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ʇɽʈɽʃɯʂ ʋʄʆɺʅʀʍ ʇʆɿʅɸʏɽʅʔ 

ʘ.ʦ.ʤ. ï ʘʪʦʤʥʽ ʦʜʠʥʠʮʽ ʤʘʩʠ; 
ʘʪ. % ï ʘʪʦʤʥʽ ʚʽʜʩʦʪʢʠ; 
ɺʊʄ ï ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ; 
ɼʊɸ ï ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ; 
ɽɼʈʉ ï ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʥʘ ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʩʧʝʢʪʨʦʩʢʦʧʽʷ; 
ʂʄ ï ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʤʥʦʛʦʛʨʘʥʥʠʢ; 
ʂʏ ï ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʯʠʩʣʦ; 
ʃʽʪ. ï ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ; 
ʤʘʩ. % ï ʤʘʩʦʚʽ ʚʽʜʩʦʪʢʠ; 
ʅʊʄ ï ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 
ʇɻ, ʧp. ʛʨʫʧʘ ï ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ; 
ʈɿʄ, RE ï ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ; 
ʈʌɸ ï ʨʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ; 
ʈʉɸ ï ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʠʡ ʘʥʘʣʽʟ; 
ʉɽʄ ï ʩʢʘʥʫʶʯʘ ʝʣʝʢʪʨʦʥʥʘ ʤʽʢʨʦʩʢʦʧʽʷ; 
ʉʇ, ʩʠʤʚ. ʇʽʨʩʦʥʘ ï ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ; 
ʉʊ, ʩʪʨ. ʪʠʧ. ï ʩʪʨʫʢʪʫʨʥʠʡ ʪʠʧ; 
ʍɼɽɽ ï ʭʽʤʽʯʥʽ ʜʞʝʨʝʣʘ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ; 
ʎɺɸ ï ʮʠʢʣʽʯʥʘ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʘ; 
ʬ.ʦ. ï ʬʦʨʤʫʣʴʥʘ ʦʜʠʥʠʮʷ; 
a, b, c, a, b, g ï ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ; 
Biso, Ueq, Uiso ï ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʢʦʣʠʚʘʥʥʷ ʘʪʦʤʽʚ; 
ɽ ï ʧʦʪʝʥʮʽʘʣ, ʥʘʧʨʫʛʘ ʟʘʨʷʜʫ (ʨʦʟʨʷʜʫ); 
hp ï ʚʠʩʦʢʦʪʠʩʢʦʚʘ ʤʦʜʠʬʽʢʘʮʽʷ; 
L ï ʦʙʣʘʩʪʴ ʨʽʜʢʦʛʦ ʩʪʘʥʫ; 
ʄ ï ʣʝʛʫʶʯʠʡ ʢʦʤʧʦʥʝʥʪ, ʩʪʘʪʠʩʪʠʯʥʘ ʩʫʤʽʰ; 
m ï ʤʝʪʘʩʪʘʙʽʣʴʥʘ ʬʘʟʘ; 
ɛ ï ʤʘʛʥʽʪʥʠʡ ʤʦʤʝʥʪ; 
ɖ ï ʢʫʣʦʥʽʚʩʴʢʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ; 
ɢ ï ʥʘʤʘʛʥʽʯʝʥʽʩʪʴ; 
ʈ, X ï p-ʝʣʝʤʝʥʪ; 
Q ï ʢʽʣʴʢʽʩʪʴ ʝʣʝʢʪʨʠʢʠ; 
Ű ï ʯʘʩ ʧʨʦʮʝʩʫ ʟʘʨʷʜʫ (ʨʦʟʨʷʜʫ); 
Uij ï ʪʝʥʟʦʨʠ ʬʫʥʢʮʽʾ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʱʝʥʥʷ; 
x, y, z ï ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʦʩʽ; 
x/a, y/b, z/c ï ʢʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʫ ʯʘʩʪʢʘʭ ʧʘʨʘʤʝʪʨʽʚ ʢʦʤʽʨʢʠ; 
Z ï ʯʠʩʣʦ ʬʦʨʤʫʣʴʥʠʭ ʦʜʠʥʠʮʴ; 
... ï ʜʘʥʽ ʚʽʜʩʫʪʥʽ. 
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ɺʉʊʋʇ 

ɸʢʪʫʘʣʴʥʽʩʪʴ ʪʝʤʠ. ɼʦʩʣʽʜʞʝʥʥʷ ʤʝʪʘʣʽʚ, ʩʧʣʘʚʽʚ ʪʘ 

ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʤʘʻ ʚʝʣʠʯʝʟʥʝ ʪʝʦʨʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ, ʘ ʱʝ ʙʽʣʴʰʝ 

ʧʨʠʢʣʘʜʥʝ. ɺʠʚʯʘʶʯʠ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ, ʚʯʝʥʽ ʥʘʤʘʛʘʶʪʴʩʷ ʟʥʘʡʪʠ 

ʥʦʚʽ ʤʘʪʝʨʽʘʣʠ ʟ ʫʥʽʢʘʣʴʥʠʤʠ ʽ ʢʦʨʠʩʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʜʦʩʣʽʜʞʝʥʴ ʟʘʟʚʠʯʘʡ ʘʥʘʣʽʟʫʶʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʯʠʩʪʽ 

ʢʦʤʧʦʥʝʥʪʠ ʪʘ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʦʙʤʝʞʫʶʪʴ 

ʜʦʩʣʽʜʞʫʚʘʥʽ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ. ʂʦʨʠʩʥʠʤʠ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ ʻ 

ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʚʟʘʻʤʥʫ ʨʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ, ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ, ʷʢʽ 

ʫʪʚʦʨʶʶʪʴʩʷ ʫ ʩʠʩʪʝʤʘʭ, ʾʭʥʽ ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʘ ʪʝʤʧʝʨʘʪʫʨʥʽ ʤʝʞʽ 

ʽʩʥʫʚʘʥʥʷ. ʍʘʨʘʢʪʝʨ ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʚ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʯʘʩʪʦ 

ʟʥʘʭʦʜʠʪʴ ʩʚʦʻ ʚʽʜʦʙʨʘʞʝʥʥʷ ʫ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʩʘʤʝ ï ʫʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ, ʷʢʽ ʤʽʩʪʷʪʴ ʩʪʨʫʢʪʫʨʥʽ ʬʨʘʛʤʝʥʪʠ 

ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʯʠ ʙʽʥʘʨʥʠʭ ʬʘʟ. 

ɼʣʷ ʩʫʯʘʩʥʦʛʦ ʩʚʽʪʫ ʪʝʭʥʦʣʦʛʽʡ ʧʨʽʦʨʠʪʝʪʥʠʤ ʻ ʚʽʜʢʨʠʪʪʷ ʪʘ ʨʦʟʨʦʙʢʘ 

ʥʦʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʟ ʮʽʥʥʠʤʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɺʯʝʥʽ 

ʥʘʤʘʛʘʶʪʴʩʷ ʟʥʘʡʪʠ ʜʝʰʝʚʰʽ, ʝʥʝʨʛʦʟʙʝʨʽʛʘʶʯʽ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦʙ ʟʘʤʽʥʠʪʠ ʽʩʥʫʶʯʽ. ʅʘʡʚʘʞʣʠʚʽʰʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʷʢʠʤʠ ʤʦʞʫʪʴ 

ʚʦʣʦʜʽʪʠ ʽʥʪʝʨʤʝʪʘʣʽʜʠ ï ʮʝ ʥʘʧʽʚ- ʯʠ ʥʘʜʧʨʦʚʽʜʥʽʩʪʴ, ʤʘʛʥʽʪʥʽ, ʦʧʪʠʯʥʽ, 

ʩʦʨʙʮʽʡʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʱʦ. ɼʦʩʣʽʜʞʝʥʥʷ ʥʦʚʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʪʘ ʾʭʥʽʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʜʘʻ ʚʝʣʠʢʠʡ ʤʘʩʠʚ ʢʦʨʠʩʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʽ ʜʦʟʚʦʣʷʻ ʢʘʨʜʠʥʘʣʴʥʦ 

ʟʤʽʥʠʪʠ ʫʷʚʣʝʥʥʷ ʧʨʦ ʩʫʯʘʩʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʩʚʽʪ, ʘʜʞʝ ʤʘʡʙʫʪʥʻ ʟʘ 

ʤʽʥʽʘʪʶʨʥʠʤʠ, ʝʥʝʨʛʦʦʱʘʜʥʠʤʠ ʪʘ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ. ʉʧʣʘʚʠ 

ʥʘ ʦʩʥʦʚʽ ʤʘʛʥʽʶ, ʣʝʛʦʚʘʥʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʤʠ ʤʝʪʘʣʘʤʠ ʚʦʣʦʜʽʶʪʴ 

ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʚʦʥʠ ʻ ʤʽʮʥʽ, ʣʝʛʢʽ, ʘ ʪʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʧʨʠ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʘʚʽʘʮʽʡʥʠʭ ʪʘ ʽʥʰʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʦʙʰʠʚʦʢ [1]. ɹʽʥʘʨʥʽ ʪʘ 

ʪʝʨʥʘʨʥʽ ʩʧʦʣʫʢʠ ʥʘ ʦʩʥʦʚʽ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʠʭ ʽ ʧʝʨʝʭʽʜʥʠʭ ʤʝʪʘʣʽʚ ʤʦʞʫʪʴ 

ʚʦʣʦʜʽʪʠ ʘʙʩʦʨʙʮʽʡʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ ʜʦʩʣʽʜʠʪʠ ʥʝ ʣʠʰʝ 

ʾʭʥʶ ʙʫʜʦʚʫ, ʘʣʝ ʡ ʟʜʘʪʥʽʩʪʴ ʜʦ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ ʛʽʜʨʦʛʝʥʫ, ʣʽʪʽʶ ʯʠ ʤʘʛʥʽʶ 
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ʫ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢ. ʅʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʩʧʣʘʚʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʢʣʶʯʝʥʦʛʦ 

ʘʪʦʤʘ, ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʜʣʷ ʤʝʪʘʣʦʛʽʜʨʠʜʥʠʭ, 

ʣʽʪʽʡ-ʽʦʥʥʠʭ ʪʘ ʤʘʛʥʽʡ-ʽʦʥʥʠʭ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ, 

ʚʽʜʧʦʚʽʜʥʦ. 

ɿʚôʷʟʦʢ ʨʦʙʦʪʠ ʟ ʥʘʫʢʦʚʠʤʠ ʧʨʦʛʨʘʤʘʤʠ, ʧʣʘʥʘʤʠ, ʪʝʤʘʤʠ. ʈʦʙʦʪʘ 

ʚʠʢʦʥʘʥʘ ʚ ʨʘʤʢʘʭ ʥʘʫʢʦʚʦʛʦ ʥʘʧʨʷʤʫ ʢʘʬʝʜʨʠ ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʃʴʚʽʚʩʴʢʦʛʦ 

ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʟ ʥʘʫʢʦʚʠʤʠ 

ʧʨʦʛʨʘʤʘʤʠ ʄʽʥʽʩʪʝʨʩʪʚʘ ʦʩʚʽʪʠ ʽ ʥʘʫʢʠ ʋʢʨʘʾʥʠ ʟ ʧʨʽʦʨʠʪʝʪʥʦʛʦ ʥʘʧʨʷʤʫ 

çʍʽʤʽʷè ʟʘ ʜʝʨʞʙʶʜʞʝʪʥʠʠʤʠ ʪʝʤʘʤʠ: çɽʥʝʨʛʦʻʤʥʽ ʝʣʝʢʪʨʦʜʠ ʥʘ ʦʩʥʦʚʽ 

ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʜʣʷ ʣʽʪʽʻʚʠʭ ʽ ʤʝʪʘʣʦʛʽʜʨʠʜʥʠʭ ʙʘʪʘʨʝʡè, ʥʦʤʝʨ ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 

01113U003056 (2013-2014 ʨʨ.) ʪʘ çʉʠʥʪʝʟ ʽ ʢʨʠʩʪʘʣʦʭʽʤʽʷ ʥʦʚʠʭ 

ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʩʧʦʣʫʢ ʟ ʬʫʥʢʮʽʦʥʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠè, ʥʦʤʝʨ 

ʜʝʨʞʨʝʻʩʪʨʘʮʽʾ 0115U003257 (2015-2017 ʨʨ.). 

ɿʜʦʙʫʚʘʯʝʤ ʚʠʢʦʥʫʚʘʣʠʩʴ ʪʘʢʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʦʙʦʪʠ: ʩʠʥʪʝʟ ʟʨʘʟʢʽʚ 

ʪʘ ʾʭ ʬʘʟʦʚʠʡ ʘʥʘʣʽʟ, ʧʦʙʫʜʦʚʘ ʽʟʦʪʝʨʤʽʯʥʠʭ ʧʝʨʝʨʽʟʽʚ ʜʽʘʛʨʘʤ ʩʪʘʥʫ, ʚʠʚʯʝʥʥʷ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʪʘ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʧʦʣʫʢ ʽ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, 

ʜʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʪʘ ʛʽʜʨʦʛʝʥʩʦʨʙʮʽʡʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʽʚ. 

Oʙʛʨʫʥʪʫʚʘʥʥ  ̫ ʚʠʙʦʨʫ ʪʝʤʠ ʜʦʩʣʽʜʞʝʥʥ .̫ ʉʫʯʘʩʥ  ̔ ʪʝʥʜʝʥʮʽʾ  ʨʦʟʚʠʪʢʫ 

ʩʪʦʩʫʶʪʴʩ  ̫ʝʥʝʨʛʦʦʱʘʜʣʠʚʦʩʪ  ̔ʪʘ ʧʝʨʝʭʦʜʫ ʥʘ ʘʣʴʪʝʨʥʘʪʠʚʥ  ̔ʜʞʝʨʝʣʘ ʝʥʝʨʛʽ ,ʾ ʪʦʤʫ  ̒

ʥʝʦʙʭʽʜʥʠʤ ʧʦʰʫʢ ʤʘʪʝʨʽʘʣʽʚ, ʱʦ ʚʦʣʦʜʽʣʠ ʙ ʚʠʩʦʢʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʥʝʨʛʦʻʤʥʦʩʪ  ̔ʯʠ 

ʙʫʣʠ ʙ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣ  ̫ʥʘʢʦʧʠʯʝʥʥ  ̫ʪʘ ʟʙʝʨʽʛʘʥʥ  ̫ʚʦʜʥ .ʁ ʅʝʦʙʭʽʜʥʽʩʪ  ɹʟʙʽʣʴʰʝʥʥ  ̫

ʻʤʥʦʩʪ  ̔ʪʘ ʨʝʩʫʨʩʫ ʜʣ  ̫ʤʝʪʘʣʦʛʽʜʨʠʜʥʠʭ ʪʘ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʧʦʪʨʝʙʫ  ̒ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢ  ̔ʧʦʚʠʥʥ  ̔ ʚʪʽʣʶʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪ  ɹ ʘʪʦʤʽʚ ʣʽʪʽ  ʁ ʯʠ ʛʽʜʨʦʛʝʥʫ, ʙʫʣʠ 

ʩʪʘʙʽʣʴʥʠʤʠ ʚ ʯʘʩ ,̔ ʣʝʛʢʠʤʠ, ʜʝʰʝʚʠʤʠ ʪʘ ʙʝʟʧʝʯʥʠʤʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽ .ʾ ɼʦ ʪʘʢʠʭ 

ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪ  ɹʥʘʣʝʞʘʪʠ  ̔ʩʧʣʘʚʠ, ʱʦ ʤʽʩʪʷʪ  ɹʨʽʜʢʽʩʥʦ-ʟʝʤʝʣʴʥ  ̔ʤʝʪʘʣʠ, ʧʝʨʝʭʽʜʥ  ̔

ʤʝʪʘʣʠ, ʤʘʛʥʽʡ, ʨ-ʝʣʝʤʝʥʪʠ (IVɸ-Vɸ ʛʨʫʧ), ʦʩʢʽʣʴʢʠ ʬʘʟʠ ʥʘ ʦʩʥʦʚ  ̔ʪʘʢʠʭ ʤʝʪʘʣʽʚ ʷʢ 

ʣʘʥʪʘʥ, ʪʝʨʙʽʡ, ʪʠʪʘʥ, ʮʠʨʢʦʥʽʡ ʪʘ ʤʘʛʥʽʡ ʚʦʣʦʜʽʶʪ  ɹʜʦʙʨʠʤʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʪʘ 

ʛʽʜʨʦʛʝʥʩʦʨʙʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. ɼʦʜʘʶʯʠ ʩʪʘʥʫʤ ʯʠ ʩʪʠʙʽʡ ʜʦ ʮʠʭ ʬʘʟ ʯʠ 

ʣʝʛʫʶʯʠ ʙʽʥʘʨʥʫ ʩʧʦʣʫʢʫ Tb2Ni17 s- ʪʘ p-ʝʣʝʤʝʥʪʘʤʠ ʤʦʞʥʘ ʤʦʜʠʬʽʢʫʚʘʪʠ 

ʚʣʘʩʪʠʚʦʩʪ  ̔ʪʘ ʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ.  





8 

ʨʦʟʯʠʥʽʚ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ, ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ 6 ʬʘʟ ʚʠʟʥʘʯʝʥʦ ʤʝʪʦʜʦʤ 

ʤʦʥʦʢʨʠʩʪʘʣʫ; ʚʩʪʘʥʦʚʣʝʥʦ ʤʝʞʽ ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ 

ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ; ʜʦʩʣʽʜʞʝʥʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢ, ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʘʭ Mn5Si3, AuCu3, Th2Ni17, CaCu5 ʪʘ ʽʥʰʠʭ. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʦʥʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ, 

ʚʧʝʨʰʝ ʧʨʦʽʥʪʝʨʧʨʝʪʦʚʘʥʦ ʪʠʧ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʚ 5 ʩʧʦʣʫʢʘʭ. 

ʇʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ ʦʜʝʨʞʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ. ʉʠʩʪʝʤʘʪʠʯʥʠʡ ʘʥʘʣʽʟ 

ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʪʝʤ ʪʘ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ ʫ 

ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʻ ʧʝʨʝʜʙʘʯʠʪʠ ʩʢʣʘʜ ʽ ʩʪʨʫʢʪʫʨʫ ʩʧʦʣʫʢ ʫ 

ʩʧʦʨʽʜʥʝʥʠʭ ʩʠʩʪʝʤʘʭ ʪʘ ʩʧʨʦʛʥʦʟʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪʽ ʾʭʥʽʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʯʠ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʧʦʣʫʢ. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʜʦʩʣʽʜʞʝʥʥʷ ʬʽʟʠʢʦ-

ʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʬʘʟ ʫ ʧʨʦʮʝʩʘʭ ʛʽʜʨʫʚʘʥʥʷ, ʣʽʪʫʚʘʥʥʷ ʪʘ ʤʘʛʥʽʶʚʘʥʥʷ 

ʻ ʢʦʨʠʩʥʠʤʠ ʧʨʠ ʤʦʜʝʣʶʚʘʥʥʽ ʪʘ ʨʦʟʨʦʙʮʽ ʥʦʚʠʭ ʚʠʩʦʢʦʝʥʝʨʛʦʻʤʥʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ ʤʝʪʘʣʦʛʽʜʨʠʜʥʠʭ, ʣʽʪʽʡ-ʽʦʥʥʠʭ ʯʠ ʤʘʛʥʽʡ-ʽʦʥʥʠʭ 

ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. ɯʥʪʝʨʧʨʝʪʘʮʽʷ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʜʘʻ 

ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʴʥʦ ʤʦʜʝʣʶʚʘʪʠ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ. 

ʆʩʦʙʠʩʪʠʡ ʚʥʝʩʦʢ ʟʜʦʙʫʚʘʯʘ. ʇʦʰʫʢ ʪʘ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ, 

ʩʠʥʪʝʟ ʟʨʘʟʢʽʚ ʪʘ ʾʭʥʽʡ ʪʝʨʤʽʯʥʠʡ ʚʽʜʧʘʣ, ʧʨʦʚʝʜʝʥʥʷ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʪʘ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʽʚ ʩʧʣʘʚʽʚ, ʾʭʥʽʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, 

ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʜʘʥʠʭ ɽɼʈʉ ʜʠʩʝʨʪʘʥʪ ʟʜʽʡʩʥʠʚ ʩʘʤʦʩʪʽʡʥʦ. ʏʘʩʪʠʥʫ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʦʪʨʠʤʘʥʦ ʧʨʠ ʙʝʟʧʦʩʝʨʝʜʥʽʡ ʫʯʘʩʪʽ ʘʚʪʦʨʘ 

ʨʘʟʦʤ ʟ ʢ.ʭ.ʥ. ɿʝʣʽʥʩʴʢʦʶ ʆ.ʗ., ʊʘʨʘʩʶʢʦʤ ɯ.ɯ., ʆʱʘʧʦʚʩʴʢʠʤ ɯ.ɺ., ɼʤʠʪʨʽʚʠʤ ɻ.ʉ. 

(ʃʅʋ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ) ʪʘ ʜ.ʭ.ʥ. ʉʪʝʮʴʢʽʚʠʤ ɸ.ʆ. (ɯʌʅʄʋ). ʆʪʨʠʤʘʥʥʷ 

ʝʣʝʢʪʨʦʥʥʠʭ ʬʦʪʦʛʨʘʬʽʡ, ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʫ ʨʝʥʪʛʝʥʽʚʩʴʢʫ ʩʧʝʢʪʨʦʩʢʦʧʽʶ 

ʟʨʘʟʢʽʚ ʧʨʦʚʽʚ ʫ ʅʘʫʢʦʚʦ-ʜʦʩʣʽʜʥʦʤʫ ʽ ʥʘʚʯʘʣʴʥʦʤʫ ʮʝʥʪʨʽ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʃʅʋ ʽʤ. ɯʚʘʥʘ ʌʨʘʥʢʘ ʽʥʞʝʥʝʨ ʉʝʨʢʽʟ ʈ.ʗ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʦʢʨʝʤʠʭ ʩʧʦʣʫʢ ʧʨʦʚʦʜʠʣʠ ʚ 

ɯʥʩʪʠʪʫʪʽ ʭʽʤʽʾ, ʦʭʦʨʦʥʠ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʪʘ ʙʽʦʪʝʭʥʦʣʦʛʽʾ 

ɸʢʘʜʝʤʽʾ ʗʥʘ ɼʣʫʛʦʰʘ (ʤ. ʏʝʥʩʪʦʭʦʚʘ, ʇʦʣʴʱʘ) ʩʧʽʣʴʥʦ ʟ ʪʝʭʥʽʯʥʠʤʠ 

ʧʨʘʮʽʚʥʠʢʘʤʠ ɹʘʣʽʥʩʴʢʦʶ ɸ ʪʘ ʂʦʚʘʣʴʯʠʢʦʤ ɻ. 



9 

ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʽ ʚʠʟʥʘʯʝʥʥʷ ʟʘʚʜʘʥʴ ʜʦʩʣʽʜʞʝʥʴ, ʦʙʛʦʚʦʨʝʥʥʷ 

ʨʝʟʫʣʴʪʘʪʽʚ, ʧʽʜʛʦʪʦʚʢʘ ʧʫʙʣʽʢʘʮʽʡ ʧʨʦʚʝʜʝʥʽ ʨʘʟʦʤ ʽʟ ʥʘʫʢʦʚʠʤ ʢʝʨʽʚʥʠʢʦʤ 

ʜ.ʭ.ʥ., ʧʨʦʬʝʩʦʨʦʤ ʇʘʚʣʶʢʦʤ ɺ.ɺ. 

ɸʧʨʦʙʘʮʽʷ ʨʝʟʫʣʴʪʘʪʽʚ ʜʠʩʝʨʪʘʮʽʾ. ʆʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ 

ʜʠʩʝʨʪʘʮʽʡʥʦʾ ʨʦʙʦʪʠ ʜʦʧʦʚʽʜʘʣʠʩʴ ʪʘ ʦʙʛʦʚʦʨʶʚʘʣʠʩʴ ʥʘ 11 ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ, 2 ʟʚʽʪʥʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ 

ʧʨʘʮʽʚʥʠʢʽʚ ʋʥʽʚʝʨʩʠʪʝʪʫ (2016 ʨ., 2017 ʨ.) ʪʘ 2 ʥʘʫʢʦʚʠʭ ʩʝʤʽʥʘʨʘʭ ʢʘʬʝʜʨʠ 

(19.12.2016 ʨ. ʪʘ 12.06.2017 ʨ.), ʘ ʩʘʤʝ: XIX ʋʢʨʘʾʥʩʴʢʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʟ 

ʥʝʦʨʛʘʥʽʯʥʦʾ ʭʽʤʽʾ ʟʘ ʫʯʘʩʪʶ ʟʘʢʦʨʜʦʥʥʠʭ ʫʯʝʥʠʭ (ʤ. ʆʜʝʩʘ, 7-11 ʚʝʨʝʩʥʷ 

2014 ʨʦʢʫ); XV ʅʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 2015è 

(ʃʴʚʽʚ, 24-27 ʪʨʘʚʥʷ 2015 ʨ.); XX International seminar on physics and chemistry 

of solids (Lviv, September 12-15, 2015); ɯX ʋʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ, ʘʩʧʽʨʘʥʪʽʚ ʽ ʤʦʣʦʜʠʭ ʫʯʝʥʠʭ ʟ ʤʽʞʥʘʨʦʜʥʦʶ ʫʯʘʩʪʶ çʍʽʤʽʯʥʽ 

ʧʨʦʙʣʝʤʠ ʩʴʦʛʦʜʝʥʥʷè (ɺʽʥʥʠʮʷ, 29-30 ʙʝʨʝʟʥʷ 2016 ʨ.); VIII ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ 

ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 

2016è (ʍʘʨʢʽʚ, 18-20 ʢʚʽʪʥʷ 2016 ʨ.); XIII International ʩonference on ʩrystal 

ʩhemistry of intermetallic compounds (Lviv, September 25-29, 2016);  

IV ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʽʡ ʢʦʥʬʝʨʝʥʮʽʾ ʤʦʣʦʜʠʭ ʚʯʝʥʠʭ ʪʘ 

ʩʪʫʜʝʥʪʽʚ çʌʽʟʠʢʘ ʽ ʭʽʤʽʷ ʪʚʝʨʜʦʛʦ ʪʽʣʘ: ʩʪʘʥ, ʜʦʩʷʛʥʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠè 

(ʃʫʮʴʢ, 28-29 ʞʦʚʪʥʷ 2016 ʨ.); X Ukrainian scientific conference for students 

and young scientists with international participation çCurrent Chemical Problemsè 

(Vinnytsia, March 27-29, 2017); ɯʍ ɺʩʝʫʢʨʘʾʥʩʴʢʽʡ ʥʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ 

ʩʪʫʜʝʥʪʽʚ ʪʘ ʘʩʧʽʨʘʥʪʽʚ çʍʽʤʽʯʥʽ ʂʘʨʘʟʽʥʩʴʢʽ ʯʠʪʘʥʥʷ ï 2017è (ʍʘʨʢʽʚ, 18-20 

ʢʚʽʪʥʷ 2017 ʨ.); XVɯ ʅʘʫʢʦʚʽʡ ʢʦʥʬʝʨʝʥʮʽʾ çʃʴʚʽʚʩʴʢʽ ʭʽʤʽʯʥʽ ʯʠʪʘʥʥʷ ï 2017è 

(ʃʴʚʽʚ, 28-31 ʪʨʘʚʥʷ 2017 ʨ.), The European Conference çPhysics of Magnetismè 

(PMô17) (Poznan, Poland, June 26-30, 2017). 

ʇʫʙʣʽʢʘʮʽʾ. ɿʘ ʤʘʪʝʨʽʘʣʘʤʠ ʜʠʩʝʨʪʘʮʽʾ ʦʧʫʙʣʽʢʦʚʘʥʦ 8 ʥʘʫʢʦʚʠʭ 

ʩʪʘʪʝʡ ʫ ʬʘʭʦʚʠʭ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʽʥʦʟʝʤʥʠʭ ʞʫʨʥʘʣʘʭ (ʟ ʥʠʭ 2 ʫ ʚʠʜʘʥʥʷʭ ʟ 

ʽʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ), ʘ ʪʘʢʦʞ 16 ʪʝʟ ʜʦʧʦʚʽʜʝʡ ʥʘ ʤʽʞʥʘʨʦʜʥʠʭ ʪʘ 

ʚʩʝʫʢʨʘʾʥʩʴʢʠʭ ʥʘʫʢʦʚʠʭ ʢʦʥʬʝʨʝʥʮʽʷʭ. 
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ʉʪʨʫʢʪʫʨʘ ʪʘ ʦʙʩʷʛ ʜʠʩʝʨʪʘʮʽʾ. ɼʠʩʝʨʪʘʮʽʡʥʘ ʨʦʙʦʪʘ 

ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʘʥʦʪʘʮʽʾ ʫʢʨʘʾʥʩʴʢʦʶ ʪʘ ʘʥʛʣʽʡʩʴʢʦʶ ʤʦʚʘʤʠ, ʚʩʪʫʧʫ, 

ʧôʷʪʠ ʨʦʟʜʽʣʽʚ, ʚʠʩʥʦʚʢʽʚ, ʩʧʠʩʢʫ ʚʠʢʦʨʠʩʪʘʥʠʭ ʜʞʝʨʝʣ (255 

ʥʘʡʤʝʥʫʚʘʥʥʴ) ʪʘ 4 ʜʦʜʘʪʢʽʚ. ʆʩʥʦʚʥʠʡ ʟʤʽʩʪ ʨʦʙʦʪʠ ʚʠʢʣʘʜʝʥʠʡ ʥʘ 170 

ʩʪʦʨʽʥʢʘʭ ʜʨʫʢʦʚʘʥʦʛʦ ʪʝʢʩʪʫ, ʤʽʩʪʠʪʴ 50 ʪʘʙʣʠʮʴ ʽ 111 ʨʠʩʫʥʢʽʚ. 

ɿʘʛʘʣʴʥʠʡ ʦʙʩʷʛ ʨʦʙʦʪʠ ʩʢʣʘʜʘʻ 231 ʩʪʦʨʽʥʢʠ. 
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ʈʆɿɼɯʃ 1 ʃɯʊɽʈɸʊʋʈʅʀʁ ʆɻʃʗɼ 

ʋ ʮʴʦʤʫ ʨʦʟʜʽʣʽ ʟʽʙʨʘʥʦ ʣʽʪʝʨʘʪʫʨʥʽ ʜʘʥʽ ʧʨʦ ʯʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ, 

ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ, ʱʦ ʦʙʤʝʞʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ ʧʦʪʨʽʡʥʽ, 

ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ. ʇʨʦʚʝʜʝʥʦ ʜʝʪʘʣʴʥʠʡ ʘʥʘʣʽʟ 

ʢʨʠʩʪʘʣʽʯʥʠʭ ʩʪʨʫʢʪʫʨ ʚʽʜʧʦʚʽʜʥʠʭ ʙʽʥʘʨʥʠʭ ʪʘ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ, ʘ ʪʘʢʦʞ 

ʛʽʜʨʠʜʽʚ ʚʢʣʶʯʝʥʥʷ ʥʘ ʾʭʥʽʡ ʦʩʥʦʚʽ.  

 

1.1 ɺʠʭʽʜʥʽ ʢʦʤʧʦʥʝʥʪʠ [2] 

ʆʩʥʦʚʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʪʘʢʽ 

ʤʝʪʘʣʠ ʷʢ ʣʘʥʪʘʥ, ʪʝʨʙʽʡ, ʪʠʪʘʥ, ʮʠʨʢʦʥʽʡ, ʤʘʛʥʽʡ, ʦʣʦʚʦ, ʩʪʠʙʽʡ, ʥʽʢʝʣʴ, ʣʽʪʽʡ, 

ʘʣʶʤʽʥʽʡ. ɼʘʥʽ ʧʨʦ ʾʭʥʶ ʢʨʠʩʪʘʣʽʯʥʫ ʙʫʜʦʚʫ, ʘʣʦʪʨʦʧʥʽ ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʜʝʷʢʽ 

ʬʽʟʠʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʷʭ 1.1 ʪʘ 1.2. 

 

ʊʘʙʣʠʮʷ 1.1 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 
 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ 
ʂʦʤʧʦʥʝʥʪ, 

ʤʦʜʠʬʽʢʘʮʽʷ 
ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

Ŭ-La Nd P63/mmc hP4 3,765 ï 12,150 3 

ɓ-La Cu Fm 3 m cF4 5,3057 ï ï 4 

ɔ-La W Im 3 m cI2 4,254 ï ï 5 

La (hp) Mg P63/mmc hP2 3,735 ï 6,051 6 

Ŭ-Tb Mg P63/mmc hP2 3,599 ï 5,696 7 

ɓ-Tb W Im 3 m cI2 4,02 ï ï 8 

Tb (hp) Tb P63/mmc hP6 3,068 ï 14,87 9 

Tb (stab) Cu Fm 3 m cF4 0,52 ï ï 10 

Ŭ-Ti Mg P63/mmc hP2 2,9616 ï 4,7589 11 

Ti (hp) Ti P6/mmm hP3 4,625 ï 2,813 12 

ɓ-Ti W Im 3 m cI2 3,28 ï ï 13 

Zr (met) Cu Fm 3 m cF4 4,53 ï ï 14 

Ŭ-Zr Mg P63/mmc hP2 3,2469 ï 5,1767 15 
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ʇʨʦʜʦʚʞʝʥʥʷ ʊʘʙʣʠʮʽ 1.2 

Sn 1,62 0,93 

(Sn2+), 

0,74 

(Sn4+) 

1,40 1,96 232 2270 7310 

Sb 1,59 0,62 

(Sb5+), 

2,45 

(Sb3-) 

1,40 2,05 631 1635 6691 

Li 1,52 0,76 1,28Ñ7 0,98 181 1330 534 

Al 1,43 0,51 1,18 1,61 660,5 2467 2698,9 

Ni 1,24 0,69 1,15 1,91 1453 2732 8902 

 

1.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʜʚʽʡʥʠʭ ʩʠʩʪʝʤ, ʷʢʽ ʦʙʤʝʞʫʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʽ 

ʧʦʪʨʽʡʥʽ ʩʠʩʪʝʤʠ 

1.2.1 Cʠʩʪʝʤʘ LaïSn 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ LaïSn (ʨʠʩʫʥʦʢ 1.1, ʘ) [32] ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ. ɺʧʝʨʰʝ ʩʠʩʪʝʤʘ 

ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʘʚʪʦʨʘʤʠ [33, 34].  

ʂʦʤʧʦʥʝʥʪʠ La ʪʘ Sn ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ 

ʧʨʘʢʪʠʯʥʦ ʥʝʨʦʟʯʠʥʥʽ ʫ ʪʚʝʨʜʦʤʫ. ʂʦʤʧʦʥʝʥʪ La ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ 3 

ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ: Ŭ-La, ɓ-La, ɔ-La. ɸʣʦʪʨʦʧʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ Ŭ-La ź 

ɓ-La ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 310 Üʉ, ɓ-La ź ɔ-La ï ʧʨʠ 865 Üʉ, ʚʽʜʧʦʚʽʜʥʦ. 

ʂʦʤʧʦʥʝʥʪ Sn ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʪʨʴʦʭ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ (ŬSn, 

ɓSn, ɔSn), ʧʨʠ ʮʴʦʤʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ŬSn ź ɓSn ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 13,2 Üʉ, ʘ ɔSn 

ʥʘ ʜʽʘʛʨʘʤʽ ʥʝ ʚʽʜʦʙʨʘʞʝʥʦ. ʋ ʩʠʩʪʝʤʽ LaïSn ʫʪʚʦʨʶʻʪʴʩʷ 12 ʩʧʦʣʫʢ 

ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʩʪʝʭʽʦʤʝʪʨʽʷ ʜʝʷʢʠʭ ʟ ʥʠʭ ʚʧʝʨʰʝ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ 

ʘʚʪʦʨʘʤʠ [35]. 

ʉʧʦʣʫʢʘ La5Sn3 ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ L + La5Sn4 ź La5Sn3 ʧʨʠ 1500 Üʉ. ʎʷ ʩʧʦʣʫʢʘ ʽʩʥʫ  ̒ʫ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ: Ŭ-La5Sn3 ʽ ɓ-La5Sn3, ʧʨʠ ʮʴʦʤʫ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ Ŭ-La5Sn3 ź 
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ɓ-La5Sn3 ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ~ 400 Üʉ. ʉʧʦʣʫʢʘ La5Sn4 ʧʣʘʚʠʪʴʩ  ̫ ʢʦʥʛʨʫʝʥʪʥʦ, 

ʫʪʚʦʨʶʻʪʴʩ  ̫ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 1575 Üʉ ʟʘ ʨʝʘʢʮʽʻʶ:L ź La5Sn4. ʉʧʦʣʫʢʘ La11Sn10 

ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩ ,̫ ʽʤʦʚʽʨʥʦ, ʧʨʠ 1445 Üʉ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦ  ʁ

ʨʝʘʢʮʽʻʶ: L + La5Sn4 ź La11Sn10. ʉʧʦʣʫʢʘ LaSn ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, 

ʫʪʚʦʨʶʻʪʴʩ  ̫ʧʨʠ 1295 Üʉ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ: L + La11Sn10 ź LaSn. ʉʧʦʣʫʢʘ 

La2Sn3 ʫʪʚʦʨʶʻʪʴʩ  ̫ʧʨʠ 1179Ñ7 Üʉ ʟʘ ʧʝʨʠʪʝʢʪʦʾʜʥʦʶ ʨʝʘʢʮʽʻʶ: LaSn + La3Sn5 ź 

La2Sn3. ʉʧʦʣʫʢʘ La3Sn5 ʧʣʘʚʠʪʴʩ  ̫ ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩ  ̫ ʧʨʠ 1240 Üʉ ʟʘ 

ʨʝʘʢʮʽʻʶ: L ź La3Sn5. ʉʧʦʣʫʢʘ LaSn3 ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 1147Üʉ ʟʘ ʨʝʘʢʮʽʻ :ʁ L ź LaSn3. ʉʧʦʣʫʢʠ La3Sn, La3Sn7, LaSn2, ʷʢʽ ʥʘ 

ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ ʥʝ ʚʽʜʦʙʨʘʞʝʥʽ, ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʦ ʘʚʪʦʨʘʤʠ [36, 37]. 

ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫʩʽʭ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïSn ʥʘʚʝʜʝʥ  ̔ʫ ʪʘʙʣʠʮʽ 1.3. 

ʊʘʙʣʠʮʷ 1.3 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïSn 

ʇʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

La3Sn AuCu3 Pm 3 m cP4 5,125 ï ï 36 

LaSn CrB Cmcm oC8 4,782 11,941 4,422 38 

LaSn  Tlɯ Cmcm  oS8 4,782 11,94 4,422 39, 40 

LaSn2 NdSn2 Cmmm oC12 4,427 15,855 4,514 36 

LaSn3 AuCu3 Pm 3 m cP4 4,769 ï ï 41 

La3Sn5 Pu3Pd5 Cmcm oC32 10,350 8,290 10,630 42 

La3Sn7 Tb3Sn7 Cmmm oS28 4,564 26,155 4,671 37 

ɓ-La5Sn3 Mn5Si3 P63/mcm hP16 9,450 ï 6,975 42 

Ŭ-La5Sn3 W5Si3 I4/mcm tI32 12,748 ï 6,344 42 

La5Sn4 Sm5Ge4 Pnma oP36 8,448 16,260 8,604 43 

La2Sn3 Nd2Sn3 P 1  aP20 6,518  
Ŭ=107,29Á  

8,592 

ɓ=96,63Á  

11,296  
ɔ = 100,32Á  

44 

La2Sn5 Ce2Sn5 Cmmm oS28 4,6233 35,7425 4,6817 37 

La11Sn10 

La3Sn4 

Ho11Ge10 

Er3Ge4  

I4/mmm 

Cmcm  

tI84 

oS28 

12,089 

4,514 

12,089 

11,904 

18,166 

15,838 

43 

42 
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ɯʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʨʠ ʚʤʽʩʪʽ 11,5 ʘʪ. % Sn ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʽ 747Ñ3 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź ɓLa + 

ɓLa5Sn3. ʇʨʠ ʚʤʽʩʪʽ 56,5 ʘʪ. % Sn ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 1240 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź LaSn + La3Sn5. ʇʨʠ ʚʤʽʩʪʽ 70,5 ʘʪ. % Sn ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʽ 1113 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź La3Sn5 + 

LaSn3. ʇʨʠ ʚʤʽʩʪʽ 99,99 ʘʪ. % Sn ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 231,9681 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʠʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L + LaSn3 ź ɓ-Sn. 

 

1.2.2 Cʠʩʪʝʤʘ LaïSb 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ LaïSb (ʨʠʩʫʥʦʢ 1.1, ʙ) [45] ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ, ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʘ 

ʘʚʪʦʨʘʤʠ [46] ʂʦʤʧʦʥʝʥʪʠ La ʪʘ Sb ʥʝʦʙʤʝʞʝʥʦ ʚʟʘʻʤʥʦ ʨʦʟʯʠʥʥʽ ʫ ʨʽʜʢʦʤʫ 

ʩʪʘʥʽ ʪʘ ʦʙʤʝʞʝʥʦ ï ʚ ʪʚʝʨʜʦʤʫ. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʢʦʤʧʦʥʝʥʪʽʚ ʫ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʥʝ ʧʝʨʝʚʠʱʫʻ 1 ʘʪ. %. 

 

ʊʘʙʣʠʮʷ 1.4 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïSb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

LaSb (hp) CuTi P4/mmm tP2 3,965 ï 3,233 47 

LaSb NaCl Fm 3 m cF8 6,490 ï ï 48 

La2Sb La2Sb I4/mmm tI12 4,629 ï 18,098 49 

LaSb2 LaSb2 Cmce oS24 6,319 6,173 18,57 50 

La4Sb3 Th3P4 I 4 3d cI28 9,6485 ï ï 51 

La5Sb3 Mn5Si3 P63/mcm hP16 9,428 ï 6,618 50 

 

ʋ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 5 ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ: La2Sb, La5Sb3, 

La3Sb2, LaSb ʪʘ LaSb2. ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʫ 

ʩʠʩʪʝʤʽ LaïSb ʥʘʚʝʜʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.4. ɹʽʥʘʨʥʘ ʩʧʦʣʫʢʘ La2Sb ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ~1460 Üʉ: L + La5Sb3 ź La2Sb. ɯʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ 
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ʥʝʤʦʞʣʠʚʦ ʚʠʟʥʘʯʠʪʠ ʩʧʦʩʽʙ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ La5Sb3 ʪʘ La3Sb2. 

ʆʩʪʘʥʥʷ, ʽʤʦʚʽʨʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ ~1690 Üʉ ʟʘ ʨʝʘʢʮʽʻʶ: L ź La3Sb2. 

ʉʧʦʣʫʢʘ LaSb ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ~1540 Üʉ:  

L + La3Sb2 ź LaSb. ʉʧʦʣʫʢʘ LaSb2 ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 1110 Üʉ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʠʤ 

ʥʦʥ-ʚʘʨʽʘʥʪʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ: L + La3Sb2 ź LaSb2. ɯʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ, ʱʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ: ʝʚʪʝʢʪʠʯʥʝ ʧʨʠ ʚʤʽʩʪʽ 5 ʘʪ. % Sb ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 845 Üʉ (L ź+ (ɓLa) + La2Sb) ʪʘ ʚʠʨʦʜʞʝʥʝ ʝʚʪʝʢʪʠʯʥʝ ʧʨʠ 630 Üʉ ʪʘ 

ʚʤʽʩʪʽ 99 ʘʪ. % Sb (L ź+ (Sb) + LaSb2). 

 

1.2.3 ʉʠʩʪʝʤʘ TbïSn 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ TbïSn (ʨʠʩʫʥʦʢ 1.1, ʚ) [52] ʜʝʤʦʥʩʪʨʫʻ ʚʽʜʩʫʪʥʽʩʪ  ɹ

ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥ  ̔ ʪʘ ʫʪʚʦʨʝʥʥ  ̫ 8 ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ 

ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ. ʋ ʪʘʙʣʠʮʽ 1.5 ʥʘʚʝʜʝʥ  ̔ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥ  ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʥʘʨʥʠʭ 

ʩʧʦʣʫʢ. ʂʦʤʧʦʥʝʥʪʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʥʝʦʙʤʝʞʝʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʚ ʨʽʜʢʦʤʫ ʩʪʘʥ  ̔

ʪʘ ʦʙʤʝʞʝʥʦʶ ʫ ʪʚʝʨʜʦʤʫ (~1 ʘʪ. %). ʉʧʦʣʫʢʘ TbSn3 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩ  ̫ ʚ 2 

ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽ̫ ʭ ʪʘ ʽʩʥʫʻ ʚ ʦʙʤʝʞʝʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ: 

480 852 Üʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 762 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥ  ̫ 

Ŭ-TbSn3 ź ɓ-TbSn3. ɺʊʄ ʮʽ ʾ̒ ʩʧʦʣʫʢʠ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻ  ʁʧʨʠ 

852 Üʉ: L + TbSn2 ź ɓ-TbSn3. ʈʦʟʧʘʜ ʬʘʟʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʤʝʪʘʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻ :ʁ  

Ŭ-TbSn3 ź TbSn2 + L. ʉʧʦʣʫʢʘ TbSn2 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩ  ̫ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 1136 Üʉ ʟʘ 

ʨʝʘʢʮʽʻʶ: L ź TbSn2. ʉʧʦʣʫʢʘ Tb3Sn7 ʥʝ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʜʽʘʛʨʘʤ  ̔ʩʪʘʥʫ, ʻ ʩʪʘʣʦʛʦ 

ʩʢʣʘʜʫ, ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩ  ̫ʫʪʚʦʨʝʥʥʷʤ 2 ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʡ.  

ʇʨʦʤʽʞʥʘ ʬʘʟʘ Tb4Sn5 ʫʪʚʦʨʶʻʪʴʩ  ̫ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʠʤ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʨʠ 

1181 Üʉ: L + TbSn ź Tb4Sn5. ʉʧʦʣʫʢʠ TbSn, Tb11Sn10 ʪʘ Tb5Sn4 ʪʘʢʦʞ ʫʪʚʦʨʶʶʪʴʩ  ̫

ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ 1259 Üʉ, 1590 Üʉ ʪʘ 1710 Üʉ ʟʘ ʫʯʘʩʪʽ ʨʦʟʧʣʘʚʫ 

ʧʨʦʤʽʞʥʠʭ ʬʘʟ Tb11Sn10, Tb5Sn4 ʪʘ Tb5Sn3, ʚʽʜʧʦʚʽʜʥʦ. ʉʧʦʣʫʢʘ Tb5Sn3 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 1850 Üʉ: L ź Tb5Sn3. ɯʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʫ ʩʠʩʪʝʤʽ: ʚʠʨʦʜʞʝʥʘ ʧʝʨʠʪʝʢʪʠʢʘ ʧʨʠ ~231,9 Üʉ ʪʘ ʚʤʽʩʪ  ̔1 ʘʪ. % Tb 

(L + (ɓSn) ź TbSn2); ʝʚʪʝʢʪʠʢʘ ʧʨʠ ʚʤʽʩʪ  ̔ʈɿʄ 35 ʘʪ. % ʪʘ ~1090 Üʉ: L ź TbSn2 + 

Tb4Sn5; ̔ ʥʰʘ ʝʚʪʝʢʪʠʢʘ ʧʨʠ 88 ʘʪ. % Tb ʪʘ 1158 Üʉ: L ź (ŬTb) + Tb5Sn3. 



17 

ʊʘʙʣʠʮʷ 1.5 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ TbïSn 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

TbSn2 ZrSi2 Cmcm oS12 4,401 16,27 4,308 53 

TbSn3 GdSn2,75 Amm2 oS16 4,35 4,39 21,913 54 

TbSn3 AuCu3 Pm 3 m cP4 4,66 ï ï 55 

Tb11Sn10 Ho11Ge10 I4/mmm tI84 11,6 ï 17,0 56 

Ŭ-Tb3Sn7 Tb3Sn7 Cmmm oS28 4,363 26,347 4,441 54 

ɓ-Tb3Sn7 ɓ-Tb3Sn7 Pmmm oP28 4,3352 4,4251 26,7006 57 

Tb5Sn3 Mn5Si3 P63/mcm hP16 8,937 ï 6,531 53 

Tb5Sn4 Sm5Ge4 Pnma oP36 8,004 15,418 8,139 58 

 

1.2.4 ʉʠʩʪʝʤʘ Tb Sb  

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Tb Sb (ʨʠʩʫʥʦʢ 1.1, ʛ) [59] ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʬʘʟ, ʜʣʷ ʷʢʠʭ ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʧʦʣʽʤʦʨʬʽʟʤ. 

ʂʦʤʧʦʥʝʥʪʠ ʩʪʠʙʽʡ ʪʘ ʪʝʨʙʽʡ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ 

ʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʫ ʪʚʝʨʜʦʤʫ, ʤʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʪʝʨʙʽʶ ʫ ʩʪʠʙʽʾ ʥʝ 

ʧʝʨʝʚʠʱʫʻ 1 ʘʪ. %, ʪʦʜʽ ʷʢ ʨʦʟʯʠʥʥʽʩʪʴ ʩʪʠʙʽʶ ʫ Ŭ-Tb ʪʘ ɓ-Tb ʜʦʩʷʛʘʻ  

2-3 ʘʪ. %. ʇʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʥʽʩʪʴ Sb ʫ Tb ʟʤʝʥʰʫʻʪʴʩʷ. ʋ 

ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 5 ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ, ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ 

ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.6. ʉʧʦʣʫʢʘ TbSb2  ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ 740 Üʉ: L + Ŭ-TbSb ź TbSb2. 

ʉʧʦʣʫʢʘ TbSb ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 2160 Üʉ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ 2 

ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ, ʚʽʜʧʦʚʽʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ  

1860 Üʉ. ʉʧʦʣʫʢʘ Tb4Sb3 ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ  

1770 Üʉ (L + Ŭ-TbSb ź ɓ-Tb4Sb3), ʽʩʥʫʻ ʚ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ, 

ʨʽʚʥʦʚʘʛʘ ʅʊʄ ʪʘ ɺʊʄ ʩʧʦʣʫʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ 1600 Üʉ. ɻʝʢʩʘʛʦʥʘʣʴʥʘ ʬʘʟʘ 

ʟʽ ʉʊ Mn5Si3 (Tb5Sb3) ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʢʦʶ ʧʨʠ 1650 Üʉ:  

L + ɓ-Tb4Sb3 ź Tb5Sb3. 
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ʇʨʠ ʚʤʽʩʪʽ ʪʝʨʙʽʶ ~1 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʦʜʞʝʥʝ ʧʝʨʠʪʝʢʪʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: L + (ɓSb) ź TbSb2, ʧʨʠ ʢʽʣʴʢʦʩʪʽ ʈɿʄ 86 ʘʪ. % ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 

1130 Üʉ ʧʦʯʠʥʘʶʪʴ ʫʪʚʦʨʶʚʘʪʠʩʷ ʢʨʠʩʪʘʣʠ ʝʚʪʝʢʪʠʯʥʦʾ ʩʫʤʽʰʽ: (ŬTb) ʪʘ 

Tb5Sb3. ʇʨʠ ʚʤʽʩʪʽ ʪʝʨʙʽʶ 98 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ ʤʝʪʘʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ: 

 (ɓTb) ź L + (ŬTb). 

 

ʊʘʙʣʠʮʷ 1.6 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ TbïSb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

ɓ-TbSb NaCl Fm 3 m cF8 6,170 ï ï 48 

Ŭ-TbSb NiO R 3 m hR6 4,3546 ï 10,6987 60 

TbSb2 (hp) HoSb2 C222 oS6 3,282 0,5903 7,99 61 

TbSb2 (hp-ht) LaSb2 Cmce oS24 6,123 0,5969 17,72 61 

Tb2Sb5 Dy2Sb5 P21/m mP28 13,108 4,1708 

ɓ = 102,348̄  

14,652 62 

Ŭ-Tb4Sb3 Th3P4 I 4 3d cI28 9,17 ï ï 63 

Tb5Sb3 Mn5Si3 P63/mcm hP16 8,9324 ï 6,2887 64 

 

1.2.5 ʉʠʩʪʝʤʠ TiïSn 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ TiïSn ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʽʟ 

ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʬʘʟ (ʨʠʩʫʥʦʢ 1.2, ʘ) [65], ʜʦʩʣʽʜʞʫʚʘʣʘʩʷ ʘʚʪʦʨʘʤʠ 

[66, 67, 68, 69]. ʂʦʤʧʦʥʝʥʪʠ Ti ʪʘ Sn ʻ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʦʜʠʥ ʚ ʦʜʥʦʤʫ 

ʚ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ ʧʨʘʢʪʠʯʥʦ ʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʚ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. 

ʂʦʤʧʦʥʝʥʪ Ti ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʜʚʦʭ ʘʣʦʪʨʦʧʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ Ŭ-Ti, ɓ-Ti. 

ʇʝʨʝʭʽʜ ʟ ʦʜʥʽʻʾ ʘʣʦʪʨʦʧʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʚ ʽʥʰʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 882¯ C. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ Sn ʚ ɓ-Ti ʩʪʘʥʦʚʠʪʴ  

16 ʘʪ. % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1585¯ʉ, ʚ Ŭ-Ti ï ʜʦ 9 ʘʪ. % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 

885¯C. ɺ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʻʪʴʩʷ 5 ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ: Ti3Sn, Ti2Sn,Ti5Sn3,  

Ŭ-Ti6Sn5, ɓ-Ti6Sn5. ʉʧʦʣʫʢʘ Ti2Sn3 ʥʘ ʜʽʘʛʨʘʤʽ ʥʝ ʚʽʜʦʙʨʘʞʝʥʘ, ʚʽʜʦʤʦʩʪʽ 

ʧʨʦ ʥʝʾ ʻ ʚ ʧʨʘʮʷʭ [70, 71]. 



 

ʘ  ʙ  

ʚ  ʛ  

ʈʠʩ. 1.1 ɼʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ LaïSn (a), LaïSb (ʙ), TbïSn (ʚ) ʪʘ TbïSb (ʛ) 
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ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.7. 

ʉʧʦʣʫʢʘ Ti3Sn ʻ ʩʧʦʣʫʢʦʶ ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ, ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʧʨʠ 1670¯C  ̔

ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʟʘ ʨʝʘʢʮʽʻʶ: L ª Ti3Sn. ʉʧʦʣʫʢʘ Ti2Sn ʻ ʩʧʦʣʫʢʦʶ 

ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ, ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ ʧʨʠ 1550¯C ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ:L + Ti3Sn ª Ti2Sn. ʉʧʦʣʫʢʘ Ti5Sn3 ʻ ʩʧʦʣʫʢʦʶ 

ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ, ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ ʧʨʠ 1505 ¯C ʪʘ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ L + Ti2Sn ª Ti5Sn3. ʉʧʦʣʫʢʘ Ti6Sn5 ʽʩʥʫʻ ʚ ʜʚʦʭ 

ʤʦʜʠʬʽʢʘʮʽʷʭ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʫ 790¯C. ʋ ʨʦʟʜʽʣʽ 3.2.3 ʫʪʦʯʥʝʥʦ, 

ʱʦ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ < 400 ¯C, ʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʙʣʠʟʴʢʘ ʜʦ 790¯C ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʫ ʥʦʥ-ʚʘʨʽʘʥʪʥʫ 

ʨʽʚʥʦʚʘʛʫ, ʧʨʠ ʷʢʽʡ ʫʪʚʦʨʶʻʪʴʩʷ ʩʧʦʣʫʢʘ Ti2Sn3. ʉʧʦʣʫʢʘ ʟʽ ʩʪʝʭʽʦʤʝʪʨʽʻʶ 6:5 

ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʧʨʠ 1490¯C, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ L ª ɓ-Ti6Sn5. ʋ 

ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʽʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ ʝʚʪʝʢʪʠʯʥ  ̔ʧʝʨʝʪʚʦʨʝʥʥʷ: L ª Ti5Sn3 + Ŭ-

Ti6Sn5 (ʧʨʠ ʚʤʽʩʪʽ Sn 43 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 1440 ęʉ), L ª (ɓTi) + Ti3Sn (ʧʨʠ ʚʤʽʩʪʽ 

Sn 15 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 1500 ęʉ). 

 

ʊʘʙʣʠʮʷ 1.7 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ TiïSn  

ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʢʠ,¡ 
ʉʧʦʣʫʢʘ ʇɻ ʉʇ ʉʊ 

a b c 
ʃʽʪ. 

Ti0,9Sn0,1 P63/mmc hP2 Mg 2,956 ï 4,736 72 

Ti2Sn P63/mmc hP6 Co1,75Ge 4,658 ï 5,700 73 

Ti2Sn3 Cmce oS40 Ti2Sn3 5,9541 19,948 7,021 70, 71 

Ti3Sn (hp) Pm 3 m cP4 Au3Cu 4,176 ï ï 74 

Ti3Sn P63/mmc hP8 Mg3Cd 5,9162 ï 4,7627 75 

Ti5Sn3 P63/mcm hP16 Mn5Si3 8,017 ï 5,421 76 

ɓ-Ti6Sn5  P63/mmc hP22 Ti6Sn5 9,253 ï 5,718 76 

Ŭ-Ti6Sn5  Immm oI44 Nb6Sn5 5,735 9,144 16,930 77, 70 
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1.2.6 ʉʠʩʪʝʤʘ TiïSb 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ TiïSb ʚʠʚʯʝʥʘ ʥʝʜʦʩʪʘʥʴʦ 

ʧʦʚʥʦ (ʨʠʩʫʥʦʢ 1.2, ʙ) [78], ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 7 ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ, ʜʣʷ 

ʦʜʥʽʻʾ ʩʧʦʣʫʢʠ ʟʽ ʩʪʝʭʽʦʤʝʪʨʽʻʶ 3:1 ʭʘʨʘʢʪʝʨʥʠʡ ʽ ʪʝʨʤʽʯʥʠʡ, ʽ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ 

ʧʦʣʽʤʦʨʬʽʟʤ (ʪʘʙʣʠʮʷ 1.8). 

 
ʊʘʙʣʠʮʷ 1.8 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ TiïSb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

TiSb NiAs P63/mmc hP4 4,1033 ï 6,2836 79 

TiSb2 CuAl2 I4/mcm tI12 6,6528 ï 5,8071 80 

Ti10,84Sb7,73 Cr11Ge8 Pnma oP76 14,6228 5,5972 17,644 81 

Ti2Sb Ti2Sb I4/mmm tI16 3,9546 ï 14,611 82 

Ti3Sb (cub) Cr3Si Pm 3 n cP8 5,2183 ï ï 80 

Ti3Sb (tet) Ti3Sb I4/mcm tI32 10,465 ï 5,2639 83 

Ti3.2Sb0.8 Mg3Cd P63/mmc hP8 5,958 ï 4,808 84 

Ti5Sb3 Yb5Sb3 Pnma oP32 10,2182 8,3432 7,1748 79 

Ti6Sb5 ... Pbam ... 14,55 16,34 5,31 83 

 
ʂʦʤʧʦʥʝʥʪʠ ʪʠʪʘʥ ʪʘ ʩʪʠʙʽʡ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ 

ʦʙʤʝʞʝʥʦ ʫ ʪʚʝʨʜʦʤʫ. ʅʘ ʦʩʥʦʚʽ ɺʊʄ-ʊʽ ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʜʦ  

12 ʘʪ. %, ʧʨʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʅʊʄ-ʊʽ ʚʽʜʩʫʪʥʽ ʜʘʥʽ ʥʘ 

ʜʽʘʛʨʘʤʽ. ʉʧʦʣʫʢʠ Ti3Sb, TiSb ʧʣʘʚʣʷʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʪʘ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʟ 

ʨʦʟʧʣʘʚʫ ʧʨʠ ~1350 ęʉ ʪʘ ~1180 ęʉ ʚʽʜʧʦʚʽʜʥʦ (ʨʠʩʫʥʦʢ 1.2, ʙ). ʉʧʦʣʫʢʘ TiSb2 

ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ~1020 ęʉ: L + TiSb ź TiSb2. ɯʥʰʽ 

ʥʦʥ-ʚʘʨʽʘʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʝʚʪʝʢʪʠʢʘ ʧʨʠ 1340 ęʉ ʪʘ ʚʤʽʩʪʽ ʩʪʠʙʽʶ 20 ʘʪ. %  

(L ź (ɓTi) + Ti3Sb); ʝʚʪʝʢʪʠʢʘ ʧʨʠ ~1050 ęʉ ʪʘ ʚʤʽʩʪʽ ʩʪʠʙʽʶ 40 ʘʪ. %, ʚʠʨʦʜʞʝʥʘ 

ʝʚʪʝʢʪʠʢʘ ʧʨʠ 630 ęʉ ʪʘ ʚʤʽʩʪʽ ʩʪʠʙʽʶ ʜʦ 1 ʘʪ. % (L ź (Sb) + TiSb2). 
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1.2.7 Cʠʩʪʝʤʘ ZrïSn 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ ZrïSn (ʨʠʩʫʥʦʢ 1.2, ʚ) [85] 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ 4 ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ (ʪʘʙʣʠʮʷ1.9). ʂʦʤʧʦʥʝʥʪʠ 

ʩʪʘʥʫʤ ʪʘ ʮʠʨʢʦʥʽʡ ʚʟʘʻʤʥʦ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ  

ʦʙʤʝʞʝʥʦ ï ʫ ʪʚʝʨʜʦʤʫ. ʉʪʘʥʫʤ ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʯʠʥʷʻ ʮʠʨʢʦʥʽʡ, ʪʦʜʽ ʷʢ ʥʘ 

ʦʩʥʦʚʽ ʅʊʄ-Zr ʪʘ ɺʊʄ-Zr ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ  

7,3 ʘʪ. % ʧʨʠ 982 ʉ ʪʘ ʜʦ 17 ʘʪ. % ʧʨʠ 1592 ʉ. ʉʧʦʣʫʢʘ Zr3Sn  ʩʪʘʣʦʛʦ 

ʩʢʣʘʜʫ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʦʾʜʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ 1327 ʉ:  

(ɓZr) + Zr5Sn3 ź Zr3Sn. ʇʨʦʤʽʞʥʘ ʬʘʟʘ Zr5Sn3 ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 

1988 ʉ: L ź Zr5Sn3. ʉʧʦʣʫʢʘ Zr5Sn4 ʥʝ ʻ ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʜʽʘʛʨʘʤʽ, 

ʫʪʚʦʨʶʻʪʴʩʷ ʰʣʷʭʦʤ ʚʢʣʶʯʘʥʥʷ ʘʪʦʤʽʚ ʩʪʘʥʫʤʫ ʚ ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ 

ʩʧʦʣʫʢʠ Zr5Sn3, ʪʦʤʫ ʤʦʞʥʘ ʚʚʘʞʘʪʠ, ʱʦ ʻ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʤʽʞ ʮʠʤʠ 

ʬʘʟʘʤʠ. ʉʧʦʣʫʢʘ ZrSn2 ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ 1142 

ʉ: L + Zr5Sn3 ź ZrSn2. ɯʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʨʠ 19,1 ʘʪ. % Sn 

ʪʘ 1592 ʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź Zr5Sn3+ (ɓZr); ʧʨʠ 

99,9 ʘʪ. % Sn ʪʘ ~232 ʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʦʜʞʝʥʝ ʧʝʨʠʪʝʢʪʠʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: L + ZrSn2 ź (ɓSn). 

 
ʊʘʙʣʠʮʷ 1.9 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ ZrïSn 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

ZrSn2 TiSi2 Fddd oF24 5,6434 9,577 9,9287 86 

Ŭ-Zr3Sn Cr3Si Pm 3 n cP8 5,63 ï ï 87, 88 

Zr5Sn3 Mn5Si3 P63/mcm hP16 8,456 ï 5,779 86 

Zr5Sn4 Ti5Ga4 P63/mcm hP18 8,4802 ï 5,795 89, 90 

 
1.2.8 ʉʠʩʪʝʤʘ ZrïSb 

ʉʠʩʪʝʤʘ ZrïSb  ̒ ʥʝʜʦʩʪʘʪʥʴʦ ʚʠʚʯʝʥʦʶ, ʥʝ ʧʦʙʫʜʦʚʘʥʽ ʣʽʥʽ  ʾ ʣʽʢʚʽʜʫʩʘ, 

ʩʦʣʽʜʫʩʘ ʪʘ ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʙʘʛʘʪʴʤʘ ʩʧʦʣʫʢʘʤʠ (ʨʠʩʫʥʦʢ 1.2, ʛ) [91]. ʋ ʩʠʩʪʝʤ  ̔

ʫʪʚʦʨʶʶʪʴʩʷ 9 ʩʧʦʣʫʢ (ʪʘʙʣʠʮʷ 1.10), ʟ ʥʠʭ ʥʘ ʜʽʘʛʨʘʤʽ ʥʘʥʝʩʝʥʦ ʣʠʰʝ 5 ʩʧʦʣʫʢ. 
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ʂʦʤʧʦʥʝʥʪʠ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥ  ̔ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʪʘ ʦʙʤʝʞʝʥʦ ï ʫ ʪʚʝʨʜʦʤʫ. 

ʉʪʠʙʽʡ ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʯʠʥʷ  ̒ʮʠʨʢʦʥʽʡ, ɺʊʄ-Zr ʨʦʟʯʠʥʷ  ̒ʨ-ʝʣʝʤʝʥʪ ʜʦ 8 ʘʪ. % ʧʨʠ 

~1430 ʉ, ʅʊʄ-Zr ʨʦʟʯʠʥʷʻ ʜʦ 1,5 ʘʪ. % ʧʨʠ 863 ʉ, ʚ ʦʙʦʭ ʚʠʧʘʜʢʘʭ ʧʨʠ ʟʥʠʞʝʥʥ  ̔

ʪʝʤʧʝʨʘʪʫʨʠ ʟʤʝʥʰʫʻʪʴʩʷ ʨʦʟʯʠʥʥʽʩʪʴ. ʉʧʦʣʫʢʘ Zr5Sb3 ʽʤʦʚʽʨʥʦ ʧʣʘʚʠʪʴʩ  ̫

ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ ~1900 ʉ: L ź Zr5Sb3. ɼʣʷ ʩʧʦʣʫʢʠ Zr2Sb 

ʥʘ ʜʽʘʛʨʘʤʽ ʟʦʙʨʘʞʝʥʦ ʧʦʣʽʤʦʨʬʥʠʡ ʧʝʨʝʭʽʜ ʧʨʠ ~1100 ʉ, ɓ-Zr2Sb ʧʣʘʚʠʪʴʩ  ̫

ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ, ʽʤʦʚʽʨʥʦ, ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ~1680 ʉ:  

L + Zr5Sb3 ź ɓ-Zr2Sb. ʉʧʦʣʫʢʘ Zr3Sb ʪʘʢʦʞ ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ, ʽʤʦʚʽʨʥʦ ʟʘ ʫʯʘʩʪʽ ʨʦʟʧʣʘʚʫ ʪʘ ʧʨʦʤʽʞʥʦʾ ʬʘʟʠ ɓ-Zr2Sb. ɯʥʰʽ ʨʝʘʢʮʽʾ, ʷʢʽ 

ʚʽʜʙʫʚʘʶʪʴʩʷ ʫ ʩʠʩʪʝʤʽ: ʧʨʠ ʚʤʽʩʪʽ Zr 82,5 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ~1430 ʉ  

ʝʚʪʝʢʪʠʯʥʝ: L ź (ɓZr) + Zr3Sb; ʧʨʠ ʚʤʽʩʪʽ Zr 99 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 863 ʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʠʪʝʢʪʦʾʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: (ɓZr) + Zr3Sb ź (ŬZr). 

 
ʊʘʙʣʠʮʷ 1.10 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ ZrïSb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

ZrSb (cub) FeSi P213 cP8 5,6358 ï ï 92 

ZrSb (orth) ZrSb Cmcm oS24 3,8394 10,406 14,02 93 

b-ZrSb2 PbCl2 Pnma oP12 7,393 3,987 9,581 94 

ɔ-ZrSb2 TiAs2 Pnnm oP24 9,963 14,963 3,8779 92 

Zr11Sb18 Zr11Sb18 I 4 2d tI116 6,7694 ï 60,073 95 

ɓ-Zr2Sb ... ... oP48 7,756 9,058 14,652 92 

Ŭ-Zr2Sb La2Sb I4/mmm tI12 4,1172 ï 5,771 92, 86 

Zr2Sb3 ... ... ... 9,567 ï 5,294 92 

Zr3Sb Ni3P I 4  tI32 11,351 ï 5,671 92 

Ŭ-Zr5Sb3 Mn5Si3 P63/mcm hP16 8,4175 ï 5,7678 92 

ɓ-Zr5Sb3 Y5Bi3 Pnma oP32 7,465 8,801 10,865 92 

Zr5Sb3,16 Ti5Ga4 P63/mcm hP18 8,4267 ï 5,7856 96 

Zr7Sb4 (Hf0.86Ti0.14)7Sb4 P121/c1 mP44 8,4905 11,1557 

ɓ = 111,443̄  

11,1217 97 
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ʈʠʩ. 1.2 ɼʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤ Ti Sn (ʘ), Ti Sb (ʙ), Zr Sn (ʚ), Zr Sb (ʛ)
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ʦʙʤʝʞʝʥʦʤʫ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʽ ʧʨʠ 725 Üʉ ʨʦʟʧʘʜʘʻʪʴʩʷ ʟʘ 

ʝʚʪʝʢʪʦʾʜʥʦʶ ʨʝʘʢʮʽʻʶ: LaMg2 ź LaMg + LaMg3. ʉʧʦʣʫʢʘ ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ 

LaMg ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʧʨʠ 745 Üʉ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ: L + LaMg2 ź LaMg. ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ 

ʩʠʩʪʝʤʠ LaïMg ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.11. ʋ ʩʠʩʪʝʤʽ ʚʽʜʙʫʚʘʶʪʴʩʷ ʱʝ ʪʘʢʽ 

ʥʦʥʚʘʨʽʘʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʨʠ 613 Üʉ ʪʘ ʚʤʽʩʪʽ La 0,1Ñ2,3 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź Mg + LaMg12; ʧʨʠ 712Ñ1 Üʉ ʪʘ ʚʤʽʩʪʽ La 65 ʘʪ. 

% ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: L ź (ɔLa) +LaMg; ʧʨʠ 546Ñ1 Üʉ ʪʘ 

ʚʤʽʩʪʽ La 81 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʦʾʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: 

 (ɔLa) ź (ɓLa) + LaMg. ʉʧʦʣʫʢʘ La5Mg41 ʥʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʜʽʘʛʨʘʤʽ ʩʪʘʥʫ. 

 

ʊʘʙʣʠʮʷ 1.11 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïMg 

ʇʘʨʘʤʝʪʨʠ 
ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 
ʃʽʪʝʨʘ-

ʪʫʨʘ 

LaMg CsCl Pm 3 m cP2 3,960 ï ï 103 

LaMg2 MgCu2 Fd 3 m cF24 8,809 ï ï 104 

LaMg3 BiF3 Fm 3 m cF16 7,494 ï ï 105 

La2Mg17 Th2Ni17 P63/mmc hP38 10,36 ï 10,24 106 

LaMg12 é ... oI338 10,33 10,33 77,49 107 

LaMg12 LaMg~11 Immm oI346 10,3391 10,3554 77,484 108 

La5Mg41 Ce5Mg41 I4/m tI92 14,822 ï 10,468 107 

 

 

1.2.10 Cʠʩʪʝʤʘ TbïMg  

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ Tb ï Mg (ʨʠʩʫʥʦʢ 1.3, ʙ) [109] 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʪʘ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʯʠʩʪʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ Tb ʫ Mg ʜʦʩʷʛʘʻ 4,6 ʘʪ. % ʧʨʠ 559Ñ3 Üʉ. 

ʅʘ ʦʩʥʦʚʽ ɓ-Tb ʫʪʚʦʨʶʻʪʴʩʷ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟ ʨʦʟʯʠʥʥʽʩʪʶ ʤʘʛʥʽʶ ʜʦ 19 ʘʪ. % ʧʨʠ 

875Ñ5 Üʉ, ʥʘ ʦʩʥʦʚ  ̔Ŭ-Tb  ʜʦ 14 ʘʪ. % ʧʨʠ 695Ñ5 Üʉ. ʋʩʽ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ (ʪʘʙʣʠʮ  ̫
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1.12) ʫʪʚʦʨʶʶʪʴʩ  ̫ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʠʤʠ ʨʝʘʢʮʽʷʤʠ. ɺʽʜʦʤʦ, ʱʦ ʩʧʦʣʫʢʘ 

ʝʢʚʽʤʦʣʷʨʥʦʛʦ ʩʢʣʘʜʫ TbMg ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʧʨʠ 875Ñ5 Üʉ. ʇʨʠ ʚʤʽʩʪʽ ʪʝʨʙʽʶ 9,6 

ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ 559Ñ3 Üʉ: L ź (Mg) + Tb5Mg24; ʧʨʠ ʚʤʽʩʪʽ ʪʝʨʙʽʶ ~74 ʘʪ. % 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʦʾʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: (ɓTb) ź (ŬTb) + TbMg. 

 

ʊʘʙʣʠʮʷ 1.12 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ MgïTb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

TbMg CsCl Pm 3 m cP2 3,778 ï ï 110 

TbMg2 MgZn2 P63/mmc hP12 6,047 ï 9,823 111 

TbMg2 (hp) CuZr2 I4/mmm tI6 3,8356 ï 12,436 112 

TbMg3 BiF3 Fm 3 m cF16 7,296 ï ï 113 

Tb5Mg24 Ti5Re24 I 4 3m cI58 11,283 ï ï 114 

 

1.2.11 Cʠʩʪʝʤʘ TiïMg 

ɼʽʛʨʘʤʘ ʩʪʘʥʫ TiïMg ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʟ ʝʚʪʝʢʪʦʾʜʥʦʶ 

ʚʟʘʻʤʦʜʽʻʶ, ʾʾ ʜʦʩʣʽʜʞʫʚʘʣʠ ʘʚʪʦʨʠ [115, 116, 117, 118, 119, 120].  

ʂʦʤʧʦʥʝʥʪʠ Ti ʪʘ Mg ʥʝ ʩʧʽʚʽʩʥʫʶʪʴ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ ʯʝʨʝʟ ʨʽʟʥʠʮʶ 

ʪʝʤʧʝʨʘʪʫʨʠ ʢʠʧʽʥʥʷ ʤʘʛʥʽʶ ʪʘ ʧʣʘʚʣʝʥʥʷ ʪʠʪʘʥʫ (ʨʠʩʫʥʦʢ 1.3, ʚ) 

ʈʦʟʯʠʥʥʽʩʪʴ ʊʽ ʚ Mg ʩʷʛʘʻ ʜʦ 0,3 ʘʪ. % ʨʦʟʯʠʥʷʻ Ti ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 651 Üʉ. ʅʘ 

ʦʩʥʦʚʽ ɺʊʄ-Ti ʫʪʚʦʨʶʻʪʴʩʷ ʦʙʤʝʞʝʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʤʘʛʥʽʶ ʫ ʪʠʪʘʥʽ ʜʦ  

~10 ʘʪ. %. ʎʷ ʬʘʟʘ ʻ ʚ ʨʽʚʥʦʚʘʟʽ ʟ ʧʘʨʘʤʠ ʤʘʛʥʽʶ. ʅʘ ʦʩʥʦʚʽ ʅʊʄ-Ti ʫʪʚʦʨʶʻʪʴʩ  ̫

ʦʙʤʝʞʝʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʤʘʛʥʽʶ ʫ ʪʠʪʘʥʽ ʜʦ ~3 ʘʪ. %, ʟʽ ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ 

ʨʦʟʯʠʥʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ ʜʦ ~1 ʘʪ. % ʧʨʠ 400 Üʉ. ʇʨʠ ʚʤʽʩʪʽ Mg ~3 ʘʪ. % ʪʘ 

ʪʝʤʧʝʨʘʪʫʨʽ 865 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʦʾʜʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ: (ɓTi) ź (ŬTi) + (Mg). 

ʇʨʠ ʚʤʽʩʪʽ Mg ~99,9 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 651 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʨʦʜʞʝʥʘ 

ʧʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ: L + (ŬTi) ź (Mg). 
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ʈʠʩ. 1.3 ɼʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤ La Mg (ʘ), Mg Tb (ʙ), Ti Mg (ʚ), Zr Mg (ʛ) 
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1.2.12 ʉʠʩʪʝʤʘ ZrïMg  

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ZrïMg (ʨʠʩʫʥʦʢ 1.3, ʛ) [121] ʜʦʩʣʽʜʞʝʥʘ ʥʝ ʫ 

ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ (0 2 ʘʪ. % Zr). ʉʠʪʫʘʮʽʷ ʻ ʩʭʦʞʦʶ ʜʦ 

ʩʠʩʪʝʤʠ TiïMg, ʪʘʢ ʷʢ ʧʨʦʮʝʩ ʧʣʘʚʣʝʥʥʷ ʮʠʨʢʦʥʽʶ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ʪʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ, ʢʦʣʠ ʤʘʛʥʽʡ ʧʝʨʝʙʫʚʘʻ ʫ ʛʘʟʦʧʦʜʽʙʥʦʤʫ ʩʪʘʥʽ. ɹʽʥʘʨʥʽ ʩʧʦʣʫʢʠ 

ʫ ʩʠʩʪʝʤʽ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. ʄʘʛʥʽʡ ʨʦʟʯʠʥʷʻ ʮʠʨʢʦʥʽʡ ʜʦ 1 ʘʪ. % ʧʨʠ 

653,6Ñ0,5 Üʉ, ʧʨʠ ʟʥʠʞʝʥʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʥʽʩʪʴ ʟʤʝʥʰʫʻʪʴʩʷ. ʇʨʠ 

ʚʤʽʩʪʽ ʮʠʨʢʦʥʽʶ 0,161Ñ0,011 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 653,6Ñ0,5 Üʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʠʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ: L + (ŬZr) ź (Mg). 

 

1.2.13 ʉʠʩʪʝʤʘ MgïSn 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ MgïSn (ʨʠʩʫʥʦʢ 1.4, ʘ) [122] ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ 

ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ, ʱʦ 

ʧʣʘʚʣʷʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ. ɺʧʝʨʰʝ ʩʠʩʪʝʤʘ ʙʫʣʘ ʜʦʩʣʽʜʞʝʥʘ ʘʚʪʦʨʘʤʠ ʧʨʘʮʴ 

[123, 124], ʪʘ ʩʪʘʣʘ ʦʩʥʦʚʦʶ ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ [125, 126, 127, 128, 

129]. ʂʦʤʧʦʥʝʥʪʠ Mg ʪʘ Sn ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʦʜʠʥ ʚ ʦʜʥʦʤʫ ʫ ʨʽʜʢʦʤʫ 

ʩʪʘʥʽ. ʋ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ Mg ʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʷʻ Sn, ʫʪʚʦʨʝʥʠʡ ʦʙʤʝʞʝʥʠʡ 

ʨʦʟʯʠʥ (Mg) ʤʘʢʩʠʤʘʣʴʥʦ ʤʽʩʪʠʪʴ 3,35 ʘʪ. % Sn ʧʨʠ 561,2Ñ0,3 Üʉ; ʟʽ 

ʟʥʠʞʝʥʥʷʤ ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʟʯʠʥʥʽʩʪʴ Sn ʩʧʘʜʘʻ ʜʦ ʥʫʣʷ. ʂʦʤʧʦʥʝʥʪ Sn 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʨʦʟʯʠʥʷʻ Mg. ɿʛʽʜʥʦ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ (ʨʠʩʫʥʦʢ 1.4, ʘ) ʫ ʩʠʩʪʝʤʽ 

MgïSn ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʙʽʥʘʨʥʘ ʩʧʦʣʫʢʘ ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ Mg2Sn, ʷʢʘ 

ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 770,5 Üʉ ʟʘ 

ʨʝʘʢʮʽʻʶ: L ź Mg2Sn. ɿ ʣʽʪʝʨʘʪʫʨʠ [130] ʚʽʜʦʤʦ ʧʨʦ ʽʩʥʫʚʘʥʥʷ ʱʝ ʜʚʦʭ 

ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ Mg3Sn17 ʪʘ Mg0,15Sn0,85, ʦʜʥʘʢ ʚʦʥʠ ʻ ʪʝʨʤʦʜʠʥʘʤʽʯʥʦ 

ʥʝʩʪʘʩʪʘʙʽʣʴʥʠʤʠ. ʉʧʦʣʫʢʘ Mg9Sn5  ʻ ʚʠʩʦʢʦʪʠʩʢʦʚʦʶ ʤʦʜʠʬʽʢʘʮʽʻʶ ʩʧʦʣʫʢʠ 

Mg2Sn [131]. ʆʢʨʽʤ ʮʴʦʛʦ, ʫ ʩʠʩʪʝʤʽ ʩʧʦʩʪʝʨʽʛʘʶʪʴʩʷ ʪʘʢʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ 

ʧʝʨʝʪʚʦʨʝʥʥʷ: ʧʨʠ 561,2Ñ0,3 Üʉ ʪʘ ʚʤʽʩʪʽ Sn 10,7 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʨʝʘʢʮʽʻʶ: L ź Mg2Sn + (Mg); ʧʨʠ 203,5Ñ0,3 Üʉ ʪʘ 

ʚʤʽʩʪʽ Sn 90,4 ʘʪ. % ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʨʝʘʢʮʽʻʶ:  
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L ź Mg2Sn + b-Sn. ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ MgïSn 

ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.13. 

ʊʘʙʣʠʮʷ 1.13 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ MgïSn  

ʇʘʨʘʤʝʪʨʠ 
ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, 

¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

Mg2Sn CaF2 Fm 3m cF12 6,7645 ï ï 132 

Mg3Sn17 WC P 6 m2 hP2 3,186 ï 3,011 130 

Mg3Sn1,67 (hp) Mg3Sn1,67 R 3  hR90 13,21 ï 13,32 133 

Mg9Sn5 (hp) Mg9Sn5 R 3  hR84 13,222 ï 13,15 119 

Mg0,15Sn0,85(m) Hg0,1Sn0,9 P6/mmm hP1 3,186 ï 3,011 130 

 
1.2.14 ʉʠʩʪʝʤʘ MgïSb 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʦʾ ʩʠʩʪʝʤʠ MgïSb (ʨʠʩʫʥʦʢ 1.4, ʙ) [134] 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʽʜʩʫʪʥʽʩʪʶ ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. ʋ 

ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʙʽʥʘʨʥʘ ʩʧʦʣʫʢa Mg3Sb2, ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʜʚʦʭ 

ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ (ʪʘʙʣʠʮʷ 1.14). ʉʧʦʣʫʢʘ ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ ʪʘ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ 1245Ñ5 Üʉ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 894 Üʉ ʚʽʜʙʫʚʘʻʪʴʩ  ̫

ʤʝʪʘʪʝʢʪʠʯʥʘ ʨʽʚʥʦʚʘʛʘ: ɓ-Mg3Sb2 ź L + Ŭ-Mg3Sb2. ʆʙʠʜʚʽ ʤʦʜʠʬʽʢʘʮʽʾ ʥʝ ʻ 

ʩʧʦʣʫʢʘʤʠ ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ. ʐʠʨʠʥʘ ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʜʣʷ ɺʊʄ ʜʦʩʷʛʘʻ 2 ʘʪ. %, 

ʜʣʷ ʅʊʄ ʜʦ 3-4 ʘʪ. %. ʇʨʠ ʚʤʽʩʪʽ ʩʪʠʙʽʶ 11,5 ʘʪ. % ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 629 Üʉ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʘ ʨʝʘʢʮʽʷ: L ź (Mg) + Ŭ-Mg3Sb2; ʧʨʠ ʚʤʽʩʪʽ ʩʪʠʙʽʶ 86 ʘʪ. % 

ʪʘ ʪʝʤʧʝʨʘʪʫʨʽ 579 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʝʚʪʝʢʪʠʯʥʘ ʨʽʚʥʦʚʘʛʘ: L ź (b) + Ŭ-Mg3Sb2. 

 
ʊʘʙʣʠʮʷ 1.14 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ MgïSb 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 

ʃʽʪ. 

Ŭ-Mg3Sb2 La2O3 P 3 m1 hP5 4,559 ï 7,243 135 

ɓ-Mg3Sb2 ɓ-Mn2O3 Ia3 cI80 é ï ï 136 
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1.2.15 ʉʠʩʪʝʤʘ TbïNi 

ɼʽʘʛʨʘʤʘ ʩʪʘʥʫ ʩʠʩʪʝʤʠ TbïNi ʥʘʣʝʞʠʪʴ ʜʦ ʜʽʘʛʨʘʤ ʩʪʘʥʫ 

ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʽʟ ʫʪʚʦʨʝʥʥʷʤ ʧʨʦʤʽʞʥʠʭ ʬʘʟ, ʱʦ ʧʣʘʚʣʷʪʴʩʷ 

ʢʦʥʢʨʫʝʥʪʥʦ ʪʘ ʽʥʢʦʥʛʨʫʝʥʪʥʦ. ʅʘ ʨʠʩʫʥʢʫ 1.4, ʚ ʧʨʠʚʝʜʝʥʝ ʛʨʘʬʽʯʥʝ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʜʽʘʛʨʘʤʠ, ʱʦ ʜʦʩʣʽʜʞʝʥʦʾ ʘʚʪʦʨʘʤʠ [137], ʘ ʚ ʪʘʙʣʠʮʽ 1.15 ʤʠ 

ʥʘʚʝʣʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʫ 

ʜʦʩʣʽʜʞʫʚʘʥʽʡ ʩʠʩʪʝʤʽ. ʊʝʨʙʽʡ ʪʘ ʥʽʢʝʣʴ ʥʝʦʙʤʝʞʝʥʦ ʨʦʟʯʠʥʥʽ ʦʜʠʥ ʚ 

ʦʜʥʦʤʫ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ. ʋ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʥʽʢʝʣʴ ʨʦʟʯʠʥʷʻ ʜʦ 7 ʘʪ.% ʪʝʨʙʽʶ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 1271 Áʉ. ʊʝʨʙʽʡ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʨʦʟʯʠʥʷʻ ʜʦ 30 ʘʪʦʤʥʠʭ 

ʚʽʜʩʦʪʢʽʚ ʅʽʢʝʣʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ 1322,6 Áʉ. ʋ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʻʪʴʩʷ 8 

ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ: Tb3Ni, TbNi, TbNi2, TbNi3, Tb2Ni7, TbNi7, 

TbNi5, Tb2Ni17, ʪʘʢʦʞ ʚʽʜʦʤʦ ʧʨʦ ʧʦʣʽʤʦʨʬʽʟʤ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ TbNi ʪʘ 

Tb2Ni7. ʉʧʦʣʫʢʘ Tb3Ni ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 789 Áʉ: (ŬTb) + L ź Tb3Ni. 

ʉʧʦʣʫʢʘ Tb3Ni2 ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~905 Áʉ: L + TbNi ź Tb3Ni2. ʉʧʦʣʫʢʘ TbNi 

ʧʣʘʚʠʪʴʩʷ ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~977 Áʉ: 

 L ź TbNi. ʉʧʦʣʫʢʘ TbNi2 ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~1144 Áʉ: L + TbNi3 ź TbNi2. 

ʉʧʦʣʫʢʘ TbNi3 ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ 

ʨʝʘʢʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~1226 Áʉ: L + Tb2Ni7 ź TbNi3. ʉʧʦʣʫʢʘ Tb2Ni7 

ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ~1284 Áʉ: L + TbNi5 ź Tb2Ni7. ʉʧʦʣʫʢʘ TbNi5 ʧʣʘʚʠʪʴʩʷ 

ʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟ ʨʦʟʧʣʘʚʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~1387 Áʉ: L ź 

TbNi5. ʉʧʦʣʫʢʘ Tb2Ni17 ʧʣʘʚʠʪʴʩʷ ʽʥʢʦʥʛʨʫʝʥʪʥʦ, ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ~1284 Áʉ: L + TbNi5 ź Tb2Ni17. 

ɯʥʰʝ ʥʦʥ-ʚʘʨʽʘʥʪʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ (ʝʚʪʝʢʪʠʯʥʝ) ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ 

ʪʝʤʧʝʨʘʪʫʨʠ 1271 Áʉ ʪʘ ʚʤʽʩʪʫ ʥʽʢʝʣʶ ~93 ʘʪ. %:L ź Tb2Ni17 + Ni. 
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ʊʘʙʣʠʮʷ 1.15 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ TbïNi 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ  ʾ
ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 
ʃʽʪ. 

Ŭ-TbNi TbNi P121/m1 mP24 5,458 4,197 21,34 138 

ɔ-TbNi TlJ Cmcm oS8 3,70 10,10 4,19 139 

ɓ-TbNi TbNi Pnma oP24 21,09 4,22 5,45 140 

TbNi2 MgCu2 Fm 3 m cF24 7,175 ï ï 141 

TbNi3 PuNi3 R 3 m hR36 4,979 ï 24,48 142 

TbNi5 CaCu5 P6/mmm hP6 4,896 ï 3,965 143 

Ŭ-Tb2Ni7 Ce2Ni7 P63/mmc hP36 4,94 ï 24,06 144 

ɓ-Tb2Ni7 Gd2Co7 R 3 m hR54 4,948 ï 36,23 145 

Tb2Ni17 Th2Ni17 P63/mmc hP38 8,47 ï 8,18 146 

Tb3Ni Fe3C Pnma oP16 6,89 9,58 6,32 147 

Tb3Ni2 Dy3Ni2 C12/m1 mS20 13,38 
3,71 

ɓ=106Ü 
9,64 148 
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1.3 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ  

1.3.1 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ LaïMgï{Si, Ge, Sn} 

ɸʚʪʦʨʠ [149] ʚʧʝʨʰʝ ʜʦʩʣʽʜʠʣʠ ʩʠʩʪʝʤʫ LaïMgïSi (ʨʠʩʫʥʦʢ 1.5, ʘ) ʚ 

ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʠ 500 ¯ʉ. ʏʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ Mg ʪʘ Si 

ʧʨʘʢʪʠʯʥʦ ʥʝ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʪʦʜʽ ʷʢ La ʜʦ 6 ʘʪ. % ʨʦʟʯʠʥʷʻ Mg. ʋ 

ʩʠʩʪʝʤʽ LaïMg ʫʪʚʦʨʶʶʪʴʩʷ ʯʦʪʠʨʠ ʙʽʥʘʨʥʽ ʬʘʟʠ: LaMg, LaMg3, La2Mg17, 

~LaMg12. ʋ ʩʠʩʪʝʤʽ MgïSi ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʙʽʥʘʨʥʘ ʬʘʟʘ ï Mg2Si. ʋ ʩʠʩʪʝʤʽ Laï

Si ʫʪʚʦʨʶʶʪʴʩʷ ʯʦʪʠʨʠ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ: La5Si3, La3Si2, La5Si4, LaSi. ʃʠʰʝ ʙʽʥʘʨʥʽ 

ʩʧʦʣʫʢʠ La3Si2 ʪʘ La5Si4 ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʫʪʚʦʨʝʥʥʷʤ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʧʨʦʪʷʞʥʽʩʪʶ 12 ʪʘ 6 ʘʪ. % Mg, ʚʽʜʧʦʚʽʜʥʦ; ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ LaSi2-x, LaSi2-y ï 

ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ (62,5ï64,4 aʪ. % Si ʪʘ 64,4ï67,0 aʪ. % Si ʚʽʜʧʦʚʽʜʥʦ); ʽʥʰʽ ʙʽʥʘʨʥ  ̔

ʩʧʦʣʫʢʠ ʥʝ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. ʋ ʩʠʩʪʝʤʽ LaïMgïSi ʫʪʚʦʨʶʶʪʴʩʷ ʧ`ʷʪʴ 

ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ: La2+xMg1-xSi2, La2MgSi2, LaMgSi2, La6Mg23Si ʪʘ (La, Si)Mg2. 

ʉʧʦʣʫʢʘ La2+xMg1-xSi2 ʤʘʻ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ (0 ¢ x ¢ 0,35), ʩʧʦʣʫʢʘ (La, Si)Mg2 

(< 0,5 ʘʪ. % Si) ʻ ʩʪʘʙʽʣʽʟʦʚʘʥʦʶ ʉʠʣʽʮʽʻʤ ʙʽʥʘʨʥʦʶ ʩʧʦʣʫʢʦʶ LaMg2.  

 

ʊʘʙʣʠʮʷ 1.16 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ LaïMgïSi 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, 
¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 
La2+xMg1-xSi2 

0 ¢ x ¢ 0,35 
Mo2FeB2 P4/mbm tP10 7,498 

(x = 0,075) 
7,587 

(x = 0,28) 

ï 4,465 
(x = 0,075) 

4,4543 
(x = 0,28) 

LaMg2Si2 CeSi2Mg2 P4/mmm tP5 4,3048 ï 5,8188 
LaMgSi2 ... ... ... ... ... ... 

La6Mg23Si Zr6SiZn23 Fm 3 m cP120 1,46569 ï ï 
(La, Si)Mg2 MgCu2 Fd 3 m cF24 8,800 ï ï 

 

ɸʚʪʦʨʠ [150] ʚʧʝʨʰʝ ʜʦʩʣʽʜʠʣʠ ʩʠʩʪʝʤʫ LaïMgïGe ʚ ʧʦʚʥʦʤʫ 

ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ ʽʥʪʝʨʚʘʣʽ ʧʨʠ 500 ¯ʉ (ʨʠʩʫʥʦʢ 1.5, ʙ). ʏʠʩʪʽ ʢʦʤʧʦʥʝʥʪʠ Mg ʪʘ 

Ge ʧʨʘʢʪʠʯʥʦ ʥʝ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ, ʪʦʜʽ ʷʢ La ʜʦ 3 ʘʪ. % ʨʦʟʯʠʥʷʻ Mg. 

ʋ ʩʠʩʪʝʤʽ LaïMg ʫʪʚʦʨʶʶʪʴʩʷ ʧ`ʷʪʴ ʙʽʥʘʨʥʠʭ ʬʘʟ: LaMg, LaMg2, LaMg3, La2Mg17, 

~LaMg11. ʋ ʩʠʩʪʝʤʽ MgïGe ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʙʽʥʘʨʥʘ ʬʘʟʘ ï Mg2Ge. ʋ ʩʠʩʪʝʤʽ Laï



35 

Ge ʫʪʚʦʨʶʶʪʴʩʷ ʰʽʩʪʴ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ: La3Ge, La5Ge3, La4Ge3, La5Ge4, LaGe, 

LaGe2-x, ʉʧʦʣʫʢʠ La3Ge ʪʘ LaGe ʽʩʥʫʶʪʴ ʚ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ. ʃʠʰʝ 

ʙʽʥʘʨʥʘ ʩʧʦʣʫʢʘ LaGe2-x ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩ  ̫ ʥʝʟʥʘʯʥʦʶ ʦʙʣʘʩʪʶ ʛʦʤʦʛʝʥʥʦʩʪʽ 

 ʭ < 0,4. ɯʥʰʽ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ ï ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ ʪʘ ʥʝ ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ. 

ʋ ʩʠʩʪʝʤʽ LaïMgïGe ʫʪʚʦʨʶʶʪʴʩʷ ʚʽʩʽʤ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ: La11Mg2Ge7,  

La2+xMg1-xGe2, La4Mg5Ge6, La4Mg7Ge6, LaMg3-xGe2, La6Mg23Ge, La4MgGe10-x, 

La2MgGe6. ʉʧʦʣʫʢʘ La2+xMg1-xGe2 ʤʘʻ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ (0 ¢ x ¢ 0,25), ʩʧʦʣʫʢʠ 

LaMg3-xGe2 (x = 0,407), La4MgGe10-x (x = 0,37) ʻ ʜʝʬʝʢʪʥʦʛʦ ʩʢʣʘʜʫ. 

ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 1.17. 

ɯʪʘʣʽʡʩʴʢʠʡ ʥʘʫʢʦʚʝʮʴ De Negri ʪʘ ʩʧʽʚʘʚʪʦʨʠ [151] ʜʦʩʣʽʜʠʣʠ ʧʨʠ  

500 ʉ ʩʠʩʪʝʤʫ LaïMgïSn (ʨʠʩʫʥʦʢ 1.5, ʚ). ʉʣʽʜ ʚʽʜʟʥʘʯʠʪʠ ʩʢʣʘʜʥʽʩʪʴ 

ʚʟʘʻʤʦʜʽʾ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʧʦʜʘʣʴʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ, ʦʩʢʽʣʴʢʠ ʚ ʩʠʩʪʝʤʽ 

ʧʨʠʩʫʪʥʷ ʦʙʣʘʩʪʴ, ʜʝ ʤʝʪʘʣʽʯʥʽ ʟʨʘʟʢʠ ʻ ʜʦʩʠʪʴ ʭʽʤʽʯʥʦ ʘʢʪʠʚʥʠʤʠ ʥʘ ʧʦʚʽʪʨʽ 

ʪʘ ʣʝʛʢʦ ʦʢʠʩʥʶʶʪʴʩʷ. ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ LaSn3, La3Sn7, La3Sn5, 

LaMg, LaMg2 ʫʪʚʦʨʶʶʪʴʩʷ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʟ ʧʨʦʪʷʞʥʽʩʪʶ ʦʙʣʘʩʪʽ 

ʛʦʤʦʛʝʥʥʦʩʪʽ ʜʦ 13, 2, 4, 5, 4 ʘʪ. %. ʋ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʶʪʴʩʷ 8 ʪʝʨʥʘʨʥʠʭ 

ʩʧʦʣʫʢ, ʟ ʷʢʠʭ ʻ La3Mg4-xSn2+x ʪʘ LaMg3-xSn2 ʟʤʽʥʥʦʛʦ ʩʢʣʘʜʫ, ʽʥʰʽ ʧʦʩʪʽʡʥʦʛʦ: 

La6Mg23Sn, La25Mg40Sn35, LaMgSn, La25Mg35Sn40, La35Mg20Sn45, LaMgSn2. 

ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïMgïSn 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʪʘʙʣʠʮʽ 1.17. 

 

1.3.2 ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ ʈɿʄïMgï{Si, Ge, Sn, Pb, Sb} 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʘʥʘʣʽʟʫ ʩʧʦʨʽʜʥʝʥʠʭ ʩʠʩʪʝʤ ʙʫʣʦ ʦʙʨʘʥʦ ʝʣʝʤʝʥʪʠ 

IV-A ʛʨʫʧʠ ʧʝʨʽʦʜʠʯʥʦʾ ʩʠʩʪʝʤʠ (ʢʨʽʤ ʢʘʨʙʦʥʫ) ʪʘ ʟ V-A ʛʨʫʧʠ ʙʫʣʦ ʦʙʨʘʥʦ 

ʩʪʠʙʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʘʥʠʭ ʱʦʜʦ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1.18. 



36 

ʊʘʙʣʠʮ  ̫1.17 ʂʨʠʩʪʘʣʦʛʨʘʬ ʯ̔ʥ  ̔ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʪʨʽʡʥʠʭ ʩʧʦʣʫʢ ʩʠʩʪʝʤ LaïMgï{Ge, Sn} 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦ  ʾʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ a b c 
La11Mg2Ge7 La11Mg2Ge7 P42/ncm tP88 12,1338 ï 15,7802 

La2+xMg1-xGe2 
0 ¢ x ¢ 0,25 

Mo2FeB2 P4/mbm tP10 7,7052 
(x = 0,25) 
7,5906 
(x = 0) 

ï 4,474 
(x = 0,25) 
4,4856 
(x = 0) 

La4Mg5Ge6 Gd4Zn5Ge6 Cmc21 oS60 4,5030 20,085 16,207 
La4Mg7Ge6 La4Mg7Ge6 C2/m mS34 16,878 4,4702 

ɓ = 122,251  ̄
12,660 

LaMg3-xGe2 
x = 0,407 

LaMg3-xGe2 P3 1c  hP34 7,8408 ï 14,5257 

La6Mg23Ge Zr6Zn23Si Fm 3 m cF120 14,6694 ï ï 
La4MgGe10-x 

x = 0,37 
La4MgGe10-x C2/m mS60 8,8403 8,6756 

ɓ = 97,16  ̄
17,709 

La2MgGe6 Ce2(Ga0,1Ge0,9)7 Cmce oS72 8,9889 8,5172 21,064 
La6Mg23Sn Zr6Zn23Si Fm 3 m cF120 14,7107 ï ï 

La3Mg4-xSn2+x 
0,12 Ò x Ò 0,40 

Zr3Cu4Si2 P6 2m hP9 7,7974 
(x = 0,12) 

7,782 
(x = 0,40) 

ï 4,8384 
(x = 0,12)# 

4,814 
(x = 0,40) 

La25Mg40Sn35 é é é é é é 
LaMg3-xSn2 

0,33 Ò x Ò 0,78 
LaMg3-xGe2 P3 1c hP34 8,3222 

(x = 0,35) 
8,34 

(x = 0,52) 
8,325 

(x = 0,78) 

ï 14,954 
(x = 0,35) 

14,91 
(x = 0,52) 

14,95 
(x = 0,78) 

LaMgSn TiNiSi Pnma oP12 7,790 
7,792 

4,679 
4,678 

9,126* 
9,133 

La25Mg35Sn40 é é é é é é 
La35Mg20Sn45 é é é é é é 

LaMgSn2 LaMgSn2 I4 2m tI32 8,3325 ï 12,4385 
#  [152], *  [153] 

ʊʘʙʣʠʮʷ 1.18 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʦʣʫʢ ʩʠʩʪʝʤ  

ʈɿʄïMgï{Si, Ge, Sn, Pb, Sb, ɺʽ} 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 
ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ 

a b c 
ʃʽʪ. 

CeMgSi é é tPé 7,589 ï 13,74 154 
CeMg2Si2 CeMg2Si2 P4/mmm tP5 2,69 ï 5,809 155 
Ce2MgSi2 Mo2FeB2 P4/mbm tP10 7,43 ï 4,391 156 
Dy2MgSi é é é é é é 156 
La2,249Mg0,751Ge2 Mo2FeB2 P4/mbm tP10 7,705 ï 4,474 157 
La2,234Mg0,766Ge2 Mo2FeB2 P4/mbm tP10 7,692 ï 4,474 157 
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ʇʨʦʜʦʚʞʝʥʥʷ ʪʘʙʣʠʮʽ 1.18 
La4Mg5Ge6 Gd4Zn5Ge6 ʉmc21 oS60 4,5030 2,0085 11,620 152 
La4Mg7Ge6 La4Mg7Ge6 C2/m mS34 16,8783 4,4702 

ɓ=122,25Ü 
12,660 152 

Ce2MgGe2 Mo2FeB2 P4/mbm tP10 7,506 ï 4,424 157 
Pr2MgGe2 Mo2FeB2 P4/mbm tP10 7,457 ï 4,392 157 
Nd2MgGe2 Mo2FeB2 P4/mbm tP10 7,422 ï 4,364 157 
EuMg3Ge3 EuMg3Ge3 Cmcm oS28 4,485 30,600 4,485 157 
Gd2MgGe2 Mo2FeB2 P4/mbm tP10 7,285 ï 4,282 157 
Tb2MgGe2 Mo2FeB2 P4/mbm tP10 7,25 ï 4,246 157 
Y2MgGe2 Mo2FeB2 P4/mbm tP10 7,238 ï 4,232 157 
LaMgSn TiNiSi Pnma oP12 7,811 4,689 9,148 158 
CeMgSn TiNiSi Pnma oP12 7,730 4,649 9,086 158 
CeMgSn2 LaMgSn2 I4 2m tI32 8,265 ï 12,279 159 
PrMgSn TiNiSi Pnma oP12 7,687 4,620 9,066 158 
PrMgSn2 LaMgSn2 I4 2m tI32 8,2493 ï 12,2240 159 
NdMgSn CeScSi I4/mmm tI12 4,472 ï 16,145 158 
NdMgSn2 LaMgSn2 I4 2m tI32 8,239 ï 12,174 159 
SmMgSn CeScSi I4/mmm tI12 4,435 ï 16,041 158 
SmMgSn2 LaMgSn2 I4 2m tI32 8,148 ï 11,997 159 
GdMgSn CeScSi I4/mmm tI12 4,410 ï 15,932 158 
GdMgSn2 LaMgSn2 I4 2m tI32 8,131 ï 11,91 159 
EuMgSn TiNiSi Pnma oP12 8,075 8,51 8,749 158 
Eu3Mg4Sn4 Li4Sr3Sb4 Immm oI22 4,853 7,721 16,038 158, 

160  
TbMgSn CeScSi I4/mmm tI12 4,388 ï 15,877 158 
TbMgSn2 LaMgSn2 I4 2m tI32 8,106 ï 11,85 158 
DyMgSn CeScSi I4/mmm tI12 4,371 ï 15,833 158 
DyMgSn2 LaMgSn2 I4 2m tI32 8,074 ï 11,799 159 
HoMgSn CeScSi I4/mmm tI12 4,360 ï 15,789 158 
HoMgSn2 LaMgSn2 I4 2m tI32 8,107 ï 11,833 159 
ErMgSn CeScSi I4/mmm tI12 4,346 ï 15,750 158 
ErMgSn2 LaMgSn2 I4 2m tI32 8,062 ï 11,770 159 
TmMgSn CeScSi I4/mmm tI12 4,333 ï 15,718 158 
TmMgSn2 LaMgSn2 I4 2m tI32 8,0996 ï 11,776 159 
YbMgSn ZrNiAl P 6 2m hP9 7,637 ï 4,684 158, 160, 

161 
LuMgSn CeScSi I4/mmm tI12 4,319 ï 15,658 158 
LuMgSn2 LaMgSn2 I4 2m tI32 8,057 ï 11,678 159 
YMgSn CeScSi I4/mmm tI12 4,379 ï 15,846 158 
YMgSn2 LaMgSn2 I4 2m tI32 81456 ï 11,8960 159 
La3Mg4,6Sb6 La3Mg4,6Sb6 R 3 m hR42 4,615 ï 66,91 162 
La4,89Mg1,66Sb6 La4,89Mg1,66Sb6 R 3 m hR39 4,616 ï 67,67 162 
La4Mg4,47Sb7 La4Mg4,47Sb7 P 3 m hP16 4,620 ï 26,069 162 
EuMg2Sb2 Ce2SO2  P 3 m hP5 4,695 ï 7,724 162 
YbMg2Sb2 Ce2SO2 P 3 m hP5 4,650 ï 7,540 162 
Yb14MgSb11 Ca14AlSb11 I41/amd tI208 16,625 ï 22,24 163 



ʘ  ʙ  

ʚ  ʛ  

ʈʠʩ. 1.5 ɯʟʦʪʝʨʤʽʯʥʽ ʧʝʨʝʨʽʟʠ ʜʽʘʛʨʘʤ ʩʪʘʥʫ La Mg Si (a), La Mg Ge (ʙ), La Mg Sn (ʚ), Cu Mg Sn (ʛ) 
 









42 ʝʣʝʤʝʥʪʠ, ʚ ʪʦʡ ʯʘʩ ̫ ʢ ʃʘʥʪʘʥ ʟʘ ʨʦʟʤʽʨʦʤ ʘʪʦʤʘ ʪʘ ʟʥʘʯʝʥʥʷʤ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʽ  ̒

ʈɿʄ, ʪʦʜʽ ʷʢ ʝʣʝʢʪʨʦʥʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʚʢʘʟʫʻ ʥʘ ʚʣʘʩʪʠʚʦʩʪ  ̔ʧʝʨʝʭʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ (ʥʘ 

ʟʦʚʥʽʰʥʴʦʤʫ ʝʥʝʨʛʝʪʠʯʥʦʤʫ ʨʽʚʥʽ ʟʘʧʦʚʥʶʻʪʴʩʷ d-ʧʽʜʨʽʚʝʥʴ, ʘ ʥʝ f-ʧʽʜʨʽʚʝʥʴ). 

ʄʦʞʣʠʚʦ, ʪʘʢʘ ʜʫʘʣʽʩʪʠʯʥʘ ʧʨʠʨʦʜʘ ʮʴʦʛʦ ʝʣʝʤʝʥʪʘ ʚʧʣʠʚʘ  ̒ ʥʘ ʪʠʧ ʚʟʘʻʤʦʜʽ  ʾ ʪʘ 

ʭʘʨʘʢʪʝʨ ʫʪʚʦʨʝʥʠʭ ʩʧʦʣʫʢ. ʊʨʠʢʦʤʧʦʥʝʥʪʥʽ ʩʠʩʪʝʤʠ, ʱʦ ʤʽʩʪʷʪʴ ʣʘʥʪʘʥ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʙʽʣʴʰʦʶ ʢʽʣʴʢʽʩʪʶ ̔ ʥʜʠʚʽʜʫʘʣʴʥʠʭ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ.  

ɺʽʜʤʽʥʥʦʶ ʟʘ ʪʝʤʧʝʨʘʪʫʨʦʶ ʜʦʩʣʽʜʞʝʥʥ  ̫ (400 Üʉ)  ̒ ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʾʭʥʽʡ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ  ̔ʚʽʜʥʦʩʥʘ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʽʩʪʴ, ʱʦ ʩʫʪʪʻʚʦ 

ʚʧʣʠʚʘʻ ʥʘ ʚʟʘʻʤʦʜʽ  ʁʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʠʩʪʝʤʘʭ. 

ɼʽʘʛʨʘʤʠ ʩʪʘʥʫ ʜʚʦʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ ʥʘʜʘʶʪʴ ʮʽʢʘʚʫ ʪʘ ʢʦʨʠʩʥʫ 

ʽʥʬʦʨʤʘʮʽ  ʁʧʨʦ ʨʦʟʯʠʥʥʦʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ, ʢʨʠʩʪʘʣʽʟʘʮʽʶ ʩʧʦʣʫʢ ʪʘ  ʪʝʤʧʝʨʘʪʫʨʥ  ̔ʤʝʞ  ̔

ʾʭʥʴʦʛʦ ʽʩʥʫʚʘʥʥʷ. ʇʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ ʧʦʜʚʽʡʥʽ ʩʠʩʪʝʤʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩ  ̫

ʫʪʚʦʨʝʥʥʷʤ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ ʪʘ ʥʝʦʙʤʝʞʝʥʦʶ ʨʦʟʯʠʥʥʽʩʪʶ ʫ ʨʽʜʢʦʤʫ ʩʪʘʥʽ, ʪʦʜ  ̔ʷʢ ʫ 

ʪʚʝʨʜʦʤʫ  ̒ ʥʝʟʥʘʯʥʘ ʨʦʟʯʠʥʥʽʩʪʴ. ɺʊʄ-ʤʦʜʠʬʽʢʘʮʽ  ʾ ʢʦʤʧʦʥʝʥʪʘ, ʷʢ ʧʨʘʚʠʣʦ, ʢʨʘʱʝ 

ʨʦʟʯʠʥʷʶʪ  ɹ ʜʨʫʛʠʡ ʢʦʤʧʦʥʝʥʪ, ʥʽʞ ʅʊʄ. ʅʘʡʙʽʣʴ  h çʝʢʟʦʪʠʯʥʠʤʠè ʤʦʞʥʘ ʥʘʟʚʘʪʠ 

ʩʠʩʪʝʤʠ, ʱʦ ʤʽʩʪʷʪ  ɹ ʤʘʛʥʽʡ, ʪʠʪʘʥ ʯʠ ʮʠʨʢʦʥʽʡ. ʆʩʦʙʣʠʚʽʩʪ  ɹ ʷʢʠʭ  ̒ ʚ ʪʦʤʫ, ʱʦ 

ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ ʧʝʨʝʙʫʚʘ  ̒ʚ ʨʽʚʥʦʚʘʟʽ ʽʟ ʛʘʟʦʧʦʜʽʙʥʦʶ ʬʘʟʦ  ʁʥʘ ʦʩʥʦʚʽ ʤʘʛʥʽʶ. ʋ 

ʪʘʢʠʭ ʩʠʩʪʝʤʘʭ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ ʥʝ ʫʪʚʦʨʶʶʪʴʩʷ. 

ʋ ʨʝʟʫʣʴʪʘʪʽ ʦʛʣʷʜʫ ʣʽʪʝʨʘʪʫʨʠ ʧʦ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʈɿʄïMgï

{Si, Ge, Sn, Pb} ʪʘ ʈɿʄïMgïSb ʚʠʷʚʠʣʠ, ʱʦ ʜʣʷ ʫʩʽʭ ʩʠʩʪʝʤ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʦʩ  ̫
ʣʠʰʝ ʟ ʤʝʪʦʶ ʧʦʰʫʢʫ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ, ʪʦʤʫ ʤʘʡʞʝ ʥʝʤʘʻ ʧʦʙʫʜʦʚʘʥʠʭ ̔ ʟʦʪʝʨʤʽʯʥʠʭ 

ʧʝʨʝʨʽʟʽʚ ʜʽʘʛʨʘʤ ʩʪʘʥʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ ʩʠʩʪʝʤ. ɸʥʘʣʽʟʫʶʯʠ ʢʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ, ʨʦʙʠʤʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʩʢʣʘʜʥʫ ʚʟʘʻʤʦʜʽ  ʁ ʤʽʞ 

ʥʠʤʠ. ɹʽʣʴʰʽʩʪʴ ʛʝʨʤʘʥʽʡʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧ  ̔

Mo2FeB2, ʪʦʙʪʦ ʤʘʶʪʴ ʪʝʪʨʘʛʦʥʘʣʴʥʫ ʩʠʤʝʪʨʽʶ, ʣʠʰʝ EuMg3Ge3 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ 
ʚʣʘʩʥʦʤʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧ  ̔ ʟ ʨʦʤʙʽʯʥʦʶ ʩʠʤʝʪʨʽʻʶ ʢʦʤʽʨʢʠ. ʑʦʜʦ ʪʝʨʥʘʨʥʠʭ 

ʩʠʣʽʮʠʜʽʚ, ʪʦ ʥʘʡʢʨʘʱʝ ʚʠʚʯʝʥʽ ʩʧʦʣʫʢʠ ʜʣ  ̫ʈɿʄ ʧʽʜʛʨʫʧʠ ʉʝ, ʜʣʷ ʷʢʠʭ ʭʘʨʘʢʪʝʨʥʦʶ ̒  

ʪʝʪʨʘʛʦʥʘʣʴʥʘ ʩʠʤʝʪʨʽʷ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. ʉʝʨʝʜ ʪʝʨʥʘʨʥʠʭ ʩʪʘʥʽʜʽʚ ʥʘʡʙʽʣʴʰʝ 

ʜʦʩʣʽʜʞʝʥʦ ʩʧʦʣʫʢʠ ʝʢʚʽʘʪʦʤʥʦʛʦ ʩʢʣʘʜʫ RMgSn, ʷʢ  ̔ ʤʦʞʫʪʴ ʤʘʪʠ ʦʨʪʦʨʦʤʙʽʯʥʫ  

(CT TiNiSi), ʪʝʪʨʘʛʦʥʘʣʴʥʫ (CT CeScSi) ʘʙʦ ʛʝʢʩʘʛʦʥʘʣʴʥʫ (CT ZrNiAl) ʩʪʨʫʢʪʫʨʠ. 

ɸʚʪʦʨʠ [158, 160] ʟʛʘʜʫʶʪʴ ʧʨʦ ʜʦʩʣʽʜʞʝʥʥ  ̫ʧʝʨʰʠʭ ʩʪʘʥʽʜʽʚ Eu3Mg4Sn4  ̔YbMgSn, ʷʢ  ̔
ʤʘʶʪʴ ʨʦʤʙʽʯʥʫ (CT Li4Sr3Sb4) ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʫ (CT ZrNiAl) ʩʪʨʫʢʪʫʨʠ, ʚʽʜʧʦʚʽʜʥʦ. 



43 ʊʘʢʦʞ ʧʨʘʢʪʠʯʥʦ ʜʣʷ ʚʩʽʭ ʈɿʄ (ʢʨʽʤ Sc ʪʘ Yb) ʚʠʷʚʣʝʥʽ ʩʧʦʣʫʢʠ RMgSn2 (ʉʊ 
LaMgSn2). ʉʪʠʙʽʡ-ʚʤʽʩʥʽ ʪʝʨʥʘʨʥʽ ʩʧʦʣʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʛʝʢʩʘʛʦʥʘʣʴʥʠʤ ʪʠʧʦʤ 

ʩʠʤʝʪʨʽ  ʾ ʝʣʝʤʝʥʪʘʨʥʠʭ ʢʦʤʽʨʦʢ. ʂʽʣʴʢʽʩʪ  ɹ ʩʧʦʣʫʢ ʫ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʱʦ ʤʽʩʪʷʪ  ɹ

ʧʝʨʝʭʽʜʥʠʡ ʤʝʪʘʣ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʠʨʦʜʠ d-ʢʦʤʧʦʥʝʥʪʘ. ʊʘʢ ʷʢ ʨʦʟʤʽʨ ʘʪʦʤʘ  ̒

ʩʧʽʚʤʽʨʥʠʡ ʜʣ  ̫ ʝʣʝʤʝʥʪʽʚ ɯɯɯ-ɺ ʧʝʨʽʦʜʫ, ʪʦ ʚʠʟʥʘʯʘʣʴʥʠʤ ʬʘʢʪʦʨʦʤ, ʱʦ ʚʧʣʠʚʘ  ̒ ʥʘ 

ʫʪʚʦʨʝʥʥʷ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ  ̒ ʝʣʝʢʪʨʦʥʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʘʪʦʤʽʚ. ʑʦʜʦ ʭʘʨʘʢʪʝʨʥʠʭ 
ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʽʚ ʚʘʨʪʦ ʚʽʜʟʥʘʯʠʪʠ, ʚ ʷʢʠʭ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ MgAgAs (ʇɻ F43m), PbClF (ʇɻ P4/nmm), MgFe6Ge6 (ʇɻ P6/mmm) 

ʪʘ Ce2SO2 (ʇɻ P3 m1). ɼʝʷʢʽ ʟ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʫ ʩʠʩʪʝʤʽ MgïCuïAl ʤʘʶʪʴ ʜʦʩʠʪ  ɹ

ʚʝʣʠʢ  ̔ ʢʨʠʩʪʘʣʽʯʥʽ ʛʨʘʪʢʠ, ʱʦ ʚʤʽʱʘʶʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ. ʋ ʜʦʩʣʽʜʞʫʚʘʥʠʭ 

ʩʠʩʪʝʤʘʭ ʤʠ ʦʯʽʢʫʻʤʦ ʫʪʚʦʨʝʥʥʷ ʦʙʤʝʞʝʥʠʭ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʠʭ 

ʩʧʦʣʫʢ, ʜʝ ʚ ʩʪʘʪʠʩʪʠʯʥʽʡ ʩʫʤʽʰ  ̔ʧʝʨʝʙʫʚʘʪʠʤʫʪʴ ʘʪʦʤʠ ʤʘʛʥʽʶ ʪʘ ʪʠʪʘʥʫ, ʚʨʘʭʦʚʫʶʯʠ 
ʾʭʥʽʡ ʨʦʟʤʽʨʥʠʡ ʬʘʢʪʦʨ. ʋ ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʩʧʦʣʫʢ, ʱʦ 

ʚʦʣʦʜʽʶʪʴ ʧʫʩʪʦʪʘʤʠ ʜʣʷ ʽʥʪʝʨʢʘʣʷʮʽ  ʾ ʛʽʜʨʦʛʝʥʫ ʯʠ ʣʽʪʽʶ, ʥʘʧʨʠʢʣʘʜ, ʬʘʟʠ, ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩ  ̫ʚ ʉʊ Mn5Si3. 

ɼʦʩʣʽʜʞʝʥʥʷ ʬʘʟ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʤʦʞʫʪʴ ʙʫʪʠ ʩʪʚʦʨʝʥʽ ʝʣʝʢʪʨʦʜʥʽ ʤʘʪʝʨʽʘʣʠ ʚ 

ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣʘʭ ʝʥʝʨʛʽʾ, ʤʘ  ̒ʚʝʣʠʢʝ ʧʨʠʢʣʘʜʥʝ ʟʥʘʯʝʥʥʷ. ʊʝʥʜʝʥʮʽʷ ʜʦ ʟʙʽʣʴʰʝʥʥ  ̫

ʻʤʥʦʩʪ  ̔ʪʘ ʨʝʩʫʨʩʫ ʜʣʷ ʤʝʪʘʣʦʛʽʜʨʠʜʥʠʭ ʪʘ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʧʦʪʨʝʙʫ  ̒ʥʦʚʠʭ 

ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʧʦʚʠʥʥ  ̔ ʚʢʣʶʯʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʘʪʦʤʽʚ ʣʽʪʽʶ ʯʠ ʛʽʜʨʦʛʝʥʫ, ʙʫʪʠ 

ʩʪʘʙʽʣʴʥʠʤʠ ʚ ʯʘʩʽ, ʜʝʰʝʚʠʤʠ ʪʘ ʝʢʦʣʦʛʽʯʥʦ ʙʝʟʧʝʯʥʠʤʠ. ɼʦ ʪʘʢʠʭ ʤʘʪʝʨʽʘʣʽʚ ʤʦʞʫʪ  ɹ

ʥʘʣʝʞʘʪʠ  ̔ʩʧʣʘʚʠ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʠʩʪʝʤ, ʦʩʢʽʣʴʢʠ ʬʘʟʠ ʥʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʷʢ ʧʝʨʝʭʽʜʥʠʡ ʯʠ ʨʽʜʢʽʩʥʦ-ʟʝʤʝʣʴʥʠʡ ʤʝʪʘʣ ʟ ʤʘʛʥʽʻʤ ʚʦʣʦʜʽʶʪʴ ʜʦʙʨʠʤʠ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤʠ ʪʘ ʛʽʜʨʦʛʝʥʩʦʨʙʮʽʡʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʘ ʣʝʛʫʚʘʥʥʷʤ ʩʪʘʥʫʤʦʤ 

ʯʠ ʩʪʠʙʽʻʤ ʤʦʞʥʘ ʤʦʜʠʬʽʢʫʚʘʪʠ ʚʣʘʩʪʠʚʦʩʪ  ̔ ʪʘ ʩʪʨʫʢʪʫʨʫ ʩʠʥʪʝʟʦʚʘʥʠʭ ʬʘʟ. ʑʦʜʦ 

ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʥʘ ʦʩʥʦʚʽ Tb2Ni17, ʦʯʽʢʫʻʤʦ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥ  ̫ʚ 

ʧʦʣʦʞʝʥʥʷʭ ʥʽʢʝʣʶ. ʇʣʘʥʫʻʤʦ ʜʦʩʣʽʜʠʪʠ ʚʧʣʠʚ ʣʝʛʫʶʯʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘ ʢʽʣʴʢʽʩʪ  ɹ

ʚʢʣʶʯʝʥʦʛʦ ʛʽʜʨʦʛʝʥʫ. ʉʪʨʫʢʪʫʨʥʘ ʩʢʣʘʜʦʚʘ ʮʽʻʾ ʬʘʟʠ ʩʧʨʠʷ  ̒ʧʨʦʮʝʩʘʤ ʛʽʜʨʫʚʘʥʥʷ, ʪʘʢ 

ʷʢ ʻ ʧʦʣʦʞʝʥʥʷ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʤʽʨʫ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʛʽʜʨʦʛʝʥʫ, ʘ ʩʘʤʝ ʪʝʪʨʘʝʜʨʠʯʥʽ ʪʘ 

ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ. ʅʘʡʙʽʣʴʰʠʡ ʝʬʝʢʪ ʣʝʛʫʚʘʥʥʷ ʦʯʽʢʫʻʤʦ ʜʣʷ ʣʝʛʫʶʯʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ɦ ʦ ʤʘʶʪʴ ʭʽʤʽʯʥʫ ʩʧʦʨʽʜʥʝʥʽʩʪʴ ʜʦ ʛʽʜʨʦʛʝʥʫ.  



44 
ʈʆɿɼɯʃ 2 ʄɽʊʆɼʀʂɸ ɽʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆɻʆ 

ɼʆʉʃɯɼɾɽʅʅʗ 

2.1 ɺʠʭʽʜʥʽ ʤʘʪʝʨʽʘʣʠ 

ɼʣʷ ʩʠʥʪʝʟʫ ʩʧʣʘʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʤʝʪʘʣʠ ʥʘʩʪʫʧʥʦʾ ʯʠʩʪʦʪʠ: 

ʣʘʥʪʘʥ ï 0,999; ʪʝʨʙʽʡ ï 0,999; ʽʪʨʽʡ ï 0,999; ʛʘʜʦʣʽʥʽʡ ï 0,999; ʪʠʪʘʥ ï 0,999; 

ʮʠʨʢʦʥʽʡ ï 0,999; ʚʘʥʘʜʽʡ ï 0,998; ʤʘʛʥʽʡ ï 0,998; ʘʣʶʤʽʥʽʡ ï 0,999; ʛʝʨʤʘʥʽʡ ï 

0,999; ʦʣʦʚʦ ï 0,999; ʩʪʠʙʽʡ ï 0,999; ʙʽʩʤʫʪ ï 0,998; ʥʽʢʝʣʴ ï 0,999; ʢʦʙʘʣʴʪ ï 

0,999; ʮʠʥʢ ï 0,998; ʣʽʪʽʡ ï 0,998 ʤʘʩʦʚʠʭ ʯʘʩʪʦʢ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 

 

2.2 ʉʠʥʪʝʟ ʟʨʘʟʢʽʚ ʪʘ ʢʦʥʪʨʦʣʴ ʩʢʣʘʜʫ 

ɿʨʘʟʢʠ ʤʘʩʦʶ 1 ʛ ʛʦʪʫʚʘʣʠ ʰʣʷʭʦʤ ʩʧʣʘʚʣʷʥʥʷ ʰʠʭʪʠ, ʱʦ ʩʢʣʘʜʘʣʘʩʴ ʟ 

ʥʘʚʘʞʦʢ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (ʪʦʯʥʽʩʪʴ ʟʚʘʞʫʚʘʥʥʷ Ñ0,001 ʛ) ʚ ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ 

ʧʝʯʽ ʟ ʚʦʣʴʬʨʘʤʦʚʠʤ ʝʣʝʢʪʨʦʜʦʤ ʥʘ ʤʽʜʥʦʤʫ ʚʦʜʦʦʭʦʣʦʜʞʫʚʘʥʦʤʫ ʧʦʜʽ ʚ 

ʘʪʤʦʩʬʝʨʽ ʦʯʠʱʝʥʦʛʦ ʘʨʛʦʥʫ ʧʽʜ ʪʠʩʢʦʤ 1,1Ŀ105 ʇʘ. ʗʢ ʛʝʪʝʨ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʧʦʨʠʩʪʠʡ ʪʠʪʘʥ. 

ʂʦʥʪʨʦʣʴ ʩʢʣʘʜʫ ʩʧʣʘʚʽʚ ʧʨʦʚʦʜʠʣʠ ʰʣʷʭʦʤ ʧʦʨʽʚʥʷʥʥʷ ʤʘʩʠ ʰʠʭʪʠ ʟ 

ʤʘʩʦʶ ʩʧʣʘʚʫ. ʗʢʱʦ ʚʪʨʘʪʠ ʧʨʠ ʧʣʘʚʮʽ ʥʝ ʧʝʨʝʚʠʱʫʚʘʣʠ 2 ʤʘʩ. %, ʪʦ ʩʢʣʘʜ 

ʩʧʣʘʚʫ ʧʨʠʡʤʘʣʠ ʨʽʚʥʠʤ ʩʢʣʘʜʫ ʰʠʭʪʠ. ɼʝʷʢʽ ʟʨʘʟʢʠ, ʱʦ ʤʽʩʪʠʣʠ ʢʦʤʧʦʥʝʥʪʠ, ʟ 

ʚʽʜʥʦʩʥʦ ʥʠʟʴʢʠʤʠ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʢʠʧʽʥʥʷ ʩʠʥʪʝʟʫʚʘʣʠ ʚ ʝʣʝʢʪʨʦʜʫʛʦʚʽʡ ʧʝʯʽ, 

ʩʧʣʘʚʣʷʶʯʠ ʧʨʝʩʦʚʘʥʫ ʪʘʙʣʝʪʢʫ, ʱʦ ʤʽʩʪʠʪʴ ʰʠʭʪʫ ʤʝʪʘʣʽʚ. ʂʦʤʧʦʥʝʥʪʠ, ʱʦ 

ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʫʪʴ ʚʪʨʘʯʘʪʠʩʷ ʚ ʧʨʦʮʝʩʽ ʩʠʥʪʝʟʫ (Li, Mg, Sb), ʧʝʨʝʜ 

ʧʨʝʩʫʚʘʥʥʷʤ ʙʫʣʠ ʧʦʤʽʱʝʥʽ ʫ ʮʝʥʪʨ ʪʘʙʣʝʪʢʠ, ʟʚʝʨʭʫ ʪʘ ʟʥʠʟʫ ʙʫʣʠ ʦʪʦʯʝʥʽ 

ʢʦʤʧʦʥʝʥʪʘʤʠ, ʱʦ ʤʘʶʪʴ ʚʠʱʫ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ. ʊʘʢʠʤ ʯʠʥʦʤ, ʢʽʣʴʢʘ 

ʨʘʟʦʚʠʤ ʩʧʣʘʚʣʷʥʥʷʤ, ʧʝʨʝʚʝʨʪʘʶʯʠ ʪʘʙʣʝʪʢʫ, ʟʤʦʛʣʠ ʜʦʙʠʪʠʩʷ ʛʦʤʦʛʝʥʥʦʩʪʽ 

ʩʧʣʘʚʫ ʪʘ ʡʦʛʦ ʩʬʝʨʠʯʥʦʾ ʬʦʨʤʠ. ʇʽʟʥʽʰʝ ʩʧʣʘʚʠ ʧʽʜʜʘʚʘʣʠʩʷ 

ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʦʤʫ ʚʽʜʧʘʣʫ ʧʨʠ 400 Üʉ ʪʘ 600 Üʉ ʟʘʣʝʞʥʦ ʚʽʜ ʩʢʣʘʜʫ ʟʨʘʟʢʘ. 

ɼʣʷ ʟʨʘʟʢʽʚ ʩʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ ʧʦʥʘʜ 30 ʘʪ. % Mg, ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ. ɼʣʷ ʮʴʦʛʦ ʰʠʭʪʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʧʦʨʦʰʢʽʚ 

ʤʝʪʘʣʽʚ, ʯʠ ʧʦʨʦʰʢʫ ʤʘʛʥʽʶ ʽʟ ʨʦʟʪʝʨʪʠʤ ʩʧʣʘʚʦʤ ʣʽʛʘʪʫʨʠ ʥʘ ʦʩʥʦʚʽ ʈɿʄ ʽʟ ʨ-

ʝʣʝʤʝʥʪʦʤ, ʩʧʨʝʩʦʚʫʶʪʴ ʧʽʜ ʪʠʩʢʦʤ 3000-9500 ʢʛ/ʩʤ2 ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʤʘʛʥʽʶ 

ʪʘ ʧʦʤʽʱʘʶʪʴ ʫ ʢʚʘʨʮʦʚʫ ʘʤʧʫʣʫ, ʩʪʚʦʨʶʶʪʴ ʚʘʢʫʫʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʪʘ 













50 ɼʽʘʧʘʟʦʥ ʘʥʘʣʽʟʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ ï ʚʽʜ 5 B ʜʦ 92 B. ɭ ʤʦʞʣʠʚʽʩʪʴ 

ʦʪʨʠʤʘʪʠ ʢʨʠʚʽ ʨʦʟʧʦʜʽʣʫ ʚʢʘʟʘʥʠʭ ʧʨʠʩʫʪʥʽʭ ʝʣʝʤʝʥʪʽʚ ʧʦ ʣʽʥʽʾ ʩʢʘʥʫʚʘʥʥʷ, ʘ 

ʪʘʢʦʞ ʟʦʙʨʘʞʝʥʥʷ ʟʨʘʟʢʘ ʫ ʨʝʥʪʛʝʥʽʚʩʴʢʠʭ ʧʨʦʤʝʥʷʭ (ʨʦʟʧʦʜʽʣ ʝʣʝʤʝʥʪʘ ʧʦ 

ʧʦʚʝʨʭʥʽ). ɼʣʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ 

ʩʢʘʥʫʶʯʠʡ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ (ʉɽʄ) ʟ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʦʤ 

ʈɽʄʄɸ-102-02 ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ ʤʽʢʨʦʩʢʦʧ TESCAN ʟ ʤʽʢʨʦʘʥʘʣʽʟʘʪʦʨʘʤʠ 

WDS/EDX. ɯʩʥʫʻ ʜʚʘ ʤʝʪʦʜʠ ʧʨʦʚʝʜʝʥʥʷ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʤʽʢʨʦʘʥʘʣʽʟʫ ï 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʠʡ (EDX) ʪʘ ʭʚʠʣʴʦʚʠʡ (WDS). ʇʝʨʰʠʡ ʻ ʝʢʩʧʨʝʩ-ʤʝʪʦʜʦʤ ʽʟ 

ʦʜʥʦʯʘʩʥʠʤ ʚʠʷʚʣʝʥʥʷʤ ʚʩʽʭ ʧʨʠʩʫʪʥʽʭ ʝʣʝʤʝʥʪʽʚ ʫ ʧʨʦʙʽ, ʜʨʫʛʠʡ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘ ʧʦʨʷʜʦʢ ʚʠʱʦʶ ʯʫʪʣʠʚʽʩʪʶ, ʧʨʠ ʷʢʽʡ ʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʜʦʤʽʰʢʠ ʫ 100 ppm.  

ʆʙôʻʤʥʘ ʣʦʢʘʣʴʥʽʩʪʴ ʤʝʪʦʜʫ ʩʢʣʘʜʘʻ 0,1-0,3 ʤʢʤ3, ʘʙʩʦʣʶʪʥʘ ʣʦʢʘʣʴʥʘ 

ʯʫʪʣʠʚʽʩʪʴ ï 10-12ï10-15 ʛ, ʪʦʯʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ï 0,025-0,030 ʘʪ. %. ʉʣʽʜ 

ʚʽʜʤʽʪʠʪʠ, ʱʦ ʮʝʡ ʤʝʪʦʜ ʤʘʻ ʩʚʦʾ ʦʙʤʝʞʝʥʥʷ, ʪʘʢ ʧʨʦʙʣʝʤʘʪʠʯʥʠʤ ʻ ʚʠʟʥʘʯʝʥʥʷ 

ʚʤʽʩʪʫ ʝʣʝʤʝʥʪʽʚ ʟ ʧʦʨʷʜʢʦʚʠʤ ʥʦʤʝʨʦʤ Z < 11 (EDX) ʪʘ Z < 4 (WDS). 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʟʨʘʟʢʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʜʝʥʪʠʯʥʦ, ʣʠʰʝ ʥʝʦʙʭʽʜʥʦ 

ʧʦʧʝʨʝʜʥʴʦ ʥʘʥʝʩʪʠ ʧʦʨʦʰʦʢ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʫ 

ʩʪʨʽʯʢʫ ʧʦʣʽʤʝʨʫ ʪʘ ʦʙʨʦʙʠʪʠ ʘʝʨʦʟʦʣʝʤ, ʱʦ ʤʽʩʠʪʴ ʚʠʩʦʢʦʜʠʩʧʝʨʩʥʠʡ ʛʨʘʬʽʪ 

ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʟʨʘʟʢʘ. 

 

2.8 ɼʠʬʝʨʝʥʮʽʘʣʴʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʜʠʬʨʘʢʮʽʷ 

ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ï ʪʝʨʤʦʘʥʘʣʽʪʠʯʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʧʦʣʷʛʘʻ 

ʫ ʚʠʤʽʨʶʚʘʥʥʽ ʨʽʟʥʠʮʽ ʪʝʤʧʝʨʘʪʫʨ ʤʽʞ ʟʨʘʟʢʦʤ ʪʘ ʝʪʘʣʦʥʦʤ, ʷʢ ʬʫʥʢʮʽʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʘʙʦ ʯʘʩʫ ʪʘ ʜʦʟʚʦʣʷʻ ʚʩʪʘʥʦʚʠʪʠ ʪʝʧʣʦʚʽ ʝʬʝʢʪʠ ʧʽʜ ʯʘʩ 

ʢʨʠʩʪʘʣʽʟʘʮʽʾ, ʧʣʘʚʣʝʥʥʷ, ʧʦʣʽʤʦʨʬʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ. ɼʦʩʣʽʜʞʝʥʥʷ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʦʩʷ ʥʘ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʽ STA PT1600 (ʃʴʚʽʚʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ 

ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʌʨʘʥʢʘ) ʪʘ ʩʠʥʭʨʦʥʥʦʤʫ ʪʝʨʤʦʘʥʘʣʽʟʘʪʦʨʽ  

Netzsch STA 449 (ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʽʥʩʪʠʪʫʪ ʂʘʨʣʩʨʫʝ, ʅʽʤʝʯʯʠʥʘ). ɿʨʘʟʦʢ ʤʘʩʦʶ 

0,01-0,25 ʛ ʧʦʤʽʱʘʚʩʷ ʚ ʢʦʨʫʥʜʦʚʠʡ ʪʠʛʝʣʴ, ʫ ʷʢʦʤʫ ʩʪʚʦʨʶʶʪʴ ʟʘʤʢʥʝʥʝ 

ʩʝʨʝʜʦʚʠʱʝ. ʋ ʪʠʛʝʣʴ ʽʟ ʟʨʘʟʢʦʤ ʧʦʜʘʚʘʣʠ ʧʦʪʽʢ ʘʨʛʦʥʫ ʚ ʩʪʘʪʠʯʥʠʭ ʘʙʦ 

ʜʠʥʘʤʽʯʥʠʭ ʫʤʦʚʘʭ. ɼʣʷ ʚʠʤʽʨʫ ʪʘ ʢʦʥʪʨʦʣʶ ʪʝʤʧʝʨʘʪʫʨʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ  



51 Pt-Rh ʪʝʨʤʦʧʘʨʫ. ɿʨʘʟʦʢ ʥʘʛʨʽʚʘʣʠ ʚʽʜ ʢʽʤʥʘʪʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ 800-900 Áʉ ʟʽ 

ʰʚʠʜʢʽʩʪʶ 0,1-100 Áʉ / ʭʚ ʪʘ ʦʭʦʣʦʜʞʫʚʘʣʠ ʟʽ ʰʚʠʜʢʽʩʪʶ ʜʝʱʦ ʧʦʚʽʣʴʥʽʰʦʶ, 

ʥʽʞ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ. ʊʦʯʥʽʩʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʩʪʘʥʦʚʠʣʘ Ñ0,05 Áʉ. 

ɺʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʜʠʬʨʘʢʮʽʷ ʚʽʜʙʫʚʘʣʘʩʷ ʥʘ ʜʠʬʨʘʢʪʦʤʝʪʨʽ, ʱʦ ʤʽʩʠʪʴ 

ʜʦʜʘʪʢʦʚʝ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʥʘʛʨʽʚʫ ʪʘ ʪʝʨʤʦʩʪʘʪʫʚʘʥʥʷ. ɿʨʘʟʦʢ ʧʦʜʨʽʙʥʠʣʠ, 

ʥʘʪʝʨʣʠ ʚ ʽʥʝʨʪʥʽʡ ʘʪʤʦʩʬʝʨʽ (ʧʨʦʪʽʯʥʠʡ ʧʦʪʽʢ ʚʠʩʦʢʦʯʠʩʪʦʛʦ ʘʨʛʦʥʫ) çʛʣʦʚ-

ʙʦʢʩʫè ʪʘ ʧʦʤʽʩʪʠʣʠ ʚ ʢʘʧʽʣʷʨ. ʂʘʧʽʣʷʨ ʟʽ ʟʨʘʟʢʦʤ ʧʨʠ ʥʘʛʨʽʚʘʥʥʽ ʟʥʘʭʦʜʠʚʩʷ ʧʽʜ 

ʧʨʦʪʦʯʥʠʤ ʧʦʪʦʢʦʤ ɸr ʫ ʥʘʛʨʽʚʥʠʢʫ ʜʠʬʨʘʢʪʦʤʝʪʨʘ. ʇʝʨʝʜ ʧʦʯʘʪʢʦʤ ʟʡʦʤʢʠ 

ʟʨʘʟʦʢ ʪʝʨʤʦʩʪʘʪʫʚʘʣʠ ʧʨʦʪʷʛʦʤ 6 ʛʦʜ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʦʪʨʠʤʘʥʥʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ. ʐʚʠʜʢʽʩʪʴ ʥʘʛʨʽʚʫ 0,5 ʉ / ʭʚ. ʄʦʞʣʠʚʦʩʪʽ ʪʘʢʦʛʦ ʤʝʪʦʜʫ 

ʜʦʩʠʪʴ ʰʠʨʦʢʽ, ʤʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʙʘʛʘʪʦʬʘʟʥʠʭ ʟʨʘʟʢʽʚ, ʚ ʷʢʠʭ 

ʧʨʠʩʫʪʥʷ ʨʽʜʢʘ ʬʘʟʘ ʯʠ ʧʨʦʩʪʝʞʠʪʠ ʽʥʰʽ ʥʦʥ-ʚʘʨʽʘʥʪʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚ ʪʚʝʨʜʦʤʫ 

ʩʪʘʥʽ (ʫʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ, ʨʦʟʢʣʘʜ ʯʠ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥʷ). 

 

2.9 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ: ʣʽʪʫʚʘʥʥʷ, 

ʛʽʜʨʫʚʘʥʥʷ, ʤʘʛʥʽʶʚʘʥʥʷ, ʧʨʦʚʦʜʠʣʦʩʴ ʚ ʧʨʦʪʦʪʠʧʘʭ ʭʽʤʽʯʥʠʭ ʜʞʝʨʝʣ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʍɼɽɽ çSwagelok cellè. ʉʢʣʘʜʝʥʠʡ ʧʨʦʪʦʪʠʧ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 

ʜʚʦʭ ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʩʪʦʨʽʚ, ʟʘʧʦʚʥʝʥʠʭ ʚʽʜʧʦʚʽʜʥʠʤʠ ʝʣʝʢʪʨʦʜʥʠʤʠ 

ʤʘʪʝʨʽʘʣʘʤʠ, ʟʤʦʯʝʥʠʤʠ ʝʣʝʢʪʨʦʣʽʪʦʤ ʪʘ ʨʦʟʜʽʣʝʥʠʤʠ ʟʤʦʯʝʥʠʤ ʝʣʝʢʪʨʦʣʽʪʦʤ 

ʩʝʧʘʨʘʪʦʨʦʤ. ɯʟʦʣʷʪʦʨʦʤ ʩʣʫʛʫʚʘʣʘ ʪʝʬʣʦʥʦʚʘ ʚʩʪʘʚʢʘ. ʗʢ ʘʥʦʜ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʩʧʣʘʚ ʤʘʩʦʶ ʙʣʠʟʴʢʦ 0,3-0,5 ʛ, ʧʦʨʦʰʦʢ ʷʢʦʛʦ ʟʤʽʰʫʚʘʣʠ ʟ 

ʝʣʝʢʪʨʦʣʽʪʦʤ ʜʦ ʦʜʥʦʨʽʜʥʦʾ ʤʘʩʠ, ʷʢʦʶ ʚʠʧʦʚʥʶʚʘʚʩʷ ʧʨʦʩʪʽʨ ʘʥʦʜʥʦʾ ʯʘʩʪʠʥʠ 

ʍɼɽɽ. ʋ ʧʨʦʮʝʩʘʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʷʢ ʢʘʪʦʜʥʠʡ ʤʘʪʝʨʽʘʣ (ʧʨʠ 

ʨʦʟʨʷʜʽ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʨʦʟʪʝʨʪʠʡ ʪʘ ʟʤʦʯʝʥʠʡ ʝʣʝʢʪʨʦʣʽʪʦʤ ʧʦʨʦʰʦʢ ʽʟ ʣʽʪʽʡ 

ʢʦʙʘʣʴʪʘʪʫ(ɯɯɯ) LiCoO2. ʗʢ ʝʣʝʢʪʨʦʣʽʪ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 1ʄ ʨʦʟʯʠʥ Li[PF6] ʫ 

ʩʫʤʽʰʽ ʨʦʟʯʠʥʥʠʢʽʚ ʜʠʤʝʪʠʣʢʘʨʙʦʥʘʪʫ ʪʘ ʝʪʠʣʝʥʢʘʨʙʦʥʘʪʫ. ʋ ʟʽʙʨʘʥʦʤʫ ʚʠʛʣʷʜʽ 

ʢʘʪʦʜ ʽ ʘʥʦʜ ʙʫʣʠ ʚʽʜʦʢʨʝʤʣʝʥʽ ʩʝʧʘʨʘʪʦʨʦʤ Celgard 2320 ʯʠ ʧʨʝʩʦʚʘʥʦʶ 

ʮʝʣʶʣʦʟʦʶ, ʟʤʦʯʝʥʦʶ ʚ ʨʦʟʯʠʥʽ ʝʣʝʢʪʨʦʣʽʪʫ. ʊʝʩʪʫʚʘʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʟʨʘʟʢʽʚ 

ʧʨʦʚʦʜʠʣʠ ʚ ʛʘʣʴʚʘʥʦʩʪʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ. ʇʨʦʮʝʩ ʟʘʨʷʜʫ ʍɼɽɽ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 

ʥʝʚʝʣʠʢʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʽʚ: 0,1-0,5 ʤɸ ʧʨʦʪʷʛʦʤ 8-12 ʛʦʜ ʜʦ ʧʦʚʥʦʛʦ ʯʠ 





53 ʎʠʢʣʽʯʥʽ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʠ (ʎɺɸ) ʦʪʨʠʤʫʚʘʣʠ, ʢʦʣʠ ʧʨʦʚʦʜʠʣʠ 

ʝʢʩʧʝʨʠʤʝʥʪ ʚ ʪʨʠʝʣʝʢʪʨʦʜʥʠʭ ʢʦʤʽʨʢʘʭ. ʗʢ ʝʣʝʢʪʨʦʜʠ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

Li ʧʨʠ ʣʽʪʫʚʘʥʥʽ, ʚʠʭʽʜʥʠʡ ʩʧʣʘʚ ʘʙʦ Pt ʧʨʠ ʛʽʜʨʫʚʘʥʥʽ, Mg ʧʨʠ ʤʘʛʥʽʶʚʘʥʥʽ. 

ʇʦʪʝʥʮʽʦ-ʢʽʥʝʪʠʯʥʽ ʢʨʠʚʽ (ʢʨʠʚʽ ʢʦʨʦʟʽʾ) ʦʪʨʠʤʫʚʘʣʠ ʰʣʷʭʦʤ ʣʦʛʘʨʠʬʤʫʚʘʥʥ  ̫

ʧʝʨʰʦʾ ʎɺɸ. ʋʩʽ ʚʠʤʽʨʶʚʘʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʪʦʪʠʧʽʚ ʍɼɽɽ ʚ 

ʪʨʠʝʣʝʢʪʨʦʜʥʠʭ ʩʠʩʪʝʤʘʭ, ʜʦʩʣʽʜʞʝʥʥʷ ʽʤʧʝʜʘʥʩʫ (ʚʥʫʪʨʽʰʥʴʦʛʦ ʦʧʦʨʫ ʤʘʪʝʨʽʘʣʫ 

ʝʣʝʢʪʨʦʜʫ) ʧʨʦʚʦʜʠʣʠ ʥʘ ʦʙʣʘʜʥʘʥʥʽ CH Instruments (Austin, TX, USA). ɼʣ  ̫

ʦʪʨʠʤʘʥʥʷ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʠʭ ʢʨʠʚʠʭ (ʜʚʦʝʣʝʢʪʨʦʜʥʽ ʩʠʩʪʝʤʠ) ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʘʥʘʣʦʛʦʚʦ-ʮʠʬʨʦʚʠʡ ʤʦʜʫʣʴ ʟ ʘʚʪʦʤʘʪʠʯʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʘʢʝʪ 

ʧʨʦʛʨʘʤ LabView [209] ʪʘ ʜʚʦʢʘʥʘʣʴʥʠʡ ʛʘʣʴʚʘʥʦʩʪʘʪ MTech G410-2 [210]. ɭʤʥʽʩʪ  ɹ

ʘʥʦʜʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

ʉ = IpĿ Ű, (2.15) 

ʜʝ ʉ ī ʥʦʤʽʥʘʣʴʥʘ ʻʤʥʽʩʪʴ (ɸĿʛʦʜ); Ip ï ʩʪʨʫʤ ʨʦʟʨʷʜʫ; Ű ï ʯʘʩ ʨʦʟʨʷʜʫ (ʛʦʜ). 

ʇʠʪʦʤʫ ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʟʘ ʬʦʨʤʫʣʦʶ: 

Wp = (UcĿIpĿŰ) / m, (2.16) 

ʜʝ Wp ï ʧʠʪʦʤʘ ʝʥʝʨʛʦʻʤʥʽʩʪ  ɹ(ɺʪĿʛʦʜ/ʢʛ); Uc ï ʩʝʨʝʜʥ  ̫ʨʦʟʨʷʜʥʘ ʥʘʧʨʫʛʘ (ɺ); m ï ʤʘʩʘ (ʢʛ). 

ɺ ʪʘʙʣʠʮʷʭ (ʈʦʟʜʽʣ 4) ʢʽʣʴʢʽʩʪʴ ʣʽʪʽʶ ʚ ʨʦʟʤʽʨʥʦʩʪʷʭ ʫ ʬʦʨʤʫʣʴʥʽʡ ʦʜʠʥʠʮ  ̔

ʩʧʦʣʫʢ ʪʘ ʘʪʦʤʥʽ ʚʽʜʩʦʪʢʠ ʣʽʪʽʶ ʧʨʠʚʝʜʝʥʽ ʣʠʰʝ ʜʣʷ ʧʨʦʮʝʩʽʚ ʜʝʣʽʪʫʚʘʥʥ  ̫ (ʤʦʙʽʣʴʥ  ̔

ʘʪʦʤʠ ʣʽʪʽʶ) ʦʙʯʠʩʣʝʥʽ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʘʪʝʤʘʪʠʯʥʠʡ ʚʠʨʘʟ ʦʙôʻʜʥʘʥʦʛʦ ʟʘʢʦʥʫ 

ʌʘʨʘʜʝʷ; ʟʘʛʘʣʴʥʠʡ ʚʤʽʩʪ ʣʽʪʽʶ ʻ ʜʝʱʦ ʙʽʣʴʰʠʡ. ʂʫʣʦʥʽʚʩʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪ  ɹ

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ɖ ʚʠʟʥʘʯʘʣʠ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʝʡ ʟʘʨʷʜʫ ʧʨʠ 

ʜʝʽʥʪʝʨʢʘʣʷʮʽʾ ʜʦ ʟʘʨʷʜʫ ʧʨʠ ̔ ʥʪʝʨʢʘʣʷʮʽʾ ʘʙʦ ʷʢ ʚʽʜʥʦʰʝʥʥʷ ʢʽʣʴʢʦʩʪʝʡ ʅʨʦʟ / ʅʟʘʨ. 

 

2.10 ɼʦʩʣʽʜʞʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 

ʄʘʛʥʽʪʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʧʦʣʫʢʠ Ŭ-Tb3Sn7 ʜʦʩʣʽʜʞʫʚʘʣʠ ʥʘ ʤʘʛʥʝʪʦʤʝʪʨʽ 

SQUID (ʦʪʨʠʤʘʥʥʷ ʢʨʠʚʠʭ ʥʘʤʘʛʥʽʯʝʥʥʷ). ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʯʫʪʣʠʚʦʩʪʽ 

ʚʠʟʥʘʯʝʥʥʷ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʢʦʪʫʰʢʘ ʧʽʜôʻʜʥʘʥʘ ʯʝʨʝʟ ʥʘʜʧʨʦʚʽʜʥʠʡ 

ʧʝʨʝʪʚʦʨʶʚʘʯ ʜʦ SQUID, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʷʢʦʛʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʝʬʝʢʪʽ 

ɼʞʦʟʝʬʩʦʥʘ. ʄʘʛʥʝʪʦʤʝʪʨ ʧʨʘʮʶʻ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤʫ ʽʥʪʝʨʚʘʣʽ 2õ350 ʂ ʪʘ ʚ 

ʽʥʪʝʨʚʘʣʽ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ ʜʦ 5,5 ʊ, ʯʫʪʣʠʚʽʩʪʴ ʤʝʪʦʜʫ ʩʪʘʥʦʚʠʪʴ 10-11 ɸĀʤ2. 

 



54 
2.11 ɻʘʟʦʚʝ ʛʽʜʨʫʚʘʥʥʷ ʩʧʣʘʚʽʚ 

ɺʠʤʽʨʶʚʘʥʥʷ ʘʙʩʦʨʙʮʽʾ ʪʘ ʜʝʩʦʨʙʮʽʾ ʚʦʜʥʶ ʩʧʣʘʚʘʤʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʠʣʘʜʫ ɯʄɯ-COR (ʅiden Isochema, ɸʥʛʣʽʷ) ʟ ʤʘʥʦʤʝʪʨʠʯʥʠʤ 

ʘʥʘʣʽʟʘʪʦʨʦʤ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʝʪʦʜ ʉʽʚʝʨʪʩʘ ʜʣʷ ʪʠʩʢʽʚ ʜʦ 200 

ʙʘʨ ʚ ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ 25 Áʉ ʜʦ 500 Áʉ.  

 
2.12 ʈʦʟʨʘʭʫʥʦʢ ʬʫʥʢʮʽʾ ʝʣʝʢʪʨʦʥʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ 

ʈʦʟʨʘʭʫʥʢʦʚʠʡ ʤʝʪʦʜ Tɺ-LMTO-ASA ʽʥʪʝʧʨʝʪʫʻ ʤʝʪʦʜ ʣʽʥʽʡʥʦʾ 

ʢʦʤʙʽʥʘʮʽʾ ʘʪʦʤʥʠʭ ʦʨʙʽʪʘʣʝʡ ʚ ʘʧʨʦʢʩʠʤʘʮʽʾ ʤʦʣʝʢʫʣʷʨʥʠʭ ʦʨʙʽʪʘʣʝʡ. ɼʣʷ 

ʨʦʟʨʘʭʫʥʢʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʻ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʣʝʤʝʥʪʽʚ, ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢ (ʢʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ, 

ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʯʠ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʟʤʽʱʝʥʥʷ, ʢʦʝʬʽʮʽʻʥʪ 

ʟʘʧʦʚʥʝʥʥʷ ʢʨʠʩʪʘʣʦʛʨʘʬʽʯʥʦʾ ʧʦʟʠʮʽʾ). 

ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ TB-LMTO-ASA [211, 212, 213] ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʷʢʽʩʥʦ 

ʪʘ ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʬʫʥʢʮʽʶ ʝʣʝʢʪʨʦʥʥʦʾ ʣʦʢʘʣʽʟʘʮʽʾ (ELF), ʽʥʪʝʨʧʨʝʪʫʶʯʠ 

ʟʥʘʯʝʥʥʷ ʷʢʦʾ, ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʾ ʛʫʩʪʠʥʠ ʚ 

ʧʣʦʱʠʥʽ ʯʠ ʚ ʧʨʦʩʪʦʨʽ ʪʘ ʧʦʷʩʥʝʥʥʷ ʙʫʜʦʚʠ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ. ʎʽ ʜʘʥʽ ʥʝʦʙʭʽʜʥʽ 

ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʯʠʩʣʘ ʟʘʩʝʣʝʥʦʩʪʽ ʦʨʙʽʪʘʣʴʥʦʛʦ ɻʘʤʽʣʴʪʦʥʽʘʥʘ (ʉʆʅʈ) ʪʘ 

ʽʥʪʝʛʨʦʚʘʥʦʛʦ ʦʨʙʽʪʘʣʴʥʦʛʦ ʟʥʘʯʝʥʥʷ ʦʧʝʨʘʪʦʨʘ ʭʚʠʣʴʦʚʦʾ ʬʫʥʢʮʽʾ: ʉʆʅʈ  

(-ʽʉʆʅʈ), ʢʽʣʴʢʽʩʥʝ ʟʥʘʯʝʥʥʷ ʷʢʦʛʦ ʤʦʞʝ ʩʣʫʞʠʪʠ ʦʮʽʥʢʦʶ ʤʽʮʥʦʩʪʽ ʟʚôʷʟʢʫ ʤʽʞ 

ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʘʪʦʤʽʚ (ʩʠʤʝʪʨʠʯʥʠʡ ʯʠ ʘʩʠʤʝʪʨʠʯʥʠʡ ʨʦʟʧʦʜʽʣ ʝʣʝʢʪʨʦʥʥʦʾ 

ʛʫʩʪʠʥʠ). ʄʦʜʝʣʶʚʘʥʥʷ ʛʫʩʪʠʥʠ ʩʪʘʥʽʚ (DOS) ʜʣʷ ʢʦʞʥʦʛʦ ʝʣʝʤʝʥʪʘ, ʱʦ 

ʚʭʦʜʠʪʴ ʜʦ ʩʢʣʘʜʫ ʩʧʦʣʫʢʠ ʪʘ ʟʘʛʘʣʦʤ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʜʙʘʯʠʪʠ ʜʦʤʽʥʫʶʯʠʡ 

ʪʠʧ ʭʽʤʽʯʥʦʛʦ ʟʚôʷʟʢʫ ʯʠ ʜʝʷʢʽ ʬʽʟʠʢʦ-ʭʽʤʽʯʥʽ ʚʣʘʩʪʠʚʦʩʪʽ.  

ɺ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʨʦʟʨʘʭʫʥʢʦʚʽ ʤʝʪʦʜʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʪʘ ʜʦʧʦʚʥʶʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʚʠʷʚʣʝʥʥʷ ʯʘʩʪʢʠ ʢʦʚʘʣʝʥʪʥʦʛʦ ʟʚôʷʟʢʫ  

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʠʡ ʪʠʧ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʩʪʽ ʩʧʦʣʫʢʠ ʫ ʚʩʽʭ ʯʠ ʣʠʰʝ ʫ ʧʝʚʥʠʭ 

ʥʘʧʨʷʤʢʘʭ ʯʠ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʝʷʢʠʭ ʤʘʛʥʽʪʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʟʘ ʨʦʟʧʦʜʽʣʦʤ 

ʝʣʝʢʪʨʦʥʽʚ ʥʘʚʢʦʣʦ d- ʯʠ f-ʝʣʝʤʝʥʪʘʤʠ. ɺ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ  ʜʦʧʦʚʥʝʥʥʷ ʜʦ 

ʬʽʟʠʯʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ, ʥʘʧʨʠʢʣʘʜ  ʽʩʥʫʚʘʥʥʷ çʧʩʝʚʜʦ-ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠè 

ʥʘ ʨʽʚʥʽ ʌʝʨʤʽ ʜʣʷ ʩʧʦʣʫʢ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʝʬʝʢʪʦʤ ʥʘʜʧʨʦʚʽʜʥʦʩʪʽ. 
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ʈʆɿɼɯʃ 3 ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊʋ.  

ʌɸɿʆɺɯ ʈɯɺʅʆɺɸɻʀ ʊɸ ʂʈʀʉʊɸʃɯʏʅɸ ʉʊʈʋʂʊʋʈɸ ʉʇʆʃʋʂ 

3.1 ʉʠʩʪʝʤʘ LaïMgïSn 

3.1.1 ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ̔ ʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ  

ʋ ʩʠʩʪʝʤ  ̔ LaïMgïSn ʩʠʥʪʝʟʦʚʘʥʦ 47 ʧʦʪʨʽʡʥʠʭ ʪʘ 6 ʧʦʜʚʽʡʥʠʭ ʟʨʘʟʢʽʚ, 

ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʷʢʠʭ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.1. ɺʘʨʪʦ ʟʘʫʚʘʞʠʪʠ, ʱʦ ʩʧʣʘʚʠ ʟ 

ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʣʘʥʪʘʥʫ  ̒ʭʽʤʽʯʥʦ ʥʝʩʪʽʡʢʠʤʠ. ʅʘ ʧʦʚʽʪʨ  ̔ʚʦʥʠ ʙʫʨʭʣʠʚʦ ʚʟʘʻʤʦʜʽʶʪ  ɹ

ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʪʝʧʣʦʪʠ ʪʘ ʫʪʚʦʨʝʥʥʷʤ ʣʘʥʪʘʥ(ɯɯɯ) ʦʢʩʠʜʫ La2O3 ʪʘ ʽʥʰʠʭ ʦʢʩʠʜʽʚ. ʋ 

ʙʘʛʘʪʴʦʭ ʟʨʘʟʢʘʭ ʤʝʪʦʜʦʤ ʈʌɸ ʟʥʘʡʜʝʥʦ ʩʣʽʜʠ ʦʣʦʚʘ. ʏʘʩʪʦ ʪʘʢ  ̔ʩʧʣʘʚʠ ʤʘʣʠ ʙʽʣʴʰʝ, 

ʥʽʞ 3 ʬʘʟʠ. ʇʨʠʯʠʥʦʶ ʪʘʢʦʛʦ ʷʚʠʱʘ  ̒ʥʠʞʯʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥ  ̫ʦʣʦʚʘ, ʧʦʨʽʚʥʷʥʦ 

ʽʟ ʪʝʤʧʝʨʘʪʫʨʦʶ ʚʽʜʧʘʣʫ 400 ʦʉ. ʅʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʦʣʦʚʘ, ʽʤʦʚʽʨʥʦ, ʧʦʢʨʠʚʘʻ ʟʨʘʟʦʢ ʥʘ 

ʧʦʚʝʨʭʥʽ ʫ ʚʠʛʣʷʜʽ ʪʦʥʢʦʾ ʧʣʽʚʢʠ. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʢʽʣʴʢʦʩʪ  ̔ ɓ-Sn (1-2 ʤʘʩ. %) 

ʩʪʚʦʨʶʶʪ  ɹ ʜʠʬʨʘʢʮʽʡʥ  ̔ ʧʽʢʠ ʚʝʣʠʢʦ  ʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ 

ʘʥʘʣʽʟʫ ʩʧʣʘʚʽʚ ʧʽʜʩʫʤʦʚʘʥʦ ʫ ɼʦʜʘʪʢʫ ɹ (ʊʘʙʣʠʮʷ 1). 

 
ʈʠʩ. 3.1 ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ ʫ ʩʠʩʪʝʤʽ LaïMgïSn 

 

ʋ ʩʠʩʪʝʤʽ LaïMgïSn ʧʽʜʪʚʝʨʜʞʝʥʦ ʽʩʥʫʚʘʥʥʷ ʙʽʣʴʰʦʩʪʽ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ 

ʩʠʩʪʝʤʠ LaïSn, ʦʜʥʽ ʾ̒ ʩʧʦʣʫʢʠ Mg2Sn (ʩʠʩʪʝʤʘ MgïSn) ʪʘ ʚʩʽʭ ʩʧʦʣʫʢ ʩʠʩʪʝʤʠ LaïMg. 

ʅʘ ʦʩʥʦʚ  ̔ ʙʽʥʘʨʥʦ  ʾ ʩʧʦʣʫʢʠ LaSn3 ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

ʟʘʤʽʱʝʥʥʷ LaSn3-xMgx, ʦʙʣʘʩʪ  ɹ ʛʦʤʦʛʝʥʥʦʩʪʽ ʷʢʦʛʦ ʩʪʘʥʦʚʠʪʴ 23-24 ʘʪ. % Mg. ʅʘ 



56 ʦʩʥʦʚʽ ʙʽʥʘʨʥʦ  ʾʩʧʦʣʫʢʠ La3Sn5 ʫʪʚʦʨʶʻʪʴʩ  ̫ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ La3Sn5-ʭMgx  

ʟ ʨʦʟʯʠʥʥʽʩʪʶ Mg 5-6 ʘʪ. %. ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ La3Sn ʩʧʦʩʪʝʨʽʛʘʻʪʴʩ  ̫

ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʟʘʤʽʱʝʥʥ  ̫ La3Sn1-xMgx, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʷʢʦʛʦ 

ʩʪʘʥʦʚʠʪ  ɹ 7-10 ʘʪ. % Mg. ʅʘ ʦʩʥʦʚ  ̔ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ ɓ-La5Sn3 ʫʪʚʦʨʶʻʪʴʩ  ̫

ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ 4-5 ʘʪ. % Mg. ɹʽʥʘʨʥ  ̔ ʩʧʦʣʫʢʠ LaSn2 ʪʘ 

La3Sn7 ʨʦʟʯʠʥʷʶʪʴ ʥʝ ʙʽʣʴʰʝ 2-3 ʘʪ. % Mg. ɹʽʥʘʨʥʽ ʩʧʦʣʫʢʠ LaMg, LaMg3 ʪʘ La2Mg17 

ʫʪʚʦʨʶʶʪʴ ʪʚʝʨʜ  ̔ʨʦʟʯʠʥʠ ʟʘʤʽʱʝʥʥ ,̫ ʜʝ ʘʥʘʣʦʛʽʯʥʦ ʚ ʩʪʘʪʠʩʪʠʯʥʽʡ ʩʫʤʽʰ  ̔  ̒Mg ʪʘ Sn 

4-6, 4-5 ʪʘ 5 ʘʪ. %, ʚʽʜʧʦʚʽʜʥʦ. ɹʽʥʘʨʥʘ ʩʧʦʣʫʢʘ LaMg2 ʩʪʘʙʽʣʽʟʫʻʪʴʩ  ̫ ʥʝʚʝʣʠʢʠʤ 

ʚʤʽʩʪʦʤ Sn ʯʠ ʽʥʰʦ  ʁʜʦʤʽʰʢʦ  ʁʪʘ ʤʘ  ̒ʥʝʚʝʣʠʢʫ ʦʙʣʘʩʪ  ɹʛʦʤʦʛʝʥʥʦʩʪʽ 4 ʘʪ. %. ʌʘʟʦʚ  ̔

ʨʽʚʥʦʚʘʛʠ ʤʽʞ ʯʠʩʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʙʽʥʘʨʥʠʤʠ ʪʘ ʪʝʨʥʘʨʥʠʤʠ ʩʧʦʣʫʢʘʤʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ̔ ʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʨʠ 400 ÜC ʥʘ ʨʠʩʫʥʢʫ 3.2.  

 

ʈʠʩ. 3.2 ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ LaïMgïSn ʧʨʠ 400 Üʉ 

ʊʘʙʣʠʮʷ 3.1 ʂʨʠʩʪʘʣʦʛʨʘʬʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ  

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, ¡ ʉʧʦʣʫʢʘ ʉʊ ʇɻ ʉʇ a b c 
LaMgSn TiNiSi Pnma oP12 7,804(6) 4,693(2) 9,142(4) 

ɓ-La5Sn3Mgx 
(0 Ò x < 0,5) 

Mn5Si3 
Hf5CuSn3 

P63/mmc hP18 9,406(2)  
9,459(2)  6,923(2) 

6,988(3) 
LaMgSn2 LaMgSn2 I 4 2m tI32 8,3951(4)   12,5276(9) 

La6Mg23+ʭSn1-ʭ Zr6Zn23Si Fm 3 m cF120 14,7131(2)   
La39Mg13Sn48 é é mé 12,591(5) 6,102(2), 

ɓ = 92,06(3)Ü 
8,157(2) 

La49Mg22Sn29 é é é é é é 
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3.1.2 ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʫ ʩʠʩʪʝʤʽ La Mg Sn 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ LaSn3 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ LaSn3 (ʉʊ AuCu3, ʇɻ Pm 3 m) ʫʪʚʦʨʶʻʪʴʩʷ 

ʦʙʤʝʞʝʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʤʘʛʥʽʶ ʥʘ ʩʪʘʥʫʤ, ʧʨʦʪʷʞʥʽʩʪʶ  

23-24 ʘʪ. % Mg. ɺʥʘʩʣʽʜʦʢ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʩʪʘʥʫʤʫ ʥʘ ʤʘʛʥʽʡ ʟʘʢʦʥʦʤʽʨʥʦ 

ʯʝʨʝʟ ʨʦʟʤʽʨʥʠʡ ʬʘʢʪʦʨ ʟʤʝʥʰʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. ʅʘ 

ʨʠʩʫʥʢʫ 3.3 ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʽʢʨʦʬʦʪʦʛʨʘʬʽʷ ʰʣʽʬʘ ʩʧʣʘʚʫ La10Mg20Sn70, ʱʦ 

ʤʽʩʪʠʪʴ ʮʶ ʬʘʟʫ ʷʢ ʦʩʥʦʚʥʫ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ɽɼʈʉ: La23,78Mg16,27Sn59,95. ʎʝʡ ʩʢʣʘʜ 

ʥʝ ʻ ʛʨʘʥʠʯʥʠʤ, ʦʩʢʽʣʴʢʠ ʨʦʟʯʠʥʥʽʩʪʴ ʤʘʛʥʽʶ ʻ ʙʽʣʴʰʘ. 

 

 
ʈʠʩ. 3.3 ʌʦʪʦʛʨʘʬʽʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ɽɼʈʉ (La23,78Mg16,27Sn59,95) 

ʜʣʷ ʩʧʣʘʚʫ ʩʢʣʘʜʫ La10Mg20Sn70  

 

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.4. 

ʂʦʦʨʜʠʥʘʮʽʡʥʠʤʠ ʧʦʣʽʝʜʨʘʤʠ ʜʣʷ ʘʪʦʤʽʚ La ʪʘ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʤʽʰʽ ʻ 

ʢʫʙʦʦʢʪʘʝʜʨʠ ʟ ʂʏ = 12 [La(Mg, Sn)12] ʪʘ [(Mg, Sn)La4(Mg, Sn)8] ʚʽʜʧʦʚʽʜʥʦ. 

 
ʈʠʩ. 3.4 ʇʨʦʝʢʮʽʷ ʩʪʨʫʢʪʫʨʠ LaSn3-xMgx ʪʘ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʤʥʦʛʦʛʨʘʥʥʠʢʠ ʘʪʦʤʽʚ 



58 ʅʘ ʨʠʩʫʥʢʫ 3.5 ʥʘʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʤʽʥʫ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʤʘʛʥʽʶ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ LaSn3-xMgx. ɿʤʽʥʘ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʽʜʝʘʣʽʟʦʚʘʥʦʾ ʧʨʷʤʦʾ ʟʘ 

ʧʨʘʚʠʣʦʤ ɺʝʛʘʨʜʘ, ʽʤʦʚʽʨʥʘ ʧʨʠʯʠʥʘ ʮʴʦʛʦ  ʯʘʩʪʢʦʚʝ ʟʤʽɦ ʝʥʥ  ̫ʘʪʦʤʽʚ ʫ ʩʪʨʫʢʪʫʨ  ̔

ʯʝʨʝʟ ʟʤʽʱʝʥʥ  ̫ ʝʣʝʢʪʨʦʥʥʦ  ʾ ʛʫʩʪʠʥʠ ʚʽʜ ʘʪʦʤʽʚ La ʜʦ Mg ʪʘ Sn. ʇʨʦʚʦʜʷʯʠ 

ʝʢʩʪʨʘʧʦʣʷʮʽʶ ʟʘʣʝʞʥʦʩʪʽ, ʤʠ ʦʪʨʠʤʫʻʤʦ, ʱʦ ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʦʛʦ 

ʨʦʟʯʠʥʫ ʟʘʢʽʥʯʫʻʪʴʩʷ ʧʨʠ ʚʤʽʩʪʽ ʤʘʛʥʽʶ 23-34 ʘʪ .%. 

 

 
ʈʠʩ. 3.5 ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʧʨʠ ʟʘʤʽʱʝʥʥʽ ʘʪʦʤʽʚ ʉʪʘʥʫʤʫ 

ʥʘ ʄʘʛʥʽʡ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ LaSn3-xMgx 

 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ La3Sn5 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ La3Sn5 (ʉʊ Pu3Pd5, ʇɻ Cmcm) ʫʪʚʦʨʶʻʪʴʩʷ 

ʥʝʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ (5-6 ʘʪ. %) ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ La3Sn5-ʭMgx,  

0 Ò ʭ < 0,48. ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘʢʦʥʦʤʽʨʥʦ ʽʟʦʪʨʦʧʥʦ 

ʟʤʝʥʰʫʶʪʴʩʷ ʜʣʷ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ, ʧʦʨʽʚʥʷʥʦ ʽʟ ʙʽʥʘʨʥʦʶ:  

a = 10,332(6) 10,284(4) ¡, b = 8,323(6) 8,255(4) ¡, c = 10,627(7) 10,582(5) ¡, 

V = 913,9(8) 898,4(5) ¡3. ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʧʝʨʝʙʫʚʘʻ ʫ ʨʽʚʥʦʚʘʟʽ ʽʟ ʪʝʨʥʘʨʥʦʶ 

ʩʧʦʣʫʢʦʶ LaMgSn ʪʘ, ʽʤʦʚʽʨʥʦ, ʽʥʰʦʶ ʩʧʦʣʫʢʦʶ ʥʝʚʩʪʘʥʦʚʣʝʥʦʾ ʩʪʨʫʢʪʫʨʠ. 

 

ɺʧʦʨʷʜʢʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ɓ-La5Sn3 

ʅʘ ʦʩʥʦʚʽ ɺʊʄ ʩʧʦʣʫʢʠ La5Sn3 (ʉʊ Mn5Si3, ʇɻ P63/mcm) ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ ɓ-La5Sn3Mgx, 0 Ò ʭ < 0,5. ɸʪʦʤʠ ʤʘʛʥʽʶ 









62 ʨʝʥʪʛʝʥʽʚʩʴʢʠʤʠ ʤʝʪʦʜʘʤʠ ʧʦʨʦʰʢʫ ʪʘ ʤʦʥʦʢʨʠʩʪʘʣʫ. ʋ ʪʘʙʣʠʮ  ̔ 3.2 ʧʨʝʜʩʪʘʚʣʝʥ  ̔

ʨʝʟʫʣʴʪʘʪʠ ʫʪʦʯʥʝʥʥ  ̫ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ ʬʘʟʠ ʥʘ ʦʩʥʦʚ  ̔ʙʽʥʘʨʥʦ  ʾʩʧʦʣʫʢʠ LaMg3, 

ʱʦ ʨʦʟʯʠʥʷ  ̒ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪ  ɹʩʪʘʥʫʤʫ. ʗʢ ʙʘʯʠʤʦ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʫʪʦʯʥʝʥʥ ,̫ ʫʪʚʦʨʝʥʥ  ̫

ʩʪʘʪʠʩʪʠʯʥʦ  ʾ ʩʫʤʽ ʽh (Mg, Sn)  ̒ ʣʠʰʝ ʚ ʦʜʥʦʤʫ ʧʦʣʦʞʝʥʥ  ̔ 8ʩ. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʘʨʥʦ  ʾʢʦʤʽʨʢʠ ʜʣ  ̫ʙʽʥʘʨʥʦ  ʾʬʘʟʠ ʪʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ: a = 7,4807(5) 7,503(1) ¡,  

V = 418,63(8) 422,4(2) ¡3. ʋ ʪʘʙʣʠʮʷʭ 3.3, 3.4 ʜʝʪʘʣʴʥʦ ʧʨʝʜʩʪʘʚʣʝʥ  ̔ ʨʝʟʫʣʴʪʘʪʠ 

ʫʪʦʯʥʝʥʥ  ̫ ʢʨʠʩʪʘʣʽʯʥʦ  ʾ ʩʪʨʫʢʪʫʨʠ, ʟʘʧʦʚʥʝʥʽʩʪ  ɹ ʧʦʣʦʞʝʥʥ ,̫ ʽʟʦʪʨʦʧʥ  ̔ ʪʘ ʘʥʽʟʦʪʨʦʧʥ  ̔

ʪʝʧʣʦʚ  ̔ʟʤʽʱʝʥʥ  ̫ʘʪʦʤʽʚ. 

 

ʊʘʙʣʠʮʷ 3.2 ʈʝʟʫʣʴʪʘʪʠ ʈʉɸ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ LaMg3-ʭSnʭ 

ʉʢʣʘʜ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ LaMg2,66Sn0,34 
ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ BiF3 
ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fm 3 m 
ʉʠʤʚʦʣ ʇʽʨʩʦʥʘ, ʯʠʩʣʦ ʬ.ʦ. cF16, Z = 4 
ʄʦʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ 235,43 
ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʥʦʾ ʢʦʤʽʨʢʠ, ¡ (¡3) ʘ = 7,4982(4), V = 421,57(4) 
ʈʦʟʨʘʭʦʚʘʥʘ ʛʫʩʪʠʥʘ, ʛ/ʩʤ3 3,709 
ʂʦʝʬʽʮʽʻʥʪ ʘʙʩʦʨʙʮʽʾ, ʤʤ-1 11,748 
ʈʝʞʠʤ ʩʢʘʥʫʚʘʥʥʷ ɤ 
ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ, 2ɗ (Ü) 4,71ï24,40 
F(000) 410 
ɯʥʪʝʨʚʘʣʠ hkl -6 Ò h Ò 8, -7 Ò k Ò 7, -8 Ò l Ò 8 
ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʪʽʚ 34 
ɺʽʜʙʠʪʪʷ ʟ ɯ > 2ů(I) 34 
ɼʘʥʽ/ʧʘʨʘʤʝʪʨʠ 34/4 
ɼʦʙʨʦʪʥʽʩʪʴ (ʥʘ F2) 1,511 
ʂʽʥʮʝʚʽ ʬʘʢʪʦʨʠ (ɯ > 2ů(I)) R1 = 0,0694, wR2 = 0,1571 
ʅʘʡʙʽʣʴʰʠʡ ʧʽʢ / ʷʤʘ, e / A3 2,480 / -2,705 

 

ʊʘʙʣʠʮʷ 3.3 ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʣʷ ʘʪʦʤʽʚ 

ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ LaMg3-xSnx 

ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ɸʪʦʤ ʇʉʊ x/a y/b z/c ʂɿʇ Ueq/Uiso, ¡2 

La 4b 0 1/2 0 1,00 0,004(18) 
Mg1 4a 0 0 0 1,00 0,0021(6) 
Mg2 8c 1/2 1/2 1/2 0,83* 0,0039(5) 
Sn 8c 1/2 1/2 1/2 0,17* 0,0039(5) 

* ï ʟʘʬʽʢʩʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʫʪʦʯʥʝʥʥʷ 

 



63 ʊʘʙʣʠʮ  ̫3.4 ʇʘʨʘʤʝʪʨʠ ʘʥ ʟ̔ʦʪʨʦʧʥʦʛʦ ʟʤʽɦ ʝʥʥ  ̫ʜʣ  ̫ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥ  ̔LaMg3-xSnx 

ɸʪʦʤ U11 U22 U33 U12 U13 U23 
La 0,0004(18) 0,0004(18) 0,0004(18) 0 0 0 

Mg1 0,0001(6) 0,0001(6) 0,0001(6) 0 0 0 
 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ La2Mg17 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ La2Mg17 (CT Th2Ni17, ʇɻ P63/mmc) ʫʪʚʦʨʶʻʪʴʩ  ̫

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʥʝʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ 4-5 ʘʪ. % Sn (La2Mg17-xSnx,  

0 Ò x < 0,8). ɸʪʦʤʠ ʤʘʛʥʽʶ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʘʶʪʴʩʷ ʥʘ ʘʪʦʤʠ ʩʪʘʥʫʤʫ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ 

ʜʝʱʦ ʟʙʽʣʴʰʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʧʦʨʽʚʥʷʥʦ ʽʟ 

ʙʽʥʘʨʥʦʶ ʩʧʦʣʫʢʦʶ. ʋʪʚʦʨʝʥʥʷ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʤʽʰʽ (Mg, Sn) ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʠʰʝ ʚ 

ʧʦʣʦʞʝʥʥʽ 4f. 

 

ʊʘʙʣʠʮʷ 3.5 ʈʝʟʫʣʴʪʘʪʠ ʈʉɸ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ La2Mg17-xSnx 

ʉʢʣʘʜ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ La2Mg16,74Sn0,14 
ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Th2Ni17 
ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P63/mmc 
ʉʠʤʚʦʣ ʇʽʨʩʦʥʘ, ʯʠʩʣʦ ʬ.ʦ. hP38, Z = 2 
ʄʦʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ 404,89 
ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʥʦʾ ʢʦʤʽʨʢʠ, ¡ (¡3) ʘ = 10,3911(3), c = 10,2702(3), 

V = 960,36(5) 
ʈʦʟʨʘʭʦʚʘʥʘ ʛʫʩʪʠʥʘ, ʛ/ʩʤ3 2,800 
ʂʦʝʬʽʮʽʻʥʪ ʘʙʩʦʨʙʮʽʾ, ʤʤ-1 6,188 
ʈʝʞʠʤ ʩʢʘʥʫʚʘʥʥʷ ɤ 
ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ, 2ɗ (Ü) 2,26ï26,33 
F(000) 736 
ɯʥʪʝʨʚʘʣʠ hkl -12 Ò h Ò12, -12 Ò k Ò 12, -12 Ò l Ò 12 
ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʪʽʚ 408 
ɺʽʜʙʠʪʪʷ ʟ ɯ > 2ů(I) 339 
ɼʘʥʽ/ʧʘʨʘʤʝʪʨʠ 339/23 
ɼʦʙʨʦʪʥʽʩʪʴ (ʥʘ F2) 2,219 
ʂʽʥʮʝʚʽ ʬʘʢʪʦʨʠ (ɯ > 2ů(I)) R1 = 0,0918, wR2 = 0,2303 
ʅʘʡʙʽʣʴʰʠʡ ʧʽʢ / ʷʤʘ, e / A3 1,454 / -1,317 

 

ʋ ʟʨʘʟʢʫ ʩʢʣʘʜʫ La12Mg85Sn3 ʙʫʚ ʟʥʘʡʜʝʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣ, ʱʦ ʤʽʩʪʠʚ ʬʘʟʫ ʟ 

ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ. ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʽʚʩʴʢʦʛʦ ʫʪʦʯʥʝʥʥ  ̫

ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ ʥʘʚʝʜʝʥʽ ʫ ʪʘʙʣʠʮʽ 3.5. ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ 

ʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʣʷ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ La2Mg17-xSnx ʧʨʝʜʩʪʘʚʣʝʥʽ 



64 ʫ ʪʘʙʣʠʮʽ 3.6. ʎʽʢʘʚʠʤ ʻ ʚʧʣʠʚ ʢʦʦʨʜʠʥʘʮʽʡʥʦʛʦ ʦʪʦʯʝʥʥʷ ʥʘ ʪʝʧʣʦʚʝ 

ʢʦʣʠʚʘʥʥʷ, ʪʘʢ ʷʢ ʜʣʷ ʘʪʦʤʘ La2, ʷʢʠʡ ʦʪʦʯʝʥʠʡ ʣʠʰʝ ʘʪʦʤʘʤʠ ʤʘʛʥʽʶ (12 

ʘʪʦʤʽʚ) ʻ ʜʦʩʠʪʴ ʚʝʣʠʢʝ ʟʥʘʯʝʥʥʷ ʽʟʦʪʨʦʧʥʦʛʦ ʢʦʣʠʚʘʥʥʷ, ʪʦʜʽ ʷʢ ʜʣʷ ʘʪʦʤʘ La1, 

ʽʤʦʚʽʨʥʦ, 2 ʩʪʘʪʠʩʪʠʯʥʽ ʩʫʤʽʰʽ (Mg, Sn) ʪʘ 18 ʘʪʦʤʽʚ ʤʘʛʥʽʶ ʩʠʣʴʥʽʰʝ ʟʚ'ʷʟʫʶʪʴ 

ʘʪʦʤ ʈɿʄ ʫ ʡʦʛʦ ʧʦʣʦʞʝʥʥʽ. ʋ ʪʘʙʣʠʮʽ 3.7 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʣʷ 

ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʢʦʣʠʚʘʥʥʷ ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ. 

 

ʊʘʙʣʠʮʷ 3.6 ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʣʷ ʘʪʦʤʽʚ 

ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʽ La2Mg17-xSnx 

ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ɸʪʦʤ ʇʉʊ x/a y/b z/c ʂɿʇ Ueq/Uiso, ¡2 

La1 2d 1/3 2/3 3/4 1,00 0,0080(8) 
La2 2b 0 0 3/4 1,00 0,0209(8) 
Mg1 12j 0,3279(4) 0,9663(6) 1/4 1,00 0,0171(12) 
Mg2 12k 0,16366(17) 0,3273(3) 0,5205(4) 1,00 0,0154(11) 
Mg3 6g 1/2 0 1/2 1,00 0,0124(12) 
Mg4 4f 2/3 1/3 0,6020(7) 0,87* 0,0309(17) 
Sn 4f 2/3 1/3 0,6020(7) 0,07* 0,0309(17) 

* ï ʟʘʬʽʢʩʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʫʪʦʯʥʝʥʥʷ  

 

ʊʘʙʣʠʮ  ̫3.7 ʇʘʨʘʤʝʪʨʠ ʘʥ ʟ̔ʦʪʨʦʧʥʦʛʦ ʟʤʽɦ ʝʥʥ  ̫ʜʣ  ̫ʘʪʦʤʽʚ ʫ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥ  ̔La2Mg17-xSnx 

ɸʪʦʤ U11 U22 U33 U12 U13 U23 
La1 0,0085(9) 0,0085(9) 0,0072(11) 0,0042(5) 0 0 
La2 0,0190(9) 0,0190(9) 0,0248(11) 0,0095(5) 0 0 
Mg1 0,013(2) 0,019(2) 0,011(2) 0,0014(15) 0 0 
Mg2 0,0097(17) 0,020(3) 0,020(2) 0,0099(13) 0,0008(6) 0,0016(12) 
Mg3 0,0081(17) 0,021(3) 0,013(2) 0,0103(15) 0,0004(10) 0,001(2) 

 

ɼʣʷ ʘʪʦʤʽʚ ʩʪʘʪʠʩʪʠʯʥʦʾ ʩʫʤʽʰʽ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʧʦʣʽʝʜʨʦʤ ʻ 14-

ʚʝʨʰʠʥʥʠʢ [(Mg4, Sn)(Mg4,Sn)La1Mg16Mg23Mg33], ʜʣʷ ʘʪʦʤʽʚ La1 ï 20-

ʚʝʨʰʠʥʥʠʢ ʌʨʘʥʢʘ-ʂʘʩʧʝʨʘ [La1(Mg4, Sn)2Mg16Mg26Mg36], ʜʣʷ ʜʨʫʛʦʛʦ ʘʪʦʤʘ 

ʈɿʄ: La2 ï 12-ʚʝʨʰʠʥʥʠʢ (ʪʨʠʛʦʥʘʣʴʥʘ ʧʨʠʟʤʘ ʟ 6 ʜʦʜʘʪʢʦʚʠʤʠ ʘʪʦʤʘʤʠ) 

[La2Mg16Mg26], ʜʣʷ ʘʪʦʤʽʚ Mg1 ï 13-ʚʝʨʰʠʥʥʠʢ  

[Mg1(Mg4, Sn)2La1La2Mg13Mg24Mg32], ʜʣʷ Mg2 ï ʽʢʦʩʘʝʜʨ  

[Mg2La1La22(Mg4, Sn)Mg14Mg22Mg32], ʜʣʷ ʘʪʦʤʽʚ Mg3 ï ʽʢʦʩʘʝʜʨ 



65 [Mg3La12(Mg4, Sn)2Mg14Mg24]. ʂʨʠʩʪʘʣʽʯʥʽ ʧʦʣʽʝʜʨʠ ʜʣʷ ʢʦʞʥʦʛʦ ʽʟ ʩʦʨʪʽʚ 

ʘʪʦʤʽʚ ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.10. 

 
ʈʠʩ. 3.10 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ La2Mg17-xSnx  

 

3.1.3 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ  

ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ LaMgSn 

ʉʧʦʣʫʢʘ LaMgSn ï ʩʪʘʣʦʛʦ ʩʢʣʘʜʫ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʽ 

TiNiSi, ʤʘʻ ʨʦʤʙʽʯʥʫ ʩʠʤʝʪʨʽʶ, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Pnma, ʩʠʤʚʦʣ ʇʽʨʩʦʥʘ oP12, 

ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ a = 7,804(6) ¡, b = 4,693(2) ¡, c = 9,142(4) ¡. 

ɺʧʝʨʰʝ ʩʠʥʪʝʟʦʚʘʥʘ, ʨʦʟʰʠʬʨʦʚʘʥʘ ʪʘ ʫʪʦʯʥʝʥʘ ʘʚʪʦʨʘʤʠ [158]. ʅʘ ʨʠʩʫʥʢʫ 

3.11 ʟʦʙʨʘʞʝʥʦ ʧʨʦʩʪʦʨʦʚʝ ʨʦʟʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʫ ʝʣʝʤʝʥʪʘʨʥʽʡ ʢʦʤʽʨʮʽ, ʘ ʪʘʢʦʞ 

ʾʭʥʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʤʥʦʛʦʛʨʘʥʥʠʢʠ. ʂʦʦʨʜʠʥʘʮʽʡʥʠʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʜʣʷ ʘʪʦʤʽʚ 

La ï ʜʝʬʦʨʤʦʚʘʥʘ ʧʝʥʪʘʛʦʥʘʣʴʥʘ ʧʨʠʟʤʘ ʟ ʧôʷʪʴʤʘ ʜʦʜʘʪʢʦʚʠʤʠ ʘʪʦʤʘʤʠ 

ʥʘʚʧʨʦʪʠ ʙʽʯʥʠʭ ʛʨʘʥʝʡ [LaMg6Sn5La4] (ʂʏ = 15). ɸʪʦʤʠ Mg ʤʘʶʪʴ 

ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʫ ʚʠʛʣʷʜʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʢʫʙʦʦʢʪʘʝʜʨʘ 

[MgLa6Sn4Mg2] (ʂʏ = 12), ʘ ʂʄ ʜʣʷ ʘʪʦʤʽʚ Sn ï ʪʨʠʛʦʥʘʣʴʥʘ ʧʨʠʟʤʘ ʟ ʪʨʴʦʤʘ 

ʜʦʜʘʪʢʦʚʠʤʠ ʘʪʦʤʘʤʠ ʥʘʚʧʨʦʪʠ ʙʽʯʥʠʭ ʛʨʘʥʝʡ [SnLa5Mg4] (ʂʏ = 9).  

 





67 ʽʢʦʩʘʝʜʨ [Mg3La3Mg13Mg23Mg33], ʜʣ  ̫ʘʪʦʤʽʚ Mg4 ï ʦʢʪʘʝʜʨ [Mg4La6]. ʋ ʪʘʙʣʠʮ  ̔3.9 
ʧʨʠʚʝʜʝʥ  ̔ʢʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʪʝʧʣʦʚʦʛʦ ʟʤʽɦ ʝʥʥ  ̫ʘʪʦʤʽʚ. ʋ 

ʪʘʙʣʠʮ  ̔3.10 ʧʨʠʚʝʜʝʥ  ̔ʧʘʨʘʤʝʪʨʠ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽɦ ʝʥʥ  ̫ʜʣ  ̫ʘʪʦʤʽʚ.  

 
ʊʘʙʣʠʮʷ 3.8 ʈʝʟʫʣʴʪʘʪʠ ʈʉɸ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ ʩʧʦʣʫʢʠ La6Mg23+ʭSn1-ʭ 

ʉʢʣʘʜ ʩʧʦʣʫʢʠ La6Mg23,96Sn0,04 
ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Zr6Zn23Si 
ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ Fm 3 m 
ʉʠʤʚʦʣ ʇʽʨʩʦʥʘ, ʯʠʩʣʦ ʬ.ʦ. cF120, Z = 4 
ʄʦʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ 5108,05 
ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʥʦʾ ʢʦʤʽʨʢʠ, ¡ (¡3) ʘ = 14,7131(2), V = 3185,02(7) 
ʈʦʟʨʘʭʦʚʘʥʘ ʛʫʩʪʠʥʘ, ʛ/ʩʤ3 2,663 
ʂʦʝʬʽʮʽʻʥʪ ʘʙʩʦʨʙʮʽʾ, ʤʤ-1 7,853 
ʈʝʞʠʤ ʩʢʘʥʫʚʘʥʥʷ ɤ 
ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ, 2ɗ (Ü) 2,40ï26,40 
F(000) 2245 
ɯʥʪʝʨʚʘʣʠ hkl -18 Ò h Ò14, -18 Ò k Ò 18, -17 Ò l Ò 17 
ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʪʽʚ 205 
ɺʽʜʙʠʪʪʷ ʟ ɯ > 2ů(I) 180 
ɼʘʥʽ/ʧʘʨʘʤʝʪʨʠ 180/17 
ɼʦʙʨʦʪʥʽʩʪʴ (ʥʘ F2) 1,440 
ʂʽʥʮʝʚʽ ʬʘʢʪʦʨʠ (ɯ > 2ů(I)) R1 = 0,0442, wR2 = 0,0553 
ʅʘʡʙʽʣʴʰʠʡ ʧʽʢ / ʷʤʘ, e / A3 1,048 / -1,327 

 

ʊʘʙʣʠʮʷ 3.9 ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ʧʘʨʘʤʝʪʨʠ ʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽʱʝʥʥʷ ʜʣʷ ʘʪʦʤʽʚ 

ʫ ʩʧʦʣʫʮʽ La6Mg23+ʭSn1-ʭ 

ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ɸʪʦʤ ʇʉʊ x/a y/b z/c ʂɿʇ Ueq/Uiso, ¡2 

La 24ʝ 0,20543(8) 0 0 1,00 0,0170(4) 
Mg1 24d 0 1/4 1/4 1,00 0,0174(14) 
Mg2 32f 0,3781(2) 0,3781(2) 0,3781(2) 1,00 0,0219(13) 
Mg3 32f 0,1703(2) 0,1703(2) 0,1703(2) 1,00 0,0190(13) 
Mg4 4ʘ 0 0 0 1,00 0,010(3) 
Sn 4b 1/2 1/2 1/2 0,04* 0,040(5) 

Mg5 4b 1/2 1/2 1/2 0,96* 0,040(5) 
* ï ʟʘʬʽʢʩʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʫʪʦʯʥʝʥʥʷ  

 

 

 

 



68 ʊʘʙʣʠʮ  ̫3.10 ʇʘʨʘʤʝʪʨʠ ʘʥʽʟʦʪʨʦʧʥʦʛʦ ʟʤʽɦ ʝʥʥ  ̫ʘʪʦʤʽʚ ʫ ʩʧʦʣʫʮ  ̔La6Mg23+ʭSn1-ʭ 

ɸʪʦʤ U11 U22 U33 U12 U13 U23 
La 0,0204(7) 0,0153(5) 0,0153(5) 0 0 0 

Mg1 0,012(3) 0,020(2) 0,020(2) 0 0 -0,001(3) 
Mg2 0,0219(13) 0,0219(13) 0,0219(13) -0,0001(14) -0,0001(14) -0,0001(14) 
Mg3 0,0190(13) 0,0190(13) 0,0190(13) 0,0001(14) 0,0001(14) 0,0001(14) 
Mg4 0,010(3) 0,010(3) 0,010(3) 0 0 0 

 

 
 

ʈʠʩ. 3.12 ʇʨʦʝʢʮʽʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢʠ La6Mg23+ʭSn1-ʭ ʪʘ 

ʢʨʠʩʪʘʣʽʯʥʽ ʧʦʣʽʝʜʨʠ ʜʣʷ ʚʩʽʭ ʩʦʨʪʽʚ ʘʪʦʤʽʚ 

 

ʊʝʨʥʘʨʥʘ ʩʧʦʣʫʢʘ LaMgSn2 

ʊʝʨʥʘʨʥʘ ʩʧʦʣʫʢʘ ʧʦʩʪʽʡʥʦʛʦ ʩʢʣʘʜʫ LaMgSn2 ʻ ʧʨʝʜʩʪʘʚʥʠʢʦʤ ʥʦʚʦʛʦ 

ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʫ, ʚʧʝʨʰʝ ʜʦʩʣʽʜʞʝʥʘ ʘʚʪʦʨʘʤʠ [151], ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ 

ʪʝʪʨʘʛʦʥʘʣʴʥʠʤ ʪʠʧʦʤ ʩʠʤʝʪʨʽʾ (ʇɻ I 4 2m, ʉʇ tI32) a = 8,3951(4) ¡,  

12,5276(9) ¡) (ʉʦʂŬ1 ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ, ɚ = 1,78901 ¡). ʈʌɸ ʘʥʘʣʽʟ ʟʨʘʟʢʘ 

La25Mg25Sn50 ʚʢʘʟʘʚ ʥʘ ʫʪʚʦʨʝʥʥʷ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ LaMgSn2 ʪʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

ʥʘ ʦʩʥʦʚʽ LaSn3-xMgx. ʅʘ ʨʠʩʫʥʢʫ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʪʝʦʨʝʪʠʯʥʠʡ, 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ ʨʽʟʥʠʮʝʚʠʡ ʧʨʦʬʽʣʴ ʜʠʬʨʘʢʪʦʛʨʘʤʠ. ʋʪʦʯʥʝʥʥʷ 

ʧʨʦʚʦʜʠʣʦʩʷ ʣʠʰʝ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʯʝʨʝʟ ʥʠʟʴʢʫ ʷʢʽʩʪʴ 

ʜʠʬʨʘʢʮʽʡʥʦʛʦ ʤʘʩʠʚʫ. ʇʨʦʝʢʮʽʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢʠ ʟʦʙʨʘʞʝʥʘ ʥʘ 



69 ʨʠʩʫʥʢʫ 3.14. ɺ ʩʪʨʫʢʪʫʨʽ ʻ ʜʚʘ ʧʦʣʦʞʝʥʥʷ ʜʣʷ ʘʪʦʤʘ La: 4d (0 1/2 1/4), 4e (0 0 z). 

ɸʪʦʤ Mg ʟʘʡʤʘʻ ʧʦʣʦʞʝʥʥʷ 8i (x x z). ɸʪʦʤʠ Sn ʨʦʟʤʽʱʫʶʪʴʩʷ ʫ ʜʚʦʭ ʚʦʩʴʤʠ-

ʢʨʘʪʥʠʭ ʧʦʣʦʞʝʥʥʷʭ: 8ʽ (x x z) ʪʘ 8f (x 0 0). ɸʪʦʤʠ ʩʦʨʪʫ La1 ʫʪʚʦʨʶʶʪʴ 

ʢʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥʷ [La1Mg4Sn14Sn24] (ʂʏ = 11), ʪʦʜʽ ʷʢ ʜʣʷ La2 ʂʄ  

ʜʝʚ'̫ ʪʠʚʝʨʰʠʥʥʠʢ [La2La2Mg4Sn24], ʜʣʷ ʘʪʦʤʽʚ Sn1  ʦʜʠʥʘʜʮʷʪʠʚʝʨʰʠʥʥʠʢ 

[Sn1La12Mg4Sn13Sn22], ʜʣʷ Sn2  ʜʝʩʷʪʠʚʝʨʰʠʥʥʠʢ [Sn2La12La22Mg4Sn12] ʜʣʷ ʘʪʦʤʽʚ 

Mg  ʜʝʬʦʨʤʦʚʘʥʠʡ ʦʢʪʘʝʜʨ ̔ ʟ 2 ʜʦʜʘʪʢʦʚʠʤʠ ʘʪʦʤʘʤʠ [MgLa22Sn12Sn24] (ʂʏ = 8). 

 
ʈʠʩ. 3.13 ʊʝʦʨʝʪʠʯʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ ʨʽʟʥʠʮʝʚʠʡ ʧʨʦʬʽʣʴ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ La25Mg25Sn50 

 
ʈʠʩ. 3.14 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʽ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʽʝʜʨʠ ʩʧʦʣʫʢʠ LaMgSn2 

 

ʊʝʨʥʘʨʥʘ ʩʧʦʣʫʢʘ ʩʢʣʘʜʫ ~La39Mg13Sn48 

ʈʌɸ ʟʨʘʟʢʘ ʩʢʣʘʜʫ La40Mg30Sn30 ʚʢʘʟʘʚ ʥʘ ʽʤʦʚʽʨʥʝ ʽʩʥʫʚʘʥʥʷ ʦʜʥʽʻʾ 

ʥʝʚʽʜʦʤʦʾ ʬʘʟʠ, ʩʧʦʣʫʢʠ LaMgSn ʪʘ ʩʣʽʜʽʚ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ LaSn3. 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʨʦʛʨʘʤʫ TREOR ʚ ʧʘʢʝʪʽ FullProff [204], ʤʠ ʩʧʨʦʙʫʚʘʣʠ ʧʨʦʚʝʩʪʠ 





71 
3.1.4 ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʧʦʣʫʢʠ La5Sn3 

ɹʽʥʘʨʥʘ ʩʧʦʣʫʢʘ La5Sn3 ʽʩʥʫʻ ʫ ʜʚʦʭ ʧʦʣʽʤʦʨʬʥʠʭ ʤʦʜʠʬʽʢʘʮʽʷʭ, ʧʨʠ ʮʴʦʤʫ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʤʽʞ ʥʠʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʝʘʢʮʽʻʶ: Ŭ-La5Sn3 ź ɓ-La5Sn3 ʧʨʠ 400 ʦʉ. 

ʅʊʄ-ʬʘʟʘ Ŭ-La5Sn3 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʪʝʪʨʘʛʦʥʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʠʧʫ W5Si3 ( 

ʇɻ I4/mcm, ʉʇ tI32, ʘ = 12,748 ¡, ʩ = 6,344 ¡), ɺʊʄ-ʬʘʟʘ ɓ-La5Sn3 ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ 

ʛʝʢʩʘʛʦʥʘʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ ʪʠʧʫ Mn5Si3 (ʇɻ P63/mcm, ʉʇ hP16, ʘ = 9,447(1)¡,  

ʩ = 6,930(1) ¡). ɿ ʤʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ Ŭ-

La5Sn3 ź ɓ-La5Sn3 ʤʠ ʧʨʦʚʝʣʠ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʩʧʣʘʚʫ ʩʢʣʘʜʫ 

La62,5Sn37,5. ʂʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʟʦʙʨʘʞʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 3.16. ʗʢ ʙʘʯʠʤʦ ʟ ʨʠʩʫʥʢʘ, ʧʦʤʽʪʥʠʭ ʧʽʢʽʚ ʚʽʜ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥ  ̫

ʥʝʤʘʻ, ʧʨʦʪʝ ʮʝ ʥʝ ʦʟʥʘʯʘʻ ʚʽʜʩʫʪʥʦʩʪʽ ʮʠʭ ʧʨʦʮʝʩʽʚ, ʦʩʢʽʣʴʢʠ ʚ ʜʝʷʢʠʭ ʟʨʘʟʢʘʭ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ ʧʽʜ ʯʘʩ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʽʟʫ ʚʠʷʚʣʝʥʦ ʩʧʽʚʽʩʥʫʚʘʥʥ  ̫

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʬʘʟʠ. ʋ ʧʨʦʮʝʩʽ ʥʘʛʨʽʚʘʥʥʷ ʚʠʱʝ  

400 Áʉ ʢʽʣʴʢʽʩʪʴ ʅʊʄ-ʬʘʟʠ ʧʦʩʪʫʧʦʚʦ ʟʤʝʥʰʫʻʪʴʩʷ, ʘ ʢʽʣʴʢʽʩʪʴ ɺʊʄ ï ʟʨʦʩʪʘʻ ,̔ ʷʢ 

ʥʘʩʣʽʜʦʢ, ʥʘ ʢʨʠʚʠʭ ʥʘʛʨʽʚʘʥʥʷ-ʦʭʦʣʦʜʞʝʥʥʷ ʧʦʤʽʪʥʦʛʦ ʧʽʢʫ ʥʝ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 

ʇʦʜʽʙʥʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʅʊʄ- ʪʘ ɺʊʄ-ʬʘʟ ʦʧʠʩʘʥʝ ʘʚʪʦʨʘʤʠ ʜʣʷ ʽʥʪʝʨʤʝʪʘʣʽʜʫ  

LiAg [214]. 

 
ʈʠʩ. 3.16 ʂʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʟʨʘʟʢʘ ʩʢʣʘʜʫ La62,5Sn37,5 
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3.2 ʉʠʩʪʝʤʘ TiïMgïSn 

3.2.1. ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʪʘ iʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ  

ɼʣʷ ʧʦʙʫʜʦʚʠ ʽʟʦʪʝʨʤʽʯʥʦʛʦ ʧʝʨʝʨʽʟʫ ʧʦʪʨʽʡʥʦʾ ʩʠʩʪʝʤʠ TiïMgïSn ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʽ 400 Üʉ ʩʠʥʪʝʟʫʚʘʥʦ 32 ʧʦʪʨʽʡʥʠʭ ʪʘ 6 ʧʦʜʚʽʡʥʠʭ ʩʧʣʘʚʽʚ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʠʡ ʘʥʘʣʽʟ ʩʧʣʘʚʽʚ ʧʦʢʘʟʘʚ, ʱʦ ʚ ʩʠʩʪʝʤʽ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ 

ʪʝʨʥʘʨʥʠʭ ʩʧʦʣʫʢ ʟʽ ʩʪʨʫʢʪʫʨʥʠʤʠ ʪʠʧʘʤʠ MgAgAs, PbClF, MgCu4Sn, 

MgFe6Ge6, ʷʢʽ ʻ ʭʘʨʘʢʪʝʨʥʠʤʠ ʜʣʷ ʩʧʦʨʽʜʥʝʥʠʭ ʧʦʪʨʽʡʥʠʭ ʩʠʩʪʝʤ, ʥʝ ʚʠʷʚʠʣʠ, 

ʦʢʨʽʤ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ Ti5Sn3Mgx ʥʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ 

Ti5Sn3 (ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P63/mcm, ʩʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Mn5Si3) ʟ ʧʨʦʪʷʞʥʽʩʪʶ 

ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ 4-5 ʘʪ.% Mg. ɸʪʦʤʠ Mg ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʦʢʪʘʝʜʨʠʯʥʽ 

ʧʫʩʪʦʪʠ 2b ʟ ʫʪʚʦʨʝʥʥʷʤ ʥʘʜʩʪʨʫʢʪʫʨʠ ʪʠʧʫ Hf5CuSn3. ʊʘʢʦʞ ʚʠʷʚʠʣʠ 

ʥʝʚʝʣʠʢʦʾ ʧʨʦʪʷʞʥʦʩʪʽ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʥʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ: Mg2Sn1-xTix 

(4-5 ʘʪ. % Ti), Ti2Sn3Mgx (5-6 ʘʪ.% Mg), ɓ-Ti6Sn5-xMgx (5-6 ʘʪ.% Mg), Ti3SnMgx 

(3-4 ʘʪ.% Mg). ʉʧʦʣʫʢʘ Ti2Sn ʨʦʟʯʠʥʷʻ ʥʝ ʙʽʣʴʰʝ 2 ʘʪ.% Mg. 

ʋ ʧʦʜʚʽʡʥʦʤʫ ʩʧʣʘʚʽ Mg67Sn33, ʘ ʪʘʢʦʞ ʫ ʙʘʛʘʪʴʦʭ ʧʦʪʨʽʡʥʠʭ, ʚʠʷʚʠʣʠ 

ʚʠʩʦʢʦʪʠʩʢʦʚʫ ʤʦʜʠʬʽʢʘʮʽʶ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Mg2Sn (ʉʊ Mg3Sn1,67, ʇɻ R 3 m). 

ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʫ ʙʽʥʘʨʥʦʤʫ ʩʧʣʘʚʽ ʮʷ ʩʧʦʣʫʢʘ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ, ʽʤʦʚʽʨʥʦ, 

ʜʦʤʽʰʢʦʶ, ʪʦʜʽ ʷʢ ʫ ʧʦʪʨʽʡʥʦʤʫ ʩʧʣʘʚʽ ï ʥʝʚʝʣʠʢʠʤʠ ʢʽʣʴʢʦʩʪʷʤʠ Ti. ʅʝʚʝʣʠʢʽ 

ʢʽʣʴʢʦʩʪʽ Ti ~3-5 ʘʪ. % ʚʢʣʶʯʘʶʪʴʩʷ ʫ ʧʫʩʪʦʪʠ ʩʧʦʣʫʢʠ ʪʘ ʾʾ ʩʪʘʙʽʣʽʟʫʶʪʴ, ʩʘʤʝ 

ʮʠʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʪʦʡ ʬʘʢʪ, ʱʦ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ 

ʟʤʽʥʶʶʪʴʩʷ ʭʘʦʪʠʯʥʦ, ʟʘʣʝʞʥʦ ʚʽʜ ʚʤʽʩʪʫ ʊʠʪʘʥʫ. ʋ ʨʝʟʫʣʴʪʘʪʽ ʩʠʩʪʝʤʘʪʠʯʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ ʤʠ ʚʠʷʚʠʣʠ ʧʦʤʽʪʥʫ ʨʦʟʯʠʥʥʽʩʪʴ Sn ʪʘ Mg ʫ Ŭ-Ti 

(12 ʪʘ 2 ʘʪ.%, ʚʽʜʧʦʚʽʜʥʦ), Ti ʪʘ Sn ʫ Mg (1-2 ʪʘ 7-10 ʘʪ.%, ʚʽʜʧʦʚʽʜʥʦ), Ti ʪʘ Mg 

ʫ ɓ-Sn (3-4 ʪʘ 8 ʘʪ.%, ʚʽʜʧʦʚʽʜʥʦ). ʈʌɸ ʟʨʘʟʢʽʚ ʩʠʩʪʝʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʫ ɼʦʜʘʪʢʫ ɹ 

(ʊʘʙʣʠʮʷ 2). 

ʅʘ ʨʠʩʫʥʢʫ 3.17 ʤʠ ʧʨʠʚʝʣʠ ʢʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ, ʘ ʥʘ  

ʨʠʩʫʥʢʫ 3.18 ï ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʦʩʣʽʜʞʫʚʘʥʦʾ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ Tiï

MgïSn ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ 400 Üʉ. 
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ʈʠʩ. 3.17 ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ TiïMgïSn 

 

 
ʈʠʩ. 3.18 ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ TiïMgïSn ʧʨʠ 400 ęʉ  
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3.2.2 ʊʚʝʨʜʽ ʨʦʟʯʠʥʠ ʫ ʩʠʩʪʝʤʽ TiïMgïSn  

ɺʧʦʨʷʜʢʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ ʥʘ ʦʩʥʦʚʽ Ti5Sn3 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti5Sn3 (ʉʊ Mn5Si3, ʇɻ P63/mcm) ʫʪʚʦʨʶʻʪʴʩʷ 

ʚʧʦʨʷʜʢʦʚʘʥʠʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ Ti5Sn3Mgx, 0 Ò x < 0,4. ʅʘ ʨʠʩʫʥʢʫ 

3.19 ʥʘʚʝʜʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʟʨʘʟʢʘ ʩʢʣʘʜʫ Ti55Mg7Sn42, ʚ ʷʢʦʤʫ ʦʩʥʦʚʥʦʶ 

ʬʘʟʦʶ ʻ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ Ti5Sn3Mgx. ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʦʢ ʜʣʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

Ti5SnMgx ʧʨʠ 0 Ò x < 0,4 ʟʤʽʥʶʶʪʴʩʷ ʚ ʤʝʞʘʭ: a = 7,996(3)ï8,0708(7) ¡,  

c = 5,420(3)ï5,4902(9) ¡, V = 300,1(2)ï309,71(6) ¡3. ʄʝʭʘʥʽʟʤ ʫʪʚʦʨʝʥʥʷ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ: ʘʪʦʤʠ Mg ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ (2b) (0, 0, 1/2). 

ʆʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ ʫʪʚʦʨʝʥʽ ʰʽʩʪʴʤʘ ʘʪʦʤʘʤʠ Ti. ʇʨʦʝʢʮʽʷ ʢʨʠʩʪʘʣʽʯʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 3.20, ʢʦʦʨʜʠʥʘʮʽʡʥʠʡ ʤʥʦʛʦʛʨʘʥʥʠʢ ʜʣʷ 

ʘʪʦʤʽʚ Mg ʦʢʪʘʜʝʨ [MgTi6]. ɺʧʦʨʷʜʢʦʚʘʥʝ ʚʢʣʶʯʝʥʥʷ Mg ʚ ʧʫʩʪʦʪʫ ʩʧʨʠʯʠʥʷʻ 

ʫʪʚʦʨʝʥʥʷ ʥʘʜʩʪʨʫʢʪʫʨʠ ʪʠʧʫ Hf5CuSn3.  

 
ʈʠʩ. 3.19 ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʟʨʘʟʢʘ Ti55Mg7Sn42  

 

ʅʘ ʨʠʩʫʥʢʫ 3.21, ʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʬʦʪʦʛʨʘʬʽʷ ʤʽʢʨʦʰʣʽʬʘ ʩʢʣʘʜʫ 

Ti55Mg7Sn42, ʫ ʷʢʦʤʫ ʪʝʤʥʦʶ ʬʘʟʦʶ ʻ Ti59,70Mg4,50Sn35,80 (Ti5Mg0,4Sn3), ʘ ʩʽʨʘ ʬʘʟʘ 

ʤʘʻ ʩʢʣʘʜ Ti54,73Sn44,07Mg1,20, ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʩʢʣʘʜ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ  

ɓ-Ti6Sn5-xMgx.  

 





76 ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʤʽʩʪʫ Ti ʟʙʽʣʴʰʫʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʚʠʩʦʢʦʪʠʩʢʦʚʦʾ ʬʘʟʠ (ɼʦʜʘʪʦʢ ɹ,  

ʊʘʙʣʠʮʷ 2). ʅʘ ʨʠʩʫʥʢʫ 3.22 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʩʧʣʘʚʫ Mg67Sn33. 

ʆʩʥʦʚʥʦʶ ʬʘʟʦʶ ʫ ʮʴʦʤʫ ʩʧʣʘʚʽ ʻ ʙʽʥʘʨʥʘ ʩʧʦʣʫʢʘ Mg2Sn (ʉʊ CaF2, ʇɻ Fm 3 m), 

ʜʨʫʛʦʶ ʬʘʟʦʶ ʻ ʚʠʩʦʢʦʪʠʩʢʦʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʮʽʻʾ ʩʧʦʣʫʢʠ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ 

ʚʠʩʦʢʦʪʠʩʢʦʚʘ ʤʦʜʠʬʽʢʘʮʽʷ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ ʜʦʤʽʰʢʠ  

( ╔ 0,5%) ʘʙʦ ʥʝʚʝʣʠʢʦʶ ʢʽʣʴʢʽʩʪʶ Ti, ʱʦ ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʧʫʩʪʦʪʠ ʩʪʨʫʢʪʫʨʠ.  

ɻʨʘʬʽʯʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʩʦʢʦʪʠʩʢʦʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ 

Mg3Sn1,67 ʫ ʧʦʪʨʽʡʥʦʤʫ ʩʧʣʘʚʽ ʧʨʠʚʝʜʝʥʦ ʥʘ ʨʠʩʫʥʢʫ 3.23, ʫ ʷʢʦʤʫ ʚ ʨʽʚʥʦʚʘʟʽ 

ʧʝʨʝʙʫʚʘʶʪʴ ʬʘʟʠ Ti2Sn3, ɓ-Ti6Sn5 ʪʘ Mg2Sn. ɼʝʱʦ ʩʭʦʞʘ ʩʠʪʫʘʮʽʷ ʧʨʦʷʚʣʷʻʪʴʩʷ 

ʽ ʜʣʷ ʟʨʘʟʢʘ ʩʢʣʘʜʫ Ti10Mg50Sn40 (ʨʠʩʫʥʦʢ 3.24). ʊʘʢʦʞ ʧʨʠʩʫʪʥʽ ʥʘ 

ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʨʝʬʣʝʢʩʠ ʚʽʜ 5 ʬʘʟ, ʦʜʥʘʢ ʬʘʟʠ Mg3Sn1,67 ʪʘ Sn ʥʝ ʻ ʚ ʨʽʚʥʦʚʘʟʽ. 

ʆʣʦʚʦ ʯʘʩʪʦ ʧʦʢʨʠʚʘʻ ʧʦʚʝʨʭʥʶ ʩʧʣʘʚʫ ʧʽʜ ʯʘʩ ʚʽʜʧʘʣʫ. ʅʘʚʽʪʴ ʥʝʚʝʣʠʢʽ ʡʦʛʦ 

ʢʽʣʴʢʦʩʪʽ < 5 ʘʪ. % ʩʪʚʦʨʶʶʪʴ ʧʽʢʠ ʜʦʩʠʪʴ ʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ, ʟʘʚʜʷʢʠ 

ʚʠʩʦʢʦʤʫ ʟʥʘʯʝʥʶ ʬʫʥʢʮʽʾ ʘʪʦʤʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 3.25 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ ʩʪʘʙʽʣʽʟʦʚʘʥʦʾ ʬʘʟʠ. 

ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʙʽʥʘʨʥʦʾ ʬʘʟʠ ʟ ʥʝʚʝʣʠʢʠʤ 

ʚʤʽʩʪʦʤ ʊʽ (Mg3Sn1,67Tix): a = 13,2150(9)ï13,252(1) ¡, c = 13,3391(8)ï13,3901(9) ¡,  

V = 2017,4(3)ï2036,7(3) ¡3.  

 

 
ʈʠʩ. 3.22 ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʩʧʣʘʚʫ ʩʢʣʘʜʫ Mg67Sn33 
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ʈʠʩ. 3.23 ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti10Mg50Sn40 

 
ʈʠʩ. 3.24 ɼʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti10Mg50Sn40 

 
ʈʠʩ. 3.25 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʚʠʩʦʢʦʪʠʩʢʦʚʦʾ ʤʦʜʠʬʽʢʘʮʽʾ Mg2Sn ï Mg3Sn1,67 

 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ Mg2Sn 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʛʦ ʽʥʪʝʨʤʝʪʘʣʽʜʫ Mg2Sn ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʚʝʣʠʢʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Sn ʥʘ Ti ï Mg2Sn1-xTix, 



78 0 Ò x < 0,15. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʊʠʪʘʥʫ ʩʷʛʘʻ 4-5 ʘʪ. %. ʂʽʣʴʢʽʩʥʠʡ 

ʩʢʣʘʜ ʬʘʟʠ ʪʘ ʧʨʦʪʷʞʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɽɼʈʉ. 

ʅʘ ʨʠʩʫʥʢʫ. 3.21 ʧʨʝʜʩʪʘʚʣʝʥʽ ʬʦʪʦʛʨʘʬʽʾ ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ (ʚ) ʪʘ ʤʦʨʬʦʣʦʛʽʾ 

ʧʦʚʝʨʭʥʽ ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʭ ʩʧʣʘʚʽʚ (ʛ). ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: 

a = 6,7585(1)ï6,7272(7) ¡, V = 308,71(1)ï304,45(9) ¡3. ʗʢ ʙʘʯʠʤʦ, ʧʘʨʘʤʝʪʨʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʪʴʩʷ, ʪʘʢ ʷʢ ʨʦʟʤʽʨ ʘʪʦʤʘ Ti ʻ 

ʤʝʥʰʠʡ ʟʘ ʘʪʦʤ Sn. 

 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ ɓ-Ti6Sn5 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʛʦ ʽʥʪʝʨʤʝʪʘʣʽʜʫ ɓ-Ti6Sn5 ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʚʝʣʠʢʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Sn ʥʘ Mg ʫ ʩʪʨʫʢʪʫʨʽ ï  

ɓ-Ti6Sn5-xMgx, 0 Ò x < 0,7. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ Mg ʜʦʩʷʛʘʻ 5-6 ʘʪ. %. 

ɺʥʘʩʣʽʜʦʢ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Sn ʥʘ Mg ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʘʢʦʥʦʤʽʨʥʝ 

ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: a = 9,2259(3)ï9,201(1) ¡, c = 

5,7047(3)ï5,684(2) ¡, V = 420,52(3)ï416,8(1) ¡3. ʉʢʣʘʜ ʬʘʟʠ ʚʠʟʥʘʯʝʥʠʡ 

ʤʝʪʦʜʦʤ ɽɼʈʉ ʜʣʷ ʩʧʣʘʚʫ Ti40Mg10Sn50 (ʨʠʩʫʥʦʢ 3.21, ʙ): ʩʚʽʪʣʘ ʬʘʟʘ ï 

Ti54,69Sn40,70Mg4,70, ʯʦʨʥʽ ʪʦʯʢʠ ï Ti1,93Sn98,07, ʱʦ ʚʽʜʧʦʚʽʜʘʶʪʴ ʨʦʟʯʠʥʥʦʩʪʽ 

ʢʦʤʧʦʥʝʥʪʘ Ti ʚ Sn, ʩʽʨʘ ʬʘʟʘ ï Ti38,97Mg3,42Sn57,61. 

 

ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚʽ Ti2Sn3 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʛʦ ʽʥʪʝʨʤʝʪʘʣʽʜʫ Ti2Sn3 ʫʪʚʦʨʶʻʪʴʩʷ ʥʝʚʝʣʠʢʦʾ 

ʧʨʦʪʷʞʥʦʩʪʽ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ Mg ʫ ʩʪʨʫʢʪʫʨʫ ï ʊʽ2Sn3Mgx, 

0 < x < 0,3. ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ Mg ʜʦʩʷʛʘʻ 5-6 ʘʪ. %. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ 

ʬʘʟʠ ʪʘ ʧʨʦʪʷʞʥʽʩʪʴ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʘʣʠ ʟʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ɽɼʈʉ ʪʘ ʟʘ 

ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. ʌʘʟʦʚʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ, ʱʦ ʤʽʩʪʷʪʴ 

ʮʝʡ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ (ʨʠʩʫʥʦʢ 3.26, ʘ) Ti45Mg10Sn45: ʩʽʨʘ ï Ti37,19Sn54,06Mg6.75, 

ʩʚʽʪʣʘ ï Ti3,6Sn96,39; ʩʧʣʘʚ ʩʢʣʘʜʫ Ti20Mg30Sn50 (ʨʠʩʫʥʦʢ 3.26, ʙ) ʤʽʩʪʠʪʴ ʩʽʨʫ ʬʘʟʫ 

ʩʢʣʘʜʫ Ti0,35Mg67,19Sn32,46, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʪʚʝʨʜʦʤʫ ʨʦʟʯʠʥʫ ʟʘʤʽʱʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

Mg2Sn, ʩʚʽʪʣʫ ʬʘʟʫ ï Mg8,54Sn92,36, ʷʢʘ ʜʝʤʦʥʩʪʨʫʻ ʨʦʟʯʠʥʥʽʩʪʴ ʤʘʛʥʽʶ ʚ ʩʪʘʥʫʤʽ 

ʪʘ ʪʝʤʥʦ ʩʽʨʫ ʬʘʟʫ Ti37,15Sn58,78Mg4,07, ʱʦ ʻ ʪʚʝʨʜʠʤ ʨʦʟʯʠʥʦʤ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ 

ʤʘʛʥʽʶ ʫ ʩʪʨʫʢʪʫʨʫ Ti2Sn3. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ:  





80 
ʈʦʟʯʠʥʥʽʩʪʴ ʤʘʛʥʽʶ ʫ ʩʧʦʣʫʮʽ Ti2Sn 

ɹʽʥʘʨʥʠʡ ʽʥʪʝʨʤʝʪʘʣʽʜ Ti2Sn (ʉʊ Co1,75Ge, ʇɻ P63/mmc) ʧʨʘʢʪʠʯʥʦ ʥʝ 

ʨʦʟʯʠʥʷʻ ʤʘʛʥʽʡ, ʦʙʣʘʩʪʴ ʛʦʤʦʛʝʥʥʦʩʪʽ ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 2 ʘʪ. %. ɺʥʘʩʣʽʜʦʢ 

ʥʝʟʥʘʯʥʦʾ ʨʦʟʯʠʥʥʦʩʪʽ, ʟʘʢʦʥʦʤʽʨʥʦ ʟʤʝʥʰʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ʪʘʢ ʷʢ ʫʪʚʦʨʶʻʪʴʩʷ ʩʪʘʪʠʩʪʠʯʥʘ ʩʫʤʽʰ ʪʠʧʦʚʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʩʠʩʪʝʤ 

(Mg, Sn). ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʜʣʷ ʙʽʥʘʨʥʦʾ (Ti2Sn) ʽ 

ʪʝʨʥʘʨʥʦʾ (Ti2Sn1-xMgx) ʬʘʟ: ʘ = 4,6596(3) 4,655(1) ¡, ʩ = 5,6918(6) 5,687(1)¡,  

V = 107,02(2) 106,7(3)¡3. ʅʘ ʨʠʩʫʥʢʫ 3.26, ʛ ʧʨʠʚʝʜʝʥʘ ʬʦʪʦʛʨʘʬʽʷ 

ʤʽʢʨʦʩʪʨʫʢʪʫʨʠ ʰʣʽʬʘ ʩʧʣʘʚʫ Ti64Mg6Sn30. ɽɼʈʉ ʜʝʤʦʥʩʪʨʫʻ ʥʝʚʝʣʠʢʫ 

ʨʦʟʯʠʥʥʽʩʪʴ Mg ʫ ʩʧʦʣʫʮʽ Ti2Sn: Ti66,91Sn31,52Mg1,57. 

 

3.2.3 ɼʠʬʝʨʝʥʮʽʡʥʠʡ ʪʝʨʤʽʯʥʠʡ ʘʥʘʣʽʟ ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʨʝʥʪʛʝʥʽʚʩʴʢʘ ʜʠʬʨʘʢʮʽʷ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʫʪʦʯʥʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ 

Ŭ-Ti6Sn5 ź ɓ-Ti6Sn5 ʪʘ ʪʝʤʧʝʨʘʪʫʨʠ ʧʝʨʠʪʝʢʪʠʯʥʦʾ ʨʝʘʢʮʽʾ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʦʾ 

ʩʧʦʣʫʢʠ Ti2Sn3: L + ɓ-Ti6Sn5 ź Ti2Sn3 ʤʠ ʧʨʦʚʝʣʠ ʢʦʤʧʣʝʢʩʥʝ ʜʦʩʣʽʜʞʝʥʥʷ 

ʟʨʘʟʢʽʚ ʩʧʣʘʚʽʚ Ti50Sn50 ʪʘ Ti40Sn60 ʤʝʪʦʜʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʪʝʨʤʽʯʥʦʛʦ ʘʥʘʣʽʟʫ 

ʪʘ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʜʠʬʨʘʢʮʽʾ (ʦʪʨʠʤʘʣʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ 

ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ). ʅʘ ʨʠʩʫʥʢʫ 3.27 ʟʦʙʨʘʞʝʥʽ ʢʨʠʚʽ ʥʘʛʨʽʚʘʥʥʷ ʪʘ 

ʦʭʦʣʦʜʞʝʥʥʷ ʜʣʷ ʩʧʣʘʚʫ Ti50Sn50, ʧʦʧʝʨʝʜʥʴʦ ʚʽʜʧʘʣʝʥʦʤʫ ʧʨʠ 400 Üʉ ʧʨʦʪʷʛʦʤ 

2 ʤʽʩʷʮʽʚ ʪʘ ʟʘʛʘʨʪʦʚʘʥʦʤʫ ʫ ʭʦʣʦʜʥʽʡ ʚʦʜʽ (ʷʢ ʽ ʫʩʽ ʽʥʰʽ ʩʧʣʘʚʠ ʩʠʩʪʝʤʠ 

Ti Mg Sn). ʇʨʠ ʧʦʚʽʣʴʥʦʤʫ ʥʘʛʨʽʚʘʥʥʽ (0,5 Üʉ / ʭʚ) ʤʠ ʧʨʦʩʪʝʞʠʣʠ 

ʧʨʦʭʦʜʞʝʥʥʷ 4 ʬʘʟʦʚʠʭ ʧʝʨʝʭʦʜʽʚ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 25 900 Üʉ. 

ʇʝʨʰʝ ʬʘʟʦʚʝ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʠ ~231,9 Üʉ ʪʘ ʚʽʜʦʙʨʘʞʘʻ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʦʣʦʚʘ (ʷʢʝ ʻ ʫ ʥʝʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʚ ʟʨʘʟʢʫ). ʅʘʩʪʫʧʥʽ 

ʜʚʘ ʧʝʨʝʪʚʦʨʝʥʥʷ ~328,7 Üʉ ʪʘ ~362,2 Üʉ ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʧʦʣʽʤʦʨʬʥʽ ʧʨʦʮʝʩʠ 

ʧʝʨʝʭʦʜʫ ʅʊʄ-Ti6Sn5 ʫ ɺʊʄ-Ti6Sn5. ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʯʝʨʝʟ ʜʝʷʢʽ ʣʽʤʽʪʫʶʯʽ 

ʧʨʦʮʝʩʠ ʜʠʬʫʟʽʾ ʤʠ ʦʪʨʠʤʫʻʤʦ ʽʥʪʝʨʚʘʣ ʪʝʤʧʝʨʘʪʫʨ, ʚ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʝʨʝʛʨʫʧʫʚʘʥʥʷ ʘʪʦʤʽʚ ʚ ʩʪʨʫʢʪʫʨʘʭ. ʎʝ ʧʽʜʪʚʝʨʜʞʫʻ ʧʦʧʝʨʝʜʥʴʦ ʦʧʠʩʘʥʽ 

ʨʝʟʫʣʴʪʘʪʠ (ʬʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʚ ʩʠʩʪʝʤʽ Ti Mg Sn ʧʨʠ 400 Üʉ), ʜʝ ʤʠ ʥʝ ʚʠʷʚʠʣʠ 

ʨʦʤʙʽʯʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʮʽʻʾ ʩʧʦʣʫʢʠ ʥʽ ʫ ʚʽʜʧʘʣʝʥʠʭ, ʥʽ ʫ ʣʠʪʠʭ ʟʨʘʟʢʘʭ. 



81 ʆʩʪʘʥʥʽʡ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ ʧʨʠ 767,7 Üʉ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʫ ʨʝʘʢʮʽʶ 

ʧʣʘʚʣʝʥʥʷ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti2Sn3: Ti2Sn3 ź L + ɓ-Ti6Sn5. ʇʦʜʘʣʴʰʝ ʥʘʛʨʽʚʘʥʥʷ 

ʜʦ 900 Üʉ ʥʝ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ ʜʦʜʘʪʢʦʚʠʤʠ ʧʨʦʮʝʩʘʤʠ ʟ ʚʠʜʽʣʝʥʥʷʤ ʯʠ 

ʧʦʛʣʠʥʘʥʥʷʤ ʪʝʧʣʦʪʠ.  

 
ʈʠʩ. 3.27 ɼʊɸ ʜʣʷ ʟʨʘʟʢʘ Ti50Sn50 

 

ɼʣʷ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ɼʊɸ ʤʠ ʧʨʦʚʝʣʠ ʈʌɸ ʘʥʘʣʽʟ ʮʴʦʛʦ 

ʩʘʤʦʛʦ ʩʢʣʘʜʫ ʟʨʘʟʢʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʘʣʝ ʥʝʚʽʜʧʘʣʝʥʦʛʦ ʧʦʧʝʨʝʜʥʴʦ. 

ɿʨʘʟʦʢ ʙʫʚ ʧʦʤʽʱʝʥʠʡ ʫ ʢʘʧʽʣʷʨ ʪʘ ʚʘʢʫʫʤʦʚʘʥʠʡ. ʅʘʛʨʽʚ ʟʨʘʟʢʘ ʧʨʦʚʦʜʠʣʠ ʟ 

ʥʝʚʝʣʠʢʦʶ ʰʚʠʜʢʽʩʪʶ, ʧʨʠ ʢʦʞʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʟʨʘʟʦʢ ʪʝʨʤʦʩʪʘʪʫʚʘʣʠ 

ʧʨʦʪʷʛʦʤ ʦʜʥʽʻʾ ʛʦʜʠʥʠ, ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʢʨʦʢ ʟʡʦʤʢʠ ʜʠʬʨʘʢʪʦʛʨʘʤʠ  50 Üʉ. ʅʘ 

ʨʠʩʫʥʢʫ 3.28 ʧʨʠʚʝʜʝʥʽ ʚʠʙʨʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʢʨʘʱʦʾ ʥʘʦʯʥʦʩʪʽ 

ʚʽʜʦʙʨʘʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢ (MoKŬ1, ɚ = 0,709317 ¡). ʋ ʪʘʙʣʠʮʽ 

3.12 ʧʨʝʜʩʪʘʚʣʝʥʦ ʈʌɸ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʘ 

ʜʠʥʘʤʽʢʫ ʧʝʨʝʪʚʦʨʝʥʥʷ ʬʘʟ (ɯ-ʦʾ ʬʘʟʠ ʻ ʥʘʡʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ).  

ɿʨʘʟʦʢ ʤʽʩʪʠʚ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʦʣʦʚʘ (~2 ʘʪ. %), ʱʦ ʥʝ ʙʫʣʦ ʚ 

ʨʽʚʥʦʚʘʟʽ ʟ ʦʩʥʦʚʥʠʤʠ ʬʘʟʘʤʠ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʘʢ ʷʢ ʩʧʦʣʫʢʠ ʟʽ 

ʩʪʝʭʽʦʤʝʪʨʽʻʶ 6:5 ʟʛʽʜʥʦ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʻ ʚ ʨʽʚʥʦʚʘʟʽ ʽʟ ʙʽʥʘʨʥʦʶ ʩʧʦʣʫʢʦʶ 

Ti2Sn3. ʅʘʷʚʥʽʩʪʴ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʬʘʟʠ ɓ-Ti6Sn5 ʫ ʣʠʪʦʤʫ ʟʨʘʟʢʫ ʣʝʛʢʦ 

ʧʦʷʩʥʶʻʪʴʩʷ ʾʾ ʢʨʠʩʪʘʣʽʟʘʮʽʻʶ ʟ ʨʦʟʧʣʘʚʫ. ʅʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ 

ʦʩʥʦʚʥʦʾ ʩʧʦʣʫʢʠ ʪʘ ʙʽʥʘʨʥʘ ʬʘʟʘ Ti2Sn3 ʫʪʚʦʨʶʻʪʴʩʷ ʟʘ ʫʤʦʚʠ 

ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʧʨʠ ʥʠʟʴʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʯʠ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦʛʦ 



82 ʦʭʦʣʦʜʞʝʥʥʷ, ʪʦʤʫ ʚ ʫʤʦʚʘʭ ʝʣʝʢʪʨʦʜʫʛʦʚʦʛʦ ʩʠʥʪʝʟʫ ʮʠʭ ʩʧʦʣʫʢ ʫʪʚʦʨʠʣʦʩʴ 

ʜʦʩʠʪʴ ʤʘʣʦ. ʇʨʠ 200 Üʉ ʚʽʜʙʫʚʘʻʪʴʩʷ ʢʨʠʩʪʘʣʽʟʘʮʽʷ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti2Sn3 ʟʘ 

ʪʚʝʨʜʦʬʘʟʥʠʤʠ ʧʝʨʝʪʚʦʨʝʥʥʷʤʠ, ʚʥʘʩʣʽʜʦʢ ʯʦʛʦ ʾʾ ʢʽʣʴʢʽʩʪʴ ʩʪʘʻ ʙʽʣʴʰʦʶ.  

 
ʈʠʩ. 3.28 ɺʠʙʨʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʟʨʘʟʢʘ Ti50Sn50 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ɺʤʽʩʪ Ŭ-Ti6Sn5 ʪʝʞ ʩʪʘʻ ʙʽʣʴʰʠʤ, ʽʤʦʚʽʨʥʦ, ʫʪʚʦʨʝʥʥʷ Ŭ-Ti6Sn5 ʤʘʻ 

ʜʠʬʫʟʽʡʥʫ ʣʽʤʽʪʫʶʯʫ ʩʪʘʜʽʶ ʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʩʠʪʴ ʧʦʚʽʣʴʥʦ. ʇʨʠ ʥʘʛʨʽʚʘʥʥʽ ʜʦ 

400 Üʉ ʙʘʯʠʤʦ, ʱʦ ʟʨʦʩʪʘʻ ʚʤʽʩʪ ɺʊʄ-ʤʦʜʠʬʽʢʘʮʽʾ ʪʘ ʩʫʪʪʻʚʦ ʟʤʝʥʰʫʻʪʴʩʷ 

ʚʤʽʩʪ ʦʣʦʚʘ. ʆʪʞʝ, ʧʨʠ ʪʘʢʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʝʥʝʨʛʝʪʠʯʥʦ ʩʪʘʙʽʣʴʥʽʰʦʶ ʻ ɓ-Ti6Sn5 

ʬʘʟʘ, ʮʝ ʧʽʜʪʚʝʨʜʞʫʻ ʨʝʟʫʣʴʪʘʪʠ ɼʊɸ ʘʥʘʣʽʟʫ. ɿʘʣʠʰʦʢ ʩʧʦʣʫʢʠ Ŭ-Ti6Sn5 ʫ 

ʟʨʘʟʢʫ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʦʚʽʣʴʥʠʤʠ ʜʠʬʫʟʽʡʥʠʤʠ ʧʨʦʮʝʩʘʤʠ ʫ ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ. 

ʇʨʠ 750 Üʉ ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʬʘʟʠ ʤʠ ʨʝʻʩʪʨʫʻʤʦ ʜʣʷ ʦʣʦʚʘ, ʱʦ ʥʘ ʪʦʡ 

ʤʦʤʝʥʪ ʽʩʥʫʻ ʚ ʘʤʦʨʬʽʟʦʚʘʥʦʤʫ ʩʪʘʥʽ (ʰʠʨʦʢʽ ʧʨʦʬʽʣʽ ʧʽʢʽʚ) ʪʘ ʧʦʢʨʠʚʘʻ 

ʧʦʚʝʨʭʥʶ ʟʝʨʝʥ ʪʚʝʨʜʠʭ ʬʘʟ ɓ-Ti6Sn5 ʪʘ Ti2Sn3. ʇʨʠ 900 Üʉ ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʻ 

ʩʧʦʣʫʢʘ, ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʟʘ ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ, ʟʘʣʠʰʘʻʪʴʩʷ ʣʠʰʝ 

ʨʦʟʧʣʘʚ ʪʘ ʩʫʤʽʰ ɓ-Ti6Sn5 ʪʘ ʦʣʦʚʘ. ʏʽʪʢʦ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʘʤʦʨʬʥʠʡ ʪʘ 

ʨʦʟʧʣʘʚʣʝʥʠʡ ʩʪʘʥ ʟʨʘʟʢʘ  ʰʠʨʦʢʽ ʧʨʦʬʽʣʽ ʧʽʢʽʚ ʪʘ ʥʝʚʝʣʠʢʘ ʾʭʥʷ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, 

ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʘʤʦʨʬʥʦʛʦ ʛʘʣʦ. 



83 ʊʘʙʣʠʮʷ 3.12 ʈʌɸ ʘʥʘʣʽʟ ʟʨʘʟʢʘ Ti50Sn50 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ɺʠʷʚʣʝʥʽ ʬʘʟʠ ʊʝʤʧʝʨʘʪʫʨʘ, 
Üʉ ɯ ɯɯ ɯɯɯ IV 

25 

ɓ-Ti6Sn5 
a = 9,238(3) ¡, 
c = 5,709(3) ¡, 
V = 422,0(2) ¡3 

Ti2Sn3 
a = 5,958(2) ¡, 
b = 20,08(2) ¡, 
c = 7,017(4) ¡, 
V = 839,7(6) ¡3 

Ŭ-Ti6Sn5 
a = 5,741(3) ¡, 
b = 9,129(5)¡, 
c = 16,94(1) ¡, 
V = 888,1(7) ¡3 

ɓ-Sn* 

200 

Ti2Sn3 
a = 5,968(2) ¡, 
b = 20,02(2) ¡, 
c = 7,022(5) ¡, 
V = 839,2(7) ¡3 

ɓ-Ti6Sn5 
a = 9,237(2) ¡, 
c = 5,712(3) ¡, 
V = 422,1(2) ¡3 

Ŭ-Ti6Sn5 
a = 5,741(3) ¡, 
b = 9,128(4) ¡, 
c = 16,949(9) ¡, 
V = 888,3(6) ¡3 

ɓ-Sn* 

400 

ɓ-Ti6Sn5 
a = 9,203(2) ¡, 
c = 5,703(2) ¡, 
V = 418,3(2) ¡3 

Ti2Sn3 
a = 5,968(1) ¡, 
b = 19,94(1) ¡, 
c = 7,0549(3) ¡, 
V = 839,7(4) ¡3 

Ŭ-Ti6Sn5 
a = 5,752(2) ¡, 
b = 9,122(3) ¡, 
c = 16,942(7) ¡, 
V = 889,0(4) ¡3 

ɓ-Sn* 

750 

ɓ-Sn 
a = 5,8360(6) ¡, 
c = 3,1902(7) ¡, 
V = 108,65(3) ¡3 

ɓ-Ti6Sn5 
a = 9,228(3) ¡, 
c = 5,696(3) ¡, 
V = 420,1(3) ¡3 

Ti2Sn3 
a = 5,953(2) ¡, 
b = 20,03(1) ¡, 
c = 7,054(3) ¡, 
V = 841,4(5) ¡3 

 

900 

ɓ-Sn 
a = 5,843(1) ¡, 
c = 3,151(1) ¡, 

V = 107,60(6) ¡3 

ɓ-Ti6Sn5 
a = 9,221(2) ¡, 
c = 5,703(3) ¡, 
V = 420,0(2) ¡3 

  

*  ʩʧʦʣʫʢʘ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ 
 

ɸʚʪʦʨʘʤʠ [215] ʦʧʠʩʘʥʦ ʷʚʠʱʝ ʩʧʽʚʽʩʥʫʚʘʥʥʷ ʜʚʦʭ ʤʦʜʠʬʽʢʘʮʽʡ ʩʧʦʣʫʢʠ 

Ti6Sn5 ʯʝʨʝʟ ʧʣʦʱʠʥʥʽ ʜʝʬʝʢʪʠ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʛʘʣʴʤʫʚʘʥʥʷ  ʧʨʦʮʝʩʫ 

ʧʦʣʽʤʦʨʬʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ. ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʽ ʜʝʬʝʢʪʠ, ʽ ʧʦʚʽʣʴʥʘ ʜʠʬʫʟʽʷ ʚ 

ʪʚʝʨʜʦʤʫ ʩʪʘʥʽ ʤʘʶʪʴ ʚʧʣʠʚ ʥʘ ʬʘʟʦʚʠʡ ʧʝʨʝʭʽʜ. ʋ ʚʠʧʘʜʢʫ ʪʨʠʢʦʤʧʦʥʝʥʪʥʠʭ 

ʩʧʣʘʚʽʚ, ʥʘʧʨʠʢʣʘʜ, ʱʦ ʤʽʩʪʷʪʴ ʤʘʛʥʽʡ, ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʩʪʘʙʽʣʽʟʘʮʽʶ ʩʧʦʣʫʢʠ ɓ-Ti6Sn5 

ʜʦʤʽʰʢʦʶ ʤʘʛʥʽʶ ʯʠ ʽʥʰʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʧʽʜ ʯʘʩ ʩʠʥʪʝʟʫ, ʪʦʤʫ ʫʪʚʦʨʝʥʥʷ Ŭ-Ti6Sn5 ʚ 

ʧʦʜʘʣʴʰʦʤʫ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʠʤ. ʉʘʤʝ ʮʠʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʩʣʽʜʽʚ 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʦʾ ʤʦʜʠʬʽʢʘʮʽʾ ʫ ʧʦʪʨʽʡʥʠʭ ʟʨʘʟʢʘʭ. 

ɸʥʘʣʦʛʽʯʥʘ ʩʠʪʫʘʮʽʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʜʣʷ ʟʨʘʟʢʘ ʩʢʣʘʜʫ Ti40Sn60, ʨʝʟʫʣʴʪʘʪʠ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʢʘʟʘʣʠ ʧʨʦʭʦʜʞʝʥʥʷ ʪʠʭ ʩʘʤʠʭ ʥʦʥ-ʚʘʨʽʘʥʪʥʠʭ ʧʝʨʝʪʚʦʨʝʥʴ, ʘʣʝ ʟ 

ʽʥʰʠʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʬʘʟ. ʅʘ ʨʠʩʫʥʢʫ 3.29 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʦ-

ʪʝʨʤʽʯʥʘ ʟʘʣʝʞʥʽʩʪʴ ʜʣʷ ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti40Sn60. ʇʨʠ ~232,2 Üʉ ʚʽʜʙʫʚʘʻʪʴʩ  ̫



84 ʧʣʘʚʣʝʥʥʷ ʦʣʦʚʘ, ʷʢʦʛʦ ʫ ʮʴʦʤʫ ʟʨʘʟʢʫ ʻ ʥʘʙʘʛʘʪʦ ʙʽʣʴʰʘ ʢʽʣʴʢʽʩʪʴ, ʥʽʞ ʚ 

ʝʢʚʽʤʦʣʷʨʥʦʤʫ. ʅʘʩʪʫʧʥʽ ʜʚʘ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʝʬʝʢʪʠ: ~380,2 Üʉ ʪʘ ~394,3 Üʉ, ʥʘ 

ʢʨʠʚʠʭ ʥʘʛʨʽʚʘʥʥʷ ʪʘ ʦʭʦʣʦʜʞʝʥʥʷ, ʦʯʝʚʠʜʥʦ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʦʣʽʤʦʨʬʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʧʦʣʫʢʠ Ti6Sn5, ʷʢʦʾ ʻ ʩʣʽʜʦʚʽ ʢʽʣʴʢʦʩʪʽ. ɼʝʱʦ ʚʠʱʘ ʪʝʤʧʝʨʘʪʫʨʘ ʮʠʭ 

ʧʨʦʮʝʩʽʚ ʧʽʜʪʚʝʨʜʞʫʻ ʛʽʧʦʪʝʟʫ ʧʨʦ ʣʽʤʽʪʫʶʯʫ ʜʠʬʫʟʽʶ ʪʘ ʫʪʨʫʜʥʝʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ, 

ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʟʨʘʟʢʘ. ʆʩʪʘʥʥʽʡ ʪʝʨʤʽʯʥʠʡ ʝʬʝʢʪ ʥʘ ʢʨʠʚʽʡ ʥʘʛʨʽʚʘʥʥʷ ʧʨʠ 

769,1 Üʉ ʭʘʨʘʢʪʝʨʠʟʫʻ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ (ʫʪʚʦʨʝʥʥʷ) ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti2Sn3 ʟʘ 

ʧʝʨʠʪʝʢʪʠʯʥʦʶ ʨʝʘʢʮʽʻʶ.  

 
ʈʠʩ. 3.27 ɼʊɸ ʜʣʷ ʟʨʘʟʢʘ Ti40Sn60 

 

ʋ ʪʘʙʣʠʮʽ 3.13 ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʈʌɸ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʩʧʣʘʚʫ ʧʨʠ ʨʽʟʥʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʫ ʣʠʪʦʤʫ ʟʨʘʟʢʫ ʩʪʘʙʽʣʽʟʫʻʪʴʩʷ ɓ-Ti6Sn5, ʷʢʘ  ̔

ʟʘʣʠʰʘʻʪʴʩ  ̫ʧʨʠ 25 Üʉ, ʧʨʠ ʪʝʨʤʽʯʥʽʡ ʦʙʨʦʙʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʣʽʤʦʨʬʥʝ ʧʝʨʝʪʚʦʨʝʥʥ  ̫

ʮʽʻ  ʾʩʧʦʣʫʢʠ ʫ ʙʽʣʴʰ ʩʪʘʙʽʣʴʥʫ ʪʝʨʤʦʜʠʥʘʤʽʯʥʫ ʾ  ʾʤʦʜʠʬʽʢʘʮʽʶ ʧʨʠ 200 Üʉ. ʇʦʜʘʣʴʰʠʡ 

ʥʘʛʨʽʚ ʜʦ 400 Üʉ ʩʧʨʠʯʠʥʷʻ ʧʦʚʥʠʡ ʧʝʨʝʭʽʜ ʅʊʄ ʫ ɺʊʄ ʩʧʦʣʫʢʠ Ti6Sn5. ʑʦ 

ʩʪʦʩʫʻʪʴʩʷ ʩʧʦʣʫʢʠ Ti2Sn3, ʧʨʠ ʥʘʛʨʽʚʘʥʥ  ̔ ʚ ʽʥʪʝʨʚʘʣʽ ʪʝʤʧʝʨʘʪʫʨ 400-750 Üʉ ʚʦʥʘ 

ʧʝʨʝʙʫʚʘ  ̒ ʫ ʜʝʱʦ ʘʤʦʨʬʥʦʤʫ ʩʪʘʥʽ, ʧʨʦʬʽʣ  ̔ ʧʽʢʽʚ  ̒ ʜʦʩʠʪʴ ʨʦʟʰʠʨʝʥʠʤʠ ʪʘ ʾʭʥ  ̫

ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʻ ʥʝʚʠʩʦʢʦʶ, ʪʦʜʽ ʷʢ ʜʣʷ ʽʥʰʠʭ ʬʘʟ ʧʨʦʬʽʣʴ ʧʽʢʫ ʚʢʘʟʫʻ ʥʘ 

ʢʨʠʩʪʘʣʽʯʥʽʩʪʴ ʟʨʘʟʢʘ. ʇʽʩʣʷ ʧʝʨʝʪʠʥʫ ʧʝʨʠʪʝʢʪʠʯʥʦʾ ʥʦʥ-ʚʘʨʽʘʥʪʥʦʾ ʨʽʚʥʦʚʘʛʠ 

ʧʦʚʥʽʩʪʶ ʟʥʠʢʘʶʪʴ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʜʣ  ̫ ʩʧʦʣʫʢʠ Ti2Sn3, ʟʘʣʠʰʘʶʪʴʩ  ̫ʧʽʢʠ ɓ-Sn ʪʘ 

ʩʣʽʜʦʚʽ ʢʽʣʴʢʦʩʪʽ ɺʊʄ-Ti6Sn5. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ, ʭʦʯ  ̔ʧʨʠʩʫʪʥ  ̫ʦʙʣʘʩʪʴ ʨʽʜʢʦʛʦ ʩʪʘʥʫ, 

ʜʠʬʨʘʢʮʽʡʥʠʡ ʧʨʦʬʽʣʴ ʚʢʘʟʫ  ̒ʥʘ ʢʨʠʩʪʘʣʽʯʥʠʡ ʩʪʘʥ ʩʧʦʣʫʢ. ɺʽʜʧʦʚʽʜʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ 

ʥʘʚʝʜʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 3.30. 
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ʈʠʩ. 3.30 ɺʠʙʨʘʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʟʨʘʟʢʘ Ti40Sn60 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

 

ʊʘʙʣʠʮʷ 3.13 ʈʌɸ ʘʥʘʣʽʟ ʟʨʘʟʢʘ Ti40Sn60 ʧʨʠ ʨʽʟʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʟʡʦʤʢʠ 

ɺʠʷʚʣʝʥʽ ʬʘʟʠ ʊʝʤʧʝʨʘʪʫʨʘ, 
Üʉ ɯ ɯɯ ɯɯɯ IV 

25 

Ti2Sn3 
a = 5,943(3) ¡, 
b = 19,90(2) ¡, 
c = 7,028(6) ¡, 
V = 831,4(6) ¡3 

ɓ-Sn 
a = 5,835(1) ¡, 
c = 3,187(1) ¡, 

V = 108,53(5) ¡3 

ɓ-Ti6Sn5 
a = 9,244(5) ¡, 
c = 5,722(5) ¡, 
V = 423,5(4) ¡3 

 

200 

Ti2Sn3 
a = 5,947(4) ¡, 
b = 20,01(3) ¡, 
c = 7,025(8) ¡, 
V = 836,0(9) ¡3 

ɓ-Sn 
a = 5,8551(6) ¡, 
c = 3,2038(8) ¡, 
V = 109,83(3) ¡3 

Ŭ-Ti6Sn5 
a = 5,731(3) ¡, 
b = 9,119(6) ¡, 
c = 16,91(1) ¡, 
V = 884,1(8) ¡3 

ɓ-
Ti6Sn5* 

400 

Ti2Sn3 
a = 5,956(3) ¡, 
b = 19,93(3) ¡, 
c = 7,036(7) ¡, 
V = 835,4(8) ¡3 

ɓ-Sn 
a = 5,872(3) ¡, 
c = 3,175(3) ¡, 
V = 109,5(1) ¡3 

ɓ-Ti6Sn5 
a = 9,196(6) ¡, 
c = 5,680(6) ¡, 
V = 416,0(5) ¡3 

 

750 

ɓ-Sn 
a = 5,850(3) ¡, 
c = 3,166(2) ¡, 
V = 108,3(1) ¡3 

Ti2Sn3 
a = 5,964(3) ¡, 
b = 19,94(2) ¡, 
c = 7,051(6) ¡, 
V = 838,9(7) ¡3 

ɓ-Ti6Sn5 
a = 9,204(7) ¡, 
c = 5,674(8) ¡, 
V = 416,3(7) ¡3 

 

900 

ɓ-Sn 
a = 5,851(4) ¡, 
c = 3,187(3) ¡, 
V = 109,1(1) ¡3 

ɓ-Ti6Sn5 
a = 9,199(7) ¡, 
c = 5,676(6) ¡, 
V = 416,0(6) ¡3 

  

*  ʩʧʦʣʫʢʘ ʥʝ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʨʽʚʥʦʚʘʟʽ 



86 
3.3 Cʠʩʪʝʤʘ Ti Mg Sb 

3.3.1 ʌʘʟʦʚʽ ʨʽʚʥʦʚʘʛʠ ʪʘ ʽʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ ʩʠʩʪʝʤʠ 

ʋ ʩʠʩʪʝʤ  ̔ Ti Mg Sb ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜʦʤ ʝʣʝʢʪʨʦʜʫʛʦʚʦʾ ʧʣʘʚʢʠ ʪʘ 

ʧʦʨʦʰʢʦʚʦʾ ʤʝʪʘʣʫʨʛʽʾ 20 ʧʦʪʨʽʡʥʠʭ ʪʘ 4 ʧʦʜʚʽʡʥʠʭ ʩʧʣʘʚʠ. ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ 

ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩʫʥʢʫ 3.31. ʈʝʟʫʣʴʪʘʪʠ ʈʌɸ ʩʧʣʘʚʽʚ ʚ ɼʦʜʘʪʢʫ ɹ (ʊʘʙʣʠʮʷ 3). 

 
ʈʠʩ. 3.31 ʂʽʣʴʢʽʩʥʠʡ ʩʢʣʘʜ ʩʧʣʘʚʽʚ ʫ ʩʠʩʪʝʤʽ Ti Mg Sb 

 
ʈʠʩ. 3.32 ɯʟʦʪʝʨʤʽʯʥʠʡ ʧʝʨʝʨʽʟ ʜʽʘʛʨʘʤʠ ʩʪʘʥʫ Ti Mg Sb ʧʨʠ 400 ʉ 

 

ʋ ʩʠʩʪʝʤʽ ʫʪʚʦʨʶʻʪʴʩʷ ʦʜʥʘ ʪʝʨʥʘʨʥʘ ʩʧʦʣʫʢʘ TiMgSb, 3 ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ 

ʟʘʤʽʱʝʥʥʷ: TiSb2-xMgx, Ti2Sb1-xMgx, Ti3Sb1-xMgx (ʜʦ 4 ʘʪ. % Mg) ʪʘ ʦʜʠʥ ʪʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ŭ-Mg3Sb2ʊʽʭ. (ʜʦ 5 ʘʪ. % ʊʽ). ɻʨʘʥʠʯʥʠʡ 

ʩʢʣʘʜ ʮʴʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʠʟʥʘʯʝʥʠʡ ʽʟ ɽɼʈʉ ʜʣʷ ʩʧʣʘʚʫ Ti33Mg34Sn33: 

Ti4,05Mg57,91Sb38,04 (ʨʠʩʫʥʦʢ 3.33, ʛ). ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʘʪʦʤʽʚ ʪʠʪʘʥʫ ʫ ʩʧʦʣʫʢʫ Ŭ-Mg3Sb2 





88 ʧʨʝʜʩʪʘʚʣʷʻ ʪʝʪʨʘʝʜʨ, (ʂʏ = 4) (ʨʠʩʫʥʦʢ 3.34). ɯʤʦʚʽʨʥʠʡ ʩʢʣʘʜ ʪʝʨʥʘʨʥʦʾ ʩʧʦʣʫʢʠ 

ʜʝʱʦ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʝʢʚʽʘʪʦʤʥʦʛʦ 1:1:1  Ti37,41Mg28,32Sb34,27 (ʨʠʩʫʥʦʢ 3.33, ʛ), ʘʣʝ 

ʜʦʙʨʝ ʢʦʨʝʣʶʻ ʽʟ ʫʪʦʯʥʝʥʠʤ ʩʢʣʘʜʦʤ: TiMg0,65Sb0,83, ʦʜʥʘʢ ʧʦʪʨʝʙʫʻ ʧʦʜʘʣʴʰʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 3.35 ʧʨʝʜʩʪʘʚʣʝʥʘ ʫʪʦʯʥʝʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘ (CuKŬ1-

ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ) ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti33Mg33Sb34: Rɺ = 0,128, RF = 0,081. ʂʦʦʨʜʠʥʘʪʠ 

ʘʪʦʤʽʚ ʪʘ ʽʟʦʪʨʦʧʥʽ ʧʘʨʘʤʝʪʨʠ ʪʝʧʣʦʚʦʛʦ ʟʤʽʱʝʥʥʷ ʥʘʚʝʜʝʥʽ ʚ ʊʘʙʣʠʮʽ 3.14. (ʙʽʣʴ  h

ʜʝʪʘʣʴʥʠʡ ʈʌɸ ʧʨʠʚʝʜʝʥʠʡ ʫ ɼʦʜʘʪʢʫ ɹ, ʊʘʙʣʠʮʷ 3). 

 
ʊʘʙʣʠʮʷ 3.14 ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ʪʘ ̔ ʟʦʪʨʦʧʥʽ ʧʘʨʘʤʝʪʨʠ ʟʤʽʱʝʥʥʷ ʜʣʷ TiMg0,65Sb0,83 

ʂʦʦʨʜʠʥʘʪʠ ʘʪʦʤʽʚ ɸʪʦʤ ʇʉʊ x/a y/b z/c ʂɿʇ ɺiso, ¡2 

Ti 4c 1/4 1/4 1/4 1,00 0,98(2) 
Mg 4a 0 0 0 0,65* 2,95(8) 
Sb 4b 1/2 1/2 1/2 0,83* 0,92(3) 

* ï ʟʘʬʽʢʩʦʚʘʥʽ ʧʘʨʘʤʝʪʨʠ ʥʘ ʦʩʪʘʥʥʴʦʤʫ ʝʪʘʧʽ ʫʪʦʯʥʝʥʥʷ 

 
ʈʠʩ. 3.34 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʘ ʢʦʦʨʜʠʥʘʮʽʡʥʽ ʧʦʣʽʝʜʨʠ ʜʣʷ ʘʪʦʤʽʚ ʫ ʩʧʦʣʫʮʽ 

TiMg0,65Sb0,83 
 

 
ʈʠʩ. 3.35 ʊʝʦʨʝʪʠʯʥʠʡ, ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʪʘ ʨʽʟʥʠʮʝʚʠʡ ʧʨʦʬʽʣʽ 

ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʩʢʣʘʜʫ Mg33Ti33Sb34  
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ʈOɿɼɯʃ 4 ʈɽɿʋʃʔʊɸʊʀ ɽʂʉʇɽʈʀʄɽʅʊʋ 

Eʃɽʂʊʈʆʍɯʄɯʏʅɯ ɺʃɸʉʊʀɺʆʉʊɯ ɯʅʊɽʈʄɽʊɸʃɯɼɯɺ 

4.1 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʪʽʣʝʥʥʷ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ  

4.1.1 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʣʽʪʫʚʘʥʥʷ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʯʠʩʪʠʭ ʢʦʤʧʦʥʝʥʪʽʚ (Mg, 

Al, Sn, Sb) ʧʨʦʚʦʜʠʣʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʧʦʚʝʜʽʥʢʠ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʯʠʩʪʦʤʫ 

ʚʠʛʣʷʜʽ ʪʘ ʫ ʩʢʣʘʜʽ ʙʽʥʘʨʥʠʭ ʯʠ ʪʝʨʥʘʨʥʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ ʧʽʜ ʯʘʩ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʠ ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ. 

ɼʣʷ ʙʽʣʴʰ ʧʦʚʥʦʛʦ ʧʦʷʩʥʝʥʥʷ ʧʨʦʭʦʜʞʝʥʥʷ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʫ 

ʩʪʨʫʢʪʫʨʫ ʽʥʪʝʨʤʝʪʘʣʽʯʥʠʭ ʬʘʟ ʧʨʦʚʝʜʝʥʦ ʚʠʚʯʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ 

ʮʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʨʦʣʽ ʘʥʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʫ ʧʨʦʪʦʪʠʧʽ ʣʽʪʽʡ-ʽʦʥʥʦʛʦ 

ʘʢʫʤʫʣʷʪʦʨʘ LiCoO2 // M. ʇʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʘʪʦʤʠ ʣʽʪʽʶ 

ʟʘʡʤʘʶʪʴ ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ ʚʠʭʽʜʥʠʭ ʩʪʨʫʢʪʫʨ (Mg), ʘ ʧʨʠ ʥʝʜʦʩʪʘʪʥʴʦʤʫ 

ʨʦʟʤʽʨʽ ï ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʘʶʪʴ ʘʪʦʤʠ ʢʦʤʧʦʥʝʥʪʘ. ʇʨʠ ʪʘʢʦʤʫ ʥʘʜʣʠʰʢʫ ʣʽʪʽʶ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʡʦʛʦ ʚʟʘʻʤʦʜʽʷ ʟ ʘʪʦʤʘʤʠ ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ 

ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ Li-ʚʤʽʩʥʠʭ ʩʧʦʣʫʢ.  

ʇʝʨʝʜ ʪʘ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʜʦʩʣʽʜʠʣʠ 

ʝʣʝʢʪʨʦʜʥʠʡ ʤʘʪʝʨʽʘʣ ʨʝʥʪʛʝʥʽʚʩʴʢʠʤ ʤʝʪʦʜʦʤ ʧʦʨʦʰʢʫ, ʉɽʄ ʪʘ ɽɼʈʉ. 

ʉʧʽʣʴʥʠʤ ʷʚʠʱʝʤ ʜʣʷ ʫʩʽʭ ʧʨʦʮʝʩʽʚ ʻ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ Li-ʚʤʽʩʥʠʭ ʬʘʟ. 

ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ  ʘʥʘʣʽʟʫ ʥʘʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.1. ʗʢ ʚʠʜʥʦ, ʧʨʠ 

ʟʘʤʽʱʝʥʥʽ ʩʪʘʥʫʤʫ ʪʘ ʩʪʠʙʽʶ ʥʘ ʣʽʪʽʡ ʟʤʝʥʰʫʶʪʴʩʷ ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ, ʪʦʜʽ ʷʢ ʜʣʷ ʤʘʛʥʽʶ ʪʘ ʘʣʶʤʽʥʽʶ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ  

(RSn = 1,62 ¡, RSb = 1,59 ¡). ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʜʣʷ ʤʘʛʥʽʶ ʟʙʽʣʴʰʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʨʘʭʫʥʦʢ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ ʣʽʪʽʶ ʚ ʩʪʨʫʢʪʫʨʫ, ʪʦʜʽ ʷʢ ʜʣʷ 

ʘʣʶʤʽʥʽʶ ï ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Al ʥʘ Li, ʪʘʢ ʷʢ ʘʪʦʤʥʠʡ ʨʘʜʽʫʩ Li ʻ 

ʙʽʣʴʰʠʤ (RAl = 1,43 ¡, RLi = 1,52 ¡, RMg = 1,60 ¡). ʎʽʢʘʚʠʤ ʻ ʪʝ, ʱʦ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʠʤ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʦʾ ʬʘʟʠ ʤʽʞ ʣʽʪʽʻʤ ʪʘ ʤʘʛʥʽʻʤ ï 

Li3Mg5 (ʚʣʘʩʥʠʡ ʩʪʨʫʢʪʫʨʥʠʡ ʪʠʧ, ʧʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ ɯ4/m). ʋ ʚʠʧʘʜʢʫ ʟ 

ʘʣʶʤʽʥʽʻʤ ʤʠ ʧʨʦʩʪʝʞʫʻʤʦ ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ ʬʘʟ: Li2Al3 (ʚʣʘʩʥʠʡ ʉʊ, ʇɻ R 3 m) 

ʪʘ Li3Al (ʉʊ Cu3Au, ʇɻ Pm 3 m), ʟʽ ʩʪʘʥʫʤʦʤ  ʦʜʥʽʻʾ ʩʧʦʣʫʢʠ: Li5Sn2 (ʚʣʘʩʥʠʡ 

ʉʊ, ʇɻ R 3 m), ʟʽ ʩʪʠʙʽʻʤ ʜʚʦʭ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ: Li2Sb (CT Mg2Ga, ʇɻ P 6 2c) ʪʘ 















98 ʇʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʜʝʢʽʣʴʢʦʭ ʮʠʢʣʽʚ 1-10 ʧʦʪʨʽʙʥʘ ʜʝʷʢʘ ʘʢʪʠʚʘʮʽʷ 

ʟʨʘʟʢʘ, ʘ ʧʽʩʣʷ 10 ʮʠʢʣʫ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʦʧʪʠʤʘʣʴʥʠʡ ʨʝʞʠʤ ʨʦʙʦʪʠ: ʧʽʩʣʷ 

ʧʦʚʥʦʛʦ ʥʘʩʠʯʝʥʥʷ ʣʽʪʽʻʤ, ʧʦʪʝʥʮʽʘʣ ʩʪʨʽʤʢʦ ʨʦʩʪʝ ʚʛʦʨʫ (ʨʠʩʫʥʦʢ 4.4, ʘ). 

ʈʦʟʨʷʜʥʽ ʢʨʠʚʽ (ʨʠʩʫʥʦʢ 4.4, ʙ) ʜʝʤʦʥʩʪʨʫʶʪʴ ʟʘʢʦʥʦʤʽʨʥʝ ʟʤʝʥʰʝʥʥʷ ʻʤʥʦʩʪʽ 

ʤʘʪʝʨʽʘʣʫ ʯʝʨʝʟ ʥʝʧʦʚʥʽʩʪʶ ʦʙʦʨʦʪʥʽ ʧʨʦʮʝʩʠ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʨʝʘʢʮʽʷʤʠ 

ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ ʩʧʦʣʫʢ. 

ʄʘʢʩʠʤʘʣʴʥʘ ʨʦʟʯʠʥʥʽʩʪʴ ʣʽʪʽʶ ʫ ʩʪʠʙʽʶ ʥʝ ʧʝʨʝʚʠʱʫʻ ~1 ʘʪ. % [222, 

223]. ɸʚʪʦʨʠ [224, 225] ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʜʦʩʣʽʜʠʣʠ ʪʝʨʤʦʜʠʥʘʤʽʯʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʽʚ ʩʠʩʪʝʤʠ LiïSb, ʦʜʝʨʞʘʥʽ ʥʠʤʠ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ 

ʨʦʟʯʠʥʥʦʩʪʽ ʣʽʪʽʶ ʚ ʩʪʠʙʽʶ ʜʦʙʨʝ ʢʦʨʝʣʶʶʪʴ ʟ ʥʘʰʠʤʠ. 

ʋ ɼʦʜʘʪʢʫ ɺ (ʈʠʩʫʥʦʢ 1, ʚ) ʧʨʠʚʝʜʝʥʦ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʯʠʩʪʦʛʦ ʩʪʠʙʽʶ ʜʦ 

ʣʽʪʫʚʘʥʥʷ ʪʘ ʧʽʩʣʷ. ʂʨʫʞʝʯʢʦʤ ʧʦʟʥʘʯʝʥʦ ʜʠʬʨʘʢʮʽʡʥʽ ʧʽʢʠ ʬʘʟʠ Li2Sb, ʣʽʥʽʻʶ ï 

ʧʽʢʠ ʬʘʟʠ Ŭ-Li3Sb. ʏʽʪʢʦ ʚʠʜʥʦ ʟʤʽʱʝʥʥʷ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ ʦʩʥʦʚʥʦʾ ʬʘʟʠ ʫ 

ʩʪʦʨʦʥʫ ʙʽʣʴʰʠʭ ʢʫʪʽʚ, ʱʦ ʚʢʘʟʫʻ ʥʘ ʫʪʚʦʨʝʥʥʷ ʬʘʟʠ ʽʟ ʤʝʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ. ʊʘʢʦʞ ʮʝʡ ʤʝʪʦʜ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʩʠʥʪʝʟʫ 

ʤʘʪʝʨʽʘʣʽʚ ʟ ʧʦʪʝʥʮʽʡʥʠʤʠ ʢʘʪʘʣʽʪʠʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ (ʛʝʪʝʨʦʛʝʥʥʠʡ ʢʘʪʘʣʽʟ) 

ʘʙʦ ʤʦʜʠʬʽʢʫʚʘʪʠ ʧʦʚʝʨʭʥʽ ʽʥʰʠʭ ʤʘʪʝʨʽʘʣʽʚ (ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʽʥʰʦʛʦ ʩʢʣʘʜʫ 

ʝʣʝʢʪʨʦʣʽʪ ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʽʥʪʝʨʬʘʟʠ ʨʽʟʥʦʛʦ ʩʢʣʘʜʫ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ) 

[226]. 

 

4.1.2. ɺʪʽʣʝʥʥʷ ʣʽʪʽʶ ʫ ʩʧʦʣʫʢʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ Mn5Si3 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʬʘʟ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ 

Mn5Si3 ʩʠʥʪʝʟʫʚʘʣʠ ʙʽʥʘʨʥʽ ʩʪʘʥʽʜʠ ʪʘ ʩʪʠʙʽʜʠ ʩʢʣʘʜʽʚ: La62,5Sn37,5, La62,5Sb37,5, 

Tb62,5Sn37,5, Tb62,5Sb37,5, Ti62,5Sn37,5, Zr62,5Sn37,5, Zr62,5Sb37,5, Y62,5Sn37,5 ʪʘ Gd62,5Sn37,5. 

ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Mn5Si3 ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʝʣʠʢʠʤʠ ʦʢʪʘʝʜʨʠʯʥʠʤʠ 

ʧʫʩʪʦʪʘʤʠ ʚ ʧʦʣʦʞʝʥʥʽ 2b, ʱʦ ʫʪʚʦʨʝʥʽ 6 ʘʪʦʤʘʤʠ ʧʝʨʝʭʽʜʥʦʛʦ ʯʠ 

ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʫ. ɸʪʦʤʠ ʧʝʨʝʭʽʜʥʦʛʦ ʯʠ ʨʽʜʢʽʩʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʫ 

(R) ʟʘʡʤʘʶʪʴ 2 ʧʦʣʦʞʝʥʥʷ: 4d (1/3, 2/3, 0) ʪʘ 6g (x, 0, 1/4), ʘʪʦʤʠ p-ʝʣʝʤʝʥʪʽʚ (M) 

ʟʘʡʤʘʶʪʴ ʧʦʣʦʞʝʥʥʷ 6g (x, 0, 1/4), ʪʦʜʽ ʷʢ ʜʣʷ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʚʘʢʘʥʪʥʠʤʠ 

(ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʤʽʨʫ) ʻ ʧʫʩʪʦʪʠ ʚ ʧʦʣʦʞʝʥʥʽ 2b (0, 0, 0). ʇʽʩʣʷ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ 

ʤʠ ʧʨʦʩʪʝʞʫʻʤʦ ʫʪʚʦʨʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ, ʱʦ ʻ 





100 ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʧʨʦʪʷʞʥʦʩʪʽ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ 

ʩʧʦʣʫʢʠ Zr5Sn3Lix ʧʘʨʘʣʝʣʴʥʦ ʪʝʨʤʽʯʥʠʤ ʰʣʷʭʦʤ ʩʠʥʪʝʟʫʚʘʣʠ ʩʧʣʘʚʠ. ʈʝʟʫʣʴʪʘʪʠ 

ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ (ʤʝʪʦʜ ʈʽʪʚʝʣʴʜʘ) ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.2, 

ʧʨʦʬʽʣʽ ʫʪʦʯʥʝʥʠʭ ʜʠʬʨʘʢʪʦʛʨʘʤ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.6.  

ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʫʪʦʯʥʝʥʥʷ ʙʘʯʠʤʦ, ʱʦ ʦʙôʻʤ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ ʱʦʜʦ ʙʽʥʘʨʥʦʾ 

ʟʙʽʣʴʰʠʚʩʷ ʥʘ 1,56%, ʪʘʢʦʞ ʧʨʦʩʪʝʞʫʻʤʦ, ʱʦ ʜʣʷ ʘʪʦʤʽʚ Zr2 ʪʘ Sn ʚ ʤʝʞʘʭ 

ʽʩʥʫʚʘʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʝʷʢʘ ʜʝʬʦʨʤʘʮʽʷ, ʱʦ ʧʽʜʪʚʝʨʜʞʫʻ 

ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʫ.  

ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ɽɼʈʉ ʟʨʘʟʢʽʚ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʢʘʟʫʶʪʴ ʥʘ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ Sn ʫ ʚʠʭʽʜʥʽʡ ʬʘʟʽ ʪʘ ʫʪʚʦʨʝʥʥʷ ʜʚʦʭ 

ʪʝʨʥʘʨʥʠʭ ʬʘʟ, ʱʦ ʤʽʩʪʷʪʴ Zr ʪʘ Sn (Zr2Sn1-xLix, Zr3Sn1-xLix) ʪʘ ʙʽʥʘʨʥʫ Li4Sn 

(Li17Sn4). ɺʤʽʩʪ ʣʽʪʽʶ ʚʠʟʥʘʯʘʣʠ ʤʝʪʦʜʦʤ ʧʦʣʫʤʝʥʝʚʦʾ ʬʦʪʦʤʝʪʨʽʾ (ʨʠʩʫʥʦʢ 4.7). 

ʇʨʦʮʝʩ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʫ ʷʢ ʜʚʦʩʪʘʜʽʡʥʠʡ ʧʨʦʮʝʩ ʤʦʞʥʘ 

ʯʽʪʢʦ ʧʨʦʩʪʝʞʠʪʠ ʟ ʨʠʩʫʥʢʘ 4.8. ʇʝʨʰʘ ʢʨʠʚʘ ʧʨʦʮʝʩʫ ʟʘʨʷʜʫ ʜʝʤʦʥʩʪʨʫʻ ʷʢ 

ʟʤʽʥʶʻʪʴʩʷ ʧʣʘʪʦ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʚ ʩʪʨʫʢʪʫʨʫ. ʇʝʨʰʝ ʧʣʘʪʦ (ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ 

3,00ï3,22 ɺ) ʭʘʨʘʢʪʝʨʠʟʫʻ ʫʪʚʦʨʝʥʥʷ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ 

ʚʢʣʶʯʝʥʥʷ, ʪʦʜʽ ʷʢ ʧʨʠ ʚʤʽʩʪʽ ʣʽʪʽʶ ʙʽʣʴʰʦʤʫ ʟʘ 0,62 Li / ʬ.ʦ. ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʟʣʘʤ, 

ʱʦ ʚʽʜʦʙʨʘʞʘʻ ʧʨʦʮʝʩ ʨʦʟʢʣʘʜʫïʟʘʤʽʱʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ ʚʠʱʝ ʟʛʘʜʘʥʠʭ 

ʧʦʙʽʯʥʠʭ ʧʨʦʜʫʢʪʽʚ.  

 

ʊʘʙʣʠʮʷ 4.2 ʈʝʟʫʣʴʪʘʪʠ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʽʟʫ ʬʘʟ Zr5Sn3 ʪʘ Zr5Sn3Li0,5 

ʉʢʣʘʜ ʰʠʭʪʠ Zr5Sn3 Zr5Sn3Li0,5 
ɼʠʬʨʘʢʪʦʤʝʪʨ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ HZG-4a, Cu KŬ HZG-4a, Cu KŬ 
ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ 2ɗ (Ü), ʯʠʩʣʦ ʪʦʯʦʢ 13õ130, 2292 13õ130, 2292 
ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Mn5Si3 Hf5CuSn3 
ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P63/mcm P63/mcm 
ʉʠʤʚʦʣ ʇʽʨʩʦʥʘ hP16 hP16+1 

ʇʘʨʘʤʝʪʨʠ ʢʦʤʽʨʢʠ, ¡ ʘ = 8,4576(4),  
ʩ = 5,7797(3) 

ʘ = 8,5058(2), 
ʩ =5,8036(2) 

ʌʘʢʪʦʨʠ ʨʦʟʙʽʞʥʦʩʪʽ: RF (%); RB 
(%); RP (%); Rwp (%) ;ɢ2 

2,79;  
4,70; 4,25; 6,11; 2,81 

2,61;  
4,24; 3,12; 4,23; 1,37 

ʂʦʦʨʜʠʥʘʪʠ 
ʘʪʦʤʽʚ 

Zr1    (4d) 
Zr2    (6g) 
Sn      (6g) 
Lʽ      (2b) 

1/3 2/3 0  
0,2468(2) 0 1/4 
0,6074(2) 0 1/4 
0 0 0 

1/3 2/3 0  
0,2446(2) 0 1/4 
0,6052(2) 0 1/4 
0 0 0 





102 ʇʨʦʪʷʞʥʽʩʪʴ ʦʙʣʘʩʪʽ ʛʦʤʦʛʝʥʥʦʩʪʽ ʻ ʤʝʥʰʦʶ ʟʘ 1 ʘʪ. Li / ʬ.ʦ., ʪʘʢ ʷʢ 

ʧʨʠ ʪʘʢʦʤʫ ʚʤʽʩʪʽ ʣʽʪʽʶ ʟʨʘʟʦʢ ʩʧʣʘʚʫ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʥʝ 

ʟʘʣʠʰʘʚʩʷ ʦʜʥʦʬʘʟʥʠʤ, ʚʠʷʚʠʣʠ ʧʦʙʽʯʥʽ ʬʘʟʠ: Zr2Sn1-xLix, Zr3Sn1-xLix, Li17Sn4. ʅʘ 

ʨʠʩʫʥʢʫ 4.9 ʧʨʠʚʝʜʝʥʽ ʜʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʟʨʘʟʢʘ ʟ ʨʽʟʥʦʶ ʢʽʣʴʢʽʩʪʶ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʚʢʣʶʯʝʥʦʛʦ ʣʽʪʽʶ Zr5Sn3Lix (x = 0; 0,5; 1,0). 

 
ʈʠʩ. 4.9 ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʟʨʘʟʢʽʚ Zr5Sn3Lix (x = 0, x = 0,5 ʪʘ x = 1,0 Li / ʬ.ʦ.) 

 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʠ ʢʦʤʧʣʝʢʩʥʦ 

ʜʦʩʣʽʜʠʣʠ ʧʦʚʝʜʽʥʢʫ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʫ ʝʣʝʢʪʨʦʣʽʪʽ ʪʘ ʚʠʟʥʘʯʠʣʠ 

ʢʫʣʦʥʽʚʩʴʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ. ʅʘ ʨʠʩʫʥʢʫ 4.10 

ʧʨʠʚʝʜʝʥʦ ʮʠʢʣʽʯʥʫ ʚʦʣʴʪʘʤʧʝʨʦʛʨʘʤʫ (ʎɺɸ) ʜʣʷ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ 

(Zr5Sn3) ʪʘ ʧʦʪʝʥʮʽʦ-ʢʽʥʝʪʠʯʥʫ ʧʦʣʷʨʠʟʘʮʽʡʥʫ ʢʨʠʚʫ, ʷʢʫ ʦʪʨʠʤʫʶʪʴ ʟ ʧʝʨʰʦʛʦ 

ʮʠʢʣʫ ʎɺɸ, ʧʨʦʣʦʛʘʨʠʬʤʫʚʘʚʰʠ ʟʘ ʩʠʣʦʶ ʩʪʨʫʤʫ (ɯ). ʅʘ ʨʠʩʫʥʢʫ 4.10, ʘ 

ʧʨʦʩʪʝʞʫʻʤʦ ʫ ʘʥʦʜʥʽʡ ʦʙʣʘʩʪʽ (3,6ï3,7 ɺ) ʘʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʩʧʣʘʚʫ ʟ 

ʝʣʝʢʪʨʦʣʽʪʦʤ, ʷʢʘ ʥʘʡʙʽʣʴʰʝ ʧʨʦʷʚʣʷʻʪʴʩʷ ʧʨʦʪʷʛʦʤ 1ï5 ʮʠʢʣʽʚ. ʄʠ ʚʚʘʞʘʻʤʦ, 

ʱʦ ʮʝʡ ʧʨʦʮʝʩ ʻ ʘʢʪʠʚʘʮʽʻʶ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʽʩʣʷ 5-ʛʦ ʮʠʢʣʫ 

ʘʢʪʠʚʥʽʩʪʴ ʩʧʣʘʚʫ ʟ ʝʣʝʢʪʨʦʣʽʪʦʤ ʚʞʝ ʧʨʘʢʪʠʯʥʦ ʥʝ ʧʨʦʷʚʣʷʻʪʴʩʷ; ʮʝ ʦʟʥʘʯʘʻ, 

ʱʦ ʤʘʪʝʨʽʘʣ ʧʦʯʠʥʘʻ ʧʨʘʮʶʚʘʪʠ ʚ ʦʧʪʠʤʘʣʴʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ. ʇʦʜʽʙʥʘ 

ʚʟʘʻʤʦʜʽʷ ʧʨʦʩʪʝʞʫʻʪʴʩʷ ʽ ʚ ʢʘʪʦʜʥʽʡ ʦʙʣʘʩʪʽ (1,2ï1,3 ɺ), ʷʢʘ ʪʘʢʦʞ ʟʤʝʥʰʫʻ 

ʘʢʪʠʚʥʽʩʪʴ ʧʽʩʣʷ ʧʝʨʰʠʭ 5 ʮʠʢʣʽʚ ʨʦʟʛʦʨʪʢʠ ʧʦʪʝʥʮʽʘʣʫ. 

ɯʟ ʢʨʠʚʦʾ ʢʦʨʦʟʽʾ ʨʠʩʫʥʢʫ 4.10, ʙ ʙʘʯʠʤʦ, ʱʦ ʧʨʠ ʧʦʪʝʥʮʽʘʣʽ 0,65 ɺ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʢʪʠʚʥʘ ʚʟʘʻʤʦʜʽʷ ʩʧʣʘʚʫ ʽʟ ʝʣʝʢʪʨʦʣʽʪʦʤ, ʪʦʤʫ ʧʦʪʨʽʙʥʦ 







105 Gd5-3ySn3-yLix+4y, ʟʤʝʥʰʫʻʪʴʩʷ (ʘʥʘʣʦʛʽʯʥʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʨʦʮʝʩ ʷʢ ʫ ʚʠʧʘʜʢʫ 

Zr5Sn3). ɽʣʝʢʪʨʦʭʽʤʽʯʥʘ ʽʥʪʝʨʢʘʣʷʮʽʷ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʫ Y5Sn3 ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʽ ʚ ʩʪʨʫʢʪʫʨʫ Gd5Sn3. ʇʨʠ ʚʢʣʶʯʝʥʥʽ ʙʽʣʴʰʝ 0,9 Li / ʬ.ʦ. ʫ ʩʪʨʫʢʪʫʨʫ 

Y5Sn3 ʫʪʚʦʨʶʶʪʴʩʷ ʬʘʟʠ ʘʥʘʣʦʛʽʯʥʠʭ ʩʢʣʘʜʽʚ ʷʢ ʜʣʷ Gd5Sn3. ʊʘʢʦʞ ʻ ʭʘʨʘʢʪʝʨʥʠʤ 

ʧʝʚʥʘ ʘʢʪʠʚʘʮʽʷ ʟʨʘʟʢʘ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʨʦʪʷʛʦʤ ʧʝʨʰʠʭ ʮʠʢʣʽʚ [228]. 

 

ʊʘʙʣʠʮʷ 4.3 ʈʝʟʫʣʴʪʘʪʠ ʈʉɸ ʤʝʪʦʜʦʤ ʤʦʥʦʢʨʠʩʪʘʣʫ 

ʉʢʣʘʜ  Y55,6Sn33,3Li11,1 (Y5Sn3Li) 
ɼʠʬʨʘʢʪʦʤʝʪʨ, ʚʠʧʨʦʤʽʥʶʚʘʥʥʷ Xcalibur, MoKŬ 
ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ Hf5CuSn3 
ʇʨʦʩʪʦʨʦʚʘ ʛʨʫʧʘ P63/mcm 
ʉʠʤʚʦʣ ʇʽʨʩʦʥʘ hP16 +2 
ʄʦʣʷʨʥʘ ʤʘʩʘ, ʛ/ʤʦʣʴ 807,56 
ʈʦʟʤʽʨʠ ʢʨʠʩʪʘʣʽʚ, ʤʤ 0,04 ʭ 0,05 ʭ 0,10 
ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ, 
¡(¡3) 

ʘ = 8,9056(2), ʩ = 6,5143(1),  
V = 447,429(16) 

ʈʦʟʨʘʭʦʚʘʥʘ ʛʫʩʪʠʥʘ, ʛ/ʩʤ3 5,994 
ʂʦʝʬʽʮʽʻʥʪ ʘʙʩʦʨʙʮʽʾ, ʤʤ-1 40,155 
ʈʝʞʠʤ ʩʢʘʥʫʚʘʥʥʷ ɤ 
ɯʥʪʝʨʚʘʣ ʢʫʪʽʚ, 2ɗ (Ü) 2,64ï27,20 
F(000) 696 
ɯʥʪʝʨʚʘʣʠ hkl -11 Ò h Ò11, -11 Ò k Ò 11, -7 Ò l Ò 7 
ɿʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʚʽʜʙʠʪʪʽʚ 1544 
ɺʽʜʙʠʪʪʷ ʟ ɯ > 2ů(I) 193 (Rů = 0,0182)  
ɼʘʥʽ/ʧʘʨʘʤʝʪʨʠ 193/14 
ɼʦʙʨʦʪʥʽʩʪʴ (ʥʘ F2) 1,075 
ʂʽʥʮʝʚʽ ʬʘʢʪʦʨʠ ʨʦʟʙʽʞʥʦʩʪʽ (ɯ > 2ů(I)) R1 = 0,0252, wR2 = 0,0607 
ʅʘʡʙʽʣʴʰʠʡ ʧʽʢ / ʷʤʘ, e / A3 1,438 / -1,072 

ʂʦʦʨʜʠʥʘʪʠ 
ʘʪʦʤʽʚ 

Y      (4d) 
Y      (6g) 
Sn     (6g) 
Li     (2b) 

1/3 2/3 0  
0,2696(1) 0 1/4 
0,63130(8) 0 1/4 
0 0 0 

 

ɺʠʱʝ ʦʧʠʩʘʥʝ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʣʽʪʫʚʘʥʥʷ ʩʧʣʘʚʽʚ Zr62,5Sn37,5, Gd62,5Sn37,5, 

Y62,5Sn37,5 ʧʨʦʚʦʜʠʣʠ ʫ ʪʨʠʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ ʪʠʧʫ ñSwagelok-cellò, ʜʝ ʝʣʝʢʪʨʦʜ 

ʧʦʨʽʚʥʷʥʥʷ LiCoO2 ʙʫʚ ʥʝʟʤʽʥʥʠʤ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʧʨʦʮʝʩʫ, 

ʪʦʜʽ ʷʢ ʩʪʨʫʤ ʧʨʦʭʦʜʠʚ ʯʝʨʝʟ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʝʣʝʢʪʨʦʜ (ʘʥʦʜ) ʪʘ ʢʘʪʦʜ (ʪʘʢʦʞ 

LiCoO2, ʱʦ ʙʨʘʚ ʫʯʘʩʪʴ ʚ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʤʫ ʧʨʦʮʝʩʽ). ʅʠʞʯʝ ʧʨʠʚʝʜʝʥʦ 

ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʫ ʜʚʦʝʣʝʢʪʨʦʜʥʽʡ ʢʦʤʽʨʮʽ (ʧʨʦʪʦʪʠʧ 



106 ʘʢʫʤʫʣʷʪʦʨʘ) ʜʣʷ ʙʽʥʘʨʥʠʭ Sn- ʘʙʦ Sb-ʚʤʽʩʥʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ, ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʪʠʧʫ Mn5Si3. ʋ ʪʘʙʣʠʮʽ 4.4 ʥʘʚʝʜʝʥʦ ʈʌɸ ʟʨʘʟʢʽʚ 

ʩʧʣʘʚʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ.  

ʗʢ ʙʘʯʠʤʦ, ʧʨʘʢʪʠʯʥʦ ʚʩʽ ʟʨʘʟʢʠ ʧʽʩʣʷ ʩʠʥʪʝʟʫ ʻ ʦʜʥʦʬʘʟʥʠʤʠ, ʦʢʨʽʤ 

ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti62,5Sn37,5, ʷʢʠʡ ʤʽʩʪʠʚ ʪʨʠ ʬʘʟʠ: ʦʯʽʢʫʚʘʥʫ Ti5Sn3, ʚʤʽʩʪ ʷʢʦʾ ʙʫʚ 

ʥʘʡʙʽʣʴʰʠʡ, ɓ-Ti6Sn5 (ʉʊ ʚʣʘʩʥʠʡ, ʇɻ P63/mmc) ʪʘ Ŭ-Ti (ʉʊ Mg, ʇɻ P63/mmc), 

ʷʢʠʡ ʽʤʦʚʽʨʥʦ ʥʝ ʙʫʚ ʧʨʦʧʣʘʚʣʝʥʠʡ, ʪʘʢ ʷʢ ʥʝ ʤʦʞʝ ʙʫʪʠ ʫ ʨʽʚʥʦʚʘʟʽ ʽʟ ʙʽʥʘʨʥʦʶ 

ʩʧʦʣʫʢʦʶ Ti5Sn3. ʇʨʘʢʪʠʯʥʦ ʚ ʫʩʽʭ ʟʨʘʟʢʘʭ ʚʠʷʚʣʷʻʤʦ ʬʘʟʠ LixSny (Li17Sn4) ʧʽʩʣʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ. ʅʝʚʝʣʠʢʘ ʟʤʽʥʘ ʦʙôʻʤʫ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʣʽʪʫʚʘʥʥʷ ʜʣʷ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti5Sn3 ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚ ʧʨʦʮʝʩʽ ʚʢʣʶʯʝʥʥʷ 

Li ʫ ʧʫʩʪʦʪʠ ʚʠʭʽʜʥʦʾ ʩʪʨʫʢʪʫʨʠ (ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʨʦʩʪʘʻ) 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʱʝʥʥʷ Sn ʥʘ Li (ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʤʝʥʰʫʻʪʴʩʷ). ʗʢ 

ʥʘʩʣʽʜʦʢ ï ʦʙôʻʤ ʟʨʦʩʪʘʻ ʣʠʰʝ ʥʘ 0,43 %. 

ɸʚʪʦʨʠ [229] ʜʦʩʣʽʜʠʣʠ ʩʠʩʪʝʤʫ LiïTiïSn ʚ ʧʦʚʥʦʤʫ ʢʦʥʮʝʥʪʨʘʮʽʡʥʦʤʫ 

ʽʥʪʝʨʚʘʣʽ ʪʘ ʚʢʘʟʫʶʪʴ ʥʘ ʽʩʥʫʚʘʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ ʟ ʥʝʚʝʣʠʢʦʶ 

ʦʙʣʘʩʪʶ ʛʦʤʦʛʝʥʥʦʩʪʽ Ti5Sn4-xLix, x = 0,65õ1,18 (ʉʊ Ti5Ga4, ʱʦ ʻ ʧʦʜʽʙʥʠʤ ʜʦ 

Hf5CuSn3), ʘ ʥʝ ʚʧʦʨʷʜʢʦʚʘʥʦʛʦ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ Ti5Sn3. ɿ ʮʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ, ʱʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʫ 

ʤʦʞʥʘ ʩʠʥʪʝʟʫʚʘʪʠ ʽʥʰʦʛʦ ʩʢʣʘʜʫ ʪʘ ʪʠʧʫ ʽʥʪʝʨʤʝʪʘʣʽʜʠ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʠʤ 

ʤʝʪʦʜʦʤ ʩʧʣʘʚʣʷʥʥʷʤ. 

ʉʧʣʘʚ ʩʢʣʘʜʫ Zr50Mg6Nʽ11Sn33 (Zr5NiSn3-xMgx), ʷʢʠʡ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ 

ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʽ Hf5CuSn3, ʩʠʥʪʝʟʫʚʘʣʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ 

ʧʦʚʝʜʽʥʢʠ ʽʟ ʙʽʥʘʨʥʠʤ ʽʥʪʝʨʤʝʪʘʣʽʜʦʤ [230]. ʋ ʯʦʪʠʨʠʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʧʣʘʚʽ ʫ 

ʧʦʣʦʞʝʥʥʽ 2b, ʢʫʜʠ ʤʘʚ ʙʠ ʚʢʣʶʯʘʪʠʩʷ Li, ʚʞʝ ʧʨʠʩʫʪʥʽ ʘʪʦʤʠ Ni ʪʘ ʧʦʣʦʞʝʥʥʷ 

p-ʝʣʝʤʝʥʪʽʚ 6g ʟʘʡʤʘʻ ʩʪʘʪʠʩʪʠʯʥʘ ʩʫʤʽʰ (Mg, Sn). ʉʧʣʘʚ ʥʝ ʚʢʣʶʯʘʻ ʚʝʣʠʢʽ 

ʢʽʣʴʢʦʩʪʽ Li, ʪʘʢ ʷʢ ʚʘʢʘʥʪʥʽ ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ ʚʞʝ ʻ ʟʘʡʥʷʪʽ, ʦʜʥʘʢ 

ʥʝʦʙʦʨʦʪʥʦ ʚʢʣʶʯʘʻ ʤʘʣʽ ʢʽʣʴʢʦʩʪʽ Li, ʷʢʠʡ ʯʘʩʪʢʦʚʦ ʟʘʤʽʱʘʻ Mg ʪʘ Sn ʫ 

ʩʪʨʫʢʪʫʨʽ ʪʘ, ʽʤʦʚʽʨʥʦ, ʚʢʣʶʯʘʻʪʴʩʷ ʚ ʪʝʪʨʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ, ʱʦ ʜʝʱʦ ʟʙʽʣʴʰʫʻ 

ʦʙô̒ ʤ ʚʠʭʽʜʥʦ  ʾʩʪʨʫʢʪʫʨʠ ʥʘ 1,21 %. ʎʶ ʯʦʪʠʨʠʢʦʤʧʦʥʝʥʪʥʫ ʬʘʟʫ ʪʘʢʦʞ ʜʦʩʣʽʜʞʫʚʘʣʠ 

ʥʘ ʧʨʝʜʤʝʪ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʛʽʜʨʫʚʘʥʥ ,̫ ʦʜʥʘʢ ʟʘ ʥʠʟʴʢʠʭ ʪʠʩʢʽʚ ʪʘ ʢʽʤʥʘʪʥʦ  ʾ

ʪʝʤʧʝʨʘʪʫʨʠ ʟʨʘʟʦʢ ʥʝ ʘʙʩʦʨʙʫ  ̒ʛʽʜʨʦʛʝʥ, ʭʦʯʘ ʚʦʣʦʜʽ  ̒ʚʽʜʧʦʚʽʜʥʦʛʦ ʨʦʟʤʽʨʫ ʧʫʩʪʦʪʘʤʠ. 









110 ʈʽʟʥʫ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʣʽʪʽʶ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʧʨʠʨʦʜʦʶ ʨ-

ʝʣʝʤʝʥʪʘ, ʱʦ ʻ ʢʦʤʧʦʥʝʥʪʦʤ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʘ. ʆʩʢʽʣʴʢʠ ʨʽʟʥʠʮʷ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʝʡ ʜʣʷ ʩʪʠʙʽʶ ʽ ʣʽʪʽʶ ʻ ʙʽʣʴʰʦʶ ʟʘ ʨʽʟʥʠʮʶ 

ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʝʡ ʩʪʘʥʫʤʫ ʪʘ ʣʽʪʽʶ, ʪʦ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʠʭ ʬʘʟ ʩʪʠʙʽʶ ʟ 

ʣʽʪʽʻʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʣʝʛʰʝ, ʥʽʞ ʩʪʘʥʫʤʫ ʟ ʣʽʪʽʻʤ (ʧʨʦʤʽʞʥʽ ʬʘʟʠ ʫʪʚʦʨʶʶʪʴʩʷ 

ʰʚʠʜʰʝ, ʥʽʞ ʙʫʜʝ ʜʦʩʷʛʥʫʪʘ ʤʘʢʩʠʤʘʣʴʥʘ ʥʘʩʠʯʝʥʽʩʪʴ ʣʽʪʽʶ ʚ ʦʢʪʘʝʜʨʠʯʥʠʭ 

ʧʫʩʪʦʪʘʭ ʩʪʨʫʢʪʫʨʠ ʬʘʟʠ). ʉʘʤʝ ʮʠʤ ʤʦʞʥʘ ʧʦʷʩʥʠʪʠ ʟʨʦʩʪʘʥʥʷ ʦʙôʻʤʫ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ˇʨʘʪʢʠ ʩʪʘʥʽʜʫ Tb5Sn3Lix ʪʘ ʟʤʝʥʰʝʥʥʷ ʦʙôʻʤʫ ʩʪʠʙʽʜʽʚ Tb5Sb3Liy. 

ʗʢ ʚʠʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʽʚ ɽɼʈʉ (ʨʠʩʫʥʦʢ 4.14), ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʣʽʪʫʚʘʥʥʷ ʢʽʣʴʢʽʩʥʝ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʪʝʨʙʽʻʤ ʪʘ ʩʪʘʥʫʤʦʤ ʯʠ ʩʪʠʙʽʻʤ 

ʟʤʽʥʶʚʘʣʦʩʷ ʥʘ ʢʦʨʠʩʪʴ ʚʘʞʯʦʛʦ ʘʪʦʤʘ ʟʘ ʨʘʭʫʥʦʢ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ Li-ʚʤʽʩʥʠʭ 

ʬʘʟ. ʇʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʽʚ ʙʫʣʠ ʜʦʩʠʪʴ ʨʝʘʢʮʽʡʥʦ ʟʜʘʪʥʽ, ʦʢʠʩʥʶʚʘʣʠʩʷ ʥʘ ʧʦʚʽʪʨʽ. 

ʆʩʢʽʣʴʢʠ ʣʽʪʽʡ ʻ ʝʣʝʤʝʥʪʦʤ, ʷʢʦʛʦ ʚʘʞʢʦ ʚʠʷʚʠʪʠ ʤʝʪʦʜʦʤ ɽɼʈʉ, ʡʦʛʦ ʚʤʽʩʪ 

ʧʨʠʙʣʠʟʥʦ ʦʮʽʥʶʚʘʣʠ ʟʘ ʢʽʣʴʢʽʩʪʶ Li2O ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ. ʂʨʽʤ ʦʯʽʢʫʚʘʥʠʭ ʬʘʟ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʱʝ ʫʪʚʦʨʝʥʥʷ ʙʘʛʘʪʦʢʦʤʧʦʥʝʥʪʥʠʭ ʽʥʪʝʨʬʘʟ ~Tb26,30Sn4,56Li59,26O9,88 ʪʘ 

~Tb33,00Sb1,48P12,02Li35,15O18,35, ʷʢʽ ʫʪʚʦʨʠʣʠʩʷ ʧʨʠ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʣʽʪʫ ʟ ʧʦʚʝʨʭʥʝʶ 

ʝʣʝʢʪʨʦʜʽʚ ʽ ʧʘʩʠʚʫʶʪʴ ʝʣʝʢʪʨʦʜ. ʇʽʟʥʽʰʝ ʥʘ ʾʭʥʽʡ ʧʦʚʝʨʭʥʽ ʤʦʞʫʪʴ ʫʪʚʦʨʶʚʘʪʠʩ  ̫

ʜʝʥʜʨʠʪʠ, ʱʦ ʪʘʢʦʞ ʨʫʡʥʫʶʪʴ ʘʢʫʤʫʣʷʪʦʨ. ʊʦʯʥʦ ʢʽʣʴʢʽʩʪʴ ʣʽʪʽʶ ʚ ʽʥʪʝʨʬʘʟʘʭ 

ʚʩʪʘʥʦʚʠʪʠ ʥʝʤʦʞʣʠʚʦ, ʦʩʢʽʣʴʢʠ ʡʦʛʦ ʜʞʝʨʝʣʦ ʤʘʻ ʜʚʘ ʧʦʭʦʜʞʝʥʥʷ ï ʣʽʪʽʡ ʟ 

ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʣʽʪʽʡ, ʱʦ ʦʩʘʜʠʣʠ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʫ ʚʥʘʩʣʽʜʦʢ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ [226]. 

ɼʣʷ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ ʩʢʣʘʜʫ La5Sn3 ʻ ʭʘʨʘʢʪʝʨʥʠʤ ʧʦʣʽʤʦʨʬʽʯʥʝ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʟʘ ʪʝʤʧʝʨʘʪʫʨʠ ʙʣʠʟʴʢʦʾ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʚʽʜʧʘʣʫ. ʌʘʟʘ Ŭ-La5Sn3 ï 

ʥʠʟʴʢʦʪʝʤʧʝʨʘʪʫʨʥʘ ʤʦʜʠʬʽʢʘʮʽʷ, ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʽ W5Si3  

(ʇɻ I4/mcm) ʥʝ ʚʦʣʦʜʽʻ ʚʝʣʠʢʦʶ ʦʙʦʨʦʪʥʦʶ ʻʤʥʽʩʪʶ (ʩʪʨʫʢʪʫʨʘ ʩʧʦʣʫʢʠ ʤʘʻ 

ʧʫʩʪʦʪʠ ʥʝʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʤʽʨʫ ʜʣʷ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ), ʪʦʜʽ ʷʢ ʚʠʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘ 

ʤʦʜʠʬʽʢʘʮʽʷ ɓ-La5Sn3 ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʚʢʣʶʯʘʻ ʜʦ ~0,4 Li / ʬ.ʦ., ʘ ʪʝʨʤʽʯʥʠʤ ʰʣʷʭʦʤ 

ʤʘʡʞʝ ʜʦ 0,5 Li / ʬ.ʦ [232]. ʂʽʣʴʢʽʩʪʴ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʣʽʪʽʶ ʚʠʟʥʘʯʠʣʠ ʚʠʭʦʜʷʯʠ ʽʟ 

ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʬʘʟʠ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ, 

ʧʦʨʽʚʥʷʚʰʠ ʮʽ ʧʘʨʘʤʝʪʨʠ ʽʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ Li-ʚʤʽʩʥʠʭ ʬʘʟ, ʩʠʥʪʝʟʦʚʘʥʠʭ 

ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ (ʧʣʘʚʣʝʥʥʷ). ɼʣʷ ʬʘʟʠ La5LixSn3, x = 0,4 ʧʘʨʘʤʝʪʨʠ ʢʦʤʽʨʢʠ  





112 ʟʘʙʣʦʢʦʚʘʥʽʩʪʴ ʜʝʷʢʠʭ ʧʫʩʪʦʪ ʢʦʤʧʦʥʝʥʪʘʤʠ ʩʧʣʘʚʫ, ʜʦʤʽʰʢʘʤʠ ʪʘ ʥʠʞʯʦʶ 

ʜʠʬʫʟʽʡʥʦʶ ʟʜʘʪʥʽʩʪʶ. 

Ge-ʧʦʭʽʜʥʽ ʬʘʟʠ La5Ge3 [233] ʪʘ Gd5Ge3 ʻ ʮʽʢʘʚʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ, 

ʦʙʦʨʦʪʥʦ ʚʢʣʶʯʘʶʪʴ ʜʦ 0,4 Li / ʬ.ʦ., ʦʜʥʘʢ ʻ ʜʦʨʦʛʠʤʠ ʯʝʨʝʟ ʚʠʩʦʢʫ ʮʽʥʫ ʽ ʈɿʄ, 

ʽ Ge. ʊʘʢʦʞ ʯʝʨʝʟ ʤʝʥʰʠʡ ʨʦʟʤʽʨ ʧʫʩʪʦʪ (ʧʦʨʽʚʥʷʥʦ ʽʟ ʩʪʘʥʽʜʘʤʠ) ʜʝʣʽʪʫʚʘʥʥʷ 

ʧʨʦʭʦʜʠʪʴ ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʜʣʷ Sn-ʚʤʽʩʥʠʭ ʬʘʟ. 

ʗʢʱʦ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʽʥʰʽ Sb-ʚʤʽʩʥʽ ʽʥʪʝʨʤʝʪʘʣʽʜʠ, ʪʦ ʚʦʥʠ ʟʘʛʘʣʦʤ 

ʧʦʚʪʦʨʶʶʪʴ ʪʝʥʜʝʥʮʽʶ ʱʦʜʦ ʥʝʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʪʽʶ ʧʨʠ ʜʝʣʽʪʫʚʘʥʥʽ, 

ʟʘʤʽʱʝʥʥʷ Sb ʥʘ Li ʪʘ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ ʧʨʦʤʽʞʥʠʭ ʬʘʟ Li ʟ Sb. ʄʠ ʚʚʘʞʘʻʤʦ, 

ʱʦ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʮʠʭ ʧʦʙʽʯʥʠʭ ʬʘʟ ʤʦʞʝ ʙʫʪʠ ʙʽʣʴʰʦʶ, ʪʘʢ ʷʢ ʨʝʬʣʝʢʩʠ ʚʽʜ 

ʥʠʭ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʤʘʶʪʴ ʜʫʞʝ ʤʘʣʫ ʽʥʪʝʥʩʠʚʥʽʩʪʴ, ʱʦ ʯʘʩʪʦ ʻ ʜʝʱʦ ʚʠʱʦʶ 

ʟʘ ʬʦʥ. ʂʽʣʴʢʽʩʪʴ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʣʽʪʽʶ ʪʘ ʻʤʥʽʩʪʴ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 

ʢʦʞʥʦʾ ʽʟ ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʩʧʦʣʫʢ ʻ ʨʽʟʥʦʶ, ʮʝ ʧʦʚôʷʟʘʥʝ ʽʟ ʩʪʨʫʢʪʫʨʥʠʤʠ 

ʦʩʦʙʣʠʚʦʩʪʷʤʠ, ʷʢʽʩʥʠʤ ʪʘ ʢʽʣʴʢʽʩʥʠʤ ʩʢʣʘʜʦʤ. ɼʦ ʩʪʨʫʢʪʫʨʥʠʭ ʢʨʠʪʝʨʽʾʚ  

ʥʘʣʝʞʘʪʴ: ʥʘʷʚʥʽʩʪʴ ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʤʽʨʫ ʧʫʩʪʦʪʠ, ʥʝʚʝʣʠʢʘ ʜʝʬʦʨʤʘʮʽʾ ʩʪʨʫʢʪʫʨʠ 

ʧʨʠ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ. ʗʢʽʩʥʠʡ ʩʢʣʘʜ ʚʧʣʠʚʘʻ ʥʘ ʭʽʤʽʯʥʫ ʧʨʠʨʦʜʫ ʚʟʘʻʤʦʜʽʾ, ʪʘʢ ʷʢ 

ʨʽʟʥʠʮʷ ʝʣʝʢʪʨʦʥʝʛʘʪʠʚʥʦʩʪʝʡ ʜʣʷ ʣʽʪʽʶ ʪʘ ʩʪʘʥʫʤʫ ʻ ʤʝʥʰʦʶ, ʥʽʞ ʨʽʟʥʠʮʷ ʜʣʷ ʣʽʪʽ  ʁ

ʪʘ ʩʪʠʙʽʶ, ʪʦʤʫ ʙʝʟʧʦʩʝʨʝʜʥʷ ʚʟʘʻʤʦʜʽʷ ʤʽʞ ʣʽʪʽʻʤ ʪʘ ʩʪʘʥʫʤʦʤ ʙʫʜʝ ʩʣʘʙʰʦʶ ʟʘ 

ʚʟʘʻʤʦʜʽʶ ʣʽʪʽʶ ʪʘ ʩʪʠʙʽʶ. ʍʦʯ ʽ ʫʪʚʦʨʝʥʥʷ ʧʨʦʤʽʞʥʠʭ Li-ʚʤʽʩʥʠʭ ʬʘʟ ʻ ʦʙʦʨʦʪʥʠʤ 

ʧʨʦʮʝʩʦʤ, ʥʘ ʜʝʷʢʦʤʫ ʝʪʘʧʽ ʚʪʨʘʯʘʻʪʴʩʷ ʦʙʦʨʦʪʥʽʩʪʴ, ʯʘʩʪʠʥʘ ʣʽʪʽʶ ʩʪʘʻ ʥʝʘʢʪʠʚʥʦ  ʁ

ʪʘ ʟʘʣʠʰʘʻʪʴʩʷ ʚ ʧʫʩʪʦʪʘʭ ʩʪʨʫʢʪʫʨʠ ʘʙʦ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʙʽʣʽʟʘʮʽʷ ʩʪʨʫʢʪʫʨʠ 

ʤʘʪʝʨʽʘʣʫ ʩʪʦʨʦʥʥʽʤʠ ʽʦʥʘʤʠ ʯʠ ʤʦʣʝʢʫʣʘʤʠ. ʇʨʦʤʽʞʥʽ ʬʘʟʠ LixMy (M = Sn, Sb) ʧʽʩʣ  ̫

ʧʦʙʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʥʝ ʤʘʶʪʴ ʟʜʘʪʥʦʩʪʽ ʜʦ ʜʝʣʽʪʫʚʘʥʥʷ ʪʘ ʩʪʘʶʪʴ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ 

ʥʝʘʢʪʠʚʥʠʤʠ. ʊʘʢʠʡ ʧʨʦʮʝʩ ʟʤʝʥʰʫʻ ʻʤʥʽʩʪʴ ʝʣʝʢʪʨʦʜʽʚ, ʦʩʢʽʣʴʢʠ ʧʨʦʮʝʩ ʟʘʤʽʱʝʥʥ  ̫

p-ʝʣʝʤʝʥʪʽʚ ʥʘ Li ʙʫʜʝ ʧʝʨʝʚʠʱʫʚʘʪʠ ʚʢʣʶʯʝʥʥʷ Li, ʱʦ ʧʨʦʩʪʦ ʧʨʠʟʚʝʜʝ ʜʦ ʨʦʟʢʣʘʜʫ 

ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʟʨʘʟʢʘ. 

ʑʝ ʦʜʠʥ ʚʘʞʣʠʚʠʡ ʯʠʥʥʠʢ, ʷʢʠʡ ʚʧʣʠʚʘʻ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ  

ʣʽʪʽʶ ï ʮʝ ʘʢʪʠʚʥʽʩʪʴ ʧʦʚʝʨʭʥ  ̔ ʝʣʝʢʪʨʦʜʫ, ʷʢʘ ʟʘʛʘʣʦʤ ʤʦʞʝ ʚʠʩʪʫʧʘʪʠ ʩʫʙʩʪʨʘʪʦʤ 

ʜʣʷ ʘʜʩʦʨʙʮʽʾ ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ. ʊʘʢʦʛʦ ʪʠʧʫ ʚʟʘʻʤʦʜʽʷ ʤʦʞʝ ʛʘʣʴʤʫʚʘʪʠ 

ʚʢʣʶʯʝʥʥʷ ʣʽʪʽʶ ʚ ʦʙôʻʤ ʟʝʨʝʥ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ  ʾ

ʚʟʘʻʤʦʜʽʾ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʽʟ ʤʦʣʝʢʫʣʘʤʠ ʪʘ ʽʥʰʠʤʠ ʽʦʥʘʤʠ ʤʦʞʣʠʚʝ ʫʪʚʦʨʝʥʥ  ̫



113 ʨʽʟʥʦʤʘʥʽʪʥʦʛʦ ʪʠʧʫ ʪʘ ʩʢʣʘʜʫ ʽʥʪʝʨʬʘʟ ʪʘ ʩʦʣʴʚʘʪʽʚ, ʱʦ ʨʽʟʢʦ ʧʦʛʽʨʰʫʶʪʴ 

ʜʠʬʫʟʽʶ ʣʽʪʽʶ ʪʘ ʤʦʞʫʪʴ ʩʣʫʞʠʪʠ ʧʽʜʢʣʘʜʢʘʤʠ ʜʣʷ ʨʦʩʪʫ ʜʝʥʜʨʠʪʽʚ, ʱʦ ʚʟʘʛʘʣ  ̔

ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʢʦʨʦʪʢʦʛʦ ʟʘʤʠʢʘʥʥʷ ʽ, ̫ ʢ ʥʘʩʣʽʜʦʢ, ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʍɼɽɽ. 

 

4.1.3 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʚʪʽʣʝʥʥʷ ʣʽʪʽʶ ʫ ʬʘʟʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ AuCu3 

ɼʣ  ̫ ʜʦʩʣʽʜʞʝʥʥ  ̫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥ  ̫ ʬʘʟ ʽʟ ʩʪʨʫʢʪʫʨʦ  ʁ ʪʠʧʫ AuCu3 

ʙʫʣʦ ʦʙʨʘʥʦ ʩʧʣʘʚʠ ʩʢʣʘʜʽʚ La25Sn75, La25Mg20Sn55, La20Tb5Sn75, La25Sn65Sb10, 

La25Mg7,5Sn60Sb7,5. ʉʪʨʫʢʪʫʨʥʠʡ ʪʠʧ AuCu3  ̒ ʜʦʩʠʪ  ɹ ʮʽʢʘʚʠʤ ʟ ʦʛʣʷʜʫ ʥʘʷʚʥʦʩʪ  ̔

ʜʦʩʪʘʪʥʴʦʛʦ ʨʦʟʤʽʨʫ ʧʫʩʪʦʪ, ʘ ʪʘʢʦʞ ʢʦʦʨʜʠʥʘʮʽʡʥʠʤ ʦʪʦʯʝʥʥʷʤ ʜʣ  ̫ ʽʥʪʝʨʢʘʣʴʦʚʘʥʠʭ 

ʘʪʦʤʽʚ ʃʽʪʽʁ . ʅʘ ʨʠʩʫʥʢʫ 4.15 ʟʦʙʨʘʞʝʥʦ ʢʨʠʩʪʘʣʽʯʥʫ ʩʪʨʫʢʪʫʨʫ ʧʦʪʨʽʡʥʦ  ʾʬʘʟʠ RM3Lix 

ʪʘ ʢʨʠʩʪʘʣʽʯʥʠʡ ʧʦʣʽʝʜʨ ʜʣ  ̫ʘʪʦʤʽʚ Li. ɸʪʦʤʠ ʈɿʄ ʟʘʡʤʘʶʪ  ɹʧʦʣʦʞʝʥʥ  ̫1ʘ (0 0 0) ʇʉʊ, 

ʘʪʦʤʠ ʨ-ʝʣʝʤʝʥʪʘ ʯʠ ʩʪʘʪʠʩʪʠʯʥʦ  ʾʩʫʤʽʰ  ̔ʥʘ ʾʭ ʦʩʥʦʚ  ̔  3ʩ (0 1/2 1/2), ʘʪʦʤʠ Li ʟʘʡʤʘʶʪ  ɹ

ʦʢʪʘʝʜʨʠʯʥ  ̔ʧʫʩʪʦʪʠ 1b (1/2 1/2 1/2), ʧʨʠ ʛʨʘʥʠʯʥʦʤʫ ʩʢʣʘʜ  ̔ʫʪʚʦʨʶʻʪʴʩ  ̫ʥʘʜʩʪʨʫʢʪʫʨʘ 

ʪʠʧʫ ʧʝʨʦʚʩʢʽʪʫ CaTiO3. ʂʦʦʨʜʠʥʘʮʽʡʥʝ ʦʪʦʯʝʥʥ  ̫ ʜʣ  ̫ ʘʪʦʤʽʚ ʃʽʪʽ  ʁ  ̒ 6 ʘʪʦʤʽʚ ʨ-

ʝʣʝʤʝʥʪʘ [LiM6]. ɺʠʙʽʨ ʩʘʤʝ ʮʽ ʾ̒ ʧʦʟʠʮʽʾ  ʜʣ  ̫ ʽʥʪʝʨʢʘʣʷʮʽʾ  ʧʦʷʩʥʶʻʪʴʩ  ̫ ʜʦʩʪʘʪʥʽʤ 

ʨʦʟʤʽʨʦʤ ʧʫʩʪʦʪʠ. ʄʝʥʰʦʛʦ ʨʦʟʤʽʨʫ ʧʫʩʪʦʪʠ  ̒ʘʙʦ ʜʫʞʝ ʯʘʩʪʢʦʚʦ ʟʘʧʦʚʥʝʥ ,̔ ʘʙʦ ʚʟʘʛʘʣ  ̔

ʥʝ ʨʝʘʣʽʟʦʚʫʶʪʴʩ .̫  

ɸʥʘʣʽʟʫʶʯʠ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥ  ̫ʜʝʷʢʠʭ ʩʪʘʥʽʜʽʚ ʪʘ ʧʦʭʽʜʥʠʭ 

ʟ  ̔ʩʪʨʫʢʪʫʨʦ  ʁʪʠʧʫ AuCu3, ʙʘʯʠʤʦ, ʱʦ ʚ ʥʘʚʝʜʝʥʠʭ ʫ ʪʘʙʣʠʮ  ̔4.5 ʨʝʟʫʣʴʪʘʪʘʭ ʧʨʠʩʫʪʥ  ̫

ʜʝʷʢʘ ʥʝʦʜʥʦʟʥʘʯʥʽʩʪ  ɹ ʩʝʨʝʜ ʚʽʜʥʦʩʥʦʛʦ ʟʙʽʣʴʰʝʥʥ  ̫ ʦʙ`ʻʤʫ ʝʣʝʤʝʥʪʘʨʥʦ  ʾ ʢʦʤʽʨʢʠ, 

ʧʦʨʽʚʥʶʶʯʠ ʟ ʢʽʣʴʢʽʩʪ  ʁʣʽʪʽʁ  (ʧʨʦʮʝʩ ʟʘʨʷʜʫ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʩʠʣ  ̔ʩʪʨʫʤʫ 0,5 ʤɸ ʜʣ  ̫

ʟʙʝʨʝʞʝʥʥ  ̫ʩʪʨʫʢʪʫʨʠ ʚʠʭʽʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʽʚ ʚʽʜʙʫʚʘʣʘʩ  ̫

ʟʥʘʯʥʘ ʘʤʦʨʬʽʟʘʮʽ  ʁ ʟʨʘʟʢʽʚ). ɿʥʘʯʥʝ ʟʙʽʣʴʰʝʥʥ  ̫ ʚʽʜʥʦʩʥʦʛʦ ʦʙô̒ ʤʫ ʝʣʝʤʝʥʪʘʨʥʦ  ʾ

ʢʦʤʽʨʢʠ ʥʝ ʟʘʚʞʜʠ ʦʟʥʘʯʘ  ̒ ʙʽʣʴʰʫ ʻʤʥʽʩʪ ;ɹ ʮʝ ʤʦʞʝ ʧʦʷʩʥʶʚʘʪʠʩ  ̫ ʯʘʩʪʢʦʚʦ  ʁ

ʥʝʦʙʦʨʦʪʥʽʩʪ  ʁ ʧʨʦʮʝʩʫ ʜʝʣʽʪʫʚʘʥʥ .̫ ʊʘʢ, ʥʘʡʙʽʣʴʰʫ ʢʽʣʴʢʽʩʪʴ ʦʙʦʨʦʪʥʦʛʦ ʃʽʪʽʁ  

ʚʢʣʶʯʘ  ̒ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʥʘ ʦʩʥʦʚ  ̔ʙʽʥʘʨʥʦ  ʾʩʧʦʣʫʢʠ LaSn3: LaSn2,21Mg0,79, ʭʦʯʘ ʚʽʜʥʦʩʥʝ 

ʟʙʽʣʴʰʝʥʥ  ̫  ̒ ʜʦʩʠʪ  ɹ ʥʝʟʥʘʯʥʝ. ʄʘʢʩʠʤʘʣʴʥʘ ʧʠʪʦʤʘ ʨʦʟʨʷʜʥʘ ʻʤʥʽʩʪ  ɹ ʩʢʣʘʜʘ  ̒ 

92 ʤɸĿʛʦʜ / ʛ (ʟʘʨʷʜ ʧʨʠ ʩʪʨʫʤ  ̔2,0 ʤɸ). ʇʨʠ ʤʘʣʠʭ ʟʥʘʯʝʥʥʷʭ ʩʪʨʫʤʽʚ ʟʘʨʷʜʞʘʥʥ  ̫(ʜʦ 

0,5 ʤɸ) ʤʘʪʝʨʽʘʣ ʥʝ ʜʝʤʦʥʩʪʨʫ  ̒ ʚʠʩʦʢʦ  ʾ ʻʤʥʦʩʪ ,̔ ʽʤʦʚʽʨʥʦ, ʯʝʨʝʟ ʪʝ, ʱʦ ʣʽʪʽʡ 

ʽʥʪʝʨʢʘʣʶʻʪʴʩ  ̫ ʣʠʰʝ ʫ ʧʨʠʧʦʚʝʨʭʥʝʚʠʡ ʰʘʨ ʟʝʨʝʥ, ʪʦʜ  ̔ ʷʢ ʧʨʠ ʙʽʣʴʰʠʭ ʟʥʘʯʝʥʥʷʭ 

ʩʪʨʫʤʫ (2,0 ʤɸ) ʧʠʪʦʤʘ ʻʤʥʽʩʪ  ɹ ʟʨʦʩʪʘ  ̒ ʥʘ ʧʦʨʷʜʢʠ [234]. ʄʘʪʝʨʽʘʣ ʥʘ ʦʩʥʦʚ  ̔ ʮʽ̒  ʾ





115 ɺʠʙʨʘʥʽ ʨʦʟʨʷʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ (30-ʠʡ ʮʠʢʣ) ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩʫʥʢʫ 4.16. ʊʚʝʨʜʠʡ ʨʦʟʯʠʥ 

LaSn2,21Mg0,79, ʢʨʽʤ ʥʘʡʚʠʱʦʾ ʧʠʪʦʤʦʾ ʻʤʥʦʩʪʽ ʜʝʤʦʥʩʪʨʫʻ ʪʘʢʦʞ ʥʘʡʙʽʣʴʰʝ 

ʟʥʘʯʝʥʥʷ ʥʦʤʽʥʘʣʴʥʦʾ ʥʘʧʨʫʛʠ ʨʦʟʨʷʜʫ, ʱʦ ʩʪʘʥʦʚʠʪʴ ~2,60 ɺ. ʇʠʪʦʤʘ 

ʝʥʝʨʛʦʻʤʥʽʩʪʴ ʪʘʢʦʛʦ ʤʘʪʝʨʽʘʣʫ ʩʷʛʘʻ 240 ɺʪ Ŀ ʛʦʜ / ʢʛ. 

ʅʘ ʨʠʩʫʥʢʫ 4.17 ʥʘʚʝʜʝʥʦ ʉɽʄ-ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ɽɼʈʉ ʜʣʷ 

ʟʨʘʟʢʘ La25Sn75 ʜʦ ʪʘ ʧʽʩʣʷ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ. ʊʘʢ ʷʢ ʩʧʦʣʫʢʘ ʚ ʫʤʦʚʘʭ 

ʝʢʩʧʝʨʠʤʝʥʪʫ ʥʝ ʧʽʜʜʘʻʪʴʩʷ ʧʦʙʽʯʥʠʤ ʧʨʦʮʝʩʘʤ (ʨʦʟʢʣʘʜ, ʟʘʤʽʱʝʥʥʷ), ʜʦ ʪʘ 

ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʤʽʞ ʈɿʄ ʪʘ p-ʝʣʝʤʝʥʪʦʤ ʥʝ 

ʟʤʽʥʶʻʪʴʩʷ ʩʫʪʪʻʚʦ. 

 
ʈʠʩ. 4.15 ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ RM3Lix ʥʘ ʦʩʥʦʚʽ ʩʪʨʫʢʪʫʨʠ AuCu3 

 
ʈʠʩ. 4.16 ɺʠʙʨʘʥʽ ʨʦʟʨʷʜʥʽ ʢʨʠʚʽ ʜʣʷ ʧʨʦʪʦʪʠʧʽʚ ʍɼɽɽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  

ʬʘʟ ʟʽ ʩʪʫʢʪʫʨʦʶ ʪʠʧʫ AuCu3 ʷʢ ʝʣʝʢʪʨʦʜʥʠʭ ʤʘʪʝʨʽʘʣʽʚ 

 
ɸʚʪʦʨʠ ʪʘʢʦʞ [235] ʜʦʩʣʽʜʞʫʚʘʣʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʝ ʣʽʪʫʚʘʥʥʷ ʙʽʥʘʨʥʦʾ 

ʩʧʦʣʫʢʠ LaSn3 ʪʘ ʾʾ ʧʦʭʽʜʥʦʛʦ (ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʩʢʣʘʜʫ LaSn2,7In0,3). 

ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʚʦʥʠ ʪʘʢʦʞ ʩʪʠʢʘʶʪʴʩʷ ʟ ʧʨʦʮʝʩʘʤʠ ʨʦʟʢʣʘʜʫ-ʟʘʤʽʱʝʥʥʷ 

ʦʩʥʦʚʥʦʾ ʬʘʟʠ ʧʨʠ ʚʝʣʠʢʦʤʫ ʚʤʽʩʪʽ ʣʽʪʽʶ, ʧʨʠ  ʮʴʦʤʫ ʤʘʢʩʠʤʘʣʴʥʫ ʻʤʥʽʩʪʴ 
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4.1.4 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʣʽʪʫʚʘʥʥʷ ʜʝʷʢʠʭ Al-ʚʤʽʩʥʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ 

ɼʣʷ ʘʥʘʣʽʟʫ ʧʦʚʥʦʾ ʢʘʨʪʠʥʠ ʚʧʣʠʚʫ ʢʦʤʧʦʥʝʥʪʫ (s-, p-ʝʣʝʤʝʥʪʠ) ʥʘ  

ʧʨʦʮʝʩʠ ʪʘ ʚʟʘʻʤʦʜʽʶ ʧʽʜ ʯʘʩ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ ʜʦʜʘʪʢʦʚʦ ʩʠʥʪʝʟʫʚʘʥʦ ʩʧʣʘʚʠ, 

ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ. ɼʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʜʝʷʢʠʭ Al-ʚʤʽʩʥʠʭ ʬʘʟ 

ʦʙʨʘʥʦ ʙʽʥʘʨʥʽ ʽʥʪʝʨʤʝʪʘʣʽʜʠ ʟʽ ʩʪʨʫʢʪʫʨʦʶ TiAl3 ʩʢʣʘʜʫ Ti25Al75, V25Al75. ʋ 

ʪʘʙʣʠʮʽ 4.6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʈʌɸ ʜʣʷ ʫʩʽʭ ʚʠʷʚʣʝʥʠʭ ʬʘʟ ʜʦ ʪʘ ʧʽʩʣʷ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʪʘ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʢʽʣʴʢʦʩʪʽ ʦʙʦʨʦʪʥʦʛʦ 

ʽʥʪʝʨʢʘʣʴʦʚʘʥʦʛʦ ʣʽʪʽʶ. 

ɿʨʘʟʦʢ, ʱʦ ʤʽʩʪʠʚ ʪʠʪʘʥ, ʧʽʩʣʷ ʛʦʤʦʛʝʥʽʟʘʮʽʡʥʦʛʦ ʚʽʜʧʘʣʫ ʙʫʚ 

ʦʜʥʦʬʘʟʥʠʤ, ʘ ʦʪ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʽ ʤʠ 

ʩʧʦʩʪʝʨʽʛʘʣʠ ʧʽʢʠ ʥʦʚʦʫʪʚʦʨʝʥʠʭ ʬʘʟ, ʱʦ ʚʽʜʧʦʚʽʜʘʣʠ ʙʽʥʘʨʥʠʤ ʩʧʦʣʫʢʘʤ Al2Li3 

ʪʘ Al3Li, ʘʥʘʣʦʛʽʯʥʦ ʷʢ ʽ ʜʣʷ ʯʠʩʪʦʛʦ ʘʣʶʤʽʥʽʶ, ʱʦ ʦʧʠʩʘʥʦ ʚ ʈʦʟʜʽʣʽ 4.1.1. 

ʑʦʜʦ ʟʨʘʟʢʘ ʽʟ ʚʘʥʘʜʽʻʤ, ʪʦ ʩʧʣʘʚ ʜʦ ʣʽʪʫʚʘʥʥʷ, ʢʨʽʤ ʦʩʥʦʚʥʦʾ ʬʘʟʠ, 

ʤʽʩʪʠʚ ʱʝ ʩʣʽʜʠ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʚʘʥʘʜʽʶ (VxAl1-x), ʱʦ 

ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʫ ʩʪʨʫʢʪʫʨʥʦʤʫ ʪʠʧʽ W ʟ ʧʨʦʩʪʦʨʦʚʦʶ ʛʨʫʧʦʶ Im 3 m. 

ɿʘʢʦʥʦʤʽʨʥʦ, ʱʦ ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʤʘʻ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʝʣʝʤʝʥʪʘʨʥʫ ʢʦʤʽʨʢʫ, 

ʧʦʨʽʚʥʶʶʯʠ ʟ ʯʠʩʪʠʤ ʚʘʥʘʜʽʻʤ, ʪʘʢ ʷʢ ʨʘʜʽʫʩ ʘʪʦʤʘ ʘʣʶʤʽʥʽʶ ʻ ʟʥʘʯʥʦ ʙʽʣʴʰʠʤ 

ʥʽʞ ʚʘʥʘʜʽʶ (rAl = 1,43 ¡, rV = 1,34 ¡). ʇʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ 

ʜʠʬʨʘʢʪʦʛʨʘʤʘ ʜʣʷ ʟʨʘʟʢʘ V25Al75 ʜʝʤʦʥʩʪʨʫʻ ʨʝʥʪʛʝʥʽʚʩʴʢʽ ʨʝʬʣʝʢʩʠ ʚʽʜ 4 ʬʘʟ, 

ʜʦʜʘʪʢʦʚʠʤʠ ʻ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ ʤʽʞ ʣʽʪʽʻʤ ʪʘ ʘʣʶʤʽʥʽʻʤ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʻ 

ʽʤʦʚʽʨʥʽʩʪʴ ʫʪʚʦʨʝʥʥʷ ʽʥʰʠʭ LixAly ʩʧʦʣʫʢ, ʘʣʝ ʮʝ ʤʦʞʣʠʚʦ ʧʨʠ ʚʠʜʦʟʤʽʥʝʥʠʭ 

ʫʤʦʚʘʭ. 

ʊʝʨʥʘʨʥʽ Li-ʚʤʽʩʥʽ ʬʘʟʠ ï ʮʝ ʪʚʝʨʜʽ ʨʦʟʯʠʥʠ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ 

ʘʪʦʤʽʚ ʘʣʶʤʽʥʽʶ ʥʘ ʣʽʪʽʡ. ɿʙʽʣʴʰʝʥʥʷ ʦʙôʻʤʫ ï ʧʦʢʘʟʥʠʢ, ʱʦ ʚ ʜʘʥʦʤʫ ʚʠʧʘʜʢʫ 

ʥʝ ʜʝʤʦʥʩʪʨʫʻ ʦʜʥʦʟʥʘʯʥʦʩʪʽ, ʘʜʞʝ ʧʨʠ ʚʢʣʶʯʝʥʥʽ ʣʽʪʽʶ ʫ ʩʪʨʫʢʪʫʨʫ ʯʠ ʡʦʛʦ 

ʟʘʤʽʱʝʥʥʽ ʦʙôʻʤ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʟʨʦʩʪʘʻ (ʨʦʟʤʽʨʥʠʡ ʬʘʢʪʦʨ ʘʪʦʤʽʚ). 

ʇʦʷʩʥʠʪʠ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ ʤʦʞʥʘ ʽʟ ʨʝʟʫʣʴʪʘʪʽʚ ʈʌɸ, ʱʦ 

ʧʽʜʪʚʝʨʜʞʫʻ ʮʶ ʛʽʧʦʪʝʟʫ ʬʘʢʪʦʤ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ ʧʦʙʽʯʥʠʭ ʩʧʦʣʫʢ ʪʘ ɽɼʈʉ 

ʜʣʷ ʟʨʘʟʢʽʚ ʜʦ ʪʘ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʊʘʢ ʷʢ ʢʽʣʴʢʽʩʪʴ ʣʽʪʽʶ ʮʠʤ 

ʤʝʪʦʜʦʤ ʻ ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʦ ʚʩʪʘʥʦʚʠʪʠ, ʪʦ ʟʘ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤ ʢʽʣʴʢʦʩʪʝʡ 

d-ʝʣʝʤʝʥʪʽʚ ʪʘ ʘʣʶʤʽʥʽʶ ʙʘʯʠʤʦ, ʱʦ ʚʤʽʩʪ ʘʣʶʤʽʥʽʶ ʫ ʟʨʘʟʢʘʭ ʧʽʩʣʷ ʣʽʪʫʚʘʥʥʷ 









121 

 
ʈʠʩ. 4.21 ɻʽʧʦʪʝʪʠʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ TiAl3-xLix 

 

4.1.5 ɽʣʝʢʪʨʦʭʽʤʽʯʥʝ ʣʽʪʫʚʘʥʥʷ ʜʝʷʢʠʭ Sn-ʚʤʽʩʥʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ 

ʋ ʮʴʦʤʫ ʧʫʥʢʪʽ ʨʦʟʜʽʣʫ ʨʦʟʛʣʷʥʫʪʦ ʜʝʷʢʽ ʮʽʢʘʚʽ ʪʘ ʧʝʨʩʧʝʢʪʠʚʥʽ ʝʣʝʢʪʨʦʜʥʽ 

ʤʘʪʝʨʽʘʣʠ, ʱʦ ʤʽʩʪʷʪʴ ʩʪʘʥʫʤ ʟ ʪʦʯʢʠ ʟʦʨʫ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʧʨʠʢʣʘʜʥʦʛʦ 

ʟʥʘʯʝʥʥʷ. ɹʽʣʴʰ ʜʝʪʘʣʴʥʦ ʦʧʠʩʘʥʦ ʩʧʨʦʙʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʽʥʪʝʨʢʘʣʷʮʽʾ ʣʽʪʽʶ ʫ 

ʩʪʨʫʢʪʫʨʠ ʬʘʟ, ʷʢʽ ʤʘʶʪʴ ʱʽʣʴʥʫ ʩʪʨʫʢʪʫʨʫ. ɿʘʛʘʣʦʤ ʪʫʪ ʟʽʙʨʘʥʦ ʩʧʦʣʫʢʠ, ʷʢ  ̔

ʢʨʠʩʪʘʣʽʟʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʩʪʨʫʢʪʫʨʥʠʭ ʪʠʧʘʭ. ɼʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ ʜʣʷ 

ʜʦʜʘʪʢʦʚʦʛʦ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʪʝʦʨʽʾ ʧʨʦ ʩʧʝʮʠʬʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʣʽʪʽʶ ʟʽ ʩʪʘʥʫʤʦʤ ʧʽʜ 

ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʉʧʣʘʚʠ, ʷʢʽ ʩʠʥʪʝʟʫʚʘʣʠ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʾʭʥʽʭ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ: Mg67Sn33, Ti40Sn60, Ti54,5Sn55,5, Ti67Sn33, Ti75Sn25, 

Zr75Sn25, Tb33Sn67. ʈʝʟʫʣʴʪʘʪʠ ʈʌɸ ʟʨʘʟʢʽʚ ʜʦ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʪʘ ʧʽʩʣʷ 

ʧʨʠʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʽ 4.7 (ʘʪʦʤʥʽ ʚʽʜʩʦʪʢʠ ʩʪʦʩʫʶʪʴʩʷ ʣʠʰʝ ʦʙʦʨʦʪʥʦ ʜʝʣʽʪʦʚʘʥʦʛʦ 

ʣʽʪʽʶ). 

ʗʢ ʙʘʯʠʤʦ ʽʟ ʪʘʙʣʠʮʽ, ʥʝ ʚʩʽ ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʜʦ ʦʙʦʨʦʪʥʦʛʦ 

ʣʽʪʫʚʘʥʥʷ / ʜʝʣʽʪʫʚʘʥʥʷ. ʋ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʧʣʘʚʽʚ ʥʘ ʦʩʥʦʚʽ ʬʘʟ Ti2Sn  

(ʉʊ Co1,75Ge, ʇɻ P63/mmc), Zr3Sn (ʉʊ Cr3Si, ʇɻ Pm 3 n) ʪʘ TbSn2  

(ʉʊ ZrSi2, ʇɻ Cmcm) ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʫʪʚʦʨʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʥʝʘʢʪʠʚʥʠʭ 

(ʥʝʦʙʦʨʦʪʥʠʭ) ʪʝʨʥʘʨʥʠʭ ʬʘʟ, ʱʦ ʻ ʪʚʝʨʜʠʤʠ ʨʦʟʯʠʥʘʤʠ ʟʘʤʽʱʝʥʥʷ ʩʪʘʥʫʤʫ ʥʘ 

ʣʽʪʽʡ ʯʠ ʚʢʣʶʯʝʥʥʷ. ʂʨʠʪʝʨʽʻʤ ʚʠʙʦʨʫ ʤʝʭʘʥʽʟʤʫ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʻ 

ɽɼʈʉ ʘʥʘʣʽʟ ʪʘ ʟʥʘʢ ʟʤʽʥʠ ʚʽʜʥʦʩʥʦʛʦ ʦʙôʻʤʫ: ʜʦʜʘʪʥʽʡ ʚʢʘʟʫʻ ʥʘ ʚʢʣʶʯʝʥʥʷ ʘʪʦʤʽʚ 

ʣʽʪʽʶ ʚ ʧʫʩʪʦʪʠ, ʥʝʛʘʪʠʚʥʠʡ ï ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ p-ʝʣʝʤʝʥʪʘ ʥʘ ʣʽʪʽʡ. 



122 ʋ ʚʠʧʘʜʢʫ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʟʨʘʟʢʘ ʩʢʣʘʜʫ Tb33Sn67 

ʫʪʚʦʨʶʻʪʴʩʷ ʬʘʟʘ ʥʝʚʽʜʦʤʦʾ ʩʪʨʫʢʪʫʨʠ. ʇʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʮʷ ʥʦʚʘ ʩʧʦʣʫʢʘ  ̒

ʨʝʟʫʣʴʪʘʪʦʤ ʚʟʘʻʤʦʜʽʾ ʩʧʦʣʫʢʠ TbSn2 ʪʘ ʝʣʝʢʪʨʦʣʽʪʫ. ɽʣʝʤʝʥʪʥʠʡ ʘʥʘʣʽʟ ʚ ʮʴʦʤʫ 

ʚʠʧʘʜʢʫ ʻ ʤʘʣʦʽʥʬʦʨʤʘʪʠʚʥʠʡ, ʪʘʢ ʷʢ ʜʣʷ ʥʦʚʦʾ ʬʘʟʠ ʚʽʥ ʚʢʘʟʫʻ ʣʠʰʝ ʥʘ 

ʧʨʠʙʣʠʟʥʠʡ ʩʢʣʘʜ ʧʦʚʝʨʭʥʽ Li80,60Tb11,47Sn7,93 (ʨʠʩʫʥʢʠ 4.22, ʘ, ʙ). ɼʣʷ ʽʥʰʠʭ ʟʨʘʟʢʽʚ 

ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʨʽʟʥʽ ʤʝʭʘʥʽʟʤʠ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟ ʣʽʪʽʻʤ. 

ʅʘ ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Ti3Sn (ʉʊ Mg3Cd, ʇɻ P63/mmc) ʫʪʚʦʨʶʻʪʴʩʷ 

ʪʚʝʨʜʠʡ ʨʦʟʯʠʥ ʚʢʣʶʯʝʥʥʷ ʜʦ ~0,1 Li / ʬ. ʦ., ʱʦ ʜʦʨʽʚʥʶʻ 2,50 ʘʪ. % Li. ɯʤʦʚʽʨʥʘ 

ʢʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ ʪʝʨʥʘʨʥʦʾ ʬʘʟʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʫ 4.23. 

ɸʪʦʤʠ ʣʽʪʽʶ ʚʢʣʶʯʘʶʪʴʩʷ ʚ ʦʢʪʘʝʜʨʠʯʥʽ ʧʫʩʪʦʪʠ (ʡʤʦʚʽʨʥʦ ʚ ʧʫʩʪʦʪʠ 6g) 

ʫʪʚʦʨʝʥʽ ʜʚʦʤʘ ʘʪʦʤʘʤʠ ʩʪʘʥʫʤʫ ʪʘ ʯʦʪʠʨʤʘ ʘʪʦʤʘʤʠ ʪʠʪʘʥʫ (ʩʠʣʴʥʦ 

ʜʝʬʦʨʤʦʚʘʥʠʡ ʦʢʪʘʝʜʨ [LiTi4Sn2]). ʅʘ ʨʠʩʫʥʢʫ 4.24 ʥʘʚʝʜʝʥʽ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʽ ʢʨʠʚʽ 

ʜʣʷ ʍɼɽɽ LiCoO2 // Ti3Sn. ʗʢ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʟʨʘʟʢʘʭ ʜʦ 10-11 ʮʠʢʣʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʢʪʠʚʘʮʽʷ ʧʦʚʝʨʭʥʽ ʪʘ ʦʙôʻʤʫ ʤʘʪʝʨʽʘʣʫ. ʅʦʤʽʥʘʣʴʥʘ ʥʘʧʨʫʛʘ ʍɼɽɽ  

ʩʪʘʥʦʚʠʪʴ 1,35 ɺ. ɯʤʦʚʽʨʥʦ, ʛʦʣʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʚʪʨʘʪʠ ʻʤʥʦʩʪʽ ʻ ʨʦʟʢʣʘʜ 

ʝʣʝʢʪʨʦʣʽʪʫ ʧʨʠ ʧʦʪʝʥʮʽʘʣʘʭ ʧʦʥʘʜ 5 B ʪʘ ʚʟʘʻʤʦʜʽʷ ʡʦʛʦ ʢʦʤʧʦʥʝʥʪʽʚ ʟ ʧʦʚʝʨʭʥʝʶ 

ʤʘʪʝʨʽʘʣʫ [236]. ʇʽʜ ʯʘʩ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʯʘʩʪʢʦʚʠʡ ʨʦʟʢʣʘʜ 

ʤʦʣʝʢʫʣ ʨʦʟʯʠʥʥʠʢʘ ʪʘ ʚʟʘʻʤʦʜʽʷ ʟ ʧʦʚʝʨʭʥʝʶ ʤʘʪʝʨʽʘʣʫ ʟ ʧʦʜʘʣʴʰʠʤ ʚʢʣʶʯʝʥʥʷʤ 

ʽʦʥʽʚ ʪʘ ʽʥʰʠʭ ʯʘʩʪʠʥʦʢ, ʱʦ ʻ ʨʦʟʯʠʥʽ. ʊʘʢʦʛʦ ʪʠʧʫ ʧʣʽʚʢʠ ʻ ʥʝʙʘʞʘʥʠʤʠ ʪʘ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʧʦʜʘʣʴʰʫ ʽʥʪʝʨʢʘʣʷʮʽʶ ʣʽʪʽʶ, ʦʩʢʽʣʴʢʠ ʙʣʦʢʫʶʪʴ ʧʫʩʪʦʪʠ 

ʩʪʨʫʢʪʫʨʠ. 

ʅʘ ʨʠʩʫʥʢʫ 4.22, ʛ ʥʘ ʧʦʚʝʨʭʥʽ ʟʨʘʟʢʘ ʚʜʘʣʦʩʷ ʟʘʨʝʻʩʪʨʫʚʘʪʠ ʥʦʚʦʫʪʚʦʨʝʥʥʷ ï 

ʧʘʩʠʚʫʶʯʫ ʧʣʽʚʢʫ, ʷʢʘ, ʢʨʽʤ ʢʦʤʧʦʥʝʥʪʽʚ ʩʧʣʘʚʫ, ʤʽʩʠʪʴ ʢʦʤʧʦʥʝʥʪʠ ʝʣʝʢʪʨʦʣʽʪʫ ʽ 

ʧʦʛʽʨʰʫʻ ʨʦʙʦʪʫ ʍɼɽE [237, 236]. ʊʚʝʨʜʦʬʘʟʥʘ ʽʥʪʝʨʬʘʟʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʝ 

ʩʣʫʞʠʪʠ ʩʫʙʩʪʨʘʪʦʤ ʜʣʷ ʨʦʩʪʫ ʜʝʥʜʨʠʪʽʚ ʣʽʪʽʶ ʟ ʽʥʰʠʤʠ ʽʦʥʘʤʠ ʝʣʝʢʪʨʦʣʽʪʫ. ʗʢʱʦ 

ʜʦʚʞʠʥʘ ʜʝʥʜʨʠʪʫ ʻ ʜʦʩʠʪʴ ʟʥʘʯʥʦʶ, ʪʦ ʤʦʞʝ ʚʠʥʠʢʥʫʪʠ ʧʦʰʢʦʜʞʝʥʥʷ ʩʝʧʘʨʘʪʦʨʘ, 

ʱʦ ʨʦʙʠʪʴ ʍɼɽɽ ʥʝʧʨʠʜʘʪʥʠʤ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʯʝʨʝʟ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ 

ʝʣʝʢʪʨʦʜʥʠʭ ʧʨʦʩʪʦʨʽʚ. ʗʢ ʚʠʜʥʦ ʟ ʨʠʩʫʥʢʽʚ, ʫ ʨʝʟʫʣʴʪʘʪʽ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʧʨʦʮʝʩʽʚ 

ʟʤʽʥʠʣʘʩʴ ʤʦʨʬʦʣʦʛʽʷ ʧʦʚʝʨʭʥʽ ï ʟʝʨʥʘ ʟʤʝʥʰʠʣʠʩʷ ʚ ʨʦʟʤʽʨʘʭ, ʧʦʚʝʨʭʥʷ ʩʪʘʻ 

ʨʠʭʣʦʶ ʪʘ ʯʘʩʪʢʦʚʦ ʨʫʡʥʫʻʪʴʩʷ. 

 













128 30Ü, ʱʦ ʜʝʤʦʥʩʪʨʫʻ ʯʘʩʪʢʦʚʫ ʘʤʦʨʬʽʟʘʮʽʶ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʪʘʢʦʞ ʧʨʦ ʮʝ 

ʩʚʽʜʯʠʪʴ ʨʦʟʰʠʨʝʥʥʷ ʧʨʦʬʽʣʶ ʜʠʬʨʘʢʮʽʡʥʠʭ ʧʽʢʽʚ. 

 

ʈʠʩ. 4.28 ɼʠʬʨʘʢʪʦʛʨʘʤʠ ʜʣʷ ʟʨʘʟʢʘ Mg67Sn33 ʜʦ ʣʽʪʫʚʘʥʥʷ (ʥʠʞʥʷ, ʩʠʥʽʡ ʢʦʣʽʨ) 

ʪʘ ʧʽʩʣʷ ʣʽʪʫʚʘʥʥʷ (ʚʝʨʭʥʷ, ʯʝʨʚʦʥʠʡ ʢʦʣʽʨ) 

 

ʗʢ ʚʠʜʥʦ ʽʟ ʨʠʩʫʥʢʫ 4.29 ʚʽʜʙʫʣʘʩʷ ʟʤʽʥʘ ʤʦʨʬʦʣʦʛʽʾ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʘʥʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ. ɼʝʷʢʽ ʟʝʨʥʘ ʧʦʤʽʪʥʦ ʟʤʝʥʰʠʣʠʩʷ ʚ ʨʦʟʤʽʨʘʭ ʪʘ ʧʦʜʨʽʙʥʠʣʠʩʷ, ʽʥʰ  ̔

ʘʛʨʝʛʫʚʘʣʠ ʟ ʫʪʚʦʨʝʥʥʷʤ ʙʽʣʴʰʦʛʦ ʨʦʟʤʽʨʫ ʯʘʩʪʠʥʦʢ. ʇʨʠʯʠʥʦʶ ʮʴʦʛʦ ʻ ʥʘʷʚʥʽʩʪ  ɹ

ʘʪʦʤʽʚ ʣʽʪʽʶ ʪʘ ʤʦʣʝʢʫʣ ʝʣʝʢʪʨʦʣʽʪʫ ʥʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʝʨʝʪʚʦʨʶʶʪ  ɹ

ʧʦʨʦʰʢʦʧʦʜʽʙʥʠʡ ʤʘʪʝʨʽʘʣ ʚ ʧʣʘʩʪʠʯʥʫ ʤʘʩʫ. ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʧʦʚʝʨʭʥʷ Li-

ʚʤʽʩʥʦʛʦ ʟʨʘʟʢʘ ʩʪʘʣʘ ʧʦʤʽʪʥʦ ʙʽʣʴʰ ʨʦʟʚʠʥʝʥʘ ʪʘ ʧʨʦʨʝʘʛʦʚʘʥʘ, ʱʦ ʧʽʜʪʚʝʨʜʞʫ  ̒

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʚʟʘʻʤʦʜʽʶ ʥʘ ʧʦʚʝʨʭʥʽ ʝʣʝʢʪʨʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʪʘ ʚ ʦʙôʻʤʽ ʟʨʘʟʢʘ. 

ʉʢʣʘʜ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʧʽʩʣʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʛʦ ʣʽʪʫʚʘʥʥʷ ʟʤʽʥʠʚʩʷ ʥʘ ʢʦʨʠʩʪʴ ʤʘʛʥʽʶ, 

ʱʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʫʻ ʧʨʦʭʦʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʨʝʘʢʮʽʾ ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ 

ʩʪʘʥʫʤʫ ʥʘ ʣʽʪʽʡ ʫ ʚʠʭʽʜʥʽʡ ʩʪʨʫʢʪʫʨʽ. ʅʘ ʞʘʣʴ, ʢʽʣʴʢʽʩʥʦ ʦʮʽʥʠʪʠ ʚʤʽʩʪ ʣʽʪʽʶ ʻ 

ʥʝʤʦʞʣʠʚʦ ʯʝʨʝʟ ʦʙʤʝʞʝʥʽʩʪʴ ʤʝʪʦʜʫ ɽɼʈʉ. 

ʅʘ ʨʠʩʫʥʢʫ 4.30 ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʙʨʘʥ  ̔ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʽ ʢʨʠʚʽ ʜʣ  ̫ ʍɼɽɽ  

LiCoO2 // Mg2Sn. ʗʢ ʙʘʯʠʤʦ, ʧʨʦʪʷʛʦʤ 50 ʮʠʢʣʽʚ ʜʝʤʦʥʩʪʨʫʻʪʴʩ  ̫ʟʘʛʘʣʴʥʘ ʩʪʘʙʽʣʴʥʽʩʪ  ɹ

ʤʘʪʝʨʽʘʣʫ. ɯʟ ʢʨʠʚʠʭ ʨʦʟʨʷʜʫ ʟʘʢʦʥʦʤʽʨʥʦ ʧʨʦʩʪʝʞʫʻʤʦ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʷʜʫ ʧʨʠ 

ʟʙʽʣʴʰʝʥʥʽ ʩʠʣʠ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ. ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʦʟʨʷʜʫ ʪʘ ʻʤʥʦʩʪ  ̔

ʤʘʪʝʨʽʘʣʫ ʪʠʧʦʚʘ ʷʢ ʜʣ  ̫ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʟʨʘʟʢʽʚ, ʱʦ ʧʦʚôʷʟʘʥʦ ʽʟ ʜʝʷʢʦ  ʁ

ʥʝʦʙʦʨʦʪʥʽʩʪ  ʁʨʝʘʢʮʽ  ʾʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥ ,̫ ʜʝʷʢʦʶ ʚʟʘʻʤʦʜʽʻʶ ʧʦʚʝʨʭʥ  ̔ʝʣʝʢʪʨʦʜʫ 





130 ʟʤʽʱʝʥʥʷ ʩʢʣʘʜʫ ʩʧʣʘʚʫ ʥʘ ʢʦʨʠʩʪʴ ʪʫʛʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʯʝʨʝʟ ʚʽʜʥʦʩʥʦ 

ʥʝʚʝʣʠʢʫ ʪʝʤʧʝʨʘʪʫʨʫ ʢʠʧʽʥʥʷ ʩʪʠʙʽʶ, ʦʜʥʘʢ ʯʘʩʪʢʠ ʧʦʙʽʯʥʠʭ ʬʘʟ ʙʫʣʠ 

ʥʝʟʥʘʯʥʠʤʠ ʪʘ ʥʝ ʚʧʣʠʚʘʣʠ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʈʝʟʫʣʴʪʘʪʠ ʈʌɸ ʜʣʷ ʫʩʽʭ ʩʧʦʣʫʢ, ʱʦ ʚʠʢʦʥʫʚʘʣʠ ʨʦʣʴ ʝʣʝʢʪʨʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ, ʜʝʤʦʥʩʪʨʫʶʪʴ ʫʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ ʟʘʤʽʱʝʥʥʷ ʟ ʫʪʚʦʨʝʥʥʷʤ 

ʧʨʦʤʽʞʥʠʭ ʩʧʦʣʫʢ ʤʽʞ Li ʪʘ Sb (ʪʘʙʣʠʮʷ 4.10). ʋʪʚʦʨʝʥʥʷ ʪʚʝʨʜʠʭ ʨʦʟʯʠʥʽʚ 

ʟʘʤʽʱʝʥʥʷ ʙʫʣʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʨʝʥʪʛʝʥʦʛʨʘʬʽʯʥʦ ʟʘ ʟʤʽʥʦʶ ʧʘʨʘʤʝʪʨʽʚ 

ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʪʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ɽɼʈʉ (ʨʠʩʫʥʦʢ 4.31). ʊʠʧʦʚʘ ʩʠʪʫʘʮʽʷ 

ʧʨʠ ʽʥʪʝʨʢʘʣʷʮʽʾ Li ʫ ʜʦʩʣʽʜʞʫʚʘʥʽ ʟʨʘʟʢʠ: ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ Sb ʥʘ Li, ʱʦ ʥʘ 

ʨʝʟʫʣʴʪʘʪʘʭ ɽɼʈʉ ʚʽʜʦʙʨʘʞʘʻ ʟʤʝʥʰʝʥʥʷ ʚʤʽʩʪʫ ʩʪʠʙʽʶ ʪʘ ʟʨʦʩʪʘʥʥʷ ʚʤʽʩʪʫ 

ʧʝʨʝʭʽʜʥʦʛʦ ʝʣʝʤʝʥʪʘ (Ti, Zr). 

ɿʨʘʟʦʢ ʩʢʣʘʜʫ Ti75Sb25 ʤʽʩʪʠʚ ʣʠʰʝ ʦʜʥʫ ʬʘʟʫ Ti3Sb (ʉʊ Cr3Si,  

ʇɻ Pm 3 n). ɺ ʣʽʪʝʨʘʪʫʨʽ [84] ʻ ʚʽʜʦʤʦʩʪʽ ʧʨʦ ʢʦʥʮʝʥʪʨʘʮʽʡʥʠʡ ʧʦʣʽʤʦʨʬʽʟʤ ʮʽʻʾ 

ʩʧʦʣʫʢʠ ʪʘ ʽʩʥʫʚʘʥʥʷ ʩʧʦʣʫʢʠ Ti3,2Sb0,8, ʱʦ ʢʨʠʩʪʘʣʽʟʫʻʪʴʩʷ ʚ ʉʊ Mg3Cd (ʚ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʧʫʥʢʪʽ ʙʫʣʦ ʦʧʠʩʘʥʦ ʮʽʢʘʚʽ ʚʣʘʩʪʠʚʦʩʪʽ ʩʪʘʥʽʜʫ, ʱʦ ʩʘʤʝ ʤʘʻ ʮʶ 

ʩʪʨʫʢʪʫʨʫ). ʉʘʤʝ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʽʩʥʫʚʘʥʥʷ ʮʽʻʾ ʩʧʦʣʫʢʠ ʤʠ ʩʠʥʪʝʟʫʚʘʣʠ ʟʨʘʟʦʢ 

ʩʢʣʘʜʫ Ti80Sb20, ʱʦ ʟʛʽʜʥʦ ʈʌɸ ʤʽʩʪʠʚ ʜʚʽ ʬʘʟʠ: ʢʫʙʽʯʥʫ Ti3Sb ʪʘ ʛʝʢʩʘʛʦʥʘʣʴʥʫ 

Ŭ-ʊʽ. ɻʝʢʩʘʛʦʥʘʣʴʥʫ ʤʦʜʠʬʽʢʘʮʽʶ Ti3Sb ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʚʽʜʧʘʣʫ 400 Üʉ ʤʠ ʥʝ 

ʚʠʷʚʠʣʠ [236]. ʇʦʪʨʽʡʥʘ Li-ʚʤʽʩʥʘ ʬʘʟʘ ʥʝ ʜʝʤʦʥʩʪʨʫʻ ʦʙʦʨʦʪʥʦʾ ʟʜʘʪʥʦʩʪʽ, 

ʟʘʢʦʥʦʤʽʨʥʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʜʝʱʦ ʤʝʥʰʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʝʣʝʤʝʥʪʘʨʥʦʾ 

ʢʦʤʽʨʢʠ. ʈʌɸ ʩʧʣʘʚʫ ʩʢʣʘʜʫ Ti62,5Sb37,5 ʢʨʽʤ ʦʩʥʦʚʥʦʾ ʬʘʟʠ Ti5Sb3 (CT Y5Bi3,  

ʇɻ Pnma) ʟʘʩʚʽʜʯʠʚ ʱʝ ʜʝʷʢʫ ʢʽʣʴʢʽʩʪʴ ʙʽʥʘʨʥʦʾ ʜʝʬʝʢʪʥʦʾ ʬʘʟʠ (ʉʊ Cr11Ge8,  

ʇɻ Pnma). ʉʢʣʘʜ ʮʽʻʾ ʩʧʦʣʫʢʠ ʚʠʟʥʘʯʝʥʠʡ ʘʚʪʦʨʘʤʠ [81]. ɺ ʜʚʦʭ ʙʽʥʘʨʥʠʭ 

ʩʧʦʣʫʢʘʭ ʩʧʦʩʪʝʨʽʛʘʻʤʦ ʤʝʭʘʥʽʟʤ ʯʘʩʪʢʦʚʦʛʦ ʟʘʤʽʱʝʥʥʷ ʩʪʠʙʽʶ ʥʘ ʣʽʪʽʡ ʟ 

ʩʫʪʪʻʚʠʤ ʟʤʝʥʰʝʥʥʷʤ ʦʙôʻʤʫ ʪʘ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʦʨʦʪʥʦʾ ʟʜʘʪʥʦʩʪʽ ʜʦ  

ʣʽʪʫʚʘʥʥʷ / ʜʝʣʽʪʫʚʘʥʥʷ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʥʝ ʚʽʜʤʽʪʠʣʠ ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ 

LixSby ʩʧʦʣʫʢ, ʪʘʢ ʷʢ ʥʘ ʬʦʥʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʽʢʽʚ ʚʽʜ ʜʚʦʭ ʦʩʥʦʚʥʠʭ ʬʘʟ ʥʝ 

ʤʦʞʣʠʚʦ ʙʫʣʦ ʚʩʪʘʥʦʚʠʪʠ ʧʨʠʩʫʪʥʽʩʪʴ ʥʝʚʝʣʠʢʦʾ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʚʽʜʙʠʪʪʽʚ 

ʧʦʙʽʯʥʠʭ ʩʧʦʣʫʢ. ʄʠ ʚʚʘʞʘʻʤʦ, ʱʦ ʪʘʢʽ ʩʧʦʣʫʢʠ ʫʪʚʦʨʶʶʪʴʩʷ, ʪʘʢ ʷʢ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʤʽʱʝʥʥʷ ʨ-ʝʣʝʤʝʥʪʘ ʥʘ s-ʝʣʝʤʝʥʪ. 



131 ʃʠʰʝ ʚ ʦʜʥʦʤʫ ʚʠʧʘʜʢʫ ʽʟ ʦʧʠʩʘʥʠʭ ʫ ʮʴʦʤʫ ʧʫʥʢʪʽ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʧʨʦʭʦʜʞʝʥʥʷ ʧʨʦʮʝʩʽʚ ʟʘʤʽʱʝʥʥʷ ʩʪʠʙʽʶ ʥʘ ʣʽʪʽʡ ʟ ʧʦʤʽʪʥʦʶ ʦʙʦʨʦʪʥʽʩʪʶ. ʅʘ 

ʦʩʥʦʚʽ ʙʽʥʘʨʥʦʾ ʩʧʦʣʫʢʠ Zr3Sb (ʉʊ Ni3P, ʇɻ I 4 ) ʥʘʤ ʚʜʘʣʦʩʷ ʦʪʨʠʤʘʪʠ ʪʚʝʨʜʠʡ 

ʨʦʟʯʠʥ ʟʘʤʽʱʝʥʥʷ ʽʟ ʛʨʘʥʠʯʥʠʤ ʩʢʣʘʜʦʤ Zr3Sb0,95Li0,05, ʱʦ ʧʨʦʷʚʣʷʻ 

ʝʣʝʢʪʨʦʭʽʤʽʯʥʫ ʘʢʪʠʚʥʽʩʪʴ. ɸʥʘʣʦʛʽʯʥʠʤ ʜʦ ʫʩʽʭ ʧʦʧʝʨʝʜʥʽʭ ʚʠʧʘʜʢʽʚ ʻ 

ʟʤʝʥʰʝʥʥʷ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʪʘ ʫʪʚʦʨʝʥʥʷ ʧʦʙʽʯʥʠʭ ʙʽʥʘʨʥʠʭ 

ʬʘʟ ʜʣʷ ʣʽʪʽʶ ʟʽ ʩʪʠʙʽʻʤ. ʅʘ ʨʠʩʫʥʢʫ 4.32, ʘ, ʙ ʧʨʠʚʝʜʝʥʽ ʚʠʙʨʘʥʽ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʧʨʦʪʦʪʠʧʫ ʘʢʫʤʫʣʷʪʦʨʘ LiCoO2 // Zr3Sb. ɺʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ 

ʟʣʘʤʽʚ ʥʘ ʟʘʨʷʜʥʠʭ ʢʨʠʚʠʭ ʭʘʨʘʢʪʝʨʠʟʫʻ ʨʽʟʥʽ ʧʨʦʤʽʞʥʽ ʝʪʘʧʠ ʽʥʪʝʨʢʘʣʷʮʽʾ: 

ʚʭʦʜʞʝʥʥʷ ʘʪʦʤʽʚ Li ʫ ʩʪʨʫʢʪʫʨʫ ʤʘʪʝʨʽʘʣʫ, ʟʘʤʽʱʝʥʥʷ ʘʪʦʤʽʚ ʪʘ ʫʪʚʦʨʝʥʥʷ 

ʙʽʥʘʨʥʦʾ ʬʘʟʠ ɓ-Li3Sb ʥʘ ʧʦʚʝʨʭʥʽ ʟʝʨʝʥ ʦʩʥʦʚʥʦʾ ʬʘʟʠ. ʆʩʥʦʚʥʽ ʬʘʢʪʦʨʠ, ʱʦ 

ʚʧʣʠʚʘʶʪʴ ʥʘ ʤʝʭʘʥʽʟʤ ʮʠʭ ʧʨʦʮʝʩʽʚ ï ʨʦʟʤʽʨʥʠʡ ʪʘ ʝʣʝʢʪʨʦʥʥʠʡ.  

ʄʠ ʧʨʠʧʫʩʢʘʻʤʦ, ʱʦ ʻ ʜʝʷʢʘ ʩʢʣʘʜʦʚʘ ʢʦʚʘʣʝʥʪʥʦʛʦ ʪʘ ʽʦʥʥʦ-

ʢʦʚʘʣʝʥʪʦʛʦ ʟʚôʷʟʢʫ ʫ ʪʝʨʥʘʨʥʽʡ ʩʧʦʣʫʮʽ, ʱʦ ʤʽʩʪʠʪʴ Sb. ɼʝʪʘʣʴʥʽʰʝ ʪʘʢʽ 

ʛʽʧʦʪʝʟʠ ʤʦʞʥʘ ʨʦʟʛʣʷʥʫʪʠ ʥʘ ʧʨʠʢʣʘʜʽ ʙʽʥʘʨʥʦʛʦ ʩʪʠʙʽʜʫ Ŭ-Mg3Sb2 (ʉʊ La2O3, 

ʇɻ ʈ 3 m). ʍʽʤʽʯʥʠʡ ʟʚôʷʟʦʢ ʫ ʚʠʭʽʜʥʦʤʫ ʤʘʪʝʨʽʘʣʽ ʤʘʻ ʩʢʣʘʜʦʚʫ ʽʦʥʥʦ-ʢʦʚʘʣʝʥʪʥʦʛʦ. 

ʋ ʚʠʧʘʜʢʫ ʩʪʘʥʽʜʽʚ ʚʽʜʙʫʚʘʣʦʩʷ ʟʘʤʽʱʝʥʥʷ ʣʠʰʝ ʨ-ʝʣʝʤʝʥʪʫ ʥʘ ʣʽʪʽʡ, ʫ ʮʴʦʤʫ ʟʨʘʟʢʫ ï 

ʦʜʥʦʯʘʩʥʝ ʯʘʩʪʢʦʚʝ ʟʘʤʽʱʝʥʥʷ ʽ Li, i Sb, ʫʪʚʦʨʶʶʯʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʙʽʥʘʨʥʠʭ 

ʩʧʦʣʫʢ ʥʘ ʦʩʥʦʚʽ Li, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʜʚʽ ʧʦʣʽʤʦʨʬʥʽ ʤʦʜʠʬʽʢʘʮʽ  ʾLi3Sb: 

(ʅʊʄ ʟ  ̔ʉʊ BiF3, ʇɻ Fm 3 m ʪʘ ɺʊʄ ʟʽ ʉʊ Na3As, ʇɻ P63/mmc), ʙʽʥʘʨʥʽ ʩʧʦʣʫʢʠ Li2Sb 

(ʉʊ Mg2Ga, ʇɻ ʈ6 2ʩ) ʪʘ Li3Mg5 (ʉʊ Li3Mg5, ʇɻ I4/m). 

ɼʦʩʣʽʜʞʫʚʘʥʠʡ ʟʨʘʟʦʢ ʢʨʽʤ, ʦʩʥʦʚʥʦʾ ʬʘʟʠ ʤʽʩʪʠʚ ʱʝ ʩʣʽʜʦʚʽ ʢʽʣʴʢʦʩʪʽ 

ʪʚʝʨʜʦʛʦ ʨʦʟʯʠʥʫ ʥʘ ʦʩʥʦʚʽ ʩʪʠʙʽʶ (ʉʊ As, ʇɻ R3 m), ʱʦ ʨʦʟʯʠʥʷʻ ʜʦ 1 ʘʪ.% Mg. ʅʘ 

ʨʠʩʫʥʢʫ 4.31, ʚ, ʛ ʧʨʝʜʩʪʘʚʣʝʥʽ ʚʠʙʨʘʥʽ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʽ ʢʨʠʚʽ ʜʣʷ ʧʨʦʪʦʪʠʧʫ 

ʘʢʫʤʫʣʷʪʦʨʘ LiCoO2 // Ŭ-Mg3Sb2. ʍʘʨʘʢʪʝʨ ʟʘʨʷʜʥʠʭ ʢʨʠʚʠʭ ʩʚʽʜʯʠʪʴ ʧʨʦ ʩʠʣʴʥʫ 

ʚʟʘʻʤʦʜʽʶ ʤʘʪʝʨʽʘʣʫ ʝʣʝʢʪʨʦʜʘ ʽʟ ʝʣʝʢʪʨʦʣʽʪʦʤ ʧʨʠ ʽʥʪʝʨʢʘʣʷʮʽʾ Li. ɿʽ ʟʙʽʣʴʰʝʥʥʷʤ 

ʧʦʨʷʜʢʫ ʮʠʢʣʫ ʟʤʝʥʰʫʻʪʴʩʷ ʯʘʩ ʨʦʟʨʷʜʫ, ʱʦ ʧʦʚôʷʟʘʥʝ ʽʟ ʟʥʘʯʥʠʤ ʨʫʡʥʫʚʘʥʥʷʤ 

ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʜʦʩʣʽʜʞʫʚʘʥʦʛʦ ʟʨʘʟʢʘ (ʩʘʤʝ ʪʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠ 

ʣʠʰʝ ʧʨʦʪʷʛʦʤ 20 ʮʠʢʣʽʚ).  
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4.1.7 ɼʦʩʣʽʜʞʝʥʥʷ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦʾ ʧʦʚʝʜʽʥʢʠ ʢʘʪʦʜʥʦʛʦ 

ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ LiCoO2 

ɼʞʝʨʝʣʦʤ ʣʽʪʽʶ ʚ ʣʽʪʽʡ-ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ ʤʦʞʝ ʙʫʪʠ ʷʢ ʯʠʩʪʠʡ 

ʤʝʪʘʣʽʯʥʠʡ ʣʽʪʽʡ, ʪʘʢ ʽ ʦʢʩʠʜʥʽ ʩʧʦʣʫʢʠ (ʢʝʨʘʤʽʢʠ), ʱʦ ʤʽʩʪʷʪʴ ʧʝʨʝʭʽʜʥʠʡ 

ʤʝʪʘʣ (Ni, Co, Fe, Mn). ɺʠʢʦʨʠʩʪʘʥʥʷ ʣʽʪʽʶ ʻ ʦʙʤʝʞʝʥʠʤ ʯʝʨʝʟ ʫʪʚʦʨʝʥʥʷ 

ʜʝʥʜʨʠʪʽʚ ʪʘ ʩʦʣʴʚʘʪʽʚ ʥʘ ʡʦʛʦ ʧʦʚʝʨʭʥʽ, ʱʦ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʨʫʡʥʫʚʘʥʥʷ 

ʘʢʫʤʫʣʷʪʦʨʘ. ʋ ʜʠʩʝʨʪʘʮʽʡʥʽʡ ʨʦʙʦʪʽ ʷʢ ʜʞʝʨʝʣʦ ʣʽʪʽʶ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ 

ʨʦʤʙʦʝʜʨʠʯʥʫ ʤʦʜʠʬʽʢʘʮʽʶ ʣʽʪʽʡ ʢʦʙʘʣʴʪʘʪʫ(ɯɯɯ) LiCoO2 (ʉʊ NaFeO2, ʇɻ R 3 m). 

ɺʠʙʽʨ ʩʘʤʝ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʧʦʷʩʥʶʻʤʦ ʩʪʘʙʽʣʴʥʦʶ ʧʦʚʝʜʽʥʢʦʶ ʚ ʘʧʨʦʪʦʥʥʠʭ 

ʨʦʟʯʠʥʥʠʢʘʭ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʩʪʨʫʤʫ, ʚʠʩʦʢʦʶ ʜʠʬʫʟʽʻʶ ʽʦʥʽʚ ʣʽʪʽʶ ʚ 

ʡʦʛʦ ʩʪʨʫʢʪʫʨʽ, ʘ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʴʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʢʦʤʝʨʮʽʡʥʠʭ ʣʽʪʽʡ-

ʽʦʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʷʢʽʩʥʦ ʪʘ ʢʽʣʴʢʽʩʥʦ ʚʩʪʘʥʦʚʠʪʠ ʷʢ ʟʤʽʥʶʶʪʴʩʷ 

ʧʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʮʽʻʾ ʩʧʦʣʫʢʠ ʧʨʦʪʷʛʦʤ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʽʟ ʜʝʣʽʪʫʚʘʥʥʷʤ. ɺ ʪʘʙʣʠʮʽ 4.9 ʥʘʚʝʜʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʈʌɸ 

ʟʨʘʟʢʽʚ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʨʷʜʢʫ ʮʠʢʣʽʚ: ʧʽʩʣʷ 5-ʛʦ, 10-ʛʦ, 

15-ʛʦ, 20-ʛʦ, 25-ʛʦ ʪʘ 30-ʛʦ ʮʠʢʣʫ. 

 

ʊʘʙʣʠʮʷ 4.9 ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʢʘʪʦʜʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʟʘʣʝʞʥʦ ʚʽʜ ʢʽʣʴʢʦʩʪʽ ʟʘʨʷʜ-ʨʦʟʨʷʜʥʠʭ ʮʠʢʣʽʚ ʧʨʦʪʦʪʠʧʫ ʘʢʫʤʫʣʷʪʦʨʘ 

ʇʘʨʘʤʝʪʨʠ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ ʇʦʨʷʜʦʢ 
ʮʠʢʣʫ a, ¡ c, ¡ V, ¡3 ȹV/V, % 

ɺʠʭʽʜʥʠʡ 
ʤʘʪʝʨʽʘʣ 2,8444(6) 14,115(3) 98,90(4) ï 

ʇʽʩʣʷ 5-ʛʦ 2,8138(3) 14,040(2) 96,27(2) -2,66 
ʇʽʩʣʷ 10-ʛʦ  2,8122(5) 14,034(3) 96,12(4) -2,81 
ʇʽʩʣʷ 15-ʛʦ 2,8101(5) 13,996(6) 95,72(4) -3,22 
ʇʽʩʣʷ 20-ʛʦ 2,8088(9) 13,973(7) 95,47(6) -3,47 
ʇʽʩʣʷ 30-ʛʦ 2,8132(6) 13,813(8) 94,67(5) -4,28 

 

ʇʽʩʣʷ 10-ʛʦ ʮʠʢʣʫ ʚʧʝʨʰʝ ʥʘ ʜʠʬʨʘʢʪʦʛʨʘʤʘʭ ʟôʷʚʣʷʻʪʴʩʷ ʬʘʟʘ 

Li0,68CoO2 (ʉʊ ʚʣʘʩʥʠʡ, ʇɻ R 3 m), ʱʦ ʻ ʜʫʞʝ ʧʦʜʽʙʥʦʶ ʜʦ ʦʩʥʦʚʥʦʾ ʬʘʟʠ, ʘʣʝ 

ʧʘʨʘʤʝʪʨ ʩ ʜʣʷ ʜʝʬʝʢʪʥʦʾ ʩʧʦʣʫʢʠ ʻ ʚʜʚʽʯʽ ʙʽʣʴʰʠʤ. ʎʷ ʩʧʦʣʫʢʘ ʫʪʚʦʨʶʻʪʴʩʷ 

ʧʨʠ ʜʝʣʽʪʫʚʘʥʥʽ ʙʽʣʴʰʦʾ ʢʽʣʴʢʦʩʪʽ ʣʽʪʽʶ, ʥʽʞ 0,32 Li / ʬ. ʦ. ʎʷ ʩʧʦʣʫʢʘ ʪʘʢʦʞ ʻ 



136 ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ ʘʢʪʠʚʥʦʶ ʪʘ ʤʘʻ ʟʜʘʪʥʽʩʪʴ ʜʦ ʜʝʣʽʪʫʚʘʥʥʷ. ʂʽʣʴʢʽʩʥʠʤ 

ʧʘʨʘʤʝʪʨʦʤ ʧʨʠ ʮʴʦʤʫ ʻ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʣʽʪʽʶ, ʱʦ ʧʦʚʝʨʪʘʻʪʴʩʷ ʥʘʟʘʜ ʫ 

ʩʪʨʫʢʪʫʨʫ. ɿʤʽʥʘ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʤʝʥʪʘʨʥʦʾ ʢʦʤʽʨʢʠ: a = 2,815(9)ï2,780(1) ¡,  

c = 29,33(1)ï29,32(1) ¡, V = 201,4(1)ï196,3(1) ¡3. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʩʣʷ 30-ʛʦ ʮʠʢʣʫ 

ʚʽʜʥʦʩʥʠʡ ʦʙôʻʤ ʩʧʦʣʫʢʠ Li0,68CoO2 ʟʤʝʥʰʠʚʩʷ ʥʘ 2,53 %. ʂʨʠʩʪʘʣʽʯʥʘ ʩʪʨʫʢʪʫʨʘ 

ʥʦʚʦʫʪʚʦʨʝʥʦʾ ʩʧʦʣʫʢʠ ʙʫʣʘ ʚʠʟʥʘʯʝʥʘ ʘʚʪʦʨʘʤʠ [239]. ɻʨʘʬʽʯʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʦʩʥʦʚʥʦʾ ʪʘ ʧʦʙʽʯʥʦʾ ʩʧʦʣʫʢʠ ʥʘʚʝʜʝʥʽ ʥʘ 

ʨʠʩʫʥʢʫ 4.33. ɼʝʣʽʪʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ, ʢʦʣʠ ʣʽʪʽʡ ʚʠʚʽʣʴʥʷʻʪʴʩʷ ʟ ʧʦʣʦʞʝʥʥʷ 3a 

ʪʘ ʯʝʨʝʟ ʢʘʥʘʣʠ ʚʞʝ ʫ ʽʦʥʥʦʤʫ ʚʠʛʣʷʜʽ ʨʫʭʘʻʪʴʩʷ ʟ ʦʙôʻʤʫ ʚ ʥʘʧʨʷʤʢʫ 

ʜʦʩʣʽʜʞʫʚʘʥʠʭ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ.  

 

ʈʠʩ. 4.33 ʇʨʦʝʢʮʽʾ ʢʨʠʩʪʘʣʽʯʥʦʾ ʩʪʨʫʢʪʫʨʠ ʩʧʦʣʫʢ LiCoO2 (ʘ) ʪʘ Li0,68CoO2 (ʙ) 

 

ʆʩʥʦʚʥʘ ʧʨʠʯʠʥʘ ʟʤʝʥʰʝʥʥʷ ʚʽʜʥʦʩʥʦʛʦ ʦʙ'̒ ʤʫ ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ 

LiCoO2 ï ʮʝ ʧʨʦʭʦʜʞʝʥʥʷ ʧʦʙʽʯʥʠʭ ʧʨʦʮʝʩʽʚ ʽʟ ʘʥʦʜʥʠʤ ʤʘʪʝʨʽʘʣʦʤ (ʟʘʤʽʱʝʥʥʷ ʨ-

ʝʣʝʤʝʥʪʽʚ ʥʘ Li, ʫʪʚʦʨʝʥʥʷ ʙʽʥʘʨʥʠʭ Li-ʚʤʽʩʥʠʭ ʩʧʦʣʫʢ ʪʘ ʥʝʧʦʚʥʝ ʜʝʣʽʪʫʚʘʥʥʷ ʽʟ 

ʩʪʨʫʢʪʫʨʠ ʽʥʪʝʨʤʝʪʘʣʽʜʽʚ). ʋʩʽ ʮʽ ʥʝʙʘʞʘʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʥʘ 

ʨʫʡʥʫʚʘʥʥʷ ʤʘʪʝʨʽʘʣʫ, ʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʽ ʧʨʦʪʦʪʠʧʫ ʘʢʢʫʤʫʣʷʪʦʨʘ. ʅʝʧʦʚʥʝ 

çʧʦʚʝʨʥʝʥʥʷè ʣʽʪʽʶ ʥʘʟʘʜ ʚ ʦʙôʻʤ çʤʘʪʝʨʠʥʩʴʢʦʾè ʩʧʦʣʫʢʠ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʟʥʘʯʥʠʤ 

ʟʤʝʥʰʝʥʥʷʤ ʚʽʜʥʦʩʥʦʛʦ ʦʙôʻʤʫ. ʃʽʪʽʡ, ʱʦ ʚʞʝ ʥʝ ʙʝʨʝ ʫʯʘʩʪʽ ʚ ʧʨʦʮʝʩʘʭ ʣʽʪʫʚʘʥʥʷ / 

ʜʝʣʽʪʫʚʘʥʥʷ ʘʙʦ ʦʩʘʜʞʫʻʪʴʩʷ ʥʘ ʧʦʚʝʨʭʥʽ ʩʝʧʘʨʘʪʦʨʘ, ʘʙʦ ʙʝʨʝ ʫʯʘʩʪʴ ʚ ʧʦʙʽʯʥʠʭ 

ʧʨʦʮʝʩʘʭ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʷʢʠʭ ʫʪʚʦʨʶʶʪʴʩʷ ʩʧʦʣʫʢʠ ʙʝʟ ʧʦʤʽʪʥʦʾ ʝʣʝʢʪʨʦʭʽʤʽʯʥʦ  ʾ
































































































































































































