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ɺʚʝʜʝʥʠʝ 
 

ʆʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʘʙʦʪʳ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ 

ʃʶʙʦʡ ʜʦʩʪʦʚʝʨʥʳʡ ʥʘʫʯʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʝʜʫʩʤʘʪʨʠʚʘʝʪ ʩʪʨʦʛʫʶ ʦʮʝʥʢʫ 

ʢʘʯʝʩʪʚʘ ʧʨʦʜʝʣʘʥʥʦʡ ʨʘʙʦʪʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʯʠʥʘʷ ʦʪ ʚʳʙʦʨʘ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʩʙʦʨʘ ʧʝʨʚʠʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ, ʠ ʟʘʢʘʥʯʠʚʘʷ ʧʦʩʪʘʥʦʚʢʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘ ʠ 

ʦʙʨʘʙʦʪʢʦʡ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʵʪʘʧʦʚ ʚ ʵʪʦʡ ʮʝʧʠ ʷʚʣʷʝʪʩʷ 

ʧʦʜʙʦʨ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ, ʪʦ ʟʘʯʘʩʪʫʶ ʦʪ ʥʝʛʦ ʟʘʚʠʩʠʪ ʫʩʧʝʭ ʚʩʝʛʦ ɻ ʢʩʧʝʨʠʤʝʥʪʘ. ʊʘʢ ʢʘʢ 

ʚʦ ʤʥʦʛʠʭ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢʘʭ, ʦʙʲʝʢʪʘʤʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʷʚʣʷʶʪʩʷ ʩʠʥʪʝʪʠʯʝʩʢʠʝ 

ʚʝʱʝʩʪʚʘ, çʢʨʘʝʫʛʦʣʴʥʳʤ ʢʘʤʥʝʤè ʩʪʘʥʦʚʠʪʩʷ ʧʦʣʫʯʝʥʠʝ ʦʙʨʘʟʮʦʚ, ʢʘʯʝʩʪʚʦ ʢʦʪʦʨʳʭ 

ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʚʨʝʤʝʥʥʳʭ ʚʳʩʦʢʦʪʦʯʥʳʭ ʤʝʪʦʜʠʢ ʠʟʤʝʨʝʥʠʷ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʨʛʘʥʠʯʝʩʢʠʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʥʘʫʯʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʧʨʠʣʦʞʝʥʠʷʤʠ ʚ ʬʠʟʠʢʝ, ʭʠʤʠʠ, ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʠ ʩʤʝʞʥʳʭ ʜʠʩʮʠʧʣʠʥʘʭ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʢʦʥʢʨʝʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʝʥʠʝ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ: ʥʘʧʨʠʤʝʨ ʧʦʷʚʣʷʝʪʩʷ 

ʚʦʟʤʦʞʥʦʩʪʴ ʠʟʫʯʝʥʠʷ ʘʥʠʟʦʪʨʦʧʠʠ ʠ ʠʩʢʣʶʯʘʝʪʩʷ ʚʢʣʘʜ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʷʚʣʝʥʠʡ.  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʥʪʝʥʩʠʚʥʦ ʠʟʫʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʭʘʣʴʢʦʛʝʥʠʜʦʚ (ʩʦʝʜʠʥʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʩ S, Se ʠ Te) ʠ ʧʥʠʢʪʠʜʦʚ (ʩʦʝʜʠʥʝʥʠʷ ʩ P, As, Sb ʠ Bi), ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʠʭ 

ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʠʥʪʝʨʝʩʥʳʤʠ ʜʣʷ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʥʘʫʢʠ, ʘ ʪʘʢʞʝ ʰʠʨʦʢʠʤʠ ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʜʣʷ ʧʨʠʤʝʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ, ʤʘʛʥʝʪʠʢʦʚ, ʪʦʧʦʣʦʛʠʯʝʩʢʠʭ ʠʟʦʣʷʪʦʨʦʚ, ʢʘʪʘʣʠʟʘʪʦʨʦʚ ʠ ʜʨʫʛʠʭ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ ʧʨʠʨʦʜʝ ʩʫʣʴʬʠʜʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʤʥʦʛʠʭ ʧʦʣʠʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʫʜ ï ʚʘʞʥʦʛʦ ʠʩʪʦʯʥʠʢʘ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚ. ɼʣʷ ʦʙʲʷʩʥʝʥʠʷ 

ʩʚʦʡʩʪʚ ʜʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʝʦʙʭʦʜʠʤʦ ʧʨʦʚʝʜʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʥʘ 

ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ (ʧʥʠʢʪʠʜʥʳʭ) ʢʨʠʩʪʘʣʣʘʭ.  

ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʧʥʠʢʪʠʜʦʚ ʜʦʚʦʣʴʥʦ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʣʘʩʩʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ, ʢʦʪʦʨʳʡ ʦʙʳʯʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʧʦʩʪʝʧʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʧʨʠʚʦʜʷʱʝʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ, ʢ ʩʦʞʘʣʝʥʠʶ, ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʟʦʥʘʣʴʥʳʭ. ʄʦʜʠʬʠʢʘʮʠʷ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ 

ʤʝʪʦʜʘ ʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʦʟʚʦʣʷʝʪ 

ʟʘʬʠʢʩʠʨʦʚʘʪʴ ʪʝʤʧʝʨʘʪʫʨʫ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠ ʤʠʥʠʤʠʟʠʨʦʚʘʪʴ ʠʟʤʝʥʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʘ. ʅʝʩʤʦʪʨʷ ʥʘ ʧʨʦʩʪʦʪʫ ʠ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʴ, ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 
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ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠ ʧʦʧʳʪʢʠ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʜʝʠ ʥʘ ʧʨʘʢʪʠʢʝ 

(1960-1970ʛʛ.) ʜʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ ʦʛʨʘʥʠʯʠʚʘʣʠʩʴ ʝʜʠʥʠʯʥʳʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʤʠ ʜʣʷ 

ʦʯʝʥʴ ʫʟʢʦʛʦ ʩʧʝʢʪʨʘ ʩʦʝʜʠʥʝʥʠʡ, ʪʝʤʧʝʨʘʪʫʨ ʠ ʩʦʩʪʘʚʘ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ. ʀʟʚʝʩʪʥʘ ʚʩʝʛʦ 

ʦʜʥʘ ʨʘʙʦʪʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ (ZnS) ʚ ʨʘʩʧʣʘʚʝ 

ʛʘʣʦʛʝʥʠʜʘ ʱʝʣʦʯʥʦʛʦ ʤʝʪʘʣʣʘ (KCl); ʧʨʠ ʵʪʦʤ ʦʪʩʫʪʩʪʚʫʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʬʦʨʤʘʭ 

ʧʝʨʝʥʦʩʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʘʭ, ʘ ʚʦʧʨʦʩ ʚʦʩʧʨʦʠʟʚʦʜʠʤʦʩʪʠ ʦʩʪʘʝʪʩʷ 

ʥʝʨʝʰʝʥʥʳʤ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʨʘʩʰʠʨʝʥʠʷ ʠ ʦʧʪʠʤʠʟʘʮʠʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʤʝʪʦʜʘ 

ʩʠʥʪʝʟʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʠʜʝʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ 

ʦʯʝʚʠʜʥʘ. ʇʦʵʪʦʤʫ ʨʘʙʦʪʘ ʙʳʣʘ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʨʘʟʨʘʙʦʪʢʫ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʠ ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ 

ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʜʨʫʛʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

 

ʆʙʲʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ  

ʀʟʫʯʘʣʩʷ ʧʝʨʝʥʦʩ ʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʩʤʝʩʷʭ ʭʣʦʨʠʜʦʚ, ʙʨʦʤʠʜʦʚ ʠ ʡʦʜʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʘʣʤʁʠʥʠʷ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʙʳʣʦ ʫʜʝʣʝʥʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ 

ʧʥʠʢʪʠʜʦʚ ʞʝʣʝʟʘ, ʪʘʢ ʢʘʢ, ʚʦ-ʧʝʨʚʳʭ, ʥʝʢʦʪʦʨʳʝ ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ ʷʚʣʷʶʪʩʷ 

ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ, ʘ ʚʦ-ʚʪʦʨʳʭ, ʞʝʣʝʟʦʩʦʜʝʨʞʘʱʠʝ ʩʫʣʴʬʠʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʚ ʧʨʠʨʦʜʝ ʤʠʥʝʨʘʣʘʤʠ ʠʟ ʥʘʟʚʘʥʥʳʭ ʢʣʘʩʩʦʚ, ʦʙʨʘʟʫʷ ʥʘʠʙʦʣʝʝ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʚ ʧʨʠʨʦʜʝ ʩʢʦʧʣʝʥʠʷ ʚ ʚʠʜʝ ʚʳʩʦʢʦ-, ʩʨʝʜʥʝ- ʠ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʨʫʜʥʳʭ 

ʤʝʩʪʦʨʦʞʜʝʥʠʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʙʦʣʴʰʠʥʩʪʚʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʧʦʣʫʯʝʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʦʚ ʞʝʣʝʟʘ - ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʩʝʤʝʡʩʪʚʘ 11, ʘ ʪʘʢʞʝ 

ʢʨʠʩʪʘʣʣʦʚ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (ʧʠʨʠʪʘ FeS2, ʧʠʨʨʦʪʠʥʘ Fe1-xS, ʩʬʘʣʝʨʠʪʘ (Zn,Fe)S, 

ʘʨʩʝʥʦʧʠʨʠʪʘ FeAsS, ʣʸʣʣʠʥʛʠʪʘ FeAs2) ʩ ʨʘʩʩʝʷʥʥʳʤʠ ʚ ʥʠʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʄʥʦʛʠʝ ʚʝʱʝʩʪʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʚʠʜʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ ʨʘʟʤʝʨʘ ʠ 

ʧʦʵʪʦʤʫ ʧʦʜʭʦʜʠʣʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʥʦʛʠʤʠ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʩʨʦʩʪʢʠ, ʪʘʢʞʝ ʧʦʜʭʦʜʷʱʠʝ ʜʣʷ ʨʝʰʝʥʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʟʘʜʘʯ. 

 

ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʨʘʙʦʪʳ  

 ʆʩʥʦʚʥʘʷ ʮʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʢʘ ʤʝʪʦʜʘ ʧʦʣʫʯʝʥʠʷ ʢʘʯʝʩʪʚʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, ʩʧʣʘʚʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʱʝʣʦʯʥʳʭ 
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ʤʝʪʘʣʣʦʚ ʠ ʘʣʶʤʠʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ï ʚʘʨʠʘʥʪʘ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ.  

 ɺ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʨʝʰʘʣʠʩʴ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ:  

-ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʧʥʠʢʪʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ ʛʘʣʦʛʝʥʠʜʘʭ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ 

ʘʣʶʤʠʥʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. 

-ʚʳʷʚʣʝʥʠʝ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ ʧʝʨʝʥʦʩʝ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ 

ʘʣʶʤʠʥʠʷ ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ.  

-ʠʟʫʯʝʥʠʝ ʛʨʘʥʠʮ ʧʨʠʤʝʥʠʤʦʩʪʠ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʚʳʭ ʩʤʝʩʝʡ ʥʘ ʦʩʥʦʚʝ AlCl3, LiCl, NaCl, 

KCl, RbCl, CsCl, AlBr3, LiBr, NaBr, NaI, KI ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ 

ʧʥʠʢʪʠʜʦʚ ʧʝʨʝʭʦʜʥʳʭ ʠ ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. 

-ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ ʪʝʪʨʘʛʦʥʘʣʴʥʳʭ ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʦʚ ʞʝʣʝʟʘ 

(ʞʝʣʝʟʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʩʝʤʝʡʩʪʚʘ 11), ʠ ʠʟʫʯʝʥʠʝ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ (ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʤʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ, ʪʝʧʣʦʝʤʢʦʩʪʴ). 

-ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʦʩʥʦʚʥʳʭ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ (Fe1-xS, FeS2, FeAsS, FeAs2, CuS, 

Cu2S, ZnS ʠ PbS), ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Ag, Au, Pt ʠ Pd), ʠ ʠʟʫʯʝʥʠʝ 

ʧʨʝʜʝʣʦʚ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʠʭ ʚʘʣʝʥʪʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʠ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʦʢʨʫʞʝʥʠʷ.  

 

ɿʘʱʠʱʘʝʤʳʝ ʧʦʣʦʞʝʥʠʷ 

1) ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʤ 

ʤʝʪʦʜʝ ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʠ 

ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʘʣʶʤʠʥʠʷ. ʄʝʪʦʜ ʧʨʠʛʦʜʝʥ 

ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʙʣʘʛʦʨʦʜʥʳʤʠ ʠ ʨʝʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ. ɼʣʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ 850 - 700Áʉ ʥʘʠʙʦʣʝʝ ʫʜʦʙʥʘ ʩʤʝʩʴ KCl-NaCl, ʜʣʷ 750 - 550Áʉ - 

ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ CsCl ʠʣʠ RbCl, ʜʣʷ 600 - 300Áʉ - ʩʤʝʩʴ ʥʘ ʦʩʥʦʚʝ AlCl 3. 

2) ʇʝʨʝʥʦʩʫ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʠʥʝʨʪʥʳʡ ʧʨʦʚʦʜʥʠʢ, ʩʦʜʝʡʩʪʚʫʶʱʠʡ ʪʨʘʥʩʧʦʨʪʫ ʵʣʝʢʪʨʦʥʦʚ ʤʝʞʜʫ ʰʠʭʪʦʡ ʠ ʤʝʩʪʦʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʶʱʠʡ ʧʝʨʝʭʦʜ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʚ ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ ʚ 

ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʭ ʩʪʝʧʝʥʷʭ ʦʢʠʩʣʝʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʧʝʨʝʥʦʩʫ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʝʪʦʜʠʢʘ 

çʘʤʧʫʣʘ ʚ ʘʤʧʫʣʝè, ʧʦʟʚʦʣʷʶʱʘʷ ʥʝʢʦʪʦʨʳʤ ʵʣʝʤʝʥʪʘʤ ʤʠʛʨʠʨʦʚʘʪʴ ʢ ʤʝʩʪʫ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʝʟʘʚʠʩʠʤʦ. 
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3) ʇʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʤʦʞʝʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʢʘʯʝʩʪʚʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʛʦ FeSe1-ŭ, ʩʦʜʝʨʞʘʱʝʛʦ ʜʦ 22 ʘʪ.% S ʠ ʜʦ 88 ʘʪ.% Te ʚ ʨʘʩʧʣʘʚʝ ʥʘ ʦʩʥʦʚʝ 

AlCl 3 ʠ ʢʨʠʩʪʘʣʣʦʚ Fe1+ŭTe, ʩʦʜʝʨʞʘʱʠʭ ʜʦ 55 ʘʪ.% Se ʠ ʜʦ 11 ʘʪ.% S ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ 

ʩ ʫʯʘʩʪʠʝʤ NaCl, KCl, RbCl ʠ CsCl. ɿʘʤʝʱʝʥʠʝ ʩʝʣʝʥʘ ʩʝʨʦʡ ʚ FeSe1-ŭ ʫʤʝʥʴʰʘʝʪ ʧʘʨʘʤʝʪʨ 

ʨʝʰʝʪʢʠ ʩ ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʘ. ʇʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʞʝʣʝʟʘ ʢ 

ʭʘʣʴʢʦʛʝʥʘʤ (ʧʘʨʘʤʝʪʨ ʥʝʩʪʝʭʠʦʤʝʪʨʠʠ ŭ) ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʩʝʨʳ. 

 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʚʝʜʝʥʥʦʡ ʨʘʙʦʪʳ ʚʧʝʨʚʳʝ: 

- ʉʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ, ʩʦʩʪʘʚ ʠ ʤʦʨʬʦʣʦʛʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʧʥʠʢʪʠʜʦʚ, ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʩʧʣʘʚʦʚ ʠ ʤʝʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʘʭ 

ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. 

- ɼʣʷ ʘʢʪʠʚʠʟʘʮʠʠ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʧʨʠʤʝʥʝʥ ʵʣʝʢʪʨʦʥ-ʧʨʦʚʦʜʷʱʠʡ 

ʧʨʦʚʦʜ ʠ ʥʝʟʘʚʠʩʠʤʳʝ ʢʘʥʘʣʳ ʤʠʛʨʘʮʠʠ ʠʦʥʦʚ.  

- ʉʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩʚʝʨʭʧʨʦʚʦʜʷʱʠʭ 

ʤʦʥʦʭʘʣʴʢʦʛʝʥʠʜʦʚ ʞʝʣʝʟʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʚʳʭ ʩʤʝʩʷʭ.  

- ʇʦʩʪʨʦʝʥʘ ʢʚʘʟʠʪʨʦʡʥʘʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ FeSe-FeTe-FeS ʚ ʠʥʪʝʨʚʘʣʝ 400 - 

800Áʉ.  

- ʉʠʩʪʝʤʘʪʠʯʝʩʢʠ ʠʩʩʣʝʜʦʚʘʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠ ʤʘʢʩʠʤʘʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ ʧʨʠʤʝʩʥʳʭ 

ʵʣʝʤʝʥʪʦʚ (Au, Ag, Pt, Pd, Se, Te ʠ ʜʨ.) ʚ ʚʳʨʘʱʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʢʦʚʝʣʣʠʥʘ CuS, ʧʠʨʠʪʘ 

FeS2, ʧʠʨʨʦʪʠʥʘ Fe1-xS, ʩʬʘʣʝʨʠʪʘ ZnS, ʘʨʩʝʥʦʧʠʨʠʪʘ FeAsS, ʣʝʣʣʠʥʛʠʪʘ FeAs2 ʠ ʜʨ.  

- ʇʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʞʝʣʝʟʠʩʪʦʛʦ ʩʬʘʣʝʨʠʪʘ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʬʫʛʠʪʠʚʥʦʩʪʷʭ (ʣʝʪʫʯʝʩʪʷʭ) ʩʝʨʳ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʩʬʘʣʝʨʠʪʘ ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʞʝʣʝʟʘ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ ʠ ʬʫʛʠʪʠʚʥʦʩʪʠ ʩʝʨʳ.  

- ɼʣʷ ʩʠʥʪʝʟʠʨʦʚʘʥʥʦʡ ʨʘʚʥʦʚʝʩʥʦʡ ʘʩʩʦʮʠʘʮʠʠ "ʤʦʥʦʢʣʠʥʥʳʡ ʧʠʨʨʦʪʠʥ - ʧʠʨʠʪ" 

ʧʦʣʫʯʝʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʬʫʛʠʪʠʚʥʦʩʪʠ ʩʝʨʳ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ 500 - 565ʂ.  

 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ  

ʆʧʠʩʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ 

ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʧʥʠʢʪʠʜʦʚ ʤʥʦʛʠʭ ʧʝʨʝʭʦʜʥʳʭ ʠ 

ʧʦʩʪʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʘʣʣʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. 
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ʇʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʪʨʦʡʥʳʭ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʩ 

ʫʯʘʩʪʠʝʤ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ. 

ɺ ʛʨʘʜʠʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ, ʥʘ 

ʠʟʤʝʥʝʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʣʠʷʶʪ ʪʘʢʠʝ ʪʨʫʜʥʦ 

ʢʦʥʪʨʦʣʠʨʫʝʤʳʝ ʬʘʢʪʦʨʳ, ʢʘʢ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʰʠʭʪʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ ʠʟ-ʟʘ 

ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʦʪ ʰʠʭʪʳ ʢ ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʘʤ. ʂʨʦʤʝ ʪʦʛʦ, ʥʦʚʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ 

ʧʦʟʚʦʣʷʝʪ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʧʣʦʪʴ ʜʦ 300Áʉ, ʯʪʦ 

ʫʧʨʦʱʘʝʪ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ ʬʘʟ. ʐʠʨʦʢʠʝ ʚʦʟʤʦʞʥʦʩʪʠ ʧʦ 

ʠʟʤʝʥʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʧʦʣʷ, ʛʝʦʤʝʪʨʠʠ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʫʜʦʚ, ʩʦʩʪʘʚʘ ʰʠʭʪʳ, 

ʚʨʝʤʝʥʠ ʨʦʩʪʘ ʠ ʜʨʫʛʠʭ ʧʘʨʘʤʝʪʨʦʚ ʧʦʟʚʦʣʷʶʪ ʚʘʨʴʠʨʦʚʘʪʴ ʩʪʝʧʝʥʴ ʧʝʨʝʩʳʱʝʥʠʷ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʨʘʟʤʝʨ ʠ ʛʘʙʠʪʫʩ ʨʘʩʪʫʱʠʭ ʢʨʠʩʪʘʣʣʦʚ.  

ʅʘ ʩʧʦʩʦʙ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ ʩʝʣʝʥʠʜʘ ʞʝʣʝʟʘ ʠ ʪʝʣʣʫʨʠʜʘ 

ʞʝʣʝʟʘ, ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʝʣʝʥʦʤ ʠ/ʠʣʠ ʩʝʨʦʡ ʧʦʣʫʯʝʥʳ ʜʚʘ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ (RU ˉ 

2538740 ʉ2, 2015, ɹʶʣʣʝʪʝʥʴ ˉ 1 ʠ RU ˉ 2522591 C2, 2014, ɹʶʣʣʝʪʝʥʴ ˉ 20). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʨʦʤ ʚ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʘʭ çʌʠʟʠʯʝʩʢʘʷ 

ʭʠʤʠʷè ʠ çʕʣʝʢʪʨʦʭʠʤʠʷè ʜʣʷ ʩʪʫʜʝʥʪʦʚ ʂʘʬʝʜʨʳ ʭʠʤʠʠ, ʥʦʚʳʭ ʪʝʭʥʦʣʦʛʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ çɼʫʙʥʘè, ʛ. ɼʫʙʥʘ.  

 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ  

ʇʨʦʚʝʜʝʥʦ ʩʚʳʰʝ ʜʚʫʭ ʪʳʩʷʯ ʦʧʳʪʦʚ ʧʦ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʘʣʴʢʦʛʝʥʠʜʥʦʡ ʠ 

ʧʥʠʢʪʠʜʥʦʡ ʰʠʭʪʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʚ ʨʘʟʣʠʯʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʚ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʘʪʪʝʩʪʦʚʘʥʳ ʢʦʤʧʣʝʢʩʦʤ ʩʦʚʨʝʤʝʥʥʳʭ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ: ʦʧʪʠʯʝʩʢʘʷ ʠ ʩʢʘʥʠʨʫʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ, ʧʦʨʦʰʢʦʚʘʷ 

ʠ ʤʦʥʦʢʨʠʩʪʘʣʴʥʘʷ ʜʠʬʨʘʢʪʦʤʝʪʨʠʷ, ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʷ ʩ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʝʡ (ʃɸ-ʀʉʇ-

ʄʉ) ʠ ʜʨ. ʂʘʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʙʳʣʦ ʜʦʢʘʟʘʥʦ ʠʟʤʝʨʝʥʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚ ʨʷʜʝ ʢʨʫʧʥʳʭ ʥʘʫʯʥʳʭ ʮʝʥʪʨʦʚ ʚ ʈʌ ʠ ʟʘ ʨʫʙʝʞʦʤ. ʇʦʣʫʯʝʥʥʳʝ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʳ ʩʚʝʨʭʧʨʦʚʦʜʷʱʝʛʦ FeSe ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʣʝʪ ʦʙʣʘʜʘʣʠ 

ʨʝʢʦʨʜʥʳʤ ʢʘʯʝʩʪʚʦʤ, ʘ ʚ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʠʤʝʶʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ (4Ĭ3Ĭ1 ʤʤ3) 

ʩʨʝʜʠ ʣʫʯʰʠʭ ʚ ʤʠʨʝ ʢʨʠʩʪʘʣʣʦʚ. ɼʨʫʛʠʝ ʢʨʠʩʪʘʣʣʳ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʩʝʤʝʡʩʪʚʘ 11 ʪʘʢʞʝ 

ʦʙʣʘʜʘʶʪ ʢʘʯʝʩʪʚʦʤ, ʩʨʘʚʥʠʤʳʤ ʩ ʤʠʨʦʚʳʤʠ ʘʥʘʣʦʛʘʤʠ.  

 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

 ʆʩʥʦʚʥʳʝ ʤʘʪʝʨʠʘʣʳ ʜʠʩʩʝʨʪʘʮʠʠ ʜʦʣʦʞʝʥʳ ʚ ʧʝʨʠʦʜ ʩ 2011 ʧʦ 2017 ʛʛ. ʅʘ 

ʥʘʮʠʦʥʘʣʴʥʳʭ ʠ ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʢʦʥʬʝʨʝʥʮʠʷʭ ʨʘʟʣʠʯʥʦʛʦ ʫʨʦʚʥʷ, ʚ ʪʦʤ ʯʠʩʣʝ: X, XII 
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ʢʦʥʬʝʨʝʥʮʠʷ çʅʦʚʳʝ ʠʜʝʠ ʚ ʥʘʫʢʘʭ ʦ ɿʝʤʣʝè, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2011, 2015; ɺʩʝʨʦʩʩʠʡʩʢʠʡ 

ʝʞʝʛʦʜʥʳʡ ʩʝʤʠʥʘʨ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʧʝʪʨʦʣʦʛʠʠ ʠ ʛʝʦʭʠʤʠʠ 

(ɺɽʉʕʄʇɻ), ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2012, 2013, 2016; III  International Conference for Young 

Scientists ñLow temperature physics - 2012ò, Kharkiv, Ukraine, 2012; ʄʝʞʜʫʥʘʨʦʜʥʘʷ 

ʢʦʥʬʝʨʝʥʮʠʷ "ɺʳʩʦʢʠʝ ʜʘʚʣʝʥʠʷ ï 2012, ʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʘʩʧʝʢʪʳ", ʉʫʜʘʢ, 

ʂʨʳʤ, 2012; VIII , X ʄʝʞʜʫʥʘʨʦʜʥʘʷ ʐʢʦʣʘ ʧʦ ʥʘʫʢʘʤ ʦ ɿʝʤʣʝ (I.S.E.S.), ʆʜʝʩʩʘ, ʋʢʨʘʠʥʘ, 

2012, ʄʠʘʩʩ, ʈʦʩʩʠʷ, 2015; III , IV ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʰʢʦʣʘ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʤʠʥʝʨʘʣʦʛʠʷ, ʧʝʪʨʦʣʦʛʠʷ ʠ ʛʝʦʭʠʤʠʷè, ʏʝʨʥʦʛʦʣʦʚʢʘ, ʈʦʩʩʠʷ, 2012, 

2013; Goldschmidt Conference, Florence, Italy, 2013, Prague, Czech Republic, 2015; Yokohama, 

Japan, 2016; ɺʩʝʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʢʦʥʬʝʨʝʥʮʠʷ çʀʩʧʦʣʴʟʦʚʘʥʠʝ ʩʠʥʭʨʦʪʨʦʥʥʦʛʦ 

ʠʟʣʫʯʝʥʠʷè, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2012; Trilateral workshop on Hot Topics in HTSC: Fe-Based 

Superconductors, Zvenigorod, Russia, 2013; 15th Czech and Slovak Conference on Magnetism, 

Koġice, Slovakia, 2013; XLVIII ʐʢʦʣʘ ʇʀʗʌ ʧʦ ʬʠʟʠʢʝ ʢʦʥʜʝʥʩʠʨʦʚʘʥʥʦʛʦ ʩʦʩʪʦʷʥʠʷ (ʌʂʉ 

ï 2014), ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, ʈʦʩʩʠʷ, 2014; XVII ɺʩʝʨʦʩʩʠʡʩʢʦʝ ʩʦʚʝʱʘʥʠʝ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2015; 13th Biennial SGA, Nancy, 

France, 2015; The third international symposium on magnetism, superconductivity and the 

electronic structure in low-dimensional systems, Hsinchu, Taiwan, 2015; First AfLS Conference 

& Workshop, Grenoble, France, 2015; International Workshop ñAdvances in preparation and 

investigation of emergent iron-based superconductorsò (IBS-2016), Dresden, Germany; Fifteenth 

International Symposium on Experimental Mineralogy, Petrology and Geochemistry, ʎʶʨʠʭ, 

ʐʚʝʡʮʘʨʠʷ, 2016; ʐʝʩʪʘʷ ʨʦʩʩʠʡʩʢʘʷ ʤʦʣʦʜʝʞʥʘʷ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʘʷ ʰʢʦʣʘ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ "ʅʦʚʦʝ ʚ ʧʦʟʥʘʥʠʠ ʧʨʦʮʝʩʩʦʚ ʨʫʜʦʦʙʨʘʟʦʚʘʥʠʷ", ʀɻɽʄ ʈɸʅ, 

ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2017; Moscow International Symposium on Magnetism, ʄʦʩʢʚʘ, ʈʦʩʩʠʷ, 2017. 

 

 
 
ʇʫʙʣʠʢʘʮʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʦʪʨʘʞʝʥʳ ʚ 56 

ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʩʪʘʪʴʷʭ, ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʘʭ ʠʟ ʩʧʠʩʢʘ ɺɸʂ ʠ ʦʪʦʙʨʘʞʝʥʥʳʭ ʚ Web 

of Science, ʚ ʜʚʫʭ ʧʘʪʝʥʪʘʭ ʈʌ, ʚ ʦʜʥʦʡ ʛʣʘʚʝ ʩʙʦʨʥʠʢʘ çProcesses and Ore Deposits of 

Ultramafic-Mafic Magmas through Space and Timeè, ʚ 43 ʪʝʟʠʩʘʭ ʜʦʢʣʘʜʦʚ ɺʩʝʨʦʩʩʠʡʩʢʠʭ ʠ 

ʤʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʳʭ ʢʦʥʬʝʨʝʥʮʠʡ, ʘ ʪʘʢʞʝ ʚ ʦʪʯʝʪʘʭ ʧʦ ʧʨʦʝʢʪʘʤ ʈʌʌʀ, ʈʅʌ, CRDF, 

ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʠ ʜʨ. 
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ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʚ ʃʘʙʦʨʘʪʦʨʠʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʵʣʝʢʪʨʦʭʠʤʠʠ ʀʥʩʪʠʪʫʪʘ 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ ʠ ʥʘ ʂʘʬʝʜʨʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʠ 

ʩʚʝʨʭʧʨʦʚʦʜʠʤʦʩʪʠ ʌʠʟʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ.  

 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʩʦʠʩʢʘʪʝʣʷ 

 ɺ ʦʩʥʦʚʫ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʦʞʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ, ʚʳʧʦʣʥʝʥʥʳʝ ʩ 

2009 ʧʦ 2017 ʛʦʜ ʣʠʯʥʦ ʘʚʪʦʨʦʤ ʠʣʠ ʧʦʜ ʝʛʦ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ ʚ ʀʥʩʪʠʪʫʪʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʠʥʝʨʘʣʦʛʠʠ ʈɸʅ ʠ ʥʘ ʂʘʬʝʜʨʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʌʠʟʠʯʝʩʢʦʛʦ 

ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ʆʧʠʩʘʥʥʳʝ ʤʝʪʦʜʳ ʠ ʧʦʜʭʦʜʳ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʨʘʙʦʪʘʥʳ ʠ ʦʧʨʦʙʦʚʘʥʳ ʣʠʯʥʦ ʘʚʪʦʨʦʤ. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʤʠʥʝʨʘʣʦʚ ʠʟʫʯʝʥʳ ʘʚʪʦʨʦʤ ʣʠʯʥʦ ʠʣʠ ʧʦʜ ʝʛʦ ʥʘʫʯʥʳʤ ʨʫʢʦʚʦʜʩʪʚʦʤ. ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ 

ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

 

ɹʣʘʛʦʜʘʨʥʦʩʪʠ 

 ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʛʣʫʙʦʢʫʶ ʧʨʠʟʥʘʪʝʣʴʥʦʩʪʴ ɽ.ɻ. ʆʩʘʜʯʝʤʫ (ʀʕʄ ʈɸʅ) ʟʘ ʦʙʫʯʝʥʠʝ 

ʪʦʥʢʦʩʪʷʤ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʦʚ, ʅ.ʅ. ɾʜʘʥʦʚʫ (ʀʕʄ ʈɸʅ) ʟʘ ʠʟʛʦʪʦʚʣʝʥʠʝ ʧʨʝʮʠʟʠʦʥʥʳʭ 

ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʦʚ, ʆ.ʉ. ɺʦʣʢʦʚʦʡ, ɸ.ʅ. ɺʘʩʠʣʴʝʚʫ (ʌʌ ʄɻʋ) ʠ ɹ.ʈ. ʊʘʛʠʨʦʚʫ (ʀɻɽʄ ʈɸʅ) ʟʘ 

ʧʦʩʪʘʥʦʚʢʫ ʟʘʜʘʯ.  

 ʊʘʢʞʝ ʘʚʪʦʨ ʢʨʘʡʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʊ.ʅ. ɼʦʢʠʥʦʡ (ʀʕʄ ʈɸʅ) ʠ ʄ.ʉ. ʅʠʢʦʣʴʩʢʦʤʫ 

(ʀɻɽʄ ʈɸʅ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʈʌɸ, ɸ.ʅ. ʅʝʢʨʘʩʦʚʫ, ɸ.ɸ. ɺʠʨʶʩ, ʂ.ɺ. ɺʘʥʫ (ʀʕʄ ʈɸʅ), ɽ.ɺ. 

ʂʦʚʘʣʴʯʫʢ ʠ ʉ.ɽ. ɹʦʨʠʩʦʚʩʢʦʤʫ (ʀɻɽʄ ʈɸʅ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʤʠʢʨʦʟʦʥʜʦʚʦʛʦ ʘʥʘʣʠʟʘ, ʃ.ɺ. 

ʐʚʘʥʩʢʦʡ (ɻʌ ʄɻʋ) ʠ ʀ.ʇ. ʄʘʢʘʨʦʚʦʡ (ʀʂ ʈɸʅ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʤʦʥʦʢʨʠʩʪʘʣʴʥʦʡ ʩʲʝʤʢʠ 

ʩʝʨʠʠ Fe(Se,S) ʠ FeTe, ɸ.ɸ. ʐʠʨʷʝʚʫ (ʀʌʍʕ ʈɸʅ) ʟʘ ʠʟʤʝʨʝʥʠʝ ʂʊʈ ʩʬʘʣʝʨʠʪʦʚ, ɺ.ɼ. 

ɸʙʨʘʤʦʚʦʡ (ʀɻɽʄ ʈɸʅ) ʟʘ ʧʨʦʚʝʜʝʥʠʝ ʃɸ-ʀʉʇ-ʄʉ, ʂ.ʆ. ʂʚʘʰʥʠʥʦʡ, ʉ. ʃʘʬʫʵʨʟʘ (ESRF, 

ɻʨʝʥʦʙʣʴ, ʌʨʘʥʮʠʷ), ɸ.ʃ. ʊʨʠʛʫʙʫ (ʂʫʨʯʘʪʦʚʩʢʠʡ ʠʥ-ʪ) ʟʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʪʦʜʘʤʠ XAFS, ʃʶ 

ʄʠʥʫ (ʍʌ ʄɻʋ) ʟʘ ʧʦʤʦʱʴ ʚ ʨʘʙʦʪʝ ʩ ʱʝʣʦʯʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ɸ.ʈ. ʂʦʪʝʣʴʥʠʢʦʚʫ ʠ ɺ.ʉ. 

ɹʘʣʠʮʢʦʤʫ (ʀʕʄ ʈɸʅ) ʟʘ ʚʥʫʪʨʝʥʥʶʶ ʨʝʮʝʥʟʠʶ ʨʘʙʦʪʳ, ʄ.ɺ. ɺʦʨʦʥʠʥʫ (ʀʕʄ ʈɸʅ) ʟʘ 

ʧʦʤʦʱʴ ʚ ʧʦʠʩʢʝ ʥʝʦʙʭʦʜʠʤʦʡ ʣʠʪʝʨʘʪʫʨʳ, ʀ.ɺ. ʄʦʨʦʟʦʚʫ (ʍʌ ʄɻʋ), ʀ.ɺ. ɺʠʢʝʥʪʴʝʚʫ 

(ʀɻɽʄ ʈɸʅ), ʅ.ɸ. ʇʦʣʦʪʥʷʥʢʦ (ʋʥ-ʪ. çɼʫʙʥʘè) ʟʘ ʧʦʣʝʟʥʳʝ ʢʦʥʩʫʣʴʪʘʮʠʠ.  

 ɸʚʪʦʨ ʛʣʫʙʦʢʦ ʙʣʘʛʦʜʘʨʝʥ ʩʚʦʠʤ ʨʦʩʩʠʡʩʢʠʤ ʠ ʟʘʨʫʙʝʞʥʳʤ ʢʦʣʣʝʛʘʤ ʟʘ ʠʭ 

ʟʘʤʝʯʘʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʚʳʧʦʣʥʝʥʥʳʝ ʥʘ ʚʳʨʘʱʝʥʥʳʭ ʦʙʨʘʟʮʘʭ (ʚ ʧʦʨʷʜʢʝ ʥʘʯʘʣʘ 

ʩʦʚʤʝʩʪʥʳʭ ʨʘʙʦʪ): ɸ.ɺ. ʌʝʜʦʨʯʝʥʢʦ, ɻ.ɽ. ɻʨʝʯʥʝʚʫ, ɸ.ʉ. ʇʘʥʬʠʣʦʚʫ, ɺ.ɼ. ʌʠʣʶ, ʖ.ʅ. ʏʘʥʛʫ, 

ʖ.ɻ. ʅʘʡʜʶʢʫ (ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʅɸʅ, ʍʘʨʴʢʦʚ, ʋʢʨʘʠʥʘ), 

ɼʞ.-ʗ. ʃʠʥʫ ʠ ʎ.ʋ. ʃʫʦ (ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ, ʅʘʮʠʦʥʘʣʴʥʳʡ ʫʥ-ʪ ʏʠʘʦ ʊʫʥʛ, ʉʠʥʴʯʞʫ, ʊʘʡʚʘʥʴ), 
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ɽ.ɸ. ʆʚʯʝʥʢʦʚʫ ʠ ʅ.ʉ. ɹʝʟʘʝʚʦʡ (ʌʌ ʄɻʋ), ʄ.ʄ. ɸʙʜʝʣʴ-ʍʘʬʠʟʫ ʠ ɼʞ. ɾʘʦ (ʎʝʥʪʨ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ ʠ ʪʝʭʥʦʣʦʛʠʡ, ʐʘʥʭʘʡ, ʂʠʪʘʡ), ɻ. ʂʘʨʘʧʝʪʨʦʚʫ (ʫʥ-ʪ ɼʨʝʢʩʝʣ, ʌʠʣʘʜʝʣʴʬʠʷ, ʉʐɸ), 

ʄ. ʗʚʘʨʦʥʝ (ʫʥ-ʪ ʊʝʤʧʣ, ʌʠʣʘʜʝʣʴʬʠʷ, ʉʐɸ) ʠ ʤʥʦʛʠʤ ʜʨʫʛʠʤ.  

 ɺ ʟʘʢʣʶʯʝʥʠʝ ʘʚʪʦʨ ʭʦʯʝʪ ʠʩʢʨʝʥʥʝ ʧʦʙʣʘʛʦʜʘʨʠʪʴ ʩʪʫʜʝʥʪʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ ɺ.ʆ. 

ʆʩʘʜʯʝʛʦ, ʆ.ʅ. ʌʠʣʠʤʦʥʦʚʫ (ɻʌ ʄɻʋ), ɽ.ʉ. ʂʦʟʣʷʢʦʚʫ (ʌʅʄ ʄɻʋ), ɺ.ɼ. ʊʘʨʘʩʝʥʢʦ, ɸ.ɺ. 

ʂʦʰʝʣʝʚʘ (ʌʌ ʄɻʋ), ɸ.ɺ. ʂʨʠʩʪʘʚʯʫʢʘ, ʅ.ɺ. ɻʝʨʠʥʛʝʨ, ɸ.ɼ. ɾʫʨʘʚʣʝʚʘ, ɸ.ʌ. ɺʝʯʢʘʥʦʚʫ, ʅ.ɸ. 

ɿʛʫʨʩʢʦʛʦ, ʇ.ɺ. ɽʚʩʪʠʛʥʝʝʚʫ (ʋʥ-ʪ. "ɼʫʙʥʘ"), ɼ.ɽ. ʊʦʥʢʘʯʝʝʚʘ (ʀɻɽʄ ʈɸʅ) ʟʘ ʧʦʩʪʦʷʥʥʫʶ ʠ 

ʚʩʝʩʪʦʨʦʥʥʶʶ ʧʦʤʦʱʴ.  

 ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʳʧʦʣʥʝʥʳ ʧʨʠ ʬʠʥʘʥʩʦʚʦʡ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (16-05-00938ʘ, 14-02-

92002ʅʅʉ_ʘ, 13-02-01451ʘ, 13-05-01117ʘ, 13-05-00638ʘ, 13-05-00405ʘ, 12-03-31717ʤʦʣ_ʘ, 12-

05-31418ʤʦʣ_ʘ, ɻʨʘʥʪʦʚ ʇʨʝʟʠʜʝʥʪʘ ʈʌ (ʄʂ-1557.2011.5, ʄʂ-4961.2009.5), ʈʅʌ (14-17-

00693). 
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ɻʣʘʚʘ 1. ʈʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ. ʉʨʘʚʥʝʥʠʝ ʩ ʜʨʫʛʠʤʠ ʠʥʢʦʥʛʨʫʵʥʪʥʳʤʠ 

ʤʝʪʦʜʘʤʠ. 
 

 ʇʝʨʚʳʝ ʨʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʣʦʚ ʠʥʢʦʥʛʨʫʵʥʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʦʪʥʦʩʷʪʩʷ 

ʝʱʝ ʢ ʘʥʪʠʯʥʦʩʪʠ. ɸʨʠʩʪʦʪʝʣʴ ʦʧʠʩʳʚʘʣ ʤʝʪʦʜ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ, ʇʣʠʥʠʡ ï ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʤʝʜʥʦʛʦ 

ʢʫʧʦʨʦʩʘ. ɸʛʨʠʢʦʣʘ ʠʩʧʦʣʴʟʦʚʘʣ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʜʣʷ ʦʯʠʩʪʢʠ 

ʩʝʣʠʪʨʳ [1]. ʊʘʢ, ʙʣʘʛʦʜʘʨʷ ʪʨʫʜʫ ʩʥʘʯʘʣʘ ʘʣʭʠʤʠʢʦʚ, ʧʦʪʦʤ ʫʞʝ ʭʠʤʠʢʦʚ, ʢ 

ʜʝʚʷʪʥʘʜʮʘʪʦʤʫ ʚʝʢʫ ʙʳʣ ʥʘʢʦʧʣʝʥ ʥʝʦʙʭʦʜʠʤʳʡ ʦʧʳʪ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʙʘʟʘ ʜʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ʀʤʝʥʥʦ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʚʝʢʝ ʙʳʣʠ ʨʘʟʨʘʙʦʪʘʥʳ ʤʥʦʛʠʝ 

ʤʝʪʦʜʳ, ʢʦʪʦʨʳʤʠ ʧʦʣʴʟʫʶʪʩʷ ʜʦ ʩʠʭ ʧʦʨ ʙʝʟ ʩʫʱʝʩʪʚʝʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ. 

 ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʤʠʥʝʨʘʣʦʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʪʨʫʜ 

ʇʝʪʨʘ ʅʠʢʦʣʘʝʚʠʯʘ ʏʠʨʚʠʥʩʢʦʛʦ çʀʩʢʫʩʩʪʚʝʥʥʦʝ ʧʦʣʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʚ XIX ʩʪʦʣʝʪʠʠè 

[2], ʥʘʧʠʩʘʥʥʳʡ ʚ 1906 ʛʦʜʫ ʚ ʨʘʤʢʘʭ ʝʛʦ ʜʠʧʣʦʤʥʦʡ ʨʘʙʦʪʳ. ɺ ʜʘʥʥʦʡ ʢʥʠʛʝ ʦʧʠʩʘʥʦ ʦʢʦʣʦ 

ʩʝʤʠʩʦʪ ʚʘʨʠʘʥʪʦʚ ʧʦʣʫʯʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʠʥʝʨʘʣʦʚ, ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 

ʚʠʜʝ ʢʨʠʩʪʘʣʦʚ. ʏʘʩʪʦ ʇ.ʅ. ʏʠʨʚʠʥʩʢʠʡ ʨʘʩʩʤʘʪʨʠʚʘʝʪ ʧʦʣʫʯʝʥʠʝ ʤʠʥʝʨʘʣʦʚ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʚʳʷʩʥʝʥʠʷ ʫʩʣʦʚʠʡ ʦʙʨʘʟʦʚʘʥʠʷ ʤʠʥʝʨʘʣʦʚ ʚ ʧʨʠʨʦʜʝ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʣʠʷʥʠʷ 

ʫʩʣʦʚʠʡ ʩʠʥʪʝʟʘ ʥʘ ʬʦʨʤʫ ʠ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʤʠʥʝʨʘʣʦʚ. ʂʥʠʛʘ ʢʨʘʡʥʝ 

ʫʜʦʙʥʘ ʜʣʷ ʘʥʘʣʠʟʘ ʨʘʟʚʠʪʠʷ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʘʟʳ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʩʪʦʣʝʪʠʠ, ʪʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʦʨʠʛʠʥʘʣʴʥʳʭ 

ʠʩʪʦʯʥʠʢʦʚ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʜʦʩʪʫʧʥʳ. 

 ʀʤʝʥʥʦ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʚʝʢʝ ʩʪʘʣʠ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʪʴʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʠʢʠ 

ʩʠʥʪʝʟʘ ʚʝʱʝʩʪʚ, ʭʦʪʷ ʩʨʝʜʠ ʧʫʙʣʠʢʘʮʠʡ, ʨʘʩʩʤʦʪʨʝʥʥʳʭ ʏʠʨʚʠʥʩʢʠʤ, ʝʩʪʴ ʠ ʙʦʣʝʝ ʨʘʥʥʠʝ 

ʨʘʙʦʪʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʨʘʙʦʪʳ ʩʨʝʜʥʝʚʝʢʦʚʳʭ ʘʣʭʠʤʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʏʠʨʚʠʥʩʢʠʡ ʮʠʪʠʨʫʝʪ 

ʬʨʘʥʮʫʟʩʢʦʛʦ ʛʝʦʣʦʛʘ ʉʪʘʥʠʩʣʘʩʘ ʄʝʥʴʝ (1843-1925): çʂʦʛʜʘ ʙʦʣʴʥʦʡ ʪʳʩʷʯʠ ʜʚʝ ʣʝʪ ʥʘʟʘʜ 

ʙʨʦʩʠʣ ʤʦʥʝʪʫ ʚ ʚʦʜʫ ʤʠʥʝʨʘʣʴʥʦʛʦ ʠʩʪʦʯʥʠʢʘ, ʚ ʢʦʪʦʨʦʤ ʦʥ ʠʩʢʘʣ ʠʩʮʝʣʝʥʠʝ, ʪʦ ʦʥ, 

ʢʦʥʝʯʥʦ, ʥʝ ʧʨʝʜʧʦʣʘʛʘʣ, ʯʪʦ ʵʪʠʤ ʢʣʘʜʝʪ ʥʘʯʘʣʦ ʦʧʳʪʫ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʝʦʣʦʛʠʠéè 

[2 ʩʦ ʩʩʳʣʢʦʡ ʥʘ 3].  

 ʇʦ ʤʥʝʥʠʶ ʏʠʨʚʠʥʩʢʦʛʦ, ʢ ʥʘʯʘʣʫ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʪʨʠ 

ʦʩʥʦʚʥʳʭ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ: ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ 

ʠ ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ (ʚʝʨʦʷʪʥʦ, ʙʝʟ ʨʘʟʜʝʣʝʥʠʷ ʥʘ ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ, ʢʘʢ ʪʘʢʦʚʦʡ, ʠ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʳʡ). ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜ ʜʘʥʥʫʶ ʢʣʘʩʩʠʬʠʢʘʮʠʶ ʥʝ ʧʦʜʧʘʜʘʶʪ ʥʝʩʢʦʣʴʢʦ ʦʧʠʩʘʥʥʳʭ 

ʩʠʥʪʝʟʦʚ ʚ ʧʦʣʥʦʩʪʴʶ ʪʚʝʨʜʦʬʘʟʥʳʭ ʩʠʩʪʝʤʘʭ. 
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 ɼʘʞʝ ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʘʥʘʣʠʟ ʢʥʠʛʠ ʏʠʨʚʠʥʩʢʦʛʦ ʠ ʮʠʪʠʨʦʚʘʥʥʦʡ ʚ ʥʝʡ ʣʠʪʝʨʘʪʫʨʳ 

ʜʘʝʪ ʧʦʥʷʪʴ, ʯʪʦ ʚʩʝ ʦʩʥʦʚʥʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʣʠ ʢ ʥʘʯʘʣʫ 

ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ. ʇʦʷʚʠʚʰʠʝʩʷ ʥʝʩʢʦʣʴʢʦ ʧʦʟʜʥʝʝ ʠʤʝʥʥʳʝ ʤʝʪʦʜʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʷʚʣʷʶʪʩʷ ʪʦʣʴʢʦ ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝʤ ʫʞʝ ʩʫʱʝʩʪʚʦʚʘʚʰʠʭ ʤʝʪʦʜʦʚ, ʢʦʪʦʨʳʝ ʧʦʷʚʠʣʠʩʴ 

ʪʦʣʴʢʦ ʙʣʘʛʦʜʘʨʷ ʦʙʱʝʤʫ ʪʝʭʥʠʯʝʩʢʦʤʫ ʨʘʟʚʠʪʠʶ. ʅʝʢʦʪʦʨʳʝ ʦʧʠʩʘʥʥʳʝ ɻ ʢʩʧʝʨʠʤʝʥʪʳ ʧʦ 

ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʜʦ ʩʠʭ ʧʦʨ ʧʦʨʘʞʘʶʪ ʩʚʦʝʡ ʧʨʦʩʪʦʪʦʡ, ʵʣʝʛʘʥʪʥʦʩʪʴʶ ʠ ʙʝʟʫʧʨʝʯʥʦʩʪʴʶ 

ʩ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ. 

 ʂʦʥʝʯʥʦ, ʥʝʢʦʪʦʨʳʝ ʚʳʚʦʜʳ ʧʦ ʩʠʥʪʝʟʘʤ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ 

ʚʳʧʦʣʥʝʥʳ ʥʘ ʚʳʩʦʢʦʤ ʫʨʦʚʥʝ, ʷʚʣʷʶʪʩʷ ʦʰʠʙʦʯʥʳʤʠ ʚʩʣʝʜʩʪʚʠʝ ʥʝʩʦʚʝʨʰʝʥʩʪʚʘ 

ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʤʝʪʦʜʠʢ. ʅʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʳ ʢʘʨʙʠʜʘ ʞʝʣʝʟʘ ʙʳʣʠ ʧʨʠʥʷʪʳ ʟʘ ʘʣʤʘʟ [4], 

ʘ ʧʨʦʜʫʢʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ FeCl2 ʠ NiCl2 ʚʦʜʦʨʦʜʦʤ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʳʣ ʧʨʠʥʷʪ 

ʟʘ ʪʵʥʠʪ [5]. ʂʨʦʤʝ ʪʦʛʦ, ʤʥʦʛʠʝ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 

ʨʘʩʧʣʘʚʘʭ, ʠʥʦʛʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʬʣʶʩʦʚ, ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʳʯʥʦ 

ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʘʚʪʦʨʘʤʠ ʪʦʣʴʢʦ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʨʘʩʪʫʱʠʭ 

ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʩʘʤʦ ʧʦ ʩʝʙʝ ʥʝʚʝʨʥʦ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʧʨʘʚʠʣʘ ʬʘʟ ɻʠʙʙʩʘ [6], (ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 1876) ʛʦʜʫ ʠ ʩ 

ʪʦʯʢʠ ʟʨʝʥʠʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [7, 8] (ʥʘʯʘʣʦ ʧʦʣʦʞʝʥʦ ʂʫʨʥʘʢʦʚʳʤ ʥʘ ʨʫʙʝʞʝ 

XIX  ʠ XX ʚʝʢʦʚ).  

 ʇʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʟʘʱʠʱʘʝʤʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʪʦʠʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʚ ʤʦʥʦʛʨʘʬʠʠ 

ʏʠʨʚʠʥʩʢʦʛʦ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʚʩʪʨʝʯʘʝʪʩʷ ʫʧʦʤʠʥʘʥʠʷ ʦ ʨʦʩʪʝ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʫʩʣʦʚʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʨʠʤʠʪʠʚʥʳʭ ʥʘʛʨʝʚʘʪʝʣʴʥʳʭ ʫʩʪʨʦʡʩʪʚ ʠ ʥʝʚʦʟʤʦʞʥʦʩʪʴʶ ʟʘʜʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʜʘʞʝ ʩʘʤʳʝ 

ʨʘʥʥʠʝ ʧʦʧʳʪʢʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʚʥʝʰʥʠʭ ʠʩʪʦʯʥʠʢʦʚ ʪʦʢʘ, ʘ ʥʝ ʩ ʧʦʤʦʱʴʶ ʵʬʬʝʢʪʘ ɿʝʝʙʝʢʘ (ʪʝʨʤʦʵʜʩ) ʠ ʥʝ ʩ ʧʦʤʦʱʴʶ 

ʩʦʟʜʘʥʠʷ ʨʘʟʥʦʩʪʠ ʧʦʪʝʥʮʠʘʣʦʚ ʩ ʧʦʤʦʱʴʶ ʥʘʣʠʯʠʷ ʨʘʟʥʦʩʪʠ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ 

ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨ. 

 

1.1. ʄʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 
 

 ʉʨʘʚʥʠʤ ʠʩʧʦʣʴʟʫʝʤʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʚ 

ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʩ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʝʤʳʤ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ. ɿʘ ʦʩʥʦʚʫ ʦʧʠʩʘʥʠʷ ʤʝʪʦʜʘ 

ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚʟʷʪʘ ʢʣʘʩʩʠʯʝʩʢʘʷ ʤʦʥʦʛʨʘʬʠʷ ʐʝʬʝʨʘ [9]. ɼʝʪʘʣʴʥʳʡ ʘʥʘʣʠʟ ʤʝʪʦʜʘ 
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ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʢʨʦʤʝ ʦʩʥʦʚʥʦʛʦ ʦʪʣʠʯʠʷ ʚ ʘʛʨʝʛʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʳʭ 

ʦʪʣʠʯʠʡ. 

 ʄʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʧʦ ʦʙʨʘʪʠʤʦʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʩ ʪʨʘʥʩʧʦʨʪʥʳʤ ʨʝʘʛʝʥʪʦʤ, ʦʙʨʘʟʫʝʪ 

ʪʦʣʴʢʦ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳ, ʢʦʪʦʨʳʝ ʧʝʨʝʥʦʩʷʪʩʷ ʚ ʜʨʫʛʫʶ ʯʘʩʪʴ ʨʝʘʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ 

ʩ ʜʨʫʛʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʫʩʣʦʚʠʷʤʠ ʠ ʚʥʦʚʴ ʦʙʨʘʟʫʝʪʩʷ ʧʝʨʚʦʥʘʯʘʣʴʥʦʝ ʚʝʱʝʩʪʚʦ, 

ʥʦ ʫʞʝ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʠʤ ʧʨʦʮʝʩʩ ʥʘʧʦʤʠʥʘʝʪ ʩʫʙʣʠʤʘʮʠʶ 

ʚʝʱʝʩʪʚʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʩʫʙʣʠʤʘʮʠʠ, ʧʝʨʝʥʦʩʠʤʦʝ ʚʝʱʝʩʪʚʦ ʥʝ ʦʙʣʘʜʘʝʪ ʟʘʤʝʪʥʳʤ 

ʜʘʚʣʝʥʠʝʤ ʥʘʩʳʱʝʥʥʦʛʦ ʧʘʨʘ ʙʝʟ ʫʯʘʩʪʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʘʛʝʥʪʘ. ʉʫʙʣʠʤʘʮʠʦʥʥʳʡ ʤʝʪʦʜ 

ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠʤʝʥʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʨʝʞʝ ʚ ʩʠʣʫ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʦʛʨʘʥʠʯʝʥʠʡ. 

ɻʣʘʚʥʳʤʠ ʫʩʣʦʚʠʷʤʠ ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʥʘʣʠʯʠʝ ʛʨʘʜʠʝʥʪʘ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʠ ʫʩʣʦʚʠʝ ʦʙʨʘʪʠʤʦʩʪʠ ʨʝʘʢʮʠʠ ʧʝʨʝʭʦʜʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ.  

 ʇʦ ʤʥʝʥʠʶ ʐʝʬʝʨʘ [9], ʧʝʨʚʦʡ ʠʟʫʯʝʥʥʦʡ ʨʝʘʢʮʠʝʡ ʧʝʨʝʥʦʩʘ ʚ ʛʘʟʦʚʦʤ ʩʦʩʪʦʷʥʠʠ 

ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʧʝʨʝʥʦʩʘ ʛʝʤʘʪʠʪʘ Fe2O3 ʛʘʟʦʦʙʨʘʟʥʳʤ ʭʣʦʨʠʩʪʳʤ ʚʦʜʦʨʦʜʦʤ, ʦʧʠʩʘʥʥʘʷ 

ɹʫʥʟʝʥʦʤ ʧʨʠ ʠʟʫʯʝʥʠʠ ʚʫʣʢʘʥʠʯʝʩʢʠʭ ʛʘʟʦʚ. 

 ɻʘʟʦʚʳʡ ʪʨʘʥʩʧʦʨʪ ʚ ʧʨʠʨʦʜʥʳʭ ʩʠʩʪʝʤʘʭ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʧʝʨʝʥʦʩʘ 

ʚʝʱʝʩʪʚʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ. ʆʩʥʦʚʥʳʤ ʦʙʲʝʢʪʦʤ ʠʟʫʯʝʥʠʷ ʧʨʠʨʦʜʥʦʛʦ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ ʷʚʣʷʶʪʩʷ ʬʫʤʘʨʦʣʳ (ʠʪʘʣ. fumarola, ʦʪ ʣʘʪ. fumo ð ʜʳʤ) ð ʪʨʝʱʠʥʳ ʠ 

ʦʪʚʝʨʩʪʠʷ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚ ʢʨʘʪʝʨʘʭ, ʥʘ ʩʢʣʦʥʘʭ ʠ ʫ ʧʦʜʥʦʞʠʷ ʚʫʣʢʘʥʦʚ ʠ ʩʣʫʞʘʱʠʝ 

ʠʩʪʦʯʥʠʢʘʤʠ ʛʦʨʷʯʠʭ ʛʘʟʦʚ. ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʚ ʤʠʨʝ ʝʩʪʴ ʥʝʩʢʦʣʴʢʦ ʨʘʡʦʥʦʚ ʩ 

ʚʫʣʢʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʫʤʘʨʦʣ, ʥʘʧʨʠʤʝʨ, ʂʘʤʯʘʪʢʘ ʠ 

ʂʫʨʠʣʴʩʢʠʝ ʦʩʪʨʦʚʘ ʚ ʈʦʩʩʠʠ, ʁʝʣʣʦʫʩʪʦʫʥʩʢʠʡ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ ʠ ʥʘʮʠʦʥʘʣʴʥʳʡ ʧʘʨʢ 

ʂʘʪʤʘʡ (ɼʦʣʠʥʘ ʜʝʩʷʪʠ ʪʳʩʷʯ ʜʳʤʦʚ) ʚ ʉʐɸ, ʥʝʢʦʪʦʨʳʝ ʨʘʡʦʥʳ ʀʩʣʘʥʜʠʠ, ʏʠʣʠ ʠ ʂʠʪʘʷ.  

 ɺ ʥʘʩʪʦʷʱʠʡ ʤʦʤʝʥʪ ʥʝʢʦʪʦʨʳʝ ʚʥʦʚʴ ʦʪʢʨʳʪʳʝ ʤʠʥʝʨʘʣʳ ʷʚʣʷʶʪʩʷ ʧʨʦʜʫʢʪʘʤʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʛʘʟʦʚʦʛʦ ʬʣʶʠʜʘ (ʚʫʣʢʘʥʠʯʝʩʢʦʛʦ ʛʘʟʘ) [10],[11]. ʌʣʶʠʜ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʣʦʞʥʫʶ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʝ ʚʦʜʳ ʩ ʫʛʣʝʢʠʩʣʳʤ ʛʘʟʦʤ, ʨʘʟʣʠʯʥʳʤʠ ʦʢʩʠʜʘʤʠ ʩʝʨʳ ʠ 

H2S, ʛʘʣʦʛʝʥʦʚʦʜʦʨʦʜʘʤʠ ʠ ʥʝʙʦʣʴʰʠʤʠ ʢʦʣʠʯʝʩʪʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʚʢʣʶʯʘʷ 

ʨʝʜʢʠʝ ʠ ʨʘʩʩʝʷʥʥʳʝ. ʄʠʥʝʨʘʣʳ ʦʙʨʘʟʫʶʪʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʜʘʚʣʝʥʠʷ. ʉʨʝʜʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʤʠʥʝʨʘʣʦʚ ʤʦʛʫʪ ʙʳʪʴ ʤʠʥʝʨʘʣʳ ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ 

ʨʝʜʢʠʭ ʠ ʨʘʩʩʝʷʥʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʣʠʯʥʳʝ ʟʦʣʦʪʦʩʦʜʝʨʞʘʱʠʝ ʤʠʥʝʨʘʣʳ [12]. ʄʥʦʛʠʤʠ 

ʚʥʦʚʴ ʦʪʢʨʳʪʳʤʠ ʤʠʥʝʨʘʣʘʤʠ ʷʚʣʷʶʪʩʷ ʭʘʣʴʢʦʛʝʥʠʜʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ - ʢʘʜʤʦʠʥʜʠʪ 

CdIn2S4 [13], ʢʫʜʨʷʚʠʪ (Cd,Pb)Bi2S4 [14], ʘʙʨʘʤʦʚʠʪ Pb2SnInBiS7 [15], ʤʠʥʝʨʘʣʳ ʥʘ ʦʩʥʦʚʝ 

ʩʬʘʣʝʨʠʪʘ [16], ʝʜʠʥʩʪʚʝʥʥʳʡ ʨʝʥʠʝʚʳʡ ʤʠʥʝʨʘʣ ʨʝʥʠʠʪ ReS2 [17, 18]. 
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 ʄʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠ 

ʫʩʢʦʨʝʥʠʷ ʪʚʝʨʜʦʬʘʟʥʳʭ ʨʝʘʢʮʠʡ, ʥʦ ʠ ʜʣʷ ʨʷʜʘ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʟʘʜʘʯ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʪʚʝʨʜʳʭ ʠ ʛʘʟʦʦʙʨʘʟʥʳʭ ʚʝʱʝʩʪʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʨʝʘʢʮʠʷʭ. ʇʨʠ ʥʘʣʠʯʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ, ʨʘʩʯʝʪ ʛʘʟʦʚʦʛʦ 

ʧʝʨʝʥʦʩʘ ʤʦʞʝʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʥʝ ʪʦʣʴʢʦ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʦʭʦʞʜʝʥʠʷ ʨʝʘʢʮʠʠ, ʥʦ, ʜʘʞʝ 

ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʤ ʚʳʭʦʜʝ ʨʝʘʢʮʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʩ ʫʩʧʝʭʦʤ 

ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʦʯʠʩʪʢʠ ʤʝʪʘʣʣʦʚ [ʥʘʧʨʠʤʝʨ, 19].  

 ʄʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʜʨʘʟʫʤʝʚʘʝʪ ʧʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʚʝʱʝʩʪʚʘ ʯʝʨʝʟ 

ʛʘʟʦʚʫʶ ʬʘʟʫ. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʬʬʫʟʠʠ, ʢʦʥʚʝʢʮʠʠ ʠʣʠ ʩ 

ʧʦʤʦʱʴʶ ʦʨʛʘʥʠʟʘʮʠʠ ʛʘʟʦʚʦʛʦ ʧʦʪʦʢʘ.  

 

 ʄʝʪʦʜ ʧʦʪʦʢʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʠʥʫʜʠʪʝʣʴʥʫʶ ʤʠʛʨʘʮʠʶ ʛʘʟʘ ï ʪʨʘʥʩʧʦʨʪʥʦʛʦ 

ʨʝʘʛʝʥʪʘ. ʉʥʘʯʘʣʘ ʛʘʟ ʦʢʘʟʳʚʘʝʪʩʷ ʚ ʦʙʣʘʩʪʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʣʠʥʳ, ʩʦʜʝʨʞʘʱʝʡ 

ʧʝʨʝʥʦʩʠʤʦʝ ʪʚʝʨʜʦʝ ʚʝʱʝʩʪʚʦ, ʥʘʭʦʜʷʱʝʝʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʘʯʠʥʘʝʪ ʩ 

ʥʠʤ ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ, ʚ ʠʜʝʘʣʝ ʦʙʨʘʟʫʷ ʨʘʚʥʦʚʝʩʠʝ çʪʨʘʥʩʧʦʨʪʥʳʡ ʨʝʘʛʝʥʪ + ʪʚʝʨʜʦʝ 

ʚʝʱʝʩʪʚʦ = ʧʦʣʥʦʩʪʴʶ ʛʘʟʦʦʙʨʘʟʥʳʝ ʧʨʦʜʫʢʪʳè. ɼʘʣʝʝ ʠʟʤʝʥʝʥʥʘʷ ʛʘʟʦʚʘʷ ʬʘʟʘ ʧʦʧʘʜʘʝʪ ʚ 

ʦʙʣʘʩʪʴ ʩ ʜʨʫʛʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʚ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʪʥʘʷ ʨʝʘʢʮʠʷ ʩ ʚʳʜʝʣʝʥʠʝʤ 

ʘʥʘʣʦʛʠʯʥʦʛʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʦ ʫʞʝ ʚ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɽʩʣʠ ʜʘʚʣʝʥʠʝ 

ʧʘʨʘ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʥʝʜʦʩʪʘʪʦʯʥʦ ʚʝʣʠʢʦ ʧʨʠ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʪʦ ʦʥʦ 

ʥʘʩʳʱʘʝʪʩʷ ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ ʜʦ ʘʪʤʦʩʬʝʨʥʦʛʦ. ɺ 

ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ [1] ʨʘʩʩʤʦʪʨʝʥʦ ʥʝʩʢʦʣʴʢʦ ʧʨʠʤʝʨʦʚ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʢʘʜʤʠʷ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʨʝʘʮʠʦʥʥʳʡ ʛʘʟ (ʦʙʳʯʥʦ ʩʝʨʦʚʦʜʦʨʦʜ) ʠ 

ʪʨʘʥʩʧʦʨʪʥʳʡ ʛʘʟ ʧʦʜʘʚʘʣʠʩʴ ʥʝʟʘʚʠʩʠʤʦ, ʚ ʥʝʢʦʪʦʨʳʭ - ʩʦʚʤʝʩʪʥʦ. ɺ ʥʝʢʦʪʦʨʳʭ ʧʨʠʤʝʨʘʭ 

ʢʦʤʧʦʥʝʥʪʳ ʙʫʜʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ (ʢʘʜʤʠʡ ʠ ʪʝʣʣʫʨ) ʧʝʨʝʭʦʜʠʣʠ ʚ ʛʘʟʦʚʫʶ ʬʘʟʫ ʥʝʟʘʚʠʩʠʤʦ 

ʜʨʫʛ ʦʪ ʜʨʫʛʘ ʠ ʫʞʝ ʚʩʪʨʝʯʘʣʠʩʴ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʪʦʯʢʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʈʠʩ. 1. 

 

ʈʠʩ. 1. ʄʝʪʦʜ ʧʦʪʦʢʘ ʧʨʠ ʥʝʟʘʚʠʩʠʤʦʤ ʠʩʧʘʨʝʥʠʠ ʦʙʦʠʭ ʨʝʘʢʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʷʭ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ. 1ʘ ʃʦʜʦʯʢʘ ʩ ʢʘʜʤʠʝʤ. 1ʙ. ʃʦʜʦʯʢʘ ʩ ʪʝʣʣʫʨʦʤ. 2. ʂʨʠʩʪʘʣʣʳ CdTe. 3 ʇʦʪʦʢ ʚʦʜʦʨʦʜʘ. 

T1<T2<T3. [1]. 
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 ɼʣʷ ʩʦʟʜʘʥʠʷ ʧʦʪʦʢʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʦʤʙʠʥʘʮʠʠ ʙʘʣʣʦʥʦʚ ʩ ʛʘʟʦʤ ʠ ʥʘʩʦʩʦʚ. 

ʕʣʝʤʝʥʪʘʨʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʝʪʦʜʘ ʧʦʪʦʢʘ, ʚʦ-ʧʝʨʚʳʭ, 

ʧʨʦʩʪʳ ʠ ʥʘʛʣʷʜʥʳ, ʚʦ-ʚʪʦʨʳʭ, ʥʝʪ ʥʫʞʜʳ ʠʭ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʚʚʠʜʫ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʠʷ 

ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʤʝʪʦʜʘ ʜʣʷ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ. 

 ɼʚʠʞʝʥʠʝ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ ʧʦ ʥʝʟʘʚʠʩʠʤʳʤ ʢʘʥʘʣʘʤ (ʈʠʩ. 1) 

ʧʦʟʚʦʣʷʝʪ ʠʩʢʣʶʯʠʪʴ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʚʥʝ ʦʞʠʜʘʝʤʦʡ 

ʟʦʥʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʫʭʠʱʨʝʥʠʷ ʜʣʷ 

ʠʩʢʣʶʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʟʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʘʨ çʩʝʨʘ ï ʤʳʰʴʷʢè, 

çʩʝʨʘ-ʩʝʣʝʥè ʠ çʞʝʣʝʟʦ ï ʥʠʢʝʣʴè, ʥʦ ʥʝ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ, ʘ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ, ʠ ʥʝ ʚ ʤʝʪʦʜʝ 

ʧʦʪʦʢʘ, ʘ ʧʨʠ ʜʠʬʬʫʟʠʦʥʥʦʤ ʧʝʨʝʥʦʩʝ ʚʝʱʝʩʪʚʘ ʚ ʟʘʢʨʳʪʳʭ ʘʤʧʫʣʘʭ. 

 

 ɼʣʷ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʤʝʪʦʜʘ ʦʙʳʯʥʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʧʨʦʩʪʳʝ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ 

ʘʤʧʫʣʳ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʠʣʠ ʦʙʳʯʥʦʛʦ ʩʪʝʢʣʘ. ɺ ʘʤʧʫʣʫ ʚ ʦʜʠʥ ʢʦʥʝʮ ʧʦʤʝʱʘʝʪʩʷ ʥʝʢʦʪʦʨʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʪʨʘʥʩʧʦʨʪʥʳʡ ʨʝʘʛʝʥʪ (ʈʠʩ. 2).  

 ʊʘʢ ʢʘʢ ʦʙʳʯʥʦ ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʝʘʛʝʥʪʳ, ʥʘʧʨʠʤʝʨ, ʡʦʜ, ʦʙʣʘʜʘʶʪ ʜʦʩʪʘʪʦʯʥʦʡ 

ʣʝʪʫʯʝʩʪʴʶ ʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʪʦ ʩʫʱʝʩʪʚʫʶʪ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʠʟʦʣʷʮʠʠ ʚʦ 

ʚʨʝʤʷ ʚʘʢʫʫʤʠʨʦʚʘʥʠʷ. ʅʘʧʨʠʤʝʨ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʘʣʝʥʴʢʠʝ, ʣʝʛʢʦ ʨʘʟʨʫʰʘʝʤʳʝ ʘʤʧʫʣʢʠ ʩ 

ʨʝʘʛʝʥʪʦʤ. ʀʥʦʛʜʘ ʨʝʘʛʝʥʪ ʟʘʤʦʨʘʞʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ. ʀʥʦʛʜʘ ʨʝʘʛʝʥʪ ʧʝʨʝʥʦʩʠʪʩʷ 

ʫʞʝ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʫʶ ʘʤʧʫʣʫ ʠʟ ʜʨʫʛʦʡ ʘʤʧʫʣʳ [20]. ʉʦʙʩʪʚʝʥʥʳʡ ʦʧʳʪ ʛʦʚʦʨʠʪ, ʯʪʦ 

ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ ʡʦʜʘ ʤʦʞʥʦ ʟʘʧʘʠʚʘʪʴ ʩ ʤʠʥʠʤʘʣʴʥʳʤʠ ʧʦʪʝʨʷʤʠ ʙʝʟ ʚʩʷʢʦʡ 

ʠʟʦʣʷʮʠʠ, ʥʦ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʦʧʘʩʥʦʩʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʥʘʩʦʩʘ ʧʘʨʘʤʠ ʡʦʜʘ.     

 ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʧʝʮʠʘʣʴʥʳʝ ʩʤʝʩʠ, ʢʦʪʦʨʳʝ ʚʩʪʫʧʘʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʚ 

ʨʝʘʢʮʠʶ ʧʨʠ ʧʦʚʳʰʝʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʙʨʘʟʫʶʪ ʣʝʪʫʯʝʝ ʩʦʝʜʠʥʝʥʠʝ [21]. ʊʘʢʞʝ ʤʦʞʥʦ 

ʧʨʠʤʝʥʷʪʴ ʥʝʙʦʣʴʰʠʝ ʢʦʣʠʯʝʩʪʚʘ NH4Cl ʢʦʪʦʨʳʡ ʫʩʪʦʡʯʠʚ ʠ ʤʘʣʦ ʣʝʪʫʯ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ, ʥʦ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ ʘʤʤʠʘʢ ʠ ʭʣʦʨʦʚʦʜʦʨʦʜ.  

ʆʙʳʯʥʦ ʢʦʣʠʯʝʩʪʚʦ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʤʠʥʠʤʘʣʴʥʦ, ʧʦʵʪʦʤʫ ʚ ʜʘʥʥʦʤ ʤʝʪʦʜʝ 

ʜʦʣʞʥʦ ʙʳʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʯʠʩʪʦʪʝ ʟʘʛʨʫʞʘʝʤʳʭ ʚʝʱʝʩʪʚ, ʪʘʢ ʢʘʢ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ 

ʢʦʣʠʯʝʩʪʚʘ ʟʘʛʨʷʟʥʝʥʠʡ ʤʦʛʫʪ ʚʣʠʷʪʴ ʥʘ ʧʨʦʮʝʩʩ ʪʨʘʥʩʧʦʨʪʘ. ʅʘʧʨʠʤʝʨ, ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ 

ʩʧʦʩʦʙʥʦ ʦʙʨʘʪʠʤʦ ʧʦʛʣʦʱʘʪʴ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʦʢʦʣʦ 1000Áʉ) ʜʦʩʪʘʪʦʯʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʚʦʜʳ. ʇʦʵʪʦʤʫ ʣʶʙʘʷ ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ, ʟʘʧʘʷʥʥʘʷ ʥʘ ʧʣʘʤʝʥʠ ʢʠʩʣʦʨʦʜʥʦʡ 

ʛʦʨʝʣʢʠ, ʘ ʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʜʫʛʝ, ʩʦʜʝʨʞʠʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. ʆʙʳʯʥʦ 

ʢʚʘʨʮʝʚʳʝ ʨʝʘʢʪʦʨʳ ʜʣʷ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʦʜʚʝʨʛʘʶʪʩʷ ʤʥʦʛʦʩʪʘʜʠʡʥʦʡ ʦʯʠʩʪʢʝ. 

ʅʘʧʨʠʤʝʨ, ʚ ʥʘʯʘʣʝ ʘʤʧʫʣʳ ʥʘ ʧʷʪʴ ʤʠʥʫʪ ʧʦʤʝʱʘʶʪʩʷ ʚ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ ʩ 1 - 2 
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% ʧʣʘʚʠʢʦʚʦʡ ʢʠʩʣʦʪʳ, ʟʘʪʝʤ ʚ ʜʝʠʦʥʠʟʠʨʦʚʘʥʥʦʡ ʚʦʜʝ, ʘ ʧʦʪʦʤ ʦʪʞʠʛʘʶʪʩʷ ʚ ʚʘʢʫʫʤʝ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʦʣʦ 1000Áʉ ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ [22].  

 

ʈʠʩ. 2. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʜʠʬʬʫʟʠʦʥʥʳʤ ʤʝʪʦʜʦʤ [1]. 1. ʇʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʰʠʭʪʳ. 2. ʂʘʤʝʨʘ ʨʦʩʪʘ. 3. 

ɼʠʬʬʫʟʠʦʥʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ. 4. ʊʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʴʰʝʛʦ ʊ-ʛʨʘʜʠʝʥʪʘ. 5. 

ʊʝʧʣʦʚʳʝ ʵʢʨʘʥʳ.  

 

 ʅʘʧʨʦʪʠʚ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʥʝʪ ʥʫʞʜʳ ʧʨʠʥʠʤʘʪʴ ʤʝʨʳ ʜʣʷ 

ʧʦʜʦʙʥʦʡ ʦʯʠʩʪʢʠ ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ, ʪʘʢ ʢʘʢ ʚʩʝ ʟʘʛʨʷʟʥʝʥʠʷ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʩʦʣʝʚʦʤ 

ʨʘʩʧʣʘʚʝ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʪʦʨʦʛʦ ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʣʶʙʫʶ ʧʨʠʤʝʩʴ.  

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨ ʥʘ ʨʘʟʥʳʭ ʩʪʦʨʦʥʘʭ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʛʨʘʜʠʝʥʪʥʳʝ ʧʝʯʠ ʠʣʠ ʝʩʪʝʩʪʚʝʥʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ. ɼʣʷ 

ʫʤʝʥʴʰʝʥʠʷ ʪʝʧʣʦʧʝʨʝʜʘʯʠ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʪʝʧʣʦʠʟʦʣʷʮʠʦʥʥʘʷ ʤʝʤʙʨʘʥʘ, 

ʦʪʜʝʣʷʶʱʘʷ ʜʚʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʦʥʳ ʧʝʯʠ. ʏʪʦʙʳ ʨʘʩʰʠʨʠʪʴ ʧʨʦʩʪʨʘʥʩʪʚʦ ʜʣʷ ʨʦʩʪʘ, 

ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʩʢʘʯʦʢ ʩʜʚʠʛʘʶʪ ʚ ʩʪʦʨʦʥʫ ʰʠʭʪʳ.  

 ɺʝʨʦʷʪʥʦ, ʤʝʪʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʩʦʣʝʡ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʧʦʟʚʦʣʷʝʪ ʜʝʣʘʪʴ ʧʦʜʦʙʥʳʝ ʯʝʪʢʠʝ ʩʪʫʧʝʥʴʢʠ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʨʦʬʠʣʝ, ʪʘʢ 

ʢʘʢ ʚʩʝʛʜʘ ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʘʷ ʪʝʧʣʦʧʝʨʝʜʘʯʘ ʯʝʨʝʟ ʩʦʣʝʚʦʡ ʨʘʩʧʣʘʚ.  

 ʎʠʣʠʥʜʨʠʯʝʩʢʠʝ ʢʚʘʨʮʝʚʳʝ ʘʤʧʫʣʳ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʤʝʪʦʜʝ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʝʩʣʠ ʛʦʨʷʯʠʡ ʢʦʥʝʮ ʘʤʧʫʣʳ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʝ ʙʦʣʝʝ 1000 ï 1200Áʉ. 

ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʤʷʛʯʝʥʠʝ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, 

ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʚʘʨʮʘ ʠʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʚʘʨʮʘ ʩ ʚʝʱʝʩʪʚʦʤ, ʢʚʘʨʮ ʩʪʘʥʦʚʠʪʩʷ 

ʧʨʦʥʠʮʘʝʤʳʤ ʜʣʷ ʛʘʟʘ. ɽʩʣʠ ʛʦʨʷʯʠʡ ʢʦʥʝʮ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʜʦʣʞʝʥ ʙʳʪʴ ʙʦʣʴʰʝ 

1300Áʉ, ʪʦ ʜʣʷ ʩʦʟʜʘʥʠʷ ʧʦʜʦʙʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʫʝʪʩʷ ʨʘʩʢʘʣʝʥʥʘʷ ʧʨʦʚʦʣʦʢʘ, 

ʚʧʘʷʥʥʘʷ ʚ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ.  

 ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʪʦʜʳ, ʢʦʛʜʘ ʩʦʩʫʜ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʛʨʘʜʠʝʥʪʝ, ʪʘʢ ʯʪʦ ʬʨʦʥʪ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʚʩʝʛʜʘ ʥʘʭʦʜʠʪʩʷ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 

ʇʝʨʝʤʝʱʘʪʴʩʷ ʤʦʞʝʪ ʢʘʢ ʘʤʧʫʣʘ ʚʥʫʪʨʠ ʧʝʯʠ, ʪʘʢ ʠ ʧʝʯʴ ʧʨʠ ʥʝʧʦʜʚʠʞʥʦʡ ʘʤʧʫʣʝ.  
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 ʂʦʥʚʝʢʮʠʦʥʥʳʡ ʤʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ ʷʚʣʝʥʠʠ ʢʦʥʚʝʢʮʠʠ. ʂʦʥʚʝʢʮʠʷ ʛʘʟʘ ʚ 

ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʯʘʩʪʦ ʚʦʟʥʠʢʘʝʪ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʜʠʬʬʫʟʥʳʤ ʜʚʠʞʝʥʠʝʤ. ɺ ʜʘʥʥʦʤ 

ʩʣʫʯʘʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥʥʦ. 

ʂʦʥʚʝʢʮʠʷ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʧʦʤʝʱʝʥ ʥʘʢʣʦʥʥʦ ʠʣʠ ʚʝʨʪʠʢʘʣʴʥʦ, ʘ 

ʛʦʨʷʯʘʷ ʟʦʥʘ ʨʘʩʧʦʣʦʞʝʥʘ ʥʠʞʝ ʭʦʣʦʜʥʦʡ (ʈʠʩ. 3). 

 

ʈʠʩ. 3. ɼʚʠʞʝʥʠʝ ʛʘʟʘ ʩ ʧʦʤʦʱʴʶ ʢʦʥʚʝʢʮʠʠ ʚ ʥʘʢʣʦʥʥʦʡ ʘʤʧʫʣʝ. T2>T1 [9]. 

 ɺ ʛʘʟʦʚʦʤ ʪʨʘʥʩʧʦʨʪʝ, ʝʩʣʠ ʨʘʚʥʦʚʝʩʥʳʝ ʜʘʚʣʝʥʠʷ ʛʘʟʘ ʥʠʟʢʠ ʠ ʝʛʦ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʠʜʝʘʣʴʥʳʤ, ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʩʢʦʨʦʩʪʴʶ ʛʘʟʦʚʳʭ ʤʦʣʝʢʫʣ. 

ʇʨʠ ʙʦʣʴʰʝʤ ʛʘʟʦʚʦʤ ʜʘʚʣʝʥʠʠ (10-3 ʘʪʤ.) ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ ʫʞʝ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʨʦʮʝʩʩʦʤ 

ʜʠʬʬʫʟʠʠ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚ ʩʠʩʪʝʤʝ ʠʤʝʝʪʩʷ ʧʦʩʪʦʷʥʥʳʡ ʚʦ ʚʨʝʤʝʥʠ ʛʨʘʜʠʝʥʪ 

ʢʦʥʮʝʥʪʨʘʮʠʡ. ʇʦ ʤʥʝʥʠʶ ʐʝʬʝʨʘ, ʝʩʣʠ ʜʘʚʣʝʥʠʝ ʛʘʟʘ ʧʨʝʚʳʰʘʝʪ 3 ʘʪʤʦʩʬʝʨʳ, ʪʦ ʚʤʝʩʪʝ 

ʩ ʜʠʬʬʫʟʠʝʡ ʚʩʝ ʙʦʣʴʰʝʝ ʟʥʘʯʝʥʠʝ ʧʨʠʦʙʨʝʪʘʝʪ ʢʦʥʚʝʢʮʠʷ.  

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʜʝʣʘʝʤ ʚʳʚʦʜʳ ʦ ʧʝʨʝʥʦʩʝ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʚ ʫʩʣʦʚʠʷʭ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ: ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʝʩʣʠ ʨʝʘʢʮʠʦʥʥʳʡ 

ʩʦʩʫʜ ʥʘʭʦʜʠʪʩʷ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩʦʩʫʜ ʥʘʭʦʜʠʪʩʷ ʚ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤ ʛʨʘʜʠʝʥʪʝ ʪʝʤʧʝʨʘʪʫʨ (ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ 

ʤʦʞʥʦ ʧʨʝʥʝʙʨʝʯʴ), ʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʦʣʴʢʦ ʜʠʬʬʫʟʠʝʡ. 

ʅʘʧʨʦʪʠʚ, ʚʚʝʜʝʥʠʝ ʚʝʨʪʠʢʘʣʴʥʦʡ ʩʦʩʪʘʚʣʷʶʱʝʡ ʚ ʛʝʦʤʝʪʨʠʶ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ 

(ʥʘʢʣʦʥ ʘʤʧʫʣʳ, ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ) ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ 

ʢʦʥʚʝʢʪʠʚʥʳʤ ʧʦʪʦʢʘʤ ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

 ʀ ʚ ʤʝʪʦʜʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʠ ʚ ʤʝʪʦʜʝ ʩʠʥʪʝʟʘ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʧʨʦʮʝʩʩ 

ʪʨʘʥʩʧʦʨʪʘ ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʳʝ ʩʪʫʧʝʥʠ: ʨʝʘʢʮʠʶ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʠ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ, ʧʝʨʝʤʝʱʝʥʠʝ ʧʦʣʫʯʝʥʥʦʛʦ 

ʛʘʟʦʦʙʨʘʟʥʦʛʦ (ʞʠʜʢʦʛʦ) ʧʨʦʜʫʢʪʘ ʠ ʦʙʨʘʪʥʫʶ ʨʝʘʢʮʠʶ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʪʦʨʠʯʥʦʛʦ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ. ʇʨʦʮʝʩʩ ʧʝʨʝʤʝʱʝʥʠʷ ʛʘʟʘ ʠ ʩʢʦʨʦʩʪʴ ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʝʘʢʮʠʡ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ ʦʪʜʝʣʴʥʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʠʤʝʥʥʦ ʜʠʬʬʫʟʠʷ ʚʝʱʝʩʪʚʘ 

ʯʘʱʝ ʚʩʝʛʦ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ. ɼʘʥʥʳʡ ʪʝʟʠʩ 
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ʤʦʞʝʪ ʙʳʪʴ ʧʨʠ ʞʝʣʘʥʠʠ ʧʨʦʚʝʨʝʥ ʫʪʦʥʝʥʠʝʤ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ 

ʧʫʪʠ.  

 

 ʆʪʥʦʩʠʪʝʣʴʥʦ ʪʨʘʥʩʧʦʨʪʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚ ʛʘʟʝ, ʠ ʚ ʞʠʜʢʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʦʩʢʦʣʴʢʫ ʩʫʱʝʩʪʚʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʛʘʟʘ, ʩʦʩʪʘʚ ʝʛʦ ʥʘʜ ʧʝʨʚʠʯʥʦʡ ʠ 

ʚʪʦʨʠʯʥʦʡ ʬʘʟʦʡ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʙʫʜʝʪ ʨʘʟʣʠʯʥʳʤ. ɼʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ 

ʣʝʛʢʦ ʧʦʢʘʟʘʥʦ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʝʪʦʚ. ʊʘʢ ʢʘʢ ʙʳʣʦ ʧʨʠʥʷʪʦ, ʯʪʦ 

ʣʠʤʠʪʠʨʫʶʱʝʡ ʩʪʘʜʠʝʡ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʦʙʳʯʥʦ ʷʚʣʷʝʪʩʷ ʜʠʬʬʫʟʠʷ, ʤʦʞʝʪ ʙʳʪʴ ʩʜʝʣʘʥ 

ʚʳʚʦʜ, ʯʪʦ ʚ ʢʦʥʮʘʭ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʪʚʝʨʜʘʷ ʬʘʟʘ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʛʘʟʦʚʦʡ 

ʬʘʟʦʡ (ʠʣʠ ʩʦʣʝʚʳʤ ʨʘʩʧʣʘʚʦʤ).  

 ʂʨʦʤʝ ʪʦʛʦ, ʐʝʬʝʨʦʤ ʜʣʷ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʫʯʘʠ, ʢʦʛʜʘ 

ʜʠʬʬʫʟʠʷ ʥʝ ʷʚʣʷʝʪʩʷ ʣʠʤʠʪʠʨʫʶʱʠʤ ʧʨʦʮʝʩʩʦʤ ʧʝʨʝʥʦʩʘ. ʅʘ ʈʠʩ. 4 ʧʦʢʘʟʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ 

ʧʨʠʚʝʜʝʥʥʦʡ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʦʪ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ. ʇʨʠʚʝʜʝʥʥʘʷ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʵʪʦ ʦʪʥʦʰʝʥʠʝ ʬʘʢʪʠʯʝʩʢʠ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʢ ʢʦʣʠʯʝʩʪʚʫ, 

ʚʳʯʠʩʣʝʥʥʦʤʫ ʧʦ ʜʠʬʬʫʟʠʦʥʥʦʤʫ ʤʝʭʘʥʠʟʤʫ. ʇʨʠ ʩʨʝʜʥʠʭ ʜʘʚʣʝʥʠʷʭ ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ 

ʩʪʘʜʠʝʡ ʧʝʨʝʥʦʩʘ ʙʫʜʝʪ ʜʠʬʬʫʟʠʷ ʚʝʱʝʩʪʚʘ. ʇʨʠ ʙʦʣʝʝ ʨʘʟʨʷʞʝʥʥʦʤ ʛʘʟʝ ʜʠʬʬʫʟʠʷ 

ʫʩʢʦʨʷʝʪʩʷ ʠ ʧʦʵʪʦʤʫ ʥʘʠʙʦʣʝʝ ʤʝʜʣʝʥʥʦʡ ʩʪʫʧʝʥʴʶ ʧʨʦʮʝʩʩʘ ʷʚʣʷʝʪʩʷ ʨʝʘʢʮʠʷ ʧʝʨʝʭʦʜʘ 

ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʦʙʨʘʟʥʦʝ ʩʦʩʪʦʷʥʠʝ. ʇʨʠ ʩʘʤʳʭ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʧʨʠʚʝʜʝʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʩʪʘʥʦʚʠʪʩʷ ʙʦʣʴʰʝ ʝʜʠʥʠʮʳ, ʪʘʢ ʢʘʢ ʢʨʦʤʝ ʜʠʬʬʫʟʠʠ ʥʘ ʧʝʨʝʥʦʩ ʚʣʠʷʝʪ 

ʢʦʥʚʝʢʮʠʷ.  

 

 

ʈʠʩ. 4. ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ 

ʪʨʘʥʩʧʦʨʪʥʦʡ ʨʝʘʢʮʠʠ ʦʪ ʦʙʱʝʛʦ ʜʘʚʣʝʥʠʷ 

(ʩʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ). [9] Q-ʦʪʥʦʰʝʥʠʝ 

ʬʘʢʪʠʯʝʩʢʠ ʪʨʘʥʩʧʦʨʪʠʨʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʢ 

ʢʦʣʠʯʝʩʪʚʫ, ʚʳʯʠʩʣʝʥʥʦʤʫ ʧʦ ʜʠʬʬʫʟʠʠ 

(çʦʪʥʦʩʠʪʝʣʴʥʳʡ ʪʨʘʥʩʧʦʨʪè). ɺ ʦʙʣʘʩʪʠ I ʩʢʦʨʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʨʝʘʢʮʠʝʡ, ʚ ʦʙʣʘʩʪʠ II  ï 

ʜʠʬʬʫʟʠʝʡ, ʚ ʦʙʣʘʩʪʠ III  ï ʩʫʤʤʦʡ ʜʠʬʬʫʟʠʠ ʠ 

ʢʦʥʚʝʢʮʠʠ.  

 

 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʤʝʪʦʜʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʤʦʞʥʦ ʧʦʩʯʠʪʘʪʴ, ʝʩʣʠ ʠʟʚʝʩʪʥʳ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʛʘʟʘ ʠ ʨʘʟʥʠʮʘ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʡ 



20 

 

ʥʘʜ ʧʝʨʚʠʯʥʦʡ ʠ ʚʪʦʨʠʯʥʦʡ ʬʘʟʦʡ (ʥʘʜ ʭʦʣʦʜʥʳʤ ʠ ʛʦʨʷʯʠʤʠ ʢʦʥʮʘʤʠ ʨʝʘʢʮʠʦʥʥʦʛʦ 

ʩʦʩʫʜʘ). ʇʦ ʘʥʘʣʦʛʠʠ, ʢʦʣʠʯʝʩʪʚʦ ʧʝʨʝʥʝʩʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ ʚ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ, ʟʥʘʷ ʟʘʢʦʥʳ ʜʚʠʞʝʥʠʷ ʠʦʥʦʚ ʚ ʨʘʩʧʣʘʚʝ ʠ ʩʘʤʦʛʦ ʨʘʩʧʣʘʚʘ ʠ 

ʟʥʘʷ ʨʘʟʥʠʮʫ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ.  

 ʀ ʚ ʤʝʪʦʜʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ, ʚ ʤʝʪʦʜʝ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʨʝʰʘʶʱʝʝ ʟʥʘʯʝʥʠʝ 

ʧʨʠʧʠʩʳʚʘʝʪʩʷ ʨʘʟʥʠʮʝ ʚ ʧʘʨʮʠʘʣʴʥʳʭ ʜʘʚʣʝʥʠʷʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʇʨʝʜʩʪʘʚʠʤ ʦʧʷʪʴ, ʯʪʦ ʪʨʘʥʩʧʦʨʪ - ʵʪʦ ʧʝʨʝʤʝʱʝʥʠʝ ʚʝʱʝʩʪʚʘ ʤʝʞʜʫ ʜʚʫʤʷ ʨʘʚʥʦʚʝʩʥʳʤʠ 

ʟʦʥʘʤʠ. ʈʘʚʥʦʚʝʩʥʦʝ ʧʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʚ ʩʣʫʯʘʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʩʯʠʪʘʝʪʩʷ, ʟʥʘʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʫʯʘʩʪʚʫʶʱʠʭ ʚʝʱʝʩʪʚ. ʈʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʵʣʝʤʝʥʪʦʚ, ʨʘʩʪʚʦʨʝʥʥʳʭ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ, ʚʝʨʦʷʪʥʝʝ ʚʩʝʛʦ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʘ 

ʚʩʣʝʜʩʪʚʠʝ ʩʠʣʴʥʦʛʦ ʚʟʘʠʤʥʦʛʦ ʚʣʠʷʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʩʫʤʤʘʨʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʤʝʪʘʣʣʦʚ ʚ ʚʠʜʝ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʭ ʢʘʪʠʦʥʦʚ ʜʦʣʞʥʦ ʚʣʠʷʪʴ ʩʫʤʤʘʨʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʨʘʩʪʚʦʨʝʥʥʳʭ ʘʥʠʦʥʦʚ. ʅʝʩʤʦʪʨʷ ʥʘ ʜʘʥʥʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʜʣʷ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ 

ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʧʨʝʜʧʦʣʦʞʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʨʘʩʪʚʦʨʠʤʦʩʪʴ (ʠ 

ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ) ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ 

ʫʤʝʥʴʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʜʘʥʥʦʛʦ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʤʦʞʥʦ ʧʨʠʥʷʪʴ, ʯʪʦ 

ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʜʦʣʞʝʥ ʧʨʦʠʩʭʦʜʠʪʴ ʪʦʣʴʢʦ ʦʪ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʢ 

ʭʦʣʦʜʥʦʤʫ. ʅʝʩʢʦʣʴʢʦ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʧʝʨʝʥʦʩ ʦʪ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ ʢ 

ʭʦʣʦʜʥʦʤʫ ʠ ʦʪʩʫʪʩʪʚʠʝ ʧʝʨʝʥʦʩʘ ʦʪ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʢ ʛʦʨʷʯʝʤʫ ʦʧʠʩʘʥʳ ʚ ʩʣʝʜʫʶʱʠʭ 

ʛʣʘʚʘʭ. 

 

1.1.1. ɼʦʩʪʦʠʥʩʪʚʘ ʠ ʥʝʜʦʩʪʘʪʢʠ ʚʘʨʠʘʥʪʦʚ ʤʝʪʦʜʦʚ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ  

 

 ʄʝʪʦʜ ʧʦʪʦʢʘ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʠ ʤʝʪʦʜʳ ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʢʦʥʚʝʢʮʠʦʥʥʳʡ ʤʝʪʦʜʳ 

ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʠʤʝʶʪ ʩʚʦʡ ʥʘʙʦʨ ʜʦʩʪʦʠʥʩʪʚ ʠ ʥʝʜʦʩʪʘʪʢʦʚ [1]. ʄʝʪʦʜ ʧʦʪʦʢʘ ʠʤʝʝʪ 

ʛʨʦʤʦʟʜʢʫʶ, ʥʦ ʣʝʛʢʫʶ ʚ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʧʧʘʨʘʪʫʨʫ. ʄʝʪʦʜʳ ʜʠʬʬʫʟʠʠ ʠ ʢʦʥʚʝʢʮʠʠ 

(ʟʘʢʨʳʪʳʝ ʤʝʪʦʜʳ) ʤʠʥʠʘʪʶʨʥʳ ʚ ʠʩʧʦʣʥʝʥʠʠ, ʥʦ ʪʨʝʙʫʶʪ ʜʣʠʪʝʣʴʥʫʶ ʧʦʜʛʦʪʦʚʢʫ, 

ʥʘʧʨʠʤʝʨ, ʧʨʝʜʚʘʨʠʪʝʣʴʥʫʶ ʦʯʠʩʪʢʫ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʫʜʦʚ, ʦʪʢʘʯʢʫ, ʟʘʧʘʡʢʫ. ʄʝʪʦʜ 

ʧʦʪʦʢʘ ʤʘʣʦ ʧʨʠʩʧʦʩʦʙʣʝʥ ʜʣʷ ʜʣʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʥʦ ʜʣʷ ʥʝʛʦ ʪʨʝʙʫʝʪʩʷ ʤʝʥʝʝ 

ʩʣʦʞʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤ. ɺ ʤʝʪʦʜʝ ʧʦʪʦʢʘ ʠʟ-ʟʘ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʘʟʘ ʚʦʟʤʦʞʥʦ 

ʥʘʢʦʧʣʝʥʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʨʠʤʝʩʝʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʟʘʢʨʳʪʳʭ ʤʝʪʦʜʘʭ 

ʧʨʠʤʝʩʴ ʤʦʞʝʪ ʠʟʤʝʥʠʪʴ ʨʝʘʢʮʠʶ ʧʝʨʝʥʦʩʘ ʠʣʠ ʠʩʢʣʶʯʠʪʴ ʝʝ. ʄʝʪʦʜ ʧʦʪʦʢʘ ʧʦʟʚʦʣʷʝʪ 

ʢʦʥʪʨʦʣʠʨʫʝʤʦ ʠʟʤʝʥʷʪʴ ʩʦʩʪʘʚ ʛʘʟʘ ʠ ʪʝʤ ʩʘʤʳʤ ʧʦʣʫʯʘʪʴ ʟʦʥʘʣʴʥʳʝ ʢʨʠʩʪʘʣʣʳ ʠ 

ʵʧʠʪʘʢʩʠʦʥʘʣʴʥʳʝ ʩʣʦʠ.  
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 ʆʯʝʥʴ ʤʥʦʛʠʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʛʘʟʦʚʦʤʫ ʪʨʘʥʩʧʦʨʪʫ ʧʨʦʠʩʭʦʜʷʪ ʠ ʧʨʦʠʩʭʦʜʠʣʠ ʚ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʧʦʣʝ, ʧʦʩʪʦʷʥʥʦʤ ʚʦ ʚʨʝʤʝʥʠ. ʅʝʩʤʦʪʨʷ ʥʘ ʵʪʦ, ʚ ʥʘʯʘʣʝ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʤʝʩʪʦ ʙʫʜʫʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʛʨʝʚʘʣʦʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ ʚʳʰʝ ʦʩʥʦʚʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʯʠʩʪʠʪʴ ʧʦʚʝʨʭʥʦʩʪʴ ʘʤʧʫʣʳ ʠʣʠ ʢʨʠʩʪʘʣʣʘ-ʟʘʪʨʘʚʢʠ. 

 ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʠ ʤʝʪʦʜ ʪʨʘʥʩʧʦʨʪʘ ʚ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʠʤʝʶʪ ʦʯʝʥʴ ʤʥʦʛʦ ʦʙʱʝʛʦ, 

ʥʘʧʨʠʤʝʨ, ʧʨʠʤʝʥʝʥʠʝ ʛʘʣʦʛʝʥʦʚ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʥʦʩʯʠʢʘ. ɺʥʝʰʥʠʤ ʦʪʣʠʯʠʝʤ 

ʷʚʣʷʝʪʩʷ ʪʦʣʴʢʦ ʘʛʨʝʛʘʪʥʦʝ ʩʦʩʪʦʷʥʠʝ ʧʝʨʝʥʦʩʠʤʦʛʦ ʚʝʱʝʩʪʚʘ ï ʛʘʟʦʦʙʨʘʟʥʦʝ ʠʣʠ ʞʠʜʢʦʝ. 

ʅʘ ʩʘʤʦʤ ʜʝʣʝ ʦʪʣʠʯʠʡ ʛʦʨʘʟʜʦ ʙʦʣʴʰʝ. ʆʩʥʦʚʥʳʤ ʦʪʣʠʯʠʝʤ ʤʝʪʦʜʘ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ 

ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʦʪ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʢ ʛʦʨʷʯʝʤʫ. ʂʨʦʤʝ ʪʦʛʦ, 

ʤʝʪʦʜ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʦʪʣʠʯʘʝʪ ʰʠʨʦʯʘʡʰʠʡ ʠʥʪʝʨʚʘʣ ʚʦʟʤʦʞʥʳʭ ʪʝʤʧʝʨʘʪʫʨ.  

 ʇʨʠ ʘʥʘʣʠʟʝ ʨʘʟʣʠʯʥʳʭ ʛʘʟʦʪʨʘʥʩʧʦʨʪʥʳʭ ʨʝʘʢʮʠʡ ʐʝʬʝʨʦʤ ʙʳʣʦ ʩʬʦʨʤʫʣʠʨʦʚʘʥʦ 

ʚʘʞʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ: çʝʩʣʠ ʵʣʝʤʝʥʪ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʡʦʜʠʜʥʳʤ 

ʤʝʪʦʜʦʤ ʠʟ ʭʦʣʦʜʥʦʡ ʟʦʥʳ ʚ ʛʦʨʷʯʫʶ, ʦʙʨʘʟʫʝʪ ʩ ʢʘʢʠʤ-ʣʠʙʦ ʜʨʫʛʠʤ ʣʝʪʫʯʠʤ ʵʣʝʤʝʥʪʦʤ 

ʪʚʝʨʜʦʝ ʩʦʝʜʠʥʝʥʠʝ ʧʦ ʥʝʩʠʣʴʥʦ ʵʢʟʦʪʝʨʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʪʦ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ ʪʦʞʝ ʙʫʜʝʪ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʪʨʘʥʩʧʦʨʪʫ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʡʦʜʘè. ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ ʦʪʣʠʯʠʝ 

ʤʝʪʦʜʘ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʜʘʥʥʦʤʫ ʫʪʚʝʨʞʜʝʥʠʶ. 

1.2. ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʩʠʥʪʝʟ 

 

 ɺʪʦʨʳʤ ʦʩʥʦʚʥʳʤ ʥʝʢʦʥʛʨʫʵʥʪʥʳʤ ʤʝʪʦʜʦʤ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ 

ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʦʚ, ʦʙʳʯʥʦ ʚʦʜʥʳʭ [23]. ʀʟ ʛʝʦʣʦʛʠʠ ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ ʦʙʨʘʟʫʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʦʚ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ, ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚʳʩʪʫʧʘʝʪ ʚʦʜʘ. ʇʨʠ 

ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʩʧʨʘʚʝʜʣʠʚʳ ʘʥʘʣʦʛʠʠ ʩ ʧʦʚʝʜʝʥʠʝʤ 

ʚʝʱʝʩʪʚʘ ʚ ʛʘʟʦʚʦʡ ʬʘʟʝ [1]. ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʧʨʦʠʩʭʦʜʠʪ ʠʥʪʝʥʩʠʚʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʧʨʦʠʩʭʦʜʠʪ ʜʠʩʩʦʮʠʘʮʠʷ, ʩʦʣʴʚʘʪʘʮʠʷ, 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ, ʘʜʩʦʨʙʮʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʣʦʞʥʦʩʪʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʧʝʨʚʦʤ ʧʨʠʙʣʠʞʝʥʠʠ ʩʠʩʪʝʤʫ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʦʡ çʨʘʩʪʚʦʨʠʪʝʣʴ - ʨʘʩʪʚʦʨʷʝʤʦʝ ʚʝʱʝʩʪʚʦè. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ 

ʠʟʤʝʥʝʥʠʠ ʚʥʝʰʥʠʭ ʫʩʣʦʚʠʡ ʨʘʩʪʚʦʨʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʠʟ ʨʘʩʪʚʦʨʘ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ. 

ʀʥʦʛʜʘ ʨʘʩʪʚʦʨʷʝʤʦʝ ʚʝʱʝʩʪʚʦ ʧʝʨʝʭʦʜʠʪ ʚ ʪʚʝʨʜʫʶ ʬʘʟʫ ʚʤʝʩʪʝ ʩ ʨʘʩʪʚʦʨʠʪʝʣʝʤ, ʦʙʨʘʟʫʷ, 

ʥʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʦʛʠʜʨʘʪ.  



22 

 

 ɼʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʤʥʦʞʝʩʪʚʦ ʧʨʝʠʤʫʱʝʩʪʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ. ɻʣʘʚʥʦʝ ʝʛʦ 

ʜʦʩʪʦʠʥʩʪʚʦ ï ʤʝʪʦʜ ʤʦʞʝʪ ʨʘʙʦʪʘʪʴ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʘʪʤʦʩʬʝʨʥʦʤ ʜʘʚʣʝʥʠʠ. 

ʇʨʦʮʝʩʩ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʧʨʠ ʧʦʜʭʦʜʷʱʠʭ 

ʛʠʜʨʦʜʠʥʘʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠ ʤʦʞʝʪ ʣʝʛʢʦ ʫʧʨʘʚʣʷʪʴʩʷ. ʏʘʩʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʘ ʧʨʦʠʩʭʦʜʠʪ 

ʩʣʦʡ ʟʘ ʩʣʦʝʤ, ʘ ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ ʘʥʘʣʦʛʠʯʝʥ ʛʘʙʠʪʫʩʫ ʢʨʠʩʪʘʣʣʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ 

ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʢʨʠʩʪʘʣʣʳ ʧʦʣʫʯʘʶʪʩʷ ʯʠʩʪʳʤʠ ʠ ʩʚʦʙʦʜʥʳʤʠ ʦʪ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʥʘʧʨʷʞʝʥʠʡ, ʠʤʝʶʱʠʤʠ ʧʣʦʪʥʦʩʪʴ ʜʠʩʣʦʢʘʮʠʡ ʧʦʨʷʜʢʘ 10-2 ʩʤ-2. ʉʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʤʘʣʘ, ʩʦʩʪʘʚʣʷʝʪ 0.1 ï 1 ʤʤ ʚ ʜʝʥʴ, ʥʦ ʟʘ ʥʝʩʢʦʣʴʢʦ ʤʝʩʷʮʝʚ ʚʦʟʤʦʞʝʥ ʨʦʩʪ ʢʨʫʧʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ [24].  

 ʏʘʱʝ ʚʩʝʛʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ ʟʘʪʨʘʚʢʘʭ, ʠ ʠʩʢʣʶʯʝʥʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ, 

ʧʨʝʜʲʷʚʣʷʝʤʳʭ ʤʝʪʦʜʫ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʞʝʩʪʚʦ ʬʦʨʤ ʟʘʪʨʘʚʦʢ, ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ 

ʢʨʝʧʣʝʥʠʷ ʠ ʤʥʦʞʝʩʪʚʦ ʩʧʦʩʦʙʦʚ ʧʝʨʚʠʯʥʦʡ ʦʯʠʩʪʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʟʘʪʨʘʚʢʠ.  

 ʂʘʢ ʠ ʚ ʣʶʙʦʤ ʤʝʪʦʜʝ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʜʦʣʞʥʦ ʙʳʪʴ ʫʜʝʣʝʥʦ 

ʜʝʡʩʪʚʠʶ ʧʨʠʤʝʩʝʡ [1]. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʩʴʶ ʩʯʠʪʘʶʪʩʷ ʢʘʢ ʫʤʳʰʣʝʥʥʦ ʜʦʙʘʚʣʝʥʥʳʝ 

ʚʝʱʝʩʪʚʘ, ʥʘʧʨʠʤʝʨ, ʤʠʥʝʨʘʣʠʟʘʪʦʨʳ (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʚʝʱʝʩʪʚʘ, ʫʚʝʣʠʯʠʚʘʶʱʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ï ʘʥʘʣʦʛ ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʨʝʘʛʝʥʪʘ ʚ ʤʝʪʦʜʝ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ), ʪʘʢ ʠ 

ʩʣʫʯʘʡʥʦ ʧʦʧʘʚʰʠʝ ʚʝʱʝʩʪʚʘ, ʚʢʣʶʯʘʷ ʥʝʨʘʩʪʚʦʨʠʚʰʠʝʩʷ ʧʳʣʝʚʳʝ ʯʘʩʪʠʮʳ. 

ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʠʭ ʧʦʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʤʥʦʛʦʧʘʨʘʤʝʪʨʠʯʝʩʢʦʡ ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ 

ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʜʦ ʢʦʥʮʘ ʚʳʧʦʣʥʝʥʦ. ʇʨʠʤʝʩʴ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʘ (ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ ʥʘ ʧʨʦʮʝʩʩʳ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʧʝʨʝʥʦʩʘ), ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ (ʢʘʢ ʩʣʝʜʩʪʚʠʝ 

ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ) ʠ ʩʢʦʨʦʩʪʴ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʘ (ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ). ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʤ 

ʷʚʣʷʝʪʩʷ ʚʣʠʷʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʵʥʝʨʛʠʶ ʥʘ ʛʨʘʥʠʮʝ ʨʘʩʪʚʦʨ ï ʢʨʠʩʪʘʣʣ. ʀʟʤʝʥʝʥʠʝ 

ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʜʠʬʬʫʟʠʦʥʥʦʤ ʩʣʦʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʵʥʝʨʛʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʟʘʨʦʜʳʰʝʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ 

ʦʩʥʦʚʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʊʘʢʞʝ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ 

ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʩʢʦʨʦʩʪʴ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʷ ʢ ʨʘʩʪʫʱʝʤʫ ʢʨʠʩʪʘʣʣʫ. 

ɺʦʟʤʦʞʥʦ ʠʟʤʝʥʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠʥʦʛʜʘ ʩʫʱʝʩʪʚʫʶʱʝʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʜʚʦʡʥʦʛʦ ʩʣʦʷ, 

ʧʨʠʚʦʜʷʱʝʝ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ɺʩʝ ʜʘʥʥʳʝ ʬʘʢʪʦʨʳ ʤʦʛʫʪ 

ʧʦʣʥʦʩʪʴʶ ʠʟʤʝʥʷʪʴ ʨʘʟʤʝʨ ʠ ʛʘʙʠʪʫʩ ʢʨʠʩʪʘʣʣʦʚ, ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʬʫʪʣʷʨʦʧʦʜʦʙʥʳʭ ʠʣʠ ʜʝʥʜʨʠʪʦʧʦʜʦʙʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʨʝʜʝʣʝʥʥʳʡ 

ʥʘʙʦʨ ʧʨʠʤʝʩʝʡ ʤʦʞʝʪ ʧʦʣʦʞʠʪʝʣʴʥʦ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʬʦʨʤʝ, ʨʘʟʤʝʨʝ ʠ ʢʘʯʝʩʪʚʝ 

ʧʦʣʫʯʘʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ.  



23 

 

 ɽʩʣʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʤʥʘʪʥʦʡ, ʪʦ ʧʝʨʝʩʳʱʝʥʠʷ ʣʝʛʢʦ ʜʦʙʠʪʴʩʷ ʨʘʟʥʳʤʠ ʩʧʦʩʦʙʘʤʠ. ʎʝʣʝʩʦʦʙʨʘʟʥʦʩʪʴ 

ʢʘʞʜʦʛʦ ʚʘʨʠʘʥʪʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʦʡ ʢʚʘʟʠʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ 

çʨʘʩʪʚʦʨʠʪʝʣʴ - ʨʘʩʪʚʦʨʷʝʤʦʝ ʚʝʱʝʩʪʚʦè, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʣʠʥʠʷʤʠ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ. 

ʅʘʧʨʠʤʝʨ, ʚ ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʤ ʥʘʢʣʦʥʝ ʣʠʥʠʠ 

ʣʠʢʚʠʜʫʩʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʫʜʦʙʥʦ ʧʦʩʪʝʧʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʢʚʘʟʠʙʠʥʘʨʥʦʡ 

ʩʤʝʩʠ. ɼʘʥʥʳʡ ʚʘʨʠʘʥʪ ʩʣʝʜʫʝʪ ʧʨʠʤʝʥʷʪʴ, ʪʦʣʴʢʦ ʝʩʣʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʝ ʧʨʦʠʩʭʦʜʠʪ 

ʩʤʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʢʨʠʩʪʘʣʣʘ ʠ ʝʩʣʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ 

ʢʨʠʩʪʘʣʣʝ (ʣʠʥʠʷ ʩʦʣʠʜʫʩʘ) ʥʝʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʚ 

ʢʨʠʩʪʘʣʣʘʭ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʟʦʥʘʣʴʥʘʷ ʩʪʨʫʢʪʫʨʘ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʨʘʩʩʤʦʪʨʝʥʠʝ 

ʧʨʦʮʝʩʩʘ ʦʙʨʘʟʦʚʘʥʠʷ ʟʦʥʘʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʥʦ ʧʨʦʯʠʪʘʪʴ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ 

ʫʯʝʙʥʠʢʦʚ ʠ ʫʯʝʙʥʳʭ ʧʦʩʦʙʠʡ, ʚʢʣʶʯʘʷ [25]. ɺ ʵʪʦʤ ʧʣʘʥʝ ʙʦʣʝʝ ʫʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʷʚʣʷʝʪʩʷ 

ʤʝʪʦʜ ʧʦʩʪʝʧʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. ʂʨʦʤʝ ʵʪʦʛʦ ʩʫʱʝʩʪʚʫʶʪ ʜʨʫʛʠʝ ʩʧʦʩʦʙʳ 

ʧʝʨʝʩʳʱʝʥʠʷ: ʜʦʙʘʚʢʘ ʚ ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʚʝʱʝʩʪʚ, ʧʦʥʠʞʘʶʱʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ (ʚ ʯʘʩʪʥʦʩʪʠ ʠʟʤʝʥʝʥʠʝ ʨʅ); ʩʤʝʰʝʥʠʝ ʨʘʩʪʚʦʨʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʤʧʦʥʝʥʪʳ ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ; ʵʣʝʢʪʨʦʣʠʟ; ʪʨʘʥʩʧʦʨʪʥʳʝ ʨʝʘʢʮʠʠ; ʦʙʤʝʥ 

ʚʝʱʝʩʪʚʘ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʜʚʫʭ ʬʘʟ.  

 ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʤʦʥʦʛʨʘʬʠʠ [1] ʥʝ ʫʢʘʟʘʥ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʢʘʢ ʩʧʦʩʦʙ 

ʟʘʜʘʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ. ɺʤʝʩʪʦ ʵʪʦʛʦ ʦʧʠʩʘʥ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʤʳʡ ʤʝʪʦʜ ʜʚʫʭ ʩʦʩʫʜʦʚ ʩ 

ʧʦʩʪʦʷʥʥʦʡ ʨʘʟʥʦʩʪʴʶ ʪʝʤʧʝʨʘʪʫʨ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʨʝʜʠ ʙʦʣʴʰʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʨʘʙʦʪ ʥʝ ʥʘʡʜʝʥʦ ʦʧʠʩʘʥʠʡ ʩʠʥʪʝʟʘ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ 

ʚʩʪʨʝʯʥʦʡ ʜʠʬʬʫʟʠʠ. ɺʝʨʦʷʪʥʦ, ʵʪʦ ʚʳʟʚʘʥʦ ʠʩʧʘʨʝʥʠʝʤ ʩʝʨʦʚʦʜʦʨʦʜʘ (ʠ ʜʨʫʛʠʭ 

ʭʘʣʴʢʦʛʝʥʦʚʦʜʦʨʦʜʦʚ), ʠ ʚʦʟʤʦʞʥʦʩʪʠ ʦʪʨʘʚʣʝʥʠʷ. ɻʨʦʤʦʟʜʢʘʷ ʢʦʥʩʪʨʫʢʮʠʷ, ʩʦʩʪʦʷʱʘʷ ʠʟ 

ʥʝʩʢʦʣʴʢʠʭ ʩʦʩʫʜʦʚ, ʩ ʪʨʫʜʦʤ ʧʦʟʚʦʣʷʝʪ ʧʨʦʚʦʜʠʪʴ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚ 

ʛʝʨʤʝʪʠʯʥʳʭ ʫʩʣʦʚʠʷʭ.  

 ɺʥʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʧʦʩʦʙʘ ʩʦʟʜʘʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ, ʨʘʩʪʚʦʨ ʦʙʳʯʥʦ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʤʝʰʠʚʘʝʪʩʷ ʜʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʦʢʨʫʛ ʢʨʠʩʪʘʣʣʘ ʨʘʚʥʦʤʝʨʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʨʦʤʝ ʨʘʟʤʝʰʠʚʘʥʠʷ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚʨʘʱʝʥʠʝ ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʧʦʢʘʯʠʚʘʥʠʝ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ. ʊʘʢʞʝ ʥʘ ʦʙʥʦʚʣʝʥʠʝ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ 

ʤʦʛʫʪ ʚʣʠʷʪʴ ʢʦʥʚʝʢʪʠʚʥʳʝ ʧʦʪʦʢʠ.  

 

 ʄʝʪʦʜ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ [ʥʘʧʨʠʤʝʨ 26, 27] ʘʥʘʣʦʛʠʯʝʥ ʦʙʳʯʥʦʤʫ ʩʠʥʪʝʟʫ 

ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʥʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʧʦʚʳʰʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ɹʣʘʛʦʜʘʨʷ ʧʦʚʳʰʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ ʧʦʚʳʰʘʝʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʦʣʴʰʠʥʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ 
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ʩʦʝʜʠʥʝʥʠʡ, ʩʢʦʨʦʩʪʴ ʨʝʘʢʮʠʡ ʠ ʩʢʦʨʦʩʪʴ ʜʠʬʬʫʟʠʠ. ʈʦʩʪ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʦʙʲʷʩʥʷʝʪʩʷ 

ʫʤʝʥʴʰʝʥʠʝʤ ʚʷʟʢʦʩʪʠ ʚʦʜʳ. ʄʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ, ʢʦʛʜʘ ʪʝʤʧʝʨʘʪʫʨʘ 

ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʝʚʳʰʘʝʪ 100Áʉ, ʪʦ ʝʩʪʴ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʚʦʜʳ ʧʨʝʚʳʰʘʝʪ ʘʪʤʦʩʬʝʨʥʦʝ 

ʜʘʚʣʝʥʠʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʞʝʥ ʧʨʦʭʦʜʠʪʴ ʚ ʛʝʨʤʝʪʠʯʥʳʭ ʧʨʦʯʥʳʭ 

ʩʦʩʫʜʘʭ ï ʘʚʪʦʢʣʘʚʘʭ, ʘ ʥʝ ʚ ʦʪʢʨʳʪʳʭ ʩʪʝʢʣʷʥʥʳʭ. ɺʩʣʝʜʩʪʚʠʝ ʧʨʠʤʝʥʝʥʠʷ ʩʣʦʞʥʦʛʦ ʠ 

ʜʦʨʦʛʦʩʪʦʷʱʝʛʦ ʘʚʪʦʢʣʘʚʥʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʟʘʪʨʫʜʥʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ 

ʤʥʦʛʦʦʙʲʝʤʥʳʭ ʩʦʩʫʜʦʚ. ɼʚʠʞʫʱʝʡ ʩʠʣʦʡ ʧʝʨʝʥʦʩʘ ʷʚʣʷʝʪʩʷ ʦʙʳʯʥʦ ʛʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʦʪʣʠʯʠʝ ʦʪ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ ʚʝʱʝʩʪʚʘ, ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʤ ʤʝʪʦʜʝ ʧʝʨʝʥʦʩ ʯʘʩʪʦ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʢʦʥʚʝʢʮʠʦʥʥʦ.  

  

 ʆʩʥʦʚʥʳʤ ʚʝʱʝʩʪʚʦʤ, ʧʦʣʫʯʘʝʤʳʤ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, 

ʷʚʣʷʝʪʩʷ ʢʚʘʨʮ. ʇʨʦʤʳʰʣʝʥʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʧʨʦʠʩʭʦʜʠʪ ʚ ʘʚʪʦʢʣʘʚʘʭ 

ʙʦʣʴʰʦʛʦ ʦʙʲʝʤʘ ʚ ʪʝʯʝʥʠʝ ʥʝʩʢʦʣʴʢʠʭ ʤʝʩʷʮʝʚ. ʆʙʳʯʥʦ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʟʘʪʨʘʚʦʢ ʠ ʚ ʛʨʘʜʠʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ. ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʦ ʨʦʩʪʝ 

ʢʨʠʩʪʘʣʣʦʚ ʢʚʘʨʮʘ ʤʦʞʥʦ ʥʘʡʪʠ ʚ ʩʧʠʩʢʝ ʣʠʪʝʨʘʪʫʨʳ ʣʶʙʦʡ ʤʦʥʦʛʨʘʬʠʠ, ʧʦʩʚʷʱʝʥʥʦʡ 

ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ.  

 ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʚʳʰʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʥʦʛʠʭ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ 

ʚʝʱʝʩʪʚ, ʥʦ ʚ ʣʶʙʦʤ ʩʣʫʯʘʝ, ʜʣʷ ʙʦʣʴʰʠʥʩʪʚʘ ʪʫʛʦʧʣʘʚʢʠʭ ʚʝʱʝʩʪʚ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʨʘʩʪʚʦʨʘʭ ʥʝʜʦʩʪʘʪʦʯʥʘ ʜʣʷ ʙʳʩʪʨʦʛʦ ʧʝʨʝʥʦʩʘ. ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʥʫʶ ʩʨʝʜʫ ʜʦʙʘʚʣʷʶʪʩʷ ʤʠʥʝʨʘʣʠʟʘʪʦʨʳ, ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [9]. ʄʠʥʝʨʘʣʠʟʘʪʦʨʳ ʦʙʨʘʟʫʶʪ ʩ ʨʘʩʪʚʦʨʷʝʤʳʤ ʚʝʱʝʩʪʚʦʤ ʥʝʧʨʦʯʥʳʝ ʚʦʜʥʳʝ 

ʢʦʤʧʣʝʢʩʳ, ʢʦʪʦʨʳʝ ʧʦʚʳʰʘʶʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʥʦ ʥʝ ʦʙʨʘʟʫʶʪ ʦʪʜʝʣʴʥʫʶ ʬʘʟʫ. ʊʘʢ, ʜʣʷ 

ʧʝʨʝʥʦʩʘ ʢʠʩʣʦʪʥʳʭ ʦʢʩʠʜʦʚ, ʥʘʧʨʠʤʝʨ, SiO2, ʠʩʧʦʣʴʟʫʶʪʩʷ ʱʝʣʦʯʠ. ɼʣʷ ʧʝʨʝʥʦʩʘ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚ ʚʦʜʫ ʜʦʙʘʚʣʷʝʪʩʷ ʢʠʩʣʦʪʘ, ʠʣʠ, ʥʘʧʨʠʤʝʨ, NH4I, ʪʘʢ ʢʘʢ ʭʘʣʴʢʦʛʝʥʠʜʳ 

ʨʘʟʣʘʛʘʶʪʩʷ ʚ ʱʝʣʦʯʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʁʦʜʠʜ ʘʤʤʦʥʠʷ ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤ 

ʩʨʝʜʠ ʚʩʝʭ ʛʘʣʦʛʝʥʠʜʦʚ, ʪʘʢ ʢʘʢ ʫ ʡʦʜʠʜ ʠ ʩʫʣʴʬʠʜ ʠʦʥʘ ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʟʥʠʮʘ ʚ ʨʘʟʤʝʨʘʭ, 

ʯʪʦ ʥʝ ʧʦʟʚʦʣʷʝʪ ʡʦʜʫ ʚʩʪʨʘʠʚʘʪʴʩʷ ʚ ʨʝʰʝʪʢʫ ʨʘʩʪʫʱʠʭ ʩʫʣʴʬʠʜʦʚ.  

 ʏʘʱʝ ʚʩʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʣʘʙʦʨʘʪʦʨʥʦʛʦ ʩʦʩʫʜʘ ʜʣʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ 

ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʚʪʦʢʣʘʚʳ ʠʟ ʥʝʨʞʘʚʝʶʱʝʡ ʩʪʘʣʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʨʘʙʦʪʘʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʜʦ 400°ʉ ʠ ʜʘʚʣʝʥʠʠ ʜʦ 2000 ʘʪʤʦʩʬʝʨ. ʊʘʢʞʝ ʧʨʠʤʝʥʷʶʪʩʷ ʪʠʪʘʥʦʚʳʝ ʘʚʪʦʢʣʘʚʳ, 

ʨʘʙʦʪʘʶʱʠʝ ʜʦ 500Áʉ. ʊʘʢ ʢʘʢ ʩʪʘʥʜʘʨʪʥʳʝ ʩʪʘʣʴʥʳʝ ʘʚʪʦʢʣʘʚʳ ʨʘʟʨʫʰʘʶʪʩʷ ʢʠʩʣʳʤʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤʠ ʨʘʩʪʚʦʨʘʤʠ, ʪʦ ʨʘʩʪʚʦʨ ʦʪʜʝʣʝʥ ʦʪ ʩʪʘʣʠ ʩʣʦʝʤ ʪʝʬʣʦʥʘ ʠ ʙʣʘʛʦʨʦʜʥʦʛʦ 

ʤʝʪʘʣʣʘ ʠʣʠ ʩʠʥʪʝʟ ʧʨʦʭʦʜʠʪ ʚʥʫʪʨʠ ʢʚʘʨʮʝʚʦʡ ʠʣʠ ʟʦʣʦʪʦʡ ʘʤʧʫʣʳ. ʀʟ ʪʝʬʣʦʥʘ ʚʩʝʛʜʘ 

ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʚʢʣʘʜʳʰ, ʧʣʦʪʥʦ ʧʦʜʦʛʥʘʥʥʳʡ ʧʦ ʨʘʟʤʝʨʫ ʩ ʘʚʪʦʢʣʘʚʦʤ. ɸʥʘʣʦʛʠʯʥʦ 
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ʠʟʛʦʪʦʚʣʷʝʪʩʷ ʪʝʬʣʦʥʦʚʘʷ ʢʨʳʰʢʘ ʦʙʪʶʨʘʪʦʨʘ. ɹʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʡ ʧʦʜʛʦʥʢʝ ʨʘʩʪʚʦʨ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʝʪ ʤʝʞʜʫ ʪʝʬʣʦʥʦʤ ʠ ʩʪʘʣʴʥʳʤ ʢʦʨʧʫʩʦʤ. ɸʥʘʣʦʛʠʯʥʦ, ʚʥʫʪʨʝʥʥʷʷ 

ʧʦʚʝʨʭʥʦʩʪʴ ʘʚʪʦʢʣʘʚʘ ʧʦʢʨʳʚʘʝʪʩʷ ʣʠʩʪʦʚʳʤ ʟʦʣʦʪʦʤ ʠʣʠ ʧʣʘʪʠʥʦʡ. ɿʘʯʘʩʪʫʶ, ʤʷʛʢʠʝ 

ʙʣʘʛʦʨʦʜʥʳʝ ʤʝʪʘʣʣʳ ʠ ʪʝʬʣʦʥ ʩʣʫʞʘʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʬʫʪʝʨʦʚʢʠ, ʥʦ ʠ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʠʠ 

ʘʚʪʦʢʣʘʚʘ.  

 ɼʣʷ ʦʪʜʝʣʝʥʠʷ ʘʛʨʝʩʩʠʚʥʦʡ ʩʨʝʜʳ ʤʦʛʫʪ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʛʝʨʤʝʪʠʯʥʳʝ ʘʤʧʫʣʳ ʠʟ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʨʘʟʤʝʨ ʢʦʪʦʨʳʭ ʤʝʥʴʰʝ ʚʥʫʪʨʝʥʥʝʛʦ 

ʧʨʦʩʪʨʘʥʩʪʚʘ ʘʚʪʦʢʣʘʚʘ (ʈʠʩ. 5). ʉʚʦʙʦʜʥʦʝ ʚʥʝʰʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ 

ʟʘʧʦʣʥʷʝʪʩʷ ʚʦʜʦʡ. ɺ ʩʣʫʯʘʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʤʷʛʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʘʤʧʫʣ, ʚʦʜʘ ʯʘʩʪʦ 

ʚʳʧʦʣʥʷʝʪ ʬʫʥʢʮʠʶ ʧʝʨʝʜʘʯʠ ʜʘʚʣʝʥʠʷ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣ ʚʥʝʰʥʷʷ 

ʚʦʜʘ ʩʦʟʜʘʝʪ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʝ, ʢʦʪʦʨʦʝ ʧʨʝʜʦʭʨʘʥʷʝʪ ʢʚʘʨʮʝʚʫʶ ʘʤʧʫʣʫ ʦʪ ʨʘʟʨʫʰʝʥʠʷ. ɺ 

ʢʘʯʝʩʪʚʝ ʚʥʝʰʥʝʡ ʩʨʝʜʳ ʤʦʞʝʪ ʪʘʢʞʝ ʧʨʠʤʝʥʷʪʴʩʷ ʛʘʟ, ʥʘʧʨʠʤʝʨ CO2 [28].  

 

ʈʠʩ. 5. ɸʚʪʦʢʣʘʚ, ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ [26], ʠʣʠ ʘʤʧʫʣʘ ʠʟ ʙʣʘʛʦʨʦʜʥʦʛʦ ʤʝʪʘʣʣʘ. 1 ï ʘʤʧʫʣʘ, 

2 ï ʚʥʝʰʥʠʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʜʣʷ ʩʦʟʜʘʥʠʷ ʜʘʚʣʝʥʠʷ ʥʘ ʘʤʧʫʣʫ, 3 ï ʛʘʡʢʘ, 4 ï ʦʙʪʶʨʘʪʦʨ. 

 

 ʂʨʦʤʝ ʪʦʛʦ, ʜʝʬʦʨʤʠʨʫʝʤʳʝ ʘʤʧʫʣʳ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚʤʝʩʪʝ ʩ ʵʢʟʦʢʣʘʚʥʳʤʠ ʫʩʪʘʥʦʚʢʘʤʠ - ʩʦʩʫʜʘʤʠ, ʜʘʚʣʝʥʠʝ ʚ ʢʦʪʦʨʳʭ 

ʟʘʜʘʝʪʩʷ ʠʟʚʥʝ ʠ ʧʦʜʘʝʪʩʷ ʚ ʩʦʩʫʜ, ʢʦʪʦʨʳʡ ʩʦʜʝʨʞʠʪ ʘʤʧʫʣʫ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʢʘʧʠʣʣʷʨʦʚ.  

 ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʢʦʥʩʪʨʫʢʮʠʡ ʧʨʦʤʳʰʣʝʥʥʳʭ ʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʘʚʪʦʢʣʘʚʦʚ 

ʦʧʠʩʘʥʳ ʚʦ ʤʥʦʛʠʭ ʧʫʙʣʠʢʘʮʠʷʭ, ʥʘʧʨʠʤʝʨ [1, 26, 27, 29, 30]. ʆʩʦʙʝʥʥʦ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ 

ʦʙʟʦʨʳ ʈʘʙʝʥʘʫ [26, 29], ʚ ʢʦʪʦʨʳʭ ʦʧʠʩʳʚʘʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʥʦʛʦʩʝʢʮʠʦʥʥʳʝ 

ʣʘʙʦʨʘʪʦʨʥʳʝ ʧʨʠʙʦʨʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʬʫʛʠʪʠʚʥʦʩʪʴ ʣʝʪʫʯʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

(H2, O2, S2) ʠ ʜʨʫʛʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ.   
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 ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʧʨʦʮʝʩʩ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʧʨʦʮʝʩʩʦʤ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʫʣʴʬʠʜʥʳʭ ʤʠʥʝʨʘʣʦʚ. ɺ ʩʣʝʜʩʪʚʠʝ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʫʣʴʬʠʜʦʚ ʚ 

ʯʠʩʪʦʡ ʚʦʜʝ, ʙʦʣʴʰʠʥʩʪʚʦ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʝʨʝʥʦʩ ʤʝʪʘʣʣʦʚ ʚʦ ʚʨʝʤʷ 

ʤʠʥʝʨʘʣʦʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʚ ʚʠʜʝ ʩʫʣʴʬʠʜʥʳʭ ʠʣʠ ʙʠʩʫʣʴʬʠʜʥʳʭ, ʣʠʙʦ ʭʣʦʨʠʜʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ [31]. ɼʣʷ ʧʦʥʠʤʘʥʠʷ ʫʩʣʦʚʠʡ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʥʠʝ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ ʚ ʩʠʩʪʝʤʘʭ "ʤʝʪʘʣʣ-ʭʘʣʴʢʦʛʝʥ-ʚʦʜʘ" 

ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ, ʥʘʧʨʠʤʝʨ, ʩ ʫʯʘʩʪʠʝʤ ʛʘʣʦʛʝʥʦʚ.  

 ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʦʭʠʤʠʠ ʠ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʩʠʥʪʝʟʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʯʘʩʪʠʮʘʤʠ 

ʩʝʨʳ ʷʚʣʷʶʪʩʷ HSO4
-, SO4

2-, H2S(aq), HS- ʠ S2-. ʇʨʝʦʙʣʘʜʘʥʠʝ ʪʦʡ ʠʣʠ ʠʥʦʡ ʯʘʩʪʠʮʳ ʟʘʚʠʩʠʪ 

ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʨʅ ʨʘʩʪʚʦʨʘ ʠ Eh ʧʦʪʝʥʮʠʘʣʘ. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ 

ʧʦʪʝʥʮʠʘʣ ʠʣʠ ʨʝʜʦʢʩ-ʧʦʪʝʥʮʠʘʣ Eh ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʝʨʫ ʩʪʨʝʤʣʝʥʠʷ ʨʘʩʪʚʦʨʘ ʢ 

ʦʢʠʩʣʝʥʠʶ ʠʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʠʣʠ, ʜʨʫʛʠʤʠ ʩʣʦʚʘʤʠ ʤʦʞʝʪ ʩʯʠʪʘʪʴʩʷ ʘʢʪʠʚʥʦʩʪʴʶ 

ʵʣʝʢʪʨʦʥʘ ʚ ʨʘʩʪʚʦʨʝ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʪʘʥʜʘʨʪʥʦʛʦ ʚʦʜʦʨʦʜʥʦʛʦ ʵʣʝʢʪʨʦʜʘ.  

 ɸʥʘʣʠʟ Eh-pH ʜʠʘʛʨʘʤʤ, ʧʦʢʘʟʳʚʘʶʱʠʭ ʚʝʨʭʥʠʡ ʠ ʥʠʞʥʠʡ ʧʨʝʜʝʣʳ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʚʦʜʳ ʠ ʦʙʣʘʩʪʠ ʧʨʝʦʙʣʘʜʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʩʝʨʦʩʦʜʝʨʞʘʱʠʭ ʬʦʨʤ, ʧʦʢʘʟʳʚʘʝʪ ʩʣʦʞʥʦʩʪʴ 

ʧʦʣʫʯʝʥʠʷ ʤʥʦʛʠʭ ʩʫʣʴʬʠʜʦʚ, ʥʘʧʨʠʤʝʨ ʧʠʨʠʪʘ, ʠ, ʦʩʦʙʝʥʥʦ, ʧʠʨʨʦʪʠʥʘ, ʚ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ. ʇʨʠ ʥʝʢʦʪʦʨʳʭ ʫʩʣʦʚʠʷʭ ʚʦʟʤʦʞʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ 

ʞʝʣʝʟʘ. ɸʢʪʠʚʥʦʩʪʴ ʩʝʨʳ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʥʘʧʨʠʤʝʨ ʦʪ ʘʢʪʠʚʥʦʩʪʠ O2(g) ʠ ʦʪ 

ʨʅ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʚʝʜʝʥʠʝ ʩʫʣʴʬʠʜʦʚ ʚ ʚʦʜʝ ʠʤʝʝʪ ʩʣʦʞʥʳʡ ʭʘʨʘʢʪʝʨ, ʥʦ ʚ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʤʝʥʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʙʦʣʝʝ ʧʨʦʩʪʳʭ ʯʘʩʪʠʮ. 

 

1.2.1. ɺʳʚʦʜʳ ʦ ʜʦʩʪʦʠʥʩʪʚʘʭ ʠ ʥʝʜʦʩʪʘʪʢʘʭ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ 

ʩʫʣʴʬʠʜʦʚ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

 

 ɼʦʩʪʦʠʥʩʪʚʘ ʨʘʩʪʚʦʨʥʳʭ ʤʝʪʦʜʦʚ ʩʠʥʪʝʟʘ ʦʯʝʚʠʜʥʳ. ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʤʝʪʦʜʳ 

ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ʧʨʠ ʩʘʤʳʭ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʚʢʣʶʯʘʷ ʢʦʤʥʘʪʥʫʶ. 

ʉʦʣʝʚʳʝ ʨʘʩʧʣʘʚʳ ʨʘʙʦʪʘʶʪ ʚ ʙʦʣʝʝ ʚʳʩʦʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. 

 ɼʣʷ ʛʝʦʭʠʤʠʯʝʩʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʚʘʞʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʫʩʣʦʚʠʷ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʤʦʛʫʪ ʙʳʪʴ ʩʢʦʣʴ ʫʛʦʜʥʦ ʙʣʠʟʢʦ ʧʨʠʙʣʠʞʝʥʳ 

ʢ ʧʨʠʨʦʜʥʳʤ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʚʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʝʪʦʜʦʤ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʦʚ. 

 ʂ ʩʣʦʞʥʦʩʪʷʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʣʝʜʫʝʪ ʦʪʥʝʩʪʠ ʛʨʦʤʦʟʜʢʦʩʪʴ ʠ 

ʜʦʨʦʛʦʚʠʟʥʫ ʦʙʦʨʫʜʦʚʘʥʠʷ: ʘʚʪʦʢʣʘʚʦʚ, ʵʢʟʦʢʣʘʚʦʚ ʠ ʧʨʦʯʝʛʦ. ʆʩʦʙʝʥʥʦ ʵʪʦ ʘʢʪʫʘʣʴʥʦ ʜʣʷ 
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ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʯʘʱʝ ʚʩʝʛʦ ʤʦʞʥʦ ʨʘʩʪʠʪʴ ʪʦʣʴʢʦ ʚ 

ʜʦʨʦʛʦʩʪʦʷʱʠʭ ʘʚʪʦʢʣʘʚʘʭ ʩ ʬʫʪʠʨʦʚʢʦʡ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʚʥʫʪʨʠ 

ʛʝʨʤʝʪʠʯʥʳʭ, ʘ ʧʦʵʪʦʤʫ ʦʜʥʦʨʘʟʦʚʳʭ, ʘʤʧʫʣ ʠʟ ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ. ɺ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʘʭ ʙʦʣʴʰʠʥʩʪʚʦ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʤʦʞʝʪ ʩʠʥʪʝʟʠʨʦʚʘʪʴʩʷ ʚ ʘʤʧʫʣʘʭ ʠʟ ʢʚʘʨʮʝʚʦʛʦ 

ʩʪʝʢʣʘ ʙʝʟ ʩʦʟʜʘʥʠʷ ʧʨʦʪʠʚʦʜʘʚʣʝʥʠʷ. 

 ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʳʡ ʭʠʤʠʟʤ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʡ ʩʠʩʪʝʤʳ, ʥʝ ʧʦʟʚʦʣʷʶʱʠʡ ʦʜʥʦʟʥʘʯʥʦ ʟʘʜʘʚʘʪʴ ʠ ʨʘʩʩʯʠʪʳʚʘʪʴ 

ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ, ʥʘʧʨʠʤʝʨ, ʬʫʛʠʪʠʚʥʦʩʪʴ ʩʝʨʳ.  

 ɽʱʝ ʦʜʥʠʤ ʥʝʜʦʩʪʘʪʢʦʤ ʛʠʜʨʦʪʝʨʤʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʤʦʞʥʦ ʩʯʠʪʘʪʴ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʤʝʣʢʠʭ ʛʘʟʦʚʳʭ ʚʢʣʶʯʝʥʠʡ ʚ ʨʘʩʪʫʱʝʤ ʢʨʠʩʪʘʣʣʝ. 

ʇʨʠʩʫʪʩʪʚʠʝ ʚʢʣʶʯʝʥʠʡ, ʩʦʜʝʨʞʘʱʠʭ ʛʘʟ, ʥʘʭʦʜʷʱʠʡʩʷ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ ʤʦʞʝʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʘʩʪʨʝʩʢʠʚʘʥʠʶ ʭʨʫʧʢʠʭ ʭʘʣʴʢʦʛʝʥʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʄʝʪʦʜ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʦʚ ʥʝ ʠʩʢʣʶʯʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʝʥʠʡ, ʥʦ ʤʘʣʳʝ ʜʘʚʣʝʥʠʷ ʩʦʣʝʚʳʭ 

ʨʘʩʧʣʘʚʦʚ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʨʘʟʨʫʰʝʥʠʶ ʢʨʠʩʪʘʣʣʘ ʧʨʠ ʟʘʚʝʨʰʝʥʠʠ ʧʨʦʮʝʩʩʘ ʨʦʩʪʘ.  

 ɸʥʘʣʠʟ ʦʩʥʦʚʥʳʭ ʩʧʦʩʦʙʦʚ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʚʦʜʥʳʭ ʠ ʥʝʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ ʦʙʳʯʥʦ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʥʘʩʳʱʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ ʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʤʠʛʨʘʮʠʠ 

ʨʘʩʪʚʦʨʘ. ʇʨʠ ʠʩʢʣʶʯʝʥʠʠ ʧʨʠʥʫʜʠʪʝʣʴʥʦʡ ʤʠʛʨʘʮʠʠ ʠ ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʪʚʦʨʘ, ʤʝʪʦʜʳ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʩʪʘʚʣʝʥʳ, ʢʘʢ ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ, ʥʘʭʦʜʷʱʠʡʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʛʨʘʜʠʝʥʪʝ, ʛʜʝ ʰʠʭʪʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣ 

ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʦʡ. 

 

1.3.  ʄʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʩʧʣʘʚʘʭ 

 

 ʈʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʣʠ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ 

ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʩʧʣʘʚʘʭ [32, 1] ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʦʩʪʝʧʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ʇʦ ʤʝʨʝ ʫʤʝʥʴʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʫʤʝʥʴʰʘʝʪʩʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʨʘʩʧʣʘʚʝ, ʠ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʝʱʝʩʪʚ. ɺ ʚʠʜʫ ʩʣʦʞʥʦʩʪʠ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ, ʩʦʩʪʘʚ 

ʦʙʨʘʟʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ ʩʦʩʪʘʚʦʤ ʨʘʩʧʣʘʚʘ. ʈʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ 

ʟʘʥʠʤʘʝʪ ʢʘʢ ʙʳ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ ʤʝʞʜʫ ʨʘʩʪʚʦʨʥʳʤʠ (ʚʦʜʥʳʤ, 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ) ʠ ʨʘʩʧʣʘʚʥʳʤʠ ʤʝʪʦʜʘʤʠ.  
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 ʇʦ ʩʫʪʠ ʵʪʦ ʨʘʩʪʚʦʨʥʳʡ ʤʝʪʦʜ, ʧʦʪʦʤʫ ʯʪʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʪ 

ʧʨʦʮʝʩʩ ʦʙʨʘʪʥʳʡ ʨʘʩʪʚʦʨʝʥʠʶ. ʅʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʢʘʯʝʩʪʚʝ ʧʠʪʘʪʝʣʴʥʦʡ ʩʨʝʜʳ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʥʝ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ, ʘ ʢʘʢʦʡ-ʣʠʙʦ ʨʘʩʧʣʘʚ.  

 ɻʣʘʚʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ï h ʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ (ʦʪ 700 ʜʦ 1500Áʉ). ʂʨʦʤʝ ʪʦʛʦ, ʝʩʪʴ 

ʨʘʙʦʪʳ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʝʪʦʜ ʧʨʠʤʝʥʷʝʪʩʷ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʙʣʘʛʦʜʘʨʷ 

ʣʝʛʢʦʧʣʘʚʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ. ɺʪʦʨʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ï ʰʠʨʦʢʠʡ ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ï ʨʘʟʣʠʯʥʳʝ ʢʦʤʙʠʥʘʮʠʠ ʦʢʩʠʜʦʚ, ʩʦʣʝʡ, ʛʠʜʨʦʢʩʠʜʦʚ ʠ ʜʨʫʛʠʭ 

ʛʝʪʝʨʦʧʦʣʷʨʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

 ʆʯʝʚʠʜʥʦʝ ʧʨʝʠʤʫʱʝʩʪʚʦ ʧʝʨʝʜ ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ï ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʭʩʷ ʢʨʠʩʪʘʣʣʦʚ. 

ɼʘʥʥʳʤ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʠʨʦʚʘʥʦ ʤʥʦʞʝʩʪʚʦ ʦʨʛʘʥʠʯʝʩʢʠʭ ʠ ʥʝʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, 

ʘʥʘʣʦʛʦʚ ʤʠʥʝʨʘʣʦʚ ʠ ʜʨʘʛʦʮʝʥʥʳʭ ʢʘʤʥʝʡ, ʚʢʣʶʯʘʷ ʘʣʤʘʟ ʠ ʠʟʫʤʨʫʜ. 

 ɺ ʧʨʠʨʦʜʝ ʢʨʠʩʪʘʣʣʦʦʙʨʘʟʦʚʘʥʠʝ ʧʨʠ ʦʩʪʳʚʘʥʠʠ ʤʘʛʤ ʥʘʧʦʤʠʥʘʝʪ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʨʦʩʪʘ. 

 ɺʳʨʘʱʠʚʘʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ-ʨʘʩʧʣʘʚʦʚ ï ʢʦʤʧʣʝʢʩʥʦʝ ʧʦʥʷʪʠʝ. ʆʩʥʦʚʥʳʝ 

ʩʣʦʞʥʦʩʪʠ ʩʚʷʟʘʥʳ ʩ ʩʣʦʞʥʦʩʪʴʶ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ. ɼʣʷ ʭʘʨʘʢʪʝʨʠʟʘʮʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʩʠʩʪʝʤʳ ʥʫʞʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʥʘʣʠʯʠʠ ʪʚʝʨʜʳʭ ʬʘʟ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʥʦʝ ʟʥʘʥʠʝ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʡ ʊ-ʭ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ. ʂʨʦʤʝ ʪʦʛʦ, 

ʥʝʦʙʭʦʜʠʤʦ ʯʝʪʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʤʝʭʘʥʠʟʤʘ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [32].  

 ɺʝʨʦʷʪʥʦ, ʚʧʝʨʚʳʝ ʨʘʟʣʠʯʥʳʝ ʩʧʦʩʦʙʳ ʧʨʠʛʦʪʦʚʣʝʥʠʷ ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʘʥʘʣʦʛʦʚ 

ʤʠʥʝʨʘʣʦʚ ʦʧʠʩʘʥʳ ʚ ʤʦʥʦʛʨʘʬʠʠ ʏʠʨʚʠʥʩʢʦʛʦ [2]. ʆʜʥʠʤ ʠʟ ʧʝʨʚʳʭ ʧʨʠʤʝʥʝʥʠʡ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʦʡ ʪʝʭʥʠʢʠ, ʥʘʚʝʨʥʦʝ, ʩʪʦʠʪ ʥʘʟʚʘʪʴ ʩʠʥʪʝʟ ʨʫʙʠʥʘ ʚʦ ʬʪʦʨʠʜʥʳʭ ʨʘʩʧʣʘʚʘʭ, 

ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʌʨʝʤʠ ʠ ɺʝʨʥʝʡʣʝʤ. ʂʘʢ ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʡ ʤʝʪʦʜ, ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʠʟ 

ʨʘʩʪʚʦʨʦʚ-ʨʘʩʧʣʘʚʦʚ ʩʪʘʣʘ ʨʘʟʚʠʚʘʪʴʩʷ ʚ ʩʦʨʦʢʦʚʳʭ ʛʦʜʘʭ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ 

ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʪʠʪʘʥʘʪʘ ʙʘʨʠʷ [32].  

 ɺ ʤʦʥʦʛʨʘʬʠʠ ʊʠʤʦʬʝʝʚʦʡ [32] ʧʨʦʚʝʜʝʥʘ ʢʨʘʪʢʘʷ ʩʚʦʜʢʘ ʧʦ ʩʠʥʪʝʟʘʤ ʢʨʠʩʪʘʣʣʦʚ, 

ʚʳʨʘʱʝʥʥʳʭ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʤʝʞʜʫ 1949 ʠ 1976 ʛ. ɺʠʜʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ 

ʚʥʠʤʘʥʠʷ ʫʜʝʣʷʝʪʩʷ ʨʦʩʪʫ ʦʢʩʠʜʥʳʭ ʬʘʟ. ɺ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʯʘʱʝ ʚʩʝʛʦ 

ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʵʚʪʝʢʪʠʢʠ ʬʪʦʨʠʜʘ ʠ ʦʢʩʠʜʘ ʩʚʠʥʮʘ, ʠʥʦʛʜʘ ʩ ʜʦʙʘʚʣʝʥʠʝʤ ʦʢʩʠʜʘ ʙʦʨʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʩʤʝʩʠ ʥʘ ʦʩʥʦʚʝ ʦʢʩʠʜʦʚ ʚʦʣʴʬʨʘʤʘ ʠ ʤʦʣʠʙʜʝʥʘ ʠ ʥʘ ʦʩʥʦʚʝ 

ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ.  
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 ʈʘʟʣʠʯʘʶʪʩʷ ʜʚʘ ʦʩʥʦʚʥʳʭ ʚʘʨʠʘʥʪʘ: ʤʝʪʦʜ ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʤʝʪʦʜ 

ʫʧʨʘʚʣʷʝʤʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʢʨʠʩʪʘʣʣʳ ʦʙʨʘʟʫʶʪʩʷ ʟʘ ʩʯʝʪ 

ʟʘʨʦʜʳʰʝʦʙʨʘʟʦʚʘʥʠʷ, ʚʦ ʚʪʦʨʦʤ ï ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʫʪ ʠʟ ʧʦʜʛʦʪʦʚʣʝʥʥʳʭ ʟʘʨʘʥʝʝ ʟʘʪʨʘʚʦʢ. 

 ʌʦʨʤʘʣʴʥʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʧʨʦʩʪ. ʆʧʨʝʜʝʣʝʥʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʰʠʭʪʳ ʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʚʥʦʩʷʪʩʷ ʚ ʪʠʛʝʣʴ ʠʟ ʠʥʝʨʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ. 

ʆʙʳʯʥʦ ʪʠʛʝʣʴ ʧʣʦʪʥʦ ʟʘʢʨʳʚʘʝʪʩʷ ʢʨʳʰʢʦʡ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ɿʘʪʝʤ, ʟʘ ʤʘʢʩʠʤʘʣʴʥʦ ʢʦʨʦʪʢʠʡ ʩʨʦʢ (ʥʝʩʢʦʣʴʢʦ ʯʘʩʦʚ) ʪʠʛʝʣʴ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ 

ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ. ɼʘʣʝʝ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʩʪʨʦ ʩʥʠʞʘʝʪʩʷ ʥʘ 50-100Áʉ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʧʝʨʝʩʳʱʝʥʠʷ ʠʣʠ ʫʞʝ ʟʘʨʦʜʳʰʝʡ ʥʫʞʥʦʡ ʬʘʟʳ, ʠ, ʟʘʪʝʤ, ʪʝʤʧʝʨʘʪʫʨʘ ʤʝʜʣʝʥʥʦ 

ʧʦʥʠʞʘʝʪʩʷ ʧʦ 3-5Áʉ ʚ ʯʘʩ ʚʧʣʦʪʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨ. ɿʘʪʝʤ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠʣʠ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘʢʘʣʢʘ, ʠʣʠ ʨʘʩʧʣʘʚ ʤʝʭʘʥʠʯʝʩʢʠ ʦʪʜʝʣʷʝʪʩʷ ʦʪ ʢʨʠʩʪʘʣʣʦʚ (ʩʣʠʚʘʝʪʩʷ), ʠʣʠ 

ʢʨʠʩʪʘʣʣʳ ʠʟʳʤʘʶʪʩʷ ʠʟ ʪʠʛʣʷ. ʊʠʛʝʣʴ ʦʭʣʘʞʜʘʝʪʩʷ ʜʦ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʥʝ ʜʦ 

ʢʦʤʥʘʪʥʦʡ, ʪʘʢ ʢʘʢ ʥʫʞʥʘʷ ʬʘʟʘ ʤʦʞʝʪ ʚʳʜʝʣʷʪʴʩʷ ʚ ʚʠʜʝ ʢʨʠʩʪʘʣʣʦʚ ʪʦʣʴʢʦ ʚ 

ʦʧʨʝʜʝʣʝʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ. ʀʥʦʛʜʘ ʧʨʠʤʝʥʷʶʪʩʷ ʙʦʣʝʝ ʩʣʦʞʥʳʝ ʨʝʞʠʤʳ 

ʦʭʣʘʞʜʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʩ ʦʩʮʠʣʣʷʮʠʷʤʠ ʚ ʦʙʣʘʩʪʠ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

 ɼʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʠʩʧʦʣʴʟʫʶʪʩʷ ʪʠʛʣʠ ʠʟ ʨʘʟʣʠʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʯʘʱʝ ʚʩʝʛʦ ʠʟ 

ʜʨʘʛʦʮʝʥʥʳʭ ʤʝʪʘʣʣʦʚ ʠ ʢʦʨʫʥʜʘ. ʀʩʧʦʣʴʟʫʝʤʦʝ ʚ ʜʘʥʥʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ 

ʚ ʢʘʯʝʩʪʚʝ ʛʝʨʤʝʪʠʯʥʦʛʦ ʨʝʘʢʪʦʨʘ ʥʝ ʛʦʜʠʪʩʷ ʜʣʷ ʦʩʥʦʚʥʳʭ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʭ ʩʤʝʩʝʡ ʠ 

ʪʝʤʧʝʨʘʪʫʨ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʚʘʨʮ ʨʘʟʤʷʛʯʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 1300Áʉ ʠ 

ʨʘʩʪʚʦʨʷʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʳʰʝ 600Áʉ ʚ ʨʘʩʧʣʘʚʘʭ PbF2-PbO. 

 

 ʊʠʛʣʠ ʜʣʷ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʯʘʩʪʦ ʤʦʛʫʪ ʙʳʪʴ ʜʦʧʦʣʥʝʥʳ ʨʘʟʣʠʯʥʳʤʠ 

ʧʨʠʩʧʦʩʦʙʣʝʥʠʷʤʠ, ʥʘʧʨʠʤʝʨ, ʦʪʚʝʨʩʪʠʷʤʠ ʜʣʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʤʝʰʘʣʦʢ, 

ʧʨʦʙʦʦʪʙʦʨʥʠʢʘʤʠ, ʫʩʪʨʦʡʩʪʚʘʤʠ ʜʣʷ ʙʳʩʪʨʦʛʦ ʩʣʠʚʘ ʨʘʩʧʣʘʚʘ. ʅʝʢʦʪʦʨʳʝ ʢʦʤʧʦʥʝʥʪʳ 

ʤʦʛʫʪ ʙʳʪʴ ʚʥʝʩʝʥʳ ʚ ʨʘʩʧʣʘʚ ʫʞʝ ʧʦʩʣʝ ʥʘʯʘʣʘ ʩʠʥʪʝʟʘ.  

 ʀʥʦʛʜʘ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʩʠʥʪʝʟ ʧʨʦʠʩʭʦʜʠʪ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʰʠʭʪʳ ʠ ʨʘʩʧʣʘʚʘ ʩ ʚʦʜʦʡ ʠ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ.  

 ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʰʠʨʦʢʠʭ ʚʦʟʤʦʞʥʦʩʪʷʭ ʠʟʤʝʥʝʥʠʷ ʩʦʩʪʘʚʘ ʨʘʩʪʚʦʨʷʶʱʝʡ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʜʠʘʧʘʟʦʥʘ ʩʠʥʪʝʟʘ. ʂʨʦʤʝ ʪʦʛʦ, ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ʤʝʪʦʜʘ ʩʦʩʪʦʠʪ ʠ ʚ ʪʦʤ, ʯʪʦ ʚ ʨʘʩʪʚʦʨʘʭ-

ʨʘʩʧʣʘʚʘʭ ʜʦʧʫʩʪʠʤʦ ʰʠʨʦʢʦʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʝ ʚʘʨʴʠʨʦʚʘʥʠʝ ʩʨʝʜʳ, ʪʘʢ ʯʪʦ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʢʘʢ ʚ ʩʣʘʙʳʭ ʨʘʩʪʚʦʨʘʭ, ʪʘʢ ʠ ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ, 

ʧʨʠʙʣʠʞʘʶʱʠʭʩʷ (ʚ ʫʩʣʦʚʠʷʭ ʙʦʣʴʰʠʭ ʧʝʨʝʩʳʱʝʥʠʡ) ʢ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʦʤʫ ʩʦʩʪʘʚʫ, ʪ.ʝ. 

ʢ ʦʙʣʘʩʪʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠʟ ʨʘʩʧʣʘʚʘ. ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ, ʢʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 
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ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʤʘʣʳ, ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʩʪʘʥʦʚʠʪʩʷ ʧʦʭʦʞ ʥʘ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʡ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʠʣʠ ʥʘ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚ ʨʘʩʧʣʘʚʝ ʩʦʣʝʡ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ ʨʘʩʧʣʘʚ ʧʨʘʢʪʠʯʝʩʢʠ ʠʣʠ ʧʦʣʥʦʩʪʴʶ ʩʦʚʧʘʜʘʝʪ ʧʦ ʩʦʩʪʘʚʫ ʩ ʢʨʠʩʪʘʣʣʠʟʫʝʤʳʤ 

ʚʝʱʝʩʪʚʦʤ, ʤʝʪʦʜ ʩʪʘʥʦʚʠʪʩʷ ʤʝʪʦʜʦʤ ʩʠʥʪʝʟʘ ʠʟ ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ (ʤʝʪʦʜ 

ɹʨʠʜʞʤʝʥʘ, ʤʝʪʦʜ ʏʦʭʨʘʣʴʩʢʦʛʦ, self-flux ʤʝʪʦʜ). ʆʙʳʯʥʦ, ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʨʘʩʪʚʦʨ-

ʨʘʩʧʣʘʚʥʳʤ, ʢʦʛʜʘ ʢʨʠʩʪʘʣʣʠʟʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʩʦʩʪʘʚʣʷʝʪ ʥʝ ʤʝʥʝʝ 6-8 ʧʨʦʮʝʥʪʦʚ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʱʝʡ ʞʠʜʢʦʡ ʬʘʟʳ.  

 ɽʩʣʠ ʩʨʘʚʥʠʚʘʪʴ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʡ ʤʝʪʦʜ ʩ ʛʠʜʨʦʪʝʨʤʘʣʴʥʳʤ ʤʝʪʦʜʦʤ, ʪʦ 

ʛʣʘʚʥʳʤʠ ʝʛʦ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʷʚʣʷʶʪʩʷ ʰʠʨʦʢʠʡ ʠʥʪʝʨʚʘʣ ʠʩʧʦʣʴʟʫʝʤʳʭ ʪʝʤʧʝʨʘʪʫʨ (ʦʪ 

ʧʨʠʤʝʨʥʦ 500 ʜʦ 1500Áʉ ʠ ʚ ʦʛʨʦʤʥʦʤ ʤʥʦʛʦʦʙʨʘʟʠʠ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ɻʣʘʚʥʳʤ 

ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʧʣʘʚʥʳʤʠ ʤʝʪʦʜʠʢʘʤʠ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ 

ʢʨʠʩʪʘʣʣʦʚ, ʢʦʪʦʨʳʝ ʧʣʘʚʷʪʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʦ (ʪʦ ʝʩʪʴ ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʘ ʥʝ ʩʦʚʧʘʜʘʝʪ ʩ 

ʩʦʩʪʘʚʦʤ ʪʚʝʨʜʦʛʦ ʚʝʱʝʩʪʚʘ) ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʩʠʥʪʝʟʘ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʛʦʨʘʟʜʦ ʙʦʣʝʝ 

ʥʠʟʢʠʭ, ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʣʷ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ 

ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʚʝʱʝʩʪʚ, ʘ ʪʘʢʞʝ ʠʭ ʨʘʟʤʝʨ ʠ ʢʘʯʝʩʪʚʦ ʩʚʷʟʘʥʳ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʩ 

ʧʦʜʙʦʨʦʤ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ, ʟʘʪʝʤ ʩ ʚʳʙʦʨʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ ʥʘʛʨʝʚʘ ʠ 

ʦʭʣʘʞʜʝʥʠʷ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, ʩ ʚʳʙʦʨʦʤ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʟʘʪʨʘʚʦʢ. 

 ʇʨʦʮʝʩʩ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ ʚ ʨʘʩʧʣʘʚʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥ ʢ ʪʨʘʥʩʧʦʨʪʫ ʯʘʩʪʠʮ ʢ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʜʠʬʬʫʟʠʠ ʠ ʧʨʦʮʝʩʩʫ ʚʩʪʨʦʡʢʠ ʘʪʦʤʦʚ ʚ ʢʨʠʩʪʘʣʣ. ɺ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʛʦ, ʢʘʢʘʷ ʩʪʘʜʠʷ ʷʚʣʷʝʪʩʷ ʩʘʤʦʡ ʤʝʜʣʝʥʥʦʡ ï ʧʝʨʝʥʦʩ ʢ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʧʨʦʮʝʩʩʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ, ʨʘʟʣʠʯʘʶʪ ʜʠʬʬʫʟʠʦʥʥʳʡ ʠ ʢʠʥʝʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ.  

 

 ʈʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʟʘʚʠʩʠʪ ʦʪ ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ, ʚʢʣʶʯʘʷ ʦʙʱʠʡ ʨʘʟʤʝʨ 

ʨʝʘʢʮʠʦʥʥʦʡ ʟʦʥʳ (ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʧʣʘʚʘ). ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʛʨʘʥʘʪʦʚ 

ʨʘʟʤʝʨʦʤ ʙʦʣʴʰʝ ʩʪʘ ʛʨʘʤʤ ʚ ʨʘʩʧʣʘʚʘʭ ʩ ʦʙʱʝʡ ʤʘʩʩʦʡ ʜʝʩʷʪʴ ï ʧʷʪʥʘʜʮʘʪʴ ʢʠʣʦʛʨʘʤʤ 

[33], [34].  

 ʏʠʩʪʦʪʘ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʦʯʝʚʠʜʥʦ, ʟʘʚʠʩʠʪ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʦʪ ʯʠʩʪʦʪʳ 

ʠʩʭʦʜʥʦʡ ʰʠʭʪʳ. ʅʘʧʨʠʤʝʨ, ʦʯʠʩʪʢʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪ ʧʨʠʤʝʩʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʦʪʜʝʣʴʥʫʶ ʟʘʜʘʯʫ [35].  
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1.3.1. ʆʮʝʥʢʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

  

 ɼʣʷ ʧʨʠʤʝʨʥʦʛʦ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚʝʱʝʩʪʚ ʚ 

ʨʘʩʧʣʘʚʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʝʨʘ: 

ö
ö

÷

õ

æ
æ

ç

å
-

D
=

lA

melt

A

meltl

A
TTR

H
x

11
ln  

ʆʥʦ ʦʧʠʩʳʚʘʝʪ ʘʥʘʣʠʪʠʯʝʩʢʦʡ ʚʠʜ ʣʠʥʠʠ ʣʠʢʚʠʜʫʩʘ, ʢʦʪʦʨʘʷ ʦʪʜʝʣʷʝʪ ʧʦʣʝ L ʦʪ ʧʦʣʷ 

ʘʩʩʦʮʠʘʮʠʠ L+ɸ, ʛʜʝ ɸ ̫ ʚʣʷʝʪʩʷ ʪʚʝʨʜʦʡ ʬʘʟʦʡ ʥʘ ʦʩʥʦʚʝ ʢʦʤʧʦʥʝʥʪʘ ɸ, ʦʙʣʘʜʘʶʱʝʡ ʫʟʢʦʡ 

ʦʙʣʘʩʪʴʶ ʛʦʤʦʛʝʥʥʦʩʪʠ: ()l

A

l xT . ʅʘ ʈʠʩ. 6, ʧʦʢʘʟʳʚʘʶʱʝʤ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʫʶ ʩʠʩʪʝʤʫ ʩ 

ʧʨʦʩʪʦʡ ʵʚʪʝʢʪʠʢʦʡ, ʜʘʥʥʳʤ ʫʨʘʚʥʝʥʠʝʤ ʦʧʠʩʳʚʘʶʪʩʷ ʢʨʠʚʳʝ ʊʘɽ ʠ ʊbɽ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, 

ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʝʨʘ ʦʧʠʩʳʚʘʝʪ ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʩʦʩʪʘʚ ʞʠʜʢʦʩʪʠ ʚ ʘʩʩʦʮʠʘʮʠʠ L+A 

(ʞʠʜʢʠʡ ʨʘʩʪʚʦʨ ï ʢʨʠʩʪʘʣʣʳ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ). ʇʦʜʨʦʙʥʳʡ ʚʳʚʦʜ ʫʨʘʚʥʝʥʠʷ ʜʘʥ ʚ 

ʫʯʝʙʥʠʢʝ ɺ.ɸ. ɾʘʨʠʢʦʚʘ çʆʩʥʦʚʳ ʬʠʟʠʯʝʩʢʦʡ ʛʝʦʭʠʤʠʠè [36]. 

 

 

 

 

ʈʠʩ. 6. ʉʠʩʪʝʤʘ ʩ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʩʤʝʩʠʤʦʩʪʴʶ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʩʤʝʩʠʤʦʩʪʠ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [25]. 

 

 ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʦʚ ʚ ʫʨʘʚʥʝʥʠʝ ʐʨʝʜʝʨʘ ʧʦʜʩʪʘʚʣʷʶʪʩʷ ʪʦʣʴʢʦ 
A

meltHD  ʠ 
A

meltT  ï 

ʵʥʪʘʣʴʧʠʷ ʧʣʘʚʣʝʥʠʷ ʠ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʯʠʩʪʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ɸ, ʘ ʧʝʨʝʤʝʥʥʳʤʠ 

ʩʣʫʞʘʪ lT  ï ʪʝʤʧʝʨʘʪʫʨʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ, ʠ 
l

Ax  ï ʤʦʣʴʥʘʷ ʜʦʣʷ ʢʦʤʧʦʥʝʥʪʘ ɸ ʚ 

ʞʠʜʢʦʤ ʨʘʩʪʚʦʨʝ, ʥʘʭʦʜʷʱʝʤʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʝʛʦ ʢʨʠʩʪʘʣʣʘʤʠ, ʪ.ʝ. ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʥʘʩʳʱʝʥʥʦʤ ʨʘʩʪʚʦʨʝ. ʇʨʠ ʚʳʚʦʜʝ ʫʨʘʚʥʝʥʠʠ ʐʨʝʜʝʨʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʜʦʧʫʱʝʥʠʷ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʨʠʩʪʘʣʣʦʚ ʢʦʤʧʦʥʝʥʪʘ ɸ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʧʨʠʨʦʜʳ 

ʨʘʩʪʚʦʨʠʪʝʣʷ (ʢʦʤʧʦʥʝʥʪʘ ɺ). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʘʥʘʣʠʟʝ ʫʨʘʚʥʝʥʠʷ ʧʦʣʫʯʘʝʪʩʷ ʜʚʘ ʚʘʞʥʳʭ 

ʚʳʚʦʜʘ: ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ ʚ ʞʠʜʢʦʩʪʠ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

T, ʠ ʚʝʱʝʩʪʚʘ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʪʦʡ 

ʧʣʘʚʣʝʥʠʷ ʤʝʥʝʝ ʨʘʩʪʚʦʨʠʤʳ. 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʪʦʯʢʠ ʵʚʪʝʢʪʠʢʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʠ ʩʦʩʪʘʚ) ʥʘʭʦʜʷʪʩʷ ʩ 

ʧʦʤʦʱʴʶ ʨʝʰʝʥʠʷ ʩʠʩʪʝʤʳ çʟʝʨʢʘʣʴʥʳʭè ʫʨʘʚʥʝʥʠʡ. 
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1.3.2. ʇʦʜʙʦʨ ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

 ʆʙʳʯʥʦ, ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʘ-ʨʘʩʪʚʦʨʠʪʝʣʷ ʜʣʷ ʨʦʩʪʘ ʢʦʥʢʨʝʪʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʚʳʙʠʨʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ. ʈʘʩʪʚʦʨʠʪʝʣʴ ʜʦʣʞʝʥ ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʥʝʢʦʪʦʨʳʤ ʫʩʣʦʚʠʷʤ. 

ʅʘʧʨʠʤʝʨ, ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʦʣʞʝʥ ʠʤʝʪʴ ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʠ ʥʝʚʳʩʦʢʦʝ 

ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ (ʚ ʩʫʤʤʝ ʰʠʨʦʢʠʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʠʥʪʝʨʚʘʣ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʧʣʘʚʘ). ʂʨʦʤʝ 

ʪʦʛʦ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʪʨʝʙʦʚʘʥʠʷ ʢ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

 ɼʣʷ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ ʚ ʨʘʩʧʣʘʚʘʭ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ 

ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʨʘʩʪʚʦʨʠʪʝʣʷʤ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʥʝʩʢʦʣʴʢʦ ʜʨʫʛʠʝ ʫʩʣʦʚʠʷ. 

ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʙʦʣʴʰʦʝ ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʝ ʷʚʣʷʝʪʩʷ ʩʝʨʴʝʟʥʳʤ ʧʨʝʧʷʪʩʪʚʠʝʤ, ʪʘʢ ʢʘʢ ʚ 

ʛʝʨʤʝʪʠʯʥʦʡ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʪʝʨʠ ʚʝʱʝʩʪʚʘ. ɽʜʠʥʩʪʚʝʥʥʦʝ, ʯʪʦ 

ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʥʝ ʜʦʣʞʥʦ ʧʨʝʚʳʰʘʪʴ 10 ï 100 ʘʪʤʦʩʬʝʨ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʦʣʱʠʥʳ ʩʪʝʥʢʠ 

ʘʤʧʫʣʳ. ʊʨʝʙʦʚʘʥʠʝ ʢ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʘʢʞʝ ʜʦʣʞʥʳ ʙʳʪʴ 

ʚʠʜʦʠʟʤʝʥʝʥʳ, ʪʘʢ ʢʘʢ ʨʦʩʪ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʢʦʥʢʨʝʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚ ʫʟʢʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʟʘʜʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʘʤʠ ʛʦʨʷʯʝʛʦ ʠ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʦʚ ʘʤʧʫʣʳ). 

ɺ ʜʘʣʴʥʝʡʰʝʤ ʙʫʜʝʪ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚʦʟʤʦʞʝʥ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʙʣʠʟʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣ, ʘ ʥʝ ʩʦʩʫʜʦʚ ʠʟ 

ʙʣʘʛʦʨʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ ʧʦʟʚʦʣʷʝʪ ʧʨʠʤʝʥʷʪʴ ʤʥʦʛʠʝ ʘʛʨʝʩʩʠʚʥʳʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, 

ʥʘʧʨʠʤʝʨ, PbF2/PbO.  

 ɺʝʨʦʷʪʥʝʝ ʚʩʝʛʦ, ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʦʞʝ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʤʝʭʦʡ ʧʨʠ ʨʦʩʪʝ ʚ 

ʫʩʣʦʚʠʷʭ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚʷʟʢʠʭ ʨʘʩʧʣʘʚʦʚ ʜʦʣʞʥʘ 

ʫʤʝʥʴʰʘʪʴʩʷ ʩʢʦʨʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, ʯʪʦ ʤʦʞʝʪ, ʥʘʦʙʦʨʦʪ ʧʨʠʚʦʜʠʪʴ ʦʙʨʘʟʦʚʘʥʠʶ 

ʙʦʣʝʝ ʨʘʚʥʦʚʝʩʥʳʭ ʠ ʢʘʯʝʩʪʚʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ. 

 

1.3.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʦʚ 

 

 ʆʯʝʚʠʜʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ 

ʬʘʟʦʚʳʝ ʦʪʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʠ ʧʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʚʳʭ ʬʘʟ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʠʟ ʧʨʘʚʠʣʘ ʬʘʟ ɻʠʙʙʩʘ ʩʣʝʜʫʝʪ, ʯʪʦ ʩʠʩʪʝʤʘ, ʩʦʩʪʦʷʱʘʷ ʠʟ n ʢʦʤʧʦʥʝʥʪʦʚ, ʜʣʷ 

ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʤʝʥʷʪʴ ʪʝʤʧʝʨʘʪʫʨʫ, ʤʦʞʝʪ ʩʦʜʝʨʞʘʪʴ ʜʦ n+1 ʬʘʟʳ.  

 ɼʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʤʝʪʦʜʘ ʥʘʠʙʦʣʝʝ ʚʘʞʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʷʚʣʷʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʥʘʯʘʣʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʠ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʟʫʶʱʝʡʩʷ ʬʘʟʳ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʥʝʦʙʭʦʜʠʤʦ ʟʥʘʪʴ ʬʦʨʤʫ ʣʠʢʚʠʜʫʩʘ 

ʠ ʩʦʣʠʜʫʩʘ ʜʣʷ ʠʩʧʦʣʴʟʫʝʤʦʡ n-ʤʝʨʥʦʡ ʩʠʩʪʝʤʳ. ʃʠʢʚʠʜʫʩʦʤ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʥʘʯʘʣʘ 
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ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ n-ʤʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʥʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ, 

ʦʪʜʝʣʷʶʱʘʷ ʧʦʣʥʦʩʪʴʶ ʞʠʜʢʫʶ ʩʠʩʪʝʤʫ ʦʪ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʚʝʨʜʳʝ 

ʬʘʟʳ. ɺ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦʩʪʴ ʣʠʢʚʠʜʫʩʫ, ʩʦʣʠʜʫʩʦʤ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʴʶ ʢʦʥʮʘ ʧʝʨʚʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʥʘʟʳʚʘʝʪʩʷ n-ʤʝʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ, ʦʪʜʝʣʷʶʱʘʷ ʧʦʣʥʦʩʪʴʶ ʪʚʝʨʜʦʬʘʟʥʫʶ 

ʩʠʩʪʝʤʫ ʦʪ ʩʠʩʪʝʤʳ, ʚ ʢʦʪʦʨʦʡ ʧʨʠʩʫʪʩʪʚʫʶʪ ʞʠʜʢʠʝ ʬʘʟʳ. 

 ʉʨʝʜʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʠʟʫʯʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʚʤʝʩʪʝ ʩ ʨʘʩʪʚʦʨʝʥʥʳʤ ʚʝʱʝʩʪʚʦʤ 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ ʠ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ 

ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʉʥʷʪʠʝ ʚʦʣʴʪ-ʘʤʧʝʨʥʳʭ ʠ ʝʤʢʦʩʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʦʟʚʦʣʷʝʪ ʥʘʡʪʠ ʪʝʤʧʝʨʘʪʫʨʫ ʥʘʯʘʣʘ ʧʝʨʚʠʯʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ (ʪʦʯʢʫ ʣʠʥʠʠ 

ʣʠʢʚʠʜʫʩʘ) ʠ, ʚ ʠʜʝʘʣʝ, ʪʝʤʧʝʨʘʪʫʨʫ ʩʦʣʠʜʫʩʘ. ɿʥʘʷ ʪʦʣʴʢʦ ʪʝʤʧʝʨʘʪʫʨʫ ʣʠʢʚʠʜʫʩʘ, ʤʦʞʥʦ 

ʦʧʨʝʜʝʣʠʪʴ ʩʦʩʪʘʚ ʢʨʠʩʪʘʣʣʠʟʫʶʱʠʭʩʷ ʬʘʟ ʩ ʧʦʤʦʱʴʶ ʟʘʢʘʣʦʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 ʀʥʬʦʨʤʘʮʠʶ ʦ ʧʨʠʨʦʜʝ ʠ ʩʦʩʪʘʚʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʦʝ ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘ ʤʦʞʥʦ ʫʟʥʘʪʴ ʧʨʠ ʧʦʤʦʱʠ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʈʘʫʣʷ. ɿʘʢʦʥ 

ʟʚʫʯʠʪ ʢʘʢ: çʧʦʥʠʞʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʟʘʤʝʨʟʘʥʠʷ ʨʘʩʪʚʦʨʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ 

ʟʘʤʝʨʟʘʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʷʤʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʤʦʣʷʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʘè, ʪʦ ʝʩʪʴ,  

ȹTʟʘʤ= Kʢʨ · mʚ-ʚʘ,   

ʛʜʝ Kʢʨ ʢʨʠʦʩʢʦʧʠʯʝʩʢʘʷ (ʦʪʥʦʩʠʪʩʷ ʢ ʟʘʤʝʨʟʘʥʠʶ) ʢʦʥʩʪʘʥʪʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ; 

mʚ-ʚʘ ð ʤʦʣʷʣʴʥʦʩʪʴ ʚʝʱʝʩʪʚʘ ʚ ʨʘʩʪʚʦʨʝ. (ʄʦʣʷʣʴʥʦʩʪʴ ð ʢʦʣʠʯʝʩʪʚʦ ʨʘʩʪʚʦʨʸʥʥʦʛʦ 

ʚʝʱʝʩʪʚʘ (ʯʠʩʣʦ ʤʦʣʴ) ʚ 1000 ʛ ʨʘʩʪʚʦʨʠʪʝʣʷ.) 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʨʘʚʥʝʥʠʝ ʨʝʘʣʴʥʦʡ ʤʦʣʷʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʠ 

ʢʘʞʫʱʝʡʩʷ ʤʦʣʷʣʴʥʦʩʪʠ ʠʟ ʫʨʘʚʥʝʥʠʷ ʚʪʦʨʦʛʦ ʟʘʢʦʥʘ ʈʘʫʣʷ ʤʦʞʝʪ ʜʘʪʴ ʠʥʬʦʨʤʘʮʠʶ ʦ 

ʜʠʩʩʦʮʠʘʮʠʠ ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ.  

 ʂʨʦʤʝ ʧʦʩʪʨʦʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʝʡ ʣʠʢʚʠʜʫʩʘ ʠ ʩʦʣʠʜʫʩʘ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ, ʜʣʷ 

ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʦʚ ʤʦʞʝʪ ʙʳʪʴ ʥʘʧʨʷʤʫʶ ʦʧʨʝʜʝʣʝʥʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʇʨʷʤʦʡ ʤʝʪʦʜ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʥʘʙʣʶʜʝʥʠʠ ʟʘ ʠʟʤʝʥʝʥʠʝʤ ʚʝʩʘ ʟʘʪʨʘʚʢʠ, 

ʢʦʪʦʨʘʷ ʚʥʦʩʠʪʩʷ ʚ ʨʘʩʪʚʦʨʠʪʝʣʴ ʧʨʠ ʨʘʟʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʘʢʮʠʦʥʥʘʷ ʩʤʝʩʴ 

ʤʦʞʝʪ ʟʘʢʘʣʠʚʘʪʴʩʷ ʠ ʠʟʫʯʘʪʴʩʷ ʬʠʟʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 

 

 

1.3.4. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʦʭʣʘʞʜʝʥʠʷ 

 

 ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʜʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʦʡ ʩʨʝʜʠ ʚʩʝʭ ʚʘʨʠʘʥʪʦʚ 

ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ ʩʠʥʪʝʟʘ. ʄʝʪʦʜʠʢʘ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʘ ʜʣʷ ʨʦʩʪʘ ʚʝʱʝʩʪʚ, 
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ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. ɼʣʷ ʨʦʩʪʘ 

ʙʦʣʴʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʜʦʣʞʥʳ ʙʳʪʴ ʩʦʟʜʘʥʳ ʦʩʦʙʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʫʩʣʦʚʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ ʥʦʨʤʘʣʴʥʳʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʠ ʥʝ ʜʦʧʫʩʢʘʶʱʠʝ 

ʩʧʦʥʪʘʥʥʦʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢ ʢʘʢ ʥʘʢʣʦʥ ʣʠʢʚʠʜʫʩʘ ʩʠʩʪʝʤʳ 

ʠʟʤʝʥʷʝʪʩʷ ʚ ʨʘʟʥʳʭ ʬʠʛʫʨʘʪʠʚʥʳʭ ʪʦʯʢʘʭ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ, ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʧʦʩʪʦʷʥʥʦʡ ʩʪʝʧʝʥʠ ʧʝʨʝʩʳʱʝʥʠʷ (ʠ ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʠ ʨʦʩʪʘ) ʪʨʝʙʫʝʪʩʷ 

ʩʣʦʞʥʳʡ, ʪʱʘʪʝʣʴʥʦ ʧʨʦʜʫʤʘʥʥʳʡ ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʨʝʞʠʤ ʦʭʣʘʞʜʝʥʠʷ 

ʜʦʣʞʝʥ ʙʳʪʴ ʩʢʦʨʨʝʢʪʠʨʦʚʘʥ, ʚʦ-ʧʝʨʚʳʭ, ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ (ʚ ʩʪʦʨʦʥʫ ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ), ʚʦ-ʚʪʦʨʳʭ, ʠʟ-ʟʘ 

ʚʦʟʤʦʞʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʘ (ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ), ʚ-ʪʨʝʪʴʠʭ, ʠʟ-ʟʘ ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʚʷʟʢʦʩʪʠ ʨʘʩʧʣʘʚʘ (ʚ ʩʪʦʨʦʥʫ ʫʤʝʥʴʰʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ) [1]. ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʨʦʩʪʘ ʙʦʣʴʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ 

ʰʠʨʠʥʘ ʤʝʪʘʩʪʘʙʠʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʧʨʠʤʝʨ, ʥʝʙʦʣʴʰʠʝ ʢʦʣʝʙʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʨʦʩʪʫ ʥʦʚʳʭ ʟʘʨʦʜʳʰʝʡ. 

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʣʠʯʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʧʘʨʘʤʝʪʨʦʚ, ʩʠʣʴʥʦ ʫʩʣʦʞʥʷʝʪ ʤʝʪʦʜ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʨʦʩʪʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ 

ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ.   

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʙʣʘʛʦʧʨʠʷʪʥʳʭ ʫʩʣʦʚʠʡ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʨʘʩʧʣʘʚʘ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚʨʘʱʝʥʠʝ ʪʠʛʣʷ ʧʦ ʩʣʦʞʥʦʡ ʪʨʘʝʢʪʦʨʠʠ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʡ 

ʧʦʜʧʠʪʢʫ ʚʩʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ.  

 

1.3.5. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʩ ʧʦʤʦʱʴʶ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

 ʆʜʥʠʤ ʠʟ ʚʘʨʠʘʥʪʦʚ ʩʠʥʪʝʟʘ ʚ ʧʦʩʪʦʷʥʥʳʭ ʧʦ ʚʨʝʤʝʥʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʠʟʦʪʝʨʤʠʯʝʩʢʠʡ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʩ ʧʦʤʦʱʴʶ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ. 

ʌʦʨʤʘʣʴʥʦ, ʤʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʥʝʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʘʣʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʝʪʦʜʘ, ʢʦʛʜʘ 

ʨʘʩʪʚʦʨʠʪʝʣʝʤ ʩʣʫʞʠʪ ʚʦʜʘ. 

 ɼʣʷ ʨʘʙʦʪʳ ʪʨʝʙʫʝʪʩʷ ʘʧʧʘʨʘʪʫʨʘ, ʚ ʢʦʪʦʨʦʡ ʧʘʨʳ ʩʦʣʝʡ ʫʩʪʨʘʥʷʶʪʩʷ ʧʦʩʣʝʜʫʶʱʝʡ 

ʢʦʥʜʝʥʩʘʮʠʝʡ ʠʣʠ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. ɺ ʢʘʯʝʩʪʚʝ ʣʝʛʢʦʠʩʧʘʨʷʶʱʠʭʩʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʧʦʜʭʦʜʷʪ ʭʣʦʨʠʜʳ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, PbF2, PbO, Li 2MoO4+MoO3. ʂʦʥʪʨʦʣʴ ʠʩʧʘʨʝʥʠʷ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʥʝʧʨʝʨʳʚʥʦʛʦ ʚʟʚʝʰʠʚʘʥʠʷ ʪʠʛʣʷ, ʢʦʛʜʘ 

ʪʠʛʝʣʴ ʩʪʦʠʪ ʥʘ ʜʣʠʥʥʦʤ ʰʪʦʢʝ, ʧʨʦʭʦʜʷʱʝʤ ʯʝʨʝʟ ʦʪʚʝʨʩʪʠʝ ʚʥʠʟʫ ʧʝʯʠ, ʘ ʰʪʦʢ ʩʪʦʠʪ ʥʘ 

ʚʝʩʘʭ.  
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1.3.6. ʄʝʪʦʜ ʜʚʠʞʫʱʝʛʦʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷ 

 

 ɼʘʥʥʳʡ ʤʝʪʦʜ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ [37] ʷʚʣʷʝʪʩʷ ʢʦʤʙʠʥʘʮʠʝʡ ʤʝʪʦʜʘ ʟʦʥʥʦʡ ʧʣʘʚʢʠ 

[38] ʠ ʢʣʘʩʩʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ [32, 1]. ʉʭʝʤʘ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ ʈʠʩ. 7. 

 

ʈʠʩ. 7. ʉʭʝʤʘ ʜʚʫʭ ʤʝʪʦʜʦʚ ʚʳʨʘʱʠʚʘʥʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʝʨʝʤʝʱʘʶʱʝʡʩʷ ʟʦʥʳ ʨʘʩʪʚʦʨʠʪʝʣʷ [1]. 1 ï ʥʘʧʨʘʚʣʝʥʠʝ ʧʦʪʦʢʘ 

ʪʝʧʣʘ ʠʣʠ ʥʘʧʨʘʚʣʝʥʠʝ ʜʚʠʞʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʷ, 2 ï ʟʦʥʘ ʨʘʩʧʣʘʚʘ, 3 ï 

ʢʨʠʩʪʘʣʣ, 4 ï ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʝ ʚʝʱʝʩʪʚʦ (ʰʠʭʪʘ).  

 

 

 ʈʘʩʪʚʦʨ ʥʘʭʦʜʠʪʩʷ ʤʝʞʜʫ ʟʘʪʨʘʚʢʦʡ ʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʰʠʭʪʦʡ. ɻʨʘʜʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨ ʦʙʝʩʧʝʯʠʚʘʝʪ ʤʠʛʨʘʮʠʶ ʚʝʱʝʩʪʚʘ ʦʪ ʰʠʭʪʳ ʢ ʨʘʩʪʫʱʝʤʫ ʢʨʠʩʪʘʣʣʫ. ɺ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʣʠʙʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʟʦʥʘ ʨʘʩʪʚʦʨʘ (ʘ)ʚ ʥʘʧʨʘʚʣʝʥʠʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, 

ʣʠʙʦ ʧʝʨʝʤʝʱʘʝʪʩʷ ʥʘʛʨʝʚʘʪʝʣʴ (ʙ), ʘ ʟʦʥʘ ʧʣʘʚʣʝʥʠʷ ʧʝʨʝʤʝʱʘʝʪʩʷ ʚʤʝʩʪʝ ʩ ʥʠʤ. 

ʆʯʝʚʠʜʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʤʝʝʪ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʡ ʧʨʠʥʮʠʧ, ʘʥʘʣʦʛʠʯʥʳʡ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤʫ ʜʘʣʝʝ ʩʠʥʪʝʟʫ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʫʢʘʟʘʪʴ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ CuCl, ʩ KCl ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [39] ʠʣʠ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ SiC 

ʩ ʞʠʜʢʠʤ ʭʨʦʤʦʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ [40]. ʂʨʠʩʪʘʣʣʳ ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʥʘ 1000Áʉ ʥʠʞʝ ʯʝʤ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ (ʨʘʟʣʦʞʝʥʠʷ) 

ʢʘʨʙʠʜʘ ʢʨʝʤʥʠʷ. 

 ʊʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʬʘʢʪʠʯʝʩʢʠ ʥʘʚʷʟʳʚʘʝʪʩʷ 

ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʤ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʧʨʠ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʠ ʜʚʠʞʝʥʠʷ ʬʨʦʥʪʘ, ʨʘʩʪʫʱʠʡ 

ʢʨʠʩʪʘʣʣ ʙʫʜʝʪ ʟʘʭʚʘʪʳʚʘʪʴ ʨʘʩʪʚʦʨʠʪʝʣʴ ʚ ʚʠʜʝ ʛʝʪʝʨʦʬʘʟʥʳʭ ʚʢʣʶʯʝʥʠʡ [37]. 

 ɺ ʘʥʛʣʦʷʟʳʯʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʡ ʤʝʪʦʜ ʠʟʚʝʩʪʝʥ ʢʘʢ Thin alloy zone crystallization 

(TAZC). ʉʣʦʚʦ alloy ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʥʝ ʪʦʣʴʢʦ ʢʘʢ ʩʧʣʘʚ, ʥʦ ʠ ʢʘʢ ʣʶʙʦʡ 

ʜʨʫʛʦʡ ʨʘʩʧʣʘʚ ʠʣʠ ʬʣʶʩ. ʇʦʜʦʙʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʫʧʥʳʝ ʢʨʠʩʪʘʣʣʳ ZnSe ʩ 

ʧʦʤʦʱʴʶ ʨʘʩʧʣʘʚʘ SnSe-ZnSe [41].   

 

 

1.3.7. ʄʝʪʦʜ ʞʠʜʢʦʬʘʟʥʦʡ ʠʥʢʘʧʩʫʣʷʮʠʠ 

 

 ɺ ʤʝʪʦʜʝ ʜʚʠʞʫʱʝʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʥʝʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʞʠʜʢʦʡ 

ʬʘʟʳ ʷʚʣʷʝʪʩʷ ʢʘʪʘʣʠʟʘʪʦʨʦʤ, ʧʝʨʝʚʦʜʷʱʠʤ ʰʠʭʪʫ ʚ ʨʘʩʪʚʦʨʝʥʥʫʶ ʬʦʨʤʫ, ʘ ʟʘʪʝʤ ʚ 
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ʤʦʥʦʢʨʠʩʪʘʣʣ. ɺ ʤʝʪʦʜʝ ʞʠʜʢʦʬʘʟʥʦʡ ʠʥʢʘʧʩʫʣʷʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʘʷ ʞʠʜʢʘʷ ʬʘʟʘ, 

ʥʘʦʙʦʨʦʪ ʩʣʫʞʠʪ ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʘ. 

 ʅʘʧʨʠʤʝʨ, ʚ ʨʘʙʦʪʝ [42] ʩʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ PbSe ʠ PbTe ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʤʝʰʘʝʪ ʠʩʧʘʨʝʥʠʝ ʩʝʣʝʥʘ ʠʣʠ ʪʝʣʣʫʨʘ. ʀʩʧʘʨʝʥʠʶ ʭʘʣʴʢʦʛʝʥʦʚ 

ʧʨʝʧʷʪʩʪʚʦʚʘʣ ʨʘʩʧʣʘʚ B2O3 ʠʣʠ ʩʤʝʩʴ CaO-B2O3. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ 

ʪʨʝʙʦʚʘʥʠʷ ʢ "ʵʢʨʘʥʠʨʫʶʱʝʤʫ" ʨʘʩʧʣʘʚʫ: (1) ɼʘʚʣʝʥʠʝ ʝʛʦ ʧʘʨʦʚ ʜʦʣʞʥʦ ʙʳʪʴ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ, (2) ʇʣʦʪʥʦʩʪʴ ʜʦʣʞʥʘ ʙʳʪʴ ʥʠʞʝ 

ʦʩʥʦʚʥʦʛʦ ʨʘʩʧʣʘʚʘ, (3) ʢʦʤʧʦʥʝʥʪʳ "ʵʢʨʘʥʠʨʫʶʱʝʡ" ʞʠʜʢʦʩʪʠ ʥʝ ʜʦʣʞʥʳ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʩʧʣʘʚʝ, (4) ʢʦʤʧʦʥʝʥʪʳ "ʵʢʨʘʥʠʨʫʶʱʝʡ" ʞʠʜʢʦʩʪʠ ʥʝ ʜʦʣʞʥʳ ʟʘʭʚʘʪʳʚʘʪʴʩʷ 

ʨʘʩʪʫʱʠʤ ʢʨʠʩʪʘʣʣʦʤ. 

 ɸʥʘʣʦʛʠʯʥʦ, ʚ ʨʘʙʦʪʝ [43] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ InAs ʠ GaAs ʤʝʪʦʜʦʤ 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʧʨʠʤʝʥʷʣʘʩʴ "ʵʢʨʘʥʠʨʫʶʱʘʷ" ʞʠʜʢʦʩʪʴ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʠʩʧʘʨʝʥʠʷ 

ʷʜʦʚʠʪʦʛʦ ʤʳʰʴʷʢʘ. ʀʩʧʦʣʴʟʦʚʘʣʩʷ B2O3, ʠʣʠ BaCl2, ʠʣʠ CaCl2, ʠʣʠ ʩʤʝʩʠ BaCl2+KCl. 

ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʜʦʙʥʳʭ "ʵʢʨʘʥʠʨʫʶʱʠʭ" ʨʘʩʧʣʘʚʦʚ ʜʣʷ 

ʤʝʪʦʜʘ ʟʦʥʥʦʡ ʧʣʘʚʢʠ.  

 ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠ ʦʢʩʠʜ ʙʦʨʘ, ʠ ʭʣʦʨʠʜʳ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʢʘʢ ʢʦʤʧʦʥʝʥʪʳ 

ʨʘʩʪʚʦʨʠʪʝʣʝ ʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʳ ʨʘʩʪʚʦʨʷʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʝʱʝʩʪʚʘ ʨʘʩʪʫʱʠʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, "ʵʢʨʘʥʠʨʫʶʱʠʡ" 

ʨʘʩʧʣʘʚ ʷʚʣʷʝʪʩʷ ʯʠʩʪʦ ʢʠʥʝʪʠʯʝʩʢʠʤ ʧʨʝʧʷʪʩʪʚʠʝʤ. 

 

1.3.8. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʛʨʘʜʠʝʥʪʝ 

ʪʝʤʧʝʨʘʪʫʨ 

 

 ɻʨʘʜʠʝʥʪ ʪʝʤʧʝʨʘʪʫʨ ʷʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʚʘʨʠʘʥʪʦʤ ʤʝʪʦʜʠʢ ʩʠʥʪʝʟʘ ʚ ʧʦʩʪʦʷʥʥʳʭ ʧʦ 

ʚʨʝʤʝʥʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ɺ ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ [1] ʜʘʥʥʳʡ ʤʝʪʦʜ ʩʯʠʪʘʝʪʩʷ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ, ʥʦ ʜʘʥʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ, ʚʝʨʦʷʪʥʦ, ʥʝʣʴʟʷ ʥʘʟʚʘʪʴ ʢʦʨʨʝʢʪʥʳʤ ʚʩʣʝʜʩʪʚʠʝ 

ʥʘʣʠʯʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ. ɺ ʤʦʥʦʛʨʘʬʠʠ ʊʠʤʦʬʝʝʚʦʡ ʠ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ 

ʧʨʠʚʝʜʝʥʳ ʚʩʝʛʦ ʪʨʠ-ʯʝʪʳʨʝ ʨʘʙʦʪʳ, ʛʜʝ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʥʝ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ, ʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ.  

 ɿʘʯʘʩʪʫʶ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʙʳʣ ʚʝʨʪʠʢʘʣʴʥʳʤ, ʘʥʘʣʦʛʠʯʥʦ ʤʝʪʦʜʫ 

ɹʨʠʜʞʤʝʥʘ. ɹʦʣʝʝ ʛʦʨʷʯʘʷ ʟʦʥʘ ʙʳʣʘ ʦʙʳʯʥʦ ʚʥʠʟʫ, ʘ ʭʦʣʦʜʥʘʷ ʟʦʥʘ ʩ ʟʘʪʨʘʚʢʘʤʠ ï ʚʚʝʨʭʫ. 

ɺʝʨʪʠʢʘʣʴʥʳʡ ʛʨʘʜʠʝʥʪ ʧʨʠʚʦʜʠʣ ʢ ʢʦʥʚʝʢʪʠʚʥʦʤʫ ʧʝʨʝʥʦʩʫ ʚʝʱʝʩʪʚʘ, ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʧʝʨʝʥʦʩʘ, ʢʦʪʦʨʳʡ ʧʨʦʠʩʭʦʜʠʪ ʚ ʛʦʨʠʟʦʥʪʘʣʴʥʳʭ ʨʝʘʢʮʠʦʥʥʳʭ ʩʦʩʫʜʘʭ.  
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 ɺ ʨʘʙʦʪʝ ʇʦʪʢʠʥʘ ([32] ʩʦ ʩʩʳʣʢʦʡ ʥʘ [44]) ʚ ʢʚʘʨʮʝʚʦʡ ʘʤʧʫʣʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʚʦʣʴʬʨʘʤʘʪʦʚ ʠ ʤʦʣʠʙʜʘʪʦʚ ʛʨʫʧʧʳ ʰʝʝʣʠʪʘ ʚ ʵʚʪʝʢʪʠʯʝʩʢʦʤ ʨʘʩʧʣʘʚʝ KCl-LiCl  

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ ʦʢʦʣʦ 600Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʧʨʠʤʝʨʥʦ ʥʘ 

7 ï 10Áʉ ʥʠʞʝ. ɺ ʨʘʙʦʪʝ ɺʘʡʪʘ ʠ ɹʨʘʡʪʚʝʣʣʘ [32 ʩʦ ʩʩʳʣʢʦʡ ʥʘ 45] ʦʧʠʩʘʥ ʩʠʥʪʝʟ ʨʫʙʠʥʘ, ʘ 

ʚ ʨʘʙʦʪʝ ɺʝʙʩʪʝʨʘ ʠ ɺʘʡʪʘ [46] ʩʠʥʪʝʟ ʦʢʩʠʜʘ ʤʘʛʥʠʷ ʚ ʨʘʩʧʣʘʚʝ PbF2 ʚ ʫʩʣʦʚʠʠ 

ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ. ʀʟ-ʟʘ ʧʨʠʤʝʥʝʥʠʷ ʬʪʦʨʠʜʘ ʩʚʠʥʮʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ 

ʧʣʘʪʠʥʦʚʳʡ ʪʠʛʝʣʴ ʩ ʜʚʫʤʷ ʟʦʥʘʤʠ ʥʘʛʨʝʚʘ.  

 ɺ ʰʝʩʪʠʜʝʩʷʪʳʭ ʛʦʜʘʭ ʜʚʘʜʮʘʪʦʛʦ ʚʝʢʘ ʙʳʣʠ ʥʘʯʘʪʳ ʨʘʙʦʪʳ ʧʦ ʦʙʲʝʜʠʥʝʥʠʶ ʤʝʪʦʜʘ 

ʏʦʭʨʘʣʴʩʢʦʛʦ ʠ ʨʘʩʪʚʦʨʥʦ-ʨʘʩʧʣʘʚʥʦʛʦ ʤʝʪʦʜʘ. ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʟʘʪʨʘʚʢʘ ʧʦʩʪʝʧʝʥʥʦ 

ʧʦʜʥʠʤʘʣʘʩʴ ʥʘʜ ʫʨʦʚʥʝʤ ʨʘʩʪʚʦʨʘ-ʨʘʩʧʣʘʚʘ (ʥʘʧʨʠʤʝʨ [47]). ʏʘʩʪʦ ʧʦʜʦʙʥʘʷ ʦʧʝʨʘʮʠʷ 

ʧʨʦʚʦʜʠʣʘʩʴ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ.  

 ʆʜʥʠʤ ʠʟ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʧʨʠʤʝʨʦʚ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚ ʩʦʣʝʚʳʭ 

ʨʘʩʧʨʘʚʘʭ ʛʘʣʦʠʜʥʳʭ ʩʦʣʝʡ ʚ ʫʩʣʦʚʠʠ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨ ʚ ʢʚʘʨʮʝʚʦʡ 

ʘʤʧʫʣʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʘʙʦʪʫ [48]. ɺ ʥʝʡ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʩʬʘʣʝʨʠʪʘ ZnS 

ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʢʚʘʨʮʝʚʘʷ ʘʤʧʫʣʘ ʜʣʠʥʦʡ 50 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 20 ʤʤ, ʢ ʢʦʥʮʫ ʢʦʪʦʨʦʡ ʙʳʣ 

ʧʨʠʧʘʷʥ ʢʚʘʨʮʝʚʳʡ ʩʪʝʨʞʝʥʴ. ʀʤʝʥʥʦ ʦʥ ʦʙʝʩʧʝʯʠʚʘʣ ʥʝʙʦʣʴʰʫʶ ʧʦʪʝʨʶ ʪʝʧʣʘ ʠ ʪʝʤ 

ʩʘʤʳʤ ʩʦʟʜʘʚʘʣʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʠʥʦʛʜʘ ʥʝʙʦʣʴʰʦʡ (1-3Áʉ), ʠʥʦʛʜʘ 

ʟʥʘʯʠʪʝʣʴʥʳʡ (ʜʦ 100Áʉ). ʉʠʥʪʝʟ ʧʨʦʜʦʣʞʘʣʩʷ ʦʢʦʣʦ ʤʝʩʷʮʘ. ʊʝʤʧʝʨʘʪʫʨʘ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ, 

ʚ ʢʦʪʦʨʦʤ ʥʘʭʦʜʠʣʘʩʴ ʠʟʥʘʯʘʣʴʥʘʷ ʰʠʭʪʘ, ʩʦʩʪʘʚʣʷʣʘ 780 ï 850Áʉ. ʆʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ 

ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʙʳʣ KCl. ʀʥʦʛʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ KI, ZnCl2, ZnI2, 

CdCl2 ʠ PbCl2. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʩʠʥʪʝʟʘ, ʚʝʣʠʯʠʥʳ ʛʨʘʜʠʝʥʪʘ ʠ 

ʩʦʩʪʘʚʘ ʨʘʩʧʣʘʚʘ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʨʘʟʣʠʯʥʳʭ ʨʘʟʤʝʨʦʚ, ʬʦʨʤʳ ʠ ʢʘʯʝʩʪʚʘ 

ʦʛʨʘʥʢʠ. ɹʳʣʦ ʟʘʤʝʯʝʥʦ, ʯʪʦ ʢʨʠʩʪʘʣʣʳ ʥʝ ʨʘʩʪʫʪ ʥʘ ʟʘʪʨʘʚʢʘʭ, ʘ ʦʙʨʘʟʫʶʪʩʷ ʪʦʣʴʢʦ ʧʫʪʝʤ 

ʩʧʦʥʪʘʥʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʞʝ ʚ ʩʪʘʪʴʝ ʚʳʩʢʘʟʘʥʳ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦ ʬʦʨʤʘʭ 

ʥʘʭʦʞʜʝʥʠʷ ʮʠʥʢʘ ʠ ʩʝʨʳ ʚ ʨʘʩʧʣʘʚʘʭ, ʚ ʯʘʩʪʥʦʩʪʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʥʦʡ ʯʘʩʪʠʮʳ 

ZnSCl2
2-. ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʩʧʦʣʴʟʫʝʤʳʭ ʨʘʩʧʣʘʚʦʚ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʠʥʪʝʟʘ, ʠ ʩʨʘʚʥʝʥʘ ʩ ʧʨʦʚʦʜʠʤʦʩʪʴʶ ʨʘʩʧʣʘʚʦʚ, ʥʘʩʳʱʝʥʥʳʝ ʩʫʣʴʬʠʜʦʤ 

ʮʠʥʢʘ. ɼʦʙʘʚʣʝʥʠʝ ʩʫʣʴʬʠʜʘ ʮʠʥʢʘ ʯʘʩʪʦ ʫʚʝʣʠʯʠʚʘʣʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʧʣʘʚʘ ʤʠʥʠʤʫʤ ʥʘ 

10%. ɹʳʣʦ ʩʜʝʣʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʧʨʦʚʦʜʠʤʦʩʪʴ ʨʘʩʧʣʘʚʘ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʨʘʟʤʝʨʦʤ 

ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʊʦʪ ʞʝ ʢʦʣʣʝʢʪʠʚ ʘʚʪʦʨʦʚ ʧʦʣʫʯʘʣ ʢʨʠʩʪʘʣʣʳ ʠ ʤʝʪʦʜʦʤ ʛʘʟʦʚʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ [49], ʪʘʢ ʯʪʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʠʤʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʚʳʛʣʷʜʠʪ ʚʧʦʣʥʝ 

ʣʦʛʠʯʥʳʤ.  

 ɼʨʫʛʠʝ ʧʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʧʨʠ ʧʦʣʫʯʝʥʠʠ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʪʚʦʨʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ. 
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1.3.9. ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʦʚ 

 

 ɺ ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ [50, 51] ʙʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʧʨʠʥʮʠʧʳ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʘʭ ʤʝʪʘʣʣʦʚ. ʆʙʳʯʥʦ ʨʘʩʩʤʘʪʨʠʚʘʣʦʩʴ ʧʦʣʫʯʝʥʠʝ ʬʘʟ ʩ ʫʯʘʩʪʠʝʤ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʠʣʠ ʘʢʪʠʥʦʠʜʦʚ. ɹʳʣʠ ʩʬʦʨʤʫʣʠʨʦʚʘʥʳ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ 

ʠ ʥʝʜʦʩʪʘʪʢʠ ʤʝʪʦʜʘ, ʢʦʪʦʨʳʝ ʘʥʘʣʦʛʠʯʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. 

ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ ʠʥʩʪʨʫʤʝʥʪʘʣʴʥʫʶ ʧʨʦʩʪʦʪʫ ʤʝʪʦʜʘ ʠ ʜʘʞʝ ʥʘʟʳʚʘʶʪ ʝʛʦ "ʤʝʪʦʜʦʤ ʜʣʷ 

ʙʝʜʥʳʭ". ʆʯʝʚʠʜʥʳʤ ʜʦʩʪʦʠʥʩʪʚʦʤ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚʝʱʝʩʪʚ, ʥʝ ʧʣʘʚʷʱʠʭʩʷ 

ʢʦʥʛʨʫʵʥʪʥʦ. ʂ ʥʝʜʦʩʪʘʪʢʘʤ ʦʪʥʦʩʠʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʥʝʚʦʟʤʦʞʥʦʩʪʠ ʧʦʜʙʦʨʘ ʧʦʜʭʦʜʷʱʝʛʦ 

ʨʘʩʪʚʦʨʠʪʝʣʷ, ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʠʩʫʪʩʪʚʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʢʨʠʩʪʘʣʣʝ ʚ ʚʠʜʝ ʛʦʤʦʛʝʥʥʦʡ ʠʣʠ 

ʛʝʪʝʨʦʛʝʥʥʦʡ ʧʨʠʤʝʩʠ, ʪʨʫʜʥʦʩʪʴ ʧʦʜʙʦʨʘ ʤʘʪʝʨʠʘʣʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ ʠ ʪʨʫʜʥʦʩʪʴ 

ʦʪʜʝʣʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʦʪ ʧʦʣʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ.  

 ʇʦʢʘʟʘʥʳ ʧʨʠʤʝʨʳ ʧʦʜʙʦʨʘ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʠ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʜʣʷ ʥʝʢʦʪʦʨʳʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʇʨʦʩʪʝʡʰʠʤ ʧʨʠʤʝʨʦʤ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ ʠʟ ʨʘʩʧʣʘʚʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ ʪʦʣʴʢʦ ʢʨʝʤʥʠʡ ʠ ʦʜʠʥ ʣʝʛʢʦʧʣʘʚʢʠʡ ʤʝʪʘʣʣ. ɹʦʣʴʰʝ ʚʩʝʛʦ ʧʦʜʭʦʜʷʪ 

ʙʠʥʘʨʥʳʝ ʩʠʩʪʝʤʳ ʩ ʫʯʘʩʪʠʝʤ ʢʨʝʤʥʠʷ, ʠʤʝʶʱʠʝ ʧʨʦʩʪʫʶ ʵʚʪʝʢʪʠʢʫ, ʩ ʤʠʥʠʤʘʣʴʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʤʝʪʘʣʣʘ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ. ɺʘʞʥʳʤ ʫʩʣʦʚʠʝʤ ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ 

ʥʠʟʢʘʷ ʭʠʤʠʯʝʩʢʘʷ ʩʪʦʡʢʦʩʪʴ ʤʝʪʘʣʣʘ, ʜʣʷ ʧʨʦʩʪʦʪʳ ʝʛʦ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʩʪʚʦʨʝʥʠʷ 

ʢʠʩʣʦʪʘʤʠ ʠʣʠ ʱʝʣʦʯʘʤʠ. ɽʩʣʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʘʛʨʝʩʩʠʚʥʳʤʠ ʨʘʩʪʚʦʨʠʪʝʣʷʤʠ 

ʥʝʞʝʣʘʪʝʣʴʥʦ, ʪʦ ʦʩʪʘʪʢʠ ʬʣʶʩʘ ʤʦʛʫʪ ʙʳʪʴ ʦʪʜʝʣʝʥʳ ʩʧʝʮʠʘʣʴʥʦʡ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʮʝʥʪʨʠʬʫʛʦʡ. ɺ ʢʘʯʝʩʪʚʝ ʚʦʟʤʦʞʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʢʨʝʤʥʠʷ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʝʜʣʦʞʝʥʳ ʣʝʛʢʦʧʣʘʚʢʠʝ Al, Bi, Ga, In, Sn ʠʣʠ Zn. ɸʥʘʣʠʟ ʬʘʟʦʚʳʭ ʜʠʘʛʨʘʤʤ 

ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʘʣʶʤʠʥʠʡ ʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʝʥ ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʪʝʣʷ (ʈʠʩ. 8).  

 

 

 

 

 

ʈʠʩ. 8. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Al-Si. ʅʘ ʧʨʘʚʦʡ 

ʚʨʝʟʢʝ ʚʠʜʥʦ, ʯʪʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʠʤʝʝʪ ʨʝʪʨʦʛʨʘʜʥʳʡ 

ʭʘʨʘʢʪʝʨ ʠ ʥʝ ʧʨʝʚʳʰʘʝʪ 0.016 ʘʪ.% [52]. 
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 ɺʦ-ʧʝʨʚʳʭ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʢʨʝʤʥʠʠ ʤʠʥʠʤʘʣʴʥʘ. ɺʦ-

ʚʪʦʨʳʭ, ʩʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ ʩʦʩʪʘʚʣʷʝʪ ʚʩʝʛʦ 12.2% Si, ʧʦʵʪʦʤʫ ʨʘʩʧʣʘʚ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʩʦʩʪʘʚʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚʳʜʝʣʠʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʨʝʤʥʠʷ. ɺ-

ʪʨʝʪʴʠʭ, ʜʘʚʣʝʥʠʝ ʧʘʨʦʚ ʘʣʶʤʠʥʠʷ ʥʝ ʩʣʠʰʢʦʤ ʚʝʣʠʢʦ ʥʘ ʚʩʝʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ ʨʦʩʪʘ.  

 ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʩʣʝʜʫʝʪ ʫʜʝʣʷʪʴ ʚʳʙʦʨʫ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ. ʅʘʧʨʠʤʝʨ, 

ʢʚʘʨʮʝʚʦʝ ʩʪʝʢʣʦ ʥʝ ʧʦʜʭʦʜʠʪ ʜʣʷ ʞʠʜʢʦʛʦ ʘʣʶʤʠʥʠʷ ʠʟ-ʟʘ ʠʭ ʭʠʤʠʯʝʩʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʪʠʛʣʠ ʠʟ Al2O3. ɼʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʠʩʧʘʨʝʥʠʷ ʘʣʶʤʠʥʠʷ ʪʠʛʣʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʤʝʱʝʥʳ ʚ ʘʪʤʦʩʬʝʨʫ ʠʥʝʨʪʥʦʛʦ 

ʛʘʟʘ ʠʣʠ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʩʦʩʫʜ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ.  

 ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʵʢʩʧʦʟʠʮʠʷ ʘʥʘʣʦʛʠʯʥʘ ʜʨʫʛʠʤ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʠʢʘʤ: 

ʩʦʩʫʜ ʥʘʛʨʝʚʘʝʪʩʷ ʜʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʚʳʜʝʨʞʠʚʘʝʪʩʷ ʢʘʢʦʝ-ʪʦ ʚʨʝʤʷ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʠ, ʟʘʪʝʤ, ʦʭʣʘʞʜʘʝʪʩʷ ʩ ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʩʢʦʨʦʩʪʴʶ. ʆʙʳʯʥʦ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʥʝʩʢʦʣʴʢʦ ʛʨʘʜʫʩʦʚ ʚ ʯʘʩ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʢʘʯʝʩʪʚʦ 

ʠ ʨʘʟʤʝʨ ʢʨʠʩʪʘʣʣʦʚ ʥʘʧʨʷʤʫʶ ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ, ʥʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʘʞʝ 

ʩʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʚ ʦʜʥʫ-ʜʚʝ ʩʦʪʥʠ ʛʨʘʜʫʩʦʚ ʚ ʯʘʩ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʢʨʠʩʪʘʣʣʦʚ.  

 ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ ʫʜʦʙʥʝʝ ʚʩʝʛʦ ʦʪʤʳʚʘʪʴ ʦʪ ʘʣʶʤʠʥʠʷ ʚ ʪʝʧʣʦʤ 

ʨʘʩʪʚʦʨʝ NaOH. 

 ɺʪʦʨʳʤ ʧʨʠʤʝʨʦʤ ʚ ʦʙʟʦʨʝ [50] ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ UAl3 ʪʘʢʞʝ ʚ ʨʘʩʧʣʘʚʝ 

ʘʣʶʤʠʥʠʷ. ʊʦ, ʯʪʦ ʢʨʠʩʪʘʣʣ ʨʘʩʪʝʪ ʚ ʦʜʥʦʤ ʠʟ ʩʚʦʠʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʧʦʟʚʦʣʷʝʪ ʦʪʥʝʩʪʠ 

ʦʧʠʩʳʚʘʝʤʳʡ ʩʠʥʪʝʟ ʢ ʤʝʪʦʜʫ self-flux. ɺ ʥʘʯʘʣʝ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʫʝʪʩʷ ʬʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ 

ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʳ (ʈʠʩ. 9). ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʚʟʷʪʘ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ [52] ʪʘʢ ʢʘʢ ʚ [50] ʚ 

ʜʠʘʛʨʘʤʤʘ ʥʘʧʝʯʘʪʘʥʘ ʩ ʜʝʬʝʢʪʦʤ - ʦʪʩʫʪʩʪʚʫʝʪ ʜʚʫʭʬʘʟʥʘʷ ʦʙʣʘʩʪʴ ɔ-U + L.  
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ʈʠʩ. 9. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Al-

U [52]. 

 

 

 

 

 

 ɺ ʩʠʩʪʝʤʝ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʨʠ ʬʘʟʳ. UAl2 ʧʣʘʚʠʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ, UAl 4 ʫʩʪʦʡʯʠʚ ʧʨʠ 

ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʧʦʵʪʦʤʫ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ [50] ʫʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

UAl 3. ʇʦʣʫʯʝʥʠʝ ʜʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʟʘʪʨʫʜʥʝʥʦ, ʪʘʢ ʢʘʢ ʚʝʣʠʢʦ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʪʦʯʢʦʡ 

ʩʦʩʪʘʚʘ UAl 3 - 25 ʘʪ.% U ʠ ʪʦʯʢʦʡ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʝʡ ʩʦʩʪʘʚ ʨʘʩʧʣʘʚʘ ʧʨʠ ʨʝʘʢʮʠʠ 

ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʧʣʘʚʣʝʥʠʷ UAl3 - 17% U ʚ ʨʘʙʦʪʝ [50] ʠʣʠ 13 % U ʚ ʩʙʦʨʥʠʢʝ [52]. ʇʦʵʪʦʤʫ 

ʨʘʩʧʣʘʚ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ UAl3 ʜʦʣʞʝʥ ʩʦʜʝʨʞʘʪʴ ʦʪ 3 ʜʦ 10 ʘʪ.% ʫʨʘʥʘ. ɽʩʣʠ ʪʠʛʝʣʴ ʠʟ 

Al 2O3 ʥʘʭʦʜʠʪʩʷ ʚʥʫʪʨʠ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʳ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, ʪʦ ʤʘʢʩʠʤʘʣʴʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʥʝ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ 1200Áʉ, ʘ ʨʘʩʧʣʘʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʤʦʞʝʪ 

ʩʦʜʝʨʞʘʪʴ ʙʦʣʝʝ 7% ʫʨʘʥʘ. ʉʥʠʟʫ ʪʝʤʧʝʨʘʪʫʨʘ ʩʠʥʪʝʟʘ ʦʛʨʘʥʠʯʝʥʘ ʦʙʣʘʩʪʴʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

UAl 4 - 731°C. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʥʝʦʙʭʦʜʠʤʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ UAl 4, ʪʦ ʨʘʩʧʣʘʚ ʜʦʣʞʝʥ 

ʩʦʜʝʨʞʘʪʴ ʦʪ 1.7 ʜʦ 2.6 ʘʪ.% ʫʨʘʥʘ. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ ʫʨʘʥ ʤʦʞʝʪ ʚʩʪʫʧʘʪʴ ʚ 

ʭʠʤʠʯʝʩʢʫʶ ʨʝʘʢʮʠʶ ʩ ʤʘʪʝʨʠʘʣʦʤ ʪʠʛʣʷ, ʥʦ ʪʘʢ ʢʘʢ ʦʥ ʥʘʭʦʜʠʪʩʷ ʚ ʨʘʩʧʣʘʚʝ ʩ ʘʣʶʤʠʥʠʝʤ, 

ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʧʦʥʠʞʝʥʘ.  

 ʉʣʝʜʫʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʧʦʟʚʦʣʠʣʦ ʙʳ 

ʧʦʣʫʯʠʪʴ ʘʥʘʣʦʛʠʯʥʳʝ ʢʨʠʩʪʘʣʣʳ. ʂʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʚʳʨʘʱʝʥʳ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʧʦʨʷʜʢʘ 600 - 700Áʉ ʠ, ʚʝʨʦʷʪʥʦ, ʣʶʙʦʡ ʫʜʦʙʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ. ʂʨʠʩʪʘʣʣʳ UAl3 ʤʦʛʣʠ ʙʳ ʙʳʪʴ ʚʳʨʘʱʝʥʳ ʧʨʠ ʧʨʠʤʝʨʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 800-900Áʉ ʜʣʷ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʠ 900-1100Áʉ ʜʣʷ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ.  

 ʂʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʠʟ-ʟʘ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʳ ʩʠʩʪʝʤʳ Al-U, 

ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ UAl 3 ʠʟ Al-U ʨʘʩʧʣʘʚʘ ʥʝ ʦʯʝʥʴ ʫʜʦʙʥʦ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ [50] 

ʦʧʠʩʘʥʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʠʟ ʨʘʩʧʣʘʚʘ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ. ɼʣʷ ʵʪʦʛʦ ʠʤʠ 
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ʙʳʣʠ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʜʚʝ ʙʠʥʘʨʥʳʝ ʬʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ - Bi-U (ʈʠʩ. 10) ʠ Bi-Al  (ʈʠʩ. 

11). ʊʨʦʡʥʘʷ ʜʠʘʛʨʘʤʤʘ, ʚʝʨʦʷʪʥʦ, ʥʝ ʧʦʩʪʨʦʝʥʘ. ʌʘʟʦʚʳʝ ʜʠʘʛʨʘʤʤʳ ʚʟʷʪʳ ʠʟ ʩʧʨʘʚʦʯʥʠʢʘ 

[52], ʢʘʢ ʙʦʣʝʝ ʧʦʜʨʦʙʥʳʝ ʠ ʪʦʯʥʳʝ, ʯʝʤ ʜʠʘʛʨʘʤʤʳ ʠʟ [50]. 

 

ʈʠʩ. 10. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Bi-U [52]. 

 

 ɺ ʩʠʩʪʝʤʝ ʚʠʩʤʫʪ-ʫʨʘʥ ʝʩʪʴ ʜʚʝ ʬʘʟʳ, ʧʣʘʚʷʱʠʝʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʦ - UBi2 ʠ U3Bi4 ʠ 

ʦʜʥʘ ʬʘʟʘ, BiU, ʢʦʪʦʨʘʷ ʧʣʘʚʠʪʩʷ ʧʦ ʩʠʥʪʝʢʪʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ. ɼʦʚʦʣʴʥʦ ʥʠʟʢʠʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʫʩʪʦʡʯʠʚʦʩʪʠ ʬʘʟ ʧʦʟʚʦʣʷʶʪ ʩʦʟʜʘʪʴ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʥʝ ʦʙʨʘʟʫʶʪʩʷ 

ʪʚʝʨʜʳʝ ʬʘʟʳ ʩʠʩʪʝʤʳ Bi-U.  

 

 

ʈʠʩ. 11. ʌʘʟʦʚʘʷ ʜʠʘʛʨʘʤʤʘ ʩʠʩʪʝʤʳ Al-Bi [52]. 
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 ʅʘ ʬʘʟʦʚʦʡ ʜʠʘʛʨʘʤʤʝ Bi-Al  [52] ʚʠʜʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 660Áʉ (ʊ ʧʣʘʚʣʝʥʠʷ 

ʘʣʶʤʠʥʠʷ) ʚʠʩʤʫʪ ʨʘʩʪʚʦʨʷʝʪ 16 ʘʪ.% ʘʣʶʤʠʥʠʷ (ʚ ʩʘʤʦʡ ʨʘʙʦʪʝ [50] ʨʘʩʪʚʦʨʠʤʦʩʪʴ 13 

ʘʪ%). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʠʩʤʫʪ ʨʘʩʪʚʦʨʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʘʣʶʤʠʥʠʷ ʠ ʚʧʣʦʪʴ ʜʦ 

ʦʯʝʥʴ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨ ʥʝ ʦʙʨʘʟʫʶʪʩʷ Al-Bi ʬʘʟʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʧʨʠ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʨʘʩʧʣʘʚʘ Al-Bi-U. 

 ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʚʳʪʷʥʫʪʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʚ ʥʝʩʢʦʣʴʢʦ ʤʠʣʣʠʤʝʪʨʦʚ ʠ ʜʣʠʥʦʡ 

ʜʦ ʜʝʩʷʪʠ ʤʠʣʣʠʤʝʪʨʦʚ. ʂʨʠʩʪʘʣʣʳ ʦʪʤʳʚʘʣʠʩʴ ʦʪ ʦʩʪʘʪʢʦʚ ʬʣʶʩʘ ʚ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ.  

 ɼʘʥʥʳʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʡ ʨʘʩʧʣʘʚ ʠʟʥʘʯʘʣʴʥʦ ʙʳʣ ʚʳʙʨʘʥ ʘʚʪʦʨʘʤʠ [50] ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ UAl 2, ʥʦ ʠʤ ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʪʦʣʴʢʦ ʢʨʠʩʪʘʣʣʳ UAl 3, ʯʝʛʦ ʘʚʪʦʨʳ 

ʦʙʲʷʩʥʠʪʴ ʥʝ ʤʦʛʫʪ. ɺʝʨʦʷʪʥʦ, ʧʣʘʥʦʤʝʨʥʦʝ ʠʟʫʯʝʥʠʝ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʦʡ ʬʘʟʦʚʦʡ 

ʜʠʘʛʨʘʤʤʳ ʧʦʟʚʦʣʠʪ ʦʧʨʝʜʝʣʠʪʴ ʫʩʣʦʚʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʬʘʟʳ UAl 2. ɸʚʪʦʨʳ ʦʪʤʝʯʘʶʪ, ʯʪʦ 

ʦʙʳʯʥʦ, ʥʘʦʙʦʨʦʪ, ʧʨʦʱʝ ʧʦʣʫʯʘʶʪʩʷ ʢʨʠʩʪʘʣʣʳ ʬʘʟ, ʢʦʪʦʨʳʝ ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ. 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʝʣʦ ʟʘʢʣʶʯʘʝʪʩʷ ʥʝ ʚ ʢʦʥʛʨʫʵʥʪʥʦʩʪʠ ʧʣʘʚʣʝʥʠʷ, ʘ ʚ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢʦʥʛʨʫʵʥʪʥʳʭ ʬʘʟ. ʄʝʰʘʪʴ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʥʫʞʥʳʭ ʬʘʟ 

ʤʦʞʝʪ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʬʘʟ ʩ ʫʯʘʩʪʠʝʤ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʤʝʪʘʣʣʘ - ʦʩʥʦʚʳ ʬʣʶʩʘ.  

 ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʟ ʧʝʨʚʦʡ ʯʘʩʪʠ ʦʙʟʦʨʘ [50], ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʧʦʜʙʦʨ 

ʥʫʞʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʠʥʪʝʨʚʘʣʘ ʨʦʩʪʘ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʦʙʣʝʤʦʡ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ.  

 ʂʨʦʤʝ ʩʪʘʥʜʘʨʪʥʦʛʦ ʧʦʜʭʦʜʘ, ʢʦʛʜʘ ʨʘʩʧʣʘʚ ʧʦʩʪʝʧʝʥʥʦ ʦʭʣʘʞʜʘʝʪʩʷ, ʘʚʪʦʨʘʤʠ 

ʙʳʣʠ ʨʘʩʩʤʦʪʨʝʥʳ ʜʨʫʛʠʝ ʚʦʟʤʦʞʥʳʝ ʚʘʨʠʘʥʪʳ, ʧʦʟʚʦʣʷʶʱʠʝ ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ʧʨʠ 

ʧʦʩʪʦʷʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ.  

 ɺ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʙʳʣ ʦʧʠʩʘʥ ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʛʨʘʜʠʝʥʪʝ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʨʘʩʩʤʦʪʨʝʥʦ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʛʝʢʩʘʙʦʨʠʜʦʚ ʛʘʜʦʣʠʥʠʷ 

ʠ ʙʦʣʝʝ ʪʷʞʝʣʳʭ ʈɿʕ. ʇʨʠ ʧʦʧʳʪʢʝ ʧʦʣʫʯʠʪʴ ʜʘʥʥʳʝ ʚʝʱʝʩʪʚʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ 

ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʚʩʝʛʜʘ ʧʦʣʫʯʘʣʠʩʴ ʪʝʪʨʘʬʪʦʨʠʜʳ. ʇʦʵʪʦʤʫ ʘʚʪʦʨʘʤʠ ʙʳʣ ʠʩʧʦʣʴʟʦʚʘʥ 

ʬʣʶʩ, ʩʦʜʝʨʞʘʱʠʡ 95 ʘʪ.% Ga ʠ 5% Al, ʚ ʢʦʪʦʨʦʤ ʙʦʨ ʠ ʛʘʜʦʣʠʥʠʡ ʥʝʟʥʘʯʠʪʝʣʴʥʦ 

ʨʘʩʪʚʦʨʷʶʪʩʷ. ɺ ʢʘʯʝʩʪʚʝ ʰʠʭʪʳ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʪʘʙʣʝʪʢʘ GdB6. ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ 

ʧʨʝʜʩʪʘʚʣʷʣ ʩʝʙʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʪʠʛʝʣʴ ʚʳʩʦʪʦʡ 50 ʤʤ, ʟʘʧʦʣʥʝʥʥʳʡ Ga-Al  ʨʘʩʧʣʘʚʦʤ, ʚ 

ʢʦʪʦʨʦʤ ʧʣʘʚʘʣʘ ʪʘʙʣʝʪʢʘ GdB6. ɺʝʨʭ ʪʠʛʣʷ ʠʤʝʣ ʪʝʤʧʝʨʘʪʫʨʫ 1500Áʉ, ʥʠʟ - 1450. ʇʦʩʣʝ 

ʥʝʩʢʦʣʴʢʠʭ ʜʥʝʡ ʥʘ ʜʥʝ ʙʳʣʠ ʥʘʡʜʝʥʳ ʢʨʠʩʪʘʣʣʳ ʥʫʞʥʦʛʦ ʚʝʱʝʩʪʚʘ ʤʠʣʣʠʤʝʪʨʦʚʦʛʦ 

ʨʘʟʤʝʨʘ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʭʦʣʦʜʥʘʷ ʯʘʩʪʴ ʩʦʩʫʜʘ ʨʘʩʧʦʣʘʛʘʣʘʩʴ ʩʥʠʟʫ, ʧʦʵʪʦʤʫ 

ʧʝʨʝʥʦʩ ʚʝʱʝʩʪʚʘ ʢ ʤʝʩʪʫ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʜʦʣʞʝʥ ʠʤʝʪʴ ʯʠʩʪʦ ʜʠʬʬʫʟʠʦʥʥʳʡ ʭʘʨʘʢʪʝʨ, 
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ʪʦʛʜʘ ʢʘʢ ʦʙʳʯʥʦ ʝʩʪʴ ʢʦʥʚʝʢʪʠʚʥʘʷ ʩʦʩʪʘʚʣʷʶʱʘʷ. ɼʘʥʥʳʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʨʝʜʢʠʤ 

ʧʨʠʤʝʨʦʤ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. 

 ɺʪʦʨʳʤ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ ʠʩʧʘʨʝʥʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ. ɸʚʪʦʨʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ UPt3 ʠʟ ʚʠʩʤʫʪʦʚʦʛʦ ʨʘʩʧʣʘʚʘ. ɻʣʘʚʥʳʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʧʝʨʝʩʳʱʝʥʠʷ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ 

ʢ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʟʘʨʦʜʳʰʝʡ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʙʦʣʴʰʦʤʫ ʢʦʣʠʯʝʩʪʚʫ ʤʝʣʢʠʭ 

ʢʨʠʩʪʘʣʣʦʚ. ʄʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʪʘʢʞʝ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʦʪʜʝʣʝʥʠʷ 

ʣʝʛʢʦʢʠʧʷʱʝʛʦ ʬʣʶʩʘ ʦʪ ʧʦʣʫʯʝʥʥʳʭ ʪʫʛʦʧʣʘʚʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʩʣʫʯʘʝ, ʝʩʣʠ ʭʠʤʠʯʝʩʢʦʝ 

ʫʜʘʣʝʥʠʝ ʥʝʜʦʧʫʩʪʠʤʦ.  

 ʊʨʝʪʴʠʤ ʠʟʦʪʝʨʤʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ, ʧʦʜʭʦʜʷʱʠʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʝʡ 

ʥʘ ʦʩʥʦʚʝ ʤʝʪʘʣʣʦʚ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʜʚʠʞʫʱʝʛʦʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷ [37], ʦʧʠʩʘʥʥʳʡ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʛʣʘʚʝ.  

 ʂʘʢ ʚʠʜʥʦ, ʚʩʝ ʚʳʰʝʦʧʠʩʘʥʥʳʝ ʧʦʜʭʦʜʳ - ʤʝʜʣʝʥʥʦʝ ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʘ ʠ ʪʨʠ 

ʠʟʦʪʝʨʤʠʯʝʩʢʠʭ ʚʘʨʠʘʥʪʘ - ʧʦʜʭʦʜʷʪ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ.  

 ɺ ʢʦʥʮʝ ʨʘʙʦʪʳ ʙʳʣʠ ʧʝʨʝʯʠʩʣʝʥʳ ʢʨʠʩʪʘʣʣʳ, ʚʳʨʘʱʝʥʥʳʝ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʨʘʩʧʣʘʚʘʭ. ʆʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʢʨʠʩʪʘʣʣʘʤ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʈɿʕ (ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ R). 

ɺ ʨʘʩʧʣʘʚʝ ʘʣʶʤʠʥʠʷ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ TiB2, ZrB2, RAlB4, RB4, UB4, NpB4, AmB4, RB6, 

RBe13, UBe13,  ThBe13, PuBe13, Si, Ge, ʚ ʚʠʩʤʫʪʝ - UPt3, NpPt3, PtMnSb, NiMnSb, UAl 3, UIr3, 

GaP, ZnSiP2, CdSiP2, ʚ ʤʝʜʠ - RRh4B4, RCu2Si2, V3Si, RIr2, UIr3, ʚ ʞʝʣʝʟʝ - BP, ZnS(?), ʚ ʛʘʣʣʠʠ 

- Si, Ge ʠ GaSb, ʚʦ ʨʪʫʪʠ - InSb, ʚ ʠʥʜʠʠ - RCu2Si2, Si, Ge ʠ RIn3, ʚ ʩʚʠʥʮʝ - RPt2, YbPtx ʠ 

GaSb, ʚ ʩʫʨʴʤʝ - ZnSiP2, CdSiP2, RSi2, ʚ ʦʣʦʚʝ - RCu2Si2, R3Rh4Sn13, RFe4P12, ZnSnP2, GaSb, 

GaP, ZnSiP2, CdSiP2, RSn3,  ʚ ʮʠʥʢʝ - InSb, GaSb, InAs, Si ʠ Ge, ʚ ʩʝʨʝʙʨʝ - Si. ʆʧʠʩʘʥʠʝ 

ʩʠʥʪʝʟʘ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʠʩʪʘʣʣʦʚ ʚʟʷʪʦ ʠʟ ʨʘʙʦʪʳ ʃʫʞʥʦʡ [53]. ʆʧʠʩʘʥʠʝ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ R3Me, ʛʜʝ Me = In, Sn ʠʣʠ Pb, ʚʟʷʪʦ ʠʟ ʨʘʙʦʪʳ [54]. ʋʧʦʤʠʥʘʥʠʝ ʦ ʩʠʥʪʝʟʝ ZnS 

ʚ ʨʘʩʧʣʘʚʝ ʞʝʣʝʟʘ, ʚʝʨʦʷʪʥʦ, ʷʚʣʷʝʪʩʷ ʦʧʝʯʘʪʢʦʡ, ʪʘʢ ʢʘʢ ʚ ʨʘʙʦʪʝ ʃʫʞʥʦʡ [53] ʞʝʣʝʟʦ 

ʦʧʠʩʳʚʘʣʦʩʴ ʪʦʣʴʢʦ ʢʘʢ ʩʨʝʜʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʘʣʤʘʟʦʚ.  

 ɺ ʨʘʙʦʪʝ [51], ʢʘʢ ʚ ʧʨʦʜʦʣʞʝʥʠʠ ʨʘʙʦʪʳ [50] ʙʳʣʠ ʦʧʠʩʘʥʳ ʩʦʙʩʪʚʝʥʥʳʝ 

ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʨʦʩʪʫ ʚ ʘʣʶʤʠʥʠʠ - RB4, UB4, ThB4, YbAlB4, RB6, RB13, UB13, ThB13, RAl3, 

BaB6, CaB6, ScAl3, TiB2, CeSi2, ʚ ʚʠʩʤʫʪʝ - UAl 3, UPt3, YPd, RBiPt, R3Bi4Pt3, LaBi2, CeBi2, 

PrBi2, YbBi2, ʚ ʛʘʣʣʠʠ -  RSb ʠ R2Pt4Ga8, ʚ ʠʥʜʠʠ - CeCu2Ge2, CeNi2Ge2, YbCu2Si2, ʚ ʩʚʠʥʮʝ 

- LaPb3, CePb3, LaPbPt, CePbPt, LaBiPt, CeBiPt, PrBiPt, ʚ ʦʣʦʚʝ - YbCu2Si2, TiNiSn, MnSnNi, 

RSb, ʚ ʩʫʨʴʤʝ - LaSb2, CeSb2, U3Sb4Pt3 ʠ PtSb2. ʊʘʢʞʝ ʚ ʨʘʙʦʪʝ [51] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʨʘʩʪʚʦʨʠʪʝʣʴ - ʮʝʨʠʡ, ʚ ʢʦʪʦʨʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ Ce2Bi, Ce2Sb ʠ CeFe2 ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʘʥʪʘʣʦʚʦʛʦ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ.  
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 ʊʝʤʠ ʞʝ ʘʚʪʦʨʘʤʠ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ʨʘʙʦʪʘ ʧʦ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʥʝʢʦʪʦʨʳʭ 

ʮʝʨʠʝʚʳʭ ʧʥʠʢʪʠʜʦʚ [55]. ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʚ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʢʨʠʩʪʘʣʣʳ ʬʘʟʳ 

CeSb2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʧʣʘʚʝ ʩʫʨʴʤʳ, ʘ ʢʨʠʩʪʘʣʣʳ Ce2Sb - ʫʞʝ ʚ ʨʘʩʧʣʘʚʝ ʮʝʨʠʷ.   

 ɺ ʨʘʙʦʪʝ ʃʫʞʥʦʡ [53] ʚʩʝ ʚʘʨʠʘʥʪʳ ʩʠʥʪʝʟʘ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ ʨʘʟʙʠʪʳ ʥʘ 

ʧʷʪʴ ʯʘʩʪʝʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʘʜʘʯ. ʇʝʨʚʳʤ ʚʘʨʠʘʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʬʘʟ ʚ 

ʨʘʩʧʣʘʚʝ ʩʦʙʩʪʚʝʥʥʦʛʦ ʤʝʪʘʣʣʘ, ʪʦ ʝʩʪʴ ʤʝʪʦʜ self-flux. ɺʪʦʨʦʡ ʚʘʨʠʘʥʪ ð ʵʪʦ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʚ ʨʘʩʧʣʘʚʝ ʪʘʢʦʛʦ ʤʝʪʘʣʣʘ, ʢʦʪʦʨʳʡ ʥʝ ʦʙʨʘʟʫʝʪ ʥʫʞʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʬʘʟʫ. 

ɺ ʢʘʯʝʩʪʚʝ ʪʨʝʪʴʝʛʦ ʚʘʨʠʘʥʪʘ ʚʳʜʝʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʏʝʪʚʝʨʪʳʤ ʚʘʨʠʘʥʪʦʤ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ ʤʝʪʦʜʦʤ "ʧʘʨ-ʞʠʜʢʦʩʪʴ-ʢʨʠʩʪʘʣʣ" [56] 

(ʇɾʂ, vapor-liquid-solid, VLS). ʆʪʜʝʣʴʥʦ ʚʳʜʝʣʝʥ ʧʷʪʳʡ ʚʘʨʠʘʥʪ, ʥʘʧʨʘʚʣʝʥʥʳʡ ʥʘ 

ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ, ʛʨʘʬʠʪʘ ʠ ʥʠʪʨʠʜʘ ʙʦʨʘ ʧʨʠ ʚʳʩʦʢʠʭ ʜʘʚʣʝʥʠʷʭ. 

 ʂʣʘʩʩʠʬʠʢʘʮʠʠ ʧʦ ʩʧʦʩʦʙʫ ʩʦʟʜʘʥʠʷ ʧʝʨʝʩʳʱʝʥʠʷ ʚ ʨʘʙʦʪʝ ʃʫʞʥʦʡ [53] ʥʝ 

ʧʨʠʚʦʜʠʪʩʷ. ʆʙʳʯʥʦ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʫʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ. ʂʨʘʪʢʦ ʦʧʠʩʘʥ 

ʩʦʙʩʪʚʝʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ InAs ʚ ʛʨʘʜʠʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟ 

ʨʘʩʧʣʘʚʘ, ʩʦʜʝʨʞʘʱʝʛʦ 90 ʘʪ.% In ʠ 10 ʘʪ.% Cd.  

 

 ʂʨʦʤʝ ʧʦʜʙʦʨʘ ʨʘʩʪʚʦʨʠʪʝʣʷ, ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʠʤʝʝʪ ʚʳʙʦʨ ʤʘʪʝʨʠʘʣʘ 

ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʨʘʩʧʣʘʚʦʚ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ʧʦʜʭʦʜʠʪ ʪʘʥʪʘʣ ʠ ʩʪʘʣʴ,   

ʜʣʷ ʙʘʨʠʷ - ʛʨʘʬʠʪ,    

ʜʣʷ Al ʠ Ga -   Al 2O3, MgO ʠ BeO   

ʜʣʷ Mg -   MgO, ʪʘʥʪʘʣ, ʛʨʘʬʠʪ ʠʣʠ ʩʪʘʣʴ,    

ʜʣʷ Cu, Ag ʠ Au -  ʛʨʘʬʠʪ, MgO, Al 2O3 ʠ ʪʘʥʪʘʣ,   

ʜʣʷ Fe, Ni ʠ Co -  Al 2O3, ZrO2 ʠ ThO2,   

ʜʣʷ Zn, Cd ʠ Hg -  Al 2O3 

ʜʣʷ In -   Al 2O3 ʠ ʪʘʥʪʘʣ 

ʜʣʷ ʈɿʕ -   Ta, Mo, W, BeO 

ʜʣʷ Bi ʠ Sn -   Al 2O3, SiO2 ʠ ʛʨʘʬʠʪ 

ʜʣʷ Sb -   SiO2 ʠ ʛʨʘʬʠʪ [50]. 

 ʋʩʪʨʦʝʥʳ ʧʝʯʠ ʠ ʨʝʘʢʮʠʦʥʥʳʝ ʩʦʩʫʜʳ ʜʣʷ ʨʦʩʪʘ ʚ ʨʘʩʧʣʘʚʘʭ ʤʝʪʘʣʣʦʚ, ʚ ʧʨʠʥʮʠʧʝ, 

ʜʦʚʦʣʴʥʦ ʧʨʦʩʪʦ. ʆʩʥʦʚʥʘʷ ʩʣʦʞʥʦʩʪʴ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʧʦʜʙʦʨʝ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ. ʅʘ ʈʠʩ. 12 ʧʦʢʘʟʘʥʘ ʧʝʯʴ ʜʣʷ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʢʝʨʘʤʠʯʝʩʢʦʤ ʪʠʛʣʝ, 

ʧʦʤʝʱʝʥʥʦʤ ʚ ʵʚʘʢʫʠʨʦʚʘʥʥʳʡ ʩʦʩʫʜ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ [54].  
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ʈʠʩ. 12. ʇʝʯʴ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ [54]. 1- ʆʩʥʦʚʥʦʡ ʥʘʛʨʝʚʘʪʝʣʴ, 2 - ʢʝʨʘʤʠʯʝʩʢʘʷ 

ʪʨʫʙʘ, 3 - ʢʝʨʘʤʠʯʝʩʢʠʡ ʠʟʦʣʷʪʦʨ, 4 - ʢʦʥʪʨʦʣʠʨʫʶʱʘʷ ʪʝʨʤʦʧʘʨʘ, 5 - ʠʟʤʝʨʠʪʝʣʴʥʘʷ ʪʝʨʤʦʧʘʨʘ, 6 - ʪʠʛʝʣʴ 

ʜʣʷ ʨʘʩʧʣʘʚʘ, 7 - ʚʘʢʫʫʤʠʨʦʚʘʥʥʳʡ ʩʦʩʫʜ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ, 8 - ʜʚʫʭʩʣʦʡʥʳʡ ʩʪʘʣʴʥʦʡ ʢʦʥʪʝʡʥʝʨ, 9 - 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʥʘʛʨʝʚʘʪʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ.  

 

 ɺ ʨʘʙʦʪʝ [50] ʪʘʢʞʝ ʦʧʠʩʘʥʘ ʧʝʯʴ, ʚ ʢʦʪʦʨʦʡ ʪʠʛʝʣʴ ʥʝʧʨʝʨʳʚʥʦ ʧʨʦʜʫʚʘʝʪʩʷ 

ʠʥʝʨʪʥʳʤ ʛʘʟʦʤ (ʘʨʛʦʥʦʤ ʠʣʠ ʛʝʣʠʝʤ).  

 ʇʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʦ ʩʪʨʫʢʪʫʨʦʡ 

ʘʣʤʘʟʘ ʠʣʠ ʩʬʘʣʝʨʠʪʘ, ʚʢʣʶʯʘʷ ʧʥʠʢʪʠʜʳ ʠ ʭʘʣʴʢʦʛʝʥʠʜʳ ʙʳʣʦ ʦʧʠʩʘʥʦ ʚ ʨʘʙʦʪʝ [57]. 

ʉʠʥʪʝʟ ʧʨʦʭʦʜʠʣ ʚ ʛʨʘʬʠʪʦʚʳʭ ʠʣʠ ʢʚʘʨʮʝʚʳʭ ʨʝʘʢʪʦʨʘʭ. ʂʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʨʘʩʧʣʘʚʦʚ ʘʣʶʤʠʥʠʷ, ʦʣʦʚʘ, ʛʘʣʣʠʷ, ʢʘʜʤʠʷ ʠʣʠ ʩʫʨʴʤʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 

ʪʝʤʧʝʨʘʪʫʨʳ 590 - 700Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 9 - 42Áʉ/ʯʘʩ, ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ ʠʟ ʨʘʩʧʣʘʚʦʚ 

ʘʣʶʤʠʥʠʷ, ʛʘʣʣʠʷ, ʩʝʨʝʙʨʘ, ʮʠʥʢʘ, ʦʣʦʚʘ ʠ ʟʦʣʦʪʘ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 800 - 1050Áʉ ʩʦ 

ʩʢʦʨʦʩʪʴʶ 9 - 90Áʉ/ʯʘʩ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʥʦʛʠʝ ʢʨʠʩʪʘʣʣʳ ʠʤʝʶʪ ʜʚʦʡʥʠʢʠ 

ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʧʝʨʝʩʳʱʝʥʠʷ. ʇʦʣʫʯʝʥʠʝ ʧʥʠʢʪʠʜʦʚ ʠ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʙʫʜʝʪ ʦʧʠʩʘʥʦ ʚ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʣʘʚʘʭ.  

 

 ʂʨʠʩʪʘʣʣʳ ʧʥʠʢʪʠʜʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʪʘʢʞʝ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʦʚ 

ʤʝʪʘʣʣʦʚ.  

 ʅʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʳ CuP2, NiP2 ʠ RhP3 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʧʣʘʚʘʭ ʦʣʦʚʘ [58]. 

ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʘʤʧʫʣʘʭ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʄʘʩʩʘ ʦʣʦʚʘ ʩʦʩʪʘʚʣʷʣʘ ʧʨʠʤʝʨʥʦ 85%. 

ɸʤʧʫʣʳ ʥʘʛʨʝʚʘʣʠʩʴ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ 1150Áʉ, ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʥʝʢʦʪʦʨʦʝ ʚʨʝʤʷ ʜʣʷ ʧʦʣʥʦʛʦ 

ʨʘʩʪʚʦʨʝʥʠʷ ʠ ʦʭʣʘʞʜʘʣʠʩʴ ʜʦ 550Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 5Áʉ/ʯʘʩ. ʅʘʯʘʣʴʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʙʳʣʘ 
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ʚʳʙʨʘʥʘ, ʚʝʨʦʷʪʥʦ, ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʧʨʠ 1200Áʉ ʥʘʯʠʥʘʝʪʩʷ ʨʘʟʤʷʛʯʝʥʠʝ ʢʚʘʨʮʘ, ʘ 

ʢʦʥʝʯʥʘʷ - ʠʟ ʩʦʦʙʨʘʞʝʥʠʷ, ʯʪʦ ʥʠʞʝ 550Áʉ ʚ ʩʠʩʪʝʤʝ Sn-P ʥʘʯʠʥʘʶʪ ʧʦʷʚʣʷʪʴʩʷ ʪʚʝʨʜʳʝ 

ʬʘʟʳ (ʈʠʩ. 13). 

 

ʈʠʩ. 13. ʉʠʩʪʝʤʘ Sn-P [52].   

 

 ʇʨʦʜʫʢʪʳ ʨʝʘʢʮʠʠ ʦʪʤʳʚʘʣʠʩʴ ʦʪ ʦʣʦʚʘ ʚ ʩʦʣʷʥʦʡ ʢʠʩʣʦʪʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʯʝʨʥʳʝ ʢʨʠʩʪʘʣʣʳ ʤʘʩʩʦʡ ʜʦ 200 ʤʛ. ɽʩʣʠ ʚ ʩʠʩʪʝʤʝ ʩ ʤʝʜʴʶ ʩʦʟʜʘʚʘʣʩʷ ʠʟʙʳʪʦʢ 

ʬʦʩʬʦʨʘ, ʪʦ ʚʳʨʘʩʪʘʣʠ ʢʨʠʩʪʘʣʣʳ Cu4SnP10. 

 ɸʥʘʣʦʛʠʯʥʦ, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ ʦʣʦʚʘ ʚ ʢʚʘʨʮʝʚʳʭ ʘʤʧʫʣʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʬʦʩʬʠʜʳ: PtP2, RuP2, IrP2, LaFe4P12, ThFe4P12, EuCo2P2, EuNi2P2, La6Ni6P17, 

Er2Ni12P7, FeP4, RuP4, OsP4, MnP4, Re6P13, ReP4, Re2P5 [59 ʩ ʮʠʪʠʨʦʚʘʥʥʦʡ ʣʠʪʝʨʘʪʫʨʦʡ]. 

 ɺ ʨʘʙʦʪʝ [60] ʚ ʞʠʜʢʦʤ ʩʚʠʥʮʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ BaRh2As2. ʈʝʘʢʮʠʦʥʥʘʷ 

ʩʤʝʩʴ ʠʤʝʣʘ ʩʦʩʪʘʚ Ba1.1Rh2As2.1Pb50. ʀʟ-ʟʘ ʧʨʠʩʫʪʩʪʚʠʷ ʙʘʨʠʷ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ ʩʪʘʢʘʥʝ 

ʠʟ Al2O3, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʣʩʷ ʚ ʚʘʢʫʫʤʠʨʦʚʘʥʥʦʡ ʘʤʧʫʣʝ ʠʟ ʢʚʘʨʮʝʚʦʛʦ ʩʪʝʢʣʘ. ʉʤʝʩʴ 

ʦʭʣʘʞʜʘʣʘʩʴ ʩ 1000Áʉ ʜʦ 500Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 5Áʉ/ʯʘʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʘ 1.5ʭ1.5ʭ0.1 ʤʤ3. ɸʚʪʦʨʳ ʥʝ ʩʦʦʙʱʘʶʪ ʦ ʥʘʣʠʯʠʠ ʩʚʠʥʮʘ ʚ ʧʦʣʫʯʝʥʥʳʭ 

ʢʨʠʩʪʘʣʣʘʭ. 

 ʈʘʙʦʪʳ ʧʦ ʩʠʥʪʝʟʫ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʝʟʥʳʭ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ ʩʝʤʝʡʩʪʚʘ 122 ʙʳʣʠ 

ʪʘʢʞʝ ʥʘʯʘʪʳ ʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʨʘʩʧʣʘʚʘʭ. ʅʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʳ BaFe2As2 ʠ 

Ba0.55K0.45Fe2As2 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʧʣʘʚʝ ʦʣʦʚʘ ʚ ʨʘʙʦʪʝ [61]. ʉʠʥʪʝʟ ʧʨʦʚʦʜʠʣʩʷ ʚ 

ʩʪʘʢʘʥʯʠʢʘʭ ʠʟ MgO ʧʦʜ ʘʨʛʦʥʦʚʦʡ ʘʪʤʦʩʬʝʨʦʡ. ʂʦʣʠʯʝʩʪʚʦ ʦʣʦʚʘ ʙʳʣʦ ʥʘ ʧʦʨʷʜʦʢ ʙʦʣʴʰʝ 

ʢʦʣʠʯʝʩʪʚʘ ʰʠʭʪʳ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʣ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ ʩ 1000Áʉ (850) 

ʜʦ 500Áʉ ʩʦ ʩʢʦʨʦʩʪʴʶ 13-10Áʉ/ʯʘʩ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 

3ʭ3ʭ0.2 ʤʤ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʥʦʛʠʭ ʤʝʪʘʣʣʦʚ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʦʚ 
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ʠʥʦʛʜʘ ʥʝʢʦʨʨʝʢʪʥʦ, ʪʘʢ ʢʘʢ ʤʝʪʘʣʣʳ, ʩʘʤʠ ʧʦ ʩʝʙʝ ʷʚʣʷʶʪʩʷ ʩʚʝʨʭʧʨʦʚʦʜʥʠʢʘʤʠ, ʠ ʠʭ 

ʦʩʪʘʪʢʠ ʤʦʛʫʪ ʤʝʰʘʪʴ ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʩʥʦʚʥʦʡ ʬʘʟʳ. 

 

 ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ, ʦʧʠʩʳʚʘʶʱʠʭ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ 

ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʞʠʜʢʠʭ ʤʝʪʘʣʣʘʭ. ʅʝʢʦʪʦʨʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʦʧʠʩʘʥʦ ʚ ʛʣʘʚʝ, 

ʧʦʩʚʷʱʝʥʥʦʡ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ.  

 

1.3.10. ʇʨʠʤʝʨʳ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ  

 

ʇʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫ ʏʠʨʚʠʥʩʢʦʛʦ [2], ʧʝʨʚʳʤ ʫʯʝʥʳʤ, ʧʨʠʤʝʥʷʶʱʠʤ ʩʦʣʝʚʳʝ ʬʣʶʩʳ 

(ʧʣʘʚʥʠ) ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʇʴʝʨʘ ɹʝʨʪʴʝ (1782-1861). ɺ ʢʘʯʝʩʪʚʝ ʧʣʘʚʥʝʡ ʠʤ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ 

ʨʘʟʣʠʯʥʳʝ ʬʪʦʨʠʜʳ ʠ ʭʣʦʨʠʜʳ, ʦʢʩʠʜ ʙʦʨʘ ʠ ʙʫʨʘ. ʀʥʦʛʜʘ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʨʘʩʧʣʘʚʳ 

ʱʝʣʦʯʝʡ ʠ ʣʝʛʢʦʧʣʘʚʢʠʝ ʤʝʪʘʣʣʳ.  

 ʆʧʳʪʳ ʧʦ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʝʱʝʩʪʚ ʚ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ, ʥʝ ʩʦʜʝʨʞʘʱʠʭ ʚʦʜʫ, ʪʘʢʞʝ 

ʥʘʯʘʪʳ ʚ ʜʝʚʷʪʥʘʜʮʘʪʦʤ ʚʝʢʝ. ʅʘʧʨʠʤʝʨ, ʈʦʟʝ ʚ 1860 ʛ. ʠʩʧʦʣʴʟʫʷ ʨʘʩʧʣʘʚ CaCl2 ʠ 

ʨʘʟʣʠʯʥʳʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʨʝʞʠʤʳ, ʧʦʣʫʯʠʣ ʢʨʠʩʪʘʣʣʳ ʘʨʘʛʦʥʠʪʘ (CaCO3) ʠ ʢʘʣʴʮʠʪʘ 

(ʠʟʚʝʩʪʢʦʚʳʡ ʰʧʘʪ, ʪʦʞʝ CaCO3). ɸʥʘʣʦʛʠʯʥʦ, ɹʫʨʞʫʘ ʚ 1882 ʛ. [62] ʧʦʣʫʯʠʣ ʢʨʠʩʪʘʣʣʳ 

ʢʘʣʴʮʠʪʘ ʚ ʨʘʩʧʣʘʚʝ NaCl ʠʣʠ ʨʘʩʧʣʘʚʝ ʩʤʝʩʠ NaCl ʠ KCl. 

 ʌʦʨʭʭʘʤʤʝʨ ʚ 1855 ʛ. [63] ʩʧʣʘʚʣʷʣ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʬʦʩʬʘʪʳ ʢʘʣʴʮʠʷ ʠʣʠ ʢʦʩʪʷʥʫʶ 

ʟʦʣʫ ʩ ʭʣʦʨʠʜʦʤ ʥʘʪʨʠʷ ʠ ʧʦʣʫʯʘʣ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʘʧʘʪʠʪ Ca5(PO4)3Cl. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

FeSO4 ʚʦʟʤʦʞʥʦ ʙʳʣʦ ʪʘʢʞʝ ʧʦʣʫʯʝʥʠʝ ʤʝʣʢʠʭ ʯʝʰʫʡʯʘʪʳʭ ʢʨʠʩʪʘʣʣʦʚ ʞʝʣʝʟʥʦʛʦ ʙʣʝʩʢʘ 

(ʛʝʤʘʪʠʪʘ, Fe2O3).  

 ɼʝ ʄʘʨʠʥʴʠ (1863) [64] ʧʦʣʫʯʠʣ ʛʘʣʝʥʠʪ (ʩʚʠʥʮʦʚʳʡ ʙʣʝʩʢ, PbS) ʠʟ ʨʘʩʧʣʘʚʘ ʛʣʝʪʘ 

(PbO, 300 ʛ.), ʞʝʣʝʟʥʦʛʦ ʢʦʣʯʝʜʘʥʘ (ʧʠʨʠʪ, FeS2, 60 ʛ.), ʢʨʘʭʤʘʣʘ (5 ʛ.) ʠ ʥʝʢʦʪʦʨʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʪʦʣʯʝʥʦʡ ʙʫʨʳ, ʢʦʪʦʨʘʷ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʣʷ ʦʪʜʝʣʝʥʠʷ ʨʘʩʧʣʘʚʘ ʦʪ ʚʦʟʜʫʭʘ. 

ʇʦʩʣʝ ʧʦʣʥʦʛʦ ʧʣʘʚʣʝʥʠʷ ʩʠʩʪʝʤʳ ʪʠʛʝʣʴ ʤʝʜʣʝʥʥʦ ʦʭʣʘʞʜʘʣʩʷ. ɸʥʘʣʦʛʠʯʥʦ, ʠʟ 20 ʛ. 

ʧʠʨʠʪʘ, 45 ʛ. ʦʢʩʠʩʠ ʤʝʜʠ ʠ 20 ʛ. ʩʝʨʳ ʧʦʜ ʩʣʦʝʤ ʙʫʨʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʧʝʩʪʨʦʡ 

ʤʝʜʥʦʡ ʨʫʜʳ (ʙʦʨʥʠʪʘ, Cu5FeS4). ɺʝʨʦʷʪʥʦ, ʙʫʨʘ ʚ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʠʛʨʘʣʘ ʨʦʣʴ ʥʝ 

ʪʦʣʴʢʦ ʚʝʱʝʩʪʚʘ, ʫʤʝʥʴʰʘʶʱʝʛʦ ʜʦʩʪʫʧ ʢʠʩʣʦʨʦʜʘ, ʥʦ ʠ ʨʦʣʴ ʬʣʶʩʘ. ɹʸʢʢʠʥʛ ʠʩʧʦʣʴʟʦʚʘʣ 

NaCl ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʙʦʨʥʠʪʘ (Cu5FeS4) ʠʟ ʵʣʝʤʝʥʪʦʚ.  

 ɸ. ʉʝʥ-ʂʣʝʨ ɼʝʚʠʣʴ ʠ ɼʝʙʨʝʡ ʩʧʣʘʚʣʝʥʠʝʤ ʨʫʪʝʥʠʷ ʠʣʠ ʧʣʘʪʠʥʳ, ʩʫʣʴʬʠʜʘ ʞʝʣʝʟʘ 

ʠ ʙʫʨʳ ʧʨʠ ~900ęC ʧʦʣʫʯʠʣʠ ʢʨʠʩʪʘʣʣʳ ʣʘʫʨʠʪʘ (RuS2) ʠʣʠ ʦʜʥʦʛʦ ʠʟ ʩʫʣʴʬʠʜʦʚ ʧʣʘʪʠʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 
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 ʈʸʟʣʝʨ (1895) [65] ʠʩʧʦʣʴʟʦʚʘʣ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʳ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʧʣʘʚʳ 

ʤʝʪʘʣʣʦʚ. ʊʘʢ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʤʦʥʦʩʫʣʴʬʠʜʘ ʠ ʤʦʥʦʩʝʣʝʥʠʜʘ ʩʚʠʥʮʘ ʚ ʨʘʩʧʣʘʚʝ 

ʩʚʠʥʮʘ, ʘ ʩʝʣʝʥʠʜ ʚʠʩʤʫʪʘ (Bi2S3) ʚ ʨʘʩʧʣʘʚʝ ʚʠʩʤʫʪʘ. ɺʩʝ ʪʨʠ ʜʘʥʥʳʭ ʚʝʱʝʩʪʚʘ ʷʚʣʷʶʪʩʷ 

ʝʜʠʥʩʪʚʝʥʥʳʤʠ ʙʠʥʘʨʥʳʤʠ ʬʘʟʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʠʩʪʝʤʘʭ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʩʦʩʫʱʝʩʪʚʫʶʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʨʘʩʧʣʘʚʦʤ, ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ 

ʤʝʪʦʜʘ. ʊʘʢ ʢʘʢ ʢʨʠʩʪʘʣʣʳ ʨʘʩʪʫʪ ʚ ʨʘʩʧʣʘʚʝ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʢʨʠʩʪʘʣʣʘ, ʪʦ ʜʘʥʥʫʶ 

ʨʘʙʦʪʫ ʤʦʞʥʦ ʥʘʟʳʚʘʪʴ ʦʜʥʦʡ ʠʟ ʧʝʨʚʳʭ ʨʘʙʦʪ ʧʦ ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʤʝʪʦʜʦʤ çself-flux» - 

ʤʝʪʦʜ ʚ ʢʦʪʦʨʦʤ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʙʩʪʚʝʥʥʳʡ ʬʣʶʩ.  

 ʂʨʦʤʝ ʪʦʛʦ, ʈʸʟʣʝʨʦʤ ʚ ʨʘʩʧʣʘʚʝ ʩʚʠʥʮʘ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ Cu2S, Cu2Se, 

PtAs2, PtSb2 ʠ PtBi2 ʚ ʨʘʩʧʣʘʚʝ ʚʠʩʤʫʪʘ ï AgBiS2 ʠ Bi2Se. 

 ʉʣʝʜʫʝʪ ʦʪʜʝʣʴʥʦ ʦʪʤʝʪʠʪʴ ʥʝʢʦʪʦʨʳʝ ʤʝʪʦʜʠʢʠ ʩʠʥʪʝʟʘ ʢʨʠʩʪʘʣʣʦʚ ʩʫʣʴʬʠʜʦʚ, 

ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʥʘʟʚʘʪʴ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʧʦʩʪʝʧʝʥʥʦʤ 

ʠʩʧʘʨʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɻʣʘʪʮʝʣʴ ʚ 1890 ʛ. ʩʠʥʪʝʟʠʨʦʚʘʣ ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ ʚ ʩʤʝʩʠ ʠʟ 

ʩʫʣʴʬʠʜʘ ʬʦʩʬʦʨʘ P2S5 (25 ʛ.) ʠ ʙʝʟʚʦʜʥʦʛʦ ʭʣʦʨʠʜʘ ʞʝʣʝʟʘ FeCl3 (50 ʛ.). ʇʨʝʩʩʦʚʘʥʥʘʷ 

ʩʤʝʩʴ ʤʝʜʣʝʥʥʦ ʥʘʛʨʝʚʘʣʘʩʴ ʠ ʠʩʧʘʨʷʣʘʩʴ, ʦʩʪʘʚʣʷʷ ʢʨʠʩʪʘʣʣʳ ʧʠʨʠʪʘ. ɺ ʢʘʯʝʩʪʚʝ ʨʝʘʢʮʠʠ 

ʏʠʨʚʠʥʩʢʠʤ ʫʢʘʟʘʥʘ ʨʝʘʢʮʠʷ 6FeCl3 + 2P2S5 = 3FeS2 + 3FeCl2 + 4PSCl3. ɸʥʘʣʦʛʠʯʥʦ 

ɿʦʤʤʝʨʣʘʥʜ ʩʠʥʪʝʟʠʨʦʚʘʣ CuSbS2 ʠʟ ʤʦʥʦʭʣʦʨʠʜʘ ʤʝʜʠ ʠ ʩʫʣʴʬʠʜʘ ʩʫʨʴʤʳ ʧʦ ʨʝʘʢʮʠʠ 

3CuCl+2Sb2S3=3CuSbS2+SbCl3, ʧʣʘʛʠʦʥʠʪ Pb5Sb8S17 ʠ ʮʠʥʢʝʥʠʪ Pb9Sb22S42 ʠʟ ʭʣʦʨʠʜʘ 

ʩʚʠʥʮʘ ʠ ʩʫʣʴʬʠʜʘ ʩʫʨʴʤʳ, ʧʠʨʘʨʛʠʨʠʪ Ag3SbS3 ʠʟ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ ʠ ʩʫʣʴʬʠʜʘ ʩʫʨʴʤʳ, 

ʧʨʫʩʪʠʪ Ag3AsS3 ʠʟ ʭʣʦʨʠʜʘ ʩʝʨʝʙʨʘ ʠ ʩʫʣʴʬʠʜʘ ʤʳʰʴʷʢʘ, ʢʦʛʜʘ ʭʣʦʨʠʜ ʩʫʨʴʤʳ ʠʣʠ 

ʤʳʰʴʷʢʘ ʧʦʩʪʝʧʝʥʥʦ ʫʣʝʪʫʯʠʚʘʣʩʷ.  

 ɸʥʘʣʦʛʠʯʥʦ ʤʦʞʥʦ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʨʝʘʣʴʛʘʨʘ AsS ʠ ʘʫʨʠʧʠʛʤʝʥʪʘ As2S3, ʝʩʣʠ 

ʩʧʣʘʚʣʷʪʴ ʦʢʩʠʜ ʤʳʰʴʷʢʘ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʝʨʳ, ʢʦʛʜʘ ʚʦ ʚʨʝʤʷ ʨʝʘʢʮʠʠ 

ʤʝʜʣʝʥʥʦ ʠʩʧʘʨʷʝʪʩʷ ʤʦʥʦʦʢʩʠʜ ʩʝʨʳ.  

 ɺ ʢʘʯʝʩʪʚʝ ʧʝʨʚʦʛʦ ʧʨʠʤʝʨʘ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʛʘʣʦʛʝʥʠʜʦʚ ʤʦʞʥʦ 

ʫʧʦʤʷʥʫʪʴ ʩʠʥʪʝʟ ʨʫʙʠʥʦʚ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʌʨʝʤʠ, ʌʝʡʣʝʤ ʠ ɺʝʨʥʝʡʣʝʤ [2]. ɺ ʪʠʛʣʝ ʠʟ 

ʦʛʥʝʫʧʦʨʥʦʡ ʛʣʠʥʳ ʧʦʤʝʱʘʣʘʩʴ ʩʤʝʩʴ ʘʤʦʨʬʥʦʛʦ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, ʬʪʦʨʠʜʘ ʙʘʨʠʷ (ʠʣʠ 

ʬʪʦʨʠʜʘ ʢʘʣʴʮʠʷ) ʠ ʙʠʭʨʦʤʘʪ ʢʘʣʠʷ. ɼʘʣʝʝ ʪʠʛʝʣʴ ʦʪʞʠʛʘʣʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1500Áʉ 

ʥʝʩʢʦʣʴʢʦ ʜʥʝʡ. ɺʦ ʚʨʝʤʷ ʦʪʞʠʛʘ ʦʙʨʘʟʦʚʳʚʘʣʩʷ ʬʪʦʨʠʜ ʘʣʶʤʠʥʠʷ, ʢʦʪʦʨʳʡ ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ ʧʦʩʪʝʧʝʥʥʦ ʨʝʘʛʠʨʦʚʘʣ ʩ ʚʦʜʦʡ ʚʦʟʜʫʭʘ ʠ ʦʙʨʘʟʦʚʳʚʘʣ ʦʩʘʜʦʢ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ. ʂʨʘʩʥʫʶ ʦʢʨʘʩʢʫ ʦʙʝʩʧʝʯʠʚʘʣ ʭʨʦʤ ʠʟ ʙʠʭʨʦʤʘʪʘ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʤʘʩʩʘ 

ʩʦʩʪʘʚʣʷʣʘ 75 ʤʛ ʠ ʛʦʜʠʣʘʩʴ ʠ ʜʣʷ ʶʚʝʣʠʨʥʳʭ ʠʟʜʝʣʠʡ ʠ, ʪʝʤ ʙʦʣʝʝ, ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʯʘʩʦʚʳʭ ʤʝʭʘʥʠʟʤʘʭ. ʋʞʝ ʧʦʪʦʤ ɺʝʨʥʝʡʣʴ ʨʘʟʨʘʙʦʪʘʣ ʜʨʫʛʦʡ ʤʝʪʦʜ ʧʦʣʫʯʝʥʠʷ ʨʫʙʠʥʦʚ ʠʟ 

ʩʦʙʩʪʚʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ, ʥʘʟʚʘʥʥʳʡ ʝʛʦ ʠʤʝʥʝʤ. 
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1.3.11. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʚ ʛʘʣʦʛʝʥʠʜʘʭ 

 

ʈʘʩʧʣʘʚʳ ʛʘʣʦʛʝʥʠʜʦʚ ʤʝʪʘʣʣʦʚ ʤʦʛʫʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ, ʜʣʷ ʨʦʩʪʘ 

ʢʨʠʩʪʘʣʣʦʚ ʛʘʣʦʛʝʥʠʜʦʚ. ɺ ʨʘʙʦʪʝ [66] ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ AlF3, CrF3, NiF2, KNiF3, CoF2 ʠ KCoF3. ʂʨʠʩʪʘʣʣʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʩ ~1000Áʉ ʜʦ ~600Áʉ ʨʘʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ PbCl2 ʠ/ʠʣʠ PbF2, ʠʥʦʛʜʘ KCl ʠ 

NH4HF2 ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʪʦʨʠʜʳ ʤʝʪʘʣʣʦʚ. NH4HF2 ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʫʜʘʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʠʟ ʨʘʩʧʣʘʚʘ ʧʦ ʨʝʘʢʮʠʠ NH4HF2 + MeO = NH3 + H2O + MeF2.  

 ɻʘʣʦʛʝʥʠʜʳ ʠ ʩʫʣʴʬʘʪʳ ʯʘʩʪʦ ʦʙʨʘʟʫʶʪ ʤʝʞʜʫ ʩʦʙʦʡ ʵʚʪʝʢʪʠʢʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʪʘʢʠʤ ʩʧʦʩʦʙʦʤ ʢʨʠʩʪʘʣʣʳ ʩʫʣʴʬʘʪʦʚ. ʅʘʧʨʠʤʝʨ, ʢʨʠʩʪʘʣʣʳ SrSO4 ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʩ 950Áʉ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ, ʩʦʩʪʘʚʣʝʥʥʦʡ ʠʟ SrCl2 ʠ Na2SO4 [67]. 

ɸʥʘʣʦʛʠʯʥʦ, ʢʨʠʩʪʘʣʣʳ BaWO4 ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʠʟ ʩʤʝʩʠ BaCl2 ʠ Na2WO4 [68]. 

 ʂʨʦʤʝ ʪʦʛʦ, ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʛʘʣʦʛʝʥʠʜʦʚ ʚ ʨʘʩʧʣʘʚʘʭ 

ʛʘʣʦʛʝʥʠʜʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʫʞʝ ʙʳʣʦ ʦʧʠʩʘʥʦ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ CuCl ʚ ʨʘʩʧʣʘʚʝ 

KCl ʤʝʪʦʜʦʤ ʜʚʠʞʫʱʝʛʦʩʷ ʨʘʩʪʚʦʨʠʪʝʣʷ [39] ʠ ʤʝʪʦʜʦʤ ʚʳʪʷʛʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘ 

[47]. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʭʣʦʨʠʜ ʢʘʣʠʷ ʩʦʩʪʘʚʣʷʣ ʚʩʝʛʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʮʝʥʪʦʚ ʦʪ ʨʘʩʧʣʘʚʘ, ʪʘʢ 

ʯʪʦ ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʤʝʪʦʜ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʩʢʦʨʝʝ ʨʘʩʧʣʘʚʥʳʤ, ʯʝʤ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ. 

ɺʝʨʦʷʪʥʦ, ʢʨʠʩʪʘʣʣʳ CuCl ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʠ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʛʨʘʜʠʝʥʪʝ.  

 ʇʨʠʤʝʨʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʛʘʣʦʛʝʥʠʜʥʳʭ ʨʘʩʧʣʘʚʦʚ ʚ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʩʨʝʜʳ ʜʣʷ 

ʢʨʠʩʪʘʣʣʦʚ ʭʘʣʴʢʦʛʝʥʠʜʦʚ ʠ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʥʠʞʝ.  

 

1.3.12. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʵʣʝʤʝʥʪʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ 

 

 ʆʙʳʯʥʦ, ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʵʣʝʤʝʥʪʦʚ ʧʨʠʤʝʥʷʣʠʩʴ ʠ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʩʧʣʘʚʳ 

ʤʝʪʘʣʣʦʚ ʠ, ʨʝʞʝ, ʩʧʣʘʚʦʚ. ʂʣʘʩʩʠʯʝʩʢʠʤ ʧʨʠʤʝʨʦʤ, ʢʘʢ ʫʞʝ ʙʳʣʦ ʩʢʘʟʘʥʦ, ʷʚʣʷʝʪʩʷ ʩʠʥʪʝʟ 

ʢʨʠʩʪʘʣʣʦʚ ʘʣʤʘʟʘ ʚ ʞʝʣʝʟʥʳʭ, ʥʠʢʝʣʝʚʳʭ ʠ ʞʝʣʝʟʦ-ʥʠʢʝʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ ʧʨʠ ʧʨʠʣʦʞʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʛʦ ʜʘʚʣʝʥʠʷ [ʥʘʧʨʠʤʝʨ, 69]. ʇʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʥʝʰʥʝʛʦ ʜʘʚʣʝʥʠʷ ʚ ʜʘʥʥʳʭ 

ʨʘʩʧʣʘʚʘʭ ʨʘʩʪʫʪ ʢʨʠʩʪʘʣʣʳ ʛʨʘʬʠʪʘ [ʥʘʧʨʠʤʝʨ, 70 ʠʣʠ 71].  

 ɾʠʜʢʘʷ ʨʪʫʪʴ ʤʦʞʝʪ ʙʳʪʴ ʩʨʝʜʦʡ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ ʨʝʢʦʨʜʥʦ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ. ʊʘʢ, ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʦʪ -8 ʜʦ -50Áʉ ʚ ʞʠʜʢʦʡ ʨʪʫʪʠ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʩʝʨʦʛʦ ʦʣʦʚʘ n- ʠ p-ʪʠʧʘ [72, 73]. ʈʘʟʥʳʡ ʭʘʨʘʢʪʝʨ ʧʨʦʚʦʜʠʤʦʩʪʠ (p/n) 

ʚʳʟʚʘʥ ʨʘʟʥʳʤ ʨʘʩʪʚʦʨʝʥʠʝʤ ʨʪʫʪʠ ʚ ʦʣʦʚʝ. 
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 ʀʥʦʛʜʘ, ʢʦʤʧʦʥʝʥʪʳ ʨʘʩʧʣʘʚʘ ʥʝ ʪʦʣʴʢʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʨʘʩʪʫʱʝʤ ʢʨʠʩʪʘʣʣʝ, ʥʦ ʠ 

ʦʙʨʘʟʫʶʪ ʙʠʥʘʨʥʫʶ ʬʘʟʫ. ʅʘʧʨʠʤʝʨ, ʘʣʶʤʠʥʠʡ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ B2O3, ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʦʙʨʘʟʫʝʪ ʬʘʟʫ AlB12 [74]. ɹʦʨ, ʨʘʩʪʚʦʨʝʥʥʳʡ ʚ ʢʨʝʤʥʠʠ, ʦʙʨʘʟʫʝʪ ʬʘʟʫ SiB4 [75, 76]. 

ʈʘʩʧʣʘʚʳ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʩʦʜʝʨʞʘʱʠʝ ʬʦʩʬʦʨ, ʦʙʨʘʟʫʶʪ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʬʦʩʬʠʜʳ [1].  

 ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʵʣʝʤʝʥʪʦʚ ʚ ʛʨʘʜʠʝʥʪʥʳʭ ʫʩʣʦʚʠʷʭ 

ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʨʘʙʦʪʳ [77] ʠ [78]. ɺ ʦʙʝʠʭ ʨʘʙʦʪʘʭ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʛʝʨʤʘʥʠʷ ʚ 

ʨʘʩʧʣʘʚʘʭ ʤʝʪʘʣʣʦʚ. ɺ ʧʝʨʚʦʡ ʨʘʙʦʪʝ ʛʝʨʤʘʥʠʡ ʙʳʣ ʧʦʣʫʯʝʥ ʚ ʨʘʩʧʣʘʚʝ Ga-Al. ʊʝʤʧʝʨʘʪʫʨʘ 

ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ ʩʦʩʪʘʚʣʷʣʘ ʚʩʝʛʦ 300 - 500Áʉ, ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ 

ʛʨʘʜʫʩʦʚ, ʚʨʝʤʷ ʨʦʩʪʘ ʜʦ ʪʨʝʭ ʤʝʩʷʮʝʚ. ɺʦ ʚʪʦʨʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʨʘʩʧʣʘʚ ʦʣʦʚʘ. 

ʂʨʦʤʝ ʢʨʠʩʪʘʣʣʦʚ ʛʝʨʤʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʘʢʞʝ ʢʨʠʩʪʘʣʣʳ ʢʨʝʤʥʠʷ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʣʘ 700 - 1070Áʉ, ʚʝʣʠʯʠʥʘ ʛʨʘʜʠʝʥʪʘ -ʥʝʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʛʨʘʜʫʩʦʚ. ɺ 

ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʨʝʘʢʮʠʦʥʥʳʝ ʩʦʩʫʜʳ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, 

ʨʘʩʧʦʣʘʛʘʣʠʩʴ ʚʝʨʪʠʢʘʣʴʥʦ, ʩ ʭʦʣʦʜʥʳʤ ʢʦʥʮʦʤ ʩʚʝʨʭʫ. ʈʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʦʠʩʭʦʜʠʣ ʥʘ 

ʟʘʪʨʘʚʢʝ. ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʩʢʘʟʘʪʴ, ʯʪʦ ʘʣʶʤʦ-ʛʘʣʣʠʝʚʳʡ ʠ ʦʣʦʚʷʥʥʳʡ ʨʘʩʧʣʘʚʳ ʥʝʣʴʟʷ 

ʥʘʟʚʘʪʴ ʦʧʪʠʤʘʣʴʥʦʡ ʨʦʩʪʦʚʦʡ ʩʨʝʜʦʡ ʜʣʷ ʛʝʨʤʘʥʠʷ (ʢʨʝʤʥʠʷ), ʪʘʢ ʚ ʝʛʦ ʢʨʠʩʪʘʣʣʘʭ ʙʳʣʦ 

ʥʘʡʜʝʥʦ ʜʦ ʦʜʥʦʛʦ ʧʨʦʮʝʥʪʘ ʧʨʠʤʝʩʠ.  

 

1.3.13. ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʦʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ 

 

 ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

ʦʢʩʠʜʦʚ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ [1] ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ ʧʦʯʪʠ ʩʦʪʥʠ ʦʧʠʩʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ 

ʨʦʩʪʫ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʦʚ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. ʆʢʦʣʦ ʧʷʪʠ ʧʫʙʣʠʢʘʮʠʡ ʦʧʠʩʳʚʘʶʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 

ʧʦʩʪʝʧʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʪʚʦʨʠʪʝʣʷ. ɽʱʝ ʦʢʦʣʦ ʧʷʪʴ ʧʫʙʣʠʢʘʮʠʡ ʦʧʠʩʳʚʘʶʪ ʨʦʩʪ ʧʨʠ 

ʦʭʣʘʞʜʝʥʠʠ ʨʘʩʧʣʘʚʘ ʚ ʘʚʪʦʢʣʘʚʝ, ʛʜʝ ʩʫʱʝʩʪʚʫʝʪ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ ʜʣʷ 

ʧʝʨʝʤʝʰʠʚʘʥʠʷ ʨʘʩʧʣʘʚʘ ʠ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ ʚ ʦʧʨʝʜʝʣʝʥʥʦʤ ʤʝʩʪʝ. ɺʩʝʛʦ ʜʚʝ ʨʘʙʦʪʳ 

ʦʧʠʩʳʚʘʶʪ ʨʦʩʪ ʢʨʠʩʪʘʣʣʦʚ ʚ ʩʪʘʮʠʦʥʘʨʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ, ʚ ʧʝʯʠ 

ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʝʨʪʠʢʘʣʴʥʦ, ʛʜʝ ʭʦʣʦʜʥʘʷ ʯʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʘ ʩʚʝʨʭʫ. ʆʙʳʯʥʦ ʧʦʜʦʙʥʳʡ 

ʤʝʪʦʜ ʥʘʟʳʚʘʝʪʩʷ ʤʝʪʦʜʦʤ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ. 

 ʊʘʢ, ʚ ʨʘʙʦʪʝ [79] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ʦʢʩʠʜʘ ʥʝʧʪʫʥʠʷ NpO2. ʉʠʥʪʝʟ ʚ 

ʛʨʘʜʠʝʥʪʝ ʙʳʣ ʚʳʙʨʘʥ ʘʚʪʦʨʘʤʠ, ʪʘʢ ʢʘʢ, ʧʦ ʠʭ ʤʥʝʥʠʶ, ʪʨʝʙʫʝʤʘʷ ʬʘʟʘ ʤʦʛʣʘ ʙʳʪʴ 

ʚʳʨʘʱʝʥʘ ʚ ʫʟʢʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ, ʧʦʵʪʦʤʫ ʦʭʣʘʞʜʝʥʠʝ ʨʘʩʧʣʘʚʘ ʙʳʣʦ 

ʥʝʧʨʠʤʝʥʠʤʦ. ɼʣʷ ʨʦʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʚʝʨʪʠʢʘʣʴʥʳʡ ʧʣʘʪʠʥʦʚʳʡ ʨʝʘʢʪʦʨ (ʈʠʩ. 14). 
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ʉʠʥʪʝʟ ʧʨʦʭʦʜʠʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1315Áʉ ʚ ʥʠʞʥʝʡ ʯʘʩʪʠ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ, ʠ ʧʨʠ 

1300Áʉ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ, ʚ ʨʘʩʧʣʘʚʝ Li 2O(2-3)MoO3 ʠʣʠ ʚ PbF2+2 wt% B2O3. ɼʣʠʥʘ 

ʤʠʛʨʘʮʠʦʥʥʦʡ ʟʦʥʳ ʩʦʩʪʘʚʣʷʣʘ ʦʢʦʣʦ 60 ʤʤ. ɺ ʨʝʟʫʣʴʪʘʪʝ, ʯʝʨʝʟ ʜʚʝ ʥʝʜʝʣʠ ʚ ʚʝʨʭʥʝʡ ʯʘʩʪʠ 

ʩʦʩʫʜʘ ʙʳʣʠ ʥʘʡʜʝʥʳ ʭʦʨʦʰʦ ʩʬʦʨʤʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ʨʘʟʤʝʨʦʤ ʜʦ 2 ʤʤ. ʇʦʪʝʨʠ 

ʩʦʣʝʚʦʛʦ ʨʘʩʧʣʘʚʘ ʠʟ-ʟʘ ʠʩʧʘʨʝʥʠʷ ʙʳʣʠ ʥʝʟʥʘʯʠʪʝʣʴʥʳ. ʊʘʢ ʢʘʢ ʦʙʲʝʤ ʨʘʩʧʣʘʚʣʝʥʥʦʛʦ 

ʬʣʶʩʘ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʦ ʤʝʥʴʰʝ ʠʟʥʘʯʘʣʴʥʦʛʦ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʧʦʨʦʰʢʘ, ʠʥʦʛʜʘ 

ʧʨʠʭʦʜʠʣʦʩʴ ʜʦʙʘʚʣʷʪʴ ʬʣʶʩ ʧʦʩʣʝ ʥʘʛʨʝʚʘ ʨʝʘʢʮʠʦʥʥʦʛʦ ʩʦʩʫʜʘ. 

 

ʈʠʩ. 14. ʇʝʯʴ ʜʣʷ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʦʚ NpO2 ʠ ʜʨʫʛʠʭ ʦʢʩʠʜʦʚ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ [79-84]. 

 

 ɻʣʘʚʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʤʝʪʦʜʘ ʘʚʪʦʨʳ ʩʯʠʪʘʶʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʦʢʩʠʜʘ 

ʥʝʧʪʫʥʠʷ, ʢʦʪʦʨʳʡ ʦʩʪʘʝʪʩʷ ʚ ʚʠʜʝ ʰʠʭʪʳ ʠ ʚ ʩʦʣʝʚʦʤ ʨʘʩʧʣʘʚʝ. ʕʪʦ ʷʚʣʷʝʪʩʷ ʙʦʣʴʰʠʤ 

ʥʝʜʦʩʪʘʪʢʦʤ ʧʨʠ ʨʘʙʦʪʝ ʩ ʜʦʨʦʛʠʤ ʥʝʧʪʫʥʠʝʤ, ʥʦ ʜʘʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ʥʝ ʩʪʦʣʴ ʚʘʞʝʥ 

ʜʣʷ ʜʨʫʛʠʭ ʩʠʩʪʝʤ. ʂʨʦʤʝ ʪʦʛʦ, ʤʝʪʦʜ ʩʠʥʪʝʟʘ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʢʨʠʩʪʘʣʣʳ ʥʝ ʧʨʠ ʤʘʢʩʠʤʘʣʴʥʳʭ, ʢʘʢ ʚ ʨʘʙʦʪʝ [79], ʘ ʧʨʠ ʤʠʥʠʤʘʣʴʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ, ʯʪʦ ʧʦʥʠʞʘʝʪ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚʝʱʝʩʪʚʘ, ʠ ʧʦʚʳʰʘʝʪ ʢʘʯʝʩʪʚʦ 

ʢʨʠʩʪʘʣʣʦʚ. ɺʦʟʚʨʘʱʘʷʩʴ ʢ ʦʢʩʠʜʫ ʥʝʧʪʫʥʠʷ, ʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʯʪʦ ʦʩʪʘʪʢʠ ʩʦʣʝʚʦʛʦ 

ʨʘʩʧʣʘʚʘ ʠ ʰʠʭʪʳ ʚʧʦʣʥʝ ʛʦʜʷʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʩʣʝʜʫʶʱʝʡ ʧʘʨʪʠʠ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ.  
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 ɺ ʪʦʡ ʞʝ ʨʘʙʦʪʝ ʙʳʣʘ ʧʨʝʜʧʨʠʥʷʪʘ ʧʦʧʳʪʢʘ ʧʦʣʫʯʠʪʴ ʢʨʠʩʪʘʣʣʳ ʩ ʧʦʤʦʱʴʶ ʤʝʪʦʜʘ 

ʠʩʧʘʨʝʥʠʷ ʨʘʩʪʚʦʨʠʪʝʣʷ ʧʨʠ ʘʥʘʣʦʛʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʘʥʘʣʦʛʠʯʥʳʭ ʩʦʣʝʚʳʭ ʨʘʩʧʣʘʚʘʭ. 

ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʠʩʧʘʨʝʥʠʷ ʠʤʝʝʪ ʨʷʜ ʥʝʜʦʩʪʘʪʢʦʚ, ʥʘʧʨʠʤʝʨ, 

ʠʩʧʘʨʝʥʠʝ ʥʝʧʪʫʥʠʷ ʚ ʚʠʜʝ ʣʝʪʫʯʠʭ ʭʣʦʨʠʜʦʚ ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʩʦʩʪʘʚʘ ʩʦʣʝʚʦʡ ʩʤʝʩʠ ʠʟ-ʟʘ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ.  

 ɺʧʦʩʣʝʜʩʪʚʠʠ, ʘʚʪʦʨʘʤʠ [79] ʙʳʣʠ ʪʘʢ ʞʝ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʜʨʫʛʠʝ ʢʨʠʩʪʘʣʣʳ ʚ 

ʚʝʨʪʠʢʘʣʴʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ. ɺ ʨʘʙʦʪʝ [80] ʚ ʨʘʩʧʣʘʚʝ Li 2O*2MoO3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 1300ÁC, ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1270Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ PuO2 ʨʘʟʤʝʨʘʤʠ ʜʦ 2ʭ3ʭ3 ʤʤ. ɺ ʨʘʙʦʪʝ [81] ʚ ʨʘʩʧʣʘʚʝ Li 2O*2WO3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 1350 - 1325ÁC, ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1275 - 1250Áʉ 

ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ ThO2 ʨʘʟʤʝʨʘʤʠ ʙʦʣʝʝ 3 ʤʤ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ 

ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʤʦʞʝʪ ʦʙʨʘʟʦʚʳʚʘʪʴʩʷ ʩʦʝʜʠʥʝʥʠʝ Li2O·4ThO2·8WO3. ɺ ʨʘʙʦʪʝ 

[82] ʚ ʘʥʘʣʦʛʠʯʥʦʤ ʨʘʩʧʣʘʚʝ Li 2O·2WO3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 1100ÁC, 

ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1070 - 1080Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ CeO2 ʨʘʟʤʝʨʘʤʠ ʜʦ 

2 ʤʤ. ɺ ʨʘʙʦʪʝ [83] ʚ ʨʘʩʧʣʘʚʝ ʥʘ ʦʩʥʦʚʝ LiF ʩ 20 ʤʦʣʴʥʳʤʠ % CaF2 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 1240 - 1250Áʉ, ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1220 - 1235Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ CaO ʨʘʟʤʝʨʘʤʠ ʜʦ 2ʭ3ʭ3 ʤʤ. ɺ ʨʘʙʦʪʝ [84] ʚ ʨʘʩʧʣʘʚʝ NaF ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 1200Áʉ, ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1160 - 1190Áʉ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʢʨʠʩʪʘʣʣʳ Eu2O3 ʨʘʟʤʝʨʦʤ ʜʦ 0.2ʭ0.2ʭ5 ʤʤ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʬʪʦʨʠʜ ʥʘʪʨʠʷ ʧʨʠʤʝʥʷʣʩʷ 

ʪʘʢ ʢʘʢ ʩʫʱʝʩʪʚʦʚʘʣʘ ʦʧʘʩʥʦʩʪʴ ʟʘʛʨʷʟʥʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ Eu2O3 ʩʚʠʥʮʦʤ ʠʣʠ ʙʦʨʦʤ. ɺʦ ʚʩʝʭ 

ʨʘʙʦʪʘʭ ʘʚʪʦʨʳ ʜʦʢʘʟʳʚʘʶʪ ʦʧʪʠʯʝʩʢʦʝ ʢʘʯʝʩʪʚʦ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ.  

 ʊʘʢʞʝ ʤʝʪʦʜ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ, ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʢʣʘʩʩʠʯʝʩʢʠʤ ʦʭʣʘʞʜʝʥʠʝʤ 

ʙʳʣ ʧʨʠʤʝʥʝʥ ʚ ʨʘʙʦʪʝ [85] ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʨʠʩʪʘʣʣʦʚ CeO2 ʠ ThO2. ɺ ʨʘʙʦʪʝ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʘʩʧʣʘʚʳ 2NaF·B2O3, Li 2O·2MoO3, Na2O·B2O3, PbF2·PbO·0.1B2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ 900 - 1000Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ ʥʘ 75 - 100Áʉ 

ʥʠʞʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʧʪʠʤʘʣʴʥʳʤ ʨʘʩʧʣʘʚʦʤ ʜʣʷ ʨʦʩʪʘ ʦʢʩʠʜʘ ʪʦʨʠʷ ʷʚʣʷʝʪʩʷ 

2NaF·B2O3, ʘ ʜʣʷ ʦʢʩʠʜʘ ʮʝʨʠʷ - Li 2O·2MoO3. 

 ʉʠʥʪʝʟ ʙʦʣʴʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʦʢʩʠʜʦʚ ʪʦʨʠʷ ʠ ʮʝʨʠʷ ʙʳʣ ʦʧʪʠʤʠʟʠʨʦʚʘʥ ʚ ʨʘʙʦʪʝ [86]. 

ɺ ʥʘʯʘʣʝ ʚ ʨʘʩʧʣʘʚʝ PbF2/PbO ʤʝʪʦʜʦʤ ʦʭʣʘʞʜʝʥʠʷ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʟʘʪʨʘʚʢʠ ʨʘʟʤʝʨʦʤ ʜʦ 

4 ʤʤ. ʉʠʥʪʝʟ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʟʘʪʨʘʚʢʘʭ ʧʨʦʠʩʭʦʜʠʣ ʚ ʨʘʩʧʣʘʚʝ Li 2O3.5WO3+1wt%B2O3 ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʛʦʨʷʯʝʛʦ ʢʦʥʮʘ (ʜʥʘ) 1302Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʭʦʣʦʜʥʦʛʦ ʢʦʥʮʘ 1256Áʉ. ʉʢʦʨʦʩʪʴ 

ʨʦʩʪʘ ʩʦʩʪʘʚʣʷʣʘ 0.5 ʤʤ ʚ ʜʝʥʴ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ CeO2 5 ʤʤ 

ʜʠʘʤʝʪʨʦʤ ʠ 3 ʤʤ ʚʳʩʦʪʦʡ ʠ ʢʨʠʩʪʘʣʣʳ ThO2 7 ʤʤ ʜʠʘʤʝʪʨʦʤ ʠ 4 ʤʤ ʚʳʩʦʪʦʡ. ɺ ʨʘʙʦʪʝ 

ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʧʨʠʙʦʨ ʩ ʚʨʘʱʘʶʱʝʡʩʷ ʟʘʪʨʘʚʢʦʡ [87] ʩʜʝʣʘʥʥʳʡ ʠʟ ʧʣʘʪʠʥʳ.  
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 ɺ ʨʘʙʦʪʝ [87] ʜʘʥʥʳʡ ʧʨʠʙʦʨ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʩʠʥʪʝʟʘ ʩʘʥʪʠʤʝʪʨʦʚʳʭ ʢʨʠʩʪʘʣʣʦʚ 

TbVO4, DyVO4 ʠ TmVO4 ʩ ʧʦʤʦʱʴʶ ʧʝʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʚʦ ʬʣʶʩʝ Pb2V2O7. ʊʝʤʧʝʨʘʪʫʨʘ 

ʩʠʥʪʝʟʘ ʩʦʩʪʘʚʣʷʣʘ 1200Áʉ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʙʳʣ ʤʠʥʠʤʘʣʝʥ. ʂʨʠʩʪʘʣʣ-ʟʘʪʨʘʚʢʘ 

ʥʝ ʪʦʣʴʢʦ ʚʨʘʱʘʣʩʷ, ʥʦ ʠ ʧʦʜʥʠʤʘʣʩʷ ʩʦ ʩʢʦʨʦʩʪʴʶ 40 ʤʢʤ ʚ ʯʘʩ. ʌʘʢʪʠʯʝʩʢʠ ʤʦʞʥʦ 

ʩʯʠʪʘʪʴ, ʯʪʦ ʜʘʥʥʳʡ ʵʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʝʜʝʥ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴʩʢʦʛʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʥʝʢʦʛʨʫʵʥʪʥʦʛʦ ʨʘʩʧʣʘʚʘ. ɺ ʧʨʘʢʪʠʯʝʩʢʠ ʘʥʘʣʦʛʠʯʥʦʤ ʧʨʠʙʦʨʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʨʠʩʪʘʣʣʳ 

ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ ʨʘʟʤʝʨʦʤ ʜʦ 50 ʤʤ [88] ʚ ʨʘʩʧʣʘʚʝ Na3AlF6 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʜʥʘ 1000-

1100Áʉ ʠ ʪʝʤʧʝʨʘʪʫʨʝ ʟʘʪʨʘʚʢʠ ʥʘ 1 - 5Áʉ ʥʠʞʝ. ʂʨʦʤʝ ʪʦʛʦ, ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ 

ʧʘʨʘʤʝʪʨʦʚ ʩʠʥʪʝʟʘ (ʪʝʤʧʝʨʘʪʫʨʘ, ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʛʨʘʜʠʝʥʪ, ʩʢʦʨʦʩʪʴ ʚʨʘʱʝʥʠʷ ʟʘʪʨʘʚʢʠ ʠ 

ʪʜ.) ʥʘ ʨʘʟʤʝʨ ʠ ʤʦʨʬʦʣʦʛʠʶ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. ʇʨʠʤʝʯʘʪʝʣʴʥʦ ʯʪʦ ʢʨʠʩʪʘʣʣʳ 

ʪʘʢʦʛʦ ʨʘʟʤʝʨʘ ʨʦʩʣʠ ʚ ʧʣʘʪʠʥʦʚʦʤ ʨʝʘʢʮʠʦʥʥʦʤ ʩʦʩʫʜʝ ʜʠʘʤʝʪʨʦʤ 60 ʤʤ ʠ ʚʳʩʦʪʦʡ 150 

ʤʤ. ɺʝʨʦʷʪʥʦ, ʤʘʣʳʝ ʨʘʟʤʝʨʳ ʩʦʩʫʜʘ ʥʝ ʤʝʰʘʣʠ ʨʦʩʪʫ ʤʦʥʦʢʨʠʩʪʘʣʣʘ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ, 

ʪʘʢ ʢʘʢ ʜʘʥʥʘʷ ʬʘʟʘ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʡ ʬʘʟʦʡ ʚ ʩʠʩʪʝʤʝ Al-O ʠ ʩʪʨʦʛʦ 

ʩʪʝʭʠʦʤʝʪʨʠʯʥʘ. ɺ ʧʨʦʪʠʚʥʦʤ ʩʣʫʯʘʝ ʨʘʩʪʫʱʠʡ ʢʨʠʩʪʘʣʣ ʙʳʣ ʙʳ ʟʦʥʘʣʝʥ, ʠʣʠ ʠʤʝʣ 

ʚʢʣʶʯʝʥʠʷ ʜʨʫʛʠʭ ʬʘʟ ʠʟ-ʟʘ ʨʘʟʣʠʯʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʠʩʣʦʨʦʜʘ (ʠ, ʤʦʞʝʪ ʙʳʪʴ, ʘʣʶʤʠʥʠʷ) 

ʚ ʢʘʞʜʦʡ ʪʦʯʢʝ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʪʫʱʝʛʦ ʢʨʠʩʪʘʣʣʘ. 

   

 ʊʘʢʞʝ ʩʣʝʜʫʝʪ ʦʩʦʙʝʥʥʦ ʦʪʤʝʪʠʪʴ ʧʦʣʫʯʝʥʠʝ ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʤʨʫʜʘ Be3[Al2Si6O18]:Cr 

ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ. ʄʝʣʢʠʝ ʢʨʠʩʪʘʣʣʳ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʩ ʧʦʤʦʱʴʶ 

ʨʘʩʪʚʦʨʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʰʠʭʪʳ ʚ ʨʘʩʧʣʘʚʝ Li2MoO4 ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʝ ʜʦ 800Áʉ.  

ɹʦʣʝʝ ʩʦʚʝʨʰʝʥʥʳʡ ʩʠʥʪʝʟ ʧʨʦʚʦʜʠʪʩʷ ʚ ʘʧʧʘʨʘʪʝ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ 

ʨʘʟʜʝʣʠʪʴ ʨʝʘʢʮʠʦʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ (ʤʝʪʦʜ ʕʩʧʠʛʘ) (ʈʠʩ. 15) [1]. ɼʘʥʥʳʡ ʤʝʪʦʜ ʜʦʣʛʦ 

ʩʦʜʝʨʞʘʣʩʷ ʚ ʩʝʢʨʝʪʝ.  

 

 

 

 

 

ʈʠʩ. 15. ʂʨʠʩʪʘʣʣʠʟʘʪʦʨ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟʫʤʨʫʜʦʚ [1]. 1 - ʅʘʨʫʞʥʳʡ Pt-

ʪʠʛʝʣʴ ʩ ʢʨʳʰʢʦʡ, ʩʦʜʝʨʞʘʱʠʡ ʨʘʩʧʣʘʚ Li 2Mo2O7, 2 - ʚʥʫʪʨʝʥʥʠʡ Pt-

ʪʠʛʝʣʴ, 3 - ʦʩʘʜʦʢ BeO + Al 2O3, 4 - ʪʨʫʙʢʘ ʩ ʢʨʳʰʢʦʡ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ BeO 

+ Al 2O3, 5 - ʢʚʘʨʮʝʚʳʝ ʰʘʡʙʳ, 6 - ʢʨʠʩʪʘʣʣʳ ʠʟʫʤʨʫʜʘ, 7 ʧʝʨʬʦʨʠʨʦʚʘʥʥʘʷ 

Pt-ʜʠʘʬʨʘʛʤʘ.  
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 ʈʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʩʜʝʣʘʥ ʠʟ ʧʣʘʪʠʥʳ ʠ ʷʚʣʷʝʪʩʷ ʜʚʦʡʥʳʤ. ʇʣʘʪʠʥʦʚʘʷ ʢʨʳʰʢʘ 

ʠʤʝʝʪ ʦʪʚʝʨʩʪʠʝ ʩ ʪʨʫʙʦʡ, ʫʭʦʜʷʱʝʡ ʥʘ ʜʥʦ ʩʦʩʫʜʘ ʜʣʷ ʜʦʙʘʚʣʝʥʠʷ ʰʠʭʪʳ BeO + Al 2O3. 

ʉʦʩʫʜ ʨʘʟʜʝʣʝʥ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʨʬʦʨʠʨʦʚʘʥʥʦʡ ʧʣʘʪʠʥʦʚʦʡ ʜʠʘʬʨʘʛʤʦʡ. ɹʣʘʛʦʜʘʨʷ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ, ʠʩʪʦʯʥʠʢ SiO2 ʧʣʘʚʘʝʪ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʩʧʣʘʚʘ, ʘ ʩʤʝʩʴ 

BeO + Al 2O3 ʩ ʥʝʙʦʣʴʰʦʡ ʜʦʙʘʚʢʦʡ ʭʨʦʤʘʪʘ ʣʠʪʠʷ, ʥʘʦʙʦʨʦʪ, ʥʘʭʦʜʠʪʩʷ ʥʘ ʜʥʝ ʧʣʘʪʠʥʦʚʦʛʦ 

ʩʦʩʫʜʘ. ɼʚʘ ʨʘʩʧʣʘʚʘ Li 2Mo2O7 ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʨʘʡʦʥʝ ʜʠʘʬʨʘʛʤʳ ʠ ʦʙʨʘʟʫʶʪʩʷ ʢʨʠʩʪʘʣʣʳ 

ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʦʛʦ ʚ ʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ ʠʟʫʤʨʫʜʘ.  

 ʇʨʠʤʝʯʘʪʝʣʴʥʦ, ʯʪʦ ʩʠʥʪʝʟ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʜʣʝʥʥʦʤ ʥʘʛʨʝʚʝ ʩʨʝʜʳ, 

ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʧʪʠʤʠʟʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ ʨʦʩʪʘ.  

 ɼʘʥʥʳʡ ʩʠʥʪʝʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʨʝʜʢʠʭ ʧʨʠʤʝʨʦʚ, ʢʦʛʜʘ ʚ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʘʭ 

ʧʨʦʠʩʭʦʜʠʪ ʥʝʟʘʚʠʩʠʤʘʷ ʤʠʛʨʘʮʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʠʟ ʨʘʟʥʳʭ ʤʝʩʪ ʚ ʦʜʥʫ ʪʦʯʢʫ, ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʠʩʢʣʶʯʘʝʪʩʷ ʠʭ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʦʩʪ 

ʢʨʠʩʪʘʣʣʦʚ ʠʟʫʤʨʫʜʘ ʚʦʟʤʦʞʝʥ ʪʘʢʞʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʛʨʘʜʠʝʥʪʝ, ʢʦʛʜʘ SiO2 ʠ ʩʤʝʩʴ BeO 

+ Al 2O3 ʤʠʛʨʠʨʫʶʪ ʢ ʤʝʩʪʫ ʦʙʱʝʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʦ ʥʝʟʘʚʠʩʠʤʳʤ ʢʘʥʘʣʘʤ, ʘʥʘʣʦʛʠʯʥʦ 

ʥʝʢʦʪʦʨʳʤ ʚʘʨʠʘʥʪʘʤ ʤʝʪʦʜʘ ʛʘʟʦʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ (ʈʠʩ. 1) ʠʣʠ ʩʠʥʪʝʟʫ ʤʝʪʦʜʦʤ "ʘʤʧʫʣʘ ʚ 

ʘʤʧʫʣʝ", ʢʦʪʦʨʳʡ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʨʘʤʢʘʭ ʜʘʥʥʦʡ ʨʘʙʦʪʳ. 

 ɹʦʣʴʰʠʥʩʪʚʦ ʬʠʨʤ, ʧʦʣʫʯʘʶʱʠʭ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʠʟʫʤʨʫʜʳ, ʜʝʨʞʘʪ ʩʚʦʠ ʤʝʪʦʜʳ ʚ 

ʩʝʢʨʝʪʝ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʨʠʩʪʘʣʣʳ ʠʟʫʤʨʫʜʘ ʨʘʩʪʫʪ ʠʣʠ 

ʛʠʜʨʦʪʝʨʤʘʣʴʥʦ, ʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʪʚʦʨ-ʨʘʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʦʢʠʩʠ ʚʘʥʘʜʠʷ (V2O5), 

ʚʘʥʘʜʘʪʘ ʩʚʠʥʮʘ (PbWO4), ʤʦʣʠʙʜʘʪʘ ʩʚʠʥʮʘ (PbMoO4), ʚʦʣʴʬʨʘʤʘʪʘ ʩʚʠʥʮʘ (PbWO4), 

ʚʦʣʴʬʨʘʤʘʪʘ ʣʠʪʠʷ (Li2W2O7), ʚʦʣʴʬʨʘʤʘʪʘ ʥʘʪʨʠʷ (Na2W2O7) ʠ ʤʦʣʠʙʜʘʪʘ ʥʘʪʨʠʷ 

(Na2MoO4). ʇʨʦʮʝʩʩ ʧʦʣʫʯʝʥʠʷ ʙʦʣʴʰʠʭ ʢʨʠʩʪʘʣʣʦʚ ʤʦʞʝʪ ʟʘʥʠʤʘʪʴ ʜʦ ʛʦʜʘ.  

 

 

1.3.14. ɹʦʨʠʜʳ, ʢʘʨʙʠʜʳ, ʛʝʨʤʘʥʘʜʳ, ʘʟʠʜʳ ʠ ʧʥʠʢʪʠʜʳ 

 

ʈʘʩʩʤʦʪʨʠʤ ʨʘʙʦʪʳ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ ʨʘʟʣʠʯʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ 

ʨʘʩʪʚʦʨ ï ʨʘʧʣʘʚʥʳʤ ʤʝʪʦʜʦʤ. 

ɸʥʘʣʠʟ ʪʘʙʣʠʮʳ, ʧʦʢʘʟʳʚʘʶʱʝʡ ʦʩʥʦʚʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ 

ʙʦʨʠʜʦʚ, ʢʘʨʙʠʜʦʚ, ʘʟʠʜʦʚ ʠ ʧʥʠʢʪʠʜʦʚ ʚ ʤʦʥʦʛʨʘʬʠʠ ɺʠʣʴʢʝ [1] ʧʦʢʘʟʘʣ, ʯʪʦ ʠʟ 

ʰʝʩʪʠʜʝʩʷʪʠ ʦʧʠʩʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʪʦʣʴʢʦ ʥʝʩʢʦʣʴʢʦ ʧʨʦʭʦʜʠʣʠ ʚ ʛʨʘʜʠʝʥʪʥʳʭ 

ʫʩʣʦʚʠʷʭ. ʅʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʳ ʙʳʣʠ ʢʦʤʙʠʥʘʮʠʝʡ ʛʨʘʜʠʝʥʪʥʦʛʦ ʤʝʪʦʜʘ ʠ ʤʝʪʦʜʘ 

ʦʭʣʘʞʜʝʥʠʷ: ʨʝʘʢʮʠʦʥʥʳʡ ʩʦʩʫʜ ʩ ʥʝʙʦʣʴʰʠʤ ʪʝʤʧʝʨʘʪʫʨʥʳʤ ʛʨʘʜʠʝʥʪʦʤ ʧʦʩʪʝʧʝʥʥʦ 

ʦʭʣʘʞʜʘʣʩʷ. ɻʨʘʜʠʝʥʪ ʧʦʤʦʛʘʣ ʠʩʢʣʶʯʠʪʴ ʩʧʦʥʪʘʥʥʫʶ ʢʨʠʩʪʘʣʣʠʟʘʮʠʶ. ʅʝʢʦʪʦʨʳʝ 






































































































































































































































































































































































































































































































































































