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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʟʨʘʙʦʪʢʘ ʥʦʚʝʡʰʠʭ 

ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʩʜʝʣʘʣʘ ʚʦʟʤʦʞʥʳʤ ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʙʝʨʠʣʣʠʷ. ɺ ʩʧʣʘʚʘʭ ʩ ʘʣʶʤʠʥʠʝʤ, ʤʝʜʴʶ, ʥʠʢʝʣʝʤ, ʤʘʛʥʠʝʤ 

ʠ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ, ʩʦʜʝʨʞʘʱʠʤʠ ʥʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ (0.2-2.5%) 

ʙʝʨʠʣʣʠʷ, ʦʥ ʪʨʸʭ- ʠ ʜʘʞʝ ʧʷʪʠʢʨʘʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪ ʪʚʝʨʜʦʩʪʴ, ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ ʠ ʧʣʘʩʪʠʯʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ɼʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ 

ʦʙʣʘʛʦʨʘʞʠʚʘʶʪ ʣʝʛʢʠʝ ʩʧʣʘʚʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʠ 

ʤʘʛʥʠʷ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʤʘʣʦʡ ʧʣʦʪʥʦʩʪʴʶ ʙʝʨʠʣʣʠʷ ʠ ʝʛʦ ʚʳʩʦʢʦʡ 

ʪʝʤʧʝʨʘʪʫʨʦʡ ʧʣʘʚʣʝʥʠʷ. ɼʦʩʪʠʞʝʥʠʝ ʚʳʩʦʢʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʬʠʟʠʢʦ-

ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʧʣʘʚʦʚ ʩ ʤʘʣʳʤʠ ʜʦʙʘʚʢʘʤʠ ʙʝʨʠʣʣʠʷ 

ʵʢʦʥʦʤʠʯʝʩʢʠ ʦʧʨʘʚʜʳʚʘʶʪ ʝʛʦ ʧʨʠʤʝʥʝʥʠʝ. ʆʜʥʘʢʦ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʦ ʝʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʨʷʜʦʤ 

ʭʠʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ. ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʚʦʩʧʦʣʥʠʪʴ ʜʘʥʥʳʡ ʧʨʦʙʝʣ, ʩʣʝʜʫʝʪ 

ʫʜʝʣʠʪʴ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʧʨʦʮʝʩʩʫ ʧʦʩʪʨʦʝʥʠʷ ʠ ʠʟʫʯʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʩ ʠʭ ʫʯʘʩʪʠʝʤ. 

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʥʘʠʙʦʣʝʝ ʮʝʣʝʩʦʦʙʨʘʟʥʳʤ ʧʨʠ ʧʦʩʪʨʦʝʥʠʠ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ ʢʦʤʧʣʝʢʩʥʳʡ ʤʝʪʦʜ, ʚʢʣʶʯʘʶʱʠʡ ʚ ʩʝʙʷ ʩʦʯʝʪʘʥʠʝ, 

ʥʘ ʧʝʨʚʳʡ ʚʟʛʣʷʜ, ʨʘʟʣʠʯʥʳʭ ʟʘʜʘʯ - ʩʠʩʪʝʤʘʪʠʟʘʮʠ,ʁ ʘʥʘʣʠʟ, ʨʘʩʯʪy ʠ 

ʵʢʩʧʝʨʠʤʝʥʪ. ɽʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ ʧʦʩʪʨʦʠʪʴ ʨʷʜ ʜʠʘʛʨʘʤʤ 

ʩʦʩʪʦʷʥʠʷ, ʦʙʲʷʩʥʠʪʴ ʥʝʢʦʪʦʨʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʬʘʢʪʳ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʢʘʩʘʶʱʠʝʩʷ ʤʝʪʘʩʪʘʙʠʣʴʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ, ʠ ʚʳʷʚʠʪʴ ʦʧʨʝʜʝʣʸʥʥʳʝ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ.   

ʀʩʭʦʜʷ ʠʟ ʵʪʦʛʦ, ʘʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʜʠʩʩʝʨʪʘʮʠʠ ʟʘʢʣʶʯʘʝʪʩʷ ʚ 

ʧʦʣʫʯʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʠʭ ʠ ʧʨʘʢʪʠʯʝʩʢʠʭ ʨʘʟʨʘʙʦʪʦʢ, 

ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʧʨʠʤʝʥʝʥʠʝ ʨʘʩʯʸʪʥʳʭ ʤʝʪʦʜʦʚ ʧʦ ʧʦʩʪʨʦʝʥʠʶ ʜʚʦʡʥʳʭ ʠ 

ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠ 

ʦʧʨʝʜʝʣʝʥʠʶ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ ʧʦʤʦʱʴʶ 
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ʟʘʨʘʥʝʝ ʩʦʩʪʘʚʣʝʥʥʳʭ ʧʨʦʛʨʘʤʤ ʥʘ ʕɺʄ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʥʠʤʘʣʴʥʦʛʦ 

ʢʦʣʠʯʝʩʪʚʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ.  

ʇʨʝʜʩʪʘʚʣʝʥʥʘʷ ʨʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʘʬʝʜʨʝ çʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ 

ʤʝʪʘʣʣʦʚè ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ. ʘʢʘʜ. ʄ.ʉ.ʆʩʠʤʠ. 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʧʦʩʪʨʦʝʥʠʝ ʜʚʦʡʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʙʝʨʠʣʣʠʷ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʠ ʪʨʦʡʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ 

ʙʝʨʠʣʣʠʷ ʩ ʘʣʶʤʠʥʠʝʤ ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʢʘ 

ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʩʠʩʪʝʤʳ Al-ɺʝ-La ʩ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ.  

ɼʣʷ ʜʦʩʪʠʞʝʥʠʷ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʚ ʨʘʙʦʪʝ ʨʝʰʝʥʳ ʩʣʝʜʫʶʱʠʝ 

ʦʩʥʦʚʥʳʝ ʟʘʜʘʯʠ: 

 ʩʠʩʪʝʤʘʪʠʟʠʨʦʚʘʥʳ ʚʠʜʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʠ ʚʳʷʚʣʝʥʳ ʚ ʥʠʭ ʦʙʱʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ 

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ; 

 ʩʧʨʦʛʥʦʟʠʨʦʚʘʥʳ ʪʠʧʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʨʘʩʩʣʘʠʚʘʶʱʠʭʩʷ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ ʧʨʠʤʝʥʝʥʠʝʤ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʢʨʠʪʝʨʠʝʚ; 

 ʧʦʩʪʨʦʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʫʨʘʚʥʝʥʠʡ ʜʚʫʭʟʦʥʥʦʡ ʤʦʜʝʣʠ ʠ ʪʝʦʨʠʠ 

ʠʜʝʘʣʴʥʳʭ ʠ ʨʝʛʫʣʷʨʥʳʭ ʨʘʩʪʚʦʨʦʚ ʨʘʩʯʸʪʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʜʚʦʡʥʳʭ  ʠ ʪʨʦʡʥʳʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ;  

 ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʣʘʥʪʘʥʘ ʥʘ ʤʝʭʘʥʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʢʠʥʝʪʠʢʫ 

ʦʢʠʩʣʝʥʠʷ ʘʣʶʤʠʥʠʝʚʦ-ʙʝʨʠʣʣʠʝʚʦʛʦ ʩʧʣʘʚʘ.  

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ: 

 ʚʧʝʨʚʳʝ ʨʘʩʩʯʠʪʘʥʳ ʧʘʨʘʤʝʪʨʳ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (ʵʥʝʨʛʠʷ ʚʟʘʠʤʦʦʙʤʝʥʘ, 

ʵʥʝʨʛʠʷ ʩʚʷʟʠ ʦʜʥʦʠʤʸʥʥʳʭ, ʨʘʟʥʦʠʤʸʥʥʳʭ ʯʘʩʪʠʮ ʠ ʩʪʝʧʝʥʴ ʙʣʠʞʥʝʛʦ 

ʧʦʨʷʜʢʘ) ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ;  

 ʤʝʪʦʜʘʤʠ ʧʨʦʛʥʦʟʘ ʠ ʨʘʩʯʸʪʘ ʧʦʩʪʨʦʝʥʦ 34 ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ; 
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 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʦʩʪʨʦʝʥʳ ʜʚʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ 

ɺʝ-La ʠ ɺʝ-Yb; 

 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʘ ʩʦʚʤʝʩʪʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ Be ʠ La ʚ 

ʘʣʶʤʠʥʠʠ ʠ ʧʦʩʪʨʦʝʥʦ ʠʟʦʪʝʨʤʠʯʝʩʢʦʝ ʩʝʯʝʥʠʝ ʩʠʩʪʝʤʳ Al-Be-La ʚ 

ʦʙʣʘʩʪʠ ʙʦʛʘʪʦʡ ʘʣʶʤʠʥʠʝʤ. 

ʇʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʇʦʣʫʯʝʥʥʳʝ ʩʚʝʜʝʥʠʷ ʧʦ ʧʦʩʪʨʦʝʥʥʳʤ 

ʜʠʘʛʨʘʤʤʘʤ ʩʦʩʪʦʷʥʠʷ ʠ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʤ ʧʘʨʘʤʝʪʨʘʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ, ʷʚʣʷʷʩʴ ʩʧʨʘʚʦʯʥʳʤʠ 

ʜʘʥʥʳʤʠ, ʩʧʦʩʦʙʩʪʚʫʶʪ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʥʘʫʯʥʦ-ʦʙʦʩʥʦʚʘʥʥʦʡ ʨʘʟʨʘʙʦʪʢʝ 

ʪʝʭʥʦʣʦʛʠʠ ʧʦ ʧʦʣʫʯʝʥʠʶ ʠ ʧʨʠʤʝʥʝʥʠʶ ʩʧʣʘʚʦʚ ʙʝʨʠʣʣʠʷ ʚ ʩʦʚʨʝʤʝʥʥʳʭ 

ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. ʇʨʝʜʣʦʞʝʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʩʦʩʪʘʚʳ ʩʧʣʘʚʦʚ 

ʩʠʩʪʝʤʳ Al-ɺʝ-ʈɿʄ ʩ ʚʳʩʦʢʠʤʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʠ ʤʝʭʘʥʠʯʝʩʢʠʤʠ 

ʩʚʦʡʩʪʚʘʤʠ, ʟʘʱʠʱʸʥʥʳʝ ʤʘʣʳʤʠ ʧʘʪʝʥʪʘʤʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ ʠ 

ʧʨʦʝhʜʰʠʝ ʦʧʳʪʥʦ-ʧʨʦʤʳʰʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ, ʧʨʠʥʷʪʳ ʢ ʚʥʝʜʨʝʥʠʶ ʚ 

ɻʦʩʫʜʘʨʩʪʚʝʥʥʦʤ ʫʥʠʪʘʨʥʦʤ ʧʨʦʠʟʚʦʜʩʪʚʝʥʥʦʤ ʦʙʲʝʜʠʥʝʥʠʠ (ɻʋʇʆ) 

çʊʘʜʞʠʢʪʝʢʩʪʠʣʴʤʘʰè ʚ ʢʘʯʝʩʪʚʝ ʠʩʭʦʜʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʥʘʧʳʣʝʥʠʷ 

ʢʦʥʩʪʨʫʢʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ʂʨʦʤʝ ʪʦʛʦ ʨʝʟʫʣʴʪʘʪʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʚʥʝʜʨʝʥʳ ʚ ʫʯʝʙʥʳʡ ʧʨʦʮʝʩʩ ʢʫʨʩʘ çʌʠʟʠʯʝʩʢʦʝ ʤʝʪʘʣʣʦʚʝʜʝʥʠʝè, 

çʄʝʪʘʣʣʫʨʛʠʷ ʣʸʛʢʠʭ ʠ ʨʝʜʢʠʭ ʤʝʪʘʣʣʦʚè ʠ çʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʠ 

ʦʙʲʝʢʪʦʚ ʚ ʤʝʪʘʣʣʫʨʛʠʠè ʥʘ ʢʘʬʝʜʨʝ çʄʝʪʘʣʣʫʨʛʠʷ ʮʚʝʪʥʳʭ ʤʝʪʘʣʣʦʚè 

ʊʘʜʞʠʢʩʢʦʛʦ ʪʝʭʥʠʯʝʩʢʦʛʦ ʫʥʠʚʝʨʩʠʪʝʪʘ ʠʤ.ʘʢʘʜ.ʄ.ʉ.ʆʩʠʤʠ ʠ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʤʝʥʝʥʳ ʚ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʠ ʚ ʫʯʝʙʥʦʤ ʧʨʦʮʝʩʩʝ ʚ ʊʘʜʞʠʢʩʢʦʤ 

ʥʘʮʠʦʥʘʣʴʥʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, ʊʘʜʞʠʢʩʢʦʤ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʤ ʫʥʠʚʝʨʩʠʪʝʪʝ, 

ʀʥʩʪʠʪʫʪʝ ʭʠʤʠʠ ɸʅ ʠ ʜʨʫʛʠʭ ʚʫʟʘʭ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ.  

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪ.r ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ 

ʜʦʣʦʞʝʥʳ ʥʘ I-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɻʝʥʝʟʠʩ, ʪʝʦʨʠʷ ʠ ʪʝʭʥʦʣʦʛʠʷ ʣʠʪʳʭ ʤʘʪʝʨʠʘʣʦʚè (ɺʣʘʜʠʤʠʨ, ʈʦʩʩʠʷ, 2002 

ʛ.); ʄʝʞʚʫʟʦʚʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ, ʧʦʩʚʷʱʸʥʥʦʡ 80-

ʣʝʪʠʷʤ ʛ.ɼʫʰʘʥʙʝ ʠ ʄʠʥʠʩʪʝʨʩʪʚʫ ʦʙʨʘʟʦʚʘʥʠʷ ʈʊ çɼʦʩʪʠʞʝʥʠʷ ʚ ʦʙʣʘʩʪʠ 

ʤʝʪʘʣʣʫʨʛʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʷ ʈʊè (ɼʫʰʘʥʙʝ, 2004 ʛ.); ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ 
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ʢʦʥʬʝʨʝʥʮʠʠ çʇʨʦʛʨʝʩʩʠʚʥʳʝ ʪʝʭʥʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʢʠ ʤʝʩʪʦʨʦʞʜʝʥʠʡ ʠ 

ʧʝʨʝʨʘʙʦʪʢʠ ʧʦʣʝʟʥʳʭ ʠʩʢʦʧʘʝʤʳʭ, ʵʢʦʣʦʛʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʨʘʟʚʠʪʠʷ 

ʛʦʨʥʦʨʫʜʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠè, ʧʨʦʚʦʜʠʤʦʡ ʄʠʥʠʩʪʝʨʩʪʚʦʤ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʈʝʩʧʫʙʣʠʢʠ ʊʘʜʞʠʢʠʩʪʘʥ (ɼʫʰʘʥʙʝ, 2005 ʛ.); IX-ʦʤ ʠ XII -

ʦʤ ʄʝʞʜʫʥʘʨʦʜʥʦʤ ʩʠʤʧʦʟʠʫʤʝ ʥʦʚʝʡʰʠʭ ʤʘʪʝʨʠʘʣʦʚ (ʀʩʣʘʤʘʙʘʜ, 

ʇʘʢʠʩʪʘʥ, 2005 ʠ 2011 ʛʛ.); III -ʝʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ  ʧʦ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʤ ʤʘʪʝʨʠʘʣʘʤ (ɹʘʨʩʝʣʦʥʘ, ʀʩʧʘʥʠʷ, 2008 

ʛ.) ʈʝʩʧʫʙʣʠʢʘʥʩʢʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ 

ʧʨʦʙʣʝʤʳ ʭʠʤʠʠ, ʭʠʤʠʯʝʩʢʦʡ ʪʝʭʥʦʣʦʛʠʠ ʠ ʤʝʪʘʣʣʫʨʛʠʠè (ɼʫʰʘʥʙʝ, 2009 

ʛ.); II -ʦʡ, IV-ʦʡ ʠ V-ʦʡ ʄʝʞʜʫʥʘʨʦʜʥʳʭ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʠʭ ʢʦʥʬʝʨʝʥʮʠʷʭ 

çʇʝʨʩʧʝʢʪʠʚʳ ʨʘʟʚʠʪʠʷ ʥʘʫʢʠ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʚ XXI ʚʝʢʝè (ɼʫʰʘʥʙʝ, 2006, 

2010, 2011 ʛʛ.); IV ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʥʘʫʢʠ ʠ ʣʠʪʝʡʥʦ-ʤʝʪʘʣʣʫʨʛʠʯʝʩʢʦʛʦ ʧʨʦʠʟʚʦʜʩʪʚʘè 

(ʉʘʤʘʨʘ, 2012 ʛ.). 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʪʝʤʝ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 20 ʨʘʙʦʪ, ʚ ʪʦʤ 

ʯʠʩʣʝ 13 ʩʪʘʪʝʡ, 6 ʠʟ ʥʠʭ ʚ ʞʫʨʥʘʣʘʭ, ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺɸʂ ʈʌ, 4 ʪʝʟʠʩʘ 

ʜʦʢʣʘʜʦʚ, 1 ʤʦʥʦʛʨʘʬʠʷ ʠ 2 ʤʘʣʳʭ ʧʘʪʝʥʪʘ ʥʘ ʠʟʦʙʨʝʪʝʥʠʝ. 

ɺʢʣʘʜ ʘʚʪʦʨʘ ʚ ʨʘʙʦʪʫ, ʚʳʧʦʣʥʝʥʥʫʶ ʚ ʩʦʘʚʪʦʨʩʪʚʝ, ʩʦʩʪʦʷʣ ʚ 

ʩʠʩʪʝʤʘʪʠʟʘʮʠʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ ʧʦ ʧʨʦʙʣʝʤʝ ʪʝʤʘʪʠʢʠ ʩ ʮʝʣʴʶ 

ʚʳʷʚʣʝʥʠʷ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ, ʧʨʦʚʝʜʝʥʠʠ ʨʘʩʯʸʪʦʚ ʥʘ ʕɺʄ, ʧʦʣʫʯʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ, ʘʥʘʣʠʟʝ ʠ ʦʙʦʙʱʝʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ, 

ʬʦʨʤʫʣʠʨʦʚʢʝ ʦʩʥʦʚʥʳʭ ʚʳʚʦʜʦʚ ʠ ʧʦʣʦʞʝʥʠʡ ʜʠʩʩʝʨʪʘʮʠʠ.  

ʆʙʲʸʤ ʠ ʩʪʨʫʢʪʫʨʘ ʨʘʙʦʪʳ. ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, 

ʯʝʪʳʨʸʭ ʛʣʘʚ, ʚʳʚʦʜʦʚ, ʩʧʠʩʢʘ ʣʠʪʝʨʘʪʫʨʳ ʠʟ 91 ʥʘʠʤʝʥʦʚʘʥʠʡ 

ʙʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʭ ʩʩʳʣʦʢ, ʧʨʠʣʦʞʝʥʠʷ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 116 ʩʪʨʘʥʠʮʘʭ 

ʤʘʠhʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, ʚʢʣʶʯʘʷ 19 ʪʘʙʣʠʮ, 35 ʨʠʩʫʥʢʦʚ. 
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ɻʃɸɺɸ I . ʌʀɿʀʂʆ-ʍʀʄʀʏɽʉʂʀɽ ʉɺʆʁʉʊɺɸ ɹɽʈʀʃʃʀʗ ʀ ɽɻʆ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀɽ ʉ ɸʃʖʄʀʅʀɽʄ ʀ ʈɽɼʂʆɿɽʄɽʃʔʅʓʄʀ 

ʄɽʊɸʃʃɸʄʀ (ʃʀʊɽʈɸʊʋʈʅʓʁ ʆɹɿʆʈ) 

 

1.1. ʆʩʦʙʝʥʥʦʩʪʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʩʪʨʦʝʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʝʛʦ ʘʥʘʣʦʛʦʚ 

 

ʑʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ ʤʝʪʘʣʣʳ (ʑɿʄ) ï ʵʣʝʤʝʥʪʳ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ 

ʚʪʦʨʦʡ ʛʨʫʧʧʳ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ɼ.ʀ.ʄʝʥʜʝʣʝʝʚʘ. ɺ ʵʪʦʡ ʧʦʜʛʨʫʧʧʝ 

ʥʘʭʦʜʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʵʣʝʤʝʥʪʳ: ʙʝʨʠʣʣʠʡ, ʤʘʛʥʠʡ, ʢʘʣʴʮʠʡ, ʩʪʨʦʥʮʠʡ, 

ʙʘʨʠʡ ʠ ʨʘʜʠʡ. ʀʭ ʦʙʱʝʝ ʥʘʟʚʘʥʠʝ ʚʦʟʥʠʢʣʦ ʠʟ-ʟʘ ʘʥʘʣʦʛʠʠ ʤʝʞʜʫ ʦʢʠʩʣʘʤʠ 

ʪʠʧʠʯʥʳʭ ʤʝʪʘʣʣʦʚ ʵʪʦʡ ʛʨʫʧʧʳ (CaO, SrO, BaO) ʠ ʦʢʠʩʣʘʤʠ ʱʝʣʦʯʥʳʭ 

ʤʝʪʘʣʣʦʚ, ʘ ʪʘʢʞʝ ʦʢʠʩʴʶ ʘʣʶʤʠʥʠʷ ï ʪʠʧʠʯʥʳʤ ʧʨʝʜʩʪʘʚʠʪʝʣʝʤ 

ʪʫʛʦʧʣʘʚʢʠʭ ʠ ʪʨʫʜʥʦʨʘʩʪʚʦʨʠʤʳʭ ʦʢʠʩʣʦʚ, ʥʘʟʚʘʥʥʳʭ çʟʝʤʣʷʤʠè. ɺʩʝ 

ʤʝʪʘʣʣʳ ʵʪʦʡ ʧʦʜʛʨʫʧʧʳ ʠʤʝʶʪ ʥʘ ʧʦʩʣʝʜʥʝʤ ʵʣʝʢʪʨʦʥʥʦʤ ʫʨʦʚʥʝ ʜʚʘ 

ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʘ ʥʘ ʟʘʧʦʣʥʝʥʥʳʭ sĮ ʠʣʠ sĮp
6
-ʦʙʦʣʦʯʢʘʭ. ʀʟ-ʟʘ ʨʘʟʣʠʯʠʷ ʚ 

ʩʪʨʦʝʥʠʠ ʚʪʦʨʦʡ ʩʥʘʨʫʞʠ ʦʙʦʣʦʯʢʠ ʙʝʨʠʣʣʠʡ, ʠʤʝʶʱʠʡ ʵʣʝʢʪʨʦʥʥʫʶ 

ʢʦʥʬʠʛʫʨʘʮʠʶ 1sĮ2sĮ, ʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʚʦʡʩʪʚʘʤ ʦʪ ʦʩʪʘʣʴʥʳʭ  

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ [1]. 

ʊʠʧʠʯʥʳʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ ʧʦʜʛʨʫʧʧʳ II  ʛʨʫʧʧʳ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʤʝʥʷʶʪʩʷ ʦʪ ʢʘʣʴʮʠʷ ʢ ʨʘʜʠʶ. ʉʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ ʠ ʤʘʛʥʠʷ 

ʦʪʯʘʩʪʠ ʦʪʢʣʦʥʷʶʪʩʷ ʦʪ ʦʙʱʠʭ ʩʚʦʡʩʪʚ ʛʨʫʧʧʳ: ʙʝʨʠʣʣʠʡ ʥʝʩʢʦʣʴʢʦ ʧʦʭʦʞ 

ʥʘ ʘʣʶʤʠʥʠʡ, ʘ ʤʘʛʥʠʡ - ʥʘ ʮʠʥʢ. ʍʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʦʚ ʛʣʘʚʥʦʡ 

ʧʦʜʛʨʫʧʧʳ II  ʛʨʫʧʧʳ ʦʧʨʝʜʝʣʷʶʪʩʷ ʪʝʤ, ʯʪʦ ʠʭ ʘʪʦʤʳ ʚʩʝʛʜʘ ʣʝʛʢʦ ʦʪʜʘʶʪ 

ʜʚʘ ʵʣʝʢʪʨʦʥʘ ʠ ʦʙʨʘʟʫʶʪ ʜʚʫʭʚʘʣʝʥʪʥʳʝ ʵʣʝʢʪʨʦʧʦʣʦʞʠʪʝʣʴʥʳʝ ʠʦʥʳ. ʕʪʠ 

ʠʦʥʳ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʠʦʥʦʚ ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ (ʩ ʪʝʤ ʞʝ ʯʠʩʣʦʤ ʵʣʝʢʪʨʦʥʦʚ) 

ʤʝʥʴʰʠʤ ʟʥʘʯʝʥʠʝʤ ʠʦʥʥʦʛʦ ʨʘʜʠʫʩʘ, ʪʘʢ ʢʘʢ ʙʦʣʝʝ ʩʠʣʴʥʦʝ ʧʨʠʪʷʞʝʥʠʝ 

ʵʣʝʢʪʨʦʥʦʚ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ ʷʜʨʘ ʚʳʟʳʚʘʝʪ ʩʞʘʪʠʝ. 

ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʵʣʝʢʪʨʦʥʥʦʤʫ ʩʨʦʜʩʪʚʫ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʝ 

ʤʝʪʘʣʣʳ ʥʠʢʦʛʜʘ ʥʝ ʚʩʪʨʝʯʘʶʪʩʷ ʚ ʧʨʠʨʦʜʝ ʚ ʩʚʦʙʦʜʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʪʦʣʴʢʦ 

ʚ ʚʠʜʝ ʩʦʝʜʠʥʝʥʠʡ (ʩʠʣʠʢʘʪʦʚ, ʢʘʨʙʦʥʘʪʦʚ, ʭʣʦʨʠʜʦʚ, ʩʫʣʴʬʘʪʦʚ, ʬʦʩʬʘʪʦʚ ʠ 
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ʪ.ʜ.). ʇʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʚ ʧʨʠʨʦʜʝ ʢʘʣʴʮʠʡ ʟʘʥʠʤʘʝʪ ʧʝʨʚʦʝ ʤʝʩʪʦ, ʟʘ ʥʠʤ 

ʠʜʝʪ ʤʘʛʥʠʡ, ʙʘʨʠʡ, ʩʪʨʦʥʮʠʡ ʠ, ʥʘʢʦʥʝʮ, ʙʝʨʠʣʣʠʡ, ʩʦʝʜʠʥʝʥʠʷ ʢʦʪʦʨʦʛʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʦʯʝʥʴ ʨʝʜʢʦ. ʉʦʜʝʨʞʘʥʠʝ ʙʝʨʠʣʣʠʷ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʩʦʩʪʘʚʣʷʝʪ 

6.0¼10
-4
 ʚʝʩ.%. ʉʘʤʳʝ ʚʘʞʥʳʝ ʤʠʥʝʨʘʣʳ ʙʝʨʠʣʣʠʷ ï ʩʠʣʠʢʘʪʳ. 

ɹʝʨʠʣʣ, Be3Al 2[Si6O18], ʩʦʜʝʨʞʠʪ 14.15 % ʙʝʨʠʣʣʠʷ. ʆʥ ʚʩʪʨʝʯʘʝʪʩʷ ʚ 

ʚʠʜʝ ʧʨʦʟʨʘʯʥʳʭ ʛʝʢʩʘʛʦʥʘʣʴʥʳʭ ʧʨʠʟʤ, ʦʢʨʘʰʝʥʥʳʭ ʚ ʨʘʟʣʠʯʥʳʝ ʮʚʝʪʘ: 

ʟʝʣʝʥʦʚʘʪʦ-ʙʝʣʳʡ, ʞʸʣʪʳʡ, ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʡ, ʩʚʝʪʣʦ-ʟʝʣʸʥʳʡ, ʠʥʦʛʜʘ 

ʨʦʟʦʚʳʡ. ʇʦ ʮʚʝʪʫ ʨʘʟʣʠʯʘʶʪ ʠʟʫʤʨʫʜ (ʩʚʝʪʣʦ-ʟʝʣʸʥʳʝ ʧʨʦʟʨʘʯʥʳʝ 

ʢʨʠʩʪʘʣʣʳ), ʘʢʚʘʤʘʨʠʥ (ʛʦʣʫʙʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ), ʚʦʨʦʙʴʝʚʠʪ 

(ʨʦʟʦʚʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ), ʛʝʣʠʦʜʦʨ (ʞʸʣʪʳʝ ʧʨʦʟʨʘʯʥʳʝ ʢʨʠʩʪʘʣʣʳ). 

ɺʩʝ ʨʘʟʥʦʚʠʜʥʦʩʪʠ ʙʝʨʠʣʣʘ ʠʤʝʶʪ ʩʪʝʢʣʷʥʥʳʡ ʙʣʝʩʢ, ʪʚʸʨʜʦʩʪʴ 7.5-8 ʧʦ 

ʰʢʘʣʝ ʄʦʦʩʘ ʠ ʧʣʦʪʥʦʩʪʴ 2.53-2.91 ʛ/ʩʤ
3
. ɺ ʧʝʛʤʘʪʠʪʘʭ ʙʝʨʠʣʣʫ ʩʦʧʫʪʩʪʚʫʝʪ 

ʢʚʘʨʮ, ʦʨʪʦʢʣʘʟ, ʩʣʶʜʘ, ʬʣʶʦʨʠʪ, ʭʨʠʟʦʙʝʨʠʣʣ, ʣʝʧʠʜʦʣʠʪ, ʬʝʥʘʢʠʪ, ʪʦʧʘʟ, 

ʢʦʨʫʥʜ, ʪʫʨʤʘʣʠʥ, ʢʘʩʩʠʪʝʨʠʪ, ʢʦʣʫʤʙʠʪ ʠ ʜʨʫʛʠʝ ʤʠʥʝʨʘʣʳ. 

ʍʨʠʟʦʙʝʨʠʣʣ, Be[(AlO2)2], ʩʦʜʝʨʞʠʪ 19.8 % ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʟʦʣʦʪʠʩʪʳʭ ʢʨʠʩʪʘʣʣʦʚ (ʞʸʣʪʳʭ, ʟʝʣʝʥʦʚʘʪʦ-ʞʸʣʪʳʭ, 

ʠʥʦʛʜʘ ʟʝʣʸʥʳʭ) ʩ ʧʣʦʪʥʦʩʪʴʶ 3.5-3.8 ʛ/ʩʤ
3
 ʠ ʪʚʸʨʜʦʩʪʴʶ 8.5 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ. 

ʌʝʥʘʢʠʪ, Be2SiO4, ʩʦʜʝʨʞʠʪ 45.5 % ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʠ ʦʯʝʥʴ ʨʝʜʢʦ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʟʘʣʝʞʘʭ; ʧʨʦʟʨʘʯʥʳʝ ʧʨʠʟʤʘʪʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʦʢʨʘʰʝʥʳ ʚ 

ʞʸʣʪʳʡ ʮʚʝʪ, ʠʭ ʪʚʸʨʜʦʩʪʴ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ 7.5, ʧʣʦʪʥʦʩʪʴ 2.96-3 ʛ/ʩʤ
3
. 

ɻʝʣʴʚʠʥ, Mn8[(BeSiO4)6S2], ʩʦʜʝʨʞʠʪ 13.6 % ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʠ 

ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʚʠʜʝ ʞʸʣʪʳʭ (ʠʣʠ ʞʸʣʪʦ-ʢʦʨʠʯʥʝʚʳʭ, ʢʨʘʩʥʦ-ʢʦʨʠʯʥʝʚʳʭ, 

ʨʝʜʢʦ ʟʝʣʸʥʳʭ) ʧʦʣʫʧʨʦʟʨʘʯʥʳʭ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʪʚʸʨʜʦʩʪʴ ʢʦʪʦʨʳʭ 

6-6.5 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ ʠ ʧʣʦʪʥʦʩʪʴ 3.16-3.36 ʛ/ʩʤ
3
. 

ɹʝʨʠʣʣʠʡ ï ʩʚʝʪʣʦ-ʩʝʨʳʡ ʙʣʝʩʪʷʱʠʡ ʤʝʪʘʣʣ, ʝʛʦ ʘʪʦʤʳ ʠʤʝʶʪ 

ʩʪʨʫʢʪʫʨʫ 2s
2
, ʚʘʣʝʥʪʥʦʩʪʴ II, ʟʘʨʷʜ 2+. ʀʦʥʳ ʙʝʨʠʣʣʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ 

ʤʝʪʘʣʣʘ ʧʨʠʦʙʨʝʪʘʶʪ ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʨʝʰʸʪʢʫ. ʋ ʥʝʛʦ 

ʤʝʥʴʰʠʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʠ ʘʪʦʤʥʳʡ ʦʙʲʝʤ, ʯʝʤ ʫ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʛʨʫʧʧʳ, ʠ ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ ï 1.86 ʛ/ʩʤ
3
 ʧʨʠ 20Á. ʅʘʠʙʦʣʝʝ ʚʘʞʥʳʝ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ.1. 
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 ʊʘʙʣʠʮʘ 1        

ʌʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ [1] 

ˉ/ˉ 

ʧ/ʧ 

ʉʚʦʡʩʪʚʘ ʵʣʝʤʝʥʪʘ ɹʝʨʠʣʣʠʡ 

(ɺʝ) 

1. ʎʚʝʪ  ʉʚʝʪʣʦ-

ʩʝʨʳʡ 

2. ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ɻʎʂ 

3. ɸʪʦʤʥʳʡ ʥʦʤʝʨ 4 

4. ɸʪʦʤʥʳʡ ʚʝʩ 9.0122 

5. ɸʪʦʤʥʳʡ ʨʘʜʠʫʩ, ɸ 1.12 

6. ʈʘʜʠʫʩ ʠʦʥʘ ʄʝ
2+
, ɸ (ʧʦ ɻʦʣʴʜʰʤʠʜʪʫ, ʇʦʣʠʥʛʫ ʠ 

ɸʨʝʥʩʫ) 

0.34; 0.31; 

0.35 

7. ɸʪʦʤʥʳʡ ʦʙʲʝʤ ʧʨʠ 20Á, ʩʤ
3
/ʛ-ʘʪʦʤ 4.85 

8. ʇʣʦʪʥʦʩʪʴ ʧʨʠ 20Á, ʛ/ʩʤ
3
 1.86 

9. ʊʚʝʨʜʦʩʪʴ ʧʦ ɹʨʠʥʝʣʣʶ, ʢʛ/ʤʤ
2
 60 

10. ʊʚʝʨʜʦʩʪʴ ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ 4 

11. ʊʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ, Áʉ 1284 

12. ʉʢʨʳʪʘʷ ʪʝʧʣʦʪʘ ʧʣʘʚʣʝʥʠʷ, ʢɼʞ/ʛ 1089.4 

13. ʊʝʤʧʝʨʘʪʫʨʘ ʢʠʧʝʥʠʷ, Áʉ 2967 

14. ʋʜʝʣʴʥʘʷ ʪʝʧʣʦʝʤʢʦʩʪʴ ʧʨʠ 20Á, ʢɼʞ/ʛ¼ʛʨʘʜ 1.663 

15. ʂʦʵʬʬʠʮʠʝʥʪ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ɚ, 

ʢʘʣĀʩʤ 
-1
Āʩʝʢ

-1 
Āʛʨʘʜ

 -1
(ʧʨʠ 0Á) 

0.38 

16. ʉʦʧʨʦʪʠʚʣʝʥʠʝ ɟĀ10
6
 ʧʨʠ 0Á, ʦʤĀʩʤ 6.6 

17. ʕʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ (Hg=1)  10.4 

18. ʄʘʛʥʠʪʥʘʷ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʭĀ10
-6
, ʵʣ.-ʤʘʛʥ.ʝʜ. 

(ʧʨʠ 18Á) 

- 1.0 

19. ʊʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʢʢʘʣ (ʧʨʠ 25Á) 

76.63 

 

ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ ʙʝʨʠʣʣʠʡ 

ʩʘʤʳʡ ʪʫʛʦʧʣʘʚʢʠʡ (tʧʣ. = 1284Á), ʩʘʤʳʡ ʚʳʩʦʢʦʢʠʧʷʱʠʡ (tʢʠʧ. = 2967Á); ʫ ʥʝʛʦ 



 11 

ʩʘʤʘʷ ʚʳʩʦʢʘʷ ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʘʪʦʤʦʚ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ (76.63 

ʢʢʘʣ ʧʨʠ 25Á); ʜʠʘʤʘʛʥʠʪʝʥ; ʝʛʦ ʪʚʝʨʜʦʩʪʴ 4 ʧʦ ʰʢʘʣʝ ʄʦʦʩʘ; ʦʥ ʧʨʦʯʝʥ, 

ʧʣʘʩʪʠʯʝʥ, ʢʦʚʦʢ, ʭʦʨʦʰʦ ʦʙʨʘʙʘʪʳʚʘʝʪʩʷ ʛʦʨʷʯʠʤ ʧʨʝʩʩʦʚʘʥʠʝʤ. 

 ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚʚʦʜʷʪ ʚ ʩʧʣʘʚʳ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʧʨʦʯʥʦʩʪʠ ʠ 

ʧʣʘʩʪʠʯʥʦʩʪʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠʟʜʝʣʠʡ [2, 3]. ʀʟʚʝʩʪʥʳ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 

ʩʧʣʘʚʳ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʨʠʣʣʠʷ ʩ ʤʝʜʴʶ, ʥʠʢʝʣʝʤ, ʤʘʛʥʠʝʤ, ʘʣʶʤʠʥʠʝʤ ʠ 

ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ. ʀʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʙʝʨʠʣʣʠʷ, ʥʘʟʚʘʥʥʳʝ 

çʙʝʨʠʣʣʠʜʘʤʠè, ʧʣʘʚʷʪʩʷ ʧʨʠ ʚʳʩʦʢʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʦʡ 

ʪʚʝʨʜʦʩʪʴʶ. ʊʘʢ, NbBe2 ʠʤʝʝʪ tʧʣ. = 1880Á, ʊʘ2ɺʝ17 ʧʣʘʚʠʪʩʷ ʧʨʠ 1980Á ʠ 

ZrBe13 ï ʧʨʠ 1920Á. 

ʊʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ ʙʝʨʠʣʣʠʷ ʥʠʟʢʘʷ, ʘ ʵʣʝʢʪʨʦʧʨʦʚʦʜʥʦʩʪʴ ʧʦʯʪʠ ʚ 5 

ʨʘʟ ʥʠʞʝ, ʯʝʤ ʫ ʤʝʜʠ, ʥʦ ʚ 10 ʨʘʟ ʚʳʰʝ, ʯʝʤ ʫ ʨʪʫʪʠ. ɺ ʩʧʝʢʪʨʝ ʙʝʨʠʣʣʠʷ ʪʨʠ 

ʮʚʝʪʘ: ʟʝʣʝʥʳʡ, ʛʦʣʫʙʦʡ, ʠʥʜʠʛʦ. ɹʝʨʠʣʣʠʡ ʚ 16-17 ʨʘʟ ʙʦʣʝʝ ʧʨʦʟʨʘʯʝʥ ʜʣʷ 

ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʣʫʯʝʡ, ʯʝʤ ʘʣʶʤʠʥʠʡ.  

ʉ ʭʠʤʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʙʝʨʠʣʣʠʡ ï ʘʢʪʠʚʥʳʡ ʤʝʪʘʣʣ, ʩ ʚʳʩʦʢʠʤ 

ʩʨʦʜʩʪʚʦʤ ʢ ʢʠʩʣʦʨʦʜʫ, ʛʘʣʦʛʝʥʘʤ ʠ ʜʨʫʛʠʤ ʵʣʝʤʝʥʪʘʤ. ɺ ʩʫʭʦʤ ʚʦʟʜʫʭʝ 

ʙʝʨʠʣʣʠʡ ʫʩʪʦʡʯʠʚ ʢ ʢʦʨʨʦʟʠʠ, ʪʘʢ ʢʘʢ ʥʘ ʝʛʦ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʫʝʪʩʷ 

ʟʘʱʠʪʥʘʷ ʧʣʝʥʢʘ ɺʝʆ. ʅʘʛʨʝʪʳʡ ʧʦʨʦʰʦʢ ʙʝʨʠʣʣʠʷ ʛʦʨʠʪ ʚ ʩʫʭʦʤ ʢʠʩʣʦʨʦʜʝ 

ʷʨʢʠʤ ʧʣʘʤʝʥʝʤ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɺʝʆ. ɺ ʢʦʤʥʘʪʥʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʚʳʰʝ 800Á ʙʝʨʠʣʣʠʡ ʦʢʠʩʣʷʝʪʩʷ ʜʦ ɺʝʆ. ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʨʘʟʣʘʛʘʝʪ ʚʦʜʫ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ɺʝ(ʆʅ)2 ʠ 

ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ. 

ʇʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʧʨʠ 

ʥʘʛʨʝʚʘʥʠʠ ʩ ʛʘʣʦʛʝʥʘʤʠ (ʠʥʪʝʥʩʠʚʥʦ ʛʦʨʠʪ ʚʦ ʬʪʦʨʝ ʠ ʭʣʦʨʝ), ʩʝʨʦʡ, 

ʩʝʣʝʥʦʤ, ʪʝʣʣʫʨʦʤ, ʘʟʦʪʦʤ, ʬʦʩʬʦʨʦʤ, ʫʛʣʝʨʦʜʦʤ ʠ ʢʨʝʤʥʠʝʤ: 

    Be + F2 = BeF2 + 1008.9 ʢɼʞ             Be + S = BeS + 235.1ʢɼʞ 

    Be + Cl2 = BeCl2 + 469.3 ʢɼʞ            3Be + N2 = Be3N2 + 608.8 ʢɼʞ 

ɹʣʘʛʦʜʘʨʷ ʙʦʣʴʰʦʤʫ ʩʨʦʜʩʪʚʫ ʢ ʢʠʩʣʦʨʦʜʫ ʠ ʛʘʣʦʛʝʥʘʤ ʤʝʪʘʣʣʠʯʝʩʢʠʡ 

ʙʝʨʠʣʣʠʡ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʘʢʫʫʤʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ 
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ʦʢʠʩʣʳ, ʛʠʜʨʦʦʢʠʩʠ, ʛʘʣʦʛʝʥʠʜʳ, ʬʦʩʬʘʪʳ, ʘʨʩʝʥʘʪʳ, ʩʠʣʠʢʘʪʳ ʙʦʨʘʪʳ. 

ʅʠʞʝ ʧʨʠʚʝʜʝʥʳ ʧʨʠʤʝʨʳ ʨʝʘʢʮʠʡ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ: 

MgO + Be Ÿ BeO + Mg 

BaO + Be Ÿ   BeO + Ba 

TiO2 + 2Be Ÿ 2BeO + Ti 

KOH + Be Ÿ BeO + K + 
2

1 H2 

SiCl4 + 2Be Ÿ 2BeCl2 + Si 

ʇʨʠ ʥʘʛʨʝʚʘʥʠʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʨʠʣʣʠʷ ʚ ʛʘʟʦʦʙʨʘʟʥʦʤ ʘʤʤʠʘʢʝ ʜʦ 

1000Á ʦʙʨʘʟʫʝʪʩʷ Be3N2; ʚ ʪʦʢʝ ʘʮʝʪʠʣʝʥʘ ʧʨʠ 450Á ʦʙʨʘʟʫʝʪʩʷ ɺʝʉ2. 

ʅʦʨʤʘʣʴʥʳʡ ʧʦʪʝʥʮʠʘʣ ʙʝʨʠʣʣʠʷ ï 1.69 ʚ ʜʣʷ ʩʠʩʪʝʤʳ ɺʝ/ɺʝ
2+

 ʧʨʠ 25Á. 

ɹʝʨʠʣʣʠʡ ʦʙʣʘʜʘʝʪ ʘʤʬʦʪʝʨʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʨʘʩʪʚʦʨʷʝʪʩʷ, ʢʘʢ ʘʣʶʤʠʥʠʡ, 

ʚ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʢʠʩʣʦʪʘʭ (ʢʨʦʤʝ HNO3, ʚ ʢʦʪʦʨʦʡ ʦʥ ʧʘʩʩʠʚʠʨʫʝʪʩʷ) ʠ  

ʩʠʣʴʥʳʭ ʦʩʥʦʚʘʥʠʷʭ ʩ ʚʳʜʝʣʝʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠ ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʦʣʝʡ ʠʣʠ 

ʛʠʜʨʦʩʦʝʜʠʥʝʥʠʡ. ʈʘʟʙʘʚʣʝʥʥʘʷ ʠʣʠ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʦʣʷʥʘʷ ʢʠʩʣʦʪʘ ʠ 

ʨʘʟʙʘʚʣʝʥʥʳʝ ʩʝʨʥʘʷ ʠ ʘʟʦʪʥʘʷ ʢʠʩʣʦʪʳ ʨʝʘʛʠʨʫʶʪ ʩ ʙʝʨʠʣʣʠʝʤ ʢʘʢ ʥʘ 

ʭʦʣʦʜʫ, ʪʘʢ ʠ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ, ʦʙʨʘʟʫʷ ʩʦʣʠ ʠ ʚʳʜʝʣʷʷ ʚʦʜʦʨʦʜ. 

ʂʦʥʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʝʨʥʘʷ ʢʠʩʣʦʪʘ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʨʘʩʪʚʦʨʷʝʪ ʙʝʨʠʣʣʠʡ; 

ʧʨʠ ʵʪʦʤ ʚʳʜʝʣʷʝʪʩʷ ʜʚʫʦʢʠʩʴ ʩʝʨʳ (ʠʣʠ ʜʘʞʝ ʩʝʨʦʚʦʜʦʨʦʜ). HCl, HBr ʠ HI ʚ 

ʛʘʟʦʦʙʨʘʟʥʦʤ ʩʦʩʪʦʷʥʠʠ ʣʝʛʢʦ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʙʝʨʠʣʣʠʝʤ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʩʫʙʣʠʤʘʮʠʠ ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʛʘʣʦʛʝʥʠʜʘ. ɽʩʣʠ ʨʘʩʪʚʦʨʷʪʴ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʡ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚ ʨʘʩʧʣʘʚʣʝʥʥʳʭ ʛʠʜʨʦʦʢʠʩʷʭ 

ʱʝʣʦʯʥʳʭ ʤʝʪʘʣʣʦʚ, ʪʦ ʦʙʨʘʟʫʶʪʩʷ ʙʝʨʠʣʣʘʪʳ ʠ ʚʳʜʝʣʷʝʪʩʷ ʚʦʜʦʨʦʜ: 

Be + 2NaOH = Na2BeO2 + H2 

ʆʨʛʘʥʠʯʝʩʢʠʝ ʢʠʩʣʦʪʳ (ʫʢʩʫʩʥʘʷ, ʣʠʤʦʥʥʘʷ, ʷʙʣʦʯʥʘʷ ʠ ʜʨʫʛʠʝ) ʩʣʘʙʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʙʝʨʠʣʣʠʝʤ, ʪʘʢ ʢʘʢ ʵʪʦʤʫ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʩʣʦʡ ʦʢʠʩʠ ɺʝʆ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʪʘʣʣʘ. ɹʣʘʛʦʜʘʨʷ ʭʠʤʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚʳʪʝʩʥʷʝʪ ʩʝʨʝʙʨʦ, ʪʘʣʣʠʡ, ʦʣʦʚʦ ʠ ʩʚʠʥʝʮ ʠʟ 

ʨʘʩʪʚʦʨʘ ʛʘʣʦʛʝʥʠʜʦʚ. ɿʘʤʝʱʝʥʠʝ ʙʝʨʠʣʣʠʝʤ ʮʠʥʢʘ, ʨʪʫʪʠ, ʥʠʢʝʣʷ ʠʣʠ 

ʢʦʙʘʣʴʪʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʠʭ ʩʦʣʝʡ ʠʜʝʪ ʙʳʩʪʨʝʝ ʚ ʩʧʠʨʪʦʚʦʡ ʠʣʠ 
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ʘʤʤʠʘʯʥʦʡ ʩʨʝʜʝ. ɹʦʣʝʝ ʥʘʛʣʷʜʥʦ ʭʠʤʠʯʝʩʢʘʷ ʘʢʪʠʚʥʦʩʪɹ ʙʝʨʠʣʣʠʷ ʧʦʢʘʟʘʥʘ 

ʥʘ ʩʣʝʜʫʶʱʝʡ ʩʭʝʤʝ, ʠʟ ʢʦʪʦʨʦʡ ʚʠʜʥʦ, ʯʪʦ ʙʝʨʠʣʣʠʡ ʜʘʞʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ 

ʪʝʤʧʝʨʘʪʫʨʝ ʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʥʘʛʨʝʚʘʥʠʠ ʚʩʪʫʧʘʝʪ ʚ ʭʠʤʠʯʝʩʢʦʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ ʤʥʦʛʠʤʠ ʚʝʱʝʩʪʚʘʤʠ ʠ ʵʣʝʤʝʥʪʘʤʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʂʦʤʥ. ʪʝʤʧ. (ɺʝ) ʩ ʅʉl (ʨʘʟʙ. ʠ ʢʦʥʮ.) Ÿ BeCl2 Ā 4H2O 

   ʩ H2SO4 (ʢʦʥʮ.) Ÿ BeSO4 Ā 4H2O 

   ʩ HNO3  (ʨʘʟʙ.) Ÿ Be(NO3)2 Ā 4H2O 

 

ʅʘʛʨʝʚʘʥʠʝ  (ɺʝ) ʩ ʚʦʜʦʡ Ÿ Be(OH)2 Ÿ BeO 

   ʩ ʢʠʩʣʦʨʦʜʦʤ Ÿ BeO 

   ʩ ʛʘʣʦʛʝʥʘʤʠ Ÿ BeX2(X = F 
-
, Cl 

-
, Br 

-
, I 

-
) 

    ʩ ʩʝʨʦʡ, ʩʝʣʝʥʦʤ Ÿ BeS, BeSe  

ʩ ʘʟʦʪʦʤ ʠʣʠ ʞʠʜʢʠʤ NH3 Ÿ Be3N3 

   ʩ ʬʦʩʬʦʨʦʤ Ÿ Be3ʈ2 

ʩ ʫʛʣʸʤ Ÿ Be2C 

   ʩ ʢʦʥʮʝʥʪʨ. ʨʘʩʪʚʦʨʦʤ NaOH Ÿ Na2Be(OH4) 

   ʩ NaOH ʚ ʨʘʩʧʣʘʚʝ Ÿ Na2BeO2  

ʉ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʠ ʝʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʷʜʦʚʠʪʳ. ʇʦʨʦʰʦʢ ʠ ʧʘʨʳ, ʢʦʪʦʨʳʝ ʧʦʧʘʜʘʶʪ ʚ ʦʨʛʘʥʠʟʤ 

ʯʝʣʦʚʝʢʘ ʯʝʨʝʟ ʜʳʭʘʪʝʣʴʥʳʝ ʧʫʪʠ, ʦʧʘʩʥʳ. ʆʪʨʘʚʣʝʥʠʝ ʙʝʨʠʣʣʠʝʤ, 

ʥʘʟʳʚʘʝʤʦʝ çʙʝʨʠʣʣʝʟʦʤè ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʤʝʨʪʠ. 

ʕʣʝʤʝʥʪ ʙʝʨʠʣʣʠʡ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʝʛʦ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ 

ʦʩʦʙʝʥʥʦʩʪʝʡ ʚʩʝʛʜʘ ʧʨʠʚʣʝʢʘʣ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ. ʕʪʦ ʚʳʟʚʘʥʦ 

ʧʦʣʦʞʝʥʠʝʤ ʝʛʦ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ ʵʣʝʢʪʨʦʥʥʦʡ 

ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʘ. ɺ ʩʘʤʦʤ ʜʝʣʝ, ʙʝʨʠʣʣʠʡ ʷʚʣʷʝʪʩʷ ʧʦʩʣʝʜʥʠʤ ʵʣʝʤʝʥʪʦʤ, 

ʠʤʝʶʱʠʤ ʚ ʩʪʨʫʢʪʫʨʝ ʪʦʣʴʢʦ s-ʵʣʝʢʪʨʦʥʳ 1s
2
, 2s

2
. ʆʜʥʘʢʦ ʩʪʨʦʝʥʠʝ ʘʪʦʤʘ 

ʙʝʨʠʣʣʠʷ ʩʪʘʣʦ ʠʟʚʝʩʪʥʦ ʣʠʰʴ ʚ ʥʘʯʘʣʝ 20 ʚʝʢʘ. ɼʦ ʪʝʭ ʧʦʨ, ʧʦʢʘ ʩʪʨʦʝʥʠʝ 

ʘʪʦʤʘ ʙʝʨʠʣʣʠʷ ʙʳʣʦ ʥʝ ʠʟʚʝʩʪʥʦ, ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ, ʝʩʪʝʩʪʚʝʥʥʦ, 

ʫʜʝʣʷʣʦʩʴ ʦʮʝʥʢʝ ʦʩʦʙʝʥʥʦʩʪʠ ʭʠʤʠʯʝʩʢʦʛʦ ʧʦʚʝʜʝʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʝʛʦ 
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ʩʭʦʜʩʪʚʘ ʠ ʨʘʟʣʠʯʠʷ ʩ ʘʥʘʣʦʛʘʤʠ ʧʦ ʧʦʜʛʨʫʧʧʝ, ʵʣʝʤʝʥʪʘʤʠ, ʩʦʩʝʜʥʠʤʠ ʧʦ 

ʜʠʘʛʦʥʘʣʠ, ʘ ʪʘʢʞʝ ʩ ʵʣʝʤʝʥʪʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʩ ʥʠʤ ʚ ʦʜʥʦʤ ʧʝʨʠʦʜʝ. 

ʊʘʢʦʡ ʧʦʜʭʦʜ ʢ ʠʟʫʯʝʥʠʶ ʩʚʦʡʩʪʚ ʙʝʨʠʣʣʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʪʝʩʥʦʡ ʩʚʷʟʠ ʩ 

ʠʟʫʯʝʥʠʝʤ ʦ ʧʝʨʠʦʜʠʯʥʦʩʪʠ. ʀʤʝʥʥʦ ʧʦʵʪʦʤʫ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚ ʠ ʝʛʦ 

ʧʦʩʣʝʜʦʚʘʪʝʣʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʘʚʪʦʨʳ ʨʘʟʣʠʯʥʳʭ ʫʯʝʙʥʠʢʦʚ ʧʦ ʦʙʱʝʡ ʠ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ, ʦʧʠʩʳʚʘʣʠ ʩʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ, ʩʨʘʚʥʠʚʘʷ ʠʭ ʩʦ 

ʩʚʦʡʩʪʚʘʤʠ ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ, ʙʘʨʠʷ (ʚʝʨʪʠʢʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ), 

ʣʠʪʠʷ, ʙʦʨʘ (ʛʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ) ʠ, ʥʘʢʦʥʝʮ, ʘʣʶʤʠʥʠʷ (ʜʠʘʛʦʥʘʣʴʥʦʝ 

ʩʭʦʜʩʪʚʦ). 

ɺʝʨʪʠʢʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ. ʂʘʢ ʠʟʚʝʩʪʥʦ [4-7], ʟʥʘʯʠʪʝʣʴʥʘʷ ʙʣʠʟʦʩʪʴ 

ʵʣʝʤʝʥʪʦʚ II -ʡ ʛʨʫʧʧʳ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʫ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ Ca, Sr, Ba. ʋʞʝ ʤʘʛʥʠʡ ʟʥʘʯʠʪʝʣʴʥʦ ʦʪ ʥʠʭ 

ʦʪʣʠʯʘʝʪʩʷ ʠ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʛʠʜʨʦʦʢʩʠʜʘ ʠ ʧʦ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʥʦʛʠʭ 

ʩʦʣʝʡ. ʅʦ ʝʱʝ ʙʦʣʴʰʠʝ ʦʪʣʠʯʠʷ ʠʤʝʶʪ ʩʦʝʜʠʥʝʥʠʷ ʙʝʨʠʣʣʠʷ. ɽʩʣʠ 

ʛʠʜʨʦʦʢʩʠʜʳ ʢʘʣʴʮʠʷ, ʩʪʨʦʥʮʠʷ ʠ ʙʘʨʠʷ ʷʚʣʷʶʪʩʷ ʩʠʣʴʥʳʤʠ ʦʩʥʦʚʘʥʠʷʤʠ ʠ 

ʠʭ ʩʦʣʠ ʤʘʣʦ ʧʦʜʚʝʨʞʝʥʳ ʛʠʜʨʦʣʠʟʫ, ʪʦ ʛʠʜʨʦʦʢʩʠʜ ʤʘʛʥʠʷ ï ʦʩʥʦʚʘʥʠʝ 

ʩʨʝʜʥʝʡ ʩʠʣʳ ʠ ʩʦʣʠ ʤʘʛʥʠʷ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʚʦʜʦʡ. ɻʠʜʨʦʦʢʩʠʜ ʙʝʨʠʣʣʠʷ 

ʷʚʣʷʝʪʩʷ ʩʦʝʜʠʥʝʥʠʝʤ ʘʤʬʦʪʝʨʥʳʤ.   

ɻʦʨʠʟʦʥʪʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ. ʉʨʘʚʥʠʚʘʷ ʩʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ ʠ ʣʠʪʠʷ, ɼ.ʀ. 

ʄʝʥʜʝʣʝʝʚ ʦʪʤʝʯʘʣ, ʯʪʦ ʦʩʥʦʚʥʳʝ ʩʚʦʡʩʪʚʘ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ, 

ʯʝʤ ʫ ʦʢʠʩʠ ʣʠʪʠʷ, ʧʦʜʦʙʥʦ ʪʦʤʫ, ʢʘʢ ʫ ʦʢʠʩʠ ʙʦʨʘ ʦʥʠ ʤʝʥʝʝ ʚʳʨʘʞʝʥʳ, ʯʝʤ 

ʫ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ. ɻʦʚʦʨʷ ʦ ʩʦʦʪʥʦʰʝʥʠʠ ʩʚʦʡʩʪʚ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʦʪʤʝʯʘʷ 

ʧʦʩʪʝʧʝʥʥʦʝ ʧʘʜʝʥʠʝ ʦʩʥʦʚʥʦʩʪʠ ʦʪ ʣʠʪʠʷ ʢ ʙʦʨʫ, ʄʝʥʜʝʣʝʝʚ ʫʢʘʟʳʚʘʣ, ʯʪʦ 

çʭʣʦʨʠʩʪʳʡ ʙʝʨʠʣʣʠʡ ʣʝʪʫʯʝʝ ʭʣʦʨʠʩʪʦʛʦ ʣʠʪʠʷ, ʘ ʝʱʝ ʙʦʣʴʰʝ ʪʦʛʦ 

ʣʝʪʫʯʝʩʪʴ ʭʣʦʨʠʩʪʦʛʦ ʙʦʨʘè. 

ɼʠʘʛʦʥʘʣʴʥʦʝ ʩʭʦʜʩʪʚʦ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʘʤ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚ ʥʝ 

ʟʘʥʠʤʘʣʩʷ ʠʟʫʯʝʥʠʝʤ ʩʚʦʡʩʪʚ ʙʝʨʠʣʣʠʷ, ʦʜʥʘʢʦ ʦʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʠʤʝʚʰʠʭʩʷ 

ʚ ʝʛʦ ʨʘʩʧʦʨʷʞʝʥʠʠ ʜʘʥʥʳʭ ʚʧʝʨʚʳʝ ʚʳʩʢʘʟʘʣ ʠʜʝʶ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ 

ʙʝʨʠʣʣʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʊʨʫʜʥʦʩʪʠ, ʩʪʦʷʚʰʠʝ ʧʝʨʝʜ ʚʝʣʠʢʠʤ ʭʠʤʠʢʦʤ ʧʨʠ 

ʦʧʨʝʜʝʣʝʥʠʠ ʤʝʩʪʘ ʙʝʨʠʣʣʠʷ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʟʘʩʪʘʚʠʣʠ ʝʛʦ ʙʦʣʝʝ 
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ʚʥʠʤʘʪʝʣʴʥʦ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ, ʧʨʠʛʣʷʜʝʪʴʩʷ ʢ ʩʚʦʡʩʪʚʘʤ 

ʙʝʨʠʣʣʠʷ ʧʦ ʛʦʨʠʟʦʥʪʘʣʠ, ʚʝʨʪʠʢʘʣʠ ʠ ʜʠʘʛʦʥʘʣʠ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʝ 

ʧʦʜʦʙʠʝ ʤʠʥʝʨʘʣʦʚ ʙʝʨʠʣʣʠʷ ʠ ʘʣʶʤʠʥʠʷ, ʩʳʛʨʘʚʰʠʝ ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ 

ʦʪʢʨʳʪʠʠ ʵʣʝʤʝʥʪʘ, ʙʳʣʦ ʧʝʨʚʳʤ ʧʨʦʷʚʣʝʥʠʝʤ ʵʪʦʛʦ ʩʭʦʜʩʪʚʘ. ʆʙʘ ʤʝʪʘʣʣʘ 

ʫʩʪʦʡʯʠʚʳ ʢ ʜʝʡʩʪʚʠʶ ʢʠʩʣʦʪ (ʚ ʩʚʷʟʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʯʝʥʴ 

ʧʨʦʯʥʦʡ ʧʣʝʥʢʠ ʦʢʠʩʣʘ), ʘ ʦʢʠʩʣʳ BeO ʠ Al2O3 ʚʳʩʦʢʦʧʣʘʚʢʠʝ ʠ ʣʝʪʫʯʠ. 

ɺʘʞʥʫʶ ʨʦʣʴ ʚ ʩʧʝʮʠʬʠʢʝ ʦʪʢʨʳʪʠʷ ʙʝʨʠʣʣʠʷ ʩʳʛʨʘʣʘ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ 

ʠʟʦʤʦʨʬʠʟʤʘ ʩʦʝʜʠʥʝʥʠʡ ʙʝʨʠʣʣʠʷ ʠ ʘʣʶʤʠʥʠʷ. ʉʨʘʚʥʠʪʝʣʴʥʦ ʧʦʟʜʥʝʝ 

ʦʪʢʨʳʪʠʝ ʙʝʨʠʣʣʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʪʨʫʜʥʦʩʪʴʶ ʨʘʟʣʠʯʠʷ ʦʢʠʩʣʦʚ ʙʝʨʠʣʣʠʷ ʠ 

ʘʣʶʤʠʥʠʷ. ɺʧʝʨʚʳʝ ʚʳʩʢʘʟʘʥʥʘʷ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʳʤ ʥʘ ʧʨʠʤʝʨʝ ʙʝʨʠʣʣʠʷ ʠ 

ʘʣʶʤʠʥʠʷ ʠʜʝʷ ʜʠʘʛʦʥʘʣʴʥʦʛʦ ʩʭʦʜʩʪʚʘ ʧʦʣʫʯʠʣʘ ʜʘʣʴʥʝʡʰʝʝ ʨʘʟʚʠʪʠʝ ʚ 

ʪʨʫʜʘʭ ɺ.ʄ. ɻʦʣʴʜʰʤʠʜʪʘ, ɸ.ɽ. ʌʝʨʩʤʘʥʘ, ɺ.ɺ. ʑʝʨʙʠʥʳ ʠ ʜʨʫʛʠʭ. 

ʃʦʛʠʯʝʩʢʘʷ ʩʭʝʤʘ, ʧʨʝʜʣʦʞʝʥʥʘʷ ʄʝʥʜʝʣʝʝʚʳʤ (Be : Al  = Li  : Mg = B : Si) ʠ 

ʜʘʶʱʘʷ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʙʝʨʠʣʣʠʷ ʠ ʩʦʩʝʜʥʠʭ ʩ ʥʠʤ 

çʜʠʘʛʦʥʘʣʴʥʳʭè ʵʣʝʤʝʥʪʦʚ, ʧʦʣʫʯʠʣʘ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʚ 

ʪʨʫʜʘʭ ʢʨʫʧʥʝʡʰʝʛʦ ʨʫʩʩʢʦʛʦ ʛʝʦʭʠʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ [4-7]. 

 

1.2. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ Al-ɺʝ, Al-ʈɿʄ ʠ ɺʝ-ʈɿʄ 
 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-ɺʝ. ʇʦʩʪʨʦʝʥʥʘʷ ʧʦ ʩʦʚʦʢʫʧʥʦʩʪʠ 

ʨʘʙʦʪ [8-16] ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʙʝʨʠʣʣʠʡ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ.1. ɼʘʥʥʘʷ ʩʠʩʪʝʤʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʘʣʠʯʠʝʤ ʵʚʪʝʢʪʠʢʠ 

ʠʟ ʜʚʫʭ ʧʨʝʜʝʣʴʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʘ ʦʩʥʦʚʝ Al  ʠ Be. ɺ ʥʝʡ ʫʩʪʘʥʦʚʣʝʥ r

ʧʦʣʥʘʷ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʪʩʫʪʩʪʚʠʝ ʩʦʝʜʠʥʝʥʠʡ. 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʪʦʯʢʘ ʜʠʘʛʨʘʤʤʳ Al-Be ʩʦʦʪʚʝʪʩʪʚʫʝʪ 645Áʉ ʠ 2.5% (ʘʪ.) ɺʝ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʚ ʪʚʝʨʜʦʤ ʘʣʶʤʠʥʠʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 600Áʉ 

ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʤʝʨʥʦ 0.02-0.03% (ʘʪ.), ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 500Áʉ ï 0.005-0.1% 

(ʘʪ.) ʠ ʧʨʘʢʪʠʯʝʩʢʠ ʨʘʚʥʘ ʥʫʣʶ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʘʣʶʤʠʥʠʷ ʚ ʙʝʨʠʣʣʠʠ ʧʨʠʥʷʪʘ ʨʘʚʥʦʡ 0.02% (ʘʪ.), ʠʟʤʝʥʷʝʪʩʷ 

ʦʪ 0.034Ñ0.015% (ʘʪ.) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 795Áʉ ʜʦ 0.10Ñ0.06% (ʘʪ.) ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 1040Áʉ. 
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ɹʝʨʠʣʣʠʝʚʘʷ ʬʘʟʘ ʚ ʩʧʣʘʚʘʭ, ʙʦʛʘʪʳʭ ʘʣʶʤʠʥʠʝʤ, Ŭ(ɺʝ) ʠʤʝʝʪ 

ʛʝʢʩʘʛʦʥʘʣʴʥʫʶ ʨʝʰʝʪʢʫ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʈ63/mmc; 2 ʘʪʦʤʘ ʚ  

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ),   ʩ  ʧʘʨʘʤʝʪʨʘʤʠ:  ʘ = 0.2286 ʥʤ,  ʩ = 0.3584 ʥʤ  [12].  

ʂʫʙʠʯʝʩʢʘʷ ʬʘʟʘ ɓ(ɺʝ) ʩʫʱʝʩʪʚʫʝʪ ʪʦʣʴʢʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ >1227ÁC ʠ    

ʤʦʞʝʪ ʧʨʠʩʫʪʩʪʚʦʚʘʪʴ ʪʦʣʴʢʦ ʚ ʩʧʣʘʚʘʭ, ʩʦʜʝʨʞʘʱʠʭ <15% Al. ʇʦ ʤʝʨʝ  

ʫʚʝʣʠʯʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʝʨʠʣʣʠʷ ʧʘʨʘʤʝʪʨ ʨʝʰʝʪʢʠ ʘʣʶʤʠʥʠʷ ʫʤʝʥʴʰʘʝʪʩʷ, 

ʥʦ ʟʥʘʯʝʥʠʝ 0.4047 ʥʤ ʜʣʷ ʩʧʣʘʚʘ ʩ 0.04 % ɺʝ ʤʘʣʦʚʝʨʦʷʪʥʦ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Al-ʈɿʄ. ɹʦʣʴʰʦʡ ʠʥʪʝʨʝʩ ʢ 

ʘʣʶʤʠʥʠʝʚʳʤ ʩʧʣʘʚʘʤ ʧʨʠʚʸʣ ʢ ʪʦʤʫ, ʯʪʦ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʠʟʫʯʝʥʳ ʠ 

ʧʨʦʩʪʨʦʝʥʳ ʜʠʘʛʨʘʤʤʳ Al-ʈɿʄ ʚ ʧʦʣʥʦʤ ʠʥʪʝʨʚʘʣʝ ʢʦʥʮʝʥʪʨʘʮʠʠ, 

ʦʪʩʫʪʩʪʚʫʶʪ ʣʠʰʴ ʩʚʝʜʝʥʠʷ ʦ ʜʠʘʛʨʘʤʤʝ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-

ʧʨʦʤʝʪʠʡ. ɼʚʦʡʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ Al-ʈɿʄ ʦʪʥʦʩʷʪʩʷ ʢ ʜʠʘʛʨʘʤʤʘʤ 

ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʪ ʜʚʫʭ ʜʦ ʰʝʩʪʠ 

ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɺʩʝ  ʠʟʚʝʩʪʥʳʝ  ʜʠʘʛʨʘʤʤʳ  ʩʦʩʪʦʷʥʠʷ  

ʩʠʩʪʝʤ  Al-ʈɿʄ, ʛʜʝ  ʈɿʄ ï ʣʘʥʪʘʥ, ʮʝʨʠʡ, ʧʨʘʟʝʦʜʠʤ, ʥʝʦʜʠʤ, ʩʘʤʘʨʠʡ, 

ʠʪʪʨʠʡ ʠ ʩʢʘʥʜʠʡ ï ʦʜʥʦʪʠʧʥʳ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʙʣʠʟʢʦʝ ʧʦʜʦʙʠʝ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʘʣʶʤʠʥʠʷ ʩ ʢʘʣʴʮʠʝʤ (ʨʠʩ. 2).  

 

1284Á 

ʈʠʩ. 1. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-Be [12]. 
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ɺ ʙʦʛʘʪʦʡ ʘʣʶʤʠʥʠʝʤ ʯʘʩʪʠ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʦʙʨʘʟʫʝʪʩʷ 

ʵʚʪʝʢʪʠʢʘ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ~10 % (ʧʦ ʤʘʩʩʝ)  ʈɿʄ. ʊʝʤʧʝʨʘʪʫʨʘ ʵʚʪʝʢʪʠʢʠ 

ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʠʟʤʝʥʷʝʪʩʷ ʦʪ 625Á ʜʦ 655ÁC. ɺ ʪʘʙʣʠʮʝ 2 ʧʨʠʚʝʜʝʥʳ 

ʢʦʦʨʜʠʥʘʪʳ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʠʡ ʚ ʩʠʩʪʝʤʘʭ ʘʣʶʤʠʥʠʡ-ʈɿʄ. 

ʉ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʸʨʜʳʤ ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʷʪʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ 

ʩʦʝʜʠʥʝʥʠʷ ʈɿʄ3Al11 (ʛʜʝ ʈɿʄ-La, Ce, Pr, Nd, Eu) ʠʣʠ  ʈɿʄAl 3 (ʛʜʝ ʈɿʄ-Sm, 

Yb, Dʫ, ʅʦ, Er, Tm). ʆʙʘ ʩʦʝʜʠʥʝʥʠʷ ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ 

ʨʝʘʢʮʠʷʤ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ La3Al 11, SmAl3, ʪ.ʝ., ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʘʪʦʤʥʦʛʦ 

ʥʦʤʝʨʘ ʈɿʄ ʚ ʩʠʩʪʝʤʘʭ ʘʣʶʤʠʥʠʷ ʧʝʨʚʦʡ ʧʦʣʦʚʠʥʳ ʨʷʜʘ ʦʪ ʣʘʥʪʘʥʘ ʜʦ 

ʝʚʨʦʧʠʷ (ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʩʘʤʘʨʠʷ) ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʘʣʶʤʠʥʠʝʚʳʤ ʪʚʸʨʜʳʤ 

ʨʘʩʪʚʦʨʦʤ ʥʘʭʦʜʠʪʩʷ ʩʦʝʜʠʥʝʥʠʝ ʪʠʧʘ La3Al 11, ʘ ʚ ʩʠʩʪʝʤʘʭ ʦʪ ʜʠʩʧʨʦʟʠʷ ʜʦ 

ʠʪʪʝʨʙʠʷ - ʩʦʝʜʠʥʝʥʠʝ ʈɿʄAl 3. 

 

 

ʈʠʩ.2. ɼʠʘʛʨʘʤʤ rʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Al-ʈɿʄ [8-16]. 
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ʊʘʙʣʠʮʘ  2 

ʂʦʦʨʜʠʥʘʪʳ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʨʘʚʥʦʚʝʩʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʘʣʶʤʠʥʠʡ-ʨʝʜʢʦʟʝʤʝʣʴʥʳʡ ʤʝʪʘʣʣ [12] 

 

ʈɿʄ ʉʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ, 

% (ʘʪ.) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʚʪʝʢʪʠʢʠ, ʂ 

ʉʦʩʪʘʚ ʵʚʪʝʢʪʠʢʠ, 

% (ʘʪ.) 

ʊʝʤʧʝʨʘʪʫʨʘ 

ʵʚʪʝʢʪʠʢʠ, ʂ 

Al  ʈɿʄ Al  ʈɿʄ 

Sc 99.70 0.30 982 57.00 43.00 1423 

Sc - - - 13.00 87.00 1218 

Y 92.96 3.08 911 43.10 56.90 1358 

Y - - - 24.55 75.45 1243 

La 97.00 3.00 915 25.00 75.00 843 

La 77.00 23.0 1993 - - - 

Ce 96.00 4.00 910 15.00 85.00 898 

Ce - - - 30.80 69.20 913 

Pr 95.00 5.00 910 25.00 75.00 937 

Nd 93.00 7.00 927 15.00 85.00 908 

Sm 97.00 3.00 906 20.80 79.20 983 

Sm 81.10 19.9 1501 - - - 

Gd 95.00 5.00 923 25.70 74.30 1148 

Tb 98.20 1.80 917 - - - 

Dʫ 91.25 8.75 910 - - 1203 

Ho 97.50 2.50 920 - - - 

Eu 98.80 1.20 928 24.20 75.80 1273 

Er - - - 43.20 56.80 1328 

Tm 98.30 1.70 918 - - - 

Yb 96.00 4.00 998 22.50 77.50 948 

 

ʉʦʝʜʠʥʝʥʠʷ ʈɿʄAl 2  ʫʩʪʘʥʦʚʣʝʥʳ ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʈɿʄ ʩ ʘʣʶʤʠʥʠʝʤ, 

ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʝ ʨʝʰʸʪʢʠ ʪʠʧʘ MgCu2, ʘ 

ʩʦʝʜʠʥʝʥʠʷ ʈɿʄAl 2 ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʳʤʠ ʨʝʰʸʪʢʘʤʠ ʪʠʧʘ MgGd ʦʙʥʘʨʫʞʝʥʳ 
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ʚʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ, ʢʨʦʤʝ ʝʚʨʦʧʠʷ ʠ ʠʪʪʝʨʙʠʷ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʘʣʶʤʠʥʠʡ ʩ ʈɿʄ 

ʮʝʨʠʝʚʦʡ ʧʦʜʛʨʫʧʧʳ ʠʤʝʝʪ ʙʦʣʴʰʝʝ ʯʠʩʣʦ ʩʦʝʜʠʥʝʥʠʡ, ʯʝʤ ʩ ʠʪʪʨʠʝʚʦʡ. ʕʪʦ 

ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʠʣʠ ʩʣʦʞʥʦʩʪʴʶ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ʈɿʄ ʮʝʨʠʝʚʦʡ 

ʧʦʜʛʨʫʧʧʳ, ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʝʤ ʩʦʝʜʠʥʝʥʠʡ ʩ ʈɿʄ ʠʪʪʨʠʝʚʦʡ 

ʧʦʜʛʨʫʧʧʳ.  

ɿʘ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʤʥʦʛʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ, ʧʨʠʤʝʥʷʷ ʙʦʣʝʝ ʯʠʩʪʳʝ 

ʤʝʪʘʣʣʳ, ʘ ʪʘʢʞʝ ʤʝʪʦʜ ʨʝʥʪʛʝʥʦʛʨʘʬʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʧʨʦʚʝʣʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʨʘʙʦʪʳ ʧʦ ʵʪʠʤ ʩʠʩʪʝʤʘʤ ʠ ʧʦʣʫʯʠʣʠ ʙʦʣʝʝ ʪʦʯʥʳʝ ʜʘʥʥʳʝ. 

ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʠ ʘʥʘʣʠʟʘ ʥʠʞʝ ʧʨʠʚʦʜʷʪʩʷ ʥʝʢʦʪʦʨʳʝ ʜʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Al-ʈɿʄ. 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Al-Sc ʥʘʠʙʦʣʝʝ ʧʦʣʥʦ ʠʩʩʣʝʜʦʚʘʥʘ [12]. 

ʍʘʨʘʢʪʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʷʚʣʷʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʯʝʪʳʨʸʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʨʠʩ.3): Al 3Sc, Al 2Sc, AlSc ʠ 

AlSc2, ʢʦʪʦʨʳʝ ʠʤʝʶʪ ʫʟʢʠʝ ʠʥʪʝʨʚʘʣʳ ʛʦʤʦʛʝʥʥʦʩʪʠ. ʉʦʝʜʠʥʝʥʠʷ Al3Sc ʠ 

AlSc2 ʧʣʘʚʷʪʩʷ ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1320Á ʠ 1195ÁC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʩʦʝʜʠʥʝʥʠʷ Al 2Sc ʠ AlSc ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1420Á ʠ 1300ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʶʪʩʷ ʪʨʠ 

ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷ: ɾ (AlSc2 + Sc) ʧʨʠ ~87 % (ʘʪ.) Sc ʠ 945ÁC, 

ɾ (Al 2Sc + AlSc) ʧʨʠ ~ 43 ʘʪ.% Sc ʠ 1150ÁC ʠ ʵʚʪʝʢʪʠʢʘ ʩʦ ʩʪʦʨʦʥʳ 

ʘʣʶʤʠʥʠʷ ɾ (Al  + Al3Sc), ʙʣʠʟʢʘʷ ʧʦ ʩʦʩʪʘʚʫ ʢ ʯʠʩʪʦʤʫ ʘʣʶʤʠʥʠʶ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 655ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ 0.36 % (ʘʪ.) Sc.  

 
 ʈʠʩ.3. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʩʢʘʥʜʠʡ [12]. 
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ɸʣʶʤʠʥʠʡ ʠ ʩʢʘʥʜʠʡ ʩʧʣʘʚʣʷʶʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʨʠ ʚʩʝʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ. ʇʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ [12] ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʩʢʘʥʜʠʷ ʚ ʪʚʸʨʜʦʤ 

ʘʣʶʤʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ: 655Á; 640Á; 600Á; 500ÁC, ʩʦʦʪʚʝʪʩʪ-

ʚʝʥʥʦ, 0.24; 0.13; 0.09; 0.03 % (ʘʪ.) Sc.  

ʉʠʩʪʝʤʘ ʘʣʶʤʠʥʠʡ-ʠʪʪʨʠʡ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚʦ ʚʩʝʭ ʠʥʪʝʨʚʘʣʘʭ 

ʢʦʥʮʝʥʪʨʘʮʠʡ [12] (ʨʠʩ.4). ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʠʪʪʨʠʷ ʩ ʘʣʶʤʠʥʠʝʤ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʩʣʦʞʥʦʡ ʩʭʝʤʝ. ɺ ʩʠʩʪʝʤʝ ʦʙʥʘʨʫʞʝʥʦ ʧʷʪʴ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ: ɸl3Y, ɸl2Y, ɸlY, Al 2Y3 ʠ AlY 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʦʝʜʠʥʝʥʠʷ ɸl2Y ʠ Al 2Y3 ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

1485Á ʠ 1100ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʷ ɸl3Y, ɸlY  ʠ AlY 2 ʦʙʨʘʟʫʶʪʩʷ ʧʦ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 980Á, 1130Á ʠ 985ÁC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʠʩʪʝʤʝ ʠʤʝʶʪ ʤʝʩʪʦ ʜʚʘ ʵʚʪʝʢʪʠʯʝʩʢʠʭ ʧʨʝʚʨʘʱʝʥʠʷ:     

ɾ (ɸl + ɸl3Y) ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 639ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ ~43 % (ʘʪ.) ʠʪʪʨʠʷ ʠ       

ɾ (Y + ɸlY 2) ʧʨʠ 960ÁC ʠ 75 % (ʘʪ.) Y. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʠʪʪʨʠʷ ʚ ʪʚʸʨʜʦʤ 

ʘʣʶʤʠʥʠʠ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 500Á, 600Á ʠ 620ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

0.024; 0.039; 0.046 % (ʘʪ.). 

ɺ ʩʠʩʪʝʤʝ ʘʣʶʤʠʥʠʡ-ʣʘʥʪʘʥ (ʨʠʩ.5) [12] ʦʙʨʘʟʫʝʪʩʷ ʰʝʩʪʴ ʠʥʪʝʨʤʝʪʘʣ-

ʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ɸl11La3, ɸl3La, ɸlʭLa, ɸl2La, ɸlLa ʠ ɸlLa3. ʉʦʝʜʠʥʝʥʠʷ 

ɸl11La3 ʠ ɸl2La ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1240Á ʠ 1405ÁC, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ.  

 ʈʠʩ.4. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʠʪʪʨʠʡ [12]. 
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ʉʦʝʜʠʥʝʥʠʷ ɸl3La, ɸlʭLa, ɸlLa ʠ ɸlLa3 ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ 

ʨʝʘʢʮʠʷʤ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 1170Á, 1240Á, 873Á ʠ 550ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʪʨʠ ʵʚʪʝʢʪʠʢʠ (ɸl + ɸl11La3)ʕ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 640ÁC, (ɸl11La3 + ɸlʭLa)ʕ ʧʨʠ 1220ÁC ʠ (La + ɸlLa3)ʕ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 547ÁC. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 915ÁC ʩʦʝʜʠʥʝʥʠʝ 

ɸl11La3 ʧʨʝʪʝʨʧʝʚʘʝʪ ʧʦʣʠʤʦʨʬʥʦʝ ʧʨʝʚʨʘʱʝʥʠʝ. ɸʣʶʤʠʥʠʡ ʥʝ ʨʘʩʪʚʦʨʷʝʪʩʷ 

ʚ ʪʚʸʨʜʦʤ ʣʘʥʪʘʥʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʣʘʥʪʘʥʘ ʚ ʪʚʸʨʜʦʤ ʘʣʶʤʠʥʠʠ, 

ʦʧʨʝʜʝʣʸʥʥʘʷ ʤʝʪʦʜʘʤʠ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ, ʠʟʤʝʨʝʥʠʷʤʠ 

ʵʣʝʢʪʨʦʩʦʧʨʦʪʠʚʣʝʥʠʷ ʠ ʤʠʢʨʦʪʚʸʨʜʦʩʪʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 620Á, 600Á ʠ 

500ÁC ʩʦʩʪʘʚʣʷʝʪ 0.006, 0.002 ʠ <0.002 % (ʘʪ.), ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʉʠʩʪʝʤʘ ʘʣʶʤʠʥʠʡ-ʮʝʨʠʡ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʚ ʧʦʣʥʦʤ ʠʥʪʝʨʚʘʣʝ 

ʢʦʥʮʝʥʪʨʘʮʠʡ [12] (ʨʠʩ.6). ɺ ʥʝʡ ʦʙʥʘʨʫʞʝʥʦ ʧʷʪʴ ʩʦʝʜʠʥʝʥʠʡ Ce3Al , CeAl2, 

CeAl, Ce3Al 11 ʠ CeAl3.   

 

 

 

 

 

 

 

 

 

 

 

  ʈʠʩ.6. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʮʝʨʠʡ [12]. 

 ʈʠʩ.5. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ ʘʣʶʤʠʥʠʡ-ʣʘʥʪʘʥ [12]. 
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ʉʦʝʜʠʥʝʥʠʷ Ce3Al  ʠ CeAl2 ʧʣʘʚʷʪʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

655Á ʠ 1480ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ CeAl ʠ Ce3Al11 ʦʙʨʘʟʫʶʪʩʷ ʧʦ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ (ɾ + CeAl2)źCeAl ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 845ÁC ʠ (ɾ+ 

+ CeAl2)źɓCe3Al11 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1235ÁC. ʉʦʝʜʠʥʝʥʠʝ  CeAl3 ʦʙʨʘʟʫʝʪʩʷ 

ʧʦ ʧʝʨʠʪʝʢʪʦʠʜʥʦʡ ʨʝʘʢʮʠʠ (CeAl2 + ɓCe3Al11) CeAl3 ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1135ÁC. 

ʉʦʝʜʠʥʝʥʠʷ Ce3Al 11 ʠ Ce3Al  ʧʨʝʪʝʨʧʝʚʘʶʪ ʧʦʣʠʤʦʨʬʥʳʝ ʧʨʝʚʨʘʱʝʥʠʷ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1020Á ʠ 250ÁC, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʩʧʣʘʚʘʭ ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʪʨʠ 

ʵʚʪʝʢʪʠʢʠ ʧʦ ʨʝʘʢʮʠʷʤ: ɾ     (Al  + ŬCe3Al 11) ʧʨʠ ʩʦʜʝʨʞʘʥʠʠ ~4.0 % (ʘʪ.) ʉʝ ʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 640ÁC; ɾ     (ɓCe3Al  + CeAl)  ʧʨʠ ~70,0 % (ʘʪ.) ʉʝ ʠ 645ÁC ʠ ɾ     

ɔʉʝ + ɓCe3Al  ʧʨʠ ~89,0 % (ʘʪ.) ʉʝ ʠ 580ÁC. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʮʝʨʠʷ ʚ ʘʣʶʤʠʥʠʠ 

ʩʦʩʪʘʚʣʷʝʪ ~0,01 % (ʘʪ.) ʉʝ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 640ÁC. 

ʅʘʠʙʦʣʝʝ ʧʦʣʥʳʡ ʫʪʦʯʥʸʥʥʳʡ ʚʘʨʠʘʥʪ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ Al-

Pr ʠ Al-Nd ʧʨʠʚʝʜʝʥʳ ʚ ʨʘʙʦʪʝ [12]. ɼʘʥʥʳʝ ʩʠʩʪʝʤʳ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʰʝʩʪʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʨʝʜʠ ʢʦʪʦʨʳʭ ʣʠʰʴ 

Al 2Pr ʠ Al2Nd ʧʣʘʚʷʪʩʷ ʩ ʦʪʢʨʳʪʳʤ ʤʘʢʩʠʤʫʤʦʤ. ʆʩʪʘʣʴʥʳʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʳ 

ʢʨʠʩʪʘʣʣʠʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ. ʉʦʝʜʠʥʝʥʠʝ ʈɿʄ3Al 

ʪʠʧʠʯʥʦ ʜʣʷ ʧʝʨʚʳʭ ʵʣʝʤʝʥʪʦʚ ʣʘʥʪʘʥʦʠʜʥʦʡ ʛʨʫʧʧʳ ï La, Ce, Pr ʠ Nd. 

ʆʜʥʘʢʦ ʧʝʨʝʭʦʜ Ŭ     ɓ ʤʦʜʠʬʠʢʘʮʠʡ ʥʘʙʣʶʜʘʝʪʩʷ ʪʦʣʴʢʦ ʜʣʷ Ce3Al  ʠ AlPr3. ɺ 

ʩʠʩʪʝʤʘʭ Al-Pr ʠ Al-Nd ʦʙʨʘʟʫʶʪʩʷ ʜʚʝ ʵʚʪʝʢʪʠʢʠ: (Al  + ŬAl 11Pr3)ʕ ʠ (AlPr2 + 

ŬPr)ʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 640Á ʠ 650ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ ~5 ʠ ~82 % (ʘʪ.) Pr, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘ ʪʘʢʞʝ (Al  + ŬAl 11Nd3)ʕ ʠ (AlNd3 + ŬNd)ʕ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

640Á ʠ 635ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ ~8 ʠ ~85 % (ʘʪ.) Nd, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʟʚʝʩʪʥʦ, 

ʯʪʦ ʦʥʠ ʩʫʱʝʩʪʚʫʶʪ ʚ ʜʚʫʭ ʧʦʣʠʤʦʨʬʥʳʭ ʤʦʜʠʬʠʢʘʮʠʷʭ - ʨʦʤʙʠʯʝʩʢʦʡ ʠ 

ʪʝʪʨʘʛʦʥʘʣʴʥʦʡ. 

ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʘʣʶʤʠʥʠʡ-ʩʘʤʘʨʠʡ ʠʩʩʣʝʜʦʚʘʥʘ ʯʘʩʪʠʯʥʦ. ʉʦ 

ʩʪʦʨʦʥʳ ʘʣʶʤʠʥʠʷ ʦʙʨʘʟʫʝʪʩʷ ʵʚʪʝʢʪʠʢʘ ʤʝʞʜʫ ʘʣʶʤʠʥʠʝʤ ʠ Al 3Sm ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 633ÁC ʠ ʩʦʜʝʨʞʘʥʠʠ ~3 % (ʘʪ.) Sm. ɺʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʘʷ 

ʤʦʜʠʬʠʢʘʮʠʷ ʜʘʥʥʦʡ ʬʘʟʳ ï ʵʪʦ Al 11Sm3, ʢʦʪʦʨʘʷ ʨʘʩʧʘʜʘʝʪʩʷ ʥʘ Al3Sm ʠ 

ʞʠʜʢʦʩʪʴ ʧʨʠ ʦʭʣʘʞʜʝʥʠʠ ʥʠʞʝ 1066ÁC.  
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ʉʦʝʜʠʥʝʥʠʶ Al 11Sm3 ʩʚʦʡʩʪʚʝʥʥʘ ʦʙʲʸʤʥʦʮʝʥʪʨʠʨʦʚʘʥʥʘʷ 

ʪʝʪʨʘʛʦʥʘʣʴʥʘʷ ʨʝʰʸʪʢʘ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ 14/mmm, 10 ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ  ʷʯʝʡʢʝ) ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʸʪʢʠ ʘ = 0.428 ʥʤ; ʩ = 0.990 ʥʤ, ʦʥʘ 

ʠʟʦʤʦʨʬʥʘ ʩʦʝʜʠʥʝʥʠʶ BaAl4. ʈʝʰʸʪʢʘ ʤʦʜʠʬʠʢʘʮʠʠ Al 11Sm3 

ʦʨʪʦʨʦʤʙʠʯʝʩʢʘʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ Immma, 20 ʘʪʦʤʦʚ ʚ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʝ) ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʸʪʢʠ ʘ  0.444 ʥʤ, ʚ  0.638 ʥʤ, ʩ  

1.362 ʥʤ ʩʦʝʜʠʥʝʥʠʝ ʠʟʦʤʦʨʬʥʦ UAl 4. ʈʝʰʸʪʢʘ ʩʦʝʜʠʥʝʥʠʷ Al 3Sm 

ʛʝʢʩʘʛʦʥʘʣʴʥʘʷ (ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʘʷ ʛʨʫʧʧʘ ʈ63/mmc, 8 ʘʪʦʤʦʚ ʚ ʵʣʝʤʝʥʪʘʨʥʦʡ 

ʷʯʝʡʢʝ) ʩ ʧʝʨʠʦʜʦʤ ʨʝʰʸʪʢʠ, ʘ  0.635 ʥʤ, ʩ  0.459 ʥʤ. ɺ ʩʠʩʪʝʤʝ ʪʘʢʞʝ  

ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘ Al 2Sm, ʢʦʪʦʨʳʡ ʧʣʘʚʠʪʩʷ ʩ 

ʦʪʢʨʳʪʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 1500ÁC. 

ɺ ʩʠʩʪʝʤʝ ʘʣʶʤʠʥʠʡ-ʛʘʜʦʣʠʥʠʡ ʦʙʥʘʨʫʞʝʥʳ ʩʦʝʜʠʥʝʥʠʷ Al 3Gd, Al2Gd, 

AlGd, Al2Gd3 ʠ AlGd2. ʀʥʪʝʨʤʝʪʘʣʣʠʜʳ Al3Gd, AlGd, Al 2Gd3 ʠ AlGd2 

ʦʙʨʘʟʫʶʪʩʷ ʧʦ ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤ ʨʝʘʢʮʠʷʤ ʧʨʠ 1125Á, 1075Á, 980Á ʠ 950Áʉ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʉʦʝʜʠʥʝʥʠʝ Al 2Gd ʧʣʘʚʠʪʩʷ ʩ ʦʪʢʨʳʪʳʤ ʤʘʢʩʠʤʫʤʦʤ ʧʨʠ 

1525Áʉ. ʕʚʪʝʢʪʠʢʘ ʩʦ ʩʪʦʨʦʥʳ ʘʣʶʤʠʥʠʷ ʩʦʜʝʨʞʠʪ ~2 % (ʘʪ.) Gd ʠ ʧʣʘʚʠʪʩʷ 

ʧʨʠ 650Áʉ, ʩʦ ʩʪʦʨʦʥʳ ʚʪʦʨʦʛʦ ʢʦʤʧʦʥʝʥʪʘ - ~77.0 % (ʘʪ.) Gd ʠ ʧʣʘʚʠʪʩʷ ʧʨʠ 

875Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʛʘʜʦʣʠʥʠʷ ʚ ʪʚʸʨʜʦʤ ʘʣʶʤʠʥʠʠ ʧʨʘʢʪʠʯʝʩʢʠ 

ʦʪʩʫʪʩʪʚʫʝʪ.  

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ɺʝ-ʈɿʄ. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ 

ʙʝʨʠʣʣʠʷ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ (ʢʨʦʤʝ Y ʠ Yb) ʥʝ ʧʦʩʪʨʦʝʥʳ. ɺ 

ʩʠʩʪʝʤʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ ʈɿʄBe13, ʠʤʝʶʱʠʭ ɻʎʂ  

ʨʝʰʝʪʢʫ ʪʠʧʘ NaZn13 (ʩʠʤʚʦʣ ʇʠʨʩʦʥʘ ʩF112, ʧʨ.ʛʨ. Fm3c). ɿʥʘʯʝʥʠʷ  

ʧʘʨʘʤʝʪʨʦʚ ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʩʠʩʪʝʤ ɺʝ-ʈɿʄ ʧʨʠʚʝʜʝʥʳ 

ʚ ʪʘʙʣ.3. ʉʦʝʜʠʥʝʥʠʷ ʧʦʣʫʯʝʥʳ ʢʘʢ ʧʫʪʸʤ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʩʧʣʘʚʣʝʥʠʷ  Be 

c ʈɿʄ, ʪʘʢ ʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʠʩʠ ʈɿʄ ʙʝʨʠʣʣʠʝʤ ʩ 

ʧʦʩʣʝʜʫʶʱʠʤ ʩʧʣʘʚʣʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ [12]. ʉʦʝʜʠʥʝʥʠʷ ʈɿʄBe13 ʠʤʝʪʁ 

ʧʝʨʝʤʝʥʥʳʡ ʩʦʩʪʘʚ, ʦ ʯʸʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʜʘʥʥʳʝ ʠʟʤʝʨʝʥʠʷ ʧʘʨʘʤʝʪʨʘ 

ʨʝʰʝʪʢʠ (ʪʘʙʣ.3). ɺ ʩʠʩʪʝʤʝ Be-Sc ʥʘʨʷʜʫ ʩ ʩʦʝʜʠʥʝʥʠʝʤ ScBe13, ʪʘʢʞʝ 

ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʜʚʫʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʦʝʜʠʥʝʥʠʡ: Sc2Be17, ScBe5. 
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ʊʘʙʣʠʮʘ 3 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʩʦʝʜʠʥʝʥʠʡ ʩʠʩʪʝʤ Be-ʈɿʄ 

ˉ/ˉ 

ʧ/ʧ 

ʉʦʝʜʠʥʝʥʠʝ  ʇʨʦʪʦʪʠʧ  ʉʠʤʚʦʣ 

ʇʠʨʩʦʥʘ, ʧʨ.ʛʨ. 

ʇʘʨʘʤʝʪʨʳ ʨʝʰʝʪʢʠ, ʥʤ 

ʘ ʩ 

1. ScBe13 

Sc2Be17 

ScBe5 

NaZn13 

Th2Ni17 

CaCu5 

cF112, Fm3c 

hP38, P63/mmc 

hP6, P6/mmm 

1.010 

0,761 

0.455 

- 

0.750 

0.350 

2. YBe13 NaZn13 cF112, Fm3c 1.0237-1.0254 - 

3. LaBe13 NaZn13 cF112, Fm3c 1.0440-1.0460 - 

4. ʉʝɺʝ13 NaZn13 cF112, Fm3c 1.0370-1.0380  - 

5. PrBe13 NaZn13 cF112, Fm3c 1.0367-1.0398 - 

6. NdBe13 NaZn13 cF112, Fm3c 1.0352-1.0374 - 

7. PmBe13 NaZn13 cF112, Fm3c 1.033 - 

8. SmBe13 NaZn13 cF112, Fm3c 1.0251-1.0325 - 

9. EuBe13 NaZn13 cF112, Fm3c 1.0280-1.0300   - 

10. GdBe13 NaZn13 cF112, Fm3c 1.0271-1.0280 - 

11. TbBe13 NaZn13 cF112, Fm3c 1.0247-1.0254 - 

12. DyBe13 NaZn13 cF112, Fm3c 1.0233-1.0240  - 

13. HoBe13 NaZn13 cF112, Fm3c 1.0219-1.0225 - 

14. ErBe13 NaZn13 cF112, Fm3c 1.0203-1.0215 - 

15. TmBe13 NaZn13 cF112, Fm3c 1.0189-1.0199 - 

16. YbBe13 NaZn13 cF112, Fm3c 1.0182-1.0190 - 

17. LuBe13 NaZn13 cF112, Fm3c 1.0170-1.0177 - 

 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʢʨʦʩʪʨʫʢʪʫʨʥʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 

ʜʶʨʦʤʝʪʨʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʩʧʣʘʚʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʦʪ 1 ʜʦ 52.2% (ʧʦ ʤʘʩʩʝ) 

La, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, ʙʣʠʟʢʦʡ ʢ ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ 

ʯʠʩʪʦʛʦ ɺʝ ʠ ʩʦʜʝʨʞʘʥʠʠ 0.13% (ʘʪ.) La, ʢʨʠʩʪʘʣʣʠʟʫʝʪʩʷ ʵʚʪʝʢʪʠʢʘ: (ɺʝ) + 

LaBe13. ʈʘʩʪʚʦʨʠʤʦʩʪʴ La ʚ ʙʝʨʠʣʣʠʠ ʢʘʢ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1000Áʉ, ʪʘʢ ʠ ʧʨʠ 

ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ Ò 0.065 % (ʘʪ.). ʊʘʢʞʝ ʙʳʣʘ 

ʠʩʩʣʝʜʦʚʘʥʘ ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʉʝ ʠ ɺʝ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ, 
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ʥʦ ʧʦʣʫʯʝʥʥʳʝ ʟʥʘʯʝʥʠʷ ʥʝʦʜʥʦʟʥʘʯʥʳ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ La ʠ ʉʝ 

ʧʦʥʠʞʘʪʁ ʪʝʤʧʝʨʘʪʫʨʫ ʧʦʣʠʤʦʨʬʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ Ŭźɓ ʚ ʙʝʨʠʣʣʠʠ [12]. 

ʆʨʠʝʥʪʠʨʦʚʦʯʥʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Be-Y ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.7. ɺ 

ʩʧʣʘʚʘʭ ʩʠʩʪʝʤʳ ʩʫʱʝʩʪʚʫʝʪ ʝʜʠʥʩʪʚʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ YBe13, ʢʦʪʦʨʦʝ 

ʦʙʨʘʟʫʝʪ ʜʚʝ ʵʚʪʝʢʪʠʢʠ: ʩ ʠʪʪʨʠʝʤ ʠ ʙʝʨʠʣʣʠʝʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʘʭ 1070 ʠ ~1284Áʉ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Y ʚ (ɺʝ) ʠʟʫʯʝʥʘ ʩ ʧʦʤʦʱʴʶ 

ʚʳʩʦʢʦʪʝʤʧʝʨʘʪʫʨʥʦʡ ʨʝʥʪʛʝʥʦʛʨʘʬʠʠ ʠ ʘʢʪʠʚʘʮʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ 

ʜʠʬʬʫʟʠʦʥʥʦ-ʥʘʩʳʱʝʥʥʳʭ ʩʣʦʝʚ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʠʟʦʪʦʧʘ 
90

Y. ʅʝ 

ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʨʝʰʝʪʢʠ ɺʝ ʚ ʩʧʣʘʚʝ ʩ ʩʦʜʝʨʞʘʥʠʝʤ 

ʠʪʪʨʠʷ 0.1 % (ʘʪ.), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ Y ʚ 

ɺʝ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ Y ʚ ɺʝ ʫʤʝʥʴʰʘʝʪʩʷ ʦʪ 0.025 % (ʘʪ.) 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1220Áʉ ʜʦ 0.008 % ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 1100Áʉ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ʈʠʩ.7. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Be-Y [12]. 
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ʇʨʝʜʧʦʣʘʛʘʝʤʘʷ ʜʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ Be ʩ Yb ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ.8 ʧʦ 

ʜʘʥʥʳʤ ʨʘʙʦʪʳ [12]. ʄʝʪʦʜʘʤʠ ʤʝʪʘʣʣʦʛʨʘʬʠʯʝʩʢʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ ʠ 

ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʘʥʘʣʠʟʦʚ ʫʩʪʘʥʦʚʣʝʥʦ ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʚ ʩʠʩʪʝʤʝ ʩʦʝʜʠʥʝʥʠʷ 

YbBe13, ʧʣʘʚʷʱʝʛʦʩʷ ʢʦʥʛʨʫʵʥʪʥʦ ʧʨʠ ~1900
0
ʉ. ɺʝʨʦʷʪʥʘ ʥʝʙʦʣʴʰʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ Yb ʚ Be.  

 

 

 

 

 

 

 

 

 

 

 

 

 

1.3. ʇʦʣʫʯʝʥʠʝ ʠ ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʝʛʦ ʩʧʣʘʚʦʚ 

ʄʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʧʦʣʫʯʘʶʪ ʵʣʝʢʪʨʦʣʠʟʦʤ ʨʘʩʧʣʘʚʘ Na2[BeCl4], 

ʘ ʪʘʢʞʝ ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʠʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ (ʙʝʟ ʜʦʩʪʫʧʘ ʚʦʟʜʫʭʘ) ʩʤʝʩʠ 

ʛʘʣʦʛʝʥʠʜʘ ʙʝʨʠʣʣʠʷ ʠ ʛʘʣʦʛʝʥʠʜʘ ʱʝʣʦʯʥʦʛʦ (ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ) ʤʝʪʘʣʣʘ 

ʠʣʠ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ. ʇʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ ʙʝʨʠʣʣʠʷ ï ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʪʨʫʜʥʳʭ 

ʟʘʜʘʯ ʤʝʪʘʣʣʫʨʛʠʠ [1-3].  

ʕʣʝʢʪʨʦʣʠʟ ʨʘʩʧʣʘʚʘ Na2[BeCl4]. ɺ ʧʨʦʮʝʩʩʝ ʵʣʝʢʪʨʦʣʠʟʘ ʧʨʠ 350Á 

ʨʘʩʧʣʘʚʘ Na2[BeCl4], ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟ ʨʘʚʥʳʭ ʚʝʩʦʚʳʭ ʢʦʣʠʯʝʩʪʚ BeCl2 ʠ 

NaCl, ʥʘ ʢʘʪʦʜʝ ʚʳʜʝʣʷʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚ ʚʠʜʝ ʯʝʰʫʝʢ. 

ʕʚʪʝʢʪʠʯʝʩʢʘʷ ʩʤʝʩʴ ʠʟ 58.7 ʚʝʩ.% BeCl2 ʠ 41.3 ʚʝʩ.% NaCl ʧʣʘʚʠʪʩʷ ʧʨʠ 

215Á. ʕʣʝʢʪʨʦʣʠʪ ʟʘʱʠʱʘʶʪ ʦʪ ʘʪʤʦʩʬʝʨʥʦʡ ʚʣʘʛʠ, ʪʘʢ ʢʘʢ BeCl2 ʦʯʝʥʴ 

ʛʠʛʨʦʩʢʦʧʠʯʝʥ. ʕʣʝʢʪʨʦʣʠʟ ʚʝʜʫʪ ʚ ʥʠʢʝʣʝʚʦʤ ʩʦʩʫʜʝ ʩ ʪʦʣʱʠʥʦʡ ʩʪʝʥʦʢ 2-3 

 

ʈʠʩ.8. ɼʠʘʛʨʘʤʤʘ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤʳ Be-Yb [12]. 

Yb 
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ʤʤ, ʢʦʪʦʨʳʡ ʩʣʫʞʠʪ ʢʘʪʦʜʦʤ ʠ ʦʙʦʛʨʝʚʘʝʪʩʷ ʠʟʚʥʝ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʴʶ. ɺ 

ʢʘʯʝʩʪʚʝ ʘʥʦʜʘ ʠʩʧʦʣʴʟʫʶʪ ʛʨʘʬʠʪʦʚʳʝ ʵʣʝʢʪʨʦʜʳ. ɺ ʧʨʦʤʳʰʣʝʥʥʳʭ 

ʫʩʣʦʚʠʷʭ ʵʣʝʢʪʨʦʣʠʟ ʧʨʦʚʦʜʷʪ ʚ ʩʝʨʠʷʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ, ʩʦʙʨʘʥʥʳʭ ʚ ʜʚʝ 

ʛʨʫʧʧʳ. ʆʥʠ ʨʘʙʦʪʘʶʪ ʧʦʧʝʨʝʤʝʥʥʦ (ʧʦ 24 ʯʘʩʘ) ʠ ʧʠʪʘʶʪʩʷ ʵʣʝʢʪʨʠʯʝʩʢʠʤ 

ʪʦʢʦʤ 500 ɸ (ʥʘʧʨʷʞʝʥʠʝ 40-50 ʚ). ɺ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʜʥʘ ʛʨʫʧʧʘ ʠʟ ʧʷʪʠ 

ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ ʨʘʙʦʪʘʝʪ, ʠʟ ʜʨʫʛʦʡ ʛʨʫʧʧʳ ʵʣʝʢʪʨʦʣʠʪ ʧʝʨʝʭʦʜʠʪ ʯʝʨʝʟ 

ʩʠʬʦʥ ʚ ʧʝʨʚʫʶ (ʪʘʤ, ʜʦʙʘʚʣʷʷ ʩʦʣʠ, ʩʦʩʪʘʚ ʵʣʝʢʪʨʦʣʠʪʘ ʜʦʚʦʜʷʪ ʜʦ 

ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ) ʠ ʠʟʚʣʝʢʘʶʪ ʯʝʰʫʡʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʨʠʣʣʠʷ, 

ʦʩʝʚʰʝʛʦ ʥʘ ʩʪʝʥʢʘʭ ʵʣʝʢʪʨʦʣʠʟʝʨʦʚ. ʏʝʰʫʡʢʠ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʨʠʣʣʠʷ, 

ʦʪʞʘʪʳʝ ʥʘ ʧʨʝʩʩʝ, ʧʨʦʤʳʚʘʶʪ ʚʦʜʦʡ ʠ ʨʘʟʙʘʚʣʝʥʥʦʡ HNO3, ʟʘʪʝʤ ʩʫʰʘʪ ʥʘ 

ʮʝʥʪʨʠʬʫʛʝ, ʧʨʝʩʩʫʶʪ ʚ ʚʠʜʝ ʙʨʠʢʝʪʦʚ ʠ ʟʘʪʝʤ ʧʣʘʚʷʪ ʧʨʠ 1400Áʉ
 
ʚ 

ʘʪʤʦʩʬʝʨʝ ʢʠʩʣʦʨʦʜʘ ʚ ʪʠʛʣʝ, ʠʟʛʦʪʦʚʣʝʥʥʦʤ ʠʟ ɺʝʆ [1-3]. 

ʄʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʛʘʣʦʛʝʥʠʜʦʚ ʙʝʨʠʣʣʠʷ. ʇʨʠ 

ʤʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʚ ʚʘʢʫʫʤʝ ʩʤʝʩʠ ʛʘʣʦʛʝʥʠʜʘ ʙʝʨʠʣʣʠʷ 

(BeF2  ʠʣʠ BeCl2) ʩ ʬʪʦʨʠʜʦʤ (ʭʣʦʨʠʜʦʤ) ʱʝʣʦʯʥʦʛʦ ʠʣʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʦʛʦ 

ʤʝʪʘʣʣʘ (ʣʠʪʠʷ, ʥʘʪʨʠʷ, ʢʘʣʠʷ, ʤʘʛʥʠʷ, ʢʘʣʴʮʠʷ, ʮʠʥʢʘ ʠʣʠ ʘʣʶʤʠʥʠʷ) 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ. ɺ ʩʣʫʯʘʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ Na2[BeCl4] 

ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʤʘʛʥʠʝʤ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ ʚ ʚʘʢʫʫʤʝ ʧʦʩʣʝ ʦʪʛʦʥʢʠ ʠʟʙʳʪʢʘ 

ʤʘʛʥʠʷ ʠ ʥʘʪʨʠʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʧʨʠ ʟʘʪʚʝʨʜʝʚʘʥʠʠ ʦʙʨʘʟʫʝʪ ʩʣʦʡ, 

ʦʪʜʝʣʷʶʱʠʡʩʷ ʦʪ ʬʪʦʨʠʜʘ ʤʘʛʥʠʷ: 

Na2[BeF4] + 2Mg Ÿ Be + 2Na + 2MgF2 

ʄʝʪʘʣʣʦʪʝʨʤʠʯʝʩʢʦʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ. ʇʨʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʦʢʠʩʠ ɺʝʆ ʚ ʚʘʢʫʫʤʝ ʥʘʛʨʝʚʘʥʠʝʤ ʝʝ ʩ ʱʝʣʦʯʥʳʤʠ 

ʤʝʪʘʣʣʘʤʠ, ʤʘʛʥʠʝʤ, ʢʘʣʴʮʠʝʤ, ʘʣʶʤʠʥʠʝʤ, ʪʠʪʘʥʦʤ, ʬʝʨʨʦʩʠʣʠʮʠʝʤ 

ʦʙʨʘʟʫʝʪʩʷ ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʠ ʦʢʠʩʴ ʤʝʪʘʣʣʘ ʚʦʩʩʪʘʥʦʚʠʪʝʣʷ.  

ʂʦʛʜʘ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʩʤʝʩʠ ʦʢʠʩʣʦʚ BeO + CuO, BeO + Al 2O3, BeO + 

NiO ʩ ʫʛʣʝʤ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʝʯʠ (ʧʨʠ 1800-2000Á), ʪʦ ʦʙʨʘʟʫʝʪʩʷ ʤʝʜʥʦ-, 

ʘʣʶʤʠʥʠʝʚʦ- ʠ ʥʠʢʝʣʝʚʦʙʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ, ʩʦʜʝʨʞʘʱʠʝ 4-5% ʙʝʨʠʣʣʠʷ. 

ʕʪʠ ʩʧʣʘʚʳ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ ʩ ʤʝʥʴʰʠʤ 

ʩʦʜʝʨʞʘʥʠʝʤ ʙʝʨʠʣʣʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪ ʚ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ [3]. 
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ʇʦʣʫʯʝʥʠʝ ʯʠʩʪʦʛʦ ʙʝʨʠʣʣʠʷ ʧʦʟʚʦʣʠʣʦ ʠʟʫʯʠʪʴ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʉ ʵʪʦʛʦ 

ʚʨʝʤʝʥʠ ʙʝʨʠʣʣʠʡ ʩʪʘʣ ʧʦ-ʥʘʩʪʦʷʱʝʤʫ ʠʟʚʝʩʪʝʥ ʣʶʜʷʤ, ʥʘʫʯʠʚʰʠʤʩʷ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʝʛʦ ʚ ʩʘʤʳʭ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʙʣʘʩʪʷʭ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ʉʚʝʨʭʯʠʩʪʳʡ (ʷʜʝʨʥʦ-ʯʠʩʪʳʡ) ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ, ʧʦʣʫʯʝʥʥʳʡ 

ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʚʘʢʫʫʤʥʦʡ ʤʝʪʘʣʣʫʨʛʠʠ, ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʤʘʪʝʨʠʘʣ 

ʜʣʷ ʪʝʨʤʦʷʜʝʨʥʳʭ ʨʝʘʢʪʦʨʦʚ, ʧʦʩʢʦʣʴʢʫ ʫ ʥʝʛʦ ʭʦʨʦʰʘʷ ʪʝʨʤʠʯʝʩʢʘʷ 

ʫʩʪʦʡʯʠʚʦʩʪʴ, ʙʦʣʴʰʘʷ ʤʝʭʘʥʠʯʝʩʢʘʷ ʧʨʦʯʥʦʩʪʴ, ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʭʠʤʠʯʝʩʢʦʡ 

ʢʦʨʨʦʟʠʠ: ʢʨʦʤʝ ʪʦʛʦ, ʙʝʨʠʣʣʠʡ ʥʝ ʟʘʜʝʨʞʠʚʘʝʪ ʦʩʚʦʙʦʜʠʚʰʠʝʩʷ ʥʝʡʪʨʦʥʳ 

ʧʨʠ ʨʘʩʧʘʜʝ ʷʜʝʨʥʦʛʦ ʛʦʨʶʯʝʛʦ ʚ ʨʝʘʢʪʦʨʝ. ɹʝʨʠʣʣʠʡ ʩʧʦʩʦʙʝʥ ʠʩʧʫʩʢʘʪʴ 

ʥʝʡʪʨʦʥʳ ʧʨʠ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʘʪʦʤʘʤʠ ʣʝʛʢʠʭ ʵʣʝʤʝʥʪʦʚ (ʛʝʣʠʷ ʠ ʜʝʡʪʝʨʠʷ), 

ʧʦʵʪʦʤʫ ʝʛʦ ʧʨʠʤʝʥʷʶʪ ʢʘʢ ʠʩʪʦʯʥʠʢ ʥʝʡʪʨʦʥʦʚ. ʇʝʨʚʘʷ ʨʝʘʢʮʠʷ ʧʨʦʪʝʢʘʝʪ 

ʧʨʠ ʧʨʷʤʦʡ ʙʦʤʙʘʨʜʠʨʦʚʢʝ ʘʤʧʫʣ r ʩ ʧʦʨʦʰʢʦʦʙʨʘʟʥʳʤ ʙʝʨʠʣʣʠʝʤ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʥʝʩʢʦʣʴʢʠʭ ʩʦʪ ʪʳʩʷʯ ʥʝʡʪʨʦʥʦʚ ʚ ʩʝʢʫʥʜʫ. 

ɺʪʦʨʘʷ ʨʝʘʢʮʠʷ ʠʜʝʪ ʚ ʮʠʢʣʦʪʨʦʥʝ ʧʨʠ ʚʳʩʦʢʦʡ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʦʚ: 

ʚʳʜʝʣʷʝʪʩʷ 10
12

 ʥʝʡʪʨʦʥ/ʩʝʢ. ʀʟ ʧʨʦʢʘʪʘʥʥʦʛʦ ʤʝʪʘʣʣʠʯʝʩʢʦʛʦ ʙʝʨʠʣʣʠʷ 

ʠʟʛʦʪʦʚʣʷʶʪ ʦʢʥʘ ʨʝʥʪʛʝʥʦʚʩʢʠʭ ʪʨʫʙʦʢ, ʪʘʢ ʢʘʢ ʯʝʨʝʟ ʵʪʦʪ ʤʝʪʘʣʣ ʣʝʛʢʦ 

ʧʨʦʥʠʢʘʶʪ ʨʝʥʪʛʝʥʦʚʩʢʠʝ ʣʫʯʠ. ʏʠʩʪʳʡ ʙʝʨʠʣʣʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʘʢʫʩʪʠʢʝ, 

ʧʦʩʢʦʣʴʢʫ ʟʚʫʢʦʚʳʝ ʚʦʣʥʳ ʧʨʦʭʦʜʷʪ ʧʦ ʥʝʤʫ ʩ ʙʦʣʴʰʦʡ ʩʢʦʨʦʩʪʴʶ [1-3].  

ʉʦʟʜʘʥʠʝ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʧʣʘʚʦʚ ʙʝʨʠʣʣʠʷ ʩʜʝʣʘʣʦ ʚʦʟʤʦʞʥʳʤ ʙʦʣʝʝ 

ʰʠʨʦʢʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʨʝʜʢʦʛʦ ʤʝʪʘʣʣʘ. ʅʘʯʘʣʦʤ 

ʧʨʘʢʪʠʯʝʩʢʦʡ çʜʝʷʪʝʣʴʥʦʩʪʠè ʙʝʨʠʣʣʠʷ ʧʦʩʣʫʞʠʣʠ ʨʘʙʦʪʳ ʇ. ʃʝʙʦ, 

ʧʨʝʜʣʦʞʠʚʰʝʛʦ ʚ ʢʦʥʮʝ XIX  ʚ. ʩʧʦʩʦʙ ʧʦʣʫʯʝʥʠʷ ʤʝʜʥʦ-ʙʝʨʠʣʠʝʚʳʭ ʩʧʣʘʚʦʚ 

ʧʨʷʤʳʤ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʫʛʣʝʨʦʜʦʤ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʤʝʜʠ. 

ʋʯʝʥʳʡ ʟʘʤʝʪʠʣ ʨʝʟʢʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʤʝʜʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʩʘʜʢʠ ʜʘʞʝ 

ʜʝʩʷʪʳʭ ʜʦʣʝʡ ʧʨʦʮʝʥʪʘ ʙʝʨʠʣʣʠʷ ï ʦʥʘ ʜʝʣʘʣʘʩʴ ʚʦ ʤʥʦʛʦ ʨʘʟ ʧʨʦʯʥʝʝ. 

ɼʘʣʴʥʝʡʰʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʩʧʣʘʚʳ ʤʝʜʠ ʩ 1-5% ʙʝʨʠʣʣʠʷ, 

ʠʣʠ, ʢʘʢ ʠʭ ʯʘʱʝ ʚʩʝʛʦ ʥʘʟʳʚʘʶʪ, ʙʝʨʠʣʣʠʝʚʳʝ ʙʨʦʥʟʳ, ʦʙʣʘʜʘʶʪ 

ʧʨʦʯʥʦʩʪʴʶ ʥʘ ʨʘʟʨʳʚ ʙʦʣʴʰʝʡ, ʯʝʤ ʫ ʤʥʦʛʠʭ ʣʝʛʠʨʦʚʘʥʥʳʭ ʩʪʘʣʝʡ. ɺ 

ʦʪʣʠʯʠʝ ʦʪ ʯʠʩʪʦʛʦ ʙʝʨʠʣʣʠʷ ʦʥʠ ʭʦʨʦʰʦ ʧʦʜʜʘʶʪʩʷ ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʝ, ʠʟ ʥʠʭ ʤʦʞʥʦ, ʥʘʧʨʠʤʝʨ, ʠʟʛʦʪʦʚʠʪʴ ʣʝʥʪʳ ʪʦʣʱʠʥʦʡ ʚʩʝʛʦ 
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0,1ʤʤ. ʀ ʯʪʦ ʦʯʝʥʴ ʚʘʞʥʦ: ʙʝʨʠʣʣʠʝʚʳʝ ʙʨʦʥʟʳ ʥʝʤʘʛʥʠʪʥʳ ʠ ʥʝ ʠʩʢʨʷʪ ʧʨʠ  

ʫʜʘʨʝ. ʀʟ ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ ʤʦʛʫʪ ʙʳʪʴ ʠʟʛʦʪʦʚʣʝʥʳ ʠʥʩʪʨʫʤʝʥʪʳ ʜʣʷ 

ʨʘʙʦʪʳ ʚʦ ʚʟʨʳʚʦʦʧʘʩʥʳʭ ʩʨʝʜʘʭ ï ʥʘ ʰʘʭʪʘʭ, ʛʘʟʦʚʳʭ ʟʘʚʦʜʘʭ, ʤʝʣʴʥʠʮʘʭ, ʚ 

ʢʦʪʦʨʳʭ ʥʝʣʴʟʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʠʝ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʝ ʤʘʪʝʨʠʘʣʳ, ʢʘʢ 

ʫʛʣʝʨʦʜʠʩʪʘʷ ʠ ʥʝʨʞʘʚʝʶʱʘʷ ʩʪʘʣʠ. 

ɹʝʨʠʣʣʠʝʚʘʷ ʙʨʦʥʟʘ ʥʝʟʘʤʝʥʠʤʘ ʜʣʷ ʧʨʫʞʠʥ, ʨʝʩʩʦʨ, ʘʤʦʨʪʠʟʘʪʦʨʦʚ, ʦʪ 

ʢʦʪʦʨʳʭ ʪʨʝʙʫʝʪʩʷ ʙʦʣʴʰʘʷ ʧʨʦʯʥʦʩʪʴ, ʭʦʨʦʰʘʷ ʩʦʧʨʦʪʠʚʣʷʝʤʦʩʪʴ ʫʩʪʘʣʦʩʪʠ 

ʠ ʢʦʨʨʦʟʠʠ, ʩʦʭʨʘʥʝʥʠʝ ʫʧʨʫʛʦʩʪʠ ʚ ʰʠʨʦʢʦʤ ʠʥʪʝʨʚʘʣʝ ʪʝʤʧʝʨʘʪʫʨ, ʚʳʩʦʢʠʝ 

ʵʣʝʢʪʨʦ- ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʉʣʦʚʦʤ, ʙʝʨʠʣʣʠʝʚʘʷ ʙʨʦʥʟʘ 

ʦʢʘʟʘʣʘʩʴ ʥʝʟʘʤʝʥʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ ʚ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ ʠ ʤʘʰʠʥʦʩʪʨʦʝʥʠʠ. 

ʇʦʵʪʦʤʫ ʫʞʝ ʚ ʜʚʘʜʮʘʪʳʭ ʛʦʜʘʭ ɉɉ ʚ. ʥʘʯʘʣʦʩʴ ʝʝ ʧʨʦʤʳʰʣʝʥʥʦʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʚ ʉʐɸ ʠ ɻʝʨʤʘʥʠʠ. ʀʥʪʝʨʝʩ ʢ ʤʝʜʥʦ-ʙʝʨʠʣʣʠʝʚʳʤ ʩʧʣʘʚʘʤ 

ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʦʩ ʚʦ ʚʨʝʤʷ ʚʪʦʨʦʡ ʤʠʨʦʚʦʡ ʚʦʡʥʳ. ɼʝʪʘʣʠ ʠʟ ʙʝʨʠʣʣʠʝʚʦʡ 

ʙʨʦʥʟʳ ʫʧʦʪʨʝʙʣʷʣʠʩʴ ʚ ʥʝʢʦʪʦʨʳʭ ʚʠʜʘʭ ʦʨʫʞʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ ʚ 

ʘʚʠʘʮʠʦʥʥʳʭ ʩʢʦʨʦʩʪʨʝʣʴʥʳʭ ʧʫʣʝʤʝʪʘʭ. ɻʠʪʣʝʨʦʚʩʢʘʷ ɻʝʨʤʘʥʠʷ, 

ʦʪʨʝʟʘʥʥʘʷ ʦʪ ʠʩʪʦʯʥʠʢʦʚ ʩʳʨʴʷ ʠ ʠʩʧʳʪʳʚʘʚʰʘʷ ʦʩʪʨʳʡ çʙʝʨʠʣʣʠʝʚʳʡè 

ʛʦʣʦʜ, ʯʝʨʝʟ ʰʚʝʡʮʘʨʩʢʠʝ ʬʠʨʤʳ ʭʦʪʝʣʘ ʟʘʢʫʧʠʪʴ ʚ ʉʐɸ ʙʦʣʴʰʠʝ ʧʘʨʪʠʠ 

ʙʝʨʠʣʣʠʝʚʦʡ ʙʨʦʥʟʳ ʜʣʷ çʯʘʩʦʚʳʭè ʧʨʫʞʠʥ. ɿʘʢʘʟ ʙʳʣ ʩʪʦʣʴ ʙʦʣʴʰʠʤ, ʯʪʦ 

ʚʳʟʚʘʣʦ ʧʦʜʦʟʨʝʥʠʝ, ʠ ʩʜʝʣʢʘ ʥʝ ʩʦʩʪʦʷʣʘʩʴ. ʆʜʥʠʤ ʠʟ ʧʦʪʨʝʙʠʪʝʣʝʡ ʵʪʦʛʦ 

ʩʧʣʘʚʘ ʠ ʘʚʠʘʮʠʦʥʥʘʷ ʧʨʦʤʳʰʣʝʥʥʦʩʪʴ: ʚ ʩʦʚʨʝʤʝʥʥʦʤ ʪʷʞʝʣʦʤ 

ʙʦʤʙʘʨʜʠʨʦʚʱʠʢʝ ʥʘʩʯʠʪʳʚʘʝʪʩʷ ʙʦʣʝʝ ʪʳʩʷʯʠ ʜʝʪʘʣʝʡ ʠʟ ʙʝʨʠʣʣʠʝʚʦʡ 

ʙʨʦʥʟʳ. ɺ ʧʦʩʣʝʚʦʝʥʥʦʝ ʚʨʝʤʷ ʤʝʜʥʦ-ʙʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ ʩʪʘʣʠ ʰʠʨʦʢʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʛʨʘʞʜʘʥʩʢʠʭ ʮʝʣʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʘʚʪʦʤʦʙʠʣʴʥʦʡ 

ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ ʚ ʧʨʦʠʟʚʦʜʩʪʚʝ ʩʯʝʪʥʦ-ʨʝʰʘʶʱʠʭ ʤʘʰʠʥ. 

ʉʝʡʯʘʩ ʠʟʚʝʩʪʥʳ ʩʧʣʘʚʳ ʙʝʨʠʣʣʠʷ ʩʦ ʤʥʦʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ, ʪʘʢʠʤʠ, 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʘʣʶʤʠʥʠʡ, ʥʠʢʝʣʴ, ʞʝʣʝʟʦ, ʭʨʦʤ, ʤʘʨʛʘʥʝʮ, ʤʦʣʠʙʜʝʥ ʠ ʜʨ. ɺ 

ʩʧʣʘʚʘʭ ʩ ʤʝʜʴʶ, ʥʠʢʝʣʝʤ, ʤʘʛʥʠʝʤ, ʘʣʶʤʠʥʠʝʤ ʠ ʜʨʫʛʠʤʠ ʤʝʪʘʣʣʘʤʠ, 

ʩʦʜʝʨʞʘʱʠʤʠ 0.2-2.5% ʙʝʨʠʣʣʠʷ, ʦʥ ʫʚʝʣʠʯʠʚʘʝʪ ʪʚʝʨʜʦʩʪʴ, ʩʪʦʡʢʦʩʪʴ ʠ 

ʵʣʘʩʪʠʯʥʦʩʪʴ ʦʩʥʦʚʥʦʛʦ ʤʝʪʘʣʣʘ. ɸʣʶʤʠʥʠʝʚʦʙʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ - ʣʝʛʢʠʝ ʠ 

ʧʨʦʯʥʳʝ - ʦʪʣʠʯʥʳʡ ʤʘʪʝʨʠʘʣ ʜʣʷ ʘʚʠʘʮʠʦʥʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ. 
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ɹʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ ʩʣʫʞʘʪ ʯʝʣʦʚʝʢʫ ʠ ʚ ʧʦʚʩʝʜʥʝʚʥʦʡ ʞʠʟʥʠ. ʊʘʢ, 

ʥʘʧʨʠʤʝʨ, ʚ ʉʐɸ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʩʧʠʨʘʣʴʥʳʭ ʯʘʩʦʚʳʭ ʧʨʫʞʠʥ 

ʠʩʧʦʣʴʟʫʶʪ ʙʝʨʠʣʣʠʝʚʳʝ ʩʧʣʘʚʳ ʥʘ ʞʝʣʝʟʦʥʠʢʝʣʝʚʦʡ ʦʩʥʦʚʝ - ʠʥʚʘʨ (1% ɺʝ) 

ʠ ʵʣʠʥʚʘʨ (0.5% ɺʝ). ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʨʫʛʠʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʯʘʩʦʚ ʵʪʠ 

ʩʧʣʘʚʳ ʠʤʝʶʪ ʧʦʯʪʠ ʚʪʨʦʝ ʙʦʣʴʰʠʡ ʩʨʦʢ ʩʣʫʞʙʳ ʠ ʭʦʨʦʰʫʶ ʢʦʨʨʦʟʠʦʥʥʫʶ 

ʩʪʦʡʢʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩ ʤʦʨʩʢʦʡ ʚʦʜʦʡ. ʊʦʯʥʦʩʪʴ ʭʦʜʘ 

ʪʘʢʠʭ ʯʘʩʦʚ ʤʘʣʦ ʟʘʚʠʩʠʪ ʦʪ  ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʚʣʠʷʥʠʷ ʤʘʛʥʠʪʥʦʛʦ ʧʦʣʷ. 

ʅʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ (ʚʩʝʛʦ 0.35 %) ʢ ʧʣʘʪʠʥʝ ʚʝʜʫʪ ʢ 

ʧʷʪʠʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʝʝ ʧʨʦʯʥʦʩʪʠ. ʇʦʵʪʦʤʫ çʚʝʯʥʳʝè ʧʝʨʴʷ ʜʣʷ 

ʘʚʪʦʨʫʯʝʢ, ʠʟʛʦʪʦʚʣʝʥʥʳʝ ʠʟ ʩʧʣʘʚʘ ʙʝʨʠʣʣʠʷ, ʧʣʘʪʠʥʳ ʠ ʚʦʣʴʬʨʘʤʘ ʚʤʝʩʪʦ 

ʧʨʠʤʝʥʷʚʰʝʛʦʩʷ ʨʘʥʝʝ ʦʩʤʠʝʚʦ-ʠʨʠʜʠʝʚʦʛʦ ʩʧʣʘʚʘ, ʩʤʦʛʫʪ ʧʦʣʥʦʩʪʴʶ 

ʦʧʨʘʚʜʘʪʴ ʩʚʦʝ ʥʘʟʚʘʥʠʝ. ɼʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ ʦʙʣʘʛʦʨʘʞʠʚʘʶʪ ʣʝʛʢʠʝ ʩʧʣʘʚʳ, 

ʚ ʯʘʩʪʥʦʩʪʠ ʩʧʣʘʚʳ ʥʘ ʦʩʥʦʚʝ ʘʣʶʤʠʥʠʷ ʠ ʤʘʛʥʠʷ.  ʕʪʦ ʠ ʧʦʥʷʪʥʦ, ʚʝʜ ɹʫ 

ʙʝʨʠʣʣʠʷ ʤʘʣʘʷ ʧʣʦʪʥʦʩʪʴ, ʘ ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʚʜʚʦʝ ʚʳʰʝ, ʯʝʤ ʫ ʵʪʠʭ 

ʤʝʪʘʣʣʦʚ. ɼʘʞʝ ʥʠʯʪʦʞʥʦ ʤʘʣʳʝ ʜʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ (ʜʦʩʪʘʪʦʯʥʦ 0.005 %) 

ʥʘʤʥʦʛʦ ʫʤʝʥʴʰʘʶʪ ʧʦʪʝʨʠ ʤʘʛʥʠʝʚʳʭ ʩʧʣʘʚʦʚ ʦʪ ʦʢʠʩʣʝʥʠʷ ʧʨʠ ʧʣʘʚʢʝ ʠ 

ʣʠʪʴʝ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʫʣʫʯʰʘʝʪʩʷ ʢʘʯʝʩʪʚʦ ʦʪʣʠʚʦʢ, ʟʥʘʯʠʪʝʣʴʥʦ ʫʧʨʦʱʘʝʪʩʷ 

ʪʝʭʥʦʣʦʛʠʷ. ɼʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ ʚ ʤʘʛʥʠʝʚʳʝ ʩʧʣʘʚʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʘʪʴ 

ʤʘʛʥʦʢʩʳ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʚ ʘʪʦʤʥʦʡ ʪʝʭʥʠʢʝ. 

ʈʘʩʰʠʨʷʶʪʩʷ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʙʝʨʠʣʣʠʷ ʠ ʚ ʯʝʨʥʦʡ 

ʤʝʪʘʣʣʫʨʛʠʠ ʜʣʷ ʣʝʛʠʨʦʚʘʥʠʷ ʩʪʘʣʝʡ. ɺʳʩʦʢʦʧʨʦʯʥʳʝ ʙʝʨʠʣʣʠʡʩʦʜʝʨʞʘʱʠʝ 

ʩʪʘʣʠ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʩʫʜʦʩʪʨʦʝʥʠʠ ʠ ʘʚʠʘʮʠʠ. ɺʳʷʩʥʠʣʦʩʴ, ʯʪʦ 

ʫʚʝʣʠʯʠʪʴ ʧʨʦʯʥʦʩʪʴ, ʞʝʩʪʢʦʩʪʴ ʠ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʜʨʫʛʠʭ ʤʝʪʘʣʣʦʚ ʤʦʞʥʦ ʥʝ 

ʪʦʣʴʢʦ ʩ ʧʦʤʦʱʴʶ ʚʚʝʜʝʥʠʝ ʙʝʨʠʣʣʠʷ ʚ ʪʝ ʠʣʠ ʠʥʳʝ ʩʧʣʘʚʳ, ʥʦ ʠ ʩ ʧʦʤʦʱʴʶ 

ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʩʳʱʝʥʠʷ ʩʧʣʘʚʦʚ ʙʝʨʠʣʣʠʝʤ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʠʬʬʫʟʠʠ. 

ɼʝʣʘʝʪʩʷ ʵʪʦ ʪʘʢ: ʩʪʘʣʴʥʫʶ ʜʝʪʘʣʴ ʦʧʫʩʢʘʪʁ ʚ ʙʝʨʠʣʣʠʝʚʳʡ ʧʦʨʦʰʦʢ ʠ 

ʚʳʜʝʨʞʠʚʘʶʪ ʚ ʥʝʤ ʧʨʠ 900-1100Áʉ ʚ ʪʝʯʝʥʠʝ 10-15 ʯ. ʚ ʨʝʟʫʣʴʪʘʪʝ ʯʝʛʦ 

ʧʦʚʝʨʭʥʦʩʪʴ ʜʝʪʘʣʠ ʧʦʢʨʳʚʘʝʪʩʷ ʪʚʝʨʜʳʤ ʭʠʤʠʯʝʩʢʠʤ ʩʦʝʜʠʥʝʥʠʝʤ 

ʙʝʨʠʣʣʠʷ ʩ ʞʝʣʝʟʦʤ ʠ ʫʛʣʝʨʦʜʦʤ. ʕʪʦʪ ʧʨʦʯʥʳʡ ʧʘʥʮʠʨʴ ʪʦʣʱʠʥʦʡ ʚʩʝʛʦ 
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0.15-0.40 ʤʤ ʧʨʠʜʘʝʪ ʜʝʪʘʣʷʤ ʞʘʨʦʩʪʦʡʢʦʩʪʴ ʠ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʤʦʨʩʢʦʡ ʚʦʜʝ 

ʠ ʘʟʦʪʥʦʡ ʢʠʩʣʦʪʝ ʠ ʟʘʤʝʜʣʷʝʪ ʠʟʥʦʩ ʩʪʘʣʴʥʳʭ ʜʝʪʘʣʝʡ. 

ɺ ʪʝʯʝʥʠʝ ʜʦʚʦʣʴʥʦ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʠʥʞʝʥʝʨʳ ʵʢʩʧʣʫʘʪʠʨʦʚʘʣʠ 

ʪʦʣʴʢʦ ʦʧʨʝʜʝʣʝʥʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʙʝʨʠʣʣʠʷ, ʪʘʢʠʝ 

ʥʘʧʨʠʤʝʨ, ʢʘʢ ʭʦʨʦʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʚʳʩʦʢʠʝ ʪʝʤʧʝʨʘʪʫʨʥʳʝ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʇʨʠ ʵʪʦʤ, ʚʠʜʠʤʦ, ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʩʧʦʩʦʙʥʦʩʪʴ ʙʝʨʠʣʣʠʷ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʩʦ ʤʥʦʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʩʦʝʜʠʥʝʥʠʷ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʳʭ (ʚ 

ʤʝʣʢʦʜʠʩʧʝʨʩʥʦʤ ʩʦʩʪʦʷʥʠʠ) ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʣʣʝ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ 

ʫʧʨʦʯʥʝʥʠʶ ʝʛʦ. 

ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʧʝʨʚʦʛʦ ʧʝʨʠʦʜʘ ʚ ʠʩʪʦʨʠʠ ʧʨʦʤʳʰʣʝʥʥʦʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʙʝʨʠʣʣʠʷ ʥʝʦʩʧʦʨʠʤʦ. ʆʜʥʘʢʦ ʟʜʝʩʴ ʚʩʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʝʜʝʥʦ ʢ 

ʦʜʥʦʡ ʬʦʨʤʫʣʝ: ʥʝʙʦʣʴʰʠʝ ʜʦʙʘʚʢʠ ʙʝʨʠʣʣʠʷ ʧʦʟʚʦʣʷʶʪ ʧʦʣʫʯʠʪʴ 

ʚʳʩʦʢʦʧʨʦʯʥʳʝ ʣʝʛʢʠʝ ʩʧʣʘʚʳ, ʥʘʭʦʜʷʱʠʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʘʤʳʭ ʨʘʟʣʠʯʥʳʭ 

ʦʙʣʘʩʪʷʭ ʪʝʭʥʠʢʠ. ɺʩʝ ʦʙʩʪʦʠʪ ʠʥʘʯʝ, ʢʦʛʜʘ ʤʳ ʛʦʚʦʨʠʤ ʦʙ ʠʟʫʯʝʥʠʠ ʷʜʝʨʥʦ-

ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʙʝʨʠʣʣʠʷ, ʦʢʘʟʘʚʰʝʤʩʷ ʵʪʘʧʥʳʤ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʠʩʪʦʨʠʠ 

ʩʘʤʦʛʦ ʵʣʝʤʝʥʪʘ, ʥʦ ʠ ʜʣʷ ʨʘʟʚʠʪʠʷ ʷʜʝʨʥʦʡ ʬʠʟʠʢʠ ʚ ʮʝʣʦʤ. ʀʤʝʥʥʦ ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʥʘʭʦʜʷʪ ʢʦʥʢʨʝʪʥʦʝ ʚʦʧʣʦʱʝʥʠʝ ʩʣʦʚʘ ʘʢʘʜʝʤʠʢʘ ɸ.ɽ. ʌʝʨʩʤʘʥʘ, 

ʥʘʟʳʚʘʚʰʝʛʦ ʙʝʨʠʣʣʠʡ çʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʟʘʤʝʯʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ 

ʦʛʨʦʤʥʦʛʦ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʠ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷè [3].  
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ɻʃɸɺɸ II. ʉʀʉʊɽʄɸʊʀɿɸʎʀʗ ʀ ʆʎɽʅʂɸ ɺʀɼʆɺ 

ɺɿɸʀʄʆɼɽʁʉʊɺʀʗ ɺ ɼɺʆʁʅʓʍ ʉʀʉʊɽʄɸʍ ɹɽʈʀʃʃʀʗ ʉ 

ʕʃɽʄɽʅʊɸʄʀ ʇɽʈʀʆɼʀʏɽʉʂʆʁ ʊɸɹʃʀʎʓ 

2.1. ʉʠʩʪʝʤʘʪʠʟʘʮʠʷ ʚʠʜʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ ʥʘ ʦʩʥʦʚʝ 

ʙʝʨʠʣʣʠʷ 

ʍʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ 

ʫʩʣʦʚʠʷʭ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʦʪʨʘʞʘʶʪ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ. 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʩʧʣʘʚʦʚ ʦʩʥʦʚʳʚʘʝʪʩʷ ʥʘ ʟʥʘʥʠʠ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʠ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʘʚ-ʩʚʦʡʩʪʚʦ. ʆʙʦʙʱʝʥʠʝ ʠ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʩʚʝʜʝʥʠʡ ʦ 

ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʪʦʷʥʠʷ ʠ ʭʘʨʘʢʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʷʚʣʷʶʪʩʷ 

ʚʝʩʴʤʘ ʧʦʣʝʟʥʳʤʠ ʚ ʧʨʘʢʪʠʯʝʩʢʦʤ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʤ ʦʪʥʦʰʝʥʠʠ. ʆʥʠ 

ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ ʫʩʪʘʥʦʚʣʝʥʠʷ ʠ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʯʘʩʪʥʳʭ ʠ ʦʙʱʠʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʠ ʚʥʦʩʷʪ ʩʚʦʶ ʣʝʧʪʫ ʚ ʩʦʟʜʘʥʠʝ 

ʪʝʦʨʠʠ ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ. ʇʦ ʜʚʦʡʥʳʤ ʩʠʩʪʝʤʘʤ ʙʝʨʠʣʣʠʷ ʪʘʢʠʝ ʦʙʦʙʱʝʥʠʷ 

ʫʞʝ ʧʨʦʚʦʜʠʣʠʩʴ, ʦʥʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ ʤʝʨʝ ʧʦʩʣʫʞʠʣʠ ʭʦʨʦʰʠʤ ʤʘʪʝʨʠʘʣʦʤ 

ʥʘ ʪʝʭ ʵʪʘʧʘʭ ʨʘʟʚʠʪʠʷ ʠʟʫʯʝʥʠʶ ʵʪʦʛʦ ʤʝʪʘʣʣʘ ʠ ʝʛʦ ʩʧʣʘʚʦʚ. ʆʜʥʘʢʦ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʪʨʝʙʫʝʪʩʷ ʙʦʣʝʝ ʧʦʣʥʘʷ ʩʠʩʪʝʤʘʪʠʟʘʮʠʷ ʠʥʬʦʨʤʘʮʠʠ, 

ʧʦʷʚʠʚʰʝʡʩʷ ʟʘ ʧʦʩʣʝʜʥʠʝ ʜʚʘ ʜʝʩʷʪʢʘ ʣʝʪ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ. ɺ 

ʵʪʦʤ ʨʘʟʜʝʣʝ ʧʨʠʚʦʜʷʪʩʷ ʠʤʝʶʱʠʝʩʷ ʥʦʚʳʝ ʥʘʤʠ ʦʙʦʙʱʸʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ (ʇʊ) [8-17] 

(ʩʤ.ʪʘʙʣ.4).  

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʣʝʤʝʥʪʳ Iɸ 

ʛʨʫʧʧʳ ʇʊ (Li , Na, K, Rb, Cs, Fr) ʩ ʙʝʨʠʣʣʠʝʤ ʥʝ ʦʙʨʘʟʫʶʪ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ. ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʨʦʝʥʳ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ 

Li  ʠ Na, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʤ ʪʠʧʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩ 

ʯʘʩʪʠʯʥʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʴʶ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʪʚʸʨʜʦʤ. ʕʣʝʤʝʥʪʳ Iɸ ʛʨʫʧʧʳ ʥʝ 

ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʙʝʨʠʣʣʠʠ, ʥʦ ʙʝʨʠʣʣʠʡ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ Li , Na, K, Rb ʠ Cs. 

ʉʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʬʨʘʥʮʠʷ ʩ ʙʝʨʠʣʣʠʝʤ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. 
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ʊʘʙʣʠʮʘ 4 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

ʕʣʝʤʝʥʪ ɼʠʘʛʨʘʤʤʘ 

ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʪʨʦʝʥʘ 

ʊʠʧ  

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ  

ʇʨʠ ʪʝʤʧʝʨʘʪʫʨʝ, Üʉ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ, ʘʪ.%  

ʇʨʠ ʢʨʠʩ-

ʪʘʣʣʠʟʘʮʠʠ 

ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ  
ʵʣʝʤʝʥʪʘ ʚ 

ʙʝʨʠʣʣʠʠ 

ʙʝʨʠʣʣʠʷ ʚ 

ʵʣʝʤʝʥʪʝ 

1 2 3 4 5 6 

ʕʣʝʤʝʥʪʳ I ɸ ʛʨʫʧʧʳ 

Li  ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

ʅʝ ʠʟʫʯʝʥʦ 1000Ü-0.17 

1260Ü-14.0 

ʅʝʪ  

Na ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

ʅʝ ʠʟʫʯʝʥʦ 1289Ü-4.55 

 

ʅʝʪ  

K ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 600Ü-0.095 ʅʝ ʠʟʫʯʝʥʦ 

Rb ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 600Ü-0.16 ʅʝ ʠʟʫʯʝʥʦ 

Cs ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 600Ü-0.18 ʅʝ ʠʟʫʯʝʥʦ 

Fr ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ II  ɸ ʛʨʫʧʧʳ 

Mg ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ʉʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ 780Ü-0.11 

700Ü-0.040 

Bʝ13Mg  

 

Ca ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ɺʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1270Ü-0.05 ʅʝ ʠʟʫʯʝʥʦ ɺʝ13ʉʘ 

 

Sr ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Sr 

ɺʘ ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ 

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 

Ra ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ III  ɸ ʛʨʫʧʧʳ 

Sc ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Sc 

ɺʝ17Sc2 

ɺʝ5Sc 

Y ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1220Ü-0.025 

1100Ü-0.008 

 

 

ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Y 
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1 2 3 4 5 6 

La ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1000Ü-0.065 

 

ʅʝ ʠʟʫʯʝʥʦ ɺʝ13La 

ʉʝ  ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13ʉʝ 

Pr ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Pr 

Nd ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Nd 

Pm ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Pm 

Sm ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Sm 

Eu  ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Eu 

Gd ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Gd 

Tb ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Tb 

Dy ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Dy 

Ho ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Ho 

Er ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Er 

Tm ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Tm 

Yb ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ɺʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʳʡ 

ʪʚʝʨʜʳʡ ʨʘʩʪʚʦʨ, 

ʩʦʝʜʠʥʝʥʠʝ  

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Yb 

Lu ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Lu 

Ac ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 

Th ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1250Ü-0.01 ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Th 

Pa ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Pa 

U ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ 1075Ü-1.6 ɺʝ13U 

Np ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Np 

Pu ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Pu 

Am ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Am 

ʉm ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Bk ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʉf ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Es ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Fm ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Md ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 
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1 2 3 4 5 6 

No ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

Lr ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ IV ɸ ʛʨʫʧʧʳ 

Ti ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1000Ü-0.02 

 

 

1030Ü-5.1 

980Ü-2.0 

810Ü-0.2 

 

ɺʝ3Ti 
ɺʝ2Ti 
ɺʝ12Ti 

ɺʝ17Ti2 

Zr ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 

Hf ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ13Hf 

ɺʝ17Hf2 

ɺʝ5Hf 

ɺʝ2Hf  

Ku ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ V ɸ ʛʨʫʧʧʳ 

V ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ 1680Ü-7.0 

 

 

ɺʝ2V 

ɺʝ12V 

 

Nb ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʤʝʩʴ   

1100Ü-0.1 

850Ü-0.07 

 

1590Ü-1.8 

700Ü-1.0 

 

 

ɺʝ2Nb 

ɺʝ2Nb3 

ɺʝ3Nb 

ɺʝ17Nb2 

ɺʝ12Nb 

Ta ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ2ʊʘ 

ɺʝ2ʊʘ3 

ɺʝʊʘ2 

ɺʝ3ʊʘ 

ɺʝ17ʊʘ2 

ɺʝ12ʊʘ 

Ns ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ VI ɸ ʛʨʫʧʧʳ 

Cr ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1025Ü-0.028 

1150Ü-0.056 

1220Ü-0.076 

 

1514Ü-9.2 

 

ɺʝ2Cr 

ɺʝ12Cr 

Mo ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ 1740Ü-0.53 

1480Ü-0.2 

 

 

ɺʝ2ʄʦ 

ɺʝ12ʄʦ 

ɺʝ22ʄʦ 

W ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

0.05 % W 

 

2100Ü-5.0 

1300Ü-3.0 

 

ɺʝ2W 

ɺʝ12W 

ɺʝ22W 

ɺʝ24W 
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ʕʣʝʤʝʥʪʳ VII  ɸ ʛʨʫʧʧʳ 

Mn ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1000Ü-3.8 

900Ü-0.6 

800Ü-0.4 

 

ʅʝ ʠʟʫʯʝʥʦ ɺʝ12Mn 

ɺʝ8Mn 

ɺʝ2Mn 

Tc ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ22Tc 

Re ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʆʪ 0.5 ʜʦ 

1.0% Re 

ɼʦ 10% ɺʝ ɺʝ2Re 

ɺʝ20Re 

ɺʝ22Re 

ʕʣʝʤʝʥʪʳ VIII  ɸ ʛʨʫʧʧʳ 

Fe ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1270Ü-0.92 

850Ü-0.2 

1165Ü-33.0 

200Ü-1.0 

ɺʝ2Fe 

ɺʝ5Fe 

ɺʝ12Fe 

ɺʝ11Fe 

Ru ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1.0 % 

 

ʅʝ ʠʟʫʯʝʥʦ ɺʝ10Ru3 

ɺʝ3Ru2 

ɺʝ2Ru 

ɺʝ17Ru2 

ɺʝ17Ru3 

Os ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ2Os 

ɺʝ17Os2 

ɺʝ17Os3 

Co ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1095Ü-5.8 

993Ü-2.75 

20Ü-6.8 

200Ü-7.0 

1120Ü-12.0 

ɺʝʉʦ 

ɺʝ21ʉʦ5 

ɺʝ12ʉʦ 

ɺʝ17ʉʦ 

Rh ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝRh 

Bʝ2Rh 

Bʝ22Rh5 

Bʝ17Rh2 

Bʝ49Rh 

Ir ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺʝ2Ir 

ɺʝIr 

ɺʝ22Ir5 

ɺʝ17Ir2 

 Ni ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1080Ü-5.0 

600Ü-4.0 

500Ü-3.0 

 

1150Ü-15.3 

800Ü-7.3 

600Ü-3.7 

 

ɺʝNi 

ɺʝ21Ni5 

 

Pd ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1200Ü-3.2 

1000Ü-1.4 

800Ü-0.9 

600Ü-0.7 

950Ü-1.0 

400Ü-<0.6 

 

BʝPd  

Bʝ5Pd  

Bʝ12Pd 
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Pt ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1100Ü-0.63 

900Ü-<1.0 

 

 

1100Ü-1.0  

900Ü-0.86 

 

Bʝ21Pt5  

Bʝ12Pt 

Bʝ5Pt 

BʝPt 

ʕʣʝʤʝʥʪʳ I ɺ ʛʨʫʧʧʳ 

Cu ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1199Ü-17.3 

1090Ü-7.5 

700Ü-4.5 

866Ü-16.5 Bʝ2Cu 

Bʝ3Cu 

Bʝ4Cu  

 

Ag ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʝ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

1265Ü-1.10 

1100Ü-0.05  

700Ü-0.007 

 

880Ü-0.3  

 

Bʝ2Ag  

 

Au ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʤʝʩʴ   

725Ü-0.043 

780Ü-0.100 

495Ü-0.250 

 

495Ü-0.2 

 

BʝAu  

Bʝ3Au4  

BʝAu2  

BʝAu3 

Bʝ3Au 

Bʝ5Au 

Bʝ12Au 

ʕʣʝʤʝʥʪʳ II  ɺ ʛʨʫʧʧʳ 

Zn ʅʝʪ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ 

ʅʝ ʠʟʫʯʝʥʦ 780Ü-1.00 

600Ü-0.25 

ʅʝ ʠʟʫʯʝʥʦ 

Cd ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 

Hg ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ 800Ü-8.9¼10
-4 

100Ü-0.22¼10
-4 

BʝHg2  

 

ʕʣʝʤʝʥʪʳ III  ɺ ʛʨʫʧʧʳ 

B ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ Bʝ4B 

Bʝ2B 

Bʝ2B3 

BʝB3 

BʝB4; 

BʝB6 

BʝB12 

Al  ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

0.02% Al  600Ü-0.03 

500Ü-0.10 

 

ʅʝʪ 

Ga ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

 ʅʝ ʠʟʫʯʝʥʦ 800Ü-0.17 

600Ü-0.03 

ʅʝʪ 
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In ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

ʅʝ ʠʟʫʯʝʥʦ 1200Ü-0.01 

700Ü-0.02 

ʅʝʪ 

Tl ɼʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ 

ʕʣʝʤʝʥʪʳ IV ɺ ʛʨʫʧʧʳ 

C ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝC2;Bʝ2C 

Si ɼʘ  ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ   

ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ʅʝʪ  

Ge ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

ʅʝ ʠʟʫʯʝʥʦ 875Ü-0.22 ʅʝʪ  

Sn ɼʘ  ʆʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ, 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ ʩʤʝʩʴ 

540Ü-0.0006 

1200Ü-0.21 

 

 

ʅʝ ʠʟʫʯʝʥʦ ʅʝʪ  

Pb ʅʝʪ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ 1000Ü-<0.01 ʅʝ ʠʟʫʯʝʥʦ 

ʕʣʝʤʝʥʪʳ V ɺ ʛʨʫʧʧʳ 

N ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  (30-47)¼10
-4
% ʅʝ ʠʟʫʯʝʥʦ Bʝ3N2  

P ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ Bʝ3P2  

BʝP2  

As ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ Bʝ3As2  

BʝAs2  

Sb ʅʝʪ  ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ Bʝ3Sb2  

Bʝ13Sb  

Bi ʅʝʪ  ɺʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʨʘʩʧʣʘʚʝ ʠ 

ʦʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ  

1000Ü-0.004 1000Ü-0.23 ʅʝ ʠʟʫʯʝʥʦ 

ʕʣʝʤʝʥʪʳ VI ɺ ʠ VII  ɺ ʛʨʫʧʧ 

O ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ʉʦʝʜʠʥʝʥʠʷ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝO 

Bʝ2O 

BʝO2 
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S ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝS 

Se ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝSe 

Te ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ BʝTe  

ʈʦ ʅʝʪ  ʉʦʝʜʠʥʝʥʠʝ  ʅʝ ʠʟʫʯʝʥʦ ʅʝ ʠʟʫʯʝʥʦ ɺeʈʦ 

H ɼʘ 
(ʯʘʩʪʠʯʥʦ) 

ʆʛʨʘʥʠʯʝʥʥʳʝ 

ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, 

ʩʦʝʜʠʥʝʥʠʷ, 

ʤʝʭʘʥʠʯʝʩʢʘʷ 

ʩʤʝʩʴ   

1262Ü-13.0 

1247Ü-8.0 

ʅʝ ʠʟʫʯʝʥʦ BʝH2  

BʝH 

ʇʨʠʤʝʯʘʥʠʝ: * - ʪʝʤʧʝʨʘʪʫʨʘ,Üʉ; ** - ʨʘʩʪʚʦʨʠʤʦʩʪʴ, % (ʘʪ.). 

 

ɹʝʨʠʣʣʠʡ ʩ ʵʣʝʤʝʥʪʘʤʠ IIɸ ʛʨʫʧʧʳ ʇʊ (Mg, Ca, Sr, Ba, Ra) ʦʙʨʘʟʫʝʪ 

ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ ʄʝɺʝ13, ʢʨʦʤʝ ʩʠʩʪʝʤ ʩ ʙʘʨʠʝʤ, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʪʦʣʴʢʦ ʦʙʨʘʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʠ ʨʘʜʠʝʤ, ʩ ʢʦʪʦʨʳʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʨʠʣʣʠʷ ʥʝ ʠʟʫʯʝʥʦ. ʏʘʩʪʠʯʥʦ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʧʦʩʪʨʦʝʥʳ ʜʣʷ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ Mg ʠ ʉa, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʜʣʷ ʩʠʩʪʝʤʳ ʩ 

ʤʘʛʥʠʝʤ, ʘ ʪʘʢʞʝ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ï ʩ ʢʘʣʴʮʠʝʤ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʚ ʵʣʝʤʝʥʪʝ ʠ ʵʣʝʤʝʥʪʘ ʚ ʙʝʨʠʣʣʠʠ ʥʝ ʠʟʫʯʝʥʘ (ʢʨʦʤʝ 

Mg ʠ ʉʘ). ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʤʘʣʘ, ʥʦ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʚ ʤʘʛʥʠʠ ʧʦʚʳʰʘʝʪʩʷ. 

ɺ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ IIIɸ ʛʨʫʧʧʳ ʇʊ (Sc, Y, La, 

ʣʘʥʪʘʥʦʠʜʳ, Ac ʠ ʘʢʪʠʥʦʠʜʳ) ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ 

ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʄʝɺʝ13. ʏʘʩʪʠʯʥʦ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʩʪʨʦʝʥʳ 

ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ Y, Yb, Th ʠ U, ʚ ʢʦʪʦʨʳʭ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ. ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝ 

ʠʟʫʯʝʥʘ (ʢʨʦʤʝ Y, La, Th ʠ U).  

ʕʣʝʤʝʥʪʳ IVɸ (Ti, Zr, Hf), Vɸ (V, Nb, Ta), VIɸ (Cr, Mo, W) ʠ VIIɸ 

(Mn, Tc, Re) ʠ VIIIɸ (Fe, Ru, Os, Co, Rh, Ir, Ni, Pd, Pt) ʛʨʫʧʧ ʇʊ ʩ ʙʝʨʠʣʣʠʝʤ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ ʠ ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ. ɼʠʘʛʨʘʤʤʳ 

ʩʦʩʪʦʷʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʪʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʠʟʫʯʝʥʳ ʠ ʧʦʩʪʨʦʝʥʳ, ʢʨʦʤʝ 
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ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩ Zr, Ta, Mn, Tc, Re, Os, Rh, Ir, Pt, ʚ ʢʦʪʦʨʳʭ ʪʘʢʞʝ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʝʭʘʥʠʯʝʩʢʦʡ 

ʩʤʝʩʠ, ʠʥʪʝʨʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʩ Mn, Re, Os, Rh, Pt) ʠ ʪʦʣʴʢʦ 

ʩʦʝʜʠʥʝʥʠʡ - ʩ Ta, Tc, Os, Ir. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʜʘʥʥʳʭ 

ʛʨʫʧʧ ʠʟʫʯʝʥʘ ʪʦʣʴʢʦ ʜʣʷ ʩʠʩʪʝʤ ʩ Ti, V, Nb, Cr, Mo, W, Mn, Re, Fe, Ru, Co, 

Ni, Pd, Pt. ʉʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʮʠʨʢʦʥʠʷ, ʢʫʨʯʘʪʦʚʠ ̫ʠ ʥʠʣʴʩʙʦʨʠ ̫ʩ 

ʙʝʨʠʣʣʠʝʤ ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ Iɺ (Cu, Ag, Au) ʛʨʫʧʧʳ 

ʇʊ ʠʟʫʯʝʥʳ ʠ ʧʦʩʪʨʦʝʥʳ. ʆʥʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ 

ʦʙʣʘʩʪʝʡ ʚʟʘʠʤʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. 

ʆʪʤʝʯʝʥʘ ʙʦʣʴʰʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʚ ʩʠʩʪʝʤʝ 

ʙʝʨʠʣʣʠʷ ʩ ʤʝʜʴʶ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ IIɺ (Zn, Cd, Hg) ʛʨʫʧʧʳ 

ʇʊ ʥʝ ʧʦʩʪʨʦʝʥʳ. ʉ ʧʝʨʚʳʤ ʵʣʝʤʝʥʪʦʤ ʫ ʙʝʨʠʣʣʠʷ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʥʘʷ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ ʨʘʩʧʣʘʚʝ, ʪʘʢʞʝ ʢʘʢ ʠ ʩʦ ʨʪʫʪʴʶ, ʢʦʪʦʨʘʷ ʩ 

ʙʝʨʠʣʣʠʝʤ ʦʙʨʘʟʫʝʪ ʭʠʤʠʯʝʩʢʦʝ ʩʦʝʜʠʥʝʥʠʝ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ 

ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. ʉʚʝʜʝʥʠʡ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʢʘʜʤʠʷ ʩ ʙʝʨʠʣʣʠʝʤ 

ʥʘʡʪʠ ʥʝ ʫʜʘʣʦʩʴ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ IIIB  ʛʨʫʧʧʳ ʇʊ (B, Al , Ga, In, Tl) ʩ 

ʙʝʨʠʣʣʠʝʤ ʠʟʫʯʝʥʦ, ʠ ʧʦʩʪʨʦʝʥʳ ʠʭ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʢʨʦʤʝ ʩʠʩʪʝʤʳ 

ʙʝʨʠʣʣʠʷ ʩ ʪʘʣʣʠʝʤ, ʜʣʷ ʢʦʪʦʨʦʡ ʜʘʥʥʳʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʀʟʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ 

ʙʝʨʠʣʣʠʷ ʩ ɺ, Al , Ga, In ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʦʡ 

ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʨʘʩʧʣʘʚʝ (ʢʨʦʤʝ ʙʝʨʠʣʣʠʷ ʩ ɺ ʠ Al), ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. ʍʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ 

ʚ ʩʠʩʪʝʤʝ ʙʝʨʠʣʣʠʷ ʩ ʙʦʨʦʤ. ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ IVB ʛʨʫʧʧʳ ʇʊ (C, Si, Ge, Sn, Pb) ʩ 

ʙʝʨʠʣʣʠʝʤ ʠʟʫʯʝʥʦ, ʠ ʧʦʩʪʨʦʝʥʳ ʠʭ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ, ʢʨʦʤʝ ʩʠʩʪʝʤ 

ʙʝʨʠʣʣʠʷ ʩ ʫʛʣʝʨʦʜʦʤ ʠ ʩʚʠʥʮʦʤ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʤʝʶʪʩʷ ʚʝʩʴʤʘ ʩʢʫʜʥʳʝ 

ʜʘʥʥʳʝ. ʀʟʫʯʝʥʥʳʝ ʩʠʩʪʝʤʳ ʙʝʨʠʣʣʠʷ ʩ Si, Ge, Sn ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 
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ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʨʘʩʧʣʘʚʝ (ʢʨʦʤʝ ʙʝʨʠʣʣʠʷ ʩ 

Si), ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʤʝʭʘʥʠʯʝʩʢʦʡ ʩʤʝʩʠ. ʍʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ ʦʙʥʘʨʫʞʝʥʳ ʪʦʣʴʢʦ ʚ ʩʠʩʪʝʤʝ ʙʝʨʠʣʣʠʷ ʩ ʫʛʣʝʨʦʜʦʤ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ VB ʛʨʫʧʧʳ ʇʊ (N, P, As, 

Sb, Bi) ʥʝ ʧʦʩʪʨʦʝʥʳ. ɺ ʵʪʠʭ ʩʠʩʪʝʤʘʭ ʦʙʥʘʨʫʞʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʝʜʠʥʝʥʠʡ, 

ʢʨʦʤʝ ʙʝʨʠʣʣʠʷ ʩ Bi, ʛʜʝ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʘʷ 

ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ ʨʘʩʧʣʘʚʝ ʠ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ɼʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ VIB ʛʨʫʧʧʳ ʇʊ (O, S, Se, 

Te, Po) ʥʝ ʧʦʩʪʨʦʝʥʳ, ʢʨʦʤʝ ʙʝʨʠʣʣʠʷ ʩ ʢʠʩʣʦʨʦʜʦʤ, ʢʦʪʦʨʘʷ ʧʦʩʪʨʦʝʥʘ 

ʯʘʩʪʠʯʥʦ. ɺʦ ʚʩʝʭ ʩʠʩʪʝʤʘʭ ʫʩʪʘʥʦʚʣʝʥʦ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʜʨʫʛ ʚ ʜʨʫʛʝ ʥʝ ʠʟʫʯʝʥʘ. 

ʉ ʵʣʝʤʝʥʪʦʤ VIIB  ʛʨʫʧʧʳ ʇʊ ʚʦʜʦʨʦʜʦʤ ʙʝʨʠʣʣʠʡ ʦʙʨʘʟʫʝʪ 

ʦʛʨʘʥʠʯʝʥʥʳʝ ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʩʦʝʜʠʥʝʥʠʷ ʠ ʤʝʭʘʥʠʯʝʩʢʫʶ ʩʤʝʩʴ. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚʦʜʦʨʦʜʘ ʚ ʙʝʨʠʣʣʠʠ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʘ, ʘ ɺʝ ʚ ʅ ï ʥʝ 

ʠʟʫʯʝʥʘ. 

ʅʘʤʠ ʥʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʨʠʣʣʠʷ ʩ ʛʘʣʦʛʝʥʘʤʠ 

ʧʦʪʦʤʫ, ʯʪʦ ʩʦʝʜʠʥʝʥʠʷ ʙʝʨʠʣʣʠʷ ʩ ʛʘʣʦʛʝʥʘʤʠ ʦʪʣʠʯʘʶʪʩʷ ʯʠʩʪʦ ʠʦʥʥʳʤ 

ʪʠʧʦʤ ʩʚʷʟʠ ʠ ʪʦʣʴʢʦ ʚ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ï ʩʦʯʝʪʘʥʠʝʤ ʠʦʥʥʦʡ ʠ 

ʢʦʚʘʣʝʥʪʥʦʡ ʩʚʷʟʝʡ. ʉʦʝʜʠʥʝʥʠʡ ʩ ʤʝʪʘʣʣʠʯʝʩʢʠʤ ʪʠʧʦʤ ʩʚʷʟʠ ʩʨʝʜʠ ʥʠʭ 

ʥʝʪ. 

ʆʙʦʙʱʝʥʠʝ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʧʦʢʘʟʘʣʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳʡ ʦʙʲʝʤ ʠʟʫʯʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʨʘʚʥʠʪʝʣʴʥʦ ʤʘʣʦ ʧʦʣʥʦʩʪʴʶ 

ʧʦʩʪʨʦʝʥʥʳʭ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩʠʩʪʝʤ ʩ ʫʯʘʩʪʠʝʤ ʙʝʨʠʣʣʠʷ, ʯʪʦ ʩʦʩʪʘʚʠʣʦ 

25% ʦʪ ʦʙʱʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ 93 ʵʣʝʤʝʥʪʘʤʠ. ɺ ʙʦʣʴʰʠʥʩʪʚʝ 

ʩʣʫʯʘʝʚ ʧʦʩʪʨʦʝʥʥʳʝ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʧʦʜʣʝʞʘʪ ʫʪʦʯʥʝʥʠʶ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʦʣʝʝ ʯʠʩʪʳʭ ʠʩʭʦʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʠ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ 

ʘʥʘʣʠʟʘ. 
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ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘ ʦʩʥʦʚʝ ʧʨʦʚʝʜʸʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ: 

1) ʤʝʪʘʣʣʠʯʝʩʢʠʡ ʙʝʨʠʣʣʠʡ ʚ ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʦʙʨʘʟʫʝʪ ʥʠ ʦʜʥʦʡ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩ  ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʢʘʢ ʚ ʞʠʜʢʦʤ, ʪʘʢ 

ʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ; 

2) ʙʝʨʠʣʣʠʡ ʧʦʯʪʠ ʩʦ ʚʩʝʤʠ ʵʣʝʤʝʥʪʘʤʠ ʦʙʨʘʟʫʝʪ ʭʠʤʠʯʝʩʢʠʝ 

ʩʦʝʜʠʥʝʥʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ Li , Na, Al , Ga, In, Si, Ge ʠ Sn, ʩ ʢʦʪʦʨʳʤʠ 

ʙʝʨʠʣʣʠʡ ʦʛʨʘʥʠʯʝʥʥʦ ʩʤʝʰʠʚʘʝʪʩʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʦʙʨʘʟʫʝʪ 

ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ (ʢʨʦʤʝ ʩʠʩʪʝʤ ʩ Al ʠ Si, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ 

ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʤʝʩʝʡ ʩ ʙʝʨʠʣʣʠʝʤ); 

3) ʧʦʣʥʦʩʪʴʶ ʠʟʫʯʝʥʳ ʩʠʩʪʝʤʳ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ VIA , IB ʠ IIIB  

ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ, ʢʦʪʦʨʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʤʝʭʘʥʠʯʝʩʢʠʭ 

ʩʤʝʩʝʡ; 

4) ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʚ ʵʣʝʤʝʥʪʘʭ ʥʝʩʢʦʣʴʢʦ 

ʙʦʣʴʰʝ, ʯʝʤ ʧʦʩʣʝʜʥʠʭ ʚ ʙʝʨʠʣʣʠʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ d-

ʵʣʝʤʝʥʪʘʤʠ; 

5) ʢ ʥʝʠʟʫʯʝʥʥʳʤ ʠʣʠ ʤʘʣʦʠʟʫʯʝʥʥʳʤ ʩʠʩʪʝʤʘʤ ʦʪʥʦʩʷʪʩʷ ʩʠʩʪʝʤʳ 

ʙʝʨʠʣʣʠʷ ʩ 70 ʵʣʝʤʝʥʪʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩ ʵʣʝʤʝʥʪʘʤʠ IIA  (ʑɿʄ), IIIA  (ʈɿʄ 

ʠ ʈɸʄ), VIIA , IIB, VB, VIB, VIIB  ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ. 

 

2.2. ʇʨʦʛʥʦʟ ʚʟʘʠʤʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

ʚ ʞʠʜʢʦʤ ʠ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʷʭ 

 

ʍʘʨʘʢʪʝʨ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʦʧʨʝʜʝʣʷʝʪʩʷ 

ʩʪʨʦʝʥʠʝʤ ʵʣʝʢʪʨʦʥʥʳʭ ʦʙʦʣʦʯʝʢ ʠʭ ʘʪʦʤʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʚʠʩʠʪ ʦʪ 

ʧʦʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ, ʠ 

ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʠʟʦʙʨʘʟʠʪʴ ʛʨʘʬʠʯʝʩʢʠ ʥʘ ʜʠʘʛʨʘʤʤʘʭ ʩʦʩʦʪʦʷʥʠʷ [17-49]. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ ʩʪʨʦʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʩ 

ʧʦʤʦʱʴʶ ʨʘʟʣʠʯʥʳʭ ʤʝʪʦʜʦʚ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ (ʤʠʢʨʦʩʪʨʫʢʪʫʨ-
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ʥʦʛʦ, ʪʝʨʤʠʯʝʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ, ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʦʚ, 

ʠʟʫʯʝʥʠʷ ʠʟʤʝʥʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʤʝʭʘʥʠʯʝʩʢʠʭ ʠ ʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ). ʆʙʠʣʠʝ ʤʘʪʝʨʠʘʣʘ, ʧʦʜʣʝʞʘʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʶ, 

ʜʝʣʘʝʪ ʦʩʦʙʦ ʘʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʫ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ. 

ʈʝʰʝʥʠʝ ʧʦʜʦʙʥʦʡ ʟʘʜʘʯʠ ʥʝʚʦʟʤʦʞʥʦ ʙʝʟ ʚʳʷʚʣʝʥʠʷ ʦʙʱʠʭ ʠʟʚʝʩʪʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʥʘ 

ʢʦʥʢʨʝʪʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʤʘʪʝʨʠʘʣʝ ʠ ʫʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʦʙʦʙʱʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʦʚʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ. 

ʉʦʛʣʘʩʥʦ ʪʝʦʨʠʠ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʧʣʘʚʦʚ, ʥʘ ʪʠʧ ʜʠʘʛʨʘʤʤʳ ʩʦʩʪʦʷʥʠʷ 

ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʬʘʢʪʦʨʳ, ʟʘʚʠʩʷʱʠʝ ʦʪ ʧʦʣʦʞʝʥʠʷ 

ʵʣʝʤʝʥʪʦʚ ʚ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ: ʵʣʝʢʪʨʦʥʥʦʝ ʩʪʨʦʝʥʠʝ ʵʣʝʤʝʥʪʦʚ, ʠʭ 

ʚʘʣʝʥʪʥʦʩʪʴ, ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ, ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ, ʠʦʥʠʟʘʮʠʦʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, ʪʝʧʣʦʪʘ ʠʩʧʘʨʝʥʠʷ, ʵʥʪʨʦʧʠʷ, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʠʷ ʠ ʢʠʧʝʥʠʷ, 

ʢʦʵʬʬʠʮʠʝʥʪ ʚʩʝʩʪʦʨʦʥʥʝʛʦ ʩʞʘʪʠʷ, ʪʠʧ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʙʲʝʤ 

ʵʣʝʤʝʥʪʘʨʥʦʡ ʷʯʝʡʢʠ ʠ ʜʨʫʛʠʝ ʬʘʢʪʦʨʳ. ʅʠ ʦʜʥʦ ʠʟ ʵʪʠʭ ʩʚʦʡʩʪʚ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ [24-49]. ɺʩʝ ʦʥʠ ʚʟʘʠʤʥʦ ʩʚʷʟʘʥʳ. ʉʢʫʜʥʦʩʪʴ 

ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʩʢʣʦʥʥʦʩʪʴ ʢ 

ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʶ ʠ ʩʣʦʞʥʦʩʪʴ ʩʚʷʟʠ ʤʝʞʜʫ ʪʠʧʦʤ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʠ 

ʬʘʢʪʦʨʘʤʠ, ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʠʭ ʭʘʨʘʢʪʝʨ, ʦʙʲʷʩʥʷʝʪ ʦʪʩʫʪʩʪʚʠʝ ʥʘ 

ʩʦʚʨʝʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʟʚʠʪʠʷ ʤʝʪʘʣʣʦʚʝʜʯʝʩʢʦʡ ʢʦʣʠʯʝʩʪʚʝʥʥʦʡ ʪʝʦʨʠʠ 

ʩʧʣʘʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʩʯʝʪʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʠ ʩʦʩʪʘʚʦʚ ʩʧʣʘʚʦʚ ʩ 

ʟʘʜʘʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ [48-51]. 

ʀʟʚʝʩʪʥʳ ʣʠʰʴ ʦʪʜʝʣʴʥʳʝ ʧʦʧʳʪʢʠ ʪʝʦʨʝʪʠʯʝʩʢʦʛʦ ʨʘʩʯʝʪʘ ʣʠʥʠʡ ʠ 

ʧʦʚʝʨʭʥʦʩʪʝʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ (ʣʠʢʚʠʜʫʩʘ) ʚ ʧʨʦʩʪʝʡʰʠʭ ʜʚʦʡʥʳʭ ʠ ʪʨʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ. ʉʦʟʜʘʥʠʝ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʝʡ ʪʝʭʥʠʢʠ ʧʦʢʘ 

ʧʨʦʚʦʜʷʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʧʫʪʝʤ ʩ ʫʯʸʪʦʤ ʫʞʝ ʠʟʚʝʩʪʥʳʭ 

ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʦʩʥʦʚʳ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʤʝʪʘʣʣʠʯʝʩʢʠʭ 

ʤʘʪʝʨʠʘʣʦʚ, ʷʚʣʷʶʱʝʛʦʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʩʥʦʚʥʳʤ ʬʫʥʜʘʤʝʥʪʦʤ 
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ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʧʨʦʤʳʰʣʝʥʥʳʭ ʩʧʣʘʚʦʚ, ʙʳʣʠ ʟʘʣʦʞʝʥʳ ʚ ʥʘʯʘʣʝ ʥʘʰʝʛʦ 

ʩʪʦʣʝʪʠʷ ʘʢʘʜʝʤʠʢʦʤ ʅ.ʉ. ʂʫʨʥʘʢʦʚʳʤ [23] ʠ ʧʣʦʜʦʪʚʦʨʥʦ ʨʘʟʚʠʪʳ ʚ ʪʨʫʜʘʭ 

ʝʛʦ ʧʦʩʣʝʜʦʚʘʪʝʣʝʡ. ʊʝʦʨʝʪʠʯʝʩʢʠʝ ʩʦʦʙʨʘʞʝʥʠʷ ʠ ʜʘʥʥʳʝ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʟʚʦʣʠʣʠ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ 

ʨʘʟʨʘʙʦʪʘʪʴ ʧʦʣʫʵʤʧʠʨʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʚ ʥʝʢʦʪʦʨʦʤ ʧʨʠʙʣʠʞʝʥʠʠ 

ʦʧʨʝʜʝʣʷʶʪ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ 

(ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʠ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ 

ʩʦʝʜʠʥʝʥʠʡ, ʵʚʪʝʢʪʠʢ ʠ ʪ.ʜ.). ʀʟ ʟʘʨʫʙʝʞʥʳʭ ʫʯʸʥʥʳʭ ʥʘʠʙʦʣʴʰʠʡ ʚʢʣʘʜ ʚ 

ʨʘʟʨʘʙʦʪʢʫ ʵʪʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚʥʝʩʣʠ ʖʤ-ʈʦʟʝʨʠ [24], ʄʦʪʪ [28, 29], 

ʇʦʣʠʥʛ [30], ʄʠʝʜʝʤʘ [31], ʂʫʙʘʰʝʚʩʢʠʡ [32], ɻʰʥʝʡʜʝʨ [33] ʠ ʜʨʫʛʠʝ [34-

51]. 

ʂʨʠʪʝʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʵʣʝʤʝʥʪʦʚ ʚ ʜʚʦʡʥʳʭ 

ʩʠʩʪʝʤʘʭ, ʚ ʧʨʠʥʮʠʧʝ, ʧʨʠʤʝʥʠʤʳ ʢ ʦʧʠʩʘʥʠʶ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ 

ʪʨʦʡʥʳʭ ʠ ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤʘʭ. 

ʇʨʝʜʚʠʜʝʥʠʝ ʪʠʧʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʟʘʪʨʫʜʥʷʝʪʩʷ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ 

ʧʦʣʥʳʭ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʨʘʟʣʠʯʥʳʭ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʵʣʝʤʝʥʪʦʚ ʥʘ ʠʭ ʩʢʣʦʥʥʦʩʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠ ʜʨʫʛʠʭ ʩʧʣʘʚʦʚ, ʥʘ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʪʚʝʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʬʘʟʦʚʦʛʦ ʨʘʚʥʦʚʝʩʠʷ ʚ ʨʘʟʣʠʯʥʳʭ 

ʩʠʩʪʝʤʘʭ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʨʠʪʝʨʠʠ, ʦʧʨʝʜʝʣʷʶʱʠʝ ʭʘʨʘʢʪʝʨ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚ ʢʘʞʜʦʤ ʢʦʥʢʨʝʪʥʦʤ ʩʣʫʯʘʝ: 

1) ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʠʣʠ ʨʘʩʩʣʘʠʚʘʥʠʝ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ; 

2) ʚʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʤʝʪʘʣʣʦʚ ʚ ʪʚʝʨʜʦʤ ʩʦʩʪʦʷʥʠʠ; 

3) ʦʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ; 

4) ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ 

ʪʦʯʝʢ ʠ ʚʦʟʤʦʞʥʦʩʪʴ ʧʨʝʜʩʢʘʟʘʥʠʷ ʥʘ ʠʭ ʦʩʥʦʚʝ ʪʠʧʘ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ. 

ɼʣʷ ʦʮʝʥʢʠ ʩʣʫʯʘʷ (1) ʧʨʠʤʝʥʠʣʠ ʢʨʠʪʝʨʠʡ  ɻʠʣʴʜʝʙʨʘʥʜʘ, ʄʦʪʪʘ ʠ 

ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ; ʜʣʷ ʩʣʫʯʘʷ (2) ï ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ ʖʤ-ʈʦʟʝʨʠ, ɼʘʨʢʝʥʘ-

ɻʫʨʨʠ ʠ ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ; ʜʣʷ ʩʣʫʯʘʝʚ (3) ʠ (4) - ʛʨʘʬʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 



 45 

ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ, ʛʜʝ ʫʯʠʪʳʚʘʣʠʩʴ ʩʪʨʫʢʪʫʨʥʳʡ, ʨʘʟʤʝʨʥʳʡ, 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʬʘʢʪʦʨʳ ʩ ʫʯʸʪʦʤ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ 

ʥʘʪʷʞʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʦʥʥʳʭ ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʦʥʝʥʪʦʚ. 

ʉʤʝʰʠʚʘʝʤʦʩʪʴ ʠʣʠ ʨʘʩʩʣʘʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʠʟʫʯʝʥʠʷ ʭʘʨʘʢʪʝʨʘ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʝʜʧʦʩʳʣʢʦʡ, 

ʧʨʝʞʜʝ ʚʩʝʛʦ, ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʞʠʜʢʠʭ ʨʘʩʪʚʦʨʦʚ ʠʣʠ ʨʘʩʩʣʦʝʥʠʝ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ɼʣʷ ʵʪʦʡ ʦʮʝʥʢʠ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʠʤʝʥʷʶʪʩʷ 

ʢʨʠʪʝʨʠʠ ɻʠʣʴʜʝʙʨʘʥʜʘ [38], ʄʦʪʪʘ [28, 29] ʠ ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ [18]. 

ɻʠʣʴʜʝʙʨʘʥʜ, ʫʯʠʪʳʚʘʷ ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ (ʚʝʣʠʯʠʥʳ 

ʪʝʧʣʦʪ ʩʫʙʣʠʤʘʮʠʠ ʠ ʘʪʦʤʥʳʝ ʦʙʲʸʤʳ) ʩʧʣʘʚʣʷʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʚʳʚʝʣ 

ʤʘʪʝʤʘʪʠʯʝʩʢʫʶ ʟʘʚʠʩʠʤʦʩʪʴ ʪʝʧʣʦʪʳ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʨʘʩʪʚʦʨʘ ʚ 

ʩʣʫʯʘʝ ʧʦʣʥʦʡ ʩʤʝʰʠʚʘʝʤʦʩʪʠ: 

0.5 (V1 + V2) (ŭ1 - ŭ2)Į Ò 2RT,     (1) 

ʛʜʝ V i ï ʘʪʦʤʥʳʝ ʦʙʲʸʤʳ ʢʦʤʧʦʥʝʥʪʦʚ; R ï ʫʥʠʚʝʨʩʘʣʴʥʘʷ ʛʘʟʦʚʘʷ 

ʧʦʩʪʦʷʥʥʘʷ; T ï ʘʙʩʦʣʶʪʥʘʷ ʪʝʤʧʝʨʘʪʫʨʘ; ŭi ï ʧʘʨʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʤʦʩʪʠ 

ʢʦʤʧʦʥʝʥʪʦʚ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʩʦʙʦʡ ʪʝʧʣʦʪʳ ʩʫʙʣʠʤʘʮʠʠ, ʦʪʥʝʩʸʥʥʳʝ ʢ 1 

ʩʤ
3
. 

ɽʩʣʠ ʪʝʧʣʦʪʘ ʦʙʨʘʟʦʚʘʥʠʷ ʞʠʜʢʦʛʦ ʨʘʩʪʚʦʨʘ, ʚʳʨʘʞʝʥʥʘʷ ʣʝʚʦʡ ʯʘʩʪʴʶ 

ʥʝʨʘʚʝʥʩʪʚʘ, ʧʨʝʚʳʰʘʝʪ ʚʝʣʠʯʠʥʫ 2RT, ʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʨʘʩʩʣʦʝʥʠʝ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ.  

ʅʠʞʝ ʚ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʬʘʢʪʦʨʫ 

ɻʠʣʴʜʝʙʨʘʥʜʘ, ʛʜʝ  ʫʢʘʟʘʥʳ ʩʤʝʰʠʚʘʝʤʦʩʪʴ (ʉ) ʠʣʠ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ (ʅʉ) 

ʙʝʨʠʣʣʠʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩ ʦʩʪʘʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ɼ.ʀ. ʄʝʥʜʝʣʝʝʚʘ. 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʧʦ ʬʘʢʪʦʨʫ ɻʠʣʴʜʝʙʨʘʥʜʘ ʠʟ 

78 ʵʣʝʤʝʥʪʦʚ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 273 Üʂ ʩ ʙʝʨʠʣʣʠʝʤ ʧʦʣʥʦʩʪʴʶ ʜʦʣʞʥʳ 

ʩʤʝʰʠʚʘʪʴʩʷ ʚʩʝʛʦ 12 ʵʣʝʤʝʥʪʦʚ: B, V, Fe, Co, Ni, Mo, Ru, Rh, Ta, Ir, Pt ʠ Gd. 

ʆʩʪʘʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ʧʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʚ ʩʠʩʪʝʤʘʭ ʩ ʙʝʨʠʣʣʠʝʤ ʥʝ 

ʩʤʝʰʠʚʘʶʪʩʷ. ʂʦʣʠʯʝʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʩʤʝʰʠʚʘʶʱʠʭʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 
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ʧʣʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʜʦ 18 (ʢʨʦʤʝ Gd), ʚ ʯʠʩʣʦ ʢʦʪʦʨʳʭ 

ʚʭʦʜʷʪ: Cu, Nb, Tc, Pd, W, Re ʠ Os. 

ʀʩʭʦʜʷ ʠʟ ʧʨʝʜʧʦʣʦʞʝʥʠʷ ʦʙ ʫʚʝʣʠʯʝʥʠʠ ʚʝʨʦʷʪʥʦʩʪʠ ʚʟʘʠʤʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʚ ʩʣʫʯʘʝ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ, ʄʦʪʪ [28, 29] ʤʦʜʠʬʠʮʠʨʦʚʘʣ ʥʝʨʘʚʝʥʩʪʚʦ ɻʠʣʴʜʝʙʨʘʥʜʘ, ʚʚʝʜʷ 

ʚ ʥʝʛʦ ʨʘʟʥʦʩʪʴ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ (ȹȺ) ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 

ʢʦʤʧʦʥʝʥʪʦʚ: 

ʂ = 0.5 (V1 + V2) Ā (ŭ1 - ŭ2)
2
 ï 2RT / [23060 (ȹȺ)

2
]   (2)  

ʠ ʫʩʪʘʥʦʚʠʣ, ʯʪʦ ʧʨʠ ʂ < 2 ʤʝʪʘʣʣʳ ʧʦʣʥʦʩʪʴʶ ʨʘʩʪʚʦʨʠʤʳ ʚ ʞʠʜʢʦʤ 

ʩʦʩʪʦʷʥʠʠ, ʘ ʧʨʠ ʂ > 6 - ʙʦʣʝʝ ʚʝʨʦʷʪʥʘ ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ, ʪʦ ʝʩʪʴ 

ʨʘʩʩʣʦʝʥʠʝ. 

ʊʘʙʣʠʮʘ 5  

 

ʆʮʝʥʢʘ ʭʘʨʘʢʪʝʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ 

 
 ̄

ʕ
ʣ
ʝ
ʤ
ʝ
ʥ
ʪ

 

ʌʘʢʪʦʨ 

ɻʠʣʴʜʝʙʨʘʥʜʘ, 

ʌ 

ɸʥʘʣʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪ- 

ʚʠʷ ʧʦ ʬʘʢʪʦʨʫ 

ɻʠʣʴʜʝʙʨʘʥʜʘ 

ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

ʨʘʚʥʦʡ 

ʏʠʩʣʦ ʄʦʪʪʘ, 

ʂ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

ʨʘʚʥʦʡ 

ɸʥʘʣʠʟ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʧʦ ʯʠʩʣʫ ʄʦʪʪʘ 

ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ, 

ʨʘʚʥʦʡ 

273 Üʂ 1562 Üʂ 273 Üʂ 1562 Üʂ 273 Üʂ 1562 Üʂ 

1 2 3 4 5 6 7 8 9 

1. Li  50343.75 ʅʉ* ʅʉ 8.545 7.6610 ʅʉ ʅʉ 

2. B 1177.600 ʉ** ʉ 0.204 0.2043 ʉ ʉ 

3. C 11934.72 ʅʉ ʅʉ 0.517 0.5175 ʉ ʉ 

4. Na 131788.8 ʅʉ ʅʉ 15.74 15.131 ʅʉ ʅʉ 

5. Mg 58977.45 ʅʉ ʅʉ 28.41 28.417 ʅʉ ʅʉ 

6. Al  55100.20 ʅʉ ʅʉ 650.7 663.73 ʅʉ ʅʉ 

7. Si 13952.30 ʅʉ ʅʉ 6.722 6.7227 ʅʉ ʅʉ 

8. P 61860.80 ʅʉ ʅʉ 7.451 7.4516 ʅʉ ʅʉ 
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1 2 3 4 5 6 7 8 9 

9. S 43543.30 ʅʉ ʅʉ 1.888 1.8883 ʅʉ ʅʉ 

10. K 293349.6 ʅʉ ʅʉ 25.86 25.415 ʅʉ ʅʉ 

11. Ca 122379.5 ʅʉ ʅʉ 21.22 21.228 ʅʉ ʅʉ 

12. Sc 23289.70 ʅʉ ʅʉ 25.24 25.249 ʅʉ ʅʉ 

13. Ti 9555.000 ʅʉ ʅʉ 258.9 258.97 ʅʉ ʅʉ 

14. V 670.0000 ʉ ʉ 2.905 2.9054 ʉ ʉ 

15. Cr 2690.100 ʅʉ ʅʉ 11.66 11.665 ʅʉ ʅʉ 

16. Mn 7225.000 ʅʉ ʅʉ 348.1 348.13 ʅʉ ʅʉ 

17. Fe 864.0000 ʉ ʉ 0.416 0.4163 ʉ ʉ 

18. Co 51.75000 ʉ ʉ 0.024 0.0249 ʉ ʉ 

19. Ni 143.7500 ʉ ʉ 0.038 0.0389 ʉ ʉ 

20. Cu 2928.200 ʅʉ ʉ 0.793 0.7936 ʉ ʉ 

21. Zn 35539.05 ʅʉ ʅʉ 154.1 154.11 ʅʉ ʅʉ 

22. Ga 25258.75 ʅʉ ʅʉ 109.5 109.53 ʅʉ ʅʉ 

23. Ge 26123.70 ʅʉ ʅʉ 12.58 12.587 ʅʉ ʅʉ 

24. As 35721.00 ʅʉ ʅʉ 6.196 6.196 ʅʉ ʅʉ 

25. Se 58319.40 ʅʉ ʅʉ 3.122 3.1223 ʉ ʉ 

26. Rb 368445.0 ʅʉ ʅʉ 32.51 32.060 ʅʉ ʅʉ 

27. Sr 170572.5 ʅʉ ʅʉ 29.58 29.588 ʅʉ ʅʉ 

28. Y 38825.55 ʅʉ ʅʉ 18.70 18.707 ʅʉ ʅʉ 

29. Zr 11576.25 ʅʉ ʅʉ 50.20 50.201 ʅʉ ʅʉ 

30. Nb 31.40000 ʅʉ ʉ 0.136 0.1362 ʉ ʉ 

31. Mo 7.150000 ʉ ʉ 0.003 0.0034 ʉ ʉ 

32. Tc 4122.650 ʅʉ ʉ 1.117 1.1174 C C 

33. Ru 660.0000 ʉ ʉ 0.058 0.0584 ʉ ʉ 

34. Rh 680.0000 ʉ ʉ 0.062 0.0624 ʉ ʉ 

35. Pd 5030.100 ʅʉ ʉ 2.423 2.4236 ʉ ʉ 

36. Ag 16788.40 ʅʉ ʅʉ 4.550 4.5502 C C 
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37. Cd 63151.20 ʅʉ ʅʉ 68.46 68.464 ʅʉ ʅʉ 

38. In 49038.30 ʅʉ ʅʉ 53.16 53.164 ʅʉ ʅʉ 

39. Sn 43417.60 ʅʉ ʅʉ 20.92 20.920 ʅʉ ʅʉ 

40. Sb 56595.00 ʅʉ ʅʉ 15.33 15.339 ʅʉ ʅʉ 

41. Te 81684.45 ʅʉ ʅʉ 9.839 9.8396 ʅʉ ʅʉ 

42. I 202342.5 ʅʉ ʅʉ 8.774 8.7746 ʅʉ ʅʉ 

43. Cs 478199.1 ʅʉ ʅʉ 42.32 42.321 ʅʉ ʅʉ 

44. Ba 193075.2 ʅʉ ʅʉ 23.25 23.258 ʅʉ ʅʉ 

45. La 53687.01 ʅʉ ʅʉ 14.55 14.551 ʅʉ ʅʉ 

46. Ce 43460.55 ʅʉ ʅʉ 11.77 11.779 ʅʉ ʅʉ 

47. Pr 54625.86 ʅʉ ʅʉ 14.80 14.805 ʅʉ ʅʉ 

48. Nd 11405.84 ʅʉ ʅʉ 5.495 5.4957 ʉ ʉ 

49. Sm 78489.28 ʅʉ ʅʉ 37.29 37.819 ʅʉ ʅʉ 

50. Eu 138824.7 ʅʉ ʅʉ 37.62 37.626 ʅʉ ʅʉ 

51. Gd 76217.34 ʉ ʅʉ 36.72 36.724 ʅʉ ʅʉ 

52. Tb 55883.20 ʅʉ ʅʉ 26.92 26.926 ʅʉ ʅʉ 

53. Dy 55419.44 ʅʉ ʅʉ 26.70 26.703 ʅʉ ʅʉ 

54. Ho 51400.80 ʅʉ ʅʉ 24.76 24.767 ʅʉ ʅʉ 

55. Er 53624.49 ʅʉ ʅʉ 25.83 25.838 ʅʉ ʅʉ 

56. Tu 60948.16 ʅʉ ʅʉ 29.36 29.367 ʅʉ ʅʉ 

57. Yb 118819.9 ʅʉ ʅʉ 56.73 57.252 ʅʉ ʅʉ 

58. Lu 46054.78 ʅʉ ʅʉ 21.66 22.191 ʅʉ ʅʉ 

59. Hf 2658.800 ʅʉ ʅʉ 2.882 2.8825 ʅʉ ʅʉ 

60. Ta 384.6500 ʉ ʉ 3.404 3.404 ʉ ʉ 

61. W 1856.000 ʅʉ ʉ 2.012 2.0121 ʉ ʉ 

62. Re 1994.100 ʅʉ ʉ 0.540 0.5405 ʉ ʉ 

63. Os 1496.250 ʅʉ ʉ 0.132 0.1324 ʉ ʉ 

64. Ir 675.0000 ʉ ʉ 0.059 0.0597 ʉ ʉ 
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65. Pt 448.0000 ʉ ʉ 0.215 0.2159 ʉ ʉ 

66. Au 9849.600 ʅʉ ʅʉ 0.527 0.5273 ʉ ʉ 

67. Hg 94599.40 ʅʉ ʅʉ 25.63 25.639 ʅʉ ʅʉ 

68. Tl 71040.00 ʅʉ ʅʉ 34.22 34.23 ʅʉ ʅʉ 

69. Pb 70574.40 ʅʉ ʅʉ 34.00 34.005 ʅʉ ʅʉ 

70. Bi 85949.10 ʅʉ ʅʉ 23.29 23.295 ʅʉ ʅʉ 

71. Ra 200411.7 ʅʉ ʅʉ 13.50 13.161 ʅʉ ʅʉ 

72. Ac 58093.75 ʅʉ ʅʉ 251.9 251.9 ʅʉ ʅʉ 

73. Th 36012.60 ʅʉ ʅʉ 17.35 17.352 ʅʉ ʅʉ 

74. Pa 19263.20 ʅʉ ʅʉ 3.341 3.3414 C C 

75. U 9474.300 ʅʉ ʅʉ 0.838 0.838 ʉ ʉ 

76. Np 9883.800 ʅʉ ʅʉ 4.762 4.7623 ʉ C 

77. Pu 10596.25 ʅʉ ʅʉ 11.48 11.487 ʅʉ ʅʉ 

78. Am 41749.65 ʅʉ ʅʉ 45.26 45.262 ʅʉ ʅʉ 

ʇʨʠʤʝʯʘʥʠʝ: ʅʉ* - ʥʝʩʤʝʰʠʚʘʝʤʦʩʪʴ; ʉ** - ʩʤʝʰʠʚʘʝʤʦʩʪʴ. 

 

ɺ ʚʳʰʝʫʢʘʟʘʥʥʦʡ ʪʘʙʣʠʮʝ 5 ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ, 

ʧʨʦʚʝʜʸʥʥʳʭ ʧʦ ʫʨʘʚʥʝʥʠʶ (2). ɺʝʨʦʷʪʥʦʩʪʴ ʧʨʦʛʥʦʟʘ ʧʦ ʯʠʩʣʫ ʄʦʪʪʘ, ʚ 

ʩʨʘʚʥʝʥʠʠ ʩ ʬʘʢʪʦʨʦʤ ɻʠʣʴʜʝʙʨʘʥʜʘ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1.5 ʨʘʟʘ, ʪ.ʝ. ʪʝʧʝʨʴ 

ʜʦʣʞʥʳ ʩʤʝʰʠʚʘʪʴʩʷ 26 ʵʣʝʤʝʥʪʦʚ (B, ʉ, V, Fe, Co, Ni, ʉu, Se, Nb, Mo, Tc, 

Ru, Rh, Pd, Ag, Nd, Ta, W, Re, Os, Ir, Pt, Au, Pa, U ʠ Np) ʧʨʠ 273 Üʂ ʠ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ ʧʣʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ.  

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʙʳʣ ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ (ʨʠʩ.9) ʟʘʚʠʩʠʤʦʩʪʠ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʊ) ʦʪ ʬʘʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (nŭ,u).  

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʊ) ʦʧʨʝʜʝʣʷʣʠʩʴ ʧʦ ʬʦʨʤʫʣʝ: 

nʊ = 1- ʊ1 : ʊ2,     (3) 
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ʛʜʝ ʧʨʠ ʊ1 < ʊ2 (ʊ1 ʠ ʊ2) ï ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, Üʂ, ʘ 

ʚʝʣʠʯʠʥʳ ʦʙʲʝʜʠʥʸʥʥʦʛʦ ʬʘʢʪʦʨʘ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (nů,u) ʦʧʨʝʜʝʣʷʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʫʨʘʚʥʝʥʠʷ: 

              nů,u = (ů1  ̋ů2)  ̋(U1  ̋U2 ),     (4) 

ʛʜʝ ůi  ï ʧʦʚʝʨʭʥʦʩʪʥʦʝ ʥʘʪʷʞʝʥʠʝ ʠ Ui  ï ʠʦʥʠʟʘʮʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦʢʘʟʘʣʠ (ʨʠʩ. 9, ʪʘʙʣ. 6), ʯʪʦ ʩʤʝʰʠʚʘʝʤʦʩʪʴ ʚ 

ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʜʣʷ ʩʧʣʘʚʦʚ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʜʦʣʞʥʘ ʥʘʙʣʶʜʘʪʴʩʷ ʚ 

ʩʠʩʪʝʤʘʭ ʩ ʵʣʝʤʝʥʪʘʤʠ IA (Li), IIA (Mg, Ca, Sr, Ba, Ra), IIIA (Sc, Y, La ʠ 

ʣʘʥʪʘʥʦʠʜʳ, Ac ʠ ʘʢʪʠʥʦʠʜʳ), IVA (Ti, Zr, Hf), VA (V), VIA (Cr, Mo), VIIA 

(Mn, Tc, Re), VIIIA (Fe, Co, Rh, Ir, Ni, Pd, Pt), IB (Cu, Ag, Au), IIB (Zn), IIIB 

(B, Al) ʠ IVB (Si, Ge) ʛʨʫʧʧ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ, ʪʦʯʢʠ ʢʦʪʦʨʳʭ 

ʥʘʭʦʜʷʪʩʷ ʚʥʫʪʨʠ ʜʫʛʠ, ʦʧʠʩʳʚʘʝʤʦʡ ʫʨʘʚʥʝʥʠʝʤ n
2
ʊ = 0.37 n

2
ů,u. 

 

ʊʘʙʣʠʮʘ 6 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nt) ʠ ʦʙʲʝʜʠʥʸʥʥʦʛʦ (nů,u) ʬʘʢʪʦʨʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ 

 ̄ ʕʣʝʤʝʥʪ  nt nů,u  ̄ ʕʣʝʤʝʥʪ  nt nů,u 

3 Li  0.709 0.5502 52 Te 0.537 3.0514 

5 B  0.339 0.4641 55 Cs 0.807 1.0028 

11 Na  0.762 0.7846 56 Ba 0.358 0.7372 

12 Mg  0.409 0.7421 57 La  0.237 0.4376 

13 Al  0.402 0.9969 58 Ce  0.314 0.5033 

14 Si  0.074 0.9976 59 Pr  0.229 0.4999 

15 P  0.796 2.2054 60 Nd  0.171 0.5232 

16 S  0.751 3.5245 61 Pm  0.158 0.5352 

19 K  0.784 0.9435 62 Sm  0.137 0.5752 

20 Ca  0.286 0.7622 63 Eu  0.298 0.8571 

21 Sc  0.138 0.4604 64 Gd  0.015 0.6142 

22 Ti  0.196 0.6752 65 Tb  0.041 0.6435 
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 ̄ ʕʣʝʤʝʥʪ  nt nů,u  ̄ ʕʣʝʤʝʥʪ  nt nů,u 

23 V  0.284 0.9842 66 Dy  0.073 0.662 

24 Cr  0.268 1.1943 67 Ho  0.105 0.6727 

25 Mn  0.027 0.9394 68 Er  0.133 0.7272 

26 Fe  0.137 1.0257 69 Tm  0.140 0.7403 

27 Co  0.116 1.2351 70 Yb  0.300 1.0864 

28 Ni  0.096 1.1253 71 Lu  0.193 0.5089 

29 Cu  0.130 0.2024 72 Hf  0.376 0.8691 

30 Zn  0.556 1.177 73 Ta  0.525 1.9145 

31 Ga  0.806 1.1459 74 W  0.577 1.4608 

32 Ge  0.224 1.2199 75 Re  0.548 1.1706 

33 As  0.302 2.1976 76 Os  0.527 1.841 

34 Se  0.683 3.4734 77 Ir  0.425 1.1511 

37 Rb  0.799 0.9506 78 Pt  0.235 1.4881 

38 Sr  0.332 0.8266 79 Au  0.143 0.1967 

39 Y  0.129 0.3741 80 Hg  0.850 1.3904 

40 Zr  0.265 0.7327 81 Tl  0.631 1.1576 

41 Nb  0.430 1.8188 82 Pb  0.615 1.9328 

42 Mo  0.460 1.3181 83 Bi  0.651 2.6837 

43 Tc  0.356 1.0101 84 Po  0.662 1.6952 

44 Ru  0.400 1.7125 87 Fr  0.807 0.0999 

45 Rh  0.301 1.632 88 Ra  0.377 0.3018 

46 Pd  0.145 1.1527 89 Ac  0.152 0.5526 

47 Ag   0.209 0.2426 90 Th  0.229 0.5721 

48 Cd  0.619 1.3681 91 Pa  0.153 0.5873 

49 In  0.724 0.9264 92 U  0.098 1.3603 

50 Sn  0.676 1.7678 93 Np  0.416 1.4368 

51 Sb 0.421 1.7352 94 Pu  0.415 1.4368 
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ʂ ʨʘʩʩʣʘʠʚʘʶʱʠʤʩʷ ʩʠʩʪʝʤʘʤ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʩʦʛʣʘʩʥʦ ʛʨʘʬʠʢʘ, 

ʜʦʣʞʥʳ ʦʪʥʦʩʠʪʴʩʷ ʩʠʩʪʝʤʳ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ IA (Na, K, Rb, Cs, Fr), 

VA (Nb, Ta), VIA (W), VIIIA (Ru, Os), IIB (Cd, Hg), IIIB (Ga, In, Tl), IVB (Sn, 

Pb), VB (P, As, Sb, Bi) ʠ VIB (S, Se, Te, Po) ʛʨʫʧʧ ʇʊ. 

ʅʝʦʜʥʦʟʥʘʯʥʦʩʪʴ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʭ ʚʳʚʦʜʦʚ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʩ ʙʝʨʠʣʣʠʝʤ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦʜʪʦʣʢʥʫʣʘ ʥʘʩ 

ʢ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʢʨʠʪʝʨʠʷ (nʧʢ) , ʟʘʚʠʩʷʱʝʛʦ ʦʪ 

ʩʦʦʪʥʦʰʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ ʢʠʧʝʥʠʷ ʣʝʛʢʦʧʣʘʚʢʦʛʦ (ʊʢʠʧ.ʣ) ʠ ʪʝʤʧʝʨʘʪʫʨʳ 

ʧʣʘʚʣʝʥʠʷ ʪʫʛʦʧʣʘʚʢʦʛʦ (ʊʧʣ.ʪ) ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʪʘʢʞʝ ʫʩʣʦʚʠʷ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʩʩʣʦʝʥʠʷ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ (ʪʘʙʣ.7): 

 nʧʢ = ʊʧʣ.ʪ  : ʊʢʠʧ.ʣ Ò 1.03 ï 1.10.   (5) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʢʣʦʥʷʷʩʴ ʢ ʧʨʝʜʧʦʣʦʞʝʥʠʶ ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ ʦ ʪʦʤ, ʯʪʦ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʥʘʰʝʤ ʩʣʫʯʘʝ ʙʝʨʠʣʣʠʷ) 

ʈʠʩ. 9. ʉʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ) ʠ ʦʙʲʝʜʠʥʸʥʥʦʛʦ 

(ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʥʘʪʷʞʝʥʠʷ ʠ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ) ʬʘʢʪʦʨʦʚ (nů,u) 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʩʤʝʰʠʚʘʝʤʦʩʪʠ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ ʩʠʩʪʝʤ 

ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ c ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
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ʩ ʧʝʨʝʭʦʜʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚ ʯʘʩʪʥʦʩʪʠ ʩ ʈɿʄ, ʧʦʨʦʛʦʚʦʝ ʟʥʘʯʝʥʠʝ 

ʦʪʥʦʰʝʥʠʷ  nʧʢ = ʊʧʣ.ʪ  : ʊʢʠʧ.ʣ, ʦʧʨʝʜʝʣʷʶʱʝʝ ʚʦʟʤʦʞʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʨʘʩʩʣʦʝʥʠʷ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ, ʣʝʞʠʪ ʛʜʝ-ʪʦ ʚ ʧʨʝʜʝʣʘʭ 1.03 ï 1.10, ʘ 

ʟʥʘʯʝʥʠʷ nʧʢ Ò 1.03 ʦʪʚʝʯʘʶʪ ʦʙʨʘʟʦʚʘʥʠʶ ʤʦʥʦʪʝʢʪʠʢʠ, ʪʦ ʤʦʞʥʦ ʚʠʜʝʪʴ 

(ʪʘʙʣ. 7), ʯʪʦ ʙʝʨʠʣʣʠʡ ʩʦ ʚʩʝʤ ʨʷʜʦʤ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʨʦʷʚʣʷʝʪ 

ʤʦʥʦʪʝʢʪʠʯʝʩʢʠʡ ʪʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʧʨʠ ʢʦʪʦʨʦʤ ʧʨʦʠʩʭʦʜʠʪ ʣʠʰʴ 

ʯʘʩʪʠʯʥʦʝ ʩʤʝʰʠʚʘʥʠʝ ʢʦʤʧʦʥʝʥʪʦʚ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. ʀʟ ʵʪʦʛʦ ʩʣʝʜʫʝʪ 

ʚʳʚʦʜ, ʧʦʜʪʚʝʨʞʜʘʶʱʠʡ ʧʨʝʜʳʜʫʱʠʝ ʧʨʦʛʥʦʟʳ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʨʠʣʣʠʷ 

ʩ ʈɿʄ ʚ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʠ. 

ʊʘʙʣʠʮʘ 7 

ʆʮʝʥʢʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʙʝʨʠʣʣʠʷ ʩ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ   

 ̄ ʉʠʩʪʝʤʘ nʧʢ Ò 1.03 ï 1.10 ʊʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

1. ɺʝ-Sc 0.55 ʄʦʥʦʪʝʢʪʠʢʘ  

2. ɺʝ-Y 0.55 ʄʦʥʦʪʝʢʪʠʢʘ  

3. ɺʝ-La 0.41 ʄʦʥʦʪʝʢʪʠʢʘ  

4. ɺʝ-Ce 0.41 ʄʦʥʦʪʝʢʪʠʢʘ  

5. ɺʝ-Pr 0.47 ʄʦʥʦʪʝʢʪʠʢʘ  

6. ɺʝ-Nd 0.46 ʄʦʥʦʪʝʢʪʠʢʘ  

7. ɺʝ-Pm 0.44 ʄʦʥʦʪʝʢʪʠʢʘ  

8. ɺʝ-Sm 0.80 ʄʦʥʦʪʝʢʪʠʢʘ  

9. ɺʝ-Eu 0.83 ʄʦʥʦʪʝʢʪʠʢʘ  

10. ɺʝ-Gd 0.48 ʄʦʥʦʪʝʢʪʠʢʘ  

11. ɺʝ-Tb 0.50 ʄʦʥʦʪʝʢʪʠʢʘ  

12. ɺʝ-Dy 0.52 ʄʦʥʦʪʝʢʪʠʢʘ  

13. ɺʝ-Ho 0.53 ʄʦʥʦʪʝʢʪʠʢʘ  

14. ɺʝ-Er 0.55 ʄʦʥʦʪʝʢʪʠʢʘ  

15. ɺʝ-Tm 0.56 ʄʦʥʦʪʝʢʪʠʢʘ  

16. ɺʝ-Yb 0.98 ʄʦʥʦʪʝʢʪʠʢʘ  

17. ɺʝ-Lu 0.59 ʄʦʥʦʪʝʢʪʠʢʘ  

 

ɺʟʘʠʤʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʪʚʸʨʜʦʤ 

ʩʦʩʪʦʷʥʠʠ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʚʦʟʟʨʝʥʠʷʤ ʦʙʨʘʟʦʚʘʥʠʝ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʪʨʝʤʷ ʬʘʢʪʦʨʘʤʠ: ʩʪʨʫʢʪʫʨʥʳʤ, ʨʘʟʤʝʨʥʳʤ ʠ 

ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʤ [17]. 
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ʉʪʨʫʢʪʫʨʥʳʡ ʬʘʢʪʦʨ ʦʪʨʘʞʘʝʪ ʩʭʦʜʩʪʚʦ ʠʣʠ ʨʘʟʣʠʯʠʝ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ 

ʨʝʰʝʪʦʢ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, ʨʘʟʤʝʨʥʳʡ ï ʨʘʟʣʠʯʠʝ ʚʝʣʠʯʠʥʳ 

ʘʪʦʤʦʚ. ʈʘʟʤʝʨʥʳʡ ʬʘʢʪʦʨ ʚʳʯʠʩʣʷʝʪʩʷ ʧʦ ʬʦʨʤʫʣʝ [24]: 

nd = [(d1 ï d2) / d1] Ā 100%,     (6) 

ʛʜʝ d1 ʠ d2ï ʘʪʦʤʥʳʝ ʜʠʘʤʝʪʨʳ ʨʘʩʪʚʦʨʠʪʝʣʷ ʠ ʨʘʩʪʚʦʨʸʥʥʦʛʦ ʵʣʝʤʝʥʪʘ.  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʡ ʬʘʢʪʦʨ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʸʥ ʯʝʨʝʟ ʨʘʟʥʠʮʫ ʟʥʘʯʝʥʠʡ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ ʵʣʝʤʝʥʪʦʚ. ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ʦʪʨʘʞʘʝʪ 

ʩʚʦʡʩʪʚʦ ʵʣʝʤʝʥʪʦʚ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʦʚʝʜʝʥʠʷ ʚʥʝʰʥʠʭ ʵʣʝʢʪʨʦʥʦʚ ʚ ʘʪʦʤʘʭ. 

ɺʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʷʚʣʷʝʪʩʷ ʤʝʨʦʡ ʵʥʝʨʛʠʠ, ʥʝʦʙʭʦʜʠʤʦʡ ʜʣʷ 

ʦʪʨʳʚʘ ʦʜʥʦʛʦ ʚʥʝʰʥʝʛʦ ʵʣʝʢʪʨʦʥʘ ʠ ʦʙʨʘʟʦʚʘʥʠʷ ʦʜʥʦʡ ʩʚʷʟʠ ʩ ʘʪʦʤʘʤʠ 

ʜʨʫʛʠʭ ʵʣʝʤʝʥʪʦʚ. ʇʦ ɻʦʨʜʠ ʚʝʣʠʯʠʥʘ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ (ʵʚ/ʩʚʷʟʴ) 

ʵʣʝʤʝʥʪʘ ʚʳʨʘʞʘʝʪʩʷ ʬʦʨʤʫʣʦʡ [17]: 

E = 0.31 [ (n + 1) / r] + 0.50,    (7) 

ʛʜʝ n - ʢʦʣʠʯʝʩʪʚʦ ʚʘʣʝʥʪʥʳʭ ʵʣʝʢʪʨʦʥʦʚ, r - ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʵʣʝʤʝʥʪʘ. 

ʕʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ E ʩʚʷʟʘʥʘ ʩ ʨʘʙʦʪʦʡ ʚʳʭʦʜʘ ʵʣʝʢʪʨʦʥʘ (ű) ʣʠʥʝʡʥʳʤ 

ʫʨʘʚʥʝʥʠʝʤ: 

E = 0.44 ű ï 0.15.      (8) 

ʆʩʥʦʚʥʳʤ ʫʩʣʦʚʠʝʤ ʦʙʨʘʟʦʚʘʥʠʷ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʚʥʝʜʨʝʥʠʷ 

ʷʚʣʷʝʪʩʷ ʤʘʣʳʡ ʘʪʦʤʥʳʡ ʨʘʜʠʫʩ ʨʘʩʪʚʦʨʷʶʱʝʛʦʩʷ ʵʣʝʤʝʥʪʘ. 

ɼʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʥʝʧʨʝʨʳʚʥʳʭ ʨʷʜʦʚ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʟʘʤʝʱʝʥʠʷ 

ʥʝʦʙʭʦʜʠʤʘ ʠʟʦʤʦʨʬʥʦʩʪʴ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʩʪʨʫʢʪʫʨ, ʙʣʠʟʦʩʪʴ ʘʪʦʤʥʳʭ 

ʜʠʘʤʝʪʨʦʚ (nd Ò 8 %) ʠ ʥʝʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ 

ʵʣʝʤʝʥʪʦʚ (æE Ò 0.2). ɺ ʦʙʱʝʤ ʩʣʫʯʘʝ ʚʝʨʦʷʪʥʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʰʠʨʦʢʠʭ 

ʦʙʣʘʩʪʝʡ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ (nd > 5%) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 

ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ. ʇʨʠ nr > 15% ʚʦʟʤʦʞʥʘ ʪʦʣʴʢʦ 

ʥʝʟʥʘʯʠʪʝʣʴʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ. ɼʦʧʦʣʥʠʪʝʣʴʥʦʝ ʫʩʣʦʚʠʝ ʥʘ ʦʛʨʘʥʠʯʝʥʠʝ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʢʣʘʜʳʚʘʝʪ ʨʘʟʣʠʯʠʝ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. ʇʨʠ 

ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʤ ʨʘʟʤʝʨʥʦʤ ʬʘʢʪʦʨʝ (nd > 15 %) ʙʦʣʴʰʦʝ ʨʘʟʣʠʯʠʝ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ (æE  Ò 0.4) ʧʨʠʚʦʜʠʪ ʪʘʢʞʝ ʢ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ [18]. 
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ʂʘʞʜʳʡ ʠʟ ʵʪʠʭ ʥʝʦʙʭʦʜʠʤʳʭ ʬʘʢʪʦʨʦʚ ʚ ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʷʚʣʷʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʜʣʷ ʧʨʦʛʥʦʟʘ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

[17-51]. ɼʘʨʢʝʥ ʠ ɻʫʨʨʠ [25] ʧʨʝʜʣʦʞʠʣʠ ʛʨʘʬʠʯʝʩʢʠʡ ʤʝʪʦʜ ʦʧʨʝʜʝʣʝʥʠʷ  

ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʵʣʝʤʝʥʪʦʚ ʚ ʜʘʥʥʦʤ ʵʣʝʤʝʥʪʝ. ʅʘ ʜʠʘʛʨʘʤʤʝ 

çʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʴ ï ʘʪʦʤʥʳʡ ʜʠʘʤʝʪʨè (ʨʠʩ. 10) ʢʘʞʜʳʡ ʵʣʝʤʝʥʪ 

ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʪʦʯʢʦʡ.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʛʦ ʵʣʝʤʝʥʪʘ ʩʪʨʦʷʪʩʷ ʜʚʘ ʵʣʣʠʧʩʘ, ʦʩʠ 

ʢʦʪʦʨʳʭ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʚʳʰʝʧʨʠʚʝʜʸʥʥʳʤ ʫʩʣʦʚʠʷʤ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʰʠʨʦʢʠʭ ʦʙʣʘʩʪʝʡ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʙʦʣʴʰʠʤʠ ʦʩʷʤʠ 

ʨʘʟʤʝʨʘʤʠ (ʩ ʨʘʟʥʠʮʘʤʠ ʚ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʘʭ) Ñ15% ʠ Ñ 0.4 ʝʜʠʥʠʮ ʵʣʝʢʪʨʦ-

ʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ ʠ ʤʘʣʳʤʠ - Ñ8% ʠ Ñ0.2 ʝʜʠʥʠʮ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. 

ʈʠʩ. 10. ʉʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʦʛʦ ʬʘʢʪʦʨʘ (ɽ) ʠ ʘʪʦʤʥʦʛʦ               

ʜʠʘʤʝʪʨʘ ʵʣʝʤʝʥʪʦʚ (di) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝʦʛʨʘʥʠʯʝʥʥʳʭ ʠ ʦʛʨʘʥʠʯʝʥʥʳʭ ʨʘʩʪʚʦʨʦʚ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʥʘ 

ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ 

 
  

 



 56 

ʀʟʦʤʦʨʬʥʳʝ ʵʣʝʤʝʥʪʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʚʥʫʪʨʠ ʤʘʣʦʛʦ ʵʣʣʠʧʩʘ, ʜʦʣʞʥʳ 

ʦʙʣʘʜʘʪʴ ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʨʘʩʩʤʘʪʨʠʚʘʝʤʦʤ ʵʣʝʤʝʥʪʝ. 

ʐʠʨʠʥʘ ʦʙʣʘʩʪʝʡ ʛʦʤʦʛʝʥʥʦʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʩ ʵʣʝʤʝʥʪʘʤʠ, 

ʥʘʭʦʜʷʱʠʤʠʩʷ ʚʥʫʪʨʠ ʙʦʣʴʰʦʛʦ ʵʣʣʠʧʩʘ, ʜʦʣʞʥʘ ʧʨʝʚʳʰʘʪʴ 5%. 

ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʦʩʪʘʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ʥʝʟʥʘʯʠʪʝʣʴʥʘ. 

ɸʥʘʣʠʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ 

ʧʦʩʪʨʦʝʥʠʝʤ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʛʨʘʬʠʢʦʚ ʧʦ ɼʘʨʢʝʥʫ-ɻʫʨʨʠ (çʵʣʣʠʧʩr 

ʨʘʩʪʚʦʨʠʤʦʩʪʠè) ʚ ʜʚʦʡʥʳʭ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʦʢʘʟʳʚʘʝʪ 

(ʨʠʩ.10), ʯʪʦ ʚ ʙʣʘʛʦʧʨʠʷʪʥʦʡ ʟʦʥʝ ʦʙʨʘʟʦʚʘʥʠʷ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʩ 

ʥʝʦʛʨʘʥʠʯʝʥʥʦʡ ʠ ʰʠʨʦʢʦʡ ʦʙʣʘʩʪʴʶ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʥʝ ʠʤʝʝʪʩʷ ʥʠ 

ʦʜʥʦʛʦ ʵʣʝʤʝʥʪʘ. ɹʦʣʴʰʘʷ ʯʘʩʪʴ ʵʣʝʤʝʥʪʦʚ ʨʘʩʧʦʣʦʞʠʣʘʩʴ ʚ ʟʦʥʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʘʥʘʣʠʟʘ ʧʦ ʨʘʟʤʝʨʥʦʤʫ ʬʘʢʪʦʨʫ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʪʘʢʞʝ ʫʯʸʪʦʤ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʋʯʸʪ ʚʣʠʷʥʠʷ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ 

ʵʣʝʤʝʥʪʦʚ ʧʦʢʘʟʘʣ, ʯʪʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ 

ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʦʙʣʘʩʪʠ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝ 

ʚʦʟʤʦʞʥʦʩʪʝʡ ʦʙʨʘʟʦʚʘʥʠʷ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ ʥʘ ʠʭ ʦʩʥʦʚʝ. 

ɼʣʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ ʧʦʨʷʜʢʦʚʦʛʦ 

ʥʦʤʝʨʘ ʫʤʝʥʴʰʘʝʪʩʷ ʟʥʘʯʝʥʠʝ ʨʘʟʤʝʨʥʦʛʦ ʬʘʢʪʦʨʘ, ʘ ʪʘʢʞʝ ʫʤʝʥʴʰʘʶʪʩʷ 

ʨʘʟʣʠʯʠʷ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʚ ʨʷʜʫ ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʠ. 

ʆʪʩʶʜʘ ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʙʝʨʠʣʣʠʷ ʩ 

ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʚ ʪʚʸʨʜʦʤ ʩʦʩʪʦʷʥʠʠ ʧʦ ʤʝʨʝ ʚʦʟʨʘʩʪʘʥʠʷ 

ʧʦʨʷʜʢʦʚʦʛʦ ʥʦʤʝʨʘ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʵʣʝʤʝʥʪʘ ʜʦʣʞʥʘ ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦ 

ʩʚʷʟʘʥʦ ʩ ʷʚʣʝʥʠʝʤ ʣʘʥʪʘʥʦʠʜʥʦʛʦ ʩʞʘʪʠʷ. 
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2.3. ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ  ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ 

ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ 

  

ʆʙʨʘʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʦʧʨʝʜʝʣʷʝʪʩʷ ʨʷʜʦʤ ʫʩʣʦʚʠʡ, 

ʛʣʘʚʥʳʤʠ ʠʟ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ ʦʙʲʸʤʥʳʡ ʬʘʢʪʦʨ, ʨʘʟʥʦʩʪʴ 

ʵʣʝʢʪʨʦʦʪʨʠʮʘʪʝʣʴʥʦʩʪʝʡ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ [18]. ʈʦʣʴ ʵʪʠʭ ʬʘʢʪʦʨʦʚ ʚ ʦʙʨʘʟʦʚʘʥʠʠ 

ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʘʥʘʣʠʟʠʨʦʚʘʣʘʩʴ ʚ ʨʘʙʦʪʝ [27, 37], ʠ ʫʯʠʪʳʚʘʣʦʩʴ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦ [18] ʚʣʠʷʥʠʝ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ. ʅʘʤʠ ʪʘʢʞʝ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʜʘʥʥʘʷ 

ʟʘʚʠʩʠʤʦʩʪʴ, ʨʝʟʫʣʴʪʘʪʳ ʢʦʪʦʨʦʡ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 8 ʠ ʥʘ ʨʠʩ. 11. 

ʊʘʙʣʠʮʘ 8 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nt) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ (ȹUʦʪʥ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʚ 

ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ  

 ̄ ʕʣʝʤʝʥʪ nt æU  ̄ ʕʣʝʤʝʥʪ nt æUʦʪʥ 

3 Li  0.709 3.25 52 Te 0.537 3.25 

5 B 0.339 7.85 55 Cs 0.807 3.81 

11 Na 0.762 3.52 56 Ba 0.358 3.47 

12 Mg 0.409 2.52 57 La 0.237 2.89 

13 Al  0.402 0.93 58 Ce 0.314 2.79 

14 Si 0.074 2.24 59 Pr 0.229 2.78 

15 P 0.796 6.05 60 Nd 0.171 2.74 

16 S 0.751 11.7 61 Pm 0.158 2.71 

19 K 0.784 3.72 62 Sm 0.137 2.61 

20 Ca 0.286 3.18 63 Eu 0.298 2.63 

21 Sc 0.138 2.27 64 Gd 0.015 2.58 

22 Ti 0.196 0.47 65 Tb 0.041 2.51 

23 V 0.284 1.50 66 Dy 0.073 2.49 
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 ̄ ʕʣʝʤʝʥʪ nt æU  ̄ ʕʣʝʤʝʥʪ nt æUʦʪʥ 

24 Cr 0.268 4.55 67 Ho 0.105 3.04 

25 Mn 0.027 10.7 68 Er 0.133 2.39 

26 Fe 0.137 1.33 69 Tm 0.140 2.36 

27 Co 0.116 1.01 70 Yb 0.300 2.25 

28 Ni 0.096 0.73 71 Lu 0.193 2.27 

29 Cu 0.130 3.26 72 Hf 0.376 1.85 

30 Zn 0.556 2.40 73 Ta 0.525 0.20 

31 Ga 0.806 0.97 74 W 0.577 2.10 

32 Ge 0.224 1.84 75 Re 0.548 3.75 

33 As 0.302 3.19 76 Os 0.527 2.40 

34 Se 0.683 8.05 77 Ir 0.425 0.51 

37 Rb 0.799 3.77 78 Pt 0.235 0.24 

38 Sr 0.332 3.35 79 Au 0.143 3.37 

39 Y 0.129 2.70 80 Hg 0.850 2.75 

40 Zr 0.265 1.65 81 Tl 0.631 2.26 

41 Nb 0.430 0.12 82 Pb 0.615 0.99 

42 Mo 0.460 1.76 83 Bi 0.651 0.10 

43 Tc 0.356 1.95 84 Po 0.662 3.27 

44 Ru 0.400 0.25 87 Fr 0.807 3.83 

45 Rh 0.301 0.12 88 Ra 0.377 3.55 

46 Pd 0.145 0.23 89 Ac 0.152 2.87 

47 Ag 0.209 3.38 90 Th 0.229 2.28 

48 Cd 0.619 2.74 91 Pa 0.153 2.85 

49 In 0.724 2.14 92 U 0.098 0.01 

50 Sn 0.676 0.34 93 Np 0.416 2.83 

51 Sb 0.421 2.45 94 Pu 0.415 2.80 
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ʄʦʞʥʦ ʚʠʜʝʪʴ (ʩʤ. ʨʠʩ. 11), ʯʪʦ ʚ ʦʙʣʘʩʪʴ I ʧʦʧʘʜʘʶʪ ʚ ʦʩʥʦʚʥʦʤ 

ʵʣʝʤʝʥʪʳ IIIɸ (U), VA (Nb, Ta), VIIIA  (Ru, Rh, Ir, Pt), IIIB  (Ga), IVB (Sn), VB 

(Bi) ʛʨʫʧʧ ʇʊ. ʆʙʣʘʩʪʴ I (ʨʠʩ.11) ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʬʘʢʪʦʨʘ, ʢʦʪʦʨʳʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤ (ʙʝʟ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ), ʘ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʥʦʩʪʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʠʦʥʠʟʘʮʠʦʥʥʳʭ 

ʧʦʪʝʥʮʠʘʣʦʚ ʢʦʤʧʦʥʝʥʪʦʚ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʬʘʟ (ʦʙʣʘʩʪʴ II, ʨʠʩ. 11). ɻʨʘʥʠʮʘ ʤʝʞʜʫ ʦʙʣʘʩʪʷʤʠ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʧʨʦʩʪʳʭ 

ʩʠʩʪʝʤ ʠ ʩʠʩʪʝʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʘʟʘʤʠ ʙʣʠʟʢʘ ʢ ʧʨʷʤʦʣʠʥʝʡʥʦʡ 

(ʰʪʨʠʭʦʚʘʷ ʣʠʥʠʷ). ʆʙʣʘʩʪʴ ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʩʠʩʪʝʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ 

ʬʘʟʘʤʠ ʚʳʷʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʩʪʘʪʠʩʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [18]. ʅʘʙʣʶʜʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʦ ʠʩʢʣʶʯʝʥʠʡ, ʢʦʪʦʨʳʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʩʚʷʟʘʥʳ ʩ ʙʣʠʟʦʩʪʴʶ ʘʪʦʤʥʦ-

ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 11. ʉʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ȹUʦʪʥ) ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʩʫʱʝʩʪʚʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
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ɼʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʭʘʨʘʢʪʝʨʥʳʤ ʷʚʣʷʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ ʬʘʟ 

ʃʘʚʝʩʘ [37]. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʬʘʟʳ ʃʘʚʝʩʘ, ʢ ʯʠʩʣʫ ʢʦʪʦʨʳʭ ʦʪʥʦʩʷʪʩʷ ʪʝʩʥʦ 

ʩʚʷʟʘʥʥʳʝ ʤʝʞʜʫ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʳ, ʠʟʦʤʦʨʬʥʳʝ ʩ ʩʦʝʜʠʥʝʥʠʷʤʠ MgCu2, 

MgZn2 ʠ MgNi2, ʘ ʪʘʢʞʝ ʨʦʜʩʪʚʝʥʥʳʤ ʩ ʥʠʤʠ ʩʦʝʜʠʥʝʥʠʝʤ CaCu5, 

ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʸʥʥʦʤ ʦʪʥʦʰʝʥʠʠ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʪʥʦʰʝʥʠʷ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ ʙʝʨʠʣʣʠʷ 

ʠ ʵʣʝʤʝʥʪʦʚ, ʦʙʨʘʟʫʶʱʠʭ ʩ ʥʠʤʠ ʬʘʟʳ ʃʘʚʝʩʘ, ʩʪʨʦʛʦ ʩʣʝʜʫʶʪ ʵʪʠʤ 

ʧʨʝʜʝʣʘʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʩʪʨʫʢʪʫʨʥʳʭ ʪʠʧʦʚ MgCu2, MgZn2 ʠ 

CaCu5. 

ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʘʙʦʪʦʡ [32], ʥʘʤʠ ʧʦ ʟʥʘʯʝʥʠʷʤ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ 

ʠ ʪʝʧʣʦʪ ʩʫʙʣʠʤʘʮʠʠ ʵʣʝʤʝʥʪʦʚ (ʪʘʙʣ. 9) ʧʦʩʪʨʦʝʥ ʛʨʘʬʠʢ (ʨʠʩ. 12) ʜʣʷ 

ʫʩʪʘʥʦʚʣʝʥʠʷ ʚʦʟʤʦʞʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʃʘʚʝʩʘ.  

 

ʊʘʙʣʠʮʘ 9 

ɿʥʘʯʝʥʠʷ ʘʪʦʤʥʦʛʦ ʜʠʘʤʝʪʨʘ (di) ʠ ʪʝʧʣʦʪ ʩʫʙʣʠʤʘʮʠʠ (ȹʅi) ʵʣʝʤʝʥʪʦʚ ʜʣʷ 

ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʃʘʚʝʩʘ ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ  

 ̄ ʕʣʝʤʝʥʪ d1/d2 H1/H2  ̄ ʕʣʝʤʝʥʪ d1/d2 H1/H2 

3 Li  1.36936 2.01813 55 Cs 2.36486 4.32777 

11 Na 1.67117 3.00772 56 Ba 1.95495 1.85476 

12 Mg 1.43693 2.16991 57 La 1.68468 0.76372 

13 Al  1.28828 1.00516 58 Ce 1.64414 0.79489 

14 Si 1.05855 0.71863 59 Pr 1.63964 0.91647 

15 P 1.01834 1.03452 60 Nd 1.63513 1.02500 

16 S 1.08823 1.17319 61 Pm 1.63964 1.21718 

19 K 2.08108 3.62325 62 Sm 1.66216 1.55800 

20 Ca 1.79279 1.84597 63 Eu 1.80180 1.81162 

21 Sc 1.46396 0.96770 64 Gd 1.60810 0.95000 

22 Ti 1.28828 0.69121 65 Tb 1.59009 0.86555 

23 V 1.18468 0.63333 66 Dy 1.58108 1.16268 
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 ̄ ʕʣʝʤʝʥʪ d1/d2 H1/H2  ̄ ʕʣʝʤʝʥʪ d1/d2 H1/H2 

24 Cr 1.12162 0.82000 67 Ho 1.57207 1.11285 

25 Mn 1.17117 1.15922 68 Er 1.56306 1.11285 

26 Fe 1.16216 0.77900 69 Tm 1.55405 1.34310 

27 Co 1.13063 0.76297 70 Yb 1.74774 1.94750 

28 Ni 1.12162 0.75778 71 Lu 1.54504 0.78686 

29 Cu 1.14864 0.96054 72 Hf 1.41441 0.53724 

30 Zn 1.19819 2.50482 73 Ta 1.28828 0.41881 

31 Ga 1.09909 1.20030 74 W 1.23423 0.38564 

32 Ge 1.10360 1.12086 75 Re 1.23423 0.42108 

33 As 1.13063 2.68620 76 Os 1.20270 0.41657 

34 Se 1.04504 1.57692 77 Ir 1.22072 0.48993 

37 Rb 2.22522 3.91457 78 Pt 1.24774 0.57703 

38 Sr 1.93693 1.99743 79 Au 1.29729 0.88522 

39 Y 1.60360 0.79489 80 Hg 1.35585 5.19333 

40 Zr 1.40540 0.53356 81 Tl 1.53153 1.81162 

41 Nb 1.28378 0.44514 82 Pb 1.57657 1.65744 

42 Mo 1.22522 0.49303 83 Bi 1.40090 1.55800 

43 Tc 1.59909 0.51250 84 Po 2.48648 2.29117 

44 Ru 1.19369 0.50584 87 Fr 2.52252 4.32777 

45 Rh 1.21171 0.58571 88 Ra 2.11711 1.85476 

46 Pd 1.24324 0.86555 89 Ac 1.82882 0.74903 

47 Ag 1.30180 1.14558 90 Th 1.59909 0.56861 

48 Cd 1.34234 2.99615 91 Pa 1.45945 0.59015 

49 In 1.45945 1.39107 92 U 1.36036 0.62320 

50 Sn 1.36036 1.08194 93 Np 1.351351 0.68938 

51 Sb 1.30630 1.23650 94 Pu 1.459459 0.84673 

52 Te 1.28828 1.69347 95 Am 1.405405 0.82000 
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ʇʨʠʚʝʜʸʥʥʳʡ ʛʨʘʬʠʢ ʥʘ ʨʠʩ. 12 ʜʣʷ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ 

ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʬʘʟʳ 

ʃʘʚʝʩʘ ʦʙʨʘʟʫʶʪʩʷ ʚ ʩʠʩʪʝʤʘʭ ʩ ʵʣʝʤʝʥʪʘʤʠ IA (Li , Na), IIA  (Mg), IIIA  (Sc, U, 

Np, Pu, Am), IVA  (Ti), VA (Nb), VIA  (Mo), VIIIA  (Rh, Pd, Pt), IB (Ag, Au), IIB 

(Zn, Cd), IIIB  (Al , In, Tl), IVB (Sn), VB (Sb, Bi), VIB (Te) ʛʨʫʧʧ ʇʊ. ʄʦʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʝʩʣʠ ʦʜʥʦʚʨʝʤʝʥʥʦ ʩ ʠʩʧʦʣʴʟʦʚʘʥʥʳʤʠ ʢʨʠʪʝʨʠʷʤʠ ʧʨʠʤʝʥʠʪʴ 

ʤʝʪʦʜ ʘʥʘʣʦʛʠʠ ʢ ʩʠʩʪʝʤʘʤ ʙʝʨʠʣʣʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʇʊ, ʪʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʚʦʟʤʦʞʥʦ ʥʘʙʣʶʜʘʪʴ ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ 

Hf, Zr, Ta, W, Re, Os, Ir, Ru, Mn, Fe, Co, Ni, Cu, Hg. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʬʘʟ ʃʘʚʝʩʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ ʜʣʷ ʩʠʩʪʝʤ 

ʙʝʨʠʣʣʠʷ ʩʦ Sc, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe, Ru, Os, Rh, Ir, Pd, Pt, Cu, 

Ti, Cu, Ag, Au, B, C ʠ O. ɼʣʷ ʦʩʪʘʣʴʥʳʭ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ 
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ʈʠʩ. 12. ʉʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ (di) ʠ ʪʝʧʣʦʪ 

ʩʫʙʣʠʤʘʮʠʠ (ȹʅi) ʵʣʝʤʝʥʪʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ 

ʦʙʨʘʟʦʚʘʥʠʷ ʬʘʟ ʃʘʚʝʩʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ MgCu2, MgZn2 ʠ CaCu5 ʥʘ 

ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ: I ï ʦʙʣʘʩʪʴ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ; II  ï ʦʙʣʘʩʪʴ ʩʠʩʪʝʤ, ʚ ʢʦʪʦʨʳʭ ʥʝ ʦʙʨʘʟʫʶʪʩʷ 

ʩʦʝʜʠʥʝʥʠʷ 
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ʧʦʜʦʙʥʳʝ ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʘʟʳ ʥʝ ʦʙʥʘʨʫʞʝʥʳ, ʘ ʜʘʥʥʳʝ ʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʙʝʨʠʣʣʠʷ ʩ Fr, Ac, Zr, Tl, Cd ʠ Am ʚʦʚʩʝ ʦʪʩʫʪʩʪʚʫʶʪ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʢʨʠʪʝʨʠʝʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʬʘʢʪʦʨʘ (nʪ), ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ 

ʠʦʥʠʟʘʮʠʦʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ȹUʦʪʥ), ʘʪʦʤʥʳʭ ʜʠʘʤʝʪʨʦʚ (di) ʠ ʪʝʧʣʦʪ 

ʩʫʙʣʠʤʘʮʠʠ (ȹʅi) ʵʣʝʤʝʥʪʦʚ ʜʘʣʦ ʚʦʟʤʦʞʥʦʩʪʴ ʩʧʨʦʛʥʦʟʠʨʦʚʘʪʴ ʚʝʨʦʷʪʥʦʩʪʴ 

ʦʙʨʘʟʦʚʘʥʠʷ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ.  

ʆʪʜʝʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ ʪʨʝʙʫʝʪ ʚʦʧʨʦʩ ʦʙ ʦʙʨʘʟʦʚʘʥʠʠ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ʄʝɺʝ13 ʚ ʩʠʩʪʝʤʘʭ ɺʝ-ʈɿʄ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠʭ ʠ 

ʪʝʨʤʦʜʠʥʘʤʠʯʝʩʢʠʭ (ʩʤ.ɻʣ.III) ʤʝʪʦʜʦʚ ʧʨʦʛʥʦʟʘ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ 

ʦʙʳʯʥʳʭ ʫʩʣʦʚʠʷʭ ʙʝʨʠʣʣʠʡ ʩ ʛʨʫʧʧʦʡ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʥʝ 

ʦʙʨʘʟʫʝʪ ʩʣʦʞʥʳʭ ʩʠʩʪʝʤ ʩ ʭʠʤʠʯʝʩʢʠʤʠ ʩʦʝʜʠʥʝʥʠʷʤʠ. ʆʜʥʘʢʦ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʨʘʟʣʠʯʥʳʭ ʘʚʪʦʨʦʚ [8-12] ʦʧʨʦʚʝʨʛʘʶʪ ʥʘʰʠ 

ʚʳʚʦʜʳ, ʢʦʪʦʨʳʝ ʤʳ ʩʚʷʟʳʚʘʝʤ ʩ ʚʦʟʤʦʞʥʳʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʠʭ 

ʩʦʝʜʠʥʝʥʠʡ ʪʠʧʘ ɸ13ɺ ʤʝʞʜʫ ʙʝʨʠʣʣʠʝʤ ʠ ʈɿʄ ʧʨʠ ʚʪʦʨʠʯʥʦʡ 

ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʢʦʤʧʦʥʝʥʪʦʚ. ɽʱʸ ʨʘʥʝʝ ʘʚʪʦʨʦʤ ʨʘʙʦʪʳ [17] ʙʳʣʦ ʦʪʤʝʯʝʥʦ 

ʦʙʨʘʟʦʚʘʥʠʝ ʥʝʦʙʳʯʥʦʛʦ ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʙʝʨʠʣʣʠʜʦʚ, 

ʦʙʦʛʘʱʸʥʥʳʭ ʘʪʦʤʘʤʠ ʙʝʨʠʣʣʠʷ, ʥʘʧʨʠʤʝʨ, ʄʝɺʝ13, ʄʝɺʝ17, ʢʦʪʦʨʦʝ ʦʥ 

ʦʙʲʷʩʥʷʝʪ ʝʛʦ ʘʥʦʤʘʣʴʥʳʤ ʧʦʚʝʜʝʥʠʝʤ.  

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʨʘʙʦʪʝ [13] ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʢʠʩʴ ʙʝʨʠʣʣʠʷ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʦʡ ʧʨʠʤʝʩʴʶ ʚ ʤʝʪʘʣʣʠʯʝʩʢʦʤ ʙʝʨʠʣʣʠʠ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʝʪ 

ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʪʴ ʥʘ ʝʛʦ ʩʚʦʡʩʪʚʘ. ʉʦʜʝʨʞʘʥʠʝ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʚ ʦʩʥʦʚʥʳʭ 

ʩʦʚʨʝʤʝʥʥʳʭ ʩʦʨʪʘʭ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʙʝʨʠʣʣʠʷ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 0.7-1.5%, 

ʭʦʪʷ ʚ ʥʝʢʦʪʦʨʳʭ ʦʙʨʘʟʮʘʭ ʤʝʪʘʣʣʘ ʩʦʜʝʨʞʠʪʩʷ ʜʦ 0.3 % ɺʝʆ, ʘ ʚ 

ʩʧʝʮʠʘʣʴʥʳʭ ʩʦʨʪʘʭ ʜʦ 6%. ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʤʦʞʝʪ 

ʙʳʪʴ ʪʘʢʞʝ ʩʚʷʟʘʥʦ ʩ ʫʩʣʦʚʠʷʤʠ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʫʪʸʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʦʢʠʩʠ ʙʝʨʠʣʣʠʷ ʠ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, 

ʧʨʠ ʢʦʪʦʨʦʤ ʦʩʪʘʶʪʩʷ ʩʣʝʜʳ ʢʠʩʣʦʨʦʜʘ, ʧʨʦʚʦʮʠʨʫʶʱʠʝ ʦʙʥʘʨʫʞʝʥʠʝ ʩʦ 

ʩʪʦʨʦʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʪʦʨʦʚ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʘʟ ʚ ʵʪʠʭ ʩʠʩʪʝʤʘʭ.  
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2.4. ʆʙʨʘʟʦʚʘʥʠʷ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʠ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʪʦʯʝʢ ʚ 

ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʪʘʙʣʠʮʳ 

 

ʆʙʨʘʟʦʚʘʥʠʝ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʤʦʞʥʦ ʧʨʝʜʫʛʘʜʳʚʘʪʴ ʧʦ ʟʥʘʯʝʥʠʷʤ ʪʝʤʧʝʨʘʪʫʨ ʧʣʘʚʣʝʥʠʷ ʠ ʦʙʲʸʤʥʦʛʦ 

ʬʘʢʪʦʨʘ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʢʦʤʧʦʥʝʥʪʦʚ. ʆʪʥʦʩʠʪʝʣʴʥʦ ʥʝʙʦʣʴʰʦʡ 

ʘʪʦʤʥʳʡ ʨʘʟʤʝʨ ʠ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ ʧʣʘʚʣʝʥʠʷ ʙʝʨʠʣʣʠʷ 

ʷʚʣʷʝʪʩʷ ʙʣʘʛʦʧʨʠʷʪʥʳʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ 

ʧʨʝʚʨʘʱʝʥʠʷ ʠʣʠ ʧʦʥʠʞʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʪʚʝʨʜʳʭ 

ʨʘʩʪʚʦʨʦʚ ʥʘ ʠʭ ʦʩʥʦʚʝ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʣʝʛʠʨʫʶʱʝʛʦ ʵʣʝʤʝʥʪʘ. ɺ ʩʚʷʟʠ ʩ 

ʵʪʠʤ, ʚ ʨʘʙʦʪʝ [18] ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʩʦʚʤʝʩʪʥʳʡ ʫʯʸʪ 

ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ) ʠ ʦʙʲʸʤʥʦʛʦ (nv) ʬʘʢʪʦʨʦʚ. ʅʘʤʠ ʙʳʣʘ ʧʨʠʤʝʥʝʥʘ 

ʧʦʜʦʙʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʢ ʩʠʩʪʝʤʘʤ ʙʝʨʠʣʣʠʷ, ʧʨʠ ʢʦʪʦʨʦʡ ʟʥʘʯʝʥʠʷ nʪ 

ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʠʟ ʥʝʨʘʚʝʥʩʪʚʘ (3), ʘ ʦʙʲʸʤʥʦʛʦ ʬʘʢʪʦʨʘ - ʠʟ ʩʣʝʜʫʶʱʝʛʦ 

ʫʨʘʚʥʝʥʠʷ:  

nv = (d1 : d2)
3
 + (V1 : V2) ï 2, ʧʨʠ d1 > d2  ʠ V1 > V2,  (9) 

ʛʜʝ di ʠ V i ï ʘʪʦʤʥʳʝ ʜʠʘʤʝʪʨʳ ʠ ʦʙʲʸʤʳ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʵʣʝʤʝʥʪʦʚ, 

ʩʦʦʪʚʝʪʩʚʝʥʥʦ. 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʫʨʘʚʥʝʥʠʷʤ (3) ʠ (9) ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣ. 10 ʠ ʥʘ 

ʨʠʩ. 13. ʅʘ ʧʦʩʪʨʦʝʥʥʦʤ ʛʨʘʬʠʢʝ (ʩʤ. ʨʠʩ. 13) ʧʦʢʘʟʘʥʳ ʦʙʣʘʩʪʠ ʚʦʟʤʦʞʥʦʛʦ 

ʧʦʷʚʣʝʥʠʷ ʨʘʟʥʳʭ ʪʠʧʦʚ ʥʦʥʚʘʨʠʘʥʪʥʦʛʦ ʧʨʝʚʨʘʱʝʥʠʷ. ʂʨʠʚʘʷ I ʦʧʠʩʳʚʘʝʪʩʷ 

ʫʨʘʚʥʝʥʠʝʤ nT = 0.55 nv
2
 ʠ ʷʚʣʷʝʪʩʷ ʛʨʘʥʠʮʝʡ ʦʙʣʘʩʪʠ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʦʤʫ ʟʥʘʯʝʥʠʶ ʚ ʧʨʦʩʪʳʭ ʩʠʩʪʝʤʘʭ. ʄʦʞʥʦ ʚʠʜʝʪʴ (ʩʤ. ʨʠʩ. 13), 

ʯʪʦ ʙʝʨʠʣʣʠʡ ʥʠ ʩ ʦʜʥʠʤ ʵʣʝʤʝʥʪʦʤ ʇʊ ʥʝ ʦʙʨʘʟʫʝʪ ʧʨʦʩʪʳʭ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʭ ʩʠʩʪʝʤ.  

ʂʨʠʚʘʷ II ʦʧʠʩʳʚʘʝʪʩʷ ʫʨʘʚʥʝʥʠʝʤ nT = 0.20 n v
2
 ʠ ʨʘʟʜʝʣʷʝʪ ʦʙʣʘʩʪʠ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʝ ʩʠʩʪʝʤʘʤ ʩ ʪʫʛʦʧʣʘʚʢʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ, ʣʝʚʝʝ 

ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʩʠʩʪʝʤʳ ʩ ʠʥʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʤʠʩʷ ʠʥʪʝʨʤʝʪʘʣʣʠʜʘʤʠ ʠ 

ʧʝʨʠʪʝʢʪʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ. ʇʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ, ʧʦʜʦʙʥʳʝ ʩʠʩʪʝʤʳ 

ʙʝʨʠʣʣʠʡ ʦʙʨʘʟʫʝʪ ʩ B, P, Cr, Zn, Ga, Ru, Os ʠ Ir. ʇʨʘʚʝʝ ʦʪ ʢʨʠʚʦʡ II (ʩʤ. ʨʠʩ. 
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14) ʨʘʩʧʦʣʦʞʠʣʠʩʴ ʵʣʝʤʝʥʪʳ (IA ï Li ; IIA  ï Mg; IIIA  ï Np, Pu, U; IVA  ï Ti, 

Hf; VA ï V, Nb, Ta; VIA  ï Mo, W; VIIA  ï Mn, Tc, Re; VIIIA  ï Fe, Co, Rh, Ni, 

Pd, Pt; IB ï Cu, Ag, Au; IIB ï Cd, Hg; IIIB  ï Al ; IVB ï Si, Ge, Sn; VB ï As, Sb; 

VIB ï S, Se ʛʨʫʧʧ ʇʊ), ʦʙʨʘʟʫʶʱʠʝ ʩ ʙʝʨʠʣʣʠʝʤ ʩʠʩʪʝʤʳ ʩ ʢʦʥʛʨʫʵʥʪʥʦ 

ʧʣʘʚʷʱʠʤʠʩʷ ʠ ʵʚʪʝʢʪʠʯʝʩʢʠʤʠ ʧʨʝʚʨʘʱʝʥʠʷʤʠ.  

ɼʣʷ ʙʦʣʝʝ ʪʦʯʥʦʛʦ ʧʨʦʛʥʦʟʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʣʝʤʝʥʪʦʚ ʚ ʨʘʙʦʪʝ [18] 

ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʪʘʢʞʝ ʜʨʫʛʦʝ ʩʦʯʝʪʘʥʠʝ ʬʘʢʪʦʨʦʚ, ʫʯʠʪʳʚʘʶʱʠʭ 

ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʠʷ ʘʪʦʤʥʦ-ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʥʘ 

ʭʘʨʘʢʪʝʨ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʪʝʤʧʝʨʘʪʫʨʥʳʡ (nʪ), ʦʙʲʝʤʥʳʡ 

(nv) ʠ ʵʥʪʨʦʧʠʡʥʳʡ (ns) ʬʘʢʪʦʨʳ. ʌʦʨʤʫʣʘ ʧʦ ʦʧʨʝʜʝʣʝʥʠʶ ʵʥʪʨʦʧʠʡʥʦʛʦ (ns) 

ʬʘʢʪʦʨʘ ʚʳʛʣʷʜʠʪ ʩʣʝʜʫʶʱʠʤ ʦʙʨʘʟʦʤ: 

 ns = S1 : S2, ʧʨʠ  S1 > S2,     (10)  

ʛʜʝ Si  ï ʵʥʪʨʦʧʠʷ ʧʣʘʚʣʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. 

ʅʘʧʨʠʤʝʨ, ʚ ʪʘʙʣ.10 ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʯʸʪʦʚ ʧʦ ʫʢʘʟʘʥʥʳʤ 

ʢʨʠʪʝʨʠ̫ ʤ ʠ ʠʭ ʧʦʨʦʛʦʚʳʝ ʟʥʘʯʝʥʠʷ ʜʣʷ ʩʠʩʪʝʤ ʙʝʨʠʣʣʠʷ ʩ ʥʝʢʦʪʦʨʳʤʠ 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʑɿʄ) ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ (ʈɿʄ) ʤʝʪʘʣʣʘʤʠ. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʘʥʘʣʠʟʘ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʦʛʥʦʟʦʚ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ 

ʢʨʠʪʝʨʠʷʤ ʩʣʝʜʫʝʪ, ʯʪʦ ʚ ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ IA ï Li ; IIA  ï Mg; 

IIIA  ï Np, Pu, U; IVA  ï Ti, Hf; VA ï V, Nb, Ta; VIA  ï Mo, W; VIIA  ï Mn, Tc, 

Re; VIIIA  ï Fe, Co, Rh, Ni, Pd, Pt; IB ï Cu, Ag, Au; IIB ï Cd, Hg; IIIB  ï Al ; IVB 

ï Si, Ge, Sn; VB ï As, Sb; VIB ï S, Se ʛʨʫʧʧ ʇʊ ʥʘʙʣʶʜʘʝʪʩʷ ʦʙʨʘʟʦʚʘʥʠʝ 

ʬʘʟʦʚʳʭ ʨʘʚʥʦʚʝʩʠʡ ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ, ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ, 

ʜʣʷ ʢʦʪʦʨʳʭ ʪʦʯʢʘ ʧʨʝʜʝʣʴʥʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʥʘʭʦʜʠʪʩʷ ʥʘ ʵʚʪʝʢʪʠʯʝʩʢʦʡ 

ʛʦʨʠʟʦʥʪʘʣʠ, ʠ ʢʦʥʛʨʫʵʥʪʥʦ ʧʣʘʚʷʱʠʝʩʷ ʭʠʤʠʯʝʩʢʠʝ ʩʦʝʜʠʥʝʥʠʷ. 

ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʶʪʩʷ ʩʠʩʪʝʤʳ ʙʝʨʠʣʣʠʷ ʩ ʱʝʣʦʯʥʳʤʠ (ʢʨʦʤʝ Li ), 

ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʤʠ (ʢʨʦʤʝ Mg) ʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʤʝʪʘʣʣʘʤʠ, ʚ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʣʥʦʝ ʠʣʠ ʯʘʩʪʠʯʥʦʝ ʦʪʩʫʪʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʠ ʦʙʨʘʟʦʚʘʥʠʝ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. 

ʅʘ ʨʠʩ. 15 ʧʨʠʚʝʜʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ. 
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ʊʘʙʣʠʮʘ 10 

ɿʥʘʯʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ) ʠ ʦʙʲʸʤʥʦʛʦ (nv) ʬʘʢʪʦʨʦʚ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 

ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ ʥʦʥʚʘʨʠʘʥʪʥʳʭ ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ 

ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʇʊ 

  

 ̄ ʕʣʝʤʝʥʪ  nt nv  ̄ ʕʣʝʤʝʥʪ  nt nv 

3 Li  0.709 3.20 52 Te 0.537 4.26 

5 B  0.339 1.09 55 Cs 0.807 25.1 

11 Na  0.762 7.52 56 Ba 0.358 13.3 

12 Mg  0.409 3.82 57 La  0.237 7.37 

13 Al  0.402 2.20 58 Ce  0.314 6.71 

14 Si  0.074 1.63 59 Pr  0.229 6.73 

15 P  0.796 1.89 60 Nd  0.171 6.70 

16 S  0.751 2.43 61 Pm  0.158 6.69 

19 K  0.784 15.9 62 Sm  0.137 6.73 

20 Ca  0.286 9.11 63 Eu  0.298 9.75 

21 Sc  0.138 4.22 64 Gd  0.015 6.28 

22 Ti  0.196 2.30 65 Tb  0.041 5.96 

23 V  0.284 1.40 66 Dy  0.073 5.83 

24 Cr  0.268 0.88 67 Ho  0.105 5.71 

25 Mn  0.027 1.12 68 Er  0.133 5.59 

26 Fe  0.137 1.02 69 Tm  0.140 5.70 

27 Co  0.116 0.81 70 Yb  0.300 8.75 

28 Ni  0.096 0.76 71 Lu  0.193 5.32 

29 Cu  0.130 0.96 72 Hf  0.376 3.58 

30 Zn  0.556 1.58 73 Ta  0.525 2.36 

31 Ga  0.806 1.74 74 W  0.577 1.81 

32 Ge  0.224 2.11 75 Re  0.548 1.67 

33 As  0.302 2.09 76 Os  0.527 1.45 

34 Se  0.683 2.48 77 Ir  0.425 1.55 

37 Rb  0.799 20.3 78 Pt  0.235 1.79 

38 Sr  0.332 12.1 79 Au  0.143 2.26 



 67 

 ̄ ʕʣʝʤʝʥʪ  nt nv  ̄ ʕʣʝʤʝʥʪ  nt nv 

39 Y  0.129 6.18 80 Hg  0.850 3.51 

40 Zr  0.265 12.1 81 Tl  0.631 5.10 

41 Nb  0.430 2.32 82 Pb  0.615 5.65 

42 Mo  0.460 1.75 83 Bi  0.651 5.09 

43 Tc  0.356 3.84 84 Po  0.662 17.9 

44 Ru  0.400 1.35 87 Fr  0.807 18.3 

45 Rh  0.301 1.47 88 Ra  0.377 15.1 

46 Pd  0.145 1.71 89 Ac  0.152 8.74 

47 Ag   0.209 2.31 90 Th  0.229 6.12 

48 Cd  0.619 3.07 91 Pa  0.153 4.19 

49 In  0.724 4.33 92 U  0.098 3.06 

50 Sn  0.676 3.84 93 Np  0.416 2.87 

51 Sb 0.421 3.94 94 Pu  0.415 3.60 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 13. ʉʦʚʤʝʩʪʥʳʡ ʫʯʸʪ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ (nʪ) ʠ ʦʙʲʸʤʥʦʛʦ (nv) ʬʘʢʪʦʨʦʚ 

ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʚʝʨʦʷʪʥʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʪʠʧʦʚ ʥʦʥʚʘʨʠʘʥʪʥʳʭ 

ʧʨʝʚʨʘʱʝʥʠʡ ʥʘ ʦʩʥʦʚʝ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ 
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ʊʘʙʣʠʮʘ 11  

    

ʆʮʝʥʢʘ ʦʙʨʘʟʦʚʘʥʠʷ ʥʦʥʚʘʨʠʘʥʪʥʳʭ  ʧʨʝʚʨʘʱʝʥʠʡ ʚ ʩʠʩʪʝʤʘʭ Be-ʑɿʄ ʠ  

ɺʝ-ʈɿʄ ʧʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠʤ ʢʨʠʪʝʨʠʷʤ ɺ.ʄ.ɺʦʟʜʚʠʞʝʥʩʢʦʛʦ 

ʉʠʩʪʝʤʘ nʪ<1.0 nv>1.0 nsÓ1.0 ʊʠʧ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʉʦ ʩʪʦʨʦʥʳ 

ʙʝʨʠʣʣʠʷ 

ʉʦ ʩʪʦʨʦʥʳ 

ʵʣʝʤʝʥʪʘ 

Be-Ca 0.35 9.11 1.1 ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Sr 0.40 12.1 1.8 ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Ba 0.44 13.3 1.03 ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Ra 0.20 4.19 1.15 ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Sc 0.16 4.22 1.28 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

Be-Y 0.15 6.18 1.27 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

Be-La 0.29 7.37 1.16 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Ce 0.38 6.71 1.10 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Pr 0.28 6.73 1.10 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Nd 0.21 6.70 1.12 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Pm 0.19 6.69 1.30 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Sm 0.16 6.73 1.09 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Eu 0.36 6.75 1.26 
ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Gd 0.02 6.28 1.29 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Tb 0.05 5.96 1.33 ʤʦʥʦʪʝʢʪʠʢʘ ʚɻʪʝʢʪʠʢʘ 

Be-Dy 0.09 5.83 1.36 ʤʦʥʦʪʝʢʪʠʢʘ ʵʚʪʝʢʪʠʢʘ 

Be-Ho 0.13 5.71 1.31 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

Be-Er 0.16 5.59 1.30 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

Be-Tm 0.17 5.45 1.34 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

Be-Yb 0.36 8.75 1.11 
ʚʳʨʦʞʜʝʥʥʘʷ 

ʤʦʥʦʪʝʢʪʠʢʘ 

ʚʳʨʦʞʜʝʥʥʘʷ 

ʵʚʪʝʢʪʠʢʘ 

Be-Lu 0.23 5.32 1.32 ʵʚʪʝʢʪʠʢʘ ʤʦʥʦʪʝʢʪʠʢʘ 

 



 69 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʙʝʨʠʣʣʠʷ ʩ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ 

ʪʘʙʣʠʮʳ ʧʦʜʜʘʸʪʩʷ ʧʨʦʛʥʦʟʫ ʠ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪʩʷ ʚ ʦʙʱʠʭ 

ʯʝʨʪʘʭ ʩ ʧʦʤʦʱʴʶ ʩʫʱʝʩʪʚʫʶʱʠʭ ʠ ʧʨʝʜʣʦʞʝʥʥʳʭ ʢʨʠʪʝʨʠʝʚ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩ. 14. ɺʦʟʤʦʞʥʳʝ ʪʠʧʳ ʜʠʘʛʨʘʤʤ ʩʦʩʪʦʷʥʠʷ ʚ ʜʚʫʭʢʦʤʧʦʥʝʥʪʥʳʭ 

ʩʠʩʪʝʤʘʭ ʙʝʨʠʣʣʠʷ ʩ ʜʨʫʛʠʤʠ ʵʣʝʤʝʥʪʘʤʠ ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ: 

ʘ) ï ʧʨʦʩʪʘʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; ʙ) ï ʢʚʘʟʠʙʠʥʘʨʥʘʷ 

ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ; ʚ) ï ʧʨʦʩʪʘʷ ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ 

ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʚʸʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ; ʛ) ï ʢʚʘʟʠʙʠʥʘʨʥʘʷ 

ʵʚʪʝʢʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʩ ʦʛʨʘʥʠʯʝʥʥʳʤʠ ʪʚʸʨʜʳʤʠ ʨʘʩʪʚʦʨʘʤʠ; ʜ) ï 

ʩʠʩʪʝʤʘ  ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʢʦʥʛʨʫʵʥʪʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ; ʝ) ï ʩʠʩʪʝʤʘ  ʵʚʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʠʥʢʦʥʛʨʫʵʥʪʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ;  

ʞ) ï ʩʠʩʪʝʤʘ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʛʦ ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʝʩʴʤʘ 

ʦʛʨʘʥʠʯʝʥʥʳʭ ʪʚʸʨʜʳʭ ʨʘʩʪʚʦʨʦʚ; ʟ) ï ʩʠʩʪʝʤʘ ʤʦʥʦʪʝʢʪʠʯʝʩʢʦʛʦ 

ʪʠʧʘ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʧʨʠ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ;  

ʠ) ʩʠʩʪʝʤʘ ʩ ʧʦʣʥʳʤ ʦʪʩʫʪʩʪʚʠʝʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʚ ʪʚʸʨʜʦʤ ʠ ʞʠʜʢʦʤ ʩʦʩʪʦʷʥʠʷʭ 
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