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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʨʝʜʠ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʪʩʷ ʤʘʪʝʨʠʘʣʳ, ʦ 

ʢʦʪʦʨʳʭ ʫ ʧʦʣʴʟʦʚʘʪʝʣʝʡ ʥʝʪ ʜʦʩʪʘʪʦʯʥʦʡ ʠʥʬʦʨʤʘʮʠʠ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʙʘʙʙʠʪʳ ï ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ ʠʣʠ 

ʩʚʠʥʮʘ ʩ ʜʦʙʘʚʢʘʤʠ ʨʘʟʣʠʯʥʳʭ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʤʝʥʷʶʱʠʝʩʷ ʜʣʷ 

ʟʘʣʠʚʢʠ ʧʦʜʰʠʧʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʩʦ ʩʤʘʟʢʦʡ ʧʨʠ ʚʳʩʦʢʠʭ ʥʘʛʨʫʟʢʘʭ ʠ 

ʩʢʦʨʦʩʪʷʭ ʩʢʦʣʴʞʝʥʠʷ. ʕʪʠ ʤʘʪʝʨʠʘʣʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʦʨʦʰʝʡ 

ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ, ʥʠʟʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʟʘʣʠʚʢʠ ʠ ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʪʨʝʥʠʷ. 

ɹʘʙʙʠʪʳ ʠʩʢʫʩʩʪʚʝʥʥʳʝ ʩʧʣʘʚʳ ʤʝʪʘʣʣʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʨʘʟʥʳʤʠ 

ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʆʩʥʦʚʫ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩʦʩʪʘʚʣʷʶʪ ʤʝʪʘʣʣʳ, ʢʦʪʦʨʳʝ 

ʠʤʝʶʪ ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ. ʂ ʵʪʠʤ ʤʝʪʘʣʣʘʤ ʦʪʥʦʩʷʪʩʷ ʩʚʠʥʝʮ, 

ʦʣʦʚʦ, ʤʳʰʴʷʢ ʠ ʩʫʨʴʤʘ. ʇʦʩʢʦʣʴʢʫ ʦʜʥʠ ʵʣʝʤʝʥʪʳ ʙʦʣʝʝ ʤʷʛʢʠʝ, ʘ ʜʨʫʛʠʝ ʙʦʣʝʝ 

ʪʚʸʨʜʳʝ, ʪʦ ʧʦʣʫʯʘʝʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʡ ʩʧʣʘʚ, ʦʙʣʘʜʘʶʱʠʡ ʭʦʨʦʰʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʩʥʠʞʘʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʤʠ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ), ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴʶ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴʶ. 

ɹʘʙʙʠʪʳ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ 

ʦʧʦʨ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ. ɹʘʙʙʠʪ ʷʚʣʷʝʪʩʷ ʣʝʛʢʦʧʣʘʚʢʠʤ, ʧʣʘʩʪʠʯʥʳʤ 

ʤʘʪʝʨʠʘʣʦʤ, ʧʦʵʪʦʤʫ ʝʛʦ ʤʝʭʘʥʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʩʚʷʟʘʥʘ ʩ ʪʘʢʠʤʠ ʷʚʣʝʥʠʷʤʠ ʢʘʢ 

ʦʧʣʘʚʣʝʥʠʝ ʠ ʥʘʨʦʩʪʦʦʙʨʘʟʦʚʘʥʠʝ. ʆʧʣʘʚʣʝʥʠʝ ʚʦʟʥʠʢʘʝʪ ʚ ʩʣʫʯʘʷʭ, ʢʦʛʜʘ 

ʪʝʤʧʝʨʘʪʫʨʘ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʧʨʝʚʳʰʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ ʙʘʙʙʠʪʘ. 

ʆʙʝʩʧʝʯʝʥʠʝ ʜʦʧʫʩʪʠʤʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʟʦʥʝ ʨʝʟʘʥʠʷ ʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʚʘʞʥʦʡ 

ʟʘʜʘʯʝʡ, ʪʘʢ ʢʘʢ ʠʩʭʦʜʷ ʠʟ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʫʞʝ ʧʨʠ 240 Áʉ ʙʘʙʙʠʪʳ 

ʨʘʟʤʷʛʯʘʶʪʩʷ, ʠʥʪʝʥʩʠʬʠʮʠʨʫʝʪʩʷ ʥʘʨʦʩʪʦʦʙʨʘʟʦʚʘʥʠʝ ʠ ʧʨʦʮʝʩʩ ʨʝʟʘʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʣʦʞʥʷʝʪʩʷ. 

ʉʚʠʥʮʦʚʳʡ ʙʘʙʙʠʪ ɹ(PbSb15Sn10) ï ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʧʣʘʚ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ 

ʩʦʩʪʘʚʣʷʝʪ ʩʚʠʥʝʮ, ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʚ ʩʧʣʘʚʝ ʤʦʞʝʪ ʢʦʣʝʙʘʪʴʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

71.58% ʜʦ 77% ʩ ʧʨʠʩʫʪʩʪʚʠʝʤ ʩʫʨʴʤʳ ʠ ʦʣʦʚʘ. ʉʚʠʥʮʦʚʳʡ ʙʘʙʙʠʪ 

ɹ(PbSb15Sn10) ï ʤʷʛʢʠʡ ʩʧʣʘʚ, ʩ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ 
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ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʤʘʟʢʝ, ʤʘʣʦʡ ʫʩʪʘʣʦʩʪʴʶ ʠ ʧʨʦʯʥʦʩʪʴʶ; ʨʘʙʦʪʘʝʪ ʩ ʪʚʝʨʜʳʤ ʠ 

ʤʷʛʢʠʤ ʚʘʣʦʤ. ʇʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʩʣʦʷ (ʣʠʪʦʛʦ, 

ʩʧʝʯʝʥʥʦʛʦ, ʥʘʢʘʪʘʥʥʦʛʦ) ʚ ʤʥʦʛʦʩʣʦʡʥʳʭ ʪʦʥʢʦʩʪʝʥʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ 

ʩʢʦʣʴʞʝʥʠʷ; ʜʣʷ ʤʘʣʦʥʘʛʨʫʞʝʥʥʳʭ ʢʦʨʝʥʥʳʭ ʠ ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, 

ʚʢʣʘʜʳʰʝʡ, ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. ɼʘʥʥʳʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤ 

ʫʨʦʚʥʝʤ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʴ  ʁʚ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʠ 

ʠʭ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʇʦʵʪʦʤʫ ʚ ʥʘʰʫ ʟʘʜʘʯʫ ʚʭʦʜʠʣʦ ʧʦʚʳʰʝʥʠʝ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʠ ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʫʨʴʤʫ ʠ ʦʣʦʚʘ, ʧʨʠ 

ʩʦʭʨʘʥʝʥʠʠ ʫʩʪʘʣʦʩʪʥʦʡ ʧʨʦʯʥʦʩʪʠ. 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʩʚʷʟʠ ʩ ʘʢʪʠʚʥʳʤ ʨʘʟʚʠʪʠʝʤ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʩʫʱʝʩʪʚʫʝʪ 

ʧʦʪʨʝʙʥʦʩʪʴ ʚ ʩʦʟʜʘʥʠʠ ʤʘʪʝʨʠʘʣʦʚ, ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʶʱʠʭ ʚ ʩʣʦʞʥʦʡ ʢʦʤʙʠʥʘʮʠʠ 

ʩʠʣʦʚʳʭ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʧʦʣʝʡ, ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ ʠ ʚʳʩʦʢʠʭ 

ʜʘʚʣʝʥʠʡ. ʆʜʥʠʤ ʠʟ ʵʬʬʝʢʪʠʚʥʳʭ ʧʫʪʝʡ ʨʝʰʝʥʠʷ ʵʪʦʡ ʟʘʜʘʯʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩ ʧʦʚʳʰʝʥʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʠ ʙʣʘʛʦʜʘʨʷ 

ʯʝʤʫ ʵʪʠ ʤʘʪʝʨʠʘʣʳ ʧʨʠʦʙʨʝʪʘʶʪ ʢʘʯʝʩʪʚʝʥʥʦ ʥʦʚʳʝ, ʟʘʯʘʩʪʫʶ ʫʥʠʢʘʣʴʥʳʝ 

ʩʚʦʡʩʪʚʘ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 

ʷʚʣʷʝʪʩʷ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ, ʢʣʶʯʝʚʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʨʘʟʚʠʪʠʷ ʩʦʚʨʝʤʝʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ [1, 2]. 

ʇʨʦʙʣʝʤʘ ʙʦʨʴʙʳ ʩ ʢʦʨʨʦʟʠʝʡ ʘʚʪʦʤʦʙʠʣʝʩʪʨʦʠʪʝʣʴʥʳʭ ʢʦʥʩʪʨʫʢʮʠʡ, 

ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʠ ʜʨʫʛʠʭ ʨʘʟʣʠʯʥʳʭ ʧʨʝʜʤʝʪʦʚ ʧʦʪʨʝʙʣʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʚʦ ʚʩʝʭ ʮʠʚʠʣʠʟʦʚʘʥʥʳʭ ʩʪʨʘʥʘʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʨʘʩʪʝʪ 

ʩʧʨʦʩ ʥʘ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʠ ʫʩʪʦʡʯʠʚʳʝ ʢ ʢʦʨʨʦʟʠʠ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʝ 

ʤʘʪʝʨʠʘʣʳ. ʇʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʵʪʦʛʦ ʪʠʧʘ ʤʘʪʝʨʠʘʣʦʚ ʚʳʥʫʞʜʘʝʪ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʫʢʪʫʨʥʦʛʦ 

ʤʦʜʠʬʠʢʘʪʦʨʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʘ. ʆʜʥʠʤ ʠʟ ʩʘʤʳʭ 

ʠʟʚʝʩʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʝʛʦʜʥʷ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ (ʙʘʙʙʠʪʳ). 

ʉʚʠʥʮʦʚʳʝ ʙʘʙʙʠʪʳ ʦʙʣʘʜʘʶʪ ʥʝʜʦʩʪʘʪʦʯʥʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʴʶ ʚ 

ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜʘʭ, ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʦʙʣʘʩʪʴ ʠʭ ʧʨʠʤʝʥʝʥʠʷ. 
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ʃʝʛʠʨʦʚʘʥʠʝ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʚ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʧʣʘʚʳ ʜʣʷ ʟʘʱʠʪʥʳʭ ʩʣʦʝʚ 

ʧʦʜʰʠʧʥʠʢʦʚ. ʑʝʣʦʯʥʳʝ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ (Ca, Sr, Ba) ʤʝʪʘʣʣʳ 

ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʶʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ, 

ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʙʘʙʙʠʪʦʚ [3, 5]. 

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ ʜʘʥʥʳʝ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ, ʢʠʥʝʪʠʢʝ ʦʢʠʩʣʝʥʠʷ, ʤʠʢʨʦʩʪʨʫʢʪʫʨʝ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ 

ʧʦʚʝʜʝʥʠʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯʥʳʤʠ (Li, 

Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ. ʉʚʠʥʮʦʚʳʝ ʙʘʙʙʠʪʳ ʰʠʨʦʢʦ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʘ ʚʝʜʫʱʠʝʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʫʣʫʯʰʝʥʠʝ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, 

Ba) ʤʝʪʘʣʣʦʚ ʥʘ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʜʘʥʥʳʡ ʩʧʣʘʚ ʙʳʣ ʚʳʙʨʘʥ ʥʘʤʠ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʚʝʨʛʘʣʩʷ 

ʣʝʛʠʨʦʚʘʥʠʶ ʫʢʘʟʘʥʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ 

ʜʦʧʦʣʥʷʶʪ ʩʧʨʘʚʦʯʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʷʚʣʷʶʪʩʷ ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠ ʚʳʙʦʨʝ 

ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ. 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʨʘʤʢʘʭ ʅʘʮʠʦʥʘʣʴʥʦʡ ʩʪʨʘʪʝʛʠʠ 

ʨʘʟʚʠʪʠʷ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘ ʧʝʨʠʦʜ ʜʦ 2030 ʛʦʜʘ, ʫʪʚʝʨʞʜʝʥʥʦʡ 

ʧʦʩʪʘʥʦʚʣʝʥʠʝʤ ʄʘʜʞʣʠʩʠ ʥʘʤʦʷʥʜʘʛʦʥ, ʄʘʜʞʣʠʩʠ ʆʣʠ ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ ʦʪ 1 ʜʝʢʘʙʨʷ 2016 ʛʦʜʘ, ˉ 636 ʠ ʇʨʦʛʨʘʤʤʦʡ ʫʩʢʦʨʝʥʥʦʡ 

ʠʥʜʫʩʪʨʠʘʣʠʟʘʮʠʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʥʘ 2020-2025 ʛʦʜʳ ʦʪ 27 ʤʘʷ 2020 

ʛʦʜʘ, ˉ 293. 

ʎʝʣʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ 

ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʜʣʷ 

ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ, ʧʫʪʝʤ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ, ʧʨʦʛʥʦʟʘ ʠ ʨʘʩʯʸʪʘ 
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ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʘ ʪʘʢʞʝ ʧʦʩʪʨʦʝʥʠʷ ʜʚʦʡʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʩʚʠʥʮʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʠʩʩʣʝʜʦʚʘʥʠ ̫ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ, ʢʠʥʝʪʠʢʠ ʠ ʤʝʭʘʥʠʟʤʘ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠ ɻʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʩʧʣʘʚʦʚ. 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ: 

1. ʆʙʦʙʱʝʥʠʝ ʘʥʘʣʠʟʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʪʠʧʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʇʊ, ʧʦʟʚʦʣʷʶʱʝʛʦ 

ʧʨʝʜʦʧʨʝʜʝʣʠʪʴ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʦʝʜʠʥʝʥʠʡ, ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʭʘʨʘʢʪʝʨ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ ʤʝʞʜʫ ʥʠʤʠ. 

2. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʠ ʦʮʝʥʢʠ ʚʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ. 

3. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠ ʨʘʩʯʸʪʥʦʝ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʩʚʠʥʮʘ ʠ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ 

ʪʝʭʥʦʣʦʛʠʠ ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʚ ʚʠʜʝ 

ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʠ ʣʠʛʘʪʫʨ. 

4. ʆʧʨʝʜʝʣʝʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ 2-ʭ 

ʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

5. ʀʟʫʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ. 

6. ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʜʦʙʘʚʦʢ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ 

ʙʘʨʠʷ ʥʘ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10). 

7. ʀʩʩʣʝʜʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʭʘʥʠʟʤʘ ʠʭ ʦʢʠʩʣʝʥʠʷ. 

8. ʀʟʫʯʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʤʝʪʦʜʦʤ 

ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ. 

9. ʀʟʫʯʝʥʠʝ ʠʟʤʝʥʝʥʠʡ ʘʥʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ 
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ʚʳʷʚʣʝʥʠʝ ʚʣʠʷʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʥʘ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʩʧʣʘʚʦʚ, ʚ ʩʨʝʜʝ ʨʘʩʪʚʦʨʘ NaCl. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ: 

- ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʠʤʝʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ ʧʨʦʛʥʦʟʘ ʠ 

ʨʘʩʯʝʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ 

ʧʦʩʪʨʦʝʥʦ 6 ʜʚʦʡʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ Pb-ʕ ɻʣʝʤʝʥʪ (B, C, P, Ge,      

Nb, W). 

- ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʜʚʫʭʟʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʪʝʦʨʠʠ ʨʝʛʫʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʦʚ ʧʦʣʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ 

Pb-ʇʄ (ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ), ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ 7 ʜʚʦʡʥʳʭ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʡ ʩʠʩʪʝʤ Pb-ʇʄ (Cr, Mn, Fe, Co, Ni, Cu, Zn). 

- ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʟʫʯʝʥʳ ʢʦʦʨʜʠʥʘʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ Pb-Cu ʠ Pb-Zn ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʠʭ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ. 

- ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʩʪʨʦʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Pb-ʇʄ 

ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ, ʧʦʣʫʯʝʥʳ ʫʨʘʚʥʝʥʠʷ ʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʧʣʘʚʦʚ. 

- ʉ ʧʨʠʤʝʥʝʥʠʝʤ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʤʝʪʦʜʦʚ ʧʨʦʚʝʜʸʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ 

ʜʘʥʥʳʭ ʧʦ ʪʝʤʧʝʨʘʪʫʨʘʤ ʠ ʵʥʪʘʣʴʧʠʷʤ ʧʣʘʚʣʝʥʠʷ ʦʢʦʣʦ 50 ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʚʠʥʮʘ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʈɿʄ ʠ ʚʳʷʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ 

ʠʟʤʝʥʝʥʠʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ ʩʦʩʪʘʚʘ ʠ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʈɿʄ. 

- ʋʩʪʘʥʦʚʣʝʥʳ ʦʩʥʦʚʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠ,̫ ʵʥʪʨʦʧʠ,̫ ʵʥʝʨʛʠ ̫ɻʠʙʙʩʘ) ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ 

ʩʧʣʘʚʘ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. 
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- ʄʝʪʦʜʦʤ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ 

ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ, ʦʩʦʙʝʥʥʦ ʜʦ 1.0 ʤʘʩ. % ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10). 

- ʉʪʘʥʜʘʨʪʥʳʤʠ ʤʝʪʦʜʘʤʠ ʠʟʤʝʨʝʥʠʷ ʪʚʸʨʜʦʩʪʠ (ʤʝʪʦʜ ɹʨʠʥʝʣʣʷ) ʩʧʣʘʚʦʚ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʜʦ 1.0 ʤʘʩ. % ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

(Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʧʦʚʳʰʘʶʪ ʪʚʸʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10). 

- ʄʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ 

ʩʦʜʝʨʞʘʥʠʷ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ ʩʚʠʥʮʦʚʦʤ ʙʘʙʙʠʪʝ 

ɹ(PbSb15Sn10) ʩʢʦʨʦʩʪʴ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. 

ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʠʩʣʝʥʠʷ 

ʩʧʣʘʚʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

- ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʦʧʨʝʜʝʣʝʥʦ, ʯʪʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʧʣʘʚʦʚ ʦʙʨʘʟʫʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʢʩʠʜʳ: PbO, Li2SnO3, Pb2Sb2O7, 

Sb2O3, Pb3O4, Sb2O4, Sb2O5, (Pb3Sb2O8.47)6.4, Pb3O4, Pb0.828O2, Na3SbO3, NaSbO3, 

PbSb2O6, Pb0.986O2, Pb2(SnSb)O6.5, Pb2SnO4, K4(PbO3), K3Sb5O14, Pb2Sn2O6, Sn2O4, 

SnO, Pb0.866O2, Ca(Sb2O6), Ca2Sb2O7, SrSnO3, Sr2SnO4, Sb2Sr2O7, Sr5Sn3O2, Sr(PbO3), 

Pb2(SnSb)O6.5, Ba2(SnO4). ʋʩʪʘʥʦʚʣʝʥʘ ʨʦʣʴ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ ʚ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠ ʤʝʭʘʥʠʟʤ 

ʧʨʦʮʝʩʩʘ ʠʭ ʦʢʠʩʣʝʥʠʷ. 

- ʇʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʩʢʦʨʦʩʪʠ ʨʘʟʚʸʨʪʢʠ ʧʦʪʝʥʮʠʘʣʘ        

2 ʤɺ/ʩ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ (0.01-1.0 ʤʘʩ. %) ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ ʥʘ 5-15% 

ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʥʘ 15-25% ʧʦʚʳʰʘʶʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10). ʋʩʪʘʥʦʚʣʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʦʩʥʦʚʥʳʭ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʧʦʪʝʥʮʠʘʣʦʚ 

ʢʦʨʨʦʟʠʠ, ʧʠʪʪʠʥʛʦʦʙʨʘʟʦʚʘʥʠʷ ʠ ʨʝʧʘʩʩʠʚʘʮʠʠ) ʩʧʣʘʚʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʭʣʦʨʠʜ-ʠʦʥʘ ʚ ʨʘʩʪʚʦʨʝ NaCl. 
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ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʩʣʝʜʫʶʱʝʤ: 

- ʇʦʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʠ ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʸʪʦʤ 

ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʩʥʠʞʝʥʠʶ ʤʘʪʝʨʠʘʣʴʥʳʭ ʟʘʪʨʘʪ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʳ ʠ ʧʦʚʳʰʘʶʪ ʵʢʦʥʦʤʠʯʝʩʢʫʶ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʪʝʭʥʦʣʦʛʠʠ ʣʠʢʚʘʮʠʦʥʥʦʛʦ 

ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʚʠʥʮʘ ʠ ʩʠʥʪʝʟʘ ʥʦʚʳʭ ʩʧʣʘʚʦʚ. 

- ʈʘʟʨʘʙʦʪʢʝ ʩʚʠʥʮʦʚʦ-ʩʫʨʴʤʷʥʳʭ ʩʧʣʘʚʦʚ ʤʘʨʢʠ ʉʉʫʄʊİ ʣʝʛʠʨʦʚʘʥʥʳʭ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʟʘʱʠʪʥʦʡ ʦʙʦʣʦʯʢʠ 

ʩʠʣʦʚʳʭ ʠ ʪʝʣʝʬʦʥʥʳʭ ʢʘʙʝʣʝʡ ʠ ʠʭ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʠ ʆʆʆ 

çʊɸʃʂʆ-ʂɸɹɽʃʔè ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 

- ʈʘʟʨʘʙʦʪʢʝ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʩʪʨʦʥʮʠʝʤ ʜʣʷ 

ʦʙʤʘʟʢʠ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʘʛʨʝʛʘʪʦʚ ɺʘʨʟʦʙʩʢʦʛʦ ɻʕʉ-ʘ, ʠ 

ʝʛʦ ʠʩʧʳʪʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʧʨʝʜʧʨʠʷʪʠʠ ɻʋʇ çʂʦʨʛʦʭʠ ʤʘʰʠʥʘʩʦʟʠè ʈʝʩʧʫʙʣʠʢʠ 

ʊʘʜʞʠʢʠʩʪʘʥ. 

- ʋʩʪʘʥʦʚʣʝʥʠʠ ʦʧʪʠʤʘʣʴʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʠ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʚ ʩʚʠʥʮʦʚʦʤ ʙʘʙʙʠʪʝ ɹ(PbSb15Sn10), 

ʧʦʚʳʰʘʶʱʠʭ ʝʛʦ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ. 

- ʋʩʪʘʥʦʚʣʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ, ʢʦʪʦʨʳʝ 

ʜʦʧʦʣʥʷʶʪ ʩʪʨʘʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ. 

- ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʤʝʪʦʜʳ ʨʘʩʯʝʪʘ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʠʭ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʠʭ ʧʨʦʤʳʰʣʝʥʥʦʩʪʷʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʥʦʚʳʭ 

ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʜʣʷ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʠ ʜʨʫʛʠʭ ʦʪʨʘʩʣʝʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 

- ɺr ʧʦʣʥʝʥʥʳʝ ʥʘʫʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʦʡ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʩʦʩʪʘʚʘ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʜʰʠʧʥʠʢʘʭ ʩʢʦʣʴʞʝʥʠʷ ʜʣʷ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 
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ʰʘʪʫʥʥʳʭ ʠ ʫʧʦʨʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ, ʚʢʣʘʜʳʰʝʡ, ʢʦʪʦʨʳʝ ʟʘʱʠʱʝʥʳ ʤʘʣʳʤʠ 

ʧʘʪʝʥʪʘʤʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ˉ TJ 1327 ʦʪ 2022ʛ; ˉ TJ 1383 ʦʪ 2023ʛ;     

ˉ TJ 1424 ʦʪ 2023ʛ; ˉ TJ 1545 ʦʪ 2024ʛ; ˉ TJ 1626 ʦʪ 2024. 

ʄʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʠʩʧʦʣʴʟʦʚʘʥʥʘʷ ʘʧʧʘʨʘʪʫʨʘ: 

- ʤʝʪʦʜ ʤʠʢʨʦʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ ʥʘ 

ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ SEM; 

- ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʳʡ ʤʝʪʦʜ ʠʟʫʯʝʥʠʷ ʢʦʦʨʜʠʥʘʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ; 

- ʤʝʪʦʜ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ ʚ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʚʪʦʤʘʪʠʯʝʩʢʦʡ ʨʝʛʠʩʪʨʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ 

ʦʭʣʘʞʜʝʥʠʷ; 

- ʤʝʪʦʜ ʤʝʪʘʣʣʦʛʨʘʬʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʣʘʚʦʚ 

(ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ ʤʘʨʢʠ ɹʀʆʄɽɼ-1 ʋʢʨʘʠʥʘ); 

- ʤʝʪʦʜ ɹʨʠʥʝʣʣʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʸʨʜʦʩʪʠ ʩʧʣʘʚʦʚ (ʪʚʝʨʜʦʤʝʨ MODEL 

HBRV-187.5D); 

- ʤʝʪʦʜ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ 

ʩʧʣʘʚʦʚ; 

- ʨʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʡ ʩʧʣʘʚʦʚ (ɼʈʆʅ-3ʄ); 

- ʧʦʪʝʥʮʠʦʩʪʘʪʠʯʝʩʢʠʡ ʤʝʪʦʜ ʜʣʷ ʠʟʫʯʝʥʠʷ ʘʥʦʜʥʳʭ ʩʚʦʡʩʪʚ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ (ʧʨʠʙʦʨ ʇʀ 50-1.1). 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1. ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦ 

ʦʧʨʝʜʝʣʝʥʠʶ ʚʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʚ ʞʠʜʢʦʤ ʠ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

2. ʈʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠ ʨʘʩʯʸʪʥʦʛʦ ʧʦʩʪʨʦʝʥʠʷ ʜʚʦʡʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 5-ʛʦ ʪʠʧʘ (ʩ ʤʦʥʦʪʝʢʪʠʢʦʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ) ʠ 

ʠʭ ʧʨʠʤʝʥʝʥʠʷ ʚ ʨʘʟʨʘʙʦʪʢʝ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʦʩʥʦʚ ʪʝʭʥʦʣʦʛʠʡ ʣʠʢʚʘʮʠʦʥʥʦʛʦ 

ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʩʧʣʘʚʦʚ ʩ ʫʯʘʩʪʠʝʤ ʩʚʠʥʮʘ. 
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3. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ (ʵʥʝʨʛʠʠ 

ʩʤʝʰʝʥʠʷ ʠ ʩʚʷʟʠ ʦʜʥʦʠʤʸʥʥʳʭ ʠ ʨʘʟʥʦʠʤʸʥʥʳʭ ʯʘʩʪʠʮ, ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʠ ʠʟʙʳʪʦʯʥʦʡ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ, ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ) 

ʜʚʦʡʥʳʭ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ. 

4. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ. 

5. ʈʝʟʫʣʴʪʘʪʳ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, 

ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ. 

6. ɿʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, 

ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ. 

7. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ, ʫʩʪʘʥʦʚʣʝʥʠʝ 

ʨʦʣʠ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʚ ʧʨʦʮʝʩʩʝ ʦʢʠʩʣʝʥʠʷ ʠ ʦʧʨʝʜʝʣʝʥʠʠ 

ʤʝʭʘʥʠʟʤʘ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

8. ɿʘʚʠʩʠʤʦʩʪʠ ʘʥʦʜʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʚ 

ʩʨʝʜʝ ʨʘʩʪʚʦʨʘ NaCl. 

9. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, 

ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʢʘʢ ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʫʣʫʯʰʘʶʱʠʝ 

ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10). 

ɺʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ ʧʦʣʦʞʝʥʠʷ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʣʥʦʩʪʴʶ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʧʘʩʧʦʨʪʫ ʥʘʫʯʥʦʡ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.6.17. çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʦʪʨʘʩʣʴ ʥʘʫʢʠ ï 

ʪʝʭʥʠʯʝʩʢʠʝ), ʚ ʯʘʩʪʥʦʩʪʠ, ʩʣʝʜʫʶʱʠʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʠʩʩʣʝʜʦʚʘʥʠʡ: 

ʇʫʥʢʪ 1 ʇʘʩʧʦʨʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʢʘʧʠʣʣʷʨʥʦ-ʧʦʨʠʩʪʳʭ, ʩ ʟʘʜʘʥʥʳʤ 

ʢʦʤʧʣʝʢʩʦʤ ʩʚʦʡʩʪʚ ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʣʠʷʥʠʷ ʜʠʩʧʝʨʩʥʦʩʪʠ, ʩʦʩʪʘʚʘ, ʩʪʨʫʢʪʫʨʳ, ʪʝʭʥʦʣʦʛʠʠ, ʘ ʪʘʢʞʝ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʠ ʠʥʳʭ ʬʘʢʪʦʨʦʚ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ. 
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ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʩʚʷʟʝʡ 

ʩʦʩʪʘʚʘ ʠ ʩʪʨʫʢʪʫʨʳ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʢʦʤʧʦʟʠʪʦʚ ʩ 

ʢʦʤʧʣʝʢʩʦʤ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʩ ʮʝʣʴʶ 

ʦʙʝʩʧʝʯʝʥʠʷ ʥʘʜʝʞʥʦʩʪʠ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʠ ʜʝʪʘʣʝʡ, ʠʟʜʝʣʠʡ, ʤʘʰʠʥ ʠ 

ʢʦʥʩʪʨʫʢʮʠʡ (ʭʠʤʠʯʝʩʢʦʡ, ʥʝʬʪʝʭʠʤʠʯʝʩʢʦʡ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ, 

ʤʘʰʠʥʦʩʪʨʦʠʪʝʣʴʥʦʡ, ʣʝʛʢʦʡ, ʪʝʢʩʪʠʣʴʥʦʡ, ʩʪʨʦʠʪʝʣʴʥʦʡ). 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʚʩʝ ʧʦʣʦʞʝʥʠʷ (1-9) ʧʦʩʚʷʱʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʦʤʫ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʚʠʥʮʘ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, 

Sr, Ba) ʤʝʪʘʣʣʘʤʠ. ɺ ʧʦʣʦʞʝʥʠʷʭ (1-9) ʠʩʩʣʝʜʫʶʪʩʷ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ; ʢʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ, 

ʤʠʢʨʦʩʪʨʫʢʪʫʨʘ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, ʘ ʪʘʢʞʝ ʢʦʨʨʦʟʠʦʥʥʦ-

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10). ʇʦʣʫʯʝʥʥʳʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʠ ʧʨʠʢʣʘʜʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʫʩʪʘʥʘʚʣʠʚʘʶʪ ʚʟʘʠʤʦʩʚʷʟʴ ʤʝʞʜʫ ʣʝʛʠʨʦʚʘʥʥʳʤ ʩʦʩʪʘʚʦʤ, ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʚʦʡʩʪʚʘʤʠ ʩʧʣʘʚʘ, ʯʪʦ ʚ ʧʦʣʥʦʡ ʤʝʨʝ ʩʦʩʪʘʚʣʷʝʪ ʷʜʨʦ ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.6.17 ʚ 

ʤʘʪʝʨʠʘʣʦʚʝʜʯʝʩʢʦʤ ʠ ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʘʩʧʝʢʪʝ. 

ʇʫʥʢʪ 2 ʇʘʩʧʦʨʪʘ. ʋʩʪʘʥʦʚʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʛʝʪʝʨʦʛʝʥʥʳʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʫʩʪʘʥʦʚʣʝʥʳ ʥʦʚʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, 

Sr, Ba) ʤʝʪʘʣʣʘʤʠ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʩʪʚʦʨʘ NaCl ʚ ʘʛʨʝʩʠʚʥʦʡ 

ʩʨʝʜʝ. ɺr ʷʚʣʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

(ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ), ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

ʇʫʥʢʪ 3 ʇʘʩʧʦʨʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʚʳʙʦʨʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, 

ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 
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ʧʨʠʤʝʥʠʪʝʣʴʥʦ ʢ ʢʦʥʢʨʝʪʥʳʤ ʫʩʣʦʚʠʷʤ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʜʝʪʘʣʝʡ, 

ʠʟʜʝʣʠʡ, ʤʘʰʠʥ ʠ ʢʦʥʩʪʨʫʢʮʠʡ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʨʘʟʨʘʙʦʪʢʘ ʠ ʦʙʦʩʥʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʠ ʬʘʟʦʚʦʛʦ 

ʩʦʩʪʘʚʘ ʥʦʚʳʭ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʤʘʪʝʨʠʘʣʦʚ (ʚʢʣʶʯʘʷ ʢʦʤʧʦʟʠʮʠʦʥʥʳʝ) ʜʣʷ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʣʦʷ ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ (ʚ ʪ.ʯ. 

ʰʘʪʫʥʥʳʭ, ʚʢʣʘʜʳʰʝʡ, ʫʧʦʨʥʳʭ) ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ, 

ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ  ʟʘʜʘʥʥʳʡ ʢʦʤʧʣʝʢʩ ʪʨʠʙʦʪʝʭʥʠʯʝʩʢʠʭ ʠ ʧʨʦʯʥʦʩʪʥʳʭ ʩʚʦʡʩʪʚ 

ʧʫʪʝʤ ʫʩʪʘʥʦʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʣʠʷʥʠʷ ʩʦʩʪʘʚʘ ʥʘ ʩʪʨʫʢʪʫʨʫ ʠ ʩʣʫʞʝʙʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʇʫʥʢʪ 6 ʇʘʩʧʦʨʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʠ ʩʦʚʝʨʰʝʥʩʪʚʦʚʘʥʠʝ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʠ ʢʦʥʪʨʦʣʷ ʩʪʨʫʢʪʫʨʳ, ʠʩʧʳʪʘʥʠʝ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʬʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ 

ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʫʩʪʘʥʦʚʣʝʥʠʝ ʚʟʘʠʤʦʩʚʷʟʠ ʤʝʞʜʫ ʭʠʤʠʯʝʩʢʠʤ 

ʩʦʩʪʘʚʦʤ (ʣʝʛʠʨʦʚʘʥʠʝʤ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, 

ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ), ʝʛʦ ʤʠʢʨʦʩʪʨʫʢʪʫʨʦʡ ʠ ʢʦʤʧʣʝʢʩʦʤ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ 

ʘʥʘʣʠʟʘ. 

ʇʫʥʢʪ 9 ʇʘʩʧʦʨʪʘ. ʂʦʤʧʴʶʪʝʨʥʦʝ ʧʨʦʝʢʪʠʨʦʚʘʥʠʝ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. ʂʦʤʧʴʶʪʝʨʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʪʠʤʠʟʘʮʠʷ 

ʧʨʦʮʝʩʩʦʚ ʧʦʣʫʯʝʥʠʷ ʠ ʵʢʩʧʣʫʘʪʘʮʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʧʦʢʨʳʪʠʡ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʝʤʢʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʩʪʨʦʠʣʠʩʴ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʚ ʧʨʦʛʨʘʤʤʥʦʤ ʧʘʢʝʪʝ SigmaPlot 10.0. 

ʇʫʥʢʪ 10 ʇʘʩʧʦʨʪʘ. ʈʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʨʘʟʨʘʙʦʪʢʘ ʩʧʦʩʦʙʦʚ ʧʦʚʳʰʝʥʠʷ ʢʦʨʨʦʟʠʦʥʥʦʡ 

ʩʪʦʡʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, 
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ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ, ʧʫʪʝʤ ʬʦʨʤʠʨʦʚʘʥʠʷ ʤʥʦʛʦʩʣʦʡʥʳʭ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʧʦʢʨʳʪʠʡ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ʢʦʨʨʦʟʠʠ ʚ 

ʩʨʝʜʝ ʨʘʩʪʚʦʨʘ NaCl. 

ʇʫʥʢʪ 16 ʇʘʩʧʦʨʪʘ. ʉʦʟʜʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ, ʥʝʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʩʧʦʩʦʙʥʳʭ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʚ ʵʢʩʪʨʝʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ: ʘʛʨʝʩʩʠʚʥʳʝ ʩʨʝʜʳ, ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʤʘʛʥʠʪʥʳʝ ʧʦʣʷ, ʧʦʚʳʰʝʥʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʤʝʭʘʥʠʯʝʩʢʠʝ ʥʘʛʨʫʟʢʠ, ʚʘʢʫʫʤ ʠ ʜʨ. 

ʇʨʷʤʦʝ ʩʦʦʪʚʝʪʩʪʚʠʝ: ʣʝʛʠʨʦʚʘʥʠʝ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʦʧʪʠʤʘʣʴʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʱʝʣʦʯʥʳʭ (Li , Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, 

Sr, Ba) ʤʝʪʘʣʣʦʚ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʝ ʩʧʣʘʚʳ ʜʣʷ ʟʘʱʠʪʥʳʭ 

ʩʣʦʝʚ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ. 

ɺʳʚʦʜ: ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ, 

ʚʳʥʦʩʠʤʳʭ ʥʘ ʟʘʱʠʪʫ, ʦʭʚʘʪʳʚʘʝʪ ʚʩʝ ʢʣʶʯʝʚʳʝ ʥʘʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʧʝʮʠʘʣʴʥʦʩʪʠ 2.6.17. çʄʘʪʝʨʠʘʣʦʚʝʜʝʥʠʝè (ʪʝʭʥʠʯʝʩʢʠʝ ʥʘʫʢʠ). ʈʘʙʦʪʘ ʚʥʦʩʠʪ 

ʚʢʣʘʜ ʚ ʨʘʟʨʘʙʦʪʢʫ ʥʦʚʳʭ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʳʝ ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʩ ʧʦʚʳʰʝʥʥʳʤʠ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʜʣʷ ʦʪʨʘʩʣʝʡ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʦʙʩʫʞʜʘʣʠʩʴ ʥʘ: ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, 

ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʊʶʤɻʅɻʋ çʅʦʚʳʝ ʪʝʭʥʦʣʦʛʠʠ ï ʥʝʬʪʝʛʘʟʦʚʦʤʫ 

ʨʝʛʠʦʥʫè (ʊʶʤʝʥʴ, 2015); ʄʝʞʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʕʥʝʨʛʦʩʙʝʨʝʞʝʥʠʝ ʠ ʠʥʥʦʚʘʮʠʦʥʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʚ ʪʦʧʣʠʚʦ-ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ 

ʢʦʤʧʣʝʢʩʝè ʊʶʤʝʥʩʢʦʛʦ ʠʥʜʫʩʪʨʠʘʣʴʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʊʶʤʝʥʴ, 2016); ʄʝʞʜ. 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʤ ʩʝʤʠʥʘʨʝ çʅʘʫʢʘ ï ʧʨʦʠʟʚʦʜʩʪʚʫè ɼʌ ʅʀʊʋ çʄʀʉʠʉè 

(ɼʫʰʘʥʙʝ, 2017); ʄʝʞʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çXIII  ʃʦʤʦʥʦʩʦʚʩʢʠʝ 

ʯʪʝʥʠʷè, ʌʠʣʠʘʣ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛʦʨʦʜʝ ɼʫʰʘʥʙʝ (ɼʫʰʘʥʙʝ, 2023); 

ʄʝʞʜ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʦʚʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʡè, ʈʦʩʩʠʡʩʢʦ-ʊʘʜʞʠʢʩʢʠʡ 
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(ʉʣʘʚʷʥʩʢʠʡ) ʫʥʠʚʝʨʩʠʪʝʪ (ɼʫʰʘʥʙʝ, 2023); ʄʘʪʝʨʠʘʣʳ ʜʦʢʣʘʜʦʚ 88-ʡ ʥʘʫʯʥʦ-

ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʨʦʬʝʩʩʦʨʩʢʦ-ʧʨʝʧʦʜʘʚʘʪʝʣʴʩʢʦʛʦ ʩʦʩʪʘʚʘ, ʥʘʫʯʥʳʭ 

ʩʦʪʨʫʜʥʠʢʦʚ ʠ ʘʩʧʠʨʘʥʪʦʚ (ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ). ɹʝʣʦʨʫʩʩʢʦʛʦ 

ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ (ʄʠʥʩʢ, 2023). ʄʘʪʝʨʠʘʣʳ IX 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʬʠʟʠʢʠè, 

ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ. ʋʤʘʨʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ 

ʊʘʜʞʠʢʠʩʪʘʥʘ. (ɼʫʰʘʥʙʝ, 2024). ʄʘʪʝʨʠʘʣʳ II-ʦʡ ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-

ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʸʥʥʦʡ ʛʦʜʘʤ ʨʘʟʚʠʪʠʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ   

20-ʣʝʪʠʶ ʠʟʫʯʝʥʠʷ ʠ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ, ʪʦʯʥʳʭ ʠ ʤʘʪʝʤʘʪʠʯʝʩʢʠʭ ʥʘʫʢ ʚ 

ʩʬʝʨʝ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ. (ɼʫʰʘʥʙʝ, 2025). ʈʝʩʧ. ʢʦʥʬʝʨʝʥʮʠʠ ʊʅʋ 

çʇʝʨʩʧʝʢʪʠʚʳ ʠʥʥʦʚʘʮʠʦʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʚ ʨʘʟʚʠʪʠʠ ʭʠʤʠʯʝʩʢʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʊʘʜʞʠʢʠʩʪʘʥʘè (ɼʫʰʘʥʙʝ, 2013); ʈʝʩʧ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʙʣʝʤʳ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʚ ʈʝʩʧʫʙʣʠʢʝ ʊʘʜʞʠʢʠʩʪʘʥè, 

ʀʥʩʪʠʪʫʪʘ ʭʠʤʠʠ ʠʤ. ɺ.ʀ. ʅʠʢʠʪʠʥʘ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ 

(ɼʫʰʘʥʙʝ, 2016); ʈʝʩʧ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʠ ʧʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʝʩʪʝʩʪʚʝʥʥʳʭ ʠ ʪʦʯʥʳʭ ʥʘʫʢè, ʌʠʣʠʘʣ 

ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤʝʥʠ ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ ʚ ʛʦʨʦʜʝ 

ɼʫʰʘʥʙʝ (ɼʫʰʘʥʙʝ, 2022); ʈʝʩʧ. ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʘʟʚʠʪʠʝ ʠ 

ʜʦʩʪʠʞʝʥʠʷ ʬʠʟʠʯʝʩʢʦʡ ʥʘʫʢʠ ʚ ʛʦʜʳ ʥʝʟʘʚʠʩʠʤʦʩʪʠè, ʌʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʡ 

ʠʥʩʪʠʪʫʪ ʠʤ. ʉ.ʋ. ʋʤʘʨʦʚʘ ʅʘʮʠʦʥʘʣʴʥʦʡ ɸʢʘʜʝʤʠʠ ʥʘʫʢ ʊʘʜʞʠʢʠʩʪʘʥʘ 

(ɼʫʰʘʥʙʝ, 2023). 

ʇʫʙʣʠʢʘʮʠʠ ʧʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʧʫʙʣʠʢʦʚʘʥʦ 71 ʥʘʫʯʥʳʭ ʨʘʙʦʪ, ʠʟ ʥʠʭ 2 

ʥʘʫʯʥʳʭ ʤʦʥʦʛʨʘʬʠʠ, 37 ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, ʚʭʦʜʷʱʠʭ ʚ ʧʝʨʝʯʝʥʴ ɺɸʂ 

ʄʠʥʠʩʪʝʨʩʪʚʦ ʥʘʫʢʠ ʠ ʚʳʩʰʝʛʦ ʦʙʨʘʟʦʚʘʥʠʷ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ, ʠʟ ʢʦʪʦʨʳʭ 

10 ʩʪʘʪʴʝʡ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʚ ʞʫʨʥʘʣʘʭ, ʠʥʜʝʢʩʠʨʫʝʤʳʭ ʚ ʤʝʞʜʫʥʘʨʦʜʥʦʡ 

ʨʝʬʝʨʘʪʠʚʥʦʡ ʙʘʟʝ ʜʘʥʥʳʭ Scopus ʠ Web of Science, ʘ ʪʘʢʞʝ ʧʦʣʫʯʝʥʦ 5 ʤʘʣʳʭ 

ʧʘʪʝʥʪʘ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ. 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ɿʘʢʣʶʯʘʝʪʩʷ ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʮʝʣʠ ʠ ʧʦʩʪʘʥʦʚʢʠ ʟʘʜʘʯ, ʚ ʘʥʘʣʠʟʝ 

ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ, ʚ ʧʦʩʪʘʥʦʚʢʝ ʠ ʨʝʰʝʥʠʠ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʧʦʜʛʦʪʦʚʢʝ 

ʠ ʧʨʦʚʝʜʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʫʩʣʦʚʠʷʭ, ʚ 

ʘʥʘʣʠʟʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ, ʚ ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʧʦʣʦʞʝʥʠʡ ʠ 

ʚʳʚʦʜʦʚ ʜʠʩʩʝʨʪʘʮʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʦʥʥʘʷ ʨʘʙʦʪʘ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʩʝʤʠ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʧʝʨʝʯʥʷ 

ʩʦʢʨʘʱʝʥʠʡ ʠ ʫʩʣʦʚʥʳʭ ʦʙʦʟʥʘʯʝʥʠʡ, 13 ʧʨʠʣʦʞʝʥʠʷ, ʠʟʣʦʞʝʥʘ ʥʘ 361 ʩʪʨʘʥʠʮʘʭ 

ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ ʠ ʩʦʜʝʨʞʠʪ 158 ʨʠʩʫʥʢʦʚ, 102 ʪʘʙʣʠʮ, ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʡ 

ʩʧʠʩʦʢ ʠʟ 234 ʥʘʠʤʝʥʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 1. ʆʉʆɹɽʅʅʆʉʊʀ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉɺʀʅʎɸ ʀ ɽɻʆ 

ʉʇʃɸɺʆɺ ʉ ʕʃɽʄɽʅʊɸʄʀ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʊɸɹʃʀʎʓ 

ɼ.ʀ. ʄɽʅɼɽʃɽɽɺɸ (ʆʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ) 

1.1. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʠ ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ ʠ 

ʦʙʣʘʩʪʠ ʠʭ ʧʨʠʤʝʥʝʥʠʷ 

ɹʘʙʙʠʪʳ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʝʥʠʷ [6]. ʉʚʠʥʮʦʚʳʝ ʙʘʙʙʠʪʳ 

ʦʙʣʘʜʘʶʪ ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʰʠʧʥʠʢʦʚ. ʆʥʠ ʧʣʘʩʪʠʯʥ,r ʥʦ ʧʨʠ ʵʪʦʤ ʫʩʪʦʡʯʠʚ rʢ ʢʦʨʨʦʟʠʠ. ʕʪʦʪ ʤʘʪʝʨʠʘʣ 

ʤʦʞʝʪ ʚʳʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʥʘʛʨʫʟʢʠ ʠ ʠʤʝʪʴ ʭʦʨʦʰʫʶ ʧʨʠʨʘʙʦʪʢʫ ʧʨʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʚʘʣʘ, ʪʘʢʠʤʠ ʢʘʢ ʩʪʘʣʴ [7]. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢ ʩʚʠʥʮʫ ʠ ʦʣʦʚʫ ʤʝʪʘʣʣʘ ʧʨʠ ʠʟʛʦʪʦʚʣʝʥʠʠ 

ʙʘʙʙʠʪʘ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʤʝʜʴ ʣʠʙʦ ʩʫʨʴʤʘ. ɺʳʩʦʢʠʝ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ 

ʩʚʦʡʩʪʚʘ ʵʪʦʪ ʩʧʣʘʚ ʠʤʝʝʪ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʦʪʦʤʫ, ʯʪʦ ʩʦʩʪʦʠʪ ʢʘʢ ʠʟ ʪʚʝʨʜʳʭ, ʪʘʢ ʠ 

ʠʟ ʤʷʛʢʠʭ ʵʣʝʤʝʥʪʦʚ. ʂ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ ʙʘʙʙʠʪʘ, ʧʦʤʠʤʦ ʥʠʟʢʦʛʦ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ, ʦʪʥʦʩʷʪ ʝʱʝ ʠ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ, ʠ ʣʝʛʢʦʧʣʘʚʢʦʩʪʴ. ɼʘʞʝ 

ʧʨʠ ʩʠʣʴʥʦʡ ʥʘʛʨʫʟʢʝ ʪʘʢʦʡ ʩʧʣʘʚ ʩʧʦʩʦʙʝʥ ʧʨʦʩʣʫʞʠʪʴ ʦʯʝʥʴ ʜʦʣʛʦʝ ʚʨʝʤʷ [2]. 

ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʙʦʣʴʰʠʥʩʪʚʦ ʤʘʨʦʢ ʙʘʙʙʠʪʦʚ ʩʦʩʪʘʚʣʷʝʪ ʦʪ 300-  

440 Áʉ. ʊʘʢʞʝ ʧʨʝʠʤʫʱʝʩʪʚʘʤʠ ʙʘʙʙʠʪʦʚ ʷʚʣʷʶʪʩʷ: ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ; 

ʪʚʸʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ (HB), 270-300 ʄʇʘ; ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ 5-12 ʄʇʘ; 

ʠʟʥʦʩʦʫʩʪʦʡʯʠʚʦʩʪʴ; ʚʳʩʦʢʘʷ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ; ʥʝʟʘʚʳʰʝʥʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʣʘʚʣʝʥʠʷ 240-340 Áʉ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ 80 Áʉ; ʧʦʚʳʰʝʥʥʘʷ 

ʨʘʟʤʷʛʯʘʝʤʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ 100 Áʉ (ʅɺ 9-24); ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʠ; ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʢʦʣʴʞʝʥʠʷ 10 ʤ/ʩ; ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʨʦʪʠʚʦʩʪʦʷʪʴ ʥʝ ʪʦʣʴʢʦ ʚʨʘʱʘʪʝʣʴʥʳʤ, ʥʦ ʠ ʚʦʟʚʨʘʪʥʦ-ʧʦʩʪʫʧʘʪʝʣʴʥʳʤ 

ʜʚʠʞʝʥʠʷʤ [2]. 

ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʘʙʙʠʪʦʚ. ɹʘʙʙʠʪʳ ʦʙʣʘʜʘʶʪ ʭʦʨʦʰʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʪʝʢʫʯʝʩʪʴʶ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʣʝʛʢʦ ʬʦʨʤʠʨʦʚʘʪʴ ʠʟ ʥʠʭ ʨʘʟʣʠʯʥʳʝ 

ʜʝʪʘʣʠ ʠ ʧʦʜʰʠʧʥʠʢʠ. ʆʥʠ ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ 
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ʭʦʨʦʰʝʡ ʩʤʘʟʳʚʘʝʤʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ 

ʧʦʜʰʠʧʥʠʢʘʭ ʠ ʜʨʫʛʠʭ ʪʨʫʱʠʭʩʷ ʤʝʭʘʥʠʟʤʦʚ. 

ʉʨʝʜʠ ʬʠʟʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʠʙʦʣʴʰʠʡ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ: 

ʫʜʝʣʴʥʳʡ ʚʝʩ, ʧʣʦʪʥʦʩʪʴ, ʩʦʧʨʦʪʠʚʣʝʥʠʝ ʵʣʝʢʪʨʠʯʝʩʢʦʤʫ ʪʦʢʫ. ʋ ʚʩʝʭ ʚʠʜʦʚ 

ʙʘʙʙʠʪʦʚ ʵʪʠ ʧʦʢʘʟʘʪʝʣʠ ʦʯʝʥʴ ʙʣʠʟʢʠ [8-10]. 

ʂ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪ: ʜʦʧʫʩʪʠʤʳʝ ʨʘʟʤʝʨʳ ʠʟʜʝʣʠʡ, ʧʨʝʜʝʣ 

ʧʨʦʯʥʦʩʪʠ ʟʘʣʠʚʢʠ ʧʨʠ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʡ ʥʘʛʨʫʟʢʝ, ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʫʜʣʠʥʝʥʠʝ, 

ʫʜʘʨʥʫʶ ʚʷʟʢʦʩʪʴ ʠ ʪʚʸʨʜʦʩʪʴ. ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʣʦʚʷʥʥʦ-

ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.1. 

 

ʊʘʙʣʠʮʘ 1.1 ï ʌʠʟʠʢʦ-ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ [11]. 
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ɹ88 7.35 27.0-30.0 ï ï ï 320 

ɹ83 7.38 27.0-30.0 8.0-8.5 11.0-12.0 240 370 

ɹ83ʉ 7.4 27.0-30.0 ï ï 230 400 

ɹʅ 9.55 27.0-29.0 7.0-7.4 12.5-13.0 240 400 

ɹ16 9.29 30.0 8.6 14.7 240 410 

ɹʉ6 10.05 15.0-17.0 ï ï 247 280 

 

ʆʮʝʥʢʘ ʩʚʦʡʩʪʚ ʥʠʞʝʫʢʘʟʘʥʥʳʭ ʤʘʨʦʢ ʙʘʙʙʠʪʦʚ ʧʨʦʠʟʚʦʜʠʪʩʷ ʥʘ ʦʩʥʦʚʝ 

ʩʣʝʜʫʶʱʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ: ʧʦʣʥʳʡ ʩʦʩʪʘʚ ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ ʩʧʣʘʚʘ; 

ʬʠʟʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʣʘʚʘ; ʧʨʝʜʝʣʴʥʦ ʜʦʧʫʩʪʠʤʳʝ ʨʝʞʠʤʳ ʨʘʙʦʪʳ; 

ʦʙʣʘʩʪʴ ʧʨʠʤʝʥʝʥʠʷ ʩʧʣʘʚʘ [8-10]. 
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ɼʣʷ ʧʨʠʜʘʥʠʷ ʙʘʙʙʠʪʘʤ ʪʨʝʙʫʝʤʳʭ ʩʚʦʡʩʪʚ ʚ ʠʭ ʩʦʩʪʘʚ ʚʢʣʶʯʘʶʪ ʪʚʸʨʜʳʝ 

ʵʣʝʤʝʥʪʳ. ʂ ʵʪʠʤ ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʠʪʩʷ ʧʦʯʪʠ ʚʩʷ ʛʨʫʧʧʘ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʢʘʜʤʠʡ, ʪʝʣʣʫʨ, ʩʫʨʴʤʘ ʠ ʜʨ. 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʣʦʚʷʥʥʳʭ ʠ ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʙʘʙʙʠʪʦʚ. 

ʆʣʦʚʷʥʥʳʡ ʙʘʙʙʠʪ ɹ83 ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʭʦʨʦʰʝʡ 

ʧʣʘʩʪʠʯʥʦʩʪʴʶ ʠ ʚʳʩʦʢʦʡ ʩʪʦʡʢʦʩʪʴʶ ʧʨʠ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʢʘʭ. ʗʚʣʷʝʪʩʷ ʣʫʯʰʠʤ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤ ʩʧʣʘʚʦʤ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ. ʆʜʥʘʢʦ ʙʘʙʙʠʪ ɹ83 ʷʚʣʷʝʪʩʷ 

ʥʘʠʙʦʣʝʝ ʜʦʨʦʛʠʤ ʠ ʧʨʠʤʝʥʷʝʪʩʷ ʪʦʣʴʢʦ ʚ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʠ ʤʦʱʥʳʭ ʘʛʨʝʛʘʪʘʭ, ʩ 

ʫʜʘʨʥʦʡ ʥʘʛʨʫʟʢʦʡ ʠʣʠ ʩ ʥʘʧʨʷʞʝʥʥʦʡ ʨʘʙʦʪʦʡ. ʅʘʛʨʝʚ ʧʦʜʰʠʧʥʠʢʦʚ ʥʝ ʜʦʣʞʝʥ 

ʙʳʪʴ ʚʳʰʝ 110 Áʉ. ʇʨʠ ʜʘʣʴʥʝʡʰʝʤ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʙʘʙʙʠʪ 

ʨʘʟʤʷʛʯʘʝʪʩʷ. ʇʦʜʰʠʧʥʠʢʠ ʩ ʚʢʣʘʜʳʰʘʤʠ ʠʟ ʪʘʢʠʭ ʩʚʠʥʮʦʚʠʩʪʳʭ ʙʘʙʙʠʪʦʚ 

ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʫʩʪʦʡʯʠʚʳ 

ʧʨʦʪʠʚ ʢʦʨʨʦʟʠʠ. ʇʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʤʘʩʣʘ ʦʥʠ ʣʝʛʢʦ 

ʨʘʟʨʫʰʘʶʪʩʷ [6]. 

ʉʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʡ ʙʘʙʙʠʪ (ɹʂɸ, ɹʂ2, ɹʂ2ʐ) ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʠʤ 

ʟʘʤʝʥʠʪʝʣʝʤ ʙʘʙʙʠʪʘ ɹ16, ʪʘʢ ʢʘʢ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʙʦʣʴʰʝʡ ʧʣʘʩʪʠʯʥʦʩʪʴʶ, ʤʝʥʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʠ ʠʟʥʦʩʘ, 

ʙʦʣʴʰʠʤ ʩʦʧʨʦʪʠʚʣʝʥʠʝʤ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ ʠ ʭʦʨʦʰʝʡ ʦʙʨʘʙʘʪʳʚʘʝʤʦʩʪʴʶ. 

ɹʣʘʛʦʜʘʨʷ ʚʳʩʦʢʠʤ ʤʝʭʘʥʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ ʢʘʣʴʮʠʝʚʳʡ ʙʘʙʙʠʪ ʤʦʞʝʪ 

ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʤʘʰʠʥ ʩ ʫʜʝʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʜʦ 200 ʢʛ/ʩʤ.               

ɺ ʦʩʥʦʚʥʦʤ ʦʥ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʧʦʜʰʠʧʥʠʢʦʚ ʞʝʣʝʟʥʦʜʦʨʦʞʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʟʘʣʠʚʢʠ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ, ʥʝʬʪʷʥʳʭ 

ʜʚʠʛʘʪʝʣʝʡ, ʮʝʥʪʨʦʙʝʞʥʳʭ ʥʘʩʦʩʦʚ, ʚʝʥʪʠʣʷʪʦʨʦʚ ʠ ʧʨ. ɺ ʪʘʙʣʠʮʝ 1.2 ʧʨʠʚʝʜʝʥʳ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʠ ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʙʘʙʙʠʪʦʚ. 
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ʊʘʙʣʠʮʘ 1.2 ï ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʠ ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ 

ʙʘʙʙʠʪʦʚ [11]. 

ʄʘʨʢʘ 

ʙʘʙʙʠʪʘ 
ʋʩʣʦʚʠʷ ʧʨʠʤʝʥʝʥʠʷ 

ɺʠʜʳ 

ʟʘʛʦʪʦʚʦʢ 

ʅʦʤʝʨ 

ɻʆʉʊʘ 
ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ɹ88 ʉʧʦʢʦʡʥʘʷ ʫʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ, 

ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 19.6; 14.7 

ʄʇʘ, ʦʢʨʫʞʥʘʷ ʩʢʦʨʦʩʪʴ    

50 ʤ/ʩ. ʨʘʙʦʯʘʷ ʪʝʤʧʝʨʘʪʫʨʘ    

75 Áʉ. 

ʏʫʰʢʠ 1320-74 ʇʦʜʰʠʧʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠ 

ʚʳʩʦʢʠʭ ʜʠʥʘʤʠʯʝʩʢʠʭ 

ʥʘʛʨʫʟʢʘʭ. ʇʦʜʰʠʧʥʠʢʠ ʜʣʷ 

ʙʳʩʪʨʦʭʦʜʥʳʭ ʠ ʩʨʝʜʥʝ-

ʦʙʦʨʦʪʥʳʭ ʜʠʟʝʣʝʡ. 

ɹ83 

ɹ83ʉ 

ʉʧʦʢʦʡʥʘʷ ʫʜʘʨʥʘʷ ʥʘʛ-

ʨʫʟʢʘ, ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

14.7; 9.8 ʄʇʘ, ʦʢʨʫʞʥʘʷ 

ʩʢʦʨʦʩʪʴ 50 ʤ/ʩ, ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 70 Áʉ. 

ʏʫʰʢʠ 1320-74 ʇʦʜʰʠʧʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ 

ʧʨʠ ʙʦʣʴʰʠʭ ʩʢʦʨʦʩʪʷʭ ʠ 

ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʇʦʜʰʠʧʥʠʢʠ ʪʫʨʙʠʥ, 

ʢʨʝʡʮʢʦʧʬʥʳʝ; ʤʦʪʳʣʝʚʳʝ 

ʠ ʨʘʤʥʳʝ ʧʦʜʰʠʧʥʠʢʠ 

ʤʘʣʦʛʘʙʘʨʠʪʥʳʭ ʜʠʟʝʣʝʡ, 

ʧʦʜʰʠʧʥʠʢʠ ʛʨʝʙʥʳʭ ʚʘʣʦʚ. 

ɹʅ ʉʧʦʢʦʡʥʘʷ ʫʜʘʨʥʘʷ ʥʘʛ-

ʨʫʟʢʘ, ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

9.8; 7.4 ʄʇʘ, ʦʢʨʫʞʥʘʷ 

ʩʢʦʨʦʩʪʴ 30 ʤ/ʩ, ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 70 Áʉ. 

ʏʫʰʢʠ 1320-74 ʇʦʜʰʠʧʥʠʢʠ, ʨʘʙʦʪʘʶʱʠʝ 

ʧʨʠ ʩʨʝʜʥʠʭ ʩʢʦʨʦʩʪʷʭ ʠ 

ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ. 

ʇʦʜʰʠʧʥʠʢʠ ʜʠʟʝʣʝʡ, 

ʢʦʤʧʨʝʩʩʦʨʦʚ. 

ɹ16 ʉʧʦʢʦʡʥʘʷ ʫʜʘʨʥʘʷ ʥʘʛ-

ʨʫʟʢʘ, ʫʜʝʣʴʥʦʝ ʜʘʚʣʝʥʠʝ 

9.8 ʄʇʘ, ʦʢʨʫʞʥʘʷ ʩʢʦ-

ʨʦʩʪʴ 130 ʤ/ʩ, ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 70 Áʉ. 

ʏʫʰʢʠ 1320-74 ʄʦʪʦʨʥʦ-ʦʩʝʚʳʝ ʧʦʜʰʠʧ-

ʥʠʢʠ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʧʫʪʝʚʳʭ 

ʤʘʰʠʥ, ʜʝʪʘʣʠ ʧʘʨʦʚʦʟʦʚ ʠ 

ʜʨ. ʦʙʦʨʫʜʦʚʘʥʠʝ ʪʷʞʝʣʦʛʦ 

ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ɹʉ6 ʋʜʘʨʥʘʷ ʥʘʛʨʫʟʢʘ, ʫʜʝʣʴʥʦʝ 

ʜʘʚʣʝʥʠʝ 14.7 ʄʇʘ, ʨʘʙʦʯʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ 70 Áʉ. 

ʏʫʰʢʠ 1320-74 ʇʦʜʰʠʧʥʠʢʠ ʘʚʪʦʪʨʘʢ-

ʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʝʡ. 

ɹʂɸ 

ɹʂ2 

ï ʏʫʰʢʠ 1209-90 ɼʣʷ ʟʘʣʠʚʢʠ ʧʦʜʰʠʧʥʠʢʦʚ 

ʪʨʝʥʠʷ ʧʦʜʚʠʞʥʦʛʦ ʩʦʩʪʘʚʘ. 

ɹʂ2ʐ ï ʇʦʜʰʠʭʪʦʚʢʠ ɼʣʷ ʧʦʜʰʠʭʪʦʚʢʠ ʩʧʣʘʚʦʚ 

ʧʨʠ ʟʘʣʠʚʢʝ ʢʦʨʝʥʥʳʭ ʠ 

ʰʘʪʫʥʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ. 

 

ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʘʙʙʠʪʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʜʦʙʘʚʢʘʤʠ. ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ 

ʩʦʩʪʘʚʫ ʙʘʙʙʠʪʳ ʦʪʣʠʯʘʶʪʩʷ ʪʝʤ, ʢʘʢʦʡ ʤʝʪʘʣʣ ʙʳʣ ʚʳʙʨʘʥ ʟʘ ʦʩʥʦʚʫ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʦʣʦʚʷʥʥʳʡ ʙʘʙʙʠʪ ɹ83 ʚʢʣʶʯʘʝʪ ʜʦ 85% ʦʣʦʚʘ, ʜʦ 12% ʩʫʨʴʤʳ, ʦʢʦʣʦ 
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6.0% ʤʝʜʠ. ʉʚʠʥʮʦʚʳʡ ʙʘʙʙʠʪ ɹ16 ʠʤʝʝʪ ʚ ʩʚʦʸʤ ʩʦʩʪʘʚʝ 87% ʩʚʠʥʮʘ ʠ ~ 13% 

ʩʫʨʴʤʳ. ʆʩʥʦʚʥʳʤ ʤʝʪʘʣʣʦʤ ʚ ʢʘʣʴʮʠʝʚʳʭ ʙʘʙʙʠʪʘʭ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʦ 96% ʩʚʠʥʮʘ 

ʩ ʜʦʙʘʚʣʝʥʠʝʤ ~ 1% ʢʘʣʴʮʠʷ. ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʠ 

ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʙʘʙʙʠʪʦʚ ʧʦ ɻʆʉʊ 1320-74 ʠ ɻʆʉʊ 1209-90 ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʘʭ 1.3 ʠ 1.4. 

ʇʦ ʭʠʤʠʯʝʩʢʦʤʫ ʩʦʩʪʘʚʫ ʙʘʙʙʠʪʳ ʜʝʣʷʪ ʥʘ ʪʨʠ ʛʨʫʧʧʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʧʨʦʮʝʥʪʥʦʛʦ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. ʉʦʩʪʘʚ ʧʝʨʚʦʡ ʛʨʫʧʧʳ ʩʦʩʪʘʚʣʷʝʪ: 10% 

ʤʝʜʠ ʠ 90% ʦʣʦʚʘ; ʚʪʦʨʦʡ ʛʨʫʧʧʳ: 4.0% ʤʝʜʠ, 7.0% ʩʫʨʴʤʳ ʠ 89% ʦʣʦʚʘ; ʪʨʝʪʴʝʡ 

ʛʨʫʧʧʳ: 5.0% ʦʣʦʚʘ, 15% ʩʫʨʴʤʳ ʠ 80% ʩʚʠʥʮʘ. ʇʝʨʚʳʝ ʜʚʝ ʛʨʫʧʧʳ ʩ 

ʧʨʝʦʙʣʘʜʘʥʠʝʤ ʦʣʦʚʘ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ 

ʤʘʪʝʨʠʘʣʘ ʩ ʧʦʚʳʰʝʥʥʦʡ ʚʷʟʢʦʩʪʴʶ ʠ ʤʘʣʳʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ. ʊʨʝʪʴʷ 

ʛʨʫʧʧʘ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʰʠʧʥʠʢʦʚ ʧʨʦʢʘʪʥʳʭ 

ʩʪʘʥʦʚ ʠ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʦʙʣʘʜʘʶʱʠʡ ʙʦʣʴʰʝʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ.  

ɼʣʷ ʧʨʠʜʘʥʠʝ ʥʝʦʙʭʦʜʠʤʳʭ ʩʚʦʡʩʪʚ ʚ ʢʘʯʝʩʪʚʝ ʣʝʛʠʨʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ 

ʠʩʧʦʣʴʟʫʝʪʩʷ: Cu, As, Sb, Ni, Te, Na, Cd ʠ ʜʨ. 

 

ʊʘʙʣʠʮʘ 1.3 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʦʣʦʚʷʥʥʦ-ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ ʧʦ ɻʆʉʊ     

1320-74 [11]. 

ʄʘʨʢʘ 

ʙʘʙʙʠʪʘ 

ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, ʤʘʩ. % 

ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 

Sn Sb Cu Cd Ni As Pb 

ɹ 9.0-11 13.5-16 ʜʦ 0.7 ï ï ʜʦ 0.6 ʆʩʪʘʣʴʥʦʝ 

ɹ88 ʆʩʪʘʣʴʥʦʝ 7.3-7.8 2.5-3.5 0.8-1.2 0.15-0.25 ï ï 

ɹ83 ʆʩʪʘʣʴʥʦʝ 10.0-12.0 5.5-6.5 ï ï ï ï 

ɹ83ʉ ʆʩʪʘʣʴʥʦʝ 9.0-11.0 5.0-6.0 ï ï ï 1.0-1.5 

ɹ16 15.0-17.0 15.0-17.0 1.5-2.0 ï ï ï ʆʩʪʘʣʴʥʦʝ 

ɹʅ 5.5-6.5 5.5-6.5 1.5-2.0 0.1-0.7 0.1-0.5 0.5-0.9 ʆʩʪʘʣʴʥʦʝ 

ɹʉ6 5.5-6.5 5.5-6.5 0.1-0.3 ï ï ï ʆʩʪʘʣʴʥʦʝ 

ʇʨʠʤʝʯʘʥʠʝ: ɹ ï ʙʘʙʙʠʪ. 
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ʊʘʙʣʠʮʘ 1.4 ï ʍʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʙʘʙʙʠʪʦʚ ʧʦ ɻʆʉʊ    

1209-90 [11]. 

ʄʘʨʢʘ ʙʘʙʙʠʪʘ 
ʆʩʥʦʚʥʳʝ ʢʦʤʧʦʥʝʥʪʳ, ʤʘʩ. % 

Ca Al  Pb 

ɹʂɸ 0.95-1.15 0.2 ʆʩʪʘʣʴʥʦʝ 

ɹʂ2 0.3-0.55 ï ʆʩʪʘʣʴʥʦʝ 

ɹʂ2ʐ 0.65-0.9 ï ʆʩʪʘʣʴʥʦʝ 

 

ʊʨʝʙʦʚʘʥʠʷ ʢ ʙʘʙʙʠʪʘʤ. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, 

ʙʘʙʙʠʪʳ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʨʘʟʣʠʯʥʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʠ ʠʩʧʳʪʘʥʠʷʤ. ʅʝʢʦʪʦʨʳʝ 

ʠʟ ʦʩʥʦʚʥʳʭ ʪʨʝʙʦʚʘʥʠʡ ʢ ʙʘʙʙʠʪʘʤ ʚʢʣʶʯʘʶʪ: ʚʳʩʦʢʘʷ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ; 

ʭʦʨʦʰʘʷ ʩʤʘʟʳʚʘʝʤʦʩʪʴ; ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʢʦʨʨʦʟʠʠ; ʚʳʩʦʢʘʷ ʪʝʧʣʦʩʪʦʡʢʦʩʪʴ; 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʫʜʘʨʥʳʤ ʥʘʛʨʫʟʢʘʤ. ɺʩʝ ʵʪʠ ʪʨʝʙʦʚʘʥʠʷ ʧʦʤʦʛʘʶʪ ʦʙʝʩʧʝʯʠʪʴ 

ʥʘʜʝʞʥʦʩʪʴ ʠ ʜʦʣʛʦʚʝʯʥʦʩʪʴ ʙʘʙʙʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʥʘʜʝʞʥʦʩʪʴ ʵʢʩʧʣʫʘʪʘʮʠʠ ʢʨʫʧʥʳʭ ʠ ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʘʛʨʝʛʘʪʦʚ, ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʱʠʭʩʷ ʚ ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʦʙʦʨʫʜʦʚʘʥʠʠ, ʤʦʱʥʳʭ 

ʥʘʩʦʩʘʭ, ʢʦʤʧʨʝʩʩʦʨʘʭ, ʵʣʝʢʪʨʦʜʚʠʛʘʪʝʣʷʭ ʠ ʪ.ʜ. ʥʘʧʨʷʤʫʶ ʩʚʷʟʘʥʘ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ [12]. 

ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʦʧʦʨʳ ʠʣʠ ʥʘʧʨʘʚʣʷʶʱʠʝ 

ʤʝʭʘʥʠʟʤʘ, ʚ ʢʦʪʦʨʦʤ ʪʨʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʩʢʦʣʴʞʝʥʠʠ ʚʘʣʘ ʦ ʚʥʫʪʨʝʥʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ. ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʩʦʩʪʦʷʪ ʠʟ ʪʨʝʭ ʵʣʝʤʝʥʪʦʚ: 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʚʢʣʘʜʳʰʘ, ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ ʩʣʦʷ ʤʘʩʣʘ ʤʝʞʜʫ ʥʠʤʠ (ʧʘʨʘ 

ʪʨʝʥʠʷ). 

ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʠʟ ʩʦʚʨʝʤʝʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʳʭ 

ʚʳʩʦʢʦʧʨʦʠʟʚʦʜʠʪʝʣʴʥʳʤʠ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʤʠ ʧʨʦʮʝʩʩʘʤʠ, ʠʤʝʶʪ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʥʝʩʦʤʥʝʥʥʳʝ ʧʨʝʠʤʫʱʝʩʪʚʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤʠ 

ʧʦʜʰʠʧʥʠʢʘʤʠ ʢʘʯʝʥʠʷ. ʇʦ ʥʘʨʫʞʥʦʤʫ ʜʠʘʤʝʪʨʫ ʧʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʚ ʜʚʘ 

ʨʘʟʘ ʤʝʥʴʰʝ ʰʘʨʠʢʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʨʝʜʥʝʡ ʩʝʨʠʠ, ʘ ʧʦ ʤʘʩʩʝ ʚ ʙʦʣʝʝ ʨʘʟ. 

ʈʘʟʨʘʙʦʪʘʥʳ ʤʘʪʝʨʠʘʣʳ, ʧʦʜʰʠʧʥʠʢʠ ʠʟ ʢʦʪʦʨʳʭ ʨʘʙʦʪʘʶʪ ʙʝʟ ʩʤʘʟʢʠ ʠʣʠ 

ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʩʤʘʟʢʠ ʚʦʜʫ ʠ ʜʨʫʛʠʝ ʤʘʣʦʚʷʟʢʠʝ ʞʠʜʢʦʩʪʠ, ʥʝ 
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ʦʙʣʘʜʘʶʱʠʝ ʩʤʘʟʦʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʦʜʰʠʧʥʠʢʠ ʩʢʦʣʴʞʝʥʠʷ ʥʝ ʚʳʟʳʚʘʶʪ, ʚ 

ʦʪʣʠʯʠʝ ʦʪ ʧʦʜʰʠʧʥʠʢʦʚ ʢʘʯʝʥʠʷ, ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʚʠʙʨʘʮʠʡ ʠ ʤʦʛʫʪ ʨʘʙʦʪʘʪʴ ʚ 

ʩʣʦʞʥʳʭ ʧʦ ʫʨʦʚʥʶ ʚʠʙʨʦʘʢʪʠʚʥʦʩʪʠ ʫʟʣʘʭ ʤʘʰʠʥ. ʂʦʥʩʪʨʫʢʪʦʨʳ ʞʝ ʚʳʥʫʞʜʝʥʳ 

ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʨʠʤʝʥʷʪʴ ʩʪʘʚʰʠʝ ʧʨʠʚʳʯʥʳʤʠ ʧʦʜʰʠʧʥʠʢʠ ʢʘʯʝʥʠʷ, 

ʥʝʦʧʨʘʚʜʘʥʥʦ ʫʚʝʣʠʯʠʚʘʷ ʚʝʩ ʠ ʛʘʙʘʨʠʪʳ ʢʦʥʩʪʨʫʢʮʠʡ, ʘ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʝʱʝ ʠ 

ʫʭʫʜʰʘʷ ʨʘʙʦʯʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʰʠʥ. 

ʈʘʙʦʯʘʷ ʧʦʚʝʨʭʥʦʩʪʴ ʧʦʜʰʠʧʥʠʢʘ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʦʜʚʝʨʛʘʝʪʩʷ ʠʟʥʦʩʫ, 

ʧʨʠʚʦʜʷʱʝʤʫ ʦʙʦʨʫʜʦʚʘʥʠʝ ʚ ʥʝʨʘʙʦʪʦʩʧʦʩʦʙʥʦʝ ʩʦʩʪʦʷʥʠʝ. ɼʣʷ ʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʪʨʝʙʫʝʪʩʷ ʧʨʦʠʟʚʦʜʠʪʴ ʟʘʤʝʥʫ ʠʣʠ ʨʝʤʦʥʪ ʫʟʣʘ ʧʦʜʰʠʧʥʠʢʘ 

ʩʢʦʣʴʞʝʥʠʷ. ɿʘʪʨʘʪʳ, ʩ ʧʨʦʩʪʦʝʤ ʦʙʦʨʫʜʦʚʘʥʠʷ, ʟʥʘʯʠʪʝʣʴʥʦ ʧʨʝʚʳʰʘʶʪ 

ʩʪʦʠʤʦʩʪʴ ʟʘʤʝʥʷʝʤʳʭ ʜʝʪʘʣʝʡ [13]. 

ɺʩʝ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʧʨʦʮʝʩʩʝ ʵʢʩʧʣʫʘʪʘʮʠʠ ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʷʥʠʷ 

ʤʥʦʛʦʩʣʦʡʥʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʤʦʛʫʪ ʙʳʪʴ ʦʙʲʝʜʠʥʝʥʳ ʚ ʪʨʠ ʛʨʫʧʧʳ: 

ʧʨʦʙʣʝʤʳ ʩʦʩʪʦʷʥʠʷ ʨʘʙʦʯʠʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʧʦʜʰʠʧʥʠʢʘ, ʧʨʦʙʣʝʤʳ ʚʝʣʠʯʠʥʳ 

ʟʘʟʦʨʘ ʤʝʞʜʫ ʰʝʡʢʦʡ ʛʨʝʙʥʦʛʦ ʚʘʣʘ ʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤ ʚʢʣʘʜʳʰʝʤ ʠ ʧʨʦʙʣʝʤʳ 

ʥʝʩʫʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʩʣʦʷ ʩʤʘʟʦʯʥʦʛʦ ʤʘʩʣʘ [14]. ɺʩʝ ʵʪʠ ʧʨʦʙʣʝʤʳ ʚ ʙʦʣʴʰʦʡ 

ʩʪʝʧʝʥʠ ʟʘʚʠʩʷʪ ʦʪ ʠʟʥʦʩʘ ʜʝʪʘʣʝʡ ʧʦʜʰʠʧʥʠʢʦʚʦʛʦ ʫʟʣʘ, ʥʘ ʢʦʪʦʨʳʡ ʚʣʠʷʝʪ 

ʩʚʦʡʩʪʚʘ ʪʦʥʢʦʛʦ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʣʦʷ ʧʦʜʰʠʧʥʠʢʘ ʩʢʦʣʴʞʝʥʠʷ [15, 16]. ʂ ʵʪʠʤ 

ʩʚʦʡʩʪʚʘʤ ʦʪʥʦʩʷʪʩʷ: ʪʚʝʨʜʦʩʪʴ, ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴ ʠ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʉ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʩʣʦʡ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʪʚʝʨʜʦʩʪʴʶ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʠ, ʘ ʩ ʜʨʫʛʦʡ ï ʜʦʣʞʝʥ ʙʳʪʴ ʤʷʛʢʠʤ ʜʣʷ ʩʥʠʞʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʨʝʥʠʷ. ʊʘʢʠʤ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤ ʪʨʝʙʦʚʘʥʠʷʤ ʯʘʩʪʠʯʥʦ ʫʜʦʚʣʝʪʚʦʨʷʶʪ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʧʣʘʚʳ, ʩʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤʠ ʠʟ ʥʠʭ ʷʚʣʷʶʪʩʷ ʩʧʣʘʚʳ 

ʥʘ ʦʩʥʦʚʝ ʤʝʜʠ, ʘʣʶʤʠʥʠʷ ʠ ʙʘʙʙʠʪʳ. ʉʦʛʣʘʩʥʦ ʧʨʘʚʠʣʫ ʐʘʨʧʠ [17], ʩʪʨʫʢʪʫʨʘ 

ʩʧʣʘʚʘ ʩ ʚʳʩʦʢʠʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʦʣʞʥʘ ʩʦʩʪʦʷʪʴ ʠʟ ʤʷʛʢʦʡ 

ʧʣʘʩʪʠʯʥʦʡ ʦʩʥʦʚʳ ʠ ʢʨʫʧʥʳʭ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʚʪʦʨʦʡ ʬʘʟʳ. ʇʨʠ ʵʪʦʤ ʦʩʥʦʚʘ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʭʦʨʦʰʫʶ ʧʨʠʨʘʙʘʪʳʚʘʝʤʦʩʪʴ, ʘ ʚʪʦʨʘʷ ʬʘʟʘ ʦʙʨʘʟʫʝʪ ʧʨʦʯʥʳʡ 

ʢʘʨʢʘʩ, ʢʦʪʦʨʳʡ ʧʦʚʳʰʘʝʪ ʥʝʩʫʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʘ ʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʝʛʦ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʨʝʥʠʷ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʦʩʦʙʦʝ 
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ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʩʧʣʘʚʘʤ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʠ ʙʘʙʙʠʪʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʦʤʧʦʟʠʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɸʥʪʠʬʨʠʢʮʠʦʥʥʳʝ ʩʧʣʘʚʳ ʥʘ ʩʚʠʥʮʦʚʦʡ ʦʩʥʦʚʝ. ɸʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ 

ʩʧʣʘʚʘʤʠ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʷʚʣʷʶʪʩʷ ʙʘʙʙʠʪʳ. ʀʭ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʟʘʣʠʚʢʠ 

ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ. ʄʝʪʘʣʣ ʚʢʣʘʜʳʰʘ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʩʣʝʜʫʶʱʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ: ʥʝʙʦʣʴʰʠʤ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʪʨʝʥʠʷ ʩʦ ʩʪʘʣʴʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ; ʤʘʣʦʡ 

ʠʟʥʘʰʠʚʘʝʤʦʩʪʴʶ ʦʙʝʠʭ ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ; ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʜʝʨʞʠʚʘʪʴ 

ʜʦʩʪʘʪʦʯʥʳʝ ʫʜʝʣʴʥʳʝ ʜʘʚʣʝʥʠʷ. 

ʇʝʨʚʦʝ ʠ ʚʪʦʨʦʝ ʪʨʝʙʦʚʘʥʠʷ ʫʜʦʚʣʝʪʚʦʨʷʶʪʩʷ, ʝʩʣʠ ʧʦʚʝʨʭʥʦʩʪʠ ʚʘʣʘ ʠ 

ʚʢʣʘʜʳʰʘ ʨʘʟʜʝʣʝʥʳ ʧʣʝʥʢʦʡ ʩʤʘʟʢʠ. ɽʩʣʠ ʩʪʨʫʢʪʫʨʘ ʚʢʣʘʜʳʰʘ ʥʝʦʜʥʦʨʦʜʥʘ ʠ 

ʩʦʩʪʦʠʪ ʠʟ ʪʚʝʨʜʳʭ ʚʢʣʶʯʝʥʠʡ ʠ ʤʷʛʢʦʡ ʦʩʥʦʚʳ, ʪʦ ʧʦʩʣʝ ʥʝʧʨʦʜʦʣʞʠʪʝʣʴʥʦʡ 

ʨʘʙʦʪʳ (ʧʨʠʨʘʙʦʪʢʠ) ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʚʢʣʘʜʳʰʘ ʦʙʨʘʟʫʝʪʩʷ ʤʠʢʨʦʨʝʣʴʝʬ ï 

ʚʳʩʪʫʧʘʶʪ ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ ʠ ʤʝʞʜʫ ʚʘʣʦʤ ʠ ʚʢʣʘʜʳʰʝʤ ʦʙʨʘʟʫʝʪʩʷ 

ʧʨʦʩʪʨʘʥʩʪʚʦ, ʚ ʢʦʪʦʨʦʤ ʫʜʝʨʞʠʚʘʝʪʩʷ ʩʤʘʟʢʘ (ʧʨʠʥʮʠʧ ʐʘʨʧʠ) [17]. 

ʂʨʦʤʝ ʪʦʛʦ, ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝʜʦʨʦʛʠʤʠ, ʠʤʝʪʴ 

ʚʳʩʦʢʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʚ ʩʨʝʜʝ ʤʘʩʝʣ ʠ ʭʦʨʦʰʠʝ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ: ʥʝʚʳʩʦʢʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʠʷ (ʜʣʷ ʫʜʦʙʩʪʚʘ ʟʘʣʠʚʢʠ), ʭʦʨʦʰʫʶ 

ʘʜʛʝʟʠʶ (ʩʮʝʧʣʷʝʤʦʩʪʴ) ʩʦ ʩʪʘʣʴʥʦʡ ʦʩʥʦʚʦʡ (ʚʢʣʘʜʳʰʝʤ). ɾʝʣʘʪʝʣʴʥʦ, ʯʪʦʙʳ 

ʦʥʠ ʦʙʣʘʜʘʣʠ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ ʜʣʷ ʙʳʩʪʨʦʛʦ ʦʪʚʦʜʘ ʪʝʧʣʦʪʳ ʦʪ 

ʪʨʫʱʠʭʩʷ ʧʦʚʝʨʭʥʦʩʪʝʡ, ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, 

ʦʩʦʙʝʥʥʦ ʧʨʝʜʝʣʦʤ ʚʳʥʦʩʣʠʚʦʩʪʠ, ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʳʢʨʘʰʠʚʘʥʠʷ ʠʟ-ʟʘ 

ʧʦʷʚʣʝʥʠʷ ʫʩʪʘʣʦʩʪʥʳʭ ʪʨʝʱʠʥ. 

ʏʪʦʙʳ ʧʦʜʰʠʧʥʠʢ ʥʘʜʝʞʥʦ ʨʘʙʦʪʘʣ ʚ ʫʩʣʦʚʠʷʭ ʫʜʘʨʥʳʭ ʥʘʛʨʫʟʦʢ, ʝʛʦ 

ʤʘʪʝʨʠʘʣ ʜʦʣʞʝʥ ʦʙʣʘʜʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʫʜʘʨʥʦʡ ʚʷʟʢʦʩʪʴʶ. ʏʪʦʙʳ 

ʧʝʨʝʜʘʚʘʪʴ ʥʘʛʨʫʟʢʫ ʥʘ ʙʦʣʝʝ ʧʨʦʯʥʫʶ ʩʪʘʣʴʥʫʶ ʦʩʥʦʚʫ, ʩʧʣʘʚʳ ʜʦʣʞʥʳ ʠʤʝʪʴ 

ʥʝʚʳʩʦʢʠʡ ʤʦʜʫʣʴ ʫʧʨʫʛʦʩʪʠ. 

ʉʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʝ ʙʘʙʙʠʪʳ. ʉʘʤʳʤʠ ʜʝʰʝʚʳʤʠ ʷʚʣʷʶʪʩʷ ʩʚʠʥʮʦʚʳʝ 

ʙʘʙʙʠʪʳ ʩ ʢʘʣʴʮʠʝʤ ʠ ʥʘʪʨʠʝʤ: ɹʂɸ, ɹʂ2, ɹʂ2ʐ. ʂʘʣʴʮʠʡ ʠ ʥʘʪʨʠʡ ʦʙʨʘʟʫʶʪ ʩʦ 

ʩʚʠʥʮʦʤ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ ʧʝʨʝʤʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʫ ʵʪʠʭ 

ʙʘʙʙʠʪʦʚ ʩʢʣʦʥʥʦʩʪʴ ʢ ʝʩʪʝʩʪʚʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʚʝʨʜʦʩʪʠ. 
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ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʚ ʩʚʠʥʮʝ ʦʯʝʥʴ ʤʘʣʘ (ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ï ʦʢʦʣʦ 

0.01%), ʠ ʦʥ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʩʥʦʚʥʦʤ ʚ ʚʠʜʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʈb3ʉʘ.       

ɺ ʣʠʪʦʤ ʩʦʩʪʦʷʥʠʠ ʩʪʨʫʢʪʫʨʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ Ŭ-ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ ʥʘʪʨʠʷ ʠ 

ʢʘʣʴʮʠʷ ʚ ʩʚʠʥʮʝ (ʤʷʛʢʘʷ ʦʩʥʦʚʘ) ʠ ʜʝʥʜʨʠʪʳ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʈb3ʉʘ 

(ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ) [18]. 

ʆʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʘʙʙʠʪʦʚ. ɹʘʙʙʠʪʳ ʦʙʦʟʥʘʯʘʶʪ ʙʫʢʚʦʡ ɹ ʠ ʜʚʫʭ ʠʣʠ 

ʦʜʥʦʟʥʘʯʥʦʡ ʮʠʬʨʦʡ, ʫʢʘʟʳʚʘʶʱʝʡ ʩʨʝʜʥʝʝ ʩʦʜʝʨʞʘʥʠʝ ʦʣʦʚʘ ʚ ʧʨʦʮʝʥʪʘʭ ɹ88, 

ɹ83, ɹ83ʉ, ɹ16, ɹʅ, ɹʉ6 (ʜʣʷ ʦʣʦʚʷʥʥʳʭ ʠ ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ) ʠ ɹʂɸ, ɹʂ2, 

ɹʂ2ʐ (ʜʣʷ ʙʝʟʦʣʦʚʷʥʥʳʭ ʙʘʙʙʠʪʦʚ). ɹʫʢʚʳ ʅ, ʂ, ʉ, ʊ ʦʙʦʟʥʘʯʘʶʪ ʥʘʣʠʯʠʝ ʚ 

ʙʘʙʙʠʪʝ ʥʠʢʝʣʷ, ʢʘʣʴʮʠʷ, ʩʚʠʥʮʘ ʠ ʪʝʣʣʫʨʘ. 

ʂ ʧʝʨʚʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪ ʙʘʙʙʠʪʳ ʤʘʨʦʢ ɹ83 ʠ ɹ89, ʩʦʜʝʨʞʘʱʠʝ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ 83 ʠ 89% ʦʣʦʚʘ ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʤʝʜʴʶ (ʜʦ 6%) ʠ ʩʫʨʴʤʦʡ           

(ʜʦ 11%) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʩʨʝʜʥʠʭ ʥʘʛʨʫʟʢʘʭ. 

ɼʦʧʫʩʪʠʤʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 10-15 ʄʇʘ. ɹʘʙʙʠʪ, ʦʩʥʦʚʫ ʢʦʪʦʨʦʛʦ ʩʦʩʪʘʚʣʷʝʪ 

ʦʣʦʚʦ ï ʤʘʨʢʠ ɹ88, ɹ83, ɹ83ʉ (ʟʘʨʫʙʝʞʥʳʝ ʤʘʨʢʠ SAE11, SAE12, ASTM2) ï 

ʠʩʧʦʣʴʟʫʶʪ, ʢʦʛʜʘ ʦʪ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʪʨʝʙʫʶʪʩʷ ʧʦʚʳʰʝʥʥʘʷ 

ʚʷʟʢʦʩʪʴ ʠ ʤʠʥʠʤʘʣʴʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʨʝʥʠʷ. ʆʣʦʚʷʥʥʳʡ ʙʘʙʙʠʪ ʧʦ ʩʨʘʚʥʝʥʠʶ 

ʩʦ ʩʚʠʥʮʦʚʳʤ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʨʨʦʟʠʦʥʥʦʩʪʦʡʢʦʩʪʴʶ, 

ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ [13]. 

ʂʦ ʚʪʦʨʦʡ ʛʨʫʧʧʝ ʦʪʥʦʩʷʪʩʷ ʙʘʙʙʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ï ʤʘʨʢʠ ɹ16, ɹʅ, 

ɹʉ6, ɹʂɸ, ɹʂ2, ɹʂ2ʐ (ʟʘʨʫʙʝʞʥʳʝ ʤʘʨʢʠ SAE13, SAE14, ASTM7, SAE15, 

ASTM15) ï ʦʙʣʘʜʘʶʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʨʘʙʦʯʝʡ ʪʝʤʧʝʨʘʪʫʨʦʡ, ʯʝʤ ʙʘʙʙʠʪʳ ʥʘ 

ʦʩʥʦʚʝ ʦʣʦʚʘ. ʅʠʟʢʘʷ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʙʘʙʙʠʪʦʚ ʦʙʣʝʛʯʘʝʪ ʠʭ ʧʨʠʤʝʥʝʥʠʝ 

ʜʣʷ ʟʘʣʠʚʢʠ ʧʦʜʰʠʧʥʠʢʦʚ. ʅʘʧʨʠʤʝʨ, ʙʘʙʙʠʪ ɹ16 ï ʩʧʣʘʚ, ʩʦʩʪʦʷʱʠʡ ʠʟ 

ʩʣʝʜʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ: ʦʣʦʚʘ (15-17%); ʩʫʨʴʤʘ (15-17%); ʤʝʜʴ (1.5-2.0%); ʩʚʠʥʝʮ 

(ʦʩʪ.) ʧʨʝʜʥʘʟʥʘʯʝʥ ʜʣʷ ʤʦʪʦʨʥʦ-ʦʩʝʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʵʣʝʢʪʨʦʚʦʟʦʚ, ʧʫʪʝʚʳʭ 

ʤʘʰʠʥ, ʜʝʪʘʣʝʡ ʧʘʨʦʚʦʟʦʚ ʠ ʜʨʫʛʦʛʦ ʦʙʦʨʫʜʦʚʘʥʠʷ ʪʷʞʸʣʦʛʦ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ. 

ɼʦʧʫʩʪʠʤʦʝ ʨʘʙʦʯʝʝ ʜʘʚʣʝʥʠʝ 10 ʄʇʘ. ɹʘʙʙʠʪʳ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʧʨʠʤʝʥʷʶʪʩʷ 

ʜʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʜʠʟʝʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ, ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʦʚ [6]. 

https://ru.wikipedia.org/wiki/%D0%92%D1%8F%D0%B7%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D1%82%D1%80%D0%B5%D0%BD%D0%B8%D1%8F
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D1%80%D0%BE%D0%B7%D0%B8%D0%BE%D0%BD%D0%BD%D0%B0%D1%8F_%D1%81%D1%82%D0%BE%D0%B9%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%98%D0%B7%D0%BD%D0%BE%D1%81%D0%BE%D1%81%D1%82%D0%BE%D0%B9%D0%BA%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BF%D0%BB%D0%BE%D0%BF%D1%80%D0%BE%D0%B2%D0%BE%D0%B4%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%BF%D0%BB%D0%B0%D0%B2
https://ru.wikipedia.org/wiki/%D0%9E%D0%BB%D0%BE%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A1%D1%83%D1%80%D1%8C%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9C%D0%B5%D0%B4%D1%8C
https://ru.wikipedia.org/wiki/%D0%A1%D0%B2%D0%B8%D0%BD%D0%B5%D1%86
https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D0%B7%D0%B5%D0%BB%D1%8C%D0%BD%D1%8B%D0%B9_%D0%B4%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BA%D0%B0%D1%82%D0%BD%D1%8B%D0%B9_%D1%81%D1%82%D0%B0%D0%BD
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ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ ʤʦʞʥʦ ʙʳʣʦ ʧʦʣʫʯʠʪʴ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʡ 

ʩʧʣʘʚ, ʚ ʥʝʛʦ ʚʚʦʜʷʪ ʵʣʝʤʝʥʪʳ, ʢʦʪʦʨʳʝ ʫʧʨʦʯʥʷʶʪ ʩʣʠʰʢʦʤ ʤʷʛʢʦʝ ʠ ʥʝʧʨʦʯʥʦʝ 

ʦʣʦʚʦ, ʦʙʨʘʟʫʷ ʪʚʝʨʜʳʝ ʚʢʣʶʯʝʥʠʷ. ɼʣʷ ʵʪʦʡ ʮʝʣʠ ʩʣʫʞʘʪ ʜʦʙʘʚʣʷʝʤʳʝ ʚ ʩʧʣʘʚ 

ʩʫʨʴʤʘ ʠ ʤʝʜʴ. ʉʫʨʴʤʘ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʦʣʦʚʝ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ, 

ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʙʦʣʴʰʫʶ ʪʚʝʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ, ʯʝʤ ʯʠʩʪʦʝ ʦʣʦʚʦ, ʧʦʯʪʠ ʧʨʠ ʪʦʡ 

ʞʝ ʧʣʘʩʪʠʯʥʦʩʪʠ. ʂʨʦʤʝ ʪʦʛʦ, ʩʫʨʴʤʘ ʩ ʦʣʦʚʦʤ ʦʙʨʘʟʫʶʪ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ 

SbSn ʩ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʴʶ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʨʴʤʘ ʫʧʨʦʯʥʷʝʪ ʦʩʥʦʚʫ ʦʣʦʚʷʥʥʳʭ 

ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʭ ʩʧʣʘʚʦʚ ʠ ʩʦʟʜʘʝʪ ʦʧʦʨʥʳʝ ʚʢʣʶʯʝʥʠʷ ʚʳʩʦʢʦʡ ʪʚʝʨʜʦʩʪʠ ʚ 

ʚʠʜʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʄʝʜʴ ʩ ʦʣʦʚʦʤ ʦʙʨʘʟʫʶʪ ʢʨʠʩʪʘʣʣʳ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ Cu3Sn [2]. 

ʊʘʢ ʢʘʢ ʦʣʦʚʦ ʜʦʨʦʛʦʡ ʠ ʜʝʬʠʮʠʪʥʳʡ ʵʣʝʤʝʥʪ, ʦʣʦʚʷʥʥʳʝ ʙʘʙʙʠʪʳ 

ʧʨʠʤʝʥʷʶʪ ʪʦʣʴʢʦ ʚ ʦʩʦʙʦ ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʩʣʫʯʘʷʭ. ɼʣʷ ʧʦʜʰʠʧʥʠʢʦʚ ʙʦʣʝʝ 

ʰʠʨʦʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʠ ʪʨʘʢʪʦʨʥʳʭ ʜʚʠʛʘʪʝʣʷʭ, 

ʧʨʦʢʘʪʥʳʭ ʩʪʘʥʘʭ, ʤʝʪʘʣʣʦʦʙʨʘʙʘʪʳʚʘʶʱʠʭ ʩʪʘʥʢʘʭ, ʚ ʙʘʙʙʠʪʳ ʚ ʟʥʘʯʠʪʝʣʴʥʳʭ 

ʢʦʣʠʯʝʩʪʚʘʭ ʚʚʦʜʷʪ ʩʚʠʥʝʮ ʠ ʧʦʥʠʞʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʦʣʦʚʘ ʜʦ 5-17%. ɺ ʪʘʢʠʭ 

ʩʧʣʘʚʘʭ ʦʩʥʦʚʦʡ ʩʣʫʞʠʪ ʩʚʠʥʝʮ. 

ɼʣʷ ʫʧʨʦʯʥʝʥʠʷ ʩʚʠʥʮʘ ʠ ʩʦʟʜʘʥʠʷ ʪʚʝʨʜʳʭ ʯʘʩʪʠʮ ʚ ʩʧʣʘʚ ʪʘʢʞʝ ʚʚʦʜʷʪ 

ʩʫʨʴʤʫ ʠ ʤʝʜʴ. ɺʚʦʜʠʤʳʡ ʚ ʙʘʙʙʠʪ ʥʠʢʝʣʴ (ɹʅ) ʫʣʫʯʰʘʝʪ ʬʦʨʤʫ ʚʢʣʶʯʝʥʠʡ ʠ 

ʠʟʤʝʣʴʯʘʝʪ ʩʪʨʫʢʪʫʨʫ [1]. 

ɺʩʝ ʙʘʙʙʠʪʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʥʝʜʦʩʪʘʪʦʢ ï ʥʠʟʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ʫʩʪʘʣʦʩʪʠ, ʯʪʦ ʩʥʠʞʘʝʪ ʨʝʩʫʨʩ ʧʦʜʰʠʧʥʠʢʘ. ʀʟ-ʟʘ ʥʝʚʳʩʦʢʦʡ ʧʨʦʯʥʦʩʪʠ ʙʘʙʙʠʪʳ 

ʤʦʛʫʪ ʫʩʧʝʰʥʦ ʵʢʩʧʣʫʘʪʠʨʦʚʘʪʴʩʷ ʪʦʣʴʢʦ ʚ ʧʦʜʰʠʧʥʠʢʘʭ, ʠʤʝʶʱʠʭ ʧʨʦʯʥʳʡ 

ʩʪʘʣʴʥʦʡ (ʯʫʛʫʥʥʳʡ) ʠʣʠ ʙʨʦʥʟʦʚʳʡ ʢʦʨʧʫʩ. ʆʙʳʯʥʦ ʪʦʥʢʦʩʪʝʥʥʳʝ 

ʧʦʜʰʠʧʥʠʢʦʚʳʝ ʚʢʣʘʜʳʰʠ ʘʚʪʦʤʦʙʠʣʴʥʳʭ ʜʚʠʛʘʪʝʣʝʡ ʚʥʫʪʨʝʥʥʝʛʦ ʩʛʦʨʘʥʠʷ 

ʠʟʛʦʪʦʚʣʷʶʪ ʰʪʘʤʧʦʚʢʦʡ ʠʟ ʙʠʤʝʪʘʣʣʠʯʝʩʢʦʡ ʣʝʥʪʳ, ʠʟʛʦʪʘʚʣʠʚʘʝʤʦʡ ʥʘ ʣʠʥʠʠ 

ʥʝʧʨʝʨʳʚʥʦʡ ʟʘʣʠʚʢʠ. 

ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʨʘʙʦʪʳ ʧʦʜʰʠʧʥʠʢʦʚ ʟʘʚʠʩʠʪ ʦʪ ʪʦʣʱʠʥʳ ʙʘʙʙʠʪʦʚʦʛʦ 

ʩʣʦʷ, ʟʘʣʠʪʦʛʦ ʥʘ ʩʪʘʣʴʥʦʡ ʚʢʣʘʜʳʰ. ʋʤʝʥʴʰʝʥʠʝ ʪʦʣʱʠʥʳ ʩʣʦʷ ʫʚʝʣʠʯʠʚʘʝʪ 

ʩʨʦʢ ʩʣʫʞʙʳ ʧʦʜʰʠʧʥʠʢʘ. 

https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%A3%D1%81%D1%82%D0%B0%D0%BB%D0%BE%D1%81%D1%82%D0%BD%D0%B0%D1%8F_%D0%BF%D1%80%D0%BE%D1%87%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://ru.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D0%B0%D1%82%D0%B5%D0%BB%D1%8C_%D0%B2%D0%BD%D1%83%D1%82%D1%80%D0%B5%D0%BD%D0%BD%D0%B5%D0%B3%D0%BE_%D1%81%D0%B3%D0%BE%D1%80%D0%B0%D0%BD%D0%B8%D1%8F
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1.2. ʆʮʝʥʢʘ ʠʟʫʯʝʥʥʦʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ (ʇʊ) ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ 

ʈʘʩʧʦʣʦʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ ʧʦʟʚʦʣʷʝʪ 

ʧʦʜʨʘʟʜʝʣʠʪʴ ʠʭ ʥʘ s-, p-, d- ʠ f-ʵʣʝʤʝʥʪʳ. ʊʘʢʦʡ ʨʘʩʢʣʘʜ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʥʘ 

ʦʩʥʦʚʝ ʪʦʛʦ, ʩʢʦʣʴʢʦ ʫʨʦʚʥʝʡ ʠʤʝʝʪ ʵʣʝʢʪʨʦʥʥʘʷ ʦʙʦʣʦʯʢʘ ʘʪʦʤʘ ʵʣʝʤʝʥʪʘ, ʘ 

ʪʘʢʞʝ, ʢʘʢʠʤ ʵʣʝʢʪʨʦʥʦʤ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʟʘʧʦʣʥʝʥʠʝ ʦʙʦʣʦʯʢʠ ʵʣʝʢʪʨʦʥʘʤʠ. 

ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ s-ʵʣʝʤʝʥʪʘʤʠ ʇʊ.  

ʅʠʞʝ (ʪʘʙʣ. 1.5) ʧʨʝʜʩʪʘʚʣʝʥʘ ʠʥʬʦʨʤʘʮʠʷ ʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʠ ʚʠʜʘʭ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ s-ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʚʠʥʮʦʤ. ʕʪʠ ʜʘʥʥʳʝ, ʙʝʟʫʩʣʦʚʥʦ, ʷʚʣʷʶʪʩʷ ʦʯʝʥʴ 

ʥʫʞʥʳʤʠ ʧʨʠ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʠ ʚ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʠ ʧʨʘʢʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. 

ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ s-ʵʣʝʤʝʥʪʳ (Li, ʅ, Na, Rb, Cs, K, Mg, Ca, Sr, Ba) 

ʩʦ ʩʚʠʥʮʦʤ ʦʙʨʘʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʨʦʝʥʳ 

ʜʣʷ 9 (ʠʟ 14) ʩʠʩʪʝʤ Pb ʩ Na, Li, Rb, K, Mg, Cs, Ca, Sr, Ba. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠ ʫʟʢʠʭ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ. ʃʠʰʴ ʚ ʩʠʩʪʝʤʝ ʩʚʠʥʮʘ ʩ ʨʫʙʠʜʠʝʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʝ 

ʨʘʚʥʦʚʝʩʠʝ ʩ ʨʘʩʩʣʘʠʚʘʥʠʝʤ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ [19, 234]. 

 

ʊʘʙʣʠʮʘ 1.5 ï ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ s-ʵʣʝʤʝʥʪʘʤʠ ʇʊ [19, 234]. 
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ʊʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪ. % 
ʇʨʠ ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʪʨʫʢ-

ʪʫʨʥʳʡ 

ʪʠʧ ʵʣʝʤʝʥʪʘ ʚ 

ʩʚʠʥʮʝ 

ʩʚʠʥʮʘ 

 ʚ ʵʣʝʤʝʥʪʝ 

1 2 3 4 5 6 7 

ʕʣʝʤʝʥʪʳ Iɸ ʧʦʜʛʨʫʧʧʳ 

ʅ ʅʝʪ ʉ ʅʀ 600Á-

1.85Ŀ10
-6
 

Pbʅ4 - 

Li  ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

235Á-3.2 ʅʀ Li 22Pb5 

Li 7Pb2 

Li 3Pb 

Li 8Pb3 

LiPb(ɺʊ) 

LiPb(ʅʊ) 

Li 22Pb5 

Li 7Pb2 

- 

Li 8Pb3 

CsCl 

- 

Na ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

0Á-1.2 

307Á-12.7 

17Á-2.5Ŀ10
-4

 

91Á-2.7Ŀ10
-3

 

Pb4Na15 

Pb4Na9 

PbNa 

Pb2Na5 

Pb3Na 

- 

- 

- 

- 

Cu3Au 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.5 

1 2 3 4 5 6 7 

ʂ ɼʘ ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ KPb 

KPb2 

K2Pb3 

KPb4 

NaPb 
MgZn2 

- 

- 

Rb ɼʘ ʕ 

ʇ 

ʄ 

ʉ 

ʅʀ ʅʀ RbPb3 

RbPb2 

Rb2Pb3 

Rb4Pb5 

RbPb 

- 

- 

- 

- 

NaPb 
Cs ɼʘ ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ CsPb3 

CsPb2 

Cs4Pb5 

CsPb 

- 

- 

- 

NaCl 

Fr ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ IIɸ ʧʦʜʛʨʫʧʧʳ 

Be ʥʝʪ  ʅʀ 1000Á-0.01 ʅʀ ʅʝʪ ʅʝʪ 

Mg ɼʘ ʆʊʈ 

ʕ 

ʉ 

248.7Á-6 466.2Á-7.7 Mg2Pb CaF2 

Ca ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

326.1Á-0.36 ʅʝʪ  CaPb 

Ca2Pb 

Ca5Pb3 

CaPb3 

AuCu 

PbCl2 

Mn5Si3 

AuCu3 

Sr ɼʘ ʆʊʈ 

ʕ 

ʇ 
ʉ 

324.5Á~0.33 ʅʝʪ Sr2Pb 

Sr5Pb3 

Sr5Pb4 
SrPb 

Sr2Pb3 

Sr3Pb5 

SrPb3 

ʘʥʪʠPbCl2 

Cr5B3 

Pu5Rh4 
CrB 

- 

- 

TiCu3 

Ba ɼʘ ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Ba2Pb 

Ba5Pb3Ba3 

Pb5BaPb3 

BaPb 

ʘʥʪʠ PbCl2 

Cr5B3 

Pu3Pd5 

BaPb3 

Ra ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪ VIII ɸ ʧʦʜʛʨʫʧʧʳ 

ʅʝ ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʇʨʠʤʝʯʘʥʠʝ: ʆʊʈ ï ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʉ ï ʩʦʝʜʠʥʝʥʠʝ, ʕ ï ʵʚʪʝʢʪʠʢʘ,  

ʇ ï ʧʝʨʠʪʝʢʪʠʢʘ, ʄ ï ʤʦʥʦʪʝʢʪʠʢʘ, ʅʀ ï ʥʝ ʠʟʫʯʝʥʦ. 

 

ɺʝʩʴʤʘ ʩʢʫʜʥʳʝ ʜʘʥʥʳʝ ʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠʚʝʜʝʥʳ 

ʜʣʷ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʙʝʨʠʣʣʠʝʤ ʠ ʚʦʜʦʨʦʜʦʤ, ʩ ʧʦʩʣʝʜʥʠʤ ʠʟ ʢʦʪʦʨʳʭ ʦʥ ʤʦʞʝʪ 

ʦʙʨʘʟʦʚʘʪʴ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʉʚʝʜʝʥʠʡ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʨʘʥʮʠʷ, ʨʘʜʠʷ ʠ ʛʝʣʠʷ ʩʦ ʩʚʠʥʮʦʤ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ [19, 20]. 
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ʈʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʥʦʩʪʠ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʨ-ʵʣʝʤʝʥʪʘʤʠ ʇʊ.        

ʂ p-ʵʣʝʤʝʥʪʘʤ ʦʪʥʦʩʠʪʩʷ 30 ʵʣʝʤʝʥʪʦʚ IIIɺ-VIIIɺ ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʇʊ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʨʘʟʚʠʪʠʷ ʦʙʱʠʭ ʠ ʯʘʩʪʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʨ-ʵʣʝʤʝʥʪʘʤʠ ʥʘʤʠ ʧʨʦʚʝʜʝʥʳ ʦʙʦʙʱʝʥʠʷ ʧʦ ʠʭ 

ʜʚʦʡʥʳʤ ʩʠʩʪʝʤʘʤ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʳʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.6. ʅʝ 

ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʧʨʠ ʵʪʦʤ ʩʚʷʟʴ ʤʝʞʜʫ ʩʚʠʥʮʦʤ ʩ ʛʘʣʦʛʝʥʘʤʠ. ʊʦʛʜʘ ʠʭ 

ʩʦʝʜʠʥʝʥʠʷ ʨʘʟʣʠʯʘʶʪʩʷ ʯʠʩʪʦ ʠʦʥʥʳʤ ʚʠʜʦʤ ʩʚʷʟʠ, ʘ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï 

ʚʟʘʠʤʥʦʡ ʢʦʚʘʣʝʥʪʥʦʡ ʠ ʠʦʥʥʦʡ ʩʚʷʟʴʶ. ʉʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʚʠʜʦʤ 

ʩʚʷʟʠ ʩʨʝʜʠ ʥʠʭ ʥʝʪ [19, 234]. 

 

ʊʘʙʣʠʮʘ 1.6 ï ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʨ-ʵʣʝʤʝʥʪʘʤʠ ʇʊ [19, 234]. 
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ʊʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪ. % 
ʇʨʠ 

ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʪʨʫʢ-

ʪʫʨʥʳʡ 

ʪʠʧ ʵʣʝʤʝʥʪʘ 

ʚ ʩʚʠʥʮʝ 

ʩʚʠʥʮʘ 

 ʚ ʵʣʝʤʝʥʪʝ 

1 2 3 4 5 6 7 

ʕʣʝʤʝʥʪʳ IIIB  ʧʦʜʛʨʫʧʧʳ 

B ʅʝʪ ɹʦʨ ʥʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʚʠʥʮʦʤ 

Al  ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

ʅʀ 658.5Á-0.025 ʅʝʪ ʅʝʪ 

Ga ɼʘ ʆʊʈ 

ʄ 

110Á-0.06 

311Á-0.5 

ʅʀ ʅʝʪ ʅʝʪ 

In ɼʘ ʅʊʈ 

ʇ 

100 100 ʅʝʪ ʅʝʪ 

Tl ɼʘ ʅʊʈ 

ʇ 

ʉ 

312Á-13.8 312Á-6.2 Tl3Pb 

Tl7Pb 

Tl2Pb 

- 

- 

- 

ʕʣʝʤʝʥʪʳ IVB ʧʦʜʛʨʫʧʧʳ 

C ʅʝʪ ʉ 1170Á-0.41 

1415Á-0.79 

1555Á-1.6 

ʅʀ PbC2 - 

Si ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

1420Á-3.2 

1550Á-5.5 

1420Á-2.1 ʅʝʪ ʅʝʪ 

Sn ɼʘ ʆʊʈ 

ʕ 

173Á-26.4 

80Á-29 

25Á-2.2 

183Á-1.45 ʅʝʪ ʅʝʪ 

Ge ɼʘ ʕ ʅʀ ʅʀ ʅʝʪ ʅʝʪ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.6 

1 2 3 4 5 6 7 

ʕʣʝʤʝʥʪʳ VB ʧʦʜʛʨʫʧʧʳ 

N ʅʝʪ ʉ ʅʀ ʅʀ Pb3N4 

Pb(N3)2 

Pb(N3)4 

PbN3 

PbN6 

- 

- 

- 

- 

Ŭ PbN6 

P ʅʝʪ ʉ ʅʀ ʅʀ Pb3P2 - 

As ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Sb ɼʘ ʆʊʈ 

ʕ 

252Á-5.8 252Á~2.0 ʅʝʪ  ʅʝʪ  

Bi ɼʘ ʆʊʈ 

ʕ 

ʉ 

184Á~24 

50Á~15 

ʅʀ BiPb 

Bi5Pb3 

Bi7Pb3 

Bi7Pb 

- 

- 

Ŭ La 

- 

ʕʣʝʤʝʥʪʳ VI-VIIB  ʧʦʜʛʨʫʧʧʳ 

O ɼʘ 

(ʯʘʩʪʠʯʥʦ)  

ʕ 

ʄ 

ʉ 

400Á-0.01 

872Á-0.85 

900Á-0.50 

ʅʀ PbO(ɺʊ) 

Pb3O4 

Pb12O17 

Pb12O19 

PbO2 

Pb2O3 

PbO 

Pb3O4 

- 

- 

TiO2 

- 

S ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

ʉ 

300Á-6Ξ10
-4

 

450Á-0.03 

925Á-7.6 

ʅʀ PbS NaCl 

Se ɼʘ ʕ 

ʄ 

ʉ 

390Á-0.026 

825.9Á-10 

1006Á-40 

ʅʀ PbSe NaCl 

Te ɼʘ ʆʊʈ 

ʕ 

ʉ 

300Á-0.0065 25Á-0.85 PbTe NaCl ʠ 

GeS 

Po ʅʝʪ ʉ ʅʀ ʅʀ Pbʈʦ NaCl 

ʅ ʅʝʪ ʉ ʅʀ 600Á-1.85Ŀ10
-6

 Pbʅ4 - 

F ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʇʨʠʤʝʯʘʥʠʝ: ɺʆʊʈ ï ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʆʊʈ ï ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʅʊʈ ï ʥʝʧʨʝʨʳʚʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʕ ï ʵʚʪʝʢʪʠʢʘ, ʄ ï ʤʦʥʦʪʝʢʪʠʢʘ, 

ʇ ï ʧʝʨʠʪʝʢʪʠʢʘ, ʉ ï ʩʦʝʜʠʥʝʥʠʝ, ʅʀ ï ʥʝ ʠʟʫʯʝʥʦ. 

 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 1.6 ʘʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʨ-ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʨʦʝʥʳ ʧʦʯʪʠ 

ʜʣʷ ʚʩʝʭ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ. ʆʪʩʫʪʩʪʚʫʶʪ ʩʠʩʪʝʤʳ ʩ ʙʦʨʦʤ, ʬʦʩʬʦʨʦʤ, ʘʟʦʪʦʤ, 

ʬʪʦʨʦʤ, ʫʛʣʝʨʦʜʦʤ, ʧʦʣʦʥʠʝʤ ʠ ʤʳʰʴʷʢʦʤ. ʀʩʩʣʝʜʦʚʘʥʥʳʝ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ 
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ʛʘʣʣʠʝʤ, ʢʠʩʣʦʨʦʜʦʤ, ʢʨʝʤʥʠʝʤ ʠ ʘʣʶʤʠʥʠʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʬʦʨʤʠʨʦʚʘʥʠʝʤ 

ʫʟʢʠʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʛʦ ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʡ. 

ʆʙʨʘʟʦʚʘʥʠʝ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʪʤʝʯʝʥʦ ʚ ʩʠʩʪʝʤʘʭ Pb-In ʠ 

Pb-Tl. ʍʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʫʩʪʘʥʦʚʣʝʥʳ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʪʘʣʣʠʝʤ, 

ʬʦʩʬʦʨʦʤ, ʘʟʦʪʦʤ, ʢʠʩʣʦʨʦʜʦʤ, ʫʛʣʝʨʦʜʦʤ, ʚʠʩʤʫʪʦʤ, ʩʝʨʦʡ, ʪʝʣʣʫʨʦʤ, ʧʦʣʦʥʠʝʤ, 

ʩʝʣʝʥʦʤ ʠ ʚʦʜʦʨʦʜʦʤ [19, 234]. 

ʆʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ d-ʵʣʝʤʝʥʪʘʤʠ ʇʊ. ʂ d-ʵʣʝʤʝʥʪʘʤ 

ʦʪʥʦʩʷʪʩʷ 32 ʵʣʝʤʝʥʪʘ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ IIIɸ-VIIIɸ ʠ Iɺ-IIɺ ʧʦʜʛʨʫʧʧ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. ʈʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ                  

d-ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʠʞʝ ʚ ʪʘʙʣʠʮʝ 1.7 [234]. 

ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʦʤʫ ʣʠʪʝʨʘʪʫʨʥʦʤʫ ʦʙʟʦʨʫ ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 13 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ d-ʵʣʝʤʝʥʪʘʤʠ ʇʊ (Y, La, Cr, Co, Pd, Ni, Pt, Au, Cu, 

Ag, Zn, Hg, Cd) ʧʦʩʪʨʦʝʥʦ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʵʚʪʝʢʪʠʢʠ, 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʝʨʠʪʝʢʪʠʢʠ [19, 234]. 

 

ʊʘʙʣʠʮʘ 1.7 ï ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ d-ʵʣʝʤʝʥʪʘʤʠ ʇʊ [19, 234]. 

ʕ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ

 

ɼ
ʠ
ʘ
ʛ
ʨ
ʘ
ʤ
ʤ
ʘ
 

ʩ
ʦ
ʩ
ʪ
ʦ
ʷ
ʥ
ʠ
ʷ

 

ʧ
ʦ
ʩ
ʪ
ʨ
ʦ
ʝ
ʥ
ʘ

 

ʊʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪ. % 
ʇʨʠ 

ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʪʨʫʢ-

ʪʫʨʥʳʡ 

ʪʠʧ ʵʣʝʤʝʥʪʘ 

ʚ ʩʚʠʥʮʝ 

ʩʚʠʥʮʘ 

 ʚ ʵʣʝʤʝʥʪʝ 

1 2 3 4 5 6 7 

ʕʣʝʤʝʥʪʳ IIIɸ ʧʦʜʛʨʫʧʧʳ 

Sc ʅʝʪ ʉ ʅʀ ʅʀ Pb3Sc5 Si3Mn5 

Y ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Y5Pb3 

Y5Pb4 

YPb2 

YPb3 

Si3Mn5 

Ge4Sm5 

Si2Zr 

Cu3Au 

La ɼʘ ʕ 

ʉ 

ʅʝʪ ʅʝʪ La5Pb3 

La3Pb4 

La5Pb4 

LaPb3 

Mn5Si3 

P4Th3 

Sm5Ge4 

AuCu3 

Ac ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ IVɸ ʧʦʜʛʨʫʧʧʳ 

Ti ɼʘ 

(ʯʘʩʪʠʯʥʦ) 

ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ 725Á-4.2 Ti4Pb 

Ti2Pb 

- 

- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.7 

1 2 3 4 5 6 7 

Zr ɼʘ 

(ʯʘʩʪʠʯʥʦ) 

ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ 900Á-5 

1100Á-7.5 

Zr5Pb3 Mn5Si3 

Hf ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ Vɸ ʧʦʜʛʨʫʧʧʳ 

V ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

Nb ʥʝʪ ʉ ʅʀ ʅʀ Nb3Pb W 

Ta ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

 ʕʣʝʤʝʥʪʳ VIɸ ʧʦʜʛʨʫʧʧʳ 

Cr ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

1210Á-0.63 

600Á-5Ŀ10
-4

 

ʅʀ ʅʝʪ  ʅʝʪ 

Mo ʅʝʪ ʅʀ 1010Á-10
-4

 

1206Á-0.01 

ʅʀ ʅʀ ʅʀ 

W  ʆɺ 1200Á-0.005 ʅʀ ʅʀ ʅʀ 

ʕʣʝʤʝʥʪʳ VIIɸ ʧʦʜʛʨʫʧʧʳ 

 Mn ɼʘ 
(ʩʭʝʤʘʪʠʯʥʦ) 

ɺʆʊʈ 

ʕ ʠ ʄ 

20Á~0.02 

1198Á-26.4 

ʅʀ ʅʀ ʅʀ 

Tc ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Re ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ VIII ɸ ʧʦʜʛʨʫʧʧʳ 

Fe ɼʘ 

(ʯʘʩʪʠʯʥʦ) 

ɺʆʊʈ 

ʕ 

ʄ 

600Á-

8.5Ŀ10
-4
 

1538Á-

2.7Ŀ10
-4
 

1600Á~0.07 

ʅʀ ʅʀ 

Ru ʅʝʪ ʅʀ ʅʀ ʅʀ ʅʀ ʅʀ 

Os ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Co ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

800Á-0.05 

1550Á-1.15 

326.5Á~ 

1.2Ŀ10
-3
 

ʅʝʪ ʅʝʪ 

Rh ɼʘ 

(ʯʘʩʪʠʯʥʦ) 

ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Rh3Pb 

Rh3Pb2 

RhPb 

Rh5Pb7 

RhPb2 

RhPb4 

Cu3Au 

NiAs 

CoSn 

Rh5 Pb7 

CuAl2 

- 

Ir ʅʝʪ ʉ 

ʇ 

ʅʀ ʅʀ Ir3Pb 

Ir2Pb 

IrPb2 

IrPb 

IrPb3 

- 

- 

- 

NiAs 

- 

 

 

 

 

 

 

 

 

Ni ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

25Á-0.08 

327Á-0.68 

727Á-4.85 

1340Á-50 

1340Á~1.2 ʅʝʪ ʅʝʪ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.7 

1 2 3 4 5 6 7 

Pt ɼʘ ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Pt3Pb 

PtPb 

PtPb4 

Cu3Au 

NiAs 

CuAl2 

Pd ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ 1197Á~14 Pd3Pb 

Pd5Pb3 

ŬPd5Pb3 

Pd13Pb9 

PdPb 

PdPb2 

Cu3Au 

NiAs 

Ni5Gʝ3 

NiAs 

- 

CuAl2 

ʕʣʝʤʝʥʪʳ IB ʧʦʜʛʨʫʧʧʳ 

Cu ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

327Á-0.023 600Á-0.09 ʅʝʪ ʅʝʪ 

Ag ɼʘ ʆʊʈ 

ʕ 

304Á-0.19 200Á-0.3 ʅʝʪ ʅʝʪ 

Au ɼʘ ʆʊʈ 

ʇ 

ʕ 

ʉ 

212.5Á-0.2 434Á-0.11 Au2Pb 

AuPb2 

AuPb3 

MgCu2 

CuAl2 

- 

ʕʣʝʤʝʥʪʳ IIB ʧʦʜʛʨʫʧʧʳ 

Zn ɼʘ ɺʆʊʈ 

ʕ 

ʄ 

318.2Á-0.36 417.8Á~ 

0.32Ŀ10
-5
 

ʅʝʪ ʅʝʪ 

Cd ɼʘ ʆʊʈ 

ʕ 

50Á-0.5 

130Á-1.5 

200Á-2.5 

248Á~ 0.14 ʅʝʪ ʅʝʪ 

Hg ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

95Á~24 

~145Á-40 

0Á~0.9 

18Á-1.3 

HgPb2 - 

ʇʨʠʤʝʯʘʥʠʝ: ɺʆʊʈ ï ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʆʊʈ ï ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʆɺ ï ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʕ ï ʵʚʪʝʢʪʠʢʘ, ʇ ï ʧʝʨʠʪʝʢʪʠʢʘ,             

ʉ ï ʩʦʝʜʠʥʝʥʠʷ, ʄ ï ʤʦʥʦʪʝʢʪʠʢʘ, ʅʀ ï ʥʝ ʠʟʫʯʝʥʦ. 

 

ɼʣʷ 7 ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʢʦʙʘʣʴʪʦʤ, ʤʘʨʛʘʥʮʝʤ, ʭʨʦʤʦʤ, ʞʝʣʝʟʦʤ, ʥʠʢʝʣʝʤ, 

ʤʝʜʴʶ ʠ ʮʠʥʢʦʤ ʦʪʤʝʯʝʥ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ ʪʠʪʘʥʦʤ, ʮʠʨʢʦʥʠʝʤ, ʞʝʣʝʟʦʤ ʠ ʨʦʜʠʝʤ ʧʦʩʪʨʦʝʥʳ ʯʘʩʪʠʯʥʦ, ʘ 

ʩ ʤʘʨʛʘʥʮʝʤ ï ʩʭʝʤʘʪʠʯʥʦ. ʂ ʥʝʠʟʫʯʝʥʥʳʤ ʠʣʠ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʩʠʩʪʝʤʘʤ 

ʦʪʥʦʩʷʪʩʷ 13 ʜʨʫʛʠʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ Sc, Ac, V, Hf, Nb, Ta, W, Mo, Tc, Ir, Re, Os, 

Ru. ʆʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ ʚ 12 ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ Sc, 

Y, La, Ti, Zr, Nb, Rh, Ir, Pd, Pt, Au, Hg [19, 234]. 
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ʆʮʝʥʢʘ ʩʪʝʧʝʥʠ ʠʟʫʯʝʥʥʦʩʪʠ ʜʚʦʡʥʳʭ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ f-ʵʣʝʤʝʥʪʘʤʠ ʇʊ.   

ɺ ʮʝʣʷʭ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ ʩ ʫʯʘʩʪʠʝʤ ʩʚʠʥʮʘ ʠ f-ʵʣʝʤʝʥʪʦʚ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʥʘʤʠ ʧʨʦʠʟʚʝʜʝʥʘ ʦʮʝʥʢʘ ʠʟʫʯʝʥʥʦʩʪʠ ʵʪʠʭ ʩʠʩʪʝʤ ʧʦ 

ʜʘʥʥʳʤ ʦ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ, ʩʫʱʝʩʪʚʫʶʱʠʤ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. 

ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʛʦ ʘʥʘʣʠʟʘ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.8 [19, 234]. 

ʆʙʦʙʱʝʥʠʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʚʠʥʮʘ ʩ   

f-ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʠʟʫʯʝʥʦ, ʠ ʧʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʜʣʷ 9 (ʠʟ 29) ʝʛʦ ʩʠʩʪʝʤ ʩ Pr, Sm, Eu, Gd, Dy, Yb, Lu, U ʠ Pu, ʚ ʢʦʪʦʨʳʭ 

ʫʩʪʘʥʦʚʣʝʥʳ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʘʚʥʦʚʝʩʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ [19, 234]. 

 

ʊʘʙʣʠʮʘ 1.8 ï ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ d-ʵʣʝʤʝʥʪʘʤʠ ʇʊ [19, 234]. 
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ʊʠʧ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Áʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪ. % 

ʇʨʠ 

ʢʨʠʩʪʘʣ-

ʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ 

ʉʪʨʫʢ-

ʪʫʨʥʳʡ 

ʪʠʧ ʵʣʝʤʝʥʪʘ 

ʚ ʩʚʠʥʮʝ 

ʩʚʠʥʮʘ 

ʚ ʵʣʝʤʝʥʪʝ 

1 2 3 4 5 6 7 

Ce ɼʘ 

(ʯʘʩʪʠʯʥʦ) 

ʕ 

ʉ 

ʅʀ ʅʀ CePb 

CePb3 

Ce5Pb4 

Ce5Pb3 

- 

AuCu3 

Sm5Ge4 

Mg5Si3 

Pr ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ 778Á-4 

824Á~5 

Pr3Pb 

Pr5Pb3 

Pr5Pb4 

Pr11Pb10 

PrPb2 

PrPb3 

Pr3Pb4  

AuCu3 

Mn5Si3 

Sm5Ge4 

Ho11Ge10 

HfGa2 

AuCu3 

- 

Nd ʅʝʪ ʉ ʅʀ ʅʀ Nd5Pb3 

Nd5Pb4 

NdPb3 

Mn5Si3 

Sm5Ge4 

AuCu3 

Pm ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Sm ɼʘ ʆʊʈ 

ʕ 
ʇ 

ʉ 

ʅʀ ʅʀ Pb3Sm 

Pb4Sm5 
Pb3Sm5 

Pb2Sm 

Pb10Sm11 

PbSm3 

Cu3Au 

Ge4Sm5 
Si3Mn5 

- 

- 

- 

Eu ɼʘ ɺʆʈ 

ʕ 

ʇ 

ʉ 

ʅʝʟʥʘ-

ʯʠʪʝʣʴʥʦ 

EuPb3 

EuPb 

Eu5Pb3 

Eu2Pb 

AuCu3 

AuCu 

W5Si3 

PbCl2 

- 

- 

- 

- 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.8 

1 2 3 4 5 6 7 

Gd ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ GdPb3 

Gd5Pb4 

Gd5Pb3 

GdPb2 

Gd6Pb7 

AuCu3 

Sm5Ge4 

Mn5Si3 

- 

- 

Tb ʅʝʪ ʉ ʅʀ ʅʀ Pb3Tb5 

Pb4Tb5 

Pb3Tb 

Si3Mn5 

Ge4Sm5 

Cu3Au 

Dy ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Dy5Pb3 

Dy5Pb4 

DyPb2 

DyPb3 

DyPb 

Mn5Si3 

- 

- 

- 

AuCu3  

Ho ʅʝʪ ʉ ʅʀ ʅʀ Ho5Pb3 

Ho5Pb4 

HoPb3 

Mn5Si3 

Sm5Ge4 

AuCu3 

Er ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Tm ʅʝʪ ʉ ʅʀ ʅʀ Pb3Tm5 

Pb4Tm5 

Pb3Tm  

Si3Mn5 

Ge4Sm5 

Cu3Au 

Yb ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

329Á-0.15 ʅʀ Pb3Yb 

ŬPbYb 

Pb3Yb5 

PbYb2 

AuCu3 

AuCu 

Mn5Si3 

Co2Si 

Lu ɼʘ ʆʊʈ 

ʕ 

ʇ 

ʉ 

1285Á-1 ʅʝʪ Lu5Pb3 

ɓLu5Pb4 

Lu6Pb5 

LuPb2 

Mn5Si3 

- 

- 

MoSi2 

Th ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Pa ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

U ɼʘ ɺʆʈ 

ʕ 

ʇ 

ʄ 

ʉ 

ʅʝʟʥʘʯʠʪʝʣʴʥʦ Pb3U 

PbU 

- 

- 

Np ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Pu ɼʘ ʕ 

ʇ 

ʉ 

ʅʀ ʅʀ Pu3Pb 

Pu5Pb3 

Pu5Pb4 

ŬPuPb2 

PuPb3 

Pu4Pb5 

Cu3Au 

W5Si3 

Ti5Ga4 

HfGa2 

Cu3Au 

- 

Am, Cm, Bk. 

ʉʚʝʜʝʥʠʷ ʦʪʩʫʪʩʪʚʫʶʪ Cf, Es, Fm. 

Md, No, Lr. 

ʇʨʠʤʝʯʘʥʠʝ: ɺʆʊʈ ï ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʆʊʈ ï ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʕ ï ʵʚʪʝʢʪʠʢʘ, ʇ ï ʧʝʨʠʪʝʢʪʠʢʘ, ʉ ï ʩʦʝʜʠʥʝʥʠʷ, ʄ ï ʤʦʥʦʪʝʢʪʠʢʘ,        

ʅʀ ï ʥʝ ʠʟʫʯʝʥʦ. 
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ɺ ʩʠʩʪʝʤʝ ʩʚʠʥʮʘ ʩ ʫʨʘʥʦʤ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ ʩ 

ʨʘʩʩʣʘʠʚʘʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ 

ʮʝʨʠʝʤ ʧʦʩʪʨʦʝʥʘ ʯʘʩʪʠʯʥʦ. ʅʠʢʘʢʠʭ ʜʘʥʥʳʭ ʧʦ 15 ʜʚʦʡʥʳʤ ʩʠʩʪʝʤʘʤ ʩʚʠʥʮʘ ʩ 

Pm, Er, Ac, Np, Th, Pa, Am, Cm, Cf, Bk, Es, No, Fm, Lr ʠ Md ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. ɺ 

ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʥʝʦʜʠʤʦʤ, ʪʝʨʙʠʝʤ, ʛʦʣʴʤʠʝʤ ʠ ʪʫʣʠʝʤ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, 

ʢʦʪʦʨʳʝ ʥʝ ʧʦʩʪʨʦʝʥʳ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʚʠʥʮʘ ʩ f-ʵʣʝʤʝʥʪʘʤʠ ʧʦʯʪʠ ʥʝ ʠʟʫʯʝʥʘ [19, 234]. 

 

 

1.3. ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʢʦʤʧʦʥʝʥʪʦʚ 

ɽʱʸ ʚʳʜʘʶʱʠʤʩʷ ʬʠʟʠʢʦʭʠʤʠʢʦʤ ʅ.ʉ. ʂʫʨʥʘʢʦʚʳʤ ʙʳʣʠ ʟʘʣʦʞʝʥʳ 

ʦʩʥʦʚʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ, ʢʦʪʦʨʳʝ ʧʦ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚʳʧʦʣʥʷʶʪ ʨʦʣʴ çʬʫʥʜʘʤʝʥʪʘè ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ 

ʢʦʤʧʦʟʠʮʠʡ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ [21]. 

ʀʟ ʯʠʩʣʘ ʚʝʜʫʱʠʭ ʫʯʝʥʳʭ, ʘʚʪʦʨʘʤʠ ʨʘʙʦʪ [22-28], ʦʛʨʦʤʥʳʡ ʚʢʣʘʜ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʦʣʦʞʝʥʠʡ ʚʥʝʩʣʠ ʄʦʪʪ, ʖʤ-ʈʦʟʝʨʠ, ʇʦʣʠʥʛ, ʂʫʙʘʰʝʚʩʢʠʡ, 

ʄʠʝʜʝʤʘ, ɺ.ʄ. ɺʦʟʜʚʠʞʝʥʩʢʠʡ, ɻʰʥʝʡʜʝʨ, ɺ.ʇ. ɻʣʘʜʳʰʝʚ, ɼʘʨʢʝʥ-ɻʫʨʨʠ [22-28] 

ʠ ʜʨ. [29-46]. ʋʢʘʟʘʥʥʳʝ ʢʨʠʪʝʨʠʠ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʪʴ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤ 

ʩʭʦʞʜʝʥʠʝʤ (80-98%) ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʨʘʟʣʠʯʥʳʡ ʚʠʜ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʩʧʦʣʦʞʝʥʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʝ ʠ ʚʣʠʷʥʠʷ 

ʩʣʝʜʫʶʱʠʭ ʤʝʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ: ʘʪʦʤʥʳʡ ʜʠʘʤʝʪʨ, ʵʣʝʢʪʨʦʥʥʘʷ 

ʢʦʥʬʠʛʫʨʘʮʠʷ ʠ ʩʪʝʧʝʥʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ, ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ, 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, ʵʥʪʨʦʧʠʠ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ, ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʠ, ʪʝʧʣʦʪʳ ʘʪʦʤʠʟʘʮʠʠ, ʢʦʵʬʬʠʮʠʝʥʪʘ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, 

ʦʙʲʸʤʘ ʵʣʝʤʝʥʪʘʨʥʦʡ ʧʨʠʤʠʪʠʚʥʦʡ ʷʯʝʡʢʠ, ʚʠʜʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ ʠ 

ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʞʜʦʛʦ ʬʘʢʪʦʨʘ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʩʯʠʪʘʶʪʩʷ 
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ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʦʮʝʥʢʠ ʠ ʩʚʦʡʩʪʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʥʠ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʤʝʞʜʫ ʩʦʙʦʡ ʠ ʜʦʧʦʣʥʷʶʪ ʜʨʫʛ ʜʨʫʛʘ [234]. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʧʨʠʤʝʥʷʣʠʩʴ ʬʘʢʪʦʨʳ, ʦʮʝʥʠʚʘʶʱʠʝ ʥʝʢʦʪʦʨʳʝ 

ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ: 

1) ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʠʣʠ ʝʸ ʦʪʩʫʪʩʪʚʠʝ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ; 

2) ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʵʣʝʤʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; 

3) ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; 

4) ʵʚʪʝʢʪʠʯʝʩʢʠʝ, ʧʝʨʝʪʝʢʪʠʯʝʩʢʠʝ ʠ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʝ ʨʘʚʥʦʚʝʩʠʷ. 

ʀʩʧʦʣʴʟʫʷ ʢʨʠʪʝʨʠʠ ɺ.ʄ. ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ, ʦʮʝʥʠʚʘʣʠ ʚʦʟʤʦʞʥʦʩʪʴ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ (2.1); ʚ ʪʚʸʨʜʦʤ (2.2) ï 

ɻʣʘʜʳʰʝʚʘ ɺ.ʇ., ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ɺ.ʄ. ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ ʠ 

ɼʘʨʢʝʥʘ-ɻʫʨʨʠ; ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʡ (2.3) ʠ (2.4) ï ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ 

ɺ.ʄ. ʇʨʠ ʵʪʦʤ ʧʨʝʜʫʩʤʘʪʨʠʚʘʣʠʩʴ ʪʝʧʣʦʪʳ ʩʫʙʣʠʤʘʮʠʠ, ʨʘʟʤʝʨʥʳʡ, 

ʩʪʨʫʢʪʫʨʥʳʡ, ʦʙʲʸʤʥʳʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨʳ. ʊʘʢʞʝ ʫʯʠʪʳʚʘʣʠʩʴ 

ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʬʘʢʪʦʨʳ ʩ ʫʯʸʪʦʤ ʧʦʪʝʥʮʠʘʣʘ ʠʦʥʠʟʘʮʠʠ ʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʤʝʞʩʦʙʦʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [19, 234]. 

 

 

1.4. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ, ʱʝʣʦʯʥʳʭ ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ. ʉʚʠʥʝʮ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ 

ʚʧʣʦʪʴ ʜʦ ʊʧʣ = 600.652 ʂ ʠʤʝʝʪ ɻʎʂ ʩʪʨʫʢʪʫʨʫ ʨʝʰʝʪʢʠ ʩ ʧʝʨʠʦʜʦʤ ʧʨʠ 298 ʂ    

¡ = 0.49502 ʥʤ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʚʠʥʮʘ 

ʥʘʩʳʱʘʝʪʩʷ ʚʳʰʝ Ḗ
0
D (ʨʠʩ. 1.1) ʠ ʚʳʰʝ 2 Ḗ

0
D = 900 ʂ ʫʞʝ ʩʣʘʙʦ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʯʪʦ ʩʚʦʡʩʪʚʝʥʥʦ ʥʦʨʤʘʣʴʥʳʤ ʤʝʪʘʣʣʘʤ [47]. ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ 

ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ, ʨʘʩʩʯʠʪʘʥʥʘʷ ʧʦ ʜʘʥʥʳʤ [48] ʠ [49], ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.9. 

ʄʦʜʝʣʴ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʜʘʝʪ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʝʝ ʦʧʠʩʘʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ ʩʚʠʥʮʘ (ʨʠʩ. 1.2). ʇʝʨʚʘʷ ʟʦʥʘ ɹʨʠʣʣʶʵʥʘ ʟʘʧʦʣʥʝʥʘ 
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ʧʦʣʥʦʩʪʴʶ, ʧʦʚʝʨʭʥʦʩʪʴ ʌʝʨʤʠ ʚʦ 2-ʡ ʟʦʥʝ ʩʦʩʪʦʠʪ ʠʟ ʠʩʢʘʞʝʥʥʦʡ ʜʳʨʦʯʥʦʡ 

ʩʬʝʨʳ ʩ ʮʝʥʪʨʦʤ, ʘ ʚ 3-ʡ ʟʦʥʝ ʦʥʘ ʠʤʝʝʪ ʚʠʜ ʤʥʦʛʦ-ʩʚʷʟʘʥʥʦʡ ʩʝʪʢʠ ʪʨʫʙʦʢ. 

ʅʘʢʦʥʝʮ, ʚ 4-ʡ ʟʦʥʝ ʦʥʘ ʠʤʝʪ ʰʝʩʪʴ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʢʘʨʤʘʥʦʚ ʚ ʫʛʣʘʭ ʟʦʥʳ 

ɹʨʠʣʣʶʵʥʘ [50]. 

ʂʦʵʬʬʠʮʠʝʥʪ ʫʧʨʫʛʦʡ ʘʥʠʟʦʪʨʦʧʠʠ ɸ = 2ʩ44/(ʩ11-ʩ12) ʨʘʩʪʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʩʦʙʝʥʥʦ ʨʝʟʢʦ ï ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ (ʨʠʩ. 1.3). ʄʦʜʫʣʴ ʖʥʛʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʚʠʥʮʘ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ, 

ʘ ʟʘʪʝʤ ʙʳʩʪʨʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ. 1.4). 

ʊʝʧʣʦʸʤʢʦʩʪʴ ʩʚʠʥʮʘ ʠʤʝʝʪ ʦʙʳʯʥʫʶ ʜʣʷ ʧʨʦʩʪʳʭ ʤʝʪʘʣʣʦʚ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ (ʨʠʩ. 1.5). ʇʝʨʝʩʝʢʘʷ ʢʣʘʩʩʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 3R ʚ ʦʙʣʘʩʪʠ Ḗ
0
D, ʦʥʘ 

ʜʘʣʝʝ ʣʠʰʴ ʩʣʘʙʦ ʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʣʠʥʝʡʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʣʝʜʩʪʚʠʝ ʚʣʠʷʥʠʷ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʛʦ ʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʢʣʘʜʦʚ, ʘ 

ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʜʦʩʪʠʛʘʝʪ ʟʥʘʯʝʥʠʷ 1.21Ŀ3R. ʇʨʠ ʧʣʘʚʣʝʥʠʠ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʚʦʟʨʘʩʪʘʝʪ ʩʢʘʯʢʦʤ ʝʱʝ ʥʘ 3%, ʥʦ ʧʨʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʚʠʥʮʘ ʥʝʩʢʦʣʴʢʦ 

ʫʤʝʥʴʰʘʝʪʩʷ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʥʥʦʡ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʘ ɔʝ = 3.13 ʤɼʞ/(ʤʦʣʴĿʂ
2
). 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʠʥʮʘ 

ʯʠʩʪʦʪʦʡ 99.999% ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.6. ɺ ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨ 260-550ʂ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ (ʤʢʆʤĿʩʤ) ʚʳʩʦʢʦʯʠʩʪʦʛʦ ʩʚʠʥʮʘ (r = 980) ʦʧʠʩrʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ ɟ=-0.9102+7.0943Ŀ10
-2
Ŀʊ+3.326Ŀ10

-6
Ŀʊ

2
+2.354Ŀ10

-8
Ŀʊ

3
. 

 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (Ŭ) ʩʚʠʥʮʘ. 

ʈʠʩʫʥʦʢ 1.2 ï ʉʭʝʤʘʪʠʯʝʩʢʠʡ 

ʨʠʩʫʥʦʢ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤʠ ʩʚʠʥʮʘ 

ʚ 3-ʡ ʟʦʥʝ. 
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ʊʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʩʚʠʥʮʘ ʠʤʝʝʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ 

ʢʦʵʬʬʠʮʝʥʪ ʚ ʪʚʸʨʜʦʡ ʬʘʟʝ ʠ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʚ ʞʠʜʢʦʡ. ʇʦʛʨʝʰʥʦʩʪʴ 

ʧʨʠʚʝʜʝʥʥʳʭ ʜʘʥʥʳʭ 5.0% ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʦʢʦʣʦ 8.0% ʚʙʣʠʟʠ ʪʦʯʢʠ 

ʧʣʘʚʣʝʥʠʷ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʢʦʣʦ 15% ʚ ʞʠʜʢʦʤ. ɺʩʝ ʜʘʥʥʝr ʦʪʥʦʩʷʪʩʷ ʢ 

ʚrʩʦʢʦʯʠʩʪʦʤʫ (99.999%) ʤʝʪʘʣʣʫ [51]. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʩʚʠʥʮʘ (ʨʠʩ. 1.7), ʧʦʜʦʙʥʦ ʦʣʦʚʫ, ʥʦʩʠʪ ʵʣʝʢʪʨʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʤʝʪʘʣʣʘ, ʩ ɚ
L
e å ɚ

g
ʫ ʚʳʰʝ         

200 ʂ [51]. 

ʈʠʩʫʥʦʢ 1.5 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ 

ʪʝʧʣʦʤyʢʦʩʪʠ (ʉʨ) ʩʚʠʥʮʘ. 

ʈʠʩʫʥʦʢ 1.6 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʚʠʥʮʘ. 

ʈʠʩʫʥʦʢ 1.3 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʫʧʨʫʛʦʡ 

ʘʥʠʟʦʪʨʦʧʠʠ (ɸ) ʩʚʠʥʮʘ. 

ʈʠʩʫʥʦʢ 1.4 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʤʦʜʫʣʷ ʖʥʛʘ (ɽ) 

ʩʚʠʥʮʘ. 
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ʊʝʨʤʦʵʜʩ ʩʚʠʥʮʘ, ʦʩʦʙʝʥʥʦ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, ʠʟʫʯʝʥʘ ʚʝʩʴʤʘ 

ʪʱʘʪʝʣʴʥʦ, ʪʘʢ ʯʪʦ ʚʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʦʥʘ ʧʨʠʥʠʤʘʝʪʩʷ ʵʪʘʣʦʥʥʦʡ ʠ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʝʨʤʦʵʜʩ ʩʚʠʥʮʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʝʨʤʦʵʜʩ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ (ʨʠʩ. 1.8). 

ʂʦʵʬʬʠʮʠʝʥʪ ʍʦʣʣʘ ʩʚʠʥʮʘ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ 0.5Ŀ10
-10

 ʤ
3
/ʂʣ ʠ ʧʨʠ ʧʣʘʚʣʝʥʠʠ ʫʤʝʥʴʰʘʝʪʩʷ ʥʘ 10% [49]. 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 1.9 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ [47-49, 51]. 

ʊ, ʂ 
d, 

ʛ/ʩʤ
3 

Cp, 

ɼʞ/(ʢʛĿʂ) 

ŬĿ10
8
, 

ʤ
2
/ʩ 

ɚ, Bʪ/(ʤĿʂ) RĿ10
8
, 

ʆʤĿʤ 
L/L0 

SĿ10
6
, 

ɺ/ʂ 1 2 3 

1 2 3 4 5 6 7 8 9 10 

50 - 103 35.7 - 43.6 - 2.88 - - 

100 11.531 116.8 29.1 39.2 39.7 38.70 6.349 1.09 -0.583 

200 11.435 123.2 24.3 36.5 36.7 36.22 13.639 1.04 -0.834 

300 11.340 127.5 24.3 35.1 35.3 34.54 21.350 1.02 -1.047 

400 11.245 132.8 22.8 34.1 34.0 33.00 29.842 1.03 - 

500 11.152 137.6 21.5 32.9 32.8 - 38.33 1.03 - 

600 11.059 142.1 20.1 31.6 31.4 - 47.93 1.03 - 

ʈʠʩʫʥʦʢ 1.7 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʧʨʦ-

ʚʦʜʥʦʩʪʠ (ɚ) ʠ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ 

(Ŭ) ʩʚʠʥʮʘ. 

ʈʠʩʫʥʦʢ 1.8 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦʡ ʪʝʨʤʦʵʜʩ (S) 

ʩʚʠʥʮʘ. 
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ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʚʠʥʮʘ 

ʧʦʣʫʯʝʥʳ ʚ ʨʝʞʠʤʝ çʥʘʛʨʝʚʘè. ʇʦ ʯʠʩʪʦ ʬʠʟʠʯʝʩʢʠʤ ʩʦʦʙʨʘʞʝʥʠʷʤ ʩʦʙʣʶʜʝʥʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʤʦʥʦʪʦʥʥʦʛʦ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʲʝʢʪʘ ʚ ʨʝʞʠʤʝ çʥʘʛʨʝʚè 

ʢʨʘʡʥʝ ʩʣʦʞʥʦ ʠʟ-ʟʘ ʥʘʣʠʯʠʷ ʮʝʣʦʡ ʮʝʧʦʯʢʠ ʚʥʝʰʥʠʭ ʬʘʢʪʦʨʦʚ (ʥʘʧʨʷʞʝʥʠʝ ʚ 

ʩʝʪʠ ʧʝʯʠ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʠ ʧʨ.), ʪʦ ʝʩʪʴ ʠʟ-ʟʘ 

ʤʥʦʛʦʬʘʢʪʦʨʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤ ʠ ʧʨʦʩʪʳʤ, ʩ ʵʪʦʡ ʪʦʯʢʠ 

ʟʨʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʨʝʞʠʤ çʦʭʣʘʞʜʝʥʠʷè [52]. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ. ʀʟ ʪʘʙʣʠʮʳ 1.10 ʚʠʜʥʦ, ʯʪʦ ʫ 

ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩ.̫ ʆʜʥʘʢʦ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʣʴʮʠʷ ʢ ʩʪʨʦʥʮʠʶ ʠ 

ʙʘʨʠʶ ʩ ʨʦʩʪʦʤ ʯʠʩʣʦ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʢʦʣʠʯʝʩʪʚʦ 

ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʝ ʚʝʣʠʯʠʥʘ ʪʝʧʣʦʸʤʢʦʩʪʠ ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1.10 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤ Pb-Ca (Sr, Ba) [53, 54]. 

T, K 
Pb Pb+0.5Ca Pb+0.5Sr Pb+0.5Ba ʑɿʄ 

ʊʝʧʣʦʸʤʢʦʩʪʴ, (ɼʞ/(ʢʛĿʂ)) Ca Sr Ba 

300 119.12 202.67 131.26 128.91 647.40 305.70 206.11 

400 128.43 241.81 140.36 138.01 670.39 313.60 258.70 

500 140.83 285.66 152.54 150.20 710.79 327.10 284.50 

ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 1.9 

1 2 3 4 5 6 7 8 9 10 

600, 

652s 

11.058 142.2 20.1 31.6 31.4 - 47.95 1.03 - 

600, 

652l 

10.686 146.4 9.90 15.5 - - 93.6 0.99 - 

800 10.430 143.3 12.7 19.0 - - 102.9 0.99 - 

1000 10.198 140.1 15.0 21.4 - - 112.2 1.0 - 
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ɼʣʷ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) 

ʤʝʪʘʣʣʘʤʠ ʑɿʄ ʫʢʘʟʘʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʪʘʢʞʝ ʩʦʭʨʘʥʷʝʪʩʷ, ʪ.ʝ. ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʸʤʢʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʏʪʦ ʢʘʩʘʝʪʩʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Pb-Ca (Sr, 

Ba) ʟʜʝʩʴ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ ʤʝʪʘʣʣʘ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʚʝʣʠʯʠʥʳ ʪʝʧʣʦʸʤʢʦʩʪʠ. ɺ ʪʘʙʣʠʮʝ 1.10 ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʜʣʷ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʩ 0.5 ʤʘʩ. % ʑɿʄ (Ca, Sr, Ba), ʛʜʝ 

ʚʠʜʥʦ, ʯʪʦ ʣʝʛʠʨʦʚʘʥʠʝ ʩʚʠʥʮʘ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ 

ʧʦʚʳʰʘʝʪ ʝʛʦ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʦʜʥʘʢʦ ʫ ʩʧʣʘʚʦʚ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʣʴʮʠʷ ʢ ʙʘʨʠʶ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʣʷ 

ʯʠʩʪʳʭ ʑɿʄ (Ca, Sr, Ba). ɺʝʣʠʯʠʥʘ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʩʧʣʘʚʦʚ ʚ ʮʝʣʦʤ 

ʧʨʝʚʳʰʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ [55, 56]. 

ɺʳʧʦʣʥʝʥʥʳʝ ʩ ʘʚʪʦʨʘʤʠ [57-59] ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʫʚʝʣʠʯʝʥʠʝ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʩ ʑɿʄ (Ca, Sr, Ba) ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩ ʨʦʩʪʦʤ ʩʦʜʝʨʞʘʥʠʷ ʑɿʄ (Ca, Sr, Ba). ʆʜʥʘʢʦ, ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ 

ʢʘʣʴʮʠʷ ʢ ʩʪʨʦʥʮʠʶ ʠ ʙʘʨʠʶ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ 

ʢʦʨʨʝʣʠʨʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʧʦ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ 0.5 ʤʘʩ. % ʑɿʄ (Ca, 

Sr, Ba) ʙʣʠʟʢʘ ʢ ʪʘʢʦʚʳʤ ʜʣʷ ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ [55, 56]. 

ɺ ʪʘʙʣʠʮʝ 1.11 ʦʙʦʙʱʝʥʳ ʟʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤ Pb-Ca (Sr, Ba) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ. ɺʠʜʥʦ, ʯʪʦ ʩ 

ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʝʣʠʯʠʥʳ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʫʚʝʣʠʯʠʚʘʶʪʩʷ. 

ʇʨʠ ʣʝʛʠʨʦʚʘʥʠʠ ʩʚʠʥʮʘ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʵʥʪʘʣʴʧʠʷ ʠ 

ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Pb-Ca (Sr, Ba) ʚ ʮʝʣʦʤ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʫʤʝʥʴʰʘʝʪʩʷ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʩʚʠʥʮʘ ʑɿʄ (Ca, Sr, Ba). ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʢʘʣʴʮʠʷ ʢ ʩʪʨʦʥʮʠʶ ʠ 

ʙʘʨʠʶ ʚʝʣʠʯʠʥʘ ʵʥʪʘʣʴʧʠʠ ʠ ʵʥʪʨʦʧʠʠ ʫʤʝʥʴʰʘʝʪʩʷ. ʆʜʥʘʢʦ, ʚʝʣʠʯʠʥʳ 

ʫʢʘʟʘʥʥʳʭ ʬʫʥʢʮʠʠ ʪʦʣʴʢʦ ʜʣʷ ʩʧʣʘʚʦʚ ʩ 0.5 ʤʘʩ. % ʙʘʨʠʝʤ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ 

ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ [55, 56]. 
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ʊʘʙʣʠʮʘ 1.11 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʥʪʘʣʴʧʠʠ ʵʥʪʨʦʧʠʷ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʜʣʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ Pb-Ca (Sr, Ba) [56, 57]. 

ʊ, ʂ 
Pb Pb+0.5 Ca Pb+0.5 Sr Pb+0.5 Ba 

ʕʥʪʘʣʴʧʠʷ (ʢɼʞ/(ʤʦʣʴĿʂ)) 

300 10.20 16.51 11.70 11.55 

400 12.19 21.07 14.52 14.32 

500 14.29 26.55 17.61 17.36 

ʕʥʪʨʦʧʠʷ (ɼʞ/(ʤʦʣʴĿʂ)) 

300 298.17 453.15 319.05 316.27 

400 303.88 466.21 329.23 326.31 

500 308.54 478.39 339.58 336.56 

ʕʥʝʨʛʠʷ ɻʠʙʙʩʘ (ɼʞ/(ʤʦʣʴĿʂ)) 

300 -74.99 -119.44 -84.50 -83.81 

400 -95.90 -165.42 -118.69 -117.71 

500 -107.11 -212.66 -155.86 -154.59 

 

ɺ ʨʘʙʦʪʝ [60] ʠʩʩʣʝʜʦʚʘʥʘ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʠ ʩʧʣʘʚʘ ʉʉʫ3 ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʪʘʙʣ. 1.12 ʠ 1.13) ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʠ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʘ Pb-Ca (Ba, Sr) ʦʙʦʙʱʝʥʳ. ʋ ʩʧʣʘʚʦʚ ʩ 0.5% 

ʩʦʜʝʨʞʘʥʠʝʤ ʪʨʝʪʴʝʛʦ ʢʦʤʧʦʥʝʥʪʘ, ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʪʝʧʣʦʸʤʢʦʩʪʠ, ʵʥʪʘʣʴʧʠʠ, 

ʵʥʪʨʦʧʠʠ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ. 

 

ʊʘʙʣʠʮʘ 1.12 ï ɿʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) ʩʧʣʘʚʘ ʉʉʫ3 c 

ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʪʘʣʦʥʘ (Cu). 

ʉʦʜʝʨʞʘʥʠʝ ʣʝʛʠʨʫʶʱʝʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʧʣʘʚʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 

ʉʉʫ3 204.31 352.80 391.10 397.91 453.91 

0.5 Ca 129.01 239.59 422.19 581.11 741.41 

0.5 Sr 120.10 235.80 386.41 390.39 416.50 

0.5 Ba 119.81 230.89 372.01 360.51 389.59 

ʕʪʘʣʦʥ 385.90 391.71 397.60 403.10 408.11 
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ʉʨʘʚʥʝʥʠ ̫ ʧʦʣʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ 

ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʩʧʣʘʚʘ ʩʠʩʪʝʤ ʉʉʫ3+Ca (Sr, 

Ba). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʪʝʧʣʦʸʤʢʦʩʪʴ. ʊʘʢʠʤ 

ʞʝ ʦʙʨʘʟʦʤ ʠʟʤʝʥʷʪʁʩʷ ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ, ʘ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ, ʫʤʝʥʴʰʘʝʪʩʷ. 

 

ʊʘʙʣʠʮʘ 1.13 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ (ʢɼʞ/(ʢʛȚʂ)), ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ 

ʩʧʣʘʚʘ ʉʉʫ3 ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ [60]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʝʛʠʨʫʶʱʝʛʦ ʢʦʤʧʦʥʝʥʪʘ 

ʚ ʩʧʣʘʚʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 

[HÁ(ʊ) ï ʅ(ʊʦ
*
)], ɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

0.0 0.222 11.535 30.722 55.123 83.207 

0.5 Ca 0.039 6.481 22.823 48.216 81.659 

0.5 Sr 0.306 13.582 31.982 51.453 71.418 

0.5 Ba 0.381 14.939 33.232 51.540 69.932 

[SÁ(T) ī SÁ(Tʦ)], ʢɼʞ (ʢʛĿʂ) ʜʣʷ ʩʧʣʘʚʦʚ 

ʉʧʣʘʚ ʉʉʫ3 (1) 0.0008 0.0385 0.0938 0.1566 0.2225 

(1)+0.5 Ca 0.0001 0.0196 0.0629 0.1226 0.1928 

(1)+0.5 Sr 0.0010 0.0416 0.0907 0.1365 0.1786 

(1)+0.5 Ba 0.0013 0.0458 0.0947 0.1378 0.1766 

[GÁ(ʊ) ï GÁ(Tʦ)], ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

ʉʧʣʘʚ ʉʉʫ3 (1) -0.030 -1.945 -6.795 -15.347 -28.039 

(1)+0.5 Ca -0.0001 -0.374 -2.355 -6.938 -14.789 

(1)+0.5 Sr -0.0009 -0.987 -4.294 -9.996 -17.882 

(1)+0.5 Ba -0.0012 -1.121 -4.649 -10.491 -18.357 

ʇʨʠʤʝʯʘʥʠʝ: *ʊʦ = 298.15 ʂ. 

 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʠʪʠʷ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ ʣʠʪʠʡ 

ʠʤʝʝʪ ʥʘʠʤʝʥʴʰʫʶ ʧʣʦʪʥʦʩʪʴ ʠ ʥʘʠʙʦʣʴʰʫʶ ʚʳʩʦʢʫʶ ʤʘʩʩʦʚʫʶ ʫʜʝʣʴʥʫʶ 

ʪʝʧʣʦʸʤʢʦʩʪʴ (3390 ɼʞ/(ʢʛĿʂ)) ʧʨʠ ʦʙʳʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʪʚʝʨʜʦʛʦ ʣʠʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʣʠʪʠʷ ʥʝ 

ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʧʣʘʚʣʝʥʠʠ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʞʠʜʢʦʛʦ ʣʠʪʠʷ. 

ɺ ʨʷʜʫ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ ʣʠʪʠʡ ʠʤʝʝʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʥʶʶ ʚʝʣʠʯʠʥʫ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʦʥ ʠʤʝʝʪ ʙʦʣʴʰʦʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʧʦ 
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ʩʨʘʚʥʝʥʠʶ ʩ ʢʘʣʠʝʤ ʠ ʤʝʥʝʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ, ʯʝʤ ʥʘʪʨʠʡ. ʇʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʣʠʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʚʝʣʠʯʠʥʫ 85 ɺʪ/(ʤĿʂ), ʦʥʘ 

ʩʥʠʞʘʝʪʩʷ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʠ ʩʪʘʥʦʚʠʪʩʷ ʨʘʚʥʦʡ 42.8 ɺʪ/(ʤĿʂ) ʧʦ ʜʦʩʪʠʞʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ. ɺ ʪʘʙʣʠʮʝ 1.14 ʧʨʠʚʝʜʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʣʠʪʠʷ. 

 

ʊʘʙʣʠʮʘ 1.14 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʣʠʪʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ t, Áʉ 

ʇʣʦʪʥʦʩʪʴ 

d, ʢʛ/ʤ
3
 

ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ, 

ʉ, ɼʞ/(ʢʛĿK) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ, 

ʘ,10
6
, ʤ

2
/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ, ɺʪ/(ʤĿʂ) 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ɟĿ10
8
, ʆʤĿʤ 

-223 542 - 713 - 0.162 

-173 540 1869 104 105 1.73 

-73 537 3105 55.3 92.2 5.71 

27 536.8 3585 45.2 86.7 9.55 

127 527.9 3974 38.2 78.9 13.4 

180.7 513.4 4376 19.2 42.8 24.9 

227 513.6 4332 20.3 44.4 26.3 

327 503.4 4262 22.7 47.9 29.3 

527 483 4181 27.1 54.4 34.7 

727 462.6 4149 31.2 59.9 39.7 

927 442.2 4154 34.7 64.9 44.6 

1227 411.5 4226 39.7 69.0 53.2 

 

ʉ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʪʚʝʨʜʦʛʦ ʣʠʪʠʷ ʠ ʜʨʫʛʠʭ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʙʳʩʪʨʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ. ʇʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʣʠʪʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʢʦʣʦ 45Ŀ10
-6
 ʤ/ʩ. 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʪʘʢʞʝ ʫʤʝʥʴʰʘʝʪʩʷ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʴ ʣʠʪʠʷ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʪʨʠʷ. ʅʘʪʨʠʡ ï ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʧʝʨʚʦʡ 

ʛʨʫʧʧʳ ʩ ʘʪʦʤʥʳʤ ʥʦʤʝʨʦʤ 11 ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʵʣʝʤʝʥʪʦʚ, ʧʨʠ 
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ʥʦʨʤʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ï ʩʝʨʝʙʨʠʩʪʦ-ʙʝʣʳʡ ʤʝʪʘʣʣ, ʧʣʘʩʪʠʯʝʥ, ʩʚʝʞʠʡ ʩʨʝʟ ʥʘʪʨʠʷ 

ʙʣʝʩʪʠʪ, ʤʷʛʦʢ ʠ ʣʝʛʢʦ ʨʝʞʝʪʩʷ ʥʦʞʦʤ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.15. 

 

ʊʘʙʣʠʮʘ 1.15 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʥʘʪʨʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ t, Áʉ 

ʇʣʦʪʥʦʩʪʴ 

d, ʢʛ/ʤ
3
 

ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ, 

ʉ, ɼʞ/(ʢʛĿK) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ, 

ʘ,10
6
, ʤ

2
/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ, ɺʪ/(ʤĿʂ) 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ɟĿ10
8
, ʆʤĿʤ 

100 928 1385 67.0 86.1 1.15 

200 903 1325 68.2 81.6 0.74 

300 878 1280 67.2 75.7 0.59 

400 854 1270 63.5 68.8 0.52 

500 829 1270 60.3 63.9 0.48 

600 805 1275 58.5 60.6 0.44 

700 780 1275 59.4 59.1 0.39 

 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʥʘʪʨʠʷ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʪʘʙʣ. 

1.15). ʅʘʪʨʠʡ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ 

ʞʠʜʢʦʛʦ ʥʘʪʨʠʷ ʠʤʝʝʪ ʚʝʣʠʯʠʥʫ 60-86 ɺʪ/(ʤĿʛʢ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ 

ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʥʘʪʨʠʡ ʦʙʣʘʜʘʝʪ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʣʠʷ. ʂʘʣʠʡ ʦʯʝʥʴ ʤʷʛʢʠʡ ʤʝʪʘʣʣ, ʢʦʪʦʨʳʡ 

ʣʝʛʢʦ ʨʘʟʨʝʟʘʪʴ ʦʙʳʯʥʳʤ ʥʦʞʦʤ. ɽʛʦ ʪʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ ʩʦʩʪʘʚʣʷʝʪ            

400 ʅɺ/ʤ
2
 (ʠʣʠ 0.04 ʢʛʩ/ʤʤ

2
). ʆʥ ʠʤʝʝʪ ʦʙʲʤyʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʫʶ ʢʫʙʠʯʝʩʢʫʶ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʝʪʢʫ (5 = 5.33 ¡). ɽʛʦ ʧʣʦʪʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 0.862 ʛ/ʩʤ
3
 

(20Áʉ). ɺʝʱʝʩʪʚʦ ʥʘʯʠʥʘʝʪ ʧʣʘʚʠʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 63.55Áʉ, ʟʘʢʠʧʘʪʴ - ʧʨʠ 

760Áʉ. ʀʤʝʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ, ʢʦʪʦʨʳʡ ʨʘʚʥʷʝʪʩʷ  

8.33Ŀ10
-5
 (0-50Áʉ). ɽʛʦ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20Áʉ ʩʦʩʪʘʚʣʷʝʪ 

741.2 ɼʞ/(ʢʛĿʂ) ʠʣʠ ʞʝ 0.177 ʢʘʣ/(ʛ.Áʉ). ʇʨʠ ʪʦʡ ʞʝ ʪʝʤʧʝʨʘʪʫʨʝ ʠʤʝʝʪ ʫʜʝʣʴʥʦʝ 
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ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ, ʨʘʚʥʦʝ 7.118Ŀ10
-8
 ʆʤ.ʤ. ʊʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʤʝʪʘʣʣʘ ʩʦʩʪʘʚʣʷʝʪ 5.8Ŀ10
-15
. ʂʘʣʠʡ ʦʙʨʘʟʫʝʪ ʢʨʠʩʪʘʣʣʳ 

ʢʫʙʠʯʝʩʢʦʡ ʩʠʥʛʦʥʠʠ, ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ I m3m, ʧʘʨʘʤʝʪʨʳ ʷʯʝʡʢʠ             

¡ = 0.5247 ʥʤ, Z = 2. 

ɺ ʪʘʙʣʠʮʝ 1.16 ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʞʠʜʢʦʛʦ ʢʘʣʠʷ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

 

ʊʘʙʣʠʮʘ 1.16 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʦʩʦʙʦ ʯʠʩʪʦʛʦ ʢʘʣʠʷ 

ʊʝʤʧʝʨʘ-

ʪʫʨʘ t, Áʉ 

ʇʣʦʪʥʦʩʪʴ 

d, ʢʛ/ʤ
3
 

ʋʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ, 

ʉ, ɼʞ/(ʢʛĿK) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʤʧʝʨʘʪʫʨʦ-

ʧʨʦʚʦʜʥʦʩʪʠ, 

ʘ,10
6
, ʤ

2
/ʩ 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 

ɚ, ɺʪ/(ʤĿʂ) 

ʋʜʝʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ 

ʩʦʧʨʦʪʠʚʣʝʥʠʝ 

ɟĿ10
8
, ʆʤĿʤ 

100 818 817 69.5 46.50 0.81 

200 795 792 73.0 46.00 0.59 

300 773 775 73.5 43.11 0.49 

 

ɿʘ ʠʩʢʣʶʯʝʥʠʝʤ ʥʘʪʨʠʷ ʠ ʢʘʣʠʷ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʦʪʦʨʳʭ ʠʤʝʝʪ 

ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʠʭ ʪʝʤʧʝʨʘʪʫʨʳ. ʅʘʪʨʠʡ ï ʥʘʠʙʦʣʝʝ ʪʝʧʣʦʧʨʦʚʦʜʥʳʡ ʞʠʜʢʠʡ ʤʝʪʘʣʣ, 

ʩ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ 60-86 ɺʪ/(ʤĿʛʨʘʜ.). 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʞʠʜʢʠʤʠ ʤʝʪʘʣʣʘʤʠ ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ ʑʄ 

(ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴʶ. 

ʂʘʣʴʮʠʡ. ʂʘʣʴʮʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠʤʝʝʪ ʜʚʝ 

ʢʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʝ ʤʦʜʠʬʠʢʘʮʠʠ ɻʎʂ ʛʨʘʥʝʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʢʫʙʠʯʝʩʢʘʷ (Ŭ-Ca) 

ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʝʪʢʠ ¡ = 0.55884 ʥʤ ʧʨʠ 299 ʂ ʠ ʆʎʂ ʦʙʲyʤʥʦ-ʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

ʢʫʙʠʯʝʩʢʘʷ (ɓ-ʉʘ) ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʸʪʢʠ ¡ = 0.448 ʥʤ ʧʨʠ 740 ʂ, ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʝʨʝʭʦʜʘ ʤʝʞʜʫ ʢʦʪʦʨʳʤ 716 ʂ ʧʦ [53] 737 ʠ 740 ʂ ʧʦ [54]. 

ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʊʂʃʈ Ŭ-ʢʘʣʴʮʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 1.9. ʆʥʘ 

ʷʚʣʷʝʪʩʷ ʪʠʧʠʯʥʦʡ ʜʣʷ ʧʨʦʩʪʳʭ ʤʝʪʘʣʣʦʚ ʩ ʩʠʣʴʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʜʦ 

Ḗ
0
D, ʣʠʥʝʡʥʦʡ ʠ ʩʣʘʙʦʡ ï ʚʳʰʝ ʥʝʝ. ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʘʣʴʮʠʷ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 1.17. ɺʳʰʝ 700 ʂ ʦʥʠ 
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ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ. ʅʘʣʠʯʠʝ ʚ ʢʘʣʴʮʠʠ ʤʘʣʳʭ ʵʣʝʢʪʨʦʥʥʳʭ ʢʘʨʤʘʥʦʚ ʚʦ ʚʪʦʨʦʡ 

ʟʦʥʝ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ,ʯʪʦ ʝʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʜʘʚʣʝʥʠʷ 

[52]. 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʚʝʜʝʥʠʷ ʦʙ ʫʧʨʫʛʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʘʛʥʠʷ ʧʨʠ 

ʊ=300 ʂ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.18. ʅʠʞʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʟʥʘʯʝʥʠʷ ʤʦʜʫʣʷ ʖʥʛʘ 

ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʢʘʣʴʮʠʷ ʚ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ 93-873 ʂ [49, 51]. 

 

ʊ, ʂ 93 293 473 673 873 

ɽĿ10
-11
, ʇʘ 20.6 9.6 17.7 15.7 12.3 

 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʸʤʢʦʩʪʠ ʢʘʣʴʮʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.10 ʠ ʚ ʪʘʙʣʠʮʝ 

1.17. ʆʪʤʝʪʠʤ ʩʭʦʜʩʪʚʦ ʟʘʚʠʩʠʤʦʩʪʝʡ ʉʨ(ʊ) ʠ Ŭ(ʊ) ʢʘʣʴʮʠʷ ʚ Ŭ-ʦʙʣʘʩʪʠ.                 

ɺ ɓ-ʦʙʣʘʩʪʠ ʦʪʤʝʯʘʝʪʩʷ ʘʥʦʤʘʣʴʥʳʡ ʨʦʩʪ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʨʠ ʧʨʠʙʣʠʞʝʥʠʠ ʢ ʪʦʯʢʝ 

ʧʣʘʚʣʝʥʠʷ, ʩʦʧʨʦʚʘʞʜʘʶʱʠʡʩʷ ʙʦʣʴʰʠʤ ʩʢʘʯʢʦʤ ʚʥʠʟ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʞʠʜʢʦʝ 

ʩʦʩʪʦʷʥʠʝ, ʪʘʢ ʯʪʦ ʉʨ
ʞ
/3R = 1.28. 

 

 

 

ʈʠʩʫʥʦʢ 1.9 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (Ŭ) ʢʘʣʴʮʠʷ. 

ʈʠʩʫʥʦʢ 1.10 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʤyʢʦʩʪʠ 

(ʉʨ) ʢʘʣʴʮʠʷ. 
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ʊʘʙʣʠʮʘ 1.17 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʘʣʴʮʠʷ [49, 51]. 

ʇʨʠʤʝʯʘʥʠʝ: 
*
ɼʘʥʥʳʝ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ. 

 

ʂʘʢ ʩʣʝʜʫʝʪ ʠʟ ʪʘʙʣʠʮ r 1.17 ʧʨʝʮʠʟʠʦʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʢʦʪʦʨʝr ʫʤʝʥʴʰʝʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʢʘʣʴʮʠʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʤʧʣʦʤyʢʦʩʪʠ ʢʘʣʴʮʠʷ ɔʝ = 2.9 

ʤɼʞ/(ʤʦʣʴĿʂ
4
) [49, 51]. 

ʉʚʝʜʝʥʠʷ ʦʙ ʫʜʝʣʴʥʦʡ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʠ ʢʘʣʴʮʠʷ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.11 ʠ ʚ ʪʘʙʣʠʮʝ 1.17. ʆʙʦʙʱʝʥʥʳʝ ʜʘʥʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʊ, ʂ D, ʛ/ʩʤ
3
 Cp, ɼʞ/(ʢʛĿʂ) 

ŬĿ10
8
, 

ʤ
2
/ʩ 

ʊʝʧʣʦʧʨʦʚʦʜ-

ʥʦʩʪʴ ɚ, Bʪ/(ʤĿʂ) 

RĿ10
8
, 

ʆʤĿʤ 

50 - - - - - 0.232 

100 1.552 500.0 - - - 0.868 

200 1.540 612.8 - 230 - 2.14 

300 1.528 647.4 647.4 199
 

198
 

3.45
 

400 1.517 670.4 670.4 178
*  

182
* 

4.73
 

500 1.505 710.8 710.8 166
*  

176
* 

6.02
 

600 1.549 758.0 758.0 152
*  

173
* 

7.35
*  

700 1.547 808.5 808.5 140
*  

173
* 

8.70
*  

716Ŭ 1.52 816.8 816.8 142
*  

179
* 

8.92
*  

716ɓ - 786.0 786.0 138
*  

165
* 

- 

800 - 843.8 859.5 125
*  

160
* 

10.0
*  

900 - 915.9 928.1 94.2
*  

131
* 

11.4
*  

1000 - 990.7 983.5 81.0
*  

121
* 

12.8
*  

1100 - 1066.9 1072.8 - - 14.3
*  

1115s - 1078.4 1137.7 - - 14.5
*  

1115l - 773.5 814.9 - - 33.0
*  

1200 - 773.5 808.4 - - 33.0
*  

1400 - 773.5 793.2 - - - 

1600 - 773.5 778.7 - - - 
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ʧʦʛʨʝʰʥʦʩʪʴʁ  ʚ 5% ʜʦ 300 ʂ ʠ 20% ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʦʪʥʦʩʠʪʩʷ 

ʢ ʤʝʪʘʣʣʫ ʩ r = 70 ʯʠʩʪʦʪʦʡ 99.96%. ɺʳʰʝ 300 ʂ ʦʥʠ ʤʦʛʫʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʣʠʰʴ 

ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʜʘʥʥʳʝ. ɺ ʮʝʣʦʤ ʟʘʚʠʩʠʤʦʩʪʴ ɟ(ʊ) ʙʣʠʟʢʘ ʢ ʦʞʠʜʘʝʤʦʡ ʠʟ 

ʬʦʨʤʫʣʳ ɹʣʦʭʘ-ɻʨʶʥʝʡʟʝʥʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʢʘʣʴʮʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.17, ʩʣʝʜʫʝʪ 

ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʣʠʰʴ ʢʘʢ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ʦʢʦʣʦ 30%. ʉʚʝʜʝʥʠʷ ʦ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ, ʧʨʠʚʝʜʝʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 1.12, ʪʘʢʞʝ ʦʪʣʠʯʘʶʪʩʷ ʙʦʣʴʰʦʡ 

ʥʝʦʧʨʝʜʝʣʸʥʥʦʩʪʴʶ. ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʢʘʣʴʮʠʷ ʥʦʩʠʪ ʚ ʦʩʥʦʚʥʦʤ ʵʣʝʢʪʨʦʥʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʘ ʨʘʟʣʠʯʠʝ ʜʘʥʥʳʭ [61] ʠ [62] ʩʚʷʟʘʥʦ, ʚʦʟʤʦʞʥʦ, ʩ ʚʣʠʷʥʠʝʤ ʧʨʠʤʝʩʝʡ. 

ʊʝʨʤʦʵʜʩ ʢʘʣʴʮʠʷ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʠ ʨʘʩʪʸʪ ʩ ʧʦʚʳʰʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ (ʨʠʩ. 1.13), ʭʦʪʷ ʜʣʷ ʢʘʣʴʮʠʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ dS/dT<0 [63]. 

 

 

ʈʠʩʫʥʦʢ 1.11 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʣɻʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟ) 

ʢʘʣʴʮʠʷ. 

 

 

 

1-[61] ʜʣʷ ɚʝ
L
-ʟʥʘʯʝʥʠʝ ɟ ʠʟ [55]; 

2-[62] ɚʝ
L
-ʦʮʝʥʢʠ ʧʦ ʜʘʥʥʳʤ [62]. 

1-[62]; 2-[63]; 3-ʦʙʦʙʱʝʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʜʣʷ ʤʝʪʘʣʣʦʚ II ɸ 

ʧʦʜʛʨʫʧʧʳ. 

ʈʠʩʫʥʦʢ 1.12 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚ), ʢʘʣʴʮʠʷ. 

 

ʈʠʩʫʥʦʢ 1.13 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʘʙʩʦʣʶʪʥʦʡ ʪʝʨʤʦʵʜʩ (S) 

ʢʘʣʴʮʠʷ (ʉʨ), ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ. 
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ʊʘʙʣʠʮʘ 1.18 ï ʋʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʝʪʘʣʣʦʚ ʧʦʜʛʨʫʧʧʳ ʤʘʛʥʠʷ ʧʨʠ              

ʊ = 300 ʂ [49]. 

ʄʝʪʘʣʣ EĿ10
-10

, ʇʘ GĿ10
-10

, ʇʘ KĿ10
-10

, ʇʘ ɛ 

Ca 2.0 0.75 1.76 0.31 

Sr 1.29 0.5 0.98 0.28 

Ba 1.6
*  

0.62
* 

1.23 0.28
*  

ʇʨʠʤʝʯʘʥʠʝ: 
*
ʈʘʩʯʝʪʥʳʝ ʟʥʘʯʝʥʠʷ. 

 

ʉʪʨʦʥʮʠʡ. ʇʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʥʠʞʝ 488 ʂ ʩʪʨʦʥʮʠʡ ʠʤʝʝʪ ɻʎʂ 

ʩʪʨʫʢʪʫʨʫ ʨʝʰʝʪʢʠ ʩ ʧʝʨʠʦʜʦʤ ¡ = 0.60849 ʥʤ ʧʨʠ 298 ʂ. 

ɺ ʨʷʜʝ ʩʧʨʘʚʦʯʥʠʢʦʚ [64, 65] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʤʝʞʜʫ 488 ʠ 815-820 ʂ ʦʥ 

ʧʝʨʝʭʦʜʠʪ ʚ ɻʇʋ ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ ʧʣʦʪʥʦʫʧʘʢʦʚʘʥʥʘʷ ʤʦʜʠʬʠʢʘʮʠʶ, ʥʦ ʚ ʨʘʙʦʪʝ 

[66] ʫʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ɻʎʂ ʩʪʨʫʢʪʫʨʘ ʩʪʘʙʠʣʴʥʘ ʜʦ 830 ʂ, ʛʜʝ ʦʥʘ ʧʝʨʝʭʦʜʠʪ ʚ 

ʆʎʂ ʩ ʧʝʨʠʦʜʦʤ ¡ = 0.485 ʥʤ ʧʨʠ 887 ʂ. ɺ ʦʙʟʦʨʝ [67] ʧʨʠʚʝʜʝʥʳ ʠʥʳʝ 

ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʳʭ ʧʝʨʝʭʦʜʦʚ: ʊŬ-ɓ = 828 ʂ;     ʊʧʣ = 1041 ʂ. 

ʇʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʣʠʥʝʡʥʦʛʦ 

ʪʝʨʤʠʯʝʩʢʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʩʪʨʦʥʮʠʷ Ŭ = 23Ŀ10
-6
 ʂ

-1
, ʜʣʷ ɓ-ʦʙʣʘʩʪʠ Ŭ = 20Ŀ10

-6
 ʂ

-1
. 

ʉʚʝʜʝʥʠʷ ʦ ʧʣʦʪʥʦʩʪʠ ʩʪʨʦʥʮʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʠʟ ʟʥʘʯʝʥʠʷ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.19 [49]. 

ʕʣʝʢʪʨʦʥʥʘʷ ʩʪʨʫʢʪʫʨʘ ɻʎʂ ʨʝʰʝʪʢʠ ʩʪʨʦʥʮʠʷ ʧʦʜʦʙʥʘ ʪʘʢʦʚʦʡ ʜʣʷ 

ʢʘʣʴʮʠʷ, ʥʦ ʜʳʨʦʯʥʳʝ ʠ ʵʣʝʢʪʨʦʥʥʳʝ ʢʘʨʤʘʥʳ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʠʝ 

ʨʘʟʤʝʨʳ [50]. 

ʉʚʝʜʝʥʠʷ ʦʙ ʫʧʨʫʛʠʭ ʩʚʦʡʩʪʚʘʭ ʩʪʨʦʥʮʠʷ ʦʛʨʘʥʠʯʝʥ ʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʥʦʩʷʪ 

ʣʠʰʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ. 

ʊʝʧʣʦʸʤʢʦʩʪʴ ʩʪʨʦʥʮʠʷ ʠʤʝʝʪ ʚ Ŭ-ʦʙʣʘʩʪʠ ʪʘʢʫʶ ʞʝ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʢʘʢ ʫ ʢʘʣʴʮʠʷ ʠ ʤʘʛʥʠʷ (ʨʠʩ. 1.14). ɽʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ɓ-ʬʘʟʳ ʟʘʤʝʪʥʦ 

ʚʳʰʝ, ʯʝʤ ʜʣʷ Ŭ-ʬʘʟʳ ʠ ʜʣʷ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ. ʆʪʤʝʪʠʤ, ʯʪʦ ʜʘʥʥʳʝ [68] 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʸʤʢʦʩʪʠ ʚ 

ʞʠʜʢʦʡ ʬʘʟʝ. ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʪʨʦʥʮʠʷ ɔʝ = 36 

ʤɼʞ/(ʤʦʣʴĿʂ
2
) [49, 53, 57]. 
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ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʩʪʨʦʥʮʠʷ ʧʨʠʚʝʜʝʥʘ ʥʘ 

ʨʠʩʫʥʢʝ 1.15 ʠ ʚ ʪʘʙʣʠʮʝ 1.19. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [55], ʥʝ ʧʦʢʘʟʳʚʘʶʪ 

ʢʘʢʦʛʦ-ʣʠʙʦ ʠʟʤʝʥʝʥʠʷ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʚʙʣʠʟʠ ʪʦʯʢʠ ʧʨʝʜʧʦʣʘʛʘʝʤʦʛʦ 

ʧʝʨʝʭʦʜʘ ɻʎʂ-ɻʇʋ, ʪʘʢ ʯʪʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ɻʇʋ-ʬʘʟʳ 

ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʘʪʠʯʥʦʡ. ɼʘʥʥʳʝ ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 1.19 ʦʪʥʦʩʷʪʩʷ ʢ 

ʤʝʪʘʣʣʫ ʯʠʩʪʦʪʦʡ 99.95% ʩ r = 16; ʠʭ ʧʦʛʨʝʰʥʦʩʪʴ, ʩʦʛʣʘʩʥʦ [55], ʩʦʩʪʘʚʣʷʝʪ 5% ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 50 ʜʦ 815 ʂ, 10% ï ʜʦ ʪʦʯʢʠ ʧʣʘʚʣʝʥʠʷ ʠ 20% ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

 

ʊʘʙʣʠʮʘ 1.19 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʪʨʦʥʮʠʷ [47, 49]. 

ʊ, ʂ d, ʛ/ʩʤ
2
 ʉʨ, ɼʞ/(ʢʛĿʂ) ŬĿ10

6
, ʤ

2
/ʩ ɚ, ɺʪ/(ʤĿʂ) RĿ10

8
, ʆʤĿʤ 

1 2 3 4 5 6 7 8 

50 - - - - - - 2.01 

100 - 268.0 - - - - 4.58 

200 - 293.5 - - - - 9.04 

300 2.63 305.7 305.8 45.2 36.3 48.6 13.5 

400 2.61 313.6 313.4 39.0
*
 31.9

*
 - 17.8 

500 2.59 327.1 327.0 32.6
*
 27.6

*
 - 22.2 

600 2.58 342.9 342.9 30.0
*
 27.4

*
 - 26.7 

700 2.57 359.8 359.6 29.6
*
 27.7

*
 - 31.2 

800 2.55 377.2 277.1 29.4
*
 28.5

*
 - 35.6 

830 2.54 382.2 382.2 - 28.6
*
 - 36.1

*
 

850 - 413.0 436.3 23.7
*
 - - 48.8 

900 - 424.9 467.5 23.3
*
 - - - 

1000 - 441.3 510.8 - - - 62.2
*
 

1040 - 448.1 528.6 - - - 64.8
*
 

1050 - 410.9 470.1 - - - 84.8
*
 

1200 - 410.9 453.1 - - - - 

1400 - 410.9 435.3 - - - - 

1600 - 410.9 421.4 - - - - 

ʇʨʠʤʝʯʘʥʠʝ: 
*
ɼʘʥʥʳʝ ʪʨʝʙʫʶʪ ʫʪʦʯʥʝʥʠʷ. 

 

ɿʘʚʠʩʠʤʦʩʪʴ ɟ(ʊ) ʙʣʠʟʢʘ ʢ ʦʞʠʜʘʝʤʦʡ ʠʟ ʚʳʨʘʞʝʥʠʷ ɹʣʦʭʘ-ɻʨʶʥʘʡʟʝʥʘ. 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʨʦʥʮʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʨʘʙʦʪʝ [56] ʠ ʚ 

ʪʘʙʣʠʮʝ 1.19, ʷʚʣʷʶʪʩʷ ʣʠʰʴ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤʠ, ʧʦʩʢʦʣʴʢʫ ʦʪʩʫʪʩʪʚʫʶʪ 
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ʨʝʟʫʣʴʪʘʪʳ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʠ ʠʭ ʧʦʛʨʝʰʥʦʩʪʴ 

ʦʮʝʥʠʚʘʝʪʩʷ ʚ 25%. ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʩʪʨʦʥʮʠʷ ʪʘʢʞʝ ʥʫʞʜʘʶʪʩʷ ʚ 

ʫʪʦʯʥʝʥʠʠ (ʨʠʩ. 1.16). ɼʘʥʥʳʝ [62] ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʤʝʪʘʣʣʫ ʩ r = 15.5. 

 

 

ʈʠʩʫʥʦʢ 1.14 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʤʧʣʦʤyʢʦʩʪʠ (ʉʨ) 

ʩʪʨʦʥʮʠʷ. 

 

 

 

 

ɼʣʷ ʥʠʭ ɚ = ɚe
L
 ʭʦʪʷ, ʚʦʟʤʦʞʥʦ, ʠʤʝʝʪ ʤʝʩʪʦ ʟʘʥʠʞʝʥʠʝ ʬʫʥʢʮʠʠ ʃʦʨʝʥʮʘ. 

ʊʝʨʤʦʵʜʩ ʩʪʨʦʥʮʠʷ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ ʪʦʯʢʫ 

ʠʥʚʝʨʩʠʠ ʚʙʣʠʟʠ 200 ʂ (ʩʤ. ʨʠʩ. 1.13) [49, 51]. 

ʈʠʩʫʥʦʢ 1.15 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʛʦ ʵʣʝʢʪʨʦʩʦʧʨʦ-

ʪʠʚʣʝʥʠʷ (ɟ) ʩʪʨʦʥʮʠʷ. 

ʈʠʩʫʥʦʢ 1.16 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ (ɚ), ʩʪʨʦʥʮʠʷ. 
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ɹʘʨʠʡ. ɹʘʨʠʡ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʠʤʝʝʪ ʆʎʂ ʩʪʨʫʢʪʫʨʫ ʨʝʰʝʪʢʠ ʩ 

ʧʝʨʠʦʜʦʤ ¡ = 0.5013 ʥʤ ʧʨʠ 298 ʂ. ɺ ʨʘʙʦʪʝ [49] ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʨʠʤʝʩʠ ʤʦʛʫʪ 

ʧʨʠʚʦʜʠʪʴ ʢ ʘʥʦʤʘʣʠʷʤ ʚ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʙʘʨʠʷ ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʦʪʦʞʜʝʩʪʚʣʷʝʤʳʤ ʩʦ ʩʪʨʫʢʪʫʨʥʳʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ 

ʙʘʨʠʷ, ʧʦ ʜʘʥʥʳʤ ʨʘʟʥʳʭ ʘʚʪʦʨʦʚ, ʣʝʞʠʪ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 950 ʜʦ 1004 ʂ; ʧʦ ʜʘʥʥʳʤ 

[59] 995 Ñ3 ʂ, ʧʨʠ ʵʪʦʤ ʦʪʤʝʯʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʝʝ ʧʦʚʳʰʝʥʠʶ ʧʦ ʤʝʨʝ ʨʦʩʪʘ 

ʩʪʝʧʝʥʠ ʯʠʩʪʦʪʳ ʦʙʨʘʟʮʘ [49, 51]. 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʚʦʤ ʨʘʩʰʠʨʝʥʠʠ ʙʘʨʠʷ ʜʦʚʦʣʴʥʦ ʩʢʫʜʥʳ. ʅʘ ʨʠʩʫʥʢʝ 1.17 

ʧʨʠʚʝʜʝʥʳ ʠʤʝʶʱʠʝʩʷ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [48] ʜʘʥʥʳʝ, ʧʦʢʘʟʳʚʘʶʱʠʝ ʥʘ ʪʦ, ʯʪʦ 

ʦʙʱʠʡ ʚʠʜ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠ ʟʥʘʯʝʥʠʷ Ŭ ʙʘʨʠʷ ʙʣʠʟʢʠ ʢ ʪʘʢʦʚʳʤ ʜʣʷ 

ʤʘʛʥʠʷ ʠ ʩʪʨʦʥʮʠʷ. ʇʣʦʪʥʦʩʪʴ ʙʘʨʠʷ ʧʨʠ ʢʦʤʥʘʪʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ d = ~3.594 

ʛ/ʩʤ
3
, ʘ ʝʝ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ, ʪʘʢʞʝ ʠʤʝʶʱʘʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ, ʧʦʣʫʯʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʳʭ ʦ ʩʨʝʜʥʝʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ 

ʢʦʵʬʬʠʮʠʝʥʪʝ ʣʠʥʝʡʥʦʛʦ ʨʘʩʰʠʨʝʥʠʷ ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʠ ʧʨʠʚʝʜʝʥʘ ʚ ʪʘʙʣʠʮʝ 

1.20 [48, 49, 51, 53]. 

ʉʪʨʫʢʪʫʨʘ ʧʦʚʝʨʭʥʦʩʪʠ ʌʝʨʤ rʙʘʨʠʷ ʠʤʝʝʪ ʥʝʢʦʪʦʨʦʝ ʩʭʦʜʩʪʚʦ ʩ ʪʘʢʦʚʳʤʠ 

ɻʎʂ ʢʘʣʴʮʠʷ ʠ ʩʪʨʦʥʮʠʷ [50]. 

ʀʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʫʧʨʫʛʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʘʨʠʷ ʧʨʠ ʊ = 293 ʂ: 

ɜl = 2235 ʤ/ʩ; ɽ = 1.585Ŀ10
10

 ʇʘ; G = 0.645Ŀ10
10

 ʇʘ; 

ɜt = 1325 ʤ/ʩ; ʂ = 0.976Ŀ10
10

 ʇʘ; ɛ = 0.229. 

ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʸʤʢʦʩʪʠ ʙʘʨʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.20 ʠ ʥʘ ʨʠʩʫʥʢʝ 1.18. 

ɺʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨ ʦʥʠ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʩʠʣʴʥʳʤ ʚʣʠʷʥʠʝʤ ʧʨʠʤʝʩʝʡ. ɺ ʨʷʜʝ ʨʘʙʦʪ [59, 60] ʦʪʤʝʯʘʣʦʩʴ, ʯʪʦ ʚ 

ʙʦʣʝʝ ʯʠʩʪʳʭ ʦʙʨʘʟʮʘʭ ʘʥʦʤʘʣʠʡ ʧʨʠ ʩʨʝʜʥʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ 

ʵʪʦʡ ʩʚʷʟʠ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʜʘʥʥʳʝ ʨʘʙʦʪʳ [60]; ʠʭ 

ʧʦʛʨʝʰʥʦʩʪʴ ʦʮʝʥʠʚʘʝʪʩʷ ʚ 3-4% [51]. 
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ʊʘʙʣʠʮʘ 1.20 ï ʊʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʘʨʠʷ [48, 49, 53, 51, 59]. 

ʊ, ʂ d, ʛ/ʩʤ
2
 
ʉʨ, ɼʞ/(ʢʛĿʂ) 

ŬĿ10
6
, ʤ

2
/ʩ 

ɚ, ɺʪ/(ʤĿʂ) RĿ10
8
, 

ʆʤĿʤ [53] [59] [49] ʆʮʝʥʢʠ 

50 - - - - - - 3.88 

100 - 176.9 - - 29.0 27.6 8.85 

200 3.61
 

192.0 - 31.4 24.5 24.2 20.2 

300 3.59 206.1 205.3 27.4 20.2 21.3 34.3 

400 3.57 258.7 238.3 - - 19.0 51.4 

500 3.55
* 

284.5 261.5 - - 16.9 72.4 

600 3.53
* 

199.7 280.5 - - 14.9 98.2 

700 3.50
* 

310.0 298.4 - - 13.2 130
*  

800 3.49
* 

317.6 314.9 - - 11.6 168
*  

900 3.47
* 

323.6 330.9 - - 10.1 216
*  

1002 3.44
* 

328.7 346.3 - - 8.8 276
*  

1002 - 297.0 301.9 - - 7.9 306
*  

1200 - 290.7 293.4 - - - - 

1400 - 284.4 285.6 - - - - 

ʈʠʩʫʥʦʢ 1.17 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʣʠʥʝʡʥʦʛʦ 

ʨʘʩʰʠʨʝʥʠʷ (Ŭ) ʙʘʨʠʷ. 

 

ʈʠʩʫʥʦʢ 1.18 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ 

(ʉʨ) ʙʘʨʠʷ. 
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ʉʚʝʜʝʥʠʷ ʦʙ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʠ ʙʘʨʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1.20 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 1.19. ɼʘʥʥʳʝ [55] ʦʪʥʦʩʷʪʩʷ ʢ ʤʝʪʘʣʣʫ ʯʠʩʪʦʪʦʡ 99.5% ʩ r = 40; 

ʧʦʛʨʝʰʥʦʩʪʴ ʧʨʠʚʝʜʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʜʦ 700 ʂ 5%, ʧʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ï 10%. ʋʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʙʘʨʠʷ ʜʦʩʪʠʛʘʝʪ ʨʝʢʦʨʜʥʳʭ 

ʜʣʷ ʤʝʪʘʣʣʘ ʟʥʘʯʝʥʠʡ ï 300 ʤʢʆʤĿʩʤ, ʘ ʝʛʦ ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʦʪʣʠʯʘʝʪʩʷ ʩʠʣʴʥʦʡ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʢʨʠʚʠʟʥʦʡ (ʜʣʷ ʤʝʪʘʣʣʘ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ) 

ʠ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʟʥʘʯʝʥʠʝʤ ʜʨ/ʜʊ (ʜʣʷ ʤʝʪʘʣʣʘ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ). ʆʪʤʝʪʠʤ, 

ʯʪʦ ʜʘʥʥʳʝ [60] ʧʨʠ ʊ < ʊʧʣ. ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʜʘʥʥʳʭ [55], ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠʤʝʶʱʠʭʩʷ ʩʚʝʜʝʥʠʡ [51]. 

 

 

 

 

 

 

ʂʦʵʬʬʠʮʠʝʥʪ ʵʣʝʢʪʨʦʥʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʙʘʨʠʷ ɔe = 2.7 ʤɼʞ/(ʤʦʣʴĿʂ
2
) [49]. 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʦʧʨʦʚʦʜʥʦʩʪʠ ʙʘʨʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʪʘʙʣʠʮʝ 

1.20, ʥʦʩʷʪ ʜʘʞʝ ʚ ʫʢʘʟʘʥʥʦʤ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʠʥʪʝʨʚʘʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʡ 

ʭʘʨʘʢʪʝʨ ʩ ʧʦʛʨʝʰʥʦʩʪʴʶ ~ 25% ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʧʨʷʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʉʚʝʜʝʥʠʷ ʦ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʙʘʨʠʷ ʪʘʢʞʝ ʦʛʨʘʥʠʯʝʥʥʳ (ʪʘʙʣ. 

1.20). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ɚ
L
e = ɚ, ʥʦ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʦʟʤʦʞʥʦ ɚ
L
e < ɚ [49, 51]. 

ʈʠʩʫʥʦʢ 1.19 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ (ɟ) ʙʘʨʠʷ. 

ʈʠʩʫʥʦʢ 1.20 ï ɿʘʚʠʩʠʤʦʩʪʴ ʤʝʞʜʫ 

ʧʨʠʚʝʜʸʥʥʦʡ ʬʫʥʢʮʠʝʡ ʃʦʨʝʥʮʘ (L i/ɼ0) 

ʠ ʧʨʠʚʝʜʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ (ʊ/ɗ
Ŭ
ʜ) 

ʜʣʷ ʙʘʨʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ 

ʘʣʶʤʠʥʠʷ. 
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ʅʘ ʨʠʩʫʥʢʝ 1.20 ʧʨʠʚʝʜʝʥʳ ʪʝʤʧʝʨʘʪʫʨʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʬʫʥʢʮʠʠ ʃʦʨʝʥʮʘ 

ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʥʘ ʬʦʥʝ ʜʣʷ ʘʣʶʤʠʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʨʠʚʝʜʝʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ T/ɗD. ɺʠʜʥʦ, ʯʪʦ ʣʠʰʴ ʜʣʷ ʙʘʨʠʷ ʤʦʞʥʦ ʦʞʠʜʘʪʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʛʦ 

ʧʨʝʚʳʰʝʥʠʷ ɚ ʥʘʜ ɚ
L
e (ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ ʨʝʰʝʪʦʯʥʦʛʦ ʚʢʣʘʜʘ), ʘ ʜʣʷ ʦʩʪʘʣʴʥʳʭ 

ʤʝʪʘʣʣʦʚ ɚ
L
e = ɚ, ʧʨʠʯʝʤ ʚʩʣʝʜʩʪʚʠʝ ʥʝʫʧʨʫʛʦʛʦ ʭʘʨʘʢʪʝʨʘ ʨʘʩʩʝʷʥʠʷ ʵʣʝʢʪʨʦʥʦʚ 

ʥʠʞʝ 0.50 ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ Lʦ, ʯʪʦ ʠʤʝʣʦ ʤʝʩʪʦ ʠ ʜʣʷ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ [49]. 

ʊʝʨʤʦʵʜʩ ʙʘʨʠʷ ʠʤʝʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʠ 

ʪʦʯʢʫ ʠʥʚʝʨʩʠʠ ʚʙʣʠʟʠ 140 ʂ. 

 

 

1.5. ʆʩʦʙʝʥʥʦʩʪʠ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʨʘʙʦʪ ʧʦ ʦʢʠʩʣʝʥʠʶ ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʚʳʧʦʣʥʝʥʦ ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʚʠʩʤʫʪʘ, ʦʣʦʚʘ ʠ ʘʣʶʤʠʥʠʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʜʣʷ 

ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ ʪʘʢʠʭ ʜʘʥʥʳʭ ʥʝʜʦʩʪʘʪʦʯʥʦ. 

ɸʚʪʦʨʘʤʠ [69, 70] ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʦʢʠʩʣʝʥʠʶ ʞʠʜʢʠʭ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʥʘ ʚʦʟʜʫʭʝ ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʚʠʤʝʪʨʠʠ 

ʩ ʥʝʧʨʝʨʳʚʥʳʤ ʚʟʚʝʰʠʚʘʥʠʝʤ ʦʙʨʘʟʮʦʤ. ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʩʧʣʘʚʳ Pb-Cu, Pb-Ag, 

Pb-Zn, Pb-Ge, Pb-Sn ʠ Pb-Bi ʩʧʣʘʚʣʷʣʠ ʚ ʠʥʝʨʪʥʦʡ ʘʪʤʦʩʬʝʨʝ. 

ʉʧʣʘʚʳ Pb-Sn, ʩʦʜʝʨʞʘʱʠʝ 0, 10, 20, 30, 40, 50, 60, 70, 80 ʠ 90 ʘʪ. % Sn, 

ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ. ʉʠʩʪʝʤʘ Pb-Sn ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʣʦʞʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʴʶ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʩʪʘʥʦʚʣʝʥʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʩʧʣʘʚʦʚ ʧʨʠ 973 ʂ ʦʙʫʩʣʦʚʣʝʥʘ 

ʧʨʦʮʝʩʩʘʤʠ, ʧʨʦʪʝʢʘʶʱʠʤʠ ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʝ. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʤ ʘʥʘʣʠʟʦʤ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʢʘʣʠʥʝ ʢʨʦʤʝ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʦʢʩʠʜʦʚ ʩʚʠʥʮʘ ʠ ʦʣʦʚʘ 

ʠʤʝʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ Pb2SnO4. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ~ 1073 ʂ ʤʘʢʩʠʤʘʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ï 

ȹG ʠʤʝʝʪ SnO2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ PbO, ʧʦʵʪʦʤʫ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʨʘʩʧʣʘʚʘ Pb-Sn 

ʜʦʣʞʥʦ ʦʢʠʩʣʷʪʴʩʷ ʦʣʦʚʦ. ʅʦ ʧʨʠ ʪʘʢʦʡ ʦʮʝʥʢʝ ʥʫʞʥʦ ʫʯʠʪʳʚʘʪʴ ʟʘʚʠʩʠʤʦʩʪʴ ï 

ȹG ʦʪ ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʧʣʘʚʝ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʥʝʣʴʟʷ ʧʦʣʫʯʠʪʴ 

ʦʢʘʣʠʥʫ, ʩʦʜʝʨʞʘʱʫʶ ʪʦʣʴʢʦ ʦʜʥʫ ʧʨʠʤʝʩʴ, ʘ ʧʨʠ ʙʦʣʴʰʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ 
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ʩʧʣʘʚʝ ʩʚʠʥʮʘ ʚ ʥʝʝ ʧʝʨʝʭʦʜʠʪ ʪʘʢʞʝ ʤʥʦʛʦ PbO. ɽʩʪʝʩʪʚʝʥʥʦ, ʯʪʦ ʚʩʝ ʵʪʦ ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʢʘʟʳʚʘʪʴʩʷ ʥʘ ʢʠʥʝʪʠʢʝ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʩʚʠʥʝʮ-ʦʣʦʚʦ [69, 70]. 

ɸʚʪʦʨʘʤʠ [71] ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʚʠʤʝʪʨʠʠ ʠʩʩʣʝʜʦʚʘʥʦ 

ʦʢʠʩʣʝʥʠʝ ʪʨʦʡʥʳʭ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ Pb-Ge-Ag, Pb-Sn-Ag, Pb-Sn-Cu ʥʘ ʚʦʟʜʫʭʝ. 

ʆʧʨʝʜʝʣʝʥʳ ʩʦʩʪʘʚʳ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʞʠʜʢʠʭ 

ʩʧʣʘʚʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʟʘʤʝʥʘ ʦʜʥʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʦʡʥʦʛʦ 

ʩʧʣʘʚʘ ʩʫʱʝʩʪʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʤʝʥʷʝʪ ʢʘʢ ʟʘʢʦʥ ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʩʦʩʪʘʚ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ. 

ʇʨʠ ʧʦʣʫʯʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʜʦʚʦʣʴʥʦ ʯʘʩʪʦ ʠʩʧʦʣʴʟʫʶʪ 

ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʚʦʧʨʦʩʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʞʠʜʢʠʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ ʜʦ ʢʦʥʮʘ ʥʝ ʚʳʷʩʥʝʥʳ. ʆʩʦʙʝʥʥʦ ʵʪʦ 

ʢʘʩʘʝʪʩʷ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ, ʪʘʢ ʢʘʢ ʜʣʷ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ 

ʩʚʠʥʮʘ ʪʘʢʠʝ ʩʚʝʜʝʥʠʷ ʠʟʣʦʞʝʥʳ ʚ ʨʘʙʦʪʝ [72]. ʇʦʵʪʦʤʫ ʨʘʩʩʤʦʪʨʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʪʨʦʡʥʳʭ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ Pb-Ge-Ag, Pb-Sn-Ag ʠ 

Pb-Sn-Cu ʩ ʢʠʩʣʦʨʦʜʦʤ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʩʧʣʘʚʦʚ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʧʨʦʚʦʜʠʣʠ 

ʤʝʪʦʜʦʤ ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʛʨʘʚʠʤʝʪʨʠʠ ʧʦʜʦʙʥʦ [73], ʠʟʤʝʨʷʷ ʫʚʝʣʠʯʝʥʠʝ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʚʩʣʝʜʩʪʚʠʝ ʨʦʩʪʘ ʦʢʩʠʜʥʦʡ ʧʣʝʥʢʠ ʚʦ ʚʨʝʤʝʥʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ. 

ɸʚʪʦʨʳ [74] ʦʪʤʝʯʘʶʪ, ʯʪʦ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Pb-Ge-Ag ʦʢʠʩʣʝʥʠʝ 

ʛʨʘʥʠʯʘʱʠʭ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʠʟʫʯʝʥʦ ʨʘʥʝʝ: Pb-Ag ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1123, 1273 

ʂ [75], Ag-Ge ʧʨʠ 1273 ʂ [72] ʠ Ge-Pb ʧʨʠ 1273 ʂ [73]. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʩʝ 

ʩʧʣʘʚʳ Pb-Ag ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʣʠʥʝʡʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ 

ʟʘʢʦʥʫ. ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʨʘʩʧʣʘʚʦʚ Ag-Ge ʟʘʱʠʪʥʘʷ ʧʣʝʥʢʘ ʥʝ ʦʙʨʘʟʫʝʪʩʷ. ʊʘʢʦʝ 

ʧʦʚʝʜʝʥʠʝ ʵʪʠʭ ʨʘʩʧʣʘʚʦʚ ʩʚʷʟʘʥʦ ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʧʣʘʚʘ (ʢʘʢ ʩ 

ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʢʠʩʣʦʨʦʜʘ ʚ ʩʝʨʝʙʨʝ ʠ ʥʝʩʪʦʡʢʦʩʪʴʶ ʝʛʦ ʦʢʩʠʜʦʚ, ʪʘʢ ʠ 

ʩ ʥʘʣʠʯʠʝʤ ʣʝʪʫʯʝʛʦ ʦʢʩʠʜʘ ʛʝʨʤʘʥʠʷ GeO). 

ɺʩʝ ʩʧʣʘʚʳ Pb-Ge ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ ʜʦ Ű Ò 1200 ʩ. ʇʨʠ 

ʜʘʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ ʩ ʨʦʩʪʦʤ ʪʦʣʱʠʥʳ ʦʙʨʘʟʫʶʱʝʛʦʩʷ 

ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʟʘʢʦʥʘ ʦʢʠʩʣʝʥʠʷ ʥʘ ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ.        
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ɺ ʪʘʢʠʭ ʩʣʫʯʘʷʭ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʦʧʠʩʳʚʘʶʪ ʧʦʣʥʳʤ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ [73]: 

                                         ὥ‏ ὦ‏ ὧ †                                   (1.1) 

ʠʣʠ ʫʨʘʚʥʝʥʠʝʤ ʕʚʘʥʩʘ: 

                              ὑ̌ή ὑ̐ή ὑ̌ὑ̐ ὧ                               (1.2) 

ʛʜʝ ŭ ï ʪʦʣʱʠʥʘ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ (ʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ ʦʙʨʘʟʮʘ ʥʘ 

ʝʜʠʥʠʮʫ ʧʦʚʝʨʭʥʦʩʪʠ ï ῳάȾί); † ï ʚʨʝʤʷ; a, b, c ï ʧʦʩʪʦʷʥʥʳʝ; q ï ʠʟʤʝʥʝʥʠʝ 

ʤʘʩʩʳ; ὑ̌ ʠ ὑ̐ ï ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʠ ʧʘʨʘʙʦʣʠʯʝʩʢʠʤ 

ʟʘʢʦʥʘʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʧʨʘʚʝʜʣʠʚʦʩʪʴ ʫʨʘʚʥʝʥʠʡ (1.1) ʠ (1.2), ʧʦ ʤʥʝʥʠʶ [76], 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʩʪʠ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʩʦʠʟʤʝʨʠʤʦʩʪʠ ʢʦʥʪʨʦʣʷ ʩʢʦʨʦʩʪʠ ʜʠʬʬʫʟʠʠ ʠ ʤʝʞʬʘʟʥʳʤʠ ʨʝʘʢʮʠʷʤʠ. 

ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ ʥʘ ʨʘʩʧʣʘʚʘʭ Pb-Ge ʧʦʢʘʟʘʣ, ʯʪʦ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʘʭ ʜʦ 50 ʘʪ. % Pb ʚ ʦʢʘʣʠʥʝ ʥʘʭʦʜʠʪʩʷ ʪʦʣʴʢʦ GeO2 

(ʧʨʠ Pb Ó 60 ʘʪ. % ʚ ʦʢʘʣʠʥʝ ʧʦʷʚʣʷʶʪʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʦʩʥʦʚʝ 

ʛʝʨʤʘʥʠʷ ʠ ʩʚʠʥʮʘ PbGeO3, Pb3GeO5 ʠ ʜʨ.). 

ʇʨʠʥʠʤʘʷ ʧʦʩʣʝʜʥʝʝ ʚʦ ʚʥʠʤʘʥʠʝ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ     

(Pb-Ge) + Ag ʧʨʦʚʦʜʠʣʠ (ʩ ʘʚʪʦʨʘʤʠ [74]) ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʛʝʨʤʘʥʠʷ Ò 50 ʘʪ. % 

(ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʛʝʨʤʘʥʠʷ ʠ 

ʩʚʠʥʮʘ ʜʦʣʞʝʥ ʙʳʪʴ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ, ʘ ʵʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝʜʝʣʠʪʴ ʚʣʠʷʥʠʝ ʩʝʨʝʙʨʘ 

ʥʘ ʦʢʠʩʣʝʥʠʝ ʪʘʢʠʭ ʨʘʩʧʣʘʚʦʚ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʨʘʩʧʣʘʚʦʚ, 

ʩʦʜʝʨʞʘʱʠʭ 20, 40 ʠ 60 ʘʪ. % Ag, ʧʨʦʠʩʭʦʜʠʪ, ʢʘʢ ʠ ʙʝʟ ʩʝʨʝʙʨʘ, ʧʦ ʣʠʥʝʡʥʦ-

ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ (ʠʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʧʣʘʚ (50% Pb ï 50% Ge) + 60% 

Ag, ʢʦʪʦʨʳʡ ʦʢʠʩʣʷʝʪʩʷ ʧʦ ʧʘʨʘʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ). ʆʪʤʝʪʠʤ, ʯʪʦ ʧʨʠ ʦʢʠʩʣʝʥʠʠ 

ʨʘʩʧʣʘʚʦʚ (Pb-Ge) + Ag ʚ ʯʠʩʪʦʤ ʢʠʩʣʦʨʦʜʝ ʨʝʘʣʠʟʫʝʪʩʷ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʨʦʩʪʘ 

ʦʢʘʣʠʥʳ (ʠʩʢʣʶʯʝʥʠʝʤ ʦʧʷʪʴ ʷʚʣʷʝʪʩʷ ʩʧʣʘʚ (50% Pb ï 50% Ge) + 60% Ag, ʜʣʷ 

ʢʦʪʦʨʦʛʦ ʭʘʨʘʢʪʝʨʝʥ ʣʠʥʝʡʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʠʡ ʟʘʢʦʥ). ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ 

ʥʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʧʦ ʦʢʠʩʣʝʥʠʶ ʪʨʦʡʥʳʭ ʩʧʣʘʚʦʚ (Pb-Ge) + Ag ʧʦʢʘʟʘʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 1.21. 
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ʅʘʡʜʝʥʦ, ʯʪʦ ʩʦʩʪʘʚ ʦʙʨʘʟʫʶʱʠʭʩʷ ʦʢʩʠʜʥʳʭ ʩʣʦʝʚ ʥʘ ʨʘʩʧʣʘʚʘʭ (Pb-Ge) + 

Ag ʟʘʚʠʩʠʪ ʢʘʢ ʦʪ ʩʦʩʪʘʚʘ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʦʚ, ʪʘʢ ʠ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʳ. 

ɺ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Pb-Sn-Ag ʦʢʠʩʣʝʥʠʝ ʛʨʘʥʠʯʘʱʠʭ ʙʠʥʘʨʥʳʭ ʞʠʜʢʠʭ 

ʩʧʣʘʚʦʚ ʠʟʫʯʘʣʠ ʚ ʩʣʝʜʫʶʱʠʭ ʨʘʙʦʪʘʭ: Pb-Ag [75]; Pb-Sn [69, 70, 72, 76]; Ag-Sn 

[77]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ ʷʚʣʷʝʪʩʷ ʥʘʣʠʯʠʝ ʜʣʷ 

ʙʠʥʘʨʥʳʭ ʨʘʩʧʣʘʚʦʚ Ag-Sn ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʛʦ ʦʢʠʩʣʝʥʠʷ. ʕʪʦʪ ʵʬʬʝʢʪ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ʩʝʨʝʙʨʘ ʚ ʩʧʣʘʚʘʭ ʦʪ 60 ʜʦ 75 ʘʪ. %, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʨʫʧʢʦʡ ʩʤʝʩʠ ʚʳʩʦʢʦʜʠʩʧʝʨʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, 

ʢʦʪʦʨʳʝ ʩʦʩʪʦʷʪ ʠʟ SnO2 ʠ ʤʠʢʨʦʯʘʩʪʠʮ ʩʝʨʝʙʨʘ, ʜʦʩʪʘʪʦʯʥʦ ʨʘʚʥʦʤʝʨʥʦ 

ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʢʘʢ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ ʢʨʫʧʥʳʭ ʦʢʩʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʘʢ ʠ ʚ ʚʠʜʝ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʯʘʩʪʠʮ. 

 

 

ʈʠʩʫʥʦʢ 1.21 ï ʂʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ (Pb-Ge) + Ag ʥʘ ʚʦʟʜʫʭʝ (ʘ) ʠ ʚ 

ʢʠʩʣʦʨʦʜʝ (ʙ): 1 ï (50-50) + 20; 2 ï (60-40) + 20; 3 ï (70-30) + 20; 4 ï (80-20) + 20;  

5 ï (85-15) + 20 [74]. 
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ɸʚʪʦʨʘʤʠ [78] ʧʦʢʘʟʳʚʘʝʤʦ, ʯʪʦ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʦʝ ʦʢʠʩʣʝʥʠʝ ʤʦʞʝʪ 

ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʵʣʝʢʪʨʦʥʥʳʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ ʩ ʵʣʝʢʪʨʦʥʥʦʡ 

ʢʦʥʮʝʥʪʨʘʮʠʝʡ 3/2. ɺ ʵʪʦʡ ʩʚʷʟʠ ʧʦʜʦʙʥʦʛʦ ʷʚʣʝʥʠʷ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚ ʩʠʩʪʝʤʘʭ 

Ag-Pb, ʥʦ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ Ag-Zn ʠ Ag-Cd. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʙʠʥʘʨʥʦʡ ʩʠʩʪʝʤʝ Ag-Pb ʵʪʦ ʷʚʣʝʥʠʝ 

ʦʪʩʫʪʩʪʚʫʝʪ. ʂʨʦʤʝ ʪʦʛʦ, ʠ ʚ ʪʨʦʡʥʦʡ ʩʠʩʪʝʤʝ Pb-Ag-Sn ʦʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ (ʜʘʞʝ 

ʧʨʠ ʥʘʣʠʯʠʠ ʚ ʩʠʩʪʝʤʝ Ag-Sn 1 ʘʪ. % Pb). 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʚʩʝʭ ʨʘʩʧʣʘʚʦʚ Pb-Sn-Ag ʧʨʠ 1273 ʂ ʨʝʘʣʠʟʫʶʪʩʷ ʜʚʘ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʣʠʥʝʡʥʳʭ ʟʘʢʦʥʘ ʦʢʠʩʣʝʥʠʷ (ʨʘʩʧʣʘʚʳ Pb-Ag-Sn, ʩʦʜʝʨʞʘʱʠʝ 

10, 80 ʠ 10 ʘʪ. % ʢʘʞʜʦʛʦ ʵʣʝʤʝʥʪʘ, ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ). ʅʝʢʦʪʦʨʳʝ 

ʜʘʥʥʳʝ ʧʦ ʦʢʠʩʣʝʥʠʶ ʵʪʠʭ ʨʘʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.22. ʆʙʨʘʱʘʝʪ ʥʘ 

ʩʝʙʷ ʚʥʠʤʘʥʠʝ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʡ ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʣʦʚʘ Ó 40 ʘʪ. % ʠ ʩʚʠʥʮʘ ʤʝʥʝʝ 10 ʘʪ. %. 

ʊʘʢʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʠ 

ʩʦʩʪʘʚʦʤ ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ. ʇʨʦʚʝʜʝʥʥʳʡ ʘʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʧʨʘʢʪʠʯʝʩʢʠ 

ʥʘ ʚʩʝʭ ʨʘʩʧʣʘʚʘʭ ʚ ʦʢʘʣʠʥʝ ʧʨʠʩʫʪʩʪʚʫʝʪ SnO2. ɽʩʣʠ ʚ ʠʩʭʦʜʥʦʤ ʩʧʣʘʚʝ 

ʩʦʜʝʨʞʠʪʩʷ Ó 30 ʘʪ. % Ag, ʪʦ ʧʦʩʣʝʜʥʝʝ ʩʦʜʝʨʞʠʪʩʷ ʠ ʚ ʦʢʘʣʠʥʝ. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ 

ʚ ʩʧʣʘʚʘʭ Ò 40 ʘʪ. % Sn ʚ ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʝ ʠʤʝʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝ SnPb2O4.     

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʠ ʥʘ ʦʜʥʦʤ ʠʟ ʪʨʦʡʥʳʭ ʩʧʣʘʚʦʚ Pb-Sn-Ag ʧʦʩʣʝ ʦʢʠʩʣʝʥʠʷ ʚ 

ʦʢʘʣʠʥʝ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʩʦʝʜʠʥʝʥʠʝ Ag2SnO3, ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʪʦʨʦʛʦ ʚʦʟʤʦʞʥʦ ʚ 

ʩʠʩʪʝʤʝ Ag-Sn-O [79]. 

ʏʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʟʘʤʝʥʝ ʚ ʨʘʩʧʣʘʚʘʭ Pb-Sn-Ag ʩʝʨʝʙʨʘ ʥʘ ʜʨʫʛʦʡ ʤʝʪʘʣʣ, 

ʢʦʪʦʨʳʡ ʩʘʤ ʩʧʦʩʦʙʝʥ ʭʦʨʦʰʦ ʦʢʠʩʣʷʪʴʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʢʩʧʝʨʠʤʝʥʪʘ       

(1273 ʂ), ʨʘʩʩʤʦʪʨʝʥʦ ʥʘ ʧʨʠʤʝʨʝ ʩʠʩʪʝʤʳ Pb-Sn-Cu. ʆʢʠʩʣʝʥʠʝ ʛʨʘʥʠʯʘʱʠʭ 

ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʦʚʘʣʦʩʴ ʚ ʨʘʙʦʪʘʭ: Pb-Sn [76, 77], Pb-Cu [80], Sn-Cu [81]. 

ɺʩʝ ʨʘʩʧʣʘʚʳ Pb-Sn ʧʨʠ ʊ = 973 ʂ ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ 

[76, 81], ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʨʠ ʊ = 1273 ʂ ʯʠʩʪʳʡ ʩʚʠʥʝʮ ʠ ʝʛʦ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ 

10, 20 ʠ 30 ʘʪ. % Sn, ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʣʠʥʝʡʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ.               

ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʨʘʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʝʥ ʣʠʥʝʡʥʳʡ ʟʘʢʦʥ ʦʢʠʩʣʝʥʠʷ. ɺ ʦʢʘʣʠʥʝ ʥʘ 

ʩʧʣʘʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ 40 ʠ 60 ʘʪ. % Sn, ʩʦʛʣʘʩʥʦ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʤʫ ʘʥʘʣʠʟʫ 
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ʧʨʠʩʫʪʩʪʚʫʶʪ SnO2 ʠ SnPb2O4. ʇʨʠ ʩʦʜʝʨʞʘʥʠʠ ʚ ʠʩʭʦʜʥʳʭ ʩʧʣʘʚʘʭ 80 ʠ 90 ʘʪ. % 

Sn ʦʢʩʠʜʥʘʷ ʧʣʝʥʢʘ ʩʦʩʪʦʠʪ ʪʦʣʴʢʦ ʠʟ SnO2, ʘ ʥʘ ʚʩʝʭ ʜʨʫʛʠʭ ʩʧʣʘʚʘʭ ï ʠʟ PbO ʠ 

SnO2. 

ʉʣʝʜʫʝʪ ʦʩʦʙʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʩʠʩʪʝʤʳ Pb-Cu ʭʘʨʘʢʪʝʨʥʦ ʥʘʣʠʯʠʝ 

ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʦʙʣʘʩʪʠ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʞʠʜʢʦʩʪʝʡ ʦʪ ~ 15.5-65 ʘʪ. %. 

ʋʯʠʪʳʚʘʷ ʵʪʦ, ʘ ʪʘʢʞʝ ʪʦ, ʯʪʦ ʦʢʠʩʣʝʥʠʝ ʩʠʩʪʝʤ ʩ ʨʘʩʩʣʦʝʥʠʝʤ ʥʝ ʠʟʫʯʝʥʦ, ʚ 

ʨʘʙʦʪʝ [74-77] ʠʩʩʣʝʜʦʚʘʣʠ ʦʢʠʩʣʝʥʠʝ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ Pb-Cu ʚ ʙʦʣʴʰʦʤ 

ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ (ʦʪ 15.5 ʜʦ 100 ʘʪ. % Pb), ʦʭʚʘʪʳʚʘʶʱʝʤ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʙʣʘʩʪʴ ʨʘʩʩʣʦʝʥʠʷ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʩʧʣʘʚʦʚ Pb-Cu ʚʥʘʯʘʣʝ ʦʢʠʩʣʷʶʪʩʷ ʧʦ 

ʣʠʥʝʡʥʦʤʫ ʟʘʢʦʥʫ, ʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʪʦʣʱʠʥʳ 

ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʥʘʨʫʰʝʥʠʝ. ɼʘʥʥʦʝ ʷʚʣʝʥʠʝ ʙʳʣʦ 

ʩʚʷʟʘʥʦ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʬʘʢʪʘʤʠ: ʦʙʨʘʟʦʚʘʥʠʝ ʦʢʩʠʜʦʚ ʢʘʢ ʨʘʟʣʠʯʥʳʭ ʩʪʝʧʝʥʝʡ 

ʦʢʠʩʣʝʥʠʷ, ʪʘʢ ʠ ʩ ʦʪʢʣʦʥʝʥʠʷʤʠ ʦʪ ʩʪʝʭʠʦʤʝʪʨʠʠ; ʥʘʣʠʯʠʝ ʩʣʦʞʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ; ʦʢʠʩʣʝʥʠʝ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʧʣʘʚʦʚ ʤʝʪʘʣʣʦʚ ʚ ʧʨʦʧʦʨʮʠʷʭ, ʢʦʪʦʨʳʝ 

ʟʘʚʠʩʷʪ ʦʪ ʠʭ ʩʨʦʜʩʪʚʘ ʢ ʢʠʩʣʦʨʦʜʫ ʠ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʘ ʵʪʦʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʘ 

ʩʘʤʠ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʦʢʩʠʜʦʚ ʦʧʨʝʜʝʣʷʶʪʩʷ ʩʦʩʪʘʚʦʤ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ, 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʠ ʧʘʨʮʠʘʣʴʥʳʤ ʜʘʚʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʘʪʤʦʩʬʝʨʝ 

[72, 82]. ʈʝʥʪʛʝʥʦʬʘʟʦʚʳʡ ʘʥʘʣʠʟ (ʈʌɸ) ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ ʧʦʢʘʟʘʣ, ʯʪʦ ʝʝ 

ʩʦʩʪʘʚ ʥʘ ʨʘʟʥʳʭ ʩʧʣʘʚʘʭ ʦʯʝʥʴ ʦʪʣʠʯʘʝʪʩʷ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʦʢʩʠʜʳ ʩʚʠʥʮʘ ʠ ʤʝʜʠ. 
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ʈʠʩʫʥʦʢ 1.22 ï ʀʟʦʭʨʦʥʳ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Pb-Sn-Ag: 1-5, 2-6, 3-7,   

4-8, 5-9, 6-10, 7-11, 10
-4
 ʢʛ/(ʤ

2
Ŀʩ). Ű = 3600 ʩ [81]. 

 

ɿʘʤʝʯʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʠ ʨʘʩʩʣʦʝʥʠʷ ʥʝ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʪʠʭ ʩʧʣʘʚʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ. ʕʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʩʯʠʪʘʪʴ, 

ʯʪʦ ʚ ʜʘʥʥʦʡ ʩʠʩʪʝʤʝ ʥʘʠʙʦʣʴʰʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʦʢʘʟʳʚʘʝʪ ʥʝ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʨʘʩʧʣʘʚ, ʘ ʦʙʨʘʟʫʶʱʘʷʩʷ ʦʢʘʣʠʥʘ ʠ ʧʨʦʮʝʩʩʳ, ʧʨʦʪʝʢʘʶʱʠʝ ʚ ʥʝʡ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʨʦʡʥʳʭ ʞʠʜʢʠʭ ʩʧʣʘʚʦʚ Pb-Sn-Cu ʩ 

ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʧʨʠ 1273 ʂ ʨʘʩʧʣʘʚʘʤ ʩ ʩʦʜʝʨʞʘʥʠʝʤ Sn 10 ʠ 

20 ʘʪ. % ʠ Cu ~ 40 ʘʪ. % ʦʢʠʩʣʷʶʪʩʷ ʧʦ ʣʠʥʝʡʥʦ-ʧʘʨʘʙʦʣʠʯʝʩʢʦʤʫ ʟʘʢʦʥʫ, ʘ 

ʦʩʪʘʣʴʥʳʝ ʩʧʣʘʚʳ ï ʧʦ ʣʠʥʝʡʥʦʤʫ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʥʘʣʠʯʠʝ ʦʙʣʘʩʪʠ 

ʨʘʩʩʣʘʠʚʘʥʠʷ ʥʝ ʦʯʝʥʴ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʵʪʠʭ ʩʧʣʘʚʦʚ. 

ʅʝʢʦʪʦʨʳʝ ʜʘʥʥʳʝ ʧʨʠʚʝʜʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1.23. ɺʠʜʥʦ, ʯʪʦ ʥʘʠʤʝʥʴʰʝʡ 

ʩʢʦʨʦʩʪʴʶ ʦʢʠʩʣʝʥʠʷ ʦʙʣʘʜʘʶʪ ʩʧʣʘʚʳ ʩ ʚʳʩʦʢʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʚʠʥʮʘ ʠ ʤʝʜʥʦ-

ʦʣʦʚʷʥʥʳʝ ʩʧʣʘʚʳ, ʘ ʥʘʠʙʦʣʴʰʫʶ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʠʤʝʶʪ ʩʧʣʘʚʳ ʩ 

ʩʦʜʝʨʞʘʥʠʝʤ ʦʪ 20 ʜʦ 60 ʘʪ. % ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 



68 

 

 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʩʠʣʴʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʩʪʘʚʘ ʦʙʨʘʟʫʶʱʠʭʩʷ ʥʘ ʥʠʭ 

ʦʢʘʣʠʥ. ʅʘʧʨʠʤʝʨ, ʩʧʣʘʚ 40% Pb ï 30% Cu ï 30% Sn ʜʘʝʪ ʦʢʘʣʠʥʫ, ʩʦʜʝʨʞʘʱʫʶ 

SnO2, PbO, SnPb2O4, Cu2O, CuO, ʪʦʛʜʘ ʢʘʢ ʥʘ ʩʧʣʘʚʝ 30% Pb ï 60% Cu ï 10% Sn 

ʦʥʘ ʩʦʩʪʦʠʪ ʠʟ SnO2, SnPb2O4, PbO, PbCu2O2. 

ʇʨʠ ʦʢʠʩʣʝʥʠʠ ʪʨʦʡʥʳʭ ʨʘʩʧʣʘʚʦʚ ʤʝʜʴ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʦʢʘʣʠʥʝ ʪʦʣʴʢʦ ʧʨʠ 

ʩʦʜʝʨʞʘʥʠʠ ʚ ʠʩʭʦʜʥʦʤ ʩʧʣʘʚʝ ʥʝ ʙʦʣʝʝ 30 ʘʪ. % Sn. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʨʘʩʧʣʘʚʦʚ Pb-Sn-Cu ʩ ʢʠʩʣʦʨʦʜʦʤ ï ʚ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʢ ʛʨʘʥʠʮʝ 

ʤʝʪʘʣʣ-ʦʢʩʠʜ ʦʙʨʘʟʫʶʪʩʷ ʪʨʠ ʪʠʧʘ ʢʘʪʠʦʥʦʚ, ʚʟʘʠʤʥʦʝ ʧʦʚʝʜʝʥʠʝ ʢʦʪʦʨʳʭ ʚ 

ʦʪʥʦʰʝʥʠʠ ʠʦʥʦʚ ʢʠʩʣʦʨʦʜʘ ʠ ʦʧʨʝʜʝʣʷʝʪ ʧʦʩʣʝʜʫʶʱʝʝ ʨʘʟʚʠʪʠʝ ʠ ʤʦʨʬʦʣʦʛʠʶ 

ʦʙʨʘʟʫʶʱʝʡʩʷ ʦʢʘʣʠʥʳ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʟʘʤʝʥʘ ʚ ʪʨʦʡʥʳʭ ʩʧʣʘʚʘʭ ʩʝʨʝʙʨʘ 

ʥʘ ʤʝʜʴ ʠʟʤʝʥʷʝʪ ʢʠʥʝʪʠʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʧʣʘʚʦʚ ʩ ʢʠʩʣʦʨʦʜʦʤ. 

 

ʈʠʩʫʥʦʢ 1.23 ï ʀʟʦʭʨʦʥʳ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ Pb-Sn-Cu. 

ɿʥʘʯʝʥʠʷ ɡĿ10
4
, ʢʛ/(ʤ

2
Ŀʩ): 1 ï 7; 2 ï 8; 3 ï 9; 4 ï 10; 5 ï 11; 6 ï 12; 7 ï 12.5; 8 ï 13.5;  

9 ï 14; 10 ï 15; 11 ï 16; 12 ï 16.5. Ű = 3600 ʩ. 
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ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ ʢʘʢ ʟʘʢʦʥʳ, ʪʘʢ ʠ 

ʤʝʭʘʥʠʟʤʳ ʦʢʠʩʣʝʥʠʷ ʨʘʩʧʣʘʚʦʚ ʟʘʚʠʩʷʪ ʚ ʙʦʣʴʰʦʡ ʩʪʝʧʝʥʠ ʥʝ ʦʪ ʩʪʨʦʝʥʠʷ 

ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʨʘʩʧʣʘʚʘ, ʘ ʦʪ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʦʢʩʠʜʥʦʛʦ ʩʣʦʷ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʶʪ ʤʝʭʘʥʠʟʤʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. 

 

 

1.6. ɺʣʠʷʥʠʝ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʥʘ ʘʥʦʜʥʦʝ 

ʧʦʚʝʜʝʥʠʝ ʩʚʠʥʮʘ 

ʉʚʠʥʮʦʚʳʝ ʘʥʦʜʳ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤʠ ʠʟ ʩʘʤʳʭ ʚʦʩʪʨʝʙʦʚʘʥʥʳʭ 

ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʘʥʦʜʦʚ ʚ ʛʘʣʴʚʘʥʠʢʝ, ʵʢʩʧʣʫʘʪʠʨʫʷ ʚʦ ʤʥʦʛʠʭ ʩʝʨʥʦʢʠʩʣʳʭ, 

ʭʨʦʤʦʚʦʢʠʩʣʳʭ ʠ ʬʦʩʬʦʨʥʦʢʠʩʣʳʭ ʨʘʩʪʚʦʨʘʭ. ʈʝʞʝ ʩʚʠʥʝʮ ʧʨʠʤʝʥʷʝʪʩʷ ʚ 

ʢʘʯʝʩʪʚʝ ʨʘʩʪʚʦʨʠʤʳʭ ʘʥʦʜʦʚ ʚ ʧʨʦʮʝʩʩʘʭ ʩʚʠʥʮʝʚʘʥʠʷ ʠ ʵʣʝʢʪʨʦʦʩʘʞʜʝʥʠʷ 

ʜʚʫʭ/ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʧʣʘʚʦʚ, ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʚʠʥʮʦʤ. 

ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʢʘʯʝʩʪʚʝ 

ʣʝʛʠʨʫʶʱʠʭ ʜʦʙʘʚʦʢ ʢ ʩʚʠʥʮʫ ʫʢʘʟʳʚʘʣʠ ʝʱʝ ʚ 1935 ʛ. ʏʘʨʠʥʛ ʠ ʊʦʤʘʩ. ʆʜʥʘʢʦ ʚ 

ʧʦʩʣʝʜʫʶʱʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʜʘʝʪʩʷ ʨʘʟʣʠʯʥʘʷ ʦʮʝʥʢʘ ʚʣʠʷʥʠʷ ʥʝʢʦʪʦʨʳʭ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ ʢʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʚʠʥʮʘ ʯʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʣʠʥʝʡʥʦʡ ʚʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʴʶ ʢʦʨʨʦʟʠʠ ʵʪʠʭ 

ʩʧʣʘʚʦʚ. ʊʘʢ, ʩʢʦʨʦʩʪʴ ʘʥʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʫʞʝ ʯʝʨʝʟ 500 ʯ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʝʚʳʰʘʝʪ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʚʠʥʮʘ. 

ʅʝʜʦʩʪʘʪʦʯʥʘʷ ʩʪʦʡʢʦʩʪʴ ʩʧʣʘʚʦʚ ʩ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ ʧʨʠ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʦʙʫʩʣʦʚʣʝʥʘ ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 

ʢʦʨʨʦʟʠʝʡ. ʕʪʠʤ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʲʷʩʥʷʝʪʩʷ ʨʝʟʢʦʝ ʩʥʠʞʝʥʠʝ ʘʥʦʜʥʦʡ ʩʪʦʡʢʦʩʪʠ 

ʩʚʠʥʮʘ ʧʨʠ ʚʚʝʜʝʥʠʝ 0.011% ʤʘʛʥʠʷ [3, 83]. 

ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʄ.ɸ. ɼʘʩʦʷʥʘ [73, 78], ʧʨʦʮʝʩʩʳ ʢʦʨʨʦʟʠʠ ʟʘʤʝʜʣʷʶʪʩʷ ʥʘ 

ʪʝʭ ʩʧʣʘʚʘʭ, ʚʪʦʨʦʡ ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʪʦʨʳʭ ʠʟʤʝʥʷʝʪ ʫʩʣʦʚʠʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʩʚʠʥʮʘ, ʪ.ʝ. ʧʨʠʚʦʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʤʝʣʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʧʣʘʚʘ ʩ ʪʦʥʢʠʤʠ 

ʤʝʞʢʨʠʩʪʘʣʣʠʯʝʩʢʠʤʠ ʧʨʦʩʣʦʡʢʘʤʠ. 

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʩʫʣʴʬʘʪʦʚ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 

https://zctc.ru/sections/aluminium
https://zctc.ru/sections/chromium
https://zctc.ru/sections/svincevaniye
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ʫʧʣʦʪʥʝʥʠʶ ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʥʘ ʘʥʦʜʝ. ʀʟʦʤʦʨʬʥʳʝ ʢʨʠʩʪʘʣʣʳ ʈbSO4 ʩ ɺʘSO4 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʦʪʥʦʛʦ ʩʣʦʷ ʠʟ ʩʫʣʴʬʘʪʘ ʩʚʠʥʮʘ. ʅʦ ʧʨʠ ʘʥʦʜʥʦʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʟʘʤʝʪʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ ʨʳʭʣʘʷ ʣʝʛʢʦ ʨʘʟʨʫʰʘʶʱʘʷʩʷ ʜʚʫʦʢʠʩʴ ʩʚʠʥʮʘ. ɺʨʝʜʥʦʝ 

ʜʝʡʩʪʚʠʝ ʧʨʠʤʝʩʠ ɺʘSO4 ʧʨʦʷʚʣʷʝʪʩʷ ʦʩʦʙʝʥʥʦ ʩʠʣʴʥʦ ʚ ʫʩʣʦʚʠʷʭ ʮʠʢʣʠʯʝʩʢʦʡ 

ʨʘʙʦʪʳ ʘʢʢʫʤʫʣʷʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʚ ʪʦʤ ʩʣʫʯʘʝ ʢʦʛʜʘ ʦʥʦ ʥʘʭʦʜʠʪʩʷ ʥʘ ʚʥʝʰʥʶʶ 

ʧʦʚʝʨʭʥʦʩʪʴ ʵʣʝʢʪʨʦʜʘ. ʇʨʠ ʘʥʦʜʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʜʨʫʟʳ ʠʟ ʈbSO4 ʧʨʝʚʨʘʱʘʶʪʩʷ 

ʚ ʢʨʠʩʪʘʣʣʳ ʈbO2 ʥʝ ʠʤʝʶʱʠʝ ʩ ʈbO ʧʨʦʯʥʦʡ ʩʚʷʟʠ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʣʝʛʢʦ 

ʦʪʧʘʜʘʶʱʠʝ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʧʨʦʠʩʭʦʜʠʪ ʥʝʦʙʨʘʪʠʤʳʡ ʚʳʥʦʩ ʤʘʪʝʨʠʘʣʘ ʠʟ 

ʘʢʪʠʚʥʦʡ ʤʘʩʩʳ [78]. ɺʩʝ ʵʪʦ ʧʦʩʣʫʞʠʣʦ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʜʦʙʘʚʦʢ 

ɺʘSO4 ʚ ʘʢʪʠʚʥʫʶ ʤʘʩʩʫ ʘʢʢʫʤʫʣʷʪʦʨʥʳʭ ʧʣʘʩʪʠʥ. ʆʙʨʘʱʘʝʪ ʥʘ ʩʝʙʷ ʚʥʠʤʘʥʠʝ 

ʪʦʪ ʬʘʢʪ, ʯʪʦ ʥʝʠʟʦʤʦʨʬʥʦʝ ʩ ʈbSO4 ʚʝʱʝʩʪʚʘ ʉʘSO4 ï ʚ ʫʩʣʦʚʠʷʭ ʘʢʢʫʤʫʣʷʪʦʨʘ 

ʥʝ ʧʨʦʷʚʣʷʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ [3, 83]. 

ʉʚʠʥʝʮ-ʙʝʨʠʣʣʠʡ. ʂʘʢʠʭ ï ʣʠʙʦ ʜʘʥʥʳʭ ʦ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚʘʭ ʩʧʣʘʚʦʚ 

ʵʪʦʡ ʩʠʩʪʝʤʳ ʥʝ ʠʤʝʝʪʩʷ, ʪʘʢ ʞʝ ʢʘʢ ʠ ʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ [71]. 

ʉʠʩʪʝʤʘ ʩʚʠʥʝʮ-ʤʘʛʥʠʡ. ɺʚʝʜʝʥʠʝ ʚ ʩʚʠʥʝʮ ʫʞʝ 0.011% ʤʘʛʥʠʷ ʨʝʟʢʦ 

ʩʥʠʞʘʝʪ ʢʦʨʨʦʟʠʦʥʥʫʶ ʩʪʦʡʢʦʩʪʴ ʘʥʦʜʘ [74], ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʠʥʪʝʨʢʨʠʩʪʘʣʣʠʪʥʦʡ ʢʦʨʨʦʟʠʝʡ. ʂʨʦʤʝ ʪʦʛʦ, ʩʣʝʜʫʝʪ ʠʤʝʪʴ ʚ ʚʠʜʫ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʘʛʥʠʷ ʚ ʩʚʠʥʮʝ (~ 0.1 ʤʘʩ. % ʧʨʠ 100 Áʉ ʠ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʢʦʣʦ 0.01 ʤʘʩ. % ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ) ʠ ʚʳʩʦʢʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʬʘʟʳ ʄg2Pb [76]. 

ʇʨʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚʘʭ ʤʘʛʥʠʷ ʚ ʩʧʣʘʚʝ (ʦʪ 0.1 ʜʦ 1%) 

ʨʝʟʢʦ ʫʩʠʣʠʚʘʝʪʩʷ ʨʘʟʨʫʰʝʥʠʝ ʘʥʦʜʘ ʩ ʛʣʫʙʦʢʠʤ ʧʨʦʥʠʢʥʦʚʝʥʠʝʤ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʦʩʥʦʚʫ. ɹʦʣʝʝ ʪʦʛʦ, ʧʨʠʩʘʜʢʠ ʤʘʛʥʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʫʭʫʜʰʘʶʪ ʩʪʦʡʢʦʩʪʴ, ʦʩʦʙʝʥʥʦ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʣʷʨʠʟʘʮʠʠ, 

ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʩʝʨʝʙʨʦ ʠ ʪʘʣʣʠʡ. ʇʦʵʪʦʤʫ, 

ʥʝʩʤʦʪʨʷ ʥʘ ʨʝʟʢʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʠʩʘʜʢʘʤʠ ʤʘʛʥʠʷ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʧʣʘʚʘ, ʧʨʠʤʝʥʷʪʴ ʝʛʦ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʥʝʮʝʣʝʩʦʦʙʨʘʟʥʦ [3, 71]. 

ʉʠʩʪʝʤʘ ʩʚʠʥʝʮ-ʢʘʣʴʮʠʡ. ɺ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʜʠʘʧʘʟʦʥʝ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʝ ʠʤʝʶʪʩʷ [76] ʦʙʣʘʩʪʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʘʣʴʮʠʷ ʚ 
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ʩʚʠʥʮʝ (0.1 ʤʘʩ. % ʚʙʣʠʟʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʝʨʠʪʝʢʪʠʢʠ) ʠ ʵʚʪʝʢʪʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʉʘʈb3 (6 ʤʘʩ. % ʉʘ) ʩ ʪʚʝʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʢʘʣʴʮʠʷ ʚ 

ʩʚʠʥʮʝ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ, ʦʧʨʝʜʝʣʷʶʱʘʷʩʷ ʫʤʝʥʴʰʝʥʠʝʤ ʚʝʩʘ ʦʙʨʘʟʮʦʚ 

ʩʧʣʘʚʦʚ, ʢʦʣʠʯʝʩʪʚʦʤ ʦʙʨʘʟʫʝʤʦʛʦ ʠʤʠ ʰʣʘʤʘ ʠ ʧʝʨʝʥʦʩʦʤ ʩʚʠʥʮʘ ʥʘ ʢʘʪʦʜ, 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʤʠʥʠʤʫʤʦʤ, ʣʝʞʘʱʠʤ ʚ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 1-1.3 ʘʪ. %     

(0.25 ʤʘʩ. %). ʇʨʠ ʜʝʣʴʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʨʝʟʢʦ ʚʦʟʨʘʩʪʘʝʪ, ʧʨʠʯʝʤ ʥʘʯʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʛʦʨʘʟʜʦ ʤʝʥʴʰʝ, ʯʝʤ 

ʫʩʪʘʥʦʚʠʚʰʘʷʩʷ ʚ ʢʦʥʮʝ ʠʩʧʳʪʘʥʠʷ. ʈʦʩʪ ʧʦʪʝʥʮʠʘʣʘ ʦʙʫʩʣʦʚʣʝʥ ʫʚʝʣʠʯʝʥʠʝʤ 

ʜʦʣʠ ɓ ï PbO2 ʚ ʩʣʦʝ [80]. 

ɺʤʝʩʪʝ ʩ ʪʝʤ ʫʚʝʣʠʯʝʥʠʝ ʢʦʨʨʦʟʠʠ ʩʚʠʥʮʦʚʦ-ʢʘʣʴʮʠʝʚʳʭ ʩʧʣʘʚʦʚ ʚ ʦʙʣʘʩʪʠ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʚʳʰʝ 1.3%, ʦʯʝʚʠʜʥʦ, ʩʚʷʟʘʥʦ ʥʝ ʪʦʣʴʢʦ ʩʦ ʩʪʨʫʢʪʫʨʥʦʡ ʩʧʣʘʚʘ, ʥʦ 

ʠ ʩ ʢʨʠʪʠʯʝʩʢʠʤ ʩʦʦʪʥʦʰʝʥʠʝʤ ʉʘPb3 ʠ ʬʘʟʳ Pb, ʧʨʠ ʢʦʪʦʨʦʤ ʦʥʘ ʦʧʨʝʜʝʣʷʝʪ 

ʢʦʨʨʦʟʠʶ [3, 80]. 

ʂʦʨʨʦʟʠʦʥʥʦʝ ʧʦʚʝʜʝʥʠʝ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ ʢʘʣʴʮʠʝʤ ʚ ʦʪʩʫʪʩʪʚʠʝ ʚʥʝʰʥʝʡ 

ʧʦʣʷʨʠʟʘʮʠʠ ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʦ ʚ ʨʘʙʦʪʝ [80]. ɽʩʣʠ ʦʙʘ ʢʦʤʧʦʥʝʥʪʘ 

ʦʙʨʘʟʫʶʪ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʝ ʩʦʣʠ, ʪʦ ʢʦʨʨʦʟʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʧʣʘʚʦʚ ʙʫʜʝʪ 

ʧʣʘʚʥʦ ʠʟʤʝʥʷʪʩʷ ʦʪ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʩʦʦʪʥʦʰʝʥʠʡ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʠ ʥʘ 

ʜʨʫʛʠʭ ʩʧʣʘʚʘʭ. ʉʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ ʢʘʣʴʮʠʝʤ ʠʟʤʝʥʷʝʪʩʷ ʚ 

ʦʯʝʥʴ ʫʟʢʠʭ ʧʨʝʜʝʣʘʭ ï ʦʪ 0.155 ʜʣʷ ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ ʜʦ 0.165 ʛ/ʤ
2
Āʩʫʪʢʠ ʜʣʷ 

ʩʦʝʜʠʥʝʥʠʷ ʉʘʈb3 (ʩʤʝʥʘ ʨʘʩʪʚʦʨʘ ʯʝʨʝʟ 10 ʩʫʪʦʢ). ʇʨʠ ʙʦʣʝʝ ʯʘʩʪʦʤ ʦʙʥʦʚʣʝʥʠʠ 

ʨʘʩʪʚʦʨʘ ʩʢʦʨʦʩʪʴ ʢʦʨʨʦʟʠʠ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 0.57 ʛ/ʤ
2
 ʩʫʪʢʠ. ʌʦʨʤʠʨʦʚʘʥʠʝ 

ʟʘʱʠʪʥʦʛʦ ʩʣʦʷ ʥʘ ʩʧʣʘʚʝ ʬʠʢʩʠʨʫʝʪʩʷ ʩʤʝʱʝʥʠʝʤ ʩʪʘʮʠʦʥʘʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʚ 

ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʫʶ ʩʪʨʦʥʫ. 

ʉʠʩʪʝʤʘ ʩʚʠʥʝʮ-ʩʪʨʦʥʮʠʡ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʦʚʝʜʝʥʠʷ 

ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩʦ ʩʪʨʦʥʮʠʝʤ ʚ ʣʠʪʝʨʘʪʫʨʝ [84] ʠʤʝʣʠʩʴ ʫʢʘʟʘʥʠʷ ʥʘ ʪʦ, ʯʪʦ ʵʪʦʪ 

ʤʝʪʘʣʣ ʚ ʢʦʣʠʯʝʩʪʚʝ 1-1.5% ʚ ʩʦʩʪʘʚʝ ʙʠʥʘʨʥʳʭ ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʧʨʠʜʘʝʪ ʘʥʦʜʘʤ 

ʧʦʚʳʰʝʥʥʫʶ ʥʘʯʘʣʴʥʫʶ ʩʪʦʡʢʦʩʪʴ, ʥʦ ʚ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʵʪʦ ʢʘʯʝʩʪʚʦ 

ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʝʪʩʷ. ʉʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ [79] ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʢʦʨʨʦʟʠʦʥʥʦʝ ʠ ʘʥʦʜʥʦʝ ʧʦʚʝʜʝʥʠʝ ʵʪʦʛʦ ʩʧʣʘʚʘ ʘʥʘʣʦʛʠʯʥʦ ʩʧʣʘʚʫ ʩʚʠʥʮʘ ʩ 
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ʢʘʣʴʮʠʝʤ, ʯʪʦ ʦʧʨʝʜʝʣʷʝʪʩʷ ʘʥʘʣʦʛʦʚʳʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʙʣʠʟʦʩʪʴʶ ʩʪʨʫʢʪʫʨʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ [3, 76]. 

ʉʪʘʙʠʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ ʘʥʦʜʥʦʡ ʢʦʨʨʦʟʠʠ ʚ ʭʦʜʝ ʧʦʣʷʨʠʟʘʮʠʠ ʜʦʩʪʠʛʘʝʪʩʷ 

ʜʣʷ ʥʠʟʢʦʧʨʦʮʝʥʪʥʳʭ (ʜʦ 0.5 ʤʘʩ. % Sr) ʩʧʣʘʚʦʚ. ʅʘ ʩʧʣʘʚʘʭ ʩ ʙʦʣʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ ʚ ʥʘʯʘʣʴʥʳʡ ʧʝʨʠʦʜ ʧʦʣʷʨʠʟʘʮʠʠ ʬʦʨʤʠʨʫʶʪʩʷ 

ʟʥʘʯʠʪʝʣʴʥʳʝ ʧʦ ʪʦʣʱʠʥʝ ʦʪʣʦʞʝʥʠʷ ʠʟ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʦ ʯʝʤ 

ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʭʘʨʘʢʪʝʨʫ ʠʟʤʝʥʝʥʠʷ ʚʝʩʘ ʦʙʨʘʟʮʦʚ ʦʪ ʤʘʣʳʭ ʦʪʨʠʮʘʪʝʣʴʥʳʭ ʜʦ 

ʚʳʩʦʢʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʚʝʣʠʯʠʥ (ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʣʠʯʝʩʪʚʘ ʩʪʨʦʥʮʠʷ ʚ 

ʩʧʣʘʚʝ). ʇʨʠ ʜʘʣʴʥʝʡʰʝʡ ʧʦʣʷʨʠʟʘʮʠʠ ʩʢʦʨʦʩʪʴ ʨʘʟʨʫʰʝʥʠʷ ʩʧʣʘʚʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʤ ʩʦʜʝʨʞʘʥʠʝʤ ʩʪʨʦʥʮʠʷ ʥʘʨʘʩʪʘʝʪ ʠ ʧʨʝʚʦʩʭʦʜʠʪ ʩʢʦʨʦʩʪʴ 

ʢʦʨʨʦʟʠʠ ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ. ʇʦʩʢʦʣʴʢʫ ʩʪʨʦʥʮʠʡ ʦʙʨʘʟʫʝʪ ʩʦ ʩʚʠʥʮʦʤ ʦʯʝʥʴ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʢʦʨʦʟʠʦʥʥʦʦʧʨʝʜʝʣʷʶʱʝʡ ʬʘʟʦʡ ʷʚʣʷʝʪʩʷ 

ʩʦʝʜʠʥʝʥʠʝ SrPb3. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘ ʪʘʢʞʝ ʫʯʠʪʳʚʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʩʢʦʨʦʩʪʠ 

ʢʦʨʨʦʟʠʠ ʥʠʟʢʦʧʨʦʮʝʥʪʥʳʭ ʩʧʣʘʚʦʚ ʚ ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ (ʧʦʩʣʝ 

ʧʝʨʠʦʜʘ ʧʨʦʨʘʙʦʪʢʠ ʠ ʬʦʨʤʠʨʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʣʦʷ), ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʛʨʘʥʠʮʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʪʨʦʥʮʠʷ ʚ ʩʚʠʥʮʝ ʙʣʠʟʢʘ ʢ 0.067 ʤʘʩ. % [3, 83]. 

ʉʠʩʪʝʤʘ ʩʚʠʥʝʮ-ʙʘʨʠʡ. ʅʘ ʧʦʣʦʞʠʪʝʣʴʥʫʶ ʨʦʣʴ ʙʘʨʠʷ ʚ ʧʦʚʳʰʝʥʠʠ 

ʟʘʱʠʪʥʳʭ ʩʚʦʡʩʪʚ ʬʘʟʦʚʦʛʦ ʩʣʦʷ ʥʘ ʩʧʣʘʚʝ ʠ ʩʥʠʞʝʥʠʠ ʧʝʨʝʭʦʜʘ ʩʚʠʥʮʘ ʚ ʨʘʩʪʚʦʨ 

ʜʘʚʥʦ ʙʳʣʦ ʦʙʨʘʱʝʥʦ ʚʥʠʤʘʥʠʝ [81], ʦʜʥʘʢʦ ʥʝ ʙʳʣʘ ʦʧʨʝʜʝʣʝʥʘ ʝʛʦ ʦʧʪʠʤʘʣʴʥʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ. ʇʨʠʩʫʪʩʪʚʠʝ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʙʘʨʠʷ ʚ ʩʚʠʥʮʝ (Ó 1 ʤʘʩ. %) 

ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʚʦ ʚʨʝʤʝʥʠ ʩʢʦʨʦʩʪʠ ʘʥʦʜʥʦʡ ʢʦʨʨʦʟʠʠ. ʇʦʩʢʦʣʴʢʫ ʚ 

ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʜʚʫʭʬʘʟʥʦʤ ʩʧʣʘʚʝ ʈb + BaPb3 ʬʘʟʘ 

ʩʦʝʜʠʥʝʥʠʷ ʷʚʣʷʝʪʩʷ ʥʝʩʪʦʡʢʦʡ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʤʝʞʢʨʠʩʪʘʣʣʠʪʥʦʤ 

ʭʘʨʘʢʪʝʨʝ ʢʦʨʨʦʟʠʠ, ʪ.ʝ. ʦ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦʤ ʨʘʩʪʚʦʨʝʥʠʠ ʵʪʦʡ ʬʘʟʳ, ʯʪʦ 

ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʧʦʚʝʨʭʥʦʩʪʠ, ʛʣʫʙʦʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʢʦʨʨʦʟʠʦʥʥʳʭ 

ʧʨʦʮʝʩʩʦʚ ʠ ʫʩʠʣʝʥʥʦʤʫ ʦʩʳʧʘʥʠʶ ʦʢʠʩʣʝʥʥʳʭ ʧʨʦʜʫʢʪʦʚ [3, 83]. 

ɼʣʷ ʩʧʣʘʚʦʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦ ʩʦʩʪʘʚʫ ʦʙʣʘʩʪʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʘʨʠʷ ʚ 

ʩʚʠʥʮʝ (Ó 1% ɺʘ), ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʟʘʤʝʪʥʦʝ ʧʦʚʳʰʝʥʠʝ ʩʪʦʡʢʦʩʪʠ, ʩʪʘʙʠʣʴʥʦʡ ʚ 

ʭʦʜʝ ʜʣʠʪʝʣʴʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʘʢ ʠ ʚ ʩʣʫʯʘʝ ʧʨʠʩʘʜʦʢ ʩʪʨʦʥʮʠʷ 
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ʠ ʢʘʣʴʮʠʷ, ʢʦʨʨʦʟʠʦʥʥʳʝ ʩʚʦʡʩʪʚʘ ʩʧʣʘʚʘ ʩʚʠʥʮʘ ʩ ʙʘʨʠʝʤ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʠ ʩʚʦʡʩʪʚ ʩʦʩʪʘʚʣʷʶʱʠʭ ʩʧʣʘʚʘ [3]. 

 

 

1.7. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʦʙʟʦʨʫ ʣʠʪʝʨʘʪʫʨʳ ʠ ʧʦʩʪʘʥʦʚʢʘ ʟʘʜʘʯʠ 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʡ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ, 

ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʵʣʝʤʝʥʪʘʤʠ ʠʟʫʯʝʥʦ ʚ 

ʥʝʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ 

ʧʦʣʥʦʩʪʴʶ ʧʦʩʪʨʦʝʥʥʳʭ ʜʚʦʡʥʳʭ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ 

ʩʚʠʥʮʘ. ʉʪʝʧʝʥʴ ʠʟʫʯʝʥʥʦʩʪʠ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩʦʩʪʘʚʣʷʝʪ ~ 54% ʦʪ 

ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʝʛʦ ʩʠʩʪʝʤ ʩ 93 ʵʣʝʤʝʥʪʘʤʠ. ʅʝ ʫʜʘʣʦʩʴ ʥʘʡʪʠ ʥʠʢʘʢʠʭ 

ʩʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʜʣʷ 26 ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʪʘʢʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʢʘʢ 

ʬʨʘʥʮʠʡ, ʨʘʜʠʡ, ʧʨʦʤʝʪʠʡ, ʵʨʙʠʡ, ʚʘʥʘʜʠʡ, ʪʘʥʪʘʣ ʠ ʜʨ. ʆʪʩʫʪʩʪʚʫʶʪ 

ʧʦʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʥʦ ʦʥʠ ʷʚʣʷʶʪʩʷ ʯʘʩʪʠʯʥʦ ʠʟʫʯʝʥʥʳʤʠ 

ʩʠʩʪʝʤʘʤʠ ʩʚʠʥʮʘ ʩ 17 ʵʣʝʤʝʥʪʘʤʠ, ʥʘʧʨʠʤʝʨ, ʪʝʨʙʠʝʤ, ʙʝʨʠʣʣʠʝʤ, ʥʝʦʜʠʤʦʤ 

ʩʢʘʥʜʠʝʤ ʠ ʪ.ʜ. 

ʅʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ: 

1) ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʩʚʠʥʝʮ ʦʙʨʘʟʫʝʪ ʩʠʩʪʝʤʳ ʩ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʩ ʪʘʣʣʠʝʤ ʠ ʠʥʜʠʝʤ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ; 

2) ʩʚʠʥʝʮ ʩ 34 ʵʣʝʤʝʥʪʘʤʠ (Li, Na, K, Rb, Cs, Mg, Ca, Sr, Ba, Y, La, ʉʝ, Pr, 

Sm, Eu, Gd, Dy, Yb, Lu, U, Ti, Zr, Rh, Pu, Pd, Pt, Au, Hg, Tl, Ge, Bi, S, Se, Te) 

ʦʙʨʘʟʫʝʪ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ; 

3) ʢ ʧʦʯʪʠ ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʠʪʩʷ 50 ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʘʤʠ: IA, IIA, IIIA, VIA, VIIA, VIIIA, IB, IIB, IIIB, IVB, VB, VIB (Li, Na, K, 

Rb, Cs, Mg, Ca, Sr, Ba, Y, La, Pr, Sm, Eu, Gd, Dy, Yb, Lu, U, Pu, Cr, Mn, Co, Ni, Ag, 

Pd, Cu, Pt, Zn, Cd, Au, Al, Hg, In, Ga, Si, Tl, Ge, Sb, Sn, S, Bi, Te, Se) ʠ ʯʘʩʪʠʯʥʳʝ 

(Ce, Ti, Rh, Fe, O, Zr) ʛʨʫʧʧ ʇʊ. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʚ ʪʚʸʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ 

ʦʙʫʩʣʦʚʣʠʚʘʶʪʩʷ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ. ʇʨʠ ʵʪʦʤ 
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ʤʦʞʝʪ ʙʳʪʴ ʦʙʨʘʟʦʚʘʥʠʝ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʭ, ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʭ 

ʨʘʚʥʦʚʝʩʠʡ, ʘ ʪʘʢʞʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; 

4) ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʘ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʚʠʥʮʘ ʩ d-ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ; 

5) ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ 43 ʵʣʝʤʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʵʣʝʤʝʥʪʘʤʠ IIIA-VIIIA, 

VB ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʦʪʥʦʩʷʪʩʷ ʢ ʥʝʠʟʫʯʝʥʥʳʤ ʠʣʠ 

ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʩʠʩʪʝʤʘʤ. 

ɹʘʙʙʠʪʳ ï ʵʪʦ ʩʧʝʮʠʘʣʴʥʳʝ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʦʣʦʚʘ, ʩʚʠʥʮʘ ʠ ʥʝʢʦʪʦʨʳʭ 

ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ. ʊʘʢʠʝ ʩʧʣʘʚʳ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤʠ ʘʥʪʠʬʨʠʢʮʠʦʥʥʳʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʪ.ʝ. ʥʠʟʢʠʤʠ ʢʦʵʬʬʠʮʠʝʥʪʘʤʠ ʪʨʝʥʠʷ. ʉʚʠʥʮʦʚʳʝ ʙʘʙʙʠʪʳ ʦʙʣʘʜʘʶʪ 

ʫʜʠʚʠʪʝʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʤʘʪʝʨʠʘʣʘ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʘ ʪʘʢʞʝ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʦʡ ʠʟʥʦʩʦʩʪʦʡʢʦʩʪʴʶ ʠ ʭʦʨʦʰʝʡ 

ʩʤʘʟʳʚʘʝʤʦʩʪʴʶ, ʯʪʦ ʜʝʣʘʝʪ ʠʭ ʠʜʝʘʣʴʥʳʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʧʦʜʰʠʧʥʠʢʘʭ ʠ 

ʜʨʫʛʠʭ ʪʨʝʥʠʷʭ. 

ʀʟ ʛʦʜʘ ʚ ʛʦʜ ʧʨʠʤʝʥʝʥʠʝ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʦʟʨʘʩʪʘʝʪ. ʇʦʵʪʦʤʫ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʩʚʠʥʮʫ ʠ ʝʛʦ 

ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʂ ʩʦʞʘʣʝʥʠʶ, ʚ ʠʥʪʝʨʥʝʪʝ ʠ ʜʦʩʪʫʧʥʦʡ ʣʠʪʝʨʘʪʫʨʝ ʜʦ 

ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʘʡʪʠ ʜʘʥʥʳʝ ʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) 

ʤʝʪʘʣʣʘʤʠ ʥʘʤ ʥʝ ʫʜʘʣʦʩʴ. 

ʀʟ ʘʥʘʣʠʟʘ ʣʠʪʝʨʘʪʫʨʳ ʧʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ 

ʩʚʦʡʩʪʚʘʤ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʩʣʝʜʫʶʱʠʝ ʚʳʚʦʜʳ: 

ï ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʤʘʩʩʦʚʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʚʦʦʙʱʝ ʥʝ 

ʠʟʫʯʝʥʳ; 

ï ʩʚʝʜʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʜʦʙʘʚʦʢ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 

(Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ; 
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ï ʩʚʝʜʝʥʠʡ ʦ ʧʨʠʤʝʥʝʥʠʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ 

(Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʚ ʣʠʪʝʨʘʪʫʨʝ 

ʦʪʩʫʪʩʪʚʫʪʁ. 

ʊʘʢʞʝ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ, ʚ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʝʪ 

ʢʘʢʘ-̫ʣʠʙʦ ʠʥʬʦʨʤʘʮʠʷ ʦ ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʤ ʧʦʚʝʜʝʥʠʠ ʠ 

ʤʝʭʘʥʠʟʤʝ ʢʦʨʨʦʟʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʚ ʩʨʝʜʝ 

ʨʘʩʪʚʦʨʘ NaCl. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ, ʤʝʭʘʥʠʯʝʩʢʠʭ, 

ʢʦʨʨʦʟʠʦʥʥʦ-ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ, ʘ ʪʘʢʞʝ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) 

ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʜʝʪʘʣʝʡ ʠ ʤʝʭʘʥʠʟʤʦʚ, 

ʨʘʙʦʪʘʶʱʠʭ ʚ ʢʨʠʪʝʨʠʷʭ ʪʨʝʥʠʷ ʠ ʩʢʦʣʴʞʝʥʠʷ, ʷʚʣʷʶʪʩʷ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ, 

ʠʤʝʶʱʝʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʭʘʨʘʢʪʝʨ. 
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ɻʃɸɺɸ 2. ʇʈʆɻʅʆɿ ɺʀɼʆɺ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉɺʀʅʎɸ ʉ 

ʕʃɽʄɽʅʊɸʄʀ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʊɸɹʃʀʎʓ 

2.1. ʇʨʦʛʥʦʟ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ (ʇʊ) ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ 

ʇʨʝʞʜʝ ʯʝʤ ʧʨʠʩʪʫʧʠʪʴ ʢ ʠʟʫʯʝʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʥʝʦʙʭʦʜʠʤʦ ʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚ ʞʠʜʢʦʩʪʠ. ɺ ʵʪʠʭ ʮʝʣʷʭ 

ʧʨʠʤʝʥʠʤ ʢʨʠʪʝʨʠʡ [37], ʧʨʠ ʢʦʪʦʨʦʤ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʟʥʘʯʝʥʠʷ 

ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ (ůi). ɺ ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʷʝʪʩʷ ʢʨʠʪʝʨʠʡ                 

ɺ.ʄ. ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ, ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʠ 

ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʣʠʯʠʷ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʵʥʝʨʛʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɺ 

ʩʧʣʘʚʘʭ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʦʮʝʥʢʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚʳʜʝʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʩ 

ʫʩʪʦʡʯʠʚʳʤʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ, ʢʘʢ ʧʨʘʚʠʣʦ, 

ʠʩʢʣʶʯʘʝʪʩʷ. ɼʨʫʛʠʝ ʩʠʩʪʝʤʳ ʩʧʣʘʚʦʚ ʧʦʜʚʝʨʛʘʶʪʩʷ ʘʥʘʣʠʟʫ ʩ ʧʦʤʦʱʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʛʨʘʬʠʢʘ. ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʦʩʝʡ ʩʠʩʪʝʤʳ ʢʦʦʨʜʠʥʘʪ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝ [37, 234]: 

Îȟ ʎ ʎ Ḋ5 ÌÎḊ 5 ÌÎȟ   (2.1) 

ʛʜʝ ůi ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʵʣʝʤʝʥʪʦʚ; U1 (ln) = ln Uʦʪʥ
+2
. ɿʜʝʩʴ                     

U ï ʦʪʥʦʩʠʪʝʣʴʥʳʡ ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. ʆʥ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʧʨʦʯʥʦʩʪʠ 

ʩʚʷʟʠ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʩ ʷʜʨʦʤ ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ: 

( )r)rn:( nnn

ni

1i
iʦʪʥ :UUU ä

=

=
= ,                          (2.2) 

ʛʜʝ Ui ï ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʵʣʝʤʝʥʪʘ; n ï ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʘʷ ʚʘʣʝʥʪʥʦʩʪʴ; 

rn ï ʠʦʥʥʳʡ ʨʘʜʠʫʩ; n, Un, rn ï ʚʝʣʠʯʠʥʳ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʜʣʷ ʵʣʝʤʝʥʪʘ ʚʦʜʦʨʦʜʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʚʳʨʘʞʝʥʠʷ: 

            Î̓ Îȟ ρȢψȟ      (2.3) 

ʚʦʟʥʠʢʘʶʪ ʥʝʧʨʝʨʳʚʥʳʝ ʞʠʜʢʠʝ ʨʘʩʪʚʦʨʳ. ɺ ʠʥʦʤ ʩʣʫʯʘʝ, ʦʙʨʘʟʫʝʪʩʷ 

ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ, ʛʜʝ nʪ ï ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʡ ʨʘʟʣʠʯʠʝ 

ʧʨʦʯʥʦʩʪʠ ʤʝʞʘʪʦʤʥʦʡ ʩʚʷʟʠ ʵʣʝʤʝʥʪʦʚ: 

           Î̓ ρ ˟ȡ˟      (2.4) 
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ʧʨʠ (ʊ1 < ʊ2), ʊi ï ʪʝʤʧʝʨʘʪʫʨʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʵʣʝʤʝʥʪʦʚ. 

ɺ ʩʠʩʪʝʤʘʭ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʠ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

ʥʝʧʨʝʨʳʚʥʳʝ ʞʠʜʢʠʝ ʨʘʩʪʚʦʨʳ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʣʫʯʘʝ, 

ʢʦʛʜʘ: 

           ʎϽ5̏ ̓̎ ςυππȢ     (2.5) 

ɼʣʷ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʧʦʤʦʱʴʶ ʜʘʥʥʦʛʦ ʧʦʣʦʞʝʥʠʷ ʥʘʤʠ ʙʳʣʠ 

ʧʨʦʚʝʜʝʥʳ ʨʘʩʯʸʪʳ ʠ ʧʦʩʪʨʦʝʥʳ ʛʨʘʬʠʢʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ 

(nʪ) ʦʪ ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʬʘʢʪʦʨʘ (nů,u ï ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ) (ʨʠʩ. 2.1) [37, 234]. 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.1 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ) ʦʪ ʦʙʲʝʜʠʥʸʥʥʦʛʦ 

(ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ) ʬʘʢʪʦʨʘ (nů,u) ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ 

ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ [234]. 

 

ʉʣʝʜʫʝʪ, ʯʪʦ ʜʣʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʤʝʪʘʣʣʘʤʠ IA ï Na, Li, Fr; IIA ï Ca, 

Mg, Ba, Ra, Sr; IIIA ï Pr, La, Pm, Nd, Sm, Gd, Eu, Tb, Tm, Dy, Yb, Ac; VIA ï Cr; IB 

ï Cu, Ag, Au; IIIB ï B, In, Tl; IVB ï Ge, Si; VB ï As, P, Sb, Bi; VIB ï S, Se, Te, Po 

ʛʨʫʧʧ ʇʊ. ʊʦʯʢʠ, ʢʦʪʦʨʳʝ ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʜʫʛʠ ʵʣʣʠʧʩʘ (ʙʣʠʞʝ ʢ ʮʝʥʪʨʫ), 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ nʪ
2
 = 0.37 n

2
ů,u. ʉʦʛʣʘʩʥʦ ʛʨʘʬʠʢʫ ʢ ʨʘʩʩʣʘʠʚʘʶʱʠʤʩʷ 
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ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ IA ï K, Rb, Cs; IIA ï Be;       

IIIA ï Sc, Y, Lu, Th, U, Np, Pu; VIA ï Mo, W; VIIA ï Re; VIIIA ï Ru, Pd; IIB ï Cd; 

IVB ï C, Sn; VB ï N ʛʨʫʧʧ ʇʊ. ɺ ʞʠʜʢʦʤ ʨʘʩʧʣʘʚʝ ʯʘʩʪʠʯʥʘʷ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʠ 

ʨʘʩʩʣʘʠʚʘʥʠʝ, ʩʦʛʣʘʩʥʦ ʨʘʩʯʸʪʘʤ, ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ IIIA ï Ho, Er, Am; IIB ï Hg ʛʨʫʧʧ ʇʊ, ʨʘʩʧʦʣʦʞʠʚʰʠʤʠʩʷ 

ʙʣʠʞʝ ʢ ʛʨʘʥʠʮʝ ʩ ʚʥʫʪʨʝʥʥʝʡ ʠ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥ ʜʫʛʠ ʵʣʣʠʧʩʘ (ʨʠʩ. 2.1) [19, 234]. 

 

 

2.2. ʇʨʦʛʥʦʟ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ (ʇʊ) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ɼʣʷ ʦʮʝʥʢʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʳʯʥʦ ʧʨʠʤʝʥʷʶʪ ʨʘʟʤʝʨʥʳʡ, 

ʩʪʨʫʢʪʫʨʥʳʡ ʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨʳ [78]. ʇʦ ʚʳʨʘʞʝʥʠʶ (2.6) 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ: 

Î Ä Ä ȾÄ ϽρππϷȟ    (2.6) 

ʛʜʝ d1 ʠ d2 ï ʘʪʦʤʥʳʝ ʜʠʘʤʝʪʨʳ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʆʮʝʥʢʘ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ ʧʨʦʚʦʜʠʪʩʷ ʧʦ ʨʘʟʥʠʮʝ ʟʥʘʯʝʥʠʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ. ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ (ʵʚ/ʩʚʷʟʴ) 

ʢʦʤʧʦʥʝʥʪʘ ʧʦ ɻʦʨʜʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʫʨʘʚʥʝʥʠʶ (2.7) [78, 234]: 

% πȢσρ Î ρȾÒ πȢυπȟ    (2.7) 

ʛʜʝ n ï ʢʦʣʠʯʝʩʪʚʦ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʦʚ, r ï ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ. ʉʚʷʟʴ E ʩ ʨʘʙʦʪʦʡ 

ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ (ű) ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ: 

        % πȢττʒπȢρυȢ            (2.8) 

ʄʘʣʘʷ ʚʝʣʠʯʠʥʘ ʘʪʦʤʥʦʛʦ ʜʠʘʤʝʪʨʘ ʨʘʩʪʚʦʨʷʶʱʝʛʦʩʷ ʢʦʤʧʦʥʝʥʪʘ ï ʦʜʥʦ ʠʟ 

ʚʘʞʥʳʭ ʫʩʣʦʚʠʡ ʧʨʠ ʦʙʨʘʟʦʚʘʥʠʠ ʨʘʩʪʚʦʨʘ ʚʥʝʜʨʝʥʠʷ. 

ʏʪʦʙʳ ʦʙʨʘʟʦʚʘʣʠʩʴ ʥʝʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ ʪʠʧʘ ʟʘʤʝʱʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʩʣʝʜʫʶʱʝʝ: ʦʜʥʦʪʠʧʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʨʝʰʝʪʦʢ; 

ʙʣʠʟʦʩʪʴ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ (nd Ò 8%); ʥʝʙʦʣʴʰʦʝ ʦʪʣʠʯʠʝ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ (æE Ò 0.2). ʇʨʠ ʥʠʟʢʠʭ ʚʝʣʠʯʠʥʘʭ 

ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʦʙʣʘʩʪʴʶ (nd > 5%). ʇʨʠ nr > 15% ʠʤʝʝʪ ʤʝʩʪʦ ʦʙʨʘʟʦʚʘʥʠʝ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 
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ʇʨʠ ʵʪʦʤ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʩʣʝʜʫʝʪ ʫʯʝʩʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʠʷ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ. ʅʝʩʦʦʪʚʝʪʩʪʚʠʝ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ nd > 15% ʠ 

ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ æE Ò 0.4 ʧʨʠʚʦʜʷʪ ʢ ʦʯʝʥʴ ʤʘʣʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ [37]. 

ʋʢʘʟʘʥʥʳʝ ʬʘʢʪʦʨʳ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʶʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʦʮʝʥʢʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [21-46, 85-100]. ɼʘʨʢʝʥʦʤ 

ɻʫʨʨʠ [42] ʙʳʣ ʧʨʝʜʣʦʞʝʥ ʩʧʦʩʦʙ ʦʧʨʝʜʝʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʩ ʦʛʨʘʥʠʯʝʥʥʦʡ ʠʣʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʦʙʣʘʩʪʷʤʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʳʯʥʦ ʠʟʦʙʨʘʞʘʶʪʩʷ ʚ ʚʠʜʝ ʛʨʘʬʠʢʘ. ɻʨʘʬʠʢ ʩʪʨʦʠʪʩʷ ʤʝʞʜʫ 

ʟʘʚʠʩʠʤʦʩʪʷʤʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ɽ) ʠ ʨʘʟʤʝʨʥʦʛʦ (di). ʅʘ ʛʨʘʬʠʢʝ 

ʣʶʙʦʡ ʭʠʤʠʯʝʩʢʠʡ ʵʣʝʤʝʥʪ ʇʊ ï ʵʪʦ ʪʦʯʢʘ, ʠʟʦʙʨʘʞʸʥʥʘʷ ʥʘ ʥʸʤ [42, 234]. 

ʅʘ ʛʨʘʬʠʯʝʩʢʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʟʤʝʱʘʶʪʩʷ 2 ʵʣʣʠʧʩʘ. ʆʩʠ ʵʣʠʧʩʦʚ 

ʦʪʚʝʯʘʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ 

ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʦʙʣʘʩʪʝʡ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʉ ʙʦʣʴʰʠʤʠ 

ʦʩʷʤʠ ʨʘʟʤʝʨʘʤʠ ʚ ʧʨʝʜʝʣʘʭ Ñ15% ʠ Ñ0.4 ʝʜʠʥʠʮ ɽ ʠ ʤʘʣʳʤʠ ʦʩʷʤʠ Ñ8% ʠ Ñ0.2 

ʝʜʠʥʠʮ ɽ. ʅʝʧʨʝʨʳʚʥʳʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʵʣʝʤʝʥʪʳ-

ʘʥʘʣʦʛʠ, ʨʘʩʧʦʣʘʛʘʶʱʠʝʩʷ ʚʥʫʪʨʠ ʤʘʣʦʛʦ ʵʣʣʠʧʩʘ. ʂʦʤʧʦʥʝʥʪʳ, ʦʙʨʘʟʫʶʱʠʝ 

ʦʙʣʘʩʪʴ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʰʠʨʠʥʘ ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʩʦʩʪʘʚʠʪʴ ʦʢʦʣʦ 5%, 

ʨʘʩʧʦʣʦʞʝʥʳ ʚʥʫʪʨʠ ʙʦʣʴʰʦʛʦ ʵʣʣʠʧʩʘ. ɼʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʤʘʣʦ ʨʘʩʪʚʦʨʷʶʪʩʷ [42, 

234]. 

ʇʨʠ ʧʦʩʪʨʦʝʥʠʠ ʧʦʜʦʙʥʦʛʦ ʛʨʘʬʠʢʘ ʜʣʷ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʫʩʪʘʥʦʚʠʣʠ, ʯʪʦ 

ʪʘʣʣʠʡ ʠ ʪʝʭʥʝʮʠʡ ʦʙʨʘʟʫʶʪ ʩ ʥʠʤ ʥʝʧʨʝʨʳʚʥʳʝ ʠ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ (ʨʠʩ. 2.2). 
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ʈʠʩʫʥʦʢ 2.2 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ɽ) ʦʪ 

ʨʘʟʤʝʨʥʦʛʦ (di) ʜʣʷ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʊ [234]. 

 

ʈʦʩʪ ʨʘʟʥʦʩʪʠ ʟʥʘʯʝʥʠʡ (ɽ) ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʙʣʘʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʵʪʦʤ ʚʦʟʨʘʩʪʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ʀʟ ʨʠʩʫʥʢʘ 2.2 ʚʠʜʥʦ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʘʷ ʯʘʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʨʘʩʧʦʣʦʞʠʣʘʩʴ ʚ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ [234]. 

ʇʨʦʛʥʦʟ ʦʙʨʘʟʦʚʘʥʠʷ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʙʣʘʩʪʝʡ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʛʣʘʩʥʦ 

ʚʳʩʢʘʟʳʚʘʥʠʷʤ ɺ.ʄ. ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ, ʚʦʟʤʦʞʝʥ ʧʨʠʤʝʥʷʷ ʦʪʥʦʰʝʥʠʷ ʦʙʲʸʤʥʦʛʦ 

ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʦʚ [37]. ʉ ʫʯʸʪʦʤ ʵʪʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ, ʥʘʤʠ ʙʳʣ ʧʦʩʪʨʦʝʥ 

ʛʨʘʬʠʢ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨ (nʪ) ï ʦʙʲʝʤʥʳʡ ʬʘʢʪʦʨ (nv). ʆʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

(ʨʠʩ. 2.3) [37, 234]. 
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ʀʟ ʨʠʩʫʥʢʘ 2.3 ʚʠʜʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ IA ï Na; IIA ï Mg; 

IIB ï Cd; IIIB ï Tl, In; VB ï Sb, IVB ï Sn; Bi VIB ï Te ʛʨʫʧʧ ʇʊ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʢʨʠʪʘʣʣʠʟʘʮʠʝʡ ʥʝʧʨʝʨʳʚʥʳʭ ʠ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʉ 

ʵʣʝʤʝʥʪʘʤʠ ʞʝ IA ï Li; IIA ï Ca; IIIA ï Ce, La, Nd, Pr, Yb, Pm, Np, Pu ʛʨʫʧʧ ʇʊ 

ʩʚʠʥʝʮ ʦʙʨʘʟʫʝʪ ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʸʨʜʳʝ ʨʘʩʪʚʦʨʳ. ɺ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʘʤʠ IA ï K, Cs, Rb, Fr; IIA ï Sr, Ra, Ba; IIIA ï Sc, Y, Sm, Eu, Gd, Tb, Dy, Er, 

Ho, Lu, Tm, Ac, Pa, Th, U, Am; IVA ï Zr, Ti, Hf; VA  ï V, Ta, Nb; VIA ï Cr, Mo, W; 

VIIA ï Mn, Tc, Re; VIIIA ï Fe, Ru, Os, Co, Rh, Ir, Pd, Ni, Pt; IB ï Ag, Cu, Au;        

IIB ï Hg, Zn; IIIB ï Al, Ga; IVB ï Ge, Si; VB ï P, As; VIB ï S, Se, Po ʛʨʫʧʧ ʇʊ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʥʝ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ [234]. 

ɼʦʧʦʣʥʠʣʠ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʧʨʦʛʥʦʟʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ ʦʮʝʥʢʦʡ ʚʠʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠ ʫʯʸʪʝ ʦʪʥʦʰʝʥʠʡ nr (ʨʘʟʤʝʨʥʳʡ 

ʬʘʢʪʦʨ), Hs (ʪʝʧʣʦʪʘ ʩʫʙʣʠʤʘʮʠʠ) ʠ ʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʩʚʠʥʮʘ ʩ 

ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ (ʪʘʙʣ. 2.1). ʂʘʢ ʠʟʚʝʩʪʥʦ [101], ʯʝʤ ʤʝʥʴʰʝ ʟʥʘʯʝʥʠʝ ʪʝʧʣʦʪʳ 

ʩʫʙʣʠʤʘʮʠʠ ʤʝʪʘʣʣʘ, ʪʝʤ ʣʫʯʰʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʦʥ ʠʤʝʝʪ, ʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʪʘʢʠʝ ʤʝʪʘʣʣʳ ʦʙʨʘʟʫʶʪ ʰʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

[101, 234]. 

 

ʈʠʩʫʥʦʢ 2.3 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ) ʦʪ 

ʦʙʲʝʤʥʦʛʦ (nv) ʜʣʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ [234]. 
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ʊʘʙʣʠʮʘ 2.1 ï ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʩʦ ʩʚʠʥʮʦʤ [234]. 

 ̄ ʕʣʝʤʝʥʪʳ 

ʈʘʟʤʝʨʥʳʡ 

ʬʘʢʪʦʨ ʚ % 

ʧʦ 

ʦʪʥʦʰʝʥʠʶ 

ʢ Pb 

ʆʪʥʦʰʝʥʠʝ 

ʪʝʧʣʦʪʳ 

ʩʫʙʣʠʤʘʮʠʠ 

ʵʣʝʤʝʥʪʘ ʢ 

ʪʝʧʣʦʪʝ 

ʩʫʙʣʠʤʘʮʠʠ Pb 

ʉʪʨʫʢ-

ʪʫʨʥʳʡ ʪʠʧ 

ʵʣʝʤʝʥʪʘ 

ʆʞʠʜʘʝʤʳʡ 

ʪʠʧ ʚʟʘʠʤʦ-

ʜʝʡʩʪʚʠʷ 

ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʦʤ 

1 2 3 4 5 6 

1.  ʃʠʪʠʡ 13.14 0.81 ʢʫʙ. ʆʈ 

2.  ʅʘʪʨʠʡ 5.66 0.55 ʢʫʙ. ʆʈ 

3.  ʂʘʣʠʡ 24.24 0.45 ʢʫʙ. ɺʆʈ 

4.  ʈʫʙʠʜʠʡ 29.15 0.41 ʢʫʙ. ɺʆʈ 

5.  ʎʝʟʠʡ 33.33 0.39 ʢʫʙ. ɺʆʈ 

6.  ʌʨʘʥʮʠʡ 37.50 0.35 - ɺʆʈ 

7.  ɹʝʨʠʣʣʠʡ 36.57 1.65 ʛʝʢʩ.* ɺʆʈ 

8.  ʄʘʛʥʠʡ 8.86 0.75 ʛʝʢʩ. ʆʈ 

9.  ʂʘʣʴʮʠʡ 12.06 0.89 ʢʫʙ. ʆʈ 

10.  ʉʪʨʦʥʮʠʡ 18.60 0.83 ʢʫʙ. ɺʆʈ 

11.  ɹʘʨʠʡ 19.35 0.88 ʢʫʙ. ɺʆʈ 

12.  ʈʘʜʠʡ 25.53 0.82 - ɺʆʈ 

13.  ʉʢʘʥʜʠʡ 7.14 1.72 ʛʝʢʩ.* ʆʈ 

14.  ʀʪʪʨʠʡ 1.69 1.91 ʛʝʢʩ.* ʅʈ 

15.  ʃʘʥʪʘʥ 6.42 2.13  ʆʈ 

16.  ʎʝʨʠʡ 4.11 1.59 ʢʫʙ. ʅʈ 

17.  ʇʨʘʟʝʦʜʠʤ 3.85 2.73 ʢʫʙ. ʅʈ 

18.  ʅʝʦʜʠʤ 3.58 1.63 ʛʝʢʩ.* ʅʈ 

19.  ʇʨʦʤʝʪʠʡ 3.85 1.49 - ʅʈ 

20.  ʉʘʤʘʨʠʡ 5.15 1.06 ʨʦʤʙʦʵʜʨ.* ʆʈ 

21.  ɽʚʨʦʧʠʡ 12.50 0.92 ʢʫʙ. ʆʈ 

22.  ɻʘʜʦʣʠʥʠʡ 1.96 1.10 ʛʝʢʩ.* ʅʈ 

23.  ʊʝʨʙʠʡ 0.86 1.53 ʛʝʢʩ. ʅʈ 

24.  ɼʠʩʧʨʦʟʠʡ 0.29 1.51 ʛʝʢʩ. ʅʈ 

25.  ɻʦʣʴʤʠʡ 0.29 1.59 ʛʝʢʩ. ʅʈ 

26.  ʕʨʙʠʡ 0.86 1.49 ʛʝʢʩ. ʅʈ 

27.  ʊʫʣʠʡ 1.43 1.23 ʛʝʢʩ. ʅʈ 

28.  ʀʪʪʝʨʙʠʡ 9.79 0.85 ʢʫʙ. ʆʈ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1 

1 2 3 4 5 6 

29.  ʃʶʪʝʮʠʡ 2.00 1.62 ʛʝʢʩ. ʅʈ 

30.  ɸʢʪʠʥʠʡ 13.79 1.96 ʢʫʙ. ʆʈ 

31.  ʊʠʪʘʥ 18.29 2.40 ʛʝʢʩ.* ɺʆʈ 

32.  ʎʠʨʢʦʥʠʡ 10.86 3.10 ʛʝʢʩ.* ʆʈ 

33.  ɻʘʬʥʠʡ 10.29 3.09 ʛʝʢʩ.* ʆʈ 

34.  ʊʦʨʠʡ 1.41 2.38 ʢʫʙ. ʅʈ 

35.  ʅʠʦʙʠʡ 18.57 3.67 ʢʫʙ. ɺʆʈ 

36.  ʊʘʥʪʘʣ 18.29 3.97 ʢʫʙ. ɺʆʈ 

37.  ʇʨʦʪʘʢʪʠʥʠʡ 7.43 2.34 ʪʝʪʨ ʆʈ 

38.  ɺʘʥʘʜʠʡ 24.86 2.62 ʢʫʙ. ɺʆʈ 

39.  ʍʨʦʤ 28.86 2.01 ʢʫʙ. ɺʆʈ 

40.  ʄʦʣʠʙʜʝʥ 22.29 3.37 ʢʫʙ. ɺʆʈ 

41.  ɺʦʣʴʬʨʘʤ 21.71 4.30 ʢʫʙ. ɺʆʈ 

42.  ʋʨʘʥ 13.71 2.49 ʨʦʤʙ.* ʆʈ 

43.  ʄʘʨʛʘʥʝʮ 25.71 1.49 ʢʫʙ ɺʆʈ 

44.  ʊʝʭʥʝʮʠʡ 1.41 3.30 ʛʝʢʩ. ʅʈ 

45.  ʈʝʥʠʡ 21.71 3.95 ʛʝʢʩ. ɺʆʈ 

46.  ɾʝʣʝʟʦ 26.29 2.12 ʢʫʙ. ɺʆʈ 

47.  ʈʫʪʝʥʠʡ 24.29 3.40 ʛʝʢʩ. ɺʆʈ 

48.  ʆʩʤʠʡ 23.71 3.72 ʛʝʢʩ. ɺʆʈ 

49.  ʂʦʙʘʣʴʪ 28.29 2.16 ʛʝʢʩ.* ɺʆʈ 

50.  ʈʦʜʠʡ 23.14 2.82 ʢʫʙ. ɺʆʈ 

51.  ʀʨʠʜʠʡ 22.57 3.22 ʢʫʙ. ɺʆʈ 

52.  ʅʠʢʝʣʴ 28.86 2.15 ʢʫʙ. ɺʆʈ 

53.  ʇʘʣʣʘʜʠʡ 21.14 2.02 ʢʫʙ. ɺʆʈ 

54.  ʇʣʘʪʠʥʘ 20.86 2.87 ʢʫʙ. ɺʆʈ 

55.  ʄʝʜʴ 27.14 1.72 ʢʫʙ. ɺʆʈ 

56.  ʉʝʨʝʙʨʦ 17.43 1.45 ʢʫʙ. ɺʆʈ 

57.  ɿʦʣʦʪʦ 17.71 4.00 ʢʫʙ. ɺʆʈ 

58.  ʎʠʥʢ 24.00 0.66 ʛʝʢʩ. ɺʆʈ 

59.  ʂʘʜʤʠʡ 14.86 0.57 ʛʝʢʩ. ʆʈ 

60.  ʈʪʫʪʴ 14.00 0.31 ʨʦʤʙʦʵʜʨ. ʆʈ 

61.  ɻʘʣʣʠʡ 30.29 1.37 ʪʝʪʨ. ɺʆʈ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 2.1 

1 2 3 4 5 6 

62.  ʀʥʜʠʡ 7.43 1.20 ʪʝʪʨ. ʆʈ 

63.  ʊʘʣʣʠʡ 2.86 0.91 ʛʝʢʩ.* ʅʈ 

64.  ɸʣʶʤʠʥʠʡ 18.29 1.59 ʢʫʙ. ɺʆʈ 

65.  ʂʨʝʤʥʠʡ 32.86 2.23 ʢʫʙ. ɺʆʈ 

66.  ɻʝʨʤʘʥʠʡ 30.00 1.93 ʢʫʙ. ɺʆʈ 

67.  ʆʣʦʚʦ 13.71 1.53 ʢʫʙ. ʆʈ 

68.  ʄʳʰʴʷʢ 28.29 1.70 ʨʦʤʙʦʵʜʨ. ɺʆʈ 

69.  ʉʫʨʴʤʘ 17.14 1.33 ʨʦʤʙʦʵʜʨ. ɺʆʈ 

70.  ɺʠʩʤʫʪ 11.14 0.94 ʨʦʤʙʦʵʜʨ. ʆʈ 

71.  ʉʝʣʝʥ 33.71 1.05 ʛʝʢʩ. ɺʆʈ 

72.  ʊʝʣʣʫʨ 18.29 0.99 ʛʝʢʩ. ɺʆʈ 

73.  ʇʦʣʦʥʠʡ 36.59 0.71 ʢʫʙ. ɺʆʈ 
ʇʨʠʤʝʯʘʥʠʝ: ʅʈ ï ʥʝʦʨʛʘʥʠʯʝʩʢʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ; ʆʈ ï ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ; 

ɺʆʈ ï ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ; ʟʚʝʟʜʦʯʢʦʡ (*) ʦʙʦʟʥʘʯʝʥʳ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ 

ʩʪʨʫʢʪʫʨʳ ʵʣʝʤʝʥʪʦʚ, ʠʤʝʶʱʠʭ ʢʫʙʠʯʝʩʢʫʶ ʤʦʜʠʬʠʢʘʮʠʶ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʵʪʦʡ ʦʮʝʥʢʠ ʜʘʥʥʳʝ ʧʦʢʘʟʘʣʠ 

ʩʣʝʜʫʶʱʝʝ (ʪʘʙʣ. 2.1): ʩʚʠʥʝʮ ʩʦ ʩʣʝʜʫʶʱʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦ 

ʨʘʩʪʚʦʨʷʝʪʩʷ (ɺʆʈ) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʕʪʦ ʵʣʝʤʝʥʪʳ IA (ʨʫʙʠʜʠʝʤ, ʢʘʣʠʝʤ, 

ʬʨʘʥʮʠʝʤ, ʮʝʟʠʝʤ), IIɸ (ʩʪʨʦʥʮʠʝʤ, ʙʝʨʠʣʣʠʝʤ, ʨʘʜʠʝʤ, ʙʘʨʠʝʤ), IVɸ (ʪʠʪʘʥʦʤ), 

Vɸ (ʚʘʥʘʜʠʝʤ, ʥʠʦʙʠʝʤ, ʪʘʥʪʘʣʦʤ), VIɸ (ʭʨʦʤʦʤ, ʤʦʣʠʙʜʝʥʦʤ, ʚʦʣʴʬʨʘʤʦʤ), 

VIIɸ (ʨʝʥʠʝʤ, ʤʘʨʛʘʥʝʮʝʤ), VIIIɸ (ʨʫʪʝʥʠʝʤ, ʞʝʣʝʟʦʤ, ʦʩʤʠʝʤ, ʢʦʙʘʣʴʪʦʤ, 

ʠʨʠʜʠʝʤ, ʨʦʜʠʝʤ, ʧʘʣʣʘʜʠʝʤ, ʥʠʢʝʣʝʤ, ʧʣʘʪʠʥʦʡ), IB (ʤʝʜʴʶ, ʟʦʣʦʪʦʤ, ʩʝʨʝʙʨʦʤ), 

IIB (ʮʠʥʢʦʤ), IIIB (ʛʘʣʣʠʝʤ, ʘʣʶʤʠʥʠʝʤ), IVB (ʛʝʨʤʘʥʠʝʤ, ʢʨʝʤʥʠʝʤ),                

VB (ʤʳʰʴʷʢʦʤ, ʩʫʨʴʤʦʡ), VIB (ʩʝʣʝʥʦʤ, ʪʝʣʣʫʨʦʤ, ʧʦʣʦʥʠʝʤ) ʛʨʫʧʧ ʇʊ.            

ʉʦ ʩʣʝʜʫʶʱʠʤʠ ʤʝʪʘʣʣʘʤʠ ʜʣʷ ʩʚʠʥʮʘ ʭʘʨʘʢʪʝʨʥʘ ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

(ʅʈ) ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ: IIIA (ʠʪʪʨʠʝʤ, ʧʨʘʟʝʦʜʠʤʦʤ, ʮʝʨʠʝʤ, ʧʨʦʤʝʪʠʝʤ, 

ʥʝʦʜʠʤʦʤ, ʪʝʨʙʠʝʤ, ʛʘʜʦʣʠʥʠʝʤ, ʜʠʩʧʨʦʟʠʝʤ, ʵʨʙʠʝʤ, ʛʦʣʴʤʠʝʤ, ʣʶʪʝʮʠʝʤ, 

ʪʫʣʠʝʤ, ʪʦʨʠʝʤ), VIIA (ʪʝʭʥʝʮʠʝʤ), IIIB (ʪʘʣʣʠʝʤ) ʛʨʫʧʧ ʇʊ. ʉʦ ʩʚʠʥʮʦʤ 

ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʷʶʪʩʷ (ʆʈ) ʩʣʝʜʫʶʰʠʝ ʵʣʝʤʝʥʪʳ: ʵʣʝʤʝʥʪʳ IA (ʣʠʪʠʡ, 

ʥʘʪʨʠʡ), IIA (ʤʘʛʥʠʡ, ʢʘʣʴʮʠʡ), IIIA (ʣʘʥʪʘʥ, ʩʢʘʥʜʠʡ, ʝʚʨʦʧʠʡ, ʩʘʤʘʨʠʡ, 
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ʠʪʪʝʨʙʠʡ, ʧʨʦʪʘʢʪʠʥʠʡ, ʘʢʪʠʥʠʡ, ʫʨʘʥ), IVA (ʛʘʬʥʠʡ, ʮʠʨʢʦʥʠʡ), IIB (ʨʪʫʪʴ, 

ʢʘʜʤʠʡ), IIIB (ʠʥʜʠʡ), IVB (ʦʣʦʚʦ), VB (ʚʠʩʤʫʪ) ʛʨʫʧʧ ʇʊ [19, 234]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʚʳʰʝʫʢʘʟʘʥʥʦʛʦ ʩʣʝʜʫʝʪ, ʯʪʦ ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʫʯʸʪʫ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʧʨʦʛʥʦʟʫ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʚʠʜʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ. 

 

 

2.3. ʇʨʦʛʥʦʟ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ (ʇʊ) 

ʅʘ ʩʪʨʦʝʥʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʚʣʠʷʝʪ 

ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ʕʪʦ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ 

(ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ), ʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʦʚ 

(ʨʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ) ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʤʝʞʜʫ ʠʭ ʩʪʝʧʝʥʷʤʠ ʦʢʠʩʣʝʥʠʷ ʠʣʠ ʥʦʤʝʨʘʤʠ 

ʧʦʜʛʨʫʧʧ (ʨʷʜ ʘʥʘʣʦʛʦʚ) ʚ ʇʊ. ɺ ʥʝʢʦʪʦʨʳʭ ʩʠʩʪʝʤʘʭ ʵʪʠ ʬʘʢʪʦʨʳ ʚʣʠʷʶʪ ʥʘ 

ʢʦʣʠʯʝʩʪʚʦ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʘʟ [32, 43, 234]. 

ɺʣʠʷʥʠʝ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʢʦʪʦʨʳʭ ʬʘʟ, ʦʯʝʥʴ 

ʚʝʣʠʢʦ. ʋʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ ʬʘʟ ʃʘʚʝʩʘ ʷʚʣʷʶʪʩʷ ʪʦʤʫ 

ʧʨʠʤʝʨʦʤ. ʌʘʟʘʤʠ ʃʘʚʝʩʘ ʷʚʣʷʶʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ MgZn2, MgCu2, MgNi2, ʘ 

ʪʘʢʞʝ  ʙʣʠʟʢʘʷ ʢ ʥʠʤ ʬʘʟʘ CaCu5 [32]. ʉʦʦʪʥʦʰʝʥʠʝ ʘʪʦʤʥʳʭ ʨʘʜʠʫʩʦʚ ʵʣʝʤʝʥʪʦʚ, 

ʦʙʨʘʟʫʶʱʠʭ ʬʘʟʳ ʃʘʚʝʩʘ, ʢʦʣʝʙʣʝʪʩʷ ʚ ʧʨʝʜʝʣʘʭ ʦʪ 1.50 ʜʦ 1.68. ɺ ʧʨʝʜʝʣʘʭ ʦʪ 

1.05 ʜʦ 1.68 ʦʙʨʘʟʫʝʪʩʷ ʬʘʟʘ ʪʠʧʘ MgCu5. ʌʘʟʘ MgZn2 ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʚ 

ʠʥʪʝʨʚʘʣʝ 1.05-1.40 [32, 234]. 

ʂʫʙʘʰʝʚʩʢʠʤ [27] ʧʨʝʜʣʦʞʝʥʘ ʩʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʧʣʦʪʳ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʛʥʦʟʠʨʫʝʤʳʭ ʬʘʟ: 
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=D ,             (2.9) 

ʛʜʝ ʭi ï ʤʦʣʴʥʘʷ ʜʦʣʷ ʵʣʝʤʝʥʪʦʚ, Hs ï ʪʝʧʣʦʪʘ ʩʫʙʣʠʤʘʮʠʠ, ʉ ï ʩʨʝʜʥʝʝ 

ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ. 
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ʉ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ (2.9) ʠʤ ʙʳʣ ʨʘʩʩʯʠʪʘʥ æHʦʙʨ ʜʣʷ ʨʷʜʘ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʇʦʩʪʨʦʝʥʳ ʢʨʠʚʳʝ ʥʘ ʛʨʘʬʠʢʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪʥʦʰʝʥʠʡ ʪʝʧʣʦʪ 

ʩʫʙʣʠʤʘʮʠʠ (ȹʅi) ʠ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ (di) ʵʣʝʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʳʭ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʃʘʚʝʩʘ. ɸʥʘʣʦʛʠʯʥʦ, ʩ ʫʯʝʪʦʤ ʢʨʠʚʳʭ, 

ʜʣʷ ʢʦʪʦʨʳʭ æHʦʙʨ = 0, ʥʘʤʠ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ (ʨʠʩ. 2.4), ʫʢʘʟʳʚʘʶʱʠʡ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʬʘʟ ʃʘʚʝʩʘ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʇʊ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʨʦʛʥʦʟʠʨʦʚʘʣʠ, ʯʪʦ ʬʘʟʳ ʃʘʚʝʩʘ 

ʦʙʨʘʟʫʶʪ ʩʚʠʥʝʮ ʩ ʤʝʪʘʣʣʘʤʠ IA ï K, Rb, Cs, Fr; IIA ï Sr, Ba, Ra; IVA ï Ti; Nb, Ta, 

VA ï V; VIA ï Mo, Cr, W; VIIA ï Re, Mn; VIIIA ï Ru, Fe, Os, Rh, Co, Ni, Ir, Pt, Pd; 

IB ï Ag, Cu, Au; IIB ï Cd, Zn, Hg; IIIB ï Ga, Al; IVB ï Ge, Si; VB ï Sb, As;          

VIB ï Te ʛʨʫʧʧ ʇʊ [234]. 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 2.4 ï ɻʨʘʬʠʢ ʂʫʙʘʰʝʚʩʢʦʛʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʬʘʟ ʃʘʚʝʩʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ MgZn2, MgCu2, MgNi2 ʠ CaCu5, ʘ ʪʘʢʞʝ ʪʠʧʘ BaAl4 (I) ʚ 

ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ [234]. 

 

ʋʯʠʪʳʚʘʷ ʚʣʠʷʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ȹUʦʪʥ.) ʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ), ʪʘʢʞʝ ʚʦʟʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ABn ʩʦʩʪʘʚʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʪʠʧʘʤʠ ʩʪʨʫʢʪʫʨ [25]. 

ʇʨʠʤʝʥʷʷ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʢ ʩʠʩʪʝʤʘʤ ʩʚʠʥʮʘ, ʤʳ ʧʦʩʪʨʦʠʣʠ ʛʨʘʬʠʢ 

ʟʘʚʠʩʠʤʦʩʪʠ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʡ ʥʘ ʨʠʩʫʥʢʝ 2.5. 
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ʈʠʩʫʥʦʢ 2.5 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ) ʦʪ ȹUʦʪʥ. ʜʣʷ 

ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ [234]. 

 

ʉ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʫʢʘʟʘʥʥʦʛʦ ʚ ʨʘʙʦʪʝ [37], ʚʳʚʝʜʝʥʘ 

ʦʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ. ʂ ʧʨʷʤʦʣʠʥʝʡʥʦʡ ʙʣʠʟʢʘ 

ʛʨʘʥʠʮʘ, ʨʘʟʜʝʣʷʶʱʘʷ ʦʙʣʘʩʪʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʙʝʟ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (ʨʠʩ. 

2.5). ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʟʥʘʯʝʥʠʡ nʪ ʤʦʞʥʦ ʩʫʜʠʪʴ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʩʠʩʪʝʤ ʙʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ, ʘ ʧʦʚʳʰʝʥʠʝ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ 

ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ. ʇʦʩʣʝʜʥʝʝ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ 

ʦʧʳʪʘ ʜʣʷ ʠʟʫʯʝʥʥʳʭ ʙʠʥʘʨʥʳʭ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ [19, 20, 234]. 

ɺ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʭ ʘʥʘʣʠʟ ʚʣʠʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ (nʪ ʠ ȹUʦʪʥ.) ʥʘ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʪʘʢʦʚʳʤʠ ʤʦʛʫʪ ʙʳʪʴ 

ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ IIA ï Mg, Be; IIIA ï Y, Sc, Pr, La, Pm, Nd, Eu, Sm, 

Tb, Gd, Ho, Dy, Tm, Er, Lu, Yb, Th, Ac, U, Np; VIA ï Cr; VIIIA ï Ru, Pd; IIB ï Cd; 

IIIB ï Tl, In; VB ï Bi; IVB ï Sn; VIB ï Po ʛʨʫʧʧ ʇʊ [234]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʬʘʟ ʃʘʚʝʩʘ ʣʠʰʴ ʜʣʷ 

ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ ʩ ʢʘʣʠʝʤ ʠ ʟʦʣʦʪʦʤ [19]. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ 

ʤʝʪʘʣʣʘʤʠ ʇʊ ʧʦʜʦʙʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ. 
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2.4. ʇʨʦʛʥʦʟʠʨʦʚʘʥʠʝ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʧʣʘʚʘʭ ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʇʊ 

ʅʦʥʚʘʨʠʘʥʪʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʤʦʞʥʦ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦ 

ʚʝʣʠʯʠʥʘʤ ʦʙʲʝʤʥʦʛʦ (nv) ʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ) ʬʘʢʪʦʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʵʣʝʤʝʥʪʦʚ [37]. ʊʘʢʦʡ ʛʨʘʬʠʢ ʥʘʤʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʜʣʷ ʠʟʫʯʘʝʤʳʭ ʩʠʩʪʝʤʘʤ, ʜʣʷ 

ʢʦʪʦʨʳʭ ʚʝʣʠʯʠʥʘ nʪ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʠʟ ʚʳʨʘʞʝʥʠʷ (2.4), ʘ nv ï ʠʟ ʩʣʝʜʫʶʱʝʡ 

ʬʦʨʤʫʣʳ [234]: 

Î ÄȡÄ 3
 + 6ȡ6 ςȟ̐ ̑ ̉Ä Ä ̉ 6 6ȟ (2.10) 

ʛʜʝ d1 ʠ V1 ï ʘʪʦʤʥʳʝ ʜʠʘʤʝʪʨʳ ʠ ʦʙʲʸʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 2.6 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʬʦʨʤʫʣʘʤ (2.4) ʠ (2.10), 

ʛʜʝ ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʧʦʷʚʣʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ 

[234]. 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩʫʥʦʢ 2.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ) ʦʪ ʦʙʲʸʤʥʦʛʦ (nv) ʜʣʷ 

ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ [234]. 

 

ʂʨʠʚʘʷ I (ʨʠʩ. 2.6) ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚʳʨʘʞʝʥʠʷ nʪ = 0.55 

nv
2
. ʆʥʘ ʨʘʟʜʝʣʷʝʪ ʛʨʘʥʠʮʫ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʥʦʥʚʘʨʠʘʥʪʥʳʤ 

ʵʚʪʝʢʪʠʯʝʩʢʠʤ ʠ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʧʨʝʚʨʘʱʝʥʠʷʤ ʙʝʟ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ Na, Mg, Ca, Y, Sc, Ce, La, Nd, Pr, Sm, Pm, Gd, Eu, Dy, Tb, Er, 
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Ho, Yb, Tm, Ac, Lu, Pa, Th, U, Pu, Np, Zr, Am, Nb, Hf, Ta, Tc, Hg, In, Tl, Sn, Sb, Bi. 

ɼʣʷ ʧʦʩʪʨʦʝʥʠʷ ʢʨʠʚʦʡ II ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʨʘʚʝʥʩʪʚʦ nʪ = 0.20 nv
2
. ʃʝʚʝʝ ʣʠʥʠʠ 

ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʪʘʢʠʝ ʤʝʪʘʣʣʳ ʢʘʢ Li, Sr, Ti, Mo, W, Ru, Re, Os, Rh, Pd, Ir, Pt, Au, 

Ag, Al, Ga, Si, Ge, As, Te, ʢʦʪʦʨʳʝ ʩʦ ʩʚʠʥʮʦʤ ʦʙʨʘʟʫʶʪ ʩʠʩʪʝʤʳ ʩ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤʠ ʨʘʚʥʦʚʝʩʠʷʤʠ ʠ ʥʝʫʩʪʦʡʯʠʚʳʤʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ. ʇʨʘʚʝʝ ʦʪ 

ʢʨʠʚʦʡ II ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʵʣʝʤʝʥʪʳ K, Cs, Rb, Ba, Fr, Ra, Mn, V, Co, Cr, Fe, Cu, Zn, 

Ni, P, S, Cd, Se, Po ʦʙʨʘʟʫʶʱʠʝ ʩʦ ʩʚʠʥʮʦʤ ʩʠʩʪʝʤʳ ʩ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʤʠʩʷ 

ʩʦʝʜʠʥʝʥʠʷʤʠ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ [234]. 

 

 

2.5. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 2 

ʉ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʚʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ 

ʧʨʦʛʥʦʟʦʚ ʧʦ ʚʠʜʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ: 

ï ʱʝʣʦʯʥʳʝ ʤʝʪʘʣʣʳ Iɸ ʛʨʫʧʧʳ (Li, Na) ʩʦ ʩʚʠʥʮʦʤ ʩʤʝʰʠʚʘʶʪʩʷ ʚ ʞʠʜʢʦʤ 

ʠ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ, ʧʨʝʪʝʨʧʝʚʘʷ ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʨʫʛʠʝ ʧʨʝʜʩʪʘʚʠʪʝʣʠ ʵʪʦʡ 

ʛʨʫʧʧʳ ï K, Rb ʠ Cs ʩʦ ʩʚʠʥʮʦʤ ʥʝ ʦʙʨʘʟʫʶʪ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʠ ʚ ʥʠʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʯʘʩʪʠʯʥʦʝ ʨʘʩʩʣʘʠʚʘʥʠʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʵʚʪʝʢʪʠʯʝʩʢʠʝ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʉʠʩʪʝʤʘ Pb-Fr ʧʦ ʧʨʦʛʥʦʟʘʤ 

ʤʦʞʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʪʘʢʠʤ ʞʝ ʪʠʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʥʘʣʠʯʠʝʤ 

ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ; 

ï ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ IIɸ ʛʨʫʧʧʳ (Ca, Sr, ɺʘ), ʩʦʛʣʘʩʥʦ 

ʧʨʦʛʥʦʟʫ, ʩʚʠʥʝʮ ʩʤʝʰʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʤ ʠ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʦ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ. ʐʠʨʦʢʠʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʝ ʩʚʠʥʮʘ ʩ 

ʤʘʛʥʠʝʤ. ʉʚʠʥʝʮ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ IIɸ ʛʨʫʧʧʳ ʦʙʨʘʟʫʝʪ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ. 

ʕʚʪʝʢʪʠʢʘ ʠ ʧʝʨʠʪʝʢʪʠʢʘ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ Mg, Ca, Sr, Ba ʠ Ra. 

ï ʵʣʝʤʝʥʪʳ IIIɸ ʛʨʫʧʧʳ (Sc, Y, ʣʘʥʪʘʥʦʠʜʳ ʠ ʘʢʪʠʥʦʠʜʳ) ʩʦ ʩʚʠʥʮʦʤ 

ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ, ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʠ 
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ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʩʤʝʩʠ, ʦʛʨʘʥʠʯʝʥʥʥʳʝ ʠ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ; 

ï ʵʣʝʤʝʥʪʳ IV-VIIIɸ ʛʨʫʧʧ ʩʦ ʩʚʠʥʮʦʤ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʦʙʨʘʟʫʶʪ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʅʘ ʚʦʟʤʦʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʫʢʘʟʳʚʘʶʪ ʥʝʢʦʪʦʨʳʝ ʢʨʠʪʝʨʠʠ; 

ï ʵʣʝʤʝʥʪʳ I-VIɺ ʛʨʫʧʧ ʩʦ ʩʚʠʥʮʦʤ ʤʦʛʫʪ ʩʤʝʰʠʚʘʪʴʩʷ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʦʛʨʘʥʠʯʝʥʥʦ ʨʘʩʪʚʦʨʷʪʴʩʷ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʩ ʥʠʤ 

ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ. ʉʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ ʢʘʜʤʠʝʤ, ʠʥʜʠʝʤ, ʦʣʦʚʦʤ, ʩʫʨʴʤʦʡ, 

ʚʠʩʤʫʪʦʤ ʠ ʪʝʣʣʫʨʦʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ ʵʪʠʭ ʛʨʫʧʧ ʤʦʛʫʪ ʦʙʨʘʟʦʚʘʪʴ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩ ʰʠʨʦʢʠʤʠ ʦʙʣʘʩʪʷʤʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʤʝʪʘʣʣʦʭʠʤʠʯʝʩʢʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʢʨʠʪʝʨʠʝʚ ʥʘʤʠ ʦʩʫʱʝʩʪʚʣʝʥʦ ʦʧʠʩʘʥʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ, 

ʢʦʪʦʨʦʝ ʦʪʨʘʞʝʥʦ ʥʘ ʪʠʧʦʚʳʭ ʜʠʘʛʨʘʤʤʘʭ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ, ʧʨʠʚʝʜʸʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʝ 2.7. ʆʜʥʘʢʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʧʨʦʛʥʦʟʳ ʥʝ ʜʘʶʪ ʧʦʣʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʠʷ ʦ 

ʢʘʨʪʠʥʝ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʥʝʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ʕʪʠ ʢʨʠʪʝʨʠʠ ʥʝ ʜʦʩʪʘʪʦʯʥʳ ʜʣʷ ʯʝʪʢʦʛʦ ʨʘʟʜʝʣʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʩ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ, ʤʦʥʦʪʝʢʪʠʢʦʡ, ʘ ʪʘʢʞʝ ʥʘ ʩʠʩʪʝʤʳ, ʛʜʝ ʵʣʝʤʝʥʪʳ 

ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʨʘʩʪʚʦʨʷʶʪʩʷ ʜʨʫʛ ʚ ʜʨʫʛʝ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ 

ʧʝʨʝʜ ʥʘʤʠ ʙʳʣʘ ʧʦʩʪʘʚʣʝʥʘ ʟʘʜʘʯʘ ʧʦ ʧʨʠʤʝʥʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʤʝʪʦʜʘ 

ʨʘʩʯʸʪʘ ʩ ʮʝʣʴʶ ʧʦʩʪʨʦʝʥʠʷ ʠʭ ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ. 
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ʈʠʩʫʥʦʢ 2.7 ï ʆʩʥʦʚʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ: 

ʘ ï ʧʝʨʚʦʛʦ ʪʠʧʘ; ʙ ï ʚʪʦʨʦʛʦ ʪʠʧʘ; ʚ, ʛ ï ʪʨʝʪʴʝʛʦ ʪʠʧʘ ʩ ʵʚʪʝʢʪʠʢʦʡ ʠ 

ʧʝʨʠʪʝʢʪʠʢʦʡ; ʜ, ʝ ï ʯʝʪʚʸʨʪʦʛʦ ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʫʩʪʦʡʯʠʚʦʛʦ ʠ 

ʥʝʫʩʪʦʡʯʠʚʦʛʦ ʩʦʝʜʠʥʝʥʠʡ; ʞ, ʟ ï ʧʷʪʦʛʦ ʪʠʧʘ ʩ ʤʦʥʦʪʝʢʪʠʢʦʡ ʠ ʦʪʩʫʪʩʪʚʠʝʤ 

ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

 

ʘ) ʙ) ʚ) ʛ) 

ʟ) ʝ) ʞ) ʜ) 
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ɻʃɸɺɸ 3. ʆʎɽʅʂɸ ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ʉɺʀʅʎɸ ʉ ʕʃɽʄɽʅʊɸʄʀ 

ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʊɸɹʃʀʎʓ ʅɸ ʆʉʅʆɺɸʅʀʀ ʉʊɸʊʀʉʊʀʏɽʉʂʀʍ ʀ 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʇʈɽɼʉʊɸɺʃɽʅʀʁ 

3.1. ʆʧʨʝʜʝʣʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ 

ʇʨʠ ʦʧʨʝʜʝʣʝʥʠʠ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ (Q12) ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʜʫʶʱʝʝ ʚʳʨʘʞʝʥʠʝ: 

          [ ])HH(5.0HZNQ 221112012 +-= ,                             (3.1) 

ʛʜʝ ʅ12, ʅ11 ʠ ʅ22 ï ʵʥʪʘʣʴʧʠʠ ʩʚʷʟʠ ʨʘʟʥʦʠʤʸʥʥʳʭ ʠ ʦʜʥʦʠʤʸʥʥʳʭ ʯʘʩʪʠʮ;             

Z ï ʢʦʦʨʜʠʥʘʮʠʦʥʥʦʝ ʯʠʩʣʦ (ʢʯ) ʩʠʩʪʝʤʳ; N0 ï ʯʠʩʣʦ ɸʚʦʛʘʜʨʦ. 

ʋʨʘʚʥʝʥʠʝ (3.1) ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʨʠ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʷʭ Q12, H11 ʠ H22 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʚʝʣʠʯʠʥʫ ʵʥʪʘʣʴʧʠʠ ʩʚʷʟʠ H12, ʧʦʢʘʟʳʚʘʶʱʫʶ ʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʦʷʚʣʝʥʠʷ ʨʘʩʪʚʦʨʦʚ. ʇʨʠ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʟʥʘʯʝʥʠʷʭ Q12 ʵʥʪʘʣʴʧʠʷ ʩʚʷʟʠ ʧʨʠʤʝʪ 

ʚʠʜ ʅ12 < 0.5 (ʅ11 + ʅ22), ʚ ʵʪʦʪ ʤʦʤʝʥʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʨʘʟʥʦʠʤʸʥʥʳʭ ʘʪʦʤʦʚ 1-2 

ʩʠʣʴʥʝʝ, ʯʝʤ ʦʜʥʦʠʤʸʥʥʳʭ 1-1, 2-2, ʠ ʘʪʦʤʳ 1-2 ʩʪʨʝʤʷʪʩʷ ʦʙʨʘʟʦʚʘʪʴ ʨʘʩʪʚʦʨ. 

ɽʩʣʠ Q12 ʧʣʶʩʦʚʦʝ, ʪʦ ʧʨʠ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʧʨʦʠʟʦʡʜʸʪ ʨʘʩʧʘʜ 

ʦʜʥʦʨʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ [33, 234]. 

ɿʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ Q12 ʥʘʤʠ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʧʦ ʤʝʪʦʜʫ 

ɻʠʣʴʜʝʙʨʘʥʜʘ-ʄʦʪʪʘ [23, 33]: 

1 6 ɿ ɿ 2
 ï ωφȢτ :Ⱦς % % 2

, ʢɼʞ/ʛ-ʘʪ  (3.2) 

ʛʜʝ ɽ ï ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ, V ï ʤʦʣʴʥʳʡ ʦʙʲʸʤ ʠ ŭ ï ʧʘʨʘʤʝʪʨ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ. 

ʆʮʝʥʢʘ ʤʦʣʴʥʦʛʦ ʦʙʲʝʤʘ (V) ʠ ʵʥʪʘʣʴʧʠʠ ʘʪʦʤʠʟʘʮʠʠ (ȹʅ
ʘʪ
) ʜʘʸʪ 

ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʠʪʴ ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ŭ) ʚ ʫʨʘʚʥʝʥʠʠ (3.2): 

                   [ ] 2/1ʘʪ )V/RTH( -D=d ,     (3.3) 

ʛʜʝ R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ, ʊ ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ. 

ɿʥʘʯʝʥʠʷ ʧʨʠʥʷʪʳʭ ʢʦʥʩʪʘʥʪ ʚ ʫʨʘʚʥʝʥʠʷʭ ʙʳʣʠ ʚʟʷʪʳ ʠʟ ʩʧʝʮʠʘʣʴʥʳʭ 

ʩʧʨʘʚʦʯʥʠʢʦʚ [102-104, 234]. 
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ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 3.1 ʚ ʢʘʯʝʩʪʚʝ ʢʨʠʚʦʡ, 

ʧʦʩʪʨʦʝʥʥʦʡ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʟʥʘʯʝʥʠʡ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ 

ʵʣʝʤʝʥʪʦʚ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʙʨʘʟʦʚʘʣʦʩʴ ʜʚʘ ʢʣʘʩʩʘ ʩʠʩʪʝʤ [234]: 

1) ʩ ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʦʙʤʝʥʘ Q12 < 0 ʠ [H12 < 0.5 (H11 + H22)]; 

2) ʩ ʵʥʝʨʛʠʝʡ ʚʟʘʠʤʦʦʙʤʝʥʘ Q12 > 0 [H12 > 0.5 (H11 + H22)]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʪʨʠʮʘʪʝʣʴʥʳʝ ʟʥʘʯʝʥʠʷ Q12 ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʘʭ 

ʩʚʠʥʝʮ-ʵʣʝʤʝʥʪʳ ʇʊ, ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʢʦʪʦʨʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ 

ʦʙʣʘʩʪʝʡ ʞʠʜʢʠʭ, ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ (ʨʠʩʫʥʦʢ 2.7, ʘ-ʝ). 

ʅʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʟʥʘʯʠʪʝʣʴʥʳʭ 

ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʳʝ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ, ʢʦʛʜʘ   

ʈʠʩʫʥʦʢ 3.1 ï ɿʘʚʠʩʠʤʦʩʪʴ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ (Q, ʢɼʞ/ʛ-ʘʪ.) ʩʚʠʥʮʘ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʦʪ ʠʭ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ (N) [234]. 
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Q12 > 0 (ʨʠʩ. 2.7, ʞ, ʟ). ɸʥʘʣʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʦʥʠ 

ʩʦʩʪʳʢʦʚʳʚʘʶʪʩʷ ʩ ʠʤʝʶʱʠʤʠʩʷ ʨʘʩʯʸʪʥʳʤʠ ʠ ʦʧʳʪʥʳʤʠ ʜʘʥʥʳʤʠ [19, 234]. 

ʅʝʩʤʦʪʨʷ ʥʘ ʫʜʦʙʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʦʥʠ ʦʢʘʟʘʣʠʩʴ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʜʣʷ ʧʨʦʛʥʦʟʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʩ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ, ʤʦʥʦʪʝʢʪʠʢʦʡ ʠ ʧʦʣʥʳʤ ʦʪʩʫʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ 

ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʨʘʙʦʪʝ [105] ʧʨʝʜʣʦʞʝʥ ʥʦʚʳʡ 

ʢʨʠʪʝʨʠʡ ï ʩʪʝʧʝʥʴ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ ů12 ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ 

ʧʦʜʦʙʥʳʭ ʩʠʩʪʝʤʘʭ [88, 105, 106], ʢʦʪʦʨʳʡ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ [234]. 

ɼʣʷ ʨʘʟʛʨʘʥʠʯʝʥʠʷ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʥʘʤʠ ʪʘʢʞʝ ʚ ʨʘʩʯʸʪʘʭ ʧʨʠʤʝʥʸʥ ʫʢʘʟʘʥʥʳʡ ʢʨʠʪʝʨʠʡ, ʟʥʘʯʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʣʝʜʫʶʱʝʤʫ ʫʨʘʚʥʝʥʠʶ [105, 234]: 

           ρ ʎȾρ ʎ ÅØÐ Ў(ȾË4ȟ    (3.4) 

ʛʜʝ k ï ʧʦʩʪʦʷʥʘʷ ɹʦʣʴʮʤʘʥʘ, ʘ Ў( πȢυ( ( Ȣ 

ʄʳ ʠʩʭʦʜʠʣʠ ʠʟ ʪʦʛʦ, ʯʪʦ ʝʩʣʠ ʟʥʘʯʝʥʠʷ ȹʅ ʧʦʣʦʞʠʪʝʣʴʥʳ, ʪʦ ů12 

ʘʥʘʣʦʛʠʯʥʦ ʧʨʠʤʝʪ ʧʣʶʩʦʚʳʝ ʟʥʘʯʝʥʠʷ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʙʣʠʞʥʠʡ ʧʦʨʷʜʦʢ. ɽʩʣʠ 

ȹʅ ʦʪʨʠʮʘʪʝʣʴʥʘ, ů12 ʪʘʢʞʝ ʙʫʜʝʪ ʦʪʨʠʮʘʪʝʣʴʥʦʡ, ʪ.ʝ. ʧʨʦʠʩʭʦʜʠʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʦʜʥʦʠʤʝʥʥʳʭ ʯʘʩʪʠʮ 1-1 (ʩʚʠʥʝʮ-ʩʚʠʥʝʮ) ʠ 2-2 (ʵʣʝʤʝʥʪ-ʵʣʝʤʝʥʪ), ʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʘʨ 1-2 (ʩʚʠʥʝʮ-ʵʣʝʤʝʥʪ) ʥʝʚʦʟʤʦʞʥʦ [234]. 

ɼʣʷ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʤʦʞʥʦ ʨʘʩʩʯʠʪʘʪʴ ʵʥʪʘʣʴʧʠʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʷʟʝʡ, ʧʨʠʥʠʤʘʷ ʚ ʨʘʩʯʝʪ ʪʝʧʣʦʪʫ ʠʩʧʘʨʝʥʠʷ. ʇʨʠ ʵʪʦʤ ʫʯʠʪʳʚʘʷ, ʯʪʦ ʠʤʝʝʪʩʷ     

1 ʛʨʘʤʤ-ʤʦʣʴ ʘʪʦʤʦʚ 1-1 ʠ 2-2: 

110

.ʘʪ

1 HzN5.0ʅ =D-      ʠ    220

.ʘʪ

2 HzN5.0ʅ =D-   (3.5) 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʩ ʫʯʝʪʦʤ ʫʨʘʚʥʝʥʠʷ (3.1), ʧʦʣʫʯʠʤ:  

ʅ Ú. 1 ȹʅʘʪȢ ȹʅʘʪȢ     (3.6) 

ɺʳʯʠʩʣʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (3.1) - (3.6) ʟʥʘʯʝʥʠʷ Q12 ʠ ů12 ʜʣʷ ʩʠʩʪʝʤ 

ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʦʜʚʝʨʛʣʠʩʴ ʘʥʘʣʠʟʫ. ʆʙʱʠʡ ʚʠʜ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥ 

ʥʘ ʨʠʩʫʥʢʝ 3.2 [234]. 
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ʇʨʦʚʝʜʸʥʥʳʡ ʘʥʘʣʠʟ ʨʘʩʯʸʪʘ ʧʦʢʘʟʘʣ, ʯʪʦ ʢ ʩʠʩʪʝʤʘʤ ʩʚʠʥʮʘ, ʠʤʝʶʱʠʤ   

Q12 > 0 ʠ s12 º 1, ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʩ ʵʣʝʤʝʥʪʘʤʠ: Be, Al, Si, Ga,  Sn, In, Tl, Sb, V, 

Ti, Mn, Cr, Co, Fe, Cu, Ni, Mo, Zr, Ru, Tc, Pd, Rh, Hf, Ag, Re, Ta, Ir, Os, Hg, Pt. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ              

(ʨʠʩ. 3.2, ʘ) [234]. 

ʂ ʩʠʩʪʝʤʘʤ, ʠʤʝʶʱʠʤ Q12 > 0 ʠ s12 º -1, ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ B, C, 

Ge, Nb, W, ʚ ʢʦʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʳ ʧʦʣʥʦʩʪʴʶ ʥʝʩʤʝʰʠʚʘʶʪʩʷ ʥʝ ʚ ʞʠʜʢʦʤ, ʠ ʥʝ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ. ɺ ʥʠʭ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʥʘʯʘʣʝ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʣʝʛʢʦʧʣʘʚʢʦʛʦ, 

ʟʘʪʝʤ ʪʫʛʦʧʣʘʚʢʦʛʦ ʵʣʝʤʝʥʪʦʚ (ʨʠʩ. 3.2, ʛ) [234]. 

ʈʠʩʫʥʦʢ 3.2 ï ʆʙʱʠʡ ʚʠʜ ʜʠʘʛʨʘʤʤ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʩ ʨʘʩʩʣʘʠʚʘʥʠʝʤ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ: ʘ, ʛ ï ʧʨʝʜʝʣʴʥʳʝ ʠ ʙ, ʚ ï ʧʨʦʤʝʞʫʪʦʯʥʳʝ 

ʚʠʜʳ ʨʘʩʩʣʘʠʚʘʥʠʷ [234]. 
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ɽʩʣʠ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ů12) ʙʣʠʟʢʠ ʢ ʥʫʣʝʚʳʤ ʦʪʤʝʪʢʘʤ, 

ʪʦ ʩʠʩʪʝʤʘ ʙʫʜʝʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʧʨʦʷʚʣʝʥʠʝʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʪʠʧʦʚ 

ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʠ (ʨʠʩ. 3.2 (ʙ, ʚ)), ʤʥʦʛʠʝ ʠʟ ʢʦʪʦʨʳʭ ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [19, 234]. 

 

 

3.2. ʇʨʠʤʝʥʝʥʠʝ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ (ʇʄ) IV ʧʝʨʠʦʜʘ ʇʊ 

ʉʦʛʣʘʩʥʦ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ (ʧ. 1.2, ʛʣ. 1) ʧʦ ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤ Pb-ʇʄ (Mn, Cr, Co, Fe, Cu, Ni ʠ Zn) ʠʤʝʝʪʩʷ ʩʣʝʜʫʶʱʘʷ ʠʥʬʦʨʤʘʮʠʷ: 

ʧʦʣʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʜʣʷ ʩʠʩʪʝʤʳ Pb-Cr ʧʦʩʪʨʦʝʥʘ ʦʨʠʝʥʪʠʨʦʚʦʯʥʦ; ʜʣʷ 

ʩʠʩʪʝʤʳ Pb-Mn ï ʩʭʝʤʘʪʠʯʝʩʢʠ; ʜʣʷ ʩʠʩʪʝʤ Pb-Fe ï ʯʘʩʪʠʯʥʦ; ʜʣʷ ʩʠʩʪʝʤ Pb-Co, 

Pb-Cu, Pb-Ni ʠ Pb-Zn ï ʧʦʩʪʨʦʝʥʳ, ʥʦ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʪʠʧʳ ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʩʦ 

ʩʪʦʨʦʥʳ ʙʣʦʢʘ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʀʩʭʦʜʷ ʠʟ ʧʨʦʜʝʣʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʫʱʝʩʪʚʫʶʱʠʭ ʩʚʝʜʝʥʠʡ ʠ ʫʯʠʪʳʚʘʷ, ʯʪʦ 

ʠʤʝʶʱʠʝʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ ʧʦ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʧʨʦʪʠʚʦʨʝʯʠʚʳ, 

ʧʝʨʝʜ ʥʘʤʠ ʚʩʪʘʣʘ ʟʘʜʘʯʘ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʧʦʣʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʵʪʠʭ ʩʠʩʪʝʤ 

ʩ ʫʯʝʪʦʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʙʣʦʢʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ɼʣʷ ʵʪʦʛʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ [37, 

107] ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ [105] ʢʨʠʪʝʨʠʠ ʧʨʦʛʥʦʟʘ ʠ ʨʘʩʯʝʪʘ ʬʘʟʦʚʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ [234]. 

ʆʮʝʥʢʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ʇʄ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʠʟʚʦʜʠʣʠ, 

ʠʩʧʦʣʴʟʫʷ ʩʦʦʪʥʦʰʝʥʠʷ (2.1) - (2.4). 

ʀʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʡ ʨʘʙʦʪʳ [107], ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʩʠʩʪʝʤ ʙʝʟ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʫʩʣʦʚʠʠ: 

          Î ρȢςπ ̉ Î̓ πȢυυ Î    (3.7) 

ʇʨʠ ʥʝʩʦʙʣʶʜʝʥʠʠ ʭʦʪʷ ʙʳ ʦʜʥʦʛʦ ʠʟ ʵʪʠʭ ʫʩʣʦʚʠʡ ʥʘʙʣʶʜʘʶʪʩʷ 

ʵʚʪʝʢʪʠʯʝʩʢʠʝ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʙʣʦʢʘ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʘ. 
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ʉʦʛʣʘʩʥʦ ʢʨʠʪʝʨʠʶ [105], ʚʳʨʦʞʜʝʥʘʷ ʤʦʥʦʪʝʢʪʠʢʘ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ ʚ 

ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʧʨʠ: 

Î̐ ̋  ˟̐Ȣ̌̓Ḋ˟̋̉Ȣ̐̌ ρȢπσρȢρπȢ   (3.8) 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʸʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ [37, 107] ʤʦʞʥʦ 

ʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʧʦ ʢʨʠʪʝʨʠʶ: 

                 ̠ ̃
̓
.     (3.9) 

ʀʩʧʦʣʴʟʫʷ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʚʳʰʝʧʨʝʯʠʩʣʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, ʥʘʤʠ 

ʧʨʦʠʟʚʝʜʸʥ ʧʨʦʛʥʦʟ ʚʠʜʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʥʝʜʦʩʪʘʪʦʯʥʦ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ  

Pb-ʇʄ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʛʦ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.1-3.3. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʩʦʛʣʘʩʥʦ ʵʪʠʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ Pb-ʇʄ, ʢʨʦʤʝ ʩʠʩʪʝʤʳ Pb-Zn, 

ʜʦʣʞʥʘ ʧʨʦʷʚʣʷʪʴʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʩʩʣʦʝʥʠʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʠ ʩʦʙʣʶʜʝʥʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ (3.9) ʩ ʧʦʨʦʛʦʚʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʂʚ > 5 

ʚ ʩʠʩʪʝʤʝ Pb-Zn ʧʦʜʪʚʝʨʜʠʣʘʩʴ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ [234]. 

 

ʊʘʙʣʠʮʘ 3.1 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ), ʵʥʪʨʦʧʠʡʥʦʛʦ (ns), 

ʦʙʲʝʤʥʦʛʦ (Î) *nʧʢ ʬʘʢʪʦʨʦʚ ʠ ʢʨʠʪʝʨʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʂʚ) ʜʣʷ ʩʠʩʪʝʤ Pb-ʇʄ 

 ̄ ʕʣʝʤʝʥʪʳ nʪ Î Î KB Î̐  ̋

1 Cr 0.83 1.12 2.29 6.31 1.07 

2 Mn 0.74 1.10 2.91 11.43 0.71 

3 Fe 0.79 1.06 3.07 11.92 0.87 

4 Co 0.79 1.10 3.44 14.97 0.85 

5 Ni 0.78 1.17 3.54 16.06 0.83 

6 Cu 0.70 1.19 3.16 14.25 0.61 

7 Zn 0.22 1.30 2.28 23.59 0.23 

ʇʨʠʤʝʯʘʥʠʝ: *nʧʢ = ʊʧʣ.ʪ:ʊʢʠʧ.ʣ ï ʦʪʥʦʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʪʫʛʦʧʣʘʚʢʦʛʦ 

(ʊʧʣ.ʪ) ʠ ʪʝʤʧʝʨʘʪʫʨ ʢʠʧʝʥʠʷ ʣʝʛʢʦʧʣʘʚʢʦʛʦ (ʊʢʠʧ.ʣ) ʢʦʤʧʦʥʝʥʪʦʚ. 

 

ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʥʝ ʧʦʟʚʦʣʷʶʪ ʧʨʦʚʝʩʪʠ ʯʝʪʢʦʝ 

ʨʘʟʜʝʣʝʥʠʝ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩ ʨʘʩʩʣʘʠʚʘʥʠʝʤ ʥʘ ʩʠʩʪʝʤʳ ʩ ʤʦʥʦʪʝʢʪʠʢʦʡ ʠ ʥʘ 

ʩʠʩʪʝʤʳ, ʛʜʝ ʢʦʤʧʦʥʝʥʪʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʠʟ ʩʦʙʩʪʚʝʥʥʳʭ ʨʘʩʧʣʘʚʦʚ, ʥʘʤʠ 
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ʧʨʠʤʝʥʝʥʘ ʦʮʝʥʢʘ ʚʠʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ (ʧ. 3.1). ɺ ʪʘʙʣʠʮʝ 3.4 ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʪʠʧʘ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʨʘʩʯʝʪʦʚ ʩʪʝʧʝʥʠ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ů12) ʠ 

ʵʥʝʨʛʠʠ ʩʤʝʰʝʥʠʷ (Q12) [234]. 

 

ʊʘʙʣʠʮʘ 3.2 ï ʈʝʟʫʣʴʪʘʪʳ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʨʘʩʩʣʦʝʥʠʷ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʚ ʩʠʩʪʝʤʘʭ Pb-ʇʄ [234]. 

 ̄ ʕʣʝʤʝʥʪʳ nʪ Îȟ Î̓ Îȟ Î̓ Îȟ ρȢψ 

1 Cr 0.83 3.28 4.11 ʈ 

2 Mn 0.74 2.38 3.12 ʈ 

3 Fe 0.79 3.78 4.57 ʈ 

4 Co 0.79 3.36 4.15 ʈ 

5 Ni 0.78 2.90 3.68 ʈ 

6 Cu 0.70 2.05 2.75 ʈ 

7 Zn 0.22 1.41 1.63 ʅʈ 

ʇʨʠʤʝʯʘʥʠʝ: ʈ ï ʨʘʩʩʣʦʝʥʠʝ; ʅʈ ï ʥʝʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. 

 

ʊʘʙʣʠʮʘ 3.3 ï ʇʨʦʛʥʦʟ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ ʙʣʦʢʘ 

ʣʝʛʢʦʧʣʘʚʢʦʛʦ (Pb) ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʠʩʪʝʤʘʭ Pb-ʇʄ [234]. 

 ̄ ʉʠʩʪʝʤʘ Î̓ Î 0.55nv
2
 Î̐  ̋

Pb 

nʧʢ <1.03; Î ρȢςπρȢςτ 

ʠ Î̓ πȢυυnv
2
 

1 Pb-Cr 0.83 1.12 2.88 1.07 ʕ 

2 Pb-Mn 0.74 1.10 4.65 0.71 ʕ 

3 Pb-Fe 0.79 1.06 5.18 0.87 ʕ 

4 Pb-Co 0.79 1.10 6.50 0.85 ʕ 

5 Pb-Ni 0.78 1.17 6.89 0.83 ʕ 

6 Pb-Cu 0.70 1.19 5.48 0.61 ʕ 

7 Pb-Zn 0.22 1.30 2.85 0.23 ʕ 

ʇʨʠʤʝʯʘʥʠʝ: ʕ ï ɻ ʚʪʝʢʪʠʢʘ. 
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ʄʦʞʥʦ ʚʠʜʝʪʴ (ʪʘʙʣ. 3.4), ʯʪʦ ʚʩʝ ʩʠʩʪʝʤʳ ʦʪʚʝʯʘʶʪ ʫʩʣʦʚʠʶ Q12 > 0 ʠ      

s12 º 1, ʛʜʝ ʜʦʣʞʥʦ ʥʘʙʣʶʜʘʪʴʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʝ ʨʘʚʥʦʚʝʩʠʝ. ɺ ʪʘʙʣʠʮʝ 3.3 

ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʛʥʦʟʘ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ ʚ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʭ 

ʜʠʘʛʨʘʤʤʘʭ ʩʦ ʩʪʦʨʦʥʳ ʩʚʠʥʮʘ ʚ ʩʠʩʪʝʤʘʭ Pb-ʇʄ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ     

ʢʨʠʪʝʨʠʷʤ [107, 234]. 

 

ʊʘʙʣʠʮʘ 3.4 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʜʣʷ 

ʧʨʦʛʥʦʟʘ ʪʠʧʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʩʪʝʤʘʭ Pb-ʇʄ [234]. 

ʇʨʠʤʝʯʘʥʠʝ: ʕ ï ɻ ʚʪʝʢʪʠʢʘ, ʄ ï ʤʦʥʦʪʝʢʪʠʢʘ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʘʥʠʠ ʤʝʪʦʜʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʧʨʦʛʥʦʟʘ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʠʩʪʝʤʳ Pb-ʇʄ ʦʪʥʦʩʷʪʩʷ ʢ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʤʫ ʪʠʧʫ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ ʩʦ 

ʩʪʦʨʦʥʳ ʩʚʠʥʮʘ. ʈʝʟʫʣʴʪʘʪʳ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʠʟʚʝʩʪʠ ʨʘʩʯʝʪ ʧʦʣʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ. 

 

 

 

 

ʉʠʩʪʝʤʘ 

Pb-ʇʄ 
Q12 ů12 

ʊʠʧ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʉʦ ʩʪʦʨʦʥʳ 

ʙʣʦʢʘ Pb 

ʉʦ ʩʪʦʨʦʥʳ 

ʙʣʦʢʘ ʇʄ 

Pb-Cr 154.80 0.77139 ʕ ʄ 

Pb-Mn 61.52 0.96645 ʕ ʄ 

Pb-Fe 231.61 0.31509 ʕ ʄ 

Pb-Co 293.20 0.57134 ʕ ʄ 

Pb-Ni 277.77 0.65749 ʕ ʄ 

Pb-Cu 162.57 0.88813 ʕ ʄ 

Pb-Zn 16.48 0.96082 ʕ ʄ 
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3.3. ʈʘʩʯʝʪ ʠ ʧʦʩʪʨʦʝʥʠʝ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ (Cr, Mn, Fe, Co, Ni, Cu, Zn) 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʛʨʘʥʠʮ ʚ 

ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʫʨʘʚʥʝʥʠʷ ʜʚʫʭʟʦʥʥʦʡ ʤʦʜʝʣʠ, 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ: 

Á  ʠ ̖  ́ Ȣ̓Ϸ     (3.10) 

 Á  ʠ ̖  ́ Ȣ̓Ϸ ,   (3.11) 

ʛʜʝ ʈi ï ʚʥʫʪʨʝʥʥʠʡ ʧʦʪʝʥʮʠʘʣ ʢʦʤʧʦʥʝʥʪʦʚ, Ri ï ʘʪʦʤʥʳʝ ʨʘʜʠʫʩʳ, k ï ʧʨʝʜʝʣʴʥʘʷ 

ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ. 

ɺʳʯʠʩʣʠʪʴ ʟʥʘʯʝʥʠʷ ʚʥʫʪʨʝʥʥʠʭ ʢʦʥʪʘʢʪʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚʦʟʤʦʞʥʦ ʠʟ 

ʚʳʨʘʞʝʥʠʷ: 

ὖ
Ⱦ

,                                        (3.12) 

ʛʜʝ h ï ʧʦʩʪʦʷʥʥʘʷ ʇʣʘʥʢʘ, n ï ʫʜʝʣʴʥʘʷ ʧʣʦʪʥʦʩʪʴ ʵʣʝʢʪʨʦʥʦʚ, m ï ʤʘʩʩʘ 

ʵʣʝʢʪʨʦʥʘ. 

ʉʣʝʜʫʶʱʘʷ ʬʦʨʤʫʣʘ ʧʨʝʜʥʘʟʥʘʯʝʥʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ʧʨʝʜʝʣʴʥʦʡ 

ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʘ (k): 

Ὧ ρφ“Ὡὅ̐ Ȣ̑
̞Ȣ̌ ᾀ,                   (3.13) 

ʛʜʝ Ὡ ï ʵʣʝʤʝʥʪʘʨʥʳʡ ʟʘʨʷʜ, ὅ̐ Ȣ̑
̞Ȣ̌ ï ʧʨʝʜʝʣʴʥʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʤʝʪʘʣʣʘ-

ʨʘʩʪʚʦʨʠʪʝʣʷ, ᾀ ï ʯʠʩʣʦ ʩʚʦʙʦʜʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʘʪʦʤ. 

ʇʨʠ ʫʯʸʪʝ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʠ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨ ʬʘʟʦʚʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʩʦ ʩʪʦʨʦʥʳ ʢʦʤʧʦʥʝʥʪʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚʳʨʘʞʝʥʠʝ ʐʨʝʜʝʨʘ-ɺʘʥ-ʃʘʘʨʘ: 

˟̞ Ὕ̐̌Ⱦρ ὙὝ̐̌ὰὲ
ˢ̓ ̃

ˢ̇
Ў̊ ,                          (3.14) 

ʛʜʝ ʊ1 ï ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʦʩʥʦʚʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ; ʭʪʚ ʠ ʭʞ ï ʟʥʘʯʝʥʠʷ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʪʚʸʨʜʳʭ ʠ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ; ȹʅ ï ʪʝʧʣʦʪʘ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ ʠ            

R ï ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ. 

ʇʨʠʤʝʥʷʷ ʚʳʰʝʫʢʘʟʘʥʥʳʝ ʫʨʘʚʥʝʥʠʷ (3.10) - (3.14), ʥʘʤʠ ʧʦʣʫʯʝʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ, ʧʦ ʢʦʪʦʨʳʤ ʙʳʣʠ ʧʦʩʪʨʦʝʥʳ ʧʦʣʥʳʝ ʜʠʘʛʨʘʤʤʳ 
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ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʩʚʠʥʝʮ-ʇʄ (Cr, Mn, Fe, Co, Ni, Cu ʠ Zn) (ʨʠʩ. 3.3-3.5, ʪʘʙʣ. 3.6). 

ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʘʥʥʳʝ [35, 99, 102, 106, 108, 109], ʢʦʪʦʨʳʝ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.5. ʆʧʳʪʥʳʝ ʜʘʥʥʳʝ ʧʦ ʨʘʥʝʝ ʧʦʩʪʨʦʝʥʥʳʤ ʜʠʘʛʨʘʤʤʘʤ 

ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʝʮ-ʇʄ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʟʥʘʯʝʥʠʡ ï k [19, 234]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 3.5 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʩʯʝʪʫ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ         

ʩʚʠʥʝʮ-ʇʄ [234]. 

 ̄ ʕʣʝʤʝʥʪ P, ʵʚ. R, ¡ kĿ10
8
, ʵʚ. tʧʣ, 

ʦ
ʉ æH, ɼʞ/ʛĿʘʪ. 

1 Pb 3.77 1.75 0.229 327.5 4777 

2 Cr 6.97 1.28 0.843 1857 13816 

3 Mn 6.86 1.3 0.843 1244 14653 

4 Fe 7.04 1.27 0.930 1539 15365 

5 Co 7.38 1.25 0.930 1495 15239 

6 Ni 7.38 1.25 0.915 1453 17626 

7 Cu 7.02 1.28 0.950 1083 13062 

8 Zn 5.97 1.37 0.950 419.58 7389 

ʈʠʩʫʥʦʢ 3.3 ï ʆʙʱʠʡ ʚʠʜ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Pb-ʇʄ ʩ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʤ ʨʘʚʥʦʚʝʩʠʝʤ ʩʦ ʩʪʦʨʦʥʳ ʙʣʦʢʘ ʪʫʛʦʧʣʘʚʢʦʛʦ ʠ 

ʵʚʪʝʢʪʠʯʝʩʢʠʤ ï ʩʦ ʩʪʦʨʦʥʳ ʣʝʛʢʦʧʣʘʚʢʦʛʦ ʢʦʤʧʦʥʝʥʪʦʚ. 
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ʈʠʩʫʥʦʢ 3.4 ï ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʭʨʦʤʦʤ, 

ʤʘʨʛʘʥʮʝʤ, ʞʝʣʝʟʦʤ, ʢʦʙʘʣʴʪʦʤ ʠ ʥʠʢʝʣʝʤ [234]. 

 



103 
 

 

 

 

 

 

 

ʊʘʙʣʠʮʘ 3.6 ï ʂʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤ ʩʚʠʥʝʮ ï ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ [234]. 

ʉʠʩʪʝʤʘ 
ʂʦʥʮʝʥʪʨʘʮʠʷ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ, % ʘʪ. ʊʝʤʧʝʨʘʪʫʨʘ 

ʭ1 ʭ2 ʭ3 ʭ1' ʭ2' ʭ3' t ,ɻ Üʉ tʤ, Üʉ 

Pb-Cr 0.15 0.62 3.57 97.0 87.3 97.2 325 1602 

Pb-Mn 0.17 0.70 3.65 97.0 87.2 97.3 325 1131 

Pb-Fe 0.14 0.58 3.50 96.8 87.5 97.4 325 1501 

Pb-Co 0.11 0.45 3.02 95.9 88.5 97.9 326 1469 

Pb-Ni 0.11 0.45 3.02 95.9 88.7 98.0 326 1336 

Pb-Cu 0.14 0.60 3.45 96.9 87.8 97.3 325 989 

Pb-Zn 0.40 1.6 6.0 93.6 82.1 98.8 324 384 

 

 

 

ʈʠʩʫʥʦʢ 3.5 ï ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʤʝʜʴʶ ʠ 

ʮʠʥʢʦʤ [234]. 
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3.4. ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘ ̫ʘʢʪʠʚʥʦʩʪ ɹʠ ʩʚʦʙʦʜʥʘ ̫ʵʥʝʨʛʠ ̫ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤ ʩʚʠʥʝʮ-ʧʝʨʝʭʦʜʥʳʝ ʤʝʪʘʣʣʳ (Cr, Mn, Fe, Co, Ni, Cu, Zn) 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʚʦʙʦʜʥʘʷ ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ 

ʷʚʣʷʶʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠʤʠ ʚʝʣʠʯʠʥʘʤʠ, ʧʦʟʚʦʣʷʶʱʠʤʠ ʫʩʪʘʥʦʚʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ 

ʧʨʦʪʝʢʘʥʠʷ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʚ ʟʘʜʘʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʥʘʧʨʠʤʝʨ, ʧʨʠ 

ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʤ ʧʨʦʮʝʩʩʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʝʪʘʣʣʘ. ɸʥʘʣʠʟ ʣʠʪʝʨʘʪʫʨʥʳʭ 

ʜʘʥʥʳʭ ʧʦʢʘʟʘʣ, ʯʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤ ʩʚʠʥʝʮ-ʇʄ ʚ ʩʧʨʘʚʦʯʥʠʢʘʭ 

ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. ʇʦʵʪʦʤʫ ʤʳ ʧʦʧʳʪʘʣʠʩʴ ʧʦʣʫʯʠʪʴ ʠʭ ʨʘʩʯʸʪʥʳʤ ʤʝʪʦʜʦʤ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ [110-112]. ʀʩʭʦʜʷ ʠʟ ʪʦʛʦ, 

ʯʪʦ ʵʪʠ ʟʥʘʯʝʥʠʷ ʟʘʚʠʩʷʪ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʩʠʩʪʝʤʳ, ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ 

ʫʜʦʙʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʚʝʣʠʯʠʥ [234]. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʤʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʩʪʨʦʝʥʥʳʝ ʠ ʧʨʠʚʝʜʸʥʥʳʝ ʚʳʰʝ  

(ʧ. 3.3) ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (Mn, Cr, 

Co, Fe, Cu, Ni ʠ Zn), ʢʦʪʦʨʳʝ ʦʪʥʦʩʷʪʩʷ ʢ ʨʘʩʩʣʘʠʚʘʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ. 

ʇʨʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʤ ʨʘʚʥʦʚʝʩʠʠ ʚ ʨʘʩʩʣʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ 

ʭʠʤʠʯʝʩʢʠʝ ʧʦʪʝʥʮʠʘʣʳ ʢʦʤʧʦʥʝʪʦʚ ʜʚʫʭ ʩʦʩʫʱʝʩʪʚʫʶʱʠʭ ʬʘʟ ʨʘʚʥʳ: 

ʈ ʈ  ʠ ʈ ʈ ,                                                 (3.15) 

ʛʜʝ ʰʪʨʠʭʠ ʩʚʝʨʭʫ ʦʙʦʟʥʘʯʘʶʪ ʥʦʤʝʨ ʬʘʟʳ, ʘ ʠʥʜʝʢʩʳ ʚʥʠʟʫ ï ʥʦʤʝʨ ʢʦʤʧʦʥʝʥʪʘ. 

ɿʥʘʯʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤʘʭ 

ʥʘʭʦʜʷʪʩʷ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

ʈ  ʈ 24 ÌÎ Ø Ø 1 1 ςØ 1ȟ   (3.16) 

ʈ  ʈ 24 ÌÎ Ø Ø 1 ς1 ςØ 1Ȣ   (3.17) 

ʛʜʝ x1 ʠ x2 ï ʤʦʣʴʥʳʝ ʜʦʣʠ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ ʧʦʩʪʦʷʥʥʘʷ; ʊ ï ʘʙʩʦʣʶʪʥʘʷ 

ʪʝʤʧʝʨʘʪʫʨʘ; Q1 ʠ Q2 ï ʢʦʥʩʪʘʥʪʳ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. 

ʇʦʜʚʝʜʷ ʚʳʨʘʞʝʥʠʷ (3.16) ʠ (3.17) ʚ ʨʘʚʝʥʩʪʚʦ (3.15), ʧʦʣʫʯʠʤ: 

RTln x1'/x1'' + [(x2')
2
 - (x2'')

2
] (Q1 - Q2) + 2Q2 [(x2')

3
 - (x2'')

3
] = 0,         (3.18) 

RTln x2''/x2' + [(x1'')
2
 - (x1')

2
] (Q1 + 2Q2) - 2Q2 [ (x1'')

3
 - (x1')

3
] = 0.        (3.19) 

ʛʜʝ x1' + x2' = 1 ʠ x1'' + x2'' = 1. 
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ʉʣʝʜʫʶʱʠʝ ʫʨʘʚʥʝʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʩʪʘʚʘ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ: 

Tʢʨ = [2(Q1 ï Q2) x2
ʢʨ

 (1 ï x2
ʢʨ

)] / R + [6Q2 (x2
ʢʨ

)
2
 (1 ï x2

ʢʨ
)] / R,             (3.20) 

x2
ʢʨ

 = ï (Q1 ï 4Q2) / 9Q2 ï {[(Q 1 ï 4Q2) / 9Q2]
2
 + (Q1 ï Q2) / 9Q2}

1/2
.      (3.21) 

ɺ (3.15) - (3.21) ʚʦʰʣʠ ʧʘʨʘʤʝʪʨʳ, ʢʦʪʦʨʳʝ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʦ ʜʘʥʥʳʤ ʦ 

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʷʭ ʚ ʩʠʩʪʝʤʘʭ Pb-Cr, Pb-Mn, Pb-Fe, Pb-Co, Pb-Ni, Pb-Cu, Pb-Zn. 

ɺʝʣʠʯʠʥʳ ʢʦʥʩʪʘʥʪ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʜʩʯʠʪʘʣʠ ʠʟ 

ʫʩʣʦʚʠʡ ʨʘʚʝʥʩʪʚʘ ʠʭ ʭʠʤʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ ʚ ʨʘʚʥʦʚʝʩʥʳʭ ʞʠʜʢʦʩʪʷʭ ʧʨʠ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʪʘʙʣ. 3.7) [234]. 

 

ʊʘʙʣʠʮʘ 3.7 ï ʂʦʥʩʪʘʥʪʳ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʢʦʦʨʜʠʥʘʪʳ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚ ʩʠʩʪʝʤʘʭ ʩ ʫʯʘʩʪʠʝʤ ʩʚʠʥʮʘ [234]. 

ʉʠʩʪʝʤʘ ʊʤ 

ʉʦʩʪʘʚ ʬʘʟ, ʘʪ. 

ʜʦʣʠ 
Q1 Q2 

ʂʦʦʨʜʠʥʘʪʳ 

ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʘʜʘ 

x2' x2" ɼʞ/ʛ-ʘʪ. x2
ʢʨ

 ʊʢʨ 

Pb-Cr 1875 0.0357 0.873 55308 -18393 0.3774 2953 

Pb-Mn 1404 0.0365 0.872 41205 -13607 0.3781 2225 

Pb-Fe 1774 0.0350 0.875 52573 -17454 0.3776 2841 

Pb-Co 1742 0.0302 0.885 53406 -18048 0.3758 2884 

Pb-Ni 1609 0.0302 0.887 49341 -16428 0.3773 2666 

Pb-Cu 1262 0.0345 0.878 37534 -12305 0.6200 1510 

Pb-Zn 657 0.0600 0.821 17131 -5565 0.6800 1250 

 

ɼʣʷ ʧʨʠʤʝʨʘ ʥʘʤʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʘʩʯʸʪʳ ʧʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ Pb-Cr, ʠʟ ʢʦʪʦʨʦʡ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʭ2' = 0.0357; ʭ2" = 0.873 ʠ ʊʤ = 1875. 

ʇʨʠ ʩʦʚʤʝʩʪʥʦʤ ʨʝʰʝʥʠʠ ʫʨʘʚʥʝʥʠʡ (3.18) ʠ (3.19) ʧʦʣʫʯʠʣʠ Q1 = 55308 ʠ          

Q2 = ï18393 ɼʞ/ʛ-ʘʪ. 

ɼʣʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ Pb-Cr ʩ ʫʯʸʪʦʤ 

ʚʳʨʘʞʝʥʠʡ (3.16) ʠ (3.17) ʧʨʠ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ 1875 ʂ ʧʦʣʫʯʠʣʠ: 
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ln f Pb = 4.72 (1 ï xPb)
2
 ï 2.35 (1 ï xPb)

2
,       (3.22) 

ln f Cr = 1.18 (1 ï xCr)
2
 + 2.35 (1 ï xCr)

2
.                 (3.23) 

ʇʦʩʪʨʦʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (3.22) ʠ (3.23) ʢʨʠʚʳʝ ʘʢʪʠʚʥʦʩʪʠ ʩʚʠʥʮʘ ʠ 

ʭʨʦʤʘ ʧʨʠ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩ ʫʯʸʪʦʤ a = fĿx ʧʨʠʚʝʜʝʥʳ ʥʘ      

ʨʠʩʫʥʢʝ 3.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʀʟ ʨʠʩʫʥʢʦʚ ʚʠʜʥʦ, ʯʪʦ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʠʩʪʝʤʘ 

ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ ʦʪ ʟʘʢʦʥʘ ʈʘʫʣʷ. ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʞʜʫ ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʦʜʦʙʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʜʣʷ ʦʙʣʘʩʪʝʡ ʩ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ 

ʵʣʝʤʝʥʪʦʚ. ɿʜʝʩʴ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʨʫʛ ʚ ʜʨʫʛʝ ʠʣʠ ʞʝ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ [234]. 

ʈʠʩʫʥʦʢ 3.6 ï ɿʘʚʠʩʠʤʦʩʪʴ ʘʢʪʠʚʥʦʩʪʠ 

(ai) ʩʚʠʥʮʘ (1) ʠ ʭʨʦʤʘ (2) ʚ ʩʠʩʪʝʤʝ Pb-Cr 

ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ (x
Cr

). 

ʈʠʩʫʥʦʢ 3.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʡ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (æG, ɼʞ/ʛ-ʘʪ.) ʦʪ 

ʢʦʥʮʝʥʪʨʘʮʠʠ (x
Cr
) ʚ ʩʠʩʪʝʤʝ Pb-Cr. 
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ʋʯʘʩʪʢʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʘʢʪʠʚʥʦʩʪʝʡ ʢʦʤʧʦʥʝʥʪʦʚ (ʛʜʝ ʘi > 

1), ʫʢʘʟʳʚʘʶʪ ʥʘ ʚʦʟʤʦʞʥʦʩʪʠ ʨʘʩʩʣʦʝʥʠʷ ʨʘʩʪʚʦʨʘ ʥʘ ʜʚʝ ʬʘʟʳ. ʕʪʠ ʫʯʘʩʪʢʠ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʦʷʚʣʝʥʠʠ ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʦʯʢʘ ʧʝʨʝʩʝʯʝʥʠʷ ʢʨʠʚʳʭ ʘʢʪʠʚʥʦʩʪʝʡ ʦʧʨʝʜʝʣʷʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʨʘʩʪʚʦʨʘ. ʆʥʘ 

ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʨʠʪʠʯʝʩʢʦʤʫ ʨʘʩʧʘʜʫ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʪʚʦʨʘ [234]. 

ʉ ʧʦʤʦɦ ʴʶ ʚʳʨʘʞʝʥʠʷ: 

ȹG
ʠʟʙ

 = ȹHʩʤ = 55308 xPbĿxCr + 18393 xPbĿxCr
2
.  (3.24) 

ʚ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʨʝʛʫʣʷʨʥʦʛʦ ʨʘʩʪʚʦʨʘ ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʙʳʪʦʯʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Pb-Cr. 

ʇʦʣʫʯʝʥʥʳʝ ʧʦ ʫʨʘʚʥʝʥʠʶ (3.24) ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 3.7. ʆʥʠ ʫʢʘʟʳʚʘʶʪ, ʯʪʦ ʩʧʣʘʚʣʝʥʠʝ ʩʚʠʥʮʘ ʠ ʭʨʦʤʘ ʧʨʦʠʩʭʦʜʠʪ ʩʦ 

ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʪʝʧʣʘ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʦʚʧʘʜʘʶʪ ʩ 

ʬʘʟʦʚʳʤ ʨʘʚʥʦʚʝʩʠʝʤ ʚ ʩʠʩʪʝʤʝ Pb-Cr. ʈʘʩʯʸʪʳ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (3.20) ʠ (3.21) 

ʩʚʝʜʠʪʝʣʴʩʪʚʫʶʪ, ʯʪʦ ʢʦʦʨʜʠʥʘʪʳ ʢʨʠʚʳʭ ʨʘʩʧʘʜʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ Pb-Cr 

ʩʦʦʪʚʝʪʩʪʚʫʶʪ x2
ʢʨ

 = 0.3774 ʠ ʊʢʨ = 2953 [234]. 

ʕʪʠ ʨʘʩʯʸʪʳ ʜʣʷ ʩʠʩʪʝʤ Pb-Cr, Pb-Mn, Pb-Fe, Pb-Co, Pb-Ni, Pb-Cu ʠ Pb-Zn 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.7. ɺ ʪʘʙʣʠʮʝ 3.8 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ 

ʨʘʩʯʸʪʦʚ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʩʠʩʪʝʤ ʩʚʠʥʝʮ-ʇʄ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʠʩʧʦʣʴʟʫʷ ʪʝʦʨʠʶ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʧʦʩʪʨʦʝʥʥʳʝ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Pb-Cr, Pb-Mn, Pb-Fe, Pb-Co, Pb-Ni, 

Pb-Cu ʠ Pb-Zn, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʟʥʘʯʝʥʠʷ ʢʦʥʩʪʘʥʪ ʤʝʞʯʘʩʪʠʯʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʘʢʪʠʚʥʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʠ ʩʚʦʙʦʜʥʦʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʜʝʨʞʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʢʦʪʦʨʳʝ ʧʦʜʪʚʝʨʞʜʘʶʪ ʠʭ 

ʦʛʨʘʥʠʯʝʥʥʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʜʨʫʛ ʚ ʜʨʫʛʝ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ [234]. 
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ʊʘʙʣʠʮʘ 3.8 ï ʀʩʭʦʜʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʦʚ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʝ ʩʚʠʥʝʮ-ʇʄ [234]. 

ʉʠʩʪʝʤʘ ʊʤ 
Q1 Q2 

ʋʨʘʚʥʝʥʠʷ 
ɼʞ/ʛ-ʘʪ. 

Pb-Cr 1875 55308 -18393 
ln f Pb = 4.72 (1 ï xPb)

2
 ï 2.35 (1 ï xPb)

2
 

ln f Cr = 1.18 (1 ï xCr)
2
 + 2.35 (1 ï xCr)

2
 

Pb-Mn 1404 41205 -13607 
ln f Pb = 4.69 (1 ï xPb)

2
 ï 2.33 (1 ï xPb)

2
 

ln f Mn = 1.19 (1 ï xMn)
2
 + 2.33 (1 ï xMn)

2
 

Pb-Fe 1774 52573 -17454 
ln f Pb = 4.74 (1 ï xPb)

2
 ï 2.36 (1 ï xPb)

2
 

ln f Fe = 1.19 (1 ï xFe)
2
 + 2.36 (1 ï xFe)

2
 

Pb-Co 1742 53406 -18048 
ln f Pb = 4.93 (1 ï xPb)

2
 ï 2.49 (1 ï xPb)

2
 

ln f Co = 1.19 (1 ï xCo)
2
 + 2.49 (1 ï xCo)

2
 

Pb-Ni 1609 49341 -16428 
ln f Pb = 4.91 (1 ï xPb)

2
 ï 2.45 (1 ï xPb)

2
 

ln f Ni = 1.23 (1 ï xNi)
2
 + 2.45 (1 ï xNi)

2
 

Pb-Cu 1262 37534 -12305 
ln f Pb = 4.75 (1 ï xPb)

2
 ï 2.34 (1 ï xPb)

2
 

ln f Cu = 1.23 (1 ï xCu)
2
 + 2.34 (1 ï xCu)

2
 

Pb-Zn 657 17131 -5565 
ln f Pb = 4.15 (1 ï xPb)

2
 ï 2.03 (1 ï xPb)

2
 

ln f Zn = 1.09 (1 ï xZn)
2
 + 2.03 (1 ï xZn)

2
 

 

 

3.5. ʈʘʩʯʸʪ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʮʘ ʩ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʑɿʄ) 

ɺ ʩʦʚʨʝʤʝʥʥʦʤ ʤʠʨʝ ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʧʣʘʚʳ ʩʚʠʥʮʘ ʩ ʑɿʄ (Ca, Sr, 

Ba), ʜʦʙʘʚʢʠ ʢʦʪʦʨʳʭ (ʜʦ 1%) ʫʤʝʥʴʰʘʶʪ ʚʝʣʠʯʠʥʫ ʝʛʦ ʢʨʠʩʪʘʣʣʦʚ, ʪʝʤ ʩʘʤʳʤ 

ʧʨʝʜʦʪʚʨʘʱʘʷ ʨʝʢʨʠʩʪʘʣʣʠʟʘʮʠʶ ʩʧʣʘʚʦʚ ʠ ʧʦʚʳʰʘʷ ʠʭ ʤʝʭʘʥʠʯʝʩʢʫʶ ʧʨʦʯʥʦʩʪʴ 

ʠ ʢʦʨʨʦʟʠʦʥʥʫʶ ʫʩʪʦʡʯʠʚʦʩʪʴ. ʆʜʥʘʢʦ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ 

ʜʨʫʛ ʚ ʜʨʫʛʝ ʧʦʣʥʦʩʪʴʶ ʥʝ ʠʟʫʯʝʥʘ. ʃʠʰʴ ʚ ʨʘʙʦʪʝ [19] ʫʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ   

Pb-Ca ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʚ ʩʚʠʥʮʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 

ʵʚʪʝʢʪʠʢʠ 326.1 Áʉ ʩʦʩʪʘʚʣʷʝʪ 0.36% (ʘʪ.) ʠ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʫʤʝʥʴʰʘʝʪʩʷ ʜʦ ~ 0.05% (ʘʪ.) ʧʨʠ 0 Áʉ. ʋʩʪʘʥʦʚʣʝʥʦ ʪʘʢʞʝ [19], ʯʪʦ ʟʘʢʘʣʢʘ ʠʟ 

ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ ʧʦʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʫʶ 
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ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʘʣʴʮʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 326.1 Áʉ ʜʦ 0.95% (ʘʪ.). ɺ ʩʠʩʪʝʤʝ Pb-Sr 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʪʨʦʥʮʠʷ ʚ ʩʚʠʥʮʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ 324.5 Áʉ ʩʦʩʪʘʚʣʷʝʪ 

~ 0.33% (ʘʪ.). ʉʦʛʣʘʩʥʦ ʨʘʙʦʪʝ [19], ʚ ʩʧʣʘʚʝ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʩʦʜʝʨʞʠʪʩʷ 

1.0% (ʘʪ.) ʩʪʨʦʥʮʠʷ. ɺ ʩʠʩʪʝʤʝ Pb-Ba ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʘʨʠʷ ʚ ʩʚʠʥʮʝ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ ʩʦʩʪʘʚʣʷʝʪ 290 Áʉ 7% (ʘʪ.). ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʙʘʨʠʷ ʚ ʩʚʠʥʮʝ ʥʝ ʫʩʪʘʥʦʚʣʝʥʘ [234]. 

ʆʪʩʫʪʩʪʚʠʝ ʥʝʢʦʪʦʨʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʧʦ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ Pb-ʑɿʄ ʧʦʙʫʜʠʣʦ ʥʘʩ, ʠʩʧʦʣʴʟʫʷ 

ʨʘʩʯʝʪʥʳʝ ʤʝʪʦʜʳ, ʚʦʩʧʦʣʥʠʪʴ ʵʪʦʪ ʧʨʦʙʝʣ. ʉ ʵʪʦʡ ʮʝʣʴʶ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʨʘʩʯʝʪʥʦ-ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ, ʧʨʠʚʦʜʠʤʳʝ ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ (ʧ. 3.3) [234]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ 

ʜʨʫʛʝ ʚ ʩʠʩʪʝʤʝ ʩʚʠʥʝʮ-ʑɿʄ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 3.9-3.11. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʟʥʘʯʝʥʠʷ kʦ ʦʧʨʝʜʝʣʝʥʳ ʠʟ ʦʧʳʪʥʳʭ ʜʘʥʥʳʭ ʧʦ ʩʫʱʝʩʪʚʫʶʱʠʤ ʜʠʘʛʨʘʤʤʘʤ 

ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʝʮ-ʑɿʄ [19, 234]. 

 

ʊʘʙʣʠʮʘ 3.9 ï ʀʩʭʦʜʥʳʝ ʜʘʥʥʳʝ ʢ ʨʘʩʯʝʪʫ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʩʠʩʪʝʤʘʭ Pb-ʑɿʄ [234]. 

ʕʣʝʤʝʥʪ 

ʆʙʦʟʥʘʯʝʥʠʝ 

P, ʵʚ R, ¡ k Ŀ10
8
, ʵʚ tʧʣ, 

ʦ
ʉ 

æH, 

ɼʞ/ʛĿʘʪ 

Pb 3.77 1.75 0.13 327.6 4777.14 

Ca 2.98 1.97 0.185 842 8666 

Sr 2.49 2.15 0.22 769 9210 

Ba 2.26 2.24 0.145 729 7661 
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ʊʘʙʣʠʮʘ 3.10 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʑɿʄ ʚ ʩʚʠʥʮʝ ʚ 

ʪʚʸʨʜʦʤ (x1) ʠ ʞʠʜʢʦʤ (x2) ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ (tʵʚ, 
ʦ
ʉ) [234]. 

ʉʠʩʪʝʤʘ 
x1, ʘʪ. % x2, ʘʪ. % tʵʚ, 

ʦ
ʉ 

ʕʢʩʧʝʨ. ʈʘʩʯʝʪ ʕʢʩʧʝʨ. ʈʘʩʯʝʪ ʕʢʩʧʝʨ. ʈʘʩʯʝʪ 

Pb-Ca 0.36 0.99 - 1.99 326.1 325.7 

Pb-Sr 0.33 0.29 1.0 1.0 324.5 327.0 

Pb-Ba - 0.18 7.0 0.80 290 327.2 

 

ʊʘʙʣʠʮʘ 3.11 ï ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʤʘʢʩʠʤʘʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʥʮʘ ʚ ʑɿʄ ʚ 

ʪʚʸʨʜʦʤ (x1) ʠ ʞʠʜʢʦʤ (x2) ʩʦʩʪʦʷʥʠʷʭ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʵʚʪʝʢʪʠʢʠ (tʵʚ) [234]. 

ʉʠʩʪʝʤʘ 

x1, ʘʪ. % x2, ʘʪ. % tʵʚ, 
ʦ
ʉ 

ʕʢʩʧʝʨ. ʈʘʩʯʝʪ ʕʢʩʧʝʨ. ʈʘʩʯʝʪ ʕʢʩʧʝʨ. ʈʘʩʯʝʪ 

Ca-Pb - 4.90 9.5 9.5 750 725.9 

Sr-Pb - 2.72 12.5 8.78 725 722.8 

Ba-Pb - 1.67 13.5 6.98 654 685.9 

 

ʄʦʞʥʦ ʚʠʜʝʪʴ (ʪʘʙʣ. 3.10 ʠ 3.11), ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚ ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ ʩʣʝʜʫʶʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ.          

ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ 

ʩʠʩʪʝʤʝ ʤʦʥʦʪʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʜʯʠʥʷʷʩʴ ʧʨʘʚʠʣʫ ʖʤ-ʈʦʟʝʨʠ. ʇʦʣʫʯʝʥʥʳʝ 

ʨʝʟʫʣʴʪʘʪʳ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʠʭ 

ʜʦʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ, ʣʠʛʘʪʫʨ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ [234]. 
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3.6. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʨʘʟʨʘʙʦʪʢʠ ʦʩʥʦʚ ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʷ 

ʩʚʠʥʮʘ 

ʗʚʣʝʥʠʝ ʣʠʢʚʘʮʠʠ ʦʯʝʥʴ ʯʘʩʪʦ ʧʨʠʤʝʥʷʝʪʩʷ ʤʝʪʘʣʣʫʨʛʘʤʠ ʠ ʭʠʤʠʢʘʤʠ, ʢʘʢ 

ʦʜʠʥ ʠʟ ʥʘʠʙʦʣʝʝ ʧʨʦʩʪʳʭ ʠ ʥʘʜʸʞʥʳʭ ʤʝʪʦʜʦʚ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ ʦʪ ʧʨʠʤʝʩʥʳʭ ʵʣʝʤʝʥʪʦʚ [113, 114]. ʃʠʢʚʘʮʠʦʥʥʦʝ ʨʘʬʠʥʠʨʦʚʘʥʠʝ 

ʦʩʥʦʚʘʥʦ ʥʘ ʠʟʤʝʥʝʥʠʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʩʧʣʘʚʘ ʠ ʨʘʟʜʝʣʝʥʠʠ ʠʭ ʢʘʢ 

ʚ ʞʠʜʢʦʤ, ʪʘʢ ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ ʧʦ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʫʶʱʠʭʩʷ ʬʘʟ.               

ʅʘ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʦʚʝʜʝʥʠʷ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʘ ʪʘʢʞʝ ʥʘ 

ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ ʩʦʦʪʥʦʰʝʥʠʷ ʬʘʟ, ʢʦʪʦʨʳʝ ʧʨʠ ʵʪʦʤ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ, 

ʫʢʘʟʳʚʘʶʪ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʤʝʪʘʣʣ (ʦʩʥʦʚʘ) ï ʧʨʠʤʝʩʴ [115, 234]. 

ʂ ʧʨʠʤʝʨʫ, ʧʨʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʧʣʘʚʢʝ ʩʚʠʥʮʦʚʳʭ ʢʦʥʮʝʥʪʨʘʪʦʚ 

ʧʦʣʫʯʘʶʪ ʯʝʨʥʦʚʦʡ ʩʚʠʥʝʮ, ʩʦʜʝʨʞʘʱʠʡ ʜʦ 5% (ʧʦ ʤʘʩʩʝ) ʧʨʠʤʝʩʝʡ: ʤʝʜʠ, 

ʩʝʨʝʙʨʘ, ʟʦʣʦʪʘ, ʦʣʦʚʘ, ʩʫʨʴʤʳ, ʤʳʰʴʷʢʘ, ʚʠʩʤʫʪʘ ʠ ʜʨ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʪʦʛʦ ʠʣʠ 

ʠʥʦʛʦ ʤʝʪʦʜʘ ʦʯʠʩʪʢʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ 

ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ, ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʦ ʭʘʨʘʢʪʝʨʝ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʠʤʝʝʪʩʷ ʤʥʦʛʦ ʵʣʝʤʝʥʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 

ʢʦʪʦʨʳʭ ʩʦ ʩʚʠʥʮʦʤ ʥʝ ʠʟʫʯʝʥʦ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʥʝ ʧʦʩʪʨʦʝʥʳ ʠʭ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʥʘʤ ʙʳʣʦ ʠʥʪʝʨʝʩʥʦ ʧʨʦʠʟʚʝʩʪʠ ʦʮʝʥʢʫ ʚʦʟʤʦʞʥʦʡ 

ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ, 

ʪʝʤ ʩʘʤʳʤ ʦʙʣʝʛʯʠʪʴ ʚʳʙʦʨ ʪʝʭʥʦʣʦʛʠʠ ʦʯʠʩʪʢʠ ʩʚʠʥʮʘ ʦʪ ʥʝʢʦʪʦʨʳʭ      

ʧʨʠʤʝʩʝʡ [115, 116, 234]. 

ɼʣʷ ʦʮʝʥʢʠ ʚʦʟʤʦʞʥʦʩʪʠ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʩʚʠʥʮʘ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʥʘ ʦʩʥʦʚʘʥʠʠ ʩʧʨʘʚʦʯʥʳʭ ʜʘʥʥʳʭ ʨʘʩʩʯʠʪʳʚʘʣʠ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ʚʟʘʠʤʦʦʙʤʝʥʘ (Q12) ʚ ʧʨʠʙʣʠʞʝʥʠʠ ɻʠʣʴʜʝʙʨʘʥʜʘ-ʄʦʪʪʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ (3.2) ʠ ʩʪʝʧʝʥʠ ʙʣʠʞʥʝʛʦ ʧʦʨʷʜʢʘ (ů12) ʧʦ ʚʳʨʘʞʝʥʠʶ (3.4) [115, 234]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ ʫʨʘʚʥʝʥʠʷʤ (ʧ. 3.1) ʘʥʘʣʠʟʠʨʦʚʘʣʠʩʴ ʜʣʷ 

ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʠʤʝʶʱʠʤʠ Q12 > 0 ʠ ů12 = -1, ʥʘ ʦʩʥʦʚʘʥʠʠ ʯʝʛʦ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢ ʪʘʢʦʚʳʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ ʩʚʠʥʮʘ ʩ B, C, P, Ge, Nb ʠ W. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʜʣʷ ʵʪʠʭ ʰʝʩʪʠ ʩʠʩʪʝʤ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 3.12 ʠ ʥʘ 

ʨʠʩʫʥʢʝ 3.8 [115, 234]. 
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ʊʘʙʣʠʮʘ 3.12 ï ɿʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʚʠʥʮʘ ʩ ɺ, ʉ, ʈ, Ge, Nb ʠ W 

ʇʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ 

ʵʣʝʤʝʥʪʘ 
ʉʠʩʪʝʤʘ 

Q12 H22 H12 
ů12 

ʢɼʞ/ʛ-ʘʪ 

5 Pb-B 398.70 29.504 -23.28 -0.93634 

6 Pb-C 553.10 -52.370 -183.4 -0.99998 

15 Pb-P 5.100 -524.40 -121.6 -0.91128 

32 Pb-Ge 41.870 -107.01 -111.4 -0.20601 

41 Pb-Nb 332.5 12.67 -25.45 -0.9470 

74 Pb-W 511.2 194.6 -121.1 -0.6521 

 

ʀʟ ʧʦʩʪʨʦʝʥʥʳʭ ʥʘ ʦʩʥʦʚʘʥʠʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʚʠʜʥʦ (ʨʠʩ. 3.8), ʯʪʦ ʩʚʠʥʝʮ ʩ ʙʦʨʦʤ, ʫʛʣʝʨʦʜʦʤ, ʬʦʩʬʦʨʦʤ, ʛʝʨʤʘʥʠʝʤ, 

ʚʦʣʴʬʨʘʤʦʤ ʠ ʥʠʦʙʠʝʤ ʦʙʨʘʟʫʝʪ ʩʠʩʪʝʤʳ ʩ ʧʦʣʥʦʡ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ 

ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʇʨʘʢʪʠʯʝʩʢʠ ʥʝ ʠʟʤʝʥʷʝʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʟʘʠʤʥʦʝ 

ʣʝʛʠʨʦʚʘʥʠʝ ʩʚʠʥʮʘ ʚʪʦʨʳʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʪʘʢ ʠ ʚʪʦʨʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʩʚʠʥʮʦʤ. 

ɺ ʩʠʩʪʝʤʘʭ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʨʘʩʧʣʘʚʘ 

ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʘʷ ʢʨʠʩʪʘʣʣʠʟʘʮʠʷ ʢʘʞʜʦʛʦ ʠʟ ʢʦʤʧʦʥʝʥʪʦʚ [115, 234]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʧʦʢʘʟʘʥʥʳʝ ʥʘ ʨʠʩʫʥʢʝ 3.8, 

ʧʨʠʚʦʜʷʪʩʷ ʚʧʝʨʚʳʝ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʧʦʩʪʨʦʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ B, 

C, P, Nb ʠ W ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ, ʦʜʥʘʢʦ ʦʪʤʝʯʘʝʪʩʷ [19] ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʵʪʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ [115, 234]. 
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ʈʠʩʫʥʦʢ 3.8 ï ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʝʮ-

ʵʣʝʤʝʥʪ (ʙʦʨ, ʫʛʣʝʨʦʜ, ʬʦʩʬʦʨ, ʛʝʨʤʘʥʠʡ, ʥʠʦʙʠʡ ʠ ʚʦʣʴʬʨʘʤ). 

 



114 
 

 

 

ʆʙʦʙʱʸʥʥʘʷ ʚ ʨʘʙʦʪʝ [19] ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Pb-Ge ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʧʨʦʩʪʫʶ ʵʚʪʝʢʪʠʢʫ ʩ ʦʪʩʫʪʩʪʚʠʝʤ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʯʪʦ 

ʤʳ ʩʪʘʚʠʤ ʧʦʜ ʩʦʤʥʝʥʠʝ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʚʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʧʣʘʚʦʚ 

ʩʚʠʥʝʮ-ʵʣʝʤʝʥʪ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʤ ʦʙʲʷʩʥʠʪʴ ʤʝʭʘʥʠʟʤ ʣʠʢʚʘʮʠʦʥʥʦʛʦ 

ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʯʝʨʥʦʚʦʛʦ ʩʚʠʥʮʘ ʦʪ ʤʥʦʛʠʭ ʧʨʠʤʝʩʝʡ. ʊʘʢ, ʚ ʩʠʩʪʝʤʘʭ ʩʚʠʥʝʮ-

ʵʣʝʤʝʥʪ (ɺ, ʉ, Nb, W) ʧʨʦʪʝʢʘʝʪ ʣʠʢʚʘʮʠʦʥʥʦ-ʢʨʠʩʪʘʣʣʠʟʘʮʠʦʥʥʦʝ 

ʨʘʬʠʥʠʨʦʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʦʩʥʦʚʘʥʦ ʥʘ ʨʘʟʜʝʣʝʥʠʠ ʬʘʟ ʧʦ ʩʭʝʤʝ [115, 234]: 

ɻ(Pb) + ɾʕ Ÿ ɻ(Pb) + ʊʚʕ Ÿ ɾPb + ʊʚʕ Ÿ ʊʚPb + ʊʚʕ, 

ʘ ʚ ʩʠʩʪʝʤʘʭ Pb-ʈ ʠ Pb-Ge ʧʦ ʩʭʝʤʘʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ: 

ɻ(Pb) + ɻ(ʈ) Ÿ ɾPb + ɻ(P) Ÿ ɾPb + ɾʈ Ÿ ʊʚPb + ɾʈ Ÿ ʊʚPb + ʊʚʈ ʠ 

ɻ(Pb) + ɻ(Ge) Ÿ ɻ(Pb) + ɾGe Ÿ ɾPb + ɾGe Ÿ ɾPb + ʊʚGe Ÿ ʊʚPb + ʊʚGe. 

ʂʦʥʝʯʥʦʡ ʦʧʝʨʘʮʠʝʡ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ ʩʚʠʥʮʘ. 

 

 

3.7. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 3 

ʊʨʝʪʴʷ ʛʣʘʚʘ ʜʠʩʩʝʨʪʘʮʠʠ ʧʦʩʚʷʱʝʥʘ ʧʨʠʤʝʥʝʥʠʶ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʨʘʩʯʸʪʦʚ ʥʘ ʕɺʄ ʧʦ ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʳʤ ʧʨʦʛʨʘʤʤʘʤ ʜʣʷ 

ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʚʠʥʮʘ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ. ʀʟ ʧʦʩʪʨʦʝʥʥʳʭ 13-ʪʠ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʡ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 7 ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʇʄ (Cr, Mn, Fe, Co, 

Ni, Cu, Zn) ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, 6 ʩʠʩʪʝʤ ï 

ʩ ʙʦʨʦʤ, ʫʛʣʝʨʦʜʦʤ, ʬʦʩʬʦʨʦʤ, ʛʝʨʤʘʥʠʝʤ, ʥʠʦʙʠʝʤ ʠ ʚʦʣʴʬʨʘʤʦʤ ʦʙʨʘʟʫʶʪ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʣʥʦʡ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ 

ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʠʟʫʯʝʥʥʳʭ ʩʠʩʪʝʤ ʩʚʠʥʮʘ ʩ ʇʄ ʠ ʑɿʄ ʨʘʩʩʯʠʪʘʥʳ 

ʚʟʘʠʤʥʳʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʪʚʸʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ. ʇʨʠ ʵʪʦʤ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʟʥʘʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʠ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʷʭ ʩʣʝʜʫʶʪ ʦʧʨʝʜʝʣʸʥʥʳʤ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʤ. ʇʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ 

ʘʪʦʤʥʦʛʦ ʨʘʜʠʫʩʘ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʩʠʩʪʝʤʝ ʤʦʥʦʪʦʥʥʦ 



115 
 

 

 

ʫʤʝʥʴʰʘʝʪʩʷ, ʧʦʜʯʠʥʷʷʩʴ ʧʨʘʚʠʣʫ ʖʤ-ʈʦʟʝʨʠ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ 

ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ, ʘ ʠʭ 

ʜʦʧʦʣʥʝʥʠʝ ʨʘʩʯʸʪʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʧʦʣʝʟʥʳʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʠ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ 

ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ, ʣʠʛʘʪʫʨ ʠ ʤʦʜʠʬʠʢʘʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ ʩʚʠʥʮʘ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʦʥʝʥʪʦʚ ʠ ʩʧʣʘʚʦʚ ʩʚʠʥʮʘ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʩʠʩʪʝʤʳ Pb-Cr, Pb-Mn, Pb-Fe, Pb-Co, Pb-Ni, Pb-Cu ʠ Pb-Zn, ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʙʦʣʴʰʠʭ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʦʪʢʣʦʥʝʥʠʡ 

ʦʪ ʟʘʢʦʥʘ ʈʘʫʣʷ, ʫʢʘʟʳʚʘʶʱʠʭ ʥʘ ʦʪʩʫʪʩʪʚʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ. ɼʣʷ ʦʙʣʘʩʪʝʡ ʩ ʥʠʟʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʵʣʝʤʝʥʪʦʚ ʧʦʜʦʙʥʳʝ 

ʦʪʢʣʦʥʝʥʠʷ ʷʚʣʷʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ, ʪ.ʝ. ʚ ʥʠʭ ʤʦʞʝʪ ʥʘʙʣʶʜʘʪʴʩʷ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʠʣʠ ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʥʚʘʨʠʘʥʪʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ. 

ɺʧʝʨʚʳʝ ʧʦʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Pb-B, Pb-C, Pb-ʈ,       

Pb-Ge, Pb-Nb ʠ Pb-W ʧʦʟʚʦʣʠʣʠ ʨʘʟʨʘʙʦʪʘʪʴ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ 

ʣʠʢʚʘʮʠʦʥʥʦʛʦ ʨʘʬʠʥʠʨʦʚʘʥʠʷ ʩʚʠʥʮʘ ʦʪ ʧʨʠʤʝʩʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʟʫʣʴʪʘʪʳ, ʧʨʠʚʝʜʸʥʥʳʝ ʚ ʪʨʝʪʴʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ, 

ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʪʝʭʥʦʣʦʛʠʡ ʣʝʛʠʨʦʚʘʥʠʷ, 

ʨʘʬʠʥʠʨʦʚʘʥʠʷ, ʤʦʜʠʮʠʨʦʚʘʥʠʷ ʠ ʧʦʣʫʯʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʩ ʚʳʩʦʢʠʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʠ ʢʦʨʨʦʟʠʦʥ-ʦʩʪʦʡʢʠʤʠ ʧʦʢʘʟʘʪʝʣʷʤʠ. 

ʆʜʥʘʢʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʧʨʘʢʪʠʯʝʩʢʫʶ ʚʘʞʥʦʩʪʴ ʧʦʩʪʨʦʝʥʥʳʭ ʨʘʩʯʸʪʥʳʤ 

ʧʫʪʸʤ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʡ ʩʚʠʥʮʘ, ʥʝʢʦʪʦʨʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʢʦʦʨʜʠʥʘʪʳ ʫʟʣʦʚʳʭ ʪʦʯʝʢ (ʢʦʦʨʜʠʥʘʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ) ʥʫʞʜʘʶʪʩʷ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʧʦʜʪʚʝʨʞʜʝʥʠʠ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ 

ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʦʨʜʠʥʘʪ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚ ʨʘʩʧʣʘʚʘʭ ʩʚʠʥʮʘ ʠ ʢʦʨʨʦʟʠʦʥʥʳʭ ʩʚʦʡʩʪʚ ʜʚʦʡʥʳʭ 

ʩʧʣʘʚʦʚ ʩ ʝʛʦ ʫʯʘʩʪʠʝʤ. 
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ɻʃɸɺɸ 4. ʕʂʇɽʈʀʄɽʅʊɸʃʔʅʓɽ ʀʉʉʃɽɼʆɺɸʅʀʗ ʌʀɿʀʂʆ-

ʍʀʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ɼɺʆʁʅʓʍ ʉʇʃɸɺʆɺ ʉʀʉʊɽʄ 

Pb-Cu, Pb-Zn ʠ Pb-ʈɿʄ 

4.1. ʀʩʭʦʜʥʳʝ ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ ʩʠʩʪʝʤ Pb-Cu ʠ Pb-Zn 

ʄʝʪʦʜʠʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ ʜʚʦʡʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ. ʆʧʨʝʜʝʣʝʥʠʝ ʦʙʣʘʩʪʠ ʨʘʩʩʣʘʠʚʘʥʠʷ ʜʚʦʡʥʳʭ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʠʩʪʝʤ ʩʚʷʟʘʥʦ ʩ ʧʦʩʪʨʦʝʥʠʝʤ ʤʦʥʦʚʘʨʠʘʥʪʥʦʡ ʣʠʥʠʠ ʨʘʚʥʦʚʝʩʠʷ 

ɾ1 ź ɾ2, ʯʪʦ ʷʚʣʷʝʪʩʷ ʩʣʦʞʥʦʡ ʟʘʜʘʯʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʭʘʨʘʢʪʝʨʘ.           

ʇʨʠ ʨʝʰʝʥʠʠ ʜʘʥʥʦʡ ʟʘʜʘʯʠ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʦʜʳ: ʠʟʤʝʨʝʥʠʷ ʧʣʦʪʥʦʩʪʠ, 

ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʠ, ʚʷʟʢʦʩʪʠ, ʤʘʛʥʠʪʥʦʡ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ; ʨʝʥʪʛʝʥʦ-

ʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ; ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ɼʊɸ), ʟʘʢʘʣʢʠ 

ʠʟ ʞʠʜʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʤ ʘʥʘʣʠʟʦʤ ʠ ʜʨ. 

ʆʜʥʘʢʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʩʚʦʡʩʪʚ ʢʘʢ ʧʣʦʪʥʦʩʪʴ, 

ʚʷʟʢʦʩʪʴ, ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ, ʫʜʝʣʴʥʦʝ ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʝ ʠ ʕɼʉ ʥʝ 

ʜʘʶʪ ʦʜʥʦʟʥʘʯʥʦʡ ʦʮʝʥʢʠ ʦ ʩʪʨʫʢʪʫʨʝ ʨʘʩʧʣʘʚʦʚ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʦ ʩʫʱʝʩʪʚʦʚʘʥʠʠ ʦʙʣʘʩʪʠ ʨʘʩʣʘʠʚʘʥʠʷ ʨʘʟʨʘʙʦʪʘʥʳ ʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʝ ʘʢʫʩʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʟʚʫʢʘ ʚ ʙʠʥʘʨʥʳʭ 

ʞʠʜʢʠʭ ʩʧʣʘʚʘʭ [117, 234]. 

ʉʫʱʥʦʩʪʴ ʧʦʩʣʝʜʥʝʛʦ ʤʝʪʦʜʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʟʘʤʝʨʷʝʪʩʷ ʩʢʦʨʦʩʪʴ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ὠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ Ὤ ʩʪʦʣʙʘ ʨʘʩʧʣʘʚʘ ʠ 

ʘʥʘʣʠʟʠʨʫʝʪʩʷ ὠ Ὤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. ʂʦʤʧʣʝʢʩ 

ὠ Ὤ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʦʧʨʝʜʝʣʸʥʥʳʭ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ, ʧʨʝʜʦʩʪʘʚʣʷʝʪ ʧʦʣʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʦ ʢʦʦʨʜʠʥʘʪʘʭ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʘʜʘ ʛʦʤʦʛʝʥʥʦʛʦ ʨʘʩʧʣʘʚʘ ʥʘ ʜʚʝ ʦʪʜʝʣʴʥʳʝ ʞʠʜʢʠʝ ʬʘʟʳ. 

ɼʣʷ ʵʪʠʭ ʮʝʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʧʨʝʜʣʦʞʝʥʥʘʷ ʚ ʨʘʙʦʪʝ [117] ʫʩʪʘʥʦʚʢʘ, 

ʢʦʪʦʨʘʷ ʩʦʩʪʦʠʪ ʠʟ ʛʝʥʝʨʘʪʦʨʘ ʚʳʩʦʢʦʯʘʩʪʦʪʥʳʭ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ        

ɻ4-102ɸ, ʦʩʮʠʣʣʦʛʨʘʬʘ ʉ1-70 ʠ ʵʣʝʢʪʨʦʥʥʦ-ʮʠʬʨʦʚʦʛʦ ʯʘʩʪʦʪʦʤʝʨʘ ʏ3-34ɸ.      

ʅʘ ʨʠʩʫʥʢʝ 4.1 ʧʨʠʚʝʜʝʥʘ ʩʭʝʤʘ ʫʢʘʟʘʥʥʦʡ ʫʩʪʘʥʦʚʢʠ ʧʦ ʠʟʤʝʨʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʛʦʤʦʛʝʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʘʩʧʣʘʚʘʭ [117, 234]. 
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ʈʠʩʫʥʦʢ 4.1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʛʦʤʦʛʝʥʥʦ-ʛʝʪʝʨʦʛʝʥʥʳʭ ʨʘʩʧʣʘʚʘʭ. 

 

ʋʩʪʘʥʦʚʢʘ ʬʫʥʢʮʠʦʥʠʨʫʝʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: ʛʝʥʝʨʘʪʦʨ 1 ʤʦʜʫʣʠʨʫʝʪ 

ʨʘʜʠʦʯʘʩʪʦʪʥʦʝ ʥʘʧʨʷʞʝʥʠʝ ʩʠʥʫʩʦʠʜʘʣʴʥʳʭ ʩʠʛʥʘʣʦʚ ʛʝʥʝʨʘʪʦʨʘ 2; ʧʨʠ ʵʪʦʤ 

ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʴʝʟʦʵʣʝʤʝʥʪʳ 3 ʷʯʝʡʢʠ ʩʨʘʚʥʝʥʠʷ ʠ ʠʟʤʝʨʝʥʠʷ (ʚ ʧʫʥʢʪʠʨʥʦʡ 

ʨʘʤʢʝ). ʇʦʩʪʫʧʘʶʱʠʝ ʠʤʧʫʣʴʩʳ ʯʝʨʝʟ ʥʠʞʥʠʝ ʥʝʧʦʜʚʠʞʥʳʝ ʟʚʫʢʦʧʨʦʚʦʜʳ 4 

ʟʦʥʜʠʨʫʶʪ ʵʪʘʣʦʥʥʫʶ ʞʠʜʢʦʩʪʴ ʚ ʚʠʜʝ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ 5, ʢʦʪʦʨʘʷ 

ʥʘʭʦʜʠʪʩʷ ʚ ʢʦʥʪʝʡʥʝʨʝ 6, ʘ ʠʩʩʣʝʜʫʝʤʳʡ ʨʘʩʧʣʘʚ 7 ï ʚ ʢʦʥʪʝʡʥʝʨʝ 8. ɿʘʪʝʤ ʦʥʠ 

ʯʝʨʝʟ ʚʝʨʭʥʠʝ ʧʦʜʚʠʞʥʳʝ ʟʚʫʢʦʧʨʦʚʦʜʳ 9 ʧʦʩʪʫʧʘʶʪ ʥʘ ʧʨʠʝʤʥʳʝ ʧʴʝʟʦʵʣʝʤʝʥʪʳ 

10, ʜʘʣʝʝ ʥʘ ʩʫʧʝʨʛʝʪʝʨʦʜʠʥʥʳʡ ʧʨʠʝʤʥʠʢ 11 ʚ ʚʠʜʝ ʨʘʜʠʦʯʘʩʪʦʪʥʳʭ ʚʦʣʥ, 

ʢʦʪʦʨʳʝ ʚʳʚʦʜʷʪʩʷ ʥʘ ʵʢʨʘʥʝ ʦʩʮʠʣʣʦʛʨʘʬʘ 12. ʆʩʮʠʣʣʦʛʨʘʬ ʩʠʥʭʨʦʥʠʟʠʨʫʝʪʩʷ 

ʛʝʥʝʨʘʪʦʨʦʤ ʠʤʧʫʣʴʩʦʚ 1. ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ 

ʨʘʩʩʣʘʠʚʘʶʱʝʡʩʷ ʞʠʜʢʦʩʪʠ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.2 [117, 234]. 

ʆʧʠʩʘʥʥʘʷ ʤʝʪʦʜʠʢʘ ʭʦʨʦʰʦ ʟʘʨʝʢʦʤʝʥʜʦʚʘʣʘ ʩʝʙʷ ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʨʘʩʩʣʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤ ʠ ʚ ʵʪʦʡ ʩʚʷʟʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ ʥʘʤʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʢʦʦʨʜʠʥʘʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʨʘʩʧʣʘʚʦʚ ʚ ʩʠʩʪʝʤʘʭ Pb-Cu ʠ Pb-Zn [117, 234]. 
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ʈʠʩʫʥʦʢ 4.2 ï ʉʭʝʤʘ ʠʟʤʝʨʠʪʝʣʴʥʦʡ ʷʯʝʡʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʩʩʣʘʠʚʘʶʱʠʭʩʷ 

ʨʘʩʧʣʘʚʦʚ: 1 ï ʠʟʣʫʯʘʶʱʠʡ ʧʴʝʟʦʵʣʝʤʝʥʪ, 2 ï ʥʠʞʥʠʡ ʥʝʧʦʜʚʠʞʥʳʡ ʟʚʫʢʦʧʨʦʚʦʜ, 

3 ï ʥʠʞʥʠʡ ʠ 4 ï ʚʝʨʭʥʠʡ ʨʘʩʩʣʘʠʚʰʠʝʩʷ ʩʣʦʠ, 5 ï ʮʠʣʠʥʜʨʠʯʝʩʢʠʡ ʢʦʥʪʝʡʥʝʨ ʜʣʷ 

ʨʘʩʧʣʘʚʘ, 6 ï ʚʝʨʭʥʠʡ ʧʦʜʚʠʞʥʳʡ ʟʚʫʢʦʧʨʦʚʦʜ, 7 ï ʧʨʠʝʤʥʳʡ ʧʴʝʟʦʵʣʝʤʝʥʪ [117]. 
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4.2. ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʚ ʨʘʩʧʣʘʚʘʭ ʩʠʩʪʝʤ 

Pb-Cu ʠ Pb-Zn 

ʀʟʫʯʝʥʠʝ ʢʦʦʨʜʠʥʘʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ ʚ 

ʩʠʩʪʝʤʘʭ Pb-Cu ʠ Pb-Zn ʧʨʦʚʦʜʠʣʦʩʴ ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ, ʩʫʱʥʦʩʪʴ 

ʢʦʪʦʨʦʛʦ ʦʧʠʩʘʥʘ ʚʳʰʝ (ʧ. 4.1). ɺʦ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʙʦʯʠʡ ʦʙʲʝʤ 

ʘʢʫʩʪʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ ʦʪʢʘʯʠʚʘʣʠ ʜʦ 10
-2
 ʇʘ ʠ ʚ ʮʝʣʷʭ ʠʩʢʣʶʯʝʥʠʷ ʧʦʧʘʜʘʥʠʷ 

ʚʦʟʜʫʭʘ ʚ ʥʝʛʦ ʟʘʧʦʣʥʷʣʠ ʚʳʩʦʢʦʯʠʩʪʳʤ ʘʨʛʦʥʦʤ ʜʦ ʜʘʚʣʝʥʠʷ, ʧʨʝʚʳʰʘʶʱʝʛʦ 

ʘʪʤʦʩʬʝʨʥʦʝ ʥʘ 0.1-0.15 ʇʘ. 2-3 ʄɻʮ ʩʦʩʪʘʚʠʣʘ ʥʝʩʫʱʘʷ ʯʘʩʪʦʪʘ ʫʣʴʪʨʘʟʚʫʢʦʚʳʭ 

ʠʤʧʫʣʴʩʦʚ. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʡ ʥʝ ʧʨʝʚʳʰʘʣʘ 0.1%. ʅʘ ʪʦʨʮʳ ʟʚʫʢʦʧʨʦʚʦʜʦʚ 

ʥʘʥʦʩʠʣʠ ʪʦʥʢʠʡ ʩʣʦʡ ʙʦʨʥʦʛʦ ʘʥʛʠʜʨʠʜʘ B2O3 ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 10 ʤʢʤ ʜʣʷ 

ʧʦʣʫʯʝʥʠʷ ʫʩʪʦʡʯʠʚʦʛʦ ʘʢʫʩʪʠʯʝʩʢʦʛʦ ʢʦʥʪʘʢʪʘ ʤʝʞʜʫ ʚʦʣʥʦʚʦʜʘʤʠ ʠ  

ʨʘʩʧʣʘʚʘʤʠ [234]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʡ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʧʦ ʚʳʩʦʪʝ 

ʨʘʩʧʣʘʚʘ ὖὦȢὅόȢ  ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 4.3. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʜ ʠʟʤʝʨʝʥʠʷʤʠ ʧʨʠ ʢʘʞʜʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʘʩʧʣʘʚʳ 

ʚʳʜʝʨʞʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 20 ʤʠʥʫʪ. 

 

 

ʈʠʩʫʥʦʢ 4.3 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʧʦ ʚʳʩʦʪʝ ʩʪʦʣʙʘ ʨʘʩʩʣʘʠʚʘʶʱʝʛʦʩʷ ʨʘʩʧʣʘʚʘ 

(Pb0.35Cu0.65) ʚ ʩʠʩʪʝʤʝ Pb-Cu: 1-1317, 2-1291, 3-1271, 4-1258, 5-1248 ʂ. 
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ʄʦʞʥʦ ʚʠʜʝʪʴ (ʨʠʩ. 4.2), ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1317 ʠ 1291 ʂ (ʣʠʥʠʠ 1 ʠ 2) 

ὺ Ὤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʧʨʷʤʳʝ ʧʘʨʘʣʣʝʣʴʥʳʝ ʦʩʠ h, ʪ.ʝ. ʩʢʦʨʦʩʪʴ 

ʫʣʴʪʨʘʟʚʫʢʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʚʳʩʦʪʳ ʩʪʦʣʙʘ, ʯʪʦ ʠ ʜʦʣʞʥʦ ʙʳʪʴ ʜʣʷ ʦʜʥʦʨʦʜʥʦʛʦ 

ʨʘʩʪʚʦʨʘ. ʍʘʨʘʢʪʝʨ ʧʨʦʷʚʣʝʥʠʷ ʣʠʥʠʠ 3 ʠʟʤʝʥʠʣʩʷ, ʠ ʦʥʘ ʨʘʩʧʦʣʦʞʠʣʘʩʴ ʥʘ 

ʩʪʫʧʝʥʴ ʚʳʰʝ, ʪ.ʝ. ʧʨʠ 1271 ʂ ʛʦʤʦʛʝʥʥʳʡ ʨʘʩʧʣʘʚ ʨʘʩʧʘʣʩʷ ʥʘ ʜʚʝ ʞʠʜʢʦʩʪʠ. 

ɿʘʪʝʤ ʧʨʠ 1258 ʠ 1248 ʂ ʚʝʣʠʯʠʥʘ ʩʪʫʧʝʥʴʢʠ Ўὺ ʫʚʝʣʠʯʠʣʘʩʴ (4 ʠ 5 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʧʦʚʳʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʨʘʟʨʳʚʘ ʚ 

ʧʨʦʷʚʣʷʶʱʠʭʩʷ ʩʣʦʷʭ ʩ ʧʦʥʠʞʝʥʠʝʤ ʪʝʤʧʝʨʘʪʫʨʳ. ʉʪʫʧʝʥʴʢʠ 3 ʠ 5 ὺ Ὤ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʠʢʩʠʨʫʶʪʩʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʪʦʯʥʦʩʪʴʶ ʧʨʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʚʳʩʦʪʝ. 

ʇʦʜʪʚʝʨʞʜʝʥʠʝ ʪʦʛʦ, ʯʪʦ ʛʨʘʥʠʮʘ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʚʰʠʤʠʩʷ ʩʣʦʷʤʠ ʧʨʠ ʠʟʤʝʥʝʥʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʨʘʩʩʣʘʠʚʘʥʠʷ ʜʦ ʤʦʥʦʪʝʢʪʠʢʠ ʥʘʭʦʜʠʪʩʷ ʚ ʦʜʥʦʤ ʧʦʣʦʞʝʥʠʠ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʠ ʘʪʦʤʦʚ ʵʣʝʤʝʥʪʦʚ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʲʝʤʘ 

ʬʘʟ ʠ ʤʘʩʩʳ. ʇʦʵʪʦʤʫ ʜʘʥʥʳʡ ʩʦʩʪʘʚ ʤʦʞʥʦ ʩʯʠʪʘʪʴ ʢʨʠʪʠʯʝʩʢʠʤ, ʘ 

ʪʝʤʧʝʨʘʪʫʨʫ ὺ Ὤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 3, ʢʦʪʦʨʘʷ ʬʠʢʩʠʨʫʝʪʩʷ ʯʸʪʢʦ, ï    

ʢʨʠʪʠʯʝʩʢʦʡ [234]. 

ʆʧʨʝʜʝʣʷʷ ὺ Ὤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʣʷ ʨʘʩʧʣʘʚʦʚ ʜʨʫʛʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ, 

ʤʦʞʥʦ ʚʳʩʪʨʦʠʪʴ ʚʝʩʴ ʢʫʧʦʣ ʨʘʩʧʘʜʘ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ. ɼʣʷ ʵʪʦʛʦ ʧʦ 

ʧʦʣʫʯʝʥʥʳʤ ʜʘʥʥʳʤ ʩʪʨʦʠʪʩʷ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦ-ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʩʢʦʨʦʩʪʠ ʫʣʴʪʨʘʟʚʫʢʘ. ʊʘʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚ ʚʠʜʝ ʧʦʣʠʪʝʨʤ 1-8 ʩ ʠʩʭʦʜʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ (15, 20, 30, 35, 40, 50, 60 ʠ 65 ʘʪ. % Pb, ʩʦʦʪʚʝʩʪʚʝʥʥʦ) 

ʢʦʤʧʦʥʝʥʪʦʚ ʜʣʷ ʨʘʩʧʣʘʚʦʚ ʩʠʩʪʝʤʳ Pb-Cu ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 4.4 [234]. 

ʆʙʨʘʟʦʚʘʚʰʘʷʩʷ ʦʛʠʙʘʶʱʘʷ ʢʨʠʚʘʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʥʮʝʥʨʘʮʠʦʥʥʦ-

ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ὺ ʚʜʦʣʴ ʢʫʧʦʣʘ ʨʘʩʧʘʜʘ. ɺʩʝ ʧʦʣʠʪʝʨʤʳ ʧʨʠ ʊ>ʊʢʨ 

ʠʤʝʶʪ ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʥʘʢʣʦʥ ʢ ʦʩʠ ʪʝʤʧʝʨʘʪʫʨ. ʇʦʜʦʙʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʫʣʴʪʨʘʟʚʫʢʘ ʦʙʲʷʩʥʷʝʪʩʷ ʪʝʤ, ʯʪʦ ʚʳʰʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʩʫʱʝʩʪʚʫʝʪ 

ʛʦʤʦʛʝʥʥʳʡ ʨʘʩʧʣʘʚ. ʊʘʢ ʢʘʢ ʧʦʣʠʪʝʨʤʳ ʣʠʥʝʡʥʦ ʩʧʘʜʘʶʪ ʩ ʪʝʤʧʝʨʘʪʫʨʦʡ, 

ʥʘʯʠʥʘʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨ ʨʘʩʧʘʜʘ, ʥʠʢʘʢʠʭ ʘʥʦʤʘʣʠʡ ʥʘ ʨʠʩʫʥʢʝ 4.4, ʥʝ 

ʧʨʦʩʤʘʪʨʠʚʘʝʪʩʷ. ʕʪʦʪ ʬʘʢʪ ʫʢʘʟʳʚʘʝʪ ʥʘ ʪʦ, ʯʪʦ ʥʝʪ ʟʘʤʝʪʥʦʛʦ ʨʘʟʚʠʪʠʷ 

ʢʨʫʧʥʦʤʘʩʰʪʘʙʥʳʭ ʬʣʫʢʪʫʘʮʠʡ ʚ ʨʘʩʧʣʘʚʘʭ ʜʘʥʥʦʡ ʩʠʩʪʝʤʳ [234]. 
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ʈʠʩʫʥʦʢ 4.4 ï ʆʛʠʙʘʶʱʘʷ ʢʨʠʚʘʷ ʪʝʤʧʝʨʘʪʫʨʥʦ-ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʫʣʴʪʨʘʟʚʫʢʘ ʚ ʨʘʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ Pb-Cu. 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ 

ʨʠʩʫʥʢʘʭ 4.3 ʠ 4.4, ʧʦʩʪʨʦʠʣʠ ʢʨʠʚʫʶ ʤʦʥʦʚʘʨʠʘʥʪʥʦʛʦ ʨʘʚʥʦʚʝʩʠʷ, 

ʦʛʨʘʥʠʯʠʚʘʶʱʫʶ ʦʙʣʘʩʪʴ ʨʘʩʩʣʘʠʚʘʥʠʷ ʥʘ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Pb-Cu 

(ʨʠʩ. 4.5, ʙ). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʩʠʩʪʝʤʝ ʭʘʨʘʢʪʝʨ ʢʨʠʚʦʡ ʤʦʥʦʚʘʨʠʘʥʪʥʦʛʦ 

ʨʘʚʥʦʚʝʩʠʷ ɾ1ïɾ2 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʩʠʤʤʝʪʨʠʯʥʫʶ ʙʠʥʦʜʘʣʴ ʩ ʤʘʢʩʠʤʫʤʦʤ, 

ʩʤʝʱʸʥʥʳʤ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʜʠ. ɺʳʩʦʪʘ ʦʙʣʘʩʪʠ 

ʨʘʩʩʣʘʠʚʘʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʘʷ ʨʘʟʥʠʮʫ ʤʝʞʜʫ ʊʢʨ ʠ ʊʤ, ʩʦʩʪʘʚʣʷʝʪ 43Á, ʘ 

ʢʦʦʨʜʠʥʘʪʳ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʯʢʠ: ʪʝʤʧʝʨʘʪʫʨʘ ï (1271Ñ2) ʂ; ʩʦʩʪʘʚ ï 0.35 ʘʪ. ʜʦʣʠ 

Pb; ʦʩʪʘʣʴʥʦʝ Cu. ʅʘ ʨʠʩʫʥʢʝ 4.5 ʜʣʷ ʩʨʘʚʥʝʥʠʷ ʧʨʠʚʝʜʝʥʳ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʩʠʩʪʝʤʳ Pb-Cu, ʧʦʩʪʨʦʝʥʥʥʳʝ ʨʘʩʯʸʪʦʤ (ʘ) ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ (ʙ). ʄʦʞʥʦ 

ʚʠʜʝʪʴ, ʯʪʦ ʤʝʞʜʫ ʥʠʤʠ ʩʫʱʝʩʪʚʫʝʪ ʫʜʦʚʣʝʚʪʨʦʠʪʝʣʴʥʦʝ ʩʭʦʜʩʪʚʦ ʠ ʩʦʚʧʘʜʝʥʠʝ 

ʨʝʟʫʣʴʪʘʪʦʚ (ʪʘʙʣ. 4.1) [234]. 
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ʈʠʩʫʥʦʢ 4.5 ï ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Pb-Cu: 

ʘ ï ʨʘʩʯʸʪʥʘʷ, ʙ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ [234]. 

 

ʊʘʙʣʠʮʘ 4.1 ï ʉʨʘʚʥʝʥʠʝ ʨʘʩʯʝʪʥʳʭ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʢʦʦʨʜʠʥʘʪ 

ʫʟʣʦʚʳʭ ʪʦʯʝʢ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Pb-Cu ʠ Pb-Zn [234]. 

ʉʠʩʪʝʤʘ 

ʊ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʂ 

ʊ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ, ʂ 

ʂʦʦʨʜʠʥʘʪʳ ʢʨʠʪʠʯʝʩʢʦʛʦ 

ʨʘʩʧʘʜʘ, ʂ 

ʈʘʩʯ. ʕʢʩʧ. ʈʘʩʯ. ʕʢʩʧ. 
ʈʘʩʯ. ʕʢʩʧ. 

x2
ʢʨ

 ʊʢʨ x2
ʢʨ

 ʊʢʨ 

Pb-Cu 598 599 1262 1228 0.62 1510 0.65 1268 

Pb-Zn 597 591.2 657 690.8 0.68 1250 0.72 1071 

 

ɸʥʘʣʦʛʠʯʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʢʦʨʦʩʪʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʫʣʴʪʨʘʟʚʫʢʘ ὺ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʳʩʦʪʳ Ὤ ʩʪʦʣʙʘ ʞʠʜʢʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ ʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʜʣʷ ʩʠʩʪʝʤʳ Pb-Zn, ʨʝʟʫʣʴʪʘʪʦʤ 

ʢʦʪʦʨʳʭ ʩʪʘʣʘ ʧʦʩʪʨʦʝʥʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʘʥʥʦʡ ʩʠʩʪʝʤʳ (ʨʠʩ. 4.6 ʠ 

ʪʘʙʣ. 4.1) [234]. 

 

ʘ) ʙ) 
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ʈʠʩʫʥʦʢ 4.6 ï ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Pb-Zn: 

ʘ ï ʨʘʩʯʸʪʥʘʷ, ʙ ï ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ [234]. 

 

 

4.3. ʂʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʠ ʦʧʨʝʜʝʣʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ (ʈɿʄ), 

ʙʦʛʘʪʳʭ ʩʚʠʥʮʦʤ 

ʉʦʛʣʘʩʥʦ ʦʙʦʙʱʸʥʥʳʤ ʚ ʨʘʙʦʪʝ [19] ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ ʚ ʩʠʩʪʝʤʘʭ     

Pb-ʈɿʄ ʦʙʨʘʟʫʶʪʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ (ʀʄ) ʩʦʩʪʘʚʦʚ Pb3ʈɿʄ, Pb2ʈɿʄ, Pb4ʈɿʄ3, 

Pbʈɿʄ, Pb10ʈɿʄ11, Pb4ʈɿʄ5, Pb3ʈɿʄ5, Pbʈɿʄ2 ʠ Pbʈɿʄ3, ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʝʥʳ ʨʘʟʣʠʯʥʳʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ. ʆʥʠ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ 

ʦʪ ʜʨʫʜʘ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠʤʝʥʝʥʠʝ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʨʘʚʥʠʚʘʥʠʶ ʵʪʠʭ ʟʥʘʯʝʥʠʡ, ʘ ʚ ʩʣʫʯʘʝ ʠʭ ʦʪʩʫʪʚʠʷ ʜʘʸʪ ʚʦʟʤʦʞʥʦʩʪʴ ʜʣʷ ʠʭ 

ʦʧʨʝʜʝʣʝʥʠʷ ʧʦ ʫʨʘʚʥʝʥʠʶ [118, 119]: 

Aʈɿʄ = ALa + a
II
 Nǎ + ɓS + g

1
L1-6

 
(g

II
 L8-13)                              (4.1) 

ʛʜʝ ALʘ, Aʈɿʄ ï ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʝ ʩʚʦʡʩʪʚʦ ʠʦʥʦʚ ʣʘʥʪʘʥʘ ʠ ʈɿʄ; g
1
, ɓ ʠ a

II
 (g

2
 ï 

ʜʣʷ ʮʝʨʠʝʚʦʡ, ʘ a
II
 ï ʜʣʷ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ ʨʷʜʘ ʈɿʄ) ï ʢʦʨʨʝʣʷʮʠʦʥʥʳʝ 

ʢʦʵʬʬʠʮʠʝʥʪʳ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʢʣʘʜ ʚ (ɸ) ʯʠʩʣʘ ǎ ï ʵʣʝʢʪʨʦʥʦʚ (Nǎ), ʩʧʠʥʦʚʦʛʦ 

ʘ)       ʙ) 
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(S) ʠ ʦʨʙʠʪʘʣʴʥʦʛʦ (L) ʫʛʣʦʚʳʭ ʤʦʤʝʥʪʦʚ ʢʦʣʠʯʝʩʪʚʘ ʜʚʠʞʝʥʠʡ ʈɿʄ
3+

, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʋʢʘʟʘʥʥʳʝ ʢʦʵʬʬʠʮʠʝʥʪʳ ʚʳʯʠʩʣʷʣʠʩʴ ʠʟ ʚʳʨʘʞʝʥʠʡ: 

a = 
14

AA LaLu
+

     (4.2) 

ɓ = 
5.3

7Ö-- aAA LaGd     (4.3) 

g = [ä
=

+--n

l l

llLaʈɿʄ

L
SNAA

1

)( ba
? ] / n  (4.4) 

ʛʜʝ n ï ʯʠʩʣʦ ʈɿʄ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʤʝʨʝʥ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʡ ʧʘʨʘʤʝʪʨ, ʟʘ 

ʠʩʢʣʶʯʝʥʠʝʤ La, Gd ʠ Lu. 

ʅʠʞʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʧʨʦʠʟʚʝʜʸʥʥʦʛʦ ʥʘʤʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ 

ʘʥʘʣʠʟʘ ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʦʚ Pb3ʈɿʄ, Pb2ʈɿʄ, 

Pb4ʈɿʄ3 ʠ ʵʢʚʠʤʦʣʷʨʥʦʛʦ ʩʦʩʪʘʚʘ Pbʈɿʄ [120-131]. ʄʝʪʦʜʳ ʩʨʘʚʥʠʪʝʣʴʥʦʛʦ 

ʨʘʩʯʸʪʘ ʄ.ʍ. ʂʘʨʘʧʝʪʴʷʥʮʘ [132] ʠ ʨʘʟʥʦʩʪʝʡ ɺ.ɸ. ʂʠʨʝʝʚʘ [133] ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʥʝʠʟʚʝʩʪʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ 

ʧʦʜʦʙʥʳʭ ʩʦʩʪʘʚʦʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʚʠʥʮʘ ʩ ʣʘʥʪʘʥʦʤ, ʛʘʜʦʣʠʥʠʝʤ ʠ ʣʶʪʝʮʠʝʤ. 

ʅʘ ʠʭ ʦʩʥʦʚʘʥʠʠ ʙʳʣ ʧʨʦʠʟʚʝʜʸʥ ʩʠʩʪʝʤʥʳʡ ʘʥʘʣʠʟ ʠʩʢʦʤʳʭ ʚʝʣʠʯʠʥ ʜʣʷ ʜʨʫʛʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩ ʮʝʣʴʶ ʫʩʪʘʥʦʚʣʝʥʠʷ ʨʷʜʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʧʨʠ ʠʭ ʠʟʤʝʥʝʥʠʠ [134]. 

ɺ ʪʘʙʣʠʮʝ 4.2 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, 

ʢʦʪʦʨʳʝ ʛʦʚʦʨʷʪ ʦ ʜʦʣʝʚʦʤ ʚʣʠʷʥʠʠ ʢʘʞʜʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʚʝʣʠʯʠʥʫ 

ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʷ. 

 

ʊʘʙʣʠʮʘ 4.2 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʉʦʝʜʠʥʝʥʠʝ ʇʘʨʘʤʝʪʨ Ŭ ɓ ɔ' ɔ'' 

Pb3Ln ʊʧʣ., ʂ -17.36 0.15 21.78 -7.36 

Pb2Ln ʊʧʣ., ʂ -9.57 -12.00 2.34 -7.66 

Pb4Ln3 ʊʧʣ., ʂ 2.57 1.15 4.63 0.0 

PbLn ʊʧʣ., ʂ 9.14 0.0 -16.67 21.52 
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ʈʘʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʫʢʘʟʘʥʥʳʭ ʩʦʩʪʘʚʦʚ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʠʤʝʶʱʠʤʠʩʷ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4.3. ʄʝʞʜʫ ʥʠʤʠ ʥʘʙʣʶʜʘʝʪʩʷ ʭʦʨʦʰʝʝ ʩʭʦʜʩʪʚʦ ʚʝʣʠʯʠʥ, 

ʯʪʦ ʛʦʚʦʨʠʪ ʦ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʠʣʠ ʣʠʰʴ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʠʜʦʚ Pb2Sm, Pb2Lu ʠ Pb3Ce, ʯʪʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʦ ʩ 

ʧʦʛʨʝʰʥʦʩʪʴʶ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʪ.ʢ. ʠʭ ʟʥʘʯʝʥʠʷ ʥʝ ʧʦʜʯʠʥʷʶʪʩʷ 

ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ, ʩʚʷʟʘʥʥʦʡ ʩ ʧʦʨʷʜʢʦʚʳʤ ʥʦʤʝʨʦʤ ʈɿʄ ʚ ʇʊ. 

 

ʊʘʙʣʠʮʘ 4.3 ï ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤ Pb-ʈɿʄ 
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ʅʘ ʨʠʩʫʥʢʘʭ 4.7-4.10 ʧʨʠʚʝʜʝʥʳ ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʩʭʦʞʝʛʦ ʩʦʩʪʘʚʘ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʈɿʄ. ʄʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʩʦʛʣʘʩʥʦ ʨʘʟʜʝʣʝʥʠʷ ʈɿʄ ʥʘ ʧʦʜʛʨʫʧʧʳ (ʮʝʨʠʝʚʫʶ ʠ ʠʪʪʨʠʝʚʫʶ), 
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ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʚ ʠʟʤʝʥʝʥʠʠ ʚʝʣʠʯʠʥ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʧʨʦʷʚʣʷʶʪʩʷ ʧʦ-

ʨʘʟʥʦʤʫ. ʆʪʢʣʦʥʝʥʠʷ ʦʪ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʀʄ 

ʩʚʠʥʮʘ ʩ Eu ʠ Yb ʦʙʫʩʣʦʚʣʝʥʳ ʚʘʣʝʥʪʥʦʩʪʴʶ (2+) ʵʪʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʦʷʚʣʷʶʱʝʡʩʷ 

ʚ ʩʧʣʘʚʘʭ. 

 

 

ʈʠʩʫʥʦʢ 4.7 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʀʄ ʩʚʠʥʮʘ 

ʩʦʩʪʘʚʘ Pb3ʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ:ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 

 

 

ʈʠʩʫʥʦʢ 4.8 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʀʄ ʩʚʠʥʮʘ 

ʩʦʩʪʘʚʘ Pb2ʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 
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ʈʠʩʫʥʦʢ 4.9 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʀʄ ʩʚʠʥʮʘ 

ʩʦʩʪʘʚʘ Pb4ʈɿʄ3 ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ Ln: ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 

 

 

ʈʠʩʫʥʦʢ 4.10 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʀʄ 

ʩʚʠʥʮʘ ʩʦʩʪʘʚʘ Pbʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 
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ʆʧʨʝʜʝʣʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤ Pb-ʈɿʄ 

ʇʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʀʄ ʩʠʩʪʝʤ Pb-ʈɿʄ ʧʦ 

ʚʳʰʝʧʨʠʚʝʜʸʥʥʦʡ ʤʝʪʦʜʠʢʝ ʥʘʤʠ ʙʳʣʠ ʧʨʠʤʝʥʝʥʳ ʜʣʷ ʨʘʩʯʸʪʘ ʟʥʘʯʝʥʠʡ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʵʪʠʭ ʞʝ ʩʦʩʪʘʚʦʚ. ʇʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʣʝʜʫʶʱʝʝ 

ʚʳʨʘʞʝʥʠʝ [134, 135]: 

æHÁʧʣ., Pbmʈɿʄn = ʊʧʣ.
ʠʤ
(næHʧʣ.

Ln
/ʊʧʣ.

Ln
+ mæH ʧʣ.

Pb
/ʊʧʣ.

Pb
)/n+m.          (4.5) 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ (ʪʘʙʣ. 4.4, ʨʘʩʯʸʪ 2) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʫʨʘʚʥʝʥʠʷ (4.1) ʧʨʦʠʟʚʝʜʸʥ ʢʦʨʨʝʣʷʮʠʦʥʥʳʡ ʘʥʘʣʠʟ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ ʤʝʪʦʜʦʤ ʅ.ʉ. ʇʦʣʫʵʢʪʦʚʘ (ʪʘʙʣ. 4.4, ʨʘʩʯʸʪ 1). ɼʣʷ ʵʪʦʛʦ 

ʨʘʩʯʠʪʳʚʘʣʠʩʴ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (4.2) - (4.4) ʟʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ, ʧʨʠʚʝʜʸʥʥʳʝ 

ʚ ʪʘʙʣʠʮʝ 4.5. ʉ ʫʯʸʪʦʤ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʧʦʩʪʨʦʝʥʳ 

ʢʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʈɿʄ (ʨʠʩ. 4.11 - 4.14). 

 

ʊʘʙʣʠʮʘ 4.4 ï ɿʥʘʯʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤ Pb-ʈɿʄ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.4 
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ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ 

ʩʦʝʜʠʥʝʥʠʡ ʧʨʦʷʚʣʷʶʪʩʷ ʩ çʪʝʪʨʘʜ-ʵʬʬʝʢʪʦʤè [119], ʩʦʛʣʘʩʥʦ ʨʘʟʜʝʣʝʥʠʶ ʈɿʄ 

ʧʦ ʧʦʜʛʨʫʧʧʘʤ. ɺʦ ʚʥʫʪʨʠ ʵʪʠʭ ʧʦʜʛʨʫʧʧ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʝʨʤʦʭʠʤʠʯʝʩʢʠʭ ʚʝʣʠʯʠʥ ʨʘʟʥʷʪʩʷ. ʂʘʢ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʚʳʰʝ, Eu ʠ Yb ʚ ʩʧʣʘʚʘʭ 

ʥʝ ʧʨʦʷʚʣʷʶʪ ʚʘʣʝʥʪʥʦʩʪʴ, ʨʘʚʥʫʶ 3+, ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʜʨʫʛʠʭ ʈɿʄ, ʧʦʵʪʦʤʫ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʭ ʠʪʝʨʤʝʪʘʣʣʠʜʦʚ ʚʳʧʘʜʘʶʪ ʠʟ ʦʙʱʝʡ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ. 

 

ʊʘʙʣʠʮʘ 4.5 ï ʈʝʟʫʣʴʪʘʪʳ ʚʳʯʠʩʣʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ 

ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʀʄ ʇʘʨʘʤʝʪʨ Ŭ ɓ ɔ' ɔ'' 

Pb3Ln æHÁʧʣ. -134.36 7.01 87.41 -64.36 

Pb2Ln æHÁʧʣ. -65.57 -96.00 -100.78 -56.31 

Pb4Ln3 æHÁʧʣ. 45.00 -8.29 -120.70 26.87 

PbLn æHÁʧʣ. 109.93 7.00 -340.18 211.94 
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ʈʠʩʫʥʦʢ 4.11 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ Pb3ʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 

 

 
ʈʠʩʫʥʦʢ 4.12 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ Pb2ʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 
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ʈʠʩʫʥʦʢ 4.13 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ Pb4ʈɿʄ3 ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ǒ ï ʨʘʩʯʸʪ 1, ƶï ʨʘʩʯʪy 2. 

 

 

ʈʠʩʫʥʦʢ 4.14 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ 

ʩʦʩʪʘʚʘ Pbʈɿʄ ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 
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4.4. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ 

ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤ Pb-ʈɿʄ 

ʀʩʭʦʜʷ ʠʟ ʨʘʟʥʦʛʦ ʭʘʨʘʢʪʝʨʘ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚ ʠʟʤʝʥʝʥʠʷʭ ʩʚʦʡʩʪʚ 

ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ, ʥʘʤʠ ʧʨʦʚʝʜʝʥʘ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ 

ʜʘʥʥʳʭ ʦʪʜʝʣʴʥʦ ʜʣʷ ʮʝʨʠʝʚʦʡ ʠ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧ ʈɿʄ. 

ɺ ʪʘʙʣʠʮʝ 4.6 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 4.15 ʠ 4.16 ʧʨʠʚʝʜʝʥʳ ʧʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʠ 

ʛʨʘʬʠʯʝʩʢʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʦʪ 

ʧʦʨʷʜʢʦʛʦ ʥʦʤʝʨʘ ʈɿʄ, ʩʦʦʪʚʝʩʪʚʝʥʥʦ. 

 

ʊʘʙʣʠʮʘ 4.6 ï ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʥʪʘʣʴʧʠʡ 

ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤ Pb-ʈɿʄ 

ʉʦʩʪʘʚ ʉʚʦʡʩʪʚʘ ɺʠʜ ʫʨʘʚʥʝʥʠʷ ɺʠʜ ʪʨʝʥʜʘ R
2
 

Pb3ʈɿʄ 

ʊʧʣ 

ʘ y = ï10.204x
2
 + 1217.7x ï 34902 ʇʦʣʠʥʦʤ 0.972 

ʙ 
y = 1.0471x

3
 ï 209.03x

2
 + 13882x ï 

305538 

ʇʦʣʠʥʦʤ 0.982 

ȹHʧʣ 
ʘ y = ï32.155x

2
 + 3763.6x ï 98718 ʇʦʣʠʥʦʤ 0.995 

ʙ y = 40.179x
2
 ï 5550.8x +  201037 ʇʦʣʠʥʦʤ 0.997 

Pb2ʈɿʄ 

ʊʧʣ 
ʘ y = ï15.307x + 2265.2 ʃʠʥʝʡʥʘʷ 0.996 

ʙ y = 4.4167x
2
 ï 599.08x + 21528 ʇʦʣʠʥʦʤ 0.996 

ȹHʧʣ 
ʘ y = 56.054x

2
 ï 6894.3x + 222621 ʇʦʣʠʥʦʤ 0.999 

ʙ y = 32.071x
2
 ï 4341.7x + 157448 ʇʦʣʠʥʦʤ 0.997 

Pb4ʈɿʄ3 

ʊʧʣ 
ʘ y = ï2.9832x

2
 + 362.85x ï 9569.3 ʇʦʣʠʥʦʤ 0.995 

ʙ y = ï0.1786x
2
 + 25.857x + 521.5 ʇʦʣʠʥʦʤ 0.991 

ȹHʧʣ 
ʘ y = 56.489x

2
 ï 6795.5x + 216051 ʇʦʣʠʥʦʤ 0.999 

ʙ y = ï16.262x
2
 + 2241.1x ï 64275 ʇʦʣʠʥʦʤ 0.996 

Pbʈɿʄ 

ʊʧʣ 
ʘ y = 7.5921x

2
 ï 910.36x + 28748 ʇʦʣʠʥʦʤ 0.988 

ʙ y = ï11.262x
2
 + 1528.7x ï 50117 ʇʦʣʠʥʦʤ 0.999 

ȹHʧʣ 
ʘ y = 160.62x

2
 ï 19325x + 592908 ʇʦʣʠʥʦʤ 0.999 

ʙ y = ï112.49x
2
 + 15283x ï 503261 ʇʦʣʠʥʦʤ 0.999 

ʇʨʠʤʝʯʘʥʠʝ: ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ (ʘ) ï ʮʝʨʠʝʚʦʡ; (ʙ) ï ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʘʤ ʈɿʄ; 

R
2
 ï ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ; ʭ ï ʧʦʨʷʜʢʦʚʳʡ ʥʦʤʝʨ ʈɿʄ; ʫ ï ʠʩʢʦʤʘʷ ʬʫʥʢʮʠʷ. 

 



133 
 

 

 

 
ʈʠʩʫʥʦʢ 4.15 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʦʩʪʘʚʦʚ Pb3ʈɿʄ (ʘ) ʠ Pb2ʈɿʄ (ʙ) ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: 

ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 

 

 

ʈʠʩʫʥʦʢ 4.16 ï ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʦʩʪʘʚʦʚ Pb4ʈɿʄ3 (ʘ) ʠ Pbʈɿʄ (ʙ) ʦʪ ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ: 

ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 

 

ʇʦʣʫʯʝʥʥʳʝ ʤʘʪʝʤʘʪʠʯʝʩʢʠʝ ʫʨʘʚʥʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʧʨʠʚʝʜʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 4.7. 
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ʊʘʙʣʠʮʘ 4.7 ï ʇʦʣʫʯʝʥʥʳʝ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨ ʠ ʵʥʪʘʣʴʧʠʡ 

ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʠʩʪʝʤ Pb-ʈɿʄ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʩʦʩʪʘʚʘ 

Ln ʌʫʥʢʮʠʷ ʋʨʘʚʥʝʥʠʷ ʪʨʝʥʜʘ R
2
 ʃʠʥʠʠ ʪʨʝʥʜʘ 

1 2 3 4 5 

La 
ʊʧʣ. y = 58.075x

2
 ï 300.99x + 1746.4 0.909 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 603.42x
2
 ï 3268.2x + 15763 0.947 ʇʦʣʠʥʦʤ 

Ce 
ʊʧʣ. y = 70.464x

2
 ï 334.39x + 1761 1.000 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 597.46x
2
 ï 2936.5x + 14789 1.000 ʇʦʣʠʥʦʤ 

Pr 
ʊʧʣ. y = 70.407x

2
 ï 311.43x + 1717.9 0.836 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 592.56x
2
 ï 2672.3x + 14064 0.871 ʇʦʣʠʥʦʤ 

Nd 
ʊʧʣ. y = 91.372x

2
 ï 380.44x + 1766.7 0.714 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 639.44x
2
 ï 2800.8x + 13974 0.735 ʇʦʣʠʥʦʤ 

Pm 
ʊʧʣ. y = 89.009x

2
 ï 398.36x + 1796.6 0.776 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 739.81x
2
 ï 3330x + 14526 0.805 ʇʦʣʠʥʦʤ 

Sm 
ʊʧʣ. y = 102.09x

2
 ï 480.55x + 1887.1 0.908 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 890.68x
2
 ï 4247.1x + 15707 0.940 ʇʦʣʠʥʦʤ 

Eu 
ʊʧʣ. y = 47.418x

2
 ï 333.46x + 1652.9 0.980 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 505.48x
2
 ï 3469.3x + 14852 0.984 ʇʦʣʠʥʦʤ 

Gd 
ʊʧʣ. y = 133.99x

2
 ï 701.84x + 2143.2 0.996 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 1301.6x
2
 ï 6952.6x + 19604 0.996 ʇʦʣʠʥʦʤ 

Tb 
ʊʧʣ. y = 186.57x

2
 ï 978.52x + 2444.1 0.993 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 1790x
2
 ï 9520.8x + 22462 0.991 ʇʦʣʠʥʦʤ 

Dy 
ʊʧʣ. y = 237.77x

2
 ï 1203x + 2664 0.989 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 2083.4x
2
 ï 11062x + 24189 0.989 ʇʦʣʠʥʦʤ 

Ho 
ʊʧʣ. y = 236.85x

2
 ï 1241.2x + 2727.8 0.986 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 2231.2x
2
 ï 11896x + 25165 0.988 ʇʦʣʠʥʦʤ 

Er 
ʊʧʣ. y = 236.58x

2
 ï 1254.3x + 2749.9 0.986 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 2236.4x
2
 ï 12036x + 25400 0.988 ʇʦʣʠʥʦʤ 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 4.7 

1 2 3 4 5 

Tm 
ʊʧʣ. y = 219.88x

2
 ï 1187.3x + 2688.6 0.988 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 2096.7x
2
 ï 11472x + 24889 0.989 ʇʦʣʠʥʦʤ 

Yb 
ʊʧʣ. y = 94.387x

2
 ï 574.34x + 1881.1 0.992 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 883.46x
2
 ï 5198.8x + 15828 0.993 ʇʦʣʠʥʦʤ 

Lu 
ʊʧʣ. y = 132.29x

2
 ï 785.71x + 2288.8 0.996 ʇʦʣʠʥʦʤ 

ȹHʧʣ. y = 1337x
2
 ï 7926.2x + 21249 0.996 ʇʦʣʠʥʦʤ 

ʇʨʠʤʝʯʘʥʠʝ: ʫʨʘʚʥʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʪ (ʘ) ï ʮʝʨʠʝʚʦʡ ʠ (ʙ) ï ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʘʤ ʈɿʄ; 

R
2
 ï ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ; ʭ = m/n ʠ ʦʧʨʝʜʝʣʷʝʪʩʷ ʠʟ ʩʦʩʪʘʚʘ ʀʄ Pb(m)ʈɿʄ(n);                        

ʫ ï ʩʦʦʪʚʝʪʩʪʚʫʶʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʀʄ. 

 

ʅʘ ʨʠʩʫʥʢʘʭ 4.17-4.20 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʢʨʠʚʳʝ, ʦʪʨʘʞʘʶʱʠʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʀʄ ʩʠʩʪʝʤ      

Pb-ʈɿʄ ʦʪ ʠʭ ʩʦʩʪʘʚʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʭ ʭʘʨʘʢʪʝʨ ʠʟʤʝʥʝʥʠʷ ʠʜʝʥʪʠʯʝʥ.        

ɺ ʵʪʠʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʷʭ ʥʘʠʙʦʣʝʝ ʷʨʢʦ ʧʨʦʷʚʣʷʶʪʩʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ 

ʦʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʈɿʄ. 

ɺ ʠʟʤʝʥʝʥʠʠ ʩʚʦʡʩʪʚ ʩʦʝʜʠʥʝʥʠʡ ʩʚʠʥʮʘ ʩ La, Gd ʠ Lu ʜʦʤʠʥʠʨʫʶʱʝʝ 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ: ʭʘʨʘʢʪʝʨ ʟʘʧʦʣʥʝʥʠʷ 4f ï ʵʣʝʢʪʨʦʥʦʚ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʝʨʝʭʦʜʘ 

4f ï ʵʣʝʢʪʨʦʥʦʚ ʥʘ 5d ï ʦʨʙʠʪʘʣʴ, ʘ ʚ ʜʨʫʛʦʡ ʧʦʜʛʨʫʧʧʝ ï ʩʧʠʥ (S) ʠ ʦʨʙʠʪʘʣʴʥʦʝ 

(L) ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʨʷʜʫ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʦʩʪʘʚʦʚ 

Pbʈɿʄ Ÿ Pb4ʈɿʄ3 Ÿ Pb2ʈɿʄ Ÿ Pb3ʈɿʄ 

ʥʘʙʣʶʜʘʶʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ: 

ï ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʩʦʜʝʨʞʘʥʠʷ ʩʚʠʥʮʘ ʚ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʨʝʟʢʦʝ 

ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʠʭ ʧʣʘʚʣʝʥʠʷ ʦʪ ʵʢʚʠʘʪʦʤʥʦʛʦ ʜʦ ʩʦʩʪʘʚʘ 

Pb2ʈɿʄ. ɼʣʷ ʩʦʩʪʘʚʘ Pb3ʈɿʄ ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʵʪʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ; 

ï ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʘʥʘʣʦʛʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʢ 

ʫʤʝʥʴʰʝʥʠʶ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚ ʨʷʜʫ ʜʦ ʩʦʩʪʘʚʘ Pb2Ce. ʆʪʣʠʯʠʝ ʚ ʪʦʤ, ʯʪʦ ʧʨʠ 
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ʧʝʨʝʭʦʜʝ ʦʪ ʩʦʩʪʘʚʘ Pb2Ce ʢ Pb3Ce ʥʘʙʣʶʜʘʝʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ 

ʟʥʘʯʝʥʠʡ ʵʪʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ʕʪʦ, ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʷʚʣʝʥʠʝʤ ʜʚʫʭ 

ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʢʘʡʥʦʩʠʤʤʝʪʨʠʯʥʳʭ 4f ï ʦʨʙʠʪʘʣʷʭ ʫ ʘʪʦʤʘ ʮʝʨʠʷ; 

ï ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʠʟʫʯʝʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʣʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ Eu ʠ Yb ʷʚʣʷʶʪʩʷ ʩʭʦʞʠʤʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʯʘʩʪʠʯʥʳʤ ʠʣʠ ʧʦʣʥʳʤ ʟʘʧʦʣʥʝʥʠʝʤ ʵʣʝʢʪʨʦʥʘʤʠ ʠʭ 4f ï ʦʨʙʠʪʘʣʝʡ; 

ï ʜʣʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ (Pr, Nd, Pm, Sm) ʩʦʭʨʘʥʷʝʪʩʷ 

ʠʜʝʥʪʠʯʥʘʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʴ ʠʟʤʝʥʝʥʠʷ ʩʚʦʡʩʪʚ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʩʦʝʜʠʥʝʥʠʡ 

ʮʝʨʠʷ. ʆʪʣʠʯʠʝ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʵʢʚʠʘʪʦʤʥʦʛʦ ʩʦʩʪʘʚʘ Pbʈɿʄ ʢ 

ʩʦʩʪʘʚʫ Pb4ʈɿʄ3. 

 

 

ʈʠʩʫʥʦʢ 4.17 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʠʩʪʝʤ Pb(m)-ʈɿʄ(n) ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʜʣʷ ʠʪʪʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ: 

ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 
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ʈʠʩʫʥʦʢ 4.18 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʠʩʪʝʤ Pb(m)-ʈɿʄ(n) ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʜʣʷ ʮʝʨʠʷ: ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 

 

 

ʈʠʩʫʥʦʢ 4.19 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʠʩʪʝʤ Pb(m)-ʈɿʄ(n) ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʜʣʷ ʝʚʨʦʧʠʷ ʠ ʠʪʪʝʨʙʠʷ: 

ƶ ï ʣʠʪʝʨʘʪʫʨʘ; ǒ ï ʨʘʩʯʸʪ. 
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1000

1100

1200

1300

1400

0,5 1 1,5 2 2,5 3

m/n 

ʊʧʣ. ʂ 



138 
 

 

 

 
ʈʠʩʫʥʦʢ 4.20 ï ʂʨʠʚʘʷ ʟʘʚʠʩʠʤʦʩʪʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ 

ʩʠʩʪʝʤ Pb(m) - ʈɿʄ(n) ʦʪ ʠʭ ʩʦʩʪʘʚʘ ʜʣʷ ʣʘʥʪʘʥʦʠʜʦʚ ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ: 

ǒ ï ʨʘʩʯʸʪ 1, ƶ ï ʨʘʩʯʪy 2. 

 

4.5. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 4 

ɺ ʯʝʪʚʸʨʪʦʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʧʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʠʟʫʯʝʥʠʶ ʢʦʦʨʜʠʥʘʪ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ 

ʥʝʩʤʝʰʠʚʘʶʱʠʭʩʷ ʬʘʟ ʚ ʩʠʩʪʝʤʘʭ Pb-Cu ʠ Pb-Zn ʠʤʧʫʣʴʩʥʦ-ʬʘʟʦʚʳʤ ʤʝʪʦʜʦʤ, 

ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʠʣʠ ʧʦʩʪʨʦʠʪʴ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʫʢʘʟʘʥʥʳʭ ʩʠʩʪʝʤ. 

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʷʚʣʷʶʪʩʷ ʚʧʦʣʥʝ ʥʘʜʸʞʥʳʤʠ, ʪ.ʢ. ʦʥʠ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 

ʧʨʦʠʟʚʝʜʸʥʥʳʤʠ ʥʘʤʠ ʟʘʨʘʥʝʝ ʪʝʦʨʝʪʠʯʝʩʢʠʤʠ ʨʘʩʯʸʪʘʤʠ. 

ʈʘʩʯʠʪʘʥʥʳʝ ʥʘʤʠ ʥʘ ʦʩʥʦʚʘʥʠʠ ʢʦʨʨʝʣʷʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʄ.ʍ. ʂʘʨʘʧʝʪʴʷʥʮʘ, ɺ.ɸ. ʂʠʨʝʝʚʘ, ʅ.ʉ. ʇʦʣʫʵʢʪʦʚʘ ʠ 

ɸ.ʇ. ɹʘʷʥʦʚʘ ʟʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʵʥʪʘʣʴʧʠʠ ʧʣʘʚʣʝʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʦʩʪʘʚʦʚ 

Pb3ʈɿʄ, Pb2ʈɿʄ, Pb4ʈɿʄ3 ʠ Pbʈɿʄ ʨʘʩʰʠʨʷʶʪ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʪʝʨʤʝʪʘʣʣʠʜʦʚ ʩʚʠʥʮʘ ʠ ʜʦʧʦʣʥʷʪ ʙʘʥʢ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʥʦʚʳʤʠ ʩʚʝʜʝʥʠʷʤʠ. ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʚʝʣʠʯʠʥ ʦʪ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʈɿʄ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʦʟʤʦʞʥʦʩʪʠ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ 

ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʘʪʝʨʠʘʣʦʚ ʩ ʟʘʨʘʥʝʝ ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʩ ʫʯʘʩʪʠʝʤ ʩʚʠʥʮʘ. 

ʄʘʪʝʤʘʪʠʯʝʩʢʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʠ ʨʘʩʯʸʪʳ ʦʩʫʱʝʩʪʚʣʝʥʳ ʩ ʧʦʤʦʱʴʶ ʕɺʄ ʧʦ 

ʩʪʘʥʜʘʨʪʥʦʡ ʧʨʦʛʨʘʤʤʝ Microsoft Excel.  
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ɻʃɸɺɸ 5. ʀʉʉʃɽɼʆɺɸʅʀɽ ʄɽʍɸʅʀʏɽʉʂʀʍ, ʊɽʇʃʆʌʀɿʀʏɽʉʂʀʍ ʀ 

ʊɽʈʄʆɼʀʅɸʄʀʏɽʉʂʀʍ ʉɺʆʁʉʊɺ ʉɺʀʅʎʆɺʆɻʆ ɹɸɹɹʀʊɸ 

ɹ(PbSb15Sn10) ʉ ʑɽʃʆʏʅʓʄʀ ʀ ʑɽʃʆʏʅʆɿɽʄɽʃʔʅʓʄʀ 

ʄɽʊɸʃʃɸʄʀ 

5.1. ʋʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʉʚʦʡʩʪʚʘ ʤʘʪʝʨʠʘʣʦʚ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ ʦʪ ʩʚʦʡʩʪʚ ʘʪʦʤʦʚ ʠ ʜʨʫʛʠʭ, ʙʦʣʝʝ 

ʢʨʫʧʥʳʭ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʜʘʥʥʫʶ ʩʠʩʪʝʤʫ, ʥʦ ʠ ʦʪ ʪʦʛʦ, ʢʘʢ 

ʵʪʠ ʵʣʝʤʝʥʪʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ. ɼʨʫʛʠʤʠ ʩʣʦʚʘʤʠ, ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ 

ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʥʝ ʪʦʣʴʢʦ ʠʭ ʭʠʤʠʯʝʩʢʠʡ ʩʦʩʪʘʚ, 

ʥʦ ʠ ʩʪʨʫʢʪʫʨʘ. ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ, ʩʪʨʫʢʪʫʨʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʧʨʦʚʦʜʠʤʳʤ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʘʩʰʪʘʙʥʳʭ ʫʨʦʚʥʷʭ, ʚ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʠ ʧʨʠʜʘʶʪ ʦʩʦʙʦʝ ʟʥʘʯʝʥʠʝ. 

ʀʟʫʯʝʥʠʝ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʛʣʘʚʥʳʭ ʩʨʝʜʩʪʚ ʚ 

ʠʩʩʣʝʜʦʚʘʥʠʠ ʩʧʣʘʚʦʚ. ʕʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʧʨʝʜʝʣʷʪʴ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʜʝʬʦʨʤʘʮʠʦʥʥʳʭ ʠ ʪʝʨʤʠʯʝʩʢʠʭ ʦʙʨʘʙʦʪʦʢ ʥʘ ʩʚʦʡʩʪʚʘ ʛʦʪʦʚʦʡ ʩʚʠʥʮʦʚʦʡ 

ʧʨʦʜʫʢʮʠʠ, ʘ ʪʘʢʞʝ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʧʨʠʯʠʥʳ ʝʝ ʙʨʘʢʘ [136, 137]. ʀʩʩʣʝʜʦʚʘʥʠʷ 

ʧʦʟʚʦʣʷʶʪ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ ʧʨʦʪʷʞʝʥʥʦʩʪʴ ʛʨʘʥʠʮʳ ʛʦʤʦʛʝʥʥʳʭ ʠ ʛʝʪʝʨʦʛʝʥʥʳʭ 

ʦʙʣʘʩʪʝʡ, ʥʘʙʣʶʜʘʪʴ ʠʟʤʝʥʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʘ ʪʘʢʞʝ ʥʘʣʠʯʠʝ ʠʥʪʝʨʤʝʪʘʣʠʜʥʳʭ ʬʘʟ ʚ ʩʠʩʪʝʤʝ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʣʫʯʝʥʥʦʛʦ 

ʨʘʩʧʣʘʚʘ ʦʪʣʠʚʘʣʠʩʴ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 10-16 ʤʤ ʠ ʚʳʩʦʪʦʡ     

5-10 ʤʤ. ʂʘʞʜʳʡ ʦʙʨʘʟʝʮ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʪʰʣʠʬʦʚʳʚʘʣʠ, ʦʙʝʟʞʠʨʠʚʘʣʠ 

ʩʧʠʨʪʦʤ ʠ ʧʦʛʨʫʞʘʣʠ ʚ 20%-ʥʦʡ ʚʦʜʥʳʡ ʨʘʩʪʚʦʨ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʳ. ɺʨʝʤʷ 

ʪʨʘʚʣʝʥʠʷ ʩʦʩʪʘʚʣʷʣʦ ʦʪ 10 ʜʦ 20 ʩ. ʇʦʩʣʝ ʪʨʘʚʣʝʥʠʷ ʤʠʢʨʦʰʣʠʬ ʧʨʦʤʳʚʘʣʠ ʚ 

ʧʨʦʪʦʯʥʦʡ ʚʦʜʝ ʠ ʪʱʘʪʝʣʴʥʦ ʚʳʩʫʰʠʚʘʣʠ ʧʨʠʞʘʪʠʝʤ ʢ ʯʠʩʪʦʡ ʬʠʣʴʪʨʦʚʘʣʴʥʦʡ 

ʙʫʤʘʛʝ [137-140]. 

ʄʘʪʝʨʠʘʣʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʣʫʞʠʣ ʣʠʪʦʡ ʧʨʦʤʳʰʣʝʥʥʳʡ ʩʚʠʥʮʦʚʳʡ 

ʙʘʙʙʠʪ, ʩʦʜʝʨʞʘʱʠʡ, ʤʘʩ. %: Sb-15 ʠ Sn-10; ʦʩʪʘʣʴʥʦʝ ï Pb. ɼʣʷ ʠʟʫʯʝʥʠʷ ʚʣʠʷʥʠʷ 

ʜʦʙʘʚʦʢ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ 
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ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩʝʨʠʠ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʫʢʘʟʘʥʥʳʭ ʤʝʪʘʣʣʦʚ ʚ ʜʠʘʧʘʟʦʥʝ 0.01-1.0 ʤʘʩ. % [138]. 

ʄʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (ʣʠʪʠʡ, 

ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʘʤʠ 

ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʤ ʤʠʢʨʦʩʢʦʧʝ ʤʘʨʢʠ ɹʀʆʄɽɼ-1 ʋʢʨʘʠʥʘ 

(ʨʠʩ. 5.1) [138, 139]. 

ʇʨʠʛʦʪʦʚʣʝʥʠʝ ʤʠʢʨʦʰʣʠʬʘ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʠʢʨʦʩʪʨʫʢʪʫʨʳ ʦʙʳʯʥʦ 

ʥʘʯʠʥʘʝʪʩʷ ʩ ʚʳʨʝʟʘʥʠʷ ʦʙʨʘʟʮʘ ʠʟ ʦʧʨʝʜʝʣʸʥʥʦʛʦ ʫʯʘʩʪʢʘ ʠʟʫʯʘʝʤʦʛʦ ʦʙʲʝʢʪʘ. 

ʕʪʦʪ ʫʯʘʩʪʦʢ ʦʧʨʝʜʝʣʷʝʪʩʷ ʮʝʣʴʶ ʧʨʦʚʦʜʠʤʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ (ʥʘʧʨʠʤʝʨ, ʙʣʠʞʝ ʢ 

ʠʟʣʦʤʫ ʠʣʠ ʪʨʝʱʠʥʳ ʥʘ ʠʟʜʝʣʠʠ). ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʤʠʢʨʦʰʣʠʬʦʚ ʷʚʣʷʶʪʩʷ ʦʙʨʘʟʮʳ ʮʠʣʠʥʜʨʠʯʝʩʢʦʛʦ ʠʣʠ ʢʚʘʜʨʘʪʥʦʛʦ ʩʝʯʝʥʠʷ 

ʜʠʘʤʝʪʨʦʤ ʠʣʠ ʩʪʦʨʦʥʦʡ ʢʚʘʜʨʘʪʘ ʦʪ 10-20 ʤʤ ʠ ʚʳʩʦʪʦʡ ʦʪ 10-30 ʤʤ [138]. 

 

 

ʈʠʩʫʥʦʢ 5.1 ï ʄʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʠʡ ʤʠʢʨʦʩʢʦʧ ɹʀʆʄɽɼ-1 (ʋʢʨʘʠʥʘ). 

 

ʄʝʪʦʜʦʤ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 500 ʢʨʘʪ ʫʩʪʘʥʦʚʣʝʥʦ 

ʚʣʠʷʥʠʝ ʜʦʙʘʚʦʢ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ 

ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10). ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʪʨʫʢʪʫʨʘ ʠʟʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ 

ʦʜʥʦʪʠʧʥʘʷ ʠ ʩʦʩʪʦʠʪ ʠʟ ʪʚʝʨʜʦʛʦ ʨʘʩʪʚʦʨʘ ʩʚʠʥʮʘ ʠ ʜʨʫʛʠʭ ʬʘʟ [137-140]. 



141 
 

 

 

ʄʝʪʦʜʠʢʘ ʠʟʤʝʨʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. ʆʜʥʠʤ ʠʟ ʰʠʨʦʢʦ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʚʠʜʦʚ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʷʚʣʷʝʪʩʷ 

ʠʟʤʝʨʝʥʠʝ ʪʚʸʨʜʦʩʪʠ. ʊʘʢ ʢʘʢ ʙʦʣʴʰʠʥʩʪʚʦ ʩʚʦʡʩʪʚ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ, ʧʦ ʟʥʘʯʝʥʠʶ ʪʚʸʨʜʦʩʪʠ ʤʦʞʥʦ ʩʜʝʣʘʪʴ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʝ ʚʳʚʦʜʳ ʦ ʜʨʫʛʠʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ. 

ʀʟʤʝʨʝʥʠʝ ʪʚʸʨʜʦʩʪʠ ʧʦʟʚʦʣʷʝʪ ʩʜʝʣʘʪʴ ʚʳʚʦʜʳ ʦ ʥʘʣʠʯʠʠ ʠʣʠ ʦʪʩʫʪʩʪʚʠʠ ʚ 

ʜʝʪʘʣʷʭ ʫʧʨʦʯʥʝʥʥʳʭ ʧʦʚʝʨʭʥʦʩʪʝʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʪʝʨʤʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʩʧʣʘʚʦʚ, ʩʚʷʟʘʥʥʦʡ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʧʦ ʩʝʯʝʥʠʶ               

ʜʝʪʘʣʠ [138-140]. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʧʨʦʚʝʜʝʥʦ ʥʘʤʠ ʥʘ ʪʚʝʨʜʦʤʝʨʝ MODEL HBRV-187.5D ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʪʚʝʨʜʦʩʪʠ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʦ ʤʝʪʦʜʘʤ ɹʨʠʥʝʣʣʷ, ʈʦʢʚʝʣʣʘ ʠ 

ɺʠʢʢʝʨʩʘ, ʧʨʠ ʥʘʛʨʫʟʢʝ ʈ = 250 ʢʛ ʠ ʜʠʘʤʝʪʨʦʤ ʰʘʨʠʢʘ D = 10 ʤʤ. ʀʩʧʳʪʘʥʠʶ 

ʧʦʜʚʝʨʛʘʣʠʩʴ ʦʙʨʘʟʮʳ ʩʧʣʘʚʦʚ ʪʦʣʱʠʥʦʡ ʙʦʣʝʝ 6 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ [138]. 

ʊʚʝʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʝʣʣʷ ʠʟʤʝʨʷʶʪ ʚʜʘʚʣʠʚʘʥʠʝʤ ʚ ʠʩʧʳʪʳʚʘʝʤʳʡ 

ʦʙʨʘʟʝʮ ʩʪʘʣʴʥʦʛʦ ʰʘʨʠʢʘ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʜʠʘʤʝʪʨʘ D (2.5, 5, 10 ʤʤ) ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ ʟʘʜʘʥʥʦʡ ʥʘʛʨʫʟʢʠ F ʚ ʪʝʯʝʥʠʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʚʨʝʤʝʥʠ (ʨʠʩ. 5.2 ʠ 5.3). 

ʏʠʩʣʦ ʪʚʝʨʜʦʩʪʠ ʧʦ ɹʨʠʥʝʣʣʶ, ʦʙʦʟʥʘʯʘʝʤʦʝ HB (ʅ ï ʥʘʯʘʣʴʥʘʷ ʙʫʢʚʘ 

ʩʣʦʚʘ Hardness ï ʪʚʝʨʜʦʩʪʴ; ɺ ï ʥʘʯʘʣʴʥʘʷ ʙʫʢʚʘ ʥʘʟʚʘʥʠʷ ʤʝʪʦʜʘ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʚʝʨʜʦʩʪʠ Brinell), ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʪʥʦʰʝʥʠʝ ʥʘʛʨʫʟʢʠ F ʢ ʧʣʦʱʘʜʠ 

ʧʦʚʝʨʭʥʦʩʪʠ ʩʬʝʨʠʯʝʩʢʦʛʦ ʦʪʧʝʯʘʪʢʘ S ʠ ʠʟʤʝʨʷʝʪʩʷ ʚ ʢʛʩ/ʤʤ
2
 ʠʣʠ ʄʇʘ: 

                              Ὄὄ  .                             (5.1) 

ʊʚʝʨʜʦʩʪʴ, ʚʳʨʘʞʝʥʥʘʷ ʯʝʨʝʟ ʜʠʘʤʝʪʨ ʰʘʨʠʢʘ D ʠ ʜʠʘʤʝʪʨ ʦʪʧʝʯʘʪʢʘ          

d, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʬʦʨʤʫʣʦʡ: 

                      Ὄὄ
Ѝ  

 .                    (5.2) 
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ʈʠʩʫʥʦʢ 5.2 ï ʉʭʝʤʘ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʚʝʨʜʦʩʪʴ ʧʦ ʤʝʪʦʜʫ ɹʨʠʥʝʣʣʷ. 

 

 

ʈʠʩʫʥʦʢ 5.3 ï ʊʚʝʨʜʦʤʝʨ MODEL HBRV-187.5D. 
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ʄʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ. ʉʫʱʝʩʪʚʫʝʪ ʤʥʦʛʦ ʤʝʪʦʜʦʚ 

ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʤʝʪʦʜ 

ʩʨʘʚʥʝʥʠʷ ʢʨʠʚʳʭ ʦʭʣʘʞʜʝʥʠʷ ʵʪʘʣʦʥʥʦʛʦ ʠ ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ. ʀʟʤʝʨʷʝʤʳʡ 

ʦʙʨʘʟʝʮ, ʥʘʛʨʝʪʳʡ ʜʦ ʪʝʤʧʝʨʘʪʫʨʳ, ʧʨʝʚʳʰʘʶʱʝʡ ʪʝʤʧʝʨʘʪʫʨʫ ʦʢʨʫʞʘʶʱʝʡ 

ʩʨʝʜʳ, ʙʫʜʝʪ ʦʭʣʘʞʜʘʪʴʩʷ. ʇʨʠ ʤʝʜʣʝʥʥʦʤ ʝʩʪʝʩʪʚʝʥʥʦʤ ʦʭʣʘʞʜʝʥʠʠ ʦʙʨʘʟʮʦʚ ʠʟ 

ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʠ ʠʭ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʪʥʦ 

ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʪʝʧʣʦʤyʢʦʩʪʷʤ, ʘ ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ 

ʚʨʝʤʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʣʷ ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʝʨʝʭʦʜʘ ʢ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ 

ʪʝʧʣʦʤyʢʦʩʪʝʡ ʠ ʪʝʧʣʦʪʳ ʧʣʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ ʠʟ 

ʤʘʪʝʨʠʘʣʘ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ. ʉʢʦʨʦʩʪʴ ʦʭʣʘʞʜʝʥʠʷ ʟʘʚʠʩʠʪ ʦʪ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʘʪʝʨʠʘʣʘ ʦʙʨʘʟʮʘ. ʉʨʘʚʥʠʚʘʷ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ï ʪʝʨʤʦʛʨʘʤʤʳ 

ʜʚʫʭ ʦʙʨʘʟʮʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʵʪʘʣʦʥʦʤ (ʝʛʦ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠʟʚʝʩʪʥʘ), 

ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʸʤʢʦʩʪʴ  ʜʨʫʛʦʛʦ [141-145]. 

ʂʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʪʝʨʷʝʤʦʝ ʵʣʝʤʝʥʪʘʨʥʳʤ ʦʙʲʝʤʦʤ Ὠὠ ʤʝʪʘʣʣʘ ʟʘ ʚʨʝʤʷ 

Ὠ†, ʨʘʚʥʘ: 

                                 Ὠὗ ὧϽάϽὨὝ ὧϽ”ϽὨὠϽ  ȟ                                (5.3) 

ʛʜʝ ὧ ï ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʤʝʪʘʣʣʘ; ” ï ʝʛʦ ʧʣʦʪʥʦʩʪʴ; ʊ ï ʪʝʤʧʝʨʘʪʫʨʘ 

ʦʙʨʘʟʮʘ (ʧʨʠʥʠʤʘʝʪʩʷ ʦʜʠʥʘʢʦʚʦʡ ʚʦ ʚʩʝʭ ʪʦʯʢʘʭ ʦʙʨʘʟʮʘ, ʧʦʩʢʦʣʴʢʫ ʣʠʥʝʡʥʳʝ 

ʨʘʟʤʝʨʳ ʪʝʣʘ ʤʘʣʳ, ʘ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʤʝʪʘʣʣʘ ʙʦʣʴʰʘʷ) [142, 143]. 

ɿʥʘʯʝʥʠʝ Ὠὗ ʤʦʞʥʦ ʧʦʜʩʯʠʪʘʪʴ, ʢʨʦʤʝ ʪʦʛʦ, ʧʦ ʟʘʢʦʥʫ ʅʴʶʪʦʥʘ: 

                                 Ὠὗ ‌Ὕ Ὕ ϽὨὛϽὨ†                                        (5.4) 

ʛʜʝ ‌ ï ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ; Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ;             

ὨὛ ï ʵʣʝʤʝʥʪʘʨʥʘʷ ʧʦʚʝʨʭʥʦʩʪʴ. 

ʉʨʘʚʥʠʚʘʷ ʬʦʨʤʫʣʳ (5.3) ʠ (5.4), ʧʦʣʫʯʘʝʤ: 

Ὠὗ ὧϽ”ϽὨὠϽὨ†Ͻ
 
‌Ὕ Ὕ ϽὨὛϽὨ†.                         (5.5) 

ʆʙʱʝʝ ʢʦʣʠʯʝʩʪʚʦ ʪʝʧʣʦʪʳ, ʢʦʪʦʨʦʝ ʪʝʨʷʝʪ ʚʝʩʴ ʦʙʲʝʤ ʦʙʨʘʟʮʘ, ʨʘʚʥʦ: 

ὗ ὧ᷿Ͻ”ϽὨὠϽὨ†Ͻ
 

‌᷿Ὕ Ὕ ϽὨὛϽὨ†Ȣ                       (5.6) 
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ʉʯʠʪʘʷ, ʯʪʦ 
 
, ὧ ʠ ” ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʦʙʲʝʤʘ, ʘ ‌ȟὝȟὝ ï ʦʪ 

ʢʦʦʨʜʠʥʘʪ ʪʦʯʝʢ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ, ʤʦʞʥʦ ʟʘʧʠʩʘʪʴ: 

           ὧϽ”ϽὠϽὨὸϽ
 
‌Ὕ Ὕ ϽὛϽὨ†ȟ                                        (5.7) 

ʛʜʝ ὠ ï ʦʙʲʝʤ ʦʙʨʘʟʮʘ; Ὓ ï ʧʣʦʱʘʜʴ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ. 

ɿʘʧʠʰʝʤ ʚʳʨʘʞʝʥʠʝ (5.7) ʜʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʦʜʠʥʘʢʦʚʦʡ ʬʦʨʤʳ ʠ ʨʘʟʤʝʨʦʚ, 

ʥʦ ʠʟ ʨʘʟʥʳʭ ʤʝʪʘʣʣʦʚ ὠ ὠȟ  Ὓ Ὓȟ Ὕ Ὕ . ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʠʭ 

ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ʙʫʜʫʪ ʦʜʠʥʘʢʦʚʳ ‌ ‌. 

ʈʘʟʜʝʣʠʚ ʦʜʥʦ ʚʳʨʘʞʝʥʠʝ ʥʘ ʜʨʫʛʦʝ, ʧʦʩʣʝ ʧʨʦʩʪʳʭ ʧʨʝʦʙʨʘʟʦʚʘʥʠʡ 

ʧʦʣʫʯʠʤ: 

                                        ὧ ὧ ȟ                                                     (5.8) 

ʛʜʝ ά ”Ͻὠ, ά ”Ͻὠ ï ʤʘʩʩʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ 

ʦʙʨʘʟʮʦʚ, ,  ï ʩʢʦʨʦʩʪʠ ʠʭ ʦʭʣʘʞʜʝʥʠʷ, ὧ ʪʝʧʣʦʸʤʢʦʩʪʴ ʵʪʘʣʦʥʘ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʘʤʠ ʧʨʦʚʦʜʠʣʠ ʧʦ 

ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [60, 136, 144, 145, 150], ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ 

ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 5.4. 

ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʚʸʨʜʳʭ ʪʝʣ, ʚʢʣʶʯʘʝʪ ʫʟʣʳ: 

ʵʣʝʢʪʨʦʧʝʯʴ (3), ʩʤʦʥʪʠʨʦʚʘʥʥʘʷ ʥʘ ʩʪʦʡʢʝ (6), ʧʦ ʢʦʪʦʨʦʡ ʦʥʘ ʤʦʞʝʪ 

ʧʝʨʝʤʝʱʘʪʴʩʷ ʚʚʝʨʭ ʠ ʚʥʠʟ. ʆʙʨʘʟʝʮ (4) ʠ ʵʪʘʣʦʥ (5) (ʪʦʞʝ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ) 

ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʣʠʥʦʡ 30 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ ʩ 

ʚʳʩʚʝʨʣʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʝʥʳ ʪʝʨʤʦʧʘʨʳ (4, 5). 

ʂʦʥʮʳ ʪʝʨʤʦʧʘʨ ʧʦʜʚʝʜʝʥʳ ʢ ʮʠʬʨʦʚʦʤʫ ʤʥʦʛʦʢʘʥʘʣʴʥʦʤʫ ʪʝʨʤʦʤʝʪʨʫ (7, 8 ʠ 9) 

çDigital Multimeter DI9208Lè, ʢʦʪʦʨʳʝ ʧʦʜʩʦʝʜʠʥʝʥʳ ʢ ʢʦʤʧʴʶʪʝʨʫ (10). 

ʕʣʝʢʪʨʦʧʝʯʴ ʟʘʧʫʩʢʘʝʪʩʷ ʯʝʨʝʟ ʣʘʙʦʨʘʪʦʨʥʳʡ ʘʚʪʦʪʨʘʥʩʬʦʨʤʘʪʦʨ (ʃɸʊʈ) 

(1), ʫʩʪʘʥʦʚʠʚ ʥʫʞʥʫʶ ʪʝʤʧʝʨʘʪʫʨʫ ʩ ʧʦʤʦʱʴʶ ʪʝʨʤʦʨʝʛʫʣʷʪʦʨʘ (2). ʇʦ 

ʧʦʢʘʟʘʥʠʷʤ ʮʠʬʨʦʚʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʬʠʢʩʠʨʫʝʪʩʷ ʟʥʘʯʝʥʠʝ ʥʘʯʘʣʴʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɺʜʚʠʛʘʝʤ ʦʙʨʘʟʝʮ ʠ ʵʪʘʣʦʥ ʚ ʵʣʝʢʪʨʦʧʝʯʴ, ʠ ʥʘʛʨʝʚʘʝʤ ʜʦ ʥʫʞʥʦʡ 
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ʪʝʤʧʝʨʘʪʫʨʳ, ʢʦʥʪʨʦʣʠʨʫʷ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦ ʧʦʢʘʟʘʥʠʷ ʮʠʬʨʦʚʳʭ ʪʝʨʤʦʤʝʪʨʦʚ ʥʘ 

ʢʦʤʧʴʶʪʝʨʝ (10). ʆʙʨʘʟʝʮ ʠ ʵʪʘʣʦʥ ʦʜʥʦʚʨʝʤʝʥʥʦ ʚʳʜʚʠʛʘʝʤ ʠʟ ʵʣʝʢʪʨʦʧʝʯʠ ʠ ʩ 

ʵʪʦʛʦ ʤʦʤʝʥʪʘ ʬʠʢʩʠʨʫʝʤ ʪʝʤʧʝʨʘʪʫʨʫ. ɿʘʧʠʩʳʚʘʝʤ ʧʦʢʘʟʘʥʠʷ ʮʠʬʨʦʚʦʛʦ 

ʪʝʨʤʦʤʝʪʨʘ ʥʘ ʢʦʤʧʴʶʪʝʨ ʯʝʨʝʟ ʢʘʞʜʳʡ 10 ʩ, ʜʦ ʦʭʣʘʞʜʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 

ʦʙʨʘʟʮʘ ʠ ʵʪʘʣʦʥʘ ʥʠʞʝ 308.15 ʂ (35 Áʉ) [146-152]. 

 

 

ʈʠʩʫʥʦʢ 5.4 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʘ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʚʸʨʜʳʭ ʪʝʣ ʚ 

ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè. 

 

ʇʨʝʜʚʘʨʠʪʝʣʴʥʦ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʧʦʛʨʝʰʥʦʩʪʠ ʤʝʪʦʜʘ ʠʟʤʝʨʷʣʘʩʴ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʤʝʜʠ ʤʘʨʢʠ ʄ00 ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʶʤʠʥʠʶ ʤʘʨʢʠ ɸ7, ʘ ʪʘʢʞʝ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʘʣʶʤʠʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʝʜʠ. ʈʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ ʜʣʷ ʪʨʝʭ 

ʧʘʨʘʣʣʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.1 ʠ 5.2. ʋʩʪʘʥʦʚʣʝʥʥʦʝ 

ʟʥʘʯʝʥʠʝ ʧʦʛʨʝʰʥʦʩʪʠ ʠʟʤʝʨʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʝʜʠ ʤʘʨʢʠ ʄ00 ʥʝ ʧʨʝʚʳʰʘʝʪ 

1.5%. ɼʘʣʝʝ ʚ ʢʘʯʝʩʪʚʝ ʵʪʘʣʦʥʘ ʚʟʷʪʘ ʤʝʜʴ ʤʘʨʢʠ ʄ00. ɺ ʵʪʦʤ ʧʣʘʥʝ ʠʤʝʥʥʦ ʤʝʜʴ 

ʷʚʣʷʝʪʩʷ ʙʦʣʝʝ ʥʘʜʝʞʥʳʤ ʤʝʪʘʣʣʦʤ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ 

ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ ʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʪʝʧʣʦʸʤʢʦʩʪʠ, 

ʦʧʨʝʜʝʣʝʥʥʳʤʠ ʤʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʨʘʟʥʳʝ ʧʘʨʘʣʣʝʣʴʥʳʤʠ ʤʝʪʦʜʘʤʠ [153-158]. 
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ʊʘʙʣʠʮʘ 5.1 ï ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʟʥʘʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ȟ̠Ⱦ̒  

ʦʙʨʘʟʮʦʚ ʠʟ ʤʝʜʠ ʤʘʨʢʠ ʄ00 ʠ ʵʪʘʣʦʥʘ (Al ʤʘʨʢʠ A7). 

ʊ, ʂ 

Cu ʤʘʨʢʠ ʄ00 ʕʪʘʣʦʥ (Al ʤʘʨʢʠ ɸ7) 

ʧʝʨʚʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʚʪʦʨʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʪʨʝʪʴʝ 

ʠʟʤʝʨʝʥʠʝ 

ʧʝʨʚʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʚʪʦʨʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʪʨʝʪʴʝ 

ʠʟʤʝʨʝʥʠʝ 

300 0.028967 0.00632 0.01414 0.5911 0.034538 0.0442 

400 0.223664 0.07284 0.111668 0.8817 0.013025 0.0124 

500 0.393825 0.1852 0.218325 0.9975 0.027545 0.0262 

600 0.5444436 0.34436 0.305212 1.0033 0.044371 0.0896 

700 0.680403 0.55128 0.371711 0.9639 0.063968 0.1956 

800 0.806652 0.80692 0.417204 0.9441 0.086800 0.3628 

 

ʊʘʙʣʠʮʘ 5.2 ï ʊʝʧʣʦʸʤʢʦʩʪʴ (ʢɼʞ/(ʢʛĿʂ)) ʤʝʜʠ ʤʘʨʢʠ ʄ00 ʠ ʵʪʘʣʦʥʘ (Al         

ʤʘʨʢʠ ɸ7). 

ʊ, ʂ 
Cu ʤʘʨʢʠ ʄ00 ʧʦ 

ʜʘʥʥʳʤ [159] 

Cu ʤʘʨʢʠ ʄ00 ʕʪʘʣʦʥ (Al 

ʤʘʨʢʠ ɸ7) ʧʦ 

ʜʘʥʥʳʤ [159] 

ʧʝʨʚʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʚʪʦʨʦʝ 

ʠʟʤʝʨʝʥʠʝ 

ʪʨʝʪʴʝ 

ʠʟʤʝʨʝʥʠʝ 

300 0.385 0.376 0.369 0.368 0.903 

400 0.397 0.388 0.382 0.380 0.947 

500 0.408 0.398 0.392 0.389 0.988 

600 0.417 0.407 0.401 0.398 1.031 

700 0.425 0.415 0.408 0.406 1.080 

800 0.434 0.423 0.416 0.415 1.142 

 

ʉʨʘʚʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʤʝʜʠ ʧʦ 

ʦʪʥʦʰʝʥʠʶ ʢ ʘʣʶʤʠʥʠʶ ʤʘʨʢʠ ɸ7 ʧʦʢʘʟʳʚʘʝʪ ʧʦʯʪʠ 99%-ʥʫʶ ʩʭʦʜʠʤʦʩʪʴ ʩ 

ʜʘʥʥʳʤʠ, ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʩʧʨʘʚʦʯʥʠʢʝ [159]. 

ʉʚʠʥʮʦʚʳʡ ʙʘʙʙʠʪ ɹ(PbSb15Sn10) ʧʦ ɻʆʉʊ 1320-74 (ʀʉʆ 4383-91) ʩ 

ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʩʠʥʪʝʟʠʨʦʚʘʣʦʩʴ ʚ 

ʰʘʭʪʥʦʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʝʯʠ ʉʐʆʃ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 723-773 ʂ ʧʫʪʸʤ ʩʦʚʤʝʩʪʥʦʡ 
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ʧʣʘʚʢʠ ʩʚʠʥʮʘ ʤʘʨʢʠ ʉ00 (99.99% Pb) ɻʆʉʊ 3778-77, ʦʣʦʚʘ ʤʘʨʢʠ ʆɺʏ-000 

(99.999% Sn) ɻʆʉʊ 860-75, ʩʫʨʴʤʳ ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʤʘʨʢʠ ʉʫ00 (99.9% Sb) ɻʆʉʊ 

1089-82, ʣʠʪʠʷ ʤʘʨʢʠ ʃʕ-1 (99.9% Li) ɻʆʉʊ 8774-75, ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʥʘʪʨʠʷ 

ʯʠʩʪʦʪʦʡ (99.8% Na) ɻʆʉʊ 3273-75, ʢʘʣʠʷ ʤʘʨʢʠ ʂʄ (98.0% K) ɻʆʉʊ 10588-75, 

ʢʘʣʴʮʠʷ ʤʘʨʢʠ Kʘ (99.8% Ca) ʊʋ 95-824-88, ʩʪʨʦʥʮʠʷ ʤʘʨʢʠ ʉʪʄ1 (99.9% Sr) ʊʋ 

48-4-173-72 ʠ ʙʘʨʠʷ ʤʘʨʢʠ ɹʄ1 (99.9% Ba) ʊʋ 48-4-465-85 [152]. 

ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ ʩʧʣʘʚʘʭ 

ʩʦʩʪʘʚʠʣʦ 0.01, 0.1, 0.5 ʠ 1.0 ʤʘʩ. %. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ ʦʪʣʠʚʘʣʠʩʴ 

ʮʠʣʠʥʜʨʠʯʝʩʢʠʝ ʦʙʨʘʟʮʳ ʜʠʘʤʝʪʨʦʤ 16 ʤʤ, ʚʳʩʦʪʦʡ 30 ʤʤ, ʚ ʛʨʘʬʠʪʦʚʫʶ 

ʠʟʣʦʞʥʠʮʫ ʟʘʜʘʥʥʦʡ ʬʦʨʤʳ, ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ. ʉʦʩʪʘʚ ʩʧʣʘʚʦʚ 

ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝʤ ʰʠʭʪʳ ʠ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ. ɺ ʩʣʫʯʘʝ 

ʦʪʢʣʦʥʝʥʠʷ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ ʙʦʣʝʝ ʯʝʤ ʥʘ 2% ʩʠʥʪʝʟ ʩʧʣʘʚʦʚ ʧʨʦʚʦʜʠʣʩʷ ʟʘʥʦʚʦ. 

ɺ ʩʚʷʟʠ ʰʠʨʦʢʠʤ ʧʨʠʤʝʥʝʥʠʝʤ ʩʚʠʥʮʦʚʳʭ ʙʘʙʙʠʪʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʨʘʩʣʷʭ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʚʝʜʫʪ ʩʠʩʪʝʤʘʪʠʯʝʩʢʠʝ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʨʘʙʦʪʳ ʧʦ 

ʫʣʫʯʰʝʥʠʶ ʠʭ ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ. ɺ ʩʚʷʟʠ ʩ ʦʪʩʫʪʩʪʚʫʝʤ ʚ 

ʣʠʪʝʨʘʪʫʨʝ ʩʚʝʜʝʥʠʡ ʦ ʚʣʠʷʥʠʠ ʱʝʣʦʯʥʳʭ ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʘ 

ʩʚʦʡʩʪʚʦ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʥʘʤʠ ʦʥ ʙʳʣ ʚʳʙʨʘʥ ʚ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʧʦʜʚʝʨʛʘʣʩʷ ʣʝʛʠʨʦʚʘʥʠʶ ʱʝʣʦʯʥʳʤʠ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʘʤʠ [152, 160-162]. 

ɼʘʥʥʳʝ ʦ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ʱʝʣʦʯʥʳʤʠ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʘʣʴʮʠʡ, 

ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʘʤʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. 

ɼʣʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʡ ʛʨʫʧʧʳ ʙʘʙʙʠʪʦʚ ʚ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ 

ʥʝʦʙʭʦʜʠʤʳ ʩʚʝʜʝʥʠʷ ʦ ʚʣʠʷʥʠʠ ʥʘʛʨʝʚʘ ʥʘ ʠʭ ʬʠʟʠʢʦ-ʪʝʭʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ. 

ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʫʯʝʥʠ ̫ ʚʣʠʷʥʠʠ ʜʦʙʘʚʦʢ 

ʱʝʣʦʯʥʳʭ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, 

ʙʘʨʠʡ) ʤʝʪʘʣʣʦʚ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ, ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦ ʠʟʚʝʩʪʥʦʡ 

ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ ʩʚʠʥʮʘ ʤʘʨʢʠ ʉ00. ʇʦʜʦʙʥʳʝ 
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ʩʚʝʜʝʥʠʷ ʜʦʧʦʣʥʷʶʪ ʩʪʨʘʥʠʮʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʷʚʣʷʶʪʩʷ 

ʮʝʥʥʦʡ ʠʥʬʦʨʤʘʮʠʝʡ ʧʨʠ ʚʳʙʦʨʝ ʤʘʪʝʨʠʘʣʘ ʢʦʥʩʪʨʫʢʮʠʡ ʠʟ ʙʘʙʙʠʪʦʚ [152]. 

 

 

5.2. ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʱʝʣʦʯʥʳʭ (Li , Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) 

ʤʝʪʘʣʣʦʚ ʥʘ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʉʚʠʥʮʦʚʳʝ ʙʘʙʙʠʪʳ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʚʢʣʘʜʳʰʝʡ ʧʦʜʰʠʧʥʠʢʦʚ ʪʘʢʠʭ 

ʘʛʨʝʛʘʪʦʚ ʢʘʢ ʤʝʣʴʥʠʮʳ ʩʘʤʦʠʟʤʝʣʴʯʝʥʠʷ, ʩʫʰʠʣʴʥʳʝ ʙʘʨʘʙʘʥʳ, ʙʫʪʘʨʳ, ʪʨʫʙʥʳʝ 

ʤʝʣʴʥʠʮʳ ʠ ʜʨʫʛʠʝ ʢʨʫʧʥʦʛʘʙʘʨʠʪʥʳʝ ʘʛʨʝʛʘʪʳ, ʠʩʧʦʣʴʟʫʶʱʠʝʩʷ ʚ ʛʦʨʥʦʨʫʜʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. ʇʦ ʩʪʘʪʠʩʪʠʢʝ ʜʦ 32% ʦʪʢʘʟʦʚ ʪʫʨʙʦʢʦʤʧʨʝʩ-ʩʦʨʥʳʭ ʘʛʨʝʛʘʪʦʚ, 

ʵʢʩʧʣʫʘʪʠʨʫʶʱʠʭʩʷ ʚ ʛʘʟʦʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʧʨʦʠʩʭʦʜʷʪ ʧʦ ʧʨʠʯʠʥʝ 

ʥʘʨʫʰʝʥʠʷ ʨʘʙʦʪʳ ʙʘʙʙʠʪʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ, ʯʘʱʝ ʚʩʝʛʦ ʵʪʦ ʩʚʷʟʘʥʦ 

ʩ ʨʘʟʨʫʰʝʥʠʝʤ ʠ ʠʟʥʘʰʠʚʘʥʠʝʤ ʘʥʪʠʬʨʠʢʮʠʦʥʥʦʛʦ ʩʣʦʷ ʚʢʣʘʜʳʰʝʡ 

ʧʦʜʰʠʧʥʠʢʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʜʠʥʘʤʠʯʝʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʨʘʙʦʪʳ 

ʦʙʦʨʫʜʦʚʘʥʠʷ. ɺʳʭʦʜ ʠʟ ʩʪʨʦʷ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʧʨʠ ʥʦʨʤʘʣʴʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʢʩʧʣʫʘʪʘʮʠʠ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠʟʥʦʩʘ: ʢʘʚʠʪʘʮʠʷ, 

ʘʙʨʘʟʠʚʥʳʡ ʠʟʥʦʩ, ʠʟʥʘʰʠʚʘʥʠʝ ʚʩʣʝʜʩʪʚʠʝ ʧʣʘʩʪʠʯʝʩʢʦʡ ʜʝʬʦʨʤʘʮʠʠ, 

ʫʩʪʘʣʦʩʪʥʦʝ ʠʟʥʘʰʠʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʨʦʙʣʝʤʘ ʧʦʚʳʰʝʥʠʷ ʨʘʙʦʯʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʨʝʩʫʨʩʘ ʨʘʙʦʪʳ ʙʘʙʙʠʪʦʚʳʭ ʧʦʜʰʠʧʥʠʢʦʚ ʩʢʦʣʴʞʝʥʠʷ ʷʚʣʷʝʪʩʷ 

ʚʘʞʥʦʡ ʠ ʘʢʪʫʘʣʴʥʦʡ [138, 163]. 

ɼʦʙʘʚʢʠ ʱʝʣʦʯʥʳʭ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (ʢʘʣʴʮʠʡ, 

ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʦʚ ʦʪ 0.01 ʜʦ 1.0 ʤʘʩ. % ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ 

ʩʪʨʫʢʪʫʨʥʳʝ ʩʦʩʪʘʚʣʷʶʱʠʝ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ɹ(PbSb15Sn10). ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʘʤʠ ʧʨʠʚʝʜʝʥʳ ʥʘ 

ʨʠʩʫʥʢʘʭ 5.5 ʠ 5.6 [137-140, 164]. 
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ʈʠʩʫʥʦʢ 5.5 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ (x500) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) (ʘ), 

ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʪʠʡ (1), ʥʘʪʨʠʡ (2) ʠ ʢʘʣʠʡ (3), ʤʘʩ. %: 0.01 (ʙ), 0.1 (ʚ), 0.5 (ʛ), 1.0 (ʜ). 

ʘ) 

ʙ) ʚ) ʜ) ʛ) 

ʙ) ʚ) ʛ) ʜ) 

ʙ) ʚ) ʛ) ʜ) 

2 

1 

3 
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ʈʠʩʫʥʦʢ 5.6 ï ʄʠʢʨʦʩʪʨʫʢʪʫʨʳ (x500) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) (ʘ), ʩʦʜʝʨʞʘʱʝʛʦ 

ʢʘʣʴʮʠʡ (1), ʩʪʨʦʥʮʠʡ (2) ʠ ʙʘʨʠʡ (3), ʤʘʩ. %: 0.01 (ʙ), 0.1 (ʚ), 0.5 (ʛ), 1.0 (ʜ) [164]. 

ʘ) 

ʙ) ʚ) ʛ) ʜ) 

ʚ) 

ʙ) ʚ) ʛ) ʜ) 

ʛ) ʙ) ʜ) 
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ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʜʦ 1.0 ʤʘʩ. % ʱʝʣʦʯʥʳʭ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, ʢʘʣʠʡ) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʦʚ ʢʘʢ ʤʦʜʠʬʠʢʘʪʦʨʘ 

ʩʪʨʫʢʪʫʨʳ ʟʥʘʯʠʪʝʣʴʥʦ ʠʟʤʝʣʴʯʘʶʪ ʤʠʢʨʦʩʪʨʫʢʪʫʨʫ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ, ʠ ʦʥʘ 

ʩʪʘʥʦʚʠʪʩʷ ʦʜʥʦʨʦʜʥʦʡ ʠ ʤʝʣʢʦʟʝʨʥʠʩʪʦʡ. ʉʨʝʜʠ ʱʝʣʦʯʥʳʭ (ʣʠʪʠʡ, ʥʘʪʨʠʡ, 

ʢʘʣʠʡ) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, ʙʘʨʠʡ) ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳʤ ʤʦʜʠʬʠʢʘʪʦʨʦʤ ʷʚʣʷʝʪʩʷ ʢʘʣʠʡ ʠ ʙʘʨʠʡ (ʨʠʩ. 5.5 ʠ 5.6) [164]. 

ʉʫʱʝʩʪʚʫʝʪ ʧʨʠʙʣʠʞʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʝʜʝʣ ʧʨʦʯʥʦʩʪʠ ʠ ʪʚʨyʜʦʩʪʠ 

ʤʝʪʘʣʣʦʚ ʧʦ ɹʨʠʥʝʣʣʶ: 

                                     ůʚ = ʢ Ŀ ʅɺ,  ʄʇʘ.                                    (5.9) 

ɿʥʘʯʝʥʠʝ ʢ ʜʣʷ ʩʚʠʥʮʦʚʳʭ ʩʧʣʘʚʦʚ ʨʘʚʥʦ 0.07. ʉ ʫʯʸʪʦʤ ʵʪʦʛʦ ʧʝʨʝʩʯʠʪʘʥʦ 

ʟʥʘʯʝʥʠʝ ůʚ ʩʧʣʘʚʦʚ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.3 [164]. 

 

ʊʘʙʣʠʮʘ 5.3 ï ʊʚʸʨʜʦʩʪʴ ʠ ʨʘʩʯʸʪʥʘʷ ʧʨʦʯʥʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ 

ʙʘʨʠʝʤ [164]. 

ʉʦʜʝʨʞʘʥʠʝ Li, Na, 

K, Ca, Sr ʠ Ba ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

*
ʊʚʸʨʜʦʩʪʴ ʅɺ, 

ʢʛʩ/ʤʤĮ 

*
ʊʚʸʨʜʦʩʪʴ ʅɺ, 

ʄʇʘ 

ʈʘʩʯʸʪʥʘʷ 

ʧʨʦʯʥʦʩʪʴ, ʄʇʘ 

1 2 3 4 

0.0 21.6 211.68 14.81 

0.01 Li  16.29 159.75 11.18 

0.1 Li  17.72 173.77 12.16 

0.5 Li  19.43 190.54 13.33 

1.0 Li  21.87 214.47 15.01 

0.01 Na 17.54 172.01 12.04 

0.1 Na 18.46 181.03 12.67 

0.5 Na 20.94 205.35 14.37 

1.0 Na 22.36 219.27 15.34 

0.01 K 16.86 165.34 11.57 

0.1 K 18.00 176.51 12.35 
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5.3 

1 2 3 4 

0.5 K 20.27 198.72 13.91 

1.0 K 22.12 216.92 15.18 

0.01 Ca 33.9 332.44 23.27 

0.1 Ca 34.4 337.34 23.61 

0.5 Ca 36.2 355.01 24.85 

1.0 Ca 38.8 380.49 26.63 

0.01 Sr 34.4 337.34 23.61 

0.1 Sr 40.2 394.22 27.59 

0.5 Sr 42.4 415.80 29.10 

1.0 Sr 44.8 439.33 30.75 

0.01 Ba 36.0 353.03 24.71 

0.1 Ba 42.4 415.80 29.10 

0.5 Ba 50.3 493.27 34.52 

1.0 Ba 56.1 550.15 38.51 

*
-ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʨʝʟʫʣʴʪʘʪʘʤ 3-ʭ ʠʟʤʝʨʝʥʠʡ. 

 



153 
 

 

 

 
ʈʠʩʫʥʦʢ 5.7 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʣʠʪʠʷ (1), ʥʘʪʨʠʷ (2) ʠ ʢʘʣʠʷ (3) ʥʘ ʪʚʸʨʜʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [164]. 

 
ʈʠʩʫʥʦʢ 5.8 ï ɺʣʠʷʥʠʝ ʣʠʪʠʷ (1), ʥʘʪʨʠʷ (2) ʠ ʢʘʣʠʷ (3) ʥʘ ʨʘʩʯʸʪʥʫʶ ʧʨʦʯʥʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [164]. 
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ʈʠʩʫʥʦʢ 5.9 ï ɿʘʚʠʩʠʤʦʩʪʴ ʚʣʠʷʥʠʷ ʢʘʣʴʮʠʷ (1), ʩʪʨʦʥʮʠʷ (2) ʠ ʙʘʨʠʷ (3) ʥʘ 

ʪʚʸʨʜʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [164]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.10 ï ɺʣʠʷʥʠʝ ʢʘʣʴʮʠʷ (1), ʩʪʨʦʥʮʠʷ (2) ʠ ʙʘʨʠʷ (3) ʥʘ ʨʘʩʯʸʪʥʫʶ 

ʧʨʦʯʥʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [164]. 
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ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 5.3 ʠ ʨʠʩʫʥʢʘʭ 5.7, 5.8, 5.9 ʠ 5.10 ʧʨʠ ʜʦʙʘʚʢʝ 

ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʜʦ 1.0 ʤʘʩ. % 

ʪʚyʨʜʦʩʪʴ ʠ ʧʨʦʯʥʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʧʦʚʳʰʘʝʪʩʷ. ʉʨʝʜʠ ʠʟʫʯʝʥʥʳʭ 

ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʥʘʠʙʦʣʴʰʝʝ 

ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʩʚʠʥʮʦʚʳʡ ʙʘʙʙʠʪ ɹ(PbSb15Sn10) ʦʢʘʟʳʚʘʝʪ 

ʜʦʙʘʚʢʠ ʢʘʣʠʷ ʠ ʙʘʨʠʷ ʦʪ 0.01 ʜʦ 1.0 ʤʘʩ. % [164]. 

 

 

5.3. ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʤ ʬʠʟʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʦʤ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ 

ʣʠʪʠʝʤ ʚ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʚ ʜʠʘʧʘʟʦʥʝ 300-550 ʂ [146]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʝʛʦ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.11. 

ʐʘʛ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣ 0.1 ʂ. ɺʨʝʤʝʥʥʦʡ ʠʥʪʝʨʚʘʣ ʬʠʢʩʘʮʠʠ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣ 10 ʩ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 

ʠʥʪʝʨʚʘʣʝ ʦʪ 298.15 ʂ ʜʦ 673 ʂ ʩʦʩʪʘʚʣʷʣʘ Ñ1%, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʙʦʣʝʝ 673 ʂ Ñ2.5%. 

ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 

4%. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʣ 1.5%. ɺʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ 

ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ ʧʨʦʛʨʘʤʤʝ MS Excel ʠ ʛʨʘʬʠʢʠ ʩʪʨʦʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʳ Sigma Plot 10.0. ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ ʥʝ ʤʝʥʝʝ 0.999 

[146-152]. 
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ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ (ʨʠʩ. 5.11) 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ 

                               Ὕ ὥὩ ὴὩ ȟ                                         (5.10) 

ʛʜʝ a, b, p, k ï ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, † ɀ ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (5.10) ʧʦ Ű, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ 

                           ὥὦὩ ὴὯὩ Ȣ 
                                        

(5.11)
 
 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.4. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʣʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.12 [146]. 

ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ. ʇʦʣʫʯʝʥʦ ʩʣʝʜʫʶʱʝʝ ʦʙʱʝʝ 

ʫʨʘʚʥʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ ʠ ʵʪʘʣʦʥʘ 

(Pb ʤʘʨʢʠ ʉ00) [146]. 

                     ὅ ὥ ὦὝ ὧὝ ὨὝȢ                           (5.12) 

 

ʊʘʙʣʠʮʘ 5.4 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [146]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

a, K bȚ10
-2
, c

-1
 p, K kȚ10

-4
, c

-1
 aĀb, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 304.88 2.82 2.35 8.60 

0.1 264.44 8.87 306.28 2.81 2.35 8.60 

0.5 264.44 8.87 307.18 2.80 2.35 8.60 

1.0 264.43 8.87 308.08 2.79 2.34 8.59 

ʕʪʘʣʦʥ 264.43 8.87 308.67 2.78 2.34 8.59 
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ʈʠʩʫʥʦʢ 5.11 ï ʊʝʨʤʦʛʨʘʤʤʳ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ 

ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

 

ʈʠʩʫʥʦʢ 5.12 ï ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 
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ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ (5.12) ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.5. 

 

ʊʘʙʣʠʮʘ 5.5 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [146]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

ʘ, 

ɼʞ /(ʢʛĀʂ) 

b, 

ɼʞ /(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ /(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ /(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 151.02 -0.08 7.00 -3.02 0.999 

0.1 154.96 -0.09 4.17 -3.46 0.999 

0.5 172.56 -0.15 6.26 -5.42 0.999 

1.0 194.52 -0.22 8.87 -7.86 0.999 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn) ʩ ʣʠʪʠʝʤ
 
ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ 50 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5.13 ʠ ʪʘʙʣʠʮʝ 5.6. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʧʣʘʚʦʚ ʧʦʚʳʰʘʝʪʩʷ [146]. 

 

ʊʘʙʣʠʮʘ 5.6 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [146]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.89 159,08 162,09 164.71 

0.01 150.19 153.09 156.26 159.46 162.47 165.07 

0.1 153.30 156.39 159.74 163.10 166.21 168.82 

0.5 167.13 171.02 175.19 179.25 182.77 185.36 

1.0 184.41 189.33 194.57 199.52 203.60 206.22 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.91 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʩ ʣʠʪʠʝʤ ʧʦ ʬʦʨʤʫʣʝ [146]: 

                                   ‌
  ϽϽ

Ͻ
 ȟ                                                   (5.13) 

ʛʜʝ Ὕ ʠ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Ὓ ʠ ά ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 5.14 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʦʙʘʚʢʘ ʣʠʪʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [146]. 

 

C
0
p, ɼʞ/(ʢʛĿʂ)

ʊ, ʂ300 350 400 450 500 550
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ʈʠʩʫʥʦʢ 5.13 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 
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a, ɺʪ/(ʤ2 ʂ)

T, K
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ʈʠʩʫʥʦʢ 5.14 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.12) [146]: 

Ὄ Ὕ Ὄ Ὕ ‌Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ  (Ὕ Ὕ ȟ      (5.14) 

 Ὓ Ὕ Ὓ Ὕ ὥὰὲ ὦὝ Ὕ Ὕ Ὕ Ὕ Ὕ ȟ                 (5.15) 

Ὃ Ὕ  Ὃ Ὕ Ὄ Ὕ Ὄ Ὕ ὝὛ Ὕ Ὓ Ὕ Ȣ                             (5.16) 

ʛʜʝ  = 298.15 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.15 ʠ ʪʘʙʣʠʮʝ 5.7. 
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ʊʘʙʣʠʮʘ 5.7 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

 

ʊ, ʂ 

ʕʪʘʣʦʥ 
ʉʦʜʝʨʞʘʥʠʝ ʣʠʪʠʷ ʚ ʙʘʙʙʠʪʝ, ʤʘʩ. % 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 0.236 0.277 0.277 0.284 0.309 0.342 

350 6.679 7.856 7.855 8.025 8.766 9.728 

400 13.256 15.593 15.586 15.927 17.429 19.386 

450 19.957 23.497 23.478 23.993 26.301 29.321 

500 26.779 31.572 31.529 32.218 35.367 39.511 

550 33.717 39.800 39.724 40.581 44.592 49.902 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 0.0008 0.0009 0.0009 0.0009 0.0010 0.001 

350 0.0206 0.0242 0.0243 0.0248 0.0271 0.0301 

400 0.0382 0.0449 0.0449 0.0459 0.0502 0.0556 

450 0.0539 0.0635 0.06351 0.0649 0.0711 0.0792 

500 0.0684 0.0804 0.0805 0.0822 0.0902 0.1007 

550 0.0816 0.0961 0.0962 0.0982 0.1078 0.1205 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 -0.0007 -0.0008 0.0008 -0.0009 -0.001 -0.0011 

350 -0.5477 -0.6443 -0.6443 -0.6582 -0.7185 -0.7966 

400 -2.0275 -2.3846 -2.3842 -2.4360 -2.6622 -2.9560 

450 -4.3391 -5.1048 -5.1027 -5.2141 -5.7042 -6.3425 

500 -7.4033 -8.7142 -8.7086 -8.8988 -9.7446 -10.849 

550 -11.156 -13.1399 13.1279 -13.4144 -14.7013 -16.3869 
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ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʦʣʫʯʝʥʳ ʧʦʣʠʥʦʤʳ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʩ ʣʠʪʠʝʤ, ʢʦʪʦʨʳʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʢʦʨʨʝʣʷʮʠʠ Rʢʦʨ. = 0.999 

ʦʧʠʩʳʚʘʶʪ ʠʭ ʠʟʤʝʥʝʥʠʷ [146-152]. 

ʈʠʩʫʥʦʢ 5.15 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ 

ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ (ʘ), ʵʥʪʨʦʧʠʠ (ʙ) ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʚ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠ ʵʪʘʣʦʥʘ              

(Pb ʤʘʨʢʠ ʉ00). 
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5.4. ʊʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʥʘʪʨʠʝʤ 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʠʟʤʝʨʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ, ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ 300-550 ʂ [165-168]. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʨʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʘʥʥʳʭ 

ʩʧʣʘʚʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.16. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.8. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʥʘʪʨʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.17 [147, 152]. 

 

ʊʘʙʣʠʮʘ 5.8 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

a, K bȚ10
-2
, c

-1
 p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 301.88 2.85 2.35 8.61 

0.1 264.44 8.87 303.28 2.84 2.35 8.60 

0.5 264.43 8.87 304.18 2.83 2.35 8.60 

1.0 264.43 8.87 303.48 2.83 2.34 8.59 

ʕʪʘʣʦʥ 264.43 8.87 308.67 2.78 2.34 8.59 
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ʈʠʩʫʥʦʢ 5.16 ï ʊʝʨʤʦʛʨʘʤʤʳ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ 

ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 

 

ʈʠʩʫʥʦʢ 5.17 ï ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 
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ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʥʘʪʨʠʝʤ. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʡ 

(5.11) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ  ʪʘʙʣʠʮʝ 

5.9 [147]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ
 
ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ 50 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5.10 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.18. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʨʘʩʪʸʪ [147]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ. ʈʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 5.19. ɼʦʙʘʚʢʘ ʥʘʪʨʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ       

ɹ(PbSb15Sn10) [147, 152]. 

 

ʊʘʙʣʠʮʘ 5.9 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʘ, 

ɼʞ/(ʢʛĀʂ) 

b, 

ɼʞ/(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ/(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ/(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

150.57 -0.08 3.65 -2.97 0.999 150.57 

0.01 151.13 -0.08 3.56 -2.91 0.999 

0.1 151.49 -0.08 5.60 -2.87 0.999 

0.5 153.95 -0.04 2.73 -2.30 0.999 

1.0 156.01 -0.04 2.73 -2.30 0.998 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 
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ʊʘʙʣʠʮʘ 5.10 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʥʘʪʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.89 159.08 162.09 164.71 

0.01 150.95 153.84 156.98 160.16 163.15 165.74 

0.1 151.88 154.84 158.09 161.38 164.52 167.28 

0.5 158.54 161.42 164.43 167.42 170.20 172.61 

1.0 160.86 163.83 166.96 170.08 173.00 175.57 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.91 

 

C
0
p, ɼʞ/(ʢʛĿʂ)

ʊ, ʂ

300 350 400 450 500 550

130

140

150

160

170

180

ʕʪʘʣʦʥ (Pb ʤʘʨʢʠ ʉ00)

PbSb15Sn10

+0.01Na

+0.1Na

+0.5Na

+1.0Na

 

ʈʠʩʫʥʦʢ 5.18 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 
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a, ɺʪ/(ʤ2 ʂ)

T, K
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ʈʠʩʫʥʦʢ 5.19 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [147]. 

 

ɼʣʷ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʥʘʪʨʠʝʤ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.12). 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.11 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.20 [147, 152]. 
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ʊʘʙʣʠʮʘ 5.11 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 
ʕʪʘʣʦʥ 

ʉʦʜʝʨʞʘʥʠʝ ʥʘʪʨʠʷ ʚ ʙʘʙʙʠʪʝ, ʤʘʩ.% 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʠʪʦʚ 

300 0.236 0.277 0.277 0.281 0.293 0.297 

350 6.679 7.856 7.858 7.947 8.291 8.413 

400 13.256 15.593 15.668 15.770 16.437 16.683 

450 19.957 23.497 23.597 23.757 24.734 25.109 

500 26.779 31.572 31.683 31.906 33.176 33.688 

550 33.717 39.800 39.906 40.203 41.748 42.404 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʙʘʙʠʪʦʚ 

300 0.0008 0.0009 0.0009 0.0009 0.0010 0.0010 

350 0.0206 0.0242 0.0244 0.0245 0.0256 0.0260 

400 0.0382 0.0449 0.0451 0.0445 0.0473 0.0481 

450 0.0539 0.0635 0.0638 0.0642 0.0669 0.0679 

500 0.0684 0.0804 0.0808 0.0814 0.0847 0.0860 

550 0.0816 0.0961 0.0965 0.0972 0.1010 0.1026 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʠʪʦʚ 

300 -0.0007 -0.0008 -0.0009 -0.0009 -0.0010 -0.0010 

350 -0.5477 -0.6443 -0.6478 -0.6518 -0.6802 -0.6902 

400 -2.0275 -2.3846 -2.3970 -2.4123 -2.5160 -2.5533 

450 -4.3391 -5.1048 -5.1296 -5.1630 -5.3819 -6.4623 

500 -7.4033 -8.7142 -8.7534 -8.8117 -9.1794 -9.3177 

550 -11.1560 -13.1399 -13.1940 -13.2840 -13.8290 -14.0392 
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ʇʦʣʫʯʝʥʳ ʧʦʣʠʥʦʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) 

ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʥʘʪʨʠʝʤ, ʢʦʪʦʨʳʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʦʨʨʝʣʷʮʠʠ Rʢʦʨ. = 0.999 ʦʧʠʩʳʚʘʶʪ ʠʭ ʠʟʤʝʥʝʥʠʡ [146-152]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) ʠ 

ʪʝʤʧʝʨʘʪʫʨʘ ʫʚʝʣʠʯʠʚʘʶʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʶ ʠ 

ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ ʥʘʪʨʠʷ ʫʤʝʥʴʰʘʝʪʩʷ [146-152]. 

Ὓ Ὕ Ὓ Ὕ ȟ̋ ˑȾ̠̇̋̄  

ʈʠʩʫʥʦʢ 5.20 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ (ʘ), 

ʵʥʪʨʦʧʠʠ (ʙ) ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʚ) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʥʘʪʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

Ὃ Ὕ  Ὃ Ὕ ȟ̋ ˑȾ̇̋  ̄

Ὄ Ὕ Ὄ Ὕ ȟ̋ ˑȾ̇̋  ̄
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5.5. ʊʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʠʝʤ 

ʆʩʥʦʚʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʠʭ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ (ʥʘʛʨʝʚ 

ʠʣʠ ʦʭʣʘʞʜʝʥʠʠ). ʕʪʠ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʷʤʳʤʠ 

ʠʟʤʝʨʝʥʠʷʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [169]. 

ɼʘʥʥʳʝ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʢʘʣʠʝʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʠʪʝʨʘʪʫʨʳ ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ 

ʠʟʤʝʨʝʥʘ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʚ ʦʙʣʘʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʳ 300-550ʂ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ 

ʚʳʯʠʩʣʠʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) 

ʜʘʥʥʳʭ ʩʧʣʘʚʦʚ [148]. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʨʘʩʯʝʪʘ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʘʥʥʳʭ 

ʩʧʣʘʚʦʚ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.21. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.12. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.22 [148-152]. 
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ʈʠʩʫʥʦʢ 5.21 ï ʊʝʨʤʦʛʨʘʤʤʳ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

 
ʈʠʩʫʥʦʢ 5.22 ï ɻʨʘʬʠʢ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 
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ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ. ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ ʚʳʰʝ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʤyʢʦʩʪʝʡ ʩʧʣʘʚʦʚ ʦʧʠʩʳʚʘʝʪʩʷ ʵʤʧʠʨʠʯʝʩʢʠʤ 

ʫʨʘʚʥʝʥʠʝʤ (5.12) [148-151]. 

 

ʊʘʙʣʠʮʘ 5.12 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

a, K bȚ10
-2
, c

-1
 p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 303.18 2.80 2.33 8.49 

0.1 264.44 8.87 305.88 2.82 2.35 8.56 

0.5 264.44 8.87 307.18 2.83 2.35 8.60 

1.0 264.44 8.87 307.28 2.86 2.35 8.60 

ʕʪʘʣʦʥ 264.43 8.87 308.67 2.78 2.34 8.59 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʧʣʦʸʤʢʦʩʪʠ (5.12) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ, 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.13 [148]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ 50 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 

ʨʠʩʫʥʢʝ 5.23 ʠ ʚ ʪʘʙʣʠʮʝ 5.14. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʧʣʘʚʦʚ ʨʘʩʪʸʪ [146-152]. 
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ʊʘʙʣʠʮʘ 5.13 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

ʘ, 

ɼʞ /(ʢʛĀʂ) 

b, 

ɼʞ /(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ /(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ /(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 150.71 -0.08 3.61 -2.30 0.999 

0.1 150.77 -0.08 3.63 -2.91 0.999 

0.5 151.24 -0.07 3.37 -2.87 0.999 

1.0 151.87 -0.05 3.04 -2.68 0.998 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 

 

ʊʘʙʣʠʮʘ 5.14 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʠʷ  ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.89 159.08 162.09 164.71 

0.01 149.98 152.86 155.98 159.15 162.14 164.72 

0.1 150.48 153.36 156.49 159.66 162.64 165.21 

0.5 153.00 155.97 159.15 162.34 165.32 167.88 

1.0 156.16 159.22 162.43 165.61 168.55 171.08 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.91 
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C
0
p, ɼʞ/(ʢʛĿʂ)

ʊ, ʂ

300 350 400 450 500 550

130

140

150

160

170

180

ʕʪʘʣʦʥ (Pb ʤʘʨʢʠ ʉ00)

PbSb15Sn10

+0.01 ʂ

+0.1 ʂ

+0.5 ʂ

+1.0 ʂ

 

ʈʠʩʫʥʦʢ 5.23 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʧʦ ʬʦʨʤʫʣʝ (5.13) [148-151]. 

ʅʘ ʨʠʩʫʥʢʝ 5.24 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. 

ɼʦʙʘʚʢʘ ʢʘʣʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʤʧʝʨʘʪʫʨʫ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [148-151]. 
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ʈʠʩʫʥʦʢ 5.24 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [148]. 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.12) 

[148]. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.15 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.25 

[148]. 
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ʊʘʙʣʠʮʘ 5.15 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 
ʕʪʘʣʦʥ 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʠʷ ʚ ʩʧʣʘʚʝ, ʤʘʩ.% 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 0.236 0.277 0.277 0.278 0.283 0.289 

350 6.679 7.856 7.846 7.873 8.006 8.172 

400 13.256 15.593 15.567 15.618 15.884 16.213 

450 19.957 23.497 23.446 23.523 23.921 24.414 

500 26.779 31.572 31.480 31.582 32.114 32.769 

550 33.717 39.800 39.653 39.780 40,446 41.263 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 0.0008 0.0009 0.0009 0.0009 0.0009 0.0010 

350 0.0206 0.0242 0.0242 0.0243 0.0247 0.0253 

400 0.0382 0.0449 0.0448 0.0450 0.0458 0.0467 

450 0.0539 0.0635 0.0634 0.0636 0.0647 0.0661 

500 0.0684 0.0804 0.0803 0.0806 0.0819 0.0836 

550 0.0816 0.0961 0.0960 0.0962 0.0978 0.0998 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 -0.0007 -0.0008 -0.0008 -0.0009 -0.0009 -0.0009 

350 -0.5477 -0.6443 -0.6436 -0.6457 -0.6567 -0.6703 

400 -2.0275 -2.3846 -2.3816 -2.3895 -2.4299 -2.4804 

450 -4.3391 -5.1048 -5.0967 -5.1135 -5.2002 -5.3078 

500 -7.4033 -8.7142 -8.6974 -8.7259 -8.8736 -9.0568 

550 -11.156 -13.1399 -13.1097 -13.1525 -13.3747 -13.6496 
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ɺ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʧʦ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

Pb ʤʘʨʢʠ ʉ00 ʦʧʨʝʜʝʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

(ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʠʝʤ 

ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʠʥʦʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʭ ʠʟʤʝʥʝʥʠʡ [148]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ, ʧʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ [146-152]. 

ʈʠʩʫʥʦʢ 5.25 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ (ʘ), 

ʵʥʪʨʦʧʠʠ (ʙ) ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʚ) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 
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5.6. ɺʣʠʷʥʠʝ ʜʦʙʘʚʢʠ ʢʘʣʴʮʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ʷʚʣʷʝʪʩʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ. ɺ ʜʘʥʥʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ ʚ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʚ ʜʠʘʧʘʟʦʥʝ 300-550 ʂ. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʝʛʦ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.26. ʐʘʛ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʠʣ 0.1 ʂ. ɺʨʝʤʷ ʠʥʪʝʨʚʘʣʘ ʬʠʢʩʘʮʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣ 

10 ʩ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʠʟʤʝʨʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪ 313 ʂ ʜʦ 673 

ʂ ʩʦʩʪʘʚʣʷʣʘ Ñ1%, ʘ ʚ ʠʥʪʝʨʚʘʣʝ ʙʦʣʝʝ 673 ʂ Ñ2.5%. ʇʦʛʨʝʰʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʧʨʝʜʣʘʛʘʝʤʦʡ ʤʝʪʦʜʠʢʝ ʥʝ ʧʨʝʚʳʰʘʝʪ 4%. ɺ ʥʘʰʝʤ ʩʣʫʯʘʝ 

ʧʦʛʨʝʰʥʦʩʪʴ ʥʝ ʧʨʝʚʳʰʘʣ 1.5%. ɺʩʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʧʦ 

ʧʨʦʛʨʘʤʤʝ MS Excel ʠ ʛʨʘʬʠʢʠ ʩʪʨʦʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ Sigma Plot 10.0. 

ʂʦʵʬʬʠʮʠʝʥʪ ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʠʣ ʥʝ ʤʝʥʝʝ 0.999 [146-152]. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʫʢʘʟʘʥʥʳʭ ʩʧʣʘʚʦʚ (ʨʠʩ. 5.26 ʘ) 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ [149]: 

                                      Ὕ ὥὩ ὴὩ ȟ                                         (5.10) 

ʛʜʝ a, b, p, k ï ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, Ű ï ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (5.10) ʧʦ Ű, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ [149]: 

                               ὥὦὩ ὴὯὩ Ȣ 
                                       

(5.11) 
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ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.16. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ 

ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), 

ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.26 ʙ [149]. 

ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ. ɿʘʪʝʤ ʧʨʦʚʝʜʷ ʧʦʣʠʥʦʤʥʫʶ 

ʨʝʛʨʝʩʩʠʶ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʫʶ ʦʙʱʫʶ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ [149-152]: 

                              ὅ ὥ ὦὝ ὧὝ ὨὝ                                     (5.12) 

 

ʊʘʙʣʠʮʘ 5.16 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [149]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

a, K bȚ10
-2
, c

-1
 p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 311.38 2.76 2.35 8.60 

0.1 264.44 8.87 312.78 2.75 2.35 8.60 

0.5 264.44 8.87 313.68 2.74 2.35 8.59 

1.0 264.43 8.87 314.57 2.73 2.34 8.59 

ʕʪʘʣʦʥ 264.43 8.87 308.67 2.78 2.34 8.59 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.17 

[149]. 
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ʈʠʩʫʥʦʢ 5.26 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ (ʘ) ʠ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [149]. 

ʘ) 

ʙ) 
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ʊʘʙʣʠʮʘ 5.17 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [149]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʘ, 

ɼʞ /(ʢʛĀʂ) 

b, 

ɼʞ /(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ /(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ /(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 150.73 -0.08 3.67 -2.99 0.999 

0.1 151.92 -0.09 3.82 -3.10 0.999 

0.5 157.23 -0.11 4.51 -3.62 0.999 

1.0 163.87 -0.15 5.37 -4.26 0.999 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ
 
ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ    

50 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.18 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.27 ʘ. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʧʣʘʚʦʚ ʨʘʩʪʸʪ [149-151]. 

 

ʊʘʙʣʠʮʘ 5.18 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ 

ʉ00) [149]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʢʘʣʴʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.88 159.08 162.09 164.71 

0.01 149.92 152.80 155.95 159.15 162.16 164.76 

0.1 150.36 153.26 156.44 159.68 162.72 165.36 

0.5 152.47 155.45 158.79 162.20 165.43 168.20 

1.0 155.10 158.19 161.73 165.39 168.87 171.84 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.90 
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ʈʠʩʫʥʦʢ 5.27 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ (ʙ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʠ ʵʪʘʣʦʥʘ 

(Pb ʤʘʨʢʠ ʉ00) [149]. 

 

ʙ) 

ʘ) 
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ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʚʳʯʠʩʣʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʧʦ ʬʦʨʤʫʣʝ [149]: 

                                             ‌
  ϽϽ

Ͻ
 ȟ                                    (5.13) 

ʛʜʝ Ὕ ʠ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Ὓ ʠ ά ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 5.27 ʙ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʙʘʚʢʘ ʢʘʣʴʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [149]. 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10)  

ʢʘʣʴʮʠʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ 

(5.12) [149]: 

Ὄ Ὕ Ὄ Ὕ ‌Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ  (Ὕ Ὕ Ƞ    (5.14) 

Ὓ Ὕ Ὓ Ὕ ὥὰὲ Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ Ƞ                (5.15) 

Ὃ Ὕ  Ὃ Ὕ Ὄ Ὕ Ὄ Ὕ ὝὛ Ὕ Ὓ Ὕ ȟ                           (5.16) 

ʛʜʝ 0T  = 298.15 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.19 [149]. 

ɺʠʜʥʦ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʢʘʣʴʮʠʷ ʨʘʩʪʫʪ, ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ [149]. 
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ʊʘʙʣʠʮʘ 5.19 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʠ ʪɻʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 
ʕʪʘʣʦʥ 

ʉʦʜʝʨʞʘʥʠʝ ʢʘʣʴʮʠʷ ʚ ʩʧʣʘʚʝ, ʤʘʩ. % 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

300 0.235 0.277 0.277 0.278 0.281 0.286 

350 6.679 7.839 7.843 7.867 7.978 8.116 

400 13.256 15.554 15.562 15.609 15.833 16.113 

450 19.957 23.429 23.440 23.513 23.858 24.292 

500 26.779 31.460 31.474 31.574 32.051 32.650 

550 33.716 39.632 39.649 39.779 40.395 41.171 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʩʧʣʘʚʦʚ 

300 0.0007 0.0009 0.0009 0.0009 0.0009 0.0009 

350 0.0206 0.0242 0.0242 0.0243 0.0246 0.0250 

400 0.0382 0.0448 0.0448 0.0449 0.0456 0.0464 

450 0.0539 0.0633 0.0634 0.0636 0.0645 0.0657 

500 0.0683 0.0803 0.0803 0.0805 0.0817 0.0833 

550 0.0815 0.0958 0.0959 0.0962 0.0977 0.0995 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

300 -0.0007 -0.0008 -0.0008 -0.0008 -0.0008 -0.0008 

350 -0.5476 -0.6430 -0.6433 -0.6453 -0.6543 -0.6657 

400 -2.0275 -2.3796 -2.3808 -2.3879 -2.4217 -2.4640 

450 -4.3391 -5.0925 -5.0951 -5.1105 -5.1837 -5.2754 

500 -7.4033 -8.6907 -8.6950 -8.7216 -8.8484 -9.0071 

550 -11.1565 -13.1004 -13.1066 -13.1474 -13.3412 -13.5842 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 

ʣʝʛʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0    

ʤʘʩ. %) ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʶ ʠ 
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ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ [149]. 

ʇʦʣʫʯʝʥʳ ʧʦʣʠʥʦʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) 

ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʢʦʪʦʨʳʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʦʨʨʝʣʷʮʠʠ R
2
ʢʦʨʨ. = 0.999 ʦʧʠʩʳʚʘʶʪ ʠʭ ʠʟʤʝʥʝʥʠʷ [149-152]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ ʜʦʧʦʣʥʷʶʪ ʩʪʨʘʥʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ [149]. 

 

 

5.7. ɺʣʠʷʥʠʝ ʩʪʨʦʥʮʠʷ ʥʘ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʊʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʚʠʥʮʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ ʪʝʦʨʝʪʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ. ʀʤʝʶʱʠʝʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚʢʣʶʯʘʶʪ ʠʟʤʝʨʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ, ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʨʠ ʥʦʨʤʘʣʴʥʦʤ ʜʘʚʣʝʥʠʠ ʚ 

ʜʠʘʧʘʟʦʥʝ ʪʝʤʧʝʨʘʪʫʨʳ 300-550 ʂ [170]. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʨʘʩʯʝʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʘʥʥʳʭ 

ʩʧʣʘʚʦʚ [150]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.28. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.20. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.28 ʙ [146-152]. 
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ʊʘʙʣʠʮʘ 5.20 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [150]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

a, K bȚ10
-2
, c

-1 
p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 308.38 2.79 2.35 8.60 

 0.1 264.44 8.87 310.78 2.77 2.35 8.60 

0.5 264.44 8.87 311.68 2.76 2.35 8.59 

1.0 264.44 8.87 326.07 2.63 2.34 8.59 

ʕʪʘʣʦʥ  264.43 8.87 308.67 2.78 2.34 8.59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.28 ï ɻʨʘʬʠʢ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ (ʘ) ʠ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [150]. 

 

ʘ) ʙ) 
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ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ. ɿʘʪʝʤ ʧʨʦʚʝʜʷ ʧʦʣʠʥʦʤʥʫʶ 

ʨʝʛʨʝʩʩʠʶ ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʫʶ ʦʙʱʫʶ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 

ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ [150-152]: 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʷ  ὅ ὥ ὦὝ ὧὝ ὨὝ  

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʩʪʨʦʥʮʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.21 [150-152]. 

 

ʊʘʙʣʠʮʘ 5.21 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [150]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʘ, 

ɼʞ /(ʢʛĀʂ) 

b, 

ɼʞ /(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ /(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ /(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 150,63 -0.08 3.65 -2.97 0.999 

0.1 150.93 -0.08 3.68 -3.00 0.999 

0.5 152.28 -0.09 3.81 -3.08 0.999 

1.0 153.97 -0.09 3.98 -3.19 0.999 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ
 
ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ 50 ʂ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 

ʪʘʙʣʠʮʝ 5.22 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.29 ʘ. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʚʘʝʪʩʷ [150, 151]. 
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ʊʘʙʣʠʮʘ 5.22 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [150]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʩʪʨʦʥʮʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.88 159.08 162.09 164.71 

0.01 149.87 152.75 155.90 159.09 162.11 164.72 

0.1 150.00 152.88 156.01 159.19 162.18 164.77 

0.5 150.72 153.62 156.81 160.06 163.13 165.80 

1.0 151.69 154.64 157.91 161.26 164.45 167.23 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.90 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʙʳʣ ʚʳʯʠʩʣʝʥ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʧʦ ʬʦʨʤʫʣʝ [150]: 

                                             ‌
  ϽϽ

Ͻ
 ȟ                                       (5.13) 

ʛʜʝ Ὕ ʠ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ; Ὓ ʠ ά ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 5.29 ʙ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʘ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʙʘʚʢʘ ʩʪʨʦʥʮʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ 

ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [150]. 
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ʈʠʩʫʥʦʢ 5.29 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ (ʙ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʵʪʘʣʦʥʘ 

(Pb ʤʘʨʢʠ ʉ00) [150]. 

 

ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʩʪʨʦʥʮʠʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (5.12) [150]: 

Ὄ Ὕ Ὄ Ὕ ‌Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ  (Ὕ Ὕ Ƞ   (5.14) 

 Ὓ Ὕ Ὓ Ὕ ὥὰὲ Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ Ƞ             (5.15) 

Ὃ Ὕ  Ὃ Ὕ Ὄ Ὕ Ὄ Ὕ ὝὛ Ὕ Ὓ Ὕ Ȣ                       (5.16) 

ʛʜʝ 0T  = 298.15 ʂ. 

ʘ) ʙ) 
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ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ɻ ʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.23. 

 

ʊʘʙʣʠʮʘ 5.23 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 
ʕʪʘʣʦʥ 

ʉʦʜʝʨʞʘʥʠʝ ʩʪʨʦʥʮʠʷ ʚ ʩʧʣʘʚʝ, ʤʘʩ. % 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

300 0.235 0.277 0.277 0.277 0.278 0.280 

350 6.679 7.839 7.841 7.848 7.885 7.937 

400 13.256 15.554 15.557 15.570 15.646 15.750 

450 19.957 23.429 23.433 23.450 23.568 23.730 

500 26.779 31.460 31.464 31.486 31.649 31.874 

550 33.716 39.632 39.637 39.662 39.875 40.168 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʩʧʣʘʚʦʚ 

300 0.0007 0.0009 0.0009 0.0009 0.0009 0.0009 

350 0.0206 0.0242 0.0242 0.0242 0.0243 0.0245 

400 0.0382 0.0448 0.0448 0.0448 0.0450 0.0454 

450 0.0539 0.0633 0.0633 0.0634 0.0637 0.0641 

500 0.0683 0.0803 0.0803 0.0803 0.0807 0.0813 

550 0.0815 0.0958 0.0958 0.0959 0.0964 0.0971 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

300 -0.00073 -0.00086 -0.00086 -0.00086 -0.00086 -0.00087 

350 -0.54769 -0.64307 -0.6432 -0.64375 -0.64683 -0.65102 

400 -2.02751 -2.3796 -2.38006 -2.38204 -2.39353 -2.40925 

450 -4.33911 -5.09258 -5.0935 -5.09762 -5.12251 -5.15666 

500 -7.40333 -8.69077 -8.69225 -8.69904 -8.74217 -8.80144 

550 -11.1565 -13.1004 -13.1025 -13.1124 -13.1785 -13.2694 

 



191 
 

 

 

ʇʦʣʫʯʝʥʳ ʧʦʣʠʥʦʤʳ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) 

ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ, ʢʦʪʦʨʳʝ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ 

ʢʦʨʨʝʣʷʮʠʠ R
2
ʢʦʨʨ. = 0.999 ʦʧʠʩʳʚʘʶʪ ʠʭ ʠʟʤʝʥʝʥʠʷ [150-152]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ 

ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ [150-152]. 

ʋʩʪʘʥʦʚʣʝʥʥʳʝ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩʪʨʦʥʮʠʝʤ ʜʦʧʦʣʥʷʶʪ ʩʪʨʘʥʠʮʳ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʨʘʚʦʯʥʠʢʦʚ ʠ ʤʦʛʫʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʧʨʠ ʧʨʦʝʢʪʠʨʦʚʘʥʠʠ 

ʠʟʜʝʣʠʡ ʠʟ ʥʠʭ [150]. 

 

 

5.8. ɺʣʠʷʥʠʝ ʙʘʨʠʷ ʥʘ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ 

ʬʫʥʢʮʠʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʆʩʥʦʚʥʳʤʠ ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʶʪʩʷ ʠʭ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʘ.       

ʕʪʠ ʩʚʦʡʩʪʚʘ ʟʘʚʠʩʷʪ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ, ʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʨʷʤʳʤʠ ʠʟʤʝʨʝʥʠʷʤʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʧʨʠʙʦʨʦʚ [171]. 

ɼʘʥʥʳʝ ʦ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚʘʭ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʙʘʨʠʝʤ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʅʘʤʠ ʚʧʝʨʚʳʝ ʠʟʤʝʨʝʥʘ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʚ ʦʙʣʘʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ 

300-550 ʂ. ʇʦʣʫʯʝʥʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʠʣʠ ʚʳʯʠʩʣʠʪʴ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʠ (ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) ʜʘʥʥʳʭ 

ʩʧʣʘʚʦʚ [151]. 

ɺ ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ʨʘʩʯʝʪʘ 
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ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʜʘʥʥʳʭ 

ʩʧʣʘʚʦʚ [151]. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.30 ʘ. ɿʥʘʯʝʥʠʷ 

ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.24. ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.30 ʙ [146-152]. 

ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.11) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ. ʆʙ ʝɦʝ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ ʠʤʝʝʪ ʚʠʜ (5.12) [151, 152]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 5.30 ï ɻʨʘʬʠʢ ʠ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ (ʘ) ʠ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ (ʙ) ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [151]. 

ʘ) ʙ) 
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ʊʘʙʣʠʮʘ 5.24 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [151]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʙʘʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ.% 

a, K bȚ10
-2
, c

-1 
p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 264.44 8.87 325.88 2.64 2.35 8.59 

0.1 264.44 8.87 327.28 2.63 2.35 8.59 

0.5 264.44 8.87 327.17 2.62 2.35 8.59 

1.0 264.42 8.87 328.17 2.62 2.35 8.59 

ʕʪʘʣʦʥ  264.43 8.87 308.67 2.78 2.34 8.59 

 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʙʘʨʠʝʤ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.25 [151]. 

 

ʊʘʙʣʠʮʘ 5.25 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [151]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʙʘʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ.% 

ʘ, 

ɼʞ /(ʢʛĀʂ) 

b, 

ɼʞ /(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ /(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ /(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

R
2
 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 150.49 -0.08 3.63 -2.95 0.999 

0.1 149.50 -0.07 3.50 -2.88 0.999 

0.5 145.17 -0.04 2.90 -2.47 0.999 

1.0 139.74 -0.01 2.15 - 1.97 0.999 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 
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ʊʘʙʣʠʮʘ 5.26 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [151]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʙʘʨʠʷ ʚ 

ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.845 152.7326 155.886 159.0824 162.099 164.7131 

0.01 149.865 152.7517 155.9018 159.0939 162.1063 164.7175 

0.1 149.920 152.8386 155.9946 159.1726 162.1566 164.7306 

0.5 150.234 153.3437 156.6058 159.8359 162.8488 165.4592 

1.0 150.596 153.9263 157.2972 160.5611 163.5702 166.1768 

ʕʪʘʣʦʥ 127.500 130.2313 132.800 135.2438 137.600 139.9063 

 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ
 
ʧʦ ʬʦʨʤʫʣʘʤ (5.8) ʠ (5.12) ʯʝʨʝʟ 50 ʂ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.26 ʠ ʥʘ ʨʠʩʫʥʢʝ 5.31 ʘ. ʂʘʢ ʚʠʜʥʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʠ ʩʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʨʘʩʪʸʪ [151]. 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʚʳʯʠʩʣʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʙʘʨʠʝʤ ʧʦ ʬʦʨʤʫʣʝ (5.13) [149-151]. 

ʅʘ ʨʠʩʫʥʢʝ 5.31 ʙ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪ r ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʙʘʨʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ 

ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʙʘʚʢʘ ʙʘʨʠʷ ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) [151]. 
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ʈʠʩʫʥʦʢ 5.31 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ (ʘ) ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʪʝʧʣʦʦʪʜʘʯʠ (ʙ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ 

(Pb ʤʘʨʢʠ ʉ00) [151]. 

ʘ) 

ʙ) 
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ɼʣʷ ʨʘʩʯʝʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʙʳʣʠ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ, ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.12): 

Ὄ Ὕ Ὄ Ὕ ‌Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ  (Ὕ Ὕ Ƞ   (5.14) 

Ὓ Ὕ Ὓ Ὕ ὥὰὲ Ὕ Ὕ Ὕ Ὕ Ὕ Ὕ Ƞ               (5.15) 

Ὃ Ὕ  Ὃ Ὕ Ὄ Ὕ Ὄ Ὕ ὝὛ Ὕ Ὓ Ὕ Ȣ                          (5.16) 

ʛʜʝ 0T  = 298.15 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʦʩʥʦʚʥʳʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.27. 

 

ʊʘʙʣʠʮʘ 5.27 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 
ʕʪʘʣʦʥ 

ʉʦʜʝʨʞʘʥʠʝ ʙʘʨʠʷ ʚ ʩʧʣʘʚʝ, ʤʘʩ. % 

0.0 0.01 0.1 0.5 1.0 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

1 2 3 4 5 6 7 

300 0.235778 0.277122 0.277159 0.27726 0.277833 0.278541 

350 6.679815 7.839991 7.841025 7.844798 7.866270 7.892853 

400 13.25619 15.55481 15.55673 15.56509 15.61475 15.67623 

450 19.95773 23.42931 23.43191 23.44462 23.52632 23.62729 

500 26.77911 31.46006 31.46312 31.47911 31.59473 31.73731 

550 33.7169 39.6325 39.63585 39.65345 39.80449 39.99023 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʩʧʣʘʚʦʚ 

300 0.000788 0.000927 0.000927 0.000927 0.000929 0.000931 

350 0.020650 0.024237 0.024241 0.024252 0.024318 0.024400 

400 0.038209 0.044836 0.044842 0.044865 0.045007 0.045181 

450 0.053993 0.063382 0.063389 0.063423 0.063640 0.063907 

500 0.068365 0.080302 0.080310 0.080351 0.080639 0.080994 
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ʇʨʦʜʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5.27 

1 2 3 4 5 6 7 

550 0.081588 0.095878 0.095887 0.095931 0.096286 0.096724 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʩʧʣʘʚʦʚ 

300 -0.00073 -0.00086 -0.00086 -0.00086 -0.00086 -0.00086 

350 -0.54769 -0.64307 -0.64315 -0.64344 -0.64506 -0.64706 

400 -2.02751 -2.3796 -2.37991 -2.38109 -2.38786 -2.39625 

450 -4.33911 -5.09258 -5.09321 -5.09585 -5.11158 -5.13104 

500 -7.40333 -8.69077 -8.69179 -8.69632 -8.72468 -8.75974 

550 -11.1565 -13.1004 -13.1018 -13.1085 -13.1530 -13.2079 

 

ɺʠʜʥʦ, ʯʪʦ ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʩʦʜʝʨʞʘʥʠʷ 

ʙʘʨʠʷ ʨʘʩʪʫʪ, ʘ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ. ʈʦʩʪ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʙʘʨʠʝʤ ʦʙʲʷʩʥʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝʤ ʩʪʝʧʝʥʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʝʛʦ 

ʩʪʨʫʢʪʫʨʳ ʧʦʜ ʚʣʠʷʥʠʝʤ ʜʦʙʘʚʢʠ ʙʘʨʠʷ [151]. 

ɺ ʨʝʞʠʤʝ çʦʭʣʘʞʜʝʥʠʷè ʧʦ ʠʟʚʝʩʪʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʵʪʘʣʦʥʥʦʛʦ ʦʙʨʘʟʮʘ ʠʟ 

Pb ʤʘʨʢʠ ʉ00 ʦʧʨʝʜʝʣʝʥʘ ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

(ʵʥʪʘʣʴʧʠʷ, ʵʥʪʨʦʧʠʷ, ʵʥʝʨʛʠʷ ɻʠʙʙʩʘ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʙʘʨʠʝʤ 

ʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʦʣʠʥʦʤʳ, ʦʧʠʩʳʚʘʶʱʠʝ ʠʭ ʠʟʤʝʥʝʥʠʡ [151]. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ 

ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) 

ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ 

ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ɹ(PbSb15Sn10), ʧʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ 

ʫʤʝʥʴʰʘʝʪʩʷ [151, 152]. 
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5.9. ɺʣʠʷʥʠʝ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʥʘ ʪʝʤʧʝʨʘʪʫʨʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʧʣʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʆʜʥʠʤ ʠʟ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʡ ʢʦʨʨʝʢʪʥʦ ʫʩʪʘʥʦʚʠʪʴ ʪʝʤʧʝʨʘʪʫʨʥʫʶ 

ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʸʤʢʦʩʪʠ ὅ ὪὝ ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʚ ʦʙʣʘʩʪʠ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʷʚʣʷʝʪʩʷ ʤʝʪʦʜ ʩʨʘʚʥʝʥʠʷ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ, 

ʠʩʩʣʝʜʫʝʤʦʛʦ ʠ ʵʪʘʣʦʥʥʦʛʦ, ʧʦ ʟʘʢʦʥʫ ʦʭʣʘʞʜʝʥʠʷ ʅʴʶʪʦʥʘ-ʈʠʭʤʘʥʘ [151]. 

ʇʨʠ ʦʭʣʘʞʜʝʥʠʠ ʚ ʨʘʚʥʳʭ ʫʩʣʦʚʠʷʭ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʨʘʟʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩʦʦʪʥʦʩʷʪʩʷ ʦʙʨʘʪʥʦ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʠʭ ʪʝʧʣʦʸʤʢʦʩʪʷʤ, ʘ 

ʪʝʧʣʦʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʚʨʝʤʝʥʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ɼʣʷ 

ʢʘʣʠʙʨʦʚʢʠ ʠ ʧʝʨʝʭʦʜʘ ʢ ʘʙʩʦʣʶʪʥʳʤ ʟʥʘʯʝʥʠʷʤ ʪʝʧʣʦʸʤʢʦʩʪʝʡ ʠ ʪʝʧʣʦʪʳ 

ʧʣʘʚʣʝʥʠʷ ʠʩʧʦʣʴʟʫʝʪʩʷ ʵʪʘʣʦʥʥʳʡ ʦʙʨʘʟʝʮ ʠʟ ʤʘʪʝʨʠʘʣʘ ʠʟʚʝʩʪʥʦʡ  

ʪʝʧʣʦʸʤʢʦʩʪʠ [152]. 

ʆʙʨʘʟʮʳ ʠʟʛʦʪʘʚʣʠʚʘʶʪʩʷ ʚ ʚʠʜʝ ʮʠʣʠʥʜʨʘ ʜʣʠʥʦʡ 30 ʤʤ ʠ ʜʠʘʤʝʪʨʦʤ       

16 ʤʤ ʩ ʚʳʩʚʝʨʣʝʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩ ʦʜʥʦʛʦ ʢʦʥʮʘ, ʚ ʢʦʪʦʨʳʝ ʚʩʪʘʚʣʷʶʪʩʷ 

ʪʝʨʤʦʧʘʨʳ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʥʘʛʨʝʚʘʶʪʩʷ ʜʦ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʳ, ʘ 

ʟʘʪʝʤ ʜʘʶʪ ʚʦʟʤʦʞʥʦʩʪʴ ʦʩʪʳʚʘʪʴ, ʟʘʧʠʩʳʚʘʷ ʪʝʤʧʝʨʘʪʫʨʫ ʯʝʨʝʟ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʦʪʨʝʟʢʠ ʚʨʝʤʝʥʠ, ʪ.ʝ. ʩʥʠʤʘʷ ʢʨʠʚʫʶ ʦʭʣʘʞʜʝʥʠʷ. ʋʩʣʦʚʠʷ, ʚ ʢʦʪʦʨʳʭ ʧʨʦʠʩʭʦʜʠʪ 

ʦʩʪʳʚʘʥʠʝ ʦʙʨʘʟʮʦʚ, ʜʦʣʞʥʳ ʙʳʪʴ ʦʜʠʥʘʢʦʚʳʤʠ [152]. 

ɽʩʣʠ ʚʟʷʪʴ ʜʚʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʪʝʨʞʥʷ ʦʧʨʝʜʝʣʝʥʥʦʡ ʬʦʨʤʳ, ʪʦ, 

ʩʨʘʚʥʠʚʘʷ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ (ʪʝʤʧʝʨʘʪʫʨʳ ʢʘʢ ʬʫʥʢʮʠʡ ʚʨʝʤʝʥʠ) ʵʪʠʭ 

ʦʙʨʘʟʮʦʚ, ʦʜʠʥ ʠʟ ʢʦʪʦʨʳʭ ʩʣʫʞʠʪ ʵʪʘʣʦʥʦʤ (ʝʛʦ ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ 

ʦʭʣʘʞʜʝʥʠʷ ʜʦʣʞʥʳ ʙʳʪʴ ʠʟʚʝʩʪʥʳ), ʤʦʞʥʦ ʦʧʨʝʜʝʣʠʪʴ ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʜʨʫʛʦʛʦ, ʦʧʨʝʜʝʣʠʚ ʩʢʦʨʦʩʪʴ ʝʛʦ ʦʭʣʘʞʜʝʥʠʷ [152]. 

ɼʣʷ ʜʚʫʭ ʦʙʨʘʟʮʦʚ ʦʜʠʥʘʢʦʚʦʛʦ ʨʘʟʤʝʨʘ ʧʨʠ ʜʦʧʫʱʝʥʠʠ ʧʣʦʱʘʜʠ ʠʭ 

ʧʦʚʝʨʭʥʦʩʪʠ S1 = S2 ʠ ʢʦʵʬʬʠʮʠʝʥʪʳ ʪʝʧʣʦʦʪʜʘʯʠ ‌ = ‌, ʪʝʧʣʦʸʤʢʦʩʪʴ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [152]: 

                                                 ὅ   ὅ Ͻ Ͻ ȟ                                        (5.8) 

ʛʜʝ ά ”ὠ ï ʤʘʩʩʘ ʧʝʨʚʦʛʦ ʦʙʨʘʟʮʘ; ά ”ὠ ï ʤʘʩʩʘ ʚʪʦʨʦʛʦ ʦʙʨʘʟʮʘ; 
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,  ï ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʵʪʘʣʦʥʘ ʠ ʠʩʩʣʝʜʫʝʤʳʭ ʩʧʣʘʚʦʚ 

ʧʨʠ ʜʘʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ [152]. 

ʇʨʘʚʦʤʦʯʥʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʜʘʥʥʦʛʦ ʫʨʘʚʥʝʥʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʪʝʧʣʦʸʤʢʦʩʪʠ ʪʚʝʨʜʳʭ ʪʝʣ ʧʨʝʜʩʪʘʚʣʝʥ ʚ ʨʘʙʦʪʘʭ [8, 146-152]. 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʩʪʨʦʷʪ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ. ʂʨʠʚʘʷ ʦʭʣʘʞʜʝʥʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʚʠʩʠʤʦʩʪʴ 

ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʝʛʦ ʚ ʥʝʧʦʜʚʠʞʥʦʤ ʚʦʟʜʫʭʝ. 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʝ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʠ 

ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.32. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʢʦʨʨʝʣʷʮʠʠ ʩʦʩʪʘʚʣʷʣ ʚʝʣʠʯʠʥʫ R
2
ʢʦʨʨ.>0.998, ʧʦʜʪʚʝʨʞʜʘʷ ʧʨʘʚʠʣʴʥʦʩʪʴ ʚʳʙʦʨʘ 

ʘʧʧʨʦʢʩʠʤʠʨʫʶʱʝʡ ʬʫʥʢʮʠʠ [152]. 

ʇʦʣʫʯʝʥʥʳʝ ʛʨʘʬʠʢʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʊ) ʦʪ ʚʨʝʤʝʥʠ ʦʭʣʘʞʜʝʥʠʷ (Ű) ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ 

ʧʦʢʘʟʳʚʘʶʪ ʥʝʧʨʝʨʳʚʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʦʚ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ 

ʉ00) ʧʦ ʤʝʨʝ ʠʭ ʦʭʣʘʞʜʝʥʠʷ. ʅʘ ʢʨʠʚʳʭ ʦʭʣʘʞʜʝʥʠʷ ʪʝʨʤʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ, 

ʩʚʷʟʘʥʥʳʭ ʩ ʬʘʟʦʚʳʤ ʧʨʝʚʨʘʱʝʥʠʝʤ ʠʣʠ ʧʝʨʝʭʦʜʦʤ, ʥʝ ʦʙʥʘʨʫʞʝʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʢʨʠʚʳʝ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʣʘʚʦʚ 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʚʠʜʘ [152]: 

                                         Ὕ ὥὩ ὴὩ ȟ                                  (5.10) 

ʛʜʝ a, b, p, k ï ʧʦʩʪʦʷʥʥʳʝ ʜʣʷ ʜʘʥʥʦʛʦ ʦʙʨʘʟʮʘ, † ï ʚʨʝʤʷ ʦʭʣʘʞʜʝʥʠʷ. 

ɼʠʬʬʝʨʝʥʮʠʨʫʷ ʫʨʘʚʥʝʥʠʝ (5.10) ʧʦ Ű, ʧʦʣʫʯʘʝʤ ʫʨʘʚʥʝʥʠʝ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ [152]: 

                                      ὥὦὩ ὴὯὩ Ȣ 
                            

(5.11) 

ʂʨʠʚʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ ʦʙʨʘʟʮʦʚ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 5.32. ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ 

ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00), 

ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.28 [152]. 
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ʈʠʩʫʥʦʢ 5.32 ï ɻʨʘʬʠʢ ʠʟʤʝʥʝʥʠʷ ʩʢʦʨʦʩʪʠ ʦʭʣʘʞʜʝʥʠʷ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ ʜʣʷ 

ʦʙʨʘʟʮʦʚ ʠʟ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) (1), ʢʘʣʴʮʠʝʤ (ʘ), ʩʪʨʦʥʮʠʝʤ (ʙ), 

ʙʘʨʠʝʤ (ʚ), ʤʘʩ. %: 0.01 (2), 0.1 (3), 0.5 (4), 1.0 (5) ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [152]. 

ʘ) 

ʙ) 

ʚ) 
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ʊʘʙʣʠʮʘ 5.28 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, p, k, ab, pk ʚ ʫʨʘʚʥʝʥʠʠ (5.11) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ        

(Pb ʤʘʨʢʠ ʉ00). 

ʉʦʜʝʨʞʘʥʠʝ Ca, Sr, 

Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

a, K bȚ10
-2
, c

-1 
p, K kȚ10

-4
, c

-1
 ab, Kc

-1 
pkȚ10

-3
, Kc

-1 

0.0 264.43 8.87 309.67 2.77 2.34 8.59 

0.01 Ca 264.44 8.87 311.38 2.76 2.35 8.60 

0.1 Ca 264.44 8.87 312.78 2.75 2.35 8.60 

0.5 Ca 264.44 8.87 313.68 2.74 2.35 8.59 

1.0 Ca 264.43 8.87 314.57 2.73 2.34 8.59 

0.01 Sr 264.44 8.87 308.38 2.79 2.35 8.60 

0.1 Sr 264.44 8.87 310.78 2.77 2.35 8.60 

0.5 Sr 264.44 8.87 311.68 2.76 2.35 8.59 

1.0 Sr 264.44 8.87 326.07 2.63 2.34 8.59 

0.01 Ba 264.44 8.87 325.88 2.64 2.35 8.59 

0.1 Ba 264.44 8.87 327.28 2.63 2.35 8.59 

0.5 Ba 264.44 8.87 327.17 2.62 2.35 8.59 

1.0 Ba 264.42 8.87 328.17 2.62 2.35 8.59 

ʕʪʘʣʦʥ 264.43 8.87 308.67 2.78 2.34 8.59 

 

ɼʘʣʝʝ ʧʦ ʨʘʩʩʯʠʪʘʥʥʳʤ ʟʥʘʯʝʥʠʷʤ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʡ ʦʙʨʘʟʮʦʚ 

ʠʟ ʩʧʣʘʚʦʚ ʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʵʪʘʣʦʥʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (5.8) ʙʳʣʘ ʚʳʯʠʩʣʝʥʘ ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ 

ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). ɺ ʪʘʙʣʠʮʝ 5.30 ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʟʤʝʨʝʥʠʷ 

ʚʝʣʠʯʠʥʳ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʜʣʷ ʨʘʩʩʤʘʪʨʠʚʘʝʤʳʭ ʩʧʣʘʚʦʚ. ɺʠʜʥʦ, ʯʪʦ 

ʫʜʝʣʴʥʘʷ ʪʝʧʣʦʸʤʢʦʩʪʴ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʨʠ 

ʚʚʝʜʝʥʠʠ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ ʢʦʣʠʯʝʩʪʚʘʭ ʜʦ 1.0 ʤʘʩ. %. ʇʨʦʚʝʜʷ 

ʧʦʣʠʥʦʤʥʫʶ ʨʝʛʨʝʩʩʠʶ, ʧʦʣʫʯʠʣʠ ʩʣʝʜʫʶʱʫʶ ʦʙʱʫʶ ʫʨʘʚʥʝʥʠʶ ʜʣʷ ʦʧʠʩʘʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʧʣʘʚʦʚ [152]: 
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                          ὅ ὥ ὦὝ ὧὝ ὨὝȢ                                      (5.12) 

ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 5.29 [152]. 

 

ʊʘʙʣʠʮʘ 5.29 ï ɿʥʘʯʝʥʠʷ ʢʦʵʬʬʠʮʠʝʥʪʦʚ a, b, ʩ, d ʚ ʫʨʘʚʥʝʥʠʠ (5.12) ʜʣʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ɻ ʪʘʣʦʥʘ        

(Pb ʤʘʨʢʠ ʉ00) [152]. 

ʉʦʜʝʨʞʘʥʠʝ Ca, 

Sr, Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

ʘ, 

ɼʞ/(ʢʛĀʂ) 

b, 

ɼʞ/(ʢʛĀʂ
2
) 

cĀ10
-3
, 

ɼʞ/(ʢʛĀʂ
3
) 

dȚ10
-5
, 

ɼʞ/(ʢʛĀʂ
4
) 

ʂʦʵʬʬʠʮʠʝʥʪ 

ʢʦʨʨʝʣʷʮʠʠ 

(R
2
) 

0.0 150.57 -0.08 3.65 -2.97 0.999 

0.01 Ca 150.73 -0.08 3.67 -2.99 0.999 

0.1 Ca 151.92 -0.09 3.82 -3.10 0.999 

0.5 Ca 157.23 -0.11 4.51 -3.62 0.999 

1.0 Ca 163.87 -0.15 5.37 -4.26 0.999 

0.01 Sr 150,63 -0.08 3.65 -2.97 0.999 

0.1 Sr 150.93 -0.08 3.68 -3.00 0.999 

0.5 Sr 152.28 -0.09 3.81 -3.08 0.999 

1.0 Sr 153.97 -0.09 3.98 -3.19 0.999 

0.01 Ba 150.49 -0.08 3.63 -2.95 0.999 

0.1 Ba 149.50 -0.07 3.50 -2.88 0.999 

0.5 Ba 145.17 -0.04 2.90 -2.47 0.999 

1.0 Ba 139.74 -0.01 2.15 - 1.97 0.999 

ʕʪʘʣʦʥ 105.60 0.09 0.08 0.05 1.00 

 

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʘʩʩʯʠʪʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʣʫʯʝʥʥʳʭ ʚʝʣʠʯʠʥ ʩʢʦʨʦʩʪʝʡ ʦʭʣʘʞʜʝʥʠʷ ʦʙʨʘʟʮʦʚ, ʥʘʤʠ 

ʚʳʯʠʩʣʝʥʘ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ‌Ὕ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) 

ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʧʦ ʬʦʨʤʫʣʝ: [152] 
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                                      ‌
  ϽϽ

Ͻ
 ȟ                                          (5.13) 

ʛʜʝ Ὕ ʠ Ὕ ï ʪʝʤʧʝʨʘʪʫʨʘ ʦʙʨʘʟʮʘ ʠ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ, Ὓ ʠ ά ï ʧʣʦʱʘʜʴ 

ʧʦʚʝʨʭʥʦʩʪʠ ʠ ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘ ʨʠʩʫʥʢʝ 5.33 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʝʪʘ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ɻʪʘʣʦʥʘ (Pb 

ʤʘʨʢʠ ʉ00) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʝʤʧʝʨʘʪʫʨʳ. ɼʦʙʘʚʢʘ 0.01-1.0 ʤʘʩ. % ʢʘʣʴʮʠʷ, 

ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʫʤʝʥʴʰʘʝʪ ʢʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʦʪʜʘʯʠ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) [152]. 

 

ʊʘʙʣʠʮʘ 5.30 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ (ɼʞ/(ʢʛĿʂ)) 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ɻ ʪʘʣʦʥʘ         

(Pb ʤʘʨʢʠ ʉ00). 

ʉʦʜʝʨʞʘʥʠʝ Ca, Sr, 

Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 149.84 152.73 155.88 159.08 162.09 164.71 

0.01 Ca 149.92 152.80 155.95 159.15 162.16 164.76 

0.1 Ca 150.36 153.26 156.44 159.68 162.72 165.36 

0.5 Ca 152.47 155.45 158.79 162.20 165.43 168.20 

1.0 Ca 155.10 158.19 161.73 165.39 168.87 171.84 

0.01 Sr 149.87 152.75 155.90 159.09 162.11 164.72 

0.1 Sr 150.00 152.88 156.01 159.19 162.18 164.77 

0.5 Sr 150.72 153.62 156.81 160.06 163.13 165.80 

1.0 Sr 151.69 154.64 157.91 161.26 164.45 167.23 

0.01 Ba 149.86 152.75 155.90 159.09 162.10 164.71 

0.1 Ba 149.92 152.83 155.99 159.17 162.15 164.73 

0.5 Ba 150.23 153.34 156.60 159.83 162.84 165.45 

1.0 Ba 150.59 153.92 157.29 160.56 163.57 166.17 

ʕʪʘʣʦʥ 127.50 130.23 132.80 135.24 137.60 139.90 
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ʈʠʩʫʥʦʢ 5.33 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) (1), ʢʘʣʴʮʠʝʤ (ʘ), ʩʪʨʦʥʮʠʝʤ (ʙ), ʙʘʨʠʝʤ (ʚ), 

ʤʘʩ. %: 0.01% (2), 0.1% (3), 0.5% (4), 1.0 (5) ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [152]. 

ʙ) 

ʚ) 

ʘ) 

Ŭ, ɺʪ/(ʤ
2 
K) 
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ɼʣʷ ʨʘʩʯʸʪʘ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʧʦ (5.14) - (5.16) ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, 

ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠʥʪʝʛʨʘʣʳ ʦʪ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʧʦ 

ʫʨʘʚʥʝʥʠʶ (5.12) [150, 152]: 

Ὄ Ὕ  Ὄ Ὕ ὥὝ Ὕ Ὕ Ὕ Ὕ Ὕ (Ὕ Ὕ Ƞ         (5.14) 

Ὓ Ὕ Ὓ Ὕ ὥὰὲ ὦὝ Ὕ Ὕ Ὕ Ὕ Ὕ Ƞ                    (5.15) 

Ὃ Ὕ  Ὃ Ὕ Ὄ Ὕ Ὄ Ὕ ὝὛ Ὕ Ὓ Ὕ ȟ                               (5.16) 

ʛʜʝ  = 298.15 ʂ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʘ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʩʦʜʝʨʞʘʱʠʭ 0.01-1.0     

ʤʘʩ. % ʜʦʙʘʚʢʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʘʭ 5.31-5.33. ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ 

ʪʝʤʧʝʨʘʪʫʨʳ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ 

ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ. ʇʨʠ ʧʝʨʝʭʦʜʝ ʦʪ ʩʧʣʘʚʦʚ ʩ ʢʘʣʴʮʠʝʤ ʢ ʩʧʣʘʚʘʤ ʩʦ 

ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ, ʵʥʪʘʣʴʧʠʷ ʠ ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʶʪʩʷ, ʘ ʟʥʘʯʝʥʠʝ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʠʤʝʝʪ ʦʙʨʘʪʥʫʶ ʟʘʚʠʩʠʤʦʩʪʴ [149-152]. 

 

ʊʘʙʣʠʮʘ 5.31 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ 

ʠ ɻʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʉʦʜʝʨʞʘʥʠʝ Ca, 

Sr, Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

ʊ, ʂ 

300 350 400 450 500 550 

1 2 3 4 5 6 7 

0.0 0.277122 7.839991 15.55481 23.42931 31.46006 39.6325 

0.01 Ca 0.277264 7.843944 15.56248 23.44054 31.47455 39.64976 

0.1 Ca 0.278093 7.867390 15.60966 23.51320 31.574720 39.77927 

0.5 Ca 0.281987 7.978238 15.83352 23.85877 32.05135 40.39505 

1.0 Ca 0.286850 8.116794 16.11377 24.29221 32.65059 41.17138 

0.01 Sr 0.277181 7.841531 15.55758 23.43306 31.46453 39.63746 

0T
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ʇʨʦʜʦʣʞʝʥʠʝ ʪʘʙʣʠʮʳ 5.31 

1 2 3 4 5 6 7 

0.1 Sr 0.277427 7.848152 15.57006 23.45079 31.4867 39.66292 

0.5 Sr 0.278746 7.885795 15.64616 23.56845 31.64977 39.87561 

1.0 Sr 0.280539 7.937269 15.75067 23.73053 31.87465 40.16891 

0.01 Ba 0.277159 7.841025 15.55673 23.43191 31.46312 39.63585 

0.1 Ba 0.27726 7.844798 15.56509 23.44462 31.47911 39.65345 

0.5 Ba 0.277833 7.866270 15.61475 23.52632 31.59473 39.80449 

1.0 Ba 0.278541 7.892853 15.67623 23.62729 31.73731 39.99023 

ʕʪʘʣʦʥ 0.235778 6.679815 13.25619 19.95773 26.77911 33.7169 

 

ʊʘʙʣʠʮʘ 5.32 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʨʦʧʠʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ  

(Pb ʤʘʨʢʠ ʉ00). 

ʉʦʜʝʨʞʘʥʠʝ Ca, 

Sr, Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

3 ˟-3 4 ȟ̋ ˑȾ̠̇̋̄  ʜʣʷ ʩʧʣʘʚʦʚ 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 0.000927 0.024237 0.044836 0.063382 0.080302 0.095878 

0.01 Ca 0.000927 0.02425 0.044858 0.063413 0.080339 0.095921 

0.1 Ca 0.000930 0.024322 0.044994 0.063608 0.080593 0.096230 

0.5 Ca 0.000943 0.024665 0.045638 0.064539 0.081799 0.097702 

1.0 Ca 0.000959 0.025093 0.046445 0.065706 0.083316 0.099556 

0.01 Sr 0.000927 0.024242 0.044844 0.063392 0.080314 0.095891 

0.1 Sr 0.000928 0.024263 0.04488 0.063441 0.080371 0.095955 

0.5 Sr 0.000932 0.024379 0.045099 0.063758 0.080784 0.096462 

1.0 Sr 0.000938 0.024538 0.0454 0.064194 0.081352 0.097161 

0.01 Ba 0.000927 0.024241 0.044842 0.063389 0.080310 0.095887 

0.1 Ba 0.000927 0.024252 0.044865 0.063423 0.080351 0.095931 

0.5 Ba 0.000929 0.024318 0.045007 0.063640 0.080639 0.096286 

1.0 Ba 0.000931 0.024400 0.045181 0.063907 0.080994 0.096724 

ʕʪʘʣʦʥ 0.000788 0.02065 0.038209 0.053993 0.068365 0.081588 
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ʊʘʙʣʠʮʘ 5.33 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ, ʙʘʨʠʝʤ ʠ ʵʪʘʣʦʥʘ  

(Pb ʤʘʨʢʠ ʉ00). 

ʉʦʜʝʨʞʘʥʠʝ Ca, Sr, 

Ba ʚ ʙʘʙʙʠʪʝ, 

ʤʘʩ. % 

Ὃ Ὕ Ὃ ˟ᶻ ȟ̋ ˑȾ̇̋  ̄ʜʣʷ ʩʧʣʘʚʦʚ 

ʊ, ʂ 

300 350 400 450 500 550 

0.0 -0.00086 -0.64307 -2.3796 -5.09258 -8.69077 -13.1004 

0.01 Ca -0.00086 -0.64339 -2.38080 -5.09510 -8.69500 -13.1066 

0.1 Ca -0.00086 -0.64531 -2.38794 -5.11054 -8.72169 -13.1474 

0.5 Ca -0.00087 -0.65438 -2.42175 -5.18378 -8.84840 -13.3412 

1.0 Ca -0.00089 -0.6657 -2.46404 -5.27545 -9.00718 -13.5842 

0.01 Sr -0.00086 -0.6432 -2.38006 -5.0935 -8.69225 -13.1025 

0.1 Sr -0.00086 -0.64375 -2.38204 -5.09762 -8.69904 -13.1124 

0.5 Sr -0.00086 -0.64683 -2.39353 -5.12251 -8.74217 -13.1785 

1.0 Sr -0.00087 -0.65102 -2.40925 -5.15666 -8.80144 -13.2694 

0.01 Ba -0.00086 -0.64315 -2.37991 -5.09321 -8.69179 -13.1018 

0.1 Ba -0.00086 -0.64344 -2.38109 -5.09585 -8.69632 -13.1085 

0.5 Ba -0.00086 -0.64506 -2.38786 -5.11158 -8.72468 -13.1530 

1.0 Ba -0.00086 -0.64706 -2.39625 -5.13104 -8.75974 -13.2079 

ʕʪʘʣʦʥ -0.00073 -0.54769 -2.02751 -4.33911 -7.40333 -11.1565 

 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ 

ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ 

ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʣʝʛʠʨʫʶʱʠʡ ʢʦʤʧʦʥʝʥʪ ʚ ʠʟʫʯʝʥʥʦʤ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ 

ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) ʫʚʝʣʠʯʠʚʘʝʪ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʶ ʠ ʵʥʪʨʦʧʠʶ 

ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ. ʇʨʠ ʵʪʦʤ ʟʥʘʯʝʥʠʝ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʝʪʩʷ [152]. 
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5.10. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 5 

ɺ ʪʘʙʣʠʮʘʭ 5.34, 5.35 ʠ ʥʘ ʨʠʩʫʥʢʘʭ 5.34-5.36 ʦʙʦʙʱʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʱʝʣʦʯʥʳʤʠ (Li, Na, K), ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ 

(Ca, Sr, Ba) ʤʝʪʘʣʣʘʤʠ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00), ʥʘ ʧʨʠʤʝʨʝ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

1.0 ʤʘʩ. % ʜʦʙʘʚʢʠ. ɺʠʜʥʦ, ʯʪʦ ʩ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʪʝʧʣʦʸʤʢʦʩʪʴ, ʵʥʪʘʣʴʧʠʷ ʠ 

ʵʥʪʨʦʧʠʷ ʩʧʣʘʚʦʚ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʘ ʟʥʘʯʝʥʠʷ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʫʤʝʥʴʰʘʝʪʩʷ [146-

152]. 

ɺ ʦʙʱʝʤ, ʠʩʩʣʝʜʦʚʘʥʠʷ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʠ ʠʟʤʝʥʝʥʠʡ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʜʦʙʘʚʢʘ ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʚ ʠʟʫʯʝʥʥʦʤ 

ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʤ ʠʥʪʝʨʚʘʣʝ (0.01-1.0 ʤʘʩ. %) ʫʚʝʣʠʯʠʚʘʶʪ ʫʢʘʟʘʥʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ [146-152]. 

ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦ ʤʝʨʝ ʧʝʨʝʭʦʜʘ ʦʪ ʩʧʣʘʚʦʚ ʩ ʣʠʪʠʝʤ ʢ ʩʧʣʘʚʘʤ, ʩ 

ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ ʠ ʢʘʣʴʮʠʝʤ ʢ ʩʧʣʘʚʘʤ, ʩʦ ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ, ʫʜʝʣʴʥʘʷ 

ʪʝʧʣʦʸʤʢʦʩʪʴ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʬʫʥʢʮʠʡ ʩʧʣʘʚʦʚ ʫʤʝʥʴʰʘʶʪʩʷ (ʪʘʙʣ. 5.34). 

ʕʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʨʦʩʪʦʤ ʩʪʝʧʝʥʠ ʛʝʪʝʨʦʛʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʧʨʠ 

ʣʝʛʠʨʦʚʘʥʠʠ ʣʠʪʠʝʤ, ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ [152]. 

 

ʊʘʙʣʠʮʘ 5.34 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩ 1.0 ʤʘʩ. % Li , Na, K, Ca, Sr, Ba ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00). 

ʊ, ʂ 

ʊʝʧʣʦʸʤʢʦʩʪʴ ʩʧʣʘʚʦʚ, ɼʞ/(ʢʛĿʂ) 

ʉʦʜʝʨʞʘʥʠʝ Li, Na, K, Ca, Sr ʠ Ba ʚ ʙʘʙʙʠʪʝ, ʤʘʩ. % 

ʕʪʘʣʦʥ 0.0 1.0 Li  1.0 Na 1.0 ʂ 1.0 Ca 1.0 Sr 1.0 Ba 

300 127.50 149.84 184.41 160.86 156.16 155.10 151.69 150.59 

350 130.23 152.73 189.33 163.83 159.22 158.19 154.64 153.92 

400 132.80 155.88 194.57 166.96 162.43 161.73 157.91 157.29 

450 135.24 159.08 199.52 170.08 165.61 165.39 161.26 160.56 

500 137.60 162.09 203.60 173.00 168.87 168.55 164.45 163.57 

550 139.90 164.71 206.22 175.57 171.84 171.08 167.23 166.17 
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ʈʠʩʫʥʦʢ 5.34 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʜʝʣʴʥʦʡ ʪʝʧʣʦʸʤʢʦʩʪʠ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) (1), Li , Ca (2), Na, Sr (3), K, Ba (4) ʠ ʵʪʘʣʦʥʘ 

(Pb ʤʘʨʢʠ ʉ00). 

 

ʄʘʣʳʝ ʜʦʙʘʚʢʠ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʩʚʠʥʮʦʚʦʤ ʙʘʙʙʠʪʝ ɹ(PbSb15Sn10), 

ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ɦʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʧʨʠʚʦʜʷʪ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ. ʇʨʠ ʵʪʦʤ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʝ 

╒▬
Ј, ɼʞ/(ʢʛΞʂ) 

1 

1 
4 
3 

2 

2 

3 
4 

 

 



210 
 

 

 

ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʝʪ ʢʘʣʠʡ ʠ ʙʘʨʠʡ, ʯʪʦ ʩʚʷʟʘʥʦ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩ ʵʣʝʢʪʨʦʥʥʳʤ 

ʩʪʨʦʝʥʠʝʤ ʢʘʣʠʷ ʠ ʙʘʨʠʷ, ʨʘʟʤʝʨʥʳʤ ʬʘʢʪʦʨʦʤ. ʆʧʪʠʤʘʣʴʥʳʝ ʢʦʥʮʝʥʪʨʘʮʠʠ Li, 

Na, K, Ca, Sr ʠ Ba ʚ ʩʚʠʥʮʦʚʦʤ ʙʘʙʙʠʪʝ ɹ(PbSb15Sn10) ʩʦʩʪʘʚʣʷʝʪ 0.01-1.0 ʤʘʩ. %. 

 

ʊʘʙʣʠʮʘ 5.35 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ, ʵʥʪʨʦʧʠʠ ʠ 

ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ Li, Na, K, Ca, 

Sr ʠ Ba [146-152]. 

ʊ, ʂ 

ʉʦʜʝʨʞʘʥʠʝ Li, Na, K, Ca, Sr ʠ Ba ʚ ʙʘʙʙʠʪʝ, ʤʘʩ. % 

Ὄ Ὕ Ὄ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

0.0 1.0 Li  1.0 Na 1.0 ʂ  1.0 Ca 1.0 Sr 1.0 Ba 

300 0.277 0.342 0.297 0.289 0.286 0.280 0.2785 

350 7.839 9.728 8.413 8.172 8.116 7.937 7.8928 

400 15.554 19.386 16.683 16.213 16.113 15.750 15.6762 

450 23.429 29.321 25.109 24.414 24.292 23.730 23.6272 

500 31.460 39.511 33.688 32.769 32.650 31.874 31.7373 

550 39.632 49.902 42.404 41.263 41.171 40.168 39.9902 

Ὓ Ὕ Ὓ Ὕ ȟ ʢɼʞ/(ʢʛĿK) ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 0.0009 0.0010 0.0010 0.0010 0.0009 0.0009 0.0009 

350 0.0242 0.0301 0.0260 0.0253 0.0250 0.0245 0.0244 

400 0.0448 0.0556 0.0481 0.0467 0.0464 0.0454 0.0451 

450 0.0633 0.0792 0.0679 0.0661 0.0657 0.0641 0.0639 

500 0.0803 0.1007 0.0860 0.0836 0.0833 0.0813 0.0809 

550 0.0958 0.1205 0.1026 0.0998 0.0995 0.0971 0.0967 

Ὃ Ὕ  Ὃ Ὕ ȟ ʢɼʞ/ʢʛ ʜʣʷ ʙʘʙʙʠʪʦʚ 

300 -0.0008 -0.0011 -0.0010 -0.0010 -0.0008 -0.0008 -0.0008 

350 -0.6430 -0.7966 -0.6902 -0.6703 -0.6657 -0.6510 -0.6470 

400 -2.3796 -2.9560 -2.5533 -2.4804 -2.4640 -2.4092 -2.3962 

450 -5.0925 -6.3425 -6.4623 -5.3078 -5.2754 -5.1566 -5.1310 

500 -8.6907 -10.849 -9.3177 -9.0568 -9.0071 -8.80144 -8.7597 

550 -13.1004 -16.3869 -14.0392 -13.6496 -13.5842 -13.2694 -13.2079 
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ʈʠʩʫʥʦʢ 5.35 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ (ʘ), ʵʥʪʨʦʧʠʠ (ʙ) 

ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʚ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩ 1.0 ʤʘʩ. % ʣʠʪʠʝʤ, 

ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ ʠ ʵʪʘʣʦʥʘ (Pb ʤʘʨʢʠ ʉ00) [146-148, 152]. 
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ʈʠʩʫʥʦʢ 5.36 ï ʊʝʤʧʝʨʘʪʫʨʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʟʤʝʥʝʥʠʡ ʵʥʪʘʣʴʧʠʠ (ʘ), ʵʥʪʨʦʧʠʠ (ʙ) 

ʠ ʵʥʝʨʛʠʠ ɻʠʙʙʩʘ (ʚ) ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩ 1.0 ʤʘʩ. % ʢʘʣʴʮʠʝʤ, 

ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ [149-152]. 
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ɻʃɸɺɸ 6. ʂʀʅɽʊʀʂɸ ʆʂʀʉʃɽʅʀʗ ʉɺʀʅʎʆɺʆɻʆ ɹɸɹɹʀʊɸ 

ɹ(PbSb15Sn10) ʉ ʑɽʃʆʏʅʓʄʀ ʀ ʑɽʃʆʏʅʆɿɽʄɽʃʔʅʓʄʀ 

ʄɽʊɸʃʃɸʄʀ, ɺ ʊɺɽʈɼʆʄ ʉʆʉʊʆʗʅʀʀ 

6.1. ʋʩʪʘʥʦʚʢʘ ʠ ʤʝʪʦʜʠʢʘ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʠʥʪʝʨʝʩ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʧʨʦʙʣʝʤʘʤ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ 

ʠ ʩʧʣʘʚʦʚ ʚʦʟʨʦʩ, ʯʪʦ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʴʰʠʤ ʧʨʘʢʪʠʯʝʩʢʠʤ ʟʥʘʯʝʥʠʝʤ ʨʝʘʢʮʠʡ 

ʦʢʠʩʣʝʥʠʷ. ɹʝʟ ʟʥʘʥʠʡ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʥʝʚʦʟʤʦʞʥʦ ʨʝʰʠʪʴ 

ʧʨʦʙʣʝʤʫ ʚʳʙʦʨʘ ʠ ʠʟʳʩʢʘʥʠʷ ʞʘʨʦʩʪʦʡʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ, ʢʦʪʦʨʳʝ 

ʧʨʝʜʥʘʟʥʘʯʝʥʳ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʥʘʛʨʝʚʘʪʝʣʝʡ, ʧʝʯʝʡ, ʪʝʧʣʦʦʙʤʝʥʥʠʢʦʚ ʠ ʜʨʫʛʠʭ 

ʠʟʜʝʣʠʡ ʪʝʭʥʠʯʝʩʢʦʛʦ ʥʘʟʥʘʯʝʥʠʷ. ɺ ʩʚʷʟʠ ʩ ʨʘʟʚʠʪʠʝʤ ʥʦʚʳʭ ʦʪʨʘʩʣʝʡ ʪʝʭʥʠʢʠ, 

ʪʘʢʠʭ ʢʘʢ ʨʘʢʝʪʦʩʪʨʦʝʥʠʝ, ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ, 

ʧʦʨʦʰʢʦʚʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʥʘʥʦʪʝʭʥʦʣʦʛʠʠ ʠ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ, ʚʦʧʨʦʩʳ 

ʛʨʘʤʦʪʥʦʛʦ ʧʦʜʙʦʨʘ ʤʘʪʝʨʠʘʣʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 

ʦʩʪʘʶʪʩʷ ʘʢʪʫʘʣʴʥʳʤʠ [172-175]. 

ʈʘʟʚʠʪʠʝ ʩʦʚʨʝʤʝʥʥʦʡ ʪʝʭʥʠʢʠ ʧʨʝʜʲʷʚʣʷʝʪ ʚʩʝ ʥʦʚʳʝ ʠ ʙʦʣʝʝ ʞʝʩʪʢʠʝ 

ʪʨʝʙʦʚʘʥʠʷ ʢ ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʤ ʤʘʪʝʨʠʘʣʘʤ, ʨʘʙʦʪʘʶʱʠʤ ʚ ʫʩʣʦʚʠʷʭ ʚʳʩʦʢʠʭ 

ʪʝʤʧʝʨʘʪʫʨ, ʥʘʛʨʫʟʦʢ, ʜʘʚʣʝʥʠʡ ʠ ʘʛʨʝʩʩʠʚʥʳʭ ʩʨʝʜ [176-179]. 

ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʯʠʩʪʳʝ ʤʝʪʘʣʣʳ ʨʝʜʢʦ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ, ʚʦʧʨʦʩʳ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠ ʤʝʪʦʜʳ ʧʦʚʳʰʝʥʠʷ 

ʠʭ ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʦʢʠʩʣʝʥʠʶ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ ʠ ʘʢʪʫʘʣʴʥʳʤʠ [180-184]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠ ̫ ʜʦʙʘʚʦʢ ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, Sr, Ba) ʤʝʪʘʣʣʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣʠ ʚʳʧʣʘʚʣʝʥʳ ʩʧʣʘʚʳ ʩ ʣʠʪʠʝʤ, 

ʥʘʪʨʠʝʤ, ʢʘʣʠʝʤ, ʢʘʣʴʮʠʝʤ, ʩʪʨʦʥʮʠʝʤ ʠ ʙʘʨʠʝʤ ʤʘʩʩʦʡ 10 ʛ ʚ ʚʘʢʫʫʤʥʦʡ ʧʝʯʠ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ ʪʠʧʘ ʉʅɺʕ - 1.3.1/16ʀ3 ʚ ʘʪʤʦʩʬʝʨʝ ʛʝʣʠʷ ʧʨʠ ʠʟʙʳʪʦʯʥʦʤ 

ʜʘʚʣʝʥʠʠ 0.15 ʤʇʘ ʚ ʪʠʛʣʷʭ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ [175, 176, 185-187]. 

ʄʝʪʦʜʠʢʘ ʧʦʣʫʯʝʥʠʷ ʦʙʨʘʟʮʦʚ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ 

ʤʝʪʘʣʣʦʚ ʠ ʩʧʣʘʚʦʚ ʧʨʠ ʚʳʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʧʨʠʚʝʜʝʥ ʥʠʞʝ. ʂʠʥʝʪʠʢʫ 

ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʠʩʩʣʝʜʦʚʘʣʠ ʤʝʪʦʜʦʤ ʪʝʨʤʦʛʨʘʚʠʤʝʪʨʠʠ ʚ ʥʝʠʟʦʪʝʨʤʠʯʝʩʢʠʭ 
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ʫʩʣʦʚʠʷʭ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ ʧʦ ʤʝʪʦʜʠʢʝ, ʦʧʠʩʘʥʥʦʡ ʚ ʨʘʙʦʪʘʭ [175, 176, 185-

191]. ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʚʳʧʣʘʚʣʝʥʥʳʭ 

ʩʧʣʘʚʦʚ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩʫʥʢʝ 6.1. ʆʩʥʦʚʥʳʝ ʯʘʩʪʠ ʫʩʪʘʥʦʚʢʠ: ʧʝʯʴ ʊʘʤʤʘʥʘ (1) ʩ 

ʚʥʫʪʨʝʥʥʝʡ ʪʨʫʙʢʦʡ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ (2), ʢʦʪʦʨʦʝ ʟʘʢʨʳʚʘʝʪʩʷ 

ʚʦʜʦʦʭʣʘʞʜʘʶʱʠʤʠ ʢʨʳʰʢʘʤʠ (7). ʂʨʳʰʢʠ ʠʤʝʶʪ ʦʪʚʝʨʩʪʠʷ ʜʣʷ 

ʛʘʟʦʧʨʦʚʦʜʷʱʝʡ ʪʨʫʙʢʠ (3), ʜʣʷ ʦʙʨʘʟʮʦʚ ʠʟ ʩʧʣʘʚʦʚ (4) ʠ ʪʝʨʤʦʧʘʨʳ (5). ʆʙʨʘʟʝʮ 

ʧʦʜʚʝʰʠʚʘʝʪʩʷ ʥʘ ʧʣʘʪʠʥʦʚʦʡ ʥʠʪʠ (6) ʢ ʧʨʫʞʠʥʝ. ʇʨʫʞʠʥʘ (12) ʠʟʛʦʪʦʚʣʝʥʘ ʠʟ 

ʤʦʣʠʙʜʝʥʦʚʦʡ ʧʨʦʚʦʣʦʢʠ. ʇʨʫʞʠʥʫ ʢʘʣʠʙʨʫʶʪ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʠ ʚʚʦʜʷʪ ʚ 

ʸʤʢʦʩʪʴ ʠʟ ʤʦʣʠʙʜʝʥʦʚʦʛʦ ʩʪʝʢʣʘ (11) ʩ ʧʨʠʪʸʨʪʦʡ ʢʨʳʰʢʦʡ (14). ɪʤʢʦʩʪʴ ʩ 

ʧʨʫʞʠʥʦʡ ʟʘʢʨʝʧʣʷʶʪ ʥʘ ʧʦʜʩʪʘʚʢʝ (13), ʥʝʟʘʚʠʩʠʤʦʡ ʦʪ ʧʝʯʠ, ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʚʠʙʨʘʮʠʠ. ɼʣʷ ʟʘʱʠʪʳ ʚʝʩʦʚ ʦʪ ʪʝʧʣʦʚʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʝʯʠ ʥʘ 

ʥʠʞʥʝʡ ʯʘʩʪʠ ʸʤʢʦʩʪʠ ʠʩʧʦʣʴʟʫʶʪ ʦʭʣʘʞʜʘʝʤʦʝ ʦʩʥʦʚʘʥʠʝ (15). ʇʦ ʨʘʩʪʷʞʝʥʠʶ 

ʧʨʫʞʠʥʳ ʩ ʧʦʤʦʱʴʶ ʢʘʪʝʪʦʤʝʪʨʘ ʂʄ-8 ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʬʠʢʩʘʮʠʷ ʠʟʤʝʥʝʥʠʷ 

ʤʘʩʩʳ ʦʙʨʘʟʮʘ. ɺ ʥʘʰʠʭ ʦʧʳʪʘʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʨʫʙʢʫ ʠʟ ʦʢʩʠʜʘ ʘʣʶʤʠʥʠʷ 

ʜʠʘʤʝʪʨʦʤ 18-20 ʠ ʚʳʩʦʪʦʡ 25-26 ʤʤ. ʇʝʨʝʜ ʦʧʳʪʦʤ ʪʨʫʙʢʠ ʧʨʦʢʘʣʠʚʘʣʠ ʧʨʠ 

1273-1473 ʂ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ ʩʨʝʜʝ ʚ ʪʝʯʝʥʠʝ 1.5 ʯʘʩʦʚ ʜʦ ʧʦʩʪʦʷʥʥʦʡ ʤʘʩʩʳ. 

ʆʢʠʩʣʝʥʠʝ ʦʙʨʘʟʮʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ ʚʦʟʜʫʭʝ ʧʨʠ ʧʦʩʪʦʷʥʥʳʭ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 373 ʂ, 423 ʂ ʠ 473 ʂ ʚ ʪʝʯʝʥʠʠ 1 ʯʘʩʘ [175, 176, 185-187]. 

ʊʠʛʝʣʴ ʩ ʠʩʩʣʝʜʫʝʤʳʤ ʤʝʪʘʣʣʦʤ ʧʦʤʝʱʘʣʩʷ ʚ ʠʟʦʪʝʨʤʠʯʝʩʢʫʶ ʟʦʥʫ ʧʝʯʠ. 

ʅʘʛʨʝʚ ʦʙʨʘʟʮʦʚ ʚʳʧʦʣʥʷʣʠ ʚ ʘʪʤʦʩʬʝʨʝ ʚʦʟʜʫʭʘ. ʇʦʜʲʸʤ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʨʦʚʦʜʠʣʠ ʩʦ ʩʢʦʨʦʩʪʴʶ 2-3 ʂ/ʤʠʥ. ʇʝʨʝʜ ʨʘʟʦʛʨʝʚʦʤ ʧʝʯʠ ʢʘʪʝʪʦʤʝʪʨ 

ʥʘʩʪʨʘʠʚʘʣʠ ʥʘ ʫʢʘʟʘʪʝʣʴ ʧʨʫʞʠʥʳ, ʟʘʧʠʩʳʚʘʣʠ ʥʘ ʰʢʘʣʝ ʪʦʯʢʫ ʦʪʩʯʸʪʘ ʠ ʚ 

ʪʝʯʝʥʠʝ ʥʘʛʨʝʚʘ ʢʦʥʪʨʦʣʠʨʦʚʘʣʠ ʠʟʤʝʥʝʥʠʝ ʤʘʩʩʳ. ʇʨʠ ʜʦʩʪʠʞʝʥʠʠ ʟʘʜʘʥʥʦʛʦ 

ʨʝʞʠʤʘ ʟʘʧʠʩʳʚʘʣʠ ʥʦʚʫʶ ʪʦʯʢʫ ʦʪʩʯʸʪʘ [175, 176, 185-187]. 
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ʈʠʩʫʥʦʢ 6.1 ï ʉʭʝʤʘ ʫʩʪʘʥʦʚʢʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʤʝʪʘʣʣʦʚ ʠ 

ʩʧʣʘʚʦʚ [185]. 

 

ʊʝʤʧʝʨʘʪʫʨʫ ʠʟʤʝʨʷʣʠ ʧʣʘʪʠʥʦ-ʧʣʘʪʠʥʦʨʦʜʠʝʚʦʡ ʪʝʨʤʦʧʘʨʦʡ, ʛʦʨʷʯʠʡ ʩʧʘʡ 

ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʣʩʷ ʥʘ ʫʨʦʚʥʝ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. ʊʦʯʥʦʩʪʴ ʠʟʤʝʨʝʥʠʷ 

ʪʝʤʧʝʨʘʪʫʨʳ ʩʦʩʪʘʚʣʷʣʘ Ñ2 ʂ [185]. ʊʝʨʤʦʤʝʪʨ ʧʦʤʝʱʘʣʠ ʚ ʪʨʫʙʢʫ ʠʟ ʦʢʩʠʜʘ 

ʘʣʶʤʠʥʠʷ. ɼʣʷ ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʦʢʘʟʘʥʠʡ ʪʝʤʧʝʨʘʪʫʨʳ ʭʦʣʦʜʥʳʡ ʩʧʘʡ 

ʪʝʨʤʦʩʪʘʪʠʨʦʚʘʣʠ ʧʨʠ 273 ʂ ʩ ʧʦʤʦʱʴʶ ʥʫʣʴ-ʪʝʨʤʦʩʪʘʪʘ ʤʘʨʢʠ çʅʫʣʴ-ɺè.           

ɺ ʢʘʯʝʩʪʚʝ ʨʝʛʠʩʪʨʠʨʫʶʱʝʛʦ ʧʨʠʙʦʨʘ ʪʝʤʧʝʨʘʪʫʨʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʧʦʪʝʥʮʠʦʤʝʪʨ 

ʇʇ-63. ʇʦʩʣʝ ʦʢʦʥʯʘʥʠʷ ʦʧʳʪʘ ʩʠʩʪʝʤʫ ʦʭʣʘʞʜʘʣʠ, ʪʠʛʝʣʴ ʩ ʩʦʜʝʨʞʠʤʳʤ 

ʚʟʚʝʰʠʚʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʧʨʠʚʝʩʴ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, ʚ ʮʝʣʦʤ [175, 176, 185-187]. 
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ʇʦʛʨʝʰʥʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʩʯʠʪʘʥʘ ʠʟ ʠʩʭʦʜʥʦʡ ʬʦʨʤʫʣʳ 

ʢʦʥʩʪʘʥʪʳ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ (ὑ) [185]: 

                                 ὑ  ὫȾίὸȟ                                                (6.1) 

ʛʜʝ Ὣ ï ʤʘʩʩʘ ʦʙʨʘʟʮʘ, ί ï ʧʦʚʝʨʭʥʦʩʪʴ ʨʝʘʛʠʨʦʚʘʥʠʷ, ὸ ï ʚʨʝʤʷ. 

ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʚ ʦʮʝʥʢʝ ʩʢʣʘʜʳʚʘʝʪʩʷ ʠʟ ʩʫʤʤʳ ʦʪʥʦʩʠʪʝʣʴʥʳʭ 

ʦʰʠʙʦʢ [185]: 

                            ῳὑȾὑ  ῳὫȾὫ ῳίȾί ῳὸȾὸȢ                           (6.2) 

ɺʳʯʠʩʣʝʥʥʘʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʦ ʫʨʘʚʥʝʥʠʶ (6.2) 

ʩʦʩʪʘʚʣʷʝʪ [185]: 

ῳὫȾὫ  ςȢχρ  ρȢυ   πȢπςχ  ωȢφςϷȢ 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ. ɼʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʠʜʘ ʠ ʩʦʩʪʘʚʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʬʘʟ, ʧʨʠʩʫʪʩʪʚʫʶʱʠʭ ʚ ʧʨʠʨʦʜʥʳʭ 

ʠ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʤʘʪʝʨʠʘʣʘʭ, ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʥʘʭʦʜʷʪ ʨʝʥʪʛʝʥʦʚʩʢʠʝ 

ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʉ ʧʦʤʦʱʴʶ ʨʝʥʪʛʝʥʦʬʘʟʦʚʦʛʦ ʘʥʘʣʠʟʘ ʠʩʩʣʝʜʫʝʪʩʷ 

ʢʘʯʝʩʪʚʝʥʥʳʡ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʩʦʩʪʘʚ ʤʘʪʝʨʠʘʣʦʚ, ʦʧʨʝʜʝʣʷʶʪʩʷ ʧʘʨʘʤʝʪʨʳ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ, ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʪʚʝʨʜʳʝ 

ʨʘʩʪʚʦʨʳ ʠ ʧʨʝʚʨʘʱʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʦʠʩʭʦʜʷʪ ʚ ʤʘʪʝʨʠʘʣʘʭ ʧʦʜ ʚʣʠʷʥʠʝʤ 

ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʜʘʚʣʝʥʠʷ. ʌʘʟʦʚʳʡ ʨʝʥʪʛʝʥʦʚʩʢʠʡ ʘʥʘʣʠʟ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʡ 

ʩʧʣʘʚʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʧʨʠ ʧʦʤʦʱʠ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3ʄ, ʦʩʥʘʱʝʥʥʦʛʦ 

ʢʦʤʧʴʶʪʝʨʦʤ [175, 176, 185-187]. ʂʘʯʝʩʪʚʝʥʥʳʡ ʬʘʟʦʚʳʡ ʩʦʩʪʘʚ ʦʧʨʝʜʝʣʷʣʩʷ 

ʩʦʧʦʩʪʘʚʣʝʥʠʝʤ ʰʪʨʠʭ-ʢʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʠʤ ʤʝʞʧʣʦʩʢʦʩʪʥʳʤ 

ʨʘʩʩʪʦʷʥʠʝʤ ʧʦʜʦʙʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠʟʚʝʩʪʥʳʭ ʚʝʱʝʩʪʚ. ʉʲʝʤʢʘ ʧʨʦʚʦʜʠʣʦʩʴ ʚ 

ʠʟʣʫʯʝʥʠʠ (ɚ = 1.7902 ¡), ʧʨʠ ʥʘʧʨʷʞʝʥʠʠ ʘʥʦʜʘ 30 ʢɺ, ʩʠʣʝ ʪʦʢʘ 30 ʤɸ ʠ ʚ 

ʠʥʪʝʨʚʘʣʝ ʫʛʣʦʚ 2ɗ ʦʪ 5 ʜʦ 150Á. ʀʩʩʣʝʜʦʚʘʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʘʚʘ ʧʨʦʜʫʢʪʦʚ 

ʦʢʠʩʣʝʥʠ ̫ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʫʩʪʘʥʦʚʢʝ, ʩʭʝʤʘ ʢʦʪʦʨʦʡ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩʫʥʢʝ 6.2 

[175, 176, 185-187]. 
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ʈʠʩʫʥʦʢ 6.2 ï ʇʨʠʥʮʠʧʠʘʣʴʥʘʷ ʩʭʝʤʘ ʜʠʬʨʘʢʪʦʤʝʪʨʘ ɼʈʆʅ-3ʄ [185]. 

 

ʆʙʨʘʟʝʮ 4 ʥʘʭʦʜʠʪʩʷ ʚ ʮʝʥʪʨʝ ʦʢʨʫʞʥʦʩʪʠ I, ʧʦ ʢʦʪʦʨʦʡ ʜʚʠʞʝʪʩʷ ʩʯʝʪʯʠʢ 5 

ʥʘ ʢʦʪʦʨʦʡ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʨʝʥʪʛʝʥʦʚʩʢʘʷ ʪʨʫʙʢʘ. ʆʥ ʚʨʘʱʘʝʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʩʦ ʩʯʝʪʯʠʢʦʤ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʴ ʚʩʝ ʚʨʝʤʷ ʙʳʣʘ ʢʘʩʘʪʝʣʴʥʦʡ 

ʢ ʦʢʨʫʞʥʦʩʪʠ ʬʦʢʫʩʠʨʦʚʢʠ II, ʥʘ ʢʦʪʦʨʦʡ ʥʘʭʦʜʠʪʩʷ ʬʦʢʫʩ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ, 

ʮʝʥʪʨ ʦʙʨʘʟʮʘ ʠ ʚʭʦʜʥʘʷ ʱʝʣʴ ʩʯʝʪʯʠʢʘ [185-187]. 

ʈʘʟʥʦʩʪʴ ʧʦʪʝʥʮʠʘʣʦʚ ʤʝʞʜʫ ʵʣʝʢʪʨʦʜʘʤʠ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʪʨʫʙʢʠ 2 

ʩʦʟʜʘʝʪʩʷ ʩ ʧʦʤʦʱʴʶ ʛʝʥʝʨʘʪʦʨʥʦʛʦ ʫʩʪʨʦʡʩʪʚʘ 1. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ, 

ʧʨʦʡʜʷ ʯʝʨʝʟ ʜʚʝ ʜʠʘʬʨʘʛʤʳ 3 ʠ 3
Ớ
 ʠ ʦʪʨʘʟʠʚʰʠʩʴ ʦʪ ʦʙʨʘʟʮʘ 4, ʧʦʧʘʜʘʝʪ ʚ ʩʯʝʪʯʠʢ 

5, ʛʜʝ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ ʠʟʣʫʯʝʥʠʝ ʚʠʜʠʤʦʡ ʦʙʣʘʩʪʠ [185]. ʇʦʩʣʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ 

ʩʚʝʪʦʚʦʛʦ ʩʠʛʥʘʣʘ ʚ ʵʣʝʢʪʨʠʯʝʩʢʠʡ ʠ ʝʛʦ ʫʩʠʣʝʥʠʷ, ʦʩʫʱʝʩʪʚʣʷʝʤʳʭ ʩ ʧʦʤʦʱʴʶ 

ʬʦʪʦʵʣʝʢʪʨʦʥʥʦʛʦ ʫʤʥʦʞʠʪʝʣʷ 6 ʠ ʫʩʠʣʠʪʝʣʷ 7, ʚ ʜʠʩʢʨʠʤʠʥʘʪʦʨʝ 8 ʦʪʜʝʣʷʶʪʩʷ 

ʠʤʧʫʣʴʩʳ, ʥʝ ʦʪʚʝʯʘʶʱʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʦʤʫ ʠʟʣʫʯʝʥʠʶ. ʇʨʦʰʝʜʰʠʝ 

ʜʠʩʢʨʠʤʠʥʘʪʦʨ ʠʤʧʫʣʴʩʳ ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʧʝʨʝʩʯʝʪʥʦʡ ʩʭʝʤʦʡ 9 ʠ ʟʘʧʠʩʳʚʘʶʪʩʷ 

ʩ ʧʦʤʦʱʴʶ ɸʎʇ ʠ ʢʦʤʧʴʶʪʝʨʘ 10 (ʩʘʤʦʧʠʩʮʘ ʥʘ ʜʠʘʛʨʘʤʤʥʫʶ ʣʝʥʪʫ). ʉ 

ʧʦʤʦʱʴʶ ʠʥʪʝʥʩʠʤʝʪʨʘ 11 ʧʦʢʘʟʳʚʘʝʪʩʷ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
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ʦʪʨʘʞʝʥʥʦʛʦ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʫ ʝʛʦ 

ʢʚʘʥʪʦʚ [175, 176, 185-187]. 

ʎʝʣʴʶ ʤʝʪʦʜʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʠʬʨʘʢʮʠʦʥʥʦʡ ʢʘʨʪʠʥʳ ʧʫʪʝʤ 

ʠʟʤʝʥʝʥʠʷ ʦʨʠʝʥʪʠʨʦʚʢʠ ʢʨʠʩʪʘʣʣʘ ʠʣʠ ʧʘʜʘʶʱʝʛʦ ʧʫʯʢʘ, ʠʣʠ ʞʝ ʩ ʧʦʤʦʱʴʶ 

ʩʧʣʦʰʥʦʛʦ ʩʧʝʢʪʨʘ [185-187]. 

ɺ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʠʩʧʦʣʴʟʦʚʘʣʠ ʤʝʪʦʜ ʧʦʨʦʰʢʘ. 

ʀʩʩʣʝʜʫʝʤʳʝ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʝ ʦʙʨʘʟʮʳ ʛʦʪʦʚʠʣʠʩʴ ʚ ʘʛʘʪʦʚʦʡ ʩʪʫʧʢʝ. ɼʘʣʝʝ ʜʣʷ 

ʩʥʷʪʠʷ ʜʠʬʨʘʢʪʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʳʡ ʧʦʨʦʰʦʢ ʟʘʩʳʧʘʣʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʢʘʨʝʪʢʠ 

ʪʦʥʢʠʤ ʨʘʚʥʦʤʝʨʥʳʤ ʩʣʦʝʤ. ʌʘʟʦʚʳʡ ʩʦʩʪʘʚ ʧʨʦʜʫʢʪʦʚ ʦʢʠʩʣʝʥʠʷ ʦʧʨʝʜʝʣʷʣʩʷ 

ʥʘ ʦʩʥʦʚʝ ʩʦʧʦʩʪʘʚʣʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʟʥʘʯʝʥʠʡ ʤʝʞʩʣʦʝʚʦʛʦ ʨʘʩʩʪʦʷʥʠʷ, ʘ 

ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠ ɹʝʨʝʛʦʚʩʢʠʭ ʫʛʣʦʚ ʩ ʪʝʦʨʝʪʠʯʝʩʢʠ ʨʘʩʩʯʠʪʘʥʥʳʤʠ [185]. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠ ̫ʱʝʣʦʯʥʳʭ (Li, Na, K) ʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ (Ca, 

Sr, Ba) ʤʝʪʘʣʣʦʚ ʥʘ ʢʠʥʝʪʠʢʫ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ, ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʝʨʠʷ ʩʧʣʘʚʦʚ ʩ ʩʦʜʝʨʞʘʥʠʝʤ ʣʠʪʠʷ, 

ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʦʪ 0.01 ʜʦ 1.0 ʤʘʩ. % [175, 176, 185-187]. 

 

 

6.2. ʂʠʥʝʪʠʢʘ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʚ 

ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʠʥʝʪʠʢʠ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10), ʣʝʛʠʨʦʚʘʥʥʦʛʦ ʣʠʪʠʝʤ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʘʭ 6.3-6.5 ʠ ʚ 

ʪʘʙʣʠʮʘʭ 6.1, 6.2. ɺ ʪʘʙʣʠʮʝ 6.1 ʦʙʦʙʱʝʥʳ ʨʘʩʩʯʠʪʘʥʥʳʝ ʟʥʘʯʝʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʠ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) [175]. 

ʂʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʨʦʩʪʦʤ ʧʨʠʚʝʩʘ ʦʙʨʘʟʮʦʚ ʚ 

ʧʝʨʚʳʝ 15-20 ʤʠʥʫʪ ʦʪ ʥʘʯʘʣʘ ʦʢʠʩʣʝʥʠʷ. ɿʘʪʝʤ ʥʘʩʪʫʧʘʝʪ ʩʪʘʙʠʣʠʟʘʮʠʷ ʧʨʦʮʝʩʩʘ, 

ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʬʦʨʤʠʨʦʚʘʥʠʝʤ ʟʘʱʠʪʥʦʡ ʦʢʩʠʜʥʦʡ ʧʣʸʥʢʠ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʨʝʘʛʠʨʦʚʘʥʠʷ (ʨʠʩ. 6.3). ɺʠʜʥʦ, ʯʪʦ ʜʦʙʘʚʢʠ ʣʠʪʠʷ ʢ ʩʚʠʥʮʦʚʦʤʫ ʙʘʙʙʠʪʫ 

ɹ(PbSb15Sn10) ʥʝʩʢʦʣʴʢʦ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ ʠʩʪʠʥʥʫʶ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ.       

ʊʘʢ, ʝʩʣʠ ʫ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʠʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʧʨʠ 373 ʂ ʠ 473 ʂ 
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ʩʦʩʪʘʚʣʷʝʪ 2.48Ŀ10
-4
 ʠ 2.60Ŀ10

-4
 ʢʛĿʤ

-2
Ŀʩ

-1
, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʪʦ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩ 1.0 ʤʘʩ. % ʣʠʪʠʝʤ ʧʨʠ ʚʳʰʝʫʢʘʟʘʥʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʨʘʚʥʷʝʪʩʷ 2.83Ŀ10
-4
 ʠ 2.95Ŀ10

-4
 ʢʛĿʤ

-2
Ŀʩ

-1
. ʇʨʠ ʵʪʦʤ ʢʘʞʫʱʘʷʩʷ 

ʵʥʝʨʛʠʷ ʘʢʪʠʚʘʮʠʠ ʦʢʠʩʣʝʥʠʷ ʜʣʷ ʠʩʭʦʜʥʦʛʦ ʩʧʣʘʚʘ ʨʘʚʥʘ 58.30 ʢɼʞ/ʤʦʣʴ, ʪʦʛʜʘ 

ʢʘʢ ʜʣʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʩ 1.0 ʤʘʩ. % ʣʠʪʠʝʤ ʫʢʘʟʘʥʥʳʡ 

ʧʦʢʘʟʘʪʝʣʴ ʩʦʩʪʘʚʣʷʝʪ 42.50 ʢɼʞ/ʤʦʣʴ [175]. 

 

ʊʘʙʣʠʮʘ 6.1 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [175]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʚ ʩʧʣʘʚʝ, 

ʤʘʩ. % 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʦʢʠʩʣʝʥʠʷ, 

ʂ 

ʀʩʪʠʥʥʘʷ ʩʢʦʨʦʩʪʴ 

ʦʢʠʩʣʝʥʠʷ 

ʂÖ10
4
, ʢʛĿʤ

-2
Ŀʩ

-1
 

ʂʘʞʫʱʘʷʩʷ ʵʥʝʨʛʠʷ 

ʘʢʪʠʚʘʮʠʠ, 

ʢɼʞ/ʤʦʣʴ 

0.0 

373 

423 

473 

2.48 

2.53 

2.60 

58.30 

0.01 

373 

423 

473 

2.70 

2.74 

2.79 

53.79 

0.1 

373 

423 

473 

2.72 

2.78 

2.86 

50.00 

0.5 

373 

423 

473 

2.77 

2.85 

2.90 

46.99 

1.0 

373 

423 

473 

2.83 

2.89 

2.95 

42.50 
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ʂʚʘʜʨʘʪʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ 

ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ ʠʤʝʶʪ ʥʝ ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʚʠʜ, ʯʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝ ʧʘʨʘʙʦʣʠʯʝʩʢʦʤ ʭʘʨʘʢʪʝʨʝ ʧʨʦʮʝʩʩʘ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ  

(ʨʠʩ. 6.4). ɺ ʪʘʙʣʠʮʝ 6.2 ʧʨʠʚʝʜʝʥʳ ʧʦʣʠʥʦʤʳ ʢʚʘʜʨʘʪʠʯʥʳʭ ʢʠʥʝʪʠʯʝʩʢʠʭ 

ʈʠʩʫʥʦʢ 6.3 ï ʂʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 

ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) (ʘ), ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʪʠʡ, 

ʤʘʩ. %: 0.01 (ʙ), 0.1 (ʚ), 0.5 (ʛ), 1.0 (ʜ). 
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ʢʨʠʚʳʭ ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ, ʢʦʪʦʨʳʝ ʦʧʠʩʳʚʘʶʪʩʷ ʦʙʱʠʤ ʫʨʘʚʥʝʥʠʝʤ ώ  Ὧ ὼ , 

ʛʜʝ ʟʥʘʯʝʥʠʷ n = 1 õ 4. ɺʠʜʥʦ, ʯʪʦ ʢʚʘʜʨʘʪʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ 

ʦʧʠʩʳʚʘʶʪʩʷ ʫʨʘʚʥʝʥʠʝʤ ʧʦʣʠʥʦʤʦʚ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ [175]. 

 

ʊʘʙʣʠʮʘ 6.2 ï ʇʦʣʠʥʦʤʳ ʯʝʪʚʝʨʪʦʡ ʩʪʝʧʝʥʠ ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʨʠʚʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ ɹ(PbSb15Sn10) ʣʠʪʠʝʤ, ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ [175]. 

ʉʦʜʝʨʞʘʥʠʝ 

ʣʠʪʠʷ ʚ ʩʧʣʘʚʝ, 

ʤʘʩ. % 

ʊ
ʝ
ʤ
ʧ
ʝ
ʨ
ʘ
ʪ
ʫ
ʨ
ʘ
 

ʦ
ʢ
ʠ
ʩ
ʣ
ʝ
ʥ
ʠ
ʷ
,

 ʂ
 

ʇʦʣʠʥʦʤʳ ʢʠʥʝʪʠʯʝʩʢʦʛʦ ʢʨʠʚʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʩʧʣʘʚʦʚ 

ʂ
ʦ
ʵ
ʬ
ʬ
ʠ
ʮ
ʠ
ʝ
ʥ
ʪ
 

ʨ
ʝ
ʛ
ʨ
ʝ
ʩ
ʩ
ʠ
ʠ

, 
R

 

0.0 

373 

423 

473 

y* =-0.6Ŀ10
-2
x

4
+0.4Ŀ10

-3
x

3
-2.5Ŀ10

-2
x

2
+0.670x

**
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x

4
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-3
x

3
-2.9Ŀ10

-2
x

2
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4
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-3
x

3
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x

2
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0.992 
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0.01 
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y =-0.6Ŀ10
-3
x

4
+0.5Ŀ10

-3
x

3
 -3.0Ŀ10

-2
x

2
 +0.825x 

y =-0.6Ŀ10
-4
x

4
+0.6Ŀ10

-3
x

3
-3.9Ŀ10

-2
x

2
+0.996x 

y =-0.6Ŀ10
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x

4
+0.9Ŀ10

-3
x

3
-5.0Ŀ10

-2
x

2
+1.189x 

0.989 
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0.1 
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y =-0.6Ŀ10
-3
x

4
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x

3
-3.4Ŀ10

-2
x

2
+0.8999x 
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x

4
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-3
x

3
-4.3Ŀ10

-2
x

2
+1.072x 

y =-0.6Ŀ10
-6
x

4
+0.1Ŀ10

-3
x

3
-5.4Ŀ10

-2
x

2
+1.267x 

0.989 
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0.5 
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y =-0.6Ŀ10
-3
x

4
+0.5Ŀ10

-3
x

3
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x

2
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y =-0.6Ŀ10
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x
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-3
x

3
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-2
x

2
+1.127x 

y =-0.6Ŀ10
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+1.336x 
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y =-0.6Ŀ10
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x
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-3
x

3
-3.7Ŀ10
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x

2
+1.003x 

y =-0.6Ŀ10
-5
x
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+0.8Ŀ10

-3
x

3
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x

2
+1.206x 

y =-0.6Ŀ10
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x
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+1.1Ŀ10

-3
x

3
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-2
x

2
+1.418x 

0.998 

0.991 

0.995 

ʇʨʠʤʝʯʘʥʠʝ: y* ï ʧʨʠʚʝʩ ʤʘʩʩʳ ʦʙʨʘʟʮʦʚ, (ʢʛ/ʤ
2
); 

x**  ï ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʚʨʝʤʝʥʠ ʦʢʠʩʣʝʥʠʷ, (t, ʤʠʥ.). 
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ʈʠʩʫʥʦʢ 6.4 ï ʂʚʘʜʨʘʪʠʯʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ 

ʢʨʠʚʳʝ ʦʢʠʩʣʝʥʠʷ ʩʚʠʥʮʦʚʦʛʦ ʙʘʙʙʠʪʘ 

ɹ(PbSb15Sn10) (ʘ), ʩʦʜʝʨʞʘʱʝʛʦ ʣʠʪʠʡ, ʤʘʩ. 

%: 0.01 (ʙ), 0.1 (ʚ), 0.5 (ʛ), 1.0 (ʜ), ʚ ʪʚʝʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ [175]. 


