥʪʝʟʽ ʫ ʧʣʘʥʝʪʘʨʥʠʭ ʤʣʠʥʘʭ ʫʪʚʦʨʶʶʪʴʩʷ ʥʘʥʦʯʘʩʪʢʠ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ ʪʘ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʬʣʶʦʨʠʪʦʚʦʛʦ ʡ ʪʽʩʦʥʽʪʦʚʦʛʦ 

ʪʠʧʽʚ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʥʘʨʘʟʽ ʻ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʤ ʯʝʨʝʟ ʩʚʦʶ ʧʨʦʩʪʦʪʫ ʽ ʚʽʜʩʫʪʥʽʩʪʴ 

ʜʦʜʘʪʢʦʚʠʭ ʝʪʘʧʽʚ ʦʯʠʩʪʢʠ, ʩʫʰʢʠ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʨʦʪʝ ʧʦʪʨʝʙʫʻ 

ʩʧʝʮʽʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 



ʊʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʦʪʨʠʤʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʽʚ, ʢʝʨʘʤʽʢʠ, 

ʧʦʣʽʢʨʠʩʪʘʣʽʚ, ʪʦʥʢʠʭ ʧʣʽʚʦʢ ʽ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʨʽʟʥʠʭ ʨʦʟʤʽʨʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ 

ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʽʩʪʦʪʥʦ ʚʧʣʠʚʘʻ ʥʘ ʨʦʟʤʽʨ, ʬʘʟʦʚʠʡ ʩʢʣʘʜ ʽ ʜʝʬʝʢʪʥʽʩʪʴ ʬʪʦʨʠʜʽʚ, 

ʱʦ, ʩʚʦʶ ʯʝʨʛʫ, ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʾʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʠʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ʊʚʝʨʜʽ ʝʣʝʢʪʨʦʣʽʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʧʨʠʩʪʨʦʷʭ ʨʽʟʥʦʛʦ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ 

ʧʨʠʟʥʘʯʝʥʥʷ: ʍɼʉ [11, 13, 31, 32, 55ï57], ʬʪʦʨʠʜ-ʩʝʣʝʢʪʠʚʥʽ ʝʣʝʢʪʨʦʜʠ [58ï62], 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʩʝʥʩʦʨʠ [63ï72], ʛʝʥʝʨʘʪʦʨʠ ʬʪʦʨʫ [73] ʪʘ ʽʥ. ʧʨʠʩʪʨʦʾ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʭʽʤʽʯʥʠʭ 

ʜʘʪʯʠʢʘʭ, ʥʘʧʨʠʢʣʘʜ ʜʘʪʯʠʢ ʥʘ ʦʩʥʦʚʽ LaF3 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʬʪʦʨʠʜ-ʽʦʥʽʚ [58, 59]. ʇʨʠʯʦʤʫ ʽʩʥʫʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʝʥʩʦʨʽʚ ʥʘ 

ʦʩʥʦʚʽ ʬʪʦʨʠʜʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ [63]: ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʤʝʪʘʣʽʚ ʚ ʨʦʟʧʣʘʚʘʭ 

(ʝʣʝʢʪʨʦʣʽʪ MgF2  ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ Mg ʚ ʨʦʟʧʣʘʚʽ Al) [68], ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʭ ʛʘʟʦʧʦʜʽʙʥʠʭ ʩʧʦʣʫʢ (SO2 [74], CO2 [75]), ʚʠʟʥʘʯʝʥʥʷ ʘʢʪʠʚʥʦʾ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʢʘʪʽʦʥʽʚ ʚ ʨʦʟʯʠʥʘʭ (Ca2+ ʚ ʚʦʜʥʠʭ ʨʦʟʯʠʥʘʭ [76]). ʄʝʥʰ ʜʦʩʣʽʜʞʝʥʦʶ, ʘʣʝ 

ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʩʬʝʨʦʶ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʩʪʚʦʨʝʥʥʷ 

ʝʣʝʢʪʨʦʭʨʦʤʥʠʭ ʜʠʩʧʣʝʾʚ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʩʣʫʛʫʚʘʪʠ ʩʪʚʦʨʝʥʥʷ ʧʨʠʩʪʨʦʶ ʚ ʷʢʦʤʫ 

ʥʘ ʽʨʠʜʽʡ ʦʢʩʠʜ ʙʫʣʦ ʥʘʥʝʩʝʥʦ ʪʦʥʢʽ ʧʣʽʚʢʠ PbF2 ʽ PbSnF4, ʩʪʚʦʨʝʥʠʡ ʧʨʦʪʦʪʠʧ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʦʨʦʪʢʠʤ ʯʘʩʦʤ ʚʽʜʛʫʢʫ < 0,5 ʩʝʢʫʥʜʠ ʪʘ ʛʘʨʥʦʶ ʟʜʘʪʥʽʩʪʶ ʜʦ 

ʮʠʢʣʽʟʘʮʽʾ ʤʽʞ ʧʽʜʩʚʽʯʫʚʘʥʥʷʤ ʽ ʟʘʛʘʩʘʥʥʷʤ ʪʦʯʦʢ [77]. ʅʘʡʙʽʣʴʰ ʮʽʢʘʚʠʤ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚ ʨʦʟʨʦʙʮʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ʅʘʨʘʟʽ 

ʬʪʦʨʠʜʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʝʣʝʢʪʨʦʜʠ ʚ ʣʽʪʽʡ-ʽʦʥʥʽʡ ʪʝʭʥʦʣʦʛʽʾ. ʅʘ 

ʤʦʞʣʠʚʽʩʪʴ ʩʪʚʦʨʝʥʥʷ ʢʘʪʦʜʽʚ ʚʠʩʦʢʦʾ ʻʤʥʦʩʪʽ ʚʢʘʟʫʻ ʤʘʣʠʡ ʨʦʟʤʽʨ ʽ ʚʠʩʦʢʘ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ ʬʪʦʨʫ, ʚʠʩʦʢʘ ʚʽʣʴʥʘ ʝʥʝʨʛʽʷ ʫʪʚʦʨʝʥʥʷ ʬʪʦʨʠʜʽʚ. ʂʘʪʦʜʥʠʡ 

ʤʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚʽ FeF3 ʤʘʻ ʪʝʦʨʝʪʠʯʥʫ ʧʠʪʦʤʫ ʻʤʥʽʩʪʴ 712 ʤɸĿʛʦʜ/ʛ, ʱʦ ʚ ʧ'ʷʪʴ 

ʨʘʟʽʚ ʧʝʨʝʚʠʱʫʻ ʪʝʦʨʝʪʠʯʥʫ ʻʤʥʽʩʪʴ ʣʽʪʽʡ ʢʦʙʘʣʴʪʽʪʫ, ʷʢʠʡ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

[78]. ʇʽʩʣʷ ʫʩʧʽʰʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʚʪʦʨʠʥʥʠʭ ʙʘʪʘʨʝʡ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʥʦʛʦ ʯʦʚʥʠʢʘ, 

ʥʘʡʙʽʣʴʰʫ ʩʬʝʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʢʽʚ ʧʨʦʛʥʦʟʫʶʪʴ ʩʘʤʝ ʚ ʬʪʦʨʠʜ-

ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ.  



ʊʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʪʽʩʦʥʽʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ - ʮʝ ʩʧʦʣʫʢʠ ʟ 

ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʞ ʢʨʠʩʪʘʣʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, ʷʢʘ ʚʽʜʦʤʘ ʷʢ ʩʪʨʫʢʪʫʨʘ ʪʠʧʫ LaF3. ʎʷ 

ʩʪʨʫʢʪʫʨʘ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ ʛʨʫʧʠ Pm-3m. ʉʧʦʣʫʢʠ ʪʠʧʫ ʪʠʩʦʥʽʪʫ 

ʤʦʞʫʪʴ ʽʩʥʫʚʘʪʠ ʚ 2-ʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ (P63/mmc) ʽ ʪʨʠʛʦʥʘʣʴʥʽʡ (P-

3c1). 

ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʬʘʟʘ ʤʘʻ ʰʘʨʫʚʘʪʫ ʙʫʜʦʚʫ ʪʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʟʥʠʭ ʰʘʨʽʚ. 

ʆʜʠʥ ʰʘʨ ʫʪʚʦʨʝʥʠʡ ʚʠʢʣʶʯʥʦ ʽʦʥʘʤʠ ʬʪʦʨʫ (F1), ʘ ʜʨʫʛʠʡ ʰʘʨ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʽʦʥʽʚ 

ʬʪʦʨʫ (F2) ʽ ʢʘʪʽʦʥʽʚ ʤʝʪʘʣʫ ʨʦʟʤʽʱʝʥʠʭ ʚ ʦʜʥʽʡ ʧʣʦʱʠʥʽ. ɺ ʜʘʥʽʡ ʩʠʥʛʦʥʽʾ ʰʘʨʠ 

ʯʝʨʝʜʫʶʪʴʩʷ ʧʦ ʯʝʨʟʽ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʚʟʜʦʚʞ ʦʩʽ ʩ-ʥʘʧʨʷʤʢʫ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ 

ʤʽʞ F1 ʽ F2 ʩʪʘʥʦʚʠʪʴ 2:1. ʇʨʠʢʣʘʜʘʤʠ ʩʧʦʣʫʢ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʜʘʥʽʡ 

ʤʦʜʠʬʽʢʘʮʽʾ, ʤʦʞʫʪʴ ʙʫʪʠ: ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ R1īʭMʭF3īʭ (R = GdïEr; M = Ca, Sr: 

0,07ÒyÒ0,33) [79], KxBi1īxF3ī2x (0,02ÒxÒ0,12) [80], Bi1īʭBaʭF3īʭ (0,05ÒxÒ0,17) [81] 

BiO0,1F2,8 [82]. 

ʋ ʪʨʠʛʦʥʘʣʴʥʽʡ ʤʦʜʠʬʽʢʘʮʽʾ ʧʣʦʱʠʥʘ ʫʪʚʦʨʝʥʘ F1 ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʟʤʽʥʥʦʶ. 

ʇʨʦʪʝ ʚ ʰʘʨʽ ʫʪʚʦʨʝʥʦʤʫ ʢʘʪʽʦʥʘʤʠ ʤʝʪʘʣʫ ʽ ʘʥʽʦʥʘʤʠ F2, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʨʦʟʱʝʧʣʝʥʥʷ ʽ ʚ ʥʴʦʤʫ ʚʽʜʤʽʯʘʻʪʴʩʷ ʽʩʥʫʚʘʥʥʷ ʘʥʽʦʥʽʚ ʪʠʧʫ F2 ʽ ʥʦʚʦʫʪʚʦʨʝʥʠʭ F3. 

ɸʪʦʤʠ F2 ʨʦʟʤʽʱʫʶʪʴʩʷ ʚ ʜʘʥʽʡ ʩʠʥʛʦʥʽʡ ʟʘ ʤʝʞʘʤʠ ʧʣʦʱʠʥʠ ʤʝʪʘʣïʬʪʦʨ. ɺ 

ʪʨʠʛʦʥʘʣʴʥʽʡ ʬʘʟʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʽʦʥʘʤʠ ʬʪʦʨʫ F1:F2:F3 = 12:4:2. 

ɼʦʩʣʽʜʞʝʥʥʷ ʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʤʝʪʦʜʦʤ 19F ʗʄʈ ʚʠʩʦʢʦʾ ʨʦʟʜʽʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʽʜʭʦʜʫ ʦʙʝʨʪʘʥʥʷ ʧʽʜ ʤʘʛʽʯʥʠʤ ʢʫʪʦʤ (MAS) ʧʽʜʪʚʝʨʜʠʣʠ 

ʽʩʥʫʚʘʥʥʷ ʪʨʴʦʭ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʪʘ ʜʠʥʘʤʽʯʥʦ ʚʽʜʤʽʥʥʠʭ ʽʦʥʽʚ ʬʪʦʨʫ ʫ ʩʪʨʫʢʪʫʨʽ 

LaF3 [83ï86]. ʅʘʩʪʫʧʥʽ ʬʘʟʠ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ ʪʠʧʫ ʪʨʠʛʦʥʘʣʴʥʦʛʦ ʪʠʩʦʥʽʪʫ: RF3 (R 

= La-Nd) ʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʾʭ ʦʩʥʦʚʽ. R1īxMxF3īx (R = LaïNd ʪʘ M = Ca, Sr, Ba) [87].  

Cʧʦʣʫʢʠ ʪʠʧʫ ʪʠʩʦʥʽʪʫ ʪʨʠʛʦʥʘʣʴʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʣʘʩʥʫ ʽʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʚ ʥʝʣʝʛʦʚʘʥʦʤʫ ʩʪʘʥʽ ʧʨʠʯʦʤʫ ʾʭʥʷ ʧʨʦʚʽʜʥʽʩʪʴ 

ʟʤʽʥʶʻʪʴʩʷ ʚ ʨʷʜʽ ʬʪʦʨʠʜʽʚ: LaF3<NdF3<PrF3<CeF3 [88].  

ʉʧʦʣʫʢʘ LaF3 ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʦʶ ʩʝʨʝʜ ʩʧʦʣʫʢ ʟ ʜʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʘʜʞʝ ʤʝʭʘʥʽʟʤ ʾʾ ʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʪʨʠʬʪʦʨʠʜʽʚ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉʪʨʫʢʪʫʨʘ ʣʘʥʪʘʥ ʬʪʦʨʠʜʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʫʙʽʯʥʦʶ 

ʫʧʘʢʦʚʢʦʶ ʽʦʥʽʚ ʬʪʦʨʫ ʟ ʽʦʥʘʤʠ ʣʘʥʪʘʥʫ, ʱʦ ʟʘʡʤʘʶʪʴ ʦʜʥʫ ʚʦʩʴʤʫ ʪʝʪʨʘʝʜʨʠʯʥʠʭ 



ʧʦʨʦʞʥʠʥ (ʨʠʩ. 1.7). ʉʪʨʫʢʪʫʨʫ ʪʘʢʦʞ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʷʢ ʪʨʠʚʠʤʽʨʥʫ ʤʝʨʝʞʫ 

ʪʝʪʨʘʝʜʨʽʚ, ʢʦʞʝʥ ʟ ʷʢʠʭ ʫʪʚʦʨʝʥʠʡ ʯʦʪʠʨʤʘ ʽʦʥʘʤʠ ʬʪʦʨʫ ʪʘ ʦʜʥʠʤ ʽʦʥʦʤ ʣʘʥʪʘʥʫ 

(ʨʠʩ. 1.7). ʎʷ ʫʥʽʢʘʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʦʙʫʤʦʚʣʶʻ ʮʽʢʘʚʽ ʦʧʪʠʯʥʽ ʪʘ ʝʣʝʢʪʨʦʥʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɯʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʢʨʠʩʪʘʣʫ LaF3 ʤʘʻ ʜʝʱʦ ʘʥʽʟʦʪʨʦʧʥʠʡ ʭʘʨʘʢʪʝʨ ʟ 

ʚʠʱʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʚʟʜʦʚʞ ʦʩʽ ʩ ʜʣʷ ʪʝʤʧʝʨʘʪʫʨ 

ʥʠʞʯʝ 415 ʂ. ʇʨʠ ʧʽʜʚʠʱʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʘʥʽʟʦʪʨʦʧʽʷ ʟʥʠʢʘʻ, ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ 

ʟʤʝʥʰʫʻʪʴʩʷ ʤʘʡʞʝ ʚ ʧʦʣʦʚʠʥʫ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʟʤʽʥʫ ʤʝʭʘʥʽʟʤʫ ʧʨʦʚʽʜʥʦʩʪʽ ʟ 

ʚʘʢʘʥʩʽʡʥʦʛʦ ʚ ʧʽʜʩʠʩʪʝʤʽ F1 ʥʘ ʤʝʭʘʥʽʟʤ ʟ ʦʙʤʽʥʦʤ ʬʪʦʨʠʜʥʠʤʠ ʚʘʢʘʥʩʽʷʤʠ ʤʽʞ 

ʧʽʜʩʠʩʪʝʤʦʶ F1 ʽ ʧʽʜʩʠʩʪʝʤʦʶ F2ïF3 [89, 90]. 

 

ʈʠʩ.1.7. ʉʪʨʫʢʪʫʨʘ LaF3 [86]. 

ʊʘʢʦʞ ʟʤʽʥʘ ʘʥʽʟʦʪʨʦʧʽʾ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʽ ʚ ʣʝʛʦʚʘʥʠʭ ʟʨʘʟʢʘʭ, ʮʝ ʤʦʞʝ 

ʩʚʽʜʯʠʪʠ ʧʨʦʪʝ, ʱʦ ʦʙʤʽʥ ʤʽʞ ʧʽʜʛʨʘʪʢʘʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨ. ɼʣʷ 

ʧʦʣʽʧʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʬʪʦʨʠʜʽʚ ʪʽʩʦʥʽʪʦʚʦʛʦ ʪʠʧʫ 

ʚʚʦʜʷʪʴ ʘʣʽʦʚʘʣʝʥʪʥʽ ʟʘʤʽʩʥʠʢʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ ʜʦʜʘʪʢʦʚʽ ʜʝʬʝʢʪʠ, 

ʯʝʨʝʟ ʱʦ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ ʽʦʥʥʠʭ ʬʦʨʤ. ɼʦʧʫʚʘʥʥʷ ʜʚʦʚʘʣʝʥʠʤ 

ʢʘʪʽʦʥʦʤ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʬʪʦʨʠʜʥʠʭ ʚʘʢʘʥʩʽʡ ʽ ʧʽʜʚʠʱʫʻ ʾʭ 

ʨʫʭʣʠʚʽʩʪʴ. ʅʘʧʨʠʢʣʘʜ, ʣʝʛʫʚʘʥʥʷ LaF3 ʟʘ ʜʦʧʦʤʦʛʦʶ BaF2 ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ 

ʜʦʜʘʪʢʦʚʽ ʬʪʦʨʠʜʥʽ ʚʘʢʘʥʩʽʾ, ʷʢʽ ʪʘʢʦʞ ʩʧʨʠʷʶʪʴ ʚʠʱʽʡ ʽʦʥʥʽʡ ʨʫʭʣʠʚʦʩʪʽ ʚ ʤʝʞʘʭ 



ʬʪʦʨʠʜʥʦʾ ʧʽʜʛʨʘʪʢʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

ʥʘ 2 ʧʦʨʷʜʢʠ ʧʦʨʽʚʥʷʥʦ ʟ ʚʠʭʽʜʥʦʶ ʩʧʦʣʫʢʦʶ [91]. ʄʝʞʽ ʨʦʟʯʠʥʦʩʪʽ ʜʚʦʚʘʣʝʥʪʥʠʭ 

ʬʪʦʨʠʜʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʪʽʩʦʥʽʪʫ ʦʙʤʝʞʫʶʪʴʩʷ ʤʘʢʩʠʤʫʤʦʤ 15 ʤʦʣ. % [92]. ʏʝʨʝʟ ʤʘʣʽ 

ʨʦʟʤʽʨʠ ʤʽʞʚʫʟʣʦʚʠʭ ʧʫʩʪʦʪ ʛʨʘʪʢʠ ʤʘʣʦʡʤʦʚʽʨʥʠʤ ʻ ʫʪʚʦʨʝʥʥʷ ʤʽʞʚʫʟʣʦʚʠʭ ʽʦʥʽʚ 

ʬʪʦʨʫ ʫ ʩʪʨʫʢʪʫʨʽ ʪʠʩʦʥʽʪʫ (ʨʦʟʤʽʨ ʤʽʞʚʫʟʣʦʚʠʭ ʜʽʣʷʥʦʢ ʩʪʘʥʦʚʠʪʴ - 0,84 ¡; ʽʦʥʥʠʡ 

ʨʘʜʽʫʩ F-- 1,19 ¡) [93]. ʂʨʽʤ ʪʦʛʦ, ʜʦʢʘʟʦʤ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʬʨʘʢʮʽʾ 

ʥʝʡʪʨʦʥʽʚ La1īxBaxF3īx, ʷʢʽ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʥʘʷʚʥʽʩʪʴ ʚʘʢʘʥʩʽʡ ʥʘ ʧʽʜʛʨʘʪʮʽ F1, ʫ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʙʽʣʴʰʝʥʥʷʤ ʨʫʭʣʠʚʦʩʪʽ F1 ʧʨʠ ʣʝʛʫʚʘʥʥʽ BaF2 [94]. ʆʪʞʝ, 

ʬʪʦʨʠʜ-ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʚʘʢʘʥʩʽʡʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʫ ʩʧʦʣʫʢʘʭ ʪʠʧʫ 

ʪʠʩʦʥʽʪʫ ʯʝʨʝʟ ʜʝʬʝʢʪʠ ʐʦʪʪʢʽ [95ï97]. 

ɺ ʨʦʙʦʪʽ [88] ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʤʦʥʦʢʨʠʩʪʘʣʽʚ ʜʣʷ 

La0,95Ba0,05F2,95 ʪʘ La0,95Sr0,05F2,95 ʩʪʘʥʦʚʠʪʴ 1Ŀ10ī4 ʉʤ/ʩʤ ʪʘ 3Ŀ10ī4 ʉʤ/ʩʤ ʧʨʠ 20ÁC 

ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʦʞ ʻ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʧʣʠʚʫ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʽʟʦʤʦʨʬʥʦʛʦ ʟʘʤʽʱʝʥʥʷʤʠ Ce3+ ʚʠʩʦʢʦʧʦʣʷʨʠʟʦʚʘʥʠʤʠ ʢʘʪʽʦʥʘʤʠ Cd2+ ʥʘ ʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ CeF3. ʄʦʥʦʢʨʠʩʪʘʣ Ce0,995Cd0,005F2,995 ʧʽʜʛʦʪʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ɹʨʽʜʞʤʝʥʘ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʝʥʥʷʤʠ ʧʨʦʚʽʜʥʦʩʪʽ (ůdc= 3Ŀ10
ï5 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ) 

[98] ɼʘʥ̔ ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʻ ʚʠʩʦʢʫ ʬʪʦʨʠʜʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʜʝʷʢʠʭ 

ʤʦʥʦʢʨʠʩʪʘʣʽʚ, ʧʨʦʪʝ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ, ʩʢʣʘʜʥʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʾʭ 

ʫ ʩʠʩʪʝʤʠ ʥʘʢʦʧʠʯʝʥʥʷ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʩʧʦʥʫʢʘʻ ʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ.  

ɸʚʪʦʨʘʤʠ [99] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʉe3+ ʚ ʩʪʨʫʢʪʫʨʽ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʛʦ CeF3, ʢʘʪʽʦʥʘʤʠ Ba
2+, Sr2+ ʘʙʦ Ca2+. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʦʪʨʠʤʘʥʦ ʜʣʷ Ce0,95Ca0,05F2,95, ʱʦ ʩʪʘʥʦʚʠʪʴ 1,0Ŀ10-4 ʉʤ/ʩʤ ʧʨʠ 200.  

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʘʣʽʦʚʘʣʝʥʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʪʘʢʦʞ ʚ 

ʨʦʙʦʪʘʭ [100, 101], ʜʝ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʧʦʣʽʢʨʠʩʪʘʣʽʚ 

Ce1īxSrxF3īx ʪʘ Sm1ïxCaxF3ïx ʦʪʨʠʤʘʥʠʭ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ. ʆʪʨʠʤʘʥʦ 

ʟʨʘʟʢʠ ʟ ʚʠʩʦʢʦʶ ʽʦʥʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ (3Ŀ10-4 ʉʤ/ʩʤ ʜʣʷ 

Ce0,975Sr0,025F2,95 ʽ 1Ŀ10-4 ʉʤ/ʩʤ ʜʣʷ Sm0,95Ca0,05F2,95). ɼʣʷ ʮʠʭ ʢʦʤʧʦʟʠʮʽʡ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʘ ʨʫʭʣʠʚʽʩʪʴ ʘʥʽʦʥʽʚ F, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʥʘʡʙʽʣʴʰʽʡ 

ʨʽʟʥʠʮʽ ʚ ʚʽʜʩʪʘʥʷʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʽʦʥʦʤ F2 ʽ F3 ʜʦ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʽʦʥʘ Sr/Ce, ʷʢʘ 



ʽʥʜʫʢʫʻ ʥʘʡʙʽʣʴʰʠʡ ʚʠʛʠʥ ʰʘʨʽʚ F2/F3 ʥʘʚʢʦʣʦ ʢʦʦʨʜʠʥʘʪʠ z = 1/4. ɸʜʞʝ ʪʘʢʠʡ 

ʚʠʛʠʥ ʩʠʣʴʥʦ ʚʧʣʠʚʘʻ ʥʘ ʙʽʣʴʰ ʨʫʭʣʠʚʽ ʽʦʥʠ ʬʪʦʨʫ ʚ ʧʣʦʱʠʥʽ F1, ʨʦʟʪʘʰʦʚʘʥʽ ʤʽʞ 

ʰʘʨʘʤʠ F2/F3. ʂʨʽʤ ʪʦʛʦ, ʘʚʪʦʨʠ ʜʽʡʰʣʠ ʚʠʩʥʦʚʢʫ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ ʪʠʩʦʥʽʪʫ ʨʽʟʥʠʮʷ 

ʚ ʽʦʥʥʠʭ ʨʦʟʤʽʨʘʭ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʽ ʜʦʧʘʥʪʫ ʚʽʜʽʛʨʘʻ ʞʠʪʪʻʚʦ ʚʘʞʣʠʚʫ ʨʦʣʴ ʜʣʷ 

ʜʦʩ̫ʛʥʝʥʥʷ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɸʜʞʝ ʢʦʣʠ ʽʦʥʥʽ ʨʦʟʤʽʨʠ 

ʩʧʽʚʨʦʟʤʽʨʥʽ ʘʙʦ ʪʨʽʰʢʠ ʙʽʣʴʰʝ, ʚʠʥʠʢʘʻ 2 ʢʦʥʢʫʨʫʶʯʠʭ ʤʽʞ ʩʦʙʦʶ ʬʘʢʪʦʨʠ. ɿ 

ʦʜʥʦʛʦ ʙʦʢʫ ʽʦʥʠ ʜʦʧʘʥʪʫ ʩʪʠʩʢʘʶʪʴ ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ ʽ ʟʤʝʥʰʫʶʪʴ ʪʦʚʱʠʥʫ 

ʰʘʨʽʚ F2/F3 ʫ ʚʠʭʽʜʥʽʡ ʩʪʨʫʢʪʫʨʽ, ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʤʝʨʝʞʘ ʽʦʥʽʚ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʨʝʰʽʪʮʽ 

ʤʦʞʝ ʨʝʣʘʢʩʫʚʘʪʠ ʘʙʦ ʘʜʘʧʪʫʚʘʪʠʩʴ ʜʦ ʟʘʤʽʱʝʥʥʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ 

ʪʦʚʱʠʥʠ ʰʘʨʫ. ʎʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʟʥʘʯʝʥʴ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʥʠʟʴʢʦʤʫ 

ʢʦʝʬʽʮʽʻʥʪʽ ʟʘʤʽʱʝʥʥʷ ʷʢʱʦ ʨʦʟʤʽʨʠ ʘʪʦʤʽʚ ʦʩʥʦʚʥʦʛʦ ʝʣʝʤʝʥʪʫ ʽ ʜʦʤʽʰʢʦʚʦʛʦ 

ʧʦʜʽʙʥʽ. ʊʘʢʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʩʢʣʘʜʦʤ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ 

ʧʨʦʚʽʜʥʽʩʪʶ ʽʦʥʽʚ ʬʪʦʨʫ ʧʦʰʠʨʶʻʪʴʩʷ ʽ ʥʘ ʽʥʰʽ ʬʪʦʨʠʜʠ ʪʠʧʫ ʪʠʩʦʥʽʪʫ. 

ʊʨʘʥʩʧʦʨʪ ʽʦʥʽʚ ʚ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʘʭ ʤʘʻ ʚʽʜʤʽʥʥʠʡ ʤʝʭʘʥʽʟʤ ʯʝʨʝʟ ʥʘʷʚʥʽʩʪʴ 

ʤʝʞ ʟʝʨʝʥ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ, ʨʫʭ ʽʦʥʽʚ ʫʩʢʣʘʜʥʝʥʠʡ ʚ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʘʭ ʯʝʨʝʟ 

ʜʽʣʷʥʢʠ ʧʦʚʝʨʭʥʝʚʦʛʦ ʟʘʨʷʜʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʛʦ ʦʧʦʨʫ ʢʦʤʽʨʢʠ. 

ɺʽʜʧʘʣ ʦʪʨʠʤʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʻ ʦʜʥʠʤ ʟ ʤʝʪʦʜʽʚ ʟʤʝʥʰʝʥʥʷ ʦʧʦʨʫ ʤʝʞ ʟʝʨʝʥ. 

ɿʦʢʨʝʤʘ, ʚ ʨʦʙʦʪʽ [97] ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ, ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ La1ïxBaxF3ïx (0ÒxÒ0,15) ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʨʦʙʢʠ 

ʥʘ ʬʪʦʨʠʜ-ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʫʤ ʧʨʦʚʽʜʥʦʩʪʽ ʜʦʩʷʛʘʻʪʴʩʷ 

ʜʣʷ ʟʨʘʟʢʘ ʩʧʝʯʝʥʦʛʦ ʧʨʠ 800 ÁC ʧʨʦʪʷʛʦʤ 20 ʛʦʜʠʥ, ʱʦ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʝ ʚʽʜ 

ʧʨʦʚʽʜʥʦʩʪʽ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ ʪʘ ʥʘ 2 ʧʦʨʷʜʢʠ ʚʽʜ ʩʧʝʯʝʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠʛʦʪʦʚʘʥʦʛʦ ʚ 

ʰʘʨʦʚʠʭ ʤʣʠʥʘʭ. ʎʝ ʷʚʠʱʝ ʧʦʷʩʥʶʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʦʧʦʨʫ ʥʘ ʤʝʞʽ ʟʝʨʝʥ. 

ʉʫʯʘʩʥʠʤ ʧʽʜʭʦʜʦʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʭʦʨʦʰʠʡ ʢʦʥʪʘʢʪʫ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ 

ʩʠʩʪʝʤʘʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʥʫʯʢʠʭ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʜʽʚ. ʅʘʧʨʠʢʣʘʜ, 

ʢʦʤʧʦʟʠʪʥʠʡ ʝʣʝʢʪʨʦʣʽʪ La0,95Ba0,05F2,95@PEO ʧʽʜʛʦʪʦʚʘʥʠʡ ʤʝʪʦʜʦʤ ʚʚʝʜʝʥʥʷ 

ʨʦʟʧʣʘʚʣʝʥʦʛʦ ʧʣʘʩʪʠʢʫ ʚ ʩʪʨʫʢʪʫʨʫ ʝʣʝʢʪʨʦʣʽʪʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩ̫  ʬʪʦʨʠʜ-ʽʦʥʥʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ 5,75Ŀ10ī6 ʉʤ/ʩʤ ʧʨʠ 90ÁC ʪʘ ʰʠʨʦʢʠʤ ʚʽʢʥʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

4,7 ɺ (ʧʨʦʪʠ Li/Li+ ʧʨʠ 70ÁC) [102]. 



ɺʠʟʥʘʯʝʥʥʷ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʻ ʦʜʥʠʤ 

ʟ ʥʘʛʘʣʴʥʠʭ ʚʠʢʣʠʢʽʚ ʧʨʠ ʨʦʟʨʦʙʮʽ ʩʫʯʘʩʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ʅʘʨʘʟʽ ʥʝ ʽʩʥʫʻ ʻʜʠʥʦʾ 

ʜʽʻʚʦʾ ʤʝʪʦʜʠʢʠ ʱʦʜʦ ʚʠʟʥʘʯʝʥʥʷ ʜʘʥʦʛʦ ʧʘʨʘʤʝʪʨʫ ʜʣʷ ʪʘʢʠʭ ʩʠʩʪʝʤ, ʪʦʤʫ 

ʥʘʫʢʦʚʮʽ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ ʧʨʦʧʦʥʫʶʪʴ ʩʚʦʾ ʧʽʜʭʦʜʠ ʟ ʟʘʣʫʯʝʥʥʷʤ ʽ ʢʦʤʙʽʥʫʚʘʥʥʷʤ 

ʨʽʟʥʠʭ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ.  

ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʝʷʢʠʭ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʠʩʦʥʽʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʥʘʚʝʜʝʥʘ 

ʚ ʟʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ 1.3. 

ʊʘʙʣʠʮʷ 1.3.  ╖ ʇʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʪʠʩʦʥʽʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ. 

ʉʢʣʘʜ ɽʘ, ʝɺ ů, ʉʤ/cʤ 
ʊ, 

ʂ 
ʄʝʪʦʜ ʩʠʥʪʝʟʘ ɼʞʝʨʝʣʦ 

Ce0,975Sr0,025F2,975 0,31 3,00Ŀ10ī4 ʂʊ 
ʊʚʝʨʜʦʬʘʟʥʠʡ 

ʩʠʥʪʝʟ 
[100] 

Sm0,95Ca0,05F2,95 0,36 1,00Ŀ10ï4 ʂʊ 
ʊʚʝʨʜʦʬʘʟʥʠʡ 

ʩʠʥʪʝʟ 
[101] 

(LaF3)0,4(PbF2)0,6 - 2,78Ŀ10ī4 393 ɿʤʽʰʘʥʘ ʬʘʟʘ [103] 

La0,9Sc0,1F3 0,43 4,50Ŀ10ï4 773 ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ [104] 

Pr0,9Sc0,1F3 0,48 2,10Ŀ10ï3 773 ɿʦʣʴ-ʛʝʣʴ ʤʝʪʦʜ [104] 

Ce0,97Sr0,03F2,97 0,34 5,00Ŀ10ī4 293 ʉʧʣʘʚʣʝʥʥʷ [105] 

La0,9Ba0,1F2,9 0,42 4,15Ŀ10-4 373 
ʉʧʽʚʦʩʘʜʞʝʥʥʷ + 

ʚʽʜʧʘʣ 
[97] 

La0,95Ba0,05F2,95 0,42 5,93Ŀ10-4 373 
ʉʧʽʚʦʩʘʜʞʝʥʥʷ + 

ʚʽʜʧʘʣ 
[97] 

La0,97Ba0,03F2,97 0,46 5,79Ŀ10-4 373 
ʉʧʽʚʦʩʘʜʞʝʥʥʷ + 

ʚʽʜʧʘʣ 
[97] 

La0,9Ba0,1F2,9 0,41 2,38Ŀ10-4 373 
ʄʝʭʘʥʦʭʽʤʽʯʥʠʡ 

ʤʝʪʦʜ 
[97] 

La0,95Ba0,05F2,95@PEO - 5,75Ŀ10-6 363 ʉʧʽʚʦʩʘʜʞʝʥʥʷ [102] 

ɺʠʟʥʘʯʝʥʥʷ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʻ ʢʣʶʯʦʚʠʤ ʘʩʧʝʢʪʦʤ ʜʣʷ ʦʮʽʥʢʠ 

ʧʨʠʜʘʪʥʦʩʪʽ ʝʣʝʢʪʨʦʣʽʪʽʚ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤʘʭ. ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʦʙʦʪʠ ʧʨʠ 

ʚʠʩʦʢʠʭ ʥʘʧʨʫʛʘʭ ʥʝʦʙʭʽʜʥʦ, ʱʦʙ ʝʣʝʢʪʨʦʣʽʪ ʭʘʨʘʢʪʝʨʠʟʫʚʘʚʩʷ ʜʦʩʪʘʪʥʽʤ ʨʽʚʥʝʤ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʇʽʜ ɺɽʉ ʨʦʟʫʤʽʶʪʴ ʜʽʘʧʘʟʦʥ ʧʦʪʝʥʮʽʘʣʽʚ, ʫ ʤʝʞʘʭ 

ʷʢʦʛʦ ʝʣʝʢʪʨʦʣʽʪ ʟʙʝʨʽʛʘʻ ʭʽʤʽʯʥʫ ʽʥʝʨʪʥʽʩʪʴ, ʪʦʙʪʦ ʥʝ ʟʘʟʥʘʻ ʧʨʦʮʝʩʽʚ ʦʢʠʩʥʝʥʥʷ ʯʠ 

ʚʽʜʥʦʚʣʝʥʥʷ. ɿʘʟʚʠʯʘʡ ʡʦʛʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ ʘʙʦ ʮʠʢʣʽʯʥʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ. ʅʘʨʘʟʽ ʥʝ ʽʩʥʫʻ ʛʦʪʦʚʠʭ ʤʝʪʦʜʠʢ ʜʣʷ ʦʮʽʥʢʠ ɺɽʉ ʪʚʝʨʜʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. ɸʜʞʝ ʟʘʟʚʠʯʘʡ ʜʣʷ ʪʦʯʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʥʜʘʨʪʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʘ 



ʢʦʤʽʨʢʘ ʟʘʟʚʠʯʘʡ ʤʽʩʪʠʪʴ ʪʨʠ ʝʣʝʢʪʨʦʜʠ ð ʨʦʙʦʯʠʡ, ʧʨʦʪʠʝʣʝʢʪʨʦʜ ʪʘ ʝʣʝʢʪʨʦʜ 

ʧʦʨʽʚʥʷʥʥʷ. ʇʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ, ʟʦʢʨʝʤʘ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʷʭ ʪʚʝʨʜʠʭ ʩʠʩʪʝʤ, 

ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʧʨʦʱʝʥʫ ʜʚʦʭʝʣʝʢʪʨʦʜʥʫ ʢʦʥʬʽʛʫʨʘʮʽʶ, ʘʜʞʝ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʻ ʩʢʣʘʜʥʠʤ ʪʝʭʥʽʯʥʠʤ ʧʨʦʮʝʩʦʤ, ʜʦ ʪʦʛʦ ʞ 

ʥʘʨʘʟʽ ʥʝʤʘʻ ʧʦʚʥʽʩʪʶ ʦʙʦʨʦʪʥʦʛʦ ʩʪʘʙʽʣʴʥʦʛʦ ʝʣʝʢʪʨʦʜʫ ʧʦʨʽʚʥʷʥʥʷ ʜʣʷ 

ʬʪʦʨʠʜʥʠʭ ʩʠʩʪʝʤ. ʋ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʦʜʠʥ ʟ ʝʣʝʢʪʨʦʜʽʚ ʦʜʥʦʯʘʩʥʦ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʾ 

ʷʢ ʧʨʦʪʠʝʣʝʢʪʨʦʜʘ, ʪʘʢ ʽ ʝʣʝʢʪʨʦʜʘ ʧʦʨʽʚʥʷʥʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʨʫʯʥʽʩʪʴ ʽ ʩʧʨʦʱʫʻ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʴ. ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʷʪʴ ʷʢ ʥʘ ʙʣʦʢʫʶʯʠʭ ʽʥʝʨʪʥʠʭ 

ʝʣʝʢʪʨʦʜʘʭ, ʪʘʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʪʦʨʠʜʥʠʭ ʝʣʝʢʪʨʦʜʽʚ ʟ ʦʜʥʦʛʦ ʙʦʢʫ ʽ ʽʥʝʨʥʪʥʦʛʦ 

ʟ ʽʥʰʦʛʦ, ʘʙʦ ʜʣʷ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʥʘʢʦʧʠʯʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʥʘʡʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦʾ ʤʝʪʦʜʠʢʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʅʘʨʘʟʽ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚʢʨʘʡ 

ʤʘʣʦ [106ï108] 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʨʷʜʫ ʤʝʪʘʣʝʚʠʭ ʝʣʝʢʪʨʦʜʽʚ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʝʣʝʢʪʨʦʣʽʪʫ La0,9Ba0,1F2,9 ʪʠʩʦʥʽʪʦʚʦʛʦ ʪʠʧʫ [106]. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʚʠʤʽʨʶʚʘʥʴ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʪʘ ʘʥʘʣʽʟʫ ʧʦʚʝʨʭʥʽ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʙʽʣʴʰʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʠʭ ʤʝʪʘʣʽʚ (Ag, Au, Pt, Ni) ʥʝ ʟʘʙʝʟʧʝʯʫʶʪʴ ʩʪʘʙʽʣʴʥʦʛʦ ʢʦʥʪʘʢʪʫ ʟ 

ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʤ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ. ɿʦʢʨʝʤʘ, ʤʽʜʴ ʚʠʷʚʣʷʻ 

ʨʝʘʢʮʽʡʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫʞʝ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦʤʫ ʢʦʥʪʘʢʪʽ, ʪʦʜʽ ʷʢ ʩʨʽʙʣʦ, ʟʦʣʦʪʦ, 

ʧʣʘʪʠʥʘ ʪʘ ʥʽʢʝʣʴ ʟʘʟʥʘʶʪʴ ʩʢʣʘʜʥʠʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʱʦ ʟʫʤʦʚʣʶʻ 

ʥʝʩʪʽʡʢʽʩʪʴ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʤʝʪʘʣ|ʝʣʝʢʪʨʦʣʽʪ. ɼʦʜʘʪʢʦʚʦ ʟʘʬʽʢʩʦʚʘʥʦ ʽʥʪʝʥʩʠʚʥʫ 

ʤʽʛʨʘʮʽʶ ʘʪʦʤʽʚ ʤʝʪʘʣʽʚ ʫ ʪʦʚʱʫ ʝʣʝʢʪʨʦʣʽʪʫ, ʱʦ ʧʽʜʢʨʝʩʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʠʬʫʟʽʡʥʦ-ʙʘʨôʻʨʥʠʭ ʧʨʦʰʘʨʢʽʚ ʫ ʬʪʦʨʠʜʥʠʭ ʩʠʩʪʝʤʘʭ. ʅʝʟʚʘʞʘʶʯʠ 

ʥʘ ʪʝ, ʱʦ ʚʩʽ ʜʦʩʣʽʜʞʝʥʽ ʤʝʪʘʣʠ ʜʝʤʦʥʩʪʨʫʶʪʴ ʧʝʚʥʫ ʜʝʛʨʘʜʘʮʽʶ ʧʽʜ ʯʘʩ ʧʦʣʷʨʠʟʘʮʽʾ 

ʪʘ ʮʠʢʣʫʚʘʥʥʷ, ʥʽʢʝʣʴ ʧʨʦʷʚʠʚ ʚʽʜʥʦʩʥʦ ʚʠʱʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʟʘʚʜʷʢʠ ʟʜʘʪʥʦʩʪʽ 

ʬʦʨʤʫʚʘʪʠ ʧʘʩʠʚʫʶʯʠʡ ʰʘʨ ʥʘ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʫ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ.  

ɸʚʪʦʨʘʤʠ [107] ʜʦʩʣʽʜʞʝʥʦ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ 

ʬʘʟʠ ʩʢʣʘʜʫ CsPb0,9K0,1F2,9 ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʧʨʦʪʠ ʝʣʝʢʪʨʦʜʫ 

Pb/PbF2. ɺʦʥʠ ʜʝʤʦʩʪʨʫʶʪʴ ʱʦ ʜʘʥʠʡ ʤʘʪʝʨʽʘʣ ʻ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʩʪʽʡʢʠʤ ʚ ʜʽʘʧʘʟʦʥʽ 



ʥʘʧʨʫʛ (ʚʽʜ 0,11ɺ ʜʦ 1,92ɺ). ɸʚʪʦʨʠ [108] ʤʝʪʦʜʘʤʠ ʣʽʥʽʡʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʜʣʷ 

ʬʘʟʠ K0,3Sn1,7F4,7 ʚʩʪʘʥʦʚʣʝʥʦ ʰʠʨʰʠʡ ʜʽʘʧʘʟʦʥ ʜʦ 2,9 ɺ. 

ʊʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ ʬʣʶʦʨʠʪʦʚʦʾ ʩʪʨʫʢʪʫʨʠ  ╖  ʮʝ ʩʧʦʣʫʢʠ ʟ 

ʦʜʥʽʻʶ ʽ ʪʽʻʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʨʝʰʽʪʢʦʶ ʷʢ ʫ CaF2. ɺʦʥʠ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʨʦʩʪʦʨʦʚʦʾ 

ʛʨʫʧʠ Fm-3m (z=4). ʌʪʦʨʠʜʠ ʪʘʢʦʛʦ ʪʠʧʫ ʰʠʨʦʢʦ ʚʽʜʦʤʽ ʩʚʦʻʶ ʰʚʠʜʢʦʶ 

ʬʪʦʨʠʜʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ.  

ʉʪʨʫʢʪʫʨʘ ʬʣʶʦʨʠʪʫ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ɹʨʝʛʛʦʤ ʚ 1914 ʨʦʮʽ. ɹʫʜʦʚʫ ʜʘʥʦʾ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʘʪʦʤʠ ʢʘʪʽʦʥʫ 

ʨʦʟʤʽʱʫʶʪʴʩʷ ʧʦ ʚʫʟʣʘʭ ʛʨʘʥʝʮʝʥʪʨʦʚʘʥʦʾ ʢʫʙʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʘʥʽʦʥʠ ʟʘʡʤʘʶʪʴ ʚʽʩʽʤ 

ʪʝʪʨʘʝʜʨʠʯʥʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʷʢʱʦ ʫʤʦʚʥʦ ʨʦʟʜʽʣʠʪʠ ʢʫʙ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʘ ʚʽʩʽʤ ʯʘʩʪʠʥ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʢʦʞʝʥ ʘʪʦʤ ʘʥʽʦʥʫ 

ʦʪʦʯʝʥʠʡ ʯʦʪʠʨʤʘ ʘʪʦʤʘʤʠ ʢʘʪʽʦʥʫ ʽ ʢʦʞʝʥ ʘʪʦʤ ʢʘʪʽʦʥʫ ʚʦʩʴʤʘ ʘʪʦʤʘʤʠ ʘʥʽʦʥʫ 

(ʨʠʩ. 1.8).  

 

ʈʠʩ. 1.8. ʉʪʨʫʢʪʫʨʘ ʬʣʶʦʨʠʪʫ CaF2. 

ʈʦʟʤʽʨ ʢʘʪʽʦʥʽʚ ʚ ʩʪʨʫʢʪʫʨʽ ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʠʧʫ ʙʽʣʴʰʠʡ ʥʽʞ ʚ ʽʥʰʠʭ 

ʩʪʨʫʢʪʫʨʘʭ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʚʝʣʠʢʠʭ ʧʦʨʦʞʥʠʥ ʫʪʚʦʨʝʥʠʭ ʢʘʪʽʦʥʘʤʠ 

ʫ ʮʝʥʪʨʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʢʦʤʽʨʢʠ. ɿʘʚʜʷʢʠ ʥʘʷʚʥʦʩʪʽ ʮʠʭ ʧʦʨʦʞʥʠʥ ʜʘʥʽ ʩʧʦʣʫʢʠ ʻ 

ʧʨʦʚʽʜʥʠʤʠ ʟʘ ʘʥʽʦʥʘʤ ʬʪʦʨʫ. ɺʥʫʪʨʽʰʥʽ ʜʝʬʝʢʪʠ, ʱʦ ʻ ʦʩʥʦʚʥʠʤʠ ʚ ʢʨʠʩʪʘʣʘʭ 

ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʠʧʫ ʻ ʘʥʪʠʬʨʝʥʢʝʣʴʩʴʢʠʤʠ, ʪʦʙʪʦ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʘʥʽʦʥʥʦʾ ʚʘʢʘʥʩʽʾ, 

ʷʢʘ ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ ʧʝʨʝʭʦʜʽ ʘʥʽʦʥʫ ʚ ʤʽʞʚʫʟʣʦʚʽ ʧʣʦʱʠʥʠ [109]. ɺʦʥʘ ʻ 

ʥʘʡʧʨʦʩʪʽʰʦʶ, ʜʣʷ ʤʦʞʣʠʚʠʭ ʩʧʦʣʫʢ ʟ ʟʘʛʘʣʴʥʦʶ ʬʦʨʤʫʣʦʶ ʄʍ2 ʽ ʭʘʨʘʢʪʝʨʥʘ ʜʣʷ 



ʙʘʛʘʪʴʦʭ ʬʪʦʨʠʜʽʚ ʽ ʾʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ: CaF2, SrF2, BaF2, CdF2, PbF2, Ca1-xGdxF2+x, 

Sr1-xLaxF2+x ʪʘ Ba1-xLaxF2+x. ʍʦʯʘ ʯʠʩʪʽ ʩʧʦʣʫʢʠ ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʥʠʟʴʢʫ 

ʧʨʦʚʽʜʥʽʩʪʴ, ʾʾ ʤʦʞʥʘ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʰʣʷʭʦʤ ʚʚʝʜʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ 

ʰʣʷʭʦʤ ʛʦʤʦʛʝʥʥʦʛʦ ʪʘ/ʘʙʦ ʛʝʪʝʨʦʛʝʥʥʦʛʦ ʣʝʛʫʚʘʥʥʷ.  

ɻʝʪʝʨʦʬʘʟʥʝ ʣʝʛʫʚʘʥʥʷ ʜʦʧʦʤʘʛʘʻ ʩʪʚʦʨʶʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʽʥʪʝʨʬʝʡʩʠ, ʱʦ 

ʤʽʩʪʷʪʴ ʜʝʬʝʢʪʠ ʪʘ/ʘʙʦ ʟʘʙʝʟʧʝʯʫʶʪʴ ʰʚʠʜʢʽ ʜʠʬʫʟʽʡʥʽ ʰʣʷʭʠ. ɻʝʪʝʨʦʧʝʨʝʭʦʜʠ 

ʜʦʟʚʦʣʷʶʪʴ ʩʧʨʦʩʪʠʪʠ ʪʨʘʥʩʧʦʨʪ ʟʘʨʷʜʞʝʥʠʭ ʯʘʩʪʠʥʦʢ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ. ɼʘʥʽ 

ʤʝʞʽ ʤʦʞʫʪʴ ʚʠʥʠʢʘʪʠ ʤʽʞ ʨʽʟʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʙʘʪʘʨʝʾ (ʢʦʤʧʦʟʠʪʥʠʡ 

ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ) [110], ʤʽʞ ʨʽʟʥʠʤʠ ʬʘʟʘʤʠ (ʝʣʝʢʪʨʦʣʽʪ/ʘʢʪʠʚʥʠʡ ʤʘʪʝʨʽʘʣ 

ʝʣʝʢʪʨʦʜʫ) [111], ʤʽʞ ʟʝʨʥʘʤʠ ʚ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʩʠʩʪʝʤʘʭ [112], ʱʦ ʻ ʧʦ ʩʫʪʽ 

ʩʪʨʫʢʪʫʨʥʠʤʠ ʨʦʟʨʠʚʘʤʠ, ʷʢʽ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 

ʉʫʤʘʨʥʠʡ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʡ ʟʘʨʷʜ, ʱʦ ʚʠʥʠʢʘʻ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ, ʚʧʣʠʚʘʻ ʥʘ ʽʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ. ʎʝʡ ʥʝʟʙʘʣʘʥʩʦʚʘʥʠʡ ʟʘʨʷʜ ʩʪʚʦʨʶʻ ʦʙʣʘʩʪʴ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ 

ʧʦʨʷʜ ʜʘʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ [113]. ʏʝʨʝʟ ʱʦ ʚ ʜʘʥʽʡ ʦʙʣʘʩʪʽ ʟ ʦʜʥʦʛʦ ʙʦʢʫ 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʤʽʞʚʫʟʣʦʚʽ ʨʫʭʦʤʽ ʯʘʩʪʠʥʢʠ, ʪʘʢʽ ʷʢ ʘʥʽʦʥʠ ʬʪʦʨʫ, ʥʘ ʧʨʦʪʠʚʘʛʫ ʾʤ 

ʟ ʽʥʰʦʛʦ ʙʦʢʫ ʤʝʞʽ ʚʠʥʠʢʘʻ ʜʝʬʽʮʠʪ ʪʘʢʠʭ ʯʘʩʪʠʥʦʢ, ʘʙʦ ʟʙʽʣʴʰʝʥʥʷ ʚʘʢʘʥʩʽʡ ʟ 

ʧʨʦʪʠʣʝʞʥʠʤ ʟʘʨʷʜʦʤ. ʅʘʢʦʧʠʯʝʥʥʷ ʽ ʚʠʩʥʘʞʝʥʥʷ ʟʘʨʷʜʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ 

ʟʤʽʥʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʥʦʩʽʾʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ. ɺ ʨʝʟʫʣʴʪʘʪʽ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʽʛʨʘʮʽʷ ʟʘʨʷʜʫ ʯʝʨʝʟ ʤʝʞʽ ʟʝʨʝʥ, ʘʥʘʣʦʛʽʯʥʦ ʫʪʚʦʨʝʥʥʶ pïn ʧʝʨʝʭʦʜʽʚ 

ʫ ʬʽʟʠʮʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ. ɺʚʝʜʝʥʥʷ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʪʘʢʦʞ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʤʽʞʬʘʟʥʦʾ ʚʽʜʩʪʘʥʽ, ʷʢʱʦ ʚʦʥʘ ʩʪʘʻ ʨʽʚʥʦʶ ʘʙʦ ʤʝʥʰʦʶ 

ʟʘ ʰʠʨʠʥʫ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʫ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʤʫ ʢʨʠʩʪʘʣʽ, ʯʝʨʝʟ ʱʦ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʚʠʥʠʢʘʶʪʴ ʷʢʽʩʥʦ ʥʦʚʽ ʤʝʭʘʥʽʟʤʠ ʧʝʨʝʥʦʩʫ ʟʘʨʷʜʫ, ʷʢʽ ʧʦʟʠʪʠʚʥʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ʆʪʞʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʽʥʪʝʨʬʝʡʩʽʚ ʻ ʜʫʞʝ ʝʬʝʢʪʠʚʥʠʤ ʚ 

ʜʚʦʭʬʘʟʥʠʭ ʩʠʩʪʝʤʘʭ ʜʣʷ ʧʦʣʽʧʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʚʠʧʘʜʢʫ ʬʪʦʨʠʜʽʚ, ʱʦ 

ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʨʫʭʦʤʠʭ ʯʘʩʪʠʥʦʢ ʚ ʦʙʣʘʩʪʷʭ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ.  

ʅʘʧʨʠʢʣʘʜ, ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʬʪʦʨʠʜ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

CaF2, Ca1-xLaxF2+x ʩʠʥʪʝʟʦʚʘʥʠʭ ʥʘʥʦʨʦʟʤʽʨʥʠʭ ʤʘʩʰʪʘʙʘʭ ʟʝʨʝʥ [114]. ɼʘʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʦʙʣʘʩʪʽ ʧʨʦʩʪʦʨʦʚʦʛʦ 
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ʟʘʨʷʜʫ, ʯʝʨʝʟ ʱʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʟʝʨʝʥ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ.  

ʇʽʜʭʽʜ ʛʝʪʝʨʦʚʘʣʝʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʨʦʟʛʣʷʥʫʪʦ ʘʚʪʦʨʘʤʠ, ʚʦʥʠ ʧʽʜʛʦʪʫʚʘʣʠ 

ʩʧʝʮʽʘʣʴʥʽ ʛʝʪʝʨʦʰʘʨʦʚʽ ʧʣʽʚʢʠ CaF2 ʠ BaF2 ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʧʨʦʤʝʥʝʚʦʾ 

ʝʧʽʪʘʢʩʽʾ [115]. ɼʘʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʘʟʘʣʠ ʧʨʦʧʦʨʮʽʡʥʝ ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʧʘʨʘʣʝʣʴʥʦ ʤʝʞʽ ʨʦʟʜʽʣʫ ʟ ʱʽʣʴʥʽʩʪʶ ʤʽʞ ʛʨʘʥʷʤʠ ʧʨʠ ʤʽʞʬʘʟʥʽʡ ʚʽʜʩʪʘʥʽ 50 ʥʤ. ɸ 

ʪʘʢʦʞ ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʨʦʚʽʜʥʠʢʽʚ ʟʽ ʟʤʝʥʰʝʥʥʷʤ ʪʦʚʱʠʥʠ ʰʘʨʫ ʪʘ ʟʙʽʣʴʰʝʥʥʷʤ ʾʭ 

ʢʽʣʴʢʦʩʪʽ (ʙʘʛʘʪʦ ʰʘʨʽʚ ʷʢʽ ʯʝʨʝʜʫʶʪʴʩʷ), ʱʦ ʚʢʘʟʫʻ ʥʘ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʩʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʛʝʪʝʨʦʧʝʨʝʭʦʜʽʚ. ɸʚʪʦʨʠ ʧʨʦʛʥʦʟʫʶʪʴ, ʱʦ ʪʘʢʠʡ ʝʬʝʢʪ ʧʦʚ'ʷʟʘʥʠʡ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʣʠʚʠʭ ʚʠʜʽʚ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ, ʱʦ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ 

ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʥʘʧʽʚʥʝʩʢʽʥʯʝʥʦʛʦ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ. ʋ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ 

ʤʽʞʬʘʟʥʦʾ ʚʽʜʩʪʘʥʽ ʦʙʣʘʩʪʽ ʽʥʪʝʨʬʝʡʩʫ ʧʝʨʝʢʨʠʚʘʶʪʴʩʷ, ʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʰʘʨ 

ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ, ʧʦʜʽʙʥʠʡ ʜʦ ʧʨʦʛʥʦʟʦʚʘʥʦʛʦ ʝʬʝʢʪʫ ʤʝʟʦʩʢʦʧʽʯʥʦʛʦ ʨʦʟʤʽʨʫ. 

ʅʘ ʮʽʡ ʩʪʘʜʽʾ ʤʦʥʦʰʘʨ ʚʪʨʘʯʘʻ ʩʚʦʶ ʽʥʜʠʚʽʜʫʘʣʴʥʽʩʪʴ, ʘ ʰʘʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ 

ʚʧʣʠʚʘʻ ʥʘ ʚʩʝ ʙʽʣʴʰʠʡ ʚʽʜʥʦʩʥʠʡ ʦʙ'ʻʤ ʫ ʤʽʨʫ ʟʤʝʥʰʝʥʥʷ ʪʦʚʱʠʥʠ ʰʘʨʫ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʪʘ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʇʨʦʪʝ 

ʜʣʷ ʜʝʷʢʠʭ ʩʠʩʪʝʤ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʰʘʨ ʧʨʦʩʪʦʨʦʚʦʛʦ ʟʘʨʷʜʫ ʤʘʻ ʥʘʩʪʽʣʴʢʠ ʤʘʣʫ 

ʪʦʚʱʠʥʫ, ʱʦ ʥʝ ʤʦʞʝ ʟʥʘʯʥʦ ʚʧʣʠʚʘʪʠ ʥʘ ʪʨʘʥʩʧʦʨʪ ʽʦʥʽʚ. 

ʇʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʧʨʦʷʚʣʷʻʪʴʩʷ ʽ ʜʣʷ 

ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʧʨʠʛʦʪʦʚʘʥʠʭ ʤʝʪʦʜʦʤ 

ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʫʣʴʦʚʦʛʦ ʧʦʤʝʣʫ. ʊʘʢ, ʧʨʠ ʩʠʥʪʝʟʽ ʟ ʚʠʭʽʜʥʠʭ BaF2 ʪʘ CaF2, 

ʘʚʪʦʨʘʤ [112] ʚʜʘʣʦʩʴ ʦʪʨʠʤʘʪʠ ʥʘʥʦʨʦʟʤʽʨʥʽ ʬʘʟʠ Baxʉa1-xF2 ʢʫʙʽʯʥʦʾ ʩʠʤʝʪʨʽʾ, 

ʙʘʛʘʪʽ ʥʘ ʜʝʬʝʢʪʠ ʽ ʚʢʨʘʧʣʝʥʥʷ ʯʠʩʪʦʾ ʬʘʟʠ CaF2. ʇʦʜʘʣʴʰʘ ʪʝʨʤʦʦʙʨʦʙʢʘ 

ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʤʘʪʝʨʽʘʣʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘ 2 ʪʘ 4 ʧʦʨʷʜʢʠ ʚʠʱʝ ʥʽʞ ʫ 

ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʦʜʥʦʬʘʟʥʠʭ ʥʘʥʦʢʨʠʩʪʘʣʽʯʥʠʭ BaF2 ʽ CaF2, ʚʽʜʧʦʚʽʜʥʦ. ʇʝʨʝʭʽʜ ʚʽʜ 

ʤʽʢʨʦʨʦʟʤʽʨʥʠʭ ʯʘʩʪʠʥʦʢ ʜʦ ʥʘʥʦʨʦʟʤʽʨʥʠʭ, ʚʽʜʤʽʯʘʻʪʴʩʷ ʧʦʣʽʧʰʝʥʥʷʤ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ 2 ʧʦʨʷʜʢʠ.  

ɸʚʪʦʨʘʤʠ ʙʫʣʦ ʟʙʽʣʴʰʝʥʦ ʧʨʦʚʽʜʥʽʩʪʴ CaF2 ʘʢʪʠʚʫʶʯʠ ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ 

ʚʚʝʜʝʥʥʷʤ ʚʪʦʨʠʥʥʠʭ ʬʘʟ SbF5 ʘʙʦ BiF3 ʚ ʤʝʞʽ ʟʝʨʝʥ, ʰʣʷʭʦʤ ʦʙʨʦʙʢʠ ʢʠʩʣʦʪʘʤʠ 



ʃʴʶʾʩʘ [116]. ɼʘʥʽ ʬʘʟʠ ʘʜʩʦʨʙʫʶʪʴʩʷ ʥʘ ʤʝʞʽ ʧʦʜʽʣʫ ʬʘʟ ʽ ʧʨʠʪʷʛʫʶʪʴ ʘʥʽʦʥʠ 

ʬʪʦʨʫ, ʩʪʚʦʨʶʶʯʠ ʚʘʢʘʥʩʽʾ ʽ ʧʦʢʨʘʱʫʶʯʠ ʤʽʛʨʘʮʽʶ ʘʥʽʦʥʽʚ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝ ʟʘʟʥʘʯʝʥʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʫ 

ʢʨʠʩʪʘʣʘ ʘʙʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʪʝ, ʱʦ ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʝʣʝʢʪʨʦʣʽʪʘʭ ʟ ʩʪʨʫʢʪʫʨʦʶ ʬʣʶʦʨʠʪʫ 

ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʚʟʜʦʚʞ ʤʝʞ ʟʝʨʝʥ. 

ʎʽʢʘʚʠʤ ʧʽʜʭʦʜʦʤ ʜʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʝʣʝʢʪʨʦʣʽʪʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ 

ʧʦʢʨʘʱʝʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʻ ʛʦʤʦʛʝʥʥʝ ʣʝʛʫʚʘʥʥʷ. ʑʦ ʧʝʨʝʜʙʘʯʘʻ ʚʚʝʜʝʥʥʷ ʽʟʦ- 

ʘʙʦ ʘʣʽʦʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ ʜʦ ʽʦʥʥʦʛʦ ʧʨʦʚʽʜʥʠʢʘ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʪʦʯʢʦʚʠʭ ʜʝʬʝʢʪʽʚ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ ʦʪʨʠʤʫʻ ʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ 

ʜʝʬʝʢʪʽʚ ʩʪʨʫʢʪʫʨʠ ʽ ʚʦʜʥʦʯʘʩ ʟʙʝʨʽʛʘʻ ʝʣʝʢʪʨʠʯʥʫ ʥʝʡʪʨʘʣʴʥʽʩʪʴ ʢʨʠʩʪʘʣʘ. 

ʌʪʦʨʠʜʠ ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʦʶ ʽʟʦʤʦʨʬʥʦʶ 

ʻʤʥʽʩʪʶ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʭ ʟʘʤʽʩʥʠʢʽʚ.  

ʅʘʧʨʠʢʣʘʜ, ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʚ BaF2 ʢʘʪʽʦʥʘʤʠ 3-ʭ ʚʘʣʝʥʪʥʦʛʦ 

ʣʘʥʪʘʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʟʢʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʦʤʽʰʢʠ, ʱʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʥʝʚʝʣʠʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦʙʘʚʢʠ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʤʘʶʪʴ ʥʘʜʟʚʠʯʘʡʥʦ ʚʠʩʦʢʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʪʘ ʥʠʞʯʫ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʥʽʞ ʚʠʭʽʜʥʘ ʩʧʦʣʫʢʘ. ʋʪʚʦʨʝʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʻ 

ʘʥʽʦʥʥʘʜʣʠʰʢʦʚʠʤʠ, ʥʘʜʣʠʰʦʢ F- ʘʥʽʦʥʽʚ ʨʦʟʤʽʱʫʻʪʴʩʷ ʚ ʤʽʞʚʫʟʣʦʚʠʭ ʧʣʦʱʠʥʘʭ, 

ʩʘʤʝ ʪʦʤʫ ʯʠʩʣʦ ʘʥʽʦʥʽʚ, ʱʦ ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʚʽʜʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɼʘʥʠʡ ʝʬʝʢʪ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʫ ʧʝʨʢʦʣʷʮʽʾ, ʮʝ ʩʪʘʥ ʢʦʣʠ ʢʽʣʴʢʽʩʪʴ ʨʫʭʦʤʠʭ 

ʯʘʩʪʠʥʦʢ ʤʘʢʩʠʤʘʣʴʥʘ ʜʣʷ ʽʩʥʫʶʯʠʭ ʰʣʷʭʽʚ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʤʽʞʚʫʟʣʦʚʽʡ ʧʣʦʱʠʥʽ. 

ʊʦʤʫ ʧʦʜʘʣʴʰʝ ʣʝʛʫʚʘʥʥʷ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ. 

ɯʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟʨʦʩʪʘʻ, ʘ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʟʤʝʥʰʫʻʪʴʩʷ ʧʨʠ ʥʠʟʴʢʽʡ 

ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʧʘʥʪʫ. ɿʘʛʘʣʦʤ ʧʨʦʚʽʜʥʽʩʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʚ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʤʘʻ ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ɺʽʜʨʽʟʦʢ ʥʘ ʷʢʦʤʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʨʦʩʪʘʻ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʣʝʛʢʦ ʤʽʛʨʫʚʘʪʠ, ʮʝʡ 

ʧʨʦʮʝʩ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʤʘʢʩʠʤʫʤʫ ʥʘ ʧʦʨʦʟʽ ʧʝʨʢʦʣʷʮʽʾ. ɼʣʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ Ba1-xLaxF2+x  ʮʝ ʟʥʘʯʝʥʥʷ ʚʽʜʧʦʚʽʜʘʻ 7 ʤʦʣ. % ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ, ʧʨʦʪʝ ʧʦʨʽʛ 

ʧʝʨʢʦʣʷʮʽʾ ʻ ʨʽʟʥʠʤ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʤʘʪʨʠʮʽ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ [117]. ʇʦʜʘʣʴʰʝ 
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ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʤʽʩʥʠʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ, ʱʦ ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʟʘʥʘʜʪʦ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʚʘʢʘʥʩʽʡ (ʽʤʦʚʽʨʥʦ, 

ʚʦʥʠ ʫʪʚʦʨʶʶʪʴ ʢʣʘʩʪʝʨ ʚʘʢʘʥʩʽʡ), ʱʦ ʧʝʨʝʰʢʦʜʞʘʻ ʾʭ ʤʽʛʨʘʮʽʾ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʚ ʽʦʥʥʠʡ ʪʨʘʥʩʧʦʨʪ ʥʘʜʭʦʜʠʪʴ ʚʽʜ 

ʽʥʪʝʨʩʪʠʮʽʘʣʴʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ F-, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ [118]. 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʩʦʢʦʾ ʨʫʭʣʠʚʦʩʪʽ ʘʥʽʦʥʽʚ ʥʝʦʙʭʽʜʥʘ ʥʘʷʚʥʽʩʪʴ ʚʽʣʴʥʠʭ 

ʜʝʬʝʢʪʽʚ, ʧʨʦʪʝ ʥʘ ʧʨʘʢʪʠʮʽ ʧʨʠ ʚʝʣʠʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʜʝʬʝʢʪʽʚ ʚʦʥʠ ʤʦʞʫʪʴ 

ʫʪʚʦʨʶʚʘʪʠ ʢʣʘʩʪʝʨʠ, ʷʢʽ ʚ ʩʚʦʶ ʯʝʨʛʫ ʤʦʞʫʪʴ ʧʨʠʚʝʟʪʠ ʜʦ ʧʝʨʝʨʦʟʧʦʜʽʣʫ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ, ʟ ʥʠʞʯʠʤ ʩʫʤʘʨʥʠʤ ʟʥʘʯʝʥʥʷʤ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʜʣʷ 

ʘʥʽʦʥʥʠʭ ʩʪʨʠʙʢʽʚ. ʉʘʤʝ ʪʦʤʫ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʤʽʩʥʠʢʘ ʥʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʨʦʪʝ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʧʨʦʜʦʚʞʫʻ ʣʽʥʽʡʥʦ 

ʟʤʝʥʰʫʚʘʪʠʩʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʪʨʘʥʩʧʦʨʪʫ ʬʪʦʨʠʜ ʘʥʽʦʥʽʚ ʚ ʩʠʩʪʝʤʘʭ Ba1īxRxF2+x (R = 

La, Ce, Nd, Gd, Tb, Dy, Ho, Tm, Lu; 0<x  0,40) ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ, ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ 

ʚʩʽʭ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʭ, ʧʨʦʪʝ ʚ ʜʝʷʢʠʭ ʩʠʩʪʝʤʘʭ 

ʧʨʦʚʽʜʥʽʩʪʴ ʜʦʩʷʛʘʣʘ ʪʦʯʢʠ ʥʘʩʠʯʝʥʥʷ ʧʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ, ʷʢʽ ʤʦʞʫʪʴ 

ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʨʽʛ ʧʝʨʢʦʣʷʮʽʾ [13]. ʎʝ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʥʠʞʝʥʥʷʤ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ.  

ʅʘʷʚʥʽʩʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʘʥʠʭ ʜʦʟʚʦʣʷʻ ʝʤʧʽʨʠʯʥʦ ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ 

ʤʝʭʘʥʽʟʤ ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʧʨʠʢʣʘʜ, ʜʝʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʟʥʠʭ ʬʨʘʢʮʽʡ 

Ba1īxLʘxF2+x ʧʨʦʚʝʜʝʥʽ ʘʚʪʦʨʘʤʠ [118], ʜʦʟʚʦʣʠʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʽʟʫ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʪʠ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ ʚʘʨʽʶʶʪʴ ʟ ʚʤʽʩʪʦʤ x, ʱʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʤʽʞʚʫʟʣʦʚʠʭ F- ʘʥʽʦʥʽʚ. ɸʪʦʤʠ ʬʪʦʨʫ ʚ ʩʪʨʫʢʪʫʨʽ ʬʣʶʦʨʠʪʫ 

ʤʦʞʫʪʴ ʨʦʟʤʽʱʫʚʘʪʠʩʴ ʯʦʪʠʨʴʦʭ ʧʦʟʠʮʽʷʭ (ʚʽʜ F1 ʜʦ F4) ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ 

ʣʝʛʫʶʯʠʭ ʜʦʤʽʰʦʢ [119ï121]. ʇʨʠ ʥʠʟʴʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘʜʣʠʰʢʦʚʽ ʘʥʽʦʥʠ 

ʬʪʦʨʫ ʟʘʡʤʘʶʪʴ ʤʽʞʚʫʟʣʦʚʽ (1/2,1/2,1/2) ʧʦʣʦʞʝʥʥʷ (F4) ʚ ʩʪʨʫʢʪʫʨʽ ʬʣʶʦʨʠʪʫ 

ʧʦʙʣʠʟʫ ʣʝʛʫʶʯʠʭ ʢʘʪʽʦʥʽʚ. ʇʨʠ ʚʠʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʥʘʜʣʠʰʢʦʚʽ ʘʥʽʦʥʠ 

ʫʪʚʦʨʶʶʪʴʩʷ ʢʣʘʩʪʝʨʠ ʽ ʤʽʞʚʫʟʣʦʚʽ ʽʦʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʬʣʶʦʨʠʪʫ ʟʘʡʤʘʶʪʴ ʥʘʧʨʷʤʢʠ 

ʫʟʜʦʚʞ ἂ111ἃ (F2) ʽ ἂ110ἃ (F1). ʑʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʧʝʨʝʭʦʜʫ ʘʥʽʦʥʽʚ 

ʬʪʦʨʫ ʟ ʥʦʨʤʘʣʴʥʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ F3. ʄʝʪʦʜʘʤʠ ʗʄʈ ʧʽʜʪʚʝʨʜʞʝʥʦ ʣʦʢʘʣʽʟʘʮʽʶ 

https://www.sciencedirect.com/topics/materials-science/percolation
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ʘʥʽʦʥʽʚ F ʚ ʥʦʨʤʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ (ʧʨʠʙʣʠʟʥʦ ʥʘ ʨʽʚʥʽ ī14 ppm) ʽ ʚ ʯʦʪʠʨʴʦʭ 

ʧʨʦʤʽʞʥʠʭ ʧʦʣʦʞʝʥʥʷʭ F ʥʘ ī25, ī11, +1 ʽ + 22 ppm (Ñ2 ppm). ʊʘʢʦʞ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʚʘʢʘʥʩʽʡ Fn ʚ ʧʦʟʠʮʽʷʭ ʬʪʦʨʫ. 

ʄʝʪʦʜʘʤʠ ʥʝʡʪʨʦʥʦʛʨʘʬʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʤʘʢʩʠʤʘʣʴʥʦʾ ʝʥʪʨʦʧʽ ʾ

ʜʦʩʣʽʜʞʝʥʦ ʜʠʬʫʟʽʡʥʽ ʰʣʷʭʠ Fī ʫ Ba0,6Lʘ0,4F2,4. ʈʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʪʨʘʥʩʧʦʨʪ 

ʽʦʥʽʚ ʚ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʝʭʘʥʽʟʤʽ ʜʠʬʫʟʽʾ ʱʽʣʠʥ. ʇʽʜʪʚʝʨʜʞʝʥʦ, ʱʦ 

ʥʘʜʣʠʰʦʢ ʽʦʥʽʚ ʬʪʦʨʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʧʝʚʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʱʽʣʠʥ, ʤʽʛʨʫʻ ʚ ʩʫʩʽʜʥʽ 

ʧʦʣʦʞʝʥʥʷ F [121]. ʇʦʜʽʙʥʽ ʜʠʬʫʟʽʡʥʽ ʰʣʷʭʠ ʪʘʢʦʞ ʚʽʜʤʽʯʘʶʪʴʩʷ ʽ ʜʣʷ ʽʥʰʠʭ ʬʪʦʨ-

ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʠʢʽʚ, ʪʘʢʠʭ ʷʢ Ba0,6Lʘ0,4F2,4 [119], PbF2 [122] ʽ Pb0,77Th0,23F2,46 [123].  

ʊʚʝʨʜʽ ʝʣʝʢʪʨʦʣʽʪʠ ʟ ʩʪʨʫʢʪʫʨʦʶ ʬʣʶʦʨʠʪʫ ʜʦʙʨʝ ʜʦʩʣʽʜʞʝʥʽ, ʧʘʨʘʤʝʪʨʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʜʝʷʢʠʭ ʥʘʚʝʜʝʥʽ ʚ ʟʚʝʜʝʥʽʡ ʪʘʙʣʠʮʽ 1.4.  

ʊʘʙʣʠʮʷ 1.4.  ╖ ʇʘʨʘʤʝʪʨʠ ʧʨʦʚʽʜʥʦʩʪʽ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʬʣʶʦʨʠʪʦʚʦʾ 

ʩʪʨʫʢʪʫʨʠ. 

ʉʢʣʘʜ ʃʽʪ. ů, ʉʤ/cʤ ʊ, ʂ ʉʢʣʘʜ ů, ʉʤ/cʤ ʊ, ʂ ʃʽʪ. 

CaF2  [124] 7Ŀ10ī11 333 Sr0,68Pr0,32F2,32    5,33Ŀ10
ī5 333 [88] 

SrF2   [124] 2Ŀ10ī11 333 Sr0,64Nd0,36F2,36    4,77Ŀ10
ī5 333 [88] 

BaF2   [124] 2,10ī10 333 Ba0,6La0,4F2,4    5,95Ŀ10ī5 333 [88] 

Ba0,6La0,4F2,4  [118] 1,9Ŀ10ī4 433 Ba0,74Ce0,26F2,26    5,62Ŀ10
ī6 333 [88] 

Sr0,7Y0,3F2,3   [125] 0,8Ŀ10-5 450 Ba0,74Pr0,26F2,26    1,76Ŀ10
ī6 333 [88] 

Ba0,7Sb0,3F2,3   [126] 4,4Ŀ10ï4 433 Ba0,86Nd0,14F2,14    9,57Ŀ10
ī7 333 [88] 

Ca0,95Sm0,05F2,95   [127] 2,8Ŀ10ī6 ʂʊ Ba0,8Gd0,2F2,2    1,3Ŀ10ī6 333 [88] 

Ca0,65Gd0,35F2,35   [88] 8,37Ŀ10ī5 333 Ba0,94Tb0,06F2,06     2,33Ŀ10
ī6 333 [88] 

Ca0,65Tb0,35F2,35    [88] 1,64Ŀ10ī5 333 Ba0,9Dy0,1F2,1     7,04Ŀ10
ī7 333 [88] 

Ca0,65Dy0,35F2,35    [88] 1,47Ŀ10ī5 333 Ba0,7Ho0,3F2,3     1,34Ŀ10
ī6 333 [88] 

Sr0,69La0,31F2,31    [88] 4,61Ŀ10ī5 333 Ba0,7Tm0,3F2,3     4,53Ŀ10
ī7 333 [88] 

Sr0,64Ce0,36F2,36   [88] 7,4Ŀ10ī5 333 Ba0,85Lu0,15F2,15  1,72Ŀ10
ī6 333 [88] 

ʆʪʞʝ, ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʫʪʚʦʨʝʥʥʽ ʰʣʷʭʦʤ ʣʝʛʫʚʘʥʥʷ ʪʨʠʚʘʣʝʥʪʥʠʤʠ 

ʨʽʜʢʦʟʝʤʝʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʤʘʶʪʴ ʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʙʝʟʣʘʜʫ ʪʘ ʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ.  

1.3. ʆʩʦʙʣʠʚʦʩʪʽ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʤʝʭʘʥʽʟʤʠ ʽʦʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʫ 

ʩʧʦʣʫʢʘʭ ʪʠʧʫ MSnF4 (M = Pb, Ba) 

ʉʢʣʘʜʥʽ ʬʪʦʨʠʜʠ ʩʢʣʘʜʫ MSnF4 ʤʘʶʪʴ ʚʠʩʦʢʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʥʠʟʴʢʫ 

ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʽ ʚʽʜʤʽʥʥʫ ʢʽʥʝʪʠʢʫ ʤʽʛʨʘʮʽʾ ʽʦʥʽʚ ʬʪʦʨʫ. ʅʘʡʙʽʣʴʰ 
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ʜʦʩʣʽʜʞʝʥʠʤ ʻ ʪʚʝʨʜʠʡ ʝʣʝʢʪʨʦʣʽʪ PbSnF4, ʷʢʠʡ ʫʪʚʦʨʝʥʠʡ ʟ ʬʪʦʨʠʜʽʚ ʧʣʶʤʙʫʤʫ ʽ 

ʩʪʘʥʫʤʫ. 

ʇʣʶʤʙʫʤ (IV) ʬʪʦʨʠʜ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʦʞʝ ʽʩʥʫʚʘʪʠ ʚ 2-ʭ ʬʘʟʘʭ: 

ʦʨʪʦʨʦʤʙʽʯʥʽʡ Ŭ-PbF2 ʪʘ ʢʫʙʽʯʥʽʡ ɓ-PbF2. ʆʨʪʦʨʦʤʙʽʯʥʘ ʬʘʟʘ ʻ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʶ, ʧʨʦʪʝ ʻ ʤʝʪʘʩʪʘʙʽʣʴʥʦʶ ʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʱʠʭ ʟʘ 350 ÁC  

ʧʝʨʝʭʦʜʠʪʴ ʚ ʢʫʙʽʯʥʫ ʬʘʟʫ ʪʠʧʫ ʬʣʶʦʨʠʪʫ. ʆʙʠʜʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʻ ʧʨʦʚʽʜʥʠʢʘʤʠ 

ʬʪʦʨʠʜ-ʽʦʥ̔ʚ, ʧʨʦʪʝ ʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʦʶ ʻ ɓ-PbF2 ʯʝʨʝʟ ʡʦʛʦ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʚʠʱʫ 

ʧʨʦʚʽʜʥʽʩʪʴ. ɺ ʤʦʥʦʢʨʠʩʪʘʣʽʯʥʦʤʫ ɓ-PbF2 ʩʪʘʥʽ ʡʦʛʦ ʧʨʦʚʽʜʥʽʩʪʴ ʩʢʣʘʜʘʻ  

5Ŀ10-7 ʉʤ/ʩʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʨʝʘʣʽʟʫʻʪʴʩʷ ʯʝʨʝʟ ʬʪʦʨʠʜʥʽ ʚʘʢʘʥʩʽʾ [128]. 

ɺ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ʬʪʦʨʠʜʘʤʠ ʣʫʞʥʦʟʝʤʝʣʴʥʠʭ ʤʝʪʘʣʽʚ ʬʪʦʨʠʜʠ 

ʧʣʶʤʙʫʤʫ ʻ ʢʨʘʱʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ F-, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ ʾʭ ʙʫʜʦʚʦʶ. ʅʘʷʚʥʽʩʪʴ 

ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʥʘ Pb2+ ʪʘ ʜʝʬʝʢʪʽʚ ʟʘ ʌʨʝʥʢʝʣʝʤ ʨʝʘʣʽʟʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʰʚʠʜʢʦʛʦ ʪʨʘʥʩʧʦʨʪʫ ʘʥʽʦʥʽʚ ʬʪʦʨʫ [122]. ʄʝʪʦʜʘʤʠ ʨʦʟʰʠʨʝʥʦʛʦ 

ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʧʦʛʣʠʥʘʥʥʷ ʪʦʥʢʦʾ ʩʪʨʫʢʪʫʨʠ (EXAFS), ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʚʠʧʘʜʢʫ 

ɓ-PbF2 ʽʦʥʠ ʬʪʦʨʫ ʟʘʡʤʘʶʪʴ ʨʝʛʫʣʷʨʥʽ ʧʦʟʠʮʽʾ ʪʝʪʨʘʝʜʨʘ, ʧʨʦʪʝ ʧʨʠ ʧʽʜʚʠʱʝʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʾʭ ʟʤʽʱʝʥʥʷ ʚʟʜʦʚʞ 111 ʥʘʧʨʷʤʢʫ ʥʘ ʢʽʣʴʢʘ ʦʢʨʝʤʠʭ 

ʜʽʣʷʥʦʢ, ʜʘʥʠʡ ʝʬʝʢʪ ʬʽʢʩʫʻʪʴʩʷ ʧʦʯʠʥʘʶʯʠ ʟ 80 K ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʩʠʣʝʥʥʷʤ 

ʟʘʣʝʞʥʦ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ [129]. ʁʤʦʚʽʨʥʦ ʥʝʧʦʜʽʣʝʥʘ ʧʘʨʘ ʝʣʝʢʪʨʦʥʽʚ ʥʘ Pb2+ ʟʘ 

ʨʘʭʫʥʦʢ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʩʠʣ ʚʽʜʰʪʦʚʭʫʚʘʥʥʷ ʚʠʰʪʦʚʭʫʻ ʬʪʦʨʠʜ-ʽʦʥʠ ʚ 

ʤʽʞʚʫʟʣʦʚʽ ʧʣʦʱʠʥʠ, ʘʜʞʝ ʢʽʣʴʢʽʩʪʴ ʽʦʥʽʚ ʚ ʤʽʞʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʷʭ ɓ-PbF2 ̒  ʙʽʣʴʰʦʶ 

ʧʦʨʽʚʥʶʶʯʠ ʟ SrF2. 

ʉʪʘʥʫʤ (ɯɯ) ʬʪʦʨʠʜ ʽʩʥʫʻ ʚ ʪʨʴʦʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: Ŭ-SnF2  

ʤʦʥʦʢʣʠʥʥʘ, ɓ-SnF2 ʨʦʤʙʽʯʥʘ, ɔ-SnF2 ʪʝʪʨʘʛʦʥʘʣʴʥʘ [130]. ɺʟʘʻʤʥʠʡ ʧʝʨʝʭʽʜ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʚʧʣʠʚʦʤ ʪʝʤʧʝʨʘʪʫʨʠ. ʗʢʘ ʧʝʨʝʭʦʜʫ ʟ Ŭ-SnF2 ʚ ɔ-SnF2 ʬʦʨʤʫ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʽʥʪʝʨʚʘʣʽ 120ï190 ÁC, ʘ ʧʨʠ 215 ÁC ɔ-ʬʦʨʤʘ ʧʦʯʠʥʘʻ ʧʣʘʚʠʪʠʩʴ. 

ʆʭʦʣʦʜʞʝʥʥʷ ʨʦʟʧʣʘʚʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʩʧʦʯʘʪʢʫ ɔ-ʬʘʟʠ, ʧʦʪʽʤ ɓ-ʬʘʟʠ 

(ʧʨʠ 66 Áʉ), ʷʢʘ ʧʦʚʽʣʴʥʦ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ Ŭ-ʬʘʟʫ [131]. ʅʘʡʙʽʣʴʰ ʩʪʘʙʽʣʴʥʦʶ 

ʬʘʟʦʶ ʩʝʨʝʜ ʽʩʥʫʶʯʠʭ ʧʦʣʽʤʦʨʬʽʚ ʻ Ŭ-ʬʦʨʤʘ. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ Ŭ-SnF2 

ʩʢʣʘʜʘʻʪʴʩʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦ ʚʽʜʤʽʥʥʠʭ ʽʦʥʽʚ: ʜʚʦʭ Sn2+ (Sn1 ʪʘ Sn2) ʽ ʯʦʪʠʨʴʦʭ  

F-. ɯʦʥ Sn1  ʪʝʪʨʘʝʜʨʠʯʥʦ ʦʪʦʯʝʥʠʡ ʪʨʴʦʤʘ ʽʦʥʘʤʠ ʬʪʦʨʫ ʽ ʥʝʧʦʜʽʣʝʥʦʶ ʧʘʨʦʶ 



ʝʣʝʢʪʨʦʥʽʚ, ʽʦʥ Sn2 ʦʢʪʘʝʜʨʠʯʥʦ ʢʦʦʨʜʠʥʦʚʘʥʠʡ ʧôʷʪʴʤʘ ʽʦʥʘʤʠ ʬʪʦʨʫ ʽ 

ʥʝʧʦʜʽʣʝʥʦʶ ʧʘʨʦʶ ʝʣʝʢʪʨʦʥʽʚ [130]. ɺ ʩʚʦʶ ʯʝʨʛʫ ʢʦʞʝʥ ʽʦʥ ʬʪʦʨʫ ʦʪʦʯʝʥʠʡ 

ʪʨʴʦʤʘ ʽʦʥʘʤʠ ʩʪʘʥʫʤʫ (ɯɯ). ɺ ʟʘʛʘʣʴʥʦʤʫ ʜʘʥʘ ʩʪʨʫʢʪʫʨʘ ʫʪʚʦʨʝʥʘ ʪʝʪʨʘʤʝʨʘʤʠ 

ʩʢʣʘʜʫ Sn4F8. ʇʨʦʚʽʜʥʽʩʪʴ Ŭ-SnF2 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʩʢʣʘʜʘʻ 5Ŀ10-7 ʉʤ/ʩʤ, ʟ 

ʪʠʤ ʞʝ ʧʦʨʷʜʢʦʤ ʱʦ ʽ ʫ ɓ-PbF2 [132].  

ɹʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʧʣʶʤʙʫʤ (ɯɯ) ʬʪʦʨʠʜʫ ʩʪʘʥʫʤ (ɯɯ) ʬʪʦʨʠʜʦʤ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʦʪʨʠʤʘʥʠʭ ʬʘʟʘʭ [133, 134]. ɺ ʽʥʪʝʨʚʘʣʽ 

ʢʦʥʮʝʥʪʨʘʮʽʡ ʜʦ 30 ʤʦʣ. %  ʫʪʚʦʨʶʻʪʴʩʷ ʢʫʙʽʯʥʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ Pb1īxSnxF2, ʟ 30 ʜʦ 

50 ʤʦʣ. % ʫʪʚʦʨʶʶʪʴʩʷ ʪʝʪʨʘʛʦʥʘʣʴʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʪʨʫʢʪʫʨʠ ɓ-PbSnF4, ʘ ʧʨʠ 

80 ʤʦʣ. % ʫʪʚʦʨʶʻʪʴʩʷ ʢʫʙʽʯʥʘ ʬʘʟʘ PbSn4F10 [135]. ʂʫʙʽʯʥʽ ʬʘʟʠ ʻ ʧʦʚʥʽʩʪʶ 

ʥʝʚʧʦʨʷʜʢʦʚʘʥʠʤʠ ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ ʢʫʙʽʯʥʫ ʩʠʤʝʪʨʽʶ. ʇʨʦʪʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʩʩʙʘʫʝʨʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʧʦʢʘʟʘʣʠ, ʱʦ ʢʘʪʽʦʥ Sn2+ ʫ ʮʠʭ ʬʘʟʘʭ ʻ ʣʦʢʘʣʴʥʦ 

ʩʧʦʪʚʦʨʝʥʠʤ ʪʘ ʧʨʦʷʚʣʷʻ ʩʪʝʨʝʦʘʢʪʠʚʥʽʩʪʴ. ʌʘʟʘ PbSn4F10 ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʽ 

ʨʦʟʢʣʘʜʘʻʪʴʩʷ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘ Ŭ-SnF2 ʽ Ŭ-PbSnF4 [88]. ʅʘʡʙʽʣʴʰʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʩʠʩʪʝʤʽ PbF2-SnF2 ʚʽʜʧʦʚʽʜʘʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ ʢʦʤʧʦʥʝʥʪʽʚ 50:50 ʽ 

ʚʽʜʧʦʚʽʜʘʻ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽʡ ʩʧʦʣʫʮʽ PbSnF4 [134]. 

ʂʨʠʩʪʘʣ PbSnF4 ʤʘʻ ʰʘʨʫʚʘʪʫ ʙʫʜʦʚʫ, ʧʦʜʽʙʥʫ ʩʪʨʫʢʪʫʨʽ ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʠʧʫ 

ʢʘʪʽʦʥʥʠʤʠ ʙʽʰʘʨʘʤʠ, ʱʦ ʯʝʨʛʫʶʪʴʩʷ. ʐʘʨʠ ʫʪʚʦʨʝʥʽ ʟ ʘʪʦʤʽʚ SnïSn, PbïSn ʽ Pbï

Pb, ʷʢʽ ʻ ʧʘʨʘʣʝʣʴʥʠʤʠ ʦʩʽ c [136] (ʨʠʩ.1.9). ɯʦʥʠ ʬʪʦʨʫ, ʱʦ ʟʥʘʭʦʜʷʪʴʩʷ ʘʪʦʤʥʦʤʫ 

ʰʘʨʽ PbïSn, ʤʘʶʪʴ ʪʝʥʜʝʥʮʽʶ ʜʦ ʧʝʨʝʭʦʜʫ ʚ ʤʽʞʚʫʟʣʦʚʽ ʧʣʦʱʠʥʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ 

ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʥʰʠʤʠ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʤʠ ʝʣʝʢʪʨʦʣʽʪʘʤʠ [137]. 

ʈʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʽ ʪʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʩʢʘʥʫʶʯʽ ʢʘʣʦʨʠʤʝʪʨʠʯʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʠʣʠ ʢʽʣʴʢʘ ʽʟʦʤʝʨʽʚ PbSnF4, ʷʢʽ ʩʠʥʪʝʟʫʶʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʽ ʫʤʦʚ ʪʝʨʤʽʯʥʦʾ ʦʙʨʦʙʢʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʧʦʩʦʙʫ ʦʪʨʠʤʘʥʥʷ ʽʩʥʫʻ 

4 ʨʽʟʥʠʭ ʤʦʜʠʬʽʢʘʮʽʾ: ʦʨʪʦʨʦʤʙʽʯʥʠʡ o-PbSnF4, ʪʝʪʨʘʛʦʥʘʣʴʥʠʡ Ŭ-PbSnF4, 

ʪʝʪʨʘʛʦʥʘʣʴʥʠʡ ɓ-PbSnF4 ̔  ʢʫʙʽʯʥʠʡ ɔ-PbSnF4. ʆʨʪʦ-ʤʦʜʠʬʽʢʘʮʽʶ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 

ʦʩʘʜʞʝʥʥʷʤ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʬʪʦʨʠʜʥʦʾ ʢʠʩʣʦʪʠ [138]. ɸʣʴʬʘ-ʤʦʜʠʬʽʢʘʮʽʷ ʤʦʞʝ 

ʙʫʪʠ ʦʪʨʠʤʘʥʘ ʦʩʘʜʞʝʥʥʷʤ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʘʙʦ ʧʨʷʤʦʶ ʪʚʝʨʜʦʬʘʟʥʦʶ ʨʝʘʢʮʽʻʶ 

ʤʽʞ SnF2 ʠ PbF2 ʧʨʠ 250ÁC [139]. ʄʝʪʦʜʘʤʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ 



ɓ-PbSnF4 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 400ÁC [140]. ɔ-PbSnF4 ʦʪʨʠʤʫʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʧʦʜʨʽʙʥʝʥʥʷ ʚ ʰʘʨʦʚʦʤʫ ʤʣʠʥʽ ʙʫʜʴ-ʷʢʦʾ ʟ ʪʨʴʦʭ ʽʥʰʠʭ ʤʦʜʠʬʽʢʘʮʽʡ [140]. ʉʧʦʣʫʢʘ 

ɓ-PbSnF4 ʩʝʨʝʜ ʚʽʜʦʤʠʭ ʥʘ ʩʴʦʛʦʜʥʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʤʘʻ ʦʜʥʫ ʟ ʥʘʡʙʽʣʴʰʠʭ 

ʫʥʽʧʦʣʷʨʥʠʭ ʽʦʥʥʠʭ ʧʨʦʚʽʜʥʦʩʪʝʡ ʧʨʠ ʂʊ, ʱʦ ʩʢʣʘʜʘʻ 1,2Ā10ī3 ʉʤ/ʩʤ [141, 142].  

ʈʠʩ. 1.9. ʊʠʧʦʚʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢʘ ʪʠʧʫ MSnF4 (M = Pb, Ba). 

ɽʣʝʢʪʨʦʣʽʪʠ ʚ ʩʠʩʪʝʤʽ BaF2-SnF2 ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʟ ʚʠʩʦʢʦʶ 

ʧʨʦʚʽʜʥʽʩʪʶ ʪʘ ʚʠʱʦʶ ʪʝʦʨʝʪʠʯʥʦʶ ʥʘʧʨʫʛʦʶ ʨʦʟʢʣʘʜʫ, ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʠʤ ʻ ʬʘʢʪ 

ʟʘʤʽʥʠ ʙʽʣʴʰ ʪʦʢʩʠʯʥʦʛʦ ʧʣʶʤʙʫʤʫ ʥʘ ʙʘʨʽʡ, ʱʦ ʩʪʘʚʠʪʴ ʤʝʥʰʽ ʚʠʤʦʛʠ ʜʦ ʟʘʭʠʩʪʫ 

ʪʘʢʠʭ ʩʠʩʪʝʤ [143]. ɺ ʩʠʩʪʝʤʽ BaF2-SnF2, ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

50/50, ʫʪʚʦʨʶʻʪʴʩʷ ʩʢʣʘʜʥʠʡ ʬʪʦʨʠʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ BaSnF4 ʟʽ 

ʩʪʨʫʢʪʫʨʦʶ ɓ-PbSnF4, ʷʢʠʡ ʤʘʻ ʥʘ ʜʝʢʽʣʴʢʘ ʧʦʨʷʜʢʽʚ ʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʽʞ 

ʽʥʜʠʚʽʜʫʘʣʴʥʽ ʬʪʦʨʠʜʠ ʙʘʨʽʶ ʪʘ ʩʪʘʥʫʤʫ [143, 144]. ɺ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 

ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ (BaF2)xï(SnF2)1-x ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʽʟʦʩʪʨʫʢʪʫʨʥʽ BaSnF4 [143]. 

BaSnF4 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʠʥʛʦʥʽʾ ʟ ʰʘʨʫʚʘʪʦʶ ʩʪʨʫʢʪʫʨʦʶ, 

ʚ ʷʢʽʡ ʚʟʜʦʚʞ ʦʩʽ ʩ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʯʝʨʝʜʫʶʪʴʩʷ ʰʘʨʠ 

ĿĿĿBaBaSnSnBaBaĿĿĿ[145]. ʉʧʦʣʫʢʘ ɓ-BaSnF4 ʤʘʻ ʥʠʞʯʫ ʬʪʦʨʠʜ-ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ 

ʥʽʞ ɓ-PbSnF4. ʑʦ ʦʙʫʤʦʚʣʝʥʦ ʨʽʟʥʠʤʠ ʢʘʪʽʦʥʥʠʤʠ ʨʘʜʽʫʩʘʤʠ ʽ ʧʦʣʷʨʠʟʘʮʽʡʥʠʤʠ 

ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʢʘʪʽʦʥʽʚ Ba2+ ʽ Pb2+. ʈʫʭʣʠʚʽ ʘʥʽʦʥʠ ʬʪʦʨʫ ʫ ʩʪʨʫʢʪʫʨʽ ʪʚʝʨʜʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ ʣʦʢʘʣʽʟʦʚʘʥʽ ʧʝʨʝʚʘʞʥʦ ʤʽʞ BaïSn ʪʘ SnïSn. ʉʠʣʴʥʽ ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʽ 



ʚʟʘʻʤʦʜʽʾ ʟʚôʷʟʢʫ BaïF ʫʩʢʣʘʜʥʶʶʪʴ ʧʝʨʝʥʝʩʝʥʥʷ ʽʦʥʽʚ ʬʪʦʨʫ ʚ ʘʪʦʤʥʦʤʫ ʰʘʨʽ Baï

Ba, ʷʢʠʡ ʻ ʙʘʨôʻʨʦʤ ʜʣʷ ʜʠʬʫʟʽʾ ʽʦʥʽʚ ʬʪʦʨʫ, ʪʦʤʫ ʨʫʭ ʽʦʥʽʚ ʬʪʦʨʫ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʰʣʷʭʦʤ ʧʝʨʝʩʢʦʢʫ ʚ ʧʨʦʩʪʽʨ ʤʽʞ BaïSn [144]. ɺʠʩʦʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ MSnF4 (ʜʝ M ï Pb, Ba, Sr), ʦʙʫʤʦʚʣʝʥʘ ʩʧʝʮʠʬʽʯʥʦʶ ʝʣʝʢʪʨʦʥʥʦʶ 

ʩʪʨʫʢʪʫʨʦʶ ʢʘʪʽʦʥʫ Sn2+. ʅʘʷʚʥʽʩʪʴ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ 5s2 ʝʣʝʢʪʨʦʥʽʚ ʦʙʫʤʦʚʣʶʻ 

ʡʦʛʦ ʚʠʩʦʢʫ ʩʪʝʨʝʦʘʢʪʠʚʥʽʩʪʴ ʪʘ ʟʜʘʪʥʽʩʪʴ ʚʧʣʠʚʘʪʠ ʥʘ ʨʫʭʣʠʚʽʩʪʴ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʚ 

ʘʥʽʦʥʥʽʡ ʧʽʜˇʨʘʪʮʽ [146, 147]. 

ʆʩʦʙʣʠʚʦʩʪʽ ʪʨʘʥʩʧʦʨʪʫ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʫ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟʘʭ, 

ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ ɓ-PbSnF4, ʧʨʠʚʝʨʪʘʣʠ ʟʥʘʯʥʫ ʫʚʘʛʫ ʜʦʩʣʽʜʥʠʢʽʚ ʯʝʨʝʟ ʾʭ ʘʥʦʤʘʣʴʥʦ 

ʚʠʩʦʢʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ʄʝʭʘʥʽʟʤ ʧʝʨʝʥʦʩʫ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʚ ʮʠʭ ʬʘʟʘʭ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʙʫʜʦʚʦʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʪʘ ʧʨʠʨʦʜʦʶ ʢʘʪʽʦʥʽʚ, ʷʢʽ ʾʾ ʬʦʨʤʫʶʪʴ. 

ɿʘ ʜʘʥʠʤʠ ʚʠʩʦʢʦʨʦʟʜʽʣʴʥʦʾ MAS NMR-ʩʧʝʢʪʨʦʩʢʦʧʽʾ [147], ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ 

ʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʘʣʝʞʠʪʴ ʬʪʦʨʠʜ-ʽʦʥʘʤ, ʨʦʟʪʘʰʦʚʘʥʠʤ ʫ ʰʘʨʽ MïSn. ʇʝʨʝʥʦʩ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʯʝʨʝʟ ʤʽʞʚʫʟʣʦʚʠʡ ʦʙʤʽʥ ʤʽʞ ʧʦʟʠʮʽʷʤʠ F1 ʪʘ F3. 

ɽʥʝʨʛʝʪʠʯʥʠʡ ʙʘʨôʻʨ ʜʣʷ ʪʘʢʦʛʦ ʧʝʨʝʥʦʩʫ ʻ ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤ (0,3ï0,4 ʝɺ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʽ ʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʚʽʪʴ ʟʘ ʧʦʤʽʨʥʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʐʘʨ 

MïM ʤʘʻ ʙʫʜʦʚʫ, ʙʣʠʟʴʢʫ ʜʦ ʬʣʶʦʨʠʪʦʚʦʾ, ʜʝ ʬʪʦʨʠʜ-ʽʦʥʠ F2 ʟʘʡʤʘʶʪʴ ʙʽʣʴʰ 

ʩʪʘʙʽʣʴʥʽ ʧʦʣʦʞʝʥʥʷ, ʦʙʤʝʞʝʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʦʪʦʯʝʥʥʷʤ ʢʘʪʽʦʥʽʚ ʄ (Pb2+, Ba2+). 

ʇʨʦʚʽʜʥʽʩʪʴ ʫ ʮʴʦʤʫ ʰʘʨʽ ʻ ʥʘʡʥʠʞʯʦʶ ð ʧʨʠʙʣʠʟʥʦ ʥʘ 6ï7 ʧʦʨʷʜʢʽʚ ʤʝʥʰʦʶ, ʥʽʞ 

ʫ ʰʘʨʽ MïSn [147]. ʊʘʢʘ ʨʽʟʥʠʮʷ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʫ ʬʣʶʦʨʠʪʦʧʦʜʽʙʥʽʡ 

ʧʽʜˇʨʘʪʮʽ ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʚʘʢʘʥʩʽʡ ʽ ʤʽʞʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ ʤʽʥʽʤʘʣʴʥʘ, ʱʦ 

ʫʩʢʣʘʜʥʶʻ ʜʠʬʫʟʽʶ ʬʪʦʨʠʜʽʚ. ʋ ʰʘʨʽ SnïSn, ʟʘ ʜʘʥʠʤʠ ʗʄʈ ʪʘ ʥʝʡʪʨʦʥʥʦʾ 

ʜʠʬʨʘʢʮʽʾ [148, 149], ʚʠʷʚʣʝʥʦ ʥʘʷʚʥʽʩʪʴ ʤʽʞʚʫʟʣʦʚʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ, ʷʢʽ ʪʘʢʦʞ 

ʨʦʙʣʷʪʴ ʚʥʝʩʦʢ ʫ ʟʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. 

ʌʘʟʘ PbSnF4 ʜʝʤʦʥʩʪʨʫʻ ʚʠʱʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ 

ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ʩʧʦʣʫʢʘʤʠ MSnF4 ʥʘ ʦʩʥʦʚʽ Ba
2+ ʘʙʦ Sr2+. ʎʝ ʧʦʷʩʥʶʻʪʴʩʷ 

ʥʘʷʚʥʽʩʪʶ ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʥʝʧʦʜʽʣʝʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ 6s2 ʢʘʪʽʦʥʘ Pb2+, ʷʢʘ 

ʩʧʨʠʯʠʥʷʻ ʣʦʢʘʣʴʥʽ ʧʦʣʷʨʠʟʘʮʽʡʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ. ʋʥʘʩʣʽʜʦʢ ʮʴʦʛʦ 

ʚʠʥʠʢʘʶʪʴ ʜʽʣʷʥʢʠ, ʜʝ ʘʥʽʦʥ ʬʪʦʨʫ ʩʣʘʙʰʝ ʟʚôʷʟʘʥʠʡ ʽʟ ʦʪʦʯʝʥʥʷʤ, ʱʦ ʧʦʣʝʛʰʫʻ 

ʡʦʛʦ ʤʽʛʨʘʮʽʶ ʤʽʞ ʚʫʟʣʘʤʠ ʛʨʘʪʢʠ ʪʘ ʟʥʠʞʫʻ ʝʥʝʨʛʽʶ ʘʢʪʠʚʘʮʽʾ ʧʝʨʝʥʦʩʫ. 



ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʗʄʈ-ʜʦʩʣʽʜʞʝʥʴ, ʤʦʣʝʢʫʣʷʨʥʦ-ʜʠʥʘʤʽʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʥʝʡʪʨʦʥʥʦʾ ʜʠʬʨʘʢʮʽʾ [150], ʦʩʥʦʚʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘʣʠʰʘʻʪʴʩʷ 

ʤʽʛʨʘʮʽʷ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʤʽʞ ʯʘʩʪʢʦʚʦ ʟʘʡʥʷʪʠʤʠ ʚʫʟʣʘʤʠ ʚ ʰʘʨʽ MïSn, ʪʦʜʽ ʷʢ ʽʥʰʽ 

ʰʘʨʠ ʚʽʜʽʛʨʘʶʪʴ ʜʦʧʦʤʽʞʥʫ ʨʦʣʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʩʪʨʫʢʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʪʝʨʤʽʯʥʦ ʘʢʪʠʚʦʚʘʥʦʛʦ ʪʨʠʚʠʤʽʨʥʦʛʦ ʧʝʨʝʥʦʩʫ. 

ɻʣʠʙʦʢʝ ʨʦʟʫʤʽʥʥʷ ʮʠʭ ʤʝʭʘʥʽʟʤʽʚ ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʰʣʷʭʦʤ ʽʟʦʚʘʣʝʥʪʥʦʛʦ ʘʙʦ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʽʚ ʟ ʤʝʪʦʶ ʦʧʪʠʤʽʟʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʫ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʝʣʝʢʪʨʦʣʽʪʘʭ. 

ʆʪʞʝ, ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ ʪʘʢʦʛʦ ʪʠʧʫ ʧʦʚʠʥʥʽ ʩʫʪʪʻʚʦ ʟʘʣʝʞʘʪʠ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʜʝʬʝʢʪʽʚ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ, ʘʣʝ ʡ ʚʽʜ ʤʽʩʮʴ ʾʭ ʣʦʢʘʣʽʟʘʮʽʾ ʚ ʘʥʽʦʥʥʽʡ 

ʧʽʜˇʨʘʪʮʽ ʤʽʞ ʰʘʨʘʤʠ ʢʘʪʽʦʥʽʚ. ʇʨʦʪʝ ʽʩʥʫʶʯʽ ʧʽʜʭʦʜʠ ʜʦ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʜʦʟʚʦʣʷʶʪʴ ʟʥʘʯʥʦ ʚʜʦʩʢʦʥʘʣʠʪʠ ʬʣʶʦʨʠʪʦʚʠʡ ʪʠʧ BaSnF4 ʤʝʪʦʜʘʤʠ ʩʠʥʪʝʟʫ ʪʘ 

ʧʽʜʛʦʪʦʚʢʠ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʣʝʛʫʚʘʥʥʷ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʤʠ ʽʦʥʘʤʠ. ʎʝ 

ʦʙʫʤʦʚʣʝʥʦ ʧʝʨʝʙʫʜʦʚʦʶ ʘʪʦʤʽʚ ʽ ʧʝʨʝʨʦʟʧʦʜʽʣʦʤ ʟʘʨʷʜʽʚ, ʚʠʢʣʠʢʘʥʦʛʦ 

ʣʝʛʫʚʘʥʥʷʤ ʽʦʥʘʤʠ, ʜʦ ʪʦʛʦ ʜʘʥʽ ʜʦʙʘʚʢʠ ʤʦʞʫʪʴ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ.  

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʝʣʝʢʪʨʦʣʽʪʽʚ ʥʘ ʦʩʥʦʚʽ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ MSnF4 ʻ 

ʚʫʟʴʢʝ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ, ʱʦ ʟʥʘʯʥʦ ʦʙʤʝʞʫʻ ʡʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ 

ʙʘʪʘʨʝʶ ʟ ʚʠʩʦʢʦʶ ʧʠʪʦʤʦʶ ʧʦʪʫʞʥʽʩʪʶ. ʇʨʦʪʝ ʘʚʪʦʨʘʤʠ [151] ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 

ʮʽʢʘʚʠʡ ʧʽʜʭʽʜ, ʷʢʠʡ ʜʦʟʚʦʣʠʪʴ ʟʥʘʯʥʦ ʧʽʜʚʠʱʠʪʠ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟ 

ʥʝʟʥʘʯʥʦʶ ʚʪʨʘʪʦʶ ʧʨʦʚʽʜʥʦʩʪʽ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ ʫʪʚʦʨʝʥʥʽ ʥʘ ʦʩʥʦʚʥʦʤʫ 

ʝʣʝʢʪʨʦʣʽʪʽ ʜʦʜʘʪʢʦʚʦʛʦ ʪʦʥʢʦʛʦ ʟʘʭʠʩʥʦʛʦ ʰʘʨʫ ʟ ʙʽʣʴʰ ʩʪʽʡʢʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ 

ʪʠʩʦʥʽʪʦʚʦʾ ʙʫʜʦʚʠ. ɰʭ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʠ ʫʩʧʽʰʥʫ ʨʦʙʦʪʫ ʰʘʨʫʚʘʪʦʛʦ 

ʝʣʝʢʪʨʦʣʽʪʫ La0,9Ba0,1F2,9/BaSnF4/La0,9Ba0,1F2,9, ʜʝ ʪʦʚʱʠʥʘ ʦʩʥʦʚʥʦʛʦ ʰʘʨʫ BaSnF4 

ʩʢʣʘʜʘʻ <700 ʤʢʤ, ʘ ʟʘʭʠʩʥʦʛʦ La0,9Ba0,1F2,9 <50 ʤʢʤ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʜʘʣʦʩʴ ʩʪʚʦʨʠʪʠ 

ʝʣʝʢʪʨʦʣʽʪ ʟ ʧʨʦʚʽʜʥʽʩʪʶ 0,89Ŀ10-5 ʉʤ/ʩʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ, ʷʢʠʡ ʩʫʤʽʩʥʠʡ 

ʟ ʚʠʩʦʢʦ ʝʣʝʢʪʨʦʧʦʟʠʪʠʚʥʠʤʠ ʤʝʪʘʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ Ce ʽ Mg. ʑʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ ʤʘʢʝʪʥʦʾ ʢʦʤʽʨʢʠ Ce/La0,9Ba0,1F2,9-BaSnF4/BiF3, ʧʨʦʬʽʣʽ 

ʟʘʨʷʜ/ʨʦʟʨʷʜ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʜʣʷ 5 ʮʠʢʣʽʚ ʧʨʠ 423ʂ. ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʝʨʰʘ ʨʦʟʨʷʜʥʘ 



ʻʤʥʽʩʪʴ ʩʢʣʘʜʘʻ 251 ʤɸĿʛʦʜ/ʛ (83% ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ) ʟ ʩʝʨʝʜʥʴʦʶ ʥʘʧʨʫʛʦʶ 2,5ɺ, 

ʘ ʟʘʨʷʜʥʘ 228 ʤɸĿʛʦʜ/ʛ (93% ʚʽʜ ʪʝʦʨʝʪʠʯʥʦʛʦ) ʟ ʩʝʨʝʜʥʴʦʶ ʥʘʧʨʫʛʦʶ 2,8ɺ. 

ɻʽʩʪʝʨʝʟʠʩ ʥʘʧʨʫʛʠ ʦʪʨʠʤʘʥʠʡ ʥʘ ʧʝʨʰʦʤʫ ʮʠʢʣʽ ʻ ʤʝʥʰʠʤ ʥʽʞ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʯʠʩʪʦʛʦ La0,9Ba0,1F2,9. ʇʨʦʪʷʛʦʤ ʥʘʩʪʫʧʥʠʭ ʮʠʢʣʽʚ ʻʤʥʽʩʪʴ ʰʚʠʜʢʦ ʟʛʘʩʘʣʘ ʽ ʥʘ 5 

ʮʠʢʣʽ ʩʪʘʥʦʚʠʣʘ ʤʝʥʰʝ 50% ʚʽʜ ʧʝʨʰʦʛʦ ʮʠʢʣʫ, ʰʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʦ ʚʪʨʘʪʦʶ 

ʢʦʥʪʘʢʪʫ ʽ ʦʙôʻʤʥʠʤʠ ʟʤʽʥʘʤʠ ʚ ʝʣʝʢʪʨʦʜʘʭ. ʆʪʞʝ, ʟʘʩʪʦʩʫʚʘʥʥʷ La0,9Ba0,1F2,9 ʫ 

ʚʠʛʣʷʜʽ ʪʦʥʢʦʛʦ ʰʘʨʫ ʧʽʜʚʠʱʠʣʦ ʟʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʛʨʘʥʫʣʠ ʥʘ ʧʦʨʷʜʦʢ 

(ʧʦʨʽʚʥʷʥʦ ʟ ʯʠʩʪʠʤ La0,9Ba0,1F2,9), ʫ ʪʦʡ ʯʘʩ ʷʢ ʚʽʥ ʬʽʟʠʯʥʦ ʽʟʦʣʶʚʘʚ ʤʝʥʰ 

ʩʪʘʙʽʣʴʥʠʡ ʽ ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʡ ʝʣʝʢʪʨʦʣʽʪ BaSnF4 ʚʽʜ ʘʥʦʜʘ. ɸʚʪʦʨʠ ʚʚʘʞʘʶʪʴ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʧʨʦʢʣʘʜʝ ʰʣʷʭ ʜʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʪʘ ʨʦʟʨʦʙʢʠ ʚʜʦʩʢʦʥʘʣʝʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ 

ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. 

ʊʘʙʣʠʮʷ 1.5.  ╖  ʇʘʨʘʤʝʪʨʠ ʜʝʷʢʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʩʪʨʫʢʪʫʨʠ ʪʠʧʫ PbSnF4. 

ʉʢʣʘʜ  ů, ʉʤ/cʤ ɽʘ, ʝɺ T, K ʃʽʪ. 

ŬīPbF2 5,00Ŀ10ī7 0,60 300 [152] 

BaF2 4,00Ŀ10ï4 - 833 [153] 

ŬīSnF2 5,00Ŀ10ī7 0,44 293 [138] 

ŬīPbSnF4 3,00Ŀ10ī3 0,45 293 [154] 

BaSnF4 1,00Ŀ10ī2 0,31 500 [155] 

NH4Sn2F5 5,00Ŀ10ī4 0,50 298 [88] 

KSn2F5 5,00Ŀ10ī5 0,55 293 [88] 

RbSn2F5 2,00Ŀ10ī5 0,68 293 [88] 

TlSn2F5 6,00Ŀ10ī4 0,54 293 [88] 

ɔ-Pb0,55Sn0,45F2,00  2,50Ŀ10ī3 0,30 293 [156] 

Ba0,98Eu0,02SnF4,02 3,80Ŀ10ï4 - 293 [157] 

Ba0,875Nd0,125SnF4,125 5.35Ŀ10ī3
 0,18 300 [158] 

Ba0,95Ce0,05SnF4,05 5,20Ŀ10ï4 0,15 293 [159] 

ɺa0,96Mn0,04SnF4 2,70Ŀ10-4 - 293 [160] 

ʅʘʨʘʟʽ ʽʩʥʫʶʯʽ ʝʣʝʢʪʨʦʣʽʪʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʩʪʘʥʫʤʫ ʪʘ ʙʘʨʽʶ ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʽ ʻ ʢʦʥʢʫʨʝʥʪʦ ʩʧʨʦʤʦʞʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ 

ʝʣʝʢʪʨʦʣʽʪʘʤʠ. 

1.4. ʇʨʠʥʮʠʧʠ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ ʪʠʧʫ MSnF4 

ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚʠʟʥʘʯʘʻʪʴʩʷ: ʢʦʥʮʝʥʪʨʘʮʽʻʶ 

ʨʫʭʦʤʠʭ ʽʦʥʽʚ F ; ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ (Ea), ʩʪʨʫʢʪʫʨʥʠʤʠ 



ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ; ʢʽʣʴʢʽʩʪʶ ʜʝʬʝʢʪʽʚ. ʉʘʤʝ ʪʦʤʫ ʤʝʪʦʜʠ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʩʧʨʷʤʦʚʘʥʽ ʘʙʦ ʥʘ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ 

F , ʘʙʦ ʥʘ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʘʨôʻʨʽʚ ʜʣʷ ʨʫʭʫ ʽʦʥʽʚ, ʘʙʦ ʥʘ ʟʙʽʣʴʰʝʥʥʷ 

ʢʽʣʴʢʦʩʪʽ ʨʫʭʣʠʚʠʭ ʘʥʽʦʥʽʚ ʬʪʦʨʫ. ʆʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʬʦʨʤʫʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ ʨʦʙʣʷʪʴ ʪʦʯʢʦʚʽ ʜʝʬʝʢʪʠ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʫ ʨʝʟʫʣʴʪʘʪʽ ʽʟʦ- ʪʘ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʽʚ. ɼʣʷ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ MSnF4, ʟʘʤʽʱʝʥʥʷ 

ʤʦʞʝ ʚʽʜʙʫʚʘʪʠʩʴ ʚʫʟʣʠ ʛʨʘʪʢʠ ʢʘʪʽʦʥʫ M2+ ʽ/ʘʙʦ Sn2+
, ʧʨʦʪʝ ʙʽʣʴʰ ʡʤʦʚʽʨʥʦ ʚ 

ʧʦʟʠʮʽʶ M2+
.
  ʂʦʥʮʝʥʪʨʘʮʽʷ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ ʡ ʚʤʽʩʪʫ ʢʘʪʽʦʥʽʚ-

ʟʘʤʽʩʥʠʢʽʚ, ʱʦ ʜʘʻ ʟʤʦʛʫ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦ ʨʝʛʫʣʶʚʘʪʠ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʦʜʝʨʞʘʥʠʭ 

ʩʧʦʣʫʢ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʢʦʤʧʝʥʩʘʮʽʾ ʥʘʜʣʠʰʢʦʚʦʛʦ ʟʘʨʷʜʫ, ʩʧʨʠʯʠʥʝʥʦʛʦ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʤʠ ʟʘʤʽʱʝʥʥʷʤʠ ʚ ʢʘʪʽʦʥʥʽʡ ʧʽʜˇʨʘʪʮʽ, ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʬʪʦʨʠʜʥʦʾ ʧʽʜˇʨʘʪʢʠ ʪʘ ʩʪʚʦʨʝʥʥʷ ʫʤʦʚ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʨʫʭʣʠʚʦʩʪʽ ʽʦʥʽʚ. 

ʅʘʡʙʽʣʴʰ ʧʦʰʠʨʝʥʠʤ ʻ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʙʘʟʫʻʪʴʩʷ ʥʘ 

ʟʘʤʽʱʝʥʽ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ʫ ˇʨʘʪʮʽ ʦʩʥʦʚʥʦʾ ʩʪʨʫʢʪʫʨʠ ʘʣʽʦʚʘʣʝʥʪʥʠʤʠ ʢʘʪʽʦʥʘʤʠ. 

ɺʥʘʩʣʽʜʦʢ ʯʦʛʦ ʚ ʩʪʨʫʢʪʫʨʽ ʫʪʚʦʨʶʶʪʴʩʷ ʘʙʦ ʚʘʢʘʥʩʽʾ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʘʙʦ ʥʘʜʣʠʰʢʦʚʽ 

F  ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ. 

ɯʩʥʫʻ 2 ʚʠʧʘʜʢʠ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ, ʘ ʩʘʤʝ ʟʘʤʽʱʝʥʥʷ ʽʦʥʦʤ ʟ ʚʠʱʦʶ 

ʪʘ ʥʠʞʯʦʶ ʚʘʣʝʥʪʥʽʩʪʶ. ʋ ʚʠʧʘʜʢʫ ʢʦʣʠ ʢʘʪʽʦʥ ʟʘʤʽʩʥʠʢ ʤʘʻ ʚʠʱʫ ʚʘʣʝʥʪʥʽʩʪʴ,  ʪʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʘʥʽʦʥʥʘʜʣʠʰʢʦʚʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ. ɼʦʜʘʪʢʦʚʽ ʘʥʽʦʥʠ F-, ʨʦʟʤʽʱʫʻʪʴʩʷ 

ʚ ʤʽʞʚʫʟʣʦʚʠʭ ʧʣʦʱʠʥʘʭ ʽ ʻ ʨʫʭʣʠʚʠʤʠ, ʯʝʨʝʟ ʱʦ ʢʽʣʴʢʽʩʪʴ ʨʫʭʣʠʚʠʭ ʯʘʩʪʠʥʦʢ ʱʦ 

ʙʝʨʫʪʴ ʫʯʘʩʪʴ ʚ ʧʨʦʚʽʜʥʦʩʪʽ ʟʙʽʣʴʰʫʻʪʴʩʷ. ɼʣʷ ʩʠʩʪʝʤ MSnF4 ʮʝ ʟʘʤʽʱʝʥʥʷ 2-ʭ 

ʚʘʣʝʥʪʥʦʛʦ ʢʘʪʽʦʥʫ 3-ʭ ʚʘʣʝʥʪʥʠʤ , ʜʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ ʦʧʠʩʘʪʠ ʩʭʝʤʦʶ ʟʛʽʜʥʦ ʟ 

ʧʦʟʥʘʯʝʥʥʷʤʠ ʂʨʝʛʝʨʘ-ɺʽʥʢʘ: 

ὓᴂὊ ὓὊ ᴼὓᴂᶻ Ὂȭ 

ʜʝ Mᾳ- ʢʘʪʽʦʥ ʟʘʤʽʩʥʠʢ, M- ʢʘʪʽʦʥ ʛʨʘʪʢʠ. 

ʅʘʧʨʠʢʣʘʜ, ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ ɺʘ2+ ʢʘʪʽʦʥʘʤʠ Nd3+ ʪʘ Eu3+ ʜʦ 0,03ï

0,04 ʤ.ʯ. ʦʙʫʤʦʚʣʶʻ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ, ʱʦ ʩʧʨʠʷʻ 

ʟʙʽʣʴʰʝʥʥʶ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘʢʠʭ ʬʘʟ [145, 157, 161]. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʟʘʤʽʩʥʠʢʘ ʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ.  



ɸʚʪʦʨʘʤʠ [159] ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʣʝʛʫʚʘʥʥʷ ʢʘʪʽʦʥʘʤʠ Ce3+ ʩʪʨʫʢʪʫʨʠ 

BaSnF4 ʥʘ ʾʾ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ. ʊʘʢ, ʥʘʧʨʠʢʣʘʜ, ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ ʩʢʣʘʜʫ Ba0,95ʉʝ0,05SnF4,05 ʤʘʡʞʝ ʫ 3,3 ʨʘʟʠ ʧʝʨʝʚʠʱʫʻ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʩʢʣʘʜʘʻ  

5,2Ā10ï4 ʉʤ/ʩʤ. ʇʨʠ ʮʴʦʤʫ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟ 0,25 ʜʦ 

0,15 ʝɺ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ BaSnF4. 

ɿʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ M2+ ʚ ʩʪʨʫʢʪʫʨʽ MSnF4 ʢʘʪʽʦʥʦʤ ʟ ʤʝʥʰʦʶ 

ʚʘʣʝʥʪʥʽʩʪʶ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʘʥʽʦʥʜʝʬʽʮʠʪʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ɺ 

ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʚ ʩʪʨʫʢʪʫʨʽ ʫʪʚʦʨʶʶʪʴʩʷ ʚʘʢʘʥʩʽʾ ʬʪʦʨʫ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ ʫʪʚʦʨʝʥʽ 

ʚʘʢʘʥʩʽʾ ʩʪʚʦʨʶʁ ʪʴ ʣʦʢʘʣʴʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʙʝʟʣʘʜ ʪʘ ʜʝʬʦʨʤʫʶʪʴ ʨʝʰʽʪʢʫ, 

ʩʪʚʦʨʶʶʯʠ ʜʦʜʘʪʢʦʚʽ ʰʣʷʭʠ ʤʽʛʨʘʮʽʾ ʽʦʥʽʚ ʬʪʦʨʫ, ʱʦ ʤʦʞʝ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʪʠ ʥʘ 

ʟʘʛʘʣʴʥʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ɺ ʪʘʢʠʭ ʬʘʟʘʭ ʧʨʦʚʽʜʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʟʘ ʚʘʢʘʥʩʽʡʥʠʤ 

ʤʝʭʘʥʽʟʤʦʤ, ʪʦʙʪʦ ʤʽʛʨʘʮʽʶ ʽʦʥʽʚ ʽʟ ʟʘʧʦʚʥʝʥʦʛʦ ʚʫʟʣʘ ʚ ʧʦʨʦʞʥʽʡ çʚʘʢʘʥʩʽʡʥʠʡè ʽ 

ʚʽʜʧʦʚʽʜʥʦ ʧʨʦʪʠʣʝʞʥʠʤ ʨʫʭʦʤ ʚʘʢʘʥʩʽʾ. ʊʘʢ, ʷʢ ʚʽʜʩʪʘʥʴ ʩʪʨʠʙʢʘ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʤʝʥʰʝ, ʪʦ ʪʘʢʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʠʤʠ ʝʥʝʨʛʽʷʤʠ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʽʞ, ʘʥʽʦʥʥʘʜʣʠʰʢʦʚʽ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ. 

ɸʥʽʦʥʜʝʬʽʮʠʪʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʙʘʨʽʶ ʪʘ ʩʪʘʥʫʤʫ 

ʜʦʩʣʽʜʞʝʥʽ ʤʝʥʰʝ, ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤʘ BaF2-KF-SnF2 [162]. ɸʚʪʦʨʠ 

ʚʽʜʤʽʯʘʶʪʴ ʧʦʛʽʨʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʣʝʛʫʚʘʥʥʽ K+ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ BaSnF4, 

ʧʨʦʪʝ ʜʦʧʫʚʘʥʥʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ Ba(1-ʭ)Sn(1+ʭ)F4 (0<ʭ<0,1) ʢʘʪʽʦʥʘʤʠ ʢʘʣʽʶ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ. 

ʅʘʡʢʨʘʱʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʘʟʘ 

(K0,10Ba0,90)0,90Sn1,10F3,91, ʧʨʦʚʽʜʥʽʩʪʴ ʷʢʦʾ ʩʪʘʥʦʚʠʪʴ 8,7Ā10-3 ʉʤ/ʩʤ ʧʨʠ 573ʂ. 

ʅʘ ʧʨʦʚʽʜʥʽʩʪʴ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ BaSnF4, ʚʧʣʠʚʘʻ ʥʝ 

ʣʠʰʝ ʛʝʪʝʨʦʚʘʣʝʥʪʥʝ, ʘʣʝ ʡ ʽʟʦʚʘʣʝʥʪʥʝ ʟʘʤʽʱʝʥʥʷ. ʗʢʱʦ ʟʘʤʽʩʥʠʢ ʤʘʻ ʪʘʢʫ ʞ 

ʚʘʣʝʥʪʥʽʩʪʴ, ʪʦ ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʽʩʪʴ ʩʪʨʫʢʪʫʨʠ ʥʝ ʧʦʨʫʰʫʻʪʴʩʷ, ʽ ʘʥʽʦʥʥʠʭ 

ʜʝʬʝʢʪʽʚ ʧʨʠ ʮʴʦʤʫ ʥʝ ʫʪʚʦʨʶʻʪʴʩʷ. ʇʨʦʪʝ ʚʽʜʤʽʥʥʽʩʪʴ ʚ ʽʦʥʥʠʭ ʨʘʜʽʫʩʽʚ ʪʘ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʦʣʷʨʠʟʦʚʥʦʩʪʽ ʤʽʞ ʘʪʦʤʦʤ ʱʦ ʟʘʤʽʱʫʻʪʴʩʷ ʽ ʟʘʤʽʩʥʠʢʦʤ ʩʪʚʦʨʶʻ 

ʣʦʢʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ, ʷʢʽ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ 

ʢʦʤʽʨʢʠ. ʊʘʢʽ ʜʝʬʦʨʤʘʮʽʾ ʨʝʰʽʪʢʠ ʤʦʞʫʪʴ ʧʦʢʨʘʱʫʚʘʪʠ ʰʣʷʭʠ ʽʦʥʥʦʾ ʤʽʛʨʘʮʽʾ 



ʰʣʷʭʦʤ ʦʧʪʠʤʽʟʘʮʽʾ ʤʽʞʽʦʥʥʠʭ ʚʽʜʩʪʘʥʝʡ, ʱʦ ʧʦʣʝʛʰʫʻ ʩʪʨʠʙʢʠ F  ʤʽʞ ʚʫʟʣʘʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʽʟʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ ʥʝ ʩʪʚʦʨʶʻ ʘʥʽʦʥʥʠʭ ʜʝʬʝʢʪʽʚ, ʘʣʝ ʚʠʢʣʠʢʘʻ 

ʣʦʢʘʣʴʥʽ ʩʪʨʫʢʪʫʨʥʽ ʩʧʦʪʚʦʨʝʥʥʷ, ʷʢʽ ʟʤʽʥʶʶʪʴ ʧʦʪʝʥʮʽʘʣʴʥʠʡ ʣʘʥʜʰʘʬʪ ʜʣʷ 

ʤʽʛʨʘʮʽʾ ʬʪʦʨʠʜ-ʽʦʥʽʚ. ʎʝ ʜʦʟʚʦʣʷʻ ʢʝʨʫʚʘʪʠ ʨʫʭʣʠʚʽʩʪʶ F  ʙʝʟ ʧʦʨʫʰʝʥʥʷ 

ʝʣʝʢʪʨʦʥʝʡʪʨʘʣʴʥʦʩʪʽ ʪʘ ʧʽʜʚʠʱʫʚʘʪʠ ʩʪʘʙʽʣʴʥʽʩʪʴ ʽʦʥʥʦ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʟʦʢʨʝʤʘ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʝʨʝʞʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʧʨʠ ʥʠʞʯʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʊʘʢ, ʥʘʧʨʠʢʣʘʜ ʧʽʜʚʠʱʝʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʨʠʷʻ ʟʘʤʽʥʘ ʯʘʩʪʠʥʠ 

ʢʘʪʽʦʥʽʚ ʙʘʨʽʶ ʢʘʪʽʦʥʘʤʠ ʤʘʥʛʘʥʫ. ʇʦʢʘʟʘʥʦ [160], ʱʦ ʟʨʘʟʦʢ ʩʢʣʘʜʫ 

Ba0,96Mn0,04SnF4 ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʤʘʻ ʧʨʦʚʽʜʥʽʩʪʴ 2,7Ā10
-4 ʉʤ/ʩʤ, ʱʦ 

ʧʝʨʝʚʠʱʫʻ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ BaSnF4. 

ʉʠʩʪʝʤʠ ʪʠʧʫ MSnF4 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ 5s
2-

ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ ʢʘʪʽʦʥʽʚ Sn2+, ʱʦ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʾʭʥʽ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʽʦʥʥʦ-

ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʢʚʽʤʦʣʷʨʥʦʛʦ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʚʠʭʽʜʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʟʤʽʥʶʻ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʘʪʽʦʥʽʚ ʫ ˇʨʘʪʮʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʢʝʨʫʚʘʪʠ ʩʪʫʧʝʥʝʤ ʨʦʟʫʧʦʨʷʜʢʫʚʘʥʥʷ ʬʪʦʨʠʜʥʦʾ ʧʽʜˇʨʘʪʢʠ. ɿʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʢʘʪʽʦʥʽʚ Sn2+ ʩʧʨʠʯʠʥʷʻ ʣʦʢʘʣʴʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʧʦʣʽʝʜʨʘ, 

ʟʨʦʩʪʘʥʥʷ ʜʠʥʘʤʽʯʥʦʛʦ ʙʝʟʣʘʜʫ ʪʘ ʨʦʟʰʠʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʠʭ ʰʣʷʭʽʚ ʤʽʛʨʘʮʽʾ F  ʽʦʥʽʚ. 

ɺʠʩʦʢʘ ʧʦʣʷʨʠʟʦʚʥʽʩʪʴ ʽ ʩʪʝʨʝʦʘʢʪʠʚʥʘ 5s2-ʧʘʨʘ Sn2+ ʟʤʽʥʶʶʪʴ ʢʦʦʨʜʠʥʘʮʽʡʥʝ 

ʦʪʦʯʝʥʥʷ ʢʘʪʽʦʥʽʚ, ʱʦ ʩʧʨʠʷʻ ʚʢʣʶʯʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʫ ʤʽʞʚʫʟʣʦʚʽ 

ʧʦʟʠʮʽʾ ʪʘ ʬʦʨʤʫʚʘʥʥʶ ʘʥʽʦʥʥʘʜʣʠʰʢʦʚʠʭ ʩʪʨʫʢʪʫʨ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʘ ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʋ ʨʦʙʦʪʘʭ [159, 162, 163] ʜʦʩʣʽʜʞʝʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʚ ʩʠʩʪʝʤʽ BaF2ïSnF2. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʤʽʥʘ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʨʝʯʦʚʠʥʘʤʠ ʚʧʣʠʚʘʻ ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ 

ʫʪʚʦʨʝʥʠʭ ʬʘʟ. ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ Ba0,47Sn0,53F4,00 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʚʠʱʦʶ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ (ů = 4,1Ā10ī3 ʉʤ/ʩʤ ʧʨʠ ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ) ʪʘ ʥʘʡʤʝʥʰʦʶ 

ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ (Ea = 17,9 ʢɼʞ/ʤʦʣʴ) ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ [163].  

ʊʘʢʦʞ ʽʩʥʫʶʪʴ ʧʽʜʭʦʜʠ ʷʢʽ ʚʢʣʶʯʘʶʪʴ:ʩʪʘʙʽʣʽʟʘʮʽʶ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ 

ʚʠʩʦʢʦʧʨʦʚʽʜʥʦʾ ʬʘʟʠ ʧʨʠ ʢʽʤʥʘʪʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʥʘʥʦʩʪʨʫʢʪʫʨʫʚʘʥʥʷ, 

ʛʝʪʝʨʦʬʘʟʥʝ ʣʝʛʫʚʘʥʥʷ. ɼʘʥʽ ʧʽʜʭʦʜʠ ʪʘʢʦʞ ʻ ʝʬʝʢʪʠʚʥʠʤʠ ʜʣʷ ʧʦʨʢʘʱʝʥʥʷ 



ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʩʠʩʪʝʤ ʪʠʧʫ MSnF4, ʧʨʦʪʝ ʥʘʨʘʟʽ ʻ ʤʘʣʦ 

ʜʦʩʣʽʜʞʝʥʠʤʠ.  

ʆʪʞʝ, ʨʦʟʚʠʪʦʢ ʥʘʧʨʷʤʢʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʻ 

ʜʫʞʝ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʨʽʟʥʠʭ ʛʨʫʧ 

ʥʘʫʢʦʚʮʽʚ ʻ ʨʦʟʨʦʙʢʘ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʟʘʙʝʟʧʝʯʘʪʴ ʰʚʠʜʢʠʡ ʪʨʘʥʩʧʦʨʪ ʬʪʦʨʠʜ ʽʦʥʽʚ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʜʘʜʫʪʴ ʟʤʦʛʫ ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʽ 

ʬʪʦʨʠʜ-ʽʦʥʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ. 

1.5. ɺʠʩʥʦʚʢʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʣʽʪʝʨʘʪʫʨʥʦʛʦ ʦʛʣʷʜʫ, ʧʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ 

ʟʘʚʜʘʥʴ ʨʦʙʦʪʠ 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʦʛʦ ʩʪʘʥʫ ʨʦʟʚʠʪʢʫ ʭʽʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘʢʦʧʠʯʝʥʥʷ ʝʥʝʨʛʽʾ 

ʩʚʽʜʯʠʪʴ ʧʨʦ ʥʝʦʙʭʽʜʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʟʙʝʨʽʛʘʥʥʷ ʭʽʤʽʯʥʦʾ 

ʝʥʝʨʛʽʾ, ʟʜʘʪʥʠʭ ʟʘʤʽʥʠʪʠ ʣʽʪʽʡ-ʽʦʥʥʽ ʘʢʫʤʫʣʷʪʦʨʠ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʦʙʤʝʞʝʥʽʩʪʶ 

ʟʘʧʘʩʽʚ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, ʚʠʩʦʢʦʶ ʚʘʨʪʽʩʪʶ ʣʽʪʽʡʚʤʽʩʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʽ 

ʜʦʩʷʛʥʝʥʥʷʤ ʪʝʦʨʝʪʠʯʥʦʾ ʤʝʞʽ ʻʤʥʦʩʪʽ ʪʘʢʠʭ ʩʠʩʪʝʤ. ʇʽʜʚʠʱʝʥʥʷ ʚʠʤʦʛ ʜʦ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʯʥʦʩʪʽ ʡ ʝʢʦʣʦʛʽʯʥʦʩʪʽ ʩʫʯʘʩʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ, ʩʧʨʠʯʠʥʝʥʝ 

ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ʧʦʨʪʘʪʠʚʥʦʾ ʝʣʝʢʪʨʦʥʽʢʠ ʪʘ ʧʝʨʝʭʦʜʦʤ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʽ 

ʜʞʝʨʝʣʘ ʝʥʝʨʛʽʾ, ʩʪʠʤʫʣʶʻ ʧʦʰʫʢ ʧʨʠʥʮʠʧʦʚʦ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʪʚʦʨʝʥʥʷ ʍɼʉ. 

ʉʝʨʝʜ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʟʥʘʯʥʫ ʫʚʘʛʫ ʧʨʠʚʝʨʪʘʶʪʴ ʪʚʝʨʜʦʪʽʣʴʥʽ ʌɯɹ, ʫ ʷʢʠʭ 

ʧʝʨʝʥʝʩʝʥʥʷ ʟʘʨʷʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘʚʜʷʢʠ ʦʙʦʨʦʪʥʽʡ ʤʽʛʨʘʮʽʾ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʯʝʨʝʟ 

ʪʚʝʨʜʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʫ ʬʘʟʫ. ʊʘʢʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʦʶ 

ʝʥʝʨʛʝʪʠʯʥʦʶ ʱʽʣʴʥʽʩʪʶ (ʜʦ ~5800 ɺʪĀʛʦʜ/ʜʤ3), ʜʦʩʪʫʧʥʽʩʪʶ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ, 

ʥʠʟʴʢʦʶ ʚʘʨʪʽʩʪʶ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ ʪʘ ʝʢʦʣʦʛʽʯʥʦʶ 

ʙʝʟʧʝʯʥʽʩʪʶ, ʱʦ ʨʦʙʠʪʴ ʾʭ ʧʝʨʩʧʝʢʪʠʚʥʦʶ ʘʣʴʪʝʨʥʘʪʠʚʦʶ ʣʽʪʽʡ-ʽʦʥʥʠʤ 

ʘʢʫʤʫʣʷʪʦʨʘʤ. 

ɸʥʘʣʽʟ ʽ ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʫʯʘʩʥʠʭ ʥʘʫʢʦʚʠʭ ʪʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʠʭ ʧʫʙʣʽʢʘʮʽʡ 

ʩʚʽʜʯʠʪʴ, ʱʦ ʦʜʥʠʤ ʽʟ ʧʨʽʦʨʠʪʝʪʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʌɯɹ ʻ ʩʪʚʦʨʝʥʥʷ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽʟ ʰʠʨʦʢʠʤ ʚʽʢʥʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʚʠʩʦʢʦʶ ʫʥʽʧʦʣʷʨʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʟʘ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨ. ʉʝʨʝʜ ʚʽʜʦʤʠʭ ʥʘ 

ʩʴʦʛʦʜʥʽ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʦʩʦʙʣʠʚʫ ʫʚʘʛʫ 

ʧʨʠʚʝʨʪʘʶʪʴ ʩʢʣʘʜʥʽ ʬʪʦʨʠʜʠ ʪʠʧʫ MSnF4 (M = Pb, Ba) ʪʘ ʾʭ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ, ʷʢʽ 



ʚʠʷʚʣʷʶʪʴ ʘʥʦʤʘʣʴʥʦ ʚʠʩʦʢʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʶ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʧʨʠ ʧʦʤʽʨʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ.  

ʇʦʧʨʠ ʟʥʘʯʥʠʡ ʦʙʩʷʛ ʜʦʩʣʽʜʞʝʥʴ, ʚʽʜʢʨʠʪʠʤʠ ʟʘʣʠʰʘʶʪʴʩʷ ʧʠʪʘʥʥʷ ʧʨʦ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʟʘʻʤʦʟʚôʷʟʢʫ ʤʽʞ ʩʢʣʘʜʦʤ, ʩʪʨʫʢʪʫʨʥʠʤʠ ʦʩʦʙʣʠʚʦʩʪʷʤʠ ʪʘ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʶ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʪʠʧʫ MSnF4. ʇʨʘʢʪʠʯʥʦ ʚʽʜʩʫʪʥʽ ʜʘʥʽ 

ʱʦʜʦ ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʚʽʜʥʦʩʪʽ, ʯʠʩʝʣ 

ʧʝʨʝʥʦʩʫ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʽ ʤʝʭʘʥʽʟʤʠ ʪʨʘʥʩʧʦʨʪʫ ʟʘʨʷʜʫ. ɺʢʨʘʡ ʦʙʤʝʞʝʥʦʶ 

ʟʘʣʠʰʘʻʪʴʩʷ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʽ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʡ ʌɯɹ.  

ʅʘʫʢʦʚʠʡ ʽʥʪʝʨʝʩ ʜʦ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʽʟʦʩʪʨʫʢʪʫʨʥʠʭ BaSnF4 

ʟʫʤʦʚʣʝʥʠʡ ʥʘʷʚʥʽʩʪʶ ʫ ʢʘʪʽʦʥʫ SnĮ  ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ 5sĮ, ʷʢʘ 

ʩʧʨʠʯʠʥʷʻ ʣʦʢʘʣʴʥʽ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʠʭ ʧʘʨʘʤʝʪʨʽʚ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʇʦʧʨʠ ʥʠʞʯʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʩ̔ʪɹ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ PbSnF4, ʜʘʥʽ ʩʧʦʣʫʢʠ 

ʜʝʤʦʥʩʪʨʫʶʪʴ ʚʠʫɦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ, ʭʽʤʽʯʥʫ ʪʘ ʪʝʨʤʽʯʥʫ ʩʪʽʡʢʩ̔ʪɹ, ʱʦ ʻ ʢʨʠʪʠʯʥʠʤ 

ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʬʪʦʨʠʜ-ʽʦʥʥʫ ʙʘʪʘʨʝʶ ʪʘ ʨʦʟʫʤʽʥʥʷ ʤʝʭʘʥʽʟʤʽʚ ʪʨʘʥʩʧʦʨʪʫ ʪʘ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽʦʥʽʚ ʚ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ. ʎʝ ʧʦʚôʷʟʘʥʦ ʟ ʚʽʜʩʫʪʥʽʩʪʶ 

ʩʢʣʘʜʥʦʛʦ ʧʦʣʽʤʦʨʬʽʟʤʫ ʩʪʨʫʢʪʫʨʠ BaSnF4. ʊʘʢʦʞ ʚʽʜʩʫʪʥʽʩʪʴ ʫ BaĮ  

ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʧʘʨʠ 6sĮ ʭʦʯ ʽ ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ, 

ʥʘʪʦʤʽʩʪʴ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʩʪʨʫʢʪʫʨʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʘ ʚʽʜʪʚʦʨʶʚʘʥʽʩʪʴ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʘ ʟʘʤʽʥʘ ʪʦʢʩʠʯʥʦʛʦ ʧʣʶʤʙʫʤʫ ʥʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʡ ʙʘʨʽʡ ʻ 

ʜʦʜʘʪʢʦʚʦʶ ʧʝʨʝʚʘʛʦʶ ʟ ʦʛʣʷʜʫ ʥʘ ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʘʢʪʫʘʣʴʥʠʤ ʽ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʩʫʯʘʩʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʾ 

ʪʚʝʨʜʦʛʦ ʪʽʣʘ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʧʽʜʭʦʜʽʚ ʜʦ ʩʠʥʪʝʟʫ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4, ʚʩʪʘʥʦʚʣʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ 

çʩʢʣʘʜ ï ʩʪʨʫʢʪʫʨʘ ï ʚʣʘʩʪʠʚʦʩʪʽè ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʫ 

ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. 

ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ ʤʝʪʦʶ ʜʘʥʦʾ ʢʚʘʣʽʬʽʢʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʽʚ 

ʩʠʥʪʝʟʫ ʪʘ ʤʦʜʠʬʽʢʘʮʽʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF  ʪʘ ʟôʷʩʫʚʘʥʥʷ 

ʚʧʣʠʚʫ ʢʘʪʽʦʥʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʥʘ ʾʭ ʩʪʨʫʢʪʫʨʥʽ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʘ 



ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚ  ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʽʷʭ ʬʪʦʨʠʜ-

ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʤʝʪʠ ʥʝʦʙʭʽʜʥʦ ʙʫʣʦ ʚʠʢʦʥʘʪʠ ʪʘʢʽ ʦʩʥʦʚʥʽ 

ʟʘʚʜʘʥʥʷ: 

╖ ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʱʦʜʦ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʠʧʫ 

BaSnF4 ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʝʨʩʧʝʢʪʠʚʥʽ ʥʘʧʨʷʤʠ ʾʭ ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ. ʆʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ 

ʧʨʦʮʝʩʠ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ.  

╖ ʈʦʟʨʦʙʠʪʠ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʥʘ ʦʩʥʦʚʽ BaSnF4 ʽʟ ʢʦʥʪʨʦʣʴʦʚʘʥʠʤʠ ʩʪʨʫʢʪʫʨʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 

╖  ʉʠʥʪʝʟʫʚʘʪʠ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x ʪʘ Ba1-xYxSnF4+x, ʚʠʟʥʘʯʠʪʠ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʪʘ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʢʘʪʽʦʥʥʦʛʦ ʟʘʤʽʱʝʥʥʷ ʥʘ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʧʘʨʘʤʝʪʨʠ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʪʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ.  

╖ ɺʠʟʥʘʯʠʪʠ ʚʽʢʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʘʙʽʣʴʥʦʩʪʽ ʽ ʪʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ 

ʬʪʦʨʠʜ-ʽʦʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ, ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʨʦʜʫ ʥʦʩʽʾʚ ʟʘʨʷʜʫ.  

╖ ʆʮʽʥʠʪʠ ʝʣʝʢʪʨʦʥʥʫ ʩʢʣʘʜʦʚʫ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʠʪʠ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ 

ʬʪʦʨʠʜ-ʽʦʥʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʍʝʙʙʘïɺʘʛʥʝʨʘ. 

╖ ʉʢʦʤʧʦʥʫʚʘʪʠ ʛʝʪʝʨʦʬʘʟʥʽ ʢʦʤʧʦʟʠʮʽʾ ʬʪʦʨʠʜ ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʪʘ ʜʦʩʣʽʜʠʪʠ ʾʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʧʦʚʝʜʽʥʢʫ. 

╖ ʆʙˇʨʫʥʪʫʚʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʢʦʤʧʦʟʠʮʽʡ ʫ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ 

ʥʦʚʦʛʦ ʪʠʧʫ. 



ʈʆɿɼɯʃ 2. ʄɽʊʆɼʀ ʉʀʅʊɽɿʋ ʊɸ ɼʆʉʃɯɼɾɽʅʔ ʊɺɽʈɼʀʍ 

ʌʊʆʈʀɼʇʈʆɺɯɼʅʀʍ ʌɸɿ 

ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʚʜʘʥʴ ʜʘʥʦʾ ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʟʤʽʥʥʦʩʪʨʫʤʦʚʠʡ ʤʝʪʦʜ, 

ʩʧʝʢʪʨʦʩʢʦʧʽ ̫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ, ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ, 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ ʍʝʙʙʘ-ɺʘʛʥʝʨʘ, ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʘʥʘʣʽʟ. 

2.1. ɺʠʢʦʨʠʩʪʘʥʽ ʨʝʘʢʪʠʚʠ ʪʘ ʤʘʪʝʨʽʘʣʠ 

ɼʣʷ ʩʠʥʪʝʟʫ ʟʨʘʟʢʽʚ ʜʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʝʘʛʝʥʪʠ, ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʷʢʠʭ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣ. 2.1 

ʊʘʙʣʠʮʷ 2.1 ï ʂʚʘʣʽʬʽʢʘʮʽʷ ʚʠʢʦʨʠʩʪʘʥʠʭ ʨʝʘʢʪʠʚʽʚ. 

ɼʣʷ ʚʠʣʫʯʝʥʥʷ ʡʤʦʚʽʨʥʦʾ ʚʦʣʦʛʠ, ʦʢʩʠʜʠ ʪʘ ʩʦʣʽ ʤʝʪʘʣʽʚ ʧʨʦʩʫʰʫʚʘʣʠ ʧʨʠ 

423 ʂ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʜʦ ʧʦʩʪʽʡʥʦʾ ʤʘʩʠ.  

ɺʠʭʽʜʥʽ ʬʪʦʨʠʜʠ: PbF2, NdF3 ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʦʩʘʜʞʝʥʥʷ ʟ ʚʦʜʥʠʭ 

ʨʦʟʯʠʥʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʥʽʪʨʘʪʽʚ ʥʘʜʣʠʰʢʦʤ ʬʪʦʨʠʜʫ ʘʤʦʥʽʶ [164]. ʋʪʚʦʨʝʥʽ ʦʩʘʜʠ 

ʉʧʦʣʫʢʘ ʄʘʨʢʘ ʆʩʥ. ʨʝʯ. (%) 

Pb(NO3)2 ʭ.ʯ. >99,00% 

La2O3 ʭ.ʯ. >99,00% 

Y(NO3)3Ŀ6ʅ2ʆ ʭ.ʯ. >99,00% 

SnF2 ʯ.ʜ.ʘ. Ó99,00% 

Ba(NO3)2 ʭ.ʯ. 99,95% 

HF ʭ.ʯ. >99,00% 

HNO3 ʭ.ʯ. >65,00% 

ɻʽʜʨʘʟʠʥ ʛʽʜʨʘʪ ʭ.ʯ. 99,8% 

NH4F ʭ.ʯ. >99,00% 

NiCl2Ŀ6H2O ʯ.ʜ.ʘ. Ó99,00% 

NiCO3Ŀ6H2O ʯ.ʜ.ʘ. Ó99,00% 

ʂF ʯ.ʜ.ʘ. Ó99,0 %. 

NaOH ʯ.ʜ.ʘ. Ó99,0 %. 

ʅʉʆʆʅ ʯ. Ó85,0 

Mn(NO3)2 ʯ.ʜ.ʘ. Ó99,0 %. 

AgNO3 ʯ.ʜ.ʘ. Ó99,0 %. 

Cu(NO3)2 ʯ.ʜ.ʘ. Ó99,0 %. 



ʚʽʜʜʽʣʷʣʠ ʤʝʪʦʜʦʤ ʚʘʢʫʫʤʥʦʛʦ ʬʽʣʴʪʨʫʚʘʥʥʷ ʟ ʚʽʜʤʠʚʘʥʥʷʤ ʜʦʤʽʰʦʢ 

ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʦʨʛʘʥʽʯʥʠʤʠ ʨʦʟʯʠʥʥʠʢʘʤʠ ʥʘ ʬʽʣʴʪʨʽ ʐʦʪʪʘ. ʆʪʨʠʤʘʥʽ 

ʧʦʨʦʰʢʠ ʩʫʰʠʣʠ ʧʦʪʽʤ ʧʨʦʞʘʨʶʚʘʣʠ 673 ʂ ʜʦ ʩʪʘʣʦʾ ʤʘʩʠ. ʆʪʨʠʤʘʥʽ ʧʦʨʦʰʢʠ 

ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʞʫʚʘʚ ʦʪʨʠʤʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʬʪʦʨʠʜʽʚ ʙʝʟ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ. 

ʌʪʦʨʠʜ ʤʘʥʛʘʥʫ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʷʢ ʝʣʝʢʪʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ ʜʣʷ ʤʘʢʝʪʥʠʭ 

ʟʨʘʟʢʽʚ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʦʪʨʠʤʫʚʘʣʠ, ʤʝʪʦʜʦʤ ʨʦʟʯʠʥʝʥʥʷ ʚ 

ʬʪʦʨʠʜʥʽʡ ʢʠʩʣʦʪʽ ʟ ʩʚʽʞʦʦʩʘʜʞʝʥʦʛʦ ʛʽʜʨʦʢʩʦʢʘʨʙʦʥʘʪʫ ʤʘʥʛʘʥʫ [164]. ɿ 

ʧʦʜʘʣʴʰʠʤ ʚʠʧʘʨʶʚʘʥʥʷʤ ʨʦʟʯʠʥʫ ʜʦ ʥʝʟʥʘʯʥʦʛʦ ʦʙôʻʤʫ ʧʨʠ 80-100Áʉ, 

ʚʽʜʩʪʦʶʚʘʥʥʷʤ ʧʨʦʪʷʛʦʤ 2 ʜʽʙ ʽ ʜʝʢʘʥʪʘʮʽʻʶ ʦʪʨʠʤʘʥʦʛʦ ʦʩʘʜʫ. ʎʝ ʜʦʟʚʦʣʷʣʦ 

ʦʪʨʠʤʘʪʠ ʯʠʩʪʠʡ ʢʨʠʩʪʘʣʦʛʽʜʨʘʪ ʬʪʦʨʠʜʫ ʤʘʥʛʘʥʫ. ɼʘʥʠʡ ʬʪʦʨʠʜ ʻ ʜʫʞʝ 

ʛʽʛʨʦʩʢʦʧʽʯʥʠʤ ʪʦʤʫ ʦʪʨʠʤʘʥʥʷ ʙʝʟʚʦʜʥʦʛʦ ʬʪʦʨʠʜʫ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ ʻ ʩʢʣʘʜʥʦʶ 

ʟʘʜʘʯʝʶ. ʇʦʜʘʣʴʰʘ ʦʙʨʦʙʢʘ ʦʩʘʜʫ ʤʫʨʘʰʠʥʦʶ ʢʠʩʣʦʪʦʶ ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ 

ʟʘʤʽʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʠ ʚ ʢʨʠʩʪʘʣʽʯʥʽʡ ʛʨʘʪʮʽ, ʤʦʣʝʢʫʣʠ ʤʫʨʘʰʠʥʦʾ ʢʠʩʣʦʪʠ, ʷʢʽ 

ʟʥʘʯʥʦ ʣʝʛʰʝ ʚʠʣʫʯʠʪʠ. ʉʫʰʢʘ ʚ ʚʘʢʫʫʤʥʽʡ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʦʪʷʛʦʤ 4 ʛʦʜʠʥ ʟ 

ʧʦʩʪʫʧʦʚʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 373ʂ, ʜʦʟʚʦʣʠʣʘ ʦʪʨʠʤʘʪʠ ʙʝʟʚʦʜʥʠʡ 

ʬʪʦʨʠʜ ʤʘʥʛʘʥʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʤʝʪʦʜʦʤ ʈʌɸ. 

ʄʝʪʘʣʽʯʥʽ ʧʦʨʦʰʢʠ Ag ʽ Cu, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʘʥʦʜʠ ʚ ʤʘʢʝʪʥʠʭ 

ʟʨʘʟʢʘʭ, ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʚʽʜʥʦʚʣʝʥʥʷ ʛʽʜʨʘʟʠʥʛʽʜʨʘʪʦʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 353 ʂ 

[165, 166]. ʇʦʪʽʤ ʦʪʨʠʤʘʥʠʡ ʦʩʘʜ ʜʝʢʘʥʪʫʚʘʣʠ ʚʽʜʜʽʣʷʣʠ ʥʘ ʬʽʣʴʪʨʽ ʐʦʪʪʘ, 

ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʘʮʝʪʦʥʦʤ ʽ ʩʫʰʠʣʠ ʚ ʩʫʰʠʣʴʥʽʡ ʰʘʬʽ ʧʨʠ 333 ʂ. 

ʆʪʨʠʤʘʥʽ ʧʦʨʦʰʢʠ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʜʣʷ ʽʜʝʥʪʝʬʽʢʘʮʽʾ ʢʽʥʮʝʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʙʝʟ ʦʢʩʠʜʽʚ. 

ʌʪʦʨʠʜ ʥʽʢʝʣʶ ʪʘ ʤʝʪʘʣʝʚʠʡ ʥʽʢʝʣʴ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ ʝʣʝʢʪʨʦʜʠ ʚ ʤʝʪʦʜʽ 

ʍʝʙʙʘ-ɺʘʛʥʝʨʘ. ʇʦʨʦʰʦʢ ʥʽʢʝʣʶ ʦʪʨʠʤʘʣʠ ʚʽʜʥʦʚʣʝʥʥʷʤ ʟ NiCl2Ŀ6H2O 

ʛʽʜʨʘʟʠʥʛʽʜʨʘʪʦʤ ʚ ʫʤʦʚʘʭ ʥʘʛʨʽʚʫ ʜʦ 358-368 ʂ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ [167]. 

ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʚʽʜʜʽʣʷʣʠ ʥʘ ʮʝʥʪʨʠʬʫʟʽ ʧʨʦʤʠʚʘʶʯʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, 

ʘʮʝʪʦʥʦʤ ̔  ʩʫʰʠʣʠ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ ʧʨʠ 373 ʂ. ʌʪʦʨʠʜ ʥʽʢʝʣʶ ʦʪʨʠʤʘʣʠ ʤʝʪʦʜʦʤ 

ʬʪʦʨʫʚʘʥʥʷ ʢʘʨʙʦʥʘʪʫ ʥʽʢʝʣʶ ʚ ʬʪʦʨʠʜʥʽʡ ʢʠʩʣʦʪʽ [164]. ɿ ʧʦʜʘʣʴʰʠʤ ʚʠʜʽʣʝʥʥʷʤ 

ʦʩʘʜʫ ʡʦʛʦ ʧʨʦʤʠʚʢʦʶ, ʪʘ ʩʫʰʢʦʶ ʧʨʠ 373 ʂ ʧʨʦʪʷʛʦʤ 6 ʛʦʜʠʥ. ʆʪʨʠʤʘʥʽ ʩʧʦʣʫʢʠ 



ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʘʤʠ ʈʌɸ, ʷʢʠʡ ʧʽʜʪʚʝʨʜʞʫʚʘʚ ʦʪʨʠʤʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʨʝʯʦʚʠʥ ʙʝʟ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ. 

2.2. ʄʝʪʦʜʠ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

2.2.1. ʌʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ Pb1-xMxSnF4Ñx  (M = K, Nd, Ba) 

ʊʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʥʘ ʦʩʥʦʚʽ ʬʪʦʨʠʜʽʚ ʩʪʘʥʫʤʫ ʪʘ ʧʣʶʤʙʫʤʫ, 

ʦʪʨʠʤʫʚʘʣʠ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʟʘ ʩʭʝʤʦʶ ʟʦʙʨʘʞʝʥʦʶ ʥʘ ʨʠʩʫʥʢʫ 2.1 

[162, 168, 169]. ʉʧʦʯʘʪʢʫ ʩʫʤʽʰ ʚʠʭʽʜʥʠʭ ʬʪʦʨʠʜʽʚ ʟʤʽʰʫʚʘʣʠ, ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʪʘ 

ʩʧʨʝʩʦʚʫʚʘʣʠ. ʇʦʪʽʤ ʧʦʤʽʱʘʣʠ ʚ ʧʣʘʪʠʥʦʚʽ ʪʠʛʣʽ ʪʘ ʩʧʽʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773-

823ʂ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʦʪʷʛʦʤ 20 ʭʚ. ʊʘ ʦʭʦʣʦʜʞʫʚʘʣʠ ʚ ʧʝʯʽ ʚ ʨʝʞʠʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ. ʇʽʩʣʷ ʯʦʛʦ ʧʨʦʜʫʢʪʠ ʩʠʥʪʝʟʫ ʧʦʜʨʽʙʥʶʚʘʣʠ ʚ ʘʛʘʪʦʚʽʡ ʩʪʫʧʮʽ ʜʦ 

ʧʦʨʦʰʢʦʧʦʜʽʙʥʦʛʦ ʩʪʘʥʫ. ʆʪʨʠʤʘʥʽ ʬʘʟʠ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʨʫʢʪʫʨʠ ʪʘ ʯʠʩʪʦʪʠ ʦʪʨʠʤʘʥʠʭ 

ʧʨʦʜʫʢʪʽʚ. ʆʪʨʠʤʘʥʽ ʧʦʨʦʰʢʠ ʟʙʝʨʽʛʘʣʠ ʚ ʝʢʩʠʢʘʪʦʨʽ ʟ ʚʦʜʦʚʽʜʥʽʤʘʶʯʠʤ 

ʨʝʘʛʝʥʪʦʤ.  

  

ʈʠʩ. 2.1. ʉʭʝʤʘ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ  

Pb1-y-xMxSn1+yF4Ñx (M = K, Nd, Ba) 

2.2.2.  ʉʠʥʪʝʟ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ Baxʄ1-xSnF4+x (ʄ=La, Y, Bi) 

ʉʠʥʪʝʟʫʚʘʣʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʘʟʠ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟʘ ʥʘʩʪʫʧʥʦʶ 

ʩʭʝʤʦʶ (ʨʠʩ. 2.2):  



:  

ʈʠʩ. 2.2. ʉʭʝʤʘ 2-ʭ ʩʪʘʜʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ Baxʄ1-xSnF4+x.  

ʇʝʨʰʠʡ ʝʪʘʧ ʚʢʣʶʯʘʻ ʩʠʥʪʝʟ ʪʚʝʨʜʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba1-xʄxF2+x ʰʣʷʭʦʤ 

ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʽʚ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʶ ʨʦʟʯʠʥʽʚ ʣʘʥʪʘʥʫ, ʚʽʩʤʫʪʫ ʪʘ ʽʪʨʽʶ 

ʧʨʦʚʦʜʠʣʠ ʪʠʪʨʠʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʪʠʪʨʫʚʘʣʠ ʩʪʘʥʜʘʨʪʥʠʤ ʨʦʟʯʠʥʦʤ ʊʨʠʣʦʥʘ ɹ, 

ʚ ʧʨʠʩʫʪʥʦʩʪʽ ʘʮʝʪʘʪʥʦʛʦ ʙʫʬʝʨʥʦʛʦ ʨʦʟʯʠʥʫ ʨʅ 5-6, ʪʘ ʽʥʜʠʢʘʪʦʨʘ ʢʩʠʣʝʥʦʚʦʛʦ-

ʦʨʘʥʞʝʚʦʛʦ [170]. ʂʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʥʝ ʪʠʪʨʦʚʘʥʥʷ ʜʦʩʠʪʴ ʟʨʫʯʥʠʡ ʽ ʝʢʩʧʨʝʩʥʠʡ 

ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ ʚ ʨʦʟʯʠʥʘʭ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʤʦʞʥʘ ʪʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʢʦʥʮʝʥʪʨʘʮʽʶ ʦʪʨʠʤʘʥʦʛʦ ʨʦʟʯʠʥʫ ʟ ʧʦʭʠʙʢʦʶ 0,2-0,25%. 

ʂʦʥʮʝʥʪʨʘʮʽʶ ʨʦʟʯʠʥʫ ʙʘʨʽʶ ʚʠʟʥʘʯʘʣʠ ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʰʣʷʭʦʤ 

ʦʩʘʜʞʝʥʥʷ ʩʫʣʴʬʘʪʫ ʙʘʨʽʷ ʟ ʧʦʜʘʣʴʰʠʤ ʧʨʦʞʘʨʶʚʘʥʥʷʤ ʜʦ ʩʪʘʣʦʾ ʪʝʤʧʝʨʘʪʫʨʠ 

[171].  

ʇʝʨʰʠʡ ʝʪʘʧ ʙʘʟʫʚʘʚʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚʠʭʽʜʥʠʭ ʨʝʘʛʝʥʪʽʚ La2O3, 

Y(NO3)3Ŀ6H2O, Bi(NO3)3Ŀ6H2O ʪʘ Ba(NO3)2 ʜʣʷ ʦʪʨʠʤʘʥʥʷ 0,1ʄ ʨʦʟʯʠʥʽʚ 

ʚʽʜʧʦʚʽʜʥʠʭ ʢʘʪʽʦʥʽʚ.  

ɺʠʭʽʜʥʽ ʨʦʟʯʠʥʠ La3+, Bi3+, Y3+, Ba2+ ʛʦʪʫʚʘʣʠ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʽʦʥʽʚ 0,1 ʄ. ɼʘʣʽ 

ʟ ʦʪʨʠʤʘʥʠʭ ʨʦʟʯʠʥʽʚ ʨʦʙʠʣʠ ʩʫʤʽʰʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʾʭ ʧʝʨʝʤʽʰʫʚʘʣʠ 10 ʭʚ. ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ. ɼʣʷ ʧʦʚʥʦʛʦ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ 

ʬʪʦʨʠʜʽʚ Ba1-xMxF2 (M= La, Bi, Y) ʢʨʘʧʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʣʠ ʜʘʥʫ ʩʫʤʽʰ ʜʦ 



ʩʝʤʠʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʨʦʟʯʠʥʫ 1ʄ NH4F. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʚʽʜʜʽʣʷʣʠ ʥʘ 

ʮʝʥʪʨʠʬʫʟʽ ʧʨʦʤʠʚʘʣʠ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʽ ʩʫʰʠʣʠ . 

ɼʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ Ba0,90-xLaxSn1,10F4,00+x, Ba0,86-xLaxSn1,14F4,00+x,  

Ba0,80-xLaxSn1,20F4,00+x ʚʠʭʽʜʥʽ ʨʦʟʯʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽʡ ʦʩʥʦʚʽ, 

ʜʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʬʪʦʨʠʜʽʚ ʽ ʢʨʘʱʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʚ ʣʘʥʪʘʥʫ ʚ 

ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʣʽʪʝʨʘʪʫʨʫ [172]. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ H2O:C2H5OH 

ʩʢʣʘʜʘʣʦ 1:1 ʜʣʷ La(NO3)3, NH4F, ʘ ʜʣʷ Ba(NO3)2 4:1 ʯʝʨʝʟ ʚʠʩʦʢʫ ʥʝʨʦʟʯʠʥʥʽʩʪʴ 

ʩʦʣʽ ʚ ʝʪʘʥʦʣʽ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʠʥʪʝʟʫ ʦʜʝʨʞʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʧʽʢʘʣʠ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ 

ʢʽʣʴʢʽʩʪʶ SnF2, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ ɺa1-x-yMxSn1-yF4+x. 

ɼʣʷ ʮʴʦʛʦ ʧʦʜʨʽʙʥʝʥʽ, ʟʥʝʚʦʜʥʝʥʽ ʧʨʝʢʫʨʩʦʨʠ ʟʤʽʰʫʚʘʣʠ ʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ, ʛʦʤʦʛʝʥʽʟʫʚʘʣʠ ʪʘ ʧʨʝʩʫʚʘʣʠ ʧʽʜ ʪʠʩʢʦʤ 10 ʄʇʘ. ʊʚʝʨʜʦʬʘʟʥʠʡ 

ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773-823 ʂ ʧʨʦʪʷʛʦʤ 30-60 ʭʚ ʚ ʢʚʘʨʮʦʚʠʭ 

ʢʦʤʽʨʢʘʭ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʶ ʦʢʩʠʜʽʚ ʪʘ ʦʢʩʦʬʪʦʨʠʜʽʚ. 

ʊʨʠʚʘʣʽʩʪʴ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʚʽʜʧʘʣʫ ʽ ʪʝʤʧʝʨʘʪʫʨʘ ʙʫʣʠ ʚʠʟʥʘʯʘʣʘʩʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʅʘʧʨʠʢʣʘʜ, 

ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ ʽʪʨʽʶ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ɺa1-xYxF2+x, ʧʦʪʨʝʙʫʚʘʣʦ ʚʠʱʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʨʦʮʝʩʫ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʦʩʪʽ ʜʣʷ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ 

ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʥʘ 2 ʝʪʘʧʽ. 

ʇʨʠʛʦʪʦʚʘʥʽ ʟʨʘʟʢʠ ʨʝʯʦʚʠʥʠ ʟʙʝʨʽʛʘʣʠ ʚ ʩʫʭʦʤʫ ʝʢʩʠʢʘʪʦʨʽ ʥʘʜ P2O5. 

2.3. ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʴ ʩʪʨʫʢʪʫʨʠ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

2.3.1. ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ  

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ (ʈʌɸ) ï ʤʝʪʦʜ ʜʦʩʣʽʜʞʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʧʨʦʙʠ 

ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʧʦʨʦʰʢʦʚʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ, ʱʦ ʜʘʻ ʟʨʘʟʦʢ. ɺ ʦʩʥʦʚʫ 

ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʧʦʢʣʘʜʝʥʦ ʷʚʠʱʝ ʚʽʜʙʠʚʘʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʽʚ ʚʽʜ ʘʪʦʤʽʚ ʚ 

ʪʚʝʨʜʦʤʫ ʢʨʠʩʪʘʣʽ, ʚʦʥʦ ʥʘʟʠʚʘʻʪʴʩʷ ʜʠʬʨʘʢʮʽʻʶ. ʈʝʥʪʛʝʥʽʚʩʴʢʽ ʧʨʦʤʝʥʽ 

ʩʪʚʦʨʶʶʪʴ ʢʘʨʪʠʥʫ, ʷʢʘ ʚʽʜʦʙʨʘʞʘʻ ʩʪʨʫʢʪʫʨʥʫ ʦʨʽʻʥʪʘʮʽʶ ʘʪʦʤʽʚ ʚ ʩʧʦʣʫʮʽ. 

ɼʠʬʨʘʢʮʽʷ ʻ ʝʬʝʢʪʠʚʥʠʤ ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʨʝʯʦʚʠʥʠ. 



ʗʢʽʩʥʠʡ ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʧʦʣʷʛʘʻ ʚ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʢʨʠʩʪʘʣʽʯʥʠʭ ʬʘʟ ʥʘ ʦʩʥʦʚʽ 

ʧʨʠʪʘʤʘʥʥʠʭ ʾʤ ʟʥʘʯʝʥʴ ʤʽʞʧʣʦʱʠʥʥʠʭ ʚʽʜʩʪʘʥʝʡ (d) ʽ ʚʽʜʧʦʚʽʜʥʠʭ ʽʥʪʝʥʩʠʚʥʦʩʪʝʡ 

ʣʽʥʽʡ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʘ (I). ʊʝʦʨʝʪʠʯʥʠʤ ʦʙʛʨʫʥʪʫʚʘʥʥʷʤ ʈʌɸ ʻ ʨʽʚʥʷʥʥʷ 

ɹʨʝʛʛʘ-ɺʫʣʴʬʘ. 

ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʧʦʨʦʰʢʦʚʠʭ ʟʨʘʟʢʽʚ ʚʠʢʦʥʫʚʘʣʠ ʥʘ 

ʜʠʬʨʘʢʪʦʤʝʪʨʽ ɼʈʆʅ-3ʄ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʉuʂŬ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɼʠʬʨʘʢʪʦʛʨʘʤʠ 

ʨʝʻʩʪʨʫʚʘʣʠ ʟʛʽʜʥʦ ʩʭʝʤʠ ʬʦʢʫʩʫʚʘʥʥʷ ɹʨʝʛʛʘ-ɹʨʝʥʪʘʥʦ (ʨʠʩ. 2.3) ʚ ʽʥʪʝʨʚʘʣʽ ʢʫʪʽʚ 

ʚʽʜ 10 ʜʦ 80 ʛʨʘʜʫʩʽʚ ʟ ʢʨʦʢʦʤ 0,04 ʛʨʘʜ. ʪʘ ʝʢʩʧʦʟʠʮʽʻʶ 3 ʩ. ʚ ʢʦʞʥʽʡ ʪʦʯʮʽ, ʟʘ ʩʠʣʠ 

ʩʪʨʫʤʫ ʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʽʡ ʪʨʫʙʮʽ 20 ʤɸ ʪʘ ʥʘʧʨʫʟʽ ʚ 30ʢɺ. ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ 

ʩʢʣʘʜʘʻ 0,01%. 

 

ʈʠʩ. 2.3. ʉʭʝʤʘ ʬʦʢʫʩʫʚʘʥʥʷ ʟʘ ɹʨʝʛʛʦʤ-ɹʨʝʥʪʘʥʦ. 

ɯʜʝʥʪʠʬʽʢʘʮʽʁ ʬʘʟʦʚʦʛʦ ʩʢʣʘʜʫ ʧʨʦʚʦʜʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʙʘʟʠ ʜʘʥʠʭ 

ʄʽʞʥʘʨʦʜʥʦʛʦ ʮʝʥʪʨʫ ʜʠʬʨʘʢʮʽʡʥʠʭ ʜʘʥʠʭ (JCPDS). ʆʙʨʦʙʢʫ ʜʠʬʨʘʢʪʦʛʨʘʤ ʪʘ 

ʨʦʟʨʘʭʫʥʢʠ ʦʙôʻʤʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʧʨʦʚʦʜʠʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʢʦʤʧôʶʪʝʨʥʠʭ ʧʨʦʛʨʘʤ Match, XPert ʪʘ UnitCell. 

2.3.2. ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɼʣʷ ʢʦʥʪʨʦʣʶ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʪʨʠʤʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʫ ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ ʎʝʡ 

ʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʪʚʝʨʜʠʭ ʨʝʯʦʚʠʥ. ɺ ʦʩʥʦʚʽ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʣʝʞʠʪʴ ʚʟʘʻʤʦʜʽʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʽ 

ʟʨʘʟʢʘ ʟ ʧʦʜʘʣʴʰʠʤ ʘʥʘʣʽʟʦʤ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʫ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ʷʢʠʡ ʚʠʥʠʢʘʻ ʧʨʠ ʟʙʫʜʞʝʥʥʽ ʘʪʦʤʽʚ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʨʝʯʦʚʠʥʠ. 

ɺʠʥʠʢʥʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʝʨʝʟ ʪʝ ʱʦ ʧʽʜ ʚʧʣʠʚʦʤ 



ʧʫʯʢʘ ʝʣʝʢʪʨʦʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʙʠʚʘʥʥʷ ʝʣʝʢʪʨʦʥʽʚ ʟ ʥʠʞʯʠʭ ʨʽʚʥʽʚ ʘʪʦʤʘ, ʯʝʨʝʟ 

ʱʦ ʝʣʝʢʪʨʦʥʠ ʟ ʚʝʨʭʥʽʭ ʦʨʙʽʪʘʣʝʡ ʟʘʡʤʘʶʪʴ ʚʘʢʘʥʪʥʽ ʧʦʣʦʞʝʥʥʷ. ɼʘʥʽ ʧʝʨʝʭʦʜʠ 

ʤʽʞ ʝʥʝʨʛʝʪʠʯʥʠʤʠ ʨʽʚʥʷʤʠ ʩʣʽʜʫʶʪʴ ʟʘʢʦʥʫ ʟʙʝʨʝʞʝʥʥʷ ʝʥʝʨʛʽʾ, ʪʦʤʫ ʨʝʣʘʢʩʘʮʽʷ 

ʝʣʝʢʪʨʦʥʘ ʜʦ ʩʪʘʥʫ ʥʠʞʯʦʾ ʝʥʝʨʛʽʾ ʚʠʚʽʣʴʥʷʻ ʝʥʝʨʛʽʶ ʚ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʷʢʫ 

ʤʦʞʥʘ ʟʘʬʽʢʩʫʚʘʪʠ ʜʝʪʝʢʪʦʨʦʤ. ʂʦʞʝʥ ʝʣʝʤʝʥʪ ʤʘʻ ʫʥʽʢʘʣʴʥʫ ʘʪʦʤʥʫ ʩʪʨʫʢʪʫʨʫ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʘʪʠ ʫʥʽʢʘʣʴʥʠʡ ʥʘʙʽʨ ʧʽʢʽʚ ʚ ʡʦʛʦ ʩʧʝʢʪʨʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ. ɸʥʘʣʽʟʫʶʯʠ ʝʥʝʨʛʽʶ ʝʤʽʩʽʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʩʧʝʢʪʨʫ ʤʦʞʥʘ 

ʨʦʙʠʪʠ ʚʩʪʘʥʦʚʠʪʠ ʧʨʦ ʷʢʽʩʥʠʡ, ʪʘʢ ʽ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ.  

ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʽ ʩʧʝʢʪʨʠ ʦʪʨʠʤʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʢʘʥʫʚʘʣʴʥʦʛʦ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ Tescan Vega ʟ ʧʨʠʩʢʦʨʶʚʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ 15 ʢɺ, ʷʢʠʡ 

ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʉʫʤʩʴʢʦʤʫ ʜʝʨʞʘʚʥʦʤʫ ʫʥʽʚʝʨʩʠʪʝʪʽ ʫ ʤ. ʉʫʤʠ (ʋʢʨʘʾʥʘ), 

ʦʩʥʘʱʝʥʦʛʦ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʤ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʜʝʪʝʢʪʦʨʦʤ (Oxford detector). 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ ʚʘʢʫʫʤʽ 10-5 ʇʘ ʪʘ ʦʭʦʣʦʜʞʝʥʥʽ ʜʝʪʝʢʪʦʨʘ ʨʽʜʢʠʤ 

ʘʟʦʪʦʤ. ʇʝʨʝʜ ʘʥʘʣʽʟʦʤ ʟʨʘʟʢʠ ʦʯʠʱʫʚʘʣʠ ʚʽʜ ʤʦʞʣʠʚʠʭ ʟʘʙʨʫʜʥʝʥʴ ʽ ʧʦʰʢʦʜʞʝʥʴ 

ʧʦʚʝʨʭʥʽ, ʥʝʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ ʧʦʢʨʠʚʘʣʠ ʪʦʥʢʠʤ ʰʘʨʦʤ ʚʫʛʣʝʮʶ ʜʣʷ ʫʥʠʢʥʝʥʥʷ 

ʝʣʝʢʪʨʦʩʪʘʪʠʯʥʠʭ ʝʬʝʢʪʽʚ.  

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠ ʧʨʠ ʧʨʠʩʢʦʨʶʚʘʣʴʥʽʡ ʥʘʧʨʫʟʽ 15 ʢɺ, ʱʦ 

ʟʘʙʝʟʧʝʯʫʚʘʣʦ ʦʧʪʠʤʘʣʴʥʫ ʛʣʠʙʠʥʫ ʟʙʫʜʞʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ 

ʜʣʷ ʣʝʛʢʠʭ ʽ ʩʝʨʝʜʥʽʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʢʦʞʥʦʛʦ ʟʨʘʟʢʘ ʨʝʻʩʪʨʫʚʘʣʠ ʢʽʣʴʢʘ ʩʧʝʢʪʨʽʚ ʽʟ 

ʨʽʟʥʠʭ ʜʽʣʷʥʦʢ ʧʦʚʝʨʭʥʽ ʟ ʤʝʪʦʶ ʧʽʜʚʠʱʝʥʥʷ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʦʩʪʽ. ʇʨʠʢʣʘʜ, ʚʠʛʣʷʜʫ 

ʩʧʝʢʪʨʘ EDX ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 2.4. 

 

ʈʠʩ. 2.4. ʇʨʠʢʣʘʜ ʩʧʝʢʪʨʫ EDX. 



ʅʘ ʦʩʥʦʚʽ ʦʪʨʠʤʘʥʠʭ ʩʧʝʢʪʨʽʚ ʙʫʣʦ ʚʠʟʥʘʯʝʥʦ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʦʪʨʠʤʘʥʠʭ 

ʟʨʘʟʢʽʚ. ʆʙʨʦʙʢʫ ʜʘʥʠʭ ʟʜʽʡʩʥʶʚʘʣʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʤʠ ʘʣʛʦʨʠʪʤʘʤʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʟ ʧʦʜʘʣʴʰʠʤ ʨʫʯʥʠʤ ʫʪʦʯʥʝʥʥʷʤ ʫ ʨʘʟʽ ʥʝʦʙʭʽʜʥʦʩʪʽ. ʈʦʟʨʘʭʦʚʘʥʽ 

ʟʥʘʯʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʡ ʢʦʤʧʦʥʝʥʪʽʚ ʙʫʣʠ ʧʦʨʽʚʥʷʥʽ ʟ ʨʦʟʨʘʭʫʥʢʦʚʠʤʠ ʜʘʥʠʤʠ. 

ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʴ ʩʢʣʘʜʘʻ ʜʦ 3%. 

ʈʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʩʢʣʘʜʫ ʟʘʜʘʥʦʤʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʶ, ʚʠʷʚʣʝʥʥʷ 

ʜʦʤʽʰʦʢ ʪʘ ʩʪʦʨʦʥʥʽʭ ʬʘʟ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʦʜʘʪʢʦʚʦʾ ʚʝʨʠʬʽʢʘʮʽʾ ʜʘʥʠʭ ʈʌɸ.  

2.3.3. ɯʤʧʝʜʘʥʩʥʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ 

ɺʠʤʽʨʶʚʘʥʥʷ ʽʤʧʝʜʘʥʩʫ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ 

ʜʽʝʣʝʢʪʨʠʯʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʘ immittance meter RLC E7-30 (ʨʠʩ. 2.5). ʉʧʨʝʩʦʚʘʥʽ 

ʮʠʣʽʥʜʨʠʯʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 2,0 ʤʤ ʧʦʤʽʱʘʣʠ 

ʤʽʞ ʜʚʦʤʘ ʧʦʣʽʨʦʚʘʥʠʤʠ ʧʣʘʪʠʥʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʚ ʢʦʤʽʨʢʫ ʜʣʷ ʟʨʘʟʢʽʚ, ʷʢʫ 

ʧʦʪʽʤ ʥʘʛʨʽʚʘʣʠ ʜʦ ʨʦʙʦʯʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʇʽʩʣʷ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚ ʨʝʞʠʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʚʽʜ 25 ɻʮ ʜʦ 3 ʄɻʮ (ʧʨʠ 

ʘʤʧʣʽʪʫʜʽ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ 10 ʤɺ) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʜʦ 473 ʂ. 

ʉʧʝʢʪʨ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʽʤʧʝʜʘʥʩʫ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʤʦʜʝʣʶʚʘʣʠ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ EIS Spectrum Analyzer. 

 

ʈʠʩ. 2.5. ʐʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʽʝʣʝʢʪʨʠʯʥʠʡ ʩʧʝʢʪʨʦʤʝʪʨ immittance meter RLC 

E7-30. 



ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʜʚʦʭʝʣʝʢʪʨʦʜʥʦʾ ʩʭʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʩʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʈ5083 ʜʣʷ ʩʠʩʪʝʤʠ 

BaF2-YF3-SnF2 ʪʘ ʩʧʝʢʪʨʦʤʝʪʨʘ immittance meter RLC E7-30 ʜʣʷ ʩʠʩʪʝʤʠ BaF2-LaF3-

SnF2. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʝʩʦʚʘʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ 

ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ ʜʽʘʤʝʪʨʦʤ 8,0 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 2,0ï3,0 ʤʤ. ʉʪʨʫʤʦʚʽʜʚʦʜʘʤʠ ʜʦ 

ʟʨʘʟʢʽʚ ʙʫʣʠ ʧʦʣʽʨʦʚʘʥʽ ʧʣʘʪʠʥʦʚʽ ʧʣʘʩʪʠʥʠ.  

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʽʚ ʚʠʚʯʘʣʠ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ, ʜʝ 

ʚʧʣʠʚ ʧʦʣʷʨʠʟʘʮʽʡʥʠʭ ʽ ʨʝʣʘʢʩʘʮʽʡʥʠʭ ʷʚʠʱ ʻ ʚʽʜʩʫʪʥʽʤ (ʨʠʩ. 2.6). ʊʦʤʫ ʜʘʥʽ 

ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʯʘʩʪʦʪʽ 70-100 kHz. 

ɺʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʦʜʠʣʠ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 298ï623 ʂ 

ʧʽʩʣʷ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ ʚ ʨʝʞʠʤʽ ʦʭʦʣʦʜʞʝʥʥʷ. ʇʦʭʠʙʢʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʩʢʣʘʜʘʻ ʜʦ 1%, ʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʜʦ 4%. 

 

ʈʠʩ. 2.6. ɻʨʘʬʽʢ ɹʦʜʝ ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ Ba0,90Y0,10SnF4,10. 

ʇʠʪʦʤʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʨʽʚʥʷʥʥʷʤ:  

ů = l/sĿR,                                                      (2.1) 

ʜʝ l ï ʪʦʚʱʠʥʘ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʟʨʘʟʢʫ, s ï ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ, R ï ʘʢʪʠʚʥʠʡ ʦʧʽʨ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʦʟʜʽʣʠʪʠ ʘʢʪʠʚʥʫ ʽ 

ʨʝʘʢʪʠʚʥʫ ʩʢʣʘʜʦʚʽ ʽʤʧʝʜʘʥʩʫ, ʱʦ ʦʩʦʙʣʠʚʦ ʚʘʞʣʠʚʦ ʧʨʠ ʘʥʘʣʽʟʽ ʽʦʥʥʠʭ 



ʧʨʦʚʽʜʥʠʢʽʚ ʪʘ ʤʘʪʝʨʽʘʣʽʚ ʽʟ ʚʠʨʘʞʝʥʠʤʠ ʜʽʝʣʝʢʪʨʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ʄʝʪʦʜ 

ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʘ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʫ 

ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ ʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɼʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʪʠʩʢʫ ʛʨʘʥʫʣʶʚʘʥʥʷ ʪʘ ʚʽʜʧʦʚʽʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʥʘ ʽʦʥʥʫ 

ʧʨʦʚʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ʌʦʨʤʫʚʘʥʥʷ ʪʘʙʣʝʪʦʢ ʟʜʽʡʩʥʶʚʘʣʠ 

ʤʝʪʦʜʦʤ ʦʜʥʦʦʩʴʦʚʦʛʦ ʧʨʝʩʫʚʘʥʥʷ ʧʦʨʦʰʢʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ 

ʧʨʝʩʘ. ʏʘʩ ʚʠʪʨʠʤʢʠ ʧʽʜ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʩʪʘʥʦʚʠʚ 3 ʭʚʠʣʠʥʠ. ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʚʧʣʠʚʫ 

ʱʽʣʴʥʦʩʪʽ ʥʘ ʪʨʘʥʩʧʦʨʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʤʘʪʝʨʽʘʣʫ ʟʨʘʟʢʠ ʚʠʛʦʪʦʚʣʷʣʠ ʧʨʠ ʨʽʟʥʠʭ 

ʟʥʘʯʝʥʥʷʭ ʧʨʠʢʣʘʜʝʥʦʛʦ ʪʠʩʢʫ ʚ ʜʽʘʧʘʟʦʥʽ 7,4ï14,7 ʄʇʘ, ʱʦ ʜʦʟʚʦʣʷʣʦ ʦʪʨʠʤʘʪʠ 

ʪʘʙʣʝʪʢʠ ʟ ʨʽʟʥʠʤ ʩʪʫʧʝʥʝʤ ʫʱʽʣʴʥʝʥʥʷ. 

ʇʽʩʣʷ ʬʦʨʤʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʾʭ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚʠʤʽʨʶʚʘʣʠ 

ʟʛʽʜʥʦ ʟ ʤʝʪʦʜʠʢʦʶ, ʦʧʠʩʘʥʦʶ ʚʠʱʝ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʤʧʝʜʘʥʩʥʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ. 

ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʨʝʘʣʴʥʦʾ ʱʽʣʴʥʦʩʪʽ ʪʘʙʣʝʪʦʢ ʧʨʦʚʦʜʠʣʠ ʚʠʤʽʨʶʚʘʥʥʷ ʛʫʩʪʠʥʠ 

ʤʝʪʦʜʦʤ ʚʠʪʽʩʥʝʥʥʷ ʛʘʟʫ. ɼʣʷ ʮʴʦʛʦ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʣʘʙʦʨʘʪʦʨʥʽ ʚʘʛʠ OHAUS PX224 

ʟ ʪʦʯʥʽʩʪʶ 0,1 ʤʛ ʫ ʧʦʻʜʥʘʥʥʽ ʟʽ ʩʧʝʮʽʘʣʴʥʠʤ ʥʘʙʦʨʦʤ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʱʽʣʴʥʦʩʪʽ 

ʪʚʝʨʜʠʭ ʪʽʣ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʛʫʩʪʠʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʣʷ ʘʥʘʣʽʟʫ ʢʦʨʝʣʷʮʽʾ ʤʽʞ 

ʫʤʦʚʘʤʠ ʧʨʝʩʫʚʘʥʥʷ, ʩʪʨʫʢʪʫʨʥʦʶ ʫʱʽʣʴʥʝʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ ʪʘ ʨʽʚʥʝʤ ʡʦʛʦ ʬʪʦʨʠʜ-

ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

2.2.4. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ 

ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʽ ʤʝʪʦʜʠ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ, 

ʧʨʦʩʪʦʪʦʶ, ʜʝʰʝʚʠʟʥʦʶ ʦʙʣʘʜʥʘʥʥʷ ʯʝʨʝʟ ʱʦ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ. ɺʠʟʥʘʯʝʥʥʷ ʚʽʢʥʘ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ 

ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ, ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʨʦʮʝʩʽʚ ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ 

ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʌɯɹ (ʨʠʩ. 2.5) ̒  ʚʝʣʠʢʠʤ ʚʠʢʣʠʢʦʤ ʜʣʷ ʜʦʩʣʽʜʥʠʢʽʚ ʚ ʫʩʴʦʤʫ ʩʚʽʪʽ. 

ʅʘʨʘʟʽ ʥʝʤʘʻ ʦʜʥʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ɺɽʉ, ʭʦʯʘ ʜʘʥʠʡ 

ʧʘʨʘʤʝʪʨ ʻ ʦʜʥʠʤ ʟ ʢʣʶʯʦʚʠʭ. ʇʨʦʪʝ ʚ ʙʽʣʴʰʦʩʪʽ ʨʦʙʽʪ ʟ ʨʦʟʨʦʙʢʠ ʌɯɹ ʜʘʥʦʤʫ 

ʘʧʝʢʪʫ ʧʨʠʜʽʣʷʻʪʴʩʷ ʫʚʘʛʘ. ɿʚʘʞʘʶʯʠ ʥʘ ʜʦʩʪʫʧʥʽʩʪʴ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ 

ʤʝʪʦʜʽʚ, ʾʭ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʯʘʩʪʽʰʝ, ʟʘʟʚʠʯʘʡ ʮʝ ʣʽʥʽʡʥʘ ʪʘ/ʘʙʦ ʮʠʢʣʽʯʥʘ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʷ. 



 

ʈʠʩ. 2.6. ʌʦʪʦ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʪʠʧʦʨʦʟʤʽʨ CR2032. 

ʄʝʪʦʜ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ - ʮʝ ʧʦʪʝʥʮʽʦʜʠʥʘʤʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʚʠʤʽʨʶʚʘʥʥʷ, ʫ ʷʢʠʭ ʧʦʪʝʥʮʽʘʣ ʨʦʙʦʯʦʛʦ ʝʣʝʢʪʨʦʜʘ ʟʤʽʥʶʻʪʴʩʷ ʣʽʥʽʡʥʦ ʟ ʯʘʩʦʤ. 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʟʘʜʘʥʦʛʦ ʟʥʘʯʝʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʥʘʧʨʷʤ ʨʦʟʛʦʨʪʢʠ ʟʤʽʥʶʻʪʴʩʷ ʽ 

ʧʨʦʮʝʩ ʧʦʚʪʦʨʶʻʪʴʩʷ ʙʘʛʘʪʦʨʘʟʦʚʦ ʚ ʤʝʞʘʭ ʧʝʚʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʤʽʞ ʧʦʯʘʪʢʦʚʠʤ ʽ 

ʢʽʥʮʝʚʠʤ ʧʦʪʝʥʮʽʘʣʘʤʠ. ʇʽʜ ʯʘʩ ʢʦʞʥʦʛʦ ʮʠʢʣʫ ʨʝʻʩʪʨʫʶʪʴ ʷʢ ʧʨʷʤʠʡ, ʪʘʢ ʽ 

ʟʚʦʨʦʪʥʠʡ ʭʽʜ ʚʦʣʴʪʘʤʧʝʨʥʦʾ ʢʨʠʚʦʾ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʘʻ ʟʤʦʛʫ ʜʦʩʣʽʜʞʫʚʘʪʠ ʷʢ 

ʧʨʦʮʝʩʠ ʦʢʠʩʥʝʥʥʷ, ʪʘʢ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʚ ʩʠʩʪʝʤʽ. ʎʠʢʣʽʯʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ 

ʟʥʽʤʘʣʠ ʥʘ ʧʦʪʝʥʮʽʦʩʪʘʪʽ MTech SPG 550s ʘʙʦ ʧʦʣʷʨʦʛʨʘʬʽ MTech POL 21 (ʨʠʩ. 2.6).  

 

ʈʠʩ.2.6. ʇʦʪʝʥʮʽʦʩʪʘʪ MTech SPG 550s ʪʘ ʧʦʣʷʨʦʛʨʘʬ MTech POL 21. 

ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʠ ʚʠʢʦʥʘʥʽ ʤʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʚ ʜʚʦʭʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ ʟ ʧʣʘʪʠʥʦʚʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ ʧʨʠ 

ʰʚʠʜʢʦʩʪʷʭ ʩʢʘʥʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʚʽʜ 0,1-100 ʤɺ/ʩ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 20-100Áʉ. ɼʣʷ 

ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʨʝʩʦʚʘʥʽ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʬʦʨʤʠ ʜʽʘʤʝʪʨʦʤ 8,0 ʤʤ ʽ ʪʦʚʱʠʥʦʶ 2,0ï3,0 ʤʤ. 



2.3.5. ɺʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʝ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʟʘ ʤʝʪʦʜʦʤ 

ʍʝʙʙʘ-ɺʘʛʥʝʨʘ 

ɽʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʍʝʙʙʘ-ɺʘʛʥʝʨʘ ʘʥʘʣʽʟʫʶʯʠ 

ʚʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʢʦʤʽʨʢʠ Ni:NiF2:CaF2|ʪʚʝʨʜʘ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʘ ʬʘʟʘ|Pt. ɿʘʩʪʦʩʦʚʘʥʠʡ ʢʦʤʧʦʟʠʪʥʠʡ ʢʘʪʦʜ ʚʚʘʞʘʻʪʴʩʷ ʦʙʦʨʦʪʥʠʤ 

ʚʽʜʥʦʩʥʦ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʟʘ ʨʘʭʫʥʦʢ ʥʘʷʚʥʦʩʪʽ Ni+NiF2, ʘ CaF2 ʜʦʙʘʚʢʘ ʜʣʷ 

ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʝʣʝʢʪʨʦʜʥʦʾ ʧʦʣʷʨʠʟʘʮʽʾ, ʤʝʪʘʣʝʚʠʡ ʥʽʢʝʣʴ ʪʘʢʦʞ ʚʠʢʦʥʫʻ ʨʦʣʴ 

ʝʣʝʢʪʨʦʥʥʦʾ ʜʦʙʘʚʢʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ - Ni:NiF2:CaF2 = 3:1:1. ʉʢʣʘʜʦʚʽ 

ʧʝʨʝʤʽʰʫʚʘʣʠ ʜʦ ʦʜʥʦʨʽʜʥʦʩʪʽ ʪʘ ʧʨʝʩʫʚʘʣʠ ʧʦʰʘʨʦʚʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʫʯʥʦʛʦ ʧʨʝʩʫ 

ʟ ʟʨʘʟʢʦʤ ʱʦ ʘʥʘʣʽʟʫʚʘʚʩʷ. ʗʢ ʘʥʦʜ ʟʘʩʪʦʩʦʚʘʥʦ ʙʣʦʢʫʶʯʠʡ ʧʣʘʪʠʥʦʚʠʡ ʝʣʝʢʪʨʦʜ. 

ʗʢʱʦ ʜʦ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʧʨʠʢʣʘʩʪʠ ʧʦʩʪʽʡʥʫ ʥʘʧʨʫʛʫ, ʪʦ ʬʪʦʨʠʜ-ʽʦʥʠ ʨʫʭʘʶʪʴʩʷ ʚ 

ʝʣʝʢʪʨʠʯʥʦʤʫ ʧʦʣʽ ʚʽʜ ʢʘʪʦʜʫ ʜʦ ʘʥʦʜʫ, ʜʝ ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʘʥʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ. ʋ 

ʧʨʦʮʝʩʽ ʮʴʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʟʥʠʞʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʽ. ʂʦʣʠ ʚ 

ʩʠʩʪʝʤʽ ʜʦʩʷʛʘʻʪʴʩʷ ʧʝʚʥʘ ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ ʽ/ʘʙʦ ʜʽʨʦʢ, ʩʪʨʫʤ 

ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʡ ʥʘʙʫʚʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʎʝʡ ʝʬʝʢʪ 

ʦʧʠʩʫʻʪʴʩʷ ʨʽʚʥʷʥʥʷʤ: 
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ʜʝ ůn ʽ ůp ï ʧʠʪʦʤʘ ʝʣʝʢʪʨʦʥʘ ʽ ʜʽʨʢʦʚʘ ʧʨʦʚʽʜʥʽʩʪʴ, ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ, ɽ ï 

ʧʨʠʢʣʘʜʝʥʘ ʥʘʧʨʫʛʘ, S ï ʧʣʦʱʘ ʢʦʥʪʘʢʪʫ, R ï ʫʥʽʚʝʨʩʘʣʴʥʘ ʛʘʟʦʚʘ ʩʪʘʣʘ, F ï ʩʪʘʣʘ 

ʌʘʨʘʜʝʷ, l ï ʪʦʚʱʠʥʘ ʟʨʘʟʢʫ [22].  

ʗʢʱʦ ʚ ʢʦʤʽʨʮʽ ʟʥʘʯʥʦ ʧʝʨʝʚʘʞʘʻ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ n-ʪʠʧʫ (ůn > ůp), ʪʦ 

ʨʽʚʥʷʥʥʷ (3) ʤʦʞʥʘ ʩʧʨʦʩʪʠʪʠ ʽ ʧʨʝʜʩʪʘʚʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  
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ɯʟ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʩʣʽʜʫʻ, ʱʦ ʬʫʥʢʮʽʷ Is = f(E) ʤʘʻ ʦʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ. ʏʘʩ ʜʦʩʷʛʥʝʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʛʦ 

ʩʪʘʥʫ ʤʦʞʝ ʩʢʣʘʜʘʪʠ ʚʽʜ ʜʝʢʽʣʴʢʦʭ ʭʚʠʣʠʥ ʜʦ ʜʝʢʽʣʴʢʦʭ ʛʦʜʠʥ. 

ɼʣʷ ʦʙʣʘʩʪʽ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʚʠʢʦʥʫʻʪʴʩʷ ʫʤʦʚʘ EF>>RT, ʪʦʤʫ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʚʠʨʘʟ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʥʷ (4).  
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ɿ ʜʘʥʦʛʦ ʨʽʚʥʷʥʥʷ ʤʠ ʚʠʟʥʘʯʘʣʠ ůn, ʧʦʪʽʤ ʨʦʙʠʣʠ ʦʮʽʥʢʫ ʯʠʩʝʣ ʧʝʨʝʥʦʩʫ ʽʦʥʽʚ 

ʬʪʦʨʫ ʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʟʘ ʨʽʚʥʷʥʥʷʤ (5). 
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F
t -=- 1 ,                                                    (2.5) 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʟʘ ʜʚʦʭʝʣʝʢʪʨʦʜʥʦʶ ʩʭʝʤʦʶ, ʢʦʤʽʨʢʫ ʥʘʛʨʽʚʘʣʠ ʽ 

ʪʝʨʤʦʩʪʘʪʫʚʘʣʠ ʧʨʦʪʷʛʦʤ ʛʦʜʠʥʠ, ʧʦʪʽʤ ʧʦʣʷʨʠʟʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʙʣʦʢʫ ʞʠʚʣʝʥʥʷ Masteram MR5010E ʚʽʜ 0,2 ɺ ʜʦ 3,6 ɺ ʟ ʢʨʦʢʦʤ ʚ 

0,2 ɺ ʪʘ ʬʽʢʩʫʚʘʣʠ ʩʪʨʫʤ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʢʦʤʽʨʢʫ ʣʘʙʦʨʘʪʦʨʥʠʤ ʤʫʣʴʪʠʤʝʪʨʦʤ 

Tektronix DMM4020. ɼʣʷ ʜʦʩʣʽʜʞʝʥʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʧʦʰʘʨʦʚʦ ʧʨʝʩʦʚʘʥʽ ʟʨʘʟʢʠ 

ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚ ʟ ʢʦʤʧʦʟʠʪʥʠʤ ʝʣʝʢʪʨʦʜʦʤ ʮʠʣʽʥʜʨʠʯʥʦʾ ʬʦʨʤʠ 

ʜʽʘʤʝʪʨʦʤ 8.0 ʤʤ ʽ ʪʦʚʱʠʥʦʶ ʰʘʨʫ ʟʨʘʟʢʫ 1,0ï1,4 ʤʤ.  



ʈʆɿɼɯʃ 3. ʌʊʆʈʀɼʇʈʆɺɯɼʅɯ ʌɸɿʀ ʅɸ ʆʉʅʆɺɯ BaSnF4: ʉʀʅʊɽɿ, 

ʉʊʈʋʂʊʋʈɸ ʊɸ ɽʃɽʂʊʈʆʌɯɿʀʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ 

ʆʪʨʠʤʘʥʥʷ ʥʦʚʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʽʟ ʟʘʜʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʥʘʣʝʞʠʪʴ ʜʦ ʧʨʽʦʨʠʪʝʪʥʠʭ ʟʘʚʜʘʥʴ ʩʫʯʘʩʥʦʾ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ. ʊʘʢʽ ʬʫʥʢʮʽʦʥʘʣʴʥʽ 

ʤʘʪʝʨʽʘʣʠ ʟʥʘʭʦʜʷʪʴ ʧʝʨʩʧʝʢʪʠʚʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʨʦʟʨʦʙʮʽ ʩʠʩʪʝʤ ʭʽʤʽʯʥʦʛʦ 

ʘʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ, ʽʦʥ-ʩʝʣʝʢʪʠʚʥʠʭ ʝʣʝʢʪʨʦʜʽʚ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʩʝʥʩʦʨʽʚ, 

ʩʫʧʝʨʢʦʥʜʝʥʩʘʪʦʨʽʚ ʪʘ ʽʥʰʠʭ ʧʨʠʩʪʨʦʾʚ. ɽʣʝʢʪʨʦʣʽʪʠ ʚ ʩʠʩʪʝʤʽ BaF2-SnF2 ʻ 

ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʘʥʘʣʦʛʘʤʠ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ PbSnF4 ʟ ʚʠʩʦʢʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʪʘ 

ʤʘʶʪʴ ʚʠʱʫ ʪʝʦʨʝʪʠʯʥʦʶ ʥʘʧʨʫʛʦʶ ʨʦʟʢʣʘʜʫ, ʪʘʢʦʞ ʧʦʟʠʪʠʚʥʠʤ ʻ ʬʘʢʪ ʟʘʤʽʥʠ 

ʙʽʣʴʰ ʪʦʢʩʠʯʥʦʛʦ ʧʣʶʤʙʫʤʫ ʥʘ ʙʘʨʽʡ, ʱʦ ʩʪʘʚʠʪʴ ʤʝʥʰʽ ʚʠʤʦʛʠ ʜʦ ʟʘʭʠʩʪʫ ʪʘʢʠʭ 

ʩʠʩʪʝʤ [143]. ɻʝʪʝʨʦʚʘʣʝʥʪʥʝ ʣʝʛʫʚʘʥʥʷ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʜʦʩʪʫʧʥʠʭ ʤʝʪʦʜʽʚ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. ɺʠʙʽʨ ʢʘʪʽʦʥʽʚ 

ʜʦʧʘʥʪʽʚ ʫ ʚʠʧʘʜʢʫ ʣʘʥʪʘʥʫ ʽ ʚʽʩʤʫʪʫ ʩʧʠʨʘʚʩʷ ʥʘ ʙʣʠʟʴʢʽʩʪʴ ʽʦʥʥʠʭ ʨʘʜʽʫʩʽʚ ʜʦ 

ʢʘʪʽʦʥʫ ʙʘʨʽʶ, ʘʜʞʝ ʟ ʣʽʪʝʨʘʪʫʨʠ ʚʽʜʦʤʦ, ʱʦ ʧʨʠ ʩʭʦʞʦʩʪʽ ʨʘʜʽʫʩʽʚ ʦʪʨʠʤʫʶʪʴ 

ʤʘʪʝʨʽʘʣʠ ʟ ʥʘʡʚʠʱʦʶ ʧʨʦʚʽʜʥʽʩʪʶ [100, 101]. ɼʦ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʠ ʥʘ ʦʩʥʦʚʽ 

ʬʪʦʨʠʜʽʚ ʙʘʨʽʶ ʽ ʣʘʥʪʘʥʫ ʻ ʥʘʡʙʽʣʴʰ ʜʦʩʣʽʜʞʝʥʠʤʠ ʚ ʩʪʨʫʢʪʫʨʘʭ ʪʠʩʦʥʽʪʫ ʪʘ 

ʬʣʶʦʨʠʪʫ ʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʠʩʦʢʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʧʨʦʚʽʜʥʦʩʪʽ, ʧʦʢʨʘʱʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʚʚʝʜʝʥʥʷʤ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʢʘʪʽʦʥʽʚ 

ʩʪʘʥʫʤʫ, ʪʦʤʫ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʬʘʟ ʚ ʩʠʩʪʝʤʽ ʩʠʩʪʝʤʠ BaF2-LaF3-SnF2. ʂʘʪʽʦʥ ʽʪʨʽʶ ʤʘʻ ʜʝʱʦ ʤʝʥʰʠʡ ʟʘ Ba
2+, ʪʦʤʫ 

ʟʘʤʽʱʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʣʦʢʘʣʴʥʠʤʠ ʜʝʬʦʨʤʘʮʽʷʤʠ ˇʨʘʪʢʠ, ʱʦ ʤʦʞʝ 

ʩʪʚʦʨʶʚʘʪʠ ʜʝʬʝʢʪʠ ʽ ʩʧʨʠʷʪʠ ʟʙʽʣʴʰʝʥʥʶ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ.  

3.1. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ  

ɺa1-xLaxSnF4+x 

ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ Ba1-xLaxSnF4+x ʩʠʥʪʝʟʫʚʘʣʠ ʚ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘ ʧʝʨʰʦʤʫ 

ʝʪʘʧʽ, ʦʜʝʨʞʫʚʘʣʠ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ Ba1-xLaxF2+x (ʭ = 0,01; 0,03; 0,05; 0,07; 0,10; 

0,12) ʰʣʷʭʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʨʦʟʯʠʥʽʚ. ʉʧʦʯʘʪʢʫ ʛʦʪʫʚʘʣʠ 0,1 ʄ ʨʦʟʯʠʥ La(NO3)3, 

ʨʦʟʯʠʥʠʚʰʠ ʨʦʟʨʘʭʦʚʘʥʫ ʢʽʣʴʢʽʩʪʴ ʦʢʩʠʜ ʣʘʥʪʘʥʫ ʚ ʢʦʥʮʝʥʪʨʦʚʘʥʽʡ ʥʽʪʨʘʪʥʽʡ 

ʢʠʩʣʦʪʽ ʽ ʧʦʜʘʣʴʰʠʤ ʨʦʟʚʝʜʝʥʥʷʤ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ. ʈʦʟʯʠʥ Ba(NO3)2 0,1 ʄ 



ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʨʦʟʯʠʥʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʢʽʣʴʢʦʩʪʽ ʩʦʣʽ ʚ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ. 

ʉʪʘʥʜʘʨʪʠʟʘʮʽʶ ʨʦʟʯʠʥʫ La(NO3)3 ʧʨʦʚʦʜʠʣʠ ʢʦʤʧʣʝʢʩʦʥʦʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ, ʘ 

ʨʦʟʯʠʥʫ Ba(NO3)2 ʛʨʘʚʽʤʝʪʨʠʯʥʠʤ ʤʝʪʦʜʦʤ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 2 

ʇʦʪʽʤ ʦʙʠʜʚʘ ʨʦʟʯʠʥʠ ʟʤʽʰʫʚʘʣʠ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʧʝʨʝʤʽʰʫʚʘʣʠ 

10 ʭʚ. ʥʘ ʤʘʛʥʽʪʥʽʡ ʤʽʰʘʣʮʽ ʪʘ ʢʨʘʧʝʣʴʥʠʤ ʤʝʪʦʜʦʤ ʜʦʜʘʚʘʣʠ ʜʘʥʫ ʩʫʤʽʰ ʜʦ 

ʩʝʤʠʢʨʘʪʥʦʛʦ ʥʘʜʣʠʰʢʫ ʨʦʟʯʠʥʫ NH4F ʜʣʷ ʧʦʚʥʦʛʦ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʬʪʦʨʠʜʽʚ 

ʙʘʨʽʶ ʪʘ ʣʘʥʪʘʥʫ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʦʧʝʨʘʮʽʶ 

ʧʦʚʪʦʨʶʚʘʣʠ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʩʘʜʫ ʟʘʣʠʰʢʽʚ ʚʽʜ ʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʪʘ 

ʚʽʜʜʽʣʷʣʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʩʫʰʠʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 333 ʂ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ɼʣʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʦʢʨʝʤʦ 

ʚʽʜʧʘʣʶʚʘʣʠ. 

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ ɺa1-xLaxF2+x 

ʤʘʶʪʴ ʢʫʙʽʯʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ (ʧʨ. ʛʨ. Fm3m) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ɺʘF2 (ʢʘʨʪʢʘ 

JCPDS ˉ 00-004-0452) (ʨʠʩ. 3.1).  

 

ʈʠʩ. 3.1. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxF2+x. 

ɽʬʝʢʪʠʚʥʽ ʽʦʥʥʽ ʨʘʜʽʫʩʠ ʢʘʪʽʦʥʽʚ ɺʘ2+ ʪʘ La3+ (ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ VI) ʩʢʣʘʜʘʶʪʴ 

0,135 ʪʘ 0,101 ʥʤ, ʚʽʜʧʦʚʽʜʥʦ [173]. ʆʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 

2,387 ʥʤ3 ʫ ɺʘF2 ʜʦ 2,382 ʥʤ
3 ʫ ɺʘ0,88La0,12F2,12. ʇʦʯʠʥʘʶʯʠ ʟʽ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ 



0,10 ʤ.ʯ. ʣʘʥʪʘʥʫ, ʥʘ ʨʝʥʪʛʝʥʦʛʨʘʤʘʭ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ 

ʽʟʦʩʪʨʫʢʪʫʨʥʦʾ ʜʦ ɺʘF2 ʟ ʤʝʥʰʠʤ ʧʝʨʽʦʜʦʤ ˇʨʘʪʢʠ, ʥʽʞ ʫ ʦʩʥʦʚʥʦʛʦ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ. ʅʘ ʨʠʩʫʥʢʫ 3.1 ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʜʣʷ ʟʨʘʟʢʽʚ ʟ ʚʤʽʩʪʦʤ ʟʘʤʽʩʥʠʢʘ ʭ=0,10 

ʪʘ ʭ=0,12 ʯʽʪʢʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʫʙʣʶʶʯʽ ʧʽʢʠ ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ ʜʠʬʨʘʢʮʽʡʥʠʭ 

ʤʘʢʩʠʤʫʤʽʚ ʦʩʥʦʚʥʦʾ ʬʘʟʠ.  

ɿʤʽʥʘ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʘ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʤʘʻ 

ʣʽʥʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʟ ʥʘʭʠʣʦʤ ʚ ʙʽʢ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ 

ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʤʽʱʝʥʥʷ (ʨʠʩ. 3.2).  

ʅʘʩʪʫʧʥʠʤ ʝʪʘʧʦʤ ʩʠʥʪʝʟʫ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba1-xLaxSnF4+x ʻ 

ʩʧʽʢʘʥʥʷ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʧʨʝʢʫʨʩʦʨʽʚ ɺa1-xLaxF2+x ʟ ʩʪʘʥʫʤ (ɯɯ) 

ʬʪʦʨʠʜʦʤ. ɺʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ ʪʘʢʠʭ ʷʢ ʪʝʤʧʝʨʘʪʫʨʘ ʪʘ ʯʘʩ 

ʩʧʽʢʘʥʥʷ ʻ ʚʘʞʣʠʚʠʤ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ ʟʘʜʘʥʦʛʦ ʩʢʣʘʜʫ ʙʝʟ 

ʜʦʤʽʰʦʢ ʪʘ ʟ ʤʘʣʠʤʠ ʟʘʪʨʘʪʘʤʠ ʝʥʝʨʛʽʾ.  

 

ʈʠʩ. 3.2. ʆʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxF2+x. 

ʋʤʦʚʠ ʩʠʥʪʝʟʫ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ Ba1-xLaxSnF4+x ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʰʣʷʭʦʤ 

ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ ʪʨʠʚʘʣʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʩʧʽʢʘʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

Ba1-xLaxF2+x ʪʘ SnF2 ʥʘ ʷʢʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʧʨʦʜʫʢʪʽʚ. ɺʩʪʘʥʦʚʣʝʥʥʷ ʦʧʪʠʤʘʣʴʥʦʛʦ 

ʯʘʩʫ ʩʧʽʢʘʥʥʷ ʟʜʽʡʩʥʶʚʘʣʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʧʽʜʛʦʪʦʚʘʥʽ ʚ ʦʜʥʘʢʦʚʠʭ ʫʤʦʚʘʭ 



ʟʨʘʟʢʠ Ba0,95La0,05SnF4,05 ʩʧʽʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773 ʂ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʟ 

ʨʽʟʥʠʤʠ ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ. ɿʘ ʜʘʥʠʤʠ ʈʌɸ (ʨʠʩ. 3.3), ʟʨʘʟʦʢ ʩʠʥʪʝʟ ʷʢʦʛʦ ʪʨʠʚʘʚ 30 

ʭʚ, ʤʘʻ ʥʘʡʙʽʣʴʰ ʷʢʽʩʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ, ʥʘ ʮʝ ʚʢʘʟʫʻ ʚʠʩʦʢʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʩʠʛʥʘʣʽʚ ʽ ʚʽʜʩʫʪʥʽʩʪʴ ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ. ɿʨʘʟʢʠ ʟ ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ 10 ʽ 20 ʭʚ, 

ʤʘʶʪʴ ʤʝʥʰʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʽʚ, ʘ ʚ ʟʨʘʟʢʫ ʟ ʯʘʩʦʤ ʚʠʪʨʠʤʢʠ 40 ʭʚʠʣʠʥ ʚʞʝ 

ʚʽʜʤʽʯʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʩʠʛʥʘʣʽʚ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ. 

 

ʈʠʩ. 3.3. ɼʠʬʨʘʢʪʦʛʨʘʤʠ Ba0,95La0,05SnF4,05 ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ.  

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʧʽʜʛʦʪʦʚʘʥʽ ʟʨʘʟʢʠ ʩʧʽʢʘʣʠ 30 ʭʚ, ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ 

ʚʽʜ 623K ʜʦ 823K. ɿʘ ʜʘʥʠʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʫʩʴʦʤʫ 

ʜʦʩʣʽʜʞʝʥʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʫʪʚʦʨʶʻʪʴʩʷ ʢʽʥʮʝʚʘ ʩʪʨʫʢʪʫʨʘ (ʨʠʩ. 3.4). ɼʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʤʘʪʝʨʽʘʣʽʚ ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ ʚʘʞʣʠʚʫ ʨʦʣʴ ʚʽʜʽʛʨʘʻ 

ʪʝʧʣʦʚʠʡ ʧʨʦʮʝʩ ʜʠʬʫʟʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʤʘʪʝʨʽʘʣʽ.  

ɼʠʬʫʟʽʷ ð ʮʝ ʧʨʦʮʝʩ, ʧʽʜ ʯʘʩ ʷʢʦʛʦ ʢʦʤʧʦʥʝʥʪʠ ʩʫʤʽʰʽ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʯʝʨʝʟ 

ʛʨʘʜʽʻʥʪ ʢʦʥʮʝʥʪʨʘʮʽʡ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʩʧʨʷʤʦʚʘʥʠʡ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʨʽʚʥʦʚʘʛʠ ʚ 

ʩʠʩʪʝʤʽ, ʪʦʙʪʦ ʨʽʚʥʦʤʽʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʢʦʤʧʦʥʝʥʪʽʚ. ʊʘʢ, ʷʢ ʜʠʬʫʟʽʷ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ, ʪʦ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʦʜʥʦʨʽʜʥʦʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʟ 

ʨʽʚʥʦʤʽʨʥʠʤ ʨʦʟʧʦʜʽʣʦʤ ʜʝʬʝʢʪʽʚ, ʪʝʤʧʝʨʘʪʫʨʦʶ ʩʠʥʪʝʟʫ ʢʽʥʮʝʚʠʭ ʬʘʟ ʙʫʣʦ ʦʙʨʘʥʦ  

ʪʝʤʧʝʨʘʪʫʨʫ 773K, ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʮʝʩʫ ʪʝʧʣʦʚʦʾ ʜʠʬʫʟʽʾ ʫ ʟʨʘʟʢʫ.  



 

ʈʠʩ. 3.4. ɼʠʬʨʘʢʪʦʛʨʘʤʠ Ba0,95La0,05SnF4,05: ʚʧʣʠʚ ʪʝʤʧʝʨʘʪʫʨʠ ʩʠʥʪʝʟʫ ʥʘ 

ʬʦʨʤʫʚʘʥʥʷ ʢʽʥʮʝʚʠʭ ʧʨʦʜʫʢʪʽʚ. 

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚʧʣʠʚʘʻ ʥʝ 

ʣʠʰʝ ʩʢʣʘʜ ʪʘ ʡʦʛʦ ʙʫʜʦʚʘ, ʘʣʝ ʡ ʫʤʦʚʠ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ. ɿʘʟʚʠʯʘʡ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʽʟ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ ʫ ʚʠʛʣʷʜʽ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʫ ʤʝʪʦʜʦʤ ʧʨʝʩʫʚʘʥʥʷ 

ʛʦʪʫʶʪʴ ʟʨʘʟʢʠ ʧʝʚʥʦʾ ʛʝʦʤʝʪʨʠʯʥʦʾ ʬʦʨʤʠ. ʋ ʧʝʨʝʚʘʞʥʽʡ ʙʽʣʴʰʦʩʪʽ ʮʝ ʮʠʣʽʥʜʨʠ. 

ɺʽʜʤʽʯʝʥʦ [174, 175], ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ ʧʽʜʛʦʪʦʚʘʥʠʭ ʪʘʢʠʤ ʯʠʥʦʤ ʟʨʘʟʢʫ ʟʘʣʝʞʠʪʴ ʥʝ 

ʪʽʣʴʢʠ ʚʽʜ ʨʦʟʤʽʨʽʚ ʚʠʭʽʜʥʠʭ ʢʨʠʩʪʘʣʽʪʽʚ, ʘʣʝ ʡ ʚʽʜ ʪʠʩʢʫ, ʧʽʜ ʷʢʠʤ ʾʭ ʚʠʛʦʪʦʚʣʷʶʪʴ. 

ʅʘʨʘʟʽ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʧʣʠʚ ʫʤʦʚ ʧʨʠʛʦʪʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚʢʨʘʡ ʦʙʤʝʞʝʥʘ. ɺʽʜʦʤʦ [174], ʱʦ ʪʠʩʢ, ʧʽʜ 

ʷʢʠʤ ʛʦʪʫʶʪʴ ʟʨʘʟʢʠ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʚʽʜʥʽʩʪʴ 

ʪʘʢʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ: BaSnF4, PbSnF4, Ba0,6La0,4F2,0, La0,9Ba0,1F2,9. ʊʦʤʫ ʚ 

ʜʘʥʽʡ ʨʦʙʦʪʽ ʤʠ ʜʦʩʣʽʜʠʣʠ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʛʨʘʥʫʣʶʚʘʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʩʚʽʜʯʘʪʴ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʫ ʜʘʥʽʡ ʩʠʩʪʝʤʽ ʬʘʟ ʩʫʪʪʻʚʦ ʚʧʣʠʚʘʻ ʪʠʩʢ, ʧʨʠ ʷʢʦʤʫ ʛʦʪʫʶʪʴ ʟʨʘʟʢʠ 

ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ.  

ɼʣʷ ʟʨʘʟʢʽʚ ʬʘʟʠ ɺa0,95La0,05SnF4,05 ʧʨʠʛʦʪʦʚʘʥʠʭ ʧʨʠ ʨʽʟʥʠʭ ʪʠʩʢʘʭ ʚ ʽʥʪʝʨʚʘʣʽ 

ʚʽʜ 7,4 ʜʦ 14,7 ʄʇʘ, ʙʫʣʦ ʚʠʤʽʨʷʥʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʟʤʽʥʥʦ-ʩʪʨʫʤʦʚʠʤ ʤʝʪʦʜʦʤ 



ʧʨʠ 100 ʢɻʮ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ 298ï623 ʂ ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʚ ʨʝʞʠʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʧʦʙʫʜʦʚʘʥʦ ʚʽʜʧʦʚʽʜʥʽ ʧʦʣʽʪʝʨʤʠ (ʨʠʩ. 3.5).  

 

ʈʠʩ. 3.5. ʇʦʣʽʪʝʨʤʠ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʨʽʟʥʠʭ ʪʠʩʢʘʭ ʜʣʷ ʬʘʟʠ ʩʢʣʘʜʫ 

Ba0,95La0,05SnF4,05. 

ɿʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʟʨʘʟʢʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʤʘʻ 

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʜʦ ʧʝʚʥʠʭ ʟʥʘʯʝʥʴ ʧʨʦʚʽʜʥʽʩʪʴ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘʻ, ʘ ʧʦʪʽʤ ʟʤʝʥʰʫʻʪʴʩʷ. ʊʠʧʦʚʠʡ ʭʘʨʘʢʪʝʨ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʱʽʣʴʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʠʭ ʜʣʷ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʽʚ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʥʘ ʧʨʠʢʣʘʜʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 

ʩʢʣʘʜʫ Ba0,95La0,05SnF4,05 ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩ. 3.6. ɯʟ ʥʘʚʝʜʝʥʠʭ ʜʘʥʠʭ ʚʠʜʥʦ, ʱʦ ʚ 

ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʠʢʣʘʜʝʥʠʭ ʪʠʩʢʽʚ ʧʨʦʚʽʜʥʽʩʪʴ ʩʧʦʯʘʪʢʫ ʟʨʦʩʪʘʻ (ʨʠʩ. 3.5, 3.6) 

ʪʘ ʩʷʛʘʻ ʧʝʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʪʠʩʢʫ 9,8 ʄʇʘ ʚ ʟʦʥʽ ʥʠʟʴʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʟ ʧʦʜʘʣʴʰʠʤ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ.  

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʪʠʩʢʫ ʛʨʘʥʫʣʶʚʘʥʥʷ ʟʨʦʩʪʘʻ ʽ ʱʽʣʴʥʽʩʪʴ 

ʧʽʜʛʦʪʦʚʘʥʠʭ ʟʨʘʟʢʽʚ. ʑʽʣʴʥʽʩʪʴ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʠʩʢʫ ʟʨʦʩʪʘʻ ʟʘ ʝʢʩʧʦʥʝʥʮʽʡʥʠʤ 

ʟʘʢʦʥʦʤ (ʨʠʩ. 3.7). ʇʦʜʽʙʥʠʡ ʭʘʨʘʢʪʝʨ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ, 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʚʝʨʜʠʭ ʬʘʟ: BaSnF4, 

PbSnF4, Ba0,6La0,4F2,0, La0,9Ba0,1F2,9 [174, 175]. ɿʨʦʩʪʘʥʥʷ ʷʢ ʧʨʦʚʽʜʥʦʩʪʽ, ʪʘʢ ʽ 

ʱʽʣʴʥʦʩʪʽ ʚ ʧʝʚʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʠʢʣʘʜʝʥʠʭ ʪʠʩʢʽʚ ʤʦʞʝ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʝ ʪʠʤ, ʱʦ 



ʩʧʦʯʘʪʢʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʥʘ 

ʤʽʢʨʦʥʥʦʤʫ ʪʘ ʩʫʙʤʽʢʨʦʥʥʦʤʫ ʨʽʚʥʽ, ʟʘʧʦʚʥʝʥʥʷ ʤʽʞʢʨʠʩʪʘʣʽʪʥʠʭ ʧʫʩʪʦʪ, ʟʘ 

ʨʘʭʫʥʦʢ ʯʦʛʦ ʟʤʝʥʰʫʻʪʴʩʷ ʦʧʽʨ ʧʝʨʝʥʝʩʝʥʥʶ ʟʘʨʷʜʫ ʤʽʞ ʥʠʤʠ. ʎʝ ʩʧʨʠʷʻ ʷʢ 

ʟʨʦʩʪʘʥʥʶ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ, ʪʘʢ ʽ ʱʽʣʴʥʦʩʪʽ ʟʨʘʟʢʫ. ʇʨʠ ʙʽʣʴʰ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ 

ʤʦʞʣʠʚʘ ʜʝʬʦʨʤʘʮʽʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʪʘ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ.  

 

ʈʠʩ. 3.6. ɿʘʣʝʞʥʽʩʪʴ ʪʘ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʪʠʩʢʫ ʧʨʠ 400 K ʜʣʷ ʟʨʘʟʢʫ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ ʩʢʣʘʜʫ Ba0,95La0,05SnF4,05. 

ʑʽʣʴʥʽʩʪʴ ʟʨʘʟʢʫ ʧʨʠ ʮʴʦʤʫ ʚʩʝ ʨʽʚʥʦ ʟʨʦʩʪʘʻ, ʘ ʤʽʛʨʘʮʽʷ ʘʥʽʦʥʽʚ ʬʪʦʨʫ 

ʫʩʢʣʘʜʥʶʻʪʴʩʷ, ʟʥʘʯʠʪʴ ʽ ʧʨʦʚʽʜʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʏʠʤ ʙʽʣʴʰʠʡ ʪʠʩʢ, ʪʠʤ ʙʽʣʴʰʘ 

ʜʝʬʦʨʤʘʮʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ʪʠʤ ʤʝʥʰʘ ʨʫʭʣʠʚʽʩʪʴ ʤʽʞʚʫʟʣʦʚʠʭ ʘʥʽʦʥʽʚ 

ʬʪʦʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʪʠʩʢ, ʱʦ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʪʽʚ 

(ʫʱʽʣʴʥʝʥʥʶ) ʥʘ ʤʽʢʨʦʥʥʦʤʫ ʪʘ ʩʫʙʤʽʢʨʦʥʥʦʤʫ ʨʽʚʥʷʭ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʘ ʪʠʩʢ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʜʝʬʦʨʤʘʮʽʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ï ʟʤʝʥʰʝʥʥʶ.  

ʆʪʞʝ ʦʧʪʠʤʘʣʴʥʠʤ ʪʠʩʢʦʤ ʛʨʘʥʫʣʶʚʘʥʥʷ ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʜʘʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʥʘ ʚʚʘʞʘʪʠ ʪʠʩʢ ʙʣʠʟʴʢʠʡ ʜʦ 9,8 ʄʇʘ ʧʨʠ 

ʷʢʦʤʫ ʜʦʩʷʛʘʻʪʴʩʷ ʤʘʢʩʠʤʘʣʴʥʝ ʧʦʻʜʥʘʥʥʷ ʱʽʣʴʥʦʩʪʽ ʪʘ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʫ. 

 



 

ʈʠʩ. 3.7. ʑʽʣʴʥʦʩʪʽ  ʚʽʜ ʪʠʩʢʫ ʧʨʠ 400 K ʜʣʷ ʟʨʘʟʢʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ 

ʩʢʣʘʜʫ Ba0,95La0,05SnF4,05.  

ʌʘʟʠ Ba1-xLaxSnF4+x ʦʪʨʠʤʘʥʽ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ ʙʫʣʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ ʤʝʪʦʜʘʤʠ ʈʌɸ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ, ʱʦ ʜʘʥʽ ʬʘʟʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ˇʨʘʪʢʫ (P4/nmm) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4 (ʢʘʨʪʢʘ JCPDS ˉ 00-038-0738) 

(ʨʠʩ. 3.8). ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʣʘʥʪʘʥʫ ʫ ʦʜʝʨʞʘʥʠʭ ʬʘʟʘʭ ʩʢʣʘʚ 0,12 ʤ.ʯ.. 

 

ʈʠʩ. 3.8. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxSnF4+x. 



ʈʦʟʨʘʭʫʥʦʢ ʦʙôʻʤʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʧʦʢʘʟʘʚ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ 

ʢʘʪʽʦʥʽʚ Ba2+  ʢʘʪʽʦʥʘʤʠ La3+ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ 

ʦʪʨʠʤʘʥʠʭ ʬʘʟ ɺa1-xLaxSnF4+x. ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ ɺa1-xLaxSnF4+x (ʭ<0,12) ʨʦʟʨʘʭʦʚʘʥʽ ʪʘ ʧʨʠʚʝʜʝʥʽ ʚ 

ʪʘʙʣʠʮʽ 3.1. 

ʊʘʙʣʠʮʷ 3.1.  ╖  ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ ʢʨʠʩʪʘʣʽʯʥʠʭ ʛʨʘʪʦʢ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

ʩʢʣʘʜʫ ɺa1-xLaxSnF4+x. 

ɿʨʘʟʦʢ ʘ, ¡ ʩ, ¡ V, ¡3 

BaSnF4 4,3488 11.2476 212,7118 

Ba0,99La0,01SnF4,01 4,3416 11,2168 211,4313 

Ba0,97La0,03SnF4,03 4,3433 11,2495 212,2137 

Ba0,95La0,05SnF4,05 4,3403 11,2391 211,7259 

Ba0,93La0,07SnF4,07 4,3406 11,2376 211,7200 

Ba0,90La0,10SnF4,10 4,3387 11,2388 211,5621 

Ba0,88La0,12SnF4,12 4,3370 11,2456 211,5248 

ɼʣʷ ʚʩʪʘʥʦʚʣʝʥʥʷ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ ʦʪʨʠʤʘʥʽ ʬʘʟʠ ʪʘʢʦʞ ʙʫʣʠ ʜʦʩʣʽʜʞʝʥʽ 

ʤʝʪʦʜʦʤ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ. ʅʘ ʨʠʩʫʥʢʫ 3.9 ʧʦʢʘʟʘʥʦ ʟʥʽʤʦʢ SEM 

ʟʨʘʟʢʘ Ba0,95La0,05SnF4,05. ʈʦʟʤʽʨʠ ʯʘʩʪʠʥʦʢ ʢʦʣʠʚʘʶʪʴʩʷ ʚʽʜ 5 ʜʦ 50 ʤʢʤ. 

 

ʈʠʩ. 3.9. ɿʥʽʤʦʢ SEM ʟʨʘʟʢʘ Ba0,93La0,07SnF4,07. 



ʅʘ ʜʘʥʽʡ ʩʝʨʽʾ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘʧʽʚʢʽʣʴʢʽʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʢʣʘʜʫ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ ʙʫʣʠ ʚʠʟʥʘʯʝʥʽ ʝʣʝʤʝʥʪʠ, ʧʨʠʩʫʪʥʽ ʫ ʟʨʘʟʢʫ: ʣʘʥʪʘʥ, ʩʪʘʥʫʤ, 

ʙʘʨʽʡ, ʬʪʦʨ ʽ ʞʦʜʥʠʭ ʩʣʽʜʽʚ ʦʢʩʠʛʝʥʫ (ʨʠʩ. 3.10). ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʟʨʘʟʢʘ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.2. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʩʚʽʜʯʘʪʴ, ʱʦ ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ 

ʦʜʝʨʞʘʥʠʭ ʬʘʟ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʙʨʘʥʦʛʦ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʴ ʩʢʣʘʜʫ ʬʪʦʨʠʜʥʦʾ ʤʘʪʨʠʮʽ. 

ʅʝʟʥʘʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ 

ʘʥʘʣʽʟʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ SnF2 ʪʘ ʧʦʭʠʙʢʦʶ ʧʨʠʣʘʜʫ, ʱʦ 

ʥʝ ʚʧʣʠʚʘʻ ʩʫʪʪʻʚʦ ʥʘ ʽʥʪʝʨʧʨʝʪʘʮʽʶ ʨʝʟʫʣʴʪʘʪʽʚ. 

 

ʈʠʩ. 3.10. ʈʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʜʣʷ ʬʘʟ ɺa1-xLaxSnF4+x. 

  

X=0,07 

X=0 X=0,01 X=0,03 

X=0,12 X=0,10 X=0,05 



ʊʘʙʣʠʮʷ 3.2.  ╖  ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxSnF4+x. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʩʫʤʽʰʽ ʈʝʟʫʣʴʪʘʪʠ EDX ʧʽʩʣʷ ʩʠʥʪʝʟʫ 

ʌʦʨʤʫʣʘ ɽʣʝʤʝʥʪ ɸʪ.% ɸʪ. % ʉʢʣʘʜ. ʤʦʣʴ 

BaSnF4 Ba 16,66 16,49 0,99 

Sn 16,67 16,84 1,01 

F 66,67 66,67 4,00 

Ba0,99La0,01SnF4,01 Ba 16,47 16,61 1,00 

La 0,17 0,17 0,01 

Sn 16,64 16,45 0,99 

F 66,72 66,77 4,02 

Ba0,97La0,03SnF4,03 Ba 16,09 16,39 0,99 

La 0,50 0,53 0,03 

Sn 16,58 16,22 0,98 

F 66,83 66,86 4,04 

Ba0,95La0,05SnF4,05 Ba 15,70 15,83 0,96 

La 0,83 0,81 0,05 

Sn 16,53 16,31 0,99 

F 66,94 67,05 4,07 

Ba0,93La0,07SnF4,07 Ba 15,32 15,49 0,94 

La 1,15 1,22 0,07 

Sn 16,48 16,07 0,98 

F 67,05 67,22 4,08 

Ba0,90La0,10SnF4,10 Ba 14,75 14,91 0,91 

La 1,64 1,81 0,11 

Sn 16,39 15,89 0,97 

F 67,21 67,39 4,11 

Ba0,88La0,12SnF4,12 Ba 14,19 14,17 0,87 

La 2,12 2,20 0,13 

Sn 16,31 16,24 1,00 

F 67,37 67,39 4,14 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʥʷ ʽʟʦʪʝʨʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ɺa1-xLaxSnF4+x (ʨʠʩ. 3.11) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ. ɼʘʥʠʡ ʝʬʝʢʪ ʤʦʞʝ 

ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʟʘʤʽʱʝʥʥʷ ʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ ʽʦʥʽʚ Ba2+ ʥʘ La3+ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ 

ʫʪʚʦʨʶʶʪʴʩʷ ʤʽʞʚʫʟʣʦʚʽ ʽʦʥʠ Fï ʟʘ ʩʭʝʤʦʶ ʟʛʽʜʥʦ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʂʨʝʛʝʨʘ-ɺʽʥʢʘ: 

ὒὥὊὄὥὊO ὒὥᶻ Ὂȭ 

 



 

ʈʠʩ. 3.11. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

ɺa1-xLaxSnF4+x. 

ʗʢ ʥʘʩʣʽʜʦʢ, ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ ʫ ʩʪʨʫʢʪʫʨʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʨʫʭʣʠʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʘʥʽʦʥʽʚ ʬʪʦʨʫ, ʱʦ ʧʦʟʠʪʠʚʥʦ ʚʧʣʠʚʘʻ ʥʘ ʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʬʘʟ. ʇʨʦʪʝ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚ ʩʠʩʪʝʤʽ ʤʘʶʪʴ 

ʝʢʩʪʨʝʤʘʣʴʥʠʡ ʭʘʨʘʢʪʝʨ (ʨʠʩ. 3.12). ɿʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʟʘʤʽʩʥʠʢʘ ʚʠʱʝ 

0,07 ʤ.ʯ. ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʜʝʬʝʢʪʽʚ ʤʦʞʝ 

ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʾʭ ʢʦʥʛʣʦʤʝʨʘʮʽʾ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʧʦʛʽʨʰʫʻʪʴʩʷ ʧʨʦʚʽʜʥʽʩʪʴ [117]. 

ʅʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ ʬʘʟʘ Ba0,93La0,07SnF4,07, ʜʣʷ ʷʢʦʾ  

ů = 1,53Ā10ï3 ʉʤ/ʩʤ ʧʨʠ 353 ʂ. 

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʜʦʟʚʦʣʷʻ ʚʠʜʽʣʠʪʠ ʜʚʽ ʧʨʷʤʦʣʽʥʽʡʥʽ ʜʽʣʷʥʢʠ ʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʷʭ. ʆʙʠʜʚʽ ʟʘʜʦʚʽʣʴʥʦ 

ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ ï ʌʨʝʥʢʝʣʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʪʝʨʤʽʥʘʮʽʾ R2 (ʪʘʙʣ. 3.3). 

ɺʠʥʠʢʥʝʥʥʷ ʜʘʥʦʛʦ ʝʬʝʢʪʫ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩʷ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʚ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ ʧʽʜ ʯʘʩ ʥʘʛʨʽʚʘʥʥʷ, ʚʥʘʩʣʽʜʦʢ ʷʢʠʭ ʟʨʦʩʪʘʻ ʢʽʣʴʢʽʩʪʴ 

ʬʪʦʨʠʜ-ʽʦʥʽʚ ʫ ʤʽʞʚʫʟʣʦʚʠʭ ʧʣʦʱʠʥʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ [161]. ʋ ʧʨʦʚʽʜʥʠʭ 

ʬʘʟʘʭ ʬʣʶʦʨʠʪʦʚʦʛʦ ʪʘ ʪʠʩʦʥʽʪʦʚʦʛʦ ʪʠʧʫ ʬʪʦʨʠʜ-ʽʦʥʠ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʪʨʠ ʨʽʟʥʽ 



ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʧʦʟʠʮʽʾ [104, 162], ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʭʘʨʘʢʪʝʨʦʤ ʢʘʪʽʦʥʥʦʛʦ 

ʦʪʦʯʝʥʥʷ ʪʘ ʜʦʚʞʠʥʦʶ ʟʚôʷʟʢʫ MïF. ɿʘ ʜʦʩʷʛʥʝʥʥʷ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʣʦʢʘʣʴʥʦ 

ʨʫʭʣʠʚʽ ʬʪʦʨʠʜ-ʽʦʥʠ ʦʪʨʠʤʫʶʪʴ ʝʥʝʨʛʽʶ, ʜʦʩʪʘʪʥʶ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʙʘʨôʻʨʫ ʪʘ ʧʝʨʝʭʦʜʫ ʫ ʤʽʞʚʫʟʣʦʚʠʡ ʧʨʦʩʪʽʨ. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ 

ʚʞʝ ʥʝ ʟʤʽʥʶʻ ʢʦʥʮʝʥʪʨʘʮʽʶ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʦʜʥʘʢ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʾʭ ʨʫʭʣʠʚʦʩʪʽ. 

 

ʈʠʩ. 3.12. ɯʟʦʪʝʨʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʘʥʪʘʥʫ 

ʜʣʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxSnF4+x ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘ 323 ʂ. 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʻ ʤʝʥʰʠʤʠ ʥʽʞ ʫ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ BaSnF4, ʪʘʢʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʫ ʚʩʴʦʤʫ ʜʦʩʣʽʜʞʝʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʪʘʙʣ. 3.3). 

ʇʨʠʯʠʥʦʶ ʮʴʦʤʫ ʤʦʞʝ ʙʫʪʠ ʚʧʣʠʚ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ 

ʦʪʨʠʤʘʥʠʭ ʬʪʦʨʠʜʥʠʭ ʬʘʟ. ɿʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʩʪʫʧʦʚʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʜʦ 0,07 ʤ.ʯ., ʜʘʣʽ ʮʽ ʟʥʘʯʝʥʥʷ 

ʧʦʩʪʫʧʦʚʦ ʟʙʽʣʴʰʫʶʪʴʩʷ. ʅʘʡʥʠʞʯʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʘʟʘ Ba0,93La0,07SnF4,07 ʽ ʩʢʣʘʜʘʻ 0,237 ʝɺ ʫ 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʪʘ 0,085 ʝɺ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ. ɿʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ ʧʦʚôʷʟʘʥʝ ʟ ʬʦʨʤʫʚʘʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʬʪʦʨʠʜ- ʦ̔ʥʽʚ, ʷʢʽ 

ʚʽʜʽʛʨʘʶʪʴ ʨʦʣʴ ʥʦʩʽʾʚ ʟʘʨʷʜʫ, ʘ ʪʘʢʦʞ ʽʟ ʣʦʢʘʣʴʥʠʤʠ ʩʧʦʪʚʦʨʝʥʥʷʤʠ ʛʨʘʪʢʠ, ʱʦ 

ʧʦʣʝʛʰʫʶʪʴ ʤʽʛʨʘʮʽʶ F-ʽʦʥʽʚ ʤʽʞ ʚʫʟʣʘʤʠ. 



ʊʘʙʣʠʮʷ 3.3. ╖ ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxSnF4+x. 

ɿʨʘʟʦʢ  
æɽʘ,  

eɺ Ñ 0,01 

lg(A), 

(ʉʤ/cʤ)Āʂ 

ů,  

ʉʤ/ʩʤ Ñ 4% 

ʊ,  

ʂ  Ñ 2 
R2 

BaSnF4 623ï430 

430ï300 

0,391 

0,230 

3,04 

1,12 

7,17ẗ10-4 

1,16ẗ10-5 

620 

298 

0,9981 

0,9962 

Ba0,99La0,01SnF4,01 622ï425 

425ï291 

0,386 

0,167 

2,89 

0,31 

9,62ẗ10-4 

9,71ẗ10-6 

622 

291 

0,9964 

0,9967 

Ba0,97La0,03SnF4,03 621ï413 

413ï286 

0,284 

0,115 

2,14 

0,12 

1,21ẗ10-3 

4,71ẗ10-5 

621 

286 

0,9947 

0,9767 

Ba0,95La0,05SnF4,05 625ï445 

445ï286 

0,224 

0,101 

1,74 

0,39 

1,48ẗ10-3 

1,55ẗ10-4 

625 

286 

0,9837 

0,9884 

Ba0,93La0,07SnF4,07 623ï480 

480ï291 

0,172 

0,086 

1,69 

0,73 

3,08ẗ10-3 

5,69ẗ10-4 

622 

285 

0,9955 

0,9948 

Ba0,90La0,10SnF4,10 626ï435 

435ï287 

0,237 

0,085 

2,18 

0,46 

3,25ẗ10-3 

3,31ẗ10-4 

626 

287 

0,9906 

0,9745 

Ba0,88La0,12SnF4,12 631ï441 

441ï284 

0,236 

0,098 

2,07 

0,53 

2,54ẗ10-3 

2,38ẗ10-4 

631 

284 

0,9912 

0,9899 

ʄʝʪʦʜʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʽʤʧʝʜʘʥʩʥʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ 

ʪʝʤʧʝʨʘʪʫʨʥʫ ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʦʾ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʦʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ 

ʬʘʟʠ ʩʢʣʘʜʫ Ba0,93La0,07SnF4,07. ʆʪʨʠʤʘʥʽ ʩʧʝʢʪʨʠ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʅʘʡʢʚʽʩʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʜʘʚʣʝʥʦʶ ʥʘʧʽʚʢʨʫʛʣʦʶ ʜʫʛʦʶ (ʨʠʩ. 3.13) ʪʘ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʪʠʧʦʚʫ ʧʦʚʝʜʽʥʢʫ ʜʣʷ ʽʦʥʥʦ-ʧʨʦʚʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ: ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʤʽʨ ʜʫʛʠ ʥʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʛʨʘʬʽʢʫ ʟʤʝʥʰʫʶʪʴʩʷ ʟʘ ʨʦʟʤʽʨʦʤ, ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ 

ʟʥʠʞʝʥʥʷ ʦʧʦʨʫ ʪʘ ʟʨʦʩʪʘʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʅʘʷʚʥʽʩʪʴ ʦʜʥʦʛʦ ʧʽʚʢʦʣʘ ʥʘ 

ʛʨʘʬʽʢʫ ʽʤʧʝʜʘʥʩʫ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʤʽʥʫʶʯʠʡ ʧʨʦʮʝʩ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʝʨʝʥʦʩʫ, ʷʢʠʡ, 

ʥʘʡʽʤʦʚʽʨʥʽʰʝ, ʧʦʚôʷʟʘʥʠʡ ʟ ʦʙôʻʤʥʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʝ ʧʽʚʢʦʣʦ 

ʟʘʟʚʠʯʘʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʝʘʢʮʽʶ, ʱʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʟʝʨʝʥ ʢʨʠʩʪʘʣʫ 

(ʦʙôʻʤʥʠʡ ʦʧʽʨ), ʽ ʚʢʘʟʫʻ ʥʘ ʪʝ, ʱʦ ʚʧʣʠʚ ʤʽʞʟʝʨʥʦʚʠʭ ʤʝʞ ʘʙʦ ʽʥʰʠʭ ʜʦʜʘʪʢʦʚʠʭ 

ʧʨʦʮʝʩʽʚ ʫ ʟʨʘʟʢʫ ʤʽʥʽʤʘʣʴʥʠʡ ʘʙʦ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʨʘʞʝʥʠʡ, ʱʦʙ ʫʪʚʦʨʠʪʠ ʦʢʨʝʤʫ 

ʥʘʧʽʚʢʨʫʛʣʫ ʜʽʣʷʥʢʫ ʥʘ ʽʤʧʝʜʘʥʩʥʽʡ ʜʽʘʛʨʘʤʽ. ʆʜʝʨʞʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ 

ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ, ʚ ʷʢʽʡ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʦ ʝʣʝʤʝʥʪ 

ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ (CPE) ʽ ʦʙôʻʤʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ R [176]. ɿʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʷʢʽ 

ʙʫʣʠ ʨʦʟʨʘʭʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʛʨʘʬʽʢʫ ʽʤʧʝʜʘʥʩʫ (1,54Ŀ10-3 ʧʨʠ 523 ʂ), ʜʦʙʨʝ 



ʩʧʽʚʧʘʜʘʶʪʴ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʦʪʨʠʤʘʥʠʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʥʥʦʩʪʨʫʤʦʚʦʛʦ ʤʝʪʦʜʫ 

(2,04Ŀ10-3 ʧʨʠ 523 ʂ). ʊʘʢʝ ʫʟʛʦʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʧʽʜʚʠʱʫʻ ʜʦʚʽʨʫ ʜʦ ʧʨʦʚʝʜʝʥʠʭ 

ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʽ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʙʠʜʚʘ ʤʝʪʦʜʠ ʷʢ ʚʟʘʻʤʦʜʦʧʦʚʥʶʶʯʽ 

ʧʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʽʜʥʦʩʪʽ. 

 

ʈʠʩ. 3.13. ʉʧʝʢʪʨʠ ʽʤʧʝʜʘʥʩʫ Ba0,93La0,07SnF4,07 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʄʝʪʦʜʦʤ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪ ʘʤʧʝʨʦʤʝʪʨʽʾ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ 

ʧʦʚʝʜʽʥʢʫ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɸʥʘʣʽʟ ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ 

ʚʦʣʴʪʘʤʧʝʨʥʠʭ ʟʘʣʝʞʥʦʩʪʷʭ ʟʨʘʟʢʘ ɺa0,95La0,05SnF4,05 ʫ ʢʘʪʦʜʥʽʡ ʦʙʣʘʩʪʽ ʧʨʠ 

ʧʦʣʷʨʠʟʘʮʽʾ ʝʣʝʢʪʨʦʜʽʚ ʚʠʱʽʡ ʟʘ ï1,7 ɺ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ 

ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʢʦʤʽʨʢʫ (ʨʠʩ. 3.14). ʅʘ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʚ ʮʽʡ ʞʝ 

ʦʙʣʘʩʪʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚ ʘʥʦʜʥʽʡ ʦʙʣʘʩʪʽ ʪʘʢʦʞ ʨʝʻʩʪʨʫʻʪʴʩʷ ʟʨʦʩʪʘʥʥʷ ʩʠʣʠ ʩʪʨʫʤʫ. ɿ 

ʯʦʛʦ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʜʘʥʘ ʬʪʦʨʠʜʧʨʦʚʽʜʥʘ ʬʘʟʘ ʤʘʻ ʚʽʢʥʦ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʚ ʜʽʘʧʘʟʦʥʽ ï1,7Ñ0,05 õ +1,7Ñ0,05 ɺ.  

ɺʽʜʤʽʯʝʥʦ, ʱʦ ʧʨʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʦʤʫ ʮʠʢʣʶʚʘʥʥʽ ʩʠʥʪʝʟʦʚʘʥʦʾ 

ʬʪʦʨʠʜʥʦʾ ʬʘʟʠ ʚ ʽʥʪʝʨʚʘʣʽ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʠʡ ʤʝʥʰʠʡ ʟʘ ʧʦʪʝʥʮʽʘʣ ʡʦʛʦ ʨʦʟʢʣʘʜʫ, 

ʪʦ ʧʨʦʪʷʛʦʤ 3 ʮʠʢʣʽʚ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʾ ʥʝ ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 3.15).  



 

ʈʠʩ. 3.14. ʎʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘ ɺa0,95La0,05SnF4,05. 

 

ʈʠʩ. 3.15. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ ʧʨʦʪʷʛʦʤ 3-ʭ ʮʠʢʣʽʚ ɺa0,95La0,05SnF4,05 

ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ 10 ʤɺ/ʩ ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 373ʂ. 

ʆʪʞʝ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʯʘʩʪʢʦʚʘ ʽʟʦʚʘʣʝʥʪʥʘ ʟʘʤʽʥʘ ʢʘʪʽʦʥʽʚ Ba2+ ʥʘ La3+ ʫ 

ʩʧʦʣʫʮʽ BaSnF4 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ ɺa1-xLaxSnF4+x ʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 0<xÒ0,12. ʆʪʨʠʤʘʥʽ ʬʘʟʠ ʻ 

ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4 ʪʘ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʠʥʛʦʥʽʾ (ʧʨʦʩʪʦʨʦʚʘ 

ʛʨʫʧʘ P4/nmm). 



ʇʦʢʘʟʘʥʦ, ʱʦ ʚʚʝʜʝʥʥʷ ʢʘʪʽʦʥʽʚ La3+ ʩʧʨʠʷʻ ʧʽʜʚʠʱʝʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʤʽʞʚʫʟʣʦʚʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ. ʄʘʢʩʠʤʘʣʴʥʽ 

ʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʜʣʷ ʩʢʣʘʜʫ Ba0,93La0,07SnF4,07 ʽ 

ʩʪʘʥʦʚʣʷʪʴ 3,08Ā10-3 ʉʤ/ʩʤ ʧʨʠ 623ʂ ʪʘ 5,69Ā10-4 ʉʤ/ʩʤ ʧʨʠ 293ʂ. 

ɺʠʷʚʣʝʥʦ, ʱʦ ʝʥʝʨʛʽʷ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʨʦʩʪʘʥʥʷʤ 

ʚʤʽʩʪʫ La3+ ʜʦ 0,07 ʤ.ʯ., ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʬʝʢʪʥʦ-ʩʪʨʫʢʪʫʨʥʦʾ 

ʤʦʜʠʬʽʢʘʮʽʾ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʪʨʘʥʩʧʦʨʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʠʥʪʝʟʦʚʘʥʽ ʤʘʪʝʨʽʘʣʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʦʩʪʘʪʥʽʤ ʚʽʢʥʦʤ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ (ï1,7Ñ0,05 õ +1,7Ñ0,05 ɺ), ʱʦ ʻ ʧʝʨʩʧʝʢʪʠʚʥʠʤ ʜʣʷ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣʘʭ ʩʪʨʫʤʫ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ ʮʽʣʝʩʧʨʷʤʦʚʘʥʦʛʦ 

ʢʝʨʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʦʶ ʪʘ ʧʨʦʚʽʜʥʽʩʪʶ BaSnF4 ʰʣʷʭʦʤ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʷʢ 

ʪʚʝʨʜʽ ʝʣʝʢʪʨʦʣʽʪʠ ʜʣʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ. 

3.2. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ  

Ba1-ySn1+yF4 (0<y<0,20) ʣʝʛʦʚʘʥʠʭ ʢʘʪʽʦʥʘʤʠ La3+ 

ɿ ʣʽʪʝʨʘʪʫʨʠ [159, 162, 163] ʚʽʜʦʤʦ, ʱʦ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʩʢʣʘʜʥʠʭ 

ʬʪʦʨʠʜʽʚ ʩʢʣʘʜʫ MSnF4 ʤʦʞʥʘ ʟʙʽʣʴʰʠʪʠ, ʰʣʷʭʦʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʝʢʚʽʤʦʣʷʨʥʦʛʦ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʚʠʭʽʜʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. ɺʠʭʦʜʷʯʠ ʟ ʪʦʛʦ, ʱʦ ʚʠʩʦʢʦ ʨʫʭʣʠʚʽ ʘʥʽʦʥʠ 

ʬʪʦʨʫ ʫ ʩʪʨʫʢʪʫʨʽ BaSnF4 ʨʦʟʤʽʱʝʥʽ ʚ ʧʣʦʱʠʥʘʭ ʢʘʪʽʦʥʦʾ ʧʽʜʛʨʘʪʢʠ ʤʽʞ ʰʘʨʘʤʠ Sn-

Sn ʪʘ Ba-Sn, ʪʦʤʫ ʡʤʦʚʽʨʥʦ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ ʚ ʩʠʩʪʝʤʽ 

BaF2ïSnF2 ʚ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʪʦʨʠʜʫ ʩʪʘʥʫʤʫ ʤʦʞʝ ʩʧʨʠʷʪʠ ʧʽʜʚʠʱʝʥʥʶ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʪʦʤʫ ʥʘʤʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʧʨʦʚʽʜʥʽʩʪʴ ʬʘʟ ʚ ʩʠʩʪʝʤʽ (BaF2)1-yï

(SnF2)1+y.  

ʉʠʥʪʝʟʫʚʘʣʠ ʚʠʭʽʜʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ, ʰʣʷʭʦʤ 

ʩʧʽʢʘʥʥʷ ʬʪʦʨʠʜʽʚ ʩʪʘʥʫʤʫ ʪʘ ʙʘʨʽʶ ʚʟʷʪʠʭ ʫ ʨʦʟʨʘʭʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʩʢʣʘʜʫ ɺa1-ySn1+yF4.  

Cʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʫ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʜʦʩʣʽʜʞʫʚʘʣʠ ʤʝʪʦʜʘʤʠ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʆʜʝʨʞʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ 

ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ (P4/nmm) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4 (ʢʘʨʪʢʘ JCPDS ˉ 00-



038-0738). ɿ ʦʛʣʷʜʫ ʥʘ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ 

Ba0,80Sn1,20F4,00 ʙʫʣʦ ʦʙʤʝʞʝʥʦ ʽʥʪʝʨʚʘʣ ʢʦʥʮʝʥʪʨʘʮʽʡ ʥʘ ʤʝʞʽ 0<yÒ0,2 (ʨʠʩ. 3.16). 

 
ʈʠʩ. 3.16. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-ySn1+yF4. 

ʈʦʟʨʘʭʦʚʘʥʽ ʦʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʩʪʝʭʽʦʤʝʪʨʠʯʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʚʢʘʟʫʻ 

ʥʘ ʙʽʣʴʰ ʰʽʣʴʥʫ ʫʧʘʢʦʚʢʫ, ʘ ʦʪʞʝ ʬʘʟʘ ʤʘʪʠʤʝ ʩʪʘʙʽʣʴʥʽʰʫ ʘʨʭʽʪʝʢʪʫʨʫ ʜʣʷ 

ʤʽʛʨʘʮʽʾʾ ʘʥʽʦʥʽʚ ʬʪʦʨʫ (ʨʠʩ. 3.17).  

 

ʈʠʩ. 3.17. ɿʤʽʥʘ ʦʙôʻʤʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-ySn1+yF4. 



ɼʦʩʣʽʜʞʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʬʘʟ, ʚʢʘʟʫʶʪʴ ʥʘ 

ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʢʘʪʽʦʥʫ ʩʪʘʥʫʤʫ ʚ ʚʠʭʽʜʥʽʡ 

ʩʧʦʣʫʮʽ (ʨʠʩ. 3.18). ʑʦ ʤʦʞʝ ʙʫʪʠ ʧʦʷʩʥʝʥʝ ʙʽʣʴʰʠʤ ʚʧʣʠʚʦʤ Sn2+ ʥʝʧʦʜʽʣʝʥʦʾ 

ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʥʘ ʨʫʭʣʠʚʽʩʪʴ ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʘʥʽʦʥʥʽʡ ʧʽʜʛʨʘʪʮʽ ʟʘ 

ʨʘʭʫʥʦʢ ʟʙʽʣʴʰʝʥʥʷ ʾʭ ʢʽʣʴʢʦʩʪʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʥʘʡʚʠʱʠʤʠ ʧʦʢʘʟʥʠʢʘʤʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Ba0,80Sn1,20F4,00 

(ů = 3,3Ā10ï3 ʉʤ/ʩʤ ʧʨʠ 623ʂ ʪʘ ů = 1,8Ā10ï3 ʉʤ/ʩʤ ʧʨʠ 285ʂ). ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʬʪʦʨʠʜʫ ʩʪʘʥʫʤʫ ʜʦ 60% ʚ ʩʠʩʪʝʤʽ BaF2ïSnF2, ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ Ba0,80Sn1,20F4,00 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʣʴʰ ʥʽʞ ʥʘ 2 ʧʦʨʷʜʢʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʚʠʭʽʜʥʦʶ ʩʪʨʫʢʪʫʨʦʶ. 

ʇʦʨʷʜ ʟ ʪʠʤ, ʧʨʦʚʽʜʥʽʩʪʴ ʜʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʝ ʙʫʪʠ ʧʦʢʨʘʱʝʥʘ ʰʣʷʭʦʤ 

ʜʦʧʫʚʘʥʥʷ ʾʭ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʤʠ ʟʘʤʽʩʥʠʢʘʤʠ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʜʝʬʝʢʪʽʚ, ʷʢʽ ʟʫʤʦʚʣʶʶʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʠʭ ʽʦʥʥʠʭ ʬʦʨʤ. ʊʦʤʫ ʧʦʰʫʢ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʟ ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʚ ʩʠʩʪʝʤʽ SnF2-BaF2-LaF3 ʻ 

ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ. 

 

ʈʠʩ. 3.18. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʩʢʣʘʜʫ ɺa1-ySn1+yF4. 



ʉʠʥʪʝʟ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ (BaF2)1-yï(SnF2)1+y (0<yÒ0,20) 

ʣʝʛʦʚʘʥʠʭ ʢʘʪʽʦʥʘʤʠ La3+ ʚʽʜʙʫʚʘʚʩʷ ʟʘ ʘʥʘʣʦʛʽʯʥʦʶ ʩʭʝʤʦʶ, ʷʢ ʽ ʚ ʚʠʧʘʜʢʫ ʬʘʟ 

ʩʢʣʘʜʫ Ba1-xLaxSnF4+x. ʇʨʦʪʝ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʬʪʦʨʠʜʽʚ, ʩʧʠʨʘʶʯʠʩʴ 

ʥʘ ʣʽʪʝʨʘʪʫʨʫ [172], ʥʘ ʧʝʨʰʽʡ ʩʪʘʜʽʡ ʜʣʷ ʦʪʨʠʤʘʥʥʷ Ba1-xLaxF2+x ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ 

ʚʦʜʥʦ-ʩʧʠʨʪʦʚʽ ʨʦʟʯʠʥʠ ʚʠʭʽʜʥʠʭ ʨʦʟʯʠʥʽʚ La3+, Ba2+ ʪʘ NH4F. ɸʜʞʝ ʧʦʛʘʥʘ 

ʨʦʟʯʠʥʽʩʪʴ ʬʪʦʨʠʜʽʚ ʚ ʝʪʘʥʦʣʽ ʧʦʢʨʘʱʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʦʩʘʜʞʝʥʥʷ, ʧʨʦ ʱʦ ʩʚʽʜʯʘʪʴ 

ʚʽʜʧʦʚʽʜʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʦʪʨʠʤʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʻ ʪʦʪʦʞʥʠʤʠ ʢʘʨʪʮʽ JCPDS ˉ 00-004-0452 ɺʘF2 ʟ 

ʥʝʟʥʘʯʥʠʤ ʟʤʽʱʝʥʥʷʤ ʧʽʢʽʚ (ʨʠʩ. 3.19).  

 

ʈʠʩ. 3.19. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxF2+x ʦʪʨʠʤʘʥʽ ʟ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ.  

ʆʪʞʝ ʦʪʨʠʤʘʥʽ ʬʘʟʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʢʫʙʽʯʥʦʶ ʩʠʥʛʦʥʽʻʶ (ʧʨ. ʛʨ. Fm3m) ʽ ʻ 

ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ʬʪʦʨʠʜʫ ʙʘʨʽʶ. ʅʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʈʌɸ ʨʦʟʨʘʭʦʚʘʥʦ ʦʙôʻʤʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʨʘʟʢʽʚ. ʂʘʪʽʦʥ La3+ ʤʘʻ ʤʝʥʰʠʡ ʝʬʝʢʪʠʚʥʠʡ ʽʦʥʥʠʡ ʨʘʜʽʫʩ 

ʥʽʞ ʫ ɺʘ2+, ʪʘʢ ʜʣʷ ɺʘ2+ ʚʽʥ ʩʪʘʥʦʚʠʪʴ 0,135 ʥʤ, ʘ ʜʣʷ La3+  0,101 ʥʤ (ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ 

VI) [173]. ʉʘʤʝ ʯʝʨʝʟ ʮʝ ʦʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 2,386 ʥʤ3 

ʫ ɺʘF2 ʜʦ 2,371 ʥʤ
3 ʫ ɺʘ0,88La0,12F2,12. ʃʽʥʽʡʥʝ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ 



ʢʦʤʽʨʢʠ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʣʘʥʪʘʥʫ, ʚʢʘʟʫʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʤʽʱʝʥʥʷ. 

ɼʘʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʦʙʨʝ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʤʽʱʝʥʥʷ 

(ʨʠʩ. 3.20). 

 

ʈʠʩ. 3.20. ʆʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xLaxF2+x. 

3.2.1. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ 

Ba0,90-xLaxSn1,10F4,00+x 

ʆʪʨʠʤʘʥʽ ʧʨʝʢʫʨʩʦʨʠ ʟʤʽʰʫʚʘʣʠ ʟ ʩʪʘʥʫʤ (ɯɯ) ʬʪʦʨʠʜʦʤ ʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʠʭ ʪʚʝʨʜʠʭ ʬʘʟ. ʇʦʪʽʤ ʩʧʨʝʩʦʚʫʚʘʣʠ ʽ 

ʩʧʽʢʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773 ʂ ʧʨʦʪʷʛʦʤ 30 ʭʚ.  

ʄʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʢʽʥʮʝʚʽ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʘʟʠ ʩʢʣʘʜʫ Ba0,90-xLaxSn1,10F4,00+x ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ 

ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ (P4/nmm) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4 (ʢʘʨʪʢʘ JCPDS ˉ 00-

038-0738) (ʨʠʩ. 3.21). ɼʘʥʠʤ ʤʝʪʦʜʦʤ ʦʪʨʠʤʘʥʦ ʬʘʟʠ ʟ ʚʤʽʩʪʦʤ ʣʘʥʪʘʥʫ ʜʦ 0,12 ʤ.ʯ.. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʣʝʛʫʚʘʥʥʷ ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ ʢʘʪʽʦʥʘʤʠ La3+ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ 

ʥʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʪʨʠʤʘʥʠʭ ʬʘʟ Ba0,90-xLaxSn1,10F4,00+x. 

 

 



 

ʈʠʩ. 3.21. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa0,90-xLaxSn1,10F4,00+x. 

ɿʘ ʦʪʨʠʤʘʥʠʤʠ ʜʘʥʠʤʠ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜ 

ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.22) ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚ ʦʪʨʠʤʘʥʠʭ ʬʘʟʘʭ Ba0,90-xLaxSn1,10F4,00+x 

ʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ  

Ba1-ySn1+yF4 ʜʦ 0,12 ʤ.ʯ.. (ʨʠʩ. 3.23).  

 

ʈʠʩ. 3.22. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

Ba0,90-xLaxSn1,10F4,00+x. 



ɿʘʤʽʱʝʥʥʷ ʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ ʽʦʥʽʚ Ba2+ ʥʘ La3+ ʤʦʞʝ ʧʨʦʚʦʢʫʚʘʪʠ ʫʪʚʦʨʝʥʥʷ 

ʜʦʜʘʪʢʦʚʠʭ ʨʫʭʣʠʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʽʦʥʽʚ ʬʪʦʨʫ. ɼʘʥʠʡ ʧʨʦʮʝʩ ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʠʡ 

ʟʘ ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʟʥʘʯʝʥʴ ʂʨʝʛʝʨʘ-ɺʽʥʢʘ: 

ὒὥὊὄὥὊO ὒὥᶻ Ὂȭ 

ɺʠʭʽʜʥʘ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʘ ʩʪʨʫʢʪʫʨʘ Ba1-xSn1+xF4 ʤʘʻ ʙʽʣʴʰʫ ʧʨʦʚʽʜʥʽʩʪʴ ʥʽʞ 

BaSnF4, ʟʘ ʨʘʭʫʥʦʢ ʚʠʢʨʠʚʣʝʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ɼʦʜʘʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʮʽʻʾ 

ʩʪʨʫʢʪʫʨʠ ʢʘʪʽʦʥʦʤ ʣʘʥʪʘʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ, ʟʘ 

ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʚ ʤʽʞʚʫʟʣʦʚʠʭ ʧʣʦʱʠʥʘʭ. ʅʘʤʠ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʦʶ ʧʨʦʚʽʜʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʬʘʟʘ 

Ba0,78La0,12Sn1,10F4,12, ʜʣʷ ʷʢʦʾ ů = 4,26Ā10
ï3 ʉʤ/ʩʤ ʧʨʠ ʂʊ. 

 

ʈʠʩ. 3.23. ɯʟʦʪʝʨʤʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba0,90-xLaxSn1,10F4,00+x 

ʧʨʠ 323ʂ. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʜʦʚʽʣʴʥʦ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ-ʌʨʝʥʢʝʣʷ. ʈʦʟʨʘʭʦʚʘʥʽ 

ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʪʝʨʤʽʥʘʮʽʾ, ʷʢʽ ʦʙʯʠʩʣʶʚʘʣʠ ʜʣʷ ʜʚʦʭ ʦʙʣʘʩʪʝʡ: 

ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʽ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ, ʤʘʶʪʴ ʟʥʘʯʝʥʥʷ ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ, 

ʚʽʜ 0,98 ʜʦ 0,99 (ʪʘʙʣ. 3.4). 

ʆʪʨʠʤʘʥʽ ʬʘʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʽʞ ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ Ba0,90Sn1,10F4,00, ʧʨʠʯʦʤʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 



ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ. ɼʘʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʷʢ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʣʘʩʪʽ, 

ʪʘʢ ʽ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʪʘʙʣ. 3.4). ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ ʧʦʩʪʫʧʦʚʦ ʟʨʦʩʪʘʻ ʟʽ 

ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʣʘʥʪʘʥʫ ʚ ʩʪʨʫʢʪʫʨʽ. 

ʊʘʙʣʠʮʷ 3.4. ╖ ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ɿʨʘʟʦʢ  
æɽʘ,  

eɺ Ñ 0,01 

lg(A), 

(ʉʤ/cʤ)Āʂ 

ů, 

 ʉʤ/ʩʤ Ñ 4% 
R2 

ʊ, 

ʂ Ñ 2ʂ 

Ba0,90Sn1,10F4,00 
624ï415 

415ï282 

0,284 

0,168 

2,24 

0,91 

1,46ẗ10-3 

2,94ẗ10-5 

0,9946 

0,9992 

624 

282 

Ba0,89La0,01Sn1,10F4,01 
622ï414 

414ï288 

0,219 

0,104 

1,58 

0,24 

1,01ẗ10-3 

9,44ẗ10-5 

0,9932 

0,9988 

622 

288 

Ba0,87La0,03Sn1,10F4,03 
623ï432 

432ï289 

0,192 

0,088 

1,39 

0,21 

1,06ẗ10-3 

1,73ẗ10-4 

0,9940 

0,9938 

623 

289 

Ba0,85La0,05Sn1,10F4,05 
624ï441 

441ï292 

0,108 

0,054 

1,04 

0,44 

2,42ẗ10-3 

1,13ẗ10-3 

0,9941 

0,9878 

624 

292 

Ba0,83La0,07Sn1,10F4,07 
624ï446 

446ï290 

0,197 

0,087 

2,07 

0,83 

4,48ẗ10-3 

7,79ẗ10-4 

0,9953 

0,9966 

624 

290 

Ba0,80La0,10Sn1,10F4,10 
623ï449 

449ï296 

0,091 

0,061 

1,09 

0,76 

3,57ẗ10-3 

1,73ẗ10-3 

0,9990 

0,9994 

623 

296 

Ba0,78La0,12Sn1,10F4,12 
623ï492 

492ï296 

0,128 

0,056 

1,81 

1,06 

9,22ẗ10-3 

4,26ẗ10-3 

0,9926 

0,9928 

622 

293 

ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ Ba0,90-xLaxSn1,10F4,00+x ʙʫʣʠ ʧʨʦʪʝʩʪʦʚʘʥʽ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ. ɺʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʠʧʦʚʠʤʠ ʢʨʠʚʠʤʠ ʙʝʟ 

ʜʦʜʘʪʢʦʚʠʭ ʩʠʛʥʘʣʽʚ (ʨʠʩ. 3.24) [106]. ɿ ʜʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʨʝʘʣʴʥʠʡ ʽʥʪʝʨʚʘʣ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ. ʊʘʢ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʘʥʠʭ 

ʩʠʩʪʝʤ ʚʽʥ ʩʪʘʥʦʚʠʪʴ ʧʨʠʙʣʠʟʥʦ ʚʽʜ -1,5Ñ0,05ɺ ʜʦ +1,9Ñ0,05ɺ. ʇʨʠ ʮʠʢʣʫʚʘʥʥʽ ʚ 

ʤʝʞʘʭ ʩʪʽʡʢʦʩʪʽ, ʜʣʷ ʜʘʥʠʭ ʟʨʘʟʢʽʚ, ʭʘʨʘʢʪʝʨ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤ ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ (ʨʠʩ. 3.25). 



 

ʈʠʩ. 3.24. ʎʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘ ʬʘʟʠ Ba0,87La0,03Sn1,10F4,03 ʧʨʠ T=373 K. 

 

ʈʠʩ. 3.25. ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʧʦʚʝʜʽʥʢʘ Ba0,87La0,03Sn1,10F4,03 ʧʨʠ T=373 K 

ʧʨʦʪʷʛʦʤ 3 ʮʠʢʣʽʚ.  

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʝʪʦʜʘʤʠ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʟ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba1-

ʭLaʭF2+ʭ(xÒ0,12) ʪʘ ʩʪʘʥʫʤ(ɯɯ) ʬʪʦʨʠʜʫ ʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 0,45:0,55 ʧʨʠ 

773 K ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʦʜʥʦʬʘʟʥʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʤʘʪʝʨʽʘʣʠ 



ʩʢʣʘʜʫ Ba0,90-xLaxSn1,10F4,00+x (0<xÒ0,12). ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʚʽʜʧʦʚʽʜʘʶʪʴ 

ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ P4/nmm., ʽʟʦʪʠʧʥʽʡ ʜʦ BaSnF4.  

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʢʘʟʘʚ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʽʦʥʘʤʠ La3+ ʥʘ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʭʽʜʥʦʾ ʬʘʟʠ 

Ba0,90Sn1,10F4,00. ɺʚʝʜʝʥʥʷ ʽʦʥʽʚ ʣʘʥʪʘʥʫ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʦʤʠʭ 

ʬʪʦʨʠʜ-ʽʦʥʽʚ ʪʘ ʟʥʠʞʝʥʥʶ ʝʥʝʨʛʽʾ ʾʭ ʤʽʛʨʘʮʽʾ. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʷʚʣʝʥʦ ʜʣʷ 

ʩʢʣʘʜʫ Ba0,78La0,12Sn1,10F4,12 ůʂʊ = 4,26 10-3 ʉʤ/ʩʤ, ʱʦ ʤʘʡʞʝ ʥʘ 2 ʧʦʨʷʜʢʠ ʧʝʨʝʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʣʝʛʦʚʘʥʦʛʦ ʟʨʘʟʢʘ Ba0,90Sn1,10F4,00 ů353 = 2,94Ŀ10-5 ʉʤ/ʩʤ. ɼʘʥʘ ʬʘʟʘ 

ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʬʘʟ Ba0,86-xLaxSn1,14F4+x (0<xÒ0,12).  

ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʝʣʠʯʠʥʘ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʽʢʥʘ ʩʪʘʙʽʣʴʥʦʩʪʽ (ɺɽʉ) ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʩʠʩʪʝʤʠ  

Ba0,90-xLaxSn1,10F4,00+x ʧʝʨʝʙʫʚʘʻ ʚ ʤʝʞʘʭ ʚʽʜ ï1,5Ñ0,05ɺ ʜʦ +1,9Ñ0,05ɺ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʾʭʥʶ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʩʪʘʙʽʣʴʥʽʩʪʴ ʫ ʰʠʨʦʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʦʪʝʥʮʽʘʣʽʚ. 

3.2.2. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ 

Ba0,86-xLaxSn1,14F4,00+x 

ʆʪʨʠʤʘʥʽ ʧʨʝʢʫʨʩʦʨʠ ʟ ʚʦʜʥʦ-ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʩʧʽʢʘʣʠ ʟ ʩʪʘʥʫʤ (ɯɯ) 

ʬʪʦʨʠʜʦʤ ʚ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʢʽʥʮʝʚʠʭ ʪʚʝʨʜʠʭ ʬʘʟ 

Ba0,86-xLaxSn1,14F4,00+x.  

ʅʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʘʟʠ Ba0,86-xLaxSn1,14F4,00+x ʙʫʣʦ ʪʘʢʦʞ ʜʦʩʣʽʜʞʝʥʦ ʤʝʪʦʜʘʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ. ʆʪʨʠʤʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ (ʨʠʩ. 3.26) ʜʣʷ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba0,86-xLaxSn1,14F4,00+x ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʘʨʪʮʽ JCPDS ˉ 

00-038-0738 BaSnF4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʩʽ ʦʪʨʠʤʘʥʽ ʬʘʟʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ 

ʩʠʥʛʦʥʽʶ (P4/nmm) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4. ʈʦʟʨʘʭʦʚʘʥʽ ʨʦʟʤʽʨʠ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʚʢʘʟʫʻ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ Ba2+  

ʢʘʪʽʦʥʘʤʠ La3+ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʪʨʠʤʘʥʠʭ 

ʢʽʥʮʝʚʠʭ ʬʘʟ. ʆʧʠʩʘʥʠʤ ʚʠʱʝ ʧʽʜʭʦʜʦʤ ʜʦ ʩʠʥʪʝʟʫ ʦʪʨʠʤʘʥʦ ʬʘʟʠ ʟ ʚʤʽʩʪʦʤ 

ʣʘʥʪʘʥʫ ʜʦ 0,12 ʤ.ʯ..  



 
ʈʠʩ. 3.26. ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ɺa0,86-xLaxSn1,14F4,00+x. 

ɸʥʘʣʽʟ ʽʟʦʪʝʨʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʨʠʩ. 3.27) ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ  

Ba0,86-xLaxSn1,14F4,00+x ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚ ʦʪʨʠʤʘʥʠʭ ʬʘʟʘʭ ʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ Ba0,86-xLaxSn1,14F4,00+x ʜʦ 0,12 ʤ.ʯ.. 

ɿʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ Ba2+ ʚ ʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʷʭ ʥʘ La3+ ʡʤʦʚʽʨʥʦ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʽʦʥʽʚ F-.  

 

ʈʠʩ. 3.27. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

Ba0,86-xLaxSn1,14F4,00+x. 



ʆʪʨʠʤʘʥʽ ʬʘʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʽʞ ʚʠʭʽʜʥʘ ʩʪʨʫʢʪʫʨʘ Ba0,86Sn1,14F4,00, ʧʨʠʯʦʤʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ, ʜʘʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʷʢ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʣʘʩʪʽ ʪʘʢ 

ʽ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʪʘʙʣ. 3.5).  

ʊʘʙʣʠʮʷ 3.5. ╖ ɽʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba0,86-xLaxSn1,14F4,00+x. 

ɿʨʘʟʦʢ  
æɽʘ, eɺ  

Ñ 0,01 

lg(A),  

(S/cm)Āʂ 

ů,  

S/cm Ñ 4% 
R2 

ʊ,  

ʂ Ñ 2ʂ 

Ba0,86Sn1,14F4,00 623ï397 

397ï288 

0,117 

0,076 

0,85 

0,33 

1,34ẗ10-3 

3,52ẗ10-4 

0,99 

1,00 

623 

288 

Ba0,85La0,01Sn1,14F4,01 623ï438 

438ï287 

0,139 

0,074 

1,71 

0,98 

6,39ẗ10-3 

1,74ẗ10-3 

0,99 

0,99 

623 

287 

Ba0,83La0,03Sn1,14F4,03 624ï441 

441ï288 

0,136 

0,069 

1,71 

0,96 

6,60ẗ10-3 

2,11ẗ10-3 

0,98 

0,99 

624 

288 

Ba0,81La0,05Sn1,14F4,05 623ï483 

483ï285 

0,104 

0,054 

1,19 

0,68 

3,57ẗ10-3 

1,97ẗ10-3 

0,99 

1,00 

623 

285 

Ba0,79La0,07Sn1,14F4,07 623ï463 

463ï288 

0,082 

0,045 

1,07 

0,65 

4,06ẗ10-3 

2,63ẗ10-3 

1,00 

1,00 

623 

288 

Ba0,76La0,10Sn1,14F4,10 623ï464 

464ï288 

0,127 

0,057 

1,61 

0,68 

6,13ẗ10-3 

2,50ẗ10-3 

1,00 

0,98 

623 

288 

Ba0,74La0,12Sn1,14F4,12 623ï482 

482ï286 

0,091 

0,052 

1,22 

0,83 

4,88ẗ10-3 

2,91ẗ10-3 

0,99 

1,00 

623 

286 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʢʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba1-ʭLaʭF2+ʭ (0<xÒ0,12) ʟʽ 

ʩʪʘʥʫʤ(ɯɯ) ʬʪʦʨʠʜʦʤ ʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 0,43:0,57 ʧʨʠ 773 K ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʨʛʦʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba0,86-

xLaxSn1,14F4,00+x (0<xÒ0,12). ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ 

ʩʪʨʫʢʪʫʨʽ, ʽʟʦʪʠʧʥʽʡ ʜʦ BaSnF4, ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ P4/nmm.  

ɸʥʘʣʽʟ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʢʘʟʘʚ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ 

ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʣʝʛʫʚʘʥʥʷ ʽʦʥʘʤʠ La3+ ʥʘ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʚʠʭʽʜʥʦʾ ʬʘʟʠ 

Ba0,86Sn1,14F4,00. ɺʚʝʜʝʥʥʷ ʣʘʥʪʘʥʫ ʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʢʦʥʮʝʥʪʨʘʮʽʾ ʨʫʭʦʤʠʭ ʬʪʦʨʠʜ-

ʽʦʥʽʚ ʪʘ ʟʥʠʞʝʥʥʶ ʝʥʝʨʛʽʾ ʾʭ ʤʽʛʨʘʮʽʾ. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʤʘʻ ʬʘʟʘ 

Ba0,74La0,12Sn1,14F4,12 ů353 = 2,91Ŀ10
-3 ʉʤ/ʩʤ, ʱʦ ʤʘʡʞʝ ʥʘ ʧʦʨʷʜʦʢ ʧʝʨʝʚʠʱʫʻ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʝʣʝʛʦʚʘʥʦʛʦ ʟʨʘʟʢʘ Ba0,86Sn1,14F4,00 ů353 = 3,52Ŀ10
-4 ʉʤ/ʩʤ. ɼʘʥʘ ʬʘʟʘ 



ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜ 

ʜʦʩʣʽʜʞʝʥʠʭ ʬʘʟ Ba0,86-xLaxSn1,14F4,00+x (0<xÒ0,12).  

3.2.3. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ 

Ba0,80-xLaxSn1,20F4,00+x 

ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʨʝʥʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 3.28) ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟ ʩʢʣʘʜʫ Ba0,80-xLaxSn1,20F4,00+x ʪʦʪʦʞʥʽ ʢʘʨʪʮʽ JCPDS ˉ 00-038-0738 BaSnF4. 

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʦʪʨʠʤʘʥʽ ʬʘʟʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ (P4/nmm) 

ʷʢʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʨʫʢʪʫʨʽ BaSnF4. ʈʦʟʨʘʭʫʥʦʢ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ 

ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʚʢʘʟʫʻ, ʱʦ ʚ ʩʢʣʘʜʥʽʡ ʪʨʴʦʭ ʢʦʤʧʦʥʝʥʪʥʽʡ ʩʠʩʪʝʤʽ ʬʪʦʨʠʜʽʚ 

ʟʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ Ba2+  ʢʘʪʽʦʥʘʤʠ La3+ ʩʫʪʪʻʚʦ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʦʙôʻʤ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʪʨʠʤʘʥʠʭ ʢʽʥʮʝʚʠʭ ʬʘʟ. ɼʘʥʠʤ ʧʽʜʭʦʜʦʤ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʬʘʟʠ ʟ ʢʦʥʮʝʥʪʨʘʮʽʻʶ ʣʘʥʪʘʥʫ ʜʦ 0,12 ʤ.ʯ.  

 
ʈʠʩ. 3.28. ʈʝʥʪʛʝʥʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ɺa0,80-xLaxSn1,20F4,00+x. 

ɸʥʘʣʽʟ ʽʟʦʪʝʨʤ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ (ʨʠʩ. 3.29) ʩʠʥʪʝʟʦʚʘʥʠʭ ʟʨʘʟʢʽʚ  

Ba0,80-xLaxSn1,20F4,00+x ʜʝʤʦʥʩʪʨʫʻ, ʱʦ ʚ ʦʪʨʠʤʘʥʠʭ ʬʘʟʘʭ ʧʨʦʚʽʜʥʽʩʪʴ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʣʘʥʪʘʥʫ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ Ba0,80-xLaxSn1,20F4,00+x ʜʦ 10 ʤ.ʯ. 

ɿʘʤʽʱʝʥʥʷ ʯʘʩʪʠʥʠ ʢʘʪʽʦʥʽʚ Ba2+ ʚ ʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʷʭ ʥʘ La3+ ʡʤʦʚʽʨʥʦ ʩʧʨʠʷʻ 

ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʽʦʥʽʚ F-. 



ʆʪʨʠʤʘʥʽ ʬʘʟʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʥʽʞ ʚʠʭʽʜʥʽ ʩʪʨʫʢʪʫʨʠ Ba0,80Sn1,20F4,00, ʧʨʠʯʦʤʫ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʱʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʩʧʨʠʷʻ ʟʤʝʥʰʝʥʥʶ ʝʥʝʨʛʽʾ 

ʘʢʪʠʚʘʮʽʾ, ʜʘʥʘ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ ʧʨʠʪʘʤʘʥʥʘ ʷʢ ʜʣʷ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʙʣʘʩʪʽ ʪʘʢ 

ʽ ʜʣʷ ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ (ʪʘʙʣ. 3.6).  

 
ʈʠʩ. 3.29. ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

Ba0,80-xLaxSn1,20F4,00+x.  

ʊʘʙʣʠʮʷ 3.6. ɽʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  

Ba0,80-xLaxSn1,20F4,00+x 

ɿʨʘʟʦʢ  
æɽʘ, 

 eV Ñ 0,01 

lg(A),  

(S/cm)Āʂ 

ů,  

S/cm Ñ 4% 
R2 

ʊ,  

ʂ  Ñ 2ʂ 

Ba0,80Sn1,20F4,00 623ï455 

455ï286 

0,092 

0,053 

1,06 

0,64 

3,37ẗ10-3 

1,79ẗ10-3 

0,98 

0,99 

623 

286 

Ba0,79La0,01Sn1,20F4,01 623ï487 

487ï285 

0,129 

0,077 

1,50 

0,98 

4,61ẗ10-3 

1,56ẗ10-3 

1,00 

1,00 

623 

285 

Ba0,77La0,03Sn1,20F4,03 624ï455 

455ï289 

0,105 

0,062 

1,29 

0,84 

4,43ẗ10-3 

2,03ẗ10-3 

1,00 

1,00 

624 

289 

Ba0,75La0,05Sn1,20F4,05 625ï434 

434ï282 

0,098 

0,052 

1,26 

0,71 

4,71ẗ10-3 

2,27ẗ10-3 

1,00 

0,98 

625 

282 

Ba0,73La0,07Sn1,20F4,07 623ï502 

502ï283 

0,194 

0,057 

2,16 

0,82 

6,28ẗ10-3 

2,37ẗ10-3 

0,99 

1,00 

623 

283 

Ba0,70La0,10Sn1,20F4,10 623ï474 

474ï285 

0,090 

0,043 

1,32 

0,83 

6,25ẗ10-3 

4,13ẗ10-3 

1,00 

0,99 

623 

285 

Ba0,68La0,12Sn1,20F4,12 623ï507 

507ï286 

0,141 

0,046 

1,72 

0,79 

6,11ẗ10-3 

3,36ẗ10-3 

0,99 

1,00 

623 

286 



ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʢʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba1-ʭLaʭF2+ʭ (0<xÒ0,12) ʟʽ 

ʩʪʘʥʫʤ(ɯɯ) ʬʪʦʨʠʜʦʤ ʫ ʤʦʣʷʨʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ 0,40:0,60 ʧʨʠ 773 K ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʨʛʦʥʫ ʧʨʠʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʦʜʥʦʬʘʟʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba0,80-

xLaxSn1,20F4,00+x (0<xÒ0,12). ʆʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ 

ʩʪʨʫʢʪʫʨʽ, ʽʟʦʪʠʧʥʽʡ ʜʦ BaSnF4, ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ P4/nmm.  

ɸʥʘʣʽʟ ʽʟʦʪʝʨʤ ʧʨʦʚʽʜʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʻ ʧʦʟʠʪʠʚʥʠʡ ʚʧʣʠʚ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ 

ʣʝʛʫʚʘʥʥʷ ʢʘʪʽʦʥʦʤ ʣʘʥʪʘʥʫ ʚʠʭʽʜʥʦʾ Ba0,80Sn1,20F4,00 ʩʪʨʫʢʪʫʨʠ ʥʘ ʧʨʦʚʽʜʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ ʽ ʚʝʣʠʯʠʥʫ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ. ʅʘʡʚʠʱʫ ʧʨʦʚʽʜʥʽʩʪʴ ʤʘʻ ʬʘʟʘ 

Ba0,70La0,10Sn1,20F4,10 (ů353 = 4,13Ŀ10
-3 ʉʤ/ʩʤ), ʱʦ ʚʠʱʝ ʙʽʣʴʰʝ ʥʽʞ ʚ 2 ʨʘʟʠ ʧʦʨʽʚʥʷʥʦ 

ʟ Ba0,80Sn1,20F4,00 (ů353 = 1,79Ŀ10
-3 ʉʤ/ʩʤ). ɼʘʥʘ ʬʘʟʘ ʪʘʢʦʞ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʥʘʡʥʠʞʯʦʶ ʝʥʝʨʛʽʻʶ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʩʝʨʝʜ ʜʦʩʣʽʜʞʝʥʠʭ ʬʘʟ  

Ba0,80-xLaxSn1,20F4+x (0<xÒ0,12).  

3.3. ʆʩʦʙʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  

Ba1-y-xLaxSn1+yF4+x 

ɺʘʞʣʠʚʦʶ ʚʠʤʦʛʦʶ ʜʦ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ ʻ ʥʠʟʴʢʘ ʝʣʝʢʪʨʦʥʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ. ʊʦʤʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʜʝʷʢʠʭ 

ʟʨʘʟʢʽʚ ʟ ʤʝʪʦʶ ʚʠʟʥʘʯʠʪʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʚʧʣʠʚʫ ʪʝʤʧʝʨʘʪʫʨʠ, ʢʽʣʴʢʦʩʪʽ ʣʘʥʪʘʥʫ 

ʪʘ ʩʪʘʥʫʤʫ ʚ ʩʠʩʪʝʤʽ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ. ɽʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʚʠʟʥʘʯʘʣʠ 

ʤʝʪʦʜʦʤ ʍʝʙʙʘ-ɺʘʛʥʝʨʘ ʘʥʘʣʽʟʫʶʯʠ ʚʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʢʦʤʽʨʢʠ Ni:NiF2:CaF2|ʪʚʝʨʜʘ ʬʪʦʨʠʜʧʨʦʚʽʜʥʘ ʬʘʟʘ|Pt. ɿʛʽʜʥʦ ʤʝʪʦʜʠʢʠ ʦʧʠʩʘʥʦʾ ʚ 

ʨʦʟʜʽʣʽ 2. ʷʢʱʦ ʧʦʣʷʨʠʟʫʚʘʪʠ ʜʘʥʫ ʩʠʩʪʝʤʫ ʧʦʩʪʽʡʥʦʶ ʥʘʧʨʫʛʦʶ, ʪʦ ʘʥʽʦʥʠ F- 

ʥʘʢʦʧʠʯʫʶʪʴʩʷ ʚ ʘʥʦʜʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʘ ʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʧʘʜʽʥʥʷʤ ʩʪʨʫʤʫ ʷʢʝ ʟ ʯʘʩʦʤ ʜʦʩʷʛʘʻ ʤʽʥʽʤʘʣʴʥʦʛʦ ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʟʥʘʯʝʥʥʷ 

(ʨʠʩ. 3.30). ɼʣʷ ʥʘʰʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʟʛʽʜʥʦ ʤʝʪʦʜʠʢʠ, ʧʨʠ ʧʝʚʥʠʭ ʟʥʘʯʝʥʥʷʭ ʥʘʧʨʫʛʠ 

ʽʩʥʫʻ ʦʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ (ʨʠʩ. 3.31, 3.33, 3.35). 



 

ʈʠʩ. 3.30. ɿʘʣʝʞʥʽʩʪʴ ʩʠʣʠ ʩʪʨʫʤʫ, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʢʦʤʽʨʢʫ 

Ni:NiF2:ʉaF2|Ba0,80La0,10SnF4,10|Pt, ʚʽʜ ʯʘʩʫ ʧʦʣʷʨʠʟʘʮʽʾ (ɽ = 1,6 ɺ) ʧʨʠ 473 ʂ. 

ɼʣʷ ʟʨʘʟʢʫ Ba0,80La0,10Sn1,10F4,10 ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ 

ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ɿʛʽʜʥʦ ʦʧʠʩʘʥʦʾ ʤʝʪʦʜʠʢʠ ʚʠʟʥʘʯʝʥʦ ʦʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ 

ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ (ʨʠʩ. 3.31) ʪʘ ʨʦʟʨʘʭʦʚʘʥʦ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ (ʪʘʙʣ. 3.7).  

 

ʈʠʩ. 3.31. ʆʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ 

ʟʨʘʟʢʫ Ba0,80La0,10Sn1,10F4,10.  



ɼʘʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʣʽʥʽʡʥʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ (ʨʠʩ. 3.32), ʧʨʦʪʝ ʥʘ 

ʚʩʴʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʤʘʻ ʟʥʘʯʥʦ ʥʠʞʥʽ ʟʥʘʯʝʥʥʷ ʚʽʜ ʟʘʛʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ, 

ʘ ʨʦʟʨʘʭʦʚʘʥʽ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʙʣʠʟʴʢʽ ʜʦ 1.  

 
ʈʠʩ. 3.32. ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʜʣʷ ʟʨʘʟʢʫ 

Ba0,80La0,10Sn1,10F4,10. 

ʊʘʙʣʠʮʷ 3.7.  ╖ ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʬʘʟʠ ʩʢʣʘʜʫ 

Ba0,80La0,10Sn1,10F4,10 ʧʨʠ ʨʽʟʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɺʘʞʣʠʚʦ ʨʦʟʫʤʽʪʠ ʚʧʣʠʚ ʟʘʤʽʩʥʠʢʘ ʥʘ ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, ʪʦʤʫ ʙʫʣʦ 

ʚʠʟʥʘʯʝʥʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʘʥʪʘʥʫ ʜʣʷ ʩʠʩʪʝʤʠ 

Ba0,90-xLaxSn1,10F4,00+x. ʄʝʪʦʜʦʤ ʍʝʙʙʘ-ɺʘʛʥʝʨʘ ʙʫʣʠ ʦʪʨʠʤʘʥʥʽ ʭʘʨʘʢʪʝʨʥʽ ʚʦʣʴʪ-

ʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʧʨʦʘʥʘʣʽʟʦʚʘʥʽ (ʨʠʩ. 3.33). 

ɿʨʘʟʦʢ Is, ÕA ůn, ʉʤ/cʤ -F
t  T, K 

ůn ʟʘʛʘʣʴʥʘ, 

ʉʤ/cʤ 

Ba0,80La0,10Sn1,10F4,10 0,61 3,52Ā10ï6 1,00 403 2,44Ā10ï3 

Ba0,80La0,10Sn1,10F4,10 1,16 6,80Ā10ï6 1,00 423 2,49Ā10ï3 

Ba0,80La0,10Sn1,10F4,10 3,29 1,93Ā10ï5 0,99 453 2,66Ā10ï3 

Ba0,80La0,10Sn1,10F4,10 6,60 3,87Ā10ï5 0,99 473 2,78Ā10ï3 



 
ʈʠʩ. 3.33. ʆʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʣʘʥʪʘʥʫ ʜʣʷ ʩʝʨʽʾ Ba0,90-xLaxSn1,10F4,00+x. 

ɿ ʚʦʣʴʪ-ʘʤʧʝʨʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʙʫʣʦ ʨʦʟʨʘʭʦʚʘʥʦ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʱʦ ʧʨʤʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 3.8. ɿʤʽʥʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ 

ʣʘʥʪʘʥʫ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ ʟʘʣʝʞʥʽʩʪʶ (ʨʠʩ. 3.34). 

 

ʈʠʩ. 3.34. ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʘʥʪʘʥʫ ʜʣʷ ʩʝʨʽʾ 

Ba0,90-xLaxSn1,10F4,00+x. 



ɿʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘ ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʣʘʥʪʘʥʫ 

ʥʠʟʴʢʽ, ʘ ʨʦʟʨʘʭʦʚʘʥʽ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʙʣʠʟʴʢʽ ʜʦ 1, ʪʦʤʫ ʜʘʥʽ ʤʘʪʝʨʽʘʣʠ 

ʟʘʜʦʚʽʣʴʥʷʶʪʴ ʚʠʤʦʛʠ ʜʦ ʪʚʝʨʜʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʝʣʝʢʪʨʦʣʽʪʽʚ. 

ʊʘʙʣʠʮʷ 3.8. ╖ ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ  

Ba0,90-xLaxSn1,10F4,00+x. 

ɿʙʽʣʴʰʝʥʥʷ ʢʘʪʽʦʥʽʚ ʩʪʘʥʫʤʫ ʚ ʩʪʨʫʢʪʫʨʽ ʪʝʞ ʡʤʦʚʽʨʥʦ ʚʧʣʠʚʘʻ ʥʘ 

ʝʣʝʢʪʨʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʬʘʟ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʫ 

ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʚʤʽʩʪʫ ʩʪʘʥʫʤʫ ʜʣʷ ʚʠʩʦʢʦʧʨʦʚʽʜʥʠʭ ʟʨʘʟʢʽʚ ʽʟ ʚʤʽʩʪʦʤ 

ʣʘʥʪʘʥʫ 0,10 ʤ.ʯ. (ʪʘʙʣ. 3.9). ʆʪʨʠʤʘʥʽ ʚʦʣʴʪʘʤʧʝʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʶʪʴ 

ʭʘʨʘʢʪʝʨʥʫ ʢʨʠʚʫ ʜʣʷ ʜʘʥʦʛʦ ʤʝʪʦʜʫ (ʨʠʩ. 3.35). 

 
ʈʠʩ. 3.35. ʆʙʣʘʩʪʴ ʩʪʘʮʽʦʥʘʨʥʠʭ ʟʥʘʯʝʥʴ ʩʪʨʫʤʫ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ 

ʩʪʘʥʫʤʫ ʚ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ Ba1-y-xLaxSn1+yF4+x ( x=0,10, (0<yÒ0,20)). 

ɿʨʘʟʦʢ Is, ÕA ůn, ʉʤ/cʤ -F
t

 
T, K 

ůn ʟʘʛʘʣʴʥʘ, 

ʉʤ/cʤ 

Ba0,90Sn1,10F4,00 0,32 1,88Ā10ï6 0,99 473 3,24Ā10ï4
 

Ba0,83La0,07Sn1,10F4,07 2,56 1,50Ā10ï5 0,99 473 1,94Ā10ï3
 

Ba0,87La0,03Sn1,10F4,03 2,33 1,37Ā10ï5 0,97 473 4,60Ā10ï4
 

Ba0,89La0,01Sn1,10F4,01 0,43 2,50Ā10ï6 0,99 473 3,51Ā10ï4
 

Ba0,80La0,10Sn1,10F4,10 6,60 3,87Ā10ï5 0,99 473 2,78Ā10ï3
 



ɿôʷʩʦʚʘʥʦ, ʱʦ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ ʦʧʠʩʫʻʪʴʩʷ ʣʽʥʽʡʥʦʶ 

ʟʘʣʝʞʥʽʩʪʶ, ʷʢʘ ʧʨʦʜʝʤʦʩʪʨʦʚʘʥʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.36. ʈʦʟʨʘʭʦʚʘʥʽ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ 

ʙʣʠʟʴʢʽ ʜʦ ʦʜʠʥʠʮʽ, ʦʪʞʝ ʧʨʦʚʽʜʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʟʘ ʨʘʭʫʥʦʢ ʨʫʭʫ 

ʘʥʽʦʥʽʚ ʬʪʦʨʫ. 

 

ʈʠʩ. 3.36. ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʧʨʠ ʨʽʟʥʽʡ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʪʘʥʫʤʫ ʚ 

ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ Ba1-y-xLaxSn1+yF4+x ( x=0,10, (0<yÒ0,20)). 

ʊʘʙʣʠʮʷ 3.9. ╖ ɽʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ  

Ba1-y-xLaxSn1+yF4+x. 

ʆʪʞʝ, ʫ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʘʭ ʚʥʝʩʦʢ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʻ 

ʥʝʟʥʘʯʥʠʤ (tF  å 1,00), ʱʦ ʩʚʽʜʯʠʪʴ ʧʨʦ ʜʦʤʽʥʫʚʘʥʥʷ ʽʦʥʥʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʝʨʝʥʝʩʝʥʥʷ 

ʟʘʨʷʜʫ. 

ɿʨʘʟʦʢ Is, ÕA ůn, ʉʤ/cʤ -F
t

 
T, K 

ůn ʟʘʛʘʣʴʥʘ, 

ʉʤ/cʤ 

Ba0,90La0,10SnF4,10 0,20 1,17Ā10ï6 1,00 473 9,95Ā10ï4 

Ba0,80La0,10Sn1,10F4,10 6,60 3,87Ā10ï5 0,99 473 2,78Ā10ï3 

Ba0,76La0,10Sn1,14F4,10 15,21 8,91Ā10ï5 0,98 473 3,99Ā10ï3 

Ba0,70La0,10Sn1,20F4,10 21,06 1,23Ā10ï4 0,95 473 2,61Ā10ï3 



3.4. ʋʟʘʛʘʣʴʥʝʥʥʷ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪ̔ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟ ʚ ʩʠʩʪʝʤʽ BaF2-LaF3-SnF2 

ɸʥʘʣʽʟ ʽʟʦʪʝʨʤ ʧʨʦʚʽʜʥʦʩʪʽ ʜʣʷ ʩʠʩʪʝʤ: Ba1-xLaxSnF4+x, Ba0,90-xLaxSn1,10F4,00+x, 

Ba0,86-xLaxSn1,14F4,00+x ʪʘ Ba0,80-xLaxSn1,20F4,00+x ʜʦʟʚʦʣʠʚ ʧʦʙʫʜʫʚʘʪʠ ʽʟʦʪʝʨʤʽʯʥʫ 

ʧʦʚʝʨʭʥʶ ʧʨʦʚʽʜʥʦʩʪʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x ʚ ʟʘʣʝʞʥʦʩʪʽ 

ʚʽʜ ʚʤʽʩʪʫ ʟʘʤʽʩʥʠʢʽʚ (ʨʠʩ. 3.37) ʚ ʩʠʩʪʝʤʽ BaF2-LaF3-SnF2 ʥʘ ʜʦʩʣʽʜʞʝʥʽʡ ʜʽʣʷʥʮʽ 

ʩʢʣʘʜʫ. ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʫ ʧʨʦʚʽʜʥʽʩʪʴ ʟʨʦʩʪʘʻ ʚ ʙʽʢ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʘʥʪʘʥʫ 

ʽ ʩʪʘʥʫʤʫ ʚ ʩʠʩʪʝʤʽ. ʁʤʦʚʽʨʥʦ ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʢʘʪʽʦʥʽʚ ʩʪʘʥʫʤʫ ʚ ʩʠʩʪʝʤʽ 

ʩʧʨʠʷʻ ʧʦʩʠʣʝʥʥʶ ʚʧʣʠʚʫ ʥʝʩʧʘʨʝʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʚʠʢʨʠʚʣʝʥʥʷ ʰʘʨʽʚ ʚ ʩʪʨʫʢʪʫʨʽ BaSnF4 ʪʘ ʟʙʽʣʴʰʝʥʥʶ ʨʫʭʣʠʚʦʩʪʽ ʘʥʽʦʥʽʚ ʬʪʦʨʫ. ɸ 

ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ ʣʘʥʪʘʥʫ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʦʾ 

ʢʽʣʴʢʦʩʪʽ ʤʽʞʚʫʟʣʦʚʠʭ ʘʥʽʦʥʽʚ ʬʪʦʨʫ.  

 

ʈʠʩ. 3.37. ɽʣʝʢʪʨʦʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba1-y-xLaxSn1+yF4+x ʧʨʠ 

ʢʽʤʥʘʪʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ. 

ɸʥʘʣʽʟʫʶʯʠ ʟʤʽʥʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʝʡ ʚ ʩʠʩʪʝʤʽ BaF2-LaF3-SnF2 ʚʽʜ 

ʩʢʣʘʜʫ, ʤʦʞʥʘ ʧʦʤʽʪʠʪʠ ʟʘʢʦʥʦʤʽʨʥʽʩʪʴ, ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʣʘʥʪʘʥʫ ʪʘ 

ʩʪʘʥʫʤʫ ʚ ʩʠʩʪʝʤʽ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʚʽʪʴ ʥʝʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʘʥʪʘʥʫ ʪʘ ʩʪʘʥʫʤʫ 



ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ɺʠʟʥʘʯʝʥʥʘ ʝʣʝʢʪʨʦʥʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ ʝʣʝʢʪʨʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʜʣʷ ʦʪʨʠʤʘʥʠʭ ʬʘʟ ʥʝʟʥʘʯʥʘ, ʘ ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ 

ʙʣʠʟʴʢʽ ʜʦ 1 ʜʣʷ ʚʩʽʭ ʜʦʩʣʽʜʞʝʥʠʭ ʟʨʘʟʢʽʚ, ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ ʱʦ ʚ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ 

ʬʘʟʠ ʩʪʨʫʢʪʫʨʠ BaSnF4 ʧʨʦʚʽʜʥʽʩʪʴ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʘʥʽʦʥʘʤʠ ʬʪʦʨʫ. ʊʘʢʦʞ 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʬʪʦʨʠʜ-ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

ʉʫʢʫʧʥʽʩʪʴ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʝʤʦʩʪʨʫʻ ʥʘʤ 

ʧʝʨʩʧʝʢʪʠʚʥʽʩʪʴ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ ʚ ʩʠʩʪʝʤʽ BaF2-LaF3-SnF2 ʷʢ ʪʚʝʨʜʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ ʜʣʷ ʨʽʟʥʠʭ ʩʬʝʨ ʟʘʩʪʦʩʫʚʘʥʥʷ. ʋʟʘʛʘʣʴʥʝʥʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʟʤʽʥʠ 

ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʟʦʙʨʘʞʝʥʘ ʥʘ ʩʭʝʤʽ ʨʠʩʫʥʢʫ 3.38. 

 

ʈʠʩ. 3.38. ʉʭʝʤʘ ʟʤʽʥʠ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʚ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x.  

ʆʪʞʝ, ʜʣʷ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ Ba1-y-xLaxSn1+yF4+x ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʘʤ ʣʘʥʪʘʥʫ ʤʦʞʣʠʚʝ ʜʦ 0,12 ʤ.ʯ. ʽ ʩʪʘʥʫʤʫ ʜʦ 0,20 ʤ.ʯ.. ɿʘ ʮʠʭ 

ʫʤʦʚ ʬʘʟʠ ʟʙʝʨʽʛʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ, ʽʟʦʪʠʧʥʫ BaSnF4 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʩʢʣʘʜʫ Ba1-y-xLaxSn1+yF4+x 

ʧʦʢʘʟʘʣʠ, ʱʦ ʽʟ ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ La3+ ʫ ʩʪʨʫʢʪʫʨʽ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʩʫʪʪʻʚʝ ʧʽʜʚʠʱʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʡ ʝʬʝʢʪ ʟʫʤʦʚʣʝʥʠʡ ʛʝʪʝʨʦʚʘʣʝʥʪʥʠʤ 

ʟʘʤʽʱʝʥʥʷʤ ʢʘʪʽʦʥʽʚ Ba2+ ʢʘʪʽʦʥʘʤʠ La3+, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʫʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʦʚʠʭ 

ʤʽʞʚʫʟʣʦʚʠʭ F--ʘʥʽʦʥʽʚ ʽ, ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʨʫʭʦʤʠʭ ʥʦʩʽʾʚ ʟʘʨʷʜʫ. 



ʇʨʦʚʽʜʥʽʩʪʴ ʜʦʩʷʛʘʻ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ (x 

å 0,10ï0,12), ʧʽʩʣʷ ʯʦʛʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʪʝʥʜʝʥʮʽʷ ʜʦ ʾʾ ʩʪʘʙʽʣʽʟʘʮʽʾ ʘʙʦ ʟʥʠʞʝʥʥʷ, 

ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʦ ʟ ʢʦʥʛʣʦʤʝʨʘʮʽʻʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʬʝʢʪʽʚ, ʥʘʩʠʯʝʥʥʷʤ 

ʜʝʬʝʢʪʥʦʾ ʧʽʜˇʨʘʪʢʠ F- ʪʘ ʧʦʷʚʦʶ ʩʪʨʫʢʪʫʨʥʠʭ ʦʙʤʝʞʝʥʴ ʜʣʷ ʤʽʛʨʘʮʽʾ ʘʥʽʦʥʽʚ [117]. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚʚʝʜʝʥʥʷ ʣʘʥʪʘʥʫ ʫ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ (BaF2)1-yï

(SnF2)1+y ʻ ʝʬʝʢʪʠʚʥʠʤ ʰʣʷʭʦʤ ʢʝʨʦʚʘʥʦʛʦ ʧʽʜʚʠʱʝʥʥʷ ʾʭ ʽʦʥʥʦʾ. 

ʋ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ Ba1-y-xLaxSn1+yF4+x ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʯʽʪʢʘ 

ʟʘʣʝʞʥʽʩʪʴ ʧʨʦʚʽʜʥʦʩʪʽ ʚʽʜ ʢʦʥʮʝʥʪʨʘʮʽʾ ʢʘʪʽʦʥʽʚ Sn2+. ɿʽ ʟʨʦʩʪʘʥʥʷʤ ʾʭ ʚʤʽʩʪʫ 

ʧʽʜʚʠʱʫʻʪʴʩʷ ʚʧʣʠʚ ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʥʝʧʦʜʽʣʝʥʦʾ ʧʘʨʠ 5sĮ-ʝʣʝʢʪʨʦʥʽʚ, ʱʦ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʣʦʢʘʣʴʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ. ʊʘʢʽ 

ʜʝʬʦʨʤʘʮʽʾ ʩʧʨʠʷʶʪʴ ʫʪʚʦʨʝʥʥʶ ʜʦʜʘʪʢʦʚʠʭ ʜʝʬʝʢʪʽʚ ʪʘ ʤʽʞʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ ʜʣʷ 

ʘʥʽʦʥʽʚ ʬʪʦʨʫ, ʟʘʚʜʷʢʠ ʯʦʤʫ ʟʨʦʩʪʘʻ ʾʭ ʨʫʭʣʠʚʽʩʪʴ ʽ ʚʽʜʧʦʚʽʜʥʦ ʧʽʜʚʠʱʫʻʪʴʩʷ ʽʦʥʥʘ 

ʧʨʦʚʽʜʥʽʩʪʴ. ɺʦʜʥʦʯʘʩ ʥʘʜʤʽʨʥʝ ʟʙʘʛʘʯʝʥʥʷ ʩʠʩʪʝʤʠ Sn2+ ʤʦʞʝ ʚʠʢʣʠʢʘʪʠ ʥʘʜʤʽʨʥʝ 

ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʢʪʫʨʠ ʡ ʫʪʚʦʨʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʬʘʟ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ 

ʧʨʦʚʽʜʥʦʩʪʽ. ʊʘʢʠʤ ʯʠʥʦʤ, ʦʧʪʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʩʪʘʥʫʤʫ ʟʘʙʝʟʧʝʯʫʻ ʙʘʣʘʥʩ ʤʽʞ 

ʚʧʣʠʚʦʤ ʩʪʝʨʝʦʘʢʪʠʚʥʦʾ ʧʘʨʠ ʝʣʝʢʪʨʦʥʽʚ ʪʘ ʩʪʘʙʽʣʴʥʽʩʪʶ ʢʨʠʩʪʘʣʽʯʥʦʾ ʨʝʰʽʪʢʠ, ʱʦ 

ʡ ʚʠʟʥʘʯʘʻ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. 

3.5. ʉʠʥʪʝʟ ʪʘ ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ ʩʪʨʫʢʪʫʨʠ 

BaSnF4 ʚ ʩʠʩʪʝʤʽ BaF2-YF3-SnF2 

ʉʠʥʪʝʟ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʫ ʩʠʩʪʝʤʽ Ba1-xYxSnF4+x ʟʜʽʡʩʥʶʚʘʣʠ ʫ ʜʚʽ ʩʪʘʜʽʾ. ʅʘ 

ʧʝʨʰʽʡ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʦʜʝʨʞʫʚʘʣʠ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʙʘʨʽʡ 

ʬʪʦʨʠʜʫ Ba1-xYxF2+x. ʉʧʦʯʘʪʢʫ ʛʦʪʫʚʘʣʠ 0,1 ʄ ʨʦʟʯʠʥʠ ʩʦʣʝʡ Ba(NO3)2 ʪʘ Y(NO3)3, 

ʟʤʽʰʫʚʘʣʠ ʾʭ ʫ ʚʽʜʧʦʚʽʜʥʦʤʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ, ʧʝʨʝʤʽʰʫʚʘʣʠ 10 ʭʚ. ʥʘ ʤʘʛʥʽʪʥʽʡ 

ʤʽʰʘʣʮʽ ʪʘ ʢʨʘʧʝʣʴʥʦ ʜʦʜʘʚʘʣʠ ʫʪʚʦʨʝʥʫ ʩʫʤʽʰ ʜʦ ʨʦʟʯʠʥʫ NH4F ʚʟʷʪʦʛʦ ʟ 

ʩʝʤʠʢʨʘʪʥʠʤ ʥʘʜʣʠʰʢʦʤ ʜʣʷ ʧʦʚʥʦʛʦ ʩʫʤʽʩʥʦʛʦ ʦʩʘʜʞʝʥʥʷ ʬʪʦʨʠʜʽʚ ʙʘʨʽʶ ʪʘ 

ʽʪʨʽʶ. ʆʪʨʠʤʘʥʠʡ ʨʦʟʯʠʥ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ, ʦʧʝʨʘʮʽʶ 

ʧʦʚʪʦʨʶʚʘʣʠ ʜʝʢʽʣʴʢʘ ʨʘʟʽʚ, ʜʣʷ ʦʯʠʱʝʥʥʷ ʦʩʘʜʫ ʟʘʣʠʰʢʽʚ ʚʽʜ ʨʦʟʯʠʥʥʠʭ ʬʦʨʤ ʪʘ 

ʚʽʜʜʽʣʷʣʠ ʤʝʪʦʜʦʤ ʮʝʥʪʨʠʬʫʛʫʚʘʥʥʷ. ʆʪʨʠʤʘʥʠʡ ʦʩʘʜ ʩʫʰʠʣʠ ʥʘ ʧʦʚʽʪʨʽ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 333 ʂ ʧʨʦʪʷʛʦʤ 24 ʛʦʜʠʥ. ɼʣʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʨʘʟʢʠ ʦʢʨʝʤʦ 

ʚʽʜʧʘʣʶʚʘʣʠ. 



ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʧʨʦʚʦʜʠʣʠ ʩʧʣʘʚʣʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟ SnF2, 

ʚʟʷʪʠʤ ʫ ʨʦʟʨʘʭʦʚʘʥʽʡ ʢʽʣʴʢʦʩʪʽ ʜʣʷ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʩʢʣʘʜʫ  

Ba1-xYxSnF4+x. ʇʨʦʮʝʩ ʟʜʽʡʩʥʶʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773ï823 ʂ ʧʨʦʪʷʛʦʤ 30ï60 ʭʚ. 

ʫ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʜʣʷ ʟʘʧʦʙʽʛʘʥʥʷ ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʜʽʚ ʪʘ ʦʢʩʦʬʪʦʨʠʜʽʚ. ʏʠʤ 

ʙʽʣʴʰʠʡ ʚʤʽʩʪ ʽʪʨʽʶ ʙʫʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ɺa1-xYxF2+x, ʪʠʤ ʚʠʱʦʶ ʙʫʣʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʧʨʦʮʝʩʫ ʪʘ ʡʦʛʦ ʪʨʠʚʘʣʽʩʪʴ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʧʦʚʥʦʾ ʚʟʘʻʤʦʜʽʾ 

ʢʦʤʧʦʥʝʥʪʽʚ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ. 

ʆʜʝʨʞʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ ɺa1-xYxF2+x ʤʘʶʪʴ ʢʫʙʽʯʥʫ ʢʨʠʩʪʘʣʽʯʥʫ 

ʛʨʘʪʢʫ (ʧʨ. ʛʨ. Fm3m) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ɺʘF2 (ʢʘʨʪʢʘ JCPDS ˉ 00-004-0452) 

(ʨʠʩ. 3.39).  

 

ʈʠʩ. 3.39. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ ʩʢʣʘʜʫ Ba1-xYxF2+x.  

ʆʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜʽʚ ʤʦʥʦʪʦʥʥʦ 

ʟʤʝʥʰʫʻʪʴʩʷ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʽʪʨʽʶ ʫ ʩʪʨʫʢʪʫʨʽ ʟʘ ʨʘʭʫʥʦʢ ʟʘʤʽʱʝʥʥʷ 

ʙʽʣʴʰʦʛʦ ʽʦʥʫ Ba2+ ʥʘ ʤʝʥʰʠʡ Y3+. ʊʘʢʘ ʟʤʽʥʘ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʜʦ ʚʤʽʩʪʫ ʽʪʨʽʶ 

ʭ=0,07 (ʨʠʩ. 3.40). ɽʬʝʢʪʠʚʥʽ ʽʦʥʥʽ ʨʘʜʽʫʩʠ ɺʘ2+ ʪʘ Y3+ ʜʦʨʽʚʥʶʶʪʴ ʚʽʜʧʦʚʽʜʥʦ 0,135 

ʪʘ 0,090 ʥʤ (ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ VI) [173]. ʆʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʟʤʝʥʰʫʶʪʴʩʷ 

ʚʽʜ 2,381 ʥʤ3 ʫ ɺʘF2 ʜʦ 2,359 ʥʤ
3 ʫ ɺʘ0,93Y0,07F2,07. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʚʤʽʩʪʫ 

ʟʘʤʽʩʥʠʢʘ ʥʝ ʟʤʽʥʶʻ ʨʦʟʤʽʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʦʜʝʨʞʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ɼʘʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ ʪʦʛʦ, ʱʦ ʧʦʯʠʥʘʶʯʠ ʟʽ ʟʨʘʟʢʘ ʟ ʚʤʽʩʪʦʤ ʽʪʨʽʶ 



ʭ=0,07, ʧʦʯʠʥʘʻ ʧʨʦʩʣʽʜʢʦʚʫʚʘʪʠʩʴ ʫʪʚʦʨʝʥʥʷ ʜʨʫʛʦʾ ʬʘʟʠ ʽʟʦʩʪʨʫʢʪʫʨʥʦʾ ʜʦ ɺʘF2 ʟ 

ʤʝʥʰʠʤ ʧʝʨʽʦʜʦʤ ˇʨʘʪʢʠ, ʥʽʞ ʫ ʦʩʥʦʚʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ (ʨʠʩ. 3.40). ʋʪʚʦʨʝʥʥʷ 

ʜʘʥʦʾ ʬʘʟʠ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ ʥʘ ʜʠʬʨʘʢʮʽʡʥʦʤʫ ʩʧʝʢʪʨʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟ 

ʚʤʽʩʪʦʤ ʽʪʨʽʶ ʭ=0,15, ʜʝ ʯʽʪʢʦ ʧʨʦʷʚʣʷʶʪʴʩʷ ʜʫʙʣʶʶʯʽ ʧʽʢʠ ʧʝʨʰʠʭ ʯʦʪʠʨʴʦʭ 

ʜʠʬʨʘʢʮʽʡʥʠʭ ʤʘʢʩʠʤʫʤʽʚ ʦʩʥʦʚʥʦʾ ʬʘʟʠ, ʧʨʠʯʦʤʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʾʭ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʧʨʠ ʚʽʜʧʦʚʽʜʥʦʤʫ ʟʤʝʥʰʝʥʥʽ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʤʘʢʩʠʤʫʤʽʚ ʦʩʥʦʚʥʦʾ ʬʘʟʠ. ʎʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʜʨʫʛʘ ʬʘʟʘ ʻ ʪʘʢʦʞ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ, ʘʣʝ ʟ ʙʽʣʴʰʠʤ ʚʤʽʩʪʦʤ ʽʪʨʽʶ. ʂʨʠʩʪʘʣʽʯʥʘ 

ˇʨʘʪʢʘ ʯʠʩʪʦʛʦ YF3 ʤʘʻ ʦʨʪʦʨʦʤʙʽʯʥʫ ʩʠʥʛʦʥʽʶ.  

 

ʈʠʩ. 3.40. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟʘʭ ʩʢʣʘʜʫ Ba1-xYxF2+x.  

ʆʜʝʨʞʘʥʽ ʥʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʩʠʥʪʝʟʫ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ 

ʢʨʠʩʪʘʣʽʯʥʫ ˇʨʘʪʢʫ (P4/nmm) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ BaSnF4 (ʢʘʨʪʢʘ JCPDS ˉ 00-

038-0738) (ʨʠʩ. 3.41). ʄʘʢʩʠʤʘʣʴʥʠʡ ʚʤʽʩʪ ʽʪʨʽʶ ʫ ʦʜʝʨʞʘʥʠʭ ʬʘʟʘʭ ʩʢʣʘʚ 

ʭ=0,10 ʤʦʣʴʥʠʭ ʯʘʩʪʠʥ. ʇʦʜʘʣʴʰʝ ʟʙʽʣʴʰʝʥʥʷ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʪʨʽʶ ʫ ʪʚʝʨʜʦʤʫ 

ʨʦʟʯʠʥʽ ʩʧʨʠʯʠʥʷʻ ʚʠʧʘʨʦʚʫʚʘʥʥʷ ʬʪʦʨʠʜʫ ʩʪʘʥʫʤʫ, ʟʤʽʥʫ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʫ ʩʠʩʪʝʤʽ ʪʘ ʫʪʚʦʨʝʥʥʶ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ. 



 

ʈʠʩ. 3.41. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟʘʭ ʩʢʣʘʜʫ ɺa1-xYxSnF4+x. 

ʈʦʟʨʘʭʦʚʘʥʽ ʦʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xYxSnF4+x 

ʟʤʝʥʰʫʶʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ ʽʪʨʽʶ ʫ ʦʜʝʨʞʘʥʠʭ ʬʘʟʘʭ (ʨʠʩ. 3.42). ɼʘʥʫ 

ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʜʦʚʽʣʴʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʤʽʱʝʥʥʷ.  

 

ʈʠʩ. 3.42. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ  ʢʦʤʽʨʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟʘʭ ʩʢʣʘʜʫ ɺa1-xYxSnF4+x. 



ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ EDX ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ 

ʝʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʦʜʝʨʞʘʥʠʭ ʬʘʟ ʤʘʡʞʝ ʥʝ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʨʦʟʨʘʭʫʥʢʦʚʦʛʦ. 

ɿʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʛʦ ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣ. 3.10. ʅʝʟʥʘʯʥʽ 

ʚʽʜʭʠʣʝʥʥʷ ʚʽʜ ʬʦʨʤʫʣʴʥʦʛʦ ʩʢʣʘʜʫ, ʱʦ ʧʨʦʩʣʽʜʢʦʚʫʶʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ, 

ʤʦʞʫʪʴ ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʽ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ SnF2 ʪʘ ʧʦʭʠʙʢʦʶ ʧʨʠʣʘʜʫ. 

ʊʘʙʣʠʮʷ 3.10. ╖ ɽʣʝʤʝʥʪʥʠʡ ʩʢʣʘʜ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xYxSnF4+x. 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʩʢʣʘʜ ʩʫʤʽʰʽ ʈʝʟʫʣʴʪʘʪʠ EDX ʧʽʩʣʷ 

ʩʠʥʪʝʟʫ 

ʌʦʨʤʫʣʘ ɽʣʝʤʝʥʪ ɸʪ,% ɸʪ, % ʉʢʣʘʜ, ʤʦʣʴ 

BaSnF4 Ba 16,66 16,49 0,99 

Sn 16,67 16,84 1,01 

F 66,67 66,67 4,00 

Ba0,97Y0,03SnF4,03 Ba 15,96 15,87 0,96 

Y 0,50 0,50 0,03 

Sn 16,50 16,69 1,01 

F 67,04 66,94 4,05 

Ba0,95Y0,05SnF4,05 Ba 15,76 15,87 0,96 

Y 0,82 0,99 0,06 

Sn 16,55 16,20 0,98 

F 66,88 66,94 4,05 

Ba0,90Y0,10SnF4,10 Ba 14,70 14,77 0,91 

Y 1,64 1,79 0,11 

Sn 16,36 16,07 0,99 

F 67,31 67,37 4,15 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʠʥʪʝʟʦʚʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  

ɺa1-xYxSnF4+x ʧʦʢʘʟʘʣʠ, ʱʦ ʚʦʥʘ ʧʦʢʨʘʱʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ 

ʫ ʩʪʝʭʽʦʤʝʪʨʠʯʥʽʡ ʩʧʦʣʫʮʽ BaSnF4 (ʨʠʩ. 3.43). ɼʘʥʠʡ ʝʬʝʢʪ ʤʦʞʝ ʙʫʪʠ ʥʘʩʣʽʜʢʦʤ 

ʟʘʤʽʱʝʥʥʷ ʚʫʟʣʦʚʠʭ ʧʦʟʠʮʽʡ ʽʦʥʽʚ Ba2+ ʥʘ Y3+ ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʫʪʚʦʨʶʶʪʴʩʷ 

ʤʽʞʚʫʟʣʦʚʽ ʽʦʥʠ Fï ʟʘ ʩʭʝʤʦʶ ʟʛʽʜʥʦ ʟ ʧʦʟʥʘʯʝʥʥʷʤʠ ʂʨʝʛʝʨʘ-ɺʽʥʢʘ: 

2

Å

3 Ba (BaF )YF Y + Fi­ ¡
. 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʽʪʨʽʶ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʢʽʣʴʢʽʩʪʴ ʨʫʭʣʠʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʘʥʽʦʥʽʚ ʬʪʦʨʫ, ʱʦ ʽ ʧʦʢʨʘʱʫʻ ʧʨʦʚʽʜʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 



ʪʚʝʨʜʦʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ. ʅʘʡʢʨʘʱʽ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʻ ʬʘʟʘ 

Ba0,90Y0,10SnF4,10, ʜʣʷ ʷʢʦʾ ů = 1,53Ā10
ï3 ʉʤ/ʩʤ ʧʨʠ 353ʂ.  

 

ʈʠʩ. 3.43. ɿʘʣʝʞʥʽʩʪʴ ʟʤʽʥʠ ʦʙôʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ 

ʬʘʟʘʭ ʩʢʣʘʜʫ ɺa1-xYxSnF4+x. 

ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

ʟʘʜʦʚʽʣʴʥʦ ʘʧʨʦʢʩʠʤʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘ-ʌʨʝʥʢʝʣʷ. ɿ ʨʠʩ. 3.43 ʚʠʜʥʦ, ʱʦ 

ʜʘʥʽ ʟʘʣʝʞʥʦʩʪʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʜʚʦʭ ʧʨʷʤʦʣʽʥʽʡʥʠʭ ʜʽʣʷʥʦʢ ʟ ʨʽʟʥʠʤ 

ʢʫʪʦʤ ʥʘʭʠʣʫ ʜʦ ʪʝʤʧʝʨʘʪʫʨʥʦʾ ʦʩʽ. ʎʝʡ ʧʝʨʝʛʠʥ ʟʤʽʱʫʻʪʴʩʷ ʚ ʩʪʦʨʦʥʫ ʚʠʱʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜ 420ʂ (ʜʣʷ Ba0,97Y0,03SnF4,03) ʜʦ 465ʂ (ʜʣʷ Ba0,90Y0,10SnF4,10) ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʚʤʽʩʪʫ ʽʪʨʽʶ ʫ ʦʜʝʨʞʘʥʠʭ ʤʘʪʝʨʽʘʣʘʭ. ʅʘʷʚʥʽʩʪʴ ʜʘʥʦʛʦ ʝʬʝʢʪʫ ʤʦʞʝ 

ʙʫʪʠ ʦʙʫʤʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʠʤʠ ʟʤʽʥʘʤʠ ʬʘʟʠ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʟʙʽʣʴʰʫʻʪʴʩʷ ʢʽʣʴʢʽʩʪʴ 

ʘʥʽʦʥʽʚ ʬʪʦʨʫ ʫ ʤʽʞʚʫʟʣʦʚʠʭ ʧʨʦʩʪʦʨʘʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʚ ʨʝʟʫʣʴʪʘʪʽ ʥʘʛʨʽʚʘʥʥʷ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʬʘʟ [161]. ʌʪʦʨʠʜ-ʽʦʥʠ ʫ ʧʨʦʚʽʜʥʠʭ ʬʘʟʘʭ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʬʣʶʦʨʠʪʫ 

ʪʘ ʪʠʩʦʥʽʪʫ ʟʘʡʤʘʶʪʴ ʪʨʠ ʨʽʟʥʽ ʧʦʟʠʮʽʾ [162], ʱʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ 

ʢʘʪʽʦʥʥʠʤ ʦʪʦʯʝʥʥʷʤ ʪʘ ʜʦʚʞʠʥʦʶ ʟʚôʷʟʢʫ MïF. ʇʨʠ ʧʝʚʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʣʦʢʘʣʴʥʦ 

ʨʫʭʣʠʚʽ ʬʪʦʨʠʜ-ʘʥʽʦʥʠ ʥʘʙʫʚʘʶʪʴ ʝʥʝʨʛʽʾ, ʜʦʩʪʘʪʥʴʦʾ ʜʣʷ ʧʦʜʦʣʘʥʥʷ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 

ʙʘʨôʻʨʫ ʽ ʧʝʨʝʭʦʜʫ ʚ ʤʽʞʚʫʟʣʦʚʠʡ ʧʨʦʩʪʽʨ. ʇʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʟʘʨʷʜʫ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ, ʘ ʟʙʽʣʴʰʫʻʪʴʩʷ 

ʣʠʰʝ ʾʭʥʷ ʨʫʭʣʠʚʽʩʪʴ. 



ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʦʜʝʨʞʘʥʠʭ 

ʬʪʦʨʠʜʥʠʭ ʬʘʟ ʻ ʤʝʥʰʠʤʠ ʟʘ ʚʽʜʧʦʚʽʜʥʽ ʟʥʘʯʝʥʥʷ ʚʠʭʽʜʥʦʾ ʩʧʦʣʫʢʠ BaSnF4 ʫ 

ʚʩʴʦʤʫ ʜʦʩʣʽʜʞʝʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ (ʪʘʙʣ. 3.11), ʱʦ ʤʦʞʝ ʙʫʪʠ 

ʥʘʩʣʽʜʢʦʤ ʚʧʣʠʚʫ ʛʝʪʝʨʦʚʘʣʝʥʪʥʦʛʦ ʟʘʤʽʩʥʠʢʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʠʭ ʬʘʟ. 

ʊʘʙʣʠʮʷ 3.11.  ╖  ʇʘʨʘʤʝʪʨʠ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ  

ɺa1-xYxSnF4+x. 

ɿʨʘʟʦʢ  æɽʘ, ʝɺ 
lg(A), 

(ʉʤ/ʩʤ)Āʂ 
ů, ʉʤ/cʤ ʊ, ʂ 

BaSnF4 
300ï430 

430ï623 

0,23 

0,39 

1,12 

3,04 

1,80ẗ10-5 

6,96ẗ10-4 

353 

573 

Ba0,97Y0,03SnF4,03 
300ï420 

420ï623 

0,11 

0,32 

0,36 

2,74 

1,46ẗ10-4 

1,54ẗ10-3 

353 

573 

Ba0,95Y0,05SnF4,05 
300ï460 

460ï623 

0,09 

0,26 

0,48 

2,31 

4,36ẗ10-4 

1,90ẗ10-3 

353 

573 

Ba0,90Y0,10SnF4,10 
300ï465 

465ï623 

0,08 

0,20 

0,86 

2,15 

1,53ẗ10-3 

4,14ẗ10-3 

353 

573 

ʇʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʧʦʩʪʫʧʦʚʝ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʚʽʜ 0,32 ʝɺ (ʜʣʷ 

Ba0,97Y0,03SnF4,03) ʜʦ 0,20 ʝɺ (ʜʣʷ Ba0,90Y0,10SnF4,10) ʫ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʽʡ ʦʙʣʘʩʪʽ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ.  

ʅʘ ʨʠʩ. 3.44 ʧʨʝʜʩʪʘʚʣʝʥʽ ʩʧʝʢʪʨʠ ʽʤʧʝʜʘʥʩʫ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʜʣʷ 

ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʦʾ ʬʪʦʨʠʜʧʨʦʚʽʜʥʦʾ ʬʘʟʠ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʉʧʝʢʪʨʠ 

ʽʤʧʝʜʘʥʩʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ba0,90Y0,10SnF4,10 ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʅʘʡʢʚʽʩʪʘ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʚʜʘʚʣʝʥʦʶ ʥʘʧʽʚʢʨʫʛʣʦʶ ʜʫʛʦʶ, ʱʦ ʟʘʜʦʚʽʣʴʥʦ ʦʧʠʩʫʻʪʴʩʷ 

ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʩʭʝʤʦʶ ʚ ʷʢʽʡ ʧʘʨʘʣʝʣʴʥʦ ʟôʻʜʥʘʥʦ ʦʙôʻʤʥʠʡ ʧʠʪʦʤʠʡ ʦʧʽʨ R ʽ 

ʝʣʝʤʝʥʪ ʧʦʩʪʽʡʥʦʾ ʬʘʟʠ (CPE) [176]. ɺʽʜʩʫʪʥʽʩʪʴ ʜʨʫʛʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʧʽʚʢʦʣʘ 

ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʽʤʧʝʜʘʥʩʥʽʡ ʧʣʦʱʠʥʽ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʚʥʝʩʢʫ ʧʦʚʝʨʭʥʝʚʦʾ 

ʧʨʦʚʽʜʥʦʩʪʽ ʚ ʟʘʛʘʣʴʥʫ ʧʨʦʚʽʜʥʽʩʪʴ ʧʦʣʽʢʨʠʩʪʘʣʽʯʥʠʭ ʟʨʘʟʢʽʚ. ɼʣʷ ʟʨʘʟʢʘ 



Ba0,90Y0,10SnF4,10 ʽʤʧʝʜʘʥʩ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ, ʱʦ ʚʢʘʟʫʻ ʥʘ 

ʟʙʽʣʴʰʝʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ.  

 

ʈʠʩ. 3.44. ʉʧʝʢʪʨʠ ʽʤʧʝʜʘʥʩʫ Ba0,90Y0,10SnF4,10 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʆʪʞʝ, ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʫ ʩʠʩʪʝʤʽ BaF2ïYF3ïSnF2 ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʪʘ 

ʧʦʜʘʣʴʰʦʛʦ ʩʧʣʘʚʣʝʥʥʷ ʟ SnF2 ʩʠʥʪʝʟʦʚʘʥʦ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ ɺa1-xYxSnF4+x ʽʟ 

ʤʘʢʩʠʤʘʣʴʥʦ ʤʦʞʣʠʚʠʤ ʚʤʽʩʪʦʤ ʽʪʨʽʶ ʜʦ x=0,10. ʇʦʜʘʣʴʰʝ ʧʽʜʚʠʱʝʥʥʷ 

ʢʦʥʮʝʥʪʨʘʮʽʾ Y3+ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʧʘʨʦʚʫʚʘʥʥʷ SnF2 ʪʘ ʫʪʚʦʨʝʥʥʷ ʜʦʤʽʰʢʦʚʠʭ ʬʘʟ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʦʜʝʨʞʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʩʪʨʫʢʪʫʨʫ 

(P4/nmm), ʽʟʦʩʪʨʫʢʪʫʨʥʫ BaSnF4. ʆʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʤʝʥʰʫʻʪʴʩʷ ʟʽ 

ʟʨʦʩʪʘʥʥʷʤ ʢʦʥʮʝʥʪʨʘʮʽʾ ʽʪʨʽʶ, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ 

ʟʘʤʽʱʝʥʥʷ (Ba2+ Ÿ Y3+). 

ɽʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʠʚ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʝʣʝʤʝʥʪʥʦʛʦ ʩʢʣʘʜʫ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʨʦʟʨʘʭʫʥʢʦʚʦʤʫ, ʘ ʚʽʜʭʠʣʝʥʥʷ ʧʦʷʩʥʶʶʪʴʩʷ ʚʠʧʘʨʦʚʫʚʘʥʥʷʤ 

SnF2 ʪʘ ʧʦʭʠʙʢʦʶ ʚʠʤʽʨʶʚʘʥʴ. 

ɽʣʝʢʪʨʦʬʽʟʠʯʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ, ʱʦ ʽʦʥʥʘ ʧʨʦʚʽʜʥʽʩʪʴ ʪʚʝʨʜʠʭ 

ʨʦʟʯʠʥʽʚ ʟʨʦʩʪʘʻ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʽ Y3+ ʫ ʩʪʨʫʢʪʫʨʽ, ʱʦ ʧʦʚôʷʟʘʥʦ ʟ 

ʫʪʚʦʨʝʥʥʷʤ ʜʦʜʘʪʢʦʚʠʭ ʤʽʞʚʫʟʣʦʚʠʭ ʬʪʦʨʠʜ-ʽʦʥʽʚ. ʅʘʡʚʠʱʽ ʟʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ 

ʦʪʨʠʤʘʥʽ ʜʣʷ ʟʨʘʟʢʘ Ba0,90Y0,10SnF4,10 (ů = 1,53Ŀ10
-3 ʉʤ/ʩʤ ʧʨʠ 353 ʂ). 



ʊʝʤʧʝʨʘʪʫʨʥʽ ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʚʽʜʥʦʩʪʽ ʦʧʠʩʫʶʪʴʩʷ ʨʽʚʥʷʥʥʷʤ ɸʨʨʝʥʽʫʩʘï

ʌʨʝʥʢʝʣʷ ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʜʚʦʤʘ ʜʽʣʷʥʢʘʤʠ ʟ ʨʽʟʥʠʤʠ ʝʥʝʨʛʽʷʤʠ ʘʢʪʠʚʘʮʽʾ. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʦʙʣʘʩʪʴ ʜʝʤʦʥʩʪʨʫʻ ʟʤʝʥʰʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʚʽʜ 0,32 ʜʦ 

0,20 ʝɺ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʢʽʣʴʢʦʩʪʽ ʟʘʤʽʩʥʠʢʘ. 

3.6. ʉʠʥʪʝʟ ʩʢʣʘʜʥʠʭ ʬʪʦʨʠʜʽʚ ʩʪʨʫʢʪʫʨʠ BaSnF4 ʚ ʩʠʩʪʝʤʽ BaF2-BiF3-SnF2 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ. ɺ ʷʢʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʽʪʨʘʪʠ ʙʘʨʽʶ ʪʘ ʚʽʩʤʫʪʫ. ʉʧʦʯʘʪʢʫ ʛʦʪʫʚʘʣʠ 

ʚʠʭʽʜʥʽ ʨʦʟʯʠʥʠ ʥʽʪʨʘʪʽʚ. ɹʘʨʽʡ ʥʽʪʨʘʪ ʨʦʟʯʠʥʷʣʠ ʫ ʜʠʩʪʠʣʴʦʚʘʥʽʡ ʚʦʜʽ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ 0,1 ʄ ʨʦʟʯʠʥʫ. ɺʽʩʤʫʪ ʥʽʪʨʘʪ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʯʠʥʷʣʠ ʚ ʥʽʪʨʘʪʥʽʡ ʢʠʩʣʦʪʽ 

ʧʦʪʽʤ ʨʦʟʚʦʜʠʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʜʦ ʢʦʥʮʝʥʪʨʘʮʽʾ 0,1 ʄ. ʉʪʘʥʜʘʨʪʠʟʘʮʽʶ 

ʨʦʟʯʠʥʽʚ ʧʨʦʚʦʜʠʣʠ ʟʛʽʜʥʦ ʤʝʪʦʜʠʢ ʦʧʠʩʘʥʠʭ ʚ ʨʦʟʜʽʣʽ 2. ʆʪʨʠʤʘʥʽ ʨʦʟʯʠʥʠ 

ʟʤʽʰʫʚʘʣʠ ʚ ʚʽʜʧʦʚʽʜʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʽ ʜʦʜʘʚʘʣʠ ʧʦ ʢʨʘʧʣʷʭ ʜʦ ʨʦʟʯʠʥʫ 

ʬʪʦʨʠʜʫ ʘʤʦʥʽʶ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʤʘʛʥʽʪʥʦʶ ʤʽʰʘʣʢʦʶ. ʇʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ 

ʫʪʚʦʨʶʚʘʣʘʩʷ ʩʫʩʧʝʥʟʽʷ ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ, ʷʢʫ ʧʦʪʽʤ ʚʽʜʦʢʨʝʤʣʶʚʘʣʠ ʚʽʜ ʨʽʜʢʦʾ ʬʘʟʠ, 

ʜʝʢʽʣʴʢʘ ʧʨʦʤʠʚʘʣʠ ʜʠʩʪʠʣʴʦʚʘʥʦʶ ʚʦʜʦʶ ʪʘ ʚʽʜʜʽʣʷʣʠ ʥʘ ʮʝʥʪʨʠʬʫʟʽ. ʆʩʘʜ 

ʚʠʩʫʰʫʚʘʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 333 ʂ ʧʨʦʪʷʛʦʤ 48 ʛʦʜʠʥ. 

ɸʥʘʣʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʈʌɸ ʚʢʘʟʫʻ, ʱʦ ʦʪʨʠʤʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ ɺa1-

xBixF2+x ʤʘʶʪʴ ʢʫʙʽʯʥʫ ʢʨʠʩʪʘʣʽʯʥʫ ʛʨʘʪʢʫ (ʧʨ. ʛʨ. Fm3m) ʪʘ ʻ ʽʟʦʩʪʨʫʢʪʫʨʥʠʤʠ ɺʘF2 

(ʢʘʨʪʢʘ JCPDS ˉ 00-004-0452) (ʨʠʩ. 3.45).  

 

ʈʠʩ. 3.45. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xBixF2+x (0,30<x<0,43).  



ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʤʘʻ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ (0,30ÒʭÒ0,43) ʚʤʽʩʪʫ ʚʽʩʤʫʪʫ. ɼʦ 0,30 ʤ.ʯ. 

ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ ʩʫʤʽʰ BaF2 ʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʧʽʩʣʷ 0,43 ʤ.ʯ. ʚʽʜʤʽʯʘʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʦʢʩʠʬʪʦʨʠʜʫ ʚʽʩʤʫʪʫ.  

ʈʦʟʨʘʭʦʚʘʥʽ ʦʙôʻʤʠ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʜʣʷ ʜʘʥʦʛʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʛʦ 

ʽʥʪʝʨʚʘʣʫ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʢʨʠʩʪʘʣʽʯʥʦʾ ʛʨʘʪʢʠ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʚʤʽʩʪʫ Bi3+ (ʨʠʩ. 3.46). ɼʘʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʦʞʥʘ ʟʘʜʦʚʽʣʴʥʦ ʘʧʨʦʢʩʠʤʫʚʘʪʠ 

ʨʽʚʥʷʥʥʷʤ ʧʨʷʤʦʾ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻʪʴʩʷ ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʤʽʱʝʥʥʷ. 

ɯ ʦʙʫʤʦʚʣʝʥʦ ʟʘʤʽʱʝʥʥʷʤ ʙʽʣʴʰʦʛʦ ʟʘ ʝʬʝʢʪʠʚʥʠʤ ʨʘʜʽʫʩʦʤ ʢʘʪʽʦʥʫ ʙʘʨʽʶ 0,135 ʥʤ 

ʥʘ ʢʘʪʽʦʥ ʚʽʩʤʫʪʫ 0,103 ʥʤ (ʜʣʷ ʢʦʦʨʜʠʥʘʮʽʾ VI) [173]. ʉʘʤʝ ʪʦʤʫ ʦʙôʻʤ 

ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʚ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʘʭ ʟʤʝʥʰʫʶʪʴʩʷ ʚʽʜ 222 ʥʤ3 ʫ 

ɺa0,70Bi0,30F2,30 ʜʦ 220 ʥʤ
3 ʫ ɺa0,57Bi0,43F2,43. 

 

ʈʠʩ. 3.46. ɿʤʽʥʘ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xBixF2+x  

(0,30<x<0,43). 

ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʦʪʨʠʤʘʥʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʧʽʢʘʣʠ ʟ ʬʪʦʨʠʜʦʤ ʩʪʘʥʫʤʫ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773K ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʧʨʦʪʷʛʦʤ 30 ʭʚ. ɿʘ ʜʘʥʠʤʠ ʈʌɸ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʧʽʢʘʥʥʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʆɺʈ ʤʽʞ Sn2+ ʽ Bi3+ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʥʘʩʪʫʧʥʠʭ ʦʩʥʦʚʥʠʭ ʧʨʦʜʫʢʪʽʚ ʙʘʨʽʡ ʛʝʢʩʘʬʪʦʨʩʪʘʥʘʪʫ, ʤʝʪʘʣʽʯʥʦʛʦ ʚʽʩʤʫʪʫ. 

ʈʦʟʨʘʭʫʥʦʢ ʩʢʣʘʜʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ Xpert ʚʢʘʟʫʻ ʱʦ 

ʥʘʡʙʽʣʴʰʝ ʫʪʚʦʨʶʻʪʴʩʷ ʙʘʨʽʡ ʛʝʢʩʘʬʪʦʨʩʪʘʥʘʪʫ - 65 %, ʤʝʪʘʣʽʯʥʦʛʦ ʚʽʩʤʫʪʫ 24 % 

(ʨʠʩ. 3.47).  



 

ʈʠʩ. 3.47. ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʦʪʨʠʤʘʥʦʛʦ ʟʨʘʟʢʫ ʩʧʽʢʘʥʥʷʤ ɺa0,57Bi0,43F2,43 ʟ 

ʜʠʬʪʦʨʠʜʦʤ ʩʪʘʥʫʤʫ. 

ɼʣʷ ʚʩʴʦʛʦ ʜʦʩʣʽʜʞʝʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʢʦʥʮʝʥʪʨʘʮʽʡ ʧʨʦʩʣʽʜʢʦʚʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷ ʜʘʥʠʭ ʩʧʦʣʫʢ (ʨʠʩ. 3.48). ʆʪʞʝ ʚʩʪʘʥʦʚʣʝʥʦ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʪʨʫʢʪʫʨʠ 

BaSnF4 ʚ ʷʢʽʡ ʟʘʤʽʱʝʥʦ ʯʘʩʪʠʥʫ ʢʘʪʽʦʥʽʚ Ba
2+ ʥʘ ʢʘʪʽʦʥʠ Bi3+ ʟʘʟʥʘʯʝʥʠʤ ʚʠʱʝ 

ʤʝʪʦʜʦʤ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ʋʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ 

ʨʦʙʠʪʴ ʦʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʚʝʨʜʽ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ. 

 

ʈʠʩ. 3.48. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʦʪʨʠʤʘʥʠʭ ʟʨʘʟʢʽʚ ʩʧʽʢʘʥʥʷʤ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ɺa1-xBixF2+x ʟ ʜʠʬʪʦʨʠʜʦʤ ʩʪʘʥʫʤʫ.  



ʆʪʞʝ, ʩʠʥʪʝʟ ʫ ʩʠʩʪʝʤʽ BaF2ïBiF3 ʤʝʪʦʜʦʤ ʩʧʽʚʦʩʘʜʞʝʥʥʷ ʟ ʚʦʜʥʠʭ ʨʦʟʯʠʥʽʚ 

ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʢʣʘʜʫ ɺa1-xBixF2+x ʚ ʜʽʘʧʘʟʦʥʽ ʢʦʥʮʝʥʪʨʘʮʽʡ 

ʚʽʩʤʫʪʫ (0,30ÒʭÒ0,43). ʇʨʠ ʤʝʥʰʠʭ ʢʦʥʮʝʥʪʨʘʮʽʷʭ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʩʧʽʚʽʩʥʫʚʘʥʥʷ 

BaF2 ʪʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʘ ʧʨʠ ʚʠʱʠʭ ï ʬʦʨʤʫʚʘʥʥʷ ʦʢʩʠʬʪʦʨʠʜʫ ʚʽʩʤʫʪʫ. 

ʄʝʪʦʜʘʤʠ ʈʌɸ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʽʟʦʩʪʨʫʢʪʫʨʥʽ BaF2 (ʧʨ. ʛʨ. Fm3m) 

ʪʘ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʟʤʝʥʰʝʥʥʷʤ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʽʟ ʟʨʦʩʪʘʥʥʷʤ 

ʚʤʽʩʪʫ Bi3+, ʱʦ ʫʟʛʦʜʞʫʻʪʴʩʷ ʟ ʧʨʘʚʠʣʘʤʠ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʛʦ ʟʘʤʽʱʝʥʥʷ. 

ʇʦʜʘʣʴʰʝ ʩʧʽʢʘʥʥʽ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʽʟ SnF2 ʟʘ 773 K ʚ ʘʪʤʦʩʬʝʨʽ 

ʘʨʛʦʥʫ ʧʨʠʟʚʦʜʠʪʴ ʆɺʈ ʟ ʫʪʚʦʨʝʥʥʷʤ BaSnF6 ʪʘ ʤʝʪʘʣʽʯʥʦʛʦ Bi. ʆʩʥʦʚʥʠʤ 

ʧʨʦʜʫʢʪʦʤ ʻ BaSnF6 (å65%). ʉʧʨʦʙʠ ʩʠʥʪʝʟʫʚʘʪʠ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʩʪʨʫʢʪʫʨʠ BaSnF4 

ʽʟ ʯʘʩʪʢʦʚʠʤ ʟʘʤʽʱʝʥʥʷʤ Ba2+ ʥʘ Bi3+ ʟʘʟʥʘʯʝʥʠʤ ʤʝʪʦʜʦʤ ʚ ʜʦʩʣʽʜʞʝʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʢʦʥʮʝʥʪʨʘʮʽʡ ʚʠʷʚʠʣʠʩʷ ʙʝʟʫʩʧʽʰʥʠʤʠ. ʋʪʚʦʨʝʥʥʷ ʟʥʘʯʥʦʾ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ ʨʦʙʠʪʴ ʦʪʨʠʤʘʥʽ ʤʘʪʝʨʽʘʣʠ ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʝʣʝʢʪʨʦʣʽʪʠ. 

ɺʠʩʥʦʚʢʠ ʜʦ ʨʦʟʜʽʣʫ 3 

ʈʦʟʨʦʙʣʝʥʦ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʫ ʜʚʦʩʪʘʜʽʡʥʫ ʤʝʪʦʜʠʢʫ ʩʠʥʪʝʟʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʥʘ ʦʩʥʦʚʽ BaSnF4, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʜʝʨʞʘʥʥʷ ʷʢʽʩʥʠʭ ʟʨʘʟʢʽʚ ʧʨʠ ʥʠʞʯʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʽ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʩʠʥʪʝʟʫ. 

ɿôʷʩʦʚʘʥʦ, ʱʦ ʚ ʩʪʨʫʢʪʫʨʽ BaF2 ʤʝʪʦʜʦʤ ʦʩʘʜʞʝʥʥʷ ʟ ʚʦʜʥʠʭ ʘʙʦ ʚʦʜʥʦ-

ʩʧʠʨʪʦʚʠʭ ʨʦʟʯʠʥʽʚ ʤʦʞʣʠʚʘ ʽʟʦʤʦʨʬʥʘ ʟʘʤʽʥʘ ʽʦʥʽʚ Ba2+ ʥʘ ʽʦʥʠ La3+, Y3+ ʪʘ Bi3+. 

ʄʝʞʽ ʨʦʟʯʠʥʥʦʩʪʽ ʩʪʘʥʦʚʣʷʪʴ (0<xÒ0,12) ʜʣʷ La3+, (0<xÒ0,07). ʜʣʷ Y3+ ̔  ʟʥʘʭʦʜʷʪʴʩʷ 

ʚ ʜʽʘʧʘʟʦʥʽ (0,30ÒxÒ0,43) ʜʣʷ Bi3+. ɺ ʨʝʟʫʣʴʪʘʪʽ ʫʪʚʦʨʶʶʪʴʩʷ ʦʜʥʦʬʘʟʥʽ ʪʚʝʨʜʽ 

ʨʦʟʯʠʥʠ ʟ ʢʫʙʽʯʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʙʘʨʽʡ ʬʪʦʨʠʜʫ ʷʢʠʤ ʧʨʠʪʘʤʘʥʥʝ ʟʤʝʥʰʝʥʥʷ 

ʧʘʨʘʤʝʪʨʘ ˇʨʘʪʢʠ ʟʽ ʟʨʦʩʪʘʥʥʷʤ ʚʤʽʩʪʫ ʪʨʠʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʧʽʢʘʥʥʷʤ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ Ba1ïxLaxF2+x 0<xÒ0,12 ʟ ʩʪʘʥʫʤ 

(II) ʬʪʦʨʠʜʦʤ ʫ ʨʦʟʨʘʭʦʚʘʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʧʨʠ 773 K ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʽ ʦʜʥʦʬʘʟʥʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ Ba1-y-ʭLʘʭSn1+yF4+ʭ 

(0<xÒ0,12; 0<yÒ0,20), ʢʨʠʩʪʘʣʽʯʥʘ ʨʝʰʽʪʢʘ ʷʢʠʭ ʽʟʦʪʠʧʥʘ ʟ BaSnF4 ʪʘ ʚʽʜʧʦʚʽʜʘʻ 

ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʠʥʛʦʥʽʾ (P4/ʥʤʤ). 



ɺʠʟʥʘʯʝʥʦ, ʦʧʪʠʤʘʣʴʥʠʡ ʪʠʩʢ ʧʨʝʩʫʚʘʥʥʷ ʟʨʘʟʢʽʚ ʜʣʷ ʩʠʩʪʝʤʠ BaF2-LaF3-SnF2, 

ʱʦ ʩʢʣʘʜʘʻ 9,8 MPa ʜʣʷ ʮʠʣʽʥʜʨʠʯʥʠʭ ʟʨʘʟʢʽʚ ʜʽʘʤʝʪʨʦʤ 8 ʤʤ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʪʚʝʨʜʦʬʘʟʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 773ï823 ʂ 

ʧʨʦʪʷʛʦʤ 30ï60 ʭʚ. ʫ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʟ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xYʭF2+x ʪʘ ʩʪʘʥʫʤ (ɯɯ) 

ʬʪʦʨʠʜʫ ʤʦʞʥʘ ʦʜʝʨʞʘʪʠ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʪʦʨʠʜʥʽ ʬʘʟʠ ɺa1-xYxSnF4+x (0<ʭÒ0,10) 

ʟ ʪʝʪʨʘʛʦʥʘʣʴʥʦʶ ʢʨʠʩʪʘʣʽʯʥʦʶ ʛʨʘʪʢʦʶ ʽʟʦʩʪʨʫʢʪʫʨʥʽ BaSnF4.  

ʇʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʨʠ ʩʧʽʢʘʥʥʽ ʦʪʨʠʤʘʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ɺa1-xBixF2+x 

ʽʟ SnF2 ʟʘ 773 K ʚ ʘʪʤʦʩʬʝʨʽ ʘʨʛʦʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʆɺʈ ʟ ʫʪʚʦʨʝʥʥʷʤ BaSnF6 ʪʘ 

ʤʝʪʘʣʽʯʥʦʛʦ Bi. ʆʪʞʝ, ʟʘʟʥʘʯʝʥʠʤ ʤʝʪʦʜʦʤ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ 

ʽʟʦʩʪʨʫʢʪʫʨʥ ̔BaSnF4 ʽʟ ʯʘʩʪʢʦʚʠʤ ʟʘʤʽʱʝʥʥʷʤ Ba
2+ ʥʘ Bi3+ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ.  

ɺʩʪʘʥʦʚʣʝʥʦ ʚʧʣʠʚ ʷʢʽʩʥʦʛʦ ʪʘ ʢʽʣʴʢʽʩʥʦʛʦ ʩʢʣʘʜʫ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ 

BaxM1-xSnF4+x (M = La, Y) ʥʘ ʦʩʦʙʣʠʚʦʩʪʽ ʾʭ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʪʘ 

ʝʣʝʢʪʨʦʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ɺʠʷʚʣʝʥʦ, ʱʦ ʟʘʤʽʱʝʥʥʷ ʢʘʪʽʦʥʽʚ Ba2+ ʽʦʥʘʤʠ M3+ 

ʟʫʤʦʚʣʶʻ ʟʨʦʩʪʘʥʥʷ ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ ʜʦ ʜʦʩʷʛʥʝʥʥʷ ʧʦʨʦʛʫ 

ʧʝʨʢʦʣʷʮʽʾ. ʅʘʡʢʨʘʱʠʤʠ ʧʨʦʚʽʜʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʚ ʩʠʩʪʝʤʘʭ BaF2-LaF3-SnF2 ʪʘ 

BaF2-YF3-SnF2 ʭʘʨʘʢʪʝʨʠʟʫʪʁʴʩʷ ʬʘʟʠ Ba0,78La0,12Sn1,10F4,12 (ůʂʊ = 4,26Ŀ10
-3 ʉʤ/ʩʤ) 

ʪʘ Ba0,90Y0,10SnF4,10 (ů353 = 1,53Ā10
ï3 ʉʤ/ʩʤ)  

ʈʦʟʨʘʭʫʥʢʠ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ ʧʦʢʘʟʘʣʠ, ʱʦ ʯʠʤ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ 

ʟʘʤʽʩʥʠʢʘ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ, ʪʠʤ ʤʝʥʰʽ ʟʥʘʯʝʥʥʷ ʝʥʝʨʛʽʾ ʘʢʪʠʚʘʮʽʾ ʧʨʦʚʽʜʥʦʩʪʽ 

ʤʘʶʪʴ ʚʽʜʧʦʚʽʜʥʽ ʬʘʟʠ BaxM1-xSnF4+x ʪʘ ɺa1-xYxSnF4+x ʚ ʫʩʴʦʤʫ ʜʦʩʣʽʜʞʝʥʦʤʫ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʜʽʘʧʘʟʦʥʽ. 

ɼʦʚʝʜʝʥʦ, ʱʦ ʧʨʦʚʽʜʥʽʩʪʴ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ ʤʘʻ ʫʥʽʧʦʣʷʨʥʫ ʽʦʥʥʫ ʧʨʦʚʽʜʥʽʩʪʴ, 

ʧʝʨʝʥʦʩ ʟʘʨʷʜʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʧʝʨʝʚʘʞʥʦ ʽʦʥʘʤʠ F  (ʯʠʩʣʘ ʧʝʨʝʥʦʩʫ ʙʣʠʟʴʢʽ ʜʦ 

ʦʜʠʥʠʮʽ). 

  



ʈʆɿɼɯʃ 4. ɺʀɹɯʈ ʇʆʊɽʅʎɯʁʅʀʍ ʉʂʃɸɼʆɺʀʍ ɽʃɽʂʊʈʆɼʅʀʍ ʊɸ 

ɽʃɽʂʊʈʆʃɯʊʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɼʃʗ ʌʊʆʈʀɼ-ɯʆʅʅʀʍ ɼɾɽʈɽʃ 

ʉʊʈʋʄʋ 

4.1. ʊʝʦʨʝʪʠʯʥʽ ʦʩʥʦʚʠ ʚʠʙʦʨʫ ʘʢʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʝʣʝʢʪʨʦʜʽʚ ʜʣʷ ʬʪʦʨʠʜ-

ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ 

ʈʦʟʨʦʙʢʘ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ ʻ ʦʜʥʽʻʶ ʟ 

ʥʘʡʘʢʪʫʘʣʴʥʽʰʠʭ ʟʘʜʘʯ ʩʫʯʘʩʥʦʾ ʥʘʫʢʠ ʪʘ ʪʝʭʥʽʢʠ. ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʚʠʩʦʢʽ ʧʠʪʦʤʽ 

ʝʥʝʨʛʝʪʠʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʣʽʪʽʻʚʠʭ ʜʞʝʨʝʣ ʞʠʚʣʝʥʥʷ, ʾʭ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʦʙʤʝʞʫʻʪʴʩʷ ʯʝʨʝʟ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ ʣʽʪʽʶ ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ ʡʦʛʦ ʧʨʠʨʦʜʥʠʭ ʨʝʩʫʨʩʽʚ. 

ʎʝ ʟʫʤʦʚʣʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʦʰʫʢʫ ʘʣʴʪʝʨʥʘʪʠʚʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʝʣʝʢʪʨʦʜʽʚ ʽ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. ɺʧʨʦʚʘʜʞʝʥʥʷ ʽʥʥʦʚʘʮʽʡʥʠʭ ʢʦʥʮʝʧʮʽʡ ʫ ʛʘʣʫʟʽ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ 

ʝʥʝʨʛʽʾ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʜʦʩʪʦʚʽʨʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʱʦʜʦ ʥʘʫʢʦʚʦ 

ʦʙˇʨʫʥʪʦʚʘʥʠʭ ʧʨʠʥʮʠʧʽʚ ʚʠʙʦʨʫ ʩʢʣʘʜʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ. 

ɿ ʧʦʟʠʮʽʡ ʪʝʨʤʦʜʠʥʘʤʽʢʠ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʠʤʠ ʢʨʠʪʝʨʽʷʤʠ ʻ ʟʥʘʯʝʥʥʷ 

ʩʪʘʥʜʘʨʪʥʠʭ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ ʪʘ ʝʥʝʨʛʽʾ ˇʨʘʪʢʠ ʬʪʦʨʠʜʽʚ. ʎʽ ʧʘʨʘʤʝʪʨʠ 

ʚʠʟʥʘʯʘʶʪʴ ʚʝʣʠʯʠʥʫ ɽʈʉ ʝʣʝʤʝʥʪʘ ʽ ʚʽʜʧʦʚʽʜʥʦ ʚʠʟʥʘʯʘʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ 

ʧʨʦʭʦʜʞʝʥʥʷ ʨʝʘʢʮʽʾ ʪʘ ʥʘʧʨʷʤ. ɿ ʤʝʪʦʶ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ 

ʚʘʨʽʘʥʪʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʧʨʦʚʝʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʦʜʥʠʭ ʧʘʨ ʤʝʪʘʣ/ʬʪʦʨʠʜ ʤʝʪʘʣʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʟʘʛʘʣʴʥʽʡ ʢʦʥʮʝʧʮʽʾ, ʘ ʪʘʢʦʞ ʥʠʟʢʠ ʧʘʨ ʬʪʦʨʠʜʽʚ ʤʝʪʘʣʽʚ ʟʽ ʟʤʽʥʥʠʤʠ ʩ.ʦ., ̫ ʢʽ ʥʘ ʥʘʰ 

ʧʦʛʣʷʜ ʤʘʶʪʴ ʙʽʣʴʰʫ ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʢʦʨʠʩʪʘʥʥʷ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʷʢ ʘʥʦʜʽʚ ʚʽʣʴʥʠʭ ʤʝʪʘʣʽʚ ʽʟ ʚʠʩʦʢʠʤ ʥʝʛʘʪʠʚʥʠʤ ʝʣʝʢʪʨʦʜʥʠʤ 

ʧʦʪʝʥʮʽʘʣʦʤ (ʪʘʢʠʭ ʷʢ Ce, La, Sn, Mg, Ca) ʘʙʦ ʾʭʥʽʭ ʩʧʣʘʚʽʚ ʟʘʟʚʠʯʘʡ ʜʘʻ ʟʤʦʛʫ 

ʩʪʚʦʨʶʚʘʪʠ ʧʝʨʚʠʥʥʽ ʜʞʝʨʝʣʘ ʩʪʨʫʤʫ, ɽʈʉ ʷʢʠʭ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʧʫ ʢʘʪʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ʗʢ ʢʘʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʬʪʦʨʠʜʠ ʪʘ ʦʢʩʦʬʪʦʨʠʜʠ ʤʝʪʘʣʽʚ ʽʟ ʤʝʥʰ 

ʥʝʛʘʪʠʚʥʠʤ ʝʣʝʢʪʨʦʜʥʠʤ ʧʦʪʝʥʮʽʘʣʦʤ (ʥʘʧʨʠʢʣʘʜ, CuF2, BiF3, BiO0,1F2,8, NiF2). 

ʅʘʧʨʫʛʘ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʘʥʦʜʽ ʪʘ ʢʘʪʦʜʽ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʘʨʘʤʝʪʨʽʚ ʥʘʧʨʫʛʠ, ʻʤʥʦʩʪʽ, ʪʘ 

ʟʤʽʥʠ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʜʝʷʢʠʭ ʦʢʠʩʥʦʚʽʜʥʦʚʥʠʭ ʧʘʨ Me/MeFx ʧʨʠʚʝʜʝʥʘ 

ʚ ʪʘʙʣʠʮʽ 4.1. 



ʊʘʙʣʠʮʷ 4.1. ╖ ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʢʠʩʥʦ-ʚʽʜʥʦʩʥʠʭ ʧʘʨ Me/MeFx. [177] 

 
ɸʢʪʠʚʥʠʡ 

ʤʘʪʝʨʽʘʣ 

E, ɺ, (ʧʨʦʪʠ 

Li +/Li)  
ɭʤʥʽʩʪʴ (ʤɸ/ʛʦʜ) 

ɿʤʽʥʘ ʦʙôʻʤʫ M 

Ÿ MFx 

ʂʘʪʦʜ Cu ź CuF2 3,54 843,5 237% 

Fe ź FeF3 2,74 1439,8 311% 

Ni ź NiF2 2,96 913,32 211% 

Sn ź SnF4 2,86 903,08 150% 

Bi ź BiF3 3,18 384,7 50% 

ɸʥʦʜ CaF2 ź Ca 0,00 686,5 ī6% 

MgF2 ź Mg 0,54 860,3 42% 

YF3 ź Y 0,41 551,1 168% 

SrF2 ź Sr 0,05 426,7 ī11% 

LaF3 ź La 0,66 410,4 47% 

ʗʢ ʧʨʘʚʠʣʦ, ʪʘʢʽ ʝʣʝʤʝʥʪʠ ʥʝ ʧʽʜʣʷʛʘʶʪʴ ʧʦʚʪʦʨʥʦʤʫ ʟʘʨʷʜʞʘʥʥʶ, ʦʩʢʽʣʴʢʠ 

ʮʠʢʣʠ ʟʘʨʷʜʫ ʪʘ ʨʦʟʨʷʜʫ ʩʧʨʠʯʠʥʷʶʪʴ ʥʝʟʚʦʨʦʪʥʽ ʟʤʽʥʠ ʚ ʩʪʨʫʢʪʫʨʽ ʝʣʝʢʪʨʦʜʥʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʟʘ ʨʘʭʫʥʦʢ ʟʥʘʯʥʠʭ ʟʤʽʥ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʧʨʦʮʝʩʽ 

ʬʪʦʨʫʚʘʥʥʷ (ʨʠʩ. 4.1)  

 

ʈʠʩ. 4.1. ʇʨʦʮʝʩ ʨʦʙʦʪʠ ʬʪʦʨʠʜ ʽʦʥʥʦʾ ʙʘʪʘʨʝʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʣʴʥʠʭ 

ʤʝʪʘʣʽʚ ʷʢ ʘʥʦʜʫ. 



ɹʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʫ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʻ ʬʪʦʨʠʜʠ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʷʢʽ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʢʽʣʴʢʦʭ ʩʪʽʡʢʠʭ ʩʪʫʧʝʥʽʚ ʦʢʠʩʥʝʥʥʷ (ʥʘʧʨʠʢʣʘʜ, Mn, 

Fe, Co, Ni, Cu). ʆʜʥʽʻʶ ʟ ʢʣʶʯʦʚʠʭ ʧʝʨʝʚʘʛ ʌɯɹ ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʫ ʧʝʨʝʭʽʜʥʠʭ ʽ ʨʽʜʢʦʟʝʤʝʣʴʥʠʭ ʝʣʝʤʝʥʪʽʚ, ʷʢʽ ʫʪʚʦʨʶʶʪʴ 

ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ-ʩʪʘʙʽʣʴʥʽ ʬʪʦʨʠʜʠ ʟʽ ʟʤʽʥʥʠʤʠ ʩʪʫʧʝʥʷʤʠ ʦʢʠʩʥʝʥʥʷ. ʉʘʤʝ 

ʙʘʛʘʪʦʚʘʣʝʥʪʥʽ ʝʣʝʤʝʥʪʠ ʚʽʜʢʨʠʚʘʶʪʴ ʧʝʨʩʧʝʢʪʠʚʫ ʚʠʩʦʢʦʾ ʪʝʦʨʝʪʠʯʥʦʾ ʻʤʥʦʩʪʽ, 

ʘʜʞʝ ʚ ʘʢʪʽ ʝʣʝʢʪʨʦʜʥʦʾ ʨʝʘʢʮʽʾ ʤʦʞʝ ʙʨʘʪʠ ʫʯʘʩʪʴ ʙʽʣʴʰʝ ʦʜʥʦʛʦ ʝʣʝʢʪʨʦʥʘ, ʱʦ 

ʧʨʠʥʮʠʧʦʚʦ ʧʽʜʚʠʱʫʻ ʝʥʝʨʛʝʪʠʯʥʫ ʱʽʣʴʥʽʩʪʴ ʩʠʩʪʝʤʠ. ɿʘʛʘʣʦʤ ʨʝʘʢʮʽʾ, ʱʦ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʧʽʜ ʯʘʩ ʟʘʨʷʜʞʘʥʥʷ ʪʘ ʨʦʟʨʷʜʞʘʥʥʷ ʪʘʢʠʭ ʝʣʝʤʝʥʪʽʚ, ʤʦʞʥʘ ʦʧʠʩʘʪʠ 

ʥʘʩʪʫʧʥʦʶ ʩʭʝʤʦʶ:  

ʘʥʦʜ: MᾳFm + nFï Ÿ MᾳF(m+n) + neï; 

ʢʘʪʦʜ: MᾳᾳFz+ neï Ÿ MᾳᾳF(z-n) + nFï; 

MᾳFm + MᾳᾳFz
 Ÿ MᾳF(m+n) + MᾳᾳF(z-n). 

ʊʘʢʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʤʝʥʰʠʤʠ ʟʤʽʥʘʤʠ ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ (ʨʠʩ. 4.2), ʱʦ ʟʥʘʯʥʦ ʟʤʝʥʰʫʻ ʨʫʡʥʫʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʝʣʝʢʪʨʦʜʫ, ʘ 

ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʟʘʨʷʜ/ʨʦʟʨʷʜʫ. ʊʘʢ ʷʢ ʨʝʘʢʮʽʾ ʟʘʟʚʠʯʘʡ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ, ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʱʦ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʥʝ 

ʧʨʦʨʝʘʛʫʻ. ɿʤʽʥʘ ʧʨʠʨʦʜʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʟ ʤʝʪʘʣʫ ʥʘ ʬʪʦʨʠʜ ʤʝʪʘʣʫ, ʩʪʚʦʨʶʻ 

ʰʘʨʠ ʥʝʧʨʦʚʽʜʥʽ ʜʣʷ ʝʣʝʢʪʨʦʥʽʚ, ʫ ʚʠʧʘʜʢʫ ʰʘʨʫ ʬʪʦʨʠʜʽʚ ʪʘ ʽʦʥʽʚ ʫ ʚʠʧʘʜʢʫ 

ʤʝʪʘʣʽʯʥʦʛʦ ʰʘʨʫ, ʯʝʨʝʟ ʱʦ ʯʘʩʪʠʥʘ ʤʘʪʝʨʽʘʣʫ ʚʯʝʨʝʜʠʥʽ ʦʙôʻʤʫ ʛʨʘʥʫʣʠ ʥʘʟʘʚʞʜʠ 

ʩʪʘʻ ʽʟʦʣʴʦʚʘʥʦʶ, ʱʦ ʟʥʘʯʥʦ ʟʥʠʞʫʻ ʻʤʥʽʩʪʴ.  

ɽʬʝʢʪʠʚʥʦʤʫ ʪʘ ʟʚʦʨʦʪʥʦʤʫ ʧʝʨʝʥʝʩʝʥʥʶ ʬʪʦʨʠʜ-ʽʦʥʽʚ ʯʝʨʝʟ ʤʝʞʫ 

ʝʣʝʢʪʨʦʜ/ʝʣʝʢʪʨʦʣʽʪ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʩʧʨʠʷʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʪʦʨʠʜʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʤʘʶʪʴ ʽʟʦʩʪʨʫʢʪʫʨʫ ʟ ʪʚʝʨʜʠʤ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʟʘʩʪʦʩʦʚʫʚʘʥʠʤ ʫ 

ʌɯɹ. ʆʩʦʙʣʠʚʠʡ ʽʥʪʝʨʝʩ ʩʪʘʥʦʚʣʷʪʴ ʥʝʩʪʝʭʽʦʤʝʪʨʠʯʥʽ ʬʪʦʨʠʜʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ 

ʝʣʝʤʝʥʪʽʚ, ʘ ʪʘʢʦʞ ʬʪʦʨʠʜʠ ʜʝʷʢʠʭ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ.  

ʇʨʦʪʝ ʝʬʝʢʪʠʚʥʘ ʨʝʘʣʽʟʘʮʽʷ ʪʘʢʦʛʦ ʧʽʜʭʦʜʫ ʧʦʪʨʝʙʫʻ ʨʝʪʝʣʴʥʦʛʦ ʜʦʙʦʨʫ ʧʘʨ 

ʤʘʪʝʨʽʘʣʽʚ ï ʢʘʪʦʜ/ʘʥʦʜ, ʷʢʽ ʦʜʥʦʯʘʩʥʦ ʤʘʶʪʴ: 

1. ɺʠʩʦʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ ʫ ʬʪʦʨʠʜ-ʽʦʥʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 



2. ʄʦʞʣʠʚʽʩʪʴ ʙʘʛʘʪʦʚʘʣʝʥʪʥʠʭ ʧʝʨʝʭʦʜʽʚ (ʥʘʧʨʠʢʣʘʜ, CuF2 Ÿ Cu, FeF3 Ÿ 

FeF2 Ÿ Fe); 

3. ʉʫʤʽʩʥʽʩʪʴ ʟ ʪʚʝʨʜʠʤʠ ʬʪʦʨʠʜ-ʽʦʥʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʪʘ 

ʭʽʤʽʯʥʦʶ ʩʪʘʙʽʣʴʥʽʩʪʶ; 

4. ʉʧʨʠʷʪʣʠʚʫ ʨʽʟʥʠʮʶ ʝʣʝʢʪʨʦʜʥʠʭ ʧʦʪʝʥʮʽʘʣʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʜʦʩʪʘʪʥʻ 

ʟʥʘʯʝʥʥʷ ɽʈʉ ʢʦʤʽʨʢʠ; 

5. ʅʝʚʠʩʦʢʫ ʤʦʣʝʢʫʣʷʨʥʫ ʤʘʩʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʛʨʘʚʽʤʝʪʨʠʯʥʫ ʻʤʥʽʩʪʴ. 

 

ʈʠʩ. 4.2 ʉʭʝʤʘ ʧʨʦʮʝʩʫ ʬʪʦʨʫʚʘʥʥʷ ʥʘ ʘʥʦʜʽ, ʱʦ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʟʤʽʥʘʤʠ 

ʦʙôʻʤʫ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʽʟʦʣʷʮʽʾ ʯʘʩʪʠʥʠ ʘʢʪʠʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

4.2. ɸʥʘʣʽʟ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʧʦʪʝʥʮʽʘʣʽʚ 

ʝʣʝʢʪʨʦʜʥʠʭ ʨʝʘʢʮʽʡ ʫ ʬʪʦʨʠʜʥʠʭ ʩʠʩʪʝʤʘʭ 

ɿ ʦʛʣʷʜʫ ʥʘ ʚʠʱʝ ʩʢʘʟʘʥʝ, ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʬʪʦʨʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʟʜʘʪʥʠʭ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ɽʈʉ, ʟʥʘʯʥʫ ʻʤʥʽʩʪʴ ʪʘ ʧʨʠʡʥʷʪʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ 

ʩʪʘʙʽʣʴʥʽʩʪʴ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʦʮʽʥʠʪʠ ʪʝʦʨʝʪʠʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘʢʠʭ ʩʠʩʪʝʤ ʧʦʪʨʽʙʥʦ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʝʣʠʯʠʥʫ ɽʈʉ ʪʘ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ, ʷʢʽ ʤʦʞʥʘ ʨʦʟʨʘʭʫʚʘʪʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ ʧʘʨʘʤʝʪʨʠ. 

ʋ ʪʘʙʣʠʮʽ 4.2 ʥʘʚʝʜʝʥʦ ʨʦʟʨʘʭʦʚʘʥʽ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ ʟʥʘʯʝʥʥʷ 

ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ (ɽʈʉ) ʜʣʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʘʨ ʜʝʷʢʠʭ ʬʪʦʨʠʜʽʚ ʨʽʟʥʠʭ 

ʤʝʪʘʣʽʚ (MᾳFm/MᾳᾳFz) ʪʘ ʚʽʜʧʦʚʽʜʥʽ ʧʦʢʘʟʥʠʢʠ ʾʭʥʴʦʾ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ (Qʨ). 



ʊʘʙʣʠʮʷ 4.2. ï ʇʘʨʘʤʝʪʨʠ ɽʈʉ ʪʘ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ Qʨ ʜʣʷ ʜʝʷʢʠʭ ʦʢʠʩʥʦ-

ʚʽʜʥʦʚʥʠʭ ʧʘʨ ʧʝʨʝʭʽʜʥʠʭ ʬʪʦʨʠʜʽʚ ʧʨʠ 25Áʉ. 

ʅʘ ʦʩʥʦʚʽ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʦʜʘʥʠʭ ʫ ʪʘʙʣʠʮʽ 4.2, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ 

ʤʦʞʣʠʚʠʭ ʢʦʤʙʽʥʘʮʽʡ ʘʥʦʜʥʠʭ ʽ ʢʘʪʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʪʚʝʨʜʦʪʽʣʴʥʠʭ ʬʪʦʨʠʜ-

ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʦʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʨʫʰʽʡʥʦʾ ʩʠʣʠ 

 ̄ ʂʘʪʦʜʥʘ ʨʝʘʢʮʽʷ ɸʥʦʜʥʘ ʨʝʘʢʮʽʷ ɽʈʉ, ɺ 
n 

(e ) 

ɭʤʥʽʩʪʴ 

ʢʘʪʦʜʫ, 

ʤɸĿʛ/ʛ 

1.  SmF3 + e  Ÿ SmF2+ F MnF2 + F  Ÿ MnF3+1e- ~-2,82 1 89,25 

2.  FeF3 + e  Ÿ FeF2+ F MnF2 + F  Ÿ MnF3+1e- ~-1,21 1 130,25 

3.  2FeF3 + 2e  Ÿ 2FeF2+ 2F MnF2 + 2F  Ÿ MnF4+2e- ~-2,17 2 168,23 

4. 2 2SmF3 + 2e  Ÿ 2SmF2+ 2F MnF2 + 2F  Ÿ MnF4+2e- ~-3,68 2 105,69 

5.  SmF3 + e  Ÿ SmF2+ F FeF2+ F ŸFeF3 + e   ~-1,68 1 88,98 

6.  SmF3 + e  Ÿ SmF2+ F CuF+ F ŸCuF2+ e ~-2,41 1 92,45 

7.  SmF3 + e  Ÿ SmF2+ F CoF2+ F ŸCoF3+ e ~-3,86 1 90,13 

8.  SmF3 + e  Ÿ SmF2+ F CrF2+ F ŸCrF3+ e ~-1,01 1 90,13 

9.  2SmF3 + 2e  Ÿ 2SmF2+ 2F CrF2 + 2F  Ÿ CrF4+2e- ~-2,63 2 106,21 

10.  SmF3 + e  Ÿ SmF2+ F MnF3 + F  Ÿ MnF4+1e- ~-4,75 1 83,94 

11.  SmF3 + e  Ÿ SmF2+ F CrF3 + F  Ÿ CrF4+1e- ~-4,25 1 84,72 

12.  SmF3 + e  Ÿ SmF2+ F CeF3 + F  Ÿ CeF4+1e- ~-3,35 1 66,26 

13.  FeF3 + e  Ÿ FeF2+ F CeF3 + F  Ÿ CeF4+1e- ~-1,73 1 86,47 

14.  FeF3 + e  Ÿ FeF2+ F MnF3 + F  Ÿ MnF4+1e- ~-3,13 1 119,24 

15.  FeF3 + e  Ÿ FeF2+ F CuF+ F ŸCuF2+ e ~-0,78 1 137,17 

16.  FeF3 + e  Ÿ FeF2+ F CrF2+ F ŸCrF3+ e ~+0,59 1 132,13 

17.  2FeF3 + 2e  Ÿ 2FeF2+ 2F CrF2 + 2F  Ÿ CrF4+2e- ~-0,11 2 169,80 

18.  FeF3 + e  Ÿ FeF2+ F CrF3 + F  Ÿ CrF4+1e- ~-2,65 1 120,82 

19.  FeF3 + e  Ÿ FeF2+ F CoF2+ F ŸCoF3+ e ~-2,25 1 127,76 

20.  CuF2+ e  Ÿ CuF + F CoF2+ F ŸCoF3+ e ~-1,45 1 135,03 

21.  CuF2+ e  Ÿ CuF + F CeF3 + F  Ÿ CeF4+1e- ~-0,93 1 89,74 

22.  2CuF2+ 2e  Ÿ 2CuF + 2F MnF2 + 2F  Ÿ MnF3+2e- ~-1,37 2 181,08 

23.  CuF2+ e  Ÿ CuF + F MnF3 + F  Ÿ MnF4+1e- ~-2,34 1 125,54 

24.  CuF2+ e  Ÿ CuF + F CrF2+ F ŸCrF3+ e ~+1,39 1 139,93 

25.  2CuF2+ 2e  Ÿ 2CuF + 2F CrF2 + 2F  Ÿ CrF4+2e- ~-0,22 2 182,89 

26.  CuF2+ e  Ÿ CuF + F CrF3 + F  Ÿ CrF4+1e- ~-1,84 1 127,30 

27.  CoF3+ e ŸCoF2+ F CrF2+ F ŸCrF3+ e ~+2,84 1 130,15 

28.  2CoF3+ 2e Ÿ2CoF2+ 2F CrF2 + 2F  Ÿ CrF4+2e- ~+1,22 2 166,55 

29.  CoF3+ e ŸCoF2+ F CrF3 + F  Ÿ CrF4+1e- ~-0,40 1 119,16 

30.  CoF3+ e ŸCoF2+ F CeF3 + F  Ÿ CeF4+1e- ~-0,51 1 85,61 

31.  CoF3+ e ŸCoF2+ F MnF2 + F  Ÿ MnF3+1e- ~-1,04 1 128,32 



ʪʘ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʢʦʤʽʨʢʠ ʟʘ ʩʪʘʥʜʘʨʪʥʠʭ ʫʤʦʚ, ʤʦʞʥʘ ʦʙˇʨʫʥʪʦʚʘʥʦ ʜʦʙʠʨʘʪʠ 

ʧʝʨʩʧʝʢʪʠʚʥʽ ʧʘʨʠ ʝʣʝʢʪʨʦʜʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʦʶ ʥʘʧʨʫʛʦʶ ʘʙʦ ʻʤʥʽʩʪʶ. ʄʘʢʝʪʥʽ 

ʝʣʝʤʝʥʪʠ, ʜʣʷ ʷʢʠʭ ɽʈʉ ʤʘʻ ʧʦʟʠʪʠʚʥʝ ʟʥʘʯʝʥʥʷ, ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘʨʷʜʞʝʥʦʤʫ ʩʪʘʥʫ, 

ʪʦʜʽ ʷʢ ʝʣʝʤʝʥʪʠ, ʩʬʦʨʤʦʚʘʥʽ ʟ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʠʭ ʧʘʨ ʽʟ ʚʽʜôʻʤʥʦʶ ɽʈʉ, 

ʟʥʘʭʦʜʷʪʴʩʷ ʫ ʨʦʟʨʷʜʞʝʥʦʤʫ ʩʪʘʥʽ. ʊʘʢʽ ʝʣʝʤʝʥʪʠ ʤʦʞʥʘ ʧʝʨʝʚʝʩʪʠ ʚ ʨʦʙʦʯʠʡ 

ʟʘʨʷʜʞʝʥʠʡ ʩʪʘʥ ʰʣʷʭʦʤ ʧʨʦʧʫʩʢʘʥʥʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʷʢ ʮʝ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʨʘʤʠ [29]. ɿ ʦʛʣʷʜʫ ɽʈʉ ʩʠʩʪʝʤʠ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʧʘʨʠ 

SmF3/MnF3  ~-4.75 ɺ (ʨʦʟʨʷʜʞʝʥʠʡ ʩʪʘʥ) ʪʘ CoF3/ CrF2 ~+2,84. ʗʢʱʦ ʩʧʠʨʘʪʠʩʴ ʥʘ 

ʻʤʥʽʩʪʴ ʪʦ CuF2/CrF2 182,89 ʤɸĿʛʦʜ/ʛ, ʷʢ ʚʠʜʥʦ ʟ ʦʪʨʠʤʘʥʠʭ ʨʦʟʨʘʭʫʥʢʽʚ ʧʘʨʠ ʟ 

ʙʽʣʴʰʦʶ ʻʤʥʽʩʪʶ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʙʘʛʘʪʦʝʣʝʢʪʨʦʥʠʤʠ ʧʝʨʝʭʦʜʘʤʠ. ʇʨʠ ʧʽʜʙʦʨʽ 

ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʦʾ ʧʘʨʠ ʜʣʷ ʌɯɹ, ʧʦʪʨʽʙʥʦ ʚʨʘʭʫʚʘʪʠ ʥʠʟʢʫ ʧʘʨʘʤʝʪʨʽʚ ʦʢʨʽʤ ɽʈʉ ʪʘ 

ʻʤʥʦʩʪʽ, ʪʘʢʠʭ ʷʢ ʜʦʩʪʫʧʥʽʩʪʴ ʪʘ ʚʘʨʪʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ, ʩʢʣʘʜʥʽʩʪʴ ʩʠʥʪʝʟʫ ʧʝʨʝʭʽʜʥʠʭ 

ʩʧʦʣʫʢ ʪʘ ʾʭ ʩʪʽʡʢʽʩʪʴ, ʘʜʞʝ ʜʘʥʽ ʩʧʦʣʫʢʠ ʻ ʙʽʣʴʰ ʚʠʙʘʛʣʠʚʠʤʠ ʟʘ ʨʘʭʫʥʦʢ 

ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʧʝʨʝʭʽʜʥʠʭ ʩʧʦʣʫʢ ʽ ʧʦʪʨʝʙʫʶʪʴʩʷ ʧʝʚʥʠʭ ʫʤʦʚ ʩʠʥʪʝʟʫ ʪʘ 

ʟʙʝʨʽʛʘʥʥʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʦʨʝʪʠʯʥʠʡ ʘʥʘʣʽʟ ʧʽʜʪʚʝʨʜʞʫʻ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʬʪʦʨʠʜʽʚ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ, ʟʜʘʪʥʠʭ ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ 

ɽʈʉ, ʜʦʩʪʘʪʥʶ ʻʤʥʽʩʪʴ. 

4.3. ɼʦʩʣʽʜʞʝʥʥʷ ʛʝʪʝʨʦʬʘʟʥʠʭ ʢʦʤʧʦʟʠʮʡ̔ ʜʣʷ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ 

ʋ ʜʘʥʦʤʫ ʧʽʜʨʦʟʜʽʣʽ ʨʦʟʛʣʷʥʫʪʦ ʧʽʜʭʦʜʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ 

ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʜʞʝʨʝʣ ʩʪʨʫʤʫ. ʉʧʦʯʘʪʢʫ ʥʘʤʠ ʙʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʽ ʢʦʤʽʨʢʠ ʚ ʷʢʠʭ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʢʘʪʦʜ ʟ ʬʪʦʨʠʜʫ ʧʦʣʽʚʘʣʝʥʪʥʠʭ ʢʘʪʽʦʥʽʚ ʽ ʤʝʪʘʣʝʚʠʭ ʘʥʦʜʽʚ, 

ʢʦʤʽʨʢʠ ʄʝFʭ/ʪʚʝʨʜʘ ʬʪʦʨʠʜʧʨʦʚʽʜʥʘ ʬʘʟʘ/ʄʝ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʦʧʠʩʘʥʠʡ ʚ ʣʽʪʝʨʘʪʫʨʽ. 

ʗʢ ʝʣʝʢʪʨʦʣʽʪʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʪʚʝʨʜʽ ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʩʪʨʫʢʪʫʨʠ PbSnF4, 

ʷʢʽ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚ ʨʘʤʢʘʭ ʨʦʙʦʪʠ ɺ̔ ʜʜʽʣʫ ʝʣʝʢʪʨʦʭʽʤʽʾ ʪʘ ʪʝʭʥʦʣʦʛʽʾ 

ʥʝʦʨʛʘʥʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ɯʥʩʪʠʪʫʪʫ ʟʘʛʘʣʴʥʦʾ ʪʘ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʽʤ. ɺ.ɯ. 

ɺʝʨʥʘʜʩʴʢʦʛʦ ʅɸʅ ʋʢʨʘʾʥʠ ʨʘʥʽʰʝ [162, 168, 178] ʪʘ ʷʢʽ ʤʘʣʠ ʚʠʩʦʢʽ ʧʦʢʘʟʥʠʢʠ 

ʽʦʥʥʦʾ ʧʨʦʚʽʜʥʦʩʪʽ. ʊʦʤʫ ʤʝʪʦʜʦʤ ʪʚʝʨʜʦʬʘʟʥʦʛʦ ʩʠʥʪʝʟʫ ʙʫʣʦ ʦʪʨʠʤʘʥʦ 

ʬʪʦʨʜʧʨʦʚʽʜʥʽ ʬʘʟʠ ʥʘʩʪʫʧʥʦʛʦ ʩʢʣʘʜʫ: PbSnF4, Pb0,90Nd0,10SnF4,10, 

Pb0,83K0,03Sn1,14F3,97, Pb0,43Ba0,43Sn1,14F4,00. ʉʢʣʘʜ ʪʘ ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʘʥʠʭ ʬʘʟ 



ʧʽʜʪʚʝʨʜʞʫʚʘʣʠ ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʨʠʩ. 4.3). ʇʘʨʘʤʝʪʨʠ 

ʧʨʦʚʽʜʥʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʬʪʦʨʠʜʥʠʭ ʬʘʟ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ 4.3.  

 

ʈʠʩ. 4.3. ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜʧʨʦʚʽʜʥʠʭ ʬʘʟ: PbSnF4, 

Pb0,90Nd0,10SnF4,10, Pb0,43Ba0,43Sn1,14F4,00, Pb0,83K0,03Sn1,14F3,97. 

ʊʘʙʣʠʮʷ 4.3. ï ɿʥʘʯʝʥʥʷ ʧʨʦʚʽʜʥʦʩʪʽ ʪʘ ʪʝʦʨʝʪʠʯʥʽ ʥʘʧʨʫʛʠ ʨʦʟʢʣʘʜʫ 

ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʪʦʨʠʜ-ʧʨʦʚʽʜʥʠʭ ʬʘʟ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

 ů, ʉʤ/ʩʤ (293 ʂ) ů, ʉʤ/ʩʤ (473 ʂ) Eʨʦʟʢʣ. ʪʝʦʨ., ɺ 

PbSnF4 2,27Ŀ10-4 4,7Ŀ10-3 3,19 ɺ 

Pb0,90Nd0,10SnF4,10 1,07Ŀ10-3 4,1Ŀ10-2 3,76 ɺ 

Pb0,83K0,03Sn1,14F3,97  1,03Ŀ10-2 0,29 3,21 ɺ 

Pb0,43Ba0,43Sn1,14F4,00 5,6Ŀ10-2 0,25 3,77 ɺ 

ʇʨʦʚʽʜʥʽʩʪʴ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʝʣʝʢʪʨʦʜʫ ʟʘʟʚʠʯʘʡ ʟʥʘʯʥʦ ʥʠʞʯʘ 

ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʚʝʨʜʠʤʠ ʝʣʝʢʪʨʦʣʽʪʘʤʠ, ʪʦʤʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʠʟʴʢʦʦʤʥʦʛʦ 

ʢʦʥʪʘʢʪʫ ʥʘ ʤʝʞʽ ʨʦʟʜʽʣʫ ʝʣʝʢʪʨʦʜ/ʩʪʨʫʤʦʚʽʜʚʽʜ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʚʘʪʠ ʽʦʥʥʽ ʪʘ 

ʝʣʝʢʪʨʦʥʥʽ ʜʦʙʘʚʢʠ. ʋ ʜʦʩʣʽʜʞʝʥʥʷʭ ʷʢ ʽʦʥʥʫ ʜʦʙʘʚʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʬʪʦʨʠʜʧʨʦʚʽʜʥʽ ʬʘʟʠ, ʘ ʷʢ ʝʣʝʢʪʨʦʥʥʫ ʜʦʤʽʰʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʘʞʫ (TIMCAL 

SUPER C45 Conductive Carbon Black). ʉʣʽʜ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ ʧʦʪʝʥʮʽʘʣ ʨʦʟʢʣʘʜʘʥʥʷ 



ʢʦʞʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʪʚʝʨʜʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ, ʷʢʠʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʝʥʝʨʛʽʾ ɻʽʙʙʩʘ 

ʫʪʚʦʨʝʥʥʷ, ʤʘʻ ʧʝʨʝʚʠʱʫʚʘʪʠ ʧʦʪʝʥʮʽʘʣ ʨʦʟʢʣʘʜʘʥʥʷ ʝʣʝʢʪʨʦʘʢʪʠʚʥʦʾ ʩʢʣʘʜʦʚʦʾ 

ʝʣʝʢʪʨʦʜʘ. ʊʝʦʨʝʪʠʯʥʽ ʟʥʘʯʝʥʥʷ ɽʈʉ ʙʫʣʠ ʥʠʞʯʽ ʟʘ ʪʝʦʨʝʪʠʯʥʫ ʥʘʧʨʫʛʫ ʨʦʟʢʣʘʜʫ 

ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ (ʪʘʙʣ 4.3).  

ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʢʦʤʽʨʢʠ ʄῂῂFʭ/ʪʚʝʨʜʠʡ ʝʣʝʢʪʨʦʣʽʪ/ʄῂ. ʄʝʪʦʜʦʤ 

ʮʠʢʣʽʯʥʦʾ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʽʾ ʚ ʢʘʪʦʜʥʽʡ ʦʙʣʘʩʪʽ ʚʽʜʤʽʯʝʥʦ ʩʠʛʥʘʣʠ, ʱʦ ʤʦʞʫʪʴ 

ʚʽʜʧʦʚʽʜʘʪʠ ʢʘʪʦʜʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ. ʇʨʦʪʝ ʥʘ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʽ ʩʠʛʥʘʣʽʚ ʥʝ 

ʚʽʜʤʽʯʝʥʦ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʥʝʟʚʦʨʦʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ. ɼʝʷʢʽ ʧʨʠʢʣʘʜʠ ʜʦʩʣʽʜʞʝʥʠʭ 

ʟʨʘʟʢʽʚ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 4.4. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ 

ʥʘ ʢʘʪʦʜʥʽʡ ʭʚʠʣʽ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ ~0,02 ɺ (ʨʠʩ. 3.4ʘ) ʪʘ ~0,9 ɺ (ʨʠʩ. 4.4ʙ) 

ʨʝʻʩʪʨʫʪʁʴʩʷ ʧʽʢʠ, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʝʘʢʮʽʷʤ ʚʽʜʥʦʚʣʝʥʥʷ Sn2+ŸSn ʪʘ Bi3+ŸBi 

ʚʽʜʧʦʚʽʜʥʦ. ʅʘ ʘʥʦʜʥʽʡ ʭʚʠʣʽ ʚʠʜʠʤʽ ʩʠʛʥʘʣʠ ʚʽʜʩʫʪʥʽ.  

 

ʈʠʩ. 4.4. ʎɺɸ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʬʪʦʨʠʜ-ʽʦʥʥʠʭ ʙʘʪʘʨʝʡ ʚ ʷʢʠʭ ʘʥʦʜʦʤ 

ʚʠʩʪʫʧʘʻ ʯʠʩʪʠʡ ʤʝʪʘʣ ʧʨʠ T=423 ʂ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ 0,05 ʤɺ/ʩ. 

ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʢʦʤʧʦʟʠʪʥʠʭ ʝʣʝʢʪʨʦʜʘʭ ʩʪʘʥʦʚʠʣʦ 

ʢʘʪʦʜ : ʪʚʝʨʜʠʡ ʝʣʝʢʪʨʦʣʽʪ : ʩʘʞʘ = 40:50:10 (ʤʘʩ. %) ʪʘ ʘʥʦʜ: ʪʚʝʨʜʠʡ 

ʝʣʝʢʪʨʦʣʽʪ : ʩʘʞʘ = 50:40:10 (ʤʘʩ. %) ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʢʦʤʧʦʥʝʥʪʽʚ ʦʙʨʘʥʦ ʟ ʦʛʣʷʜʫ 

ʥʘ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ [30]. ʆʪʨʠʤʘʥʽ ʜʘʥʽ ʚʢʘʟʫʶʪʴ ʥʘ ʪʝ ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʘʢʠʡ 

ʧʽʜʭʽʜ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʣʠʰʝ ʧʝʨʚʠʥʥʝ ʜʞʝʨʝʣʦ ʩʪʨʫʤʫ. 

ʗʢʱʦ ʞ ʟʘʤʽʥʠʪʠ ʘʥʦʜ ʥʘ ʬʪʦʨʠʜ ʤʝʪʘʣʫ ʪʦ ʦʪʨʠʤʘʻʤʦ ʧʨʦʪʦʪʠʧ ʌɯɹ ʚ ʷʢʦʤʫ 



ʽ ʘʥʦʜ, ʽ ʢʘʪʦʜ ʻ ʬʪʦʨʠʜʘʤʠ, ʱʦ ʤʘʶʪʴ ʧʨʦʤʽʞʥʽ ʩʪʫʧʝʥʽ ʦʢʠʩʥʝʥʥʷ. ʅʘʧʨʠʢʣʘʜ, ʜʣʷ 

ʧʘʨʠ SmF3/MnF2, SmF3 ʻ ʢʘʪʦʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ, MnF2 ï ʘʥʦʜʥʠʤ. ʇʨʠ ʜʘʥʦʤʫ 

ʧʜ̔ʭʦʜʽ ʢʨʠʪʠʯʥʠʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʜʦʙʘʚʢʠ, ʪʘʢ ʷʢ ʬʪʦʨʠʜʠ ʻ ʧʦʛʘʥʠʤʠ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʧʨʦʚʽʜʥʠʢʘʤʠ. ʉʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʘʢʪʠʚʥʠʤ (ʩʪʨʫʤʦʫʪʚʦʨʶʶʯʠʤ 

ʢʦʤʧʦʥʝʥʪʦʤ) ʝʣʝʢʪʨʦʜʫ, ʝʣʝʢʪʨʦʣʽʪʦʤ ʪʘ ʧʨʦʚʽʜʥʠʢʦʤ ʧʝʨʰʦʛʦ ʨʦʜʫ ʚʠʙʠʨʘʻʪʴʩʷ 

ʝʤʧʽʨʠʯʥʦ ʱʦʙ ʰʣʷʭʽʚ ʜʣʷ ʨʫʭʫ ʝʣʝʢʪʨʦʥʽʚ ʙʫʣʦ ʜʦʩʪʘʪʥʴʦ. ʄʝʪʦʜʦʤ ʎɺɸ 

ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦ, ʱʦ ʧʨʠ ʥʝʩʪʘʯʽ ʝʣʝʢʪʨʦʥʥʦʾ ʜʦʙʘʚʢʠ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʠʛʥʘʣʽʚ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʟʥʘʯʥʦ ʥʠʞʯʘ (ʨʠʩ. 4.5). ʇʨʦʪʝ ʧʨʠ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ 

ʝʣʝʢʪʨʦʥʥʠʡ ʧʨʦʚʽʜʥʠʢ ʤʦʞʝ çʰʫʥʪʫʚʘʪʠè Red/Ox ʧʨʦʮʝʩʠ ʘʢʪʠʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ 

ʧʽʜ ʯʘʩ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʤʽʨʢʠ. 

 

ʈʠʩ. 4.5. ʎɺɸ ʤʘʢʝʪʥʠʭ ʟʨʘʟʢʽʚ ʚ ʷʢʠʭ ʩʢʣʘʜ: ʘʥʦʜʫ MnF2(50)-(BaSnF4(50-ʭ)-

cʘʞʘ(ʭ)); ʢʘʪʦʜʫ SmF3(40)- (BaSnF4(50-ʭ)-cʘʞʘ(ʭ)) ʜʝ (ʭ=3, 5, 7, 10 ʤʘʩ. %) ʧʨʠ 

T=423 ʂ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ 0,05 ʤɺ/ʩ. 

ʈʝʟʫʣʴʪʘʪʠ ʚʦʣʴʪʘʤʧʝʨʦʤʝʪʨʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʣʠ, ʱʦ ʚ ʪʘʢʠʭ 

ʢʦʤʽʨʢʘʭ ʄῂῂFʭ/ʪʚʝʨʜʠʡ ʝʣʝʢʪʨʦʣʽʪ/ʄῂ ʚʽʜʙʫʚʘʶʪʴʩʷ ʦʢʠʩʥʦ-ʚʽʜʥʦʚʥʽ ʧʨʦʮʝʩʠ 

(ʨʠʩ. 4.6) ʽ ʚʦʥʠ ʟʜʘʪʥʽ ʦʙʦʨʦʪʥʦ ʟʘʨʷʜʞʘʪʠʩʴ ʪʘ ʨʦʟʨʷʜʞʘʪʠʩʴ (ʨʠʩ. 4.7). ɺ 

ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʩʢʣʘʜʫ ʝʣʝʢʪʨʦʜʽʚ ʪʘ ʝʣʝʢʪʨʦʣʽʪʫ, ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ 



ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʰʠʨʦʢʦʤʫ ʚʽʢʥʽ ʧʦʪʝʥʮʽʘʣʽʚ ʚʽʜ ï3 ʜʦ +3 ɺ. ʅʘ ʨʠʩ. 4.6 ʥʘ ʧʨʠʢʣʘʜʽ 

Red/Ox ʧʘʨʠ SmF3/MnF2 ʥʘʚʝʜʝʥʦ ʮʠʢʣʽʯʥʫ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʫ ʪʘʢʦʾ ʢʦʤʽʨʢʠ. 

 

ʈʠʩ.4.6. ʎʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘ ʢʦʤʽʨʢʠ SmF3|Pb0,43ɺʘ0,43Sn1,14F4,00|MnF2 

ʧʨʠ 423 ʂ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 3 ʤɺ/ʩ. 

 

ʈʠʩ. 4.7. ɿʘʨʷʜ-ʨʦʟʨʷʜʥʽ ʢʨʠʚʽ ʜʣʷ ʤʘʢʝʪʫ SmF3|Pb0,43ɺʘ0,43Sn1,14F4,00|MnF2 ʧʨʠ 

ʛʫʩʪʠʥʽ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ 4 ʤɸ/ʩʤ2 ʰʚʠʜʢʦʩʪʽ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ 3 ʤɺ/ʩ. ʪʘ  

ʊ = 423 ʂ.  
















































